«Conneynas u coaneyno-semnas gusuxa — 2024y, Cauxm-Ilemepbype, Ilyikoso, 7 — 11 okmsabps

AHAJIN3 IMHAMUKHU PA3ZBUTHUSA BCIIBIIIKH SOL2013-05-17

Kynpsikos F0.A."?, Beruxor K.B.?, Topmkos A.B.%,
MaJjoTuH B.A.z, Beaosa O.M.”

1 .
Acmponomuveckuti un-m YAH, Onoporcees, HYewickasn Pecnybnruka
2 .
Acmponomuueckuii uncmumym um. I1L.K. [lImepnbepea, MI'Y um. M.B. Jlomonocosa,
Mocksa, Poccus

ANALYSIS OF THE DYNAMICS OF THE SOLAR FLARE SOL2013-05-17

Kupryakov Yu.A."?, Bychkov K.V.%, Gorshkov A.B.2,

Maliutin V.A.%, Belova O.M.”
! gstronomical Institute ASCR, Fricova 298, 251 65 Ondrejov Czech Republic
’Sternberg Astronomical Institute, Moscow State University, Moscow, Russia

The flare SOL2013-05-17 was observed by us at the Astronomical Institute of the Czech
Academy of Sciences on HSFA-2 — a horizontal facility for solar research. We obtained spec-
tra in the lines Call H, Ho, HB, D3, He and Call IR 8542 A. After processing the spectra, in-
tegral radiation fluxes in the lines of hydrogen, helium and calcium were determined for 6
time episodes. Within the framework of the heated gas model, a theoretical calculation of the
plasma parameters was performed taking into account the physical conditions in the chromo-
sphere, including self-absorption in spectral lines. As a result of the calculations, it was pos-
sible to achieve full agreement between the observed and theoretical fluxes. A comparison of
six lines of hydrogen, helium and ionized calcium at once made it possible to reconstruct the
temperature, density, turbulent velocity and spatial structure of the radiating gas with a high
degree of confidence. The physical parameters of the solar flare elements were determined
and an analysis of the processes was performed. To explain the observed flows, it was neces-
sary to consider 3 gas layers oriented across the line of sight, with their own individual pa-

rameters. The plasma concentration of an individual layer varies within the range of 2.0-10"
— 1.0-10" em™, the height is 5000-7000 km, the temperature is 5000-8450 K, the turbulent
velocity is 50-200 km/s.
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BBenenue

Bcnpiky B 3aBUCHMOCTH OT 3aHMMAaeMOM IUIOMIAIH U BEIUYUHBI YMUCCHU
MOAPA3EISAIOTCS Ha JIBA OCHOBHBIX Kjacca: HEOOJbIIME KOMIIAKTHBIE U JIBYX-
JICHTOYHBIC BCIBIIIKU. B KOMITAKTHBIX BCHBIIIKAX KOPOHAIBHOE MU3JIy4YEHUE I0-
SBJISIETCS B TMPEJBCIBIIICYHBIX METISAX, B pe3yJbTaTe 4ero HabItoJaroTcs He-
OOJIBIIINE M3MEHEHHUS B JTHUX MNETIIIX. bojiee MOIIHBIE BCIBIIIKKA 3TOr0 Kjacca
MOTYT 3aXBaThIBATh MOJHOCTHIO BCIO CTPYKTYPY HETIIH.

B 1BYXJ€HTOYHBIX BCIBIIIKAX AKTUBU3AIUS COJTHEYHOM aTMocdepsl Mpo-
UCXOAMUT OoJiee IpaMaTHYHO, MPU 3TOM H3MEHEHUS B KPYIMHOMACIITaOHOM
CTPYKTYypE aKTUBHOM 00jacTU HAOIIOMAOTCS 3a70JIT0 JO BCHBIMICUHON (ha3bl.
BosiokHa, 4acTo pacnookeHHbIE MapalJIeIbHO HEUTPATIBHON JTUHUU MarHUTHO-
T'0 IOJIs, HAYMHAIOT OBICTPO pa3pyIIaThCs, MOCIE YEro HACTYIAeT BCIBIIICUHAS
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¢daza. B nunum Ho 3Ta ¢daza ormeuaercs yspyaHUeM ABYX Y3KUX JIGHT 1O 00€
CTOPOHBI OT HEUTPAJILHOM JMHUH, KOTOPBIE AIOT Ha3BaHWE 3TOMY THUILYy BCIIbI-
mek. HaOmoaenus B MArKuX peHTreHoBCKUX Jiydax U B EUV nokaseiBarot, 4To
5t Ho JIEHTBI SBASIOTCS MOAHOXHUSAMU apKalbl SIPKUX KOPOHAJbHBIX NETENb,
JAJIEKO OTCTOSILIMMHU OT HEUTPaAJIbHOM JIMHUU.

B pa6ore [1] uccnenoBana nuHamuka cBepxropsiuet miasmel (>30 MK) B
SPYNTHUBHOM COJIHEYHOM BCIHBIMIKE X-KJacca U HE3PYNTUBHOW OJHOIETIIEBOU
cosiHeuHOU Benbike C-knacca. [lokasaHo, 4TO ISl BBIITOJIHEHMS SHEpreTuye-
ckoro Oananca u GOPMHUPOBAHUS CBEPXTOPSUEH TUIa3Mbl BO BCIBIIIEYHON 00J1a-
CTH B 000MX CIIy4asiX HEOOXOJHMMO paccMaTpHUBaTh MOJABJICHHYIO Ha MOPSAIOK
TEIJIONPOBOJIHOCTD 10 CPABHEHUIO C KJIIACCUYECKUM 3HaY€HUEM. AHAIIU3 TEIUIO-
BOM M HETEIUIOBOW KOMIIOHEHT PEHTI€HOBCKHUX CIEKTPOB COJTHEYHOM BCIIBIIIKH
[IOKa3aJl, YTO JUHAMUKA TEPMOJMHAMUYECKUX NapaMETPOB CBEPXIOpsiue Iuias-
MBI CBSI3aHA C MapaMeTpaMu CTENEHHOTO CIEKTPa YCKOPEHHBIX 3JIEKTPOHOB. JTO
CBUJIETENBCTBYET O (POPMHUPOBAHUU MMOMYJALMH YCKOPEHHBIX AJIEKTPOHOB CO
CTENEHHBIM CIIEKTPOM TEIUJIOBBIX JJIEKTPOHOB CBEpXropsuei miazmbl. Takxke
BBISIBJIEHA TOHKAas CTPYKTypa BCHbIIEYHBIX JeHT no Ho HabmoneHusm Ttene-
ckoria NST o6cepatropun BBSO [2]. HaGmrogenus: nokaszanu, 4TO BCIbIIIEY-
HbIE JIEHThl OPraHW30BaHbl B BUJE TOHKOW LIETIOYKHU YSIPUEHUN C XapaKTEPHBIM
pasmepom ~100 kM. @opMUpOBaHUE TAKUX YSIPUYEHUNW MOXKET OBITh CBSI3aHO C
JUCCUITALIUEN AIIEKTPUUYECKUX TOKOB B HPKHUX CJIOSIX COJTHEUHOM aTMOc(epsl.

Hao0aonenus
Bce cnekTpanbHble HaOMIOAEHUS OBUTH MOJIyY€HbI HAMU Ha 00CepBaTOpUu
Yemickoit Axkagemun Hayk (Ondfejov) Ha rOpU30HTAIBHOM COJIHEYHOM Tele-
ckore Horizontal-Sonnen-Forschungs-Anlage (HSFA-2). 'maBHOe 3epkaino Te-
neckomna umeeT auametp 500 MM u GoxycHoe paccTosiHue 35 M.

Puc. 1. Bun Benbiku B iuaun Ho, aktuBHas obmacte NOAA 11748, koopaunatet N12E22,
moMeHT 09:00:45 UT. BeprukanpHasi TMHUS COOTBETCTBYET MOJIOKEHUIO I CIIEKTPOrpa-
(ha, 1Be TOPU3OHTANIbHBIC TUHUH CITY>KaT AJISl OTIpeAeNICHUs] MaciiTada.
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Hamra 3amaua cocTosula B ONPEAENECHMH IIOTOKOB M3IYy4Y€HHUsS B JIMHUSAX
Call H, He, HB, D3, Ho u CalR 8542 A, a Takike TeopeTHUECKOM pacyeTe Ma-
paMeTpoB I1a3Mbl Ji1sl Benbliikd M3.2 17 mas 2013 roga B akTUBHOM 00J1acTu
NOAA 11748. Hauano Bcnbiiku cootBeTcTBOBaio 08:43, makcumyMm 08:57 u
okonyanue 09:19 UT. Jlng o6paboTku Mbl BBIOpaiu 6 MOMEHTOB BPEMEHHU B
YKa3aHHOM MHTEpPBAJIE.

Bbluncienue noToxkoB
Jeranu pacuéroB npuBeneHbl HaMHu B padote [3]. Mbl BHayane npousBean
PEAYKLHUIO CHEKTPOB € Y4€TOM CHUMKOB TEMHOI'O M IIOCKOT'O MO U MOJIYYHIId
npodUIN IMHUH B KOOPIMHATAX MHTEHCHBHOCTH erg/(s/cm” A ster) — amuHa
BONHBI A, a 3aTeM OTIpE/IC/TMIN 3HAYCHHE CAMHX MOTOKOB B JIMHUAX B erg/s/cm’
(cm. puc. 2, 3).

» 108 09:00:45 - Ha
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Puc. 2. [Ipopuns muaun Ho B KOOpaMHATaX MHTEHCUBHOCTD erg/(s/cm A ster) — AnuHA
BOJHBI A. 3aIITpHXOBAaHHAS YaCTh — HOTOK B JIMHUM.
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Puc. 3. Ha6n10z[aeMLIe 1 TCOPCTUYUCCKUC 3HAUYCHUS ITOTOKOB.
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OtMmetum, uto nunus Hel D3 nabmtonanack B moriomeHuu (OTpULIATeIb-
HBII TOTOK), MO3TOMY Mbl MPOBOJUIN PACUEThl MOTOKOB JUHUN B W3JIYyYECHUU
TAaKMM 00pa3oM, 4TOObI MOTOK B JIMHMM Telds ObUT OIM3KMM K Hymo, <10’
spr/cm’/c, a OTOKH B GATbMEPOBCKOI CePUU U y KaIbIUs COBHAATH ¢ HAGIO-
naeMbiMu 10 5%. YIMBUTENIBHO, HO BCE MOMEHTBHI BpPEMEHU MOTPeOOBaIH
UMEHHO 10 3 1a30BbIX clios. B padore [4] oTiauyHO MOXXHO HaOIIOAATh MO100-
HBIE CJIOU. B mepBhIX 4eThIpeX MOMEHTAX U a0COIOTHBIC, U OTHOCUTENIbHBIC 10~
TOKMA HaM YJaloCh OOBSICHUTH C TOYHOCTBIO 5%. B msTom MomeHTe BpemMeHU
09:08:30 UT ymaBanock mogo0pats 4 auHUM ¢ TOYHOCTHIO 1% kpome Call H:
pe30HaHCHAs JIMHUS Kalblug noiyaniiack Ha 15% cmabee Hy»)HOTO. MBI pemiu-
JU WU3MEHUTHh MapaMeTphbl CJI0EB, YTOObI TEOPETUUECKUE aOCOIIOTHBIE MOTOKHU
nexanu B 5%-om untepBasie. B urore Ho nmonyuunace sipue HaOmro/1aemMoit Ha
4%, a Call H — na 4% cnabee nadmogaemoii. Takum 00pa3om, aOCOFOTHBIE TT0-
TOKH YKJIaAbIBatoTCs B omuOKy 4%, HO oTHOcuTenbHbIN noTok F(Ha)/F(Call H)
oTyinyaercs oT Habmoaaemoro Ha 8%. B mectom momente 09:17:54 UT cutya-
uus ananorunynasi: notok Call H B 3TOT MOMEHT BpEMEHU MOIYUUJIICS SpU€ Tpe-
oyemoro Ha 14%. Habmtonaemble 1 TEOPETUUECKH pACCUUTAHHBIE TTOTOKH U3ITY-
YEeHUs B JINHUAX NPUBEIEHBI HA pUC. 3.

JInckyccus 1 BIBOIBI
Jns oObscHeHUs HAOJI0IaeMbIX ITOTOKOB IOTPEOOBATIOCH PacCMOTPETh
3 ra3oBbIX CJIOS, OPUEHTUPOBAHHBIX MOIEPEK JTyya 3pEHHs], CO CBOUMU UHIUBH-
nyanbHbIMU NapaMmerpaMu. KoHueHTpauus mia3Mbl OTAECIBHOTO CJI0SI BapbUPY-
ercst B mpexenax 2.0-10'> — 1.0-10" cm >, BeicoTa 50007000 KM, Temmeparypa
5000-8450 K, TypOynentnast ckopocts 50—200 xm/c.
Ckopee Bcero, 3TH CJIOM HaxXOJATCS B MAarHUTHBIX TpyOKax (OKryrax) H
M30JIMPOBAHBI APYT OT JIPyTra MAarHUTHBIM TOJIEM.
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