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The distribution of magnetic fields of positive and negative polarities in the photosphere
of the Sun was studied. Synoptic maps of the photospheric magnetic field produced at the ob-
servatories NSO Kitt Peak (1978-2016), Wilcox Solar Observatory (1978-2022) and Mount
Wilson Observatory (1978-2012) were used for the study. To highlight the contribution of
weak magnetic fields, the saturation threshold for each synoptic map was set at 5 G. Based on
the transformed synoptic maps, latitude-time diagrams were constructed. Along with the
Rush-to-the-Poles flows that occur during the decay of tail sunspots, magnetic field flows of
alternating polarity (vipples), drifting from the equator towards the poles up to the latitudes
of ~50° were observed. The work shows that ripples are located between two neighboring
Rush-to-the-Poles flows. As a rule, the flows of the northern hemisphere were mirrored by the
flows of the magnetic field of the southern hemisphere. The signs of the magnetic field for the
opposite flows of the two hemispheres coincided. Extensions of ripples of a certain sign from
one hemisphere to another indicate the presence of a magnetic field structure spanning both
hemispheres of the Sun. Changes in the magnetic field for different saturation thresholds
show that there is a general pattern of polarity alternation for all magnitudes of magnetic

fields.
https://doi.org/10.31725/0552-5829-2024-69-72

PacnpeneneHre MarHuTHBIX IMOJEH Pa3HOW MOJIAPHOCTH IO MOBEPXHOCTH
ConHlla MOAYUHSIETCS ONPEAECICHHBIM BPEMEHHBIM U IIPOCTPAHCTBEHHBIM 3aKO-
HOMEPHOCTSIM, KOTOPBIE MPOSBIISAIOTCS, HAIPUMED, B MpeoOIagaHuu Mol OJTHO-
ro 3HaKa B MOJSPHBIX OOJACTAX U CMEHE 3TOr0 3HaKa OKOJIO MAaKCUMyMa COJI-
HeuHOlM akTuBHOCTH (CA) — 22-meTHuil MarHUTHBIA UK. [IposBieHueM awuc-
OajlaHCa MarHUTHBIX TOJICH SIBJISIOTCS Takke motoku Rush-to-the-Poles (RTTP).
OTH NMOTOKH, C MATHUTHBIM TIOJIEM TOTO € 3HAKA, YTO M 3HAK IOJIsI XBOCTOBBIX
nsiTeH, Apeidyst ot mupotsl 30° 10 Moiroca, IPUBOAAT K MEPETOIIOCOBKE T0-
asipHoro nosist [1]. beuin Takke OOHAapy>XEHbI U JIPyrue MOTOKH IOJISI OJHOTO
3HAKa — «SUrges», BOSHUKHOBEHHUE KOTOPBIX TAKXKE CBA3BIBAIM C PacnagoM IO-
neu niareH [2]. B paborax [3, 4] Obuta HaliieHa ornpeseseHHasl CUCTeMa B pac-
npeneneHun «surges». B [3] Oblna oTMeueHa NEPUOJUYHOCTh B YEPEIOBAHUU
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«surges», U MOKa3aHO, YTO OHW MEHSIOTCS KBa3UABYXJETHEHN Bapuanueil. B [4]
JUIS TAKUX Bapualuii ObUIO BBEJACHO HazBaHuEe «ripplesy. Bbuio mokazaHo, 4To
HauOoJiee SAPKO SBICHHE ripples MposBIseTCS HAa AUMarpaMMax IIHPOTa-BpeMs,
MOCTPOCHHBIX 0COOBIMH criocobamu. IlepBolii ciocod — auddepeHnupoBanmue
TUarpaMMbl IIHUPOTA-BPEMsI U BTOPOM CIOCOO — OTKIOHEHUE OT yCPEIHEHHOMN
JMarpaMMmbl upoTa-Bpems [4].
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Puc. 1. YyacTok quarpaMMsl HIMPOTa-BpeMsi MarHUTHBIX nosieit [B| < 5 I'c g roxxHOTO
nonymapus (IupoTs oT -5° 10 -40°, mepuoa Bpemern — o6opotsl 1700—1840).

B nameit pabote aiisa uccnenoBanus ripples UCIOIb30BaHbl CHHOITHYECKHE
KapThl hoToceproro marauTHoro mois oocepatopuit NSO Kitt Peak (1978—
2016), Mount Wilson Observatory (1978-2012) u Wilcox Solar Observatory
(1978-2022). Ilpu NOCTPOEHHMH OHUArpamMMbl IIUPOTA-BPEMS CHHOINTUYECKUE
KapThl YCPEIHSIIUCH 110 JOJITOTE C YYETOM 3HaKa MarHuTHOro noJjisi. Ha xaxnoit
CUHONITHYECKOW KapTe ObUTH OCTaBIICHBI 0€3 M3MEeHEeHUs ToJbKo moJs [B| < 5 I'c.
[Mukcenu ¢ nonsimu |B[>5 T'c 3aMensmnch npeaenbHbIME 3HaueHusaMu +5 ['c umun
-5 T'c. I1o npeoOpa3oBaHHBIM CHHONTUYECKUM KapTaM C HACBIIIEHUEM ObUIH TO-
CTPOEHBI JAMarpaMMbl IIUPOTA-BPEMSI C OTYETJIMBO BBIACISIOUIMMCS SBJICHUEM
ripples. Ha puc. 1 nokazano tpexmepHoe uzobpaxenue Gotocdepsl, riae Xopo-
10 BUJIHO Y€peZOBaHKE MOTOKOB JABYX MOJISIPHOCTEH B BUE XpeOTOB U JIOJIMH,
BEPILIMHBI KOTOPBIX COOTBETCTBYIOT MOJIOKUTEIBHBIM, a JOJIUHBI — OTPULIATEb-
HBIM IOJISIM. DTH TOTOKHU BBIMJISAAT KaK IMAKET BOJIH, B KOTOPBIX MEHSETCS I10-
OYEpEAHO 3HAK JOMHHMPYIOLIEH NOJIPHOCTH MArHUTHOIO ITOJISL.

Ha puc. 2 noka3aHbl BpeMeHHbIE U3MEHEHHs] MarHUTHBIX MoJiell oOcepBa-
topuii Kitt Peak (a), WSO (b) u MWO (c) B 01HOM 1 TOM k€ BpPEMEHHOM WH-
TepBaie. Llukianyeckas CTpyKTypa pacnpeneiaeHuss MarHUTHOrO HOJIs MPOsIBIIS-
eTcs B BUJE pAJa MOTOKOB C YepeAyIOIMMUCS 3HaKamMu moJs (ripples), koTopeie
pacrnonaratorcst Mexay 1Byms obnactsmu RTTP.

[ns BpemenHoro untepsana okoiio 9 ner ot ogHoro RTTP x apyromy, an-
MPOKCUMAITUSI U3MEHEHUN TOJISI CHHYCOUJAIbHON (PYHKIMEH JaeT ClieIyrolue
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3HAQYCHUs TMOJyNepuoJa BapualMii W B KIPPUHITOHOBCKUX 000pOTax:
WSO - w =10,30 £ 0,16, MWO — w =10,18 £ 0,17 u KP — w = 10,24 £ 0,12
(20 KOppPUHTTOHOBCKUX OOOPOTOB COOTBETCTBYIOT mepuoay 1,5 roga). Cosma-
JIEHUE PE3yNbTaTOB JJIA TPEX CEpUi NaHHBIX, MOJTYUYEHHBIX pa3HbIMH OOCepBa-
TOPUSIMH, TIOATBEPKIAE€T PEATbHOCTh HAOIIOAAEMOTO SIBJICHUSI.
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Puc. 2. I3MeHeHne MarHUTHOTO IOJIsI BIOJIh mupoThl 40° st Tpex obcepBatopuit (Kitt Peak,
WSO u Mount Wilson). BugHo, uTo nmpomexxyTku BpeMeHu Mexay 1Bymst RTTP 3anonHens!
MOTOKAMH C YePEAYIOICHCS MOISIPHOCTHIO (ripples).
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Puc. 3. [Ipumeps! anmpokcuMmay ripples mommHoMoM 2-ii cteneHu: (a) OTACTbHBIN MOTOK B
cepud ripples; TOUKM — JIOKaJIbHbIE MAaKCHUMYMBI I10JIs1 HA COOTBETCTBYIoLIeH mupote; (b) ce-
pus U3 6 TOTOKOB YepeyIOIIeCs NOASIPHOCTH (CIUIOIIHAS JIMHUS — OTPULIATEIbHOE MarHUT-
HOE T0J1€, IyHKTHPHAs! JUHUS — MOJI0XKUTENbHOE); (C) CyMMapHOE I0JIe BJIOJIb alPOKCUMHU-
pYIOLIEH JIMHUH.

BonpmmHCTBO ripples pacmoararoTcst momapHo, 1Mo 00€ CTOPOHBI OT IKBATO-
pa, CAMMETPUYHO APYT MPOTUB Jpyra. MBI OKa3ain, 9YTO €CTh JaHHBIE, KOTOPHIE
MO3BOJIAIOT CYUTATh TaKyIO TMapy ripples, pacrmoNoKeHHBIX B IBYX MOIYIIApHUsX,
eIMHON CTPYKTYpOH C OOmuM 3HaKoM MarHutHoro moisi. Ha puc. 3a mokazan
YYacTOK JMarpaMMbl IIIMPOTA-BPEMs, Ha KOTOPOM ITOCTABJICHBI TOYKH BIOJb IO~
TOKa OJHOTO 3HAaKa B CEBEPHOM M IOYKHOM TOJYMIAPHSIX. DTH TOYKA OTMEYAIOT
MIOJIO’KEHUE JIOKAJTbHBIX MAKCUMYMOB MAarHUTHOTO TIOJISl HA JTUHUSAX MTOCTOSTHHOM
IAPOTHL. MBI almpOKCUMHUPOBAIIA IMPOTHBOJICIKAIIYIO Mapy ripples moJmHOMOM
2-ii crernienu (6enas muHus Ha puc. 3a). [TogoOHas MeTouKa UCTIOIB30BaHA U IS
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npyrux motokoB (puc. 3b). Oxazanochb, 4TO Takas AanMpOKCUMalUs BIOJHE
YCHEIIHO OMUCHIBAET U3MEHEHHUSI MOJISI Cpa3y B ABYX MOJYIIAPUSIX, YTO TOBOPHUT O
TECHOW CBSI3U 3TUX MOTOKOB. OO 3TOM rOBOPUT TaKk e U3rMO KPUBBIX, allIPOKCHU-
MUPYIOIIUX ripples, KOTOpbIiI CUMMETPUUYEH M YKa3bIBAaeT Ha CXOACTBO Apeida
JOMUHUPYIOIIEH MOJIIPHOCTH B HAIpaBIEHUU K o0OMM mosocaM. Beruncienue
CYMMbI MarHUTHBIX T10JIEH B/IOJIb JIMHUHM anpoKcuManuu (puc. 3¢), IOKa3bIBaeT
[100YEPEIHOE JOMUHUPOBAHNE MOJIOKUTEIBHBIX U OTPULIATENIBHBIX MOJIEH.
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Puc. 4. BnusHue BeITMYMHBI TOPOTa HACHIIIEHHUS HA M3MEHEHHE MarHUTHOTO TOJISL BIIOJb M-
potbl 33° rokHoro nomymapus. [lopor Haceiuenus B Obut ycranoieH Ha 5, 15 u 5000 I'c
(moceHee COOTBETCTBYET BKIIIOUECHHIO BCEX BEITMYUH MOJIS).

Cas3p nucOananca ByX MOJyIIapuid UMEET MECTO, KOTJla Mbl paccMaTpu-
BaeM MarHUTHBIE MOJIA B MacuTabe HecKONbKUX JjieT. OIHaKo MpU HCCIeoBa-
HUU JIOJTONEPUOJNYECKUX BapHaliil [ucOanaHca MarHUTHBIX TOJIEH MbI MOJTY-
YA PEe3KUE Pazuyusi MEXIy Moiymapusmu [5, 6]. 3nak nucbanaHca, KOTO-
pbIil U3MEHSIETCS C 22-JIETHUM [EPUOJIOM, COBIAJAET CO 3HAKOM IOJISIPHOTO I0-
JIsl B CEBEPHOM TMOJIYIIAPUH KaK JIJIsi CUIBHBIX, TaK U IS CIa0BIX MOJEH.

Ha puc. 4 paccMoTpeHbl Bp€MEHHbIE U3MEHEHUSI MAarHATHOTO MOJISI BJIOJIb
HUPOTHI 33° F0KHOTO MONYIIApus I pa3HbIX OPOroB HacelmeHus: B = 5 I'c,
15 I'c, a Takxke 1ig Bcex 3HaueHuii B. B teuenun 4 et Huskoir CA OGonblias
4acTh Bapualuil cBs3aHa co ciaadeivu nossimu (B < 5 G). Hanporus, cuibHbIC
noJist BHOCAT riaBHbli BKi1ag B RTTP. CuiibHble M0JI U3MEHSIOT CBOM 3HAK B TO
KE caMoe BpeMsi, 4TO M cialbbie Mmoysl. ITO O3HAYAET, YTO CYIIECTBYET OOIIast
CTPYKTypa YepeIOBaHMs 3HAKOB IOJIS AJIsl BCEX BEJIMYMH MAarHUTHBIX MOJIEH.
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