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ABSTRACT

Using the observation data for the AR-82 complex (magnetograms, photohe-
liograms, H-alpha filtrograms), a first step of evolutionary snalysis has been
carried out. The results obtained in June-July when the complex reached its
maximum development were subject to a most detailed analysis. The connection
between the complex and the structure of the ambient large-scale magnetic
field is considered. We have shown that quasiperiodic variations in the cen-
tral part (topologic centre) of the AR complex (variations in the number, size
snd motions of sunspots and pores) to a large extent determine the structure
and evolution of the entire AR complex. The spots and pores in AR-82 form glo-
bal and sporadic (unstable) spiral structures.

AHANN3 PA3BUTMA KOMLIEKCA AKTMBHOCTYM HABJDJAEMOI'O B MOHE-MKJE 1982 I'. Ha
OCHOBe HAOADASTEJBHHX IAHHHX (MarHuTorpamms, ¢oToreamorpemus u H-aabpa Guabrep-
rpeamuH) OHA CHEJ8H BBOADLMOHHHY 8HOAUS HDHBCKO-MOABCKOTO KOMIIEKCA SKTUBHOCTH.
PesynpTaTH, KOTOpHE OHJAM MOJYYEHH BO BPEMS MAKCHUMAJIBLHOI'O DASBUTUA KOMIIEKCA
(uDHB-uDAL 1982) GHaM HeTalbHO AHAAKBMDOBAHHH. Bmaa ofcyxneHa CBS3 MeXIy KOM-
MJIEeKCOM 8KTUMBHOCTU M CTPDYKTypOi#l OKPECTHOrO KPYNHOMACWTAGHOTO MArHUTHOTO MNOJ.
Buso nox&sseHo, UTO CTPYKType& M DasBUTHE LEJOr0 KOMIIEKCa aKTMBHOCTM B GoJbmeit
CTeNneH ONpeXeNeHH TOMNOJOrMYEeCKMM LEHTPOM ¥ ero KBAa3MIepuonMUEeCKMMN BApPUALM MU
(Bapnanuu B uuciae, pasmepax ¥ B IBUXEHMM NATEH M mOp). [ATHA M NOPH B KOMOJAEK-
ce 1982 r. coszaBapvT IAOGAIBHYD ¥ CHOPaAMuYecKyD (HepaBHOBECHYD) CHMpAaIBHHE
CTPYKTYPH.
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ANALYZA V¥VOJA KOMPLEXU AKTIVITY, POZOROVANEHO V JUNI A JULI 1982. Na z&-
klade pozorovacich ddajov (magnetogramy, fotoheliogramy a H-21fa filtergramy)
bole urobend analyza vyvoJja Jjunového aZ jilového komplexu aktivity. Vysledky,
ktoré boli z{skané pre obdobie maximdlneho rozvoja komplexu (Jjun-jul 1982)
boli detailne analyzované. UvaZovany bol vztah medzi komplexom sktivity a oko-
litym velkorozmerovym magnetickym polom. Bolo zistené, Ze Struktira a vyvoJ
celého komplexu aktivity su vo velkej miere urdované topologickym centrom a
jeho kvaziperiodickymi varidciami (v pod&te, rozmeroch a v pohybe 3kvrn a po-
rov). Skvrny a péry v komplexe z roku 1982 vytvéraji celkovi a sporadicki
(nerovnovéZnu) Spirdlnu 3truktiru.

1. INTRODUCTICN

The present report should be considered as the first step to analyzing
the evolution of one of the most complicated and powerful active complexes in
the previous solar cycle. This compact complex of active regions was the sub-
Jject of Joint international studies, and a number of publications [1-5] have
already been devoted to its analysis. Our work is based on the following ob-
servational material: a/ the charts of longitudinal magnetic fields (B, ) and
Doppler velocities (vD) for 7 days obiained in July 1982 on the Solar Tower
Telescope of IZMIRAN (simultaneously, two magnetographs were making records in
a photospheric, Fel 5253 2, and a chromospheric, Ba II 4554 3, lines); b/ a
series of B, magnetograms obtained in June and July 1982 at the Sayan Observa-
tory of SibIZMIR using 2 panorsmic magnetograph; ¢/ a large series of H-alpha
filtrograms taken on the Large Soclar Telescope of IZMIRAN with an Opton bire-
fridgent H-alpha filter (44 = 0.25 & with a band shift of +3 &, up to 12 &
during flares); d/ photoheliograms obtained at a routine basis with a photo-
heliograph at the Astronomical Institute of the Uzbek Aczdemy of Sciences; and
e/ high-resolution photoheliogrems (£ 1") obtained on the high-sltitude solar
station of the Pulkovo Observatory at Pamir with the aid of a stationary solar
telescope of Saturn type. When treating these dsta, we also made use of some
publications in Sclnechnye Dannye and Solsr Geophysical Data [6] devoted to
the active region under discussion.

Our communication has a preliminary character, since we have not yet ana-
lyzed the observational data obtained at the solar observatory Einsteinturm
(Astrophysical Institute of the Academy of Sciences, GDR), at the Debrecen
Heliophysical Observatory and at the astronomical institutions of Czechoslo-
vekis., This is not only due to a cumbersome procedure of data processing and a
large amout of calculstions required for a detailed analysis. At the first
stage, we thought it reasonable to confine ourselves to the asbove listed data
sources and to reveal some essential, in our opinion, structural features in
the AR evolution that may afterwards be helpful in a qualitative analysis of
flaring sctive regions. In the complex under consideration that attained a
maximum in its evolution during the June and July solar rotations (e.g., rapi-
dly changing sunspots of‘&lconfiguration were observed in July in three parts’
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of sunspot groups SD No. 228-229 end the number of sunspots and pores on some
particular days exceeded = 140) we shell try a/ to trace the relationship of
the AR complex with the large-scele magnetic field chsracteristics for more
than 8 solar rotations (from January to September); b/ to revesl in the pro-
cess of evolution (particularly et the maximum) the decisive role of the cen-
tral part of the complex (its topologic magnetic and velocity centre), whose
structural chenges determine, to a large extent, the highly intricate structu-
re of the entire complex; ¢/ to find out some particular features in the evo-
lution of global and local (sporadic) spiral-like auto-wave structures in the
distribution of sunspots. The changes and decay of the latter sre due to the
flare activity.

2. SOME GENERAL FEATURES IN THE EVOLUTION OF THE AR-82 COMPLEX AND THE
ASSOCIATED LARGE-SCALE MAGNETIC FIELD (LNF)

One of the suthors of this paper followed in detail ,the evolution of this
complex (the forming and interaction of three main branches of the changing
active regions) [2] The evolution of the branches from Janusry through July
1962 is represented schematically in Fig. 1. Without going into detail of the
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Fig. 1: A scheme of evolution of the branches of an active complex from

January to July 1982 in the Carrington reference frame. The number
of the AR and the number of Carrington rotation zre indicated in
the rectangles that mark the locations of AR centres.

complex evolution, we should ncte that it took place within a large-scale uni-
polar magnetic field of N polarity, whose variations between Carrington rota-

191

© Astronomical Institute of the Slovak Academy of Sciences * Provided by the NASA Astrophysics Data System



tions N 1718 and N 1726 according to McIntosh charts (SGD) are illustrated in
Fig. 2. One can see that the large-scale magnetic field (IMF) which initially
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Fig. 2: The structure of a 1arge-scale magnetic field in Carrington
coordinates.

had a peninsula-like shape reduced afterwards to an "island" with changing
dimensions and contours and then, after the maximum of flare activity in June-
-July, it recovered its initial structure in August-September. Nearly there
was a changed coronal hole. Such a behaviour of the large-scale magnetip field
with a complex of flaring active regions was analyzed in other papers [ 7, &] .
It is typical of large active complexes. As shown by Golub [9], in the AR-82
complex (like in the active regions of August 1972 and July 1974) during the
largest flare activity one could observe a near-equatorial chain of LMF "is-
lands" extended for over 180°, with flaring active regions developed in some
of them. This confirms one of the main properties of a powerful active complex,
i.e. a global character of LMF evolution with active regions extending over a
lengthy discrete band of correlated activity (particularly at antipodal longi-
tudes). On the other hand, the insular structure of the large-scale magnetic
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Fig. 3: The locations of sunspots of the leading (.) and the following (o)
polarities in the recurrent groups of 1982. The arrows show the
direction of proper motions of the sunspots.

field with a powerful AR complex changes in size and configuration, thus im-
plying a dynamism of the turbulent convection zone of "islands" during the
release of extra energy that is spent on AR forming and evolution. This shows
that general vortex and shear motions in LMF in these periods are more struc-
turized than in the quiet "laminar" phase of evolution, i.e. there acts a
certain synergetic law of self-organization [12]. Fig. 3 illustrates changes
in the general view of the structure (the distribution of sunspots of dif-
ferent polarities) during five solar rotations from May to September 1982.

The differential rotation being taken into account, one can see characteristic

193

© Astronomical Institute of the Slovak Academy of Sciences ¢ Provided by the NASA Astrophysics Data System



l': )c: ‘:\&
/ /’(k . .
\ '11‘\ Ry (\
.'Qf e *:*.,.. N
17.06.82 18.06.82 19.06.82 20.06.82
1.29 0T 12.05U0T 4.55UT s500UT

Fig. 4: A scheme of motions in the active filament in June 1982:
x - sinking, . - rising, --- trajectory of the filament.

general shears, kinematic features and the structure of the complex. Preferen-
tial directions of sunspot proper motions are indicated with arrows. In spite
of a great complexity (especially in the July rotation), it is evident that
some structural and kinematic features in the complex persisted for several
rotations. As noted before [1], the distribution of sunspots and pores in June
had the form of a single-thread spiral with a very large and complicated cen-
tral spot comprising several umbrae. The second branch of the spiral began to
form after passage through the central meridian (June 17-18). One can see it
on the magnetic chart (Fig. 12) and in Fig. 4, where, besides the contours of
the main spots, are also shown fragments of a large active filament near the
polarity reversal line, (I\IL)B"= o) that stretched northwards far beyond the
active region. As seen from the Figure 4, the up-and downward line-of-sight
velocities in some parts of the filament were rather large (2 +40 km/s).

Their variability and sign reversal indicate that a periodic disturbance pro-
pagated from the AR centre ("origin" of the spiral) along the neutral line
(NL)B"=0' In Fig. 5, the same part of the active filament is represented on
individual days of observation in July. The character of propagation of pe-
riodic disturbances from the AR centre was the same, but the filament itself
sometimes bifurcated.

Fig. 6 illustrates some fragments of a large filament and a system of
fibrils copied from H-alpha filtrograms. They outline the magnetic field tran-
sverse component, B;, at the centre and near the leading part of the active
region. One can see that in July, the fibrils delineated two systems of heli-
cal field structures beyond the location of the main spots in AR. It will be
clear below that while in June the active region was mainly shaped like a sin=-
gle-thread spiral, in July the global distribution of sunspots and the chro-
mospheric structure took the form of a joint double-thread spiral, which is
characteristic of active regions producing large two-ribbon flares. Conside-
rable changes in the number, size, proper motions and location of sunspots
and pores in the July rotation made the structure of the complex much more
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Fig. 5: A scheme of motions in the active filament in July 1982:
X - sinking, . - rising, --- trajectory of the filaments.
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Fig. 6: A scheme of the filament and the structure of fibrils in July 1982.

intricate, In this structure four kinematic elements could be singled out, in-

cluding a typical central part.

3. EVOLUTION OF THE AR CENTRAL PART IN JULY
When analyzing complex active regions, a number of authors paid atten-

tion to some characteristic properties of their central part. For example,

V. Bumba (U7 7] called it a topologic centre of the active region. Disposing of
detailed magnetic charts, a large number of heliograms with high spatial re-
solution and H-alpha filtrograms for the period of July rotation, one can
make an attempt, in spite of a greate complicacy of the active region, to
trace the evolution characteristics of the central part and its influence on

the structure of the active region as a whole.
Fig. 7a shows the contours of the main umbrae in the AR central part for
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13.07.82

Fig. 7a: Outlines of the umbrae in the central part of the active region.
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Fig. Tb: Fragments of high-resolution photoheliograms. July 11, 1982, 03:45 UT;
July 12, 1982, 04:40 UT; July 13, 1982, 04:05 UT.

July 11-13, that could be outlined using high-quality photoheliograms obtained
at the Pamir station of the Main Astronomic Observatory. The Figure 7b repre-

sents also some fragments of the photographs. The analysis of these materials

shows that: a/ the umbrae in the AR centre are situated along a non-stationary
double-thread spiral. Light bridges and photospheric fibrils of the penumbra,

as well as elongate elements in the umbrae, thst show up on the photographs
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taken at different exposure times, confirm a non-casual character of such a
S-shaped double-thread spiral structure; b/ at the very centre (denoted with
letter "C") the size and location of the umbrae change quasi-periodically. It
is readily seen, for example, when comparing photos for July 11 and 12. The
photo of 12 July was taken after one of the largest flares in the AR under dis-
cussion. After the umbrae at the centre had changed sharply on July 12, new
large umbrae appeared there by July 13 and 14.

Analogous changes ("sinking" and "emerging") of the umbrae at the centre
("C") are represented in Fig. 8 based on the same high-quality photos of July
14, 16 and 17. Along the main polarity division line (the photo of July 14)
one can see a "shearing" penumbra with photospheric fibrils aligned with
(I\(L)B"=0 and forming an interwound structure. By July 16 this structure disap-
peared replaced by a bipolar pair of sunspots.

a 0

Fig. 8: A sketch of umbrae and dark filaments of the penumbra in the central
part of a sunspot group. a/ July 14/08:10 UT; b/ July 16/05:00 UT;
¢/ July 17/05:05 UT. A structure formed by penumbral filaments orien-
ted along the polarity division line (dashed line), that was observed
on July 14, disappeared almost comple ely by July 16. One can see only
its southern edge that forms part of the growing umbra of July 16-17.

Thus, the topologic centre of the active region displayed characteristic
quasi-periodic changes that might be a manifestation of some pulses from sub-
photospheric disturbances. In order to establish the origin of these distur-
bances, an analysis of photospheric magnetic charts was carried out. Fig. 9a,b
(cannot be published in this article for technical reasons) represents the
charts of photospheric magnetic field for several days of observation on the
Large Solar Telescope in July. They illustrate the evolution of the photosphe-
ric magnetic field of the active region. It is worth noting that in spite of
considerable changes in the number, size and location of sunspots, the global
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structure of the field changed very slowly except for a noticeable change on
July 16, when the northern "island" of S-polarity merged with the S-field in
the southern part of the active region. For the zone of topologic centre, we
calculated the magnetic flux within the areas confined by 2 800 G isolines
assumed to coincide with sunspot boundaries, and in the surrounding areas con-
fined by 600, 400 and 200 G isolines. A comparison of calculations for two
consecutive days showed (see Table 1) that while the magnetic flux in sunspots

Table 1
The magnetic flux for the zone of topologic centre on July 16 and July 17

Fie Fyq Fis Sk F,.-F,., F! -F!, F, /F,. FI./F!
800,1000 1500,2000 200, 400 600 1617 “16 717 T167747 T1677AT

6

009
1.5
0.6

I 2.9 E6 0.8 E6 1.6 E6 1.7 E6 2.0 E6 0.06 E6 3.4
II 1.5 Eb6 0.6 E6 1.5 E6 1.0 E6 1.0 E6 0.4 E6 2.6
IIT  0.08 E6 0.06 E6 0.09E6 0.03 E6

.

changed, the flux in their enviropment remained practically invariable. It may
imply that sunspots sank under the photosphere rather than dissipate splitting
into smaller spots with weaker magnetic fields. The chart of proper motions of
sunspots (Fig. 10) shows that the centre of AR complex comprised a kinematic
element "B" where sunspots broke down and revived making circular, preferably
clockwise motions without a noticeable advance like that observed, for example,
in kinematic element "A" (XE-"A"). Analogous vortex motions were also revealed
in the same central region in August. In September, there remained a cluster
of pores arranged in the form of a spiral. The present chart (Fig. 10) of the
sunspot trajectories in AR-82-July is based on sunspot coordinates that were
obtained using a measuring and computation facility "Askoremat™ of the Astro-
nomic Institute of the Uzbek Academy of Sciences. It lacks the systematic er-
rors of the analogous chart in [1].

Therefore, the topologic centre of the active region (especially in July
when it attained its maximum evolution) acted as a kind of non-stationary
"disturbance plunger". Kinematic elements "A" and "C" in Fig. 10 reflect the
passage of disturbance that propagated from the topologic centre (KE-"B"). The
direction of propagation was determined by the magnetic field, as seen from
Fig. 11, that represents potential magnetic charts at two indicated levels,
calculated from magnetographic data by the Nakagawa-Raadu method. Attention
should bte also paid to the study of radic emission of the AR-82 complex. This
study was carried out on RATAN-600 by a group of scientists of the Main Astro-
nomic Observatory and the Special Astrophysical Observatory and on VLA by Drs.
K.R. Lang and R.F. Williams [10]. One of the important results of this study
is that the characteristic large maximum of radio emission ("extra-spot compo-
nent") revealed with RATAN-600 is localized above the AR topologic centre con-
sidered. It suggests that a disturbance (in particular, magnetic field) above

199

© Astronomical Institute of the Slovak Academy of Sciences ¢ Provided by the NASA Astrophysics Data System



*U0T}BAJI3SQO JC SABp

4SBT 2y} PUB 1SJITJ Oy} JO §336p 3y} aJge s3aanSyy TTews *(s80l *ITJ 298) saqod pue asaqun a9yl
JO sJaqunu 3y} aJ8 saanITJ 93a87 °(TY) SIUSWIT® JTIBWAUTH Futpuodsadaoo a10uep ¢ pus ‘9 ‘g
‘y sJ99997 °2g51 LInp Jo uordad aaT3de Y} UT uoTouw Jadoad jodsuns Jo sata0303(eIq paanses| 0l *I1J

s€€ O€€ .S2€ 0Z¢ LSIE T

LOle

.lﬂ
-
T 1 T T

—

200

© Astronomical Institute of the Slovak Academy of Sciences * Provided by the NASA Astrophysics Data System



VA RSTINA
(@\\4 @} 7\\\/ 2

¢.07¢ /3 0782 /—’&07::
w_, “ﬂ’\y/&\ =
@/ \\,(4* V ﬁ[

/m.,@». ) \JA\% /}/\\\\.\/&

Fig. 11: Structure of the calculated magnetic field lines in a potential
approximation (a plane projection corresponding to the heights
of 1700 km and 2600 km).

the topologic centre may extend high enough to reach the chromosphere and co-
rona of the active region. Within the frames of a gualitative consideration
we may assume that the evolution of the active region in July 1982 was to a
large extent determined by the topologic centre.

4. A GLOBAL AND SPORADIC SPIRAL-LIKE STRUCTURE IN THE DISTRIBUTION
OF SUNSPOTS AND PCRES

As noted above, a spiral-shaped distribution of sunspcts (both general
and local) was observed in the complex under consideration at different sta-
ges of evolution (in different rotations of the Sun). It is readily seen in
the magnetic chart of this region (Fig. 12) obtained with the help of an auto-
matic panoramic magnetograph on June 17. The central part (dark-N-polarity) -
a complex multi-core spot of "Jm-configuration - constitutes the origin of a
long chain of sunspots and pores (mainly of S-polarity) arranged in the form
of a typical single-thread spiral. The stability of the structure and the
"rigid" rotation of the spiral agree with the main properties of a spiral
auto-wave of magnetic field concentration le] in the absence of external dis-
turbances. The evolution of the general andhlocal spiral-like structures is
especially well pronounced in July when the information available was suf-
ficiently complete and detailed. As shown in {17, the AR-82 in the July rota-
tion took the form of a double-thread spiral. Cne of its branches was directed
parallel to the equator (kinematic elements "A" and "C"), while another formed
an angle of ~40° with the meridian and its continuation in the form of a large
filament stretched far northwards. The maximum extension of the equatorial
branch was about 21° and of the meridional one (KE-"D") - about 11°. At the
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Fig. 12: A magnetogram of active region HR 18422 in the Fel 5253 R 1ine
obtained on June 17, 1982 at 01:59 UT with an automatic pano-
ramic magnetograph of SibIZMIR., The boundaries between the re-
gions of different darkening density correspond to +200, +600,
+1000, +1400, and #1800 isogausses of the longitudinal magne-
tic field. One can see the prevalence of a magnetic flux of
northern (dark) polarity, as well as a spiral-like distribu-
tion of the field hills and polarity division lines.

intersection of both branches there was the above-considered topologic centre
of the active region (KE-"B"). The meridional branch divided the equatorial
one into the eastern (KE-"C") and the western (KE-"A'") parts. The disturbance
that propasgated both westwards (KE-"A") and eastwards (KE-"C'") from the topoe-
logic centre affected the two parts in a somewhat different way, since the
eastern part of the branch contained only sunspots of S-~poclarity, whereas in
the western part (KE-"A") there were sunspots of both N- (the majority) and
S-polarities. In the western part of the branch, the velocity of the westward
drift of sunspots was rather high: the average velocity being about 100 m/s,
the main spots in the region (NN 3, 5, 15) on July 11-13 moved at an anomslous
high velocity of 2 300 m/s which by a factor of 1.5 exceeded the statistic
mean velocity of new sunspots [11] . It should be noted that this "induced"
high velocity is likely to be due to disturbances at the topologic centre,
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Fig. 13: The location of sunspots (dots}, spiral-like chains (solid lines)
and flare centres (crosses) in the sunspot group of July 1982.
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where the largest flares of the month occurred on July 9 and 12. It is impor-
tant to note that while the rapidly moving sunspots of N-polarity advanced
west-wards, the spots of S-polarity revealed preferably rotational and east-
ward motions. Such a shearing motion resulted in the formation of two local
single-thread spirals. If we assume that the spiral-shaped distribution of sun-
spots is a manifestation of auto-wave motions of sunspot concentration in the
convection zone, then the formation of these local spirals may be explained as
an effect of different propagation velocities of disturbances in N- and S-
-fields where the magnetic field (sunspot) concentrations differed essentially.
In the eastern part of the branch (KE-"C"), where all sunspots were of one and
the same polarity (S), the effect of local spirals arisen as & result of a di-
sturbance propagating from the topologic centre, was not observable.

The meridional branch may be divided into two parts: KE-"D" and a compact
cluster of not mobil unstable spots (NN 11, 17, 18, 27, 34, and 41; see Figs.
10 and 102). The latter constituted a magnetically isolated part of the o0ld
active region [2]. As a result of isolation of the magnetic field, the H-alpha
plage surrounding the group did not brighten during a large flare of July 12,
though a bright flare filament was situated nearby in the magnetic field of
the same polarity as the group. In KE-"D" on July 10-13 the umbrae in compli-
cated spot N 13 were arranged in the form of a spiral. Dark paths in the pen-
umbra stretched out of the umbra of the slowly rotating leading spot as a con-
tinuation of the spiral. A new spiral structure formed on July 14 ss a result
of counter-clockwise rotation of sunspot N 14. On the following days, spiral
chains were observed to appear sporadically in the KE-"D".

In Fig. 13 the locations of the main umbrse on all days of observation
from July 10 through 19 are indicated with dots. The umbrae and pores may be
combined in chains on the following basis: a/ if the umbrase are arrénged
(oriented) in a chain; b/ if individual spots are connected by penumbral fi-
laments that form a chain; c¢/ if the umbrae in the central psrt of an sctive
region inside a large penumbra are connected by dark psths of the penumbra.
These chsins and unstable spirsls made it possible to trace the direction of
the main branches of the principal double-thread spiral, the decay and inter-
action of sporadic structures in the course of AR evolution. In the same fi-
gure, the crosses mark the centres of H-alpha flares that on different days
concentrated at the topologic centre, at the sites of reconstruction of spiral-
-like structures or in the region of shear motions in the western equatorisl
chain. The sites of flare concentration at different times in June and July
were indicated in (1],

Thus, spiral-like structures of sunspot concentrstion may form in an ac-
tive region in three cases: a/ at characteristic non-stationary disturbances
near the topologic centre; b/ at shear motions of the sysi:m of sunspots and
pores (the western equatorial branch); and c/ st the rotation of the main spot
(e.g., in KE-"D"), These forming conditions slongside with the observed insta-
bility of spirals at their interaction with the neighbouring parts of the
active region and the rigidity of the structure may indicate that spiral auto-
-wave structures in sunspot {magnetic field) concentration considered in the
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Fig. 10a: The numbers and magnetic polarities of sunspots.

Fig. 9: The photospheric magnetic field. Thick solid line represents the
zero line of the longitudinal field.
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Fig. 9: The photospheric magnetic field. Thick solid line represents the
zero line of the longitudinel field.
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-Fig. 9: The photospheric magnetic field. Thick solid line represents the
zero line of the longitudinal field.
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Fig. 9: The photospheric magnetic field. Zhick solid line represents the
zero line of the longitudinal field.

208

© Astronomical Institute of the Slovak Academy of Sciences ¢ Provided by the NASA Astrophysics Data System



previous works [12, 13] are observed even in a complex as intricates as AR-82.

To conclude with, let us note that limiting ourselves to guslitative evo-
lutional characteristics of the structures in AR-82 we have managed to revesl
two important features: a/ characteristic non-stationary properties of the to-
pologic centre in which the disturbances propagsting determined to a large
extent the evolution of the entire active region; b/ characteristic forming
conditions for spirasl-like auto-waves of magnetic field concentration in an
active region.

Later on, these and other conclusions are supposed to be considered gquan-
titatively using some synergetic concepts of forming and evolution of dissipa-
tive structures in an active region [12].
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DISCUSSION

G.B. Gelfreikh
loyemy Bum roBopuTe 0 nopmHe B neRTpe AQ0 - uMeJMCH JAM TaM ILBHECHUA, HACALIa-
eMHe B JyYeBHX CKoOpocTax 7T

M.A. Mogilevsky
HaGavaenus zyueBHX cKopocTelt mpoBozuauchr Ha merEurTorpade m npmuSope Homesarosa.
Habapnaaucr ZBHEEHUS C NepuoaoM MNopAJKa uyaca.

A. Antalové
Buio nmpu aHaxuse paccMoTpeRo IudepeHnmManbHoe BpameHMe, T2K KAK MUPOTHOE pac—
CTOfIHME TI'DAHMI KOMIAeKca okoxo 10 rpagycos 7

M.A. Mogilevsky
Jae

210

© Astronomical Institute of the Slovak Academy of Sciences ¢ Provided by the NASA Astrophysics Data System



