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®U3UKA 3BE3]

OBHAPYKEHUE JIBOMHBIX U KPATHBIX
3BE3HBIX CUCTEM C MATHUTHBIMHA
KOMIIOHEHTAMUA

XUMH4eCKH HEKYJspHbIE 3BE3/IBI (CP-3Be3nl),
BBIJICTSIFOLIIMECS. 110  aHOMAJbHOMY  YCWJICHHIO WM
0CJIabJICHUIO JIMHUH HEKOTOPBIX XUMUYECKUX 3JIEMEHTOB B
CHEeKTpaxX, COCTaBSIOT InpuMmepHo 15% ot oOmero
KOJIMYECTBA 3BE€3]l CIEKTPaIbHBIX KilaccoB A u B riaBHO#
nocienosarensHocTd (['TI). B mBOMHBIX cHcTeMax MOTYT
BCTPEUAThCSl BCE BHIOBl XMMHYCCKH TNEKYJSIPHBIX 3BE3[I.
Am u Hg-Mn 3Be3nsl BCTpEdaroTCs TIIaBHBEIM 00pa3oM B
kopoTkonepuoamdeckux mapax (P <10%, a mpouent
JIBOMHBIX Cpeu HUX OJU30K K HOpMaIbHOMY. MarHuTHbIe
Ap u Bp-3Be3bl SBISAIOTCS MEIJICHHBIMH POTAaTOpaMH, U
IMPUHATO CUYUTATb, YTO HOJIA ZLBOﬁHI)IX cpe€an HUX B 2-3
pasa HIXKe, YeM y OOBIYHBIX 3BE3]I.
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STELLAR PHYSICS

DETECTING BINARY AND MULTIPLE
STELLAR SYSTEMS WITH MAGNETIC
COMPONENTS

Chemically peculiar stars (CP stars) distinguished by
abnormal reinforcement or weakening of lines of
some chemical elements in their spectra are about
15% of the total amount of the main sequence (MS)
stars of the spectral classes A and B.

Binary systems can contain all types of chemically
peculiar stars. Am and Hg-Mn stars are mainly found
in short-period pairs (P < 10%), and the percentage of
binaries among them is close to normal.

Magnetic Ap and Bp stars are slow rotators, and it is
commonly supposed that the portion of binaries
among them is 2-3 times lower than that for ordinary
stars.
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Puc. 30. Boccmanognennvie memooom 6ucnekmpanbro2o ananusa uzoopascenus (punomp 800/100) oonoii mpoiinoi
u namu 08oUHBIX cucmeM. Bce 06otinble 36e30bl paspeuieHbl Ha OmMOelbHble KOMNOHeHmbl gnepevie. /s Kaxncooll
cucmemsl (nodcucmemsl) YKA3ana pasHoCmy 01ecKka MextcOoy CHYIMHUKOM U 2IA8HOU (apuatiuieli) 36e300U.

Fig. 30. The filter 800/100 images of 1 triple and 5 binary systems reconstructed by the bispectral analysis method.
All binary stars are resolved to separate components for the first time. The brightness difference between the main
(brighter) star and its satellite is shown for each system (subsystem).

OOHapyXCHUE U UCCIICAOBAHUS ABOMHBIX MarHUTHBIX CP-
3B€3]] BaXHO Ui IOHMMaHMsS  Kak  [polecca
BO3HMKHOBEHH U 3BOJIOIMHA MarHUTHBIX TOJEH 3BE31, TaK
W UL TPOUCXOKACHUS TBOMHBIX M KPATHBIX 3BE3I.

Detection and study of magnetic binary CP stars is
important for understanding both the origin and
evolution of stellar magnetic fields and origin of
binary and multiple stars.
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C nomotpio BTA 1o 200 nx MOXHO HAOIIONATH OJIM3KHE
CIyTHUKM MATrHATHBIX 3BE3J] B JMANa30HE YIIJIOBBIX
paccrosnuii ot 0.02"” 10 2", 4TO COOTBETCTBYET AHUANA30HY
OpOUTANBHBIX MIEPHOIOB OT NECATKOB JIO COTCH JICT.

C 1enpl0 YIyYIICHHUsS CPABHUTEIBHO OCJTHOW CTATUCTHKH
mo KpaTtHOocTH MarHUTHEIX CP-3Be3n Ha OCHOBe Karajora
MarHUTHBIX 3B€3]l COCTaBIJIeHa BEIOOpKA, BKIFOUYaromas 372
oObeKTa, Tae s 322 3Be3] M3BECTHA TOJIBKO BEIWYHHA
IIPOJI0JILHOM KOMIIOHEHTHI noJis Be, a y 50 eme uzmepeHo
noBepxHocTHOe moJe. [logaBnsromas 4acTb 3Be3]1 CIIUCKa
spue 10™-11"

OOBEeKTHI paBHOMEPHO paciipesieieHsl Ha HebecHol cdepe,
XOTs MATasg 4YacTh U3 HHUX BXOJUT B pacCEsHHbBIE
CKOTUICHHS Pa3HOTO BO3pacTa.

B  mHabmomenmax (BTA/speckle) wucnonp3oBanmchk
uHTeppEpeHIIMOHHbIE  (QUIBTPEI € ICHTPAJIbHBIMH
nnuHaMu BosH 550 u 800 HM, KOTOpBIE MO3BOJSIOT C
OoIbIlLIei BEPOSITHOCTBIO OOHAPY)KUBATh CJIa0ble CITyTHUKH
B JUIMHHOBOJHOBOW YacTH BUAMMOIO CIEKTpa, TIe
pasuuna Oyecka MEXIy KOMIIOHCHTAMH [OJDKHA OBITh
MeHblIe. B pe3yibprate HaOMIOJEHHUA C BHICOKUM YTIIOBBIM
paspemeanem (R=0.0022") oOnapykeHO 28 HOBBIX
IBOWHBIX M 2 TpouHBIX 3Be3n (puc. 30). Beero ke Ha
OTIEeNbHBIE KOMIOHEHTHI pa3pemieHo 63 oObekra: 58
JBOMHBIX M 5 TpoilHbIX cucteM. [lo mpenBapUTEIbHBIM
MAHHBIM JIONIS CHEKI-UHTEPPEPOMETPHUCCKUX IBOWHBIX
3Be3] B Hamleil BEIOOpKe cocTaBiseT 25%. DTO HECKOIBKO
MIPEBBIMIACT CTaHAApTHYI noio (20%) chekTpaibHO-
JIBOMHBIX MAarHUTHBIX 3B€3Jl, U CYIIECTBEHHO MEHbIIE
00BIYHO MPUHUMAEMON YaCTOTHI BCTPEUAEMOCTH JIBOMHBIX
y HeMarHUTHBIX Am (60%) 1 pTyTHO-MapraHILEBBIX 3BE3]
(40%). Kak mpaBmiio, OJeck CIyTHHUKa OKa3bIBAaeTCS Ha
2™ 4™ cnabee rIIaBHOW 3BE3JIbL, T.€. MOXKET ObITh OTHECEH
K JKEJITHIM HJIM KPacHBIM KapiukaM. M3 wero ciemyer, 94To
MacChl TJIABHBIX KOMIIOHEHT IIpHMEpHO B 2-3 pasa
MIPEBEIMIAIOT MACCHl X CITyTHHKOB.
10.10. Baneza, J.A. Pacmezaes,
A.D. Makcumos, E.B. Manozonogeu.

B.B. /[vauenxo,

JYYEBBIE CKOPOCTU KOMIIOHEHT
MOJIOJJ0OM MACCHUBHOM JIBOMHOM 6 1 Ori C

Ynanock pasgenuts abCOpOIMOHHBIE JWHHH B CIIEKTpE
000MX KOMIIOHEHT MOJIOJIOW MacCCHBHOHM JBOHHOHN 3BE3JIBI
01 Ori C (O6Vp + B0V, cymma macc 44.0+7.0 Mg) mo
JTaHHBIM, TTOJIy4eHHBIM ¢ HOs10ps 2005 1o despans 2013 .
Ha Pa3HBIX TEJIECKOIaX.

Briepeeie usmepensl (BTA) isydeBble ckopocTH 000MX
KomrioHeHT.  OpOuTanbpHOE  JBIKEHHE  BTOPHYHOTO
KOMITOHEHTa TIIPOCIIEKUBAETCS MO  cIabbIM  JIMHUAM
moromenust CII, NII, NIII, OII, Silll, koTopsle ymIupeHst
OBICTPBIM ~ BpalieHueM 3Be3Abl. JIMHWM TOTJIOMIEeHUs
KPEMHHS JIydIlle TMOAXOIST U OIpPEICIEeHUs JIydeBOn
CKOPOCTH II0 CPaBHEHHWIO C OCTAIbHBIMU JHHHAMH. U3
KPHUBBIX JYYEBBIX CKOPOCTEH M3MepeHa CKOpPOCThH IICHTpPA
Macc cucrtemsl: 31.0+2.0kM/C W TOIyaMIUIATY.IBI
K1=15.0+2.0 xm/c, K2=43.0+£3.0 xm/c.

Ilo nmoayamMmmuTyaaM M CyMME Macc ONpPEeNIeHbl MacChl
KOMIIOHEHTOB ~ J1BoMHOM cuctembr — 30.0£5.0 u
14.0+5.0 M. 13-3a 3HaunTENBHON AUCHIEPCUN U3MEPEHUH
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BTA allows us observing satellites of magnetic stars
at a distance of up to 200 pc within the angular
distances from 0.02” to 2", which corresponds to the
orbital period range from tens to hundreds of years.
For the purpose of improving relatively poor statistics
of multiplicity of magnetic CP stars a sample of 372
objects was compiled from the catalog of magnetic
stars. For 322 stars of them only the longitudinal
component of the Be field is known, and for 50
objects the surface field was measured. The
overwhelming majority of the sample stars is brighter
than 10™11". The objects are distributed uniformly
over the celestial sphere thought a fifth part of them
are members of open clusters of different ages.
BTA/speckle observations were carried out with
interference filters of the central wavelengths 550 and
800 nm, which allow us detecting faint satellites in
the long-wave part of the visible spectra where
difference between brightness of components must be
lower. Observations with high angular resolution
(R=0.0022") resulted in detection of 28 new binaries
and 2 triple stars (Fig. 30).
Altogether 63 objects were resolved into separate
components: 58 binary and 5 triple systems.
According to preliminary data, the portion of speckle-
interferometric binary stars in our sample is 25%.
This is a slightly higher than the standard portion
(20%) of spectrally-binary magnetic stars and this is
considerably lower than the commonly accepted
occurrence of binaries in non-magnetic Am (60%)
and mercury-manganese (40%) stars. As a rule, the
brightness of a satellite turns out to be 2™-4™ lower
than that of the main star, i.e. it can be attributed to
yellow or red dwarfs. From this it follows that mass
of main components are approximately 2-3 times
higher than mass of their satellites.

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

V.V. Diachenko,

RADIAL VELOCITIES OF COMPONENTS OF
THE YOUNG MASSIVE BINARY SYSTEM
010riC

We succeeded in resolving absorption lines in
spectrum of both components of the young massive
binary star 61 OriC (O6Vp + B0V, the summary
mass 44.0+7.0 Mp) by data obtained with different
telescopes from November 2005 to February 2013.
Radial velocities of both components were first
measured with BTA. The orbital motion of the
secondary component was traced by faint absorption
lines CII, NII, NIII, OII, Silll, which are broadened
by fast rotation of the star. The silicon absorption
lines are more suitable for determination of radial
velocities in comparison with other lines. From the
radial velocity curve we measured the velocity of the
center of system mass: 31.0+£2.0 km/s and the semi-
amplitudes K1=15.042.0 km/s, K2=43.0+£3.0 km/s.
According half-amplitudes and the sum of masses the
masses of components of the binary system were
determined: 30.0+5.0 and 14.0+5.0 Mg. Due to
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Jy4EBBIX CKOpPOCTEH, BBI3BAHHON CIy4yalHBIM CIBUIOM
JIMHUHN TJIaBHOM 3BE3/IbI U CJ1a00i abcopOIueii BTOpUIHOTO
KOMITOHEHTa, HE YJaeTcs MOCTPOUTh KOMOMHHPOBAHHYIO
M0 CHEKTPalbHBIM M HHTEP()EpPOMETPUUECKHM JaHHBIM
opoury.

HoBas crmekrtpockomnus ¢ paspemicaueM Oonee 30000 u
otHomeHneM S/N>200, BbIMOSHEHHAass BO  BpeMs
MIPOXOXKACHUS IepuacTpa Bo BTopoi mosioBuHe 2013 r., a
TaKke HWHTEpPepoMeTpus ¢ IIMHHOW 0a30i TO3BOIAT
3HAYNUTEIHHO YTOUYHNUTH NTapaMETPhI CHCTEMBI.

10.10. baneza, .A. Pacmezaes, B.B. /[vauenko,
A.D. Makcumos, E.B. Manozonoseu.

OBHAPYXEHUE CYBCEKYH/IHBIX CITAMKOB B

TATAHTCKOM  ONTHYECKOH  BCIBIIIKE
UV Ceti
Ipu w™onutopuare (BTA/MAHUS) BcopIxuBaromiei

3Be3nbl UV Ceti BO BpeMs €€ THTaHTCKOW BCHBIIKH
28.12.2008 r. oOHapy>KeHBI OKOJIO JECSATKA CyOCEKYHIHBIX
craiikoB.  BmepBble  CTONB  KOPOTKHE  COOBITHA
HaOJIOIaINCh B MaKCHUMyMeE BCHBIIIKH, KOTJa €€ SPKOCTh
MPEMSATCTBYET perucTparuu cnaikoB. CoOBITHS HMEIOT
TPEyrojibHyto (OpMy C UIMTEIBHOCTAMHU MEPEIHUX H
3amaux ¢GpoHTOB oOkoio 0.3-0.6 cek. W amIuIUTYyay,

qocruratomyio 20-50% oT mosiHOW aMIUTUTYZB! BCHBIIKH
(puc. 31).
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considerable dispersion of measurement of radial
velocities caused by occasional shift of lines of the
main star and faint absorption of the secondary
component, we did not manage to build orbit by
combining spectral and interferometric data.

New spectroscopy with a resolution of 30000 and the
ratio S/N>200 fulfilled during the passage of
periastron in the second half of 2013 and the long
baseline interferometry will allow us making the
system parameters much more precise.

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

V.V. Diachenko,

DETECTION OF SUBSECOND SPIKES IN A
HUGE OPTICAL FLARE OF UV Ceti

In the BTA/MANIA monitoring of the flare star UV
Ceti during its huge flare on December 28, 2008,
about ten subsecond spikes were detected. So short
events were observed for the first time at the
maximum of a flare, when its brightness prevents
from registering spikes. The events are triangle-
shaped with the duration of front and back edges
about 0.3-0.6 sec and amplitudes achieving 20-25%
of the total amplitude of the flare (Fig. 31).

Puc. 31. Touxas cmpykmypa eueanmckoti gcnwviuiku UV Cet 28 dexabps 2008 e.

Fig. 31. Thin structure of a huge flare of UV Ceti on December 28, 2008.

I'enepanus BCIVIECKOB MOXKET OBITH OOYCIIOBIICHA IBYMS
MeXaHU3MaMH, KOTOpble JECHCTBYIOT B KOPOHAJIHHBIX
MarHUTHBIX TI€TJIAX, COXPAaHUBIINXCA TIPU Pa3BUTHH
THTaHTCKOH BCIIBIIIKH (YTO CaMo 1o ce0e SIBIISETCS] HOBBIM
sBI€HHEM). B uyacTHOCTHM, OHM MOryT BO3HUKaThb B
pe3ynabTaTe CHHXPOTPOHHOTO M3IyYEHHs DJIEKTPOHOB,
YCKOPEHHBIX JI0 raMMa-()akTOpoB B HECKOJBKO COTCH B
MarHUTHBIX IMOJNISAX ¢ MHAYKIuer okomno 1 kI'c. IIpm stom
MOKAa3aTeJb CTETIEHHOTO YHEPTETUUECKOTO CIIEKTPa YacTHII
JowkeH ObiTe HE Oomee 2.5. C nmpyroil CTOpPOHBI, H
TOPMO3HOE  W3JIyYCHHE JJIEKTPOHOB B  OCHOBAHHSX
KOpOHAJBbHBIX METENIb TOXKE MOXKET HMEThb XapakTep
KOpPOTKMX BCIUIECKOB. B 9sTOM cinyuae mokasarenu
CTENEHHBIX CIIEKTPOB JOJKHBI IPEBBINIATH 3, 4TOOBI ObliIa
obecrieueHa CTOJIb Manasi JUIMTENBHOCT cOObITHH. U X0T4
B psAae paboT TOKa3aHO, 4YTO CIIEKTPBI 3JIEKTPOHOB,

The flares can be induced by two mechanisms which
operate in corona magnetic loops remaining during
evolution of a huge flare (which is a new
phenomenon by itself).

In particular, they can arise as a result of synchrotron
emission of electrons accelerated to gamma-factors of
several hundreds in magnetic fields with the induction
about 1 kGs. In this case the index of the power-law
energy spectrum must be not more than 2.5.

On the other hand, the deceleration emission of
electrons in the base of corona loops also can have the
character of short flares. In this case the indexes of
power-law spectra must exceed 3 to provide so small
duration of events.

Though in a number of papers it was shown that
spectra of electrons can be sufficiently flat indeed,
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JIEHCTBUTEIILHO, MOTYT OBITh JOCTATOYHO IUIOCKUMH, a
9HEprus JOCTHraTh HECKOJbKHX [3B, peamuszanus
TOPMO3HOTO MeXaHu3Ma MOJITBEPKIACTCS npu
HaOJrogeHusX Benblek Ha CoHIe.

I'M. Beckun, C.B. Kapnos, B.JI. IThoxomnuuenxo,
A.B. Cmenanos (I'AO PAH), IO.T. Ljan (KpAO).

HABJIIOAEHUA NIOCJECBEYEHUA TAMMA -
BCIIVIECKA GRB 130427A, CBA3AHHOI'O CO

2013 SAO RAS REPORT

and energy can achieve several GeV, the
implementation of the deceleration mechanism is
confirmed by observations of flares in the Sun.

G.M. Beskin, S.V. Karpov, V.L. Plokhotnichenko,
A.V. Stepanov (MAO RAS), Yu.T. Tsap (KrAO).

OBSERVATION OF AFTERGLOW OF THE
GAMMA-RAY BURST GRB130427A RELATED

CBEPXHOBOM SN2013CQ TO THE SUPERNOVA SN2013CQ
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Puc. 32. Cpasnenue ckopocmeil pacutuperusi pomocgep, a maxsice H I u He I o6onouex SN Ib (Branch et al., 2002)
u SN, cesazannvix ¢ GRB/XRF: GRB/XRF 060218/SN 2006aj (Sonbas et al., 2008), XRF 080109/SN 2008D (Moskvitin

etal, 2010), GRB 130427A/SN 2013cq.

Fig. 32. Comparison of expansion velocities of photosphere, HI and Hel envelopes of type Ib supernovae (Branch et
al., 2002) and supernovae related to GRB/XRF: GRB/XRF 060218/SN 2006aj (Sonbas et al., 2008), XRF 080109/SN

2008D (Moskvitin et al., 2010), GRB 130427A/SN 2013cq.

l'amma-Bermmeck  GRB  130427A, 3aperucTpupoBaHHBINA
MHOTHMH KOCMHYECKHMH U Ha3eMHBIMH 00CEpBaTOPHSIMH,
OKa3ajJcs OJHUM M3 CaMbIX MOIIHBIX COOBITHH 3TOTO
kimacca. Ero osmHeprus B amanasone 1 x3B-10 MaB
coctapuna ~10°* spr, a MakcMManbHas CBETHMOCTh
Lio =2.7x1079pr/c. B cHeKTIpe [OCTATOUHO SPKOIO
ONTHYECKOTO TPaH3MEHTa OBUIM JETEeKTHPOBAHBI Y3KHE
JUHHUY, MO3BOJMBIIUE ONPEAEIUTh KpPacHOE CMEILEHHUE
obbekTa z = 0.34.

B pamKax MIPOTPaMMBI MEXTyHapOIHOTO
coTpyaHuyecTBa actpoHoMmoB Mcnanuu, Typuun u Poccun
ObUIH TIPOBENIEHBI YCIICIIHBIE CIIEKTPOCKOIIMYECKHE U
MHOTOIIOJIOCHBIE  (DOTOMETpPHUYECKUE HAONIOJICHUS Ha
teneckonax: 10.4-m GTC (OSIRIS), 6-m BTA (SCORPIO)
n Zeiss-1000, a taxxe Ha Zeiss-600 (T® MHACAH).

Bcero 06buo monmyueno 6 cnextpoB Ha GTC n BTA, a

The gamma-ray burst GRB 130427A registered by
many space and ground-based observatories turned
out to be one of the most powerful events of this
class. Its energy in the range 1keV-10 MeV was
~10*erg, and the maximum  luminosity
Lio = 2.7x10%erg/s. In spectrum of the sufficiently
bright optical transient the narrow lines were
detected, which allowed us determining the red shift
of the object z = 0.34.

Within the framework of the program of
international collaboration between astronomers of
Spain, Turkey and Russia, the successful
spectroscopic and multiband photometric
observations were carried out with the following
telescopes: 10.4-m GTC (OSIRIS), 6-m BTA
(SCORPIO) and Zeiss-1000, and also Zeiss-600 (TB
IARAS). Altogether 6 spectra were obtained with
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TaKK€  IPOBEICHO 12 Houen
HaOmonenuii B puibrpax BVR.
MogenupoBanie  MOJYYEHHBIX  CHEKTpoB  (puc. 32)
MOKa3aJlo, 4TO CKOpocTh pacmmpenus ¢orochepsr SN
2013cq Ha panHuX (aszax 3aMeTHO HIDKe, 4eM y SN
2006aj. Ha Gonee mo3zauux (azaXx CKOPOCTh pacUIMpeHHs
(doTochepsl HECKONBKO BBINIE, YEM Y XapaKTEPHBIX
npeacTaBuTeNei Ib mma wu SN 2008D. Ilo
MHTEPIPETHPOBAHHBIM KaK BOZOPOJ JACTATIM OKOJIO
5900A BO BTOPOM M TpeTheM CHEKTpPax MOKHO CeNaTh
BBIBOJl O COTJIACHH C paHee HaOJOAABIINMHUCS JINHUSMH
Bomopona y SN 2006aj. MoxenupoBanue crektpoB BTA
MO3BOJMJIO  CcHeNaTh  IpyOble  OLEHKH  CKOPOCTH
pactmpenus ¢GoTtocdepbl U IBONIOLUHM TEMIIEPATYPHl OT
10000°K Ha paHHUX (ha3ax /0 BHINOJIKUBAHUS Ha YPOBHE
7500K uepe3 10 u Gonee nHeH.

B.B. Cokonos, A.C. Mockeumun.

(hoTOMETpHIECKIX

OBHAPY)XXEHHUE OBOT'AIIEHUA
TAKEJIBIMU METAJIJIAMHU OBOJIOYKHA POST-
AGB 3BE3/IbI
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Oene-cneKTPOCKONMsl € BBICOKUM  CIEKTPaJIbHBIM
paspelieHreM CBEpXTMTaHTOB Ha crtaaun post-AGB
npruBera K (HOPMHUPOBAHHMIO BEIOOPKH 3THX OOBEKTOB,
MMEIONTUX MOIIHBIN m30bITOK MK-u31ydeHus1, SMUCCHIO Ha
JUTMHE BOJHBI 21 MKM, OoJyibliie W30BITKH YIiIepoja U

TSOKEIBIX ~ METAJUIOB,  CHUHTE3UPOBAaHHBIX 33  CYET
s-mpolecca Ha npemectByromeit cragun AGB.
I[lo namnbIM  crekTpansHoro Mouutopunra (BTA,

HaOmonenust 1996-2012 rr.) y n30paHHBIX 0OOBEKTOB 3TOM
BEIOOpKM OOHAapYyXeH paHee HEW3BECTHBIM U1 ITaHHOW
CTaMu JBOJIOUUH (EHOMEH - acUMMETpHs JIUHUN
METaUIOB, BIUIOTH /IO PAcCUICIUICHHS  CHJIbHEHIINX
abcopOumii  HU3KOro BO30yXJeHWs. Eme BbIsgBICHA
MIEPEMEHHOCTh CJIOKHOTO TIOJIsI CKOPOCTEH B atmMocdepax
u 00oso4YKax M30paHHBIX 3Be3A. DPPEKT MakcHUMaleH y
HanOosee IPOJABUHYTOTO B BOJIIOLUH, BEICOKOIIMPOTHOTO
ceepxruranta V5112 Sgr, B chnekTpe KOTOPOro JHUHHUH
nonoB Ball pacmiernnensl Ha Tpu KOMITOHEHTHI (pHcC. 33).
®dopma mpodwiell  pacHmIeTUICHHBIX JIMHUA W WX
MOJIOKECHHE MEHSIETCsl cO BpeMeHeM. KOpOTKOBOIHOBBIE
KOMITOHEHTBI pacIIeTIeHHBIX abcopOmmii Ball
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GTC and BTA; photometric observations in BVR
bands were fulfilled during 12 nights.

The modeling of the obtained spectra (Fig. 32)
showed that the photosphere expansion velocity of
SN 2013cq at early stages is noticeable lower than
that in SN 2006aj. At later stages the photosphere
expansion velocity is somewhat higher than in typical
representatives of the Ib type and SN 2008D. From
details near 5900 A in the second and third spectra
interpreted as hydrogen one can conclude about
agreement with the previously observed hydrogen
lines in SN 2006aj. The modeling of BTA spectra
allowed us making rough estimates of the
photosphere expansion velocity and temperature
evolution from 10000°K to the flattening at a level of
7500°K in 10 days and later.

V.V. Sokolov, A.S. Moskvitin.

DETECTION OF HEAVY METAL
ENRICHMENT OF A POST-AGB STAR
ENVELOPE

Puc. 33. Pacwennennasn na 3 KOMnOHeHmMbl TUHUSL
Ball 4554 A ¢ cnexmpe V5112 Sgr. Cmpenxamu
OMMeYEeHO NONOJHCEHUE TUHUL, CHOPMUPOBABUIUXCS 8
ammocghepe 36e30bi.

Fig. 33. The line Ball 4554 A split into 3 components
in spectrum of V5112 Sgr. The arrows mark location
of the lines formed in the star atmosphere.

High spectral resolution echelle spectroscopy of
supergiants at the post-AGB (Asymptotic Giant
Branch) stage resulted in a sample of these objects
with powerful excess of IR radiation, emission at the
wavelength 21 cm, high excess of carbon and heavy
metals synthesized in the s-process at the previous
stage of AGB.

From data of spectral monitoring (BTA
observations of 1996-2012) in some objects of the
sample we found a phenomenon unknown previously
for this evolution stage — asymmetry of metal lines up
to splitting of the most powerful absorptions of low
excitation. Besides, the variability of the complex
velocity field in atmospheres and envelopes of some
stars was detected. The effect is maximal in the most
evolutionary-advanced  high-latitude  supergiant
V5112 Sgr. In its spectrum the lines of Ball ions are
split into three components (Fig. 33).

The shape of split profiles and their location change
with time. The short-wave components of the split
absorptions of Ball are formed in the circumstellar
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¢dopMHUpYIOTCS B OKOJO3BE3THOH  OO0OJOYKE, dYTO
CBUIETENBCTBYET 00 3()(QEeKTUBHOM BBIHOCE B O0OJOUYKY
TSKEITBIX METAaJUIOB, HapabOTaHHBIX B X0JIe
MpEAIIECTBYIONIE JBOJIOUMU 3TOM 3Be3Abl. Takum
00pa3oM, BIEpBbIC OOHApPYKEHO oOoraiieHHe 000JIOUKU
3BE3/Ibl TSOKEIBIMH MeTallaMH, HapaOOTaHHBIMH Ha
cramun  AGB. Omnpeznenensl 1Ba 3Ha4E€HUS CKOPOCTH
pacmupenust ob6omoukn Vexp=20 u 30 xm/c. U3
COBIIAJICHUS JTydeBor ckopocTu 1o monocam DIB (Diffuse
Interstellar Band) co ckopocThio MO KOPOTKOBOJHOBOM
obomoueuHoi komrnoHeHTe D-nmuuuii Nal monyueH BBIBOA
0 popmuposannu DIBs B 0k0J103Be31HOM 000I0UKeE.

B.I. Knouxosa. ITAK, 35, 507 (2009); TIAXK, 39, 849 (2013).

CIIEKTPOCKOIINA MACCUBHBIX 3BE3/1 B
ACCOIIMAIINA Cyg OB2

Jlng o6psAcHEHNs aHOMAJIBHOTO OKPaCHEHUs KaHAKUIATa B
LBV (Luminous Blue Variable) CygOB2 No.12
monydenbl crektpel (BTA/HOC, R=60000) 13 ropsanx
3Be3q B accoumuanuu Cyg OB2 u  wu3ydeHbl JHMHUU
mex3Be3aHoro moriomenus (Nal, KI, Call, DIBs) B ux
cnektpax (puc. 34). HalioeHO CHEKTPOCKOIHYECKOE
MTOJITBEPIKICHIE PA3IIUIMs BO3PACTOB 3BE3] aCCOIIHMAITHH.
Bo3spacT 3Be31 ceBepHO#l TpyNIbl ~5 MJIH. JIET; JIMHUH B UX
CHEKTpaXx He HMEIOT IPU3HAKOB BETPOBOH INPHUPOJEL,
muddepeHmanpHple CABUTY MUHUMAIBHBI.

VYV 10)KHOM TpaHHULBl LEHTpa acCOLMalMU 3BE3bl BIBOE
MOJIOKe, abCOpOIMM B HX CHEKTpax aCHMMETPHUYHBI, Y
cubHeWmux abcopoumii ects npuzHaku P Cyg mpodunei.
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[TonydeHHble M3 aHanW3a CIOXKHBIX TMpoduiel maybiera
Nal(1) pacmpenenenne W IBIDKEHHS XOJOJHOTO Tasa
MTOTBEPKAAIOT CXEMY KacKaIHOTO 3BE31000pa30BaHHS: C
ceBepa Ha [OT ra3 YIUIOTHSETCS, ero OTTOK 3aMEIIsIeTCs, a
BOJIM3U CaAMBIX MOJIOJIBIX 3BE€3]T AOTOJHAETCS aKKpEIUei.

EJL Yenyos, B.I. Knoukosa, B.E. Ilanuyx, M.B. KQwkun,
A.C. Haconos. Acmpon. xcypn., 90, 576 (2013).
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envelope, which testifies the effective ejection of
heavy metals generated in the course of previous
evolution of the star.

Thus, the enrichment of star envelope by heavy
metals produced at the AGB stage was first detected.

Two values of the envelope expansion velocity were
determined V.,=20 and 30 km/s. From coincidence
of the radial velocity by DIB (Diffuse Interstellar
Band) with the velocity by the short-wave envelope
component of D-lines of Nal it was concluded that
DIBs form in the circumstellar envelope.

V.G. Klochkova, Astronomy Letters, 35, 457 (2009);
Astronomy Letters, 39, 765 (2013).

SPECTROSCOPY OF MASSIVE STARS IN THE
ASSOCIATION CYG OB2

To explain an anomalous reddening of a candidate to
LBVs Cyg OB2 No.12 the spectra of 13 hot stars in
the association Cyg OB2 were obtained (BTA/NES,
R=60000), and the lines of interstellar absorption
(Nal, KI, Call, DIBs) in their spectra were studied
(Fig. 34). The spectroscopic confirmation of
differences between association star ages was found.
The age of stars of the northern group is ~5 million
years. There are no signs of wind nature in the lines
of their spectra; the differential shifts are minimal.
The stars near the southern boundary of the
association center are twice younger. The strongest
absorptions have some signs of the P Cyg profiles.

Puc. 34. Dxeusanenmuas wupuna W (mA) nunuu 6
3asucumocmu om uzovimka yeema E(B-V) ons unenos
Cyg OB2 (E>1.2") u enepeou naexcawux 36e30.
Omxpvimobie kpyoicku — aunus D2 Nal, 3anonnennvie
kpyowcku — DIB 5797 A. Ommeuenvt Oannvie 0ns
36e30b61 No.12.

Fig. 34. Equivalent width W (mA) of the line as a
function of color excess E(B-V) for the Cyg OB2
members (E >1.2") and foreground stars. Unfilled
circles denote the line D2 Nal, the filled circles — the
line DIB 5797 A. Data for the star No.12 are marked.

Distribution and motions of cold gas obtained from
analysis of complex profiles of the doublet Nal(1)
confirm the outline of cascade star formation: from
the north to south the gas becomes denser, its outflow
decelerates, and near the youngest stars it is added by
accretion.

E.L. Chentsov, V.G. Klochkova, V.E. Panchuk,
M.V. Yushkin, D.S. Nasonov. Astronomy Reports, 57, 527
(2013).
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MOJEJIUPOBAHUE CHEKTPOB ATMOC®EP
MACCHUBHBIX 3BE3 /|

[IpoBeneHO MOAEIMPOBAHME CHEKTPOB IBYX MAaCCHBHBIX
3Be3x B CygOB2 - No.7 m No.ll, otHocammxcs K
cnekrpansHoMy kimaccy O3If m OS5Ifc cooTBeTcTBeHHO
(BTA/HOC u apxusHuble nanasie YO u UK-anama3zoHos).
IIpn amamm3e cmektpa cBepxruranta Cyg OB2 No.7
WCTIONB30BaHbl TPH MOJETH C pa3HBIMH MapaMeTpaMH.
IIpucyrcrBre B cHeKTpe 3TOH 3B€3[bl IPyNN JIMHUHA C
pasHBIM  TEMIIOM TMOTEpH  BellecTBa  CBSI3aHO C
HeoaHOpoHOCTHIO Betpa (V sinl=10° km/c).
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Takum o6pasom, Cyg OB2 No.7 — eme omHa ropsdas
3Be3/1a, Y KOTOPOH OOHAapyKEHO W3MEHEHHE IUIOTHOCTH
BETpa ¢ LIMPOTOM.

Cyg OB2 No.11 — oana u3 18 Ofc-38E31, M3BECTHBIX Ha

ceroaHsmiHui neHp B ['amaktuke. IlocTtpoena mojens
aTMoc(epbl 3Be3/1bl U ONPEJEIICHO CO/IEPKaHNE OCHOBHBIX
anementoB (He/H = 0.1). W3 monoxeHus HAa auarpamme
Iepummpynra-Peccena (puc. 35) ciemyer, 4To BO3pacT
3Be3/16I No.7 - 3 MiH. JieT, a No.11 — 5 MJIH. JIeT.
SAsnenne OBC/OBN-muxotomuu cpeau O-3Be3]1 CBSI3aHO C
mporieccaMi  MepEeMEIINBaHMsI BEIIECTBA W, BEPOSITHO,
3aBHCUT OT CKOPOCTH BpalleHHs 3Be3nbl. [IpoBemeHHOE
MOJICIUPOBAaHNE TMOATBEPKIAeT THIIOTe3y BampOopHa
(Walborn, ApJ 1976, Walborn at al. PASP, 2000), urto y
OBC-3Be3n HopManbHOE cojepxkanre CNO-31eMeHTOB, B
To Bpems, kak armocheps OBN-3BE3x m OoNbIIMHCTBA
HopManbHBIX OB-cBepXrWrantoB oOOTamIeHBI a30TOM, a
M30BITOK a30Ta Koppenupyet ¢ He/H.

O.B. Mapyvesa, B.I'. Knoukoga, E.JI. Yenyoe. Acmpodghus. 6ionn.,
68, 90 (2013); Hzsecmus KpAO, 109, No.2 (2013).

CIEKTPOITOJISIPUMETPUSI MACCUBHBIX
3BE3]]

[omydensr cnektpsl 3Be3nsl  Bonbga-Paite  WR156
(WNS8h) B gumamazome 3500-7200 A ¢ paspemrennem
0.9 A/pix. (nepsvie CNEKMPONOAAPUMEMPUYECKUE
naonooenus na BTA/SCORPIO-2, 2012 r.). O6HapyxeHa
nossipu3anus n3nmydenus (P=1.38+0.06%, ©=77.4°+1.2°),
KOTOpasi UMEET MEX3BE3IHYIO MPUPOJTY, HA YTO yKa3bIBaeT
KapTa MeX3BE3JHOM MOISpU3alUK B  HANPaBICHUH
WR156, onpenenenHas no 38€31aM NOJs.

ITocTpoena cdepuyeckn CUMMETpUYHAs MOJIENb BETpa
WRI156, onpenenensl  ¢Qusnueckue napaMmeTpel U

SAO RAS REPORT 55

MODELING SPECTRA OF ATMOSPHERES
OF MASSIVE STARS

Spectra (BTA/NES and archive UV and IR data) of
two massive stars in Cyg OB2 — No.7 and No.11
belonging to the spectral classes O3If and OS5Ifc
respectively — were modeled.

Three models with different parameters were used in
analysis of spectra of the supergiant Cyg OB2 No.7.
Presence of groups of lines with different rates of
mass loss in spectrum of this star is related to the non-
uniform character of wind (V sinl=10° km/s).

Puc. 35. Ionooxcenue uccredyemvix 38630 Ha
ouazpamme Tepywnpynea-Peccena c
IBOMOYUOHHBIMU —~ MPEKaMUu U U30XDOHAMU U3

JKenesckoti dubnuomexu 960JIOYUOHHBIX MoOeel,
PACCYUMAHHBIX C YHEMOM 8PAWEeHUs 36E30.

Fig. 35. Location of the stars under investigation in
the Hertzsrung-Russell diagram with evolution tracks
and isochrones from the Geneva Library of Evolution
Models calculated with consideration for star
rotation.

Thus, Cyg OB2 No.7 is another star in which the
change of wind density with latitude was discovered.

The star Cyg OB2 No.11 is one of 18 Ofc stars
known currently in the Galaxy. The model of the star
atmosphere was built, and abundance of basic
elements was determined (He/H =~ 0.1). From location
in the HR-diagram (Fig. 35) it follows that the age of
the star No.7 is 3 Myr, and the age of No.11 is 5 Myr.
The phenomenon of OBC/OBN dichotomy is related
to the processes of mixing of matter and, probably, it
depends on the rate of star rotation. The fulfilled
modeling confirms the Walborn hypothesis (Walborn,
ApJ 1976, Walborn at al. PASP, 2000) that in all
OBC stars the abundance of CNO elements is normal,
whereas atmospheres of OBN stars and majority of
normal super giants are enriched by nitrogen, and the
nitrogen excess correlates with He/H.

0.V. Maryeva, V.G. Klochkova, E.L. Chentsov. Astrophys.
Bull., 68, 87 (2013); Izvestia KrdO, 109, No.2 (2013)

SPECTROPOLARIMETRY OF MASSIVE
STARS

The spectra of the Wolf-Rayet star WR156 (WN8h)
in the range 3500-7200 A were obtained with a
resolution of 0.9 A/pix. (The first spectropolarimetric
observations with BTA/SCORPIO-2, 2012). The
radiation polarization was discovered
(P=1.38+0.06%, ©=77.4°t1.2°), which is of
interstellar nature what is indicated by the map of
interstellar polarization in the direction of WR156
determined by field stars. A spherically symmetric
model of the WRI56 wind was built, physical
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XAMHUYIECKHN COCTaB €€ aTMOC]EpHI.

Ilo »TuM mapameTpaM 3Be3ga Oyn3Ka
WNS8h-3Be3naM, y KOTOPBIX OOHapy»eHbI
JIETIONSAPU3ALIUY B JINHUAX.

[To pesynpTatam moaenupoanust WR156 sBasieTcst camoit
Ooraroii  BojmopomoM  WR-3Besmoii WNS8-tunma B
l'anakruke.

O.B. Mapuvesa, B.JI. Agpanacwves, B.E. Ilanuyk. New astronomy,
25,27 (2013).

K JIpyrum
3¢ eKTsI

CIHEKTPOCKOIIUSI MAJIOAMILIUTYJHOM
LEE®EUBI SU CAS

Cepust u3 16 CHEKTpPOB C BBICOKUM CHEKTpPalbHBIM
paspeuiecauem (BTA/HDC, wnabmronmenus 2007-2009 rr.)
i Majoamruntynanoi uedeuast SU Cas  mo3Bosmia
HU3y4YUTh IIEPEMEHHOCTHb JIY4eBBIX CKopocTed V, u
ompeienuTh  mapamerpbl  arMocdepsl.  [IpuBiekas
OMyOJMKOBAaHHBIC JaHHBIC MO V. U NMPUMEHAA YacCTOTHBIN
aHaJ W3, YTOYHEH €€ IyJIbCAllMOHHBIH M OpOWTaNbHBIN
nieprosbl. [IoMHMO M3BECTHOTO MyJIbCAIMOHHOTO IEPHOA
P=1.9493282¢, oOHapy)kKeH  BO3MOXHBIA  TEpPHOL
2.040477%. Ux oTHOUIeHHe, paBHoe 0.96, mno3BosseT
3al0ZI03pUTh HEpaJHaNbHBIE IIyJIbCAUK B aTMocgepe
nedennpl. [To gaHHBIM (GOTOINEKTPHUECKOH (oTOMETpHN

3a 60 ser mnoka3zaHO, 4YTO T 3BE3ABI HCIBITHIBACT
criopaguueckue  u3MeHeHWss — BenaumumHoM — £200°K.
W3MeHeHnss mokaszarens 1BeTa, lep M Y-CKOPOCTH

YKa3bpIBalOT Ha MpPHCYTCTBHE CIHyTHHKOB. ConepikaHus
XUMHUYecKnx  ojemeHToB B atMocepe  SU Cas
MOJTBEPXKIAIOT BBIBOA O TOM, uTO Iedeunaa SBIseTcs
TUTTUYHBIM CBEPXTUTAaHTOM moce «TIEPBOTO
nepememnBanus». OueHka pacctosHus 45510c He
coracyercss ¢ TPHHAMIC)KHOCTBIO K PAaCCETHHOMY
ckomieHnro Alessi 95. Borpoc o mozae mymscammii SU Cas

OCTAaEeTCs OTKPBITHIM.
H.A. Veeuro, B.I. Knoukoea, H.C. Tasonxcanckasa. I[1AK, 39,
710 (2013).

R Sct — IMOJYIIPABUJIbHAA IEPEMEHHASA
THUIIA RV Tu

BrImonHeH aHaANM3 ONTHYECKHX CHEKTPOB BBICOKOTO
CHEKTPATBHOTO paspenieHus MOy TIPABHIIBHOM
nepemMeHHoil 3Be3gsl R Sct. M3ydena nepeMeHHOCTb
CHECKTPANBHBIX JeTalell (IMHCCHI, pacUICIUICHHS JIMHUI)
U TNEepeMEHHOCTb  KapTHHBI  JIy4eBOM  CKOPOCTH.
OrnpeneneHsl (hyHIaMEeHTaTBHBIC apaMeTpbI
(Te;=4500°K, log g=0.0 u Vi=4.0 xkm/c) U coaepxaHus
XUMHUYECKHX DJJeMeHTOB B arMmocdepe. R Sct - 310
ManoMerainaaas 3Be3na ¢ [Fe/H] =—-0.5. Conmepkanue
yriaepona 3HauuTenbHO noBbimeHo, [C/Fe]l=+0.84, mpu
3HAYUTENILHOM  JeuIuTe  DJIEeMEHTOB  S-TIporiecca.
3aBUCUMOCTD COJIEPKAHUI OT TeMIEepaTyphl KOHJACHCAIINN
HE HalJeHa, 4YTO YKa3bIBaeT Ha HEIPPEKTHUBHOCTH
CeJeKTUBHOW  KoHAeHcauuu. CBeTUMOCTb  3BE3[bl,
onpeesieHHas 1o napajaxcy, COOTBETCTBYET
nosioxkeHnto Ha RGB  wunm  Heckoiabko  BbIIIE, YTO
ComIacyercss ¢ OTCYTCTBHEM H30BITKOB  3JCMEHTOB
s-Tpouecca.

T. Kipper, V.G. Klochkova. Baltic Astronomy, 22, 77(2013).
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parameters and chemical composition of its
atmosphere were determined. From these parameters
the star is close to other WN8h stars in which the
effects of depolarization in lines were discovered.
From modeling results it follows that WR156 is the
most hydrogen-rich WR star of the WNS8 type in the
Galaxy.

O.V. Maryeva, V.L. Afanasiey,
astronomy, 25, 27 (2013).

V.E. Panchuk. New

SPECTROSCOPY OF THE LOW-AMPLITUDE
CEPHEID SU CAS

A series of 16 spectra of high spectral resolution
(BTA/NAS observations of 2007-2009) for the low-
amplitude Cepheid SU Cas allowed us studying
variability of its radial velocities V; and determining
parameters of its atmosphere. Drawing on the
published data and applying the frequency analysis,
we specified pulsating and orbit periods. Besides the
known pulsating period P=1.9493282¢  a possible
period of 2.040477° was discovered.

Its ratio equal to 0.96 suggests nonradial pulsations in
atmosphere of the Cepheid. From data of the 60-year
photoelectric photometry it was shown that T of the
star undergoes sporadic changes with the value
+200°K.

Alterations of the color index, Ty and y-velocity
indicate the presence of satellites. Content of
chemical elements in atmosphere of SU Cas confirm
the conclusion that the Cepheid is a typical supergiant
after «the first mixing». The distance estimation
455 pc contradicts its belonging to the open cluster
Alessi 95. The question about the mode of SU Cas
pulsations remains open.

1L.A. Usenko, V.G. Klochkova,
Astronomy Letters, 39, 634 (2013).

N.S. Tavolzhanskaya,

R Sct — A SEMI-REGULAR TYPE RV Tu
VARIABLE STAR

Optical spectra of high spectral resolution of the
semi-regular variable star R Sct were analyzed.
Variability of spectral details (emissions, line
splitting) and variability of the pattern of radial
velocities were studied.

Fundamental parameters (T.;=4500°K, log g=0.0 and
V=4.0 km/s) and content of chemical elements in
atmosphere were determined. The content of carbon
is considerably heightened, [C/Fe]=+0.84, with a
considerable deficit of elements of the s-process.

No dependences of contents on the condensation
temperature were found, which indicates inefficiency
of the selective condensation. The star luminosity
determined from parallax corresponds to its location
on RGB or somewhat higher, which agrees with the
absence of excesses of the s-process elements.

V.G. Klochkova.  Baltic

T. Kipper, 22,

77(2013).

Astronomy,
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CBEPXKPUTHUYECKHI AKKPEIITMOHHBIN
JIUCK B SS 433

IIpu magennn Marepuu Ha 4epHyto O61py (U4/1) Bokpyr Hee
o0OpasyeTcs aKKpeIMOHHBIN NNUCK, SBIISIONIMNACS OYEHb
SAPKMM HCTOYHHKOM PEHTI'€HOBCKOTO u3iydeHus. Ecmm
BEINIeCTBa, nagatoniero Ha YJI, oueHp MHOTO, TO BOBHUKAET
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SUPERCRITICAL ACCRETION
DISK IN SS 433

When matter falls on a black hole (BH), an accretion
disk forms around it, which is a powerful source of X-
ray emission. If there is very much of this matter, a
supercritical accretion disk arises.

CBEPXKPUTUUECKUIN aKKPELUOHHBIN TUCK.

0.84

0.03

0.96 0.11

relative intensity

3Be3fla-AoHop

nyy 3peHus

]
- Yron pacpbiTiA Yron PackpbITUA

400 4650 4700 4750 4600 4650 4700 4750
AKKPEUWNOHHOro KaHana, H_, geTpa, H‘_

wavelength, A

Puc. 36. Cnesa: cnexmpwor SS 433, nonyuennvie 08asicovl 6 cymku - cauana na BTA u uepes 12 uacos na Subaru
(Tasau). Ilokasan o00um cnexmpanvubii ¢ppacmenm 6 8 CcheKmpax ¢ O08YMA APKUMU JUHUAMU, KOMOpble
Gopmupyiomes 6 eopswem 2aze ¢ T~30000°-50000°, - aunus Hell (cnpasa) u «6nenda boysnay (ciesa), cocmosuas
u3 mpex aunuti NIII u mpex aunuti CIII. Ceepxuupoxue KOMNOHEHMbL HAPUCOBAHBL NAABHBIMU JTUHUAMU - 0OHA NOO
Hell, emopas noo 6nenooui, noxazana maxxce ux cymma. B opbumanvneix ¢asax cucmemor SS 433 (yugpol na
pucynxe) 0.92, 0.96, 0.99, 0.03 u 0.07 akkpeyuonHwlil OUCK 3aMMeBAEMCS 36€300Ui-O0HOPOM, HOIMOMY YMEHbULACTCS
UHMEHCUBHOCMb CEEPXUUUPOKUX KOMNOHEHINO8.

Cnpasa: KomnvlomepHnas mooeib 6empa, NOpOACOAeMO20 CEEPXKPUMULECKUM AKKpeyuonubim ouckom. Toukoi 6
yeumpe ¢hueypol 0bosnauena yeprasn ovipa (4/]). Bokpye Hee epawjaemcs akkpeyuoHHbll OUCK (OMPe30K 8 yeHmpe).
B oucke oxono YJ/[ svibpacwisaemcs eaz 6 gude 08yX KOHYcos, KOMopbill pasiemaemcs co ckopocmuio ~4000 km/c
(uepHvle mouxu). Kpachvlm 0003HaueHo mo, umo euoum Hadioamensb, HaAX00AWULICs CNpasa.

Fig. 36. Left: the spectra of SS 433 obtained twice a day — at first with BTA and then in 12 hours with Subaru
(Hawaii). The figure shows one spectral fragment in 8 spectra with two bright lines which form in hot gas with
T~30000°-50000° — the line Hell (vight) and the Bowen blend (left) consisting of three lines NIII and three lines CIII.
The super wide components are drawn by smooth lines — one under Hell, another under the blend. Also their sum is
shown. In the orbital period (numbers in the figure) 0.92, 0.96, 0.99, 0.03 and 0.07 of the SS 433 system the accretion
disk is eclipsed by the donor star, therefore intensity of the super side components decreases.

Right: a computer model of wind generated by the supercritical accretion disk. The point in the center denotes the
black hole (BH). The accretion disk rotates around it (the segment in the center). Gas in the disk near the black hole
is ejected at a velocity of ~4000 km/s in the form of two cones (black points). The red color denotes what is seen by an
observer located at the right.

B mepBble monMmuimapaa JieT Tocie POXKISHUS Haren
BcenenHoit B 1eHTpax MOJOIBIX TajakTHK —CTajlu
MOSIBJISITECSL U pacTH cBepxmaccuBHble YJ[ - kBazapsl. 3a
3TOT «KOPOTKHUI» CPOK OHU HAOpajid OTPOMHYIO Maccy B
HECKOJIbKO MWJUINApA0B Mg, YTO BO3MOXHO TOJBKO B
PSKUME  CBEPXKPHTHYECKOH  akkpenuu. HaOmonats
OBICTPBII POCT KBa3apoB MOKa HE YAAJOCh, TaK Kak HpH

In the first half billion years after our Universe was
born, super massive BHs — quasars had been
appearing and growing. During this «short» period
they accumulated huge mass of several billions of
Mgy, which is possible only in the mode of
supercritical accretion. The fast growth of quasars
was not observed yet, since in this process the
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3TOM BBIOPACBHIBAETCSl CTONBKO I'a3a M IBUIH, YTO CaMOTO
oObekra He BHIHO. OpHako, B Hamed [amakrtuke ecthb
MHUKPOKOIHSI MOJIOABIX KBazapoB — 00BekT SS 433. Dto
cucTeMa u3 OByX Onm3kux 3Be3j, onHa u3 HuX Y/l maccoi
~10 Mp, BTOpas 3Be3Ja-IOHOp, KoTopas OyKBalbHO
3aBaymBaeT Y/l cBonM BemecTBOM.

SS 433 u3yvancs MHOTIMH TPYTIIIaMH B MUpE.

Hemasro B CAO PAH ynmamoce OOHapyXHTH HOBOE
CBOMCTBO - CBEPXIIMPOKHE JINHUH B €T0 cuekTpe (puc. 36,
creBa).

I'a3 magaer na YJI, HO ApIpa HE MPUHUMAET BECh TOT ra3
(CBEPXKPUTHYECKHUI PEKUM aKKpEIMU), U OCHOBHAS 4acTh
najarmoumel MaTepud BbUIETa€T OOPAaTHO CO CKOPOCTHIO
~4000 xm/c. Buepsrie co3/aHa MOJEIb BeTpa
CBEPXKPUTHYECKOTO JHcKa (puc. 36, cmpaBa), KOTOpas
00BSCHSIET Bce OCHOBHBIC JaHHbBIC HAOIIOACHHUH.

Betep ot akkpeuuonnoro auck SS 433 - camblil MOLIHBIN
13 HAOJIFOTaeMBIX CPEH 3Be3 Haliel [anakTuku.

I1.C. Meoseoes, C.H. ®abpuka, B.B. Bacunwves,
B.I1. I'opanckuii, E.A. Bapcykosa. [1AK, 39, 916 (2013).
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ejection of gas and dust is so intensive that the object
is not seen. However, in our Galaxy there is a micro
copy of young quasars — the object SS433. This is a
system of two close stars. One of them is a black hole
of the mass ~10 Mg, another one is a donor star which
overloads the black hole with its matter.

SS433 was investigated by many groups throughout
the world. Recently SAO RAS researchers managed
to discover its new property — superwide lines in its
spectrum (Fig. 36, left). Gas falls on the black hole,
but the black hole does not accept all of it (the
supercritical mode of accretion), and the basic part of
the falling matter flies back at a velocity of
~4000 km/s. A model of wind of the supercritical disk
(Fig. 36, right) explaining all basic observational data
was first suggested. The wind from the SS433
accretion disk is the most powerful one among the
stars of our Galaxy.

P.S. Medvedev, S.N. Fabrika, V.V. Vasiliev,
V.P. Goranskij, E.A. Barsukova. Astronomy Letters, 39,
826 (2013).

HNEPEMEHHOCTB OIITUYECKOI'O 1 VARIABILITY OF OPTICAL AND X-RAY
PEHTI'EHOBCKOI'O U3JIYUEHMUS SS 433 RADIATION OF SS 433
10 g ' E F | |
standard ! spherization ! supercritical
. | . ! .
L — ] disk | radius | disk
= | |
% _ [ [
Z o1t J % I :
= e
E R
n:: 0.01 £ ,
000 g E

0.001

Frequency, Hz

0.0001 0.01

log f

Puc. 37. Cnesa: cnekmpuvl MOWHOCMU PEHMEEHOBCKO20 u3ziyuenus 8 ouanasone 2-20 k2B 01 pasHuix opueHmayuil
AKKPEYUOHHO20 OUCKA U 8eMPOBO20 KAHANA: MAKCUMATIbHOE PACKPbImUe OUCKA 8 CHOPOHY Habodamens (Kpachwlil)
u Ouck ¢ pebpa (cunuii).

Cnpasa: 6eposmublii  6U0 CNEKMpa MOWHOCIU CEEPXKPUIMULECKO20 AKKpeyuonHozo oucka. Yacmoma f;
coomeemcmeyem 6a3KOMy 6peMeHU HenocpeoCmeeHHO neped paduycom cepusayuu, f> - wacmoma Ha paouyce
cpepusayuu. Ilnockuii yuacmok medxncoy dmumu Yacmomamu 603HUKAEN U3-3d OMCYMCMEUS KAKUX-1ub0 CUSHANIO08
MedHcOy IMUMU YACTMOMAMU Kpome Oeoeo wyma, KOmopbwlii Rpou3800um nioCKutl y4acmox.

Fig. 37. Left: power spectra of X-ray emission in the 2-20 keV range for different orientations of the accretion disk
(and the wind funnel): the maximum opening of the disk towards the observer (red) and edge-on disk (blue).

Right: an expected power spectrum of the supercritical accretion disk. The f; frequency corresponds to the viscous
time immediately before the spherization radius; f; is a frequency at the spherization radius. The flat region between
these two frequencies appears because of no signals between f; and f,, except «white noise» which produces the flat
power spectrum.

Ilo apxuBHBIM JAHHBIM KOCMHMYECKOH PpPEHTI€HOBCKOMH
obcepBatopun RXTE, a Takke Ha OCHOBE HAIIUX
coBMeCTHBIX CHUHXpOHHBIX Habmonenuit (BTA u RXTE)

IIPOBE/IECHBI UCCIICAOBaHUS CTOXaCTHUYECKOU
MePEMEHHOCTH U3Iy4eHUs CBEPXKPUTUYECKOTO
aKkkpenuoHHoro aumcka SS433. Drta nepeMeHHOCTb

OTIpeNIeNAeTCs IPOLIECCAMH, IIPOUCXOAAIINMA B BETPOBOM

Stochastic variability of emission of the supercritical
accretion disk of SS433 was studied by archives data
of the space X-ray observatory RXTA and on the
basis of our joint (BTA and RXTE) synchronous
observations.

This variability is determined by processes occurring
in the wind tunnel of the supercritical accretion disk
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KaHalle  CBEPXKPUTHUYECKOTO  AKKPEIMOHHOTO  IHCKa
SS 433, a Takxke B GpopMHUpPYEMBIX B HEM PEJIITHBUCTCKUX
cTpysix. OOHapyXeHO, YTO BHI KPOCC-KOPPEJSIIHOHHBIX
(GyHKIOMA M CIEKTPOB ~ MOILIHOCTH  HOJIHOCTBIO
orpezenseTcs yCIOBHSAMU BHIMMOCTH KaHana. Korma oH
MaKCUMaJbHO packpelT Ha Habmomatens (pwuc. 36,
cmpaBa), TO B cHekTpe MomHoctd (puc.37, cimeBa -
KpacHBI IIBET) TIOSBISIETCS IUIOCKHM y4YacTOK, a Ha
qJacTOTE 2><1031"u BO3HHUKAET CJIIOM.

Korma muck u kxaHan Habmromarotcs ¢ pebpa (puc. 36,
crpaBa), TO CIEKTP MOILIHOCTH  PEHTT€HOBCKOTO
u3nydeHuss SS 433 omucbiBaeTcs €IUHBIM CTEIEHHBIM
3aKOHOM. AHaJIM3 KOPPEISLUA MEXIy ONTHYECKUM U
PEHTTCHOBCKMM  HM3JIydCHHEM IIOKa3aJl, 4YTO MATKOE
peHTreHoBcKoe wmamydeHne (2-5 k3B), dopmmpyemoe mo
OoutpIeil YacTH B CTPYSIX, 3aMa3/IbIBAaCT IO OTHOLICHUIO K
ontuaeckomy (puc. 38a). JKécTkoe pPEHTTCHOBCKOE
manyuenne (8-20 k3B) mpuxoauT K  HabIIOHATENIO
OJTHOBpeMeHHO ¢ omrtuueckuM (puc. 38b). Ctpyu SS 433
BBUIETAIOT U3 BHYTPCHHUX YacTeil akKKPEIHOHHOT'O JINCKa,
PSIOM C YepHOH ABIPOH, ABMAKYTCS co ckopocThio 0.26 ¢, a
JKECTKOE PEHTTCHOBCKOE WM3JIyYEHHE BBIXOIWUT OTTYAA XKe,
HO CO CKOpOCTBhIO cBera. JKecTKoe pEeHTTCHOBCKOE
W3JIydeHNE OTpPakaeTcs OT BHEIIHMX CTCHOK KaHala |
JETEKTUPYETCS] PEHTT€HOBCKUM TelleckonoM. OnTHuecKoe
U3JIy4YeHUE - 3TO mepepaboTanHoe ((IIyopecleHIus) Ha
BHEILITHUX CTEHKaX KaHaJa )KECTKOE U3IIyYCHHE.

[To MozensIM ONTUYECKOTO M PEHTT€HOBCKOTO CIIEKTPOB
MOIIHOCTH OLIEHEHA JJTMHA KaHalla CBEPXKPUTUIECKOTO
nucka SS433 2x10"cm (~30 Rp) 1 yrox nomypacTsopa
kaHana ~50°.
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of SS433 and relativistic jets formed in it.

It was detected that the shape of cross-correlation
functions and power spectrum is totally determined
by conditions of visibility of the tunnel. When it is
open maximally towards an observer (Fig. 36, right),
a flat section appears in the power spectrum (Fig. 37,
left - the red color), and there is a break at the
frequency 2x10°Hz.

When the disk and tunnel are seen edge-on (Fig. 36,
right), the power spectrum of X-ray emission of
SS433 is described by a single power law.

Analysis of correlations between optical and X-ray
emissions showed that the soft X-ray emission
(2-5keV) formed mainly in jets lags relative to
optical one (Fig. 38a).

The hard X-ray emission (8-20 keV) arrives to an
observer simultaneously with optical (Fig. 38b).

The jets of SS 433 fly out of internal parts of the
accretion disk near the black hole, move at a velocity
of 0.26¢c, and the hard X-ray emission exits from the
same place, but at a velocity of light.

The hard X-ray emission is reflected from the
external wall of the tunnel and is detected by an X-ray
telescope. The optical emission is the hard emission
converted (fluorecense) on the external walls of the
tunnel.

From models of optical and X-ray power spectra we
estimated length of the tunnel of the SS433
supercritical disk as 2x10'> cm (~30 Rg) and the
angle of the tunnel half-opening as ~50°.
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Puc. 38. Koppenayuonnvie @QYHKyuu peHM2eHOBCKO20 UNYYEHUs MeIHCOY MASKUM Ouanazonom 2-5 kaB u
onmuyeckum OUANA30HOM (@), a MAKIHCe MeNCOY HCeCKUM PeHmMeeHO8CKUM ouanasonom 8-20 kaB u onmuueckum
(b). [lannbie nonyuenvt Ha ocHoge 00Ho8pemennbix Habmodenuil RXTE u BTA.

Fig. 38. Functions of correlation between optical and soft X-ray (2-5 keV) emissions (a) and between optical and
hard X-ray (8-20 keV) emissions (b). Based on the data of simultaneous RXTE and BTA observations.

Monenn cnekrpa MomHocTH  (puc. 37,  KpacHbIH)
MOKa3aJii, YTO PEHTTEHOBCKAas CTPYSI COCTOUT M3 Ta30BBIX
CTYCTKOB C TpeMs pasHbIME mioTHocTsME 8x107, 3x10"
1 5x10''cm™, mpudem Gonbluas dYacTh MacChl CTPYH
MPUXOJUTCS HA CaMYIO Pa3peXCHHYIO (DPAKIIUIO.

VYAanock MOJTHOCTBIO BOCCO3JAaTh CHEKTP OTPaKEHHOTO
n3inydeHus (puc. 37, CHHUH) NIPH OPUEHTALMN CUCTEMBI C

The models of power spectra (Fig. 37, red) showed
that the X-ray jet consists of gas clumps with three
different densities 8x10", 3x10" and 5x10''em™, the
most part of jet mass being in in the most rare
fraction.

We managed to totally reconstruct spectrum of the
reflected emission (Fig. 37, blue) for the edge-on
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pebpa B MpeamoioXKEeHWH, 4TO O0Jiaka rasza OT CTPYH H
BETpa, KOTOPHIE YIAJIHINCh OT CHCTEMbl Ha 3HAYUTEIHLHOE
paccrosiaue (~50-100 a.e.), OTpakaroT U3IyUYCHUE KaHaa.
Hanmnume miockoro ywacTka B CHEKTPE MOILIHOCTH
(puc. 37, cneBa - KpacHBI) CBSI3aHO CO CKauyKOOOpa3HBIM
W3MEHEHHEM CTPYKTYPHI AUCKa M BA3KOCTHOTO BPEMECHH B
IUCKe Ha pammyce cdepusamun. Ha 3ToM paccTOSHUHM OT
YepHOU ABIPHI aKKPELIMOHHBIA TUCK CTAHOBHUTCS TOJCTHIM
(T.e. ero TONIIMHA CpaBHHMAa C paanmycoMm). Tak Ha
yacToTax Ooyiee Hu3KuX, ueM f;, Mbl HaOmogaem
CTaHAAPTHBIN CIEKTP MOIIHOCTH aKKPELHOHHOTO IHCKa
(puc. 37, cnpaBa). Yacrora f; COOTBETCTBYyeT paamycy
cthepuzanum qUcka U BpeMeHu ~3 dacoB. Ha aToMm paguyce
IUCK  CTAaHOBHUTCSA  CBEPXKPUTHYECKAM W PE3KO
pacmupsiercs  (cepmusyeTcs), a BEIIECTBO HAYHHACT
cBoOomHO mamath Ha Y]l ¢ xapakTepHBIM BpeMeHeM ~100
cek. (dactoTa f). [Tomygaercs, 9To MexIy yactoTaMu f; u
f, HeT HHUKAaKMX CHUTHAJOB, KpoMe «Oeloro mymay,
KOTOpPBIH M TPOU3BOIUT IUIOCKUi crnektp. [lonoxeHne
IUIOCKOTO yYacTKa B CIIEKTPE MOIIHOCTH 3aBHCUT OT
Maccel YJ[, TemIia akkpeuu U BS3KOCTH B JHCKE, OJJHAKO
€ro TMPOTSHKEHHOCTh 3aBUCUT TONBKO OT HW3MEHECHHSA
BSI3KOCTM B TOJKPUTHYECKOH M  CBEPXKPUTHUYECKOH
00J1acTAX IUCKa.

K. Amanun, C. @abpuka, A.Meosedes, A. Bunoxypos.

INPOCTPAHCTBEHHASI CTPYKTYPA
OBOJIOYKH HOBOMU V1494 OPJIA

2013 SAO RAS REPORT

orientation of the system under the assumption that
clouds of gas from the jet and wind that moved off the
system to a considerable distance (~50-100 a.u.)
reflect the tunnel emission. Presence of a flat segment
in the power spectrum (Fig. 37, left - red) is related to
a jump-like change of the disk structure and viscous
time in the disk at the spherization radius. At this
distance from the black hole the accretion disk
becomes thick (i.e. its width is comparable with
radius). So, at frequencies lower than f; we observe
the standard power spectrum of the accretion disk
(Fig. 37, right). The frequency f; corresponds to the
disk spherization radius and the time ~3 hours. At this
radius the disk becomes supercritical and abruptly
expands (spherizes), and matter begins falling free to
BH with the characteristic time ~100sec (the
frequency f;). It turns out that between the
frequencies fl and f2 there are no signals except
“white noise” which produces the flat spectrum. The
location of the flat segment in the power spectrum
depends on the BH mass, accretion rate and viscosity
in the disk, but its length depends only on change of
viscosity in the subcritical and supercritical regions of
the disk.

K. Atapin, S. Fabrika, A. Medvedev, A. Vinokurov

SPATIAL STRUCTURE OF THE NOVA V1494
AQUILAE SHELL

Puc. 39. @paemenm cnexmpa nosou V1494 Aql (6TA/SCORPIO, onunnas wens). Konvyesas cmpykmypa 6 yenmpe
uz06pasicenuss — amuccus 060104YKu 6 TuHUU 86000poda Ha pasmepom no sepmuxanu kadpa 6.5", a no eopuzonmanu —
2600 xkm/c (8 V,). TopuzonmanvHble noioCcul — CneKmpbl 36e30, NONAGUIUX 8 Wellb, CAMAsL APKAsL NOA0CA — CNEeKmp
HOBOU. Bepmukaibhbie NOA0Chl — JUHUU U3LYHEeHUsI HOYHO20 Hebd. BepmuKkaibHas JuHUs 8 YeHmpe — IMUCCUOHHAS
auHust 6000poda Ho. Konvyo necummempuuno omuocumensvrno cnexmpa Hoeoii nomomy, umo 6 wenv nonadaem
ceem cocednell 36e30bl, pacuiupss cnekmp Hoegoti cnusy.

Fig. 39. A fragment of the BTA/SCORPIO spectrum (the long-slit mode) of the nova V1494 Aql. The ring-shaped
structure at the image center is the emission of the shell radiating in the hydrogen line extended by 6.5" vertically and
by 2600 km/s (in V,) horizontally. The horizontal bands are stellar spectra caught by the slit; the brightest band is the
spectrum of the nova. The vertical lines are the night sky emission lines. The vertical line at the center is the Ho
emission. The ring is located asymmetrically relative to spectrum of the nova because the slit has caught light of a
nearby star, which broadens the nova spectrum downward.

B cmektpe (BTA/SCORPIO, 09.06.2013r.) HOBOIA A spatially-resolved structure was found near the Ha

V1494 Aql (N Aql 1999 No.2) oOHapyxeHa
NPOCTPAHCTBEHHO-PA3PEIICHHAS CTPYKTYpa OKOJO JIMHUU
Hao (puc. 39), xotopas oOpa3oBaHa MOJIOW O00O0JIOYKOIA,

line in the BTA/SCORPIO spectrum of the Nova
V1494 Aql (N Aql 1999 No.2) taken on June 9, 2013
(Fig. 39). The structure was formed by an empty
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BEIOpomIeHHOH mpu Bemblmke 13.5 et Hazag u
pacmmpsitorieiicss co ckopocteio 1300 km/c. B yriosoii
Mepe 3Ta ckopocTh paBHa 0.24" B ToJ], YTO COOTBETCTBYET
paccTosiHuIo 0 HOBOM 1.2 £ (.2 KIK.

V1494 Aql nocturiaa mNpeABCHBIIIEYHOI'O COCTOSHHS.
Temepp ee CcHEKTp TUMHYECH AN KAaTAKIM3MHUYECKHX
TIEpEMEHHBIX 3Be3, Tak 3MuccuoHHas nuHus Hell 4686 A
— caMasl CWIbHas B CIEKTPE, OOHAPYKEHBI JPYTHE JTHHHUH
Hell na 4200, 4542 u 5412 AA, xopomo npejcTaBneHs!
SMHUCCHOHHBIE JNHMHUM cepun bamemepa Bmiots no HC.
VICTOYHMKOM W3JTydeHHs B KOHTUHYYME W 3MHCCHOHHBIX
JIMHUSIX SIBJISIETCS Pa30TrPEThId 10 BBICOKOH TeMIepaTypbl
AKKPEIMOHHBIH JHUCK.

V1494 Aql sBnsercs 3aTMeHHOW cucTeMoil. AHamm3 22
momeHTOB (Lleiicc-1000 u 60-cm Temeckome Kpwimckoit
crannun  [AWII) cepeawHbl 3aTMEHHH  ITO3BOJMI
YTOYHHUTh OPOWTAIBHBIA IEPUOA B CHCTEME, KOTOPBIH
cocrapmser  3"13™50.8310° mpH  MPOXOKHTEIBHOCTH
3aTMenus ~40 MuH. U riyOuHe 3aTMeHust B 2",

HoBass V1494 Aql mnpommia cTaguio CBEpXMSATKOTO
peHTreHoBCcKOoro ucToynuka (SSS) mexay 218 u 516 nHeM
mocie MakcumyMma Buaumoro oOnecka (LBapm u mp., Apl,
197, p.31, 2011). CuuTaercs, 9T0 UICTOYHIUKOM H3ITyUCHHS
B MSATKOM pEHITECHE SBISETCS TEPMOSICPHOE TOPECHHUE
BOJIOPO/Ia HA TOBEPXHOCTU OENOro Kapiiuka, KOTOpOe
perucTpupyercs IHocie TOro, Kak 000JI0YKa CTaHOBUTCS
pa3pexeHHOW M TPO3payHOM B PEHTICHOBCKHUX JIydax.
YIUBUTENBHO, YTO MpPHU TAKUX TIyOOKHUX 3aTMEHHAX B
BUAMMOM Juamna3oHe B Msarkom penrrene (Chandra)
OTCYTCTBOBAJIM JIa’Ke CII/Ibl 3aTMEHHH. DTO BO3MOXKHO B
TOM CIIy4ae, KOTJa UCTOYHHUK PEHTT€HOBCKOTO M3JIydCHUS
CKPBIT B TOJCTOM aKKPEIHOHHOM JHCKE M HE BUJACH
HampsMylo, TIpH 3TOM PETUCTPUPYETCS H3JIyYeHHE,
paccesHHOE B 000JI09Ke, KOTOpast HaXOJUTCS Ha OOJIBIIOM
PacCTOSIHUU OT UCTOYHHKA.

E.A. Bapcykosa, A.®. Banees; B.Il. I'opanckuii u A.B. JKaposa
(TAULLI MT'Y). Astronomer’s Telegram No.5454 (2013).

YTO OCTAJIOCH TOCJIE B3PBIBA KPACHOM
HOBOM CTPEJIBIIA 1994 TOJIA

Kpacuble HOBBIE 3BE3BI — 3TO B3pPHIBAIOIIUCCS 3BE3MIBI, Y
KOTOPBIX TPH B3pBIBaX TeMIlepaTypa IIOBEPXHOCTH HE
yBEJIMYMBaeTCs, a CHIKaercsa. Ilpupoma Takux 3Be3f
OCTaeTCsl CIIOPHOW. YCTaHOBJIEHO, YTO 3TO JBOWHBIC WJIU
KpaTHble cucTeMbl. Tak B ogHOW w3 HuUX, V1309 Sco,
OPOM30LUIO  CIMUSHUE  KOMIIOHEHTOB, BbI3BaBILICE
MOAOOHBIN B3pBIB. «XOJOMHBII» B3PHIB KPacHOH HOBOM
BO3MOJKHO CBSI3aH C MOIIHBIM YHEPT€THUECKUM BCILIIECKOM
B IIGHTPE 3Be31bl, 00Iagarolieii MaCCHBHOW OOOJOYKOM.
Pacmupenne 000JI09KH MPOUCXOIUT B PEKUME, OJITH3KOM K
agnabatndaeckoMy. CBETHMOCTH 3BE3/IbI YMEHBIIACTCA B
HECKOJIBKO  pa3, a DJHeprus B3pblBa  OCTaeTCs
COCPEJI0TOUCHHOM Ha AHE 000109KH. Uepe3 HECKOIBKO JIET
SHEprus B3phIBa JTOCTUTACT IOBEPXHOCTH 3Be3Abl. Torma
MOBEPXHOCTh UMEET YK€ CTOJIb OOJBLIYIO IUIOIIA/b, YTO
HE MOXET OBITH pa3orpera M0 BHICOKOW TeMmepaTypbl. B
pe3yJsbTaTe 00pa3yercsi XONOIHbIH CBEPXTUIaHT.

B cnektpe (BTA/SCORPIO, 2005rt.) V4332 Sgr —
KkpacHoii HoBoi Ctpenbma 1994 r., mosryaennom uepe3 11
JeT Toclie MakcuMyma OJiecka, OOHapyXeH KOHTHHYYM
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envelope ejected at the outburst 13.5 years ago and
expanding at a velocity of 1300 km/s. In the angular
units this velocity is equal to 0.24” per year which
corresponds to the distance 1.2 + 0.2 kpc to the nova.
V1494 AQL reached the preflare state. Now its
spectrum is typical for cataclysmic variable stars. So,
the emission line Hell 4686 A is the strongest in the
spectrum. Other Hell lines at 4200, 4542 and 5412
AA were detected. The Balmer emission line series
up to HE are also presented well. The source of
radiation in continuum and emission lines is the
accretion disk heated to a high temperature.

V1494 Aql is an eclipsing system. Analysis of 22
mid-eclipse time moments (Zeiss-1000 and the 60-cm
telescope of the SAI Crimean station) allowed us
specifying the orbital period of the system. It is
3"13™50.8310° with the eclipse duration ~40 minutes
and the eclipse depth 2™.

The nova V1494 Aql passed the stage of the
supersoft X-ray source (SSS) in the period between
218 and 516 days after maximum of visible
luminosity (Schwarz et al., ApJ, 197, p.31, 2011). It is
believed that the source of soft X-ray emission is the
thermonuclear burning of hydrogen on surface of a
white dwarf which is registered after the envelope
became rarefied and transparent in X-rays. The
surprising thing is that in spite of so deep eclipses in
the visible range, there were no traces of them in soft
X-rays (Chandra). This is possible in the case when a
source of X-ray emission is hidden in a thick
accretion disk and is not visible directly, but the
emission scattered in an envelope located at a large
distance from a source is registered.

E.A.Barsukova, A.F.Valeev, V.P.Goranskij and
A.V.Zharova (SAI MSU). Astronomer’s Telegram No.5454
(2013).

WHAT REMAINS AFTER EXPLOSION OF
RED NOVA SAGITTARII 1994

Red nova stars are exploding stars whose surface
temperature in the explosion does not increase but
falls. The nature of these stars is still disputable. It
was established that they are binary or multiple
systems. So, in one of them, V1309 Sco, such an
explosion was induced by the merging of
components. Probably, the «cold» explosion of a red
nova is related to powerful energy outburst at the
center of a star having a massive shell.

The mode of the shell expansion is close to the
adiabatic one. The star luminosity decreases by
several times, and the explosion energy remains
concentrated at the shell bottom. In several years the
explosion energy reaches the star surface, but the
surface area is already so large that it cannot be
heated to high temperature. As a result, a cold
supergiant forms.

In the BTA/SCORPIO spectrum of V4332 Sgr — the
Red Nova Sagittarii 1994 — taken in 2005, 11 years
after its brightness maximum, the continuum was
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3Be3bl Kitacca M M XoJoHas pa3peKeHHas TyMaHHOCTB,
KOTOpasi CBETUTCA B JIMHUSX HEUTPAIbHBIX METAaJUIOB U
MonekynsapHeix JuHuAx (Otder CAO PAH 2004-2005,
c.56). B 2003r. mnosBWICS CHJIBHBIM HCTOYHHUK
nHppakpacHoro usnydeHus ¢ temneparypoir 900°K, uro
CBHIETEIBCTBYET O (OPMHUPOBAHHU IBUIH. [l0 BCIIBILIKH
1994 1. B cieKTpanbsHOM pacIpeaelieHHH YHEPTHH 00BEeKTa
NPUCYTCTBOBAJIM 3Be3fa Kinacca M W eme CUJIbHBIN
M30BITOK ~ M3JIy4eHUs B CHHEH 4YacTH  CIEKTpa,
0003HAYAIOIMI HallMYUe TopsiYeld 3Be3JIbl, U3ITyYeHHE
KOTOPOM MCYE3JI0 MOCIIE BCIIBIIIKH.
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detected of a class M star and a cold rarefied nebula
which shines in the lines of neutral metals and
molecules (SAO RAS Report 2004-2005, p. 56).

In 2003 a strong source of infrared emission with the
temperature 900°K appeared, which testifies the
formation of dust. Before the outburst of 1994 in the
spectral energy distribution of the object there were a
class M star and a strong excess of emission in the
blue part of spectrum indicating the presence of a hot
star whose emission disappeared after the outburst.
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Puc. 40. Dsontoyus cnexkmpa V4332 Sgr 6 cunem (crnesa) u 6 kpacuom (cnpasa) ouanazonax. Cnexmpul nOxy4eHvl HA

bTA c kamepoii SCORPIO 6 nepuod c 2005 no 2012 200w1.

Fig. 40. Evolution of V4332 Sgr spectrum in the blue (left) and red (right) ranges. The spectra were obtained with
BTA equipped with the SCORPIO camera between 2005 and 2012.

[IpoBenen aHaIu3 CIIEKTPOB BTA/SCORPIO
(mabmogerus 2005-2012 rr., puc. 40), omyOnUKOBaHHBIX
CHEeKTpaNbHBIX  HaHHBIX (2003 w2009 rr.) =
mHorouseTHOH  BV(RI)-dboTomerpum  3Be3mpr s
KannOpoBKM crekTpoB. OKa3aloch, 4YTO TIOTOKH B
SMUCCHOHHBIX  JMHMSX TymaHHoctd ¢ 2003 .

9KCHOHEHIMANbHO yMeHpmmianch B 30 pa3. Bxmag M-
3BE€3/IbI B Mojioce R ymMeHbIIMIICS BABOE, a TeMmIlepaTypa
dorochepst ymana ¢ 2800° mo 1780°K. B crekrpaibsHOM
pacmpenieieHnd SHEPrud BO3MOXKHO TPHUCYTCTBUE €IlIe
onHOM cinaboit 3e3usl (~20™), KoTOpas JMOO0 KOMIOHEHT
cucTeMBI, JTi00 3Be3aa moiisi. PeHOMEeH KpacHOH HOBOW B
cucteMe V4332 Sgr sBHO He cBsA3aH ¢ M-3Be3101.

[IpenuiecTBEeHHUKOM  B3pBIBA MOT  OBITH  TOJIyOOMU
cTparriiep,  KOTOpPBIA ~ HWCYe3 W3  CHEKTPAILHOTO
pacmpeneneHudss  dHeprud  mociie  B3pbiBa 1994 T.
CrparriepaMyd  Ha3blBaIOT  MAacCHBHBIE  3BE3/bl B
CKOTUICHHSIX KpaTHBIX CHCTEMaxX, KOTOpble Ha
Juarpammax IBeT — BeJIMYMHa ocraiorcs B paione I'Tl, B
TO BpeMms, Korga 3Be3Jbl TakoM k€  Macchl
MIPO3BOIIOIHOHUPOBAIA B OOJIACTH KPACHBIX THUTAHTOB.
HawnGonee BeposiTHO, uTO ropstunii komnoHeHT V4332 Sgr
ObLT ~ KOHTAaKTHOHW  cucTemMod. VMeHHO  ciusiHHE
KOMITOHEHTOB ~ 3TOH CHCTEMBI MOIJIO TIPUBECTH K
«XOJIOZHOMY B3PBIBY», a XOJOJHBIH CBEPXTUTAHT
OCTaTOK B3pbIBa OBIT pa3pymIeH IWHAMAYECKH IO
BousiHueM ~ M-3Be3npl. HabOmiomaercs — mocTeneHHOE
OXJIAX/ICHUC IUIOTHBIX M Pa3peKEHHBIX JETalCi 3TOro
ocraTka ¥ popMHpOBaHKE B HeM NbUTH. [lepemeHHOCTh M-

n

To calibrate spectra in physical units, the
BTA/SCORPIO spectra (observations of 2005-2012,
Fig. 40), the published spectral data of 2003 and 2009
and multiband BV(RI), photometry were analyzed. It
turned out that since 2003 the fluxes in the nebula
emission lines exponentially decreased by 30 times.
The R-band contribution of the M star decreased
twice, and the photosphere temperature dropped from
2800°K to 1780°K. It is possible that in the spectral
energy distribution there is another faint star (of
~20™) which can be either a component of the system
or a field star. It is obvious that the phenomenon of
the red nova in the system V4332Sgr is not related to
the M star. The explosion predecessor could be a blue
struggler that disappeared from the energy
distribution after the 1994 explosion. Strugglers are
massive stars in clusters and multiple systems which
remain near the Main Sequence (MS) in the
Color-Magnitude Diagram, whereas other stars of
identical mass evolved to red giants.

Most likely, the hot component of V4332 Sgr was a
contact system. It is the merging of components of
this system that could lead to the «cold explosiony,
and the cold supergiant — the explosion remnant — was
destructed dynamically under impact of the M star.
The gradual cooling of dense and rarefied details of
this remnant and formation of dust in it are observed.
Variability of the M star is interpreted as a result of
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3BE3bl MHTEPIPETUPYETCS KAK PE3YNbTaT aKKPELUW Ha
Hee BEUIECTBA U3 CIUBAIOLIEHCS KOHTAKTHOM CUCTEMBI Kak
JI0O BCOBIINIKK TpH (opMUpOBaHHM OOIICH MaCCHBHOM
00O0JIOYKH U TIPU €€ PACIIUPEHUH, TaK U MOCIC BCIBIIIKH
Ipu €€ JUHAMHUYecKoM  pa3pywieHud. [lpuuumHoit
SHEPreTHIeCKOT0 BCIUIECKa B IICHTpPE ToiyOOH 3Be3NbI
MOTJIO OBITh CHHMSHHE sOep [JBYX KOMIIOHEHTOB
KOHTaKTHOW CHUCTEMBL.

E.A. bapcykosa, A.®. Banees; B.Il. I'opanckuii u A.B. ’Kapoea
(TAULL MT'Y). Central European Astrophysical Bulletin, 37, 325
(2013).

V535 SER - HOBAS 3MEH 2007 TOJA
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accretion of matter from the merging contact system
both before the outburst at formation of a common
massive envelope and its expansion, and after the
outburst at its dynamic destruction. The energy
eruption at the center of the blue star could be caused
by the merging of nuclei of two components of the
contact system.

E.A. Barsukova, A.F. Valeev, V.P. Goranskij and

A.V. Zharova (SAI MSU). Central European Astrophysical
Bulletin, 37, 325 (2013).

V535 SER - NOVA SERPENTIS 2007
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Puc. 41. Kpuswvie bOnecka V535 Ser 6 nonocax BVR.(cresa)

, NOCMPOEHHble 6 3aeucumocmu om d)(ls’bl nepuoda

nepemennocmu onecka 252 Ows. Cmpenxoi ommeuena ¢paza, 6 xomopou noayuen cnekmp (BTA/SCORPIO).

Cpasnenue cnexkmpa N Ser 2007 co cnekmpom KpacHotl HOBOU
MONEKYISIPHOLO NO2TIOUJCHUSL.

Fig. 41. Light curves of V535 Ser in bands of the BVR system

V838 Mon (cnpasa). Ommeuenvi cunvheluiue noiochi

plotted versus phases of the 252-day period (left). The

arrow indicates the observation epoch of BTA/SCORPIO spectrum of V535 Ser. The comparison of its spectrum with
the spectrum of the red nova V838 Mon (right). The strongest bands of molecular absorption are marked.

MHorwue nyascupyomnie 38e316! Thuna Mupsl Kura nmeror
OoJIbIINE aMILTUTYIbI IEPEMEHHOCTH OJiecka, U HEepeIKo
X OTKPBIBAIOT Kak HOBBIE 3Be3/bl. C 1988 r. Hagammchk
OTKpPBITUSl B3PHIBAIOLIMXCS 3BE3]l HEM3BECTHOTO paHee
KJlacca, KOTOpbIE OTHECEHBI TeHmepb K KPACHBIM HOBBIM.
OHM 1§pu B3pEIBE INPEBPALIAIOTCI B XOJIOAHBIE
CBEPXTUTaHTBl, M, KaK MpPaBHJIO, SBISIOTCS CUIBHBIMU
ncrouHukamu MK-uznydyenus. WX cnekTpel MOX0XU Ha
CHEKTPBl MHUPHJ, U IO 3TOH NMPHYUHE €CTh BO3MOKHOCTH
omuO0YHON KIacCH(UKAIIMH KPAaCHBIX HOBBIX, 0COOEHHO
CpeIy HEUCCIIeIOBAHHBIX MUPH/I.

N Ser 2007 mmm V535 Ser (OKII3), oTkpbiTas Kak
Bo3MoxkHass ~ HoBas  (S. Nakano, IAUC8898) wu
BIOCHEACTBUM  OTOXxJecTBIeHHas ¢ MK-ucrounukom
(IRAS 180660722 = 2MASS J18092428-0722136), 6bu1a
oTHeceHa Kk 3Be3gam Tunma Mupbl Kura (IAUC 8903).
IIpoBeneHbl €€ CHEKTpaJlbHBIE (BTA/SCORPIO,
pesepHoe Bpemsa 02.05.2013 r.) u ¢oromerpuyecKue
(Ieitcc-1000 u Ileiicc-600 Kpoimckoit cranmuu I"AWII)
uccienoBanus. [lomydyeHo 26 wu3MepeHuii Onecka U
OIpeieNieH MePHOA Ty Ibcaluit 252¢ (puc. 41, cnesa).
MakcumyMm Onecka 3Be3lbl INPHUXOAWUTCS HAa MOMEHT
otkpeitust JD 2454440. Jlnama3oH u3MeHEHWi Oiiecka B

Many pulsing Mira-type stars have large amplitudes
of the brightness variability, and quite often they are
discovered as nova stars. Since 1988 the exploding
stars of a previously unknown class were discovered.
Now they are attributed to the red novae. At
explosion they turn into cold supergiants and, as a
rule, they are strong infrared sources. Their spectra
are similar to those of Mira-type stars, and for this
reason an erroneous classification of red novae is
possible, especially among uninvestigated Mira-type
stars.

N Ser 2007 or V535 Ser (General Catalog of Variable
Stars) discovered as a possible nova (S. Nakano,
TAUC 8898) and identified afterwards with an IR-
source IRAS 18066—0722 was attributed to stars of
the Mira Ceti type (IAUC 8903). Their spectral
(BTA/SCORPIO, the reserve time of 02.05.2013) and
photometric (Zeiss-1000 and Zeiss-600 of the
Crimean station of SAI) investigations were fulfilled.
26 measurements of brightness were obtained, and a
pulsation period of 2529 was determined (Fig. 41,
left). The star brightness was maximal at the moment
of discovery of JD 2454440. The ranges of brightness
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nosocax R, V u B cocrasnsger 11.2M-14.7", 15.9™-20.6"u
17.5™-21.0™, cOOTBETCTBEHHO.

CrexTp, TMOJIYYEHHBI Ha BOCXOHALIEH BETBU KpUBOH
Onecka (V=17.2"), moka3aH B CPaBHEHHH CO CIIEKTPOM
kpacHoit HoBoi V838 Mon, koTopast Ha0II0Jamach B Ty Ke
maty (puc.4l, cmpaBa). O0a o00BeKTa HUMEIOT
CHEeKTpaNbHBIH KjJacc M6 W OYeHp TOXO0XKH, HO
MOJIEKYJISIpHBIE TIONOCHI B cmekTpe V838 Mon 0Oomee
riryOOKHMe, YTO CBS3aHO C IIYCTOTOH IO BHEUITHEH
000J104KOii y KpacHO# HOBOW.

E.A. bapcykosa, A.®. Banees; B.I1. I'opanckuii (TAULL MT'Y).

NPEJABAPUTEJIbHBIA CHEHAPUM
OBPA3OBAHUSA U SBOJIIOLIUU MATHUTHBIX
3BE3]]

Ananu3  HaOdroJaTeNnbHBIX  JAaHHBIX — OpUBET K
CIIEAYIOIIEMY TPEIIOJIOKEHUIO O CLECHApUHM Pa3BUTHUS
MarHUTHBIX 3Be3/. MarHuTHbIE U HOpMaJbHBIE 3BE37IbI
(GbopMHUpYIOTCSI W3 ~ HaMarHWYEHHBIX  IPOTO3BE3IHBIX
00JIaKOB CO 3HAYMTEIHHOW HEOJHOPOJHOCTHIO BEINYNH
MarHuTHOTO TOJIS, TUIOTHOCTH BEIECTBA IPOTO3BE3THBIX
00y1ak0oB ¥ MOMEHTOB BpameHusa. Cpenu 001aKkoB CHIbHEE
TOPMO3STCA T€ TIPOTO3BE3AHBIC (PpParMeHTHI, CHIIOBBIC
JUHUM KOTOPBIX TapajleibHbl IJIOCKOCTH 9KBaTOpa
BpauleHus. B pesyibpraTe Takoro «MarHMTHOTO» OTOOpa
OOJIBIIMHCTBO TPOTO3BE37 WMEIOT MarHUTHBIE MOJS C
MPEUMYIICCTBEHHBIM HAIPaBJICHUEM CHJIOBBIX JIMHHHA B
IUIOCKOCTH dKBaTopa BpaimeHus (o-3ddekr). OTnenenue
MEUIEHHO BPAIIAOMINXCSI MarHUTHBIX 3BE3Jl MPOMCXOANUT
B IEpPHOJ MAarHUTHOTO TOPMOMKEHHS TIPOTO3BE3IHBIX
obmnakoB. HopmainbHble 3Be3pl 00pasyloTcss U3 00JIaKoB,
CKOPOCTh KOTODPBIX MPEBBIIACT KPUTHUYECKYIO BEITUUHHY
Ve, TPH  KOTOPOM  MarHUTHbIE  CHJIOBBIE  JIMHUHU
BBITSITUBATHCS, (GOPMUPYSI TOPOUAAIBHYIO CTPYKTYpY. [1pn
CKOPOCTSIX BpallCHUS] MEHBIIMX V. MarHUTHOE I0Jie
CXXUMAETCs] BMECTE C BEIIECTBOM 0€3 UCKaKEeHHIA, 00pazys
JIUIIONIBHYIO CTPYKTYpY. MezieHHbIe poTaTopsl 0e3 mosis
(Am, HgMn wu pgp.) ocraloTcs TOCIe TPOUETYPHI
pasnenenus 6e3 BCSIKMX M3MeHeHnil. OOIiee cBOMCTBO MX
C MarHUTHBIMH 3BE€3aMH 3aKII0YaeTCs B CTaOMIBHOCTH
atMocepbl  BCIEICTBHE  MEUIGHHOTO  BpallleHHS,
npuBosimied Kk AuGQY3UOHHBIM  IpolleccaM |
XUMHUYECKHM aHoMmaiusM. HeGosiblast 10515 MarHUTHBIX U
MEeKyJISAPHBIX 3Be3x, cocrapisiomas 10%, oOwsacHseTcs
TEM, YTO pa3JieJIieHHue IPOUCXOUT P CaMOM MEUICHHOM

BpameHud. OcHOBa  CTPYKTyp MAarHUTHOTO  TIOJ,
3aJI0’)KEHHBIX B HadaJbHBIX (pa3ax KoJIarca, COXpaHsIeTcst
1ocJie  MPOXOXJIeHUs  HecTaOWIBbHOM  Qa3pl, Korza

MArHuTHOC I10JIC CTAHOBUTCYA I10 BCGMy 061)eMy CJIOKHBIM,
3aHyTaHHBIM, HO COXpaHI/IBIHeM HpePIMyHIeCTBeHHBIﬁ
PEMKTOBBIN BEKTOp, OOECTEeUMBAIONIMN B JIajdbHEHIIEM
JIUIIOJIBHYIO CTPYKTYpy NOJsl. MenKue CTpyKTyphl MOCIe
OKOHYaHWS HECTAOWIBHOHN (ha3bl HAYMHAIOT UCYE3aTh TEM
ObICTpee, YeM OHHM Melb4e, IOCIe YEero OCTalTCs
OCHOBHEIE KpYITHOMACIITa0HEIC JIONITO’KUBYIITUEC
CTPYKTYPBI, KOTOPBIC CTAHOBSITCSI 3AMETHBIMH IIPH BBIXOJIC
3Be3apl Ha ZAMS. [loBepXHOCTHas CTPYKTypa Tepen
BBIXOZOM Ha ZAMS ocraercss CI0XHON BCIEICTBHUE
MIPOJIOJKAFOTIECHCS aKKPElMH BIUIOTH JIO TOTO MOMEHTa,
Korjga 3Be3fa IOJHOCThIO OCBOOOXKITAETCA OT Tra3o-

2013 SAO RAS REPORT

variations in the bands R, V and B are 11.2™-14.7",
15.9"-20.6" and 17.5™-21.0" respectively. The
spectrum obtained at the ascending branch of the light
curve (V=17.2") is shown in comparison with
spectrum of the red nova V838 Mon which was
observed at the same day (Fig. 41, right). Both objects
are of the spectral class M6 and they are very similar
to each other, but the molecule bands in spectrum of
V838 Mon are deeper, which is connected to vacuum
under external envelope of the red nova.

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

A PRELIMINARY SCENARIO OF
FORMATION AND EVOLUTION OF
MAGNETIC STARS

Analysis of observational data led to the following
assumption about the scenario of evolution of
magnetic stars. The magnetic and normal stars form
from  magnetized protostellar clouds  with
considerable non-uniformities in magnetic fields, the
matter density of protostellar clouds and moments of
rotation. Among the clouds the protostellar fragments
whose lines of force are parallel to the rotation
equator plane decelerate stronger.

As a result of such «magnetic» selection, in majority
of protostars the lines of force of magnetic fields are
directed mainly in the plane of rotation equator (the
a-effect). Separation of slowly rotating magnetic stars
occurs in the period of magnetic deceleration of
protostellar clouds.

Normal stars form from clouds whose velocity
exceeds a critical value v, at which the magnetic lines
of force stretch forming a toroidal structure. At
rotation velocities less than v, the magnetic field
contract together with matter without distortions,
forming a dipole structure. Slow rotators without field
(Am, HgMn and others) remain without any changes
after the separation procedure. The property which is
common for them and magnetic stars is the
atmosphere stability due to slow rotation, which leads
to diffuse processes and chemical anomalies.

A small portion (10%) of magnetic and peculiar stars
is explained by the fact that the separation occurs at
the slowest rotation. The base of magnetic field
structures lay at the initial phases of collapse remains
after passing the unstable phase when magnetic field
becomes complex and entangled but keeps the relic
predominant vector which provides the dipole
structure of the field afterwards.

After the end of the unstable phase the small
structures disappear the faster the smaller they are.
After that the basic large-scale long-living structures
remain, which become noticeable then a star reaches
ZAMS. Before reaching ZAMS the surface structure
remains complex due to the ongoing accretion up to
the moment when a star totally frees itself from the
gas-dust cloud and disk.
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meUIEBOro obOiaka W aucka. Ilociie ZAMS Bciencrsue
MOCTENIEHHOTO HMCYE3HOBEHUS HEYCTOMUMBBIX MEJKUX
CTPYKTYp TJI00AJIbHOE JMIIOIBHOE MOJIC PACTET BIUIOTH 1O
yxona 3Be3zbl ¢ I'maBHoil nmocnenoBatensHocTH (I'TI). Ho
HAavyaJbHBIM POCT TOJNS MPH JOCTHKEHMH V Kiacca
CBETUMOCTH TIPEOI0JIEBAETCS ero YMEHBIIEHUEM
BCIIEACTBUE pocTa paxuyca 3Be3l, nodtoMy Ha I'Tl mone
CHayaja pacTeT, NOToM majaer. Joinsg 1o BepXHEH 4acTu
mojiocel [Tl MarHuTHOE moOJIE HCYE3acT BCICIACTBHC
BO3HHMKHOBEHHUsI KOHBEKIMH. [0 3TOH ke mpuyuHe Moje
ucye3aer Ha rpaHule T,py< 6500°K.

1O.B. I'nazonesckuii.

HNCCIEJOBAHUE MATHUTHBIX XUMHNYECKHU
IEKYJIAPHBIX 3BE3/]
B ACCOIIMALIIMU OPHUOH OB1

[MpoBenen ananu3 omnyOnaMKoBaHHBIX AaHHBIX (BpayH u
ap., 1994) miast 814 00BEKTOB, BXOMISIIUX ACCOLHUAIIHIO
Opuon OBIl. U3 Hux orobpano 85 CP-3Be3n pas3HbBIX
TUTIOB, BXOJMIINX €IIe B KaTaJor MEKYJISPHBIX 3BE3J
Percona um Mandpya (2009). OtmedeHo, YTO HONA
CP-3Be3n1 CKOIUICHHS YMCHBIIACTCS C BO3PACTOM, TaK B
caMoil MoJyiooil moAarpynme OoHM cocTaBisitoT 15.1% wum
7.7% B camoii crapoii. Bee u3 23 oroOpaHHBIX Am-3Be3]
HaxozsaTcss Ha yaaneHuu ot 100 mo 300 mk u, BUAMMO,
SIBIISIIOTCSL OOBEKTaMHU IepeHero (oHa, a HE YICHAMH
accoranuu. 59 Bp-3Be3n BeIOOpKH cocTaBisioT 13.4% ot
obrmrero konmyectsa B-3Be3n acconmaryy, pudeM M3 HUX
- 22 MarHuTHbIe, a U3 OCTaJbHBIX - y 20 HCCIEI0BaHHBIX

MarHuTHOE MOJie He  OOHapyxeHo  (IpOJOJIbHBIN
koMmmoHeHT <300 I'c).
IMposenennt wHabmromenuss (BTA/O3CIT) 30 3Be3n

BBIOOPKH, KaK YK€ H3BECTHBIX MArHUTHBIX, TaK H TeX,
MoJIe Y KOTOPBIX paHee He ompenessuioch. Oka3anoch, 4To
JoJist meKysipHbIX B-3Be3s B accormanmu Opuon OBI1 B 2
pa3a Ooisbmre monw TEKYIspHBIX A-3Be3n. Takoe xe
COOTHOIIICHNE COXpaHsSeTCsS U I 00BeKTOB mois. U3 22
MarHUTHBIX 3BE€3]1, BXOIMIINX accoluainuio, 21 oTHeceHa K
Bp-3Be3nam, a ogHa — K Ap-3Be31aM. 17 MarHUTHBIX 3BE€3]1
accoruaiuy 00J1a1al0T aHOMaJIbHBIMH JIMHUSIMU T€JIHSL.

MarHuTHbBIE 3BE31BI UMEIOT BBIPAKEHHYIO TEHJICHIIHIO
KOHIIEHTPUPOBAThLCS B LIEHTPAJIBHON 00JaCTH acconnanuu
(8 mosice Opuona). He oOHapy’keHO 3HAYNMBIX Pa3iIHdIHid B
BEIMYMHE TOJII MarHuTHBIX B-3Be3n accommanuu u Bp-
3Be3]] MOJI B IIEJIOM, XOTSl OTMEYeHa TeHJeHUus Oosee
CIJIPHOTO MAarHWTHOTO TOJS y 3BE3A C YCHJICHHBIMH
muausmMu renus (He-rich), yem y 3Be3n ¢ ocinabieHHBIMU
muHusaME renust (He-wk).

H.H. Pomanwk, E.A. Cemenko, U.A. Axynun, /1.0. Kyopasues.
Acmpogus. 6ro1., 68, 318 (2013).

NEPUOINYECKAS NIEPEMEHHOCTbD
MATHUTHBIX ITOJEA 3BE3]]

Panee cuutanmoch, YTO TJIOOAIBHBIMH MAarHUTHBIMU
MOJIIMHA  00JTAZIAIOT TOJBKO Ap-3Be37I B BEpXHEHW YacTH
T'Tl muarpammsl ['epummnpynra-Paccena. B mocnennee
BpeMs CYIIECTBEHHO BO3pOCHIasi TOYHOCTh H3MEPCHHN
MO3BOJSIET ~ HMCCJICAOBATh MEPEMCHHOCTh  TJI00AJIBhHBIX
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After ZAMS, due to gradual disappearance of
unstable small structures the global dipole field
increases up to the moment when a star leaves the
Main Sequence (MS). But the initial growth of field
at the reaching the luminosity class V is overcome by
its decrease due to increase of the star radius. That is
why in MS the field first increases then falls. When a
star reaches the upper part of the MS band, the
magnetic field disappears because convection arises.
The field disappears at the boundary T < 6500°K by
the same reason.

Yu.V. Glagolevsky.

STUDY OF MAGNETIC CHEMICALLY
PECULIAR STARS
IN THE ORION OB1 ASSOCIATION

The published data (Brown et al., 1994) for 814
objects — members of the association Orion OB1 —
were analyzed. Among them 85 CP stars of different
types entering also the catalog of peculiar stars by
Renson and Manfroi (2009) were selected. It was
noticed that the fraction of CP stars of the cluster
decreases with age. So, in the youngest subgroup they
are 15.1% and in the oldest one they are 7.7%. All 23
selected Am stars are at a distance from 100 to 300 pc
and they seem to be foreground objects, but not the
association members. 59 Bp stars of the sample are
13.4% of the total amount of the B stars of the
association, 22 of them being magnetic stars, and 20
studied stars of the rest did not show any magnetic
field (the longitudinal component < 300 Gs).

30 stars of the sample were observed with
BTA/MSSP. Some of them were already known
magnetic stars; magnetic field of the others was not
determined before. It turned out that the portion of
peculiar B stars in the association Orion OB1 is 2
times higher than that of peculiar A stars. This ratio
remains true for field objects also. 21 of 22 magnetic
stars — members of the association — are attributed to
the Bp stars, and one is attributed to the Ap stars. 17
magnetic stars of the association have anomalous
helium lines.

The magnetic stars exhibit a pronounced tendency
to concentrate in the central region of the association
(in the Orion belt). No significant differences between
magnetic field values of the magnetic B stars of the
association and the Bp stars of field were detected,
though a tendency of stronger magnetic field in stars
with reinforced helium lines (He-rich) than that in the
stars with weakened He lines (He-wk) was noticed.
L1. Romanyuk, E.A. Semenko, L A. Yakunin,
D.O. Kudryavtsev, Astrophysical Bulletin, 68, 300 (2013).

PERIODIC VARIABILITY OF STELLAR
MAGNETIC FIELDS

It was previously thought that only Ap stars in the
upper part of MS in the Hertzsprung—Russell diagram
have global magnetic fields. Recently the precision of
measurements increased considerably, which permits
us investigating variability of global magnetic field in
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MarHUTHBIX TIOJICH Yy 3BE€34 Pa3IMYHBIX CHEKTPAIBbHBIX
TumnoB. Tak g 218 3BC3 MMOJTYYCHbBI MAIrHUTHBIC (1)3.3OBI)I€

kpuBsle. M3 Hux 172 - MarHuTHBlE XUMHUYECKU-
nekysspHsie 3836l (mCP).
OcranbHble  O0BEKTBI - 3TO  3BE3Abl  Pa3IMYHBIX

CIIEKTpPaJbHBIX THUIIOB, HAyMHAas OT CBEPXMACCHBHBIX
rops;aux cBepruranToB thna Of W 1m0 MaloMacCHBHBIX
KPacHBIX KapiIMKOB M 3aKaHYMBAs 3BE31aMH, UMEIOIIMMH
IIaHeTel. Ha OCHOBaHWM COCTaBIICHHOTO HaMH KaTajora
MarHUTHBIX W3MEPEHHMH NPUBOAMUTCS OIHMCAHHWE BHUJIOB
($a30BBIX  3aBUCUMOCTEHl W OLIEHKHM  [apaMeTpoB
Ha0JII01aeMOl EPHOANYECKOW MarHUTHON MepeMEHHOCTH
JUISL K&)KAOTO THIIA 3BE3I.
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Fig. 42. Distribution of amount of stars with studied
magnetic variability as a function of spectral class.

Ha pucynke 42 mnpencraBieHO paclpeieicHue YHcia
3B€3J] C M3YyUYECHHOM MAarHUTHOM IIEPEMEHHOCTBIO B
3aBUCHMOCTH OT CHEKTPaJbHOTO Kijacca, a B Tabiuie 6 -
pacipesieneHle KOJNW4ecTBa OOBEKTOB II0 OCHOBHBIM
TUIAM.

B.JI. Bviukos, JI.B. Bviukosa, FO. Maoei (Ilonvwa).

NEPEMEHHOCTbD I'JIOBAJIbHBIX MATHUTHBIX
IOJIEM 3BE3/l. HOBBIE JAHHBIE
HABJIIOJEHU

Bcerga cuwuranoce, 4TO MpoLECC BO3HUKHOBEHUS U
SBOITIOINH TI100aTbHBIX MATHUTHBIX TOJIEH 3BE3/ CPABHUM
M0 JUIUTEIHLHOCTH C BOBHMKHOBEHHEM U DBOJIIOIIMEH caMOi
3Be37bl. B HacTosimee Bpems ecThb HaOroJaTelbHbIe
NaHHbIE, TOKAa3bIBAIOIME, YTO TII00albHbIE MarHUTHBIE
MoJiA MOTYT BO3HUKATh WM HCYe3aTh Ha BpeMeHax
CYIIECTBEHHO 0oJice KOPOTKHX — ICCATKA M COTHH JTHEH.
Tak oOHapyxkeHo, uto Ae/Be-3Be3na HD190073 usmenmna
CBOHM MarHUTHEIC CBOMCTBA 3a 1-2 roga. Takoe n3MeHeHue
B MEPEMEHHOCTH MPOJOJIbHOTO MArHUTHOTO MOJI HENb3S
OOBSICHUTh  TOMyISIPHOM  «PETHMKTOBOW»  TeopHueil.
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stars of different spectral classes. So, magnetic phase
curves were obtained for 218 stars. 172 of them are
magnetic chemically peculiar (mCP) stars.

The other objects are stars of different spectral types
beginning with supermassive hot supergiants of the
Of type to low-massive red dwarfes and ending with
stars having planets.

We compiled a catalog of magnetic measurements
and, on its basis, described the types of phase
dependencies and estimated parameters of observed
periodic magnetic variability of every type of stars.

All stars

mCP stars

Ae/Be Herbiga stars
Be stars

Super massive Of?
Normal early B stars
Flare stars

TTS (T Tau type)
var. Beta Cep type
SPBS

var.BY Dra type
var.RS CVn type
Semi-reguliar var.
DA

var.pulsating stars
HPMS (high proper motions stars)
var.Ori type

[
—
oo

172

B QOB = = = | O D B2 WO Ot W =1~

Tabn. 6. Pacnpedenenue uU38eCmMHbIX MACHUMHBIX
36€30 N0 MUnam.

Table 6. Distribution of known magnetic stars by
types.

Fig. 42 shows distribution of amounts of stars with
studied magnetic variability as a function of spectral
class, and Table 6 presents distribution of the number
of objects by main types.

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

VARIABILITY OF GLOBAL MAGNETIC
FIELDS OF STARS. NEW OBSERVATIONAL
DATA

It was always considered that the process of arising
and evolution of global magnetic fields of stars is
comparable in duration with arising and evolution of
stars themselves. At present, there are observational
data showing that global magnetic fields can arise or
disappear during essentially shorter periods — tens and
hundreds of days. So, it was discovered that the
Ae/Be star HD190073 changed its magnetic
properties during 1-2 years. Such a change in
variability of longitudinal magnetic field cannot be
explained by the popular «relict» theory. The most
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Haubomee BeposiTHOE OOBSICHEHHE - KOHBEKIHSA B
aTMoc(epe 3Be3bl «BKIIOYMIA» MEXAHU3M <«IHHAMOY.
Torna reHepaiyiss MarHUTHOTO TOJISL B BUJIE LICHTPAJILHOTO
JUIOJNSI  MOXET HPOUCXOJWTh 32 OYEHb  MaJIbli
NpOMEXyTOK BpeMeHH (Alecian et al., 2013.).

Hpyroit mpumep - OT Ser, KpacHBIH BCHBIXHBAIOIIHIA
KapiWK, HaXOIIIWHICS BOJNM3M TpaHUIBl IEpexoma K
MOJHOCTBIO KOHBEKTUBHOMI 3BE3JIE. Hsmepenns
r100aNbHOT0 MarHWTHOTO ToJs mpoBoawimck (Donati et
al. 2008) B nBa cera B 2007 roxy.
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B TeueHunm mnepBoro cera MarHMTHOE MOJe HE OBUIO
3aperucTpupoBano. Bo Bpemsi BTOPOro cera HaOIIOACHUH,
npoBeneHHoro uepe3 180-200 mHelt, n3MepeHne noka3anu
HaJIM4Me IEePEeMEHHOTO MAarHMTHOTO MOJS Ui Tepuoja
BpallleHus 3.424¢ (puc. 43). 3a KOpPOTKHI MPOMEKYTOK
BpemeHu OT Ser cmenmna tum marHetmsma ¢ WM (weak
multipolar) Ha SD (strong dipolar). BaxkHO MOHATB, YTO
NPUBEJIO K TakOMy paAMKaIbHOMY H3MEHEHHIO B
MarHUTHOM ITOBEJICHUH TOH 3BE3IbI.

B.JI. bviukos, JI.B. Bwiukosa, 0. Maoeii (Ilonvwa). Bychkov
V.D.etal, 2013
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Fig. 44. Distribution of amounts of magnetic field
measurements per object.
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probable explanation is that convection in the stellar
atmosphere «switched on» the «dynamo» mechanism.
Then generation of magnetic field in the form of a
central dipole can occur during a very short time
(Alecian et al., 2013).

Another example is OT Ser — a red flare dwarf which
is near the boundary of transition to the totally
convective zone. The global magnetic field was
measured during two sets in 2007 (Donati et al.
2008).

Puc. 43. Maenumnas Qaszosas Kpugas
ecnvixusarowel  36e306t  OT Ser ¢ nepuodom
epawjenus 3.424°.

Fig. 43. The magnetic phase curve of the flare star
OT Ser with the rotation period 3.424°.

During the first set no magnetic field was registered.
During the second set fulfilled after 180-200 days the
measurements showed the presence of a variable
magnetic field for the rotation period 3.424%
(Fig. 43). During a short period of time OT Ser
changed the magnetism type from WM (weak
multipolar) to SD (strong dipolar). It is important to
understand what led to so radical change in the
magnetic behavior of the star.
V.D. Bychkov, L.V. Bychkova,
Bychkov V.D. et al., 2013

Yu. Madej  (Poland).

ON MEASUREMENT
OF STELLAR MAGNETIC FIELDS

Meron

N m3mepenwii
Phot. 5375
Elc. 6991
LSD and WDLS 4983
BS 1544
FORS1/2 2936
Taon. 7. OcHosHble  MemoObl — umepeHuil  u

Koaudecmaeo nojy4eHHblX OYEeHOK MACHUMHO20 NOJIA.

Table 7. The basic methods of measurements and the
number of magnetic field estimations made by them.
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Co3maH KaTajor HAOMIOIATENBHBIX OIICHOK MPOJOIBHBIX
KOMIOHEHT r1o0anpHOro MarautHoro moiist (MI1) y 3Be3s,
a TaKkKe OICHOK HANPSDKCHHOCTH IOBEPXHOCTHOTO
marautHoro mojii BS. Tak m3BectHOo o 2033 3Be3max
Pa3IMYHBIX  CHEKTPAJIBHBIX  KJIACCOB W THIIOB
MEPEMEHHOCTH, IUII KOTOPBIX IPOBOAWINCH MPSMBIC
n3MepeHus, u noxydeHa 25631 omenxa MII.

Hambonee wuccnemosanst MII y mCP-3Be3n. Ceiigac
WHTCHCUBHO HCCIEIYIOTCS TaK JXK€ 3BE3Ibl CONHEYHOTO
tuna (Solar-like stars), Tuma T Tau, M-kapauku, Ae/Be
XepoOwura, 38e3/15! THNA f Cep U MEJICHHO MYJTHCUPYIOIIUC
B-3Be3n (SPB), cBepXMacCHBHBIC TOPSYUE CBEPIHIAHTHI
tuna Of, a Tak e 3Be3bl ¢ IIaHeTaMu. [IpakTHuecku y
BCEX THIIOB 3Be3]] OOHApYKHMBAIOTCS MArHUTHBIC TIOJS.
OTH  JaHHBIE  SIBIIIOTCS ~ PE3YJIbTaTOM  OOJBIIOTO
TEXHOJIOTHYIECKOTO M METOJMYECKOTO CKayKa B TOYICHUH
u obOpaborke HabOmromeHwit. OCHOBHBIE METOIBI H
KOJIMYECTBO TOJYYEHHBIX C MX IIOMOIIBI0 OILEHOK
npuBoauTcst B Tabmune 7. Ha pucynke 44 mpuBoautcs
pacopeleneHde 1o KoiaudectBy — u3MmepeHudn  MII,
NPUXOJSIIUXCS Ha OOBEKT, C OMHOM B 5 W3MEpEHUIA.
HecmoTpss Ha HemocTaToOyHOE KOJIHYECTBO JaHHBIX,
COBEPIICHHO ONPENCICHHO YCTAHOBIICHO, YTO MarHUTHEIC
MOJIT MUMEIOT BCE THITBI 3BE3M, MpaBja, MOJS PAa3INIHON
HampsSOKCHHOCTH M CTPYKTYpPBL.  OTH  pe3yJbTaTHI
3aCTaBISIOT TEpeCMaTpUBaTh TPAAUIIMOHHBIE CIEHAPUU
TCHEPALUU M DBOJIOIMYA MAaTHUTHBIX TOJICH 3BE3].

B./l. Bviukos, JI.B. Bviuxosa, FO. Maoeii (Ilonvwa).
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A catalog of observational estimations of longitudinal
components of stellar global magnetic field (MF) and
estimations of intensity of surface magnetic BS field
was compiled. Direct measurements were made for
2033 stars of different spectral classes and variability
types. 25631 estimations of magnetic field were
obtained.

Magnetic fields of mCP stars are the best studied.
Now intensive investigations are made also for the
Solar-like stars, the type T Tau stars, the M dwarfs,
the Ae/Be Herbig stars, the type PCep and slowly
pulsing B stars (SPBs), the type Of supermassive hot
supergiants, and the stars with planets. Magnetic field
is detected in stars of practically all types. These data
resulted from a great technologic and methodic leap
in obtaining and processing observations. The basic
methods and amounts of esimations obtained by them
are given in Table 7. Figure 44 shows the distribution
of the number of magnetic field measurements per an
object, with the 5-measurement bin. In spite of the
fact that the data amount is not sufficient, it was
established quite definitely that magnetic fields are in
all types of stars, but they differ in intensity and
structure. These results make us to revise traditional
scenarios of generation and evolution of stellr
magnetic fields.

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



