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We present a study of the evolution of two types of coronal holes (CHs) in the solar min-
imum of 24/25, which was preceded by a prolonged minimum of 23/24 and a weak 24 solar
cycle. The goal of the study is to clarify whether the behavior of CHs during this period is al-
so unusual? A two-year period, period from 2019 to 2020, around the absolute minimum (De-
cember 2019), when solar activity is consistently low, is chosen for the analysis. The study is
based on the material of observations obtained by SDO/AIA/193. The Heliophysics Events
Knowledgebase was used to localize the CHs and calculate their areas. Analysis of the evolu-
tion of the areas of polar and nonpolar coronal holes in solar minimum 24/25 revealed a
number of features. The hemispheric asymmetry is evident both in solar activity indices and in
the localization of maxima of polar and non-polar CH areas. The hemispheric area imbal-
ance is minimal for polar coronal holes and pronounced in the regions of nonpolar CHs and
sunspots. This is consistent with the general concept of polar CHs as the main source of the
Sun's dipole magnetic field. The areas of polar CHs significantly exceed the areas of nonpo-
lar CHs and make a significant contribution to the total area of all coronal holes in the solar
disk.

Beenenne

MHOro4nciIeHHbIE UCCIENOBAHUS ITOKA3bIBAKOT, YTO CTPYKTypa KOPOHBI
JOCTAaTOYHO CJIOKHAs M JMHAMUYHAS W 3aBUCHUT, C OJHOW CTOPOHBI, OT IpO-
CTPAHCTBEHHOT'O pacHpe/iesiCeHUsl COJHEYHbIX 0Opa30BaHUIl HAa €ro MOBEPXHO-
CTH, a C JIpyrod CTOPOHBI, OT (ha3bl COTHEHUHOIrO IUKIa. B mepuon MuHumyma
aKTUBHOCTU 00JIACTU OTKPBITOTO IMOJS HaJ MOJIOCAMH JIOCTUTAIOT CBOEr0 Mak-
CUMAaJIbHOTO PACHIMPEHHUs], @ KOJUYECTBO HUZKOIIUPOTHBIX 00JIacTel 3aMKHYTO-
ro CWJIBHOTO IOJS MUHUMAJIbHO. JIUMOJbHAs CTPYKTYpa ri100aJbHOTO MarHuT-
HOTO TOJISl B 3TOT NEPUOJI ApKO BeIpakeHa. KoponanbHbie abipbl (K/I) sBisitorcs
HEOTBHEMJIEMOM YaCThIO LIMKJIA COJIHEYHOW AKTUBHOCTH, IIOCKOJIBKY IIPEICTaB-
JISIIOT CO0O0M OTKPBITOE MAarHUTHOE 1ose. AHanu3upys nuHamuky KJI, B gactHo-
CTH, UX IUIOIIAJEH, MBI MOKEM CYIUTh O JnHaMuKe CoJHIA U XO0/1€ LIHUKIIA.

24-11 MUKJI COJTHEYHOW aKTUBHOCTHU OBUI OJHUM M3 CAaMBIX CJIAOBIX IIUKJIOB
3a nocnennue 100 ner HaOmoonenuid. [{ukin U npeamecTByOMMA eMy 3aTsHYB-
muics MUHUMYM 23/24 0TIMYanuch OT MPEabIAyIIUX UKIOB 1 MUHUMYMOB 10
psany napameTpoB. ITockobKYy OHM MMeNH OCOOBIM XapakTep, TO €CTECTBEHHO
BO3HHUKAET BOIMPOC: SIBJISETCS JIM COJIHEYHbI MUHMUMYM 24/25 Takxe HEeoObIY-
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HbIM? JlaHHBIM BOIPOC MOTUBUPYET YUYEHBIX 00Jiee IE€TalbHO UCCIEA0BATh ATOT
MUHUMYM. B pabote [1] aBTOpBI CpaBHUWIM MUHUMYM 24/25 ¢ AByMs Npeablay-
LIMMU U [TOKA3aJIu:

— Munumywmst 24/25 u 23/24 noka3piBalOT 00Jiee HU3KUM YPOBEHb aKTUBHOCTH,
4eM MUHUMYM 22/23.

— HampsokeHHOCTh MOMSIpHOTO MONSE MUHUMYMa 24/25 B cpelHEM BBIILIE, YEM
MuHUMyMa 23/24, Ho Bce xe cnabee MuHuMyma 22/23.

— AcumMmeTpus MOJSPHOrO MOl C CeBepa Ha 1or 0oJjiee OYEBMJIHA B TEUECHHE
MUHUMyMa 24/25, yem Bo Bpemsi MUHUMYyMa 23/24. AHajnornyHasi aCHUMMET-
pHs ceBep-1oT HAOII0aeTCs B MUHUMYMeE 22/23.

Mpl, co CBOEHl CTOPOHBI, PEIIUIU NMPOAHAIU3UPOBATH MUHUMYM 24/25 Ha
npeamer ocodeHHocreit aBomonuu KJ[ B arot nepuoa. DBomonus KJI B mac-
mTabe COTHEYHOTO IMKJIA UCClieloBajlach HaMu B padote [2]. B pe3ynbTaTe 00-
pabotku maccuBa twiomaaeit KJI, Obuin mosydeHsl BpEMEHHbIE BapHalluu Cy-
ToyHOUM cymMapHoi miomanu KJI (puc. 1). BeisiBieHa acuMMeTpus MOTyIIapHii
B PaCIIpeEICHUN IIOIAAEeN NaTeH U AByX TUIoB KJI.

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

150 1 1 1 1 1 L i 1 I Li I 1
a o SSN disk
il —— SSN N-hem
i N /\ 5 P AN — = SSN S-hem

sl d —— Sch_all S-hen

Coronal holes area [10‘ Mmzl
3
1

wl| © Sch_pol all II m I ]
Lk
20F | i 10 J | ”I“nui»ﬂ-uijll\u Y, waunataa]l A "
o} N .lu}f e \lxru LT 1 Alll |__,\:'.‘.‘.']1‘_‘ W‘LIIH‘ ¥l |Imlilln1ﬂ?'1l'1‘"” |.'|!-H i F'}"""'l"l"h!"‘! das ‘ll."Lfl‘il"‘"' oty
L i L
sl f 1 i
== Sch_nonpol all

wl | . , Min 24/25 A
ol %MM%WMWHL“J TR PR s

I L 1 L L 1 L L 1 L

L 1
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Time (year)

Puc. 1. BpemeHHbIe Bapuanuy CyTOYHOM CyMMAapHOM IUIOLIaAN KOPOHAJIBHBIX IbIP BCEH BU-
JTUMOM TIOBEpXHOCTH cojiHeuHoro aucka (b), N u S momycdep (c, d); monaspHbIX U HEMOJISIP-
HBIX (e, ). (a) — Bapuanum nanekca conHeyHoi akTUBHOCTH SSN ISl BUIUMOM TTOBEPXHOCTH
nucka CoslHIIa ¥ OTAENbHO IS noiycdep.

B nacrosmieit paboTte MbI BBIZIEISIEM U3 MOJTYYEHHBIX HaMH paHee [2] psaoB
MHTEpBaJl, COOTBETCTBYIOIINI MUHUMYMY 24/25 (puc. 1), mpoBoauM aHamu3 u
OLICHMBAEM BKJIAJ] MOJISIPHBIX U HEMOJSPHBIX KOPOHAIBHBIX JIBIP B 3BOJIIOLIMIO U
HOJIYIIAPHYIO ACUMMETPHUIO KPYITHOMACIITA0OHOM COJTHEYHOW aKTUBHOCTH B 3TOT
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nepuoa (puc. 2). Mbl XoTuM, XOTs1 Obl YaCTUYHO, OTBETUTh Ha MOCTABJICHHBIN

paHee Bompoc: «SBiseTcss 1u MUHUMYM 24/25 ocoberHbim B TIIaHE BOJIIOIUN
KI?».

Bapuanuu miiomaaeii noJsipabix U HenoJsipubix K/ B Munumyme 24/25

UtoObl IpoaHAIU3UPOBATh XapaKTEP COJHEYHOTO MUHMMYMa, OOBIYHO BHI-
OuparoT Mepuol BPEMEHU BOKPYT a0CONIOTHOTO MUHMMYMA (y HAcC 3TO JeKadpb
2019 ronma), korjga codHEYHas aKTMBHOCTh MOCTOSIHHO HU3Ka. Kak BUIHO U3
puc. la, ypoBeHb aKTUBHOCTH COJIHEYHBIX MATEH HU30K B 2-JICTHUW MEPHUO]I BO-
KpyT a0COJFOTHOI'O MUHMMYMa 24-TO COJTHEYHOTO ITUKJIA, TI0O3TOMY MbI BEIOHpa-
em nepuoxa ¢ 01.12.2018 mo 31.12.2020 rox ans ananuza MuHUMyMa 24/25.
Janubie SSN mosiydyeHbl W3 HHJEKCA COJHEYHBIX MSATEH M JOJTOCPOUYHBIX
HaomoaeHui 3a Connuem (SILSO).
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Puc. 2. Jlunamuka 1uiomaaeld KOPOHANBHBIX JIBIP B COJTHEYHOM MuUHUMyMe 24/25. Ilanenu
CJIeBa HalpaBo: IUIOIIAM BCEX, MOJAPHBIX, HenosApHbIX K/I. [lanenu cBepxy BHU3: muIoMaan
KJI B N- u S- nmonycdepax, a Takxke Ha Bceld BUIUMOM MOBEpXHOCTH Arcka ConHIa.

PucyHok 2 neMOHCTpHUpYET AMHAMUKY ILJIOMIAEH BCEX, MOISAPHBIX U HETIO-
JISIPHBIX KOPOHAJIBHBIX JbIP (KOJIOHKH CJIeBa HaIpaBo), HaOmo1aeMbix B N- 1 S-
nosiycdepax v Ha Bcell BUAUMOM moBepXHOCTH aucka CoiHIa (CTPOKU CBEPXY
BHM3) B MuHuUMyMe 24/25. OueBuaHa pa3HuIla B paboTe momycdep mo reHepa-
[IUU KaK MOJIAPHBIX, TaK W HEMOJISIPHBIX KOPOHAIBHBIX AbIp. B Hauane MuHumy-
Ma I10 T€HEPAIMK HEMOJIIPHBIX KOPOHAJIBHBIX JIBIP JIUIUPYET I0KHOE, a TIEPE]l U
nociie abCOJIFOTHOTO MUHUMyMa — ceBepHoe mnosymiapue. s nmomsapubix K1
acUMMETpHsl MEHee BbIpakeHa. HaOmrogaeTcsi mosymapHasi acCUMMETPHS BO
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BPEMEHH MOSIBJICHUS MaKCUMaJIbHBIX MUKOB TUIOManen st obeux rpymm. Buj-
HO, YTO TOJISIPHBIE KOPOHAJIbHBIC IbIPhl BHOCST 3HAYMMBIA BKJIaJ] B OOIIYIO
miomaas Beex K/I.

BbiBOABI

AHaJIM3 S3BOJIOLMUHU IUIOIMIAEH TOJSIPHBIX UM HEMOJIPHBIX KOPOHAIBHBIX
JIBIP B COJIHEUHOM MUHUMYME 24/25 BBISBUI PSiJT 0COOCHHOCTEH:

— IonymapHass acuMMETpusi MPOSIBIAETCS KaK B IMOKA3aTeNsX COJHEYHOW aK-
TUBHOCTH, TaK ¥ B JIOKAJIM3AIIUU 00JACTeH MakCMMyMa TOJIIPHBIX W HEMO-
JISIPHBIX KOPOHAIBHBIX JIBIP.

— Jucbananc miomnaaei noaymapuidi MUHUMAJICH IS MOJISPHBIX KOPOHAJIBHBIX
JBIp U BBIPAKEH B 00JIACTSIX HEMOJSPHBIX KOPOHAIBHBIX JIBIP M COJHEUHBIX
MSATEH. DTO COIIacyeTcsi ¢ o0IIeil KOHLENIHUEH MOJMSIPHBIX KOPOHAIBHBIX JBIP
KaK OCHOBHOI'O MCTOYHHKA JUITOJIBHOTO MAarHUTHOTO noJig CoyHIa.

— IInomaay noasipHbIX KOPOHAIBHBIX JAbIP CYHIECTBEHHO MPEBBIIIAIOT IO
HETOJIIPHBIX, ¥ BHOCAT 3HAYUTEIHHBIA BKJIAJ B OONIYIO TIJIOMIAh BCEX KOPO-
HaJbHBIX JbIp Ha Aucke ConHIa.

CyMmmapHasi miomajap MOJISIPHBIX KOPOHAJIBHBIX JbIp MNpUOIM3WIACE K
cpenHeMy YpOBHIO 3HaueHmii okono (12.5 + 0.8)x10* Mm”. B To Bpemst Kax
IJIOIIA/b BCEX HEMOJSPHBIX KOPOHAIBHBIX JBIP COCTaBIISIET BCETO OKOJIO
0.5x10* Mm’.

KoneuHo, noHsaTre «HeoOBIYHBIN COTHEUHBI MUHUMYM)» MHOTOIPAaHHO, HO
YTO KacaeTcs SBOJIOLMUU MOJIIPHBIX U HEMOJIIPHBIX KOPOHAJIBHBIX ABIP, TO COJ-
HEYHBIA MUHUMYM 24/25 1m0 cBoeMy NOBEACHHUIO CpaBHUM C Oojiee paHHUMHU
MUHHMYMaMH, B OTJIUYUE OT MUHUMYyMa 23/24.
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