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PAIMOACTPOHOMMU-
YECKHE UCCJIIEJOBAHUA

IMPOEKT «bOJIBIIOE TPUO»

[Iponomxkanace pabora 1Mo CeJIEKUMH KaHIUJIATOB B
JaJieKue MOIIHBIE PAaJHOTAIAKTHKH 110 MaTephaiaM
mepBoro riryobokoro o63zopa me6ba Ha PATAH-600 (RC
karaior). [lepBHYHOW OCHOBOHM CEJECKIMH SIBISIOTCS
kpytoit paauocnektp (PATAH-600) u wmopdonorus
pamno obObekTa (VLA). Jlamee mpuBieKannch TaHHbBIE
MHOTOLBETHOH (hoToMeTpru no HabuoaeHusM Ha BTA
Y 3aBEPLIAJIIOCH UCCIIEJOBAHUE NPSIMOM CIIEKTPOCKOIIUEH
pOIUTENBCKOM rajakTky. UYem 1onHee JaHHbIE
OINITHYECKNX W3MEpEeHuil, TeM Ooliee najekue OOBEKTHI
yIaBaJIOCh BBLICNUTH B MCCIIEIOBAHHOM Moiyoce Heba
(~100 xB. rpan). B 2005 r. 1ocTUrHYT HOBBIH peKOpX —
oOHapyxeHa MomrHas pagwmoraigaktuka RCO0311+0507
Ha KpacHOM cMmeniennu z = 4.515 (puc. 63).

RC 031140508

RADIO ASTRONOMY
INVESTIGATIONS

THE “BIG TRIO” PROJECT

Selection of candidates to distant powerful radio
galaxies by materials of the RATAN-600 first deep
survey of the sky (the catalogue RC) was continued. The
selection is based first of all on a steep radio spectrum
(RATAN-600) and morphology of a radio source
(VLA). Then data of multi-band BTA photometry were
involved, and the study ended with a direct spectroscopy
of a host galaxy. The more complete are data of optical
measurements, the more distant galaxy could be selected
in a sky band under investigation (~100 square degrees).
In 2005 a new record was achieved: the powerful galaxy
RC0311+0507 at the red shift z=4.515 was discovered
(Fig. 63).
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Puc. 63. Cnesa: Hzobpasicenue RC0311+0507 6 Qunvmpe R (PTA) c¢ manoxcennvimu paduousogpomamu (VLA).
Cnpasa: Onmuueckuil cnekmp pooumensckou eanakmuku RC0311+0507 ¢ mownoil u y3K0Ut IMUCCUOHHOU TUHUE.

Eouncmeennvii  He  npomueopeuawuii  8cem
omooicoecmenenus — Ly-o, cmewjentasn na z=4.515.

HAKONJIeHHbIM OQHHBIM

no paduoeaﬂakmumm eapuarm

Fig. 63. Left: The R image of RC0311+0507 (BTA) superimposed with radio isophotes (VLA). Right: Optical
spectrum of a host galaxy of RC0311+0507 with a powerful and narrow emission line. The only variant of
identification that does not contradict to all accumulated data of radio galaxies is Ly-o. shifted to z=4.515.

B cBoe Bpems mpeaAnonarajgock, YTO MOIIHBIC
panuoranakTUKH (OPMHPYIOTCS MEIJICHHO, U TpebyeTcs
HECKOJIBKO MIIPA. JIET Ui JOCTHKCHUS CBETHMOCTH,
OMM3KOM K CBETHMOCTH  KJIACCHYECKOM  MOIIHOU
panuoranaktuky tumna Jledbenp-A. B Hauane 80-x romos
OPEJIoNarajoch JaXe, YTO Ha KPACHBIX CMEIICHHSIX
Oosee 2 uX He JOKHO ObITh. OOHapyXKeHHE xe
00BEKTOB Ha MOPSAIOK Ooiee MOIIHBIX, yeM Jlebemp-A,
Bcero uepe3 0.5 mupna. JieT mociie 3MOXU BTOPUYHOM
voHM3anuu (z=7) SBWIOCH HEOXUAaHHOCTHIO. [lo
COBPEMEHHBIM  MPEICTAaBICHUSAM Takas MOIIHOCTh
CBUJICTEIIECTBYET O HATHMYNH THTAHTCKOW YePHOH IIBIPHI
B IIEHTPE POJUTENHCKON TaJaKTUKH C MacCOn ~10° Mg,

Once it was assumed that powerful radio galaxies
are formed slowly, and the achieving of luminosity close
to the luminosity of the classic powerful radio galaxy
Cygnus A takes several billion years. In the beginning of
the eighties it was even assumed that such galaxies must
not exist at red shifts greater than 2. Discovery of
objects an order more powerful than Cygnus A only at
0.5 billion years after the epoch of the secondary
ionization (z=7) was quite unexpected. According to
current concepts, such power indicates that there is a
giant black hole of mass ~10° M,g in center of the host
galaxy, but its fast growth is difficult to explain. There
are versions that a black hole is formed first, and then
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W CTOJNIb OBICTPBIA pOCT €€ TPYAHO OOBSICHUTE.
OO6cyxnatoTcss Bepcun (GOpMHUPOBaHMS CHavaIa YepHOU
JIBIPBI, @ IOTOM YK€ TAJIAKTHKH.

Hauwatenii 8 2004 T. MHOTOYaCTOTHEII pamuo 0030p
Heba BOJIM3M MECTHOTO 3€HUTA YK€ ceyac MO3BOJUII IO
pamvo CIEKTpaM BBIICIUTH MOIYJSIIHI0 OOBEKTOB C
OUYCHb KPYTBIMH CIIEKTPaMHM, 4aCTh M3 KOTOPBIX MOXKET
ObITb OOBEKTaMH HEPBOTO IMOKOJICHHUS C MAaCCHBHBIMH
4epHbIMU OplpamMu. IlosiBIeHME HOBBIX TIIIyOOKHX
KaTaloroB  Bcero  Heba  MO3BOJIMT  IPOBECTH
MIPEeIBAPUTEIBHYIO CEJIEKLIUI0 KaHAMIATOB B IIEPBOE
MOKOJIEHHE C YY4€TOM HIEONIOoruy, nposepeHHoil Ha RC
KaTajore.

IO.H. Iapuiickuu, A.HM. Konwinos,
H.C. Cobonesa, A.B. Temuposa

O.B. Bepxooanos,

HOBBIN I''TYBOKH OB30P HEGFA HA PATAH-
600 (RZF, RATAN-600 ZENITH FIELD)

B 2004-2005 rr. ObIM pacmIMpeHBl BO3MOXKHOCTH
MHOTO4acTOTHOTO Komiuiekca PATAH-600 (O6:.1), u
HaOJII0IeHNs TIPOBOAMIIUCE B 37 4aCTOTHBIX KaHaNax OT
1 mo 50 cm.

Bnepsble  ynasoch  NOIMY4YUTb ~ CBEIEHUS O
MEJIKOMacCIITaOHOH AHU30TPOIIUU (oHOBOTO
CHHXPOTPOHHOTO W3ITYy4EeHUs INanaxTuxu c

YyBCTBUTEIHLHOCTHIO U pa3peIlicHIEM Ha MOPSI0K Oojee
BEICOKMM, YeM paHee, U Ha 0oiee BBICOKMX YacTOTaX.
Halinensl  orpaHuveHudss Ha  OKCIEPUMEHTBHI IO
WHTCHCUBHOCTH U moisipu3anud CMB 1 sxciepuMeHTsI
CIEIYIOMIETO TTOKOJICHHS 110 TIOUCKY PENUKTOBBIX T'PAaB.
BOJIH, poJiu 3Be3/ nokosienus 111 u ap.
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the host galaxy.

A multi-frequency radio survey of the sky near the
local zenith that was started in 2005 has already
permitted to select by radio spectra a population of
objects with very steep spectra a part of which can be
objects of the first generation with massive black holes.
New deep catalogues of the whole sky will allow us
performing a preliminary selection of candidates to the
first generation taking into account an ideology tested by
the catalog RC.

Yu.N. Parijskij, A.IL Kopylov,
N.S. Soboleva, A.V. Temirova

O.V. Verkhodanov,

A NEW DEEP SURVEY OF THE SKY WITH
RATAN-600 (RZF, RATAN-600 ZENITH FIELD)

In 2004-2005 capabilities of a multi-frequency
complex RATAN-600 were extended (Cabin 1), and
observations were carried out in 37 frequency channels
from 1 to 50 cm.

Information on  small-scale anisotropy  of
background synchrotron radiation of the Galaxy has
been first gained with sensitivity and resolution that are
an order higher than before, and at higher frequencies.
We found restrictions of experiments on intensity and
polarization of CMB and next-generation experiments
on search of relic gravitational waves, role of stars of the
third generation, etc.
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Puc. 64. Cospemennvie sKcnepumeHmanbHble OQHHbIE O CMAMUCIUKE PAOUOUCMOYHUKOE U MOOETIbHble OYEHKU
6KIA0A NONYIAYULL UX HA PAZTUYHBIX YPOGHSX NIOMHOCMEN NOMOKA. BepmuKkanibHblMu TUHUSMU NOKA3AHbL Npedebl
08yx enybokux 0630pos Ha PATAH-600 (COLD u RZF). Habmooenust noomsepounu peskoe naderue npoyenma FRII
00vexmos (moyeunas Kkpugas). Ponv opyeux nonyasyui ymoyuHsemcs.

Fig. 64. Modern data on statistics of radio sources and model estimations of contribution of their populations at
different flux density levels. Vertical lines indicate limits of two deep RATAN-600 surveys (COLD and RZF).
Observations confirmed a sharp fall of percentage of FRII sources (the dotted line). The role of other populations is

being refined.
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OnHOBpEMEHHO ObLTH OITy OJINKOBAHBI
MIpeABApPUTENbHbIE JAHHBIE O IOIMYJISIUU JUCKPETHBIX
HUCTOYHMKOB B CM JHala3oHe BOJH C IUIOTHOCTBIO
moToKa ONMU3Koil K moporoBoit mist NVSS (HECKOIBKO
MSH Ha BomHe 2lcm). B meHTpanpHOM monoce o630pa
(£2") ymanocs 06HapyxuTh 0K0jIO 600 MCTOYHHKOB.
OObexTOB paauo Heba, HE TNOMABIIMX HU B OJHH
KaTajor, okazajaoch okosio 10%. OTu 00BEeKTHl OyayT
uccienoBarbesi Oonee  aeranbHO. [l OoCTalNbHBIX
WUCTOYHMKOB TIPOBEAEH  IONYJSIMOHHBIA  aHaW3.
[okazano, 4yro BeIOOpKa FRII 00BexTOB mpescraBieHa
3HAUMTENbHO cilabee, 4eM B Kartajorax c Oojee
BBICOKMMH  TPEICIbHBIMH  IIOTOKAMH. OJTO  HE
MIPOTHUBOPEYUT MOJIEIISIM TOCIIETHHX JIeT (puc. 64).

Preliminary data about a population of discrete
sources in the centimeter wavelength range with flux
densities close to a NVSS threshold (several mJy at a
wavelength of 21 cm) were published simultaneously.
We managed to discover about 600 sources in the
central survey band (= 2'). About 10% of sources of
radio sky turned out to be out of all catalogues. These
objects will be studied in more detail. The population
analysis was performed for the rest of sources. It was
shown that the sample of FRII objects is presented much
less than in catalogues with higher limit fluxes. It does
not contradict to models of recent years (Fig. 64).

Hwmxe npuBoautcs cratuctrka otoxaectBieranii RZF o6bextoB ¢ FIRST o6bexTamu
Below is given statistics of identification of the RZF objects with the FIRST objects:

1. | TMycteie mous Empty fields 5%
2. | Ksasu-roueunsie paguouctounuku (LAS< cek. Jlyru) | Quasi-stellar radio sources (LAS < 6 arcsec.) | 65%
3. | JIBoiiHbIe paJiMOTAIAKTUKH (M KBa3aphl) Binary radio galaxies (and quasars) 13%
4. | TpoiiHble 0ObEKTHI Triple objects 2%
5.| CnoxHble Complex objects 9%
6. | Cuienbl BeTpa B CKOILICHUSIX Remnants of wind in clusters 3%
7. | TlexynsipHble 0OBEKTHI Peculiar objects 3%

[lym cmabbIX paTuOUCTOYHUKOB YIAJIOCh BBIICIUTH
Ha 3.9 cM. [laxxe Ha BojiHE 2.7 ¢M 3TOT IIyM BHJAEH — OH
CO3/1aeTCsl HEOTOXKAECTBIICHHBIMH PAIMONCTOYHUKAMH C
MTOBEPXHOCTHOW IUIOTHOCTBIO, PABHOM YHCIY JUATPaMM
HaTPaBJICHHOCTH Ha | cTepaauaH.

[IpenenbHBIE BOZMOXKHOCTH TAKOTO ITOAX0JA 3aBHCAT
HE TOJNBKO OT YYBCTBHUTEIBHOCTH PaTUOMETPOB, HO OT
VIJIOBOTO pa3pelieHUs] pPaJHOTENIECKONa M IIOJHOTO
BPEMEHH  DJKCIIEPUMEHTa.  YTJIIOBOE  pa3peleHHe
PATAH-600 MOXHO HOBBICHTB, KaK 3TO J€JIa€TCsI B
cUCTeMax amepTypHoro cuHre3a. OMBIT MOKazal, YTO
JaKe ONTHMabHas 00pabOTKa OJHOMEPHBIX JaHHBIX
IIO3BOJIACT IIo4Tn Ha TOPA 0K YMEHBIIUTDH
3¢ PEeKTUBHBII TEeJIEeCHBIN yroi JuarpaMMel
HanpaBieHHoctd PATAH-600 u  cOOTBETCTBEHHO
CHH3HUTH YPOBEHB IIyMa (DOHOBBIX PaJIMOMCTOYHHKOB.

K 2004 r. pocturHyras TiayOmHa 0030pa Ha
CKJIOHCHUH 3C84 (Oh < RA <24h) oKazajach
JIOCTaTOYHOM u MPUOIN3NITACH K Opory,
onpeziessieMoMy  IIyMOM  (DOHOBBIX ~ HM3JIYyYCHUH U
¢oHoBBIX pamuoucrouHukoB. Illym paamomerpa yxe
CeromHsl CHIWXEH 10 ypoBHA, Hmke GB6 m WMAP
JKCIIEPUMEHTA.

CroJ1b HU3KHI TIOPOT MO3BOJIMII IIEPECMOTPETH POJIb
CHHXPOTPOHHOT'O W3ITyYeHHUs lanakTuku B
WCCIICIOBAHUHM  WHTCHCHUBHOCTH ¥ TOJSPU3AIUH
penukToBoro ()oHa B TEKYIIMX H B IUIAHHPYEMBIX
KPYIHBIX 3KCIIepUMEHTax. Tak, B OTIMYUE OT MHOTHX
3apyOCKHBIX OIEHOK, OCHOBAaHHBIX Ha  JalleKOH
SKCTPANOJISIMKA TI0 YacTOTaM W YIJIOBEIM pa3Mepam
CHHXPOTPOHHOTO IMyMa [ alakTUKH, MMOKa3aHO Mauas
PO ero Jake Ha BOJHAX KOPOTKOTO CM IHAra3oHa.
Jnst neHTpanbHBIX ke BodH dkcnepuMenta [TJIAHK-
2007 on npenedbpexumo Mai (puc. 65).

We managed to select a noise of weak radio sources
at 3.9 cm. This noise is seen even at a wavelength of
2.7 cm — it is formed by unidentified radio sources with
a surface density equal to a number of beams per
1 steradian.

Limit possibilities of such approach depend not only
on radiometers sensitivity but also on angular resolution
of a radio telescope and total time of experiment. The
angular resolution of RATAN-600 can be made higher
as it is made in aperture synthesis systems. Experiment
shows that even an optimal processing of one-
dimensional data permits reducing an effective solid
angle of the RATAN-600 beam almost by one order
and, respectively, reducing noise level of background
radio sources.

By 2004 the achieved survey depth at the declination
of 3C84 (Oh<RA<24h) turned out to be sufficient and
approached a threshold determined by the noise of
background radiations and background radio sources.
Today the noise of radiometer is already reduced to
zero, what is lower than in the GB6 and WMAP
experiments.

Such a low threshold allowed revising the role of
synchrotron radiation of the Galaxy in the study of
intensity and polarization of the relic background in
current and planned big experiments. So, unlike many
foreign estimations based on a far extrapolation in
frequency and angular size of synchrotron noise of the
Galaxy, its small role was shown even at waves of short
cm range. And it is negligible for central waves of the
experiment PLANK-2007 (Fig. 65).
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RATAN-600 very deep ZENITH Survey
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Puc. 65. Oyenxa cunxpomponnoco wiyma I anaxmuxu na yacmomax CMB sxcnepumenmos (mouku) no oannvim RZF
0030pa (kpyoscouxu). Bapuanm [=1000 — ocnoenou macwma6b nonspuzayuu Caxapoeckux ocyunisyuu. Camoe
Jicecmkoe oepanuyerue odxcuoaemcs no oannvim PATAH-600 6 om duanaszone.

Fig. 65. Estimation of synchrotron noise of the galaxy at frequencies of CMB experiments (dots) by RZF-syrvey data
(circles). A variant | = 1000 is a basic scale of polarization of Sakharov oscillations. The most rigid limitation is

expected by RATAN-600 data in the cm wavelength range

B 2004-2005 rr. npoBouiiock NPOOHOE HAKOTUICHHE
JMAHHBIX O MOJISIpU3allMK Heba Ha BOJMIHE 1 CM Ha Bcex
YIJIOBBIX MacmTabax IuioTh 10 paspemenuss PATAH-
600 (6") mma  ouenkm Bruaga  “CaxapoBCKUX
ocumyutAnuii’, TOMCOHOBCKOTO paccesHUS B DIIOXY
BTOPMYHOW HWOHHW3AIMM ¥ JUIsl TPOBEPKH  POJH
TeHEPHUPYEMBIX anb(BEHOBCKUMHU BOJIHAMH
CHHXpPOTpOHA B TEPHOJ PEKOMOWHAIIMKM W B IEPHOI
aKTUBHOIO (HOPMHUPOBAHHUS TPABUTAIMOHHO-CBSI3aHHBIX
00beKTOB BO Beenennoii.

IToaTomy, B COOTBETCTBUU c MIPOCKTOM
“I'enetmueckuii koj BceneHHOW”, OBUTO pelieHO Ha
MOPSZIOK PaCIIUPUTh IMIMPHHY 0030pa Mo CKIIOHEeHUI0. B
2004-2005 rr. HaxkoIUIEHHWE JAHHBIX HPOUCXOAMUIO B
mosoce OKOJO 2°, KOTOpas OXBaThIBAET ILUIOMIAIKY
okosno 500 kB. rpan. JOMOJHUTENBHO B 3TOH MOJNOCE
HIEeT HAKOIUICHWE MAHHBIX O MONSpH3aluu Heba Ha
BOJHE | cM C MOMOIIBI0 6-BOJHOBOJHOTO BapHaHTa

In 2004-2005 we carried out a trial accumulation of
data on polarization of the sky at a wavelength of 1 cm
at all angular scales up to the RATAN-600 resolution
(6") to estimate contribution of the Sakharov
oscillations, of the Thomsonian scattering in the epoch
of the secondary ionization, and to test a role of
synchrotron generated by the Alfven waves in the period
of recombination and in the period of active formation
of gravitationally-related objects in the Universe.

That is why in accordance with the project
“Cosmological Gene”, it was decided to extend the
survey declination width by one order. In 2004-2005 the
data accumulation was made in the band of about 2°
covering an area of about 500 square degrees. In
addition to this band, the data on the sky polarization are
accumulated at a wave of 2 cm by means of a 6-
waveguide variant of an array radiometer. First results
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revealed a considerable polarized noise at small
multipoles. Its interpretation is still ambiguous (Fig. 66).

MaTpUYHOTO  pamuomeTpa. [lepBble  pe3yabTaThI
BBISIBUIIM 3HAYUTEIBHBIN MMOJIIPH30BaHHBIN ITyM HeOa Ha
MaJIBIX MYJBTHITONSAX, WHTEPIPETAUS KOTOPOTO MOKa
HeoTHO3HaYHa (pHC. 60).
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Puc 66. CnexmpanvHolii cocmae nonspusayuu onosoco usnydenus Heba Ha eonuwe I cm. “Kpachoui” wym —
NOTYCYMMA O08YX He3a8UCUMbIX Maccugos, ‘“‘Yepnvid” wiym — noaypasHocms 08yx maccueos. Ilonapuszayus
“Caxaposckux ocyunnsiyutl” MaKkcumaibia Ha npocmpancmeenusvix wacmomax oxono 0.003 I'y.

Fig. 66. Spectral composition of polarization of the background sky radiation at a wavelength of 1 cm. The “red”
noise is a half-sum of two independent arrays. The “black” noise is a half-difference of two arrays. Polarization of

Sakharov oscillations is maximal at spatial frequencies of about 0.003 Hz

JlanmpHelIee HAKOIIEHHWE BCEX MHOTOYaCTHBIX
maHbIX RZF 0030pa MO3BONISIOT YTOYHHUTH BKIIAJ
MHOTHX Melarinx (poHOBbIX M3nydeHuid. HekoTopsie
HOBBIE BO3MOXKHOCTH BO3HHKAIOT B CBSI3U C 3aMCHOMU
OCHOBHOTO HCTOYHHMKAa WH(OpMALUH 10 CHHXPOTPOHY
lanaktuxy (xaptel Xacnama) Ha nanasie PATAH-600 ¢
HabopoM BOJNH OT 50 10 HECKOJIBKUX CM, Ha TIOPSIOK C
0oyiee BBHICOKMM pPa3pelICHUEM U YYBCTBUTEIBHOCTEHIO.
DTO TMO3BOJSIET MEpPEeUTH OT  «IHEPreTUUYECKHUX»
mabJI0HOB K «aMIUTATYTHO-(a30BBIM» C HYKHBIM IS
CMB pa3zpemeHnem.
FO.H. Iapuiickui,
T. 4. Cemenosa, A.U. Konwvinos,
A.B. Temuposa, O.B. Bepxooanos,
H.A. Huorcenvcxui, M.I". Munzanuees

H.H. Bypcos, E.K. Martioposa,
H.C. Cobonesa,

A.b. Bepnun,

O BO3MOXHOCTU PAHHEHN PETMCTPALIAU
BbBIBPOCOB COJIHEYHBIX KOPOHAJIBHBIX

MACC HA PAJIMOBOJIHAX

Koponanensle  BbIOpocsl  macc  (KBM)  Ha
paccrosiauax 5-10 pagmyco CoiHIa HAOMIOAOTCSA HA
kocMuueckold  obcepBaropun  SOHO ¢ momormibio
BHE3aTMEHHBIX KOpoHOTpagoB LASCO.

The further accumulation of all multi-frequency data
of the RZF survey allows refining contribution of many
interfering  background radiations. Some new
possibilities arise in view of the replace of a basic source
of information on synchrotron of the Galaxy (the
Haslam maps) by RATAN-600 data with a set of
wavelengths from 50 cm to several centimeters with
resolution and sensitivity of one order higher. It allows
switching from “energetic” models to “amplitude-phase”
ones with a resolution necessary for CMB.

Yu.N. Parijskij,
T.A. Semenova, A.IL Kopylov,
A.V. Temirova, O.V. Verkhodanov,
N.A. Nizhel’skij, M.G. Mingaliev

N.N. Bursov, E.K. Mayorova,
N.S. Soboleva,

A.B. Berlin,

A POSSIBILITY OF EARLY REGISTRATION OF
SOLAR CORONAL MASS EJECTIONS IN RADIO
WAVES

Coronal mass ejections (CMEs) at distances of 5-
10 radii of the Sun are observed at the space observatory
SOHO with the Lyot coronographs LASCO. Multiwave
observations with the radio telescope RATAN-600
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MHOTOBOJIHOBbIE HAOJIOJNEHMST HA  paJuoTeIecKoIe
PATAH-600 mno03BOJAIOT PErUCTPUPOBATH SIBICHMUS,
cBsi3aHHBIE ¢ 3apoxaeHneM KBM, HenocpeacTBeHHO Ha
nmucke CorHIIa, U, TEM CaMbIM, ONPEACISATh IMapaMeTPhl
IUTA3MEHHOW Cpelbl, YTO MOXXET OBITh HCIIOIB30BaHO
IUTS TIPOTHO3UPOBAHMUS TAKIX COOBITHH.

IIpuBenen npumep HaOIrOEHUH MOII[HOM
aktuBHocTh ComHna B HosiOpe 2004 1., KOTOpas
COTIPOBOXKIANIACH PSAOM KPYIHBIX IIPOTOHHBIX BCIIBIIIEK
u KBM. Ha PATAH-600 npoBoanUIHChE MHOTOBOJTHOBBIE
HaOJIIOIEeHNs 3TUX COOBITHIT B qrana3oHe 1.83 — 15 cm ¢
aHAJIM30M WHTEHCHBHOCTH W KpPYTOBOW TOJIIpU3ALMN
N3ITyYeHHSI.
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Becy »TOT mepuon  ompenersuicss aKTUBHOCTBIO
OJTHOM BCIIBINIEYHO-NPOYKTUBHOM aKTUBHOH 00nacTu
AO 10696, xotopas npoussena 11 Bcrblmek ypoBHI M
1 2 BCIBIIIKH YPOBHS X B PEHTI€HOBCKOM JAHAlla30HE.
Ha puc. 67 npeacraBieHsl CIEKTPbl OTOKA U3TyYSHUS
9TO# 00JacTH B MOJISIPU30BAHHOM M3IydeHuH. J[aHHbIE,
MIpUBEJCHHBIE HAa pUC. 67 U 68, HHTEPIPETUPYIOTCA KaK
BHE3AITHOE HCYE3HOBEHHME MOJSAPU30BAaHHOTO IOTOKA
mocyie BCIBIMIKY 7 HOsIOpsi. ComnocTaBlieHHE ¢ TaHHBIMH
Space Weather Highlight (KBM co ckopocThio

allow registering phenomena related to the origin of
CME directly on disk of the Sun and thereby
determining parameters of plasma medium what can be
used for prediction of such events.

We give an example of observations of a powerful
activity of the Sun in November 2004 which was
accompanied by a number of big proton flares and
CMEs. Multiwave observations of these events were
carried out with RATAN-600 in the range 1.83 — 15 cm
with analysis of intensity and circular polarization.

Puc. 67. Jlunamuxa cnexmpa noanozo nomoxa
noaapusoeannoco usaydenus AO 10696 co 2 no 13
Hos6ps 2004 2. no oannvim Ha PATAH-600. B meuenue
4-7 HosIbps.  3amemeH  pOCM  CHeKmpd HA  6bICOKUX
yacmomax (11-16 I'T'y), noxasannvlii cmpenxot gsepx. 8
u 9 Hoabps ommeyeHO pe3Koe yMeHbuleHue NOMoKd
usIyyeHue, KOmopoe Cesa3ano ¢ 3Qhexmom nomemHeHUs
(cm. makoice puc. 68).

Fig.67. Spectrum dynamics of the total flux of polarized
radiation of the active region 10696 from 2 to 13
November 2004 by RATAN-600 data. During November
4-7 the spectrum rise at high frequencies (11-16 GHz) is
visible (marked by an up-arrow). On November 8 and 9
a sharp decrease of radiation flux is noted which is
related to the darkening effect (see also Fig. 68).

Puc.68. Hsmenenue nonnoeo nomoxa unmeHCU8HOCMuU
paouousnyuenuss Ha 6onne 2.24 cm 3a 6ecb nepuod
HaOMOOeHUutl U  3aHUMAEMOU NAMHAMU 6 OAHHOU
akmugHou obaacmu niowaovio. Buono, wmo nocne 7
HOAOpsi  NOMOK — pAOUOU3IyYeHus  Cmai  naoamo
BHAYUMENbHO pe3de, YeM CYMMAPHAS NI0Wadb NsMmeH.
Omom  apghexm unmepnpemupyemca kax I¢@exm
nomemuenuss 8 akmusroi obnacmu AO 10696 nepeo
scnvukoti M 2.5, npoucweoweii 10 noabpa 2004 2., u
ceazan ¢ KBM.

Fig. 68. Change in the total intensity flux at the wave
2.24 cm during the whole period of observations and in
the area occupied by spots in this active region. It is
seen that after November 7 the radio emission flux falls
much sharper than the sum area of spots. This effect is
interpreted as the darkening in the active region 10696
before the flare M 2.5 that occurred on November 10,
2004, and that is related to the CME.

All that period was determined by activity of one
flare-productive active region 10696 which produced 11
flares of level M and 2 flares of level X in X-ray. Fig. 67
shows flux spectra of this region in polarized radiation.
Data given in Fig. 67 and 68 are interpreted as a sudden
disappearance of polarized flux after the flare of
November 7. Comparison with the data by Space
Weather Highlight (CME at a velocity of 1800 km/s on
November 8) confirms a possibility to register the
coronal mass ejections by microwave measurements of
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1800km/c 8 HOSIOpsl) MONTBEPKIAET BO3MOXKHOCTH
perucTpaIyy BEIOPOCOB KOPOHATIBHBIX MACC C MOMOIIIBIO
MHUKPOBOJIHOBBIX u3MepeHuit MOJISIPH30BAHHOTO
H3ITyYEHHS.

B.M. Fozoo, B.C. Komenvhukos

METOJI OLIEHKHM COOTHOWIEHUSI MEXJIY
IFOPSYENA W XOJIOJHOM KOPOHAJIBHOM
IJABMOM B COJHEYHBIX AKTHMBHbBIX
OBJACTSX 10 JAHHBIM PAJIMO M
PEHTTEHOBCKHMX HABJIIOJEHU

HccnenoBanne  KOpPOHaJNbHOW  IUIa3Mbl  Hajx
MOIIHBIMU COJIHEYHBIMH aKTHBHBIMH oOsactsmu (AQO)
MMOKa3aJl0, YTO pACXOXKICHUS MEXIy OICHKAMH
(U3MYeCKUX TapaMeTpoB AaKTUBHOW IDIa3Mbl, OOBIYHO
BCTPEYAIOIINECS TIPH COIOCTABICHUM HAONIONEHUH B
pammo OWama3oHe W MATKOM PEHTIeHe, MOXKHO
CrIaguTh,  €CIM  BBECTH  IPEONOJOXKEHHE O
HEOJ/IHOPOJHOCTH KOPOHBI. [IpenioxkeH MeTox OLIeHKH
COOTHOLLEHUS MEXKY IOpsiYeld U XOJIOAHOU MaTepueil B
kopone Hag AQO. OmnpeneneHsl SpKOCTHasI TeMIepaTypa
W Mepa SMHCCHHM Ha MOMEHT MakCHMyMa BCIUIECKOB U
TIEPUOIBI MEXIy BCIIECKAMH. CornacoBatb
MOJy4YE€HHbIE B DPEHTTCHOBCKOM M PaJM0O JHaIrla3oHax
JaHHbBIE HA MOMEHT MaKCHMyMa BCIUIECKa, a TaKXKe
MEKBCIIBIIIICYHBIC HWHTEPBAJIBL, yaaeTcs B
MPEINOJIOKEHHH O  COCYHICCTBOBAHHU  TOPSUETO
(~7 MK) u xonmonnoro (~2 MK) BemiecTBa B KOpOHE Haj
AQO. U3 comocTaBlieHHuss MEp SMHUCCHH JOJsI Topsueit
Mmatepuu cocraBigeT < 30%. Tem He MeHee, INIOTHOCTh
3TOrO BemecTBa i MoIHOM AO B ~ 6 pa3 mpeBbIIIacT
IUIOTHOCTB (oHOBOI XOJIOTHOM TUIa3MBl.
[NonuepkuBaeTcst MpenMyIIECTBO HAOIIONCHUI B pajio
JMana3oHe, KOTOpble He IyOJIIMpYIOT peHTI€HOBCKHE, a
Jal0T HEOOXOAWMBIC JOTOJHHUTENBHBIE CBEACHUS O
(U3MYIeCKUX YCIOBUAX B aKTUBHOU KopoHe CoIHIIa.

A.H. Koporcasun,  H.I'. Ilemeposa
T.I1. bopucesuu (I'AO PAH)

COBMECNMHO C

(0] BPEMEHHBIX XAPAKTEPUCTHKAX
YACTOTHBIX WHBEPCHUU
MMOJIAPU30OBAHHOI'O PAJNON3JTYUYEHUA

BCIBIIIEYHbIX OBJIACTEN

MHOTrOBOITHOBBIE HAOJIOACHUS IOJIIPU30BAaHHOTO
W3IMY4YeHHS  BCIBIIICYHO-IPOIYKTHBHBIX  AKTHUBHBIX
obmacreit mokazanu paHee (boron, Toxuykosa, 2003)
HaJuuue  HEOJHOKPATHbIX  WHBEPCUH  KpYyroBoH
HNOJIIPU3ALMKM 10 YacTOTHOMY nuamna3oHy. C ueinbro
MOATBEPKACHUA JaHHOI'O pe3yJibTaTa W U3YUCHUSA
BPEMEHHBIX XapakKTEPUCTHK OTHX 3()(heKToB ObUIO
MIPOBEJICHO COIOCTABIICHHE JAaHHBIX HAONIOJNEHWI Ha
kpynHelx  uHcTpyMeHtax — PATAH-600,  CCPT
(Upxyrck) u NoRH (HoGesma, Smonus). CpaBHeHHE
TOKAa3aJo, 49TO CIIO>KHBIC CHEKTPaIIbHO-
MTOJIIPU3ALMOHHBIC CBOWCTBA H3IYYCHUS BCIBIIICYHO-
MIPOIYKTUBHBIX aKTHBHBIX obnacreii (poct

polarized radiation.

V.M. Bogod, V.S. Kotel nikov

METHOD OF ESTIMATION OF RELATION
BETWEEN HOT AND COLD CORONAL
PLASMA IN ACTIVE SOLAR REGIONS BY
DATA OF RADIO AND X-RAY OBSERVATIONS

The study of coronal plasma above powerful active
solar regions showed that a discrepancy between
estimations of physical parameters of active plasma
which are usual when radio and soft X-ray observations
are compared can be smoothed if corona is supposed to
be non-uniform. A method of estimation of relation
between hot and cold matter in corona above active
regions is proposed. Brightness temperature and a
measure of emission at the moment of flare maximum
and in periods between flares were determined. It is
possible to adjust data obtained in radio and X-ray at the
moment of the flare maximum and in intervals between
flares if supposition is made that a hot (~ 7 MK) matter
and a cold (~ 2 MK) matter co-exist in corona above the
active region. From emission measure comparison it
follows that a part of the hot matter is <30%.
Nevertheless, for a powerful active region the density of
this matter exceeds density of background cold plasma
by ~ 6 times. Radio observations are preferable because
they do not duplicate X-ray, but give necessary
additional information about physical conditions in
active corona of the Sun.

A.N. Korzhavin, N.G. Peterova in collaboration with
T.P. Borisevich (MAO RAS)

ABOUT TIME CHARACTERISTICS OF
FREQUENCY INVERSIONS OF POLARIZED
RADIO EMISSION OF FLARE REGIONS

Multi-frequency observations of polarized radiation
of flare-producing active regions had previously shown
(Bogod, Tokhchukova, 2003) that there are reiterated
inversions of circular polarization over the frequency
range. To confirm this result and to study time
characteristics of these effects the data of observations
with large instruments RATAN-600, SSRT (Irkutsk) and
NoRH (Nobeyama, Japan) were compared. The
comparison showed that complicated spectral-
polarization properties of flare-producing active regions
(the increase of polarized flux at short centimeter
wavelengths 1.8-5cm and reiterated frequency-
inversions of polarization obtained by RATAN-600
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MOJIIPU30BAHHOTO TIOTOKA HW3IYYCHUS HAa KOPOTKUX
CaHTUMETPOBBIX BONHAX 1.8—5 cM u moaydaemble 1O
nanHeiM  PATAH-600 HeogHOKpaTHblE  HMHBEPCUU
MOJISIPU3ALMU TI0 YacCTOTE) MOTONHSIIOTCS YacTHIMA H
XA0THUECKUMH CMEHaMH 3HaKa [MOJSpU3alldi  BO
BpPEMEHHU B JABYXMEPHOM M300paKeHHH Ha BOJHE 5.2 cM
(mo mamabpiM CCPT) u Ha BosHe 1.76 cM (1O MaHHBIM
NoRH). 310 yka3piBaeT Ha HENpPEPHIBHBIE ITPOIECCHI
HAKOIUICHHS " MIPEeIBapUTEIHEHOTO pasorpesa
Marautoc(epbl BO BCIBIIICYHONH AaKTUBHOW 00JacTH B
IIMPOKOM JMamna3oHe BbICOT. [loiaydeHHbIC JaHHBIC
MPOTHBOPEYAT COBPEMECHHBIM BCITBIIIICYHBIM MOJCIISIM,
OCHOBaHHBEIM HAa OTHOCHTEIBHO CTaOWIBHBIX, XOTS H
CJIOKHBIX, MATHUTHBIX apOYHBIX CTPYKTypax (puc. 69).

B.U. I'apaumos, T.U. Karemman

data) are supplemented with frequent and chaotic
changes of the polarization sign in time in the 2-
dimentional image at the wavelength 5.2 cm (by SSRT
data) and 1.76cm (by NoRH data). This means
continuous processes of accumulation and preliminary
heating of magnetosphere in a flare-active region in a
wide frequency range. The obtained data contradict to
modern models of flares which are based on relatively
stable magnetic arch structures, complicated as they are
(Fig. 69).

V.1 Garaimov, T.I. Kaltman

SUN:2003/10/25 08:57 UT

-1162" 94"
E-limb Center
of the disc

Puc. 69. Cresa: ceepmra ogyxmeprou xapmol nousipuzosannozo uziydenusi no oanneim CCPT na eonne 5.2 cm ¢
oonomeprou ouazpammou PATAH-600 ons akmuenou obracmu AO 10486 (cniowmas nunust) u ee HAnodCeHue Ha
ucxoouyio xapmy. Cnpasa: nonyuennvii na PATAH-600 ooumomepnwiii ckan AO 486 (8 yewmpe 6ocmounozo
NOIYWAPUS) HA HECKONLKUX 80IHAX CM Ouanaszona. Kpacvim ysemom nokaszana uneepcus noaspusayuu 6 8'57" na
onne 4.93cm. Ilo dannvim CCPT unsepcus npoucxoouna ¢ 5'37" no 5"40™ UT na eonne 5.2 cm.

Fig. 69. Left: a convolution of the 2-D map of polarized radiation by SSRT data at the wavelength 5.2 cm with a one-
dimensional RATAN-600 beam pattern for the active region 10486 (a solid line) and its superposition on the initial
map. Right: A one-dimensional scan of the active region 486 (in center of the eastern hemisphere) obtained with
RATAN-600 in several centimeter wavelengths. The red color shows the inversion of polarization at 8'57" at the
wavelength 4.93 cm. From SSRT data, the inversion was happening from 5"37" to 5"40™ UT at the wavelength

5.2 cm.
CHUHXPOHHBIE YAPYEHUSA MMUKPO-
BOJIHOBOI'O N3JIYYEHUSA AKTHUBHBIX

OBJACTEd HA COJHIE IO JAHHBIM

CIIEKTPAJIBHBIX HABJIOJIEHUI HA
PATAH - 600
[IpoOnema CHHXpPOHHBIX YSPYEHHH  AKTHBHBIX

obmacreii, Haxonmsfmuxcs B pasHeIX dacTsax CousHIa,
CBS3aHA C TIOMCKOM M HCCIECAOBAaHMEM MEXaHU3MOB
areHTOB IIEpeHOoca BO3MYILIEHUH Mexay HuMmu. s
3¢ (GEeKTUBHOTO pEUIeHHsS STOW 3aJadyd HEOOXOJUMBI
KpYHHbIE  HHCTPYMEHTBl M  IIHPOKOAWANA30HHBIE
paauocniekTporpadsl, uro u peanusyercs Ha PATAH-
600. UccnenoBanusi ObLIM BbINOJHEHBI Ha IOkHOM
cekTope  paauorteneckoma ¢ IlepuckomoM B
MHOT0a3MMYTalbHOM pEXUMe Ha BonHax 1.92, 2.24,
274 m 3.21cm. BpeMmeHHON HHTEpBal MEXIY

SYNCHRONOUS BRIGHTENINGS OF
MICROWAVE  RADIATION OF ACTIVE
REGIONS IN THE SUN BY DATA OF SPECTRAL
OBSERVATIONS WITH RATAN-600

A problem of synchronous brightnenings of active
regions which are in different parts of the Sun is related
to the search and study of mechanisms of an agent
transferring disturbances between them. An effective
solution of this problem demands large instruments and
wide-range radio spectrographs what is implemented in
RATAN-600. The investigations were fulfilled with the
Southern sector of the radio telescope with a periscope
in a multi-azimuthal mode at the wavelengths 1.92, 2.24,
2.74 and 3.21 cm. A time interval between subsequent
scans of the Sun was 8 minutes. 16 records of the radio



98 OTHYET CAO 2004-2005 SAO REPORT

nocnenoBarebHbIMA  ckaHamu CostHia ObLT paBeH 8
MuH. Ha kaxoii BosiHe OBIIO MOJIydeHo 1o 16 3anmceit
panuounsnyuenusi CosHna. Bbicokast 4yBCTBUTENBHOCTD
CHCTEMBI  paJHOTEIECKOIl + palOMETP IO TOTOKY,
paBHas 0.005 c.e.mr. (COMHEYHBIX EOUHHI[ TIOTOKA),
MO3BOJIIET ~ JOCTOBEPHO  PETUCTPUPOBATh  JAaxe
HE3HAYUTENbHbIE, A0 JECATBIX IOJEH C.€.I., N3MEHEHHUS
MIOTOKOB HCTOYHHKOB.
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emission of the Sun were obtained at each wavelength.
A high flux sensitivity of the system “the radio telescope
+ radiometer” which is equal to 0.005 s.u.f. (solar units
of flux) allows to reliably register even insignificant
(down to tenths of s.u.f.) changes of fluxes from sources.

\n

T
Sf(AR 9510)
soft Xray

Puc. 70. Bpemennvie sapuayuu

T T T T T T T T T T T T 1 1
830 846 902 918 934 950 1006 1022 UT

ce7 L L cas
9100 MHz

9100 MHz } ¥

OMHOCUMENbHbIX NOMOKO8 UCMOYHUKOG, OMOICOECMEIEHHbIX HA (omocghepe
Coanya ¢ akmuenvimu oonacmamu AR 9610 u AR 9608,

nHa A = 2.24 cm u ux c6:3v6 ¢ AKMUGHbIMU ABNEeHUAMU,

HaOmodaembilMu 8 Opy2ux OuanasoHax. Buuzy npusedenvl: cmpenxa 66epx — GPEMeHHOU UHMEPSanl U MOMEHM
maxcumyma Ha - 6cnviuiku u nogviuleHuss UHIMEHCUBHOCU U3TYYEHUSl 8 MACKOM DEeHmaeHe, CIMpPeiKa 6HU3 — Mo dice
na uacmome 9100 MT'y. Bepmuxanvhoie npsmble - CMpenku npo8eoeHsl Ha MOMEHMbl CUHXPOHHBIX YSPUeHULL.

Figure 70. Time variations of relative fluxes from sources identified in the photosphere of the Sun with the active
regions AR 9610 and AR 9608 at A = 2.24 cm and their relation to active phenomena observable in other wave
ranges. Below: the up arrows represent the time interval and the moment when a Ha flare is maximum and a
radiation intensity in soft X-ray increases, the down arrows represents the same at a frequency of 9100 MHz. Vertical
lines are for arrows drawn for moments of the synchronous brightenings.

[ony4eHbl OIEHKA CKOPOCTH  BO3MYIIAMOIIETO
areara or V=0.3-10°km/c mo V > 10*km / c. Takue
CKOPOCTHM  yKa3bIBAIOT HA TO, 4YTO TPHUITEPHBIM
MEXaHM3MOM CHHXPOHHBIX YSPYEHHH HCTOYHHKOB
COJIHEYHOTO  PaJHOM3IYyYCHUs] MOTYT OBITh  Kak
BOJIHOBEIC (l)pOHT])I, TakK nu BI)ICOKOSHepFI/I'-lH])Ie
3JIEKTPOHBI, BBICBOOOK TAOLITUECS B mporiecce

NIEPBUYHOH BCIIBILIKU.

PesynbraThl MccnenoBaHus MoKa3ajM, 4To Ha Oojee
kopotkux BoiHax (1.92 um 2.24 cm) mnpeobmanmaer
JelicTBHe BBICOKOOHEPI MYHBIX JJIEKTPOHOB,
BBIPBAaBIIMXCS M3 MeCTa IIEPBUYHOTO BCIUIECKA U
TPUITEPHBIM MEXaHH3MOM IIEPEMECTHBIINXCS B MECTO
BTOPHYHOTO ySIPUEHHS 110 MArHUTHBIM IETIISIM, KOTOPbIE
COCIIMHSIOT ATH aKTUBHBIE oOsactu (puc. 70). Ha 6onee
JUIMHHBIX BonmHax (2.74 wu 3.21 c¢m) Bcaen 3a

YCKOPEHHBIMHU AJIEKTPOHAMHU PpacIpoCTpaHsIIoTCs
BOJIHOBbIE ~ ()POHTBI, HWXKHSSI TpaHUIA CKOPOCTH
kotopeix V= (3+7)x10*km/c.  Onu YCUIMBAIOT
CHHXPOHHOEC  ysApucHHMe, BO3HHKIIEE paHee O]

BO3/ICHCTBHEM BBICOKOIHEPTUYHBIX 3JIEKTPOHOB.
O.A. T'onyouuna

It was obtained that the velocities of a disturbing
agent are from V=0.3 - 10°km/s to V > 10" km/s. Such
velocities suggest that trigger mechanisms of
synchronous brightening of solar radio emission sources
can be both wave fronts and high-energy electrons
released during the process of a primary flare.

Results of the study showed that at shorter
wavelengths (1.92 and 2.24 cm) the high-energy
electrons escaping from a region of the primary flare
prevail. (Fig. 70) At longer wavelengths (2.74 and
3.21 cm) the accelerated electrons are followed by wave
fronts propagating with a velocity of at least V = (3-
7)-10° km/s. They intensify the brightening originated
earlier from action of high-energy electrons.

0.4.Golubchina
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B3AMMOJIEMCTBHUE OCTATKA CBEPXHOBOM
HB3 C OKPYXAIOIIAM MEXK3BE3/IHbIM
T'A30M

Xopomo  W3BECTHBI ~ OOOJNIOYEYHBIH  OCTaTOK
ceepxHoBoii HB3  Bxomur B Ooraryro neraismu
00nacTb 3Be371000pa30BaHMsl BMECTE C TYMaHHOCTSIMU
W3, W4 u WS5. Crpykrypa HI Bokpyr octatka
CBEPXHOBO# OblIa UCCIENOBaHA 10 MSTH CEYCHHSIM Ha
BosHE 21 cM, TONy4eHHBIM Ha paJUOTENEeCcKOoIe
PATAH-600 c yrmoBeM pa3zpemuieHneM 2' 1O OJHOU
KOOpAMHATE, B IUaIa30He Jy4YeBBIX cKopocTeil oT —183
1o + 60 km/c B Oosiee mupoKoit 0baactu Heba u ¢ Oosee
BI)ICOKOﬁ YYBCTBUTCJIBHOCTBIO, 4YE€M B IMPCAbIAYIIUX
paboTax Ipyrux aBTOpPOB.

T, (K)

]

+63.13

Continuum spectra

I

¢ vy

Radial velosity (km/s)

CedeHus ObUIH TOTYyYeHBI depe3 38’ 10 CKIOHEHHIO.
[Tpumep omHOrO W3 CEYEHWH B KOOpAMHATAX IPSIMOE
BOCXOXJEHHE — JIyueBas CKOPOCTb IIpHBEAEH Ha
puc. 71. IITpuxoBkoif 0003HAYEHBI JAETATU KPHUBBIX
MIPOXOXIICHUS, KOTOpBIE MOTYT OBITh CBSI3aHBI C
OCTaTKOM CBEpPXHOBOW, TOHKUMH JMHUSMU STH JIETalIN
00BEMHEHbI B BO3MOJKHBIE KOJIBLEBBIE CTPYKTYPHI.
ITpocTpaHCTBEHHO-KHHEMATHIECKOE pacnpeneneHue
neraned HI BOKpyr ocraTka OTYETJIMBO I1OKa3bIBAET

INTERACTION OF THE SUPERNOVA
REMNANT HB3 WITH THE AMBIENT
INTERSTELLAR GAS

The well-known shell supernova remnant HB3 is a
part of a feature-rich star-forming region together with
the nebulae W3, W4 and W5. HI structure around this
remnant was investigated using five RATAN-600 drift
curves obtained at a wavelength of 21 cm with an
angular resolution of 2’ in one coordinate over the
radial-velocity range —183 to +60 km/s in a wider region
of the sky and with a higher sensitivity than in previous
works of other authors.

Puc. 71. Kpuevie npoxosicoenus na eonne 21 cm Ha
cknonenuu +63 V8’ uepes ocmamox ceepxnosoii HB3.
LlImpuxosxou ob6osznauenvt Odemanu HI, xomopwie
Mozaym Oblmb C8A3aHbL ¢ OCMAMKOM. TOHKUMU TUHUAMU
demanu 06veOUHeHbl 8 KObYeobpasHble CMPYKMypbl.
Fig. 71. Drift curves at the wavelength 2lcm at a
declination of +63 V8’ across the Supernova Remnant
HB3. Some HI details that may be connected with the
remnant are marked by shading. The thin lines combine
these details in probable ring-like structures.

The drift curves were obtained through 38" in
declination. An example of drift curves in one
declination in the coordinates of right ascention — radial
velocity is presented in Fig. 71. Some HI details that
may be connected with supernova remnant are marked
by shading. Thin lines combine of these details in
probable ring-like structures. The spatial-kinematical
distribution of HI features around the supernova remnant
clearly shows two concentric expanding shells of gas
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HaJIMYUE JBYX KOHIIEHTPHYECKHUX PaCHIMPSIONINXCS
000J1049eK ra3a, OKpY>KarolIX OCTaTOK M COBMAJArOIINX
C HUM I10 BCEM TpeM KoopauHatam (o, O, V). Buemnsis
obomnouka umMeer paguyc 133 nk, TonmmHy 24 nK, U
CKOpocTh pacmupeHuss 48 km/c. Maca ra3a B Hel
~23-10°M®. V  BHyTpeHHeH OGONOYKH 5TH
TapaMeTphl COCTABIIIOT COOTBETCTBEHHO: 78 MK, 36 TIK,
24 km/c u ~0.9 - 10° M®.

BHyTpenHss oboouka HETIOCPEICTBEHHO
MIPUMBIKAET K OCTaTKy CBEPXHOBOW. B mpeamonoxenun,
YTO BHEIIHASA 000JIOUKA €CTh PE3yIbTaT ACHCTBUS BETpa
3BE3[bl, @ BHYTPEHSSI BO3HMKIA OT YyJApHOH BOJIHBI
COOCTBEHHO OCTaTKa, OLIEHKH JAIOT BO3pACT BHELIHEH
obomouku  ~1.7-10°7mer w  MommHOCTH  BeTpa
~1.5 - 10*® spr/c. BHyTpeHHss 060/104Ka HMEET BO3PACT
~10° ;eT M COOTBETCTBYET IOJHONW SHEPrMH B3pbIBA
cBepxHOBOIT ~10°% 3pr. Takum oOpa3oM, €ClI IPUHATAS
HaMH mpocrast HHTEpIIpeTanus HaOIIOICHUH
CrpaBelsiiBa, TO 3AECh Mbl HAOMIOAaeM pe3ylbTar
B3pbIBa OﬂHOﬁ us3 Han6onee MAaCCHBHBIX 3B€31 B
l'ajakTuke, HU, KpoMe TOro, BHUJHBI OJHOBPEMEHHO
000JI0YKH OT 3BE3JIHOTO BETPa U OT B3PbIBa CBEPXHOBOWH,
YTO camo 110 ce0e Ype3BbIYaliHO peIKuii CiTydaii.

U.B. I'ocauuncxuii, 3. 4. Angheposa, I''H. Unvun,

T.B. Monacmuipesa

OBHAPYKEHUE PEJIITUBUCTCKHX CTPYM
B AAPAX AKTUBHBIX 'AJIAKTUK

B 2004-2005 romax mpoJONIKEHO HCCIEI0BaHNE
aKTUBHBIX  siaep Tramaktuk ¢ spkumu  PCJ/Ib
KOMITIOHEHTaMH U IuIockuMHU cnektpamu Ha PATAH-600
B coBMmectHOM mporpamme ¢ AKL[ ®HMAH u NRAO,
CHIA. Ilepnonnyecknii 0030p MTHOBEHHBIX CIIEKTPOB
okono 600 oOwvexkTOB Ha 1-22 [Tu BBIIOIHEH
MapajuielbHO C  ONHOKpaTHBIM 0030poM mist  Gojee
TTyOOKOW BEIOOPKH aKTHBHBIX SIZIEP.

AHanm3 THUMOB M CTPYKTYPHl MTHOBEHHBIX CIIEKTPOB
MMOATBEPIAMSI HAIIEe MPEANONIOKEHHe, YTO TIOYTH BCE
CHEKTPBl MOTYT OBITH TPENCTaBICHBI CYMMOW IBYX
CIIEKTPATbHBIX KOMIIOHEHTOB: HU-koMmnoHeHTa (mamaeT
B CTOPOHY 0OoJiee BBICOKMX 4acTOT) u BU-koMmoHeHTa
(MMeeT MakcUMyM B CM-MM Juana3oHe). B pamxax
MOJENIM C TMPOAOJbHBIM MAarHUTHeIM mnojeMm, BUY-
KOMIIOHEHT 00BsICHEH CUHXPOTPOHHBIM
paauoU3IIydYeHHUEM HEIpPEepbIBHON KOMITaKTHOM
PENATUBUCTCKON CTPYH, BBIXOJSINEH W3 MarHUTHOTO
fojroca akTUBHOro sapa, a HY-komnoneHt —
paAMOM3IIyYeHHEM OINTHYCCKH TOHKUX IPOTSHKEHHBIX
nepudepuiiHbIX obnacteii 00beKTa, B KOTOpPbIE CTpyel
“HaKaYMBAIOTCS” dYacTUIBI W3 sapa. [lepeMeHHOCTh
00BEKTa OOBSICHACTCS TEPEMEHHOCTBIO H3ITyUCHHS
PENSITUBUCTCKOW CTPYH, BBI3BAHHOM, TIaBHBIM 00pa3oMm,
HNEPEMEHHOCTBIO  TIOJIHOTO IOTOKa  PEISTUBUCTCKHUX
YacTHIl, MOCTYMAIOIIEro B CTPYI0 U3 aKTHBHOTO spa
(Kovalev, et al., 1999, A&AS, 139, 545; Kosaies,
KoaneB, Hwxenbckuii, Xexanuc, 2004, Tpyast
FAWII, LXXV, 107).

that surround the remnant and coincide with it in all
three coordinates (o, & and V). The outer shell has a
radius of 133 pc, a thickness of 24 pc and an expansion
velocity of 48 km/s. The mass of the gas in it is
~2.3-10° M@®. For the inner shell, these parameters are
78 pe, 36 pc, 24 km/s and ~0.9 - 10° M@, respectively.

The inner shell is immediately adjacent to the
remnant. Assuming that the outer shell was produced by
the stellar wind and the inner shell arose from the shock
wave of the supernova remnant proper, we estimated the
age of the outer shell ~1.7 - 10°yr, and the mechanical
luminosity of the stellar wind ~1.5 - 10°® erg/s. The inner
shell has an age of ~10° yr and corresponds to a total
supernova explosion energy of ~10"* erg. Thus, if
adopted simple interpretation of observational results is
valid, so we observe here the result of explosion of the
most massive star in the Galaxy, and besides we see
simultaneously the shells from star wind and supernova
explosion that is very scarce case.

LV. Gosachinskii,
T.V. Monastyreva

Z.A. Alferova, G.N. Il'in,

DETECTION OF RELATIVISTIC JETS IN
ACTIVE GALACTIC NUCLEI

A study of active galactic nuclei with bright VLBI-
compact components and flat radio spectra at the radio
telescope RATAN-600 was continued in 2004-2005 in
collaboration with Astro Space Center of Lebedev
Physical Institute and NRAO, USA. Periodic survey of
instantaneous spectra for about 600 objects at 1-22 GHz
was performed in parallel to one-epoch measurements of
a deeper sample of AGNS.

A performed analysis of types and structure of the
measured instantaneous spectra has confirmed our
previous assumption that almost all spectra could be
modeled as a sum of two main spectral components: an
LF-component (decreasing with frequency) and an HF-
component (with a maximum in cm-mm band). In the
framework of a model with longitudinal magnetic field,
the HF-component is explained by synchrotron radiation
of a continuous compact relativistic jet emerging from
the nucleus, the LF-component - by radiation of
optically thin extended peripheral structures which
accumulate jet particles. Observed variability is
dominated by variable emission of a compact jet (the
HF-component) and is explained by variable flow of
relativistic particles injected in the jet nozzle (Kovalev,
et al, 1999, A&AS, 139, 545; Kovalev, Kovalev,
Nizhelsky, Zhekanis, 2004, Trudy GAISH, LXXV,
107).
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Puc. 72. Ilpumep xoonepamurHo2o NOUCKA AKMUBHBIX S0ep 2ANAKMUK C APKUMU KOMAAKMHbLIMU KOMNOHEHMAMU O
usmeperusam na PATAH-600 u VLBA NRAO: (a) wupoxoduanazonusie paouocnekmpol (PATAH-600 u 6aza darnnbix
CATS CAO PAH); (b,d) xoppenupogaHHbvili NOMOK 8 3A8UCUMOCHIU OM OIUHbI NpoeKyuu 0azvl uHmep@epomempa
(cucmema VLBA NRAO na 2.3 u 8.6 I'Ty), (c,e) munnucexynonas yenoeas cmpykmypa (cucmema VLBA NRAO na 2.3
u 8.6 I'Ty). Ilpogepsiemcs c6:43b 8bICOKOUACMOMHO20 KoMnonenma cnekmpa (a) ¢ uznyyenuem PCIB xomnaxmuou
cmpyxkmypul (b-e). Bknao uznyyenus KOMRAKMHO20 KOMHOHEHMA Y8eNUYUBAENICsl OM J1e8020 ucmounuka k npagomy. C
2004 200a naiideno 6onee 1000 HOBbIX KOMNAKMHBIX 00BEKMOS, PE3KO 603POCIA IPHEKMUBHOCMb NOUCKA 34 CYem
HOB0U Memoouxu omobopa kanoudamoe no PATAH cnexmpam. Pucynok uz cmamou Petrov, Kovalev, Fomalont, &

Gordon, 2004, AJ, 129, 1163.

Fig. 72. An example of RATAN-600 SAO RAS / VLBA NRAO cooperative search of active galactic nuclei with bright
VLBI compact components. (a) broad-band radio spectra (RATAN-600; a few additional points are taken from the
CATS database); (b,d) correlated flux density vs. projected spacings (VLBA NRAO, 2.3 and 8.6 GHz); (c,e)
milliarcsecond structure (VLBA NRAO, 2.3 and 8.6 GHz). A predicted connection between high-frequency spectral
component (a) and VLBI compact emission (b-e) is under analysis. A contribution of a compact component emission
increases in sources presented from the left to the right. More than 1000 new VLBI compact objects were found since
2004. The new method of candidates selection developed on the basis of RATAN spectra has significantly improved
efficiency of the search. The figure is taken from Petrov, Kovalev, Fomalont, & Gordon, 2004, AJ, 129, 1163.
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N3 anamuza PATAH-cnexkTpoB chenaH BBIBOJ O
MIpUYUHAX "ocobenHocTH" BBIOOPKH WMAP
(MCTOYHUKOB c CHJIbHBIM KOPOTKOBOJTHOBBIM
paauomM3IIydYeHHEeM): B BBIOOPKY CENEKTHBHO ITOTIANN
ACTOYHUKH ¢ Oojiee DOMHHHPOBAHHBIM H3IyYCHHEM
KOMIAKTHOH CTPyH ¥ ¢ OOJIbBIICH IEpEMEHHOCTEIO, YeM,
B CpeOHEM, Yy KOMIIAKTHBIX aKTHUBHBIX SA1ep TalaKTHK
poauTeNbCcKOW momyisuuu. B gBa pasa mompasieHa
OLICHKAa YpPOBHS TIOTOKA, OO KOTOPOrO IIOHA 3Ta
BeiOopka (Kovalev, Kovalev, Nizhelsky, 2005, Baltic
Astron., 14, 389).

[IpsMoe cpaBHEHHE WHTETPAIBHBIX HM3MEPEHHN
PATAH-600 cnektpoB u VLBA  un3o0paxeHuit
HECKOJIBKUX COT CHIBHBIX 00BekTOB (Kovalev et al.,
2005, AJ, 130, 2473; Ilymkapes, Kosanes, u ap., 2004,
AX, 81, 988) monrBepamimo wuHTepmperamuo BU-
KOMIIOHEHTa  CIIEKTpa  HM3JIy4YeHHEM  BHYTPEHHEH
o0acTi CTpyHW Ha MapcekoBBIX MacmTabax. B pamkax
MPOEKTa TIOWCKA KOMIIAKTHBIX HMCTOYHWUKOB Ha VLBA
(Petrov, Kovalev, et al., 2005, AJ, 129, 1163; 2006, AJ,
131, 1872) JIoKa3aHa CIPaBeAJINBOCTh u
3¢ GEKTUBHOCTD MPEAJIOKEHHOTO METO/Ia CIEKTPAIbHO-
MOZIEJIBHOT'O TIOMCKA, MPENCKa3aHUsi W MCCIIEJI0BaHUS
PEIATUBUCTCKUX CTpyH Ha OCHOBE
mupokoaunana3zoHHbix PATAH-600 paaguocnekTpoB asist
OLICHKH KoppenupoBaHHOro notoka PCIAb koMmakTHBIX
CTPYKTYp B aKTHBHBIX sifpax (cM. puc. 72).

Ha o6a3e coBmectHpix mpoekroB PATAH-600 u
VLBA cdopmMupoBaH ©  HCHONB3YeTCS  KaTajor
MEePCIIEKTUBHBIX ~HMCTOYHUKOB UL HAOMIONEHHHA C
HAa3eMHO-KOCMUYECKUM uHTEPHEPOMETPOM
PannoAcTtpos.

H.A. Huocenvckuti,  I'.B. Kexanuc  cosmecmno ¢
FO.1O. Kosanesvim (NRAO, CLIA u AKL] ©®UAH) u
10.4. Kosanesvim (AKL] DHAH)

UCCJIEJTOBAHME TTOJTHOM MO IJIOTHOCTH
IIOTOKA BbIBOPKHN PAJMOUCTOYHHUKOB B
OBJACTHU CKJIOHEHMH 74-75°

Ha PATAH-600 Hamu uccinenyroTcs TpH MOJHBIX O
IUTOTHOCTH TTOTOKA BBIOOPKH PAaIMOMCTOYHUKOB. [lepBast
BeIOOpka (139 pammoncToYHWKOB) HaONIOmaeTcs C
1984 ., Bropas (153 wcrounmka) — c¢ 2000r. B
pesynbTaTe M3YyYeHUs OSTHX BBIOOPOK OOHApY>KEHBI
HUCTOYHMKH CO 3HAYUTENBHOH MEPEMEHHOCTBIO Kak
JONTOBPEMEHHOM, TaK M Ha MacmTadax OT HECKOJIBKUX
JHEW 0  HECKOJNBKHX  MECALEB, MOy 4EHbI
XapaKTEpUCTUKU 3TOH mnepeMeHHocTH. I[loimydeHbl u
UCCIIeJIOBaHbl MTHOBEHHBIE CIIEKTPHI BCEX UCTOYHHKOB B
muamazoHe yactor 0.97-21.7 I'Tu. Tperbs, Hambomee
riry0okasi, BeIOOpKa caenaHa u3 katagora MGB (Decl =
74°-75°, RA = 00"-24"; MuHMManbHas IUIOTHOCTD
motoka Ssg5 > 100 mS5H). Hwke npuBeneHs! pe3ysbTaTsl
HCCIIEIOBAHUIA ATOH BHIOOPKH.

s BceX MCTOYHMKOB C HOPMAJIBHBIMH CIIEKTpaMHy
MOJY4EHb! TIOTHOCTH IIOTOKOB B JWAla3OHE YacToT
2.3-11.1 ITu, mis Tperm wuctouHukoB — Ha 0.97 u
21.7ITu. Cnextpsl 72% HCTOYHHUKOB
annpoKCHUMHUPYIOTCSI TNpPSIMOM  BO BCEM JIMAINla30HE

From an analysis of RATAN spectra on a possible
peculiarity of WMAP sample (sources with strong short
wave length radio emission) the following was
concluded: WMAP has selected, in general, with higher
dominance of compact jet emission and stronger
variability; it is just a tail of a general population of
extragalactic radio sources. A flux density completeness
limit is estimated to be two times higher than the
original value (Kovalev, Kovalev, Nizhelsky, 2005,
Baltic Astron., 14, 389).

A direct comparison of RATAN-600 total flux
density spectra and VLBA images for several hundreds
bright extragalactic objects (Kovalev et al., 2005, AJ,
130, 2473; Pushkarev, Kovalev, et al., 2004, ARep, 48,
900) has confirmed the interpretation of the HF spectral
component by emission of an inner jet region at parsec
scales. A goodness and efficiency of our proposed
method of a spectral-model search, prediction and
investigation of relativistic jets on the basis of broad-
band RATAN spectra is successfully proven in the
framework of a big VLBA survey of compact
extragalactic sources (Petrov, Kovalev, et al., 2005, AJ,
129, 1163; 2006, AJ, 131, 1872); estimations of
correlated flux density of VLBI compact features in
AGNs appeared to be valid.(Fig. 72).

A catalogue of best candidates for a study with the
space-ground interferometer RadioAstron is formed on
the basis of RATAN-600 / VLBA collaboration; it is
already used for pre-launch tests, planing and
simulations.

N.A. Nizhelsky, G.V. Zhekanis, in collaboration with
Y.Y. Kovalev (NRAO, USA and ASC LPI) and
Yu.A. Kovalev (ASC LPI)

STUDY OF A FLUX-DENSITY COMPLETE
SAMPLE OF RADIO SOURCES WITHIN
DECLINATION 74-75°

We study three flux-density complete samples of
radio sources with RATAN-600. The first sample (139
sources) is observed since 1984, the second one (153
sources) — from 2000. As a result of study of these
samples, sources with significant variability both long-
term and at scales from several days to several months
were discovered, and parameters of this variability were
obtained. Instantaneous spectra of all sources within the
frequency range 0.97-21.7 GHz were obtained and
investigated. The third (deepest) sample was chosen
from the catalogue MGB (Decl = 74°-75°; RA = 00"-
24" minimum flux density S;gs5 > 100 mly). Below are
results of study of this sample.

For all sources with normal spectra, flux densities
were obtained within the frequency range 2.3-11.1 GHz
and for one third of sources at 0.97 and 21.7 GHz.
Spectra of 72% of sources are approximated by a
straight line within the whole frequency range, the
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Y4acToT, CIIEKTPHI 22% HCTOYHUKOB HMEIOT
CaMOTOIJIONIEHHE K HHU3KUM YacTOTaM, CIEKTPBI ABYX
HCTOYHUKOB YIUIOIIAIOTCS K BBICOKMM 4YacTOTam, 4YTO,
MTO-BUIMIMOMY, BBI3BIBACTCS H3IIyUYCHHEM KOMITAKTHBIX
KOMIOHEHT C  YacTOTaMH  MAaKCHMyMOB  BBIIIE
HCCIIEAyeMOT0 THama3oHa.

JIist Bcex HMCTOYHHUKOB C TUIOCKUMH CIIEKTpaMu
MTOJTy4YeHBl IUIOTHOCTH TIOTOKOB B IHANla30HE YacTOT
2.3-21.71Tu, nus 17 ucrounukoB B auamasone 0.97—
21.7 ITu. Coektpsl 10 HCTOYHUKOB pa3/eNeHbl Ha

MIPOTSKEHHYIO u KOMIIAKTHYIO KOMIIOHEHTY.
IIpoTsokeHHass ~ KOMIIOHEHTa  alpOKCHMMPOBAajach
morapuMUUYEcKOil  mpAMOH  CO  CHEKTpPaJbHBIM

uHIeKCOM « =-0.5+-1.1, KOMIaKTHas — JOrapupMu-
yecko mapabosioid. CIeKTpsl 5 HCTOYHHMKOB TaKXkKe
yAaercss pa3genuTb Ha JBE KOMIIOHEHTBI, €CIU
MPEANOI0XKHUTh, YTO MPOTSIKEHHAsT KOMIIOHEHTA UMEET

CIeKTpaibHbI UHACKC « =-0.2+-0.4. 11 UCTOYHUKOB

UMEIOT  KOMIUIEKCHBIE  CIIEKTPbl, B  KOTOPBIX
MIPUCYTCTBYET Oopie OIHOM KOMITAKTHOM
KOMITOHEHTHI.

[IpoBeneHo onTHYECKOE OTOXKIECTBICHHE BCEX
HUCTOYHHKOB BBIOOPKH, 3HAYUTENILHOE KOJIMYIECTBO
KOTOphIX ObUIO  KiaccupuuupoBano panee. 38%
HCTOYHHUKOB c HOPMaJbHBIMHU CIIEKTPaMH

OTOKJIECTBIEHbl ¢ rajaktukamu 10 21™ ¢ Z=0.3.
CrekTpsl Tpex OOBEKTOB eIle He MOoNMy4deHbl. 67%
HUCTOYHHUKOB C IJIOCKUMHU CIICKTpaMH OTOXKIACCTBIIAIOTCA
C ONTHYECKUMH OOBEKTaMH, BCe KJIACCU(HINPOBAHBI.
89% cocraBisitoT KBazapbl M 0o0bekThl THHa BL Lac.

Jlnst kBasapoB Z = 1.30 . B BBIGOpKE IUIOCKHX CIIEKTPOB
4 00BbEeKTa OTOXKIECTBJICHBI C TaJaKTUKAMM, OJHA U3 HUX
crabee 21™,

C yMCHBIOICHHEM TPAaHWUYHOH IUIOTHOCTH ITOTOKA
BBIOODKM  TajaeT  4YHCIO  OTOXKAECTBICHUH 10
(UKCUPOBaHHOW 3Be3MHOW BenmyuHEL. [Ipu 3TOM cpenn
OTOXKJIECTBIICHHBIX OOBEKTOB PACTET IOJS TAIAKTHK, H
9TOT pOCT BBI3BAH  TOJBKO  HWCTOYHHKAMH  C
HOPMAaJIEHBIMH CIIEKTPaMHU.

B T1abn. 10 mpuBomATCS pe3yNbTaThl CpPaBHEHUS
XapaKTepUCTHK HCCIEAyeMON BBIOOPKH C BBIOOPKOM
OoJiee CHUIIBHBIX MCTOYHHKOB. CpaBHEHHUE IOKa3bIBAET,
4TO:

o C YMCHBIICHUEM MHUHHUMAaJILHON TUIOTHOCTHM IOTOKA

BEIOOpKHU najgaer YUCIIO 00BEKTOB,
OTOXKeCTBIEHHBIX 1o 21™; T.e. moarBepkmaercs,
4TO Goutee ci1abbIM PaAMONCTOYHUKAM
COOTBETCTBYyeT  Oojee  cimaboe  omTHYecKoe
OTOXK/IECTBIICHHUE.

o A Oonee cimaboit BEIOOpKH cpemu
KJIaCCU(UITUPOBAHHBIX  ONTHYECKMX  OOBEKTOB

pacTeT [0 TalaKTHK, KOTopas cocTaBisieT 56% u
29% COOTBETCTBEHHO.

® Takoe YBEJIMYCHHE JIOJM TAJIAKTHK OOYCIOBJICHO
HUCTOYHUKAMHU C HOpMaibHBIMU criekTpamu (100%
cpemu KIIaCCH(DUITUPOBAHHBIX ONTUYECKUX
OOBEKTOB); JIs  WCTOYHUKOB C  IDIOCKUMH
CIICKTpaMHU TPOIEHTHOE COJICPXKAHUE KBa3apoB M
TaJlaKTHK HEe MEHSIETCS] B 00enX BEIOOpKaX.

spectra of 22% of sources have self-absorption towards
low frequencies, spectra of two sources are flattened
towards high frequencies what is supposedly caused by
radiation of compact components with frequency
maximums higher than the range under investigation.

For all sources with flat spectra the flux densities
were obtained within the frequency range 2.3-21.7 GHz,
and for 17 sources within the range 0.97-21.7 GHz.
Spectra of 10 sources are divided into an extended and a
compact components. The extended component was
approximated by a line with the spectral index
a=-0.5+-1.1, the compact one — by a logarithmic
parabola. It is also possible to divide spectra of 5 sources
into two components on the assumption that the spectral

index of the extended component is ¢ =-0.2+-0.4. 11
sources have complex spectra containing more than one
compact component.

Optical identification was made for all sources of the
sample. Many of them were classified earlier. 38%
sources with normal spectra were identified with
galaxies up to 21™ with Z =0.3. Spectra of three
sources are not obtained yet. 67% of sources with flat
spectra are identified with optical objects. All are
classified. 89% are quasars and objects of the type of BL
Lac. For quasars Z = 1.30. In the sample of flat spectra
4 objects are identified with galaxies. One of them is
fainter than 21™.

The number of identification up to a fixed stellar
magnitude falls as the limit flux density of the sample
decreases. In this case a portion of galaxies among
identified objects increases, and it is caused only by
sources with normal spectra.

Table 10 gives results of comparison of
characteristics of the sample under investigation to a
sample of more powerful sources. The comparison
shows that:

e the number of identified objects up to 21™ falls as
the minimum flux density of a sample decreases; i.e.
it is confirmed that a fainter optical identification
corresponds to a weaker radio source;

o for the weaker sample a portion of galaxies among
classified optical objects increases, it is equal to 56%
and 29% respectively;

e such an increase of portion of galaxies is due to
sources with normal spectra (100% among classified
optical objects); for objects with flat spectra the
percentage of quasars and galaxies does not vary in
both samples;
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Tabnuya 10. Pesynemamul cpasHeHUs: Xapakxmepucmux 08yx blOOPOK.

Table 10. Characteristics of the two samples

Parameters Sample with S, ¢5 > 200 mJy Sample with S, ¢s > 100 mJy

Declination 10°-12°30’ (J2000) 74°-75° (J2000)

Number of sources in the sample 153 63

Objects identified 112 (73%) 31 (49%)

Objects classified 108 (71%) 28 (44%)
among them:

Galaxies 34 (31%) 14 (50%)

Quasars and BL Lac objects 74 (69%) 14 (50%)

Redshift of the galaxies Z =024, 0 =0.14 Z=025,0 =0.19

Redshift of the quasars Z=142,0 =075 Z=13,0 =065

Number of steep-spectrum sources 70 36

Objects identified 41 (59%) 14 (39%)

Objects classified 39 (56%) 11 (30%)
among them:

Galaxies 24 (62%) 11 (100%)

Quasars 15 (38%) none

Mean spectral index a =-0.82 a =-0.83

Number of flat-spectrum sources 83 27

Objects identified 71 (86%) 18 (67%)

Objects classified 69 (83%) 17 (63%)

among them:

Galaxies 10 (14%) 3 (18%)

Quasars and BL Lac objects 59 (86%) 14 (82%)

e 7 = 030 s rajgakTUK, acCOLMHPOBAHHBIX C e 7 =0.30 for galaxies associated with radio sources

PAIMONCTOYHUKAMH C HOPMAIBHBIMU CIICKTPAMH,
W3 BBIOODKH CIa0BIX HMCTOYHUKOB, UYTO BJABOE
Ooupe, yeM u3 0oree CHIBHOM BRIOOPKH;

® /Il MCTOYHUKOB C HOPMAIBHBIMH CHEKTPAMHU U3
BBIOOPOK CJIa0bIX W 00J€e CHIIBHBIX HCTOYHHKOB

a =—-0.88 1 -0.81 COOTBETCTBEHHO.

Takum 00pa3om, 3aBUCUMOCTH “3Be3/1Hast BENNYNHA—
IJIOTHOCTB MOTOKa” o0ycIioBeHa TOJIBKO
PaAMOMCTOYHUKAMH CO CTENEHHBIMH CIEKTpaMu. OTU
WCCIIEIOBAaHMST TOATBEPXKIAIOT, 4YTO OoJyiee JajieKue
rajJakTHKd  HMMEIT  Oojee  KPyTOH  CIEKTp B
panuoananasoHe.

M.I. Muneanues coemecmno c¢ A0 I'opwurogvim u
B.K. Konnuxoeou (I'AULL, MI'Y)

CIIEKTPAJIBHBIE XAPAKTEPUCTHUKH
PAJMONCTOYHUKOB BBJIM3U NCP

Ha  PATAH-600 TIPOBEJEHBI HCCIICJIOBAHUS
CHECKTPAIGHBIX XAPaKTEPUCTHK OIHOPOJHOW BEIOOPKU
PaIMOMCTOYHUKOB M3  Kataiora NVSS  BOmm3u
Ceseproro momoca Mupa (NCP). Llems paGoTer —
MOTyYeHne 00bEKTOB C HMHBEPTUPOBAHHBIMH CIIEKTPAMH
BOmm3n dyactorel 22 ITn mit WX BKIIOYEHHS B
MWIOTHYI0 mporpammy Oyaymero PCJIB mpoekra
PamnoActpon. Haxogsmmecs B  obmactu  NCP
UCTOYHUKUA MPEJCTABISIOT OCOOBIH HWHTEpeC JUis
UCCIIEIOBaHUM, Tak Kak OyIyT JOCTYIHBI ISt

with normal spectra from the sample of weak
sources what is twice that of the more powerful
sample;

e for sources with normal spectra from the sample of

weak and more powerful galaxies o =—0.88 and
-0.81 respectively.

Thus, the “stellar magnitude — flux density” dependence
is determined only by radio sources with power law
spectra. This study confirms that more distant galaxies
have steeper radio spectra.

M.G. Mingaliev in collaboration with A.G. Gorshkov
and V.K. Konnikova (SAI MSU)

SPECTRAL CHARACTERISTICS
SOURCES NEAR THE NCP

OF RADIO

The study of spectral characteristics of a uniform
sample of radio sources near the North Celestial Pole
(NCP) from the catalog NVSS was carried out. The aim
of this work is to obtain objects with inverted spectra
near the frequency 22 GHz to include them into a pilot
program of a future VLBI project Radio-astron. The
sources near NCP are of special interest for investigation
since they will be accessible for observation with most
radio telescopes during a long time. The only
representative survey in this region of celestial sphere
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HaOmofeHnst  OOJNBIIMHCTBY  PaAMOTENIECKOIIOB B
TE€YEHHE JUINTEIBHOTO  BpEMEHH. EJIMHCTBEHHBIN
IIPEACTaBUTENBHBIH 0030p B TaHHOW 0OnacTh HeGecHOU
chepsr  BemomHeH Ha vactore 1.4 ITo ¢
HCTIOJIH30BAHUEM CHCTEMBI arepTypHOro cuHTe3a VLA.
[TosToMy CHeKTpalbHBIE XapaKTEPUCTHKH  CIIA0BIX
paJMOMCTOYHUKOB B  3TOM  NEPCHEKTUBHOM ISt
HabmoeHuit ob61actu HeOa HE M3BECTHBL.

HabmoneHns: mpoBOAMIINCE B IByX CETaxX B TEUCHHE
2005 roma Ha FOxuom cexkrope PATAH-600 Ha
yacrotax 1.1,2.3,4.8,7.7, 11.2 u 21.7 I'T. [TapameTpst
BEIOOPKU: 00"<RA < 24h, 75° < Decl < 88°, mI0THOCTD
motoka Snyss > 200 M (#a 1.4 T'T). Obmee yucio
00bekToB BbIOOpPKH — 504. Bpumn mosrydeHsl 3HaueHUS
IUIOTHOCTEHN MOTOKOB It 28.6% o0bexToB Ha 21.7 I'T1m
U Ui OONBIIMHCTBA W3 WCCIEAyeMOH BEIOOpKH Ha
apyrux 4vacrotax. Ha puc. 73 mpexncraBieHb
THECTOTPaMMBI paclpefe]IeHuH CIIEKTPaTbHBIX HHICKCOB
Ha 6 dacrotax. OmpegeneHo  pacnpejelieHue
HCTOYHHUKOB IO THUIIaM CIIEKTPOB (S ~ v¥):

65% — ¢ HopMasbHBIM criekTpoM (-1.1 < o < -0.5),
24% — ¢ kpyTbIM criekTpoM (o < -1.1),

7.3% — ¢ iockuM criektpoM (-0.5 < o <0),

2.3% — ¢ MHBEPTUPOBAHHEIM CIIEKTpOM (o > 0),
1.4% — criekTp ¢ MaKCUMYMOM (B CM JMama3oHe).

HcToyHrKH ¢ HOPMaJBHBIMU U KPYTHIMA CIIEKTPAMHU
COCTaBJISIFOT OCHOBHYIO JIONIFO OT BCeX 00BEKTOB (89%).
Jons 0OBEKTOB C IUIOCKIMH W HWHBEPTHPOBAHHBIMHU
cnektpamu — okosno 10%. He mabnromaeTcst 3aMeTHBIX
pa3IMuMii B CpeNHUX 3HAUCHHMSX O HAa BCEX YacCTOTaxX
kpome 1.1 ITm, 9TO BO3MOXHO WH3-32 HEKOTOPOTO
YIUIOIIEHHsI CHEKTpa 3a CYeT CaMOIOIJIONICHHsS Ha
HU3KHUX gyacrorax. OG"beKT])I ¢ MakKCUMyMaMH B
CIICKTpaxX Ha CM BOJIHaX HMMCIOT OTPULATCIIBHBIC O
BOMM3H yactoTel 22 I'T'I1 ¥ MOmagaroT B KATErOpHIO JTHOO
HUCTOYHMKOB C HOPMAJIBHBIMH CHEKTpaMH, JHOO ¢
IUIOCKUMHE criekTpamu. Ux nons HesHauutenbHa (1.4%).
[MomoOHOE cHeKTpalbHOE MOBEACHHE WCTOYHHKOB Ha
gacrore 1.4 I'Tm HaxoauTcs B pe3KOM KOHTPACTE CO
CIIEKTPaTbHBIMA XapaKTepUCTHKAMU BEIOOpKH
OOBEKTOB, MOJMYYCHHBIX B “HIJIOTHOM~ ITOMCKOBOM
0030pe, BbImoNHEHHOM Ha yactore 20 I'T'm Takke 10
ypoBHs moToka 100 mSH.

Bo-niepBrix, Ha yactore 20 I'T'1 7075 UCTOYHUKOB C
WHBEPTUPOBAaHHBIMU CHEKTpamMu Bo3pacTaeT a0 40%.
ConepkaHue  paJUOUCTOYHUKOB C  HOPMaJIbHBIMU
CHEKTpPaMH, KOTOpBIE COCTaBIISIIOT 65% BBHIOOpKM Ha
1.4 I'Tn, cocraBuser menee 30%. Cnenyer ydecTh, 4TO
Ha BBICOKMX YacTOTaX MOTEPH 3a CHET CHHXPOTPOHHBIX
MOTEPh BHIMIE, U U3JIOMBI B CIIEKTPaX IMPOUCXOIAT JaIlle,
4eM Jake B JUIMHHOBOJIHOBOM YyYacTKE CM IHara3oHa
JUTMH BOJH. [3-32 W3JIOMOB B CIEKTpax 0 TaKHAX
HCTOYHUKOB CTaHOBATCS CHCTEMaTHYECKH Kpyde Ha
BBICOKHX YacTOTaX B CPaBHEHUH C WX 3HAYCHUSMH Ha
OoJiee HU3KHMX YacTOTaXx.

He3nauurenbnas 4acThb HUCTOYHUKOB C
WHBEpPTUpOBaHHbIMH crekTpamu (11 oOwekroB, 2.2%)
NIPEACTABISIIOT  OCOOBIH  MHTEpeC JUIi KOCMHUYECKOH
nporpamMmsbl “PaguoActpon”. [IBa U3 HUX UMEIOT MOTOK
>1 Sn. W3 wnHaGmromarelbHBIX JAHHBIX ITOMCKOBOIO
0030pa Ha gactore 20 I'T cnemyer, 9To B 30HE, paBHOM

was fulfilled at the frequency 1.4 GHz with the use of
the aperture synthesis system VLA. That is why spectral
characteristics of weak radio sources in this region of the
sky perspective for observations are not known.

Observations were carried out in two sets during
2005 with the RATAN-600 South sector at the
frequencies 1.1, 2.3, 4.8, 7.7, 11.2 and 21.7 GHz. The
sample parameters are as follows: 00" < RA < 24" 75° <
Decl < 88°, the flux density of Syyss > 200 mlJy (at
1.4 GHz). The total number of objects in the sample is
504. We obtained flux densities for 28.6% of objects at
21.7 GHz and for most objects from the sample under
investigation at other frequencies. Fig. 73 shows bar
charts of distributions of spectral index at 6 frequencies.
The distribution of sources with spectral types was
determined (S ~v%):

65% —with normal spectra (-1.1 <a <-0.5),

24% — with steep spectra (o < -1.1),

7.3% — with flat spectra (-0.5 < a <0),

2.3% — with inverted spectra (o > 0),

1.4% — spectrum with a maximum in the cm range.

The main part of all objects (89%) is sources with
normal and steep spectra. The part of objects with flat
and inverted spectra is about 10%. There are no
noticeable differences in average values of o at all
frequencies except 1.1 GHz what is possible because of
a flattening of spectrum due to self-absorption at low
frequencies. Objects with a maximum in spectra at
centimeter wavelengths have negative o near the
frequency 22 GHz and get either to the category of
sources with normal spectra, or with flat spectra. Their
portion is negligible (1.4%). Such a spectral behavior of
sources at the frequency 1.4 GHz makes a violent
contrast with spectral characteristics of sample objects
obtained in a “pilot” search survey performed at the
frequency 20 GHz with the flux density up to 100 mJy
also.

First, at the frequency 20 GHz the part of sources
with inverted spectra increases to 40%. Radio sources
with normal spectra which constitute 65% of the
1.4 GHz sample is less than 30%. One should take into
account that at high frequencies the loss due to
synchrotron is higher, and breaks in spectra occur more
often than even in the long-wave part of the centimeter
wavelength range. Due to breaks in spectra, a of such
sources becomes systematically steeper at high
frequencies in comparison with their values at lower
frequencies.

An insignificant part of sources with inverted spectra
(11 objects, 2.2%) are of special interest for the space
program “Radio-astron”. Two of them have the flux
>1Jy. From observational data of the 20 GHz search
survey it follows that in the zone equal in size to our
circumpolar sample there must be 2.6 sources with flux
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0 TUIOINAAN HANIeW NPHUIIOISAPHON BEIOOPKHU, JTOJDKHO
ObITh 2.6 ncTOYHMKA ¢ ToTokamu >1 S0 u 15 00BeKTOB
¢ norokamu >200 mMSH. B 3TUX OLleHKax MCHOJIb30BaHA
MONTydYeHHass HaMH Ha OCHOBE aHalW3a JaHHBIX
BBICOKOYACTOTHBIX ~ O030pPOB  3aBHCHMOCTH  “HOJNA
00BEKTOB C WHBEPTUPOBAHHBIMH CIIEKTPAMH — IIOTOK .
W3 nee cnenyer, uTo Ha ypoBHE 1 SIH 0N HCTOYHHKOB
C UWHBEPTHPOBAHHBIMH CHEKTpaMHu cocTaBisger 50%.
IIpu cHmwkenun mnotoka 10 200 MSH mporEeHTHOE
COJepKAaHWE  HMCTOYHHKOB C  HHBEPTHPOBAHHBIMU
crexkTpamu, BbiieneHHbIX Ha 20 ITn, cHwkaercs 1o
35%.

W3 cpaBHUTENBHBIX IAHHBIX CIEIYET, 4YTO, MU3ydas
BBIOOPKY 110 onpenesieHHoro ypoBHs notoka (100 mSx)
HAa HI3KHX YacTOTaXx W H3MEpss €€ CIEeKTPalbHEIC

XapakTepucTukun 10  dactoTel 22 ITm, MBI
HEIOCUMTHIBAEMCS  OKOIO  25%  HCTOYHHKOB  C
HWHBEPTUPOBAHHBIMH CIICKTPaMH. 910 MOXET

MIPOUCXOIUTHh H3-32 COOTBETCTBYIOIIHUX CIIEKTPAJIBHBIX
XapaKTEPUCTUK YaCTH ‘‘TIOJMOPOTOBBIX” HUCTOYHUKOB C
notokamu MeHee 100 MSH (pacTyuiye CHexkTpsl) u
MOSIBJICHUST BBICOKOYACTOTHBIX KOMIIOHEHT Yy JAPYrou
YacTH CJIa0bIX HCTOYHHUKOB.

B CBOIO oyepelnb, YBCJINYCHUC CpeaHero
CIICKTPAJIbHOTO HHACKCA C€ YBCJIMYCHUEM YaCTOThI
MOXET KOMIICHCUPOBATHCA BO3paCTaIOH1€I>i aoneﬁ

0OBEKTOB C MEPEIOMaMH CIIEKTPOB B KOPOTKOBOJIHOBOM
y4acTKE CM JIMana3oHa JUIMH BOIH.
M.I. Muneanues,  FO.B. Comnukxoea,  H.H. Bypcos,

coemecmuo ¢ H.C. Kapoawoevim u M.I. Jlapuornogvim
(AKL] ®UAH)

>1 Jy and 15 objects with flux >200 mlJy. In these
estimates we used the correlation “a part of objects with
inverted spectra — flux” obtained from analysis of data
of high-frequency surveys. From this correlation it
follows that at a level of 1 Jy the part of sources with
inverted spectra is 50%. The percentage of sources with
inverted spectra selected at 20 GHz falls to 35% as the
flux reduces to 200 mJy.

From comparative data it follows that when studying
a sample up to a definite flux level (100 mJy) at low
frequencies and measuring its spectral characteristics up
to the frequency 22 GHz we miss about 25% of sources
with inverted spectra. It can be due to correspondent
spectral characteristics of a part of "subthreshold"
sources with flux less than 100 mJy (growing spectra)
and due to appearance of high-frequency components in
another part of weak sources.

In its turn, the increase of an average spectral index
with the increase of frequency can be compensated by
an increasing part of objects with breaks in spectra in a
shortwave region of the centimeter wavelength range.

M.G. Mingaliev,  J.V. Sotnikova, ~ N.N. Bursov  in
collaboration with N.S. Kardashov, M.G. Larionov
(Astro Space Center, Lebedev Physical Institute of RAS)
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Fig. 73. Bar charts of distribution of spectral indexes.



