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Abstract. After more than half a century of community support related to the science of
“solar activity”, IAU's Commission 10 was formally discontinued in 2015, to be succeeded by
C.E2 with the same area of responsibility. On this occasion, we look back at the growth of the
scientific disciplines involved around the world over almost a full century. Solar activity and
fields of research looking into the related physics of the heliosphere continue to be vibrant and
growing, with currently over 2,000 refereed publications appearing per year from over 4,000
unique authors, publishing in dozens of distinct journals and meeting in dozens of workshops
and conferences each year. The size of the rapidly growing community and of the observa-
tional and computational data volumes, along with the multitude of connections into other
branches of astrophysics, pose significant challenges; aspects of these challenges are beginning
to be addressed through, among others, the development of new systems of literature reviews,
machine-searchable archives for data and publications, and virtual observatories. As customary
in these reports, we highlight some of the research topics that have seen particular interest over
the most recent triennium, specifically active-region magnetic fields, coronal thermal structure,
coronal seismology, flares and eruptions, and the variability of solar activity on long time scales.
We close with a collection of developments, discoveries, and surprises that illustrate the range
and dynamics of the discipline.

Heartbeat of the Sun from
Principal Component Analysis and
prediction of solar activity on a
millenium timescale

V. V. Zharkova*?*, S. J. Shepherd3*, E. Popova“" & S. I. Zharkovs*

We derive two principal comp s (PCs) of temporal magnetic field variations over the solar

cycles 21-24 from full disk magnetograms covering about 39% of data variance, with o=0.67.

These PCs are attributed to two main magnetic waves travelling from the opposite hemispheres

with close frequencies and increasing phase shift. Using symbolic regeression analysis we also derive
mathematical formulae for these waves and calculate their summary curve which we show is linked
to solar activity index. Extrapolation of the PCs backward for 8oo years reveals the two 350-year
grand cycles superimposed on 22 year-cycles with the features showing a remarkable resemblance

to sunspot activity reported in the past including the Maunder and Dalton minimum. The summary
curve calculated for the next millennium predicts further three grand cycles with the closest grand
minimum occurring in the forthcoming cycles 26-27 with the two magnetic field waves separating
into the opposite hemispheres leading to strongly reduced solar activity. These grand cycle variations
are probed by a —£2 dynamo model with meridional circulation. Dynamo waves are found generated
with close frequencies whose interaction leads to beating effects responsible for the grand cycles
(350-400 years) superimposed on a standard 22 year cycle. This approach opens a new era in
investigation and confident prediction of solar activity on a millenium timescale.
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Heas Hccnenonanmr m,m Jjie
. AKTHBHOCTH HAa CTaﬁﬂJIbHOA
yeJa0BeKa ¢ ncuoubsonanneM Mmcposmepnoro
OYKKAJIHLHOI'0 IHATE/IHS.

3agaum HCCJICAOBAHNA:

1. BrisiBiieHMe 3aKOHOMEPHOCTEH BCTPEYaeMOCTH HAapyIIeHHH
6ymca.ubnmx JNIATCINONUTOB B 3aBHCHMOCTH 0T HMHTCHCHBHOCTH
COJIHCYHBIX BCIBIINICK.

2. YcTaHOBJIE€HHE YaCcTOTBl BCTPEYAEMOCTH  HapylIeHHH
OYKKAJBLHBIX JNHTEJIHONMTOB B 3aBHCHMOCTH OT [HS B3ATHSA
Npo0bI NOCJIe BCOBIMKHA COJTHEYHOH AKTHBHOCTH.

3. Omnpenenenne wmoayaapyomux 3¢¢eKToB BCTPeYaeMOCTH
HApyIIeHAH B KJIeTKaX OyKKAJbHBIX >NHTEJHONHTOB MOCJE
BeonbimkA Ha CogHne B 3aBHCHMOCTH OT reorpa)mieckoro
MEeCTOHAXO0KICHHS HCHOBLITYeMbIX H AHTPOIOIeHHOIO 3arpa3HeHus
TOpOJOB.
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MuKpoaaepHbI TECT BYKKaNIbHOTO
3NUTENUA Ye/IoBEeKa

B. H. Kanaeg, M. C. Hevyaesa,
E. A. KanaeBa
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BYKKAJIBHOIo A '

SAMUTENUA POTOBOW
NONOCTHU HYENOBEKA
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IToka3zarenn Hapymemm MHUTOTHYECKOTO
[eJIeHHs]

Muxposapo Haceuka



IIporpy3us THma IIporpy3us THma
«SA3BIK» «Pa30uToe ANI0»



Kapuopexcuc Kapuonuknos




ITporpamMMBbl, HCIIOJIL3YeMbI€ /IS
CTATHCTHYECKON 00PA0OTKH MOJTYYEHHBIX
pe3yJabTaToB

. STADIA 6.3/base gna Windows (C) Kynanues A.T.,

STATISTICA
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2. YMeHbIIeHHEM KOJIHYEeCTBA HAPYLIeHUH
npu X-scnbimke (9.09.17)
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1. B ropogmax ¢ BBICOKMM YPOBHEM
AHTPOIIOI'€HHOI'0 3arpA3HEHHS: YeM
Bbillle YPOBE€Hb 3arpsi3HEHHsl, TeM
0oJbllle KOJHYECTBO MHKPOSIAEPHBIX
HAPYLICHHH.
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HApYILIeHNii, KOHeIl JIeTa —
HanMeHbIIee.



BCTPEYAEMOCTH HEKOTOPBIX rene'mqecm anoua.rmn B ﬁymcam.nux

IINHATC/IHOIHUTAX YC/I0BCKA. Hanﬁonbmee 7‘Ill(!JIO KJEeTOK ¢ HapylleHUSIMH

BCTPEYaeTCH B MOpsAKe YOLIBAHHA B Cenacmnone, Boponexe, Tomcke u
XanTel-MaHcHiCKe.

Iloxa3zaHo B/IHSIHHE Ce30HAa, B KOTOPOM MPOHM30ILIA BCHBIMIKA, HA
KOJIMYECTBO MHKPOSIIePHBIX HapylmieHHH (MaKCHMAJbHAs — KOHeIl
3AMbI, MHHHMAJbHAsI — HAYaJ0 OCEHH), YTO OO0YyC/IOBJIEHO OO0meH
0¢/120JICHHOCTHIO OPraHu3Ma MocJjIe 3MHMHEro epruoaa.

YCTaHOB/ICHO BO3J€HCTBHE BCHBIMIEK HA KOJHYECTBO SIACPHBIX AHOMAJIHH.
OHE NOBIHMSUIM TOJbKO HA TaKHe THIbI MHKPOSAEPHBIX HApPyIIeHHH, KaK
MHKpPOSiIpa, HepHHYyKJIeapHbie BAKYOJIH H NPOTPY3nH THHA «Pa30HuToe AiI0»
H SBIJINCH (D)AKTOPOM, YCHINBAIOIMM BIIHSTHHE MpeAbIyIHX.

IlonydyeHHble pe3yJbTAThl MOXKHO HCHOJB30BATh IPH NPOBeJeHHH
MHKpPOSIIEPHOIO TecTa OyKKAJBLHOIO DJIHTEJIHSI 4YeJOBEKA H IIpPH
IUIAHAPOBAHUYM MEPONPHSATHH N0 OIeHKe INeHOTOKCHYHOCTH OKPY’KAIOmieH

cpensbl.






