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TE3UCHI JUCCEPTALIA

CEM®EPTOBCKHUX
PA3HBIX

HNCCIEJOBAHUE
FAJIAKTHK, HAXOJAIIUXCS HA
CTAUSX BBAUMOJAEUCTBUS

Huccepmayus  na  couckanue — yueHou
KaHouoama @Qu3uKo-mamemamuieckux Hayx

cmenenu

Juccepranus MOCBSIICHA JIETATBHOMY
UCCIIEIOBAaHUI0 W30paHHBIX TAJAKTHK C AaKTUBHBIMHU
SOpaMH M BBUICHEHHIO  MEXaHHU3MOB  JIOCTaBKH
«TOINIMBA» B MX ILEHTpalbHble oOnactu. B pabore
paccMaTpuUBalOTCsS TaJaKTUKH Ha pPas3HbIX CTaAMAX
B3aMMOJICHCTBHA - OT B3aMMOACUCTBHUS C OmrpKaumien
TaJJaKTUKOW OKPY>KEHHS [0 JOBOJBHO 3K30THYHOIO
CJIMAHUA Cpa3y C AIBYMs CITYTHUKaMM.

BHepBbIe JUIA UCCIIE€A0BaHUA IaJIaKTUK C aKTUBHBIMU
SIAPAaMH UCIIOJIB30BAINCH /1BA NPHUHLUIHAAIBGHO Pa3HBIX
Meroza MTaHOpaMHOU CHEKTPOCKOIHUY:
MYJIbTH3PaYKOBBIN crnexkrporpad (MPFS) u
ckanupyromuit  uHTepPepomerp Dadpu-Ilepo (IFP).
UccrenoBanme ceilepTOBCKAX TalaKTHK C ITOMOIIBIO
MPFS mo3BomsieT W3y4arh ABIKCHHE Ta3a M 3Be3] B
HETIOCPEICTBEHHOW OKPECTHOCTH aKTHBHOTO Spa, B TO
Bpemss kak [IFP pmaer BO3MOXHOCTH TpOCIEAUTH
NBIDKEHHE ra3a Ha OONpIIMX MacmTadax W IONyYdTh
MHOpPMALIMIO O pacIpelesieHNd Ta30BOH W 3BE3/HOU
COCTaBJISIFIOIIUX MO BCEMY JAUCKY TaJlaKTHKH.

Mrk 315: W3omupoBaHHass Ha TEpBBIH B3N
ceiipeprosekas ramakruka Mrk 315 ¢ yBepeHHOCTBIO
OblTa KiIaccu(UIMPOBaHA KaK rajaKTHUKa, HAXOAAIIAsICS
B Ipouecce ciusHus. M3 aHanu3a JaHHBIX NaHOPaMHOM
CHEKTPOCKONHMH HAaWIEHO KMHEMAaTHYECKH BBIJEICHHOE
BTOpPOE AP0, MPUHAUIEKAIIEE TaTaKTHKEe-CITy THHUKY.

OOHapy»XeHO CKaThe W WOHHU3aluMs ra3a Ha (QpOHTe
CUJIBHOW YJApHOM BOJHBI OKOJIO BTOPOro siApa.
BEICOKOMOHM30BaHHBII Ta3 IBHXKETCA C OOJBIIMMH
CKOPOCTAMHU OTHOCHUTEJIBHO BpAIEHUS TaJaKTHUKH,
KOTOpBIE COOTBETCTBYIOT CKOPOCTH BTOpOro supa. I'az
CBsA3aH C TI'UTI'aHTCKHUM (l)I/lJ'laMeHTOM, ABJIAOIIUMCS
OCTaTKOM KapJIMKOBOH TraJlakTHKH, KOTOpasi, Tepsis ra3 u
3Be3[bl, mponula ckBo3b rajgo Mrk 315. Bropoit
¢umaMeHT CcBA3aH C OMHCCHOHHOW  KapJMKOBOH
TaJakTUKOH, KOTOpasi HMEET KpacHOEe CMeEIleHHe
omuzkoe k Z Mrk 315. Okasanoch, 4YTO TajlaKTHKa
Mrk 315 B3amMomeiCTByeT cpa3y ¢ ABYMS CITyTHHUKAMH.
IIpudem CTONKHOBEHHME C OIHUM M3 HHUX IIPHUBEIO K
yZAapHO! BOJIHE B JMCKE M PE3KOMY CXKATHIO ras3a, 4ro, B
CBOIO o4yepeanb, MOTrJI0 SABHUTHCS HUMITYJIbCOM K
AKTUBU3AIMH IIporieccoB «muTaHus» AGN.

NGC 6104: Bo BHyTpeHHEH O00JaCTH TaJlaKTHKH
NGC 6104 oOHapy»XeHBI SIBIICHHS, KOTOPbIE YKa3bIBAIOT
Ha CYIIECTBOBaHME [DKETa pa3MepoM He Oolee
HECKOJIbKUX COTEH Hapcex. Bsaumopelictue
paguo/LKeTa €  OKpY’KaloLIe MEX3BE3OHOW cpenoi
MIPUBOJUT K H30BITKY «CHHUX» CKOPOCTEH B JHMHUIX
HOHM30BaHHOTO Ta3a (mo 40 kM/c 1Mo JIydy 3peHus)
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THESES REVIEW

STUDY OF SEYFERT GALAXIES AT
DIFFERENT STAGES OF INTERACTION

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

The thesis presents a detailed study of selected
galaxies with active nuclei and finds the mechanisms of
delivering the «fuel» into their central regions. The
paper considers galaxies at different stages of interaction
— from an interaction with the nearest neighbouring
galaxy to a rather exotic merger with two companions at
once.

For the first time two principally different methods of
panoramic spectroscopy were used for the study of
active galactic nuclei: a multi-pupil spectrograph
(MPFS) and a scanning Fabry—Pérot interferometer
(IFP). The study of Seyfert galaxies with the multi-pupil
spectrograph allows studying the motions of gas and
stars in the immediate neighbourhood of the active
nucleus, while the IFP enables tracing the movements of
gas at large scales, and obtaining the data on the
distribution of gas and stellar components throughout
the galactic disk.

Mrk 315: an ex facte isolated Seyfert galaxy Mrk 315
was confidently classified as a galaxy at the stage of a
merger. From the analysis of panoramic spectroscopy
data, a kinematically separated second nucleus was
found, belonging to the companion galaxy.

Gas compression and ionization were detected at the
front of a vigorous shock wave next to the second
nucleus. The highly ionized gas is moving at immense
velocities with regards to the rotation of the galaxy,
corresponding to the velocity of the second nucleus. The
gas is related to a gigantic filament, a remnant of a
dwarf galaxy, which, losing its gas and stellar
population, made a passage through the halo of Mrk
315. The second filament is linked with a dwarf
emission galaxy, that has its redshift close to the one of
Mrk 315. It turned out that the Mrk 315 galaxy is
interacting with two companions at the same time.
Interestingly, the collision with one of them lead to a
shock wave in the disk, and an abrupt gas compression,
which could, in its turn, become the pulse activating the
processes of «feeding» of the AGN.

NGC 6104: In the internal region of the NGC 6104
galaxy some events were discovered, pointing at the
existence of a jet not exceeding a few hundreds of
parsecs in size. Interaction of the radio jet with the
ambient interstellar medium leads to an excess of «blue»
velocities in the ionized gas lines (up to 40 km/s on the
line of sight), and a peculiar mode of the velocity field
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NEeKyJIIpHOMY BUIY noiisi ckopocteit B muauu [OII]. U3
JUAarHOCTHYECKUX JUarpaMM CIeIyeT, 4YTo JDKeT
BO3MOJXKHO JIa€T JOOJHUTENBHBIN BKIIa YAapHBIX BOJH
B HWOHHM3AaLMIO OKpykaromero rasa. Ha paccrosHun
1-5 KK OT LIEHTpa BBISABICHBI paJvaibHBIC IBMKCHUS
(~50 kM/c) MOHM30BAaHHOTO Ta3a, HAIpaBJICHHBIC BJIOJb
6apa K s1py.

JuarHoctuueckne auarpaMMbel M HaOIO#aeMoe
3amenneHue BpameHus B JmHuu [NII] oTHOcHTENBHO
nuHUM H, yka3bpIBaloT Ha 3aMETHYI0 pOJib, BHOCHMYIO
yIapHbIMH (PPOHTAMH B MOHH3ALUIO OKPY’KAIOIEro ras3a
Ha KpoMmkax Oapa. Meromom Tpumeiina-BeiinOepra
M3MepeHa yIioBas CKOPOCTh BpalleHHs Oapa. Y Oapa
OTCYTCTBYET BHYTPEHHHH JIMHAOJIAIOBCKUI pE30HAHC,
TaK YTO pPagHAIbHBIC MOTOKM ra3a MOTYT JIOCTHTraTh
aKTMBHOTO  siipa, oOecrednBasi  TOIUIMBOM  €r0
«UEHTPATBbHYIO MALIHHY.

B okomnosimepHOM KOIbIE TEMIT 3BE3J000pa30BaHUS
coctaBmgeT ~70% OT TeKymero Temma B TalaKTHKe
(SFR~7 Mo/rox). Ilpu 3TOM KOJIBILIO paclojaracTcs Ha
yinbTparapmonudeckom (1:4) pesonance Oapa. dopma
KOJIbIIa HWCKa)XXEHA, OTMEYEHO CMEIIEHHE IIeHTpa
OTHOCHUTENIFHO sipa. Bo3MOXHO, 4YTO acumMmerpus
BbI3BaHA HEJIABHUM B3aHUMOJICHCTBHEM C OTHOCHTEIHHO
MacCHUBHBIM CIHYTHHKOM. Bo BHemHux obiactsax
TajJlakTUKd Ha pacCTOSHHUAX 25-45 KNk 0T LeHTpa
00OHapy KEHBI MIPOTSKEHHBIE aCHMMETPHUYHBIC
(rTaMeHTH HU3KOW TOBEPXHOCTHOH spkocTh. [loxoxme
000TIOYKH, Tak HazbBaeMas «psiOb» (ripples), Moryr
0o0pa3oBbIBaThCS B TallaKTUKaX IIpU  IpoJeTe
TaJaKTUKU-CIYTHUKA WM TIPH aKKPELUH KapIMKOBBIX
rajaKkTuK.

N3 ananmmza cHUMKOB, mody4deHHbIX Ha BTA,
ClIe/lyeT, 4TO TMOCJe BBIYUTAHUS MOJEIH JHCKAa Ha

OCTaTOYHBIX  M300p@KEHMSX  TalaKTHKH  BUJIHA
CTPYKTYpa, KOTOPYIO MOKHO OOBSCHUTH
pa3BaJMBAIONIMMCST TIOA JIEHCTBHEM IPHIMBHBIX CHII
cnytHuKOM.  llpexamomaraemass  Macca  CIyTHHKa

coctasisieT 2-7% ot maccsl NGC 6104.

Mrk 533: Anamu3 TOJsI CKOpOCTEH HOHH30BAaHHOTO
rasa B aucke Mrk 533 moxkaszan Haanune 3HAYMTEIbHBIX
HEKpPYTOBBIX JIBI)KEHHH, a TaKkke M3rU0 ra30BOro IUCKa,
BBI3BAHHBI €r0 B3aMMOJAEHCTBHEM CO CITyTHHUKOM.
Kapra paguanbHbIX JBM)KEHHM B Ta30BOM JHCKE
Mrk 533  neMoHCTpUpyeT HEKpYroBbl€ JBHIKEHHS,
BbI3BAHHBIC B3aHMO)leﬁCTBHeM, a HMMCHHO: HaATCKaHHUC
ra3a Ha LEHTP BJOJIb CEBEPHOTO CHHMPAJIbHOTO pyKaBa U
BIONb Oapa. OOHapy»XeHO OKOJIOSIEPHOE HCTEUEHHE
rasa BJIOJIb MaJIOH OCH TaJIaKTHUKH. AHAJIN3 KHHEMAaTHKH
HMOHM30BAaHHOTO Ta3a M (popMeI pod et 3ampemeHHbIX
JVHUH yKa3bIBAa€T Ha CIIOXKHBIM XapakTep CTPYKTYpHI
00J1aCTH IEHTPAIBHOTO KMWJIOTIApCeKa.

[IpocTpaHCTBEeHHAs JIOKaNM3alMs KHHEMATHYECKH
BBIJIC/ICHHBIX KOMIIOHEHT MOHM30BaHHOTO Ta3a BbI3BaHA
BSaMMOﬂeﬁCTBHeM PEIATUBUCTCKOT'O JOKETa C
OKpYXKalolled MEeX3BEe3HOW Cpeloi, Halo aeMoro
Takxe B paguoauanazone (VLBI),

A.A. Cmupnosa

2007 - 2008

SAO REPORT

in the [OI] line. It follows from the diagnostic
diagrams that the jet is possibly providing an additional
contribution of shock waves into the ambient gas
ionization. At the distance of 1-2 kpc from the centre,
we detected radial movements (around 50 km/s) of
ionized gas, pointed along the bar to the nucleus.

Diagnostic diagrams and the observed rotation slow-
down in the [NII] line relative to the H, line testify for
the notable contribution brought in by the shock fronts
into the ionization of the ambient gas at the edges of the
bar. We measured the angular velocity of the bar’s
rotation using the Tremaine-Weinberg (TWR) method.
The bar is lacking the internal Lindblad Resonance, and
therefore the radial flows of gas may reach the active
nucleus, thus fuelling its «central machine».

In the juxtanuclear ring, the star formation rate is
approximately 70% of the overall rate in the galaxy
(SFR~7 Mo/year). Taken that the ring is located in the
ultraharmonic (1:4) bar resonance. The shape of the ring
is distorted; there appears a shift of the centre with
regards to the nucleus. It is possible that this asymmetry
is prompted by a recent interaction with a relatively
massive companion. Extended asymmetric filaments
with low surface brightness are discovered in the outer
regions of the galaxy at the distances of 25-45 kpc from
the centre. Similar shells, the co-called “ripples” may be
formed in the galaxies in the event of a passage of a
companion galaxy, or while accreting dwarf galaxies.

It follows from the analysis of the images obtained
on the BTA that after the subtraction of the disk model,
the residual galaxy images show a structure that can be
explained as a companion that undergoes disintegration
by the tidal forces. The expected companion mass makes
up 2-7% from the mass of NGC 6104.

Mrk 533: Analysis of the velocity field of ionized
gas in the disk of Mrk 533 indicates the presence of
substantial non-circular motions, as well as a curve of
the gaseous disk, prompted by its interaction with the
companion. The map of radial motions in the gaseous
disk of Mrk 533 demonstrates noncircular motions,
namely: inflow of gas in the centre along the northern
spiral arm and along the bar. The juxtanuclear gas
outflow along the minor axis of the galaxy is discovered.
An analysis of kinematics of the ionized gas and the
forms of forbidden line profiles indicate a complex
character of the central kiloparsec-scale structure.

Spatial localization of kinematically separated
components of ionized gas is prompted by the
interaction of the relativistic jet, as well observed in the
radio range (VLBI), with the ambient interstellar
medium.

A.A. Smirnova
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HABJIIOJATEJIBHBIE IMPOSABJIEHUSA
BBICTPOITEPEMEHHBIX PEJATUBUCTCKHUX
OBBEKTOB

Huccepmayusi  na  couckaunue — yueHou
KaHouoama @uauxo-mamemamuyeckux Hayxk

cmenenu

Huccepramus MTOCBSIIIICHA aHaN3y
HAOJIOMATEIBHBIX TPOSIBICHUNA PA3JIUYHBIX KJIACCOB
OBICTPOIIEPEMEHHBIX ~ PEJIITUBUCTCKUX  OOBEKTOB -
OJIMHOYHBIX aKKpenupyromux dYepHerx apip (YI)
3BE3HBIX Mmacc, IyJIbCAPOB, HCTOYHUKOB
ramMMa-BCIiecKoB. OHUM U3 BaXXHEUIIIMX CBOWCTB 3THUX
OOBEKTOB  SIBIIIETCSI TIEPEMEHHOCTh HW3IYYCHHSA C
MUHUMAaJIbHBIMH XapaKTepHBIMU BpEeMEHaMHU.
Teopernueckuii aHaMM3, METOIBl 0OPaOOTKH NAHHBIX H
HAOMIOAGHUS STHX SBICHUA COCTABISIOT IPEIMET
JIUCCEePTALINH.

Pa3paborana Teopernueckas Moaeab chepuaecKkoit
akKkpelMu Ha ojuHouHble YJ[ 3Be3gHBIX Macc C
JMIUCKPETHBIM TIEPE3aMBIKAHUEM MATHUTHBIX CHJIOBBIX
JUHUI B  TypOYJICHTHBIX TOKOBBIX ClOsIX. [lpu
JMUCKPETHOM MEXaHWU3ME JHCCUIANMKA  MarHUTHOM
SHEPruu ITyYKH 3JIEKTPOHOB, YCKOpEHHbIE
Mepe3aMbIKaHHEM  MAarHUTHBIX ~ CHWJIOBBIX  JIMHUH,
TEHEPUPYIOT OYEeHb KOPOTKUE BCITBIIIKH, SBISIONIHECS
MIPUYNHON MTepeMEHHOCTH OJieCKa HA MHKPOCEKYHIHOM
TIKaJIe.

Pa3paboranbl MeToApl aHaMM3a HAOIIOAATEIHHBIX
JTAaHHBIX BBICOKOTO BPEMEHHOTO paspeniexus,
MOJIy4aeMbIX CYETYMKaMUi ()OTOHOB B MAHOPAMHOM H
OJHOKAHAJIbHOM  peXHUMax. PaccMOTpEeHbl METOMbI
MOUCKAa OBICTPOM TEPEMEHHOCTH C HCIIOJIb30BaHHUEM
npeoOpasoBanuss @dypbe, a TakKe OCHOBAaHHBIC Ha
aHanuze pacnpeneneHus WHTEPBAJIOB MEXITY
MOCTICIOBATCIBHEIMA KBaHTAMH (METOH  Y,-(OyHKIIHK).
Pa3zpaborana MeTonmKa HCCIENOBAaHHUSA CTAOMIBHOCTH
MPUX0Ja UMITYJIBCOB IO KPOCC-KOPPEIUN OIIOPHOTO
po UL U3MYUCHUS U KPUBBIX OJecKa, MOTydaeMbIX O
KOPOTKHM CEerMEHTaM JaHHBIX.

Pa3paborana METOHKa MIPOBEACHUS
MOHHTOPUHIOBBIX ~ HAOMIOACHWH  IIHPOKOIOIHHBIMH
KaMepaMy Ui TOMCKA W HCCIICAOBaHMS OBICTPBIX
ONTHUYECKUX TpaH3ueHTOB. lIpemioxkeH anroputm
aBTOMATHYECKOTO  BBIACICHHS ¥ KIacCU(pHUKAIMU
TPAH3UCHTHBIX COOBITUH, KOTOPBIH pealn3oBaH B
[IPOTrPaMMHOM obOecrnieueHNH JUTS OBICTPBIX
IIUPOKOMNOJBHBIX ~ KaMe€p  BBICOKOTO  BPEMEHHOI'O
paspemeanss FAVOR u TORTORA. IlpuBenenst
pe3ynpTaThl HAOMIOACHUI IO «pearupyromei» cxeme
TpexX TaMMa-BCIUIECKOB M  ONpEACTICHB  BEpPXHUE
Mpeaesbl Ha YPOBEHb IEPEMEHHONH KOMIIOHEHTHI
W3IYYeHHS WX ONTHYECKMX KOMIIAHBOHOB Ha IIKaie
HECKOJIbKUX MUHYT MOCJI€ TaMMa-BCTIBIIIKH.

IIpoBeneno uccnenoBanve 0OBEKTOB-KaHAUIATOB B
onuHouHble YJ| 3BE3AHBIX MacC C HCMHOJb30BAHUEM
KOOpPJIMHATHO-4yBCTBUTENbHOTO feTekTopa Ha BTA.

O0bekt 8C 0716+714 otHOCAT K Ona3apam, OJHAKO
BOIIPOC O €ro BHETaJaKTUYECKOM MPOUCXOKIECHUU 10
CHX TIOp OCTaeTcs OTKPHITHIM. [ToNydeHbl orpaHHYeHHS
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OBSERVATIONAL MANIFESTATIONS OF FAST
VARIABLE RELATIVISTIC OBJECTS

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

The thesis is dedicated to the analysis of
observational manifestations of various types of fast
variable relativistic objects — single accreting stellar
mass black holes (BH), pulsars, the sources of
gamma-ray bursts. One of the most important properties
of these objects is radiation variability with minimal
characteristic times.

The theoretical analysis, the techniques of observations
and data reduction of these events are the objects of this
thesis.

We elaborated a theoretical model of spherical
accretion on single stellar mass BH with a discrete
reconnection of magnetic lines of force in turbulent
current sheaths. In the conditions of discrete mechanism
of magnetic energy dissipation, the electron beams,
accelerated by the reconnection of magnetic lines of
force, generate very short flares that cause brightness
variability on the microsecond scale.

We developed techniques of analysis of high
temporal resolution observational data, acquired by
photon counters in panoramic and single-channel modes.
We discuss the methods of finding fast variability using
the Fourier transform, as well as those based on the
analysis of interval distribution between consecutive
quanta (y,-function method).

We elaborated a technique for the studies of impulse
arrival stability according to the cross-correlation of the
emission support profile and light curves, obtained from
short data segments.

We elaborated the technique of monitoring
observations using wide-field cameras for the search and
studies of fast optical transients. An algorithm of
automated detection and classification of transient
events, software-realized for the FAVOR and
TORTORA fast wide-field cameras with high temporal
resolution.

The results of observations of three gamma-ray bursts
based on the «reacting» scheme are quoted and the
upper restrictions are determined on the relative power
of the variable emission component of their optical
companions at the scales of several minutes after the
gamma-ray burst.

A study of single stellar mass BH candidates was
made with the use of a coordinate-sensitive detector on
the BTA.

The object 8C 0716+714 is classified as a blazar,
though the question of its extra-galactic origin is still
open. We obtained the restrictions on the relative
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Ha OTHOCHTEIIEHYIO MOIIHOCTh epeMeHHOM
KOMIIOHEHTHI ONTHYECKOTO H3IIyYeHHs Ha IIKalIe OT
10°c no 0.1c ma yposHe or 17% mo 1.4%,
COOTBETCTBEHHO, 4YTO  COIJIACYETCS C  MOJEIbIO
HUCTOYHMKA KaK BHETaJaKTHYeCKOro o0bekTa ¢
M3JIy4alOIUMKA  CTPYHHBIMH  BbIOpOCaMH, a  He
rajJakTH4ecKOro 0ObeKTa 3BE3/IHON MAacChI.

O0bexT JI1942+10 Ob1 OTOOpaH B Ka4eCcTBE
KaH/WJaTa B YepPHbIC ABIPHI M0 M3IYYCHHIO B PAlU0 U

PEHTTEHOBCKOM  JMamNa3oHe, KOHTHHYaJIbHOMY
ONTHYECKOMY CHEKTpy, a TakXke [0 IepeMEeHHOCTU
Onecka Ha  OonbmMx  BpemeHax. [losyyeHHBIE
OTpaHUYEHUS Ha OTHOCUTEIIBHYIO MOII[HOCTh

IepEeMEHHOM KOMIIOHEHTHI M3/TyueHns (Ha mkane ot 10°
1o 1 cex Ha ypoBHEe OT 92% 10 3.4%, COOTBETCTBEHHO)
YKa3bIBalOT Ha TO, YTO J3TOT OOBEKT HE SBISETCA
OJIMHOYHOH YepHOMU ABIPO 3BE3AHON MacCHhI.

I'paBuTanioHHast JIMH3a MACHO-99-BLG-22
ABJSIETCST  HamOoJee  HaASKHBIM  KAaHAWIATOM B
omuHounble YJI. Ananmm3 ee KpuBOM Oilecka |
COINOCTaBJIEGHUE  C KHHEMaTH4IeCKON MO/IENBIO
lajnakTuky TO3BOJISIET ONpENeNuTh TpU Haubosee
BEPOATHBIX MOJEIH O00BEKTa CO  CIEIyIOUIMMHU
rapameTpamu - paccrosiHue ot Habmopatens 0.5, 2 u
6 xnk u Maccel 130, 27 u 3.5 Mo, COOTBETCTBEHHO.
[Momyuenst OIpaHUYEHUS (nanHBIC HST u
XMM-Newton) Ha mapameTpsl Bo3MokHOH YJ| B
paMKax  MOJENM  TEHEpalud  HU3JIyYCHUS  IpH
cepudeckoit akkpeuuu. [lo maHHRIM HaONrOIEHWHA Ha
BTA ompeneneHsl BepXxHHE IPEAETH HA OTHOCUTEIBHYIO
MOIIHOCTh MEPEMEHHOH KOMIIOHEHTHI M3Iy4€HHsS Ha
BpeMeHax oT 10 110 1 cek, 4TO MO3BOIAET OTBEPTrHYTH
MIPENIOJIOKEHHE, UTO 3TO - Onu3kas MaccuBHas Y. Jlmst
BBIOOpa MEXIy JBYMS OCTaBIIMMHCS BapHaHTaMHU
TpeOYIOTCS IOTIOJTHUTEbHBIE HAOII0ACHHS.

[IpoBenen aHanu3 craOWIBHOCTH KpHUBOW Oiecka
ONITHYECKOTO M3JIy4eHHs Irysibcapa B KpaOoBumHOMH
tymanHoctH (BTA u 4.2-m Tenmeckorne uMm. Bumbsima
lepmrens, Kanmapckme ocTpoBa) ¢ HUCHONB30BaHUEM
MAaHOPAaMHBIX W OJHOKaHAJIbHBIX CYETYMKOB KBAHTOB.
OOHapyxeHbl BapHallil MOMEHTOB IIPUX0/Ja UMITYJIbCOB
C aMIUINTYAOH OKOJO HECKOIBKHX MHKPOCEKYHJ Ha
IIKaje, CPaBHUMOH C JUIMTENBHOCTHIO HHTEpBaa
HaOmonenuit  (monrtopa-nmBa  waca).  CpaBHeHue
BEJIMUMHBI  3TOro  3¢deKkra ¢ HU3BECTHBIMH 110
panuoHaOMIOJEHUsIM ~ MapaMeTpaMu  «BPEMEHHOTO
mymMa»  ITI0Ka3blBaeT  IIPEBBILIEHHE  HaOII0IaeMon
aMIUTMTYZBI HAJl OXKMJAaeMOH, YTO MOXKET YKa3blBaTh Ha
HaJIMYUE OTIEJbHOM, BO3MOXKHO KBa3HIEPUOJMYECKOMH,
KOMITOHEHTEI ryma. ITpoBeneno CpaBHEHHE
MHTETrpaJbHBIX MpoQuiIel KpUBOH OsiecKa, MOMydIEeHHBIX
mpu HaOJMIOACHUSX B paszHele Toabl. OOHapyKEHBI UX
3HAUYMMbIC BapHaLlMM, KOTOpPBIE WHTEPIPETHPYIOTCS
n3MeHeHHeM (pOpMBI ITTABHOTO U BTOPUYHOT'O IYJIECOB U
pacCTosIHUA MEXKIY HUMU.

C.B. Kapnos
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potency of the variable emission component on the
scales from 10° s to 0.1 s at the level from 17% to 1.4%,
respectively, which is matching the source model as an
extra-galactic object with emitting jet releases, and not
that of a galactic object of stellar mass.

The object J1942+10 was selected as a candidate
black hole in view of its emission in radio and X-ray
ranges, its continuum optical spectrum, and brightness
variability at long temporal intervals.

The restrictions obtained on the relative power of the
variable emission component (on the scales from 10° to
1 s at the level from 92% to 3.4%, respectively) indicate
that this object is not a single stellar mass black hole.

A gravitational lens MACHO-99-BLG-22 is the
most sure single BH candidate. An analysis of its
brightness curve, and a comparison with the kinematic
model of the Galaxy allows determining the three most
plausible models of the object with the following
parameters: distance from the observer 0.5, 2 and 6 kpc,
and masses of 130, 27 and 3.5 Mo, respectively.

We obtained the restrictions (HST and XMM-Newton
data) on the parameters of the possible BH within the
model of emission generation under the conditions of
spherical accretion. According to the BTA observational
data, the top restrictions were determined on the relative
potency of the variable emission component on the
scales from 107 to 1 s, which allows discarding the near
massive BH hypothesis. In order to make a choice
between the two remaining variants we would need
further observations.

We made an analysis of the light curve stability of
optical emission of the Crab Nebula pulsar (the BTA
and the 4.2-m William Herschel telescope, Canary
Islands) with the use of panoramic and single-channel
quantum counters. Variations of impulse arrival times
with the amplitude of around several microseconds on
the scales comparable to the duration of the observations
interval (1.5-2 hours).

A comparison of the magnitude of this effect with the
known via the radio observations parameters of the
«temporal» noise demonstrates a surplus of the observed
amplitude over the expected one, which may identify the
presence of a separate, possibly quasi periodic noise
component.

A comparison of integral light curve profiles obtained
during the observations made at different epochs was
made. We discovered significant variations of light
curve profiles, which are interpreted by the form
variations of the main and secondary pulses and the
distance between them.

S.V. Karpov
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OIITHYECKOE OTOXIECTBJIEHUE
PAJMONCTOYHHUKOB KATAJIOT'A RC

Huccepmayus  na  couckanue — yueHOU — cmeneHu
KaHouoama @Qu3uKo-mamemamuieckux Hayx
Juccepranus MOCBSILICHA ONITHYECKOMY

OTOXKIECTBICHUIO PAaTUOMCTOYHHUKOB Karajora RC,
MONyYEeHHOTO TI0 MarepuanaM Tirybokoro o03opa
XOJIOA-80, mposenennoro va PATAH-600.

OT MaipIX [0 YMEPEHHBIX KPacHBIX CMEIICHUI
(Z<1) momHBIe PagUOUCTOYHUKH OTOXKIECTBISIOTCS C
MACCHUBHBIMH OJUIMNITUYCCKHUMH TIaJlaKTUKaMH, 4YacCToO
HaxoJAImuXxCcsa B CKOINICHUMX. Xors MMPOCTPAaHCTBECHHAA
IINIOTHOCTH MOUIIHBIX paauorajakTuk HU3Kas u
onennsaercs B ~10°Mnk>, HO B pamMomManasoHe HX
MOXXHO  HAONIONaTh  TNPAKTHYSCKH Ha  JIFOOOM
KOCMOJIOTHYECKOM ~ pacCTOSiHWM.  V3yueHnme  Bceid
TIOITYJIAIIUY B IIETIOM HeceT WH(POPMALHIO 0 (PU3NIECKUX
mporeccax, MPOUCXOMAIMIMX B  OKPY)KEHHH 3THX
00BEKTOB Ha paHHHUX CTAAWAX IBOJIONHUK BceneHHOMH,
ITO3TOMY Ba)KHO HOJYYHTH MPEICTABUTEIBHBIE BEIOOPKH
JTAIEKUX PaioTaIaKTHK.

[ToCcKONBKY TONBKO MO CHEKTPAJbHBIM [aHHBIM B
OITHKE OLIEHUBAETCS KOCMOJIOTHYECKOE PACCTOSHUE, TO
oOHapyxeHue POUTETBCKIX raJlaKTHK
PaaAuONCTOYHHUKOB ABJIACTCA 06}13aTeHLHI)IM mraromM B ux
W3YYCHUM. Onruueckoe OTO/IECTBJICHUE
PaMONCTOYHUKOB  TpeOyeT 3HAYUTEIBHBIX  3aTpaT
HaOMOAaTeNEHOr0 BpeMeHrn. OTHUX TOJIBKO KOOPAWHAT
PaAMONCTOYHIKA YaCTO HEJOCTATOYHO I ONITHIECKOTO
OTOXKIECTBICHHUA, W HeoOXoanma HH(OpMAIUsI O €ro
JeTanbHOM cTpykrype. Ilpn Hamuuuu HECKOJBKHUX
ONTHYECKUX KaHAWIATOB IS BHIOOpA pPOAUTENBCKOM
TaTaKTHKA MIPHUBIIEKACTCA JIOTIOJTHUTEbHAS
uHpopManus, KaK-TO: CICKTPAIbHBIC u
(hoToMeTpHYECKHE JaHHBIC, TUIT 00BEKTa U T.II.

B paboTe BBINOIHEHO ONTHYECKOE OTOXKIECTBICHHE
IIByX BBIOOPOK paIUOMCTOYHHKOB Karamora RC.
[lepBass BEIOOpKa - WMCTOYHUKH, HCCICIOBABIIHECS IO
nporpamme «bonbiroe Tpro», BTopas BeIOOpKa — BCE
paamoncrouHnku karamora RC, momaBmue B 00MacTh
0030poB He6a SDSS u FIRST.

Yacto  ucmojb3dyemas — METOIUKA  CENEKIHH
KaH/IMaTOB B JAJIEKUE PaJHOTaIaKTHKH, CBOOOIHAS OT
3¢(GeKTOB  CeNeKUMH B  ONTHKE, OCHOBaHA Ha
KOppEJISAIUN HAOJII01aeMON KPYTH3HBI PaIUOCIICKTPa H
KPacCHOrO CMENICHWs i paauoranaktuk. OnHa
MOJIb30BAJIaCh MPH COCTaBiICHUU SS-BBIOOPKHU (05>0.9)
panuoucTrouHukoB karaiora RC.

Bribopka wucciemoBaiach B MpOrpaMMme ITIOMCKa
nmaneknx Taimaktuk «bompmoe Tpuo» (PATAH-600,

VLA, BTA). SS-BeiObopka OTOXZECTBISLIACH IO
pamuokapraMm VLA ¢ CEeKyHOHBIM  YIJIOBBIM
paspemieHHeM W HAOIIOJATENbHOMY  MaTepHaiy,

nonyuyerHoMy Ha BTA. Ilo mpsmemm II3C-canMkam c
NpUMEHEHHEM pPa3pa0OTaHHONW METONUKH BIIEPBEIE
BBITIOJIHEHO ONTHUYECKOE OTOXKICCTBICHHE SS-BBIOOPKH,
4YTO  TIO3BOJMJIO IPOBECTH (OTOMETPHYECKHE U
CIIEKTPAJIbHBIC HUCCIICA0OBAaHUA POJUTCIBCKUX T'aJIaKTUK,
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OPTICAL IDENTIFICATION
CATALOGUE RADIO SOURCES

OF THE RC

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

The thesis is dedicated to the optical identification
of radio sources from the RC catalogue that was
generated based on the data from the COLD-80 deep sky
survey conducted on the RATAN-600.

From small to moderate redshifts (Z<l1), powerful
radio sources are identified with massive elliptical
galaxies, often located in galactic clusters.

Although space density of powerful radio galaxies is
low and evaluated as ~10°Mpc™, in the radio range they
can be observed almost at any cosmological distance.

The study of the entire population as a whole bears
information on the physical processes taking place in the
surroundings of these objects at the early stages of the
evolution of the Universe. This is why it is important to
obtain representative samples of distant radio galaxies.

As it is only in view of the spectral data that we can

evaluate the cosmological distances in the optics, the
detection of parent galaxies of radio sources is a
necessary step in their study.
Optical identification of radio sources requires extensive
expenses of observational time. For optical identification
it is often not sufficient to have the radio source
coordinates only. The data on its detailed structure is as
well required.

When we have a few optical candidates for the
choice of the parent galaxy, we supply additional data,
such as: spectral and photometric data, the object type,
etc.

We performed optical identification of two samples
of radio galaxies from the RC catalogue in this paper.
The first sample represents the sources under study
within the framework of the Big Trio programme, the
second sample presents all the RC catalogue radio
sources that fell into the region of the SDSS and FIRST
sky surveys.

The technique most often used for the selection of
candidate distant radio galaxies, free from the selection
effects in optics, is based on the correlation of the
observed steepness of the radio spectrum and redshifts
for radio galaxies. It was used during the compilation of
a SS-sample (Steep Spectrum, o>0.9) of the
RC catalogue radio sources.

The sample was studied within the framework of the
Big Trio search programme (RATAN-600, VLA, and
BTA). The SS-sample was identified based on the VLA
radio maps with sec. angular resolution and based on the
observational data, obtained on the BTA.

Using direct CCD images and applying the technique
elaborated, we performed the optical identification of
the SS-sample for the first time. This allowed us to
conduct photometric and spectral observations of the
parent galaxies, determine the redshifts for around 70%
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ONpeJeNIUTh KpacHble cMeulenust ans ~70% u3 HuX, a
TaKXKe 00HAPYKUTh JTATICKYIO TaJIAKTUKY
RCJ0311+0507 (Z=4.51) ¢ SKCTpEeMaJbHO MOIIHBIM
paanoOM3IIyYeHHEM B CAHTUMETPOBOM JHAIIa30He.

ABTOMaTHYECKOE OTOXKIECTBIIEHUE
PaAMONCTOYHUKOB B pannomuamnasoHe 4acTo
3aTPYIOHSIETCS MHOTOKOMIIOHEHTHOH CTPYKTYpOH W/WiH
OONBPIIMMH YTJIOBBIMH pa3MepaMH PaJHOMCTOYHHKA, a
TaKX€ HEJOCTATOYHON KOOPAMHATHOM TOYHOCTBIO U
HHU3KUM yFJIOB]:lM paspeujeHMeM OTACIIbHBIX
panuokaranoroB. IlosTomy aBTOMaTHdeckas Kpocc-
UICHTU(DUKAIMS PAJUOKATAJIOTOB HE JAaeT TaKOro XKe
BBICOKOTO TPOIICHTA COBITAJICHUN, KaK JJIs KaTaJloTOB B
OITHKE.

B pabore ocoboe BHUMaHHE  YIEISIOCH
MPUMEHUMOCTH TIPOTPaMMHBIX CpPEICTB BHPTYAIBHOU
oOcepBaTopun, pa3paboTaHHBIX 1Mo cTaHmaptam [VOA

(International ~ Virtual ~Observatory Alliance), wu
IrOpUTMaM aBTOMATHYECKOTO OTOXIECTBIICHHS
paaroOMCTOYHUKOB.  Peanu3oBana  aBTOMAaTHuecKas

HNOATOTOBKA JaHHBIX ISl ONTHYECKOTO OTOXKAECTBICHUS
CIHCKAa  PaJMOUCTOYHUKOB  C  HCIOJb30BAaHHEM
nporpaMMHseIX cpencts IVOA.

B o6mactm kartamora RC, coBmamaromei ¢

oo3opamu  FIRST wu SDSS, BnepBble yTOYHEHBI
KOOpAMHATBI, IIpOBEACHA Mopdostoruyeckas
KIacCU(pUKAIMsT ¥  OLEHKAa YIJIOBBIX  pa3MepoB
HCTOYHHKOB, OTIPEJETICHO COOTHOIIICHHUE
OJTHOKOMIIOHEHTHBIX " MHOTOKOMITOHEHTHBIX
PaIHOUCTOYHHUKOB 110 JaHHbIM 0030pa FIRST.
IIpoananuzuposaHo MOBE/ICHNE CIIEKTPOB

pPaauouCTOUYHUKOB B nuamnazoHe 74-4850 MI'u. Jns 320
paauorcTOYHUKOB Katajora RC, ¢ YTOYHCHHBIMH I10
karajgoraM NVSS u FIRST xoopaunaramu, npoBeneHo
ONTUYECKOEe OTOXAeCTBIeHUEe ¢ o03opom SDSS. Jlons
OTOXJECTBIIeHUH coctaBisier ~70%, oTrMeTum, 4TO

oTOXIecTBIeHHss 1o o003opy DSS oOpruno He
npessimaet 30%.

BrmonaeHo CpaBHEHHE JIBYX4aCTOTHBIX
CHEKTPAITBbHBIX WHIEKCOB (ma 74 - 365 MI'y n
1.4-4851Tu) paaumouctounukoB karamora RC ¢
U3BECTHBIMU pagUOTaTaKTHKaMU ¢ Z>3 (10 JaHHBIM
NED) wu oTMedeHa KOppeSIIMsS JIBYXYaCTOTHBIX

CIICKTPAJIbHBIX HMHACKCOB U KPACHOT'O CMCUICHUA.

O.1I1. JKeneuxosa

OYHIAMEHTAJIBHBIE ITAPAMETPBI
KOMITIOHEHT MAJIOMACCHUBHBIX
KPATHBIX 3BE3/] KATAJIOI'A HIPPARCOS

Huccepmayuss  Ha  couckanue  yuenoi
KaHouoama Qu3uKo-mamemamuieckux HayK

cmenenu

Juccepranusi MOCBAINICHA H3YYCHHIO (HU3UUCCKHUX
napamMeTpoB W JWHAMUYECKUX CBOWCTB JIBOMHBIX U
KpaTHBIX 3BE3]] C KOMIIOHEHTAaMH MaJIbIX MacC MO CIEKJI-
HHTEPPEPOMETPHUYSCKIM HAOIIOJICHUSIM Ha TEJIECKOIIe
BTA. Takue wucciaenoBaHusi BaXKHbl ISl YTOUHEHUS
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of them, and to discover a far galaxy RC J0311+0507
(Z=4.51) with an extremely powerful radio emission in
the centimeter range.

Automated identification of radio sources in the
radio range is often made difficult by multi-component
structures and/or large angular sizes of radio sources, as
well as by insufficient coordinate accuracy and low
angular resolution of individual radio catalogues. This is
why automated cross-identification of radio catalogues
does not yield as high a percentage of matches as
opposed to the optical catalogues.

The thesis paid special attention to the applicability
of the virtual observatory software, developed according
to the IVOA standards (International Virtual
Observatory Alliance), and to the automated radio
source identification algorithms. We implemented an
automated data reduction procedure for the optical
identification of a radio source list with the use of the
IVOA software.

In the region of the RC catalogue matching with the
regions of the SDSS and FIRST sky surveys, we for the
first time refined the coordinates, made a morphological
classification, and an evaluation of the angular sizes of
the sources; we determined the ratio of single- and
multi-component radio sources according to the FIRST
survey data.

We analyzed the behavior of the radio source
spectra in the range of 74-4850 MHz. For 320
RC catalogue radio sources, with their coordinates
refined from the NVSS and FIRST data, optical
identification was made with the SDSS survey. The rate
of identifications makes up approximately 70%, while
we shall note that identifications on the DSS survey
normally do not exceed 30%.

A comparison was made (at74-365MHz and
1.4-4.85GHz) of the RC catalogue radio sources
double-frequency spectral indices with the known radio
galaxies with Z>3 (according to the NED data). We
noted a correlation between the double-frequency
spectral indices and redshifts.

O.P. Zhelenkova

FUNDAMENTAL PARAMETERS OF THE
HIPPARCOS CATALOGUE MULTIPLE STAR
COMPONENTS

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

The thesis presents a study of physical parameters
and dynamical properties of binary and multiple systems
with low-mass components based on the speckle-
interferometric observations conducted on the BTA
telescope. These studies are important for refining the
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CTaTUCTUYECKUX 3aBHCHUMOCTEH Mexay (uandyeckumu

rapameTpamu 3BeE31, pemeHus rpo0iemM

3Be3/1000pa3oBaHusi M JAMHAMUYECKOW CTaOWIBHOCTH

KpaTHBIX 3Be3a. OCHOBHAs 4acTb OOBEKTOB BBIOOPKH —

9TO IBOMHBIE M BO3MOXKHO HEOJWHOYHBIC 3BE3IBI U3

karanora HIPPARCOS. Yacte W3 HHX MOTYT OFBITH

CHCTEMaMH C IIepUOAAaMH OpPOUTAIBHOTO [BHXKEHHS

KOMITOHeHT Topsinka 1-10 Jyer. 3a HECKOJIBKO JIET

HHTEPHEPOMETPHUCCKIX HAOIIONACHHI TaKHX CHCTEM

MOXHO TIOCTPOUTH BBICOKOTOYHBLIC Op6I/lTbl, a ¢

NIPUBJIEYEHUEM U3MEPEHUl  TPUTOHOMETPUYECKUX

MapajulakCcoB, CHEKTPAIBHBIX M (OTOMETPUUYECKUX

JIAaHHBIX OIpEAeuTh (yHIaMeHTaNbHbIE IapaMeTphI

KOMITOHEHT, B TOM YHMCJIE TOYHbIE TUHAMHYECKHE MacChl

(ommbxa ~1%).

Ocoboe BHIMaHHE B paboTe yIenseTcss U3ydeHHIO
XapaKTEepUCTUK M JAHUHAMUYECKUX CBOMCTB TPOMHBIX
CHCTEM C MaJIOMACCHBHBIMH KOMIIOHEHTaMH U IIPOBEPKE
TUHAMHYECKON YCTOWYHBOCTH OPOUT.

B nmucceprammm  ObUIM  NOJTYYEHBI

pe3yJbTaThL:

® BBHIUUCIICHBI IIO3MIMOHHBIC TMapaMeTpel p U 6
(ommbka ~107yru. cex), pasHOCTh Onecka Am
(ommbka ~0.01-0.001™) must 85 HOBBIX JBOMHBIX
3BE3]] M 3BE3/, 3al0J03PEHHBIX B JBOHCTBEHHOCTH.
Tpunanuats nmap MHTEPGHEPOMETPUUECKN Pa3/IeIICHBI
BIIEPBEIC;

e BIEpBbIC  BBIYMCICHB  HHTEep(epoMeTpuuecKue
OpOWTHI IBEHAANATH JBOWHBIX 3Be3n. OmpenerneHbl
CyMMapHble MacChl W CBETHMOCTH KOMIIOHEHT.
IToxa3aHo, 4To OmIMOKA ONMpEAENICHUS! CyMMAapHBIX
Macc BBIOpaHHBIX IAp NPAKTHYECKH IIOJHOCTHIO

CIIEAYyIOIHe

oIpenenseTcs TOYHOCTBIO U3MEPEHU
TPUTOHOMETPUYECKUX T1apajlsIaKCoB;

e omnpesieneHa  KOMOMHUpPOBAaHHAas  CIIEKTPAIBHO-
nHTepdepomerpuueckas opOUTa Mapbl KapJIMKOB
HIP 96656. Iloctpoena »smnupuyeckas MOJENb
CHCTEMBl W BBIYHCICHBI MAacChl KOMIIOHEHT C

ommoKkoH ~2%;

e BEIUHCIICHA uHTEepPepoMeTprIecKas opbura
BHYTPEHHEH IOACHCTEMbI MaJIOMacCCUBHOW TPOWMHOM
3BE3BI HIP 101955, onpeseneHa B3aMMHast
OpPHUEHTAITUS TUIOCKOCTEH OPOUT MOJICUCTEM, CIICIAHbBI
BBIBOJII 00 MEpPapXHUYHOCTH U  JUHAMHYECKOM
CTaOMITBHOCTH CHCTEMBI,

® OIICHCHBI MEPHUONbl  OpPOWUTANBHOTO  JIBHIKCHUS
tpoitHoi 3Be3apl HIP 116384. Ha 6a3e mrecTrieTHUX
HAOIOACHUI CIeNaHbl BBIBOJIBI 00 HEpPapXHIHOCTH
JTAHHOU CHUCTEMBIL.

[Momy4yeHHBIE pe3yIabTaTEI MOTYT OBITh HCHOJIB30BAHBI

IUTST U3yYeHHWsS CTPOCHUS W DSBONIOLUH, a TaKKe It

YTOYHEHUS CTaTUCTHYECKON 3aBHCHMOCTH

«Macca-CBETUMOCTH» 3BE3-KapJINKOB MO3/THUX

CIEKTPaIbHBIX Ki1accoB. KpoMe TOro, OHM MO3BOJAT

YTOYHUTh OMIIUPHUYECKUE KPUTEPUU JUHAMMYECKOU

CT8.6I/IJ'I])HOCTI/I KpaTHBIX 3BE3/.

E.B. Manoeonosey
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statistical dependencies between the physical parameters
of stars, for solving the problems of star formation and
dynamical stability of multiple stars.

The major part of the sample objects are binary and
possibly non-single stars from the HIPPARCOS
catalogue. A part of them may be systems with the
orbital motion periods of the components amounting to
about 1-10 years. Taken a few years of speckle-
interferometric observations of such systems, we can
build high-precision orbits, and if we add the
trigonometric parallax measurements, the spectral and
photometric data, we may determine the fundamental
parameters of the components, including precise
dynamical masses (error ~1%).

Special attention is paid in the thesis to the study of
characteristics and dynamical properties of triple
systems with low-mass components and checking the
dynamical stability of the orbits.

The thesis yielded the following results:

e positional parameters p and 6 were calculated (error
~107 arcseconds), brightness difference Am (error
~0.01-0.001™) for 85 new binary systems and stars,
suspected in binarity. Thirteen pairs were
interferometrically resolved for the first time;

o for the first time the interferometric orbits of twelve
binary stars were computed. The total masses and
component luminosities were determined. We
demonstrated that the error of finding the total masses
of the selected pairs is almost fully determined by the
accuracy of measuring the trigonometric parallaxes;

e we determined the combined spectral-interferometric
orbit of a pair of dwarfs HIP 96656. An empirical
model of the system was built and the component
masses were determined within the error of ~2%;

e an interferometric orbit of the internal subsystem of a
low-mass triple system HIP 101955 was calculated,
the mutual orientation of the subsystem’s orbital
planes was determined, the conclusions were drawn
concerning the hierarchy of the given system;

e we evaluated the periods of orbital motion of the
triple system HIP 116384. Based on 6-year long
observations we drew conclusions on the hierarchical
pattern of the given system.

The results obtained may be used for the studying of
stellar formation and evolution, and for refining the
statistical dependence «mass-luminosity» of the late
spectral class dwarf stars. Besides, they will allow
refining the empirical criteria of dynamical stability of
multiple stars.

E.V. Malogolovets
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PATAONIYJIbCAPBI U UX OKPYKEHHUE IO
PE3YJIbTATAM HCCJIEJOBAHNHU B
OIITHYECKOM JUATTIA3OHE

ﬂuccepmauu}z HA couckanue yueHoﬁ cmenenu

KaHouoama @u3uko-mamemamuyeckux HayK

Pabora mocBsmeHa WCCIEAOBAHUIO ONTHYECKOTO
U3JIy4eHUsl PaJHoIyIbCapoB MU UX B3aUMOJACHCTBHUEM C
OKpy>Xarouiei cpenoil. Paauonynbcapsl NmpeacTaBisitOT
co0o¥i HanboJiee MHOTOYUCIICHHBIN KJacC HEUTPOHHBIX
3Be3x (H3). Crpoenume wu 3BONIONHS IOCIETHUX
ONpENEeNAoTCs  CBOWHCTBAMM  BEIIECTBA,  KOTOPOE
HAXOAWTCS B 9KCTPEMaJbHBIX, HEJOCTIDKUMBIX Ha 3eMIIe
ycrmoBusix. H3 SBISIOTCS YHUKaTBHBIMH TPHUPOIHBIMH
nabopaTopusAMHU, YTO M ONpeAessIeT aKTyaJlbHOCTh WX
HCCIEI0BAHUM.

Obnapyxeno oxoio 1700 HEHTpOHHBIX 3BE3N,
TIPOSBIISTFOIIINX cebs KaK paanoIyIbCapHI.
CpaBHuTeIbHO HeOoublnyo noiro H3  cocraBistor
OOBEKTHI, HW3JIyYEeHHWE KOTOPBIX JIETEKTUPYETCS H B
JOpyrux o0nacTsx cnekrpa (ramMma, PeHTTeH, NaléKui
yabTpaduosner, onTuyeckud aumamnazon). OntuuecKui
JMara3oH WrpaeT BaXXHYI pPOJb B HCCICIOBAHUSX,
MMOCKOJBKY TO3BOJSICT PA3JEIUTh JOMHHUPOBAHHE
TEIUIOBOM M HETEIUIOBOM COCTABIISIIOIIMX H3JTyYEHUS.
CpaBHeHHE HAONIONATENBPHBIX JNAHHBIX ONTHYECKOTO
IuamazoHa ¢ 0ojiee KOPOTKOBOJIHOBBEIMH JTHAIIa30HAMH
JIAI0T BOKHYIO MHPOPMAIMIO O MEXaHW3Max TeHepaliu
m3my4enns H3.

Jannas pabora HampaBieHa Ha IIOUCK U
oOHapyKEeHHE KaHIUJaToB B HU30JIUPOBAaHHLIE
HelTpoHHbIe 3BE31161 (IH3) B onTHueckoM auanasoHe, a
TaKXKE W3YyYCHHWE pACIPEACICHUS JSHEPIHH B UX
ONTUYECKUX CHECKTPaX M CPaBHEHHE C JAHHBIMH APYTHX
JTNAIa30HOB.

Pagmonynpcapel - mpemensHO — ciadble B
ONITHYECKOM [IMaITa30He OOBEKTHI, W HCCIECNOBaHUE X
ONITUYECKOTO HW3IYYCHUS MPOBOJUIOCH, B OCHOBHOM, C
TTOMOIIBIO IHUPOKOIOIIOCHONH (POTOMETPUH (TOIBKO ISt
PSR B0656+14 nony4eH crieKTp HU3KOTO Pa3perIeHus).
s HU3Y4YEHMSI IIPOSIBJICHUI B3aUMOJIEHCTBUSA
paluoNyJibcapoB C OKPYKAIOMIEH Cpelod MCIO0JIb30BaH
CIEKTPaJIbHbIII ~ MaTepual, JaHHblE CpelHe- U
Y3KOIOJIOCHOH (DOTOMETPUH U Pe3yIbTaThl HAOIIOACHUN
¢ wunrepdepomerpom Dabpu-Ilepo. Hcmonb3oBaHbI
JaHHEBIC HaOMroeHni Ha Teeckonax BTA (poromerp u
SCORPIO), Subaru (Suprime-Cam), VLT (FORSI1 u
FORS?2), mzo6paxenus u3 apxua HST (FOC, WFPC2
u NICMOS).

B HAOIOICHUAX
pe3yIbTaThL:

e mynscap I'eMmHra OeTeKTHpPOBaH B OJNH3KOM
uH(]pakpacHOM JMana3oHe W M3MEPEHBbl MOTOKU
u3nydeHus B I-nosoce;

® TOJYYCH ONTHYCCKHIA CIEKTP HHU3KOTO pa3pelicHHUs
Juig nynscapa B 0656+14;

e «ctapsblit» nyascap B 0950+08 nerextupoBaH B psiie
IMOJIOC  ONTHYECKOTO JHWana3oHa U TIOJYYCHBI

MOJTy9EeHbI CIIeTyFoIIHe
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RADIO PULSARS AND THEIR
NEIGHBOURHOOD BASED ON THE RESULTS
OF STUDIES IN THE OPTICAL RANGE

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

The thesis is dedicated to the studies of the optical
radiation of radio pulsars and their interaction with the
ambient medium. Radio pulsars represent the most
populous class of neutron stars (NS). The constitution
and evolution of the latter are determined by the
properties of the matter located in extreme, unreachable
on the Earth conditions. The NSs are unique natural
laboratories, and this determines the relevance of the
research of NS.

Around 1700 neutron stars are discovered to
manifest radio pulsar properties. A relatively small part
of neutral stars are the objects the radiation of which is
detectable in other regions of the spectrum as well
(gamma, X-ray, far ultraviolet, optical range).

The optical range plays an important role in the studies,
as it allows separating the domination of thermal and
nonthermal radiation components.

A comparison of observational data from the optical
range with the most short-wave ranges yields important
information on the mechanisms of radiation generation
in the NSs.

The present work is oriented at the research and
detection of isolated neutron star candidates (INS) in the
optical range, as well as on the studies of energy
distribution in their optical spectrum and a comparison
with the data from other ranges.

Radio pulsars are objects extremely faint in the
optical range, and the studies of their optical radiation
were conducted, as a rule, with the use of broad band
photometry (only for PSR B0656+14 a spectrum of low
resolution was obtained). For the studies of
manifestations of interactions of radio pulsars with the
ambient medium we used the spectral material, the data
of intermediate-band and narrow-band photometry, and
the observational results with the Fabry—Pérot
interferometer. We used the observational data from the
BTA telescope (a photometer and SCORPIO), Subaru
(Suprime-Cam), VLT (FORS1 and FORS2), and the
HST archive images (FOC, WFPC2 and NICMOS).

We obtained the following results during the
observations:

e a GEMINGA pulsar was detected in the near infrared
range and its emission fluxes were measured in the
I band;

e an optical spectrum of low resolution for the
B 0656+14 pulsar was acquired;

e an «old» pulsar B 0950+08 was detected in several
lines of the optical range and reliable estimates of



OTYET CAO

HAJIEKHBIC OIICHKU MMOTOKOB U3IYYCHUS B (PIIBTpaxX
V,Rul;
e mpoBeneHsl MHoOromosnocHeie (BVRI) HaOmoaeHus

monst mymbcapa B 1951+32 B sampe  ocrarka
cBepxHOBoit CTBSO0, ONPEIEIIEHbI IBETA
«CHHXPOTPOHHOTO  y37la», COBMAQAAIOIIETO IO

KOOpAHMHATaM C IIyJIbCApOM;

® TIPOBENEHBI KHHEMaTHYECKHE HCCIICIOBAaHUS
okoJonyJscapHoi obnactu simpa CTB80 ¢ momoinbio
untephepomerpa Dabpu-Ilepo;

® JI0 Ha6ﬂlOJIeHI/lHM B JIMHUHU Hot MMPOBEACH IOUCK U
HCCIICOBAHNEC KHMHEMATHKH BEIIECTBA TYMaHHOCTCH
IyJILCAPHOTO BETpa.

OCHOBHBIE PE3yJIbTaThl PAOOTHI:

® [IPOBEJCHHOE  MCCIIEJIOBAHUE  MHOT'OBOJHOBOTO
CIIEKTpa CPEIHEBO3PACTHOTO Iylibcapa [ emmuHTa
YKa3bIBacT Ha Pa3InYHbIC MEXaHU3MBI U3IYYCHUS B
Pa3HBIX TUAMTa30HAX;

e s mynecapa PSR B0656+14 moarBepauics BBIBOI
0 HEMOHOTOHHOCTH pacIpelelieHNs] JHEPTUH OT
yiupTpaduonera g0  OnmkHEro  MH(PPaAKPACHOTO
JMara3oHa;

e OOHapyXeHO, YTO B TCHEpPalUd U3Iy4CHUSI B
ONTHYECKOM Juarna3zoHe y myibcapa PSR B0950+08
peo0J1aiaeT HEeTeIyI0Bask KOMIIOHEHTA,;

° O6Hapy)KeHbl BO3MOXKHBIC OIITUYCCKHEC KaHIAUAAThbI
JUIsl  BBICOKOCKOpPOCTHOro mynbcapa B1133+16 u
H,-TymMaHHOCTH, TOPOXIEHHOW B3aUMOJEHCTBHEM
ITyJILCAPHOTO BETPa C OKPY’KaIOIIeH cpenol;

e OmpelneleHbl  BEpXHHWE  TMpeneinsl Ha  MOTOK
ONTHYECKOTO M3IMydeHus OT mynbcapoB JO108-1134 u
J1908+0734;

e musi 7-MH  TynbcapoB  OOHapy)XeHa  CHIJIbHAs
Koppensiuust  AGQEKTUBHOCTH  HM3IY4YeHUs B
OINTHYECKOM U PEHTT'€HOBCKOM JIMara3oHax.

B.H. Komaposa

H, OB30P I'AJIAKTHUK U TI'PYIIII 'AJIAKTHUK

MECTHOI'O OFBEKMA

Huccepmayusi  na  couckamue  y4eHOU — CMeneHu

KaHouoama @uauxo-mamemamuyeckux Hayxk
Juccepranusi MOCBSIIEHA HW3YYCHHIO TaJlaKTHUK

MectHoro O6bema (MO) B munun H,. Jlo HemaBHHMX
TIOp IpH UCCIIEA0BAHUAX 3BOJIOUNHU T'AJIAKTUK U TCMIIOB
3Be3nooOpaszoBanus (SFR) B HHUX HCHOJIB30BAIKCH
SIPKHE U MacCHUBHBIE OOBEKTHI, a KapIMKOBBIE CHCTEMBI,
0COOCHHO HN3KOM ITOBEPXHOCTHOM SIPKOCTH, OCTaBaJIlCh
BHE TOJIS 3peHMs. JTO OBUIO CBSI3aHO C OTCYTCTBHEM
HaJEXKHbIX HM3MEPEHUH pPAaCCTOSIHUM [0 KapiIMKOBBIX
TaJakTUK, KOTOpBIE SBISIOTCS CJ1a00 W3ITydarolMMA
00BEKTaMH.

KapnukoBsie 3BE3AHBIE CHCTEMBI UTPAIOT BAKHYIO
posib B OOpa3oBaHMM ¥ HBOJIIOIMHU TalakTHK. OHH
SABJIAIOTCSA CaMbIM PACIIPOCTPAaHCHHBIM TUIIOM T'aJIaKTHUK
Bo Bcenennoii. Ilyrem cimsiHus w3 HHMX 00pasyroTcs
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emission fluxes were obtained in the V, R and I
filters;

e we conducted multiband (BVRI) observations of the
B 1951+32 pulsar field in the nucleus of the CTB80
supernova remnant, we determined the colours of the
«synchrotron knot», the coordinates of which match
those of the pulsar;

e we performed kinematic studies of the region
surrounding the pulsar of the CTB80 nucleus with
the Fabry—Pérot interferometer;

e we conducted a search and study of the kinematics of
the pulsar wind nebulae matter based on the H, line
observations.

The main results of the thesis:

e the study of the multiwave spectrum of a middle-
aged Heming pulsar indicates different emission
mechanisms in different ranges;

e the hypothesis of non-monotonicity of energy
distribution from ultraviolet to near infrared ranges
was reconfirmed for the PSR B0656+14 pulsar;

e it was discovered that the non-thermal component is
predominant in the radiation production at the optical
range of the PSR B0950+08 pulsar;

e we discovered possible optical candidates for the
high-velocity pulsar B1133+16 and a H, nebula,
originated via an interaction of the pulsar wind with
the ambient medium;

e the top limits were determined for the optical
radiation flux from the J0108-1134 and J1908+0734
pulsars;

e we discovered a strong correlation of the radiation
efficiency in the optical and X-ray ranges for 7
pulsars.

V.N. Komarova

THE H, SURVEY IN THE LOCAL VOLUME
GALAXIES AND GALAXY GROUPS

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

The thesis presents a study of galaxies from the
Local Volume (LV) in the H, line. Until recently, in the
studies of galaxy evolution and their star formation rates
(SFR) the luminous and massive objects were used, thus
the dwarf systems, especially those with low surface
brightness, stayed out of view.

This was due to the lack of reliable distance
measurements to the dwarf galaxies, and due to faint
emissions from these objects.

Dwarf stellar systems play an important role in the
formation and evolution of galaxies. They are the most
widespread type of galaxies in the Universe. Larger
systems are formed via mergers of dwarf galaxies.
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OoJiee KpynHBIE CHCTEMBI. B mociiesHee BpeMsi nHTEpec
K HHM BBIPOC B CBSI3U C HCCIECAOBAHUSIMH IIPOLIECCOB
3Be3/1000pa30BaHusI Ha Pa3HBIX KPACHBIX CMELIEHUSX.
OcHoBHas 1enb pabOTHl COCTOSsUIA B IIONYyYCHHUH
HaOII0JaTeNbHOTO MaTepHraia B IMHAN H,, A7st ramakTuk
MO. JlaHHBIE WCIONB30BATUCH IS  OMpPEICIICHUS
TEMIOB  3Be3J000pa3oBaHMs 1 rajgaktuk MO
(D <10 M), n3y4eHreM BIHMSIHUS HAa HETO OKPYKECHUS
TATaKTHKU (71 HaceJIeHWH  BUPHAIU3UPOBAHHON
rpymnsl M81 u paccesnHoro obnaka CVnl), a Takxke
JUIsl aHAJIM3a CTPYKTYPbl U KUHEMATUKY HEUTPAIIBHOTO U
HMOHU3UPOBAHHOTO BOAOpPOJA B MPEAEIBHO CIa0bIX
(-12.5 <Mp < -9.5) KapJIMKOBBIX rajakTHKax.
B paboTe nosryueHs ciieyroniue pe3yabTaThl:
® TIPOBENCH CHCTeMaTH4ecKuit 0030p ramaktuk MO.
Ha Tteneckone BTA B muuun H, mnonydenst
n300pakeHUs] W wW3MepeHbl motoku B H, y 109

raakTuk (mns 83 — BHepBbIE), OMPEICIICHBI
rinobansubie SFR;
® Yy TaJaKTUK, BXOMIIMX B COCTaB YeThIpex

ompkaiinmx rpynn M31, M81, CVnl u NGC 6946,
usyueHa crpykrypa Hg-obmacrei. [lns wieHoB
KOMITaKTHOW rpynnbsl M81 u paccesHHOro o0iaka
CVnl wusmepens! Bennumsbl SFR. Oxasanocs, uTo
TEMIT 3Be371000pa3oBaHHsi B OCHOBHOM 3aBHCHUT OT
BHYTPEHHHX YCIOBUH B TalakTUKE M TOJIBKO B
CI1a0ol CTENCHH - OT €€ BHEUTHETO OKPYKEHHS,

e C IOMONBI0 JHATHOCTHYECKOW JMarpammsl p f,
XapaKTepU3yoLei 3BOJIIOIIMOHHBINA cTaTyc
TaJIAKTUKHU MOJYYEHO CBUAETENHCTBO O BCIIBIIIICYHOM
xapakrepe 3Be31000pa30BaHUA B Ir u
BCD-ranakrukax;

e B 0030pe OOHAPYKEHO HECKOJBKO MEKYJISIPHBIX

00BEKTOB c HEOOBIYHEIMU SMHMCCUOHHBIMH
cpoiictBamu (['mpnsHma - TNPWIMBHAS —IIETIOYKA
HIl-o6nacreit  okono  ramaktuku  NGC 3077,
NGC 4460 - H30JIMpOBaHHAS JIMH30BUIHAS

raJlakTHKa C MOIITHOW BCIIBIIITIKOM 3BE31000pa30BaHUS

B OKOJIOAICPHON obactu, NGC 4605 —

Sd-ramakTHKa ¢ MOIIHOM SMICCHEH IO BCEMY AHCKY.
i1 mccnenyeMBIX TPYMIT TaNaKTUK OBUIH TOJTYYEHBI
HaO0JII0/1aTeIbHbBIC TTOATBEPKACHUS TOTO, 4TO
I00abHBIC TEMITBI 3BE3/1000pa30BaHUsI U BOJOPOIHBIC
MacCChI CHl/IpaJ'H)HI)IX nu HeraBl/IﬂbeIX KapJ'II/IKOB])IX
TaJIaKTUK IIOOAYUHSKOTCA SaKOHy KCHHI/leTa-IﬂMI/IﬂTa.
Onnako U1 OoraThIX ra3oM rajaakTuk riaodansHas SFR
W WHTCTpalibHAas CBETHMOCTh Lp CBS3aHBI MPOCTOM
JIMHESHHOMN 3aBHCUMOCTBIO. Ot COOTHOIICHHUS
CBUJICTEIIECTBYIOT B TMOJB3Y TOTO, YTO KapnukoBsie dIr
TAJIAKTUKH COXPAHAIOT OOJbBIIE Ta3a, YeM CIUpaIbHEIC
rajakTHKH.

[omyuennsii  H,-0630p ramaktuk  MecTHOTO
Ob6pema MOXeT OBITH WCIONB30BAaH IS HM3YUCHHUS
MEXaHU3MOB 3B€31000pa30BaHMS B TaJITAKTUKAX, OIEHKU
rJI00aJbHOrO TEMIIa 3Be3J000pa3oBaHMs B MeCTHOM
O0ObemMe, n3yUdeHuns 3aBUCUMOCTH 3B€31000pa30BaHusl OT
MOP(OJOTHYECKOr0 THIA TATaKTUK W YTOYHCHHUS
Teopuil (popMUpOBaHUS HAYATBHOH (DYHKIIUU 3BE3THBIX
Mmacc.

C.C. Kaiicun
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Lately the interest in them has increased due to the
studies of star formation processes at different redshifts.

The principal aim of the thesis was to obtain the
observational material in the H, line for the galaxies of
the LV. The data was used to determine the star
formation rates for the galaxies in the LV (D < 10 Mpc),
to study the galactic neighbourhood effects on the one
(for the populations of the virialized group M81 and the
scattered cloud CVnl), as well as for the analysis of the
structure and kinematics of neutral and ionized hydrogen
in extremely faint (-12.5 < Mg < -9.5) dwarf galaxies.

The main results of the thesis:

e a gystematic survey of the LV of galaxies was
conducted. On the BTA telescope in the H,, line the
images were obtained and fluxes in H, were
measured for 109 galaxies (for 83 of them — for the
first time), global SFRs were determined;

e the structures of H, regions were studied for the
galaxies, pertaining to the four closest to us groups:
M31, M81, CVnl and NGC 6946. For the members
of the compact group M81 and a scattered cloud
CVnl, the values of the SFR were measured. It turned
out that the star formation rate is predominantly
dependent on the internal conditions in the galaxy
and only slightly on its surroundings;

e with the aid of a diagnostic diagram p'f that
characterizes the evolutional status of a galaxy, we
obtained an evidence of the flare character of star
formation in the Irr and in the BCD galaxies;

o the survey discovered a few peculiar objects with
uncommon emission properties (String — a tidal chain
of HII regions close to the NGC 3077 galaxy,
NGC 4460 — an isolated lenticular galaxy with a
powerful burst of star formation in the circumnuclear
region, NGC 4605 — a Sd galaxy with powerful
emission along the entire disk.

For the studied groups of galaxies we obtained
observational confirmations of the hypothesis that the
global rates of star formation and hydrogen masses of
spiral and irregular dwarf galaxies obey the Kennicutt-
Schmidt law.

However, in gas rich galaxies, the global SFR and total
luminosity Ly are related via a simple linear dependence.
These ratios testify for the assumption that the dwarf dIr
galaxies preserve more gas than the spiral galaxies.

The obtained H, survey of the Local Volume galaxies
may be used for the studies of the mechanisms of star
formation in galaxies, evaluating the global star
formation rate in the Local Volume, for the studies of
the star formation dependence on the morphological
type of galaxies and refining the theories of the stellar
initial mass function.

S.S. Kaisin
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VILTPASIPKUE PEHTTEHOBCKUE ULTRALUMINOUS X-RAY SOURCES AND
UCTOUYHUKU u nx OIITUYECKUE THEIR OPTICAL MANIFESTATIONS
NPOSABJEHUSA
ﬂuccepmauuﬂ Ha COUCKAHUE yquOl:i cmenenu A thesis fOr the degree OfDOCtOV Of Science in phySiCS

KAHOUOama Qu3uKo-mamemamuieckux Hayx

Ha ceropnsiiHuii aeHb NpHpPOJA YIBTPAsPKUX
penrreHoBckux ucroynnkoB (ULX) B ramakTukax
SBISIETCS. ~ ONHOM M3  HEpEeUIeHHBIX  MpodieM
acTpoPm3UKH. OTH OOBEKTH YBEPEHHO BBIICIIIOTCS
Cpear TMOMYJISLUN PEHTT€HOBCKUX JBOWHBIX, MMEIOIINX
MEHBIINE CBETUMOCTH, U SIPKUX B PEHTI'€HE CBEPXHOBBIX
U OCTAaTKOB CBEPXHOBBIX, OT KoTopbix ULX oTnuyarorcs
MEPEMEHHOCTBI0 Ha DPAa3HBIX BPEMEHHBIX MaciuTadax
(BIIOTH 0 MUHYT W CEKYHJ) M KECTKHM CIIEKTPOM C
MOLIHOW  CTeneHHOH  KommoHeHToW.  Haubonee
nonyJisipHbIMU MOJACIIAMU, O6’I)HCH51}OH1HMI/I ux
CBOWCTBA, SIBISIIOTCS TECHBIE JBOHHBIE CHCTEMBI C
YEepHBIMU JIBIpaMH MpoMexyTounsix Macc (YATIM) co
CBEPXKPHUTHYECKOH  aKKpeuued B  COYCTaHMH C
a¢deKTamMu TeOMETPHIECKON KOJUTHMAITIH U3y ICHUS.

Muorue ULX-HCTOYHMKH CBSI3aHBl C SIPKUMHU
TyMaHHOCTSIMH BBICOKOTO BO30YKICHUS, N3y YalOIINMH
B ynbTpadHONETOBOM JHana3oHe. BOKpyr MHOrux
00BEKTOB ~ MMEIOTCSA  OOOJIOUEYHBIE  TYMAaHHOCTH,
CBHUJIETEIbCTBYIOIINE B I0Jb3Y HEKOTOPOIO MCTOYHHKA
SHEpruu  (B3pbIB  TUIEPHOBOM WM  TMOCTOSHHAs
BETpOBast/CTpyitHas AKTUBHOCTh 00beKTa),
JTUHAMHWYECKH BO3MYIIAIOIIET0 MEX3BE3AHYIO Cpeay.
ULX HaIpIMYO CBSA3aHbl c TaKUMU
(dyHIaMEeHTAILHBIMU TPOOJIEMaMH KakK (PM3HMKa YEPHBIX
JIBIP, TPOLIECCHl AKKPEIIMM Ha KOMITAKTHBIE OOBEKTBHI,
3BOJIIOLIMSI MAacCUBHBIX 3Be3l, cyuiecrBoBanue YJIIIM.
ITocnenHue, B cBOIO OYepeb, SBIAIOTCS BO3MOKHBIMU
octarkamu 3Be3z III HaceneHus, UrparolIMX BaKHYIO
poJib B TOHUMAaHUU 3BOIIOLMU BeeneHHoi.

B Hacrosmeii paboTe pacCMOTPEH CIEKTPaIbHBII

Marepual, TO3BOJIAIOIIUNA  [IyOOKO  HCCIelI0BaTh
CBOWicTBa TyMmaHHOcTed, cBsizaHHbix ¢ ULX, wu
MOPOKJAOILETO Hux 3BE€3/IHOTO HaceJIeHHUs.
Ucnonb3yloTcsi NPUHUUMIHAIBHO HOBBIE JUISL  3THX
00BEKTOB  METOABI  HCCIICOBaHHS, TaKHe  Kak
MAaHOpPaMHAsl CIEKTPOCKONUS H (POTOMOHU3AMUOHHOE
MOJEJIMPOBAHUE.

B pesynbrare npoBeaeHHBIX UCCIEA0BaHUN IOKa3aHO:

e ULX-uCTOYHMKHK MOTYT BO3HHKATh B OYEHb MOJIOJIOM
3BE3[JHOM HaceJeHHH (~4 MIH. JeT);

e B o0nacTsax 3Be37000pa3oBaHus, cBs3aHHBIX ¢ ULX,
M30BITOK U3TYYCHUS B SIMUCCHOHHBIX JIMHHUSIX MOXKHO
OOBSICHUTH KaK BO30YKICHUEM yIApHOW BOJHOM, Tak
1 YIBTPaHOIETOBON CBETUMOCTHIO HCTOYHHKA;

e BHYTpPEHHHE 4acTH 000J04eyHbIX TyManHocTed ULX
XapaKTepU3yHTCs HEeOyJISIPHBIMH CIEKTpaMHU
BBICOKOTO BO30Y>K/ICHHS;

® METOJaMH ITaHOPaMHOM CHEKTPOCKOIIMHM BBICOKOTO
paspemernst (Scorpio/IFP) tymannocts MH9/10/11
paszesnieHa Ha O0JacTH C pasHbBIMH HCTOYHHKAMHM
BO30Y)KAEHHS, OLIEHEHA CKOPOCTb  pacIIMpeHUs

and mathematics

Nowadays the nature of ultraluminous X-ray

sources (ULX) in the galaxies is one of the unresolved
problems of astrophysics.
These objects confidently stand out from the population
of the X-ray binaries, having lower luminosities, and
bright in the X-ray supernovae and supernova remnants,
from which the ULXs differ by the variations at
different time scales (up to minutes and seconds), and by
the hard spectrum with a forceful power-law component.
The most popular models explaining their properties are
close binary systems with intermediate mass black holes
(IMBH) with supercritical accretion, combined with the
effects of the geometrical radiation collimation.

A lot of ULX sources are bound with bright high
excitation nebulae, emitting in the ultraviolet range.
Shell nebulae exist around a lot of objects, indicating the
presence of a certain energy source (an explosion of a
hypernova of a constant wind/flux activity of the object)
that dynamically excites the ambient interstellar
medium.

The ULXs are directly connected with such fundamental
problems as the physics of black holes, the accretion
processes on the compact objects, massive stars
evolution, and the IMBH’s existence.

The latter, in their turn, are possible remnants of the
Population III stars, playing an important role in
understanding the evolution of the Universe.

The present work discusses the spectral material that
allows detailed studies of the properties of the nebulae
bound with ULXs, and the stellar population that
engenders them.

We use conceptually new for this type of objects
research methods, such as panoramic spectroscopy and
photoionization modelling.

As a result of the research, we demonstrated that:

e ULX sources may appear in very young stellar
populations (~4 Myr);

e in the regions of star formation linked to the ULX,
the radiation excess in emission lines may be
explained both by excitation by a shock wave, and by
the ultraviolet luminosity of the source;

e internal regions of shell nebulae of the ULX are
characterized by the nebular spectra of high
excitation;

e using the methods of high resolution panoramic
spectroscopy  (Scorpio/IFP), we resolved the
MH9/10/11 nebula into the regions with different
excitation sources, we evaluated the expansion
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o6omouku MH9/10;

e B TymanHoctax ULX MF16 u MHI1, a Taxxke
HII-o6mactu, cesazannoir ¢ Holl X-1, cymiectByrotr
obuacru, BO30YyIK/1aeMble 9KCTPEMAIIbHBIM
yIbTpa(UOIETOBBIM  H3IYYEHHEM  LEHTPAIBHOTO
HCTOYHHMKA C TIOTOKOM (OTOMOHM3YIOIIUX KBaHTOB
S~10"%prc’;

® TIOJIy4eHO pemeHne s auddQy3Horo mnepeHoca

U3ITy4YEeHHUs B BETpE CBEPXKPUTUYECKOTO
AKKpELMOHHOTO JIUCKa, IIPECKa3bIBAOIIEE
pacupenenenue 3Heprun B cnekrpax ULX, koropoe
coryacyercst c JaHHBIMH PEHTT€HOBCKOH

CIIEKTPOCKOIMU ¥ OLIEHKaMH TEMIIOB HMPOU3BOJCTBA
HMOHU3YIOUIMX KBAaHTOB U1 (POTOMOHHM30BAHHBIX
tymanHocren ULX;

® IWama3oH HaOIOJaeMBIX CBOWCTB TYMaHHOCTEU
VIBTPAasIPKUX PEHTTCHOBCKUX HCTOYHUKOB MOXKHO
OOBSCHUTHL B paMKaxX €IMHOH MOJETH DBOJIIOIHNH
00bekToB THma SS433 B MeEX3BEe3AHOW cCpene B
TeueHue ~1 MIIH. JIeT.

B pabote npruBOoANTCS YHUKAIBHBIN TSI JAHHOTO KJlacca
00BEKTOB CIIEKTPOPOTOMETPHUECKUH MaTepHal.
IlomyuenHble  CBETUMOCTM B JIMHHAX  MOTYT
HCIOJIb30BATECA I NPOBEPKH PA3IUYHBIX THIIOTE3 O
npupone ULX. IIpemioxkeHHasl cleKTpajlbHas MOJIEIb
MOXKET UCIIONb30BaThCS Ui ANMPOKCUMAIIH
PCHTI€HOBCKMX M yJIbTPA(MOJIETOBBIX CHEKTPOB U
pacuerta cBoiicTB TymanHoctelr ULX.

I1.K. Aboimacos
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velocity of the shell of MH9/10;

e in the ULX MF16 and MH11 nebulae, as well as in
the HII-region, linked to the Holl X-1, there exist
regions excited by extreme ultraviolet radiation of the
central source with the flux of photoionizing quanta
S~10%rg s';

e we deduced the solution for the diffuse radiation
transfer in the wind of supercritical accretion disks,
predicting the energy distribution in the spectra of
ULXs, which conforms with the data of the X-ray
spectroscopy and the evaluations of the ionizing
quanta production rates for the photoionized ULX
nebulae;

o the range of the observed properties of the nebulae of
ultraluminous X-ray sources may be explained within
the framework of a unified evolution model of the
SS433-type objects in the interstellar medium during
~1 Myr.

The thesis presents unique for this type of objects

spectrophotometric  material. The obtained line

luminosities may be used to check various hypotheses
concerning the nature of ULXs. The spectral model
proposed may be used for the approximations of the

X-ray and ultraviolet spectra and for the computations of

the ULX nebulae properties.

P.K. Abolmasov



