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ON COORDINATES OF FLARE SOURCES IN SOLAR CYCLES 21-25

D.D. Pinigin-Sosin!, S.I. Petukhov', L.S. Petukhov'

"Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy SB RAS, Yakutsk, Russia,
iniginsosin@ikfia.ysn.ru

AnnoTtanus. Bpemst 3aiepXku MKy IIPHXOIOM CoiHeuHbIX KocMurdecknx Jrydeit (CKJI) Ha 3emimo u Benbimkoid Ha CorHie,
CUNTAIOMIEHCS. MX HCTOYHUKOM, SIBIISIETCS BKHBIM IIApaMETpOM NpPH HM3YYEHHH DaclpOCTpaHEHWs] YacTHI] B MEKIUIAHETHOM
npoctpasctse. Llenb paboThl — BBISIBUTH 3aBUCUMOCTH BpeMeHH 3anepxku CKJI (iporonst > 10 MaB) ot renokoopauHaT HCTOYHUKA
Ha CouHite. OcoOeHHOCTBIO OIX0/1a MOXKHO CUMTATh Pa3ielIeHHE PACIPE/ICIICHNs ICTOUHHKOB IT0 IIMPOTE U JI0JTOTE C y4eTOM BPEMEHI
PacHpOCTPaHEHHsI YACTHI] B MEKIUIAHETHOM IPOCTPAHCTBE, a TAKKE M3ydeHHE OTICNbHBIX LMKIOB. B aHammse ncrnonb3oBavch
KaTaJIory COJTHEUHBIX IPOTOHHBIX COOBITHH A1 21—25-T0 LUKIIOB cOHEYHOH akTHBHOCTH (¢ 1976 o 2025 1.). 3a 310T IIeprozx 0To0paHo
W TIPOAHATM3UPOBAHO 425 COJMHEYHBIX MPOTOHHBIX COOBITHH. J{JIsI KaXKIOro COOBITHS M3 KaTalora ONPENeeHBbI TeMHOJONroTa U
TeNIMOIINPOTA HCTOUHHKA, a TAKKE BPeMsI 3a1PIKKH YaCTHII. B pe3ynbTaTe MOATBEPKACHO CyIIECTBOBAHNE PAHEe H3BECTHON IIMPOTHON
aCHMMETpHM B KaXJIOM 11-TeTHeM CONHEYHOM IMKIe. BakHBIM pPe3ysbTaTOM MOXHO CUHTATh IOJydYEHHBIC PaCTIpEHeIICHHS
HCTOYHUKOB TIO T€JIMOZIONITOTE B 3aBHCUMOCTH OT BPEMEHH PaclpOCTpaHEHVs IPOTOHOB: OBICTpee BCEro YacCTHIIBI IMPUXOMIUIN W3
HCTOYHHKOB, PACIOJIOKEHHBIX B 3amaHol nomychepe CONHIEA, YTO MOXKHO OOBSICHHUTH PAcCIONIOKEHHEM TaM CHJIOBBIX JIMHHI
MEXKIUIAHETHOTO T0JIs, CBS3BIBAIOIIMX 3TU obnacty ¢ 3emuieid. Uem Goiblue ObLla 3aJepika, TEM PaBHOMEPHEE PAaCIpeseIsuIiCh
uctoyHuKH. [Ipu 3azeprkke okoso 12 4acoB YMCIIO ICTOYHUKOB B BOCTOYHOM U 3aI1a/iHON noitycdepax IMpUMEpHO OAMHAKOBO.

KiroueBble ciioBa: conaeuynsie kocmuueckue tyud (CKJI), renuomupoTa, remoa0nrora, BpeMs 3a1epKKH.

Abstract. The time delay between the arrival of solar cosmic rays (SCRs) at Earth and the solar flare considered to be their source is
an important parameter when studying the propagation of particles in interplanetary space. The aim of this report is to identify the
dependence of the SCR time delay (protons > 10 MeV) on the heliocoordinates of the source on the Sun. A distinctive feature of the
approach is the separation of source distributions by latitude and longitude, taking into account the particle propagation time in
interplanetary space, as well as the study of individual cycles. The analysis used catalogs of solar proton events for solar cycles 21-25
(from 1976 to 2025). Over this period, 425 solar proton events have been selected and analyzed. For each event, the heliolongitude and
heliolatitude of the source, as well as the particle time delay, were determined from the catalog. As a result, the existence of a previously
known latitudinal asymmetry during each 11-year solar cycle was confirmed. An important result is the obtained distributions of sources
by heliolongitude depending on the proton propagation time: particles arrived fastest from sources located in the western hemisphere of
the Sun, which can be explained by the arrangement of interplanetary magnetic field lines connecting these regions with Earth. The longer
the delay, the more evenly the sources were distributed. For a delay of about 12 hours, the number of sources in the eastern and western
hemispheres was approximately equal.

Keywords: solar cosmic rays (SCRs), heliolatitude, heliolongitude, time delay.

BBEJEHUE TOM, YTO B MIepBOH nojoBuHE coHedHoro nukia CIIC
V3BeCTHO,  YTO  NPOCTPAHCTBEHHO-BpeMeHHoe ~— BOSHHKAIOT — NMPCUMYIUCCTBCHHO B CCBCPHOM
pacrnpe/iesieHue COMHEYHbIX IPOTOHHbIX cobbrTuii (CIIC) — OylIapui, a BO BTOPOW MOJOBUHE — B HOXKHOM;
M CoNHedHbIX Kocmuueckux ityueii (CKJI) moxer —@HAIM3 BPCMCHHU 3a/CPXKKH IMPUXONA CKJI Ha 3emmo
NoCji€  CONHEYHOM  BCIBIKM,  HCCIIEI0BAHHE

3aBUCETH OT (ha3bl COMHEYHOTO IMKIIA, TETHOITHPOTHOTO
u resmonoirorHoro [Kahler, 2016] moioskeHust akTUBHOM
obmacTi, a TaKKe OT YCIOBHH pPacHpOCTpaHECHHS
3apsHKEHHBIX ~ YacTHII B MEXIUIAHETHOW  cpefie.
ACUMMETpUST ~ MEXIy  CEBepHBIM H  IOJKHBIM
MOy IIAPHASMHA Conaua XOpOLIOo H3BECTHA,
0COOCHHOCThHIO HaIero MOX0/1a SIBJISICTCS
CUCTEMATUYECKUM aHaJIN3 CMEHBI JOMUHUPYIOLIETO
ToJrymapus Ha HPOTAKCHUU TTOCJICI0BATCIIbHBIX [TUKJIOB
21-25 no nacrosmero BpeMenu. Kpome toro, ocrarorcs
HEJIOCTATOYHO W3YYCHHBIMH CBSI3b BPEMCHH 3aJICPKKH
npuxonga CKJI Ha 3emito 1ocie BCHBILIKUA C
mapaMeTpaMl WCTOYHHKA, a Takke OCOOCHHOCTH
TEeTIMOJOJITOTHOTO PaCIIPEIENICHIUs COOBITHI.

HemssmMu paboTHI ABISIOTCS: MPOBEPKA THIIOTE3HI O

pacopeacicHuss ICTOYHUKOB CIIC mmo Ir¢JIMOJ0JIroTaM.

T'EJIMOHINPOTHOE PACIIPEJIEJIEHUE
BCIBIINEK-UCTOYHUKOB

beumn  otoOpanbl 425 CONHEYHBIX MPOTOHHBIX (C
sHepruer > 10 MbdB) coObITHil W3  KaTajgoros
BazuneBckoit 1 AkuHbsSH ¢ 21-ro mo 25-i coaHEUHbIH
UK [AxuHbsSH U ap., 1982; basunesckas u ap., 1990;
Sladkova et al., 1998; Logachev et al., 2016, 2022],
JIaHHBIE KOTOPBIX COOpaHbl OKOJIO3EMHBIMH CITy THUKAMH
GOES, IMP, «Mereop» u «IIpornos3». Pe3ynbrarsl
aHaIIN3a TPEACTABICHBI B BHAE TUCTOTpaMM Ha puc. 1.
CuHIM 1BEeTOM 0003HAYeHa CEBEpHAS YaCTh MOycheps
CorHIta, KpacHBIM — IOKHYIO YacTb.
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Puc. 1. TenmuommpoTtHas acuMMeTpust 21—25-r0 COTHEYHBIX UKIIOB

BrusiBnena W3BECTHAs TeJIHOIINPOTHAS
3aBUCHMOCTb B TEUEHHH Ka)KIOT0 COJIHEYHOTO IUKJIA.
B mnepBoii HONOBHHE Ka)XIO0TO U3 paccMaTpHBaeMbIX
LUKJIOB Mpeolianaiu coOBITHS, HCTOYHUKHA KOTOPBIX
PEeruCTpUPOBAINCE U3 CeBepHOro nomymtapus ConHia,
TOr/la Kak BO BTOPOH ITOJIOBUHE COJIHEYHOTO LMKIIA
ocHoBHast dacte CIIC Obuia cBsi3aHa C IOXKHBIM
nonymapueM. Criegyer  OTMETHTh, 4TO  24-H
COJTHEYHBIN IMKI OBIT OZHUM M3 CaMbIX CJIAOBIX 3a
MOCIIEHNE JECATHIIETHS. DTOT PE3yJIbTaT HE SBISETCS
CTATUCTUYECKU HAJISKHBIM M HE IIPOTHBOPEUYHT OOILEeH
TEHJCHIHH.

CpaBHEHHE BPEMEHH 3aJIEPKKH MEKAY CEBEPHBIM
M IOKHBIM moiycepamu B nukimax  21-25
npezactapiaeHo B Tabn. 1. Ilog BpemeHeM 3aiepikKu
MOHUMAaeTCd WHTepBal At MeXIy perucrpanuen
COJIHEYHOH BCIBIIIKKA (HampuMmep, IO JAaHHBIM B
PCHTI€HOBCKOM JlMana3oHe) W MOMEHTOM Hadyaja

HOBBIILICHUS] WHTEHCHBHOCTH IIOTOKa IIPOTOHOB C
sHeprueii >10 M»sB Ha opbure 3emun. Bruio
nogo6pano 361 CIIC ¢ HaimuueM JABYX BpPEMEHHBIX
COCTAaBJISFOLIHX.

Tabnuna 1. Bpems 3aep:KKku IpUXo/1a COTHEYHBIX
kocmuueckux Jryueit (CKJI) Ha 3eMutro Juist COOBITHIA
n3 ceepHoro (N) u roxHoro (S) nmonynrapuit
B 21-25-M COJIHEYHBIX LUKJIAX

21(68 22(67 23(82 24(66 25(78

CIIC) CIIC) CIIC) CIIC) CIIC)

N (Bce) 7.244 6.54 4 7.364 414 9.5u4

S (Bce) 6.05 4 5294 3284 4.07 4 524

N 2494 4.4 3594 29349 2934
(At <12)

S 2934 2.63 4 2.68 4 3244 3514
(At <12)




N 2.5849 578 4 4724 414 3.66 4
(At <24)

S 4.06 1 3324 3284 4.07 u 454
(At <24)

Js mmroioB 21, 22, 23 u 25 xapakTtepHo Oolee
obictppiid  mpuxon CKJI M3 FOKHOTO  MOJTyLIapust:
otHomenue N/S Bapsupyercst ot 1.20 o 2.24. KpacHbmM
LIBETOM BBLIENEHO 1.5-9acoBoe pa3nuyuue Mexay FKHOU
n cesepHOil momycdepamu ConHIA ¢ HaMOOJbBIICH
BPEMEHHON 3aJEp)KKOMl B CTOPOHY CEBEPHOM 4YacTh
noycdepsl, a 3eJIeHBIM — B CTOPOHY IOJKHOW YacTH
nonychepsl.  HaunOonee — BblpakeHHOE — pa3iu4ue
Habronaercst B 23-m nukie (7.36 4 nporus 3.28 u).
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PACHPEJEJIEHUE BCIIBIIIEK-
NCTOYHHMKOB COJTHEUHBIX
MPOTOHHBIX COBBITUI IO
I'EJIMOAOJII'OTE

[IpoBenen ananu3 BpeMeHHbIX 3aaepkek CKII u
BBISBJIEHA CBSI3b C TEIMOJOJITOTOH HCTOYHHKA-
BembImKU. Beumo otobpano 226 cobbrtuit B 23-25-M
COJTHEUHBIX IIUKJIaX. DTH COOBITHS OBLIH pa3eiieHBI Ha
IIECTh Pa3HBIX MPOMEXYTOK BpemeHu: Meree 1 4 (51
coObITHi), 1-2 49 (42 coObITHil), 2—4 4 (52 coObITHII),
4-12 u (52 cobwrituii), 12-24 (18 codbiTHil) 1 Oosee 24
4 (11 coObiTuit). PesynbTarsl npencTaBieHsl Ha puc. 2
B BUJIE THCTOIPaMM.
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Puc. 2. PactipeniesieHns1 BCIIBILIEK-UCTOYHHKOB I10 FeJIMOA0ITOTAaM C YYETOM BPEMEHH 3aepKKH: a) MeHbe 1 u; 6) 1-2 u; B)

2-4 4; 1) 4-12 u; 1) 12 — 24 u; e) Gonbie 24 4



CoObITHA ¢ HaUMEHBIICH 3aIePXKKOH 110 BpeMEHHU
At < 1 CKOHUEHTPHUPOBAHBI HA 3aMagHOW YacTH
noinychepst  Comuna  (mosrorel  10°-90°). 310
OOBSICHAETCSI T€M, YTO JIMHWM MAarHUTHOTO IIOJS, IO
koTopbM JBIKyTcs CKJI, Ha 3anannoif wactu CosiHua
COE/IMHSIIOTCS ¢ 3eMIIeii, BCJIECTBUE YEro OTCYTCTBYET
CYIIECTBEHHAsl 3a/epKa 10 BpPEMEHH MEXAy
Bembimkod Ha CoNHIIE W HAYajIOM IOBBINICHUS
unteHcuBHocT CKIJI Ha 3emie.

ITo mepe yBenmuueHHUs 3a7EpP>KKU T'€IHOJOITOTHOE

pactipenenenue pasmeiBaercs. ms  coOwITHIA  C
3amep)KkaMi B WHTepBamax 1-2, 24 4 ora
3aKOHOMEPHOCTh  IO-TIPEKHEMY COXpAaHSETCsS, HO

CTAaHOBHUTCSI MEHEE BBIPAXXEHHOM W CMEIICHHOW B
BoctouHoi vactu Comuma. [lpu 3agepxkke 4—12 q
pacnpenenenye HMCTOYHHKOB-BCIIBIIIEK 1o
TeJIHO0ITr0Te MPUOOPETACT CHMMETPUYIHBIN XapaKTep.

3AKIIOYEHHUE

I[Io pesympraTam pabOTBI MOXHO  CIENATh
CIIEIYIOIIE BBIBOBI.

Hanuuue reTUOLIMPOTHON ACUMMETPHUH

MOJATBEPXKIAeTCI TeM, 4YTO B IMEPBOM IOJIOBHHE
KaXXJIOTO U3 pacCMOTPEHHBIX IUKIOB uctounuku CIIC
pacnonarajuch TPEMMYIIECTBEHHO B  CEBEPHOM
nonymapun CoylHIIa, a BO BTOPOW IIOJIOBUHE — B
10)KHOM MOJTyIIapUH. Ora  3aKOHOMEPHOCTb
MPOCIIEXKUBAETCS U1 BCEX LUKJIOB ¢ 21-ro mo 25-ii.

OOHapyXeHO, 4YTO [UIS COOBITHA B  IOXKHOM
nonychepe ConHIa Bpemsi 3aJC€pPKKH B CpEIHEM
MeEHbIIIe, YeM U COOBITHH B CeBepHOW moiycdepe.
Hawubonee sipko 3T0 BeIpakeHO B 23-M 1ukie: 3.28 9
(ror) mo cpaBHenuto 7.36 4 (ceBep). B 24-m mmxite
pa3nuYrs BO BpEMEHHBIX 3aJep)KKax He HaOIromaeTcs.
Bo3MOXXHO, Ha 93TO MOBIMSJIO HE3HAYUTEIILHOE
konmgectBo CIIC.

Amnanus reJIHUO0I0ATOTHOIO pacmpeneneHus
BCIIBIIIEK-UCTOYHUKOB ~ mokaszaia, uro CIIC ¢
MUHUMAaJIbHOW BPEMEHHOHN 3aJepPKKON HAOJII0Ial0TCs
Ha reamonmoirorax or 10° mo 90° B 3amagHOM 4acTh
CosHIla, YTO COrJIacyeTcs C MOJCIBI0 MAarHUTHOTO
coenuHeHus 1o crupainu Ilapkepa.

PaGora BbIIOJIHEHa B paMKax IOCYAapCTBEHHOTO
3agaHud  MUHHCTEpCTBA HAyKM U BBICILETO
obpazoBanust Poccuiickoit @Denepanmn (Tema Ne
126021217279-8).
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