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This work is a study of Hot Flow Anomaly (HFA), formed near the Earth’s bow shock on
03/14/96. This phenomenon was observed by Interball Tail spacecraft, data retrieved with ion
spectrometer SCA-1, fluxgate magnetometer MIF-M, and electron spectrometer ELECTRON. Using these
data we determined orientation of interplanetary current sheet, considered to form the anomaly. We
calculated motional electric fields on both sides of HFA. It turned out that these fields were directed
towards the current sheet on its both sides what corresponds to previous ideas on the reasons for HFA
formation. It is considered that HFA are formed as a result of sun-directional ion reflection from the bow
shock front in the direction of the current sheet.
With magnetic field and plasma data we distinguished several regions within the anomaly. Using the
model of Earth’s bow shock we determined the speed and direction of anomaly motion. From velocities
measured inside anomaly we analyzed plasma convection within HFA. It was shown than plasma
velocities are directed away from the current sheet. This motion allows us to conclude that energy source
is located near the current sheet. This expansion is in agreement with estimated pressure value inside
HFA. Analysis of electron dynamic spectra and ion velocity distributions confirms that the anomaly
consists of two parts: leading and trailing that appears to be separated current sheet as the source of
heating and convective energy.

HaGuroenuss ObuUTH MPOBENIEHBI Ha XBOCTOBOM 30HJIe npoekta MuTepOon 13 anpens 1996 r.
Hcnonp3oBanbl u3MepeHus 3-mepHoro uoHuoro crekrpomerpa CKA-1 [1], cekTpomeTpa 3JIeKTPOHOB
DJIEKTPOH [2] u marautomerpa MU®-M [3]. CKA-1 npoBoans M3MpEHHUss HHTCHCUBHOCTH MOTOKA
HOHOB B 960 Toukax MpocTpaHCTBA CKOpocTeid B Imkane sHepruii E/Q ot 50 3B/q 1o 5 x3B/q 3a Bpems ~
10c. ®eppo3zonaoBsiii MarauTomMeTp MU ®-M u3mepsist Tpu KOMIIOHEHTa MATHUTHOTO TIOJIS C 4acTOToi 1
T

B pabote ucnonb3oBaHa 3-MepHass MOJIEJIb yIapHOW BOJIHBI, OydeHHas Formisano B 1979 r.
[4]. OcHoBbIBasick Ha 3TO# MojenH ObUIa MOCTPOCHA KAPTHHA B3aUMHOW OPHEHTAIMU YIAAPHOH BOJHBI,
TOKOBOTO CJIOSI, COOTBETCTBYIOIINX HOPMAaJIbHBIX BEKTOPOB K HUM, a TaKKe PACCUUTAHO HAIPABICHUE U
BEJIMYMHA D3JIEKTPUYECKOrO IOJsI, BO3HHUKAIOUIETO B pE3yJbTaTe ABWKEHHS 3apsHDKEHHBIX YaCTHI[ B
3aMarHMYe€HHOM MOTOKE COJIHEYHOTO BeTpa. [lomydueHHsie pe3yapTaTsl NpeacTaBieHs! Ha Pucynke 1.

C wucnonb3oBanueM (GopMyITel, moiaydeHHoi panee Schwartz, 2000 [5], Osi1a cocraBieHa
CKOPOCTB IepeMENIeHHs TOKOBOTO CIIOS BIOJIb ()POHTA YJIAPHOH BOJIHBL.
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Vtr = ﬁ(ncs —Cos ®cs:bs ’ nbs)

3nech Ve — IPOEKITHSI BEKTOPa CKOPOCTH COJIHEYHOTO BeTpa Vg Ha HOPMaJlb K TOKOBOMY CIIOHO,
Ocsibs - YOI MKy HOPMAITBIO K TOKOBOMY CJIOKO Nes M HOPMAJIBIO K YAAPHOM BOJIHE Nps.

BekTop CKOpPOCTH COMHEYHOTO BETpa J0 yJApHOW BOJHBI MO YCPEAHEHHBIM 3HAYCHUSM JTAHHBIX
ompenensercs kak Vg, = (- 487,6; 25,6; -11,0) xm/c B cucreme koopmuratr GSE (comHeuHo-
SKITUNTHYECKOH).

BekTop HOpMaJi K TOKOBOMY CJIOI0, OTNIPE/ICIICHHBIN 10 1aHHBIM MHTepOona;

nine = (-0,22; 0,50; 0,83)

VYroi, MeX/1y BEKTOPOM HOPMaJIH U CKOPOCTHIO COTHEYHOTO BETpa:

cs:bs

503,2 .
& = ArCCoS(————-) = 77,5
4,6-504,23
TakuMm 00pa3oM, CKOPOCTh CMEIIEHHUS TOKOBOT'O CJIOS BJIOJIb yAapHOH BOJIHBI 110 hopmyiie (1).
110,95 o~
= 5 8’5 @CS —0,39n,, =130,53(-0,53; 0,34; 0,66) = (-69,18; 44,38; 86,15) km/c.

|Vi|= 119 km/c.
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El=-1/c[v]1 x B1] - 3n. mone 1o VB
E2=-1/c[v2 x B2] - 1. none nocne VB

Vnapsas ponsEa (YB)

ToKoBbIH cioii
(curren sheet, CS)

Puc. 1. M300paxeHne B3aUMHON OPHEHTAIIMUA TOKOBOTO CJIOs , HOpMaiH K yaapHoi BosHe (Nsb), Hopmamu
K TokoBoMY ciioto (NCS) 1 HampaBlIeHHUH 3JEKTPUUECKOTO MO 10 U MOCHEe MPOX0XKICHHUS TOKOBOTO CJI0s (CTpesKu
El u E2). Ocu: ot mnockoctu pucynka — X(GSE), BnopaBo — Y(GSE), BBepx — Z(GSE). Okono3zemHast ynapHast
BOJIHA NTOKa33aHa CXEMATHYECKH.

[Tockonbky Bce BekTopa ObLIIM HOPMalTM30BaHBI, TO TIONYYEHHBIH pe3ybTaT sBISET cOO0M HE UTO
HMHOE, KaK KOMIIOHEHT CKOPOCTH TOKOBOTI'O CJI0s BJIOJIb KaCaTeJIbHOM K yIapHOU BOJIHE.

IIponsBenéM OLEHKY pa3Mepa aHOMAIMHM BJIOJIb €€ TPACKTOPUM OTHOCUTEIBHO CITyTHHKA
HuTepbon. ObpatiM BHUMaHHE, 4TO 3aduKcUpoBaHHas amuTensHOCcTh Tena AITI coctaBiser mopsaka
160 cexyHn, BBIYHCIEHHAsE CKOPOCTh IepeMenienns — nopsaaka 119xkm/c; Takum o0pa3om, monepeyHblit
pasMep 0GIaCTH MOKHO OLIEHHTH, Kak 1,9-10% kM (~ 3 paamyca 3emin).

Paccmotpum noapodHee, kak nBmxetcs miazMa BHyTpu AlTL. OOpaTumMces K JaHHBIM. Y CpeTHUM
MOKOMIIOHEHTHO CKOPOCTH, 3apEeTUCTPUPOBaHHBIE B 00nacTu anomanuu. CpenHue, Baoib paspesa ATTI
CIIYTHUKOM, 3HaYEHHsI CKOPOCTeH cocTaBsAtoT B KoopauHaTax GSE:

V,~ -240 xkm/c V~200 xm/c V,~ 6 km/c

Beruuras 3tH 3HadeHUS U3 HU3MCPCHHBIX CKOpOCTefI I[JIa3Mbl BO BpEMsA IEPECCUCHUS AFH,
MNOJIyYuM CKOPOCTHM KOHBCKIMUH IIJIa3Mbl BHYTPHU HEC BJOJIb HAIIPABJICHUA CCUCHUA CIIYTHUKOM.

[ToydeHHBIC pe3yNbTATHI MPEACTaBICHBI HA PrucyHKe 2.
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Puc. 2. JTlanHEb1i TpaduK MOKa3bIBaeT MPOCKIHA

CKOpOCTEi KOHBEKIIMH Ha INIOCKOCTh YZ.

Hauana BekTOpoB pa3menieHs! B1OJIb

TOPU30HTAJIBHON JIMHUH TIOCIIEJOBATENHHO IO

BPEMEHHM MX PETHCTPAIMK OT Havyasa (CrpaBa) K

KOHITy cOObITHSI (ceBa). JIMMHHON HAKJIOHHOM
M / JIMHHUEH MoKa3aHa BHIYMCICHHAs OPUSHTALIUS

/ / - TOKOBOTO CJIOSI, CTPEJIOYKOI — HallpaBJIeHUEe

leading ero cmerenus. CripaBa moka3aHbl BEKTOpa
CKOpOCTH B BEyIllel YacTH aHOMaJINHU
(leading), cneBa — B 3aMpIKatomei (trailing).
I'paduk Hapucosan B ocsix YZ(GSE).
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Ha ocnoBanuu CITYTHUKOBBIX AOaHHBIX ObLa IIPOU3BEACHA OLICHKA JIaBJICHHUI TLIa3MbI BHYTpHU

aHOMAaJIMM M CHAapyXH. BHyTpeHHee AaBIIEHHE OMpEAeNseTCcs] CYMMOUW T'a30KHHETHYECKOTO (TEeTIOBOTO)
2

napnenus mnasmel P =n.Kk.T +nk T, 1 MarHUTHOTO JaBIICHUS Poon = 8_ Buemnee naBneHue Ha
2 e T

¢manre AI'll ompememsercss CyMMOW  TEIUIOBOTO  JIABJCHHWS IUIa3MBl  COJHEYHOTO  BETpa

P, P ~+P  uMarHurHOro gaBjieHus P, ..

.C.6. = 2.C.6. u.c.e.

OrneHuM JaBlieHWE, OKa3hbIBAEMOE COJIHEYHBIM BETPOM HA aHOMAIHIO. YCPEIHHB JaHHBIC II0
coliHeuHOMY BeTpy B uHTepBasie 12:50:03 — 12:54:53 UT, cpenmaeM OLIGHKY TEIUIOBOTO JIABJICHUS
COJTHEYHOTO BeTpa. TeIuioBoe JaBICHUE HOHOB:

P,., ~25€u 29,2-10° & 31,38-107°| 22 | = 317.10"°| 222
K cm

s OIlGHKM DJJIEKTPOHHOTO JIABJICHHS BOCIOJNbB3yeMcs naHHbIMH npubopa DJIEKTPOH.
CornacHo 3TUM JaHHBIM TEMIEpaTypa JIEKTPOHOB COCTABUT B COJTHEYHOM BeTpe ~17 3B, a B Tene AI'TI
~50 3B.

KonmieHnTparust 371eKTpOHOB B ITa3Me C OOJNBIION TOYHOCTHIO COOTBETCTBYET KOHIICHTPAIMU
npotoHoB. M3 nannpix MHTepOona B 00MacTy Tena aHOMAIHMU TOPSIYEr0 MOTOKAa KOHLEHTPALUs WOHOB
coctaBisieT 3,5 cM. B comHedHOM BETpe, M0 JaHHBIM KOCMHYecKoro ammapara Wind KOHIEHTparus
MEHBIIIE — 2,5 em’,

Tenepr MBI MOXEM OLIEHUTH TETJIOBOE JAAaBJICHUE B COJIHEYHOM BETpE:

Ps.c.s. =17 1’6 .10712 (3}73) : 315(CM 73) ~ 9,52 ’10711 ﬁ

3

cM
_ _ 10| 3pe
m.c.e. P3.(,’.({. + Pu.c.r{. - 4’1210 3
cM
2
. -10( 9Pr
OreHUM MarHUTHOE JIaBJeHKE B comHeyHoM BeTpe: P, =— ~1,33-10 —
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Puc. 3. I'padyx MmarautHOro 1 Terosoro aasienuit BHyTpu AI'TI. LlITprxoBaHHOI TMHUEH OTMEUEHO MarHUTHOE
JaBJICHHUCEC, a CIUIOIIHOMU — TCIIJIOBOC.

B cymme jaBienne comHedHoro Berpa Ha dmanre AI'TI omenmBaercs, kak 4,45:10™° spr/ cm®.
Cymmaproe naeinenue BHyTpu AITI, onpemensercs Bemuunsoii ~ 2-10° spr/cm®, uto nmourn B 3 pasa
IIPEBBIIIACT BHYTPEHHEE JIaBJICHUE B COJTHEYHOM BETPE U BIIOJIHE COIJIACYETCS C BBIBOJIOM O PACUIMPEHHUH
TUTa3MBI B TeJle aHOMAJIUY B 00€ CTOpOHA OT TOKOBOTO CJIOSI.

Co croponsl HampaBieHuss Ha CONHIIE OCHOBHBIM SBISETCA  JUHAMHUYECKOE JaBJICHUE
Pd=p-mp-V5W2, rae Vg — CKOpOCTh COJTHEYHOTO BeTpa. MBI HCHOJIBb3YeM HOJHYI0 CKOPOCTh COJIHEUHOI'O
BeTpa, Tak kak AI'Tl sBisercs kBazu-cTaMOHAPHBIM OOpazoBaHMEM. Tenepp ONEHHM AWHAMHUYECKOE
JlaBJIEHHE COJIHEYHOro BeTpa. IlpoaHanu3upoBaB [aHHBIE C KA Wind, otHocsamuecs k
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COOTBETCTBYIOIIIEMY BPEMEHHOMY WHTEPBANy, OIEHUM CPEIHIOI IUIOTHOCTh TPOTOHOB B BETpE Kak
2,5cM, a cropocts Betpa Kak ~500km/c. Torna auHammdeckoe gasnenne Ha ATTI cocTaBurt:

3
M

P,=p-m V2 =25.167-10". (-1073z1,o4-108(£j

Jlo6oBoe naBienue conHeynoro Betpa Ha ATl 3HaumTensHO (MpUMEPHO B 5 pa3) MpeBbIIIAET

JaBJICHUE BHYTPpU caMoii aHOMAaJTHH.
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