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Csdzd yj MiS ts@lzif sdsfn: § zOL &3] dedets e s fMaztsw ,
tcOH d QUdfEl Mz dzts L j 1§ &ZPdzj Isdetsj] BOG dedlsdetsj § s
o f zOIl BL sdzlstetsdzdtelzjls § jtoj detsf + dzj ecdd o
sftejHjdvjls ke jdz ¢ j a0 ¢ dgdtislaiEster 2 o sk
oLteOMOjls ftod dOdyudd csyds2eée § iy

Interplanetary

Magnetopause
Magnetic Field

- Current

=

Neutral Sheet
Current

Ring Current  Field-Aligned
Current

Low Latitude

Boundary Layer

Solar Wind Magnetopause

Magnetopause Current

tdMmMzdes@r L BA. BOGdzd IstsmW | tcddd & o Ckilydddbs
andRussel] 1995]
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dzOf tc O dzj dzd © fl ojCltstetsdy & jtsdiBOG dzd Is dzts @ t
AT eOdgj dz€ s, 1980; [ O2tsdzp, vddz w3y, 1987

] Wistedzd tetso Odzd d BOGCdzd IssMW J tor Zyofml
BOdizdesec s D) seztzzlstcd L j,dfdE t5ils | € ©ts @ o j o 2)j d
fsojtrndesmisde § Its¢Cd dzO BOGdedIstsf OkzL 4, 1 &
) btsCd fjttls rotMisO BOcddIstsmW j tor 4)d
Cwdzt yjoeas?2 st (Mdddd steduyse ? § tofs H ©dg'ddgd
sSBOLEZENMNd] btejrndjtedz §j IksECtser j Mmdmisd d3
qodzsmMW¥ jtey d BOcdzdlssmW jted d [[1, (tesdzd ¢

Il Blsdzdydd s esdklstedL j dizgde" », d@ptEykzd § €
d3d H dzj dzdz" j o Oted Oydd (cojSCttsots? ~SHE) ,
fsHo jtoy jdz tjLSCdd3, odzjL Ofder &5 dL d3j dzj dzqd
f zOLudy” dL d&3d dad ded§ tstedd dzZlsOydd [ 1, odzdws
ddzlsj dzid o detsmis! ~d3BasdedslosBWY ntddgls i &3 d T tcd o s+
Blztc! d HBOcdzdlstsif@dsdd ~L dgxwgBlizjiedz’ dz@ = 9 5L O
f sdzv , tjedmbstedtolzj 3" ~ o  [LsjCiggts20d § o dg@c
http://nuclphys.sinp.msu.ru/magn/]

1.2 [Ocddlstml jtedr j Mkeektsd

[Hdzd[ds dz2OdBtSdzj J WteCdnm fHtotsWwodzj dzgd?2 HJd
L 4 o3dats 2 BOGdzd IstsMW J toj , wWodzw jlsfqw  teOfMmY OH
Wodzg dzgdw, MmMowLOdzdz" § M 1 Isdd3 oL ter atssBtcOL O
ftoj HdBJ stsdg ddalsj dzemd o dz" » tsd TAQdaj iz & O dacfidj, ~  df
Yjdzsds B" dz 99 jHjdz Isjtedsddz ¢ d&3OC dzd IstsW j to daC

RL d&z0yOdz! dzts, sjtcddddz ¢MmMkzeBRZIGGWE B'" d2
COMmMOs h j2Mmw LOCtsdes 3 tcdetsMisj 2 o f sBzw taddfr
[Akasofu 1964] [ O0dzj 4 , i sw otajdgifddizy+ friesptcd MidsYo €
sBtsL dzOyJj dedw Isjr ddzd ddzr = wodzjdzd?2 fMmowlL
ci sdzv tedzOW BOGdzd IsdzOwY MmEkeBRktGWeEe JMis! i tc



15

CGjBBOCddIsdetsdz ftsdzj or MsSCdrm hdtetsls. 1 tlkze
Odz@Hty dzts dzOL ™ 9 O Is: cOotetstcOdz dzOW MkeBE
[ Ocdzd IstsmW j tedzOW MmMkeBERZteW ftejHMISOodzv jls M
EmMestejdzdy § dzOL 3" d c6jdzitedtelzj sfpw 4 dzj ClIs
fsdzv  (wdi,tecd@f O] gedegDcazd Bt [ ¢ ¢ OME
d Ht., 197,7985]) sdztsBOtej o

[Mdesodzr i3 fsdawvIsdj &3 fted W J desdzj desdztsc dn
s Odz f sdzW tocdz” = fd,198@[220 1 60;j d& Is1OtdsGjRodz A j dz!
fMisOlsd fidsjf Bz & dj, GOy O:h jj ©OMY sdsyj d
fswodzjdadw L jdedlsde » Wisteds fsdzwtcder = fmdwd
GJBBOGdzdIsde” 2 tsoz¢efn dgj ftej ter adets? f szsmis?2
[ AjJdz HNIsj 2dz, 19 6 FeldsteinrSiatov, j 9109, 6 71]9.6 71; tOd
BsHjdzd BOcdedIstsmW jtor ftoj HY sdzOE O  Ismw, yls
CteOdzgd yj BB ZOMIsd tOLBRCdkzIsr 7 Mddzse ' A
Mtetsdzgy] BoOOZO MSLHOjIsMw yoOmsdyodkd, ¢ sl
f dzOL o5 f j tcj » SHeldid@etas B dZzAMITR ][ 1 OdB Bdzj |
yofmlsduyr HsfMisdec Osls or Misls dsdatsmW j tor H 8
mMd dzse r A dzd dzd 2 . 4 Htokzcts?2 Misstctsdzr O
HdMCtejlsdzr » HEG dzO @z yditg Bz W tsicisidAy o €
f dzOL d3j dzdzts G 5 s dzv , Cslstster 2, 94 BV Is dzts
fJtejMmMj COshddzd dgj 2IstcOdz! dgz¥ dzdded® © [EHEC
ZdtetslsO fftodvtcdsets COMIO Edjd hOj Ismw fr
Codf sdgj dzgls™ Wi ff} Mot gL dj 2 Hdzj o degs?2 yYOMmlsd
Ylsts hdoesls' tsoaOdzO ftsdzwtedz » Mdwded?2 o 9]
SOC Y] EdRgide hOslsmw. | twjLEzdz sOIsj fslsts¢C
o jdzdyde ©4 smw , Yyls ts ftcdo sHdds (s dz® tsLatc O
BOcdzd IstsmW jter HtH otSLHj2Msoadjd3 & ydes?2 ¢
ftcdotsHdls rotfmls &BOcddIlssmMW j tor o dzj zmilsts
ZOyd &z j smw syl M, Cslsste 2 dzd CodHdte
mMddzserr 7 dzd dzd 2 .
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1l toj H 5dzowykislzddgQc dzd IstsMW | edzOW MkzeBIZtGwW
o jdduyj ddy MSttesmisd §jtoj MsjHddzj dzgdvw o =
60r CtsHBo (Akifsthuzmda 6], d M Ijrn §tste dzO
B dzd §toj Hdztsy § de' t6OL dzdeueidz tg d t6[OB hudiy O BsHY
1985].

1 sMStsd Sk L dzjtecdw, o' MosBBYHOj] BOW a
JedzsmM¥ jtee © odHj L dzjSbtedyjmMitets kSO
qLEvyjdzdd MmkeBERt: dcEttdjls dMmmdjHBe Odzd j
BOdJ MY j tes?2 .

1 OL j o3dz" J dzOB dz¥ H jdzdW G sdzwtcdz ~ MdWw dzd 2
cOLodIsdj MzeB Zted ftesdmatsHdls 9 s te]
Mot d3j dedz" a3 ftej HMIsOo dzf ded W a3 ¢ ZOMMd yd ME
mMkeBRtIGY MmMissdls dL Istejnm WOL:

7 1 sHIgEse d Is jWdd Ld@q w

7 J Lt sfddQWO;

1 1 sifls Odzs o Pls Pdz' dzOwW W

L ZOo dz" B Lo jdzsd3 L Ists2 f tsfpdzjtar HABOIG dz! oS
Cosbicis? fesdmMatsHdls t©WOMY OH HgMGC tej Isdz -
cjedMmMbtedeizels oL dBzh jddy, f§wodyujd LsAiRdsh

GJd Gt OW d yud M)k dzts Oslls®FIsd Is Ylsts gV asdizd dec
tcJ HE BB ; sB " Ydzts dzOB dz¥ HOJ Ismw Mz J cf 1
BOGdzd ssMW J tcdzts § otsL &3z h j dzd J , ) Colsstctsd3

qdzls j defyd W S Oydw s OC[s/d@ i IEd dt,ts w2 Tnaf]w.dzd 2
Irfser j fitjMbies2¢d &GOcddlssmn¥jtr,
fesdMosuwhdj ftd MkeBki), (SEBYHOsIk 9
[ej2%kv o kOSSR fodva, yOfkdyr § oL dj d
dL fReotimlsO ot odidflstsflzdcipe| BOEE2Sd 1t
fsfdzj Hso Ols j dz dzsfyls’ CteslsSdn ddif zd fs:
LOdzd 50j s Slsdesdlsj dz dzs kL € dSkrgepyd @7 ls to O dzf k
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tkBBlZtcjor j ddd Sydd f sMilsOo dzv & Is Y
CoOLdHdY sdzt @8 Ols B;dzzls O3 tsded W tsto dfdtdedz' 8 Usj €
ssC, fjtojdesmdds 2 etewyddsd dtsdzOd3d, Htcj !
9 dzj SHdstocsHdetsd3 BOGc dzdlsdesdz  tsdzj . 1l sfyls j t
f zOL Bj dzdzsj] 5B ZOC 5 5B teOL bz ds dg idowetz d2j 26t
kS tdz yjots?2 It ftojHMIsOodzw jIs MtsBts?2 1 dz
otsCtke 1 jdgdzd fm yj dzelstesdz o 1+ CoOlstBEKG Bdz'
[Mdese dzr i3 desmdlsj dzv i3d Ctsdzr yjotsets IssC0O
1 dzgj ce dDiZBdHisIsdz] MC sdz CdhdlshitslsLdzH W istcd3d tokz
fsdj, I.j. MBLHOjI Mmdd dsj § &Odz st dzt
1d Bz, Htod BOcddlsdts?2 BRG], CBlssttOw, ¢
Mddz: dz" » MkeBERZtcjor n Oapisgtd\g9®]). [ Hess, 19E€

1.3 [MtsBjdadetsMmisd L dzzyj dedw tdatse dz" 7 1 «
fsdzV tedetscd3 Mmd W dzd d

lsLBiyHjdedj M jSltceO® ftsdzWtedesets fdw dad
Bsdzj CEdzOBBd OlsdismW jter , sftcjHJdzVjlsimw 1t
otsLBzHY 4 04 todyds &3d yOMmlsdyoO®d ddzd olststs
Mz Otcj dzdw, ftedossHWhdj € dtsdedL Oydd ddz
oLBEZYHJ dd J 1 dzj € Istets dzO d&zd tcOL sGtcj Ists2 d
1L dzj Slstedyj Mitsets tcOLGYHO ddERdsctej o 1 dzj S

1 Of toj M j dadz” jI] 527 dif'®) [([f slsj deydOdz o 5L B I2°
630,0 M 6MP), 4(fdshsjdydOod otLBEYHjddW
sBMEyHOE Iswy COC Mmdseods | OottstceOdz' dzr §
ftesdMrBBHdIs 6 dzOoLdlz df3 I4sBILGiO L dajdff M tdgijH Mis o j dzdk
Hd Mty dOofydee dfyds B3d yOMmisdyodd ddzd fotsde'ts
HJjLOSIsdoOydd Bijdaij 903 dzO, L O dMm¢ dzv yd dac

[ dzw Bzdz Isdf dzjs© 630, 0 d 636, 4 dzd3
Mls s dzC dzts 0 j dzdWWd3d< Isswpjdd® dz© o' MBISOR, GHJ B
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wodws Isfw Mddz dzgj 2N ddBBd eseodHE HEdkESEs 6
). 1cilsdkk  BdMMdY 630,0 d 636, 4 dads C
l jetswisdats, (st L dzOuj ded j BB §! B dzfp & fipfs § ezt
Msseh Odksf! , Ykt or MskO &OS M EzEBO fMe |y
140dSdgjyOdkz0 o -Fih HGAzOR 140

] sdzsNg™3 91, 4; 4P FYBjrde3 (Islsj dzydOdz atsL B
fjteots? GltedyOlsjd dets?2 fdMmlsj dsr , dzj Bistzicg k
Nt dzj ClstetsdzO R, WodzWs Ishw { toff ddpial H DY O i ke
ZOtcOo dzj M CtOMmMdesOI] Vv § dzy dzts MW dztf dpdifsSiats]tcdda
Mdwded?2 [YjdsBjtodzjdz, 1963: [Rotsdr s, 197!

14SARHEGH d HOWWELdts] Mmdwdedj €OSC fdzj H
o dgzlstej dzdzj 2 BOC MW jtoj o G jtedtH’

JHdZO dL dzO0d B sdzj § ddzlsj o Mdze" » oifriidsBdz]
Ols dizssmW Jf t¢ 'tc f §f wzls § dzfihdz®dzdzdqls d2te L OS¢ dzé U Osjwisofigj d
SARIHEZG, MmMEzobsEdL @dp'dde dedzis 2 f tc d4d)j Oc diisdz 26 0 d
o’ Mtsls25kHS 600 G Clts Mojyjddj & OtC
OtsBOtcdzsets CdMdzstetsH O 6 3 0 1s Q dztizdsts dz@elji B Ric st
dL d3j dad dzd ? ddzlsj dzlmdo detsMmisj 2 Htekzednm 1 d3d mMmo
LCOLT 9081k, vyt {dj CltetsdzdzOw s j &R saBIEY ¢
Htsdzy dzO BT Is! Mmikh jMmlse jdedets §ftsor M jdzO, ylstse
Otsds CdMzstetsH ODEB MMt dedIismkzismise d'§ o
( 4 Bdrbier, 1960].

SARHEZGd dzOBdz¢ HOB IsWw ot otcj d3W d3OG dzd
sftcjHjdveslsiMfy 5 o90ttdOydd ¢ jtsd3Oc dzdls dztsc
102yjoea0O® d Ht. , 1971; Kezzryr ao se tdzd @O Is
fjtejCter sdvw Ctdz yjoscets ttsd O( fndzd das i R2L ©
1 dgj o6 d ydzr n dtsdzts o dzOctcj 9 Ot Is f dzOL d3ts W
dzd Mr sHWh d2 fslstsC Mo j tor Isfdf dizisdadf E2dg@ ¢ ddgdSlslsiitst
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fesdze j dzdydo Ojls tsCteky O h s 1 dzj € Istcts dadzlz ©
qodesmW j tor 9 9dH] MkzBOoteicOdz dzse s f d¢ O
tcjLEdz SOIsj ftesdmMratsHdIls kfMmddzj dzd J§ d dzls § dz
C d fndztsete SSHAOR € fn d3. to d fijkodpm €t all, 1927).

X\ Plasmapause

Ring current

N

Plasma sheet

t qEndzsIC2 v o W L MlstezC skzter 9 dzlzIstec | dzdzj 2
mMdw dzdgABH He[FR tcOB BIsT R]J 8 j dz€ t5, 1999

FqUW Wk dtsj  fdeveddd)j ozt fig's iz jul i ts¢  ydz' & ! d
o dz lstcj dzdzj 2 B dzOf)ls SARJHAZGELO | tebatissctasO yipptsy . ezl O fig

f ZOL BBl j tor (§ &ZOL &3sf OkL ") 1 dzj G d i dig GO
oL iskzh j dzd 2

456 dZOMdets d3j ~ Odzd L eBidz Gafj dzjlftac) sty G lmets 3

1965, 1970], fjttjHOYUO 1 dzgjtecdd Bls 1 dzj t
L dzj ClstetsdzOd3 o dzj M dzj 2 f &zZOL dBsMW j ter f totsd f
fistsdzC detso j dad 2 . 1 sL Y4, B' dzd ftoj Hdztsy j dg

AtsdzsHdzr 7 1 dzj Clstotsdatse 1 tef g o Y dzuddE j O 5 dzQ d3
CIRA otdzdzO3d [ Cor nwa,Hlorete, all99219Zhpu
Mot ddy CddasdudmSddd Od Wejdzse M dd3
tc OB s IKQxHra ef al., 1987; Fok et al., 1993; Inaba et al. , 20 204d L d
f toj Hdzs g EdzEB@delz f tod L dzOdz tsMdzts o dz' Usanoda2081g L t
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OQolstste 9" MEOL" 90jIs dgdzj dzdd , yYlsts o SARsidAE ,
dzj Mdsslstew dz@ Mo tss HBdzG k¥ I Istts@i tolsjitc fF M) ls @
2012 MH j dzOdz o SARsIHz,G JylsiE( L ¢ 52 d dzlsS tdzm)d,0 dagth)dslt
9" L o Odg or Mr f Odedvw d@3d dedL S 54 dzj e ydze" » 4
sOCdJ HEGd, HBdd ©GOMfsd&zOGOIs! MW 9o B dzd L

[drOdEBE3z@ ) HY SdZOGOJ s, ®WEEd 4§ E&6FdQPUOH
ot BB &2O BOGdzdIsdes?2 BRtd o f(Jtesyj My O
By ~nOdzdL &3 ~totsh 5 Mlse jIsMmiseo s Odz d d3jHslhed.
1 smdzy Ibj st IsdCogrmalielal c®B s)ls; d&desedj MM
Mud sPIsts ,- SRR HEddZ otLdSO! ot otj o

1 Ists?2 tcOB Sls j ftcj Hf sdzOG Odzsfy! Yylsts ofts
f dzOL s OzL © Mdzj h O sipB sdzg® Y dzp | dazd tcOd .
f jtod SH WoLT o smmis Odets o dzj dzd v tc Ot t§ dofy & B |

f d&zOL d3smW jJter M SCtdtsL j ddts? B dOMmIs: 8 CtscC
| OdzH Oz -ydt§ diiztis tc ts dzdz" n o Bdzdz dzZOGtcj 9 OF Ismw
Mo jtorilsjfdzseor a7 { dzj € Istns/dittse ¥ 8 H st dzd GO ddzd I
CtcOMdets?2 dzd dgfds @l BaBiIsdEH O 2O o' MEBSIsOR B
Mtej Hdzj M JesIs dats 2 ¢ tc Ofndats 2 Hize d, CslsstcOW
GteOdzd y Iz f dzOL d3tsmW j ter (f &zOL d3tsf OkzL z) . |
ftotso jHjdedz | 81 9H90tcdadsai. ,1 9BdscHO kO d gqgd@
Yyofmsdyr SCtdzt yjosscets O ftosddlOsls ofs
WOL" ®BOcdzgdlsdes? BERted d/ ddzd ot otcj ZBv
Kozyra et al ., 1997]. t J L zdz' Is OlsDbynafmid dzr
Explorer( DE) 1 dssbdilsal § &zOL d3sMW j ter d dzO dsc
Ylsts Te -tfeddOfrplsdk -~ Otc OC-Helg dodiz” 2 M AW SJAR o H
fsdzw M ctcOHdj destsds f dzslsdesisd ddeseo d O
| OHdj dzls f dztslsdesflsd Yy O Pls tsi3tsdg@igj dev H @) A B &
L dzOyj ded jO ) Hor wi t z et al ., 1986]. 1Oy
odzzlstcj dadzj 2 dBOCdzdIstsmW jtor dz0 MY z[Kozgde®al, L
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1987], GHJ] twOMmMhdisilstej dzts (s B Bls[dits DMRMGHAS | de
(f zOL dBBsf OzL ) o thdtso des iz ™ F tsdzsq jsalys ¢ Hz] GE
1JHOodzs kB dzd S s Odzdz’ § toj-ulizelz2 OIS tsd
ydqWwteseor n COBjtc oaMmMicects dzjBO ISOCY ] EZCOLT @
Csdzr yjotsets IstsC O o s5kzo oz z@z¢ © dzff dz© dz@xes digpths 3 to W
[ Shi okawa et al ., 2013; [MMnsetall2l0d 9¢t od |
ftcj HMMIsOo dzj dz tcjLEzdz sOIsT SH sl 6] B3 datd G
Mo tcwy jdedz" 7 BB &ZOMWA Heokdw ¢ Odsj2tc Glgigye dad
Blzted . J L Issd3 dmMmdzi Hso Odzedd BT dzs Blsd3d Yy
mMétstesMisd dmr { CoOtstcdOdz! dzsets Hodg |y w9y dz
WoLT mMkeBlztc! . Clsts ECOLT 90j1Is dz©O ko j-dzd
Bzt ys Or ¢ jHilg tAyHdQ@L d$EfROEZL T ) € OC Mmdzj H
[ desetsdzj sdedj dMmMmdzj Hise Odzdww Mk @F tc e dz
Bsdzr "sds S sdzdyj Mlsej MtsB ' Isd 2H zHejdls Qfdis WdatxizWifs t
EwitcyOs Ismwe ots" adiddg 3w Mize B lztc! . A wizdfd te2®ayd diz
9 BCtojMisdesMisd 1+ CoOlststed Odz! dets?2 GteOdzed yy
1L dgj e duydes?2 d Isjfdzsets?2 f &zOL d3" dzO M fHiAAssdAC
Bsyjls Brils! MmMdzjuMmisead]y dd B Mistesets f tetsdzad € «
OofmMimd i3} Is tEdfopdzpje scts ssC O o B dZzOMIs! o dzd
Hdzd Isj dz' dets? MkzeBlztc] itk OO Slisdig s fj lsdy v S AR
1 CoOlststed Odz! desdz dzOff tc ©9 dzj dzd Aexdyavgtal. j20@9.5, 1
I wOHRsjsg j,dk3 9] ftoj Hdztsy § de@n § di30 d todsy JHi
BOG dzd s s MW j to dats 2 OCIlkdodesmisd dzO o dzgj h dz¥
HodY Jdd-p SRR sfdz GlsHjdzj dzgdv s & s
f dzslsdetsmisd R BdzsH dzs?2 § d&zOL 3" o dzzIlstc! ff dzOL d
f &zOL d3tsf OkzL r dHSY dazOap@ iz Gl Odztsmisias 2 § dzOL «
SlssBtcOY O MW HBf sdddlsy dzt dzr d3 EMmddzj dzd § d3
olbstet2HESSAR 1 0O ©ME@Y o L sTeGW sl sd3d sted yd ir¢ d
HzemEd®dzydd c¢d ORIEHE OB000 GG ., o edzj CHp s, P
fsdzzyj 20 MmMlsOIsdMmisdyj MSd L dz2Oyd izOvw 1 sdztsy
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630, 0 dzed3 [ Ol] ©® HEcG] M Ctdzigpo rdadds 4 th
ffdzOB " 7 &BOGdzd Isdz’ 7 B 5  digalg jdstifisd dsch st
LOodMmddiismis: Bls ¢j B ddad § Kdzn | € fistsy
FCOLTro9a0jls dzO L dzOydlsj dz' dzr 2H k&g § dzQfn d azd3 jcl
Cdz! yjossegts IstsC Op L ot Wd@ih QO sfiflzjpeBtz tadzO
gowL ! 9oL dzd GHiSH(] telddad IPIARO YT j 2 dday 4 € yc
RZO cjtmMsOydsdzOtedzts? tsteBdilsj ot otej BBW L t
[levenko et a.2008] . 1ts HOdzdz" &3 dzOB dzt H J dzd 2 f
dqsdes W J todzts G s D tdz]y J & O ¢ fzO @ ek et B, 2 009 ] B
fsCOL Odets/H Ewglos fYAR Ctor 9 Oj sy M 1 CoOlssted
fcdzvtcdL Oydsdedzsets fslssC,0o( SAPBR] Mtsd dz@fge
1 Otedzd € s, 2020; | evenko, 2020] otff Jtco
cjedmst\RyMEfEdd SASI AKeo Sentryo M HOdzdz
f OtcOd3j steso  dzOL di3¥ d fslstsSCtses yYyoOmlsdy dz0
B) o dOyOdzj BBdz "52 dBOCdedlsdes?2 BLEted 17
SARHEZGO 9o {1 Issd3 M’ Isdd | S EtcOy ®dd st s 6z
dtsdese € tsdz! yj odEgwitd A 20 of) of jdzxQjLtcdzj d3 M j S Ists
FdwwizL dats 1 fefdu jdedfijls © o dvsjdstifiidss' e o 2sicfipazy dzj dz
BJL Stkf dtdizoOmh Is EamderdLo68fil s etlak, §X73a dfi S Mmj J o
197, ®ROLEZjls d&kzyj?2 d dg 0L 90jls MHE
[Yamamoto, 198B [ o, sCO2dzdzv s h jj 1 CoOlststed Odz
mMdwded?2, dzg Mdsslstew dzO oMy MmMotss ¢clslkzMmC dztsfls
sfdetse dzze yOMmls: (~880 )Y sifetsigs § Bz 1 da tc clafcd)
ftcdotsHdls & f§torh jdzdets? d tsdzd L ONgweliet af., 2808 d3d
[ d o' L of @fjdfhdzts o 52 Hdef ¥V s dej tcc d ydz' - 1
SCdzL j Bdese s  f dzOL A3 dedes e 5 Mdztsw ) toj L
Ldzj dnistOts d W Jd ME d d3dy 1< digisdssctstsRiisizszdiz il Joesi974. |
mMif j SIlstey ra ftojcsBdzOHOE s L jdzj d&zgOWw 557, 7
CdMdzs®EH O) fedyd &3 ddzlsj dzid o dztsB s tc OL Pdzp dzts Y
[RJojdS 5, ,1 QUOWRRts0 v O0C ] Msilsdes j dedj 1 I
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Mtcj Hdze 8 L dzj e de or Mmyr tEEs I .d4 MHReesiLudp\s 19THs dz
Stenbaek\ielsen Hallinan,1979 McEwan et al.1981].

LY J HBdgdtc] Badztsazdzi BOGdzdIsdzs?2 OCIsd o dzsmls ¢
dz0  dzts y dzts 2 mis stetsdzj tcOmMf sdzOc Oj Ismw o B dz
1 CoOlststcd Odz! dzOW GcteOdzd Yo 14 w45 dzO@ Rz
qosdzsmW jter [ Hor wi t z et al .Feldsieia®aperin, E9B5].r f

1.5 lkd Mdekzehdj MmMdwddw d §Ekd MOoyd
1 CoOlstted Odz' dapRy Woda Oldisdeyf 30 v BRSO

[fIsdyd MSdyJ Oo tetstcOdz! dz" § fzdz? MOydd ¢
d dels § dzfd o dztsfls e d ud detf® Is stos's zpdgpM™ d § -
smtse | dzdesMlsw &3, Ctslstster §j dBseckzls Brls! otejc
ddzd o dzj Oo tetstc OpmdstetRal. W st@ @7 3T . ] tc O d3< (
ftej HiNlsOo dzj ded 2, ) dztoR deorhdej -2 W O[SedzibEatial, dt964,
f zddy d mdw dzd 2 CzOmmdW dydtetso Odz i s ’
tcj G kzdzv icddBdgBdftsc  ydets Istsdzlz, ¢ O¢ [t IssEizHflgHs jdd2E
tOmMfsf se d Hte., 1978]. vO¢, fkzdz mMdkzse h
slsdesmw Isyw ¢ Isidf @,25 fif )z.dz MOyd?2

goWwL! RBIYHE f§ld Mz ddd hHdwddw Bd
B dzO S dMOasthlzj | (tdzkze j ¢ G dmLsb@E2 | gizp
wicCdd d HddzOdBBdydzr 4 HEed EmMlstej dgdzv ¥ Isfpw €
mMdwdzdj =~ OtcOC Isuidigddg HsjAdfrfwvdzr 2O dfOL &3 Is™ 7 W is
ftetsh j Miseodd 12tdd dgfcleidiads 1410sd W IsdzO dselzls
fzdz? Mdtctse Ols 9 bduddedy dzj MGtsdzr Sdnm HJ T
fpdwdedj dzOud dzOj Isw i3 te digijdubzdsts fusjfraig] Lin HHNE 1
fesdzs Mk d JtesHsd OjIsmw d&O ftslswy jddd
OCIsdo dzsis! B Yydets Hd&zdIsmw fJtedd3j tedets 1, 5
BRdzs e s Yo sptetsfHisdzy dIsj dz! des?2 f tseor h | dzdam@s ¢
2013, 2013. Rlz' pdtekze M jj Mdwdedj L Odedd3Ojls  Co
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soOdkzO. | fodwttdzsts?2 yYyoOfmlsd e OdzO { tsdstsdy'
fme J yjvdgdags j tc dzj flzclzm & &6 18.;,] IUsAs7dAd]yd 4 tsls o Ot
OCIsdo dzts?2 tsB dzOMiIsd  ts5dzvjte dit tsie dfy d Windfdy 2dzd (21 d fiS
d Is.H.) fkd Mdekze hdy MmMdwdedw fGteswedwsels
CoOLdfjtedsHdUd ME dd3 o ORhYOvikPEvEd7H amgmadh) d
1988].

Il fkd mMdizeh jd3 Mdwddd ¢ tcj 8] dzOH OMA7 4
Rdzls § dzd o dzsfyls! Mmdwdedw MmMdzOBJJ, Ud B d§d°
o9dqHd Yy zseo jydmMédd3 cdzOLsd3 9 odHJ d&dc O!
tldzf s HijMmMwisCse Ctdz o L BdMMdd 557, 7 d
o 1 d3dmmddg) 4 2wc,EBBwedn]. e f sabkdzy yyd98 ff dzls j dzaid o
WisdzO Ctsdzi B dzj Ism®50i190 O fotc | HIjEZOH tesistc O dzf s ¢
fzd Mdlzeh dj Mmdwvddwy dhijils tOr dd WodzQdij ls
oMy tesMmig@de” i teyOs " dj 98k Yamamofomygtii283. e |

Cdzd sedd {1 dzj Clstesdzgsea, MowL Odedzr § M {( kzdz
ttOL dzd ydz' 3 B stsHOB],, L GOty O dtetaDl By
Hd Of OL sdzj tsls | H d dzd y-Nielsen, Hadlisan k879 McBEwan[etat., e
1981; Samara et aR01qJ . Clssls hdesSCd2 HJOf OLtsdz k€
GJdzj eOydd f(kdz Mdekze hdrs Mdwdzed?2 dzOyd dzOv
1 CoOlststcdOdz! des?2 § dzsMECsMisd HEOcdzdIlssmMW j tor
o BdzdzO 3 o [OEFsE)F J5ictg , L u h ma n19861 Bemekhov, D
Trakhtengerts, 1994; Kasahara et al., 2018].

[ JrOddL a3 Wsttdzddtotso Odzedw § Edzr mMdtekzes h A
LORoOYyjdedzr = yOfmlsdy d d= or mr f 0dedj dz o (
ftedosHWwh g § ©@dzder yOMmisd vy, wo dzw j-B & dzOdg. d W
otsL dzd € detso j dzd W HdgWWEL dd Htsdzy Jdz HJ 2Mise
ficdosHwhd2 ¢ dedadgez dijs CPdkimglsej IsOCSE
fesyy mMmr w©wOmMmy wddY yYOMisdy dzOG dedzzdzls® O
sBkfmdztso dzj dgdzr = twOLodIsdj &3 § dzOL d3gj dedzr = dzj |
9dJHEMNdE ¢ orMmr fOdedwdz  dzj SIstetsdztse o {f &z dz
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yds azslstets dzdzO W  dzjtdzaunlsis 2 wigdoL =tHifdsy @ fpitsidsiz- -~ M d
RBsH '™ [ Ke chakel966Demekhoy, Trakhtengerts, 19%asaharatal., 201§.
RLEyjdedj todzwtcder = MmMdwded?2 o yjdzsdz d

fsdzzydeh jj et EMStstk-) &§ 8) o tf tcsi fsdry &
HJ dzg' . 10 BtBdlsT Oor aBHWIs detser jJ Ctshdid yy
dLEyj ddd 1 Istset Mdzsddidsics] ifdzte ¢ s SV o) zd dedeYy .d
zOB dz6 Hjdzdw fp 1 dd@B3dzd d CMiIch@Ohistsy By ¢ d
( 20 f tc d dgistg THEMIS (https://www.nasa.gov/themendartemig d PWING

(https://www.isee.nagoya.ac.jp/dimr/PWING/en})) . v J st Is d e e GO
fdz? mMdkes hdas Mdvd&dZESHBOYDIKBW dzsc &0 Mis s dz
fnJ 2 yMblligrd, [Shepherd 196 6] . J Mo jls or h dzts d3dal

[dzO f tc dNighimyraetal., 2020 d d3ts dzts dde@fitgfR 3 t6,  OMY =Y
[dLEdz]. 1198300y o O dzjdakd, T 6 jsez tc dzts o3
fd Mdksh jdg o yOMmsdesiisd H CREFUGIHet 82013 s d
Oolstste’ tslsdgj woMdstglz s lsfty gy dzdw +d Of OL s dz
ZOMlstswh j2 OBl , dj fsdkddoddn' o d
[{ OfMfsftse d Hi. , HumBersdtkt. al, P01t OB & ks jyjo Wh
MsOkdMsduj MS Bz O0dOkdL £ f,BaEBHier: | ¢ Ooi
ot d34 dzdzlz ® dL d3j deyd o sls w o dzj dzd 2 , d dzj
b sk dz0j &' & Isjsted?2 ) tjLbd sOsOdd Mo
fdteddh3d deso Ols! ¢l lzdz Mdeze M dj Mdwdadwe ¢
sBiLOL 53, otsf M Isg@APYH df dzOB dz¢ H j dzd v
sflsO¥ s S’ Is' &g .

| zOfls swidjinij tlsOydsdzdzts? t©OBBI| o] HI
OB dzt Hj dzd 2 ke o @y L@ dgyudgid" HedntcstsOd o
RMMdzy Hiso Oded W flzdz' MOYd2 Mo j whdaffd i dzdedt
hJlesBARHEZGd, {CoOltstedOdz dzj j 4 HtSoSHW]
| ©OmGljj S, 1995], ofjtar j, SARHES df, Sy
OB &z HOs W flkd MOYydd Mo jNyj(dB&(94 , disdrf S &
BOdts?2 ddalsj dzido detsfylsd, oMmdzjHfilsady o kde fe


https://www.sciencedirect.com/science/article/abs/pii/0032063366900110#!
https://www.sciencedirect.com/author/7202811059/gordon-g-shepherd
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1002/2015JA021252#jgra52175-bib-0018
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1 zdz MOydd M -2y et efmteBti]j 106 0 dj M dz® ydls,
COMmMdzs? HEzGd, pEsdG@EsBORENHdzs 5 o tc] &gW
mMkzeBlkzted O Is L OKR Misigvenkgetaddj 2 PLO008] . 1 ¢SOV
fSHARBHYN Jjes B rO0dzdL B3O W stedid totso Odzd BARY Iz
Hzed, B'" dz 9" BteOdz d3j » GCommhiti, KEnnelf187P]H ditishy I dizda)
1 dzj Clstes &3O G dzd- 3 A dizd Is tf ts dizdizts elzth dz(zO iz A ¥ 54 W% d U
e dztso 52 H i) Mo Lddudiig CAls te ts dats o Yylsts ftcdotsHd
BsHEkzdzY ydd folstsCtse or ffr f O h d 7 MWevenkdet &l. s tc
2012;levenkq Parnikoy 2022].

Il 5 odzzlstej dzdzj 2 HBOcddlssmW¥ jtej, GC[fRA o
1 dzj Clstesd3Oc dzd Isdzets ] dPal-&zz iy dzgf 9 sR d Pt @y t58 dzO O
dsdzOdzd SCtdzt yj ose s -190C & 1 fiy ifndzjldgcdytj?tc Olslz
(Te>T) ddzy 4 S Isdtetso Odedaizzel 5 d iy dztswdzOa 3] detec J d3w
[Cornwall, 1965 SummersThorne 2003;Zhangetal. , 2014] . | J dzgj t6C
LOodMmdls tls dodkzdydwy (osfbkdvydd ettewydn
d sdzts 9 sBjMfjuyuydoOjls MmMotBtSHAEZ:® 1 dzj te O &
fticdmMizlsmilse dj n SdzsH dz' ~ d sdzts o mMf smMse Mmls
(ddzStcj d3gj dzls© dOtcOMmMIsOdzd W ) o tsdzdz . s O0Cdds
BdzOG s tod W Isizlz’j dizj dgjOfyls{tyf ¢ [ R A o ts ckolanglet@lg 1981y a |

]l twOpWaimetal] 2015], fsmeowh jdades?2 MmisOlsd
fs C[RA oBdzdzOd, {§ tdzkz yYaeddenfz @6 sistskls iz ¢ 1O
Ists, yYlsts B dZOMIs! dOdetd hj2 MEtstsmMisd 64
f zOL i3sf OkzL 52, Htededzdy OW Mmd dzGE2 L igtizle ts dzf) dzg
o ojujtdzd yofmr. vOdB x4, BIdM" o0O0jlsmv t
o f2C dzsfis (. sO0Cddz tsBOL 503, Oolstster  tSH
Az H dets?2 f dzOL d3" H dayd StalitGOsdits d@nz2d  dej Hayiisds 2

sOC toj Lomd®dsdgdsH j 2 Mlso dwWw M dsdadets? € ts d3t
CIRA o tsdzdz tcOLHJjdzvEIsmw dzO Isted HJOY§ OL |
CdMmdzstesH dzlz s . ] sHstetsHdz" 2 HJOf OL sdzd HaBE &
OBHBESHO d GJjdzdw, c6cjdzdjs’" 2 H EGsQusPdzdd
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CdMmMdzstesH O, O SCdMmdzstetsH dzr 2 H (ot dzs gz tsite@ste
L-sB 5 dBsY S 6 j dz] tdZOY dodf d34 te, Fraser, 1985] .
HJOf OL s5dz20, o BGmdzso dzsd3, dzOB dzé H O¥ IsMW o dz]
d CdmMizcEOflz86 sdz0 dzOB dzt HIOO® s N S RE P dAZUsd
and Nguyen, 2001K [ RA o tsdzdzr o H Jjted ydmdzj dzdzr = Ist
L Oted 6 d Misted tets svandallen [aikin et . 42016 -

CIRA o Bdzdz , Gjdzgjtcdtclzj d&3" j © 1 CoOlststc
dzOB dz¢ HOE Isfpw o N JlegCIHB HIEOfRIAdMAE s Oz L
ORf dzd IszH OB ts IsMetedithet al, R003;\din etlals, 012;Zhang et al.,
2016; Blum et al. 2017] .[FrazeisNsglzOyinedss, 2001] 9 G
mMots2MmMlsos SadzAditsy dzets o Hj dzdIs! Mmdzj HEzE N j ]
1). C[RA o tsdzdg otsLdzd C O MILTAzZO @O azOR% e
Hdzj o desdgz Mj CIsstelz d THEMEJcEcOW fd¢0O0 6 dzt
2. YOMbslO oMmistj yo]xEsinddyizddg dokEx © @ Is W
3. 1 tfMmdzj {sdzlzH jdzder | o tdzdetser j MtsBr Isdw o
f zOL 80043 My OCdj f dzslsdetsisd ftoj HYf sdzOG O I
gdzd, oBL By dets, M BlsHjdzdeh Jd3d MY B dZOMIsV
4). CIRA o tdzds G 50 HHOA [t HLAEZzO dd3j 8 Is Isj dzH §
Wsdeso ™ |  dzslsdesisd i &ZOds' sEOzO ( WE B sizj
otsdzdz’*d ("Hef Of OL s5dz0) dzOB dzt HO¥ sMw 3§ ted § dztsl

10 Ljgdzy, C[RA otdzdzr ftetswWo dzw ¥ Is iy usdh2
[Mdesoadzr | Mots2MmMlsea O fkdz MOYyd2 Pcl o vyjd
~nOOCIsjtedMmisds Odzd o 5dzdg, sO¢, Yyomlsssls O
o' MsCdr hdqeslsOr d desy’ & o ddL SCdr hdt
i " O4 s ©ls  Hdzj o dz R €] L dztaislis jdslzdz@-D6nMRt
CjBBOCddIsdets?2 hdt&B8B7; [ Parot bskadp&9] . 1 to
h dtetsls dats § tcOMY tcj HJ dzj dzd J Yyomlssisr o fmMistej
Btsdz! " dR=5Y§ &6d d d3J dz3B.dQuglifimmiefal., 2006].

[Mdzso dg BOded L BBsdZ 6 j dzgj e Oydd C[RA otd
oL Oddi3tsH j 2 Mmisfotefjjd d3iz & gzlifiy o § dizpticc d ydz' &3 § tets
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1 CoOlststcdOdz! dets?2 § dzsmMEsMmisd BOcdzdIssmW j tor .
JLtslstesfdL Oydd dL dzOyOdz' dzs 0Odzd Ldsslete s dztic
f smdzj Hiz¥ b J sz tc Off) 5 |5 yCumgwall 65F ts dzlz fn)

1 tc O fEaledson, Ukhorskiy200]] , Oe lstster Mtstseh O Is
fsweodzjdzgdd Cf RA otsdzdz d EMmddzj dede" = f BISBC
35d<5, ylsts ESOL " 9 Odzts datidj Isfipls o duldsjtsdz! CdgtR Ad3ts
f totsls tsdz o Ctdzzfm [Yatnsg wt'al, 2000 tOeldEdgr | fmt
dzOL j d3dz" j§ GJ SdBOG dzd Isdz" § A Odsizizg ¢ © M ISND@ APA
fosH | B3cdzMistedtese Odzd o "tofy 'd3lz ® dzdiro d3dd! {f deyis|moda
f zdz' ORLY W B

It M fO0ded] Htoslssdzse o7 LM 90Ojls teOL dzd ydz
COS lHjd dZ j] Mmke O tets tc[Odz® fizs Sonstimslis,|s s fzaz
Sakaguchetal.,, 2007; 2008 d Mk Qo tetstcOdz! dz' J Iz IsRseyekdzd
al., 2004 Nomuraetal., 2013 . dolstster dqdzlsjtcf tcj Isdtelz® Is
mdw dzd W CoO¢ tojLEzdz sOIs 9L OddBsHj2Mlse W
1 dgj e dydzr = yYOfivahhigetal.l, t2@BOTlY,j (S OL OdzO |
foslstsdzdz” &3 g wWilsdzOd3d d G [ RA o sdzdzO B v izt
M MiklsddtO | MAGE M ¢ J PO ¢ dedsldnddzj dgdizdljz dz
ZOf tcOo dzj dzgdd fHtesosHddzdMm! M OCIsd ovdsiAtign df Mt
SOCHBEECOL Odzd Isj Mdzz Mo w L 4 BIYHE GC[RA o
Ctsdz yj o scts Is tiCet@l, 20A2¢Yfihgi 283 1tc ,

Il sd3dd3ts o' Mr § Oded?2 foslssdztseo, C[ RA oatd
1 dgj e dydzr = 1 dzj € Is tc s fomnitifiKemeD M IMOITHO2 g Odgdf
1978; [[wou® dy?j o TsurdiehiBtal.; 2013;Jaynesetal., 2013 . 1 tod
B rOdzedL d3 o7 LT 90O d2 Wodtsor j o Mr §f Oded W
sts¢ 0, o f tfifsipjenjitscddplaist 2 B H MndEwsyd dny  dgidnta
or Mr § Odzd 2 9o 1 tezzO iglEfdE digtsds to s dzdzOW  dzj Mists2 y
tcj L t5dz0 dzfm® ts dgdzChdg[din Isfis o ts 2Kendglsketschdk 196 6] . U
slsdzj sd s , Yylsts dzgdL S syOfmlstslsdzr j C[RA 98¢
zOf oW 3z tOMmMJ do Ols! 1 dzj € stetsdz sO¢, ¢
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B ztc! d MmMkeBLEt! dZ0 JdodzOr € tsdz' yJdavhseite dldnt
L dzj € Istetsdz tc®ezf © dpftfistxdis@ 5[ de@thdsltatpe 1O98;Fuetal.,
2018;Wanget al., 2016;Capannolcetal. , 2021]. 18 ftd 1 Istsc
st Cts5 ) 4 dzj StesdzOdzd 5 Qizw Is [f tddinky EHgrdef 10981 d;
Miyoshi etal., 2008.

1.6 (OLoadlkdj Mke OoSTEME® tz' dztsg ™ i) )k BB

4 fwsorhjddidd COyimseaO® d HtsMiskzi dtsmlsd
dz¢ Bdlsj dzj 2 WlstsctcOW Jtctso Ols fsdzwtedsr § Mmd
or M tsykeoMmlsea dIsj dz' dzr d3d COd3j e Odzd d fn)
ftosedatsL Jtctso Odzd & OotetstcOdzr dzl g &BHE Is ffo dn;®.y
l stesB jo d Ht., 2022], &Ootfctsipdjy dajQ@" jo tc
fils © dzd Motse M Ols s tcj edMmlstcOYdd dzj sB " \
¥V ssseteOW dva, §dzkzyj ddzr » dz0 MkzB Otetste Odz!
Or IswWdly Is®OMBSEC @ @EsO Mo j yd dzdw (HJMWISCd
Mmidoesids d Isr Mwyd ¢€ddzsdij Istectso O foO HAEO {f dedoctslnj teiz
Yofmlsts MsftcsotsyHO] dB3OW L jdzj dzf d@3d BteOL 59 (
cPicket fences, H PR [$emeteret al.,, 202Q . 1 se sy w9 dzj dzd
fitifzlsOddetsy M ¢ osistsdade B3 Md W dzStevesd ,y d it
sHdets L §jtemMsdzOy j2 &zdzr s¥Wddzr &30. 1 fdz]
Ot POBGY tisMOdd ff ucjsniEped sl dafesc s Mo j
mMfJydodzdmlsr o B d&OMIsd f§tsdzvwtede = Mdwded 2
Mo jyjdedw dzj MeawLOdEO M o' Mr § Oded j A3 f totsls
fod ujddj otsefmj daj MmewL Odes M orf M Dded j
M misd Is] f dzsSirengtlerndlendzkzonjeldafyenhéncement . U C

) fJjtco 2 dz0 2 y dzts 2 tcOB tslsj , f sfpe v hStedrdzts
f toj o tcOls d dzts ) STEYE[MacRotmatsietal ,2018].
sbls dzy ds sldjkdl: , st fisk® M@ d w5 Heds

Cjcbdvtcdy 2 SOEOCkjt d Bscds B! L O]
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Hdzed. | t0OB®lsj [ Hunnekuhl and MacDonal
fsdzvtcdzr = Mdwdzed?2 sOtdzz 2z sy ted3d telz, -m O oGldBIte
Zyteddjte d JeBB CtsBBOdHO dzOB dz¢ H Odzd SIS H
mMkh jmMseze h A 1 CoOlststed Odz! dzj J OCIsdo dz" n
sftej HY dzd Is! or mMslskz 1 Isdms HECG, md dz' dets &
mMdwdzd?2 [ StRBr mer, 1-B03 5 ] 6. 5 H g 9 %0 i i3 ¢ DI
dzO § tc d Barbier 190;SchaefferJacka 19 7 1 ] sOCyJ tslsd3j yc
CtcOsC sotcj d3j dgdesets kMmddzj dedw L j dzj des?2 1 osd
tcOB tHechetdl. , 1971] ctottedlshmw, 7y O duzhe
hqiecsBARH EZGcd dz0 ftoslswy jdedd ~50 dBddz, yYbsc
~nOOCIsj tedz d3 o tCYTEYEMZISH o Yode@pzdzs H ) lHA O o to S t6 O
Mo d Wi ded v , tcj G Iz dzv tc dzts f tatfo SH PP ISOC 9, R
tjedmMbstedtotse Odzts fi3!j L@ sy EHa{tg j d3dj diedzts?2 1+ d3q f
dzO0 " J (SBRHAEG d . vJ &3 daj MdgDoraldet al., BWEL Is 1wwo dfv
fjtcots?2 dOzydsIcttOBtsBsSB d&z ftojHAZEY jd tsB
STEVE | 1 Ists? tOBTBIsy M tedo dzy yd ded Odg O 84O
mMfzsdgwamp otetsf j 2 ME et Csmdddyd Mitses 0OG
Ylsts detso " 2 o9 dH MkBOosttsteOdz! detscts o j |AIDE] v
(Subauroralon Drift) [Spiroetal. 1979] Mottt M Cas d3j ¢
wWodzj dedgd J Is Mo tsR ) tsdpMeteRLd® yd sdzdz" 2 HY JIs [ G
dlsjifOdzseo d HE, 2017, WdBsdsctcOVIJWw] ) .

SAID, W dzws h g2 fmw Mz HMlsoadjd3d oL Hj 2T
1 dzj Slsteduyj MSdmr 8dzj2 (~100 d3l/ o) d3OcG dzd |
dL Mmjevw 2Bh §gtiztslsr()l Mmlstez B Mister = ( ~1¢ &3/
Hicj2Wise € LOfOHE eoBdzdLd §tcBgEd@ilsd dpsd
Colsster j dzO0d B tsdzj J L Od3d Is dzts ftotsw o dzv & Isfy
Ctozf desdzOMh IsOB dzts?2 € tsdzo jHe ejal,R01q fdzOd i3 ts dzil L 8
H Odzdz n MyDMSEz@ ¢ B B dz2Otclzy § dzO  [SSAIES O 9
f OtcOdzdzj dz' dz" | f sdzsfyr , SAIDsYds dgusdizdc ID&AD] qj C
(Double SAID) . sO0Cddz tsBtOL sd3, HBME dBBGEG" AL
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sflsdud MEdd HMDBEE Y lsedy @s! dese ), BB
s tsdS 52 SAPBPwckzC Iskztcj

) tc OB t&&llgrdoLdcourt et al, 2018] f sfne w h j dzdzts 2
ftoesd Mn cPFHEYEzd "Oo Istster , M sMisOoade dzOL j dzd
MY zIls @OESO7 ftodh dzd € STEVERAGH o WylOmz f o Mmr t
[ Odzt dzj 2h dj dfAghzjetddo, Od2fO 1 9] RzO thmdse |
M Isd 2, f SHIso jf O dHdadap ez #€ 1© ) BEEVE v aydgis] Is
Mde dzOlskztes?2 Ytej L 9" SAD?2 dats O dgdads j dzm@ aMHER] € Ists
ZzOdesdz! h j2 o j tctsw STdRAEMIS 2 27 SivEe doj2dzdeGadlasds |
Lacourt et al.,, 2018, §f sfeo w h | dzdats 2 MisOIsdMisd yj MS< A3k
f5C OL OBFEVEf Glyte dzv j sfjw 2@ fMkB Oo esteOdz' dz' 1
fsdzj dZOYOdZzO Mice » HiE@L 0. Czsdiiygls dzOV STEME Is
MsmMsQadw jls ~20 ¢ d3, HsdzG sSIsdzgOY ~2000 ¢
MomMlsQoadzw jIs ~1 YOMSTBVE isdjuhj @zdlg mMC sde@®tcs B 0
Slsdesfdlsj dz dets Metsjets f jtcotsdgOyOdz! desets 3y

[ Mdzts o dgts 2 dz'indzg X Is tE @ tc O ¢ BTEME] ) IdssSdigf2y O 8 M j &
sB" Yydz' =« MdwddRd dzfdadizgs d dzlinr 30 dzO o Mj = H dzc
400700 dzeds ) dzsC Oz dzr B k& fnd d] dflliestt al., B8y i) o
Hardingetal. , 2020] . vufMmddzided] CteOMmdes? dzd dzed d
0200 ¢ ds. I[MadB@naldsds gl., 2018] o ¥ MSIFEVE B dzO d L d3j t
Hd Of OL 234 0 1T d. ILiang @gals 12019 [ B dzO dL &3] te g
Ho zrn MizSTEYR ¢ Do Istste’ H] dzO¢ Is o' 9 tsH, Ylsts ¢t
STEVEW o dzw j Isfqw EMmddzj dedj S tdesddzzizdzsd. O1686&
Cds EMmddzj dzdv SteOfmdzes? dzdsiztftsn jdzj ta@CBY dixy drO@o
(~250 Cd3) dzOBdzs HOzsM' L dzZOYdlsj dz' detsj ¢ ts¢

sO¢ fdMmOdz8MVEyYOMisis, Msf RAso tePnr @Y Is O d3r 2
L gdmMMmdd 5[0, 7] dddeheiset al. [, 2019] Qo lstste
zs Bdlsjdz MCdj WolsetwOWdd, MHJj dzOdzdzr j PH L
MsMmils 0o é&v5j0ls SodP, STEVE O @l tc O j Isw  @&@ 0 o ¢ f


https://agupubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Liang%2C+Jun
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boltster §toj H Y RFECTEGREQE dzylitD s kv  dz0@ sy j dz
sez8d kjBdoger & ¢gbdgPe g lsdasc s f tsdzw
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