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B 6e3BI/IXpeBOM MAarHMTHOM 110J1€, YpaBHCHUHEC JABHZKEHUA BEAYIIECr'0 HEHTPa B ILJIOCKOCTHU
9KBATOPA MEPEMEHHOT0 aKCHAIBLHOTO MAarHUTHOTO mojid (mmuporta A = 0, v = 0)umeer Buj

ar  E

k v?
c—eéy + —

ki L 1
dt B 7’2wﬂ63’ (1)

rjie €; = B/B, €5, €3~ eJMHUYIHBIE BEKTOPHI, HANIPABJIEHHBIE BIOJIb 1O/ B, T/IaBHON HOpMAaJIN

1 OMHOpMAJI K CHJIOBOM JTMHNHU, COOTBETCTBYIOIIHE KPUBOJMHEHHBIM KoopamnartaMm X; Xo,Xs3
(koopmmnara XjcoBmajaer ¢ cuioBoit jmumeit) [1|; v = vy — mogHAs CKOPOCTH YacTHIE, B
u E — MarHuTHOe M 3JIEKTPHUYECKOH TMoJie, wy — JApMOpOBCKas dacrora. B (1) yureno, 4ro
ecin rotB = 0, to (1/rgp)=k/r, k — HexoTOpBI KO PUIMEHT TPONOPITOHATLHOCTH MEKILY
PaJIIyCc-BEKTOPOM I' B KPHBU3HOI CHIOBOII IMHHY Ikp. B akcuaabHOM moJe I B IUITHHIPIIecKOi
cucreMe KOOpAWHAT U3 (1) /Ui COOTBETCTBYIONIMX CKOPOCTEH MO KOODAMHATAM ¢ H I' HMeeM
(u=muv? /2H — nepsoiit ammabaTuuecKuii MHBAPUAHT)

Uy = cu/ergp, U, = dr/dt = cE/B. (2)
13 mepsoro coornomenus (2) nosydaem

rUys = (c/e)kp = const (3)

€ TOYHOCTBIO JipeitdpoBoro npubnnkenus (p—const).

JlarpankuaHn 3apsyKeHHOH 4YaCTUIBI, JBHUIAIONEiCS B IJIOCKOCTH 3KBATOPA aKCHAJILHOIO
MarauTHOTO MOJIs, C TOH CTENEeHbI0 TOYHOCTH, ¢ KOTOPOi MOYKHO OT/IE/IUTD JpeiihoBOE TBUIKEHHE
OT JIApMOPOBCKOI'O BPAlICHUA, B IIMJIMHIPHYCCKON CHCTeMe KOOPIAUHAT HMeeT BH/I

L =mU;/2+mU?/2+ (e/c)rA,. (4)

Ha ocuose (4) u ypasuenust Jlarpamka st 0600IIEHHOT0 UMITYIbCa 9acTUIBl Py B Apeii-
dbosom npubsmkennu noayanm (U, #0)

Py =mrUys + (e/c)rAsy. (5)
YauThiBast, 9TO CIpaBeiuBo (3), moaydaem

rAgs = const (6)

€ TOYHOCTBIO ft—const. [IoCKOIBKY B IJIOCKOCTH 3KBaTOpa aKCHAJIBHOTO moid A, ~1rB, To
U3 MOCJEeIHETO BhIPAKeHUs CJIe/1yeT

r*B = const (7)

CrefoBaresbio, moMnMo Bhipazkenust (6), mpornopuuonaabaoro moroky @ ~RA 4, coxpans-
etca u Beipazkenue (7). U3 aBHOTrO BUa IepBOTo aquabaTuIecKoro U uupapuanTa (p=mov? /2B)
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= const BeIpasuM 3HadYeHHe MaruuTHOro nosst B m nogcrasum B (7). Ioayuum (v = v))
er*muv?/2cp = const uam

rv = const (8)

Tx. p ~(v?/B)~T/B, rae T — Temueparypa qactui, To (8) MOKHO IIPEJICTABUTD B BUJIE
r*T = const (9)

Beipaxkenuns (1)—(9) sanucanbl das mexyuwur snavenud paduyca v, noneii B, E u sueprun
v?> = v? 1pu yesoBUM, YTO BO3MYIIEHHOE MATHATHOE MOJIE OCTABTCA AKCHATLHBIM.

OnpemeuM cMelleHHe YaCTHUIBL IO I' B Pe3ysIbTaTe H3MEeHeHHs MArHUTHOIO IIOJIS 33 CUeT
CUMMETPHYHON KOMIIOHEHTBI KOJBIIEBOIO TOKA, NPONopiuoHatbuoii Dst-Bapuanuu (cM. dhopm.
(2)), Bocmosb3oBaBIHCH pe3yabratamu paborel [1]. Byaem nonarars, aro Bausaue KT Ha
JIUTIOJIBHOE TI0JIe 3eMJIN 3aBUCHT TOJBKO OT BPEMEHHU, a ACHMMETPHs TOJS U €ro PaInaJib-
Hasd 3aBHCHUMOCTH OTCYTCTBYIOT. Ilycts E — BuXpeBoe a1eKTpudeckoe 1moJe, KOTOpoe, COrTacHO
ypaBHeHUI0 MakcBesuia, MOsBISETCs W3-38 W3MEHEHHs MAarHUTHOro nojs: crotE= —0B /0t =
—dBys/dt. B sxBaropuasibhoil mwiockoctu noie E u mose B umeror 10 o1HO# KOMIOHEHTE B
IMJIMHPUYECKOll cucreMe KOOpIuHAT (T, ¢, Z), B KOTOPOil 0Ch 2 HALPABJIEHA BJIOJb OCH IO
as E=(0,E4(r,t),0) mw B=(0,0,B.(r,t)), tme B.(r,t)=B.(r,t)-(r./r)?, B. — crarmonapnoe mose na
oBepxHOCTH 3emun. Brrpasws n3 ypasnenns Maxkcpesia mosie Ey 1 MOACTaBUB ero 3HaYCHUE
BO BTOpO€ ypaBHEHHe s paauaabHOro apeiida U,., MOIYyINM CBI3b MexKIy 3HadeHueM B jq—
BapHalreil U paJuyCc-BeKTOPOM YaCTHUIBI, HA KOTOPBIA OHA CMECTHTCS OTHOCHTEJIBHO CBOEIO
HAYAJIBHOIO HOJIOKEHUS T, B MOMeHT Hadasua Oypu (t=0) [2],

Bast = 2B.(re /1) (1 — =7 /14, (10)

rjie T;, - NepBoOHAYa/IbHbI paauyc apeiidoBoit 06om0ukn npoToHa npu By, =B, (r./1:,)3,
win, paspermus (10) OTHOCHTETBHO Ty, TOTYYUM

Tin = 7/[1 = =(Bast /2Be) (7 /1)) (11)
[Tepenumem pemenne (10) Kak

21 B2 /7 + wr? By = — 27 Bor® [7in (12)

U, MOCKOJIBKY TIOTOK JIMTIOJILHOI COCTABJILAIONICH MArHUTHOTO MOJd Yepe3 JApeiioByo 0bo-
JIOUKY UMeeT BU]T

[ B, [ B 21 B,r?
Dy(r) = / 7“56 2nrdr = — / —rge 2nrdr = __7?10 Te, (13)
0 r

TO ¢ y4eToM 3Toro Bbipazkenus u (12) nosydaem

Dy + 7r°Bagy = Dy(riy) = const. (14)

Cuaenosaresnbro, (10) MOXKHO HpeJCTaBUTL B BHJE, KOTODBIl COBHAJAET C YCJIOBHEM CO-
XpaHeHHsl [OJHOIO [OTOKA MATHUTHOTO I0JIsI, OXBATHIBAEMOIO IpeidoBoil 060s1049Koi (Tpe-
il aguabarndeckuii unsapuant). Tak kak B(r)=(B.r?)/r3, npeacrasum (12) B Buge r’[B(r)-
Bust/2|=r2,B(r;,)= =const nin

r°B, = 12, By, = const (14"

37



9TO AHAJIOTHYHO 001eMy BbipazkeHuio (7).

113 (10) u (14°) cnemyer, uro npu By <0 wactuist apeiidyor or 3eMu I >y, ¢ yMeHbIIe-
HEeM coracHo (9) Temmepartypsl, u, Ha060poT, mpu Byg, >0 gactuupr apeiidyior Kk Semie r<r;,
C yBeJHYeHHeM TeMIEepaTyphl. DTO CIIPABEIJIHBO /IS BHYTPEHHEH 00JIACTH 110 OTHOIINEHHIO K
KT (L<3) u nus suemmeii obractu (L>4), Kak Ha IVIABHOM, TaK W BOCCTAHOBHTEJNLHON dase
oypu.

B pabore |2] mokazaHo, aTo Mozenb cMmerierus apeiicboBoii 060g09KH 0T 3eMIH Ha TIaBHON
daze Oypwu, ompesgesageMoe yMeHbIleHuEM 10jig B Bo BHyTpenHeil miazmocdepe, yI0BIeTBOPH-
TeJIbHO OIMCHIBAET IOHUKEHHE TeMIIEPATYPHI IPOTOHOB B 9KBATOPUAJIBHOM ILIOCKOCTH U y/Iaje-
Hue or 3emuin, 3aperucrpupoBarroe cuyraukamMu MATI'MIOH-5 u UHTEPBO.JI-2. Ha BoccTano-
BHUTEIbHOMN (paze BCé MPOUCXOTUT HAOOOPOT: MPOTOHBI HATPEBAIOTCS M MPUOINIKAIOTC K 3eMTe.
[Ipu sTOoM Mozenb neOpMUPOBAHHON CHJIOBOM JIMHUK [IPU BO3MYIIEHUN HE PACCMATPHBAJIACE.
Ha ocroBe pesysibratoB pabor [2,3]|, B KOTOPHIX MOCTpOeHa AMHAMEYECKAsT CHCTeMa KOODJINHAT,
OIMCBHIBAIONIAS [IEPEHOC ILTa3Mbl B HECTAIIMOHAPHOM MATHHTHOM IIOJe ¢ YI€éToM gedopMariun
CUJIOBO# JINHUM, W JAHHBIX cnyTHHKA “Oro-3" [5] paccMOoTpuM JTHHAMUKY MATHUTHON GYpH, KO-
TOpas IIPOU30IILIA B HadaJIe uioist 1966r. CMBICT MOJEIN B TOM, UTO IO U3MEPEHHBIM 3HAUECHUAM
PeaIbHOTO TI0JIA B TOUKE C PAJHYC-BEKTOPOMT MOYKHO OIPEIeINTDL mapaMerpsl moas B u ry,
OTKY/Ja CTapTOBaJ/Ia YACTHUIA, WJIN, HA00OPOT, Ky/Ja OHA HPUIET B KOHIE BO3MYIIEHUS, €CJIN
n3BecTHO J1ehOPMUPOBAHHOE TI0Je. 333/ INM YPaBHEHNE BO3MYIIEHHON CHJIOBOM JTMHUH B BUIE
r=Rocos®\ (cm. pabotsi [3,4]), pazaenus eé gedopmaliuio Ha JiBe 4aCTH — Ha [JIaBHYIO X BOCCTA-
HOBHUTEIbHYIO. k JJIsI YpaBHEHHUs CHJIOBOH JIMHHH HA TJIABHOM (ba3e ompeaeuM COOTHOIIEHTEM
kpp=2-+1.5(orn)?, rae opg= t/7r; — —6e3pasMepHblil BeJIMuMHA, IIPOHOPIUOHA/ILHAS BPEMEHH
OT HAYa/Ja PA3BUTHS MATHUTHONW Oypu 70 Ha4daa BOCCTaHOBJIeHWs. [l BOCCTaHOBUTEILHOM
crapun k,=2+1.5(1-03), ryie o=t /T PONOPIUOHATLHA BPEMEHH, Y7Ke OTCUUTHIBACMOMY OT
HAYaJIa BOCCTAHOBUTEIbHOM (ha3bl MATHIUTHOM OYpH, a T — XapaKTepHOe BPeMsl BOCCTAHOBJICHUS
MAarHUTHOTO ITI0JIsI OCIe MaKCUMAIbHON aedopmannn B MoMeHT og=0, CBI3aHHOHN ¢ pa3BUTHEM
riaaBHoit daspl 6ypu. B KoHewHBINH MOMEHT T1aBHO# (asbl Koabdunnent kry(ory=1) paBHser-
cst HadaapHOMYy 3HadeHuto kp(op=0). Ha puc.1 npencraBienbl HeBO3MYIIEHHbBIE CHIOBBIE JITHAH
qunossaoro nosts 3emin u KT (a) u nx cyneprnosunns (6).

a) 0)
Puc. 1. a) CuioBble JIHHUA AUTOTBHOIO MATHHTHOTO MOJIs 3eMJIH (YePHBIA IIBET) U KOJIHIIEBOTO
TOKa (ZKeATHIH 1BeT). YKa3aHO HalpaBjieHHe KOJbIEBOro Toka. 0) CyHmeprnosuiins CHIOBBIX
JUHUIT MATHUTHOTO JUIOJSI U KOJIBIIEBOIO TOKa 3emyu. Bo BHerrHel 06J1acTH OT KOJBIEBOTO
toka k < 2, Bo BHyTpenneit obactu npu k > 2, R = Ry cos® \

Ha puc.2 s manekca Dy nokazano paspuTue 910# Oypu mo gHsM [4], orkyma ciemy-

et, 9To TyIaBHas ¢aza Oypu Tpy—1,5 ausd, a BoccraHoBuTeabHasds Tg—4 jaud. s sroit Oypu
HaM OCHOBe KOHKDeTHBIX 3HaueHHil Dgy(t) u mpocsiekeHa JTUHAMHUKA BO3MYIIEHHBIX CHIOBBIX
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JuHuil BHyTpeHHeit u BHenrHell obmacteit marnutocdepsl o ornonrenwio KT. Ha puc.3 Wnio-
CTpanus K IIPeJIOKEHHOMY MeXaHu3My (popMUpPOBaHUs KOJIBIIEBOI'O TOKA Ha TIABHO U BOCCTa-
HOBHUTEJbHBIX (ha3ax MArHUTHON OYpH HA OCHOBE MOJEJBLHOIO PEICTABICHIN CKATH U PACIIN-
PeHust CUJIOBBLIX JIMHUIT B o0siacTu 3axBara maruurocdepst 3emuu. Ha pucyHnke npejcrapierst
COOT-BETCTBYIONIME U3MEHEHHS B PACIPEICICHUN HANPABICHHBIX MOTOKOB HPOTOHOB j C 3HEP-
rusvu B uuTepsase 313B<Ep <49xsB no mamupiv coyranka “OlO-3" [5]: a) mepex nagasom
Oypu, 8 uroJis (0603HAYEHO CHHUM TIBeTOM ); 6) B KOHIIe TIaBHON (a3bl 9 uiosst (KpacHbIil nBeT);
B) B KOHIIe MarHuTHON Gypu, 13 utosst. KT Bbijte-ieH 3eeHblil [[BETOM.

x107

T Stew QC-CPV a) 8.07.1966

)
J(cwm “c*cp)! A)13.07.1986

NWR OO N

N W RO D N

Puc. 3. UnmocTpanusa JuHaMAKKE BHYTpeHHel 1 BHelnHell Maruutocdeps! mo orHomennio Kk KT
Ha IIpUMepe U3MEHEHUs CUJIOBBIX JTUHUN

BreiBoabl

[Tokazano, uTo Ha IJ1aBHOI (haze MArHUTHOH Oypu BO BHemIHe# obnacTu 1o otHorreHnio Kk KT
(L>4) 3apsizkeHHbIe Y9aCTHUIB 3a CIET MekTpudeckoro apeiida asuraoorcs Kk 3emie (k KT) u
U 5TOM HAIPEBATHCS, & HA BOCCTAHOBUTEIbHON daze yransgorcs ot 3emun (or KT) u octhi-
BaloT. B Toxke Bpems Bo BHyTpenueil no oraomenuto K KT obmactu (L.<3) ma ruiasHoit daze
MarauTHO# Oypu KapTuHa oOpaTHast: YaCTUIBI ABH-rafoTcs oT 3eMin K dhopmupyiomemycs KT
U OCTBIBAIOT, a Ha BoccTaHoBHTEeabHON daze — or KT, T.e. k 3emie, u nHarpesaiorcs. Cieno-
BaTEIbHO, HA IVIABHON CTajauu OypH CKJIAJBIBAIOTCS €CTECTBEHHBIC YCJIOBUSI, IPU KOTOPBIX 3
CYeT BCTPEYHOTO JABUKeHUs 3apsazxeHHbrx dactur] KT nHaunnaer ycuausarbes. [pu 5ToM OH Kak
Onpl cam cebst hopmupyet, “‘cobupasi’ BOKpYT u “mnoararuBasi’ K cebe miaaszmy. Ha craaum BoOcC-
CTAHOBJIEHUsI, KOTJIa MPOUCXOJIUT OCJIa0JIeHNe JTaBJICHUs COJTHEYHOTO BeTpa Ha MarnuTocdepy,
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JIMIIOJIBHOE 110JI€ HAYMHAET BOCCTAHAB/IUBATBLCS U, KaK cjiejicrBue, npoucxour ocaadbienue KT.
B stom cirydae npejioxkennbiit Mmexanu3m opmupoBanusd u ocyabsennsd KT aBromarudeckn
npeanosaaraet BayTpu camoro KT cymectBoBanne obnactu ¢ 3<l.<4, riae nose B Ha riiaBHo# n
BOCCTAHOBUTEJIbHOI (ha3ax 0CTaéTesi MOCTOSIHHBIM, T.K. 371ech U 0B /0t, u 31eKTpudeckoe moJe
U3MEHSIOT 3HAK U MO3TOMY PaBHBI HYIIO. [loATBepKIeHNEM TOTO SBISETCSA IKCIEePUMEHTAIBHO
3aperucTpupoBanubiii hakT nocrosucTea napamerpos KT B ero BHyTpeHHeil 061acTH (CIyTHAK
CCE nporpamvbr AMPTE) [7].
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Possible self-consistent mechanism of formation and disintegration of
a ring current

Bogdanov V.V., Kaisin A.V.
Institute of Cosmophysical Researches and Radio Wave Propagation FEB RAS, Russia

One of possible self-consistent mechanism of formation and disintegration of a ring current
(RC) is offered in this work. It is known, that on the main phase of magnetosphere disturbance
at low and average latitudes there is a reduction of a horizontal component of a geomagnetic
field, and on the restored phase the field grows and comes back practically to an initial level.
This phenomenon is explained by formation and disintegration RC, concentrated basically in
the field of geomagnetic equator on distances equal to several radiuses from a surface of the
Earth. At the same time in magnetosphere areas outside of RC (the maximum is located in
an interval T.~3-4) it should be expected the return picture: the magnetic field grows on the
main phase of magnetic storm, and on the reductional phase it decreases up to the unperturbed
meaning.
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The analysis has shown, that at such changes of a field in external and internal areas (in
relation to RC) the direction of particles movement and the change of its energy has various
character. In internal area of RC on the main phase of magnetic storm the particles move from
the Earth and also cool down, and on the reductional phase — to the Earth, and heat up. In
external area of a ring current a picture is opposite: on the main phase the charged particles will
move to the Earth (to current ring ) and thus to be heated up, and on the reductional phase
— leave from the Earth (from a ring) and to cool down. Hence, on the main phase of magnetic
storm from side to side of an arrangement of maximum RC there are natural conditions, at
which the ring current can amplify at the expense of opposite movement of the charged particles
to it. At the same time on the reductional phase the charged particles move from a ring current,
causing thus its additional reduction. The beginning of disintegration of RC is weakening Solar
wind (SW) and return of the magnetosphere to the conditions of stationary SW.
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