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OT ypapHoli BONMHbI O BHELWIHEA MarHuTocdepbl PerucTpUpytoTCs Pe30HAHCHbIE MOAbl C 4acToTamu
0.02-10 mly, npuyem npupoga pesoHaHcoe Ha 4actotax 0.02-0.25 mlu go cux nop He obbsicHena. Hamu
NpesioKeHa MOAENb YAAPHOU BOJIHBI B BUAE KPYrOW NNacTuHbl, CBODOAONA MO BHELUHEMY KOHTYpPY, KOTOpasi
NpenCcKasbiBaeT pe3oHaHCHble Mogbl Ha 4YacTtotax 0.02-0.3 mly n Huxke. Mbl eMoOHCTpupyeMm perncrpauumto
3TNX MOJEJbHbIX PE3OHAHCHBLIX MOA MO JAHHBLIM NSATU CNYTHUKOB, MPUYEM MPEACKa3aHHbIi MOAEbIO PE30OHAHC
okono 0.1 mly HabatogaeTcs B MarHMTOC/NI0e HenpepbiBHO 17 4acoB Kak 3a mapannenbHoli, Tak 1 3a NepneH-
OVKYNSApHOW yAapHbIMN BosiHaMu. Pe3oHaHCHble MoAbl yAapHOI BOJIHBI BbI3bIBAOT TPEXBOJHOBbLIE HENMHERHbIE
KacKafbl, OCYLLECTBSIOWME LLIVPOKOMNOJIOCHYIO KOFEPEHTHYIO CBA3b C Pe30HAHCaMUN Kak Y MarHutonaysbl, Tak
1 BHYTpY Hee. /IMEHHO KOrepeHTHbIN XapaKTep MPOLECCOB B NPOTSXKEHHOW 061acTu € pa3HbIMU COBCTBEHHBLIMY
JINHERHBIMU PE3OHAHCHBIMU MOZaMy OByCNaBAMBAET, MO HALLIEMY MHEHUIO, LOCTaTOYHO HOBbIA — HEUHeNHO-
KackafHblii — noaxog, K 3ppekTUBHOMY npeobpa3oBaHuto 3Hepruy HaberaroLero NoToka npu B3auMogeicTaum
C NpensiTCTBMEM. JTO MPEeACTaBASETCs CyLUeCTBEHHbIM ANsl BCell HenuHeiHoi cdhusnkn. Mbl npusBoanmM Takxe
apryMeHTbl, yKa3blBaloLLe Ha BO3MOXHOCTb 33 CHET SHepruy COJHEYHOro BETPA aBTOMEHEPaLUy Pe30HAHCHbIX
MOJ, B 3aMKHYTOM KOHTYpE yfapHas BoJiHa/MarHnTtonaysa ¢ obpaTHO CBA3bIO B BUAE Y3KUX UMMYNCOB BEKTOPA

MoliHTuHra.

DOI: 10.31857/S0044451022030087

1. BBEAEHUE

Mpbr mpejgiaraeM MoOJIeNIb T€HEPAInd COOCTBEHHDBIX
PE30HAHCHBIX MOJ yaapHoil Bouabl (YB) B Buse Kpyr-
JIOH TIACTUHBI, CBOOOJION 110 BHEIHEMY KOHTYPY [1-3],
u 06001maeM UK paboOT MO0 M3YUEHUIO HETUHEHHBIX
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B3aUMOJEUCTBUIl PE30HAHCOB Y BHEIIHUX I'DAHUIL Mar-
Hurochepst [4-6].

Panee 6pu10 mMOKa3aHO, YTO HA BO3MYIIEHHOU COJI-
ueunbiM BerpoM (CB) VB renepupytorcs miazMeHHbie
CTPYHU C JMHAMUYECKHM JAaBJIEHIHEM B MarHHTOCJIOE 33
VB sbime, uem B HeposmymenaoMm CB [4]. Ux moxHO
paccMaTpuBaTh KaK HeJMHeNHHble MarHUTOTH/IPO/INHA-
Mudeckne BoJHBI B oToke CB, TepmasmsoBannoro Ha
VB. Onn crankusarorcst ¢ Mmarauronaysoit (MIT), me-
dopMUPYIOT ee BOIM3N TTOACOTHETHON TOUKHU WJIN JIaKe
npobuBator ee Ha nepudepun. ledbopmupoBanHast Mar-
HUATOIIAY3a, B CBOIO OYepellb, BO3OYXKIAaeT B MArHUTO-
cdepe aJIbBEHOBCKHE BOJIHBI, KOTOPbIE BJIOJIb MArHUT-
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HBIX CUJIOBBIX JIMHUII TOXOIST /10 MOHOCHEPHI U peru-
CTPUPYIOTCS B BHJIE T€OMATHUTHBIX MyJIbcalmii [5].

[TostBsteHne cTpyit TPOMOYIMPOBAHO PE30HAHCHBI-
vu Mogamu ¥ B u MII, nedbopmupyromummvu YB. Tpu-
POy U PErUCTPAITHIO COOCTBEHHBIX MO Y B MbI 1 n3y-
qaeM B 3T0i crarbe. Obparnas cBa3bp MII ¢ YB ocy-
IECTBJISIETCH CIA0BIMI KOPOTKUMHU HMILYJIHCAMU BEK-
Topa lloftnrunra. Haubosiee BepossTHO, 9TO HeJTUHEN-
Hble OBICTPbIE MArHATO3BYKOBBIE BOJIHBI, BBI3BIBAIOIINE
TPEXBOJIHOBOE B3aMMOJEHUCTBHE ¢ HaOEraroluM II0TO-
KOM IJIa3Mbl ¢ 6ukorepenTHOCTBIO 710 90 % [5]. dTH nm-
IIyJIbCBI, B CBOIO OYEPEIb, IIPOMO/IYJINPOBAHBI PE3OHAHC-
HBIMH MojiaMu, renepupyiomumucst y MII 3a cuer ee
MeMbpanHO# HeycTolunBocTH Ha dactoTe 0.25-10 mI'n
[6]. Ho MHOTOUKCI€HHBIE JAHHBIE OKA3BIBAIOT, UTO Pe-
TUCTPHUPYIOTCS PE30HAHCHBIE MOJIBI Ha 0ojiee HU3KHUX
qactoTax BILIOTh s10 0.02 MmI't. IIpenmnosnarasi, 9To 310
IIPOUCXOJIUT 338 CYET M€HEPAINH COOCTBEHHBIX MOz, ¥ B,
MBI TIPEJJIAraeM CJIELYIOILYIO IPOCTYIO MOJEIb.

2. MOJIEJIb

Tonosrass YB B momcomHedHO# 00JaCTH MOIEIIH-
pyeTcs KpyIJIoit MarHUTOIA/IPOJMHAMUYECKO I1J1acTH-
HOI4, CBODO/THOI 110 BHEITHeMY KOHTYDY. IlnacTunoit Ha-
3bIBaETCH ILJIOCKMI OJTHOPOAHBII CJIOH, €CIu ero TOJIIIIN-
Ha MHOTO MeHbIIe pajuyca. VlccaemoBanue KoaebaTeb-
HBIX CBOMCTB MEXaHWYECKMX IJIACTUH HMeeT JaBHIOIO
uCTOpUO B (PU3MKE CIJIONIHBIX cpell. Tak, 4acToTHOE
ypaBHEHHE KPYTJIOH MEeXaHUIECKOH TIJIACTUHBI, CBOOO/I-
HOI II0 BHENIHEMY KOHTYDPY, IPUBEJEHO B OT€4YeCTBEH-
HBIX cnpaBovyHukax [1,2] u B cnoHcuposanuoit Harm-
OHAJIBHBIM YyIIPaBJIEHUEM II0 a3POHABTHUKE U KOCMOCY
CIITA monorpadum [3]. DTo ypaBHeHHE UMEET BU,

B*R*J,(BR) + (1 = v)[BRJ}(BR) — n*Ju(BR)]

BRI, (BR) — (1 — v)[BRI},(BR) — n*I,(BR)]

_ BPRJ,(BR)+(1—v)n?[BRJ;, (BR)—Jn(BR)] (1)
B3R (BR)—(1 — v)n?[BRI},(BR)~I,(BR)]

Snecy J, u I, — 0OblYHAsg W MOAMMDUIMPOBAHHAS

dbyukuun Beccensi mepsoro poma. = (phw?/D)Y/?,
R — pajuyc NJIACTHHBL, p — IUIOTHOCTH IIACTUHBI, /i —

TOJIMUHA IIJIACTUHDBI, W — YaCTOoTa KO.)'Ie6aHHfI, IIWJIMH-
ApudecKad KEeCTKOCTb

EhR3

D=—""_
12(1—12)’

(2)
E — momyis FOura, v — kosddumnuent [lyaccona. Mo-
aynb FOura E cBsizaH ¢ MOy/ieM 00beMHOR yIIpyTroCTH
K crepyrommm obpazom: E = 3K (1 — 2v).
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Croxnasi cTpykTypa Y B He 1mo3BoJIsieT mpsiMo mpu-
MEHUTH TEXHUKY ypaBHeHus Biacosa. [Tostomy njs
nccJIeIOBaHus COOCTBEHHBIX KoJsiebanuit hponra YB B
Ka4JecTBe HAYaJbHOTO IPUOJIMKEHUs HCIIOJIb3yeM U3-
BECTHBIE PE3YJILTATHI IO U3y IEHUI0 KOJIeOaHN MEXaHNU-
qeckux miacTuH. [logobHast mporierypa OCyIecTBIeHa,
HaMU pamHee TPU UCCTETOBAHUU COOCTBEHHBIX Kojeba-
HUU MarHUTONAY3bI, TJie ObLIT UCIOJb30BaH aHAJIOT Me-
xaHH4YecKoil MeMOpansbl [6]. Bepuduxarueit ucrnossso-
BAHHOT'O METOIA B 3TOM ClIy4Yae SIBUJIOCH IIPAKTHIEC-
KO€ COBIIaJeHNEe COOCTBEHHBIX MOJEAbLHBIX dacToT MII
C PSIIOM «Marw9ecKuX JacTOT», JTaBHO HAOJIIOIAeMbIX U
B CIIyTHUKOBBIX, U B HAa3eMHBIX JaHHBIX. [lonTBepxkie-
HEEM YHUBEDCAJbHOCTH YaCTOTHOIO ypaBHenus (1) sB-
JISIETCsI, HAIIPUMED, €ro YCIIENTHOe IPUMEHEHNE B adPo-
JuHAMuKe [3].

Ha nannom sTarme Mbl IIpemosaraeM, YTO HAIA MO-
JIeJIb MOYKET OIHUCHIBATH YaCTh CyIIECTBEHHBIX CBOCTB
VB, u onpenesnm, Kakas 9TO 9aCTh, U3 CPABHEHUS C
skcrepuMeHToM. [IOCKOIbKY ILIacTHHA 3aKpelseHa B
[IEHTPE, a Kpasi ee CBOOOIHO JIBUXKYTCsl, HAXOJSICh IIO/T
JelicTBAEM U3ruOAONINX MOMEHTOB IEHTPAJIbHOIT 00J1a~
CTH, MBI II0JIATAEM, 9TO UMEHHO CBOMCTBA IEHTPAJIBLHON
00J1aCTH OIIPEIEJISIIOT OCHOBHBIE YePThI KOJIEOaHUH 1118~
CTHHBI ¥ PE30HAHCHI. A IleHTpaJibHasl 00JIaCTh MarHU-
TOTIAY3BI XOPOIITO MPUOINKAETCS TIOCKOI TIACTUHOIA.

B nameit 3aga1e HeOOXOMMMO HEPEHTH OT MeXaHU-
CTHYECKOTO OIMCAHUSI K MATHUTOTUIPOIMHAMUIECKOMY
[IPUMEHUTEJIHFHO K TOJIOBHOW yJIAapHON BOJIHE, 00pa3o-
BaHHOM mrepes; MaruuTocdepoii mpu ee OOTEKAHNN T171a3-
Moii cosiHegHOro Berpa. Ilo onpenesennro, Ko3dduim-
ent [lyaccona paBeH OTHOIIEHUIO OTHOCUTEIBHOTO C2Ka~
Tus 00pa3ia K €ro OTHOCUTEIbHOMY V/IJIMHEHUIO:

~ Ad/d
NI

st citydast MarHATOTHJIPOJIMHAMUKHU  BbIJEIEHHBIHA
00beM TIIa3Mbl [IPU PACTSKEHUU HE COIMPOBOXKIAETCS
ero cxarueM, T.e. Ad = 0, nosromy v = 0. I3BecTHO,
9TO MOJYJIb 00beMHOI yupyroctu K juis ujeaabHOrO
rasza paBeH Kr = P 1jis1 N30T€pMUYIECKOTO IMIPOIECCa
(3necs P — masisienue). IlnorHocrs cpezpl Ha dbponTe
yaapHoit Bosiubl p = N (m; + m), a JaBjeHue

p_ ek? B*  N(mu?+mev?)
2 2110 2 N
€0E2 B2
= €4+ —+N(O;+6,). (3
L ineren o

PaccmarpuBaemsrit mporiecc cOOCTBEHHBIX KOJieOaHU
dpoHTA YIAPHOI BOJHBI MOYKHO CIATATH U30T€PMUIEC-
kuM. ITosygennas cucrema ypassenuit (1)—(3) perena
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CobcTeeHHble KONebaHUsi rONIOBHON yAapHON BOJIHSI. . .

Tabnuua. (f = w/2m)

J, Ml

1) 0.00242, h = 0.01 Rg
R—3 R, | 200262

1) 0.0242,h = 0.1 Rg

2) 0.262

1) 0.000869, h = 0.01 R
R—5R, |2 000944

1) 0.00869,h = 0.1 Rg

2) 0.0944

1) 0.000216,h = 0.01 Rg
R—10 Ry | ) 0:00235

1) 0.00216,h = 0.1 Rg

2) 0.0235

1) 0.0000544, h = 0.01 Rg
R—20 R, | 2 0000592

1) 0.000544,h = 0.1 Rg

2) 0.00592

qucyenno B makere MAPLE npu ciexyromux mapamer-
pax, COOTBETCTBYIOIIUX I'OJIOBHOI yJapHOU BOJIHE:

€ =2885-10""2 ®/m, po=1.26-10"°T/m,

E. = 0.005 B/m,

0, =1.6-10717 IIx,
m; = 1836 - 103! kr,
N =16-10% m3,

B=25-10"% T,

O, =1.6-10"" JIx,
me = 9.1-1073" kr,

v =20,

R — pammyc 3emun, paBHbIL 6.374 - 106 M.

Huke, B Tabyiniie mpuBeIeHBI PE3YILTATHI PEIIICHUST
gacrorHoro ypasHenusi (1) B cpeme makera MAPLE
nist byHKIMit Beccesst Hy/1€eBOro mopsiika u paJinycoB
dponTa rosoBHo yaapuoii Boasl R = 3,5,10 u 20Rg.
Tommuust A = 0.1 u 0.01 R BHIOpAHBI U3 CTATUCTUYIEC-
Koro uccieoBanns toanmH YB [7]. (MexmuianerHbie
VB umeror cxoxue napamerpsl ¢ 0kojio3emuoit.) Cire-
JIyeT OTMETUTh, UTO IMOJI PAJUYCOM B ciiydae YB Mbr
[IOHMMaeM DaCcCTOsHKE BIOIL YB or ee menrpa (moj-
COJIHEUHON TOYKH) JIO IPAHUIBI PE3OHAHCHON 0baacTu
(3aBuUCHIIEH OT II0JIOYKEHHUsI CIIyTHUKA B MArHUTOCJIOE),
9TO MO3BOJISIET KAYECTBEHHO [IPUMEHSATH HAILYy MOJEJb
u juist mzoruyroit ¥YB ananormuno MIT [6]. Ormernm
JINHEHHYIO 3aBUCUMOCTH JYACTOT PE30HAHCOB OT TOJIIIIU-
ubl h B Tabsune npu dukcupoBaHHOM R, a Takke maje-
HU€ YaCTOT Pe30HAHCOB ¢ yBeaunduenuem R. U3 rabymibt
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nV, (108 e CM3)2/FL1
10°

0%k

Yacrora, '

Puc. 1. BaiieneTHbie cnekTpbl MOWHOCTU NOTOKA naasmbl nV
no gaHHbIM pa3Hbix cnyTHukos: WIND, 20.03.2012, 13-18 UT
(HuxHsist obnacTb 6e3 3anueku); SPEKTR-R, 13-21 UT (kpe-
cTukn, ronybas 3anmeka); CLUSTER-4, 20.03.2012, 13-18 UT
(>xenTast 3anueka); GEOTAIL, 05-24 UT (cdbuonetosas 3anms-
ka). KpacHble mHuM — rapmoHuku u3 Tabnuubl, duoneto-
Bole — MMM ¢ R = 25RE, 4epuble — Ml ¢ R = 10RE

ciemyer, 9To A yukiuit Beccesns Hy/€BOro mopsis-
K& MMeIOTCH JIBe COOCTBEHHbIE YACTOTHI. MHNMAas JacTh
pelleHnit paBHa HYJII0, 9TO (DU3NIECKN O3HAYAET IIPAK-
TUYIECKOE OTCYTCTBUE 3aTyXaHUS WM PACKAUKU KOJIe-
GaHuii.

MBI MO2KEM COIOCTABIATH C IKCIEPUMEHTOM TOJIb-
ko gacToTsl cBbImte (.01 mI', MOCKOIBKY CIyTHUKH He
HaXOMIATC B (PU3NIECKHU OJTHOPOIHBIX 00JIACTSX JTOCTa~
TOYHOE BpEMs, ITOOLI U3MEPATh O0jiee HU3KHE TacTO-
THI.

Jyist BepuduKaIuym MOIEIN MbI CJIeJIAJIH OIEHKY Xa-
pakTepHoii gactorsl qyist R = 3Rp (IOCKOJIBKY 371€Ch
C JIOCTaTOYHOI TOYHOCTBHIO IPUMEHNMa MO/Ie/Ib UMEHHO
IJIOCKOI TJIACTUHDIL ), PA3JIEJIUB XaPAKTEPHYIO CKOPOCTh
Ha JUaMeTp IJIACTUHBI (MAKCHMAJIbHOE PACCTOSHIE Ha
[JIACTUHE, IIPOXOAMMOE PE30HAHCHOI BOJIHOI). Xapak-
TEPHYIO CKOPOCTb BJIOJDb IJIACTUHBI MBI OIIEHUIN KaK
cpeanioro npoekiuio ckopoctu CB wa YB. Pesyaprar
o gactore coctasiser 0.25 mI'11, 9TO HEmI0XO coTJIa-
CyeTcsl C MaKCUMAJIBHON 9acToTOoi B TabJuIe.

3. CPABHEHUE C SKCIIEPUMEHTOM

Ha puc. 1 Mbl npeicrabisieM JaHHBIE M3MEDEHHIT
noroka wiasMel nV (IpoussejieHue IIIOTHOCTH HOHOB
Ha CKOPOCTB), T.€. JOMUHUDPYIOMUHA HMIIYJIbC B COJI-
HeuHoM Berpe/MarauTocsoe (CB/MCJI) Ha ciiyTHHKAX
SPECTR-R, GEOTAIL, CLUSTER-4 u WIND (XGSE
or +14 o —17 Rg) [6]. Kpome cinyranka WIND, Ha-
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Puc. 2. Bucnektporamma nV co cnytHuka SPECTR-R,

20.03.2012

xoxggmierocss B CB, Bce crmyTHuKHN, Kak IpaBmjo, Ha-
XOJUJIUCH TOJT YAAPHOU BOJHOUW B MaramTocjoe. Pac-
CTOSTHUE MEXKJy HAMU B JECSITKHU PAJNYCOB €M HE
[IO3BOJISIET OIPEEIUTh SKCIEPUMEHTAJIBHO JIJINHBI De-
30HAHCHBIX BOJIH, KOTOPBIE OIEHUBAIOTCS B HECKOJIBKO
paguycos [4,5]. KpacHbiMu BepTUKAIBHBIMU JIMHASIMA
[IOKAa3aHbl TAPMOHUKH Y B-pe30HaHcoB, corjacHo Tab-
JINTEe, IePHBIME U (PUOJIETOBHIME — pe3oHaHchl MII
[6]. Huskouacrorabie MII-pesonancer (R = 25Rpg) ne-
pecekaroTcs ¢ pe3oHaHcaMu Y DB IpUMepHO Ha YacTO-
te 0.25 M. DKcnepuMeHTATIbLHBIE MAKCUMYMBI BU/I-
Hbl BOJm3u Y B-pesonancos na gyacrorax 0.262, 0.0944
u 0.024 mlu (rabmuna). I[ockosbky paccmaTpuBae-
MblI€ YACTOTHI MHOT'O MEHBIIE ITPOTOHHOM T’MPOYACTOTHI,
MBI CUMTAEM BCE BOJIHBI MATHUTOTUIPOIAHAMUIECKU-
vu. [lepBbie nBe 9acTOTBI OTHOCSTCS K MaKCHUMAJIbHON
rommuae h. C yderom JimHEHHON 3aBUCHMOCTH 9aCTOT
DPE30HAHCOB OT TOJIIIUHEI i, 32 CYeT MEHbIIEN TOIIINHDI
(Brtorh 710 10 pa3) MOXKHO OOBSICHUTH (oJiee HU3KO-
qaCTOTHBIE MaKCUMyMbl. HeckosibKo 6ojiee BBICOKOYA-
CTOTHBIE MAKCUMYMBI MOT'YT COOTBETCTBOBATH MEHbIIIe-
My R. DTo0 mpejicraBiisieTcs BIOJIHE YI0BJIETBOPUTE b=
HBIM TIOJTBEPK/IEHHEM ITPUMEHUMOCTH HAIeil MOJIEeIN
VB-pezonancos.

Ha puc. 2 npesncrapien 6ucnekrp nV co croyTHH-
ka SPECTR-R. HanomunM, OH BBIze/ISIET KOT€PEHTHBIE
nporeccsl ¢ gacroramu F1 + F2 = F3. Ha puc. 2:
F1 — no ropusonramu, F2 — no seprukasau, F'3 —
ojipa3yMeBaercsi. [ Opu30HTAIbHAS OPAHXKEBasl JIMHUSI
cootBercTByer F'2 = const (Hakauka, «'» o3Hauaer
POU3BOJIBHBIE YACTOTHI), HAKJIOHHAst — F’'3 = const
(pacman). Ha puc. 2 Takux KackaJoB MOXKHO HJIEHTHU-
buImpoBaTh MO TpU KarxKJAOro THlla. JleBasi rpaHuiia
OHucIeKTporpaMMbl cooTBeTcTBYeT F'3 = 2F2 — rene-
paIuu IByKPATHBIX HEJTUHEITHBIX TAPMOHUK. Mbl HA3BI-
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F2, mI'ng
0.92 !0.80
- THA, |B] 0.70
13-21 UT
0.61F = 0.60
i 0,50
0.29+ — 0.40
A | ] 0.30
0.13 0.90 1.7
F1, mI'n

Puc. 3. Bucnektporpama co cnytiuka THEMIS-A

BaeM HEJIUHEITHBIM TPEXBOJHOBBIM KACKAJOM IIPOIIECC
(manpumep, F2 = const, HaKa4Ka), B KOTOPOM BOJIHBI
Ha CyMMAapHOI 49aCTOTe CHOBA U CHOBA B3aUMO/JICHCTBY-
0T ¢ ucxomuoit F'2: F3 + F2 = F4; FA+ F2 = F5
U T. .

Buusy puc. 2 BujeH UMEHHO Takoil Kackaz (cM.
pacumpenue B KpacHoii pamke). Ero gacrora 0.1 mI'ig
[O3BOJIIET CYMTATh, 9TO 3TO pe3onHanc YB (cm. Tab-
saiy, va MIT gacrorsr Boie, puc. 1). Ho BozOyxa-
FOTCSI TaKyKe HeJnmHelHble rapmornkn (2F2, 3F2, 4F2,
6F2, cM. crpesku Ha pHC. 2), KOTOPbIE, CBOIO OYe-
pelib, MOT'YT BO30Y2KIaTh HEJIMHEHHbIE KACKAJIbI, HEOT-
JmauMble (IO OJHOM TOJBKO BEJMYUHE HYACTOTHI) OT
MII-kackamoB. IlogobmHble KacKaabl MOT'YT BO3HUKATD
W BJIOJIb OPaHKeBO# Hak/JIoHHOH Jmaum F’'3 = const
(pacmaz), HO HADJIONAIOTCS W HMPEPBIBUCTHIE <«Paca-
Jbl», HAPALy C HEKACKAHBIMU TPEXBOJIHOBBIME B3au-
MozeiicTBusiMu (cM., Harpumep, puc. 2 B [6]).

Ha puc. 3 (omyGsmkoBan panee B Hameil pabGore
[6]) mama BaiiBiaeTHAs GUCIEKTPOrpaMMa MOJYJIsl Mar-
uHuTHOTO Noutst | B| co cyrauka THEMIS-A, koropsrit
ObLI B HECKOJBKHX pajmycax mox mHesHon MIT [6].
Ona JeMOHCTpUpYET NPOHUKHOBEHUE ¥ B-pe30oHaHCOB
BHYTpb MarauTocdepst. [llupuna pezorancos 06ycaoB-
JieHa GOJIBIIINM CPEJIHUM yPOBHeM (QIIyKTyanuii (CBbIIIe
30 %): BMecTe co cpesHUMU TapaMeTpaMu PIIyKTYUpy-
FOT TaKXKe PE30HAHCHBbIE YaCTOTHI U MacmTabbl. BHuzy
[10JI0Ca aHaJjn3a BKJIo4YaeT ¥ B-pesonanc BOIM3u vac-
torer 0.1 mI'1, mpuyeM aMILUIATyJa MAKCHMAaJIbHA Ha
criekTporpamme. l'opuzonTasibHast mojoca 0.24-0.3 mI'm
(oTMeveHHAs] TOPU3OHTAILHOI YePHOIT IPsIMOii, HAKad-
Ka) BkioYaeT YB-pesomanc ma wacrore 0.262 mI'n
(Tabsuna). DTOT TOPU3OHTAIBHDI KACKA HAIUHAET-
cst MmakcumyMoMm F2 70% (cnesa). On coorsercTByeT
enBa 3aMeTHOMY nuky Ha puc. 1. Ero Bropas (mesn-
HeliHag) rapMoHUKa OJIM3Ka K Hada bHO yacrore F'2
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nV,
(ulT)° /Ty
2.636

Yacrora, mI'

2.245
1.855
1.464
1.074

0.6831
2925

3:00 5:48 8:36 11:25 14:13 17:19:49
uT

Puc. 4. CnekTporpamMma gMHaMUYECKOro AaBJEHMsi CO CMyT-
Huka DOUBLE STAR, 27.03.2005 B gHeBHOM MarHutocioe

HaKJOHHOTO KacKajia. Bkiag MII-pesonanca B Hakad-
Ky He HCKJIIOYeH, HO jommHupoBanme MII-pezonamnca
¢ adexrusnbiM MII-panuycom B 25 Rg MBI cuuTaem
MaJIOBEPOSTHBIM. TaKuM 00pa3oM, MbI JE€MOHCTPHUPY-
eM, 4To ¥ B-pezonancol mponmkaioT mpamo moma MII,
HaIpUMep, 3a CUeT YIapoB MIa3MeHHbIX cTpyit mo MII
[4, 6, 8]. Curnan oxomo 0.1-0.13 MI'n (MEUHEMAJIBHbIH
JIIAIa30H aHAJIM3a Ha PUC. 3) CBA3AH ¢ FOPU30HTAJIb-
HBIM MaKCHMYMOM, OTMEYEHHBIM YepPHOIl NIPsiMOii, re-
Hepanueii BTopoii (HeswmHeitHOI) rapmoHWKEH. BMmecte
OHU 00€eCIIeInBalOT KOTEPEHTHYIO CBsi3b ¥ B-pe3onanca
(0.1 mI'y) ¢ GoJiee BHICOKOYACTOTHBIMY PE30HAHCAME Y
MII m HemocpeICTBEHHO ¢ BHYTPUMATHUTOCKHEPHBIMU
(cM. HmzKe pasj. 4 u [6,9]), yacToTa KOTOPBIX MOMKET
MPEBBIMATH HA MOPSIO0K YACTOTY UCXOTHOTO Y B-pe3o-
HaHCA.

Ha Bompoc, HacKOJIbKO IIUTETLHBIMA W CTaAOUIIb-
HBIMA MOTYT OBITH ¥YB-pe3onancel, oTBeuaer puc. 4.
Ha mem nana BaiiBjieTHas CIEKTpPOrpaMMa JHHAMUAYIE-
CKOr'O JlaBjieHus (HOPMUPOBAHHOI'O HA JIABJIEHUE B COJI-
HeuHoM Berpe) co cinyrarnka DOUBLE STAR, noka-
3bIBAIOIIAsT PE30HAHCHBI MAKCHUMYM BOJIM3U YaCTOTHI
0.1 mI'm ogHOM M3 TapMOHUK U3 TaOIUIBL. Y B-pe3onanc
BUJIEH B Te4eHne 109Tn 17 9acoB (IIoKa CIyTHHK HAXO-
JIUJICS B 30HE MArHUTOC/IOs yAapHoil Bosbr)! HeGosb-
e BAPUAIIUN JACTOTHI MbI IPUMTACHIBAEM KaK U3MeHe-
HUIO BHEIIHUX YCJIOBUI (MEHSIOIHUX Pa3Mepbl U HOJI0-
Kerre YB), Tak U CMEIIEHUIO CIIyTHUKA OTHOCHTEIHHO
VB u MII. B6/mm3u apyroro pesoHasca OKOJIO 9aCTOTHI
0.262 mI'ty BuzeH ropu3oHTAIBHBI MAKCHMYM B Cepe-
nuHe puc. 4 (Tabauna).

B [4] ormeueno, uro yreuka kuciopoga O+ BbI-
coKoll sHeprum n3 marauTocdepsl B dopruoke (cos-
HEYHBIA BeTep Ilepell yAApHOW BOJIHOM, COeIMHEHHBIN
¢ yJAPHOH BOJIHON MAIHUTHBIM IOJIEM) KOPPEJIUPYET C

6 2KIT®, b 3

YHacrora, MI'

8.5

15
7.1

3.775
5.6
0.94 49
0.235 2.7
1.3

Puc. 5. BaiiBnetHasi KpocccnekTporpamMa MeXZAy MOTOKOM

O+ 13 noHocdepbl 1 AVHAMUYECKUM faBfieHneM B chopLioke

(cnytHuk CLASTER-4, 27.03.2005). HuxHuii makcumym Ha
yactoTe okono 0.1 MmNy cooTBeTCTBYET AaHHBIM Tabauubl

juaaMudeckuM jgapjenneM Ha CLUSTER-4. Pucynok 5
WLTIOCTPUPYET POJib pe3oHaHcoB YB B 3TOM mporiecce.
BoiiBiernast KpoCCCIIEKTPOrpaMMa, MEXK/Ty TIOTOKOM
O+ ¥ aUHAMUYIECKUM JTABJIEHHEM JEMOHCTPUPYET B
TOPU30HTAJIBLHO MPOTSI)KEHHBIX MakcuMmyMma. HuxHuit
(oxoumo 0.1 mI'1r), COOTBETCTBYOIIHI JAHHBIM TABIIHITHL,
s10 YB-pesonanc. Haubosee sipkuii Mmakcumym (0KOJIO
0.262 mI') mMoxkeT OBITH KaK 9UCTO 3a cuer Y B-peso-
HaHCa, TAK U MOT BO3HMKHYTH nepBoHadaabHo y MII ¢
[IOCJIEIYIONUM BO30Y2KIeHIEeM pe3oHaHca Ha Y B.

4. JUCKYCCHU<I

[IpencraBnsiercsi, aTo B Hacrosmeil padbore Ham
VIAJIOCh HANTH TOCTETHUN IJEMEHT OOIIell KapTUHBI
obrekanuss CB marHurocdepbl — CJIOXKHeHIER u cy-
IIECTBEHHO HEJIUHEHHON — M 9TO KOI€peHTHBIE Pe30-
HaHCHBIE MOJBbI, Bo3HHKaroIe Ha ¥ B. Kak MmbI moka-
saJiu paubiie [4-6,8], stu MCJI-1ponecchl 10T «CHIb-
HOE 39XO» BO BHyTpeHHeil Maramrocdepe, noHocdepe
u jaxke B cBepx3BykoBoM morToke CB-dopmoke. Bo
BCEX ITUX SBJIEHUSX OCHOBOIIOJIATAIOILYIO POJIb UI'Da-
FOT TPEXBOJITHOBBIE TPOIECCHI. MBI MOIPOOHO ONMUCHIBA-
€M 9TH IIPOIECChl Ha npumepe puc. 2, 3 (cMm. pasm. 3
u [5,6]). Ix Hasm4me TOBOPUT O TOM, UTO AMILIATYIBI
[I€EPBOHAYAJIBHO JIMHEHHBIX PE30HAHCOB, IPEJICKA3BIBA~
€MBIX MOJIEJIBIO, HAPACTAIOT JI0 HEJIMHEHHBIX YPOBHEN,
U yKe TPEXBOJIHOBBIE JUCKDPETHBIE KACKAJbl M HEJIU-
HellHbIe TADMOHUKY OIPEIEIAIOT CJ0XKHYIO B3aNUMOO0Y-
CJIOBJIEHHYIO KapTHUHY B3aMMOJEHCTBHUS PE30OHAHCHBIX
VYB-mo/ ¢ pe3oHaHCAME BO BHYTPEHHEH 1 BHEIITHEN Mar-
uurocdepe (cM. puc. 2, 3, cp. ¢ JUHEHHBIM [OJXOIOM
BHyTpH Maraurocdepsl, Harpumep B [9]).
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Vcnons3yst yIpomeHHyo MOJeTb YaPHOH BOJHBL B
BHJIE KPYTJION IIJIACTUHBI, CBOOOIHON 110 BHEITHEMY KOH-
TYPY, HAM YJIAJI0Ch TIOITBEPAUTH TUIIOTE3Y, YTO B TAKOI
KOHMUTYPAINKA PE30HAHCH MOTYT BO3HUKAThL HA Y B Ha
GoJsiee Hu3KkUx yacrorax, yem Ha MII [4,5,8]. B pabore
[5] pacemaTpuBaeTCs eIMHBIN CHHXPOHU30BAHHBIH TIPO-
IIECC PE3OHAHCOB IS YJIAPHON BOJIHBI, MATHUTONAY 3bI
u Maramrocsiod. B paborax [6,8] mokazano, Kak cuH-
dasHble pE30HAHCHI PACIPOCTPAHSIOTCS JI0 TOBEPXHO-
cTu 3eMJId 32 CYET AJIbBEHOBCKOI'O PE30HAHCA MAIHWUT-
HBIX CHJIOBBIX JINHUIL [9] M €ro TpexBOJHOBOIO B3aKMO-
JIECTBUA CO CIKMMAaEeMBbIMH MEMOPAHHBIMH MOJAMA Y
MII [6]. OHE ABIAIOTCA MCTOYHUKOM HA3EMHBIX PE30-
HAHCOB (TaK HA3BIBAEMBIX «MATMIECKHX 9acToT» [6]).

Eciim YB-pesonancer Bo30yxKmarorcs cpaly Ha YB
3a cuer Bo3myinenuit B8 CB wm doprioke, To mpomo-
JlyJIMPOBAHHbIE ILJIa3MeHHbIe cTPyH (miu 6oJiee ciabble
duryKTyarmm JOMUHAPYIONIEro JMHAMUYIECKOTO JIABJIE-
Hust) TIpsiMo jtoxozsT 1o MIT u ee pedopmupyror [4,8].
TopusoHTaIbHBIE KACKA/BI HAKAYKE (PHC. 2, 3) CBA3BI-
BaloT ¥YB-pesonamcsl (B ToMm uucie ux ¢assl) ¢ Gosee
BbicoKoYacToTHbIME MII-pesonancamm, a TakxkKe HEIO-
CPEJICTBEHHO C AJIbBEHOBCKUMU PE30HAHCAMU CHJIOBBIX
JHuil (puc. 3) 4epe3 TPEXBOJHOBBIE XK€ B3aMMOJIEi-
crBus [6]. IIIMPOKOIOIOCHYIO KOTEPEHTHYIO CBA3L pe-
30HAHCOB B PA3HBIX O0JACTAX OCYIIECTBIIAIOT UMEHHO
HEJIMHEHHBIE TMCKPETHBIE KACKAIBI U HEJIMHEHHBIE Tap-
MOHHKH, YTO CYIIECTBEHHO OTJIUYAETCS OT IIPEJIbLILY-
X TOJIXO/I0B, YIUTHIBAIOIINX TOJIHKO JIMHEHHbIE B3au-
mozeiicrsus [9]. MHOrocIy THUKOBast MHOIOIIADAMETPHU-
JecKas JEMOHCTPAIS COBMECTHMOCTH IPEJICKA3AHMI
mozen YB ¢ sKcrepuMeHTaIbHBIMUA JAHHBIMU, SIBJIs-
€TCS OTHUM U3 OCHOBHBIX PE3YJIbTATOB HAIEH pabOTHI.
DTO MOATEEPKIAET BO3MOKHOCTH IPUMEHEHUST HAIIEH
MOJIE/TH K OIUCAHUIO CYIIECTBEHHBIX CBOMCTB YIAPHBIX
BOJIH.

ITo pesymbraTam KOPpENAIA JAHHBIX C BOCHMH
CIyTHUKOB ¥ 13 HazeMHbIX crannuii 27.03.2005 [8] B
48 % cay4aeB pe3oHaHCH BO3OYKIAIOTCA CHAYAJIA Y
MII, a moTroM pacCHpOCTPAHSIOTCS W K 3emie, U K
VB [5, 6, 8]. MII-pezonancol Bo30yKuaoT cundasHble
YB-pezonancel, Kotopbie, gedopmupyst ¥B, cozmaior
cuHbA3HO Ke MOLYIMPOBaHHbIE cTPyH (uim GoJiee ciia-
Oble durykTyalmuu JuHaMudeckoro jasienus). Crpyn
nebopvupyror MII u BHOBB BO3Oyx)kmator MII-peso-
HaHcbl. Tak, riobanbHas PE3OHAHCHBI KOHTYD («IeT-
as1» ) YB-MII 3ambikaercs. OH MOXKET BO3HUKATH M HA
VB (B 52% [8]). IToroM TpexBOJHOBBIE KACKAJIbI «HA-
KagKkuy» BO30YyKIai0T OoJiee BbicOKOUacToTHBIE MII-pe-
B0HAHCHI, U JIAJIBIIE BCE UJIET OMATH 0 KPYTY, KaK U B
cllydae IepBUYHOTO BO30Yy:KeHusi pe3onancos y MIL.
IIpu srom B nerie YB-MII ¢ obpaTHOit CBA3BIO B BU-
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Jie y3KUX HUMITyJIbCOB BeKTopa llolinTmHra, naynmx K
VB [5], BO3MOMXKEH U PEKUM aBTOTEHEPAINH PE30HAH-
COB B IpOMaJIHO# pacnpenenernoi cucreme Y B—MII 3a
CUeT SHEPIuu BHOBb U BHOBb Haberaromero moroka CB,
pasbuBaeMoro Ha crpyu (dJyKTyanuu JUHAMAYECKO-
ro jasJjienus) pezonancuo jgedpopmupyemoii YB. O Bos-
MOXXHOCTH aBTOTE€HEPAIMHA TOBOPUT HEOOBIYANHO BBICO-
kas Gukorepentaocts (70-90 % u Gomee |5, 8]) mexay
ciaabbivMu nMmirynbcamu, uayinmmMu ot MIT k VB u necy-
IIIMU OCHOBHYIO SHEPIUI0 JUHAMWYECKUM JIABJIEHUEM
paspytraemoro noroka CB. Ilpuuem uMItyibChbl BBICTY-
[ailoT B KadecTBe Hakadku obparHoii cBasu MII ¢ VB
(cMm. pue. 3 B [5], cp. co craboii HaKavkoil B Maszepe,
CHHXPOHUIYIONIEH TeHEPAIUIO MOIIHOIO PaJIUOU3ILY e~
uus). B nmanmasone gacror mccsiesyeMbix Pe30HAHCOB
(YB-MII-cusioBble unum ) GUKOrepeHTHOCTD Ha PUC. 2,
3 cocrasnsier 30-80 % u wacto npesbimaet 50 %. Cra-
[IMOHAPHOCTD OJTHOTO n3 Y B-pe3onancos Xoporo BuIHa,
Ha puc. 4 Ha gacrore okoso 0.1 mI'm B Teuenne 17 1a-
coB, koropbie ciiyrHuk DOUBLE STAR waxomuicst B
maruuTocdepe).

[Tonaraem, 9TO KOTE€pEHTHOE JIEHCTBHE pacIpe/ie-
JIEHHO# CHCTEMBI C PA3HBIMU COOCTBEHHBIMU JIMHEHHBI-
MM PE30HAHCAMU U MHOIOYMCJIEHHBIMUA HCTOYHUKAMU
UX HEPIUU JIOJIZKHO CYIIECTBEHHO IPEBOCXOJUTDH BO3-
JeliCTBUe JIOKAJN30BAHHBIX PE30HAHCOB CO CJIyYaiHOI
dasoit.

Kakum obpasom 6osee BoicokogactoTHbie MII-pe-
30HAHCHI BO30YKJIAIOT HU3KOYACTOTHBIE KOIM€PEHTHBIE
VB-pesonancer? Jlydime Bcero 9TO HILIIOCTPUPYET
puc. 3. [omyctuMm, dUepHasi TOPHU3OHTAJbHAS IIPs-
mas Boiaenaser MII-pesonancubiii kackay (910 He
uckiodeHo, puc. 1, [6]). Torxa Ha nepecedeHuu ee ¢
HAKJIOHHOI YepHON NPAMOU IPOUCXOIUT paclal BIOIb
3TOI HAKJIOHHOM JIMHWUM, TJe cyMMapHasa '3 = const =
0.7 mI'm F2 + F1. Ilpu stom dopmupyercs
HAKJIOHHBII «paCIaHbIA» KacCKa/, KOTODPbI Ha4u-
HAeTCd CBepXy Ha BTODOi (HeJMHEHHON) rapMOHHKE

TOPU3OHTAJIBHOTO KacKaja. JTOT PACIHAIHBIN KacKa
BHHU3Y JOXOJUT S0 TOPU3OHTAJIBHOIO PE30HAHCA HAKAY-
ku BOsm3u gacrorel 0.1 M (T.e. 31ech npoucxomuT
pacuag F3 = 0.7 = 0.1 4 0.6 mI'u). Yacrorer 0.1 mMI'n
6mm3ku K YDB-pesonaHCHBIM YacTOoTaM U3 TaOJIUIIBL.
B obmem cayuae pacuan ¢ coxpanenmem F'3 moxker
[IPOMCXOJUTD B JIOOBIX JUCKPETHLIX Toukax (F'1, F2).
IIpu sTom, ecam wactora F'2 coBmajmer ¢ Oojiee HU3-
KOYaCTOTHBIM PE30HAHCOM, TO 3TOT HU3KOYACTOTHBIN
PE30HAHC MOXKET HAPACTATh, COXpaHss (dazy.

5. BbIBOBI

Wrak, MBI IPeIJIOKUIN IPOCTYIO MOJIEDb YIaPHO
BOJIHBI U IIPOJIEMOHCTPUPOBAJIN PETUCTPAINIO €€ BBICO-
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Ko4JacTOTHBIX pe3oHancoB 0.02-0.3 mI'm o jaHHbBIM 115-
THU CIIyTHUKOB. DTH JAHHBIE COIVIACYIOTCS C HAIIEH MO-
JIe/TBIO: CIEKTPAJIbHDBIE U OUCIIEKTPAIbHBIE MAKCAMY MBI
B MOTOKE ¥ JUHAMUYECKOM JIABJICHUU TJa3MbI, B Mar-
HATHOM II0JI€, 8 TaKKe KPOCCKOPPEJISIIUU JTHHAMIIEC-
KOoro napjeHud u noroka O-- HaOJIONAIOTCA BOIA3K
MIPEICKa3aHHBIX MOJIE/TBI0 PE30HAHCHBIX YacTOT. Kak
yKe YIOMHUHAJIOCh, OCODEHHO MPEJ/ICTABUTEIEH B 3TOM
wrane puc. 4: Takol y3KW W JUIMTEJLHBIA DE30HAHC
B DHEPrOHECYIIEM JUHAMUYIECKOM JABJICHUN HAOJII0/1a-
eTcs Ha MpeJICKa3bIBaeMOoil MOJIe/ibio Y B-rapMoHuke, a
€ro PerucTpalys B TeYeHne BCero HaX0XK IeHUsI CITy THU-
ka DOUBLE STAR B MCJI/CB moxer cBUIETEIHCT-
BOBATH O TPAKTUIECKN TMOCTOSTHHOM CYIIECTBOBAHUU
3aMKHYTOrO KOHTYPa ([IeT/I1) B3aNMHOT0 BO30Y 2K ICHUS
pesonancoB Ha YB u MII (1, Bo3moxKHO, aBTOr€Hepa-
1K), DTO Mbl CYUTAEM OJ[HUM U3 BarKHBIX PE3YJILTATOB
Harmeit paboTHI.

OTMernM TakyKe 3HAYUTE/IbHOE BJIMSHHE HMEHHO
VB-pesonancos Ha ucredenne O+ u3 mMarauTocdepbl
B HOPIIOK (KOTOPOE MBI JEMOHCTPUPYEM Ha PHUC. H).

MBI BbIZe/IsIEM TaKXKe BO3MOXKHOCTH HEIOCPEI-
CTBEHHOT'O HPOHUKHOBeHusi ¥ B-pesonancoB mogx MII
(puc. 3) 6e3 yuacrua MII-pe3oHaHCcOB.

[ToBTOpsieM, 4TO BBISIBJIEHHOE HAMH COOTBETCTBUE
MOJIE/TA  KCIEPUMEHTY TOCT(PAKTYM IOJATBEPXKIACT
BO3MOKHOCTH MCIIOTH30BAHNE HAIIEH MOIEIN JIJIsT OTIH-
CaHWs YaCTH CYIECTBEHHBIX CBOMCTB Y B-pesoHancos
(cp. [6])-

IIpomemoncTpUpOBaHHBIE JOMUHUPYIONIAE HEJIU-
HEeHHbIE IIPOIECChl KACKAIHOTO B3aUMOJIEHCTBUS PE30-
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HAHCHBIX MOJ (& TaKyKe reHepalldyd HeJIMHEHHBIX rap-
MOHHUK) B Tpex 00JIacTsIX BHEIIHEH MarHuTocdepsl Mo~
TyT MPEJICTABJISITH BIIOJIHE ONPE/IEJICHHBIN HHTEPEC It
BCeil HeJIMHeHO! du3nKn.
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