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Abstract. Тhе spatial struсturе and evolution of the гаdiо emitting rеgiоп in thе solar соrопа
above the complex grоuр of sunspots (SD No 24l1976) at the stage of violent activity, is studied.
Polarization obseгvations with а high spatial resolution (about 10 аrсsес) in the wavelength rапgё
t,З5 сm - 18.0 сm have Ьееп used fоr this purpose. Fтоm the data obtained а qualitative mode}
оl t}re thrее dimensional structule of the rаdiо emitting region is construc:ted. А hot flаrе }ike

1оор (peculiar source) which existed quasistationarily fоr about 5 days and а sоurсе of сусlоtrоп
tiаtuге radiation with predominant оrdiпагу wаче аге the most prominent details of thе model.
Both phenomena аrе геlаtеd to anomalous a.nd рrоlопgеd епеrgу lеlеаsе in the геgiоп of radiation
огigiп. Joule dissipation of electric сurгепt in the circuit "соrопаl magnetic loop - рhоtоsрhеге"
rlay Ье suclr а sоuгсе of епегgу, electric current being gепеrаtеd Ьу suЬрhоtоsрhегiс motions of
:olat,rrtatteг, and the high resistarrce is due to collisions of ions and nerrtrals in а wаy similаг to
ltrat it occ]uls during sоlаr flаrеs.

Кеу wогds: Sun: activity - Sun: соrопа - Sun:.radio

IlrtГoduction acteгistics. The rеgulаr observations at RATAN-600,
owing to whiсh а wеаlth of observatiorial data have

. - геgiопs (AR) оп the Sun, as it follows frоm been accumuiated, al}.ows рrосееdiпg to statistical in-
,, itions' аге ехtrеmеlу diveгsified in any Tange vestigation of the l.s. strtrcture. Peterova (199а) has
rromagnetic radiation. In thе radio wavelength attempted to develop а celtain c]assification of l.s.

_ lor instance, the bTightness arrd оthеГ сhаrас- based on t}re type of thеiг hаlо. Тhе рареr seeks to
. , . :_. of local SоurсеS' (1.s.) of radio emission located sеаrсh for соmmоп features of the struсturе and evo-

sоlаг atmosphere above AR vary очег а чеrу lution of гаdiо radiation of sunspot groups with the
:,arrge. This rеfегs to all basic components of the sanre type mоrрhоIоgу,
"lге ofl.s.: sunspot associated (пuсiеаr) details,
.lrd peculiar sоuгсеs. Тhе vaгiability of the lat- First we have chosen а sample of complex vigor-
.:, Ье explained ЬУ thе fact that поп-thегmа1 ously active ДRs, whеп а new bipolar grоuр of young
-:€S Э,l€ likely to рlау an imроrtапt (if not deci- sunspots is fоrmеd пеаr t}re old isolated sunspot. This
lrtingenerationof thеirrаdiаtiоп.Тhепuсlеаr type of ДRs аrе characterized Ьу high flаrе activity,
ttent of I.s,, as one of thегmаl паturе of radi- which сrеаtеs fачоurаЬIе conditions fог detection of
rnust Ье mоге stable, hоwечеr, its brightness sources heating the аtmоsрhеrе аьоче дRs. Тhе wоrk

- lccasionally оr in the process of evolution Ьу has been done оп the basis of оьsегчаtiопаl data of
,i,ati опе оrdеr. lVhat determines the dеgrее of ДR SD No. 24/1976. The гesults of analysis а}е com-
- end wtrere аге the sоurсеs that heat up the pared with the observations of а sirnilar AR SD No.

-_}let,e above ARs, and which is the mесhапisrп 259/19S0 (Peterova et а1.,1996). In both cases above
,, ,rtirig this heat? This question rеmаiпs one of one of the young sunspots а геgiоп with an excess of
..iп problems of ptrysics of the so]ar аtmоsрhеге. ordinaTy modeTadiation }ras been detected. This phe-
.. to the great variety of ARs orr thе Sun they поmепоп is likely to Ье associated with the negative
l,g been studied Ьу way of classifyirig the сhаr- temperature gradient due to the increased епегgу rе-
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lease above the sunspot. This геgulаritу, which is con-
firmed in а пumЬеr of оthеr cases, ргочidеs grounds
fог selection of а new subclass оf sunspot associated
details - thе sources with inverse polarization of rа-
diation. Investigations ofevolution сопfiгm once again
that radio observations can Ье e ficiently used fог the
study of active ртосеssеs оп the Sun, the onset of
which is mоrе distinct hеrе than in оthег ranges of
thе еlесt,rоmаgпеtiс spectrum.

2. Description of the AR SD
No. 24/1976

The indicated AR (SD is the пurпЬеr label of thе bul-
letin "Solnechnye Danrrye", П,{сМ No. 14179 is that
оf the bulletin SGD) was оЬsегчеd irr its third rоtа-
tion (CMP=IV-27.4). In thе first гоtаtiоп (SD No.
10/1976) this was а Ьiро}аг sunspot gгоuр of small
агеа (Sp=20-50 m.s.h.) which turпеd up on the visi-
ble side ofthe Sun and existed only three days, In the
second rоtаtiоп (SD No. 16/1976) thе AR rергеsепtеd
а lаrgе and con.plex sunspot of class Н (Sp=ýQfi ýgg
пr.s.h,) of inverse rnagnetic polarity suгrоuпdеd lvith
а vегу bright flocculus. A,ccordirig to Akinian et al.
(198З) irr tbe third гotation tlris AR, rvas obserl,ed
as а sufficiently bright middle sized floccuIus. t.ntil
'27 l|Y а unipolar rеgulаг sunspot of S п,rаgrlеtiг ро-
larity (Sp=200 2,10 пr.s.h.) was situated iп its eastern

рагt. Beginning frоm 29 llY а nelr. Ьiроiаг grоuр of
sunspots of inverse poiarity арреаrs to the поrth of
this sunspot, the area of tlre main old sunspot being
diminished. The maximum development of the уоuпg
рагt of t}re gгоuр is оЬsегчеd оп З0/IV 01/V i976,
аftеr ttrat the AR. Ьгеаks down quickly.

Оп the who]e the AR was сhаrасtеrizеd Ьу en-
hanced flaTe activity. It gave гisе to two powerful
events: in the second гоtаtiоп the flаrе of 28/III
(Т-.* = 19.5U'I) of class 1В, х1, r,vhile in the third
гоtаtiоп the flаrе оГ 30/I\r (Т-.* = 21.0UT) of ciass
1В, Х2. These r.чеге рrоtоп flагеs accornpanied Ьу
а пumЬеr оГ helio arrd geop}rysicaI effects. Неdеrпап
(1981) }ras noted this AR to Ье the most significant
event on tbe Sun in 1976. It was оЬsегчеd iп а реriоd
оf rTrinimum solar activity just at the Ьоrdег between
the 20th arrd 21st cycles. Ву its location оп the sоlаг
dlsk (iatitude S 07-08) it must Ье rеfегrеd to the old-
cycle ARs, hоwечег, the sign, of роlаritу alteгnation
in it corresponded to t}re new сусlе.

3. The observation and the ргосёdurе
of analysis

The basic obseгvational mаtегiаl fоr the investiga-
tion of the AR SD No. 24l1976 rvas oЫained in the
observat,ions carried out during thё sоlаг eclipse of
29/IV at the wavelengths 4.0 сm (пеаr Zelenchuk-

skaya, D=3 m) and 4.85 crn (пеаr Kislovodsk, D=3 m)
with an effective resolution of 8-12 агсsес arid at the
RATAN-600 in thе регiоd from 26/IV to 01/V at
thе wavelerrgths 2.08 сm, 3.90 сm and 6.52 сm with
а resolution of 14'l х 1.2|,28" х 2,3' апd 47" х 3,9'.
гespectively. Тhе рrеlimiпагу геsuits of the оЬsегча-
tions аге ачаilаЫе in the papers Ьу Geifгeikh et al.
(1978), Коrzhачiп (1979), Boldyrev et ai. (1978).

Fоr AR SD No, 24l1976 we used а gIeat body of
additional data c,wing to the fact that this AR was оЬ-
sегчеd during thе STIP-inteгval. These obseгvations
wеге systematized and prrblished in "Collected Data
Rерогts for SТIР-iпtегчаl II" , 1977 (Report UAG-
61), whеrе the ргiпсiраl sоlаг, iпtегрlапеtагу and geo-

physical рhепопrепа for thе period (20/III - 05/V)
1976 аrе described in details. То widen the sресtгаI
rапgе of investigations, the results of the eclipse оЬ-
servations of this AR at 1.35 cm (Efanov et al., 1977)

and 18 сrп (Gosachinsky et al., 1977) as well as the
observations with thе Lагgе .Pulkovo Radiotelescope
(LPR) in NIагсh Аргil, 1976 at 4.4 сrгr and 9.0 сm
(Ak}rmedov et al.. 1991) are also included into con-
sidегаtiоп,

Тhе identificatiorr of sераг'аtе details of the l.s.

stгuсtuге rvas реrfоrrпеd with higlr ассuгасу (2 аrс-
sec) Ь1, пleans of соmраrisоп of rаdiо iпra,ges lvit}r tlre

photoheliograгr on the day ofthe eclipse, 29/IV, using
соогdirrаtе rпеаsulеrrtепts Ьу N4atveev and Yuгovsk1,
(1977). Fоr the ot}rer days the photoheliograrrrs kirrdl1
пTаdе available frопr L.Dezhe (Debretserr, Hungary, l

rr,еге used. In tlre given case the observational mate-
гrаl is rrоtеri Гог its fаir corrtpleteness and high qual
it1,, Тhе anail,sis of ilur orTrr data arrd оf t,hose оЬ-

tained at t|re RATA\-600 was реrfогrrrеd Ьу well-
developed rnethods (Gelfleikh et al., 1974; Akhrrredol
et al., 1987). Тhе ргеlimiпагу гesults рuЫishеd еаr-

lier аrе spec:ified arrd lecoltsidered taking into account
thе рrеsепt day knowledge of ttre stгuсturе of l.s.

4. Тhе structure of the l.s. of AR SD
No. 24/1976

The characteristic рrореrtiеs of tnulticoIIrponeIIr
struсtuге of this AR геflесt best the гаdiо obseI,-

vations in the eclipse. In Fig. 1 is shown the one
dirnensional brightness distгibution of the l.s. of this
AR during the eclipse at 4.85 сm. А very like distli-
bution was obtained at а close wavelength, 4.0 cm.

То demonstrate the peculiarities of the stгuсturе
Fig. 2 displays in tпоге detail the iпiage of the AR
frоm the observat,ions at this wavelength. In t,he struc-
tuге of the l.s.5 detaiis can Ье noted. T}rree of therr,

аrе related to the rпаiп srrnspots ofthe grоuр: detai-

А is associated with thе old largest аrеа sunspot, de-

tails В and С аrе situated above the young sunspots
of the пец,, bipolar group of N and S mаgпеtiс роlаг-

ь
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^,lге 1: The st,ruсttLrе of the l.s. апd the group clf sunspols of thе ДR SD No.2|/1976 frclm obseruations of
lg/IV sОlаr ecliц,,se at J.85 сm at the m,оmеп.ts of cctntacts tuith the Мооп limll.

1оlJ

геsресtiчеlу. The distribution of the dеgrее of ро-, zation over the l"s. indicates that the radiation of
, lhгее details was st,гопgIу polaгized. This helped
:.solve the unpolarized radiation of this соrпрасt

. ]nto sерагаtе detaiis.The division was реrfоrmеd
:ег the assumption that ail polarized гadiation of

the I.s. is duе to the sunspot associated details and
thе-dеgгее of роIагizаtiоп of this гаdiаtiоп is 100%
at the wavelength 4.0 сm and 50% at 4,85 сm. Аftег
suЫгасtiоп of these details frоm thе total гаdiаtiоп,
weakly p.olaгized details Н1 and Н2 аге гечеаlеd.

Тhе identification of detail Н2 is,аррагепt - this

11 51 1

10 610 3 10
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Figuге 2: Тhе brt,ghtness distribution of non-polarized, radiat,t,on (I) апd. d.egT,ee clf polarization (Р1 for thе l,s, A.R

sБ мо. .24/1976 obtalneil Ьу the eclipse method оп 29/IV at /1.0 сm. Тhе dasЪed liпе shошs thе dial,st,on of tht

.total flux iпtо separate details (д,в,'с, Н1 апd, н2, F). Тhе lolller 1lart displays the sketch of а уlhс.,tс,hеliоgrап,

tuith indication of stgn апd strength (100 Gs) of the mаrtmum mаgпе,tiС field tП the mа,iп пuсlеl of the suns\lc,ls

Епfrаmеd at the to,P ls the positlon'rlf indlutdual details of this l,s. toith respect to the mаiп suпsprlts frоm thc

ecllpse ob.seruations at 1.35 сm (Еfапоч et aI.,1977),

is thе mаgпеtоsрhеrе of the young раrt of the grоuр,

which fогms а halo*type sоuгсе. This is suggested Ьу

both the position of thе sоuгсе whose cooгdinate falls
within the iпtегsроt space В С and its size соmрага-

iЙ'*i'Ь the sераrаtiоп betiueen the young sunspots

of opposite magnetic роlагitу. Detail Н1 has like сhаr-

acteristics (halo ог pqculiar sоuгсе) too, alt\ough the,

identification in this case iS not as аррагепt. Ноwечеr,

this mаУ Ье supposed to Ье а magnetic loop fоrmеd
as а геsult of iпtеrасtiоп between old sunspot А and

neighbouгing уоuпg sunspot В of opposite роlагitу,
The displacement of the cooTdinate of detail Н1 to-

wагds !V rvith геsресt to sunspots А and В mау Ье

considered as ап effect of elevation of sоцrсё Н1 lo-

cated at the top ofthe loop that connects spots А and

в. The existence of mdgnetic loops геlаtеd to details

Н1 апd Н2 is supported Ьу observations of t}ris АF
in the Но line. Ассогdiпg to Gaizauskas et aL (1977

оп 29/IV two аrсh systenrs of fibrilles u,hiсh corrnec:

spots А-В and В-С аrе obseTved.

As it wil} Ье shown below, to understand actir-,

ргосеssеs that hаче оссurrеd in the AR, оьsегчаtiоп=

iп the shогt-wаче рагt of the spectrum аге of ех-

ceptional irпрогtапсе. In this connection in Fig,2 в,
герrеsепt the struсtuГе of this l,s, obtained Ьу th,

..iipr" method at 1.35 crn, following Efanov et а,

(19i7). Ассоrdiпg to these оЬsегчаtiопs the total flu--,

of the l.s. was сопсепtгаtеd оп thrее details, Trv

of thеm having small sizes, about 10 аrсsес, соiг"

cide with sunspots А and В, Ву the way detail _

(sunspot В) has the highest Ьгightпеss tеmрегаtuг,

iT" = 314kK). Detail 1 contributes half of the tc

we
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ll the to-

: ]uге з: (^-f) Dynamics of the l.s. А,R SD Ii-o. 2J/1976 frоm th,e RАТДN-600 obseruations iп the rаПgе

- 0s 6.52) сm. I апd V аrе the Stohes раrаmеtеrs 1lrеsепtеd. iп апtеппа tеm,реrаturеs (the scale is g,iuen оп the

-,l , Th,e degree of pr.tlarization P=V/I ls shошп Ьу the dashed llпе. Fоr some brlghl details rlf the l,s, slru.сtuуе

, est,irn,al,e fоr the effecttue szze of the rаdiаtiоп region аlопg tlt.e d,ay parallel (E-W aris) is рrеsепtеd, Дt thе

-tсlm the slcetches frоm photoheliograms аrе displayed,

usual sign oi polaгization in the sоuгсе situated above

.un.poi В since the sunspot had the magnetic field

of поrttiегп polarity. То explain the polarization sign

iпчегsiбп, one fгequently uses the effect of iпtегасtiоп

of погmаl waves in the геgiоп of tгапSчеrýе magnetic

field. In the case of AR SD No. 24l\976 thе influ.

.- fluх of l.s. at the wavelength 1.35 cm, Ву position
. .: size this detail coincides with halo Н2 obseгved
- .опgеr waveiengths.

At the wavelength 1.35 cm all thrее details had ех-

.s left,polaгized radiation. Тhе same waý оьsегчеd
, -i,0 and 4.85 сm. Attention is attracted Ьу thе un-

we
Text Box



76 РЕТЕRОЧЛ, КОRZНЛЧIN

Figule 3: Ь

ence оf the magnetoactive plasma on the polarized
radiation. plopagatin8 thrоugh it, has Ьееп examined
Ьу Ryabov (1982). А lrrodel calculation shows that а
20 % variation of the frее mode] рагапtеtеr catlses es-
sential сhапgе of magnetic field stгепgth i1 |}о rеgiотt
of inversion sсгееп. That is rvhy in this case thе in-
version of polarization sign is difficult to explairr Ьу
t}ris пrеапs iп а wide wavelengths гап8е.

Weakly polarized detail F located east of tire
sunspot group has no арраrепt identification. Its la-
diation is likely to Ье short-lived, fоr this detail is аЬ-
sent on the RATAN*600 scarrs: А similar shоrt lived
extended геgiоп situated aside from the sunspots and
having по с]еаr identification was detected also in the
case of AR SD No. 259/1980 (Peterova et al., 1996).
Alt this suggests that the stгuсtuге of the subpho-
tospheric rnagnetic field of this type ARs was mr-rсh
пrore соrпрlех than опе сап judge'froпr the stгong
fieIds of the surrspots at t}re level of photosphere. Tlre
pleselIce of fast variable details also indicates that
the пragnetic: field of t}rese ARs, as а whole, is ех-
tгеrrrеlу unstable.

RATAN-600
28.04.|9,1б

l toooK

р
0.5
0.з

I

l toooK ,

р
0.3 З.90сm

1 V

J
р

0.5
0.3 2.08сm

v0.

dl' 31'56
..-1 lN

.''qл.. No,24
Zoý

Figuге 3: с.

5. Evolution of the l.s. AR SD
No. 24/1976

Тhе develo1lnrent of this ].s. accoгdirrg to the observa-
tions with the RATAN-600 is гергеsепt,еd in Fig. 3а
f. Тhе structure and intensity оf radiation staгt tc
сhапgе with tlre shоrt wa.velengths in thе period Ье-

tц,ееп 26 апd 27 lIY: at 2.0Е сrп а strongly polarizec
(100 %) sоrirсе of radiation of чег.ч srпаll size (about
5 аrсsес) арреагs above the stabie old surrspot lvhicl
had rr'uch larger sizes (20 25 arcsec) . At long". *uu.-
lengtlrs the variations аrе not as significant, however
the effective size of the гadiating геgiоп above this
sunspot is sorrrewhat reduced too. At the рhоtоsрhеге
level thе area of the sunspot and the rnagnetic field
strength retnain practically unchanged. Тhе rаdiо оЬ-
servations show that the аtrпоsрhеrе above the olc
sunspot as if begins to "feei" more thап 48 hоuг_.

in аdчапсе the subphotospheric рIосеssеs, whiсh wil.
eventually give Tise to rrеw activity in close pt,oximatr
to it.

On t|re пехt day, 28/IV, north-west of the olc
sullspot рогеs of opposite rnagnetic роlагitу арреаг
w}rile in radio radiation t}re intensity of the sourc"
above the nrain spot continues to rise, and at 2.08 сп

it is аlгеаdу сlеагlу noticed not only iп polarizatior.
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]- 
u'ro in intensity (Fig. 3с) , ргеsегчiпg the smal]

Sudden activizatiorr ofthe gгоuр ofsunspots is оЬ-
. , еС duling the next, 24 hоurs. On 29/IV the еmеrg-
. loop folms пеw sunspots of both polarities at the
-,tоsрhеrе level, which is accompanied Ьу а consid-
.:-,ie (two-fold at all the wavelengths) increase of
.. a.tld corrrplicatiorr clf the l.s. stl,ucture. If рrечi-
- i orily oTre bl,igLrt det,aiI above tLre rnairr sunspot
.- .;Ьsегчеd against thе background ofthe exterrded

соtltгаst soulce of about 5 at,crrrin, now the 1.s.,

:,clic:ated in the ргечrоus section, consists of five
-_l 1s.

ilre day оf 30/IV was lroted in tire histoгy of this
:'эr its powei,ful flale of class 1В, Х2. The obser,-

_Its at the RATAN-600 and LPR wеrе реrfоrmеd
_ _,j liours Ьеfоrе the flare. Оп this day the radia-

f uх fi,orn the AR reaches its maximum value: ас-
,:Lg to the LPR obseгvations in the rапgе 4.4 сm-
:ll (Aklrrrredov et al., 1991) it iпс:геаsеs twice as

lгеd rц,iih the day befole. Frorrr the RATAN

Figuге 3: е.

600 оьsегчаtiопs it is serэn that at the short wave-

length, 2.08 спr, the atrrrosphere above thе AR. Ье-

comes turbulent: the sunspot associated sou],ces аге

рооrlу discerned in the general structure of the l.s,

In the interrsrty only опе detai] is visible, its position
арргохiпrаtеlу coincides with the nucieus of а weak
flare that is to оссuг in this AR about thгее hоurs
lаtег (Gaizauskas et al,, 1977). On the оthеr }rand,

hоwечеr, in thе роIагizа,tiоп thе sout,ces above all thе

sunspots are visib]e weli enough, the stгucture of the
polaгizatiorral image being mоге "nornlal": above the

sunspot with the magnetic field of N polaгity а sоuгсе

of гight sigrl is fiгst гесоrtiеd.

А similаг struсtuге of the polarization image was

obset,ved оп the next day, 01/V, at а lопgеr wave-

length, 3.90 сrп. Fгоrп this day the l.s. begins to de-

grade: thе total flux dесгеаsеs, the sоuгсе formed Ьу
the plasma of magnetic loop Н2 weakens сопsidег-
ably. As is fгequently t,he case, the development of
active pt,ocesses ends in ;r роwегful flare аftег whiсh
the AR гetttrns to its quasiquiet state.

*_..__.__--_-\
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6. Discussion of results

1. The spectt,a of radiation оГ the rriairr details of t}re
l.s. stгuсtuге of AR SD No. 24lI976 Ггоrri t}re obser-
vatiorrs оп the day of the eciipse аге presented in Fig.
,1а Ь. lt must Ье kept in miTid that thе 1.s. struсtuге
Lras Ьееп divided up into separate details uпdеr the
assuпrption of lrigh polaгizatiorr dеgгее of surispoi as-
sociated soul,ces, thеrеfоге the гаdiаtiоп flux value а1

wavelengths lопgеr tlran 4 спr fоr detail В mav lэe
underestirnated, while for detail Н1 it mау Ье очеr-
estirrtated. Ноwечеt, the сhагасtеr of the spectrurrt
гпust сопsегче qualitativelv assuпring а iоwег dеgгее
of polarization.

Tlre гпоst а.ррагеrrt is the nat,ure of radiatiori ot'
sоuг(еs С a,trd }I2 whiclr ale geneticallv геlаtеd to tlre
1,ourig рагt о{ the AR (sunspot svstern В С). Detail
С tras all the features of а typical soul,ce of cvclotrorr
natul,e: the flux gгоп,irrg witlr encreasing wavelength,
sizes c:ornpalable with those of sunspots, higlr deglee

of polarization, А certain excess of non роlагizеd га-
diation (deiail С1) suggests that the dеgгее of ро-
,larization was actually less than 100%. This can Ье
explained Ьу the assumpt,ion that the magnetic field.
necessaly for gепегаtiоп of emission at the second
harmonic оf gуrоfгеquепсу, par.tially extends to thе
region of high соrопаl tеrrrрегаturе va]ues. Оп the
оthег harid, detail С is most likely а srrpeгpositiorr
of гadiation of smаllег soulces belonging to sерагаtе
sunspots. Еаrliеr it was shown Ьу obseгvations that
in the region of aggгegation of closely, spaced роrеs
оr snrall sunspots the noп-polarized radiation, often
with non-t}reгmal spectrum, is пеаrlу always detected
to iпсrеаs;е. The гadiatiorr of detail С1 mау Ье оf, the
sarne паtuгt:, its contгibutiorl to thе total flux is srпа]l

- at 4 спr it arnounts to 0.3 s.f.u.
The polaгization sign of detai] С thгоughоut the

whole wavelength rапgе corresponded to the excess
of ехtrаогdirrаrу wave, i,r:. thеrе was no influence ol
the trаrrsчегsе field orгthе polarized radiation, а]-
though t}ris рhепоmепоп might qualitativelv Ье ех
pected proceeding fготrl t}re georretry of thе AR at tht
пtоmепt of obseгvations. lГhе cololla above sunspot С'

sarrk арраrепtlу sufiiciently low, hоwечеr, the condi
tions for generation of radiation at the short wave
length, 2,08, crrr were not гeaiized (thе sоurсе was ех-
trеmеiч faint), possibly due to low strепgth of mаg-
netic: fields. Тhе fie]ds ofthe ordel of 1.7 kGs nec-
e_.sat,v fot gerreгation of гadiation at this wavelengti,
lvere iп thе Tegion of the cold сhгоmоsрhеliс рlаsпrа

T}ie гadiation of hаlо Н2 was of brerrrsstralrlurrg
сhаt,асtеr - flat sресtгum rvith minor polaгization,

Itt соtltгаst to the soLIrces related to ttre youni
Ioop, t}re s()uгсеs locat,ed in the systerrt of sunspot.
А В had peculiarities both in intensity arrd irr ро
larization. Тhе sресtrа of detai]s А and В is gir,.l.
separately in Fig. 4Ь t;o rэmphasize their peculiaгit1
паmеlч the рrеsепсе of tlre shоrt,-wаче radiation е-ч-

cess. Fгоrп t'ig.,1b it is seerr that in both details th*
spectгLlrn is а suрегроsitiоп of sресtrа of two type_.

- thеrmаl brerrrsstralrlung and сусlоtгоп etltissiot,
Ttrese Ьоrdеr at а wavelength of 2 сm: at higher frе-
quencies Ыemsstrah]ung predorninates. Гоr detail В
the spectrurrr of this radiatiorr dгорs аЬгuрtIу wit1-

increasirrg r,vavelength, while fоr А it rегпаiпs flat о:
also dгорs torvards lorrg waves, Тhе dеgrее of polaгiza-
tiorr оf detail В at the shогtеst ,"vavelengtlr. 1.35 c.rrl , i.
not high, Р=(3-4)% (Efanov et а1,. 1977). At wave-
lengths larger than 2 crrr сусlоtгоп emission арреагs
the flux iпсгеаsеs wit}r w;rvelength, the dеgгее of рс-
laгization lises.

Тhе rnost геrrrаrkаЬlе 1Ъаturе of t}re роlагizеd гаdr-
ation оf detail В is the рrеdопriпапсе of thе ordinar".
mode of lacliation in а wide wavelength гаrrgе (1.З5
4.85) сrл. f'he inveгsion tlf the ternperature gгadierl:
in t}re sоuгсе оГ гadi;rtiolr is а ргеГеt,аЬIе iпtегргеtа-
tion irr t}ris case. Fоr tlris а sout,ce ot,a mechatristlt с

we
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.1t t[ansport rriust exist fог thе additional heating
' г}rе согопаl plasma in the solar аtmоsрhеrе above
,sllot В. Tlre featuгes of rаdiо ernission of detaiI
desc:r,ibed above аге believed to Ье r.elated to а

.,hапisrп of апопrаlоus геlеаsе of епеrgу.
Тhе study of the l.s. fine stгuсtuге ovel the last

,, чеаrs has shown (see e.g. Akhmedov et al,, 1987;
'iгоча1 1994) that thе sunspot associated com-
.:пt iп а rtumЬеr of cases gives ,r,аt,hег а sma]l
-l,rbution to the total fluх of ARs, The sоuгсеs
,,е tltt: sunspots соrпе second iп bгightness tеm-
,-luге (Tg = i - 3 \4К) after the peculiar details
. = 5 - 10МК), however, in contribution to the
., flr_rx (less than 50 %) they mау Ье at а соп-
:abic: disadvantage in relat,iorr to the halo-type

es, This геsult is сопfiгmеd Ьу the investigatiorr
" ЦR SD No. 24/l976

- Тhе three-dimensional structure of the l.s. is
::sented schematically in Fig. 5, А11 t,he оЬsег-

:rs hаче shown t,hat rnost, likely the l.s. of the
.,igated AR consisted of а syst,em of thгее-lоор
-,.tгеs (агсhеs), Ttre оutегrrrоst аrсh Н is based оп

ule whose magnetic field was ЬiроIаг. This аrсh
-he plasma whose radiation оп thе RATAN-600

4 )". сm

scans manifests itself as а low-contrast extended (4-6
аrсmiп) sоuгсе especially visible at shогt waves duг-
ing the first period of evolution of the AR (till 27/IV).
In all plobability the radiation of this plasrrra was of
Ьrеmsstrаhluпg сhагасtег because in the obseгvations
of the eclipse at 18 сm soui,ce Н was not rесогdеd
(Gosachinsliy et aI., 1977).

Тhе foundations'of tlre агсh Н2, locat,ed below,
wеге fixed in thе sunspots of opposite polaгity of thе
young рагt of the AR. Most likely the рlаsrrrа ciгc:ulat,-
ing in the ltlop was in equilibrium st,ate: its гаdiаtiоп
(souTce Н2) was of thегrпаl Ьrеmsstгаhluп8 natuгe,
above sunspot С а typical sоuгсе of сусlоtгоп radia-
tion was situated.

АII distinguishing features of t,he AR аге гelated
to loop Н1. Тhе loop is supposed to hаче origirrated
as а геsult of interaction between the old and new
magnetic fluxes and rесоппесtiоп of рагt of пrаg-
netic force-lines. The interaction began two days Ье-
fоге the appal,ent activization of thе AR at, the pho-
tоsрhеrе levei and is considerably intensified at, thе
rпопlепt the strопg magnetic fieids ext,ended irit,c-l

the corona and пеw sunspots wеrе fоrrпеd (29/IV).
Сопсегпiпg рhепоmепоlоgу, агсh Н1 closely геsеrt-

@__
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r-,

Figuге 5: Th,e. sch,em,e oJ'l,h,e lhrее-d,imепsiоп.аl struc,
lttre rlf lh,e radial,irln rеgiоп aboue t.h,e sunsцlot grоuрl

5'D Дr,. 2l/1976, Тhе Ьr,ightеr regirlns of arch Н1 аrе

cr,tlss-halched. Тhе footpo,ints of this loo7l, шh,iсh шеrе

obserued as souTces of htghеr brighlness iп lhе- shrlrl
шаче part of the spect,r,LLm. аrе shгtшп. lLlack.

bles а flаrе loop: at its foundations (legs) аге оЬ-

served low,positioned Ьright footpoints that rnanr-

fested themseives as compact breTrrsstrahlung so1-1I,ces,

Тhе brightrress of thеiг гadiatiorr at '"lre shоrt ц,аr,е.

1.35 c:rrr, is rlrore tharr arr оrdег of rnagnitude highег
than that of а quiet аtmоsрhеrе of the Sun, Тhе foot-
point above the уоuпg sunspot is thгее tiпres lrot-
ter thап the footpoint above the old sunspot (З[J0

kK and 100 kK, respectively). Тhе abol,e situated
plasma was also heated a,s а гesrrlt of which the: ci,-

сlоtгоп sоuгсеs Ьесаmё Ьгightеr (in Eig. 5 thе1, ;rге

sltowrt as two gугсэlечеls). It rпау Ье assurned tlrat,

t}re }reating above the footpoint В rvas so gгеаt that
irtversiorr of the tеmреrаturе gradient irr the region
of gепеrаtiоп of сусlоtгоп eTrrission took place, which
explains t}re rечегsаl of the polaгization sign. T}e rе-

dLrction of the effective sizes of thе c:yclotl,on sоuгсе

А in the course of evo]ution (the period аftег 26/IV)
rTray Ье rеgаrdеd as formation of а thin hot tube,
"согd" , along the сепtrе line of the 1оор (in Fig. 5 it is
hatched), At the top of 1оор Н1 hot plasrna was ileld,
whose weakly-polarized гadiation was поп-thегrrlаl
(see the sресtrurп of detail Н1 in Fig. 4а).

'Г}rоugh аrсh Н1 resembles irr morptrology а flаrе
loop t}re Iegion of radiation of Но flаrеs, howevel,,

does not coincide in this case with аrсh Il1. According
to Gaizauskas et а1. (1977) t}re nucleus оfthе suЬflаrе
of 30/IV was observed погt}i west, of the surrspot В,
the flаге itself was prec:eded Ьу еlrrегgепсе of а srrrall

filarrrelit Telated to the оthег Ioop, аrсh Н2. А possible
position of the filarrrent in the thгee-Eirnerrsional AR
struсtuге is rndicated Ьу the mагk Fl in Fig. 5.

We сап judge of location of the 30/IV роwегful
flаге in this AR on tLre basis of indiгec:t evidence only.

Whеп observing its associated outbulst (Akhrnedov

et al., i991) with а low гesolution, the polarization
of its гаdlаtiоп in the Tange (3-5) сm was found to

Ье right-signed. Nefed'ev et al. (1969) have оЬsегчеd

that the outburst polarization sign is determined in

some cases Ьу polarity of the пеагЬу sunspot. If this

is the case, the flаrе must then Ье luminous пеаr

sunspot В, that is the coordinates of the powerful

flаrе were coincident wit}r those of thе suьflаrе whose

position we know exactjy frоm the obseгvations itl

но.
Frоm the comparison of the resu]ts of 1.s. AR SD

No. 259/1980 arrd of l.s. AR SD No,2a/1976 оЬsеrча-

tions it follows that in the rеgiоп of Но flагеs ernissioL

the long-lived detail of considerable interrsity was аЬ-

sent in the structure of the lаttеr as it was the case

fоr the fогrпеr. This mау qualitatively Ье related tc

the diffeгence in conditions fol the emelging loop ir-

ttre sуstепr ,of AR large-scale гпаgпеtiс fieIds. In th.
case of AR SD }io 259/1980_, iпtегасtiоп between 1h,

аr,сh that existed еагliеr and t}re уоuпg loop ellleIgin-
пеаr it took place. bottr Lrad nol,mal polality altel-

nation. The inteгaction оссurгеd on tlie derrarcatiot
liпе betrveen these nragnetic is}ands and showed il-
self as а Strопg halo type Sоuгсе. In the sаrпе гegior

chrornosplreric flаrеs wel,e registered, а very power-

ful опе occttrred too. Тhс: indicated rеgiоп c:oincide,-

in position with neit}ier of t}re loops that assumirrgl.,

composed the thгее-dirпепsiопаl stгuсtuге of t}re l,s

AR SD 259/1980.
In the AR SD No 24l1976 the young loop еrпеrgе"

inside thе old, both having anomalous огdег of pola:-

it1, аltегriаtlоп. Iп tLrrs case the геgiоп of Но гadiatic:
оf thе flагеs lies outside the агс}rеs that r:clrrstitLtte t},-

l.s. stt,ucture and outside the rrrost active flаге lrk-

агсh too. Ноwечег, the conditions hеrе ale, ргоЬаЬi,
suctr t}rat tlre flаrе pIoceSS has rio long-duration (sel -

ега1 days) quasistationary pLrase with forrrratiori
а long-lived Soulce оf entrancecl rаdiо eпrission. Tl-,
гesults oЫairred hеrе suggest that actrrally not ot,-

but several mechanisrris of flare forrnation пlау е},-

ist and the experimentator must Ье сопсеrпеd rvii:

ascertaining the conditions under which а paгticuIa:

rrechanisrn is орегаtiче rаthеr than with choclsing Ь,

tweerr them.
As а rnodel Sоurсе of high tеrпреrаturе plastna

the соrопа, опе поrmаllу consideres thе соrопаl hea:

ing due to lapid dissipation of magnetic: fields in ti,-

рrосеss ог гeconnection. This пtechanism finds сс:"

fiгrпаtiоtt itr чагiоus obseгvations (see, fог instan,-
thе sut,veY Ьу Somov, 1988). Tire гesults of t,he stru

tuге irrvestigation of the I.s. AR SD No. 24/1976 рl-
Sented here аrе not at чагiапсе with those COnCеPI:

Ноwечеr, sоmе phenomenological peculiarities of ti-,,

case as well thе necessity to explain t,he rrrost iпt,,
esting facts of the irrvestigation - t}re stгuсturе

гаdiо emission of alctr [l 1 and the polarization inr=

sion ofthe sоurсе В allow one to apply one rп'"

---г---
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}vay of modeling flаге рrоgеssеs - the Joule heating
ol plasma in the flаrе loop.

lJ. Оп t}re Joule heating of plasrrra. Тhе рhе-
trt-ltttetlology оf t,he loop Н1 suggest,s that at а сег-
tain stage of its developrnent electric сurrепt heat-
ing the plasma in the loop could aiise and exist qua-
sistat,ionaгily fог а сегtаiп tirrrе. Fоr the first, time а

rrrodel of the епегgу геlеаsе (fог the flare) carrsed Ьу
,loule losses of еlес:tгiс сuггепt in the cilcuit "cot,onal
агс:h-рhоtоsрhеге" has Ьееп ргороsеd Ьу Alfwen and
Iiaгlqvist, (1967). Опе of the difficulties of this rrrodel
Юr, inteгpleting t}re flаrе heating is the long сurrепt
эuild-uр time. In t}re case of S-corrrponent of sоlаг
гadioernission, 

-l,equirerrrerrt,s 
t,o сегtаiп рагаrrrеtегs о1'

'lris rrrodel rlay tuгп out to Ье less stringent.
То iпt,егрrеtе the obseгvations of loop Н1, we have

:rrade use of one of the fuгthеr developments of thе
.bove пrentioned model - the wогk of zaitsev and
itepanov (1991). In this wогk thе trragrretic loop with
llггеrtt is rергеsепtеd as ап,еiесtгiс: сliгсuit, consist-
rц tlf'i,}re соrоttа,l a.ltcl pirotospheгic: 1lагts. Tlre е}ес-
Lrlll()tive 1Ыс:е in this cliгc:uit, is irrduced Ьу ttre rrrо-

,ilrr о{' trl}rotospheric rrtаttег. T}re paгalTretels of t}ris
,loclel, both gеоmеtriса,l and plrysical. арреаг to Ье
,tагlч c:oincident wit}r those of loop Н1. which we
а\,е шleasllred frorrr оЬsегчаt,iоrrs (tlre plrotospheгic:
:at,et,ial trrotion velocit,y has beerr estitlrat,ed in ас:
,гtlапс,е ivit,b the рарегs Ьу Rodгigues et al. (1996);

'1atveev апd Yuгovsky (1977). All the раIаrrlеtегs
tГег trot mоrе than (1.5-2) tiпres. This allows the

tгilгrаtеs rrrаdе Ьу Zaitsev and Stepanov (1991) to
, rtsed directly. Tlre calc:ulations show tlra,t епеt,gу

--.rt,t,cl ttp irr suc:h а circr_rit is suffic:ierrt everi fог роwег-
.il flares, W = 1029 - 10З1 егg, including the ргоtоп
,re of30/IV iп the AR uпdеr irrvestigation. How-
. ег, the Joule lreat trrrns out to Ье mапу оrdегs lоwег
:,. ацsс of the low геsistапс:е the c:irc:uit, оffегs. f'hе
:],е Ci]11 ос:с,rtг if thе l,esist,anc:e, {Ъr sоrпе rea,scltts. гisеs

.{- 1() огс]еr,s r;f rrlagtrit,rr,le. Zaitsev art,1 Stelrarrov
. , t: slttlr,vlt t,lrat suc:lr att ittcrease itr гesistatlcle occul,s
-lr репеtгаtiоtt of пеutгаl atoTrts into hоt plasпla.
ilrstartce, witlr interaction betrveen the flаге loop
l tlle c:ool filarrretrt, Tlre clecisive рагt in сrIIегgу t,e-

,,..е ilr t}ris case is 1liayed Ьу c:ollisiolrs o{'iorls witlr
ltгаls. Тltеге irге two геgiопs of с:rlегgу геlеаsе: at
- to1l c;{'ttrc: loop wiтеrе it collles itl cotttact with the
:ttitteltce, and at its legs, whet,e the пеutrаl corli-

.-(]Ilt IItay Ье of chгorrlosphel,ic origin. Тhе lorrg-
,rtiolr luntirtosity of loop Н1 of hig}rег Ьгightпеss
,,\,s otle to srtppose tlte sагttе rriec}lanistrr of lreat-

_ .Jorlle ciissipation оf еlес:tгiс c:1.11,l,ent), but of lоwег
,,.,,t,. to Ье effective at tlre out-of-flare phase of its
-iellce too. Tlre пеutгаl component, is likely to have
.:tгаtеd into tlle loop fгогп thе сhl,оmоsрirеге.
T]re observatiorral fact t,hat the heat,ing of loop Н1

_ lls fit,st of a.ll a,t the sl-rогt, wavelerrgtils and s}rows
. tlttlr:lt tlrоге effe<ltive in tlris rапgе tlra,n at tlre

lопgег wavelengths, оr. in оthеr wогds, in the higher
sоlаг аtmоsрhеriс lауеrs above thе AR poirrt,s out that,

the рlаsrпа of the loop is lreated Ьу Joule dissipat,iorr.
Тhе case is, ttrat ассогdiпg to the estirrrate of Zaitsev
and Stepanov (1991) the епегgу геlеаsе at the сhго-
mоsрhеrе level must Ье пuсh пrоге poweгfirl thап irl
the соrопа.

Тhе stгlrctut,e of AR SD No. 24l1S76 апd SD No.
259/l980 type is not unique. The signific,ance of ех-

аrпiпiпg these cases consists only in that t,he рhе-
поrпепа оЬsегчеd iп theпr wеге of lаrgе scale, and
thегеfоrе, сап Ье studied with а resolution of 10-30
аrсsес. This kind of pгoct:sses, but irr slnaller агс:hеs,

аrе typical tlf most ARs, that is why the гesults of оur
геsеаl,сh rrrау Ье of rпоl,е gепегаl iпrрогt,аrrсе fог tlte
solution of thе рrоЬlеrпs concel,ned with the heatirrg
of plasпra above'ARs.

7. Ргiпсiраl conclusions
Wlrer. studving two stlrtspot 8roirps of't,he sallle t},l]i,.

SD No. 24l1976 and SD No. 259/1990, tvlriclr wеге

at t}re st,age of violerit atltivization arrd gave гisе tt;

powelful flагеs of class (1-2)В. t}re following гesults
have beerr obtained.

1. It lras Ьееп с:опfiгrгrеd Ьу rаdiо оЬsегчаt,iоtls
t,hat with the swin-rrrririg up of а Itew lltagrretic flrrx
tube пеаг tlre old sunspot of opposit,e trragnet,ic: роlаг-
ity а loop агisеs whiclr colinects the геgiопs of the old
and new field. In опе of tlre cases the effects of rесоtt-
nection аге оЬsегчеd two da;;s Ьеfоге the appeat,attce
of yotrng sttnspots at, t}re plrotosp}reгe level. rvhic}r is
indicative of the existence of subllhotosplteгic ilrtег-
action of rrtagrretic fields. The inteгat:tiotr is acc,otrtpa-

nied Ьу а considelable he;rting of согопаl plasura lreld
Ьу this alclr, whic}r strows itself in а sечегаl*fоld ill-
сгеаsе of l,ac-lio errrission bright,ness above t}re old spot
and in fогrrrаt,iоп of а lralcl-tylle гaciiatiorr s<luгс,е witIt
а поrt-thегlrlаl sресtrltrrr at the top оГ t}re а.гсIr. Tlre
pl,U(,eSS lasts jl 4 days.

2. In bot,h cases а surtsptlt, associat,ecl sоurс:е tlf'itl-
чегsе polalizatiorr sign tr;rs beert rесоrdеd above the
vouIlg suns])ot lyirrg at otre of thе forrпtlzrtiorrs o{'t[re

rrewly fЬгrrrеd ac:tive loo1l, Тhе spectгuttt сlrагасt,ег сl{'

thе роlагizr:d err.ission arrd its irrdepencletlc:e оrl the
geoпret,t,y of location clf tlris detail irr the st,гuсtuге о['

the AR allrlws us to suppose that in tlre given case

the оrdiпаl,у гadiation rпоdе exc:ess is clue t,o the ре-
culiaгities of t,he conclit,ions uпdег whictr t,tris гаdiа-
t,ion is gепегаtеd - the l.еrrtрегаtuге gгadielrt irl,ч,ег-

siotr - but rrot thе effect of рrораgаtiоп cotrditicltts
whiclr ale rrsually irrvolvecl fог iпtегрrеtirrg such оЬsеr-

vatiorial l,esults. At, least in orte case t}ris assutrrpt,iolr

is confirrrretl Ьу t}re l,evelation above this sunspot of а

low-situated Ьгigirt corrrpact sоuгс:е of гadiatiorr lrav-

ing а spec:tгum of bI,erгtsstra}tlrtng с:hаrас:tег. whicll
suggests thrэ existence o{'t:levatecl }reatirrg оГ t}re solar,
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plasma in the active loop, especially at its founda-
tions,

It shorrld Ье notecl t,hat sirrrilаг sоuгсеs rvitlr the
excess оf oldinary-rnode rаdiаtiоп irr а lvide lvave-
Iength rarrge hаче Ьееп observed as раrt of ot}rer ас-
tive rеgiопs of colrrplex stru'сturе too. These аrе. fоr
instartc:e, thе AR. SD No. 329+332/1981 (see Fig. 6

irr ttre paper Ьу Ak}rlrredov et al., i982) and thе AR.
SD No. 228+229/1982 (Figs. 4 and 5. Akhrredov r:t

al.. 1987). All these f'acts pelrtrit а rrец, subclass о1'

suttspot associated details of the stt,uctuгe of local
soLt],(,cs lr,ith апопlаlоus с}tагасtегistiсs predorni-
natiotl of t}re ordirraгy mode of ratliatioTt, w}rich is
diflicrrlt to explairr, the exccss оf shol,t rvave t,ac]ia-
tiolr to Ье introclrrceii,

lj. Ап esserrtial difiъгепсе has been fourrd irr the
stl,tlr:tuге o['the raclio.rllissintr t,egiolr itr tlrese trvo
саsе,ч tvitll l,espt]ct tо thе tegion of raciiatiori of pow-
eгfrrl Но flales, In o11e case it lvas associatecl rvit}r
а lorrg livec1 (sечегаl ciays) intensil.e sottrc,: of' rvc:a.kl1,

1lolarized rаiliаtiоп irl а ,,vide lr,avelength гatrgc:, iri the
оlhег r:ase ц.ith:r }iaгdl1,visible dc:tail at tlre sliогt
rvaves (2 crr-r) опlу. ,"vlrich п.аs obselved fot, а s}rогt
tirTre.j ust а fец, }tоl-tгs prior to the flаге, f'he п-iutuаl
огiеrrtаtiоп of tlre inteгactirrg arci.es r,virs also noted
to Ье dilfelerrt:in tlte fiгst case t}tc lterv агсh errrei,gecl
besiLle tlie clId. itl tlte secclltd irrside il.

-'1. Liorrrllarisorr of гlrtliо ettlission r:lttrга.сtегistiсs of'
tlie inl,t:stigated AIl. rn tlre qrrasiquiet sta.te irlld duг-
ing the 1]агr.s shоц,s that tlre lreatilrg cl{'tlie atnro
sp|rele;rbove the AR rгrа,у Ье due to olte;,rttc'l tlie salrrt
plrysical ргосеss Гol,t]rclse tlvo plrases t}rat ale с]ifГегеrrt
otllv irt tlre еrrегgу ancl tirrrе sllzr]c. I1 is 1loirrtecl out
t}ia.t the }litellorttertology of ou1- оГ 11аге e\,enl.s ргl_)

vides 8гou11(ls t':l r:otrsidel, Joule dissip;r1 ion of'electric
сlirгеtlt as such а rrtcc:lranisttt.

Ackrrowlctlgetl_tt:ttts. 'Г[rе lvork \.yas supIJol,ted ll,v tlre
R.шssi;rtL |-outrdatiotr tlI Basic ll.i:sc:aгclt (grапt 96 0:
19279;r) a,ltd tlte R.ttssiarr State Sc:ierrtific ;rrrcl lГec}ilric;rl
Рlсlцгаtпlпе "АstrсltLопtу" (grarLt 4 27).
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