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OU3UKA 3BE3]]

OPBUTBI HOBBIX JIBOMHBIX
OTKPBITBIX CITYTHUKOM I'IIIITAPX

3BE3/L,

Camble (yHIaMEHTAIbHBIC MapaMeTphl 3BE3I —
MacChl — MOTYT OBITh YCTAHOBJCHBI TOJBKO U3
OpOUTANLHOTO JBIOKCHHMS JBOMHBIX cucTeM. Jljis
MPOBEPKH TEOPUIM CTPOEHUSI 3B€3]l MU MX D3BOJIOLUU
3BE3JHBIC MAacChl JIOJDKHBI OBITH  OINpPENCICHBl C
TOYHOCTBIO He xyxe 2%. [l Apyrux npUMeHEeHUH,
TaKuX, Kak HCCIICIOBAHUS SMIUPUIECKUX
pacmpeneneHuii  3Be3m IO MaccaMm, TepHOJaM U
SKCIEHTPUCHUTETAM, JOCTATOUYHOW SBISETCSA TOYHOCTH B
10%.

Jlo HeaBHEro0 BpeMEHHU OYEHb TOYHBIE MACCHl OBUIN
YCTAHOBJIEHBI TOJIBKO JJii KOMITIOHEHTOB 3aTMEHHBIX
CIIEKTPAJIbHBIX JBOMHBIX 3Be3[. [IoaTOMY 3Mnupudeckas
3aBUCHMOCTh ~ Macca-CBETMMOCTh  OblIa  HaJeKHO
oInpejiesieHa B IuMana3oHe oT no3aHux B- 1o nmoznxux F-
knmaccoB. Jlnst Oornee MO3MHMX KIACCOB 3aBUCHMOCTH
OCTaBaJlach IJIOXO HM3YyYEHHOM, HECMOTpsl Ha TO, 4YTO
90% 3Be3q B HAMHAX OKPECTHOCTAX  SIBISFOTCS
KapJIuKaMu ¢ MaccaMmu MeHbIe, ueM y Comama. Hobie
TOYHBIE MAacChl CTaJId BO3MOXXHBIMH B ITOCIICIHUE TOJIBI
Omaromapsi COYETaHWIO TPENHU3WOHHOTO MOHHTOpPHHTA
JIy4eBbIX CKOpPOCTEH JBOWMHBIX 3BE€3J CO CIIEKI-
HHTEPPEPOMETPHUECKIMHU M3MEPEeHUSIMHI ux
OTHOCHUTEIIbHBIX BUIUMBIX JIBIIKCHHU.

Hamu Obuia moaroroeieHa BBIOOpKa — OJM3KHX
JBOWHBIX 3Be3N (pacctosHme M0 50 mK) ¢ ManbIMu
PACCTOSIHUSIMA MEXAYy KOMIIOHEHTaMH U3 CIIMCKOB
HOBBIX TMap, OOHAPYXEHHBIX  ACTPOMETPHUYCCKIM
cnyTHHKOM  [wmmapx B 1991 r.  Crexi-
nHTephepoMeTprUecKiie HAOIIOACHUS IMap HAa4YaIuCh Ha
BTA B 1998 r. u mO3BOJNMIM B HACTOSIIEE BpeMs
OTIPEINIUTh BUAMMBIE opOUTHI 1y 6 map (puc. 30). Ux
TePUOILI 3aKITI0YCHBI B AuanazoHe oT 5.9 mo 28.3 ner.
[TapaniensHO HAMH TTOTYYEHBI PA3HOCTH OJIeCKa MEXIy
KOMITIOHEHTaMHU Tap B pa3HbIX ydacTKax crekrpa. Tpu
cuctemsl sBisitorcss G- 1 K-xapnukamu, a octajibHbe —
M-kapnuku. CyMMapHbIE MacChl CUCTEM BBIYMCIEHBI C
touHocTsMH OT 10% n0 30%, npuuemM JOMUHHUPYIOLUIMM
HWCTOYHHKOM OIIUOOK SIBIISIOTCS ONIMOKH MapajliaKkCoB,
ompeneneHHbIX [wmmapxoM. Jlas yTOYHEHUS Macc
MMOHANOO0SATCA  [UINTENBHBIE  M3MEpPEHHS  JYYEeBBIX
CKOpocTell 3Be3n WIn/U Oojiee TOYHBIC ONpEACICHUS
PacCTOSIHUN B XO/1€ HOBBIX aCTPOMETPUUYECKUX MUCCHM.
UU. Baneza, 10.I0. Baneza,
3.V. lllxazoweea  coemecmuo ¢
M. Llepmaom, I'. Baiieenomom

paouoacmponomuu  um. M. Ilnawuka,
Onybauxosano 6 A&A 433, 591-596 (2005).

E.A. Inyscnux  u
K. Xogmanonm,
(Uncmumym

Tepmanus).

STELLAR PHYSICS

ORBITS OF NEW BINARIES DISCOVERED BY
THE HIPPARCOS SATELLITE

The most fundamental parameters of stars,
stellar masses, can only be derived from the orbital
motion of binary systems. To test the models of stellar
structure and evolution, stellar masses must be
determined with an ~2% accuracy, while for other
applications, such as the study of empirical distributions
of mass ratios, periods and eccentricities, an accuracy
of ~10% is sufficient.

Until very recently, very accurate masses were
available only for double-lined detached eclipsing
binaries. The empirical mass-luminosity relation was
therefore well-constrained only for late-B to late-F stars
of the main sequence. For later spectral types the
relation was remaining poorly determined, despite the
fact that in the solar neighborhood at least 90% of stars
have smaller masses than the Sun. New accurate masses
became possible due to speckle measurements of
binaries’ relative visual motions in combination with
their high-precision radial velocity monitoring.

We have defined a sample ofnearby binaries
(distances within 50 pc) with small separation between
components from a list of new pairs discovered by the
Hipparcos astrometric satellite in 1991. The BTA
speckle interferometic observations of pairs started
in 1998 and presently permitted to determine visual
orbits for 6 pair (Fig. 30). Their periods lie in the range
between 5.9 and 28.3 years. Concurrently we obtained
the luminosity difference between components in pairs
at different parts of spectrum. Three systems are G and
K dwarfs and the others are M dwarfs. The sum masses
of systems were calculated accurate from 10% to 30%,
the dominating source of errors being errors of
Hipparcos parallaxes. To determine more precise
masses, the long-term measurements of radial velocities
of stars or/and more precise determination of distances
in new astrometric missions will be necessary.

LI Balega, YY. Balega, E.A. Pluzhnik, Z.U.
Shkhagosheva in K.-H. Hofmann, D. Schertl,
G. Weigelt (Max-Planck-Institut fiir Radioastronomie,
Auf dem Hiigel 69, 53121 Bonn, Germany) Published in
A&A 433, 591-596 (2005)
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Puc.30. Buoumvle snnuncel opoum wecmu HOBbIX 080UHbIX 38e30 u3 cnucka [unnapxa. Cnexn-oannvie ¢ BTA
NOKA3aHbl 3AN0JTHEHHLIMU KPYJICKaMU, opyeue unmepgepomempuieckue HAOMO0eHUsT — OMKPLIMbIMU KPYICKAMU, d
nepgvle nabnodenus ¢ Tunnapxa — mpeyeonvuukamu. Obosnauenvt makoce (O-C)-gekmopuvl uzmepenuti, 0OHAKO 8
bonvuiuHCcmee CIyyaed OHU MeHblde, YeM pasmepbl camux Kpyoickos. Hanpaenenuss Osuoicenusi 8mopuiHvix
KOMNOHEeHmMOos8 no opbume obosnauenvl cmpenkamy. CRIOWHAS NPsAMAs YKA3bIeAem HA NONOJNCeHUue nepuacmpd, d
NYHKMUpHAas aunus obo3nayaem aunuto y3nog. Cegep 8eepxy, 6ocmox ciesa. Ilynkmupnvle Kpysicku 0003Ha4aiom

paouyc 0.1".

Fig. 30. Apparent ellipses representing orbits of six new binaries from the Hipparcos list. BTA speckle data are
indicated by filled circles, other interferometric data by open circles, Hipparcos first measurements by triangles.
Residual vectors for all measures are plotted, but in most cases they are smaller than the points themselves. The
orbital motion direction is indicated by an arrow. The solid line shows the periastron position, while the dot-dashed
line represents the line of nodes. North is up and east is to the left. The dashed circle has a radius of 0.1".

HNCCIEJOBAHUE GRB

GRB 050408. B paMkax COBMECTHOW HpPOTpaMMEI IO
ONTHYECKOMY  OTOXKICCTBICHHIO  T'aMMa-BCIJIECKOB
(CAO PAH + TAA CSIC, Granada, Spain) 8 ampenst
2005 r. Ha teneckorax CAO PAH (1-m Teneckom Lletic-
1000 u 6-m Teneckon BTA) ObUIO OTKPBITO ONTHYECKOE
nocnecBeuenne GRB050408. [TepemenHbiii 00bEKT ObLI
HAMH BIIEPBbIC OOHAPYKEH TOJBKO MO COOCTBEHHBIM
JNAHHBIM B 00JacTH JIOKATW3aIllii T'aMMa-BCILIECKa
kocMmuueckod  obcepsatopun  HETE wu  3arem
MIOJTBEPXK/ICH pe3ysIbTaTaMH HalllMX K€ HaOIoJeHUH B
CAO PAH. MHoromonocHble (OTOMETPHUYECKHE
HAOMIOAEHUS OSTOTO TMEPEMEHHOr0 O0BeKTa OBLIH
MIPOJIOJIKEHBI 3aTeM Koimabopanuei u3 10 Teneckomnos:
CAO PAH, MWcnanusa, [Hanwus, Aunrmsg, HWaaus,
TaiiBanp, Snonus (puc. 31). B pesynsrare, Ha 6-if JeHD
ObUI0 O0OHapyXXeHO HeoObIYHOE YyBeJIHYeHHe Onecka
o0bekTa, NMpUpOAa KOTOPOrO MOXET OBbITh CBsi3aHa C
IUIOTHOW O0OJIOUKOW BOKPYI MAaCCHUBHOH  3BE3JbI-
npapoxutensHunel - SN/GRB. C yderom  kpacHoro
cmemenns z=1.2357, nabOmomaemass HEMOHOTOHHOCTH
(HEOJHOPOJHOCTH) HA KPUBOH OJecka aHaJIOTHMYHA TOH,
KOTOpas HabJro1anach B ONTHYECKOM MOCIECBEYCHUHT

STUDY OF GRBs

GRB 050408. Within the framework of a joint program
on optical identification of GRBs (SAO RAS + IAA
CSIC, Granada, Spain), on April 8, 2005, an optical
afterglow of GRBO050408 was discovered with SAO
RAS telescopes (the 1 m Zeiss telescope and the 6 m
BTA telescope). We were first who detected a variable
object in a gamma-ray burst area localized by the space
observatory HETE and then confirmed it by our
observations in  SAO. Multi-band photometric
observations of the object were then continued by a
collaboration of 10 telescopes: SAO RAS, Spain,
Denmark, England, India, Taiwan, Japan (Fig. 31). As a
result, on the 6™ day an unusual increase of the object
luminosity was detected what can be related to a dense
envelope around a massive star-progenitor of SN/GRB.
Taking into account the red shift z=1.2357, an observed
nonmonotonic (inhomogeneous) character of the light
curve is analogous to what was observed in the optical
afterglow of GRB 050708 (the luminosity increase 1.5™)
on the 2¢ day after the gamma-ray burst itself.
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Puc. 31. I[lonnas kpusas brecka nepemeHHo20 ONMu4ecko2o 00vbeKma, HalOeHHO20 NO OAHHbIM HAOI0OeHul 1-m u 6-
m meneckonos CAQO. Omxpvimoule Kpyosicku - nepsvle Habmoodenus R, B, V, nposedennvie 6 CAO (onybauxosano ¢ GCN
#3192 u GCN #3197). 3akpvimvle kpyscku - Habnooenus 6 gurvmpax B, V, R u I, nposedennvie ocmanbHbiMu
yneHamu medxncoyHapoonou Konabopayuu 10 meneckonog ¢ ucnonvzoganuem oannvix CAO PAH.

Fig. 31. The complete light curve of a variable optical object detected by observations with the 1 m and 6 m SAO
telescopes. Empty circles are for the first R, B, V observations carried out in SAO (published in GCN #3192 and GCN
#3197). Filled circles denote B, V, R, I observations fulfilled by other members of the international collaboration with
the use of SAO’s data.
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Puc. 32. a: I'nyboxuti chumox noas GRB 050509b 6 gpunvmpe R, coenannwiti Ha 6-m meneckone 11 mas 2005 2. Bxrao
INMUNMUYECKOU 2ANAKMUKY, OMMEUEHHOU KPeCMUKOM (66epxy), Oblil gblumeH, 4mobbl 1yuule HOKA3amsb cOOePAICUMOe
ookca owumbok SwiftXRT (snusy). Yrkazanvi 6 ucmounuxos SI1-S6 6 npedenax smoco 6Ookca. Ilone cocmasnsem
45"x20". b: Ilooeonka cunmemuuecko2o cnekmpa K wupokononociomy BRIJHK cnexmpy npeononacaemou
POOUMENbCKOU  (INMUNMUYECKOU) 2ATIAKMUKU IMO20 2AMMA-BCNIECKA, OMMEYEHHOU HA DUCYHKE (a) KPeCHmuKOM.
THonyuena oyenra ospacma snaunmuyeckou eanaxmuxu ~250 Myr.

Fig. 32 a: Deep R image of GRB 050509b obtained with the 6 m telescope on May, 11, 2005. Contribution of the
elliptical galaxy (top) was subtracted to show the content of the SwiftXRT error box (below). 6 sources S1-S6 are
indicated within this box. The field is 45"x20". b. Fitting of a synthetic spectrum to the wide-band BRIJHK spectrum
of the supposed (elliptical) host galaxy of this gamma-ray burst denoted by the cross in Fig.a. An obtained estimate of
elliptic galaxy age is ~250 Myr.


http://gcn.gsfc.nasa.gov/gcn3/3192.gcn3
http://gcn.gsfc.nasa.gov/gcn3/3192.gcn3
http://gcn.gsfc.nasa.gov/gcn3/3197.gcn3
http://gcn.gsfc.nasa.gov/gcn3/3192.gcn3
http://gcn.gsfc.nasa.gov/gcn3/3197.gcn3
http://gcn.gsfc.nasa.gov/gcn3/3197.gcn3
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GRB 050708 Ha BTOpOI#i NeHb (oxbeM Giecka Ha 1.5™)
T10CJIe CaMOr0 raMMa-BCIUIECKaA.

T.A. @amxyanun, B.H. Komaposa,
coemecmuo ¢ A. Kacmpo-Tupaoo
acmpodghuzuku Anoanycuu, Mcnanus)

B.B. Cokonosg
(Uncmumym

GRB 050509b. B mae 2005 r. MBI IpUHSIH y4acTHE B
OTOXKJECTBICHUN KOPOTKOTO ramMMa-BCIIIECKa
GRB 050509b, naiinennoro oocepsaropueir SWIFT. Ha
BTA wuccnenoBana o6nacTe JIOKIM3AlMK BCILUIECKA JI0
26™  (puc. 32a). POAMTENHLCKON — rajakTHKOM
GRB 050509b sBisiercsi, ckopee BCEro, COCCIHSSA C
00JaCThIO JIOKAU3AIMK SJUTMITHYCCKAs TaJaKTHKa Ha
7z=0.225 (puc. 32b). Takum oOpazomM, Hama Tpymrma
MPHUHSIA YYaCTHE B CAMBIX IIEPBBIX OTOXICCTBICHUSIX
KOpoTkux (< 2c¢) ramma-BciuieckoB. Cpemm ramma-
BCIUIECKOB,  OTOXKIECTBICHHBIX B  omThke  (C
JJUTANITAYECKUMHM  TajlakTukamu)  Jetom 20051,
GRB 050509b — camplii IepBBI.

T.A. @amxyanun, B.H. Komaposa, B.B. Cokonog

Teopusi. 1. J[lismmecs Oosnee 2c¢  (JUIMHHBIR)
KOCMHYECKHE T'aMMa-BCIUIECKHA CBS3BIBAIOT Ceiyac co
B3pbIBaMU MaccuBHbIX SN. OHM OTOXXIECTBIIAIOTCS B
OIITHKE c POIUTEITHLCKUMHU TaJIAKTHKAMH,
PACIIOJIOKEHHBIMH Ha KOCMOJIOTHYECKUX PACCTOSIHUSIX
(6omee 1 I'nx) ¢ kpacHBIMU cMeIeHISIMEA OKoJo 1 (1 1o
7~10). Ilpu MOOeTMpPOBaHNHU pacCIIpEICICHUS SHEPTHH B
criekTpax omHoW w3 Takmx Tamaktuk (GRB 021004,
7z=2.3) HCIIOJIb30BATINCH pe3yIBTATHI HaITuX
uccienoBanwuii (astro-ph/0506544)

GRB MoOxeT comnpoBOXIATbCA MPOAOIIKAIOIUMCS
HECKOJIbKO JHEH ONTHYEeCKUM IIOCICCBCUCHHEM, B
KOTOPOM HAaOJIIOJJAI0TCS XapaKTEPHBIC CIEKTPAIbHBIC W
(doToMeTpuUecKre TMPU3HAKKH MAcCUBHBIX SN, OOBIMHO
tunoB Ib wmm Ic (kak 3T0 HabMIONAIOCH HAMHU B CiTydae
GRB 030329, astro-ph/0505535). B 2005 r. namm
HCCIIEIOBAaHA  POAUTEIIbCKAs rajlakTHKa  3TOTO
saameHutoro GRB 030329 — ramaktmka ¢ HH3KOH
METAJUIMIHOCTHIO 1 HHTEHCHUBHBIM 3Be371000pa30BaHIEM
Ha z=0.17. TlomydeHBl CHEKTPHI W pacIpeneicHue
sHepruu (puc. 33, astro-ph/0508541, astro-ph/0507488).
T.A. @amxyanum, B.B. Cokonoe COBMECMHO c
A. Kacmpo-Tupado u  C. [Tysuem  (Hncmumym
acmpodgpusuku Anoanycuu, Ucnanus)

Teopusi. 2. B 2005 romy wuccienoBansl 3¢dexTs
KOJUITMMALIUKM KECTKUX (OTOHOB M APYrHe BO3MOXKHBIC
HaOmoaTeNbHbIe MPOSIBIICHUS YTJIOBOTO "
CHEKTPAIBHOTO pacrpezneiacHust (HOTOHOB B HCTOYHHKAX
raMma-BcIuieckoB. Pedr mumer 00  anbpTepHaTHBE
peNATHBUCTCKOMY (haepOoIry, eCiii ISHCTBUTENBHO BCe
“INIMHHBIC” TaMMa-BCIUIECKH (DHU3MYCCKH CBSI3aHBI C
HOPMaJIbHBIMU/HENEKYJISIPHBIMH MacCUBHBIMHU
CBEPXHOBBIMM. B pamkax npenoyoKeHUN CBOEH
MOJENH MbI  paccMoTrpend  3QQeKTsl  JaBlIeHUs
U3JIyYeHHEM W TO, KaK JDKEThl BO3HHKAIOT BCIICICTBHE

T.A. Fatkhullin, V.N. Komarova, V.V. Sokolov, in
collaboration with Alberto J. Castro-Tirado (IAA-CSIC,
Spain)

GRB 050509b. In May 2005 we took part in
identification of the short GRB 050509b discovered by
the SWIFT observatory. The burst localization region
was investigated with the BTA down to 26™ (Fig. 32a).
The most probable GRB 050509b host galaxy is a
neighbor elliptic galaxy at z=0.225 (Fig. 32b). Thus, our
group participated in the very first identifications of
short (<2s) gamma-ray bursts. GRB 0505090 is the very
first gamma-ray burst among ones identified in optical
with elliptical galaxies in Summer 2005.

T.A. Fatkhullin, V.N. Komarova, V.V. Sokolov

Theory. 1. The long gamma-ray bursts lasting more
than 2 seconds are now thought to be related with
explosions of massive supernovae. They are identified in
optical with host galaxies located at cosmological
distances (> 1Gpc) with red shift about 1 (and up to
z~10). The results of our investigations were used in
modeling the energy distribution in spectra of one such
galaxy (GRB 021004, z=2.3) (astro-ph/0506544).

A GRB can be accompanied with an optical
afterglow lasting several days with typical spectral and
photometrical features of massive SNe usually of types
Ib or Ic (as we observed in the case of GRB 030329,
astro-ph/0505535). In 2005 we studied the host galaxy
of this famous GRB 030329 — a galaxy at z=0.17 with a
low metallicity and intensive star-forming. Spectra and
energy distribution were obtained (Fig. 33, astro-
ph/0508541, astro-ph/0507488).

T.A Fatkhullin, V.V. Sokolov in collaboration with
A.J. Castro-Tirado and S. Guzij (IAA-CSIC, Spain)

Theory. 2. In 2005 the effects of collimation of hard
photons and other possible observational manifestations
of angular and spectral photons distribution in gamma-
ray burst sources were studied. The case in point is an
alternative to a relativistic fireball, if all “long” GRBs
are related indeed with normal/non-peculiar massive
supernovae. Within the framework of assumptions of
this model we considered effects of radiation pressure
and how jets arise due to even small asymmetry of
powerful radiation field in the (compact) burst source
itself. Possible mechanisms of GRB formation in


http://au.arxiv.org/abs/astro-ph/0506544
http://au.arxiv.org/abs/astro-ph/0505535
http://au.arxiv.org/abs/astro-ph/0508541
http://au.arxiv.org/abs/astro-ph/0507488
http://au.arxiv.org/abs/astro-ph/0506544
http://au.arxiv.org/abs/astro-ph/0505535
http://au.arxiv.org/abs/astro-ph/0508541
http://au.arxiv.org/abs/astro-ph/0508541
http://au.arxiv.org/abs/astro-ph/0507488
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Jaxke HEOONBIION acMMMETPUM  MOIIHOTO  IOJIS
W3Iy4eHHss B caMOM  (KOMIITaKTHOM) HCTOYHHKE
Bcrutecka.  OOCY)KHAlOTCSI BO3MOKHBIE ~ MEXaHU3MBI
obpasosanns GRB B obmactsax pasmepom 10° cm
(komMmakTHas MOJIETTh ramma-BCIUIECKa).
PaccmaTpuBaroTCst HaOJIOATEIIbHBIC CIEACTBHS TAKOTO

“koMTIaKTHOTO”’ SHEproBhIeneHus st GRB-Bembimek.

B.B. Cokonog cosmecmno ¢ B.I. Kypmom (AKL]
®UAH), [I.C. Buchosamvim-Koecanom (UKHU PAH),
IO.H. I'neounvim (I'AO  PAH), FO.B. Fapviuiesvim
(CIloI'y)

ergcm’ s

F, (107"
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regions of size 10° cm (a compact model of GRBs) are
discussed. Observational consequences of so “compact”
energy release for GRBs are considered.

V.V. Sokolov in collaboration with V.G. Kurt (ASC
FIAN), G.S. Bisnovaty-Kogan (IKI RAS), Yu.N. Gnedin
(MAO RAS) and Yu.V. Baryshev (SPSU)
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Puc. 33. Habmooaemoe pacnpederenue sSHepeuu u CUHMEMUYECKUN CHeKmp O POOUMENbCKOU 2anaKmuKu

GRB 030329 om onmuueckozo 0o UK ouanasona.

Fig. 33. The observed energy distribution and synthetic spectrum for the GRB 030329 host galaxy from optical to IR

range.

OIIEHKA NPOCTPAHCTBEHHOH CKOPOCTH
IIYJBbCAPA PSR B1951+32 IO KUHEMATHKE
n MOP®OJIOI'NA MYJbCAPHON
TYMAHHOCTHN

[To wnaOmoneHusiM okpecTHocTel myibcapa PSR
B1951+32 B crapom octatke cBepxHoBOoii CTB 80,
npoBeneHHbIM Ha 6-m Teneckonie CAO PAH ¢
TIOMOIIBIO uHrephepomerpa ®abpu-Ilepo, B
MyJIbCAPHOW TYMaHHOCTH KpOME W3BECTHOTO paHee
pacuIMpeHust CHCTEMBI SIPKHX BOJIOKOH CO CKOPOCTBIO
100-200 km/c 0OHapysKeHbI cliadble BHICOKOCKOPOCTHBIE
(mo 400-450 xm/c) aeranu B juaud Ho. Broepsbie 1o
HCCIIEIOBAaHUIO KNHEMATHKH ITyJIbCAPHONH TYMaHHOCTH U
u3 aHanmza ee Mopdonorun B smHusx Ha, [SII], [OIII]
O JIaHHBIM  apXMBa  KOCMHYECKOTO  TEeJecKoIa
uM.Xab0a (puc.34) yTOYHEHO HANPABJICHUE TBUKCHUS
mynscapa. @opMa LEHTPaJIbHOW TOHKOBOJIOKHHCTOM

ESTIMATION OF SPACE VELOCITY OF THE
PULSAR PSR B1951+32 BY KINEMATICS AND
MORPHOLOGY OF A PULSAR WIND NEBULA

Observing vicinity of the pulsar B1951+32 in an old
remnant of the supernova CTB 80 with the SAO 6 m
telescope using the Fabry-Perot interferometer we
detected faint high-velocity (up to 400 — 450 km/s)
details at the line Ha in the pulsar wind nebula beside a
previously known expansion of the system of bright
filaments with the velocity 100-200 km/s. The
direction of pulsar motion was first specified by
studying kinematics of the pulsar wind nebula and by
analysis of its morphology in the lines Ha, [SII], [OIII]
by archive data of the Hubble Space Telescope (Fig. 34).
A shape of the central fine-filamented envelope
determined by radiation in the line [OII] and in radio
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o0omouky, onpeensemMas u3nydennem B ymHEH [OIII]
U B paauo KOHTHHYYME, COIJIaCyeTcs C MOJEIbIO
TOJIOBHOW yJIapHOM BOJIHBI IIPU 3HAYUTENHEHOM (OKOJIO
60°) HaKIOHE BEKTOpa CKOPOCTH IMyJIbcapa K KapTHUHHON
mwiockoct (puc.35). B 3ToM ciydae mpocTpaHCTBEHHAS
CKOPOCTH IyJbcapa BJBOE BBIINIE €0 TaHT€HIMAIbHON
ckopoctH, T.e. mocturaer 500 km/c. PSRB1051+32 —
HEPBBIA IyJIbCap, CKOPOCTh KOTOPOrO OLCHEHa U3
HaOMIONCHUIT MyJbCapHOW TyMaHHOCTH. B pamkax
obweit cxemplt CTB 80, yuuThIBaromeil mnocnenHue
JaHHBIC HaGHIO,HeHI/Iﬁ B OIITUYCCKOM 14 paguo
JMara3oHax, OoJiblasi IPOCTPAHCTBEHHAS CKOPOCTH
IyJbcapa He MPOTHBOPEUUT €ro MOJIOKEHHIO B INIOTHOU
000JI104Ke CTaporo 0CTaTKa BCIIBIIIKA CBEPXHOBOM.

B.H. Komaposa, A.B. Moucees COBMECHO c
T.A. Jlosunckou (TAHULL MT'Y), C.H. Bnunnuxosvim
(UTOD). Onybnurosaro 6 ITAXK, 2005, , 31, 4, 269
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continuum conforms to the model of a head shock wave
at a considerable inclination (about 60°) of the pulsar
velocity vector to the image plane (Fig. 35). In this case
the pulsar space velocity is twice its tangential velocity,
i.e. it reaches 500 km/s. PSRB1051+32 is the first pulsar
whose velocity is estimated by observations of the
pulsar wind nebula. Within the framework of a general
scheme of the CTB &80 accounting for recent
observational data in optical and radio, a large space
velocity does not contradict its location in a dense
envelope of the old remnant of supernova explosion.

V.N. Komarova, A.V. Moiseev in collaboration with
T A. Lozinskaya (Sternberg Astronomical Institute),
S.I. Blinnikov  (Institute  for  Theoretical and
Experimental Physics). Published in Pis’'ma v AZh,
2005, , 31, 4, 269

Puc.34 Kombunuposannoe uzoopaxcenue siopa CTB 80
no HAOMOOCHUAM HA KOCMUYECKOM MeNecKone um.
Xab6na 6 nunuax [OIll] (F502N), Ha (F656N) u [SII]
(F673) ¢ nanoscenuem usogpom paouounyyenus Ha 1.5
I'Ty no nabnrwoenusm VLA.

Fig.34. A composite image of the CTB 80 nucleus by
observations with the Hubble Space Telescope in the
lines [OIll] (F502N), Ha (F656N) and [SII] (F673)
superposed with isophots of 1.5 GHz radio emission by
the VLA observations.

Puc.35 Tonosnas yoapnas 6onna, HAKIOHEHHAsT NOO
yenom 60° Kk KapmuHHOU MAOCKOCMU  (U30IUHUU
nocmosHo2o 0), 8blOPAHHAsL NO HAULYYULEMY CO2NACUIO
¢ uzobpascenuem 6 aunuu [OIIl], coemewennas c
uzobpasicenuem mymannocmu 6 aunuu Ho u ¢ penmeene
(uzopomet) no nadrodenusim na Chandra.

Fig.35. A head shock wave inclined at angle of 60 °
the image plane (isolines of a constant 0), selected by
the best agreement with image in the line [OIIll]
superimposed with nebula image in the line Ho and in
X-ray (isophots) by observations with Chandra.
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IMPEACBEPXHOBAS U CBEPXHOBAS SN2004dj
B I'AJIAKTHKE NGC2403

CeepxnoBas 3Be3ma SN2004dj Osiia oOHapyxeHa B
ramaktuke NGC2403 B xonme wurons 2004 r. Twun
cBepxHoBoit SNIIP  o3mawaer, d9TO B30pBaJICs
MaccuBHbI cBepxrurant. SN2004dj — camast Onuskas
CBEPXHOBasl TAaKOro TWIA. Bcmelmka mnpousomma B
MOJIOJIOM 3Be3THOM cKoruteHnn Sandage 96, crektp
KOToporo OblI osyueH Ha 6-m teneckomne B 2001 roxy B
paMKax IporpaMmMbl CHEKTPaJIbHOIO 0030pa MOJIOJBIX
MACCHBHBIX 3B€3]] B OJIM3KHMX rajaktukax (puc. 36).
[Mocne 3amerHoro ocnabnenust Omecka SN2004dj
MOSIBUTCS BO3MOXKHOCTD BBIJICJIUTH CHEKTP IPONABIIETO
00bEKTa — TIPEACBEPXHOBOW 3BE3Mbl, BBIUMTA U3
cuekTpa ckormieHus Sandage 96 0 BCHBIIKH €ro
cuekTp mociue ocnabmeruss SN2004d;. [Tomydennsrit o
BCIIBIIIIKK CIIEKTp CKorieHus Sandage 96 (puc.36,
BHHU3Y) COAEPKHUT CIHEKTp IPEACBEPXHOBOM 3BE3JBL
lomy6oit  yuactoxk cmektpa Sandage 96  Opln
3auMcTBOBaH M3 paboTsl R. Humphreys, M. Aaronson
(Astron. J. 94, 1156, 1987).

Orenena Macca “°Ni B oGonouke SN2004dj, 0.02
M,g. Bimskas k 31oii ounenka maccsl “°Ni (0.015 Myp)
MOJy4eHa ITyTeM MOJeNupoBaHus cBetumMocTH Ha.
Ob6HapyxeHa cuibHas acumMeTpust auaui Ho, HP, [OI]
u [Call], xoTopast XapaKTepu3yeTcsi CHHUM CMeIIeHUEeM
MakcMMyMa JHHHUA okomo -1500 kM/c Ha paHHel
HeOymapHOH craauu. ChenaH BBIBOJ, YTO HapyIICHHE
LEHTPAaJbHOU CUMMETPUU  SBJSIETCS  XapaKTEPHBIM
coiicteom SNIIP.

Ha puc. 37 npuBeneHa kpuBasi 0Jiecka CBEPXHOBOM
SN2004dj, koTOpasi BBITJISIUT BIIOJHE TUITMYHOW IS
SNIIP. IlocrosiHubiii Oneck SN2004dj (mmaro) Obun
okosio 12™ u ;mepykancst ¢ MOMEHTa OTKPBITHS 31 WMroys
mo Havyama oktaops 2004 r. H3BectHo, dTO
mumTensHoCTh craguu miato y SNIIP oxomo 100 - 120
nueit. Y SN2004dj mnaro amunock Beero 55 - 60 nHeid,
POBHO TIOJIOBHHY OT OOBIYHOW IMUTENHHOCTH. [loaTOMY
y Hac €CThb CaMbleé CEpPbE3HBIE OCHOBAHMS MOI03PEBATh,
yro SN2004dj Bcbixuya Ha 50 - 60 qHel paHbIiie, 4eM
31 mrons, xorga ee otkpsul Koichi Itagaki (SInonwust).

C.H. @abpuxa, O.H. lllonyxosa, B.B. Braciox,
cosmecmuo ¢ IILK. 6orimacosvim, B.I1. I'opanckum
(TAALLI MT'Y) u H.H. Yyeau (MHACAH)

CIEKTP OCTATKA NEKYJSPHONU KPACHOM
HOBOW 3BE3/IbI V4332 CTPEJIBIIA

V4332 Sgr (Nova Sgr 1994 No.l) Bmecte ¢ V838
Mon wu VI1006/7 B ramakruke M31 sBasroTcs
HpeﬂCTaBI/lTeHﬂMI/I HOBOI'O KJjacca 3pyHTI/lBHle
nepeMeHme 3BEC31. BO BCIIbIIIKAX, 110
3Hepr03bmeneﬂmo CpaBHI/IM])lX C KIIACCUYCCKUMU
HOBBIMH 3B€3JIaMH, 3TH OOBEKTHI IMOKA3bIBAIOT CIIEKTPEI,
TUIIMYHBIC JUTS XOJIOJHBIX KPAaCHBIX TUTAHTOB Kitacca K-
M, mpudeM OHH HE MNPOXOIWIN UYepe3 HeOYIAPHYIO
ctamuio. [Ipupona Takux BCOBIMICK O CHX MOP OCTaeTCs
3araJlOYHOMN.

A PRE-SUPERNOVA AND THE SUPERNOVA
SN2004dj IN THE GALAXY NGC2403

The supernova SN2004dj was discovered in the
galaxy NGC2403 in the end of July 2004. The
supernova type SNIIP means that a massive super giant
exploded. SN2004dj is the nearest supernova of this
type. The burst occurred in the young stellar cluster
Sandage 96 whose spectrum was obtained with the 6 m
telescope in 2001 within the framework of a program on
spectral survey of young massive stars in nearby
galaxies (Fig. 36). After the SN2004dj luminosity
considerably falls it is possible to select a spectrum of a
disappeared object — a pre-supernova star — by
subtracting the Sandage 96 cluster spectrum right after
the weakening of SN2004d;j from its spectrum before the
burst. The Sandage 96 cluster spectrum obtained before
the burst (Fig. 36, below) contains spectrum of the pre-
supernova. The blue region of the Sandage 96 spectrum
was copied from the paper by R. Humphreys, M.
Aaronson (Astron. J. 94, 1156, 1987).

Mass of Ni in the SN2004dj envelope was
estimated as 0.02 M,g. A close mass estimation of **Ni
(0.015 M,p) was obtained by modeling Ha luminosity. It
was detected that the lines Ha, HB, [OI] and [Call] are
very asymmetric with blue shift of line maximum to
about -1500 km/s at an early nebular stage. It was
concluded that a violation of central symmetry is a
characteristic feature of SNIIPs.

Fig. 37 shows a supernova SN2004dj light curve
which looks quite typical for SNIIP. A constant
luminosity of SN2004dj (a plateau) was about 12™ and it
had been lasting since the moment of discovery on July
31 to the beginning of October 2004. It is known that the
SNIIP plateau stage duration is about 100-120 days. The
SN2004dj plateau lasted only 55-60 days what is exactly
a half of usual duration. That is why we have every
reason to believe that SN2004dj exploded 50-60 days
earlier than July 31 when it was discovered by Koichi
Itagaki (Japan).

S.N. Fabrika, O.N. Sholukhova in collaboration with
P.K. Abolmasov, V.P. Goranskij (SAI MSU) and
N.N. Chugai (Institute of Astronomy of RAS)

SPECTRUM OF THE REMNANT OF THE
PECULIAR RED NOVA V4332 SAGITTARII

V4332 Sgr (Nova Sgr 1994 No.l) together with
V838 Mon and V1006/7 in the galaxy M31 are
representatives of a new class of eruptive variable stars.
In bursts comparable with classic novae in energy
release these objects show spectra typical for cold red
giants of class K-M, and they not passing a nebula stage.
Nature of such bursts is still enigmatic.
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Puc. 36. Cnexmpvr SN2004dj, nonyuennvie uepes 75 -
185 ometi nocne ecnviuxu na 6-m u I-m meneckonax
CAO, u cnexmp cronnenusi Sandage 96, nonyuennsiii Ha
6-m meneckone 3a mpu 200a 00 GCHBIUKU.

Fig. 36. SN2004dj spectra obtained in 75-185 days after
the burst with the 6 m and 1 m SAO telescopes, and the
Sandage 96 cluster spectrum obtained with the 6 m
telescope three years before the burst.

Ananu3 apxuBHbIX (ortorpaduii u crexTpoB V838
Mon (Nova Mon 2002) na BTA noka3ssiBaer, 4To B 3TOH
HIMPOKOH (PU3UUECKOI Mape MpOM30IIeN B3PBIB ropsyen
B-3Be3nbl, BTOPBIM KOMIIOHEHTOM KOTOPOHM SIBJISIETCS
3Be3a CrekTpampHoro kiacca B3V. OcratkoM 3Toi
MEKYJSIPHON HOBOH SIBJIIETCS €AMHCTBEHHBIM B CBOEM
poAe XOJIOAHBIM «KOPUYHEBBIM» CBEPXTMIaHT Kiacca L
(xopHUHEBBIE KapIHKH Ki1acca L yke JaBHO M3BECTHBI).

V4332 Sgr umeer mp= 19.5". B utone 2005 r. 6bu1
nosyueH criektp Ha BTA co cnekrporpagom SCORPIO
(puc. 39). Ha ¢oHe kpacHOro KOHTHHyymMa M-3Be3/bI
BUIAHBI APKHUEC U Y3KHUC SMHUCCHU Hei/iTpaanmx aTOMOB
Al, Mn, Ca, Cr, Sr, a Taxxe amuccun Mmosiekyn AlO, TiO
u VO. HznyyeHre MoJieKysl COCPEAOTOYEHO B KaHTax
MOJIEKYJISIPHBIX TIOJIOC, U TIOTOMY JIMHHU B ONTHYECKOM
CIEKTpEe BHITISIAT KaK MOJICKYISIPHBIC pPaIHOMHUH.

OTOXIECTBIIEHBI TaKXe JINHAN Rbl1 )54
nHTepKoMOuHannonHas uHus Mg I ma 4571 A. Taxoii
HEOOBIUHBI  CHEKTp  MNPUHALISKHT  MACCUBHOMY

pa3pexeHHOMY O0JIaKy rasa.
Ilo apxuBHeiM cHuMkaM ['AMII MIY u mno
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Puc. 37. Kpusas oOnecka ceepxrosoii SN2004dj.
Tpeyeonvnukamu  ommedeHvl  0amvl — HOLYUEHUs.
cnexkmpos ceepxnosou Ha 6-m u 1-m meneckonax CAO.
Yepuvle  mouku  —  HAOMIOOEHUs. — PA3IUYHBIX
Habooamenell (nodumenei acmMpoHOMUU), YEEMHbLe
mouku — Habmooenust 6 nonoce V B.I1. I'opanckozo na
1-m meneckone CAO u FOxcnou nabopamopuu I'AUIII 6
Kpuvimy. Ilokazanel npeockasanus ocrabienus 6aecka
CO2NACHO CMPO2oll MOOenU pPAdUaKmueHo20 pacnadd
Kobanvma xak 0e3 yuema (npsamas JTUHUsL), MAK U C
yuemom nocmosnHo2o brecka ckonnenus Sandage 96.

Fig. 37. The supernova SN2004d light curve. Triangles
denote the dates of obtaining of supernova spectra with
the 6 m and 1 m SAO telescopes. Black points are for
observations by  different  observers  (amateur
astronomers).  Colored  points  denote  V-band
observations by V.P. Goranskij with the I m SAO
telescope and at the SAI Southern station in Crimea.
Predictions of luminosity fall according to a strict model
of cobalt radioactive decay both with allowing for a
constant luminosity of Sandage 96 cluster (a direct line)
and without it are shown.

Analysis of archive BTA images and spectra of
V838 Mon (Nova Mon 2002) shows that a hot B star
with a star of spectral class B3V as the second
component exploded in this wide physical pair. The
remnant of this peculiar nova is a unique cold “brown”
super giant of class L (the brown dwarves of class L are
know for a long time).

V4332 Sgr has mg= 19.5™. In June 2005 a spectrum
was obtained with the BTA spectrograph SCORPIO
(Fig. 39). Bright and narrow emission lines of neutral
atoms Al, Mn, Ca, Cr, Sr, and emission line of
molecules AlO, TiO and VO are seen against the
background of red continuum of the M star. The
radiation of molecules is concentrated in molecule band
edges, and that is why the lines in optical spectrum look
like molecule radio lines. The lines of RbI and an
intercombinative line of Mgl at A4571 A are also
identified. Such unusual spectrum belongs to a massive
rarefied gas cloud.

By archive images of the MSU SAI photograph
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udpoBEIM 0030paM Heba yCTAaHOBJIEHO, YTO M3JTy4eHHE
M-3Be311bl IPUCYTCTBOBAJIO B pacIpeAeieHNH 3HEPrHu
V4332 Sgr no Bcnbiiku B 1980-86 rr. Ho B cunem
Qrara3oHe TOMHUHUPOBANIO M3IYUCHHE TOPSICH 3BE3/bI,
KOTOpOe Tereph He Habmomaercs. Kak u B cirydae V838
Mon mnpowusoiien B3pbIB ropsyeil 3Be3Abl B IBOMHOMN
cucreme. Yepe3 11 ser mocie B3phIBa HAOIIOIACTCS
TOJIBKO 00J1aK0 pa3peKeHHOTo Tra3a (puc.38).

E.A. bapcykosa cosmecmuo ¢ B.I1. I'opanckum (IAUIL
MI'Y)

library and by digital surveys of the sky it was
determined that the radiation of the M star was present
in the energy distribution of V4332 Sgr before the burst
in 1980-1986. But radiation of the hot star predominated
in the blue range what is not observed any more. As in
the case of V838 Mon an explosion of the hot star
occurred in a binary system. In 11 years after the
explosion only a cloud of rarefied gas is observable.
(Fig.38).

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

V4332 Sgr . ;
9.06.2005 ~N

AlL MTI

P
o

Flux (]0-1561'ng[le A)

Puc. 38. Cnexmp V4332 Sgr, nonyuennviti na BTA/SCORPIO.
Fig. 38. V4332 Sgr spectrum obtained with the BTA SCORPIO.

OPBUTAJIBHBINI NEPUO/I CI Cam.

CICam - B[e]-3Be3ma ¥ ONTHYCCKHHA JTBOWHHK
TPAH3UEHTHOTO PEHTTEHOBCKOro uctouyHuka XTE
J0421+560. 1 ampens 1998 T. y 3Be3mpl mpou3oILIa
BCITBIIIIKA BO BCEX AMAIa30HAaX JJIUH BOJIH, U SIPKOCTH B
ONTHUYECKOM JHara3oHe Bo3pociia Ooiiee yeM B 25 pas. C
storo BpemeHu B CAO PAH Bexmytcs perynspHbie
CIEKTpalbHble HaONIOZACHUsT 3BE3Abl Ha TeJIeCKOmax
Heiic-1000 u  BTA, KoTOpble  CONPOBOXKIAKOTCS
¢doromerpueli B CAO u Ha KpriMckoii ctannmu I"ANIIIL.

W3MepeHnss NMOTOKOB M3JIY4YEHUs B 3MHUCCHOHHBIX
JUHASX TOKAa3BIBAIOT, YTO CTPYKTypa OKOJIO3BE3ITHOU
000JI0YKH, HApyUICHHAs YyNAPHOW BOJHOM BCIIBIIIKH,
yepe3 3 roma crabwinM3upoBayiack. B kpuBoii Oiecka
3Be3/1bl OblIa O0HAPY)KeHa BOJIHA ¢ amrudTyaon 0.032™
B momoce V u ¢ mepuogom 19.41 £0.02 gua. Kak
okasanoch, omHa juHHMS B crnekTpe CICam (He Il
A4686A) moOKaszpBaeT 3HAYMTENBHBIC OIUIEPOBCKHE
CABHTH, KOTOPBIE CBSI3aHBI C OTHUM IIEPHOJOM.
Ilonyamnnuryna KpUBOH JIy4YEeBBIX CKopocTel
cocrasisier 230 xm/c. KpuBast mydeBoil ckopocTH st
9TOW JMHMM ToOKa3aHa Ha puc. 39. bonpmuit pasmep
Kpy’XKa Ha pHUCYHKE O3HayaeT OoJyiee HaJeXHOE U
TOYHOE OIIPEJeNICeHNe CKOPOCTH. JTa SMHCCHOHHAs
JIMHUS OYeHb cllaba B CIIOKOWHOM COCTOSIHHM 3BE3Jbl, a
B HECKOJBKHX CIIEKTpax OHa BooOmie He BuaHA. J[ns
HCTOYHWKA  OSMHCCHM  OIlpeleleHa  opbuta ¢
skcueHTpucuterom  0.62£0.07  (MmaTemarnueckoe
pelieHne TOKa3aHO 3eneHoW JnuHHeH). [lepmactp

THE ORBITAL PERIOD OF CI Cam.

CI Cam is a B[e] star and an optical counterpart of
the transient X-ray source XTE J0421+560. On April 1,
1998, the star showed a burst in all wavelength range,
and its optical brightness increased more than 25 times.
Since then the spectrum of this star is regularly observed
in SAO RAS with the telescopes Zeiss-1000 and BTA
what is accompanied by photometry in SAO and at the
Crimean MSU SATI station.

Measurements of fluxes in emission lines show that
the structure of a circumstellar envelope broken by the
burst shock wave became stable in three years. A wave
with amplitude 0.032™ in V band with a period
19.41 £ 0.02 was detected in the star light curve. It
turned out that one line in the spectrum of CI Cam
(He Il 14686A) shows considerable Doppler shifts
related to this period. The half amplitude of radial
velocity curve is 230 km/s. The radial velocity curve of
this line in shown in Fig. 39. A larger size of circle
denotes a more reliable and precise determination of
velocity. This emission line is very weak in quiet state of
the star, and it is not seen at all in several spectra. The
orbit with eccentricity 0.62 +0.07 was determined for
the source of emission (the mathematical solution is
shown by the green line). The orbit periastron coincides
with a moment of the passing of lower junction. The
major semiaxis of the orbit is a sin(l) =48 million
kilometers. It is the most probable that a white dwarf
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OpOUTHI COBMAAAET C MOMEHTOM IIPOXO>KACHHS HIDKHETO
coeanHeHus. boipmias moimyock OpOWTHI COCTABISIET
asin(l) =48 mnH. kM. Haubonee BeposATHO, 4YTO IO
opbuTte ABMXKETCS OENBIi KapiuK, a ICTOYHUK 3MHUCCHH
— aKKpELMOHHBIA IUCK BOKpPYr Hero. TepmosiepHbIi
B3pBIB BOJZIOPOJa HAa €ro IOBEPXHOCTH W OKazaics
NPUYUHOM BebIKU 1998 rona.
E.A. bBapcykosa, H.B. bBopucos,
B.I'. Knouxkosa coemecmuo c
H.B. Memnosou (TAHUII MT'Y).

A.H. Bypenkos,
B.II I'opanckum u

km/s : ° CI Cam
r HeII 4686

+100 -

-100 -

-200

-300

HCCIIEJOBAHUE OBBEKTOB-KAHIWJATOB
B YEPHBIE JbIPbI PA3/IMYHBIX MACC B
OIITUYECKOM JUAINIASOHE C BbICOKHUM
BPEMEHHBIM PA3PEIIEHUEM

3aBepmieHa 00pabOTKa pPE3yIbTATOB ITAHOPAMHOM
(GOoTOMETpHH  BBICOKOTO  BPEMEHHOTO  Pa3peIlCHUS
oObekTa-kaHauaara B depHble apipel MACHO-1999-
BLG-22. C wucnosb30BaHHEM pPa3jMYHbIX METOJIOB
MOUCKA MEPEeMEHHOCTH IPOaHAIM3UPOBAH  MAacCUB
(OTOOTCUETOB, 3aperuCTPUPOBaHHBIX B TeueHue 20
MuH. B ¢uibTpe B Ha 6-M Teneckone. B pamkax
MIPEACTABICHUS. O NMEPEMEHHOM KOMITIOHEHTE W3ITyuYeHUs
Kak COBOKYITHOCTH  TPEYTOJIBHBIX  BCHBILEK  CO
ckBaxxHOCTBIO OT 10 1o 1000 mosryueHs! OrpaHUYEHHS
JUIi €e OTHOCHTENIbHOH MOIMHOCTH Ha  Pa3HBIX
xapakTepHBIX BpeMeHax oT 10 mxc mo 10 c, xotopsie
coctaBuin oTr 40% mo 5%, COOTBETCTBEHHO. bBbuI
MPOBEJIEH aHalu3 JaHHBIX HaOMOIeHWH obiactu
nokammzammn - MACHO-1999-BLG-22 ¢ ROSAT.
[MoxyueHst OIpe/ieTICHHbIE CBHJIETENILCTBA
oOHapy»KeHHs C1adoro PeHTIeHOBCKOTO MCTOYHMKA Ha
ypoBHe 3Hauumoct 10%. Pa3ymHee ycCTaHOBUTH
BEpXHHil mpesieN Ui ero notoka Ha yposse 1.45:107"°
spr/cm’ ¢, 4TO COOTBETCTBYeT cBetmmocTH 1.63-10°
spr/c mnpu paccrosuun 1 knk. ComocraBieHue
PEHTI€HOBCKMX ¥ ONTHYECKHX JAHHBIX IIO3BOJIIET
MIPAaKTHYECKH MCKIIOYUTh BapHAHT, P KOTOPOM Macca
YEpHOH IBIPHl — JMH3BI JIOJDKHA COCTaBISATH OKOJIO
100 Mog.

I'. becxun, B. [Inoxomnuuenko, B. de-byp, C. Kapnos

moves along the orbit, and the source of emission is an
accreting disk around it. It is a thermonuclear explosion
of hydrogen on its surface what turned out to be a cause
of the explosion of 1998.

E.A. Barsukova, N.V. Borisov, A.N. Burenkov,
V.G. Klochkova in collaboration with V.P. Goranskij
and N.V. Metlova (SAI, Moscow SU).

Puc. 39. Kpusas nyuesoui ckopocmu CI Cam 8 smuccuu
He Il 46864 om a3zt nepuooa 19.41 Ooua (kpacmvie
Kpyocku — Habnioodenua Ha BTA, 3enenvie — na Ileiicc-
1000.

Fig. 39. The radial velocity curve of CI Cam in the
emission He Il 4686A from the period phase 19.41 day
(red circles are for observations with the BTA, the green
ones are for Zeiss-1000 observations).

STUDY OF OBJECTS - CANDIDATES TO
BLACK HOLES OF VARIOUS MASSES IN
OPTICAL WITH A HIGH TIME RESOLUTION

We completed processing results of panoramic
photometry of high time resolution of the object
MACHO-1999-BLG-22 — a candidate to a black hole.
Using different methods for search of variability, an
array of photo readings registered during 20 minutes in
B band with the 6 m telescope was analyzed. Within a
concept that a variable component of emission is a
system of triangle-like flares with a duty cycle 10 of
1000, we obtained restrictions for its relative power at
different characteristic times from 10 microseconds to
10 s which are from 40% to 5% respectively. ROSAT
data of observations of the MACHO-1999-BLG-22
localization area were analyzed. We obtained definite
indications that a faint X-ray source was detected at a
significance level of 10%. It is more reasonable to set an
upper limit of its flux at a level of 1.45-107" erg/cm®s
what corresponds to the luminosity 1.63-10°' erg/s at a
distance of 1 kpc. Comparison of X-ray and optical data
allows practical excluding a variant that the mass of a
black hole — lens is about 100 Mgp.

G. Beskin, V. Plokhotnichenko, V. de Bour, S. Karpov
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HUCCJIEJOBAHUE OJUHOYHbBIX
IKEKTUPYIOIIUX ITYJIBCAPOB

IIpoBeneH craTucTHYecKWid W acTPOGU3NICCKUN
aHaIM3  pe3y/lbTaToB  HAOMIONEHWH  Mynbcapa B
KpaboBunnoit TymanHocTH Ha 6-M Temeckome CAO
PAH c¢ naBunHO-miponeTHbIM (GoTomuomom (APD).
@azoBble KpUBbIE Oyiecka OBUIM TIONYYCHBI JBYMS
crocobaMu: C  HCTOJB30BAaHUEM pamuo  ddemepus
nyiabcapa obceparopuu Jodrell Bank u ¢ momorsio
paspaboransoro B CAO OBICTPOro ajropurMma MoucKa
Nepuoza 1o onTudeckuM JaHHbIM. Oba Merona manu
TOYHOCTH TIepHoa Ha yposHe 2-10™" ¢, uro mo3sommio
MIPOBECTH CBEPTKY KpPUBOH Ojiecka C BPEMEHHBIM
paspemenneM 6.6 Mkc. Ha momydeHHOU (a3oBoit
KpPHBOI B 00JIaCTH MakCHMyMa IJIaBHOTO ITyJibca ObLia
BBIJICNICHA  CTPYKTypa, KOTOpas  MOXeT  ObITh
HHTPENpPETHPOBaHa JIMOO Kak abcopOuumst (IIMPHHOM
~30 MKC) Ha TIaAKOM Ipoduie Myasca — C YPOBHEM
3HaumMocTH 3.9 o©; mmbo Kak Ooiee mMpoOKas
SMHUCCHOHHAs JeTanb ¢ aMIuuTynoil okono 0.5% wu
wupuHoM  ~70 MKC Ha ypoBHE 3HauuMoctH 5.9 o
(puc. 40). OTtm pe3ympTaThl MOTYT YyKa3blBaTh Ha
HaJlMyhe TOHKOM CTPYKTYyphl B 00JacTH TeHepauuu
OIITHYECKOTO U3ITyYeHHUs] B MarHurocgepe mysbcapa.

C 1uenpl0 MCCIEAOBaHUS IIPOLIECCOB OBOJIOLMHU
panuo-1IyJIbcapoB MPOBOJAMIICS CTaTHCTHYECKUH aHAIN3
rapameTpoB y 267 0OBbEKTOB ¢ W3MEPEHHBIMH BTOPBIMHU
MIPOM3BOAHBIMM 4YacTOTHl BpameHust (puc. 41). Beum
BIIEPBBIE OOHAPY)XEHBI C BBICOKOH JOBEPHUTEIBHOM
BEPOSITHOCTBIO  KOPPEISIIMM  MEXIy 4YacTOTOH, ee
TIepBOM, BTOPOH MPOU3BOAHBIMHU M XapaKTEPHUCTHUECKUM
Bo3pacToM. Mx xapaktep M TO, 4To y Oomee crTa
IyJIbCapOB BTOpast MIPOMU3BOHAS YaCTOTHI
OTpHULATENbHA, C HEU30SKHOCTBIO NPUBOJUT K BBHIBOIY
00 OCIWUIMPYIOIIEM  XapaKTepe BEKOBOI JBOJIOLMHU
4acToOT BpaiieHus. ['pyOble OIIEHKH TMOKa3bIBAIOT, YTO

STUDY OF SINGLE EJECTING PULSARS

Statistical and astrophysical analysis of observations
of a pulsar in the Crab nebula with the SAO RAS 6 m
telescope with an avalanche photo diode (APD) was
carried out. Phase light curves were obtained by two
methods: with the use of the pulsar’s radio ephemerids
by the Jodrell Bank Observatory and by means of a fast
algorithm of search for a period by optical data
developed in SAO. Both methods gave a precision of
period at a level of 2:10™"" s what permitted to make
convolution of the light curve with the time resolution
6.6 microseconds. In the region of a peak at the main
pulse on the obtained phase curve a structure was
selected which can be interpreted either as an absorption
(of width ~30 microseconds) on a smooth profile of the
pulse at a significance level of 3.9 o, or as a wider
emission detail of amplitude about 0.5% and of width
~70 microseconds at a significance level of 5.9 ¢ (Fig.
40). These results can indicate a thin structure in the
region of generation of optical emission in the pulsar
magnetosphere.

To investigate evolution processes of radio pulsars,
the statistical analysis was carried out for 267 objects
with measured second derivatives of rotation frequency
(Fig. 41). Correlations between frequency, its first,
second derivatives and characteristic ages were first
discovered with a high confidence probability. Their
character and the fact that the second derivative is
negative for more than 100 pulsars inevitably lead to a
conclusion about an oscillating character of secular
evolution of rotation frequencies. Coarse estimates show
that typical times of their variations are several hundreds
years, and variations of amplitude are fractions of a
percent. This effect by itself does not change an

Puc. 40. Bepwuna enasnozo umnyavca
nynvcapa ¢ Kpabe.

Fig. 40. Peak of the main pulse in Crab.
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XapakTepHbIC BpEMEHA KX BapUaIMii COCTaBJISIFOT evolution scale (the energy loss rate) of pulsars. Like

HECKOJIbKO COTEH JIET, a aMIUTUTYJbl — JOJIU IIPOLEHTA.
Cam 1o cebe 3ToT 3(pdexT He MEHSeT SBOJIOUNOHHYIO
mKaiay (TeMI T[oTepu DBHEpruu) mynascapoB. OH
CBUJICTEJIBCTBYET, MOJOOHO “‘KpacHOMy mIymy’, O
HEKOTOPHIX ~ BHYTPCHHUX  BapHalusX  COCTOSHHUSA
(cTpyKTYpBI) HEUTPOHHBIX 3BE31, OJHAKO, B OTIMYHE OT
MOCJIEAHETO, IPHUCYIL, MO-BUIMMOMY, BCEM ITyJILCAPAM.

I'. Fecxun, Bro de-Byp, C. Kapnos, B. I[Inoxomnuuenxo
coemecmuo ¢ A. Buprokosvim (TAULI MIY) u
M. Pedgheprom, . Llepepom (HayuoHnanvhwitl
yHusepcumem, I aneail, Upranous)

U3YUYEHME MPOIECCOB B3AUMO/JIEMCTBUSA
yJbCAPOB C BEJBIMH KAPJIMKAMH B
JABOUHBIX CUCTEMAX

Hauar TEOPETUYECKUI aHaIu3 MIPOLIECCOB
nepepaboTka PEHTTEHOBCKOTO W3IYYEHHS ITyIbCapoB
atMocdepoit OebIx KapJIMKOB. [omyuensr
COOTHOILEHUSI MEXy IapaMeTpaMM IBOMHON CUCTEMBI,
XapaKTePUCTHKAMU H3TyYCHUS myJibcapa
(CBeTI/IMOCTI)IO, CIIEKTPOM, IEPUOAOM, MIIUTCIBHOCTHIO
HMIYJbCa) W aMIUIUTYIAOH ONTHYECKUX HMMITYJIECOB,
M3IyYaeMbIX OCITbIM KapiIHKOM, a Takke (HOpMOH ero
onTHYecKol KpuBoi Onecka. Ilokazano, dro JyIs
TAMUYHBIX ~ YCIOBHHA  OTHOCHUTENBHAs  MOIIHOCTH
MEPEeMEHHON C TEePHOAOM ITyJIhCAPOB KOMIIOHECHTHI
M3IyYeHUS OeBIX KapIIMKOB MOXKET TOCTUTATh 1%.

YuuteiBasg, 4YTO 3BE3AHBIC  BCIUYHMHBI BK
cocrapisiior  19-20™, obcyxknaembiii  3QPEKT MOKET
OBITh OOHApY)XeH Ha 6-METPOBOM TEJECKOIIE B TEUCHHE
1-2 yacoB wHaOmromenuit. Ciemyer OTMETHTh, YTO
IIOJIy4EHHBII pe3ynbTar Jlaer YHHUKAJIbHYTO
BO3MOKHOCTH H3y4YEHUs (hopmsl JiarpaMMbl

“the red noise”, it testifies some internal variations of
the state (structure) of neutron stars, but, unlike the
latter, appears to be inherent to all pulsars.

G.Beskin, V. de Bour, S. Karpov, V. Plokhotnichenko in
collaboration with  A. Birvkov (SAI SMU) and
M. Redfern, A.Shearer (National University of Ireland,
Galway)

STUDYING PROCESSES OF INTERACTION
BETWEEN PULSARS AND WHITE DWARFS IN
BINARY SYSTEMS

Theoretical analysis of processing of pulsars’ X-ray
emission by atmospheres of white dwarfs was started.
We obtained correlations between parameters of a
binary system, characteristics of pulsar emission
(luminosity, spectrum, period, pulse duration) and
amplitude of optical pulses emitted by the white dwarf
and also a form of its optical light curve. It was shown
that for typical conditions a relative power of a white
dwarf emission component that varies with the pulsar
period can reach 1%.

Taking into consideration the fact that stellar
magnitudes of white dwarfs are 19-20", the effect under
discussion can be detected with the 6 m telescope during
1-2 hours of observations. It should be noted that the
obtained result gives a unique opportunity to study the
form of a pulsar beam.
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HaIpaBJIEHHOCTH IyJIbCapOB.

Hcnonp3oBanuch  1BE  MOJENM  BOAOPOJHBIX
armoctep BK — ¢ remneparypoit 500 u 8500 K. brumn
JETAIFHO PAacCMOTPEHBI 3JIEMEHTapHBIE MPOLECCH B
TaKMX  arMocdepax,  HMEIOIHe  MEeCTO  IIpH
B3aUMOJAEHCTBUH C HUIMH PEHTTEHOBCKOTO M3ITy4EHHS CO
CTENCHHBIMH CIIEKTpaMHM pa3HOTO0 HakKJIOHA. bpun
MOTY4EHBl  3aBHCUMOCTH  XapakTEpHBIX  BPEMEH
nepepaboTKM  PEHTI€HOBCKHX KBAHTOB OT CTEHCHHU
JKECTKOCTH PEHTTEHOBCKHUX CHEKTPOB M IOKAa3aHO, YTO
Jo osHeprum 1 3B mepeusnyueHHbIE ONTHYECKHE
HMITYJIBCBI TIPAKTUYECKH HE HWCKaXXaroTCs, OJHAKO HX
aMIUIMTYZa MOXET YMEHbIIaTbes. [IpyruMu cioBamw,
JUIL  TUOWYHBIX B JBOMHBIX CHCTEMax II€PUOJOB
peHTTeHOBCKuX  mynbcapoB  (5-10 mMc)  riyOumHa
MoAyJsIuKu nepeusnydeHHod BK onrtuueckoil kpuBoi
Onecka Oy/leT MEHbIIIE TI0 CPAaBHEHUIO C PEHTTCHOBCKOM.

I'. Beckun, C. Kapnos coemecmno c A. /lemenmuesvim
(CIIol'y)

TEOPETUYECKHI AHAJIN3 TIPOIIECCOB
AKKPEIIMM HA OJUHOYHBIE YEPHBIE
JABIPBI

3aBeplleH TEOPEeTHUYECKUI  aHalu3  MPOLECCOB
aKKkpeuuu Ha oauHouHble YJ[ 3Be3mHBIX  Macc.
IlonydyeHbsl OCHOBHBIE XapakTEPUCTUKH HETEIIOBOM
(BCTIBIIIEYHOIT) M TETIOBOH (CTAIMOHAPHOM ) KOMIIOHEHT
m3mydenuss opeona Bokpyr YJ[. Y ¢ wmaccoirt 10
COJIHEYHBIX JOKHA Ha paccrosHuM 100 mK BEIMIAAETH
Kak 3Be3fa 16-22™ ¢ jmoseil mepeMeHHON KOMIIOHEHTHI
u3yueHuss Ha yposHe 18-24" U XapakTepHOU
JUIUTEIBHOCTBIO  BCIBINIEK ceKyHIbl (puc. 42). Ipu
9TOM aHAJOTHYHbIE BCIIBIIKK OyIyT HaOJIONAThCS B
PEHTI€HOBCKOM JanasoHe. Onn MOTYT
obHapyxuBatbcsi Ha XMM u Chandra.

I becxun, C. Kapnog

Two models of hydrogen atmospheres — with
temperatures of 500 K and 8500 K — were used. We
considered in detail the elementary processes in such
atmospheres when they interact with X-ray emission
having power law spectra of different slope. We
obtained correlations between typical times of
processing of X-ray quanta and energy level of X-ray
spectra. It was shown that up to the energy 1keV
reemitted optical pulses are not distorted practically, but
their amplitudes can reduce. In other words, for periods
of X-ray pulsars that are typical for binary systems (5-10
ms) the depth of modulation of an optical light curve
reemitted by white dwarf is less than of X-ray one.

G. Beskin, S. Karpov in collaboration A. Dementiev
(SPbSU)

THEORETICAL ANALYSIS OF PROCESSES OF
ACCRETION ONTO SINGLE BLACK HOLES

Theoretical analysis of processes of accretion onto
single black holes of stellar mass was completed. We
obtained basic characteristics of non-thermal (burst) and
thermal (stationary) components of radiation of a halo
around a black hole. The black hole of a mass of 10
solar ones at a distance of 100 pc must look like a star of
16-22™ with a fraction of a variable component of
emission at a level of 18-24™ and typical burst durations
of seconds (Fig. 42). Analogous bursts would be
observed in X-ray also. They can be detected by XMM
and Chandra.

G. Beskin, S. Karpov
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Puc. 42. Tunuunas cmpyxmypa CnvluiKu, C53aHHOU ¢ NYUKOM YCKOPEHHBIX INeKMPOHO8
Fig. 42. Typical structure of a burst related to a beam of accelerated electrons.
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CIIEKTPOCKOIIMSI TOPAYUX CBEPX- H
I'HIIEPTUT'AHTOB

B Xxoxe BBIIOJIHEHUST MHOTIOJETHEM MNPOrpaMMbl
CIIEKTPOCKOITUHM BBICOKOTO pa3pelieHuss Ha TeJIeCKOIe
BTA (cnexrporpadsr HOC u PFES) nony4eHs! crieKTpsl
BCEX JIOCTYNIHBIX HAa CEeBepHOM Hebe  Oerbix
runepruranToB [amaktuku. ComocTaBieHHe NaHHBIX O
BeTpax OENIbIX THIEPTUTAaHTOB TOBOPUT 00 YIPOIICHUU
re€OMETPUHM U KMHEMAaTHKH BETPa C POCTOM CBETUMOCTH.
Hapacranue co CBETUMOCTBIO TEMIIa IOTEPU BELIECTBA
COIIPOBOXKJAETCSI CHW)KEHHEM CKOPOCTH BeTpa |
oOecrieunBaeTcsl 3a CYET YBEJIMYEHHUS €ro IUIOTHOCTH.
Temmnsr morepu BemectBa ains 6 Cas, Cyg OB2-12 u
IRC+10420 cocrasnstor  coorBerctBenno 0.7-1075,
410° u 510° Myg/ron, B TO BpeMsi Kak HaiiJeHHbIE
HaM{ CKOPOCTH pacIImMpeHus aocturatoT aias Hux 200,
150 u 50 xm/c. BeTpsl peaenbHO SIPKUX THIEPTUTaHTOB
JIBYXKOMIIOHEHTHBI:  HapsQy C  paclIupsrouieics
ceprueckn CUMMETPUYHON (pakiueldl B HHUX €CTh
BEIIIECTBO, HENOIBMXHOE OTHOCHUTEIBHO 3BE3Zbl WU
Jake majaroriee Ha Hee (puc. 43).

[omydens!  yOGenurenbHblE — CIIEKTPOCKOIIMYECKHUE
CBUAETENBCTBA TOTO, 9To THmepruranr HD168607 (B9
Ia-0) moxer cuntatbess LBV, camoii MamoaMIuinTy THOH
[IEPEMEHHOM 3TOT0 THIIA HA CErOHSIIHUN AeHb. Ilpu
nosipuanny Ha 0.2 ee CIEKTPaNbHBIA KIACC M3MEHSAETCS
¢ B9 ma A0. Ilo psagy mnOpu3HAKOB CBEPXTUTAHT
HD183143 (B7) oTHECEH K THTIEPTUTAHTaM.

E.JI Yenyos, B.I'. Knoukosa, B.E. Ilanuyx, M.B.FOwxun

_‘
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HEKYJISAIPHAA HOBAS V838Mon

Beinosinen JIBYXMECSYHBIN CIIEKTPAJIbHBIN
MOHHUTOPHUHT NEKYJSIpHOW HOBOHM 3Be3nsl V838Mon Ha
1.5-m Tteneckone obcepBatopun Tapty (R ~ 6000),
HayuHasl CO BTOPOW BCHBIIIKU JI0 OBICTPOTO OCIA0ICHUS
ee Omecka. 3a CyTKM A0 BTOPOM BCIIBIIIKH HOJY4YEHBI

SPECTROSCOPY OF HOT SUPER AND HYPER
GIANTS

As part of a long-term BTA program of high-
resolution  spectroscopy (the NES and PFES
spectrographs) the spectra of all white hyper giants of the
Galaxy accessible in the northern sky were obtained.
Comparison of data on winds of the white hyper giants
indicates that the wind geometry and kinematics
becomes simpler as luminosity increases. The matter loss
rate that increases with luminosity is accompanied with
the decrease of wind velocity and is provided by its
density increase. The mass loss rates for 6 Cas, Cyg
OB2-12 and IRC+10420 are equal to 0.7-10°°, 410 and
5-10~ Mg per year respectively whereas the expansion
velocities found for them by us reach 200, 150 and 50
km/s. Winds of limit bright hyper giants are two-
components: along with an expanding spherically-
symmetric fraction there is matter that is motionless with
respect to the star or even falling on it (Fig. 43).

Convincing spectroscopic evidence was obtained
that the hyper giant HD168607 (B9 Ia-0) can be
considered as an LBV — the most low-amplitude variable
of this type for the time being. As it becomes 0.2™
brighter its spectral class changes from B9 to A0. For a
number of features the super giant HD183143 (B7) was
assigned to hyper giants.

E.L. Chentsov, V.G. Klochkova, V.E. Panchuk,
M.V. Yushkin
Puc. 43, Ilpogpuru Ho 6 cnexmpax  Oenvix

HImpuxoseas eepmuKkaivHas Npamas
ommeuaem CcKopocmv yeHmpa macc.  Buouo, umo
KpAacHOCMeujenHasl abcopbyuonnas KOMNnOHeHma
NPOPUISL YCUTUBAENC C POCMOM IMUCCUU (C pOCHOM
memna nomepu eeujecmaa,).

cunepecucanmoe.

Fig. 43. Ho profiles in spectra of white hypergiants. The
dotted vertical line marks a velocity of mass center. It is
seen that the red-shifted absorption profile component
becomes stronger as emission increases (with increase
of the matter loss rate).

PECULIAR NOVA V838Mon

The peculiar nova V838Mon was monitored during
two months with the 1.5-meter telescope of the Tartu
Observatory (R ~ 6000) beginning from the second flare
till a fast decrease of its luminosity. A day before the
second flare, spectra were obtained with the 6 m
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crekTpsl Ha 6-M Teneckorie (HIC, R ~ 60000). M3yuena
MIepEMEHHOCTh HMHTEHCUBHOCTH W30paHHBIX JIMHUA U
Jy4eBOM  CKOpPOCTH.  BblmeneHsl  MeX3Be3IHbIC
KOMITOHEHTHI B JMHUAX NaD, 4TO MO3BOJMIO OLEHHTh
paccrostane A0 3Be3nsl d > 4knk. [loutw Bce nHHHAM
MeTauioB uMeroT npodwis Tama PCyg. Onpenenennas
mo muauaM HP u 42-ro mynerumuiera Fell anomamsHO
HU3Kas U HOBOM 3Be3Abl TEPMMHAIbHAs CKOPOCTh
cocraBnsier -240 n -388 km/c. B TeueHHe HECKOIBKHX
HeJleNb 1ociie 2-i BCHBIIIKY HaOoaanacs amuccust Hel
5876A, Kotopas MokeT (OPMHpPOBaThCA ONMKE K
BTOPDUYHOMY  TIopsiueMy  KOMIIaHbOHY.  BbIcokue
3HA4YEHHUs MUKPO- U MakpoTypOyJeHTHOH ckopocTH (12
n 75 KM/C) yKa3bIBalOT Ha HECTAOMIBHOCTH aTMOC(EpHI
V838Mon. Ompenenensl T,y = 4750K, log g=-1.5,
[Fe/H] = -0.4. Omnako comepxanus Li, Ba, La ycumenst
u ux u30bITKH [ X/Fe] coorBercTBeHHO paBHE +0.9, +0.7,
+0.7. B memoM, pe3ynbTaTsl HE MOATBEPIMIN CIEHAPU
no3xHeit He-Bembirku, 9ro Habmromaercs B ciayvasx FG
Sge wm oobexra Sakurai.

B.I"" Knoukosa coemecmno c T. Kunnepom, K. Aumnyx,
A. Xupeom, H. Konkoii, JI. Jleoscepsom, A. Ilyccom

(Obcepsamopuss ~ Tapmy,  Ocmonus),  II. Cxoooti,
M. Crexma (Acmponomuueckuil uHcmumym,
Onoporcerios, Pecnyonuxa Yexus)

Be-3BE3JJA XEPBUI'A HD200775 B ®A3E

AKTHBHOCTHU

C moMompo CeKTporpad)oB BEICOKOTO Pa3peIICHHS
Ha teneckonax Poccun, CIHA u Ykpaunsr B 2000-2002
IT. BBIIIOJTHEHA KOOTIEPAaTUBHAS IIpOrpaMMa HaOIII0JeHU I
Be-3Be3npr Xepoura HD200775, y xotopoit B 2001 T.
Ha0JIr0/1aach odepeaHas daza aKTHUBHOCTH.
Ilepemennocts npodmis Ho momoOHa TOM, YTO
HaOJoanacy B Npenblyllei ee aktuBHol daze B 1997
r. Ho nosiBuiiack oco6eHHOCTh: npoduiau GoTocepHbIX
abcopbOumii Ho mepeMeHHBI, 4TO, BUIUMO, OOBICHICTCS
BIUSHHEM CcHa0bIX dSMHUCCHH, (QopMupyOIIHXCS B
OKOJIO3BE3IHOW Tra3oBOd obosouke. B memom, crporo
MIEPUOANYHOE HM3MEHEHHE AaCHMMETPHYHOTO MPOQHUILI
Ho u doTochepHBIx TMHWH, a Takke HX ITOJIOKEHHA,
monmydaer OOBSICHEHHE B paMKax MOJCTH 3BE3JbI C
ra3oBoii OOOJIOUKOH B COCTaBe€ [BOMHOW CHUCTEMBI
(e=0.3+0.1). B mpenmonoxeHuH, 9TO Macca W PaIHyC
TIEPBUYHOH 3BE3BI COOTBETCTBYIOT 3THM IapaMeTpam y
B2-3Be3ap1 I'TI (10Myg 1 10R ), mOMyYeHO paccTosiHUEC
Mexay kommoHeHTamu okojo 1000R,s u macca
BTOPUYHOTO KOMITOHEHTA OKOJIO 3.5Mp.

I A. Yynmonos, B.I'. Knouxosa, M.B. FOwxun
cosmecmno ¢ M.A. lloeoouneim (A0  PAH),
A.C. Mupownuuenxo (I'AO PAH u  Obcepsamopus
Pummep yn-ma Toneoo, ClIA), A.E. Tapacosvim,
M.II. Muykesuuem (KpAO, Vxpauna), H. Mancem
(Tasatiu, CIIIA), K.C. bvepxman, H.J[. Moppucon,
Ilic.I1. Buwnescku (Obcepsamopuss Pummep  yn-ma

Toneoo, CIIIA)

telescope (NES, R ~ 60000). An intensity variability of
selected lines and radial velocity was studied. Interstellar
components in NaD lines were selected what allowed us
to estimate distance to the star as d > 4kpc. The profile of
almost all metal lines is of type of PCyg. The terminal
velocity determined by the lines of HP and the 42d
multiplet Fell is equal to -240 and -388 km/s what is
anomalously low for a nova. During several weeks after
the second flare we observed the emission Hel 5876A
that can be formed closer to the secondary hot
component. High values of micro and macro turbulent
velocities (12 and 75 km/s) indicate non-stability of the
V838Mon atmosphere. It was determined that Ty =
4750K, log g=-1.5, [Fe/H] = -0.4. But abundances of
Li, Ba, La are high, and their excesses [X/Fe] are equal
to +0.9, +0.7, +0.7 respectively. In whole, the results did
not confirm the scenario of a late He flare which was
observed in the case of FG Sge or the object Sakurai

V.G. Klochkova in collaboration with T. Kipper,

K. Annuk, I Kolka, L. Leedjarv, A. Puss (Tartu
observatory, Estonia), P. Skoda, M. Slechta
(Astronomical institute, Ondrejov, Czech Rep.)

ACTIVE PHASE OF THE Be HERBIG STAR

HD200775

In 2000-2002 high-resolution spectrographs at
telescopes of Russia, the USA and Ukraine were used to
fulfill a cooperative program on observation of the Be
Herbig star HD200775 which showed its regular phase
of activity in 2001. The Ha profile variability is similar
to what was observed in its previous active phase in
1997. But a distinction appeared: the Ha profiles of
photosphere absorptions are variable what is probably
explained by influence of weak emissions formed in a
circumstellar gas envelope. In whole, a strictly periodic
variability of the asymmetric Ha profile and photosphere
lines as well as their positions can be explained within
the framework of the model of a star with gas envelope
as part of a binary system (e=0.3+0.1). Under the
assumption that the primary star mass and radius
correspond to these parameters of a MS B2 star (10Myp
and 10R,g), it was obtained that distance between
components is about 1000R 5 and mass of the secondary
component is about 3.5Mp.

G.A. Chountonov, V.G. Klochkova, M.V. Yushkin in
collaboration  with  M.A. Pogodin (MAO  RAS),
A.S. Miroshnichenko (MAO RAS & Ritter Observatory,
USA), A.E. Tarasov, M.P. Mitskevich (CrAO, Ukraine),
N. Manset (Hawaii), K.S. Bjorkman, N.D. Morrison,
J.P. Wishniewski (Ritter Observatory, Toledo University,
USA)
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CIHEKTPAJIbHBIN ATJAC J1JIA F, G-3BE3/I

Ha ocHoBe suienne-cnekrpoB aist rpynmnsl F-G 3Be3n
W3TOTOBIIEH M OITyONHMKOBaH CIEKTPaNbHBIA aTiiac B
untepane  4500-6620 A.  IlpommmocTpupoBaHsl
3¢ (GeKT METAUTUIHOCTH, CBETHMOCTH M CKOPOCTH
Bpamienus. Ha puc. 45 npuBeaeHa 4yacTh arjiaca B paiioHe
Tpurzeta Mgl 5167-5183 A.

B.I"" Knoukosa, B.E. I[lanyyx, C.B. Epmakoe coemecmmuo

— ara rr

|
- Ll J ‘ e | .
Mgl Yl Crll Fell
| L | L | L | L | L | L | L |
5140 5160 5180 5200 5220 5240 5260

5280 5300

Ha OCHOBaHMHM CIEKTPOB, IOJYYEHHBIX Ha bIlA
(smemre-cnektporpagp HOC, R=75000, S/N>250),
ompeneneHsl  pyHmameHTanbHble mapamerpel (T, =
7250 K, log g=0.8) u meranbHbIi XHMCOCTaB 3BE3JbI
XXCam, oTHOcsAmeHcs K ManouncinenHon rpynme HdC-
3Be3l. B aTy rpymmy BXOmAT 5 ropsumx YrIepOIHBIX
3BE3]l C CWJIbHO BBIPAXXEHHBIM Je(QUIMTOM BOJIOPOAA.
HdC-3Be3apl He HMMEIOT HH TIYyOOKMX MHHHUMYMOB
Oyiecka, HM TEIUIBIX IBUIEBBIX O0OJIOUEK, XapaKTEPHBIX
Juld poAcTBeHHOM rpymmel 3Be3n tuna RCrB. Ms-3a
Oosipiioro aeduIMTa BOAOPOAA IS aHAIM3a CIHEKTpa
XXCam mnorpeOoBaJICS pacdeT CIENHAIBHOH MOJENN
aTMocdepsl (comepkaHHEe BOIOpOJAa Ha & IOPIIKOB
ke HOpMbl U otHolnenne [C/Helog = 0.01). Yurenst
JOTOJHUTENbHBIE MCTOYHUKH MOTJIOMIEHHUS (MOJIEKYJIbI
CO, CN, C,). B urore, Mbl mOATBEPAUIIM OYE€Hb HU3KOE
cojiep)kaHue BojJopona (9KBUBaJieHTHas mupuHa Ho B
HECKOJIbKO pa3 MeHblie, 4eM s smHun Til 6562.3) u

SPECTRAL ATLAS FOR F-G STARS

On a basis of echelle spectra for a group of F-G stars a
spectral atlas within the range 4500-6620 A was
compiled and published. The effects of metallicity,
luminosity and rotation velocity are illustrated. Fig. 45
shows a part of the atlas near the triplet Mgl 5167—
5183 A.

V.G. Klochkova, V.E. Panchuk, S.V. Ermakov in
collaboration with G. Zhao (National Astronomical
Observatories of Chinese Academy of Sciences)

Puc. 45. Tpunnem Mgl 5167-5183 A u aunua YII 5200
A 6 cnexmpax F-36e30, pazmuuaowuxci — no
memnepamype, C8eMUMOCMU U CKOPOCU 6PAUjeHUs
vsin i.

Fig. 45. The triplet Mgl 5167-5183 A and the line YII
5200 A in spectra of F stars differing in temperature,
luminosity and rotation velocity vsin i.

XX Cam — A CARBON STAR WITH HYDROGEN
DEFICIENCY

On a basis of the BTA spectra (the echelle
spectrograph NES, R=75000, S/N>250) we determined
fundamental parameters (T, = 7250 K, log g = 0.8) and
detailed chemical abundance of the star XXCam
belonging to a small group of HAC stars. This group
includes 5 hot carbon stars with a pronounced hydrogen
deficit. The HdC stars have neither deep brightness
minimums, nor warm dusty envelopes typical for an
allied group of the RCrB type stars. Due to a big
hydrogen deficiency, to analyze the XXCam spectrum
we needed to calculate a special atmosphere model (the
hydrogen abundance of 8 orders less than the standard
and the ratio [C/He]o,g = 0.01). Additional sources of
absorption (molecules, CO, CN, C,) were taken into
account. As a result, we confirmed very low hydrogen
abundance (the Ha equivalent width being several times
less that for the line Til 6562.3) and did not find
excesses of the s-process elements and Li.
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HE HaluK W30BITKOB Li M 37IeMEHTOB S-TIpoIiecca.

B.I". Knoukoea cosmecmuo ¢ T. Kunnep (Obcepsamopus
Tapmy, cmonust)

OBHAPYKEHUE CIEKTPAJILHOM
INEPEMEHHOCTH POST-AGB 3BE3/Ibl SAO
40039

BnepBele oOHapy)KeHa IEPEMEHHOCTH ONTHYECKOTO
CIIEKTpa TOpsYei 3Be31bI BHICOKOH cBeTHMOCTH SAO
40039 = IRAS 05040+4820. B 2002-2004 rr. na BTA
(amemte-ciektporpad, R=60000 wu 75000, 4520-
6760 A)  nomyuenst 4  cnmektpa.  OmnpejeneHsbl
crekTpanbHbeil  kKiace A4lb u M, =-5". Merogom
CHUHTETHYECKUX cnekTpoB ompenenensl T, = 8000 K, log
g = 1.0 u [Fe/H] = -0.3, BbIABICHBI N30BITKH yIiIeposa U
kuciopona. OOGHapy)XeHa NepeMEHHOCTh 3MHCCHOHHO-
abcopOmmoHHbIX mpodmied Ho w mHUA MeTayioB
(mpumep Ha puc. 46), OOycCIOBIEHHas IEpPEeMEHHBIM

BKJIAJIOM OMHCCHOHHOTO KOMIIOHEHTa, a TaKxke
[IEPEMEHHOCTD JIy4E€BON CKOPOCTH 3BE3/IbL.
B.I". Knoukosa, E.JI. Yenyos, B.E. Ilanuyx,
M.B. FOwxun
T T T T 71 71T
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OBHAPYKEHHUE CIEKTPAJILHOMN
INEPEMEHHOCTHU OIITUYECKOI'O
KOMIIOHEHTA 1IRAS20508+2011

Brepesie mo criektpam BTA (smerie-criekrporpadsr
PFES, R=17000 u NES B xomMOuMHamuu ¢ pe3aTeineMm
uzobpakenuii, R=60000, 4300-7930 A) oGnapysena
MEPEMEHHOCTh ONTHYECKOTO CIEKTPa XOJIOJHOW 3BE3/bI
BBICOKO CBETHMOCTH, OTOXK/IECTBIISIEMO c
IRAS20508+2011. 3a 5 yer HaOMIOICHUHA W3MEHWIICS
abcopOroHHO-3MHUccHOHHBIN npoduine Ha (puc. 47) u
Jy4deBasi CKOPOCTh 3BE3/bI H3MEHSUIACh B mpeaenax 15 -
30 xm/c. [Tpodume Ho nmeeT npoTsHKeHHBIE KPBUIBSI, YTO
HETUIIMYHO JUIsS CTOJb XOJIOMHOIrO cBepxruranta. Ha
smuccrto Ho HakmagpiBaeTcsl mepeMeHHas abcopOuws,
KOTOpasi CHCTEMaTUYECKU CIBUHYTA B [UIMHHOBOJIHOBYIO
00J1aCTh OTHOCHUTENBHO (oTochepHbIX JuHMA Ha 10

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

DISCOVERY OF SPECTRAL VARIABILITY OF
THE POST-AGB STAR SAO 40039

A variability of optical spectrum of the high-
luminosity hot star SAO 40039=IRAS 05040+4820 was
first detected. In 2002-2004, 4 spectra were obtained
with the BTA (the echelle spectrograph, R=60000 wu
75000, 4520-6760 A). A spectral class A4Ib and
M, =-5" were determined. By the synthetic spectra
method we determined T, = 8000 K, logg=1.0 and
[Fe/H] = -0.3, and revealed excess of carbon and oxygen.
Variability of Ha emission-absorption profiles and metal
lines (an example is presented in Fig. 46) caused by
variable contribution of an emission component and the
variability of the star radial velocity were found.

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

Puc. 46. IIpogpuns runuu Fell 5534 A 6 cnexmpax SAO
40039, nonyuennvix 6 pasHvie 0amvl: CHIOWHAA TUHUS —
02.12.2002, nynkmupnaa — 09.09.2003, wmpuxoeas —
10.01.2004, wmpux-nynkmupuas — 08.03.2004.

Fig. 46. The Fell 5534 A line profile in spectra of SAO
40039 obtained in different dates: the solid line is
02.12.2002, the dotted line is 09.09.2003, the dashed line
is 10.01.2004, and the dash-dotted line is 08.03.2004.

DISCOVERY OF SPECTRAL VARIABILITY OF
AN OPTICAL COMPONENT OF IRAS20508+2011

Variability of optical spectrum of a high-luminosity
cold star identified with IRAS20508+2011 was first
discovered by BTA spectra (the echelle spectrographs
and PFES, R=17000 and NES in combination with an
image cutter, R=60000, 4300 — 7930 A). During 5 years
of observations the Ha absorption-emission profile
changed (Fig. 47) and the star radial velocity varied
within 15 — 30 km/s. The Ha profile has extended wings
what is not typical for a so cold super giant. The Ha
emission is superimposed with a variable absorption
which is systematically shifted of 10 km/s into the long-
wave with respect to photosphere lines. In all
observation moments the intensity of short-wave
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kM/c. JIst Bcex MOMEHTOB HaOJI0ACHUH MHTEHCHUBHOCTh
KOPOTKOBOJIHOBOM 3MHCCHH BBIIIE 110 CPaBHEHUIO C
JUIMHHOBOJIHOBOW. [lososkeHne QoTocdepHbIX JMHUH
METAUIOB CHCTEMAaTHYeCKH, WCKIIoYas OJHY JaTy
HAOIOICHUH, CABUHYTO OTHOCHTENBHO MuccHi B Ha B
KOPOTKOBOJIHOBYIO o00Omacte Ha —23 &m/c. Jluamm
nyonera NaD UMEIOT ClOXKHBINH TPO(UIIb, BKIOYAIOMINAN
HHMPOKYl (monymmpuHa ~ 120 kM/c) SMHCCHIO U
¢dorochepHyro abcopOLMIO, a TakkKe MEK3BE3AHYIO
KOMITOHEHTY. MeTo/1oM Mozesel atMocdep onpeeseHb
Ter= 4800 K, log g = 1.5, V;=4.0 xm/c, [Fe/H], = - 0.36.
Ob6HnapyxeH m30bToK kuciopona [O/Fel, = +1.79 (mpu
stoMm ortHomenue [C/Oles = -0.9), a Taxxe H3OBITOK
9JIEMEHTOB Q-Tpoliecca U NeQUIMT TSHKEIBIX METaIoB.
COBOKYITHOCTh TIapaMeTpPOB 3Be3/bl yKa3bIBa€T Ha TO,
yT1o ontuueckuit komnoHeHT IRAS20508+2011 — sto O-
rich AGB-3Be3ma co ceetumocTbio M, = —3™ BOmU3HM
9BOJIIOLMOHHOrO mnepexojga k craguu post-AGB. Tlo
monokeHnr0 Ha  amarpamme  HK-1BeToB  00BEKT
otHOocuTcs k Tpyme VIb mo wmaccuduxanmu Buna-
XeOuHra, B KOTOPYIO BXOZSAT MPO3BOJIIONNOHUPOBABIINE
OH/IR-3Be3/1bl, SBJISAIOLIAECS 324ACTYIO IEPEMEHHBIMHE C
o0oraIeHHbIMU KHCJIOPOJIOM OKOJIO3BE3IHBIMU
obonoukamu. OH/IR-3Be3nbl paccMarpuBalOTCi  Kak
00BEKTHl Ha 3AKIIOYUTENLHON (ha3ze SBOJIOLMU OOTraThIX
kucioponom  AGB-3Be3n,  MCHBITAaBIIMX  IOTEPIO
BEIIECTBA M OBICTPO DBOJIIOLHOHHUPYIOIIUX K CTaanu
PPN. W3-3a orcyrctBus HaOMOAEHUH B I0JIOCAx
BoxsiHOro Masepa u OH HEBO3MOXHO OJHO3HAYHO
KIaccu(PUIUPOBATh 000JI0YKY. MOXKHO YTBEpKIATh, YTO

MBIl ~ Ha0mOJaeM  TpeNensHO  paHHIOK  (dasy
(GopMHpOBaHUS  NPOTOILIAHETAPHOW  TYMaHHOCTH,
HACTYIAIOILYI0 cpasy nocine HpeKpaleHus

WHTCHCHUBHOTO 3BE3IHOTO BETPa W Hadajga OTACICHUS
000JI0YKH.

B.I'". Knouxosa, B.E. Ilanuyx, H.C. Tasonxcanckas
COBMECHO c I 2Kao (Hayuonanvnole
acmponomuyeckue obcepsamopuu  Axademuu  Hayk
Kumas)
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emission is higher in comparison to the long-wave one.
Except for one observational date, the position of
photosphere metallic lines is systematically shifted of -
23 km/s into the short-wave with respect to Ha emission.
The NaD doublet lines have a complicated profile
including a broad (a half-width of ~ 120 km/s) emission
and photosphere absorption, as well as an interstellar
component. By the atmosphere model method it was
determined that T.;= 4800 K, log g = 1.5, V,= 4.0 km/s,
[Fe/H], = - 0.36. We discovered excess of oxygen
[O/Fel, = +1.79 (in this case [C/O]og = -0.9), excess of
a-process elements and deficiency of heavy metals. The
totality of star parameters indicates that the optical
component of IRAS20508+2011 is an O-rich AGB star
with luminosity M, = —3™ near an evolutional transition
to the post-AGB stage. By its position in the IR color
diagram the object belongs to the Veen-Habing
classification group VIb that includes OH/IR stars which
have evolved and often are variables with oxygen-rich
circumstellar envelopes. OH/IR stars are considered as
objects at the final stage of evolution of oxygen-rich
AGB stars having lost matter and quickly evolving to the
PPN stage. For lack of observations in water maser
bands and OH it is impossible to classify the envelope
unambiguously. One may say that we observe a limit
early phase of a proto-planetary nebula formation which
comes right after the intensive stellar wind stops and the
envelope begins separating.

V.G. Klochkova, V.E. Panchuk, N.S. Tavolganskaya in
collaboration with G. Zhao (National Astronomical
Observatories of Chinese Academy of Sciences)

Puc. 47. Ipogune Ho 6 cnexmpax onmuueckozo
xomnonenma IRAS 20508+2011, nonyuennvix @ pasuvie
200v1: 1 — 19992, 2—-2000ec., 3—-2003 2., 4—2004 .

Fig. 47. The Ha profile in spectra of the optical
component of IRAS20508+2011 obtained in different
yvears: 1 — 1999, 2—2000, 3— 2003, 4— 2004.
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MOJAPHAS - BJIWKAHIIAA ILE®PEUIA B
I'AJIAKTHKE. I. TAPAMETPbI ATMOC®EPBI,
INIOKPACHEHHUE U XUMHWYECKHNU COCTAB

C ucnone3oBaHueM CIeKTporpadoB 6-M TejecKona,
2.1-m Temeckoma obOcepBaropun McDonald u 1-m
Teneckona obcepBaropuu Ritter, Hamu momy4eHsl 35
cnektpoB  IlomsipHoit.  [nsg  kaxaoro  MOMEHTa
HAOJIOACHNI METO0M MOJeNeiH aTMochep OmpeacieHb
(yH/IaMEeHTalIbHbIE MapaMeTpbl 3BE3[bl U XUMUYECKHI
cocraB atMocepbl. ConocTaBIeHUE BCEi COBOKYITHOCTH
mapaMeTpoB, BKJIIOYasl paHee OITyOJIMKOBAaHHEBIC JaHHBIC,
MPUBOANUT K BEIBOJY O CYIIECTBOBAHUH PETYIIIPHBIX U
CIIOpaINYeCKAX HW3MEHCHHU TeMmepaTypsl (puc. 48).
AMIUTHTYIa TIEPEMEHHOCTH COCTABISET IPUMEPHO
250K, a mepmom oxono 25-30 mer, Wro ONM3KO K
BelIMYuHE opOuTanpHOro mepmoma P =29.9-30.5 rer.
O06HapyXeHHbIE OCOOCHHOCTH XHMHYECKOTO COCTaBa
([Fe/H],=+0.07, [C/H] =-0.17, [N/H] = +0.42, [O/H] =
—0.03) cornacyroTcsi ¢ MpeAcTaBIeHUSIMU O 3-eM (WJIu
JlaKe 5-0OM) TEpeceYeHUM I10JIOCHl HECTAOMIIBHOCTH.
Ionoxenue IlomapHoit Ha  guarpamme M,—T,
TIOJTBEPIKAACT MPEAIIONOKEHHE O ITyJILCALUIX B IIEPBOM
obepToHe.

B.I". Knouxoea, M.B. FOwxun coemecmno ¢ U.A. Ycenuko
(KpAO, Yxpauna) u A.C. Mupownuuenxo (I'AO PAH u
Obcepsamopusi Pummep yn-ma Toneoo, CLLIA)
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HNCCJIEJOBAHUE CTPYKTYPbI MAI'HUTHBIX

MOJIE  MEMJIEHHO  BPAIIAIOIIUXCS
MATHHUTHBIX 3BE3]]
HCCH@HOBHHO 7 MCOJICHHO Bpallaronuxcs

marHuTHbIX CP 3Be3]1 ¢ nmepuogamu BpaileHust OT 25% 10
ECSATKOB ~ JeT.  MarHuTtHele JUIONA y  HHAX
OpUEHTHPOBAHBI MPOU3BOIBFHO U 3aBHCHMOCTH CTEICHH
3aMeIJieHWsT OT OpHWeHTarmuu HeT. VccrmemoBaHa
3aBUCUMOCTh BEJUYHMHBI CPEIHETO IMOBEPXHOCTHOTO
MarHiuTHOTO TOJS OT Tepuoaa BpaimeHus. Oka3anochk,
YTO  OHAa  MPOTUBOMNOJOXKHA  OXHJAaeMOH  TpH
MIPEANONIOKESHUH YYaCTHsI MArHUTHOTO TOJIS B Mpoliecce
notepu MomeHTa BpameHus. Camas «MeIJIeHHAsD)
3Be3na YEqu c¢ mepuomom Bpamienus 70 JieT uMeeT
OTHOCHUTENIBHO ¢l1ab0e MarHWTHOE II0JIe, a HE caMoe
cuibHoe. CTpyKTypa MarHuTHBIX IOJIEH HE OTIMYaeTCs

THE POLE STAR — THE NEAREST CEPHEID IN
THE GALAXY. I. ATMOSPHERE PARAMETERS,
REDDENING AND CHEMICAL COMPOSITION

Using spectrographs of the 6 m telescope, the 2.1 m
telescope of the McDonald Observatory and the 1 m
telescope of the Ritter Observatory, we obtained 35
spectra of the Pole Star. Star fundamental parameters and
chemical composition of atmosphere were determined
for each moment of observations by the atmosphere
model method. Comparison of all totality of parameters
including data published earlier leads to a conclusion
about existence of regular and sporadic temperature
changes (Fig. 48). The variability amplitude is about
250K, and the period is about 25-30 years what is close
to an orbit period value of P=29.9-30.5 years. The
detected peculiarities of chemical composition ([Fe/H],
=+0.07, [C/H] = -0.17, [N/H] = +0.42, [O/H] = —0.03)
agrees with notions about the 3¢ (or even the 5™) cross of
an instability band. Position of the Pole Star in the M, —
T, diagram confirms an assumption about pulsations in
the first overtone.

V.G. Klochkova, M.V. Yushkin in collaboration with
LA. Usenko (CrAO, Ukraine), A.S. Miroshnichenko
(MAO RAS & Ritter Observatory, Toledo University,
USA)

0.505
0.555
=.  Puc. 48. Ilepemennocmv 3¢phexmusrou
>|] memnepamypel  Ilonaprou 3a nocneonue 60
0.605 M Jem Habuooenu.
7 Fig. 48. Variability of effective temperature
of the Pole Star during the last 60 years of
0.655 observations.

STUDY OF MAGNETIC FIELD STRUCTURE OF
SLOWLY ROTATING MAGNETIC STARS

7 slowly rotating magnetic CP stars with rotation
periods from 25 to tens of years were studied. Their
magnetic dipoles are oriented arbitrarily and the
deceleration rate does not depend on orientation. The
dependence of an average surface magnetic field value
on rotation period was investigated. It turned out to be
opposite to what was expected under assumption that
magnetic field participates in the process in rotation
momentum loss. Magnetic field of the “slowest” star
vEqu with the rotation period 70 years is relatively
weak. It is not the strongest one. The structure of
magnetic fields does not differ from that of fast rotators,
and three basic types are also observed: 1) the field of a



70 OTHYET CAO 2004-2005 SAO REPORT

OT TaKOBOH Yy OBICTPEIX pPOTATOPOB H TaK IKe
HAOMIOAIOTCA TpPU €€ OCHOBHBIX THIA: 1) Toie
LEHTPAILHOTO JUTONS (OCHOBHAS 4acTh 3BE31), 2) MOJe
CMEIIEHHOTO IUIONA M 3) TOJe CIOXKHOH CTPYKTYPHI
(HeOopmas K0S 3Be311). 3BE31bI C CAMBIMU CHIIBHBIMH
M CaMbIMH CJIaOBIMH MAarHUTHBIMH IOJIIMH HMEIOT B

Cp€aAHEM  OAWHAKOBBIC TIICPUOAbI  BpalllCHHUA, 4YTO
ABJISICTCSA JOIIOJTHUTCIIbHBIM ~ TOBOJIOM B TI0JIB3Y
OPEANOJIOXKEHNA, YTO MArHuTHOC TII0JIE BpAd JIK

y4acTBOBAJO B IpoIliecce MOTEpH MOMEHTA BpAaIlleHHS.
OTcyTCTBHE TOCTATOYHO CHIIBHBIX MAarHUTHBIX TOJIEH y
3Be3 Ae/Be Xepbura, oOHapyXeHHOE HaMH paHee
coBMecTHO ¢ [.A.YyHTOHOBBIM, TaKXke CO3JaeT
TPYAHOCTH TUMOTE3€ “MAarHUTHOr0” TOPMOXKEHHs Ha
CTaaVsIX DBOJIFOLIMHA “‘II0 TJIABHOM ITOCIIENOBATEIBLHOCTH .
OOHapy)XeHO Tak)Ke, YTO 4YeM MEHBIIEe CKOpPOCTh
BpalIeHUs, TeM OOJIbIe IOJII UX CPeId HOPMalbHBIX
3Be3l. CrmenaHo MpPEeArNoyoXeHHe, YTO MaJblii MOMEHT
JOCTalICs eIle OT MPOTO3BE3IHBIX 001akoB. O4eBUAHO,
YTO CKOPOCTh BPAILEHHUS SBIAETCA OJHUM U3 OCHOBHBIX,
€CIIM HE EeAMHCTBEHHBIM (DaKTOpOM, SIBISFOLIMMCS
NPUYMHOM  00pa3oBaHMs  MAarHUTHBIX ~ XUMHUYECKH
HEKYJISPHBIX 3BE3I.

FO.B. I'nazonesckuii

HCCIEJOBAHUE = XHUMCOCTABA  CJIABO
HAMATI'HUYEHHOMU 3BE3 /bl HD10221

HccnenoBanne NpoBOAWIOCH B CBSI3W C 3amadei
BBIICHEHMS! POJIM MarHUTHOTO TIOJsI B CO3/aHHHU
XVUMHYECKHX  aHOMalMi Yy  MarHWTHBIX  3BE3..
Omnpenenenne XuMcocTaBa y ciab0 HaMarHUYEeHHON
3Be3nsl HD10221 (B < 100 G) mokasarno, 4To, HECMOTPS
Ha ¢1ab0CTh MarHUTHOTO MOJIS, XUMUIECKHE aHOMAINN
Y HEC TaKHUE€ K€, KaK y CUJIbHO HaMarHW4C€HHBIX 3BE3[1.
Jnsi KpeMHHsI M3y4YEeHO paclpeieieHle COoJep)KaHHs C
riyouHolr B armocdepe. OOHapyXeH pe3KHi CKayoK,
paBubIi 1.5dex, Ha onTHyeckoi TiyOuHe 1275000 = -0.3 1
c OoJIbILIEH KOHIIEHTpaLUeH KPEMHUS B TIIyOOKUX CIOSIX
armocepsl. Takoe ke paciipeneneHie ObUI0 U3BECTHO B
armMoctepax xomomaubix CP 3Be3n co cmabbiM U
CHIIBHBIM TIOJIEM. CpaBHeHue ocobeHHOCTEH
xuMmcoctaBa HD10221 ¢ wu3BeCTHBIMH 3BE3TaMH C
MarHUTHBIM TIOJIEM Pa3HOM CHIIBI TO3BOJIAET CHENaTh
BBIBOJI, YTO MaJiasi CKOPOCTb BPAILICHNUS, @ HE MAaTHUTHOE
moje, SBISIETCS  ONpElEISIIOIE B MeXaHU3Me
00pa3oBaHMsd XWMHYECKHX AHOMAIMH U COXPaHEHUs
marauTHoro noisis y CP 3Be3n. OueBupaHo, npu Majon
CKOPOCTH BpallleHHs HE BO3HUKAIOT TaKue HCTOYHUKHU
HecTaOMIIBHOCTH KaK MEPHIHOHAIbHAsl LUPKYJISALUS U
middepeHnnansHOe BpalleHne, KOTOpbIE pa3pyllaroT
MarHUTHOE II0JI€ M IIPENsSTCTBYIOT  IIpoleccam
i dy3un XUMUIECKUX 3JIEMEHTOB

FO.B. I'naconescruii, ['.A. Yynmonos
T.A. Psabuuxoeoi (MHACAH)

coemecniHo ¢

central dipole (majority of stars); 2) the field of a shifted
dipole; and 3) the field of a complicated structure (a
small part of stars). Stars with the strongest and the
weakest magnetic fields have similar rotation periods on
the average, what is an additional argument in favor of
assumption that it is hardly probable that magnetic field
participated in the process of rotation momentum loss.
An absence of sufficiently strong magnetic fields in
Herbig Ae/Be stars discovered by us in collaboration
with G.A. Chuntonov also poses problems to a
hypothesis of “magnetic” deceleration at “pre-main-
sequence” evolution stages. It was also discovered that
the less is a rotation velocity the more is their percentage
among normal stars. It was assumed that a small rotation
momentum passed from protostellar clouds. It is evident
that the rotation velocity is one of basic reasons, maybe
the only one, for formation of magnetic chemically
peculiar stars.

Yu.V. Glagolevskij

STUDY OF CHEMISTRY OF THE WEAK
MAGNETIC STAR HD10221

The study was related to a problem of the role of
magnetic field in creation of chemical anomalies in
magnetic stars. Determination of chemistry of the weak
magnetic star HD10221 (B < 100 G) showed that in
spite of the magnetic field weakness its chemical
anomalies are analogous to that of strong magnetic stars.
The distribution of silicon with atmosphere depth was
studied. It was discovered that there is an abrupt jump
equal to 1.5dex at the optical depth 1gts¢p9 = -0.3 and
that the silicon concentration increases in deep
atmospheric layers. The same distribution was known in
atmospheres of cold CP stars with weak and strong
fields. The comparison of HD10221 chemistry features
with known stars with magnetic fields of various
intensity allows a conclusion that the mechanism of
formation of chemical anomalies and the preservation of
magnetic fields in CP stars are determined by a slow
rotation velocity, but not by magnetic field. Evidently, at
small rotation velocity there are no such instability
sources as meridian circulation and differential rotation
which destroy magnetic fields and prevent from
processes of chemical elements diffusion.

Yu.V. Glagolevskij, G.A. Chuntonov in collaboration
with T.A. Ryabchikova (INASAN)
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HNCCJIEJOBAHUE ITAPAMETPOB
MAT'HUTHOI'O MoJIA CP-3BE3/] B
3ABUCHUMOCTH OT CKOPOCTH BPAIIIEHUA

Ha ocHOBaHWM HammX COOCTBEHHBIX H3MEpPCHUN
MarHUTHBIX MOJEH, a TaKKe JHMTepaTypHBIX JaHHBIX
HalJEeHO, YTO CPeIH 3BE3[ C M3BECTHBIMHU IE€PHOJAMHU

BpallleHWs] ~ ME[UICHHBIE POTAaTOpel He o0nazaror
cuiabHBIMH  nosaMu.  ClIOXKHaAs — CTpyKTypa IO
HaOnofaercst  NMPEeMMYIIECTBEHHO Yy  OBICTPBIX
poraropoB. Haubonbmeir BennuuHbl 3ddexTrBHOE

MarauTHoe none pocruraer y CP-3Be3n ¢ mepuogamu
Bpamenust ot 5 go 10 cyrok. IlokasaHo, 4To BHYTpH
JIOCTaTOYHO  Y3KUX  TEMIIEpaTypHBIX  HHTEPBAJIOB
(doToMeTprUecKre WHICKCHI, ONWCHIBAIOIIUE CTETICHBb
aHOMAJBHOCTU paCTpeiesICHUsI SJHEPTUH B KOHTHHYYME,
pacTyT ¢ yBENWYEHHEM IepHofa B KaKIOM W3 HHX.
MarHuTHOE T0JIe 3B€3]l — OYE€Hb MEIJICHHBIX POTaTOPOB
— (mepwoabl - TOABI W JAECATUJICTHS) B CpPEIHEM
MIPUMEPHO B 2 pa3a MEHbIIE, YeM Yy OBICTPBIX POTaTOPOB
(epuofpl - CyTKHM). DTa pa3HHIA Ha HOPSJOK MEHBIIE,
YeM MpeliCcKa3blBaeT TEOpUS MeXaHU3Ma JHHAMO.
CrnenoBaTenbHO, aJbTEPHATUBHAS PEIUKTOBAs TEOPHUs
o0Opa3oBaHus MarHUTHBIX noJyen CP-3Be3n
IIpeAcTaBisieTcs: 0osee MPeaIoYTHTEIEHOM.

U.U. Pomaniox

NCCJIEJOBAHUE HgMn 3BE3]]

[IaTtHECTOCTE  3Be3 OOBIYHO  CBS3BIBACTCS  C
JIefiCTBHEM MAarHUTHBIX TOJICH Ha MOBEPXHOCTH 3BE3MbI.
OpnHako, HEOTHOPOTHOE PpaACIpENeiIeHHe PTYTH OBLIO
Haiineno y HgMn 3Be3ger o And — mpencraBurens
HemarautHoro mnozkimacca CP 3Be3n. Ha cmekrporpade
H3C 6-m Teneckoma C BBICOKMM CHEKTpPAIbHBIM
paspeuieHueM  ObLIH IpoBeJeHbl  HAOMIOJeHUs
pesonancHoit ymmuu  Hgll 3984 A B cmektpax
ObicTpoBpamaronmxcs HgMn 3Be311 ¢ HOXOXKUMHU Kak y
o And aTMochepHbIMI rmapaMeTpamu. st
oOHapyXeHHs BO3MOXKHBIX TOPU30HTAITEHBIX
HEOJHOPOAHOCTEH MBI HCIIONB30BAM MOJICIUPOBAHIE
CHHTETHYECKOTO CIIeKTpa u MIPEUMYTIECTBA
JIOTIIIEPOBCKOTO  pa3pelieHrsT IOBEPXHOCTH. SIBHOE
MpHUCYTCTBUE TSITeH oOHapykeHO y 3Be3x HR 1185 m
HR 8723. JlBa cmekTtpa mTociemHed  3Be3fpl,
pa3zeneHHble 0 BpEeMEHH Ha 2 CYTOK, IOKAa3bIBAIOT
HaJIMuUe nepeMeHHocTH mnpodwias nuHuM. CaenaH
BBIBOJI O TOM, YTO HEpaBHOMepHoe pacnpeneneHue Hg
ABJISICTCA pacnpoCTpaHCHHbIM SIBJICHUEM JJIA
ObicTpoBpamarommxcs HgMn 3Be3x B HHTepBaie
temrnepatyp 13000-13800K He3aBuCHMMO OT CTaauu
SBONIIOIUH 3BE3ABl. DTOT pe3yJbTaT yCTaHABIMBACT
(akT CymecTBOBaHMA HOBOTO KiIacca CIEKTPabHO-
MEepEeMEHHBIX  IATHUCTHIX B-3Be3n ©  sABIseTCA
CIEICTBHEM JHUHAMHYECKHX  HeCTaOWIbHOCTEH B
mporeccax XUMHUYecKod muddy3un M HE CBS3aHBI C
MarHUTHBIMH SBJICHISIMU.

I1.0. Kyopseyee coemecmno ¢ H.E. [Tuckyrnosvim u
O.11. Kouyxosviu (Ynncana), M.E. Cauxosbim
(MHACAH)

STUDY OF DEPENDENCE BETWEEN
MAGNETIC FIELD PARAMETERS OF CP
STARS AND ROTATION VELOCITY

On a basis of our own measurements of magnetic
fields and by literature data it was found that among
stars with known periods of rotation the fields of slow
rotators are not strong. A complicated structure of field
is observed mainly for fast rotators. The effective
magnetic field reaches the maximum for CP stars with
rotation periods from 5 to 10 days. It was shown that
inside rather narrow temperature ranges the photometric
indexes describing an abnormality level of energy
distribution in continuum increases as the period
increases in each of them. The magnetic field of very
slow rotators (with period of years and tens of years) is
about 2 times less on the average than for fast rotators
(with period of days). This difference is an order less
than predicted by the dymano mechanism theory.
Consequently, an alternative theory of CP star magnetic
field formation which does not assume a strong
dependence on the rotation velocity is preferable.

LI Romanyuk

STUDY OF HgMn STARS

The star spottiness is usually thought to be related
with effect of magnetic fields on the star surface.
However, a non-uniform mercury distribution was
recently discovered in the mercury-manganese (HgMn)
star o And which is a well known representative of the
non-magnetic subclass of CP stars. The high spectral
resolution spectrograph NES of the 6 m SAO telescope
was used to observe the resonance line Hgll 3984 A in
spectra of fast-rotating HgMn stars with atmosphere
parameters similar to ones of o And. To detect possible
horizontal non-uniformities we used the modeling of
synthetic spectrum and advantages of the Doppler
resolution of surface. Obvious presence of spots was
detected in the stars HR 1185 and HR 8723. Two spectra
of the latter star separated in time by 2 days show the
presence of line profile variability. It was concluded that
the non-uniform Hg distribution is a widespread
phenomenon for fast-rotating HgMn stars within a
temperature range 13000-13800K irrespective of the star
evolution stage. This result means an existence of a new
class of spectral variable spotted B stars. The observed
Hg non-uniformities are supposedly a consequence of
dynamical instability in processes of chemical diffusion
and are not related to magnetic phenomena.

D.O. Kudryavtsev in collaboration with N.E. Piskunov
and  O.P. Kochukhov  (Uppsala),  M.E. Sachkov
(INASAN)
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Tabnuya 6. Hogvle macnummbie 36e30bl, 0OHapydicenuvie Ha 6-m meneckone ¢ 2004-2005 ze.

Table 6. New magnetic stars discovered with the 6 m telescope in 2004-2005.

HD/BD m B_extr (G) Pec Cluster
HD 315 6.3 -1590 +1959 Si
HD 2957 8.2 -930 +540 CrEu
HD 9147 9.4 -370 +590 Sr
HD 16605 9.7 -2430 -840 SiSrCr NGC 1039
HD 19712 7.8 -3820 +2060 CrEu
HD 27404 8.0 -3140 +1070 Si
HD 32145 6.9 -2490 -1650 Si
HD 34719 6.8 -1390 +970 HgSiCr
HD 36955 9.6 -1300 -410 CrEu Ori
HD 39082 7.5 -1140 +1630 SrCrEu
HD 41403 7.6 -530 +460 SrCrEu
HD 43819 6.2 +170 +470 Si
HD 45107 9.0 -140 +460 CrEu
HD 45530 7.2 -660 +770 Si
HD 45582 8.0 -1650 +4200 Si NGC 2232
HD 47756 6.4 -650 +150 SiCrSr NGC 2244
HD 49040 8.8 +70 +210 SrCrEu NGC 2281
HD 50403 9.0 +190 +1100 SrEu
HD 53081 9.7 -610 +610 Si
HD 66350 8.3 -660 +520 CrEu
HD 86170 8.3 -340 -150 SrCrEu
HD 107612 6.7 -240 +430 Sr Pleiades Group
HD 112528 8.3 +890 +910 SrEuCr
HD 149822 6.3 -550 +890 SiCr
HD 151199 6.2 -400 +150 Sr
HD 159545 7.4 -360 -150 Si
HD 164827 9.3 -2330 +1620 CrEu
HD 169842 9.1 -660 +380 SrCr NGC 6633
HD 170836 9.0 -700 +310 IC 4725
HD 182532 9.3 -40 +620 CrEu
HD 184471 9.0 -90 +800 SrCrEu
HD 196606 6.2 -1100 +1100 Si
HD 196655 8.0 -530 +450
HD 204815 7.2 +60 +600 Si
HD 205087 6.7 0 +240 SrSiCr
HD 207188 7.2 -1510 +1080 Si
HD 210432 7.3 -1930 +530
HD 258686 9.7 +5310 +7900 Si Collinder 95
BD +42 659 9.8 -1010 +1290 SrEu
BD +46 570 9.7 +260 +570
8000 T j
I ||‘ I Puc. 49. Kpusas nepemenHocmu npoooIbHOU
6000 " ” ’ 4 Komnonenmol B, macnumnozo nons 36e30v1 HD 178892
. € NepuoooM 8paujeHus.
| ) ’ ! l Fig. 49 The variability curve of a longitudinal
4000 ' ' . component of the HD 178892 magnetic field with
I i rotation period.
2000l |I |
1 1
0 0,5 1 15
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IIOUCKH HOBBIX MAI'HUTHBIX 3BE3]l B
I'PYIIIIMPOBKAX PA3HOI'O BO3PACTA

[IpomomKanock BEIMOJIHEHHE POIPAMMBI 10 TOUCKY
HOBBIX MAarHUTHBIX 3Be3n cpexu CP-3Be3n, KOTOpbie
SIBISIFOTCSL WICHAMH TIOJIE M TPYMNIIUPOBOK Pa3HOTO
Bospacta (Otuer CAO PAH, 2003, 54). Kangunatel B
MarHUTHbIE 3BE3[bl OTOMPAJIHMCh U3 CIEKTPAbHBIX
HaOmIOAEeHNT B OOJNIAaCTH [empeccHyd KOHTHHyyMa Ha
5200 A ma 1-m Teneckone CAO PAH u Ha ocHOBaHHU
JAHHBIX ~cpeaHenonocHol Qortomerpun CP-3Be3n B

CKOINICHHUAX CCBCPHOT'O Heba (HpeZ[OCTaBJ'IGHI)I
HU3BCCTHBIM (I)OTOMeTpI/ICTOM E. HayH3eHOM us3
Benckoro yHI/IBepCI/ITeTa). B COBOKYITHOCTH C

JIUTEPATYPHBIX JaHHBIMU OBbLIM COCTABJICHBI CIIUCKH
PEATMCTUYECKUX KaHIWAATOB B MATHUTHBIC 3BE3JIbI,
HacuuThiBatomue Oomee 100 oOwvekToB. B pesymbrare
Habmonenuit Ha BTA B 2004 u 2005 rr. o6HapyXeHBI
40 HOBBIX MarHUTHBIX 3Be31 (Tabn. 6), 9 W3 KOTOPBIX
SBISIFOTCSL YJICHAMHM  pa3JIMUHBIX CKOIUICHUH. ITO
JIEMOHCTpUpPYeT 3(P(HEKTUBHOCTh NPUMEHAEMONH HaMHU
METOAUKH.

I1.0. Kyopssyes, U.U. Pomaniox, E.A. Cemenxo

HD 178892 - XOJIOJHASI 3BE3IA C
HKCTPEMAJIbHO CWJIBHBIM MATHUTHBIM
MOJEM

B cnekrpe xomnomHod MarHuTHOM 3Be3abnl HD
178892, marHuTHOE TMOJ€ KOTOPOH BIEPBBIE OBLIO
HalIcHO B pe3yJibTare HaONIOJCHHIA C 3¢eMaHOBCKHM

anamuzatopom Ha  O3CII  BTA, oOHapyxeHbI
paclieruieHHbIe TIOJISIPU30BaHHBIC 3eeMaHOBCKHE
KOMITOHEHTBl HEKOTOpBIX JHMHUH. Pesymprar ObLI

MOJTBEPXKAEH 110 CIIEKTpaM BBICOKOTO pa3perieHus,
MONyYeHHBIM Ha Jeiure-ciekrpomerpe HOC  6-m
teneckona u  HARPS 3.6-m Temeckoma ESO.
Pacuierienue COOTBETCTBYET HCKITIOYUTEIIHHO
OOJIBIIOMY MMOBEPXHOCTHOMY MarHHUTHOMY Mojo Bs =
17.5kG. C mpuBneyeHrneM (GOTOMETPUIESCKUX TaHHBIX

(All Sky Automated Survey) yTO4YHEH mEpUOJ
Bpamienns  3Be3mpl  P=8.2478% (puc. 49). ®azmi
MAarHuTHOI'O n q)OTOMeTpI/I‘leCKOFO MaKCUMYMOB

coBIaatoT Apyr ¢ apyrom. OmpezesneHa temmeparypa
3BE3IbI (T.=7700 = 500 K) u MPOBENICH
MIpeIBApUTEIHLHBIN aHAIH3 XUMCOCTaBa, MOKA3bIBAIOIIHIA
XapakTepHbIe Uit roAp oOunus. HaiieHHOe MarHUTHOE
IoJie  SIBJISIETCS. PEKOPOHO CHIIBHBIM [UIS  XOJIOJHBIX
MarHUTHBIX 3BE3I.

H.0. Kyopasyes, H.U. Pomaniok u E.A. Cemenko
coemecmuo ¢ T.A. Pabuuxosoti u M.E. Caukogbim
(MHACAH), O. Kouyxosbim (Vnncana), C. bBanvrono
(ESO), I1. Hopmom u I'. Jlo Kypmo (Lsetiyapus,).

SEARCH OF NEW MAGNETIC STARS IN
GROUPS OF DIFFERENT AGES

We continued the program on search of new
magnetic stars among CP stars which are members of
field and of groups of different ages (SAO Report, 2003,
54). Candidates to magnetic stars were selected from
spectral observations in a continuum depression at
5200 A with the 1 m SAO telescope and by data of the
middle-band photometry of CP stars in clusters of the
northern sky (given by a known specialist of photometry
E. Paunsen from the Vienna University). In combination
with literature data, the lists of realistic candidates to
magnetic stars containing more than 100 objects were
compiled. As a result of BTA observations in 2004 and
2005, 40 new magnetic stars were discovered (Table 6),
9 of them being members of different clusters. This
demonstrates an effectiveness of the method we apply.

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

HD 178892 — A COLD STAR WITH EXTREMELY
STRONG MAGNETIC FIELD

In spectrum of the cold magnetic star HD 178892
whose magnetic field was first discovered in
observations with the Zeeman analyzer at the BTA Main
Stellar Spectrograph the split polarized Zeeman
components of some lines were detected. The result was
confirmed by high-resolution spectra obtained with the
echelle spectrometer NES of the 6 m telescope and the
HARPS of the 3.6 m ESO telescope. The splitting
corresponds to extremely strong surface magnetic field
Bs = 17.5kG. Involving photometric data (All Sky
Automated Survey) a period of star rotation was
determined more precisely as P=8.2478¢ (Fig. 49).
Phases of magnetic and photometric maximums
coincide. The star temperature was determined (T. =
7700 + 500 K) and the chemical composition was
preliminarily analyzed. It shows typical roAp
abundances. The detected magnetic field is record strong
for cold magnetic stars.

D.O. Kudryavtsev, 1.I. Romanyuk and E.A. Semenko in
collaboration with T.A. Ryabchikova, M.E. Sachkov
(INASAN), O. Kochukhov (Uppsala University, Sweden),
S. Bagnulo (ESO), P. North and G. Lo Curto
(Switzerland).
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O TEPEMEHHOCTH JIMHUH B CHEKTPE
CBEPXI'MT'AHTA aCam

IIo II3C cnekrpaM, mOJY4YEHHbIM Ha 3UIEIUIE
cunekrporpadax PFES 6-m temeckoma CAO PAH wm
CEGS 2-m Ttemeckoma IIIAO HAH AsepOaiimxkana,
WCCIICIOBAaHBl U3MEHEHUS MPOQHIIeH JTHHUN B CIIEKTPE
ropsiaero cBepxruranta o Cam (puc. 50). Beictpeie
mmererns (< 1.5") mpoduneii u Jy4eBBIX CKOPOCTEH
TUHUA HE OOHapyXeHBl. PaccMOTpeHBI HEKOTOpPHBIE
Meronuueckne  3(GEKTbI, BBI3BIBAIOIINE  JIOKHYIO
nepeMeHHOCTh. [lepemeHHOCTh mpoduist nuHuM Ha
BBITJIAOUT CUMMETPHUYHO OTHOCUTCJIIBHO nleeBoﬁ
CKOpPOCTH HEeHTpa MaccChbl 3BE€31bI )44 ABJISICTCA
CJIC/ICTBHEM MEPEMEHHBIX CHHE- M KPAaCHOCMEIIEHHBIX
sMuccHid W/ abcopOimi, KOTOpbIE HaKIIaJ(bIBAIOTCS
Ha nepeMeHHBbIH (oTochepuslii mpoduis. Ha muann Ho
(UKCHUPOBaHBI IPU3HAKK KPYITHOMACIITAOHOTO BRIOpOCa
BeIleCTBA W3  TOBEPXHOCTH  3BE3IBI,  KOTOPEIC
MPOCIICKHUBAIOTCS W Ha JPYTHX JHHUSAX CIieKkTpa. B
muann  Hell 4686 Habmomaercs mpodwis Thma
obparaoro P Cyg, a Ha xpacHOM Kpbute muann Hel 5876
oOHapykeHa ciabasi ¥ IepeMeHHas 3Muccus. beicTpas
(Ha XxapakTepHBIX BpeMeHaX MEHee yaca) MePeMEeHHOCTh
npoduns auaun Hell 4686, oOHapyxeHHass paHee IO
HamuM  HaOmopeHussM  (Xonteirud u - Ap., 2000),
MIOCTaBJICHA oz COMHEHHE. CormocrasiieHne
HaOIOaTeNIbHBIX JIaHHBIX O MEPEeMEHHOCTH Mpoduien

Puc. 50. Ilpogunu nunuu Ho 6 cnexmpe o Cam: a)
noayuennvle 25.02.97 2. na cnexkmpoepagpe PFES 6-m
meneckona  CAO  PAH; b) noayuennvle Ha
cnexkmpoepage CEGS 2-m meneckona ILIAO u cpeonuii
(I*) no npusedennvim Ha (a); c): pazoguHymele no
opouname paznocmu unougudyarvrvlx npogunei CEGS
u cpeornezo npoguns PFES.

Fig. 50. Ho profiles in the spectrum of a Cam: a)
obtained on February 25, 1997, with the PFES
spectrograph of the SAO 6 m telescope; b) obtained with
the CEGS spectrograph of the 2-m ShAO telescope and
the mean (I*) shown in (a); c): spaced apart along the
vertical axis the differences between the individual
CEGS profiles and the mean PFES profile.

LINE VARIABILITY IN THE SPECTRUM OF
THE SUPERGIANT aCam

We use CCD spectra taken with the PFES and
CEGS echelle spectrographs attached to the 6-m
telescope of the Special Astrophysical Observatory
(Russian Academy of Sciences) and the 2 m telescope of
the Shamakha Astrophysical Observatory (National
Academy of Sciences of Azerbaijan), respectively, to
study the line-profile variations in the spectrum of the
hot supergiant a Cam (Fig. 50). No rapid (<1.5")
variations in the line profiles and radial velocities have
been found. We consider some of the systematic effects
that cause spurious variability. The variability of the Ha
profile appears symmetric relative to the radial velocity
of the center of mass of the star and is attributable to the
variable blueshifted and redshifted emission and/or
absorption features superimposed on a variable
photospheric profile. The Ha line shows evidence of a
large-scale mass ejection from the stellar surface that
can also be found in other spectral lines. The Hell 4686
line exhibits an inverse P Cyg profile, while the red
wing of the Hel 5876 line shows a weak, variable
emission feature. The rapid (on characteristic time scales
of less than an hour) variability of the Hell 4686 profile
that was previously revealed by our observations
(Kholtygin et al. 2000) is called into question. A
comparison of the observational data on the variability
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JuHuil B Y® W ONTHYECKOM JMana3oHax CIIEKTpa
CBEpXTUTaHTa o Cam MO3BOJISIET crenaTh
[PEANOJNIOKEHHE O HEepaJualbHBIX JIBUKEHHUSIX Kak
OCHOBHOU NMPUYWHE MTEPEMEHHOCTH JIYIE€BBIX CKOPOCTEH
1 IpouIIei THHUH.

A.X. Pzaes (CAO PAH, IIIAO HAH Aszepbaiiosxcana),
B.E. Ianuyx

HCCIEJOBAHUE PACCESIHHBIX 3BE3JIHBIX
CKOILVIEHUU HA HEUCC-1000

PaccessHuple  3BE3IHBIE  CKOIUIEHHMS  SIBJISIFOTCS
Hambosiee MOOXOAAIIMMU OOBEKTAMH UIS H3YUYCHHUS
CTPYKTYPBl W KHHEMAaTHKH IUIOCKOW ITOJICHUCTEMBI
lanakTuky, TMOCKOJBKY WX PacCTOSHUS, BO3PaCThI,
M30BITKH LIBETA, IPOCTPAHCTBEHHBIE CKOPOCTU U APYIHe
apaMeTphl OMPENENIAIOTCS C OOJNBIICH TOYHOCTHIO, YeM
IS OOUHOYHBIX 3BE3N. Camble MOJIOJIbIE pacCesiHHbIE
CKOTUICHHSI aCCOLUUPYIOTCS CO CIIUPAITFHBIME PyKaBaMH
lanaktuxu. Lens HacTosmiel paboOTHI — HCCIIEIOBAHHE
HECKOJIPKUX CKOIUICHHHA B HamlpaBICHHH Ha pPyKaB
Iepces (ramaktuueckas gonrorta [ = 100-135°) B pamkax
HpOI’paMMbI I/ISy'-IeHl/Iﬂ KHUHCMAaTUKN FaﬂaKTI/IKI/l.

20 =

22

2z Loy

B 2003-2004 rr. 6puto momyueno 85 BVRI II3C-
M300paKEHHH TpeX MaJOW3y4YEHHBIX  PacCesTHHBIX
ckorrenmii: King 13, King 18 m King 20 u
HCTOJIB3yEMOT0 B KauecTBe craHaapra ckoreHuss NGC
7790 Ha Teneckone Lleiicc-1000 CAO PAH. O6pabotka
npooguwiack B nakerax MIDAS u DAOPHOT. beutn
MIOCTPOEHBI PacIIpe/Ie]ICHUs] TIOBEPXHOCTHON IIOTHOCTH
BIOJb paJuyca CKOIUIEHHH, YTOYHEHBI KOOPAWHATHI

of ultraviolet and optical line profiles for the supergiant
o Cam leads us to suggest that nonradial motions are
mainly responsible for the variability of the radial
velocities and line profiles.

A.Kh. Rzayev (SAO RAS, ShAO of Azerbajdzhan NAS),
V.E. Panchuk.

STUDY OF OPEN STAR CLUSTERS WITH
ZEISS-1000

Open star clusters are the most suitable objects for
studying structure and kinematics of the Galaxy flat
subsystem since their distances, color excesses, spatial
velocities and other parameters are determined to a
higher accuracy than for single stars. The youngest open
clusters are associated with spiral branches of the
Galaxy. The aim of this work is to study several clusters
in a direction of the Perseus branch (galactic longitude /
= 100-135°) within the framework of the program on
study of kinematics of the Galaxy.

Puc. 51.  JHuacpammevr (V, B-V) onn paccesamnmnvix
ckonnenuti  King 13 (ssepxy) u King 18 (snuzy) c
HanoxceHHviMu Ha Hux HavaroHvimu 111 (Ons King 18 —
wmpuxoeou JuHUel) u U30XPOHAMU
coomseemcmeyroujeco um eozpacma (lg(t) = 8.5 u 8.0,
coomeemcmeento), ezamoimu uz pabomsei Girardi P.L.,
Bertelli G., Bressan A., 2002, A&A 391, 195.
Ilynkmupom nposedenvl u30Xpomvl, OMiUYAIOWUecst Ha
0.1 6 Ig(t) 6 b6orvwyro u menvuryto cmopouwi. Cosue
HI'TI  u  uszoxpon coomeemcmeyem — Cledyiouwum
sHaueHusm uzbvimka yeema E(B-V) u paccmosinus 00
ckonnenus: 0.57+0.05", u 3500200 nx onst cxonnenus
King 13 u 0.79+0.05™ u 3100+200 nx ons King 18,

CoomeemcmeeHHO.

Fig. 51. Diagrams (V, B-V) for open clusters King 13
(up) and King 18 (down) superimposed with their initial
MS (a dashed line for King 18) and isochrones of
corresponding ages (Ig(t) = 8.5 and 8.0 respectively)
taken from the paper by Girardi P.L., Bertelli G.,
Bressan A., 2002, A&A 391, 195. Dotted lines denote
isochrones differing upward and downward by 0.1 of
Ig(t). A shift of IMS and isochrones corresponds to the
following values of color excess E(B-V) and distance:
0.57+0.05", and 3500+200 pc for the cluster King 13
and 0.79+0.05" and 3100200 pc for King 18
respectively.

In 2003-2004 85 BVRI CCD images of three poorly
known open clusters were obtained with the telescope
Zeiss-1000 of SAO RAS: King 13, King 18, King 20
and the cluster NGC 7790 used as a standard. Processing
was made with the MIDAS and DAOPHOT software
packets. Surface density distributions with the cluster
radii were built, the cluster center coordinates were
determined to a higher accuracy and their radii were
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LIEHTPOB CKOIUIEHMH M HaijaeHbl ux paauycel. [lo

quarpaMMaM — IBer-BenmumHa  (puc. 51)  Obum
OmnpeNeNeHsl  (U3NUYeCKue MapaMeTphl  CKOIUICHHH:
M30BITKM [BeTa B HANpaBJICHHMH Ha CKOIUICHUS,

paccTosiHuA 10 CKOIUJIEHUH M UX Bo3pacThl. [locTpoeHbl
(GYHKIMM CBETUMOCTH YISl KQXKIOTO U3 CKOIUICHUIA.

B.B. Bracrok, O.U. Cnupuoonosa  coémecmuo ¢
E.B. I'nywkosoii u T. Kypunosoii (TAHULL MI'Y).

found. Physical parameters of clusters were determined
by the color — stellar magnitude diagrams (Fig. 51):
color excesses in direction to clusters, distances to
clusters and their ages. A luminosity function was built
for each cluster.

V.V. Vlasyuk, O.I Spiridonova in collaboration with
E.V. Glushkova, T. Kurilova (SAI MSU)
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CUCTEMBbI

Jlnst Teopur DBOJIONIUM JABOWHBIX CHUCTEM OOJBIION
WHTEpEC  TPEACTABIAIOT  CHUCTEMBI,  KOMIIOHEHTHI
KOTOPBIX HAXOIATCA Ha Pa3HBIX CTaausAX 3Boionuu. B
CBOEM DAa3BUTHU OHHM JOJDKHBI OBUIM TPOWUTH a3y
obrureli oboouku. [IprMepoM TaKUX CHCTEM SIBIISFOTCS
MIPEIKATAKIN3MUYECKUE JIBOMHBIE (PCB) 51
Karakammudeckue nepemenssie (CV).

CocraBnen mnepsbiii karanor PCB. Omnucansl ux
XapaKTepUCTHKH W CBOHCTBA, KOTOpPHIE CpPaBHEHBI C
xapakrepuctukamu  CV. 3HaMeHUTOe OHMMOIANBHOE
pacupenenenune nepuonoB CV HabmromaeTcs Takxke y
PCB, HO 3KCTpeMyMBI 00€HX THCTOTpaMM HaXOZSTCS B
mpotuBodasze (puc. 52). PCB sBIAOTCS cHCTEMaMu
Oonee MMUPOKMMHU M MeHee MaccuBHbIMH, dem CV.
HOKa?:aHO, 4YTO HECMOTpA Ha HIACHTUYHOCTb MHOI'MX
[IapaMETPOB OCHOBHOE Pa3/IMYUE MEXKAY 3TUMHU IBYMS
TUIIAaMH  cUCTeM (aKKpenus Wid €€ OTCYTCTBHUE)
00YCIJIOBJICHO TIPOLIECCOM 3BOJIIOIIMM U  CBOWCTBAMHU
npapojutencii. VX SBOJIOIMOHHBIC MYTH PacXOIATCS
Moclie CTaguM KpPacHOr0 THraHTa. bBOJBIIMHCTBO
TJIaBHBIX KOMIIOHEHTOB PCB CTaHOBSTCS
AKCTPEMAIEHBIMUA O0BEKTAMU TOPH30HTAIBHON BETBH H
YXOIAT Ha JIMHUIO OXJIAXKICHHUS OCIBIX KapJINKOB, MUHYS
AGB, wm He pocturHyB e€ Bepxa. BropuuHbie

Systems with components that are at different
evolution stages are of great interest for the theory of
binary systems. In their evolution they were to pass
through the phase of a common envelope. Pre-
cataclysmic binaries (PCB) and cataclysmic variables
(CV) are examples of such systems.

The first catalogue of PCBs was compiled. Their
characteristics and properties are described and
compared to characteristics of CVs. The famous
bimodal distribution of CV periods is observed for PCBs
also, but extremes of both bar charts are in antiphase.
(Fig. 52). PCBs are less massive and wider systems than
CVs. It was shown that in spite of identity of many
parameters the basic difference between these two types
of systems (presence or absence of accretion) is
determined by the evolution process and properties of
progenitors. Their evolution tracks diverge after the red
giant stage. The majority of PCB main components
become extreme objects of the horizontal branch and
deflect to the line of cooling of white dwarves omitting
AGB or not achieving its top. The secondary PCB
components are characterized by a high corona-
chromosphere activity what indicates presence of a
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koMIioHeHTbl PCB oTinuarorcss BHICOKOW KOPOHAIbHO-
XpOMOC(EpHOH aKTUBHOCTBIO, 4YTO YKa3blBacT Ha
HaJM4Me 3HAYUTEIBHOIO MOBEPXHOCTHOTO MArHUTHOTO
1OJIA. Brruncnenst IpeaeNsHbIe paccTosiHUs
ycToitunBocTr cucteM. CpaBHEHHE UX C PACCTOSHUSMHU
MeXIy KOMIOHEHTaMH TNokazanmo, uro CV mepenum
stor mpenmen, a PCB coxpaHWimM yCTOWYHBOCTh B
TIpoIIecce IBOJIOIINH.

H.®. Bouixanuckas

HUCCJIEJJOBAHUE OU3NYECKUX
XAPAKTEPUCTUK TECHBIX JBOWHBIX
3BE3]I

B pesyinbTare aHanu3a HaOMIOJATENLHOTO MaTepHaia
U TEOPETHYECKOTO MOJCINPOBAHUS CIEKTPOB U KPHUBBIX
6mecka V664 Cas MBI MIPUIIUTH K BBIBOAY, YTO CHCTEMa
SIBIIICTCSL  CEABMBIM OOBEKTOM, NPUHAIICKAIIAM K
rpyIIe MOJOABIX MPEIKATAKIN3MUUECKHX TEPEMEHHBIX,
cogepkamux  sdO-cyOKapinuku M OKPYKEHHBIX
HHaHeTapHI)IMI/I TyMaHHOCTﬂMI/l. BOJ'II)L[IaH aMHJ'Il/ITyIla
Onecka, HaJIn4yue SMMCCHUOHHBIX JIMHAN
BBICOKOMOHHM30BAHHBIX 3JIEMEHTOB U JIOMUHHPOBAHHE
MOTOKA B CHHEW O0JIACTU CHEKTpa TUIHUYHO Ui BCEX
YJIEHOB 3TOW Tpymibel. OIHAKO HEOOXOIUMO OTMETHTH
psan cnenyrommx ocobeHHoctelr V664 Cas, KOTOpbIe
JIENAI0T €€ YHHUKAIbHOW CPeAM W3BECTHBIX TECHBIX

IBOMHBIX CHCTEM, TIPOMISNNINX CTaauio0  oOmeit
000JIOUKH.
OyHKIIUS MacCc TIaBHOH KOMIOHEHTH f(m) =

0.007M,p, ompenesieHHas B paMKax MoJelel Kak
KpPYTOBOHM, TaK M 3JUIMOTHYSCKOW OpOHUT, MUHHMAJIbHA
JUIE  BCEX  MPEIKATAKIM3MHUYECKUX  IEPEMCHHBIX.
[IpuMedaTenbHO, YTO MOJENb SJUTUNTHYCCKONH OpPOUTHI
(e ~ 0.09) cymiecTBEHHO JydIle OIMCHIBACT KPHUBYIO
JMy4eBBIX CKOpOCTel cucTembl. Huskoe 3Hauenme f(m)
noKaseiBaeT, 4rto B V664 Cas Oomapmiedi Maccoit
obnamaer BTOpHYHAs KOMIIOHEHTa, YTO SBISETCA
€IMHCTBEHHBIM CIIy4aeM CPeIH MpeAKaTaKIM3MIYECKIX
MEPEMEHHBIX C OPOUTATIBHBIM MIEPUOIOM MEHEE CYTOK.

Ammiutyna  Onecka V664  Cas  ocraercs
MPaKTUYECKH OJMHAKOBOM st Bupumoro, UK wu
ommkHero Y® pmanasonoB. CrieloBaTenbHO, ropsiee
IIITHO Ha T[OBEPXHOCTH BTOPUYHON KOMIIOHCHTBI
JMIOMUHUPYET B M3JIyYCHHH CHUCTEMBI BO BceX (ha3zax ee
opburanpHOTO Tepuoma. OmpenencHa TeMmepaTypa
aTMoc(epbl B IEHTPE TOPSYEro IsATHA Ha YPOBHE T
~23000K mpu cOOCTBEHHOW TeMIlepaType BTOPUIHOM
KOMITOHEHTHI Ter= 5400K.

B cmektpax V664 Cas (puc. 53) mabmogaroTcs
mmpokre (AV, = 900 KMm/C) JOBYXIHKOBEIC
0aTbMEpPOBCKHE JIMHUHM BOIOPOAA, HE XapaKTEpHBIC IS
CIIEKTPOB TECHBIX [IBOMHBIX CHCTEM 0€3 SBICHHA
akkpeuun. Takas ¢opma npoduied o0ycioBieHa
s¢ddexkTaMu  TOTJIONICHUS H3nydeHHss V664 Cas
BEILIECTBOM IUJIaHETAPHOM TyMaHHOCTH. BemecTtBo B
00JacTH TOTJIONICHUS HMMEET CPEIHCKBAAPATHUHYIO
CKOPOCTH JIBIDKCHHS aTOMOB Bonopoja 16 km/c W He
00JamaeT 3aMETHBIM BEKTOPOM CKOPOCTH OTHOCHUTEIFHO

considerable surface magnetic field. Limit distances of
systems stability were calculated. Their comparison to
distances between components showed that CVs passed
this limit, and PCBs kept stability during the evolution
process.

N. F. Vojkhanskaja

STUDY OF PHYSICAL PARAMETERS OF
CLOSE BINARIES

After analyzing observational material and
theoretical modeling of V664 Cas spectra and light
curves we inferred that the system is the seventh object
belonging to a group of young pre-cataclysmic variables
containing sdO subdwarfs and surrounded by planetary
nebulae. Big brightness amplitude, presence of emission
lines of highly ionized elements and predominance of
flux in the blue spectral region are typical for all
members of this group. But we should mention a
number of the following features of V664 Cas making it
a unique object among known close binaries having
passed a stage of a common envelope.

The mass function of the main component f(m) =
0.007M,g determined within the framework of models
of both circular and elliptic orbits is minimum for all
pre-cataclysmic variables. It is remarkable that the
model of an elliptic orbit (e ~ 0.09) describes the curve
of system radial velocity much better. The low value of
f(m) proves that the secondary component of V664 Cas
has the bigger mass what is the only case among pre-
cataclysmic variables with orbital period less than one
day.

The V664 Cas brightness amplitude remains
practically equal for visual, IR and near-UV ranges.
Consequently, the hot spot in surface of the secondary
component predominates in the system emission in all
phases of its orbital period. Temperature in center of the
hot spot is determined as being T.s ~ 23000K with the
proper temperature of the secondary component being
Teff: 5400K.

The spectra of V664 Cas (Fig. 53) display broad
(AV, = 900 km/s) two-peak hydrogen Balmer lines
which is not typical for spectra of close binaries without
accretion. Such a profile form is determined by effects
of absorption of the V664 Cas emission by matter of the
planetary nebula. The matter in the absorption region
has a root-mean-square velocity of hydrogen atoms of
16 km/s and has no noticeable velocity vector relative to
the central star. Discovery of two-peak hydrogen lines in
spectra of VW Pyx and TW Crv allows assuming that



78 OTHYET CAO 2004-2005 SAO REPORT

LeHTpalbHOH 3Be3ibl. OOHapyXeHHE JIBYXITMKOBBIX
quHUA Bomopoaa B cmektpax VW Pyx u TW Crv
MO3BOJISIET  NPEAIIONOXKNT, 4YTO ToxoOHas ¢opma

npoduei XapakTepHa ULt MOJIO/BIX
MIPEeIKATAKITA3MAICKIX MTepEeMEHHBIX c sdO-
cyOkapnmukamu. [Ipenmomaraercs mpoBepka  dTOH

THIIOTE3bl B XOJIe UCCIIEAOBAHUI ABYX MEPCHEKTHBHBIX
KaHJWJaTOB B  MOJIOAbIE  IPEJKATaAKIN3MHUYECKHE
nepeMeHHble — sep IUIaHeTapHbIX TymaHHocTel Abell
65 u SP1.

such a profile form is typical for young pre-cataclysmic
variables with sdO subdwarfs. We are going to test this
hypothesis during studying two promising candidates to
young pre-cataclysmic variables — nuclei of planetary
nebulae Abell 65 and SP1.
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Puc 53. Teopemuyecxuii (nynkmup) u Habarodaemviii cnekmpul V664 Cas 6 maxcumyme Onecka.

Fig. 53. Theoretical (the dotted line) and observed spectra of V664 Cas in the brightness maximum.

JlonoHUTENEHBIM HCTOYHMKOM IOTIOJHEHHS Kilacca
MIPEAKATAKIN3MIYECKAX TIEPEMEHHBIX MOXKET CIIYKHTh
JETAIBHBIN aHAIN3 MAIIOM3YYEHHBIX KaTaKIM3MUYECKUX
JBOMHBIX, BOJIFOLIMOHHBIN CTaTyC KOTOPHIX YCTaHOBICH
Ha  OCHOBE  HAaONIOAEHWHA  CHEKTPOB  HHU3KOTO
paspemenns. YacTe OOBEKTOB 3TOM TPYIIBI SBISACTCS
AIpaMHU SIPKUX IJIAHETAPHBIX TYMaHHOCTEH M COAEPKHUT
B CBOMX CHEKTpax Yy3KHE JIMHUM HEUTPalIbHOTO H
MOHHM30BAaHHOTO Teiusa, 3neMeHToB Tpymmsl CNO B
BBICOKMX CTaJusX MOHM3AaLlMM M  BOAOpOAa C
JBYXITMKOBOH (opmoii mpoduneii. B 1enom, Takue
00BEKTHI OYCHB MTOX0XH Ha V664 Cas u VW Pyx, uto, B
CBeTE IOJYYEHHBIX B HacTOsIIEeH paboTe pe3yibTaToB,
peaHuMHpyeT npoOiemy nx OKOHYATEeJIbHON
KITaCCH()UKAITUH.

H.B. Fopucogé coemecmno ¢ H.A. Caxubyriuneiv u
B.B. Hlumancxkum (KI'Y). Onyoauxosaro 6 AXK, 2004.

An additional source of augmentation of the class of
pre-cataclysmic variables can be a detailed analysis of
scantily known cataclysmic binaries whose evolution
status was determined by observations of low-resolution
spectra. Some objects of this group are nuclei of bright
planetary nebulae, and their spectra contain narrow lines
of neutral and ionized helium, CNO elements in high
stages of ionization, and hydrogen with a two-peak
profile form. On the whole, such objects are very similar
to V664 Cas and VW Pyx and, in light of results
obtained in the work, this reanimates a problem of their
final classification.

N.V. Borisov in collaboration with N.A. Sakhibullin and
V.V. Shimansky (KSU). Published in AZh, 2004.



