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Yacrora 1 TeMIT (POPMUPOBAHKS COJTHEUYHBIX HaHOBcHbIeK (HB) m3smepeHsl B 6 KOPOHATbHBIX CITEK-
TpanbHbIX quamnasonax (094, 131, 171, 193, 211, 335 A) u OZHOM, OTHOCSILIMMCSI K MEPEXOLHOMY CJIOI0
(304 A). BbUTM UCTTONB30BAHbI JAaHHBIE SDO/AIA, nonyyeHHble B MUHUMYME COJIHEYHOW aKTUBHOCTHU B
Mae 2019 r. Ml poaHaaIM3MupOBaIn OOHY U Ty ke 06j1acTh CostHiia pasmepom 360" x 720” Bo Bcex KaHaIax
Ha MPOTsKeHUM MHTepBajia BpeMeHu 1 4. st moncka HB Bo Beex CrieKTpaibHBIX AUMATa30HaX MbI ITPHUMeE-
HUWJIY OMHAKOBBIN aJITOPUTM, OCHOBAHHBII Ha aHAJIN3€ aMILTMTYIbI OBICTPBIX YSIPUSHU Ha N300paskeHM -
sax. Yacrora u temn HB, Kak MOXHO 0XXU1aTh, CYLIECTBEHHO Pa3jnyaloTCs B pa3nyHbIX n1ana3oHax. s
nopora 56 Haubosbluas yactrotra HB, 207 ¢!, usmepena B kanane 171 A. Jlanee cienyioT CieKTpaibHbIe
nnana3onsl 193 A (85% ot kanana 171 A), 211 A (74%) 1 131 A (63%). Ml He CMOIJIN IOCTOBEPHO U3MEPHUTD
yacToTy B KaHaitax 094 u 335 A, HO yCTaHOBMIIN, YTO OHa COCTaB/IsieT MeHee 15% OT YacTOTHI B KaHaJe
171 A. B kanane 304 A Mbl OGHAPYXIIN GOJBIIOE YHUCIO YIPISHUH, KOTOPbIe HEe MMEIOT COOTBETCTBHS B

kopoHe. Tem He MeHee okosio 40% kopoHaabHbIX HB mMeroT cootBeTcTBUE B TuHMU 304

BHIILIE 50.
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1. BBEAEHUE

Comxeunble HaHOBcIIBIIKY (HB) gaBisiorcs on-
HUMM U3 CaMBIX CJIA0BIX IIPOSIBJIEHMI COTHEYHOI aK-

2 124
TUBHOCTH M UMEIOT IOJIHYIO 3Hepruto ot 107 —10"" no

27 o 27
10°" apr. Benbliiku ¢ aHeprueit Boime 107" spr oTHO-
CSIT K MUKPOBCIIBIIIIKAM, & COOBITUSI C SHEPIUeil HU-

xe 107 3pPr MJI0X0 HAOII0JAIOTCS M3-3a HeJOCTaTOU-
HOM YYBCTBUTEJIILHOCTU CPEICTB M3MepPeHUsT (CM.,
Hamp., [1]). HaHoBcIbIIKM MOXHO HaOII0OATh 110
MPOU3BOIUMOMY HMMU TEIUIOBOMY W3JyUYCHUIO B
CIIEKTPAJIbHBIX JIMHUSIX BaKyyMHOTO YIbTpaduoe-
toBoro (BY®) nnanazoHa, KOTOpbIE COOTBETCTBYIOT
temneparype 0.5—1.0 maH. K. B Msrkoii peHTreHOB-
ckoit obmactu cnektpa HB nmpaktnyecku He HabI10-
JTaloTCsI.

BriepBbplie yacToTa cinadbix BerblmeK Ha ComHIE
ObL1a, BEpOSITHO, U3MepeHa Ha ctaHuuu Ckaiinad B
cepenuHe 1970-x rr. Bo Bpems HaboAeHU B KOPO-
He OBIIM 0OHapYKEHBI TaK Ha3bIBaeMBbIC SIPKUE PEHT-

T€HOBCKME TOYKU CO CPEAHUM TEMIIOM (DOPMUPOBa-
HUs1 okosio 60 cobniTuii B yac [2]. PaguanmoHHbIe
MIOTEPU PHEPIUM IJIsI KAKIOTO COOBITUS ObLIM OKOJIO

10*® 9pr, 4TO COOTBETCTBYET CONHEYHBIM MUKPO-
BCITBIIIKAM cpenHell MommHocT. Cirabple yIpUYeHUs
B CHokoiiHOi KopoHe COJIHIIA C TEeMIIOM OKOJIO
1200 coOmITHIi B Yac ObUIM OOHAPYKEHBI TAKXKE TTPU -
6opoM SXT Ha 6opTy cnyTHrKa Yohkoh mpu Habm10-
neHussx ConHIIA B peHTTeHOBCKOM amara3oHe [3].
XapakTepHas 3HEpPrusl 3TUX COOBITUI COCTaBUIIA

10% 3pT.

Boinbioit 06beM nHpOpMAaLINK O C1a0BIX BCITBIIII-
Kax 61 mojiydyeH B KoHle 1990-x—Havane 2000-x rr.
npu HaomoaeHusx ConHua B BY® o6nactu criekTpa
npudopamu SOHO/EIT [4] u TRACE [5]. Kprokep u
Benu [6] mo nanubiM SOHO/EIT B nnanazonax 171 u
195 A oGHapyXwIM B CIOKOiTHOI kopoHe COJHIA
11 150 coGpITHI ¢ aMIUTUTYAOM, KOTOpasl IIpeBhIlIaia
CPEIHIO BapuallUio U3ydyeHUus1 Oojiee yeM Ha 3C.
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Ta6muna 1. Yacrora u Temn (bOpMI/IpOBaHI/IH BCITBIIIEK MaJIbIX 3HCpFI/II7[ B Pa3JIMYHLBIX CIICKTPAJIbHbIX AXalia3oHax

[Tpudop Juana3zoH Mcggi);zjzlaﬂ Kane:um{, [Mopor ‘{a(;T_c;Ta, Cie_?::l Pa6ora
SoHO/EIT | 304 A 420" x 420” 66.5 36 14.4 ~107%! [7]
50 0.30 ~2%x107%
195 A 70.5 36 1.2 ~8x107%
50 0 0
TRASE 171 A 510”% 510" 125 36 ~100 ~7 %107 (8]
195 A 36 ~25 ~2%x107
SoHO/EIT | 1714, 195A | 420”x 420”7 127.8 36 — ~2x107% (6]
50 ~5x107!
TESIS/FET | 171 A 950” x 380" 36 - ~6x 107! [10]
700” x 700” 5
SDO/AIA 094 A, 131 A | 400” x 400” 12 56 - ~8x1072 [12]
171 A, 193 A
211 A, 335A

HpI/IMC‘{aHI/Ie. YacToThI BCIBIIIEK IIPUBCIACHBI U3 COOTBETCTBYIOLINX pa60T; TEMII BCITbIIICK OLICHCH B paMKax HacTos1ei pa6OTLI.

OHU TIPEIIOXKUIIN UCIIONBb30BaTh TaHHBIN KPUTEPUii
st moncka HB. beprmans u ap. [7] cpaBHUIIM 4MCIIO
BCIBIIIEK, OOHAPYXKEHHBIX IT0 KPUTEPUIO 3G U 56, B
nByx KaHaitax SOHO/EIT (304 u 195 A). B kanane
304 A onu nHauumm 9187 HB mis xpurtepust 36 u
188 HB n1s1 xputepus 56, 4TO COOTBETCTBYET YacCTO-
te HB 14.4 1 0.3 ¢! cooTBeTcTBeHHO. B Kanaie 195 A
OHM He OOHAPYXXWJIU HU OTHOTO COOBITHUS 10 KpUTE-
puto 56. AmBaHaeH u Ap. [8] ooHapyxuau 3131 co-
6brtust B kaHase TRACE 171 A 1 904 coGbiTus B Ka-
Hate TRACE 195 A, 4T0 COOTBETCTBYET 4aCTOTE OKO-
710 100 ¢! B kanane 171 A u okosno 25 ¢! B KaHane
195 A. Tapuenn u Oxann [9] no nanasiM TRACE
HaIUIX B 1oJie 3peHust 420” x 420” 11 712 coObITHIA 11O
KpUTEpUIO 50.

B 2009 r. YabsiHOB U Ap. [10] usMepunu sHepruo
6oee 100 Teicsta HB B kanasne 171 A mo maHHBIM nipu-
o6opa TECHUC Ha xocmMuueckoMm anmnapate KOPO-
HAC—®otoH. Mcxons n3 Ux TaHHBIX, TEMIT (OpPMU-
poBanuss HB B gaHHOM OmMamna3oHe cOCTaBUI ~6 X

x 1072 cm~2 ¢! st snepruit 102 —10% opr.

Bo3MoOXHOCTH 0 MCCIIEIOBAHUIO COJIHEYHBIX
BCIIBIIIEK MaJIbIX 3HEPryuil 3HAYUTEJbHO BBIPOCIU
nocJiie Hayajia padoTtel mHCcTpyMeHTa AIA [11] Ha Gop-
Ty obcepBaropuu SDO. UHCTpYMEHT IpenoCcTaBUI
BO3MOXHOCTb rccienoBaTb CoHIle B 7 CIeKTpajb-
HbIX auarnazoHax BY®, oTHocsamuxcs K KOpOHe U
nepexogHoMy ciaoro Comnira. B padote [12], ncroinb-
3ys maHHble AIA, ObLT M3MepEeH TTOTHBIN TEMIT SHEP-
TOBBIICJICHUS COJTHEYHBIX HAHOBCITBIIIEK B AUAIa30-

N 24 29 .
He sHepruii ot 10 mo 10™ spr, KOTOPBIA COCTaBUI

ACTPOHOMUWYECKMHM XKXYPHAJI  Ttom 100 Ne 12

3.7%x10* spr cm~2 ¢~!. Yacrora popmuposanus HB
He U3MepsuIach.

B Ta6:1. 1 MBI cOOpanmt OCHOBHEIE CBEACHMS O TEM-
ne ¢opmupoBaHust HB, monydyeHHbIe paHee. Kpome
yactorel HB (KommyecTBO cOOBITUIT B CEKYHIY) MBI
OpUBOAMM Takke TeMmr ¢opmupoBaHusi HB (konu-
YEeCTBO COOBITUN B CEKyHIY Ha cM?). JlaHHBIE ITapa-
METPBI MTO3BOJISIOT IIPU U3BECTHOM CpENHEN dSHEPIrUU
COOBITHS OLIECHUTh CYMMAapPHEI IOTOK SHEPTUH, BHO-
CUMBIN OOHapY>KEeHHBIMHI COOBITUSIMU. B HEKOTOPBIX
paborax yactota HB He nipuBeneHa aBTopamMu HeIlo-
CPEICTBEHHO, HO MOXET OBITh pacCUMTaHa HA OCHOBE
UX JaHHBIX. B 3TuUX ciaydassx Mbl IPUBOIMM COO-
CTBEHHBIEC OLICHKM.

CormacHo HaOmoneHnsIM, dactora m temn HB
pa3ianyaloTcs JJisl pa3HbIX CIEKTPaJbHbIX OUAMa30-
HOB. B wactHoctu, HB, cyns no BceMy, (hopMupyiot
0oJiee MHTEHCHUBHOE M3IyYeHue B guamna3oHe 171 A,
yeM B auamaszoHe 193—195 A. B HeKOTOPbIX CIIeK-
TpaJibHbIX auamna3doHax HB mMoryt He HaGmwomaThcs,
00 MMETh HU3KYIO YacToTy. Tak, B padote [12] mpu
vcciaenoBanun HB 6bu1 mckimoueH kanain 304 A.
B pa6ore [13] 6bu1H nCKIIOUEHBI KaHaTb! 304 11 94 A
(mocjegHUIA MO MHEHHUIO aBTOPOB MMEET CIUIIKOM
HU3KOE OTHOILLIEHWE CUTHAJI/IIYyM B CITOKOMHOI KO-
poHe). OIHaKO KOJMYECTBEHHOE CpaBHEHHUE TeMIla
coiHeuHbIX HB B pa3anuHbIX crieKTpaIbHBIX JMana-
30HaxX Ha HACTOSIIUIA MOMEHT OTCYTCTBYET.

B naHHoli paGoTe Mbl CPAaBHUBAEM TEMII COJIHEY-
HbIX HAHOBCIIBIIIIEK B CEMU CIIEKTPaIbHBIX AMaNa3o-
Hax AIA: 094, 131, 171, 193, 211, 304 u 335 A, ucnosns-
3ys1 OOILYIO IIpoLeaypy 00padOTKM JaHHBIX U OOILIUWIA
KpUTEpUii MOMCKa HAHOBCIBIIIEK JIJISI BCEX KaHAJIOB.
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MBI IpoBeJIM UCCIEAOBAaHUE 15 ABYX KPUTEPUEB IO~
ucka: 36 u 50. B pasnmene 2 MBI IepedyucssieM HUc-
MOJIb30BaHHBIE MaHHBIE HAONIOAEHUN U W3jJ1araeM
MeTon nx oopabotkn. B pasnene 3 MBI IpencTaBisieM
1 obOcyxkmaeM pes3yiabTaThl. IlociemHuii pasmen co-
JIEPXUT KPaTKUE BHIBOIBI U3 UCCIICIOBAHMS.

2. JAHHBIE HABJIIOJIJEHU
1N METOJbl ObPABOTKHA

MEI ucroib30Bajid B paboTe JaHHBIE TeJIeCKOIMa
AIA (Atmospheric Imaging Assembly [11]), pa3me-
IIIEHHOTO Ha OOpTy KOCMMYECKOW oOcepBaTOpUU
SDO (Solar Dynamics Observatory). AIA coctout u3
4 TenecKOomoB, KOTOpBIE IIOJYy4YaroT M300pakeHUS
rmojiHoro nucka ComnHia pasmepoM 4096 x 4096 muk-
ceneii ¢ paspemeHuemM 0.6” Ha TuKcenb. BpeMeHHOIT
mar HaomogeHut cocrapiset 12 ¢. AIA MmoxeT nmpo-
BOIUTH U3MepeHUs B 10 crieKTpajbHbIX AMaIla30HaXx,
13 KOTOPBIX MBI BBIOpaJIM 7 KaHAJI0OB, OTHOCSIIINXCS K
BY® nuanasony. [lepeyeHb KaHAJIOB U UX OCHOBHbIE
XapaKTepUCTUKU MTPUBEIeHbI B TA0JI. 2.

M3mepeHus npoBOIUINCH 0 JaHHBIM AlA, mo-
aydyeHHbBIM ¢ 12:00 mo 13:00 UT (mpomoJoKuTenb-
HocTb 1 ) 20 mag 2019 r. B meprox HU3KOM COTHEY-
HOM aKTUBHOCTU. MbI MCIIOJIb30BaIN JaHHEBIE, HAX0-
ISIIrecs B OTKPBITOM mocTtyre B 6a3e maHHbBIX JSOC
(Joint Science Operations Center). Tak kKak Bpe-
MeHHOI 11ar HabmoneHmit AIA cocrasisteT 12 ¢, TO
YHCJI0 M300pakeH!I B KaXKIOM KaHaJjie OBIJIO paBHO
300 (momHOe yucyio uzobpaxenuit — 2100). Pazmep
KaXnoro wu3oOpaxkeHMsT B 0OaiiTax COCTaBJISIET
32 Mo6aiit. O6mmii 06beM maHHBIX — 65.6 TOaiir.
YT0OBl YMEHBIIUTh BpeMsI MAIIMHHONW 0O0pabOTKMH,
Ml uckanu HB He Ha Bcem nucke CosHIIa, a BHYTPU
dparmenTa pasmepom 600 x 1200 nukceneit BOIU3N
LIeHTpa aucka (cMm. puc. 1). @parMeHT cMellleH BHU3
OTHOCHUTEILHO 3KBaTOpa, YTOOBLI IOJHOCTHIO IIO-
KPBITh IMAMNa30H IIUPOT, TAe IMIPOUCXOISIT BCIILIIIKI
(B maHHoI1 pabote ot 0° 1o ~45°). B KauecTBe (POHO-
BOTO U300pakeHUsI HA puc. 1 UCIOJIb30BaH TIePBHIi
Kanp B auamnaszose 171 A (2019.05.20 12:00:10 UT).

Ha pwuc. 2 mokazaHbsl mMpuMepHO OTHOBPEMEHHEIC
n3obpaxkeHust CojaHLa BO BceX 7 UCCICIOBaHHBIX
nuanasonax: 094, 131, 171, 193, 211, 304 u 335 A
(pakTryeckoe BpeMsi HaOIIOASHUII B pa3HBIX KaHa-
nax AIA MoXeT pa3andaTbhcs Ha HECKOJIBKO CEKYHI).
st Bcex KaHaIOB IIPUBEICHBI IIepPBbIE M300paxe-
HUs, noiydeHHble okoio 12:00 UT. Ha rpadwuke B
HIDKHEM IIPaBOM YIJIy pUC. 2 TTOKa3aH MHTETPajlbHbIA
IIOTOK M3JIyYeHMsT I Kaxknoro KaHaia ¢ 12:00 mo
13:00 UT (ms1 BeIOpaHHOrO pparmMeHTa aucka). Pu-
CYHOK ITOATBEPKIACT, UYTO B TEUECHUE UCCICIOBAHHO-
ro reproga OTCYTCTBOBAJIM AaxKe MUHUMAaIbHBIE 13-
MEHEHMS IIOJTHOIO U3JIyYeHUSsI, CBSI3aHHBIE C COJIHEY-
HOM aKTUBHOCTBIO. MOXHO TakKXKe 3aKJIIOYUTh, YTO
HM B OTHOM W13 IMAaIla30HOB Hejlb3s1 0O0HapyxuTh HB
O HAOIIOASHUIO MHTETpaIbHOTO M3ydeHuss CoaH-

ACTPOHOMMWYECKHWM XYPHAJ

BEJIOB u np.

Tabomuna 2. Kananet AIA, ucnojib30BaHHBIE B paboTe
Kanan AIA OCHOBHOI1 NOH Tunirasas 7,
1gT,K
094 Fe XVIII 6.8
131 Fe XX 7.0
171 Fe IX 5.8
193 Fe XII 6.1
211 Fe X1V 6.3
304 He 1T 4.7
335 Fe XVI 6.4

11a WJIY ero OTAEeIbHBIX 00JlacTeit. Hanbolee cunbHOE
U3TydeHne CIoKoitHo#t kopoHsl CollHIIa HabJoma-
ercsa B KaHaznax 171 u 193 A. Camoe citaboe usimyde-
HUe (B cpenHeM MeHee 1 oTcueTa Ha IMKCEIb) ObLIO
3aperucTpupoBaHo B KaHanax 094 u 335 A.

N3o006paxennsa AIA, momydyennsie n3 6a3er JSOC,
UMeEJIN YPOBEHb 00paboTKu 1.1. DTO 03HAYaeT, B UncC-
JIe TIPOYEro, YTO C M300pakeHUN yKe ObLIN yIaJIEHbI
clieqpl 3apsoKeHHBIX JacTui. Jlajlee mM3o00pakeHMs
ObLTM 00paboTaHbl HaMu 40 ypoBHs 1.5. lns oGpa-
0OTKU HCITOIB30BAJICS ITAaKeT IIporpamMu aiapy [ 14] Ha
sa36IKe Python, TpeqHa3zHauyeHHBIN )T aHAIM3a JaH-
Hbix AIA. OGpaboTka BKJIIOYajla M3MEHEHUE Mac-
mTaba (Bce maHHBbIe ObUIM IIPUBEACHBI K MacIITaly
0.6” Ha muUKcelb), COBMEILIEHUE LIEHTPAJIbHOIO Me-
punuaHa ConHLA U ocu Y M300paxkeHUsl, a TaKxkKe
MIpUBeACHNE BCeX N300paxkeHU K OMHOMY BpeMEHU
SKCITO3UIINH, 1 ¢. MBI TakKKe YCTpaHWIN COIBUT N300-
pakeHUii B HanpaBiieHUn X u3-3a auddepeHImnalb-
Horo BpaiieHusi CoJiHIIa ¢ TIOMOIIbIO METOI0B U3
oubauoreku SunPy [15] (cMmeleHre M300pakeHUs
AIA B LIeHTpe COJTHEUHOI o AUCKA 3a Yac HaOIIoaeHU
COCTaBIISIET Yy Th OOJIbIIIe 16 TIMKCeeit).

Hwxe mbpl ommcweiBaemM Meron moucka HB Ha
M300paxkeHUSIX, KOTOPbIii ObUT OAWHAKOBBIM IS
BCeX KaHaJIOB:

1. Ml npeoOpasyeM cepuio UB00paKeHU I B Kax-
JIOM KaHajle B MaccuB JaHHbIX D(x,y,i), rae x,y —
KOOpIUHAaTHl nmukcens (x MeHsiercst ot 0 mo 599; y
MeHsietcst ot 0 o 1199), a i — HoMep U306paxkeHusI
(ot 0 no 299). TTonHOE YuMcIio TIMKCeel cocTaBseT
720000 B KaxK/1OM KaHaJe.

2. JInst Kaxkaoro muKcens (x, y), Mbl OTIpeaesisieM
3aBUCUMOCTh MHTEHCUBHOCTU U3JIy4E€HUS OT Bpe-
MEHMU:

1,(t)= D, (x,y,i =0..299).

[Mpumep rpaduka 7, ,(¢) st KaHana 171 A nokasan Ha
naHeau A puc. 3 (KoopauHaThl MUKceNs: x = 212,
y=7).

3. Meri paccuutbiBacM (HoHOBBI curHant C,, (7).
st aroro Mbl npumeHseM K byHkuuu 1, (7)

Tom 100 Ne 12 2023
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Puc. 1. Contre B kanane 171 A 20.05.2019 B 12:00:10 UT (riepBoe n300paxkeHre B COOTBETCTBYIOIIEl cepun). bemnblii mpsiMo-
YroJIbHUK — 06JacTh moncka HB (600 x 120 mukcerneit; 3607 x 720”).

MeauaHHbI GUIBTp ¢ pazMepoMm sapa Ar = 300 c
(25 xanpoB):

C,,(r) = MEDIAN(Z,, (1), At = 300 c).

Oynkums C,,(¢) (TakkKe MoKaszaHa Ha rmaHesm A puc. 3)
COOTBETCTBYET M3JIYUYEHUIO CIOKOMHOI KOPOHBI
ConHua B nukcene (x,y). PazMmep sapa nmo3BoisieT
UCKJTIOYUTDb OBICTPbIE UBMEHEHUSI U3JIYYEeHUS C Xa-
pakTepHBIMHU BpeMeHamMu, MeHbIUMHU 300 ¢, 9TO
MOKpbIBACT IMpeArnojaraeMblii TUana3oH JIUTeb-
HocTeil HaHoBcCIbIleK. OTMEeTUM TakXe, YTO Ta-
KOl ke pa3mep puiabTpa ObLI UCIIOJIb30BaH paHee B
pa6ote [10].

4. Mu1 BerunTaeM (bOHOBBIN CUTHAI,
Ixy(t) - Ixy(t) - ny(t),

ACTPOHOMUWYECKMHM XKXYPHAJI  Ttom 100 Ne 12

U HAaxXOUM CpellHee KBAIPATUYHOE OTKIOHEHUE G,
IJIsl IAKcenst xy. BpeMeHHO! npoduib U3IydyeHuUs
Mocjie BRIYMTaHUsI (OoHA M YPOBEHb 1G 111 KaHasa
171 A nokazansl Ha naneau B puc. 3. CienyeT oTMe-
TUTb, UTO BBIYMTaHUE (POHOBOTO CUTHAJIA MTO3BOJISIET
COCPENOTOUYUTHCS Ha OBICTPBIX IO CPABHEHMIO C pa3-
MEPOM siipa U3MEHEHUSIX U3TyYEHUS.

5. Ecnu ii1s TOKaJIbHOTO MaKCUMYMa 7, Ha rpadu-
Ke /,,(f) BBITIOTHSICTCS yCIOBHE

Ixy(tm) 2 nny,

IIe n — BBIOPAHHBIM KpuUTepuil (Mbl HCIIOIb3yeM

n=3un=>5), TO TOYKA ¢, CYUTAECTCSI MAKCUMYMOM
HAHOBCHBIIIKMN.
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1326 BEJIOB u np.
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Puc. 2. ®parment CosHila (COOTBETCTBYET O€JIOMY MPSIMOYTOJIBHUKY Ha puc. 1) B 7 crieKTpaibHbIX nuama3zoHax SDO/AIA.
I'papuk — M3MeHeHME MHTETPAJIbHOTO TMOTOKA M3JydeHUs! M3 (pparMeHTa B TedeHMe BpeMeHU HaoOmomeHuit (¢ 12:00 mo

13:00 UT).

5. B kauecTBe Havaia HB MBI IprHIMaeM I1epByio

TOUKY f,, CJIeBa OT MakKcUMyma f,, KOTopasi HUXe,
YyeM JIBe CAeAyIoIIne:

]xy(ts—l);
Ixy (ts—2 ) .

AHaIorn4Ho, B KauyecTBe oKoHYanusi HB npuamnma-

eTcsl epBasi TouKa #,, CripaBa OT MaKCUMyMa 7,,, KO-
TOpast HIKe, YeM JIBe MOCIeAYIoIINeE:

Ixy(ts) <

xy( e+1)

( e+2)

Bpewms navana u okonuanus HB, onpenenernHoe ta-
KM cItocoboM, moka3aHo Ha nmaHenu B puc. 3. Haii-
JIeHHbI npoduiib HB BeIIE/IeH KpacHBIM LIBETOM.

L) <

Ha nanensix C—H pwuc. 3 npuBeneHbl OTHOBpE-
MEHHBIE MPO(PUIN U3IYYCHUS B OCTAIbHBIX CITeK-
TpaJbHbBIX AUana3oHax. MOXHO celaTh BEIBOJ, YTO
no xpurepuio 56 manHas HB naOmopanace B IByx
CrIeKTpaIbHBIX auama3zonax: 171 u 304 A. TTo kpure-

ACTPOHOMUWYECKUM XYPHAI

puo 30 BCIIBIIIKA HAOJII0OaIach BO BCeX AUara3oHax,
kpome 131, u 335 A

3. PESVJIBTATBI 1 OBCYXIEHHUE

Mbl UCIIONB30BallM MPOLIEAYPY, OIMMCAHHYIO B
paszaene 2, 4ToObl 00padoTaTh JaHHBIC, TTOJTYIECHHBIC
BO BceX 7 CHEKTpalbHBIX Juarna3oHax. PesyibTaThbl
(uucno HB B Kaxnmom auarasoHe [jisl mopora 36 u
56) npuBeaeHbI B Ta0. 3.

Eciu mym Ha n306paxkeHN UMeeT HOpMalbHOE
pacmpeaeiaeHue 0 aMIUIUTYAE, TO BEPOSITHOCTb PO-
CTa U3JTyYEeHMUSI BbIIIE TOPOTa +1G MOXET ObITh OIpe-
JelieHa o popMmyiie:

1—erf (n/«/i)
—

Musn=3p=135x10". dsin=>5p~298x10".
Tak Kak MOJHOE YMCIO MUKCeNlell B KyOe HaHHBIX

D(x,y,i) pasro N, =1200x600x300 = 2.16x10%,
TO B KaXXIOM KaHaJI€ 3a BpEMAI Ha6J'IIOZ[CHI/IH MOTJI0

p= 1)
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Puc. 3. Bce naHenu, kpome B: motok uznydeHust u3 nukcenist x = 212; y = 7 B cemu KaHanax SDO/AIA B TeueHre BpeMeHU
HabmoneHuii. I[Tanens B: To Xe, yTo maHen b A, HO 1ocjie 06padboTKu JaHHBIX (cM. pa3aen 2). [ITyHKTupom Ha Bcex puCcyHKax
OTMeUeHa MPOAOIKUTEILHOCTh BCIBIIIKY, U3MEpPEeHHas 1o KaHaiy 171 A.

ACTPOHOMUWYECKUWM XYPHAJ
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BEJIOB u np.

Taomna 3. Yucino HB B pasHbix crieKTpaJibHBIX IMaTIa30HaX

Kanan 094 A 131 A 171 A 193 A 211A 304 A 335A
N, 490255 633678 550710 546919 569903 665981 478748
N 198677 342100 259132 255341 278325 374403 187170
N5 3105 12329 19668 16791 14504 25824 2940
N5 3040 12264 19603 16726 14439 25759 2875
N;/Ns 65.3 27.9 13.2 15.3 19.3 14.5 65.1
N;3/Ni7, 0.77 1.32 1.00 0.99 1.07 1.44 0.72
Ns/Ni7, 0.16 0.63 1.00 0.85 0.74 1.31 0.15

Mpumeuanue. N, N5 — onHbIe, a N3, N5 — CKoppeKTHpoBaHHbIe yrcia HB st moporos 36 1 56; N3 /N1, N5/Nj7| — OTHOIIEHUS

N3 u Nsxuncny HB B kanane 171 A gnst moporos 36 u 56.

OBITh 3aperucTpupoBaHo 291578 ciaydaliHbIX ysipuye-
HUIi1 BBIIIE mOopoTa 36 1 65 ysipueHUIt BBIIIE TOpoTa
50. IlppyHUMasa 3T0 BO BHUMaHUE, Mbl CKOPPEKTH -
poBanu uyuciao HB, yMeHBIINB ero Ha BEepOSITHOE
YUCJIO CIydalHBIX ysipueHuit. st mopora 36 yuc-
JIO CIIydaiHBIX cOOBITHI cocTaBisieT ot 40 no 60%,
B 3aBUCHMOCTHU OT CIIEKTPaJIbHOTO Auamna3oHa. Jis
nmopora 56 ciydaifHble COOBITHSI COCTABIISIOT OKOJIO
u meHee 1%.

Kak MOXHO 3aKJII0YMTh U3 JIUTEPATyphl, KaHaJIbl
171 A n 193 A Han6os1ee YacTo NCTIONB3YIOTCS [UTS Ha-
OJIroieHUsT CITOKOMHOM KopoHbl ColHIIa M ITOMCKa
COJIHEYHbIX HAHOBCIIbIIIEK. Pe3ynbraThl B Tabid. 3,
MOJIyYeHHbIE IJIsI KPUTEPUS 5C, MOATBEPXKIAIOT 3TY
uneto. Kanan 171 A umeer HanGompiumii Temmn dhop-
mupoBaHusi HB cpenu cnekTpajibHBIX 11Mana3oHoB,
oTHOCsIIIUXCS K KopoHe ConHIa (Bce, Kpome 304 A).
Ha BropoM Mecte Haxomutcsi KaHaia 193 A, temm
dopmuposanus HB B kotopom cocrtasisieT 85% ot
kanana 171 A. Ha tpetbem Mecte Kanan 211 A — 74%.

CoracHo ta6. 3, B kananax 094 u 335 A mist no-
pora 3o tem1 ¢opmupoBanust HB sBisieTcsa Heoxu-
JaHHO BBICOKUM — Gostee 70% ot kanaina 171 A. Eciu
YBEJIMYUTH IIOPOT A0 5G, TEMII pe3KO YMEHBIIIASTCS —
1o 15—16%. I'pacduk B IpaBOM HMXKHEM YTy puc. 2
IOKa3bIBaeT, YTO OOIIEil OCOOSCHHOCTHIO KaHAaJIOB
094 u 335 A sBisiercs oueHb CIa0blil CUTHAT — B
cpenHeM MeHee 1 oTcyeTa Ha MMKCcelb Ha 1 Kaap. Mul
noJjilaraeM, 4YTO IIpU TaKoM cj1aboit UHTEHCUBHOCTU
W3JIyYeHUsI CpeTHeKBaapaTUIHOEe OTKJIOHEHUE G HE
MOXKET OBITh KOPPEKTHO otpeaencHo. 1o aToit mpnu-
yuHe MeToabl Imorcka HB, ocHoBaHHbIe Ha aHAJIM3e
O, Jal0T HEKOPPEKTHBII pe3yabTaT. [1pu rmepexone ot
30 K 50 moiist apreakToB B KaHaJIaX YMEHbIIIAeTCs, 1
pe3yabTaThl CTAHOBSATCSI OoJiee IPaBIOIIOTOOHBIMU.
MBI, omHaKO, HE BHOCUJIM HUKAKUX U3MEHEHUIA JJIsI
CJIaOBbIX KaHAJIOB, TaK KakK I1oJarajayd BaXXHbBIM COXpa-
HUTb €AUHBINA CIToco6 00pabOTKM JaHHBIX ST BCEX
CIIEKTpaJIbHBIX JUAa30HOB.

HeoGbIYHBIM BBITVISIOIUT TAaKKe BBICOKMIA TEMIT
dopmuposanust HB B kanase 304 A (140% ot kanaa
171 A). HTeHCMBHOE M3IydeHUE B JaHHOM CIIEK-

ACTPOHOMMWYECKHWM XYPHAJ

TpaJbHOM JAMana3zoHe opMUpPYETCs IIPU TeMIepaTy-
pe nopsiaka 50 Teic. K (cM. Tabi. 2), KoTopas cooT-
BETCTBYET HE KOPOHE, a IIePEXOTHOMY CJIOI0 MEXIY
KopoHoii n xpomocdepoii Connua. ITo aToit mpuum-
He JaHHBIA Auara3oH OOBIYHO HE HCIIOJbL3YIOT IS
nonicka HB, n 60b1110€ 9YnCciIo COOBITUIA B HEM BBI-
DISIAUT HEOXUIAHHBIM. MBI 0OCyIUM HUXKE MPUI-
HBI JAHHOTO IIPOTUBOPCYHSI.

st onpeneneHust temna P (COOBITUI B CEKYyHIAX
Ha cM?) 1 4acToThl F (COOBITUII B ceKyHIax) (hOpMHU-
poBaHusi HB MBI cnionb3oBain opMyIbl:

N
P=—, 2
S At @

F = 4nR’ P, (3)
rme N — uuciao HB, Ar = 3600 ¢ — IIpogomKuTeIb-

o 10
HOCTh HabmoneHuit, R, = 6.96x 10" cM — pammyc
ConHua u S — momaab ucciaeqoBaHHOTO (pparMeH-
ta CoJTHIIa, KOTOPYIO MBI BEIYMCITUIIN KaK:

S =~ 8.24x10° nukc® = 1.60x10* cm’.

Pesynbrarsel, yactora 1 Temn popmuposanuss HB
B pa3JIMYHBIX AUAalla30HaX, II0Ka3aHbl B Ta0J1. 4. MBI
He 00CcyXIaeM OTHOIIECHUSI 3TUX BEJIMYUH B Pa3HBIX
KaHaJlaX, TaK KaK OHM TaKue Xe, KaK COOTHOIIICHUS
MEXIYy YKMCJIOM BCIIBILIEK B Ta0OI. 3.

Temn popmuposanust HB nyist Bcex 7 cnekTpalib-
HBIX TUANa30HOB JJIsI MOpora 5C MOKa3aH TaKxXe Ha
puc. 4.

ComtacHO MOpenbIOyIINM MCCICAOBAHUSIM, COJI-
HeuyHble HB 4vacTto HaOmopaloTcd B HECKOJIBKHUX
CIIEKTpaJIbHBIX Auara3oHax. Tak, CyIIecTByeT He-
CKOJIbKO paboT, rne HB coBMecTHO HaOMOOaIMCh U
McCIIenoBaINCh B KaHanax 171 u 193 A (Harmp., [6, 8]).
YToOBhl IOATBEPAUTh WJIA ONPOBEPIHYTH 3TO, MbI
onpenenIn Ojis Kaxmoro KaHajaa moino HB, koro-
pass OOHOBpEMEHHO HaOmomagach B KaKHX-JIMOO
WHBIX CIIEKTPAJIbHBIX AUana3oHaX. MBI CYUTAJIN, YTO
HB HaGaropgaeTcs B AByX AMalia30HaX, €CJIX BbIIIOJ-
Hs10Tes: Tpu yeioBus: (1) HB nmpousonuiu B omHOM
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Taomna 4. YactoTel 1 Temn dopmupoBanus HB B pas-
HBIX CIIEKTPAJIbHBIX TMaNa3oHax

K Yacrora, ¢! Temr, cm 2 ¢!

o A F Py Py

094A | 2101 32 |3.5%x10% | 5.3%x107%
131 A 3618 129 [59x10% | 2.1x107*
171 A 2741 207 | 4.5%10°%° | 3.4x107*
193 A 2701 176 | 4.4x107%° [ 2.9%x107%
211A 2944 152 | 4.8x107%° | 2.5x107
304A | 3960 272 | 6.5x107%° | 4.5x107
355A 1979 30 |33x10%° | 5.0x107%

IIpumeuanue. F3, F5 — yactoTsl hopmupoBanus HB nns nopo-
roB 36 u 56 (Bcs noBepxHocTh ConHua); £, P; — TemIibl GopMu-
poBanust HB mist noporos 36 u 56.

WA COCEMHMX MUKCENIX; (2) MX BpeMeHHbIe UHTeP-
BaJIbl IepeceKkaroTcs; (3) 06a COOBITHUS IIPEBHIIIAIOT B
MaKCUMyMe Topor 5¢. Pe3ynbTaThl MCClienOBaHUS
npuBeAeHBI Ha puc. 5. JIj1g Kaxaoro KaHaa IoKa3a-
Ha nois HB, KoTopast UMeeT COOTBETCTBHE B IPYTOM
KaHaJie, YIOBJIETBOPSIONICE MEPEUYMCICHHBIM BBIIIIE
TpeM ycioBusaM. Tak kak omHa HB MoxeT nMeTh co-
OTBETCTBUS B HECKOJIBKUX AUAlla30HaX, TO CyMMa 1o
CTpOKaM U CTOJIOLaM Tabuibl rmpesbimaet 100%.

Temn Benbimiek, 1072 ¢! em™2
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Pe3ynbTaThl ITOKa3bIBAIOT BBICOKYIO B3aMMHYIO
KOPPEJISILIMIO YeThIpex KaHastos: 171, 193, 211 u 131 A.
1t KaHasoB 094 u 335 A TospK0 0K0J10 20% COOBI-
THUII UMEIOT COOTBETCTBUE XOTSI Obl B OMHOM WHOM
CIIEKTpajibHOM AMaria3oHe. BOoJbIIMHCTBO COOBI-
TU, 0Ko10 80%, ABASIOTCS OQUHOYHBIMU. Tak Kak
MBI He MOXeM BooOpa3utk HB, koTopas Habmoma-
Jlach ObI TOJBKO B BBICOKOTEMIIEPATYPHBIX CIIEK-
TpaJbHBIX AMamna3oHax (Hampumep, 094 A) Ges
HHU3KOTEMIIEPATYPHOTO COOTBETCTBUS (HAaIpUMeEp,
B 171 A), Mbl monaraem, 4TO Haxe MpU IOPOre 50
GOJIBLIMHCTBO COOBITHI B KaHamax 094 u 335 A sinisi-
oTcst apredakTaMu. a8 KOPpEKTHOTO OIIpeaeie-
Husa yuciaa HB B aTux nmuamaszoHax tpeOyeTcs Cy-
IIECTBEHHOE M3MEHEHUE MeTOoma 0OpaboTKM JaH-
HBIX.

Temn HB, usmepenuslii B kananax 171 A (3.4 x

x10 eM2¢c ) n 193 A (2.9x 107" cm~2 ¢), Haxo-
JIUTCS B OOIIIEM COTJIACUM C Pe3yIbTaTaMM IPYTUX aB-
TOPOB IJIsI 3TUX AWAIla30HOB (CM., Hamp., Taoa. 1).
TouHoe coBnageHue pe3yabTaTOB, BEPOSITHO, HEBO3-
MOXHO H3-3a NPOBENCHUS M3MEPEHMU pa3HBIMU
npubopamMu ¢ pa3HbIM IMHAMUYECKUM I1AIla30HOM,
pa3HBIM OTHOILIIEHUEM CUTHAJIA K IIIYMY, a TaKKe pa3-
HBIM BpeMEeHHBIM pa3pelreHnemM. Kpome Toro, cyiie-
CTBYIOT HE 0 KOHIIA MOHSTHBIE BapUallii YaCTOThI
HB Ha pa3HbIx cTagusx nukia [12] u gaxe pa3Hula
MEXIY CEBEPHBIM M I0XHBIM IToaymrapussMu CorHia
[16]. 3aBucumocTts TeMrnia HB oT conHeuHoit mumpo-

6r

KPUTEPUIA
5 _ 50

304

Kananbsr AIA

Puc. 4. IamepenHblii Temn coaHeuHbix HB B cemu kananax AIA/SDO (nopor 5G).

ACTPOHOMUWYECKMHM XKXYPHAJI  Ttom 100 Ne 12

2023



1330 BEJIOB u np.
094 131 171 193 211 304 335
094 - 7.7% 8.2% 8.2% 7.7% 7.9% 3.9%
131 3.5% = 38.4% 36.1% 27.6% 5.6%
171 3.1% 35.2% 4.7%
193 3.4% 38.6% 5.1%
211 3.5% = 35.8% 6.4%
304 1.6% 15.7% 22.9% 23.2% 21.0% - 2.4%
335 3.8% 10.9% 11.3% 11.2% 11.6% 11.0% —
HET 79.9% 47.7% 31.9% 27.6% 31.5% 63.5% 78.2%
Bonee 50% Bonee 40%
Bonee 30% Menee 10%

Puc. 5. [Tons HB B kanane AIA (J1eBbIii cTOI0€11), MMEIOIINX COOTBETCTBUE B IpyroM KaHaye AIA (BepXHsisi CTPOKa) ¢ aMILIM-
Tynoit He MeHee 5G. LIBeToBoe BblAe/IeHue sTYeeK COOTBETCTBYET Pa3HbIM 3HAYEHUSIM (CM. TTOSICHEHUE Ha PUCYHKE).

TBI IIPU 3TOM OTCYTCTBYET WJIU SBJISIETCSI OYEHb CJia-
ooii [17]. TTorepm 3HepruM KOPOHOW MMEIOT TEMII

~0° —5%10° apr em~2 ¢!, JIist TOro 4ToGBI CKOM-
[EHCUPOBATh 3TU IOTEPU, HEOOXOAMMO, YTOOI
CPEMIHSSI DHEPTUSI, BBIIEIMBILASCS B OOHAPYXKEHHbBIX
HaHOBCHBIIIKaX, HAIIpUMep, B KaHalie 171 A, Obljia B

Jara3oHe 10%*-107 3pT.

MBI cuMTaeM BaKHBIM OTMETUTH HEOOBIYHEIE pe-
3yJbTaThI W11 KaHasa 304 A. Okoo 40% Haiime HHBIX
31€Ch COOBITUII MMEIOT COOTBETCTBUS B KOPOHAJb-
HBIX CIIEKTpaJibHBIX Auana3zoHax: 171, 193, 211 wu
131 A. Ho Goitee 60% ysipueHMil He UMEIOT COOTBET-
CTBUIA, T.e. HAOMIOMAIOTCS TOJHKO B MEPEXOTHOM 00-
Jgactu CojHia 6e3 pocTa U3JydeHus B KOpoHe. Mbl
moJjiaraeM, 4YTo MbI HaOJII0gaeM 31eCh CYMMY IBYX TH-
OB COOBITHIT: XpoMOC(epHBIX (Hampumep, OOMO
DJjiepMaHa), KOTOPBIE COCTaBJISIIOT HauOOJBIIYIO
YacTh HAliIEeHHBIX YSIPYCHUI, 1 KOPOHAILHBIX COOBI-
TUM, T.€. U3JIyUEHUSI HU3KOTEMIIEpaTypPHOU KOMIIO-
HeHTbl HB. 3HaumTenbHBIN BKIaa XpoMocdepHBIX
COOBITUIT MOKET 0OOBSICHUTD BbIicOKUIi TeMIT1 HB B Ka-
nase 304 A B a6 3 u Ha puc. 4.

4. BAKJTIOYEHHUE

Mpsb1 ucnonw3oBanu maHHble SDO/AIA, 4TOOBI
CPaBHUTb YaCTOTY U TeMIT (POPMUPOBAHMST COTHEU-
HBIX HAHOBCIIBIIIEK B 7 CIIEKTPAJTbHBIX IUara3oHax,
oTHocsmuxcsa K kopone (094, 131, 171, 193, 211,
335 A) u nepexonHoMy cioo (304 1&) Comnna. s
noricka HB MBI ncrniosib3oBaan MeTon, OCHOBaHHBIN

ACTPOHOMMWYECKHWM XYPHAJ

Ha CpaBHEHUM aMIUIATYIbI U3JIyYCHUSI C 3adaHHBIM
noporom (B Haieit padore — 36 u 56). Panee moxo-
Kasl uaest UCIoJIb30Bajlach BO MHOTUX paboTrax (CM.,
Harp., cnucok B Tabi. 1). KoHkperHast peanu3anus
HaIllero MeToda, KaK MBI ITojlaraeM, HanboJjree 0JIm3-
Ka K padote [10].

Hawub6Gonee Bricokast yactota HB s mopora 56
obHapy:keHa B KaHayiax 171 A (207 ¢! Ha Bceii no-
BepxHoctu Cosnua; 100%), 193 A (85%), 211 A
(74%) n 131 A (63%). 1nst kananos 094 u 335 A, me-
TOH, BEPOSITHO, 1aeT HEKOPPEKTHBIE Pe3yJIbTaThl U3-
32 HU3KOTO CUTHaJIa. MBI MOXEM 3aKJIIOYMUTh, YTO Ya-
crora HB B 51X KaHajnax He npesbiiaeT 15—16% ot
kaHana 171 A, Ho, BEPOSITHO, €LIE€ HUXKE, YEM ITO
3HAYECHUE.

MBI 0OHAPYKWMIIN 3HAYNTEITLHOE YNCJIO YIpUYCHUIA
B KaHase 304 A, GONBLIMHCTBO U3 KOTOPBIX, OoJee
60%, omHAKO, JTOKAJIM30BaHbI B MIEPEXOAHOM CJIOE U
He MMEIOT COOTBETCTBUSI B KOpoHe. TeM He MeHee
HU3KOTeMIIepaTypHasi KOMITOHEHTa B TuHuM 304 A
obHapyxwuBaetrcsa B 30—40% xopoHambHBEIX HB,
HaoOmmonaommuxcsd B auHugx 171, 193 u 211 A. Or-
clofa Mbl rosiaraeM, 4to uHust 304 A nomkHa y4u-
TBIBATLCS ITPU MHOTOTEMIIepaTypHOM aHanu3e HB,
HO HE MOXET MCITOJIb30BaThCs IJIST TIOMCKAa HAHO-
BCIIBILIEK.

MpbI paccuuThIBaeM, YTO MOJyYEHHbIE PE3YJIbTaThl
MOTYT OBbITh MOJIE3HbI MPU BHIOOPE ONTUMATBHBIX
CHEKTPaIbHBIX IUAMa30HOB MJisl uccienoBanusi HB,
a TakxKe JJ11 MHTEpIpeTaluu pe3ybTaToB Ha0I01e-
Huit HB B paznmnunbix kKaHainax SDO/AIA.
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OMHAHCHUPOBAHUE

HccnenoBaHue BbIIIOJHEHO 3a cyeT rpaHta Poccuii-
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RATE OF SOLAR NANOFLARES IN DIFFERENT SPECTRAL RANGES
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The frequency and rate of solar nanoflares (NF) were measured in 6 coronal spectral ranges (094, 131, 171,
193, 211, 335 A) and one, related to the transition layer (304 A). We used SDO/AIA data obtained at solar
minimum in May 2019. We analyzed the same region of the Sun, covering 360” x 720” field-of-view, in all
channels over the same time interval of 1 hour. In all the spectral bands, to search for NF we applied the same
algorithm based on the amplitude analysis of fast brightenings in AIA images. The frequency and rate of NF,
as can be expected, vary significantly in different wavelengths. For threshold 5o, the highest NF frequency,
207 ¢!, was measured in 171 A. The next spectral ranges are 193 A (85% of 171 channnel), 211 A (74%), and
131 A (63%). We have not been able to reliably measure the frequency in channels 094 A, and 335 A, but found
that it is less than 15% of the frequency in channel 171 A. In the 304 A channel, we found a large number of
brightenings that do not match any coronal events. However, about 40% of NF in corona have a counterpart

in the 304 A line with an amplitude higher than 56.
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