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6asupyromasics Ha CYBJl “Oracle”. [{ns peanuszanuu
JIOCTyIa K JIEKTPOHHBIM MH(OPMALMOHHBIM pecypcam
oubmiorekn CAO u apyrux XpaHwMIl pa3zpadboTaHa
CHenraTM3uPOBaHHASL Web-crpanuma
(http://www.sao.ru/lib/) ¢ perymsipHEIM OOHOBICHHEM
napopmanuu. [Ipu nognepxke PODOU CAO nomyumina
JIOCTYI K BJIEKTPOHHBIM BEPCHUSIM JKYPHAJIOB BEXYIINX
W30aTeNbCTB. B umrampHOM  3aime  OMOIMOTEKH
YCTQHOBJIIEHO 3  KOMIIBIOTEpPAa Ul  IIOJb30BaHMSA
AJIEKTPOHHBIMH PECYPCaMHU.

A.A. Hsanos,
A.B. Jlomaxumn,

E.U. Kaiicuna,
C.B. Manxacsmn,

B.B. Bumkoeckuil,
H.A. Kamnuna,
I A. Manvxosa

TE3UCHI JUCCEPTAIINAT

MAT'HUTHBIE HOJIA XUMHUYECKHA
HEKYJISAPHBIX 3BE3/] I'IABHOU
IOCJIIEAOBATEJIBHOCTH

Huccepmayust na couckanue yueHot cmenenu 0OKmopa
Qusuxo-mamemamuieckux HayK

B pabGore chopmynmpoBaHO HOBOE Hay4dHOE
HaIlpaBJICHUE — UCCIeI0OBaHNE KapTUHBI 00pa30BaHUs U
IBOMIONMHM MarHuUTHBIX mnoied CP  3Be3nm myTtem
HaOJIOMaTeIbHOW TPOBEPKH BHEUTHUX IPOSBICHUMN
aJ'leepHaTI/IBHI)IX MECXaHU3MOB nux HpOI/ICXO)KZleHI/Iﬂ
(IMHaMO WM PENMKTOBOro). M3yuamuch 3aBHCUMOCTH
BEJIMYUHBI W CTPYKTyphl MAarHUTHOTO TOJS  OT
(yHIaMEHTAILHBIX TApPAMETPOB YKa3aHHBIX 00BEKTOB U
UX MPOCTPAHCTBEHHOTO paclpeIeICHUS.

OcHoBHas 1enb pabOTHl — BBISICHEHHE MEXaHH3MOB
obOpa3oBanusi MarHuTHBIX momeir CP 3Besm m wux
JanbHelmen 3Bomonuu. i ee JOCTUXKEHUST aBTOPOM
OBUIN PEIICHBI CIEAYIONIHE 3aJauu:

1. Ha 6-m teneckome CAO PAH mnomydeH GomibImoi
HaOmonarenpHbIA MaTepuan (6omee 2000 3eeMaHOBCKHX
CHEKTpOB), OH Obu1 oOpaboraH. beuta oTnaxkeHa
METOAUKA KaﬂH6p0BKld nu CTaH[lapTI/I?)aHI/II/I JaHHBbIX,
O6eCHeLIl/IBLHaﬂ CTa6I/lJ'leOCTI) CUCTCMBI MArHHUTHBIX
n3mepenut CAO He3aBUCHMO OT BHJIa MPUMEHSEMBIX
CBETOIIPHEMHUKOB HAa TIPOTSHKCHUU 25 JeT u  ee
COOTBETCTBUE MEXKITyHAPOIHOM.

2. [IpoBeneHs! MOUCKN HOBBHIX MarHUTHBIX CP 3Be3m.
BriepBrie MarHuUTHBIE TONA OBUTH OOHapyX eHbl y 51
00BEKTa W TOCTOBEPHO MOATBEpKAeHH y 10 u3 HUX,
3aMoJI03PEHHBIX paHee B  KadeCTBE MAarHUTHBIX.
Koppensus MEXTY CTENEHBIO aHOMAaJILHOCTH
pacrpeneneHusi 3HEprui B KOHTUHYYME U BEJIMYUHOUN
MarHuTHOro mnojs Ha nosepxHoctu CP-3Be3n HaiineHa
c1aboii.

3. BbINonHEHBl HCCIENOBAaHUS TOHKOH CTPYKTYpBI
MarHUTHbIX TMosied Heckonbkux CP  3Be3n, npsamo
VKa3pIBAIOIIME HA  CIOXKHYI0 WX  TOIIOJIOTHIO.
Hab6mronenus 3€€MaHOBCKHUX CIEKTPOB
OpICcTpOoBpamaromeiicss remmeBord 3Be3gsl HD 37776
aim HEOIIPOBEPKUMBIE JI0Ka3aTenbCTBa

resources of the SAO library and other data warehouses
a special regularly-updated Web page was developed
(http://www.sao.ru/lib/). SAO has received access to
electronic versions of science journals with the RFBR
support. The library reading-room was equipped with 3
computers for access to electronic resources.

V.V. Vitkovskij, A.A. Ivanov, E.I. Kaisina, N.A. Kalinina,
A.V. Lomakin, S.V. Malkhasjan, G.A. Mal’kova

THESES REVIEW

MAGNETIC  FIELDS OF CHEMICALLY
PECULIAR STARS OF THE MAIN SEQUENCE

A thesis for the degree of Doctor of Science in physics
and mathematics

The thesis presents a formulation of a new scientific
direction — the study of the picture of transformation and
evolution of magnetic fields of CP stars by observational
testing  external  manifestations of  alternative
mechanisms of their origin (dynamo or relic one). The
dependence of the magnetic field value and structure on
fundamental parameters of those objects and their spatial
distribution were studied.

The main aim of this work is to elucidate
mechanisms of formation of magnetic fields of CP stars
and their subsequent evolution. To achieve this goal the
author solved the following problems:

1. A lot of observational data (more than 2000
Zeeman spectra) were obtained with the SAO 6-meter
telescope. This material was processed. A method for
calibration and standardization of data was refined. The
method corresponding to the international one
guaranteed  stability of the SAO’s magnetic
measurements system independently of type of light
detectors used during 25 years.

2. Search of new magnetic CP stars was fulfilled.
Magnetic fields were first detected for 51 objects and
reliably confirmed for 10 of them which were previously
suspected as magnetic ones. It was found that the
correlation between a level of anomalism of energy
distribution in continuum and the magnetic field value
on CP star surface is weak.

3. A fine structure of magnetic field of several CP
stars directly indicating their complicated topology was
investigated. The observations of Zeeman spectra of the
fast-rotating helium star HD 37776 gave incontestable
proofs of magnetic field of a complicated undipole
structure up to 70 kGs on the surface what is a record-
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CYIIECTBOBaHMSI Yy HEE PEKOPIHO CHJIBHOIO IS
HEBBIPOK/ACHHBIX 3BE€3J] MarHUTHOTO TIIOJISI CJIOXKHOU
HEJUIONBHON CTPYKTyphl BenuuuHod 10 70 x['c Ha
MTOBEPXHOCTH. Oo6HnapyxeHa CBSI3b MEXTY
PacCIONOKEHUEM aHOMAIHMN XUMCOCTaBa U TONOJNOTUEN
MarHuTHOro moisi. W3 aHamm3a 3eemaH-dddexra B
oOpasyromuxcss B armocepe Ha pa3HOW  riiyOuHE
JUHUSX CHENaH BBIBOJ O CYIIECTBOBAaHWU HM3MEPUMOTO
BEPTHKAIBHOTO TpaaueHTa mons B armocdepe CP
3Be3apl o° CVn, 9TO CBHIETENBCTBYET O €r0 CIOKHOM
CTPYKTYpE.

4. HccnenoBansl mapameTpbl MarHUTHBIX mnosieil CP
3BE3]l B 3aBHCHUMOCTH OT CKOPOCTHM HX BpAIllCHUS H
MarHuTHble KpuBble Jist 19 oObektoB. Haiineno, urto
cCpean 3Be3[ C W3BECTHBIMH IIEPHOAAMH MEAJICHHBIC
poTaTopsl He 00JamaroT CHIBHBIMH MOIsIMU. ClIoKHAs
CTPYKTypa HaOII0JaeTcst MPEeNMyIIECTBEHHO Y OBICTPBIX
potaropoB. HanbGosnpIueil BeMUUMHBI MarHUTHBIE IOJIS
nocturaioT y CP 3Be3n ¢ mepuogamu BparieHus ot 5 1o
10 cyTox.

5. Coznan katanor mMarHUTHbIX CP-3Be3s, B KOTOpoM
comepxarcss cBeneHus o 240 oObeKkTax C HAICKHO
N3MEPCHHBIMU TIOJISIMH. HpI/lBOZlHTCﬂ pe3ysIbTaThl €T0
uccnenoBaHus.  HaiifieHbl  COOTHOIIEHHS  MEXKIY
CKOPOCTBIO BpaIlleHHs, TEMIEpPaTypoil M MarHUTHBIM
rosieM st paznuunblx rpynn CP 3Be3n. [TokaszaHo, uto
BHYTPHU JOCTATOYHO Y3KHX TEMIIEPAaTYPHBIX HHTECPBAJIOB
(oToMeTpHYECKNEe HHIEKCHI, OMNMCBHIBAIOIINE CTEIEHb
AHOMAJIBHOCTH PACIPEICNICHNS] SHEPTUN B KOHTHHYYME,
PacTyT ¢ yBEJIMUEHUEM NIEPUOJia BPAIIEHHS B K&KAOM U3
HUX.

6. MccnenoBaHo NMPOCTPaHCTBEHHOE pacHpeesieHue u
kuHematnka MarHuTHBIX CP 3Be3n. OOHapykeHbI
pa3iauuus B paclpeieleHUH PeBEPCUBHBIX (MEHSIOIINX
3HAK MPOJOJIEHON KOMIIOHEHTHI MOJIsT) M HEPEBEPCUBHBIX
MarHUTHBIX 3Be3a. Jloyisi HEepeBEepCHBHBIX Cpel 3BE3I-
YJICHOB CKOIUICHUH B JBa pa3a BBIIIE, YEM CpPEIlU 3BE3]
monst. VX pacnpeneneHne B HamNpaBlCHUSAX BAOIb U
TIOTIEPeK  CIUPaNbHOTO pyKaBa [ alakTHKW 3HAYNMO
pa3InyaroTcs.

COBOKYITHOCTh ~ TIOJIyYEHHBIX  HAOJIOAATEIBHBIX
JAHHBIX TI03BOJISIET IOJOWTH K PELICHUIO IMPOOIEMBI
BO3HMKHOBEHHS U JalbHEHINEH 3BONIOLUN MarHUTHBIX
nonei CP 3Be3n. OOe KOHKYpHUPYIOIIME MOJIENN
MPOUCXOKIACHHUSA 3BC3JHBIX MArHUTHBIX noneu (JII/IHaMO
U PEIUKTOBas) OOBSICHSIOT TOJIBKO YaCTh HAOJIIOJaCMbIX
JaHHBIX W CTAJIKMBAIOTCS CO  3HAYUTEIBHBIMU
TPYIHOCTSAMH TIPH TIONBITKAX OOBSCHEHUS Jpyrou
YacTH.

Hamm JTaHHBIE MO IEPKUBAIOT THIIOTE3y
PEIUKTOBOTO NPOUCXOXAeHHs MarHutHoro mnoms CP
3Be31. OO 3TOM CBHIETENLCTBYET: OTCYTCTBHE CHIBHOU
3aBUCHMOCTH BEIIMUYHMHBI TIOJIT OT CKOPOCTH BpAIlEHHS,
CYIIECTBOBAHME CHJIBHBIX MAarHUTHBIX TOJIEH y OYEHb
MeJUICHHBIX POTATOPOB — 3BE3]] C IIEPHOIAMH BpAICHUS

JECSATKU  JIeT, OCOOCHHOCTH  MPOCTPAaHCTBEHHOM
OpHUEHTAIUH MarHUTHBIX oceit 3BE3/I-WIECHOB
CKOIUICHMH, YyKa3bIBaIOIIME HA KOJUIEKTUBHOE UX

MPOUCXOKACHUE W BO3MOXHYIO CBA3b C JIOKAJIbHBIM
MarHuTHBIM HoJieM [ anakTuku.

HU.U. Pomarnrox

breaking strong for non-degenerate stars. A relation
between locations of anomalies in chemical composition
and magnetic field topology was detected. From analysis
of the Zeeman effect in lines formed at different depth in
atmosphere it was concluded that there exists a
measurable vertical field gradient in the atmosphere of
the CP star o> CVn what testifies to its complicated
structure.

4. Magnetic curves and a relation between magnetic
field parameters of CP stars and velocity of their rotation
were investigated for 19 objects. It was found that
among stars with known periods the slow rotators do not
have strong fields. A complicated structure is observed
predominantly for fast rotators. The magnetic fields are
the strongest in CP stars with rotation period from 5 to
10 days.

5. A catalogue of magnetic CP stars with information
about 240 objects with reliably measured fields was
compiled. Results of its study are given. Correlations
between rotation velocity, temperature and magnetic
field were determined for different groups of CP stars. It
was shown that inside rather narrow temperature
intervals the photometric indexes describing the level of
anomalism of energy distribution in continuum increase
as the rotation period in each of them increases.

6. Spatial distribution and kinematics of magnetic CP
stars were investigated. Differences in distribution of
reversing (i.e. changing a sign of longitudinal field
component) and non-reversing magnetic stars were
detected. A portion of non-reversing stars among the
stars-members of clusters is two times higher than
among stars of field. Their distributions along and across
the spiral branch of the Galaxy are significantly
different.

The totality of obtained observational data allows us
to approach to solution of the problem of origin and
subsequent evolution of magnetic fields of CP stars.
Both competitive models of origin of stellar magnetic
fields (dynamo and relic ones) explain only a part of
observational data and face considerable difficulties in
attempts to explain another part.

Our data support a hypothesis of relic origin of
magnetic field of CP stars. It is witnessed by absence of
strong relation between magnetic field and rotation
velocity, by existing of strong magnetic fields in very
slow rotators — stars with rotation periods of tens years,
by the features of spatial orientation of magnetic axes of
stars-members of clusters what indicate their collective
origin and possible relation with local magnetic field of
the Galaxy.

LI Romanyuk
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ONTHYECKASI CHEKTPOCKPIIMA  3BE3]
3KCTPEMAJIBHO BBICOKOM CBETHUMOCTH
B I'AJIAKTHUKE

Huccepmayus na couckanue yueHoi cmenenu 0OKmopa
PUBUKO-MameMamu4ecKux Hayx

B nucceprammm monBeneHbl UTOTM MHOTOJIETHUX
WCCIICOBAHUIA  CBEPXTMTAHTOB W  THIICPTUTAHTOB
lanaxtuxy, npoBonusmmxcst B CAO PAH ¢ momomibio
6-M U 1-M TeIeCKOIoB, IPUYEeM OCHOBHBIE PE3YJIBTATHI
MTOJTyYEeHBI TIOCIIe OCHAILICHUS STHX TEJIECKOIOB dIIIelIe-
cniektporpadamu ¢ marpuriamu I13C.

lopsiune  3Be3Ibl  MaKCHUMaJbHBIX

CBETUMOCTEH MHTEPECHBI KaK:

e  00BEKTHI Ha TIpeJielie BO3MOXKHOCTH CYIIECTBOBAHUS
B KQUECTBE PaBHOBECHBIX 00pa30BaHUH,

® [IOCTaBUIMKA B MEX3BE3IHYIO CpEIy TSDKENBIX
9JIEMEHTOB ¥ MEXaHWYECKON SHEpIuH,

®  pemepsl, aKTHBHO HCIIONB3yEMBIC B MCCIICIOBAHISIX
CTPOCHUS ¥ KHHEMAaTHKH [ aakTHKH,

®  HWHIWKATOPHI PACCTOSTHUHN IO JPYTUX TalaKTHK.
CrekTpockonueid Beicokoro paspemenus (15000 <R

< 70000) 6b1mm oxBauensl 10 O, B, A-cBepXruraHToB u

7 THIIEPTUTaHTOB CIEKTPAILHBIX KiaccoB B5—A3 (3To

BCE M3BECTHbIE B  Hacrosuiee Bpems  Oelble

runepruranTbl  [anakTuky, JgocTymHble s 6-M

teneckona CAO).

OCHOBHBIE pe3yJIbTaThl padOTHI.

e Pazpaborana u BHenpeHa MeToauka aHanmza I13C-
SUIeIIE  CHEKTPOB,  IO3BOJIIOMIAS  ITOJIYYaTh
JMy4eBBIE CKOPOCTH IO OTACIBHBIM JICTallsIM
mpodpmreit ¢ morpemHocTamu  0.1-1 km/c. B
YaCTHOCTH, CO3JaHa W amnpoOWpoBaHa CHCTEMa
3¢ GEeKTHBHBIX UIMH BOJIH I PAaHHUX CBEPX- U
THIIEPTUTAHTOB.

e B xoxe pabothl nmonydeHo u odpadorano 6osee 400
cnektporpaMM u  okoio 200 TI3C-cmektpos.
[MocnenHue apXUBHPOBaHBI B BHJE CIEKTPAIBHBIX

Macc u

aTJIaCOB.
e [lo Bu3yanbHBIM CIyTHHKaM, IPHHAIIEKHOCTH K
3BE3THBIM TPYIIIHAPOBKaM, HMH(pPaKpacHbIM

OMHUCCHUAM B CHEKTpax Haﬁl[eHbI JIY4YE€BBIE CKOPOCTH
LCHTPOB MacC HUCCIENOBAHHBIX 06’beKTOB, KOTOPBIE
BBE€ICHBI B Ka4Y€CTBE€ HYJIb-ITYHKTOB B CHCTEMBI

CKOpPOCTEH, HM3MEPEHHBIX 1o Pa3IUIHBIM
CHEKTPATBHBIM JETAISM.
o Jlnsa CBEPXTUTaHTOB TIOJTy4EHbI MPSIMBIC

CHEKTPOCKOIIMYECKUE CBUJIETEIbCTBA MyJIbCAlUil U
OJTHOBPEMEHHOT'O TPUCYTCTBHSA B MX arMocdepax
BOCXOJSIINX U HUCXOSIIHUX ITOTOKOB.

e B omnTHyecknx CHeKTpax CBEpX- M T'MIEPIUTaHTOB
0oOHapyXeHBI TUCKPETHBIC BETPOBBIE abcopOIHU.
BrsiBiieHa Hec()epHYHOCTH M HECTAIIMOHAPHOCTD
BETPOB, @ TAKKe YIPOIICHHE HX TEOMETPUH H
KUHEMATHKH C POCTOM CBETHMOCTH.

e B cmekrpax runeprurantoB 6 Cas A3 Ia-0,
HD168607 B9 1la-0, HD183143 B7 Ia-0
oOHapy)keHbl MponoKuTeNnbHbIe (10 200 mHEH)
nepeMelleH s IUCKPETHBIX JIENPECCUil Ha NIMPOKUX
BETPOBBIX a0COPOLMSX, CBUAETEILCTBYIOUIHE O

OPTICAL SPECTROSCOPY OF STARS OF
EXTREMELY HIGH LUMINOSITY IN THE
GALAXY

A thesis for the degree of Doctor of Science in physics
and mathematics

The thesis summarizes the multiyear study of super
and hyper giants of the Galaxy fulfilled in SAO with the
6 m and 1 m telescopes, the main results having been
obtained after these telescopes were equipped with the
CCD echelle spectrographs.

Hot stars of maximum mass and luminosity are of
interest since:

e these objects are at an existence limit of equilibrium
formations;

e they supply heavy elements and mechanical energy
into interstellar medium;

e they are reference points when studying the
structure and kinematics of the Galaxy;

e they indicate distance to other galaxies.

A high-resolution spectroscopy (15000< R <70000)
covered 10 O, B, A super giants and 7 hyper giants of
spectral classes B5-A3 (these are all presently known
white hyper giants of the Galaxy accessible for the 6 m
telescope.

Basic results of the work.

e A method was developed and implemented for
analysis of CCD echelle spectra allowing us to
obtain radial velocities with accuracy 0.1 — 1 km/s
by individual profile components. In particular, a
system of effective wave lengths for early super and
hyper giants was created and proven.

e More than 400 spectrograms and about 200 CCD
spectra were obtained and processed in the course
of work.

e Visual satellites, membership in stellar groups,
infrared emissions in spectra were used to find
radial velocities of centers of mass in objects under
investigation which are introduced as zero points in
systems of velocities measured by various spectral
details.

e Direct spectroscopic evidences of pulsations and
simultaneous presence of ascending and descending
currents in supergiant atmospheres were obtained.

e Discrete wind absorptions were detected in optical
spectra of super and hypergiants. Nonsphericity and
nonstationarity of winds were discovered as well as
the fact that their geometry and kinematics become
simpler as luminosity increases.

e In spectra of the hyper giants 6 Cas A3 Ia-0,
HD168607 B9 Ia-0, HD183143 B7 Ia-0 the long-
lasting (up to 200 days) migrations of discrete
depressions in wide wind absorptions were detected
what testifies to regular releases of envelopes or
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peryssipHbIX BbIOpOocax 000JIOYEK MM CTYCTKOB
BemectBa. OtoT 3¢ddexr, mu3BectHoiii y P Cyg n
JIPYTHX TONYOBIX THIIEPIHIaHTOB, OKa3bIBaeTCs
THITAYHBIM H JUTS OIbIX THIIEPTUTaHTOB.

e Cnomcoxk  OenpIX  THIEPTHTAHTOB | alakTHUKH
momonHeH  aBymsa  HoBeimm:  HDI183143 u
IRC+10420. K emunctBennoit LBV ceBepHoro

meba, P Cyg, nmobaBneHbl [Ba  HOBBIX
oobekra: HD168607 u HD168625.
e  BckpeiTa npobiema CHEKTPOCKOITMYECKO

“MUMMKpUH’ 3Be3]] yMepeHHoH macchl (post-AGB,

Ble] m ap.) mox TUNEPrHraHToB, TPHBEIEHBI
MIPUMEPHI €€ Pa3peILeHMUs.

E. JI. Yenyos

PE3YJIBTATHBI n METO/bI HABJIIO-

JATEJIbHOM PAJJMOKOCMO.JIOT UA

ﬂuccepmauuﬂ HA couckaHue yqeyoﬁ cmenernu OOKmopa
(])us*uko—mameMamuuecmx HAyK

Huccepranus MOCBSIIIIEHA BOKHEUIIUM
HaIpaBJICHUSIM COBpPEMEHHOM HaO0JII01aTeTbHON
KOCMOJIOTHH: HCCIICIOBAHHIO MHKPOBOJIHOBOTO
¢onoBoro  (pemukroBoro)  wm3nyuenuss (PU) wu

paauoranakTUK, a TaKkKe METoJaM aHajiu3a JaHHBIX B

ATHX O0JIACTSIX.
B pabote

pe3yJIbTaThl.

1. [TIpoBepena rayccoBocth kapT PU Ha momHOM cdepe,
MIOCTPOEHHBIX 10 JAaHHbIM crnyTHuka WMAP. Ha
OCHOBAHMM THIIOTE3Bl O CIIyYalHBIX (pa3ax ompeaescHa
3HaYMMas HErayccoBocTs curHaia. C OMOIIBIO
(a30BOro MeTona curHail ObUT paszieNieH Mo pa3inuHbIM
Iuama3oHaM ~ MYJBTHIIONEH W = HWCCIENIOBaHA  HUX
CTaTUCTHKA.

2. Pa3BuTHI M MpUMEHEHbI MeTOo/ibl (Ha30BOrO aHAIU3a,
C MCIOJI30BaHUEM KOTOPBIX M3JIydeHHE Heba pa3ielieHo
Ha paBa KommoHeHTa: P wm wmemaromee (oHOBOE
n3nydeHne  Heba.  Mcmonp3ysh — KOppeNsIHOHHBIE
cBOMcTBa (a3 TapMOHMK B Pa3IMYHBIX KaHaJax U (akKT,
yTo P BO Bcex kKaHanax OJAMHAKOBOE, MOYKHO BBIIEINUTh
STOT CHTHAN, WCIONB3Ys] MHHHMH3AIMIO HEBS30K (a3.
Iloka3aHo HanMuuMe 3HAYUMBIX KOPPESIUUA MEXIy
(azamMu BBIJICJICHHOTO CHT'Hala U (POHOBBIX KOMIOHEHT
(ocobenno mia xkanaa W skcriepumertra WMAP), aro
MOJKET OBITh HHAMKATOPOM BO3MOXXHOH HErayCcCOBOCTH,
00YCJIOBJIEHHON METOANKaMH Pa3JeJIeHUs] KOMIIOHEHT.

3. Pa3paboTaHbl HOBbIE METOBI MHUKCEIU3ALUN KapT
Heba M TPUMEHEHBI NPU BBIYUCICHUU PA3JIOKCHUS
curHaia no cepryeckum rapmonukaM. Hoeiii moaxon

MOJYUCHbI  CJICAYIOIIHME  OCHOBHBLIC

OpUEHTUPOBAaH, MpexAe  BCEro, Ha  TOYHOCTb
BBIYHMCIICHUS cepruecknx TapMOHHK pu
HMHTErPUPOBAHUU o TIOJISIPHOMY yrity c

HCIIOJIb30BaHMEM KBaapaTypel [aycca. s storo
HCIIOJNIB3YIOTCSl HYJIM TIOJIMHOMOB JIeskaHpa B KauecTBe
LIEHTPOB IHKCEJIOB B HANPABICHUH MOJsIpHOTO yria. Ha
OCHOBAaHMM MPEAJIOKEHHOM CETKH BBOJHUTCS HOBas
nukcenu3anus Heba — GLESP.

4, IIJ'IH JaHHbIX U3 PAa3HbIX HOHyJ’l}ILIl/Iﬁ SJUIMITUYCCKHUX

matter blobs. This effect known for P Cyg and other
blue giants turned out to be typical for white hyper
giants too.

e A list of white hyper giants is supplemented with
two new ones: HD183143 and IRC+10420. Two
new objects — HD168607 and HD168625 — were
added to the only LBV of the northern sky P Cyg.

e A problem of spectroscopic “mimicry” of moderate-
mass stars (post-AGB, B[e] and others) to hyper
giants was revealed. The examples of its solution
are given.

E.L. Chentsov

RESULTS AND METHODS OF
OBSERVATIONAL RADIO COSMOLOGY

A thesis for the degree of Doctor of Science in physics
and mathematics

The thesis is dedicated to the most important
directions of modern observational cosmology — the
study of radio galaxies and the cosmic microwave
background (CMB) radiation — and to methods of
analysis of corresponding data.

The basic results obtained in this work are as
follows:

1. The gaussianity of CMB radiation maps of the total
sphere built by WMAP satellite data was tested. On the
hypothesis about random phases a significant non-
gaussianity of signal was determined. By the phase
method the signal was divided into different ranges of
multipoles. Their statistics was studied.

2. The methods of phase analysis were elaborated and
applied to separate the sky radiation into two
components: CMB radiation and an interfering
background radiation of the sky. Using correlation
features of harmonics phases in different channels and
the fact that radiations in all channels are equal, it is
possible to separate this signal by minimizing phase
discrepancy. The presence of significant correlations
between phases of the separated signal and background
components was shown (especially for the W channel in
the experiment WMAP) what can indicate a possible
non-gaussianity caused by methods of the separating of
components.

3. New methods for pixelization of sky maps were
elaborated and applied in calculation of the signal
expansion in spherical harmonics. The new approach is
oriented first of all to precision of calculation of
spherical harmonics when integrating over polar angle
with the use of the Gaussian quadrature. To do this,
zeros of Legendre polynoms are used as pixel centers in
the direction of polar angle. A new pixelization of the
sky - GLESP - is introduced on the basis of the proposed
net.

4. For data from different populations of elliptic
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raJakTUK MTPOBEJICH aHAIN3 BEpXHEH IpaHMIBI BO3pacTa
(dbopMupoBaHus 3BE3AHBIX cucTeM. [1o 3THMM JaHHBIM
OLIEHEHBI TPAaHULBI OIPEAETIEHUs KOCMOJIOTHYECKHX
mapameTpos: Hy=71.5 = 10, Q, = 0.8+0.1 B momenn
GISSEL u Hy = 53.0 = 10, Q, =0.8 = 0.1 B moxenn
PEGASE. Iloka3ano, 49to ()OTOMETpHUYECKUE Z JUIA
MOIIHBIX PaJNOTANAKTHK MJAl0T yIOBIECTBOPHTEIBHOE
cormacue co crekTtpadpHeIMH (ommbOka 10-20%, c
HEeOOJIBIION T0JIeil KPYIHBIX OMIHOOK).

5. C wucnons3oBannem FADPS u BJ] CATS, mno
pe3yabpTataM aHaiau3a Tpex o030opoB Heba (Ha PATAH-
600 B cm nmumanasone B 1995 r., nexkamerpoBoro o63opa

na YTP wu o03opa IRAS B UK-guanasone)
OTOXAECTBIICHBI Gostee 2000 JIEKaMETPOBBIX
HCTOYHHUKOB. [TocTpoeHs! HOBBIE KaTaJIoTH
pagHOraJakTHK,  BKIIOYAIONIME  HOBYIO  BBIOODKY

0OBEKTOB C KPYTBHIMH pamuocnekTpamu. MccriemoBaHa
obmacts 0630opa Ha CeepHom cektope PATAH-600.
IIpoBenensr oToXmecTBIeHUS ¢ o0030poM DSS2 wu
kinaccuukaius mo mopdosoruu u paguocnekrpam. C
MOMOLIBI0 BHYTpeHHel Kkpocc-uaeHTudukaunn WK
karanoroB IRAS wu Texacckoro HH3KO4aCTOTHOIO
paanoKaragora ObUTH MOJYYCHbI CIIUCKA OOBEKTOB IS
NOMONHHUTEIBbHEIX HccienoBanuii. Ha PATAH-600
ObUTM TIPOBEIEHBI MX HAONIOAEHUS JUIS YTOYHEHUS
KOHTHUHYaJIbHBIX PaANOCHEKTPOB. {11 HEKOTOPBIX ObLIN
CHATBHl ONTHYECKHE CIEKTpHl Ha 2.1-M Tereckore
obceparopunn uMm. [.Xapo B Kananea. Pe3ynprarsr
OTOXKIECTBIICHUH IIOKa3alHM, YTO TPUMEPHO TPETh
00BEKTOB M3 TPEIJIOKEHHOW TOABBIOOPKH SBJISIOTCS
B3aUMOJCUCTBYIOIIMMU  ranaktukamu. s psga
00BbEKTOB OBUTM HalJeHBl ONTHYECKHE, WH(paKpacHbIC
U PEHTI'CHOBCKUE OTOXIecTBieHHs. OOHApyKeHO, YTO
MeauaHHas BCJIIMYMHA pasMepa HCTOYHHUKA JJIs
00BEKTOB ¢ KpyThiMHU criekTpamu (0<-0.9) ymeHbI1aercs
C YMEHBILIEHHEM @, HO ocTaeTcs B npeaenax 10-30".

6. PaspaGorana cucrema o0paborkm FADPS
KOHTHHYaJIbHBIX PAJA0ACTPOHOMUYECKUX NAHHBIX H
IporpaMMHOE oOecreueHne Uil aHalu3a (OHOBBIX
m3nydeHnit Ha HeOecHoi chepe GLESP. Bripabotansr
MIPUHIUITBI TTIOCTPOCHUS THOKOW CHCTeMBI 00paboTKH
BEKTOPOB JaHHBIX, MMO3BOJISIOMIME CBOOOAHO BKIIIOYATH
HOBBIE alTOPUTMBI B MOIYJIH CHCTEMBI 00pabOTKH.
[Monp30oBarens MMEET BO3MOXKHOCTh HACTpaWBaTh €€ U

co3maBaTh  COOCTBCHHBIC  MAKEThl.  Peaan30BaHbI
rpadudeckie HMHTEpaKkTUBHBIE 00Oo0jouku. FADPS
B3aumogeicteyer ¢  bBJI CATS. [Jnsa HoBo#t

mukcenm3aiun  Heba GLESP  paspaborano HoBoe
nporpamMmmHoe oOecrieueHne B pamkax FADPS ¢
OTHOCHTENBHOW TOYHOCTHIO TEHEPUPOBAHUS KapThl H
pasnoxenus 1o cepudeckum Gpyrxiusam 1o 107,

7. Pa3paboTaHbl HOBBIE METOABI ¥  IPUHIIHIIEI
nmocTpoeHusi actpodusndeckux bJl, peannzoBaHHbBIE B
KpynHeimux B wmupe bJ pagumoacTpoHOMHUYECKHX
karanoroB CATS u cniekrpoB SEDs B nuanazone ot YO
no UK.

Bl CATS wumeer MpOCTyI0 OpraHu3aluio,
OCHOBaHHYIO Ha ME€PapXMUYECKOH CTPYKType XpaHEHHS U
OIIMCaHMs IaHHBIX U NporpaMM-(QyHKIHH, 1 HE TpedyeT
kommepueckux mnpoayktoB CVYBJI. Ona mno3BossieT
BEITIOJTHATE TIPOLEAYPHI BBEIOOPKA M OTOXKIESCTBICHHS

galaxies, an analysis of the upper limit of formation age
of stellar systems was carried out. By these data the
determination limits of cosmological parameters were
estimated: Hy=71.5 £ 10, Q, = 0.8+0.1 in the model
GISSEL and Hy= 53.0 £ 10, Q4 =0.8 + 0.1 in the model
PEGASE. It was shown that photometric red shifts for
powerful radio galaxies give a satisfactory agreement
with spectral ones (the error is 10-20% with a small
portion of large errors).

5. More than 2000 decameter sources were identified
with the use of FADPS and the data base CATS by
results of analysis of three sky surveys (with RATAN-
600 in the centimeter wave band in 1995, the decameter
survey with the radio telescope UTR and the IR survey
IRAS). New catalogues of radio galaxies were compiled
including a new sample of objects with steep radio
spectra. A region surveyed with the RATAN-600
northern sector was studied. Identification with the
DSS2  survey and classification according to
morphology and radio spectra were carried out. With the
help of internal cross-identification of the infra red
catalogues IRAS and the Texas low-frequency radio
catalogue, list of objects for further investigation were
obtained. To make their continuum radio spectra more
precise they were observed with RATAN-600. Optical
spectra of some of them were taken with the 2.1 m
telescope of the G. Haro Observatory in Cananea.
Results of identification showed that about a third of
objects of the proposed subsample are the interacting
galaxies. Optical, IR and X-ray identifications were
found for a number of them. It was found out that the
median value of source size for objects with steep
spectra (0<-0.9) decreases as a decreases but remaining
within 10-30'".

6. A system for processing continuum radio
astronomical data (FADPS) and software for analysis of
background radiations in the sky sphere (GLESP) were
developed. Principles of building a flexible system of
the processing of data vectors were elaborated which
permit free inclusion of new algorithms into modules of
the processing system. A user can adjust it and create his
personal packets. A graphic interface was implemented.
FADPS interacts with the data base CATS. For a new
pixelisation of the sky GLESP, a new software within
the framework of FADPS was implemented with a
relative precision of generation of map and expansion by
spherical functions up to 10°®.

7. New methods and principles of building of
astrophysical data bases were elaborated and
implemented in the world largest data bases of radio
astronomical catalogues CATS and spectra SEDs in the
range from UV to IR.

The data base CATS does not demand commercial
DBMS products. It has a simple architecture based on
hierarchical structure of storage and description of data
and program-functions. It allows fulfilling procedures of
sampling and identification of sources in different lists
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HUCTOYHHUKOB CPEIH pa3HOOOPa3HBIX CITUCKOB OOBEKTOB.
WNmeroTcst  mmpokue  BO3MOXHOCTH — JIOCTyIa |
HCCIICOBAHMSI CTATHCTHYECKUX CBOWCTB OOBEKTOB.

BJ] SEDs mo3BoJsieT OIeHNBATh KPaCHBIE CMEUICHUS
W BO3pacThl  TaJaKTUK MO0  HAOMIOHATeIbHBIM
(hOTOMETPHYECKIM  [JaHHBIM IyTEM ONTHMAIbHOTO
BBIOOpA IBOJIOIMOHHBIX MOJEJTEH CIIEKTPOB W THIIOB
TTaKTHK C TIOMOIIBIO TOCTPOCHHS TPEXMEPHOU
¢bynkuuu  npasponogodbusi.  Ilpu  pabore cuctema
MOJIEJIMPYET  HAOJIONATENbHbIE  XapaKTEPUCTUKH  C
yueToM (OpMbI KpPHUBOH NPOMyCKaHusi (GUIBTPOB, YTO
MO3BOJIICT 0OOJiee TOYHO OIICHWBATh MOTOKM u K-
MTOTIPABKHU.

O.B. Bepxooatos

CHEIUAJBHBIE METO/bl HABJIOJEHUM
HA AIIIl 1 UCCIIEJOBAHUE CHUHXPOHHBIX
VAPYEHUMA MCTOYHUKOB COJIHEYHOI'O
PAJUOU3JITYUYEHUSA HA PATAH-600

Jluccepmayus Ha couckauue yueHou cmeneHu 0OKmMopa
Quszuro-mamemamuieckux Hayx

[Ipn co3maHuu pagUOTENECKONOB C  OONBIIMMU
(OKYCHUPYIOIIMMH ~ TIOBEPXHOCTSIMH ~ JUIS  CM U
MpuiacxKamumx K HEMY JAuaria3soHoOB JJIUH BOJIH
He00X0aMMO (OPMHPOBAHUE TUTAHTCKOW OTpaKaIOIICH
MMOBEPXHOCTU 3aJaHHOW (OpMBI M €€ COXpaHEHUE C
TOYHOCTBIO JIO MaJibIX Aojeil Mmm. Paguoreneckonsr BITP
n PATAH-600 sBnSIOTCS aHTEHHAMH TIEPEMEHHOTO
mpopuns  (AIIIl). B cBI3m ¢ pacusieHEHHOCTHIO
¢dokycupytomeir noBepxHoct AIIIl Ha oTaenbHbIE
Majple 10 IUIOMAAM  HE3aBHCHMO  YIPaBISIEMBIC
OTpa’KaloIlye AJIEMEHTHI BO3HHKJIA HEOOXOINMOCTH HE
TOJIBKO FOCTHPOBKH KaXXIOTO OTPAXKAIOIIEro 3JEMEHTa
0 TpEM KOOpPAMHATAM, HO U IIOCTPOCHUS U KOHTPOJISL
BCEHl MOBEPXHOCTHU C OOJIBIIUMHE pa3MepaMH B IICJIOM.

Haubonee BakHBIC pe3yibTaThl, MPEICTABICHHBIC B

JuccepTanum:
1.  Paspaboransl ¥  peajgM30BaHbl  METOJBI
panuoacTpOHOMHYECKNX  IOCTUPOBOK  KPYIHEWIINX

pamnoteneckonoB pedaexroproro tuma ¢ AIIIT: BIIP u
PATAH-600. B ycmoBusax, OJNM3KHX K YCIOBHSIM
peanbHBIX HAOIIONCHMH, pEaTn30BaHO OIpEACICHHE
HCXOJHBIX TIOJIOKEHUH OTPaKaIOIIUX 3JIEMEHTOB MO
a3uMyTy, yIJIy MECTa U PajnuyCy ¢ TOYHOCTBIO, PaBHOMH
JECATHIM JOJIIM MM. VICKIIIOYEHBI KHHEMAaTHYECKHe
OUIMOKH, BO3HHMKAIOUIME NPU HAKIOHHOM IIOJIOKEHUHU
OTPaKAIOIIMX 3JIEMEHTOB, a TAKXKE UCKIIIOUEHO BIIMSHUE
HETOYHOCTH YCTaHOBKM M KadecTBa IIOBEPXHOCTH
BTOPHYHOTO OTpaxarens. B  pesynbrare, enuHas
OTpa)karoIlasi MOBEPXHOCTh TTIABHOTO 3€pKajla aHTCHHBI,
arnepTypa KOTOPOH IPEBOCXOAUT B JIECATKH THICSY pa3
MHUHAMAJIbHYIO JUTHHY BOJTHBI HaOmoaeHus,
(dbopMupyeTcsi ¢ OTHOCHTENIbHOM TOYHOCTHIO B3aMMHOMN
MPUBSA3KA OTPAXKAIOIIUX 3JIEMEHTOB B PaJHaIbHOM
HAIpaBIeHHH paBHoit 10 °.

2. Pa3paboraHbl M BHEIpPEHBI B IPAaKTHKY pPabOTHI
PATAH-600 cnoeuuanbHble MeETONbl  HAOIIOAECHUN

of objects. There are ample opportunities for access and
study of statistical properties of objects.

The data base SEDs permits estimation of galaxy red
shifts and ages using observational photometrical data
by an optimal choice of evolution models of spectra and
galaxy types by building a three-dimension likelihood
function. The system simulates observational
characteristics subject to filter transmission curve shape
what permits a more precise estimation of fluxes and K
corrections.

O.V. Verkhodanov

SPECIAL METHODS OF OBSERVATIONS WITH
VARIABLE-PROFILE ANTENNAS AND
INVESTIGATION OF SYNCHRONOUS
INCREASE OF BRIGHTNESS IN SOURCES OF
SOLAR RADIO EMISSION WITH RATAN-600.

A thesis for the degree of Doctor of Science in physics
and mathematics

When creating radio telescopes with big focusing
surfaces for cm wavelengths and adjacent ranges it is
necessary to produce a huge reflecting surface of a given
form keeping precision within small parts of mm. The
radio telescopes BPR (Big Pulkovo Radiotelescope) and
RATAN-600 are variable-profile antennas (VPAs).
Since the VPA focusing surface is divided into small
reflecting elements controlled independently, a necessity
arose not only to align each reflecting element in three
coordinates, but also to build and control the total large
surface as a whole.

The most important results presented in the thesis:

1. Methods of radio astronomical alignment of the
largest radio telescopes of reflector type with VAP —
BPR and RATAN-600 — were elaborated and
implemented. In conditions close to conditions of real
observation a determination of initial position of
reflecting elements in azimuth, elevation and radius to
within accuracy of tenths of mm was implemented.
Kinematical errors arising when reflecting elements are
inclined were eliminated as well as the influence of the
set inaccuracy and of the secondary-reflector surface
quality. As a result, the unified reflecting surface of the
main mirror of antenna with aperture exceeding the
minimum observational wavelength tens thousand times
is formed to a relative precision of mutual affixment of
reflecting elements in radial direction equal to 10 .

2. Special new observational methods “relay” and
“relay with zoning” were elaborated and introduced into
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«ctadeTb» n «3cradersl ¢ 30HUPOBaHUEM», KOTOpPHIE
MIO3BOJISIIOT B IIMPOKOM AManazoHe AiuuH BoiH (1-30 cm)
npoBoanTh ~ MoHuTopuHr  ComHna (B TedeHHe
10-15 gacoB), moxy4aTs MHOTOYACTOTHBIE JBYXMEPHEIC
pamno wu3o0Opaxenns CoNHIA C TPOCTPAHCTBEHHBIM
pa3penieHreM yIiIOBble MUHYTHI - IECSITKH CEKYH].

Ocobennoct KOHCTPYKIIUU PATAH-600
MTO3BOJISIOT COMPOBOXKIATh HMCTOYHHKH KOCMHYECKOTO
paarou3ITydeHHs MPY TOMOIIM NEepeMENIeHus M0 TPEM
KOOpJIHHATaM OTpaXKaroIInX 9JIEMEHTOB,
(dhopMHUpYOIIUX pab04yI0 YacTh aHTCHHBI, TIOBEPXHOCTh
KOTOpPO! IIOCIIE/IOBATEIbHO MEPEMEIIAcTCsl 10 KOJIBILY
[JIABHOTO 3€pKajla B COOTBETCTBUM C a3MMYTOM
Ha0II01aeMOro MCTOYHUKA. [IpOTSHKEHHOCTD anepTypsl
pabodeifi yacTH  aHTEHHBI B  TOPU3OHTAIHHOM
HATIPaBJICHUU TpU HAOIIONEHUH METOIIOM «3CTaeTh»
paBHa 64 —92 M. JIns yBenWYEeHHs 3TOM BEIHMYUHBI 10
600 m u COKpAIIEHUS BpeMeHH! MEXTY
MTOCTIeIOBATENbHBIMA HAOMIOACHUSIMH HCTOYHHKA [0
2-3 MuHyT  pazpaboran  meron  «dcradersl ¢
30HHUPOBAHUEM). I[OCTI/IFHyTaH BbICOKasA TOYHOCTH
(mecsaThie MOIM MM) Ha MacmTabax B COTHH M THICSYU
KBaJIpaTHBIX ~MeTpOB (opmupyeMoil  oTpaxkarouien
MIOBEPXHOCTH MO3BOJISIET COXPAaHUTh MPOCTPAHCTBEHHO-
BPEMEHHYIO KOT'€PEHTHOCTh IPUHUMAEMBIX CHTHAJIOB
KOCMUYECKOT'0 HCTOYHHKA.

3. IlpemnoxeH W peald3oBaH METOA ‘‘DKCHpecc-
KOHTpOJSA”,  MO3BOJSAIOIIMM ¢ TOYHOCTBIO 1’
KOHTPOJIMPOBATh  HABEICHWE IIEHTpa  IUArpaMMBI
HalpaBJICHHOCTH AaHTCHHBLI IO YTy MECTa BO BpEMA
HaOmoneHuit  paauomsiydenuss CosHIa, a  TaKke
BOCCTAaHABJIMBATh €0 IOJIOKEHUE B YK€ MPOBEAEHHBIX
HAOIIOICHUSX.

4. Pa3zpaboraH ® peasn3oBaH CHOCOO IMOCTPOCHUS
JIByXMepHoro paanonzobpaxenus Conxua Ha PATAH-
600 MeTomoM TIOCIEeAOBATEIBHOTO  a3MMYyTaJIHHOTO
amepTypHOTO CHHTE3a C MCIIOIh30BaHUEM HAOJFOICHHA
B pexknMe “actadeTsl ¢ 30HUPOBAaHHEM W BTOPUYHOTO
OTpakaTens c KOHHYECKOH MTOBEPXHOCTBIO.
N3o6pakenune Ha BOJIHE 8.01 cm nMeeT
NPOCTPAHCTBEHHOE paspemenue 0ps =47 x 168 "

5. IToka3zaHo, YTO CUHXPOHHBIE YSAPUYEHUsI HCTOUYHUKOB
COJIHEYHOT'O MHKPOBOJIHOBOTO paaron3ITyYeHus
(cuMmmaTHyYecKkue BCIUIECKH), YAAIEHHBIX JIPYr OT JIpyra
HA PACCTOSHHS BILIOTH 10 L > 10° KM, perucTpupyoTcs
BO BpeMs MHKPOBOJHOBBIX BCIIECKOB Pa3iIMYHBIX
TUIIOB WHIIH IpU NOBBINICHUU HWHTCIPAJIbHOT'O ITOTOKaA
MSITKOTO PEHTTEHOBCKOT'O M3ITyYeHUSI.

6.  OOHapyXeHbl  JMHEHHO  KOppEIUpPOBAaHHbIC
KpynHOMacIITaOHbIe (Ha MHTEpBajax BpeMeHHU 2-4 daca
HAOMIONECHNI) BpPEMECHHBIE KOMIIOHCHTHl THHAMUKH
W3MEHEHHS OTHOCHUTENBHBIX TIOTOKOB HCTOYHHKOB
COITHEYHOT'O PaJUOM3Iy4YeHUs, YTAIEHHBIX JPyT OT
JIpyra Ha PacCTOSHMS BILIOTH 10 3HAaYeHHit > 10° k.

7. OmpeneneHsl HIKHHE TPAHUIBI  CKOPOCTH
BosMymaromux areHToB  V = (0.3 - 10) - 10°km/c u
V > 10* kM/C COOTBETCTBEHHO JUIS IByX Pa3IMIHBIX
MEXaHU3MOB CHHXPOHHBIX ySPYEHHH HCTOYHHKOB
COJIHEYHOI'0 PAJMOU3IYUYEHHS] B Y3KOM CIEKTPaJIbHOM
nuanazoHe anuH BonH (1.92-4.5cMm) — BiusHue
BOJIHOBBIX (l)pOHTOB 1 BBICOKOOHCPTHUYHBIX 3JICKTPOHOB,

the RATAN-600 operation. They allow monitoring the
Sun during 10-15 hours within a wide wavelength range
(1-30cm) and obtaining multi-frequency  two-
dimensional radio images of the Sun with spatial
resolution of angular minutes or tens of angular seconds.

RATAN-600 construction features permit tracking
sources of cosmic radio emission by moving in three
coordinates reflecting elements forming an operative
part of the antenna the surface of which shifts
sequentially along the ring of the main mirror according
to azimuth of an observed object. A horizontal length of
aperture of the operative antenna part is equal to 64 —
92 m when observing by the “relay” method. To
increase this value to 600 m and to reduce time between
consecutive observations of a source to 2 — 3 minutes
the method of “relay with zoning” was elaborated. An
achieved high precision (tenths of mm) at scales of
hundreds and thousands square meters of formed
reflecting surface allows keeping a time-spatial
coherence of signals received from a cosmic source.

3. A method of “express control” was elaborated and
implemented. It enables one to control a pointing of the
antenna beam center to within 1' in elevation during
observations of radio emission of the Sun and to restore
its position in observations which were carried out
already.

4. A way was elaborated and implemented to build a
two-dimension radio image of the Sun with RATAN-
600 by a method of consecutive azimuth aperture
synthesis with the use of the “relay with zoning” mode
and of the secondary reflector with a conic surface.
Spatial resolution of the image at a wave of 8.01 cm is
Bps =47 x 168".

5. It was shown that synchronous increase of
brightness in sources of microwave solar radio emission
(sympathetic flares) separated by distances up to
L>10’km are registered during microwave flares of
different types and/or when integral flux of soft X-ray
radiation increases.

6. Linearly correlated large-scale (on the time
intervals of 2-4 hours of observations) time components
in dynamics of changes in relative fluxes of solar radio
emission sources separated by distances up to 10° km
were detected.

7. Lower limits of velocities of disturbing agents were
determined as  V=(03-10)-10°km/s  and
V>10"km/s for two different mechanisms of
synchronous brightening of sources of solar radio
emission respectively in a narrow wavelength range
(1.92 —4.5 cm). This is influence of wave fronts and
high-energy electrons propagating from a place of the
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PpacupoCTPaHAIOIIKXCS OT MECTA IEPBUYHOTO BCILIECKA.

PanunoactpoHOMUYECKHII METOA IOCTUPOBKH IO
ConHlly B TEUYE€HHE MHOTUX JIET HCIOJIB30BAIICA Kak
ennHCcTBeHHBIN Ha BIIP, criocoOcTBOBaN MCCIIENOBAHMIO
mapameTpoB PATAH-600 1 pa3BUTHIO IPYTHX METOJOB
FOCTUPOBOK, SBHJICS 0a30# TS pa3BUTHS CIICIHATBHBIX
meTonoB HaOmonenuit Ha PATAH-600.

O.A. I'onybuuna

3BE3/IHOE HACEJIEHUE INEPE®EPUN
JUCKOBBIX I'AJIAKTUK
Huccepmayuss  na  couckanue  yueHoU — cmeneHu

KaHOuoama Qhu3uKo-mamemamudeckux Hayx

CoBpeMeHHbIE TEOPUH MPOUCXOXKICHUSA U IBOIIOINU
TaJakTUK MMEIOT HEIOCTATOYHYIO HAOII0JaTeNbHYIO
OCHOBY, Y4TOOBI OOBSICHUTH CYIIIECTBOBaHHE
MHOT'OKOMIIOHEHTHOW 3BE3JHON CTPYKTYphl TaJIaKTUK
(GanmK, TOHKMH M TOJCTHIA TUCKU | raio). [loaTomy, B
HEPBYIO ouepenp, HE00X0JUMO yBEJINYEHUE
HaOmonarensHOM  mHGpopManuu. OcoOblif  MHTEpec
npeacTaBisieT nepudepus ranakTHK, rie HabIIoMarTCs
MIPOTSDKEHHBIE 3BE3/IHBIC CTPYKTYPBI, TOJCTHIA IHCK U
rajo, COCTOSIIME W3 CTapblX 3BE3J C MaJlod
METAUIMYHOCTBIO W Hecymue HMH(QOPMAIMI0 O
TIePBUYHBIX JTanax 9BOJIOLUH raJaKkTHK.
JuccepTrarioHHas pabota HaIpasJeHa Ha
HCCIIEIOBAaHNE B  [JHUCKOBBIX TallaKTHKaX  TaKUX
MIPOTSKEHHBIX 3BE3AHBIX MOJCUCTEM.

Ha ocnoBe 3Be31HO oToMeTpuu 18 cripaibHbIX U
UPPETYJISIPHBIX I'aJIaKTUK Pa3HOW CBETUMOCTH, JIIKALHX
3a mpenenaMu MeCTHOH TIpymmbl, OBUIO BBLIEIEHO
3BE3HOE HACEJICHHE Pa3HOr0 BO3pPacTa U ONpPENEIEHEI
rapameTpsl €ro IPOCTPAHCTBEHHOTO pacIpeleieHns] B
rajJjakTHKax.

IIpu pabote OBLI HCTIOJIH30BaH METOJ
HETIOCPEICTBEHHOTO MMOJICYeTa 3BE3/ Pa3HOrO BO3pACTa,
YTO ITO3BOJIMJIO HOBBICHTH MPEAEN PETHCTPALMU ClIabbIX

gacTefl rajgakTHK, [0 CPaBHCHHIO C  METOIOM
MTOBEPXHOCTHOU (hOTOMETPHH.

ITpn HCCIIEN0BaHUU 3BE3HBIX CTPYKTYP
UPPETYJSIPDHBIX W CHUPAIBHBIX  TAJAKTHK  OBUTH

MOJIyYEHBI CIEIYyIONINe Pe3yIbTaThL:

1) BmepBble wuccienoBaHbl TJ00aNbHBIE 3BE3THBIC
MOJCUCTEMBl Yy CHUPAJbHBIX TAJAKTUK 3a Hpeeramu
MectHoil rpynnsl. B cnupanbHBIX M HPPETryNISIpHBIX
rajJlakTUKaX pPa3sHOHM CBETUMOCTH HAWAEHBI TOJCTHIE
JVCKH, COCTOSIIME M3 CTapblX 3BE3]l — KPacHBIX
THT'aHTOB. B TeX cnmpasnbHBIX TalakTHKaxX, TA€ NMEIHCh
YCIOBUSI IJIsl TIOUCKA, OBIIM OTKPBITBI M MPOTSKECHHBIC
rajo, TaKKe COCTOSIINE U3 CTAPBIX 3BE3L.

2) OmnpepeneHo, 4YTO W3MEHEHHE  YHMCICHHOM
IUIOTHOCTH KPacHBIX THUTaHTOB u 3Be31
ACHUMIITOTUYECKON BETBM TMTAHTOB TOJICTOTO IHMCKA H,
BEPOATHO, Taj0 BJONb pajuyca TaJaKTHKH CIEIyHT
SKCHOHEHIMAIbHOMY 3aKOHY.

3) Haiineno, 4TO TpagveHTHl NaJeHUS YHCICHHOM
IUTOTHOCTH 3BE€37 BAOJb PaJyca TAIAKTHKH 3aBHCAT OT
Bo3pacTta 3Be3[. bojee Mojoable 3BE3IBI  HMEIOT

primary flare.

The radio astronomical method of alignment by the
Sun that was used during many years as a unique one at
the BPR contributed to investigation of RATAN-600
parameters and to development of other methods of
alignment. It was a base for development of special
observational methods at RATAN-600.

O.A. Golubchina

STELLAR POPULATION IN PERIPHERY OF
DISK GALAXIES

A thesis for the degree of Candidate of Science (PhD) in
physics and mathematics

An observational base of modern theories of origin
and evolution of galaxies is not sufficient to explain a
multi-component stellar structure of galaxies (a bulge,
thick and thin disks and a halo). So, first of all it is
necessary to increase observational information. Of
special interest is a galaxy periphery where we observe
extended stellar structures, a thick disk and halo
consisting of low-metallicity old stars and carrying
information on initial stages of galaxy evolution. The
thesis is aimed at studying such extended stellar
subsystems in disk galaxies.

A stellar population of different age was selected
and parameters of its spatial distribution in galaxies
were determined on the basis of stellar photometry of 18
spiral and irregular galaxies of various luminosity.

A method of direct count of different-age stars was
used what permitted to improve a registration limit of
faint parts of galaxies in comparison with the surface
photometry method.

In studying stellar structures of irregular and spiral
galaxies the following results were obtained:

1) Global stellar subsystems in spiral galaxies outside
the Local Group were investigated for the first time.
Thick disks consisting of old stars — red giants were
detected in spiral and irregular galaxies of various
luminosities. Extended halos consisting of old stars were
also discovered in those spiral galaxies where there were
conditions for search.

2) It was determined that the number density of red
giants and stars of the asymptotic branch of giants in the
thick disk and probably in halo along the galaxy radius
follows an exponential law.

3) It was found out that the drop gradient of number
density of stars along the galaxy radius depends on star
age. The density decrease gradient of younger stars is
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OOJIBIINI TPAINEHT TAJICHUs! IFIOTHOCTH, MO CPAaBHEHHIO
CO CTapbIMHU 3BE3JaMH.

4) BrepBble HaWIEHO, YTO TPAJAWEHTHI YHCICHHOM
IUIOTHOCTH KPACHBIX TMTAHTOB TOJICTOTO JAWCKAa M Tajo
HUMEIOT pa3Hble 3HAUCHHMS, YTO HCIOJIb30BAHO HAMH JUIS
OTIpEJeNICHNS TPAHUIIBI MEXly Ha3BaHHBIMU 3BE3JHBIMU
MOJCUCTEMAMH.

5) BmepBele ompenenaeH pasMep 3BE3IHOTO Talio
CITUpaNbHBIX TalakTuk. OKa3anock, 4TO OHO B 2-3 pasa
MPEBBIIAET pa3Mep TOJICTOro aucka. IlokazaHo, uTO
rajo MMeeT CIUTFOCHYTYIO Y TIOJIFOCOB TalakTHK (opMy.

IIpunumas Bo BHUMaHHE CIly4allHBII BBIOOpP
rajJakTUK, MOKHO C OOJIBIIOH BEpPOSTHOCTHIO CUHMTATh,
YTO TOJICTBIE JAUCKU M Tajio, COCTOSIIME U3 CTapbIX
3BE3[, SABJIIOTCA COCTABHOM YacThIO BCEX CIMPANIbHBIX
raJaKkTHUK.

O.A. I'anazymounosa

PAJJUOTEJIECKOII PATAH-600 B PEXHUME
PAJJUOT'EJIMOTPADA

Huccepmayuss  na  couckanue  yueHou
KAHOUOAma Qu3uKo-mamemMamuyeckux Hayx

cmenenu

Juccepranysi IOCBSIIEHA PELICHHIO MTPOOIEeMbI
JIIByXMepHOro KaprorpagupoBanusi CoiHIA W JAPYIuX
paanoucrounnkoB Ha PATAH-600. B Heit uccnemyercs
MIPUHINAIHAIBHO HOBBIH cnocob paboTsl
pamuoTeneckona, B KOTOPOM 32 CYET HapylIeHHs
paBeHCTBa Xoja JIyuyel B aHTEHHOH cucreme,
HecnH(a3HOTO  OONyYeHHS TIaBHOTO 3epKajia W
YaCTOTHOTO  CKAHUPOBaHWS ~ WCTOYHUKA  yJaercs
HOJTy4YaTh HM300paXEHUS] MCTOYHHKOB C MaKCHMAaJbHO
Bo3MOXHBIM st PATAH-600 mpocTpaHCTBEHHBIM U
BPEMEHHBIM pa3pelieHHeM OJHOBPEMEHHO Ha BCeX
BOJIHaX paboyYero Iuana3oHa TeJleCKoma.

Pexxum panuorenuorpada ObUT NPEJIOKEH paHee
JIPyTUMHU aBTOPaMH, OJTHAKO JIETAIBHO HE UCCIIEI0BAJICS.
B nanHol paboTe OBbUIO MOJIydEHO IpeicTaBieHne 000
BCEX OCHOBHBIX COCTaBIIIOIIMX IPOLECCa HMOCTPOCHHUS
n300pakeHHH  JaHHBIM ~ MeTonoM. VccienoBanue
pexuMa paauoresorpada NpOBOIHIOCH C HOMOIIBIO

KOMITBIOTEPHOTO ~ MOJEJIMPOBAHUS C  IOCIERyrouen
3KCIIEPUMEHTAIILHOM MIPOBEPKOMI MOJIyYEeHHBIX
pE3YbTaTOB.

OCHOBHBIE pe3yNbTaThl TUCCEPTALMOHHON PaOOTHI:
e Ha mnpumepe PATAH-600 wuccienqoBan HOBBII
€Hoco0 MoCcTpOoeHUsI M300paXKEHUIA, CoYeTaroHl B cede
4acTOTHOE CKaHWPOBaHUE u UCIIOJIb30BaHKE
HecrH(a3HOTO 00TyUYCHUS AaHTCHHEI.
e Co31aHa KOMITBIOTEpPHAS MOJENb paauorennorpada
PATAH-600, mo3Bossiomas pacCUUTHIBAThE OOJIBIIOE

YHCIO  PAa3HOOOPA3HBIX  YCTAHOBOK  aHTCHHBI U
COOTBETCTBYIOIIMX WM JHarpaMM HAlpaBICHHOCTH,
OLICHMBATh WX  XapaKkTePUCTHKH,  HMUTHPOBATh
HaOJNIONEHNWsST W BOCCTaHABIMBATH  HM300payKEHUS

PaaoONCTOYHUKOB. Pa3zpaboTaHHBIA TakeT Mporpamm
MOXXET TIPHUMEHATHCA TaKkkKe Ui TPOBEICHUSA H
00paboTKK HAOIOACHUIA.

e (C moMoImbI0 MOJETUPOBAHUS IPOAHATU3UPOBAHBI

steeper than that of older stars.

4) It was first detected that the gradient of number
density of red giants in the thick disk differs from that of
halo what was used to determine a boundary between
those stellar subsystems.

5) A size of stellar halo in spiral galaxies was first
determined. It turned out to exceed the size of thick disk
2-3 times. It was shown that the halo shape is oblate at
galaxy poles.

Taking into account a random choice of galaxies it
may be considered with high probability that the thick
disks and halo consisting of old stars are components of
all spiral galaxies.

O.A. Galazutdinova

RADIO TELESCOPE RATAN-600 IN THE RADIO
HELIOGRAPH MODE

A thesis for the degree of Candidate of Science (PhD) in
physics and mathematics

The thesis is dedicated to solution of a problem of
2D mapping of the Sun and other radio sources with
RATAN-600. It considers a radically new method of the
radio telescope work in which the source images are
simultaneously obtained at all wavelengths of the radio
telescope working range with a RATAN-600 maximum
possible spatial and temporal resolution at the expense
of breaking equality of ray paths in the antenna system,
an out-of-phase illumination of the main mirror, and the
frequency scanning of a source.

The radio heliograph mode was suggested earlier by
other authors, but it was not investigated. In this work a
notion about all basic components of the process of
mapping by this method was obtained. The study of the
radio heliograph mode was carried out by computer
modeling with subsequent experimental testing of
obtained results.

The main results of the thesis are as follows:

e By the example of RATAN-600 a new method of
constructing images was investigated. It combines a
frequency scanning and the use of out-of-phase
illumination of antenna.

e A computer model of the RATAN-600 radio
heliograph was built. It permits to calculate a lot of
various antenna settings and their corresponding beam
patterns, to estimate their characteristics, to simulate
observations and restore radio source images. A
developed software package can be applied to fulfill and
process observations.

e  Parameters of different antenna settings and beam



118 OTHYET CAO 2004-2005 SAO REPORT

mapaMeTpel  Pa3IM4YHBIX  YCTAHOBOK  aHTCHHBI H
XapaKTCPUCTHKH JuarpaMm HaIpaBJIC€HHOCTH.
I[MompoOHO paccMOTpeHa 3aBUCHMOCTH — KOJHYCCTBA

9JIEMEHTOB B YCTaHOBKAaX OT MOJOXCHUS MCTOYHUKA H
(doxyca mns pa3HBIX Mozenel aHTeHHHL [loka3aHo, 9TO
B HaOmonennsx CoiHI@ MOXET OBITh HCIOJIB30BAHO
Obomee  OBYX TpeTe  MOBEPXHOCTH  KPYrOBOTO
oTpaxkatens. Jns nguarpaMM HAmpaBJIeHHOCTH NpHU
pa3NMYHBIX BapUaHTax pachpeneneHus (a3pl MO B
amepType CHeJaHbl OIECHKHA AaMIUIMTYIbI JICIIECTKOB,
BCJIIMYHHBI 110JI1 3pCHU, KOPPEJIAIIMOHHBIX
xapakTepucTuk. (OOOCHOBAaHBI ~ TPOCTBIE  CHOCOOBI
OILICHKY NIMPHHEI TIOJOCHl YaCTOT U PACCTOSHUS MEKIY
KaHaJIaMH PaJroOMETpa, MO3BOJISIONINE BBIYUCIUTD ITH
BEJIMYUHBI TSI OOJIBIIOTO YHCIIA PA3TUIHBIX YCTAHOBOK
¥ BBHIOWpaTh HamOoJee MOIXOIAIINE ISl HAOIFOICHUIHA.
[ToxazaHo, 4TO OOBIYHBIE OMMOKN B yCTAHOBKE aHTCHHBI
He OyIyT 3aMeTHO HMCKaKaTh acHMH(]A3HBIE TUATPAMMBI
py HaOJIOACHUSIX HAa CM BOJIHAX.

e Ha ocHoBe aHanu3a 3aBucuMocTH (pazoBoit GpyHKuMi

MoJis OT KOOpJAMHAT B amepType pPacCMOTPEHBI
U3MCHCHUA AuarpaMmm HalpaBJICHHOCTU
pamnuorenuorpada ¢ uwacroroir. [lokazaHo, YTO B

YCTAaHOBKaxX C OOJIBIION pa3sHOCTHIO XOJAa THIl TaKUX
W3MEHEHHMH HE 3aBUCHUT OT (pa30BOT0O paclpeseeHus Ha
OCHOBHOH 4acToTe M ONpeNensieTcss TeoMeTpHei
yCTaHOBKH (TOJNIOKEHHEM (POKyca, pacIoIOKEHHEM
IITUTOB). BolgeneHbl  yCTaHOBKM € JMHEMHOM
abeppallioHHON  (QyHKIMEH, B KOTOPHIX  (opma
JyarpaMM HalpaBJICHHOCTH HE MEHSETCS C YacTOTOM.
BHuMaHNe K TaKMM yCTaHOBKAM CBSI3aHO C TEM, UYTO, BO-
HEPBBIX, MOSIBISIETCS BO3MOXKHOCTH CBECTH 33/1ady
NOCTPOEHHs1 ~ M300pakeHHs K  IPOCTPAHCTBEHHO-
WHBAapUAaHTHOW M YIPOCTHTH 00pabOTKY, U, BO-BTOPBHIX,
HEKOTOphIE M3 TaKUX YCTAHOBOK HEIPUTOMHBI JUIs
TIOJTy4eHHsI U300paKeHNH 1 UX cIeqyeT n30erars.

e lccaenosano Ka4ecTBO BOCCTaHOBJICHUS
MOJENBHBIX HM300paKeHWH C TOMONIBIO  METOAA
MaKCHMAaJIbHOI SHTPONHMH M KOPPEISIMOHHOTO METOA.
Ilokazano, 4ro mnst  paguorenuorpaga  MeETOX
MaKCHMaJIbHOI SHTPONMH AaeT Oojee KaueCTBEHHBIE
pe3yJbTaThl M €ro MOXKHO HCIIONB30BaTh Ul JIFOOBIX

BapHAHTOB KaprorpapupoBaHus B pexnme
panuorenuorpada. OH MO3BOJIAET MOJIy4YUTh
YAOBIETBOPUTENIbHbIE  PE3YyJAbTaThl  MPH  MaJoM

OoTHOlIeHHH curHa/mym (~1) W HemosHOM Habope
WCXOJIHBIX JTaHHBIX.

e [IpoBenens! nepsrie HaOmoaeHus CoiHLA U OPYTHX
PaJMONCTOYHUKOB B  pexuMe paauorenuorpada.
[NoaTBepkeHa BO3MOXKHOCTh OBICTPOrO  HOJyYEHHS
n300paKeHUH C TIOMOLIBIO TAaHHOTO MeEToda W Ha

mpumMepe OKOJIO3CHUTHBIX HNCTOYHHUKOB IIOKa3aHO
COOTBETCTBUEC Haunbosee MOIITHBIX JICTICCTKOB
PpacCuYE€THBIX n Ha6J'I}O,Z[aCMBIX JuarpaMmm

HalpaBJICHHOCTU KaK JJid CI/IHq)aBHOFO, Tak U JIsd
acuH(Da3HOro crocoda HaOIII0ICHUH.

JI.B. Onetikuna

pattern characteristics were analyzed by modeling. A
dependence of the number of elements in settings on the
source position and focus was considered in detail for
different antenna models. It was shown that more than
two thirds of the circular reflector’s surface can be used
in observations of the Sun. The lobe amplitudes,
viewing fields and correlation parameters were
estimated for beam patterns at different variants of field
phase distribution in aperture. Simple ways to estimate
the frequency band width and distance between
radiometer channels were justified. They permits to
calculate these values for a big number of different
settings and to choose the most appropriate for
observations. It was shown that usual errors in antenna
setting would not noticeably distort out-of-phase beam
patterns in observations at centimeter wavelengths.

e  Frequency-variations of the radio heliograph beam
pattern were considered on a basis of dependence
between the field phase function and aperture
coordinates. It was shown that in settings with big path-
length differences the type of such variations does not
depend on phase distribution at a basic frequency and is
determined by the setting geometry (a focus position, a
distribution of panels). The settings with a linear
aberration function were found in which the beam
pattern is not frequency-depending. An attention to such
settings is related to the fact that, first, a possibility
arises to reduce a problem of image construction to a
spatially invariant one and to simplify the processing
and, second, some of such settings are unsuitable for
obtaining images and they should be avoided.

e A quality of model image restoration was
investigated by a maximum entropy method and by a
correlation method. It was shown that for the radio
heliograph the maximum entropy method gives more
high-quality results and it can be used for any variants
of mapping in the radio heliograph mode. It permits to
obtains satisfying results at a small signal-to-noise ratio
(~1) and incomplete set of initial data.

e  The first observations of the Sun and other radio
sources were fulfilled in the radio heliograph mode. A
possibility of the fast obtaining of images with this
method was confirmed. An agreement between the most
powerful lobes of calculated and observed beam
patterns was shown by an example of near-zenith
sources for both in-phase and out-of-phase
observational modes.

L.V. Opeikina





