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FULL ELECTRIC CURRENT IN ACTIVE REGIONS WITH
DIFFERENT LEVELS OF FLARE PRODUCTIVITY

Fursyak Yu.A.
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Using magnetographic data from the Helioseismic and Magnetic Imager onboard the
Solar Dynamics Observatory (HMI/SDO), vertical, horizontal, and total electric currents
were calculated and their dynamics were studied in 73 active regions (ARs) of the 24th solar
cycle. Some features of the electric current behavior were determined. In particular: 1) Abso-
lute values of the total electric current density in most cases are determined by the horizontal
electric current, the density of which is 1.5-4.5 times greater than the vertical electric current
density. 2) In 8 ARs (11% of the considered cases), time intervals of several tens of hours
were found within which the average unsigned density of the vertical electric current was ap-
proximately equal to or greater than the average unsigned density of the horizontal electric
current. 3) In ARs with an additional emergence of magnetic flux, an increase in the vertical,
horizontal, and total electric current was observed 18-20 hours before the first flares of high
X-ray classes; the time of increase in the electric current was significantly less than the time
interval of increase in the total unsigned magnetic flux. 4) The highest absolute values of the
total electric current density were recorded in ARs with average flare activity.
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[ToyHBIN ANEKTPUUECKUNA TOK UMEET ABE COCTABIIAIOLINE — BEPTUKAIBHYIO U
TOPU3OHTANBHYI0. /{7151 BBIYMCIEHUS! BEPTUKAIBHOTO TOKA TPEOYIOTCS JaHHBIE O
MOTIEPEYHOM MAarHMUTHOM I0JI€ Ha 3aJaHHOM ypoBHe atMocdepbl CollHIa, YTO
HA CErOAHSIIHUI JIeHb 00eCleynBaeTCd MHOTMMH HHCTpyMEHTamMu. Xyxe 00-
CTOSAT JI€JIa C BBIYMCICHUEM FOPU30HTAIBHOIO JIEKTPUIECKOTO TOKA, IOCKOJIBKY
B 9TOM CJIy4yae HeOOXOAMMBI IaHHbIE O MArHUTHOM TOJI€ MUHUMYM Ha JIBYX BbI-
COTax, a peryJsipHble HAOIIOACHUS TIOJIOOHOTO POJia C XOPOIIUM BPEMEHHBIM H
MIPOCTPAHCTBEHHBIM PaA3PEIIEHUEM OTCYTCTBYIOT. B 3THX YCIOBUSAX IEIIAKOTCS
MOMBITKK OLEHUTh TOPU30HTAIBHBIA JJIEKTPUUECKUN TOK KOCBEHHBIMU METO/A-
MU [cM. 1-4].

34ech sl BBIYMCIICHHUS] BEPTUKAIBbHOW COCTABJISIONIEH MOJHOTO JIEKTPHU-
YECKOr0 TOKa HMCIOJIb3YETCS METOJl, Oa3UpYIOIIUICS Ha MHTErpalibHOM (popme
3akoHa Ammepa [S], a 119 BBIYMCICHUS! TOPU30HTAIBHOIO TOKA — MOAX0/, IIPEe-
noxkeHHbI BepBeie B 2008 1. [4], koTopbiid B 2017 T. OBLT alanTUPOBAH O]
COBpPEMEHHBIN JaHHbIe [6]. Mcronb3yemblil MOAXO0 ] MO3BOJIAET MOIYYUThH abco-
JIFOTHBIE 3HAYEHUs] BEJIMYMHBI TOPU30HTAIIBHOTO TOKA IO JaHHBIM O BEPTUKAJb-
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HOM MarHUTHOM TI0JIE€ TOJIKO Ha OJIHOM ypPOBHE (371€Ch TOPHU3OHTAIBHBIN TOK
BbIYHUCIsieTCA Ha ypoBHE (poTtochepst ConHIia).

HcxoaHbiMu 17151 pacueTa dJIeKTPUUYECKOro TOKa SBIISIOTCS MarHuTorpadu-
yeckue naHHble mHCTpymeHTa Helioseiemic and Magnetic Imager (HMI/SDO)
[7]. Ucnons3oBanbl SHARP (Space-Weather HMI Active Region Patches) [8]
MarHuTOrpaMMbl KOMIIOHEHT BEKTOpa MarHMUTHOTO TOJIsi Ha ypoBHE (oTochepsl
ConHua B UMIMHIPUYECKUX KOOPAMHATAX C BPEMEHHBIM pa3pelieHueM 12 MuH
M IPOCTPAHCTBEHHBIM paspemrenmeM 0.5" mmkcen '  (cepus —JaHHBIX
hmi.sharp cea 720s), nocrynmubeie Ha caifte Joint Science Operations Center
(JSOC) http://jsoc2.stanford.edu/ajax/lookdata.html.

B paGote uccrnemoBana muHAMUKa TOJHOTO JJEKTPUYECKOTO TOKA U €T0
COCTaBJISIOIIUX — BEPTUKAIBHOTO U TOPU3OHTAIIBHOTO TOKOB — B 73 aKTUBHBIX
obnactsix (AO) 24-ro nuKiIa COJIHEUHOM aKTUBHOCTU. MOHUTOPUHT KaXKJIOU U3
o0JslacTeil OCYIIECTBIISIICS HA MPOTSHKEHUH 4—5 CYTOK, YTO COOTBETCTBOBAJIO
BPEMEHHOMY MHTepBally HaxoxaeHus AO B nipenenax £35° OTHOCHUTEINBHO LIEH-
TPaJIbLHOTO COJTHEYHOTO MepuauaHa. [loaydensl cneayronme pe3yabTaThl:

1. B G0nbIIMHCTBE pACCMOTPEHHBIX Ciiy4aeB (puc. 1, jeBas maHesb) BeIu-
YiHAa cpe/iHel 0€33HaKOBOW MIOTHOCTH TOPU30HTAIBHOIO 3JIEKTPUUECKOTO TOKA
<jL> (cepast xupHasi KpuBas Ha puc. 1) B 1.5-4.5 paza 6osbliie BeTUIUHBI Cpe/-
Hel 0€33HaKOBOW TJIOTHOCTH BEPTHKAIBHOTO TOKA <j,> (UepHas >KUpHas Kpu-
Bas). Takum oOpa3om, aOCOIIOTHOE 3HAYEHUE BEJIMYMHBI TOJHOTO DJIEKTpUYE-
CKOTr'0 TOKa OMNPENEIAeTCs MPEUMYILIECTBEHHO TOPU30HTAIbHBIM TOKOM. OIHaKO
B 8 AO, uto cocraBusier 11% obOnacteii aHanM3upyeMoil BHIOOPKH, BBISBIICHBI
BPEMEHHBIC UHTEPBAJIbI JIIUTEILHOCTHIO B HECKOJIBKO JECSATKOB YacoB, B Ipejie-
Jax KOTOPBIX BEJIMUMHA CpeAHEN 0€33HaKOBOM IJIOTHOCTU BEPTUKAIBLHOIO JICK-
TPUUYECKOTO TOKa MPUOIM3UTEIHHO paBHA WM OOJbIle cpenHed Oe33HaKOBOM

MJIOTHOCTH TOPU3OHTAIILHOTO TOKa (puc. 1, mpaBasi maHe b, OTMEYEHO CEPhIM).
ARNOAALITIL ARNOAA 12207
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2. B obmactax NOAA 11158 u 12673 ananusupyemoil BBIOOPKH, B KOTO-
PBIX 32 BpEMsi UX MOHUTOPUHIA 3a(UKCUPOBAHO BCIUIBITUE HOBBIX MarHUTHBIX

IIOTOKOB, HaOmMoAaercs (CM. puc. 2, B KauecTBe IIpUMepa NPeACTaBlIeH rpaduk
BPEMEHHBIX BapHallil AIEKTPUUECKHUX TOKOB U CyMMapHOro 0€33HaKOBOIO Mar-
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HutHoro noroka st AO NOAA 11158) cyniecTBeHHOE HapacTaHHE BEJIMYMH
BEPTUKAJIBHOTO, TOPU30HTAIIBHOTO M IIOJHOTO JJIEKTPUYECKOro Toka 3a 18-20
4acoB JI0 MEPBbIX BCHBIIIEK BHICOKMX PEHTTEHOBCKUX KJIACCOB (3TOT BPEMEHHOM
WHTEpPBAJI OTMEUYEH BEPTUKAIBHBIMU MyHKTHpaMH Ha puc. 2). [Ipu sToM, Bpems
HapacTaHus MapaMeTPOB AIEKTPUYECKOr0 TOKA CYIIECTBEHHO MEHBIIE BPEMEH-
HOTO MHTEpBaja POCTa BEJIMYMHBI CyMMapHOTO 0€33HAaKOBOI'O MAarHUTHOTO I1O-
Toka @ (3TOT BpEeMEHHOI MHTEPBAJI OTMEUYEH CEPBhIM I[BETOM Ha puc. 2). Creny-
€T TaK)Ke OTMETUTH BOJTHOOOpa3HbIC M3MEHEHUS BEJIUYUH CpeiHelH 0€33HaAaKOBOM
IJIOTHOCTH TOPU30HTAIBHOTO M IOJIHOTO AJIEKTPUYECKOTO TOKA, (PUKCHPYEMBbIC
€lIe /10 BCIUIBITHSI HOBOI'O MAarHUTHOI'O MOTOKA. [Ipu 3TOM CylIeCTBEHHBIX H3-
MEHEHHU B BEJIMYMHE BEPTUKAIHLHOTO JIEKTPUIECKOTO TOKA HE 3a)UKCHPOBAHO.
JlanHoe HaOJFOICHNE KOCBEHHO YKa3bIBA€T HA TO, YTO TOPU3OHTAIBHBIN DJICK-
TPUYECKUH TOK CBsi3aH ¢ porochepHbME WK TOAGOTOCPEPHBIMU TBHKCHUSIMHU
COJIHEYHOM IIa3MBbl.

ARNOAA 11158
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3. SIBHas 3aBUCUMOCTb MEXIY BEJIMYMHOM IOJHOTO AIEKTPHUYECKOTO TOKA
Y BCHBIILIEYHON MpOayKTUBHOCTBhIO AQO, ompenensieMoil BEJIMYMHON BCHbIILIEY-
Horo umHpekca [9], orcyrcTtByeT, KoahduuueHnt xoppemsiuuu Ilupcona pasen
k =0.26.

4. YcpenHeHue napaMeTpoB AJIEKTPUUYECKOr0 TOKA U BCIBIIIEYHBIX MHCK-
COB 111 COBOKYNMHOCTU AQO aHanu3upyemon BbIOOPKHU C HU3KOW (TI0]1 HU3KOM
aKTUBHOCTBIO nojpaszymeBaercs ¢ukcaus B AO 3a BpemMsi HaXOXKACHUS Ha BU-
nuMoM jucke CoJiHIIa TOJIBKO BCIBIIIEK PEHTreHOBCKoro kiacca C), cpenueii (B
o0nacTu (PUKCUPYIOTCS BCIBIILIKK PEHTI€HOBCKUX KiaccoB C u M) u BBICOKOIA
(puxcupyrorcs, cpeau MPOYMX, BCHBIIIKM PEHTIEHOBCKOIO Kiacca X) BCIIbI-
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IIICYHON MPOAYKTUBHOCTBIO TIOKA3ajlo, YTo: 1) B Cilydae BEpTHUKAIBHOTO DJICK-
TPUUYECKOTO0 TOKA BEJIIMYMHA BCHBIIMIEYHOTO MHIEKca AO BO3pacTaer ¢ pocToM
cpeaHel 0e33HaKOBOM IMJIOTHOCTH BEPTUKAILHOIO TOKa (JieBas maHesdb puc. 3),
3aBUCUMOCTh UMEET CTEIEHHON XapakTep; BEPTUKAIbHBIM TOK, TAKUM 00pa3oM,
CBsA3aH co BenblkamMu B AQ; 2) B cityyae TOPU30HTAIBHOIO U, COOTBETCTBEHHO,
MOJIHOTO 3JIEKTPUYECKOTO TOKA, HauOoJyiee BHICOKME aOCOJIOTHBIC 3HAUYCHUS UX
IUIOTHOCTH (PUKCHPYIOTCS B 00JIACTSX CO CPEIHEH BCIBIIICYHON MPOYyKTUBHO-
CThIO (TIpaBasi MaHesb puc. 3, TaHHBIE O MJIOTHOCTH TOPU30HTAIBHOTO TOKA OT-
MEYEHBI MYyCTHIMH KPY>KOUKAMHU, MOJHOTO SJIEKTPUYECKOTO TOKA — 3aKpallieH-
HBIMU).
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PaGora BemmonmHena mpu  moxanepkke  MwunoOpHayku PO, I3
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