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ABSTRACT. We discuss the main results derived from a study of large solar
flares for 13, 14 and 16 May 1981 by comparing them with the structure of the
complex of activity (CA). The main results may be summarized as follows. Chro-
mospheric flares, and other large activations are associated with the CA pola-
rity inversion line. The flare structure undergoes a substantisl influence of
cellular structures of the size of both a supergranule and large-scale struc-
tures (as large as 360 thousand km). The analysis of observational data sug-
gests the conclusion that large flares are, seemingly, the result of global
disturbances of large-scale structures (of part of the CA, the entire CA or
oven of a system of CAs) rather than of local processes in the region of the
flare itself.

KOMILIEKC AKTMBHOCTY M BOJBIME COJHEYHHE BCIHUKNM: OGcyxmemrca OCHOBHHE pe-
8yAbLTATH MCCAENOBAHMA KDYNHEX COXHOYHNX Bchoumexk 13414 u 16 mas 1981 r. B como-
CT@BIEGHUM CO CTPYKTypoit xommaexca axTubHocTH (HA). OCHOBHKE pesyabT&TH CBOZAAT-
ca kK caenymmemy. XpomocdepHre BCOHMKM U APyrue MOLHHE SKTUBMBALUM CBASAHH C
aAunuet paszexs moasprocTe#t KA. Ha CTpyKTypy BCHNHENKM OKASKBaANT CYmMeCTBEHHOEe
BAMSHUE SUEUCTEE CTPYKTYPH C pasMepaMu KaK NOPAJKE pasMepa CyneprpaHyas, TakK
M KDYNHO ,acmTabHre (Z0 360 THC. KM). AHAIU3 NOHHHX HaCApAeHull NOsSBOAAET Che-
JaTbh BHBOA O TOM, HTO KPYNHHE BCHHUKMA, HNO-BUAMMOMY, ABAADTCA DESYABTSTOM IAO0-
GaabHWX BOSMymeHME KDyNHOMBCHTAGHHX CTPYyKTYp (uacrum KA, mcero KA mam pmexe cuc-
Texy KA), a He JOKSJBHNX NPOLECCOB B OCASCTM CAMON BCINMKH.

KOMPLEX AKTIVITY A VELKf SLNEENE ERUPCIE: Mohutné slnedné erupcie, pozo-
rované 13., 14.a 16. méja 1981 sU zhodnotené z hTadiska Struktiry komplexu ak-
tivity (KA). Boli zfskané nasledovné vysledky: Erupcie a ind chromosférickd
aktivita je lokalizovand pozd{# neutrélnej Siary komplexu aktivity. V Strukti-
re erupcii sa vyrazne prejavuje supergranulérna siet, ale aj elementy vd&Sich
rozmerov (do 360 tisic km). Velké erupcie si ddsledkom globdlnych pordch vel-
korozmernych 3truktir (bud Zasti KA, celého KA, alebo dokonca sustav K4 & nie
iba lokélnych procesov v oblasti samotne] erupcie.
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1. INTRODUCTION

Flare activity on the Sun is usually being associated with active regions.
Such a treatment is supported by a sufficient number of factors such as the
flare localization itself, the correlation of their occurence frequency and
importance with sunspot group characteristics, etc. Flares are associated in a
most close marmer with the polarity inversion line (PIL) of the longitudinal
component of the active region magnetic field. This fact was established by
Severny (1) and bears a fundamental character; it is widely used in simula-
tions of the flares and in methods of predicting them.

Besides flares are also able to develop in relatively quiet regions in
which no sunspots are present. The percentage of such cases is fairly high (2)
It is also known that during flares different kinds of activation frequently
occur far away from active regicns. Such circumstances induce us to modify our
view of the flare problem. »

In this paper we attempt to discuss briefly and in rather generzl form
the local and global aspects of flare activity. For that purpose, we will be
using results of the investigations we have carried out on large flares of
May 1981 (3-6), on a number of other events, as well as data reported in the
literature. By local factors we understand the conditions in a given active
region or in part of it while by global factors we mean those in larger-scale
structures.

2. GLOBAL DISTURBANCES DURING FLARES

One of the complexes of activity in May 1981 consecutively showeéd three
large flares (on 13, 14 and 16 May). Each time it was possible to observe dis-
turbances over an extent which substantially exceeded the size of the active
region. Figure 1 shows an example of filament (and other structures) activa-
tion as seen iq H-alpha during the 13 May flare. The disturbances started not
less than 30 minutes before onset and covered almost the entire boundary of
the central region of the complex. "Stationary" filements exhibited varia-
tions in brightness, and shape as well as Doppler effects corresponding toc ve-
locities of up to 30 - 40 km s"1 and flare-type brightenings in places of dis-
continuities. In other places there occurred gisnt "trans-regional" loops con=-
necting one of the flare ribbons to a neighbouring sunspot group as well as
some kind of "intrusion" of dark structures into the neighbouring o0ld complex
and the related flare-like brightening of chromospheric features. To a certain
extent a similar picture was also observed during the 14 and 16 May flares. As
compared to these disturbances, the flares looks like a rather ordinary event
and they distinguish themselves only by their specific form of manifestation.
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Fig. 1: Global disturbances of a complex of activity during the flare on
13 May 1981. (-,+) - parts of the filaments which underwent Doppler
shifts, (---) - the large-scale internal PIL of the complex of acti-
vity, and (...) - contours of the flare.

3. RELATIONSHIP OF FLARES WITH LARGE SCALE PILs

The May complex of activity may be visualized as consisting of a central
core of positive magnetic polarity surrounded by a ring-like area of negative
polarity. The boundary between them may be regarded as the main internal PIL
of the complex. The main PIL of the active region is only a portion of it.

It has become apparent that all observable chromospheric activity, and
also the active region with which the flares were associated, produce the im-
pression of being threaded round this line. The flare of 14 May was of parti-
cular interest in this regard. It appeared in a spotless region but precisely
along the main internal PIL of the complex of activity.

This evidence suggests a quite logical inference that the PIL of the com-
plex of activity represents a unified "electromagnetic circuit" associated
with the existence and interaction of large-scale magnetic features (the com-
plex of activity in the May case considered). The circuit is not uniform, and
the measure of nonuniformity can, possibly, be represented by brad H,. In pla-
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the measure of nonuniformity can, possibly, be represented by grad H,. In pla-
ces where strong magnetic fields make contact, grad H, appears to be higher as
compared with other places. It is known that chromospheric activity is corre-
lated with the value of grad H, so that when it is high, the probability of
high-importance flare occurrence increases (7,; depending on the value of grad
H,, the visibility of filaments varies (8,9).

All the afore-going induces us to draw a natural, we believe, conclusion
that large flares together with other powerful chromospheric activations re-
present a unified event that is associated with disturbances of part of or the
entire complex of activity, or even of a more complicated structure. The acti-
vations are all arranged along the large-scale PIL and the character of their
manifestation depends on the magnetic situation in a given area along this li-
ne. In order to describe the conditions along the PIL, grad H, can be used,
although it seems to be far from a universal parameter.

In addition to the main PIL, a whole system of secondary PILs exists in
complexes of activity. Chromospheric activations, and also flares are able to
develop along them. However, their power is usually substantially smaller as
compared to the events along the main PIL. For example, the central core of
the May complex of activity involved rather large sunspot groups with a com-
plex magnetic configuration and rapid variations in the number and area of sun-
spots. Nonetheless, they showed no appreciable flare activity.

4. RELATIONSHIP OF FLARES WITH CELLULAR STRUCTURES

In the May complex of activity, and elso in other events the flares show
a relationship with cellular structures of different scales. An examination of
separate fragments of the flares themselves one finds that they show a quite
clear tendency to be positioned along circular or ellipscidal curves with ty-
pical sizes of a supergranule. The picture of this situation may be quite di-
versiform but the essence of the phenomenon is the same: the flares are dece-
lerated on the cell boundaries or skirt them without penetrating inwards. The
flares of 29 May 1981 and 14 March 1984, for example, immediately show their
location along the boundaries of substantially larger cells (Figure 2a, b)
with the size of 134.10° x 94.10° and 146.10° x 130.103 km, respectively.

The situation presented in Figure 3, demonstrates the association of the
flares with large-scale cells for the case of May 1981 events. Triple lines
represent a segment of the PIL along which the 13 and 16 May flares were deve-
loping and double lines mark the area of the 14 May flare; a solid single line
shows the intermittently appearing filament. At least two cells, I and II, are
identifiable, of a size of 365.10° x 210.10° and 226.105 x 140.10° km, respec-
tively. They have a contact region in which sunspots of a -configuration
were located. Another similar configurations of the sunspots was locater in
It might be anticipated that also is a region of "collision" of the cells
but the situation here is not so well defined as compared to the forst case
and we will, for the moment, leave it out from our discussion. As far as cells
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Fig. 2: a/ the flare of 29 May 1981, 03:08 UT

Fig. 2: b/ the flare of 14 March 1984, 03:22 UT.

I and II are concerned, however, their evolution is, to a certain extenti, tra-
ceable in relation to flares. The development of the 13 and 16 May flares co-
incided with the processes of some kind of "isolation" of the cells. As the
preliminary conclusion it is possible to believe that the disturbances with
which the flares were associated, were caused by a "break" in the cell lin-
kage.
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Fig. 3: The scheme of large-scale cells in the complex of activity of
May 1981. For explanations see the text.

-

5. THE ROLE OF DIFFERENT DISTURBANCES IN FLARE ACTIVITY

We have presented only a few, the most prominent lines of evidence which
indicate a relationship of flares with large-scale structures and their dis-
turbances. A closer examination of the observational data provides broad lines
of alternative evidence in support of this view (3-6). There can be no doubt
that large flares should be regarded not only, and possibly, not so much as
the result of a separate active region but also within a broader context. At
present the role of global factors has to be discussed in general, although
there have been some attempts to develop flare mechanisms with global effects
included; see, e.g. (10).

Let us emphasize several points the solution on which will, possibly, be
found by recourse to global factors.
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Sympathetic and homologous flares. Within the framework of the concept
formulated above the appearance of several flares along a global PIL seems to
be quite natural. In a usual treatment these flares will be ascribed to the
class of sympathetic ones, although, strictly speaking, they should be called
simul taneous flares. The homologousness may be associated with a high stabili-
ty of magnetic configurations of global structures. The global component will
persist and will ensure homologousness, even if the local variations sre seve-
re.

Trigger mechanisms. It seems appropriate to abandon attempts to substan-
tiate them by various "exotic" local processes snd to transfer the quest into
a region of global effects.

Relationship with sunspot group characteristics.

If flares occur predominantly in sunspot groups located along large-scale
PILs, the approach to the study of flare relationships should be altered sub-
stantially depending on the class of groups. First of all, samples should be
carried out according to the signature of belonging to large-scale PILs and
only then the relationship "class of the group - flare activity" should be
considered.

Such reasoning could be extended.

There are still many unclear points in the relationship of global and lo-
cal factors. The sactive region possesses a fairly high energetics of its own;
therefore, its independent role in the flare development cannot be excluded in
advance. At the same time, if the active region is one of the components of a
larger physical system, its energetics will depend on the state of this sys-
tem. These questions all need solution.

6. CONCLUSION

Bumba and Howard, in a 1965 paper (11), defined a complex of activity on
the photosphere as unified systems of active regions and described the typical
features of their evolution. Thus, the idea of a "collective" development of
activity received a firm basis, which opened up new prospects for understan-
ding the solar activity problems.

The development of complexes of activity in the corona was discussed by
Howard and Svestka in 1977 (12).

Our paper is devoted essentially to the study of manifestations of com-
plexes of activity at the chromospheric level. It was possible to formulate
this problem after the observations were organized at the Bsikal astrophysical
observatory with a new chromospheric telescope at high spatial resolution. We
have discussed some questions concerning the identification of complexes of
activity, their structure, and of particular manifestations of chromospheric
activity. In this study, the results of flare activity investigations in a
complex of activity have been summarized. The main conclusion is that large
flares seem to be, indeed, the product of activity of the entire complex of
activity as a unified physical system.
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With such a formulation of the problem, the study of flares is trans-
ferred largely into an hierarchically higher region of structures, viz. com-
plexes of activity or even their systems. This offers new possibilities of se-
arching for flare mechanisms since the analysis insorporates external:.factors
with respect to the active region.

Of course, the flare problem does not become a simple one at once. Its a-
nalysis by taking global factors into account might become as complicated and
labor-consuming as in schems with purely local links. It is important, however,
that the difficulties be overcome in a correctly chosen direction of research.
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