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Data set acquired by the Helioseismic and Magnetic Imager (HMI) onboard the Solar
Dynamics Observatory (SDO) during 2010-2017 was used to study contributions from differ-
ent-type active regions (ARs) into the total unsigned magnetic flux during the 24th solar cy-
cle. ARs were distributed into three categories: A-type — regular bipolar ARs, U-type — unipo-
lar spots,; B-type — irregular ARs, violating either Hale polarity law or Joy's law or having
the leading spot less than the main following spot. A subset of anti-Hale ARs was formed by
combining the anti-Hale ARs of B-type and U-type categories. In total, 1494 ARs with the un-
signed magnetic flux above 10°° Mx were detected. Our analysis showed the following: i) cor-
relation (correlation coefficients are provided in parentheses) between the total unsigned flux
and the International Sunspot Number (ISSN) gradually decreases with transition from regu-
lar ARs (r = 0.57) to irregular ARs (r = 0.53) to anti-Hale ARs (r = 0.31) to unipolar spots
(r = 0.18); ii) contributions into the yearly total flux from different AR categories are: 50—
70% of flux comes from A-type ARs, 20—40% from B-type ARs and 10-20% from U-type ARs;
anti-Hale ARs provided up to 11% of total flux during solar maximum with 7% as cycle aver-
age; iii) near the approaching solar minimum, the fraction of flux from anti-Hale groups in-
creased from 5% to 9% and the yearly averaged amount of the anti-Hale flux was constant at
about 107" Mx level, which can be considered as the lower boundary of the small-scale fluc-
tuation dynamo productivity on ARs scales. The observed enhancement of the anti-Hale flux
during the solar maximum can be due to the combined mechanisms of global mean-field and
small-scale fluctuation dynamos.

DOI: 10.31725/0552-5829-2018-173-176

Knaccuueckass Mozeslb MarHuTHOrO HUKJa [1] siBisieTcsl OCHOBOM cCyliie-
CTBYIOLIUX MPEACTaBICHUN O MPOUCXOKJIECHUU COJIHEYHOM akTHUBHOCTH. ['eHe-
pUpyeMoe TUHAMO-TPOLIECCOM MAarHUTHOE TOJIE COCTOUT U3 Tpex yactew [2, 3]:
3aBHUCSILEr0 OT LMKJIA CPEIHEro mojis B; MpOU3BEACHHBIX B pe3yibTaTte (par-
MeHTanuu B Quykryanuid b (Takke 3aBUCSIIMX OT IHMKIA); MPOU3BEICHHBIX
0€30THOCUTEIHLHO B 1 HE 3aBUCSIINX OT MUKIa QIyKTyaruii 4, 00yCIOBIEHHBIX
neiictBrueM (IyKTYallMOHHOTO (TypOYJEHTHOTO, MEIKOMACIITaOHOT0) TUHAMO.
@DIIyKTyallMOHHOE IMHAMO A-THIa MOKET padoTaTh B MIMPOKOM JUANa30HE MPo-
CTPaHCTBEHHBIX pa3MepoB, B T.4. Ha mMacmradax AO [3].
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HccnenoBanus n3mMeHeHus cBOWCTB AO ¢ IIUKIJIOM ITOKa3ajid, YTO 3aKOH
nojsipHoctet Xewnna He BoINosHsAETCs puMepHo 1 4% AO B 21-m [4] u B
23-M [5] umknax, a ycpeaHeHHblid MarauTHbIN oTok (MII) ot AO ¢ HapyuieHu-
€M 3aKOHOB Xeia U yriia HakjiaoHa [[»0s HECKOJIBbKO yBEINYMBAETCS B IEPUOJ
cosiHeyHOro MuHumyma [4]. Joins obnacreit aHTH-Xeis1 cpen KOJIMYeCcTBa BCEX
AO Bo3pacTtaeT B MUHUMYyMax 22—23-T0 ITUKIOB [3], 4TO MOXET OOBSICHATHCS
HE3aBUCUMOCTHIO KOJIMYECTBA TAKUX 00JIACTEH OT ITUKJIA.

[lenpio HacTosMIEH PabOTHI SBISETCS BBISIBICHUE HAIMYUS IPYTUX (HApALY
C T7I00aTbHBIM JTMHAMO) MEXaHU3MOB I'eHepaIlui MarHUTHBIX noJiel Ha CouHile.

Jns nosydeHus: HeMmoCPEACTBEHHON OLIEHKU MPOJYKTUBHOCTH COJIHEUHOTO
nuHamo ObuT paccuntad MII ot AO Ha OCHOBE y4acCTKOB MarHUTOIPaMM CEPHH
sharp\ cea\ 720s umnctpymenta HMI/SDO, momydeHHBIX CO CKBaXHOCTHIO 9
nuer. beutn oro6pansl 1494 AO ¢ mOTOKOM HE MEHee 10% Mx, HaXoAsIIueCs
He aanee 60° OT LEHTPaJbHOrO MEpUAMaHa. BiusHUEe NMPOECKIUU HA BEIMYUHY
MII 6b1710 OTKOPPEKTUPOBAHO MTyTEM JICJIEHUS Ha KOCUHYC T€JIMOLEHTPUYECKOTO
yria u. Illepuon uccnenoanus ¢ 07.06.2010 o 31.12.2017 nodtu mOITHOCTHIO
OXBaTbIBAET 24-i1 IIUKJI, YTO MO3BOJISET TOBOPUTH 00 M3MEHEHUU U3y4aeMbIX Be-
JIMYUH C UUKJIOM. bbla nmojiydeHa HenpepbIBHAS MOCIIEI0BATEIBHOCTh HE Tepe-
KPBIBAIOLIUXCS TOTOKOBBIX «OPTpeTOB» ConHLA.

Pacnpenenenne AO 1o KaTeropusm OCYIIECTBISUIOCh HAMHU CIEIYIOIIUM
obpazoMm [6]: A — mpaBuibHBIe OuNoJsApHbie AQO, MOTUMHSIONMECS 3aKOHAM
Xelina u yria HakioHa J[>kosi, UMEIOIIHe JTUANPYIOIee MATHO, OOJbIIee, YeM
OCHOBHOE mocnienytomiee; B — Ounonspabie 001acTH ¢ HApYIMICHUSIMH XOTS ObI
OJHOM W3 yKa3aHHbIX 3aKoHOMepHocTer; U — oamHouHbIe msaTHA. [logaMmHOXKeE-
ctBa rpynnsl B coctaBuim AO ¢ mapymennsamu: HN — 3akona Xenna; JN — 3a-
KOHa yriia HakioHa [[os; LN — coOoTHOIIEHN MEx)1y IUIOIAIsIMU HSATEH JIU-
JUpYIOIIEH U moclenyruei nojsgpHocted. AO ¢ HECKOJbKMMHM HapyUICHHS
BXOJIUJIM B KaXX/10€ M3 COOTBETCTBYIOLIMX MOJMHOXECTB. MbI MpeJroiaraiu,
YTO JJIsl OIMHOYHBIX TSTEH 3aKOH XeWsia TOJDKEH BBITTOJHATHCS TaK JKe, Kak sl
BEJyIIUX TsATEH OunosisapHbIX obnacrelt. [logmHoxkectBa rpynnsl U cocTaBuiu
npaBWibHble oMHOYHbIE TIsATHA UY 1 oauHouHble nsiTHA UN, U1l KOTOpBIX 3a-
KoH Xe#na HapymeH. Ocoboe oAMHOXKECTBO aHTU-Xein cocTaBuin AO rpyrn
HN u UN.

AmnHanu3 mnokasaji, YTO OCHOBHOM BKjaj B oOmmi morok T BHocaT AO
rpynmnsl A (puc. 1, eBas maHenb), 4TO COIJIACYETCS C KJIACCUYECKOM MOJIEIbIO
[1]. Onnako 060cobaeHHOCTh KpUBBIX A 1 T CBUACTENHCTBYET O HATMYHUH APY-
roro Mexanusma resepauuu MII nomumo rimobdansHoro nunamo. [lnaBHoe mo-
Hwkenue npodumied MII u koapdunuentor koppensauuu ot AO rpymmbsl A K
HEMPaBWIBHBIM 00JacTsIM B, k o0nacTsM aHTH-XEW U K OJUHOYHBIM IMATHAM
TOBOPUT O TOM, YTO PE3KOI0 pa3rpaHUuYEHUs MEXKIYy MEXaHW3MaMu He Cylle-
CTBYET: I1100aJIbHOE U (PIIYKTyallMOHHOE MEJIKOMACIITAOHOE TMHAMO JIEUCTBYIOT
B obmem obOwveme. B makcumyme nmkna MII ot obnacteil antu-Xein cyie-
CTBEHHO BO3pacTaeT (IpaBas IMaHesb), BOJM3H HACTYMAOIIEr0 MUHUMYMa LIHK-
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na B 20162017 rr. — npuHMMaeT To xe 3Hadenne 107" MX Juis MarHHTOrpaMMbl
IIOJIHOTO JIMCKA, YTO U B mpeabiaymemM MuaumMyme 2010 r. Mb1 MOKeM IPUHATH
3TO 3HAYEHHUE B KaYECTBE HWKHEH rpaHUIbl MPOJYKTUBHOCTU (IYKTYallMOHHO-
ro guHamMo Ha macmradax AQO.
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Puc. 1. I'onooit notok ot AO pa3HbIX Ipynn B 3aBUCUMOCTH OT BpeMeHH; KoandectBo AO
NPUBEICHO B KPYTJIBIX CKOOKaX, MUPCOHOBCKUM KOA(PUIIMEHT KOPPETSAIMU JTHEBHOTO MTOTOKA
C JTHEBHBIM YHCJIOM COJIHEUHBIX TsATeH ISSN — B KBafpaTHBIX CKOOKaX.

Bxnag ot AO pa3HbIX rpynn B OOIIMX MOTOK (pUC. 2) MOHMUMKAETCS TaK K
I1aBHO OT rpynnsl A K rpynne B, k rpynne U, kak 1 ko3 PUimeHTsl Koppes-
nuu. B 2015 roay, B MakcuMyMe LMKIIA, TOJIA MOTOKA OT MPAaBHIIbHBIX 001acTei
rpynmsl A u ot AO rpynnsl B noutu coBnagarT, 4TO TOBOPUT O COIMOCTaBUMO-
CTH BJIMSHUS TJIOOAIBHOTO U (DIYKTyallMOHHOTO JuHamMo. PaccuutanHast o
AO rpynmet HN B o6mem konnuectBe AO cocraBisieT 3.7%, 4TO HAXOAUTCS B
COOTBETCTBHH ¢ AaHHBIMU [4, 5]. Jloss moToka ot obyacteit aHTH-Xein B cpe-
HeM coctaBisieT 7% u pocruraer 11% B makcumyme nukia. B 2016-2017 rr.,
BOJIM3M HACTYMAIOMIET0 MUHUMYyMa ITMKJIA, JOJisA Bcex oOnacTedt aHTH-Xeln B
oOmiem B 001IeM MOTOKe yBenuuuBaercsa ¢ 5% 10 9%, 4To corimacyercs C JaH-
HeiMH [3]. B MunuMyMe pacTyT Takke qoau ounossipabix AO (mpaBasi maHeNb),
y KOTOPBIX HapyLIEHUsl CBS3aHbI C MOJISIPHOCTBIO U COOTHOUIEHHUEM pPAa3MEPOB
rared: HN u LN. Jloss moToka OoT HenpaBuiIbHbIX OAWHOYHBIX IATeH UN mpak-
TUYECKU MTOCTOSIHHA.
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Puc. 2. Bxinan AO pa3HbIX Ipymnin B 00K MOTOK B 3aBUCUMOCTH OT BPEMEHH.
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MaxkcumanbHbie 3Hadenust motoka (1.5x10” Mx), mpuxosierocs Ha 06-
JacTh, (puc. 3), ¥ 3HAYUTEIbHbIE U3MEHEHUS CO BpeMeHeM JAeMOHCTpUpYyoT AO
rpymmsl B. Y npaBunbabix AO rpynmsl A notok caabee (1.0x10°° Mx) u mpo-
¢bunp 6onee criaaxxen. MII Bcex obnacteil aHTU-XEWST CUHXPOHU3UPOBAH C TI0-
TOKOM Tpynnbsl B 1 ¢ nukioM. PocT mOTOKOB OT HeNpaBUJIBHBIX O0JiacTel B
MaKCHUMYMe€ IIMKJIa TOBOPUT 00 yCuiIeHUH (IyKTYallMOHHOTO IMHAMO B 3TOT Tie-
puoa. B MuHMMyMe IMKIIa MMOTOKH OT BceX oOisacteil anTu-Xeun u ot AO ¢
HapyueHussMu nossipHoctd (HN) u cootHomenust pazmepos msiteH (LN) Takoke
ycunuBatoTca. OtmeueHHoe B [4] yBenuueHue ycpeanenHoro MII ot AO c
HapylLIEHHEM 3aKOHOB Xeiia u KOs MPOUCXOIUT, MO-BUAMMOMY, 3a CUET
rpynibsl HN. Camble HM3KHE MOTOKM Ha 00JacTh M HE3aBUCHUMOCTH OT LIMKJIA
JEMOHCTPUPYET IpymIa HENMPaBWIbHBIX OAMHOYHBIX TisiTeH UN.
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Puc. 3. Ilorok, npuxoasmuiics Ha AO 1aHHOH TPYIIbI, B 3aBUCUMOCTH OT BPEMEHH.

W3 Hacrosimieit paboTsl cienyeT, 4ro Ha macmradax AQO, Hapsay ¢ TIJio-
OAJIbHBIM JIMHAMO CPEJIHEro MOJI, IPOSBIIAETCS APYrol MEXaHU3M TI'€HEpaLHH
noJyia. Pe3koro pasrpaHuyeHHs MEXJy MEXaHU3MaMM He HaOJoJaeTcs: TIIo-
OaJibHOE AUHAMO M (DIYKTYallMOHHOE MEJIKOMAacIITaOHOE AWHAMO JIEUCTBYIOT
OJIHOBPEMEHHO B o01eM oobeme. B nepuoa munumyma 11-netHero uukiia cod-
HEYHON aKTMBHOCTU MPOAYKTUBHOCTH (DIYKTYallHOHHOI'O AMHAMO Ha MacIlTa-
6ax AO cocrapmsier 10*' MX 1 MrHOBEHHO# MarHHTOIPAMMBI ITOJTHOTO JHCKA.
B Makcumyme nukia rino0ajabHOE AMHAMO (CO3ZJArollee UCXOAHYIO CHIIOBYIO
TpyOKy) U (IyKTyallMOHHOE JWHAMO (HMCKa)Kalollee M YCHJIMBAIOIIEE €€ Mar-
HUTHBIN [TOTOK) AEHCTBYIOT COBMECTHO.

PaGota Brimonnena npu noanepxkke rpanta PH® (IIpoext 18-12-00131).

Jlureparypa
1. Babcock, HW. /| ApJ, 1961, 133, 572.
2. Brandenburg A., Sokoloff, D., Subramanian, K. // Space Sci.Rev., 2012, 169, 123.
3. Sokoloff, D., Khlystova, A., Abramenko, V. //| MNRAS, 2015, 451, 1522.
4. Wang, Y.M., Sheeley, N.R.Jr. // Sol. Phys., 1989, 124, 81.
5. Stenflo, J.O., Kosovichev, A.G. // ApJ, 2012, 745,129.
6. Kykosa, A.B. /| 3B. KpAO, 2018, 114, 74.

176



