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PU3UKA 3BE3/]

GL 569B - KPATHAS CUCTEMA KOPUYHE-
BbIX KAPJINKOB

Cucrema Gliese 569 mmrenbHOEe Bpemsi Obuta M3-
BECTHA KaK Iapa KpacHbIX KapJIMKOB Ha yaJeHnu 9.8
nk ot ComHila. ManomMacCHBHBIN BTOPUIHBIA KOMIIO-
HeHT mapel Gl 569B mmeer cmektp mo3mHero M-
KJlacca M CBETHMOCTb, HECKOJIBKO IPEBBIMIAIOLIYIO
TUINHUYHYI0 CBETUMOCTh KPAacHBIX KapiuMKoB mons. B
1999 r. Maptus u np. Ha Teneckone Keck I ycrano-
Buwin, 4to Gl 569B cocrout u3 mapbl 3Be3 Ha yaa-
nenun okono | a.e. T'ox cryctst MBI Hayaimu CHEKJI-
nHTep(depoMeTpHUUECKHE HAOIIOAEHHS ITOH Napsl Ha
teneckonax BTA 1 MMT B ApuzoHe ¢ LIENbIO ompe-
JIETUTh TTapaMeTphl BUANMOTO JIBIDKCHHS U OLICHUTH
Macchl KOMIOHEHTOB. HaOuroaeHus BBINONHSUINCE B
nH(ppakpacHOM [Iuana3zoHe crekTpa. BoccraHoBneH-
HOE M300paKeHUE Maphl MOKa3aHo Ha puc. 29.

CymmMapHsbiii criektp napsl Gl 569B coBnanmaer co
CIEKTPOM 3Be3/1bl Kiacca M8.5+, mpuuem oba KoM-
TIOHEHTa MMEIOT OJJMHAKOBBIE TeMneparypsl. Bmecte
¢ tem, Gl 569Ba na 1.9" spue, yem Gl 569Bb, uro
OBUIO YCTaHOBICHO W3 CHEKI-M3MepeHwWd. Hamu
caenan BeiBox, uro Gl 569Ba, B cBOIO OYepenp, sB-
JigeTcst IBOMHOM 3Be3/0il. Torna Bce TpU KOMIIOHEH-
ta Gl 569B uMmeroT mpUMEpHO OJMHAKOBBIM CIEK-
TPaJIBbHBIN KIIACC U CXOKHE MACChI, IPUUYEM UX OpOu-
TBI PACIIOJIOKEHBI HEPAPXUUECKH.

CyMMapHasi Macca CHCTEMBI, OLIEHEHHasl 10 Ipe-
BapHUTeNbHON opbute (puc. 29), paBHa ~0.12 Mg, a
Macca KaXIOro KOMIIOHEHTa B OTAENBHOCTH HeE

STELLAR PHYSICS

GL 569B - MULTIPLE SYSTEM OF BROWN
DWARFS

The system Gliese 569 has long been known as a pair
of red dwarfs away from the Sun by 9.8 pc. The low-
mass secondary component of the pair Gl 569B has
the spectrum of the late M class and the luminosity
somewhat exceeding the typical luminosity of red
field dwarfs. In 1999 Martin et al., using the tele-
scope Keck II established that Gl 569B consists of a
pair of stars separated by 1 a.u. A year later we
started speckle-interferometric observations of this
pair at the telescopes BTA and MMT (Arizona) with
the aim to determine the parameters of the apparent
motion and estimate the masses of the components.
The observations were carried out in the infrared
range of the spectrum. The reconstructed image of
the pair is shown in Fig. 29.

The integral spectrum of the pair Gl 569B coin-
cides with the spectrum of an M8.5+ type star, both
components having the same temperature. At the
same time, Gl 569Ba is by 1.9™ brighter than Gl
569Bb, which was established from speckle meas-
urements. We draw a conclusion that Gl 569Ba is a
binary star. Then the three components of Gl 569B
have about the same spectral class and similar
masses, their orbits being located hierarchically.

The total mass of the system, estimated from the
preliminary orbit (Fig. 29) is ~0.12 Mg, while the
mass of each component is not greater than 50 masses

2000 Juby 4

Dec (arcsec)

=01

R.A (arcsec)

Puc. 29. Cemeiicmeo opbum, Hauryuuum oopazom coeracyrowmuxcsa ¢ nosuyuonHvimu usmepenusmu Gl 569B. Ha
BCMABKAX NOKA3AHBI MAKHCe NPOPuaU 80CCMAan081eHHbIX Uzobpadcenuti ¢ meneckonoe MMT (cneea) u BTA (cnpa-

6a).

Fig. 29. The family of orbits consistent best with position measurements of Gl 569B. The insets display the profiles
of the reconstructed images from the telescopes MMT (left) and BTA (right).
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npesbimaer 50 mace IOmnurepa. B Takom ciyuae
komrtoHeHTsl Gl 569B — kopuuneBble Kapnuku. Ku-
HEMaTHKa CHCTEMBI COTTIACyeTCs C JBIKCHUEM I'PYII-
el UMa, u3 yero ObUT cAeTIaH BEIBOJ, YTO €€ BO3pacT
Taxoke 0130k k 300 MitH. JeT.

Hecomuenno, uro Gl 569B Bciencrsue 0i1m30cTH
K CoJIHIly ¥ BO3MOXKHOCTH JJaJIbHEHIIEro yTOYHEHUS
JUHAMUYECKUX M CIIEKTPAIbHBIX CBONCTB MOXET
OKa3aTbCs KIIOYEBOH CHCTEMON KOPHUYHEBBIX KapJu-
KOB.

FO.IO. Baneca cosmecmuo ¢ M. Kengopmu (Obcep-
samopus Cmrwapm, CIIA), I Baticenom (MPIfR,
boun, I'epmanus)

OINNPEJEJIEHUE OYHIAMEHTAJIBHBIX
XAPAKTEPUCTHK 3BE3]] IO3JHUX CIIEK-
TPAJIBHBIX KJIACCOB

B xone BHINONHCHHUS HAOIOJATEIHHON HPOTPaMMBI
Ha 6-M Terjeckome moiydeHo Ooinee 400 crexi—
HHTEPPEPOMETPUICCKUX H3MEPEHUN MO3UIIMOHHBIX
napameTpoB U 230 BBICOKOTOYHBIX M3MEPEHUH pa3z-
HOCcTH Onecka 215 HOBOHWHBIX M KpaTHBIX 3BE3..
OcHOBHasT meidb  MpOrpaMMbl  —  YTOYHEHHE
SMIHPUIECKON 3aBUCUMOCTH MacCca—CBETUMOCTH IS
38e31 ['1l mo3mHMX — CHEKTpanbHBIX  KJIACCOB.
OO0Hapy)eHO 7 paHee HEU3BECTHBIX TPOHHBIX CHCTEM
(HIP 5245, Kui99, ADS 16138, HIP 25354,
HIP 8533, HIP 60444 u HIP 39402) u ogna HOBas
qIBOWHAas  cucrema. [lo  pe3yiaprataM  3THX
HAOJIOICHUI MOCTPOCHO 15 HOBBIX M YTOYHEHO 7
n3BecTHBIX opouT (puc. 30). OueHeHBI aOCOMOTHBIE
CBETHMOCTH M CIEKTPaTbHBIE KJIacChl KOMIIOHEHTOB
68 nBOWHBIX U 4 TPOWHBIX CUCTEM.

E.A. Inyscnux, U.H. baneea, 3.V. [lIxazouesa

1993.84

2001.76

AHAJIN3 OPBHUTAJIBHBIX JBUXEHUI B
TPAIIEIIUN OPUOHA

[To nanHBIM cnekI—uHTEp(EpPOMETPUIECKUX HAOIIO-
JeHui Ha 6—M Tteneckone ¢ 1995 mo 2001 rr. Hamu
OBLTO 0OHAPY)KEHO OPOUTAIEHOE JBIKCHUE B CHUCTE-
Max O Ori A1-2 (cpenHee paccTOsSHHE MEXKIY KOM-
noHeHTamu 220", M3MEHEHHEe IO3WUIIMOHHOTO YIia
6°), ® Ori B2-3 (paccTosiHEE MEXAY KOMIOHEHTAMHU
205", wu3MeHeHHe TO3MIMOHHOro yrma 8°) u
® Ori C1-2 (paccrosHue Mexy KoMmIioHeHTamu 37",
W3MEHCHUE MO3UITMOHHOTO yria 18°) — sBisronmxcs
spuaiimmmu 3se3namu B Tpanenun Opuona. HaGuo-

of Jupiter. In this case the components of Gl 569B are
brown dwarfs. The kinematics of the system agrees
with the motion of the group UMa, from which it was
concluded that its age is also close to 300 million
years.

Undoubtedly Gl 569B may ought to be the key
system of brown dwarfs owing to its closeness to the
Sun and the possibility of further refinement of the
dynamical and spectral properties.

Yu.Yu. Balega in collaboration with M. Kenworti
(Steward Observatory, USA), G. Weigelt (MPIfR,
Bonn, Germany).

DETERMINATION OF FUNDAMENTAL
CHARACTERISTICS OF STARS OF LATE
SPECTRAL CLASSES

In the course of fulfilment of the observational pro-
gram at the 6 m telescope more than 400 speckle in-
terferometric measurements of position parameters
and 230 high accuracy measurements of the bright-
ness difference of 215 binary and multiple stars were
made. The principle aim of the program is refinement
of the empirical mass—luminosity relationship for MS
stars of late spectral classes. Seven previously un-
known triple systems (HIP 5245, Kui 99,
ADS 16138, HIP 25354, HIP 8533, HIP 60444 and
HIP 39402) and one new binary system were de-
tected. From the results of these observations 15 new
orbits were constructed and 7 known orbits were re-
vised (Fig. 30). Absolute luminosities and spectral
classes of the components of 68 binary and 4 triple
systems were estimated.

E.A. Pluzhnik, I.1. Balega, Z.U. Shkhagosheva

Puc.30 Opbumer 0sotinvix 36e30 CHR 17 u Gl 150.2.

Fig. 30 The orbits of the binary stars CHR 17 and Gl
150.2.

ANALYSIS OF ORBITAL MOTIONS IN THE
TRAPEZIUM OF ORIONIS

Using the data of the speckle interferometric observa-
tions conducted at the 6 m telescope in the years from
1995 to 2001, we revealed orbital motion in the sys-
tems ® Ori Al1-2 (the average separation of the com-
ponents is 220", the position angle variation is 6°),
® Ori B2-3 (the separation of the components is
205", the position angle variation is 8°), and
® Ori C1-2 (the distance between the components is
37", the position angle variation is 18°), which are
the brightest stars in the Orionis trapezium. The ob-
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JICHUS! TIPOBOJIMIIMCH B CIIEKTpasIbHBIX nostocax J, H u
K UK cnexrpa u Obutn 00paboTaHbI C IPUMEHEHHEM
OucriekTpanpHOTO aHanm3a. B cucreme ® Ori B Obun
BIIEPBbIE PA3PELIEH YETBEPTHIA BU3YaJIbHBII KOMIIO-
HeHT. M3 aHanm3a OpOWTAbHBIX NBWKEHUH W JaH-
HBIX MHOTOLBETHOH (oTomerpuu B OmmkHem MK
nuamazoHe (Taby. 4) Obula MOJYYeHA OICHKA Mace
KOMIIOHEHTOB sipyallinx ABOMHBIX B Tpameru Opu-
OHa, YTO B JaJbHEHIIEM OMOXKET pa3o0paTbesi B Me-
XaHn3Me (OpMHUPOBAHMS MAaCCHBHBIX KPaTHBIX CHC-
TEM.

I0.10. baneza cosmecmno ¢ T. Ipaubuw, . Bai-
eenom (MPIfR, Boun, I'epmanus)

servations were made in the J, H and K bands of the
IR spectrum and were processed with the use of the
bispectral analysis of series of images. The fourth
visual component was resolved in the system ® Ori B
for the first time. From analysis of orbital motions
and data of multicolor photometry in the near—
infrared range (Table 4) the masses of components of
the brightest binaries in the Orionis trapezium were
estimated, which will subsequently help understand
the mechanism of formation of massive multiple sys-
tems.

Yu.Yu. Balega in collaboration with T. Preibish, G.
Weigelt (MPIfR, Bonn, Germany).

Tabnuya 4. Breck (8 36. 6enuuunax), oyeHka sxcmunkyuu u macc (6 M ) komnonenmos cucmemot © Ori.
Table 4. The brightness (in stellar magnitudes), the estimate of extinction and masses (in M) of the components of

the system O Ori.

©'0ri | Jm) | H-K(m) | J-H(m) | Aum) | M. (M)
Al 6.14 0.08 0.18 1.89 16
A2 8.45 0.35 0.76 5.40 ? 4-5
Bl 6.82 0.12 0.31 0.69 7
B2 10.23 1.15 1.43 29 ? 4
B3 10.84 0.66 1.26 10 23
Cl1 4.63 0.02 0.18 1.74 45
C2 6.22 0.25 0.03 ? 6

HUHTEP®EPOMETPUSA IMPOTO3BE3/IHbIX U
MOJIOJBIX 3BE3JHBIX OBBEKTOB

BucnexTpanpHas crekI-uHTEpHEPOMETPHS HUCIIONb-
30BaNach IS M3YUYCHHS CBS3aHHBIX C OOJACTAMHU
3Be3n0o0pazoBanuss MK wucrounmkoB S140 IRS1 wu
Mon R2 IRS3.

S140 IRS1 mpexncraBnsier cobol TiyO0OKO mMOrpy-
JKCHHBI B MBUIEBOC 007aKO 00BEKT B MOJICKYJIIPHOM
obsake L1204 na ynanenuu 900 mk ot Comuia. M3o-
Opakennst monst 13"x21" B momoce K oGHapyxumn
CJIOKHBIE, paHee HEM3BECTHBIC CTPYKTYPHI BOKpYT
LEHTPAIBHOTO 00BEeKTa. B nomonHeHune K sSpKoii, BbI-
TSAHYTOM Ha FOTO—BOCTOK AETaNH, OBUTH OOHApPY)KEHBI
YEeTHIPe TOYCYHBIX HCTOYHHKA, HECKOIIBKO Tyroodpas-
HBIX CTPYKTYpP H HPOTsSDKCHHAS TU(PQY3HAS dSMUCCHUS.
Juddy3Hbie CTPYKTYpbI, BHANMO, OTPa)XKalOT B3au-
mozercTteue MorHoro ucreueHus or S140 IRS1 ¢ ok-
pyxaromeit cpenoif. Kpome panee u3BecTHOro wuc-
TCUCHUS BCUIECCTBA HAa FOIO—BOCTOK MbI HalllJIM CBHUIC-
TEJILCTBA MCTEUEHHUS! BEUIECTBA B CEBEPO—BOCTOUYHOM
HalpaBJjeHUH, B KOTOPOM OOHapyXeH KOMIUIEKC M3
TpeX JIyT, OJHHU Kpasi KOTOPBIX CUCTEMAaTHYECKH CIBH-
HYTBI OTHOCHUTENBHO JIpyT npyra. [lonoxenue xyr co-
OTBETCTBYET HNPUMEPHOMY TIOJOKEHHUIO PaTHONUCTOY-
HuKa. Mopdomoruto S140 IRS1 MoxHO MOIENbIO
TECHON IBOMHOM 3BE3bI, KAXKIBIII KOMIIOHEHT KOTO-
pO¥ OKpY>KE€H MPOTO3BE3IHBIM JHCKOM, M OPHEHTALINS
JTUCKOB HE COBIAJIACT C TNIOCKOCTHIO OPOHTHI.

INTERFEROMETRY OF PROTOSTELLAR
AND YOUNG STELLAR OBJECTS

We applied bispectral speckle interferometry for
studying the IR sources S140 IRS1 and Mon R2 IRS3
related to star formation regions.

S140 IRS1 is an object deeply immersed into a dust
cloud in the molecular cloud L1204 at a distance of
900 pc form the Sun. The images of a field of 13"x21"
in K band revealed complex, previously unknown
structures around the central object. In addition to the
bright detail extended south—east, four point sources,
some arch structures and an extended diffusion emis-
sion were detected. Apparently, the diffusion struc-
tures reflect interaction of the powerful outflow from
S140 IRS1 with the surroundings. Apart from the pre-
viously known outflow in the south—east direction, we
found evidence of outflow of matter in the north—east
direction. In this direction we detected a complex of
three arches, one edge of which is systematically
shifted with respect to each other. The position of the
arches corresponds to the approximate position of the
radio source. The morphology of S140 IRS1 can be
explained with the aid of the model of a close binary
star each component of which is surrounded by a pro-
tostellar disk, and the orientation of the disks does not
coincide with the orbital plane. Each component pro-
duces one outflow, while the observed structure is
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Kaxaprit KOMIOHEHT (POPMHUPYET OJHO HCTCUCHHE
BEIIIECTBA, a HAOM0gaeMasi CTpyKTypa (hopMUpyeTcs B
pe3yIbpTaTe MPerecCui HEKOMITIAHAPHOTO THUCKA.

Crkorurerne  Mon R2 IRS3  sBrsiercst  o0GmacThio
(hopMHupOBaHUSI MACCHUBHBIX 3BE3]l, OJHOW M3 OJH-
JKaMIMX K HaM, KOTOpas BCE €Ile MOTPYyXKeHa B po-
JIUTEJILCKOE MOJIEKYJISIpHOE 00J1ako. MBI pazpenininu
OOBEKT Ha TPH 3BE3IHBIX HUCTOYHHKA C M30BITKAMU
u3nydeHnus B ommkHedt MK obnmactu. OneHkn moka-
3BIBAIOT, UTO MX MACCHI JIEXAT B HHTepBase 5—15 Mg
Kpowme Toro, B 3"—0o0macTu BOKpYT STHX 3Be37 00Ha-
PYKEHBI ellle 1Mo KpaiiHed Mepe 3 MCTOYHHKA Ha 6
cimabee caMoro sipkoro oowsekra (puc. 31).

Cawmblii sipkuit ucrounnk IRS3 A oxpyxen Ourno-
nsapHoi TymanHocTei0 (PA=30°) u, mo-sumumomy,
MMeET TOHKHUH OKOJ'IO3BC3[[H]:Iﬁ JUCK WJIM TOp € 1O-
JSAPHBIMU TIOJNIOCTSMH. B HampaBJIeHUM Ha ceBepo—
BOCTOK OOHapy»XeHa JDKETONOJ00HAS SMHCCHOHHAS
CTPYKTYpa, KOTopasi HaMHOTO sipye B mojoce K, gem
B H. OHa pacmagaercss Ha TpH OTACNBHBIX Y314, yAa-
geaeix Ha 0.13", 0.23" um 0.29" oT wHCcTOYHHKA.
IIpeanonoxutensno, IRS3 B sBrseTcss HCTOYHUKOM
BBICOKOCKOPOCTHOTO MOJICKYJISIPHOTO UCTCUYCHUS, U3-
BecTHOTrO 17151 Mon R2 IRS3.

F0.1O. Bbaneea coemecmno ¢ T. Bnekep, I'. Baiicenom,
K.-X. Xogman (MPIfR, boun, I'epmanus)

K-band

K-band

CHEKJI-MHTEP®EPOMETPUUYECKHI MO-
HUTOPUHI' HCTOYHHUKA IRC+10216

Ha ocHoBe cniexii—uHTEpdepoMeTpuiecKix Habmoe-
Huil, npoBeaeHHbIX ¢ 1995 mo 2001 rr. Ha 6—M Tene-
cKorie, OblIa BIIEPBEIC TOTyYeHA JeTailbHas MOACTh U
W3y4YeHBl BpeMEHHBIE H3MEHEHHs B MBUIICBOH 000J7104-
Ke BOKpyr yriepoanoii 3Be3nsl IRC+10126. M306pa-
skerns IRC+10126 (puc. 32) morydeHs! 1151 BOCBMH

formed as a result of precession of the non—
complanary disk.

The cluster Mon R2 IRS3 is one of the closest to
us regions of formation of massive stars which is still
embedded into the host molecular cloud. We resolved
the object into three stellar sources with emission ex-
cess in the near IR region. Estimates suggest their
masses to lie in an interval of 5—-15 Mg. Besides, at
least three more sources by 6™ fainter than the bright-
est object were detected in the 3" region around these
stars (Fig. 31).

The brightest source IRS3 A is surrounded by a bi-
polar nebula (the position angle is 30°) and is likely
to have a thin circumstellar disk or a tor with polar
cavities. Towards on north—east a jet-like emission
structure was detected. The structure is much brighter
in the K band than in the H band. It desintegrated on
three individual knots separated from the source by
0.13", 0.23" and 0.29". IRS3 B is presumably a
source of high velocity molecular outflow known for
Mon R2 IRS3.

Yu.Yu. Balega in collaboration with T. Blacker,
G. Weigelt, K.-H. Hofman (MPIfR, Bonn, Germany)

Puc. 31 Hzobpasicenus Mon R2 IRS3 ¢ cnexmpainb-
uoix nonocax H u K.

Fig. 31. The images of Mon R2 IRS3 in the H and K
spectral bands.

SPECKLE INTERFEROMETRIC MONITOR-
ING OF THE SOURCE IRC+10216

On the basis of the speckle interferometric observa-
tions carried out at the 6 m telescope from 1995 to
2001, an detailed model was derived for the first time
and temporary variations in the dust envelope around
the carbon star IRC+10126 were studied. The im-
ages of IRC+10126 (Fig. 32) were obtained for eight
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Puc. 32. Bpemennvie usmenenus 6 ooonouxe eoxpye IRC+10216.

Fig. 32. Temporal variations in the envelope around IRC+10126.

Pa3IUYHBIX 310X U MOKa3bIBAIOT AWHAMHYECKYIO 3BO-
JIFOLIMIO TBUIEBOM 00OJI0YKH, KOTOPask COCTOUT U3 He-
CKOJIbKMX KOMITaKTHBIX 0Opa3oBanuii B obOmactu 0.2",
OKPYXXCHHBIX CJIa00i aCUMMETPUYHOH TYMaHHOCTBIO.
Bunumoe pasneneHue AByX CaMbIX SPKUX KOMIIOHEH-
ToB A u B yBenuumiocs ¢ 0.191" B 1995 r. o 0.351"
B 2001 r. B TO *e BpeMs SpKOCTb KOMIIOHEHTa B
YMEHBIIWIACh TOYTH IO IIOJIHOTO HCUYE3HOBEHHUS B
2000 r., a siprkocth aeraneit C u D Bo3pocna. M3mene-
HUSI CTPYKTYpPbI O0OJIOUKH, CKOpEEe BCETO, CBSI3aHbI C
U3MEHEHUEM OITHUYECKOW TOJNINUHBI. MOHUTOPUHI B
TeueHHue OoJiee YeM TPeX IMEPUOAOB IyJIbCALUH 3BE3-
Ibl (649 nHeil) moAaTBEpKAACT MpeNCKa3aHusl THIPO-
JUHAMHYECKUX Mozesel 00 ycuiieHnu popMupoBaHus
MIBUIN B TEUCHNE HECKOIBKUX MEPHOIOB ITyIbCALH.
Mopdomnorus IRC+10216 Becbma crnoxxHa. [Tocnen-
HHE MOJENH JBYXMEPHOIO IIEPEHOCa M3IYUYECHUsS 4eT-
KO YyKa3bIBalOT, YTO LIEHTpaJbHas 3BE3/la OKpY’KEHa
ONTHYECKH TOJICTBIM IIBUIEBBIM JUCKOM C OHITOJISIp-
HBIMHU ITyCTOTAaMH, MOJIHBIN YTOJI pacKpBITHS KOTOPBIX
cocrasisier 36°. CaMblii IpKUii KOMITAKTHBIA MUK A B
n3obpaxennn IRC+10216 oka3biBaeTcsl U3ITyYEHUEM,
paccestHHBIM B ONTHYECKH 00JIee TOJICTON I0XKHOM I10-
noctu. Cama yriepozHas 3Be3Jja HaXOANUTCS Ha MecTe
6ornee cmaboro xommonenta B. Ha cHumKkax, moiy-
YEeHHBIX TejlecKoroM Xa06ma Ha 0.8 u 1.1 MKM, KOM-
noHeHT B BooOme He BuieH. boiee ciabbie koM-
noHeHTs!l C u D B nmonocax H u K Bo3HukaroT 3a cuer
HeOOJNBIINX OTKJIOHEHUH OT chepuueckoit (Hopmbl
wiotHOH o0omnouku. Vcrounnk IRC+10216 Bomen B
¢a3y, HENOCPEACTBEHHO NPEINIECTBYIONIYIO IBHXKE-
HUIO K aCHMITOTHYECKOH BETBH T'MI'AaHTOB M Hayal
(hopMHPOBATH ACHMMETPHUIHYIO 000JIOUKY.

I0.10. baneza cosmecmno ¢ T. bnexep, I'. Baticenom
(MPIfR, boun, I'epmanus)

different epochs. They show dynamical evolution of
the dust envelope consisting of several compact
structures in the 0.2" region, which are surrounded by
a faint asymmetric nebula. The visible separation of
two brightest components A and B increased from
0.191" in 1995 to 0.351" in 2001. At the same time,
the brightness of the B component decreased nearly
to complete disappearance, whereas that of the details
C and D increased in 2000. The variations of the en-
velope structure are most likely to be due to the
variations of the optical depth. The monitoring of
IRC+10126 during over three periods of the star pul-
sation (649 days) confirms predictions of hydrody-
namic models that the dust formation intensified dur-
ing several pulsation periods.

The morphology of IRC+10126 is rather complex.
The latest models of two-dimensional emission trans-
fer point clearly to the fact that the central star is sur-
rounded by a thick dust disk with bipolar cavities, the
total angle of the opening of which is 36°. The bright-
est compact peak of A in the image of IRC+10126
turns out to be radiation scattered in the optically
thicker southern cavity. The carbon star itself is lo-
cated in place of the fainter component B. Com-
ponent B is not visible in the images taken with the
Hubble telescope at 0.8 and 1.1 microm. The fainter
components C and D in the H and K bands originate
due to minor departures of the dense envelope from
the spherical shape. The source IRC+10126 fell into
phase directly preceding the movement to the
asymptotic giant branch and began to form the
asymmetric envelope.

Yu.Yu. Balega in collaboration with T. Blacker,
G. Weigelt (MPIfR, Bonn, Germany)
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HCCJIEJOBAHHUE CTPYKTYPblI ATMOC-
®EP 1 OBOJIOYEK 3BE3/1

Iexyasipubiii ceepxrurant HD 331319

Ha 6—m Teneckone mpomoimKaeTcss mporpaMMa CIrieK-
TPOCKOTIMM  BBICOKOTO ~ Pa3peIIeHUs] IEKYISIPHBIX
3B€31 BBICOKOM CBETUMOCTH ¢ u30bITKOM MK-—
moToka. MeToomM Mojenei atMocdep ornpeneaeHbl
(yHIaMEeHTaIbHBIE TTapaMeTPhl U JIeTabHBIN XHMH-
geckuit cocta HD 331319 — onrTudeckoro Kommo-
HeHnta MK-uctounuka IRAS 19475+3119. B cniektpe
00BbekTa BBICOKOI cBeTumocTd M, <-8" ¢ T, =
7200 K oGHapyxeHs! juHuu resms (puc. 33). Ot0
UHTEPIPETHPYETCS KaKk ero M30BITOK B HaOIIOAae-
MBIX CIIOSIX aTMOC(Ephl U MOXKET PacCMaTPHBATHCS
KaK TPOSBIICHHE CHHTE3a T'elUs B XOJE IpEeAIIecT-
ByIOIIeH »BoMIONMH 3Be3asl. OOHapyXKeH H30BITOK
asora u kucinopoma: [N/Fe] = +1.30, [O/Fe] =
+0.64 dex mpu HEGONBIIOM H30BITKE yriepoaa. Me-
TaJUIMYHOCTE atMocdepsl 3Be3abl [Fe/H] = —0.25
cnabo ornuyaercs oT coiHeuHod. ConepxaHue Me-
TAJUIOB S—TIPOLIECCca HE YBEIIMUEHO, a CKOPEE 3aHIKe-
HO OTHOCUTEJIBHO METaJUIMyHOCTU: 1 Y, Zr
[X/Fe] =—-0.68. Conepkanue Oapus TakKe 3aHHKECHO
OTHOCUTENIbHO MeTtayunyHoctu: [Ba/Fe] = —0.47.
Bonee tsoxenvie snementhl La, Ce, Nd, Eu cnerka
YCHIICHBI T10 OTHOIICHHUIO K XKeJe3y: Ui HUX CpeaHee
3rayenne [X/Fe]=+0.16. B memom pacmnpocTtpaHeH-
HOCTh XHMHYECKUX JIIEMEHTOB ITOATBEPKAAET, UTO
00BexT IRAS 19475 + 3119 HaxoxuTcs Ha 3BOIIONH-
oHHOM ctamun nociae AGB. MeTajuln4HOCTh B code-
TaHMU C JIy4eBOW CKOPOCThIO V, = —3.4 KM/C U rajak-
THYECKOU MHPOTOii |b| = 2.7° 0ObeKTa yKA3BIBAIOT HA
€ro NPUHAJICKHOCTh K HACCJCHHIO JuCKa ['anmakTu-
ku. 1o nosoxxennto abcopOLUMOHHBIX NosI0C, hopmu-
pYIOIIMXCSl B OKOJIO3BE3/IHOH 000JI0UKe, OomnpeiesieHa
CKOPOCTh PacCIIUPEeHUs 000I0UKH 0KOJIO 21 KM/C.

U3 comocraBieHus pe3yNbTaTOB, ITOyYEHHBIX
IUT 3BE31BI CPaBHEHUS, THIMMIHOTO post—-AGB 005b-
ekta HD 161796 =IRAS 17436 + 5003, c panee
OIyOJIMKOBAaHHBIMU JaHHBIMH, OOHApPY>KEHO 3BOIIO-
HOHHOE yBedudyeHue ee 3¢d. Temmeparypsl co
cpenHei ckopocThio He Menee 50° B rop.

B.I". Knouxosa, B.E. Ilanuyx, H.C. Tagoncanckas
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STUDY OF THE ATMOSPHERE STRUCTURE
AND ENVELOPE OF STARS

Peculiar supergiant HD 331319

The program of high-resolution spectroscopy of high-
luminosity peculiar stars with IR excess is being con-
tinued at the 6 m telescope. Using CCD spectra ob-
tained with the echelle spectrometer PFES the fun-
damental parameters and detailed chemical composi-
tion of HD 331319 — optical component of IR source
IRAS 19475+3119 were determined by the model
atmosphere method. The lines of helium were de-
tected in the spectrum of the high-luminosity object
with M, <-8" and effective temperature of T,; =
7200 K (Fig.33). It was interpreted as its consider-
able excess in observable atmospheric layers and
could be considered as a manifestation of synthesis of
helium during preceding evolution of the star. The
excess of nitrogen and oxygen was detected: [N/Fe] =
+1.30, [O/Fe] = +0.64 dex with a small excess of
carbon. The star atmosphere metallicity [Fe/H] = —
0.25 differs only slightly from the solar one. The
abundance of s-process metals is not high, but rather
low in regard to metallicity: for Y, Zr [X/Fe] = —0.68.
The barium abundance is also low in regard to metal-
licity: [Ba/Fe] = —0.47. Heavier elements La, Ce, Nd,
Eu are slightly overabundant relative to iron: their
average value [X/Fe] = +0.16. In general, the chemi-
cal abundance confirms that the object
IRAS 19475+3119 is at the evolutionary stage after
AGB. In combination with the object's radial velocity
V. = -3.4km/s and galactic latitude |b| = 2.7°, the
metallicity points to its membership of the Galaxy's
disk population. The velocity of the envelope expan-
sion was determined by the position of absorption
lines formed in the circumstellar envelope to be about
21 km/s.

The juxtaposition of the results obtained for a comp:x
typical for the post—-AGB object HD 161796 = IRAS 17
with the data published earlier revealed an evolutionary
fective temperature of HD 161796 at an average rate
50 degrees per year.

V.G. Klochkova, V.E. Panchuk, N.S. Tavolganskaya

Puc. 33. Jlunua eenus 1 5876 A 6 cnexkmpax mpex F—
ceepxeucanmos, ceepxy enuz: HD 44179 (KpacHuui
IHpamoyeonvrux), HD 331319 = IRAS 19475+3119 u
HD 187885.

Fig. 33. Line of helium Hel, 1 5876 A in spectra of
three F supergiants, from the top down: HD 44179
(Red Rectangle), HD 331319 =IRAS 19475+3119
and HD 187885.
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ITporomianerapHas TymanHocts LS 11+34°26 =
V1853 Cyg

BeimonHeHs! poToMeTpuUecKre U CIIeKTpalIbHBIE Ha-
omonernss B-cepxruranta ¢ HMK-u30bITKOM
V1853 Cyg, SBOMOIMOHUPYIONIETO K CTAANX TUIaHE-
TapHOI TyMaHHOCTH. B TedeHme 2—x et HaOmroze-
HUH 3Be3/1a Mmokasana ObICTPBIE HEeperyJIIpHBIE H3Me-
HeHus Oliecka ¢ aMIuuTynoi okono 0.3™ B usere V u
OTCYTCTBHE KOppesimuu 1BeTa ¢ 6iaeckom. Ontude-
ckuit criektp V1853 Cyg cocroutr w3 abcopOuuit
(OII, NI, CII, SiIll, AlIII, Fe Il u ouens cnaboi
muaun He 11 4686A), xapakTepHBIX Ul paHHHX TO-
psunx cBepxrurantoB B1-B2, u smmccuoHHOro
cniekTpa ra3oBoit obomouku (N [II], S [1I], Si II). JIu-
Hun H 1 u He I umeror npodmmm tuma P Cyg, uto
CBUICTENECTBYET O MPOAOIDKAIOMIEMCS HCTCYCHUH
BemecTBa. B crekTpe HaIeKHO OTOXKIECTBICHBI
MHOrouuciaeHsoie nuddysusie nomocsl (DIBs) mex-
3BE3HOTO M OKOJIO3BE3IHOTO MPOMCXOKIACHUS.

B.I''"  Knoukosa coemecmno c¢ B.Il. Apxunosoii,
H.II. Hxonnuxosoi, I'.B. Komuccaposoi, P.A. Hoc-
ko6oti u B.®. Ecunoevim (AU MT'Y)

CrnekTpajbHbIii MOHMTOPMHI OBICTPO IBOJIIOLNO-
Hupylomero runepruranta IRC +10420
JlosroBpeMeHHbIN UHTEPEC K MEKYJSIPHOMY CBEPXIH-
raaty IRC +10420 oOycnoBieH mpexnae BCEro ero
MpeleabHO BBICOKOW aOCONIOTHONW CBETHUMOCTHIO,
CBOMCTBEHHON THIEPTUraHTaM. JTOT OOBEKT 3aHH-
MaeT BblielieHHOe nonoxenne Ha WK-—nuarpamme
“IBET—LBET” W SIBISIETCS MCTOYHHUKOM MOIIIHOTO IIe-
peMeHHOro MasepHoro usirydenus: OH, uro yka3sbiBa-
€T Ha IPUCYTCTBHE NPOTSHKEHHON TIa30—IbUIEBON
00omoukn. ONTHYECKHUH CIIEKTP COIECPKUT MHOTO-
YUCIICHHBIE a0copOImn, (GOPMUPYIOIIHECS B CIOSIX
(oTocdeprl, HEMOABMKHBIX OTHOCHTEIBHO IIEHTpa
Macchl 3Be3/1bl, M 3MHCCHH, HOPMHUPYIOLIHECS B pac-
mupsrotecs 06osouke. MsmMepeHHas 1mo CMemeHuo
a0COpPOIMOHHBIX KOMITOHEHTOB mpoduiei THma
P Cyg oTHOCHTENBHO 3MHCCHUH CKOpPOCTh paciiupe-
Husg 00onouku cocrasisteT okosio 40-50 km/c, yTO
XOpOILO COTJacyeTcsi ¢ OMyOJMKOBAaHHBIMU JIaHHBI-
MH, TIOJIy4YeHHBIMH B paJfoAnana3oHe 1mno npoduisam
muanid Monekynsl CO. HaOnromaemasi croxHas Ju-
Hamuueckast kaptuHa B atMocepe IRC +10420 o0y-
CJIOBJICHA HEJABHUM WM IPOJOJDKAIOLIMMCS MpPO-
meccoM cOpoca BemiectBa. CienoBaTenbHO, OHA MIPH-
cyma u TeM PPN ¢ 5MUCCHOHHBIMH KOMIIOHEHTaMHU
npopmrs He, xotopeie wumetor Oompmme WK-
n30bITKH (0coOeHHO B OmmkHeM MK—anamazone).
Hoserit ik vHabmoaennit IRC +10420 nposenen
Ha 6-Mm Tteneckome B 1997-2000 rr. ¢ smemne—
cnextpomerpoM PFES. BrinonHeHsl n3MepeHus ny-
YEBBIX CKOPOCTEH U IKBUBAJICHTHBIX LIMPUH pa3iiny-
HBIX JIMHUH B CIICKTpax. C,uenaH BBIBOJI O TOM, 4YTO
crektp IRC +10420 B 2000 r. cooTBeTCTBOBaJ CIIEK-
TpanpHOMy Kiaccy A2. Ilpu cpaBHEHMM CIEKTpa
2000 . ¢ Oojee paHHMMHU CHEKTpaMH OOHAPY>KEHO
YBEJIIMYCHUE TeMITepaTypsl (oTocdepsl 3Be3IBI CO

Protoplanetary nebula LS IT +34° 26 = V1853 Cyg

Photometric and spectral observations of the B su-
pergiant with IR excess V1853 Cyg evolving to the
stage of protoplanetary nebula were performed. Dur-
ing 2 years of observations, the star showed fast ir-
regular alterations of luminosity with an amplitude of
about 0.3™ in the ¥ band and the absence of correla-
tion between color and brightness. The optical spec-
trum of V1853 Cyg consists of absorptions (O II,
NII, CII, Silll, AlIIl, Fe Il and a very weak line
He II 4686A), typical of early hot supergiants B1-B2
and a gas envelope emission spectrum (N [II], S [1I],
Si IT). The profiles of H I u He I lines are P Cyg-like
which attests the continuous flow of matter. Multiple
diffuse bands (DIBs) of interstellar and circumstellar
origin are reliably identified in the spectrum.

V.G. Klochkova in collaboration with V.P. Arkhipo-
va, N.P. Ikonnikova, R.I. Noskova, G.V. Komissarova
and V.F. Esipov (SAI MSU)

Spectral monitoring of the rapidly evolving hy-
pergiant IRC+10420

Long—term interest in the peculiar supergiant
IRC+10420 is dictated first of all by its extremely
high absolute luminosity typical of hypergiants. Be-
sides, this object takes a special position on the
“color—color” IR diagram and is a source of powerful
variable maser OH emission, which points to the
presence of an extended gas—dust envelope. The opti-
cal spectrum of IRC+10420 contains multiple absorp-
tions generated in these atmospheric layers that are
immobile in respect of the star mass center, and emis-
sions generated in the expanding envelope. The enve-
lope expansion rate measured by the shift of the
absorption components of P Cyg-like profiles with
respect to emissions is about 40-50 km/s which
agrees well with published data obtained in the radio
range from the profiles of CO-molecule lines. Evi-
dently, the observed complicated dynamical situation
in the atmosphere of IRC+10420 is determined by the
recent or continuing process of the matter release
and, consequently, is also typical of the PPN with
emission components of the Ha profile which have
large IR excesses (especially in the near IR range).

New set of observations of IRC+10420 was carried
out at the 6 m telescope with the echelle spectrometer
PFES in the period from 1997 to 2000. The meas-
urements of radial velocities of different spectral de-
tails and equivalent widths of selected spectral lines
were fulfilled. By totality of spectral criteria a con-
clusion was drawn that the spectrum of IRC+10420
in 2000 corresponded to spectral class A2. When
comparing the spectrum of 2000 with the earlier
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cpenHer ckopoctbio okosio 120 K B roa. BrisiBiena
KOPPEISLHS MEXIy CKOPOCTSIMH, COOTBETCTBYIOIIH-
MU TOJIOKECHUSIM MHHAUMYMOB (MakCHMYMOB) JIMHHH,
U WX CHJIAMH OCIIUUIATOPOB KaK B CIIydae dMHUCCH-
OHHBIX, TaK M a0COPOIMOHHBIX JIMHUHA. JTOT 3 dexKT,
MO—BUANMOMY, SIBIIIETCSI CIICACTBHEM B3aUMHOTO
BIIMSIHUASL DMUCCHOHHBIX W aOCOPOIMOHHBIX KOMIIO-
HEHT JINHUM.

Crenan BBIBOJ O TOM, YTO KpacHO€ CMeIeHue ab-
COpOILMOHHBIX (POTOCHEPHBIX JMHUI OTHOCHTEIBHO
cucremHuoi ckopoctu IRC +10420 oOycioBieHo pac-
CEesTHUEM CBETa 3BE3/Ibl Ha PACIIHMPSIONIEHCS MOIIHON
nbuIeBol  oOonouke. OOHapykeHa NepeMEHHOCTh
SMHUCCHOHHBIX npoduied muanii Ho u HE (puc. 34).
ITo UK-tpumniery OI 7774 A oueHeHa CBETUMOCTb
IRC +10420: L =50000L,. Ha Bcex umerommxcs
cnektpax IRC +10420, COOTBETCTBYIOMIHUX CIIEK-
TpaJIbHBIM KJlaccaM Kak A2, Tak U AS, IPUCYTCTBYET
muanss Hel A 5876 A ¢ mpakTHyecku TOCTOSHHOU
HHTEHCUBHOCTBIO W = 200mA, 4TO SBIsSETCS CIIEACT-
BHEM BBICOKOW CBETUMOCTH M, BO3MOKHO, TIOBBIIICH-
HOT'O COJlepyKaHus Teiusi B aTMocdepe 3Be3/bl.

B.I'" Knouxosa, M.B. MHwxun, E.JI. Yenyos u
B.E. Ianuyx
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HeooObrunas nedgenna FN Aql

Ha 6—M Teneckore nosydeHbl UIEIUIE CIIEKTPBI BbI-
cokoro paspernienus nepeunst FN Aql Boim3u ¢oto-
METPUYECKOTO MUHMMYyMa W MakCHMyMa ee OJiecka.
WHTepec k 31001 3Be31€ 00YCIIOBICH HAIMYMEM Y Hee
6osibiioro MK-m30bITKa, YTO TO3BOJISIET paccMaTpH-
BaTh FN Aql B kadecTBe KaHAWIATa B IPOTOILIAHE-
TapHbIC TYMaHHOCTH. METOIOM TEOPETUIECKOTO MO-
JETUPOBaHUs CIIEKTPOB ompeneneHel T~ 5500K u

L/Lgy=3.52, a Takke 0COOCHHOCTH XHMHUYECKOTO CO-
CTaBa 3BE3/IbI.

[lexymsapHass KapTHHA COXEPKAHHUA XUMHUYECKUX
JJIEMEHTOB (HH3KOE COJAEp)KaHHe yriiepoia IMpH
MPAKTHYECKH COJHEYHOM OOWJIMU a30Ta) B COYeTa-
HUH C HAJTMYUEM OKOJIO3BE3IHOI 000JI0UKH ITO3BOJISI-
€T MPeanoaoxuTh, 4To FN Aql HaOmromaeTes B xo1e
TpeTbero (a BO3MOXKHO M YETBEPTOTrO) IepecedeHus
MOJIOCHI HECTAOMILHOCTH.

spectra an increase in star photosphere temperature at
an average rate of about 120 K per year was detected.
Correlation between the velocities corresponding to
the line minima (maxima) and their oscillator
strengths both for emissions and absorptions is re-
vealed. This effect appears to be a consequence of
mutual influence of emission and absorption line
components.

It was concluded that the redshift of photosphere
absorption lines in regard to the systemic velocity of
IRC+10420 is caused by the scattering of star light on
the expanding powerful dust envelope. Variability of
the emission profiles of the lines Ha and Hf (Fig. 34)
was detected. By the infrared triplet of oxygen OI
7774 A the luminosity of IRC+10420 is estimated to
be L = 50000 Lg. All available spectra of IRC+10420
corresponding to both spectral classes A2 and A5
contain the line Hel A 5876A with practically con-
stant intensity of W = 200 mA, which is a conse-
quence of the high luminosity and, probably, en-
hanced helium abundance in the star atmosphere.

V.G. Klochkova, M.V. Yushkin, E.L. Chentsov and
V.E. Panchuk

Puc. 34. Ilepemennocmv npoguns Ho 6 cnexkmpe
IRC+10420 c maa 1997 (cnexmp s16607) no anpens
2000 a. (cnexkmp s27520).

Fig. 34. Variability of the profile of Ho in the spec-
trum of IRC+10420 from May 1997 (spectrum
s16607) till April 2000 (spectrum s27520).

Unusual Cepheid FN Aql

High-resolution echelle spectra of the Cepheid FN
Aql near the photometric brightness minimum and
maximum were obtained with the 6 m telescope. The
presence of large IR excess governs interest in this
star and allows us to consider FN Aql as a candidate
for protoplanetary nebulae. The method of theoretical
modeling of spectra gave Ter~5500K and
L/Lg=3.52 for the star, and also the peculiarities of
its chemical abundance.

The peculiarity of chemical elements abundances
(low carbon abundance at practically solar nitrogen
abundance) in conjunction with the presence of cir-
cumstellar envelope allows us to suppose that FN Aql
is being observed during the third (and may be the
fourth) crossing of the instability band.
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B.I'" Knouxosa coemecmuo ¢ HAYcenko u
B.B. Kosmioxom (AO Ooeccroeo I'Y, Yrpauna)

CrnektpajbHblii atnac LBV u poacTBeHHBIX 00b-
€KTOB.

B xone umccnenoBaHus Ha 6—M TEJECKONE 3Be3] C
IUIOTHBIM MEIUICHHBIM BETPOM M IiceBmodoTochepa-
MH OBUI TIOATOTOBJIEH aTJIaC CHEKTPOB TUIEPTUTaH-
TOB M cBepxrurantoB B6—-A2 B puamazone 4800—
6700A. B arnace npeacrasnens! cektpsl HD168625
(B5), HD183143 (B7), HD168607 (B9), AS314 (A0)
u HD160529 (A2). JIns KaxIoi 3Be31bI C TIOMOIIBIO
smemne—cnekrpomerpoB PFES u PBICH mnomyueno
HECKOJIBKO CIIEKTPOB, 4YTO IO3BOJIWJIO BBIIOJIHUTH
HAJIS)KHOE OTOXKIECTBICHHE W H3MEPEHHE TIIIyOWH
JIMHUM, a TaKXe ONpEIENICHUE JIyYEBbIX CKOPOCTEM
[0 CHEKTPAJIbHBIM JIMHUAM, (OPMHUPYIOUIMMCS Ha
pa3NUYHBIX YPOBHSAX B IPOTSXKEHHBIX aTMocdepax
3B€3/] U B MeX3Be3HOU cpexe. [IpoBeneHo neranb-
HOe OTOXKJecTBIeHue crnekTpoB (380 meraneit), onu-
CaHbl CIEKTPOCKOIMYECKUE OCOOEHHOCTH Ka)JI0ro
ob0bekra. Ha puc. 35 mns npumepa npuseseH ¢par-
MEHT arJaca.

E.JI. Yenyos, C.B. Epmaxos, B.I'"" Knouxosa,
B.E. Ilanuyx coemecmno c¢ K. bvepxman, A.C. Mu-

pownuuenxo (Obcepsamopuss Pummep, Toneoo,
ClLlIA)
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CrnekTpajbHbIii MOHMTOPMHI OBICTPO IBOJIIOLNO-
HupYylomeii 38e31b1 FG Sge

Bbonee 20 ner na BTA BBIONHAETCS CHEKTPaIbHBINA
MOHUTOPHUHI 3aMeuyaTelbHON IEPEMEHHOW 3BE3[IbI
FG Sge, xoropas ¢ 1992 r. HaxoaUTCsl B COCTOSIHUU
YepeayIoIuXcs NIyOOKHX MUHHMYMOB Oyiecka. B
utone u wurone 1998r. wa BTA c¢ osmemne—
cnekrpomerpoM PFES (cnexTpansHoe pasperieHue
R =12000) 6butM MOTyYEHBI CHEKTPHI 3BE3/IbI, BUIU-
MBI OJIECK KOTOPOH B MOMEHT HAONIOACHUH OBLT HE
spue V' = 15" B 2000 r., mocie 3aBepiieHus (Goro-
METPUIECKOTO MUHUMYyMa 3BE3Ibl, OBLTH ITOTyYeHBI
ouepenuble cnekTpel FG Sge, Ha OCHOBaHWU KOTO-
PBIX ITOKa3aHO, YTO COACPIKaHUE XUMHYECKIX

V.G. Klochkova in collaboration with I.A. Usenko
and V.V. Kovtyukh (AO of Odessa State University,
Ukraine)

Spectral atlas of LBV and related objects

In the course of the 6 m telescope study of stars with
dense slow wind and pseudo—photospheres an atlas of
the spectra of hypergiants and supergiants B6—-A2 in
the range from 4800 to 6700 A was produced. The at-
las presents the spectra of HDI168625 (BY),
HD183143 (B7), HD168607 (B9), AS314 (A0) u
HD160529 (A2). Several spectra were obtained for
each of these stars with the help of the echelle spec-
trometers PFES and Lynx. It allowed us to make a re-
liable identification, measurements of line depths and
radial velocities by spectral lines formed at different
levels in extended stellar atmospheres and in inter-
stellar medium. The detailed identification of spectra
(380 details) is presented. Spectroscopic features of
each object are described. An atlas fragment in the
wavelength range of A4990 — 5110 A is presented in
Fig. 35 as an example.

E.L. Chentsov, S.V. Ermakov, V.G. Klochkova,
V.E. Panchuk in collaboration with K. Bjorkman and
A.S. Miroshnichenko (Ritter Observatory, Toledo,
USA)

Puc. 35. @paemenm amnaca 36e30 6bicoKol
ceemumocmu 6 oonacmu Onun 6o 4990—
5110A4.

Fig.35. A fragment of the atlas of high—
luminosity stars in the wavelength range of
A4990-5110A.

5120

Spectral monitoring of the rapidly evolving star
FG Sge

Spectral monitoring of a remarkable variable star
FG Sge, which is in the state of interchanging deep
minimums of brightness since 1992 has been per-
formed at BTA for more than 20 years. In June and
July of 1998 the spectra of the star were obtained at
BTA with the echelle spectrometer PFES (spectral
resolution R = 12000). The visible brightness of the
star was less than V = 15™ at that moment. In 2000,
after the end of photometric the minimum, the next
spectra of FG Sge were obtained. Relying on them, it
was shown that the chemical element abundances in
its atmosphere are close to the values before the fall
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JJIEMEHTOB B €€ arMocdepe OJIM3KO K 3HAUYCHUSM JI0
ociabneHust Oiecka. MOXHO yTBEpXIarb, YTO HPO-
LECC YBEIMUEHUs COACPXKAHUS YIIepojaa U JIEMEH-
TOB S—IIPOIIECCA B MOBEPXHOCTHBIX CJIOSX 3BE3JBI 3a-
BEPIINIICS.

Taxum o6pazom, FG Sge nepectan OBITh YHUKAITb-
HBIM OOBEKTOM, IEpeMElLIeHHEe KOTOPOro Ha [Jua-
rpaMM€ CHEKTP—CBETUMOCTb B TEUCHHUE HECKOJIBKUX
JECATKOB JIET OCTaBaJOCh 3arajkoid, Tak Kak €ero
MO>KHO OTHECTH K MOJIOJBIM IPEICTaBUTENAM Kiacca
nepeMeHHbIX 3Be3 Tuna R CrB. He uckiroueHo, uto
JpyTHe 3BE3[bl 3TOr0 THUIIA B CBOE BPEMs MPOILLIN O
JriarpaMMe CIIeKTP—CBETUMOCTD TT0100HBIH My Th.

B.I'" Knoukoea coemecmuo ¢ T. Kunnepom (Tapmy,
Ocmonus)

IIpo6nema 3BosronnonHoro craryca IP Per. ®o-
TOMETPHYECKHE U CIIEKTPaJbHbIE (HU3KOTO U BBICO-
KOTO CHEKTPAIBHOTO pa3pelicHus) HaOIOICHUS T1e-
pemenHoii 3Be31bI [P Per ¢ sMuccmoHHBIME OCOOEH-
HOCTSIMH B CTIeKTpe U OonbimM MK—u36b1TKOM OBLTH
BBIMTONTHEHB! HAa 1-M Teneckone Tsap—LllanbCcKoit 00-
cepBaropun B Kazaxcrane, 1.55—m Carlos Sanchez
teneckone B Mcnanuu, Tenepude u 6—M teneckorne.
AKTyalbHOCTh MCCIIEA0BAHUS ITOH 3Be3/bI 00YCIIOB-
JICHAa TEM, 4YTO B NPEALICCTBYIOIIUX ny6n1/11<au1/1;1x ce
9BOJIFOLIMOHHBIN CTAaTYC ONPEJIEIISUICS HEOJHO3HAYHO.

[IyreM cpaBHEHHsS CO CHEKTpaMHU CTAaHIAPTOB H
TEOPETHYECKUM MOJICIIMPOBAHMEM CIIEKTpa 3BE3JIbI
OTIpeNieNIeHbl ee CIeKTpanbHbIi Tui A7V u QyHzma-
MeHTalbHble napamerpbl Tz~ 8000K, logg = 4.4.
Upperynsaproe nosenerne GoTOMETPUIESCKUX XapaK-
tepuctuk [P Per mo3BossieT oTHeCTH €€ K Ipymie
3e3q tima UX Ori. Boabmoit n36eirok MK-mmoroka
OOBSICHEH HAJIMYMEM ONTHYECKA TOHKOH cdepuue-
CKOH O6OH0‘IKI/I B COUYCTAHUU C OITHUYECCKU TOJICTBIM
OKOJIO3BE3IHBIM JHCKOM. MojaenupoBanue abcop0O-
[MUOHHOTO CIIEKTPa YKA3bIBACT HA IOHIDKCHHYIO Me-

tayunaHocTh 3Be3Apl: [Fe/H]g~— 0.40. BepositHas
npuHaiexxHocTh [P Per k accormanmu Per OB2 mo-

3BOJIIJIA OIICHUTH paccTostHUE A0 3Be3nsl D ~300rmk,
4TO NPUBOAUT K  BEJIWYHHE CBETUMOCTH
log L/Ly=1.0.

COBOKYITHOCTh TIOJTYYCHHBIX HAMH JAHHBIX MO3BO-
nsieT oTBeprHyTh craryc IP Per kxax mpossomonuo-
HUPOBABIIEH 3BE3Obl W OJHO3HAYHO OTHECTH €€ K
3Be3gaM Tuma Ae/Be XepOura Ha cTaguy 3BOJIOIHH
o I'TI.

EJI.  Yenyos, B.I. Knoukosa coemecmHno c
K. bvepxman, A.C. Mupowmnuuenxo (Obcepsamopus
Pummep, Toneoo, CIA), II. I'apcuo—Jlapuo,
(Llenmp oannvix 1SO, Ucnanus), X.B. [lepea Konoe-
porom (Maopuo, Hcnanus)

of brightness. It can be stated that the process of in-
crease of carbon abundance and s—process elements
in the star surface layers has come to an end.

Thus, the unique object FG Sge whose position on
the “spectrum—luminosity” diagram was an enigma
during several dozens of years can be classified as a
young representative of variable stars of R CrB type.
It is not improbable that other stars of this type made
an analogous path along the “spectrum—luminosity”
diagram in due course.

V.G. Klochkova in collaboration with T. Kipper
(Tartu, Estonia)

The problem of evolutionary status of IP Per
Photometric and spectral (of low and high spectral
resolution) observations of the variable star IP Per
with emission peculiarities in the spectrum and big
IR excess were carried out with the 1 m telescope of
the Tien-Shan Observatory in Kazakhstan, the 1.55 m
Carlos Sanchez telescope in Tenerife, Spain and the 6
m telescope. The urgency of this study is caused by
the fact that in previous publications the evolutionary
status of this star was determined ambiguously.

By comparison with the spectra of standards and
theoretic modeling of the star spectrum, its spectral
type A7V and fundamental parameters T, ~ 8000K,
log g = 4.4 were determined. The irregular behavior
of the photometric characteristics of IP Per allows us
to assign it to the group of UX Ori type stars. The big
excess of IR flux is explained by the presence of an
optically thin spherical envelope coupled with an op-
tically thick circumstellar disk. The modeling of ab-
sorption spectrum points to low metallicity of the
star: [Fe/H]y = — 0.40. The probable affiliation of
IP Per to the association Per OB2 allowed us to esti-
mate the distance to the star as D = 300 pc, which

leads to the luminosity value log L/Ls = 1.0.

The assembly of data that we obtained allows us to
reject the status of IP Per as an evolved star, but to
classify it unambiguously as a Ae/Be Herbig type star
at the evolutionary stage before the main sequence.

E.L. Chentsov, V.G. Klochkova in collaboration with
K. Bjorkman, A.S. Miroshnichenko (Ritter Observa-
tory, Toledo, USA), P. Garsia—Lario, (ISO Data Cen-
tre, Madrid, Spain), J.V. Perea Calderon, (Madrid,
Spain).
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OOHapy:keHHe CIEKTPATbHON NePeMEeHHOCTH OIl-
THYEeCKOro KOMIIOHEHTA HNK-ucrounuka
IRAS 01005 + 7910.

B 2000-2002rr. Ha smemte—cnekTporpadax 6—M te-
JIECKOIIa TIPOBEIEH CIEKTPAIBHBI MOHUTOPUHI OII-
THYECKOTO KOMITOHEHTa HCTOYHHKA
IRAS 01005 +7910. BuepBble mOIyYeHBI CIEKTPHI
3TOr0 00BEKTA C BBICOKUM CHEKTPAIBHBIM paspelie-
HueMm. OOHapysxeHbl abcopbumonnsie smHHE CIII,
OII, NII, AU, Silll u uaus Mgll 4481A, smuccu-
OHHEIE JIETANIN, OTOXAECTBIsIEMbIE ¢ TMHuIMHU Sill u
3anpemeHasMi JuHUSAMHA [Fell]. B npodusix nuanit
Bojopona cepun bambmepa m ny6nera Nal, nmuauit
Hel u Felll npucyTcTByIOT 3MHUCCHOHHBIE U a0cOpO-
IUOHHBIE KOMIIOHEHTHL. OOHapykeHa TIEPEeMEHHOCTh
npodwreit muanii HI, Hel u Nal Ha BpeMeHHBIX HH-
TepBajiaX OT HECKOJIBKHUX CyTOK 10 rofa. Puc. 36 mi-
JIOCTPUPYET IMEPEMEHHOCTh BO BPEMEHH MEKYIAp-
HBIX npoduiieil muHuil Bogoposaa u reaus. OOHapy-
KEeHa KOPPEJLIIHUS JIy9eBhIX CKOpPOCTed abcopOunoH-
HBIX JIMHUH C CHJIaMH OCUMUIATOPOB, NpHYEM Ha-
KJIOH 3aBUCHMOCTH MEHSETCSI OT CIIEKTpa K CIIEKTpY.
XUMUYECKUH COCTaB U MapaMeTpbl aTMOC(EPHI IeH-
TPaJIBHON 3BE3/Ibl COTTIACYIOTCS C MPUHAIC)KHOCTHIO
oObekTa Kk rpynne yriepoassix PPN (macca 0.57 Mg

1 cBeTHMOCTb 4x10° Lg) ¥ HCKIIOUAIOT CTaTyC HOp-
MaJIbHOTO CBEPXTUTaHTa.

B.I' Knoukosa, M.B. FOwxkun, B.E. [lanuyx, coeme-
cmuo ¢ C.A. Mupownuuenxo, K.C. Bvepkman (O0-
cepgamopusi Pummep, CLLIA

KomnuiekcHbIli aHaJIM3 NPOTONJIAHETAPHOM Ty-
manHocTH AFGL 2688.

BriepBbie moydeH CHEKTP € BBICOKHUM Pa3pelIeHHEM
R = 82000 Oumonsproit tymanHoctn AFGL 2688.
HaOnroieHust BBIIIOIHEHBI C dIesuie—cIieKTporpadom
H3C 6—M Tteneckona B IIMPOKOM AMAaNa3oHEe JUINH
BoiH 4600-6100 A.

OCHOBHBIE BBIBOJIBI U3 PACCMOTPEHUSI T1OJISI CKOPO-
cTell B TymMaHHOCTH: a) (orochepHbIii abcopOIHoH-
HBII CIIEKTP IOKAa3bIBaeT CHWJILHOE KPAacHOE CMelle-
HHE OTHOCHTEIIFHO CHCTEMHOH ckopoctw; 0) B ab-
COpOLIMOHHOW W SMHCCHOHHON KOMIIOHEHTaX pe30-
HaHCHOTO ryOnera HaTpus HAOIMIOHAETCS TPaTHECHT
CKOPOCTH, 4TO yKa3blBaeT Ha MX ()OpMHUpPOBAHUE B
pacmmpstomieiicss 060y0uke; B) 0OHapy)KeHHBIE CTa-
TUCTUYECKH 3HAYUMBbIE Pa3iIM4Msi CKOPOCTEH MO OT-
JACJIBbHBIM KOMIIOHCHTAM 3MHCCHOHHBIX ITOJIOC Cpana
MoJieKyJ1 C, MOTYT ObITh OOBSICHEHBI TOJIBKO C TPajiv-
CHTOM JIy4eBOH CKOpPOCTH B 00jacTsix (opMHpPOBa-
HUS TI0JIOC.

BrniepBble mosyueH cHeKTp JMHEWHOHW MOJspH3a-
mun ¢ paspemeHueM R =15000 TtymanHOCTH
AFGL 2688, 4T0 TO3BONHIO pa3feiWTh CHEKTPHI,
(hopmupyrommuecst B arMocdepe IMeHTPaTbHOMN 3BE3bI
U ONTHYECKHX JIeTIeCTKaX TyMaHHOCTH. OOHApYKEHO
3HAaYMMOE IaJCHUE CTETICHH MOJISIPU3AIMHU B TI0JI0CaX
cucteMsl CBaHa Mosekynsl C,, 000109€YHBIX KOM-

Detection of spectral variability of the optical
component of the IR source IRAS 01005+7910

Spectral monitoring of the optical component of the
source IRAS 01005+7910 was performed with the
echelle spectrographs of the 6 m telescope in 2000—
2002. High-resolution spectra of this object were ob-
tained for the first time. The absorption lines CIII,
OIl, NII, AlIII, Silll and the line MgII 4481A, emis-
sion details identified with the Sill lines and forbid-
den lines [Fell] were detected. Emission and absorp-
tion components were found to be present in the pro-
files of hydrogen lines of the Balmer series and the
doublet Nal, Hel and Felll lines. Variability of HI,
Hel and Nal line profiles was found in time intervals
from a few days to a year. Fig. 36 shows the time
variability of the peculiar hydrogen and helium line
profiles. Correlation was revealed between the radial
velocities of absorption lines and the oscillator
strengths, the slope of the relationship being varied
from spectrum to spectrum. The chemical composi-
tion and the atmosphere parameters of the central star
suggest that the object is a member of the group of
carbon PPN stars (mass 0.57 Mg and luminosity

4x10° L) and exclude the status of a normal super-
giant.

V.G. Klochkova, M.V. Yushkin, V.E. Panchuk in co-
operation with S.A. Miroshnichenko, K.S. Bjorkman
(Ritter Observatory, USA)

Comprehensive analysis of the protoplanetary
nebula AFGL 2688

The spectrum with a high resolution, R = 82000, of
the bipolar nebula AFGL 2688 was obtained for the
first time. The observations were made with the NES
echelle spectrograph of the 6 m telescope in a wide
range of wavelengths, 4600-6100 A.

The main conclusions as to the velocity field in the
nebula are as follows: a) the photospheric absorption
spectrum shows a strong redshift relative to the sys-
temic velocity; b) a velocity gradient is observed in
the absorption and emission components of the reso-
nance sodium doublet, which indicates that they form
in an expanding envelope; ¢) the detected statistically
significant velocity differences in individual compo-
nents of the Swan emission bands of the C, molecule
can be explained only in conjunction with the radial
velocity gradient in the regions of formation of the
bands.

The linear polarization spectrum with the resolu-
tion R=15000 was first obtained for the nebula
AFGL 2688, which made it possible to separate the
spectra formed in the central star atmosphere and in
the optical lobes of the nebula. A significant drop in
the degree of polarization was found in the bands of
Swan system of the C, molecule, the envelope com-
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Fig. 36. Variability of the H and Hel lines in the spectrum of the optical component of the IR source
IRAS 01005+7910.
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Puc. 37. Obpawenue smuccuu 6 nonocax Ceana 5585
u 56354 6 cnekmpe AFGL 2688 r, ¢ abcopbyuio npu
nepexooe K CheKmpy ROIAPUIAYUU p,. Y201 noaapu-
sayuu 6 e 3agucum om ONUHbL 60THbL

Fig. 37. Coversion of the emission in Swan bands
5585 and 5635 A in the spectrum of AFGL2688r;
into absorption when changing to the polarization
spectrum p;. The polarization angle 6 is independ-
ent of the wavelength.

HaTpus, ponents of the sodium resonance doublet, the absorp-

u HCHOHHPHSOBaHHOﬁ KOMIIOHCHT CIEKTpa.

OCHOBC JOTHUX HJAaHHBIX W HNPUBJIICYHCHUS PCE3YyJILTATOB
Ha6HIOI[eHHﬁ C BBICOKUM YIJIOBBIM pPa3pCUICHUCM,
JaHHBIX UK mu PaauOCIICKTPOCKOIINN  TIPCAJIOKCHA

tion core of the Ha line (Fig. 37). The relative contri-
butions of the polarized and non—polarized compo-

sis of these data, with involvement of the results of
high angular resolution observations, the data of IR
and radio spectroscopy, a new kinematic model
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HOBasi KMHeMaTH4eckasi MoJeib 00010uku. OCHOB-
HON OCOOEHHOCTBIO MOJENH SIBISETCS 3HAUYUTEIHbHOE
MOHIDKEHNE KOJIMYECTBA IBIIH, KOTOPasi, [0 HalleMy
MHEHHIO, COCPEIOTOYECHA B Y3KHX [DKETaX W KBa3H-
KOHLEHTPUYECKUX [Jyrax, IT0JCBEUNBAEMbIX LCH-
TpaJIbHOM 3BE€3/101.

Onenena wmacca M=12Mg ©W CBETEMOCTH
L=10""L, meHTpanbHO# 3Be3bI  HCTOYHHKA
AFGL 2688. 3HaueHue mMacchl COrjacyercsi C coBpe-
MEHHBIMH TPE/CTABICHUSIMA O TOM, YTO OHWIIOJISIp-
HBIE TYMaHHOCTH SIBIISIIOTCSI PE3yJIBTaTOM 3BOJIIOLMN
HanOoyiee MacCUBHBIX IPEACTaBUTENEH M3 COBOKYII-
HOCTH 3B€3/1 IPOMEKYTOUHBIX Macc. CorocTaBiieHHEe
PE3yNbTaTOB PAJUOCIIEKTPOCKONNYECKUX HaOMIroe-
HUM MEIUIEHHOTO M OBICTPOTO BeTpa M ONTHYECKON
CHEKTPOCKOINH, BKIIIOYAIOIIEH HAIlM ONpeNeICHUS]
XMMHUYECKOTO COCTaBa LIEHTPAJIbHOM 3BE3[bl, T03BO-
JSIeT yTBEp)KAATh, YTO MBI BIIEPBBIE OOHAPYXHIH
MPOLIECC PE3KOT0 W3MEHEHHs COAEPIKAHUS JIETKUX
3JIEMEHTOB B OKOJIO3BE3HOW 000J104YKe U aTMocde-
pe: 3Be3na, Oyay4n yriiepoJHOI Ha CTaJuy aCHMITO-
THUYECKOH BeTBU ruraHtoB (AGB), npeBpaTtuiacs Ha
ctanuu post—-AGB B F—CBepXruranT ¢ noBbIIEHHBIM
coJliepKaHreM a30Ta u kuciopona, mpu C/O = 1.

B.I'. Knouxosa, B.E. [lanuyx, M.B. FOwxun.

CHUHTE3 XUMHWYECKHUX JJEMEHTOB B
'AJIO

IlepBoe omnpenenenue MerajsauuHoctu M12 mo
CIEKTPaM BbICOKOT0 pa3pelieHns.
BriepBele 10 criekTpaM, IOJYYEHHBIM C 3IIeIe-
CHEKTPOMETPOM 6—M TeJIeCKOIa, METOI0OM MOAeel
atMocdep onpeneseHsl (yHAaMEHTAIbHbIE TTapaMeT-
pol (T;=4800K, logg=0.7) n neranbHeli XUMH-
YEeCKH COCTaB IPO3BOJIIOIMOHUPOBABLIEH 3BE3/IbI
K413 w3 maposoro ckxomierus M12. IlomydeHHOe
[Fe/H] =—1.38 sBnsercs mepBBIM ONpeelIcHHEM Me-
TaJUITMYHOCTU CKOIUTeHHs M12 Ha OCHOBE CIIEKTPOB
BBICOKOTO pa3pelIeHus, YTO XOPOIIO COTIacyeTcs C
OIyOJIMKOBAHHOW CpeIHEeH MEeTaJUIMYHOCTBHIO CKOTI-
JICHUS], TOJYYeHHOH u3 (OTOMETPUU M CIIEKTPOB
HU3KOro paspemieHnsi. OCHOBHOW OCOOEHHOCTBIO
XHUMHYCCKOI'0O cOoCTaBa aTMOC(l)epI)I 3BE3/1bl SBJIACTCA
Oosbmioi n3beiTok Kuciopoga [O/Fe] = +2 dex. 3a-
MoJI03peH Takxke M30bITOK yriaepona. ConepxaHue
METAJJIOB S—IIPOLIECCa OHIKEHO OTHOCHUTEIBHO Me-
tayummaHocTy: s Y, Zr [X/Fe] = —0.04, nns Oapus
[Ba/Fe] = —0.12. Cogxepkanue Ooyiee TSKEIBIX dIIe-
menToB La, Ce, Nd, Pr He oTan4yaercst OT COITHEYHOIO
0 OTHOIICHHIO K kene3y: [heavy/Fe] = +0.0. 30s1-
tok esponust [Eu/Fe] = +0.48 Ttunmuen mjist 38e31 B
COCTaBe MaJOMETAJUINYHBIX IAPOBBIX CKOTUICHHH.
Bricokast cBeTUMOCTh U OCOOCHHOCTH XUMHYECKO-
IO cocTaBa MO3BOJSAIOT MPENON0XUTh, 4To K413
HAaXOJAWTCS Ha HBOJIOLMOHHOI ctaauu nocine AGB. B
criektpe K413 umeercs nuans Ho ¢ aGcopOnmoHHO-
OMUCCHOHHBIM l'[pO(i)I/IJ'IeM, HU3MCHAIOIUMCA CO BpC-
MeHeM (puc. 38). B cniekTpe BbIIEIeHBI OTOXIECTB-

of the envelope was proposed. The main distinguish-
ing feature of this model is a considerable reduction
of the amount of dust, which is, in our opinion, con-
centrated in the narrow jets and quasiconcentric archs
illuminated by the central star.

The mass, M=12Mg,, and the Iluminosity,
L=10""Ly, of the central star of the source
AFGL 2688 were estimated. The mass value is con-
sistent with the present-day notions that bipolar nebu-
lac are the result of evolution of the most massive
representatives from the aggregation of stars of in-
termediate masses. A comparison of the results of ra-
dio spectroscopic observations of the slow and fast
winds and optical spectroscopy, including our chemi-
cal abundance measurements of the central star, per-
mits us to assert that we were the first to detect the
process of sharp change in the abundance of light
elements in the circumstellar envelope and atmos-
phere: the star, being a carbon one at the stage of the
asymptotic giant branch (AGB), converted at the
post—-AGB stage to an F supergiant with an increased
abundance of nitrogen and oxygen, at C/O = 1.

V.G. Klochkova, V.E. Panchuk, M.V. Yushkin

SYNTHESIS OF CHEMICAL ELEMENTS IN
HALO

The first determination of metallicity of the globu-
lar cluster M 12 from high—resolution spectra.

For the first time, by the model atmosphere method,
the  fundamental  parameters  (7,;=4800K,
log g=0.7) and detailed chemical composition the
evolved star K413 being a member of the globular
cluster M12 were determined from the CCD spectra
obtained with the echelle spectrometer of the 6-m
telescope. The obtained value of [Fe/H] = —1.38 is the
first determination of metallicity of the cluster M12
on the basis of high—resolution spectra. It agrees well
with the published average metallicity of the cluster
M12 obtained from photometry and low-resolution
spectra. The main feature of the chemical composi-
tion of the star atmosphere is the large oxygen excess
[O/Fe] ~ +2 dex. Carbon excess is also suspectable.
The abundance of s—process metals is low in regard
to the metallicity: for Y, Zr [X/Fe] = —0.04, for bar-
ium [Ba/Fe] = —0.12. The abundance of heavier ele-
ments La, Ce, Nd, Pr does not differ from solar in re-
spect to iron: [heavy/Fe] = +0.0. Europium excess
[Eu/Fe] = +0.48 is typical of stars in low—metallicity
globular clusters.

The high luminosity and the features of the chemi-
cal composition allows us to suppose that K413 is
now at the post—-AGB evolutionary stage. There is the
line Ho with absorption—emission time—variable pro-
file in the spectrum of K413 (Fig. 38). Absorption de-
tails identified with DIBs and shifted 16 km/s to
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nernbie ¢ DIBs aGcopOmoHHbIe AeTajw, CIIBUHYTHIC
Ha 16 KM/Cc B UIMHHOBOJIHOBYIO OOJaCTh OTHOCH-
TEJIBHO CKOPOCTH 3BE3/IBL.

B.I". Knoukosa cosmecmuo ¢ H.H. Camycem (ITAULL
MIy)

Ilexyasipnas 3Be31a B rajno I'ajJJakTukn

Jnst u3ydeHus: ocobeHHOCTE 00pa3oBaHUsl XUMHUeE-
CKHUX JJIEMEHTOB Ha PaHHUX CTamusIx (GopMHpOBaHHMs
3BE3/IHOTO HaceJeHus ['aJakTuKu Ha 6—M TeJiecKore
BBITIOJHSAIOTCS. HAOIIOAEHUS 3Be3]] ¢ OOJIBIIUMHU COO-
CTBEHHBIMH JABIKEHHsIMHU. [lo crmekTpam BBICOKOTO
paspelieHus, IOJy4YeHHBIM C IOMOUIBIO 3IIesule-
cnektpomerpa PBICh, metomom mozeneit atmocdep
HCCIICIOBAaH XUMHIUYECKUH COCTaB MaJOMETaTHIHBIX
3Be3n (—2.3<[Fe/H]<-0.7). Hus omHO#M u3 3BE3x
(G251-54) ¢ merammunocThio [Fe/H]g =-1.55 00-
Hapy»XeH 3HAYMTEJbHBIH NeQUIUT psna 3JIEMEHTOB
KaKk 110 OTHOLICHHIO K HMX COJEpIKaHHIO B 3Be3lax
ONMM3KOM METAJUIMYHOCTH, TaK U IO OTHOIICHHUIO K
COJIHEYHOMY XMMHUYECKOMY cocTaBy. st uiutocTpa-
11K 3Toro (axra Ha puc. 39 npuBereHa 3aBUCUMOCTh
BenmunHEl [Ca/Fe] ot MetamumunocTy. deduuuT ku-
CJIOpPOIA, HJIEMEHTOB O—IIPOIIECCa U 3JIEMEHTOB C He-
YeTHBIM 49UcioM TpoToHOB (Na, Sc) 1Mo OTHOIICHUIO
K UX COICp)KaHUIO B JPYTUX 3BE3AaX ONU3KON Me-
TAUIMYHOCTH  COCTABIISIET, B CPEIHEM, OKOJIO —
0.6 dex. leduiur 3aeMEHTOB S—IIpOIecca B aTMO-
chepe 3Be3apl gocturaer —1.5 dex, a comepikaHue
aneMeHTOB rpynmsl xene3a (Cr, Ni, Zn) u muTHsg Ha-
XOOUTCA B IOJHOM COOTBETCTBHU C COJACPKAHUCM
9THX JJIEMEHTOB B arMocdepax 3Be3/l CXOJHOH Me-
TaJUIMYHOCTU. Bce 3TO yka3plBacT Ha KpalHE He-
OOBIYHBIN TIpollecC 00OTaIIEHHs TSHKEJIBIMHU 3JIEMEH-
TaMHM MEK3BE3HOTO BEIECTBA, M3 KOTOPOrO 3aTeM
oOpa3zoBanack 3Ta 3Be3qa. B yacTHOCTH, 3TO Beect-
BO He OBUIO 000TaIIeHO MPOAYKTAMH HYKJICOCHHTE3a
SNell, xoTopbIe SBISAIOTCA KOHEYHOW CTaaueil 3BO-
JIFOITIA MACCHBHBIX 3BE3]I.

C.B. Epmaxkos, B.I'. Knoukoea, B.E. Ilanuyx coeme-
cmno ¢ I'. XKao (llexunckas Obcepsamopus, Kumaii)

Puc. 38 Ilepemennocmo npogurs Ha 6 cnexmpe
npossonoyuoruposasuiell 36e30vl K413 uz waposoeo
ckonnenuss M12 Ons 2—x momenmos HaOI0OeHul.
Ilynkmupom Hanecen cunmemuyeckuil cnekmp, eep-
MUKATbHBIMU  YEPMOYKAMU OMMedeHbl meLypude-
CKUe deman.

Fig. 38. Variability of the Ha profile in the spectrum
of the evolved star K413 being a member of the
globular cluster M12 for two moments of observa-
tion. The dotted line denotes the synthetic spectrum.
The vertical bars are for telluric lines.

the long-wavelength range relative to the star velocity
were selected in the spectrum.

V.G. Klochkova in collaboration with N.N. Samus’
(SAI MSU)

A peculiar star in the halo of the Galaxy

To study the peculiarities of origin of chemical ele-
ments at early stages the stellar population of the
Galaxy forming the spectral observations of stars
with large proper motion is being carried out at the 6
m telescope. From the high—resolution spectra ob-
tained with the help of the echelle spectrometer Lynx
the chemical composition of low—metallicity
(-2.3<[Fe/H]<-0.7) stars was investigated by the
model atmosphere method. Parameters of stellar at-
mospheres and chemical abundances of 20 elements
and ions were determined. For the star (G251-54) of
metallicity of [Fe/H]e = —1.55 a considerable defi-
ciency of several elements in regard to both their
abundance in the stars of close metallicity and the so-
lar chemical composition was found. To illustrate this
fact Fig.39 presents the relation between the value of
[Ca/Fe] and metallicity. For oxygen, the o—process
elements and elements with odd number of protons
(Na, Sc) the deficiency against their abundances in
other stars of close metallicity is, on average, about —
0.6 dex. At the same time the deficiency of the ele-
ments of s—process in the star atmosphere reaches —
1.5 dex, and the abundance of the iron group ele-
ments (Cr, Ni, Zn) and lithium is in full agreement
with the abundance of these elements in the atmos-
pheres of stars of similar metallicity. All is points to
an extremely unusual process of enrichment with
heavy elements of the interstellar medium, from
which this star was then formed. In particular, the de-
ficiency this matter was not enriched with the prod-
ucts of nuclear synthesis of SNell, which are the final
stage of evolution of massive stars.

S.V. Ermakov, V.G. Klochkova, V.E. Panchuk in col-
laboration with G. Zhao (Beijing Observatory,
China)



74 OTHYET CAO 2001-2002 SAO REPORT

0.8

[Ca/Fe]

06 §% : f
04 Q @ -
0.21g ¢t SR E: -
0.0 |

04] ; ]
_0‘6 L | | | I | | | I | | | I | I | I
2.422-20-18-1.6-1.4-1.2-1.0-0.8 -0.6
[Fe/H]

Y®-arac BbICOKOr0 CHEKTPAIBLHOIO pa3pelieHHs
A5 3BE3/1 TaJI0

Jns 4—x 3Be3n paznuuHoit merammmynoctd ([Fe/H]e
ot —0.6 1o —2.9 dex) mo momyuenusiM Ha BTA crek-
TpaM  BBICOKOTO  CIIEKTPIBHOTO  pa3pellieHus
(R =60000) coznan yHukanbHbIH atiac B YO— u cu-
HeM amarazone (3550-5000A). MeromoM CHHTETHYE-
CKHX CIIEKTPOB OTOOpPaHBI U OTOXAECTBICHBI 860 iH-
HUHA Pa3INYHBIX 3JIEMEHTOB, IPUTOAHBIX [UI pacyera
XMMHUYECKOTO COCTaBa METOJOM Mojenei atMmocdep.
ITokazaHa MPUHIMIHAIBHAS BO3MOXKHOCTH HCIIOIB30-
BaHMA IIOJ[yYEHHOTO CHEKTPAIbHOIO MaTepuaa B 3a-
Jlaye paJuOAKTUBHOM XPOHOMETPUU IO JIUHHUU TOPUS
(Th 4021 A). Ha puc. 40 npencraBieH (pparMeHT at-
nmaca, Bxrodaromyii auauro Nd I ¢ skBuBameHTHOMH
mupuHoi oT 2.9 mA B cnektpe G 37-26 no 32.5 mA
B criektpe G 27-44. Cnektpbl ObUIM HCIIOIH30BAHbI
JUIsl OTIPENEINICHUs] TapaMeTpoB Mozeneil atMochep n
pacdera comepkaHus 29-TH XMMHUYECKHX 3JIEMEHTOB.
B armocdepax HD 188510 u HD 115444 nabnronaet-
cs1 OoNpIH M30BITOK (IT0 CPAaBHEHHUIO C OCTALHBIMH
3Be3/laMH) HamOoJsiee TSKEIBIX METaIOB, CHHTE3H-
pyembIx B peakuusix Herrponnsaiuu (Nd, Sm, Eu, Gd
u Dy), B To Bpems kak Oosiee Jierkue merayusl (St, Y,
Zr, Ba, La u Ce) nmokaspIBatoT MIPUMEPHO OJIMHAKOBELIE
M30BITKU TS BCEX 3BE3.

C.B. Epmaxos, B.I'. Knouxosa, B.E. [lanyyx

Puc.39. Ommnocumenvroe coodepoicanue Kanvyus
[Ca/Fe] 6 3asucumocmu om MemaiiuyHoOCmu 36e30bl
[Fe/H] , ons usyuennvix 36e30. 3sesoa G251-54
([Fe/H] ,=—1.55) umeem anomansho Huskoe co-

0ep9fcaHue ajlemernma a—npoyecca Kanbvyus
[Ca/Fe] =—0.31.

Fig. 39. Relative calcium abundance [Ca/Fe] as a
function of star metallicity [Fe/H] , for investigated
stars. The star G251-54 ([Fe/H]» = —1.55) has an

anomalously low abundance of the a-process element
of calcium [Ca/Fe] = —0.31.

UV atlas of high spectral resolution for halo stars

For 4 stars of different metallicity ([Fe/H]s from —0.6
to —2.9 dex) a unique atlas was made in the UV and
blue range (3550-5000 A) from high resolution spec-
tra (R =60000) obtained at the 6 m telescope. Using
the technique of synthetic spectra, 860 lines of differ-
ent elements suitable for the calculation of chemical
composition by the model atmosphere method were
selected and identified. A possibility was shown of
using the spectral data obtained in performing the
task of radioactive chronometry from the thorium line
(Th 4021 A). A fragment of the atlas including the
line NdII with the equivalent width from 2.9 mA in
the spectrum of G 37-26 to 32.5 mA in the spectrum
of G 2744 is displayed in Fig. 40. The spectra were
used to determine the parameters of the model at-
mospheres and to calculate the abundance of 29
chemical elements. The heaviest metals synthesized
in neutronization reactions (Nd, Sm, Eu, Gd, and Dy)
were found to be largely in excess in the atmospheres
of HD 188510 and HD 115444 (as compared to the
rest of the stars), whereas the lighter elements (Sr, Y,
Zr, Ba, La, and Ce) showed approximately the same
overabundances for all the stars.

S.V. Ermakov, V.G. Klochkova, V.E. Panchuk
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Ceepxy enus: HD 115444 ([Fe/H] = -2.91), G 37-26 ([Fe/H] = —2.04), HD 188510 ([Fe/H] = —1.52), G 27-44
([Fe/H] = —0.60). Ilpeocmaeren o00un u3z 29 suienvbHbix NOPsOKos, cooepxcauyull, 6 YACMHOCMU, JUHUIO
NdIT 4061 A. {na opuenmuposku 0moHcoecmseneHvl HeCKOIbKO CHEKMPATbHBIX TUHULL.

Fig. 40. A fragment of the spectral atlas for 4 low—metallicity stars.
From top to bottom: HD 115444 ([Fe/H] =-2.91), G 37-26 ([Fe/H] =—2.04), HD 188510 ([Fe/H] =—1.52),
G 27-44 ([Fe/H] = —0.60). One of the 29 echelle orders that contains, in particular, the line NdII 4061 A is pre-

sented. Several spectral lines are identified for orientation.

CHEKTPOCKOIIUS Be, B[e]-3BE3/]

AS 381 — nepBassi B MJleyHOM IyTH ABOWHAs CHC-
TeMa U3 2—-X CBEPXTMI'AHTOB.

B pesynbrate mHabmonennit Ha obcepBatopusx Poc-
cun, CILIA, Mcnanum, Y30ekucTaHa MOIy4YeHbl ONTH-
yeckue 1 MK—cnekrpbl 1 MHOrouBeTHast poTomMeTpust
ropsiueit 3Be3bl C IMUCCHOHHBIM criekTpoM AS 381,
OTOXIECTBIAEMOU c HNK-ucrounnkom
IRAS 20047 +3305. CrnexkTp BBICOKOTO pa3pelLIeHus
COJIEP’KUT MHOKECTBO SMHCCHOHHBIX JIMHUH M CHIIb-
HBIX AU y3HBIX Mek3Be3nHbIX nosnoc (DIBs), a Tak-
JKe abCcopOIH METaIIOB B KPACHOM 00JIacTH CIIEKTpa.
3HaueHHe JTy4EeBOH CKOPOCTH CHCTEMBI B COUETAHHU C
BBICOKHM TIOKPAaCHEHHEM YKa3blBaeT Ha OOJBIIYIO
ymajJeHHOCTh 00bekTa, D ~4 + 1 knk. [lo Hamewmy
MHenuno, AS 381 sBiseTcs ABOMHOM CHUCTEMOM, OK-
pPYKEHHO# HecepruiecKol ra3onbuUIeBOl 000JI0YKON
(BeposiTHee Bcero — B (hopMe AWCKa, BUAUMOTO TpaK-
THYeCKU ¢ monroca). O0a KOMIOHEHTa — 3BE37bl BbI-
COKOI aOCOJIIOTHOM CBETHMMOCTH CHJIBHO pPa3iuyaro-
UXCA CHEKTPAJIbHBIX KJIACCOB. Hanuune cunbHBIX
smuccuoHHbIx auHui HI u Hel B orcyTcTBHE nuHMMA
HMOHU30BaHHOTO T€JINs II03BOJISIET KJIaCCU(HUIIMPOBATH

SPECTROSCOPY OF Be, B[e] STARS

AS 381 is the first binary system of 2 supergiants

in the Milky Way.

As a result of observations at the observatories of
Russia, USA, Spain, Uzbekistan, optical and IR spec-
tra and multicolor photometry of the emission spec-
trum hot star AS 381 identified with the IR source
IRAS 20047+3305 were obtained. The high—
resolution spectrum contains numerous emission lines
and strong diffusion interstellar bands (DIBs), and
also absorption lines of metals in the red region of the
spectrum. The observed value of the radial velocity of
the system in combination with the high reddening
points to a great distance of the object, D ~ 4 + 1 kpc.
In our opinion, AS 381 is a binary system surrounded
by a non-spherical gaseous-dust envelope (most likely
having shape of a disk viewed practically pole-on).
The two components are stars of high absolute lumi-
nosity of largely distinguished spectral classes. The
presence of strong emission lines HI and Hel with the
absence of lines of ionized helium allows the spectrum
of the hot star to be classified as Bl +1 with

M = 20 Mg and luminosity log L/Lg=4.9.
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cnexkTp ropsiueil 3se3anl kak Bl £ 1 ¢ M 220 Mg u
log L/Ly=4.9. TlpucyrcTBre 3amnpeiicHHbIX JIHHUN
MO3BOJIsIET OTHECTH ee K B[e]-cBepxruranram. Jlunnum
METaJIOB B KpacHoi u Onmxueit UK—o6nactu yka-
3bIBAlOT Ha IPUCYTCTBHE XOJOAHOIO KOMIIAHBOHA C
HanOosee BEPOSITHBIM 3HAUCHHEM CIIEKTPaIbHOTO
kiacca K ¢ maccoit M = 7 Mg u log L/Lg = 3.6.

Cucrema sIBIS€TCS POJICTBEHHOH TakUM O0OBEKTaM
kak CI Cam, MWC 623. Tlomuepkuem, ato AS 381
siBisieTcs nepBoid B Mieunom Ilytu aBoiHOM cucre-
MOH M3 JABYX CBEPXIMIaHTOB Kiacca cBeTtumoctu Il
WJI BBIIIIE.

E.JI. Yenyos, B.I'. Knoukosa cosmecmuo ¢ A.C. Mu-
pounuyenko, K.C. Bvepkman (Obcepsamopus Pum-
mep, CILA), O.B. Ejckosoti (Matioanakckas obcep-
samopus, Yszbexucmarn), P.O. I'psil (yu-m Annanayu,
CLlIA), II. I'apcua-Jlapuo (Llenmp Oanneix HKO,
HUcnanus), X.B.Ilepea Kondeponom (ESA, Hcnanus),
P JDc. Pyou, /LK. Jlunuem, C. Maszyxkom, K. Bepmy-
punu  (Aspoxocmuueckas Kopnopayusa, CIIIA), P.
Ilyemmepom (yn-m Kanupopnuu, CIIIA)

IIpo6Jiema 3BoTIOLIMOHHOIO cTaTyca V669 Cep.

B pesynbrare HaOmroneHuit Ha obcepBaTopusix Poc-
cuu, CIIA, Vcnanun, Ka3zaxcrana mony4eHbl ONTH-
yeckue 1 MK—criexTps! n oromerpus ropsueii 3se3-
ael - V669 Cep (onrtmueckuit  kommoHeHT MK-—
ncrounnka IRAS 22248 + 6058) ¢ HEsSICHBIM 3BOIIIO-
IIUOHHBIM CTaTyCOM.

B omnrudeckoMm cmekTpe 3BE3OBI TOMUHHPYIOT 3a-
npelieHHbie U paspemennbie dsmuccun Fell, Ol u
9KCTpPEMANbHO CWIbHas sMmuccus B Ho, 4ro cBupe-
TENBCTBYeT 00 OOMEHEe BEeIIeCTBOM, IPOJ0JIKAIO-
meMcss B cucteMe. OCOOCHHOCTBIO SIBIISIETCS KOM-
TuieKcHbId npoduinp aunuii D1,2 ny6nera Nal, co-
JIepKaIuil TIyOOKYI0 Y3KYI0 MEXK3BE3HYI0 adbcopo-
LU0 ¥ IIUPOKYI0 3Muccuio. JlydeBass ckopocTb, coO-
OTBETCTBYIOIIAs MEXK3BE3JHOMY KOMIIOHEHTY, yKa-
3BIBaCT Ha MPUHAIJICKHOCTh 00beKTa MECTHOMY py-
KaBy ['anakTuKy Ha pacCTOSIHUM HE MeHee 1.5 KIIK.

ITokazano, uro V669 Cep — nBoiiHas cucTema,
TJIaBHAs 3Be3la KOTOpOH oTHocWTCS K Tumy Ble], a
BTOpH‘lHLIﬁ XOHOZLHbIﬂ KOMIIaHBbOH, BEPOSATHO, SABJIA-
€TCs TUTaHTOM MO3JHEro KJiacca, MOJHOCTBIO JKpa-
HUPYEMBIM TIBUIEBOM 000JI0UKOW. XapaKTepuCTUKU
CHCTEMbl II03BOJISIFOT OTHECTH €€ K HEMHOIo-
YHCIIEHHOMY KJIacCy IBOMHBIX 3B€3[] C TEIUIOH ITblIe-
Boii 00ojoukoif. OTBeprHyTa ruIore3a O IPHHAA-
JIeXHOCTH 00BbeKkTa K Tuiry Be—3Be3n XepOura.

EJI. Yenyos, B.I'. Knouxosa coemecmuo ¢ A.C. Mu-
pownuyenxo, K.C. Bvepxman (Obcepeamopusi Pum-
mep, CIA), /I. Mance, [Jrc. Yuncon, T. Ianoe,
II. I'apcua—Jlapuo (L{enmp oanuvix UKO, Hcnanus),
II.  Konoepon (ESA, Hcnanus), P./]uc. Pyou,
K. Jlunu, C. Masyx, C.C. Bepmypunu (Aspoxocmu-
yeckaa Kopnopayus, CLLA), P. [lyemmep (vu-m Ka-
aughopruu, CILIIA)

The presence of fobidden lines permits ranking it
among B[e] supergiants. The metal lines in the red and
IR region are indicative of the presence in the system
of a cold companion with the most likely value of the
spectral class K with mass M =7 Mg and log L/Lg =
3.6

The system is allied to such objects as CI Cam,
MWC 623. It should be emphasized that AS 381 is
the first binary system consisting of two supergiants
of luminosity class II or higher in the Milky Way.

E.L. Chentsov, V.G. Klochkova in collaboration with
A.S. Miroshnichenko, K.S. Bjokman (Ritter Observa-
tory, USA), O.V. Ezhkova (Majdanak Observa-
tory,Uzbekistan), R.O. Gray (Appalachi University,
USA4), P. Garsia-Lario (ISO data center, Spain),
P. Calderon (ESA, Spain), R.J. Rudy, D.K. Lynch,
S. Mazuk, C. Verturini (Astrospace Corporation,
USA), R. Puetter (University of California, USA)

Evolutionary status of V669 Cep

As a result of observations at the observatories of
Russia, USA, Spain and Kazakhstan optical and IR
spectra, as well as multicolor photometry of the hot
star V669 Cep (the optical component of the IR
source IRAS 22248+6058) with the unclear evolu-
tionary status were obtained.

The forbidden and permitted emission lines of
Fell, OI and the extremely strong Ho emission
dominate in the optical spectrum, which is evidence
of matter exchange going on in the system. A distin-
guishing feature is a complex profile of the line D1,2
of the Nal doublet containing a deep narrow interstel-
lar absorption line and a broad emission line. The ra-
dial velocity corresponding to the interstellar compo-
nent suggests that the object belongs to the Local arm
of the Galaxy at a distance no less than 1.5 kpc.

V669 Cep is shown to be a binary system, the pri-
mary is a B[e]-type star, while the secondary cold
companion is likely to be a late-class giant screened
by a dust envelope. The characteristic features of the
system allow it to be ranked among the not numerous
class of binary stars with a warm dust envelope. The
hypothesis that the object is a Be Herbig star is re-
jected.

E.L. Chentsov, V.G. Klochkova in collaboration with
A.S. Miroshnichenko, K.S. Bjorkman (Ritter Observa-
tory, USA), D. Mance, D. Wilson, T. Gande, P. Gar-
sia—Lario (Data Center ISO, Spain), P. Calderon
(ESA, Spain), R.J. Rudy, D.K. Lynch, S. Mazuk, S.S.
Verturini (Aerospace Corporation, USA), R. Puetter
(University of California, USA)
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OO0HapyskeHHe TPeXNMMKOBOI CTPYKTYPbI IMHCCHIA
B cnektpe CI Cam.

[Tomy4eHsl M TNpOAaHATM3UPOBAHBI JETAJbHBIE MPO-
¢umm muamit B ciektpe CI Cam (BTA, R = 60000) 4
roja cIrycts mocje Benblmky oobekra. CI Cam sBs-
eTcsi JBOWHOM cucTemMoWl, BkiIouatomeil Ble]—
CBEpXI'MI'aHT W HEBUAWMBI KOMIIAaKTHBIA OOBEKT
(HEHTPOHHYIO 3BE3.ly WIIH YEPHYIO JIBIPY).

Habmogaemsie ocobennoctu cnekrpa CI Cam: ot-
CyTCTBHE aOCOPOIMOHHBIX IMHHUN, CIOXHBIA IMHC-
CHOHHO—a0copOIMOHHBIN TTpodwts auaui D1,2 my0-
nera Nal u nOpucyrcrBue HECKOJIBKHUX CHIIBHBIX
DIBs. Bmeperie oOHapykeHa 3a CUeT BBICOKOTO
CHEKTPAIBHOTO Pa3pelIeHns] TPEXMUKOBAs CTPYKTypa
SMHUCCHH. DTO yKa3bIBaeT Ha HAIMYME B CUCTEME OII-
TUYECKU TOJICTOI'O B KOHTHHYYME IMCKA, HAKJIOHEH-
HOTO K JIy4y 3peHHs.

[TeineBast 06onoYKa, HO—BUANMOMY, TAK)KE UMEET
¢dopmy aucka. ITo MeX3BE3HBIM JIETAISM B CIIEKTpPE
paccrosaue o CI Cam cocraBisier He Oojee 3 KIK
(pyxaB Ilepces), 9TO COOTBETCTBYET CBETHMOCTH
~log L/Lg= 4. C 0onpLIoii BepOSTHOCTHIO OOBEKT
OoTHOCUTCS K rpymnne Bl[e]-3Be3x ¢ “remnoil” mbi-
JIeBOit 000J10YKOH, B cocTaB KoTopoi Bxoasat AS 381
u V669 Cep, Taxxe u3ydeHHsle no crnekrpam BTA
(cMm. Bpime). OtianunrensHoi deproir CI Cam siBis-
€TCsI MOIITHAsI BCEBOJTHOBAsS BCIIBIMIKA B MapTe 1998 T.

[o-mpexxHeMy sBISETCS HEPEIMICHHON mpobiema
paccTosiHUS 10 00BEKTa, a, CIeA0BaTEIbHO, U TIPOO-
JileMa €ro CBETHMOCTH, JUISI pEIIeHHs] KOTOPOU Ipe-
JlaraeTcs BBITOJHHUTH CIIEKTPOCKOIHIO OIIM3IIEKAIINX
CBEPXI'MI'aHTOB. AKTYaJbHBIM SIBIISIETCS] TAaKXKe Jajlb-
HEeWNINH CHIeKTPaJIbHBIH MOHUTOPHHI OOBEKTA.

B.I'. Knouxosa, B.E. Ilanuyx coemecmno ¢ A.C. Mu-
pouwruyerko, K.C. Bvepxman (Obcepsamopusi Pum-
mep, CLLIA)

HCCJEJOBAHUE MATHHUTHBIX MOJIEN
3BE3/]

IocTpoeHa Mojenb MarHuTHOTO Mot 38e3as! 3 CrB
METOAOM “‘pacHpefereHdss MarHUTHBIX 3apsioB”.
[Ipemmaraemas MoeIb OTIMYACTCS OT MOJEICH Apy-
THUX aBTOPOB W €€ MOXKHO PacCMaTpPUBATh KaK OIHH
13 BO3MOXHBIX BapuaHTOB. OKa3aloch, YTO MAarHWUT-
HOE TI0JIE ONHCHIBACTCS CYIEPIO3UINEeH IBYX CMe-
MICHHBIX TOTIEPEK OCH IWIIONICH, PaCIONIOKEHHBIX B
TUTOCKOCTH HKBAaTOPa B MPOTUBOIIOJIOKHBIX CTOPOHAX
OT LIEHTpa 3Be3/bl. DTH BA AUMOJA 00pa3yroT Ha MO-
BEPXHOCTH 3BE37Ibl YEThIPE MArHUTHBIX “MATHA” C
HaNpsDKEHHOCTBIO TMOJIS B MakcumyMax Bp = 14 kI
Yrom HaKIOHa OCH BpAILICHUS K JIydy 3peHHs i = 8°.
Jlenaetcs TPEANONIOKEHHE O CHJIBHOM BIIUSHHH HE-
PaBHOMEPHOCTH pacCIpeAeIeHus] XUMHUYECKUX JIle-
MCHTOB Ha U3MEPACMBIC (1)330B]:le 3aBUCHUMOCTH Mar-
HUTHOTO ToJis. CIoXKHast KOHPHUTYpamuss MarHUTHBIX
nosier MHOorux CP—3Be3s He COOTBETCTBYET pENUK-
TOBOM THIIOTE3¢ MAarHUTHOTO moJist. CAenaHo mpearo-
JIOXKeHHe, 9To MamomaccuBHbIle CP—3Be3/bl, K KOTO-

Detection of the three-peak structure of emissions
in the spectrum of CI Cam

Detailed profiles of the lines in the spectrum of
CI Cam (BTA, R = 60000) 4 years after the object
flash were obtained and analyzed. CI Cam is a binary
system including a B[e] supergiant and an invisible
compact object (a neutron star or a black hole).

The observed particularities of the CI Cam spect-
rum are as follows: the absence of absorption lines, a
complex emission—absorption profile of the line D1,2
of the doublet Nal and the presence of several strong
DIBs. Owing to the high spectral resolution a three—
peak structure of emissions was first detected. This
points to the presence in the system of an optically
thick in the continuum disk, which is inclined to the
line of sight.

The dust envelope is also likely to have a disk
shape. From interstellar features in the spectrum the
distance of CI Cam is no more than 3 kpc (Perseus
arm), which corresponds to a luminosity
~log L/Ly=4. It is highly probable that the object
belongs to the group of B[e] stars with a “warm” dust
envelope which includes AS 381 and V669 Cep, also
studied from the BTA spectra (see above). A distin-
guishing feature of CI Cam is a powerful all wave
burst in 1998 March.

The problem of the distance of the object, and
therefore the problem of its luminosity, remains unre-
solved. To overcome the problem it is suggested to
perform spectroscopy of supergiants located close to
the object. Further monitoring of the object is also
urgent.

V.G. Klochkova, V.E. Panchuk in collaboration with
A.S. Miroshnichenko, K.S. Bjorkman (Ritter Observa-
tory, USA)

INVESTIGATION OF MAGNETIC FIELDS OF
STARS

A model of the magnetic field of the star f CrB was
constructed by the method of “distribution of mag-
netic charges”. The proposed model differs from tho-
se of other authors and it can be considered as one of
the possible versions. It appeared that the magnetic
field is described by superposition of two dipoles
shifted transverse to the axis, which are located in the
equatorial plane on opposite sides from the star cen-
ter. The two dipoles form four magnetic “spots” on
the surface of the star with a magnetic field intensity
Bp = 14kG at maxima. The inclination angle of the
rotation axis to the line of sight is i = 8°. The inho-
mogeneity of distribution of chemical elements is as-
sumed to affect strongly the measured phase relation-
ships of the magnetic field. The complex magnetic
field configuration of numerous CP stars does not
correspond to the relic hypothesis of the magnetic
field. It was assumed that low—mass CP stars, to
which B CrB belongs, might have passed a convec-
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peiM otHocutcst B CrB, Morim B MpouuioM IpoXo-
JIUTHh KOHBEKTUBHYIO (a3y, MpU KOTOPOH BO3MOXKHO
UCKa)KEHUE PEJIMKTOBOIO MATHUTHOTO MOJS M Jaxke
TeHepalts HOBOTO C KBaJPYNOJIbHOM CTPYKTYpOIl.

IO.B. I'naconesckuii coemecmno ¢ E. I'epmom (AIP,
T'epmanus)

Marnutroe moine 3Be3apl CU Vir, mpoMoaenrpoBaH-
HOE METOJOM ““pacrpeesieHus] MarHUTHBIX 3apsoB”,
COOTBETCTBYET MOJENIU CMELIEHHOr0 MOMEPEK OCU
JUTIONS, TTapaMmeTp cMmemeHns a = 0.3, yrox HakIoHa
OCH JUITOJISL K OCH BpaleHus 3 = 87°, Benu4yuHa I10-
ns Ha momocax Bp(-) = 7.9k’ u Bp(+) = 1.2 kI,
CpenHee TOBEPXHOCTHOE TTOJIe MEHAETCS B IIpeaerax
ot 1.2 1o 3.2 xI'. Ock numosns moBepHyTa OT HYJIEBO-
ro mepuauana (¢pa3a = 0) Ha yron 30°. Beramcnero
pacmpeneneHne HaNpsHKEHHOCTH MAarHUTHOTO IIOJIA
IO TIOBEPXHOCTH, KOTOPOE MBI CPaBHIIIN C pacupeze-
JeHueM xumudeckux snemeHToB He, Si. Kpemnwuit
KOHIICHTPUPYETCS BOKPYT OTPHUIATEIBHOIO MarHHT-
HOTO moJitoca. ['enii — B 00JIACTH MOJIOKUTEIHLHOTO
noJiroca. [IpucyTCTBHE NBOWHBIX KPEMHHUEBBIX IISITCH
npejronaraeT 0oJjiee CIIOKHYIO CTPYKTYpy MarHHT-
HOTO I0JIfA, YeM MPOCTO AUMNOJIbHYI0. Pe3ynbrar noa-
TBEP)KIAET MPEAIIONOKEHHIE, YTO OJHH XHUMUYICCKHE
AIIEMEHTHI CTPEMSATCSI CKOHLIEHTPUPOBATHCS TaMm, TIe
MarHUTHBIE CHUJIOBBIC JIMHUH BEPTUKAIBHEI, a IPyTHe
TaMm, Iie€ OHU TOPU3OHTAIBHEI K TIOBEPXHOCTH.

FO.B. I'naconesckuii coemecmno ¢ E. I'epmom (AIP,
Tepmanus)

Jns wccneqoBaHUS W3MEHEHHS MArHHTHOTO TIOJIS
CP—3Be3n ¢ BO3pacToM Ha OCHOBAaHWUHM MOCIETHHUX
OIyOJIMKOBAHHBIX JAHHBIX ITIOCTPOSHA 3aBHCHMOCTH
BEJIMYMHBI IOBEPXHOCTHOTO MarHUTHOTO 1o Bs ot
oTHOcHUTeNnbHOTrO paanyca R/Rzavs (40 3Be3n). Dror
napamMmeTp MPOIOPIMOHANICH log g U XOpOoIIo Xapak-
TEepU3yeT 3BOJOLUOHHBIN craTyc Ha I'TI. [liig ocHOB-
HOM 4YacTu 3BE31 IOJYyYC€HHasA 3aBUCUMOCTb HMCET
3aMETHBII POCT C BO3PAaCTOM JO TIOJIOCHI, 3a-
HUMaeMo# 3Be3fgamu V kiacca ceetumoctd (R/Rz ~
1.3). Opmmako 3Be3mer HD 37776, HD 119419,
HD 215441, HD 175362 ¢ 5kCTpeMallbHO CHUJIBHBIMU
MarHUTHBIMH TIOJISIMH PacHOJararoTcs OCOOHSKOM.
Ecmu mone CP—3Be3x B mepBOM TMPHONMKCHUU JH-
MOJIFHOE, TO MO0 MEPE SBOJIFOLINH MX IMOTEPEK MOIOCH
I'TT noBepXHOCTHOE T0J€ TEOPETUYECKU JOJHKHO
YMEHBIIAThCA OOpaTHO MPOIOPIIMOHAIBHO KyOy OT-
HocutenbHoro pamuyca R/Rzams. [uist 3Be3n kiacca
CBETHMOCTH OOJibllie V HMEET MECTO 3aBHCHUMOCTh
Bs=20 (R/Rzams)”. Takum 06pasoM, 3aBHCHMOCTD
CHavajia BO3pacTaeT, He MOUHUHSACH 3TOMY 3aKOHY, a
3areM manaer. [lo-BHOMMOMY, OBEPXHOCTHOE Mar-
HUTHOE TI0JIE CHAdYaa PacTeT BCIEIACTBUEC €ro IOsB-
nenns Ha ZAMS. YMeHbIeHHE MOJIE 0OpaTHO TpO-
MOPIIMOHANIFHO KyOy pamuyca MOATBEPIKIAeT IIPe-
MOJIOXKEHHUE, YTO OHO 3aTyXaeT TOJBKO BCIEICTBUE
OMHYECKOW JHUCCUTIAIIMKM 32 BpeMs HE MeHee 10—
10" 1ter 1 HEeT APYrUX HCTOUHHKOB €rO Pa3pyIICHHS.

tive phase at which distortion of the relic magnetic
field was possible and even generation of a new field
with a quadruple structure could occur.

Yu.V. Glagolevskij in collaboration with E. Gerth
(AIP, Germany)

The magnetic field of the star CU Vir by the method
of “distribution of magnetic charges” corresponds to
the model of the dipole displaced transverse the axis,
the displacement parameter a=0.3, the inclination an-
gle of the dipole axis to the rotation axis =87°, a
magnetic field at the poles Bp(—)=7.9kG and
Bp(+)=1.2kG. The average magnetic field varies
within the limits 1.2 to 3.2kG. The dipole axis is
turned from the zero meridian (phase=0) by an angle
of 30°. The distribution of the magnetic field strength
over the surface, which we compared with the distri-
bution of the chemical elements He, Si, was com-
puted. Silicon is concentrated around the negative
magnetic pole. Helium is concentrated in the region
of the positive pole. The presence of double silicon
spots suggest a more complex magnetic field struc-
ture than merely dipolar. The result confirms the as-
sumption that some chemical elements tend to con-
centrate where the magnetic lines of force are verti-
cal, and some of them concentrate where they are
horizontal to the surface.

Yu.V. Glagolevskij in collaboration with E. Gerth
(AIP, Germany)

To investigate the variation of the magnetic field of
the CP stars against age on the basis of the latest pub-
lished data, a relationship between the surface mag-
netic field intensity Bs and the relative radius
R/Rzawms (40 stars) was constructed. This parameter is
proportional to log g and characterizes well the evo-
lution status on the MS. The relationship derived for
the greater part of the stars has a pronounced rise
with age up to the band occupied by the stars of lu-
minosity class V (R/Rz ~ 1.3). However, the stars
HD 37776, HD 119419, HD 215441, HD 175362
with extremely strong magnetic fields keep aloof. If
the field of the CP stars is dipolar in a first approxi-
mation, then, as they evolve across the MS, the sur-
face field must decrease theoretically in inverse pro-
portion to the cube of the relative radius R/Rzams. For
stars of luminosity class higher than V, the relation-
ship Bs=20 (R/Rzams)” is valid. Thus, the relation-
ship increases first, not following this law, and then
drops. Apparently, the surface magnetic field first in-
creases as a result of its appearance on the ZAMS
The field decrease in inverse proportion to the 3rd
power of the radius confirms the assumption that it
decays only as a result of ohmic dissipation during
the time not less than 10" — 10" years, and there are
no other reasons of its destruction. The particular be-
havior of the four extremely magnetic stars is unclear
yet. It is possible that the field on their surface
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Ocoboe moBeseHNE IKCTPEMANIBHBIX YETBIPEX 3BE3.
OCTaeTcs MOKa HEMOHATHBIM. B0o3MOXHO, NoJe HA UX
MOBEPXHOCTU MOSIBUIOCH 10 Bbixoga Ha I'Tl u ero
POCT IIPOU3OIIEN PaHBbIIIE.

IO.B. I'naconesckuii coesmecmno ¢ E. I'epmom (AIP,
T'epmanus)

Ha ocHOBaHWM COOCTBCHHBIX H3MEPEHHN U JUTEpa-
TYpHBIX JAHHBIX BHOBb HW3y4YCHBI MAarHUTHBIC ITOJIS
BbIOOpKK CP—3Be31, y KOTOPHIX TOJS paHee He OBLTH
HalIeHbl, T.K. OKa3aJlCh MEHbBIIE OMMOOK M3Mepe-
HuH, paBHBIX B cpeaHem 200 I'. TTosre He 6pu10 0OHA-
PYXKEHO y HEKOTOPHIX M3 HUX M IPU H3MEPEHHAX C
6oree BBICOKOI TOYHOCTHIO. Ilomyduena BepxHss rpa-
Huna moist B 40 I (015 T') mis omHO#t M3 Takux
3Be3n, HD 10221. HecmoTpst Ha cimabocTh moJield ma-
paMeTpel, XapaKTepU3yIOUIUE aHOMAJIBLHOCTb XUM-
CcoCTaBa, COOTBCTCTBYIOT 1O BCJIMYUHE CUJIIBHBIM I10-
JISIM. DTH XKe nmapaMeTphbl y 3B€3/] C CUJIbHBIMU I10JIs-
MH B OOIIEM COOTBETCTBYIOT MX BEIMYUHE, XOTS B
ciryqae HD 47152 onm cnabee oxxumaeMbix. AHOMa-
UM psga napamerpoB (Z, Aa) MOTYT 3HAUUTENBHO
BBIXOJIUTH 33 PAMKH CPEIHHUX 3aBUCHUMOCTEH. 3BE3/bI
co crmabbIMH MAarHUTHBIMH TIOJIIMH HE COOTBET-
CTBYIOT M3BECTHOMY COOTHOIICHHUIO: BEIMYMHA Mar-
HUTHOTO TIOJS NPOTOPUHOHANBHA CTETIEHH XHMH-
YECKUX aHOMaIMH. BbIBOA: MarHuTHOE 10JIE HE SIBJIS-
ercss onpenessiomuM  (akTopoM mpu (HOpMUPOBaA-
HUM XUMHYECKHX aHOMAJIMH, XOTS OHO, BEPOSATHO,
obnerdaet nuddy3uro.

FO.B. I'naconesckuii, I'A. Yynmonos

Ipexncrasnen crnucok 3pQeKTHBHBIX TeMneparyp 00-
nee 400 maruutHbiXx CP—3Be3n, omeHeHHBIX MO (o-
TOMCTPUYECKUM JaHHBIM C ITOMOIIBIO Kaﬂl/l6pOBKI/l
MO TIOJIHOMY TOTOKY. DQQeKTHBHbIE TeMIeparypbl
MMpoaHAJIM3UPOBAHBI IIYTEM CpPaBHCHHA C JaHHBIMHU
Hipparcos. TlokazaHo, YTO HCIOJb3yeMas IIKaja
TEMIIEPATyp HE HMMEET CHUCTEMATHYECKHX OIIUOOK.
Wmerorrecss OTKIOHEHUsI TEMIIEPATYP OTAEIbHBIX
3BE3]l CBSI3aHbl C WHIUBHIYAIbHBIMH OLIMOKAMH H
BIIMSHUEM OJIOKMPOBKH CIHEKTPAIbHBIMU JIHHUSIMH.
Kpome Temmeparyp, BBIYHCICHBI a0COJOTHBIC
3BE3[HbIC BEIMYMHBI M OTHOCHUTEJbHBIC PaJANYChI
R/Rzams.

FO.B.Iazonesckuii

ITIONUCK MAT'HUTHOI'O IIOJISAL ¥V PTYTHO-
MAPI'AHIIEBBIX 3BE3/]

Hab6nrogaemple GoJbliiie aHOMAIUU COACPKAHMS XH-
MHUYCCKUX DJICMCHTOB y pTyTHO—MapFaHLIeBI)IX 3BE3/
HABOJAT HA MBICIIb O CylﬂeCTBOBaHI/II/I y HUX MaAr"Hur-
Horo moiisi. IlepBbIe MONBITKH OOHAPYKUTH MarHWT-
HOE TIOJIC JTAJIM OTPHIATEIBHBIN pe3ynbTar. ITO MpH-
Beno [IpecToHa K 3aKIFOYEHUIO O CIa00CTH MarHWT-
HBIX TIOJICH 3THX 3Be3A. Martuc u XioOpur cooomanm
00 OOHApYXECHUM YUIMPEHUSI CHEKTPAJIbHBIX JHHHIA,
BO3MOKHO, BEI3BAHHOT'O MAarHUTHEIM TIOJIEM CIIOKHOMN

appeared before the MS stage and it had increased
earlier.

Yu.V. Glagolevskij in collaboration with E Gerth
(AIP, Germany)

On the basis of our own measurements and literature
data the magnetic fields of a sample of CP stars in
which no magnetic fields had been found, that is,
they turned out to be smaller than the measurement
errors equal on the average to 200 G, were studied
again. The field was not detected in some of them
even with measurement of higher accuracy. The up-
per limit of the field of 40 G (0£15 G) was derived
for one of such stars, HD 10221. Despite the weak-
ness of the fields, the parameters that characterize the
chemical composition anomaly correspond to strong
fields. The same parameters for stars with strong
magnetic fields correspond, in general, to their
strength, although, in the case of HD 47152 they are
weaker than it was expected. The anomaly of a num-
ber of parameters (Z, Aa) may fall considerably be-
yond the frames of the average relations. Stars with
weak magnetic fields do not correspond to the known
relation: the magnetic field intensity is proportional
to the degree of chemical anomalies. The conclusion:
the magnetic field is not a decisive factor in forma-
tion of chemical anomalies, although it is likely to as-
sist diffusion.

Yu.V. Glagolevskij, G.A. Chountonov

It is presented a list of the effective temperatures of
more than 400 magnetic CP stars estimated from
photometry data with the aid of calibration over the
total flux. The effective temperatures were analyzed
by means of comparison with the Hipparcos data.
The temperature scale used is shown to have no sys-
tematic errors. The deviations of temperatures of in-
dividual stars are associated with individual errors
and with the influence of blocking by spectral lines.
Apart from the temperatures, absolute stellar magni-
tudes and relative radii R/Rzaus were computed.

Yu.V. Glagolevskij

SEARCH FOR MAGNETIC FIELD OF MER-
CURY-MANGANESE STARS

The observed high anomalies of chemical elements
abundances of mercury-manganese stars suggest exis-
tence of magnetic field in them. The first attempts to
detect a magnetic field gave negative results. It led
Preston to the conclusion that the magnetic field of
these stars is considerably weaker than that of well
known magnetic stars. G. Mathys and Hubrig reported
a detection of broadening of spectral lines which could
be caused by a magnetic field of several kGs having a
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(hopmbl BenmunHOM B Heckoibko KI'c. Takoii cioco6
MMOWCKAa MArHUTHOTO TMOJSI TPeOYeT CIEeKTPaTbHOTO
paspemieaus Oosbiie 100000 ¥ MpUMEHHM TOJBKO
IUTS 3BE3J C OYEHBb Y3KHMH JIMHUSMH U IMEET HEBEI-
COKYIO TOYHOCTh. MBI IoJIaraeM, 4T0 BEICOKOTOUHBIE
M3MEpPEHUs] NPOAOJIbHONW COCTABIIIOLIEH NOJS JaKe
IpHU CIOXHON ero KOoH(WTypauuu, Korma obiacTu
pa3HOU MOJISIPHOCTU MOYTH KOMIICHCHPYIOT MOJAPH-
3allMI0 B JIMHWUH, [TO3BOJIAIT B Hoaxozsuied ¢ase Bpa-
IIEHUA 3BE€31bI O6Hapy)i(l/ITI> MAarHuTHOC I10JIC.

Habnronenus npooaunuck Ha O3CII 6—m Teneck-
ona B peajM30BaHHOM HaMHU pPEKUME H3MEPEHHH ¢
LUKJIMYECKUM IEPEHOCOM JIICKTPOHHOTO H300paxe-
Hus Ha [I3C 1 0JHOBpEMEHHBIM NEPEKITIOUEHUEM COC-
TOSIHHS CBETA C IMMOMOIMIBI0 (ha30BPAIIaIONIETO KHUIKO-
KPUCTAJUTHIECKOTO 3JeMeHTa. V3MepeHus mpoBOIH-
JUCH TI0 JIUHUSAM B oOmacti 6360A, B KOTOPOH KH1-
KOKPHCTAIMUECKUI (pasoBpamiaresnp HaumbOosee 3¢-
¢dextuBeH. [IponzBoaunock 6osee 10 SKCIOUITHH ISt
Kaxaou 3Be3abl. [lo HUM ompenensuioch 3HaYeHUE
MarHMTHOTO MOJISA ¥ OMIMOKa u3MepeHuid. Pe3ynbraTe
nU3MepeHul i 7 pTyTHO—MapraHUEBbIX 3BE3]] IIPUBE-
JeHbl B Ta0yuie. TOYHOCTh M3MEPEHUH IO CpaBHE-
HUIO C ONyOJIMKOBAaHHBIMY PaHee JAHHBIMU B CPEIHEM
MOBBINIICHA B TPH pa3a. M3 Tabnuibl BHIHO, YTO Mar-
HUTHOE I10JIe He 00HAPYKEHO.

I'A. Yynmonos

OTHYET CAO 2001-2002 SAO REPORT

complex configuration. Such a way of search for
magnetic field demands a spectral resolution of more
than 100000. It is applicable only to stars with very
narrow lines and its precision is low. We suppose that
the high-precision measurements of the longitudinal
field component even with a complex field configura-
tion, when the regions of different polarity nearly
compensate the polarization in a line allows us to de-
tect magnetic field at a suitable phase of star rotation.
The observations were carried out with the main
stellar spectrograph of 6 m telescope. We imple-
mented a mode of measurements with cyclic transfer
of the electronic image on CCD with simultaneous
switching of light state with the help of liquid crystal-
line phase shifter. The measurements were performed
in lines of the 6360A region, where the liquid crystal-
line phase shifter is the most effective. More than 10
exposures were made for each star. They were used
to determine the value of the magnetic field and
measurement errors. The results of measurements for
7 mercury—manganese stars are presented in the ta-
ble. The measurement accuracy is, in average, three
times as high as the data published earlier. As it seen
from the table, the magnetic field was not detected.

G.A. Chuntonov

Star Field Be rm.s. | Vsini | Date of
()] (©)] observations
aAnd +24 50 56.0 10.09.2000
-41 60 56.0 25.12.2000
33 Gem +33 50 22 23.12.2000
-11 10 22 24.12.2000
53 Tau +31 20 6.5 25.12.2000
HD 78316 +53 30 7.0 25.12.2000
-81 30 7.0 24.01.2002
HD 89822 -42 50 3.2 25.12.2000
HD 143807 -64 30 1.0 16.06.2000
HD 145389 -22 40 7.0 11.02.2001

O BO3MOXHbBIX THAPOCTATHYECKHUX
CTPYKTYPAX ATMOC®EP AP/BP MAI-
HUTHBIX 3BE3/[

OO6cyxmaroTcs  CcBOWcTBa atMocep MarHUTHBIX
3Be3Jl PaHHHX CIEKTpalbHBIX KiIaccoB. MelieHHOe
3aTyXaHue (WIM TeHepanys) MarHUTHOTO TOJIs MHILY-
UPYET DJJISKTPUYECKHH TOK BO BCEX JJIEKTPO-
HpOBOIIIMX cioAX 3Be3apl. Cuia Jlopenna, Bo3HU-
Kaloliasi B pe3yJibTare B3aUMOJICHCTBHS MEXAY Mar-
HUTHBIM IIOJICM U UHAYUUPOBAHHBIM TOKOM, CHOCO6-
Ha M3MEHATH CTPYKTYpPbl aTMOC(hEpHl U, TEM CaMbIM,
00HapyXUTh 3BOJIIOLHIO TII00AIBHBIX 3BE3IHBIX Mar-
HUTHBIX MOJEH.

Hamu paccumran psn mozneneit atmocthep Ap/Bp
MarHUTHBIX 3BE3] ¢ y4eToM cuiibl JIopeHna B runpo-

ON POSSIBLE HYDROSTATIC STRUCTURES
OF THE ATMOSPHERES OF AP/BP MAG-
NETIC STARS

Properties of the atmospheres of magnetic stars of
early spectral classes are discussed. The slow decay
(or generation) of a magnetic field induces an electric
current in all conducting layers of a star. The Lorentz
force arising as a result of interaction between the
magnetic field and the induced current is capable of
changing the structure of the atmosphere and thus to
reveal evolution of global stellar magnetic fields.

We computed a number of model atmospheres of
Ap/Bp magnetic stars with allowance for the Lorentz
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cTaTHyeckoMm OainaHce cwil. ['eoMeTpusi MarHUTHOTO
MOJS TPU 3TOM TIPEJCTaBJIeHa KIACCHYECKUM Oce-
CUMMETPUYHBIM  JIUIIOJIEM, CJab0 HCKaKeHHBIM
BIIMSTHUEM MHIYIIMPOBAHHBIX 3BOJIIOIMEH TOKOB. Me-
XaHU3M B3aUMOJEHCTBUSI MarHUTHOTO TOJS M 3JIEK-
TPUYECKOTO TOKA OIMHMCAaH Yepe3 MHUKPOCKOIHUYECKHE
XapaKTepUCTUKU aTMocdepHol mia3mbl. Koraa Bep-
THKallbHasl KOMIIOHEHTa cuiibl JIopeHna HampasiieHa
Hapy>Xy OT 3Be3dbl (Ciydail 3aTyxaHHWs TOJIf), WU
BHYTpPb (MarHWTHOE TOJIe PaCTET B IPOLECCE IBOIIO-
1K), arMocdepHbie CBOicTBa, d(PPEKTUBHAS I'PaBH-
Talysl B YaCTHOCTH, MOTYT M3MEHSTHCS 3HAUUTEIBEHO
M0 CPaBHEHUIO C OOBIYHOW, “HE MArHUTHOH~ aTMO-
coepoii. Kak pesynbrat, 3Tv H3MEHEHHUS OTPaXKAIOTCS
Ha (OpMe CHEKTPAIBbHBIX JIMHUHA 3THX 3BE3]] — OCO-
O0enHO mpodmielt BomOpoAaHBIX JHHUN. Boiee Toro,
MOJYJSIMS yCPEOHEHHBIX II0 [HCKY IapaMeTpoB
rI00aTbHOTO MAarHUTHOTO TIOJI HM3—3a BpAIEHHSA
3BE3/Ibl TAK)KE MPUBOJUT K MEPEMEHHOCTH Npoduiei
BOJIOPOJHBIX JTMHUH.

Hcnone3ys TeopeTuueckue IpeicKasaHus H3 pa-
CUCTOB HaAIIUX Moaeneﬁ, Mbl aHAJIM3UPYEM TaKKe
HaOJIOJaTENBHBIA aCIIeKT IPOOJIeMbl B KOHTEKCTE
9BOJIFOLIMM MAarHUTHBIX Tosieil. Hama naTepnperammys
Y METOJMKa OCHOBaHBI IIOKa Ha aHalu3e JIUTepa-
TypHBIX JaHHBIX HP—doTomerpun. [MaBHBIM pe3yiib-
TaTOM HacTOsIIEH padOTHI SBISIETCS] CO3/JaHUE HOBO-
TO MOJICIFHOTO MOAXOMa K MpodiIeMe OLEHOK Xapak-
TEPUCTUYECKHX BPEMEH 3BOJIIONNH TTI00ATBHBIX Mar-
HUTHBIX MoJyied 3Be3l. IlpenBapuTenbHO HalM pe-
3yJIbTaThl HOKA3bIBAIOT, YTO 3TH BPEMEHA MOTYT OBbITh
mopsizka 107 ;mer. DTO 3HAYMTENHHO KOpOde, deM
MPEICKa3aHO TEOPETHUCCKH.

I'.I". Banaeun cosmecmuo ¢ O. Kouyxosvim, H. ITuc-
KyHosbiM (Yncanvckas obcepsamopus, Lllseyus)

HOBBIE MAI'HUTHBIE CP-3BE3/1bI

3aKkOHYEH INEepPBBIN ATan paboT MO MOKCKY HOBBIX Mar-
HHUTHBIX 3B€3]] CPEAN 3Be€371 C OOJIBIINMH JETIPECCHIMHU
Ha 5200 A B HempepbIBHBIX CIEKTpax. Mbl Halun
(heHOMEHOJIOTHYEeCKHI TPU3HAK, YKA3bIBAIONINA Ha
BO3MOYKHOE TPUCYTCTBHE MAarHUTHOTO TOJS — HEOTO-
JKIECTBICHHYIO neTainb Ha AS5150 A Ha mpodune yka-
3aHHOM JeTpeccuy, KOTOopas pazInduMa Ha CHEeKTpax
C HU3KMM paspemicHueM. IIpenBapuTenbHbIi 0TOOP
KaHJMJIATOB IPOBOAMIICS HA OCHOBAaHMU aHalIM3a pe-
3yJIbTaTOB HAaIlIMX HaOMIONeHWil Ha 1-M Teieckore
CAO. HabmroneHuss Ha 6—M TEJIECKOIE C 3eeMaHOB-
CKUM aHaIU3aToOpoM ObuTH BBITIOTHEHBI B 2001-2002
rr. s xaxxgoro oOBEKTa MONYYeHO HE MeHee 3—X
cnexTpoB. VI3MepeHuns moKa3ajiu, YTO HaJlMdue JAeTalln
Ha 5150 A B cmekTpax MEeKyISpHBIX 3BE3I SABISACTCS
XOpomruM HHAUKATOPOM IPUCYTCTBUA MArHUTHOI'O
noyis B ux armocdepax. B Tabn. 5 npuBeneHs! cese-
HHUS O HOBBIX MarHUTHBIX CP—3Be3nax, oOHapyskeH-
HBIX HaMH. 3a 2 ronga HaiaeHa 21 marautHas CP—
3Be3za, u3 HUX 9 — ciabee 9™. D10 mosBoimo Gouee
geM B 2 paza (¢ 8§ mo 17) yBenW4uTh KOJIUYIECTBO Ja-
JIEKUX CJIa0BIX 3B€3]l C 0OHAPY)KEHHBIMI MarHUTHBIMHU

force in a hydrostatic balance of forces. The magnetic
field geometry is represented by a classical axially
symmetric dipole slightly affected by influence of in-
duced by evolution currents. The mechanism of in-
teraction between the magnetic field and the electric
current is described through microscopic characteris-
tics of atmospheric plasma. When the vertical com-
ponent of the Lorentz force is directed outward of the
star (the case of decay of the field) or inward (the
magnetic field grows in the process of evolution), the
atmospheric properties, the effective gravitation in
particular, may change considerably as compared to
the usual “non—magnetic” atmosphere. As a result,
these changes have an effect on the shape of spectral
lines of these stars, especially on the profiles of hy-
drogen lines. Moreover, the modulation of the pa-
rameters (averaged over the disk) of a global mag-
netic field caused by the star rotation also lead to
variations of hydrogen line profiles.

Using the theoretical predictions from the calcula-
tions of our models we have also analyzed the obser-
vational aspect of the problem in the context of evo-
lution of magnetic fields so far. Our interpretation
and the method are based on the analysis of literature
data of HPB photometry. The basic result of the pre-
sent work is the creation of a new model approach to
the problem of estimations of characteristic times of
evolution of global magnetic fields of stars. Tenta-
tively our results show that these times may be of the
order of 107 years. This is much shorter than pre-
dicted theoretically.

G.G. Valyavin in collaboration with O. Kochukhov,
N. Piskunov (Uppsala Observatory, Sweden)

NEW MAGNETIC CP STARS

The first stage of searching for new magnetic stars
among the stars with large depressions at 5200 A in
the continuous spectra was completed. We found a
phenomenological attribute pointing to possible pres-
ence of a magnetic field — an unidentified detail at a
wavelength of about 5150 A in the profile of the indi-
cated depression, which is discernible in low resolu-
tion spectra. Preliminary selection of candidates was
performed on the basis of the analysis of our observa-
tions made at the 1 m telescope of SAO. Observations
with the Zeeman analyzer at the 6 m telescope were
carried out in 2001 — 2002. Not less three spectrums
were obtained for each object. Measurements showed
that the presence of the detail at 5150 A in spectra of
peculiar stars is a good indicator of the presence of a
magnetic field in their atmospheres. The data on the
new magnetic CP stars that we detected are given in
Table 5. During 2 years we found 21 magnetic CP
stars, nine of them are fainter than 9 ™. This increased
the number of distant faint stars with detected mag-
netic fields by more than a factor of 2 (from 8 to 17,
see the catalog of Romanyk, 2000).
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3Be3za V (m) - B (I'c) [n]
min max

HD 6757 7.7 +2720 +3100 6
HD 29925 83 -1100 -200 4
HD 34162 8.7 - 620 +190 4
HD 38823 7.3 -2490 -20 4
HD 39658 8.8 -970 +1350 4
HD 40711 8.6 - 650 +320 4
HD 53081 9.7 - 610 +40 3
HD 115606 8.6 - 760 +680 3
HD 134793 7.5 - 810 +900 3
HD 168796 7.9 - 870 +510 4
HD 169887 9.0 -2340 +1210 3
HD 178892 9.0 +5280 +8490 6
HD 196691 8.6 +630 +2290 4
HD 209051 8.8 -3300 -1040 4
HDE 231054 10.0 +380 +2530 4
HDE 293764 9.6 +3590 +4040 3
HDE 338226 9.8 + 640 +1490 3
HDE 343872 9.9 - 760 +3860 16
BD -01.709 9.9 -710 +890 3
BD +17.3622 8.8 +980 +1660 3
BD +32.2827 9.9 - 780 +60 3

Tabauya 5. Ceedenust 0 HOBLIX MASHUMHBIX 36€300X.
Ilpugedensr Homep no kamanocy HD/BD, V — eu3zy-
anvHas 36e30Has seauyuna, B, (min/max) — sxcmpe-
ManbHble 3HAYeHUs MAZHUMHO20 nois, [ n | — koau-
Y4ecmeo noy4eHHbIX CHEKMPOE.

Table 5. Information about new magnetic stars. V -
the visual stellar magnitude, B, (min/max) - extreme
magnetic field values, [ n | - the number of spectra
obtained.
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Fig. 41. Examples of Zeeman spectra of
stars with magnetic fields.
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nojsiMu (cM. karanor Pomanroka, 2000). Takum 06-
pa3oM, MBI IPUMEPHO B 2 pa3a YBEIMYUBACM PAINYC
MPOCTPAHCTBA, B KOTOPOM MOXHO CHCTEMATHYECKU
rccienoBaTh MarHuTHbIE 38316l (¢ 0.5-0.6 mo 1-1.5
KIIK), 9YTO, B CBOIO OYepE/ib, MMO3BOJISET UCKATh CBSI3U
MEXAy MarHUTHBIMH TOJISIMH OTIENBbHBIX 3BE3l U
CTpOCHI/IeM MArduTHOI'O ITOJIA FaﬂaKTl/IKI/I.

Cpenu oOHapy)XEHHBIX HaMH MarHMTHBIX 3Be3J
HaiineH oO0bektr (HD 178892), obmamaroniuii ogHUM
W3 CHJIBHCWUIINX MAarHUTHBIX TOJICH CPEIH HEBBIPOXK-
JIEHHBIX 3Be3[ (MIPOJONIEHBI KOMITIOHEHT B, TpeBHI-
maer 8 kl'c). s npumepa, Ha puc. 41 npuBeneHBI
3€eMaHOBCKHE CICKTPhI HEKOTOPBIX 3BE3] ¢ HaHOO-
JIe€ CUILHBIMU MAarHUTHBIMU IIOJISIMH.

B.I". Exvkun, /1.0O. Kyopsasyes u U.1. Pomaniox

Thus, we increased about 2 times (from 0.5-0.6 kpc
to 1-1.5 kpc) the radius of space in which one can
systematically investigate magnetic stars, which, in
turn, make it possible to look for relations between
magnetic fields of individual stars and the structure
of the Galaxy magnetic field.

Among magnetic stars that we detected an object
(HD 178892) was found with one of the strongest
magnetic fields among non-degenerate stars (longitu-
dinal component B, is above 8 kG). For illustration,
Fig. 41 shows the Zeeman spectra of some stars with
the strongest magnetic fields.

V.G. Elkin, D.O. Kudryavtsev, 1.I. Romanyuk
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AOJI'OBPEMEHHBIE U3MEHEHWSI JUHEMN-
HOU NOJAPU3ALINUN JBOUHBIX CUCTEM
C WR-KOMITIOHEHTOM

B 1994-2002 rr. IpOBOIMIICS TIOMCK TOJITOBPEMEH-
HBIX (Ha IIKaJe TOMABI) BapUaIlWid JTHHEHHOHN MOIsIpH-
3auu (P) WR IBOMHBIX CUCTEM WM, MHBIMHU CJIOBa-
MH, TIPOBEPKAa CTAOMIBHOCTH WX IOJISPH3AIMOHHBIX
KpUBBIX CO BpeMeHeM. HabOmiomaTenbHbIN MaTepuat
6611 monyuyeH Ha 1-m teneckone CAO mis CQ Cep,
CX Cep, HD 211853 u V444 Cyg. Vcnonp30Banuck
TaKXKe JUTEePaTypHBIC JaHHBIC JUIS STHX 3BEI U TPeX
oonee mmpokux map WR+O HDE 311884, HD 97152
u HD 152270.

CQCep (P=1.64% CXCep (P=2.13% mu
HD 211853 (P =6.69%) mnokasamu 3HAYUTEIBHYIO
JIOJIFOBPEMEHHYIO NEPEMEHHOCTh JIMHEWHOM MOJISpHU-
3anun (AP = 1%). Xapakrep 3Toi NepeMEHHOCTH IS
WR nBoiiabIX cucteM ¢ obmeit obomoukoit (CQ Cep,
CX Cep ) u mia 6onee mmpokorr WR-+O mapsl, Bxo-
msameit B coctaB HD 211853, o6HapyxuBast obrrme
YepThl, HECKOJBKO pasnmueH. [loaTBepammnocs yau-
BUTECJIBHOC NOCTOAHCTBO CO BPCMCHEM KpMBOﬁ 1oJIst-
pusarmn V444 Cyg (P =4.21%). Anamuz Gonee mm-
pokux WR 1BOMHBIX CHUCTEM MOKa3all, 4TO, €CIHU
HDE 311884 (P=6.34% u HD 97152 (P =7.86%
eIl UMEIOT JOJITOBPEMEHHBIC H3MECHEHUS IOJIIpH3a-
mn (AP = 0.2-0.3%), To y caMOli IIMPOKOH M3 ATUX
tpex cuctem HD 152270 (P =8.89%) omm orcyrer-
BYIOT.

B kopHe HOArOBpEMEHHON MEPEMEHHOCTH JIMHEM-
HOM mosspuzauuu WR  1BOHHBIX cucTeM, IIO-
BUJINMOMY, JISKUT (u3nvecKass akTHBHOCTb WR-—
KOMIIOHEHTOB, MPOSBILIIONA’CS B AIH30AUYECKOM
pa30yxaHuu 000JIOYEK M IMOCIEAYIOIIeM cOpoce uX
caMbIX BHEWIHUX cjoeB. [IpuunHONW mepeMeHHOCTH
ABJIAKOTCA, BEPOATHO, UBMCHCHHUS SPKOCTU (HeHOHH-
pu3oBaHHOTO cBeTa) O—CIYTHHKOB, BBEI3BAaHHBIC aK-
TUBHOCThI0O WR—3Be311. CTeneHb TECHOCTH CUCTEM U
CBsI3aHHAs C HEH cTerneHb 3amonHeHus: WR—000104-
KaMi BHYTpEHHHX Kputudeckux monocteit (BKIT)
3BE3, BEPOSATHO, ONPENENAIOT IPUCYTCTBUE U XapaK-
TEp IOJITOBPEMEHHBIX U3MEHEHUH JIMHEHHON MOJIApH-
3aMM 3TUX CHUCTEM. BO3MOXKHBI 4YEeTBIpEe BapHaHTa
JonroBpeMeHHoro noseaenus P 8 WR aBoiiHbIX cuc-
TeMax.

[Monyuens! rpyOble oneHkn pazmepoB WR-—0060-
JIOYCK B CIIOKOMHOM U BO30Y)KICHHOM COCTOSIHHSIX
(> 14 Ry u <19-24 Ry COOTBETCTBEHHO), KOTOpHIE
XOPOIIIO COTTIACOBHIBAIOTCS C OOIICTIPUHATHIMU OLICH-
kamu pazmepoB WR—o6omogek (20-30 Ry). Pasmepst
BKIT WR-—3Be3x, Bxomsmux B CQ Cep, CX Cep u
WR+0O mapy B HD 211853, xopomo coriacoBbIBa-
IOTCSL C XapakTepoM OOHApy>XEHHOH y 3THUX CHUCTEM
JIOJITOBPEMEHHON NMEPEMEHHOCTH P, YTO MOATBEP.IU-
JIO Halll UCXOJAHBIC MPCATIOIOKCHUA.

T'A. Kapmawesa cosmecmno ¢ M.A. Ceeunuxogvim
(YpI'y)

LONG-TERM LINEAR POLARIZATION
VARIATIONS OF BINARY SYSTEMS WITH A
WR COMPONENT

In 1994-2002 a search for long—term (on a scale of
years) variations of linear polarization (P) of WR bi-
nary systems or, in other words, check of the time
stability of their polarization curves was carried out.
The observational data were obtained at the 1 m tele-
scope of SAO for CQ Cep, CX Cep, HD 211853 and
V444 Cyg. Literature data were also used for these
stars and for three wider pairs WR+O HDE 311884,
HD 97152 and HD 152270.

CQCep (P=1.64%, CXCep (P=2.13% and
HD 211853 (P = 6.69%) showed a considerable long—
term linear polarization variability (AP = 1%). The
character of this variability for the WR binary sys-
tems with a common envelope (CQ Cep, CX Cep)
and for the wider pair WR+O being included in
HD 211853 is somewhat different (although some
common features were revealed). The remarkable
time stability of the V444 Cyg (P =4.21% polariza-
tion curve was confirmed. Analysis of wider WR bi-
nary systems showed that HDE 311884 (P = 6.34%)
and HD 97152 (P =7.86%) exhibited the long—term
variability of their polarization (AP = 0.2-0.3%),
whereas in the widest of the three systems,
HD 152270 (P = 8.89%, it was absent.

The physical activity of the WR components mani-
festing itself in the occasional swelling of the enve-
lopes and subsequent expulsion of the outermost lay-
ers is likely to be responsible for the long-term linear
polarization variability of the WR binary systems.
The variability is likely to be due to the brightness
variations (of unpolarized light) of the O companions
caused by the activity of WR stars. The degree of
closeness of the system and associated with it filling
degree of the inner critical lobes (ICL) of stars proba-
bly determines the presence and character of long-
term linear polarization variations of these systems.
Four corresponding versions of the long—term
variability of P in WR binary systems are possible.

Rough estimates of the sizes of WR envelopes in a
quiescent and excited states (> 14 Ry and < 19—
24 R, respectively), which were in good agreement
with the generally accepted sizes of WR envelopes
(20-30 Ry) were obtained. A comparison of these
constraints with the sizes of the ICL of WR stars be-
ing components of CQ Cep, CX Cep and of the
WR+O pair in HD 211853 fits well the character of
the long-term variability of P detected in these sys-
tems, which corroborated our initial assumptions.

T.A. Kartasheva in collaboration with M.A. Svech-
nikov (USU)
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JUHAMHMNYECKAS CIIEKTPOCKOIIUSA ITPO-
MEXKYTOYHBIX ITIOJISIPOB BG CANIS MI-
NORIS, YY DRACONIS U GK PERSEI

Ipomexyrounsie momsipel (IPs) BG CMi, YY Dra u
GK Per wuccinenoBaHbl METOIOM IUHAMHYECKOM
CIIEKTPOCKOIIMK Ha ckaHepe 6—M Teneckomna. CIieKT-
pampHOEe uW3ydeHme mepemeHHocTh BGCMi n
YY Dra o0GHapyXHI0 Yy3KOIOJOCHBIE OCLMIIISIIHN
WK CTAaTUCTUYCCKHN 3HAYMMbIC I€TAJIM B UX CHEKTpaAX
MOIIHOCTH B TO BpPEMs, KaK aHAJIOrMYHbIC OCHHJI-
st B GK Per He Obliu HaliieHBI. Y3KOIIOJIOCHBIE
oCHWULANMK B HpoQwisx OadbMEPOBCKHX U
Hell 4886 5>MUCCHOHHBIX JIMHUI HaAOIIONAINCHL B
cnektpax BG CMi ¢ mepwomoMm, paBHBIM IIEPHOLY
coOCTBeHHOTO BpamieHus Oemoro kapimka (913 c).
[lupuna neraneil B creKTpax MOLIHOCTU MEHSIIACH
ot 2-3 mo 810 A. Cnektpsl MomHOCTH YY Dra 00-
Hapy>XWIA OCHWULIIAN KaK C MEePHOJOM COOCTBEH-
HOTO BpameHnus 0eJoro Kapinka, Tak ¥ ¢ IepHOIOM B
JIBa pasa MCHBIIUM. }1.]'151 CpaBHCHHUS Y3KOIIOJIOCHBIX
OCHWJULAIMIA B CIEKTPaxX pPa3IHYHBIX MPOMEKYTOU-
HBIX TOJSIPOB Mbl (POPMAJILHO HOCUUTAIN YUCIIO CO-
ObITHIT OOHApy>KEHWS! STHX OCLHWULINMNA B OJHOU
9KCIO3HIMU U B OJHOM W TOM K€ JUAINa30He JUIHH
BOJIH. B pesynbprare ObuT0 0OHApPYKEHO, YTO YHCIIO
TaKAX COOBITHI B criekTpax MomrHocTH BG CMi 3Ha-
YUTEThHO OoJbINe, 4YeM B crekTpax YY Dra m
GK Per. bruto HaliIeHO, YTO YHCJIO aHAJOIHYHBIX
COOBITHII B CIIEKTPax MOIIHOCTH IPOMEXYTOYHBIX
nosisipoB BG CMi, V405 Aur u PQ Gem npu6imzu-
TEJILHO OJIMHAKOBO. JTH 00BEKTHI 00pa3yloT IpyIIly
IMPOMEIKYTOYHBIX MOJISAPOB C HOJ'DIpOHOHOGHLIMI/I 110-
nsamu (8-20 MQG), B To Bpems kak YY Dra u GK Per
OTHOCATCA K OOBEKTaM CO CIIA0BIMH MarHHTHBIMH
MOJIIMH. DTa B3aUMOCBS3b MEXKIy CHIION MarHUTHO-
IO TOJIA IPOMEKYTOYHOTO IOJISPa M YHUCIOM COOBI-
TUH 00HApYKEHHS Y3KOMOJOCHBIX OCHWIISINN B €r0
CHEKTPEe MOIIHOCTHU SIBIIICTCS JOMONHUTEIBHBIM ap-
TYMEHTOM B TOJIb3y IPUCYTCTBHS CHIIBHBIX MarHUT-
HBIX TIOJIEH B 00JacTaxX (OpPMHPOBAHHS H3Iy4YECHHS,
BBI3BIBAIOIIECTO Y3KOIOJIOCHBIE OCIMJUIALUN B CIIEK-
Tpax MPOMEKYTOUHBIX MOJISIPOB.

H.H. Comos u T.A. Comosa
Onybnuxosano 6 Bull. of Spec. Astrophys. Obs.,
2001, 51, 68

HABJIOJEHUSI HEOBBIYHOM HOBOMN
3BE3/IbI B EAJMHOPOIE 2002 I'. (V838 MON)

B suBape 2002 r. B co3Be3quu EnuHopora nosBuiack
nekyssipHas HoBasgs V838 Mon, KoTopasi BO BCIIBILLIKE
MoKa3alia CIEKTp XOJIOJHOW 3Be3mbl kiacca K ¢ ab-
COpOLIMOHHBIMU JTHHUSAMH. Takue cOOBITHS HaOII0Ia-
JUCHh B HAaIleW W APYTHX TallaKTHKaX OYCHb PEAKO H
MO3TOMY Majo u3y4deHbl. CIEKTpPBl C pa3perieHHEM
2.2-5.0 A B pa3ubix ctanusax Bcubimky U [13C ¢oro-
MeTpusi ObuIM mosrydeHsl Ha 1-M Teneckone B CAO,
nonoyHuTenbHas Gporodnekrpudeckas u [13C ¢oto-

DYNAMIC SPECTROSCOPY OF THE IN-
TERMEDIATE POLARS BG CANIS MINORIS,
YY DRACONIS AND GK PERSEI

The intermediate polars (IPs) BG Cmi, YY Dra and
GK Per were investigated by dynamic spectroscopy
with the scanner of the 6 m telescope. The spectral
study of variability of BG CMi and YY Dra revealed
narrow—band oscillations or statistically significant
details in their power spectra, whereas no similar os-
cillations were found in GK Per. The narrow-band
oscillations in the profiles of Balmer and Hell 4886
emission lines were observed in the spectra of BG
CMi with a period equal to the proper rotation period
of the white dwarf (913 s). The width of the details in
the power spectra varied from 2-3 to 8§-10 A. The
power spectra of YY Dra showed oscillations both
with the period of proper rotation of the white dwarf
and with the period twice as short. For comparison of
the narrow—band oscillations in the spectra of differ-
ent intermediate polars, we counted formally the
number of events of detection of these oscillations
during one exposure and in the same wavelength
range. As a result, it was found that the number of
such events in the power spectra of BG CMi is much
larger that in the spectra of YY Dra and GK Per. The
number of similar events in the power spectra of the
intermediate polars BG CMi, V405 Aur and PQ Gem
was discovered to be approximately equal. These ob-
jects form a group of intermediate polars with polar—
like fields (820 MG), while YY Dra and GK Per
rank among objects with weak magnetic fields. This
correlation between the magnetic field strength of an
intermediate polar and the number of detections of
the narrow—band oscillations in its power spectrum is
an additional argument in favor of the presence of
strong magnetic fields in the regions of emission
generation, which cause narrow—band oscillations in
the spectra of intermediate polars.

N.N. Somov, T.A. Somova
Published in Bull. of Spec. Astrophys. Obs., 2001, 51,
68

OBSERVATIONS OF A PECULIAR NOVA IN
MONOCEROS IN 2002 (V838 MON)

A peculiar nova, V838 Mon which showed in the ex-
plosion a spectrum of a cold star of class K with ab-
sorption lines, appeared in the constellation Monoc-
eros in 2002 January. Such events were observed in
our Galaxy and other galaxies very rarely and
therefore were not clearly understood. Spectra with a
resolution of 2.2-5.0 A at different stages of the out-
burst and CCD photometry were obtained at the 1 m
telescope of SAQ; additional photoelectric and CCD
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metpusi — B [AUII. B teuenme 45 mer mepen
BCIIBIIIIKOM OJIECK 3Be31bI ObLI CTaOMIIBHBIM, OKOJIO
15.85™ B monoce B. D10 Oblia ronybas 38e31a ¢ TO-
kazarenem usera (B-V),=-0.031£0.1". Bcnbimka
MpOJIOJDKAIach 5 MECSLIEB U €€ aMIUIMTY/a JOCTHIIIA
B=28.1". KpuBble Oiecka u MOKa3areieil IBera
V838 Mon 1eMOHCTPUPYIOT CYLIECTBEHHbIE OTIUYUS
OT KJIACCHYECKMX HOBBIX 3Be31. BuimHa mpeamakcu-
MaJlbHasl CTaJus, MPOXOAMBIIAs IPU HU3KOH MOBEPX-
HOCTHOW TeMmIeparype, O HYeM CBUAETEIbCTBYIOT
KpacHbIe TIoKa3arenu nsera. Habmoganuce aBa nuka
SPKOCTH, KOTOPBIE CONPOBOXKAAIUCH IOBBIIICHUEM
TeMIIepaTypbl TOBEPXHOCTH. DTO SBIECHUE HHTEPIIpE-
THUPYETCS KaK BBIXOJ Ha ITOBEPXHOCThH 3BE3JIbI YIap-
HBIX BOoJH. Ha criazie 61ecka noseeHne nokasarenei
I[BETA CBHETEIHCTBOBATIO 00 OXJIAKACHUH IOBEPX-
HOCTH 3BE3JIbl U IEPEMEICHNN MaKcuMyMa H3ITyde-
Hus B UK—o0mnacte. Tak 4To HE HA0JII0IaI0Ch TIepe-
XOZ1a HOBOW B HEOYJSIPHYIO CTAMIO, KaK y KIaccHye-
CKHX HOBBIX, KOTJa 060.1'10'-11(3 CTAaHOBHUTCsS OIITUYCCKHU
TOHKOM U Pa3pe:KEHHOMU.

HeoObIuHbIi criekTp B NpenIMakCUMaIbHOW CTaIun
MOX0X Ha CHEKTp (oToC(hepsl XOJIOTHOTO THUTaHTa
kinacca K ¢ ycunennem B 3—4 pasza abcopOLMOHHBIX
JIMHUI BOZIOPOAA U HEUTPAJIbHBIX METAJJIOB IO CpaB-
HEHUIO C HOPMaJbHBIMH 3Be3faMu. lIpennomnaraercs,
YTO JIMHUM IHOTJIOMEHUS (pOPMUPOBAIUCE B IIOTHOM
aTMocdepe, pacrojoxeHHoi Hajx dorocdepoi 3Be3-
1ol Hekoropsie nmunnu Na, Ba, Mg, Li umenu ciox-
Hele npodmm tuna P Cyg, 4To CBHIETENBCTBYET O
pacumpenun  (orochepsl. CKOpOCTh pacHIUpeHHs
tdotochepsr papra 150 kM/c, MAKCUMaNbHAsT CKOPOCTH
B pacIHpsromencss 000J04Ke 3Be3Abl AOXOIWIA 0
500 km/c. ComeprkaHue JIEMEHTOB B 000JI0YKe OJIH3-
KO K HOpPMaJbHOMY, HE OOHapy>Ke€HO H30BITKa 3Jje-
MEHTOB s—Tporecca. [103ToMy MOXHO MpenIoo-
JKUTh, YTO CHJIbHBIC JTMHUH JHUTUSA B hoTochepe V838
Mon MoryT OBITH CBSI3aHBI C B3PBIBOM BOJIOPOIHOTO (a
HE T'eJIMeBOr0) rOproYero B Heapax 3Be3[bl U C Iepe-
MEIIMBAHNEM BELIECTBA B pacUIMpsIOLICHCs 0007104-
Ke, TaK 4TO JINTHH moman B GoTocdepy B pe3yiabTare
BCIIBIIIKH.

B nwmke sipkoctu 6 deBpans B crekrpe V838 Mon
HosiIBWIIach CWibHas oHMmuccus Hoa ¢ mumpoxumu
KpeutbsiMu FWZI=3100 KM/C ¥ MHOTOYHCIICHHBIC
JIMHUA HWOHH30BAaHHBIX AaTOMOB MCECTAJIJIOB, YTO YK€
XapaKTepHO JUIsl KJIACCHYECKMX HOBBIX. Ho mo mepe
ociabneHust Oiecka BHOBb YCWIWINCH JIMHHU HeW-
TPaJbHBIX aTOMOB METAJUIOB, & JMHUHA MOHN30BAHHBIX
aTOMOB cTailii ociabeBars. HaOmromenns 3Be3nsl BO
BTOpor mojoBuHe 2002 T. TOKa3ajw, 4TO B ONTHYE-
CKOM JMana3oHe 3Be3/la BEPHYJIach K CIOKOMHOMY CO-
CTOSIHHIO, 1 B KOPOTKOBOJHOBBIX (DOTOMETPHUUECKHUX
nojocax craja jgaxe ciabee, 4eM [0 BCHBILIKH. B
NK-ny4yax oHa ocTaercs ele oueHb spkoi, [ = 8.4™ B
HosiOpe—nexabpe 2002 r. Ilocie BCHBINIKK BOKPYT
3Be3/Ibl HAOJI01aeTCsl OBICTPO PACHIMPSIONIASCS KPYT-
Jasi TYMaHHOCTh — CBeTOBOM (hpoHT Bcmbimku. [13C
n300pakeHne dTOW TyMaHHOCTH, IOydeHHOe 26 HO-
si6pst 2002 1. B QuasTpe V, mokazano Ha puc. 42. K
JlaTe MOJy4YeHusl CHUMKa (293—1 1eHp mocie nuka sip-

photometry was obtained at the Sternberg Astro-
nomical Institute. During 45 years preceding the ex-
plosion the brightness of the star was stable, about
15.85™ in the B band. This was a blue star with the
color index (B—V), =—0.03+0.1™. The outburst lasted
for 5 months and its amplitude reached B = 8.1™. The
light and color curves of V838 Mon showed its sig-
nificant distinction from the classical novae. A pre-
maximum stage that took place at low surface tem-
perature is seen, which is evidenced by the red color
indices. Two brightness peaks accompanied by rising
surface temperature were observed. This
phenomenon is interpreted as emergence of shock
waves to the surface of the star. As the brightness
dropped, the behavior of the color indices was indica-
tive of surface star cooling and displacement of emis-
sion maximum to the IR region. Thus, no transition
of the nova to the nebula stage was observed, as is
the case with the classical novae when the envelope
becomes optically thin and rarefied.

An unusual spectrum at the premaximum stage re-
sembles the spectrum of the photosphere of a cold gi-
ant of class K with intensification of the absorption
hydrogen and neutral metal lines by a factor of 34 as
compared to normal stars. Absorption lines are sup-
posed to be formed in the dense atmosphere located
above the photosphere of the star. Some lines of Na,
Ba, Mg, Li had complex profiles of P Cyg type,
which points to expansion of the photosphere. The
photosphere expansion velocity is 150 km/s, the
maximum velocity in the expanding envelope of the
star reached 500 km/s. The abundance of elements in
the envelope was close to normal, no overabundance
of the s—process elements was found. So, it can be as-
sumed that the strong lithium lines in the photosphere
of V838 Mon may be associated with an explosion of
hydrogen (but not helium) combustible in the stellar
entrails and with mixing of matter in the expanding
envelope; so lithium appeared in the photosphere as a
result of the outburst.

A strong emission Ho line with broad wings,
FWZI =3100 km/s, and numerous lines of ionized
atoms of metals appeared in V838 Mon at the bright-
ness peak on February 6, which is characteristic of
the classical novae. However, as the brightness fell,
the lines of neutral metal atoms strengthened again,
while the lines of ionized atoms began to weaken.
The observations made in the second half of 2002
showed that in the optical range the star returned to
its quiescent state, and in the short-wave photometric
bands it became even fainter than prior to the burst.
In IR it remained very bright, I = 8.4™, in 2002 No-
vember—December. After the outburst, a rapidly ex-
panding round nebula was observed around the star —
the light front of the outburst. A CCD image of this
nebula obtained on November 26, 2002 in the V filter
is shown in Fig. 42. On the date the image was ob-
tained (293-rd day after the brightness peak), the
light spread to a distance of 36" from the star, and the



86 OTHYET CAO 2001-2002 SAO REPORT

KOCTH) CBET pacipocTpanuics Ha 36" oT 3Be3/bl, 4YTO
naet paccrosaue 10 V838 Mon 1.4 knik.

E.A. bBapcykoea, H.B. bopucoe cosemecmno c
B.II I'opancxum, A.B. Kycaxunvim, H.B. Memnosoti,
C.1O. llyeaposvim (I'AULL MI'Y)

Onybnuxosano 6 Ilucomax ¢ AXK, 28, ¢.764, 2002;
AIP Conf- Proc. 637, p.303, 2002

TPEXJIETHUM CHEKTPAJIBHBIA MOHUTO-
PUHI CI CAM

B pesynbprare TpexieTHEro CIeKTPaJIbHOIO MOHHTO-
punra CI Cam, ONTHYECKOTO KOMIIOHEHTa pEHT-
renoBckoro ucrounuka XTE J0421+560, mocie ero
MOIIIHOM U KOPOTKOM BCTBIIIKY B anpene 1998 r. mo-
JIy4E€HO OKOJIO JIBYXCOT CIIEKTPOB CO CpeqHed amc-
nepcueit Ha 1-M u 6—M Teneckonax.

B cIIOKOHOM COCTOSIHMHM ITOCJIE BCIIBIIIKH ITOTOKH
CI Cam B GampmepoBckux U HekoTopsix Fe Il ammc-
CHSIX TIOKa3bIBAIOT LUKIMYECKUEC HW3MEHEHHS C TIie-
puomom 1100+£50 naneit. Benmuumna mnepwoga mon-
TBepkaaercss ganHbiMu UBVR-(portomerpun, BbI-
nosaeHHo B AU MI'Y (puc. 43, cripaBa). Eciu
9TOT HNEpHUOJ ABJIACTCA CICACTBUEM Op6I/ITaJ'l]:HOFO
JIBIDKEHUS B IIMPOKO pa3/ielIieHHON crcTeMe (OuH U3
KOMIIOHCHTOB KOTOPO#l — 3B€31a—TUTaHT C 3PHEKTOM
OTpaXCHUsI Ha MOBEPXHOCTH, OOpaIIeHHOH K Ipyro-
MY, KOMIIaKTHOMY, KOMITOHEeHTY), To CI Cam MO>KHO
OTHECTH K Kiaccy symbB[e]—3Be3.

OKBUBAJICHTHBIC IIMPUHBI W TIOTOKH B Pa3HBIX
CHEKTPANBHBIX JIMHUSAX TTOKA3bIBAIOT PA3WYHBIC aM-
IUTATYIBI M3MEHEHUS BO BPEMsI BCHBIIIKH U CYIIECT-
BEHHBIE OTIIMYUS TIOBEJCHUS B CIIOKOWHOM COCTOSIHUN
(puc. 43, cnea). BrIABIEHBI MATh THUIIOB TAKOTO MO-
BCACHUA U CBA3b MCKIY aMHJ’IHTy[{Oﬁ U3MCEHCHUA I10-
TOKA B JIMHUSX M MOJIHBIM IIOTEHIIMAIOM BO30YXKICHUS
JIMHUH, YTO CBUJIETENBCTBYET O CTpaTU(HUKALUK Ta30-
MBIJICBOH OOOJIOYKH, OTBETCTBEHHOU 3a HM3IIydeHHE B
muanax. OOHapyXeHa 3ajepKKa pocTa MHTEHCHBHO-
ctu 3ampemieHHor WM aszota [N II] ma 50-250
JIHEH OTHOCHUTEIBHO MAaKCUMyMa pPEHTIEHOBCKOM
BembIkd. Robinson et al. (2002, A.J., v.565, p.1169)
nepecmotpenu paccrosnue a0 CI Cam u pmaror s
HETo OLeHKY > Sknk. B Takom ciyuae CI Cam MoxHO
cuntath sgB[e]-3Be3moil ¢ HamOonblIeH W3BECTHOM
cBeTUMOCThI0. ClieHapHii, COTJIACHO KOTOPOMY KOM-

Puc. 42, Hzobpasicenue mymaHHocmu  80Kpye
V838 Mon, nonyuennoe 26 noabpa 2002 . 6 ¢gunvm-
peV.

Fig. 42. The image of the nebula around V838 Mon
obtained on November 26, 2002 in the V band.

distance to V838 Mon was determined to be 1.4 kpc.

E.A. Barsukova, N.V. Borisov in collaboration with
V.P. Goransky, A.V. Kusakin, N.V. Metlova
S.Yu. Shugorov (SAI MSU)

Published in Pisma v AZh, 28, p.764, 2002; AIP
Conf. Proc. 637, p.303, 2002

THREE-YEAR SPECTRAL MONITORING OF
CI CAM

As a result of the three-year spectral monitoring of
CI Cam, an optical component of the X-ray source
XTE J0421+560, after its powerful and short burst in
April 1998, about two hundred spectra were obtained
with the 1 and 6 m telescopes of SAO.

In the quiet state after the burst the fluxes of CI
Cam in Balmer and some Fe II emission lines show
the cyclic variations with a period of 1100£50 days.
The period value is confirmed by the data of UBVR
photometry performed in the SAI of MSU (Fig. 43,
right). If this period is a consequence of orbital mo-
tion in a widely separated system (one component of
which is a giant star with the reflection effect on the
surface faced to another compact component), then
CI Cam can be attributed to the class of symbBJe]
stars.

Equivalent widths and fluxes in different spectral
lines show different amplitudes of alteration during
the burst and significant distinguishing features of the
behavior in the quiet state (Fig. 43, left). We revealed
five types of such behavior and the relation between
the flux variation amplitude in lines and the total ex-
citation potential of line, which points to stratification
of gas—dust envelope responsible for the radiation in
lines. A delay of 50-250 days in the increase of the
forbidden nitrogen line [N II] intensity relative to the
X-ray burst maximum was detected. Robinson et al.
(2002, A.J., v.565, p.1169) have revised the distance
to CI Cam and now they consider it to be > 5 kpk. In
such a case CI Cam is a sgB[e] star with the highest
known luminosity. The scenario in which the com-
pact component travels in a wide orbit through a
dense circumstellar envelope of a B[e] supergiant and



OTHYET CAO 2001-2002 SAO REPORT 87

MAKTHBIH KOMIIOHCHT JBHXKETCS IO IMIHPOKOI opOuTe
yepe3 IUIOTHYHO OKOJIO3BE3AHYIO 000y0uky Ble]—
CBEPXTUTAHTA W MBI HHOTJa HAOIIOAaeM €ro PeHTre-
HOBckue Bcmblmkd, nemaer CICam yHHKambHOMN
CpeIy M3BECTHBIX PEHTTCHOBCKUX NBOUHBIX. [Ipmpo-
Ia DOTOH CHCTEMBI OCTAE€TCSI HEU3BECTHOW U MO-
MIPEXHEMY BBI3BIBACT OOJIBIION MHTEPEC HCCIEeI0Ba-
TeJeH.

E.A. bapcyxosa, H.B. Bopucos cosmecmuo ¢ B.I1. Io-
panckum (TAULL MT'Y)
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sometimes we observe its X-ray bursts, makes
CI Cam a unique object among the known X-ray bi-
naries. The nature of this system remains unknown
and still provokes great interest of researchers.

E.A. Barsukova and N.V. Borisov in collaboration
with V.P. Goransky (SAI MSU)
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Puc. 43. llomoxu 6 5MUCCUOHHBIX TUHUAX C PA3TUYHBIM BDEMEHHBIM CNEeKMPATbHLIM NOGeOCHUEeM (CNe6a) U Kpusas
onecxa CI Cam 6 nonocax UBVR nocne ecnvuuxu 1 anpens 1998 2ooa (cnpasa).

Fig. 43. Fluxes in emission lines with different spectral behavior versus time (left) and the brightness curve of
CI Cam in UBVR bands after the burst of April 1, 1998 (right).

INIOUCK OITHUYECKHUX BCIIBIIIEK B OBb-
JACTH JIOKAJIM3AIIUU MAT'KOI'O PEIIA-
TEPA SGR 1806-20

B utone 2001 r. na 6opry HETE Ob1na 3aperucrpu-
poBana BcnbleuHas aktuBHocTh SGR 1806-20. O6-
Hapy’>keHbl, 110 KpaiHell Mepe, JIB€ BCIBIIIKU JJIH-
tenpHOCTEI0 0.2—0.3 ¢. Bbutn mpoBeneHsl HaOIIO-
JICHUS B TIEpBUYHOM (DOKyce 6—M TelleCKoIa ¢ IOMO-
IIbI0 MHOTOKAaHAJILHOTO IaHOpaMHOro (oromerpa—
nonsipumerpa (MIIDIT) BBICOKOTO BPEeMEHHOTO pas-
pemienus u cucremsl peructpauun MAHUSA yepes
nBa nHs nocie tpurrepa HETE. MoMeHThl npuxozna
Bcex (oToHOB B moie pasmepoM 80"x75" permct-
pupoBanuchk B Teuenue 4500 c. B punbTpe B ¢ TOU-
HocThiO 20 HC. O6macTh Obla IEHTpUpPOBaHa Ha TO-
JOXKeHHe panuouctouHuka. IIpoctpancTBeHHOE pas-
pelieHnue BO Bpems HalOmtoaeHud cocrasisuio 0.2".
BbIOOpKH MOMEHTOB perucrpauuu GOTOHOB, HAKOII-
JeHHele B 9 KBagpaTHBIX OoKkcax pa3MepoM
6.5"x6.5", 00paboTaHbl C MMOMOLIbIO MPOrPaMM HH-

SEARCH FOR OPTICAL BURST IN THE RE-
GION OF LOCATION OF THE SOFT RE-
PEATER SGR 1806-20

An eruptive activity of SGR 1806-20 was recorded on
board of HETE in June 2001. At least, two bursts last-
ing 0.2-0.3 s were detected. Observations were con-
ducted with the multichannel panoramic photometer—
polarimeter (MPPP) of high time resolution and the
recording system MANIA 2 days after the HETE trig-
ger. The moments of arrival of all photons in a field of
8"x75" in size were recorded during 4500 s in the B
band with an accuracy of 20 ns. The region was cen-
tered on the radio position of the source. The spatial
resolution during the observations was 0.2"”. The sam-
ples of the moments of recording photons accumu-
lated in 9 square boxes 6.5"x6.5" in size were proc-
essed with the aid of the programs of interval analysis.
No eruptive activity of SGR 1806-20 was detected in
the optical range. A comparative analysis of parame-
ters of gamma variability and constraints on optical
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TEPBAJFHOTO aHANIW3a. BCHBIIIeYHas aKTHBHOCTH
SGR 180620 B onTuyeckoM aMama3oHe He OOHa-
pyxeHa. CpaBHHUTENBHBIH aHAIH3 MapaMEeTPOB TaM-
Ma—T[EePEeMEHHOCTH U OTPAaHUYCHHUH JUIS ONTHYECKUX
BCIIBILIEK IO3BOJIUT CHEJIATh BHIBOABI O BO3MOXKHOM
npupoze aktusHOCcTH SGR 1806-20.

I'M.  Beckun, B.I. [ebyp, AA. Ilangepos,
U Il 1langeposa, B.JLIInoxomuuuenko coemecmuo ¢
A.Ilosanenko, B.Jlosuuxosvim (UKU PAH); M.boep,
K.-JLAmmeiin, A.Knomy (CESR/CNRS, Tynysa,
Opanyus); I'.Puxxep (MIT, Focmown, CLLIA)

NCCIHEJOBAHUE CTPYKTYPBI U JUHA-
MHWKH IUIA3MBI, AKKPEIIUPYIOIIEN HA
HEUTPOHHYIO 3BE3lY B CHCTEME
HZ HER

Hcrounuk nH(bOpManyuy O MOBEAECHUU ILUIa3MBI U €€
rapaMeTpax — BPEMEHHBIC XapaKTCPUCTHUKH IIe-
PHOANYECKUX ONTHYECKHX WMILYJIBCOB, SBIIFOLIUXCS
nepepabOTaHHBIM PEHTIEHOBCKHM ITOTOKOM aKKpe-
mupytomero mynbcapa Her X—1 ¢ mepmomom 1.24
cek. HampaBneHHOE pPEHITEHOBCKOE H3ITyueHHE
MyJbcapa CKaHUPYET IJIa3My M HOPMaJIbHBIN KOMIIO-
HEHT CHCTEMBI, MOCJIe YEro ero MOXKHO 3aperucTpH-
pOBaTh B pa3HBIX Y4acTKax ONTHYECKOrO JAMara3oHa
KaK IyJIbCUPYIOIIUKA CUTHAJ C NEPUOJOM, aMILIUTY-
JIoH, ¢a3oil U (HOpPMOI MMIYIIBCOB, 3aBUCSIIIUMHU OT
JUIMHBI BOJHBL. OJTH 3aBHCHUMOCTH U OHNPEIEIISIOTCS
(pM3NUECKUMH  YCIIOBUSIMH, CTPYKTYpPOW M JTHUHAMH-
KOH aKKpeuupymoomen mia3mbl. MeToasl aHanu3za
MHOTOMEPHBIX BPEMEHHBIX DSAIOB IO3BOJSIOT BOC-
CTAaHOBHUTH (C OONBbIIEH WM MEHBIIEH TOYHOCTHIO)
00IIy!0 KapTHHY MPOLECCOB aKKPELUU B MPOCTPaH-
cTBE U BO BpeMeHH. ClielyeT OTMETUTb, YTO MPU pe-
IIeHHH 00CYyKAaeMo 3a1aui He0OXOAUMO MOITy4aTh
JaHHbIE C MAKCUMAJIbHO BBICOKMM BPEMCHHLIM pas-
pelLleHueM, COOTBETCTBYIOIIMM pa3MepaM M CKOpO-
CTSIM OTHEJBHBIX 4yacTeil cucremsl. Tak, Juiss oOHa-
pYXXeHHs BO BpEMEHHOH oOnacTu (10 BapHalUsIM
BpPEMEH IPHUX0/ia UMITYJIbCOB) CKOPOCTEH Ha YpOBHE
100 xm/cex (mIMpuHA OTAETBHBIX Y3KUX IMHUCCHIA)
HEOOXOAMMO  BPEMEHHOE  paspelleHHe  JIydIle
t~310%c.

CHeKTpOCKOIHsI BEICOKOTO BPEMEHHOTO paspelie-
wuss HZ Her 6wima mposenena B 2000-2001 rr. Ha
6—M Tteneckorne ¢ ucnonab3oBanneM O3CII (cmek-
TpansHOe pasperienud 20 A/mm) u KUJI. Beun mo-
Jy4yeHbl cnekTpsl B nuana3oHe 4200-5300 A c Bpe-
MEHHBIM paspenieHueM | MKc Ui pa3HbIX (a3 opou-
TaJIBHOTO U 35—IHEBHOTO MeproioB (puc. 44).

ITo mabmronenmsam 8.08.2000 momydeHBI orpaHmde-
HUSL U TIEPHOJMYECKON KOMITOHEHTHI H3ITy4eHHS,
CBSI3aHHOW C TpeoOpa3oBaBUIMMUCA B OINTHYECKUE
UMITyJIbChl PEHTI€HOBCKOTO IIyJbcapa C IEPUOIOM
1.24 c. Ha aTom nepuojie MOLIIHOCTh BapHaluii Onecka
B crnexTpaipHOM nuanasoHe 4300-5300 A oxazanacek
menbire 0.5 % (ypoBens 3Haunmoctu 1 %). B mepnon
HaOmonenus (aza opOUTAILHOTO MEPHO/Ia COCTaBIIS-

bursts will allow conclusions to be drawn concerning
possible nature of SGR 180620 activity.

GM. Beskin, V.G. Debur, AA. Panferov,
LP.Panferova, V.L. Plokhotnichenko in collaboration
with A.Pozanenko, V.Loznikov (ICI RAS), M. Boe, J-
L. Atteia, A. Klotz (CESR/CNRS, Tolouse, France),
G. Ricker (MIT, Boston, USA)

INVESTIGATION OF THE STRUCTURE AND
DYNAMICS OF PLASMA ACCRETED ONTO
THE NEUTRON STAR IN THE SYSTEM
HZ HER

The source of data on the behavior of plasma and on
its parameters is the time characteristics of periodic
optical pulses which are the reprocessed X-ray flux
of the accreting pulsar Her X-1 with a period of
1.24 s. The beamed X-ray radiation of the pulsar
scans the plasma and the normal component of the
system, and after that can be recorded in different
parts of the optical range as a pulsating signal whose
period, amplitude, shape of pulses depend on wave-
length. These relationships are defined by the physi-
cal conditions, structure and dynamics of the accret-
ing plasma. The methods of analysis of multidimen-
sional time series make it possible to reconstruct
(with a higher or lower accuracy) the general picture
of the accretion processes in space and time. It should
be noted that in solving the discussed problem it is
necessary to obtain data with the highest possible
time resolution corresponding to the dimensions and
velocities of individual parts of the system. For ex-
ample, for the detection in the time region (from
variations in the moments of arrival of pulses) of ve-
locities at a level of 100 km/s (the width of individual
narrow emission lines), a time resolution better than
©~3-10"s is needed.

High time resolution spectroscopy of HZ Her was
performed at the 6 m telescope with the MSS (the
spectral resolution 20 A/mm) and the CSD in 2000—
2001. Spectra were obtained in the range 4200-5300
A with a time resolution of 1 ps for different phases
of the orbital period and 35—day period (Fig. 44).

Based on the 2000 August 8 observations, con-
straints were derived on the periodic component of
the radiation associated with the pulses of the X-ray
pulsar with a period of 1.24 s, which were converted
to the optical range. The power of the brightness
variations in this period within the spectral range
4300-5300 A turned out to be less than 0.5% (at the
1% significance level). During the observations the
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cocraBisuia 0.44, T.e. u TUCK, ¥ OOpallieHHast K HEMy
nonychepa HOPMAIEHOTO KOMIAHbOHA OBLTH BUAU-
MBI M, CIIEIOBAaTEIbHO, MpPEOOpa3OBaHHBIE pEHTIE-
HOBCKHE MMITYJIbCHI MOTJIM PErUCTPUPOBAThCS. B TO
ke BpeMs (aza 35—MHEBHOTO Teprojaa COCTaBIsIa
0.42, T.e. peHTTEHOBCKUII Iyibcap ObLT “BBIKIIIOUEH .
ITockonbKy onTHYECKHE UMITYIbChI HE HaOII01aINCh,
¢ OOJBIIONH BEPOSTHOCTHIO MOXKHO IPEAIOIOXKHUTD,
YTO “BBIKIIOYEHHE” MyJbcapa 00yCIIOBICHO (U3HMUe-
CKUMH TPUYMHAMH — TMPEKpaIleHHeM COOCTBEHHO
aKKpEeLH Ha HEWTPOHHYIO 3BE3]ly, & HE 3KPaHUPOBA-
HHEM O0JIaCTH TEHEpalMM PEHTTCHOBCKOTO H3ITyde-
HUS aKKpELUPYIOLEH T1a3MOH.

I'M. Becxun, B.I'. Jlebyp, A.A. Ilangpepos, U.I1. Ilan-
¢eposa, B.E. Ilanuyk, B.JI. [Inoxomnuuenxo

IMTAHOPAMHAA MHOI'OIIOJIOCHAA ®O-
TOMETPUA BBICOKOI'O BPEMEHHOI'O
PA3SPEIIEHUSI ITYJIBCAPA NP 0532+21.

bbutn mocTpoeHbl Cc(a3supoBaHHBIC KpPUBBIC OJiecka
nynscapa NP 0532421 B B, V, R nonocax. IIpu sTom
YYUTBHIBAIHCH C TTIOMOIIBIO OTMIOPHOTO TeHEPaTopa BhI-
COKOM YacTOTHI BapHalldd MOMCHTOB IIPUXOJa OT-
JENBHBIX (POTOHOB OOBEKTA, CBA3AHHBIC C YBOJIIOIIEH
nepuoja nyJjibcapa v ero nepBoi npousBoaHou. Tou-
HOCTh (Da3MpOBKHM KpPUBBIX Oyiecka OBLIa HE XyXKe
10 MKc. DKCTpakius HE3aBUCHUMO ONPEIEICHHOTO B
pasHBIX mosiocax (OHAa TYMAaHHOCTH TO3BOJIMJIA IIO-
CTPOUTH KpUBBIE U3MEHEHHMs1 ¢ (a3oil mepuona cod-
CTBEHHOT0 M3Jy4eHwus myibcapa. Ha puc. 45a noka-
3aHbl UHTErPAJbHBIC M300paKEHUs IMyJbcapa U CO-
CelHEH 3Be3bl, MOJIYYCHHBIC B TEUYCHHUC TJIABHOTO
MyJabCa W3IYUYCHHS, MEXITYyJIbCHOTO IPOMEKYTKA,
BTOPUYHOTO IyJhCa W BHEMYJIBCHOTO HWHTEPBAJIA.
I'maBHOW TpoOIEeMOii 371eCh OBLT y4eT HEOOHOPOIHO-
CTH 3aBUCSINEH OT JIMHBI BOJNHBI sipkoctH Kpabo-
BuAHON TymMaHHOCTH. Ee moTok coctaBmser mo 30%
OT TIONTHOW WHTEHCHUBHOCTH W3JIydeHHS ITyJibcapa
BHYTpH obnactu pa3smepoM okoio 3" (pa3mep m30-
OpaxeHuil 3Be3n B mepuoi HaOmoneHuit). PoH Ty-
MAHHOCTH HHTEPIIOJIUPOBAJIICA ABYXMCPHBIMU I1OJIM-
HOMaMHU BBICOKOH cteneHu. [Ipoduis sipkocTu 3Be3-

Puc. 44. Cnexmp HZ Her (Her X-1), nonyuennvuii 8
ageycma 2000 e. na BTA ¢ O3CII+KY/]. Jnumens-
Hocmb axcnosuyuu — 30 munym, opbumanvuas gaza
— 0.44 (Ouck omxpwim), asa 35-Onesnoil nepemen-
nocmu — 0.42 (penmeeno8cKuil nyibcap GbIKIOYEH).

Fig.44. The spectrum of HZ Her (Her X-1) obtained
at BTA with the MSS+CSD on 2000 August 8. The
exposure is 30 minutes, the orbital phase is 0.44 (the
disk is open), the phase of the 35-day variability is
0.42 (the X—ray pulsar is “off”).

phase of the orbital period was 0.44, i.e. both the
disk and the hemisphere of the normal component
facing the disk were visible and consequently the
converted X-ray pulses could be recorded. At the
same time, the phase of the 35-day period was 0.42,
that is the X-ray pulsar was “off”. Since optical
pulses were not observed, one may assume with high
degree of probability that the “switching off” of the
pulsar is due to physical reasons — the cessation of
accretion onto the neutron star, but not the screening
of the region of the X—ray radiation generation by the
accreting plasma.

G.M. Beskin, V.G. Debur, A.A Panferov, IL.P. Pan-
ferova, V.E. Panchuk, V.L. Plokhotnichenko

HIGH TIME RESOLUTION PANORAMIC
MULTIBAND PHOTOMETRY OF THE PUL-
SAR NP 0532+21

Phased light curves of the pulsar NP 0532+21 in the
B, V, R bands were plotted. With the aid of a refer-
ence high frequency generator, variations of the mo-
ments of arrival of individual photons of the object
associated with the evolution of the pulsar period and
its first derivative were taken into account. The phas-
ing accuracy of the light curves was no worse than 10
ps. The extraction of the background of the nebula
determined independently in different bands permit-
ted us to plot the curves of variations with the phase
of the period of the proper radiation of the pulsar. In
Fig. 45a the integral image of the pulsar and of the
neighboring star obtained during the main pulse of
radiation, the interval between the pulses, the secon-
dary pulse and the off—pulse interval are shown. Here
the main problem was taking into account the inho-
mogeneity depending on the wavelength of the Crab
nebula brightness. Its flux is up to 30% of the total
intensity of radiation of the pulsar inside a region of
about 3" (seeing during the observations). The back-
ground of the nebula was interpolated by two-—
dimensional high—degree polynomials. The bright-
ness profile of the neighboring star, whose
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JIBI—COCE/IKH, OJIeCK KOTOpOI Ha BEJIMYHMHY IPEBbI-
maer OJIecK IyJjbcapa, MCIOJIb30BajiCS B KauecTBe
OIopHOTO. B paMkax pa3BUTOTO aJrOPUTMA YUHUTHI-
BAJIMCh ¥ HEOJHOPOJHOCTH YYBCTBHUTEIBLHOCTH KOOP-
JIMHATHO—YyBCTBUTEILHOTO JIETEKTOpa (POTOHOB Kak
Ha OodbIIKX (BILIOTH 70 1'), Tak W Ha MaJbIX Mac-
mTabax (2-3") ¢ mMOMONIbI0 PaBHOMEPHON 3aCBETKU
NoJist 3peHus JeTekropa. B koHeuHOM uTOore Obuia
MoJlydeHa JieTalibHas JABYXMEpHas KapTHHA pacrpe-
JACJICHUA SAPKOCTH TYMaHHOCTU B OKPECTHOCTU ITYJib-
capa, 4YTO MO3BOJIMIO ONPENENIUTh YPOBEHb €¢ HM3IIy-
YeHUsI U B 00JIACTH €ro HENOCPEACTBEHHOH JIOKAJIH-
3aIHH.

beumn onpenenenst (B—V) u (V-R) npera usnyyenns
myJbcapa B ceMH (Da30BBIX MHTEpBajax. DTO Iepe-
HUI (QPOHT IJABHOTO MMIIYJIbCA, MUK TJIABHOTO WUM-
nyJbca, 3aAHUN (DPOHT TJIABHOTO HMITYJIbCa, MEXK-
MYJIbCHBIN TPOMEXYTOK, MEPEAHUI (POHT BTOpUY-
HOT'O MMITYJIbCA, MUK BTOPUYHOTO UMITYJIbCA, 3aJHUN
(DpOHT BTOPUYHOTO MMIIYJIbCA, BHEUMITYJILCHOE HPO-
cTpancTBO. CaMbIM Ba)XKHBIM MPEACTABISIIOCH OIpe-
JIeTIeHne XapakTepucTuk nocnenHero. OHU OKa3za-
auck  TakuMmu: B =21.6+£0.4"; V =20.85+0.15™;
R =20.120.15". Jlns cpaBHEHHS NPHUBEAEM YCpPEI-
HCHHBIC IO NEpHUOAY 3BE3AHLIC BCIMYMHBI O6"beKTa:
B=174";, V=16.8"; R=16.3". Pesynsrarsl $poTo-
METPHU CBHAETEILCTBYIOT, YTO JMarpaMma Harpas-
JICHHOCTH ITyJIbCapa HECKOJIBKO YIIUPSETCS C POCTOM
JUIMHBI BOJIHBI, @ CIIEKTP U3JIyYeHHUS! BO BHEITYJILCHOM
MPOCTPAHCTBE OKAa3bIBaeTCsi OoJiee KPYThIM, 4YeM B
Ipyrux (pa3oBBIX MpoMexyTKax (puc. 45b).

I''M. Becxun, B.I'. /lebyp, A.A. Ilangpepos, U.I1. I1lan-
@eposa, B.JI. [Lnoxomuuuenrxo

TEOPETUYECKOE HCCIEIOBAHHUE HA-
BJIIOJATEJIBHBIX ITPOABJIEHHUU O/MU-
HOYHBIX YEPHBIX /IbIP

[IpoBeneH aHaMM3 CyIIECTBYIOIIMX JAHHBIX O Maccax
BO3MOYKHBIX YEPHBIX JBIP U CKOPOCTSIX WX BHKCHUS
B COIOCTaBJICHUM CO CTPYKTYPOH MEX3BE3IHOU cpe-
nbl. [TokazaHo, 4YTO B MOJABIISIIONIEH YacTU TajaKTH-
ki (>90% oGbema) Temi akkperun m' = M'-c*/Legq He
moxet npesbiats 10° — 107, TIpu sTom uepHbie 15I-
pBI, KaK MpPaBWIO, ABIDKYTCA CO CBEPX3BYKOBBEIMH
ckopocTsMu (uncinio Maxa — 2-3). JIumib B XOIOIHBIX
oOjakax MeEX3BE3JHOrO Bojopoaa (n~ 102—105,
T ~ 10%) 1pu ManbIX CKOPOCTAX JBHKeHHs (< 10 KM/C)
TEMIBl aKKpeIU:d OYIyT BENUKH — CBETHMOCTBH Uep-
HBIX JIBIp MOET OCTUraTh 103 - 10% apr/c. Ans -
MUYHBIX B MEX3BE3IHON Cpelie MacIITab0B U BEININH
HEOJHOPOAHOCTEH IUIOTHOCTH M CKOPOCTH aKKPEUus
MpakTHYecKu Bcerna Oyner cdepuueckoil. ITo mpo-
TUBOPEYUT HCXOIHBIM MPE/IIONI0KECHUSIM, BBIJIBHHY-
ThIM B pabax, B KOTOPhIX paCCMaTPHUBACTCS TUCKOBas
aKKpeIyss Ha OJMHOYHBIC YEpHBIC IBIPBI. JleTanpHO
paccMOTpeH mpoliecc aaguadaTHYeCKOro HarpeBa aK-
KpEIHPYIOMEeH Ha YEepPHYIO IBIPY IUIa3MBI C BMOPO-
’KCHHBIM MarHATHBIM 11osieM. [1na3mMa n3Hav9aabpHO SB-

brightness is a magnitude higher than that of the pul-
sar, was used as a reference profile. Within the
framework of the developed algorithm the inho-
mogeneities of the coordinate sensitive photon detec-
tor were also taken into account both on large (up to
1") and on small (2-3") scales with the aid of uniform
illumination of the field of view of the detector. In
the end, a detailed two-dimensional pattern of the
brightness distribution of the nebula in the neighbor-
hood of the pulsar was derived, which made it possi-
ble to determine the level of its radiation in the region
of location of the pulsar.

In seven phase intervals the (B—V) and (V-R) col-
ors of the pulsar radiation were determined. These are
the forefront of the main pulse, the peak of the main
pulse, the backfront of the main pulse, the interval
between pulses, the forefront of the secondary pulse,
the peak of the secondary pulse, the backfront of the
secondary pulse, the off—pulse space. It seemed to be
the most important to determine characteristics of the
latter. They proved to be B=21.6104"
V =20.85+0.15™; R =20.1+0.15™. The stellar magni-
tudes of the object averaged over the period:
B=174";, V=16.8"; R=16.3" are given for com-
parison. The results of photometry suggest that the
beam pattern of the pulsar becomes somewhat wider
as the wavelength increases, and the emission spec-
trum turns out to be steeper in the off-pulse space
than in other phase intervals (Fig. 45b).

G.M. Beskin, V.G. Debur, A.A. Panferov, IL.P. Pan-
ferova, V.L. Plokhotnichenko

THEORETICAL INVESTIGATION OF OB-
SERVATIONAL APPEARENCE OF SINGLE
BLACK HOLES

An analysis of the available data on the masses of pos-
sible black holes and on the velocities of their motion
in comparison with the structure of the interstellar
medium was performed. The accretion rate
m' = M"¢*/Legq. is shown to be not higher than 10 —
107 in the greater part of the galaxy (>90% of the
volume). As a rule, black holes move at supersonic
speeds (the Mach number is 2—-3). Only in cold clouds
of interstellar hydrogen (n~ 10*-10°, T ~ 10%) at low
velocities (<10 km/s) the accretion rates will be high —
the luminosities of black holes there may reach 10 —
10" erg/s. For the scales and the values of density
and velocity inhomogeneities typical for the interstel-
lar medium, the accretion will practically always (ex-
cept for a black hole in a molecular cloud) be spheri-
cal. This inference is clearly at variance with the
original assumptions of some latest papers in which
disk accretion onto single black holes is considered.
The process of adiabatic heating of plasma with a fro-
zen-in magnetic field accreting onto a black hole was
examined in details. Initially plasma is a collisionless
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Puc.45a. Hzo0pasicenus nynvcapa ¢ Kpabe ons pasnuix ¢ghaz e2o kpueoii dnecka 6 nonoce B.

Fig. 45a: The image of the pulsar in Crab for different phases of its light curve in the B band.
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Fig. 45b: The measured colors of the pulsar in Crab depending on the period phase

SBJISIETCSI OECCTOJIKHOBUTENBHON CPElOi, TaKOBOW M
ocTaeTcs BIUIOTH 10 TOPU30HTa COObITHH. TOJIBKO
3aMarHUYeHHOCTh BEIECTBA IO3BOJIIET paccMaTpH-
BaTh MpPOLECC AKKPELMM Kak KBa3Ura3oJMHaMU4e-
ckuil. MaruuTHOe ToNe B cuIy HocTosHcTBa p /H
3¢ PeKTUBHO “3amupaer” 4YacTHLBl B “AIIMK’ Tepe-
MEHHOT'O pa3Mepa, YTO MO3BOJISIET TOBOPHUTH 00 X
annabaTHYecKOM HarpeBe Npu najgeHuu. s 3amar-
HUYEHHOTO BelecTBa Takod HarpeB Ha 25% sddek-
THUBHEE, YE€M IIPHU aKKpPEIMU HICaNbHOrO rasza. Tem-
mepatypa ¢ yMEHBIICHHEM pajnyca pacTeT 3Ha4dH-
TENIBHO OBICTPEE, 3NEKTPOHBI 3HAYMTENIBHO paHbIIE
CTaHOBSITCS PENATUBUCTCKUMU, U aKKPEIIMOHHBIH O~
TOK OKa3bIBa€TCs CYIIECTBEHHO OOJjiee TOpsSYMM, YeM
MPEJCKa3bIBAJIOCH PAHEe.

Beut paccMoOTpeH mpouecc JuccUnaluy B MOTOKE
M30BITOYHOI MarHUTHON SHEPTUH N3—3a KOHBEPCUH

same to the horizon of events. It is only the magnetic
fields contained in matter that allows the accretion
process to be treated as quasigas—dynamic. Due to the
conservation of the adiabatic invariant p2/H, the
magnetic field “locks up” the particles in a “box” of
variable size, which suggests their adiabatic heating
during accretion. Such heating for magnetized matter
is by 25% more efficient than in accretion of ideal
gas. Correspondingly, as the radius decreased the
temperature rises much faster, the electrons become
relativistic considerably earlier, and the accretion
flow turns out to be appreciably hotter than it was
predicted earlier.

The process of dissipation in the flow of the excess
magnetic energy caused by the magnetic energy con-
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MarHUTHOM SHEPTUH B TYpOYJIEHTHBIX TOKOBBIX CJIO-
ax. Ilpm sToM BO30OYXKIArOTCS pa3IUYHBIE MOJIBI
TUIA3MEHHBIX KOJIeOaHM, MPOUCXOJUT TMepe3aMbl-
KaHHE MarHUTHBIX CHJIOBBIX JIMHUH, BHIOPAChIBAEMbIX
BMECTE C IJIa3MOH M3 TOKOBOTO CIIOSI, M YCKOPSIFOTCS
9NeKTpOHBI. [IydKM YCKOPEHHBIX BJIEKTPOHOB, BBI-
CBEUYMBAsl CBOIO DHEPIHIO NPH [BH)KEHHU B MAarHUT-
HOM I10JI€, TEHEPUPYIOT JIOMOJHUTEIBHYIO TI0 OTHO-
IMIEHUI0O K CTaHAApPTHOMY TEMJIOBOMY CHHXPOT-
POHHOMY U3JIyYEHHUIO HETEIUIOBYIO KOMIIOHEHTY. Ilo-
CKOJIBKY OHH MMEIOT CTEIIEHHOE paclpefieleHue 1o
9HEPIUsM, CABUHYTOE IO OTHOLIEHUIO K MAaKCBEIN-
JIOBCKOMY pacripelieJIeHNI0 (POHOBBIX YacTHIl B CTO-
pOHY 60JIBIINX TaMMa—(aKTOPOB, ITyYKH ITOPOKIAIOT
JKECTKOE M3JTy4eHHE C TUIOCKUM CIIEKTPOM BILIOTH JI0
raMMa Jrara3oHa.

BaxHoli 0COOEHHOCTBIO HETEIIOBOTO HW3IYYCHUS
SIBIISIETCSI €r0 BCIBIIIECYHBIN XapaKTep — 3JIEKTPOHBI
BBIOPACHIBAIOTCS OTAEJIBHBIMH MOPUUAMH. beiam mo-
CTPOEHBI TUITNYHBIE KPUBBIC OI€CKA TAKUX BCIIBIIIEK.
Nmeetcs craaus pe3skoro BO3pacTaHUsl UX UHTEHCHB-
HOCTH TIpH NPUOIMKEHUH IyYKa K TOPU30HTY COOBI-
Tui. [lapameTpbl 3TUX BCIUIECKOB MOIYT COAEpXkKaTb
nH(OpPMALUIO O CTPYKTYpE MPOCTPAHCTBa—BPEMEHH B
HETIOCPEJCTBEHHON OKPECTHOCTH TOPH30HTa COOBI-
TUUI YEPHOU JBIPHIL.

I'.B. Becxun cosmecmno ¢ C. Kapnogvim (MI'Y)

I'PABUTAIUOHHOE JIMH3NPOBAHUE B
JABOMNHBIX CUCTEMAX, KAK CITIOCOB Ob-
HAPYKEHUS PEJSITUBUCTCKHUX OBBEK-
TOB

[MomHOCTRIO 3aBepmieHO paccMoTperne d(pdexra u
MIPOAHATM3MPOBAHA CTPATETHsI €ro OOHAPY KEHHMS.
ITocnennsist Ga3upyercst HA COBPEMEHHBIX ITapaMeT-
pax CioaHOBCKOT0 0030pa M BO3MOXHBIX XapakTe-
PUCTHKAaX TEJIeCKONOB Omkaimero  OyIymiero
(DMT, LAMOST, VISTA). IIpu oueHke BepoSTHO-
cTH oOHapyxeHus dddekra ydTeHsl pacrupeesieHne
TIOTJIOIIAIONIEr0 BELIECTBA M paclpeselieHue nap B
lNanmaktuke. bputo Mosy4eHo, 4TO ONTHMalIbHOE Bpe-
Ms OKCIIO3MI[MH OIHOTO TOJs pasMepoMm 2.5°x2.5°
IIPU TIOWUCKE Tap OeNbIX KapJiMKOB COCTaBisieT 6—7
HOYeH, a TpH MOUCKE Map, COCTOSIMX M3 Oenoro
KapJIMKa U YEPHOM JBIPBI WJIM HEUTPOHHOM 3BE3bI, —
OKO0JIO OJIHOHM HOuHM. B KOHeUHOM HTOTE, 3a 5 JIeT MOo-
HUTOPHHTAa MOXXHO OOHapyXHUTh ¢ TIOMOIIBIO d(hdek-
Ta TPaBIMH3UPOBAHUA OT 15 10 50 map KOMITaKTHBIX
00BEKTOB.

I'M. becxun coemecmno ¢ A. Tynyosvim (MI'Y)

conversion in turbulent current sheets was consid-
ered. In addition different modes of plasma oscilla-
tions are excited, reconnection of magnetic force
lines occurs which are ejected from the current sheet
collaboration with plasma, and the electrons are ac-
celerated. The last phenomenon appears to be of
prime importance from the point of view of observa-
tional evidence of the accretion flow. The beams of
accelerated electrons emit their energy when moving
in the magnetic field and generate a non—thermal ad-
ditional component with respect to the standard ther-
mal synchrotron radiation. Since they have the expo-
nential energy distribution shifted relative to the
Maxwell distribution of background particles towards
large gamma factors, the beams give rise to hard ra-
diation with a flat spectrum up to the gamma range.

An important distinguishing feature of the non-
thermal radiation is its flashing character: the elec-
trons are ejected in a discrete manner (by individual
portions). Typical light curves of such outbursts were
derived. There are stages of abrupt increase in their
intensity as the beam approaches the horizon of
events. The parameters of these outbursts may con-
tain information about the structure of space—time in
the immediate vicinity of the event horizon of the
black hole.

G.M. Beskin in collaboration with S. Karpov (MSU).

GRAVITATION LENSING IN BINARY SYS-
TEMS AS A MEANS OF DETECTION OF
RELATIVISTIC OBJECTS

The study of the effect of gravitational lensing was
completed and the strategy of its detection was ana-
lyzed. The latter is based on the present-day parame-
ter of the Sloan DSS and possible characteristics of
telescopes of the nearest future (DMT, LAMOST,
VISTA). When estimating the probabilities of detec-
tion of the effect, the distribution of absorbing matter
and the distribution of pairs in the Galaxy were al-
lowed for. The optimum exposure time of one field
of 2.5° x2.5° in size was 6—7 nights, whereas in
searching for pairs consisting of a white dwarf and a
black hole or a neutron star it was about one night. In
the end, during a five-year monitoring, using the ef-
fect of gravitation lensing, one can detect from 15 to
50 pairs of compact objects.

G.M. Beskin in collaboration with A. Tuntsov (MSU).
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