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PaccmatpuBaercs mpobieMa TeOpEeTHIECKOTO MOJCIUPOBAaHKS HAOIIOIaEMBIX B COJTHEYHON KOPOHE
1 MEKIUIAaHETHOM TIPOCTPAHCTBE KOPOHAIBHBIX BBIOpocoB Macchl (KBM). D1u sBiIeHMs, HapsmLy C COJ-
HEUHBIMHU BCIIBIIIKAMH, UTPAIOT OMPEACNISIONIYI0 POJIb B (DOPMHUPOBAHUM TeTMOCHEPbl U KOCMUYECKOM
MIOTOJIBI, TO3TOMY HcciienoBanus npupo sl KBM BecbMa aktyanbHbl. [lokazaHo, 4T0 UMEIOIIUECS CETOTHS
TEOPETUYECKHE MOJETH IeTeNFHBIX BBHIOPOCOB MAacChl OCHOBAaHBI Ha HEBEPHBIX IPEICTABICHUSIX O
CTPYKTYpE€ MarHUTHBIX KTyTOB Ha COJHIIE U HYKIAIOTCs B mepecMoTpe. [Ipoanann3upoBana TuHAMIKA
CKPYUYCHHON MarHUTHOU METIH B KBAa3HUIPOJOJbHOM BHEIIHEM MAarHUTHOM moje. [lokazaHo, 4to maxe
P OTHOCUTEITHHO HEOOJBIONW CKPYYEHHOCTH MarHUTHOTO TIOJISI TaKasi eTisl MOXKET ObITh BEIOpOIIeHa
Ha BbicoTy 10 100000 kM. TeopeTryeckn pacCUUTAHHBINA PEKUM IBMKEHUS HETIM XOPOIIO COOTBETCT-
BYET IMHAMUKe 0HOro u3 HabOmonasimxcs Ha TRACE GpUHUTHBIX BHIOPOCOB.

BBenenne

B nocnemane necsatuierws, 6rarogaps akTHBHOMY HCIOJIB30BAHUIO KOCMHUYECKHAX TEJIECKOIIOB, BhISC-
HUJIOCh, 4TO Te03((EKTUBHOE BO3ACHCTBUE COJHEYHOM AKTUBHOCTH, KOCMHUYECKAs IOroja, COCTOSHUC
MarauTocgepsl U UOHOCHEph! 3eMITH 00YCIIOBJICHBI, HE TOJILKO COJNHEYHBIMU BCTIBIIIKAMH, HO U TaKUM
SIBJICHHEM, KaK KOpPOHAITbHBIC BRIOpOCckl Maccel (KBM). Do siBIieHHE MPEACTABIAET COOOK CIOKHBIN He-
CTaIMOHAPHBINA TIPOIIECC, CBSI3aHHBIN C OBICTPBHIM KBa3WpPaJAWAIBHBIM IBIKEHHEM HEPaBHOBECHBIX Mar-
HUTHBIX TPYyOOK (MarHWUTHBIX JKT'YTOB) B CONHEUHON aTMochepe. BHYTpH 3THX CKPYYCHHBIX MarHHTHBIX
TpyOoOK (meTesb, Kolen), BhiopackiBaeMbIX co ckopocTsimu 1o 2000 kM/c, ¥ B MX HEMOCPEACTBEHHOMN OKpe-
CTHOCTH HaXOIWTCS ropsyast Iiia3Ma, YCKOPEHHBIE YaCTHIIBI, MHOJKECTBEHHBIE TOKOBEIE ciion ([1-4] u mp.).
KBM TecHO CBsi3aHbI C COTHEUHBIMH BCIIBIIIIKAMH, HO, BOOOIIE TOBOPSI, HE SBJISIOTCS, KaK CUMTAJIOCh Pa-
Hee, MPOCTOM COCTaBHOM YacThIO BCIIbIIIEUHOTO Tporecca. KBM — nocTaTouHO caMOCTOSITENBHOE SIBIIE-
HHE, OHO MOKET Kak IPEANIeCTBOBATh BCITBIIIKE, TaK U COTMPOBOXK/IATH €€, OHO MOXKET MPOUCXOIUTh U B
OTCYTCTBHE BHIMMOM BCIIBIIICYHOM akTUBHOCTH. OOIIUM B coiHeuHoU Bembiike u B KBM sBnsercs To,
YTO B 00OMX CITydasix MbI IMEEM JIETIO C PE3KKM, B3PIBOOOPA3HBIM BBIICIICHUEM MarHUTHOM SHEPTUH, 3ara-
CCHHOM paHee B TOM WITM WHOW KBa3HPABHOBECHOW MarHUTHON KOH(pHIypaimu (cM., Harpumep, [2, 3]). Pa3-
HUIIA JIAIIH B TOM, YTO B OJTHOM CJIydae OCHOBHAS YacTh 3TOM SHEPTHH WIAET Ha HArPEB IUIa3MbI U YCKOpe-
HYe yacThIl (BCITBIIIKA), & B APYTOM — TPATUTCSA HA MEXaHHUYECKOE YCKOPEHHE MaKPOCKOITHUYECKHX Macc
rasa BMECTe ¢ BMOPOXKEHHBIM B Hero MarHuTHbIM TosieM (KBM). B Tex crmydasix, Korja MarHuTHas SHep-
THs pacrpenernsercs 0ojiee WM MEHeE PaBHOMEPHO IO BCEM BO3MOXKHBIM “HAaIpaBJICHUSAM’, BO3HHKACT
BIICUATJICHHE TECHOM reHeTryeckoi crsi3u KBM u conHeuHoit Benbliky. Bee Bhiliecka3zanHOe oOeceyu-
BaeT OOJIBIION MHTEPEC K MCCIIENOBAHUSM MPHUPOII KOPOHAIBLHBIX BBIOPOCOB, U KOJIMYECTBO paboT, TMo-
CBSIIIICHHBIX ATOM TEMATHKE, B ITOCIIEIHUE TOMIBI OBICTPO pacTeT.

Mg cTaHeM paccMaTpUBaTh TOJIBKO TEOPETHUECKHUM aCIEKT MPOOIEMBI, T. €. TEOPETHUECKIE MOJIEIH,
OIMMCHIBAONINE MeXaHU3MbI popmupoBanus U pa3sutiss KBM. Takux paboT Takke TOBOJLHO MHOTO, HO
OOIIMM IS HUX SBJISIETCS MIPU3HAHNE TOTO, YTO OCHOBHOMW JIBFDKYIIEH CHIION BBHIOpOCA SIBJISIETCS MarHHT-
Hasl CHJIa — IPyTroro MEXaHIMYeCKOTO ABIKUTENS, 3P (PEKTHBHO U AIUTENHHO IEHCTBYIOMIETO TPOTHUB CHITBI
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TSDKECTH, TIPEIOKUTh HEBO3MOXHO. VI3BecTHO, 4uTo He MeHee 1/3 Bcex BBIOPOCOB MMEIOT TeoMeTpHYe-
CKyI0 (OpMY pa3mayBarollelicss U MOAHUMAIOIICHCS METIH, TOITOMY OJTHUM W3 OCHOBHBIX HalpaBJIeHHH
pasButus Teoperryeckux Mozeneir KBM sBisercss mopenupoBaHue BEIOPOCOB, UMEIOIINX BBIPAKEHHYIO
neTenbHyIo GopMy, T. €. B KauecTBE OCHOBHOIO “ ipaliBepa’ BCETro SBJICHUS PACCMaTPUBACTCS CKPYUYEHHBIN
MAarHUTHBIH JKI'yT — eI, KOHLBI KOTOPOil 3akperuieHsl B (otocdepe. Takoro poxa mnerenbHbIE MOAEIN
onmcaHbl emie B u3BectHol kuure DO. IMpucra 1985 r. [5]. (B 00cykmaeMbIX Tam METETbHBIX MOJCIIX
TPaH3UEHTOB MarHUTHAs! CUJIa PAaCCUUTBIBACTCS OYEeHb IPy00, MO TIOPSAKY BETHMUYHUHBI, OLICHKU 3TH IIPOBO-
IATCS 0e3 ydera CIICITU(HKH YIEKTPHUSCKIX TOKOB B IIa3Me, O 9eM IMOIpOOHO OyIeT CKazaHO HIDKE, H
JieaeTcsi HEOOOCHOBAaHHBIN BBIBOJ] O TOM, YTO MarHUTHAs CHJIA MEHSIETCS C BBICOTOM, KaK U CHJIa TSHKECTH,
10 3aKOHY OOpaTHBIX KBaapaToB.) B kumre “MarnutHoe mepecoequnenue” 2005 r. [6] O. Ilpucr u
T. ®opbc, paccmarpusast npodnemy KBM ¢ Touky 3peHHs1 MarHUTHOTO MEPECOCIMHEHUS, TOAYEPKUBAIOT
([6], c. 408), uto cyms Mo pe3yabTaraM HAONIOAEHHI TOCIEAHIX JIET OCHOBHBIM THIIOM I€PECOETHMHEHHUS
SIBJIICTCS TIEPECOEAMHEHNE MATHUTHBIX CHJIOBBIX JIMHUE B 00JacTH MOJA HMOAHMMAOUICHCs MarHUTHOM
nemied. ITo MPUBOAMT K HAPACTaHHUIO MOTOKA a3MMYTaJIbHOTO MAarHUTHOTO HOJIST B 00BEME XKI'yTa, 4YTO, B
CBOIO OYepelib, CITy’KUT OCHOBOH ISl HEMPEPHIBHOTO YCKOPEHHUSI BCEH NMETIIN B LIEJIOM BIUIOTh 10 HEKOTO-
poit MakcuMabHON ckopocTd. Takum obpa3om, nomuHMpyioeil B Teopun KBM ceromus octaercsi KOH-
LEeTHs TOAbEMa MarHUTHOM METIH, KOTOpast O TEM WIIM HHBIM MPUYMHAM B KaKOH-TO MOMEHT OKa3bIBa-
€TCsl HEypaBHOBEIICHHON B COMHEYHOU aTMocdepe BCICICTBIE CKPYYEHHOCTH, T. €. HAUIMYHS B HEH JKIy-
TOBO# cTpyKTypbL. JKryroBeie Mogen KBM aktuBHO pa3BuBaroTcs B mocnenuue roasl ([1, 7-12] u ap.).
K coxxanenuio, BO Bcex aHAIUTUYECKU MOCTPOEHHBIX JKI'YTOBBIX Moeisix KBM mcrnonb3yrorcst Henpa-
BIJIbHBIE (JOPMYJIIBI Il MAarHUTHOM CHJIbI, HE YUUThIBAIOIIME 3(PPEKT 3KPAHUPOBKH HIEKTPUUECKUX TO-
KOB, MIPUCYIIIUA MarHUTHBIM JKTYTaM B XOPOIIIO MPOBOJAIIEH KOCMHYECKOM MiazMe, 0 KOTOPOM TOWIET
peus Huke. [Ipu paspadotke Teopun KBM BaxkHO ¢ camoro Hauasia B3STh 32 OCHOBY JIOCTaTOYHO IIPOCTYIO
0a30BY10 MOJIENb SIBJICHUS], B KOTOPOH BCE 3JIEMEHTHI ObUTH ObI MPOSICHEHBI U MTOHSTHI C MAKCUMAIIBHO BO3-
MOKHOM CTEIICHBIO TIOJHOTHI. B kadecTBe Takoit 6a30Boit Momenmn KBM MbI 1 TipeyiaraeM B HaCTOSIICH
paboTe MofieNb CKpyYEHHOW MarHATHOM TTETIIM BO BHEIITHEM MAarHHTHOM ITOJIC.

1. DxpaHUPOBAHHOCTH MATHUTHBIX KT'YTOB B KOCMHYeCKOH Ma3me

Peub uzmet 06 yuere (QyHIAMEHTATBHOTO 3IEKTPOANHAMUYIECKOTO () (deKTa, KOTOPBIHA A0 CUX MOP
HE OCO3HaH B TOJDKHOU Mepe. J[eno B TOM, 4TO MAarHUTHBIC MOJIs, BO3HUKAIOIIUE U UCcUe3arolue B Go-
tochepe ConHIla Ha OYEHb MaJbIX BpeMeHaX (J4achl, CyTKH, HECATKH CYTOK), SBJSIOTCA Cyrybo Jio-
KaJbHBIMU 00pa3oBaHUAMH. J[JIs KaXIO0TO U3 HUX MOKHO MBICIIEHHO BBIOPATh TAKOH 3aMKHYTHIN KOH-
Typ, B TOYKaX KOTOPOrO MArHUTHOE IMOJie U3ydaeMoro oObekTa (MATHA, BOJOKHA, METJIM) 3aBEIOMO
OTCYTCTBYeT. MarHutHoe Tose, BhIIeAnee Ha MoBepXHOCcTh CONHIIA B BHJIE JIOKATbHON MarHUTHON
CHJIOBOHM TPYOKH, MOXKET PacIPOCTPAHATHCS B OKPYKAIOIIEE MPOCTPAHCTBO TOJIBKO ABYMsI CIIOCOOaMU:

1) MexaHWYECKH PacTANKUBAas B CTOPOHBI OKPYIKAMOIIYIO TIa3My 3a CUET CBOETO MarHUTHOTO JIaB-
JeHus, 0e3 TPOHUKHOBEHUSI MAarHUTHOTO IIOJII CHJIOBOW TPYOKH B TOJIBIDKHBIE DIIEMEHTHI BHEIIHEH
Cpelbl, 1

2) HEemoCPeICTBEHHO MPOHKUKAs B OKPYIKAIOIIYIO Cpey 3a cueT anuddy3un MarHUTHOTO MoJist, 00y-
CJIOBJICHHOM KOHEUHOMN MPOBOIUMOCTBIO TIa3MBI.

Bropoii crmocod He WrpaeT CKONb-TH00 CYMIECTBEHHON POJIH, MOCKOIBKY CKOpocTh auddysuu, ooy-
CITOBJICHHASI OMHYECKHMH MOTEPSIMH DJICKTPUUECKUX TOKOB B KOCMHUUECKOH ITa3Me, 0OBIYHO OUeHb HU3KA,
Y TOJIIIMHA CKMH-CIIOS1 OKa3bIBACTCS MO3TOMY HMYTOXHA Majia M0 CPABHEHHUIO C XapaKTePHBIMH pa3Mepa-

MH HCCIIEIyeMOT0 aKTHBHOTO oOpazoBanus. CorjlacHO M3BeCTHOU (opMmyre, T= (475062)/ c?, cBs3bI-
BaKOLIEiT MEXTy CO0O0I TONIMHY CKUH-CIOS O U XapaKTEepHOE BPEMsI MPOLIECca T, B YCIOBUSIX COTHEUHOM
doTocdeps npu mpoBouMocTH Mm1asMsl (o Kaymuury [13], ¢. 539, 545) 6=10" (8 ex. CI'C — obpat-
HBIX CEKyHIaX, 1/C) u XapaktepHoM BpeMenn m3Menenns 10° ¢ (1 cyTku) NTyGHHa CJI0St TPOHUKHOBEHHS

TOJISL B OKPY>KaroIIyto a3My cocTaBuT Beero 30 kM. B xpomocdepe 1 KopoHe 3Ta Belr4nHa OKaXeTcsl Ha
HECKOJIBKO MOPSAKOB MEHBIIIE 32 cYeT OBICTPOTO POCTa TEMIEPaTyphl U, COOTBETCTBEHHO, MPOBOIUMOCTH
C BBICOTOW. AHAJIOTMYHBIE OLIEHKH MOYHO MOIYyYUTb U JJIsl MATHUTHBIX 3BE3.
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Taxum oOpa3oM, MarHUTHEIE TTOJII AaKTUBHEIX oOmactei Ha CoiHile, BBIXoasa B (poTocdepy u Ooiee
BBICOKHE CJIOM COJTHEYHOH aTMoc(epbl, IPOCTO MEXaHNYECKH PACTAIKUBAIOT OKPY’KAIOMIYIO IIa3My
(BMecTe ¢ BMOPOKCHHBIM B HEC BHEIIHHM 10 OTHOIICHHUIO K BCILUIBIBAIOIIEMY MMOTOKY MArHUTHBIM
10JIeM), PE3KO PaCIIUpPSISICh U OCJIA0IISAACH 0 MEepe CBOETO MoabeMa BBepX. [Ipu 3TOM Bceraa co-
XpaHSEeTCs TOCTaTOYHO pe3kas TPpaHuIla MEXKIy 0O0pa30oBaBINEHCsS HOBOW MarHMTHOW CTPYKTYpOH W ee
BHEITHUM OKpYy)keHueM. [1ma3zMa 3Toro BHENIHEro OKPYXEHHUs, KaK MPaBIIIO, TAK)KE MMEET CBOE TIPEKIC
B HEH CYIIECTBOBABIIIEC MATHUTHOE IOJIE, KOTOPOE AePOPMHUPYETCs 10 Mepe “pacTaIKMBaHUA OKpPY-
)KaIOIlIeﬁ CpeabI 0oee CHILHBIM BCILUIBIBAIOIINM U paCHIMPAOIINMCA HOBBIM ITOTOKOM, HO BaXXHO ITOI-
YEepKHYTh, YTO 3TO IMEHHO BHEIIHEE MarHUTHOE M0JIe, KOTOPOE MPOCTPAHCTBEHHO HE MEPEMENTBAETCS
C TIOJIEM BCIDIBIBAIOIIETO DJIEMEHTA BCIICACTBHE MalocTd A dekToB ommudueckoil auddysmm. Tonkas
MOJBIDKHAS TPAHUIIA MEKAY BCIUIBIBAIOIINM HOBBIM TIOTOKOM U €TO OKPY>KEHHEM OOBIYHO HAXOIUTCA Ha
neprdepun 00beKTa, B 00IaCTH JOBOJLHO CNAOBIX MOJIEH, W, KaK MPaBWIIO, HUKAK HE OTCICKHBACTCS
HaOJIF0IaTeNIbHBIMM cpeAcTBaMu. J1jist 3TOro HeoOXoauMa MOCTaHOBKa 0c000# HaOI0IaTeIbHOM 3a1auH,
YTO HUKOTJa He faenmaercs. Ho cam (hakT cymecTBOBaHHS Takoi TPaHUIBI HECOMHEHEH.

Ecnm HeKoTOpyI0 MarHUTHYIO CHIIOBYIO TPYyOKY CKPYTHTh Ha €€ TOpIaX JIOKAITLHBIMHA BUXPEBBIMHU JIBU-
YKEHUSIMH TIJTa3MBl, TO BIOJb OCH 3TOM TPyOKH IOTEYeT AeKTpHIecKuii Tok. Ha nepudepun BbIIeIeHHOTO
LATMHIPHYECKOr0 00beMa, IIe BUXPEBOE TOJIE JIOCTATOYHO PE3KO oOpbIBaeTcs (MagaeT ¢ pacCTOSHUEM OT

ocu Geictpee, ueM 1/1), Tok Oyzer umeTh Apyroi 3Hak. [0cKOIBKY MarHuTHOE rosie BHE TpyOku B, ocra-

€TCsl HECKPYUYECHHBIM (HEBO3MOYKHO CKPYTHTH BCE MPOCTPAHCTBO!), MOJHBIN SJIEKTPUUYECKHUIA TOK Yepe3 cede-
HHE MarHUTHOTO JKIyTa oOpatutcst B HyJb (puc. 1). BoT Takue cKpydyeHHbIe MarHUTHbIC TPYOKH, “IUTaBaro-
He B OKeaHe” BBICOKOIPOBOIAIIEH KOCMHYECKO TI1a3Mbl, M Ha3bIBAIOT MATHUTHBIMU KTy TAMH.

B mpubmmkennn MI'Jl TokoM cMeIeHus MpeHeOperaroT, U TOT/Ia CBSA3b BHXPEBOTO MarHUTHOTO
T0JIS1 ¥ IJIOTHOCTH TOKA 33JIaeTcs ypaBHEHUEM AMIiepa:

rotB = ki j.
Cc
B unTerpansHoii hopMe OHO UMEET BHI:
Bl =22 jos=221, (1)
c s c

T. €. IUPKYJISIMSA MAarHUTHOTO MOJS TI0 JIF00OMY MPOHM3BOJIBHO BHIOPAHHOMY 3aMKHYTOMY KOHTYPY
HAIpsMYIO CBSI3aHa C MOJIHBIM 3JICKTPUYECKHM TOKOM, KOTOPBII OXBATBIBACTCS STHUM KOHTYPOM.
Ecnan BHemHee MO OTHOIICHUIO K JKTYTy MarHUTHOE ey
oJie AOCTAaTOYHO CJ1ab0e MM OTCYTCTBYET BOBCE, TO, IPO- ""'_d!
BO/Isl IPOU3BOJIBHBIN 3aMKHYTBIA KOHTYp Yepe3 TOYKH 3TOU { Ba\-
BHEIIHEH cpenbl, Mbl, coriacHo (1), momydaem, 4to IaH-
HBI TOK paBeH Hymo: | =0 (cm. puc. 1, a Takxke puc. 2).
B atom m 3aximogaercs 3h(GEeKT SIKpaHUPOBKH IJIEKTpUUE-
ckux TOKOB (current confinement) B BBICOKOMPOBOIAIIEI
KOCMUYECKOH IUIa3Me. . .
Ecni BHeIIHee 110 OTHOIIEHHMIO K JKTYTY MAarHUTHOE I10JIe '.
HE Majl0 U OIpeJeleHHBIM 00pa3oM JehOpMHUPOBAHO "
BCIUTBIBIIMM MArHUTHBIM 3JIEMEHTOM, TO LUPKYJISILUS Mar-
HHUTHOT'O TOJIS BJJOJIb HEKOTOPOT'O MPOM3BOIEHOTO 3aMKHYTO-
T'0 KOHTYpa, HMEIOLIET0 OTHOCHTEIIBHO HeGOoIbIIHe pasvepsl,  PHC. 1. Mactumnas mpyoka, ckpyuusaemas

Ha mopyax JOKAJIbHbIMU 6UXPESLIMU osuoice-
CpaBHUMBIC C pasMcpaMun obJtactu BCILJIBITHA, BOO6U_[6 T'OBO-
HusMu naasmel. Bue obnracmu CKPYYUBAHUA

psi, HE 0OPATHTCA HYJb, T. €. B 00/IACTH JIOKAIBHOM 1eDOPMA- 43 nmansnoe maznumnoe noe pasto nymo
LMY BHEIIHETO MarHUTHOT'O TOJI1 MOKET HAOMIONATECA HEKO-  (0KasIbHblil 6UXDb He MOJICem CKDYMuUmb 6ce

TOpbI MHTErpaibHBIA deKTpuUecKuil Tok. OJHAKO MOJ-  MPOCMPAHCMBO 6OKpY2 diczyma)

L J
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boTochepa

Puc. 2. Cnesa uzobpasiceno echavimue cKpyueHHOU MAZHUMHOU CUNOBOU MPYOKU & cOHeyHol gomocpepe,
NOJHbBLL NPOOONbHYI MOK paseH Hyat0. Cnpasa: max gvleisoena bbl KApMUHA MASHUMHbBIX CUTLO8bIX IUHULL 8 CITY-
yae HeIKPAHUPOBAHHO2O0 TUHEH020 MoKaA. Maenummnoe noie maxoeo moka 6wino 6bl pacnpeoeneHo He MoabKo
Hao ¢pomocgpepoti, HO u 60 ecem mene ConHya, 8 NIOMHBIX 8bICOKONPOBOOAUUX CLOAX, CAMOUHOVKYUS MAKO20
moka ovina 6bl KONOCCANbHA, XAPAKMEPHble 8PEMEHA €20 UIMEHEHUs COCMAGIANY Dbl MUTTUOHBL U MUTTUAPObL
Jlem, a He 4acvl Uy CYmKU, Kak 9mo npoucxooum 6 0eticmeumensHoChu

YEepKHEM, 3TO — UMEHHO JIOKAIBHBINA 3((eKT: ecnu BbIOpaTh 3aMKHYTBIA TPOM3BOJIBLHBIA KOHTYpP JOCTa-
TOYHO YJAICHHBIM, TIPOXOISIINM IO TAKUM TOYKaM, IJIe BUXPEBOE MATHUTHOE TTOJIe OTCYTCTBYET, W, TIO
MEHbIIEH Mepe, YOBIBAaeT C pacCTOSHUEM OT OOJIACTH JIOKAIBbHOM AedopMarmy ObIcTpee, YeM IO 3aKOHY
1/r, 10 MBI cHOBa TIpuXOWM K yernosuio | =0. DToT pakT cam 1o cebe JaBHO U XOPOIIO OCO3HAH B KOC-
MHU4ecKol rekTponrHamuke eie B 40-x u 50-x royax, Korja o0Cy X Iaaruch MpooIeMbl, CBSI3aHHBIE C TEM,
YTO KPyIMHOMACIITAOHBIE SJICKTPUYECKUE TOKH B KOCMUYECKOH ILIa3Me, He Oy/b OHH SKPaHHPOBAHBI, 00-
nagany Obl OTPOMHOM CaMOWHIYKIIMEH, U XapaKkTepHbIe BpeMEeHa UX U3MEHEHHUS U3MEPSUIHChH Obl HE Yaca-
MU U CyTKaMH, KaK 3TO HaOJFoaeTcsl B ISWCTBUTENLHOCTH, a MIJUTHOHAMHU M MIJLTHApAamMu JieT. B Ooree
no3/iHee Bpemsi 3TOT 3((eKT, B 4YaCTHOCTH, PACCMOTPEH M SBHO yuTeH B m3BecTHoi kHure E. ITapkepa
[14], ero mpUHIMIHATIBHO BAKHOE YT KOCMUYECKOW DJICKTPOIMHAMHUKH 3HAUYCHHE OBLTO 0C000 TOIUEpK-
HyTO B 3aMeuaTensHoM 0630pe b. Kamomriesa [15], rie maxke mpuBeaeH COOTBETCTBYIOIINIA PHCYHOK JIO-
KaJIbHOTO 3aMBIKaHHSI JICKTPHYECKUX TOKOB B MArHUTHOM CHIJIOBOI TPyOKe, HEOIHOPOIHO 3aKPy4YEHHOM
10 € UTMHE: KOT/a YYACTKH CHIIbHO CKPYYEHHOTO TOJISI IEPEMEXAIOTCSl YUACTKaMH, Ha KOTOPBIX MarHuT-
Has cryIoBas TpyOKa cJ1abo CKpydeHa MTH He CKpyUYeHa BOBCE.

K coxanenuro, naxke apropureT [lapkepa u KagomiieBa He MOBIHST HA cuTyarmto. [Ipu onucanun
JTUHAMUKHA MarHUTHBIX KTyTOB Ha COJIHIIE IO CUX TIOP COXPAHSAETCS MHEPIIHSI YUCTO “1ab0paTOpHOTO”
MOJIX0J1a, TIPU KOTOPOM TOJPa3yMeBaeTCs, YTO BOKPYT KaXKJOr0 KBa3MCTAIIMOHAPHOTO TOKA B KOCMU-
YECKOM IIa3Me CO CKOPOCTBIO CBETa aBTOMATHYECKH yCTAaHABIMBACTCS M KaKUM-TO HEIOHSATHBIM 00-
pa3oM MOJAEPKUBAETCS BO BCEM OKPYKAIOLIEM MPOCTPAHCTBE BHELIHEE MOTCHIUATBFHOE MarHUTHOE
mojie (T. e. MMeeTcs " JaabHOAEHCTBYIOMAsA” MarHUTHAs “OIUIeTKa”, B KOTOPOM a3MMYTalbHOE II0JIE
NagaeT ¢ PACCTOSHUEM OT OCH MEJIEHHO, KaK 1/ :

B,(r)=2l/cr. 2

IIpouecc dopMupoBaHus BOKPYT MPOBOJAA C MOCTOSHHBIM TOKOM BHEIIHETO MOTEHI[UAIBHOIO
MarHUTHOTO pacipeeeHus, Kak M3BECTHO U3 DJIIEMEHTApHOU (PU3UKH, EHCTBUTEIHHO UMEET MECTO
IpU MPOTEKAHUH KBA3UIIOCTOSHHOTO TOKA IO MPOBOAHUKY (TOHKOMY MPOBOJY), HaXOJSIIEMYCS B
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BakyyMe (WM B BO3JyXe), Tl JEKTPOMArHUTHOE IOJIE MOKET OECHpensTCTBEHHO pacmpocTpa-
HSTBCSI CO CKOPOCTBIO CBETa, HO OH COBEPIIEHHO WCKIIOYEH B IJIa3Me, TJe HanOOoJbIlas CKOPOCTb
pacipoOCTpaHEeHUsT OTHOCUTEIBHO MEIJICHHBIX (OMUCHIBAEMBIX B paMKaX MAarHUTHOW THAPOIHHAMHU-
KH) BO3MYIIEHHH OTpaHUYEHa CKOPOCTBHIO “OBICTPONl MarHMTO3BYKOBOW BOJIHBI" (KOpEHb KBajpat-
HBIM U3 CyMMBI KBaJpaTOB ajJbBEHOBCKOH M 3BYKOBOM CKOpPOCTEii), a CKOPOCTh IIPOHMKHOBEHUS Ca-
MOTO0 MarHUTHOTO IOJIi B OKPYXKAIOMIYIO IJIa3My — CKOPOCTBbIO ero nudQy3uu, o0yCIOBICHHON
MPOBOJUMOCTBIO TIa3Mbl (CM. BBIIIE).

Tem OoJyiee HEMOHSATHO, KaK HEIKPAHHUPOBAHHBIE DJICKTPHUECKHE TOKH, MMEIOIIHE JalbHOJEHCT-
BYIOIIYI0O MarHUTHYIO OMeTKy (2), MOriu OBl BCIUTBIBATH C OOJBIINX TIIyOWH U3 MOAPOTOCHEPHBIX
cioeB CoJHIIA, BeJb OKPYJKAIOIIEe MX MEUICHHO CIIaJarollee MarHUTHOE T10JIe PacHpesesieHO B Or-
POMHOM 00BbeMe — MPaKTHUECKH BO BeeM Tene CoJHI, U OHO BMOPOXKEHO B 3TOM 00beme! BeruibiTne
TaKOW MarHUTHOM CTPYKTYpHI MOTPeOOBaIo Obl KapAWHATHLHOW M OYEHBH OBICTPOU MEPECTPONKH BCEX
cioeB CoJHIa, 4ero, KOHEYHO, He HaOIroqaeTcs.

MarHuTHbIE TOKOBBIC METJIH, HAXOMASIIUECA B COJNHEYHON aTMocdepe, MOTYT B3aUMOJICHCTBO-
BaTh IPYT C APYTrOM TOJBKO MPH HEMOCPEACTBEHHOM MEXaHHYECKOM KOHTAaKTe (3TOT mpoIecc jae-
TaJgbHO OMMCAH, B YaCTHOCTH, B IIMPOKO M3BeCTHOMH pabote I'onma u Xoiina [16]), HO TeM He Mme-
Hee CIYCTS MOYTH MOJIBEKA, MPOJOJDKAIOT MOSIBISITHCS PabOThI, B KOTOPBIX PACCMATPUBACTCS HH-
JNYKIIMOHHOE B3aHMOJICHCTBHE JBYX JJICKTPUUYCCKUX TOKOB B COJIHEUHOW aTMocdepe, KOTaa u3me-
HEHHE OJHOTO W3 HMX HABOIHWT Yepe3 BHEIIHEEe MarHUTHOE IMojie mpoBojaa (2) 3.1.C. B COCEAHEM
KOHTYp€, B TOYHOCTH TaK, KaK €CJIM ObI IIJIa peub O MPOBOAAX C TOKAMH, HAXOSAIIUMHUCS B BaKyy-
Me win B Bo3ayxe [17, 18].

Takoii “mabopaTOpHEIN” MOAX0 PE3KO MPOTUBOPEUUT OCHOBHBIM mojoxkeHusM MI'J] u dusuku
KOCMHYECKOH miaa3Mbel. OH IMPUBOIUT, B HaCTHOCTH, K TOMY, YTO UMCIOMIMUECA HA CEroAHsA TCOPETHUYC-
CKHE MOJICITU METEeIbHBIX KOPOHAIBHBIX BHIOPOCOB, PACCMATPUBAIONINE B KAYECTBE JIBUIKUTEIS dHEP-
THIO CKPYYEHHOTO MAarHWTHOTO TIOJIS, OKa3bIBAIOTCS OCHOBAHHBIMH Ha (OpMyJiaX, B KOTOPHIX BbIpa-
KCHUA HJIA MarHUTHOU OHEprun M KOS(b(l)I/IHI/ICHTOB CaMOMHAYKIOHU COACPKAT UYJICHLI BHUIA

In(8R/a), rue R — pamuyc KpMBHU3HBI MATHUTHOMN NETIIH, @ — PAAMYC €€ Manoro (MOMEepevHoro) ceye-
uust (R/a>>1). D10 0JHO3HAYHO TOBOPHT O TOM, YTO ABTOPHI (MHOT/A, BO3MOXHO, H CAMU TOTO HE

10/103peBasi, MOCKOJIbKY Ha PHCYHKaX mojie (2) 0ObIYHO HEe MOKa3biBacTCs!) UCMONB3YIOT MPEACTaBIe-
HHS O HAJIMYMU BHEIIHEr0 MOTEHIUAIbHOrO MAarHUTHOrO mouisi (2) BO BCEM MPOCTPAHCTBE BOKPYT
3JIEKTPUYECKOTO TOKA B ILTa3Me.

2. CuJabl, IeiicTBYIOIIe HA MATHUTHBII KIyT

DdderT d3KkpaHNPOBAHHOCTH INEKTPUIECKUX TOKOB PAJUKAIBHO MEHSET YCIOBHS PaBHOBECHS U
YCTOWYUBOCTH JKTYTOBBIX MAarHUTHBIX CTPYKTYP B KOCMHYECKOMW IJIa3Me€, B YACTHOCTH, HA TOBEpPX-
Hoctu Cosnaia. B paborax [19-24] namu ObUTH BBIBEJACHBI M MCIIOJIB30BAHBI ISl PA3IUYHBIX TPHIIO-
KeHUH (HOPMYIIBI JUIsl CHJI, IEHCTBYIOMMX HA €UHHYHBIA 3JIEMEHT MarHWTHOTO JKT'yTa, HaXOJisIIIe-
rocsi B Ija3me, CBOOOAHON OT HoJist. ITH (HOPMYJIbI 3alIMCaHbl [Tl BEJIMYUH, YCPEAHSHHBIX 110 IOIIe-
peyHOMy cedeHHIO KryTa. Takas ¢opMa ocoOeHHO yJqo0HA IS acTPOPU3NYECKUX TPUIOKCHUH,
MOCKOJIbKY KOHKPETHOE pacrhpe/ielIeHue MAarHUTHOTO TOJISl BHYTPU CKPYYEHHOW MAarHUTHOM TpyOKu
HaM, KaK MpaBuio, U3 HaOMIOJICHUH Hen3BecTHO. [103ke Ha HECKOJIBKO JIET 4acTh 3THUX (POpPMYJ B
TOU ke ycpeaHeHHoW (opme Obuta mosyuena u E. [Tapkepom B ero cratesix u B MoHorpaduu [14].
Cchutok Ha HalM 0osiee paHHUE PabOThI, B KOTOPHIX ObLTH BBIBEJICHBI aHAIOTHYHbBIC BBIPAKCHUS, B
[14] meT, HO B maHHOM CIlydae pedb MIAET HE O MPHOPHUTETE, & O TOM, UYTO caM (QHU3HUYECKHUH dhheKT
SKPAHUPOBKHU 3JICKTPUYCCKUX TOKOB B MAarHUTHBIX JKI'YTax TaK JIO CHUX IOP U OCTACTCs HE3aMEUeH-
HBIM U HETIOHSTHIM.

Hwke MbI MPUBOJMM OCHOBHBIE (OPMYJIBI, HEOOXOIUMBIE JIJISI pacdeTa JUHAMHKH MAarHUTHBIX
JKI'YTOB B COJIHEUHOU atMocdepe Mpu TeX WU MHBIX BHEIIHUX YCIOBHUSIX.

1. YcroBue monepevyHoro paBHOBECUSI MATHUTHOTO KI'yTa B cpelie 0e3 BHEITHETO MAarHUTHOTO T10-

JIA, BBIPAXKECHHOC Y€PE3 CPCAHNE 110 CCUCHUIO KI'yTa ’I'Ca.2 BCJINYUHBI, UMECT BUL.
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2
PeX=—<§;>+<P>. 3

Hcnonp3oBana JIOKambHAS IMUIWHIPUYECKAs CHCTEMa KOOPIWHAT, 3HaYKOM “€X” OTMEYEeHHI Be-
JIMYUHBI, OTHOCSIIHUECS K BHEIIHEH Cpejie, YIIIOBbIE CKOOKM O3HAYalT YCPEIHEHUE 0 CEYCHUIO
Kryra. MarHuTHOE TIOJIE B JKIyTe€ HUMEET MPOJOJBHYI0 U a3UMYTAJIbHYI COCTaBIISIOIIHUE:

B= (0, B, (r), B(p(r)). AzumyTaneHoe nosie He BXoauT B (3) BcieacTBue ycioBus skpanupoBku | = 0.

OOBIYHO paccMaTPUBAKOTCS AOCTATOYHO TOHKME MarHUTHBIE XKIyThl (R >>a). B aTom ciyuae nBuke-

HUSI TUTa3MBI 110 MAJIOMY pajidyCcy METIH & U Mo paguycy ee u3ruba R MOXHO pa3leuTh U CUUTATH,
YTO BO BCE BPeMsI IBHXKEHUsI (BBITATHBAHKS) MArHUTHOM neTin ycnoBue (3) BBITOIHACTCS.
Cwuta, IeicTBYIONIAs 110 PaInyCy M3THOa KryTa-meTiau R, paBHa

1|.<B%> <BZ> 1<B?>
F()=——J2—2" % l_-_—~27(2_x). 4
R R 8rn 8n R 8rn ( ) @)

2
<B(p>

2

z

YCTOMYHMBOIO B CPEIHEM PABHOBECHUS NIPH K = 2.
2. TonepeuHoe paBHOBECHE MAarHUTHOTO JKI'yTa B CPEJiC C BHEIIHUM KBa3UIIPOIOJIHHBIM MarHHT-
HBIM TT0JIEM TpebyeT ciaeayromiero dananca nasieanii (puc. 3):

3,I[CCB K= — UHTErpajbHasd CKPpYUYCHHOCTb MAarHUTHOT'O ITOJISA B XKI'YTE. Hmeercs cocTosiHre

p ,Be_<B>

+<P>. 5
* 8r 8n ®)

dotocdepa

Puc. 3. Macnummbiii oiczym 6 popme nemau — ROIYMOpPa 6 OKPYICEHUU HEUIHE20 K8AZUNPOOOTbHO20 noas. Llup-
KVIAYUS BHEUIHe20 MASHUMHO20 NOJA NO NPOU3BOILHOMY KOHMYPY, 0X6AmuléaroujeMy HnonepeuHoe ceueHue
arceyma (NOKA3AH NYHKMUPOM), OYeBUOHO, PAGHA HYII0, NOCKONLKY nemenmol konmypa Al o6pazyom npsamoil
Y2071 C CUNOBLIMU TUHUAMU BHEUHE20 HECKPYUEHHO20 MACHUMHO20 N0

Cuta, IeicTBYIONIAs 10 pagnycy n3ruba R, B 3ToM ciydae MOKeT OBITh NIPEACTABIICHA B BHJIC:
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2
1 <B(P>

FR(2):E +2(<P>-P,)¢. (6)

JlaBieHue ra3a B KOPOHAILHON MarHUTHOM metiie < P > OObIYHO BbIIIE, YeM B OKPY’KAIOIICH KO-
poHe, mo3ToOMy 00a wWieHa B (DUTYpHOH CKOOKE MOJIOKHTENbHBI, H PABHOBECHE B TAKOW MAarHUTHOM
nersie W3HayaabHO OTCyTCTBYyeT! Her cmbicia McclienoBath ero yCTOHYMBOCTD, CIAEAyeT cpasy pac-
CMaTpUBAaTh 3aKOH ee JBW)XCHUs Moj jaeiicTBueM cuiibl Fp(2) u cunbl Tsoxectn. Cuna Fg (2) moso-
JKHUTEIbHA, 3HAYHUT, TETJIS BHITATUBACTCSI BBEPX U B CTOPOHBI.

3. PaBHOBecue JKryTa BO BHCIIHEM MArHMTHOM IIOJI€ C HOHCpe‘IHOﬁ 10 OTHOUICHHIO K OCH XKTI'yTa
cocrapisromiedt B, | # 0. B aTom ciyuae:

1[<BZ> RB,
FR(3)=E ?+2(<P>—Pex)—g on B(p (r=a-0) [ (7)

BED(,J_
21 ?l(r=a-0)

06bHO R/a>1, To ynepkaHue CKpy4EHHOW MATHUTHOW meTiu B KopoHe CONHIA BHEIIHMM Mar-

N R
B ¢wurypHoit ckoOke MOSBISETCS OTPHIATENBHOE CllaraeMoe —— [Tockombky
a

HUTHBIM TIOJIEM CTaHOBHTCS B TpUHIHMIIE BO3MOKHBIM! HO OHO JIerko MoOXeT OBbITh HapyIICHO JaxKe
Ipy HEOOJIBIIIOM N3MEHEHUU B3aMMHOM OPHEHTAIIM MAarHUTHOM METIH ¥ BHEIITHETO OIS,

Pe3ynbrarel, IpUBEICHHBIE B 3TOM pa3jieiie, MOKHO MOIYYUTh U3 U3BecTHRIX (opmyn B. J1. Illad-
panoBa [25] npu y4eTe CBOICTBAa 3KPAHUPOBAHHOCTH TOKOB W/WMJIM MPSIMbIM MHTEIPHUPOBAHUEM YpPaB-
HEHUIi IBM)KEHHS MarHUTHOTO XryTa [23, 24], a Takke METOZ0M, U3JI0KEeHHBIM B [21].

3. IuHaMHKa CKPY4YE€HHBIX MATHUTHBIX NeTeNlb
U (PMHHUTHBIE BHIOPOCHI KOPOHAJBHON MacCChI

XoTs OCHOBHBIE (HOPMYJIbI, ONTMCHIBAIOIINE CHIIbI, ICHCTBYIONINE Ha CKPYUYCHHBIM MarHUTHBIN KIYT,
ObLIM MOJTyYeHbI HaMH 1aBHO, B Hadasie 70-x [19-21], u naxke ObLIM MMPOAHATN3UPOBAHBI OCHOBHBIC JTH-
Hamuueckue 3¢ ekt [22, 23, 26, 27], mocnenosarenbHoil pa3pabotkn Moxenn KBM Ha OCHOBE 3THX
PEe3yJIbTaToB JI0 CHUX MOpP HE MPOBOMIOCH. DTO ObLIO CBS3aHO KaK C HEJOCTAaTKOM (10 HEIaBHEro Bpe-
MCHH) HAJICKHOTO HAOIIOMATENFHOrO Marepuaia, Tak U C TeM, YTO OCHOBHOC BHHMAHHE aBTOPCKOTO
KOJUIEKTHBA YACISIIOCH IPYTUM acTieKTaM (U3UKH KOPOHAIBHBIX MATHUTHBIX METEITh. UCCICIOBAHUIO X
BOJIHOBBIX U KOJI€OATEIbHBIX CBOMCTB C YYETOM CHUJIBHOM HEOJHOPOJHOCTH MX PaIUAIbHON CTPYKTYPHI
[28-31]. B mocneanue rojabl CUTyallMs 3aMETHO HM3MEHUJIACH, KOJMYCCTBO HAOIIOTACMBIX SBICHHIN
KBM, 6naromaps ycnemHo# padote Y@ teneckona TRACE u Y® kopororpada LASCO, ycraHoBieH-
noro Ha KA SOHO, pe3ko BO3pocCiio, H3MEHMIIOCh U caMo moHuMaHue poid KBM B reoaddekTuBHbIX
MPOSIBJICHHUSIX COJIHEUHON aKTUBHOCTH, B ()OPMHUPOBAHHH KOCMUYECKOM MOTO/IbI.

Ham mpencrapisieTcsi, 4To s ycmexa Teoperudeckoro moxenupoBanus KBM, kak oueHb
CJIOXHOT'0, MHOTOCTIMHHOTO M HEJIMHEWHOTO Tpoliecca, HeoOX0IMMO HavyaTh ¢ pa3pabOTKHU Mpo-
CTOM 0a30BOM MOJEIM TETEIHHOrO BBHIOpOCA, KOTOPBIH OrpaHHYEH MO BBHICOTE (TaKk Ha3bIBacMbIe
(¢buHUTHBIC WK oTpaHuveHHbIe, CONfined, BeIOpocCk!). B Tako# MoaeIl MOKHO OTPAHUYUTHCS yUe-
TOM TOJIBKO JIBYX CHJI: MATHUTHOW M TPABUTAIMOHHON M MOJYYUTh MPOCThIC aHATUTHYECKHE Pop-
MYJIBI JIJISi OCHOBHBIX PEXMMOB JIBHDKCHUs. B nanpHeiiieM MOXXHO OyJIET, YCIOXKHSSI MOJIENb, YUH-
TBIBaTh BCE OOJice TOHKHE U CIOXKHBIE 3P(EKThI, a TAKXKE MEPEXOJAUTh K YHCICHHOMY MOJCIHPO-
BAaHUIO BCETO SIBIICHUS, UMEs B KAa4eCTBE KOHTPOJIBHBIX MPUMEPOB YXKE XOPOIIO HU3BECTHBIC U3
AHATMTHYECKON MOJICIH TIOCTATOYHO MPOCThIE YaCTHBIC CHTYAI[HH.

B pa6ore [27] B 1985 r. HaMu paccMaTpUBAIOCh ABMKEHHE CIa00CKPYUIEHHONW MAarHUTHOM METIIN
BO BHEIIIHEM KBasUMpo0ibHOM mojie (puc. 3). Bruio monydeHo, YTo BO3MOKHBI Ba PAa3IHUYHBIX pe-
JKUMa JBYKCHUS CKPYUYEHHOM MarHUTHOM METIu:

Pamnodusuka u panroactponomus, 2008, t. 13, Ne3

S120



Cpr‘{eHHBIe MAarHuTHBLIC MIE€TJIN B KOPOHE COJ'IHHa " KOPOHAJIbHBIC BI)I6pOCI)I MaccChbl

1. Yckopenne. [loka ckopocTh ABMKEHHS BEPIIMHBI METIH V MEHbIIEe albBEHOBCKOW V, W maimmHa
netiau Hesesnuka. Ha 3Toll cragnu BpamarensHblii MOMEHT M, mopnepkuBaeTcs B BEpILIUHE METIN
MTOCTOSTHHBIM 32 CUET €T0 IepeH0Cca TOPCHOHHBIMU aTbBEHOBCKMMH BOJTHAMH BJIOJb MIETJIH OT €€ OCHO-
BaHUM K BEpIIUHE.

2. Topmoxenune. Korma V gocturaer anbBeHOBCKOH cKopocTd V,, M JUIMHA TETIH 3HAYUTEIBHO
YBEIMYNBACTCSA, TOPCHOHHBIC aJbBEHOBCKHE BOJHBI YK€ HE YCHEBAIOT OOECIeYMBATh MOCTOSHCTBO
BpaIaTeIbHOTO MOMEHTA BIIOJIb METIIH, U ABMKEHHE BEPIIMHBI METIN HAYWHACT MPOUCXOIUTH C JIPY-
T'MM I/IHTeraHOM: C COXpPAaHCHHUEM IIOTOKAa a3UMYTaJIbHOI'O I10JIsI B BEPIIUHE IICTIN (COXpaHHeTCSI KO-
JIMYECTBO KOJIBIIEBBIX CHJIOBBIX JIMHUI B 3JIEMEHTEe oObeMa IMeTiH). B 4uCIeHHOM mpHMepe, MpuBe-
IeHHOM B pabote [27], 11 BEIMUYHMHEI aTbBEHOBCKON CKOPOCTH B IeTie V, NPHHEMAIOCh 3HAUCHHE
300 xm/c.

B namHOM cimyuae MBI UMeeM JeN0 C YCHEIIHBIM M BechbMa 3a0JaroBpeMEHHBIM MpeicKa3zaHHeM
TEOPUH: KaK pa3 TaKOH PeKHUM BHIOpOCA CKpyYEHHOI MarHUTHOH NeTiH (BHavale — yckopeHue 1o V,,
a 3aTeM — TOPMOYKEHHE JI0 OCTAHOBKH) OBLI OIMCaH B paboTe HAIIMX KUTaiickux Komter [32] (puc. 4),
oOpaboraBmux oaud u3 ¢puibMoB KBM, nonydyennsix Ha TRACE.

9
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Puc. 4. Pucynox e3sam u3z pabomwr Ji H. et al. [32].Onucvisaemcs ounamuxa ¢unumnozo evibpoca, Habniodas-
wezocs na TRACE 27.05.2002 2. H(t) — sbicoma éeputunvt eznemaroweri nemau, V (t) — ee ckopocms, A(t) —
yexopenue. T1o 20pu30HMAIBHOU OCU OMAOIHCEHO 6PEMSL 8 MUHYMAX

Kak moxazanu mpoBeZieHHbIE HAaMH YHCIIEHHBIE pAacUeThl, OUYeHb XOPOIIee COBIAJCHIE TeOpeTHde-
CKUX M HaONIOJaeMbIX 3aBHCUMOCTEH IOsydaeTcs MMEHHO npu V, =300 kM/c W NpU MHTETrpabHOI
CKPYYCHHOCTH (OTHOIIIEHHE CPETHEro MO CEUCHUIO KBAaapaTa SHEPIHU a3MMYTAIbHOTO TOJIS K TaKou
Ke BeMm4InHe MponoibpHoro mojs) Becero okojao 0.05+0.07! Kak Bumum, maxe cinaboil CKpyYEeHHOCTH
MarHATHOTO TIOJS TIETIM OKa3bIBAETCS JOCTATOYHO JUIA TMPOU3BOJICTBA TaKOro (PMHUTHOTO BHIOpOCA.
[Ipu GompIrel CKPYUYEHHOCTH IOJIS TIETIIS YIISTUT Aajibllie U OyAeT MoAXBadeHa COTHEYHBIM BETPOM.
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4. BeiBOABI

1. TokoBble MarHUTHBIE CTPYKTYphl B KOCMHYECKOW IJa3Me€ M, B YaCTHOCTH, Ha MOBEPXHOCTH
ConHIla, BO3HUKAIOIINE BCIIEICTBHUE JIOKAJIBHON CKPYYEHHOCTH MarHUTHOTO IOJISI BUXPEBBIMH, CIIBU-
TOBBIMH, IIUPOBBIMH H T. 1. ABMXKEHHSMH BBICOKOIIPOBOSIIETO Ta3a, MMEIOT CBOM clieluduieckue
ocoOenHocTu. OQHOM M3 BaXKHEHIIMX TaKUX OCOOCHHOCTEH SBISETCS 3KPAaHUPOBAHHE IOJHOTO JJIEK-
TPUYECKOTO TOKa MarHMUTHOTO TyTa (Ccurrent confinement).

2. YYeT 3IIeKTPUYEeCKOr0o SKPaHWUPOBAHUS PE3KO MCEHSET YCIIOBHS PAaBHOBECUS M TUHAMUYECKHUE
CBOMCTBA MArHUTHOTO KI'yTa B LEIOM. J[JI1 S5KpaHUPOBAHHOI'O MarHUTHOTO XKI'yTa, B 3aBUCUMOCTU OT
CTPYKTYPBI BHEIIHETO MAarHUTHOTO I10JIS1, BO3MOKHBI PA3JIMUHBIC CIIOCOOBI YAEPKaHUS U pa3IHyHbIE
PEeKHUMBI IBHOKEHHUS (BBIOpOCA) IO/ ICHICTBHEM MarHUTHON M TPABUTALMOHHON CHIL.

3. UccnenoBanne NMHAMUKM CKPYYEHHBIX MarHUTHBIX IETENb C YYETOM COBPEMEHHBIX TOCTHKE-
HUI HaOIIOAATENFHON aCTPOHOMHHM ITO3BOJIMT 3HAUYMTENBHO YINIyOuTh MoHMMaHue npupoiast KBM u
pa3paboTaTh HOBBIM KJIACC TEOPETUIECKUX MOAENEN ITOro sIBIeHUs, 00jee aeKBaTHBIX 110 CBOEH (u-
3WYECKOM NPUPOJIEe peabHBIM COJTHEYHBIM 00BbEKTaM, YeM T€, YTO OOCYXIAI0TCs B JTUTEpaType B Ha-
cTosAlIee BpeMsl.

Pabota BeimonHena npu noaaepsxkke [porpammer ODH-16 u rpanta CIIOGHLL Ne77.
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Cxpyueni martitThi nerii B KopoHi CoHIS Ta KOPOHAJIbHI BUKHIM MACH

A. A. CoJioBiioB

Posrmsimaerscst mpobieMa TEOPETHYHOTO MOJIENTIOBAHHS CIIOCTEPEKYBAaHMX y COHSYHIM KOPOHI Ta
MUDKIIAHETHOMY TIPOCTOpPi KopoHanpHuX BUKUAIB Macu (KBM). I1i sBuina, pa3oM i3 COHSYHAMH Cliajiaxa-
MH, BiJirpaloTh BH3HAYAILHY poiib v (hopMyBaHHI remochepn Ta KOCMIYHOI ITOTOM, TOMY JTOCIIIKCHHS
npuponu KBM e Bembmu aktyansauMu. [lokasaHo, 10 iCHYIOUi CHOTOIHI TEOPETHYHI MOJIENI METENbHIX
BHUKHJIIB MacH TPYHTYIOTECSI HA XHOHHX YSBJICHHSIX MPO CTPYKTYPY MarHiTHHUX XTI'yTiB Ha COHIII Ta MOTpe-
Oytors mepenminy. llpoanamizoBaHa miHaMika CKpPY4YeHOI MAarHIiTHOI TETIl y KBa3ilMOAOBKHBEOMY
30BHIITHEOMY MartiTHoMy Toumi. [lokazaHo, 1o HaBiTh 3 BiTHOCHO HEBEIHUKOIO CKPYUYCHICTIO MarHiTHOTO
TIOJISL TaKa MeTiss Moxke Oyt BHKMHYTa Ha BHCOTY 70 100 THCSY kM. TeopeTHdHO po3paxoBaHUN PeKUM
pyXy TeTii 1o0pe BiNOBifa€e JiHAMII OfHOTO 3 crioctepekyBanux Ha TRACE (iHITHUX BUKH/IIB.

Twisted Magnetic Loops in Solar Corona and Coronal Mass Ejections

A. A. Soloviev

The problem of building up the theoretical models for the CME (coronal mass g ections) observed in
solar corona and interplanetary spaceis investigated. Studying these phenomena are of great importance,
because CME, as well as the solar flares, play the governing role in forming heliosphere and cosmic
weather. The existing theoretical models of loop-like mass gjections are shown to be based on wrong
understanding of the magnetic rope structure on the Sun and need to be revised. We have undertaken
theoretical analysis of dynamics of twisted magnetic loop in a quasi-longitudina external magnetic field.
We have proved that for this type configuration even the dight twisting of the rope can be sufficient to
provide the rising of the top part of the loop to the heights up to 100 thousand kilometers. A theoretically
derived mode of the loop movement corresponds well to the dynamics of the loop observed by TRACE.
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