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POLARITY REVERSAL IN THE 25TH ACTIVITY CYCLE
ACCORDING TO THE DATA OF SOLAR MAGNETIC FIELD
MEASUREMENTS AND OBSERVATIONS IN THE H, LINE

Berezin I.A., Tlatov A.G.

Kislovodsk mountain astronomical station of the Pulkovo observatory, Kislovodsk, Russia

The results of 10-year observations of the Sun's magnetic fields using the STOP magne-
tograph at the Kislovodsk Mountain Astronomical Station are considered. The distribution of
large-scale magnetic fields is analyzed. The polarity reversal of magnetic fields according to
the data of different magnetographs was studied. We also compared the movements of the po-
larity reversal lines of large-scale magnetic fields with the position of solar filaments and
prominences observed in the H,. It is found that filaments and prominences are formed main-
ly at the boundaries of sectoral and zonal structures of the large-scale magnetic field. During
the solar activity cycle, sectoral structures repeatedly reach the polar regions, which is con-
firmed by both magnetographic observations and measurements in the H, line. A differential
rotation of the large-scale field with characteristic periods at the equator of 27, 14, 9, 7, 5
days was found. The structures with smaller period of variation rotate more differentially.
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BBenenue

Ha I'opnoit Actponomuueckoit Ctaniuu (I'AC) 'AO uzmepeHus: KpymnHo-
MacmTabHOro MarHUTHOTO 1ojsi COoJHIIA BEIyTCS C MOMOIIBI0 MarHutorpada
CTOII ¢ 2014 rona [1]. Psan maHHBIX HE UMEET CYIIECTBEHHBIX MPOOEIOB — BCE
CUHONITUYeCKue KapThl 2152-2289 o6opoToB KappuHrToHa 3amnoiaHeHbl HAOJIO-
JEHUSMU u HaXOJISTCS B OTKPBITOM JOCTYTIE
(http://93.180.26.198:8000/web/Stop/Synoptic maps/). Umess B cBoéM pacmopsi-
KEHUU HENPEPBIBHBIN psil MaHHBIX 3a 10 jeT paboThl TeIecKomna, Mbl MOXKEM
paccMaTpuBaTh TaKUE MPOJIOJDKUTEIbHBIE MPOLIECCHl, KaK IMEPEenoItoCOBKA —
CMEHA MOJSPHOCTH TJI00aIbHOrOo MarHuTHOro mojis CoJiHila, KOTopas ceiuac,
oceHbto 2024 roga, B caMOM pasrape.

[Ipn wu3MepeHusix cialdbIX KPYMHOMACIITAOHBIX MArHUTHBIX TOJIEH Ha
ConHile o4eHb BakHasi Mpo0jIeMa — BEpHOE OMpeIeSIieHHe HEUTPaIbHBIX JTUHUM
MOJISI WM JIMHUM CMEHBI NOoJsIpHOCTU. [IpoBepUTh NpaBUILHOE MOJIOKEHUE HYJIS
B M3MEPEHHIX MOKHO, COIIOCTaBUB HEUTpPAJIbHBIEC JIMHUU C MOJIOKEHUEM BOJIO-
KOH (mporyOepaniieB). Mbl HCHONB3yeM JUIsl 3TOrO €KEIHEBHBIC JaHHBIC
Habmonennit 'AC I'AO B nunuu H,, B KOTOPBIX CETMEHTUPYIOTCSI BCE BOJIOKHA
Ha aucke CoiHIa ¥ mpoTyOepaHIlsl 3a JIUMOOM.
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Hcnonb3oBaHHbIE B UCCIIEIOBAHUU MApaMETPbl BOJIOKOH (MpoTyOepaHLEB),
BKJIIOYAs! UX TOJHYIO T€OMETPHIO B DKPaHHOM IUIOCKOCTH, TaK)KE€ HAXOMATCS B

otkpbiToM aoctyne (http://93.180.26.198:8000/web/obs/).

Ilepeno/irocoBKa U CEKTOPHAsSA CTPYKTYypa

Mgl paccMaTtpuBaeM MPOLECC MEPENOIIOCOBKH Ha CyNEp-CUHONTUYECKUX
KapTax MarHuTHoro mois (puc. 1, HuxHAA maHenb). Cynep-CHHONTUYECKHE
KapThl YCTPOEHBI AHAJIOIMYHO OoJyiee TPaJWLUOHHBIM HIMPOTHO-BPEMEHHBIM
auarpamMmaM (puc. 2, BEpXHssl MaHedb) 3a HCKIIOUYEHHEM MEHbILEro Iara
YCPEIHEHHsI TI0 BPEMEHHOW OCH WJIM IO rejuorpapuueckon goiarore — 1 1eHb
BMeECTO 27 nHed. MeHbIni mar yCpeaHeHus MO3BOJISIET AETANbHO paccMaTpH-
BaTh BOJIIOLUIO CEKTOPHBIX CTPYKTYP MarHUTHOT'O MOJIS.
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Puc. 1. [llupoTHO-BpeMeHHas [uarpaMMa KpyImHOMAacIITaOHOTO MAarHUTHOTO MOJIs (BEpXHss
NaHEJb) U CyNep-CUHONTHYECKAasi KapTa (HIDKHSS MaHeNb) Mo JAaHHbIM Marautorpaga CTOIT
(2014-2024 rr.).

Ha pwuc. 1-2 BuaHO, 4TO CMEHa NOJSIPHOCTH B 25-M LHMKJIE AKTUBHOCTH
Onu3Ka K 3aBepLICHMIO. B mpouecce pa3BUTHSA COJIHEYHOI'O LIMKJIA KPYyITHOMAC-
mTaOHbIE CTPYKTYpPhl MArHUTHOTO MOJIA MOCTENEHHO JOCTUTalOT MOJIFOCOB C
IPOTHUBOIIOJIOXKHBIM 3HAKOM, M 3TO MOKET IPOUCXOJIUTh HECKOJIBKO pa3 3a LUK
— TOT'/Ia TOBOPSAT O JIBYXKpaTHOM (TpEXKpaTHOM U T.J.) MepenotocoBke (puc. 1,
BEpXHsA naHesb). OQHAKO CyNep-CUHONTHYECKHUE KapThl I0Ka3bIBAIOT, UTO CEK-
TOpPHBIE CTPYKTYPbl MArHUTHOI'O IOJISI MOTYT JIOCTUraTh HOJISIPHBIX oOnactei
HEOJJHOKPATHO B T€UEHHE IUKIa (puc. 1, HUKHSASA MaHENb), IEMOHCTPUPYS MHO-

TFOKpPAaTHYIO IICPCIIOJITOCOBKY. AmnanoruyHas KapTHUHA Ha6J'IIO,Z[a€TCSI N B JAaHHBIX
SDO/HML.
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Puc. 2. Cynep-cuHontuueckas kapta mo ganHbiM marHutorpada CTOIT (2022-2024 rr.);
4EPHBIMU TOYKAMU OTMEUYEHBI MMOJIOKEHHUE BOJIOKOH (BEpXHsISl TMAaHENb) M MPOTYOEepaHIEB
(HIDKHSIS TTaHEJb) 110 TaHHBIM U3MepeHHid B TMHUHU H,,.

M3mepeHnss MarHuTHBIX MOJIEH Ha BBICOKUX IIMPOTaX OYEHb CJIOKHBI, U pe-
3yJbTaThl CYIIECTBEHHO 3aBUCAT OT KayecTBa Npudopa. IMeHHO mo3TOMy MBI
paccMaTpuUBaeM TakKXe 3BOJIOLMIO IOJOXEHUH BOJOKOH (MpoTyOepaHLeB)
(puc. 2), KOTOpbIE HE3aBUCUMO MOATBEPKAAIOT MPUCYTCTBUE CEKTOPHOU CTPYK-
TYpHI B MOJISIPHBIX 00IACTSAX.

JMuddepeHunanbHoe BpallleHHe CEKTOPHBIX CTPYKTYP

N3BecTHO, 4TO KpynHoMmaciiTabHoe MarHuTHoe nojie CoJiHLa XapakTepu-
3yercst auddepeHnmanbapiM BpamieHueM [2]. MHTepecHO MOCMOTPETh, Kak
I epeHnaIbHOE BPALLEHUE IPOSBIAETCS B NEPUOAMYECKH CMEHSIOIIMXCS
CEKTOPHBIX CTPYKTYypax, KOTOPbIE OTYETIMBO BUIHBI HA puc. 1-2. Jlj11 3TOr0 MbI
CTPOMM IIEPUOAOTPaMMBbl Ha KaXJOM TOPU3OHTAJIBHOM paspe3e cylep-
CHUHONTHYECKOW KapThl. B pesyibrare moisiydaercs MIHUPOTHO-4aCTOTHAs Jua-
rpamma (puc. 3, cieBa), sipkue 00JacTH KOTOPOM COOTBETCTBYIOT HamboJjee xa-
PAKTEpHBIM 4aCTOTaM BapHUalMii MarHUTHOIO MOJIS HA KaKJI0M IIUpOTE. DTH sIp-
Kue obmactu GOpMHUPYIOT CTPYKTYpPHI, HallOMUHAIOIINE KpHUBBIe AuddepeHiu-
aJbHOrO BpalleHUs ¢ neprojgamMu Ha skBatope 27, 14,9, 7, 5 nueil. CTpyKTyphl
IIPOCJICKUBAIOTCS NMPAKTUYECKU 10 80° MIMPOTHI, HECMOTPS Ha BBICOKYIO He-
Onpee€HHOCTh B BBICOKOUIMPOTHBIX HM3MEPEHHSIX. Mbl annpoOKCUMHPYEM HUX
COOTHOILIEHUEM:

¥ = A — B -sin?(lat) — C - sin*(lat),

rae A, B, C — noctosiHabie KO3(PGUILIMEHTHI, V — YacToTa, [at — muporta. [lomy-
YeHHbIe KpUBbIe AU depeHInaTIbHOTO BpallleHUs MOKa3bIBAIOT, UTO CTPYKTYPHI,
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CBSI3aHHBIC C BapuallMsIMU MEHBILIETO MepHuojia, BpamatoTcs oosnee auddepen-
uanbHO (puc. 3, cripaBa).

27.3 136 9.0 6.7 5.4 — period at 0°, days

~|
w
L

U
o
L

N
(93]
L

m— 273 days

weee 13.6 days
9.0 days

m— 6.7 days
5.4 days

Latitude, °
Latitude, °
o

|
N
ul

.

—-50

—75 1

0.5 1.0 15 2.0 0.0 0.1 0.2 0.3 0.4
v, Hz le—6 (T- Teq) /Teq

Puc. 3. JleBas naHenb: nepuojorpaMMa Cynep-CUHHONTUYECKOW KapThl MArHUTHOIO IMOJIS 110
nanHsiM CTOII 3a 20142024 rr., KpUBBIMHU MOKa3aHa allpoOKCUMAalMs MaKCUMYMOB pac-
IpelleleHNs] YacTOT BapHaluil kpynHomacirabHoro noss. [IpaBasi maHenb: COOTBETCTBYIO-
mue KpuBble TuddepeHanbHoro Bpaenus; T — neproa n3aMeHeHUH.
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Mpbl cunTaeM, 4TO NEPEMOIIOCOBKA MOXET OBITh CBsI3aHA C CEKTOPHBIMU
CTPYKTYpaMU MarHMUTHOI'O OJIsI, KOTOPbIE MHOTOKPAaTHO JOCTUTAIOT MOJIFOCOB B
TE€YEHHUE IMKJIA COJHEYHOW aKTUBHOCTH, TO €CTh MMEET MECTO MHOTOKpaTHas
NEPENOIOCOBKa. JTO MOATBEPKAACTCS HU3MEPEHUAMH KPYIMHOMACIITAOHOTO
MarHUTHOTO MOJIsl U HaOJII0IEHUSIMU BOJIOKOH U NpOoTyOepaHueB B TuHuu Hy,.

B cynep-cuHonTHueckuX KapTax BUAHBI KPYITHOMACIITAOHbBIE CTPYKTYPHI C
pa3IMYHBIMU XapaKTEPHBIMU NeproJaMu Ha skBartope: 27, 14,9, 7, 5 nuei. Ile-
PHOJ UBMEHEHHS 3TUX CTPYKTYpP HEOJIHOPOJIEH IO IMIUPOTE U, BEPOSITHO, CBA3AH
¢ nuddepeHIMaIbHbIM BpAIIEHUEM, PUIEM KOPOTKOIIEPUOIUYECKHE CTPYKTY-
pe1 Oosiee nudGepeHInpoBaHbI MO MIUPOTE.

Pabora BeimonHeHa mo rocszamanuio MuHoOpHayku P® Ne 075-03-2024-
113 «Pa3paboTka HOBBIX HAOMIOAATENBHBIX U TEOPETUUECKHUX TMOJXOJ0B B MPO-
THO3€ KOCMUYECKOU TOTO/IbI TIO JIAHHBIM HA3eMHBIX HAOII0ICHUID.
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