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PAIMOACTPOHOMMNYECKHUE
NCCIIEJOBAHUA

HABJIIOJEHUS ®OHOBBIX U3JIYUYEHUN
BCEJEHHOM

IIpu CO3JaHUU PATAH-600 [IPEAIIOIATAICh
MHOTOYAaCTOTHBIC IIOUCKOBBIC «CJICIIBIC» 0030pbI HeOa,
METOJIMKA TIPOBEJCHHUS HAOMIONCHUH I KOTOPBIX
3HAYUTENBHO CJO0XHEE, YeM HCCIEA0BaHNE H3BECTHBIX
PaaMOUCTOYHUKOB N0 CHUCKaM. JIBa TJIaBHBIX MNpOEKTa
CBS3aHBI C OJTHM METOJIOM HAONIOJCHHUNA: TPOEKT
«bompmoe  Tpmo» (PATAH-600, VLA, BTA) wu
«'enernueckuii kox BcenenHoil». B mepBoM mnpoekte
MIPOBOJIUTCS HCCIIEOBaHNE 0OBEKTOB MPEAETHHO BBICOKON
CBETUMOCTH B paHHeil BceneHHON, paauoranakTHK THUIMa
FRII. Bropoii npoekT cBsizaH ¢ KOCMOJIOTHEN U TTOTBITKOM
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RADIO ASTRONOMY
INVESTIGATIONS

OBSERVATIONS OF THE UNIVERSE
BACKGROUND RADIATION

The very original RATAN-600 project suggested
multi-frequency deep «blind» surveys of the sky,
which are much more difficult than observations of the
dedicated list of sources.

Two main projects were connected with such «blind»
surveys: the «BIG TRIO» project (RATAN-600, VLA,
BTA) and the «Cosmological Gene» project. The first
project was connected with observation of the most
powerful objects in the Early Universe, FRII type radio
galaxies.

The second project attempts to get some information

MOJYy4nTh  HekoTopylo  wuHpopmanuio o panHeil  about the Early Universe before formation of baryonic
Bcenennoil, BkiIo4as — nepuoi,  IPEALIECTBYIOIIMMI structures.
(hopMUpOBaHUIO GAPHOHHBIX CTPYKTYP.
HOBBIE PE3VYJIBTATHBI «bOJbBIIOIO TPUO» RECENT RESULTS OF THE «BIG TRIO» PROJECT
R THIG daga ) SS FRIl population " Brimass
Efficiency of '(h.E USS Selection NHZ RG 11,2- BIG TRIO DATA only
i and extrapolation to ALL SKY —_— {1 with 6m spectroscopy
TRIO list 2009 11,04
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Puc. 53. Cnesa — canakmuku ¢ 60AbMWUMU KPACHLIMU CMEWEHUAMU U3 BbLOOPKU UCHOYHUKOG C VIbMPAKPYMbLMU
cnexkmpamu (USS) kamanoza RC u sxcmpanonayus Koauyecmea maxux ob6vexmos Ha écto nebecHyro cgepy. Cnpasa —
pacnpeodeienue MAcc C8EPMACCUBHBIX YEPHBIX OblP 8 POOUMENbCKUX 2ANIAKMUKAX PAOUOUCMOYHUKOE 8 3A8UCUMOCTHU
om KpacHozo cmewjeHus (no pesyromamam Haoaooenuii Ha PATAH-600 u BTA).

Fig. 53. Left: galaxies with large redshifts from a sample of sources with ultra steep spectra (USS) from the catalog
RC and extrapolation of the number of such objects to the whole celestial sphere. Right: the redshift distribution of
supermassive black holes in host galaxies of radio sources (from observations with RATAN-600 and BTA).

Beum 00paboTaHBI BCE LUK HaOIrO e HUI
skcriepuMenTa «Xoiom» B obmactm Heba oOmel ¢
o63opamu SDSS u FIRST. O peructpupyemsix o0beKTax
nojyuyeHa  Bcsg  Bo3MoxkHas — uHMopmanus.  OHa
HCIOJB30BaTacCh UL OLEHKH (U3NYECKUX IapamMeTpoB
nctouHukoB. [lokazaHo, 4TO MpoOHHULAIOIIAs CHJIA CIIETIBIX
0030poB  Ha  PATAH-600  mocratouHa,  4TOOBI
PETUCTPUPOBATh BCIO MOMYJIALUIO 00bekToB THna FRII Ha
JMIOOBIX KPAcHBIX CMEMICHUSX BIUIOTH JO OHOXH HX
¢dopmupoBanust npu Bo3pacre Bcenennodr ~1 mupn. ner
(puc. 53, cmeBa). OOHapyXeHO, UYTO CBEPXMAaCCHBHBIE
yepHble OeIpel (CMYJl) ¢ pexopaHbIME MaccaMu Oolee

All observational cycles of the experiment «Cold» in
the celestial area common with the surveys SDSS and
FIRST were processed. All possible information on
registered objects was gathered. It was used to estimate
physical parameters of sources.

It was shown that the penetrability of RATAN-600
«Blind Surveys» is sufficient to register the total
population of type FRII objects at any red shifts up to
the epoch of their formation at the age of the Universe
~1 billion years (Fig. 53, left).

It was discovered that supermassive black holes
(SMBH) with record masses of more than 10'°Mg
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10"Mg (GOpMHUPYIOTCS O4YEHb OBICTPO TMOCIE DIIOXU
Bropu4yHOM HoHm3ammu (z = 10). OxHako Macca YepHBIX
melp (Y1) HE pacreT, a mamgaer ¢ Bo3pacToM BcemeHHON
(puc. 53, cupaga). Iloka HeT TeopuH, OOBACHAIOMIEH STOT
pe3ybTar.

OnunH u3 00BEKTOB «bobmoro Tpuo»,
RC J0311+0507, oxazancsi OMHUM W3 CaMbIX MHTEPECHBIX
B panHeir Bcemennodt, OH wuMeeT pPEKOPIHYIO
paauocBeTuMOCTh W Maccy YJ[. DTOT HUCTOYHHK,
BO3MOYKHO, HAXOJUTCA B CKOIUICHUU T'aJIaKTUK HAa KPACHOM
cvemennn  z=4.514. Tonpko d3Bomonus TemHOH
Marepun MOXeT C(OPMHpPOBaTH CKOIUICHHE B CTOJb
panHioro smoxy. B 2010T »TOoT 00BEKT HabIIOMAICS
MHOruMHu obcepBatopusivu B pamuo (MERLIN, EVN,
GMRT), ontuke (VLT, SUBARU) u B MK (UKIRT)
JMana3oHax.
IO.H. Ilapuiickuii,
O.1I1. Keneunkoea,
A.B. Temuposa.

(Benuxobpumanus),
H.C. Cobonesa,

11. Tomaccon
A.U. Konvinos,

PCAB-HABJIIOJEHUSA RC J1740+0502
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form very quickly after the epoch of the secondary
ionization (z = 10). However, the mass of black holes
(BH) does not increase but decreases with age of the
Universe (Fig. 53, right). No theory can explain this
result yet.

The «BIG TRIO» object RC J0311+0507 turned
out to be one of the most interesting objects in the
Early Universe. It has a record radio luminosity and
BH mass. This source is probably located in a galaxy
cluster at the red shift z=4.514.

Only evolution of Dark Matter can form a cluster at so
early epoch.

In 2010 this object was observed by many
observatories in radio (MERLIN, EVN, GMRT),
optical (VLT, SUBARU) and infrared (UKIRT)
ranges.

Yu.N. Parijskij,
O.P. Zhelenkova,
A.V. Temirova.

P. Tomasson
A.L Kopylov,

(Great Britain),
N.S. Soboleva,

VLBI OBSERVATIONS OF RC J1740+0502

re1740r2021ac = .

b 5 ~Tid o J
1647 512,74 = ° - E "J

Puc. 54. Ilonymonosoe usobpasicenue (BTA/SCORPIO) 6 R-gunvmpe coemewerno ¢ paouoxapmou (MERLIN),
noayuennot ¢ paspeutenuem 0.2" na 5 I'Ty (kpacnovie konmypot), u kapmotui (VLA) ¢ paspewenuem ~1" na 8.4 I'Ty.

Fig. 54. The halftone BTA/SCORPIO R-band image is superposed with the MERLIN radio map obtained at 5 GHz
with a resolution of 0.2" (red contours) and the 8.4-GHz VLA map of resolution ~1" (blue contours).

posenensr Habmonenns (MERLIN, UK) ma 5 I'Tn
pamnoncrounnka RC J1740+0502 wu3 USS-BBIOOpKH
karanora RC, nccienoBasmierocst B mpoekrte «bombImoe
Tpuo». Panmee mno VLA-kapre Ha 84ITnm c
paspenieHreM ~1" HCTOYHHMK ObUT KiIacCH(DUIUPOBAH
KaK core-jet W OTOXIECTBIEH ¢ o0bekToM 22.6™
BesnimunHbl B R-punbrpe ¢ Z=3.57 (BTA/SCORPIO).
PCJIb-xapta ¢ yrinoBsM paspemierneM ~0.2" mo3Bonuia
YTOUHHUTH CTPYKTYpy OOBEKTa, KOTOpas OTHECeHa
Terepb K ABOMHBIM paauoucTouHukaM (puc. 54). Panee
TIOJy4€HHOE HaMH OTOJK/IECTBJICHHE C KBa3apOM Telepb
CTaHOBHUTCS MPOOJIEMATHIHBIM.
10.H. Ilapuiickuii, I1. Tomaccon
O.I1. ’Kenenkoea, A.U. Konwinos,
A.B. Temupoesa.

(Benuxobpumanus),
H.C. Coobonesa,

The radio source RC J1740+0502 from the USS sample
of the catalog RC studied in the project «BIG TRIO»
was observed at 5 GHz with MERLIN, UK.

Previously, the source was classified from the 8.4-GHz
VLA map of resolution ~1” as a core-jet and identified
with an object of 22.6™ in the R band (BTA/SCORPIO).

The VLBI map of high angular resolution ~0.2" allowed
us specifying structure of the object which is now
attributed to double radio sources (Fig. 54). The
previously obtained identification with the quasar is now
becoming problematic.

Yu.N. Parijskij, P. Tomasson
O.P. Zhelenkova, A.L. Kopylov,
A.V. Temirova.

(Great Britain),
N.S. Soboleva,
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HOBBIE PE3YJIBTATBI RZF-OB30PA

Bonee 10000 NVSS-00beKTOB MONAAAIOT B 110JIE 3PSHUS
o63opa  RZF (40.5°<$<42.5°). Bmepsele s
HECKONBKUX THICSY W3 HHUX TNOJYYEeHBl JNaHHBIE IIO
paauocnekTpaM u ontudeckuM cBoiictBam (SDSS). Bee
NVSS-00bekTBI ¢ WHBEPCHOHHBIMH  CIIEKTpaMu
perucrpupytorcsi B RZF-0630pe. CocraBiieH CIHCOK
HCTOYHUKOB  C  YJIBTPAaKpPYTBIMM  CHEKTpaMH -
KaH/IN1aTOB B JJAJICKHE OOBEKTHI.

MeronoM  «(haMHUIBHOTO  IIOPTPETa»  CAEIaHBI
OIICHKH CPENHEer0 CIeKTpa TpeAelbHO  CIIa0bIX
pamgnoncrounnkoB katanora FIRST, uyBcTBUTENBHOCTH
kotoporo Omm3ka k 0.03 mSAn. OHM TOKa3anu, 4To 3Ta
MOMYJISILUSL UMeeT OoJiee MIOCKHA CIEeKTp, YeM CpeIHHN
(puc. 55).

P 2300+413

0 k] b gl bl ol
= f file: Sum.002c =
o.> Pms [0micro-K } A wavelength: 7.60 cm
"~ (or 30 micro Jy) window: Oh Om 59.40 seq
— sum of weakest FIRST elevat: 87°46'2.57"

&ﬂhi&ct in the field declin: 41736°1.00 a

| | 30s -
= G5 O T
start: 00:00:00.0 sidereal time ->

Janusie skcniepumenta XOJIO/] u RZF ucnonb3oBanbl
JUTSL TIONICKa «HOBOHM MOMYJISIIHAKY) PaJUONCTOYHHKOB B
CAaHTHMETPOBOM JMAaIla30HEe, HE 3apErHCTPUPOBAHHBIX B
riybokux o63opax NVSS u FIRST. Ilokazano, uto
Takas TOMYJISIIHs JACHCTBUTEIBHO CYIIECTBYET Ha CyO-
MWUIUSIHCKOM ~ YPOBHE, U, BEPOSTHO, CBs3aHA C
00BCKTAMH MAJIOW PagU0 CBETHUMOCTH C MAJBIMH
KPaCHBIMH CMEIIICHHSIMH.

10.H. Ilapuiickuii, H.H. Bypcos, H.C. Cobonesa.

JTAHHBIE ITPOEKTA «KOCMOJIOTMYECKHI
I'EH» I1IO ®OHOBBIM U3JIYYEHUSAM HEBA

Ilo HakoIIEHHBIM B TEYEHHE roJjda MHOTOYAaCTOTHBIM
naHaeM (PATAH-600) peanu3zoBana 4yBCTBUTENBHOCTD
Onu3Kkass K TpeJeny, HakJaJblBaeMOMy  LIYMOM
(DOHOBBIX PaIMOMCTOYHUKOB (puC. 56). DTH naHHBIE
MO3BOJIMJIM TIOJYYUTH BAXHBIM pE3yJbTaT IO OLCHKE
MOJISIPU30BaHHOrO InyMa ['anmaktuku. JlaHHBIE HEpBOTO
roga HaOmoaeanit muccun WMAP, naTepnipeTipyemMeie
Kak TOMCOHOBCKOE paccestHne Ha rase,
HOHM3UPOBaHHOM 3Be3namu III mokonenus wa z> 10,
NPOTUBOpPEYAT  HAIMM  HAOIIOJCHUSM. Iocne
¢wnbTpanm  mwymoB  oT  NVSS-o0bekTtoB  C
HOpPMaJIbHBIMH  CIICKTpaMKW Mbl HaACEMCAd OOCTUYb
YyBCTBUTEIHHOCTH B orieHke C;, BBIIIE JOCTUTHYTOH B
WMAP-0030pe, a BO3MOXHO H BBIIIE MHUCCHH
PLANCK. Ins obmacTd mMpOCTPaHCTBEHHOTO CIEKTpa C
1>2500 PATAH-600 HE nMeeT KOHKYpPEHTOB.
C HoBOM  OoabIIOW  (hOKATBHOMI
(32 BomHoBogma) Ha  yactore 30ITn

MaTpuLen
HAYaThI

2010
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RZF DEEP SURVEY RECENT RESULTS

More than 10000 NVSS objects fall in the field of view
of the RZF survey (40.5°<§ <42.5°). Data on radio
spectra and optical properties (SDSS) were obtained for
several thousands of them for the first time. All NVSS
objects with inverse spectra are registered in the RZF
survey. A list of sources with ultra short spectra —
candidates to distant objects — was made.

Estimations of the mean spectrum of weakest radio
sources of the catalog FIRST were made, using the new
«Stacking image» method, sensitive up to 30 micro-Jy.
They have shown that spectrum of this population is
flatter that the mean one (Fig. 55).

Puc. 55. Ocpeonennvrii RZF-ckan na 7.6 cm ciabuvix
FIRST-ucmounuxoé ¢ niomunocmoio nomoka <2.6 mAn.
Hx cpeonuil cnekmpanvhbitl unoekc Oojee nioCKull, yem
Hopmanvuelll. [lonazaem, umo Ha mMaKux YpoeHAX
nomoxka  OOMUHUpYem — NONYAAYUA — 2ANAKMUK — C
AKMUBHBIM 38€30000pA308aHUEM.

Fig. 55. The averaged 7.6-cm RZF scan of weak sources
with flux density less than 2.6 mJy of the FIRST survey.
Their average spectral index is flatter than the normal
one. We suppose that at such flux densities the
population of galaxies with active star forming is
prevailing.

Data of the experiments COLD and RZF were used to
search for «a new population» of radio sources in the
centimeter range, which were not registered in the deep
surveys NVSS and FIRST. It was shown that such a
population do exists at a submly level and it is probably
related to objects of low radio luminosity with small red
shifts.

Yu.N. Parijskij, N.N. Bursov, N.S. Soboleva.

«COSMOLOGICAL GENE» DATA IN THE
BACKGROUNDS SKY RADIATION

Multi-frequency RATAN-600 data accumulated during
2010 allowed us implementing a sensitivity close to the
limit imposed by the noise of background radio sources
(Fig. 56) and obtaining an important estimation of the
polarized noise of the Galaxy.

Our observations contradict data of the first year of
WMAP observations interpreted as the Thomson
scattering on gas ionized by stars of the generation III at
z>10.

After filtering noises from NVSS objects with normal
spectra, we hope to achieve a higher sensitivity in
estimation of C,, than that of the WMAP survey, and,
possibly, higher than that of the PLANK mission.
RATAN-600 is ahead of the competition in the range of
spatial spectra with 1> 2500.

The study of intensity and polarization of background
emissions have been started with a new large focal array
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ncciue0BaHus (POHOBBIX M3Ty4YE€HHI B MHTCHCHBHOCTH 1
noJsipu3anny.  bBeUIM  NpOBeNeHbl  MCCIENOBaHMS
SZ-myma u momydeHsl Oolnee TIIyOOKHe NaHHBIC, 9eM B
mBectHOM CBI-skcniepumenre.

WMAP in RZF at band "w", 3mm
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OTH M3MEpEeHUs MCIOJIb30BAIUCH JUIsS OLIEHKH HaKJIOHA
MIPOCTPAHCTBEHHOT'O CIIEKTpa, NS, Mo IIymMy Heba Ha
HepoctynHbeix wmuccun  PLANCK  rapMmoHmkax ¢
1~3000-6000 (puc. 57). Ilo 3TIM oOLEHKaM IOKa3aHO,
YTO €CTh YKa3aHUs Ha HaJWMYHe TPABUTAIIOHHOTO ITyMa
SMOXU UHQIISAIHH.

Signal in sumdif15sec file
Central scan (3c84) " G
1.4 - Difference between SUM and DIF DATA
: for independent groups
1,24 I
1,04 «  Result: SIGNAL=GK+-1.K
for 10-20 times seconds box (3000 < | < 8000)
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of 32 waveguides at 30 GHz. The SZ noise was studied,
and the obtained data are deeper than in the known CBI
experiment.

Puc. 56. [anuvie, nonyuennvie ¢ nomMowbo MampuyHou
cucmemvt MAPC-3 ons macuumaba | = 220 monavko 0ns
6e108020 wiyma. Imom wiym menvuie, Yem HaKoNj1eHHble
3a 5 nem Odaunvie muccuu WMAP, uz-3a cywecmseeHHO
601bULe20 BpeMeHU HAKONEeHUSL.

Fig. 56. Fig. 4. Accumulated MARS-3 data on the scale
[ = 220, the white noise only. This noise is smaller, than
that of the 5-year WMAP data due to a much greater
integration time.

These measurements were used to estimate the slope of
the spatial spectrum ns from the sky noise at harmonics
with 1~3000-6000 (Fig. 57), which are inaccessible to
the PLANCK mission. From these estimations it was
shown that there are signs of presence of a gravitational
noise of the inflation epoch.

GEN 2009 DATA at 1cm and SZ noise
(1-n)~ (SZ noise)’ 3000 < | <6000, normalized
1004 to 60 sec for I=1000
o
(Th=2Ta case) o~ ‘
10sec-20 sec nnB DATA
First MONTH, 2009, Central RZF cut

Theaory
Cooray, A-ph/0410006
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Slope of the CMB anizotropy (l)

Puc. 57. Cnesa — nepgvie nabaroodenus CMB-anuzsomponuu va macumabe | = 3000. [Ipugedensi ducnepcus cymmol u
PazHUuybl Mexicoy OaHHBIMU, NOTYUEHHbIMU 8 08YX He3asUCUMbIX 2pynnax Habarooenuu. Cnpasa — wym Ha macuimabe
[ = 3000 u oyenox Onsa pasnuunvix geauuur ns. Pezynomamoi, nonyuennsvie na PATAH-600, npeonoumumenvhsl 014
cayuas ns < 1, npednacaemozo meopueti ungasyuu (Cooray, A-ph/0410006).

Fig. 57. Left — the first MARS-3 signal from the CMB anisotropy at the | = 3000 scale. Dispersion for sum and
difference between data, obtained in two independent groups of observation are shown. Right - noise at | = 3000 scale
and prediction for different ns value. RATAN-600 data prefer ns < I case, suggested by the inflation theory (Cooray,

A-ph/0410006).
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HHrepec k TakuM OLIEHKaM CBSI3aH C HAJEXKJIaMU Ha
nmoHnMaHue (GU3MKA BcelleHHOW Tpu JHEprusx Ha
TOPSAKH 00Jiee BEICOKUX, Y€M TIOTYICHBI Ha YCKOPHUTETE
B LIEPHe.

IO.H. Ilapuiickuii.

HOBBIi1 IOJIXO/I K PA3IEJEHUIO
ICL-KOMIIOHEHT CMB IO TAHHBIM WMAP

Teopetnueckd W MOJEITUPOBAHHWEM  HCCIEIOBaH
CTaHJApTHBIH MeTon pa3zneneHuss kommoHeHT ILC
(BHYTpeHHEH JIMHEHHOI KOMOWHAIMH) MUKPOBOJIHOBOT'O
¢boHa B THKCEJIBHOM NPOCTpaHCTBE Ha cdepe.
PaccMoTpeHBl  OHOpPOIHBIC BBIOOPKH TIHKCEJIOB, Y
KOTOPBIX OTHOIIICHUEC CHTHAJIOB B HAOJIOATEIHHBIX
KaHaJaX Ha pa3HbIX [UIMHAX BOJIH MAll0 HM3MEHSETCS.
Hns pazgenenns [CL-KOMITOHEHT TpemyIOKeH MOAXO,
MOIUGUIIPYIONIA UX B CTOPOHY Pa3OHEHUS ITHKCEIIOB
Ha OJHOPOIHBIE BBIOOPKH. Ha MOJEIIAX
MIPOJIEMOHCTPUPOBAHO KAYE€CTBEHHOE BOCCTAaHOBJICHHE
CIIEKTpa MOIIHOCTH Ha  (OHE HCKAXECHHH Y
«MPOOJIEMHBIX» HHU3KHX MYJIBTHIIONCH CHUTHAlNa Ha
ctepe. [Ipumenenue 3Toro noaxona Kk naHHeiIM WMAP
JTAJI0 YBEJIIMYCHUE aMIUIATYJBI CAMOTO «IIPOOIEMHOT0»
U3 MYyJbTHUIIONEH - KBajpymnoJisi. BoccTaHOBIeHHBIN
CHTHAT B  aMIUIUTYAEC pemaer W  mpodieMy
cymectBoBanue «Ocu 31a», KOTOPO B TaHHOM cllydyae
HE BO3HHKAeT M3-3a IPYTHX (Pa30BBIX XaPaKTEPUCTUK
KBAaIpynois. OTOT TMOOXOA MOXET IaTh OJHO H
BO3MOXKHBIX ~ OOBSICHEHHH  HErayCcCOBOCTH  HH3KHX
MYJBTHIIOJNIEH M HCIOJB30BATHCS B AHAJHM3E aHHBIX
muccun PLANCK.

O.B. Bepxooanos, A.I'. Jlopowresuu (AKL] ®UAH) Phys.
Review D 83, No.4, 3002 (2010).

AHAJIM3 JAHHBIX 3KCHEPUMEHTA ALICE
LHC

OmnpoOoBaH  HOBBI  CIIOCOO — aHaNM3a  JTAHHBIX
pacrpeaeseHust epBUYHBIX W BTOPHYHBIX COOBITHH B
skcnepumente ALICE na LHC. Meton wucnonssyer
CBOICTBA paclpe/ieieHUs] YacTHIl B IOJISIPHON CHCTeMe
koopauHaT (0,0) ®W  TO3BOJSIET  WCCICIOBATH
NIPOCTPAHCTBEHHbIE M JHEPreTHYECKHe  CBOWCTBa
3apuKkcHpoBaHHBIX dacTHI. Peannm3oBaHa mpouenypa
moctpoeHus KapTel 1y coobiTiii ALICE nimst peampHBIX
u CMOJIETNPOBaHHBIX JAHHBIX, a TaKxKe
MIPOAHATM3UPOBAHBI CIIEKTPHI MOIIHOCTH, BBIIEIEHBI
0COOEHHOCTH B CIIEKTPax I JaJbHEUIIEro aHaIn3a.
O.B. Bepxooanos, I1.J]. Hacenvcxuii ([anus), NBI+Alice
Collaboration.

CIIEKTPAJIBHO-TIPOCTPAHCTBEHHBIE
DIYKTYAIUU CMB

Meroayka HaOJIONCHUH B PEXHUME OKOJIOMOJISIPHOTO
CHHTE3a C HENOABIXHOW aHTEHHOW B CPaBHHUTEIHLHO
y3koit momocoit wacror (600 KIm) m ¢ yriaoBemM
paszpemienueM 45"x7’ mo3BoiWia JOCTHYb BBICOKOM
YyBCTBUTENBHOCTH 1O aHTeHHOU Temmepatype 0.5 mK
Ha A6 cM. C HOBBIM (yphe-CHEKTPOAHATH3ATOPOM MBI
IIPOBEIH IPOBEPOUHBIC HAOMIOAEHUS B ABYX IOJIOCKAX
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The interest to estimates of this type is connected with
the hope to understand the physics of the Universe at
energies which are orders higher than those obtained at
the CERN collider.

Yu.N. Parijskij.

A NEW APPROACH TO SEPARATION OF CMB
COMPONENTS FROM WMAP DATA

The standard method of separation of inner linear
combination (ILC) components of CMB was
investigated theoretically and by modeling in the pixel
space on sphere.

We considered homogeneous samples of pixels with
small alterations in observational channels at different
wavelengths. To separate ILC components an approach
was proposed which modifies them towards splitting of
pixels into uniform samples.

The models showed a high-quality recovery of the
power spectrum against the background of distortions in
«problemy low multipoles of the signal on the sphere.

Application of this approach to WMAP data resulted in
amplitude increase of the most «problem» multipole —
the quadrupole. The restored signal in amplitude solves
also the problem of «the Axis of Evil» which does not
appear in this case because of other phase characteristics
of the quadrupole.

This approach can give a possible explanation of non-
gaussianity of low quadrupoles and be used in analysis
of the PLANK data.

O.V. Verkhodanov, A.G. Doroshkevich (ASC LPI), Phys.
Review D 83, No.4, 3002 (2010).

ANALYSING DATA OF THE LHC EXPERIMENT
ALICE

A new method of analysis of distribution of primary and
secondary events in the LHC experiment ALICE was
tested. The method is based on properties of distribution
of particles in the polar coordinate system (8, ¢) and it
permits studying spatial and energetic properties of fixed
particles.

The procedure of mapping of ALICE events was
implemented for real and model data; power spectra
were analyzed; spectral features were selected for
further analysis.

O.V. Verkhodanov, P.D. Nasel’sky (Denmark), NBI+Alice
Collaboration.

SPATIAL-SPECTRAL FLUCTUATIONS OF CMB

The method of observations in the mode of circumpolar
synthesis with fixed antenna in a relatively narrow
frequency band (600 KHz) with an angular resolution of
45"x7" allowed us achieving a high sensitivity in
antenna temperature of 0.5 mK at A6 cm.

With the new Fourier spectrum analyzer we carried out
test observations in two strips near the celestial pole,
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Puc. 58. 3asucumocmv noxazamens npoCMpAHCMEeHHO20 CHeKmpa Ha macwmabe 4'-16' nHa wacmomax
4865-4882 MI'y. Bepxnuii pso: cnesa - 6 nonocke Nel ons nabmooenuii 6 oxmsaope 2007 2. (cpeonee no 22
usmepeHusam); cnpasa — 01 HabuooeHuti 8 okmabpe-Hoabpe 2008 2. (cpednee no 15 uzmepenusm). Hudxcnuil pao:
cnesa - 6 nonocke Ne2 (cpeonee no 22 usmepenuam, cnpasa - 8 nonocke Ne2 (cpeonee uz 18 usmepenuii).

Fig. 58. Relations of indexes of spatial spectra on the scale 4'-16' at the frequencies 4865-4882 MHz. The top row:
left — in band 1 for observations in October 2007 (average of 22 observations); right — for observations in October-
November 2008 (average of 15 measurements). The bottom row: left — in band 2 (average of 22 measurements), right
— in band 2 (average of 18 measurements).

OKOJIO TOJNIOCAa MHUpa, NOATBEPAMBLINE YacTOTHYIO
CTPYKTYPY M CTEIIEHHOH XapakTep MpOCTPaHCTBEHHBIX
CIEKTpOB Ha MacmiTabax 4'-16' (puc. 58).

[ToxazaHo, 9TO Ciy4allHO TOMABIIas B IIOJIOCY 0030pa
rajaktuueckas — pamuonmuaus  CH  (A-ynBoenue
BpalIaTeNIbHOTO MepexoJa) HE HMEET OTHOLICHUS K
MOJMYYEHHBIM  CIIEKTpaM,  IIOCKOJIBKY  CTPYKTypa
CIIEKTPOB B JBYX OCHOBHBIX JIMHHMAX A-yJABOCHUS
COBEPIIEHHO Pa3INiHa, 3 Ma3epHOT0 YCHJICHUS B JINHUU
CH npakruaecku HeT (puc. 59).

which confirmed the frequency structure and power-low
character of spatial spectra on the scale 4'-16" (Fig. 58).

It was shown that the galactic radio line CH
(A-duplication of rotational transition) that fell
occasionally to the survey band is not related to the
obtained spectra since the spectra structure in two main
lines of A-duplication is quite different, and there is
practically no maser amplification in the line CH
(Fig. 59).
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Puc. 59. Iloxkazamenv npocmpancmeenHno2o cnekmpa Ha paouodacmomax 4843-4861 MIy, umo coomeemcmagyem
emopot enaenou auHuu A-yogoenus epawjamenvHoco nepexooa monexyavi CH. Cneea - 6 nonocke Ne2 no
Habnooenuam 8 mae 2010 2. (cpednee uz 16 usmepenuii);, cnpasa - 6 okmsaope 2010 e. (cpeonee u3z 8 usmeperutl).

Fig.59. Index of spatial spectra at the radio frequencies 4843-4861 MHz, which corresponds to the second main line
of A-duplication of rotational transition of the molecule CH. Left — in band 2 from observations in May 2010 (average
of 16 measurements), right — in October 2010 (average of 8 measurements).
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Jlunus H1100 siBisieTcst BIIOJIHE peanbHON U BO3HUKAET

B Pa3peXEHHOM  HMOHM30BaHHOM  BOJOPOAE  Ha
CPaBHHUTEJIIFHO BBICOKMX TaJIAKTHYECKUX IIHUPOTaX.
Jpyrue  nmetamm  IOpOCTPAHCTBEHHBIX  CHEKTPOB

MPEACTABIAIOTCA HaM TaK)X€ BIIOJIHE PEAJIBHBIMU, XOTA

HAHTEpIIpETalns 150, HETIOHSITHA u Tpedyer
JIOTIOJTHUTEJIHbHBIX UCCIIE0OBAHUIA.

HU.B. I'ocauunckuii, A.Il. Benzep, B.K. /lyoposuu.
MPOCTPAHCTBEHHOE PACIIPEJEJIEHUE

I'AMMA-BCIUVIECKOB

HccnenoBana runoresa o Ciay4ailHOCTH paclpeacieHus
Ha HeOe monoxeHui ramma-semieckoB (GRB). Ecnm
9THU CO6])ITI/IH CBsA3aHbl C MAaCCHMBHBIMH TaJIJaKTUKaMH,
CIIUpaJIbHBIMHA J'II/I6O SJUIMNITUYCCKHUMU, T.C. C O6HaCTﬂMl/I
3Be3/1000pa30BaHMsl, TO UX PACHOJIOKEHHE MOTJIO OBITh
CBSI3aHO C KpPYNMHOMAacUITaOHOW CTPYKTypoH, dYTO, B
CBOIO OuYepeab, MOMIO Obl HAaWTH OTpakeHHe B
pactpeneneHuu  (QIyKTyallii MHKPOBOJIHOBOTO (oOHa
(CMB) =Ha cdepe. Mpl TpoBepWIH  THIIOTE3Y
KOPPEIIIIUOHHBIM MO3aW4YHBIM ~KapTorpadupoBaHUEM
pacnpeneneanii CMB mnukoB u monoxenus GRB u
OOHAPYXWIH KOPPESIHI0 MEXIy paclpeaeeHUsIMA
9THX CHTHAJIOB. ODTOT pe3yJbTal MOXKHO OOBSICHHTH
BO3MOXKHBIMH CHCTEMAaTH4YeCKUMU d(PQPeKTaMu Kak B
pacmpenenenue BeiUieckoB B kaTtamorax BATSE wu
BeppoSAX, Tak u 0COOCHHOCTSIMH B HAOIIOJACHUSIX
CMB B Touke L2.

O.B. Bepxooanos, B.B. Cokonos, M.JI. Xabubynnuna,
C.B. Kapnos. Acmpogus. 61o11., 65, 238 (2010).

CBOMCTBA PAJIMOTAJIAKTUK C 7>0.3 IO
JAHHBIM KOMITMJIAATUBHOT'O KATAJIOT A

Hns 2442 papmoranaktuk ¢ z>0.3 U3 KOMIHISTHBHOTO
KaTajora, HoaroroBiieHHoro o gaHasiM NED, SDSS u
CATS, MBI H3MEpHIH BETHUYNHY (IIYKTYalldil CHUTHAIA
CMB 1no panaeiM  kaptel ILC pemmza WMAPT.
O6HapyxeHO ocllabJeHne CpeAHeH BEIMYMHBI CUTHAIA
B 30HaX paguoraiakTuk. [lo BemuumHe QIyKTyarmi
CMB B 5Tux 30HaxX OIIEHEH AMIONb. Ero aMrmryaa
OKa3zajlaCh HIDKE€ YpOBHS IIyMa, OIPEAesieMOro Io
JTAHHBIM MOJICIIMPOBAHUS, TaKUM 00pa3oM, OTBEPrHyTa
THIIOTE€3a O CYMIECTBOBAHHUM «TEMHOTO IIOTOKa» BO
BceneHHOl B pacnpefieICHHH MaTEePHU, TUIIOTCTUICCKH
nposiBistromerocst B Janaeix CMB WMAP.

[To maHHBIM ONTHYECKOTO W PAINO ITUATIA30HOB IS
9THX JK€ paIUOTANIAaKTUK IIOCTPOCHO COOTHOIICHHE
«macca  ueHtpaiabHOoM — YJI-kpacHoe — cmenieHue».
PaccMmoTpenbl cuctematudeckune 3(G(GEKTHI, BIUSIONINE
Ha OIEHKM TMapaMeTpoB. Paccumransl orubaromiue
KyOMYECKHE PerpecCuH, MOCTPOCHHBIC M0 MaKCHMyMaM
OIIGHOK MacC 4epHbIX mAblp. KpuBble B pasHbIX
JMana3oHax TOKa3bIBalOT CcXoxee TmnoBeaeHue. OHU
UMEIOT OYeHb OJIM3KUH MUK MO MOJIOKEHHIO Z,~1.9 1 1o
ammaryae log Mpbh:9.4. OTOT pe3ynapTaT CcOrnacyercs
¢ MoJenblo caMmoperyiupytouerocss pocrta CMUJ,
Korga HacTtymaeT (aza OKOHYaHHSA aKKPEHHOHHOTO
noToka 1 aktuBHOCTh AGN mamaer.

M.JI. Xabubynnuna, O.B. Bepxooanos. AK, 88, 333 (2010).
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The line H110a is quite real and it emerges in the
rarefied ionized hydrogen at relatively high galactic
latitudes.

Other details of spatial spectra also seem quite real,
though their interpretation is not clear and demands
additional investigation.

LV. Gosachinskij, A.P. Venger, V.K. Dubrovich.

SPATIAL DISTRIBUTION OF GAMMA-RAY
BURSTS

A hypothesis of random distribution of gamma-ray
bursts (GRBs) over the sky was studied. If GRB events
are related to massive spiral or elliptic galaxies, i.e. with
star forming regions, then their distribution could be
connected with the large-scale structure, which, in turn,
could be reflected in distribution of cosmic microwave
background (CMB) fluctuations on the sphere.

We have tested the hypothesis by correlation mosaic
mapping of CMB peak distribution and GRB locations
and discovered a correlation between distributions of
these signals. This result could be explained by
systematic effects in GRB distribution in the catalogs
BATSE and BeppoSAX, and by features in observations
of CMB in the point L2.

0.V. Verkhodanov, V.V. Sokolov, M.L. Khabibullina,
S.V. Karpov, Astrophys.Bull., 65, 238 (2010).

PROPERTIES OF RADIO GALAXIES WITH
7>0.3 FROM DATA OF A COMPILED CATALOG

We have measured CMB fluctuations by the ILC map of
the WMAP7 release for 2442 radio galaxies with z> 0.3
from a catalog compiled from NED, SDSS and CATS
data.

A decay of the average signal in the regions of radio
galaxies was discovered. Besides, from the value of
CMB fluctuations in areas of objects of the catalog the
dipole was estimated. Its amplitude is lower than the
noise level determined by modeling. Thus, the
hypothesis of existence of «a dark flux» in the Universe
in distribution of matter which is supposedly revealed in
CMB WMAP data is rejected.

From optical and radio data of the same radio
galaxies we built the relation «central black-hole mass —
redshifty. Features of systematic effects affecting the
parameter estimations were considered. Enveloping
cubic regressions built from maximal estimations of
black-hole masses were calculated.

Curves in different ranges exhibit similar behavior. They
have a very close peak in location z,~1.9 and amplitude
log M,”"=9.4.

This result agrees with the model of a self-regulating
growth of supermassive black holes when the final
phase of accreting flux begins and AGN activity falls.

M.L. Khabibullina, O.V. Verkhodanov. AZh, 88, 333 (2010).
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MHOI'OBOJIHOBBIE
MHUKPOKBA3APOB

MOHHUTOPHHI'

YacTo rajJlakTHYECKHUE PEHTTEHOBCKUE JBOMHBIE 3BE3/bI
(PO3) XapaKTepU3YIOTCS TpaH3UEHTHBIM
paaroOM3IIyYeHHEeM, KOTOPOE TECHO CBS3aHO C SBJICHUEM
CTPYWHBIX BBIOPOCOB AaKKPEHHUPYIOIIEro BEIIECTBA W3
OKPECTHOCTEW MAaCCHBHBIX U CBEPXMACCHUBHBIX YEPHBIX
meip B P/I3 m A, B mociegHuX MCCIEIOBAHHUIX
MHKpOKB&mpOB HAa OCHOB€ MHOI'OBOJIHOBBIX JaHHBIX
oOHapy»xeHa Ba)KHEHIIas (hyHIaMeHTabHas
3aBUCHMOCTh - CTEIEHHOM 3aKOH Ha IIOCKOCTH
«PaIMOCBETUMOCTh CTPYH-PCHTTCHOBCKAs CBETUMOCTHY
JUIS  pa3HOOOPa3HBIX OOBEKTOB C aKKPEIHPYOIUMH
YepHBIMHU JTBIPAMH.

2010  SAO RAS REPORT

MULTI-BAND STUDIES OF MICROQUASARS

Galactic X-ray binaries (XRB) are often characterized
by transient radio emission. Processes responsible for
powerful radio emission are closely related with
phenomenon of jets — massive relativistic ejections of
matter in narrow collimated beams from regions around
black holes in XRBs and AGNs. In recent studies of
microquasars based on compiled data the important
dependence was detected, namely, a power-law on the
plane «radio jet luminosity — X-ray luminosity» for
various objects with accreting black holes.
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Puc. 60. Juacpamma «orcecmrocmov — unmeHcugHocmby» Muxkpoxeasapa Jlebeov X-3 (RXTE/PCA). Kasicoas mouka na
epaguke OKpauieHa YEemom, 8 COOMEemCmeuUu ¢ pPAoUONnOMOKOM 6 OaHHbulil momenm. lllkana paduonomorxos
npusedena cnpasa. Ceepxy noKazamvl wecmsv PeHMeeHOBCKUX CHEeKMPOs, COOMEEMCMBYIOWUX WeCU COCOSHUAM
PEHM2eHOBCKOU akmusHocmu. MIMenHo nepexoo0 u3 «C8epxXmsCK020» COCMOAHUSL NPUBOOUM K APKUM PAOUOBCHBIUKAM.

Fig. 60. Diagram «hardness — intensity» of the microquasar Cyg X-3 (RXTE/PCA). Each point on the plot has a color
corresponding to radio flux in the moment. The flux scale is given on the right. On the top six X-ray spectra
corresponding to six states of X-ray activity are given. The transit from «hypersoft» state actuates the bright radio

flares.
Bropoit BBISIBJICHHOU 3aBUCUMOCTBIO crana
THCTEPE3UCHAass  3aBUCHUMOCTb  JBOJIOLUM  MATKOIO

PEHTI€HOBCKOT'O M3JIyYEeHUs — AHarpaMma «KecTKOCTh —
ceetumocTb» (HID). MimenHo Baonp 3TOH guarpaMmbl
MEHSIIOTCSI CBOWCTBA MHOTHX PEHTTCHOBCKHMX JIBOWHBIX
CHCTEM M BBISIBIICHA 30Ha (DOPMHUPOBAHUS PaJUOIKETA
(®enmep m gp. 2006). Takyro npuarpaMMmy MOXKHO
MIOCTPOUTH U JUISl aKTUBHBIX SIIEP TANAKTHK U KBa3apoB.

[Mocne obOHapyxennss wusnydenns Jlebenp X-3 B
nuana3one Boime 100 MaB (Tasanu u ap. 2009, Otuer

The second detected dependence is the hysteresis plot of
the soft X-ray radiation — «Hardness-Intensity Diagramy
(HID).

X-ray emission properties of many XRBs change just
along this diagram. The zone of jet formation was found
on the HID (Fender et al. 2006). Moreover, such a
universal diagram could be plotted for active galactic
nuclei and quasars.

After detection of Cygnus X-3 in gamma-rays higher
100 MeV (Tavani et al. 2009, SAO Report 2009, p. 94)
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CAO PAH 2009, c. 94) Ha OCHOBaHHH HOBBIX JTaHHBIX
(Bulgarelli et al., 2011) moaTBep>kJaeHa TpaH3UEHTHAas
NIPUpPOJIa YCKOpEHMsl 4YacTull. [IOBTOpHBIE BCIIBIIIKH B
raMMa-Tydax [OKa3alud SIBHYIO  KOPPEISIHI0  C
PEHTI€HOBCKUM U paJiio JTUara3oHaMH.

Brieperie Ha ocHOBe 0Kk0J0 140 apXWBHBIX JaHHBIX IO
MsirkoMy peHTreHoBckomy uanyueruto (RXTE/PCA) u
OIHOBPEMEHHBIX HAONIONEHWH B  paJuoAnana3oHe
(PATAH wu Teneckonm Paiia) Obima wuccriemoBaHa
JiarpaMMa <GKeCTKOCTh — cBeTUMOCThy» st Cyg X-3.
Xota puarpamma He nostopseTr HID mma GX339-4,
GSR1915+105 m np., B 1HEIOM DIEKTPOMATHUTHOE
H3JIy4YEHUe Cyg X-3 MIOJYUHSAETCS YETKUM
3aKOHOMEPHOCTSIM, BIIEPBbIE BBIIBICHHBIMH Ha HeH
(puc. 60). Tak, ymamoch ONpPEICTUTH SBOIOIUOHHBIC
TPEKH W3IY4YEHUs] W BBIICIUTH INECTh COCTOSHUH
PEHTI€HOBCKOH AaKTHBHOCTH, NMPHYEM OJHO M3 HUX —
«CBEPXMSATKOE» OBUIO BBIAEJIEHO BIEpBbE. VIMEHHO
Iepexo]  4epe3 3TO  COCTOSIHUE  IPUBOJUT K
(OpPMHUPOBAHMIO HHTEHCHBHBIX BBIOPOCOB BEIECTBA,
CTpyH, B KOTOpPBIX WJAET TEHepalus MOIIHOIO
paauoM3NlyuyeHHs, B COTHH M Jaxe ThICIUy pa3
HIPEBBIIIAOLIEE CIIOKOMHBINA YPOBEHbD.

Tak kak mnpupoma Jlebens X-3 mo cux mop He
orpejieNieHa OKOHYATENIbHO, TO CTpyHHas CTPYKTypa U
cxopgHoe moBeaeHue Ha gauarpamMe HID kocBeHHO
YKa3bpIBaeT Ha CBs3b Qu3nueckoi mpuponsl Jledems X-3
C PCHTICHOBCKMMH [IBOWHBIMHM, B COCTaB KOTOPBIX
OTIPEJENICHHO BXOJAT YEPHBIE IABIPHI.

C.A. Tpywikun.

HNCCIEJOBAHUE PAIUOCIIEKTPOB 1
HEPEMEHHOCTHU GPS-UCTOYHUKOB

B  pesymprate  S5-metHero  MoHMTOpHHra 123
GPS-kanaugaros YBEPEHHO BBIIETICHO 33
GPS-ncrounnka  (Gigahertz  Peaked  Spectrum).

UccnenoBanue npoBoauiioch Ha yactorax 1.1, 2.3, 4.8,
7.7, 11.2 u 21.7 I'Tu. OOGHapyXeHO CTaTHCTUICCKU
3HaunMoe (99.5%) oTnmdme CpemHero CHEKTPaIbHOTO
WHIEKCa ONTHYECKH TOHKOW YaCTH CIEKTpa Ui
raaktuk (-0.93£0.07) m kBazapoB (-0.70+0.04). Oto
yKa3bpIBaeT Ha Oosee KpyToe MaJeHre B paclpeeeHun
anektpoHoB 10 dHeprusm  (AN(E)=kE’dE) nns
GPS-ranaktuk, yem namst GPS-xBazapoB — pa3HOCTH
nokaszarenst crerneHu mnopsaka  0.46.  BosmoxHas
HHTEpIIpeTanus 3Toro Gaxkra B paMKax OJHOHM M TOH ke
mogenn GPS-ucrounukos: (a) Habiromaemas BeIOOpKa
rajJakTUK, €CJId paccMaTpuBaTh COOCTBEHHBIH BO3pacT,
crapee BBIOODKHM KBa3apoB, M YKpy4YeHHE UX
SHEPTreTUIECKOTO CIIEKTpa CBSI3aHO c
JOTIOTHUTENFHBIME [0 OTHOIICHWIO K  KBa3apam
BO3PACTHBIMH TOTEPsIMH dSHepruu Ha wusnydeHue; (b)
COOCTBEHHBIE BO3PACThl BEIOOPOK KBa3apOB U TATAKTHK
MIPUMEPHO OIMHAKOBEI, a HAOMIOJaeMoe OTINYHEe B Y
CBSI3aHO C TEM, YTO TAIAKTHKH B BBIOOPKE IMOSIBHIHCH
MO3)KEe KBa3apoB, YeM KBa3apbl Ha OJIM3KMX KPacHBIX
CMELICHUSX, TO €CTh CYLIECTBYET KOCMOJIOIMYECKOe
OTJIIMYME B SHEPTETUYECKUX CIIEKTPax 3JIEKTPOHOB.

B BBIOOpKE OCTaTOYHO MCTOYHHKOB (pHC. 61) ¢ y3KUMHU
cnektpamu (FWHM < 1.2 nekax wyactroter). Camebie
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based on new flare data (Bulgarelli et al., 2011), the
transient nature of acceleration of relativistic electrons
was confirmed. Repeated gamma-ray flares show clear
correlations with radio flares and X-ray fluxes.

Based on nearly 140 archive data from RXTE PCA in
soft X-ray band and simultaneous radio observations
(RATAN-600 and the Ryle telescope) the Hardness-
Intensity Diagram was studied for Cyg X-3.

Though it cannot be said that this HID is absolutely
identical to that of GX339-4, GSR1915+105 and others,
electro-magnetic emission of Cyg X-3 generally follows
the clear repeated features detected in the HID for the
first time (Fig. 60).

So, we determined evolution tracks of X-ray emission
and defined six states of X-ray activity including the
«supersoft» state which was detected for the first time. It
is the transition through this state that leads to formation
of intensive ejection of matter — jets — which generates
powerful radio emission exceeding the quiet level
hundreds or even thousands of times.

The nature of Cyg X-3 is not determined finally to date,
but the jet structure and similar behavior on HID attest
indirectly to a relation between the physical nature of
Cyg X-3 and X-ray binaries which undoubtedly include
black holes.

S.A. Trushkin.

MULTIFREQUENCY STUDY OF GHZ-PEAKED
SPECTRUM SOURCES AND CANDIDATES

The 5-year monitoring of 123 sources resulted in
reliable detection of 33 GPS (Gigahertz Peaked
Spectrum) sources. The observations were carried out at
six frequencies: 1.1, 2.3, 4.8, 7.7, 11.2 and 21.7 GHz.
GPS galaxies demonstrate a steeper spectral index in
optically thin part of the spectra (99.5%) (-0.93+£0.07),
which is considerably less than for quasars (-0.70+0.04).
This can mean that the electron energy distribution for
GPS galaxies is steeper than for GPS quasars. The mean
value of p index of electron energy spectra in the
formula dN(E)=kEdE is 0.46 larger for galaxies than
for quasars. Within the framework of a common model
of GPS sources, this fact can be interpreted in the
following ways: (a) the observed sample of galaxies
(their proper age) is older than the quasar sample (the
proper age of quasars); the steepening of their energy
spectra is related to additional age losses of energy for
radiation;

(b) the proper ages of quasar and galaxy samples are
approximately identical, but the observed difference in y
is related to the fact that the galaxies in the observed
sample were born later than quasars at small redshift, i.e.
there is a cosmological difference in energy spectra of
electrons.

The sample contains a sufficient number of sources
(Fig. 61) with narrow spectra (FWHM < 1.2 decades of



84 OTYET CAO PAH

y3KHE CIEKTPBl OKa3aluCh KaK Yy HCTOYHHUKOB C
6osiblnM Z (z > 1.8), Tak ¥ y HCTOUYHHKOB C MaJIbIMH Z
(0.02<z<0.7, FWHM~0.9).

2010  SAO RAS REPORT

frequency). The narrowest radio spectra correspond to
both ultra-high-z (z > 1.8) and low-z (0.02 < z < 0.7,
FWHM~0.9) convex spectrum radio sources.
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Puc 61. Omnowenue «kpacnoe cmeujerue — nukogas uacmoma — FWHM» ons ucmounuxoe ¢ FWHM < 1.3; nuxogas

yacmoma 0aua 8 cucmeme OmcHema UCMOYHUKdA.

Fig. 61. The relation «redshif — peak frequency — FWHM» for sources with FWHM < 1.3. Peak frequency is given in

the source frame of reference.

OOHapyxeHO, 4YTO OOJBIIMHCTBO KBa3apoB ObIcTpee
BeIOBIBalOT W3  cnucka  GPS-xkangmpnatoB  Kak
TIepeMeHHbIE PaxuOUCTOYHHUKA c BPEMEHHO
WHBEPTHPOBAHHBIM IIJIOCKHM CIIEKTPOM.

B pesymerate omHoBpemeHHBIX HaOmronmeHwit (Planck,
30-857 I'Tu; PATAH-600, 1-22 I'Ty) B 2009-2010 rr.
MIOTY4€HBI SKCIICPUMEHTAIbHBIE KPUBBIE CIIEKTPAIBHOTO
pacnpenenenus sHepruu (SED) nmns psma xBazapoB
uccienyemMoro cnucka. duzmyeckas HHTEpIpeTaLys

yKa3bIBaeT Ha MIPUCYTCTBHE OJTHO n/unu
JIByXKOMITOHEHTHON CTPYKTYDBI SED JUIsL
GPS-kBazapos.

M.I'. Munzanues, 10.B. Comnurkosa, A.K. Jpkenos,

U. Topnuaunen u M. Toprurkoscku (Punianous).

NCCIIEJOBAHUA COJIHIA
B PAIMOAUAIIA3OHE

OBHAPY KEHUE HA COJHIOE MHCTOYHUKOB

HOJAPU3OBAHHOI'O N3JTYYEHUSA C
HEOBBIYHBIMH CIIEKTPAJIBHBIMH
OCOBEHHOCTSAMHM

C IIOMOIIBIO CIICKTPAJIbHO-TIOJIAPU3aIUOHHOTO

KOMIUIEKCA C BBICOKUM CIEKTPaIBHBIM pPa3pelieHueM
MPH WCCIICIOBAHUHM AKTUBHBIX OOJIACTEH C MOIIHBIMH
BCIIBIIKAMH ~ OBUIM  OOHApPYXKEHBI  UCTOYHUKHA  C
HEOOBIYHBIMH CIIEKTPAILHBIME OCOOCHHOCTSIMH B BHUJIE
pe3Kkoro YMEHBILICHUS MHTEHCUBHOCTHU
MOJISIPU30BAHHOTO HM3ITyYCHUS] B PAa3IMYHBIX YaCTAX
nuamaszoHa (2-16 I'T'm), mHOTIA TIepexofsmue B CMEHY

The majority of quasars «leaves» the list of candidates
to GPS as variable flat spectrum radio sources with
temporarily inverted spectrum.

Simultaneous observations with Planck (30-857 GHz)
and RATAN-600 (1-22 GHz) in 2009-2010 resulted in
experimental curves of spectral energy distribution
(SED) for some quasars of the list. Physical
interpretation of experimental curves attests to the
presence of one and-or two-component SED structure
for GPS-quasars.

M.G. Mingaliev, Yu.V. Sotnikova,
1. Torniainen and M. Tornikoski (Finland).

STUDY OF THE SUN IN THE
RADIO RANGE

DETECTION OF SOURCES OF POLARIZED
EMISSION WITH UNUSUAL SPECTRAL FEATURES
ON THE SUN

A.K. Erkenov,

When studying active regions generating powerful flares
with the RATAN-600 wide-range spectral-polarization
complex of high spectral resolution, we discovered
sources with unusual spectral features in the form of a
sharp fall of intensity of polarized emission in different
parts of the registered frequency range (2-16 GHz),
which sometimes passes to alteration of the polarization
sign.
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3Haka  Hojsgpusauud.  MopaenupoBaHUE  ABICHHSA
yKa3bIBaeT (puc. 62) Ha HaNU4Ke TopsYei KOPOHAIILHOM
NIeTIM Ha BbIcOTax okojo 10 Mwm, roctaToyHo GOJbIINX
[0 CPaBHEHHIO C BBHICOTON MEPEXOIHON OOIACTH OKOJIO
2-5 Mwm.

2010
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The modeling of the phenomenon (Fig. 62) testifies the
presence of a hot corona loop at a height of about
10 Mm which is rather large in comparison with a
transition zone height of about 2-5 Mm.
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Puc. 62. a) - cnexmpor nonsapuzayuu onsi cmabuibHOU akmueHou obaacmu, b) - cnexmpol nonspuzayuu O
BCIBLIUUEUHOT AKMUBHOU 00IACMU, C) - NPUHAMAS MOOeNb 20psyell NIA3MeHHOU nemau, d) - MoOelbHble CneKmpbl

akmueHoul obnacmu c eopsauetl nemJeil.

Fig. 62. a) polarization spectra for the stable active region; b) polarization spectra for the active flare region; c) the
accepted model of the hot plasma loop; d) model spectra of the active region with the hot loop.

Jns psima akTUBHBIX 0OOJacTed IMOITydeHBI IapaMeTphl
9TOTO TOpSA4Yero oOpa3oBaHHUS -  HAMPSDKCHHOCTH
marauTHOro mons  (360-450'c) wu mpousBeneHue
OTHOCHTENIBHOTO TpaJWeHTa MAarHUTHOTO TIOJI Ha
pasmep (0.26-0.63).

JI.B Acnos (CIIOI'Y), T.H. Kanomman, B.M. bozoo. AstRep,
55, 82 (2011).

PACYET PAJMOU3JTYYEHUS AKTUBHBIX
OBJIACTE HA OCHOBE
PEKOHCTPYUPOBAHHOI'O MATHUTHOI'O I10JIsA
N CPABHEHHUE C HABJIIOJEHUAMH

HccnenoBaHbl ~ KOpOHAJIBHBIE ~ MAarHWTHBIE — TIOJIS
COJIHEYHBIX aKTUBHBIX oOyiacTedl 1Mo HaOM0ACHUAM
PATAH-600. Pa3paboraHa MeTOIMKa PEKOHCTPYKIHH
MarHUTHOTO TOJsi B  KOPOHAIBHOH oOmacTu 1o
SKCTPANOSLHUU (orochepHbIX HaOroneHn i
MarHUTHOTO TI0JIsl HA OCHOBE OECCHIIOBOTO HEMMHEWHOTO
npuOmKeHusl. MarHuTHbBIE IOJIsI BOCCTaHABIHMBAIOTCS
Ha ocHoBe gaHHBIX SOHO (urCTpy™MenT MDI).

Hcxonst W3 TPEXMEpHOTO  PEKOHCTPYHPOBAHHOTO
MarHUTHOTO IOJSI W YMNPOIIEHHBIX  MOJENIBHBIX
pachpeneneHuil  DJIEKTPOHHOM  KOHIEHTpalud |

For a number of active regions we obtained parameters
of this hot formation — magnetic intensity (360-450 Gs)
and product of a relative gradient of magnetic field by
its size (0.26-0.63).

L.V. Yasnov (St-Petersburg State University), T.I. Kaltman,
V.M. Bogod. AstRep, 55, 82 (2011).

COMPUTATION OF RADIO EMISSION OF ACTIVE
REGIONS ON THE BASIS OF RECONSTRUCTED
MAGNETIC FIELD AND COMPARISON WITH
OBSERVATION DATA

Corona magnetic fields of solar active regions were
studied from observations with RATAN-600. The
method of reconstruction of magnetic field in corona
from extrapolation of photosphere observations of
magnetic field on the basis of forceless non-linear
approximation was developed.

Magnetic fields were reconstructed on the basis of
SOHO data (the MDI device).

Proceeding from the 3D-reconstructed magnetic field
and simplified model distributions of electron
concentration and kinetic temperature, the thermal
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KMHETHYECKON TEMIIEPaTypHl, paccunThIBaeTCS
TEIJIOBOE MAarHUTOTOPMO3HOE M3JIyYeHHE aAKTHBHOW
obsactu. Iyt pacuera pagMoM3IydeHHs UCIIOJIB3YIOTCS
TTONTHBIE (POPMYITBI U KOA(PPHUIUEHTOB UKIOTPOHHOTO
NOTJIOIIEHUST HA 2 — 5 TapMOHMKax TMPOYacTOTBI IS
OOBIKHOBEHHOU M HEOOBIKHOBEHHBIX MOJI H3JTyYCHHUSL.

ABTOpaMH pa3pabOTaHbl KOMIIBIOTEPHBIE IPOTrPaMMBI
IUIsl BOCCTAQHOBJIGHMS MAarHUTHBIX IIOJEHl M pacyeToB

2010  SAO RAS REPORT

gyrosynchrotron radiation of an active region was
calculated.

To calculate radio emission we used complete formulae
for coefficients of cyclotron absorption at gyrofrequency
harmonics 2 — 5 for ordinary and extraordinary modes of
emission.

The authors developed software codes for reconstruction
of magnetic fields and calculation of radio emission.
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Puc. 63. Kapmul spxocmuvix memnepamyp menio8o20 YuKiomponHozo usnydenus (napamemp Cmoxca 1),
paccyumannvle, UCX00sL U3 MPEXMEPHO20 PEKOHCMPYUPOBAHHO20 MAZSHUIMHOZ0 NOJIsl, YHPOUWEHHbIX MOOENbHbIX
pacnpedenenuti INeKMPOHHOU KOHYEHMPAyuu U KUHEMUYeCcKol memMnepamypbi (08yXcmyneHuamas, Mooeib ¢
yeaosuem ROCmosHemea oaenenus). a) kapma maenumusix nonetu(SOHO MDI); b),c) kapmer 0na Oaun eoan 2.8,
4.2 cm. d)e) u f) kapmel 01 60HBL 5 CM, Npu yyeme KoppeKmupyloue2o Muodxcumens ¢ 01 860CCMAHOBIEHHO20
MazHumuoeo nons: ceepxy euuz E=1, 2 u 3. Buono, umo 6600 muoocumens & ysenuuusaem «Habmooaemvier pazmepvi
UCMOYHUKOS U YCUTUBAEM U3TIYYEHUE.

Fig. 63. Maps of brightness temperature of thermal cyclotron emission (the Stokes parameter 1) calculated on the
basis of the 3D reconstructed magnetic field, simplified model distribution of electrom concentration and kinetic
temperature (the two-step model with the condition of constant temperature). a) The map of magnetic fields (SOHO
MDI); b),c) the maps for the wavelengths 2.8, 4.2 cm, d),e) and f) the maps for a wavelength of 5 cm with account of
the correcting factor ¢ for restoration of magnetic field; from top downward: £=1, 2 and 3. It is seen that introduction
of the factor ¢ increases «observedy size of sources and amplifies emission.
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Ha pucynke 63 pacueTHas HpPOCTPAHCTBEHHAs W

CHEKTpaJbHas CTPYKTypa paIron3ITyYeHUS
COTIOCTABIISICTCSA c JAaHHBIMH CHEKTPAITBHO-
TTOJISIPU3ALIMOHHBIX HaAOIIOAeHUH c BBICOKUM
MpOCTpaHCTBEHHBIM paspemenneM Ha PATAH-600.
AHanu3upyrTCsd BO3MOXXHBIE IIPUYMHBI W3MEHEHUH
MIPOCTPAHCTBEHHOTO pacrpeneneHus "
MTOJISIPU3ALIUMOHHBIX XapaKTEPUCTHK W3ITyYeHNUs,

CBSI3aHHBIX C IPOLECCOM PACIPOCTPAHEHUS PATUOBOJIH
MPU HAJIMYMAW B aKTUBHBIX 00JACTSAX Pa3JIMYHOTO THUIIA
HEOJHOPOAHOCTEH, TOKOBBIX CJIOEB U  CIIO)KHOM
TONOJIOTUM MAarHUTHOTO MOJIA.

B.M. Bozoo, T.H. Kanemman, A.I". Cmynuwun u JI.B. fcros
(CIIoTY).

O CTPYKTYPE TMEPEXOJHOM OBJIACTH
XPOMOC®EPA-KOPOHA

Ha OCHOBE CIIEKTPATBHO-TIOJISAPU3AIIMOHHBIX
HaOJII0 ICHUI KBa3HCIIOKOMHBIX HCTOYHHKOB
nukioTponHoro  msnydeHus  (NoRH, CCPT wu

PATAH-600) BBINOJHEHO HCCIIEIOBAHHE IEPEXOAHOU
oOmacti  xpomocdepa-KOpoHa  HAJ  COJHCYHBIMH
NATHAMHM UL M3Y4eHHs (U3UKH TOopsided IuIa3Mbl
(2-4 MK) B mpuCyTCTBUM CHJIBHOT'O MarHWTHOTO IIOJIS
(2-5 KI'c). biaronapst BBICOKOMY IIPOCTPaHCTBEHHOMY U

gacToTHOMY paspemennio (Ha PATAH-600 ~5%)
HaONIONeHUs]  BBIABWIM  LEJNBIH PO HOBBIX
CIIEKTPaJIbHBIX ocoOeHHOCTeH HCTOYHUKOB

LUKJIOTPOHHOTO M3IIY4EHHs, KOTOPbIE MOYKHO CUHTATh
(GyHIaMEHTaNbHBIMH, IOCKOJIBKY OHH HE 3aBHCAT OT
BEJIMYUHBI COJHEYHOIO IATHA M CTPYKTYpPHl aKTHBHOM
obmactu (yHuUnousipHas-OunosspHas). Murepnperanms
HOBBIX PE3yJIbTATOB B paMKax OOLICNPUHITOW MOJAEIN
HUCTOYHMKA IUKJIOTPOHHOTO H3JIyY€HHs] BCTpEdaeTcs: ¢
Cepbe3HbIMM  TpyAgHocTsMH.  [Ipemnoxkena  upaed
KOPPEKLUH MOJIENIH, COCTOAIIAs B TOM, 4TO Ha A>3 cM
U3Iy4YeHrne B 00enx Moaax (0, €) TeHepHpYeTCs OJHUM
3-UM THUPOYpPOBHEM, a HE CyMMOW 2-r0 M 3-ero, Kak
CUMTaIOCh ~ paHee. Maes  mpoBepsercss  IyTeM
MOJIEITUPOBAHHS. [Tnanupyercs MIPOJIOIKUTH
UCCIIEJOBAaHUE C IENbI0 YBEJIWYEHHUS CTaTUCTUYECKOU
3HAQUUMOCTH HAOMIOJATeNbHBIX [JAHHBIX, a TaKxke
pasBUTUSL  MOJENM W YTOYHEHHs  (U3MYECKUX
IapaMeTpoB KOPOHAJIBHON IJIa3Mbl HAJl COJHEYHBIMU
MATHAMU.

H.I'. Ilemeposa, A.H. Kopcasun,
H.A. Tonuuno, T.II bopucesuu. AX, 87,
Acmpogus. o1on1., 65, 60 (2010).

JL.B. Oneiikuna,
75 (2010);
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In Fig. 63 the calculated spatial and spectral structure of
radio emission is compared with data of RATAN-600
spectral-polarization observations of high spatial
resolution.

We analyzed possible reasons for alteration of
polarization characteristics of emission connected with
the process of propagation of radio waves in the
presence of inhomogeneities of different types, current
sheets and complex topology of magnetic fields in active
regions.

V.M. Bogod, T.I. Kaltman, A.G. Stupishin, and L.V. Yasnov
(St. Petersburg State University).

ON STRUCTURE OF THE CHROMOSPHERE-
CORONA TRANSITION ZONE

To study physics of hot plasma (2-4 MK) in the
presence of strong magnetic field (2-5 kGs) we
investigated the chromosphere-corona transition zone
over sunspots on a basis of spectral-polarization
observations of quasiquiet sources of cyclotron emission
(NoRH, CCPT and RATAN-600).

Due to high spatial and frequency resolution (~5% at
RATAN-600) the observations revealed a number of
new spectral features of cyclotron emission sources
which can be considered as fundamental because they
do not depend on sunspot size and structure of active
region (unipolar-bipolar).

Interpretation of new results within the framework of the
standard model of cyclotron emission source faces
serious difficulties.

To correct the model an idea was suggested that at
A>3 cm the emission in both modes (o,¢) is generated
by the third gyrolevel only, but not by the sum of the
second and third gyrolevels as was accepted previously.
The idea is tested by modeling.

It is planned to continue the study for the purpose of
increasing statistical significance of observational data
and specifying physical parameters of corona plasma
OVer sunspots.

N.G. Peterova, A.N. Korzhavin, L.V. Opejkina,
N.A. Topchilo, T.P. Borisevich. AZh, 87, 75 (2010); Astrophys.
Bull., 65, 60 (2010).



