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The structural organization and variations in the topology of solar magnetic fields in
the cycles 21-24 and the first half of the 25th solar activity cycle are studied based on synop-
tic data from the Wilcox Solar Observatory from May 1976 to September 2024. It is shown
that the topology of the structural organization of magnetic fields differs both in different cy-
cles and at different phases of each cycle. Structures with the dominance of magnetic fields of
different polarities occupy opposite longitudinal intervals, which alternate in even and odd
cycles. Sharp changes in the topology of the distribution of magnetic fields of positive and
negative polarity are observed over 1-3 Carrington rotations in each cycle. The life time of
magnetic structures does not reveal a clear correspondence with the height of a cycle. In each
cycle, the magnetic field in a structure changes in the form of separate pulses, forming a total
of two maximum increases with the second peak higher than the first one. Peak values of
magnetic fields correspond to certain structures with positive- or negative-polarity dominated
magnetic fields. The maximum values of magnetic field intensity in structures decrease from
cycle 21 to cycle 25. The dependences of the mean magnetic field strength in a Carrington
rotation on the chaotic state of the magnetic field topology in each cycle are shown. The cha-
otic state of the magnetic field topology is higher in the weak cycles 23—25 with lower mag-
netic fields than in the high cycles 21 and 22. In each cycle, the magnetic field intensity de-
crease with increase in the chaotic state of the magnetic field topology.
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Beenenne

CucremMarnyeckre M3MEPEHHsI COJIHEUHBIX MAarHUTHBIX IOJIEH HAYajJuCh B
HIECTUIECATBIX rofax. W yxe mnepBble UCCIENOBAHMS CUHONTUYECKUX KapT IO-
Ka3aJIM, YTO COJIHEUHBIE MarHUTHBIE NOJI PACIIPEEIICHBI 110 TOJITOTE HE PABHO-
MEpHO, a (OPMHUPYIOT CIOKHYIO CTPYKTYpy [1, 6]. Ilpu 3TOM TOmONOTHUS pac-
Ipe/ieJIeHUs MarHUTHBIX NOJIe U3MEHSETCA KaK B TEUEHUE KaXJA0ro I[UKJIa, TaK
¥ oT nukia K nukiy [5—8]. Ilocmenyromue ucciaenoBanus NOKa3aiu, 4YTo CTPYK-
TypHasi OpraHu3alys MarHUTHBIX TOJIEH COXpaHsSeTCs Ha 3HAYUTEIbHBIX pac-
crosgHuAX oT CoiHLIA U HaOJIOJAeTCsl B MEXKIUIAHETHOM MAarHUTHOM IIOJIE€ Ha
opbure 3emun. B conHeyHON KOpOHE €€ TOIOJIOTUS U BCE CTPYKTYpPHBIE H3Me-
HEHUs OJJHO3HAYHO TPACCUPYIOTCS JUHAMUKON KOpoHaibHBIX AbIp [3]. Tomnoulo-
TMYECKUE U3MEHEHHUs CTPYKTYPhI COJIHEUHBIX MAarHUTHBIX ITOJIEN OTPAKAIOTCS B
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pPAa3IMYHBIX SIBJICHUSIX COJTHEYHOW akTUBHOCTH [2]. Llenpio manHoro ucciegona-
HUS SIBJISIETCS paCCMOTPEHUE CTPYKTYPHOM OpraHu3aliu U Bapualui TOMOJIO-
MU COJIHEYHBIX MATHUTHBIX MOJiel B 21-24 1 nepBoii MONOBUHE 25 LUK COJI-
HEYHOW aKTUBHOCTU. B paboTe MCMOIb30BaHbl CHHONTUYECKHE JaHHBIE Mar-
HUTHBIX nosiei oocepBaTopun Wilcox ¢ mas 1976 no centsa0ps 2024 rr. Kaxnas
CHUHONTHYECKAs] KapTa COAEpkKHUT MH(popMaIuio o moJHOoM K3ppuHITOHOBCKOM
o6opote (KO) Connma (1 KO =27.2753 nns) u npeactasisier coO0H MHUPOTHO-
JOJITOTHOE PaCIpEeleICHUE 3HAYCHU HaINpsy)KEHHOCTH MAarHUTHOTO MOJs, CO-
crosiee u3 360x180 nukceneil, COOTBETCTBYIOUIUX COJTHEYHBIM KOOpIAMHATAM
oT -75° o +75° BeIpaXkeHHbIX B cUHycax MWHPOTHI U oT 0° 10 -360° 1OATOTEHI.
Haubomnee 4eTko CTpyKTypHasi OpraHu3alus MarHUTHBIX TOJIEH TPOSBIISIOTCS B
HOJISIX, PACCUUTAHHBIX HA MOBEpXHOCTU ncTouHUKA [8]. [ToaTomy OblTM MCTIONB-
30BaHbl CUHONTHYECKHE KapThl MAarHUTHBIX MOJIE€H PACCUUTAHHBIX B MOTEHLU-
aIbHOM TPUOIIKEHUU HA TOBEPXHOCTU MCTOYHUKA HA PacCcTOsSHUU 2.5 paanyca
Connua.

Pe3yabTaThl ucciae1oBaHus

Ha puc. 1a npencraBiena quarpaMma JI0JIrOTHO-BPEMEHHOI'O pacipeese-
HUSI MAarHUTHBIX TIOJIEH YCPEIHEHHBIX MO mupoTe 3a Kaxaeiii KO, paccuuran-
HBIX Ha MOBEPXHOCTU MCTOYHHKA, MOJOKUTEIBHON (3KEITO-KpaCHBIE I[BETA) U
OTpHULIATENHbHON (CHHE-UIIoBbIE 1BeTa) nojsipHoctu. Ha puc. 1b nmokazansl Ba-
pUalMy CpeaHEeN HAPSKEHHOCTH MAarHUTHOIO TMOJISI PACCUMTAHHOW JJISI KaXK/10-
ro KO no nquarpamme (puc. 1a) ns nosei nojioKUTEIbHON (KpacHasi KpuBasi) U
OTpULIATENbHON (CUHSISL KpUBAs) MOJSIPHOCTH U CyMMBI MX MOAYJEH (depHas
KpuBas).
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Bapuanuu ko3 unrenra usmenuuBoctd cTpykTyp (Kion) paccunrannoro
KaK OTHOLUEHHWE YHucia JAOJATOTHBIX MHTEPBAJIOB, B KOTOPBIX MPOMU30IILIa CMEHA
NOJIAPHOCTH TIpH niepexoe ot ogHoro KO k cieayroiieMy K oOUieMy 4ucity UH-
TepBajiioB [2] mpuBeaeHbl Ha puc. Ic. 3 puc. la ciegyer, 4to pa3mepsl, Mpo-
JOJDKUTEIBbHOCTh KBa3UCTAOUIIBHOTO CYIIECTBOBAHUS, XapaKTep BpallCHUs, U3-
MEHEHHE HANPSIKEHHOCTH B KaXIOW OTIEIbHOW YHMIIOJISPHOW CTPYKType pas-
JMYHBI B Pa3HbIX LUKJIaX. TOMONOrHs CTPYKTYp pa3inyaeTcsa U Ha pa3HbIX (a-
3aX Kaxaoro nukia. CTpyKTypbl ¢ NOBBIIIEHHBIMU 3HAYECHHUSIMU HANPSKEHHO-
CTH MarHUTHOTO MOJI1 HauYMHAIOT (POpMHUPOBATHCS Ha (a3ax pocTa COJHEHUHOMH
AKTUBHOCTU W IPOJOJDKAIOT CYILIECTBOBAaTh B MEPHOIbl MAKCMMyMa M Hadala
cnaja KaxJaoro uukia. Kaxnaas mapa cTpykTyp ¢ JOMUHUPOBAHUEM MAarHUTHBIX
NOJIEH TOJIO)KUTEJIbHOM M OTPULIATEIBHON MOJSIPHOCTH 3aHUMAET, MPUOIHU3U-
TeIbHO B OJHU U Te ke KO, NpoTHUBONOJIOKHBIE JOJATOTHBIE HHTEPBAJIbI, KOTO-
pbI€ YepenyoTCsl B UETHBIX U HEYETHBIX LUKJIax. B Tabnuue npuBeaeHsl napa-
METPBI CTPYKTYP C MaKCUMaJIbHBIMU 3HAUYEHUSIMU HANPSHKEHHOCTH MarHUTHBIX
oJIeH B KaXXIOM IIUKJIE.

Taoauna.
KO | L+ (deg.) | L —(deg.) | Bmax+ | Bmax —
21 K
1677-1695 142-250 18.23
1725-1745 215-342 -17.97
22 UK
1824-1856 182-360 14.53
1838-1853 0-190 -16.14
23 UK
1981-2004 294-360 10.29
1989-2032 158-360 -9.99
24 UK
2139-2210 154-360 10.58
2150-2212 0-250 -7.61
25 UK
2242-2288 0-216 7.32
2255-2288 202-360 -6.56

B kaxaom nukie Habmonarotrcs peskue, B Teuenue 1-3 KO, msameHeHus
TOMOJIOTUU paclpe/iesIieHUs] MarHUTHBIX Tosiell. Ha noAroTHeIX HMHTEpBaiax C
JTOMUHUPOBAHUEM MAarHUTHBIX IOJIEH, HAIPUMEP, TOJOKUTEILHON MOJIPHOCTH
MPOUCXOJUT CMEHA JOMUHUPOBAHUS MArHUTHBIX TOJIEH Ha TOJs OTPULIATEIb-
HOM MOJIIPHOCTH, @ B COOTBETCTBYIOLIUX JOJTOTHBIX MHTEPBAJIAX C JIOMUHUPO-
BAaHHWE MAarHUTHBIX IOJIEW OTPUIIATEIBHOW MOJISPHOCTU MPOUCXOJUT TaKas Ke
ObICTpasi cMeHa JOMHHUPOBAHUS MAarHUTHBIX IOJICH HA IOJIS MOJIOKUTEIBHOU
noJsipHOCTH. [IUKOBBIE 3HAYEHHUSI HANMPSHKEHHOCTM MArHUTHOIO ITOJISl BBIIIE B
BBICOKHUX, 21 u 22 nukinax. [IpogomKuTeIbHOCTh CYILIECTBOBAHUS CTPYKTYP HE
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BBISIBJISIET OJTHO3HAYHOT'O COOTBETCTBUS C BBHICOTOM IMKJIA. MarHuTHOE MOJ€ B
KOKJIOW CTPYKTYype M3MEHSETCS HE IJIaBHO, & B BHUJIE OTIECIbHBIX UMITYJIbCOB,
dbopmMupysi CymMMapHO JBa MaKCUMAJIbHBIX BO3PACTaHUS B KaXIOM IUKIIC
(puc. 1b). IIpu 3TOM BTOPOI NUK, IPUXOASIIMICS Ha a3y crmajaa, BIIIE MEPBO-
ro B KaxjoMm 1ukie. CoriacHo Takoil 3aKOHOMEPHOCTH 25 IMKI JIOJDKEH OBITh
Bbiie 24 nukia. HabGmiomaercs cCHUKEHHWE MaKCUMAJIbHBIX 3HAUYEHUM Harps-
YKEHHOCTHU MarHUTHOIO MOJIA B CTPpyKTypax oT 21 k 25 nukiy. [luku HanpsiokeH-
HOCTM MAarHUTHOTO TOJSl MOJIOKUTEIBHOW U OTPUUATEIbHOM MOJISIPHOCTH Ha
puc. 1b coBnagaroT ¢ KOHKPETHBIMH CTPYKTypaMH Ha puc. la.

Ha puc. 2 nokazaHbl 3aBUCUMOCTH CPEIHE HAINpPS)KEHHOCTH MarHUTHBIX
noJier ot Kron. B Kax0M LMKJIe HAaOMIOJAETCsl CHHXKEHHE CPEHEN HaIpsKeH-
Hoctr MarauTHOTrO 1ot B KO ¢ poctom Kron. B pabore [4] mis 21-23 nukinos
OBLIO MOKA3aHO, YTO YEM CTAOWIIbHEE CTPYKTYypa ria00ajbHOr0 MarHUTHOIO IO-
a8, T. €. ueM Huxe Kron, TeM BbIIIe HAMIPSY)KEHHOCTh MArHUTHOTO TOJIS B LIUKJIE.
N3 puc. | u puc. 2 takxke cinenyer, 4ro 3HadyeHHs Kron, XapakTepH3yrOLIEro
CTCNEHb XaOTUUYHOCTH TOMOJOTMYA MAarHUTHOTO T0JIs, BeImIe B 23, 24 1 25, T. €. B
cnalbbIx 1ukiIax ¢ 6onee HU3KMMU cpenHuMu 3a KO 3HaueHUSMH MarHUTHOTO
T10JIsI, Y€M B BBICOKMX, 21 1 22 1ukiax.

B 3axnrouenue cieayer OTMETUTh, YTO MCTOYHUK (HOPMHUPOBAHUSA U IIMK-
JIMYECKOW HBOIOLIMY ONMMCAHHBIX BBIIIE CTPYKTYP B HACTOSAILEE BPEMS HE U3BE-
creH. MIHTepecHOM NpeacTaBisieTCa TUIIOTE3a O TOM, YTO BO3MOXXHOW IMTPUYNHON
MOSIBJICHUST HAOIIOJJAEMBIX CTPYKTYP MOTYT ObITh BOJHBI PoccOu renepupyembie
B OCHOBaHMHM KOHBeKTHMBHOW 30HBI Coinna [9]. B cratee [5] ObuIO moOKa3zaHoO,
YTO BpEMsI CYIIECTBOBAHMSI CTPYKTYP Pa3HbIX MACIITa00B, MOMEHTHI UX (popmu-
POBaHHUs M peOpraHU3alMi COBIAJAIOT C aHAJOTWYHOM NWHAMUKOW BOJH Poc-
cOu pa3nTUYHOMN YaCTOTHI.

Wilcox Solar Observatory data used in this study was obtained via the web
site  http://wso.stanford.edu at 2023:04:28 12:04:38 PDT courtesy of
J.T. Hoeksema. The Wilcox Solar Observatory is currently supported by NASA.
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