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Abstract. Eruptivc dcstailiiization of the solaI соrопа aIId соrопаi Inass eiections аl,е central
protllenls of sоlаr phTsics" Сurrеritiз,, the sеаrс:h fоr rtэalistic: sceilarlos (in optir.::;, Х-rауs and
miс:rоп,ачсs) of such e\.ents is fЪr fi,oirr being conc:lusive. Elere r,r,e сlеsсriЬе sollle пе\\- Iesults
of рге-flаrе пLаss and епеrgJ.- build-up fЬr tire АR NOAA 80З8 on NIav, 1997, based ori hoad-
btrrrd (allorrt 1 87GHz) пtiсrоrчачсl соорегаti\.е studles lvitil the faciliLies of RATAN 600 (sрtlсtгаi
observatiorrs) , \ietsЁ}rovi, (rrrillirrreter 'lэarlri inraging). and Bcijirrg аstrопоmiсаl оЬsсэrr,аtог}, (tirrie

prclfiles of thе burst event at 2.84GHz ancl lcctor mаgпеtоgrарh observations) . Ttris AR lvas а

trlerfectl1. usefril ob.ject fоr studr. of energ1, build-up scerrarios becatrse it prodrrced onlv onc' lrrаjог
flаrе er,eirt (пеаг 05 L,T оп NIav 12, 1997) . \{ic:ro1\lave study of рrе- a,rrd рсst-flаrе ARs gi\es аu
oppoгtilllit}, of t-let,ectictrr оf cvolution c}langes tiorn сhrсlпtоsрhеrе t,o coronal stTuctrtTes, Ttle nliiin
findirrg of tlri,* rероrt соп.еt"пs t}re tirLrLsual Ье}rачiсtuг of cclronirl emission c]volution. !i;г tlrгее
riачs Ьеfоте the flaTe сче;.r1, its bгightrress rl,а,s steirdil1. decreasing and steadil_y grotving fоr tlrrtэe

d;rl.s a{ieT t,lrc: e-;errt t0 li]a] Eiilnc] firral lcvel. Orrl rcsrrlts l)oini to stгопg tlrегпrаl irrstabilitт of ihc,l

AR, before the flаге arr,l зlltt},Ье ilrtегргеtеd as ali irtdicatiori of significarit stead1,,{loтns frоtп tlre
p}rotosphere to t,he с:оrопа r.lith а significirrrt. rrrass buitcl-rip ЬеlЬrе the tiarc.

Кеу words: Sun: соrопа - Suп: r:r,o1r-rtlorr - nrethocls: obseгr,atioriai

1, Introduction

_,illv solar p}renomena (flаrеs, соrопаl mаss ejections
-rIEs). filarnent erupticltrs) inr.oivc: large-scalc desta-

.-izatiorr clf thc corona, statisticai scenarios based
iгаgrпеrltесl eтierg]r rеlеаsе cllr the пricroscales (see

эllоs, 1995 fоr ге-",iеrт), enabled us to discol.er а
:. , ,qic:al oгigiri cэf sоlаг explosir,le activity, Diagrrostics

,.1lоl,gу build-up and predictiorr of such рhепоmепа
. аlsп opell lo qucslion.

D]i{егеrlt sсепагiоь о[ епеrgг build-lrp (lr,гiTe ге-

_ lts rl ith а ý,e1l developeri сlrrrепt systern ог mo\I-

. magnetic footpoints via randorn p}rotrlsphr:rir:
- ..d пtotions) presume short (hоurs) tiпre scales (setэ

-lraoka. ]997). Suсh sсепаriоs do not explain tire
. -llificant пIass сопсепtrаtiотr 1rl thcl соrопа, r,r,ell оЬ-
- ,.,tс1 as its post-flare ejectiori, l,virich rreeds stearlt,

,,.s inflows frоm the рhоtоsрhеrе to the соrопа.
:_.. rejation Lrе'гtlееп vaTious рrе-flаrе епеrgч build-

.,,etiarios and tvpes of рrimаrу flаrе епегg1, rеlеаsе
:",эulsiче, gradual and especiallr. violerrt (Li and Fii,

, i,.,U.ijз.,Iъной
, ,l ,,' , '',т'I€CKO*

l:l, г,+. 
, l-срии

tlre fiare oTigin is an imрогtапt рrоЬiепr also.
Here п,е сопsidег t}re evoiution of the actil,e rеgiоп

АR 8038 on \Ia1, 9-14. ]997 at шiсrоп,ачеs.
This AR is ап especia1}1, interestlng object for

studl-ing tlre па,trtге and scenarios of flаrе activity,
'l'he AR рrоduс:ес1 cnlt, опr, пrаjоr flare el,ent (rrсirг

04:59 UT оп i\,{ay, 12, 1997) during its passage across
t}re sr-llаr disk. r,vhic}r gives а гаrе орроrtuпitу to stud"v

t,he differerlt rrra,nifestations of рrtэ-flаrе energv build-
up апd its pclst,-fi;rrc rela,xation. T}re flаrе had а sig-
rrificarrt епеrg)I rеlеаsе iп the соrопа (II T,l,pe bursts,
siit-rcks arrci. possilo1y, C'\iE el,ents wеrе rерогtеd),

The everrt rlnder corrsitleration was one of the fiгst
ac:tivc rоgiопs in the пец, 23-d solar activit.v cy,cle arrd
t}tс:гс is а good opportunit1, of usirrg tlKэ last techni-
ciil iшrpror.enlorrts {оr coo1lerative studies arrd пеl,п, оЬ-
serl.:liional techniqrtes. It ц,аs а particrrlariy, stlitable
ol-rject to ollserve ц,ith t}ie RATAN-600, а {Ьп-Ьеаm
nrulti-lval,c instrttment, o\\,il],g to the ехtтеmеlу iorv
at:tivitr, оf t}re sоuтсе iп оthеr parts of the sоiаr disk.
Арагt {iоm the RАТАN-бO{] data (30 {requenc:ies at
0.9 14 GI]z in intensitv and pcllarization), lr,e usc:d tlre

!. Sptr:ial AstTophvsical Obserrlatcir_r, of t]re Russian AS, r999

ics of protorr events atrci
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iпfоrmаtiоп frоm the cooperative obserr,ations оf this
eyent \vith \{etsilro,,.v inlagirrg (80 GHz, in intensity) ,

Bei.jing Radio Station (2.84GHz, irr intensitv). opti-
са1 l.есtог-пrаЕ!пеtо8rirрh1. (Нuаirоu Station of ВАО),
tоgеtlrсг rvitlt rеgulаr Х-rа"ч (BATSE) arrd tlticror,vave
(Nollcl,arntr 17GHz Radiolieliograph) obscrvtrticlns.
Obst:rvatioTlal testing of dlffеrеllt flаrе scenaritls itt
optics аге rat}rer inc:ottclusil,e bec:arrse of the stabilit1,
rlf plrot,ospheric m;rgrrc1,lc fielcl strur:trrrt-,s before and
after tlre flart] c:r,ertts. Tlre }rrlt cortlital рlаsmа ib cort-

fincd iп nragrretic 1oops, SXR апсl El,\'- lclops. It рrо-
l.idt,s rrsefill trасеIs оf thc: rпagrretic field ancJ electric
currents (see Aschwarrcleri. 1995 Iiir revieп,). А quan-
titatirle comparison п,itlr poterltial field calcrrlations
(Sakrrrai et а1., 1992) for а SXR 1оор оЬ-.егчеd Ьеfоrе
arrd aftor the flаrе demonstrates that the S-sirapecl
(sireared) 1оор before the flаrе с:оrгеsропds to а rron-
poteritial configuraticln, ilhilсl thc (rolaxed) роst-flаге
1оор is stipuia-l,ed Ьу- ii dipole potentlal field, HorT-
еvеI, а соmраrisоп оf SXR. loops (Yo}ikolr im.agc-,s)

rlith ground-based \lector паgilеtоgrаilh data shot,s
(\Itэtcalf et al.. 199.1; Z}rzrrrg. ]995) that the relation
ьсtцlсеп the sxT struсtllгеs aird t}rc distribution of
r.ertical electric сuIгепts in tlre -\R, is not simple. LIi_
cro\Vitve stud.v clf post-flal,e АR. еmissiоп gives all ор-
por"trinity of detection of the struсturа1 changes frопr
tlrc deep сhгоtпоsрilеrе to the соrопа. In а shоrtеr
ri,arKэlength гarlge (пrrn tlm) ,nl,e ha,n e brernstra}rlung
гасliаtiоrr о{ tlrc: с}rгоrпоsр}rеrt:. atrcl at lorrger r,rrave-

lerrgtlrs (сlп) rve can stud1, g}Irоrеsопапсс ernission оf
AR nragnetrlsplieres frоrп tlre transiticlrr regiclrl to the
соrопа"

In thls paper \те gil,,e prclirnirral,1, results of а phe-

nonrenological strrdy of the AR 8038 evolution. Тhе
rnain finciing of оur repr;rt is а rаthеr unexpected
trerrd in er.olution of rrticгorvave enrission of the AR.
Fсlr 3 days tlefore the flаге event. its bгightness tas
steadily rlecliTring at а11 п,avelengths (frоm сhrоmо-
sрhеrе tс-l соrопа lel.els)" and vice чегsа, for 3 darvs

аftег the flare event, ernission п,as steadily grori,ing.
It is also inrpoгtarrt, tlrat sопrс speclfic: spectral details
ilr the emissiorr sрес:tгiiпr (see. fог ехаmрlе, Bogocl et
а1.. 1999), сlеаrl.т nranifЪstod iп the R,ATAN оЬsеrl.а-
tions orr \Iar.9. \\,еге stnoothed оut to \,{ау 11, а dач
Ьеfоге the flаге e\:ent time on \Iач 12. and r,r,ere firlly
rеstоrеd at the sаmе frequertcies tlvo days after the
flаrе eтent iп t}re \Iar, 13 14 observations.

\\Ъ ri,il} ргеlilпirlаriir. t.ii-scuss sttc;h trends as in-
dicatiorrs of magnetic stabilitv of the AR 80З8. The
trends аrе tlccotllpanied bv change of the tirеrmаI соп-
ditions оf AR due to possible upflorvs of cool matter
fгоm the photosphere to t}ie согопа before the flаrе
and sorne dclrr,nflorтs at the post-flare stage. using
the сonlblnecl sресtга1 R-\TAN-600 arrd time-resolved
\Iet-cДhclvi obserl.trtlons. ц,е studied пеаr post-flare
(iтitli 1ag,. of sel,erai irоuгs) епеrgy rеlеаsе at 07-09
LT оп \{ar, 12. In the рареr \\rc аrе trуiпg to identif'y

RATAN multi-wave observations,

Мау L2,1,997

-1.0R 0.0 1.0R

Figuгсl 1: Spec:tral рr,е.sепtа,tiоrl oJ S-ссlmропе-rtt, Еrпi,s-
s,i,orl of th,e ryl,iet Sttn i,s su,btra,cted.

t}ie ргimат1, епеrgу геlеаsе раttеrп during tlre flаrе
event r,l,ith its microrvave (ВАо obserr,atiorrs at 10.7
сrп) апd hard Х-гач (B,\TSE) burst eпrissiorr on l,,Iay

12 and to find its relation ц,,itlr the discussed рrе-flаrе
otrorg}, brrild-up 5(,опа l,io.

Finally, п,е ъ,i1l discuss оur firrdings in rеlа-
tion rr,ith photospheric optical obserr,atiolrs оп tlre
Huairou чесtоr magnetograph of ВАО (see Zhang,
199-1), ttl firid indicatiorrs of upfloп,s апс1 downflorvs
fоr the obst:rved AR evolution раttегп.

2. observations and data reduction

Тhе active rеgiоп AR 8038 ц,аs located пеаr CN"I

(N21 W09) on N{ay 12, 1997 and had а r,ery high
flаге activity. А mаiоr flаrе rлrаs recorded in Но at
0445 0632UT, ъ,ith the peak activity around 0452
UT, v,,hich vras ciassified as lN in optics and С 1.3 irr
X-rals. The flаrеs wеrе a,ccoпrpanied Ьу radioevents
of I. II, I1I апd IV sресtrАl classes in the same time
inlerr,al acc:ording to the SGD brrlletin. In the mе-
ter п,ачеЬапd, the activity of I and III spectral type
lasted until 17 UT п,ith the peak at about 12 IJT.
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Figure 2: Metsiihoui solar mарs: а) Мау 9, Ь) Мау 12,

On Мау 13 only weak activity was recorded Ьу
GOES observations. On Мау 9*11 no activity was
героrtеd.

'We observed AR 8038 with а fan-beam diagram
of the RATAN-600 in the wavelengthband .\ : 1.83 -
Ю.46сm at 09 UT daily from Мау 9 to 14 (see ех-
ample in Fig. 1). These observations wеrе ассоmра-
nied Ьу Metsd,hovi Radio Research Station соореI-
ative observations on Мау g, 12-14. Here, the 14-
neter single-dish antenna was used in the sub-mm
Ьдd ,at А = 0.3 сm (87 GHz) with а series of fuli-
Suп disk maps. Оп Мау 12, б maps weTe obtained at
6:58-12:37UT, and on Мау 13, 5 at 8:17-12:18UT.
Lхашрlеs of Metsflhovi irnages аrе shown in Fig.2.
The time interval of оur miсrоwаче observations on
}Iay 12, 1997 refers to the post-flare activity of the
AR8038.

Time profiles of the flare event rмеrе recorded
in \оЬеуаmа and Beijing at microwaves and rмith
фе Cosmic missions. 2.84GHz patrol observations in
В_{О on Мау 12 rчеrе started at 04:47:14UT (see
time рrоfilе in Fig.3a), just several minutes before
Йе onset of the miсrоwаче ечепt and the ассоmра-
п_тiпg optical flare. As а ртimаrу епеrgу release indi-
саtоr, Е,е used the hard Х-rау time profile from the

BATSE experiment, channel 25.0-50 kеV. This рrоfi le
(see Fig.3b) suggests а gradual type епеrgу rеlеаsе
pattern between 04:48*04:58UT with strong tempo-
rаi fragmentation.

2.1. Data reduction with MetsЁhovi оЬsеrча-
tions

F\rll-disk images on Мау 9, 12 and 13 are presented in
Fig.2a-d. All images wеrе constructed using separate
scans Ьу moving the dish with а main beamrMidth of
about 60// at f : 87 GHz during а 12 minutes' cycie.
Full images wеrе processed to construct brightness
contour maps relative to the estimated brightness of
the quiet Sun. Оur Tesolution is sufficient fоr study of
large-scale structures (such as plage areas), We do not
apply any reduction of images for diagram smoothing,
so we would analyze hеrе only the observed excesses
of the antenna brightness tеmреrаturе.

In the location of the AR 3038 on the maps рrе-
sented we see excesseý of about 0.04-0.06 relative to
the quiet Sun brightness in а single elongated bright-
ness sоurсе. We see also the сlеаr hightness enhance-
ment both for the nonflaring days оп Мау 9, 13 and
on Мау 12 images. We processed these peak bright-
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Figurе 3: а) _ actiu,i,ty of АR8038,i,п Х-rауs accordi,ng to BATSE (25-50keV);b) - time profiles for the flаrе
еоепt оп Мау 12, 1997, at 2.8] GHz.
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:: excess€s fоr all maps (see Table 1).

Tlre temporal history of brightness excess evolu-
:. of the AR 8038 suЬ-mm emissiorr is separated on

iiffererrt time-scales: (а) as а shоrt-tеrпr at 9:05
_ j9 UT, \iay 12 (Fig. 4а), just after the X-ray event

rnd 04:54UT, N{a1, 12), and (Ь) as а lопg-tеrm
:-. 0-1:50 UT, N,tay 12 to 12:09 fГТ, N'Iay 13 (Fig. аЬ).
Т lie accuracy of the measurements of the observed
-:;tпеss excesses is estimated to Ье rvithin +0.002.

- ]. Data reduction of RATAN-600 оЬsеrча-
tions

. . :rlultiwave one-dimensional scans of antenna tem-
: ,.геs 1\,еrе calibrated to daily total fluxes of the

t . .ind tlren trапsfогlпеd to the scans for fuli inten-
, see Fig. 1). After subtractiori of the quiet Sun, it
- ssiLle to calculate tlre flux spectra and estlrnate

:,l,ightness spectra of local emission sоurсеs. НеIе
.,-.stгiсt оuг study to evaluations of peak brightness
-:_,. Sоurс€ in ternrs of calibrated arrtenna tenrper-
.:.s, Because we аrе interested in small da_v-tcbday
.:.itlcss чагiаtiопs, such ап аррrоасh gives the best

л ],а с\,.

: lf each day of observations iп the frequency* band

Pf ь)

--Мау12

- 
Мау 13

---Мау14

;\

24681012141618
Frеqчепсу, GHz

Figurе 5: Bri,ghtness sресtrа oJ ДR8038 iп the rапgе
1.0 -- 16 GHz ассоrd,iпg RДТДN оЬsеrчаtiопs du,r,iпg

Мау 9 - 1-1, 1997. Dotted l,iпе mеапs the i,пtеrроlаti,оп
iп th,e ро,rt of sресtrа шithоut data.

1.0 16 GHz, u.,е constructed the brightness spectra
which rveTe grouped for thrее days (\4ау 9,11) Ьеfоrе
the flаrе (see Fig.5a) and three days (NIay 12-14) af-
ter it (see Fig. 5Ь) . The data presented demonstrate
the sharp brightrress at frequencies below 10 GHz,
ц,hic}r rve consider as transition frоm weak сhrоmо-
sphere emission to strong соrопа1 emission. Also. one
can see ser,era] паrl,о\,ч band spectral enhancements
оп the spectra and sоmе s}rstematic brightness r,агi
ations between consecutive spectra. The еrrог bars
do not exceed 10%. Fог furthеr discrissions. rve la-
Ьеl the most рrоmiпепt spectral peaks Ьу (а), (Ь)

and (с) in оrdеr to rеfiпе their п,ачеIепgth locations.
As it is seen frоm the observed рrоfilеs (see Fig. 5 а
and Ь). the intensity peaks of the source аrе located
at the sаmе frequencies. The polarization emission
dentorrstrates strong westц,ard displacements, п,hiсh
grоrч rvith ч,avelerrgtlr. But we would like to restrict
orrr stud1. hеrе only to consideration of the intensity
emission component.

2.3. Photospheric rnagnetoE;гarns

In Fig.6 rче shоц, the results of photospheric оЬsеr-
vations r.lith the чесtоr пrаgпеtоgrарh of the Beijing
observatory (Нuаirоu Soiar station) for а few days.
This data set includes trMo days Ьеfоrе and one day
after the flаrе on \{а5, 12 to illustrate stability of the
пragnetic structure of the AR under study. No rise in
the rnagnetic flux п,аs observed around the time of
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Figurе 6: Photospheric longitudinal, mаgпеtоgrапts i,п

the actiue rеgiоп NOAA 8038 for Мау 9 (le,ft) апd
Мау 13 (right) 1997. The solid (dashed) с.оп,tоu"rs соr-
rеsропd to positi,ue (negatiue) fields of /|а, 160, 640,
12В0, 1920, 22J0 Gаuss.

thc flаrе.

3. Results of observations

Obserlations of рrе- апd post-flare emlssion fоr 1,}re

sarne AR in а nide frеquепс1,,balrd, 87 1.5GHz, give
а possibiiitv of studl.ing the sоlаr аtrпоsрhеrе er.oltг
tion frоm deep с}rrоmоsрhеrе to согопа. As а" preiirn-
iпаr1, rероrt, п,е present resu]ts of such studieb sepa-
rаtеl1, fоr the сhrопiоsрhеrе arrd соrопа evo]lti,ion.

3.1. Сhrоmоsрlrеrе post-flare response

SuЬ-mm study of flаrе ARs is irnportant fоr disc:or-
еrу of dominating sites of рriпrаr1, flаrе епегgч rе-
Iease (сhrоmоsрhеrе or coronal events). FrorTr the Х-
гау observations п,ith the Yohkoh facilities and rni-
crowave imaging with the Nobel,anra radioheliograph
at 17GHz the simultaneous bгightening at the top-
and footpoints of flaring loops is kпоп,п. But such
observations a]one. and onl"v fоr the flаrе p}iase. are
insufficient to апsrчеr all cllrestions. Indeed. Х-rау еп-
hancements relate either to thc lrottest p}asnras (thin
target) оr to tlie ,.rррег с:hгоrlrоsрhеrе brerrlstratilung
(thick tагgеt ineclranisпr). \{iс:rоп,аl,е eпrissiotr frопr
the foot-points of the 1oops also огigiпаtеs predonri-
nantl1,,in the uрреr сhrоmоsрhеrе (as Ыernstrirlrlung
eпrission of e\raporated рlаsша,, ог попthеrmаl sy,rr-

сhrоtгоп) . On the оthеr hand, the lnicrolr,al,e bright-
ening iп the sub-rnni btrnd аге геlаtеd to tlle deep
сhrоmоsрhеге. rтith electIon tеiпрсгаtuIеs of aborrt
7000К. versus 15000К irr the uрреr сhrоmоsрlrеге.
Suc}r lar.ers аrе clense and hal e а чеry shогt (miп-
utes) cooling tiпre (see Sr:irmieder ct al., 1995 fоr rе-

"i"1,). 
so an1, suЬ-mm bгightness enhancements mа},

suggest the епеrgl,rеlеаsе (pLrlsed ог continuorrs) to
Ье оГ сhгоmо:рItеrе origirr.

In the \IetsЁhor.i observations п,е found 2 сlеаr еп-
hancenrents (Fig, аа) just аftеr the mаiп flаrе event,
rvith а гаtltеr smooth Ьасkgrоuпd (Fig.ab). The fiTst
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en}rancemerrt" п,hiсh ls ai-.out 1.5 times strorrger rеl::i-
tive to tire cliriet AR, c:orrtгast. п,аs r,есоrdеd only оп
one map:rt 6:58 7:06TJT. Due Го t}Le gap in tlre cycle
оf malipirrg. the next lnap \Tas drarvn аЬоut 2 liour,s
later (ancl does not shоп, апy additiorral Ьгightrrеss
сопtrаst, sее ТаЬlе 1). So, fоr tlris c.].se \ve аге unii,ble
to evaluate the cooJirrg time. Possiiэle relation of thls
highterring rTith the maiTr flаrе er.erit (tr,r,o hrэurs Ье*
fоrе) is unknorvn еithеr.

The case of the setlond brighteriing is muсh more
conclusive. It оссurгеd during the 3 corrsecutive mар-
pings. u,hich п.еrе taken r,r,ithin 28 minrrtes. Thc;
brightness епhапсеmепt (аЬоut 0.054 on the mар
betrvcen 9:29 arnd 9:37LT) is relativeiy small, llut
c:leaT11, de{ined against the srnooth backgrorrrrd of the
adjacent mарs (i,Tith tlre sarne errhanc:ernent оf about
0.044+{_]"001. scc: Та1l1е 1),

\Ve can suggest tlrat if this el.errt is re]iltc:d to iltr-
1.1uisive irrput clf епегg_ч irr the cleep c}trotlrosp}terr:, its
char:ac:teristic tirrle sc:ale fЬr Tise anci coo1ing is 1еss

tlran 10 miпutсs. This iпfсlгrпаtiоrr rTra1,"Ьс-. r.e1,1,riseti-il
fоr ttre епеr8\: lIansi)ort рrilЬlеrпs arrd епеrgч btilatrce
iл the deep сhгопrоsр}tеrе. Тhе tot;rl inprrt energl, fсir
suсh cl,errts c:an Ье e,ctiirlatc:d оп thе biisis of thr: сur-
rc:rit detэp сhrопrоsilhегс: rnor-iels. The tiпrc: of l}te sсс-
orrtl post-flare \{etsiiilovi rn;rppirig (9:05 9:1ЗUТ) оп
r\{aT 12 coincidecl п"ith the RATAr,I-600 ohserlatioil
(arclunrl 9:10LiT). _\s it is scclr Iiorn t}re R,\TAN-
6[J0 sресtrir (Eig.5),1.lic c-lilslcгvations сlо not sliotv alii,.
brightriess enlrancemertts at t}re shoTtest \lla,vl.s. lteal,
12 -16 GHz, tlecattse of tlre 1orт tешреrаturе геsоlutiоrr
of fan-beam obserr,ations of пeak emissiorr sollrces.
So, а comparison of the \,{etsAliol,i and R,;\TAN-600
obserr.,ations iea.ds to ап iпrрогtапt conclusion соп-
сегпirrg the nature of emission entlancement fог such
sоurсеs ill the deep сhrоmсlsрhеrе.

3.2. Соrопаl рrе- and post-flare resporrse

Тhе emission sресtга rr,itlr tlre R,A'IAN-60[J оЬsегл,а-
tions preserrted in Fig. 5 rеr.еа1 а rаthег pecrriiar pat-
terTr of tiie AR шticrolr,al e evolrrtion Ьеfоrе and after
the flаге er,ent. п,itlr tп,о characteristic: features.

1. As it is sclc:rr fiom 1.he рrе-flаrе spectra, t,hе

emisslon irr a1l frequency- bands was steadiiy decreas-
ing before tlre flаrе, and vice r.е:rsа, steadil1, gloп,ing
аftег tlre flаrе. Thus, the flаrе conditiorl iп this AR
is related to а пrinirrпrtn tlf nrlcroll,ar.e emissioll. srich
brightness drolls before flares trad lreerr delected еаг-
lier arrd corrsidered аs fiаrе ргесuгsоrs. Irr ilris stud,v
r,rle tracer] such еffЪсts usi,ng п,ide-frequenc1,,-rarrgt, oll-
sc:гrlations arrd. fоr tlre first time, 1.rасес1 thепr on 1orrg-
tiше sc:rles.

2. Тhе second conclusion relates to the ечоlui,iоп
of fiпе-struс:turе spectral patterls of пricrorvaтe emis-
sion. As опе can see frоm l.л j, the fiare sреr:tг;,r оп
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\,{ач 9 (3 days before) and on NIay 14 (3 davs after)
hal,e сlсаr peaked sресtrа1 patterns ц,itlr 3 peaks, А,
В arrd С, at tlre same frequerrcies. But, at the time
сlоsе to the flаrе (on N{av 11. а dai. Ьеfоrе, and on
\,{ау 12, а day after) ai1 spectral peaks wеrе smoothed
out. Thus. according to the RATAN-600 spectra, the
flаrе is а state rvitlr а miпimum miсrоlчаr.е enrission
and without any sресtгаl peculiarities.

As геgаrds the time el,olution. this mау srrggest ttrat
the observed miсrоъ,аче er.olution is mairrl1, due to
the thermal evolution (total cooling) of tlre AR Ье-
fore the flаrе. At tlre sапrе tirrre, the пtagnetic struс-
tuTe sta_vs practically unchanged Ьеfоге, пеаr and af-
ter the flаге. Тhе restoration of ali ресuliаr spectrai
details оп the third dav after the flаrе everrt points to
ttris fact. Тhе disappearance and геарреаrаtrсе of fiпе
spectral details suggest а сопrрlех loop structure of
the AR З038. \\'е detailed the pictuTe of AR 3038 ечо-
liltion in diffеrепt frеquепсу barrds in Fig. 7. Fig, 7а

рrеsепts the varialion clf brig}rtness during \Ia"v 9

14 at fixed freqttencies (0.99 1.01GHz), п,lrich mач
Ьс related to the соrопа1 loop emission. In Fig.7b
rче slroп, the sаmе fоr tlre fгеquепсiеs 2.15 3.95GHz
related to ссэrоlrа1 p}asrna abol,,e the spot аrеа, in
Fig. 7с fоr transitiort rеgiоп enrissiorl (а.27 7.В3 G}Iz),
arrd in Fig.7d for the uрреr c}irornosphere emission
(9,3; 10.95GHz). Such ап interpretatiorr of ernissiotl
sоuгсеs is Ьаsеd orr their relative ilrightness patteгrrs.
Fтопr схаrпiпаtiоп of data presented in Fig.7 we see

sеr,еrаl evolution Lrehaviouгs. The рrе-flаrе bright-
ness decreasing is оЬяеrчеd at all levels and frequenc1,
structllres of tlre AR, but the post-flilre evolution is
different.

. Just аflеr tire flаrе (4 hоurs later, N,Iay 12), the
оЬsегчеd hightening is t,he most рrоrпiпепt in the
соrопа1 loops arrd in the сhrоmоsрhеrе (Fig.7a,d),
birt aimost absent in the corona and transition rеgiоп
(TR) (Fig.7lэ, с).

о Тhе post-flare (N,Ia1, 13 14) evolution of the
structrrres mentiorred аЬоче is also quite different:
r,r,e оЬsегr,е а stead1, cooling of the coronal 1oops

arrci сIrrошоsрlrеrе (Fig. 7a,d), but the bгightening
is stead;r.in t}re соrопа arrd'IR (Fig. 7Ь,с).

Sr_rch flаrе bгighteriing patterns fcir the соrопа1 1oops

alicl сhгоmоsрhеrе are not uпusuа1, if the рrimац,
flаrе heating is locaiizetj. at tlre top a,nd feet of а соrо
nal ioop. аs follows frorn пiапу Х-rа5, observations.
Horvever. the existerrce of t}re strong brightness drops
at ali ler.els of the AR llеfоrе the flаrе is а пеu,, and uп-
expected ра,ttегп. tlpfloи,,s оf cool сhrоmоsрhеrе mat-
tеr rr,ith possible triggering of с:uтrепt disrupticln at
the flаге onset mа1, 1эе olre of the reasons.
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FЕuге 7: The temporal еuоlut,i,оп of di,fferent parts of
ft пiсrоwаче u,i,dе rапgе sресtrа duriпg Мау 9-1.|,
l#П. The part of the spectra associated to а) the соrо-
пl fuр top emiss,i,on; Ь) the suпsроt соrопаl em,i,s-

rlп; с) the trапsit,i,оп rеg,i,оп em,i,ss,ion; d) the sunspot
fuvmо sph еrе еm,i s s,i о п.
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3.3. Рrе-flаrе evolution and рrirтrаrу епеrgу rе-
lease pattern

Тhе detected рrе-flаrе evolrttion patterns пrау Lle ii-i-
tеrргеtеd as sigrrificant rтiass upflows. which is all tlll-
portant factor in the total епеr8у build-up. This sсltl-

паriо differs much frоm the сurrепtl1, used scellarios
with magnetically interacting loops. brit it catr ех-
plain the strong пrass ejections at the flаrе stage arid
the strong magnetohydrodynamic irirbulence irr the
course of energy reiease, As it rnas mепtiопеd above
(Li and Fu, 1996), such а pattern of рrimаrу епеrg},
release may lead to the events with strong mass arrd

рrоtоп ejections in оutеr space. Usirig the time-plofile
patterns of рrimату епеrgу rеlеаsе опе сап realize cli-
agnostics of the flаrе stage. Оur c.rbservations ргочidе
strong support fоr such а hvpothesis: time ргоfiiеs of
the flаrе (see Fig. 3 а, Ь) display stIong flrrctua,tions of
епеrg}r rеlеаsе lioth iп hard x-rays arrd at microrvar.es.

4. Discussion and conclusions
Cooperative observations of solar rrricrowal e emisston
with \,{etsAhovi R.ATAN-600 ВАО facilities giтe riсп,
information on man}. imроrtапt рrоЬlеms оf sоlаг
flаrе activity origin frоm the deep с:hrоrпоsр}rеrе to
the соrоrrа, as has Ьееп dist:ussed hеrеirr. А соrrtраr-
ison of photospheric n]agnetograrns and miсruý,i1\,е
spectra confirms the imрогtа.псе of а rrerv sсеriагiо о{
flаrе energ1, build-up, ц,hiсh is ]эased оп steady stаl,е_ч

of magnetic fields and changes in tlre therrrral с:rlii-
ditions in the sоlаr actil.e regiorr. This sc:enario ib irr
fal.our of the current-disruptiorr flаге пiodels (zaitsev
and Stepanov, 1991) Tvith а stable configuration of

the AR magnetic field structure, but чrith significant
рrе-flаrе mass inflows and vioient rпаss ejection into
outer Space.
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