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Particles accelerated during flares can cause abrupt increases in the intensity of solar
cosmic rays (GLE events) registered on the Earth. Such powerful explosions have sources in
the Sun, active regions (ARs). In this paper, the identification of GLE events observed in
1942-2021 with ARs was carried out. For the verification of the identification, for data since
1970 to 2017, a comparison of the found ARs number with that from the catalogues of solar
particles events of 1970-2017 was carried out. The identified ARs were classified following
the magneto-morphological classification. The average total unsigned magnetic flux of ARs
that caused GLE events in 1997-2021 was also calculated. It is shown the majority of GLE-
related ARs are complex irregular ARs with high magnetic flux.

YckopeHHbIe 4acTUIlIbl (COJIHEUHbIE KOCMHUYECKHE Jy4YHd) BO BpPEMs BCIIbI-
[IEK MOTYT 00JafaTh SHEPTUAMH OT HECKOJbKUX JeciITKOB KaB 10 Heckolbkux
coteH M»bB, T.e. co3maBarh conHedHble TNpoToHHBIE coObITHS (CIIC). Ecnm
sHeprus dyactull 6omaeiie 500 MaB, To BozHukaer coOwiTie THna Ground Level
Enhancement (GLE) [11, 12], npu koTOpoM Ha3eMHbIE JAETEKTOPHI PETUCTPH-
PYIOT pe3Koe BO3pacTaHUE MHTEHCUBHOCTU KOCMHUYECKUX Jrydeil. [TomoOHbIe co-
OBITHSI IPOUCXOJIAT PEIKO, TEM HE MEHEE, BHOCSIT OCOOBIN BKJIaJ B BOMPOC COJI-
HEYHO-3€MHBIX CBsizeil. OJHUM U3 BOIPOCOB SIBJISETCS OTOXKJIECTBICHUE COOBI-
tiii GLE ¢ ncrounnkom Ha CoJjHIlE: BCOBIIIKAMH, a TaKKe C aKTUBHBIMM 00J1a-
ctsimu (AQ), koTopsie 3Th Benbimku oOpasyior. C 1955 roga BemyTcst kaTayioru
CIIC, rae npoBoautcs conoctaBienue CIIC ¢ Homepamu AO. 1955-1979: co-
nocrasienre CIIC ¢ nanneimu obceparopun Mc Math-Hulbert (Homep kamb-
nueBoro diuokkyna AO [5, 10]). 1970-1986: conoctaBienue CIIC ¢ naHHbIMU
ob6cepaTopun Meudon [5, 8]. 1970-1979: Mount Wilson [5]. 1982 — nacTos-
mee Bpems: National Oceanic and Atmospheric Administration (NOAA)
[1, 8, 15, 19]. Takas pa3zHooOpa3Has HyMepalus SBJSIETCS HE COBCEM yJA00HOMU
it ananm3a AQO, a Takke He TTOKPBIBAET BECh BPeMEHHOM psij (Havano HaOuro-
nenuit GLE coObrtuit — at0 1942 r. [14]). B 1O e Bpemsi, nMeeTcs KaTajior C
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Homepamu AQO 1o npaHHbIM ['punBHuUckoi oOcepBaropuun (1874-1976 rr.,
https://www.ukssdc.ac.uk, [7]), KOTOpbIii MOKpPBIBAET HEMPEPHIBHBIA HWHTEPBAI
BPEMEHHOTO psija, BIUIOTh A0 BBeneHus Hymepanuu NOAA (¢ 1974 r.,
solarcyclescience.com/activeregions). B maHHO# paGoTe MbI MOIBITATUCH YIIO-
pAIOYUTh OTOXKAecTBIeHHE HOMEepOoB AQO, cBa3anHbIX ¢ GLE coObiTusimu.

Hannbie 0 GLE coObitrsix 1998—2021 rr. ObUTH B3STHI U3 MEXKIYHAPOTHOM
0a3pl JaHHBIX HEUTPOHHBIX MOHUTOPOB (Neutron Monitor Database, NMBD,
https://www.nmdb.eu/), mis nanabix 1970-1998 rr. ucnonb3oBanack nHbopMaus
¢ Solar Geophysical Data (SGD, https://www.ngdc.noaa.gov/stp/solar/sgd.html),
n7s ga"HHbIx 1955-1969 ucnonp3oBancs karanor CIIC [10], aus maaHbix 1942—
1949 rr. nucnons3oBanacs nHpopmarus c [11].

Hns oroxaectienuss AO ¢ GLE coObITusiMH MBI UCHOJIB30BAIU CIEAYIO-
1IMe JaHHbIE:

©3apUCOBKH U MarHUTOTpamMMBbl, MpeaocTaBiieHHble [[eOpereHoBckoil 00-
cepBaropueii (DPD, fenyi.solarobs.cstk.mta.hu/DPD/, [7,13])

©3apUCOBKH M M3MEPEHUSI MAarHUTHBIX TOJICH COJHEYHBIX TSATEH, MPEJo-
CTaBJICHHbIE KpbiMckoit acTpoU3NIECKO oOcepBaropueit PAH
(https://sun.crao.ru/observations/sunspots-magnetic-field)

e MarHuTorpaMmMbl MAarHUTHOTO TOJIA IO JIy4y 3pEeHHUs TMOJIHOTO JHMCKa
Connua B crekTpanbHoil auaun Ni I 6768A ¢ pasperiennem 4”, monaydueHHbIe
unctpymentoM Michelson Doppler Imager (MDI) kocmudeckoro anmapara So-
lar and Heliospheric Observatory (SOHO) [17]

e MarHuTOrpaMMbl MATHUTHOTO TIOJIS 10 JIy4y 3pEHUS B CIIEKTPATLHOM JIH-
nun Fel 6173.3 A ¢ paspemenuem 1” (Space-weather HMI Active Region
Patches), momyuenneie uHcTpyMeHTOM Helioseismic and Magnetic Imager
(HMI) kocmuueckoro anmapata Solar Dynamic Observatory (SDO) [18].

OToxaecTBICHUE TIPOUCXOIUIIO cieayrommum oopazoM. Ha naty GLE co-
OBITHSI OTKPBIBAIACH 3aPUCOBKA W/WJIM MarHUTOrpaMma moJiHoro aucka CoHia.
Cuuras, yto KoopaAuHaThl AO U BCHBIIIKU OTIUYAIOTCS HE CHIIBHO, Mbl UCKAJIH
Hy)kHyt0 HaMm AO. B ToMm ciyuae, eciu BCIBIIIKa MPOHU30ILIA 32 TUMOOM, pac-
CMaTPUBAIKCH MPEABITYIINE/ TIOCAEAYIONHNE AHU, cUuTasi, 4To mupora AO u3-
MEHSJIACh HE CWJIBHO, a IO JOJITOTE OHA Mpoxoawna npuMepHo 13.5° B 1eHb.
Takum o6pazom, u3 73 GLE cobOsiTuii, HabmtogaBmuxcs ¢ 1942 r no Haie Bpe-
M, ObU10 oTOXkAecTBIEHO ¢ AO 71 cobsitue. s nByx GLE coGwituit (GLE
16—17) AO He yanoch HalTH.

brita mpousBeseHa NpoBepKa MOMYUMBIIUXCSA JAHHBIX. MBI CpaBHUIH
HaiineHuele AO ¢ gaHHbIMH, cojepxamumucs B karaiorax CIIC 3a 1970
2017 rr. cnenyromum obpazom. Mcnionwsys [S], Obutn cpaBHeHBI HOMepa AO 110
karanory oocepBaropun Mount Wilson ¢ nomyuenusiMu HoMepamu AO 10 Ka-
tajory ['punBuuckoi obcepBaropuu. Mcnonssys [8, 19, 1, 15], cpaBHHBanHCH
Homepa AO B cucteme NOAA. Bceero 6su10 conoctasieno 51 AO, u3 Hux 47
COBIAJIM C JAHHBIMU 10 HameMy cnucky. Jmnsa yetsipex AO (GLE 33-36) cpas-
HEHHE OBbLIO HEBO3MOXHBIM, TaK Kak JJisi HUX He ObLI0 HaiijieHo Homepa AO 1o
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Mount Wilson. I3 npoBeeHHOr0 CpaBHEHHSI MOXHO YTBEPKAAaThb, YTO OTOXK-
nectBiaenue AO ¢ 1970 no 2017 rr. 66110 NPOBEEHO HAMU € TOCTATOYHOM TOY-
HOCTBIO, TTIOATOMY €CTh OCHOBAaHHS MOJIaraTth, YTO U OCTAJIbHBIE OTOXKIECTBIIE-
HUA (32 1942—-1969 rr.) ABISIOTCS HAACKHBIMHU.

Kaxmoit AO mnpucBauBaicsi KilacC B COOTBETCTBUM C MAarHMUTO-
Mopdonornyeckoit kinaccudukanuern (MMK) [2—4]. KpaTko ee cyTh 3akiroya-
ercs B cienyromeMm. Bece AO nensites Ha rpynnsl. Perynsipasie AO (kitace A),
KOTOPBIE BBITIOJIHSIOT SMIIUPUIECKUE 3aKOHBI (3aKOH TOJIIPHOCTH Xeiia, 3aKOH
JI>xos, MpaBWJIO JOMHHHPOBAHUS JIMUPYIOIIETO TSATHA), U, BO3MOXHO, OBLIN
co37aHbl MI00aNBHBIM TuHAMO-TiporieccoM. Heperynspueie AO (kiacc B), He
MO TYMHSIONIHNECS IMIUPHICCKUM 3aKOHaM, Ha (JOPMHUPOBAHHE KOTOPHIX B pa3-
HOW CTEMEHM TMOBIHUsIA TYpOYJIEHTHOCTh KOHBEKTHBHOUW 30HBI. Y HUTIOJISPHEIC
AO BriiensroTcs B otaenbHbiil kmace U. Cpenn 71 mpoxiaccudunmpoBaHHON
AO 6butn Haiiensl: oaHa peryispHas AO, ogHa yaunodspHas AO, ocTaiabHbIE
67 ObLIM NpoKIaccu(PpUIIMPOBaHbI Kak HeperysapHbie AO.

Hnsa AO, nabmronaBiuxcs ¢ 1997 mo 2021 rr. ObLI MOCUMTAH MOJHBIM O€3-
3HAKOBBIM MarHUTHBIN MOTOK MO METOMY, NpeicTaBieHHoMy B padote [3]. [lo-
Jy4EHHOE 3HAaYeHHUE ObLJIO COMOCTABJIEHO C TAKUM K€ CPEIHHUM IOTOKOM OOJIb-
mioro yucia AO, HaOmogaBmuxcs B 23—24 COMHEYHBIX ITUKIIAX U MPEICTaBIICH-
Hbix B katasiore MMK [3, 4]. [TonyueHo, uro cpeanue nmotoku AQO, BbI3BaBIIUX
GLE cobbiTus, B 6 pa3 6onbie (5.92%10%2 Mx npotus 0.92% 10%%2 Mx), yem
cpenHuii motok perynspueix AO, u B 2 pasa 6Gombmie (5.92*1022Mx npotus
2.62*%10%2 Mx) cpeaiHero notoka Heperyuspasix AO.

CyMMupYysi, MOKHO 3aKJIIOYUTh, 4YTO B OCHOBHOM AQ, BBI3bIBAIOIIUE COOBI-
tus Tuna GLE, sBasitorcs cioxkHbIMU, HeperyaspHbiMU AO ¢ GOJIBIIMMU TIOTO-
kamu. Bo3Mo)kHa HEKOTOpasi reHeTUYecKas CBsSI3b ATUX aKTHUBHBIX 00JacTel C
IpyruMu TpymmnamMu ciaoxHeix AO, Hanpumep ¢ Super Active Regions (SARs)
[6, 9], unmu, Hanpumep, ¢ Rogue active regions [16]. U3ydenue takux rpymmn AO
MOJKET JJaTh UH(GOPMAITUIO O HEIMHEWHOCTSX TI100aTbHOTO JUHAMO-TIpOIiecca Ha
Comnnre.

Astops! 6marogapusl B.H. MmkoBy 3a 06cykneHne u mpeocTaBieHue He-
o0xomumon nHpOpMaIuu.
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