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PAJUOACTPOHOMMNYECKHUE
NCCIIEJOBAHUA

TEHETUYECKH KO/ BCEJIEHHOM

3aBepIIeHO  HAKOIUIGHHE JAHHBIX [0  IporpaMme
«I"enetnueckuii kox Beenennoit» (Otuer CAO PAH 2010
r., c. 77-79; Otuer CAO PAH 2011 r., ¢c. 72; Otuer CAO
PAH 2012 r., c. 71-72). Habmonennuss npoBOAWINCH Ha
Macmtabax ¢ > 3000, KOTOpble HEIOCTYIHBI MECCUSIM
WMAP (¢<800) u Planck (£<2500). Ormerum, dTO
PATAH-600 npakTHuecky HE OTpaHUYEH N0 Pa3pPEIIECHHI0
(OHOBBIX CTPYKTYp BIIIOTH 10 £ = 10000.

B nocrnenHue rombl  MOSIBUINCH — MPEIIOKEHUS
UCCJIeOBaTh BIHMSHUE TIPaBUTAMOHHBIX 3((PEKTOB Ha
AQHMU30TPONHI0 (OHOBOTO H3JIYYEHHS MO €ro LIyMy Ha
IUI0XO0 HccnenoBaHHbIX MacmTadax £ = 3000-6000. Teopus
MOKa3bIBaeT, 4YTO MOIIHOCTh IIyMa SBISAETCS CaMbIM
OCTPBIM HHIMKAaTOPOM HAaKJIOHA CHEKTpa MOIIHOCTH Ha
Manbix €. lllym Ha Gonpmux ¢ MPONOPIHOHAJICH IIyMYy Ha
MaJbIX £ B CENBMOM CTEIMEHU. DTO MO3BOJISIET ¢ OOIBIION
TOYHOCTBIO OLICHUBATh OTKJIOHEHHUE CIIEKTPa MOILTHOCTH OT
CIUHHUIIBI.

ITo pesynbraTam 00pabOTKHM IaHHBIX, MOJYYCHHBIX C
(dokanpHOW  Marpuleld, IpoBeleH IOHUCK  CIIE/IOB
IPaBUTALIMOHHBIX BO3MYILEHHM € TOYHOCTBIO, KOTOpas
MO3BOJIMJIA CPABHUTH OTHOCHUTENIBHYIO POJIb CKAJIIPHBIX U
TEH30PHBIX BO3MYIIEHUHI B paHHel BceneHHOU U chenath
HE3aBUCHMYIO OIIGHKY IIIyMa B HHTEPECHOW I TeOpUHU
00yacTi MacmrTadoB.
bem1  mpoBemen momck  3QQEKTOB, NpenCKa3aHHBIX
nHpsmmen u teopueir SUSY, B TOM dHCIE, TOHUCK
OHOMEpPHBIX oOpa3zoBaHmWil Thuma «cTpyH» (Otuer CAO
PAH 2007-2008, c. 121-122). Iloka3aHo, 9TO HX pOIb
CYIIECTBEHHO MEHBIIE OIEHKH, IPOU3BEACHHOW IO
naHHsIM WMAP.

3aBepiieH TOJUYHBIA IUKJI MHOTOYAaCTOTHOTO o0030pa
mosiocel Heba Ha BosmHax oT | g0 50 cM M JIOCTUTHYTa
GuyKkTyanuoHHas npeaenbHast qyBCTBUTEIHHOCTb,
OTpaHMYEHHas] NIYMOM (OHOBBIX PAJUOHUCTOYHHUKOB. DTO
TIO3BOJIMJIO OTIPEJICNTUTh BKJIAJl BapHalnuii CHHXPOTPOHHOTO
W TEIUIOBOTO M3JIydeHUs MIIEYHOTO ITyTH, a TaKXe POJIH
panvon3ITydeHUs] Bpallalouielcsl MbUIM ¢ OOoJIbIIeH, dYeMm
paHee TOYHOCTBIO.

Ocoboe  BHMMaHWe OBIIO  yHeleHo  mpoliieme
SKCHEPUMEHTAIIBHOTO U3Y4Y€HHs YIbTPapeIsITUBUCTCKUX
00BEKTOB (CBEPXMACCHBHBIX  YEPHBIX JBIP B IEPBOTO
nokonenns) ¢ Maccamu 10°-10'°Mp (Otuer CAO PAH
2010, ¢.75-76). [TlokazaHo, 4YTO Takue OOBEKTHI
JEHCTBUTEIHHO CYIIECTBOBAIHM YK€ B MEPBBIH MIJUIAAP.
Bo3pacta BceneHHOM.

10.H. Hapuiickuit, O.B. Bepxooanos, B.A. Cmonspos,

H.H. Bypcos, T.A. Cemenosa, ILI. I[uidynes, A.B. Temuposa,
H.A. Huscenvckuii.

MOUCK U UCCJIEJOBAHUSI OBBEKTOB
PAHHEW BCEJJEHHOM

FRII-ranakTuky  MMEIOT B  CBOMX  KOMIIOHEHTaX
KOJIMYECTBO DHEPTUU PENATUBUCTCKOIO ra3a U MarHUTHOTO
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RADIO ASTRONOMY
INVESTIGATIONS

GENETIC CODE OF THE UNIVERSE

Data accumulation under the program «Genetic code
of the Universe» were completed (SAO RAS Report
2010, pp.77-79; SAO RAS Report 2011, p.72; SAO
RAS Report 2012, pp.71-72). Observations were
fulfilled on the scale £> 3000 which is inaccessible
to WMAP (¢ < 800) and Planck (£ <2500) missions.
Note that RATAN-600 is practically unrestricted in
resolution of background structures up to £ = 10000.

In recent years the suggestions appeared to study
influence of gravitational effects on anisotropy of the
background radiation by its noise on the poorly
studied scales € =3000-6000. The theory shows that
the noise power is the most responsive indicator of
the power spectrum slope on small £. The noise on
large ¢ is proportional to the noise on small £ in the
seventh power. This allows us estimating the
deviation of power spectrum from 1 to a high
accuracy.

Results of the processing of data obtained with the
focal array were used to search for traces of
gravitational disturbances to a precision which
allowed us comparing the relative role of scalar and
tensor disturbances in the early Universe and making
an independent estimation of the noise in the scale
range which is interesting for the theory. We made
the search for effects predicted by the inflation and
SUSY theory, including the search for one-
dimensional structures of the «string» type (SAO
RAS Report 2007-2008, pp.121-122). It was shown
that their role is considerably less than the estimation
made by WMAP data.

A one-year cycle of the multifrequency survey of a
sky band at wavelengths from 1 to 50 cm was
completed. The maximum fluctuation sensitivity
limited by the noise of background sources was
achieved. It allowed us determining contribution of
variations of synchrotron and thermal radiation of the
Milky Way and the role of radio emission of rotating
dust with a higher accuracy than before.

Special attention was given to the problem of
experimental study of wultra relativistic objects
(supermassive black holes of the first generation)
with the masses 10°-10'°Mg (SAO RAS Report 2010,
pp.75-56). It was shown that such objects did already
exist when the Universe was one billion years old.

Yu.N. Parijskij, O.V. Verkhodanov,
N.N. Bursov, T.A. Semenova,
A.V. Temirova, N.A. Nizhelsky.

V.A. Stolyarov,
P.G. Tsybulev,

SEARCH FOR AND STUDY OF EARLY
UNIVERSE OBJECTS

The energy of relativistic gas and magnetic field in
FRII galaxy components is far beyond that in any
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MoJIsl HaMHOTO OonbIe, 4eM Jro00# Ipyroir 0OBEKT BO
Bcenennoit. B riaybokmx o63opax PATAH-600 B
CaHTUMCTPOBOM  JIMANa30HC  OOHAPY)KEHBI  MOIIHBIC
paguoralakTWKM, BO3HHKIIME B TepBble 10% Ku3Hu
Bceenennoit (Otuer CAO PAH 2010, c. 75-76). Tak B
0030pe RZF oOHapyXeHBI THICIYH PAIHMOUCTOUYHUKOB C
YIBTPAKPYTHIMU CIICKTPAMH, MHOTHUE W3 KOTOPBIX HMEIOT
ctpykrypy tima FRII (Otuer CAO PAH 2007-2008, c.
106-107). Takue 0OBEKTH TOCTYIHBI U1 HAOMIONEHHUS Ha
moObIX  KpacHBIX cmemeHmsx Ha PATAH-600 ¢
UMEIOIIUMCS KOMIDIEKCOM allapaTryphl, a BCe T€ U3 HUX,
KOTOpBIE€ CBS3aHBI C THUTAHTCKUMH OJIUINTHYCCKAMHU
TaJlaKTUKaMH WA WX TMPOTOTHHAMu (Ha z>3), MOCTYITHBI
HAOJFOICHUSM Ha 6-M TEJICCKOIIC KaK B KOHTUHYYME, TaK U
crieKTpockonmueck. [IpofomkaeTcs WX HCCIEOBAHUE C
NPUBJICYCHUEM HHTEPHEPOMETPUYCCKHX CHUCTEM THIIA
MERLIN, ontuyeckux u MK-teneckonos.

2013
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Jns  camMoil MOIIHOHM B CAHTUMETPOBOM JIMAIla30HE
FRI-paguoranaktuku RC J0311+0507 ¢ z=4.51 B
nouckoBoi mporpamme CARLA (Clusters Around Radio-
Loud AGN), BBINOJTHEHHONH Ha KOCMHYECKOM TEIIECKOIIe
Spitzer B momocax(3.6 puk u 4.5 pk), oOHapykeHO Ha
ypoBHE 3G TIPEBBIICHHE ITOBEPXHOCTHOH IJIOTHOCTH
oobektoB (Wylezalek, D. et al. 2013ApJ...769...79W).
[IpoBeneHo wmccnenOBaHUE €€ OKPY)KEHHS 1O TITyOOKHM
apxuBHbiIM  cHuMkaM  SUBARU  (Slmonwms), roe
oOHapyXeHbI KaHAWJATH B Lyo-3MMHTEpHI TI0 IpOBally B
B-dunmetpe (Otuer CAO PAH 2012, c. 72-73), gro
ABIISICTCS eIIe OAHUM ()aKTOM B TIOJIB3Y CYIIECTBOBAHUS
IpOTOCKOIIeHUs Ha Zz=4.51.

Jns BTOpOro 1o JambHOCTH OOBEKTa IPOTrPaMMBbI
«boasmoe Tpuo» RC J1740+0502 ¢ z=3.57 nosyuyeHsl
HOBBIE JaHHbIe Ha paguonHTepdepomerpe MERLIN (UK)
¢ paspemenuem 0.1” ma 5 T (Oruer CAO PAH 2010,
c.75) m na e-MERLIN na 1.7 ITn c ypoBHeM mryma
~20-30 pJy/beam (puc. 47).

C y4eToM 3THX paJiHoOKapT IepecMOTpeHa MHTEPIPETAIUI
ONTHYECKOTO  OTOXACCTBICHUS  PAAMOMCTOYHUKA U
MPEIOKEHBI CIIETYIONINe BapUAHThI, OMHUMHU U3 KOTOPBIX
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other object in the Universe. The RATAN-600 deep
centimeter-range surveys revealed powerful radio
galaxies which arose in the first 10% of the Universe
life (SAO RAS Report 2010, pp. 75-76).

So, in the RZF survey the thousands of radio sources
with ultra steep spectra were detected, many of them
are having the type FRII structure (SAO RAS Report
2007-2008, pp. 106-107).

Such objects are accessible for observation with the
available equipment complex of RATAN-600 at any
red shifts, and those of them which are related with
giant elliptic galaxies or their prototypes (at z>3) are
accessible for observation with the 6-m telescope
both in continuum and spectroscopically. Their study
goes on with involvement of interferometric systems
of the MERLIN type, the optical and infrared
telescopes.

Puc. 47. Paouoxkapma 0ns 6mopozo no OdnbHOCMU
obvexma npozpammol «bonvuoe Tpuo»
RCJI1740+0502 ¢ z=3.57, noayyenunas Ha
paouounmeppepomempe  e-MERLIN  (UK) na
1.7 I'Ty ¢ yposuem wyma ~20-30 uJy/beam.

Fig. 47. Radio map of the distance-second object of
the program «Big Trioy RC J1740+0502 with z=3.57
obtained with the radio interferometer e-MERLIN
(UK) at 1.7 GHz with the noise level ~20-30
wJy/beam.

In the search program CARLA (Clusters Around
Radio-Loud AGN) fulfilled at the space telescope
Spitzer in the bands 3.6 um and 4.5 pm the excess of
the surface density of objects was detected at the 3o
level for the FRII radio galaxy RC J0311+0507 with
7z=4.51 which is the most powerful in the centimeter
range (Wylezalek, D. et al. 2013ApJ...769...79W).

Its environment was studied by deep archive
SUBARU images (Japan) where candidate to Lya
emitters were detected by a gap in the B band (SAO
RAS Report 2012, pp. 72-72), which is another
argument in favor of existence of a protocluster at
z=4.51.

New data were obtained with the radio
interferometer MERLIN (UK) with a resolution of
0.1" at 5 GHz (SAO RAS Report 2010, p.75) and
with e-MERLIN at 1.7 GHz with the noise level
~20-30 pJy/beam for the second-distance object of
the program «Big Trio» RC J1740+0502 with z=3.57
(Fig. 47). Taking into account these radio maps, the
interpretation of optical identification of the radio
source was revised and some other variants were
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SIBIISICTCA CTa0BIN KBazap (Kak M ObUIO MEepBOHAYANBHO), a
takke aBoiHas AGN. Takum obpaszom, RC J1740+0502 —
BO3MOXHBIN KaHaupgaT aABoiHONH AGN c¢ paccrossHUEM
MEXAy KOMIIOHEHTaMH THapkl ~6 KIIC Ha z >3.

N oauH u BTOpPOW MCTOYHHUK OTHOCSTCS K MOIIHBIM
FRII-paguoranaktukam co cBetumocthio Ha 500 MHz
3-10°W/Hz u 3-10®*W/Hz, coorBercrBenHo. Takoe
SHEPrOBBIIEICHNE CBSI3BIBAIOT c HalIMYuEM
CBEPXMACCHUBHOI YE€pPHOH ABIPHI C MacCOM ~10°Mo.

10.H. Ilapuiickuii, 11. Tomaccon (Benuxobpumanus),
O.11. ’Kenenkoea, A.H. Konuinos, A.B. Temuposa,
O.B. Bepxooanos, Komaposa B.H., Coxonos HU.B. (T®
HWHACAH), P. besux  (Bemuxobpumanus), 1. Maxkcnoy
(Benuxoopumanus), T. [lypcumo (Quuaanous), B.P. [Llymenxos
(IIPAO PAH). EAS Publ. Ser. 61, 439 (2013).

AHAJIN3 FRII-PAIMOUCTOYHHUKOB I1O
N30BPAKEHUAM MUCCHUHU PLANCK

Husa 126 ucrounmkoB Mopdomormaeckoro Ttuma FRII c
KpyTeIMH crnekTpamu u3 RCR-karajora, cocTaBI€HHOTO
o o0030pam PATAH-600, MPOaHATM3UPOBAHBI
n300pakeHuss B MUJUIUMETPOBOM U CyOMHJUTUMETPOBOM
muanazoHax (Planck). Cpennee kpacHoe cMelIeHHUE
BbIOOpKH GoJibire 1.5. OKOJIO TpeTH UCTOYHUKOB BBIOOPKH
nMeeT MHUHMMYM Ha KapTaXx MM-JIHara3oHa, 4TO MOXKET
SBISITBCSL  TIPU3HAKOM  TIPOTOCKOIUICHWS B 00JacTu
oObekTa. JIms  HECKONBKMX HCTOYHHWKOB  HaiJCHBI
OTOKAECTBICHUS €O CHaObIMH (<30) MOJOXUTEIEHBIMH
MUKaMu  KapT. MIuIMMeTpoBoe M CyOMMIUIMMETPOBOE
U3Iy4eHHE Yy JaleKuX paJdoTalakTHK O0OYCIIOBICHO
W3Ty4YeHHEM TMBIIM B POIUTEIBCKUX SJUTUNTHYECKUX
rajJaKkTHKax.

O.B. Bepxooanos, E.K. Maiioposa, J.H. Conosves,
O.1I1. /Kenenkosa, A.B. Temuposa, I0.H. Ilapuiickuii.

I'NMT'AHTCKHUE PAJINOT' AJTAKTUKHN
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suggested a weak quasar (as it was originally) or a
double AGN. Thus, RC J1740+0502 is a probable
candidate to a double AGN with the distance between
components of the pair ~6 kpc at z >3.

Both the first and second sources belong to powerful
FRII radio galaxies with luminosities 3-10*W/Hz
and 3-10™W/Hz respectively. Such energy release is
ascribed to presence of a supermassive black hole
with mass ~10°Mo.

Yu.N. Parijskij, P.Thomasson (GB), O.P.Zhelenkova,
A.L Kopylov, A.V. Temirova, 0.V. Verkhodanov,
V.N. Komarova, 1.V. Sokolov (TF IARAS), R. Beswik (GB),
T. Maxlow (GB), T. Pursimo (Finland), V.R. Shutenkov
(PRAO). EAS Publ. Ser. 61, 439 (2013).

ANALYSIS OF FRII RADIO SOURCES BY
PLANCK MISSION IMAGES

Planck mission millimeter and submillimeter range
images of 126 morphological FRII type sources with
steep spectra from the RCR catalog compiled by
RATAN-600 surveys were analyzed.

The average red shift of the sample is higher than 1.5.
About one third of the sample sources have minimum
in millimeter range maps, which can be a sign of a
protocluster in the object region.

Several sources were identified with weak (<30)
positive peaks in the maps.

Millimeter and submillimeter radiation of distant
galaxies can be caused by dust emission in elliptical
host galaxies.

O.V. Verkhodanov, E.K. Majorova, D.I. Soloviev,
O.P. Zhelenkova, A.V. Temirova, Yu. N.Parijskij.

GIANT RADIO GALAXIES
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Puc. 48. J015756.3+020950 (cnesa) u J154901.7-321747 (cnpasa) - O0ee obuapydicenHvie paOUOANAKMUKU C
X-popmoil, mopgonocus KOMopwvIx COSIACHO NONYJAPHOU 2unomese yKasvleaem Ha Oblicmpoe U3MeHeHue ocu
8pawenus A0pa 2anakmuKku 8 pe3yibmame CIUAHUSL YePHBIX OblP 8 YEHMPAX UCXOOHBIX 2ANAKMUK.

Fig. 48. J015756.3+020950 (left) and J154901.7-321747 (right) — two detected radio galaxies with the X form.
According to the popular hypothesis, their morphology is indicative of fast change of the galaxy nucleus rotation axis
resulting from merging of black holes in centers of initial galaxies.
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[IpoBeneHsl wuccneoOBaHWA KaHAWIATOB B THTAaHTCKHE
panuoranaktuku (I'PI"), oToOpaHHBIX 1O KOMIIOHEHTaM,
KOTOPBIC MPEACTABICHBI KaK OTACIbHBIC HCTOYHHUKU B
0030pe NVSS. MeTtoq OCHOBaH Ha COMOCTAaBJICHUS OCEH
NPOTSHKEHHBIX KOMIIOHEHTOB PaJHOMCTOYHUKOB 0030pa
NVSS c¢ pazpenenuem 6onee 4', omMcaHHBIX B Karajore
kak HezaBucuMmble 00bekThl (OTuer CAO PAH 2011,
c.79). Jna 50 panmuoramakTHK IIPOBEACHO pamgwo U
ONTHYECKOE OTOXIECTBICHHE C FWCIIONB30BaHUEM 0a3
maaabix CATS, NED u SkyView. Cpemn 0OBEKTOB,
OOHApyXEHHBIX C TIIOMOIIBI0 TIPEAJIOKEHHOTO METO/a,
HaiineHo 13 HOBBIX cnadbix ['PI°, ceMp U3 KOTOPBIX HMEIOT
nuHeHHBIe pa3Meps! 6ombmie 0.5 Mk, a mects - 6omnpie |
Muk. Cpenn 0TOOpaHHBIX paJMOMCTOYHUKOB OOHapyKeHa
pamuoranaktuka NVSS J154901.7-321747 cMemaHHOTO
TUIIA - PE3YJIbTAT CIUAHUA ABYX aKTUBHBIX I'AJIAKTHUYCCKUX
snep (puc. 48).

J.HU. Conosves, O.B. Bepxooanos.

HOBBII METO/I AHAJIU3A
OJIHOPOJHOCTHU KAPT CMB

2013
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We studied candidates to giant radio galaxies (GRGs)
selected by components presented as separate sources
in the NVSS survey. The method is based on
comparison of axes of extended components of
NVSS radio sources separated by more than 4 arc
minutes and described as independent objects in the
catalog (SAO RAS Report 2011, p. 79).

Radio and optical identification with the use of
CATS, NED and SkyView databases was fulfilled
for 50 radio galaxies. Among objects detected by the
suggested method 13 new weak GRGs were found, 7
of them having linear size more than 0.5 Mpc, and 6
of them — more than 1 Mpc.

Among the selected radio sources we detected the
mixed-type radio galaxy NVSS J154901.7-321747 —
a result of the merging of two active galactic nuclei
(Fig. 48).

D.I. Soloviev, O.V. Verkhodanov.

A NEW METHOD OF HOMOGENEITY
ANALYSIS OF CMB MAPS
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Puc. 49. Cnesa - pesynomam npumereHusi CNeKmpaibHO20 3CMUMAMOpA, NOCMPOEHHO20 HA BbIYUCICHUE CPEOHE0
3Hauenust yenogoco cnexkmpa mowpocmu C, moouduyuposannou kapmol, K Oauneim muccuu Planck.
Moouguyuposannas xapma, NOIYHeHHAS. C NOMOWBIO ICMMAMOPA, CMPOULACL NPUCBOCHUEM KAXHCOOMY NUKCENY
pe3yibmama OCpeOHeHuUs. CHeKmpd, KOMOpblll PACCHUMBIBAACS Ol BCEBOZMOJICHBIX pazouenuti cgepvl no
noxycgepam u HewemHo2o Konupoganus cuenana noiycgep. Cnpasa - Ounoib 3moil Kapmul, Ha KOMOPbIl HALOHCEHA
cemKka IKIUNMUYECKOU cucmemvl Koopouwam. Hanpasnenue Ounons OemoHcmpupyem — 6blO€IeHHOCHb
IKIUNMUYECKOU  cucmembl Koopounam 6 Oaunwvlx muccuu Planck, obuapyscennyio npu npumenenuu HO8020
acmumamopa.

Fig. 49. Left: a result of application of the spectral estimator built on calculation of the average meaning of the
angular power spectrum C, of modified map to the Planck mission data. The modified map obtained with the
estimator was built in the following way: every new pixel is a result of averaging the spectrum calculated for various
decompositions of the sphere to hemispheres and odd copying of the signal of hemispheres. Right: a dipole of this
map superimposed with the ecliptic coordinate grid in the Planck mission data detectable when applying the new
estimator.

IlpennoxxeH HOBBIM METOJ aHaIM3a OJIHOPOJHOCTH KapT
MHUKpPOBOJTHOBOTO  ()OHa, OCHOBAHHBI Ha BapHAIUH

A new method of homogeneity analysis of
microwave background maps based on variation of

YIJI0BOTO CHEKTpa MOIHOCTH. CTaTUCTUUECKUH aIrOPUTM
aHajIM3a TMO3BOJIiET OOHAapyXXHWBaTb M  HCCIENOBAaTh
AQHM30TPOIHIO CUTHAJa Ha HU3KUX MYJIbTHIONsX (£<100).
Metos1 4yBCTBHUTENEH K CJIa0BIM HEOJHOPOAHOCTSIM H
OCHOBBIBACTCA HAa M3MEPEHUU JUCIEPCHUHM  CIEKTpa
MOIITHOCTH JUIA pa3HBIX Imoirycdep, coaeprkamux GOHOBEII
CHUTHAJL

s Busyammsammu  3QQPEKTOB  MPEANIoKEeH Ccrocod
KapTorpadgupoBaHus MOJOOHOTO U3MEHEHUS AUCIIEPCUHI U

the angular power spectrum was suggested. The
statistic algorithm of the analysis allows us detecting
and studying signal anisotropy at low multipoles
(¢<100). The method is sensitive to weak
inhomogeneities. It is based on measurement of the
power spectrum dispersion for different hemispheres
containing the background signal.

To visualize the effects, a method of mapping such
change of dispersion and its projection as a new map
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oTOOpakeHHsI €ro B BHAE HOBOM KapTel Ha cdepe. on sphere was suggested.

[MpoBenen ananus curHana Juiss kKapt (muccust Planck) c The signal in Plank mission maps of high resolution
BBICOKMM paspenieHueM. B pesynprare oOHapykeHa was analyzed. It resulted in detection of asymmetry
aCUMMETpUS, CBSI3aHHAsg C OJKIMINTUYECKON CHUCTEMOM related to the ecliptic coordinate system in the spot

KOOpAMHAT, B pacpeeieHUH MOJI0KEeHHs IATeH (puc. 49). location distribution (Fig. 49).
A.B. Haiioen, O.B. Bepxooanog. Ya.V. Naiden, O.V. Verkhodanov.
MOUCK KOPPEJISILIUIA CMB SEARCH FOR CMB CORRELATIONS BY
IO KAPTAM WMAP U PLANCK WMAP AND PLANCK MAPS
M OB30PY SDSS AND SDSS SURVEY
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Puc. 50. Yenosvie cnekmpovi MowHOCMU 0118 3A0AHHBIX 2APMOHUK Kapmul Koppenayutl oanuvix SDSS (nromuocmu
nomoxa 6 guibmpe r o63zopa SDSS, obvexmuvl uz ouanazona kapacuvix cmeuwjenuu 1<z< 1.1) u ILC WMAP,
sensowuecs cevenusmu Gynkyuu K(\bn,w,z,f) (30ecy \bn - nanpaeienue na cgepe, @ - pasmep KOppersyuoHHO20
OKHa) 6 napamempuyeckom npocmpancmee (z,f), eoe z € [z;z+Az], Az = 0.1, € - nHomep myrbmunoas UCxoOHOU
kapmul CMB, 0151 Komopozo nocmpoena kapma, y4acmayiowas 6 npoyeoype MO3auUHoOU KOppensyuu.
Cnesa-nanpaso, ceepxy-enu3: (1) pucynox «2680m0yuonnoly (m.e. mensiowelics ¢ z) kopperayuu Ky(z,£), ede K,=4
eapmonuxa u3 xopperayuonnou xapmot, =50 - capmonuxa ucxoonou xapmvr CMB, pasmep oxHo Koppersyuu
evlopan w=300", amnaumyda cuznana sviuie yposns 3o, (2) koppensyus Kz ), =11, £=30, @ = 600', yposenv >2c;
(3) =3, t=100, ©=900", yposeuv >30; (4) =4, =100, ©=600", yposenv >3a; Habnodaemvie nuku, gulxoosuue 3a
20-ypogenv pazbpoca, COOMEEMCMEYIOm KOPPEISIYUOHHbIM MACUMAdam ¢ GblOeIeHHbIM NPOCPAHCMEEHHBIM
PazmMepom Ha OAHHOM KPACHOM CMEUWSHUL.

Fig. 50. Angular power spectra for given harmonics of the map of SDSS data correlations (flux density in the r band
of the SDSS survey, the objects are in the red shift range 1<z< 1.1) and ILC WMAP which are sections of the
function K(\bn,w,z,€) (here \bn is a direction on sphere, w is a correlation window size) in the parametric space (z,{),
where z € [z;z+/z], Az = 0.1, € is a multipole number of the initial CMB map for which the map participating in the
mosaic correlation procedure is built. From left to right downward: (1) the image of “evolutionary” (i.e. changing
with z) correlation Ki(z,), where K,=4 is a harmonic from the correlation map, {=50 is a harmonic of the initial
CMB map, the correlation window size is chosen as w=300", the signal amplitude is higher than the 3o level; (2) the
correlation Ki(z,€), =11, {=30, w = 600", the level >20; (3) £=3, t=100, ©=900", the level >3a; (4) {=4, £=100,
=600, the level >30. Observed peaks exceeding the 2¢ level of dispersion correspond to correlation scales with the
selected space size at a given red shift.
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HccrenoBana xoppemsinus MHKPOBOIHOBOTO (oHa (MD)
no kapram muccuii WMAP (NASA) u Planck (ESA) u
pacrpeneneHus TalakTHK Ha pa3IM4HBIX  KPacHBIX
CMCIIICHUAX M0 JaHHBIM OmNTHYeckoro o63opa SDSS.
CBsi3aHHBIE ¢ KPYITHOMAcIITaOHOH CTPYKTYPOIl Ha pa3HBIX
KpacHbIX cMmenieHusx addektsr (3ddextsr Cakca-Bonbha
u 3enbroBnya-CroHseBa, TPaBUTALIMOHHOE JIMH3UPOBAHUE
¥ PEHOHM3AIMsI BOAOPOJA B OIOXY IOSBICHMSA HEPBBIX
3Be31 U KBa3apoB) cKas3pIBaroTcsa Ha MO.

Hdus  uccnepoBanms  Quykryarmmii M@  paccunrtana
ISITUMEpPHAss ~ KOppelsiuMoHHas — (QyHKOms,  KoTopas
BBIZICTSIET YIJIOBBIE MacIITaObl KOppemsinuii o HeOecHOH
chepe Ha pasHBIX z. IloCTpOEHBI YIIIOBBIE CIIEKTPEHI
MOIIHOCTH  JIByMEPHBIX  CPE30B  KOPPEISLHOHHOM
(YHKIMH, KOTOpbIE NPEICTAaBICHBl B BHJEC MO3aWYHBIX
KapT KOppelsilMH, a TakKe KaK paclpeaeieHue
KOPpPEISIUMOHHBIX ~ KoddduipeHToB  Mexny MO u
ranaktukamu (puc. 50). OOHapyXeHO CyYIIECTBOBaHUE
BBIJICJIEHHBIX MacimTaboB (2°-3°) Ha 1<z<2, KOTOpHIE
COOTBETCTBYIOT JIMHCHHOMY pa3Mepy MaKCHMaJIbHOH
SITYEHKHU HEOJHOPOAHOCTH 0K0J10 60 MIik.

A.B. Hauwoen, O.B. Bepxooanos. Acmpochus. oionn. 68, 471
(2013).

BEB-CEPBUCBI JJIA HOCTPOEHHUA KAPT
NPOTAXKEHHOI'O U3JTYUYEHUA

3amymed B pabotry  cepBep  http://cmb.sao.ru,
NPEIOCTABISIONIUA  TIOJIb30BATENSIM ~ BEO-CEPBUCHL IS
MOCTPOCHUS KapT MPOTSKEHHOTO H3ITydeHHS IO BCEMY
HeOy U3 cepuvecKuxX TapMOHHUK B CETKE MUKCEIM3aALHH
GLESP, Bxiouas criaxuBaHue KapT JuarpaMMmoit
HANPaBJIEHHOCTH  Pa3HOTO  yIIIOBOTO  pa3Mepa B
MPOCTPAHCTBE  MYJBTUIONEH, HaKIaJblBaHHE MAcoK,
BEIJICJICHUE O0JIacTel Heba 10 3aJaHHBIMHA KOOPAHHATAMH.
HuTepdeiic co3man B cpene pa3pabOTKH BEO-TIPIIIOKEHHIHA
Django Ha si3bike Python. ba3a naHHBIX cepBepa colepKUT
KapThl pacHpefesicHus H3JIyYeHHs U UX PasJIoXKECHHE II0
chepuueckuM rapMOHHKaM H3 0030poB Heba WMAP,
Planck, 408 Mru, 1400 I'Tt, IRAS, ROSAT u np.

O.B. Bepxooanos, A.B. Haiioen, B.H. Yepnenxos,
H.B. Bepxooanoea.

POCT NOI'VIOINEHUA PEHTTEHOBCKOI'O
MN3JIYYEHNSA 10 1 B TEYUEHUE APKHUX
PAJMOBCIIBIIIEK B GRS 1915+105

B xome 250-mHeBHOrO MOHMTOPHHra MHKpPOKBazapa
GRS 1915+105 B Mara3’oHe 4.8-11.2 1T
3apETUCTPUPOBAHBI IPKUE BCIIBIIIKHA C ONTUYECKH TOHKHUM
paguocniektpoM  (puc.47). OHH acCOIMHUPYIOTCS C
PEISITUBUCTCKUMU CTpYHHBIMHU BEIOpOCaMH,
TEeHEPUPYIONMMH  3JICKTPOHBI, KOTOPBIE W3Iy4aloT B
paMKax CHHXPOTPOHHOTO MexaHm3Ma. OTME4YeHO, YTO 3a
HECKOJBKO YacoB JO pPAJUOBCIBIIIEK WHTEHCUBHOCTD
PEHTTEHOBCKOIO0 M3ITy4EHUsl YBEJIUYMBAETCS B HECKOJBKO
pa3, 3aTeM CTAaHOBUTCSI CUJIBHO NEPEMEHHOW B Ipolecce
camoro BeIOpoca.

ITo JIaHHBIM PEHTT€HOBCKOH CHEKTPOCKOIINH
(obcepBatopust MAXI, ycraHOBIEHHass Ha SIOHCKOM
moxyine MKC) u momydeHHBIM KPHBBIM PEHTTEHOBCKOTO
Osrecka B muamnasoHe 2-20 k3B BrepBwIe MpoBeeHa OlEHKA

2013
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A correlation between cosmic  microwave
background (CMB) in the WMAP (NASA) and
Planck (ESA) mission maps and galaxy distribution
at different red shifts in data of the optical survey
SDSS was studied. The effects related to the large-
scale structure at different red shifts (the Sachs—
Wolfe and Zeldovich-Syunayev effects, gravitational
lensing and reionization of hydrogen at the epoch
when first stars and quasars appeared) have an impact
on CMB. To study CMB fluctuations a 5D
correlation function was calculated which selects
angular correlation scales over the celestial sphere at
different z. The angular power spectra of 2D cuts of
the correlation function were built which are
presented as mosaic correlation maps and as a
correlation coefficient distribution between CMB and
galaxies (Fig. 50).

It was discovered that there are selected scales
(2-3 degrees) at 1 <z<2 which correspond to the
linear size of maximal inhomogeneity cell of about
60 Mpc.

Ya.V. Naiden, O.V. Verkhodanov, Astrophys.Bull., 68, 471
(2013).

WEB SERVICES FOR BUILDING MAPS OF
EXTENDED RADIATION

The server http://cmb.sao.ru was started up. It
provides users with web services for building maps
of extended radiation all over the sky from spherical
harmonics in the GLESP pixelization grid, including
the map smoothing by antenna diagrams of different
angular sizes in the multipole space, the masking, and
selection of sky areas by given coordinates.

The Python-language interface was created in the
web application development framework Django.
The server database contains the radiation
distribution maps and their spherical harmonic
expansion from the sky surveys WMAP, Planck,
408 MHz, 1400 GHz, IRAS, ROSAT, etc.
O.V.Verkhodanov, Ya.V.Naiden, V.N.Chernenkov,
N.V.Verkhodanova

THE INCREASE OF X-RAY ABSORPTION
BEFORE AND DURING BRIGHT RADIO
FLARES IN GRS 1915+105

During the 250-day monitoring of the microquasar
GRS 1915+105 in the range 4.8-11.2 GHz the bright
flares with an optically thin radio spectrum were
registered (Fig. 47). They are associated with
relativistic jets generating electrons which emit in
compliance with the synchrotron mechanism.

It is noted that several hours before radio flares the
intensity of X-ray emission increases by several
times, then it becomes very variable in the process of
jet itself.

From X-ray spectroscopy data (the observatory
MAXI set on the Japanese module of ISS) and the
X-ray light curve obtained in the range 2-20 keV the
time of beginning and ending of the event related
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BpEMEHH Hayaja M 3aBepILICHHS CcaMoro coOBITHS,
CBSI3aHHOTO C UCTEYEHHEM CTPYH, B IBYX SPKHUX BCIBIIIKAX
€ TOYHOCTBIO JIydlie 3 4acoB.
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[Ipennonaraercs, 4To mepes BCIBIIIKON U NPH ee TeUeHUU
PEHITEHOBCKOE  M3JIyuyeHHE  HCIBITBIBAET  CHJIBHOE
BHYTpEHHEE MOTJIOICHHE u3-3a  CYUIECTBEHHOI'O
BO3pacTaHHWsd IUIOTHOCTH Bopopoma (B 3-7 pa3). 310
COOTBETCTBYET KaK MOJEIM C POCTOM KOHLEHTpaluu
AKKpELUPYIOLIEro BELIECTBA HAa OTHOCUTEIBHO BBICOKUX
JUCKOBBIX «IIMPOTAax» BOKPYr YEPHOM JbIpbl, Tak U
MOJeNnd, KOTJa BO BpeMs BEIOpOCa pPAacTeT ILIOTHOCTH
HCTEKAIOIEro BeTpa OT caMOil TECHOW IBOIHOWN cucTeme
(puc. 51).

b. Hancnu (CLLUA), []oc. Poopueec (Ppanyus), C.A. Tpywkun.

MOHUTOPHHI SS 433
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B wutone 2013 . Obuta 0OHapykeHa OYSHb SPKast BCIIBILIKA
oT MukpokBaszapa SS 433 ¢ nmorokoM Ha 5 I'Th oxomo
1.7 511 ¢ onTHYeCKH TOHKUM CHUHXPOTPOHHBIM CTEIIEHHBIM
CHEKTpPOM CO CHEeKTpadbHbIM HHAekcoM -0.7, uTO
HECKOJIBKO Kpyde, 4YeM B CIOKOHHOM COCTOSIHHH.
WHTEepecHo, 9TO TaKUX SPKHUX BCHBIIEK OBIJIO He OoJbIme
JecATH 3a BCIO HcTopuio ucciepoBanuii SS433 (Ortuer
CAO PAH 2011, c. 74-75). IlonbeM aKTUBHOCTH B KOHIIE
2013 r. oTpaxkaeTcsl ¥ Ha MOBBIIICHHUH TIOTOKOB Ha Oonee
Hu3koi dactote 240 MIm, rme u3mydeHHEe HCTOYHHKA
onTryecku Tosicroe. Benbimiku B SS433 (puc. 52) xopoiro
OIIMCHIBAIOTCS] OJTHOH KPAaTKOBPEMEHHOW (MEHBIIE CYTOK)
re’epanuei PENATUBUCTCKHUX 9JEKTPOHOB, c
MOCIIEAYIONMM  a1nabaTHYeCKUM paclIMpeHueM o0bema
panguvousnyuenuss B TeueHue 10 pguei. Ceiluac wuuer
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with the jet outflow in two bright flares was first
estimated to a precision better than 3 hours.

Puc. 51. Kpusas onecka (nabmooenus PATAH-600)
muxrpoxeasapa GRS 1915+105.

Fig. 51. The light curve (as observed by RATAN-600)
of the microquasar GRS 1915+105.

It is supposed that before and during the flare the X-
ray emission undergoes strong internal absorption
due to considerable increase of hydrogen density (by
3-7 times).

It corresponds both to the model in which the
accretion matter concentration increases at relatively
high disk «latitudes» around the black hole, and to
the model in which the density of outflowing wind
from the close binary system increases during
ejection (Fig. 51).

B. Punsly (USA), J. Rodriguez (France), S.A. Trushkin.

THE MONITORING OF SS433

Puc. 52. Kpusvie bnecka (nadnrwoenuss PATAH-600)
SS 433 na yvemwipex uacmomax.

Fig. 52. Light curves (as observed with RATAN-600)
of SS 433 at four frequencies.

In July 2013 a very bright flare was detected from the
microquasar SS 433 with the flux about 1.7 Jy at
5 GHz with a thin synchrotron power spectrum of the
spectral index -0.7, which is somewhat steeper than
that in the quiet state. It is interesting that there were
not more than 10 so bright flares during the whole
SS433 study history (SAO RAS Report 2011, pp. 74-
75). The activity rising at the end of 2013 had effect
also on the rise of flux at a lower frequency of
240 MHz where the source emission is optically
thick. The flares in SS433 (Fig. 52) are described
well by one short (less than a day) generation of
relativistic electrons with subsequent adiabatic
expansion of the rasio emission volume during 10
days. Now SS 433 light curves are being compared in
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JeTaJbHOE CpaBHEHHE KPUBBIX Onecka SS 433 ¢ maHHBIMH,
MOJIyYeHHBIMH Ha HH3KouacTOTHOM Teneckone LOFAR
(PI: R. Fender, CayrxemnToH). B Hauane roga npoBeneHbI
coBmecTHble uccaenoBanusi SS 433 na PATAH-600 u
obcepsaropun Muterpan (PI: K. [ToctHOB).

C.A. Tpywkun, H.A. Huxcenvckuii, IL.I. I{vioynes, P. enoep,
/1. bpooepux (Bearuxobpumanusi).

JIBOMCTBEHHASI IIPUPOJIA GPS-OBBEKTOB

Gigahertz Peaked-Spectrum (GPS) ramaktiku u KBazapsl -
UCTOYHUKU MOIIHOTO pPaJUOU3IY4YECHUs, UMEIOIUe MUK
pamuocrniektpa B auamnazone ot 0.5 mo necstkoB [T
GPS-00beKThl  XapakTepU3ylOTCS MalbIMH pa3MepamMu

2013
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detail with data obtained with the low-frequency
telescope LOFAR (PI: R. Fender, Southampton). At
the beginning of the year, SS433 was jointly studied
with RATAN-600 and the observatory Integral (PI:
K. Postnov).

S.A. Trushkin, N.A. Nizhelsky, P.G. Tsybulev, P. Fender,
D. Broderick (Great Britain).

DUAL NATURE OF GPS OBJECTS

Gigahertz Peaked-Spectrum (GPS) galaxies and
quasars are sources of powerful radio emission with a
peak in the radio spectrum range from 0.5 to tens of
GHz. GPS objects are characterized by small size

(<1kpc) ¥m HH3KOM aMIUINTYOH TIEPEMEHHOCTH B (<1 kpc) and low variability amplitude in the radio
pammonmanazone. UMx  wmccienoBanmst  ocnoxusrorcst  range. The study of GPSs is complicated by shortage
HEJIOCTaTKOM HaOJII0AaTETLHOTO Mmarepuarna, of observational material covering long periods
OXBaTBIBAIOILETO JUTUTEIILHEIC IIPOMEXYTKH BPEMEHH. (years).
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Puc. 53. Hopmupoganuwiii Ha MaKCumMatvbuwvili nomox u yacmomy paouocnexmp GPS-eanaxmux (ciesa) u xeazapos
(cnpasa). Cnekmpanbhvie UHOEKCHL Opejo,="11.01£0.01 1 Oupoye=-0.81£0.01 Ons canakmux u Opejp,,=+0.90+0.01 u

Oapove=-0.59%0.01 ons xeazapos.

Fig. 53. Radio spectrum of GPS galaxies (left) and quasars (right) normalized to the maximum flux and frequency .
Spectral indexes are =+1.01£0.01 and 0,p,,.=-0.8110.01 for galaxies and apeip,=10.9010.01 and 0.4p.=-0.59+£0.01

for quasars.

Jlo cux mop OJHO3HAYHO HE YCTAaHOBIIEHO, SBISIOTCS JIU
GPS-ramaktukn u GPS-kBazapel 00BeKTaMH OIHOTO
KJlacca, BUJUMBIMU TIOJ] PA3HBIMH yTJIaMH, WIH e OHH
pasnuyaioTes mo cBoed mpupone. Mx manble TuHEHHBIE
pa3Mepsl CBS3BIBAIOT ¢ MOJOJBIM BO3PAaCcTOM, MoJjaras, 4To
OHM  SBIIAIOTCSA  TNPEINICCTBEHHUKAMH  MPOTSIKEHHBIX
PAAMONCTOYHUKOB, a TaKXKe OOBSACHIIOT 3TO HaJTHYUCM
TUTOTHOM OKpY>KaromIeH cpeapl Wik 3Q(eKTaMu MPOSKITUH.
Ha ocHOBe WMEOMMXCS MHOTOYACTOTHBIX KaTaJloTOB B
6aze manaeix CATS u nHaOmomenuii Ha PATAH-600
(2006-2013 rT.) CcocTaBieH KOMITWJISSTUBHBIH — KaTaJor
GPS-kanguparos, BkmrounBinui 112 o6bexkToB. Karanor
COJIEP)KUT  CIIEKTPAIbHBIE XAPAKTEPUCTHKH OOBEKTOB,
XapaKTePUCTUKHA TEPEMEHHOCTH ¢ OLEHKH YTJIOBBIX
Ppa3MepoB M3ITydYaromux o0IacTei.

[Ipu ananm3e cpeHEro HOPMAIU30BAHHOTO PATUOCIEKTPa

So far it is not established yet unambiguously if GPS
galaxies and GPS quasars are objects of one class
seen at different angles or their natures differ.

Small linear size of GPS objects is attributed to
young age. It is thought that they are precursors of
extended radio sources. Also it can be explained by
dense environment or projection effects.

A catalog of GPS candidated containing 112 objects
was compiled on the basis of multi-frequency
calatogs available in the CATS database and
RATAN-600 observations (2006-2013). The catalog
includes spectral characteristics of objects, variability
characteristics and estimations of angular size of
radiating regions.

When analyzing an average normalized radio
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GPS-ranaktuk 1 GPS-kBa3apoB BBIIBICHO, YTO TAAKTHKHI
UMCIOT OoJiee y3KHE CHEKTpel H  Ooliee  KpyThIe
BBICOKOUACTOTHBIC CIIEKTPAJIbHBIC WHICKCHI, YeM KBa3apbl
(puc. 53). 1t o0oux TUNOB OOBEKTOB OTMEYECHO
YBEIUYCHUEC HU3KOYACTOTHOTO CIIEKTPAIbHOI'O HMHICKCA C
pocToM KpacHOTO cmerieHus z. Habmomaercs meduiut
0OBCKTOB Ha OOJIBIIMX KPACHBIX CMEUICHUSAX C HU3KHMU
gacToTaMd mHKa (Heckonbko [Tm). Bo3moxHo, Ha
OONBIMX z OTCYTCTBYIOT OOBEKTBI C KPYHIHBIMH
KOMIOHEHTaMH  CHHXPOTPOHHOTO  CaMOMOTJIONICHHS.
KocBeHHBIE OIEHKH HMOATBEP)KIAIOT HAJMYHE BEIIECTBA C
BBICOKOM  IUIOTHOCTHIO  HM3IYYAIONIMX  YacTHI B
oKoJosnepHBIX 001acTsax GPS-00bekToB.
M.I'. Munzanues, IO.B. Comnukosa,
(Gunnanous), M. Topnuxoscku ([lonvwa),
A.K. Opkenos, P.IO. Yooeuuyxuii. A&A,
Acmpogus. 6oan., 68, 262 (2013).

U. Topnuaiinen
T.B. Mygaxapos,
544, 25 (2012);

BEJIUKOE MTPOTUBOCTOSAHUE MAPCA -
HHOUCK BOJAbI HA MAPCE

PaGoramu IlynKOBCKOW MIKOJIBI pagyioacTpOHOMUH OBIIH
TIOJTy4EeHBI NIEPBBIE T0KAa3aTENBCTBA BHICOKOTO JIaBJICHHS Ha
TIOBEPXHOCTH BeHeps! Mo pacnpeneneHuio pagnosipKOCTH
Ha BomHE 8 MM (Bonpmiolf MyJIKOBCKHH PaTUOTENECKOI),
00HapyKEHO PaJNON3ITydeHHs BCEX CIyTHUKOB ["ammies, a
TaKke AedopMaiys IOSICOB paadaldd MOJ ICHCTBHEM
COJIHEYHOI0 BeTpa. BhIcokoe paspellleHHE COBPEMEHHBIX
panuoTEIECKONOB MO3BOJIET IPOBOAUTE OoJlee NeTalbHbIC
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spectrum of GPS galaxies and GPS quasars it was
found that galaxies have narrower spectra and steeper
high-frequency spectral indexes than quasars
(Fig. 53). It was noted for both object types that the
low-frequency spectral index increases as the red
shift increases. A deficit of objects with low peak
frequency (several gigahertzs) at high red shifts is
observed. It is possible that at high z there are no
objects with large components of synchrotron self-
absorption.

The presence of matter with high density of radiating
particles in near-nuclear regions of GPS objects is

confirmed by indirect estimations.

M.G. Mingaliev, Yu.V. Sotnikova, I. Torniainen (Finland),
M. Tornikovsky(Poland), T.V. Mufakharov, A.K. Erkenov,
R.Yu. Udovitsky. A&A, 544, 25 (2012); Astrophys. Bull.
68, 262 (2013).

THE FAVORABLE OPPOSITION OF MARS —
SEARCH FOR WATER ON MARS

Works of the Pulkovo school of radio astronomy
provided the first proofs of high pressure on the
Venus surface (Big Pulkovo Radio telescope) at the
wavelength 8 mm, detected of radio emission of all
Galilean satellites and deformation of radiation belts
under action of the solar wind.

High resolution of modern radio telescopes allows us
fulfilling more detailed study of objects of the Solar
system.

15
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Fig. 54. Left — the quadrupole structure of radio emission of Mars in the Stokes parameter Q; right — comparison of

emission of Mars polar caps with a model.

Kocmuyeckue nyuyn © COJIHEUHBIA BETEP BBI3BIBAIOT
pOKJIeHHE BTOPUYHBIX IMOJNOBEPXHOCTHBIX «JIMBHEW» Ha
HebecHpix Tenmax CoaHeuyHOM cucTeMbl. AIb0OenHOe
U3ITyYCHHE BO3HHKAaeT Ha IiyOmHe 1-2 M, a CHekTp
anpOeHBIX HEHTPOHOB YYBCTBYET XUMHYECKHI COCTaB
MMOBEPXHOCTHBIX CJI0EeB. Tak paanoacTpOHOMHUYECKUMHU
METOAaMU MOJKHO perucTpupoBaTh MOKa3aTesb
MpEeIOMJICHHsT Ha  TpaHMWIE TOBEPXHOCTH  Mapca.
He3aBucumble OT JaHHBIX HEUTPOHHOM CIEKTPOCKOIUH
atMocep TIJIaHET OLEHKH CBOWCTB  TMOBEPXHOCTH
MOJIAPHBIX ~ IIanok Mapca MOXHO  MOJY4YHUTb [0

Cosmic rays and the solar wind induce generation of
secondary subsurface «showers» on celestial bodies
of the solar system. Albedo radiation arises at a depth
of 1-2m, and the spectrum of albedo neutrons is
sensitive to chemical composition of surface layers.
Thus, it is possible to register the refractive index at
the Mars surface boundary by radio astornomical
methods.

The surface properties of Mars polar caps can be
obtained independently of data on neutron
spectroscopy of planet atmosphere by polarization of
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HOJAPH3AIIH UX PaTlUOU3ITydCHNUS.
[MpoBenensl HaOmoneHust Mapca B MOMEHT BEJIHMKOTO
MPOTUBOCTOSIHUS Ha (DOKAJIBHOM MaTpHIle paJIuOMETPOB Ha
BonHe | cM. M3MepeHus TmoOKa3anu 3aBal CHEKTpa B
MSTKOM JHMana3oHe, YTO MOXXHO OOBSICHUTH HaJINYHEM
JIETKUX aTOMOB THIIA BOJOPOJHBIX B COCTaBE BOJSHOIO
JIbJa TOJIAPHBIX IWIankok (puc. 54), T.e. mosspu3anus
PagMOM3IydICHUS] BEPXHETO IIOKPOBA IOJSPHBIX IIAIOK
Mapca cormacyercs ¢ CyXHUM HOKPOBOM, a HE C BIIaXKHBIM.
Jns cormacoBanus maHHelx PATAH-600 ¢ gaHHBIMH
MPOTOHHOM  CIIEKTPOCKONMW  albOETHBIX  HEHTPOHOB
HEOOXO0NMO M3MEHUTH IMIPOCTYIO MPEAJIOKEHHYIO MOJAEIb
¥ BBECTH 00Jiee CIIOKHYIO MOJEIb MOISIPHBIX IIarok (JIéx

MOKPBITBIA ~ JOCTATOYHO  TOJICTBIM  CJIOEM  TBEpPAOU
YIICKUCIOTHI WIH JIp.)
10.H. Ilapuiickuii, A.b. bepnun, H.A. Huscenvckuii,

T.A. Cemenosa.

JIYHA U He-3 DOHEPTETHKA

IIponyxTel sanepHbix peakuud B Heapax CosHua
BBIHOCSITCS ~COJIHEYHBIM BETPOM M IONAJal0T Ha
HE3aIUIEeHHYI0 atMochepoii moBepxHocTh JIyHbl. K aTHM
IPOAYKTaM OTHOCHUTCS M OJMH U3 CaMBIX IEPCIEKTUBHBIX
JUIsl siiepHOW sHepreTukd - He-3, koTopelii Hamboiee
3G (GEeKTHBHO 3aXBaThHIBACTCS HMMCHHO PETOJUTOM WA
JYHHBIM TPYHTOM, BO3HHUKIINM B pe3yibTare IpOOJICHHS,
NepeMeIIuBaHusd M CHEeKaHWs JIYHHBIX TOpOA IpH
MaJCHNUAX METEOPUTOB M MHKPOMETEOPHTOB B YCJIOBHSAX
BaKyyMa, M HHYEM HE OCIA0JEHHOTO KOCMHYECKOTO
U3ITy4CHUS

Brlcokoe paspenieHre HOBOTO 00OpPYIOBaHUS IO3BOJISIET
ucnoas3zoBate PATAH-600 11 yyacTtust B 3KCIEpUMEHTaxX
MO TIOMCKY oOsacTedl Ha moBepxHOcTH JIyHBI OoraThIX
peromutom. [lo Habmomenusm PATAH-600 ©Obuio
MOKA3aHO, YTO Ha3eMHas pPaJuoaCTPOHOMHSA BBICOKOTO
paspeleHns MO3BOJSAET BBIACTATH obnactu Ha JlyHe ¢
PETOJIUTOM IO UX TEPMHUYECKUM U 3JIEKTPOIHMHAMUYECKUM
CBOICTBA.

10.H. Ilapuiickuii,
A.b. Bepnun.

T.A. Cemenosa, H.A. Huscenvckuii,

UCCJEJIOBAHUSA
COJIHIIA

OBHAPYXEHHUE OBJIACTH UCTEYEHUA
IIJTA3MBI 13 TEHU U TIOJIYTEHHU KPYIIHOI'O
IIATHA

[lo cnekTpanbHO-NONIAPU3ALMOHHEIM HaONIOJCHUSM B
muamazoHe oT l.7cM 10 3 cM OOHapyXEHO XOJOIHOE
HOJISIPU30BAHHOE H3JIy4YeHHE OOBIKHOBEHHOH MOJIBI B
JOKJILHOM  MCTOYHUKE  HaJ  KPYINHBIM  ISITHOM
NOAA 11289, xoropoe Ha  2000-3000°K  Hmxe
TemrepaTypsl crokoiHoro CoiHIa, IpU TeMIeparype
HEOOBIKHOBEHHOW MOJIBI, MPEBBIMAIOMYI0 (OHOBYIO Ha
BenmauHy okos10 30000-40000°K (puc. 55, ciesa).

Ora 06macTh KOPOHAJIBHOHM IIa3Mbl HPUMBIKAET K TEHHU
KPYIHOTO IATHA, M TOATBEPKIAACTCA UCTCUCHHUEM ITJIa3MbI
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their radio emission.

Mars was observed at a wavelength of 1 cm of the
focal array of radiometers at the moment of the
favorable opposition. Measurements showed a falling
in the soft range of spectrum, which can be explained
by presence of light atoms of the hydrogen type in
water ice of the polar caps (Fig. 54), i.e. polarization
of radio emission of the upper cover of Mars polar
caps agrees with a dry cover, but not with a humid
one. To reconcile RATAN-600 data with data of
proton spectroscopy of albedo neutrons it is
necessary to change the suggested simple model and
to introduce a more complicated model of polar caps
(the ice covered with a rather thick layer of hard
carbon dioxide).
Yu.N. Parijskij,
T.A. Semenova.

A.B. Berlin, N.A. Nizhelsky,

THE MOON AND He-3 ENEGRY

Products of nuclear reactions occurring in the Sun
interior are carried out by the solar wind and get to
the Moon surface which is not protected by
atmosphere. One of the most promising of these
products for nuclear power engineering is He-3
which is captured the most effectively just by regolith
or moon soil resulting from the breakage, mixing and
sintering of moon rocks by the fall of meteorites and
micrometeorites under conditions of vacuum and
cosmic radiation which is not weakened by anything.

The high resolution of new equipment allows us
using RATAN-600 for participation in experiments
of search for regions rich in regolith on the Moon
surface. From RATAN-600 observations it was
shown that the ground-based radio astronomy of high
resolution permits us selecting regions on the Moon
with regolith by their thermal and electrodynamical
properties.

Yu.N. Parijskij,
A.B. Berlin.

T.A.Semenova, N.A. Nizhelsky,

STUDY OF THE SUN

DETECTION OF A REGION OF PLASMA
OUTFLAW FROM SHADOW AND HALF-
SHADOW OF A LARGE SPOT

From spectral-polarizational observations in the
range from 1.7cm to 3cm we detected cold
polarized radiation of the ordinary mode in a local
source over the large spot NOAA 11289 which is
lower by 2000-3000°K than temperature of the quiet
Sun with the temperature of the extraordinary mode
exceeding the background one by a value of about
30000-40000°K (Fig. 55, left).

This region of coronal plasma adjoins the shadow of
a large spot; it is confirmed by the plasma outflow
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upwards at a velocity of up to 12 km/s (Fe XII 1954,
EIS) and low density of the coronal plasma about
5x10%m™ (Fig. 55, right).
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Puc. 55. Cresa - cnexkmpul noaspusogarnnozo usnyuenus NOAA 11289: (1) - cnekmp apkocmHbix memnepamyp O
E-mo0ul u oyenka maznumnozo noas no 3-ii 2apMoHuKe 2upoacmomel; (2) - cnekmp ApKOCMHbIX memnepamyp 01s
O-M00bl U OYeHKa MASHUMHO20 NOJA NO 2-U 2apMOHUKe cupoyacmomul. Buona nonusicennas apkocme Ha 60IHAX

Kopoue 2.27 cm.

Cnpasa: a), b), c)- conocmasnenue ckanos na éonrnax 1.9, 1.94 u 2.12 cm ¢ SDO macnumozpammori NOAA 11289, d)
u e) conocmasienue ¢ kapmoii donieposckoii ckopocmu 6 nunuu Fe XII (1954, T,= 1.4x10° K) om -13,8 kw/c
(cunuti ysem — 6ocxoosuue nomoxu) 00 12 km/c (Kpacuwill yeem —HUCX00sujue NOMoKuU).

Fig. 55. Left: spectra of polarized radiation of NOAA 11289. (1) — the brightness temperature spectrum for the
E-mode and estimation of magnetic field by the 3° harmonics of gyrofrequency. (2) — the brightness temperature
spectrum for the O-mode and estimation of magnetic field by the 2° harmonics of gyrofrequency. The lower

brightness at wavelengths shorter than 2.27 cm is seen.

Right: a), b), ¢c) — comparison of scans at the wavelengths 1.9, 1.94 and 2.12 cm with the SDO magnetogram of
NOAA 11289, d) and e) — comparison with the Doppler velocity map in the line Fe XII (1954, T,= 1.4x10° K) from -
13,8 km/s (the upflows are shown by blue) to 12 km/s (the downflows are shown by red).

JlaHHOE sIBI€HHME MOXET YKa3blBaTh KaK Ha HU3Jy4yeHUE
IUTa3MBl B MarHUTHOM TIOJIe TISITHA Ha TOAQOTOCHEpHBIX
YPOBHSX, TaK U Ha OXJXKICHUE TUIa3Mbl BBUAY OBICTPOTO
ee ucnapenus. VMcreueHre KOpOHAJIbHOM TU1a3Mbl U3 TSI TEH
MOJKET OTIPENENIATh N3MEHEHHUS B (DOPMUPOBAHHUU TTIOTOKOB
COJIHEYHOI'O BETpA.

H.I'. Ilemepoea, B.M. Bozoo,
B.U. Pabos (Jlameus).

H.A. Tonuuno (CIloI'y),

HPAMBIE U3MEPEHHU A BEICOTHOM
CTPYKTYPbI MATHUTHOTI'O IIOJIS B
AKTHUBHBIX OBJIACTAX

i1 HEemoCpeICTBEHHOTO W3MEPEHUS BBICOT MArHUTHOTO
IOJIST  WCIIONIB3YIOTCST  OJHOBPEMEHHBIC MHOTOBOJHOBBIC
HaOJrogeHnss akTUBHBIX oOnacred ColiHIa Ha OONBIINX
MO3UIMOHHKIX yriax. [Ipu 3ToM Haxonsmuecs Ha TUMOE
AKTHUBHBIC 00JACTH PErHCTPHUPYIOTCS Ha OJHOMEPHOM
CKaHe BIAJH OT €ro Kpas, 3HAYUTEIbHO YMEHBIIAS
KpaeBble  nuMOOBBIe  dddexTsl  (puc. 56). Meton
s exTrBHO paboTaeT B MEPHOBl BECEHHETO U OCEHHETO
PABHOJCHCTBHIA, KOTJa MO3UIIMOHHBIC YIJIbl MAKCUMAJIbHBIL.

IIpoBencHHbIC HM3MEPCHUS AT BO3MOKHOCTD
ONpeNeNiaTh HAKIOH MAarHUTHOM CTPYKTYypel H  ee
BBICOTHBIN rpagueHT. Ha mpumepe MHOTUX HAONMIOICHUN
[OKAa3aHO, YTO BBICOTHBIC CTPYKTYPBHl OTJIMYAIOTCS
OonpmmM  pa3HooOpa3WeM - OT MOHOTOHHBIX C
rpagueHTamMu okoio 0.1 T'c/kM Ui COKOMHBIX 0oOnacTeit

This phemnomenon can indicate both radiation of
plasma in magnetic field of the spot at
subphotosphere levels and the cooling of plasma due
to its fast evaporation. Outflow of coronal plasma
from spots can determine a change in formation of
solar wind flows.

N.G. Peterova, V.M. Bogod, N.A. Topchilo
B.I. Ryabov (Latvia).

(StPSU),

DIRECT MEASUREMENTS OF HIGH-
ALTITUDE STRUCTURE OF MAGNETIC
FIELD IN ACTIVE REGIONS

For the direct measuring of altitudes of magnetic
field the simultaneous multiwave observations of
active regions of the Sun at large position angles are
used. In doing so, the active regions located on the
limb are registered simultaneously at a one-
dimensional scan far from its edge, which reduces the
limb edge effect considerably (Fig. 56). The method
is effective in periods of the vernal and autumnal
equinoxes when position angles are maximum.

The fulfilled measurements make it possible to
determine inclination of magnetic structure and its
altitude gradient. By the example of many
observations it was shown that altitude structures are
notable for a wide variety — from monotonous ones
with the gradient about 0.1 Gs/km for quiet regions
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u 10 1.6 I'c/kM B cirydae BCIBIIIEYHO-aKTHBHBIX OOIACTEH. to 1.6 Gs/km in the case of flare-active retions.
B.M. bozoo, JI.B. Acnos (CIIOI'Y). Acmpogus. 61o11. 68, V.M. Bogod, L.V.Yasnov (StPSU), Astrophys. Bull. 68, 366
366 (2013). (2013).
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Puc. 56. K memooukxe uzmepeHusi NONOJCEHUS YEHMPA PAOUOUCHOYHUKA 6 AKMUBHOU 00aacmu, KOmMopbll
usmepsiemcs 0OHOBPEMEHHO HA MHOSUX OIUHAX BOIH. Y2ln08oe paccmosnue UCIMOYHUKA HA PA3HLIX ONUHAX B0JIH
nepeeooumcs. 6 paccmosinue Ha oucke Conmya, 3amem Mo pPACCMOSHUE C YUEMOM NO3UYUOHHO20 yena P
nepeeooUmcst 8 pazHocmy 6blCOm ucmounuxa. P - yeon nanpasnenust na aumboswulii ucmounuk us yewmpa Coinya 8
asumymanvHou cucmeme koopounam. Cnpaea - 6epmuKaibHas CMPYKMypa MASHUMHO20 NOJ 0Nl AKMUGHOU
obnacmu NOAA 11289.

Fig. 56. On the method of measuring location of a radio source center in an active region, which is measured at
many wavelengths simultaneously. The angular distance of a source at different wavelengths is converted to distance
on the disk of the Sun; then, taking into account the position angle P, this distance is converted to the difference
between altitudes of the source. P is an angle of direction to a limb source from the Sun center in the azimuthal frame
of reference. Right — the vertical structure of magnetic field for the active region NOAA 11289.

MATHUTHOE IOJE MEJIKOMACIITABHOM MAGNETIC FIELD OF THE SMALL-SCALE
CTPYKTYPbI CHOKOMHOI'O COJTHIIA STRUCTURE OF THE QUIET SUN
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Puc. 57. Cxanvr napamempa Cmoxca V (esepxy) u I (6nusy) ona 8 gpespans 2012 2. 6 ouanazone onun oan om 1.82
00 3.26 cm. lllkana anmennoii memnepamypol aumenuvl 011 V yeenuvena 6 10 pas. Iloaspuzosannoe uznyyenue
peaucmpupyemcs gvlute honogozo uyma. Oyenka eeluyuHbl cmeneny noaspusayuu pasua npumepro 4-5%. Cnpasa
npueedeH nepeyens OuH 6OJIH, UCNONb308ANHBIX 8 USMEPEHUSX.

Fig. 57. Scans of the Stokes parameters V (at the top) and I (at the foot) for February 8, 2012, in the wavelength
range from 1.82 to 3.26 cm. The scale of antenna temperature for V is magnified 10 times. Polarized radiation is
registered above the background noise. The degree of polarization is estimated as about 4-5%. The list of
wavelengths used in measurements is given at the right.
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JlocTurHyTta TpenenbHas YyBCTBUTEIBHOCTh H3MEPEHHSA
MOJIIPU30BAaHHOTO  CHUTHajla  IPU  MHOTOBOJHOBBIX
Habmonenusx CoyHIA B MHUKPOBOJHOBOM nuamnasoHe. C
9TOM 1enpl0 Ha paaumoteneckone PATAH-600 Obuin
MIPUMEHEHBI BXOJIHbBIE MOJIOCKOBBIE NepBUYHEIE
oOyyarenu, B KOTOPBIX COBMEIIEHHI (ha30BbIe LIEHTPHI 110
NPaBOH M JIEBOW KPYroBHIM HOJSIPH3ALMSIM B IIUPOKOM
nuanazone panuoBonH 3-18.2 I'Tu (puc. 57). braaromaps
BBICOKOI TOUHOCTH COBMEIIEHHS YAJIOCh CBECTH YPOBEHb
MHCTPYMEHTAIBHOTO CHT'HAJIAa HIDKE YPOBHS COOCTBEHHBIX
oryMoB cucTeMbl. [Ipn HaOIromeHMsIX MeITKOMAacIITaOHOH
CTPYKTYpHI criokoitHoro ColHITa OBUTH 3apeTUCTPHUPOBAHEI
TIOJISIPU30BaHHBIC CUTHAIIBI, IO KOTOPBIM CHIEJIAHbI OLIEHKH
BEJIMYMHBI MAarHUTHOTO TIIOJI1 OTAEJNBHBIX TpaHyl B
npegenax 50-230 I'c B paMkax MexaHH3Ma TOPMO3HOIO
H3Ty4YeHUS.

B.M. bozoo, K.E. Anuccanopaxuc (Ipeyus), T.U. Kanomman,
C.X. Toxuykoesa.

IHHOJIAPHASI KOPOHAJIBHAS IBIPA
COJIHEYHOI'O 3ATMEHMNA 29.03.2006

Hannsle o paguousnydyeHun ConHLIA HaJ CEBEpHOM
MOJSIPHOW  00NAcThl0 B IOTHPOKOM  CAHTHMETPOBOM
muanasone jmH BoiH (1.03, 1.38, 2.7, 6.2, 13, 30.7 cm)
MOJYYCHbI BIEPBBIC IIPpHU Ha6HKHWHHHX COJIHCYHOI'O
3atmerus  29.03.2006 r. ma PATAH-600. Bo Bpems
MaKCHUMaJIbHOM (1)33])1 3aTMCHHA OTKPBITBIM OCTaBaJICA
cepnn ConHia B ceBepHoO# moisipHoi obmactu (0.2% ot
o6mieit moBepxuoctu Connua). 3atmenne Counnna JlyHo#
ycrpanwio  (¢oHoBoe  m3nydenue gucka  CoJHIa,
MeIIaroIee HUCCIenoBaTb ero ciaboe KOpOHAIBHOE
u3nydenue Ha paccrosHusax ot 1.005 Re 1o 2 Re.

90000
K// 6
70000

ﬁ 50000

30000

10000

10000 L L 1 1 L 1 1 1 1 1 1
1.0 1.1 1.2 13 14 1.5 16 17 18 19 2,0

rRc

HoBass merommka o00pabOTKM W MOJETUPOBAHUS ITUX

HAaONIIOICHUH  TMO3BOJIMJIA  TONYYUTh  CIELYIOIIUE

pE3yIbTaThI:

® BIIEPBBIE TMOJIYYEHBI  PACIPENCIICHUS  APKOCTHBIX
TemmepaTyp B moisipHOM obmactm  ConHma Ha

paccTosHUsX OT JiuMba 110 2 Re;

e BBIIBJIIGHO pE3KOE MaJeHUE SPKOCTHOM TeMIepaTyphbl
Ha uwHTepBane paccrosHmid 1.005-1.03 Rp Ha BomHE
13 cm (puc. 58), 4TO0, BOSMOXKHO, CBHICTEIBCTBYET O
HIDKHEH rpaHulie obaacti GopMUpPOBaHHS COTHEYHOTO
BETpa B KOPOHAJILHOM JABIPE;

e Ha KOpOoTKuX BoyHax 1.03-2.7 cM Takoro yMeHbILIEHUs
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The limit sensitivity of measuring polarized signal
was achieved during multiwave observations of the
Sun in the microwave range. For this purpose, the
input strip primary feeds, in which the phase centers
are superimposed by the left and right circular
polarizations in a wide radio wave range 3-18.2 GHz,
were applied at RATAN-600 (Fig. 57).

Due to high precision of superimposition, we
succeded in making the level of instrumental signal
lower than the level of system’s intrinsic noise.

When observing the small-scale structure of the quiet
Sun we registered polarized signals by which the
magnetic field of separate granules within the lemit
50-230 Gs was estimated within the context of the
mechanism of deceleration emission.

V.M. Bogod, K.E. Alissandrakis (Greece), T.1. Kaltman,
S.Kh. Tokhchukova.

POLAR CORONAL HOLE OF THE SOLAR
ECLIPSE ON MARCH 29, 2006

The data on radio emission of the Sun over the polar
region in a wide centimeter wavelegth range (1.03,
1.38, 2.7, 6.2, 13, 30.7 cm) were first obtained in
observations of the solar eclipse on March, 29, 2006,
with RATAN-600. During the maximum phase of the
eclipse the crescent sun remained open in the
northern polar region (0.2% of the total surface of the
Sum). The eclipse of the Sun by Moon removed the
background emission of the Sun disk preventing from
studying its weak coronal emission at distances from

1.005 R to 2 Re.

Puc. 58. Pacnpedenenue Apkocmuol memnepamypul
(Th) ¢ paccmosinuem om yewmpa ONMUYECKO2O
oucka Connya (r/Ro) 6 noaspHoil KOpOHATbHOU
obnacmu Connya una éonnax: (1) -1.03 cm; (2) -1.38
cm, (3) -2.7 em, (4)-6 cm, (5)-13 cm, (6)-30.7 cm.

Fig. 58. Distribution of the brightness temperature
(Th) with distance from center of the optical disk of
the Sun (r/Ro) in the polar coronal region of the Sun
at the wavelengths 1.03 cm (1); 1.38 cm (2), 2.7 cm
(3), 6 cm (4), 13 cm (5), 30.7 cm (6).

The new method of the processing and modelling of
these observations allowed us obtaining the
following results:

e distribution of brightness temperature in the polar
region of the Sun was first obtained at a distance
of up to 2 Rg from the limb;

e a sharp fall of brightness temperature in the
distance interval 1.005-1.03 R at the wavelength
13 cm (Fig. 58) was discovered, which may be
indicative of the lower boundary of a region
where the solar wind forms in the coronal hole;

o the decrease of brightness temperature at the short
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SAPKOCTHOH TeMIIEpaTyphl He BBIABICHO (pHc. 58);

e OTMEYEHO  XOpOoIllee  COBMAJEHHE  SPKOCTHBIX
TeMIlepaTyp HoJsIpHOH obsactn BOIM3K mmba ConHia
U CpesHuX TEeMIIEPaTyPHBIX XapaKTepUCTHK
KOPOHAJIBHBIX  JIbIp, HAONIIOAABIIMXCS paHee Ha
PATAH-600 BHe mousisipHOH 00JIaCTH, YTO YKa3bIBaeT
Ha UX UJICHTHYHYIO IPUPOJY;

e Ha BomHax 1.03cm w 1.38cm  momydeHo
pacripenieieHie  JIEKTPOHHOH  KOHIIGHTpaluk  Ha
pacctossnuu ot numba ComnHua 1o 2Rgp, KoTopoe
OKa3aJI0Ch OJM3KIM K MOJTyYaeMbIM B O€JIOM CBeTe IS
noJsipHOW ob6mactn CoNHIA B TEPHOA MHHHMAIbHOM
COJIHEUHOW aKTHUBHOCTH.

O.A. TI'onyouuna, A.H. Kopacasun. Acmpogus. oronn. 68, 232

(2013).

IBOJIOIUA MUKPOBOJIHOBOI'O U3JIYYEHUA
N MATHUTOT'PAOUYECKUX TAPAMETPOB
AKTHUBHBIX OBJIACTEH COJIHIIA IIEPE/T
BOJIBIINMH BCIIBIINKAMM

o ©)KETHEBHBIM CHEKTPATbHO-TOISPU3AOHHBIM
HaOmoaenusM ConHia B quamna3one 1.65-6.0 cm (PATAH-
600) u nanaeiM Marautorpada HMI (SDO) uccienoBansr
ISTh aKTUBHBIX 00JacTel, B KOTOPBIX IMPOU3OLLIH
BCTIBIIIKY Kiacca X. Bo Bcex paccMOTPEHHBIX COOBITHSX
3a 1-2 nmHs 10 OOJIBIIOW BCHBIIIKU MOSBISIICS U OBICTPO
pa3BHBaJICS KOMITaKTHBIN PaIoONCTOYHUK,
OTOXJIECTBJIAEMBI C 00JacThl0O TECHOTO CONMKEHHS
MarHWTHBIX TIOJICH  NPOTHBOIIOJOXXHOH  IOJISIPHOCTH
(A-xoH(UTYpanms), THe INPOUCXOAWIA BCHBINKA. B
OOJIBIIMHCTBE CIy4aeB M3JIyYeHHE 3TOTO HCTOYHHKA
npeobiaano HaJl U3IydeHHEM JIpyrux KoMIoHeHT AO.
OTH HCTOYHHWKHM OBUTH OTHeceHH K kiaccy NLS (neutral
line associated sources). Hekxoropsie ocoOGeHHOCTH
paaMoOM3IydeHUs] DITUX MCTOYHHKOB - Ooiiee KpyToii
HAKJIOH CIIEKTPOB IUIOTHOCTH HOTOKa B KOPOTKOBOJIHOBOI
YacTH JMana3oHa W Ooiee  BbICOKas  SIPKOCTHas
TeMIiepaTypa Mo CPaBHEHHUIO C COCEIHUMH «IISTCHHBIMH
MCTOYHHMKAMH, HU3Kas CTETICHb MOJISIPU3AIMU — MO3BOJISET
OTHECTH MX K TakoMy MOIMHOXecTBy NLS-McTOYHHMKOB
KaK «IEeKyJIIpHbIE UCTOYHHUKN», KOTOPBIE BIIEPBBIC OBLIH
oOHapy)XeHbl B 3aTMEHHBIX HabOmoneHmsx CoinHia
(PATAH-600) u wmccaenoBanbl B 80-90-¢ rompl. OnHH
BO3MOJKHO CBHJIETEIILCTBYIOT O (DOPMHUPOBAHUH UTUTEIHHO
CYIIECTBYIOIIMX TOKOBBIX CJIOEB. lI3yueHHEe CTATHCTHKH
MOSIBJIEHUST W POCTAa HMHTEHCHMBHOCTH STHX HMCTOYHUKOB
nepe; OOJMBIIUMHK BCIIBIIIKAMH U HCCIICAOBAHUE TPHPOJIBI
UX M3Jy4eHHUs] MOXET JaTh OCHOBAHHUS Ul pa3paboTKH
¢u3ndeckn 0OOCHOBAHHBIX METOZOB INPOTHO3a OONBIINX
BCIIBILIEK.

MarunuTorpaduieckie JaHHbIE UCTIOIb30BAIUCH KaK JUIs
BBISIBJIGHUSI CBSI3M HCCIIEIYEMBIX PaJHOMCTOYHHKOB C
obiacTssMi  Hambojiee  TECHOrO  CONMKEHHsS — IoJIei
NPOTHUBOMNOJIOKHON TIOJIIPHOCTH, TaKk M JUIl pacydeTa
MarHuTorpaUyecknx IMapaMeTpoB, XapaKTepU3YIOMINX
BCIO aKTHUBHYIO oOiacTh. [loka3zaHo, 4To B OOJIBIIMHCTBE
CJly4aeB CHIIBHBIC BCIBIIIKK IMPOMCXOJAT NPH BEJINYHHE
MarHuTHOrO  moToka  bomee  10”Mx m  mocre
3HAQYUTEJIBHOTO BO3PACTaHUSl TPAJAMCHTA MarHUTHOIO
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waves 1.03-2.7 cm was not detected (Fig. 58);

e a good agreement was noted between brightness
temperature of the polar region near the limb of
the Sun Ilimb and average temperature
charactiristics of coronal holes which were
observed earlier with RATAN-600 out of the
polar region, which indicates their identical
nature;

e distribution of electron concentration at a distance
of up to 2Rg to the limb of the Sun was obtained
at the wavelengths 1.03 and 1.38 cm. It turned out
to be close to that obtained in the white light for
the polar region of the Sun in the period of
minimum solar activity.

O.A. Golubchina, A.N. Korzhavin. Astrophys. Bull. 68,

232 (2013).

EVOLUTION OF MICROWAVE RADIATION
AND MAGNETOGRAPHIC PARAMETERS OF
ACTIVE SOLAR REGIONS BEFORE BIG
FLARES

From daily spectral-polarizational observations of the
Sun in the range 1.65-6.0 cm with RATAN-600 and
data from the magnetograph HMI (SDO) we studied
five active regions in which the class X flares
occurred. In all considered events 1-2 days before the
big flare a compact radio source appeared and
evolved quickly, which was idenfitied with a region
of the close approaching of magnetic fields of
opposite polarities (A-configuration), where a flare
occurred. In most cases radiation of this source
prevailed over radiation of other components of the
active region.

These sources were attributed to the class NLS
(neutral line associated sources). Some properties of
radio emission of these sources — a steeper slope of
flux density spectra in the shortwave part of the range
and a higher brightness temperature in comparison
with neighbor «spot» sources, a low degree of
polarization — allow us attributing them to such a
subset of NLS sources as «peculiar sources» which
were first detected in eclipse observations of the Sun
(RATAN-600) and studied in 80™-90™.

They may indicate formation of long-living current
layers.

The study of statistics of appearance and growth of
intensity of these sources before big flares and the
study of nature of their emission can provide basis
for physically justified methods for prediction of big
flares.

Magnetographic data were used both to detect a
relation between the radio sources under
investigation and regions of the closest approaching
of fields of opposite polarities and to calculate
magnetographic parameters characterizing the whole
active region. It was shown that in most cases the
strong flares occur when the magnet flux is more
than 10”Mx and after a considerable increase of
magnetic flux gradient.
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[IOTOKA. OnHako BBISABIIEH ciyJai, Korja
MarHuTorpa)UuecKue NaHHBIC HE OTPa3HWIHM MOJITOTOBKY
BCIIBIIIKH, a (DAKT MOATOTOBKH BCIBIIIKA MOXHO OBLIO
3aMETUTh TOJIbKO IO Pa3BUTUIO MHKpPOBOJIHOBOro NLS-
HCTOYHHUKA.

Ha pucynke 59 mnokazaHa 3BONIOLMS PaAHMOUCTOYHUKA,
OTOXKJCCTBIICHHOTO C OJHON W3 HW3yYacMbIX AaKTHBHBIX
obmacreit — NOAA 11166 (mapr, 2011).
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However, a case was detected when magnetographic
data did not reflect preparation of a flare, and the fact
of flare preparation could be noticed only by
evolution of a microwave NLS source.

Fig. 59 shows evolution of a radio source identified
with one of the most studied active regions —
NOAA 11166 (March, 2011).
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Puc. 59. Bepxuuii pao: @paemenmor cxkanos (PATAH-600), nanoscennvie na usodpasxcenus AO NOAA 11166
(uzobpadicenus omocgpepv 66nusu aunuu ncenesa 6173 A u maznumozpammol npooOOILHOZ0 MAZHUMHO20 NOA
(SDO/HM]I)); cnaowinble nunuu — CKaHbl 8 KAHANAX UHMEHCUBHOCMU, NPEPLIGUCTNbIE TUHUU — CKAHbL 8 KaHAle
nonapuzayuu Ha eoane 2.65 cm; ONUHBL OTH (CM) U BEPMUKATLHBII MACULIMAD YKA3AHBL HA €O NAHENU, KDYICKOM
ommeyeHo nonodicenue 6yoywe 8CRbIUKY, CIMPETKOll - MECIO MAKCUMAIbHO20 2paduenma macHumnozo nois ¢ AQ.
Huoicnas nanenv: 3agucumocmu om epemeHu MACHUMHO20 NOMOKA AKMUGHOU 00aacmu, 8 KOMopol Npousound
scnvluka kracea X, u e2o epaouenma, 6epmuKaIbHbIMU IUHUAMY YKA3AHLL MOMEHIbI 8CHbIULEK

Fig. 59. The upper row: fragments of RATAN-600 scans superimposed on images of AR NOAA 11166 (the images of
photosphere near the iron line 6173 A and magnetograms of longitudinal magnetic field (SDO/HMI)); the solid lines
are scans in the polarization channel at the wave 2.65 cm; the wavelengths (cm) and vertical scale are shown in the
left panel; the circle marks a location of the future flare, the arrow points to the location of maximal gradient of
magnetic field in the active region. The lower panel: the time dependence of magnetic flux of the active region in
which a class X flare occurred and its gradient; the vertical lines denote flare moments.

It is seen that the radio emission flux density of the
NLS source «N» increases considerably before the

BugHO, 4dro IUIOTHOCTH IOTOKA  PAIHOU3ITYYCHHUS
NLS-ucrounnka «N» 3HAUMTETHLHO BO3pacTaeT Iepen

BCIIBIILIKOW, B TO BPEMsI KaK IUIOTHOCTb IIOTOKA COCEIHETO
MATEHHOT0 MCTOYHMKA «A» OCTaeTcs MpaKkTUYECKH
mocTostHHOW. Kpy»KKOM OTMEYEHO MONIoKeHHe Oymylien
BCIIBIILIKH, & CTPEJIKOM - MECTO MaKCUMAJIbHOTO IPpaJlueHTa
marHuTHOro mnoroka B AQO. IlokazaHbl 3aBUCUMOCTH OT
BPEMECHH MAarHUTHOTO II0TOKAa AaKTHBHOW OOJIacTH, B
KOTOpOHl mpou3ouuia BCObIIKA Kiacca X, H©  €ro
rpajreHTa.

B.E. A6pamos-Maxcumos (I'AO PAH), B.H. boposux (I'AO
PAH), JI.B. Oneiikuna, A.I". Thamos ('A0 PAH).

flare, whereas the flux density of the neighbor spot
source «A» remains practically constant.

The circle marks location of the future flare, and the
arrow marks the place of maximum gradient of
magnetic flux in the active region. The time
dependence of magnetic flux of the active region in
which the class X flare occurred and its gradient are
shown.

V.E. Abramov-Maksimov (MAO RAS), V.N. Borovik (MAO
RAS), L.V. Opeikina, A.G. Tlatov (MAO RAS).
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Ob HCTOYHUKAX THIIA «I'AJIO» I1O
HABJIOAEHUAM C BBICOKUM YI'JIOBBIM
PABPEHIEHUEM

Pamnomsmydenne axtuBHBIX obmacteir (AO) Ha ComHie
o0amaeT MHOTOKOMITOHEHTHOH cTpyKkTypod. Hamboiee
XOPOIIO HCCIEIOBaHA MATCHHAs KOMIIOHEHTa — TEIUIOBOE
MarHUTOTOPMO3HOE H3Iy9YEHHE 3JICKTPOHOB B CHIBHOM
MarHUTHOM T0Ji€ TsTHA. Jlpyrme cOCTaBISIOLINE, TakKue
Kak rano, NLS-uCTOUYHUKH (MCTOYHUKH, PacroIOKEHHbIE
HaJl HEUTpalnbHOW IMHMEH (OTOCHEPHOr0O MarHUTHOTO
MoJIst), TEeKYJIIpHbIE HCTOYHUKH M JIp. OCTAIOTCS elle
HEI0CTaTOYHO XOPOIIO U3yYEHHBIMH.

K rajo oTHOCAT M3iIy4eHHEe Bcel MEXIATCHHON 001acTH, 1
ero pasmepel Ommku k pasmepam  AO. Ilpm
HEIOCTaTOYHOM IPOCTPAHCTBEHHOM Pa3peIICHUH TPYIHO
OTIENUTH CIa0ble Hepa3pelIeHHbIe NCTOYHUKN OT OO0IIero
IUQPY3HOTO W3IMyYCHHs Tajo, a TakXkKe pas3/IeinuTh
MIPOTSHKEHHbIE KOMIIOHEHTHI TAJIO PA3HOW PUPOABL.
[IpoBeneHs! rccaeOBaHUS Tallo IBYX aKTUBHBIX oOlacTen
(NOAA 7123 wm 11142), koropsle  HaOIIOIAIUCH
OJTHOBPEMEHHO Ha TEJeCKoNaXx ¢ IPOCTPAHCTBEHHBIM
paspelieHreM Mopsiika HECKOJBKHX JIECATKOB YIIJIOBBIX
cekyun (PATAH-600 u CCPT) u <C BBICOKUM
paspelieHreM NopsiaKa HeCKOJIBKUX CeKyHA Ayrd Ha VLA
C IPUMEHEHHUEM METOAMKH 3aTMEHHBIX HaOIOICHUH, 4TO
TIO3BOJIJIO BBIZIETIMTH TOHKYIO CTPYKTYPY Talo.

2013

SAO RAS REPORT

ON THE TYPE «<HALO» SOURCES FROM
OBSERVATIONS WITH HIGH ANGULAR
RESOLUTION

The structure of radio emission of active regions
(AR) on the Sun is multicomponent. The spot
conponent — the thermal gyrosynchrotron radiation of
electrons in the strong megnetic field of spot — is best
studied. Other components, such as halo, NLS
sources (the sources located over the neutral line of
photosphere magnetic field), peculiar sources, etc.,
still remain worse understood.

Emission of the whole areca between spots is
attributed to halo, and its size is close to that of the
active region. When spatial resolution is insufficient,
it is difficult to select faint unresolved sources from
the common diffuse radiation of halo and to separate
extended halo components of different natures.

Halos of two active regions (NOAA 7123 and 11142)
were studied. They were observed simultaneously
with telescopes with spatial resolution of order of
several tens of arc seconds (RATAN-600 and SSRT)
and with high resolution of order of several arc
seconds (VLA) with application of the eclipse
observation method, which allowed us determining
the fine structure of halo.

Puc. 60. Conocmaenenue nabmooenuii AO 7123 na VLA (kapmut) ¢ nabmooenusamu wa CCPT u PATAH-600
(ckanvt). Kapmoul u ckamvl Hanodcenvi Ha Gomozenuozpammy u macnumoezpammy AO u conocmasnenvl ¢

Ho-crumxom.

Fig. 60. Comparison of VLA observations of AR 7123 (maps) with SSRT and RATAN-600 observations (scans). The
maps and scans are superimposed on photoheliogram and magnetogram of the active region and compared with the

Ha-image.
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B obonx cimydasx Ha JIHHAX BOJH 2-6 CM Tajio COCTABIISIO
OOJIBIYI0 YacTh IOTOKA PAJMOU3IYYCHHS OT AKTHBHOU
obmactu. Ilpu stom > 50% wu3Iy4eHUs! Tano COCTABHIIO
TOPMO3HOE M3IyYeHHE ONTHYECKH MPO3payHON TEIUI0BOH
IUIa3MBl, PAcHOJIOKEHHOW Ha OONBIIOW BBICOTE B
BEpIIMHAX KOPOHANBHBIX apok. OpHako, Kak MoKa3alu
HaOmoIeHus ¢ BBICOKUM pasperieHneM, y NOAA 7123 k
9TOMY H3IIyYCHHIO 0OABISIETCS M3ITyUCHNE U3 OCHOBAHUH
CHCTEMbI HU3KUX apOK, PACIIOJIOKEHHBIX HaJl HEHTPaIbHOM
muHAe MarHuTHOTO moisi AO ¥ MOANepKUBAFOLTHX
BotoKkHO (puc. 60), a y NOAA 11142 - u3 MecT CKOTIICHHH
MEJKUX ISITeH U Nop. B M3nydeHMH OCHOBaHUN apok
TaKKe BCTPEYAIOTCA YSIPUCHHS, KOTOpPBHIE, BEPOSTHO,
CBSA3aHBl C JIOKAJBHBIMU YCUJIEHUSIMH MAarHUTHOTO IIOJIS.
SpKoCTh HM3KO PpAaCHONOXKEHHOTO M3JIy4YeHHs BBINIE,
OJHAKO €ro BKJaA B o0Ollee H3TyuYeHHe Trajo He
npesbimaer 20%. CpenaH BbIBOI, 4TO Oosee sipKas
KOMIIOHEHTa Tajl0 — JTO0 IMKJIOTPOHHOE WU3Iy4YeHUE

KOPOHAJIBHOM  TUIa3Mbl B OTHOCHUTEIBHO  Cl1aboM
MarauTHOM Tojie (600-800 I'c).
H.I'. Ilemeposa, JI.B. Oneiikuna, H.A. Tonuuno (HHUAH

CII6TY).
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In both cases the halo was the most part of the radio
emission flux from the active region at the
wavelengths 2-6 cm. More than 50% of the halo
emission was the deceleration emission of optically
transparent thermal plasma located at high altitude at
the top of coronal arcs. However, as was shown by
high-resolution observations, in NOAA 7123 this
emission is added by emission from foots of a system
of low arcs located over the neutral line of magnetic
field of the active region and supporting the filament
(Fig. 60), and in NOAA 11142 — from the place
where small spots and pores gather. In emission of
arc foots we also meet brightenings which are
probably related to local reinforcements of magnetic
field. The brightness of low-lying emission is higher,
but its contribution to the common emission of halo
does not exceed 20%. It was concluded that the
brighter component of the halo is the cyclotron
emission of coronal plasma in a relatively faint
magnetic field (600-800Gs).
N.G. Peterova, L.V. Opeikina,
SPbSU).

N.A. Topchilo  (ARI



