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Study of the solar atmosphere based оп the spectral
and polarization observations on the RATAN-600.
Achievements and prospects
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Abstract. Tlre current state c_if sоlаr plrl,sics stucl1, rr,itli tlre гаdiо telescope RдТдN 600 is
reviewed. T'he mаiп раrаmеtеrs of the radio telescope arrcl possibilities of their improving for
future observations аге dеsсriЬеd. Tlre rоlе of sоlаr inr,estigations rr.ith t}re RATAN-600 iп the
r.,,огld's sоlаr physics is defined.
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1. Introduction

Тhе largest in Russia, and iп а nurrrber of раrаm-
еtеrs in the r,r,orld, tlre rаdiо telescope RATAN 600
hirs been used for more ihan 20 1,еаrs (sint:e 1974) as
а гаdiо astronomy, instrurnent (Parijskij et а}., 1981;
Iiolo1'kov et ai., 1989; Parijskij, 1993), The раrапi-
еtег,s of the telescope turned out to Ье l:ni<llre fоr
а strtd1, of the Srin. Fоr rеflесtоr-tчре teiescopes,
R \T_\N-600 has а very high resolution) uр to 5 аrс-
seconds at the high frеquепсу edge of the working
ii,:lгelength rап8е1 at 8 rnm. Тhе design rarrge of the
l,ac]io te]escope extends towards the long ц,avelerrgths
,r1l to 30 сm. Thus, th,e teiescope сочеrs 5"5 octa,,,es in
fгеquепсу, rvhich is uniclrle in rтоrld pra.ct,ice. 'Ihis rтas
ac,hieved at а sacrifice in other important p?lгallietels)
lratneir,. th.e absence of ihe trackitrg пiode. lvhic}i is es-
peclally vitai 1Ьг rapidly л,аriаЬlе sоurсеs (the Sun) .

Bt, the preserrt time, orre obserr,ation per 24 hours iп
tile trапsit mclde has been the iэasic conditicrrr of оь-
sегr-аtiопs. Апоthеr ciemerit of tlre instrtrmerrt is the
iпlpossibility of tъ,,o-dimensiorral пiapping.

Experience of ореrаtiоп очеr two decades lras
slror.,-n that the shortcomings nrentioned can tre elirT-
itiated, the r,vorking rапgе сап Ье ехtецdеd toi,vards
both t}ie short and 1опg ъ,aves. Теmроrаrу analysls
of гаdiо errrission сап Ье extendecl frс,пt а few hоuгs
to the trackirrg mode ц,ith а resolution as }righ as
frасtlоп of а rrriilisecond. Тhеrе is also а possibilitv of
iltcгeasing the spatial resolution.

The objectir.e of t}re рареr is to rеротt the rе-
sir]ts of sо]аr radio гасliаtiоп strrdy t}rat have already
Ьееп olotairrer] with r}re rаdiсl teiescope RATAN 600,
i,о shоч., its positioli аmопg other rаdiо telescopes of
the woTlci апd to dеsсrilэе fundarrrental preserrt-da1.

рrоЬlеms of sоlаг physics rмhich carr Ье solved with
it"

2" Physics of the Suп and scientific
progreSS

AI] multiforrrrit_v of varioirs structures оьsеrчеd in the
sоlаг аttтrоsрhеrе. a,q rve1l as the sоlаr activity fоr the
last fеп, decades har..e Ьееп associated with the mag-
rretic fielcls c;f thc Srrn. Investigations (both ехрегi-
rTtc:tita} atid thcorctica1) of these featrrres аrе the Ьа-
.cicl otlt]s itr the sturir. of sоlаr phvsics in the micidle of
thc I\th сепtuг\,. Solar phтsics rvas often а сопче-
nieilt "testing gгоuпd" fоr t}re developmerrt of meth-
ocls of piasrna phl,sics, and the stud1, of Ьеhачiоuг of
рlаsпа сlf t}re r:оrопа ,was treated as а possible sоurсе
of ideas fоr soh,ing thе prrlblem of thеrmопuсlеаr ге-
action control.

\,{earrп,}rile, очеr thе last two decades there соп-
ceived an idea that the rеаsоп of structurization is
not orrl1, in the magnetic fields, ьut also in the non_
}inearity of the basic equations that describe the Ье-
hачiоuг of piasma (сlеаrlу defined structures аrе оЬ-
served in tlre Earth's strаtоsрhеrе as well, rчhеrе mag-
netic fields are not so significant), It does not mеап
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at a1l that the solar atmosphere physics can Ье stud-
ied п-ithout measuTing and anall,sing the magnetic
fields, but this implies the necessity of application of
ап essentially поп-liпеаr theory (and пumеriсаl ехреr-
iments) in solution of appropriate ргоЬlеms, in раг-
ticular, in studv of instabilities rvlrich mау Ье rеsроп-
sible fоr the origin of structures.

Iп this connection tlre Sun оflеrs а unique possi
bility of detailed study of рlаsпiа structures of cos-

mic scale п,ith cosmic life times, but i.et апrепаьlе to
оur detailed stud1, and rvith а rvide scale of terTrporal
variation frоm rni}liseconds to hundreds of уеаrs. It
sеепrs to us that it is this fundamental рrоЬlеm of
mоdеrп science that the major interest of mankind in
physics of solar рhепоmепа п,,ili Ье connected rvith.
Belot we describe the contribution made Ьу investi-
gatioris r.vith the RATAN 600 to the stud1 of чаriоus
solar structures and possible prospects in this direc-
tion.

At the sапiе tirne tlre interest to the pToblems of
solar physics) as а part of рrоЬlеms of sоlаr-stеllаг
phvsit,s. is being grorving.

At last, the applied aspects of the study of sоlаr
activit}., п,hich is accompanied Ь1, hаrd e}ectTomag-
netic radiatioTr, ejection of plasma апd cosmic rays
rvil1 rсmаiп ап important stirnulus in investigation of
the Sun. It mау Ье expected that а nunrber of researc*r

рrоgrаmmеs rvill Ье Госusеd on the sеаrсh for r,"ays

of transition from ernpirical to phl,sically grounded
methods of predictioTr of geoeffective actions of the
Sun.

3. Results of sоlаr observations with the
RATAN-600 (1975-1996)

оЬsсгr,аtlопs of t}re Sun ч,ith the radio telescope wеге

initiated оп \ovettrbeL 3. 1974, and the пrost imроr-
tant lesults rгеге oЬtained owing to the unique соm-
Ьiпаtlоп clf tlie foiLorTing chaгacteristics of the iпstгu-
ment:

о detaileci со\,еfаgс of the rarrge 0.8-32 сm (as

пlallг as 12 iTal,eielrgtlr barrds until 1991 and очег ,15

rrar,., 1,Д'l_:.: , ],:.,I.t ,l

о goclci sertsitir-itv fоr rTteasurenrerrts of сiгсulаг

роl:,rгizаtit,tl ili гасliаtiоп (of the огdеr of 1-1.5% fоr
the ir-ii,,it S,_iIl lltlci 1css t}ran 0.1 % for point sоurсеs);

r pl::llliliiт of rrrakirrg long series of daily
rlllst,t,r,:ii1,_,l_. :]irr:lit(]I11lg ilnd target-oriented рrо-
]*rillIlli_ts: i

l l:_,_,-i-l,i.:e_,, ]ll_cil _.patia1 геsоlutiопs (5" in one
l-r,.,1 ,1_:,,,' . _:_ - ]_, .lrtlгt-rr,аr-е рагt of the п,оrkirrg

]'il]-.l сi )::_]:_

эý-s 1Б to do the diagnostics of plasma phys-
еtегs in а п,ide class of plasma structures

соrопа and сhгошоsрhеrе (Table 1). As
the table the investigation ofthe Sun on

the RATAN-600 еmЬrасеs а ri,idc, гапgе of its atmo-
sрhеrе: frоm radio emission of t}re с}rrоmоsрhеrе net-
work (radio grапulаtiоп), varlous struсtriгеs in active
rеgiопs to outer structuгes of the sоlаr atmosphere
(sоlаr п,iпd).

The spectral and polarization studies ofthe Sun at
the radiotelescope fоrmеd the }.iasis for development
of radio аstгопоmу techniques to mеаsurе magnetic
fields in different соrопаI structures. The fоIlоц,iпg
пret}rods п,еrе developed:

о method fоr rneasurement of Stron8 (up to
2000 G) magnetic fields in the соrопа above the spots
based оп the gуrотеsопапсе mechanism оf radiation
at the first three harmonics of g,vrofreq]Jency (Akhme-
dov et а1., 1982; 1987);

о method fоr rпеаsuгепrепt of rieak magnetic
fields in the 1оlч-сопtгаst stгuсtuгеs (of flocculus t},pe,

Bogod et al., 1980) , соrопа1 1oops (Коrzhаliп et al..
1994) , рrоmiпепсеs (Bogod and Gеl'fгеikh, 1978) arrd
fi}aments (Korzhar.irr et а1.. 199,1):

о magnetic field mеаsurеmепt method at еlе-
vations of 100-200 thousand km using the circular
polarization effect (often гереаtеd) of sign irtversion
(Gel'freikh et а}., 1987; Bogod et а1., 1993):

о method of nragnetic field measrrrement оf tlre
large-scale sector structure of the Srrn frоm the Fаrа-
day, e{Tect. Iп the past felr, уеаrs irrcreasirrg attention
has Ьееп given to the developnrent оf techniques fоr
investigatiorr of the thгее-dimепsiопаi strrrcture of so-
lаr Ibrrrrations;

r method of angular atrd sресtгаl radio tomog-
raplry (Bogod et а1., 199.1: 1996) usirrg azirnuthal and
spectral observations rvit}r tlre RATA\-600.

4. Тhе sоlаr соrопа struсturе

4.1. Radio сhаrасtегistiсs of the quiescent Sun

\Iultifrequency observations of the Srrn u,it}r а higir
spatial resolution rnake it possible to get inforпiatioTr
оп radio clraracteristics of the quiescent Sun, suc}i as

spectral dependence of t}re rаdiо radius, sресtгuш of
bгightness tеmрегаturеs, distribution оГ rаdiо bright-
ness frоm the centre toц,ards the iimb. It is опil,оп ttre
RATAN-600 t}iat all the characteristics сап actually
Ье obtained simultaneously during one оЬsеrчаtiоп.

The data obtained witli the radiotelescope аrе
consistent rl ith those obtained ц,ith 1аrgе \rLA,
WSRT, OVRO teiescopes and with the Х-rау da-
ta. Тhе data аrе evidence of inhomogeneous struc-
tuге of thе quiescent atmosphere and that diffеr-
etrt small-scale structures, such as сhrоrпоsрhеriс net-
ц,оrk, spicrrles апd macrospicules, соrопа1 loops, mi-
поr Llipolar structures, Х-га1, points, etc., rreed to Ье

tаkеп irrto ассоuпt (Borovik et а1.. 1972; 1990; 1993).
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Table 1: Resu,lts of the Suп оЬsеruаti,опs obta,ined wi,th the RДТАN-600 (1975-1996)
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4.2. Radio granulation

In the first years of solar observations the RATAN-
600 ivas mаiпIу operated as а combination of the
\оrthеrп sector of the circular antenna and the Fееd
as а non-symmetric parabolic cyiinder (Parijskii et

а1.. 1972). In that саsе it turned out imporiant to
realize high two-dimensional resolution, which can
Ье attained at high angies of observation (in sum-
mеr it is 12" х 72|' at 2 сm). Different рrосеdurеs
to compensate for the strопg signal of the quiescent
Sun and to isoiate the small-scale structure (called
гаdiо granulation) wеrе developed. This ailowed us

to detect rаdiо granulation at sе\Iегаl ц,aveiengths of
the centimeter rапgе, to rечеаI correlation with the
К CaIi line gгапulаtiоп, to determine characteristic
sizes (30" - 50"), to establish the mechanism of radia-
tion (thегmаI Ьrеrпsstrаhiuпg), to estimate the mag-
netic field (< 3 G in ап аrеа of 24" х 214) and the
1ife time of such radio granules бh < t < 24h (Во-
god, 1978). The results obtained are used in а number
of mоdегп mode}s of the solar atmosphere struсturе
(Gel'freikh et aI., 1987).

Object Results Physics рrоЫеm
Quiescent Sun

Brightness distribution
оп the limb
Radio granulation

рrоmiпепсеs

Uniform limb, stalэility in the су-
cIe

Sizes, Тб ()) , gradT , 117.,1, opti-
са1 identification
7в(}), gradT, H,od, N"

Natrrre of radio source at eleva-
tions (7-30).103 km, models
Atmosphere models

N{odels

Kegrons ч/rttr low -{ g
СоrопаI ho les

Filaments

Filament cavities

А7в, spectra (2-30) сm

Sizes, iderrtification

Sizes, ideritification

Аtmоsрhеге models, relation
ln'ith cycle
NIodels. geophysical effects, рrе-
dictiorrs
\,Iechanisms, models

гсtiче regions
Spot sources

Flоссuli, faculae

Loops, condensations

peculiar sоurсеs

Decimetre hаlо

'Ъ(^), graclT, H7q4, grad Н.
struсtuге
7в(}), gradT,H,o,],, N", struc-
ture
7в()), gradT,H,o,1, Nr, eleva-
tions
Detection, Ъ(^), non-thermal
spectrurrr
Nоп-thеrmаl sресtrum" struс-
turelessness

Inhomogeneous models

Atmosphere models, relation
ч,ith сусlе
NIodeIs

Mec}ranisms, plasma turbulence,
particle acceleration

Magnetic fields
Тhеrmа1
brernsstrahlung
Сусlоtгоп radiation
polarization inversiorl

Fаrаdау effect

11 estimates ilr floccuii, loops,

рrопrirrепсеs
Н"о4, gradH, Н"оа l Hopt
Detection. Ъ(^), поп-tirеrmаl
SpectTurn
1/ in corona duгiпg а cycle

Adequate аtmоsрhеrе models

Spot rnagnetosphere
Three-dimensional magnetic
field structure

Вursts
,l.,1,11-sоurсеs iп corona

sloiv bursts

pulse bursts

Ideritification at сm vravelengths,
i and V sресtrа
Spectra, poiarization, generation
mechanisms
Nlulticomponent stгrrcture of or-
diпаrу bursts

Atmosphere models, reiation
with сl,сlе
N,Iodels, geophirsical effects, pre-
diction
\,Iechanisms, models
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4.3. Radio emission of floccules, loops and con-
densations

The high sensitivity of the RATAN-600 enabled оЬ-
servations of floccules, coronal loops and condensa-
tions in а wide wavelength rапgе, which is difrcult to
do with other instruments. It was managed for the
first time to make magnetic field estimates in such
structures. Their radiation is quite satisfactory. de-
scribed Ьу the thermal bremsstrahlung mechanism
when the fields are weak (а few tens of gauss). \4еа-
surement of polarized radio emission at several wave-
Iengths is the basis of the method (Bogod et al., 1992) .

The method of magnetic field estimation in loops
at great (i00-200 thousand km) heights in the соrопа
is of impoTtance. This technique is based on the effect
of inversion of the sign of circular polarization of emis-
sion frоm spot soulces, when the radiation traverses
the regions of quasilateral magnetic fields (Gel'freikh
et aI., 1987).

4.4. Рrоmiпепсеs and filaments

The first observations of рrоmiпепсеs at the radiote-
Iescope (Bogod and Gel'freikh, 1978) wеrе cornpared
with the observations in the СаII line, which gave
the first estimate of their maximum magnetic field
and emission measure. This work stimulated later ех-
tensive investigation of prominences at other instru-
ments.

4.5. Соrопаl holes

Fоr the first time comprehensive studies of coronal
holes in а wide wavelength rапgе wеrе carried out
(Borovik et al., 1990; 1992; 1993). During the solar
cycle the contrast of соrопаl holes (СН) was found
to iпсrеаsе in the periods of minimum solar activity.
Тhе effect of сhалgiпg radio radius of CHs at sunrise
адd srmset can Ье used for prediction of geoeffective
events.

4.6. Active regions on the Sun

Duе to the соmрlех stTucture and а great variety
of processes оссurriпg in the active regions on the
Sun, the1- attгact muсh attention in investigations
чrith the R*{ТА\-600. Based on lопg-tеrm observa-
tions (hclurling obserrations at LPR), detailed clas-
sification of the sоuгсеs that compose the structure
of actirэ regions тr,as made, their observational char-
асtегЫiсs. such as intensity, and polarization spectra,
sizes. heights. magnetic field stTengths wеrе studied.
Тhе rаdiо data п-ете сошрагеd with the optical and
Х-гач data_

Fig- 1 shoгs the generalized structure ofthe active
rефоп. It includes:

. sоurсеs located aboгe the silot rrlllЬга (spot
sources);

. flocculus radio Ыightenings. п,ltiсh suггоuпd
spots atid thеiг репumЬгаs;

. соrопа1 loops and condensations:

. sоurсеs located above the magnetic fieicl пеu-
tral line and at the places with а magnetic field of
deita configuration ("peculiar sources");

о п,ide structureless formation rvith а maximurTr
of radiation in the decimeter ratrge (dесimеtеr hаlо).

4.7. Spot sоurсеs

Radiation of spot sоurсеs has Ьееп established to Ье
rr,ell described within the frаmеs of thermal magnetic
Ьrеmsstrаhluпg mechalrism at the first three hаrmоп-
ics of gугоfгеquепс},. 'rhis rrrade it pclssible to de-
velop а rnethod of rnagnetic fielrl mеаsurеmепt at
the level of сhrоmоsр}rеrе '. соrопа tratrsitiotr 1ауеr,
wlrich is based оп spectraI and polarization obser-
vations (Aklrпredov et а1,. 1982). А соmрагisоп of
the соrопа1 magnetic fields пrеаsurеd Ьу the Tadio
аstrопоmу technique rvit}r tlre fields оп the photo-
Sphere shoп's that HroalHopt : 0.8 in а ц,icle rаrrgе
of пragnetic fieid values. As subsecluent obseTvations
shovred H,oalHopt mау Sеr\rе as an iпсlех of tlre mag-
Tretosphere state and suggests excess cu.rrerrts in ttre
соrопа (for 1аrgе values) and possible turbulization of
plasma in the соrопа (for smаllег values).

4.8. Peculiar sources

These uriusuai sources rчеrе fiгst detected -"r,ith the
RATAN-600 iп cooperative (\'LA. USA) obserlations
in June 1992.

Тhе1- gепегаllу арреаr lvitlr еmс:rgепсе of а lrew
magnetic flux оп the рhоtоsрlrеге and irr the periods
of роп,егfirl flаrе (рrоtоп) actir.itl.. Тlrеiг basic: раrаm-
eters аге as folloп,s: rапgе 2-4 спt, staiэle radiation fоr
3-5 days, size апd elevation ebout 10000 krrr, degree of
сirсulаr polarization 10-30 %, high brightness temper-
аturеs 107 К. А chaгacteristic distinctlon оf tiie fluх
sресtrа is а higtr sресtrаl index, rr=10, at 3-4 сш. Suсh
spectrum features аrе similar to those of gl.rоsуп-
сhrоtrоп гаdiаtiоп of hot еlесtrопs (7 : 107 - 108К)
rvith а N{axvlell distribution in velocity in пroderate
magnetic fields, which mау Ье considered as а possi-
Ь]е version of interpretation (Ak}rniedclv et а1., 1984;
1986; 1987; \hrushiп et al.. 1993; Korzhavin et al..
1989; 1994; Sych et а1.. 1993).

Baset] оп а lot of data it catr Ье stated that ре-
сuliаr sotrrces define the sites with constarrt powerful
епеrgy rеlеаsе, possibly,, in the forпr of сurrепt iayers
acconrpanied bv heating tlre соrопа, to 108 К, or these
аrе а variety of long-lived bursts of tlre type of slovr
risе and fall.

I
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f .9. Decimeter halo

Tlris п,еаk ц,ide diffuse structure \\ras also detected
ц,rth tlre RАfЪN-600 (Akhrnedov et а1., 1986: 1987).
It соl-еrs the ц,,hоlе active rеgiоп and is likely to Ье
а fundamental element of its stгuсturе. 'Ihе hаlо is
plesent пеаrlу in ечегу (weak or strorrg) actiue rе-
gion. It са.п Ье found ечеп in active regions composed
entireiy of plages. The mахimum of the halci flux spec:-

tt,uTn is observecl at t}re decimeter rапgе, at 20-30 спl
ri,aves and is slrifted shortward to 8-15 сm for strопg
acti\.e гоgiопs. T}re behaviouT of the rvell-krroп,n index
ol sоlаг activity at 10.7 сm, rvhich is ц,еII correlat,ed
ц,ith the \\Ъ]f пumЬеrs in optics, is, аррагепt11,, due

to t,he existence of suclr а lialo.

The gчrоsчпсhrо'Lrоrr emission of subrelatir.istic
еlесlгопs r,,,itlt а роп,еr distribution in erierg}, held
in rnagrretospheres mау lэe the rnost likely mесhа-
nisпi of hа]о radiation (sce, fог instance, Коrzhачiп
ct а1., i992). Тhе drор of the spectrum toп,ards the
ioiig-wavciengtlr edge is duc: to the scattering of the
emitted гаdiаtiоtl оп the waves of plasma turbulence
excitt,cl Ьу- tlie sаmе population of еlесtrопs.

Оп the rv}role one mау speak of the halo as of ех-
tencled continuous processes in the radiatiorr belts of
irragnetospheres of active regions (Lang et а1., 1,993),

rvhicli аrе accompanied bil acceleration of particles.

observations
at l0-30 сm

Bipolar group of spots tTith deltд-configrrration
of шаgпеtiс field

Intensiý

Сirсulаr
polarization

ресuliаr ýоurсе
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Both the peculiar sources and the decimeter ha-
lo represent new-type objects, and their observa-
tional characteristics аrе not described Ьу the thermal
mechanism.

4.10. Active regions and noise storms

А comparison of spectra of solar active regions frоm
high spatial resolution observations made on the
RATAN-600 (S component) in the microwave range
with the flаrе component of the VLА observations
reveaied (contrary to the present-day knowledge) the
existence of а powerful and prolonged noise storm pre-
ciseiy in the region of the weak decaying active region
(with strong ARs оп the disk). The data obtained sug-
gest the "decimeter halo"-type component of active
regions to Ье directly Telated to long-Iived sources of
noise storms. This is а decisive соrrоьоrаtiоп of the
fact that such а halo contains non-thermal particles
even if it is not associated with relatively simple mag-
netic configuration in the photosphere (Bogod et а1.,

1995).

On the оthеr hand, it iмas found that in active
regions with noise storms the polarized microwave
radiation of spot sоurсеs undergoes repeated (often
паrrоw-Ьапd) inversions of the sign as it traverses
the compiex magnetic structure of the active region.
Such phenomenon can Ье explained Ьу the presence
of а spatially паrIоw structure of the type of current
sheets, the theory of which is commonly used in so*

1аr flаrе models. !\rrther investigation will prove the
validity of this interpretation and possibility of local-
ization of theoretically predicted current layers in the
uрреr layers of the sоIаr atmosphere (Bogod et aI.,

1996).

4.11. ТЬе conception of the active region mag-
netosphere

тhе abor.e mentioned data of observations with а
high spatial гesolution, and with а detaiied spectral-
and-polarization mralysis of the structure of соrопа1
magnetic fields апd lосалlizаtiоп of regions that rе-
lease thеrшаI алd поп-thеrmаl energy led to develop-
ment of the concept of MAGNETOSPHERE of the
active rеgiоп Ьу analogy with the magnetospheres of
the Еагth. planets and sоmе stars.

At the рhоtоsрhеге levei magnetic fields and their
r,агiаtiопs are caused Ьу subphotospheric motions
(сurгепts) of plasma. Investigation of magnetic field
iп the соrопа is quite аmепаЬlе to radio astron-
ош1- techniques Bith а hight spatial resolution. The
decimeteг halo Tadiation is supposed to Ье due to ас-
celerated еlесtгопБ captuTed Ьу magnetic loops, and
mач Ье ап апаlоgце of the Earth's radiation belts.

5. Radio astronomy and physics of the
Sun in XXI сепturу

It is арраrепt the furthет developnrent оfsоlаr phl,sics
rnust Ье based on observational ргоgтаmmеs in r.vhich
the selected objects of the sоiаr plasma struсturе
is anaiyzed сопсurrепtl1,, in а11 possible ц,ачеlепgth
rапgеs rvith the use of the most adl,anced facilitics
and оЬsегчаtiопаl techniques (Figs. 2 апd 3).

The radio astronomy techniqrres prclve to Ье са-

раЬlе of solving рrоЬlеms that practically can not Ье
resolr.ed Ьу оthег mеапs of ground-based апd space
astronom1,,. Among t}tese аrе mеаsurеmепts of mag-
netic: fields irr the соrопа of the Sun and uрреr сhrо-
mоsрhеrе, diagnostics of plasma turЬulепсе, еlесtrоп
fluxes t}rгough the соrопа. In а пumЬеr of cases the
гаdiо astronorn1. methods of measuring the local elec-
tron density. tеmреrаtuге. emissiori mеаsuге, diagnos-
tics of еlесtrоп ассеlегаtiоп turп out to Ье the most
efrcient, although these рагаmеtегs сап also Ье mеа-
surеd frоm observations irr оthег rапgеs primarii1,
irl the Х-rауs (frоm satellites). It should Ье noted
that the radio аstrопоmу method has stiIl been 1.ourrg
in the study- of plasma structures iп ttre sоlаr atmo-
sphere. А radio sресtruпr co\iels а п,iсlе rnriltioctave
ц,аr,еlепgth rапgе, thеrеfоге а 8leat Yariet1- of objects
can Ье obserl.ed appl1-lng differerrt methods of anal-

).sis. Irr the radio rапgе \\:е сап studv radiation of
tlre uрреr lаl.еrs of sоlаг аtпrоsрhеге: frоrп the up-

реr }ачегs of сhrоmоsрht,rс (at сlrt,гt millinrcf,lg 11дуg-

lengths) to tlre regiorls гesporrsible fог gепегаtiоп of
sоlаr п,irrt] (пrеtrс гаrigе) , Thls аtmоsр}rеге rarrge is
сhаrасtегizеd Ь1, 1аrgе tli{lЪгепсеs itr phl,sical раrаm-
eters of рlаsmа.

о The brightness tеmреrаtuгеs чаry from 10а К
to 1012 - 1015 к.

о Tlre rтrад;пеtiс field varies frоm а fgly gausses
(total niagnetic field of the Sun) to а few thousand
gausses (4000G has beeri rесоrсlеd).

о Тhе рlаsmа densities irr the solar atrnosphere
,п,аr}, between 106 сm-3 and 10i2 ctn-lJ,

Studving of пruitipararneter plasrrra is impossi-
bie ч,ith опе instrunient only, and iпtроrtапt results
аrе gепеrаllу ohainecl in obserrations with а пum-
Ьеr of radioastronomical iпstruпrепts, optical de,nices

and sрасе-Ьоrпе faci}ities involved. On the face of
it, the very different instruments exist in the n,orld
to meet the requirements of radio аstгопоmу, hоiп,--

ечеr under сlоsеr scrutiny it is evident the potential-
ities of rаdiо аstrопоmу аrе fаr frопr beiTlg firlly rеа1-

ized. Tп,o-dimensional images of space obiects in the
widest sресtгаl rапgе (image sресtгоsсору,) аrе likely
to Ьесоmе the principal gain of iпfоrпrаtiоп, Ноwечеr
this арргоасh at radio п,avelengtlrs ц,lth an angular
resolution of 1" - 10" (rеасhеd irr optical and Х-rау
ranges) is yet far frоm being realized. Fоr such ап ех-
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.l \-rп(].lу (Frаrlсr,:), CclrrelrL,tloп is sееп, Ьеtчlrх:.п tlt,c tt,rtusual eJJetts irt Х-r,ау апd rаd,i,о raTlges.

-*l,cLed anc] r,ariabie object as tlre Sun the ргоЬlеrlr
-i |-l]1l1plicatcd bl,the fact thаt it is песеssаг}, tcl о1;-
_ l,:ll sltrrultalleouslr, а п,itle field of lrjg11, (abotlt 3000'')
., _-:r а 1righ tеmроrа1 reso]rrtiorr (millisecorr<ls).

l:L i,lс,с:огtlilliс:е rl,itir tlrtl abolre tlisctissed ccittcellt,
. ..iгtttioris rnrtst llс coliclur:ter{ in all rarrges оl sii-

_.:, l,aclio c,rriission. Hcгo rle;lг(,c(l1l(,t,гlljrlg ч,i1 1t tlrc
]_._L 1,1 )\\,i1\,L. гаlrgс Since $,сl hat,e ir rircaitlr rlf схilс:гi-
. :_, с of irrvestigation at the RATAN-600, As соtrillаrе
-,,_:]l srrc}r telescopes as the \'-LA and \\iSRT, tlris
l,:, l:il tc.iescope hаs а 1опеr spatial геsоlutiоп. hoý,
--.,:l it аllоп.s rпоrе сопrрlеtе sресtrа1 mеаsurеmепts

-:_ -1lе гаtrgе 0.В 30 сшi. Besides, оп,iп€] to tlre desigrr
: .]1е telesсope, long sеriеs of inl,estigations of thcl

i,.l- ttrгпеd out possible цlithout serious irrtегfегспсе
_ l , rтliег оЬsегr,iпg рl,оgrапrпIеs. Iп sоlаг ollserr,atiorrs
-::;s rrlегit of the R,ATAN-600 is clf irrrpoгtanc:c.

_\ttr::rrtion is attracted bу tlre rеmаrkаЫе r,агiеtl-
: srllаг irtrnosplreгe structuгes, п,hiclr ргоr,ес1 to Ье

,.,,, e.sible to observations r,r,itlr tlre racliotelescopeJ as
,.,-ll as Ьг the tliversity of riiagrrostics nret}rclds of solar
:,.asttLi,L. espec:iaily соrопаi Tnagnetic fields, developed
l: lt. llа_чls. Tlre data аrе given in ТаЬlе 1. The оlэ-

t, l,.,,:li(lllдl гсsults of соrопаI magrtetlc: fields above
---- :]l ,i: i]lld tlre detectioll of the lcllig-livirrg local

sites of norr-tlrermal еIIсrg}, rеlеаsе in the согопа of
ac:tiтe геgiсllls сlеstlгl,с а рагtiс:ulаг atterrtion. Ihese

ргоЬlсlrrrs c:cltlld trot Ье гclscll,nc:d rvithor.rt а cletailed
s1_1tlс:tгаl аtrirlr-si_ч irr t}rcl гасliо гаtigе iп c:oпrbination
ц-itlr ilr:c,Ltгtttc 1lt-ilarizat1oll 1lieasllгenrents ц,}ricllr аrе

1.iгirсticirllr, lirt,iiirrg at oilrег 1arge tcllesc-,cllles.

6. Development of the RАТАNТ-600 for
sоlаr studies

Raclio diagrrostics of sоlаг рlаsmа is greatlv tle-
perrdent оп tlre telescope раrаmеtегs strcir as corrr-

pleterress оf sресtrum analvsis, accllrac\: of роlаrr-
iztrtiorr пreasuгeIIIelIts, spatial resoltrtiorr, dyrrarrric:

гiillgс. pclssibilit1,, of lorrg-term ollseгl,zttions (during
the clirr.alrcl tlailr, during the чеаr). Being at а clis-

ad\.ililtage irl гcsolutiorl as соlпраге<l to tlrc VLA and
\\'SRT, RATAN-600 rrlacle it pctssible to hаче шrоrс

сопrрlсl,с sllectгulrr arralr-sis alrd more ас:с:urаtс роitiг-
ization measLlrements as ц,еl1 as ап esserttially 1аrgеr

arrrount of observatiorrs. This allorved e{rective mеа-
srirerrrerrts of сотопа1 nragnetic fieids arrd diagnostics
(atrd 1ocalization) of exterrded non-tilermal рrосеssеs
itr the пragnetosplrere of the active rс:giоп on the Suп.
,\t ttre salrre tlnre nerr, irnportant rеsu]ts iri phl,sics of

(J1
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Figuге 3,. Дп еrаmрlе of joiпt оЬsеrоаt,iопs of the,9uп ui,ththe NоЬе,l1аrп,аhеli,оgrарh (Jарап) апd RАТДI{-600
at sечеrаl uallelengths i,п the сепti,rпеtеr,rсl,rlgе. а) - the tuo-d,imens,ioTlal iп,tепsi,tу mар at 1,'/ сrп (1,1оЬе,уаrпа),

Ь) - the sаmе conuoluted uitll the krt|ife Ьеаrп рсlttеr,п ol the RДТД^r-60а, с) - the tчlо-d,im,епsi,оп,аl с,irсulаr,
polarizcttiotl mrlр, а') --the- multiuatle sllс:сtru,m oJ the R,ДТАN-6а0 sсап,s, Ь' ) tLle RДТДN-600 oLlserllations
at 1.81 спt,, с') - the sсапs at sечеп uarlelength,s i"п 1lolo,r,ized rad,iatiюn. It t,s sееп tlou tlt;o-di,пlensi,oпal ап,d

spectral data obtaiпed ulitlt the h,tlo i,nstrumerlts r:omplemeTtt each other,

the Sun, which could not Ье obtained at the RATAN-
600 because of insufrcient resolution, rvere obtained
with the aperture synthesis antennae. It should Ье
noted, however, that fоr 20 years of solar investiga-
tions члith the RATAN-600 its antenna раrаmеtеrs
wеrе not used to full advantage. Observations wеrе
basically саrriеd out with an арегturе of 260 х 5 m,
vrhile it can Ье brought up to 600 х 400m, Two-
dimensional mapping of the Sun was not actually
made, although effective multifrequency heliography
тлith iцstantaneous mapping of the entire solar disk
чrаs possible. А чегу limited amount of observations
чrаs used fог the study of dynamics of sources.

6.1. Spectral investigations

Fог spectral inrrstigations чrith the RАТАN-б00, а

рапоrаmiс spectTal апаlуzеr (psA) has Ьееп designed
апd is being developed to enable сочеrаgе ofthe whole
frequencj- rапgе of the алrtеппа (0.8-30сm) (Fig. а)

апd beyond its limit (to 5 -- tоvrадds the short-rvave
side and to 5&100 сш on the long-wave side). This

апаiчzеr спýurеs conculrent anail.sis of tlre spectrum
of the ц,irole range rvith а 

'i ,and of 5 7 frеquепсу rеs-
ohrtion and is unique in radioastronomical studies of
the Sun (Bogod et al., 1988; 1993).

The device геsоlчеs t}re рrоЬlепr of fast simrrlta-
neous rесоrdiпg fоr а11 the channels, and поп, the
гесоrdiпg is as fast as 1 lns. This is vitai 1Ьг the
tasks оп localization and bursts analysis at the irri-
tial stage (spike-tl,pe рrосеssеs) in а п,idе ц,avelengtlr
range and foT determination of structuгal. tеmроrаl
and frеquепсу relations.

This kind of investigations саrriеd out Ь1, а uni-
fied technique provide а lэLilk of пеп, data fс.,r rnajor
studies of sоlаr phvsics and sо]аr-tегrеstгiа1 rеlаtiопs,

6.2. Study of temporal chaгacteristics of solar
stгuсturеs

The imроrtапсе of strrdy of dl,namical properties of
inciividuai sоlаr structuгes, acquisition of multioctave
spectra of intensity and сirсulаr polarization сап not
Ье overestimated for such а r,агiаЬ]е object as the

NоЬеуаmа daИ, 1.76 сm
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рiэlаrizаtiоп

The fiгst level of fre$lency rcsolution

-1"5 -1.0 -0.5 0 0.5 1.0 1.5
solar radius

Figurе 4: Тhе i,прut multi,waue lееd tor the frеquепсу rапgе frоm 0,83 GHz to 1В GHz. The multi,осtаuе rапgе
is Ьrоkеп uр ,i,пtо sеuеп suЬтапgеЕ, each bei,ng di,ui,ded into ei,ght сhаппеls ulith, а trеquепсу rеsоlutiоп ot 5%. Дt
the top (ri,ght) is ап еrаmрlе of obseruati,ons о! the Sшп at 39 aauelengths (the ulauelength ,iпсrеаsеs uрuоrd
frоm the short uаuеlепgth, 1.7/1 crrL, to the lопg ut)aaelength, 30.0 сm) i,п ,i,пtепs,itу, at the bottom ri,ght i,s the
сirсulаrlу polari,zed rad,,iation uithin the sаmе ulauelength rапgе of а u)eak acti,ue rеg,iоп at the сепtrе of the Suп
(епlаrgеd scale).

atmosphere of the Sun.
Two regimes (tested casually) of frequent (with

шr interval of 5-15 min) observations of the Sun dur-
i,ng 4 hours аrе possible. One of them involves the
movement of the South sесtоr sесопdаrу mirrоr with
the реrisсоре on the circular rails, and simultaneous
moving of the main reflector and the periscope. Under
tЫs condition the Ьеаm of the telescope is knife-edge,
which is often convenient for observations of аII оь-
jects оп the Sun. The beam turn angle in the azimuth
rеасhеs *8о and can Ье used for two-dimensional
mapping of stable objects.

Another mode was рrороsеd Ьу Golubchina and
Golubchin (1989), in rvhich the secondary mirrоr is
positioned at the centre ofthe telescope, rvhile the dif-
feTent parts of the main rеflесtоr is being pointed on
the Sun in turn during diurnal rotation of the Еаrth.
Under this regime extended (6-8 hours) observations
*-ith shоrt breaks аrе possible. This is occasionally

94

utilized to реrfоrm the tasks that do not require high
spatial resolution (the resolution hеrе is three times
as low as that of the full sector of the radio telescope) .

We are pinning our hopes on observations with the
South sector and periscope, which will Ье working in
the Schmidt telescope mode. The source tracking time
in this mode of observations mау reach 1-2 houTs,

And finally, it is naturally ihat on completion
of the instrument automation project, extended (4

hours) observations will get regular and open а new
page in study of dynamics characteristics of solar
structures Ьу mеапs of the RATAN-600.

6.3. RATAN-600 as а multirange rаdiо helio-
grарh for instantaneous Tnapping

The research work on the development of mapping
techniques on the RATAN-600 реrfоrmеd for а пum-
ber of years (Gel'freikh and Opeikina, 1992; Bogod

Amplitude frеquепсу funcfion of multirvave feed hоrп ,о РаУ 
14,1996,
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and Grebinsky, 1996) resulted in creation of а project
of а radio heliogTaph with the раrаmеtеrs suреriоr to
those of the existing instruments. The idea of the new-
type heliograph consists in using non-coherent illumi-
nation of the antenna aperture whose Ьеаm pattern
comprises а few hundred lobes соmраrаЬlе in роwеr
vrith sizes of order .\/D, where ) is the wavelength
адd D : 600 m is the size of the mirrоr, The lobes
аrе distributed in space in а random but known posi-
tions. This permits the combination of а high angular
rеsоlutiоп and а wide field of view of the order of the
soiar diя,mеtеr (0.5 - 1О in сm range) to Ье realized.
The Suп image is obtained as а result of its moving
асrоss thе multilobe frequency-dependent Ьеаm pat-
tern Tiith а correlation interval of 1-5 N4Hz. (Fig.5).

Тhе spectrum апаlуzеr of the 256-572 channeis
raises the sensitivity, thus making faint objects ас-
cessible to the iastTument, and iпсrеаsеs the rate of
mappiug for Ьright sоurсеs (radio bursts) to 1 ms (for
obseгlation of spikes which аrе the most direct evi-
dепсе of particle acceleration in active regions).

Fог the first time multifrequency high-speed radio
mapping п,ith а field of view ) 30' х 30/ turns pos-
siЫе, п:hiсh cannot Ье done with other instruments
of the в,огld. Fig.6 shows а comparison of the radio
heНogTaph раr,яmеtегs in axes: angular resolution-
frequencv п-ith оthеr instruments of the world used

Figuге Гэ RДТД]'{-600 iп, the h,eli,ograylh rпоdе.

ог to Ье used in sоlztг observations. Its раrаmеtеrs
in mil}imeter rапЕ]е аrе sееп to Ье fair for adequate
comparison of the radio. optical and Х-rа5, rапgеs.

6.4. Techniques of the соrопа thгее-dimеп-
sional structure study

Spectral alrd роiагizаtiоп пrеаsurеmепts of the Srrn
can Ье used for tlre cleveloprrrent of the projection
arrd emission tonrography methods fоr the рurроsе
of reconstrtlction оf thc tlrree-climensiorral structuTe
of solar sоrirсеs (Bogod et al., 199.1; Bogod arrd Grе-
binsky, 1996). Frоm their projections uttсlег the con-
ditions of sоlаr соrопа this wi1l mаkе it роssiЫе to
study the spatia1 distribution of the enrission пlеаsuге
and the сhаrасtеr of inhomogeneities of struсturаl е1-

eпrents frorn the rаdiо eпrission in t}re centimeter апd
dесimеtеr ranges. The thrее-dimепsiопа] modelling of
t}re quiescent Surr regions, соrопа1 holes and mаgпе-
tospheres of active regions above thc spots B,ill result
iTr the refirrement of the physical nlccharrisrrrs rеsроп-
sible fоr ttre соrопа lreating and fог the cl,clic el,ents
of sоlаr activity,

Тhrее directions of tomographic irrvestigations аrе
being developed on the RAT_\\-600.

1. Emission toinography. Obseгl,ations of the one
arid the same obiect at sеl,еrаl rr,al,elengths allows the

Sоurсеs distribution (setted)

AцTtphase dlagram pattem
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,,lltгiЬutiоп made Ьу different lal,gr5 1. the radiation
-,, Ье separated and the temperature and density of
*aL,lr 1аl,еr to Ье determined.

2, PTojection tomography, Observations of one

,1i]d the sаmе object at different angles enables ас-
1.lisitic,in of data оп its three-dimerrsional strtlcture.

,З. Sоlаr spectroscop},, Соrrеlаtiпg tп,о images of
.1]] object at different angles опе сап find its height
:l,..ltlL the relative shift of its projection r.Tith tlre usе

-,: tlre рrореr rotation of the Sun.

7. Conclusion
\\-р lleliele that sоlаr radio аstrопопrу and the rа-
,1l., telescope RATAN-600. in particular, ho}d much
llt,otrrise fоr studies of solar physics. With а sufficierrt
lrtallcial stlpport, not опh,, Rrrssian but aiso lчоrld-
ii,icle astrophysics will have а unique instrument сара-
ille of ргоrпоtiпg the stuciy of structurization of sоlаr
plasma as part of gепеrаl physics, 'Ihis advance will
li]In out possible provided that sоlаr observations аrе
corlducted ч,ithin the frаmеs of inteгnational projects.
_\riепtlоп should Ье paid to the fact that such an ар-
lll,clac}r геquirеs target-oriented funding for estabiish-

lrг

merrt of communication with оthеr obserrratories and
fоr the facilities offast processing ofobservational da-
ta as vrell as fоr their astrophysical interpгetation and
makirrg them availab]e to the users. These mеаsurеs)
rvhen put tоgеthеr, rvith sufficient funding and mап-

роlчеr rеsоurсеs ъ,i11 епsuге effective геsеаrсh iri the
field of sоlаr ptr},sics fог а пumЬеr of decades.
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