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ABSTRACT. In the October 1979 activity complex, the coincidences of the
onsets of subflares, observed in various parts of the activity complex, were
statistically proved to be real. The occurrence of subflare pairs from Bou
2030 and 2032, for which the subflere onset times differ by less than 5 minu-
tes (Tab. 2) is statistically significant. The increased coincidence in the
occurrence of subflare pairs, differing in onset by 5 minutes or less, was
not permanent. The coincidence was only observed on Oct. 6 and 7, 1979 during
the transit of the activity complex across the solar disk (SMY - SERF target).
The result obtained for the October 1979 activity complex agrees with the pre-
sent idea of multiple energy release during the impulsive phase of solar fla-
res.

COBIAJEHME HAUAJ CYBBCIHWLEK B KOMIUIEKCE AKTVMBHOCT) OKTABPA 197¢ I'. Pe-
aJBHOCTL COBNALEHMS HAYAN CyOBCHHmEK OHA2 NOTBEepXIeHa CTaTUCTUYECKUM NyTew
nns CyGBCOHmEK, KOTODHE HAGAOAAANCH B PASHHX MECTOHAXOXAECHUAX KOWIIEKCE 8K-
TUBHOCTM OKTA6pS 1979 r. CTaTMCTMUECKU 3HAUMTENbHAH BCTpEUaEewOCTh MApOB cy6-
Benumex B ob6racrax Boy 2030 u Boy R032 Gmaa HelifleHa s TeX Cayuyaes, koria
pasHMLa HAauan CyGBCUHWeXK Owiaa weHbue uewm 5 muuyT (Tab. 2) . ToBHwWeHHOe coBIa-
ZeHMe B Haauumy CyOBCIMWEK C pasHuneil 5 wUHYT He uMENOo NOCTOSIHHHBI{ X8paKTEep.
Bo Bpews mepexola KOWIIEKCA SKTHBHOCTM MO AuCKy COJHLA NOBHWMEHME uUucna CoBna-
LeHMli CymecTBOBAAO TOJABKO 6-ro u 7-ro oxTaépsa 1979 r. PeayJabTaT NOJYyUYeHHHH)
LIS KOMILIEKCA AKTUBHOCTM OKTA6pa 1979 r. HaxoZuTcs B COryacuu CO CerolHANHUM
BSTAIOM O MHOTOKDATHOM BHIEJNEHMM SHEPruum BO BpeMss UMIyABCHO# ¢asu BCHNIEK.
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KOINCIDENCIA V ZACIATKOCH SUBERUPCII POZOROVANYCH V KOMPLEXE AKTIVITY
Z OKTOBRA 1979. V komplexe aktivity z oktdbra 1979 bola Statisticky potvrde-
nd redlnost koincidencie zaliatkov suberupcii, pozorovanych v rdznych lokali-
tédch komplexu aktivity. Statisticky vyznamny je vyskyt t¥ch pdrov suberupecif
z Bou 2030 a 2032, pre ktoré rozdiel Sasov zadiatkov suberupcii je mendi ako
5 mindt (Tab. 2). ZvySend koincidencia vo vyskyte o 5 minit sa liSiacich pd-
rov suberupcii nemala trvaly charakter. Z celého tranzitu komplexu aktivity
cez slnedny disk (objekt SERF, SMY) bola zistend iba pre 6. a 7. oktdber 1979.
Vysledok obdrZany pre komplex aktivity z oktdbra 1979 je v zhode so sudasnou
predstavou o viacndsobnom uvolneni energie podas impulznej fdzy erupcii.

1. INTRODUCTION

Syrovatsky (1981) generalized the conditions which lead to sudden digsi-
pation of the magnetic field in magnetized plasma. High electrical conductivi-
ty and non-uniform plasma motion generate singular current sheets. The validi-
ty of these conditions has been verified in laboratory as well as astrophysi-
cael plasma (Bulanov et al., 1984). The current sheets form the substance of
flare processes.

Indirect indications of the existence of current sheets in the solar at-
mosphere are responsible for flare forecasting being only in its initial stage.
Observational data indicate the recurrence and homology of the spatial, spec-
tral and quantitaetive characteristics of flares which were generated in a par-
ticular region of the Sun. Based on the similarity of repeated flares, one is
justified in assuming a slow change in the morphology of the magnetic field of
a parficular active region. Essentially, the method of verifying the pre-flare
and post-flare situation of the magnetic field is employed (Martin, 1980).
This method requires the following:

- detailed data on the evolution of active regions with good time-space reso-
lution, and

- a comparison of generalized theoretical models with various observed flare
patterns. .

The pre-flare situation is identified with the state of metastable equilibrium

of the current sheet, generated in a non-potential megnetic field. Apart from

one of the instabilities of the current sheet, the triggering mechanism of a

flare could also be an external agent. The possibility of causal dependence of

go-called sympathetic flares, the first flare stimulating the generation of

the second, has been discussed since the 1940 ‘s.

Some authors (Pikelner et al., 1975, Friedman et al., 1968, Altyntsev et
al., 1977) consider the flare process to be an extensive development of insta-
bilities occurring simulteneously in various places of the current sheet. Sy-
rovatsky (1969, 1972) considered the flare to be a manifestation of the decay
of the current sheet as a whole. From this point of view, the occurrence of
recurrent and homologous flares (Ellison et al., 1960) is interesting.

The October 1979 complex of activity contained two active regions, Bou
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2030 and 2032, which were close to each other (15°). Bou 2032 represented a
magnetically complex group containing a delta configuration. Bou 2030 repre-
sented a relatively magnetically simple bipolar region, characterized by a
conspicuous increase of flare activity on Oct. 6, 1979.

The October. complex of activity (or more pfecisely Bou 2032) was select-~
ed as a SERF target during the Solar Maximum Year (SHY). Thanks to internatio-
nally coordinated observations of the complex, detailed data were obtained
and published on the flare activity in Bou 2030 and 2032 (Antalovd et al.,
1985, Bheatnager et al., 1981, Dezsb et al., 1981, Felli et al., 1981, Ishkov
et al., 1981, Merkulenko et al., 1983, Stepanov et al., 1981).

From the point of view of the flare build-up study, two data are particﬁ-
larly important:

1. The flare with the greatest importance were generated in the magneti-
cally complex group Bou 2032 (Antalovd et al., 1985).

2. The enhanced flare activity in Bou 2030 occurred in the interval from
Oct. 5 to 7, 1979.

The purpose of this paper is to analyse the published observational mate-
rial with regard to the quasi-simultaneous occurrence of flares in the indivi-
dual parts of the complex, to clarify the relation between the flares obser-
ved simultaneously, to determine the degree of autonomy of the individual ac-
tive regions in the activity complex, and to deliberate the possible existen-
ce of the assumed sympathetic flares (causally dependent), as well as of the
quesi-gimultaneous (quesi-synchronous) flares.

2. ANALYSIS OF OBSERVATIONAL MATERIAL

The general evolution of the October 1979 complex of activity and its
flare activity were discussed by Antalovd et al. (1985). The Bou 2032 group
had a globally conspicuous predominance in the production of X-rey and ra-
dio flares of high importance as compared to group Bou 2030 (ratio of flares
7:3).

A review of the daily occurrence of flares in the individual active re-
gions of the October complex was obtained from the flare patrol service dats,
published in SGD 439, Part II.

With a view to the large difference in the magnetic morphologies of gro-
ups Bou 2032 and Bou 2030, the question arose of the occurrence frequency of
flares and their importance in the individual groups. A high flare effectivi-
ty of group Bou 2032 and a low effectivity of group Bou 2030 was expected. An-
talovd et al. (1985) found, contrary to expectations, that group Bou 2030 equ-
aled Bou 2032 in flare production on Oct. 5 to 7, 1979.

The markedly preferred Bou 2032 group of the October 1979 activity com-
plex created conditions suiteble for studying the mutual independence of re-
gions in flare production. Ishkov et al. (1981) pointed out a sequence of
three large flares which were observed at intervals of 40 minutes in the acti-
vity complex on Oct. 6, 1979. There were obgerved following flares: 06:21 UT =~
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2N, 07:00 UT - 2§ and 07:38 UT - 1B. With a view to the interval of 40 mins
between the flares, they can hardly be considered sympathetic. The 40-minute
reccurrence in the flare series of Oct. 6, 1979 is evidence of rapid accumu-
lation of energy and generation of instabilities in the complex on the day

involved.

The observational material was processed statistically with regard to
the non-random coincidence in the flare occurrence in Bou 2030 and 2032. 0f
the total number of 72 flares, observed in the activity complex between Oct.
5 and 7, 1979 (SGD 439, Part II), only those pairs of flares from Bou 2030
and 2032, whose onsets in H-alpha differ by less than 30 minutes, were inclu
ded in Teb. 1. If the observation of the flare onset was lacking, the diffe-~
rence in the times of the maximum intensities of the H-alpha flares was taken
into. account. The following reasons were responsible for limiting the time
interval to 30 mins and less: Fritzovd - Svestkovd et al. (1976) found that
the pairs of flares from two close active regions (up to 30°) occurred more
frequently than one would.expect from probability calculus, provided the dif-
ference in the times of their onsets is less than 30 mins. Pairs, which show
a difference in the onset times of more than 30 mins, occurred in numbers
comparable with the number of randomly éxpected pairs.

Table 1

List of k-alpha flare pairs observed in the ARs of the Octobér 1979 complex
of + %“ivity with differences in onset time lesser than 30 minutes

Yo Beg Max End Imp AR Ref At
(tm) (uT) (ut) (min)

October 05, 1979

1 05:55 06:01 06:09 SB 2030 SGD, B 6
- 06:07 06:15 - 2032 B

05:51 06:23 07:56 1-/1 SID

2 08:12E - 08:34D SF 2032 SGD 19
© 08:31E 08:32 08:40 SN 2059 SGD
08:24 08:34 09:00 1-/5 SID

3 16:07 16:09 16:12 SP 2030 SGD 12
16:19 16:29 17:06 SF 2032 SGD
16:57 17:01 17:06 SP 2030 SGD

4 20:53 20:57 21:26 SN 2032 SGD 26
21:19 21:24 21:28 SF 2030 SGD

5 21:41E 22:05 22:16 SF 2030 SGD 4
22:03 22:09 221:45 SN 2032 SGD
22:18 22:31 23:06 SN 2030 SGD
22:27 22:31 22:31D 1-/1 2030 SID
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Table 1 continued
6 23:46 23:49 23:55 SPF 2032 SGD 1
23:47 23:49 00:04 SN 2030 SGD

October 06, 1979

7 04:56 05:02 05:33 SN 2030 A 1
04:57 05:02 - SB 2032 A
05:02 05:08 05:53 1-/3 SID
8 06:59 07:00 07:06 SB 2030 A 3
06:59 07:03 07:30 2B 2032 SGD
06:56 07:03 07:27 1-/1 SID
9 11:09 11:13 11:24 SB 2032 SGD 5
11:14 - - 1N 2030 A
11:10 11:18 11:40 1-/5 SID
10 14:28 - 14:43 SN 2030 SGD 0
14:28 - 14:40 SF 2032 SGD
11 19:55 19:59 20:08 SN 16350 SGD 2
’ 19:57 19:59 20:12 SN 2030 SGD

October 07, 1979

12 04:50 05:02 05:30 1N 2032 SGD 27
05:17 05:23 05:37 SN 2030 SGD

13 07:01  07:10 07:27 SN 2030 SGD 20
07:21 07:24 07:35D SN 2032 SGD
07:33 07:35 07:35D SN 16350 SGD
07:55 08:10 08:15D 1B 2030 SGD

14 07:55 08:10 08:44 1B 2030 A 0
07:55 - 08:05 SB 2032 A

15 13:10 13:21 13:37 SF 16350 SGD 8
13:26E 13:29 13:35D SF 2030 SGD

16 12:08 12:13 12:22 SF 2032 SGD 19
12:27 12:28 12:51 SF 16350 SGD

17 14:05 14:13 14:35D 1B 2032 SGD 4
14:14 14:17 14:42 SN 2030 SGD

18 21:12 21:22 21:46 SN 2030 SGD 24
21:36 21:45 21:59 SN 2032 SGD

October 08, 1979

19 00:17 00:27 01:02 1N 2030 SGD 8
00:25 - 0l:32 SN 16350 SGD
20 07:13 07:16 07:32 SN 2030 SGD T
07 :20FE - 08:00D SF 16350 SGD
21 10:18E - 10:40 SF 16350 SGD 12
10:30 - 10:40 SF 2032 SGD
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As can be seen from column 5 of Tab. 1, most selected flare pairs were
subflares (SF, SN, SB). The H-alpha deata on flares are supplemented in Tab. 1
by SID deta (SGD 424, Part I). X~-ray data, in this case, are only available
for large flares (Antalovd et al., 1985).

The random number of quasi-simultaneous occurrences of flares in two di-
fferent active regions can be calculated with the aid of the probability cal-
culus. This is a problem analogous to the coincidence between pulses in two-~
channel electronic circuits (Evans, 1955, Fritzovd-8vestkovd et al., 1976).
The computation can be carried out provided the interval T , in which Nl
flares were observed in the first and N2 flares in the second active region,
is sufficiently long.

Table 2

Comparison of the statistical expected and observed pairs of sub-
flares in Bou 2030 and 2032

Day T Ny N, t Obs Exp O/E
(hours) flares in 2030 2032 pairs pairs
Oct. 05 22 10 13
aiff 30™ 7 5.9 1.2
10™ 2 2.0 1.0
05® 2 1.0 2.0
Oct. 06 24 11 13
30" 4 6.0 0.7
10™ 4 2.0 2.0
os™ 4 1.0 4.0
Oct. 07 24 11 7

30" 5 3.2 1.6
10% 2 1.1 1.8
os5™ 2 0.5 4.0

Using the random coincidence formules, published Fritzovd-Svestkovd et
al. (1976), the numbers of randomly expected pairs of flares on Oct. 5 to 7,
1979 were computed. The computations were carried out for flare pairs observ-
ed with an onset time difference of 30, 10 and 5 minutes in regions Bou 2030
and 2032 for each day. The results of the computation of the randomly expect-
ed pairs, which should occur within the whole interval T , are given in co-
lumn 6 of Tab. 2. The randomly expected pairs in interval T are compared
with the number of actually observed pairs, the required time differences of
5, 10 and 30 minutes being preserved.
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3. RESULTS

1) The most conspicuous differences between the number of randomly ex-
pected and actually observed flare pairs were found for the 5-minute lag. On
Oct. 6 and 7, this category displayed an excess of observed pairs as compa-
red to the number of pairs randomly expected in groups Bou 2030 and 2032.

2) The result ad 1), referring to one activity complex (October 1979)
and to data not particularly statistically significant (72 flares) is in
good qualitative agreement with

' a) the result of Fritzovd-Svestkovd et al. (1976) who processed abundant
material related to many close active regions;

b) with the results of the behaviour of impulsive phases of isolated
flares. The analysis of hard X-ray bursts indicates that at least 40% of the
flares display multiple peaks observed in various places of the active region
with a lag of a few minutes (2-5). This is evidence of multiple energy relea-
se in the region during the flare (Pdrnik et al., 1983, Kattenberg et al.,
1983, Duijveman et al., 1983, Dwivedi et al., 1984, de Jager et al., 1984,
Tandberg-Hansen et al., 1984).

Considering the fact that flares may also be generated in the marginal
parts of an active region (Antalovd et al., 1984), it is only natural to ex-
pect that, in close active regions, flares with multiple peaks may be genera-
ted, whose flare knots are in both active regions simultaneously.

3) The complete list of flares observed in the October 1979 complex of
activity indicetes that the individual active regions retained their autono-
ﬁy, limited by the degree of their development, during the transit of the
complex across the disk. Between Oct. 6 and 7, the interaction between Bou
2030 and 2032 increased and this was reflected in the larger number of actua-
11y observed quasi-gimultaneous subflare pairs (lag of 5 minutes and less).

4) On Oct. 6 and 7, the October 1979 complex of activity displayed a well
defined location of flare generation. The preferred location of flare onsets
in Bou 2030 was the neighbourhood of the trailing sunspot of the group. In
Bou 2032, an important part was played by the delta-configuration region.
Both localities of flare generation support the conclusions concerning the e-
ffect of new magnetic fields in creating a suitable pre-flare situation (Mar-
tin et al., 1983, 1984, Priest, 1984).

5) For the purpose of short-range forecasts (2-4 days) of flares, expec=-
ted in a particular active region, it is important to distinguish the contri-
bution of a new magnetic field of opposite polarity to the increase in flare
activity in the region, as well as the appurtenance of the active region to
the complex of activity (Antalovéd, 1967).
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