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Perucrpauyst paiuoussyueHusl COJIHEUHBIX BCMbIIIEK Ha yacToTax HW:Ke ~2 [Tii mosBosisier pesath
BepXHHe OLIEHKH XapaKTepHOro pa3Mepa HCTOYHHMKA MSTKOTo peHTreHoBckoro (SXR) wuamyuenust L(t)
B IPENOJIOKEHHH, UTO IJIOTHOCTh n(t) ONpenessieTcsi MIa3MEeHHOH YacTOTOH vp. Ecmn SXR wuctou-
HUK € OO0Jiblliedl MJIOTHOCTbIO HAXOMUTCS BHYTPH pPajHOUCTOYHHKA, TO pasdmep SXR ucrounuka Oymer
L(t) < (EM(t)/2n(t)?)Y/3, rne EM (t) — mepa smuccuu. J1ns tpex senbiuiex (C7.2 22.12.2009), (M2.9
06.07.2012) u (X1.1 06.07.2012) paccuuteiBatotcst ckopoctd paciuiupenusi SXR ucrounuka V(t) ~
~ dL(t)/dt, KoTopble CPABHUBAIOTCSI C OLEHKAMH CKOPOCTH 3BYKa U aJibBEHOBCKOM cKopocTu. [Toj “maruut-
HOH JleToHalMell” Mbl TOHMMaeM MPOLlecC pacrpoCTpaHeH s MATHUTHOTO MepecOeIMHEHNsT CO CBEPX3BYKOBOH
CKOPOCTBIO B 3PYNTHUBHBIX BCIBILKAX. “MarnutHasi 1eToHauus” W TMOCJeNyIOIIHil KOPOHAIbHBIH BHIGPOC
maccbl (KBM) peanuzoBbiBasinch Bo Benbiikax (C7.2 22.12.2009) u (X1.1 06.07.2012), B KoTOpBIX
CBEPX3BYKOBbIE H CBepXa/JbBeHOBCKHE CKOPOCTH AOCTUIAJINCh, €CJIH MJIOTHOCTb SXR HeTouHnKa Obla HiXkKe
2.1 x10% n 7.4 x 10% eMm™3 (v, < 410 n < 245 MIu1) coorercTBeHH0. “MaruutHoi aeronaunn” 1 KBM
He ObL10 BO Bembiike (M2.9 06.07.2012), uacToTbl pagnousnyueHust KOTOpoi Oblid TOJbKO Bbilie 1415
MI(n > 2.5 x 1010 em™3). st “maruutHoit getonauuu” Bo Benbitike (X 1.1 06.07.2012) cienanb oleHKH

BeJIMUMH MArHUTHOTO MOJIsi, HANPSPKEHHOCTH 3JIEKTPHUUECKOTO T0JIsi MePECOeJMHEHH s], TIOTOKA MJIa3Mbl H
Maccol KBM.

Karouesovle caosa: cosHeuHble BCTbBILIKH, PEHTTEHOBCKOE W PaavOM3JyueHHe, yCKOpPeHHe KOPOHAaJIbHbIX
BbIOPOCOB MACCHl.
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BBEIEHHWE

Bonpockl BO3HHKHOBEHHS COJTHEUHBIX BCIIBIIIEK U
pasBUTHSI KOpOHaJbHBIX BbIOpocoB Macchl (KBM),
a TakXe UX B3aUMOCBSI3M UCCJENYIOTCS] OUeHb JIaB-
HO (cM., Hanpumep, Tocaunr, 1993; I1IBectka, 1995,
2001; IIBectka, KnaiiBep, 1992), omHako pelnienue
JIAaHHBIX BOIMPOCOB ellle JIaJeKo OT CBOEro OKoHYa-
Hus. B paGore pasBuBaeTcsi KaueCTBEHHAs MOJENb

Bo3HUKHOBeHHs1 KBM B npoiieccax MHOKECTBEHHOTO
nepecoeIMHeHHs], UTO aHAJOTHUHO MPOLeCCy AeTOHA-
L[11, KOTOPbIM HW2Ke HA3BaH “MarHUTHOH leTOHaIMen .
JleToHalMs1 MO onpeeseHHI0 — CaMOTIOIePKUBAI0-
HIMHACS MPOLIeCC pacrnpocTpaHeHHsl 30Hbl XUMUUECKOH
peakiiiu CO CBEPX3BYKOBOH CKOPOCTHIO 3@ CUET IHep-
TUH, BbIIESIONIENCT B JaHHOH peakuuu. JleToHarws

* o
DJ1eKTpOHHBIH aipec: astrum@cosmos . ru

npejrosaraeT pa3orpes M cxkaThe BellecTBa, HaNpU-
Mep, mpu oO6beMHOU paeroHauuu. [lom “marHuTHON
JleToHalMeld” Mbl MojipasymMeBaeM Ipouecc pacnpo-
CTpaHeHHsI MHOYKECTBEHHOTO MAarHUTHOTO Mepecoein-
HEHHSI CO CBEPX3BYKOBOH CKOPOCTbIO B 3PYNTHBHBIX
BCIbILIKAX, MPUBOASLLMI K YCKOPEHHIO KOPOHAJBbHOTO
BeiOpoca macchl (KBM) ¢ npenesbHbIMH CKOPOCTSIMH
(Crpymunckuit u ap., 2022). daxtuuecku MoHsATHE
“MarHUTHOH JIETOHALIMKM ™ UCIOJIL30BAJIOCh, HATTPUMED,
IUIsl oTipefiesieHHsT CKOPOCTH CTallMOHAPHOW yJ1apHOH
BOJIHbl MIPU MOJ’beMe CHJILHOMO MarHUTHOrO MoJisl B
KOpOHy B cosiHeuHoH Benbiiike (Jlenenes, 1980).

BoJiee Toro, onuchiBaeMblil HAaMH MPOLIECC MOJHO-
CTbIO COOTBETCTBYET YCKOPEHHIO KJIACCHUECKOH BOJI-
Hbl JleToHauun (3enbaoud, Komnaneen, 1955; Be-
JukoBuy, Jln6epman, 1987), Ho ¢ 3ameHOl 3HEpruu
XUMHUECKHX peakliii Ha SHEPTHIO MepecoenHeHHs
MAarHUTHOTO TIOJISI.
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Xaycon B cBoeil pabore (Xaacon, 2000) pac-
CMOTpeJI JIB€ POJIM KOPOHAJILHOTO MAarHUTHOTO MoJs,
KOTOpOe He TOJIbKO COJIEPKHUT B ceGe SHEpPruio, HO H
MoJUlepKUBAeT MPOCTPAHCTBEHHYIO CTPYKTYpY TJla3-
Mbl B CHJIy BMOPOXKEHHOCTH MOJIs, U CJeJaj BbIBOJ
0 HeOoOXOAUMOCTH HMMIJIO3UH (CXKATHS MarHUTHOTO
MoJis1) B KOPOHAJIbHbIX TPAH3UEHTHBIX SIBJEHHUSIX, B
YAaCTHOCTH, 3pyNTUBHLIX Benblikax 1 KBM. ITpoTu-
BomocTaBJisisi B3pbIBy (outward motions) ummiiosuto
(inward motions), cTaBuach 3anauya Moucka CJaea0B
UMII03uK B HaOoneHusx (Xaacou, 2000), koTopble,
Hanpumep, OblJIM OTOXKJeCTBJeHbl B pabote (Baur u
ap., 2018). Tlo Hailemy MHeHHIO, HCKOMAsi UMIJIO3USI
BO3HUKAET MPHU HArpeBe (BbIAEJEHUH YHEPTHH) BHYT-
pH 3aMKHYTOH 0OOJIOUKH TPH Pa3BUTHH 3PYNTHBHBIX
Benbiiek (KBM). 3nech 3amkHyrasi o6osiouka —
9TO BHellIHee (KpymHoMaciiTabHoe 10 OTHOLIEHHIO K
aKTHBHOH 06J1aCTH ) MarHuTHOE noJie. Takast HMINJI03usl
€CTeCTBEHHbIM 00pa30M BO3HUKAET MPH JIETOHALIHH.

Caoienyer 3aMeTHTb, 4TO B JIUTEPAType OMUCAHbI
MOJIEJ/IH BCIIbILLIEK ¢ MHOYKECTBEHHBIM MArHWTHBIM Me-
pecoe/MHEHHEM B paMKaX Tak HasbiBaeMoi breakout
monenu (Autuouoc u ap., 2019). B naueir paGore
HaJIMuMe MarHUTHOTO »KI'yTa, JieXKalllero Ha apKaje ne-
TeJlb, He SIBJISIETCS HEOOXOUMbIM YCJIOBUEM, IPYMIIUS
BO3HMKAeT He noJ, aeictBreM cui Jlopenua, a B pe-
3yJibTaTe JIeHCTBUS Fa30IMHAMHUECKUX CHJI aBJICHHUS.
Beutectso KBM He npexacrapisier coboit maTepuas
XOJIOJIHONO 3aMarHMUEHHOro »KryTa, a MosiBjsieTcsl B
pesyJibTaTe UHTEHCHBHOTO “XpoMocepHOro ucrape-
HUs1” ¥ MolbeMa “UcrapuBlierocst” BelleCcTBa BBEPX B
KOpoHy. B pesysibrate sHepropbiaeeHust U yCKOPEHHs
3JIEKTPOHOB MPOUCXOJISAT HArpeB BelllecTBa, pacllupe-
HHe 3aMKHYTBIX MarHUTHBIX CTPYKTYp, MOKATHE Be-
11lecTBa CBepPXY Hajl HUMH. MarHuTHoe nepecoeirHe-
HHE B 3TOM CJlydae MPOUCXOJUT MpH cOJMKEHUH Pa3-
HOHAMPAaBJEHHBIX MATrHUTHBIX CHJIOBBIX JUHHH B 3D
CTPYKTYpe MoJisl HaJl aKTUBHOH 00J1aCThlo, Harpumep,
B pesyJibTaTe THPUHr-HeycToiHuuBocTH (lanees u np.,
1981). Jlnsi peannsalu Takoro BbijieJIeHUsS] SHEPTHH
HeO0OXOUM JUTMTE/bHbIH HerpepbIBHbIN MOABO/L HOBbIX
MarHUTHBIX MOTOKOB B 00/1aCTh BCMbILIKK. Bbiiesnenne
9Hepruu (MpeBblllIeHHe HHTEHCUBHOCTH U3JTyUeHHs Hal
(hOHOBOH MHTEHCHBHOCTbIO, COOCTBEHHO, COJIHEUHasl
BCIbILIKA) TMPOUCXOIHUT TOJNBKO TMPHU MOJABOJE HOBOH
maruutHoil sHepruu (Xosapn, [Tuuio, 2016; Xoapn
u ap., 2017; Pun, Kuwkuuk, 2019; Xe#iBaptc n
ap., 1977). Takoli noaxoja MCMoJfb30BaJCs aBTOpa-
Mu pabotebl (Anuep, [THoiiman, 1982), a cama uues
MHO?KEeCTBEHHOTO MepecoeIMHeHUsT BOSHUKJIA HAMHOTO
paHblie (cM., Hanpumep, Ctappok u ap., 1984).

[TpoBokauunonnas cratbs (Tocaunr, 1993) nopoau-
Jla Herpekpallarolmecs: Cropbl 0 B3aUMOCBSI3U COJI-
HeuHblX Bernbiliek 1 KBM. Tlo muenuio (IlIBectka,
1995, 2001) KBM — HeoTbem/eMasi 4acTb MOILL-
HbIX SPYNTHBHbIX BCrbllleK. [ToHsiTHe “3pynTHBHBIX
Benbiek” 610 BBeieHO (I1IBectka, Knaiisep, 1992;
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[lIBectka, 1995) nasi Bcex BemblllieK (Kak ¢ XpOMO-
chepHbiMu 3hekTaMu, Tak 1 6e3 HUX ), KOTOPbIe MTPH-
BOJSAT K 3pymniuu (BbiGpocy). Pusnueckue, mpocTpaH-
CTBEHHbIE U BpeMEHHbIE B3aUMOCBSI3H MeK /1y BCIIbILI-
kamu 1 KBM Bo BceM X MHOro0Opa3ui MpooJiKaoT
OCTaBaTbCsl aKTyasbHOH 3a7auyell COJHEUHOH (PU3UKH.
st ee pelieHHs] HEOOXOMMMO KakK MOXKHO TOUHee
3HATb KMHEMAaTHUECKHEe XapaKTepPUCTHKHU BbiOpoca H
nocaenyouiero KBM Bo Bcex daszax y pasyiMuHbIX
COJIHEUHBIX BCTIBIIIEK.

B o630pe (Bpxnak, Knaiiep, 2008) paccmarpu-
BAJIMChb JIBA PA3J/IMUHbIX B3IVISA HA MPOUCXOKIEHHE
yaapHbiX BoJH B KopoHe — KBM wiu cosiHeuHble
BenbIWKK. [lopuepkuBaoch, 4To MexaHuaM (hopmMu-
poBaHMs yIAapHbIX BOJH B OOOHUX CJydasix MOXKeT
ObITb OJIMHAKOBBIM, J1a’Ke ecJId JipailBep npejnoJara-
eT MPUHUMNHAJIBHO PA3NUUHYI0 (PU3HUECKYIO MTPUPO-
ny. Hanpumep, KBM, nerxyuwmiica mnoa aelcTBreM
MarHUTHOTO 10J15, U PAaCLIMPEHHE FOPSTUUX KOPOHAJb-
HbIX T1eTeJb, BbI3BAHHOE UMITYJIbCOM JIaBJIEeHHs], MOTYT
co3/laTh YJIapHyl BOJIHY TPeXMEPHbIM MOPLIHEBbLIM
MexaHu3MoM. [Ipu 3TOM passnune MexaHu3MOB MPo-
SIBUTCSI 103:Ke, TMOCKOJIbKY B T1€pBOM CJlyyae BOJHA
pacrpocTpaHsieTcst Py HeMpepbIBHOM MOJIBOJIE IHEP-
TMH, a Bo BTopoM — cBobGoaHo. OnHako B Jo60M
cJydae Juisl IOCTHKEeHHUs1 IpaiBepoM MOCTOSIHHOH CKO-
pPOCTH HEOOXOIMMO YCKOPEHHe, KoTopoe TpebyeT Bpe-
menu. [Tosatomy Bcerna no/mKHO ObITh 3anasibiBaHue
MeXJly HauaJIoM JBUKEeHHs ( pa3BUTHEM HEYCTOHUMBO-
CTH) U MOMEHTOM (hOPMUPOBAHUS Y1aPHON BOJIHBI.

B pa6ote (Crpymunckuit u ap., 2020) spynTus-
Hble BCIBILIKK OblJIM pasjiesieHbl Ha JIBa Kjaacca — ¢
BbIpAXKEHHOH U HEBbIPAXKEHHOH MMIMYJIbCHOH (pasoii.
KosnuecTBeHHble napaMeTpbl, pasiesiolide 3TH 1Ba
KJacca SpyNTHBHBIX BCIbIIEK, — MPOHU3BOJHbIE 110
BpeMeHu Temrepatypbl (7') U Mepbl smuccuu (EM)
MJ1a3Mbl, H3Jydatollell Msrkue peHTreHOBCKHE JyuH
(SXR). B pa6ote (Crpymunckuit u ap., 2021) 6bl1a
paccMOTpeHa CBsI3b COJHEUHOTO MJa3MeHHOro pajlo-
U3JlyueHUs Ha vacTtoTax < 1415 MIu u nuHamuku
npousBoaHbix T u EM nnaamel (dT'/dt v dEM/dt)
¢ yckopennem KBM, pa3BuT MeToJ]l CUIMBKH PaBHO-
MepHoro npuxenuss KBM B noJie 3pennss LASCO wu
HeoOXOJMMOTO paBHOYCKOpeHHOro JBHxkeHus: KBM.
B uacTtHOCTH, ObIIO MOKA3aHO, UTO JIJIs1 MOLIHBIX UM-
nyJsibCHBIX Benblilek 6e3 KBM nist ero yckopenust He
XBaTaJjlo BpeMeHH M PACCTOSIHHUSI.

3/1ech Mbl paccMaTpUBaeM BCIbILLIKY KaK pe3yJibTat
B3aUMOJIEHCTBUSI MArHUTHBIX TOJIEH MPOTHBOIIOJOXK-
HbIX HarpaBJeHHOCTEH, HO YUUTbIBAEM, UTO CTPYKTypa
MarHWTHBIX MOJIed — TpexmepHasi, a caMu T0Js1 Me-
HSIOTCSl BO BpeMeHH. MICTOUHHK MarHuTHOro noJist —
JIBHKEHUs nyia3dMbl 1oJ porocepoir. C 3TOH TOUKH
3peHust 00JacTb Hajl aKTHBHOH 06J1acTbio — 3TO
OTKpbITasi CUCTeMA, HEMPEPBIBHO MOMNUTHIBAIOILASICS
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Puc. 1. [Ipennonaraemast cxema pa3sutusi Benbliinek. Lingpol B cko6kax cooTBeTCTBYIOT XapakTepHbIM yactoram [ — 1415 MI1y,
2—610—410 MI1, 8 — 245 MIuiu4 — IV tun paguousinyuenust Menee 180 MILL. [Tanesn pasnuualorcest MaciiTaGoM Mo BEICOTE:
Benbiika 6e3 KBM passuBaercst Ha BbicoTax MeHee 50 Mm, mJjia3aMeHHOe paiiouayueHne Ha yactorax MeHee 1415 MIii He
HabJiosaetcs (a); KopoHasbHast Benbliika ¢ KBM passuBaercst Ha BbicoTax 6ojiee 50 MM, Ha6.1104a€TCst TOMLKO [1a3MEHHOe
paauoussyueHue Ha yacrtorax Menee 1415 MIix (6); kom6uHnpoBanHasi Benbliika ¢ KBM pasBuBaercsi Ha Bbicotax 6oJiee
20 M ¢ nocsienytomiiM GopMHPOBAaHHEM MOCTIPYNTHBHON apKajibl, Ha6J/1I01al0TCS NJIAa3MEHHOE PAIMOU3JIyUeHHE Ha YacToTax

1415—245 MIi u [V tun Ha uactote menee 180 MIi1 ().

sHeprueit uz-nox orocdepsl. [Ipennonoxenns: Ha-
1€l MOJIEJIH He TPOTUBOPEeYaT “KJlacCHUecKUM ™ MOjie-
JISIM BCTIBILIKH, a TPeCTaB/sieT co00H MOAU(HUKALINIO
¥ pa3BUTHE MPUHATHIX Mojlesiell. B pamkax Hauie# Mo-

nesn KBM nipencrassisier co60i ropsiuyto MarHuTHYO
CTPYKTYPY, PACILIMPSIOLLYIOCS TP HEMPEPBIBHOM T10/1-

BOJI€ BELIECTBA U SHEPTUH B pedysbTate Xpomocdep-
HOTO WCTNapeHHst U MAarHUTHOTO NePeCOe/IMHeHMs], a He

XOJIOJIHBIN U TIJIOTHBIA MArHUTHBIN XKryT. O6UMi cle-
Hapuii rnpouecca rnokasas Ha puc. 1, a peanbHasi Torno-
JIOTHSI MATHUTHOTO T10J151 onicana B paGote (Aynannep
u 1p., 2013). Benbiikn, B KOTOpPbIX He yCKOPSIOTCS
KBM, T.e. He pa3BuBaetcst mpoiecc “MarHuTHOH Jie-
TOHALMKU, BbIEJISIIOTCSI TOMOJIOTHEH MAarHUTHOTO M0JIs1
(cm., Hanpumep, Bacanrapay u ap., 2023). B pam-
Kax MpeJCTaBJeHHOro MoJAX0/a Mperoaaraercs, 4o

CYUIECTBYET MHO2KECTBO TOKOBBLIX CJIOEB, B KOTOPbIX
MpH nepecoeJUHEHUH BbIACJISAETCA SHEPTUsd MariuTHO -

ro noJig, NpuBHECEHHAs1 B aKTUBHYIO ob6J1acTh 3a Bpe-
M¢l BCIIbILIKH (ILECHTKI/I MHUHYT B CJyuae IJIUTEJbHbIX

9PYNTHUBHBLIX BCHbIUJeK), T.€. SHEPIrus BCIbILIKHA — 3TO
SHEpPrus, BOSHUKatoulas rnpu rnnepecoeJMHeHH BO MHO -

JKECTBE TOKOBBIX cJioeB. MarnurHas 9Heprus, 3ana-

CeHHasl B aKTHUBHOH 06J1acTH JI0 JIJTUTEJIbHOH BCIIbILIKH,
[MO3BOJISIET OPraHU30BaTb HEYCTOfI‘-II/IBOCTb — HadaJio

Berblliky. [IpoGiema “marHuTHol JleToHauun” pac-
CMaTpPHUBAETCs HHKe ¢ HAbJ110/1aTeIbHOH TOUKH 3peHHst
Ha npuMepe Tpex Benbiiek — C7.2 (22.12.2009)

[MMCbMA B ACTPOHOMUUECKUN JKYPHAJI

(cooTBerctByeT puc. 16), M2.9 (06.07.12) (puc. la) u
X1.1(06.07.2012) (puc. 1B).

Benbimika M2.9 06 uoast 2012 r., ussectHast
no pa6ore (AatbiHieB u ap., 2017), yxe ucnosb-
30Bajlacb HAMH KakK MPUMEpP HUMIYJbCHOH BCIBIIIKH
6e3 KBM (Crpymunckuit u ap., 2021; Ipuropnena,
Crpymunckuit, 2021). Benbiika C7.2 22 nexabps
2009 r. 6bl1a obHApy:KeHA CJyyailHO TMpU aHasu3e
COOTHOLLEHUH MeXK1y MakCUMyMaMH TemiepaTtypbl H
Mepbl amuccuu (Ipuropsesa u ap., 2021), okasasocs,
YTO ee pajMou3nyueHne OblI0 OTPaHUUEHO YaCTOTaMU
<1415 MIu. CpasHenue Benbliek C7.2 22.12.2009
u M2.9 06.07.2012 nokasaJjio, 4To OHH pasjHuanCh
MEeCTOM TMEPBHYHOTO SHEPTOBbIIENEHUST — YCKOPEHHS
snekTporoB (IpuropweBa u ap., 2021). B nepsom
cJlyuae BCIbILIKA pa3BMBajach TOJbKO Ha BbICOTAX
6osiee 65 M, a BO BTOpOM cJiyuae — 3aBeJIOMO MeHee
45 Mwm.

[To Bcell BHAMMOCTH, BCTHBIIIKH, OrpaHUUYeHHbIE
CBEepPXY MJIM CHU3Y MO BbicoTe (puc. 1a,0), cocTaBasiior
HEOTbEMJIEMYIO YaCTb JUIMTENbHBIX U GoJlee MOLIHBIX
9PYNTUBHBIX Benbillek (Hanpumep, X1.1 06.07.2012)
(puc. 1B), KoTOpble pa3BHUBAIOTCSl BO BCeM JHanasoHe
KopoHa/bHbIX BbICOT (CtpymuHcku# u ap., 2020).
Benbika X1.1 06.07.2012 npumeuaTtesbHa cBOUM
cooTHolleHreM Mexy HabonasiiuMes SXR, HXR
(>KecTKMMHM peHTreHoBCKUMM Jyuamu) (CTpyMuH-
ckut, Tan, 2015) u ramma-usnyuennem >100 MsB
FermiLAT (Axxkepmanu u gap., 2014). Taxxke ona
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Ta6aunua 1. HekoTopble XapakTepUCTHKH pacCMaTpUBAeMbIX COOBITHH

A 22.12.2009 04:53 06.07.2012 01:38 06.07.2012 23:03
C7.2/S26W46 M2.9/S18W41 X1.1/S13W59
B(min) 3| 3] w1 [ ] 2] wu | 2] w5 | m
C(min) +1.77/+3.72 +3.27 +1.52 +2.64 +4.22 +6.00
D(min/km - c71) +61 318 HeT JaHHbIX +16 1850
E(min) +0 +2 +4 HET JaHHBIX +2 +3 +4
F(min/sfu/min) HeT JIaHHBIX 320 +1 +3 1900 +20
G(min) +4 ‘ +4 ‘ — HEeT JaHHBIX +1 +6 —

lMpumeuanue. A — Hyseoe Bpemst UT, Gas i KOOpJAMHATHI BCTbILIKH, B — Hauasio, makcumym H korell SXR Benbiuiku (GOES); C —
BpeMsl Tmax U EMmax; D — Bpemst nepsoro nosisienuss KBM u ero cpennsist ckopocts (LASCO-C2 u C3); E — momenTh! Hauasna,
MaKCHMyMa W KOHLA paJiOU3JyueHusl, 3aperucTpupobantoro Ha yactote 245 MIit (RSTN); F — momeHT, BesiMunHA MaKcHMyMa H
koHel u3syuenust Ha 8.8 I'Tit (sfu); G — nauasio pagnosenieckos I, IT u IV tunos.

conpoBoxjatace KBM co ckopocTblo, 6JU3KON
K TIpeesibHOH, — MaKCUMaJibHOH aJibBEHOBCKOM
CKOPOCTH B KOpPOHE (CKOPOCTbIO MePBOro MosiBJeHHs
3276 km/c u cpeaneil ckopocTbio 1828 km/c (Tonai-
cBamMu U jip., 2013, 2016). C GoJibl10# BEpOSTHOCTHIO
KBM 6b171 ycKopeH J10 CBepXaJibBEHOBCKOH CKOPOCTH.

NMHCTPYMEHTbBI 1 METO/1bl

CoO6biTHS1 paccMaTpUBAIOTC B €IMHON IIKaJie
Bpemenn (taba. 1, 2 u puc. 1—15) oTHOCHTENB-
Ho BbiOpanHoro Hyas. asg M2.9 06.07.2012 u
X1.1 06.07.2012 — »3t0 Hauano paguousyue-
Husg Ha uacrore 8.8 [T [as senbiku C7.2
22.12.2009, B KOTOpPOH pajnMoU3JyuyeHHe Ha YacTo-
tTax OoJsiee 1415 MIi, He Habgioganoch, 3a HyJb
NPUHATO HayaJo H3JyueHdsi Ha uactorax 610—
245 MIi. Mudopmaums mo BembllllKam B3sTa M3
daiioB YYYYMMDDevents.txt (cdaw.gsic.nasa.
gov/CME _list/NOAA/org events _text/), a 1o
KBM — u3 naunbix cdaw.gsfc.nasa.gov/CME_list/.

st coznanus npeactaBieHHil O MPOCTPAHCTBEH-
HOM pPa3BUTHM BCIbIILIEK HCMOJMb3YIOTCS JIaHHbIE
pamousnyuenusi Radio Solar Telescope Network
(RSTN ngdc.noaa.gov/STP/space-weather/solar-
data/solar-features/solar-radio/). Bbliu  BbIGpaHEl
yactotel 1415, 610, 410 u 245 MIu, usnyueHue
Ha KOTOPBIX OOYCJIOBJEHO Pa3HbIMH (DU3UUECKUMH
MeXaHU3MaMH (THPOCHHXPOTPOHHBIH, TeMJoBOH H
MJIa3MEeHHbIH MeXaHu3Mbl Hu3JjydeHuss (AuBaHmeH,
2009), a cJaenoBaresibHO, PasHbIMH (PU3HUECKH-
MU YCJOBUSIMH JIJIsl B3aUMOJEHCTBHSI YCKOPEHHbIX
3J1eKTpoHOB. [lo  cTaHmapTHbIM MpejacTaBlEHUSIM
(AmBannen, 2006) mepBHUHOE 3HEProBbileIeHHE B
IPYNTUBHBIX BCIMbILIKAX [POUCXOAUT B  06JACTAX
KOPOHbI C XapaKTepHoli MmioTHocTbio 3 x 109 cm™3

[MMCbMA B ACTPOHOMMUYECKUN Y)KYPHAJI
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(nnasmennasi yacrora 492 MI). Ecau onHoBpeMeHHO
HabJio1aeTcst  pajronssyueHre Ha uactortax 1415,
610, 410 u 245 MIii, To 3HeproBbIIE/EHHE MOXKET
WATH KakK Bblllle, TaK W HUxKe 00J1acTH CTaHIapTHOro
MePBUYHOTO SHEPTOBbIIE/EHHS.

Hauano wumny/abcHOTO — 3HEpProBbijiesieHUsT  BO
BCIIBIIIKAX OTOXKAECTBAAIOT ¢ HavajsoM HXR u muk-
POBOJIHOBOTO M3JydeHHsi, KOTOpOe 0ObIUHO COBMNaaaeT
C POCTOM TPOU3BOJHON MO BPeMEHH WHTEHCHBHOCTH
SXR wusnyuenns (sdpdexr Hoiinepra (Hofinepr,
1968)). AmBanzen (2021) npeayious UCnob3oBaTh
scpdekt Hotinepra nyis onpenenennsi MOMeHTa HauaJga
yckopenusi KBM. Onnako B mpuG/nKeHUH OJTHOTEM-
nepaTypHOH Mja3Mbl HHTeHCHBHOCTL SXR sBsisiercs
npousBeaeHneM hyHKimu Temnepatypsbl f (1) Ha Mepy
smuceud EM: Jsxr = f(T)EM u, cienoBatesbHo,

dlgxrp df(T)dT dEM
= —FEM + ———
dt dl' dt dt
Bo MHorux Bembillikax MpuUCyTCTBYeT hasa HarpeBa
(Xancon, 2021; Crpymunckuit u 1p., 2021; Ipuropbe-
Ba, Ctpymunckuit, 2021; Ctpymuncku#, [puropbesa,
2022) u Her 3HauuMoro uamenenusi £M. Ilo Hauium
npeacrasieHusiM yckopenue KBM cBsizaHo uMeHHO ¢
MU3MeHEHHEM MepPbl SMUCCHH W HAUMHAETCS B MOMEHT
Hauasa pocra dEM/dt na hoHe npoaosKaKoLIerocs
pocTa TeMrepaTypbl NJ1a3mbl.

Mb1 obpalilaemM BHHUMaHHe HA M3MeHEHHE BbICOT-
HOTO MPOQUJIST KOHIIEHTPALMH MJ1a3Mbl B 3PYNTHBHbBIX
BCIIBILIKAX, KOTOPO€ He YYHUTHIBAJIOCH JPYrHMHU aB-
TOpaMH U KOTOPOE, BO3MOXKHO, SIBJISIETCS KJIOYOM K
noxnumanuto npupoasl KBM. Peructpauuu usnyuenus
Ha uactotax MeHee 2 ['I1y, rae TensoBoe W MiasMeH-
HOoe HW3JiyueHHe npeobJiajaeT Haj FMPOCHHXPOTPOH-
HbIM (Harpumep, ¢ukcupoBanuble yactothl RSTN
1415, 610, 410 u 245 MIi1), MO3BOJISIET OLEHHUTh
KOHLIEHTPALIMIO 3JIeKTPOHOB MIasMbl ng(t) (31ech u

(T).

2023



810

JaJjiee Mbl CHUTaeM, UYTO KOHLUEHTpalUuH 3JIEKTPOHOB U

[NPOTOHOB paBHbI, U HH2KE€ TOBOPUM O KOHUEHTPaUHWH

. 1/2
MJ1a3Mbl) 0 TJIa3MEHHOH 4acToTe vy = 9000n0/ u

XapakrepHbiii paamep Lo(t) paJHOMCTOUHHKA MO Ha-
omonennsim SXR uasyuenus.

[Ipennosioxkum, uro B 06JIACTH paJMOMCTOYHHKA
Haxoaurcst SXR uerouHuk ¢ koHueHtpaimei n(t),
rie n(t) > no(t), n xapakrepHbiM pazmepom L(t) <
< Lo(t). U3 SXR HabJ110/1eHHil BBIUUCISIOTCS TeMIIe-
patypa T'(t) u mepa smuccur EM (t) BCIbILIEUHOTO
MCTOUHHKA. 3/1eChb U Jajiee Mbl CUATAEM, UTO e Ha-
6mtonenut pagroBcerieckos [T u [V Tunos Ha uactorax
<180 MIi1 ocraioTcst BepHbIMU U /151 OOJIbLIMX Ya-
ctoT. Ecain ncrounnk SXR uanyuenus: npeacrapisier
co6oii nonycdepy ¢ oobemom V = 21 L3 /3 =~ 2L3, o
EM(t) = 2n2(t)L3(t) > 2n3(t)L(t), mueinbiii pas-

mMep
EM@®)\ '3
L(t) < (W) ) (1)

T.€. MOXKHO OLIeHUTb MHHMMaJibHblll L(t) W MakcH-
MaJibHbIi Lo (t) paamep SXR uerounuka (npu ycjoBuu
T(t) = To(t)).

HMerounnk SXR paclumpsieTesi, cjeaoBaTesbHO,
dL(t)/dt > 0, a cKopocTb paclIMpeHHst

u(t) = %t) 2)

YcaoBre 3aMarHU4eHHOCTH M1a3Mbl B SXR netou-
HUKE 32/87r > 2nkT 1o3BOJISIET OLIEHUTL HEOOXO M-
Myl0 MUHUMaJIbHYIO BEJUUMHY MarHWTHOTo noJs B.
OueBupHo, uto paciuupenne SXR 6Gyner npoucxo-
JuTh, ecan B2 /81 > 2ngkTy.

PaBHoBecHOe MHHMMAJIbHOE 3HAUEHHE MATHUTHOI'O
oJist

B = (16wnokTy)"/?. (3)

[Ipu nepexose Bcell 3HepPruM MarHUTHOTO MOJSI
B KMHETHUECKYIO IHEPTUIO TJa3Mbl C KOHIEHTpaluen
ng, MakCUMaJibHast BO3MoxKHast ckopoctb KBM 6yner
paBHa JIOKaJIbHOH aJlbBEHOBCKOH CKOPOCTH

B
Vemp=Va= —— 4
CME A (Armyno) 172 (4)
4TO B KOPEHb M3 JIBYX pa3 GoJibliie TEMJI0BOH CKOPOCTH
ok T\ 1/2
V= <L> _ (5)
My

Macca, 3anaceHnasi B 3aMKHYTbIX CTPYKTYPax, MOXKeT
COCTaBUTb OCHOBHYIO Maccy KBM

M = 2L%m,n. (6)

Pacuinpenve SXR wucrounuka ocyuiectsisiercs
3a CUET HeNMpepbIBHOIO M0/IBOJA MAarHUTHOH SHEPrUU

[MMCbMA B ACTPOHOMUUECKUN JKYPHAJI
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(yBesiMueHHe MarHUTHOTO TIOJIS HA TIOBEPXHOCTH (po-
Tocepbl — “BCIUIBITHE MArHUTHOTO MOTOKA”), KO-
TOpast 3aTeM BbIIE/SIETCS] BO MHOXKECTBEHHBIX aKTaX
nepecoeanHenuusi. “BeniibiTie MarHWTHOTO MOTOKA™
JIOJKHO ObITh HEpaspbIBHO CBSI3aHO C YBeJUYEHH-
eM TIOTOKa BellecTBa M3 Xpomocdepbl, Tie MarHuT-
Hoe roJie BMopoxKeHo. O MpoUCXoAsILMX Mpoleccax
9HEProBbleIEHNS TTPU U3MEHEHHUH MarHUTHOTO MOJIs
FOBOPHT HeTeMNJI0Boe )KecTkoe peHtreHoBckoe (HXR)
U3JyueHue.

PACHIMPEHHMS SXR MCTOUYHMUKA 1 KBM
Ouenka pasmepa SXR ucrournnka

Ha puc. 2 mnokasanbl XapakTepHble pasMephl
uctounukoB SXR wu3sydeHus B Tpex HccJeayeMbix
BCIbIIKAX, paccunTanHbie 1o dopmyde (1). Cuuraem,
4TO OIIEHKY JJisi pa3Mepa HCTOYHHKA Jal0T H3Me-
peHus Ha HauboJiblled HeHabJIoaBILIEHCs YacToTe,
a HUXKHIOIDO — Ha HauboJibllled HabJJ0aaBIIeHCS.
Mbl cunurtaeM, UTO JaHHbIe YAaCTOTHI OMPEENSIIOTCS
UMEHHO ITJ1a3MEeHHOH 4acTOTOH, a He ee TapMOHUKOH,
MOCKOJIbKY TJa3MeHHasl 4yacToTa JaeT TpaHUUHOe
3HaueHue A1 uacTtoTbl. C JPYyroil CTOPOHBI, OTHO-
mieHne uxkcupoBanHbix yactor RSTN 245 : 410 :
:610: 1415 Mt =1 :1.67 : 2.49 : 5.78. Tak KaK Mbl
paccmarpuBaem He oy yactoty RSTN, a HeckoJsibko
nocJieI0BaTeNbHbIX YacTOT, TO BO3MOYKHOCTb BTOPOM
rapMOHUKH HaMHu yxke yureHa. OTIeNbHO OTMETHM,
4yTo 0OCYXKJIEeHHE MeXaHU3MOB paJHUOMU3JyUeHHsT He
SBJISIETCS 3a/lauell TaHHOHU paboThl, HAM BaXKHO TOJIb-
KO OTCYTCTBHE MPUHUMIHAJLHOA BO3MOXKHOCTH €ro
HaOJIIOJeHHST Ha 4acTOTaX MeHbllle, 4yeM IJa3MeHHast
YyacToTa Cpeibl, OKpy2Katollel pajuoUCTOUHUK.

Cuauana pacemorpum Benbiiiky M2.9 06.07.2012,
B KOTOPOH paavou3jyueHHe Ha YacToTax MeHee
1415 MIu ne wnaGaopanoch. OlieHkH pa3mepa
SXR ucTouHHKa BBIMOJMHEHDI 7S IBYX TJ1a3MEHHBIX
yactoT: 1415 MI1| — HauMenblas HabJioaBIIasICS,
610 MIu — nepBas He naGsonasuasics. B navane
BenblKM pasmep SXR ucTouHMKa He mpeBblllal
15.5 Mwm, a makcumasbHbll pagmep Obl1 23.5 Mwm
(puc. 2a). B pabore (IpuropbeBa, CTpyMHHCKHUH,
2021) 6blsa noJryueHa olleHKa MaKCHMaJlbHOK BbICOTHI
~35 Mw, KoTopasi Tpe6yeT uyTh MEHbIIYIO TJIOTHOCTb.
B so060om cayuae pasmep SXR uctouHuka 3aBenomo
He mpeBbllla] 45 MM, UTo COOTBETCTBYET (hOHOBOMY
SXR wusnyuenuio u nia3MeHHOH 4acTOTe B HCTOUHHUKE
610 ML

Hanpotus, Bo Benbiike C7.2 22.12.2009 pa-
nMoussyuyeHue He Habuonasnoch Ha uyactotax RSTN
6osee 610 Ml Ouenku pasmepa SXR ucTounuka
BBITIOJIHEHBI /151 TPeX HAOJIOAABIIMXCS MIa3MEHHBIX
yacrot: 610, 410 n 245 MI11(puc. 26). MuHUMaNbHbBIH
pasmep SXR wucrounuka B C7.2 22.12.2009 6bln
~18 Mm (610 MIu B 0 MuH), a MakCUMaJibHbIH

tom49 Nell 2023
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Puc. 2. Pagmep SXR ucTouHMKa npu 3ajaHHbIX KOHLEHTPALHUSIX [1J1a3Mbl BO Benblllkax: (a) — M2.9 6 uiona 2012, (6) — C7.2

22 nekabps 2009, (B) — X1.1 6 ntona 2012 .

~156 Mwm (245 MIu Ha 3.27 mun). B ciyuae xe

Benbiikd X1.1 06.07.2012 (puc. 2B) pagrounsyderue
CHauaJia MosiBUJIOCh Ha THPOCHHXPOTPOHHBIX UACTOTAX

8.8 u 4995 MIii, a noroM Ha MJIa3MEHHBLIX YaCTOTaX
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1415, 610, 410 u 245 MIii. MuHUMaIbHBIE pa3mep

SXR wucrounuka B X1.1 06.07.2012 611 ~15.0 Mm
(1415 MI1 B 0 MuH), a MakcUMasbHbIH — ~373 MM

(245 MIirHa 6 muH).
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Puc. 3. Ckopocru rpanuubl SXR HCTOUHHKA (TOHKHE JIMHUK) B CPABHEHHH C TEIJIOBOH U aJbBEHOBCKOH CKOPOCTSIMU MJ1a3Mbl
(TosICTBIE IMHUH ) BO BembllKax: (a) — M2.9 6 uions1 2012 1, (6) — C7.2 22 nexkabps 2009 ., (B) — X 1.1 6 ntona 2012 1.

-300

Cropocrtb paciupernss SXR nerounnka BUCUMOCTH cKopocTell pactuupenusi SXR ucTouHnKa

HpOﬂHq)(bepGHLH/IpOBaB 10 BpPeMeHH T0JyyeHHble OT BPEMEHH, KOTOPbIE CPAaBHUBAIOTCSI C PABHOBECHOH

JiMHelHble pagMepbl SXR HCTOUHHKA, MoJiyuaeM 3a-  CKOpPOCThbio AJibBeHa (4) W TemIoBOM CKOPOCTbIO (5).
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Ta6auua 2. Pexkumbl yekopenuss KBM ot Benbiiku (X 1.1 06.07.2012)

Pexumbl to, C a, KM B, km/c ti1,c¢ aq.1, km/c2 t1.95, C a1 25, KM/ c2
early —11 1.58 x 106 1829 —230 4.2 —212 4.1
late +2 —6.47 x 10° 3278 742 5.3 806 4.8

Bo Benbimike M2.9 06.07.2012 (puc. 3a) cBepx-
3BYKOBbIE U CBepXasJbBEHOBCKHE CKOPOCTH paCIIf-
penusi SXR ucTouyHMKa (NpW MJasMeHHOH yacToTe
1415 MI1), no Bcel BUAUMOCTH, IOCTUTHYThI He GbIJIH.
Morsio GbITb KpaTKOBpeMEHHO€ TIpeBbIllIeHHe CKOPO-
ctH 3ByKa 1pu yactote 610 MI1, HO Takue IOTHOCTH
JIOCTUTHYTbI He OblIH, TaK Kak U3JydeHHe Ha yacToTe
610 MIi1 He nabaonanock. Panuonsnyuenue II tuna,
KOTOpOe 06bIYHO CBA3BIBAIOT ¢ POPMUPOBAHUEM yap-
HOH BoJHbI, B cobbiTun M2.9 06.07.2012 3apeructpu-
POBaHO He OBLIO.

Bo Benbiike C7.2 22.12.2009 (puc. 36) morsu
pea/i3oBaThCsl cBepx3ByKoBoe (npu <410 Ml ¢ +
+1 MMH) W cBepxajbBeHoBcKoe (npu <245 MIiL ¢
0.5 muH) 1BMKeHusl. Haunnas ¢ +4 MuH peructpupo-
Basioch paauousnyderue I tuna Ha uacrore 164 MIii,
uto cootserctByeT L = (EM/(2n?))Y/3 = 263 Mm =
= 1.38 Ry . HefictButesibHo, B 05:54 UT B nosie 3pe-
nuss SOHO/LASCO_C2 ua 3.05 R, 6bl10 3apert-
cTpupoBaHo neppoe nosisaenne KBM co ckopocTbio
346 KM/c (CKOpPOCTb paccudTaHa MO TePBHIM JIBYM
nosoxkenusim 1, 2 — 61 u 73 mun 3.05 u 3.41 R 1o
nabmojenusim LASCO). T1pu 6ancTHueckoM pac-
NPOCTPaHEHHH CKOPOCTb Ha BblcoTe 65 MM 10/KHA
coctasTh H86 km/c. B npejnoJoxenun, uto KBM
YCKOPSICS JIO CKOPOCTH 586 KM/ ¢ OT Tiax 10 M oax,
BpeMsi ycKopeHusi 126 ¢, a BeJIMUnHa YyCKOpeHHsl a =
= 4.7 km/c2.

Bo scnbiike X1.1 06.07.2012 (puc. 3B), anaJjio-
ruyHo ciayuato C7.2 22.12.2009, Moryin peasn3oBath-
cs1 cBepx3BykoBoe (mpu < 410 MIit ¢ +3 MuH) H
cBepxalibBeHoBCKoe (< 245 MIiL +2 MuH ) 1BHKEHUS.
Hauunast ¢ +6 MHUH perucTpupoBasoch pajHonaiyye-
nue Il Tuna na uacrore 180 MIiL, uTo cooTBeTCTBYET
L = (EM/(2n?))"/? = 556 MM = 1.79 R, ipy Mak-
CUMaJIbHOH Mepe SMUCCHH.

Tpaexropuss KBM Bo Benbiiike X 1.1 6 nrosa 2012 r.

Jloist BoccTanoBsieHUs1 moJioxkennst KBM o ero
MepBoOro TMosiBJeHHsI B T0Jie 3peHHst KopoHorpada
LASCO C2 (1.5—6 Ry) mpuMeHUM MeTOJ CIIHB-
KU MPearosaraeMoro paBHOYCKOPEHHOro W HabJito-
JlaeMoro paBHoMepHoro JBHxKeHusi (CTPYMUHCKUH U
ap., 2021). Mcnosb3yem JiMHENRHYIO anlpOKCHMALHUIO
noJioxkennss KBM no nauueiv LASCO R(t) = a +
+ [Bt. Paccmotpum nBa cayuas annpoKCHMalH, e
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ucnosb3ytores: 1) Bce Touku Habumojenuss KBM u
2) nepsbie aBe (/ u 2) Touku. [lapamerpsl anmpok-
CUMallMd « ¥ [ TipeacTaBjeHbl B Tabja. 2. MowmeHT
“mraoBeHHoro” yckopenuss KBM ua R = 1 R MOKHO
CUMTaTh B MEPBOM CJydyae paHHUM (early), a Bo BTO-
pom — noznuum (late) (puc. 4). [lapamerpnbl paBHO-
mepHoro yckopenust KBM natinem, npeanoJgaras, 4ro
KBM nBuraercst u3 noJioykenusi Ry B MOMEHT t( ¢ Ha-
yaJibHON cKopocTbio Vo = 0 W ycKopeHHeM a = const
JI0 MOMEHTA t, U3 YCJIOBHUSI CLLIMBKK PABHOYCKOPEHHOTO
¥ PaBHOMEPHOTO JIBUKeHUH caenyeT t = (2Rg — 2a —
— Bto) /B (CrpymuHcKuit u ap., 2021 ).

B nepBom cJiydyae Bpemsi tg BBIOPAHO IPOU3BOJIBHO,
a Bo BTopoM — ctapT KBM npennosaraercsi B MOMEHT
Hauasa pocta EM W pamuounssydenust Ha 245 MIix
(4+2 mun). Pesyabratsl HaOJ/OAEHUN W MOJEJbHBIX
pacueroB noJoxenuss KBM nokasanel Ha puc. 4 u
B TabJ. 2 AAs ABYX HauaJbHBIX MOJIOXKEHHH Ry =
=1.1 (1.25 Rg). Ormetnm, uto HabmoaeHuss KBM
kopoHorpapom LASCO HaxonsTcss BHe Mactitaba
puc. 4. I1pu ncno/sib30BaHUK NEPBOH anMmpoKCHMaluul
(paHHEro yCKOpEHHsI) MOMEHT MTHOBEHHOTO yCKope-
Hust KBM Ha 1 R, He coBnajaeT co BpeMeHeM pa3BH-
TH$1 BCIIBILIKH (pHUC. 4), 1 MOMEHT HavaJla JUIMTeJbHOr0
ycKopenusi Obl1 BbIOpaH MPOM3BOJIbBHO HA —11 MuH
(tabn. 2). Cpeansisi ckopocTh 1829 km/c npumepHo
B JIBa pasa MeHbllle CKOPOCTH, MOJydeHHOH BO BTO-
poil anmpokcuMaluu (mo3nHero yckopenusi). B ciy-
yae HCIOJIb30BAHMSI BTOPOH anmpoKCHMaLMH corvia-
cue Mexay BpeMeHamu yckopenuss KBM u passutus
BCIIbILI€UHbIX MPOLECCOB 3HAYNUTEBHO JIyUllIe.

Ha puc. 4 BunHO, uTO B nepBble 6 MUH OXKHaeMble
Tpaekropun KBM Haxozsircest BHyTpu ncTouHnka SXR
npu ero maotHocTd 7.4 x 10% em™3 (245 MIui). Ha
6 MHMH OTMedeHO Hauaso pajauousnaydenust I Tuna
Ha 180 MIii, T.e. MJIOTHOCTh PaAMONUCTOYHHKA CTaja
menee 4 x 10% cM™3. OueHuM BHICOTY HCTOUHHKA H3-
aydenust Il tuna Ha +6 muH ¢ yacroroit 180 Ml —
4.0 x 10® cM~3. B 3TOT MOMEHT 3HaueHHe Mephl IMHC-
cui 5.5 x 104 cm™3, u BhicoTa McTOUHHKA OyneT
L = (EM/(2n?))"/? = 556 MM. DT0 cooTBeTCTByeT
reJIMOLEHTPUUECKOMY paccTosiHuo 1.79 Ro — oueH-
Ka B Mojiend yckopenust ¢ 1.45 R TpH BBICOKOM
cTapTe, HO, BO3MOXKHO, peaJjibHasl Bbicota Ha 0 MMH
Obla elle 6oJblie. Bennunna yckopenusi (taba. 2)
5.3 km/c?, nafiiennasi 11 BTOPOI anmpoKCHMaLMH
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Puc. 4. [Tosoxenuss KBM Bo Benbiike X1.1 6 uionst 2012 1. B pa3iMyHbIX MOJEJSIX €r0 YCKOPEHHst (CM. TeKCT U TabJ. 2).
Jlesasi ctpesika — pannuiit KBM, suneiinas annpokcumatist Beex Touek Hagogenust LASCO (1829 km/c), npasasi cTpesika —

nosaunit KBM, mmneitnas anmpokcumatms touek (/, 2) LASCO (3278 km/c). ToscTele TMHHM — paBHOMEPHOE YCKOpeHHe U3
noJiozkeHui (cepole iuuun, 1.25 R ) u (uepuble aunuy, 1.1 R ) cooTBeTcTBeHHO. ToHKMe JTMHUHM — XapakTepHblil pagmep SXR

MCTOUHHMKA MTPH PA3JIMUHBIX KOHLEHTPALMSX (CM. puc. 1B).

cKopocTH 3273 KM/C M HM3KOrO cTapTa, OTJIMUHO CO-
raacyetcs ¢ 5.87 km/c? n1pu yCKOpeHUH 10 CKOPOCTH
nepsoro nosisaenns — 3276 km/c (lonanceamu v p.,
2016). Mmetoliieecst pacxoxaeHre MOXKHO 00bSICHUTD
pasHbIM BBIOOPOM TOJIHOTO BpPEMEHH YCKOpEeHHs —
pasnuuue 71 c.

OUEHKHW BEJIMYMHbI MATHUTHOI'O
[1OJI]

Ha puc. 5 nokasanbl MUHMMaJIbHbIE 3HAUEHUS Mar-
HUTHOTO NOJIs1, KOTOPble HEOOXOAUMbI 1151 JOCTHKEHHUS
KBM Bropoii kocMudeckoll ckopoctd Ha CoJiHle —

618 km/c (puc. 5a,6) M CKOPOCTH MEPBOrO MOsIBJIE-
nust — 3278 km/c (puc. 5B).

Ha puc. ba KpuBble MOKa3bIBAlOT pacCUMTaHHbIE
BeJIMUWHBI PABHOBECHOTO B 151 IBYX MJIa3MEeHHBbIX Ya-
CTOT — nocJieiHel Habmonasiercs 1415 MI u nep-
Boil He Hab/moaBlelicss 610 My, a ropusoHTasbHble
JIMHUK — HeOOXOIMMble BeJIMUHHbI B 117151 IOCTHKEHUS]
n1a3Moi BTOPO# KocMHuecKol ckopoctu. CpaBHeHMe
pPaBHOBECHBIX BEJWUHUH MArHUTHOTO [0JISI U €r0 BeJH-
UHH, HeOGXOIUMBIX sl I0CTHKeHHst 618 km/c, noka-
3bIBAET, UTO HEPrHH MATHUTHOTO M0JIs1, 3aaceHHoro
B CTPYKTypax ¢ TJiaaMeHHOH uactotoil 1415 MIii,
JIOCTAaTOUHO ISl YCKOpeHHs MexkraHetHoro KBM.
OnHako Tak Kak He MPOMCXOJUT paclIMpeHust MJI0T-
HbIX CTPYKTYp (> 610 MIi1) ¢ GoJbIIMMH MarHuT-
HBIMH TOJISIMH B 00JIACTH C MEHBLIMMHU MJIOTHOCTSIMU
(<610 MIl1), To “maruuTHasi aeToHauust” He HabJO-
naercsl. Kondurypauusi MarHuTHOro rmoJisi octaercs
3aMKHYTOH.

[MMCbMA B ACTPOHOMUUECKUN JKYPHAJI

Ha puc. 56 KpuBble MOKa3bIBAIOT pacCUMTaHHbIE
BeJIMUMHBI PABHOBECHOTO B /7151 Tpex HabJ110/1aBILIUXCS
nsia3MeHHbIX yactot 245, 410 u 610 MIiy, a ropu-
30HTaJIbHbIE JIMHHH — HEeOOXOJUMble BeJHUUHbI B
7Sl locTHzKeHHs 618 km/c. CpaBHeHHe paBHOBECHBIX
BEJIMUUH MaTHUTHOTO TMOJIST U BeJHYHH, HEOOXOJIUMBIX
a5 ocTikennst 618 km/c, nokasbiBaer, uto sHep-
MM MarHUTHOTO MOJIsl, 3aMlaCEHHOT0 B CTPYKTypax ¢
nJia3MeHHbIMH uacTotamu 245—610 MI11, focTatouHo
17151 yekopenusi mexknanetHoro KBM. Tlo Bce#t Bu-
JIUMOCTH, 6oJiee TJIOTHbIE CTPYKTYphl (> 610 MIir) ¢
OOJILIIUMH MATHUTHBIMU TIOJISIMH PACHIHPAJIUCH, CHKU-
Masi MeHee MJIOTHble CTPYKTYpbl (< 410 MIir). Ilpu
JIOJZKHOH TOJISIPHOCTH MArHUTHOTO TMOJISt MOTJIO MPO-
UCXOJIUTh Tepecoe/MHeHre C BblJleJIEHUEM 3HEPTHH,
JIOCTATOYHOM J1J151 MATHUTHOH J€TOHALMH.

Ha puc. 5B KpHBbIEe TOKa3bIBAIOT pacCUMTaHHbIE
BeJIMUMHBbl PABHOBECHOro B J/is1 ueThbipex MJa3MeH-
HbIX YaCTOT, a TOPU30HTAJIbHbIE JJUHUA — HEOOXO/IHU-
Mble BeJIUUHHBI B JJ151 JOCTHXKeHHUsT HaOJ I0aaBIIeH s
Veue = Va = 3278 kv/c. CpaBHeHHe paBHOBECHbBIX
BEeJIMUMH MArHUTHOTO I0JIs1 U BEJIMYMH, HEOOXOIUMBbIX
JIJIS1 TOCTHXKEHUST CKOPOCTH nepBoro nossjaenus KBM
(puc. 5), NOKa3bIBa€eT, UTO SHEPTUU MATHUTHOTO T10JIs,
3aMaceHHoro B CTPYKTypax ¢ MJIa3MeHHbIMH UacToTa-
M < 410 MIL, HenoctaTouHo M5 yckopeHuss KBM

¢ Vourr > 3278 km/c. Oanako npu nojabeme 6oJiee
MUIOTHBIX CTPYKTYp (> 610 MIi1) ¢ GosbluuMu mar-
HUTHBIMK NOJIIMU B o6s1acti (< 410 MI1L) sHepruu
noJisi MOKeT ObITb JIOCTATOUHO /ISl OCYLUECTBJEHHUS
MarHuTHOW JIETOHALIMH.
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Ta6auua 3. Xapakrepuctuku SXR ucrounuka Benbiiikd (X 1.1 06.07.12) u oueHKH napaMeTpoB MJ1a3Mbl U MaKCHMaJlb-

HOM CKOPOCTH ero pacuinpenust (MOMeHT +4 MUH T ax )

MHz n,cM 3 L, Mm M =2nL3,r dL/dt, km/c ndL/dt, 1/c - cm? B, I E,B/cm
1415 2.5 x 1010 27 1.5 x 10%° 135 3.4 x 1017 66 8.9
610 4.6 x 107 85 9.0 x 10%° 415 1.9 x 1017 28 11.6
410 2.1 x 10° 140 1.8 x 1015 705 1.5 x 1017 19 13.4
245 7.4 % 108 280 5.2 x 106 1400 1.0 x 10'7 11 15.4
245 7.4 x 108 280 5.2 x 1016 1400 1.0 x 107 66* 92.4

CLIEHAPWI PA3BUTHS BCITbIIIKHU X1.1
06.07.2012 r. ObCY)KIAEHHE

Ha 46 MuH Benbllika pa3BuBaeTcsi Ha BbICOTaxX OT
27 no 280 Mwm, a JuHelHasi CKOPOCTb pacllMpeHHst
SXR wucrounnka mensiercsi ot 135 o 1400 km/c.
[ToTok BelllecTBa CHHM3y BBEpPX YyMEHbIIAETCs, €ro
BeJIMUMHY BIIOJIHE MOXKeT oOecrneuuTb Xpomocdepa
(xpomoceproe ucnapenue). IlomyueHHble Bbillie
OUEHKH ckopocTH pacluvpenuss SXR  ucrounuka
(puc. 3B) M UMelOLIErocsi PaBHOBECHOTO MarHUTHOTO
noJisi (puc. 5B) MO3BOJISIIOT paccuutaTh Maccy KBM,
MOTOK BEIleCTBA B KOPOHE M HAMPSXKEHHOCTb 3J1€K-
TPUYECKOTO TIOJIs MepecoelMHeH sl. DTH BEJMUHHBI B
MOMEHT MaKCHMaJIbHOH TeMrepartypbl MpUBeIeHbl B
TabJ1. 3.

Macca nsia3mbl, 3aKJtoueHHast B 3aMKHYThle CTPYK-
TYPbl BCIBILIKHA, MOXKET ObITb OCHOBOH JJ151 HAOJIIO-
nasierocsi KBM ¢ maccoit 8.4 x 10'° r (https://
cdaw.gsfc.nasa.gov/CME_list/UNIVERSAL/2012
_07/univ2012_07.html). Haunyumee cornacue c

Halleil olleHKol macchbl 9.0 x 105 t st mioTHOCTH
4.6 x 10° cm~3 (nnasmennas yactota 610 MIir).

Ha stux BbICOTaX BesMYMHA PaBHOBECHOrO Mar-
HUTHOTO T0J1s1 cocTapJgsieT npumepHo 66—10 Ic. [1pu
TaKMX CKOPOCTSIX U MArHUTHBIX MOJISIX HANPSIXKEHHOCTH
ssieKTprueckoro noJist E = eV B/c¢ OyayT npeBbilath
noJie JIpaficepa Ha BceX BbICOTAX PA3BUTHS SPYILIUH.
OueHKH 3/1eKTPUUECKHX MoJiedl BO BCIbILIKAX MpUBe-
neHbl B 0630pe (JIbicenko u np., 2020). OTmetuM, uto
HalllM olieHKH 1oJst 9—15 B/cm NPAKTHUECKH COBMa-
naioT ¢ ouenkoi ans 10 centsidps 2017 r. 20 B/cm
NMpH cKOpocTH najenust noss 5 Ie/c (Paeiiman,
2020). Ha Bcex BbicOTax pasBUTHSI 3PYIIHH MOXKHO
Jlerko obecrneyuTb Takoe najeHue nods. Hanpsiken-
HOCTb 3JIEKTPUUECKOTO M0JIs1 IPUMEPHO OJIHHAKOBA Ha
pasHbIX BbICOTAX, UTO MOXKET 0OeCMeunTb YCKOpeHHe
YaCTHLL BO BCEM paccMaTpHBaeMoM obbeMe.

Hopwman (2019) npemyioxusn cuutath, UTO YaCTH-
bl kocmuueckux Jyued (KJI) Bo Bcem crnekTpe u
B Pa3J/IMUHbIX UCTOYHMKAX MMPHOOPETAIOT SHEPTHIO 110
CYTH B OJIHOM M TOM K€ MeXaHU3Me YCKOpeHHs —

[MMCbMA B ACTPOHOMMUYECKUN Y)KYPHAJI

Ttom49 Ne 1l

Npu repejade HEPIHU OT MAaKPOOOBHEKTOB M MaK-
POMPOILIECCOB HANIPSIMYI0 MUKPOOOBEKTaM (3apsixKeH-
HbIM y6eratoumM yactuuam — KJI). Dta nepenaua
SHEPTUM MPOUCXOJIUT B IHHAMHUECKOH TJ1a3Me ¢ BMO-
POXKEHHBIMH MArHUTHbIMU MoJisiMd. OJiMH U3 NpUMe-
POB TaKOTo yCKopeHusi — jpel(oBoe ycKopeHHe Ha
ynapHo# BoJsiHe (cm. Hopman, 2019, u ccoiiku Tam).
Ecau ynapHasi BoJiHA pacrpocTpaHsieTcss ¢ BMOPO-
YKEHHBIM MArHUTHbIM MOJIEM, TO 3apsi2KEHHbIE UACTHILbI
BOJIM3U yapHoro ¢poHTa OyayT ApekidoBaTh BLOJb
3JIEKTPUUECKOTO MOJISI U yCKOpsiThes. B aToM ciay-
yae u1 By = ug Ba, ¥ HANIPSX)KEHHOCTD 3J1EKTPUUECKOTO
noJsi Fq = Fs, IJle UHJEKChI TOKA3bIBAIOT MOJIOYKeHHe
OTHOCHUTEeJIbHO (hpoHTa. Bo3pacraHue sHepruu 3apsi-
»KeHHOW yacTullpl 6ynetr AR = ZeF L = ZeFs L, rie
Ze — 3apsil yacTulibl, a L — ayHa apefida BloJb
3JIEKTPUUECKOTO MoJisi Ha (PPOHTe YJIapHOH BOJIHBI.
MeHHO Takoe ycKopeHue, Mo BCel BUIMMOCTH, UMeeT
MecTo MpH “MarHuTHOM JnetoHauuu” (Taba. 3). Heo6-
XO/MMasl JJIMHA TYTH JIJIsl yCKOPEHHS] TIPOTOHOB JI0
PEJIITUBUCTCKUX SHEPTHH MOXKET ObITh JIOCTUTHYTA BO
MHOKECTBE 3JIeMEHTaPHBIX aKTOB. B 3ToM ciyuae mc-
TOUHHMK COJIHEUHBIX PEJIITHBUCTCKUX MPOTOHOB OyjeT
COBMAaJaTh KaK C MECTOM COJIHEUHOMH BCMBILIKH, TaK U
¢ obJiacTblo yckopenuss KBM.

BbIBO/IbI

1. “Knaccuueckas” mojesb BCrblleKk He oObsic-
HsieT yckopenue npoToHoB > 100 M3sB u yckopenue
MeXKIJIaHETHBIX KOPOHAJIbHBIX BbIOPOCOB Macchbl J10
ckopocTel > 618 kM/c. MenHo Mo3TOMYy, 1151 00b-
SICHEHH ST STUX IBJEHUH TPUBJIEKAIOT Y/lapHble BOJIHBI H
IPYILMI0 MArHUTHOTO XKIyTa.

2. Tlpemyioxkena rumnoresa “MarHUTHOH JeTOHA-
LUMH”, COMIaCHO KOTOPOH 3PYNTHBHbIE BCIBILIKA H
KBM npencrasisitor co6oii pe3ysbTaT MHOXKECTBEH-
HOTO MArHUTHOTO TIePEeCOEIUHEHHST OT Xpomocdepbl
JI0 BepXHeH KOPOHbI MPH PACUIMPEHHH MJIa3MEHHBIX
CTPYKTYP C BMOPOXKEHHbBIM CHJIbHBIM MarHWTHBIM 10—
Jem B o6JacTb ciaboro. [TokazaHo, uTo Mojaesb MO-
JKeT peasiu30BaThCsl B JVIMTE/bHbBIX BCIbILIKAX MPH Ha-
guund KBM 1 yckopeHHs1 yacTul, HO He peasiu3yeTcs
B KOPOTKHX UMMYJIbCHBIX BCTIbIIIKAX.
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Puc. 5. PaBHoBecHOe MarHuTHOE 110J1€, COOTBETCTBYIOLLEE S = 1, IPH Pa3/IMUHbBIX JIOTHOCTSIX U MJIa3MEHHbBIX YACTOTaX (TOJICThIE
KpHBbIe) BO BemblKax: (a) — M2.9 6 utonst 2012 1, (6) — C7.2 22 nexabpst 2009 ., (B) — X 1.1 6 uionst 2012 r. PaBHoBecHoe
MarHUTHOE TMOJie CPABHUBAETCS € MHHUMAJbHBIM MarHUTHbIM MOJjieM (MpsiMble JIMHHH), HEOOXOIUMBIM /sl JTOCTHIKEHHST

2-1i KocMHuuecKoii ckopocTh Ha Coanile (618 xv/c) — (a) 1 (6) u ckopoctn KBM 3278 km/c — (B).
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3. PaccmoTpen Bo3MOKHBIH Mpoliece paciinpeHust
SXR ucrounuka (GOES), onpeseneHbl ero JuHeHHbIE
pasmepbl U CKOPOCTH paclMpeHHst B PeToJ0KEeHHH,
YTO KOHIIEHTPALIUS TIJIa3Mbl B HCTOUHUKE COOTBETCTBY -
eT MJa3MeHHOH vactoTe (HabJ/OJaeMOMy MJa3MeH-
Homy uanyuenuto (RSTN)) mast Tpex Benbiiek C7.2
22.12.2009, M2.9 06.07.2012 u X1.1 06.07.2012.

4. Haiineno, uTo CBepXTeNioBble U CBepXasbBe-
HOBCKHE CKOPOCTH PaCUIMPEHUsT MCTOUHHKA ObIIH J10-
CTUTHYTHI TOJIbKO B caydasix C7.2 22.12.2009 u X1.1
06.07.2012 npu KOHUEHTpALMSIX MJa3Mbl, COOTBET-
CTBYIOLIMX MJIa3MeHHbIM yacTtotaM Huxke 610 MIi. B
cayuae M2.9 06.07.2012, korna nia3meHHast yactoTa
6biya 6ogiee 1415 MITy, BbicoTa HCTOUHHKA Obljia Me-
Hee 45 Mm. Ckopoctu pactupenus X1.1 06.07.2012
NpH KOHIEeHTpalusx (Huke 245 MIi1) cootBeTcTBYIOT
HabmonaBimumucs ckopoctasm KBM. DTo nokasnia-
€T HenocpejCcTBeHHy0 CBsi3b pacuiupeHuss SXR uc-
TOYHHKA W yckopenust KBM, nabatonasiinxes B noJse
3penusi kopoHorpacga LASCO.

5. Ecanm MarHuTHble CTPYKTYpbl C MJIOTHOCTBIO
>4.6 x 10° cm~3 (nnasmennas yactora > 610 M)
¥ MarHuTHbiM noseM >30 [c nogHumaloTest K mar-
HUTHBIM CTPYKTYpaM C MeHbLUeH TJIOTHOCTbI0 <2.1 X
x 102 cm—3 (nnasmenHasi yacrora <410 MIu) u
MarHuTHeiM mojiem ~20 [c¢, To B pe3dysbraTe Mmar-
HUTHOTO MepecoeIMHeHUsT MOXKET pa3BUTbCS Mpouece
“MarHUTHOH JeTOHAlMK~ — YCKOpEeHHe MJa3Mbl JI0
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