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[IpoBeneH aHanu3 pe3yabTaTOB HAOMIONCHUIT HU3KOJIETSIIMX CITYTHUKOB, MEepeceKaloluX JTHEBHOM CceK-
TOP aBpOPaJILHOM 30HBI, M BHICOKOAITOTEHBIX CITYTHUKOB B 3KBATOPUATBLHOM TUIOCKOCTH MarHUTOCHEphI
C 1LIEJIBIO BBIAEICHUSI OCHOBHBIX IIPOLIECCOB, MPUBOASIIMX K (DOPMUPOBAHUIO JTHEBHBIX MOJSIPHBIX KACTIOB.
Hannbie cnytHuka DMSP F7 ncnionb3oBaHbI U1 aHAIM3a IIMPOTHBIX XapaKTEPUCTUK MOHHBIX BbICHITIA-
HUI1 B 06J1aCTH Kacna v U3y4eHUsI IIMPOTHOTO NMPpodUIIsi MOHHOTO AaBJIeHUS B KacIle B 3aBUCUMOCTH OT I1a-
pameTrpoB MMII. O6HapyKeHO CylIeCTBEeHHOE pa3indre B MACHTU(PUKAINY TPaHUII Kaclia, OCYIIeCTBIIS-
€MOIi aBTOMaTU3MPOBAHHOM CUCTEMOIT 00pabOTKU JaHHBIX U MPSIMBIM aHAJTU30M CITYyTHUKOBBIX Ha0JTIO/1E -
Huit. [Toka3zaHo, YTO MpK HEOOJBIITNX OTPULIATEIbHBIX 3HAYeHUSAX Bz-kKoMrnoHeHTH MMIT ((Bz) = —3.0 HTm)
XapaKTepHOM YepToii Kacna SIBJISIeTCS IIUPOTHbBII MpodIib MIOHHOTO AaBjieHus1 (Pi) mmpuHoi ~1° mupo-
THI C IByMsI MAKCUMyMaMH, OIVH M3 KOTOPBIX HAXOMMUTCS B 9KBATOPUAILHOM, a IPYroi B IIPUTIOJIIOCHOMN
yacTu Kacra. [1pu 60bIINX OTpULATENbHBIX 3HAYeHUSIX BZ (—6, —8 HTJ1) IpUIMOMIOCHBII MAKCUMYM B 111 -
pOTHOM Tipodmiie Pi Mcue3aeT, OCTaeTCs TONIbKO 9KBAaTOPUAIbHBINT MaKCUMYM, YPOBEHb Pi B MAKCUMyMe
yBEJIUYMBAETCs, a IIMPUHA Kacna ymeHbltaeTcs 1o ~0.7°. [Ipu Bz MMII > 0 HanGoJjiee XapaKTepHBIM SIB-
JisieTcst Tpoduib Pi ¢ MAKCUMYMOM MOHHOTO JABJICHUs B TIPUTIOJIIOCHOM YacTu Kacna. Kacm nipu Bz > 0
pacroJiaraetcsi B 60oJiee BBICOKMX IIUpoTax, yeM Ipu Bz < 0, ero cpenHue IUPOTHBIE pa3Mephl yBeIUUUBa -
1otcs 10 ~1.4° mmpotsl. B npennonynenHoM cekrope MLT HanbGoJiee xapaKTepHbIM IJIsI IEPUOAOB ¢ OOJIBLLION
oTpuIareabHoil By-kKoMmoHeHToit MMIT ((By) = —6.3 T, (Bz) = —1.7 HTn) siBsteTcsT Kacl IMUPUHOMN
~1.4° LIMPOTHI C MJIOCKOM BEPILIMHOM B IIMPOTHOM Iipoduiie Pi. CpaBHeHUEe HaOII0HaeMbIX HA HU3KUX BbI-
coTax pacripeae/ieHuil JaBJIeHUs] ¢ JAHHBIMU BbICOKOAITOTEMHBIX CITYTHUKOB TTOATBEPANIO BO3MOXHOCTh
ornvcaHus (GopMHUPOBAaHUS Kacla KaK JMaMarHUTHOM TMOJIOCTY U UCIOJb30BaHUS HAGIIOACHUI B KacIie
IIJIS1 OTIpeNeIeHUS] TaBIeHUs MIOHOB B MAarHUTOCIIOE.

DOI: 10.31857/S0016794023600448, EDN: PWQIHH

1. BBEAEHUE

IMonspHble Kacobl (II0 OMHOMY B KaXXIOM ITOJIY-
IIapuM1) BO3HUKAIOT B pe3yjibTaTe OOTeKaHUsI Ieo-
MarHUTHOTO IUMOJIS IJIa3MOM COJIHEUHOTO BeTpa U
WCKaXEHUI TUITOJILHOTO TTOJISI TeKYIIMMU B MarHu-
Tochepe Tokamu. Kaxkaplil MOJISpHBIA Kach Tpea-
CTaBJISIET COOOM MMaMarHMTHYIO BOPOHKOOOpPAa3HYIO
ctpykTypy [Pitout and Bogdanova, 2021]. Ilna3sma
MarHUTOCJOsI B OOJACTSIX KacloB NPOHUKAaET 10
MOHOC(EPHBIX BBICOT M PETUCTPUPYETCS HA HU3KO-
JIETSIIMX aBpOpPAJIbHBIX CITyTHHUKax. C pocTOM OuHa-

MUYECKOTO JaBJICHUSI COJTHEYHOTO BeTpa (Psw) yBe-
JIMYUBAOTCS TOJTOTHBIE Y ITMPOTHBIE pa3Mephl Kac-
Mna, a TakKe MOTOKHU 3HEPIrUU YacTHUIL MAarHUTOCIOS,
BBICHINAIOIIMECS B 00J1aCTU MOJISIpHOTO Kacra [ New-
ell and Meng, 1994; BopooneB u Aronkuna, 2022].

Ha BeIcOoTax moHocdepsl Kacll, Kak paBuJjIo, Ha-
G1I0JaeTCsI Ha UCTTPaBICHHBIX TeOMATHUTHBIX ITUPO-
Tax ot 74° no 78° CGL B 3aBUCHMMOCTHU, IJIaBHBIM
00pa3oM, OT yIjla HaKJIOHA T€OMarHUTHOTO JUIIOJIS,
OT YPOBHSI TEOMarHUTHOM aKTUBHOCTU U OT BEJIMYUH
Bz- 1 By-KOMIIOHEHT MEXIUIAaHETHOTO MarHUTHOTO

736



IIIUPOTHAS CTPYKTYPA BBICBITIAHUM

ot (MMII). KpynHoMaciiTaOHbIe XapaKTepuCTr-
KU Kacra ObLIU MOJYYEHBI ellle HECKOJIbKO AeCITUIIC-
TH TOMY Ha3a/ [0 HAOTIOAEHUSIM BhICHINAIOLIXCS Ya-
CTUII HAa HU3KOBBICOTHBIX CITyTHHUKAX C TMOJSPHOI
opouroit cepun DMSP. CortacHo cTaTUCTUYESCKUM
uccaegosanuaM [Newell and Meng, 1988; Newell
et al., 1989, 1991 u np.], Kaco Ha BEICOTaxX CITyTHUKOB
DMSP mnpencraBiseTr coboif 0671acTh ¢ pazMepaMu
~1° mo mmpote u ~2.5 ¥ MLT mo gonrore. Kacno
MIPUMEPHO CUMMETPUUYEH OTHOCHUTEIILHO CBOECH
LIEHTPaJIbHOM YacTU, KaK MpaBUJIO, PACIOJIOXEH-
HOi B  paifloHe TIIOJNyICHHOrO MepuIMaHa,
M CMeIIaeTcsd B CeBepHOM noJrymapuu Ha ~1 ¥ MLT
B NIPEANOJIYAeHHYIO (MOCJEMNOJYIeHHYIO) CTOPOHY
IIpU OTPULIATEIBHBIX (ITOJIOXKUTEIbLHBIX) 3HAYCHUSIX
By-xommnonentsl MMII. I1pu o4eHb BEICOKOM ypOB-
He TWHAMWYECKOIro NAaBJICHUSI COJITHEYHOTO BeTpa
(Psw ~ 20 ulla) mpuHa Kacrna MOXeT COCTaBISITh
2.0°-2.5° mmpotnl [Bopo6beB n AronkunHa, 2022],
a yxe ripu Psw ~ 6 ulla cpenHue TOJITOTHBIE pa3MepPhI
kacra ysenuuuBatotrcs 10 4.8 ¥ MLT [Newell and
Meng, 1994].

Kacno oyeHp nuHamMuuyeH, €ro XapakKTepUCTUKU
OBICTPO MEHSIIOTCSI BCJien 3a U3BMEHEHHeM TapaMeT-
pOB BHeIIHEeTo Bo3neiicTBus. HabmoneHus CIryTHU-
koB npoekta CLUSTER Ha cpemHux BhICOTax B Kac-
T1e YKa3bIBAalOT HA OYE€Hb OBICTPYIO peaKIMIo Kacra Ha
n3MeHeHus1 MMII: TedeHus1 B Kace HAYMHAKOT U3-
MEHSTBLCS VK€ B MHTEpBayie ~1—2 MWUH mocje n3Me-
HeHusi MMII [Pitout and Bogdanova, 2021]. Con-
HEYHBII1 BeTep 00JIamaeT BEICOKUM YPOBHEM TYypOy-
JIEHTHBIX (bIyKTyalinii CO CIOXHBIMU HEJIMHEIHBIMU
CcBI3IMU  (IIYyKTyUpylolmux IapaMeTpoB. IloaTtomy
BBIACICHNE BIIMSIHUS KaXKA0I0 M3 apaMeTpOB Ha Xa-
PaKTEePUCTUKY BBICHIIAHUI TTOJISIPHOTO KacIia sSIBJISI-
eTcsl KpaliHe CJIoXXHOI 3amadeii. HecMoTpst Ha MHO-
TOYMCJICHHBIE MCCIeAOBaHMSI, ONyOJMKOBAaHHBLIC B
nocjaenqHue 2—3 AECSITUICTUS, BIUSHUE OTIEIbLHBIX
napaMeTpoB ILIa3Mbl CoJIHEYHOro Betpa 1 MMII Ha
CTPYKTYPY BBICHIIAHMI ITOJISIPHOTO Kaclla 1 JTaXe MX
KPYITHOMACIITAOHBIE XapaKTEPUCTUKKU OCTAIOTCS 11O
KOHIIa HeucciegoBaHHbBIMU. Tak, B pabote [Wing
et al., 2001] Ha ocHOBe aHajIM3a HAOIIOAEHMIA CITyT-
HukoB DMSP 3a 1985—1995 rr. cinenaH BBIBOH, YTO
IIMPOTHHIE pa3Mephbl Kacla yBEJIMYMBAIOTCS C PO-
CTOM aOCOJIIOTHBIX 3HAYEHU I KaK Bz-, TaK U By-KOM-
noHeHT MMII. OnHako, ¢ OTHOI CTOPOHBI, 3HAUYU -
TeJAbHbIC IO BeJIWYMHE KOMIIOHEHTHI MMII uyacto
COIIPOBOXIAIOTCS OOIbIIMMU ypoBHSIMU Psw. C npy-
rOii CTOPOHBI, pa3dpoC JaHHBIX B 3TOM MCCJIEIOBa-
HMU HACTOJBKO BEJIUK, a KOG OULIMEHThI KOPPEs-
LIMM HACTOJILKO HU3KME, YTO MOXHO TOBOPUTH TOIBKO
0 HEKOTOPOI TeHASHIIUY K YBEIUYECHUIO IIMPOTHBIX
pa3MepoB Kacra. [loaydeHo, urto npu |Bzl u |By| <
< 5HTn mupoTHbIE pa3Mephbl Kacla COCTaBIISIOT
ToJibko ~0.5°—0.7° mMpOTHl M YBEIUMUYUBAIOTCI B
cpenHeM 10 ~1° nipu |Bz] wium |By| > 5 . B nporu-
BOBEC JTaHHOMY YTBEPXKISHMIO, aBTOPHI O030pHOI
pa6ortsl [Pitout and Bogdanova, 2021] yka3sIBaroT Ha
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TO, YTO HpH OOJBIIMX BEJIMYMHAX OTPUIATEIHLHOMN
Bz-xomnoneHTsl MMIT Kacn MOXeT ObITh OUYEHbB y3-
KuM 110 mmpore. Tak, B [Bogdanova et al., 2007] mpo-
aHAIM3UPOBAHBI PE3yJIbTAaThl PErucTpaldy Kacma
cnytHukamu CLUSTER. Tlpu skcTpeMaibHO 00JIb-
IIUX 3HAYEHUSIX IOKHOW KoMIoHeHThI MMII ObLn
3apeTUCTPUPOBAH KacH IIUPUHOM MeHee 1°, B TO
BpeMsl KaK IpU CPeaHe HOPMaIbHBIX YCIOBUSIX IIIH-
puHa kKacna Ha Bbicote cryTHUKOoB CLUSTER co-
craBisieT 6bosee 2°. Ormerum, yro MIJI-mMonenupo-
BaHMe, MpoBeJeHHOoe B [Siscoe et al., 2007], moka-
3BIBAET XOPOIIIEe COOTBETCTBUE C Pe3yIbTaTaMU 3TUX
HaOIIOIEHU.

Pabotsl mo MonenrpoBaHuio GOpPMUPOBAHUS Kaclia
OCHOBaHBbI, NIABHBIM 00pa3oM, Ha aHAJINU3€E PETYJISIp-
HBIX CPaBHUTEIBHO OBICTPBHIX TECYEHMN ILIa3Mbl U
JIBVXKEHUI TPYIIN YaCTULL B PETYISIPHBIX NOJisix. Mo-
JIeTMpyeTcsl TIPOHUKHOBEHUE YAaCTUILl MarHUTOCIOS
BHYTPb MarHutocgepbl M oOpa3oBaHUE B paiioHE
JTHEBHOM MarHUTOIIay3bl TAKUX CTPYKTYpP, KaK HU3-
KOLLIMPOTHBIA I'PaHUYHBINM CJIOI, Kacl 1 IJ1a3MEeHHas
MaHTus [Onsager et al., 1993; Wing et al., 1996; Wing
et al., 2001 u gp.]. Tak, HanmpumMep, B padote [Wing
et al., 2001] npeacraBieHa MoAeb BBICBIITAHUS 4Ya-
CTHUII HA OTKPBITHIX CIJIOBBIX JIMHUSX C MCIIOIb30Ba-
HUEM SMIIMPUYECKON MOAEIU JIEKTPUUECKOIO MO-
JIsI, TIOJTyYEHHOU CTaTUCTUYECKU Ha OCHOBE MHOTO-
JIETHUX pamapHbIX HaOJIOOeHMII Ha oOcepBaTOpHUU
Goose Bay. Ilpm HeOOMBIIMX 3HAYEHUSX FOKHOM
KoMmImoHeHTbI MMII 1 mpu HanWU4YUKU CUJIBHOI a3u-
MYyTaJIbHOII KOMIIOHEHTHI MOJIEJIb OIMChIBAJIA MOSIBIIC-
HUE IBOMHOIO Kacma. B mojgyneHHOM ceKTope omuH
KacIl pacriojarajcs B OoJjiee HU3KHUX, a OPYroi B
0oJiee BBICOKMX IIMpPOTaX. BEICOKOIIMPOTHEBIN KaCII
MOSIBJISITICSI B 00J1aCTH CMJIBHOI a3MMyTaIbHOM 1 Ha-
MPaBJIEHHOM K ITOJIIOCY KOHBEKIIMM, BCIEACTBUE KO-
TOPOM COYTHUK C ITOJISIPHOM OpOUTOI TOJKEH peru-
CTPUPOBATh MUCIIEPCUIO SHEPIUM BBICHITAIOIINXCS
YacTUll TI0 IMUpoTe. bojiee HU3KOIIMPOTHHIM Kach
pacriojlarajics B o0Oiactd ciaaboil a3uMYyTaIbHOM
KOHBEKIIMHU, ITO3TOMY paccMaTpHUBaJICs Kak Oe3muc-
nepcuoHHbI. B padote [Wing et al., 2001] mpeacras-
JIEHBl U OTHEeJIbHbIE MpoJieThl cOoyTHUKoB DMSP,
MOATBEPKAAIOIIME, C TOYKU 3PEHUST aBTOPOB, IIPEI-
ckazaHue Monenu. Ciydail peructpauuu JBOMHOTO
Kacna 1o HaomoaeHustM cnyTHUKoB CLUSTER 006-
cyxmaetcst v B pabote [Escoubet et al., 2008]. CraTn-
CTUYECKOe ucciegoBaHue MOpPGOJIOTUM Kaclia IIo
HaomogeHussM cnyTHukoB CLUSTER nposeneHo B
[Pitout et al., 2009]. Kak yka3bIBaloT aBTOpPbI ITOM
paboThl, u3 261 cirydast HaOIIOAEHUS Kacma 3a epu-
o 2001—2004 rT. TonbKO 12 MOXHO OTHECTH K pPErv-
CTpalluy JBOMHOIO Kaclia IIpyU OTHOCUTEIbHO CTa-
ounpbHOM MMII. B 10 u3 3TuxX COOBITUII ABOIHOI
Kaco HaOJmopajics HpHU CeBepHOI opueHTanuu Bz
MMII. Habmonerne IByX MCTOYHMKOB Kaclia, OJ-
HOTO Ha 60Jiee HU3KHUX, a IPYroro Ha 0oJjiee BBICOKUX
mupoTax, ormcaHo B [Fuselier et al., 2000] mo Ha-
omopeHusIM cniyTHuka Polar mpu ceBepaom MMIT n
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BBICOKOM YpOBHE IMHAMUYECKOTO HABJICHUS COJI-
HeyHoro Betpa (Psw). [Ipru3Haku AByX MaKCUMyMOB
B MOHHBIX BBICBHIITAHUSIX Kacna npu ceeepHoM MMII
M OOJILINNX 3HAYCHUIX Psw oOHapy:XeHHI 1 B [ Bopo-
obeB u ArogkmnHa, 2022] mo JaHHBIM CIOYTHUKOB
DMSP. Mexny tem, MIJI-MoneanpoBaHue Kacra
npu ceBepaoM MMII, mpoBenenHoe B [Esmaeili and
Kalaee, 2017], He moKa3bpIBaeT Y€TKO BBIPAXKEHHOIO
JIBOITHOTO MaKCMMyMa B MOHHOM ITONYJISIINU, a BO3-
MOXHOCTb OBICTPBIX WM3MEHEHMI JOKaIu3alun U
KpYITHOMACIITAaOHBIX XapaKTepUCTUK Kacra B YCJI0-
BUSIX PE3KUX U3MEHEHMI IapaMeTpPOB COJHEYHOIO
Berpan MMII genaeT BepOoSITHBIM ITPEANOJIOKEHIE O
BKJIaZie BpeMeHHOro a¢dekra.

JwvuHaMuKa pacrpeaeieHus BbIChINIaHUI Ha aBpo-
paJbHBIX IIMPOTAX, pErUCTpUpyeMast Ha HU3KOJIETSI -
IIMX CIyTHUKAX, IPU MOACIUPOBAHUM ONpEIeiasieT-
csl IMHAMUKOM MarHUTocGepHOro MarHMTHOTO TTOJIST
W pacrpeneaeHUEM KPYITHOMACIITAOHBIX 3JIEKTPHU-
YyeCcKMX IIoJieli (KapTUHOM MarHuTOC(epHOl KOH-
Bekumu). HabmrogaeMbie 3aKOHOMEPHOCTH OOBIYHO
ONMUCHIBAIOTCS C MIPUBJICYESHUEM MOJIEJICH 3aKPBITOM
U OTKPBITON MarHuTocdepbl M MNPEacTaBICHUEM O
JOMUHUPYIOIIEH poJau IIPOLECCOB “IepecoeauHe-
Husa” (cm., Harpumep, [Reiff et al., 1977; Sonnerup
et al., 1981] u MHOTOUYMCIIEHHBIE OOJIee TTO3MHUE pa-
0oT1hl). OgHaKoO, TaKue MPeACTaBICHNS CTAJIKUBAIOT -
CsI C ompeneaeHHBIMU TPYOHOCTSIMU B 00JIaCTSIX, TIe
CKOPOCTH ABMKEHUS I1a3Mbl MHOTO MEHBIIIE 3BYKO-
BOIi M aJIbBEHOBCKOU U BBITIOJHSIETCSI YCIOBUE Mar-
HUTOCTaTUYECKOTO paBHOBecHs [Antonova and Ste-
panova, 2021; Antonova et al., 2023]. Marauronaysa
U3Ha4vaJbHO ONpeAesisiach Kak TOKOBBIN CJIOH, T10-
IIepeK KOTOPOTO OCYIIECTBISCTCS OalaHC AaBICHUMA
IUIa3Mbl 1 MATHUTHOTO MOJISI MAarHUTOCJIOS M MarHu-
Tocepsnl. Takoli c10il HE MPOCTO BBIAEIUTHL B 00J1a-
CTH BHEIIHEI 4acTH Kaclia, TOe MarHUTHOE II0JIie
MaJIo ¥ MOCTOSIHHO HAOJII0AaeTCsI BLICOKMI YPOBEHb
TypOyJIeHTHBIX (piykTyarmii. OmHako, B padote [Panov
et al., 2008] ymamochk IMpOAEMOHCTPUPOBATH CYIIE-
CTBOBaHME B cpemHeM OajaHca NIaBJIIEHUI MEXIY
IUIa3MOM MarHUTOCJIOSI U Kacma, UCIIOJb3ysl JaHHbIe
Haomogennii npoekra CLUSTER. Takoii 0anaHc
O3HayaeT BO3MOXKHOCTh MCIIOJIb30BaTh PE3yJIbTaThl
YCPEMHEHHBIX 1O (BIYKTyalsiM U3MEPEHU HU3KO-
JIETSIINX CIIYTHMKOB, IepeceKalolnx 00JIacTh BHI-
CBIITAaHUIT KacIia, IS ONpeaeaeHUs MOJIHOIO IaBjie-
HUSI B MarHUTOCJIOE TIepel KacloM, TaK KakK B YCJIO-
BUSIX MarHUTOCTaTUYECKOTO PaBHOBECUs IaBJICHUE
MJ1a3Mbl IOCTOSTHHO BAOJb MAarHUTHOM CUJIOBOM JIM-
Huu. BeanuuHa naBieHus mia3Mbl B Kacre omnpese-
JISIET BEJIMYMHY AEIIPECCUU MAarHUTHOTO I10J1sI B 00J1a-
CTH KacIia, a, CJIeA0BaTeJIbHO, 1 MCKAXXEHUE MAarHUT-
Horo mnousi. OmHako, HECMOTPSI Ha TO, YTO aHaIU3
JIaBJICHWII Ha aBpOpaJIbHBIX CITyTHUKAaX M B 3KBaTO-
pUaIbHON TUIOCKOCTH ITO3BOJIMJ HNPOSICHUTH MPO-
6J1eMy MPOoELMPOBaHUSI aBpOPaJIbHOIO OBaJia Ha JK-
BaTOPHUAIBbHYIO TUNIOCKOCTh MarHUTOC(hephl METOIOM
MOP(}OITOrMIeCcKOro IMpPOoeMpPOBaHs [ AHTOHOBA U Ip.,

IT'’EOMATHETHU3M U ADPOHOMMUA

2014; Antonova et al., 2015, 2018], mccnemoBaHMUs
pacripeneieHus] JaBjaeHUs] IIPU TIepeceYyeHUU aBpoO-
paJbHBIMM CIYTHUKAMM O0OJIAaCTH KacHa TOJbKO Ha-
yannchk [BopoobeB m ap., 2020]. Bpumn moirydyeHbI
yCpemHeHHbIe 3HAUYCHMSI AaBJICHUS U ONIPeACICHBI MX
3aBUCUMOCTH OT JMHAMUYECKOTO JaBJICHMS COJTHEU-
Horo Betpa m Bz-xommoneHTel MMII. IlpoBenenue
TaKUX MCCJIECIOBAaHUM MOXET MOCIYXUTh OCHOBOM
JUISI CO3IaHUS aIbTepPHATUBHBIX Mozesieil hopMUpPO-
BaHUS KAacCIIOB, OCHOBAaHHBLIX Ha aHalu3e OajlaHca
nIapjieHnid. Takue uccnemoBaHus, TIPEXIe BCETo, Tpe-
OyIOT MPOBEPKU MOJYYEHHBLIX paHee 3KCIIEPUMEH-
TaJIbHBIX 3aKOHOMEPHOCTEM U aHaIMU3a paclipeaelie-
HUS JABJICHUS, TTOJIy9aeMOTO 10 JaHHBIM HU3KOJIe-
TSIIUX CIYTHUKOB B 00JIACTU BBICBIITAHUWIA KacIIa.

Llenpio HacTosIIelt pabOThI SIBJISIETCSI onpeaese-
HYie MOP(HOJIOTUYECKUX XapaKTEePUCTUK MOHHBIX BbI-
CbhllIaHUl B 00JIaCTU JTHEBHOIO MOJISIPHOTO Kacra u
WOHHOTO NaBJeHUsI B Kaclle, U3ydeHHe OCOOEHHO-
CcTeil IUPOTHOTO paclipeliesieHUsI TOTOKOB dHEPTUU
BBICHITAIOIIMXCSI MIOHOB U WX CBSI3U € Bz- 1 By-koMmo-
HeHTaMu MMII. Ocoboe BHUMaHKE B paboTe yaeJeHO
OIpPEAEIEHNIO IIIMPOTHOTO TMOJIOXKEHUSI 2KBaTOPHU-
QJILHOI U IIPUITOJIIOCHOM TPaHMII Kacrna U onpenesie-
HUO cocTosTHUS MMII B ieproabl UX perucTpalu.
PesynbraThl aHaiiuza pacnpeneiaeHusl JaBleHUs Ha
HU3KOBBICOTHBIX CITyTHMKAaX CPABHUBAIOTCS C yCpe/l-
HEHHbBIM paclipelieJIeHUEM JaBJIeHUs] B MAaTHUTOCIOe
BOJIM3U 9KBATOPUATLHON TJIOCKOCTH.

2. NCITOJIb3YEMBIE TAHHDBIE

B pabote ncnonp3oBaHb JaHHBIE cltyTHUKa DMSP
F7 3a monnbiii 1986 1. DTO GBI TOA CHOKOMHOTIO
CosHLIa B caMOM Hauajie 22 LUKJa COJHEYHOI ak-
TUBHOCTU. CIIyTHMK UMEJI ITIOYTH KPYTOBYIO MTOISIPHYIO
OpOUTY ¢ BBICOTOM ~835 KM M TIepro1oM oOpaleHUs
~101 muH. Kaxnyro ceKyHIy COyTHUK PErucCTpUpo-
BaJl CHEKTP BBICHINIAIOIIMXCS YaCTUI B AUAIla30HE
sHepruii ot 32 3B 1o 30 k3B B 19-u kaHanax, pacmnpe-
JIEJICHHBIX 110 DHEPTUSIM B JJorapuGMHUUYECKOI ITOCe-
JIoBaTeIbHOCTHU. 3a 1 CeKyHIy CITyTHUK IIepeMeIaeT-
CsI Ha pacCTOSTHUE ~7.5 KM, 9TO C YIETOM OTKIIOHECHUS
ero TpaekTOpUU OT T'€OMArHUTHOIO MEpHUIMaHa B
cpenHeM cootBetcTByeT ~0.05° CGL. Heobxomumo
OTMETHUTh, YTO OpOUTHI ciiyTHUKa F7 obecnmeunBanm
ONTUMAaJIbHbIE BO3MOXKHOCTY HAOIIOACHWI BhICHITIA-
HUI KacIia, 4To ObUIO, KaK IPaBUJIO, 3aTPYIHEHO IIPU
MOoCIeayIoel peann3anuu nporpamMmmbel DMSP.

Jns oroopa mponetoB cnyTHUKaA F7, mpu KoTophIx
OBLJI 3aperMCTPUPOBAH JHEBHOM ITOJISIPHBLIM KacIl,
HCIOJIb30BAIMCh JaHHbIC aBTOMATU3UPOBAHHOI C1-
creMbl 00pabdotku (ACQO), nmpuHLIUI pabOThl KOTO-
poii onryoiaukoBaH B [Newell et al., 1991]. IMTomoxe-
HUE 9KBAaTOPUAILHOM U IIPUIIOIIOCHOI TpaHUIL Kac-
na ObLIM B34AThI Kak u3 Tadiauu ACO, Tak U ObuIA
MOJy4YeHbl CAMMMHU aBTOpaMM W3 aHaIu3a OPUIM-
HaJIbHBIX TaHHBIX CIIyTHUKA. /[laHHBbIEe cryTHUKaA F7
u Tabmuiel ACO nipencraBieHbl Ha crpaHuiax (http://
Ne 6
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civspace.jhuapl.edu). McripaBieHHBIE TeOMarHUTHEIC
KoopauHaThl cnytHuka (@' u MLT) B mpoekuuu
BIIOJIb CUJIOBBIX IMHUI Ha BBICOTY 110 KM ompeneisi-
mmch mo momerm AACGM [Baker and Wing, 1989].
JlaHHbIe B IepuoIbl MAarHUTHBIX Oypb (Dst < —15 H 1)
He paccMaTpUBaIUCh.

HaBneHue, co3maBaeMoO€ IIOTOKAMM BBICHIIIAO-
IIIMXCS MOHOB, 3HAYUTEIbHO MPEBOCXOIUT JABJICHNE
3JIEKTPOHOB, KOTOPOE COCTaBIISIET MeHee 15% obiiie-
ro JaBJIeHUs TUIa3Mbl. MeToarKa oIpeaeieHUsI MOH-
HOTO JTaBJICHUS IO M3MEPEHUSIM cITyTHUKOB DMSP
onuta omyoOnaukoBaHa B [Wing and Newell, 1998].
B HacToseii pabotre MCIIOJIb30BaH MOIMGUIIPO-
BaHHBII BaApUAHT 3TOM METOOUKU, MPEIJIOKEHHbIN B
pabote [Stepanova et al., 2006]. JlaBjiieHue HMOHOB
pacCYUTHIBACTCI B IIPEANOJIOXEHUM MAaKCBEIIOB-
CKOTO pacHpeleJeHUsT YacTUll IO SHEePIusM, T.€. B
JTaHHOM MCCJIEIOBAaHMM HE YUUTHIBAJICS BKJIaJ SHEP-
TMYHBIX YaCTUI] B IIOJIHOE JaBJICHMUE, YTO HE BHOCUT
3HAYMUTEIbHBIX IONPABOK IPU PACCMOTPEHUHN CHEK-
TPOB YaCTUll, IIPOHUKAIOIINUX 13 MarHuTocaos [Kir-
pichev et al., 2017].

JaHHEBIE 0 ITapaMeTpax IUIa3Mbl COJTHEUHOTO BET-
pa 1 MMII 6wm B3aTel Ha moptaie OMNIWeb
(http://cdaweb.gsfc.nasa.gov/). Kak 66110 oTMe4eHO
BBIIIIE, XapaKTepUCTUKM IJIa3MBI B 00JIaCTM Kacma
HauyMHAIOT U3MEHSTHCS YK€ B TeueHue 1—2 MUH 1o-
CJle U3MEHEHUS YCJIOBUM BHEILIHEIO BO3AEHCTBUS.
Kacm oueHs n3aMeH4YUB, HO M JOCTATOYHO MHEPIINO-
HeH: nmpuMepHo 20 MUH TpeOyeTcsT OJIsi YCTaHOBIIE-
HYSI [IOJTHOT'O COOTBETCTBUS IIMPOTHOTO MOJIOXKEHMS
¥ pa3MepOB Kacla B OTKJINK Ha U3MEHEeHIE BHEIITHUX
ycaoBuit [Pitout and Bogdanova, 2021]. ITosromy
JUIST U3y4YyeHUs1 BIUSHUIT KoMmrmoHeHT MMII Ha xa-
PaKTepUCTUKU BEICHIITAHWI Mbl UCIIOJIB30BaJIN CPE/-
HUE 3HAYEHUSI MapaMeTPOB MEXIUIAHETHOMN CpeIbl,
HaOogaemMble 3a 20 MUH A0 Hayajla perucTpalyu
Kacrma cnyTHUKoM F7. B HalleMm mccienoBaHUU HeE
MOIJIM OBITh MCIIOJIb30BaHblI CPEAHEYACOBBIC 3HAUYEC-
Hust MMII, 4To CcylieCTBEHHO OTPa3MJIOCh Ha CTaTH-
CTHKE HCCIIeTyEeMbIX COOBITUI. Bo-T1epBhIX, 13-3a TO-
To, YTO cpeaHevacoBble 3HaUeHNUST KoMmoHeHT MMIT
YacTo KapJMHAaJbHO OTJIMYAIOTCS KaK IT0 BEJIMYUHE,
TaK W 110 HAIIpaBJIEHMIO OT TOIO, YTO HaOJI0HaeTCs
HEMOCPENCTBEHHO Mepen perucrpanueit kacna. Bo-
BTOPBIX, TP HaJU4YUM CpPEIHEYACOBBIX 3HAYEHUI
naHHble o MMII HemocpenCTBEHHO II€peld peru-
cTpaluMeil Kacna, 1o KpaiitHeit mepe, B 1986 r., gacto
OTCYTCTBYIOT.

Wcnonb3oBaHue s HUCCIEOOBaHUS 3HAYCHUIA
KoMIToHeHT MMII UCKIIIOUUTENBHO B TIEpUOM PEru-
CTpallMM Kacma, KOTOpBIM 1JIsg chnyTHukKa F7, kak
MpaBWJIO, COCTaBJIsIET 1—2 MUH, MOXET TaKxXe MpU-
BECTU K OIIMOOYHEIM BEIBOAAM M3-3a HEKOTOPOM
MHEPIIMOHHOCTU KacleHHBIX BhIchImanuii. Heo6xo-
JIUMO Takke IPUHUMATh BO BHMMAaHUE BBICOKMIA
YPOBEHb (PIYKTyalllii MAarHUTHOTO II0JISI U ITapaMeT-
POB MJa3MBbl IIOC/IE MPOXOXKIEHUS COTHEYHBIM BET-
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pOM ymapHOI BOJHBI (CM., HampuMmep, o630p [Ra-
khmanova et al., 2021]). IIpu 3ToM MarHuTHOE MoOJiEe
HEMOCPEACTBEHHO IIepel MAarHUTOIIay30il MOXKET
KapIMHAJILHO JaXe M0 3HAKY OTJIMYAThCS OT HarlpaB-
JICHWSI MAarHUTHOTO TI0JISI B COMTHEeUHOM BeTpe [[Tymm-
Hen v ap., 2012].

3. OTIPEJEJIEHUE G)UKBATOPI/IAJII)HOPI
N MMPUITOJTIOCHOUN IN'PAHUL KACITA

3.1. Anaaus danuwix cnymuuxka F7

Ilo comocraBiieHUI0 CIYTHUKOBBIX HaOIOneHU
Ha pa3nuuHbIX BeicoTax B [Newell and Meng, 1988]
MOJIyYeHbl TUIIMYHBIE XapaKTEePUCTUKMU YacCTUIl B
pPa3JIMYHBIX 00JIACTSX BbICHITIAHUI JHEBHOIO CEKTO-
pa U omnpeieseHbl KpUTEPUU, MO3BOJISIONIME 10 Ha-
OJIOJCHUSIM BBICBHITIAIONIMXCS YaCTULl HA HU3KOBbI-
COTHBIX CITYTHUKAaX UIEHTU(ULIMPOBATH BbICHITAHUS
B Kacre M B cocegHMX ¢ HUM obnactsax. B [Newell
et al., 1991] npencraBiieHa aBTOMaTU3UpPOBaHHAasI CU-
creMa o0paborku (ACQO) cryTHHMKOBOM MHMOpMa-
1IUU, OMpeAesiiolias CTPYKTypy aBPOPaIbHBIX Bbl-
CBITTAHUIA 110 TaHHBIM cITyTHUKOB cepuu DMSP. Oc-
HoBoM ACO sBJIsSIeTCS MCKYCCTBEHHAsI HEMpOHHAs
CETh C OJHUM CKPBITBIM CJIoeM, OOydyeHHas Ha psje
MMPUMEPOB, MO3BOJISIONINX CKOPPEKTUPOBAThH OO~
KU uaeHTuduKanuu. JJaHHble O CTPYKTYpE BBICHI-
MaHUKU B KaXJAOM TIpoJieTe MpPeACTaBIeHbl B BUJE
TabJM1, MOKA3bIBAIOIIMNX, CPEIU MPOYEro, UCIpaB-
JICHHbIE T€OMAarHUTHBbIE KOOPIMHATHI I'paHUIl pas-
JIMYHBIX TUTIOB BbIChIIaHWI. BhIChIaHUS TTOJSIPHO-
ro Kacrna UaeHTU(GULUPYIOTCS TIPU OMHOBPEMEHHOM
BBITIOJIHEHUU CJIeAYIOINUX, chOPMYJIUPOBAHHBIX B
[Newell and Meng, 1988], kpurepues:

— cpennsisa sHeprus: noHoB 300 3B < E£i < 3000 3B,
aneKTpoHOB Fe < 220 3B;

— noTOK 3Hepruu: uoHos Fi > 10'° 3B/cm? ¢ cp,
25eKTpoHOB Fe > 6 x 10 5B/cM? ¢ cp.

B nacrosmeit padore manabsie ACO mcIonb30Ba-
HBI 1711 0TOOpa mpoJieToB cityTHUKa F7, B KOTOpbIX
ObUIM UIOCHTU(MUIUPOBAHLL BBICHIIAHMS Kaclia.
Bcero 3a 1986 r. 66110 3aperucTpupoBaHo 798 Takux
MPOJIETOB, YTO cocTaBisieT 14% ot o6Iero umcia
IIPOJIETOB CIIyTHUKOB B JHEBHOM ceKTope. B Gonee
y3koM cexkTope 10:00—14:00 MLT 651510 06Hapy:KeHO
543 cnyyast peructpaluuu Kacma. M3 3Tux coObITHIA
OBLIM OTOOpPaHBI MPOJIETH CITYTHUKA C 3apeTUCTPU-
POBAHHOU KJIACCUYECKOM IOCJIEI0BATEIbHOCTHIO
obJiacTeii THEBHBIX BBICHITTAHUM C yBEJIMYESHUEM 111U -
POTHL: HU3KOIIUPOTHEIN rpaHUYHbIA ciaoil (LLBL)—
KacIi—MaHTHus. Perncrpanms cocemHnx K Kacmy 00-
JlacTeil sBAsIeTCS TapaHTUEM TOro, YTO CHYTHUK
rnepecekaj Kacll MOJHOCTBIO, OT €ro 3KBaTOpUaJlb-
HOI TpaHUIILI IO IIPUITOIIOoCcHON. PaccMaTpuBannch
TOJIBKO 00JIaCTH, KOTOPbIE PETUCTPUPOBATUCH CITYT-
HUKOM OoJiee 4 ¢ moyieTHoro BpeMeHu. Beero 3a romo-
BOI1 TIeprof, HabIoaeHII OBLIO 0OHapy:KeHo 142 11e-

2023



740

Fi, sB/cMm? c cp
1E + 011

1E + 010

1E + 009

Fe, sB/cMm? ¢ cp

IE+ 012,
1E + 011 [
1E + 010
1E + 009 ' ' '
7 ) _73 74
CGL, rpan

BOPOBBEB u np.
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0.3
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0 11 1 J
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Puc. 1. [Toroku aneprum (Fi, Fe) u cpenamne sHepruu (Ei, Ee) BBICHITAIOMINXCS MOHOB U 3JIEKTPOHOB B IMOJIyICHHOM CEKTOpE,
3aperucTpupoBaHHbie criyTHUKOM F7 28 utons 1986 r. B unTepBaiie 01:29—01:31 UT. F'opu3oHTaIbHbIC IITPUXOBbIC TMHUN —
YPOBEHb KPUTEPUEB VISl ONpeeieHNs] Kacra; BEpTUKaJIbHbIC LITPUXOBbIC TMHUY — IPAHULIbI KacTa.

pecedeHusl Kacra, Uil KOTOPbIX ObUIM B HaJlWYUU
JIAaHHbIE TI0 MJIa3Me CoJIHeuHoro BeTpa 1 MMII.

Tak Kak OmHOM M3 OCHOBHBIX lieJieii HacTosIIei
paboTHI SIBsIETCA M3YyYeHUE IUPOTHBIX XapaKTepu-
CTMK WOHHBIX BBICHITAHWM B 0O0JacTW Kacrma, st
OOJILIIMHCTBA OTOOpPaHHBIX IIPOJIETOB ITPOBOIMIICS
aHaJIu3 OPUTUHAJIBHBIX JaHHBIX CMyTHUKA F7, B TOM
YUCJIe U oTIpelieJIeHUe IITUPOThI €r0 9KBAaTOPUATbHOM
U TIPUTIONIIOCHOM rpaHull. s onipenesieHus TpaHull
Kacria UCIOJb30BAJIUCH T€ XK€ caMble KPUTEPUU, UYTO
U TPU aBTOMaTU3MPOBAHHOIN 0O0pabOTKe HaHHBIX.
Okazajnoch, YTO B OOJIBLIMHCTBE ClydyaeB IIUPOTHOE
MOJI0XEeHWEe IpaHull Kacria, MoJiydeHHOE B Pe3yjIbTa-
T€ TAKOro aHAJIM3a, HE COBIANAET C TaHHBIMU, OMy0-
JukoBaHHBIMU 0 ACO. OauH U3 TaKuX MPUMEPOB
WUTIOCTpUpYeT puc. 1, Ha KOTOPOM MOKa3aHbl Xapak-
TEPUCTUKU BbICHIMAIOIIMXCS YACTULL B THEBHOM CEK-
Tope 28 uioHg 1986 I. OKpyrJIeHHO B WHTepBaje
01:29—01:31 UT. IlonsgpHBIA Kac B 3TOM ITPOJIETE
ObLT 3apEerMCTPUPOBAH B I0XKHOM MOJIYLIAPpUU TIPU-
mepHoO B 01:30 UT nma gonrore ~11.9 MLT. Ha puc. la
MOKa3aHbl MOTOKU BBICBINIAIOIIMXCS MOHOB U 3JIEK-
tpoHoB (Fi, Fe) B enunuuax aB/cM? ¢ cp, a Ha puc. 16
ux cpeaHue sHepruu (Ei, Ee, kaB). Touku Ha rpadu-
KaX COOTBETCTBYIOT 3HAQUYEHUIO MapaMeTpoOB, U3Me-
PEHHBIX cMYTHUKOM. [1o ropu3oHTabHOM OCHU OTJIO-
KeHa ucrnpasjieHHas reomaruutHas mupota (CGL).
I'paHunbl Kacrma omnmpeaessiiuch B COOTBETCTBUU C
MpeAcTaBIeHHBIMU BbIIlIE KPUTEPUSIMHU, YPOBEHD KO-
TODPBIX JJ1s1 BCEX KaTeTopuii mapaMeTpoB MOKa3aH ro-
PU3OHTAIBHBIMU IITPUXOBBIMU JIMHUSIMU, a TPAHU-

IT'’EOMATHETHU3M U ADPOHOMMUA

IIbl Kacra ykKa3aHbl BEPTUKAJIbHBIMM IITPUXOBBIMU
JIMHUSIMU. DKBAaTOPUAJIbHYIO TPAHUILY Kaclla B 3TOM
MPOJIETE OIIPEAcsIeT CPEeOHsISI DHEPIUs NOHHBIX BBI-
coiranuit (Ei), a TIPUITOJIOCHYIO — MOTOK 3HEPruu
3JIEKTPOHHBIX BhIChITaHuii (Fe). I1pu 3ToM, Kak U B
ACO, rrocnenoBaTeIbHOCTb MACHTU(UKAIINIA “Kacir” —
“kacn”—“He Kacim”’—“Kacin’”—“KacIi’” onpeneisiiach
KaK KacIl.

Ha puc. 2a moka3zaHo mIMpoTHOE pacrpeaeicHue
IMOTOKAa DHEPTUM BBICHIMAIOIINXCS UOHOB, HO yXKe B
eIMHULAX 5pr/cM? ¢. BepTUKaIbHBIMY IITPUXOBLIMU
JIMHUSIMY MTOKa3aHbl 'PaHUIIbI KacTia, OlpeneIeHHbIe
Ha puc. | U3 aHanu3a NaHHBIX CIIyTHUKA, a CILJIOLI-
HBIMU BEPTUKAJIbHBIMU JIUHUSIMUA — TPAHMLIBI KacIla,
onpeaesieHHble ACO. OueBUIHO CYIIECTBEHHOE, MPU-
mepHo B 0.3° CGL, pacxoxneHue B MOJI0XKEHUHU Irpa-
Hull. [Tpu aToM B nanHoM nipoJiete F7 mupuHa kacna
(AD'"), ompenesieHHasi MO pa3HUIIE LIUPOT €ro Mpu-
MOJIOCHON U 3KBAaTOPUAILHOI I'paHUll, HA puc. 1 1
o Tabauam ACO nmpuMepHo coBnamaetr. OqHako, B
JIPYTUX MpoJieTax CIyTHUKA 32 HECOBIIaJeHUEM B MO-
JIOKEHUU TPaHUIL CIEIYIOT U PACXOXIEHUS B LIIMPOT-
HBIX pa3Mepax Kacna. M3 142 mposieToB, 0TOOpaHHBIX
o naHHbIM ACO B pexXrMe “pyqHOro” aHaau3a CITyT-
HUKOBBIX JaHHBIX, OBUTO paccMOoTpeHOo 106 IIposIeToB.

BeposiTHOoCTh HaOMIONEHUST Kaclia pa3IudyHOUN
IIAPOTHOM IIPOTSKEHHOCTU WJUIIOCTPUPYET puc. 3.
Ha pwnc. 3a moka3aHo pacripeneseHue, IMoJIydeHHOe
no naHHbeIM ACO, ob1ee yuciao coobitTuiit N = 142.
ITo ropu3oHTaIbHOI OCH OTJIOXKEHA IIMPUHA KacIa B
rpajgycax MCHOpaBJIEHHOW TI€OMarHWTHOM ILUPOTHI.
Ne 6
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Puc. 2. IllupoTHOe pacrnpeaeacHue NOTOKa SHEPTUY BbICHINAIOIINXCSI MIOHOB (@) 1 MIOHHOTO NaBjieHus (6) B ITHEBHOM CEKTOpPE
28 nitoHst 1986 r. B unTepBasie 01:29—01:31 UT. BepTukaiabHble IITPUXOBBIE TMHUUA — IPAHULIBI KacIla, ONpeie/ieHHbIe U3 aHa-
JIN3a MTaHHBIX CITyTHUKA; CIIOIITHbIC BEPTUKAJIbHBIE JIMHUW — IPaHUIIBI Kaca, onpenesieHHbie ACO.
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Puc. 3. HabmoneHust Kacra pa3TMIHOM IMUPOTHOM MPOTKEHHOCTH: (@) — pacrpeneieHre, moydeHHoe Mo naHHbIM ACO,
(6) — pacripeneneHune, OJIy4EeHHOE B pe3yJIbTaTe MPSIMOTO aHaIN3a CITyTHUKOBBIX HaOmoneHniA. [10 TOpU30HTaIBHOM OCH — IIIH-
puHa Kacria B rpagycax CGL. I[To BepTUKaJIbHOM OCY — HOPMHUPOBAHHOE K MAKCUMYMY YMCJIO PETUCTPALIMii Kacra B KaskIOM I1a-

na3zoHe A®' 1o 0.1°.

ITo BepTHKANIBLHOI OCU — HOPMUPOBAHHOE K MAaKCH-
MYMY YHCJIO peTUCTpalUii Kacra B KaKJIOM JI1aras3o-

He AD' 1o 0.1°. Cpennss mupuHa Kacrna A®, = 0.6°,

MenuaHHas mupuHa Kacrna A®, = 0.5°. Ha puc. 36
MpeNCTaBIeHO aHAJIOTUYHOE pachpeaeecHe, HO Mo-
JIy4EHHOE B pPe3y/IbTaTe HEMOCPEACTBEHHOTO TeTalb-
HOTO aHajiu3a CIYTHUKOBBIX HabIoneHui. st 3To-
ro pacnpenenienust (N = 106) cpenHsist IIMpUHA Kac-

na A®, = 1.0°, a mequannas — A®,, = 0.9°. Takoe
CYILLIECTBEHHOE pa3/In4yue B IIMPUHE Kaclia, COCTaB-
Jgsnontee ~0.3° LKUPOTHI, 00YCIOBIEHO pa3jindyueM B
UACHTU(PUKALIMM TPaHUIL Kaclla, OCyIIeCTBISIeMO
ACO u mpsIMBIM aHaJIM30M CITYTHUKOBBIX HaOJII0e -
Huii. Kak noka3eiBaet puc. 36, AD' MoxeT T1OCTU-
ratb ~3.0° WIKUPOTHI, HO KACIT MOXET OBITb 1 OYEHbB
y3kum ~0.2°.
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3.2. [lonoorcenue u wiupuHa Kacna 8 3a8Ucumocmu
om Bz- u By-komnonenm MMII

B manpHeMIIMX HCcaemoBaHUSIX Mbl OydeM HC-
MOJIb30BaTh JaHHbIE O TIOJIOXKEHWM TpaHUIL Kaclia,
MOJy4YeHHbIE B pe3yjbTaTe MPsIMOro aHaau3a CHyT-
HHMKOBBIX HaOmoaeHuii. B kauecTBe TecTa Ha puc. 4a
KCCJIeIOBaHa 3aBUCUMOCTD IIIMPOTHOIO TTOJIOXEHUS
SKBaTOPHUAILHOM I'PaHUIILI KAacIia OT BZ KOMIIOHEHTHI
MMII. Xopomio u3BectHo [Wing et al., 2001; Pitout
and Bogdanova, 2021 u cChIIKM B HHUX|, 4TO NpU
1oXHOU opueHTaumu MMII skBaTopuanbHas rpa-

HULIa Kacria (CDéq) cMellaeTcsl K 3KBaTOpy C YMEHb-
IeHueM Bz-KoMITOHeHTHI. I1pu ceBepHOIT opueHTa-
oy MMII nonoxeHWe 3KBaTOPUATIbHON TpaHUILIbI
Kacrma He 3aBUCHUT WX cJIa00 3aBUCUT OT BEJIUYUHBI
MOJIOXKUTENbHOI Bz. CIUlOIIHbIE JUHUM Ha puc. 4a
COOTBETCTBYIOT YpaBHEHUSIM JIMHEIHON perpeccuu
otaensHo Wi Bz < 0 u Bz > 0. YpaBHEHUA perpeccun
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BOPOBBEB u np.
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Puc. 4. lllupota 3KBaTOpUaIbHON IPaHULIbI Kacla B 3aBUCUMOCTH OT Bz-kommnoHeHTsl MMII (@); 3aBUCUMOCTH IIMPOTHBIX
pa3Mmepos Kacma oT Bz (6) u By (¢) komnoneHT MMII. CrutoliHble TUHUM COOTBETCTBYIOT YPABHEHUSIM JIMHEHOM pEerpeccuu.

UMEIOT BUI; d);q = 779 + 0.73Bz (ko3¢ PpunreHT

koppesituu r; = 0.70) u (D;q =77.8 + 0.01 Bz (ko3h-
duumeHT Koppensiuuu r, = 0.22) mist Bz<0u Bz >0

COOTBETCTBEHHO. XapaKTep MOBEICHUS (I)éq =®'(By)
MOJ00CH MOJYYEHHOMY IPYTUMM UCCIACAOBATEISIMU.
YpaBHEHUSI perpecCMy HaIydIIIM 00pa3oM COOT-
BeTCTBYIOT maHHBIM [Wing et al., 2001], ogHaKo, Ko-
3¢ dULIMEeHT KOppeasLuy I Hallero Habopa JaH-
HBIX cylllecTBeHHO BhIle, yeM 0.54 n 0.04 ipu Bz < 0
u Bz > 0 coorBercTBeHHO B [Wing et al., 2001].

Ha puc. 46 u 46 moka3zaHbl 3aBUCUMOCTH IIIUPOT-
HBIX pa3MepoB Kacrma ot Bz- u By-koMmrmoHeHT MMIT.
CrmiolrHele JUHAM HA PUCYHKAX COOTBETCTBYIOT
ypaBHEHUSIM JIMHEIHOM perpeccuu ¢ KoadduimeH-
Tamu Koppensuuu + = 0.47 u r = 0.25 nna Bz- u
By-xommmonent MMII cooTtBercTBeHHO. Pazopoc
3HayeHui1 AD' Ha rpadrKax 3HAYUTEIbHbBINA, YTO MO-
KET ONpeIe/IsAThCS BIUSHIEM Ha IIMPUHY Kaclia Ipy-
rmx KoMImoHeHT MMII u Takmx mapamMeTpoB, Kak
Psw, yron HakjioHa TeOMarHuTHOro aumnojsi, MLT
perucTpauuu Kacia u ap. Tem He MeHee, puc. 46 Ha-
JIeXKHO YKa3bIBaeT Ha CeaylolIue aBa (hakTopa: BO-
MEPBBIX, B CPEAHEM Kacl 3HAYMTEJIbHO IIMpE IIpU
Bz > 0, yuem nipu Bz < 0, BO-BTOpHIX, B cpeagHeM AD'
YMEHBIIIAeTCsI C yMeHbIIIeHueM Bz.

Puc. 46 moxkaszbiBaecT AD' B 3aBUCUMOCTU OT
By-xomnonenTst MMII. Pa3zopoc Touek Ha rpapurke
OTHOCUTENILHO YpaBHEHUS IUHEMHOI perpeccum co-
craBisieT ~1° u 6ojiee. HecMoTpst Ha HU3KUIT KO3(h-
GUIIMEeHT KOppesSIiU, MOXHO OTMETUTH HEOOJbIIIOE,
HO cHcTeMaTh4ecKoe yMeHblleHne AD' ¢ yBenude-
HueM By. Takoe noBeneHne A®' MoXKeT OBITH CBSI3a-
HO C pa3jMyHOM IIMPUHOMN Kacma B 3aBUCUMOCTU
or MLT ero perucrtpauuu. B padore [BopodreB u
Aronkmua, 2022] paccMOTpeHO COOBITHE, KOTIa
npu By < 0 Kacmn 3HaAYUTEJIbHO IIUPE B MPEANOTy-
JIEHHOM CEeKTOpe, 4eM B mociernoiiynieHHoM. Cpen-
HsIsl OOATroTa MEepeceuyeHusl CIIyTHUMKOM OO0JacTu
JTHEBHBIX BBICBIITAHWII IO BCEMY MaCCUBY JaHHBIX,
HUCIIOJIb30BaHHEIX Ha puc. 4, cocrapmsier 11.3 MLT.
JlaHHBIC, MpenCcTaBJICHHBIC Ha pUC. 46, TAIOT OCHOBA-
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HUeE T10J1araTh, YTO B MPEAIIONyACHHBIC Yachl B Cpe/l-
HeM IIMpUHA Kacla HeCKOJIbKO 0oJbiie rmpu By < 0,
yeM 11pu By > 0. Bo3MOXKXHOI IpUYMHO MOXET OBITh
CIIBUT KacIia Iipu By > 0 B TTocienoyaIcHHYIO CTOPOHY.

4. H_H/IPOTHI)IIZI MMPO®UJIb MOHHBIX
BBICBIITAHUUN B OBJIACTHU KACIIA

PesynbraThl aHaiiM3a CTPYKTYpbl MOHHBIX BBICHI-
MaHU B OKOJIOTIOJNYIE€HHOM CEKTOpE, OCOOEHHO B
00JIaCTU BBICHINIAHUU TIOJISIPHOTO Kacmna, MOTYT, CO-
miacHo [Pitout and Bogdanova, 2021], B 3HaUnTeIb-
HOIi CTEIIEHU OITPEAECISIThCS BEJIUUYMHOM U HAITpaBJie-
HUEM MarHUTOC(HEepHOIl KOHBEKIIMU, 3aBUCSIIENA OT
Bz-u By-xomnioneHT MMII. Ilpu stom Bz-Kommo-
HeHta MMII OyneTr omnpenensiTh MEPUINOHAIBHYIO
KOMITOHEHTY KOHBEKIIUHM MJ1a3Mbl B MarHutTochepe u
nonocdepe, a By MMII — 30HaIbHYI0 KOMIIOHEHTY
KOHBeKIIMU. OQHAKO, TaKue MpOCThbie TpeacTaBie-
HUSI HE YYUTHIBAIOT BCIO CIIOXKHYIO KAPTUHY 2JI€KTPU-
YeCKUX ToJiei Ha mupoTax Kacna. CTpyKTypa KpyIi-
HOMACIITAaOHBIX BUXpPEH 2JIEKTPUUECKOTO IMOJIsI Ha
MOHOC(HEPHBIX BBICOTAX CO3AETCS B IIPOLIECCE 3aMBbl-
KaHUs B MOHOChepe KpyITHOMACIITAOHbBIX MPOI0JIb-
HBIX TOKOB U OIpPENeisieTcs], B OCHOBHOM, KaK BeJIU-
YYHAMM KPYITHOMACIITAOHBIX TPAAWEHTOB JaBJICHUS,
TaK U MIOHOC(hepHOU MpoBOAMMOCTbIO. CJI0XXKHas CU-
cTeMa MpOoMOJIbHBIX TOKOB B MOJISIPHBIX Kacrax (4ya-
CTO Ha3bIBaeMasi ToKaMu 30HbI ) MJIM TOKaMU B Kac-
€) CYIIECTBEHHO MCKaXaeT KapTUHY TeUeHUId BHYTpHU
Kacma. IToaToMy penko ymaeTcs HaOJIoIaTh JOCTa-
TOYHO YETKYI0 KapTuHy. TeM He MeHee, B paboTte
[Tsyganenko and Andreeva, 2018] mpoBeaeHO ycHe-
HO€ MOJIEJIMPOBAHUE MCKAXEHUSI MArHUTHOTO TOJIS
B Kaclle JMaMarHUTHBIMUA TOKaMH, YYUTBIBAloOIlee
npoHuKHOBeHUe By-KommnoHeHThl MMII B 061acTh
Kacra.

4. 1. lHllupomnuwie npoghusu uonnozo dasaenus
6 kacne npu Bz MMII < 0

KonBexkuust B Kace HauMHAET MEHSTHCS depes
1—2 MUH TTOCJIe U3MEHEHUWM YCIIOBMIA BHEIITHETO BO3-
Ne 6
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IEeHACTBUS. YUUTHIBAS 3TO OOCTOSITEILCTBO, IJI U3y~
YeHMsI CTPYKTYPhI MIOHHBIX BBICHITTIAHUIT B KacIie B 3a-
BUCUMOCTHA OT KOMIOHEeHT MMII 6butn oTOOpaHbI
TOJIBKO T€ COOBITHSI, IIPU KOTOPBIX COOTBETCTBYIOIIAS
koMmimoHeHTa MMII Obula OTHOCUTENIBHO CTaOWJIb-
Hoii. CtabunbHOCTh KoMIOoHeHT MMII omnpenensi-
JIach CEOYIONIUMM YCIIOBUSIMU: B TeueHue 20 MuH
MHTEpBaJIa 10 Havaja perucTpanuy KaclleHHbIX Bbl-
ChIIIaHUI BeJIWYMHA MCKOMOM KoMmoHeHThl MMII
Mo abCOMIOTHOMY 3HadeHMIo TpeBbitana 1.0 aTn n
KOMITOHEHTAa He MEeHsLJIa 3HaK B 9TOM BpEMEHHOM MH-
TepBaje. Takue 1o0CTaTOYHO XEeCTKME YCIIOBUS CyIIIe-
CTBEHHO COKpPAaTWJIM CTAaTUCTUYECKUII HAOOp COOBI-
tuii. Tak, mpu oTprLIaTEILHOM ITOASIPHOCTU BZ-KOM-
nmoHeHTsl MMII 6bUIO0 oTOOpaHO TOJILKO 33 ciayvast
perucTpauuu kKacma. Bo Bcex 3TUX COOBITUSIX OBLIN
MpoaHaIU3UPOBaHbl IUPOTHBIE MPOMUIN ITOTOKA
9HEPrUU MOHHBIX BhIChITaHWii. B 17 iponerax criyT-
anKa F7 6p110 00Hapy:keHo 1Ba MakcuMmyMa Fi, omnH
B 9KBAaTOPUAJILHOM, a APYrofi B IPUIIOJIIOCHOM yYa-
CTgX Kacra, U B 16 nmposerax nmpodunb Fi UMeNT OTUH
YeTKO BBIpAXK€HHBIII MAaKCMMyM B 3KBaTOPUAILHON
yacTu Kacna. Kacmel ¢ 1ByMss MaKCMMyMaMM B 11K~
poTHOM nipoduite Fi 6yneM UMEeHOBATh KakK “IBa max
Kacir” B OTJIMYME OT TEPMHUHA “IBOIHOI KacIi”’, KO-
TOPBI MOoApa3yMeBaeT HAJIMUME ABYX HE3aBUCUMBIX
WCTOYHUKOB YaCTHII.

OnuH 13 NpuMepoB “IBa max Kacra” ObLI Ipe-
CTaBJIEH BblllIe HA puc. 2a. B nanbHeliieM Mbl Oynem
paccMaTrpuMBaTh He LIMPOTHBIE podwin Fi, a mpo-
¢dunu noHHOTO nasiaeHus (Pi) B Kacre, Kak 3TO IToKa-
3aHO Ha puc. 26. 11 ucronb3oBanus Pi ecTb ciemy-
fo111e pe30Hbl. Bo-TiepBbIX, B CBSI3U C TEM, UYTO DHEP-
IrMsl MOHOB IO BCEH IMIMPUHE Kaclia MEHSIEeTCs
HEe3HAUYUTEJIbHO, INUPOTHBIE TTpoduau Fi u Pi oueHb
noxoxu. Bo-BTophwiX, cpenHuii ypoBeHb Pi B Kacme
3HAYUTEIBHO OOJBIIE, YEM B COCETHUX C HUM O0JIa-
CcTsx BoichinaHUi LLBL v manTuu [Bopobses u ap.,
2020], ToaTOMY Kac IBiseTcs HanboJiee IpKoit uep-
Toit Ha mpoduie Pi. B-TpeTbux, ¢ UCIIOJIb30BaHUEM
Pi niosiBisieTCsT BO3MOXKXHOCTh COTIOCTaBJICHUSI MOH-
HOTO JIaBJIEHMS B Kaclie ¢ AMHAMUYECKUM JIaBJIeHUEM
COJIHEYHOTO BeTpa M JaBJIECHMEM B MarHUTOCJOE,
BO3HMKAIOIIEM TpU OajlaHce AaBJIEHUI I HA MAarHUTO-
nayse.

Ha puc. 26 rpaHulibl Kaca B 3TOM MPOJIETe CITyT-
HMKAa MOKa3aHbl BEPTUKAIbHBIMU IIITPUXOBBIMU JIU-
HusimMu. CpeaHue apaMeTpbl MEXILIAaHETHOM Ccpebl
JIJIST 3TOTO COOBITHS B 20 MUH MHTEPBaJIe Iepel peru-
crpanueit kacna: (Bz) = —3.9 vTm, (By) = —2.6 H1u,
(Psw) = 3.0 HPa. Eciu BepHYThCS ellle paHbIlle K
puc. 16, To MOXKHO BUAETD, YTO B 00JIACTU 9KBATOPHU-
aJIbHOM IpaHMIIbI Kaclia B MHTEpBaJie IMpoT ~71.8°—
72.5° CGL sHeprusi BbICHINAIONUIMXCS NIOHOB YMEHb-
IIaeTcsl ¢ yBeJMYeHWeM ILIUPOThl. TouHee cKasaThb,
pe3KO MajaeT Npu nepexoie u3 00JacTu BbICOKOIIM -
POTHOTO KOJIBLIEBOI'O TOKA, B COOTBETCTBUU C [An-
tonova et al., 2018], B obmacth Kacna. MameHeHue
SHEPTUH 3JIEKTPOHOB Ha pUC. 16 TaK:Ke COOTBETCTBY -
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eT TaKo¥ MHTeprnpeTani. B o61acTtr 60j1ee BLICOKO-
IIMPOTHOTO, MPUIIOJIOCHOTO MaKCUMyMa BeJIMUMHA
Ei ocraetrcs nmocrostHHOU. Habmomaemoe B 3KBaToO-
pyaIbHOM YacTHW Kaclla yMeHbIIeHue Fi ¢ yBenmde-
HHUEM IIHPOTHI XapaKTEepHO IJIsI TEPUOIO0B IOXHOMN
opueHTauuu MMII u aHTHUCOJTHEYHON KOHBEKLIUU
T71a3MbI B OKOJIOTIOJIYASHHOM CEKTOpE.

Ha puc. 5a moka3zaH mmpoTHBIN ITpodUIb MOHHO-
ro JaBJICHUS, TTOJyYEHHBI ycpenHeHueM 12 coObl-
TU perucTpanuu “mBa max Kacma”. IIpodwiab moiry-
YEeH METO/IOM HaJIOXEHUS 30X OTHOCUTENBHO Cpe-
HETO MOJIOXKEHUS TIPUITOTIOCHON U 9KBATOPUATIbHOM
rpaHull Kacmna. Peructpauuu Kacma coyTHUKoMm F7
OCYIIECTBIISUIMCH B TIPEOITONYyAeHHOM ceKkTope (MLT) =
= 11.1. B cpenHeM mMpurHa “aBa max Kacll” COCTaBHU-
Jia ~1.0° mWuUpoTHl MpU cpenHeM 3HAaYeHUU BEpTU-
KaJibHOM KoMmImoHeHThI MMII (Bz) = —3.0 HTxa. Be-
JuuuHbl Bz- 1 By-xommoneHT MMII B paccmatpu-
BaeMbIX COOBITUSIX ObLTU MPUMEPHO PaBHbI, CPEAHSS
BeanunHa By MMII mo aGconoTHOMY 3HAYeHUIO
{By|) = —2.8 HTu. JIuHaMUYECKOE JaBJIECHHUE COTHEY -
HOTO BeTpa IMIPUMEPHO COOTBETCTBOBAJIO CBOEMY CPE/I-
HEMY HEBO3MYIIEHHOMY ypoBHIO (Psw) =2.8 ulla.
B mmuporHoMm npodune Pi aKBaTopualbHbIA MakK-
CUMYM MOHHOTO naBjeHusi coctapisetr ~1.4 HIla
(Pimax' = 0.5 Psw), a npunoyocHblii ~1.0 ulla
(Pimax? = 0.4Psw) ¢ MUHMMYMOM MEXIy HUMM Ha
ypoBHe ~0.8 ulla.

Bo Bcex coOmTmax “mBa max Kacmn”’ CpemHss
SHEPTHUs BBICHINAIOIINXCS NOHOB B 9KBaTOPUAITbHO
YaCTU Kaclla yObIBaeT C YBEJIMYESHUEM IIIUPOTHL. YMEHb-
menue Ei HaunHaeTcs Ha 0.2°—0.4° HIXe 5KBaTOpU-
aJIbHOI TpaHUIIBI Kacra B obnactu LLBL u peru-
CTpUpPYETCS MPUMEPHO IO MUHUMyMAa B IIUPOTHOM
npoduie Pi. Janee, ¢ yBeaIUdeHUEM IIUPOTHI MIPU-
MEPHO B TIOJIOBUHE COOBITHIA CPEIHSISI SHEPIUs BbI-
CBIITAIOIIMXCSI MOHOB OCTAeTCSI HEM3MEHHOI, a B ApY-
IMX — ¢J1a00 pacTeT ¢ yBeIMUSHUEM IINPOTHL.

IIupoTHBIe TIPOOUIN MOHHOTO TaBJICHUS C OfI-
HUM MaKCHMMyMOM MOXHO pa3OuTh Ha JIBa TUIIA:
C MaKCUMyMOM Pi, CMEIIEHHBIM K 3KBaTOPUAIbHOI
yactu Kacra (12 mposeToB), 1 ¢ MAKCUMYMOM TIpH-
MEpHO B LieHTpe Kacmna (4 nposera). CpenHue mpo-
UM o1 3TUX OBYX TUIIOB pacIipenesieHusl, MOy-
YeHHBIC METOAOM HAaJIOXEHUSI 310X, MOKa3aHbl Ha
puc. 56 u 56. Ha puc. 56 makcumyM Pi pacniojiaraeTcst
B 3KBaTOPUAJILHOI YacTU Kacla, CpeaHss IIUPUHA
Kacma (A®") = —0.7°, (MLT) = 11.7, cpegHue 3Haue-
HUs1 KoMroHeHT MMIT: (Bz) = —5.8 uTun, (By|) =
= 3.1 gTn. JInHaMudecKoe HaBJIEHUE COJTHEYHOTO
BETpa B IIepUOM PETUCTPALIUU TIPOdUIIeit TAKOTO TH-
na (Psw) = 4.0 ulla, a MaKCMMyM MOHHOTO JaBJICHUSI
(Pimax) = 3.0 ulla (Pimax = 0.8 Psw).

PucyHOK 56 miumocTpupyeT cpemHUil ITMPOTHBIN
npodniIb MOHHOTO HABJIEHUS C MaKCMMyMoMm Pi B
eHTpe Kacna. CpenHsisl IMpUHA Kaclla, Kak U Ha
puc. 56, cocrasistetr 0.7°, cpenHee MLT perucrpa-
uuu 12.2, 3HayeHus KommoHeHT MMII: (Bz) =
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Pi, ulla a

Kacm
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Puc. 5. CpenHue IKUPOTHBIE TTPOGIIN MOHHOTO daBJie-
Hus (Pi) B Kacrie TIipy OTpUIIATENIbHBIX 3HAYEHUSIX BZ KOM-
rmoHeHTsl MMIT: (@) — (Bz) = —3.0 uTu, (By|) = 2.8 T,
(6) — (Bz) = —5.8 T, (By|) = 3.1 uTn; (6) — (Bz) =
= —7.1 uTn, {|By|) = 2.6 HTu1. BepTuKajibHbI€ IUTPUXOBLIE
JIMHAM — TPaHMIIbI Kacra.

= —7.1 uTn, {|By|) = 2.6 HTn. JluHaMUIECKOE NaB-
JIeHue conHedHoro BeTpa (Psw) = 3.8 ulla, makcu-
MYM HMOHHOTO maBiieHus (Pimax) =2.6 ulla (Pimax =
= 0.7 Psw).

CpaBHeHHME PUCYHKOB 5a, 56 M 56 IIOKa3bIBacT,
YTO C POCTOM OTPULIATENbHBIX 3HAYEHUU BZ-KOMITIO-
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BOPOBBEB u np.

HeHTel MMII mpoucxonuT cMenieHe Kacma B 6ojee
HU3KME IIMPOTHI, INMPUHA Kaclla YMEHbIIAETCsI, UC-
ye3aeT MPUITOJIOCHBIM MaKCUMYM (puc. 56, 56).

4.2. lllupommusiii npoguas UOHHOEO 0ABACHUS
npu Bz MMII > 0

IIpu Bz MMII > 0, 4TOOBI OrPaHUYUTH BIIMSIHUE
By-KOMITOHEHTbl Ha IIMUPOTHBIA NpOGUIb MOHHBIX
BBICHITIAHUI, OBLUIM HaJIOXEHBI HEKOTOPHIE OrpaHU-
YeHUsl Ha BeJIMYMHY By: paccMaTpUBaJUCh TOJBKO
Takue MpOoJeThl, MpU KOTOPbIX B 20 MUH MHTEpBaJe
1o perucrparuu Kacna |By| < 4 uTn u |By| < 1.5 Bz.

I[Ipy OTHOCUTENIHLHO CTAaOMIBHBIX ITOJIOXUTEIb-
HBIX 3HAUCHMSIX BEPTUKAJIHbHON KOMITOHeHTHI MMIT
B €IMHUYHBIX COOBITUSX HaOMOgaIMCh poduaun Pi
pa3Iu4HOll KOHGUIypalur: IIMPOKUA HpoPUIb C
IUIOCKOIT BepiumHOM (3 TIponeTa) WM IIMPOKUIA
TUIOCKMU poduJib ¢ HEKOTOPhIM yBeauueHueMm Pi B
LEHTpaJIbHOM YacTu Kacma (2 mpoJjieta). OmHako,
Haunbosee xapakTepHbIM 11t MMII Bz > 0 apasgercs
nmpodunb Pi ¢ MakKCUMyMOM WOHHOTO JaBJICHUS,
CMEIIeHHBIM K IPUIIOIIOCHOM YacTu Kacma (11 mpo-
seToB). CpenHMI IIMPOTHHIN MPOdMIb TAKOTO TUIIA,
MOJIyYEHHBIM METOJAOM HAJIOXKEHMSI 310X, ToKa3aH
Ha puc. 6a. lllupoTHble pa3mepsl Kacma npu Bz > 0
CyIIECTBEHHO 00JIbliie, yeM npu Bz < 0 u cocTaBisitior
B cpeaHeM 1.4° IIMpOTHI, CpemHee TeOMarHUTHOE
BpeMsI perucTpanmu Kacra 11.6 MLT. Cpennue mmapa-
METpPhl MEXIUIaHeTHOIM cpenbl: (Bz) = 2.2 HIn,
(Byly = 2.2 vTx, (Psw) = 3.3 ulla. DxBaTopuasbHas
rpaHMlIa Kaclia pacriojiarajach Ha mmpote ~79° CGL,
yto Ha ~1.0° CGL Bbilte, yeM Ha puc. Sa npu (Bz) =
= —3.0 v'Tu. BennurHa MIOHHOTO JaBJIECHUS B MaKCH-
myMme (Pimax) = 1.3 ulla (Pimax=0.4 Psw), uTo
NPUMEPHO COOTBETCTBYET MAaKCUMYMY HABIICHUS B
Kacme IMpu OJM3KUX, HO OTPULIATEIbHBIX 3HAUYCHUSIX
Bz-xommnoHeHTl MMII.

INoBeneHye cpemHUX dHEPTUil MIOHHBIX BBHICHITIA-
HUIi1 ¢ U3BMEHEHUEM IIUPOThl HEOOHO3HAYHO. TOIbLKO
B TpeX U3 PACCMOTPEHHBIX COOBITUII HAOIIOmANCS
oXuIaeMbIi s iepuonoB Bz > 0 poct Ei B Kacrie
WIW B TIPUIIOJIOCHOM €ro 4acTu C yBeJIWYEeHUEM
IIUPOTHL. bollee XxapaKTepHBIM SIBIIIETCS OTCYTCTBUE
IVCTICPCHUN MJIN cnadbIif pocT Ei ¢ pocToMm @',

4.3. Hlupomuotit npogunb UOHHO20 0a8aeHUs
npu 6oavuiux 3navenusx By komnonenmor MMIT

st ndydeHust BnusiHusl By-kommoneHTer MMIT
Ha IIUPOTHBII NPO(MUIb MOHHBIX BEICHIITAaHUI ObLIN
OTOOpaHBI COOBITUSI, YOOBJIECTBOPSIONINE CIIEIYIO-
M ycrroBusiM: |By| > 4.0 uTn u |By| > 1.5|Bz]. Co-
m1acHo [Wing et al., 2001; Pitout et al., 2009], Takue
YCJIOBUSI IOJKHBI OBITh Hanbojee OJaronpusiTHHI
s (hOPMUPOBAHUS NBYX HMCTOYHUKOB BBICHINIAIO-
IIMXCS YaCTHI] B Kacre U, COOTBETCTBEHHO, TBOMTHO-
ro kacna. OmHako, 13 31 cirygast perucTpanms Kacla,
KOIZa NTOMHUHMPYIOIIEH SBIISIaCh By-KOMIIOHEHTa
Ne 6
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Pi, ulla 0
3 —

Kacn

J
79 CGL

Puc. 6. CpegHue mmpoTHBIe TPOGUIN NMOHHOTO JaBJICHUS B Kacre: (a) — NP NMOJIOXUTeNIbHOW Bz-komrnoneHTe MMII, (Bz)
==2.2uTun, {By|) = 2.2 uTx; (6) — npu GoJbLIOI OTpULIATENbHOI By-kommonenTe MMII, (By) = —6.3 uTu, (Bz)= —1.7 v

MMII, TonbKo B 6 caydasx IIMPOTHEINA TTpoduib Pi
MMeJl B Kacrie 1Ba MakcuMyMa. B Hacrosiieit padote
OoJiee MOAPOOHO pacCMOTPEHBI peTUCTpalliM Kaclia
npu Bz < 0 1 OOJBLINX OTPULIATEIbHBIX 3HAUYCHUSIX
By-koMmrioHeHTbl. Takux coObITHIT OBLJIO 3aperv-
CTPUMPOBaAHO 16, U3 KOTOPLIX B 4 repeceyeHUsIX Kacra
IIMPOTHBINA npoduib Pi uMmen nBa MakCUMyMa, OIUH
B 9KBAaTOpUAJIbHOM, a IPYyTroi B IPUIIOJIOCHOMN YacTU
Kacrma. Hambonee xapakTepHBIM ISl TIEPUOIOB C
OospLIoil orpuuarenbHoit By MMII sBnsgercsd wwiu-
POKUM KaCII C TUIOCKOM BEPILIUHOM B IIUPOTHOM IIPO-
dusie Pi v TIpu HAJIMYMU B OTACIBHBIX CIIy4yasiX JIO-
KaJIbHOTO MaKCUMyMa B KaKOM-1100 4acTu Kacra.

CpenHuii MUPOTHBIA MpodUsib HOHHOTO AaBJie-
HUS, TIOJyYeHHBIM METOIOM HaJOXEHUS 310X, MpU
Bz < 0u By <0 1okazaH Ha puc. 66. CpenHsist LIMpUHA
Kacna cocTaBisgeT (AD') = 1.4° CGL. OTMeTUM BBI-
COKMI ypOBEHb MOHHbBIX BbIChITIAHUI Ha TTPUITOJIIOC-
HOIi rpaHMIIe Kacra U B 9KBaTOpUaJIbHOM YaCTHU MaH-
TUU, COCTaBJIsAIOLIMUN O6oyiee 0.5 OT ypOBHS OaBJe-
Hus B Kacne. CpelnHsis 10JIroTa perucTpaluuy Kacmna
(MLT) = 11.1. CpenHue 3HaYCHUS ITapaMeTPOB MEXK-
TIaHeTHOU cpensl: (Bz) = —1.7 HIn, (Byy = —6.3 HT,
(Psw) = 3.4 ulla. CpenHee 3HaUeHE MIOHHOTIO TaBJie-
Hus1 B Kacre He mnpesblmaer 2.0 Hlla (Pimax =
= 0.6 Psw).

CpenHsist SHEprys BBICHITAIOIIMXCS MOHOB B Kac-
Te, KaK IIPaBUjIo, YMEHbBIIAETCS C YBEIUYEHUEM IV~
poTthl. Takoe moBeneHne Ei KOCBEHHO yKa3bIBaeT Ha
aHTHUCOJIHEUHOE HallpaBJIeHIe KOHBEKIIMU B 00/1aCTU
Kacria.

5. PATUATIBHBIV ITPO®UJIb JABJIEH U
B ®KBATOPUAJILHOM TTJIOCKOCTH
IMPU NEPEXOIE M3 MATHUTOC®EPHI
B MATTHUTOCIION

K coxaneHuo, mpakTUYEeCKU He ITPOBOIUIOCH
CpaBHEHUE OOHOBPEMEHHBIX HAOJIIOACHUI BHICHITIA-
TEOMATHETHU3M U ADPOHOMMUS
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HUIi B KacIie C pe3yJibTaTaM1 BEICOKOAIIOTE€MHBIX Ha-
OIroIcHUI BO BHEIIHMX O0JIACTSIX Kacma, YTO OBLIO
Obl KpailHe MHTEPECHO IpU aHaJIMu3e IIPOIECCOB
oOpa3oBaHUs Kacna v ero iuHaMuku. [Toatomy noka
MOXHO TOJILKO CPaBHUTDH YCPETHEHHBIE pacIipenesie-
HUS TIpU MEepeceyeHUM Kacla ¢ yCpeaHEHHbIMU
pacripeae/ieHUsSIMM B MarHUTOCJOE, TTOJy4eHHBIMU
BOJIM3M 3KBAaTOPUAIILHOM IIJIOCKOCTH B HOJTOTHOM
CEKTOpeE KacIia Ipu OJM3KUX 3HAYCHUSIX TeOMarHUT-
HOIf aKTUBHOCTU U MapaMeTPOB COJTHEUHOTO BeTpa U
MMII. B pa6ore [BopoObeB u np., 2022] ObLIa IIpo-
JIeMOHCTpUpoBaHa 3(OEKTUBHOCTh CPaBHEHMS JaH-
HbIXx DMSP ¢ HaxoOsIMMUCS B OTKPBITOM JOCTYyIIE
manHeiMu Muccu THEMIS (http://themis.ssl. berke-
ley.edu/, http://cdaweb.gsfc.nasa.gov/) misg HOYHOTO
cexTopa. B HacTosieM ucciaeqnoBaHUM UCTTOb3YeT -
cs Ta ke 6a3za manubix THEMIS, HO mist monyneHHO-
ro ceKTopa.

PucyHoxk 7 moka3bpiBaeT yCpEemHEHHBIN XOI KOM-
MOHEHT JAaBJICHUSI B 3KBAaTOPUAJbHOM ILIOCKOCTH,
MMOTYYEHHbI ITIPU YCPEOHEHUHU POJIETOB CITyTHUKOB
THEMIS B MarHMTOCIIOKOMHBIX YCIOBUSX TIpu Dst
B muariazoHe ot 0 1o —10 H-Tau AL — ot 0 mo —200 HTn
IIpU JMHAMUYECKOM JAaBJICHUM COJTHEYHOIO BETpa OT
1.5 no 3.5 ulla. Ha puc. 7a moka3aHbl KOMITOHEHTBI
nanaeHust mipu MMIIT Bz < 0, a Ha puc. 76 npu MMII
Bz > 0 B yrnoBoM cektope +10° oT moayaeHHOTro
MepuauaHa. TojcTas depHas JIMHUS Ha PUCYHKE
MMOKAa3bIBaCT WHTErpajibHOE AaBJICHUE, CYMMUPYIO-
Iee JaBJeHUE MOHOB (CIUIOIIHASI TOHKAasl JIMHUS),
DJIEKTPOHOB (TOYEYHAsI JWHUS), MAaTHUTHOIO ITOJISI
(MyHKTUpP) W JOMHAMUYECKOTO MOaBJeHUS (IITPUX
MMYHKTHUP). BepTuKaibHbIe OTPE3KM COmepKaT Mear-
aHHBIC 3HAYCHUS YCPEOHIEMBbIX BEJIMUMH Ha TaHHOM
reOLIEHTPUYECKOM PACCTOSTHUU.

I1pu roxxHOM 1 Tipu ceBepHoM M MIT HaGmomaeT-
CSsI MOCTOSTHCTBO MOJTHOTO AaBJICHUSI, COOTBETCTBYIO-
IIEr0 TMHAMMYSCKOMY JaBJICHUIO COJTHEYHOIO BETpa
OT COJIHEYHOI'O BETpa Mepel yaapHOM BOJHOM 10
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Puc. 7. PanuanbHoe pacripenenieHe KOMITOHEHT AaBJICHUS ITPU TTePEX0/ie U3 COTHEYHOTO BeTpa B MarHuTochepy Ipu 10XXHOM (a)
U ceBepHoii (6) opueHTariu MMII. MHTerpaibHOE NaB/IeHME MOKa3aHO CIUIOLIHOM TOJICTO KPMBOM, MATHUTHOE — IIYHKTUPOM,
HMOHHOE — CIUIOLIHOM TOHKOM KPUBOiA, 3JIEKTPOHHOE — TOYEYHOI KPUBOIi, IMHAMUYECKOE — IITPUX TYHKTUPOM.

Mmarautocdepsl. ITocne mepeceyeHUSI MATHUTOIIAY3bI
BKJIaJI MAarHUTHOTO HABJICHUSI CTAHOBUTCS ITOMUWHU-
pyloliuM. BHYTpM MarHuTocjiosi, B COOTBETCTBUU
C puc. 7, OCHOBHOM BKJIaJ B MHTErpajibHOE JaBje-
HME BHOCST TEpMaJIN30BaHHbIC MOHEL. YCpEeTHEHHBIE
npodUIM MIOHHOTO IaBJICHUSI B MAarHUTOCJIOE IpaK-
TUYECKM HE OTJIMYAIOTCS MPU IOKHOW U CEBEPHOM
opueHTaumn MMII. Bxirag smeKTpoHOB HEBEJIMK BO
BCEM HCCJICIOBAHHOM MHTEpPBaJje, YTO XOPOIIO MO/~
TBEepXAaeT UCII0JIb30BAaHHOE BHIIIIE TIPENTOJOXKEHE
0 MaJIOCTH BKJIaJa 3JIEKTPOHOB B IaBJIEHME B KaCIIE.
Paznuuune B xome paguanbHBIX IpoduIeii JaBIeHUs
npu Bz <0wu Bz > 0, Kak U3BECTHO (CM., CCBUIKM B pa-
oore [Kirpichev et al., 2017]), umeer MecTo Hemo-
CPEICTBEHHO Mepel MarHUTonay3oii, rue mpu Bz < 0
BO3HUKAET CPaBHUTEJIbHO TOHKMWI TOKOBBIN CJIOM
(TOHKasi MarHuMToIlay3a) ¢ PEe3KMM IIepeXoIoM OT
MarHuTOCJIOsI K MarHurocgepe, a mist Bz > 0 xapak-
TepeH JOCTAaTOYHO TUIaBHBINM Mepexod OT MarHUTO-
CJIOsT K MarHutocepe M BO3HHUKAET HOCTATOYHO
NpOTSKEHHAsE 00JIaCTh C TOJIIWHON B TBHICIYU KM
(“roncras” marHurtoray3a). IIpu aToM MOXeT ObITh
BbIIEJIeHa 00JIaCTh, B KOTOPOI MOCTEIIEHHOE Hapac-
TaHME€ MarHUTHOIO HAaBJICHMSI KOMIICHCUPYET I1ajie-
HUe JaBjieHus T1a3Mbl (plasma depletion layer). 1aH-
Hasl 0OCOOEHHOCTh MOXET MMETb HEMOCPENCTBEHHOE
OTHOIIIEHHE K IIpolieccaM 3aTeKaHWUS IIa3Mbl Mar-
HUTOCJIOS B 00J1aCTh Kacma, pa3Mepbl U MOJOXEeHUE
KoTopoii KoHTpoympyeTrcs MMII, mponukaronmmm
BHYTPb MarHUTOCHEphl B YCIOBUSIX MAarHUTOCTATU-
yeckoro paBHoBecusi. B padotre [Panov et al., 2008]
OTMEYaIOCh, YTO IIPU CPaBHEHUY TaBJICHUS B MAarH1-
TOCIO€ M Kaclle HeoOXomuMo nejiaTh IIOIIPaBKY,
YMHOXasl TMHAaMU4YeCcKoe JIaBJeHNE B MarHUTOCJIOE
Ha cos?($)cos?(0), rae ¢ u 6 — reoOMarHUTHBIE IUPOTA
W IOJITOTa 00J1acTU HaOMI0AeHWs. DTa MonpaBKa ISt
Kacmna Ha muypoTe 72° BOJM3M HOJYIHS COCTaBJIIET
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~0.01. B cooTrBeTCcTBMM C pUC. 7, OCHOBHOI BKJIaId B
OaylaHC aBJICHUI B 001aCTH Kaclia BHOCUT TEIIOBOE
JaBJICHE HOHOB, KOTOPOE€ B CPEOHEM COCTaBIISIET
~0.8 oT ITMHAMWYECKOTrO NaBJI€HUS COJTHEYHOIO BET-
pa. Takoe COOTHOIIIEHWE MEXIY MaKCUMaJIbHBIM
JIaBJIECHMEM B Kaclle M IWHAMMYSCKUM OaBICHUEM
COJIHEUHOTO BETpa XOPOIIIO COOTBETCTBYET 3HAUYCHU -
M Ha puc. 5 npu MMII Bz < 0, Korga Kacno cMella-
eTcsl K HU3KMM ImmporaM. COBUT Kaclia K IT0JII0CY
MPUBOIUT K MEHBIIUM AaBJCHUSIM B Kaclie IIpu
MMII Bz > 0. BennurHa COOTHOILIEHUS MEXIY MaK-
CMMYMOM JIaBJICHUS B Kacre U IMHAMUYECKUM J1aB-
JIECHEM COJIHEYHOTO BETpa IpU CEBEPHOM OpHEHTa-
i MMII TpebyeT momoaHUTEIbHOTO aHanu3a. Ta-
KM 00pa3oM, XapaKTepUCTUKHU IUIa3Mbl B Kaclme, B
OCHOBHOM, COOTBETCTBYIOT XapaKTepUCTHUKaM ILIa3-
MbI B Marautocioe. ITpoiiecchl ycKopeHuUs TIpy B3a-
MMOJIEMCTBUM YaCTULl C TypOYJIEHTHOCThIO B KacIle,
BUIMMO, HE IIPUBOIST K CYyIIIECTBEHHOMY U3MEHEHUST
naByieHus. TakuM oOpa3oM, U3MepEeHUs JaBJIECHUS B
00JIacTH Kacrna Ha HU3KOBBICOTHOM CIIYTHUKE COIEP-
XKUT MHGPOPMALIMIO O BEJIMYMHE NABJICHUS B KacIie
BOJIM3M MarHuToIlay3bl, MO KpaliHeii Mepe, Mpu
MMII Bz < 0, 4To mpencTasiisieT MHTepeC IpU CpaB-
HEHWM NpencKa3aHnii Moaeiieil popMUpoBaHUS Mar-
HUTOCHEPBl C MAaHHBIMU 3KCIIEPUMEHTAIbHBIX Ha-
OJIIOIEHUA.

ITokazanHbIe Ha puc. 56 1 56 pacripenelIcHUs JaB-
JIEHUSI C MAaKCUMYMOM B KacIle XOPOILO WLTIOCTPUPY-
eT (hpopMUpoOBaHUE AUAMAarHUTHOI ITOJIOCTU B 00J1a-
CTHU Kacma, IJi¢ MAaKCUMYM OaBJIE€HMUS COOTBETCTBYET
00JIacTM MUHMMAaJIbHOTO MarHMTHOTO NABJICHUSI Ha
OOJIBIINX BBICOTaX. TaKoil MAKCUMYM MOXHO OTCJIe-
IUTh TOJABKO Ha HU3KOJETSIIEM CIYyTHUKE, TaK KakK
BBICOKOAMOIEHbIE CIIYTHUKM JIBUTAIOTCS TOCTATOY-
HO MeIJICHHO 1 3a BpeMsI IepecedeHUsT 00JIacTu Kac-
na pacrnpenejaeHUe NaBJICHUS MOXET CYIIECTBEHHO
Ne 6
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IIIUPOTHAS CTPYKTYPA BBICBITIAHUM

n3MeHIThes. [loaroMy mHMOpPMAIIN O TTOJIOXKESHUHN
MaKCUMyMa OaBJICHUSI MOXET ObITh MCIOJb30BaHa
MPU COBEPILLIEHCTBOBAHUY MOJieJieii MarHUTHOTO 1O~
JIS B Kacre, Co3MaBaeMbIX ¢ yIeTOM TOKOB B 00J1aCTH
Kacria, Takux Kak Mozaenb [ Tsyganenko and Andreeva,
2018], u cpaBHeHUU TIpeacKa3aHUU Mojejeil Mmar-
HUTHOTO TIOJISI ¢ KOHKPETHBIMHU TIpOJIETaMM depe3
KacTl Ha HU3KUX BBICOTAX.

Oco0BIit MHTEepeC MPEACTABIISIIOT CAydYan C IBYMsI
MaKCUMyMaMM JIaBJICHUS, TOKa3aHHbBIE Ha puc. Sa,
KOTOpPbIE HEMPOCTO OOBSICHUTD B paMKaXx pa3padaThl-
BaeMbIX Mozelieii. Hapsimy ¢ momxomoM, pa3BUTHIM B
pabote [Wing et al., 2001], He UCKITIOYEHBI U OpyTrUe
o0bsicHeHUs1. Tak, Haripumep, ObIIU 3ahUKCUPOBa-
HBI IPOHUKHOBEHUSI Yepe3 MarHUTOIIay3y IIa3MeH-
HBIX CTpy#t (cM. cchuiku B 0630pe [Pitout and Bog-
danova, 2021]), nmHaMU4YeCcKoe JaBJIeHHE B KOTOPHIX
B HECKOJILKO pa3 IIpeBHIIIAcT AMHAMHUYECKOE TaB-
JIeHue cojiHeuHoro BeTpa. [IpoHMKHOBEHHE TaKuX
CTPY¥ B Kacll MOXET CyIIIECTBEHHO U3MEHUTh PaBHO-
BECHYIO KapTUHY pacHpelecHUSI TaBJICHUS MOHOB.
MoOXHO TakXe BCOOMHUTD, YTO KaCIT MPEACTaBISICT
co00i1 BOPOHKY, 3alloJIJHEHUE KOTOPOM M3MEHSIETCS
IIpU M3MEHEHUSIX HaBJICHMS COJIHEUHOTO BeTpa, a
dopma n pasmep npu n3meHeannn MMII. [moponn-
HaMuyecKasl CTpyKTypa 3aroyIHSIIOIIecss BOPOHKMU,
KaK U3BECTHO, COIEPKUT MUHUMYM IaBJICHUS B IIeH-
Tpe U MAKCUMYM Ha Kpasax. OgHakKo, IpoBepKa TaKux
MPennojaoXeHU Takxke, Kak 1 Moaeau [Wing et al.,
2001], TpeOyeT TIIATEIHHOTO aHAJM3a BCEX MMEIO-
IIMXCS TaHHBIX HAOJIOACHU Ha pa3HBIX BBICOTAX U
MPOBEICHMSI HOBbIX U3MEPECHUIA.

6. OCHOBHBIE PE3VJIbTATbI

ITpoBeaeHHOE pacCMOTpPEHUE MOKa3ajio, YTO aHa-
JIN3 TIepeceYeHNI HU3KOJIETSIIINMI CIIyTHUKaAMU 00-
JIacTeii BBICBHIITAHUS IIOJISIPHBIX KACIOB MOTYT OaTh
HOBY10 UH(OPMAIIUIO O CBOMCTBAX U AMHAMUKE Kac-
noB. B HacTosmieit padore maHHbIe cityTHUKa DMSP
F7 ucrionp3oBaHbI 17151 N3yYSHUST 0COOCHHOCTEM 1IN -
POTHOTO pacnpeae/ieHUs] XapaKTepUCTUK BbICHITIal0-
IIIMXCSI MIOHOB B 00JIACTH THEBHOTO MOJISIPHOTO Kacra
1 MOHHOTO maByieHus. OT6op mponeToB ciyTHUKa F7
B OKOJIOIIOJIYIEHHOM CEKTOpe, MPU KOTOPBIX ObLI 3a-
PETUCTPUPOBAH ITOJISIPHBINA KAaCIl, OCYIIECTBIISIJICS C
HMCHOJIb30BaHMEM JaHHBIX aBTOMATU3UPOBAHHON C1-
cteMmbl 00paboTku (ACQO), pa3paboTaHHOI Ha OCHO-
Be MCKYCCTBEHHOI HelpoHHoi1 cetn [Newell et al.,
1991]. Ins1 GONBINMHCTBA M3 OTOOpPAaHHBIX TaKUM
o0pa3oM IIpPOJIETOB HaMu ObLI IIPOBEACH aHalu3
OpUTMHAaJIbHBIX JaHHBIX cIlyTHUKA F7, B TOM 4uncie
U OIIpelNesieHUEe IIMPOTHl €ro 3KBaTOpPUAJIbHOU U
MpunotocHoi rpaHuil. OGHapyKeHO CyIIeCTBEHHOE
pa3iau4dyre B cpelHeil IMpUHE Kacma, COCTaBIIsIIoNIee
~0.3° mKUpoTHI, OOYCIOBJIEHHOE pa3IndyMeM B UIEeH-
TudUKalMU ero rpaHull, ocyuectBiasgemMoil ACO u
MPSIMBIM aHAJIM30M CIIYTHUKOBBIX HaOmoneHuii. 111n-
puHa Kacra (AD') onpenensiachk pa3HULEH ITUPOTHI
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€ro IIPUIIOIIOCHOM 1 9KBaTOpUaIbHO rpaHull. Cpen-
HSISL TOJITOTa MepecedeHus] CIIyTHUKOM JTHEBHOTIO 110~
JIIPHOTO KacIa o BCEMY MaCCUBY JaHHbBIX COCTABIISICT
11.3 MLT. Takum o6pa3oM, Bce TTOTyIeHHbBIC pE3Yib-
TaThl OTHOCSTCS K MPeanoyaeHHoMY cekTopy MLT.

B kauecTBe TecTa TaHHBIC MPSIMOTO aHAINU3a CITyT-
HUKOBBIX HAOTIONEHN MCTIOIH30BAHBI TS KCCIIEIO-
BaHMSI XOPOIIIO U3BECTHOI U3 JIUTEPATYPHBIX UCTOU-
HUKOB 3aBUCUMOCTH LIUPOTHOIO MOJIOXEHUS 9KBa-
TOPMAJIbHOM TpaHUIIbl Kacma OT BZ-KOMIIOHEHThI
MMII. ITonyyeHHBIC ypaBHEHUS PErPECCU OTACb-
Ho 111 Bz < 0w Bz > 0 Hanyd1mmM o6pa3oM COOTBET -
CTBYIOT JaHHBIM [Wing et al., 2001], omHako, ¢ 6onee
BBICOKMMHM KO3 PHUIIMEHTAMU KOPPEITSIIINH.

MccnenoBaHa 3aBUCMMOCTD IIMPOTHBIX pa3MEPOB
Kacma ot Bz- u By-kommoHeHT MMII. Ilony4yeHsl
ypaBHEHMS JUHEWHON perpeccum ¢ HEOOJIbIIMMU
koo dumeHtamu kKoppeysauuu r = 0.47 u r = 0.25
i1 Bz- n By-komnoHeHT MMII coOTBETCTBEHHO.
Pa3opoc 3HaueHuii AP’ Ha rpadukax 3HAYUTEIb-
HBI{, YTO MOXKET OMNpPEHeNISAITbCS BAUSHUEM APYTUX
mapaMeTpOB BHEIIHETO BO3IEHCTBUS Ha IIMPUHY
Kacna. TeMm He MeHee, TOTydYeHHbIC JaHHbIC HAIEX-
HO YyKa3blBalOT Ha CJEAYIOIIME IBa CYIIECTBEHHBIX
dakTopa. Bo-11epBhIX, B cpemHEM Kacll 3HAYUTEIBHO
mupe pu Bz > 0, gvem nipu Bz < 0. Bo-BTOpPBIX, ITOITY-
YyeHHbI€ JaHHbIE MAl0OT OCHOBaHME IojaraTh, 4YTO B
MpEeAIoayIeHHbIE Yachl B CpeIHEM IIMpMHA Kacra
HEeCKOJIbKO 0oJbine mpu By < 0, uem mpu By > 0.

OCHOBHOI 1I€JIbI0 Pa0OTHI SIBJISUIOCH HU3yYEeHUE
0COOEHHOCTE ! IMPOTHOTO pacnpeaeeHNs XapaKTe-
PUCTHK BBICHITTAIONINXCS MOHOB B 00JIACTU Kacla U’
uX cBsI3u ¢ Bz u By komnonentamu MMII. B kayecTte
OCHOBHOTO MapameTpa, XapaKTepu3yIollero mupoT-
HYIO CTPYKTYPY MOHHBIX BBICHIITAHWI B KacIle, pac-
cMaTpuBaJsIcs YpOBEeHb MOHHOIO naBieHus (Pi), ¢ uc-
MOJIb30BAHUEM KOTOPOTO MOSIBJISIETCSI BOBMOXHOCTD
COMNOCTAaBJICHUS NOHHOTO JaBJICHUS B KacIle C JUHA-
MUYECKUM JaBJICHUEM COJIHEYHOIO BETpa U IaBJie-
HUeM B MarHutocioe. [IpoBeneHHOe cpaBHEHUE O~
JIyIEHHBIX pacHpeieiiceHUil NaBlIeHWsT B Kaclie C
YCpemHEeHHBIM paclipele/icHUEM IaBJIeHUsI B MarHU -
TOCJIOE TT0Ka3ajl0 HEIJIOX0e COOTBETCTBUE, UTO IO~
TBEPKIAeT BO3MOXHOCTh PACCMOTPEHUS KAaCIOB B
OOJBIIMHCTBE CJydyaB B KadeCTBE HOXOASAIICH 10
MOHOC(HEPHBIX BHICOT AMAMarHUTHOM TOJIOCTH, 1aB-
JIeHWe B KOTOPOil ypaBHOBEIIMBAETCS NaBIIEHUEM
(B OCHOBHOM MOHOB) B MarHUTOCJIOE.

AHaJn3 Bcero MaccuBa JaHHBIX YKa3bIBaeT Ha TO,
YTO XapaKTep MOHHBIX BBLICHIIIAHUI B Kaclle OYeHb
n3meHuYnB. IllupoTHas CTPyKTypa BBICHIIIAHUMN B
Kacrie 3aBUCHUT HE TOJBKO OT ITapaMeTPOB BHEIIIHETO
BO3JIEUCTBUS U UX KOMOMHALIMU, HO eIlle U OT BpeMe-
HU, IPOLIEIIIEeTO Mocje U3MEHEHUs KAKOTO-1100 13
3TUX NMapaMeTpoB. B 3Toii cBsI3M, MOJIydeHHBIE B Ha-
CTOSIIEM WCCIENOBAHUU Pe3yJbTaThl HYXHO pac-
CMaTpUBaTh KaK 4YepThl BBICBHINIAHWIA, XapaKTepHBIC
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TS TOM VT MTHOM KoMIToHeHTHI MMIT ipm ee oTHO-
CUTEIBbHON CTAaOUJIBHOCTHU.

OCHOBHBIE TTOJTyYeHHBIE Pe3yIbTaThl MOXKHO chop-
MYJIMPOBATh CJICAYIOIINM 00pa3oM.

1. Ilpu oTpuLaTeAbHBIX 3HAYEHUSIX BzZ-KOMIMO-
HeHTel MMII xapakTepHOiT YepToit Kacma sBiaseTcs
IIUPOTHBINA mpoduyib Pi ¢ OByMsSI MakKCUMyMaMu,
ONVMH U3 KOTOPbIX HAXOAUTCS B 9KBATOPUAIBHON, a
JIpyToii B MPUIOJIOCHON YacTu Kacra, 1160 1mupoT-
HBII TPO(UIIL C OMHUM YETKO BIPAKEHHBIM MaKCH-
MYM B 3KBaTOPUAJIbHOM €T0 YacTu.

2. B cpemHeM 1mMpuHa Kaclia ¢ AByMsI MaKCUMY-
MaMu cocTapisieT ~1.0° UupoTH TPpU HEOOJBIIUX U
OPUMEPHO PaBHBIX 3HAYEHUIX KOMIIOHEHT MMII
(Bz) =—3.0 aTn u {|By|) = 2.8 uTu. B impoTHOM IT1pO-
dune Pi sxBaTOpUaJIbHBIA MAaKCUMYM MOHHOTO J1aB-
neHusd cocrasisieT Pi max' = 0.5 Psw, a mpumoJoc-
HBI Pimax? = 0.4 Psw.

3. [1pu GosibIIMX OTPULIATENIBHBIX 3HAUEHUSIX Bz
KoMrmoHeHTsl MMII (| Bz| = 6—7 HT1) PUIIOIIOCHBII
MaKCHUMYyM B IIMPOTHOM Tipoduiie Pi cye3aeT, ocTa-
€TCSI TOJIBKO 3KBAaTOPHMAJIbHBI MaKCUMyM, YPOBEHb
Pi B makcumyme yBemmumBaeTcs, Pimax = 0.8 Psw,
a IIMpHHA Kaclla yMeHbIIIaeTcsl B cpeaHeM 10 (AD') =
=0.7°.

4. ITpu Bz MMII > 0 Haubojiee XxapaKTepHbIM
saBisIeTCS npodmib Pi ¢ MAKCMMyMOM MOHHOTO JaB-
JIEHUSI B IIPUIIOJIIOCHOI YacTu Kacna. Kaci pacrona-
raeTcsi B 0oJjiee BRICOKMX IIMpOTax, yeM rnpu Bz < 0,
€ro CpemHNe IMMPOTHBIE pa3Mephl YBEIMYMBAIOTCSI B
cpenHeM 10 ~1.4° muportsl. BeimunHa moHHOrO 1aB-
JeHus B MakcuMyme Pimax = 0.4 Psw, 4ToO TIpUMEPHO
COOTBETCTBYET MAaKCUMYMY JaBJeHUS B Kacme Ipu
OMM3KUX II0 MOAYJIIO, HO OTPHUIATEIbHBIX 3HAYe-
HUsX Bz.

5. Hanbonee xapaKTe pHBIM 151 IIEPUOOOB € O0Ib-
ot orpuuareabHoin By MMII ((By) = —6.3 uTan,
(Bz) = —1.7 HTn) sBAsieTCA MUPOKUIA KaCII ¢ TUIOC-
KO BEepIIMHOM B IIUPOTHOM mipoduie Pi. CpemnHss
mupuHa Kacra cocrabisieT (A®P') = 1.4° CGL, a Be-
JIMYMHA MOHHOTO JaBJeHUsS B MaKcuMyMe Pimax =
= 0.6 Psw.

6. laBiieHMEe MOHOB B KacIle OINpPeaessieTCs TaBie-
HUEM MOHOB B MAarHUTOCIOE TIepel KacrmoM. Makcu-
MYM JABJICHUSI MOHOB MPY HAOMIOOEHUSIX HA MaJbIX
BBICOTaX MOXKET yKa3bIBaTh Ha BEJIWYMHY JaBJICHUS
IUTa3MBI B MAaTHUTOCJIOE TIepea 001acThIO Kacra.

7. BAKJIIOYEHUE

JaHHbIe HM3KOBBICOTHOTO citytHuka DMSP F7
VICIIOJIb30BaHbI /I aHAJIM3a IIMPOTHBIX XapaKTepu-
CTUK MOHHBIX BBICBIITAaHUI B 00J1aCTHU JHEBHOIO I10-
JIIPHOTO Kaclla M M3YyYeHUs! IIMPOTHOTO IIPOdMIs
MOHHOTO JaBJIeHMs B KacIle B 3aBUCUMOCTHU OT I1apa-
meTtpoB MMII. Tloka3zaHo, 4TO IIpU HEOOJBIIUX
OTpULATEJIbHBIX 3HAYCHUSIX Bz-KoMmoHeHTel MMIT
XapaKTEpHOM 4YepTOM Kacra SBJISETCS ILLIUPOTHBIN
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npoduiib MOHHOTO HaBiieHus (L) IupuHOM ~1° mmu-
POTHI C IByMsI MAKCUMyMaMU, OAUH 13 KOTOPHIX Ha-
XOJIUTCSI B 9KBAaTOPUAJILHOM, a APYroi B IIPUITOJIIOC-
HOM yactu Kacma. Ilpm OOJbIIMX OTpUIATEILHBIX
3HAYCHUSIX Bz MPUIIOJIOCHBI MAaKCUMYM B IIIAPOT-
HOM npoduiie Pi ucye3aeT, OCTaeTCS TOIBKO 9KBAaTO-
pUaIbHBIM MaKCUMYM, YPOBEHb Pi B MaKCMyMe yBe-
JIMYMBaeTCsd, a IIMpUHA Kaclla YMEHbIaeTcs 10
~0.7°. TIpu Bz MMII > 0 HauboJliee xapaKTepHBIM
saBJsieTcs Ipoduiab Pi ¢ MAKCUMYMOM MOHHOTO JIaB-
JIEHUsI B IpUIIOIIOCHOM YyacTy Kacma. Kacm mpu Bz > 0
pacriojiaraetcs B 00Jiee BEICOKMX IIMPOTax, YeM IpU
Bz <0, ero cpenHue MMPOTHHIEC pa3MEPhI YBEINIBA-
[0TCcd 10 ~1.4° mmpoTsl. B npennoayneHHOM ceKTope
MLT HauOoJsiee xapaKTepHBIM JJIsI TIEPUOIOB C OOTb-
0¥ oTpuliaTeabHO# By-komimoneHToit MMIT saBisi-
eTCsl KacH IMPUHON ~1.4° IMUPOTHI C TJIOCKOM Bep-
IIMHOI B IMpOTHOM Ipoduiie Pi. CpaBHeHUE Ha-
OomaeMbIX Ha HM3KMX BBICOTAaX pacHopeneleHUui
JaBJICHUSI C JAHHBIMM BBICOKOANOTE€MHBIX CIYyTHU-
koB THEMIS nonrBe paniio BO3MOXKHOCTb OITMCaHUS
¢opMHpoBaHUS Kacna KakK IMaMarHUTHOM MOJIOCTU
U UCMOJIb30BaHUS HAOIIONCHUI B KacIie 1JIs1 OIpee-
JICHUSI JaBJISHUS MOHOB B MAarHUTOCJIOE.

ITonyyeHHBIE B HACTOSIILIEM MCCICIOBAaHUU pe-
3YJIbTAThl MO3BOJIMIIN BBISIBUTH HE ITOJHOCTBIO OIMU-
CaHHBIC paHee OCOOEHHOCTU paclpeae/ieHUsT TTOTO-
KOB YacTHll B Kacrnax. BerurciieHue naBaeHUsI MIOHOB
B 00J1aCTSIX KACIIOB Ha MaJIbIX BBICOTAX U €ro CpaBHE-
HUE C JaBJIECHWEM B MArHUTOCJIOE MO3BOJIMIO MO~
TBEPIUTH CyIIeCTBOBaHWE OajiaHca AaBjJeHU B 00-
JIACTU, TAE Majl WX ITOJHOCTBIO OTCYTCTBYET BKJIAJ
JaBJICHUSI MArHUTHOIO IIOJiss. Pe3ynbraThl paboThI
MOTYT OBITh MOJIE3HbI TTPU CO3MAHUU MOJEIe Mar-
HUTHOTO TOJIS C yYeTOM JUAMArHUTHBIX TOKOB B Kac-
T1€ U IIpY OITMCAHUHU TIPOLIeCCOB (DOPMUPOBAHUS Kac-
noB. IloayyeHHbIE pe3ylbTaThl MOTYT OBITH TaKKe
MOJIE3HBI MIPU peaau3allii KOCMUYECKOM Iporpam-
MBI SMILE. Ciryyan HaOmoneHW TaBJIeHUS B Kaclie
Ha MaJIbIX BBICOTaX TPEOYIOT JOMOJHUTEIHLHOTO TIA-
TEJIbHOTO aHalInu3a.

BJIIATOJAPHOCTHA

Hannble cnytHuKoB DMSP B3gTBI Ha cTpaHULAx
(http://sd-www.jhuapl.edu), mapamerpst MMII, mnazmbl
COJTHEYHOTO BETpa M WHAEKCHI MAarHUTHON aKTMBHOCTU
B3aTBl Ha ctpaHuuax (http://wdc.kugi.kyoto-u.ac.jp/ u
http://cdaweb.gsfc.nasa.gov/), naHHble CIYTHUKOB MUC-
cunu THEMIS Ha crtpanunax (http://themis.ssl.berke-
ley.edu/, http://cdaweb.gsfc.nasa.gov/).

OUNHAHCHUPOBAHUWE PALOTbI

WccnenoBanusi, BeimonHeHHbIe B.I. BopoObeBbIM, 1101~
nepxaHbl Poccuiickum HaydHbiM oHnoM PH®, mpoekr
22-12-20017.
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