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Annoranus. [IpemioxkxeHa MeTOIUKa JOKaTH3AIHA
1 OTNpeIeIICHHUsT OPUEHTAIINN TTPOTSHKCHHBIX COTHEYHBIX
HMCTOYHUKOB MAarHHTHBIX OOJIAKOB IO JAHHBIM KOPOHO-
rpadoB u dororpadusim horochepsr nuacrpymentoB EIT
u MDI xocmuueckuii muccun SOHO. pu onieHke Bepo-
STHOCTH (DOPMHMPOBaHHsI MarHUTHBIX OOJIAKOB JUIS HHX
HCTIONB30BaHa TPOCTasl LMIMHApPHUYECKas OeccuiioBas
MOJieNb. YCTaHOBJIEHO, YTO MPOTSKECHHBIE MCTOUYHUKH,
HMeroIre HeOOoBIIOI HAKIIOH K COJTHEYHOMY 3KBATOPY
1 HaxXOJSIINecs Ha Kpasx COJNHEYHOTO JTUCKA, B OTIIH-
YHe OT HETNPOTSDKEHHBIX U CHIIBHO HAaKJIOHEHHBIX, HMe-
I0T IIAHC CreHEepHpOBaTh paCIIUPSIOIIUEcs o0JaKa,
KOTOPBIE C BBICOKOH BEPOSTHOCTBIO MOTYT JAOCTUTHYTb
MarHurocgepsl, Kak U o0naka OT UCTOYHUKOB BOJIHM3H
HYJIEBOTO MEpPHIMaHa U HU3KUX MIUPOT.

OmnpeneneHa 3aBUCHMOCTh SKCTPEMAIbHBIX 3HAYe-
HUll cyO0ypeBoii akTHBHOCTH 10 MHIeKCYy AL oT mapa-
METPOB aHAJIM3HPYEMBIX COJHEYHBIX HCTOYHHKOB B
HHTEPBAJIBl BO3JICHCTBHA Ha 3€MHYI0 MarHurtocdepy
MarHuTHBIX 001akoB. OTMEYeHO OTCyTCTBHE CyOOypBH,
ACCOLMMPOBAHHBIX C MPOTSHKEHHBIMH UCTOYHUKAaMH BHE
JMarazoHa remromupoT ~5—20°. Y CTaHOBIICHHBIE CBS3U
KOOPJIMHAT COJIHEYHOTO MCTOYHHKA C T€OMarHUTHOW aK-
THUBHOCTBIO KaK 00O0JIOYKH, TaK M TeJla MarHUTHOTO o0JaKa
cornacyroTcsi ¢ HauOosiee BEpOSITHBIM paclpee/ieHHEM
MarHUTOAKTHBHBIX 00J1acTel Ha COJTHEYHOM JIHCKE.
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Abstract. We propose a method for determining loca-
tion and orientation of extended solar sources of magnetic
clouds, using coronagraph data and SOHO EIT/MDI im-
ages of the photosphere. To estimate the probability of
formation of magnetic clouds, we use a simple cylindrical
force-free model. We have established that more extended
sources and those having a slight inclination to the solar
equator and located on the solar limb as compared to those
that are nonextended and strongly inclined can generate
expanding clouds, which with high probability can reach
the magnetosphere like clouds from a source near the zero
meridian and low latitudes.

We determine the relationship between extreme val-
ues of substorm activity and parameters of solar sources
under study during the impact of magnetic clouds on
Earth’s magnetosphere from the AL index. We note that
there are no substorms associated with extended sources
outside the heliolatitude range ~5-20°. The established
relationship between solar source coordinates and geo-
magnetic activity of the magnetic cloud sheath and body
are consistent with the most probable distribution of
magnetoactive regions over the solar disk.

Keywords: solar activity, solar wind, coronal plas-
ma flow, coronal mass ejection, solar flare, geomagnetic
activity, geomagnetic disturbances, magnetosphere.
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KiroueBble cioBa: coMHEYHAs aKTHBHOCTH, COJI-
HEYHBIN BeTEep, KOPOHAIBHBIN MIA3MEHHBIN MOTOK, KO-
POHAIBHBINA BRIOPOC MAcCHl, CONIHEYHAs! BCIBIIIKA, T'e0-
MarHuTHas aKTHBHOCTb, T€OMAarHUTHBIC BO3MYIICHUS,
MarauTocgepa.

N.A. Barkhatov, E.A. Revunova, R.V. Romanov, et al.

BBEJIEHHE

Koponansnsie BeiOpocsl Maccsl (KBM) u 3auacryio
COIIPOBOXKJAIONINE WX BCHBIIIKH SBISIOTCS CaMBIMU
BBICOKO’HEPTETHUECKUMH  COJTHEYHBIMU  SIBICHUSMHU
[MBanoB, 1996; Burlaga et al., 2003; Neugebauer,
Liewer, 2003; Huxomaesa u ap., 2011]. Hecmotps Ha
T0, uTo KBM conpoBoxnaeTcs BeIIeNeHHEM OOIBIIOTO
KOJIMYECTBA DHEPIUH, BCUBIIIKAMH U BCIIJIECKAMH MHK-
pOBOJHOBOrO W3nMyuyeHusi, ucrounuku KBM wacto He
BBIICNSAIOTCS Ha (hOHE KOPOHBI Wi (HOTOC(Eephl U HHO-
I7la MOTYT OIPENeNAThCS TOJIBKO MO OCTaTOYHBIM sIBIIE-
HussM. Oco0oro BHUMAaHHS 3acly>KMBaeT TaKOW BUJ
KBM (a TouHee, cOMyTCTBYIOIee €My SIBJICHHE), Kak
MarHutHoe obsako (MO). B orianume or coOCTBEHHO
KOPOHAJIBHOTO BBIOpoca, MO MOXET, IPaKTUYECKH HE
nMess MEXaHHUECKOTO UMITYJIbCa, 00JIalaTh THTaHTCKOH
sHeprueit marautHoro nois [Kilpua et al., 2012]. U3z-3a
KpaifHe HHM3KOro cozepkaHus dactury MO cmabo mon-
BepxkeHo rpaBuTanuu CoJHIA M MOXET yBEIHIHBATH
YAENBHYIO 3HEPrHI0 MarHUTHOTO IIOJSI B pe3yibTaTe
CKaTHs NPU B3aHUMOJCHCTBUM C JPYTUMH IUIOTHBIMH
CTPYKTypaMu coiHedHoro Betpa [BapxatoBa u p.,
2017; ManakoBa u ap., 2016]. Ananuz MO u gonro-
CPOYHBI MPOTHO3 €ro TeoOMarHuTHOW 3¢ dexTHBHOCTH
3aTpyAHEHBI BCIEACTBUE TOTO, YTO yenuHeHHoe MO —
penKoe SBIEHHE, a er0 UCTOYHHMK TPYJHO OOHApYXUTh
Ha (DOHE BO3MYIIIEHHOHM COJIHEYHOW KOPOHBI Wi (oTo-
coepsl. Bmecte ¢ Tem mpennosaraercsi, YTo BBICOKHH
ypoBeHb reodddextuBHOCTH KBM 00yCiI0BICH HU3KH-
Mu renuomporamMu uctouyHnkoB KBM [Kilpua et al.,
2011] m sKkBaTOPHATBHBIM OTKIOHEHHEM MEUICHHBIX H
cnabeix KBM, mpoucxosimux U3 CpeJHUX M BBICOKHX
reauomupot [Liu et al., 2008].

B cuiy npakrtudyecku CEBEPHOM OpUEHTALMM T€O-
MarHUTHOTO TMOJSl B JHEBHOW YacTH MarHutochepsl
JIOTHYEH MOJAXOJ K MOCTPOSHHIO CTATUCTHYECKUX 3aBH-
CUMOCTEH reOMarHUTHOM 3((PEKTUBHOCTU OT CTPYKTYP
COJIHEYHOTO BETPa, MMEIOIINX 3aMETHYIO0 OTpUIATelb-
HYI0 B,-KOMIOHEHTY MEXIUIAaHETHOTO MArHWTHOTO MOJIS
(MMII) [Wu, Lepping, 2002; Bapxato u nap., 2017,
2018]. HeiicTBUTENBHO, B3PHIBHBIC MEPECOCHAUHEHHS Ieo-
MarHUTHOTO M MEXIUIAHETHOTO MarHUTHBIX IIOJIEH, OTBe-
Yaronye 3a rodaJbHbIe TeOMarHUTHBIE Oypu, HaOroa-
FOTCSI TOJIBKO TPH OTPHUIIATENBHOM B,-kommonente MMIT.

[Iporao3 reomarHuTHOW 3¢dexTuBHOCTH MO 1O
BEIMYNHE OTpULaTeNbHON B,-komnonentst MMII Bo3-
MOXEH C TOUHOCTBIO Oosiee 60 %. [l moBwIIICHHS Ka-
YeCTBa MPOTHO3a TPeOYIOTCS JaHHBIE 00 UCTOYHHKAX U
cTapToBBIX pu3nyecknx xapakrepucriukax MO. HeoO-
XO/IMMO TaKkK€ MaKCHMaJIbHO TOYHOE OTO>K/IECTBIICHHUE
npoxoadamux udepe3 narpynsHele KA crpykryp ¢ MO
[Ps3anueBa u ap., 2003]. B mocienHee Bpemst 3TOMY
MOCBSIILEHBI 1IEJble KOCMUYECKHEe MHCCHH, HalpHMep
TRACE.

Tpynuoctr upenrudukamun MO CBs3aHBI C TEM, YTO
KOpOHOTpadbl OTCIICKUBAIOT BO3MYIIECHNS KOHIICHTPALIN
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NIPOTOHOB COJIHEYHOTO BETPa, BBI3BAHHBIC BTOPXKEHHEM
BBICOKOPHEPTUYHBIX KOPOHAIBHBIX NPOTOHOB B CTAaTHY-
HbIi 1 dy3HBIH GOH NPOTOHOB, HcnapsieMbix CoNHIIEM.
B cumity sToro obcrositertberBa MO maxe B Ipodrits wio-
X0 BHAHBI Ha KopoHorpadax. [TpoxoskneHus yeanHeHHbIX
MO k 3emie BooOmIe He (HYUKCUPYIOTCS KOPOHOTpadam,
U ONpEnENCHUE WX BEPOATHBIX HCTOYHHKOB BO3MOXKHO
TOJIbKO 10 cHUMKaM (oTtocepbl ComHua. Takum oOpa-
30M, OOBIYHO MMEIOTCS CTPYKTYypa, M3MEpEHHas Ha Iat-
pynbHBIX KA, ¢ HaOOpOM BEpOSITHBIX CONHEYHBIX HCTOY-
HUKOB M Pa3pO3HCHHbIC [AHHBIC O IEPEMEUICHHH 3TOMH
CTPYKTYpHIL. 3ajaya O MapaMeTpax COJMHEYHBIX CTPYKTYp
nipu niepemerieHnn ot ComnHIa 1o narpyabHeIX KA pemra-
eTcsl IyTeM YHCJIEHHOTO WM, B HPOCTEHIIMX CIydasx,
aHAJIMTHYECKOTO0 MojempoBanua. OHa oOnerdaercss nmpu
yBEIIMYEHNH Yucia KopoHorpados, HO mpolnema peru-
crpanm MO 10 1aHHBIM KOPOHOTPagoB BCE PABHO OCTa-
etcs. Hamr moaxoz k MonenupoBanuio MO 3akitodaeTcs B
TOM, YTO UX MarHUTHAs YacCTh NPE/ICTABIACTCS 3aMKHYTOMH
CTPYKTYpO#l THIia OeccHIoBOW MarHMTHOHM TpyOku. Ilpu
9TOM €r0 BEIIECTBO NPEJCTABISET COOOH I1a3My ¢ BMO-
POXEHHBIM MAarHUTHBIM I10JIeM, YHOcuMyto ¢ CosHIa pu
spynuun. Bmecre ¢ Tem Tteno KBM tuma rano xoporiuo
BHUJTHO Ha KOpPOHOTpadax, U 3T0 00CTOSTEILCTBO TI03BOJISI-
€T JIOCTaTOYHO HAJIEXHO omnpenenuth nctounnk KBM Ha
COJIHEYHOM JHMCKe M Jierko uaeHtuduuuposath KBM Ha
natpyneabix KA [Wang et al,, 2011]. B cinyuae Takux
KBM B Hux BkmoueHnsl © MO, nmosromy uctouHuk MO
TaKXke MOXKeT ObITh ompenerneH. Ham noxxon k oOHapy-
xkeanto KBM, Bkmowass MO, U yCTaHOBJIEHHIO HX COJI-
HEYHBIX MICTOYHUKOB 3aKJIFOYAETCs B UCHIOJIb30BAHUH ITHUX
YIIOMSTHYTBIX BBIIIIE BO3MOXKHOCTEH.

Jpyras npoGiema u3ydeHns: 0COOEHHOCTE! MepeHo-
ca KBM — ux orpomusle pa3Mepsl. Jlaxe monepedHsie
pasmepsl KBM wmoryt nocturath 1 a. e. ['mmotetnue-
ckyto Quotunuio narpyneHeix KA B jaHHOM ciydae
MO’KHO CPaBHUTH C NMPOBOJIOYHBIM 30HIIOM B TeJle KHTa,
1 10 X W3MEPEHUSIM HEJb3sl OIYyYHUTh JIaKe TUIOCKOTO
CedyeHus uccienyemoil cTpykrypsl. IlosTromy perienue
MOJOOHBIX 33734 IEJIMKOM 3aBUCHT OT aJIeKBaTHOCTH
Mozenell. B naHHBIE MOMEHT caMbIMU PacHpOCTPAHEH-
HBIMU SBIISIFOTCS Mojenu MO, mpennonararomue Hx
JIOKJIBHYIO HWJIMHIPUYECKYI0 cUMMeTpHio. Takue mo-
JIeNT TI03BOJIAIOT MOJYYHTh JWHAMHUKY IOJICH B IIIOC-
KOM CEYEHHH CTPYKTYpHl. YUHTHIBAS Maylble pa3Mepsl
reomarautocdeps! o cpasHeHno ¢ KBM, nocratodno
BBIUMCIIUTH MTApaMETPHl HA CEYCHUHU CTPYKTYPHI B IIJIOC-
KOCTH SKJIMITUKH, 3aTeM CPaBHHUTh UX C W3MEPEHUSIMHU
Ha maTpynbHEIX KA ¥ OeHUTH aZeKBaTHOCTH CO3JaBa-
emoil Mozenu. Takod MOAXOA MO3BOJIIET PEUIMTH 00-
paTHYyIO 3a7a4dy 1O OINpEeeIeHUI0 MOJICJIbHBIX ITapameT-
pos KBM c¢ nomonisto uzmepenuil Ha natpynbHbeix KA.
Jlanee nonydeHHble MOJEIbHBIE TAPAMETPHI MO3BOISIOT
COIIOCTaBUTHh OOHapyXeHHyI0 cTpykTypy KBM c ee
COJIHEYHBIM UCTOYHHUKOM.

[IprHMMas BO BHIMaHHE BCE yKa3aHHBIE MPOOJIEMBI,
MIpeATIaraéMoe MCCIIEA0BAHNE OPUEHTUPOBAHO Ha ycCTa-
HOBJIGHHE CBSI3M KOOPJIMHAT COJHEYHBIX oOsacTeil jo-
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KaJM3alii UCTOYHHUKOB IUIa3MEHHBIX TIOTOKOB C YpPOB-
HeM cyOOypeBol reOMarHUTHOW aKTHMBHOCTH. Paspaba-
TBIBAEMBIH TTOAXOJ K HCCIICAOBAHHIO IUIA3MEHHOTO MO-
Toka Trra MO 3akirodaeTcs B MPEICTaBICHUH €ro Mar-
HUTHOH 4acTH B BUAE OECCHIIOBOW MarHWTHOM TPyOKH,
yHocumoit or ComHIla Tpu HAOIIOZAEMOW 3PYIITUN
[bapxaros, Kanunuua, 2010].

[Mapamerpuueckue 3anucu Ha KA wacto oTpakaror
COOCTBEHHO TEJI0 MarHUTHOTO 00Jlaka M B HEKOTOPBIX
ciyyasx ynapHyto BonHy (YB) m cnemyromryto 3a Hei
TypOynenTHyto 060104ky (TO) (cMm. puc. 1). [TosTomy,
HECMOTpS Ha TO, 4TO o0JIaka ABHXKYTCS B OKOJIO3EMHOM
KOCMOCE KakK eIWHOe IIeNIoe, CIIEAYyeT paccMaTpUBATh
TE€OMAarHUTHYIO 3(PQPEKTHBHOCTD 3JIEMEHTOB HX CTPYK-
Typel 0 oTAenbHOCTH. B TO mponcxomsar mpormeccHl,
aHAJIOTMYHBIE MPOIIecCaM B MAarHUTOCIOE (TepexXoIHON
00JacTi) 3a 3eMHOH yJapHOW BOJHOI. MOIIHOCTH Mar-
HUTO3BYKOBBIX ITyJbCAIIA B Telie MEXKIDIAHETHOTO KO-
ponansHOro BbIOpOca Macchl (MKBM) Ha mopsgok
MEHBIIE MOIIHOCTH TYpOYJICHTHBIX BO3MYILEHHUH B
obomouke MO, ofHaKO U3-3a MEPEMEKACMOCTH TypOy-
JICHTHOCTU TPUMEHEHHUE CIEKTPaIbHOW METOAMKHU IS
cernapanuu odosouky ot Tesa MKBM 3atpyaneno.

ConocraBineHue CyLIECTBYIOIIMX Moaeneit MO
[BapxaroB, Kanuuuna, 2010; bapxatos u ap., 2014a, 6]
IIOKa3allo, YTO BCE OHHU COTJACYIOTCS IPYT C OPYTOM H
UX YCIIOKHEHHE HE MPUBOAUT K CYIIECTBEHHOMY yTOY-
HEHHWIO OCHOBHEIX IIapaMeTPOB OOJAKOB (BETHMYUHA
MarHUTHOTO TIOJII Ha ocu o0Jaka, ero pamuyc, IpH-
LEeJbHBIA TTapaMeTp 1Mo OTHOIICHHIO K 3emJe, OpueHTa-
Ul OCH B MEXIUIAHETHOM TMPOCTpaHCTBe). B cBs3m ¢
9THM IIpH OLieHKe opreHTanu MO Mbl HCHIONIB3YyeM ISt
HHUX MPOCTYI0 HWJIMHIPUYECKYIO OECCHIIOBYIO MOZENb

(puc. 2).
1. HNCHOJBb3YEMBIE JAHHBIE

N METOAUKA JJOKAJIM3ALINN

COJIHEYUHOI'O UCTOYHUKA MO

CrarucTuueckoe HCClieloBaHNE 3aBHCUMOCTEH Xa-
PaKTEepUCTHK HCTOUYHMKOB MO OT pacnoiokeHus: Ha
COJIHEYHOM JIHCKe BbIOJHEHO 10 30 coObitusam MO,
otMedeHHBIM C 1997 mo 2012 r. CorjacHo KaTajoram:
1) xoponansHbIX BbIOpOCOB BeriectBa LASCO CME
Catalog  [http://lasco-www.nrl.na-vy.mil/index.php?p
=content/cmelist]; 2) kpynmHOMacIITaOHBIX ABJIEHHUI COJI-
Heunoro Berpa [https://cdaw.gsfc.nasa.gov/CME_list];
3) Bembimek ¢ ykasauunem npucytctsus CME u ymapHbix

Boma  [http://umtof.umd.edu/sem];  4) Ho-Bembimrex
[ftp://ftp.ngdc.noaa.gov/ISTP/SOLAR_DATA]; 5) penr-
reHoBckux Bembimiek  Virtual  Solar  Observatory
[http://vso.nso.edu/cgi/catalogue] — mis MO  6Gbuto

yCTaHOBJIEHO ~70 BO3MOXKHBIX COJTHEYHBIX UCTOUYHUKOB.

[lepBoHauaNbHBIM 3TAOM JIOKAIM3ALUN COJIHEYHOTO
ncrouHuka MO sBisieTcsl yCTaHOBJIEHHE YHUCIIAa BO3-
MOXHBIX MCTOYHUKOB 32 CYTKH, HAYWHAs OT BPEMEHH,
KOTOPOE PACCUUTHIBAETCS HUCXOAs M3 MHUHUMATbHON
ckopoctu pacnpoctpanenuss KBM ot Connna go mat-
pynsHOro KA. MuHMManbHas CKOPOCTh NPHHUMAETCS
paBHoIi cymme cpeaneit ckopoctrt MO (1o nanabiM KA) u
CcpefHel CKOPOCTH MarHMUTHOTO 3ByKa (TI0 JaHHBIM KA).
Hctounuku MO SBISIIOTCS IPOTSKEHHBIMHU, TIOATOMY MBI
paccMaTpHBaIId UX YIJIOBbIC KOOPIWHATHI, OIMKANIINE K
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LIEHTPY TEIUOLEHTPUUECKON JEKapTOBOW CHUCTEMBI KO-
OopauHAT. DTOT TOIXOJ BUAWTCS HamboJee yTOoOHBIM
JUISL PaCCMOTPEHHS CTATHUCTHKH, CBSI3aHHOW C COJIHEY-
HBIMH KOOPJMHATaMH WCTOYHHUKOB, M OyJeT JydIIe OT-
paxaTh X reod3(pPEeKTHBHOCTD, IMOCKOIBKY YeM HIKE
T10 MIMPOTE MPOCTUPAETCS UCTOYHHK, TEM OOJBIIAS JaCTh
KBM nonazner B okoj03eMHyI0 obnactb. Te xe coobpa-
YKEHHSI KacaroTcsl U JIOJTOT.

B ofmem ciydae ompeneneHne KOOpAWHAT HCTOY-
Huka KBM — cnoxnas 3agada. Bo-mepBbIx, MHOTHE
COOBITHS CONPOBOXK/IAIOTCS KACKaHBIMH 3PYNTUBHBIMU
IpoleccaMi C BOBJICUCHHEM IIETENb M3 HECKOJIBKUX
obmacTeil. Bo-BTOpPBIX, BO MHOTHX CIyYasiX pa3pemIeHHs
KopoHOrpada He XBaraeT Uil HAaOMIOACHHS COJTHEYHBIX
ISITEH ¥ CaMoro HpoIlecca SpYyNIuH. B-TpeTbux, cTpyKTy-
PBI MHOTMX MCTOYHHKOB JAJIEKH OT MPEACTABICHHS MOTO-
KOBOH NETJIM B BUE apKH (HAIIPHMED, CUTMOUIBI).

B nmanHOM HMccnenoBaHNY MPEUIAaracTcs CleAyromas
METOJIKa YCTAaHOBJICHHUSI MECTOIIOJIOKEHHS COHEYHOTO
HCTOYHHKA. B xauectBe ucrounnkoB MO Hamu npuHU-
MarTCA O6J'IaCTI/I BCIUIBITUA W JpYHNIHUU IMOTOKOBBIX
nerens (BoNoKoH). OmpezeneHue HX KOOPIMHAT CBO-
JIUTCSI K OMNPEJCICHUIO KOOPJMHAT BHIUMBIX 00JacTeil
BEIXOJIa 3TUX CTPYKTYp Ha poTocdepy (HOKEK) Mo JaH-

Teno obnaka

N

Puc. 1. CxemaTn4HOe M300paXKeHHE CTPYKTYPHl MarHHT-
HOTO 00JlaKa, BKJIIOYAIOUIEH TeIo, 000JI0YKY M yIAPHYIO BOJ-
Hy (YB) ¢ yclIoBHBIM IJIOCKHM (DPOHTOM, pacCMaTpUBAEMBIM
B TOUKe repeceueHus ero KA. A3uMyTanbHBIN 3 U IIMPOTHBIH
YIJIBI € XapaKTepH3yIOT OPUEHTAIMIO HOPMAaIM N K yXapHOH
BOJIHE O00JaKka B MEXKIUIAHETHOM IIPOCTPAHCTBE B CHCTEME
koopaunat GSE

MnockocTtb
— SKMUNTUKN

=

Puc. 2. Opuentanmonssie yrisl MO, npencraBisgeMoro
OeccuIoBOM IIMIMHAPUYECKONH MarHUTHOH TpyOkoii [bapxa-
TOB 1 Jip., 2009].
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HBIM KOpoHOTPadoB. B ciaydae BEICOKOIHEPTETHUECKUX
COOBITHI TIPOOJIEM TPAKTHUYECKH HE BO3HUKAET, IIO-
CKOJIBKY TIETIIH KOHTPACTHUPYIOT ¢ (oTocdepoit u com-
HEYHBIC IITHA XOPOIIO Pa3NUYuUMBL. B ciydae kackan-
HOTO TIpOIleCCa MOJ MCTOYHHKOM MBI IOJIpa3yMeBacM
007acTh, B KOTOPOH KOHEYHAS METI pa3pyIIiach (HOX-
KM 3TOM METVIM) U CTajla HeBUUMOM B YaCTOTHOM JTHaria-
30HE KOpOHOTpada.

Ecnu Bo3aMoKHOCTEH KopoHorpada He XBaraeT Jyis
HAOJTIOICHUS 3PYIIIMHU, MBI UCTIONBh3YeM KOCBEHHBIC IIPH-
3HAKU SPYNIUU (HApUMEpP, MOCTIPYITUBHBIC apKaJbl,
OTKJIOHCHHE CHJIOBBIX JIMHUH BOKPYT HEBHUIUMOTO
meHTpa, obmacth mnoTeMHEHus). OONacTh BCILIBITHS
MeTJIA OTpejessieTcs Mo apKagaM, a KOOpIUHATHI HO-
KEK — IO OTKJIOHEHHUSM CIJIOBBIX JJMHUAH BOKPYT HEBU-
JVIMOTO IIEHTpa B 00NIACTAX, TI€ 3aKaHIMBAIOTCS aPKAJIBL.
KoopanHaThl HCTOYHHUKOB, OTIMYAIOMIUXCS OT KJIACCH-
YECKHX apOYHBIX IMOTOKOBEIX IIE€TENb, CaMH IO cebe
0ecroJie3Hbl Ul CTAaTUCTHUKH, MTOCKOJIbKY HE OTPaKaroT
Macmraba coObiTus. B Takux ciydasx BMECTO Toued-
HBIX KOOPJMHAT HOXEK MBI HCIIOJIb30Balld 3HAYCHUS
LIMPOT M JONIOT TpaHull o0JjacTel, BOBJICUCHHBIX B
SPYILHIO.

B nepuon BBICOKOH COJIHEYHOH aKTHUBHOCTH YHCIIO
BEpOATHBIX UCTOYHHKOB KBM MoskeT mpeBrIaTh aecs-
TOK B T€UCHHE CYTOK. [[03TOMY ClleAyIOIINM KpUTEpUEM
oTOOpa BEPOSATHBIX HCTOYHUKOB SIBISICTCS HAaJHMYUC
PEHTTCHOBCKUX BCHBIIIEK M BCIUIECKOB MHUKPOBOIHOBOTO
mmydeHus. CyImecTByeT MHCHHE, UTO 3T SBJICHUS B He-
KOTOPBIX ciydasix accomumpoBansl ¢ KBM [Hundhausen,
1999] ¥ MOCKOJIBKY OHM OITUCHLIBAIOTCS C MHHYTHBIM
paspelieHrneM, ToO X MOXKHO COTIOCTaBUTh CO CHUMKaMHU
conueunoi porocdepsr EIT/SOHO u onpenenuts Ko-
opauHaTH! Benblki. OpHako MHorne KBM compoBok-
naroTcs BemblkaMu C-kjlacca M HHXKeE, KOTOPhIe MOTYT
BOOOIIlE HE BHIIEIATHCS HAa (DOHE PEHTTCHOBCKOTO W3-
TydeHns: akTUBHBIX obnacteld Comana. K ToMmy ke Hamo
HMETh B BUJY, UTO NpuUBsA3Ka ucTouHuKOB KBM Kk koop-
JIMHATaM BCITBIIICK, COMPOBOXKIAOIINX DPYIIIHIO, Xa-
OTH3HPYET CTATUCTHKY, TaK KaK BCIIBIIIKK 3a9acTyIO
MIPOUCXOAT B PA3IMIHBIX O0JIACTSIX OJHOTO M TOTO XK€
MPOTSHKEHHOTO UCTOYHUKA.

Pesynbrarsl MpUMEHEHHUs MpejjiaraeMol METOIUKHU
YCTQHOBJICHUA  MECTOIONIOKEHUA HcTouyHMKa MO
HauOoJIee JIETKO MPOBEPSIOTCs Ha coObITHIX KBM Thna
rayio, koropele Ha cHUMKax LASCO SOHO BwIrIsimsT
KaK 3aMKHYTBIC OPEOJIbI BOKPYT TUCKA, 3aKPBIBAIOIIECTO
Comune. [Jlnsg ramo, BeIOpackiBAEMOro B MPOTHUBOIIO-
JIOXKHYIO OT 3eMJIM CTOPOHY, HEOOXOIUMO MPHUBICKATH
JAHHBIC 110 PEHTI€HY W MHKDPOBOJIHOBOMY H3JIYYCHHIO.
B ymaunelx cimydasx paspenicHue KopoHorpada
LASCO C2 cocrasisgseT 24 MHH, ¥ 9TOr0 BIIOJIHE JOCTa-
TOYHO JJII COTIOCTaBJIEHHS C BEPOSTHBIM HCTOYHUKOM
Ha cauMkax EIT/SOHO B goctynHOM auana3one (4arie
Bcero 195 A). Bo Bcex BO3MOXKHEIX CIydasx MOTydeH-
HBIe KoOpauHaThl ncTo9HHKOB KBM/MO comocrtaBms-
JIUCh C KOOPJAWHATAMU COJTHEYHBIX IMATEH B paiioHE HC-
ToYHKKa BbIOpoca 1o cauMkam SOHO/MDI (puc. 3, a).
Y IOBNETBOPUTENBHBIM CUUTAJIOCH COBMAJEHUE C OT-
KJIOHeHHeM He Oosee 2—3° mo mmpote. [Ipu onpenene-
HUM KOOPJIMHAT MCTOYHHMKA TAK)KE YYUTHIBAJHCH Kaya-
Hus KA SOHO Boxpyr ocu X GSE B auanaszone
~=£7.85°. Vbl Ka4yaHWu ISl KaXIO0TO CIIydas paccyu-
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TBIBJINCH MO JIBV)KCHHIO 3BE3/ HAa PA3HOCTHBIX CHHM-
kax LASCO C3 B cyTOYHOM MHTEpBaJIC WK YyTh MEHee
(puc. 3, 6, 8).

B nmanHOM ciyuae (puc. 3) HaKJIOH COJIHEYHOTO K-
BaTropa Kaxyuuiics. Ecnu orcnenuts ABMXKEHUE 3BE3]
mo cauMkaM LASCO C3, ux cyTouHBIH Tpek Oymer
HUMETh yroa ~— 7.35° K rOpH30HTalH, T.€. IMOJyYEeHHbIE
KOOPJMHATHl UCTOYHHKOB HYXXHO OyJIET JAOBEPHYTH Ha
yroxa ~+ 7.35°. Konnentpauus yactun B KBM kak mu-
HUMYM B J[Ba Pa3a BbIIIE, YEM B BO3MYILEHHOM COJIHEU-
HOM BeTpe, U B JeCATh pa3 BBIIIE, YeM B CIOKOHHOM.
IToatomy onpenenenne MKBM no napamerpam, uzme-
pseMbIM Ha matpynsHbIX KA, He mpencraBmseT Tpyaa.
Uccrenyemoe MO, conyrctytommee MKBM, wumeer
OJIMH C HUM HCTOYHHK U, COOTBETCTBEHHO, KOOPANHATHI
HCTOYHHKA.

Ha ocHOBe MONy4eHHBIX KOOPAWHAT MOXKHO IIOJTY-
YUTh TAaKXKE M JPYrHe MapaMeTpbl HCTOYHHKOB: MX YT-
JIOBYIO TPOTSIKEHHOCTh M YTOJI HAKJIOHA B KapTHUHHOM
(KaK MCTOYHMK BHJEH C KOpOHorpada) IIOCKOCTH U B
JIEKapTOBOI TeIHOIEHTPUYECKONH CHCTeMEe KOOpIHMHAT.
Crnemyer oXuaath, 4YTO u3-3a JU(QEpeHIUATEHOTO
BpameHus ConHia UCTOYHUKH MO OyayT BBITSHYTHI
TI0J] OCTPBIMH YTJIAMH K TeTHOTpaduaecKoMy 9KBaTopy:
OTPHUIATENIFHBIMA — B CEBEPHOM IIOJIyHIAPHU U IIOJIO-
KHUTEITBbHBIMUA — B F0’KHOM.

B cayuasx, xorma OmHOW HCCIENyeMOH CTPYKType
MOIJI COOTBETCTBOBATH J1Ba McTodHMKa KBM THnma rao,
CPaBHHUBAINCH CKOPOCTH CTPYKTYpP, W3MEpPCHHbIC Ha Iat-
pyneHBIX KA. Bropoit KBM nomkeH umets 6osiee BBICO-
KyI0 CKOPOCTb, YTOOBI JOTHATH (BO3MOKHO, M MEPETHATH)
nepsblid. II0o3TOMy OIpEAEsIOTCS CKOPOCTH COOTBET-
CTBYIOIIMX YIJIOTHEHHH CpEIpbl, OTOXKAECTBISIEMBIX C
MKBM, © ycTaHaBIMBACTCS X OYEPETHOCTH B COOTBET-
CTBUH ¢ McToYHHMKaMu. Hano ckasate, 4Tto cuTyanus, Ko-
rma BTopoii KBM o6orHan Gonee MeUTeHHBIH TIepBEIA Ha
paccTostHiHY B 1 a.e., — UCKIIFOUMTENbHA PEAKOCTD, Jake
€cJM BpeMsl MeXy cTapTamu cooTBeTcTByOmNX KBM Ha
CouHIe cocTaBIIsIET BCEro HECKOIBKO YacoB.

Tawke pemka cuTyarwsi, Korma BTOpOH, Ooiee CKo-
poctaoit KBM mnpoxoauT ckBo3b nepBblid. Yaie Bcero
BTOpO#, Oosee ckopoctHO KBM JOroHsieT mepBblid U
HO/KMMAeT €ro BMECTE CO CTPYKTypaMH, KOTOpBIE eMy
COIYTCTBYIOT, T. €., KaK MPaBMJIO, XPOHOJIOTHYECKas I10-
CIIeIOBATENIBHOCTh HAOMIOAEHNS CTPYKTYp, OTOXKIECTBIIA-
embix ¢ MKBM, cOOTBETCTBYET XPOHOJIOTMUECKOH TIOCIIE-
JIOBATENIbHOCTH aKTUBHM3allMM UCTOYHHUKOB. B ciydasx c
JIByMsl BEpOSATHBIMH MCTOUHHMKaMu ucciexyemoe MO ya-
CTO 3a)KaTo MEXIy JBYMs BRIOpOCaMHU M MMeeT JIBe yaap-
HO-BOJTHOBBIX NEPEXOAHBIX 00JIACTH — BIIEPEN U I1033TH.
B sroMm ciydae ucrounukom Broporo MO cuuraercs uc-
ToyHuk mneporo KBM. 3amerum, 4TO COIYTCTBYIOILEE
MO =e Bcerma crienyet no3aau senyiero MKBM, a mo-
KET HaXOJWThCS BHYTPH BBIOpOCa WM JaXe CIe0BATh
BIIEPE/IN HETO, UMes TIepe] CO00i HeOOMbIOe YINIOTHEHNE
Cperbl, HO He TypOyJIeHTHYIO 000JIOUKY.

BaxxHpIM mapamMeTpoM CTPYKTYp, M3MEpsieMbIX Ha
maTpyapHBIX KA, SBISE€TCS MOTOK MarHUTHOTO IIOJIA
Yyepe3 ceueHHe MOTOKOBOW TPYOKH (aKCHalbHOTO Mar-
HUTHOTO 10JIs1). OOBIYHO ATOT MOTOK BBIYMCIISIETCS HCXO-
Jisl U3 IPUHUMAEMOM MOJIETIM U COCTOUT U3 aKCHAJIbHOU U
a3UMYTalbHON COCTABILIIOIUX (TOPOUAANBHON U MOJIOU-
JaIbHOH B cityyae Mojenu Topa). Ham moaxon 3akmoda-
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Puc. 3. Canmku SOHO, ucrions3yemble AjIs ONpeAeneHns KoopauHat uctoaHukoB KBM/MO: ¢ — ananusupyemasi 001acTh
COJIHEYHBIX MATEH B paioHe HCTOYHHKA BhIGpoca Ha ayuHe BonHbl 195 A (MDI); 6, 6 — KBM, Kpy»KKOM OTMeueHa HEToBUIK-
Hasl 3B€3J1a, OTHOCHUTEIBHO KOTOPOH onpenessuch yribl kadanus (LASCO C3)

eTCsl B YNPOUICHUM 3aladl, UCXOIsl U3 (PU3MUECKHUX
coobOpaxkeHuil. B cosHeyHOM BeTpe MarHuWTHBIC
CTPYKTYPBI IPaKTUUECKH HUKOTJA HE TEePEMEIAI0TCs
CBOOOJHO H3-32 OTHOCHTEJIBHO MAaJoro MeXaHude-
ckoro umiynbca. OHU MepeMeIIarTcs B CXKATOM CO-
CTOSIHUM M3-3a TOpMOXeHus o Beayuuii MKBM (B cumy
0oJIbIlIeH IUIOTHOCTH OBICTpEE TEPSIOIIUN CKOPOCTh
n3-3a rpaButanuu CoJHIIA) UM U3-3a JaBICHUSA JpY-
roro MKBM, nBmxymerocs mo3aau ¢ O0ibIIei cKo-
poctsio. [Ipu cxkaTuu MarHUTHOW MOTOKOBOW TPYOKH
a3UMyTaJIbHOE MarHWTHOE I0JI€ yMEHBIIAeTCs, a aK-
CHAbHOE YBEINYHUBACTCA B CHIIy COXPAHEHHUS IIEPBOTO
U BTOpPOTO aauabaTHYEeCKWX WHBApHAHTOB, T.C. YEM
CHJIbHEE C)KaTa MarHWTHas IIOTOKOBas TpyOKa morie-
pexk ocu, TeM OONBIIYI0 AaKCHAJIbHYI0 KOMIIOHEHTY
MarHUTHOTO TONSA OHA coAep)kKuT. OpHUeHTAIMs MarHUT-
HOT'O TI0JIsl HanOOJbLICH HAIPSHKEHHOCTH OyleT MaKCH-
MaJIbHO OJIM3Ka K aKCHUaJIbHOM.

2. HNCCIEJOBAHUE CBSA3U
IHAPAMETPOB
COJIHEYUHBIX UCTOYHUKOB KBM
MEXIY COBOI
N C XAPAKTEPUCTUKAMMU MO

PaccMoTpuM CBsI3M JIOKaNM3aMOHHBIX M OpUEHTa-
LIMOHHBIX MapaMeTPOB COJHEYHBIX HCTOYHMKOB KBM
Mexnay coboit m ¢ xapakrtepuctukamu MO. [Tomumo
COOCTBEHHO KOOpJWHAT COJIHEUHOro ucTodHnka KBM,
Hanbosee OOBEKTHBHBIMU OyIyT NaHHBIE 00 YTIIOBOM
OpHEHTAIIMU €T0 BUIUMOM YacTh (BOJIOKHA, MAarHUTHON
MMOTOKOBOW HHUTH) Ha COJHEYHOU cepe OTHOCHUTEIHHO
reTMorpapuuecKoro 3KBaTopa, a TAKKE O IMPOTHKCHHO-
CTH UCTOYHHKA, U3MepseMol B rpaaycax. [loatomy ecth
CMBICJI PACCMOTPETh 3aBUCUMOCTb ATHX JBYX MapaMmeT-
POB OT KOOpJMHAT HWCTOYHUKA HA COJHEYHOM JIHCKE.
[Mon xoopaUHATAMY MCTOYHHKA B JaJbHEUIIEM MBI Oy-
JIEM TOHUMAaTh MHHHUMAJIbHYIO ITUPOTY MPOTSHKEHHOTO
HUCTOYHUKA U COOTBETCTBYIOIIYIO € nonroty. Usyue-
HUE 3aBUCUMOCTeH M3MepeHHBIXx Ha KA mapameTpoB
cTpykTyp MO 0T mapaMeTpoB CONHEYHBIX MCTOUYHHKOB
1 CBSI3U 3TUX IIAPaMETPOB MEXIY COOOH BBITTOIHSIIOCH C
IIOMOIIIBIO KOPPEJSLIMOHHOIO aHajiau3a. bbuld BbISBIICHBI
cleAyIoIe 3aKOHOMEPHOCTH.
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2.1. 3aBHCHMOCTH YIJIOBOWi OpHEHTAIIMU BHU-
VMO YACTH COJIHEYHOTO MCTOYHHMKA OT €ro Ko-
OpIMHAT

YCTaHOBNIEHO, YTO Y€M HMCTOYHHUK OJIMKE K TI'eJIHO-
rpagu4eckoMy 3KBaTopy, TeM Oojiee OH BBITSHYT B JK-
BaTOpUAILHOM HanpasiieHnH. V1 Ha000poT, 4eM Jajblie
HCTOYHHUK OT 9KBATOpa, TeM OH OOJiee BBITSHYT B MEPHIH-
OHAIBPHOM HAIpPaBJICHNH. JTO OCOOEHHO XOPOLIO BHJIHO
JUISL CEBEPHBIX M IOKHBIX IIMPOT 3aMaJHOTO TOTyIIapHs,
rae ¢ koxpdumentom xoppemim R= 0.72 mpocnexm-
BaeTCs MUHUMYM HAKJIOHAa UCTOYHMKA Ha HYJIEBBIX HINPO-
Tax (puc. 4). Ilo Bcell BEpOATHOCTH, 3TO SIBIACTCS CIICII-
CTBHEM BIWSIHUS (D (epeHIMATBFHOTO BpameHus (HoTo-
cheppl Ha wucTOUHMK. JlONTOTHAsT 3aBHCHMOCTH yIiia
HAaKJIOHA KCTOYHHKA, COOTBETCTBYIOIIAS MUHHUMAJILHON
LIMPOTE MPOTSHKEHHOTO MCTOYHHKA, MPOSIBIISIETCS €1abo.
Tem He MEeHee MOXHO CHENaTh BHIBOJ, YTO YIJIbI HAKIIO-
Ha MPOTSHKEHHOTO MCTOYHMKA YMEHBILIAIOTCS C YBEIH-
yeHueM Joarotsl. Ilociennee MoxeT OBITH OOBSICHEHO
O0COOCHHOCTSMH  PACIIMPEHHs MAarHUTHOTO 00JaKa,
BesrecTBHE KOTOphIXx MO mu3 wiexaunx» (T. €. paKkTu-
YEeCKHU MapauleNIbHBIX INIOCKOCTH COTHEYHOTO AKBATOPa
[Bapxaros, Kanununa, 2010]) ucrounukoB ¢ nepude-
pUM COJHEYHOTO JWCKAa pacUIUPSIOTCS IpenMylle-
CTBEHHO B KBaTOPHAJBbHOM HAIIPaBICHUU U BEPOSTHEE
MOTYT BO3/IEHICTBOBaTh Ha OKOJIO3EMHOE IPOCTPAHCTBO,
gyeM MO u3 «CTosTaux» (T. €. MPUTIOAHATHIX HAJI TIOCKO-
CTBIO COJIHEYHOTO 3KBaTOpa Oosiee ueMm Ha 60°) mCTOUHH-
koB. MO u3 obnacteil BOJIM3M HyJIEBOTO MEpUIUAHA J0-
CTUTHYT 3eMHOW MarHuToc(epbl HE3aBUCHMO OT OPHUEHTa-
LY NPOTSHKEHHBIX UCTOYHUKOB.

2.2. PacnpenesieHue COJIHEYHbIX HCTOYHUKOB
PA3JIMYHON NMPOTSKEHHOCTH

Habnromaercss 3aBHCUMOCTh TPOTSDKEHHOCTH HCTOY-
HUKa (M3MepsieMOd B TpagycaxX) OT €ro MHUHHMAaJbHOW
[IAPOTHI ¢ MHHUMYMOM B paiioHe 3kBatopa. OcoOeHHO
YETKO 3Ta 3aBUCUMOCTb MPOSIBJICHA JIJISI CEBEPO-BOCTOYHOM
YaCTH COJTHEYHOTO JICKa (pUC. 5), IPHYEM JUI CEBEPHOTO
moyymapus oHa 0oJiee BBIPAXKCHA, YeM IS FOXKHOTO.
Takum 00pa3oM, C YBEIMYCHHEM IIMPOTHl MCTOYHHKA
YMEHBIIAeTCsl BEPOSATHOCTH peructpari MO B IJI0CKO-
CTH SKJIMIITHKH, B KOTOPOI HAXOIUTCS NaTpyIbHBI KA.
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Puc. 4. 3aBUCUMOCTb HAKJIOHA MPOTSKEHHOTO MCTOUYHUKA
K COJIHEYHOMY 3KBATOPY OT MHHHUMAJIBHOW MMPOTHI (B 3ama-
HOM IIOJTyIIapHH)
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Puc. 5. PacnpeneneHue npoTsDKEHHOCTH HCTOYHHKA IO
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Puc. 6. 3aBucUMOCTb NPOTSHIKEHHOCTH UCTOYHUKA OT JIOJI-
rOTHI, COOTBETCTBYIOIIEH MUHMMAIBHON IIUpoTe (A1 3amaj-
HOM YaCTH COJTHEYHOTO JAMCKA)
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Puc. 7. 3aBucumocts ckopoctd MO 0T MUHMMaJIBHOMN
LIUPOTHI HCTOYHUKA

OIIHaKO JUId paCloJIOKCHHBIX Ha BBICOKUX HIMPOTAX IPO-
TSDKCHHBIX UICTOYHUKOB, TECHEPUPYIOLITNX OoJee MaciTad-

75

N.A. Barkhatov, E.A. Revunova, R.V. Romanov, et al.

| ® 5 |
S s | ]
gu- ‘ 6 6(‘ 6 6‘ R
§§ 5k ‘ 6 “ " bé—
b :‘ o : -
o A O A I
g b & $ 6 ]
Iz g | :
- ]

AONFOTa, COOTBETCTBYIOW|EA MUKIMANLHON WNPOTE, FPARYCH

Puc. 8. 3aBucumocts cxopoctt MO 0T MHUHHMAaIBHOHN
IIAPOTEl M COOTBETCTBYIOHIEH € IOJITOTHI NPOTSHKEHHOTO
ncroyHuka. L{Ber MapkepoB (0T 6eoro 10 YepHOTr0) XapakKTe-
pusyet ckopoctu (ot 400 10 600 kM/C 1 BBIIIE), NUPPOI yKa-
3aH MeCsI] PErHCTPALMHN JUISl KXKJOT0 COOBITHS

Hele MO, BeposiTHOCTE perucTpariid MO B OKOJI03€MHOM
MPOCTPAHCTBE CYIIECTBYET.

[IpoTsHKEHHOCTh COTHEYHBIX HCTOYHUKOB C MUHU-
MaJIbHOW INUPOTON MPOTSAKEHHOIO UCTOYHUKA B pailoHe
MOy JEHHOTO MEPHIUAHA PACTET C JOJITOTOM OT MHUHHU-
MaJIbHOTO 3HaueHust ~10° kak B BOCTOYHOM, Tak M B
3armaJHOM HampasieHuH (puc. 6). JleiicTBUTensHO, mMpo-
TSOKEHHBIE MCTOYHHKHM Ha KpasxX COJHEYHOIo JIHCKa, B
OTIMYHUE OT HEMPOTKEHHBIX, HIMEIOT IAHC CTEHEPHPO-
BaTh pacmmupsomuecs MO, KoTopele JOCTUTHYT Mar-
HUTOC(EPHL.

2.3. 3aBucumocth ckopocth MO ot MUHH-
MaJIbHOW HIMPOTHI MPOTSIKEHHOTO MCTOYHMKA W
OT COOTBETCTBYIOLIEH eil J0JIroThI

st ceBepHOTO MONTyIIapys OTMedaeTcst npsiMas 3a-
Bucumocth (R>0.45) cxopoctu MO ot mmpotsl. 3a-
METHO, 4YTO CKOPOCTb CTPYKTYPHI TE€M BBIIIE, YEM Ce-
BEpHEE M BOCTOYHEE pacIojaraercs ee Ipeanoiarae-
MbIit ucTouHuK Ha CounHie (cM. puc. 7, 8).

3aBucuMocTs ckopocTd MO 0T TOATOTHI HCTOYHHUKA
B CEBEPHOM W I0XHOM monymapusix CoiHIa 1o KBaj-
paHTaM omuchkiBaeTcs kodduuueHtoM Koppemsiun R
ot 0.5 mo 0.7. 3epkanbHOW CHMMETPUH B aHAIU3UpYe-
MOM 3aBHCHMOCTH AJISI F0)KHOTO IIOJIyIIApUs B HAIINX
JaHHBIX He HaOJoaaeTcs.

Ha puc. 8 mpencraBneHO HpPOCTPaHCTBEHHOE pac-
npejeneHre UcTouHUKOB MO Ha COJTHEYHOM JHUCKe,
WUTIOCTPUpYIOIee pacmhpenenenne ckopocteit MO.
HaOmonaemble yBenmueHHs 4HCiIa BHICOKOCKOPOCTHBIX
MO, npuBsA3aHHBIX K BOCTOYHOH YacTHU COJHEYHOTO
J¥cKa, W yncia MemiueHHBIXx MO, NMpHBA3aHHBIX K 3a-
MaJHOM YacTH, OTPakaloT MOCHEACTBHSA CHUPAIBHOTO
JBIDKEHUS ITOTOKA COTHEYHOTO BETpa, 00YCIOBICHHOTO
COJIHEYHOM yTII0BOW cKopocThio. B mepBoM ciydae
cnmpans 3akpydeHa cimabee u MO perucTpupyrorcs
6mmxe K uaun ConHIe—3eMIIs.

2.4. 3aBUCUMOCTbL MAKCUMAJILHOW HANpPSKeH-
HOCTH MArHUTHOTO 1moJisi B MO oT MUHUMAJILHOMI
IIHMPOTHI NMPOTSIZKEHHOI0 MCTOYHUKA U OT COOT-
BETCTBYIOLEH el 10JIr0ThI

Pacnpenenenne MaxkcUManbHOW HaNpsXKEHHOCTU
MarautHoro noiist (MIT) MO B 3aBHCUMOCTH OT MHHH-
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Puc. 9. Pacripenenenue MakcUMaabHON HanpsKEHHOCTH MarHuTHOro nojii MO B 3aBUCHUMOCTH OT MUHUMAaJILHOW HIMPOTHI
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Puc. 10. 3aBucumoctb B,-KOMIIOHEHTHI MakcuManbHOH HanpspkeHHocTH MIT MO oT MUHMManbHOH MIUPOTH (a) M COOTBET-

CTBYIOLIEH €if JONTOTHI (6) HCTOYHHKA B F0)KHOM IOJTYIIApUH

MaJIbHOH IMPOTHI IPOTSHKEHHOTO COJHEYHOT'O MCTOYHHM-
Ka JIEMOHCTpHUpYeT 3HaueHus 10 ~50 HTr Ha mmpoTtax 15—
20° ¢ MUHUMaIbHBIMH 3HaYeHUsIMH Topsiaka ~10 HTn
B paifoHe remmorpadudeckoro ’kBaropa (puc. 9, a). Ilpu
9TOM MakcUMalbHble 3HaYeHuss MII oTBeyaroT obnactsim
BONIM3M MoJyieHHOTO Mepuauana (puc. 9, 6) Takum 00-
pa3zoM, ans OOJBLIOW TPYNIBl MAarHUTHBIX CTPYKTYD
nMeeTcsl IpsiMas LIMPOTHAs 3aBUCHUMOCTh MX MAaKCH-
MaJbHOTO MarHUTHOTO TOJII OT KOOPJIMHAT MCTOYHHKA.
OTa 3aBHCHMOCTH C MHHHMYMOM B paiiOHE 3KBaTopa
(R~-0.6) 0cOOEHHO OTYETIMBO BBIPAXKEHA JIJIsi CEBEPO-
BOCTOYHOTO KBajpaHTa. MaKCHUManbHas HaIpsKeH-
Hoctb MII MO Bo3pacTaer ¢ yBeIMUEHUEM CEBEPHBIX U
IOKHBIX MIUPOT. B 1enoM MakcuManbHas HampshKeH-
Hocth MIT MO umeer cnalyto oOpaTHYIO 3aBUCHMOCTH
OT JONrOThl, COOTBETCTBYIOIIEH MHUHHUMAIBHONW MIKPOTE
nUCTOYHMKA. {7 3amajgHOro mosymiapust oOpaTHas 3a-
BHCHUMOCTHh MakcuMasbHOH HanpspkeHHocTH MIT MO ot
JOATOTHI HCTOYHUKA (110 R ~—0.7) BeIpa’keHa CHIIbHEE.

2.5. 3aBucumocts MoayJs B,-komMnoHeHTBI
MaKCcHUMaabHOIl HanpsikenHoctn MII B MO ot
MHUHUMAJIBHOH MHUPOTHI UCTOYHHKA U OT COOT-
BETCTBYIOILIEH eil J0JIroThI

3aBUCUMOCTH MOJYJsl B,-KOMIIOHEHTB MaKCUMalbHOM
HanpspkeHHOCTH MIT cTpyKTypsl OT MMHUMaJIbHOW IIK-
POTBI U COOTBETCTBYIOIIEH €M MOIATOTHI CONHEYHOrO HC-
TOYHHKA JIEMOHCTPUPYIOT MHHIMYM B PaifOHE reimorpa-
¢ugeckoro sxBaTopa 1 MakcumyM (~20-25 uTn) B paiione
noyaerHoro Mepuauana (puc. 10). CrnemoBatensHO,
pPOCTOM LIMPOTHI MOAYNIb B,~-KOMIIOHEHTHI PacTeT, a C
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pPOCTOM JOJNTOTHl — yMeEHbIIaeTcss. B 1emom Moayib
B,-KOMIIOHEHTBl MakCUMaJIbHOM HampspkeHHocTH MIT
MO Bo3pacTaeT C POCTOM CEBEPHBIX U FOKHBIX MHUHU-
MAaJIbHBIX IUPOT MPOTSDKEHHOTO MCTOYHMKA. st ceBep-
HOTO TOJyIIapusi 3aBUCUMOCTH TIPOSIBIISIIOTCS Oojiee OT-
YETJIMBO, YEM JJIST F0IKHOTO.

Opuenranuio 3apeructpupoBanHoro MO bl pac-
CMaTpHBaeM B paMKaX IMINHAPHIECKON MOJICNH, TIpe/-
CTaBJISIEMON IMUPOTHBIM YIJIOM € H JOITOTHBIM (a3UMY-
TanbHEIM) yriioMm (. Hmke mpencTaBieHBI pe3yibTaThl
HCCIICIOBAaHMUsS 3aKOHOMepHocTel opueHTanmu MO,
OTIpeNIeIIEMON TapaMeTPaMH COTHEYHBIX UCTOYHUKOB.

2.6. upoTHelii yroa sexropa MII MO

Pacnpenenenus muporHoro yrina Bekropa MII MO
B 3aBHCHMOCTH OT MHUHHMMAJIbHOM HIMPOTHI MPOTSIKEH-
HOTO COJIHEYHOTO HCTOYHHMKA U COOTBETCTBYIOLIECH eil
JOATOTHl JEMOHCTPHPYIOT MHHHAMAJIBHBIE 3HAYCHUS
MonyJsl muUpoTHOro yriaa Bekropa MII MO B paifone
renuorpaguueckoro skBatopa (puc. 11, @) m makcu-
MmanbHble (00 ~60—90°) B paiioHe MOJyIeHHOTO Mepu-
nuana (puc. 11, 6). C pocTOM COIHEYHOH MIMPOTHI HC-
TOYHWKA HIMPOTHBIA yroj yBEIWYHMBAETCS, @ C POCTOM
COJIHEYHOM NTONTrOThl — yMeHbInaeTcs. [ns ceBepHOro
noymapust (CeBepo-BOCTOKa M CEBEpo-3aIlajia) 3aBHU-
CHMOCTH TIPOSIBIISIIOTCS 00JIee OTYETINBO, YEM JUIS FOXK-
Horo. Takas 0COOEHHOCTP B TOBEACHWH IIHUPOTHOTO
yria U, Kak cleJCTBHE, HOJSIPHOIO yrila MOXET CBHJE-
TENBCTBOBATh O HamboJiee BEPOATHOM (HOPMHPOBAHHUH
«IekKaynx» 00JIAKOB MCTOUYHHKAMH, HAXOJSIIMMUCS Ha
HU3KUX MHpOTax (BOIM3U coHEYHOTO dKkBaropa) [bap-
xaroB, Kanununa, 2010].
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N.A. Barkhatov, E.A. Revunova, R.V. Romanov, et al.
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Puc. 11. PactipeneneHue mMUPOTHOTO yria BekTopa MII B 3aBHCUMOCTH OT MUHHMAJIBHON MIMPOTHI HICTOYHMKA (@) U OT JOJ-

rOTBI, COOTBETCTBYIOLIEH 3TOH mHpoTe (6)
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AONTOTa, COOTBETCTBYIOLAA MUHUMANLHOM WWPOTE UCTOYHMKA, FPadyChl

Puc. 12. Pactipenenenue H0oITOTHOTO yrita Bektopa MII B 3aBUCHMOCTH OT MIMPOTHI MCTOYHHKA (@) U JONTOTHI, COOTBET-

CTBYIOIIECH MHHUMAJILHOW IINPOTE HCTOYHHKA (0)

2.7. JoaroTHbIi (a3UMYTANbHBIN) Yroa Bek-
Topa MII MO

Pacnpenenenus gonrotHoro yria Bekrtopa MIT MO
B 3aBHCHUMOCTH OT MHUHHMAJBHOHM HIMPOTHI MPOTSIKEH-
HOTO COJIHEYHOTO HMCTOYHHKA M COOTBETCTBYIOUIEH e
JOJITOTHI TTOKA3bIBAET MAKCHMYM MOJYJSl JIOJTOTHOTO
yraa Bekropa MIT MO B paifoHe remmorpauaeckoro
skBatopa (puc. 12, a) 1 MakCUMyM B paliOHE IOJIyACH-
HOro Mepuauana (puc. 12, 6). 3aMeTHO, 4TO C pOCTOM
COTHEYHOH IMIMPOTHl M JOJTOTHl JOJITOTHBIM YTOX
yMeHbImaercs. s ceBepHOro momymapus (ceBepo-
BOCTOKAa W CEBEpO-3almajia) 3aBUCHMOCTH Oojiee BbIpa-
JKEHBI, 9YeM JIJIS FO’)KHOTO.

3. AHAJIN3 CBSI3U TIAPAMETPOB
COJIHEYUHbBIX NCTOYHHUKOB KBM
C TEOMATHUTHOM
AKTUBHOCTbBIO
MATHUTOC®EPHBIX CYBBYPbH

KBM, sBiisitoluiicsi MposiBIEHUEM COJHEYHOM aKTHB-
HOCTH, TIPY BO3ICHCTBHM Ha 3€MHYIO MarHWTOCc(hepy BBI-
3bIBacT II00ABHYIO TEOMAarHUTHYIO Oypro, COIPOBOXKIA-
eMYyI0 HM30JMPOBAHHBIMH MAarHUTOCQEPHBIMH CyOO0ypsIMU
nmm cepusiMu ¢yo0ypb. [loaTomy mpencraBnsieTrcs mpa-
BUJIBHBIM CBSI3aTh MAPaMETPhl CONMHEYHBIX MCTOYHUKOB C
HMHTEHCHBHOCTBIO MAarHUTOC(EPHBIX CyOOyph, KOTOPYIO
MBI OyJIeM XapaKTepHu30BaTh YCHICHUEM 3alla/HOrO dJIEK-
TPOKETa, OIMCHIBAEMOro MHAEKCOM AL.
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3.1. 3aBucumocTH IKcTpeMyMa uHaAexca AL ot
MHMHHMAJILHOH INHPOTHI COTHEYHOr0 MCTOYHUKA
U OT COOTBETCTBYIOLLEH €l MOJITOThI, MMEIOLEeH
MecTo mpu B3auMmoaeiictBun Teta MO ¢ 3eMHoi
MAarHurocgepoit

3aBUCHUMOCTh 3KCTpeMyMa HMHAekca AL ot muHH-
MaJIbHOM NIMPOTHI COJTHEYHOT'O MCTOYHHKA ITOKA3bIBAET
yBeMUUYeHUE HaOII01aeMbIX SKCTPEMYMOB MHJIekca AL
C TIpUOIIKEHUEM COJTHEYHOTO MCTOYHHKA K 3KBaTOpPY
(puc. 13). 3Drto xapakrepusyercs Kod(pQPUIIUCHTOM
koppessauu ~—0.6 B OCHOBHOM ISl FO’)KHOT'O COJIHEY-
HOTO TIOJyIIapusi ¢ MUHUMYMOM B paiioHe Tejmorpa-
(uueckoro sKBaTopa M OTCYTCTBHEM CyOOypb, UMETO-
IIMX OTHOIIEHHE K HCTOYHHKAM C MUHHMMaJbHBIMU
mupoTamu Oombime 20°. [l ceBepo-3amaja TakxKe
oOHapyxwuBaeTcs monobHas 3aBucuMocth (R~—0.6) c
yBEJIUUEHHEM 3KCTPEMYMOB IPH NPUOIMKEHUH K JK-
BaTOpy, T. €. NMPH YMEHbIICHUWH mUpoT. OJHAKO 3Ta
3aBHCUMOCTh MEHSIETCS JUIsl CEBEPO-BOCTOKA, EPEXOIs
B CJ1a0YI0 IIPSIMYIO 3aBUCUMOCTb.

3.2. 3aBucuMocCTh 3KcTpeMyMa uHaekca AL ot
MHMHHMAJILHOH IIMPOTHI U COOTBETCTBYIOLICH e
J0JTOTHI MCTOYHMKA TPU MPOXO0KIEHHH Typoy-
JIeHTHO# 000109k MO

HJ’IH HNCTOYHHUKOB, HAXOIAIIUXCA B IOXKHOM IIOJTyIIa-

pun, HaOMIOAeTCsS 3aBUCUMOCTh 3KCTpEMyMa HHJIEKCa
AL 0T MUHMMAJTEHOM MIUPOTHI ¢ K0P DHUIIMESHTOM KOoppe-
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Puc. 13. 3aBucuMOCTb 3KcTpeMyMa HHeKca AL 0T MHHHMABEHOH IIUPOTHI COHEYHOTO MCTOYHHKA (d) M 3aBUCHMOCTD HH-
nekca AL OT IOJNTOTHI COTHEYHOTO MCTOYHMKA, COOTBETCTBYIOIICH MHHHMAIbHON IIMPOTE MCTOYHHKA IIPH IPOXOXKIACHUH Tela
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Puc. 14. 3aBucUMOCTb 3KCTpeMyMa HHAEKca AL OT MHHIMAaIBHOM IIMPOTHI COMHEYHOTO HCTOYHHKA () ¥ 3aBUCHMOCTD HHIekca AL
OT JIOJITOTHI COJIHEYHOI0 MCTOYHNKA, COOTBETCTBYIOIIENH MUHUMAJILHOM IIMPOTE HCTOYHKKA TIpH Tipoxoxaernu TO MO (6)

jgsiuuu 10 —0.5. s ceBepHBIX WMPOT BO3MOXKHA cia-
0as oOpaTHas 3aBHCUMOCTE (puc. 14).

st ceBepo-BOCTOKA 0OpaTHas 3aBHCHMOCTh WHJICK-
ca AL ot monrotsl mpakThyecku He HaOmomgaercs. Js
ceBepo-3amaa mpsMas 3aBHCUMOCTH IMPOsIBIICHA Oojiee
otueTnuBo (~0.5). s 3anmagHOro Morymapus B HEeJIOM
HaOJromaeTcs ciabas mpsimMast 3aBUCUMOCTb.

CornocraBieHle pe3yJibTaToB Pa3iesioB 2 U 3 TOBOPUT
0 TOM, 4TO CyOOypeBble A(h(HEKTHBHOCTH OOJNAKOB M MX
000JI0YEK COMOCTABHUMBI U OIPEICIISIOTCS PACIOIOKEHH-
€M COJTHEYHBIX HCTOYHUKOB aHAJIOTMYHBIM 00Pa3oM.

BbIBO/IbI

BEINIOTHEHO CTAaTUCTHYECKOE HCCIIEOBAaHUE 3aBH-
CUMOCTEH XapaKTEPUCTHK KOPOHAIBHBIX BHIOPOCOB
maccel Tuna MO U ypOBHS T€OMarHUTHOM aKTUBHOCTHU
OT MapaMeTPOB JIOKAIM3allMd UX HUCTOUYHUKOB Ha COJ-
HeyHOM jucke. [Ipu 3ToM pemieHsl OCHOBHBIE mpoOre-
MBI OOHapykeHus: ucroynnkoB KBM/MO wu nepenoca
COOTBETCTBYIOLUX CTPYKTYP B COJTHEYHOM BETPE.

1. Ucrounnku KBM uacTto He BRIIENSIOTCS Ha (HOoHE
KOPOHBI WIH (DOTOC(Eph, OJHAKO B 3TOM CIIydae OHHU
MOTYT OBITH OTIPEIENEHBI IO OCTATOYHBIM SBJICHUSM.

2. YenuaenHoe MO — UCKITFOUUTEIBHO PEIKOE SIB-
JICHWEe, W €T0 TPYTHO OOHapyXWBaeMblii Ha (pOHE BO3-
MYIICHHON COJHEYHOW KOpPOHBI WM (oTochepsl wuc-
TOYHHK MOJKET OBITh YCTaHOBJICH 110 HAOJIIOACHHIO Tella
KBM B Buze auddysnoro odnaka, ynocumoro ¢ ConHua
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MIpU JPYNUUA BMECTE C BMOPOMEHHBIM KOPOHAJIBHBIM
MarHuTHeIM nosieM. Texa KBM xopoio BUHBI Ha KOpO-
Horpadax, ¥ 3TO 0OCTOSITEILCTBO TO3BOJISICT OIPEICITUTE
HUX MCTOYHHUK Ha COJHEYHOM JIMCKE U Jajiee JIETKO WACH-
TUQHUITPOBATH Ha MaTPyIEHBIX KA. B ciydae Takux KBM
B HMX BKJIOYeHBl 1 MO, nostomy u uctouHuk MO Takke
MOJKET OBbITh OTIPE/IENIEH.

3. [Ipsimoe npoxoxaenue yenuneHHbx MO k 3emite
(bukcHupyercsi KOpoHOorpadamu TOJILKO B MPOPHIIb.

4. Orpomusie pazMepbl MO TO3BOJISIFOT TIO JaHHBIM
MATPYJBHBIX CIYTHUKOB ITOJyYaTh MapaMeTpPhl CTPYKTYPHI
U ee JMHAaMHKY TOJBKO Ha cedeHHH oObekTa. [lockosbky
JUIs 00JIaKOB HaMH TIPUHSTAa YCIEIIHO NMpPHMEHSeMasi BO
MHOTHX MWCCIIEIOBAaHMSAX LMJIMHIpPHYECKas OeccriioBast
MoOJIeNb, TO AUHAMHKY MAapaMETPOB HAa CEUEHHU CJIOKHO
cOpMHPOBAHHOW OTPOMHOM  TICEBIOLMIHHAPHICCKOMN
KOHCTPYKIIMH MBI HHTEPIIOJIMPYEM Ha Bce 00JIaKo.

W3ydeHsl 0COOCHHOCTH PacIpeIeNIeH s COTHEYHBIX
HACTOYHUKOB PA3JIMYHOW NPOTSKEHHOCTH M YIJIOBOH
OpHEHTAINH MX BUAMMOM YacTH B 3aBUCHMOCTH OT KO-
OpAWHAT UCTOYHHUKOB. Y CTAHOBJIECHO, YTO MPOTSKEHHBIE
WCTOYHHUKH, MMEIOIME HEOOJBIION HAKJIOH K COJHEY-
HOMY 3KBaTOPY M HAXOMSIIMECS Ha KpasX COJHEYHOTO
JICKA, B OTIMYUE OT HEMPOTSKEHHBIX M CUIBLHO HAKJIO-
HEHHBIX, UMEIOT IIAHC CTeHEPUPOBATh PACHIUPSIOIIUECS
o0Jaka, KOTOpbIE C BBICOKOH BEPOSTHOCTBIO MOTYT JIO-
CTUTHYTh MarHuToc(epbl, Kak ¥ o0jaKka OT HCTOYHHKA
BOJIM3M HYJIEBOTO MEpH/MaHa U HU3KHUX ILHPOT.
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VY cTaHOBIIEHBI 3aKOHOMEPHOCTH 3aBHCHUMOCTEH Mar-
HUTHBIX ¥ OPUCHTAIIMOHHBIX XapakTepucTuk MO, 3ape-
ructpupoBaHHbeIX Ha KA, oT jokanu3anuu v npocTpaH-
CTBEHHBIX MapaMeTPOB UX MCTOYHHKOB HA COJHEYHOM
mucke. Criemyer 3aMeTHTh, YTO B psiie CIIydaeB pac-
CMaTpUBAacMbIe 3aBHCUMOCTH IO HEKOTOPBIM KBaJpaH-
TaM COJIHEYHOIO JHUCKAa OTCYTCTBYIOT WJIM HE yCTaHOB-
JeHbl. B 3TOM HET HHUYero yAMBUTENBHO, MOCKOJIBKY
TOYHOE OTOXKIECTBICHHE HCTOYHHKOB COJHEUHON ak-
TUBHOCTU CO CTpykTypamu MO, mpoxoIsIUMHU 4depes
natpyiasHele KA, 3aTpynHeHO IO npuUYMHAM, YIOMSHY-
ThIM BO BBEJICHHU. TeM He MeHee HaMM HUCCIIeIOBaHbI
3aBHCHUMOCTH CKOpocTH MO OT MUHIMAJIbHOM IIHPOTHI
HCTOYHUKA U COOTBETCTBYIOLIEH €M MONrOThI, MaKCH-
MaJBHOW HaIPsHKEHHOCTH MarHUTHOTO moist MO ot mMu-
HUMAaJIbHOW IIMPOTHI UCTOUYHUKA U COOTBETCTBYIOLIEH €M
JONTOTBI, MOAYMst  B,-KOMIIOHEHTBI  MaKCHMaJIbHOM
HanpspkeHHocTd MIT MO 0T MUHMMAaNBHOM IIMPOTHI HC-
TOYHMKA U COOTBETCTBYIOIIEH €M JOJITOTHI, IIUPOTHOIO U
JIOJITOTHOTO YTJIOB B COJHEYHO-3KIIMIITUYECKOM cucteMe
koopauHat it Bekropa MII MO oT MUHHUMaIBHON M-
pPOTBI MCTOYHMKA M COOTBETCTBYIOILEH €M JIOITOTHI, a
TaKKe OIpeJieNIeHbl UX XapaKTepHble 0COOEHHOCTH (CM.
pasmensl 2 u 3). BeIsIBICHO Takke yBETHUCHHE YHCIIA
BBICOKOCKOPOCTHBIX MO, mNpHBA3aHHBIX K BOCTOYHOHN
YacTH COJHEYHOrO OHUCKa, M 4uciaa MeMIeHHbIXx MO,
MIPHUBSA3aHHBIX K 3allaJIHOM YacTH, YTO OTPaKaeT MocIel-
CTBHS CITUPATIBHOTO JBMKEHUS TOTOKA COJTHEYHOIO BETPA.
YcranosieHo, 9To mia Oonbmmoi Tpymmsl MO mmeetcst
3aBUCUMOCTh HMX MAaKCHMAaJIbHOI'O MAarHUTHOTO MOJSA OT
KOOpAMHAT HMCTOYHMKA. MakcHMallbHasi HaNpsDKEHHOCTh
MII MO pacTteT ¢ yBelIHUeHHEM CEBEPHBIX M FOXKHBIX IITH-
POT, Ha4YMHAasE OT KBATOPa, YTO COINAcyercs ¢ Haubolee
BEPOSATHBIM paclpeqeseHHeM MarHHTOAKTHUBHBIX 00Ja-
CTell Ha COJIHEYHOM JAMCKE. DTO K€ CIIPABEIUINBO U JUIS
B,-xomnoneHTs MII.

AHanu3 OpWeHTanMM MarHWTHBIX OOJIaKoOB, pac-
CMaTpUBAEMBIX B paMKax LWINHIPUYECKOH MOJENH,
MIPOJICMOHCTPUPOBA Hanboyiee BeposTHOE (HOPMHPO-
BaHME 00JIAKOB, JISKAIINX BOJM3U TUIOCKOCTH SKJINITH-
KH, HICTOUHUKAMH, HAXOJAIIUMUCS HA HU3KHX IIUPOTAX.

HccrnenoBana Taxke 3aBUCHMOCTb 3KCTPEMAaJIbHBIX
3HaYCHU CyOOypeBoii akTuBHOCTH (110 MHAEKCY AL) oT
IapaMeTpOB COJTHEYHBIX UCTOYHUKOB MO B MHTEPBAJIBI
BO3JICHUCTBUS Ha 3eMHYI0 Maruutochepy crpykryp MO
(rema m ob6omoukn). OTMEUEHO OTCYTCTBHE CyOOYpBb,
aCCOLIMMPOBAHHBIX C MPOTSHKEHHBIMU HCTOUHUKAMH BHE
nuanazoHa renuommpor ~5-20°. Takum o00pasom,
YCTAQHOBJIEHBI CBSI3U KOOPAMUHAT COJIHEUHOTO UCTOYHHMKA
C T€OMarHUTHOM aKTHBHOCTBHIO KaK OOOJIOYKH, TaK H
tenia MO. OHu coriacyrorcst ¢ Hanbojee BEpOSTHBIM
pacripezielieHeM MarHUTOAaKTHBHBIX oOJlacTeil Ha coJl-
HEYHOM JIHCKE.

PaGora BeITONTHEHA TTpH moanep:kke rpanta POOU
Ne 18-35-00430 (bapxarosa O.M., PeynoBa E.A., Po-
maHoB P.B.) wu Tocsaganns MuHoOpHayku PO
Ne 5.5898.2017/8.9 (bapxaros H.A., Pesynos C.E.).

CIIMCOK JIMTEPATYPbI

bapxaros H.A., Kanununa E.A. Onpenenenue napamer-
POB MarHUTHBIX 00JIAKOB M MPOTHO3 MHTEHCUBHOCTU MarHUT-
HbIX Oypb // T'eomarnerusm u asponomusi. 2010. T. 50, Ne 4.
C. 477-485.

79

N.A. Barkhatov, E.A. Revunova, R.V. Romanov, et al.

Bapxaros H.A., Kanununa E.A., Jlesutun A.E. IIpossie-
HHUE KOH(QUI'Ypalii MAarHUTHBIX 00JIaKOB COJHEYHOTO BETpa B
reoMarautHoi aktuBHocTH // Kocm. uccn. 2009. T. 47, Ne 4.
C. 300-310.

Bapxaros H.A., Bunorpanos A.b., PeBynoBa E.A. [Iposs-
JICHUE OPUEHTAI[N MarHUTHBIX 00JIAKOB COJIHEYHOTO BETpa B
Ce30HHOW BapHalMM T'eOMarHuTHOH axtuBHOCcTH // KocMm.
uccn. 2014a. T. 52, Ne 4. C. 286-295. DOI: 10.7868/800
23420614040025.

BapxatoB H.A., Jlesutun A.E., PeBynoBa E.A. Knaccu-
(uKaIys KOMIUIEKCOB KOCMUYECKOH MOTOJBI C ydIEeTOM THIa
COJIHEYHOTO MCTOYHUKA, XapaKTEePUCTHUK MIa3MEHHOTO MOTOKa
U CO3[aBa€MOT0 MM I'€OMAarHWUTHOro Bo3MymieHus // I'eo-
MarsetusM u aspoHomus. 20146. T. 54, Ne 2. C. 185-191.
DOI: 10.7868/S0016794014020035.

Bapxatos H.A., Peynos C.E., BopooseB B.I'., Sron-
xuHa O.U. [IposBneHne AMHAMUKYU IIapaMeTPOB COJHEYHOTO
BeTpa Ha (GopMmupoBaHue cy60ypeBoit akruBHoctu // I'eo-
MarmetusMm u asporomms. 2017. T. 57, Ne 3. C. 273-279.
DOI: 10.7868/S0016794017030026.

Bapxatos H.A., Peynos C.E., BopooseB B.I'., Sron-
kuHa O.M. VccnenoBaHne B3auMOCBSI3U BBICOKOIIMPOTHOM Ireo-
MAarHUTHOW aKTUBHOCTH C IIapaMeTpaMH MEXKIUIAHETHBIX Mar-
HHTHBIX 00JIAaKOB C MCIIOJIb30BaHIEM HCKYCCTBEHHBIX HEHPOH-
HBIX ceteil // ['eomarneTnsm n aspoHomus. 2018. T. 58, Ne 2.
C. 155-162. DOI: 10.7868/S0016794018020013.

BapxaroBa O.M., Koconamosa H.B., bapxatoB H.A., Pe-
ByHOB C.E. Co0bITHE CHHXPOHHBIX BO3MYIICHHUI B HOHOC(hEpe
YW TEOMarHuTHOM mojie Hajx cranuueil Kaszanp / ConHedHo-
3emuas Qusuka. 2017. T. 3, Ne 4. C. 63-73. DOI: 10.12737/szf-
34201706.

NanoB K.I'. ConHeyHble MCTOYHUKU MOTOKOB MEXKILIa-
HETHOH I1a3Mbl Ha opbute 3emum // ['eomMarHeTnsm u a’po-
nomust. 1996. T. 36. C. 19.

Manakosa 10.B., [lexteneBa K.A., bapxaros H.A., PeBy-
HOB C.E. [IpocTpaHCTBEHHO-BPEMEHHOW aHATIH3 BO3MYILEHHI
mmarnasona Pc4-5 B mepropl MarHuTHEIX Oyph KOPPEISIIMOHHO-
CKENIeTOHHBIM MeTooM // BecTHMK MMHHMHCKOTO yHHBEpPCH-
teta. 2016. Ne 1. C. 1-6.

Hukonaesa H.C., Epmonaes 0.U., Jlogkuna W.I". 3aBu-
CHMOCTh T'€OMAarHMTHOW aKTUBHOCTH BO BpeMsI MarHHMTHBIX
Oypb OT IapaMeTpoB COJTHEYHOTO BETpa OIS Pa3HBIX THUIIOB
teueHnlt // ['eomarnetnsm u aspornomus. 2011, T. 51, Ne 1.
C. 51-67.

Pszarnesa M.O., lamun I1.A., 3acrenkep ['H. u op. Coii-
CTBa PE3KUX M OOJBIIMX CKAYKOB MOTOKA MOHOB (TUIOTHOCTH)
conHeuHoro Betpa // Koem. uceit. 2003. T. 41, Ne 4. C. 405-416.

Burlaga L.F., Wang C., Richardson J.D., Ness N.F. Evolu-
tion of the multiscale statistical properties of corotating
streams from 1 to 95 AU // J. Geophys. Res. 2003. V. 108, N A7.
P. 1305-1310. DOI: 10.1029/2003JA009841.

Hundhausen A.J. Coronal mass ejections // The many faces
of the Sun: A summary of the results from NASA’s Solar
maximum mission. N.Y. Springer, 1999. 143 p.

Kilpua E.K.J., Lee C.O., Luhmann J.G., Li Y. Interplane-
tary coronal mass ejections in the near-Earth solar wind during
the minimum periods following solar cycles 22 and 23 // Ann.
Geophys. 2011. V. 29. P. 1455-1467. DOI: 10.5194/angeo-
29-1455-2011.

Kilpua E.K.J., Li Y., Luhmann J.G., et al. On the relationship
between magnetic cloud field polarity and geoeffectiveness //
Ann. Geophys. 2012. V. 30. P. 1037-1050. DOI: 10.5194/angeo-
30-1037-2012.

Liu Y., Manchester IV W.B., Richardson J.D., et al. De-
flection flows ahead of ICMEs as an indicator of curvature
and geoeffectiveness // J. Geophys. Res. 2008. V. 113, iss. A9,
CitelD A00B03. DOI: 10.1029/2007JA012996.

Neugebauer M., Liewer P.C. Creation and destruction
of transitory coronal holes and their fast solar wind streams
/I J. Geophys. Res. 2003. V. 108, N Al. P. 1013-1016.
DOI: 10.1029/2002JA009326.


https://doi.org/10.7868/80023420614040025
https://doi.org/10.7868/80023420614040025
https://doi.org/10.7868/S0016794014020035
https://doi.org/10.7868/S0016794017030026
https://doi.org/10.7868/S0016794018020013
https://doi.org/10.12737/szf-34201706
https://doi.org/10.12737/szf-34201706
https://doi.org/10.1029/2003JA009841
https://doi.org/10.5194/angeo-29-1455-2011
https://doi.org/10.5194/angeo-29-1455-2011
https://doi.org/10.5194/angeo-30-1037-2012
https://doi.org/10.5194/angeo-30-1037-2012
https://doi.org/10.1029/2007JA012996
https://doi.org/10.1029/2002JA009326

Hccenedosanue cesasu napamempoes JoKaausayuu ...

Wang Yuming, Chen Caixia, Gui Bin, et al. Statistical
study of coronal mass ejection source locations: Understand-
ing CMEs viewed in coronagraphs // J. Geophys. Res. 2011.
V. 116, iss. A4. CitelD A04104. DOI: 10.1029/2010JA016101.

Wu C.C., Lepping R.P. Effects of magnetic clouds on
the occurrence of geomagnetic storms: The first 4 years of
Wind // J. Geophys. Res. 2002. V. 107, N A10. P. 1314-
1321. DOI: 10.1029/2001JA000161.

URL:  http://lasco-www.nrl.na-vy.mil/index.php?p=content/
cmelist (nara o6pamienus 6 mast 2019).

URL: https://cdaw.gsfc.nasa.gov/CME_list (nata obparuenus
6 mast 2019).

URL: http://Jumtof.umd.edu/sem (xgata obGparuenust 6 mas
2019).

URL.: ftp://ftp.ngdc.noaa.gov/STP/SOLAR_DATA (mara 06-
pauienus 6 mast 2019).

URL: http://vso.nso.edu/cgi/catalogue (mata oGparueHus
6 mast 2019).

REFERENCES

Barkhatov N.A., Kalinina E.A. Determination of magnetic
cloud parameters and prediction of magnetic storm intensity.
Geomagnetism and Aeronomy. 2010, vol. 50, no. 4, pp. 453-460.
DOI: 10.1134/S0016793210040043.

Barkhatov N.A., Kalinina E.A., Levitin A.E. Manifesta-
tion of configurations of magnetic clouds of the solar wind
in geomagnetic activity. Cosmic Res. 2009, vol. 47, no. 4,
pp. 268-278.

Barkhatov N.A., Revunova E.A., Levitin A.E. Classifica-
tion of space-weather complexes based on solar source type,
characteristics of plasma flow, and geomagnetic perturbation
induced by it. Geomagnetism and Aeronomy. 2014b, vol. 54,
no. 2, pp. 173-179. DOI: 10.1134/S0016793214020030.

Barkhatov N.A., Revunova E.A., Vinogradov A.B. Effect
of orientation of the solar wind magnetic clouds on the sea-
sonal variation of geomagnetic activity. Cosmic Res. 2014a,
vol. 52, no. 4, pp. 269-277. DOI: 10.1134/S0010952514040017.

Barkhatov N.A., Vorobjev V.G., Revunov S.E., Yagod-
kina O.1. Effect of solar dynamics parameters on the formation
of substorm activity. Geomagnetism and Aeronomy. 2017, vol. 57,
iss. 3, pp. 251-256. DOI: 10.1134/S0016793217030021.

Barkhatov N.A., Revunov S.E., Vorobjev V.G., Yagod-
kina O.l. Studying the relationship between high-latitude ge-
omagnetic activity and parameters of interplanetary magnetic
clouds with the use of artificial neural networks. Geomag-
netism and Aeronomy. 2018, vol. 58, iss. 2, pp. 147-153.
DOI: 10.1134/S0016793218020020.

Barkhatova O.M., Kosolapova N.V., Barkhatov N.A., Re-
vunov S.E. Synchronization of geomagnetic and ionospheric
disturbances over Kazan station. Solar-Terrestrial Physics. 2017,
vol. 3, iss. 4, pp. 58-66. DOI: 10.12737/stp-34201706.

Burlaga L.F., Wang C., Richardson J.D., Ness N.F. Evolu-
tion of the multiscale statistical properties of corotating
streams from 1 to 95 AU. J. Geophys. Res. 2003, vol. 108, no. A7,
pp. 1305-1310. DOI: 10.1029/2003JA009841.

Hundhausen A.J. Coronal mass ejections. The many faces of
the Sun: A summary of the results from NASA’s Solar maxi-
mum mission. N.Y. Springer, 1999. 143 p.

Ivanov K.G. Solar sources of interplanetary plasma flows
in the Earth’s orbit. Geomagnetism and Aeronomy. 1996, vol. 36,
p. 19. (In Russian).

80

Investigation of relationship solar sources localization...

Kilpua E.K.J., Lee C.O., Luhmann J.G., Li Y. Interplane-
tary coronal mass ejections in the near-Earth solar wind during
the minimum periods following solar cycles 22 and 23. Ann.
Geophys. 2011, vol. 29, pp. 1455-1467. DOI: 10.5194/angeo-
29-1455-2011.

Kilpua E.K.J., Li Y., Luhmann J.G., Jian L.K., Russell C.T.
On the relationship between magnetic cloud field polarity and
geoeffectiveness. Ann. Geophys. 2012, vol. 30, pp. 1037-
1050. DOI: 10.5194/angeo-30-1037-2012.

Liu Y., Manchester IV W.B., Richardson J.D., Luhmann J.G.,
Lin R.P., Bale S.D. Deflection flows ahead of ICMEs as an indi-
cator of curvature and geoeffectiveness. J. Geophys. Res. 2008,
vol. 113, iss. A9, CitelD A00B03. DOI: 10.1029/2007JA012996.

Manakova Yu.V., Pekhteleva K.A., Barkhatov N.A.,
Revunov S.E. Space-time analysis of disturbances in the PC4-5
period range during magnetic storms by correlation-skeleton
method. Vestnik Miniskogo universiteta [Vestnik of Minin
University]. 2016, no. 1, pp. 1-6. (In Russian).

Neugebauer M., Liewer P.C. Creation and destruction of
transitory coronal holes and their fast solar wind streams.
J. Geophys. Res. 2003, vol. 108, no. Al, pp. 1013-1016.
DOI: 10.1029/2002JA009326.

Nikolaeva N.S., Yermolaev Y.l., Lodkina I.G. Depend-
ence of geomagnetic activity during magnetic storms on the
solar wind parameters for different types of streams. Geo-
magnetism and Aeronomy. 2011, vol. 51, no. 1, pp. 49-65.
DOI: 10.1134/S0016793211010099.

Riazantseva M.O., Dalin P.A., Zastenker G.N., Par-
homov V.A., Eselevich V.G., Eselevich M.V., Richardson J.
Properties of sharp and large changes in the ion flux (density) of
the solar wind. Cosmic Res. 2003, vol. 41, no. 4, pp. 371-381.

Wang Yuming, Chen Caixia, Gui Bin, Shen Chenglong,
Ye Pinzhong, Wang S. Statistical study of coronal mass ejec-
tion source locations: Understanding CMEs viewed in corona-
graphs. J. Geophys. Res. 2011, vol. 116, iss. A4, CitelD
A04104. DOI: 10.1029/2010JA016101.

Wu C. C., Lepping R. P. Effects of magnetic clouds on the
occurrence of geomagnetic storms: The first 4 years of Wind.
J. Geophys. Res. 2002, vol. 107, no. Al10, pp. 1314-1321.
DOI: 10.1029/2001JA000161.

URL: http://lasco-www.nrl.na-vy.mil/index.php?p=con-
tent/cmelist (accessed May 6, 2019).

URL: https://cdaw.gsfc.nasa.gov/CME_list (accessed May 6,
2019).

URL: http://umtof.umd.edu/sem (accessed May 6, 2019).

URL: ftp://ftp.ngdc.noaa.gov/STP/SOLAR_DATA (accessed
May 6, 2019).

URL: http://vso.nso.edu/cgi/catalogue (accessed May 6,
2019).

Kax yumuposeams smy cmamuio:

bapxaros H.A., Pesynopa E.A., Pomanos P.B., bapxarosa O.M.,
PesynoB C.E. MccnenoBanue cBS3M NapaMeTpoB JIOKAIW3alUU COJ-
HEYHBIX MCTOYHMKOB MATHUTHBIX OOJIAKOB C MX XapaKTEPUCTHKAMH H
cy00ypeBoit akTUBHOCTBIO. Conneuno-semnas gusuxa. 2019. T. 5, Ne 3.
C. 70-80. DOI: 10.12737/szf-53201907.


https://doi.org/10.1029/2010JA016101
https://doi.org/10.1029/2001JA000161
http://lasco-www.nrl.na-vy.mil/index.php?p=content/%20cmelist
http://lasco-www.nrl.na-vy.mil/index.php?p=content/%20cmelist
https://cdaw.gsfc.nasa.gov/CME_list/
http://umtof.umd.edu/sem/
ftp://ftp.ngdc.noaa.gov/STP/SOLAR_DATA/
http://vso.nso.edu/cgi/catalogue
https://doi.org/10.1134/S0016793210040043
https://doi.org/10.1134/S0016793214020030
https://doi.org/10.1134/S0010952514040017
https://doi.org/10.1134/S0016793217030021
https://doi.org/10.1134/S0016793218020020
https://doi.org/10.12737/stp-34201706
https://doi.org/10.1029/2003JA009841
https://doi.org/10.5194/angeo-29-1455-2011
https://doi.org/10.5194/angeo-29-1455-2011
https://doi.org/10.5194/angeo-30-1037-2012
https://doi.org/10.1029/2007JA012996
https://doi.org/10.1029/2002JA009326
https://doi.org/10.1134/S0016793211010099
https://doi.org/10.1029/2010JA016101
https://doi.org/10.1029/2001JA000161
http://lasco-www.nrl.na-vy.mil/index.php?p=con-tent/cmelist
http://lasco-www.nrl.na-vy.mil/index.php?p=con-tent/cmelist
https://cdaw.gsfc.nasa.gov/CME_list/
http://umtof.umd.edu/sem/
ftp://ftp.ngdc.noaa.gov/STP/SOLAR_DATA/
http://vso.nso.edu/cgi/catalogue
https://doi.org/10.12737/szf-53201907

