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EXTREME SOLAR EVENTS OF 6 SEPTEMBER 2017
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A multiwave analysis of two X-class solar eruptive flares that occurred in the active re-
gion of NOAA 12673 on September 6, 2017 is presented. The analysis was performed using
soft X-ray (GOES), (E)UV (AIA/SDO) and radio emissions from microwaves to the meter
range (the radio telescopes of the Sun service KRIM). The structure of the active region
showed a very complex system of o-sunspots, which led to the formation of the sigmoid ob-
served in EUV channels. Both X-class flares occurred sequentially at approximately 3 hours
intervals and developed as a single sigmoid-to-arcade event. The time delays of radio bursts
associated with both flares were determined. For the first burst (flare X2.2), the time delay in
the transition from higher to lower frequencies of the centimeter wavelength range was about
12 seconds, and in the transition from the centimeter to the meter range — 23 seconds. The
second burst (flare X9.3) had a time delay of 1.4 and 5.5 minutes, respectively, and caused a
prolonged half-hour noise storm in the meter range. The X2.2 event possessed the most rigid
frequency spectrum compared to the X9.3 event.
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Beenenne

3HAYUTEIBHBIA U OYEHb PE3KHI BCIUIECK COJIHEUHOW aKTUBHOCTU B Hayalle
centsiopst 2017 roma ObUT cBsizaH ¢ OypHBIM Pa3BUTHEM HA BUIUMOM JIMCKE
Oombio# rpymmbl comHedHbIX msiTeH NOAA 12673 [1, 2]. C 4 o 12 cents0ps B
ITOM aKTUBHON O00JACTH MPOM30HUIO 4 BCHBIMKH X-Kjacca, 27 Bemblmek M-
Kj1lacca ©1 MHorouucieHHoe yuciio (57 C- u 4 B- kiiacca) BCHBIIIEK MEHbIIEH
MOIIHOCTH. MBI NpPOBENM HCCIECAO0BAaHMS IPOCTPAHCTBEHHO-BPEMEHHBIX OCO-
OEHHOCTEH JIBYX BCHBILIEK Kjacca X, KOTopble mpousouuu 6 cenrsaops 2017. B
OenmoM cBeTe BemblKa X2.2 mpeacTaBisiia co00il COBOKYIHOCTH JOKATU30BaH-
HBIX, OTPAHUYEHHBIX SIEP, B TO BpeMs Kak BCObImKa X9.3 mokassiBana CTPyK-
Typy € IByMs JieHTaMU. ['OpU30HTaNIbHbIE IIUPOBBIE JBUKEHUS U BpalLlEeHUs TS
TEH B aKTUBHOM 00JIaCTH MPHUBEJIM K BCIBIIIKaM 6 ceHTA0ps [3].

JlanHble HAOJIIOAeHUH U KX AHAJIU3
Hamu ObUtn MCIIONIB30BaHbI JIaHHBIE PAJIMOACTPOHOMUYECKOTO JUArHOCTH-
4ecKoro kKomiuiekca coiaHeuHoi aktuBHoctu KpAO PAH, co3nanHoro Ha 6ase
panuoreneckona PT-22 u tpex manbix paauoreneckonoB PT-3, PT-2 u PT-M.
MaccuB TaHHBIX MPEACTaBISIET cOO0M OJHOBpPEMEHHBIC HAOIIOEHUS B JIUaria-
30oHe 4yactoT 245 MI'n — 10 I'Tu. MuKpOBOJHOBBIE W3IIYyYEHHUS OMOIHSIIOT
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HaOJII0JICHNS] COJIHEUHBIX BCIBIIIEK B APYTUX CHEKTpalbHbIX obyactsx. [Tosro-
My, B JOTOJHEHHE K PaJHOaHHBIM, MbI UCTOJIb30BaIu U300pakenus: CoJHIla B
BuguMoM U (E)UV auanasonax IJvH BOJIH, MOJTYYEHHbIE HA KOCMUYECKUX WH-
ctpymentax AIA u HMI, ycranoBnennbix Ha 6opty SDO. BriOpanHblii Hamu
HAO0Op M300pa)KeHWH TOKPHIBAI MHTEPBAJ BpPEMEHM OT Hayajga [0 KOHIIA
Benbilky 1o GOES.

6 centsiopst 2017 roma ¢ 9:00 mo 12:40 UT Obuio 3aduMKCUpOBAHO JBa
MOIIHBIX paJHOBCIUIECKa (puc. 1), MpOU30WEAIINX BO BpPEMsS BCIBIIIKA X2.2
(maxcumanbsHas (aza 09:10 UT) u Bo Bpems Bcmbimku X9.3 (MakcuMmanibHas
daza 12:02 UT) Ha cOOTBETCTBYIONUX (PUKCUPOBAHHBIX YACTOTAX.
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Puc. 1. Bpemennsie npoduinn paauousinydeHust B coObiTusix 6 centsiops 2017 rona. Jlesas
naneny — Benbllika X2.2, npasas nanens — Benblka X9.3. BepTukanbHas JUHUS — BpeMs
MakcUMabHOU (ha3bl Benbiiku o qaHHsM GOES.

belmy ornpeneneHsl BpEMEHHBIE 3aI€PKKU PAAUOCUTHANIA IS KAKJIOI0 U3
coObITuil. IlepBblii BCIUIECK UMENI BPEMEHHYIO 3a/I€PAKKY OT 00Jiee BBICOKUX JI0
00J1e€ HU3KUX YaCTOT CAHTUMETPOBOIO JIMAIa30Ha JIIMH BOJIH OKOJIO 12 cexyH[,
U MEXIY CAaHTUMETPOBBIM M METPOBBIM JAMANa30HAMHU JUJIMH BOJH — 23 CeEK.
Bropoit Bcruieck uMenr BpEMEHHYIO 3a1epKKy — 1.4 1 5.5 MUHYT COOTBETCTBEH-
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HO, ¥ BbI3BaJI MPOJOJKUTEIBHYIO MOJIYYaCOBYIO IIYMOBYIO Oypr0 B METPOBOM
Janas3oHe.
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Puc. 2. YacToTHBIH CHIEKTp.

YacToTHbIe CIEKTPHI (pUC. 2) 00EUX BCIBIIIEK MOCTPOEHBI IO MaKCHUMaJlb-
HBIM paJno MoTokaMm. BumaHo, uTo criekTp /it coObiTus X2.2 Obu1 Oosee KecT-
KM 110 CpaBHEHHIO cO Bemblmkor X9.3. Bcembimka X9.3 obnamana cambIM
MOIIIHBIM paJuoBCIUIECKOM Ha yactore 2.695 I'Tu (mpumepno 14100 SFU).

MakcumanbHbIM MOTOK BCIbIKK X2.2 mnipuinesnics Ha 8.8 I'T (mpumepno 970
SFU).
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Puc. 3. Bpemennsie npoduin u3nydeHus Benbliek X2.2 (resas nanenv) u X9.3 (npasas na-
Henv). Bce mpodnnm HOpMUPOBaHBI HA COOTBETCTBYIONINE MAKCUMAJIbHBIC 3HAYCHUSL.
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[IpoBeneHO CpaBHEHHE BPEMEHHBIX MPOQPUIEH MATKOro PEHTTE€HOBCKOTO
uznydenus GOES (SXR) (puc. 3), paguousnyuenus (puc. 1), HMI uznyuenus
(puc. 3) u AIA (E)UV wusnyuenus (puc. 3). st 06eux BCHBIIMIEK XOJ MPOU3-
BojHOM maHHBIX GOES (puc. 3) coBmamaer ¢ M3MEHEHUSIMU MHUKPOBOJHOBOTO
usnydenus (puc. 1), moarBepkias, uro uznydenne SXR B 3TO BpeMs sBISETCS
pe3yJIbTaTOM HarpeBa HETEIJIOBBIMU 3JIEKTPOHAMU U TOBOPUT O KOPPEISALIMU CO
BPEMEHEM HapacTaHUs KECTKOro peHTreHoBckoro manydeHuss HXR, cormacHo
Neupert apdexry [4].

Xoxa BpeMeHHBIX Tpoduiield Ha BceX auara3oHax JJIMH BOJH Ipearoara-
0T BO3HHUKHOBEHHE WMITYJIbCHOW (ha3pl mepBoil Bembimku (X2.2) B ~09:00—
09:10 UT. Pe3koe yBenuueHune peHTreHoBcKoro notoka nocie 11:55 UT ceune-
TEIbCTBYET O BHE3aIIHOM MHULMUPOBAHUMU BTOpOMl Bcmbliku (X9.3) u compo-
BOkaanoch ObicTpbiM HapacTtanueM (E)UV wusmydenms. Ilocme ~12:02 UT
PEHTTEHOBCKUI MOTOK OBICTpO 3aTyxain 10 ~12:22 UT. DOBomonus ¢a3bl pacmna-
Jla BTOPOU BCIIBIIIKK Takxke 3ameTHa Ha KpuBbIX (E)UV uznyuenus.

HopmupoBaHHbie MOTOKM HHTeHCUBHOCTEN B koHTUHYYME U (E)UV Bapbu-
PYIOTCSL B COOTBETCTBHM ¢ U3MeHEeHHs MU u3nyudenus SXR. Koppensius mexny
doTochepHolt, xpomochepHOH U KOPOHATIBHOM AKTUBHOCTSMHU IMpPEANOIaraet
MarHUTHYIO CBSI3b MEXIy (oTochepHbIM, XpOMOC(HEpHBIM U KOPOHAIHHBIM
CJIOSIMM BO BpEMs MEJIKOMACIITaOHBIX MPOIECCOB HA MpeBAPUTEIbHON (ase
BCIIBINIKHY. Pa3indnbie BpeMEeHHbIE KOHCTAHTBI B PA3HBIX CIOSX aTMOoc(epbl Mo-
I'yT OOBSCHUTHh HEKOTOPHIE pa3Iuydus BO BpeMEHHBIX mpoduisx. Takum obpa-
30M, ONTHUYECKH TOHKUE KOPOHAJIbHBIE HMCTOYHUKH MOTYT OBICTPO H3IyyaTh
SHEPrHIo0, B TO BpEMs KaKk UCTOYHHUKHU TITyOOKo B Xpomocdepe u Takue ocoOeH-
HOCTH, KakK u3iyueHre SXR, MOryT TpaTuTh OOJbLIE BPEMEHU HAa pacCEUBaHUE
DHEPIUU, BBIICIAEMYIO B 3THUX CIIOSX.

Astopsr Omaromapsat komaunasl SDO/AIA, SDO/HMI, GOES 3a Bo3mox-
HOCTh CBOOOHOTO MCIIOJIB30BAHUS TAHHBIX TUX HHCTPYMEHTOB.
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