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In this work, we analyzed the rotation of anti-Hale active regions across the solar disk.
For this analysis, we utilized data on line-of-sight (LOS) magnetic field acquired by
SDO/HMI. As a source of bipolar active region (ARs) with reverse polarity (anti-Hale re-
gions) data, we used a catalog of bipolar active regions violating the Hale polarity law for
1989-2018. In total, the rotation rates of 44 ARs observed between 2010 and 2018 were
measured. In order to compare the obtained results of the rotation rates of the anti-Hale re-
gions with the rest of the ARs, we performed a statistical test of both distributions. The test
showed that these distributions are statistically indistinguishable. These results give us a rea-
son to suppose that, if the rooting hypothesis is correct, anti-Hale regions and other ARs are
formed at the same depths in the convection zone and there is no separate mechanism for the
formation of anti-Hale regions.
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Beenenne

HuddepenunansHoe BpamieHue CoyHIIa — 3TO HEOTHEMIIEMBIN 3JIEMEHT,
HEOOXOIUMBIN ISl paboThI T100aIbHOTO AUHAMO. V3-32 BMOPOXKEHHOCTH CHIIO-
BbIX JIMHUH B IJIA3MEHHbIE TOTOKU U YBEJIUYEHHsI CKOpOCTH BpameHus: ConHia
K 9KBaTOPY, CUJIOBBIE JIMHUU MOJIOUAAIBHOIO MATHUTHOTO TOJISL BBITATHUBAIOTCS
U CKpPY4YMBarOTCS, GOpMHUPYST MarHUTHBIE KI'YyThl B KOHBEKTHMBHOW 30He. Mar-
HUTHBIE JKTYTHl MIPU TOJIbEME Ha MOBEPXHOCTh MOPOKIAAIOT AaKTHUBHBIE 00JaCTH
(AO).

Cornacho 3akony Xeina ounosnspHeie AO B mpejienax oJHOrO U TOTO K€
reJuorpaguueckoro Mnojayumapus AOKHBI HMETh OIPENEICHHYI0 BEAYLIYIO
MarHUTHYIO MOJSPHOCTh, HO TaHHOMY 3aKOHYy noguuHstorcs He Bce AO Conn-
na. CymecTByroT 00J1acTH, OPUEHTALNS MOJISIPHOCTH KOTOPBIX MPOTUBOMOIOXK-
Ha OpUEHTAlMM OOJIBIIMHCTBA IpynM. ['pymnmel, HapylIaronye 3aKOH MOJSPHO-
ctu Xeiia, 4acTo Ha3bIBAIOT aHTU- X CHJIaMU.

KacarenbHo ckopoctu BpamieHuss AO Hellb3s HE OTMETUTh TOrO, YTO OHA
HE COBIIAJIaET CO CKOPOCTHIO BpalleHMs I1a3Mbl Ha oBepxHocTH ConHua. Bos-
MO>KHO, 3TO OOBSCHAETCS TUIIOTE30M YKOpeHeHus [1-2], cormacHo KOTOpoil CKo-
poctb BpamieHuss AO omnpenenseT riiyOMHa 3ajieraHusl «KOPHEW» MarHUTHOTO
KI'yTa, U3 KOTOPOro OHa 00pa30oBaHa.
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[enbro Hamel padoThl OBLIIO U3MEPUTH CKOPOCTH BPAILEHUS AHTH-XEUIIOB,
YTO MOXET J1aTh HaM uH(popMmaiuio o riryoune hopmupoBanus 3Tux AO. Cpas-
HEHHUE C pe3yJibTaTaMU U3MEpPEHHUsl CKOpOCTEl BpallleHus ocTalbHbiXx AO nmomo-
KET MOHSTh, OJIMHAKOBBI JIU MEXaHU3Mbl BO3SHUKHOBEHHUS aHTH-XeinoBckux AO
u octanbHbix AO.

JlaHHBIE M METObI

JI1st TaHHOTO aHaJIM3a MBI MCIOJb30BAJIM MArHUTOIPAMMBI IIOJIHOTO JHMCKA
MPOJIOJIBHOTO TIOJIS, TOJIy4eHHbIe MHCTpyMeHToM Helioseismic and Magnetic
Imager (HMI) opburanshoit o6ceparopun Solar Dynamics Observatory (SDO)
[3], a B KauecTBe UCTOYHHUKA OUMOJSPHBIX TPYII 00paTHOM MOJSAPHOCTH (AaHTH-
Xennocknx AQ) Obul MCHONB30BaH KPHIMCKUI Katajor Oumnoiisipbix AO,
HapyLIAIOLIUX 3aKOH NOJIIpHOCTH Xeina 3a 1989—-2018 roaer! [4].

Ha mMarauTorpammax ObuIH BbleNeHbl aHTH-XeinoBckue AO. Jlns kaxon
U3 HUX PACCUUTHIBAJICS CPEAHEB3BEIICHHBIA IO MArHUTHOMY MOTOKY LEHTp IS
IIOJIOKUTEIIbHOW M OTPULIATEIIBHOW IOJSAPHOCTEN. ['€OMETpUYECKUH LEHTP
MEXJly HUMU OIPEIEsIcs KaK LEeHTp Becel akTuBHOW AQO, mogpoOHOCTH MOTYT
ObITh HailJieHbl B paboTe [5]. YrioBas cKOpOCTh BpallleHUsI PACCUUTHIBATIACH KaK
HAKJIOH IIPSIMOM, anIpOKCUMHUPYIOLIEH 3aBUCUMOCTb JoJroTsl AO OT BpeMeHH
3a NepHOJl MaKCUMaJIbHOTO pa3BuTusi AQ.

PesyabTaTsl
B nmanHoil paGoTe coriacHO KaTajaory OWIOJISIPHBIX aKTHUBHBIX 00JacTeH,
HaApYyIIAOIMUX 3aKOH MOJSpPHOCTH Xeirna, Obutu BeIOpanbl 44 AQO, KoTOpbIe
HaOmoanuch Ha BUauMoM aucke Connua 3a nepuon ¢ 2010 mo 2018 roel.
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Ha pucynke 1 npencraBieH rpaduk mosy4eHHbIX CKOPOCTEW BpaIlEHUS B
3aBUCHMOCTH OT IIMPOTHI 7151 aHTU-XennoBckux AQ. IlynkrupHas nunus — an-
IIPOKCUMALIUS JaHHBIX TOUYEK BBIPAKECHUEM:

w(p) = A+ Bsin? ¢ + Csin* @, (1)

KOTOPOE MPENCTaBIseT cO00 3aKoH AU PEPEeHIINATHHOTO BPAIICHUS I BCEX
AO. Koaddunment A — sxkBaTopuaibHas ckopocts, B u C orBeuaroT 3a nudde-

pEHIMAILHOE BpallleHHe, (¢ — renrorpadudeckas mmpora [6].

Ha mnpuBenennom rpaduike BbiaensieTcss o0JacTh B JHMANMA30HE IIHPOT
[-20; 20], nunusa rpaduka Ha ITOM ydacTKe MPUOIMKEHHO MPEACTABISIET COOOM
IPSIMYI0, TIO9TOMY MBI MOKEM TPEIIOJIOKHUTh, YTO aHTH-XeimoBckue AO Ha
ATUX MIUPOTAX BPAMAIOTCS TBEPIOTEIHHO.
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CpaBHHBass CKOPOCTH BpalleHHUs aHTU-XEHUIOBCKUX AQ ¢ OCTaJbHBIMHU
AO, 4TO NOKa3aHO HA PUCYHKE 2, MBI BEIYUCIIMIIA 3HAYEHHE X2, KOTOPOE OIpe-

JCIIACTCA KaK
2 _ Z (0; — Ey)?
&=L E 2)

rae O; — pacydTaHHad CKOPOCTh BpalleHus aHTu-Xeiosckon AO, E; — ne-
JIEBOE 3HAUYCHUE CKOPOCTH BpAILICHUA.

Wcxons W3 HAmuX AaHHBIX 3HadeHue x2 = 0.20964711 u mokasbIBaer,
YTO JAHHBIC pPACHPEACICHUS CTATUCTUYECKH HEPA3IUYHUMbBI, MO3TOMY MOXHO
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CUHTATh CKOPOCTH BPAIIECHUS aHTU-XEWUIIOB HEOTIMYUMBIMU OT CKOPOCTEUN Bpa-
menus apyrux AQO, a ciaenoBaTeNnbHO, BCE OHU MOJUYUHSIIOTCS OJHOMY U TOMY
*Ke 3aKoHy AudepeHInaIbHOro BpallleHUs.
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