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B pabGore ucciienytorcst CTaTUCTUYECKHE CBSI3U MEXKITy TeOMarHUTHBIMM MHACKCAMM U XapaKTepUCTUKAMU
KOCMMYECKUX JIydeil 1 MeXIUIaHETHBIX BO3MyIIeHU# 1151 POopOyII-MOHKEHWI, CBA3aHHBIX C: a) KOPO-
HaJIbHBIMM BBIOPOCAMU MaCChl U3 aKTUBHBIX 00JIaCTei, CONTPOBOXIABIIMMUCS COJTHEYHBIMU BCIIBIIIIKAMMU;
6) BOJIOKOHHBIMU BHIOpOCAaMU BHE aKTUBHBIX 00J1acTeil; B) BLICOKOCKOPOCTHBIMHU ITOTOKaMU M3 KOPOHATb-
HBIX IBIP; T) HECKOJIBKUMM UCTOYHMKaMU. 715 criopagunyecknx PopOyII-nmoHXKEHU M, ¢ UCTIOIb30BaHUEM
CTaTUCTUYECKUX METOJIOB, CPAaBHMBAETCSI 3aBUCMMOCTb FT€OMarHUTHBIX MHIEKCOB OT IMapaMeTpOB KOCMU-
YeCKUX JTydell U COTHEYHOTO BeTpa MPU HAJTMYMU I OTCYTCTBUM MarHUTHOTO o6jaka. [TosmydeHHBIE pe-
3yJIBTAThl TTOKA3aJIv: a) camasi BbIcoKasl reod(pDeKTUBHOCTh XapaKTepHa IS MEXIUIAHETHBIX BO3MYIIIE-
HUI1, CBSI3aHHBIX C BHIOPOCAMM COJTHEYHOTO BEIlECTBA U3 aKTUBHBIX 00J1acTeil, NP HAJIMYUU MarHUTHOTO
obJraka; caMasi HU3Kasl — IIJIsI peKYPPEHTHBIX BO3MYIIIEHU; 6) cCrTopaaniecKue U peKyppeHTHBIC COOBITUS
OTJIMYAIOTCS HE TOJILKO BEJIMUMHOM T€OMarHUTHBIX MHAEKCOB 1 I0)KHON KOMITOHEHTHI MAaTHUTHOTO TOJIS,
HO M XapaKTepOM CBSI3M MeXIYy HUMMU; B) reoddHeKTUBHOCTh TPAH3MEHTHBIX BO3MYIICHUI COJTHEUHOTO
BeTpa 3aBUCUT OT HAJIMYHUS WJIX OTCYTCTBUSI MATHUTHOTO O0JIaka CUJIbHEE, YeM OT TUITa COJTHEUHOTO MCTOY-
HUKA; T) JUIS MEXTUTAaHETHBIX BO3MYILIEHW, CBI3aHHBIX C BOJOKOHHBIMU BRIOpOCAaMU BHE aKTUBHBIX 00J1a-
cTeil, IpU HAIMYMM MAarHUTHOTO OO6Jaka reo3(deKTUBHOCTh 3aBUCUT TOJBKO OT IOXKHOW KOMIOHEHTHI
MAarHUTHOTO TI0JIS1, IS OCTAJIbHBIX TUTIOB BO3BMYIIIEHUII — M OT IPYTMX MapaMeTPOB COJTHEYHOTO BeTpa.
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1. BBEAEHUE

®opoyur-monmkeHem (PI1) Ha3bpIBalOT M3MeE-
HEHME TJIOTHOCTU TIaKTUYECKUX KOCMUYECKHUX JTy-
yeii (KJI) B KpymHOMAacIITaAOHBIX BO3MYIICHHUSIX COJI-
HeuHoro Betpa (CB), mpossisionieecss B OTHOCH-
TEIbHO OBICTPOM MOHMXEHMU MHTeHcUBHOCTU KJI,
3a KOTOPBIM CJielyeT 0oJiee MemJieHHOoe (B MaclTade
HECKOJIbKMX AHeit) BocctaHoBeHue [Forbush, 1937;
Lockwood, 1971; Iucci et al., 1979]. YobIBaHUE TLIOT-
Hoctu rajaktryeckux KJI Bo Bpemst @IT yacto comnpo-
BOXIIA€TCS MOBBILIEHHBIMUA 3HAYEHUSMU aHU30TPO-
muu KJI [Belov, 2009]. ®II genstcs Ha: a) criopaau-
yeckue [Cane, 2000], BbI3BaHHBbIE MEXIUIAHETHBIMU
BoaMmylueHussMu (Interplanetary Coronal Mass Ejec-
tions — ICMES), cBsI3aHHBIMH C KOPOHAILHBIMU BbI-
opocamu maccel (Coronal Mass Ejections — CMEs);
0) pexyppeHTtHble [Richardson, 2004], cBsi3aHHBIE C
obmactsamu B3aumogeiictBust (Corotating Interaction
Regions — CIRS) BBICOKOCKOPOCTHBIX ITOTOKOB 13 KO-
poHanbHBIX ObIp (Coronal Holes — CHs) co criokoii-

HbiM CB. ®@II saBasioTCcsl 4acThlo KOMILIEKCA SIBJIe-
HUIi, XapaKTepU3yIOIINX COJHEYHbIE W Temocdep-
HbIE BO3MYILIEHUSI, Y TIO3TOMY €CTECTBEHHO OXXUAaTh
HaJuyure 3aBUCUMOCTH (IT0 KpailiHeil mepe, cTaTu-
ctudeckoit) Mexny rmapamerpamu ®I1 u gpyrux sB-
JIEHUII — OT COJIHEUHBIX BCITBIIIEK IO T€OMarHUTHBIX
Oypb. MI3BeCTHO, UTO OCHOBHBIM MCTOYHUKOM Mar-
HUTOC(EPHBIX BO3MYILEHHUI SIBJISICTCSI OTpUILIaTeIbHAS
(1oxxHast) KoMItoHeHTa (Bz) MeXIIaHETHOIO MarHuT-
Horo 1oyt (MMII), Tak Kak B 3TOM cjlydyae MarHuTO-
chepa cTaHOBUTCS OTKpBITOI, sHepruss CB moxker
MOCTYNaTh B MarHUTOC(Hhepy U NPUBOAUTH K MAarHUT -
HbIM OypsiM. Cpenu MeXIUTaHeTHBIX BO3MYILIEHMIA,
BKJIIOYAOIIMX UIMTEJIbHYIO 3HAYUTEIBHYIO 10 BEJIM-
YUHE I0XHYI0 BZ-KOMIIOHEHTY, paccMaTpUBalOTCs,
Mpexae Bcero, Takue cTpykrypbl, Kak ICMEs, reo-
3(pPEKTUBHOCTh KOTOPHIX CTPOrO KOPPEIUPYET C Be-
mrauHoi Bz [Richardson and Cane, 2011] (1tox reo-
3(pPHEeKTUBHOCTHIO MOHUMAETCSI BEPOSITHOCTH BO3-
HUKHOBEHMSI MAarHUTHOI Oypu min 3P(peKTUBHOCTh
npoiiecca reHepanun oypu). Kpome ICMESs, ncrou-
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HUKaMW MarHUTHBIX Oyphb gBasgiorcs Takke CIRs,
KOTOpPbIE UMEIOT MEHbINYI0 Te0d(pGhEKTUBHOCTh U
BBI3BIBAIOT MEHEe WHTCHCUBHBIE MarHUTHEIC Oypu
[Alves et al., 2006], a Tak:kKe KOMIIEKCHBIE CTPYKTY-
pbl, oOpasymliecss B pe3yibTaTe B3auMOACUCTBUS
IIOTOKOB COJIHEUHOTO BETpa M3 ABYX WMJIM Oojiece MC-
TOo9HUKOB [Pompxkun m np., 2020; ek n op., 2021].
st CMEs u3 aktuBHbIX obsacteii (AQO), COIpoOBOX-
JIaBIINXCSI COJTHEYHBLIMU BCIIBIIIKAMM, CTaTUCTUYC-
CKUi1 aHAJIU3 3aBUCUMOCTU Dsf-MHIOEKCa OT CBOICTB
BBIOpOCa (CKOPOCTh, YIJIOBasl IMPUHA, B3aMOICH -
crBue ¢ apyrumu CMEs, pacriojioxxeHre NICTOYHUKA,
KJIacC BCITBIIKM) IIpoBomwiics B Dumbovié et al.
[2015]. XoTts mponomkuTenbHas (>2 9) U 3HAYMTEIbHAS
o BenuuuHe (<—5 HTn) orpuuarenbHast Bz-KoMmo-
HEHTa SIBJISIETCSI OCHOBHBIM MCTOYHMKOM MAarHUTO-
chepHBIx Bo3MmylieHnit [Gopalswamy, 2008], re-
HepalMss MarHUTHBIX Oypb XapaKTepU3yeTCsI OIIpe-
IIeJICHHBIM IIOBeAcHUEM U Ipyrux IapamerpoB CB
[EpmonaeB u Epmonaes, 2009].

CBsa3p Mexny xapaktepuctukamu CB u reomar-
HUTHOI akTUBHOCTU (I'A) mIsT pa3HBIX TUIIOB MEX-
IUIAHETHBIX BO3MYIIIEHUIA UCCIe0Balach BO MHOTUX
pabotax. B Alves et al. [2006] ucciaegoBaniachk reoad-
dextrnBHOCTL CIRS ¢ 1964 110 2003 TT. C OTIpEIEIEHEM
11t kaxaoro CIR-cobbITHS MHTEHCUMBHOCTHU Teomar-
HUTHOM Oypu: cunbHas (|Dsf| > 100 vTn), ymepeHHas
(50 1T < |Dst] < 100 uT), cnabas (30 uTn < |Dst <
< 50 HTm). Pesynbrathl mokasanu, uto 33% CIRs,
HaOJII0JaeMbIX OKOJIO 3eMJIU, SIBIISIIOTCS reo3addex-
tuBHBIMU (|Dsf| > 50 HTI) 1 TOabKO 3% BBI3BIBAIOT
cubHBIE OypH. B paboTte Takke cpaBHUBAJIMCh pac-
MpeaeaeHus] U KOppeJsiliuM MaKCUMaJbHbIX 3Hauye-
HUI CKOPOCTU COJIHEYHOTO BeTpa (Vmax) u MHIyK-
LMY MarHUTHOTO Mo (Bmax), MUHUMAaJbHbBIX 3Ha-
YEeHUU oTpUlaTelbHON Bz-KOMIIOHEHTHI (Bzmin) u
Dst-unnexca (Dstmin) mist CIRs 1 MarHUTHBIX 00J1a-
KoB (Magnetic Clouds — MCs). Bbu1o mmony4eHo, 4To
XOTsl pacripeneynieHusi nmapameTpoB B rpymnmax CIR
u MC 1oxoxu, HO MelluaHbl pacnpeaeaeHuit MeHb-
me B rpynne CIR, guem B rpynimie MC. Koppensguns
Dstmin ¢ Bzmin oka3sajiacb 3HAaYUTEJbHOM, a ¢ Vmax
1 Bmax — cima6oii. Yermolaev et al. [2012] o1t coOBbI-
it ¢ 1976 o 2000 rr. cpaBHUBaIU reodddEKTUB-
HOCTh (BEpPOSITHOCTb FeHepallud MarHUTHBIX Oypb)
MEXIIJIAHETHBIX BO3MYIIIeHUI pa3HbIX TUIoB: CIR,
MC, Ejecta (teno ICME mnpu orcyrctBun MC),
Sheath (oonactb cxatus nepeq ICME B ciyyae Kak
MC, tak u Ejecta). MakcumainbHas reo3ddeKTrB-
HocTh Obuta TosiydeHa mist MC (=0.6), 3aTteMm st
FEjecta c oonacteio cxatust u CIR (=0.2), MuHUMaIb-
Hast — nyist Ejecta 6e3 obnactu cxatus (=0.08). Cpas-
Henue reoaddektuBHocT CIRs m ICMEs B 23-Mm
COJIHEYHOM LIMKJIe TIpeacTaBiieHO B Verbanac et al.
[2013], rme uccnenoBaaInCh CBSI3U MEXIY T€OMarHuT -
HbiMu uHnekcamu (Dst, Ap, AE) u xapaKTepucTUKa-
MU MEXIUJIAaHETHBIX BO3MYyIlleHn# (F'max, Bmax) me-
TodaMM JMHEWHOI M CTeNneHHOI perpeccuu. bbuio
noka3aHo, uyro BiusHue CIR u ICME na marauro-
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MEJIKYMAH u np.

chepy 3eMin OTJIMYAETCS IS Pa3HBIX IIMPOT, YTO
BBIPAXKaeTCsl B Pa3BUTUU Pa3HbIX TOKOBBIX CHUCTEM
B MarHuUTOoCc(pepe u moHochepe 3emun. B ciayuae
ICME, nis sKBaTopMaibHOIT TOKOBOM CHCTEMBI Xa-
paKTepHBbI JTUHEHHbIE 3aBUCUMOCTH MEXIy IeoMar-
HUTHBIMM WHACKCAMU M XapaKTepUCTUKAMU MEX-
IUIAaHETHOTO BO3MYILIEHUSI, a IS ITOJISIPHOM TOKOBOM
cucteMbl — HenuHelHbIe; 111 CIR 06e TOKOBBIE CH-
CTEMbI XapaKTCPU3YIOTCS HEJIMHEHHBIMU CBSI3SIMU
Mexnay mapamerpamu. JpemyxuHa u ap. [2019] ana-
JIM3UPOBAIM IMHAMUKY T€OMArHUTHBIX UHIEKCOB U
mapaMeTpOB MEXIIJIAHETHBIX BO3MYILICHUIA B IepUO-
OBl MAarHUTHBIX Oypb (Dst < —50 HTn), UHAYLIUPO-
BaHHBIX pa3HbIMU MEXIUIAHETHBIMM MCTOYHUKAMU
(CIR, Sheath, MC, Ejecta), c 1997 1o 2017 rr. B pa6o-
Te MMOKa3aHO, YTO Hambosee 3¢pdeKTnBHAS TeHepa-
L[5 MArHUTHOM OypH, C CAaMbIM KPYThIM IMOHWXKEH -
eM Dst, HaOmromaeTcst i Sheath-cOOBITHM, a caMBIit
cl1a0ObIil OTKIMK Dst-nHAeKca xapakrepeH s Ejecta.
Ponpxun m ap. [2020] oiast 2010—2011 rr. ucciaenoBa-
Ju reoaddekTuBHocTh onuHOYHBIX ICME 1 Kom-
IUIEKCHBIX BO3MYIIIEHMI, 00pa30BaHHBIX B Pe3yJIbTa-
te B3auMonaeicTtBust ICME ¢ BBICOKOCKOPOCTHBIMU
notokamu u3z CHs unu ¢ npyrumu ICMEs. B pa6ote
MMOKa3aHO, YTO KOMIUIEKCHBIE BO3MYILIECHMS 4Yallle
MPUBOISIT K YMEPEHHBIM 1 CHJIBHBIM MarHUTHBIM OY-
psim, yeM oguHouHble ICME; nipu sTom, 0dibliias
IIPONOJKUTEIEHOCTD CYIIIECTBOBAHUS CTPYKTYPHI ITPH-
BOJIUT K OoJiee MINTEIbHOMY TTEpUOAY TTOBBILLIEHHOM
T€OMarHUTHOM aKTUBHOCTH.

Xotst @I1 u reOMarHUTHBIE OYpU MOTYT OBITh BbI-
3BaHbl OOHUMU U TeMH ke Bo3MylieHussMu CB, HO B
MarHUTHBIX OYpsIX KJIIOUEBYIO POJIb UTPAET OTpHULIA-
TenbHas (1oxxHast) Bz-xommoneHnta MMII, a Ha Be-
JmuuHy PIT 3HaK Bz-KOMITIOHEHTHI He BiauseT. Eie
OTHO OTJIMYME: TeOMarHUTHbBIE BO3MYIIEHUS ONIpee-
JISTIOTCS JIOKAJIBHBIMM XapakTepuctukamu CB, o6Te-
Karoliero Marouutocdepy 3eMin, B TO BpeMsI KaK MO-
nynsiiust KJI siBisieTcst pe3yabTaToM BIWSIHUSI BCeid
KPYITHOMACIIITaOHO MEXIIIIaHETHOM HEOTHOPOTHO-
ctu. Boamymenune CB, cmocoOHOE BBI3BaTh MAarHUT-
Hyl0 Oyplo, He MOXeT He moBausaATh Ha KJI: MoxXHO
CYNTATh, UTO KaXKIOM MarHUTHOI Oype COOTBETCTBY-
eT @I1, xots1t uHorma 3Tot 3¢pdEKT MO HAOTIOAEHUSIM
Ha 3eMJie o4eHb MaJ; B To ke BpeMsi, DI 6e3 mar-
HUTHOI Oypu BcTpedalorcst dacto [Belov, 2009].
Cas3b napametpoB DI1 (xapakrepuctuk KJI 1 mex-
TUIAaHETHBIX BO3MYIIIEHUI) U MHASKCOB ['A ncciaeno-
BaJlach BO MHOrux padorax. Belov et al. [2001] uccie-
JMIOBJIM CTAaTUCTUYECKYIO 3aBUCUMOCTb aMILIUTYIbI
®DIT (AF) 1 MaKCUMaIbHOTO B TEUEHUE COOBITHS 3HA-
yeHus Kp-uHnekca (Kpmax) ¢ 1978 mo 1996 rr. bsuto
MOKa3aHO, YTO OOJILINMHCTBY MATHUTHBIX OypPb COOT-
BETCTBYIOT OTHOCUTEJIbHO MaJible 3HAYCHUST aMILIv-
tynsl DIT; Bo BpeMs cnabbix 0ypsb (Kpmax = 5) Bapu-
aumu tutotHocTr KJI HeGonbime (AF < 1%), TunuaHast
6onbinas amroutyna ®I1 (AF > 5%) nabmonaercs
TOJILKO BO BpeMsl OYe€Hb CUJIbHBIX Oypb (Kpmax > 8).
B Belov [2009] npencTaBieHbl cpeaHue 3HadyeHust AF
Ne 6
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IJ1s1 pa3HbIX ypoBHeit ['A ¢ 1957 mo 2006 rr. 1 yka3zaHo
Ha HAJIMYME CBSI3M MEXIY 9TUMU IBYMsI ITapaMeTpaMu.
®IT mamnoit BeauuuHbl (<1%) OOGBIMHO COOTBETCTBY-
IOT HU3KUM 3HadYeHUsIM Kp-uHpaekca (<3+), o4eHb
CWJIbHBIE MarHUTHBIE Oypu 1 turantckue MIT conpo-
BOXJAIOT APYT Apyra, OOHAKO, TaKas 3aBUCUMOCTb
yacto Hapymaercsa. Hanpumep, ®IT (2002.11.17) ¢
Gobinoit aMrIntynoit (AF = 7.4%) cooTBEeTCTBYeT
OYeHb HU3KOE 3HaueHre Kpmax = 4, B TO BpeMsI Kak
®IT (2002.11.20) ¢ ropa3mo MeHbIIell aMIUTUTYIOM
(AF = 0.8%) coOoTBeTCTBYeT CUJIbHAsI MAaTHUTHAs Oy-
ps (Kpmax = 7—). B Kane [2010] mpoBoauics coB-
MECTHBII aHAIN3 CUJIBHBIX MAarHUTHBIX OYph U 00JIb-
mnx criopaguueckux OI1 ¢ 1965 o 1994 rr. Pesynb-
TaThl MOKA3aJI, YTO MUHUMAaJIbHEIC (B TeueHue DIT)
3HaueHus Dst-uHnekca 1 miuotHoctu KJI Habmrona-
IOTCSI B pa3HOE BPEMsI, a KOppesius Mexay Dstmin
u AF cTaTucTUYeCKM He3HAaYMMa, YTO yKa3bIBaeT Ha
pa3Hble MEXaHU3Mbl pa3BUTHUsI COOBITHIL. B TO Xe
Bpemsi, 3HadueHus: Dstmin 0ObIYHO HAOII0MAIOTCS OJI-
HOBPEMEHHO ¢ Bzmin, XOTsI KOppEJISIIUsS MEKIY 3TH-
MU OBYMS BeJIMYMHAMU cjiabasi; Ipu 3TOM, KOppe-
aguusa Dstmin ¢ CyMMOI ITOYaCOBBIX 3HaYeHUil Bz
(orHavama PII mo Bzmin) CyIIeCTBEHHO BHIIIE.
Badruddin and Kumar [2015] cpaBHUBanu BpeMeH-
Hble npoduan Dst-uaekca, BapualMil TUIOTHOCTU
KJI, ckopoctu CB, nnaykuuun MMII, oTpunareib-
HOI Bz-KOMIIOHEHThI B TeUECHME YEThIpEX BhHIOpaH-
HBIX MecaieB ¢ 2001 mo 2006 rr.. Pe3ynbraTsl moka-
3ayu, yto: a) Kak ICME, tak u CIR, MoryT He BBI3bI-
BaTb MarHuTHele Oypu u DopOylI-TIOHMKEHUS
OOHOBpPEMEHHO; 0) Sheath 1 MC oka3bIBarOTCs Har-
oonee 3pHEeKTUBHBIMU CTPYKTYPAMHU ITPU TeHEePaLIuK
KaK MarHuTHBIX Oypb, TaK 1 PopOyII-TTIOHKEHWIA;
B) 111 ICME HaunGoiee reoaddeKTUBHBIM NapaMeT-
pOM SIBIISIETCS I0xKHasl (OTpUliaTeIbHAas ) KOMIIOHEHTA
marHutHoro 1o, mist CIR — ¢aykryupylomias ce-
BepO-10KHAasI KOMIIOHEHTA; T') HanboJiee BasKHBIM MC-
TOYHUKOM TeHepaluuy DopOylI-TIOHVXKEHUN SIBJISI-
eTCsI YyCWJIEHHOE TYpOYJICHTHOE MarHMTHOE IIOJIE B
Sheath vimn MC. Lingri et al. [2016] mpoBenu cTaT-
cTUYeCcKuii aHanu3 3HaueHu it aMriuTyasl I1, mapa-
METPOB MEXIUIAaHETHBIX BO3MYILEHUII U TeOMarHuT-
HbIX MHAEeKCcOB ¢ 2008 mo 2013 rr. Beruucasuince
nmapHbie KO3(dhUIIMEHTHI KOPPESIIIAM 115 TapaMeT-
poB AF, Dstmin, Vmax M HayaJlbHOl CKOPOCTU
CMEs (V). IlonyyeHHble pe3yiabTaThl IOKa3aJiu:
a) xkoppensuus Dstmin ¢ AFu V cnabast, a ¢ Vmax —
CTaTUCTUYECKM He3HaumMmas; 0) BpeMs perucrpa-
ouu Dstmin He COBITaJaeT CO BpeMEeHEeM perucrpa-
mu AF; B) o6bictpeie CMEs (V> 400 xm/c) u Gosbiime
DopOyILI-NTOHIKEHUS CBSI3aHbBI ¢ OOJIBIIMMU YMEHb-
HIeHUsIMU Dst-uHaeKca; T) yMeHblleHue Dst-uHaeKca
u iotHoctu KJI cieayroT omHOM U Toit ke Moaenu,
XOTSI UX BEJIMYUHBI HE TIPOTTOPLIMOHANIBHBI APYT JIPY-
Ty, YTO MOXET OBbITh Pe3yJIbTaTOM Pa3HbIX MEeXaHU3-
MoB TreHepauuu PIT U reoMarHUTHBIX Oypb. Aslam
and Badruddin [2017] cpaBHUBaJIM BpeMeHHBIE MTPO-
¢ Dst-manekca, Bapuauuit KJI u mapamerpon
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MEXIUIAHETHBIX BO3MYILIEHUI MJISI TPaH3UEHTHBIX
COOBITHIT B COJTHEUHOM LiuKJe 24. Bo Bcex uccuenye-
MBIX COOBITHSIX, IameHue rmioTHoctu KJI HauymHa-
JIOCh paHbllle, YeM MaaeHue 3HadeHuit Dst-nHaeKca,
a BoccTtaHoBJieHUe Dst-uHAeKca olepeKaio BoccTa-
HoByieHUe rioTHocTu KJI. MakcuMainbHast Koppeisi-
o Mexny npoduinssmu Dst-mHaeKkca n BZ-KOMITO-
HEHTBI JOCTUTAJIaCh IIPU CABUTE ITO BpeMeHU OT 1 10
3 yacoB. Koppensuus Dst co ckopocTbio CB 6buia
MaKCHUMaJIbHa B TeYEHUE IJIAaBHOI (Da3bl TeOMarHUT -
HOTO IITOpMa, a ¢ uHaykieiir MMII — Ha ¢aze Boc-
cra"HoBneHus. lneik u ap. [2021] mst coOBITHIA C
1995 o 2019 rr. uccienosanu cBoiictBa @I, cBsg3aH-
HbIX C pa3HbIMM TUIIAMU B3aMMOJEUCTBYIOIINX MEX-
IUTAHETHBLIX BO3MYIIIEHW, 1 CpaBHUBAJIMN UX C U30-
JIUPOBAHHBIMU COOBITUSIMU. BBUIO IMOKa3zaHO, 4TO
cpenrue 3HadeHus |Dstminl: a) wis CH, cremyromnmx
3a ICME, HemMHOrO0 60blIlle, YeM TS N30JIMPOBAaHHBIX
CH; 6) nna ICME, 3a xotopoii cienyer CH, MeHbI1Ie,
yeM 111 u3onrpoBaHHBIX ICME; 0) B citydae n1ByX B3a-
nmopeiicTByronnx ICMEs, MeHbIIIe 111 IEpBOTO BO3-
MYIIIEHUS, 9eM 111 BToporo. TakmM oO6pa3oM, TIepBhIe
COOBITHS M3 B3aUMOJEUCTBYIOIIEH Iapbl MeHee reoad-
(EeKTUBHEI, a BTOpPbIE COOBITUS IIOJIy4alOT IOIIOIHM-
TeJIbHBIE “pecypchl”.

Llens HacTOsIIIEl PabOThl — BBISICHUTH, KaK 3Ha-
YEHUSI TEOMarHUTHBIX UHIEKCOB COOTHOCSITCS C Xa-
paktepHbiMu it PIT napamerpamu KJI 1 Mmexiuia-
HETHBIX BO3MYIIIEHUI B IpyINax COObITHIA, CBSI3aHHbIX
C Pa3HbLIMU TUIIAMU COJHEUYHBIX W MEXIUIaHETHBIX
UCTOYHUKOB. JIJIs1 MccenoBaHusl TeOMarHUTHBIX BO3-
MYILLIEHUI, TPOUCXOASIINX OTHOBPEMEHHO C pa3BU-
tieM DI1, OB UCITOB30BaHBI COOBITHS CO 3HAYE-
HusiMu Bzmin < —5 HTa (Bzmin — MUHMMaJbHOE B
TeueHne PII 3HaueHUE OTpULIATEIBHOM (FOXKHOIA)
komoHeHTEI MMII). Bospiioe KoimyecTBO uc-
MOJIb3YEMbIX COOBITUI MO3BOJUIO NPUMEHUTDH CTa-
TUCTUYECKME METOAbl HCCIAeAOBaHUsI AaHHBIX. [lo
TUITY COJTHEUHbIX MCTOYHUKOB M3 TTOJHOTO MaccuBa
nmanHbIX (rpyrma FULL) Beimenstiuck 4eTbIpe rpyIi-
bl coObITuit: a) rpynna CME1 — ®DI1, cBsa3aHHbIE C
BbIOpocamMu Macchl U3 AQ, COMPOBOXIABIIMMUCS
COJIHEYHBIMHU BenblIKaMu; 6) rpynma CME2 — OI1,
CBSI3aHHBIE C BOJIOKOHHBIMM BblOpocamu BHe AQO;
B) rpymnima CH — @I1, BeI3BaHHBIE BRICOKOCKOPOCT-
HbIMM TIOTOKaMM M3 KOPOHAJIBHBIX NIbIP; T) IpyIna
MIX — ®I1, cBsI3aHHbBIE C HECKOJIbKUMM MCTOYHUKA -
mu. UcciaenoBanuch Takxke pa3inuyus Mexay CIo-
paauyeckKuMu COOBITUSIMU MPU HAIWYUU (TPYIIIbI
CMEl + MC u CME2 + MC) wiu OoTCyTCTBUM
(rpynmet CMEL — MC u CME2 — MC) MarHuTHOTO
oOJjaka.

2 JAHHBIE U METObI

B pabote ncrnonb3oBaiuch JaHHbIE ¢ sHBapst 1997
o nexkadbps 2021 roma U3 CO3MaHHON U MOAACPKUBA-
emoii B UBMUPAH 6a3bl nanHbix @opoyir-addek-
TOB U MEXIJIAaHETHBIX Bo3MylleHuit (Forbush Effects
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and Interplanetary Disturbances — FEID) (https://
crst.izmiran.ru/aid/). Ilepuon oT6opa coOBITHIT Ha-
yuHaeTcs ¢ 1997 r., moToMy 4TO ¢ 3TOro rojaa B 6ase
maaHBIX FEID comep:kxmTcst HenmpepbIBHAas MOYaco-
Basg uHdoOpMalMsl O MapamMeTpax COJTHEYHOTO BeTpa.
B sr1o0ii 6a3e manHbIx, KaxkagoMmy PII cooTBeTCTBYET
Habop mapaMeTpoB, XapaKTepU3YIOIINX Bapualuu
KJI [BbenoB u nap., 2018; http://spaceweather.izmi-
ran.ru/dbs/vcr/ver.txt], CB [King and Papitashvili,
2005; http://omniweb.gsfc.nasa.gov/ ow. html], TA
[Matzka et al., 2021; ftp://ftp.gfz-potsdam.de/pub/
home/obs/kp-ap/wdc/; http://wdc.kugi.kyoto-u.ac.jp/
dstdir/index.html] 1 comHeynyoo akTuBHOCTH (http://
www.swpc.noaa.gov/ftpdir/lists/xray,  ftp://ftp.swpc.
noaa.gov/pub/indices/events/). 3HaueHus1 Bapualuit
TUTOTHOCTH M anu3oTponnu KJI paccuynraHbl o maH-
HbIM MUPOBOI CETU HEUTPOHHBIX MOHUTOPOB METO-
oM rnobanbHoi cbeMku [benoB u ap., 2018]; pe-
3YJIBTAThl TIOJIYYEHBI IS YacTUIl C KECTKOCTHIO
10 I'B, Hanbosee 61mu3Koi K 3(pHEKTUBHOM KECTKO-
CTH YaCTHUII, PETUCTPUPYEMBIX HEUTPOHHBIMI MOHY -
topamu. 3a Havasio PI1 mpuHUMaeTcss MOMEHT TIpH-
X0Ja yIapHO# BOJTHBI, B KAYECTBE MHAUKATOPA KOTO-
poOii MCTONB3yeTCsT BHE3aIlTHOe HadyaJlo MarHUTHOM
oypu (Sudden Storm Commencement — SSC) (https://
isgi.unistra.fr/data_download.php). I1pu orcyTcTBUM
SSC, navanom ®II cuuTtatoTcsl pe3kre U3MEHEHUs
OCHOBHBIX TTapaMeTPOB MEXKILTAHETHOM Cpeabl (CKO-
poctu CB wu/umm wHaykuuun MMIT) u/umm KJI.
Crmmcku M Cs B34TBI M3 cTaTeil M OHJIaiTH-KaTaJIOrOB
[Huttunen et al., 2005; Lynch et al., 2003, 2005;
Marubashi and Lepping, 2007; Epmonaes u 1p.,
2009; Gopalswamy et al., 2010; Kim et al., 2013;
Richardson and Cane, 2010; (https://wind.nasa.gov/
mfi/mag_cloud_ publ.html, https://wind.nasa.gov/ mfi/
mag_cloud_S1.html, https://cdaw.gsfc.nasa.gov/meet-
ings/ 2010_fluxrope/LWS_CDAW2010_ICMEtbl.html,
http://www.srl.caltech.edu/ACE/ASC/DATA/level3/
icmetable2.htm, http://www.iki.rssi.ru/omni/catalog/)].
IMpouecc npentudukauuu PI1 ¢ cOTHEYHBIMU KC-
TOYHUKaMU onmucaH B MeakymsH u ap. [2018], Mel-
kumyan et al. [2022].

Kaxnoe coObiTHe B MCIIOJb3yeMOIl 0a3e maHHBIX
XapakTepusyercsi HabopoM MapaMeTpoB, MOKa3biBa-
oKX, Kak BeayT cedst xapaktepuctuku KJI, CB u
I'A Bo Bpewmst paszsutus DI1. B HacToseit pabdore,
g kaxxgoro MIT ucnonb3yloTcst napameTphl: AF (aM-
mwntyaa @I unam MakcuManibHast Bapyualus TJIOTHO-
ctu KJI), Axymax (MakcnMainbHast B TeueHre OI1 sk-
BatopuanbHas aHuzorponus KJI), Azrange (pazmax
ceBepo-tokHO# aHuzorponuu KJI), Bzmin (MUHU-
MaibHOe B TeueHne PII oTpuiiatebHOe 3HAYEHME
Bz-xomnoHeHTsl MMII), Vmax m Bmax (Makcu-
MaibHble B TeueHue PIT ckopocts CB u nHayKIMs
MMII), Vb u Bb (3naueHus ckopoctu CB n mHIyK-
muu MMII 3a yac go Havyaysa ®PIT). B kauecTBe Xxa-
PAKTEPUCTUK MEXTIAHETHBIX BO3MYILIEHUI UCITOJb-
3YIOTCS TakKKe IapaMeTphl dB = Bmax — Bb u dV =
= Vmax — Vb u napamerp KTmin — MUHUMAJbHOE

IT'EOMATHETHU3M U ADPOHOMMUA

MEJIKYMAH u np.

(B Teuenne PI1) 3HaueHMEe TeMIepaTypHOTO MHACK-
ca. TemneparypHbIii THIEKC paBeH OTHOIIIEHUIO Ha-
OJrogaeMoil MPOTOHHOM TeMmepaTyphl K OXMAAeMOMI
TeMIlepaType, BbIYUCIEHHOU MO 3HAYEHUSIM CKO-
poctu CB [MenkymsiH u ap., 2020; Melkumyan et al.,
2021; http://spaceweather.izmiran.ru/dbs/kt/
temp_index.txt]. st xapakrepuctuku I'A ucrosn-
3yI0TCSl mapaMeTpbl: Dstmin (MUHAMaJIbHOE B Teue-
HUEe COOBbITUSI OTpUllaTe/ibHOe 3HaUeHue Dst-uHIAeK-
ca), Apmax n Kpmax (MaKCUMaJIbHbI€ B TEUCHHUE CO-
ObITHSI 3HaAYeHUsT MHAEKCOB Ap u Kp). ConHeuHast
aKTUBHOCTH XapaKTepuayercs mapameTpom SSN (So-
lar Spot Numbers), paBHBIM KOJMYECTBY COJTHEYHBIX
nsteH B neHb Havyana PIT (https://www.sidc.be/silso/
datafiles). 1151 onucaHusi BpeMEHHOTO pa3BUTUSI CO-
OBITHI1 MCTIONB3yeTCs BpeMs oT Hadama PI1 mo MoMeH-
Ta pErucTpalvu: a) MUHUMAaJIbHBIX 3HAYEHU I TJIOTHO-
ctu KJI (7min — BpeMsI criafga Wi JUIMTEIbHOCTD IV1aB-
Hoit ¢asel DII) m orpunarenpHOro Dst-MHIEKCA
(T Dstmin); 0) MakCUMaJIbHBIX 3HaUYeHU I cKopocTu CB
(TVmax) u HanpspkeHHoct MMIT (7Bmax).

Bosnblilioe KoIM4ecTBO UccieayeMbIX COOBITUI 103~
BOJISIET MCIIOJIb30BaTh CTATUCTUYECKUE METOMBI IS
aHaM3a MoBeJIeHUsI BCeX TapaMeTPOB U CBA3Ei MeX-
Iy HUMU B pasHbix rpynmax @I1. Cratuctuyeckuii
MOJAXOJ K aHaJIM3y JaHHBIX MPennojaraer, 4To CBOii-
CcTBa OOJIBIIIOTO KOJUYECTBA U3YYaEMbIX OOBEKTOB
MPENCTaBJISIOT JOMUHUPYIOIIME TPU3HAKU UHIUBU-
lyalbHOTO CcOObITUS. [IJIsi cpaBHEHUSI CTaTUCTUYE-
CKHX CBOWMCTB IIapaMETPOB M MUX B3aUMOCBS3Ei B
pa3HbIX IPYyMIiax COObITUI CTPOMIMCH KPYTOBbIE JUa-
rpaMMbl, IMarpaMmMbl paccesiHUs U JuarpaMMbl pa3-
Maxa; BbIYMCIISIUCh KBApTWIM paclpeaeseHuit, Ko-
3 ULIMEHTb KOppeasiiuu W CTaHIapTU3UPOBaH-
Hble KO3((PUIMEHTH MHOXECTBEHHOM JIMHEMHON
perpeccun. st cpaBHeHUSI KO3(PGUILIMEHTOB KOppe-
JISIUMU BBIYUCIISUIACH Z-CTaTUCTUKA U YPOBEHb 3Ha-
YUMOCTH p; pa3HULIA MEXIY NByMs1 KoaddulimeHTaMmu
cuuTajach cTaTUCTUYECKU 3HauuMoit ipu p < 0.05.
Ol1ieHKa CUJIbl KOPPEISIHUOHHOM CBSI3U JaBajlach MO
mkane Yennoka [Chaddock, 1925]: < 0.3 — cnabas,
0.3<r<0.5 —ymepennas, 0.5 <r<0.7 — 3HaUUTEIIb-
Has, r > 0.7 — cunbHas. st uccaeaoBaHusl CTaTU-
CTMYECKUX CBSI3EM MEXy T’eOMarHMTHbIMU MHIeKCa-
Mu U rtapametpamu KJI u MeXTIaHETHBIX BO3MYIIE-
HUI MCMOJB30BAJICS TaKXKe METOI MHOXECTBEHHOM
perpeccuy, YyYMTBHIBAIOIIUN B3aMMOCBSI3U MEXITY
BCEMU TTapaMeTpaMiu U JAlOIIMii 3HAUYUTEJIbHO OoJiee
peabHOE MpeCcTaBIeHUE O 3aBUCUMOCTU MEPEMEH-
HBbIX, YeM NapHble KOADOUIIMEHTHI KOPPESILIUHU.

3. PE3VJIBTATBI U OBCYXIEHHUE

3. 1. Dopbyui-noHuxNCceHUs, CEA3AHHbIE C 8bIOPOCAMU
MAccyl U3 AKMUBHbIX 00aacmeil, ¢ 6010KOHHbIMU
8vlOpocamu 3a npedesamu aKmMuEHblx obracmeil,

¢ CIRs uau ¢ HecKoabKUMU UCMOYHUKAMU

Tak KaKk omHUM U3 OCHOBHBIX (DAaKTOPOB, BIIMSIIO-
IIMX HA TEOMAarHUTHYIO aKTUBHOCTD SBJISIETCS CYILE-
Ne 6
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Taomuna 1. Menuansl pacnipenenenuii Dstmin, Apmax, SSN, napametpoB KJI u CB B pa3HbIx rpyrimnax coobituii (Bzmin <

< —=5HTn)
CMEl1 + | CMEl1—- | CME2+ | CME2 —
FULL CMEI CME2 CH MIX + MC _ MC + MC _MC

N 944 209 145 160 430 85 124 68 77
Dstmin —41 —67 -53 —33.5 -39 —101 —48 -73.5 -36
Apmax 39 67 39 32 32 111 39 61.5 32
AF —1.1 —-2.3 —1.2 —1.0 —1.0 4.8 1.5 1.8 1.0
Axymax 1.16 1.64 1.36 0.95 1.19 2.09 1.47 1.51 1.17
Azrange 0.97 1.38 1.06 0.86 1.09 1.78 1.18 1.09 0.95
Vmax 543 544 443 595.5 554.5 625 502 453.5 425
Bmax 12.7 16.6 13 11.4 12.1 22.1 13.4 15.85 11.2
Bzmin -7.3 -9.2 —8.6 —6.6 5.05 —13.2 —7.25 —11.15 -7.2
KTmin 0.50 0.25 0.30 0.62 0.56 0.13 0.41 0.19 0.49
dv 140.5 134 71 225 152 194 87 87.5 50
dB 6.5 9.8 7.8 6.75 7.1 15.3 6.55 11.1 5.4
SSN 65 112 71.5 15 62 105 115.5 61 95

CTBEHHasl oTpulareibHas Bz-kommoHeHTa MMII,
TO B JAHHOIT paGoTe MBI paccMaTpuBaau TOJIbKO DI,
XapakTepusyloluecs: 3HaueHusIMU Bzmin < —5 HTII.
B ucnonb3yemoii 6aze manHbix ¢ 1997 mo 2021 rr.
comepxxutca N == 1637 coObITUil, HAAEKHO MTPUBS-
3aHHBIX K COJIHEUHBIM MCTOYHUKAM Pa3HOTrO THUIIA.
3HaueHuA 10KHOM KoMoHeHTI MMIT oy atux co-
obiTuit MeHsttotrcs oT —53.7 HTn no 9.0 HTn. Ilocne
BBIOOpA 110 KpuTepuio Bzmin < —5 vl (tadn. 1), B
rpyrme FULL octanock 58% coowrtuit (N = 944), B
rpynite CME1 — 68% (N = 209), CME2 — 66%
(N=145), CH — 49% (N = 160), MIX — 55%
(N=430); npu 3TOM, mocJjie BbIOOpa, MeIMaHbI
pacrpenefieHuid OOJBIIMHCTBA ITapaMeTPOB BO
BCEX TIPYIIIax COOBITUII BO3pociu (OTpHUIIATEIbHBIC
3HayeHUs yMeHbIImIMch). Konnaecrso D11, comnpo-
BOXXIABIIMXCSI MAarHUTHBIMU OypsiMu (Kpmax = 5—),
coctaBuio: 508 cooniTuii B rpymiie FULL, 149 coObI-
tuii B rpynne CMEI1, 79 co6bituii B rpynne CME2,
70 cooprTuii B rpynmne CH, 210 coObITHif B rpyIime
MIX. Ha puc. 1 mpencraBiaeHBI KpyrOBBIe AUarpam-
Mbl Kp-MHIeKca, MOKa3bIBalIllue OTHOCUTEIbLHOE
KOJIMYECTBO MAarHUTHBIX Oypb pa3HOM MHTEHCUBHO-
ctu B rpynnax CME1, CME2, CH, MIX. Kak BugHo
u3 puc. 1, B rpynne CME] nHabmionarotrcsa Oypu oT
cnadbix (Kp = 5; minor) no akcTpeMalibHbIX (Kp = 9;
extreme), B rpymie CME2 — oT cimabbix 10 O4eHb
cunbHBIX (Kp = 8; severe), B rpynnax CH nu MIX —
cnabele, ymMmepeHHbIe (Kp = 6; moderate) i cUIbHEIE
(Kp =7, strong). I3 puc. 2 (BepxHue MaHeJIu) BUIHO,
YTO caMasl BbICOKAsi TeOMarHUTHAsI aKTUBHOCTh Xa-
pakTepHa OjIs MEXIUIAaHETHBIX BO3MYILIEHUI1, CBSI-
3aHHBIX ¢ CMES 13 akTUBHBIX 00J1acTeii, MEHEee BhI-
cokast — g ICMEs, c¢BsI3aHHBIX C BOJOKOHHBIMH
BBIOpOCAMM BHE aKTUMBHBIX 00JIacTeil, M camasi HU3-
Kasi — 1J1st cMelIaHHBIX coobiTuii U 1jist CIRs (ToabKO

TEOMATHETU3M U ADPOHOMMUA  tom 63  Ne 6

3% cunbHBIX Oypb). [TocaeaHMit pe3yabTaT YUCIEHHO
coBrmamaer ¢ oueHkoit reoadgexktuBHoct CIRs,
npuBeaeHHOI B Alves et al. [2006]. TTonyyeHHbBIE pe-
3y/JILTAaThl XapaKTEPU3YIOT COOBITUS B COJIHEYHBIX
HYKIIax 23—24 1 NonTBEpKIaloT BBHIBOIBI, ClIeJIAHHBIC
it conHeuHoro mukiaa 23 B Gopalswamy [2008]
(cpaBHeHUE Te0d(M(HEKTUBHOCTU PEKYPPEHTHBIX U
cnopaanyeckux coobituii) 1 Gopalswamy et al. [2010]
(cpaBHeHUE T€03(M(MEKTUBHOCTU MEXIIJIaHETHBIX
BO3MylleHU, cBsa3aHHBIX ¢ CMEs 13 AO u BoJio-
KOHHBIMU BEIOpocamMu BHe AO).

B ta6n. 1, nmpu Bzmin < —5 HTn, o pasHBIX
TPYIII COOBITUIT IIpeaCTaBISHBI MeIMaHbl pacIpeae-
JICHWI: a) mapaMeTpOB IreOMarHUTHOM 1M COJTHEUHOM
akTUBHOCTHU; 0) mapameTpoB KJI 1 MexXIUIaHEeTHBIX
BO3MYIIIEHWI1; B) MapamMeTpoB dB = Bmax — Bb, dV =
= Vmax — Vb, moka3bIBalOIINX pa3HUIy MEXIy Xa-
pakTepUCTUKaMM1 BO3MYIIIEHHOTO U criokoitHoro CB.
Ha puc. 2 moka3aHbI guarpaMMBl pa3Maxa IapaMeT-
poB Apmax, |Dstmin|, AF, |Bzmin|, Bmax, Vmax, dB,
dV. 13 cooOpaxeHuii Maciraoa, B rpynne CME] He
noka3aHbl coObiTusi: 2000.07.15 (Apmax = 400),
2001.11.06 (Bmax = 62.0 uTn, Bzmin = —53.7 uTn),
2003.10.29 (AF = 28.0%, Vmax = 1800 km/c),
2003.10.30 (Vmax = 1876 km/c), 2003.11.20 (Dstmin =
= —422 1yTn). 3 puc. 2 u Taba. 1 BUIHO, YTO 3HAUYEC-
HUSI TlapaMeTpa Apmax CyIIeCTBEHHO OOJblle B
rpyniie CME1 (Meamana = 67), yeM B TIpyImax
CME2 (39), CH (32), MIX (32), npuueM B Tpex Mo-
CJIEMHUX TPYIIIaX MeAaHbl pacIpeaeaeHnil Ap-nH-
JeKca TpakKTUYeCcKU coBnagaroT. st mapamerpa
| Dstmin| MequaHHBIE 3HAYEHUS TAKXKE HANOOJIBIIIIE B
rpyrmme CME1 (67 vTn), HO MeauaHa B TpyIine
CME2 (53 uTn) 3HauuMo OoJbllle, YeM B IpyIlIax
CH (34 uTn) u MIX (39 HTn). [TonyyeHHas pa3Hulia
B noBeneHuMn Ap- u Dst-uHAEKCOB, BO3MOXHO, CBSI-
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CMEI1

8%

23% 16%

CH
69%

4%

27%

MEJIKYMAH u np.

CME2

43%

6%

MIX
62%

7%

31%

Puc. 1. Kpyrossie nuarpammsbl napamerpa Kpmax B rpynmmax CMEL, CME2, CH, MIX (Bz < —5 #Tn, Kpmax > 5—).

3aHa C TeM, YTO OTU UHAEKChI YyBCTBUTEIbHBI K pa3-
HBIM TOKOBBIM CUCTeMaM: Ap-UHIEKC YyBCTBUTEJICH
K aBpOpaJIbHOMY 2JI€KTPOMXETY (MATHUTHEIM CyOO0y-
pPSIM) U KOJIbLIEBOMY TOKY (MarHUTHBIM OypsiM), Dst-
MHIIEKC — TOJIBKO K KOJIbIIEBOMY TOKY. B HacTosiieit
paboTe, B OCHOBHOM, MCITOJb3yeTcs Dst-MHIEKC, KO-
TOPBIN JOCTATOUYHO XapaKTepu3yeT MarHUTHYIO Oyplo.
M3 puc. 2 BUOHO, YTO pasmunre MeXIy paclipenciie-
Husmu B rpymnmax CME1 u CME2 cymectBeHHO
OoJblile 11 mapaMeTpa Dstmin, yeM 115 TTapaMeTpa
Bzmin. 3raguT, Ha ['A, KpoMme 10)KHOM KOMITOHEHTBI
MMII, BAUSIIOT 1 Ipyrye XapaKTepUCTUKU MeXTLIa-
HETHBbIX BO3MYIIIEHUWIi; OoJbllas pasHUlla MEXITy
pacnpenenenussmMu B rpynnax CMEI u CME2 Ha-
omomaetcst it amioarynsl PIT w1 mapamerpoB
Bmax, Vmax, dV. Yto kacaeTrcsd peKyppeHTHBIX U
CMEIIaHHBIX COOBITUM, TO pacnpenencHust Dsfmin B
9TUX IpynIiax MpakTUYeCKM MOBTOPSIOT pacnpeese-
HUs1 Bzmin (3a KCKJTI0UEHUEM 00JIaCTU MaJlbIX 3HaUYe-
HUi, HO BTO CBSI3aHO C BBHIOOPKOU MO KPUTEPHUIO
Bzmin < —5 1Tin). Mennana |Dstmin| 1uist peKyppeHT-
HBIX U CMEIIAaHHBIX COOBITUI MEHbILIE, YEM IJISI CIIO-
pagu4YeCcKUX COOBITUIT 000MX TUIOB. 3aMETHUM, YTO, IO
nmaHHbpM eIk 1 gp. [2021], B caydyae cMeIIaHHBIX
COOBITHI, cpenHee 3HaueHue | Dsfmin| TakKe MEHbIIIE
B ICME B3ammoneiictBytomieii mapsli ICME—CH

IT'EOMATHETHU3M U ADPOHOMMUA

(28.0 = 1.9 HTn), yuem B uzonupoBaHHbIX [CMEs
(49.3 £ 3.9 uTn).

Ha puc. 3 (BepxHsist M cpeHsIsI TTaHesb) TIpeacTaB-
JIEHBI IarpaMMBbl paccestHus Dsfmin—Bzmin B rpyI-
nax CMEI, CME2, CH, MIX. M3 pucyHKka BUIHO,
YTO XapakKTep 3aBUCUMOCTHU OTJIMYACTCS JJIs Pa3HBIX
rpymn coobITrii. s cnopammyecKnx COOBITH (0CO-
oenHo B rpynrne CMEL), oH Giauxke K JUHEHHOMY:
|Dstmin| BozpactaeT ¢ pocToM |Bzmin|, BEIOPOCH U3
o0Jjlaka ToueK MpakTUYeCKu OTCYTCTBYIOT. B To ke
Bpewms, B rpynne CH 3nadyenus Dsfmin ci1abo MeHSI-
IOTCSI ¢ UBMEHeHWeM Bzmin; B rpynne MIX 3aBucu-
MOCTb 0JIM3Ka K JIMHEWHOU, HO HabJII0AaeTCsl MHOTO
BBIOpOCcOB. TakmM o0Opa3om, cmopaguyecKue U pe-
KYPPEHTHbIE COOBITHSI OTJIUYAIOTCSI HE TOJIBKO BEI-
YMHOM napaMeTpoB Dsfmin 1 Bzmin, HO 1 XapaKTepoM
CBsI3U Mexiy HUMU. CpaBHEHUE XapaKTepa 3aBUCU-
MOCTU Dst-uHaeKca OT mapaMeTpoOB MEXIUIaHETHBIX
BO3MYIIIEHHWI, MPOBENEHHOE IS CIOPaAUYECKUX U
PEeKyppeHTHBIX coObITHii B Verbanac et al. [2013],
TakXe ToKa3ajlo pa3HUILy B XapaKTepe CBSI3U Mapa-
METPOB B 3TUX JIBYX I'pyIINax.

B Ta6i1. 2 mpencrasiieHbl NapHbIe KO3 (GUITUEHTH
Koppessinuu mapaMeTpa |Dstmin| ¢ mapamerpamu
KJI, MexXniaHeTHBIX BO3MYIIIEHU U COJTHEUHOM aK-
TUBHOCTH B Pa3HBIX Ipymnmax COOBITUI. DTH KO3(-
Ne 6
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Puc. 2. lnarpaMMbl pasMaxa napameTpoB Apmax, |Dstmin|, AF, |Bzmin|, Bmax, dB, Vmax, dV B rpynnax CME1, CME2, CH,
MIX (Bz < =5 vTu). B rpynine CME1 He nokaszansl coobitust: 2000.07.15 (Apmax = 400), 2001.11.06 (Bmax = 62.0 T, |Bzmin| =
=53.7 HT), 2003.10.29 (AF = 28.0%, Vmax = 1800 km/c), 2003.10.30 (Vmax = 1876 km/c), 2003.11.20 (|Dsrmin| = 422 1T).
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Puc. 3. Juarpammel paccessaust Dstmin—Bzmin B rpynmmax CMEL, CME2, CH, MIX u Dstmin—MCDur B rpyrinax CME1 + MC

u CME2 + MC (Bzmin < =5 HT).

¢ULMEHTH BBIUMCIIEHBI 0€3 ydeTa B3aMMOCBSI3eid
MEXIy XapaKTepUCTUKaMM, W 3aBUCUMOCThL Dstmin
OT KaKOro-jau0o mapamMeTpa MOXeT ObITh CJIeICTBUEM
CBA3U 3TOrO ITapaMeTpa ¢ ApYyTUMHU BETUYMHAMU, Ha-
npuMep, ¢ Bzmin. ITomyyeHHBIE TAKUM 00pa3oM pe-
3yJbTaThl MOT'YT OBITh OYEHb ITOJIE3HBI IIPU pacueTax,
HO MpU aHam3e (pU3NIEeCKON MPUPOIbl 3aBUCHUMO-
cti ['A OT MeXIJIaHETHBIX BO3MYIIEHU I TOJKHBI MC-
MOJIb30BaThCS C OCTOPOKHOCTHIO: C yUETOM BCEX CTa-
TUCTUYECKMX CBsI3Eii, 3aBUCUMOCTD Dstmin OT HeKO-
TOPBIX MApaMETPOB MOXET OKa3aThCs Ooyiee ciraboit
WY dake He3HauYuMoii. TeM He MeHee, MOXKHO OTHO-
3HAYHO YTBEPXKIaTb, UYTO KOPPEJSILIMOHHAS CBSI3b

IT'EOMATHETHU3M U ADPOHOMMUA

Dstmin m Bzmin: a) st CiopaguyecKux COOBITUI
(cunpHas1) 3HAYMMO OOJIbIIE, YeM [JIs CMEIaH-
HbIX (3HAYUTEIbHASI) U PEKYPPEHTHBIX (YMEpEeH-
Hast); 0) Brpynnax CMEl u CME2 otiuuaercs
cTaTUCTUYeCKM He3Hauumo (z = 1.79, p = 0.07);
B) B rpyme MIX cubHee, yem B rpynrie CH (z = 2.41,
p = 0.01). Takum o6Gpa3zoM, JIsT TPAH3UECHTHBIX BO3-
myiieHuit CB TUI coflHeYHOTO MCTOYHUKA (BBIOPO-
cbl Macchl U3 AO UKW BOJOKOHHBIE BBIOPOCHI BHE
AO) He BIMSIET Ha 3aBUCUMOCTb Dst-MHAEKca OT Be-
JIMYUHBI 10XXHOI KoMIoHeHThI MMII, camas cuiib-
Hasl 3aBUCUMOCTb HaOJIoaeTCs ISl COPaaIUudYeCKUX
COOBITHIT 000MX TUTIOB, a camasi cJiabast — IJIsT peKyp-
Ne 6
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Tabmua 2. KosdduumeHntsl koppensauuu |Dstmin| ¢ SSN, mapamerpamu KJI u CB B pasHbIx rpymmnax co6bituii (Bz <

< =5 HTn)
CME1 + CMEI — CME2 + CME2 —
CMEI1 CME2 CH MIX + MC _MC + MC _MC

N 209 145 160 430 85 124 68 77
AF 0.62 0.58 0.36 0.28 0.68 0.35 0.54 0.46
Axymax 0.46 0.45 — 0.18 0.44 0.32 0.48 0.33
Azrange 0.49 0.39 — 0.30 0.50 0.30 0.37 0.37
Vmax 0.61 0.49 0.42 0.28 0.60 0.50 0.49 0.50
Bmax 0.80 0.72 0.42 0.38 0.78 0.75 0.67 0.65
Bzmin 0.86 0.80 0.35 0.53 0.83 0.85 0.75 0.75
KTmin —0.28 —0.37 - — —0.21 —0.20 —0.23 —0.26
Vb 0.43 0.16 0.27 0.26 0.44 0.37 - 0.23
Bb 0.46 0.26 0.26 0.39 0.42 0.52 0.27 0.45
SSN 0.19 — 0.29 0.21 0.22 0.24 0.40 —

peHTHBIX coObIThii. YTO Kacaercsa cBs3u Dstmin ¢
ocTaJlbHBIMM mapameTpamu, To B rpynne CMEI1
HabJiroaeTcss 3HaAYMTebHAsl Koppessiuust ¢ Vmax,
B rpynme CH — ymepeHHast ¢ Bmax, B rpyriie MIX —
yMepeHHas1i ¢ Bb. Koppensiiiyisi reoMarHUTHBIX WH-
nekcoB ¢ napametrpamu KJI u CB 151 pa3HbIX TUTIOB
MEXILJTAaHETHBIX BO3MYILIEHUI UCCclieaoBaiach BO MHO-
rMx paborax W, XOTS IS CIOPAAUYECKUX COOBITUN
OOBIYHO OTMeYaach 0oJjiee TeCHasl CBSI3b, YUCIECH-
HbIE€ OLIEHKU KO3((UIIMEHTOB KOPPEISILIMU pa3HU-
JIMCh oT cnabwix [Hanpumep, Kane, 2010; Lingri et al.,
2016] mo cuibHbIX [ Badruddin and Kumar, 2015]. bo-
Jiee TIoapoOHOe oOcy:KaeHue cBs3eit Dstmin ¢ nmapa-
MeTpamMu KJI u CB mj1st pa3HbIX TUITOB MEXILIAHET-
HBIX BO3MYIIEHUI OyIeT mpeacTaBaeHo B pa3aeiie 3.3.

Hnsa cpaBHenus pa3Butus ®I1 1 reoMarHUTHBIX
BO3MYVILIEHUI B pa3HBIX IPYIIITax COOBITUI UCIIONb30-
BaJMCh BpeMeHHBIe mapaMeTpbl: 7 Dstmin, Tmin,
TBmax n TVmax [MenkymssH n ap., 2022; Mel-
kumyan et al., 2023]. B Ta6n. 3 nipeacTaBiaeHbI cpel-
HUE 3HAaYeHUs, MeAMaHbl, MEXKBapTUJIbHbBIE MHTEP-
Banbl (Interquartile Ranges — 1IQRs) n 95%-Hble rpa-
HULIBI pachpeneicHuii, a Takke Ko3(h(UIINMESHTHI
Koppensin T Dstmin ¢ ocTaTbHBIMY ITapaMeTPaMU B
pa3HBIX TpyIiax coobiThii. M3 Tabdi. 3 BUOHO, YTO:
a) BHyTpu Kaxxaout n3 rpynrn CMEL u CME?2 pacripe-
neneHus TDsfmin 1 Tmin IpakTUYECKU COBIIAIAIOT;
0) B rpymmrax CH n MIX muaumym motHoctu KJI
JIOCTUTACTCS TI03XKE, YEM IKCTpeMajbHOE 3HAYCHUE
Dst-unnexca; B) pazpurue MI1 1 reoMarHUTHBIX BO3-
MYIIEHMU IIPOUCXOIUT Topa3no ObICTpee IJIsl criopa-
JUYECKUX COOBITUI (0COOEHHO, CBSI3aHHBIX C BIOPO-
camu Macchl 13 AQO), 4eM IJIs1 peKYpPEHTHBIX; T) KOp-
pensiiust TDstmin—Tmin B rpynne CME1 3HaunMo
MPEBOCXOAUT Koppeisiuuio B rpynmnax CME2 (z =
=197, p=0.02), CH (z=3.02, p = 0.001), MIX (z =
=2.22,p=0.01); n) koppensitiust T Dstmin ¢ TBmax u
TVmax Bo Bcex IrpyIimnax COObITUM MOJTOXUTETbHAS U

TEOMATHETU3M U ADPOHOMMUA  tom 63  Ne 6

KoJie0JeTcs oT cjiaboii 1o 3HauYnTenbHOM. [lomyyeHHBIS
pe3yJIbTaThl MOAAEPKUBAIOT BBIBO O TOM, YTO O0JIb-
11asi TPOJOIKUTEILHOCTD CYLIIECTBOBAHMST MEXIIIa-
HETHON HEOJHOPOIHOCTU MPUBOAUT K Oosiee Iiu-
TeJIbHOMY Tieproy noBbiiieHHOW I'A [PonbkuH u ap.,
2020].

3.2 @Popoyw-nonuxcenus, evizeantvie ICMES,
8 KOMOopbIX HAOAH00AN0Ch UAU He Ha0A00an0Ch
MaeHuUmHoe 061aKo

Hns cpaBHeHUs A TpaH3UMEHTHBIX COOBITUIT, B
KOTOPBIX HaOII0maeTcsl WIM He HaOMI0maeTcsl Mar-
HUTHOE 00J1aKo 0K0j10 opouThl 3emiin, PI1, cBg3aH-
HbIe ¢ BbIOpocaMu Macchl U3 AO WU ¢ BOJTOKOHHBI-
MU BbIOpocamMu BHe AO, ObUIM pa30OUThI HAa TPYIIIbI
(Bzmin < =5 HTn): CME1 + MC (N = 85 cobbITuii),
CMEI — MC (N = 124), CME2 +MC (N = 68),
CME2 — MC (N =77). Ilpu aToM, KonudectBo PII,
COIIPOBOXIABIINXCS MAarHUTHBIMM Oypsimu (Kpmax >
>5—), cocraBuio: 80 cobwiTuit (94%) B Tpymme
CMEI + MC; 69 coonituii (56%) B rpyrime CMEL —
— MC; 51 co6rrtue (78%) B rpymmme CME2 + MC;
28 cobpithit (36%) B Tpyrmme CME2 — MC. Takum
obpazowm, B rpyrme CMEI + MC nmouTtu Bce MexXra-
HETHbIC BO3MylleHUsI ¢ Bzmin < —5 HTn BeI3BaIu
reoMarHuTHBIE OypM, B TO BpeMs KaK B TIpYIIIIe
CME2 — MC Koau4ecTBO MarHUTHBIX OYypb COCTa-
BMJIO TOJILKO OKOJIO TpeTu KojmmdectBa PII. He-
CMOTPS Ha TO, YTO Te03(P(PEKTUBHOCTh MEXKILIAHET-
HbIX Bo3MylueHuit B rpynime CMEI] Gonbire, yeM B
rpynne CME2, BeposITHOCTb IOSIBJIEHISI MATHUTHBIX
oypb B rpymiie CME1 — MC mensbIie, 4eM B IpyIiine
CME2 + MC, To ecTb, Hajau4ue Wi orcyrcrerue MC
cujibHee BimsieT Ha A, 4eM TUIT COJTHEYHOTO MCTOY-
HuKa. Ha puc. 4 mpeacraBiaeHbl KpPyroBbIe Juarpam-
Mbl Kp-uHIOeKca, IOKa3bIBalollue OTHOCUTEIbHOE
KOJIMYECTBO MAarHUTHBIX Oyph pa3HOil MHTEHCUBHO-
ctu B rpymrax CMEI + MC, CME1 — MC, CME2 +

2023
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Tabmua 3. CTaTUCTUYECKME XapaKTEPUCTUKU BPEMEHHBIX IapaMeTpoB M Ko3Gh@UUUEHTH Koppeiauuu 1Dstmin
¢ Tmin, TVmax, TBmax njis1 pa3HbIX I'pyI coobituit (Bz < —5 HTn)

Ipynma N [Mapamerp Cpennee MenuaHa IQR 95% r
CMEI1 187 TDstmin 16.6 = 0.7 14 9-22 38 1.00
Tmin 18.7 £ 0.7 15 8-23 36 0.54
TVmax 10.2 £0.7 7 4—14 28 0.26
TBmax 9.1 £0.6 6 3—12 28 0.27
CME2 131 TDstmin 19.1+1.0 17 11-25 46 1.00
Tmin 17.5£0.8 17 10-23 33 0.36

TVmax 11.9£0.9 9 4—17 34 —
TBmax 144+£0.9 12 7-20 33 0.45
CH 144 TDstmin 231+ 1.0 21 13—-32 45 1.00
Tmin 26.5+ 1.1 26 16—40 46 0.26
TVmax 334+1.3 31 22—45 61 0.32
TBmax 122+0.8 9 5.5-17 29 0.46
MIX 337 TDstmin 18.5+0.6 16 10-25 41 1.00
Tmin 22.2+£0.7 20 10-33 45 0.38
TVmax 27.4+0.8 25 17-37 56 0.33
TBmax 12.1£0.6 9 5—16 33 0.40
CME1 + MC 79 TDstmin 16.9 £ 1.0 16 11-23 34 1.00
Tmin 16.0 £ 0.8 16 9-22 30 0.48

TVmax 8.8 +0.7 8 4—11 23 -
TBmax 9.9+0.8 5-13 26 0.27
CME1 — MC 108 T'Dstmin 16.4 + 1.0 13 9-21 38 1.00
Tmin 172+ 1.1 15 8-23 43 0.56
TVmax 11.2+£ 1.0 6.5 3—-15.5 35 0.34
TBmax 8.5+0.9 4 2—10.5 29 0.26
CME2 + MC 65 TDstmin 212+ 14 19 12—-29 48 1.00
Tmin 19.4 £ 1.1 18 12-25 33 0.37

TVmax 10 £ 11.0 7 4—13 30 —
TBmax 171+ 1.1 16 10-23 33 0.50
CME2 — MC 66 TDstmin 170 £ 1.3 14 10-22 43 1.00
Tmin 156 £1.2 15 9-20 32 0.30

TVmax 13.7+ 1.5 9.5 4-21 40 —
TBmax 11.7 £ 1.2 9 5-14 38 0.35

+ MC, CME2 — MC. U3 puc. 4 ciienyer, 4To COObI-
TusM, cBsizaHHbIM ¢ CMEs u3 AO, nipu Hatmuuu MC
COOTBETCTBYIOT 4Yalle yMmepeHHble (Kpmax = 0),
CUJIBHBIE 1 OY€Hb CUJIbHBIE OypH, peke BCTPEYarOTCs
Oypu ciabble U 3KcTpeMaibHbie. [Ipn oTcyTcTBUM
MC, B3THX COOBITHSIX HAOJFOOAIOTCS, B OCHOBHOM,
ciabkle, yMEepeHHEIC Y CUJIBHEIC OypH, a OYeHb CUJIb-
HBIE€ U SKCTpEeMaJIbHbIe OypU PEeTrUCTPUPYIOTCS Kpaii-
He penko. nss ICMESs, ¢cBsI3aHHBIX C BOJIOKOHHBIMU
BBIOpOCAMM BHE aKTHMBHBIX 00JIacTei, MPU HAJTUYUU
MC 66ab111ast 9aCTh COOBITUI CBSI3aHA CO CIA0OBIMU U
yMepeHHBIMU OypsiMu, Tipr otcyTcTBUM MC — co cia-

IT'EOMATHETHU3M U ADPOHOMMUA

ObIMU. JIJ1s1 3TOro TUIMAa COOBITUI, OUEHB CUJIbHBIC OY-
Py BCTpEYalOTCsl HAMHOIO pexke, YeM IJisl COObITHIA,
cBs13aHHBIX ¢ CMES 13 akTMBHBIX 00JiacTeit, HO IpHu
Hammund MC BeposSITHOCTh Takoii Oypu BCe-TaKu
oompire. TakuM oOpa3om, camasi BhICOKasi TeoMar-
HUTHAasi aKTUBHOCTh HAOIIOAAETCST Y MEXKIIAHETHBIX
BO3MYylIeHUI, cBsI3aHHBIX ¢ CMEs M3 akKTUBHBIX
obGnacrteit, nmpu Haauuuu MC, camass HU3Kas —
y ICMESs, cBSI3aHHBIX C BOJJOKOHHBIMM BBIOpOCaMU
BHE aKTMBHBIX oOJracteit, B orcyrctBue MC. Takum
o0Opa3oM, Ha 4acTOTy MOSBISHUS Oypb pa3HON WH-
TEHCUBHOCTHU BJIUSIET KaK TUIT COJTHEYHOTO UCTOYHMU -
Ne 6
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Puc. 4. Kpyrosele nuarpammbl napamerpa Kpmax B rpynmax CME1 + MC, CME1 — MC, CME2 + MC, CME2 — MC

(Bzmin < =5 HTn, Kpmax > 5—).

Ka, TaK W TUM MEXIUIAaHETHON HEOIHOPOIHOCTH,
npuyeM BO3JeiCTBUE BTOporo (hakTopa Gosee 3¢h-
dexTuBHO. [TomydeHHbIe pe3yIbTaThl YACTUYHO COB-
nagaloT ¢ pe3yjbTaTaMU, OJIydeHHBIMU B Yermolaev
etal. [2012], ApemyxuHa u np. [2019] npu cpaBHEHUMN
MeXIIaHeTHBIX Bo3myiieHuit Turia MC u Ejecta, HO
MO3BOJISIOT TaKXe OLIEHUTh F€OMarHUTHYIO aKTUB-
HOCTh TPAH3UEHTHBIX BO3MYILEHUIA, CBSI3aHHBIX C
pa3HBIMU TUITAMU COJIHEUHBIX UCTOYHUKOB.

B TaGa. 1 npencraBiieHbl MeAUaHbl paclipeaeiae-
HUI MapaMETPOB T€OMAarHMTHON MW COJHEYHOMN akK-
tuBHocTH, KJI m CB B rpymmax CMEl1l + MC,
CME1 — MC, CME2 + MC, CME2 — MC (Bzmin <
< =5 gTim). Y3 tabn. 1 BUAHO, 4YTO MeAMAaHHBIE 3HA-
yeHus mapamerpa |Dstmin| B rpyrmax ¢ MC (CMEL +
+ MC: 101 uTn, CME2 + MC 74 vTn) cyiiecTBeHHO
6osbiie, yeM B rpymnnax 6es MC (CMEl — MC:
48 HTn, CME2 — MC: 36 uTn). Ta ke TeHIeHIUS
MPOCHIEXUBAETCA s MapaMerpa |Bgzmin| (M mis
OCTaJIbHBIX MTApaMETPOB) KaK JJisl COOBITUI, CBI3aH-
HBIX ¢ BbIOpocamMu Maccel u3 AO (CMEI + MC:
13.2 HTn, CME1 — MC: 7.2 HTn), Tak u ajist cOObI-
TUIA, CBSI3aHHBIX C BOJIOKOHHBIMU BHIOpOCAaMM BHE
AO (CME2 + MC: 11.2 aTn, CME2 — MC: 7.2 uTm).
Ha puc. 5 moka3aHbl guarpaMMbl pa3Maxa rapamMeT-
poB Apmax, |Dstmin|, AF, |Bzmin|, Bmax, Vmax, dB,
dV B rpynnax CMEI + MC, CMEI — MC, CME2 +
Ne 6
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+ MC, CME2 — MC (Bzmin < —5 HTn). 13 coobpa-
JKeHMI MacilTaba, He MoKa3aHbl COOBITUSI B TPYIIIe
CME1 + MC: 2000.07.15 (Apmax = 400), 2001.11.06
(Bmax = 62.0 uTa, Bzmin = —53.7 uTn), 2003.10.29
(AF = 28.0%, Vmax = 1800 km/c), 2003.10.30
(Vmax = 1876 km/c), 2003.11.20 (Dstmin = —422 uTn).
M3 puc. 5 BUgHO, 4TOo pa3Max 3HaAYEeHUIN U IMUpUHA
IQR 6Goabme B rpymmax coobituii ¢ MC miist 601b-
IIMHCTBA MapaMeTpoB (KpoMe Vmax u dV' B coObITH-
sIX, CBSI3aHHBIX C BOJIOKOHHBIMHU BbhIOpocamu). Ta-
KMM 00pa3oM, MOXHO clieJiaTh BBIBOJ, UTO JJIs1 00JIb-
IIMHCTBA MapaMeTpoB (B TOM uucie st |Dstmin| u
|Bzmin|): a) MemuaHbl pacrpeneieHHii OOJblle B
rpynmnax coowituii ¢ MC y 3emiu; 6) pa3Hulia 3Haue-
Huit B rpymnmax ¢ MC u 6e3 MC oonbiie ajist coobI-
Thii, cBa3aHHbIX ¢ CMEs u3 akTUBHBIX 00JIacTeil;
B) pa3HMlIa 3HAYE€HMIi, BbI3BaHHAs HaAJIUYWEM WJIU
orcyrctBueM MC, HaMHOTO OOJIbIIIe, YeM pa3HMIIA,
BbI3BaHHAsl Pa3IMYHBIMU TUMAMU COJIHEUHBIX MC-
TOYHUKOB.

B Ta6n. 2 nmpencraBieHbI 3HAYEHUS ITAPHBIX KO (] -
(PUIIMEHTOB KOppesuy mapaMerpa |Dsfmin| ¢ mapa-
MeTpamu KJI 1 MeXTIIIaHETHBIX BOSMYIIIEHUI B TPYIT-
max CMEl + MC, CME1 — MC, CME2 + MC,
CME2 — MC. C yuyeToM B3aMMOCBSI3€ MEXIy UC-
MoAb3yeMbIMU NapaMeTpaMu (paszgen 3.3), MOXHO
YBEPEHHO TOBOPUTH O CHJIBHOI KOppEJISIINY ¢ Bzmin

2023
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Puc. 5. [luarpamMMbl pa3maxa napametpoB Apmax, |Dstmin|, AF, |Bzmin|, Vmax, Bmax, dV, dB B rpynnax CMEI — MC, CMEI +
+ MC, CME2 — MC, CME2 + MC (Bz < =5 1Tmn). B rpyrmme CME1 + MC nHe nokazansl coobrtust: 2000.07.15 (Apmax = 400),
2001.11.06 (Bmax = 62.0 HTu, |Bzmin| = 53.7 uTi), 2003.10.29 (AF= 28.0%, Vmax = 1800 km/c), 2003.10.30 (Vmax = 1876 km/c),
2003.11.20 (|Dstmin| = 422 uTu).
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(BO Bcex IpyIlIax COOBITHIT), YMEPEHHOMN KOppessi-
uun ¢ Vmax (B rpymnmax 6e3 MC), Vb (B rpynmne
CMEI1 + MC) u Bb (B rpynine CME1 — MC). Koap-
$UIIMEeHTHI Koppersaunn Dstmin—Bzmin 1is criopa-
JIUYECKUX COOBITUM BBIIIE, YeM KO3(MDGUIIMEHTHI, O~
JiyaeHHble 111 MCs B mpeabaylux paboTax [Harpu-
Mep, Alves et al., 2006], 4TO MOXKeT OBbITH CBSI3aHO KaK
¢ OopIIM 00BEMOM BBIOOPOK, TaK M ¢ 0oJjiee ymad-
HBIM pa3lieJIcHUeM COOBITHIT Ha TpyIibl. YTo KacaeT-
cs1 K0a(pUIMEHTOB Koppesauu |Dstmin| ¢ ocTraib-
HBIMU MapaMeTpaMu, TO OHU B MOJHOU Me€pe MOTyT
OBITh MCITOJIb30BaHbI IS COOTBETCTBYIOIINX pacye-
TOB, HO MOJyYeHHAs] CTaTUCTUYECKASI CBSI3b MOXKET
OBITh CJIEACTBHMEM 3aBUCUMOCTH 3TUX ITapaMeTPOB OT
JpYrux BeJIWYMH, Yalle Bcero oT Bzmin. bojee mo-
IpOOHO cTaTucTUYEcKasl CBI3b Dstmin ¢ ITapaMeTpa-
mu KJI 1 CB o6cyxnaercs B pasnene 3.3.

Kpowme ananm3za cBs3eii Dst-mHaeKca ¢ aMIUIMTY/I-
HBIMU XapaKTEpUCTUKAMM MEXIUIAHETHBIX BO3MY-
IIEHUI, MBIl MCCIIEAOBAJIM TakKXe €ro 3aBUCHUMOCTh
ot nmponokuteabHoctu MC (mapametrp MCDur).
Ha puc. 3 (HUXHSS TlaHedb) MpEACTaBJIEHBI aUa-
rpamMmbl paccessHust Dstmin—MCDur B rpynmax co-
ooituit CMEI + MC u CME2 + MC. MenuaHHbIE
3HaueHus napameTpa MCDurB 06eunx rpyrmnmnax coobl-
TUI1 paBHBI 22 4, HO U3 pUC. 3 BUAHO, YTO XapaKTep
cBsa3u Dstmin—MCDur 3HaYUTETLHO OTIMYACTCS B
STUX JBYX I'pyIIiax: 00jlaka ToYeK UMEIOT COBEPIIeH-
HO pa3nyio ¢opmy. [1pu 3TOM 1151 COOBITHUIA, CBSI3aH-
HBIX ¢ BBIOpocaMu Macchl n3 AO, Ha TUIOCKOCTH SIBHO
BBIACJISIIOTCS IBa 00J1aKa TOYEK: MPU MaJibIX U 00JIb-
X 3HaYeHusIx rmapamerpa M CDur (moporoBoe 3Ha-
yeHue = 20 4); xapakTep 3aBUCUMOCTH B 3TUX 00JIa-
Kax CyILLIECTBEHHO Pa3HbIN.

B Ta6a. 3 pencrasieHbl cpenHe 3HAYSCHUSI, Me-
nuanbl 1 IQRs mapaMmeTpoB Tmin, 7Dstmin, 7Bmax
n TVmax, a Takke KO3(PPUIMEHTH KOPPEITIIINHA
Mmexny TDstmin 1 ocTaTbHBIMU BpeMEeHHBIMHU T1apa-
Mmetpamu B rpynmnax CMEl1 + MC, CME1l — MC,
CME2 + MC, CME2 — MC. 13 Tab6x. 3 BugHO, YTO
pacripenenaeHus mapamMeTpoB 7' Dstmin u Tmin BHYT-
PM KaXKI0M IPYIIbI COOBITUI MPaKTUYECKU COBITaIa-
0T, TpUYeM pa3BUTHME T€OMarHUTHBIX BO3MYIIIEHUI
u @II B rpynnne CME2 + MC npoucxoguTt MeIjIeH-
Hee, YeM B OCTAIbHBIX IpyTinax. YTo KacaeTcs UHTep-
BaJIOB BpEeMEHU MeXAy MakcumMymoM [A M Makcu-
MaJIbHBIMM 3Ha4YeHUsIMU TapameTrpoB CB, To: a) 3a-
JIepxxku Dstmin oTHocuTebHO Fmax (7—8 4) u Bmax
(9 9) B rpynmmax CME1 + MC u CME1 — MC mtoutn
COBITaAaIoOT; 0) 3ama3apIiBaHue Dstmin OTHOCUTEIBHO
Bmax B rpynmax CME2 + MC u CME2 — MC (3—54)
1 oTHocUTenbHO Vmax B rpynne CME2 — MC (5 9)
MPUMEPHO OAMHAKOBO, a 3aJepXKa OTHOCUTEIbHO
Vmax B rpynne CME?2 + MC cyiiecTBeHHO OoJbIle
(12 49). Takoe oTcTaBaHUe MUHUMYMA Dst-UHIEKCa OT
MaKCUMaJbHOI CKOPOCTHU COJIHEYHOTO BETpa CBs3a-
HO ¢ OYeHb OoJIbIIMM 3HadeHneM 7Vmax (16 4), Ko-
TOPOE YaCTUYHO MOKHO OOBSICHUTD TEM, UTO B COOBI-
TUsix ¢ MC MakcuMalibHbl€ 3HAUEHUSI CKOPOCTH J10-
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BOJILHO 4acTo HabJsrogaloTcsd UMeHHO BHyTpu MC
[AOyHuHa u np., 2021], a B coobITUsix 6e3 MC — B Ha-
yajie coObITusI (B 00JIaCTU B3aMMOJEICTBUSI WM Ha
yAapHOI BOJIHE).

3.3 MHoorcecmeeHHbLil peepecCUOHHbLIL AHANU3
04151 8cex epynn cobblmuii

st cpaBHEHMsI CTaTUCTUYECKMX 3aBUCUMOCTEM
Mexny Dst-mHnekcoM M xapakrtepuctnkamu KJI m
CB ucnojnbs3oBajicss METOJI MHOXECTBEHHOI perpec-
CUMH: BEIYUCIISIINCh CTAHIAPTU3NPOBaHHBIE KO3 DU~
mueHThl perpeccun (Standardized Regression Coelffi-
cients — SRCs) u xoadpdpunmeHT nerepmuHaumu (R?)
IUTSI TIPOTHO3MPYEMOI epeMeHHoi | Dstmin| u HaGo-
pa npeaukTopoB AF, Axymax, Azrange, Bmax, Vmax,
Bzmin, Bb, Vb, KTmin B pa3HbIX IpyHIIax COOBITUIA
(Tabi. 4). 3nadyenue SRC nmokasbiBaeT 010 JUCTIEP-
cuu napameTpa Dsfmin, 0oObSICHSIEMYIO JTaHHBIM Mpe-
IUKTOPOM, W OLIEHMBAET CHJIY BIMUSIHUS 3TOIO IIpe-
JIUKTOpa Ha MPOTHO3MPYEMYIO BEJIUYMHY. 3HAYECHUE
R? mokasblBaeT IOJII0 JUcIepcuy napameTpa Dsfmin,
KOTOPYIO OOBSICHSIIOT BCE MCIIOJIb3yeMble TTPEIUKTO-
pBI, ¥ OLICHUBaEeT Ka4eCcTBO IIPOorHo3a. Tak, modasiie-
HME B TPYIITY IPEIUKTOPOB ITapaMmeTpa SSN npuseno
K CYLIECTBEHHOMY yMeHbleHuo R? (B rpyrme FULL
¢ 0.78 mo 0.46), To ecThb K yXyAIIEHUIO IIPOTHO3a.
M3 Tabi1. 4 BUOHO, 4TO IJISI CIOPAINYEeCKIX COOBITHIA,
HE3aBUCUMO OT TUIIA COJTHEYHOI'O MCTOYHMKA M Ha-
amyusa wim orcyrcreuss MC, 3Hauenus R? (ot 0.73
1o 0.83) 6ombiie, yem misa rpynn CH (0.42) u MIX
(0.46). TakuM 0Opa3oM, 3aBUCUMOCTh Dst-MHIeKca
OT Habopa NpeIuKTOPOB, a TOYHEE CHJIa TOI 3aBU-
CUMOCTH U CTENEHD €€ TMHEMHOCTU, OTJIMYAETCS IS
pa3HBIX TUIIOB COJIHEYHBIX UCTOYHUKOB. I1pu 3TOM,
pe3yAbTaThl MPOTHO3a IS TPYII CIIOPagNnIeCKUX
COOBITUII XapaKTepU3YIOTCSI OOJBIION CTEIEeHBIO
HaJIeXHOCTU, a pe3yabTaThl 1js rpynn CH u MIX
MeHee HanexXHbl. He oueHb OoibIIne, XOTs BIIOJIHE
JIOCTATOYHbIE JJIsI HOJIYyUYEHUS CTAaTUCTUYECKU 3HAUM -
MBIX P€3y/IbTaTOB, 3HaYeHUS R> MOTYT OOBICHATLCA
KaK CJIOXXHOCTbIO U Pa3HOOOpa3reM BIUSTHUS MEX-
IUIAHETHOI cpenbl, TaK U T€M, YTO HCIIOJIb3yeMbIiA
Habop IIPEeAUKTOPOB HE OIpEAeIsieT ITOJIHOCTBHIO
BosaelictBue Bo3mylueHuii CB Ha T'A. Pe3ynbTaThl,
IpeacTaBlIeHHbIE B Tabjd. 4, MMOKAa3bIBalOT CHJIBHYIO
(SRC = 0.7) saBucumocTh |Dstmin| ot |Bzmin| mis
BCEX TPYII CIIOpaaUYeCcKrUX COOBITUM U ciadyto
(SRC = 0.2) 3aBucuMocTh |Dsfmin| oT Vmax mis
ICMEsSs, B KoToprix orcyrcTByeT MC. 11 cMeniaH-
HBIX COOBITHI, KpoMe |Bzmin| (SRC = 0.47) u Vmax
(0.38), 3HaueHus1 Dstmin OIpeneIsIFoTCS TakKxKe Ma-
pametpamu Vb (0.25) u Bb (0.17), xapakTepu3youim-
MU criokoiiHblii CB. JIis1 peKyppeHTHbBIX COOBITUIA,
3aBUCUMOCTD |Dstmin| ot |Bzmin| (SRC = 0.21) cna-
6ee, yeM ot Bmax (0.37) u Vb (0.36). MHOXe-
CTBEHHBIII PErpecCUOHHBIM aHalu3 IO0Ka3bIBaeT,
YTO: a) Ik BCeX IpyIt coobitii, Kpome CME2 + MC,
3HaueHUs Dst-MHIeKca 3aBUCIT HE TOJBKO OT IOXK-
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Tabmmua 4. Pe3yabTaThl MHOXECTBEHHOM JMHEHHOM PErpeccuu Il IPOrHO3UPYEMOIi IlepeMeHHOI | Dstmin| B pasHBIX

rpynmax coobituit (Bz < —5 HTn)

CMEI + CMEI — CME2 + CME2 —
CME1 CME2 CH MIX + MC _MC + MC _MC
N 209 145 160 430 85 124 68 77
R? 0.83 0.77 0.42 0.46 0.83 0.82 0.73 0.75
CraHaapTu3upoBaHHbIe KOAGhOUIIMEHTHI perpeccuu
AF — 0.15 0.18 0.11 — - — —
Axymax — - —0.17 - - — - -
Azrange — - — 0.10 — — — —
Vmax 0.18 — - 0.38 — 0.26 — 0.22
Bmax - — 0.37 — — - — —
Bzmin 0.69 0.66 0.21 0.48 0.66 0.73 0.66 0.61
KTmin - — - — — —0.08 — —
Vb - 0.16 0.36 0.25 0.21 - — —
Bb 0.07 — - 0.17 — 0.11 — —

Hoit KoMnoHeHTel MMII, HO U OT Ipyrux napameT-
poB CB; 0) m1st peKyppeHTHBIX M CMEIIaHHBIX COOBI-
THit, Dst-MHAEKC UMEET XOTS U ¢1adylo, HO CTaTUCTH -
YeCKM 3HAYMMYIO CBSI3b ¢ mapamerpamu KJI; B) misa
PEKYPPEHTHBIX COOBITHM, 3aBUCHUMOCTL Dsfmin oOT
Bzmin cimabee, yem ot Bmax u Vb. K nByMm mocien-
HUM BBIBOAAM Ha0 OTHOCUTHCSI C OCTOPOKHOCTHIO B
CUJTy HE OYeHBb OOJIBIIIOro 3HaYeHMs Ko3(hOUIeHTA
nerepmuHanuu B rpymirax CH u MIX. 3ameTumM, uto
JIUIST CIIOpaIuYeCcKUX COOBITUI (He3aBUCHUMO OT TUIIA
COJIHEYHOTO MCTOYHMKA) 3aBUCUMOCTh Dsf-MHOeKCa
OT MaKCHMaJIbHOM CKOPOCTH COJIHEYHOIO BeTpa CTa-
TUCTUYECKM 3HAYMMa JUISI BO3MYyIeHuil Tuna Fjecta
(ICME 6e3 MC) 1 noJIHOCTBIO OTCYTCTBYET IJIsI BO3-
mytieHuit Tuna MC.

4. BbIBOJbI

Ha OonpiioM sKcreprMMEHTAJIbHOM MaTepuraie
(944 ®IT ¢ 1997 no 2021 rT.), C TOMOIIBIO CTATUCTH -
YeCKMX METOMIOB, MCCIIENOBAJIOCh MOBEIeHE Tapa-
meTpoB I'A (Kpmax, Apmax, Dstmin), KJI (AF, Axymax,
Azrange), CB (Bmax, Bzmin, Bb, dB, Vmax, Vb, dV,
KTmin, MCDur) n conmHe4dHoli akTUBHOCTH (SSN)
npu Bzmin < —5 HTn. CpaBHuBamachk reo3PdeKTUB-
HOCTh MEXIIJIAaHETHBIX BO3MYILIEHUI U 3aBUCUMOCTb
T€OMarHUTHBIX MHIEKCOB OT MmapameTpoB KJI u CB
B Pa3HBIX TPYIIIAaxX COOBITHIL: a) BEIOPOCHI MacChl U3
AO, conmpoBOXIaBIINECS COTHEYHBIMU BCITbIIIIKAMU
(rpynnma CMEL); 0) BooKoHHBIE BEIOpOChl BHE AQ
(CME2); B) BBICOKOCKOPOCTHBIE IMMOTOKM M3 KOPO-
HanbHbIX IbIp (CH); 1) cMenranHbie coobiTust (MIX);
IT) CITOpagidecKue BO3MYIIIEHUS IBYX TUITOB TIPX Ha-
JIMIUU UM OTCYTCTBUM MAarHUTHOTO 0O6Jaka OKOJIO
3emau (CME1 + MC, CME2 + MC, CMEI — MC,
CME2 — MC). UccrnenoBanocsk pa3surue ®I1 u reo-
MarHUTHBIX BO3MYIIEHU BO BPEMEHU C MTOMOIUIbIO

IT'EOMATHETHU3M U ADPOHOMMUA

BpeMeHHBIX apaMeTpoB (7 Dstmin, Tmin, TBmax,
TVmax). AHanu3 pacripeaeeHu 1 CTaTUCTUIECKUX
CBsI3eif TeOMarHUTHBIX MHAEKCOB U nmapameTpoB KJI
n CB noka3zai:

1. Camas BbicoKasi Te03(p¢heKTUBHOCTh XapaKTep-
Ha JUISI MEXIUIAHETHBIX BO3MYIICHUIA, CBSI3aHHBIX
¢ CMEs 13 akTUBHBIX 00J1acTeii, MEHee BBICOKAST —
w11 ICMEs, cBsi3aHHBIX ¢ BOJIOKOHHBIMU BBIOpOCa-
MU BHE aKTUBHBIX 00/1aCTel 1 CMEIIaHHBIX COOBITUIM,
u camag Huskag — i CIRs.

2. Paszauiia Mexny pacrpenejieHUsIMUA B TPyIIIIax
CMEI nu CME2 nmnsa mapamerpa Dsfmin CyIiecTBeH-
HO OoJiblile, yeM AJIsl mapaMeTpa Bzmin: Ha A, kpo-
M€ IOKHOI KOMIIOHEHTHI MMII, BausOT U apyrue
XapaKTePUCTUKN MEXIIJIAHETHBIX BO3MYILIEHUIA.

3. Criopagudeckue, peKyppeHTHBIE W CMeIllaH-
HBbIC COOBITUS OTIWYAIOTCS HE TOJBKO BEJIIMIMHOI
napamMeTpoB Dsfmin u Bzmin, HO 1 XapaKTepoM CBSI-
31 MEXIy HUMU; camasi CUJIbHasl IMHEHas CBSI3b Xa-
pakrtepHa mist ICMEs, camas cimabass — mrst CIRs.

4. Buytpu rpynmn CME1 u CME2 pacnipeneneHust
TDstmin 1 Tmin coBnanaiot; B rpymnmmax CH u MIX
MUHUMYM mioTHocTu KJI mocturaercs mosxe, yem
Dstmin; pasputue @I1 U reOMarHUTHBIX BO3MYIIE-
HUI MPOUCXOAUT ObICTpee ISl CIIOpaauyecKux co-
OBITHIA.

5. IHTeHCUBHOCTb MarHUTHBIX OypPb, BbI3BAHHBIX
CHopagnvyecKUMU BO3MYIIIEHUSIMU, CUJIbHEE 3aBUCUT
OT HaJIM4us Win oTcyTcTBUsi MC, yeM OT TuMa coJi-
HEYHOTo UCTOYHMKA; XapaKTep 3aBUCMMOCTU Dsfmin—
MCDur otnnyaercs 1Sl pa3HbIX TUTIOB UCTOYHUKOB.

6. Meauanbl pacrupenenenuit [Dstmin|, |Bzmin| u
OOJIBIIMHCTBA OCTAJIbHBIX MapaMeTPOB B IpyIinax ¢
MC BblIlIe, yeM B rpynnax 6e3 MC; ipu 3ToM pa3Hu-
1a MeX1y 3HaAaYeHUSIMU OOJibllle ISl COOBITUI, CBSI-
3aHHbIX ¢ CMESs 13 akTUBHbBIX 001acTe.
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7. nsg Bcex rpynm coowrThii, KpoMe CME2 + MC,
3HauYeHMs Dstmin 3aBUCST HE TOJBKO OT Bzmin, HO U
OT JIpYyTuX ITapaMeTPOB COJIHEYHOIO BETpa; 3aBUCHU-
MOCTh Dstmin—Vmax cTaTUCTHYECKM 3HauyWMa s
ICMEs 6e3 MC u He3HaunMa B ripucyTcTBun MC.

8. PacrnipeneneHust BpeMEeHHBIX ITapaMeTpOB OIM-
HakoBbl BHYyTpHU Tpyit CME1 u CME2 He3aBucuMo
OT Hamuuus Wik otrcyrcTBust MC; passutrue ®op-
OYII-TIOHV>KEHU M M TeOMAarHUTHBIX BO3MYIIICHUI ca-
Moe MemieHHoe B rpynme CME2 + MC.

IMTonyyeHHbIE 3aKOHOMEPHOCTU MOTYT ObITh MC-
MOJIb30BaHbI [IJISI U3y4YeHUs (PU3UNYECKOUN TPUPOIbI
®IT 1 reoMarHUTHBIX BO3MYIIIEHUI, a TAKKe MIPU pe-
LIEHUHU 337134 TTPOTHO3MPOBAHMSI.
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