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Based on the data obtained by numerical simulation of the active region (AR) of the Sun
using MURAM radiation magnetohydrodynamics codes, the horizontal gradient of the
vertical component of the magnetic field VB, and the horizontal component of the electric
current density j for the AR part where the flare occurred were calculated. The calculation
was made for three layers near the photosphere with 64 km vertical and 192 km horizontal
steps. It was found that = 90% of the calculated pixels contain j, and VyB, of the same
order, but these values are poorly correlated. The correlation coefficient has been calculated
for several groups of pixels, selected based on the value of the horizontal current and the
magnetic field configuration. Correlation coefficients for these cases do not exceed 0.34 for
the lower layer and 0.54 for the upper layer. High-value contours of j, and Vy,B, were
plotted and are also weakly spatially correlated. The result may indicate that one should be
careful when using the horizontal magnetic field gradient as an approximation of the
horizontal current in the photosphere (in particular when developing flare forecasting
methods).

Additionally, probability density function PDF (j,/jn) has been calculated in the AR,
which demonstrates that in the model region the photospheric horizontal current is on
average 1.4 times higher than the vertical current. This is consistent with the various
estimates of the current components in real solar ARs [1] and points to the importance of
further study of horizontal currents.
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Beryniienue
OnHOMl M3 TNaBHBIX MpHUKIAAHBIX 3a1a4  (usuku ConHua sBiSeTCS
IIPOTHO3UPOBAHUE COJIHEYHBIX BCIIBIIIEK, PACCMATPUBAEMBIX KaK OCHOBHOM
UCTOYHUK BO3MyIlleHud B [lenmochepe ©u  OKOIO3EMHOM KOCMHYECKOM
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npocTtpancTBe. CUUTAETCSs, YTO OCHOBHBIM MCTOYHWUKOM DHEPTUU aKTUBHBIX SIB-
sBreHnil B atMoc(epe ConHIla ABIsETCS dHEPTUsi MAarHUTHOTO ToJisi. [losTomy
pa3iMyYHbIe YHUCICHHBIE XapaKTEPUCTHUKXA MAarHUTHOTO MOJA [2] BBICTyHaroT B
pOJId TMapaMeTpPoOB, MCHOJB3YEMBbIX JJIi MPOTHO3a COJIHEYHOM aKTUBHOCTH.
OaHuM H3 Takux TapaMeTpoB SIBISETCS TOPU3OHTAJIBHBIM  T'paJMEeHT
BEPTUKAILHON KOMIOHEHTHI oTochepHoro marautHoro noius Vy,B,. Hanbonee
yCIelHasi MOJeib TMPOTHO3a COJHEYHBIX BCIHBIIICK, OMUPAIOIIAsACS Ha
UCTIOJb30BAaHUE JAHHOTO MapaMeTpa, PacCUMTAaHHOTO IO MarHUTOTpaMMmam
HMI/SDO, o6bna npemiioxena B padore [3]. C Touku 3penus ¢uszuku VB,
MO’KHO XapaKTepU30BaTh KaK YacCTh FOPU30HTAIBHOIO 3JIEKTPUUECKOIO TOKA jp
[4, 5]. OnHako HE COBCEM SICHO, HACKOJIBKO TOYHO MOKHO YTBEPKIaTh, YTO
VB, sBisieTcss npubanxeHueM j,. Llenbto qanHoM paOoThl SIBISIETCS CpaBHEHUE
VpnB, u j, Ha ypoBHe (orocdepbl ¢ HCMIOIH30BAHUEM JAHHBIX YHCICHHOIO
TPEXMEPHOTO MarHUTOTUAPOJAMHAMUYECKOTO MOJEIMPOBAHUS BCIBIILICYHON
akTUBHOU oOjactu. Ha 0Ga3e peanmucTtuyHOi (HU3MYECKON MOICIH MBI XOTHM
MOHATH, MOKHO JTU HAOJI0/IaTENbHbBIE JaHHBIE (BEKTOPHBIE MArHUTOTPAMMBbI) T10
IPOCTPAHCTBEHHOMY pacIpeneieHuo Vy, B, HHTepnpeTupoBaTh C TOUKH 3PEHUS
pacnpenenenus j, (KOTopoe, B OTIMYUE OT j,, HENb3sl pacCUYUTaTh Ha OCHOBE
BEKTOPHBIX MarHUTOIPaMM Ha OJTHOM YPOBHE).

PesyabTaThl

Ha ocHOBe 1aHHBIX 0 MarHMTHOM IIOJIE, TIOJIYYE€HHbIX ¢ oMoupro MI'JI-
MojaenupoBaHusi MerogoM MuRAM [6], Oblmu paccunTaHbl TOPU3OHTAIBHBIE U
BepTuKaibHble TOkM B AO. Jlng pacuéra mnpuMmeHsIcs 3akoH Amiepa-
Makcgenna B quddepennuanbaon Gpopme:

rotB = 2] (1)

JIJist JaHHOTO MCCIEAOBaHMS TAK)KE JOMOTHUTEIBHO OTJAEIHHO OBLIT MOCUH-
TaH FOPU30HTAJIbHBINA IPAAUEHT BEPTUKAIBHOTO IMOJS B €AMHULAX AJIEKTpUYEC-
KO0 TOKa JJisl y1I00CTBa CPAaBHEHUS:
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B pabGorax [4, 5] ObUT IpeasioKeH METOJ anmpOKCHUMAIMU TOPU30HTAIIb-
HOTO TOKa C MOMOILBI TAKOTO rpagueHTa. s mpoBEpKU 3TOW THUIIOTE3bl, MBI
CpaBHMBAeM BEJIIMYMHBI, TOdydyeHHble Hamu u3 (1) u (2), Oeps u3z (1)
COOTBETCTBEHHO IOJIHYIO TOPU30HTAIBHYI COCTABIISIONIYIO.

JlaHHBIE O MarHUTHOM IT0JI€ OBLIM JOCTYNMHBI Ha 4 CIOSX: MEPBBIN CJIOM
ObL1 BBIOpaH Ha ypoBHE T = 1, Aajiee cjaoM LUK ¢ WaroM B 64 km 1o ocu z. B
pe3yJIbTaTe Mbl NIOJIyYaeM JaHHbIE O j HA TpEX ciosax. i aHammsa Mbl B3sJIU
JIBa CJIOS: CaMblii HMOKHUM M caMblii BepxHUM B yactu AQO, riae mpoucxoausia
BCIIBIIIIKA.

Ha puc. 1 noka3zanbl KOHTYpBI CUJIBHBIX TOKOB jj, ¥ CHUJIBHBIX T'DaJIUCHTOB
VB, Ha maHensx mocepeiauHe Ajisi MepBOro (HWKHUN (PU3NYECKH, BEpXHUN Ha
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PUCYHKE) U TpeThero (BepXHUM (PU3MYECKHU, HMKHHUA Ha PHUCYHKE) CIIOEB.
TemHO-cepbIM LIBETOM (KOHTYpPOM JJI TPaJMEHTa U LIBETOM JUIsl TOKA) MOKa3aH
yposenb B 3 X 10% cratammep/cM’, CBETIO-CepbIM (TOIBKO LBETOM IS TOKA) —
B 6x 10* cratammep/cm®. Kak MOXHO yOeIuTbCsS M3 pPHCYHKA, 0OIacTH
CUWJIBHOTO TpajueHTa c1ab0 KOpPENHUpPYIOT ¢ O0NACTSIMU CUIIBHOrO Toka. Jlns
yA00CTBa clpaBa TakX e MPUBEIEHA MAarHUTOrpaMMa H3y4aeMoul o01acTu u
HaHeceHa HeuTpasnbHas JuHug (HJI) ué€pueiM konTypom. Ha manensix cieBa
IIOKa3aHbl T€ K€ KOHTYPBI U [, Pa3HbIX 3HAYEHUH M CTpEJIKaMU I10KA3aHO
HaIlpaBJI€HUE MAarHUTHOI'O MTOJISI B INIOCKOCTH PUCYHKA.
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Takke Mbl NMOCTPOWJIM ABYMEPHBIE THCTOIpaMMbl Uil j, U VpB, (Ha
4T .. o
pUCYHKax O00O3HAYEHO Kak — gradyB,) nns 4etpipéx KaTeropuii MUKCEIOB:

1) sl MHKCENOB C BBICOKMM 3HaueHmeM (j, > 7.5 X 10* crarammep/cm?)
TOPU30HTAIBHOTO 3JIEKTPUYECKOIO0 TOKa, 2) 71 MHUKCEIOB C BBICOKHM
3HaueHHEM CHJIbHO HakioHéHHoro (B > 103 T'c, 6 < 15° rme 6 — yron
HAKJIOHA MOJIsl K TOPU30HTAIN) MAarHUTHOTO TOJIsl, 3) /Ji MUKCEJIOB C BHICOKUM
3HaueHueM cpejHe HakioHéHHoro (B > 103 I'c, # < 45%) MarHUTHOro MO,
U Takke 4) Uil TMHKCEJIOB C BBICOKUM 3HAUYEHUEM TOPU3OHTAJIBHOTO
ANEKTPUYECKOr0 TOKA U OOJBUIOTO CpeJHE HAKIOHEHHOIO MArHUTHOTO MOJIS
(B > 103Tc, 6 < 45%u j, > 7.5 x 10* cratammnep/cM). DTH THCTOrPaMMBI
IPEICTaBIICHbl HAa PUC. 2 A HWXKHEro cios, rae =1, u Ha puc.3 i
BepxHero cnos. [lox kaxaou rucrorpaMmoin NpeACTaBlIeHA MarHUTOrpaMmma
nzyuyaemor yactu AQO, rae 4YEpHBIM BBIAEIEHBI  T€ MHUKCEIbl, KOTOPBIE
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YYUTBIBAJIUCh TIPH TOCTPOEHWW THUCTOTpaMM. Takke Ha TUCTOrpaMMax
NoIMucanbl KOG GOUIIMEHTHI KOPPEIAIUH j, U Vi, B, 11 BBIOpaHHBIX KaTETOPUH.
MO0>XHO BHIETh, YTO KOPPEIALHS JINOO0 OTCYTCTBYET, 1100 ciabas.
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