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OU3UKA 3BE3/{ STELLAR PHYSICS

CHEKJI-UHTEP®EPOMETPUSI MATHUTHBIX
3BE3]

SPECKLE INTERFEROMETRY OF MAGNETIC
STARS

Puc. 26. Hzo00pascenus

enepeovle

paspeulernnblx HA KOMNOHEHN1bL MACHUNHBIX

36e30 (BTA,
unmepghepomempus). Cnesa - HD 64486 (venosoe paccmosnue medxcoy komnonenmamu p=0.350", pasnocms 61ecka
— Am=3.4", <Be>=855I'c); cnpasa - HD 103498 (p=0.138", Am=1.8", <Be>=333 I'c).

CneKJi-

Fig. 26. Images of the first BTA-resolved magnetic systems, reconstructed from bispectrum. Left: HD 64486 (the
angular separation between components is 0.350", the magnitude difference is 3.4", <Be>=855 G),; right: HD

103498 (Am= 1.8", p=0.138", <Be>=333G).

ITo coBpeMEeHHBIM OLIEHKaM HECKOJIbKO MpPOLIEHTOB
3BE3]] CHEKTpaJIbHBIX KiaccoB B5-F5, npunannexamux
I'maBHO# mocnenoBarensHocTH (I'TI), MMeroT cuibHBIE
MOBEPXHOCTHBIE ~MarHUTHbIE IOJIS, JOCTUTAIOIIUE
necaTkoB KI'c, 4To Ha MOPsIIOK OOJIbIIE MAaKCHMaTbHON
BEJIMYMHBI MATHUTHOT'O TIOJISI B COJTHCYHBIX IMATHAX.

JIOMHHUPYIOT /IB€ TEOPHH, OOBSICHSIOIINE MEXaHU3M
TeHEpAalMU CUJIbHBIX MArHUTHBIX IOJICH: PEIUKTOBOE
MarHUTHOE T0JIe ¥ Teopusi AuHaMO. MHOTHe mpodeMsl,
CBSI3aHHbIE €  (OPMUPOBaHMEM U  OIBOJIOLHKEH
MarHUTHBIX 3Be3[l, HE HaXO[T MOJHOr0 OOBSCHEHHS B
paMKax JTHX TeOpHi. OTO KacaeTcsi (U3HUECKUX
CBOWCTB ~ MarHUTHBIX  3B€3J, UX  KPaTHOCTH,
HaONMIOaeMBIX ~ aHOMAaIMH  XMMHYECKOIO  COCTaBa,
s¢dexTa 3aMEUICHHOTO BPAILICHUS YaCTH MAarHUTHBIX
3B€3 M T.JI. BaHBIM HampaBlieHHEM B 00JacTH
WCCIIEJOBAaHNUSI MAarHUTHBIX 3BE3] SBILSIETCS W3y4YECHHUE
MBOMHBIX W KPaTHBIX CHCTEM C MAarHUTHBIMA
KOMITOHEHTAMH METO/IaMH CIEKTPOCKOIUH U BBICOKOTO
YIJIOBOTO pa3pelieHusl.

[TpoBoaMTCS TporpamMMa HCCIECIOBaHHS KPATHOCTH
MarHUTHBIX 3BE3J] METOJOM CHeKI-uHTepdepomMeTpun
(BTA). BeimonHeHb! HAOMIOIEHUST TBOMHBIX M KPATHBIX
cucteM s BbIOOpKHM 160 XMMHYECKH NEKYJISPHBIX
Ap/Bp 3Be3n ¢ MOATBEPKACHHBIMH TIOOATBHBIMU
MArHUTHBIMH TOJISIMH. [1OATBEPIKICHBI CIIYTHHUKU y 38
3Be3q. Hekotopwie cucrembl (Hampumep, HD 5797,
HD 144334, HD 213918) ob6napyxensl Bnepsble. Ha

According to current estimates, a few percents of Main
Sequence (MS) BS5-F5 stars reveal strong surface
magnetic fields reaching the values of tens of kilogauss,
which is an order of magnitude greater than the
maximal magnetic field in sunspots.

There are currently two dominating theories
explaining the mechanism of generation of strong
magnetic fields: the theory of a relic magnetic field and
the dynamo theory. However, a lot of problems
associated with the formation and evolution of magnetic
stars do not find a full explanation within the theories.
This applies to physical properties of magnetic stars,
their multiplicity, the observed chemical composition
anomalies, and the effect of slow rotation of a number
of magnetic stars and so on. An important direction in
the study of magnetic stars is the study of binary and
multiple systems with magnetic components using the
techniques of spectroscopy and high angular resolution
interferometry.

A speckle interferometry program for studying the
magnetic stars multiplicity is currently running at the
BTA telescope. We have carried out observations of a
sample of 160 chemically peculiar Ap/Bp stars with
proven global magnetic fields.

Thirty-eight systems were resolved into individual
components. Some  systems (e.g., HD 5797,
HD 144334, HD 213918) were detected for the first
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pUcyHKe 26 NPEICTaBIICHbI BOCCTAHOBJICHHEIE
n300pakeHMsl JIByX HOBBIX JBOHHBIX CHCTEM C
MArHUTHBIMA KOMIIOHEHTAMMU.

C yderoM Apyrux OMyOJIMKOBaHHBIX NAHHBIX II0
HCCIIEAyeMOH BBIOOPKE OKa3ajoCh, YTO BOIPEKH
COBPEMEHHBIM IPEACTABICHUSAM JOJS JBOMHBIX U
KPaTHBIX CUCTEM Y MarHUTHBIX 3BE3]l HE OTIUYACTCS OT
MX HEMarHUTHBIX aHAJIOTOB.

J.A. Pacmezaes, 10.10. baneza,
A.®. Makcumos, E.B. Manozonoseu,
E.A. Cemenko, H.A. AAKynun.

B.B. /[vauenxo,
HU.HU. Pomaniox,

CHEKJI-MHTEP®EPOMETPUSI KPATHBIX 3BE3/] C
MAJIOMACCHUBHBIMHU KOMIIOHEHTAMUA

HIP 39402 HIP 104565

2010 SAO RAS REPORT

time. As an example, Figure 26 shows reconstructed
images of two new binary systems with magnetic
components.

Given the published data of stars from the
considered sample, we conclude that, contrary to current
views, the proportion of binary and multiple magnetic
stars does mnot differ from their non-magnetic
counterparts.

D.A. Rastegaev, Yu.Yu. Balega,
A.F Maksimov, E.V. Malogolovets,
E.A. Semenko, 1.A. Yakunin.

V.V. Dyachenko,
IL.1. Romanyuk,

SPECKLE INTERFEROMETRY OF MULTIPLY
STARS WITH LOW MASS COMPONENTS

HIP 106972

Puc. 27. Buoumsie sanuncet omuocumenvhvix opoum HIP 39402, HIP 104565 u HIP 106972.
Fig. 27. Apparent ellipses representing the relative orbits for HIP 39402, HIP 104565 and HIP 106972.

®u3nyecKkue CBOMCTBA KpPACHBIX KapjMKOB, KOTOpBIE
SIBIIIIOTCSL ~ CaMbIM  pAacIpOCTPAaHEHHBIM  THIIOM
HaceNleHus B [ amakTuke, M3BECTHBI rOpa3fo XykKe, 4eM
CBOMCTBAa MacCHBHBIX 3Be3l. M3-3a MIOXO M3yYEHHOTO
XUMHYECKOIo cocCraBa H HeO6XOZ[I/lMOCTI/l yue€Ta Iipu
MOJIIIMPOBAaHUM HEOJHOPOJHOCTEH IIOBEPXHOCTH U
MAarHuTHBIX noJjeun 3BOJIFOIIMOHHBIC MOJCIN JJIsL
KpacHBIX  KapiMKOB  OCTAlOTCS  MAaJOHAJICKHBIMH.
Henocrarouno xopomo u3BecTHBI (hyHIaMEHTAIbHbBIE
XapaKTEPUCTHKH KPACHBIX KAapJIMKOB — WX MAacChl U
paanycel. Ha cerogHAnIHAN JI€HBb U Y AECATH 3BE3]
B COCTaBE€ JIBOMHBIX CHCTEM 3TH IapaMeTPhl U3BECTHHI C
omuokon ~1%.

C 1998 roma MBI BEINONHSAEM pETYJSIPHBIE CIEKII-
uatephepomerpuueckue Hadmromenuss (BTA) Onu3kux
3B€3/[l, JABOMCTBEHHOCTh KOTOPBIX ObLIa YCTAaHOBJICHA IO
pesynbraram  muccun  Hipparcos. ~ OCHOBHBIMH
06])6KT8.MI/I IporpaMMbl  ABJIAIOTCA MaJIOMAaCCHBHBIC
CUCTeMBI crieKTpanbHbiX KinaccoB F-M. Cpenn Hux —
Psi ABOMHBIX 3BE3/1 C OBICTPHIM JABMKEHHEM KOMIIOHEHT
o opbure (nopsiaka 10° B roJ mo Mo3sMIUOHHOMY YTy
u/mmm 0.01” B TOA WO YITIOBOMY PACCTOSHHIO MEXIY
KOMIOHEHTaMH). JJIsT TaKuX CHCTEM 3a HECKOJBKO JIEeT
HAOMIOACHWH MOTYT OBITH W3MEPEHBI TO3UIMOHHBIE
mapaMeTpel M pa3HOCTH OJiecKa, IMONy4YeHBI TOYHBIE
BHINMEBIE OpOHWTHI W, C MPHUBICUYECHHEM MJaHHBIX O

Physical properties of red dwarfs which represent the
most common type of population in the Galaxy are
known worth than for massive stars.

Due to the poorly studied chemical composition, the
needs to integrate their magnetic field structures and
surface inhomogeneities into the modeling evolutionary
models for red dwarfs remain the least reliable mainly.

The fundamental characteristics of red dwarfs, their
masses and radii are not sufficiently studied either. To
date, these parameters are known with 1 percent quality
for ten binary systems only.

Since 1998 we perform regular speckle interferometric
observations (BTA) of the nearby stars, the binarity of
which was determined from the results of the Hipparcos
mission, at the 6 m BTA telescope. The main objects of
the program are low mass systems of F-M spectral
types. There are a number of binaries with fast orbital
motions (10° per year angle-wise and/or 0.01" per year
in angular distance) among them.

For such systems a few years of observations can yield
measurements of position parameters, magnitude
differences, accurate apparent orbits, and, engaging the
parallax and radial velocity data, we can calculate
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mapajaiakcaX Y JYYEBBIX CKOPOCTSIX, BBIYHCIICHEI
HE3aBUCHMEBIC OT MOJEIEed MacChl W CBETHMOCTH. [lo
pe3yipTaTaM HAIIUMX HAOJFOJCHUHA MOCTPOSHBI OPOUTHI
MATHAIIATH Tap ¢ IePUOJaMH OPOUTAIBHOTO JBIKEHUS
KOMMOHEHT OT 7 10 29 net. Ha pucynke 27 npuBeneHb!
BHIMMEBIC DIUTHIICHI OTHOCUTENBHBIX opOut HIP 39402,
HIP 104565 wu HIP 106972. OpOuthl mnepBbIX IBYX
CHCTEM C KOMIIOHEHTaMH — KapJMKaMH CIIEKTPaIHHOTO
knacca M mocTpoeHsl BiiepBbeie. OpOHTa TPEThEl Maphl
HIP 106972 yrtouHeHa ¢ WCHOIb30BAHUEM JaHHBIX
2007-2008 rr. Ha ocHOBe OpOHMTaBHBIX AJIEMEHTOB M
(hOTOMETPUH CHCTEM BBIYHCICHBI CyMMAapHBIC MAaCCHI,

a0COJIIOTHBIE  3BE3IHBIE  BEJIMYMHLBI M OLEHEHBI
CIIEKTPAJIBHBIE KJIACCHI 3BE3/I.
10.10. bBaneza, H.H. baneza, A.D. Maxcumos,

E.B. Manozonoseu.

CIIEK/I-MHTEP®EPOMETPUSA
CUCTEMBI Omi Cet

Jns OTIpeJeTIeHUs (bm3HgecKux apamMeTpoB
MyJIbCUPYIOUIMX T'HTAHTOB ACHMITOTHYECKOH BETBH
MPOBOAUTCA CIeKII-MHTEpdEepOMETPUUCCKUI
monutopur (BTA) 3Be3n tuma Mupsl. UW3yyenue
JIBOMHBIX CHCTEM, OJHOH M3 KOMIIOHEHT KOTOPBIX
SIBIISICTCSI IOJITONIEPUOINYECKas IEpeMEeHHas!, MO3BOJISET
ONpPEAEINUTD BOJIIOLUIO 3BE3JHON CUCTEMBI U OLEHUTh
JMHAMHUKY OOMEHa BEIIECTBOM MEXITy KOMIIOHEHTaMH.
Brnepsrie ynanocs paspemiuts Ha KOMIOHEHTBI CUCTEMY
o Cet ONHOBPEMEHHO C IHCKOM TJIABHOH 3BE3[IHI.
N300pakeHne CHCTEMBI BOCCTAHOBJIEHO METOAOM
OHCIIEKTPaTIHFHOTO aHAIH3A.

hip 11218

Ha ocHOBaHMM MOJENMPOBaHHSI MPOCTPAHCTBEHHOTO
CIICKTpa MOMIIHOCTHU YAaJI0Ch HU3MEPUTH IMO3UITUOHHLIC
rapameTphbl, pa3HOCTh OJiecka MEXAy KOMIOHEHTaMH M
muamerp o Cet. HaGmogenuss o Cet mpoBomwiuch B
nati  ¢azax mynbcauu  3Be3nsl  (0+0.70, 0+0.98,
1+0.78, 2+0.03, 2+0.31) B Tpex COCEAHMX LUKIAX
MyJIbCALIUH.

Bapuanuu guamerpa Aisi MOJETH OJHOPOJHOTO ANCKA
cocTaBIAIOT OoT 55.8 mas (i 358 Rg mist muHEHHOTO
pamuyca  JUIS  pAcCTOSHHS,  PACCUUTAHHOTO  TI0
napaiakcy muccun HIPPARCOS 7.79 mas) B da3ze
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model-independent masses and luminosities.

To date, there are 15 orbits with periods of the motion
of the components from 7 to 29 year are calculated
using the interferometric observations.

In Figure 27 the apparent ellipses of the relative orbits
of HIP 39402, HIP 104565 and HIP 106972 are
presented. The relative interferometric orbits for two
systems HIP 39402 and HIP 104565 with M dwarfs
components were built for the first time. The orbit of the
third pair HIP 106972 is improved using data (BTA)
obtained in 2007-2008. The system masses, absolute
magnitudes and spectral types of components were

derived from orbital elements and speckle
interferometry measurements.
Yu.Yu. Balega, LI Balega, A.F. Maksimov,

E.V. Malogolovets.

SPECKLE INTERFEROMETRY OF
THE Omi Cet SYSTEM

For determination the physical parameters of the
asymptotic branch pulsating giants we carry out the
speckle interferometric monitoring (BTA) of Mira-type
stars. The study of binary systems, one component of
which is a long-period variables, to determine the
evolution of stellar systems and evaluate the dynamics
of matter exchange between the components.

For the first time the o Cet system was resolved into
components simultaneously with the disk of the primary
component. To restore the image of the system the
method of bispectral analysis was adopted.

Puc. 28. Boccmanosnennvie uzobpasicenust (BTA, cnexn-
unmepgpepomempus) cucmemvt o Cet u ygeruyeHHoe
usobpasicenue Mupvl 6 cpasHenuu ¢ u300padiceHuem
ONOPHOU 36e30bl (Cegep 6HU3Y, 80CMOK Cleda).

Fig. 28. Reconstructed images of the o Cet system (BTA,
speckle interferometry) and an enlarged image of Mira

in comparison to the reference star (north is on top, east
is on the left).

The positional parameters, the brightness difference
between the components and the diameter of o Cet were
measured based on the power spectrum modeling. The
observations of o Cet were conducted in five phases of
stellar pulsations (0+0.70, 0+0.98, 1+0.78 2+0.03,
2+0.31) in three neighboring cycles of pulsation.

The diameter variations based on the model of uniform
disc range from 55.8 mas (or 358 Rg for the linear
radius for the distance calculated from the HIPPARCOS
parallax of 7.79 mas) in phase 1+0.78 to 66.3 mas
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1+0.78 1o 66.3 mas (426 Rp) B daze 2+0.03.

W3mepenHoe YII0BOE paccrosiHue MEXTY
komnoHeHTaMu 513.79 mas. C yueToMm mapajuiakca U3
katanora  HIPPARCOS, TIPOEKITUS JIMHENHOTO

paccTosiHAA MEeXIy KOMIOHEHTaMH COCTaBIsieT 67 a.e.,
YTO C MPHUBJICYEHUEM I[IOJIYYEHHON OLEHKM Pa3HOCTH
Onecka MEXAy KOMIIOHEHTAMH TOBOPUT B IOJIb3Y
MIPUHAIICIKHOCTH ¢J1a00ro KoMIIOHeHTa K 38e31am ['T1.
B.B. /[vauenxo, 10.10. Baneza, .A. Pacmezaes,
A.D. Makcumos, E.B. Manozonoseu.

BOCCTAHOBJIEHUS U30BPAKEHUI
METOJA0OM BUCHEKTPAJIBHOT'O AHAJIM3A

2010 SAO RAS REPORT

(426 Rp) in phase 2+0.03.

The measured angular distance between the components
is 513.79 mas. Taking into account the parallax from the
HIPPARCOS catalog, the projection of linear distance
between the components is 67 astronomical units, what
indicates, taking into account the obtained estimate of
brightness difference between the components, that the
weak component is a main sequence star.

V.V. Dyachenko, Yu.Yu. Balega,
A.F Maksimov, E.V. Malogolovets.

D.A. Rastegaev,

IMAGE RESTORATION BY THE METHOD OF
THE BISPECTRUM ANALYSIS

Frame: 19

Puc. 29. Cresa nanpago: ¢azo6ulii cnekmp, Chekmp MOWHOCMU, 80CCIMAHOBNIEHHOE U300padicenue mpotuHol 36€30bl
HIP 25695. ®a3za pexoHcmpyuposaua ¢ uchoib308anuem uHmepayuonHo2o airzopumma no 2000 kadpam.

Fig. 29. Left to right: phase spectrum, power spectrum and reconstructed image for the triple star HIP 25695. The
phase was reconstructed by the iteration method from 2000 frames.

Meron cneki-uHTEppEpOMETpUN NPUMEHSIeTCs Ha
ONTUYECKHUX TEJIECKONaxX AJIS JOCTHXKEHUs NPEAeIbHOrO
YIJIOBOTO pa3pelleHusl. Takue HaOroeHNs
HEOOXOAWMBI TPU OIpPENCIICHUH KPAaTHOCTH 3BE3I,
MMOCTPOCHUH OpPOWT KPATHBIX CHCTEM, W3MEPEHUN
YTIIOBBIX pa3MepOB OJM3KUX THTAHTOB M CBEPXTUTAHTOB.
Jiist petieHust 3a1a4y BOCCTAHOBJICHUS N300paKeHUH 13
MIOyYeHHON TIPH  CHEKI-WHTep(HEpOMETPHH  CepUu
KaapoB co3maH mporpammHbii koMiieke «SPECKLEy.
BbICOKONIPOU3BOAUTENBHBIA KOMILIEKC PEaJM30BaH Ha
C++ u accemOiiepe ¢ NPUMEHEHHEM OpPUTHHAIBHBIX
YCTOWYMBBIX AITOPUTMOB BoccTaHOBieHHs (asbl. [Ipu
BOCCTAHOBIICHUU (hazsr UCTIONb3YEeTCs METOH,
OUCTIEKTPaIbHOTO aHanm3a. PexoncTpykuun
n300pakeHusT INPOBOJAMTHCS B JBa dramna. CHauana
BOCCTAHABJIMBACTCS  aBTOKOPPEIAIMNOHHAS  (PYHKIUSL
00BeKTa, a 3aTeM peKoHcTpyupyercs ¢asza (puc. 29).
PeanmmzoBano KadeCTBEHHOE BOCCTaHOBIICHHE
n3o0pakeHuid Uit OOBEKTOB C  pa3peliacMbIMU
IUckaMu. B cucteme peann3oBaHa MaciITaOMPyeMOCTh
Ha ypOBHE J00aBJICHUS aJTOPUTMOB, a TAaKXKe 3aI0KEeHA
BO3MOXKHOCTh ~ TMOKOH  HAaCTpOWKM  aJTOPUTMOB
COOTBETCTBEHHO peIIaeMod 3aauye€ U  KOHTPOJb
Ipoecca BOCCTAHOBJICHHST HM300paXeHUsl Ha JII0OOM
JTarne BbIYUCICHUH.

C.JI. Komapunckuii.

The method of speckle interferometry is applied to
optical telescopes to achieve the ultimate angular
resolution. Such observations are necessary for
determining multiplicity of the stars, composition of
orbits of the multiple systems, measurements of the
angular diameters of the close giants and supergiants.
We have created a software package «SPECKLE» for
solving the problem of image reconstruction obtained
with speckle interferometry series of frames.
High-performance complex is implemented in C + +
and assembler using the original stable algorithms for
phase reconstruction. When restoring the spatial phase,
we use bispectral analysis.

Image reconstruction carried out in two stages. The
autocorrelation function of the object is recovered
initially, and then restored image phase (Fig. 29).

High-quality image restoration is implemented for the
objects with a resolution discs.

The system is implemented scalability at the level of
addition of new algorithms and also has possibility of
flexible adjustment algorithms accordingly to the task
and control of image restoration at any stage of
computing.

S.L. Komarinskij.
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CIIEKTPOCKONINMYECKHUI
MOHUTOPHUHI' U3BBPAHHBIX
KAHAUJATOB B PPN

HEKYJAPHOCTD n
CIHIEKTPA V448 LAC

HEPEMEHHOCTD

I[lo HabmiomeHUSIM C  BBICOKUM  CIEKTPAJIbHBIM
paspeuierueM B 1998-2008 rr. nponomxex (Otuer CAO
PAH 2009, c.57) ananu3 mnpoduneil CHeKTpaIbHBIX
JIeTajieil ®W ToNs  CKopocTed B atmocdepe u
0KOJI03Be3/THOM 00omouke post-AGB 3Be3nbr V448 Lac,
ONTUYECKOTO KOMITOHEHTA UK-ucrounuka
IRAS 22223+4327 ¢ OGompmmM W30BITKOM BIIEMEHTOB
s-Tporiecca B aTMocdepe.

OOHapyXeHbl ~aCHMMETpHUS H  IEPEMEHHOCTH
npodunedt cunmpHeHmmMX abcopOIuil ¢ MOTEHIMAIOM
BO30YKIEHHSI HIDKHETO  YPOBHS  Yjow<l €V, dTO
0COOEHHO TPOSIBISAETCS B Pe30HaHCHBIX juHMX Ball,
YII, Lall, Sill (puc.30). IlekynsapHOocTh mpoduIei
MO’KHO 00BICHUTH CyHeprno3uuuein 3BE3HBIX
a0copOIHii U 000IOUCTHBIX IMUCCHIA.

100 g

EQ

[=le]

Relative intensity

40

Ball 51414

20 — —

Bnepsrie B cnektpe V448 Lac BbisBIIeHA SMUCCHUSI B
nonoce cuctembl Cana (0;1) 5635A monexynsr Cs. ITo
snpy H, HalieHa mepeMeHHOCTh TYYeBOH CKOPOCTH C
aMIuUTyIod okoo 8 km/c. IlepeMeHHOCTH cpemHei
CKOpPOCTHU, H3MEPCHHOM 10 c1a0bIM JIHHUSAM METAJLIOB, C
aMIUIMTYIOH  OKoJIo  1+2  KM/c  MOXeT  OBITh
MPOSIBJICHHEM  TyJbcanuii  atMocdepsl. BrIsBICHBI
nmudepeHraIbHble CABUTH JTUHUNA, W3MECHSIONINECS B
pazmuunble gatel or 0 mo 8 km/c. ITlomokenue
MOJIEKYJISIPHOTO CIIEKTpa CTa0MJIBHO BO BPEMEHH, UTO
YKa3blBaeT Ha IIOCTOSIHCTBO CKOPOCTH DAaCIIMPEHHUS
OKOJIO3BE3/IHOM 000JI0UKH, (HUKCUPYEMOH IO JIMHUSAM
monekynsl C, u gyomnera Nal: V,,=15.2 km/c.

B.I'. Knouxosa, H.C. Tasonscanckas, B.E. Ilanuyk.
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SPECTROSCOPIC MONITORING

OF SELECTED

PPN CANDIDATES

PECUALIARITY AND VARIABILITY OF THE
SPECTRUM OF V488 LAC

From high spectral resolution observations of

1998-2008 we continue (SAO RAS Report 2009, p.57)
studying the behavior of spectral line profiles and
velocity field in atmosphere and circumstellar envelope
of the post-AGB star V448 Lac — an optical component
of the IR-source IRAS 22223+4327 with a large excess
of elements of the s-process in atmosphere.

Asymmetry and variability of profiles of the
strongest absorption lines with low-level excitation
potentials of <l eV were detected, the profiles of
resonance lines of Ball, YII, Lall, Sill (see Fig. 30)
being the most prominent. Peculiarity of these profiles
can be explained by a superposition of stellar absorption
lines and shell emission lines.

Puc. 30. Iepemennocms npoduns nunuu Ball 61414
cnexkmpax V448 Lac, nonyuennvix 8 paziuunvlie 0amoi:
eonyoou yeem - 20.10.2008, uepnwvuii - 17.09.2008,
kpacroui - 19.11.2005, 3enenvuii - 16.11.2005, cunuii -
10.08.2001.  BepmuxanvHou — wmpuxogou  JuHuel
VKA3aHa CUCMeMHAsl CKOPOCMb.

Fig. 30. Profiles of the Ball 6141 A line in spectra of
V448 Lac derived at different dates: the blue line -
20.10.2008, the black line - 17.09.2008, the red line -
19.11.2005, the green line - 16.11.2005, the dark blue
line - 10.08.2001. The vertical dashed line indicates the
systemic velocity.

Emission in the (0;1) 5635A Swan band of the C,
molecule has been detected in the spectrum of V448
Lac for the first time. The core of the H, line displays
radial velocity variations with an amplitude of
AV~ 8 km/s. Radial velocity variations displayed by
weak metallic lines with lower amplitudes,
AV = 1-2 km/s, may be due to atmospheric pulsations.
Differential line shifts, AV,=0-8 km/s, have been
detected on various dates. The position of the molecular
spectrum is stationary in time, indicating a constant
expansion velocity of the circumstellar shell,
Vexp=15.2 km/s, as derived from the C, and Nal lines.

V.G. Klochkova, N.S. Tavolzhanskaya, V.E. Panchuk.
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CHEKTPOCKOIIUsI POST-AGB 3BE3/bl V887 Her,
OTOXIECTBJISIEMOH C HUK-UCTOYHUKOM
IRAS 18095+2704

=
]
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SPECTROSCOPY OF THE POST-AGB STAR V887 Her
IDENTIFIED WITH THE IR SOURCE IRAS 18095+2704
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Puc. 31. @paemenmor cnexmpa V887 Her ¢ aunusamu NI (cnesa) u Zril (cnpasa). Codeporcanust 2mux 31eMeHmos 6
ammocpepe Connya: e(N)= 8.43 u e(Zr)=2.58. Toukamu nanecen Habmooaemvlli cnekmp.

Fig 31. Fragments of the V887 Her spectrum with the NI (left) and Zril (right) lines. The observed spectrum is

marked by dots.

[IpoBenens! criekTpanbhbie necnenoBanust (BTA u 2.7 m
teneckon o6c. Maxk/lonang) post-AGB  3Be3gel u

MIPOTOTUIAHETAPHON TyMaHHOCTH V887 Her,
OTOXK/IECTBISIEMOW €  HMH(PAKPACHBIM  HUCTOYHHKOM
IRAS 18095+2704. Metomom Moxeneir arMmocdep

onpenenenbl T.=6500°K, log g=0.5, MerammudHOCTH
[Fe/H]=0.9.  Atmocdepa  3Be3asl  oboraiueHa
KHCJIOPOIOM, YIJIEPOJ] U TSDKENbIE METAJUIbI S-IIpoliecca
B nedummre (puc. 31). Tlapamerpsl wMomenma u
COJICp)KaHWE OCHOBHBIX JIIEMCHTOB COBIAIAIOT B
mpejenax — OmmOOK € pe3ysibTaTaMd  paHee
MIPOBEICHHOTO HCCIIEOBAHUS 3BE3IBI (BTA).
CucremMaTu4ecKkiue H3MEHEHHs JYy4eBOW CKOPOCTH B
aTtMocgepe 3Be3IbI M 000JI09Ke He 0OHAPYKEHBI.

T. Caxun (CULIA), /I Jlambepm (CILLA), B.I. Knoukosa,
H.C. Tagonxncanckas.

CIIEKTPAJILHBIIA MOHUTOPUHT
LBV-3BE3/l, CBEPX- U TMIIEPTUT'AHTOB

HEOJHOPOJHOCTDb 3BE3/JHOI'O BETPA Y
LBV-KAHIUJATA 3BE3/IbI N 12 B Cyg OB2

BbinosiHEH ~— cHEKTpanbHBIA ~ MOHUTOPUHI  3BE3JIbI
9KCTPEMAIIEHO BBICOKOH CBETHMOCTH W3 aCCOIHAIAN
Cyg OB2-No.12. O6bekT sBisiercst kanaunarom B LBV
u OTOXKIECTBIISETCS c UK-ucrounnkom
IRAS 20308+4104. B criektpe 3Be37bI OTOXKIACCTBICHBI
6onmee 200  cmekTpambHBIX  JCTalel,  BKIIOYAs
mexi3Be3anble  guHuu  Nal, KI, MHorouuciaeHHbie
cunbHble TTonockl DIBs, a taxxe nuaun Hel, CII, Sill.
OmnpeneseH CHEKTpaIbHBIA KJlacC O0BEKTa B CHCTEME
MK - B4.5+0.5 Ia". O6HapyxkeH TpaaueHT Jy4eBoii
ckopocti B arMocdepe, OOYCIOBICHHBIN IajIcHUEM
BELLECTBa Ha 3Be3ay. B momHo# smuccun H, BIeneHbt
IIMPOKHE TOMCOHOBCKHE KPBUIBS, IIPOCTUPAIOIIHECS 10
+1000 kM/cex, a Takke OOHapyKeHa MepeMeHHas BO
BpeMeHH abcopOuusi B siApe, CBUAETENBCTBYIONIAs O
HEOTHOPOAHOCTH  3BE3THOTO  BeTpa, M  ciabas
cuHecMenleHHas abcop6uus tuna P Cyg.

Spectra of the post-AGN star and protoplanetary nebula
V887 Her identified with the infra red source
IRAS 18095+2704 were studied with BTA and the
2.7-m MacDonald telescope. T.;=6500°K, log g=0.5,
and metallicity [Fe/H] = —0.9 were determined by the
atmosphere model method.

The star atmosphere is enriched in oxygen; carbon and
heavy metals of the s-process are in deficit (Fig. 31).
Model parameters and content of basic elements
coincide within errors with results of previous BTA
study of the star.

Systematic change of radial velocity in the star

atmosphere and envelope were not found.
T. Sahin  (USA), D. Lambert (USA),

N.S. Tavolganskaya.

V.G. Klochkova,

SPECTRAL MONITORING OF LBV STARS,
SUPER- AND HYPERGIANTS

THE INHOMOGENEOUS WIND OF THE LBV
CANDIDATE CygOB2 No.12

Spectral monitoring of the extremely luminous star
No.12 within the stellar association Cyg OB2-No.12
was carried out. This star identified with the IR-source
IRAS 20308+4104 is an LBV candidate.

About 200 spectral features were identified, including
the interstellar Nal, KI lines and numerous very strong
DIBs, along with the Hel, CII, and Sill lines.

The MK spectral type derived for the object is
B4.5+0.5 Ia". We found a gradient of radial velocity in
atmosphere caused by both atmospheric expansion and
matter falling onto the star. The strong H, emission
displays broad Thompson wings up to £1000 km/s. We
detected a slightly blue-shifted P Cyg type absorption
component and a variable core absorption attesting
inhomogeneity of stellar wind.
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Crenan BeiBoA 0 nepemenHocTH Berpa Cyg OB2-No.12.
Jna  yTOuHEHHs paccTOsiHMA 1O 3BE3AbBl U €€
CBETUMOCTH MBI MPOBEIH CIIEKTPOCKOINHUIO BBIOOPKH
HOpPMAIIbHBIX MAaCCHUBHBIX 3B€3]l B COCTaBE acCOLMALUU
Cyg OB2.

B.I'. Knoukoea, E.JI. Yenyos, A.C., Mupownuyenxo (CLLA).

CIHHEKTPAJIbHAS IEPEMEHHOCTD
HEKYJIAAPHOI'O A[e]-CBEPTUT'AHTA 3Pup

[To mamabmM 1997-2008 rT. M3ydYeHB! AeTand CHEKTpa U
MOJIsI CKOPOCTEH B aTMOCcdepe 1 000I0UKE MEKYJIIPHOTO
A-cBepxruranra 3Pup. Ilpodunu cunbHbix nuauid Fell
A JAPYIMX HOHOB TIPYIIBI JKelle3a B CIIEKTPE 3BE3IbI
AQHOMAJIBHBL: KPBUIbSl MIPUIOAHATEI SMHUCCHSIMH, & SIPO
3aoctpeHo  nemnpeccuerd  (puc. 32).  Ilocnmenmuss
0COOCHHOCTh HApacTaeT ¢ YCWICHHEM IJIMHUU W
YBEJIWYCHUEM UIMHBI BOJIHBL. B mpodmisax nuHmit ot
CIIEKTpa K CIIEKTPY H3MEHSIOTCS BEJIMYMHA W 3HAK
acUMMeTpud  abcopOImii, a Takke OTHOIICHUSI
MHTEHCUBHOCTU CHHEW W KpacHOW smuccuil. Jlyuesble
CKOPOCTH MJIsI 3alpelleHHBIX OMUCCHH U  PE3KHX
obomodyeuneix smep abcopbumii Fell(42), a Ttaxke
APYIrux CUJIbHBIX JIMHUM HOHOB TpynIibl  KEJIC3a
MeHsTes cnabo. CpenHsisi BeIWYWHA CKOPOCTh JUIA
YKa3aHHBIX JIMHUH MOXET OBITh NPHHSTa B KauecTBE
CHUCTEeMHON V= 28.5 km/c.
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[To cmabeiimmmM ¢otochepHbIM abcopOIMsIM, a TakKe
mo ¢orochepupM adbcopommam Mgll, Sill yBepenno
(hukcupyercs U3MEHEHHE CKOPOCTH OT JaThl K JaTe J0
7 km/c. KomnuecTBeHHAsT CIICKTpaibHas KiacCu(hUKaIus
JaeT 3Ha4YeHWe crekrpambHoro kimacca A2.7 Ib. Tlo
SKBUBAIEHTHBIM IMpHHaM U npodunsm Hs n H, u no
SKBUBAJEHTHOM mmpune Tpumiera Ol 7774A ouenena
abcomoTHas BeauyuHa M,=5.5", 4TO NPUBOIUT K
OLICHKE pacCTOsIHUS 10 3Be3/1bl 0.7 KIIK.

E.JI. Yenyos, B.I. Knoukosa, A.C. Mupowmnuyenxo (CLLIA).

HNCCJIENJOBAHUE HECTAIUOHAPHOCTH
ATMOC®EPBI 1 3BE3JTHOI'O BETPA TOPSYEN
3BE3/JbI HD 93521

IMposenens! uccnenosanusi (bTA/PFES) nepemennoctn
npoduiieil u JydeBbIXx ckopocted smHmMH HD 93521.
Wzmenenne mpoduieil IMHUA OTHOCHTENBFHO CPEITHETo
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We concluded that the wind of Cyg OB2-No.12 is
variable in time. To specify distance to the star and its
luminosity we carried out high resolution spectroscopy
of a sample of normal massive stars—members of the
Cyg OB2 association.

V.G. Klochkova, E.L. Chentsov, A.S. Miroshnichenko (USA).

SPECTRAL VARIABILITY OF THE PECULIAR
Ale]-TYPE SUPERGIANT 3 Pup

Data obtained in 1997-2008 were used to analyze
spectral peculiarities and velocity field in atmosphere of
the peculiar supergiant 3Pup. Profiles of strong Fell
lines and lines of other iron-group ions have a specific
shape: the wings are raised by emissions, whereas the
core is sharpened by a depression (Fig. 32).

The latter feature becomes more pronounced with
increase of the line strength and wavelength. Line
profiles are variable: the magnitude and sign of the
absorption asymmetry, and the blue-to-red emission
intensity ratios vary from one spectrum to another.
Radial velocity variations are minimal for forbidden
emissions and sharp shell cores of the absorption
features of Fell(42) and other strong lines of iron-group
ions. The average velocity for the above lines can be
adopted as the systemic velocity: V= 28.5 km/s.

Puc. 32. Deonroyuss npoguns aunuu Fell ¢ onunoi
6onHvl 6 cnekmpe 3Pup 25.12.04. Cuuzy  esepx:
Fell(28) 4297, Fell(48) 5363, Fell(40) 6433A.

Fig. 32. Evolution of the Fell line profile with
wavelength in the spectrum of 3Pup taken on December
25, 2004. From top to bottom: Fell(28) 4297,
Fell(48) 5363, Fell(40) 64334.

The weakest photospheric absorptions and photospheric
Mgll, Sill absorptions exhibit well-defined day-to-day
velocity variations of up to 7 km/s. Quantitative spectral
classification yields the spectral type A2.7 Ib.
Equivalent widths and profiles of Hs and H,, and
equivalent width of the OI 7774A triplet yield an
absolute magnitude estimate of M,=-5.5", implying the
heliocentric distance of 0.7 kpc.

E.L. Chentsov, V.G. Klochkova, A.S. Miroshnichenko (USA).

INVESTIGATION OF NONSTATIONARITY OF
ATMOSPHERE AND STELLAR WIND OF THE HOT
STAR HD 93521

Time variation of profiles and radial velocity of spectral
lines of HD 93521 were analyzed (BTA/PFES). The
change of line profiles relative to an average profile can
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MOJXKHO TPEICTABUTh B BHJIC CUHYCOMIAJIBLHON BOJHBI,
MepeMEINAoNIecss MO0 NPOQPWIAM JHHUN OT CHHETO
KpbLIa K KpaCHOMY. XapaKTep MepeMEHHOCTH OJMHAKOB
JUIST BCEX HCCJICIOBAHHBIX JIMHHM (OT CIa0OBIX JIMHHIA
Hell no H,), m oHa oOycioBieHa HepaTdaIbHBIMH
MyJIbCAIUSMH.

Lob Hypreon, Hel 4471 ardl
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VY cnabeix nouauii Hell m Hel ¢asa nepemennoctn
JIy4€BOM CKOPOCTH pa3jIMYaroTCs AJIsl CUHEH M KpacHOH
nosioBHH npoduneil, a s cunbHbIX M Hel, Hg, H,
MEHsAeTCS eme M amIuuTyaa. UToObl HcciaenoBaTh

CTpaTU(PUKAINIO Jy4eBOW CKOPOCTH B  3BE3THOU
atMocdepe, MBI TPOAHATU3UPOBAIN TIEPEMEHHOCTH
JIyudeBOM  CKOpOCTH  3TuX  noJoBuH. Ilepuonsl

MEPEMEHHOCTH W AaMIUIMTYIBl JIy9€BOM CKOPOCTH,
ONPEJENICHHbIE JUI CUHEH M KpPacHOW IIOJOBHH
npoduiIeH TUHUN, Pa3TUYalOTCs Ui Pa3HbIX JIMHUH, HO
XOPOIIIO KOPPETUPYIOT C MX ICHTPATbHBIME [TyOWHAMH.
[Ipu mepexone OT claObIX JHHUH K CHIBHBIM TEPHOT
M3MEHCHHS JTYYeBOW CKOPOCTH, M3MEPECHHBINA MO0 00euM
MTOJIOBMHAM KOHTYypa aOcopOluy, YBEIHMYUBACTCS, a
3HAYCHUE aMIUTATY OB YMEHBIIAeTCsl. Bruto
YCTaHOBIIEHO, YTO YBEJIWYUCHUE MIEPUOIA U YMEHBIIICHHE
cpennero 3HaueHns FWHM ot cnabeix JWHUR K
CUIIbHBIM BbI3BaHbl TU(QEpEeHIHANTbHBIM BpallleHHEM
3Be31bl. CKOpPOCTh BpalleHWs BEpPXHUX CIIOEB, TIle
dopmupyrorcs cunbHble muHEE Hel 7065 u 4471 AA,
Hg u H, coorsercrsenno B 1.3, 1.8, 2.3 u 2.7 pasa
MEHbLIE, YeM CKOpPOCTh HIXHUX cioeB (Vsini =430
KM/c), tae ¢opmupyrorcs cnabbie muaud Hell u
Hel 5015 u 4922 AA. Pacuetnbie npodun nunuii Hel
4471 A, Hy u H, (C 9BOJIOUMOHHBIMH MapaMeTPamMu
T.x=27000°K, log g=3.5, Vsini =430 km/c) Xoporio
COBIAAalT ¢ HaOmogaeMbiMu Vsini = 240, 190 u 160
KM/C, COOTBETCTBEHHO (puc. 33).

A.X. P3aes.

2010 SAO RAS REPORT

be represented as a sine wave moving along the line
profiles from the blue to red wing.

The variability character is identical for all lines under
investigation (from weak Hell lines to the H, line). This
variability is induced by nonradial pulsations.

Puc. 33. Conocmasnenue pacuemmuvix (mouxu) u
cpedHux Habmodaemvlx npoguneil (cniowiHas AuHus)
aunuii ¢ cnekmpe HD 93521. Ilapamempuvl pacuemos
e3amol u3 Howarth et. al. (1998), 20e Vsini=430 xm/c.

Fig. 33. Comparison of computed (dots) and mean
observed profiles (the solid line) of lines in the spectrum
of HD 93521. Parameters of our computations were
taken  from  Howarth et al  (1998) where
Vsini = 430 km/s.

For weak Hell and Hel lines the phases of radial
velocity are different for blue and red halves of line
profiles; for strong Hel, Hg, H, lines the amplitude
changes also. To study stratification of radial velocity in
the stellar atmosphere, we analyzed radial velocity of
the halves.

Values of radial velocity periods and amplitudes
determined for the blue and red halves of line profiles
are different for different lines, but they correlate well
with their central depths.

When passing from weak lines to strong ones, the radial
velocity alteration period measured from both halves of
the absorption contour increases and amplitude
decreases. It was found that the increase of period and
decrease of the average value of FWHM from weak
lines to strong ones are due to a differential rotation of
the star.

The rotation velocity of upper layers, where strong Hel
7065 and 4471 AA, Hp, and H, lines form, is 1.3, 1.8,
2.3, and 2.7 times smaller than that of lower layers
where weak Hell, Hel 5015 and 4922 A lines form.
Computed profiles of Hel 4471 A, Hj and H, with the
evolutionary parameters T.=27000°K, log g=3.5 and
Vsini = 430 km/s agree well with the observed values of
Vsini = 240, 190 and 160 km/s respectively (see
Fig. 33).

A.Kh. Rzaev.
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NCCJIIEAOBAHUA
MAT'HUTHBIX 3BE3 /]

CJIOKHOE MAT'HUTHOE ITOJIE 3BE3/1bI C
CUWIBbHBIMU JIMHUAMM I'EJINA HD 37776

YV XUMHWYECKH MEKYJSIPHBIX 3Be3 PAaHHHUX THIIOB YacTO
HaOMIOMAlOTCS ~ CHJIbHBIE  MAarHWTHBIE TIONA  Ha
moBepxHOCTH. CTPYKTYpHl TOJEH OpraHW30BaHBl Ha
0OJBIION IIKAJe W MOX0XKH Ha HAKIOHHBIA JHUITONb IS
OOJIBIIIMHCTBA 3BE3I.

3Be3ga ¢ cuabHBIMH JuHHAMH Teaus HD 37776
oKazajach PEJKUM HMCKJIIOYEHHEM M3 OOIIEero mpaBuia.
OHa TOKa3bIBACT JKCTPAOPAMHAPHYIO C JBOHHOMN
BOJIHOW  KPUBYIO  MEPEMEHHOCTH  MPOJOIHHOTO
KOMIIOHCHTa MArHHTHOTO TIOJII C BpAaIlICHHEM, 4YTO
YKa3bIBaeT Ha CIOXKHYIO TOIIOJIOTHIO U PEKOPIHYIO
BeMUNHY Tois. [IpoBeeHBI UCCIeT0BaHHUS CTPYKTYPHI
margutHoro momss HD 37776  (BTA/O3CII, 50
cnekTpoB). [Ipm aHamm3e MBI HCIIONB30BAIA KAk
MPOCTYI0 TEOMETPHYECKYI0 HWHTEPIPETALNI0 KPHBOH
MPOAOJIEHOTO TIOJNISA, TaK M JETaIbHOE MOAEITHPOBAHUE
npoduiell LUPKYISPHON TMOJSPU3ALUU [P TTOMOIIU
METOAUKHW MArHUTHOI'O JONIUICPOBCKOI'O0 KapTUPOBAHUA
(puc. 34). OGHapy>XeHO, YTO JIOKAJIHHOE MOBEPXHOCTHOE
moJsie 3Be3nbl He mpesbimaer 30 k['c. B ero obmei

TOIOJIOTUA JIOMUHUPYET HEOCECHUMMETPUYHBIH
koMnoHeHT.  KoHQurypamus  MarHWTHOTO  IOJS
HD 37776  okaszamace  Haumbosiee  CJIO)KHOHM U3

HCCIIEIOBAaHHBIX MAarHUTHBIX TOJIEH 3BE€3ll PaHHUX
THIIOB.

O. Kouyxos (Illseyus), A. JIynoun (Illseyus), H.H. Pomaniox,
/. Kyopasues. ApJ, 726, 24 (2011).

NCCIIEJOBAHUSA CP-3BE3[

B pesynbrare peryispHOrO IMOMOJHEHUS KaTauora 3
JUTEPaTyPHBIX HACTOYHUKOB cobOpaHo 19200
WHIUBUIYAIbHBIX W3MEPEHUI MAarHUTHOTO TIOJIS st
1580 3Be3m, u3 kotopbix 686 sBustorcs CP-3Be3gamm
(Oruer CAO PAH 2009, c. 71). OOHnapyxeHa

B3aUMOCBA3b MarHuTHOT'O IT0JII U XUMHUYCCKOI'0O CoCTaBa
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INVESTIGATIONS OF
MAGNETIC STARS

A COMLEX MAGNETIC FIELD OF THE
HELIUM-STRONG STAR HD 37776

Puc. 34. Mooerv cmpykmypvi MacHumno2o nojs
HD 37776. Mooenuposarnue nposedeno  memooom
MASHUMHO20 OONAEPOBCKO20 KAPMUPOBAHUSL.

Fig. 34. Model of the magnetic field structure of
HD 37776. The modeling was performed by the
magnetic Doppler imaging technique.

Early-type chemically peculiar stars often show strong
magnetic fields on their surfaces. These magnetic
topologies are organized on large scales and are
believed to be similar to an oblique dipole for the
majority of stars.

In a striking exception to this general trend, the helium-
strong star HD 37776 shows an extraordinary double-
wave rotation modulation of the longitudinal magnetic
field measurements, indicating a topologically complex
and, possibly, record-strong magnetic field.

We present (BTA/MSS, 50 spectra) a new investigation
of the magnetic field structure of HD 37776, using both
simple geometrical interpretation of the longitudinal
field curve and detailed modeling of the time-resolved
circular polarization line profiles with the help of a
magnetic Doppler imaging technique (Fig. 34).

We found that the local surface field strength does not
exceed 30 kGs, while the overall field topology of HD
37776 is dominated by a non-axisymmetric component
and represents by far the most complex magnetic field
configuration found among early-type stars.

O. Kochukhov (Sweden), A. Lundin (Sweden), I.I. Romanyuk,
D. Kudryavtsev. ApJ, 726, 24 (2011).

STUDY OF CP STARS

As a result, regular addition of the catalogue is been
collected from published sources, 19200 individual
measurements of the magnetic field for the 1580 stars,
686 of them being CP stars (SAO RAS Report 2009,
p.71). A relation between magnetic field and chemical
composition of CP stars was discovered.
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CP-3Be3n. Tak wmomogple Ae/Be-3Be3npl  MMEIOT
MarHUTHOE II0jI€ HAINPSHKEHHOCTBIO JI0 HECKOJBKHX
COTEH TraycC, a y XOJONHBIX 3B€3]] MaJbIX Macc
BEJIMYMHBI ~ TOBEPXHOCTHOTO  MAarHUTHOTO  TIOJIS
cocraBisioT st G-kapiukoB — 1500 I'c, K-kapnukoB —
2500Tc, mna M-kapmukoB — 3500T°c. 3Be3msl
COJTHEYHOI'O THIIA HMMEIOT IEPEMEHHBIE TJI00AIbHBIE
MarHUTHBIC TIOJIS1 HANPSKEHHOCTBIO OO0 HECKOIBKHX
necsatkoB I'c, a manomaccuBHble M-Kapiuku - 70
onoro kl'c. VYBenumueHo Koau4yecTBO Ap-3Be3] C
M3y4YeHHBIMH (DAa30BBIMH MAarHUTHBIMU KpuBbIMH (190
00BekTOB).  86%  Ap-3B€3I  HMEKOT  MPOCTHIC
CHUHYycOHJalbHbIe (ha30Bble MarHUTHBIE KpuBbie, Y 14%
- CIIO’KHBIE MarHUTHBIE (pa30BbIe KPUBbIE, ONIMCHIBAEMEBIC
JIBOMHOM BOJIHOM, YTO COOTBETCTBYET KBaJIPYIOJbHON
CTPYKTypE MarHUTHOTO ITOJISL.

B./l. Bviuxos, J1.B. Bviukosa, 0. Maoeii (Ilonvwia).
M3yuyeHO MarHuTHOE II0JI€ YHUKaJIbHOW JIBOWMHOM
B3aUMOJICHCTBYOILIEH IpeLeccupyoen 3BE3/IbI
HD 9996. Panee o0OHapyXCHHBIi HaMH MEPUOT
MATHHTHON HepeMeHHocTH B 272" sBIstercs mepuonom
MPUIIMBHOTO BSaMMOﬂeﬂCTBHﬂ KOMIIOHEHT B MOMECHT HUX
Haubonpmero commkenus (Otguer CAO PAH 2009,
c.73). U3 ananuza u3NYECKUX MapamMeTpOB IJIABHOTO
KOMITOHEHTa MBI NPHIUM K 3aKJII0YEHHUI0, YTO TEPUOJ
He MOXeT ObITb GobLre, uem 15.2¢,

B./l. Bviukos,  JL.B. bvtukosa,  FO. Maoeii  (Ilonvwa),
A.B. Hlamunos.
HNCCJIEJOBAHUE HECTAHI/IOHAPHOﬁ

CP-3BE3/1bI HD 182255

HD 182255 - xummuecku meKkymsipHas 3Be3ga He-w
THMA, Y KOTOPOI MMeeTCs CIIeKTpajIbHas IePEeMEHHOCTD,
CBS3aHHAs C BpAIICHHEM, CIy4daiHas HMEpEeMEHHOCTh U
BEKOBBIE  WM3MEHEHHS  CIEKTpoB.  lleHTpanpHBIE
nuteHcuBHoctr JwuHuii H, He wm Si MeHsrorcs
CHHXPOHHO ¢ (ha3oil Tmepuoja BpalICHUSA, OIHAKO
MOJIHbIE MHTCHCUBHOCTH JinHUE He u Si m3MeHstoTcs
CIy4aiiHBIM 00pa30M H3-3a MEPEMEHHOCTH IIMPHH, YTO
CBUJICTEIBCTBYET O JBIDKCHHSIX MacC BJOJb JIyda
3peHHs TPU MyJIBCAIIMA W HECTAIIHOHAPHOCTH BEPXHHUX
cioeB atmocepsl. HD 182255 moxkeT OBITH 00BEKTOM,
BEIXO[SIIIMM WJIM TOJNBKO 9YTO BhememmmM Ha [TI.
OneHK:n MarHWTHOTO monsg He mpeBbimaioT 30 rayce.
3Be3ma MOXeET OBITH OTHECEHAa K CiIa00 MarHWTHBIM.
Takum  oOpazom, oOHapy)keHa  HeCTal[MOHapHas
XMMHUYECKH TEKyJsIpHAs 3Be3la, KOTopas mociie (asbl
Ae/Be XepOura eme He ycneiaa NOAOHTH K
CTaOMIILHOMY COCTOSTHHIO.

10.B. I'nazoneesckuii, I'.A. Yynmonos,
(Yrpauna).

A.B. lllaspuna

3ABUCUMOCTDb NEPHOJA BPAIIEHHUSA OT
BEJIMYUHBI MATHUTHOTI O ITOJISI CP-3BE3/]

JUis  BBIOOPKM  MarHWTHBIX ~ 3BE3Jl  HCCIEJOBaHa
3aBUCHMOCTb ~ CPEJHHUX  IOBEPXHOCTHBIX  BEJIMYUH
MarHuTHbIX Tosiel Bs ot mepuoma BpaweHus. [ns
ydera H3MeHeHHs Bs c BospacToM 3Be3mpl H3-3a
W3MEHEHHS paguyca OOBeKTHl  BBEIOOpKH  OBLIH
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So, magnetic field intensity of young Ae/Be stars is
about several hundreds of Gs, and the surface magnetic
field of cold low-mass stars is 1500 Gs for G dwarfs,
2500 Gs for K dwarfs, 3500 Gs for M dwarfs.

The solar type stars have global variable magnetic fields
of intensity up to several tens of Gs, and low-mass M
dwarfs — up to 1 kGs.

The increase of amount of Ap stars with studied phase
magnetic curves (190 such stars are known).
86% of Ap stars have simple sinusoidal phase magnetic
surves, 14% of them have complex magnetic phase
curves described by a double wave, which corresponds
to a quadrupole strructure of magnetic field.

V.D. Bychkov, L.V. Bychkova, Yu. Madey (Poland).

Magnetic field of a unique binary interacting precessing
star HD 9996 was studied. The period of magnetic
variability of 272¢ discovered by us previously is a
period of the tidal interaction of components at a
moment of their closest approach (SAO RAS Report
2009, p. 73). From analysis of physical parameters of
the main component we concluded that the period
cannot be more than 15.2%,

V.D. Bychkov,
A.V. Shatilov.

L.V. Bychkova, Yu. Madey (Poland),

INVESTIGATION OF THE UNSTEADY CP STAR
HD 182255

HD182255 is a chemically peculiar He-w star with a
spectral variability connected with rotation, random
variability and a secular drift of spectra.

Central intensities of the H, He and Si lines change
synchronously with the phase of rotation period, but
total intensities of the He and Si lines change in a
random way because of width alterations, which attests
that masses move along the line of sight due to
pulsations and instability of top layers of atmosphere.

HD 182255 can be an object that is coming or has just
come on MS. Estimations of magnetic field do not
exceed 30 Gs. The star can be attributed to poorly
magnetic ones. Thus, we discovered a non-stationary
chemically peculiar star that had no time yet to
approach a stable state after the Ae/Be Herbig phase .

Yu.V. Glagolevskij, G.A. Chuntonov, A.V. Shavrina

(Ukraine).

STUDY OF A RELATION BETWEEN ROTATION
PERIOD AND MAGNETIC FIELD OF CP STARS

For a sample of chemically peculiar stars we
investigated a relation between average surface
magnetic fields Bs and rotation periods. To account for
changes of Bs with star age due to changes of radius the
sample objects have been reduced to the luminosity
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npuBeAeHsl K 3Be3gaMm [Tl V kimacca cBeTHUMOCTH.
TTonyyeHHast 3aBUCUMOCTb OINMCHIBAETCS MOJIMHOMOM

BTOPOI cCTemeHH ¢ MakcuMymoM BOmm3m P = 10
(puc. 35).
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CrenaHo 3aKIIIOYEHHE, YTO 3Ta 3aBHUCHMOCTDH SIBJISECTCS
pE3yAbTaTOM HAJIOXKEHUS Pa3HBIX IPOLECCOB, KOTOPLIE
MMEJIM MECTO Ha PaHHUX CTagusaxX sBoyouuu. OTMETUM
TaKXKe, YTO MPH UCCIECIOBAHMUSIX Pa3HbIX 3aBUCUMOCTEH
OT MarHUTHOTO TOJISI HEOOXOAMMO YYHUTHIBATH BO3PACT
3e3anl Ha 11,

1O.B. I'nazonesckuii.

INPOI'PAMMA CIHEKTPAJIBHOT'O U
OOTOMETPUYECKOI'O MOHUTOPHUHT' A
JAJTEKUX MACCHUBHBIX CBEPXHOBBIX

SN 2008IY — SN THIIA 1IN WJIX KBA3AP?

2010
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class V of MS. The obtained dependence is described by
a polynomial of the second degree, the maximum of
which being near P = 10% (Fig. 35).

Puc. 35. 3asucumocmv cpeonezo nosepxHoCcmMHo20
MazcHumHo20 noas Bs om nepuooa spauyenus.

Fig. 35. Relation between average surface magnetic
field Bs and rotation period.

It was concluded that this dependence resulted from
superposition of different processes which took place at
early stages of evolution. The result of this work shows
also that when studying different dependences on
magnetic field the age of a star on the MS should be
taken into account.

Yu.V. Glagolevskij.

THE PROGRAM OF SPECTRAL AND
PHOTOMETRIC MONITORING OF DISTANT
CORE-COLLAPSE SUPERNOVAE

SN 2008IY — A TYPE IIN SN OR A QUASAR?
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Puc. 36. Cnesa - obnacmo SN 2008iy, pasmep 5'%5', punomp R, (FTA); 6 yenmpe - none pooumenbckoul 2aiakmuku
(SDSS, gunomp r); cnpasa - cnexmpor SN 2008iy (BTA/Scorpio), nonyuennvie 23 anpens (uepnas aunus) u 25
cenmsbps (cepas nunus) 2009 2. Kpachoe cmewenue obvexma z= 0.041 coenacyemcsi ¢ OaHHbIMU, NPUBOOUMBIMU 6

Miller et al. (2009).

Fig. 36. Left - the SN 2008iy 5'x5'"-size field in R.-band (BTA), centre - the host galaxy field in r-band (SDSS); right -
spectra of SN 2008iy (BTA/Scorpio)obtained on April 23 (the black line) and September 25 (the gray line), 2009. The
measured redshift of the object z= 0.041 agrees with data given in Miller et al. (2009).

OpHoli w3 HamOojee WMHTEPECHBIX CBEPXHOBBIX,
HCCIIEyeMbIX B paMKaxX I[IPOrpaMMbl MOHUTOPHHIA
JIANIEKMX MacCHBHBIX CBEPXHOBBIX, siBisieTcs SN 2008iy.
VHTEpECHO, UYTO CHEKTPHI CBEPXHOBOM, IOJyUYEHHBIE C
HHTEPBAJIOM OKOJIO 5 MECALEB, U3MEHUWINCH OUYEHb Mo
(puc. 36). Ha xpuBoi Oyiecka HaOItoAaiCs PEKOPIHO
JUIMHHBINA TTOJJbEM HPOJIODKUTEIFHOCTBIO OKOJIO I'0fa, a
MoCJIe MAKCUMyMa — OUYeHb MEJUICHHBIN criaf. AKTHBHAs

SN 2008iy is one of the most interesting supernovae
studied within the framework of the monitoring
program of distant core-collapse supernovae. The object
is of interest because its spectra obtained with a time
interval of about 5 months changed very few (see
Fig. 36). It puts a question about nature of this object.
Its light curve showed a record slow rise of duration of
about a year, and a very slow fall after maximum. The
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(ha3a BCHBIIKY JUTUTCS YK€ HECKOJIBKO JieT. Permaromum
B  pasragke TpUpoAbl  00bEeKTa MOXET  OBITh
oOHapyXeHHE B CIIEKTpe JaeTajel, XapaKTepHbIX I
HeOymsapHO# ¢a3sr SN.

SN 2008GZ M SN 2008IN — BJIMN3KUE CBEPXHOBBIE I1
THUIIA

IIpocnexena cnekrpanbHas 3somonus SN 2008gz u
SN 2008in. IToydens! kpuBbie O1ecka B mojocax B, V,
R, I. Bomomerpuueckass kpuBas Oinecka SN 2008gz
CpaBHHBaNach C KpUBBIMH Oiiecka SN 3TOTo ke THIIA:
SN 2004et u SN 1987A. Dueprus B3peBa SN 20082z
oKkazanach comoctaBuma ¢ dSHepruedr SN 2004et. B
CIIEKTpax, OMIM3KUX K MaKCUMyMy, TuHuH nmen P Cyg-
npodumu. Monenuposanue (kox SYNOW) mokaszaiio,
4To 115t 00JIee MO3JHUX CHEKTPOB CHIIbHBI OTPAaHUYEHUSI
KOJa: IJIOXO ONMCHIBAETCS OMHCCHOHHAas  4acTh
BopopoaHbIx mpoduiei (puc. 37). Jns mocTpoeHus
KPUBBIX  YMEHBIIEGHHMS CKOpocTeil  o0ojouek U
¢dorochepsr SN  2008gz W3MEpsIIOCH  TIOJNOXKECHUE
MHHHAMYMOB a0COpOIHH.

A.C. Mockeumun, B.B. Cokonos, T.A. ®amxynnun,
B.H. Komaposa, T.H. Cokonosa, A. Banees, /I.I0. [[semkos
(T'AULI MI'Y), P. Poii, bpuoscew Kymap, Bpaoowcew Kymap,
1. Hanoeit (Mnous), C. Benemmu (Mmanus) u op.
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active phase of the burst has lasted several years
already. Detection of spectral details typical of the
nebula phase of SNe could be crucial in solution of the
object nature.

THE NEARBY TYPE II SUPERNOVAE 2008GZ U SN
2008IN

We traced the spectral evolution of SN 2008gz and
SN 2008in. The B, V, R, I light curves were obtained.
The bolometric light curve of SN 2008gz was compared
to light curves of SNe of the identical type — SN 2004et
u SN 1987A. The SN 2008gz explosion energy turned
out to be comparable to energy of SN 2004et.In spectra
close to maximum the lines had P Cyg profiles. The
modeling (with the multi-parametric code SYNOW)
showed that the code is very restricted for later spectra:
the emission part of hydrogen profiles is not described
well (Fig. 37). To build curves of the velocity decay of
SN 2008gz envelopes and photosphere the location of
absorption minimums was measured.

A.S. Moskvitin, V.V. Sokolov, T.A. Fatkhullin,
V.N. Komarova, T.N. Sokolova, A. Valeev, D.Yu. Tsvetkov
(SAI MSU), R. Roy, Brijesh Kumar, Brajesh Kumar,
S.B. Pandey (India), S. Benetti (Italy) and others.
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Puc. 37. Cnexmp SN 2008gz, nonyuennwiii 11 noaopsa 2008 (TNG/DOLORES), obosnauern moncmoil cepoti auHuell.
Tonkou yepHou TuHUEl NOKA3AHA HAUTYYAS NOO2OHKA MOOETbHbIM CNEKMPOM.

Fig. 37. The spectrum of SN 2008gz obtained on November 11, 2008 (TNG/DOLORES) is drawn by the thick gray
line. The thin black line shows the best fitting by a model spectrum.

HHEPBAS MUPHUJA B M33

Jna yrounenus mpuponsl nepemenHoi [HBS2006]
40671 u3 poromerpuueckoro odzopa M33 I'aprmana u
np. (2006) w KaHAMOATa B HOBBIC  3BE3JEI,

THE FIRST MIRA STAR IN M33

To clarify nature of the known variable [HBS2006]
40671 in the photometrical survey in M33 by Hartman
et al. (2006) and the nova candidate discovered in
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obOHapyxeHHoro B aBrycre 2009 rosja, Mbl ITPOBEIH
CHCKTpPANBbHBIC U (POTOMETPUUSCKUE HAOMOICHHS. bhuTn
00paboTaHbI JONOIHUTEIFHBIC JAHHBIC U3 JCKTPOHHBIX
apxuBOB  pa3HBIX oOcepBatopmii. Ilo  cmekrpy,
MONyYeHHOMY B MaKCHMyMe OJecka, CIIeKTpabHBIN
Kjmacc 3Be3nsl okazaincs M2e — M3e (puc. 38).
OOHapyXeHO, YTO aMIUIUTya W3MEHEHUs Oiecka
JOXOUT 10 7™ B GUIbTpe R, a MEPHOJ COCTABIIAET 665
DOTO OOWH W3 caMbIXx OOJIBIIUX TMEPHOJOB CpEeaAH
HU3BCCTHBIX MHUPHUI. EOJ’IOMeTpI/lquKaﬂ BCJIMYMHA B
MakcuMmyMe Orecka My, = —7.4", cpenusis abconoTHAs
BennunHa B ¢uisbtpe K paBHa M, ~-9.5". 3e3na
[HBS2006] 40671 oxa3anacb NepBOM CHEKTPaAIbHO
MOATBEPKACHHON MUpUIOH B rajaktuke M33.

MBI CcpaBHWIM €€ TepuoJ H  CBETHMOCTh C
COOTHOIICHUSIMH «IIEPUOJ] — CBETUMOCTE» I XOPOIIO
n3ydeHHbix mupun BMO. Oxkazanock, uro [HBS2006]
40671 nomanmaet B 30Hy AGB-3Be31 ¢ skcTpeManbHBIMA
mapameTpamu. 3Be3na umeet maccy <4 M. OHa nmeer
M30BITOK cBeTUMOCTH ~0.35™, 4TO XapakTepHO s
3BE3J, ITOJBEPKCHHBIX TOPCHHI0O B OCHOBAaHHH WX
KOHBEKTHBHEIX obOonodek (HBB). I'emmonentprueckas
mydeBas CKOpocTh  3Be3mbpl —475 kM/c.  JlydeBas
CKOPOCTh Y3KOMH 3MUCCUOHHOMN JIUHUHU H,
OTHOCHUTEJIBHO CKOPOCTH CaMOH 3Be3lbl 35 KM/CeK.
Takoli cIOBUT, KOTOPHIM OOBSICHAETCS 3BE3IHBIMH
MyJIbCAUAMHU u yAapHBIMH BOJIHAMH B
pacummpsonieiicst atmocdepe, SBISETCS TUIHYHBIM IS
BOJIOPOJHOW 3MHUCCHH B CIIEKTPaX MUPH/IL.

2010
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August 2009 we carried out spectral and photometrical
observations. Images collected from electronic archives
of various observatories were processed additionally.
The spectrum (Fig. 38) has been taken in a brightness
maximum. We found the spectral class as M2e — M3e.

The total amplitude of the brightness variation in R band
achieves 7™. The period of the variability is 665°.

It is one of the longest known for Mira-type variables.
In the maximum light its bolometric magnitude is
M, = —7.4", the mean absolute magnitude of the star in
Kband is M, = -9.5".

We conclude the star [HBS2006] 40671 is the first
spectroscopically confirmed Mira star in M33.

We have compared of the period and luminosity of this
Mira with known Period Luminosity relations for well
studied Mira-type stars in LMC. [HBS2006] 40671 falls
on AGB region with extreme parameters. The mass of
the star is =4 M and the star has the luminosity excess
of =0.35™. 1t is typical for stars which are undergoing a
hot bottom burning (HBB) in the base of their
convective envelopes. The heliocentric radial velocity
of the star is —475 km/s. The radial velocity of the
narrow H, emission line is 35 km/s relative to the star's
photosphere.

Such a shift in the H, emission is typical for Mira stars.
It can be explained by stellar pulsations and shocks in
the expanding atmosphere.
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Puc. 38. Cnexmp [HBS2006] 40671, nonyuennvii 9 okmsops 2009 2. okono maxcumyma onecka (6TA/ SCORPIO).
Fig. 38. Spectrum of [HBS2006] 40671 taken on 2009 October 9 near the maximum light (BTA/SCORPIO).

OOHapyXeH OTpHLATENBHBI H30BITOK B Jy4eBOH
ckopoctu (—210 KM/c) MUPHIBI OTHOCHTENBEHO CpemaHEH
JIy4€BOM CKOPOCTH 3BE€3]l OKPECTHOCTH, YKAa3bIBAIOLIUI
Ha  OONbUIyI0  TEKYJSIPHYIO ~ CKOpPOCTb. Bcee
SKCTpEeMaJIbHbIE CBOMCTBA HOBOM MHpHU[bI JCNIAIOT €€
BaXHBIM OOBEKTOM /i OyAymHX HCCIeI0BaHUI
KpaTKOBPEMEHHO! CTaauu 3Bojtouu 38e31 AGB.

E.A. Bapcykosa, C.H. ®abpuxka, O.H. Illonyxoega,
A.®. Banees, B.II. I'opancxuii (AU MI'Y), K. Xopuou
(Yexus), B. [umuy (I'epmanus).

A big negative excess (—210 km/s) in radial velocity of
the Mira relative to the average radial velocity of stars
in its neighborhood, pointing at an exceptional peculiar
motion of the star. All extreme properties of this new
Mira-type star make it an important object for further
studies of short-term AGB evolution stage.

E.A. Barsukova, S.N. Fabrika, O.N. Sholukhova,
A.F. Valeev, V.P. Goranskij (SAI MSU), K. Horoch (Czech
Republic), V. Pitch (Germany).
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HEOBBIYHAS KJACCHYECKASI  HOBAA
V458 VUL
[IpoBeneH  cmekTpanmbHBIE W (QOTOMETPUICCKUN

MoruTOopuHr V458 Vul, Hopo#t Jlmcmuxm 2007 T.
(CAO PAH, crammuu F'AWII MI'Y u KIT'V). B tpex
MakcMMyMax Ojiecka 3Be3lla [OKa3blBaja OOBIYHBIN
CIIEKTp Kilaccuieckoi HoBo# monknacca Fell, 6orarerit
pa3peuieHHBIMHA JIMHUSMH HOHOB keme3a. CKopocTh
cOpoca 000JI0YKH TI0 IIIUPUHE BOIOPOTHBIX JHMHUHN ObLIa
1500 km/c. HoBas  mposiBWIACH  KaK  HCTOYHHK
CBEPXMSITKOTO PEHTICHOBCKOTO manyueHust SSS (Swift).
Temneparypa  ucrouHMka  cocTaBimsula  28.7 3B
(330000°K), mpudem SpKOCTh HMCTOYHHKA MCHSUIACh Ha
mkane yacoB Oonee yem B 50 pa3. CrekTpbl o0bekTa
(Ieitcc-1000) B crammm SSS  mokaszanu  TOJTHOE
OTCYTCTBHE HOHOB JKeJie3a KaK HU3KOTO, TaK U BBICOKOTO
Bo30yxnmeHus. Hoas oxkazamace monkiacca He/N.
Takas cMmena mopkiacca emie He HaOmromamack HH Y
OZIHOM KJIaCCUYECKOH HOBOM.

OOBexT ABNSETCA SIAPOM IUIAHETAPHOW TYMaHHOCTH,
4To TOATBepXkIeHO B H,-0030pe ramakTHueckoii
mwiockoctu (IPHAS) eme mo Bcnbimku. TymMaHHOCTH
COCTOMT W3 JBYX TMOJSPHBIX POTHBOIOJIOXKHO
HATIPABJICHHBIX CTPYH Pa3IMYHON SPKOCTH H CIIA00TO
9KBaTOpUAlIbHOTO Koubla (puc. 39, cieBa BBepxy).
OTMeTHM, YTO TIPEeKAE BCHBINIKA SApa IUTaHETapHON
TYMaHHOCTH KaK HOBasl He HaOJIro1anace.

[Ipu madbmonernax V458 Vul (BTA/SCORPIO) mst
3apeTUCTPUPOBANN CIEKTp cTpyd (puc. 39). Jleramu
CTPYH BUAHBI B Pa3HBIX AMHUCCHOHHBIX JIMHUSIX 1O 00e
CTOPOHBI OT CIIEKTpa HOBOM.

2010 SAO RAS REPORT

THE UNUSUAL CLASSICAL NOVA V458 VUL

We carried out the spectral and photometric monitoring
of V458 Vul, Nova Vulpeculaec 2007 (SAO RAS, SAI
MSU and KSU stations). In three light maxima the star
showed a typical spectrum of Williams Fe II subclass of
classical novae, i.e. the spectrum rich of permitted lines
of iron ions. The velocity escape was 1500 km/s
according to widths of hydrogen lines. The nova
appeared in the X-ray range as a supersoft X-ray source
SSS (Swift). The temperature of the source based on the
Swift observations was 28.7 eV (330000°K), the
brightness of the source varied more than 50 times on
the scale of hours. Our spectra (Zeiss-1000) in the SSS
stage showed the total absence of iron ions of both low
and high excitation, and the spectrum appeared as that
of Williams He/N subclass.

Such a change of subclass was never observed in any
classical nova.

The object is the core of a planetary nebula, which
was confirmed in the Hy-survey of the galactic plane
(IPHAS) before the outburst. The nebula consists of two
polar oppositely directed jets having different brightness
and faint equatorial ring (Fig. 39, on the left top
fragment). Note that the burst of a planetary nebula core
as a nova was not observed before.

When observing V458 Vul (BTA/SCORPIO) we
detected a spectrum of jets (Fig. 39). Details of these
jets are seen in different emission lines at both sides of
the nova spectrum.

PHAS

BTA / SCORPIO

Puc. 39. @paemenmor cnekmpa V458 Vul, nonyuennoeo 9 uions 2010 e.. Cnesa 8éepxy — uzobpasicenue nianemapHou
mymannocmu 8 smuccuu H,, ykazanvl nonosicenus weau kamepoi u cmpyil.

Fig. 39. Fragments of V458 Vul spectrum taken on June 9, 2010. The image of the planetary nebula in the H,
emission line is shown on the left top, the position of the slit and jets are marked.

[IpuyeM 10T0-BOCTOYHAS CTPYS SpYe BO BCEX JIMHUSX, U
OHa HampaBJieHa K HaOJII0IaTEIIIO. Kpome
0ambMEpOBCKHX JNHHUN HaOmomarorcs nuHMH Hell
4686A, [OI] 6300, 6363A, [OII] 7319, 7329A, [OIII]
4958, 5006A, [SII] 6717, 6731A, [NII] 5754, 6548,

The south-east jet is brighter in all lines, and it is
directed to an observer. In addition to Balmer lines, the
following emissions are visible: Hell 4686A, [OI] 6300,
6363A, [OII] 7319, 7329A, [OIII] 4958, 5006A, [SII]
6717, 6731A, [NII] 5754, 6548, 6583A and [ArlII]
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6583A u [Arlll] 7136A. B npoekuuu Ha jyd 3peHus
CKOPOCTH HMCTEUYEHUS] CTPYH OTHOCHUTENBHO HEOOJIbIINE
100-120 xm/c, 4TO MOATBEPXKIAET MNPEAIOTIOXKEHHE O
(GOpMUPOBAaHNUM TYMaHHOCTH HE H3-3a TMPEIBIAYIIETO
B3pbIBa HOBOHW, a B PE3yJbTATE SBOJIONMH OJHOTO W3
KOMIIOHEHTOB, COTIPOBOKIABIIEHCS COPOCOM OOOIOUKH.
Cucrema mponura CTaauio oO0meid 000049k C
JIOHOPOM — 3BE3JI0H-TMTaHTOM MOCT-aCUMITOTUYECKOU
BETBH, U 000J04YKa OblIa cOporiena JOHOpoM 14 TeiC.
JIET Has3aJ B BUJIE IUIAHETAPHOM TyMaHHOCTH. Tak 4ro
00BEKTOM, MPOLIEALINM OBICTPYIO CTaJIUIO IBOJIIOINH, B
pesynbrare  KOTOpoil  oOpa3zoBajach  IUIaHETapHAs
TYMaHHOCTb, MOXET OBITh CITlyTHUK O€JI0r0 KapJnKa.
Kak B peHTreHOBCKOM Jnana3oHe, Tak ¥ B ONTHKE HOBas
[OKa3blBajia 3HaunuTeabHbIe (10 2™) n3MeHeHus Oiecka
Ha IIKaJe HECKOIBKHX 4YacoB. MBI 3aperHCTpHpOBall
(mroHb-u1016 2008 T.) I3MEHEHMS ONTHYIECKOTOo OJIecKa ¢
TIEPUOJIOM 0.59¢ IHA 1 ¢ ammuatyaoi 0™.4 B nonoce V.
OpOuTtanbHBId TIEPHOJ, OMPEICICHHBI 10 KPUBBIM
JqyueBbIX ckopocrer nuHuil Hell, oka3zancs oueHb
kopotkuM, 98.1 mun (Pogpurec-I'mn u np., 2010). B
JAHHBIX ~Hamero (OTOMETPUYECKOTO0 MOHHUTOPHHTA
TaKke OOHApY)KMBAaeTCs MaJOaMIUIMTYAHAas BOJIHA C
stuM riepuozoM. Ilo 612 HaGmiogeHWsIM B TepuOL
JD 2454644 - 2454655 ee mnonHas yCpeqHEHHas
amruaTyaa Obita pasaa 0M.03, a o 415 HabmOAEHEAM
B eprox JD 2455060 - 2455073 — 0™.05 B mosoce V.
V458 Vul sBusercss  KiIacCHMYECKOM  HOBOM
nmonkiacca He/N, u Ha moBepXHOCTH ee OeIoro Kapiika
B HACTOsIIIEE BpEMs TOpUT BoxopoA. JlmHum Bomopona
ObUIM  XOpOLIO BHAHBI B CIEKTPE BCHBIIKH |
MPUCYTCTBYIOT IOCJIE BCIBILIKU. Macca 6eoro kapimka
B cucteme V458 Vul, onpeneneHHas 1o CreKTpabHBIM
JTAaHHBIM, IIPEBOCXOJUT COJIHEYHYyI0. B pesynbTare
AKKpELH OHAa MOXXET MPEBBICUTH YaH/APACEKapOBCKHUIM
npexen B 1.4 M. Ilostomy V458 Vul cunraercs
BO3MOXKHBIM KaHAWAATOM B CBEPXHOBBIC THIA la, Kak 1
neKynspHas renueBas HoBas V445 Pup (Otuer CAO
PAH 2009, c. 62).
E.A. bapcykoesa, A.H. Bypeukoe, T.A. @®amxynnumn,
B.II I'opanckuii  u  HB. Memnosa (TAULI MIY),

B.A. Conosves (KI'Y). Astronomer’s Telegrams No.1631 u
2670.

H,19 - MACCHUBHASI CUCTEMA BBICOKOM
CBETUMOCTH B 'AJTAKTHKE M33

3armennas cucrema H,19 B M33 (dDabpuka u
[omyxosa, 1995; apoB u ap., 1997) ¢ opOuTambHBIM
MIEPHOJIOM 33.108d, coctontr u3 OB-3Be3m BBICOKOM
CBETUMOCTH, CBSA3aHHBIX ¢ 001acThio HII ¢ GumonspHbiM
nucreueHneM. Pa3nBoeHHas CTpyKTypa 3Toil obiactu
BuyHa Ha Hy-cHumkax (BTA). TlonHblii pasmep obnactu
HII 30 nc. KpuBast Grnecka 3Be3[bl MOKa3bIBAET, YTO B
CHCTEME, KpPOME [BYX KOMIIOHEHTOB, IPUCYTCTBYET
TPETHH HCTOYHHMK CBETa, BO3MOXHO, Topsiyee IISITHO
AKKpPELMOHHOTO  IPOMCXOXKAEHUs.  MopenupoBaHue
KpHBOH Oyiecka C TOJICTBIM aKKPELMOHHBIM JIUCKOM H
MPOTSHKEHHBIM TI0 CTPYKTYpE TOPSYHMM IISITHOM Ha €ro
Kpalo  YIOBJIETBOPUTEIBHO TIPEJCTABIAET KPHUBYIO
omecka H,19. Dra Momens mpexrmonaraer MpUCyTCTBUE
KOMITAKTHOTO ~ KOMITIOHEHTa OONBIIOM  Macchl, HO
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7136A. Radial velocities of jets projected to the line of
sight are relatively small, 100-120 km/s, which
confirms the assumption that the nebula was formed not
due to previous nova explosion but as a result of
evolution of one of components which was
accompanied by the envelope ejection.

Rodrigues-Gil et al. (MNRAS 407, 21, 2010) argue
that the system has passed through a common envelope
stage with the donor — a post-asymptotic giant star, and
the envelope has been thrown by donor 14 thousand
years ago as a planetary nebula. So, really it is a satellite
of the white dwarf that may be an object which has gone
a rapid stage of evolution resulted in planetary nebula
formation. The nova displayed essential (up to 2™) light
variations on the scale of a few hours both in X-rays,
and in optical. Our observations (June — July 2008)
revealed even the periodic light variations with the
period 0.59¢ and amplitude 0.4™ in the V band. Orbital
period determined from radial velocity curves based on
Hell lines was found to be very short, 98.1 min
(Rodrigues-Gil et al. 2010). In our photometric
monitoring data, a small-amplitude wave with this
period has been detected also. Its total averaged
amplitude was 0.03™ based on 612 observations in the
time range JD 2454644 — 2454655, and 0™.05 based on
415 observations (both in the V band) in the time range
JD 2455060 - 2455073.

V458 Vul is a classical nova of He/N subclass, and
at present hydrogen burns on the surface of its white
dwarf. Hydrogen lines were seen well in the outburst
spectrum, and are present after the outburst. The system
of V458 Vul is considered as a possible type Ia
supernova candidate because the mass of the white
dwarf determined using the spectral data is larger than
solar mass. Probably, in the future it will exceed the
Chandrasekhar limit of 1.4 solar mass due to accretion.
The peculiar helium nova V445 Pup is considered as a
type la supernova, too (see SAO Report 2009, p.62).

E.A. Barsukova, A.N. Burenkov, T.A. Fatkhullin,
V.P. Goranskij and N.V. Metlova (SAI MSU), V.Ya. Soloviev
(KSU). Astronomer’s Telegrams No.1631 u 2670.

H,19 - A MASSIVE HIGH-LUMINOSITY
SYSTEM IN THE GALAXY M33

The eclipsing system H,19 in M33 (Fabrika &
Sholukhova 1995; Sharov et al. 1997) with the orbital
period 33.108 consists of high-luminous OB stars
associated with an HII region which represents a bipolar
outflow. The double structure of this region is seen in
H,-images (BTA). Total dimension of the region is 30
parsec. The light curve suggests that there is the third
light source besides two components, possibly a hot
spot of accretion origin.

The modeling of light curve with a thick accretion disk
and extended hot spot on its rim fitted the light curve of
H,19 satisfactorily.

The model assumed presence of a high-mass compact
companion. But the space X-ray observations did not
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HaOMIONEHUsT  HE  OOHApYXWIH
W3JTyYeHHs OT TAKOT'O KOMIIOHEHTA.

B 2001-2010 rogax mpoBeAeHbI CHEKTpPAbHBIE U
(doTtomMeTprUueCcKIe HAOIIOACHUS H,19. Mpr
OOHApY)XWJIH MHOXXECTBO CHa0BIX aOCOPOIMOHHBIX
muanid Hel, muann NII u Silll, xoTopeie XapaKTepHBI
st O-3Be3n BBICOKOW cBeTmMOcTH (puc. 40, BHHU3Y
cnesa). Ha kpuBbix Onecka B ¢asze 0.85 mepen riaBHbIM
3aTMEHHEM BHJEH Top0, KOTOpBIA 3aMETeH M Cpasy
mocie 3atMmenus (puc. 43, cmnpasa). OH dopMHUpyeTcs
SIPKUM MPOTAKCHHBIM IISITHOM Ha IMMOBEPXHOCTHU
KOMITIOHEHTa ¢ Ooiiee BBICOKOH TeMmmeparypoil u
CBETUMOCTBIO.

PEHTICHOBCKOI'O
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detect X-ray radiation from any compact companion in.

In 2001-2010, the spectral and photometric
observations of H,19 were carried out. In
BTA/SCORPIO spectra we found a number of faint
absorption He I lines, as well as lines of NII and Silll
typical for high-luminosity O type stars (on the left
bottom in Fig. 40). A hump is seen in light curves in the
phase 0.85 before the primary eclipse. This hump also
continues just after the eclipse (Fig. 43 on the right). It
is formed by a bright extended spot on surface of the
companion with higher temperature and luminosity.
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Puc. 40. Cnesa esepxy - cnumox H,19 6 nunuu H, 65634 9 cenmabps 1980 2. (BTA). Cnesa énuszy — ¢hpazmenm
cnexkmpa H,19, nonyuennoco 8 cenmsbps 2005 2. (BTA/SCORPIO). Cnpasa — kpuswvie bnecka H,19, nocmpoennvie 6
sagucumocmu om gazvi opbumansrozo nepuoda 33.108° & cunux, Hcermuvix u KpacHvix Jyyax (ceepxy 6Hu3).

Fig. 40. The image of H,19 taken in H, 65634 line on 1980 September 9 (BTA) is on the left top. A fragment of
spectrum of H,19 obtained on 2005 September 8 (BTA/SCORPIO) is on the left bottom. Light curves of H,19 plotted
versus phase of the orbital period of 33.108" in blue, yellow and red wave bands are on the right (from top to

bottom).

SpkocTts maTHa B BuAMMOM auamnaszoHe - 25000 Lo, a
cBeTuMOCTh Bcel cuctembl - 130000 Lo. Maccsl
KOMIIOHEHTOB CHCTEMBI CTOJbh BBICOKOW CBETHMOCTH
MoryT OpiTh B mpenmenax 40-50 M. OueBmmHO, 9TO
H,19 sBisercs cucteMoii ¢ 60IBIINM TEMITOM TIEpeHoCca
MacChl MEXIy KOMIIOHEHTaMH, KOTOpas HaXOAWTCS B
CTaJiu¥ CIMSHUS KOMIIOHCHTOB.

IIpupona ropsuero msATHa, BO3MOXKHO, CBS3aHa C
LUpKYJSiIMed  BellectBa B 00OJOYKE  TOPSUEro
KOMIIOHEHTa,  KOTOpas  BbI3BaHa  aKKPEL[HOHHBIM

TEYCHUEM, BBLIHOCAIIUM OYCHL TOpA4Yec BCIICCTBO U3
FJ'Iy6OKI/IX c10eB 000JI0YKH 3BC3bl Ha MNOBEPXHOCTb.
Y51 Ha6J'HOHa€M PEAKOC SABJICHUC CIHAHHUA MACCHBHBIX

The brightness of this spot in the visible wave range is
25000 Lo, the total Iuminosity of the system is
130000 L. Masses of components of the system
having such a high luminosity may be in the range
40-50 Mg. Evidently, H,19 is a system at the stage of
merging of its components with a high rate of mass
transfer between them.

The nature of the hot spot is probably connected with
circulation of matter in the envelope of the hot
companion which is caused by an accretion flow. As a
result, very hot matter is transferred from deep layers of
the star envelope to surface.

We observe a rare phenomenon of merging of massive
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CBEPXTUTAHTOB, B pe3yJbTaTe KOTOPOTO B OyaylieM
obpa3syercst 3Be3/1a C SKCTPEMAIbHON MACCOH.
E.A. bapcykosa, B.11. I'opanckuii (TAUL MT'Y).

CIIEKTP HOBOIIOJOBHOI NEPEMEHHOM
3BE3JIbI LW CAS

Momysen (BTA/SCORPIO) cmekrp LW Cas ¢
CHEKTpalbHBIM  paspeiieHueM SA  um  BbIcokuM
oTHOouIeHHeM curHai/miym (puc. 41, BHu3y). Choekrtp
comepkuT JmHUKM nornomenus H,—H,, tpumiera Mgl
5761-5781 AA u ny6mera Nal D,D; 5890, 5896AA.
Jluaus Nal nanGonee cuiabHA C 3KBHUBAJICHTHON
umpunoii 9A. Tlpoduns muaum H, tuma P Cyg. Bee
JUHUM  TOTJIOUIEHWsT BMecTe ¢  aOCOpOILMOHHBIM
koMmmoHeHToM H, mmeror romyboe cmermenue ot —300
n0 250 kw/c. B amamasome 4293-4312 AA
HaOmonaercss moryonienue B G-mostoce.  Bumnbl
smuccnn [OI] 6300-6364AA, OI1 5160A u [SII] 6717 u
6731AA, xoTopble Takke CMEIIEHBI B TOTYOYI0 CTOPOHY
W TOKa3bBalOT  ckopocth —240 km/c. Ilens
cnexrporpacda npoxoamna Baoss xsocta LW Cas, u ero
CHEeKTp OKa3aJcsi B OCHOBHOM aOCOpPOLMOHHBIM, B
SMHCCHH BHIHA ToNbKo cnabas muams [OI] 6300A. B
eNnb TONajgaeT M3JIy4YeHHE CBETIIOW TYMaHHOCTH W3
komiuiekca IC 1848-S6. Ilo smuccuam H,, [NII] u [SII]
CKOPOCTh TI'a30BOH COCTaBIISIIONICH 3TOr0 KOMIUIEKCA B
HanpaBinenun Ha LW Cas cocraBmser —40 xm/c. B
CHEeKTpe  BWAHBI  Takke  ciadble  nuddysHble
Mex3Be3Hble mojock! noriomenus (DIB) na mmmHax
BOJIH 5706, 5780, 5796 u 6280 AA.
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B cmexktpe LW Cas He oOHapyxeHa 3Be3la
cnekrpajgpHoro  knacca  AOIIl, koropas  Obuia
obOHapyxena panee B HK-mmanasone (Koan, 1980);
WHAue JIMHUKM OAJIbMEPOBCKOW CepUH ObLTH ObI XOPOIIO
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supergiants which will lead to formation of an
extremely massive star in the future.
E.A. Barsukova, V.P. Goranskij (SAI MSU).

THE SPECTRUM OF NOVA-LIKE VARIABLE
STAR LW CAS

We obtained spectra of LW Cas with the BTA and
SCORPIO spectral camera covering a range between
4000 and 7500A with a spectral resolution of 5A and
high signal-to-noise relation. The spectrum contains
(Fig. 41, bottom) absorption lines from H, to H,, as well
as lines of Mgl 576 —5781 A triplet and Na I D,D,
5890, 5896 A doublet. The strongest Na I line has
equivalent width of 9 A. The H, line has the P Cyg type
profile. All absorption lines including an H, absorption
component are blue-shifted by —300 to —250 km/s. The
G band absorption is seen in the range 4293 — 4312 A.
Visible also are emission lines [O I] 6300 — 6364 A, O
I1 5160 A, [S 1I] 6717 and 6731 A, which are blue-
shifted too, and they show a velocity of —240 km/s. The
camera slit was directed along the LW Cas tail.
Spectrum of the tail is mainly in absorption, only a faint
emission of [O I] 6300 A is seen. Radiation of a light
nebula in IC 1848-S6 also hits the slit. The velocity of
gas component of this complex in the direction to LW
Cas measured with emission lines H,, [N II] and [S II] is
—40 km/s. Faint diffuse interstellar bands (DIB) are also
pggsent at the wavelengths 5706, 5780, 5796 and 6280

Puc. 41. Obracme IC 1848-S6 (L]eiicc-1000, ausapw
2008 2., wuzobpaxcenuss 1"). LW Cas obsedena
npsimoyeonvhuxkom. Cnesa 68epxy — yeeauueHHbll
@paemenm, demoncmpupyrowuti cmpykmypy LW Cas.
Buusy cnexmp LW Cas, nonyuennvui ¢ 2010 e.
(FTA/SCORPIO). Vposenv kommuHyyma npuHam 3d
eouHuyy.

Fig. 41. IC 1848-S6 complex (Zeiss-1000). Photo is
taken in 2008 January with the seeing 1". LW Cas is
outlined by the rectangle. An enlarged fragment of this
photo showing the structure of LW Cas is on the left top.
Bottom graph is the spectrum taken in 2010
(BTA/SCORPIO). The continuum level is taken as a
unit.

No star of spectral type AOIII was found in the spectrum
of LW Cas which was detected in IR range before
(Cohen, 1980); otherwise lines of the Balmer series
would be seen well in the blue range of spectrum. It is
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BUJHBI B CHHEM JAHaNa3oHe cneKkTpa. Bo3MoxHO, cCiekTp
LW Cas gopmupyercs B INIOTHOM, PacIMpSIOIEMCS CO
ckopocThio 200 KM/C Ta30BOM rajio, OKpY)KaloIleM
3Be3ny. He wuckmoueno, uro LW Cas mmeer Takyro
OONBIIyI0  TWEeKyJpHYR  ckopoctb 200  xm/c
OTHOCHUTEJIBHO KOMITJIEKCa M3-3a TOTO, YTO BHIOpOIIECHA
U3 KPAaTHOM CHCTEMBI B DE3yJbTAaTe IUHAMHUYECKOTO
B3aUMOJICHCTBUS KOMIIOHEHTOB.
E.A. Bapcykosa, A.D. Banees,
B.I1. I'opanckuit (TAUL MT'Y).

T.A. ®amxynnun,

JABA HOBBIX LBV-KAH/IUJIATA B I'AJIAKTUKE M33

Ilepemennsle LBV-tuma otHocsITcs Kk  Haumbosee
MAaCCHBHBIM, SPKHM 3Be3[aM, KOTOpBIE HAaXOIITCS Ha
KOPOTKOW 3BOJIOIMOHHON (pase cOpoca BOIOPOIHOM
000JIOUKH TIepel B3PHIBOM CBEPXHOBOW 3Be3nnl. Ha
OCHOBE HalIMX (POTOMETPUUECKHX HM3MEPEHMH JTaHHBIX
o030pa Massey et. al 2006 (AJ, 131, 2478) wmbl
Boigenuian B M33 25 kpacHBIX 3B€31 C BO3MOXKHOM
smuccuein B guHmM H, kxak kanmmmatoB B LBV ¢
3aMETHBIM MOTJIOIICHHUEM. o CIIEKTpaM
(BPTA/SCORPIO) y mByx (puc. 42) wu3 HHX
NEHCTBUTENIEHO OOHAPYXKEHBI IMUPOKHWe IWHUH H,.
UTo0BI MOATBEPOUTH KIACCH(UKAIIMIO 3TUX OOBEKTOB
kak LBV-kanammaToB, HEoOXOOMMO OOHApPYXUTh HX
(OTOMETPUYECKYIO WIIM CHEKTPAJIbHYI0 NEPEMEHHOCTb.
ConocTtaBiieHHE€  JaHHBIX  Pa3IHYHBIX  KaTaJOTOB
yKa3bIBaeT Ha BO3MOXHYIO mepeMeHHocts AV=0".9 y
kangunata J0133274+303029.

2010 SAO RAS REPORT

possible that the spectrum of LW Cas is formed in a
dense gas halo surrounding the star and expanding with
a velocity of 200 km/s.

It is not also excluded that LW Cas has so high peculiar
velocity of 200 km/s relative to the complex because it
has been ejected from the multiple system as a result of
dynamic interaction of components.

E.A. Barsukova, A.F. Valeev,
V.P. Goranskij (SAI MSU).

T.A. Fatkhullin,

TWO NEW LBV CANDIDATES IN THE GALAXY M33

LBV type variables belong to the most massive bright
stars which are in a short evolution phase of loss of
hydrogen envelope before explosion as a supernova.
From our photometric measurements of the survey data
by Massey et. al 2006 (AJ, 131, 2478) we selected 25
red stars in M33 with possible H, emission as
candidates to LBV with a noticeable extinction.

Broad H, lines were detected indeed in BTA/SCORPIO
spectra of two of them (Fig. 42).

To confirm classification of these objects as LBV it is
necessary to detect a photometric or spectral variability.
Comparison of data from different catalogs suggests a
possible variability of AV=0"9 of the candidate
J0133274+303029.
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Puc. 42. Cnexmpor kanoudamos ¢ LBV N45901 (J0133274+303029) u N125093 (J0134154+302816) cosmecmno co
cnexmpamu uzsecmuvix LBV 6 eanaxmuxe M33 VarB u V532. ¥V 06oux Ho8bIx KaHOuOamos npucymcmeyom uwupoxue
amuccuonnvie aunuu H,. Obosnauenvl ochosHbie cnekmpanbHble TUHUY, HAUOEHHbLE 8 UX CHEKMPAX.

Fig. 42. Spectra of the LBV candidates N45901 (J0133274+303029) and N125093 (J0134154+302816) along with
spectra of known LBVs VarB and V532 in the M33 galaxy. Spectra of both new LBV candidates show broad H,-
emission lines. The main spectral lines detected in their spectra are marked.
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Mp1 OTIpeIeNUIH CBETHUMOCTb 3BE3/1bI
log(L/Lp) = 6.0-6.2, HayansHyro Maccy 60-90 Mg,
BEJIMUMHY MEX3BE3IHOTr0 nornomenus Ay=2.2-2.4 u
temrepatypy dorochepsr T=13000°-15000°K.

OmuccronHsle  smmmE  [Call] AL 7291,7323 AA
MPUCYTCTBYIOT B cHektpe Broporo LBV-kannumpara
JO134154+302816. Otm nMHUM  yKa3bIBAalOT Ha
OTHOCHUTENBHO HEJABHUE BBIOPOCHI Ta3a M MBUIN.
CriexTpanpHOE pacmpeneneHue SHEPruu
LBV-kannugata mnoMHMMO 3Be€3lbl C TeMIlepaTypou
13000°-16000°K moxa3bIBaeT Takxke MPUCYTCTBUE IBYX
koMmnoHeHT ¢ Temnepatypamu 1000°K u 480°K, Bkiag

KOTOPBIX COCTaBIsIeT 5-6% oT OosoMeTpuuecKoit
ceeTuMocTH. HauanbHas Macca 3To  3Be3mbl —
90-120 M@, cBetumocth log(L/Lp) =6.3-6.6 1pu
Ay=2.6-2.9.

O1H OBe 3Be316I MOXKHO OTHECTH K LBV-kanmumatamu ¢
CHIIBHBIM MEX3BE3THBIM mornomenueM. Ha pucynke 45
MIPEeACTaBIEHBI CIIEKTPHI OOBEKTOB B KPACHOM 00JIacTH B
cpaBHEHHH ¢ M3BecTHBIMU LBV-3Be3mamu B M33.

A.®. Banees, O.H. Lllonyxoea, C.H. @adpuxa. Acmpogus.
6ron., 63, 403 (2010).

IMOUCK CBSIBEN MEXITY
PAJIUOITYJIbCAPAMU 7 OCTATKAMH
CBEPXHOBBIX
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We determined the star luminosity log(L/Lg) = 6.0-6.2,
the initial mass 60-90 Mg, extinction Ay=2.2-2.4 and
the photosphere temperature T=13000°-15000°K.

Spectrum  of the second LBV  candidate
JO134154+302816 contains the [Call] Al 7291,
7323 AA emission lines. They indicate relatively recent
ejections of gas and dust. Spectral energy distribution of
the LBV candidate indicates its photosphere
temperature  13000°-16000°K as well as two
components with temperatures 1000°K and 480°K.
Their contribution is 5-6% of bolometric luminosity.
Initial mass of this star is 90-120 Mg, the luminosity
log(L/Lp)=6.3-6.6 at Ay=2.6-2.9.

These two stars can be attributed to LBV candidates
with strong interstellar extinction. Fig. 45 shows spectra
of objects in the red region in comparison to known
LBV stars in M33.

A.F. Valeev, O.N. Sholukhova, S.N. Fabrika. Astropys. Bull.,
65, 403 (2010).

SEARCH FOR A RELATION BETWEEN RADIO
PULSARS AND SUPENOVA REMNANTS

Tabauya 6. Ilapvl nynscap — ocmamox, cOMUNCABUUECs, 8 NPOULTIOM.

Table 6. Couples pulsar-remnant being near in the past.

6

NOJIHOE YHCJIO CMOAEHPOBAHHBIX I1ap TPaeKTOpHI

paccTosiHHe MHHUMAIbHOTO HAHIEeHHOTO cOMXKeHust
B paccrosiHie anpHOPHOro MHHMMANBLHOTO COMUMKEHUs
T anpuopnas BeposiTHOCTbL cBMKeHuit Ha paccTostHMe p < 5 Tc

nysbcap OBC N2 | pmin” | pomin® | Po(8)" | P(BYR | T(5)¢ | 7en™ |tswg®| DM
(nk) | (nx) (mer) | (ner) | (ner) | (nk)
J1829-1751 | G16.2-2.7 | 104328 | 2.6 20.7 | 1x1077 [ 9.6x107° | 35000 | 877000 | 24500 | 32
J1833-0827 | G24.7-0.6 | 156400 | 3.4 8.2 5x1076 | 2.5x107° | 70000 | 147000 | 18500 | 29
J1915+1009 | G45.7-0.4 | 119100 | 0.7 49 2x107° | 1x10~* | 200000 | 420000 | 47000 | 40
J1832-0827 | G22.7-0.2 | 116818 | 0.62 6.8 3x107% | 3x10~* | 140000 | 161000 | 4000 17
J1835-1106 | G18.9-1.1 | 129709 | 0.64 4 5x107% | 1x10™* | 40000 | 128000 | 6000 | 20
J1832-0827 | G23.3-0.3 | 118000 | 1.5 3.3 3x107% [ 1.2x10~4 | 180000 | 161000 | 20500 | 30
J1835-1106 | G22.7-0.2 | 185000 | 2.1 2.4 1x10~% | 5x10~% | 70000 | 128000 | 4000 | 17
J1833-0827 | G23.3-0.3 | 108000 | 2.4 1.2 2x107% | 9.3x 1075 | 150000 | 147000 | 20500 | 30
a

A peposiTHOCTb cBMKenmit Ha paccTosiHue p < 5 e
€ 3noxa cOmusKenuit Ha PaccTOsIHHE p < S MiC
X yapakTepHcTH4ecKHit BO3pACT My/bcapa
3 oueHKa BO3PACTA OCTATKA BCIBIUIKH CBEPXHOBO

" AHaMETD OCTaTKa

[IpoBeneH mouck cBsizell MEXIy paguoIlysibcapaMu U
OCTaTKaMH  B3PbIBOB  CBEPXHOBBIX. PaccMOTpeHsI
JIOCTATOYHO MOJIOABIE PaAMOIyIbCaPbl C HM3BECTHBIMU
COOCTBEHHBIMH ABWXCHUSIMU U PACCTOSHHUAMH, a TAKXKE
MOJIOZIbIE OCTAaTKH CBEPXHOBBIX, OTCTOSIIME HE Jaliee
1-2 xnk ot Hux (Tabi. 6). Ha ocHOoBe mpeonaraemMoro
pacmpezneneHus panuanbHbIX cKopocTei
CT€HEPUPOBAHbl HECKOIBKO COTEH ThICAY BO3MOXKHBIX
TPAeKTOpUI Ui KaKIOro U3 IyJNbCapoB 3a MOCIEIHUE

Search for a relation between radio pulsars and
supernova remnants were carried out. We considered
relatively young radio pulsars with known proper
motions and distances, and young supernova remnants
located within 1-2 kpc from them (Table 6).

Several hundreds of thousands of possible trajectories
during recent several millions of years were generated
for each pulsar on a basis of a supposed distribution of
radial velocities.
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HECKOJIbKO MWJUIMOHOB JieT. OIleHEeHBl BEPOSITHOCTH
TECHBIX  CONDKeHHWH  MyJbcapoB € OCTaTKaMu
CBEPXHOBBIX B MOMEHTHI BPEMEHH, COOTBETCTBYIOILHUE
ux obpazoBaHnio. CyliecTBEeHHOE NPEBBINICHHE YTHUMH
BEPOSITHOCTSIMM  3HAYCHUH, OXHAAEMBIX ISl YUCTO
CITlyJalHBIX CONMXEHHH, MOXET CBHUAETENBCTBOBATH O
FEHETUYECKOM CBSI3W OCTAaTKOB M IysibcapoB. U3
paccMmoTpeHHBIX 8§ map aee — 1829-1751/G16.2-2.7 u

2010 SAO RAS REPORT

Probabilities of close approaches of pulsars to
supernova remnants at moments corresponding to their
formation were estimated.

These probabilities considerably exceed values expected
for purely random approaches, which can testify that
remnants and pulsars are connected genetically. 2 of 8
considered pairs — 1829-1751/G16.2-2.7 and J1833-
0827/G24.7-0.6 — turned out to be probably related in

J1833-0827/G24.7-0.6 oka3amucs, BeposiTHo,  such a way.

CBSI3aHHBIMH TTOJIOOHBIM 00Pa3oM.

I. Beckun, C. Kapnos, E. Yuvipesa u A. Bupioxoe (TAUILI G. Beskin, S. Karpov, E. Chmyreva and A. Biryukov
MTY). (SAI MSU).

N3YYEHUE CBOMCTB NAKED-EYE BURST STUDY OF PROPERTIES OF THE NAKED-EYE BURST
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Puc. 43. Cnexmpui mowgnocmu yenmpanwvrou wacmu (T om 13 00 50 ¢) écniecka 6 camma-ouanazone (Swift/BAT) no
cymme cex cnexkmpanvhulx kananos u 6 onmuxe (TORTORA), a maxoice cnekmp MOWHOCMU PA3ZHOCMEN ONMUYEeCKOU
KpUusoul O1ecka nocie 8blMumanus 21a0Kol annpoxcumupyrowell Qoyukyuu 0ns unmepsana nocieonezo nuxa (T om 40
00 50 ¢). Ocobennocmo 6 obnacmu 9 ¢, KOMopast 6UOHA 6 CNeKmpe MOWHOCMU CPEOHell 4acmu Kpueou Oiecka npu
yposue suavumocmu oxono 1077, coomeemcmeyem uemvipem, omoenennvim Opye om Opyea npaKmuvecku pagHvLMiL
uHmepeanamu, NuUKAM Ha Kpugou 6necka. Huzkouacmommvle KOMROHEHMbL, KAK 8 ONMUYECKOM ChneKmpe, max u 6
2aMMa-OuUanazone CoOmeemcmeyom 08yM PA3IUUHbLIM YPOGHIM UHMEHCUBHOCMU 8 Kpugblx Onecka. Ocobennocmo
(vposenv  s3nauumocmu ~0.01) 6 cnexkmpe MOWHOCMU PA3HOCMHOU KPUBOU MOJICEm COOMGEMCMEO8aNb
nepuoouyeckol komnonenme ¢ amnaumyoou 10% u nepuooom ~1.13 ¢, obnapyscusaroweticss 8 meuenue nocieoHezo
nuka. Ocmanvhvle UHMEPBAIbl PA3HOCMEN KPUBOU OecKa He NOKA3bl8aion NOO0OHbIX 0CobeHHOCmell.

Fig. 43. Power spectra of the central part (T from 13 to 50 s) of the burst in gamma rays (Swift/BAT) by the sum of all
spectral channels and in optical (TORTORA), and the power spectrum of differences of the optical light curve after
subtraction of a smooth approximating function for the interval of the last peak (T from 40 to 50 s). A feature in the
region of 9 s which is seen in the power spectrum of the central part of light curve at a significance level of 107"
corresponds to four peaks in the light curve separated by practically equal intervals. Low-frequency components in
both optical spectrum and in gamma rays correspond to two different intensity levels in light curves. The feature (of a
significance level of ~0.01) in the power spectrum of curve difference can correspond to a periodic component with
the amplitude 10% and period ~1.13 s detected during the last peak. Other intervals of light curve differences do not
show similar features.

HccrenoBana BuepBbie 00HApy>KEHHAS HAIIEH TPYIION
(Oruer CAO PAH 2007-2008, c.67) Obictpas
NEPEMEHHOCTD OIITHYECKOI'O H3JTy4YCHUA,
conpoBoxkaaBiiero ramma-Bemieck  GRBO080319B,
Naked-Eye Burst (REM/TORTORA, Ywumm). O6nacts

Fast variability of optical emission accompanying the
gamma-ray burst GRB080319B — The Naked-Eye Burst
(REM/TORTORA, Chile) — detected first by our group
(SAO RAS Report 2007-2008, p. 67) was studied.

The event localization area was monitored before,
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coObITHSI HaOJIONAIaCh B MOHUTOPHUHIOBOM PEXHME
JI0, BO BpeMs U IMOCJIE BCIUIECKA. JTO MO3BOJIMIO
MOJIYYUTh MOJIPOOHYI0 KpHBYIO OjJecka TpaH3HEHTa C
BpeMeHHBIM paspemerneM (.13 cex. MHTEeHCHBHOCTH
€ro ONTHYEeCKOTO W3IydeHUs OBICTPO BoO3pacraia
BIDIOTH JI0 MaKCUMyMa Ha 18 cekyHIe ¢ O1ecCKoM OKOJIO0
5.3™, 3aTeM OCLMJIUPOBAJIA C XapaKTEPHBIM BPEMEHEM
okoio 8.5 cek. W chajgana CTENeHHbIM 00pa3oM,
HaunHas ¢ 45 cex. CymmapHas KpruBas Oiecka COCTOHT
M3 YCTBIPEX MNPAKTUUCCKU PABHOOTCTOSAMIUX BCIIBIIICK.
B ee CHIEKTPEC MOUIHOCTHU TAaKKE€ YE€TKO BBIACIIACTCA MUK
Ha 4YacTOTe, COOTBETCTBYIOIIEH WHTEpBATY MEXIY
Benblukamu 8.5 cek. (puc. 43). B Teyenue nocnenHero

MUKa KpUBOW  OJecka OOHApYXKEHBI NpPU3HAKU
OJIHOCEKYH/IHOM  CHUHYCOMJIAJIbHOW  INEPEMEHHOCTH.
KpuBrie Onecka B ONTHYECKOM M TaMMa-IHalTa30HaX
OKa3bIBAIOTCS CKOpPETUPOBAHHBIMHA (r~0.82),

ONTHYECKOE H3JIyYeHHE TPH 3TOM 3ama3iblBacT Ha 2
ceKyHIHI (puc. 44).
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during and after the burst.

This allowed us obtaining a detailed light curve of the
transient with the temporal resolution 0.13 s.

Its optical intensity was increasing quickly up to
maximum at the 18" s with a luminosity of about 5.3™,
and then it was oscillating with a typical time about
8.5 s and decreasing by power law starting from 45 s.
The sum light curve consists of four bursts separated by
practically equal intervals. Its power spectrum shows a
distinct peak at the frequency corresponding to the
interval between bursts, i.e. 8.5 s (Fig. 43).

Signs of the 1-second sinusoid variability were detected
during the last peak.

Light curves in optical and gamma rays turn out to be
correlated (r~0.82), the optical emission being 2
seconds late (Fig. 44).

@ —— Low-resolution (1.3 s)

Rl —— Full-resolution (0.13 s)
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Puc. 44. (a) Kpocckoppenayus (CCF) xkpusoii brecka 6 eamma-ouanaszone (Swift/BAT, cymma écex cnekmpanbHbix
Kananog) u onmuyecxou kpueoi orecka (TORTORA) xax c¢ noanwvim (0.13 cex.), max u ¢ nuskum (1.3 cex.)
BDEMEHHbIM paspeuwienuem. s aHaiu3a UCnoib306alach YEHMPAIbHAs 4ACMb GCHAECKA 34 UCKMIOYeHueM gas
HapacmaHnua u cnada usnyyenus. (6) Onmuyeckas Kpueas 61ecka ¢ HUSKUM paspeuieHuem, COBUHymas Ha 2 ceKyHObl
HA3a0, a makdice COOMeemcmeylouwum 0opazom nepepazoumas Kpusas oiecka 6 2amme-ouanazone. Kosgppuyuenm
Koppensyuu r npu smom 61u3ok k 0.82 npu ypoeue snauumocmu 5*107.

Fig. 44. (a) The cross-correlation function (CCF) of the gamma-ray light curve (Swifi/BAT, the sum of all spectral
channels) and optical light curve (TORTORA) with total (0.13 s) and low (1.3 s) temporal resolutions. The central
part of the burst except phases of emission increase and decrease was analyzed. (b) The optical light curve with a low
temporal resolution shifted 2 seconds back and the gamma-ray light curve re-quantized in a corresponding way. The
correlation coefficient r is close to 0.82 at the significance level 5*107.

OOHapyXCHHBIE 0COOEHHOCTH MePEeMEHHOCTH
ONTHYECKOT0 W3JIy4eHHs MNPOTUBOpeYaT Hamboliee
pachpoCTpaHeHHBIM CIIEHApUsIM €ro TIeHepalnuu B
ramma-pcruiecke.  OHHM ~ €CTeCTBEHHBIM  00pa3oM
06’])§ICH§I}0TC§I B MOJCAX TI'CHEpalluu OITUYCCKOT'o
H3JIYYCHU NPHU OCTATOYHBIX CTOJIKHOBCHHUAX CJIOCB, U3
KOTOPBIX COCTOUT BI>I6pOLlIeHHOG BCIICCTBO, B TOM
4HuclIe TPU  €ro  CYNIECTBEHHOHW HEWTPOHM3AIMH.

The detected features of optical variability contradict
most widespread scenarios of its generation in a
gamma-ray burst.

They are naturally explained in models of generation of
optical emission at residual collisions of layers
constituting the ejected matter and at its considerable
neutronization.
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OOHapyXeHHasl TEPHOANYHOCTh H3IYYCHHS B TO IKE
BPEMs CBUJETENILCTBYET O HECTALIMOHAPHOCTH aKKPELUU
BEILIECTBA NPELECCUPYIOLIETO JICKa Ha
chopMHUpOBaBIIyIOCS B pe3yjibTaTe KoJUIarca spa
MaCCHUBHOM 3B€3/1bl YUEPHYIO JbIPY.

I'M. Beckun, C.B. Kapnoe.

OUKINYECKASA U MOHOTOHHASA KOMIIOHEHTBI
B 3BOJIIOLIUH BPAINEHUA PATUOILY JIbCAPOB

3aBepIieH CTaTUCTUIECKUN aHa i3 CBOMCTB BEIOOPKHU U3
297 opuHOYHBIX  panmuormynscapoB  (cM.  Otuer
CAO PAH 2007-2008, c. 71). BrepBeie 0oOHapy>KeHBI
3HAYMMBIE KOPPEIALUHN MEXIy BEINYNHAMHU YaCTOTHI U
€e IIEpBOM M BTOPOU IIPOU3BOJHOM, BTOPOM U NEPBOU
MPOU3BOMHOW (pa3feibHO [UIS TOJOKUTCIBHBIX U
OTPHUIIATENBHBIX BTOPBIX MPOU3BOJHBIX). llomydeHHBIE

3aBHCUMOCTH (puc. 45) MEXTY STUMH
XapakTepucTukamMu (Kak W aHOMaJbHO OoJiblIne
3HAQUEHHs  MOJYJIeH  BTOPHIX  INPOM3BOJAHBIX U
mapaMeTpoB 3aMeIICHUS ) OOBSICHIIOTCSA B

TNPEATIOJIOKEHUN O IUKINYCCKUX BaphaluAXx 4YacTOT
BpalieHus IIyJIbCapoB Ha BPpEMEHAX B COTHU-TBICAYHN JIET

2010 SAO RAS REPORT

At the same time, the detected periodicity of emission
attests a nonstationarity of the accretion of matter of a
precessing disk to a black hole resulting from collapse
of nucleus of a massive star.

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

CYCLIC AND MONOTONOUS COMPONENTS IN
EVOLUTION OF ROTATION OF RADIO PULSARS

Statistical analysis of a sample of 297 single radio
pulsars (see SAO RAS Report 2007-2008, p. 71) was
completed. Significant correlations between frequencies
and their first and second derivatives, between the
second and first derivatives (separately for positive and
negative derivatives) were first detected.

The obtained relations (Fig.45) between these
characteristics (and anomalous high values of moduli of
second derivatives and acceleration parameters) are
explained by assuming a cyclic variation of pulsar
rotation frequencies at times of hundreds-thousands of
years (which is well above a typical duration of
observations) with amplitudes of 10°-0.1 Hz.

(MHOrO  OONBIIMX  XapaKTePHOW  JJIIMTEIHLHOCTH
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Puc. 45. JJuacpamma «wacmoma epawjenus — nepeas Npou3eooHAs dacmomvl epaujenusy oasi 297 u3yueHHbIx
nynscapos (kpyocku) u 1337 uzonupogannvix paouonyavcapog (mouxu). CniowHas TuHUus — MOHOMOHHBIN MPEHO C

HAUIyHUWUMU napamempamu Mooeu.

Fig. 45. The diagram «rotation frequency — the first derivative of rotation frequency» for 297 studied pulsars (circles)
and 1337 isolated radio pulsars (points). The solid line is a monotonous trend with the best model parameters.

[MocTtpoeHa KoiM4YecTBEHHas MOMETh, OMHCHIBAIOIIAS
SBOITIOIIIO BPAIICHUS COBOKYITHOCTH ITyJIECAPOB BILIOTH
0 WX BBIKIIOUEHHSI. B ee pamkax coueTaroTcs
KJIACCHYECKOE  MAarHWTO-AMIIONBHOE 3aMeUIeHHE C
WHIEKCOM, OJM3KUM K 3, U TapMOHHMUYECKHE BapHAINH
MepBOd  MPOU3BOAHOM  YACTOTHl C  BEJIMYUHOU
OTHOCHUTENBbHOM aMIummMTyasl B auamazoHe 0.6-0.8.
AHanu3upyeTcs BO3MOXKHOCTh CBSI3U 3TOTO Ipoliecca ¢
IIPELECCUEN HEUTPOHHOU 3BE3/Ibl BOKPYT €€ MArHUTHOTO

A quantitative model describing evolution of rotation of
an ensemble of pulsars up to their shutdown was built.
Within its framework the classic magnetic-dipole
deceleration with an index close to 3 is combined with
harmonic variations of the first derivative of frequency
with a value of relative amplitude in the range 0.6-0.8.

A possible relation between this process and precession
of a neutron star around its magnetic moment is
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MOMEHTA. IIpsiMbIM CIIEICTBUEM IOJIyYEHHBIX
pE3yIBTaTOB SBISIETCS HEOOXOMUMOCTh 3HAYUTEIHEHOU
KOPPEKLMU CTaHIAPTHBIX OLIEHOK XapaKTEPUCTUYECKUX
BO3pAacTOB IYJIbCAPOB U BEJIMYMH MX MAarHUTHBIX MOJEH
mo HaOJroaeMBIM 3HAYSHHUAM TEPUOJOB M X MEPBBIX
MPOU3BOJHBIX. VcnpaBieHHbIE 3HAYEHHS BO3PAcTOB
HEKOTOPBIX MONonsIXx H3 HaMHOTO JTydIie cornacyrorcs
C OLEHKaMM BpPEMEHM JKU3HH OCTAaTKOB BCIIBILIEK
CBEPXHOBBIX YBEPEHHO aCCOLUMUPYIOIINXCS C HUMH.

I'. Beckun, E. Yuvipesa u A. bupioxos (TAULL MI'Y).

CTATUCTUYECKHI AHAJIU3 CBOWICTB
TAMMA-BCILIECKOB C U3BECTHBIMHA
KPACHBIMHU CMEIIEHUSIMHA

[IpoBeneH cCTaTUCTUYECKUH aHAIW3 XapaKTEPUCTUK
raMMa-BCIUIECKOB C W3BECTHBIMH K KoHIy 2009 T.
kpacHeiMEu cMerierusmMu (cM. Otaer CAO PAH 2009,
c. 54). B Be6opky Bxomsat 220 o6wvexToB. st 120-ti u3
HUX TIOCTPOEHBI KpHBBbIE OJiecKa IIOCIECBEYECHHH B
R-nonoce. B 3T0i1 monBeIOOpKE OBLIH M3ydYeHBI TAPHBIC
KOppelsUMM TramMMa M ONTHYECKUX IapaMeTpOB:
SHEPTHH, CBETHMOCTH, JUIMTEIBHOCTH, 3alla3jbIBaHus
MIOCJIECBEYECHUSI OTHOCHTEIIbHO MOMEHTa COOCTBEHHO
BCIUIECKA, MAaKCUMAaJIbHOM SHEPTrUH B raMMa-IHaIia3oHe
1 KPaCHOTO CMEIIEHHUS.
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analyzed. A direct consequence of obtained results is a
necessity to considerably correct standard estimates of
characteristic ages of pulsars and their magnetic fields
by observed periods and their first derivatives.

The corrected ages of some young neutron stars agree
much better with estimates of life times of supernova
remnants associated with them reliably.

G. Beskin, E. Chmyreva and A. Biryukov (SAI MSU).

STATISTICAL ANLYSIS OF PROPERTIES OF
GAMMA-RAY BURSTS WITH KNOWN RED SHIFTS

Properties of gamma-ray bursts with red shifts known
by the end of 2009 (see SAO RAS Report, p. 54) were
analyzed statistically. The sample contains 220 objects.
R-band light curves of afterglows were built for 120 of
them.

This subsample was studied for pair correlations of
gamma-ray and optical parameters: energy, luminosity,
duration, lag of afterglow relative to a burst itself,
gamma-ray energy maximum and red shifts.

I Time (A)
I Time A(U)
I Time P

Number of GRBs

1.0 15 20 25 3.0

Peak Time Distribution [s] log scale

Puc. 46. Koppenayus maxcumanbHol onmuyecKoll c8emumocmuy y 00beKmos ¢ CUHXPOHHBIM U3IYYeHUeM 8 ONMmuKe
(P) u ¢ conposodicoarowum nocieceeuenue camma-usnyveruem (A(u)) u y o06veKkmog ¢ «uucmvimM» ONMu4ecKuM

nocneceeuenuem (A).

Fig. 46. Correlation between maximal optical luminosities and red shifts for three types of gamma-ray bursts: (P)
those with an optical burst accompanying the gamma-ray burst itself; (A(u)) those with an optical afterglow against
the background of gamma-ray tail; (A) those with optical emission without gamma-ray background.

VYcTaHOBNIEHB! BEICOKO3HAYUMEIE CBSI3U (pHC. 40) MexXay
SHEpPrued M  CBETUMOCTBIO B  raMMa-JHuana3oHe
(koapduument  koppemsauuu  r=0.8), sHepruei
MIOCJIECBEYEHUSI W €ro  CBETMMOCTHIO B  MOMEHT
oOHapyxenus (r=0.76), OSTOW CBETHMOCTHIO U
BPEMEHEM  3ala3fblBaHUsl ~ OTHOCHTENBFHO  ramma-
Bemiecka (r=-0.79). us 14 mociecBeYeHHH, YbH
KpUBBIE OJleCka HWMEIOT MAaKCHMyM, KO3((HUIHEeHT
KOPpENAUH MaKCHUMAaJbHOH CBETUMOCTH M KPacHOTO
cmemenust coctasmin 0.95. OOHapyxeHHBIH 3¢ ekt
CBUJICTENBCTBYET, MO-BHAUMOMY, O KOCMOJOTHYECKOMH
SBOJIOLUH (PU3UUECKHUX YCIIOBUII B 00JIACTSX rajlaKTHK,
IJIe BO3HUKAIOT raMMa-BCILIECKH.

I'M. Becxkun, C.B. Kapnoe.

It was established that there are highly significant
relations (Fig. 46) between energy and luminosity in
gamma rays (correlation coefficient r = 0.8), energy of
an afterglow and its luminosity at the moment of
detection (r = 0.76), this luminosity and time lag relative
to a gamma-ray burst (r = -0.79). For 14 afterglows with
a maximum in their light curves the coefficient of
correlation between maximal luminosity and red shift is
0.95. The detected effect may attest cosmological
evolution of physically conditions in those regions of
galaxies where gamma-ray bursts appears.

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