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The «pixel-to-pixel» (p2p) artifact, arising from the discrete nature of matrix receivers,
sets an independent frequency standard. This new standard can be used to study the differen-
tial rotation of the Sun by tracking the movement such tracers as small-scale solar faculae
(Zhivanovich et al. 2019). The results obtained are in good agreement with ground-based ob-
servations of sunspots and line-of-sight velocities, but when they are compared with the data
of modern helioseismology, they turn out to be significantly overestimated. This may be due to
the fact that magnetic tracers (small sunspots, faculae) are captured by the magnetic network
of supergranulation, which, due to the presence of such phenomenon as leptocline in the up-
per part of the convective zone, rotates faster than the uppermost, surface layers of the Sun,
the angular velocity of which is recorded by helioseismological methods. Knowing the struc-
ture of leptocline, within the framework of such a model, one can estimate the depth of the
lower, most dense, boundary of the superconvection cell, which determines the speed of rota-
tion of the entire superconvection network. This assumption gives a reasonable estimate of
about 30 Mm.
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1. BBenenue

B naHHBIX, MoiyyaeMbIX C MOMOIIBIO JIUCKPETHOIO NMPHUEMHHKA (TaKoro
kak CCD marpuna), npucytcTByeT apredaxt «pixel-to-pixel» (p2p) [1, 2]. Ap-
Te(akT p2p BO3HUKAET OTTOTO, YTO AKCTPEMAIBHBIM OTCUET (HAMPSIKEHHOCTH,
WHTEHCUBHOCTH H T. JI.) IEPEMEIAETCS C TEUCHUEM BPEMEHHU OT OJIHOTO IMUKCe-
71 K COCETHEMY BCIIEJCTBUE ABUKEHUS PACTIPEICICHHOTO 00BEKTa MO TIOCKO-
CTH JUCKPETHOTO PHEMHHKA. B TedeHne HEKOTOPOTO BPEMEHU IKCTPEMATbHBIH
OTCUET MPOCTMPYETCS HAa 00JIACTh MEXKTY ABYMS IMUKCEISIMH, B PE3YIHTATE YETO
3aIHMCHIBACTCS OTIMYHOE OT AKCTPEMAJILHOTO 3HAYCHHUE HanpspkeHHOoCTH. OHa-
KO MHGpOpMAIKA MPOAOHKACT CUUTHIBATHCSA C MATPHIBI MPHUEMHHUKA, YTO JACT
JIOKabHBIA MUHUMYM (MJTH MAKCHUMYM) B UCCJIETyEMOM CHUTHAJIC.

AptedakT p2p 3amaeT HE3aBUCUMBIM CTaHIAPT YAaCTOTHI M 3a CYET ATOTO
MO3BOJISIET OMPEIETSATh CKOPOCTH JBMXKEHHUS pa3IMuHbIX TpaccepoB. Hampumep,
IIPU UCTIOJIB30BAHUU MEJTKOMACIITAOHBIX MarHUTHBIX CTPYKTyp Ha CounHile (Ta-
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KHX Kak Mopbl, (akemsl, (hakeIbHbIe TPaHyJIbl) MOKHO OMpPENETUTh CKOPOCTH UX
nepeMenieHus no aucky. daxensl, Kak U MATHA, OTpakatoT nuddepeHuanpaoe
Bpamienre Connma. Takum oOpa3om, Onarogapsi apredakty p2p U NPUMEHSS
®dypbe aHanM3 BPEMEHHBIX PAIOB C SKCTPEMAIbHBIM 3HAYEHUEM HAIpPsHKEHHO-
CTH MarHMTHOTO TOJIS B Pa3UYHBIX (aKesax, pacupeaesieHHbIX M0 MIMPOTHBIM
30HaM, MOKHO IOCTPOUTH KpUBYI0 nuddepennuansaoro Bpamenus CoiHua.

2. JlaHHBIE TeJIN0CEHCMOJIOTHH

Taxas kpuBas, HOCTpOEHHAs 110 MEIKOMACIITAOHBIM MArHUTHBIM CTPYKTY-
pam, Obl1a ToflydeHa Hamu B padoTax [4, 5]. B Hux moka3aHo, 4To HaiiieHHas
KpHUBasi HEIUIOXO COTJIAcyeTCsl C Ha3eMHBIMU HAOIOICHUSAMH T10 TISITHAM U JTyde-
BBIM CKOPOCTSIM. B TO ke BpeMs, cpaBHUBAs MOJIyYEHHbIE CKOPOCTH AuddepeH-
MAJIbHOIO BpAILEHUsI C JAHHBIMHU, KOTOpBIE JaeT renuocerncMonorus (puc. 1)
[3], MBI IOJIyYMJIM, YTO CKOPOCTH BpAllCHUs, U3MEPEHHBIE HAMU 10 MEJIKOMAC-
MTAaOHBIM MarHUTHBIM TPacCcepaM C MOMOIILI0 YaCTOTHOTO apTedakTa p2p, OKa-
3QJIMCh 3aBBILICHBI. JTO MTOKA3aHO Ha pUC. 2.
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Kak Bugno 1o puc. 1, nuddepenimanbHoe BpalieHHe COTHEUYHbBIX CJIOEB B
KOHBEKTHUBHOM 30HE MPOSBISETCS, HAUUHAS OT TaXOKJINHA, C TIIYOHMHBI TTOPSAJIKA
0.68 pagnyca ComnHIila, 3aTeéM CKOPOCTH BpAIllCHHs TUIABHO MEHSIIOTCS C TIIyOH-
HOM, W HENAJIEKO OT MOBEPXHOCTH PE3KO NAJAIOT C PACCTOSHUEM OT LIEHTpA.
DTOT CJIOW MPUHATO HA3BIBATH JIENTOKIMHOM. biiaromaps ero HaJlM4uio B BEpX-
HEW 4aCTH KOHBEKTMBHOU 30HbI COJHIIA, KOHBEKTUBHBIC SUEUKN CyIEepraHyJis-
LMY BpaIlatoTcsl ObICTPEE, YEM MOBEPXHOCTHBIE CIIOH.

MenkomacmitaOHble (pakeabHble MAarHUTHBIE CTPYKTYpbl Ha CouHile, oye-
BUJIHO, CYJisl IO UX JIMHAMHKE, 3aXBAUYE€Hbl MAarHUTHOM CETKOW CymleprpaHyJis-
I[MU, COOTBETCTBEHHO C 3TUM, U JudPepeHnnanbHoe BpalleHHue TaKuX CTPYKTYP
Oynet coBmnanarh ¢ AuddepeHnaIbHbIM BpaIIEHUEM CETKH CyNeprpaHyJIsaiuH.
JIns cynnepKOHBEKTUBHOW STYEHKH CKOPOCTh €€ YIJIOBOTO MEPEMEIIEHUS MO JUC-
ky Connia Oyaer, BUIMMO, ONPEACNATHCS JBIKCHHEM €€ HWXKHEH, Hanboee
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IUIOTHOM, TPAHUIIBI, T.€. 3TA sYCHKa B 1[eJI0M OyAeT IBHraThes 1mo Aucky CorHia
ObICTpee, YeM CaMble BEpXHHUE, IOBEPXHOCTHBIE CII0U (POTOCHEPHI.

3Hasi CTPYKTYpY JENTOKJIWHA, T.€. pacIpejelieHue YTrIOBbIX CKOpPOCTEH
BpanieHuss CoiHIla B 3aBUCUMOCTH OT IIYOMHBI M IIUPOTHl B BEPXHEH YacTH
KOHBEKTUBHOM 30HHI (puc. 1), u cpaBHUBas €€ CO CKOPOCTSIMH BpalleHUs, MOJIy-
YEHHBIM HAMU IO MOBEPXHOCTHBIM MEIKOMACIITAOHBIM MarHUTHBIM Tpaccepam
(pakenam, hakenbHBIM rpaHyJiaM), (puc. 2), Mbl MOXKEM OIIEHUTH IyOUHY 3aje-
raHus HIKHEH, HanOoJiee MIIOTHOM, TPAHMIIBI SYCHKU CYTIEpKOHBEKINH (pHC. 3).
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Puc. 2. Kpusas nuddepennuansHoro Bpamenus ConHIla, MOTyYeHHAs I MEITKOMAaCIITa0-
HBIX (paKeNbHBIX CTPYKTYp € MoMoIbio apredaxra p2p no ganasiv SDO/HMI (kpysxku ¢ Ga-
pom). JInHuel nmokazana anmpoKcUMaIys HaOI0ieHui B BUIe KpUBoii [4, 5]:

V = 4 — Bsin®@ — Csin*@ — 0.9865 2L

day
«3Be3JJ0YKM» — TOUKHU C YTIIOBBIMHM CKOPOCTSMH BPAIIEHUS, CHATBIMU C FeJIN0CEHCMOII0rHye-
CKOH KpuBOH 114 noBepxHocTy ConHLa Ha puc. 1. 3HaYKOM «IUTFOC» MTOKA3aHbl YIJIOBBIE CKO-
poctu Bpamenus Ha riayonne 30 Mm, KOTopbIe JaeT JISNTOKIWH (CM. HUXKE puc. 3).

Ha puc. 3 moka3ano, kak ais riayouHbl okosio 30 Mwu ¢ xpuBoit auddepen-
[IUAIBHOTO BpAIICHHUs] CHUMAIOTCS CKOpOCTU Au(PepeHnanbHOr0 BpalleHHs
ConHua, KOTOpBIE COOTBETCTBYIOT 3TOM riyOuHe. Ha puc.2 oHM moMeudeHBI
Kpectukamu. Kak BUIHO, TaHHBIE, KOTOPHIE 1a€T HAM TE€JIMOCEUCMOJIOTHS, XO-
pOILIO COOTHOCATCA C MOJy4eHHBbIMU B padorax [4, 5] ckopoctsimu auddepen-
UAJIbHOTO BpAIICHUS MEIKOMACIITAOHBIX MAarHUTHBIX CTPYKTYp, KOTOpBIE
IpUHAAJIEKAT K MATHUTHOM CETKE CyNeprpanyIsuu.
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380 s S S (oTMeueHa BEPTHKAIBHOW JMHHUEH, TO-
I 60° PU3OHTAIBHBIMA  OTBETBJICHHUSIMH  OT
360-1 ] 9TOW JIMHHM IT0OKa3aHbl COOTBETCTBY-
050 060 070 080 090 100 | lomHE HaCTOTE AMPPepeHnuanbHoro
/R BpAIllEHUs HA KaX/I0H MUpPOTE).
3. BoiBOabBI

MenkomMacmTaOHble MarHUTHBIE Tpaccepbl (Majble COJTHEYHBIC MATHA, (a-
Kelbl, (hakenbHbIE TPaHylbl), MCIOJIb30BAHHbIE HamMu B pabotax [4, 5] s
onpeneneHus auddepeHuuanbHoro Bpamenus ColHua, IpeICTaBIIsIOT U3 ceos
Ype3BbIYANHO JUHAMUYHbBIC, TIOJIBH)KHBIE CTPYKTYPbI, TI0JIBEPKEHHBIE MOCTOSH-
HBIM BO3MYLIEHHUSIM CO CTOPOHBI IPaHyYJISILIUM U CyIIeprpaHysIssiuu. ITo 00CTos-
TENbCTBO JIA€T HAM BCE OCHOBAHUs I0JaraTh, YTO HAIIM MEJIKOMAacIITaOHbIE
MarHuTHele Tpaccepbl 3(P(HEKTUBHO 3aXBATHIBAIOTCS CETKOM CyNeprpaHyJisiLuy,
KOTOpasi, 6yarojaps HaJIMYMIO JIENTOKJIMHA B BEPXHEH 4YaCcTH KOHBEKTUBHOH 30-
HbI, BpAILlaeTCsl HECKOJIBKO OBICTpEE, YEM CaMble BEPXHUE, IOBEPXHOCTHBIE CIIOU
Connua. ITo3ToMy cpaBHUBATH NOJIyYEHHBIE HAMM II0 3TUM Tpaccepam CKOpo-
ctu auddepeHIuanb,HOr0 BpaleHuss HE00X0UMO C YTIJIOBBIMU CKOPOCTSAMH Ha
[IIyOMHE 3ajleraHus SYelKU CyNepKOHBEKIIMH. B pamkax Takux mpeacTaBiIeHUH,
3Hasl CTPYKTYPY JIENTOKJIMHA MO AAHHBIM I€JIMOCENCMOJIOTUH, MOYXKHO OLICHHUTD
IyOMHY HUKHEH, HauOoJee MIOTHOM, rpaHMIbl SYeKU cynepkoHBekuuu. [lo-
Jy4aeTcs, 4yTo 3Ta TiyOonHa coctapiisgeT okoyio 30 Mwm, 4To nMpakTUYECKH COBIa-
JTAeT C XapaKTEepHbIM JuaMeTpoM siuerku. [loaTomMy Takasi oLieHKa MpeacTaBis-
€TCsI HaM BIIOJIHE PA3YMHOM.
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