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PaagunoacrpoHomuveckue
HCCJIeJ0BaAHUSA

HUccneoosanun c 6bICOKUM y2noevim
paspeuieHuem  YHUKAIbHOU  pPaouozanakmuKu
RC J0311+0507

Ora pagWoranakThKa, TOMaBIIas B  TEPBEIA
riy6okuit 063op Ha PATAH-600 B 1980r, oxa3zanack
O0BEKTOM C CaMbIM MOIIHBIM PATUOM3IYICHHEM B
panneir Bcenennoit (Otuer CAO PAH 2007-2008,
c. 109). PaaMoucTOYyHMK CBs3aH C  TUTAHTCKOM
SJUTANITUYECKON TalaKTHUKOW, BO3HUKHOBEHHE KOTOPBIX
B CTaphiX 9BOJIIONMOHHBIX CXeMax OOBACHACTCA
CJIASTHUEM OOJIBIIIOTO YHCIIA MATBIX TATaKTHK.
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Radio Astronomy
Investigations

High angular resolution study of the unique radio
galaxy RC J0311+0507

This radio galaxy from the first RATAN-600 deep
survey of 1980 turned out to be an object with the most
powerful radio emission in the early Universe (see SAO
Report 2007-2008, p.109).

The radio source is related to a giant elliptic galaxy
whose appearance is explained in old evolutionary
schemes by the merge of many small galaxies.
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Puc. 69. 1.4 I'Ty-kapma paduoearaxkmuxu RC JO311+0507 ¢ paspewenuem 0.025".
Fig. 69. The 1.4 GHz map of the radio galaxy RC J0311+0507 with angular resolution 0.025".

PapnounsinydeHne Takod MOIIHOCTH TpeOyeT Halu4us
TMTAHTCKOM YepHOH IbIpsl ¢ Maccoit Gomee 10°M.,
OBICTpOro €€ BpalleHHs M JIOCTaTOYHOTO TeMIa
akkperuu. CyllecTBOBaHHME TaKUX paJAUOTAIAKTHK B
panHell BceneHHOH CBS3BIBAIOT CO CTOJKHOBEHUSIMU
TajJlakTUK C  JOCTaTOYHO MAaCCHUBHBIMU  UYEPHBIMH

Radio emission of such power demands existence of a
giant black hole of mass exceeding 10°M., , its fast
rotation and a sufficient accretion rate.

It is thought that existence of such radio galaxies in the
early Universe is related to collision of galaxies with
sufficiently massive black holes causing fast rotation of
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JIBIpaMH, YTO BBI3BIBAET OBICTPOE BpallEHUE X SIEP.
Kpome »storo, MERLIN/EVN-paguokapTsl  garor
ykazanue Ha TO, yro RCJ0311+0507 nHaxomutca B
CKOIUIGHMM C Ta30M, JBIDKCHHE CKBO3b KOTOpOE
neopMHIpYeT paIHONCTOYHIK (pHc. 69).

ITpoBeneHsl HaAOMIONEHHMS C  BBICOKUM  YIJIOBBIM
paspemiennem ¢ mnpuBinedenneM EVN (PCJIb cern
HOBOTO TMOKOJICHHS) [UIi YTOYHEHHS IIOJIOKEHHMS
LIEHTPAJIbHOM YEpHOM AbIPblI, H3MEPEHUS YIVIOBBIX
pasMepoB U pajio CIEKTPOB JeTajell 00beKTa C LIEIbI0
OIIpEJEeNIeHNs] X OCHOBHBIX (DU3UUECKHX IapaMeTpOB.
Hosgas xapta ¢ pazpemenuem 0.025" BrisiBuna 8 geraneut
Mastoro pasmepa (puc. 70). Onqna nerans BOJIM3M LEHTpa
panvoraakTUKK MMEET CaMbIi IIOCKHH paJuoCIeKTp
130 BCEX KOMIIOHEHTOB M OJIMKE BCETO PACHOIOKEHA K

LHEHTPY  POINMUTENBCKOW  TaJaKTHKH,  KOOPIHHATHI
KOTOPOH YTOYHEHBI MO 4 HE3aBHCHMBIM HAONIOICHHUSIM
Ha BTA. OcranpHble neTanum — Tropsdve TOYKH, C

ApPKOCTHOI Temmeparypoit Gomee 10'°K, Ho MeHee
SSA-npenena (Synchrotron Self Absorption). ITpupona
MX ITI0OKa He scHa. MHO)XeCTBEHHbIE ropaymuc TOYKHU

HHOT/a HabmoaTCs B N300paKEHUIX
PaaguoONCTOYHNKOB B CBsA3U C MHOTOKPATHBIMU
BBIOpOCaMH M3 s[pa, HO KpYTble CHEKTpajJbHbIC

HHAEKCHl JaleKuX OT siApa JAeTaneil HpoTHUBOpedar
crannaptHeiM TeopuaM «HOT SPOTs». Yxkpyuenue
CIIEKTPAIbHOTO MHJIEKca Ha | Ui Takux Jerained

0OBIYHO CBS3BIBAIOT C IIOJIHBIM TMPEKpa€HUuEM
MTOJITUTKY UX SIPOM.
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s ompeneneHus Bo3pacTa 3BE3MHOIO HACEICHUS H
OLIEHKM BpPEMEHU pOCTa TUTAaHTCKOM YEpHOU ABIPHI
Tpebyercst MHOronBeTHAs poTomerpus B UK-o6mactu, a
TaKkKe HCCICNOBAHUSA C BBICOKHM pa3pelicHHeM Ha
Oosiee KOPOTKMX BOJIHAX [Uisi yTOYHEHHS CBOWCTB
simepHOr0 WCTOYHMKA. llpm momydeHHom Ha BTA
KpacHOM cMmeriennu Z =4.515 u ctangapTHOM Bo3pacTe
3BC3AHOI'0 HACCJICHHWA B MOIIHBIX PaIXMOUCTOUYHUKAX
(0.5-2 muipn. net) MOMEHT AKTUBHOTO
3Be3/1000pa30BaHusl JJIsl ATOH POIUTENBCKON TalaKTUKU
MOXET OBITh Ha KPACHBIX CMCIICHUSX OOJBIINX, YeM
st QSO u naxxe GRB.

IO.H. lapuiickuu, O.I1. JKenenkosa,
H.C. Cobonesa, A.B. Temuposa,

1. Tomacconom, T. Maxcnoy u
Benuxobpumanus).

A.U. Konvinos,
O.B. BepxooaHos,
P. Besux  (JBO,
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their nuclei.

Besides, the MERLIN/EVN radio maps hint that
RC J0311+0507 is in a cluster with gas deforming the
radio source that moves through it (Fig.69).

High angular resolution observations with involvement
of EVN (the new-generation VLBI net) were carried out
to specify location of the central black hole, to measure
angular size and radio spectra of object details for the
purpose of determination of their main physical
parameters.

The new map of resolution 0.025" revealed 8 details of
small size (Fig. 70). One detail near the radio galaxy
center has the flattest spectrum of all components and it
is the nearest to the host galaxy center whose
coordinates are specified from 4 independent BTA
observations.

Other details are hot spots with the brightness
temperature more than 10'°K, but less than the SSA
limit (Synchrotron Self Absorption). Their nature is still
unclear. Multiple hot spots are sometimes observed in
radio source images in connection with repeated jets
from nucleus, but steep spectral indexes of details that
are far from the nucleus contradict to standard theories
of «HOT SPOTs».

The steepening of the spectral index by 1 for such
details is usually thought to be related with the full
termination of their feed by the nucleus.

Puc. 70. Cnexmpuol demaneil paouozaraxmuxu
RC J0311+0507.

Fig. 70. Spectra of the RC J0311+0507radio galaxy
details.

Determination of the stellar population age and
estimation of development time of the giant black hole
demand multi-color infra-red photometry and the high
resolution study at shorter wavelengths to determine
properties of the nucleus source.

With the redshift Z =4.515 obtained with BTA and the
standard age of the stellar population in powerful radio
sources (0.5-2 billions yrs) the moment of active star
forming for this host galaxy can be at red shifts
exceeding that of QSOs and even GRBs.

Yu.N. Parijskij, O.P. Zhelenkova, A.IL Kopylov,
N.S. Soboleva, A.V. Temirova, O.V. Verkhodanov,
P. Thomasson, T. Muxlow and R. Beswick (JBO, Great
Britain).
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I'nybokue 0030pvl nonocel Heba HA CKIOHEHUU
ucmounuxka SS433 na eonne 7.6 cm 6 nepuoo
1980-1999 2.

JIByMsT HE3aBUCHMBIMH METOJAMH OCYIICCTBJICHA
00paboTka MJaHHBIX 0030pOB, TIPOBOAMBIINXCS Ha
PATAH-600 ra A7.6 cM B 1988—1999 1T. Ha CKIIOHEHUH
ncrounrka SS433, u mpoBezieHa MOBTOpHAs 00paboTKa
JTaHHBIX 0030pa «Xomom» (1980-1981rr.). B pesynbrate
noiyuen RCR-karanor (RATAN COLD REFINED), B
KOTOPOM TPCACTABJICHBI IPAMBIC BOCXOXIACHUA U
IUIOTHOCTH TIOTOKOB OOBEKTOB, OTOXKICCTBICHHBIX C
oobektamn NVSS-karanora, B JIuana3oHe TPSIMbIX
Bocxoxaenuii 7°< R.A.< 17"

[TocTpoeHBI CHEKTPHI UCTOYHUKOB M OMPEICICHEI
WX CIIEKTpalbHbIC MHAEKCH Ha yacToTax 3.94 u 0.5 I'T.
Jis  ToCTpoeHMsI  CIEKTPOB  NPUBIEKATHNCH  BCE
M3BECTHBIE KaTaJIOTH, JOCTYIHBIE C IOMOIIBIO PECYPCOB
CATS, Vizier u NED, a Taxke OIIEHKH IIIOTHOCTEH
MOTOKOB, TMONyyeHHble mo kapram VLSS u GB6
0030poB. U3 550 oOwexkTtoB RCR-karajora mis 245
AMEIOTCSl JTaHHBIE O IDIOTHOCTSIX IMOTOKOB TOJIEKO Ha
nByx gactotax: 3.94 I'T (RCR) u 1.4 I'T (NVSS).

B OCHOBHOM 3TO HCTOYHHKH C IUIOTHOCTSMH ITOTOKOB
menbire 30 MAH. Okomno 65% M3 HUX MMEIOT TUIOCKHUHA
Wik WHBEpCHOHHBIM crnektp (a >— 0.5). IlpoBenen
aHallM3 HAOS)KHOCTH TIONyYEHHBIX pPE3yNbTaToOB IO
BCEMY CIHUCKY OOBEKTOB. IIOCTpOEHBI THCTOTPaMMBI
pacripesieNieHus] CHEKTPAIbHBIX WHAEKCOB U IJIOTHOCTEH
MTOTOKOB MCTOYHUKOB. OCHOBHOM BBIBOJI COCTOHT B TOM,
4qTo 06’])6KTOB, HC NOIMaBIIUX B ACHUMETPOBLIC KaTaJIOTU
B 3TOM HMHTEPBAJIC IPAMbBIX BOCXO)K[[CHI/lﬁ Ha YPOBHEC
10-15 M51H, He 0OHApYKEHO.

H.C. Cobonesa, E.K. Mauioposa,
A.B. Temuposa, H.H. Bypcos.

O.11. )Kenenkosa,

Onmuueckoe omoycoecmenenue kamaioza RCR

C wucrnonmp3oBanreM KapT paanoo03opoB FIRST u
NVSS MIPOBEICHO MaccoBOE ONTHYECKOE
oroxaecteieHne katamora RCR (550 ucrounukos). J{ist

PaIMONCTOYHHUKOB, Yy KOTOPBIX HE OOHapyXuBajics
onTHUeCKMM Kkaumaupmar B kartajgorax GSC, SDSS,
UKIDSS, JIOTIOJTHUTENIBHO npu ONTUYECKOM
OTOXJCCTBICHAN  AHAIM3HPOBAIKNCH  H300paKCHUS

o030poB SDSS, LAS UKIDSS, POSS-II, 2MASS B
pasHBIX (UWIBTpax W cyMMBbl u3oOpaxkeHwmirt SDSS (B
¢umpTpax g, r, i), UKIDSS (B ¢umpsrpax J, H, K),
POSS-IT (Red, IR). Tem cambiM MBI TOCTapajuCh MPHU
OIITHYECKOM OTOK/IECTBIICHUH MaKCHMAaJIbHO
UCIIOJIb30BaTh BCE UMEIOIMECS JaHHbIE.

O6nactp karaora RCR B wuHTepBasie mNpsIMBIX
Bocxoxennii 7" < RA < 17" wacTuuHO mepecekaercst ¢
o63opamu SDSS, LAS UKIDSS u FIRST. [y pa3HbIx
y4yacTKOB ~ Heba [0y OTOXKIECTBICHHH MO
POSS-II +NVSS u SDSS +NVSS, SDSS + FIRST,
UKIDSS + FIRST cocraBuia («+» - 34%, «?» -23%,
«efy - 43%) u (50%, 25%, 25%), (79%, 8%, 13%) u
(86%, 8%, 6%) COOTBETCTBEHHO, rae
«+» - OTOXKIECTBIICHHE, «?» - BO3MOXHBIA KaHAMIAT,
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Deep surveys of the celestial band at declination
of the source S8433 at a wavelength of 7.6 cm in
the period 1980-1999

Data of RATAN-600 surveys carried out at A7.6 cm

at declination of the source SS433 in 1988-1999 were
processed by two independent methods.
Besides, data of the survey «Cold» (1980-1981) were
also reprocessed. It resulted in the RCR (RATAN
COLD REFINED) catalog which presents right
ascensions and flux densities of objects identified with
objects of the NVSS catalog in the range of right
ascensions 7"< R.A.< 17"

Spectra of sources were built and their spectral
indexes at the wavelengths 3.94 and 0.5 GHz were
determined. The spectra were built with involvement of
all known accessible catalogs with the help of resources
of CATS, Vizier and NED, and flux density estimations
obtained by maps of the VLSS and GB6 surveys.

For 245 of 550 objects of the RCR catalog the flux
density data are available only at two frequencies of
3.94 GHz (RCR) and 1.4 GHz (NVSS).

These are basically sources with flux density less than
30 mJy. About 65% of them have flat or inverted spectra
(a>—0.5). The reliability of obtained results was
analyzed for the whole list of objects. Histograms of
distribution of spectral indexes and flux densities of
sources were built. The main conclusion is that no
objects missing in the decimeter catalogs in this range of
right ascensions at the level 10-15 mJy were detected.

N.S. Soboleva, E K. Majorova,
A.V. Temirova, N.N. Bursov

O.P. Zhelenkova,

Optical identification of the RCR catalog

Massive optical identification of 550 sources from

the RCR catalog was fulfilled with maps of the radio
surveys FIRST and NVSS.
In optical identification of radio sources with no optical
candidate in the catalogs GSC, SDSS, UKIDSS, the
images of the surveys SDSS, LAS UKIDSS, POSS-II,
2MASS in different filters and sums of images of SDSS
(in filters G, R, I), UKIDSS (in filters J, H, K), POSS-II
(Red, IR) were analyzed additionally.

Thereby, in optical identification we tried to use all
available data as much as possible.

The area of the RCR catalog in the range of right
ascensions 7" < RA < 17" partially crosses the surveys
SDSS, LAS UKIDSS and FIRST. For different areas of
the sky the portion of identifications by
POSS-II +NVSS and SDSS+NVSS, SDSS+FIRST,
UKIDSS+FIRST was («+» - 34%, «?» - 23%,
«ef» - 43%) and (50%, 25%, 25%), (79%, 8%, 13%) and
(86%, 8%, 6%) respectively, where «+» means
identification, «?» means a possible candidate,
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«ef» - mycroe mone. Ilpum npuHsTHM pemeHus o0
OTOK/IECTBJICHUM  PAJIMOMCTOYHHMKA  HCIIOJIb30Bajach
nHpopmannorHas cucreMa ObjectSky, B koTopyto 6pi1a
momemnieHa Bcs  coOpamHas o RCR-mcrounmkax
nHpopmanys. [IpuMeHIICh TPOrpaMMHEIE CPENICTBA H
pecypcel  BHUpPTyaidbHOI oOcepBaTOpHH, 0€3 MOMOIIN
KOTOPBIX OTOXJIECTBJICHUE HEBO3MOXXHO OBLIO OBl
MIPOBECTH.

O.11. )Kenenxosa,
A.B. Temuposa.

H.C. Cobonesa, E.K. Mauioposa,

Hccnedosanue cnekmpanbHulX XapaKmepucmux
U HepeMEeHHOCMmU pPAaOUOUCHIOYHUKOS 801u3uU
cegepnozo noarwca Mupa

[IpomomkeHsl WCCIEAOBaHUA PATUOUCTOYHHUKA C
IJIOCKMMH CIIEKTPaMH U3 MOJTHOH IO TIIOTHOCTH MOTOKA
BbIOOpKH (S 461 =200 MSH) BOmM3um  CeBepHOro
ITomoca mupa (Otuer CAO PAH 2007-2008, c.115).
PesynbraThl HaOMIOACHUN BBIABWIM 15 OOBEKTOB,
OOHApY)XMBAaIOIIMX  OBICTPYIO  IMEPEMEHHOCTh  Ha
Macimrabax CyTOK. AMIDIMTYya IIEPEMEHHOCTH HE
npeBbrmaer 10%, W it OONBIIMHCTBA HCTOYHHKOB
aMIUTUTyJa TIEPEMEHHOCTH PAacTeT C POCTOM YacTOTEHI,
XOTS Y 9acTH 00BEKTOB OHA MPAKTHUECKU HE MEHSETCS.

M3 15 wnccrnenoBaBIIMXCA HCTOYHHUKOB 11 Obuin
BIIEPBBIE OOHAPYXEHBI HAMH Kak OBICTpONIEpEMEHHBIC

OIHOBPEMECHHO Ha TPEX-UCThIPEX qacToTax.
MCCHeﬂOBaHI/Ie ux MHOI'O4YaCTOTHBIX MI'HOBCHHBIX
CIIEKTPOB II0Ka3aJjiu, 4To MEPEMEHHOCTD

paauom3ilyueHuss Ha MacinTabaX CyTOK MpHCyIa
00BEKTaM Pa3IMYHBIX CIIEKTPATHHBIX KJIACCOB.
UccrenoBana  IONTOBpeMEHHAs — MEPEMEHHOCTH
o0vexkTOB Ha wmHTepBaie 8-11 mer. B BeiOopke
mpeoOIaaloT WMCTOYHUKH, CIEKTpajbHAs IUIOTHOCTD
IIOTOKA KOTOPBIX OIMHUCBHIBAETCA CTENEHHBIM 3aKOHOM M
yoObIBaer ¢ dactoTtod. MccrmemoBanust BeisiBWIHM 46%
HCTOYHUKOB C TEPEMEHHOCThIO TUIOTHOCTH IOTOKA
paauousnyuenust ot 30% u BelIe (MO ypoBHIO S0) Ha
3-4 gyacrorax (21.7, 11.2, 7.7 u 4.8 I'Tr). OOHapy>xeHO,
YTO CPENHUM HHACKC IEPEMEHHOCTH Ui OOBEKTOB
pacrer cimabo kak ¢ gactortod (ypoeHb — 0.3-0.5 B
muamasone vactor 4.8-21.7 ITm), Tak ® co
CIIEKTPATBHBIM HHICKCOM.
M.I. Muneanues, FO.B. Comnuxoga, H.C. Kapoawes u
M.I". Jlapuonos (AKL] ®UAH). AK, 86, 531 (2009).

Habnwoenue ovicmpoii nepemeHHocmu 00vekma
muna BL Lac J2022+76

Ha uvactorax 4.8, 7.7 u 11.2 I'T'y 11t UCTOYHMKA THIIA
BL Lac J2022+76 BmepBble OOHApY>XEHBI BapUaIllH
paguomsiydeHWss Ha MacmTade CcyTok. KpuBbie
W3MEHEHHA IUIOTHOCTEH MOTOKOB JEMOHCTPHUPYIOT
COBIIaJICHHE TI0 BPEMEHN MaKCHMYMOB Ha TPEX 4acTOTaxX
(puc. 71, cnesa). KoapduuueHT Koppeisiun Mexay
kpuBbiMu Ha 11.2 u 7.7 I'T - 0.7, a mexny 7.7 u 4.8
ITu - 0.6. AMmiuTyga NOEepeMEeHHOCTH pacTeT ¢
YMEHBIIEHHEM 4YacTOThl U cocTaBisteT 3.1%, 4.6% u
4.6% na vacrorax 11.2, 7.7 u 4.8 I'T'1, COOTBETCTBEHHO.
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«ef» is an empty field. When deciding about
identification of a radio source, we used the information
system ObjectSky in which all gathered information on
RCR sources was put.

Software and resources of the virtual observatory were
applied. Without them the identification would be
impossible.

O.P. Zhelenkova,
A.V. Temirova.

N.S. Soboleva, E.K. Majorova,

Study of spectral characteristics and variability of
radio sources near the northern celestial pole

The study of radio sources with flat spectra from

the flux-density-full sample (S; sz, > 200 mJy) near the
northern celestial pole was continued (see SAO Report
2007-2008, p.115).
Results of observations revealed 15 objects showing fast
variability on a scale of days. The variability amplitude
does not exceed 10%, and for the most sources it
increases with frequency, though for a part of objects it
does not vary practically.

We discovered that 11 of 15 sources under
investigation vary fast at three-four frequencies
simultaneously. The study of their multi-frequency
instant spectra showed that the variability of radio
emission on a scale of days is inherent to objects of
different spectral classes.

The long-term variability on the interval of 8-11

years was studied. The sources with the spectral flux
density described by the power law and decreasing with
frequency prevail in the sample.
The study revealed 46% of sources with the flux density
variability of radio emission exceeding 30% (at the level
50) at 3-4 frequencies (21.7, 11.2, 7.7 and 4.8 GHz). It
was discovered that the average variability index of
objects increases weakly both with frequency (the level
0.3-0.5 in the frequency range 4.8-21.7 GHz) and with
spectral index.

M.G. Mingaliev, Yu.V. Sotnikova, N.S. Kardashev and
M.G. Larionov (ASC LPhIRAS). Astr.Rep., 86, 531
(2009).

Observation of fast variability of the BL Lac type
object J2022+76

Variations of radio emission on a scale of days were first
discovered for the BL Lac type source J2022+76 at the
frequencies 4.8, 7.7 and 11.2 GHz. Flux density curves
show coincidence of maxima in time at three
frequencies (Fig. 71, left). The coefficient of correlation
between the curves at 11.2 and 7.7 GHz is 0.7, and that
between curves at 7.7 and 4.8 GHz is 0.6. The
variability amplitude increasing with the frequency
decrease is equal to 3.1%, 4.6% and 4.6% at the
frequencies 11.2, 7.7 and 4.8 GHz respectively.
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OJTHOBPEMEHHBIE PaJUOCHEKTPbl HcTOuHHKa J2022+76
no paHHeIM 1999-2007 rr. /IBa U3 HUX pa3femsioTcs B
paMKax ﬂByXKOMHOHeHTHOﬁ MOJCJIM Ha NPOTKECHHYIO
KOMITOHEHTY CO CTETICHHOW (pyHKIMEH M KOMIAKTHYIO C
KBaJIpaTHYHON. Y BeJIIMUYEHHE aMIUIUTYAbI IEPEMEHHOCTH
C YMCHBIICHHEM YacTOThl M MaJlble YIJIOBBIE pa3Mephl
HCTOYHMKA JIOIYCKAIOT MHTEPIPETALMIO NTEPEMEHHOCTH
KaK paccessHUE H3JIyuYeHHUs Ha MeX3Be3lHOH cpene. B
9TOM CiIydae aMIUIMTyJa [EPEMEHHOCTH J0JDKHA NMETh
MakcumMyM BOmm3um S5 ITm, 4dro moxaTBepkmaeTcs
HallUMHA JAHHBIMHM, TaK MAaKCHUMaJIbHBIH HMHIEKC
nepeMeHHocTH HabmogaeTcss Ha dactote 4.8 T u
cocraBnger 4.6%. HMHTepmpeTupoBaTh IEpEMEHHOCTh

UCTOYHUKA J2022+76 I'PaBUTALUOHHBIM
JIMH3UPOBAHUEM CJI0’KHO u3-3a OTCYTCTBUS
HM3MEPEHHOTO KPACHOIO CMEHICHHUs  HCCIIEAyEeMOro

WCTOYHHMKAa M O00BEKTa, HAaXOMSIIErocs OJIM3KO K JIydy
3peHus. YIIoBoe paccrosiHue Mexnay J2022+76 wu
TEOMETPHUYECKUM IIEHTPOM OJIM3KOro 00BekTa ~7", uTo,
B MIPUHIIATIE, HE HCKIIOYAET JEHCTBHE ATOTO dPQeKTa, B
TOM CIy4ae, eClIH JTOT HWCTOYHHK Ommke K
HaOmogareno, yeM J2022+76.

M.I". Muneanues, I0.B. Comnuxosa, H.C. Kapoautes u
M.I". Jlapuonos (AKL] ®HUAH).

Hccneoosanue PaAoUuoOUCMOYHUKOB c
XapaKkmepHvlM  UHMEPGAIOM  NepPeMeHHOCHmU
MeHble Mecaua

Y opuHHAALATH MCTOYHHUKOB M3 MOJHOM IO
IUIOTHOCTH TIOTOKa BBIOOPKH PATUOUCTOYHUKOB C
IUIOCKUMH cniekTpaMu (68 o0wekToB; Decl = 04°+06°)
oOHapyxeHa MEPEMEHHOCTh c XapaKTePHbIMHU
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Puc. 71. Kpuevie Onecka niomuocmei Nnomoxos
obvexma J2022+77 (cnesa); MeHOBeHHble

paouocnexmpul (PATAH-600) ¢ 1999-2007 ee. (cnpasa).

Fig. 71. Flux density curves of J2022+77 (left); RATAN-
600 instant radio spectra in 1999-2007 (right).

Instant radio spectra of J2022+76 obtained from data of
1999-2007 are shown in Fig. 71 (left).

Two of them are separated within the framework of the
two-component model into an extended component with
a power-law function and a compact one with the
square-law function. The increase of variability
amplitude with the decrease of frequency and a small
angular size of the source permit us interpreting the
variability as the radiation scattering in interstellar
medium. In that case the variability amplitude is to have
maximum near 5 GHz, which is confirmed by our data.
The maximum variability index is observed at the
frequency 4.8 GHz and is equal to 4.6%.

It is difficult to interpret variability of the source
J2022+76 by gravitational lensing because of the
absence of a measured red shift of the source under
investigation and an object near the line of sight.

The angular distance between J2022+76 and the
geometric center of the nearby object is ~7", which does
not exclude this effect in principle in the case if this
object is closer to an observer than J2022+76.

M.G. Mingaliev, Yu.V. Sotnikova, N.S. Kardashev and
M.G. Larionov (ASC FIAN).

The study of radio sources with a characteristic
range of variability less than one month

Variability with the characteristic time T, from 3
to 30 days was discovered for eleven sources of flux-
density-full sample of radio sources with flat spectra (68
objects; Decl = 04°+06°).



OTYET CAO

BpEMEHaMHU T,r OT 3 10 30 aueil. C 1984 r. npoBeaeHo

IIECTh CETOB HAONIOJCHHWN TUTEIBHOCTBIO OT 53 1o

103 pueit Ha 6 yacrorax B auamnasone ot 0.97 no

21.7ITu. Ha ocHOBe aHanW3a KpHBBIX Olecka,

CTPYKTYPHBIX W  aBTOKOPPEJSIIHOHHBIX  (DyHKITHIA

OTIpe/ieICHbl XapaKTepHbIe BpeMeHa rmepeMeHHoCTH. [1o

Buay aBTokoppemaunonHoi ¢yskmn (ACF) MoxHO

ONpENENUTh HE TONBKO T,y HO M XapakTep

mepeMeHHOcTH.  llo  xapaktepy  NepeMEHHOCTH

HUCTOYHHUKU pa3ACIsArOTCA Ha YETBIPE I'PYIIIbI:

1) nmepuonnueckuit mnpomecc. ACF Ha npoTsbkeHUH
BCETO ceTa HaOIIOICHU XOPOIIO
aNPOKCHUMHPYIOTCS OJTHOM TapMOHUKOM,
XapaKkTepHOE  BpeMs  TNEPEMCHHOCTH  SBISCTCS
MOy TIEPHOIOM STON TapMOHHKH (puc. 72a);

2) kBazunepuoanyeckmii mporecc. W3 Buma ACF
CJIeyeT, YTO TPOIECC HOCHUT IUKIIMICCKUAN XapakTep,
HO TIEPHOJ ITUKJIa 3HAYUTEIbHO MeHseTcs (puc. 720).
D10 0ojee pacHpOCTPaHEHHBIM THI HeIeIbHOU
MIEPEMEHHOCTH;

3) cymma JIByX UUKIMYECKHX TMPOIECCOB C Pa3HBIMHU
aMIUIMTYJaMM M XapakTepHbIMM BpeMmeHamu. Ha
CTPYKTYpHOH (YHKIMH, KaK TPABUIIO, XOPOIIO
BUHBI 00a nporecca (puc. 72r);

4) ciny4aidHBIC TPOIECCHL. DTO MOTYT OBITH OJMHOYHEIC
WA aHCaMOJIM ~ XAaOTHYHO  PACIOJIOKCHHBIX
uMnyiabcoB, 4to ngaer B ACF omua 3HauMMBIii
MHHAMYM. B 3TOM ciydae ammpoKCHMAaIus
MIPOBOJIUTCS HA BPEMEHAaX HECKOJIBKO MPEBAIIIAIOIINX
BH3YQJIBHBIH MHHUMYM OQYHKOUH. BenwmumHa T,
JTAeT XapaKTEePHOE BpeMs OJMHOYHOTO MUMITYJIhCA HITH
cpemHee BpeMst aHCaMOJIst UMITYJILCOB (puc. 721).

B OousbliMHCTBE CllyyacB HMMEIOLIMXCS I1apaMeTpPOB

MEPEMEHHOCTH JIOCTaTOYHO JUTSE paszesncHus

BHYTPEHHEH M BHEIIHEH MEepeMeHHOCTH. [ JIaBHBIM

apryMEeHTOM B TIOJb3y TOTO WIH JPYyroro BUia

MEPEMEHHOCTH SIBIIICTCSI BHJ CIIEKTPa, a TaKXKe

Y9acTOTHI, HAa KOTOPBIX ATOT CIIEKTP C(HOPMHUPOBAH.

[Mapgaromuii cnekTp Ha HU3KHUX 4YacTOTaX OJHO3HAYHO

CBUJICTENBCTBYET B IOJI3Y BHEIIHETO IPOUCXOKICHHS

MIEPEeMEHHOCTH, a MAJaloUIMid CHEKTp Ha BBICOKUX

4acToTax npu OTCYTCTBUH 0oOHapyKeHHOI

MIEPEeMEHHOCTH Ha HH3KHX YacTOTaX, CKOpee BCEero,

YKa3bIlBa€T Ha BHYTPEHHIOIO INPUYMHY MEPEMEHHOCTH.

IInockue cnexkTppl NEPEMEHHON KOMIIOHEHTHI TOXKE

OTHOCATCS K BHeEUIHEH MNEPEMECHHOCTU U SABJIAIOTCA

CIEICTBHEM YBEJIMYCHUS CTEICHH KOMIAKTHOCTH

MEpIAOIIETO UCTOYHUKA C POCTOM YaCTOTHI.

Bonpmoe 3HaueHWe WHICKCA MOIYJSIMH HAa BBICOKUX

TaJlaKTHYECKUX IINPOTaX YKa3blBaeT HAa BHYTPEHHIOIO

MPUYNHY HEJNENPHOW NEPEMEHHOCTH HE3aBHCHMO OT

BHJA CIIEKTpa. XapaKTEepPHbIE BPEMEHa IEPEeMEHHOCTH

cam# 1o ce6e He MOTYT CIY)KHTh apryMEHTOM B IOJB3Y

TOH WIN APYTOM r’MIOTE3bl.

HeOGXOHl/IMbIM YyCJI0BUEM CYLIE€CTBOBaHUsA
He)leﬂbHOﬁ MEPEMCHHOCTHU ABJIACTCA HAJITUYUC Y O6LeKTa
CUJIbHOU JIOJICOBPEMEHHOU BCIIBIIIEYHOU
nepeMeHHOCTH. OJHAKO HET HENOCPEICTBEHHOW CBS3H
MEXTY (hakrom CYIIICCTBOBAHUS HeIeTbHOM
MEPEMEHHOCTH U (Da30il JONTOBPEMCHHON aKTUBHOCTH.
B omgHPX HCTOYHHKAaX MOXET OBITH KOPPETSAIHS MEXKIy
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Since 1984 six sets of observation of duration from 53 to
103 days were fulfilled at 6 frequencies in the range
from 0.97 to 21.7 GHz.

Variability time scales were determined from analysis of
light curves of structural and autocorrelation functions.
From the autocorrelation function (ACF) it is possible to
determine not only 7, but also the type of variability.

The sources are divided into four groups according to

their variability types:

1) a periodic process. ACF is well approximated by
one harmonic during the whole observational set;
the variability time scale is a half-period of this
harmonic (Fig. 72a);

2) a quasi-periodic process. From the ACF shape it
follows that the process is cyclical, but the cycle
period varies considerably (Fig. 72b). This is the
prevailing type of the week-scale variability;

3) a sum of two cyclical processes with different
amplitudes and characteristic times. As a rule, both
processes are seen well in the structural function
(Fig. 72¢);

4) random processes. These can be single or ensembles
of chaotic pulses, which gives one significant
minimum in ACF. In that case the approximation is
made at time scales slightly exceeding the visual
minimum of the function. The value 1,y gives the
typical time of a single pulse or the average time of
an ensemble of pulses (Fig. 72d).

In most cases the available parameters of variability are
enough to divide the internal and external variability.
The main argument in favor of one or another type of
variability is the spectrum shape and frequencies at
which this spectrum is formed.

The spectrum falling at low frequencies unambiguously
attests in favor of an external origin of variability, and
the spectrum falling at high frequencies with absence of
a detected variability at low frequencies most probably
points to an internal cause of variability.

Flat spectra of a variable component also refer to the
external variability and they are a consequence of
increase of the compactness rate of a flaring source as
frequency increases.

A large value of the modulation index at high galactic
latitudes suggests an internal cause of the week-scale
variability irrespective of the spectrum shape.

Typical variability scales themselves cannot be an
argument in favor of one or another hypothesis.

A necessary condition of the week-scale
variability is the strong long-term flare variability of an
object. However, there is no direct relation between the
fact of the week-scale variability and the phase of long-
term activity.

In some sources there can be a correlation between the
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week-scale variability and the phase of long-term
activity; in other sources such a correlation is absent.
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Puc. 72. Ilpumepvl cmpykmypHuIX (Cle6a) u a8mMoKOppeIAYyUOHHbIX (Cnpasa) @yuKyuti Ot HEKOMOPBLIX 00bEKMO8.
Cnaownvle kpugvie —annpokcumayuu ACF, no komopoii noiyuenvl yKa3aHHvle Ha PUCYHKAX XAPAKMEPHble GPeMeHd.

Fig. 72. Examples of structural (left) and autocorrelation (right) functions for some objects. Solid lines are
approximations of ACF, from which the typical times shown in the Figure were obtained.

DEHOMEH HEJENIbHON NEPEMEHHOCTH MPEACTABISAET
OOJIbIION ~ WHTEpPEeC Uil [OHUMAHUs  HPUPOJIbI
HCTOYHMKOB KOCMHYECKOTO PaIHOM3IYYCHHS, U OTH
UCCIICIOBaHMS OYIyT MPOJODKEHBI.

M.I. Muneanues, A.I'. I'opwkos u B.K. Konuuxosa,
(TAALLI MTY).

The phenomenon of the week-scale variability is of
the utmost interest for understanding the nature of
sources of space radio emission, and this study will be
continued.

M.G. Mingaliev, A.G. Gorshkov and V.K. Konnikova
(SAI MSU).
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Monumopunz ApKUX UCHOYHUKOE O MUCCUU
PLANCK WG6
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Bright sources monitoring during PLANCK

Mission WG6
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Puc. 73. Cnesa - kpusvie bnecka xkeasapa 1751+09 (oxmsabps 2009);cnpasa - cymmapHulii paouocnekmp (0OKkmsopo,

Fig. 73. Left: light curves of the quasar 1751+09 (October 2009). Right: the sum radio spectrum (October-November

Hos6ps 2009).

2009).

[TpoBeaeH MOHUTOPHHT CTa SIPKUX PAIHOUCTOYHUKOB C
LENbI0  HA3eMHOTO  COMPOBOXJCHHS  HAOIIOACHHUI

Planck. ITonyuensl exxeHEBHbIE 3HAYEHUS TUIOTHOCTEN
MTOTOKOB PaIUOUCTOYHUKOB HA "actoTax 21.7, 11.2, 7.7,
4.8 m 2.3 I'Tu, a Takke CyMMapHbIE MHOTOYacCTOTHBIC
pamuocniektpel 11t 2-4  smox. Ha  pucynke 73
MMPUBEICHBI KPUBBIC 6J'IeCKa B aHTCHHBIX TEMIICpaTypax
st kBasapa 1751409 (cmeBa) W MIHOBEHHBIE
PaAMOCIIEKTPHI B quama3oHe yactot 2-22 [Ty (crpasa).
M.I. Muneanues, IO.B. Comnukosa, A.K. Opxenos.

Jpeiigh MAKCUMYMO8 paouoscnviuiek
Ppenmzenoeckoil 06oiinou cucmemut LSI+61°303
no ghaze opoumanvHozo nepuooa

[IpoBenen 130-gHEBHBII MOHHTOPHHT HW3BECTHOI
PEHTTEHOBCKOM IBOMHOW CHCTEMbI, ONITUYECKON 3BE3/Ibl,
raMMa-MCTOYHUKA BBICOKHX JHEPrHi W MHKpPOKBazapa
LSI+61°303 (GT0236+61). [IpoBoauInCh €xXeTHEBHBIE
HAOJIOZCHUST OJHOBpeMeHHO Ha 4 uwacrtorax (2.1, 4.8,
7.7 u 11ITu). 3aperucTpupoBaHO MIECTh BCIHBIIIEK.
HOCTpOCHbI JACTaJIbHBIC KPUBBIC 6J'leCKa HUCTOYHHKA JIA
mecTd  OUKIOB  (puc. 74). MakCHMyMBI  BCIBIIIEK
HaOmonamice B (asze 0; =0.70+0.05 opOuransHOTO

mepuona Py (26.5d). OrMeTuM, YTO HAOIIOJCHHS
MIPOBOIMIIACH BOMH3H (azer 6,=0.0
cBepxopouTansHoro neprona P, (1667%).

Mbl CcpaBHWIM HalM KpUBBIE paxuolnecka

GT0236+61 ¢ narabIMH, TOTy9eHHBIM B 1995 1. (CLIA,
GBI) B Tolf %xe ¢aze P,, m oOHapyxwiam, 49TO B
MOCJIEIHEM Cllydae MaKCHUMYyMbl Ojecka HaOioJanuch
BOMm3u  ¢aser 0, =0.60. UssectHo, uro (aza
MaKCHMMYMOB pajino0iiecka MCTOYHUKA JUIsi repuona P
MeHsiercs B mpeaenax 0, =0.4-0.8, u 3T0 CBs3aHO C
¢asoit nepuona P,. OOHapyKeHHBIH HaMU CABHT (a3bl
MaKCHMYMOB JJIsl OJHOM u Toii xe ¢asel P, BeposTHO

The monitoring of 100 bright radio sources was fulfilled
with the purpose of the ground-based tracking of Plank
observations. Daily values of flux density of radio
sources at the frequencies 21.7, 11.2, 7.7, 4.8 and 2.3
GHz and sum multi-frequency radio spectra for 2-4
epochs were obtained. The figure 73 shows the quasar
1751+09 light curves in antenna temperature (left) and
instant radio spectra in the frequency range 2-22 GHz
(right).

M.G. Mingaliev, Yu.V. Sotnikova, A.K. Erkenov.

Drifting of the maxima of radio flares from X-ray
binary LSI+61°303 through phase of the orbital
period

The 130-day monitoring program of the well-known
X-ray binary, the VHE gamma-ray source, emission star
and microquasar LSI+61°303 (GT0236+61) has been
carried out. Daily observations were made at 2.1, 4.8,
7.7 u 11 GHz simultaneously. We detected six flares.
Thus the detailed light curves were measured during six
orbits (Fig. 74). Flare maxima were at the phase
0, = 0.70+0.05 of the orbital cycle P, (26.59).

These measurements were made near the phase 6, =0.0
of the super-orbital period P, (1667%).

We compared light curves of GT0236+61 with
radio data of 1995 (USA, GBI) during the same
superorbital phase (0, =0) and detected that the former
light curves maxima occurred near phase 6, = 0.60.

It is well known that phases of the maxima of radio flux
from the source varied from phase 0;=0.4 to phase
0, = 0.8 during the change of the P, phase.

Therefore, this noticed shift of the maxima phase is
probably related either with instability of the super-
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CBsA3aH C HECTaOUILHOCTHIO

66176 Mensie (P, ~ 1600%).

250
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CBEpXOPOUTAIBHOTO
Nepuofia WM C €ro HETOYHBIM ompejaesiieHHneM. B
TIOCIIEIHEM ClTydae CBEPXOPOUTANIBHBINA IEpHOJT JOIDKEH

SAO REPORT

orbital period or with its inaccurate determination.
In the latter case the value of super-orbital period must
be smaller, i.e. P, ~ 1600,
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Puc. 74. Kpuevie 6necka muxporsazapa LSI+61°303 ¢ mae-oxkmsbpe 2009 o. na yemvlpex yacmomax.

Fig. 74. Light curves of the microquasar LSI+61°303 in May-October 2009 at four frequencies.

BepositHee Bcero NpPUYMHOW MOIYJSIMM  CBOWCTB
CHHXPOTPOHHOTO  HW3JIy4eHHUS SBISETCS Ipereccus
CTPYHHBIX BBIOPOCOB. Pentrenosckoe u
pafguou3IIyueHHe BO3HUKAET B pe3yabTare
CHHXPOTPOHHOIO MEXaHHM3Ma, a TIaMMa-U3Iy4deHUe
CBEPXBBICOKMX JHEPrMH BO3HHKaeT B Ipolecce
OOpaTHOTO  KOMIITOHOBCKOTO  pPaccesHHs 3BE3JHBIX

(OTOHOB HAa PEISITUBUCTCKUX 3JCKTPOHAX B CTPYSX.
OnHako pHupoia CBEpXOpOUTATIHLHOTO TIEpHoIa TIoKa He
SCHA.

C.A. Tpywrun, H. Huscenvckuil, H.5ypcos.
Monumopunz Cygnus X-3

[Iponomxeno HCCIIeJOBaHNUE MHKpPOKBa3apa
Cyg X-3 (Otuer CAO PAH 2007-2008, c. 118).
B TedeHuwe IByX aKTHBHBIX II€PHONOB BCIIBIIIETHON
TMEPEMEHHOCTH 3TOW  PEHTIEHOBCKOM JBOMHOM C
PENSTUBUCTCKAMH ~ CTPYWHBIMH ~ BBIOpOCaMH  OBbLIH
obHapyxeHnbl (cnytHuK AGILE) derbipe BCHBIILIKK
TPaH3UCHTHOI'0 raMmMa-u3jyd€HUEC B JUAINIa30HC BLIIIC
100 MaB (puc. 75). B naByXx wu3 4YeThlpex TaMMa-
BCIBIIIKAaX 3apETHCTPUPOBAHO MOIIHOE YCKOpEHHE
JIEKTPOHOB U ITPOTOHOB 3a 1-2 IHS 10 paJANOBCIBIIIKY.
OHeprusi 5THX HETEIUIOBBIX YacTHI] ObUIA B THICSUY pa3
0oJbBIIIe IO CPABHEHUIO C SHEPTHEH B Ooyee CIIOKOHHOM
coctosanu. OOHapyXeHHe TraMMa-Iydeil BBICOKHX

The long-time precession of the jets could be reason of
the synchrotron radiation modulation. We know that
X-ray and radio emission originate from synchrotron
mechanism, but VHE (Very High Energy) gamma-
emission formed in Inverse Compton scattering of the
stellar photons on the relativistic electrons in jets.
Meanwhile the nature of the super-orbital period itself
became unclear.

S.A. Trushkin, N. Nizhelskij, N. Bursov.

The monitoring of Cygnus X-3

The investigation of the microquasar Cygnus X-3
was continued (see SAO RAS Annual Report
2007-2008, p. 118). During two active periods of the
flaring variability of this exceptional X-ray binary with
relativistic jets four flares of transient gamma-ray
emission with energies more than 100 MeV (Fig. 75)
were detected (the satellite AGILE).In two of four
gamma-ray flares the powerful acceleration of electrons
and protons was recorded 1-2 days before a radio flare.

Energy of these nonthermal particles was a thousand
times higher than that in the quiescent state. The
detection of high-energy gamma-ray emission in the
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SHEPruid B TaJaKTUYECKOM HCTOYHUKE  SIBIISETCS
KPUTHYCCKOW TOYKOH B IMOHMMAaHUH (HUIUICCKOM
KapTUHBI MUKPOKBA3apOB U CUCTEM C YEPHBIMU JIbIpaMU
B IIEJIOM.
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Galactic source is a critical point in the understanding of
the physical picture of microquasars and binary systems
with black holes in general.
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Fig. 75. Discovery of gamma-ray emission from the micro-quasar Cyg X-3 before a powerful radio flare in April

2008.

M. Tasanu, A. Byneapennu, [oc. Ilvsno, C. Cabamunu,
E. Cmpuanu, E. Deancenucma, A. Tpoiic, I Ilynu,
C. Tpywkun, H. Huowcenvckuii u op. Nature, 462, 620
(2009).

Bosmooicnan  npupoda ocmamka ceepxHo60il
G 65.3+5.7 u ez0 ceazxb ¢ OKpyIHCAIOWUM
HelmpanbHbLIM 6000P00OM

ITponomxeHbI HCCIIEN0BAHUS OCTATKOB CBEPXHOBBIX
(Otuer CAO PAH 2007-2008, c. 117).

M. Tavani,  A. Bulgarelli,  G. Piano, S. Sabatini,
E. Striani, Y. Evangelista,  A. Trois,  G. Pooley,
S. Trushkin, N. Nizhelskij et al., Nature, 462, 620
(2009).

Possible Nature of the Supernova G 65.3+5.7
Remnant and its Relation to Ambient Neutral
Hydrogen

Investigations of supernovae remnants were
continued (see SAO RAS Annual Report 2007-2008,
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G 65.2+5.7 umeer camblii OOJNBIION YTIIOBOH pasmep
cpean ocTaTkoB oOosoyeyHoro tumna. [1o HabmrONeHUAM
HEUTpaJILHOTO BOJOpOJa Ha BonHe 21cM  o0KoIoO
G 65.2+5.7 oOHapyXeHa pacHIHpSIONIascs 000II0YKa
HI, ocraBmasics mocie cTaporo B3pblBa CBEPXHOBOH C
sHeprueii nopsaka 10°'spr u Bospactom 440 ThicsaY €T,
COBIIQ/IAFOIIAsl TI0 KOOPJUHATAM C PAJu0 ¥ ONTHYECKUM
octaTtkoM (puc. 76).
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p- 117). G 65.2+5.7 has the largest angular size among
shell type remnants. From observations of neutral
hydrogen at a wavelength of 21 cm, near G 65.2+5.7 an
expanding HI envelope was discovered that remained
from an old explosion of the supernova with energy
about 10°'ergs and age 440 thousand years. Its
coordinates coincide with optical and radio remnants
(Fig. 76).
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Puc. 76. Cnesa - usnyuenue HI ¢ koopounamax (a-0) na nyuegoi ckopocmu +20 km/c no 3anucsm, NOay4eHHbIM Ha
PATAH-600. Kpecmuxom u mMOHKUMU OKDYJICHOCHISIMU CXEMAMUYECKU O0O03HAYEH OCMAMOK C6EPXHOBOU 6
HenpepvieHoM cnekmpe Ha goane 21 cm no OouHcKum OaHHbIM. TeMHOU 3anusKol ommedeHvl Oemanu JTUHUU
usnyuwenus HI, komopwie mocym b6vime cesa3anvl ¢ ocmamkom ceepxuosou. Cnpasa - uznyuenue HI 6 koopounamax
(a-V) na cxnonenuu +31.25° (6epxuss Kpueas — 3anucb ocmamra 8 HenpepvigHoM cnekmpe). Kuphvimu IuHUAMU
0003Hauen Yenogoll pasmep OCMAMKA 6 HeNpepuleHOM CHeKmpe, MOHKUMU JUHUAMU — Npeonoiaeaemas Hamu
obonouxa HI.

Fig. 76. Left: HI emission in (a-90) coordinates at a radial velocity of +20 km/s from RATAN-600 drift curves. The
cross and thin circumferences schematicaly show the Supernova remnant shell as revealed by the Bonn data. The
dark shading marks the HI emission features that may be associated with the super nova remnant. Right —
HI emission in (a-V) coordinates at a declination of +31.25° (the upper curve represents the drift curve of the

remnant in continuum). The thick lines denote the angular size of the remnant in continuum, thin lines — the presumed
HI shell.

IMockombky B 3TOM ke obnactu HaOmomaeTcs Since X-ray emission from a much younger (27

PEHTI€HOBCKOE M3JIy4YeHHE OT ropasno 0osiee MOJIOAOTo
OCTaTKa CBEPXHOBOH (27 TBIC. IeT), a OOOJOYKH,
oOHapy>XeHHBIE 110 HEOYIAPHBIM JUHHUAM, WMEIOT
BO3pACT, MMO-BHUIUMOMY, HPOMEXKYTOYHBIH, BBICKa3aHO
MIPEANON0KEHHE, YTO 37eCh MNPOU30IUI0 HECKOJIbKO
[OCIIEI0BATENbHBIX B3PHIBOB CBEPXHOBBIX.

H.B. I'ocauunckuil.

thousand years) supernova remnant is observed in the
same region, and the age of envelopes detected from
nebular lines is probably intermediate, we assumed that
here several consecutive supernova explosions occurred.

1.V. Gosachinskii.
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Kamanoz paouozanakmux ¢  u3zeecmuvimu

KPACHbBIMU CMeuLeHUAMU

IlogroroBneHa  BBIOOpPKAa  pagHOTaNakTHK  CO
CHEKTPOCKOMMYECKUM KpacHbIM cMerienuem z>0.35 no
manaeiM NED, SDSS, CATS nmng ucnoib30BaHusA B
Pa3IMYHBIX CTaTUCTUYECKUX TecTaX. MICXOMHBIN cruCcoK
n3 3364 00beKTOB ObUI OUMIIEH OT PAJNUOTAIAKTUK C
(OTOMETPUYECKUMH ~ KPAacHBIMH  CMEIICHHUSMH U
KBa3apoB.

[omyunBmmiics katamor comepxut 2442 oObekTa
CO CHEKTPOCKONHMYECKHMH KpPAcHBIMH CMEIICHUSIMH,
(GOTOMETPUYECKMMH  BEJIMYMHAMH M IUIOTHOCTSIMH
MIOTOKOB, YTJIOBBIMH panuopasMepamu u
CHEKTPaJbHBIMH HHAEKCAMU B JHMama3oHE 4YacTOT OT
325 MI' o 30 I'T'w.

2009
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The catalog of radio galaxies with known red
shifts

A sample of radio galaxies with spectroscopic red
shifts z>0.35 was selected from the NED, SDSS, CATS
databases for the use in different statistical tests. The
initial list of 3364 objects was cleared from galaxies
with photometric red shifts and quasars.

The resulting catalog contains 2442 objects with
spectroscopic red shifts, photometric values and flux
densities, angular sizes and spectral indexes in the
frequency range from 325 MHz to 30 GHz.

2 . .

Spectral index

Redshift

Puc. 77. Jluacpamma «cnexmpanvhulii uHOexkc-kpacHoe cmewjenuey. CnekmpanbHble UHOEKCbl GbIYUCAAIUCL HA
yacmome 1400 MI'y. Tpeyeonvruuxamu noxazanwvt daunvie SDSS. Kpyoickamu - 00vekmbl 6cex 0CMaibHblx Kamaio2os.
Pecpeccuonnasn sasucumocmv nposedena no MeOUAHHbIM 3HAYEHUAM CHEKMPANbHLIX UHOEKCO8 BHYMPU OUHOB C

wazom Az = 0.5.

Fig. 77. The diagram «spectral index — red shifty. Spectral indexes were calculated at the frequency 1400 MHz. The
triangles denote SDSS data. The circles are for objects of all other catalogs. The regression is drawn by medians of

spectral indexes inside bins with the step Az = 0.5.

I[lo  MeaWaHHBIM  BEJIMYHHAM  MOJABBIOOPOK
pagHorajakTHK OIpelesieHa yCTOHYHMBas 3aBHCUMOCTD
CIEKTPAIbHOTO HMHJAEKCa OT KpPACHOTO CMELICHHS
(puc. 77). OHa uMeeT 3aMETHBI TPEHI B CTOPOHY
MOHMKEHUSI  CHICKTPAIBHOTO  HMHIEKCA C  POCTOM Z
(a=atbz, rae a=-0.73+0.02, b=-0.15+0.01). Ee moxHO
OOBSICHUTD JIByMS CEJNEKI[HOHHBIMU (P PEeKTaMu, XOTs U
HE UCKIJIFOYEHBI (PU3UYECKUE IPUUNHBIL:

1) paguoranakTUK B3sIThI M3 CIUCKOB, HCTOYHHUKH B
KOTOpbIe OTOMPAITUCH MO KPYTOMY CIEKTpY. YUecTb

From medians of subsamples of radio galaxies a
stable relation between spectral index and red shift was
determined (Fig. 77). It is a noticeable trend of the
spectral index decrease as z increases (o = a+bz, where
a=-0.73+£0.02, b=-0.15+0.01). It can be explained by two
selection effects, though the following physical reasons
are possible:

1) radio galaxies were selected from lists which were
compiled from sources with steep spectra. This effect
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3TOT 3P (PEKT MOKHO TOJBKO IO TOJHBIM BBIOOpKaM
PAAMOTANAKTHK C H3BECTHBIM KPACHBIM CMEIIICHUEM;
2) U CaMBIX MOIIHBIX PaIHOUCTOYHUKU Ha OOJNBIINX Z
BKIIQJl B paJMOU3IyYCHHE AT TrOps4Yre IMsTHA,
HMEIOLIME  KPyThle  CHEKTpel. YeMm  Janblie
PaAMONCTOYHHK, TEM BEpOsiTHEE, 9TO OH OynmeT Ooee
MOIIHBIM [0 CPaBHEHHIO C OKPYXAIOMIUMH H
HMEIIUM KpyToil paauocnektp. IIpoBeputh 3TOT
(akT MOXHO, CpaBHUBAs pa3HbIe MO CBETUMOCTH
BBIOOPKH TaJIaKTHK.
AHaNUTUYECKUH BUJI PETPECCUM MOXKHO HCIOJIB30BaTh
JUTS TIPEIBAPUTEIILHOTO 0TOOpa OOBEKTOB HA 3aJIaHHBIX
Z, OIICHKH PACCTOSHUH J0 PaJlOTAIaKTHK, & TAKKE MPH
M3y4CeHUH (DYHKIMH CBETHMOCTH.
MJIL Xabubyniuna,  O.B. Bepxooanos,  Acmpogus.
oronn., 64, 123 (2009); Acmpogusz. 6., 64, 276
(2009); Acmpogus. 61011., 64, 357 (2009).

Kapmozpaguposanue koppenayuii  ghonoswvix
u3yueHuil Ha cghepe
Meron  kaprorpadupoBaHHS ~ KOppesIMiA  Ha

mosHoH chepe (Otuer CAO PAH 2007-2008, c.126),
TIO3BOJISIOIIN I IPOBEPSITH Ka4ecTBO
BOCCTaHABJIMBACMBIX KapT, aHpO6l/IpOBaH Ha JaHHBIX
WMAP u 0630pa NVSS.

2009
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can be taken into account only in full samples of radio
galaxies with known red shifts;

2) in the most powerful radio sources at large z the hot
spots having steep spectra contribute to radio
emission. The farther a radio source is the higher is the
probability that it is more powerful in comparison to
surrounding ones and it has a steep radio spectrum.
This fact can be tested by comparing samples of
galaxies differing in luminosity.

The analytical type of regression can be used for
preliminary selection of objects at a given z, estimation
of distance to radio galaxies and when studying the
luminosity function.

M.L. Khabibullina, O.V. Verkhodanov, Astrophys. Bull.,
64, 123 (2009); Astrophys. Bull, 64, 276 (2009);
Astrophys. Bull. 64, 357 (2009).

Mapping of background emission correlations on
a sphere

The method of correlation mapping on a complete
sphere (SAO RAS Report, 2007-2008, p.126) allowing
us checking quality of restored maps was tested for the
WMAP data and NVSS survey.
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Puc. 78. Pacnpedenenusi éenuuun KoppensiyuOHHbIX UHOEKCO8 6 NUKCelsax Kopperayuonuvlx kapm ILC-Oanubix u
2a1AKMUYecKux )OHO8.: U3IYyUeHUs noliu, C60000HO-CB0D0OHO20 U CUHXPOMPOHHO20 U3LYYUeHUll (Clle8d Hanpaeo), OJis
okHa 324'. [Jonycmumsie epanuysl ypoeus Kopperayutl (pasdopoc 1 ¢), nocmpoerntvie o OAHHbIM MOOEIUPOBAHUS,

NOKA3anbl NYHKMUPHbIMU JTUHUAMU.

Fig. 78. Distributions of correlation indexes in pixels of correlation maps of ILC data and galactic backgrounds:
emission of dust, free-free and synchrotron emission (from left to right) for the window 324'. Permissible limits of the
correlation level (a dispersion of 1 o) built from modeling data are shown by the dotted lines.

st MOCTpOEHHBIX KapT KOppEeIALUMA IO JaHHBIM
WMAPS (xaptet ILC u (HOHOBBIX W3ITyUCHHIA:
CHHXPOTPOHHOTO, CBOOOJIHO-CBOOOJHOTO W TIBUIM) Ha
Macmtabax 162', 324" u 540" obHapyXeH CHBHT B
pacripefieIeHM 3HAa4YeHUW TMHKCeNed A NbUIM U
CUHXPOTPOHHOI'O  U3JIY4Y€HMs, YKa3blBAOIIMKW  Ha
BO3MOJXKHYIO TEPEOLEHKY HMX BKJaga NpU pa3lelieHUU
komnoHeHT ILC (puc.78). OOHapyxeHHOE CMEIICHHE B
KOPPEJSIIMOHHBIX ~ JaHHBIX  TIBUIEBOH  KOMIIOHEHTBHI
MOJeT OBITh 00yCIIOBIIEHO 00JIee CIIOXKHON €€ MOAEIIBIO.
O.B. Bepxooanos, M.JI. Xabubyniuna, E.JI. Maiioposa,
Acmpodghus. bro11., 64, 263 (2009).

For correlation maps built for the WMAPS data (the
maps of ILC and background emissions: synchrotron,
free-free and dust) on the scales 162', 324" and 540' a
shift in distribution of pixel values for dust and
synchrotron emission was discovered, which indicates to
a possible revaluation of their contribution when
separating ILC components (Fig. 78).

The discovered shift of the dust component correlation
data can be caused by its more complicated model.

O.V. Verkhodanov, M.L. Khabibullina, E.K. Majorova,
Astrophys. Bull., 64, 263 (2009).
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Omodicoecmenenue UCMOYHUKO8 0EKAMEMPOBO20
ouanasona kamanoza YTP

[IpooikeHO OTOXKIECTBICHUE PAAHMOUCTOUYHUKOB
katanora YTP. Jlns wuccienoBaHus HCIOJIB30BAIaCh
MoCTeHAS BEIOOpKA Karajiora MCTOYHHKOB B OOJIACTH
ckioHeHmH 30°< § <40°. J{ns kpocc-uaeHTHOUITIKAIIH
HCTOYHHKOB ¢ KarajoramMu ©0a3pl maHHeix CATS
ucnoip3oBaics Ookc ommbok 40x40'. IlpoBenmeHa
mporenypa  IeONCHIUPOBAaHHA 1O  PATHOCHEKTPY
HUCTOYHUKOB. IlocTpoeHBI W  anmmpPOKCHMUPOBAHBI
CTaHIAPTHBIMH  AHAJIUTHYECKUMHU  3aBUCHUMOCTSIMHU
cnekTpbl 875 HCTOYHMKOB, 221 OOBEKT M3 KOTOPBIX
HMEIOT JIMHEWHBIM CHEKTP M CIEKTPAJIbHBIM HHICKC
a<-1.0. Karanor o0beKTOB mnomelieH B 0a3y IaHHBIX
CATS.

O.B. Bepxooanos, H.B. Bepxooanosa, X. AnoepHax.
Acmpodpus. bronn., 64, 72 (2009).
Ilpozpammmuorii naxkem onsa pacuema

noaapuzayuu CMB

[IpoBenen aHaiaM3 TOYHOCTH M IPUMEHUMOCTH

nakera GLESP-pol, sBistomero pacmmpeHneM nakera
GLESP 2.0, npenna3znauenHoro ans anamm3a CMB nHa
OCHOBE MMUKCENN3AIUI HeOa 1o METOJY
laycca-Jlexangpa (GLESP). GLESP-pol Bkmowaer B
cebss pacuer momsipmzanuud Ha cdepe. CormacHo
YHCJICHHBIM pacyeTaM ajJrOPUTM ITO3BOJISET BBIYHCIATH
KapTsl TOJISIPU3AITIH o TapMOHUYECKUM
ko3 duupenTaM 1 06patHO ¢ TogHOCTBIO ~107°. Tl
CpaBHEHMS MeETO/ia B AHAJIOTMYHBIX pacueTax Obul
npumenen naker HEALPix 2.11. Oka3anoch, uTO
enuHcTBeHHas wutepauuss B HEALPix 2.11  moxer
NIPUBE3TH K 3HAYMTEIFHON OLIMOKE MPH pa3lIoKeHUH Ha
TapMOHMKH M JIOJDKHA MIPUMEHATBCS C OCTOPO’KHOCTHIO.
IMaker GLESP-pol mpoTtectupoBaH M OTKPBIT IS
BceoOImIero HCTIOJIF30BAHUS o aapecy
http://www.glesp.nbi.dk.
A.T'. Jlopowxesuy (AKL] ®HAH), O.B. Bepxooanos,
I1.]]. Hacenvcxuti u Jic. Kum (NBI), /.U Hoeuxos
(Imeperial Colledge;, AKI] ®UAH), B.U. Typuanunos
(UIIM), JI.-FO. Yetine (Instit. Astron. and Astrophys.,
Academia Sinica, Taipei), M. Xancen (NBI).

HUcciaenoBanus CoaHua B
paauoanana3oHe
Conocmaenenue 8bICOMH O CIpYyKmypbl

MAZHUMHBIX NONell 6 AKMUueHou oobnacmu c
MOOEbHBIMU PEKOHCMPYKUUAM (omocpepHozo
MAZHUMHO20 NOA

MeroaMy  MHOTOBOJIHOBOM — pajimoacTpOHOMHHU
WU3MEpPEHbl  BBICOTHBIE  PAaCHpeesieHUus] MarHUTHBIX
noyieil Hajg TSTHAMH, KOTOpBIE COIIOCTAaBJIEHBI C
MAHHBIMH KocMudeckux obcepsaropuit (SOHO/MDI u
TRACE).

2009
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Identification of sources of the decametric range
of the UTR catalog

The identification of radio sources from the UTR
catalog was continued. In the study the latest version of
a sample from the catalog sources in the declination
range 30°< § <40° was used. The cross-identification of
sources with catalogs of the CATS database was made
with the error box 40x40'. The procedure of deblending
in radio spectra of sources was fulfilled. Spectra of 875
sources were built and approximated by standard
analytical relations.

221 objects of them have linear spectra and a spectral
index of a<-1.0. The catalog of objects was put to the
CATS database.

O.V. Verkhodanov, N.V Verkhodanova, H. Andernach,
Astrophys. Bull., 64, 72 (2009).

A software package for computation of cosmic
microwave background polarizations

The precision and applicability of the GLESP-pol
package being an extension of the GLESP 2.0 package
meant for analysis of CMB with pixelization of the sky
by the Gauss-Legendre method (GLESP) was analyzed.
GLESP-pol includes calculation of polarization on a
sphere. According to numerical computations, the
algorithm allows us computing polarization maps from
harmonic coefficients and back to a precision of ~107*.
As a comparison, the package HEALPix 2.11 was
applied in analogous calculations.

It turned out that a single iteration in HEALPix 2.11 can
lead to a considerable error in expansion of a harmonic
and it should be applied with care.

The package GLESP-pol was tested and opened for
general use at http://www.glesp.nbi.dk.

A.G. Doroshkevich, O.V. Verkhodanov, P.D. Naselsky,
J. Kim (NBI), D.I. Novikov (Imeperial Colledge; AKL]
@UAH), V.I. Turchaninov, 1.D. Novikov ((AKL] ®UAH;
NBI), L.-Y. Chiang (Instit. Astron. and Astrophys.,
Academia Sinica, Taipei), M. Hansen (NBI).

Study of the Sun in the radio
range

Comparison of the height structure of magnetic
fields in an active region with model
reconstructions of the photospheres magnetic
field

Methods of multi-frequency radio astronomy were
applied to measure height distributions of magnetic
fields above spots and then they were compared to data
of space observatories (SOHO/MDI and TRACE).
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MarHuTHble NOIS HaNpsHKEHHOCThIO okoso 1000
laycc HaxomsaTcs Ha AOCTATOYHO OOJBIIMX BHICOTAX B
arMoctepe Comnuma (or 10 mo 25 TBIC.KM), 4YTO
MOATBEPXKAACT HAONIONCHUSI MATHHTHBIX II€TENb 0
KOCMHYECKHM JaHHBIM B YIbTPaHOJECTOBBIX JHHHSAX,
YKa3pIBAIOIIMe HA MAayl pPacXOAMMOCTh MAarHUTHBIX
CHJIOBBIX TPYOOK (puc. 79). DTn AaHHBIE MPOTHBOpPEYAT
CYILLECTBYIOIMM OOMIECTIPUHATHIM MOJEISIM MarHUTHOTO
nomsa. Jlnsgd  MHTepIpeTandM  JaHHOTO — pe3yJsibTaTa
HEOOXOJMMO WCIIONb30BaTh MOJEIH ISl CHIIBHO
CTPYKTYPHPOBAaHHOTO M CKPYYEHHOI'O BEPTHUKAIBLHOTO
MarHUTHOTO T10JIS1 HAJI IISITHOM.

2009
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Magnetic fields of intensity about 1000 Gauss are at
rather large heights in the atmosphere of the Sun (from
10 to 25 thousand km) what is confirmed by space
observations of magnetic loops in ultra-violet lines. This
testifies a small divergence of magnetic field tubes (Fig.
79). These data contradict the available commonly
accepted models of magnetic field. To interpret this
result it is necessary to use models for a strongly
structured and twisted vertical magnetic field above a
spot.
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Puc. 79. Pesynomamul 6b1cOMHBIX UMEPEHUU MASHUMHO20 NOJSL 8 AKMUBHOU 001ACmU MemoO0OM MHO208IHOBOU
CMEPeocKonuy U CONOCMaAgieHUe ¢ PEKOHCIMPYUPOSAHHBIM 8 KOPOHY MASHUMHBIM NOAeM homocepol.

Fig. 79. Results of height measurements of magnetic field in an acvite region by the method of multi-frequency
stereoscopy and its comparison with photospheric magnetic field reconstructed into corona

B.M. Bozoo, JI.B. Acnos (CIIOI'Y). Acmpoghus. 6ionn.,
64, 333 (2009).

O npupooe paouousiyuenus
akmuenblx oonacmeil na Connuye

eécnoliieuno-

[lomydeHs! HOBBIE MAaHHBIE O PAAMOU3ITYUYECHHU
BCIIBIIIIEYHO-aKTHBHBIX obnacreit Ha  ComnHie.
HccnenoBanuck pas3iauyHble TNPOSABICHUS HHBEPCHH
3HaKa KpYyTOBOt MOJIIPU3ALIUT COJIHEYHOT'O
panuoU3IydeHNs] B MHKPOBOJHOBOM JIMaria3oHE BOJIIH.

V.M. Bogod, L.V.Yasnov (StPSU). Astroph. Bull., 64,
333 (2009).

On nature of radio emission of flaring active
regions on the Sun

New data on radio emission of flaring active regions
on the Sun were obtained. Different manifestations of
the sign inversion of the circular polarization of solar
radio emission in the microwave range were studied.
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DTO SIBICHUE MPOSBISETCS B HM3IYYCHHH BCIIBIIIEYHO-
NPOXYKTUBHBIX aKTUBHbIX obOmacteii (BITAO) Ha
pa3IMuUHBIX ~ CTAAMAX Pa3BUTHS, HAuydHAas C UX
MPEABCIBIICYHON CTaAMHd M, BEPOATHO, OTpaXKaer
rIIyOMHHBIE IPOLIECCHI B HUX.

PaccMOTpeHBl HECKOJBKO MEXaHU3MOB, KOTOpbIC
MOrfii OBl MPUBOAWUTHL K ABOWHON WHBEPCHM 3HAKa
MOJSIPU3ALMKM 110 YaCTOTHOMY CHEKTpy u K 3ddekty
npoBajia B crekrtpe. [1ogpoOHO W3ydeHbl Clieayromue
MEXaHU3MBI: JIMHEWHOE B3aHMOZ{el>lICTBHe BOJIH B
o0nacTi  KBa3W-MOINEPEYHOr0  MAarHUTHOTO  TIOJISE;
pacipocTpaHeHHe PaIHoBOIH Yepe3 00JIaCTh C HYJICBbIM
MarHUTHBIM TOJIEM; PACHIPOCTPAHEHHE PAMOBOIIH Yepe3
BBIIIEJICKAIIHE TOKOBBIE CIIOH;

2009
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This phenomenon appears in emission of flare-
producing active regions (VPAR) at different stages of
development beginning with their pre-flare stage and,
probably, it reflects underground processes in them.

We considered several mechanisms that could lead

to the double inversion of polarization sign in the
frequency spectra and to the effect of spectrum dip.
The following mechanisms were studied in detail: the
linear interaction of waves in the region of quasi-
transverse magnetic field; radio wave propagation
through the region with the zero magnetic field; radio
wave propagation through overlying current sheets;
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Fig. 80. The spectrum of polarized emission of a flare-producing active region (with a dip).

paccessHuE PaJMOBOJIH TMPU MPOXOXKICHUH Uepe3
BOJIOKHA M MarHUTHBIC JIBIPBI, B KOTOPHIX HAIIPaBIICHHE
MAarHUTHOTO TOJS MEHSET 3HAaK IO HANPaBICHUIO K
HaOmopareno.  CrenaHbl  OIEHKA  BEPOSTHOCTH
MIPEUIOKEHHBIX MEXaHU3MOB.

B. Bozoo, JI. Acnos.
(2009).

Conneunas ¢usuka, 255, 253

radio wave scattering in crossing filaments and magnetic
holes in which the magnetic field direction changes sign
towards an observer.
Probabilities of the
estimated.

suggested mechanisms were

V. Bogod, L. Yasnov. Solar Physics, 255, 253 (2009).



