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GRINGAUZ 100: PLASMAS IN THE SOLAR SYSTEM, 2018

THE INTERNATIONAL CONFERENCE
“GRINGAUZ 100:
PLASMA IN THE SOLAR SYSTEM”

SPACE RESEARCH INSTITUTE
OF RAS,

MOSCOW, RUSSIA

June 13-15, 2018

From June 13 to June 15, 2018 Space Research Institute holds
a conference dedicated to the 100" anniversary of Professor
Konstantin I. Gringauz — a pioneer of in-situ plasma measure-
ments in space, who discovered solar wind, plasmasphere and
plasmapause, and cometopause. The conference provides
a framework for discussing solar wind formation, its variations,
interaction with planets and local interstellar medium, physical
processes in different regions of magnetospheres and iono-
spheres. Presented reports are based on space experiments
data and results of theoretical studies.

Scientific sessions of the conference:

1. Physical processes on the Sun and in the interplanetary
space.

Physical processes in the magnetosphere of the Earth.
Plasmasphere and plasmapause.

lonosphere.

Space weather.

Solar wind interaction with planets and comets.

Memorials.

Nogokwd

The conference web site: http://gringauz100.cosmos.ru/en
Contact e-mail address: gringauz100@cosmos.ru
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GRINGAUZ 100: PLASMAS IN THE SOLAR SYSTEM, 2018

MEXOYHAPOOHAA KOH®EPEHLUUA
«TPUHIAY3 100: .
NMNA3MA B CONHEYHOUN CUCTEME»

MHCTUTYT KOCMUYECKUX VICCJ'IEHOBAHVIVI
POCCUNCKON AKAOEMUU HAYK,

MOCKBA, POCCUA

13-15 nionna 2018 .

C 13 no 15 utoHsa B IHCTUTYTE KOCMUYeckux uccnegoeaHuin PAH
npoBOAUTCA KOHepeHums, nocesuleHHas 100-netuio co aHs
poxaeHus npodpeccopa KoHctaHTuHa Wocudosuya [puHray-
3a — OCHOBOMOINOXHMKA MPSIMBIX MI1a3MEHHbIX M3MEPEHWIA B KOC-
MOCE, OTKPbIBLLETO COSHEYHbIV BETEP, Nna3mocdepy 1 nnaamo-
nayay, 1 kometonay3y. Ha koHepeHumn 06CyxgatTcs BONpOCh!
0bpa3oBaH1si COMHEYHOTO BETPA, €ro M3MEHYMBOCTb WU B3aUMO-
[EeNCTBME C MnaHeTaMn W NOKanbHOW MexX3Be3OHOW Cpedow,
(usnyeckme npoueccel B pasnuyHbIX obnactax marHutocdep
1 noHocep. MpeacTaBneHHble 4OKMaAbl OCHOBaHbI HA AaHHbIX
KOCMUYECKMX SKCMIEPUMEHTOB 1 TEOPETUYECKMX pesyrnbTaTax.

HayyHble ceccum KoHdepeHLnn:

1. ®unsmnyeckne npouecchbl Ha COoMHLE 1 B MEXNNaHETHOM NPOCT-
paHCTBe.

®uranyeckne NpoLecchl B 3eMHON MarHuTocdepe.
Mna3mocepa v nnasmonaysa.

MoHocdepa.

Kocmuyeckas noroaa.

B3aumMopencTeme ConNHEYHOro BeTpa C nnaHeTamu 1 KOMeTamu.
BocnomuHaHus.

NogoRkwh

WHTepHeT-canT KoHdepeHuum: http://gringauz100.cosmos.ru/en
KOHTaKTHbIN afpec anekTpoHHoM NoYThl: gringauz100@cosmos.ru

KoHbeperyusi nposodumcsi npu ¢huHaHCco8ol noddepxke
Poccutickoli AkaOemuu Hayk
u Poccutickozo ¢hoHOa chyHOameHmarbHbIx uccriedosaHud,
lpoekm Ne 18-02-0047\18.
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PROGRAM COMMITTEE:
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NMPOrPAMMHbBIN KOMUTET:
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FTOMBOLUU T. — YHuBepcutetT Muuurana, CLUA
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CETE K. — LieHTp chuanyeckunx nccnenoBanuii, Bexrpus
XEPEBLOB I'A. - IC3® CO PAH

KY3HELOB B.O. - N'3MNPAH

MAHACIOK M.W. — SINP MSU

CTEMAHOB A.B. - TAO PAH

YALLEW U.B. - ®NAH

BPEYC T.K. - /IK/ PAH

KNEMMEHOBA H.T. - N®3 PAH

OPTAHU3ALMOHHbIN KOMUTET (MKW PAH):
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YYIrYHUH O.B., BOBYEHKO B.B.
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HAYYHAA MPOrPAMMA
MEXOYHAPOOHOWU KOH®EPEHLIUN
«PUHIAY3 100: .
MJIA3MA B COJIHEYHHOU CUCTEME»

SCIENTIFIC PROGRAM OF

THE INTERNATIONAL CONFERENCE
“GRINGAUZ 100:

PLASMAS IN THE SOLAR SYSTEM”

cpena, 13 uions 2018 / wednesday, 13 june 2018

perucTpaums
registration

KOHGbepeHu-3an
conference-hall

®U3NYECKUE MPOLIECCHI HA COJTHLE
U B MEXMJAHETHOM NMPOCTPAHCTBE

PHYSICAL PROCESSES ON THE SUN
AND IN THE INTERPLANETARY SPACE

npeacenatens — J1. 3EMIEHbIN

chair — L. ZELENYI

10.00-10.25 . 3ENEHbLIN OTKpbITUE KOHEpPeHLMN page 196
npefcesatens Opening of the conference
nporpaMmmMHoro
KOMUTETa
L. ZELENYI Martian and Lunar studies
chairman of the in the Russian space program
Program committee

10.25-10.40 A. STEPANOV Activation of prominence page 173
V. ZAITSEV as a core of CME

10.40-10.55 V. KUZNETSOV MHD shock waves in collisionless page 153
A. OSIN solar wind plasma with heat fluxes

10.55-11.10 I. SOKOLOV Solar Energetic Particles: page 170
V. TENISHEV Numerical Simulation Methods for
T. GOMBOSI Nowcast and Forecast

11.10-11.25 A.E®UMOB TypByneHTHOCTb MarHUTHOrO page 40
. NYKAHUHA M0ons COMHEYHOTO BETPpa B LMKNeE
W. YALLEHN COIMHEYHOMW aKTUBHOCTY MO AaHHBIM
M. BEPQ 3KCMNEPUMEHTOB KOPOHASbHOrO
M. NETUONBLA paauonpocseymBaHns

11.25-11.45

NMHENHO-MONSIPU30BaHHLIMMU
curHanamu 3oHgoB HELIOS

nepepeIB Ha kode
coffee break

3UMHull cad
winter garden

npeacenatens — A.B. CTENAHOB
chair— A.V. STEPANOV

11.45-12.00 K. KECSKEMETY  Suprathermal tail of the solar wind page 135
M. ZELDOVICH at 1AU
YU. LOGACHEV
12.00-12.15 W.YALUEN KpynHomaclutabHas cTpykTypa page 102
B. LLMLWIOB COIMHEYHOro BeTpa no AaHHbIM
C. TIONNIbBALUIEB  MOHMTOpUHra MEXMNaHETHbIX
. CYBAEB MepLaHuin Ha paguoTeneckone
BCA ®UAH
12.15-12.30 I. MOLOTKOV The physical mechanism of page 157

the heating of the solar atmosphere
and its analytical explanation
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mGRINGAUZ 100: PLASMAS IN THE SOLAR SYSTEM, 2018

12.30-12.45 W. MUP30OEBA Harpes conHe4How KOpoHb!: page 50
C. YE®PAHOB HOBblE pesynbTaThl
12.45-13.00 M. MOTMMNEBCKWUM [InarHocTMKa MeXnnaHeTHoil page 54

T. POMAHLUOBA Nnasmbl: COfIHeYHble
pagvoscnnecky lll Tuna

13.00-13.15 K. KAPORTSEVA  Magnetohydrodynamic types of page 132
A. LUKASHENKO the solar wind and their sources
I. VESELOVSKY

13.15-13.30 R. KISLOV MHD modeling of the high-latitude page 137
V. KUZNETSOV conic-like current sheets
0. KHABAROVA in the solar wind
H. MALOVA
V. OBRIDKO

13.30-15.00 nepepbIB Ha 0ben
lunch break
pa3melLLeHne NocTepoB
placing of posters
8bICmasoyHbIl 3an MKW
IKI exhibition hall, ground floor

®U3NYECKUE MPOLIECCbI HA COJIHLUE
U B MEXMINAHETHOM NMPOCTPAHCTBE

PHYSICAL PROCESSES ON THE SUN
AND IN THE INTERPLANETARY SPACE

npeacepatens — B. KY3BHELIOB
chair— V. KUZNETSOV

15.00-15.15 V. TENISHEV Fluid-particle model for page 176
1. SOKOLOV interaction of the solar wind
A. MICHAEL with local interstellar medium
M. OPHER
T. GOMBOSI
15.15-15.30 B. BAPAHOB Mepecek nn annapat Bosaxep-1 page 22
renvonaysy Ha 122 a.e.?
15.30-15.45 M. PA3AHLIEBA BnusiHne guHamuyecknx page 79

1. PAXMAHOBA ABMNEHWI B COINTHEYHON KOPOHE

I 3BACTEHKEP Ha hopmupoBaHue TypOyneHTHOCTM
0. EPMOJTAEB COIMHeYHoro BeTpa

WU. NOOKWHA

A. WWA®PAHKOBA

3. HEMEYEK

n. NPEX

15.45-16.00 H. BOPOKOBA CtpykTypa dpoHTa page 34
B. ECENEBMM 6eCCTONKHOBUTENLHOM KOCOM
0. CANYHOBA MEXMNNaHETHOW yAapHOW BOMHbI
. 3BACTEHKEP N0 N3MepeHNsIM NapameTpoB

10. EPMOJIAEB nnasmbl CONTHEYHOro BETpa
C BbICOKUM BPEMEHHbIM
paspeLLeHrem
16.00-16.15 O. KHABAROVA Polar reconnection jets page 136

H. CREMADES and conic-like current sheets

0. MALANDRAKI  as sources of energetic particles
L. MERENDA at high heliolatitudes

V. OBRIDKO

R. KISLOV

V. KUZNETSOV

H. MALOVA

A. KHARSHILADZE

A. BEMPORAD

16.00-16.15 A. VOLOKITIN Emission of Electromagnetic Waves page 193
C. KRAFFT from Inhomogeneous Plasma with
Langmuir Turbulence

16.30-16.50 nepepbIB Ha kode

coffee break

3UMHull cad
winter garden
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®U3NYECKUE NPOLIECCHI B 3EEMHON MATHUTOC®EPE
PHYSICAL PROCESSES IN THE MAGNETOSPHERE OF THE EARTH

npeacenatens — E. FPUTOPEHKO
chair — E. GRIGORENKO

16.50-17.05 M. MAHACIOK Ponb K./. TpuHraysa B pelueHun page 61
1. HOBMKOB _ Npobrembl anekTpuaaLmm
0. PA®OJATCKUWN kocMmmueckux annapaToB

17.05-17.20 J. LEMAIRE Charge separation electric field page 155
G.VOITCU inside a plasmoid penetrating
M. ECHIM through a magnetic field

distribution like that observed

in the magnetopause region:
particle-in-cell simulations, kinetic
and magnetohydrodynamic
approximations

17.20-17.35 . PAXMAHOBA CpaBHeHUWe XxapaKTepucTuK page 78
M. PA3AHLEEBA TypOyneHTHOCTH Nna3mbl nepes
. BACTEHKEP 11 32 FOrOBHOM yAapHO BOMHOM

17.35-17.50 E.MNAPXOMEHKO VYckopeHue yacTuy, page 63
X. MANNOBA B GECCTONKHOBUTENBHOI NnasMe
E.TPUFTOPEHKO B npouecce anekTpuyeckmx
B. Monos 1 MarHUTHbIX GOIyKTyaLmi,

A.NMETPYKOBWUY  conpoBoxaatoLmx MarHuTHyo
0. QENbKYP amnonapu3auuio B Xsocte

E. KPOHBEPI marHutocepbl 3emnu
n.pAann

1. 3ENEHBLIN

17.50-18.05 A. MAJIbIXWUH [uHamMvKka NOTOKOB CBEPXTEMMNOBbLIX  page 49
E.TPUFOPEHKO  1OHOB 1 3neKTpoHOB BO BpeMst
P. KONEBA MarHuUTHOW Aunonusauuy B GnimkHem
E. KPOHBEPI XBOCTE MarHutocepb! 3emnu
P. DALY

yetBepr, 14 nons 2018 / thursday, 14 june 2018
perucTpauus
registration

KOHGhepeHuy-3an
conference-hall

®U3NYECKUE MPOLIECCHI

B 3EMHON MATHUTOC®EPE

PHYSICAL PROCESSES
IN THE MAGNETOSPHERE OF THE EARTH

npencenatens — A. MOTAMOB
chair— A. POTAPOV

10.00-10.15 V. ISHKOV Geoefficiency of solar active page 128
phenomena and Interplanetary
space in the 24" solar cycle

10.15-10.30 P. KOBPAXKWUH ABpoparbHble BbICbINaHNs page 45
A.TTNNA3YHOB 1 VpperynspHble nynscauum
. BMAOUMWPOBA npu cy66ypreBoit akTUBHOCTH
M. BAVILLEB

10.30-10.45 B.METPOB M3MeHeHns CTpyKTypbI page 64

marHuTocepsl, CBSI3aHHbIE
C NpeacTosiLLen HBepcuen
MarHuTHoro nons 3emnm

10.45-11.00 C.CABWH Kak conHeuHbI BeTEp y3HaeT page 80
N. NEXEH 1 pearvipyeT Ha HacTynneHue
yapHO BOMHbI OT 3emnn?
11.00-11.15 B. TEMHbIA CocyliecTBOBaHMe NNasmbl page 87

CMOKOMHOTO KOMbLIEBOTO TOKa
1 nnasmocgepbl
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nGRINGAUZ 100: PLASMAS IN THE SOLAR SYSTEM, 2018
11.15-11.30 B. MPOXOPEHKO

11.30-11.50

06 onbiTe BbIGOpa OpoUT

A0S KOCMUYECKNX
3KCNEPUMEHTOB,

1CcXo0aA 13 3apaq NPOeKToB

1 Ha OCHOBE AVNHaMMKM
OrpaHNYEHHON 3aaum TpPéx Ten

nepepbIB Ha kode
coffee break

3UMHull cad
winter garden

page 73

MIA3SMOC®EPA U MIIASMOIMAY3A
PLASMASPHERE AND PLASMAPAUSE

npencenatens — E. ANTONOVA
chair— E. ANTONOVA

11.50-12.05 G.KOTOVA Studies of the Earth’s page 143
plasmasphere using the data of
the INTERBALL mission
12.05-12.20 A. TALLUNUH MogenupoBaHvie COBMECTHOW page 86
[MHAMUKU [MaBHOTO MOHOC(EPHOTO
npoBana v nnasmonayasbl
BO BpeMsi MarHUTHol bypw
12.20-12.35 YU. DUMIN Refined model of the plasmaspheric  page 114
corotation field
12.35-12.45 1. IEVENKO Observations of the SAR arcs during  page 120
S. PARNIKOV the overlap detection of energetic ion
fluxes with the plasmapause aboard
the Van Allen Probes
12.45-12.55 8. PARNIKOV Observation of the SAR arc with page 159
. IEVENKO pulsating precipitation of energetic
particles using the all-sky imager
and photometric data
12.55-13.10 D. CHUGUNIN Longitudinal Dependence page 109
G. KOTOVA of plasmasphere from
M. KLIMENKO INTERBALL data
V. KLIMENKO

13.10-14.40

14.40-15.00

nepepbIB Ha 0ben

lunch break

pa3melLeHne NocTepoB
placing of posters
8bicmasoyHbill 3an KU

IKI exhibition hall, ground floor

KOCMUYECKASA MOrogA
SPACE WEATHER

npencepatens — C. MYJIUHEL
chair— S. PULINETS

T. GOMBOSI

Simulating space weather page 115

15.00-15.15

E. ANTONOVA
V. VOROBJEV
I. KIRPICHEV

I. OVCHINNIKOV
0. YAGODKINA
V. VOVCHENKO
S. ZNATKOVA
M. PULINETS
N. SOTNIKOV
S. MIT

P. KAZARIAN
M. STEPANOVA

Space weather prediction
problems and the role

of K.I. Gringauz

in their solution

page 106

15.15-15.30

8-program
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15.30-15.45 0. LAPEBA PaguaumnoHHas onacHocTb page 99
B.NOMNOB Ha 3emne 1 B OKONI03eMHOM
X. MANOBA NpOCTpaHCTBE B NpoLecce
N. 3ENEHBLIN MHBEPCUM MarHUTHOro nons
E. MOMOBA
M. NOA30J1KO

15.45-16.05 nepepbIB Ha kode
coffee break

3UMHull cad
winter garden

BOCMOMUHAHUA
MEMORIALS

npeaceaatens — H. KNIEAIMEHOBA
chair — N. KLEIMENOVA

16.05-16.25 M. VERIGIN Konstantin losifovich Gringauz: page 179
Pioneer of space plasma studies

16.25-16.45 T. GOMBOSI Gringauz and | page 117

16.45-17.00 B. BE3PYKUX NepBble Npsmble n3mepeHus page 23
XOMOAHOW Nnasmel o gopore K JlyHe

17.00-17.15 B. A®OHWH BnevatneHnus ot paboTbl page 16
¢ npodd. K./. TpuHraysom

17.15-17.30 K.TPUHTAY3 Talk at the University of Leicester
on 20 Jan., 1992 (short version)

17.30-18.00 BeicTynnenus

18.00-21.00 NPOCMOTP NOCTEPOB
poster session
8bIcmasoyHbIl 3an KU
IKI exhibition hall, ground floor
TOBAPULLIECKU YXKUH
dinner
CHSITUE NOCTEPOB
taking off posters

nAaTHUUa, 15 niona 2018 / friday, 15 june 2018

KOHGbepeHu-3an
conference-hall

MOHOCOEPA
IONOSPHERE

npeacepatens — A. TALWUNUH
chair— A. TASHILIN

10.00-10.15 S. PULINETS From ARAKS to APEX page 167
N. IZHOVKINA
Z. KLOS
10.15-10.30 A. CTEMAHOB MonsapusaunoHHbIN DKET: page 83
B. XAIUNOB y3kue 1 BeicTpble apeidbl
W. ronukKoB cybaBpoparnbsHoi
E. BOHOAPb MOHOCEPHOI Nnasmbl
10.30-10.45 M. DEMINOV Simple empirical model of the main ~ page 112
V. SHUBIN ionospheric trough position
10.45-11.00 B. MUIIUNEHKO Mowcku BO3MYyLLEHUIN BepXHE page 68
B. 3AXAPOB MoHocdepb! 1 reoMarHUTHOro
B. FPYLWWH nons Hap TardyHamu no AaHHLIM
C. KnumoB HU3KOOPOMTANbHBIX CMYTHUKOB
B. MAPTUHEC-
BEAEHKO
11.00-11.15 A. KRIVOLUTSKY Solar plasma forcing on the page 149

atmospheres of the Earth and Mars
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11.15-11.35 nepepbIB Ha kode

coffee break

3UMHull cad
winter garden

B3AMMOLEWCTBUE CONMHEYHOIO BETPA

C MINAHETAMU N KOMETAMWU

SOLAR WIND INTERACTION
WITH PLANETS AND COMETS

npencenatens — T. FTOMBOLLU
chair— T. GOMBOSI

11.35-11.50 M. TATRALLYAY Interplanetary effects on cometary page 174
Z. NEMETH plasma boundaries
A. TIMAR
M. VERIGIN
|. APATHY
11.50-12.05 B. BAPAHOB MarnuTorngpogmHamuyeckas page 21
mopernb 06TekaHus KoMeT
COMHEYHbLIM BETPOM.
Teopus v 3KCNepUMEHT
12.05-12.20 O. BAUCBEPT Marnutochepa Mapca — oTkpbiTe,  page 35
CCefoBaHws, HOBbIE Pe3ynbTaThl
12.20-12.35 A.FEDOROV lon fluxes and ion distribution page 119
A. GRIGORIEV function moments in the Martian
E. KNIZHNIKOVA and Venusian magnetospheres for
S. BARABASH 2007-2017 time interval.
The data of the ASPERA
instrument onboard Mars Express
and Venus Express missions
12.35-12.50 M. VERIGIN Total oxygen loss from Mars page 190
G. KOTOVA and how to evaluate it
by in-situ measurements
12.50-13.05 E. GRIGORENKO A multiscale structure of page 118
S. SHUVALOV the cross-tail current sheet and
H. MALOVA its relation to the ion composition
L. ZELENYI according to MAVEN observations
in the Martian magnetotail
13.05-13.20 1. ALEXEEV Alfvenic current systems in page 105
E. BELENKAYA the Jupiter’'s and Saturn’s
S. COWLEY magnetospheres
V. KALEGAEV
A. LAVRUCHIN
D. PARUNAKIAN
|. PENSIONEROV
13.20-13.35 A.TABPUK CpaBHeHWe KOHLEHTpaLmm page 36
0. BAUCBEPI 3I1EKTPOHOB U TSHXKESbIX MOHOB
B komeTe Mannes
13.35-13.45 1. 3ENIEHbIN 3akpbiTie KOHGEepeHLmn
npegcenarenb
nporpaMMHOro
KomuteTa
L. ZELENYI Closing remarks

chairman of the
Program committee

13.45-15.15

nepepbIB Ha 0ben
lunch break

CHSATME NOCTEPOB

taking off posters

8bIcmagoyHbIl 3an KU
IKI exhibition hall, ground floor

10-program
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CTEHOOBbLIE AOKNAObI / POSTERS
pasmep cmeHOa 100%240 cm | the size of the stand is 100x240 cm

OU3INYECKUE NPOLIECCHI HA COJTHLE
M B MEXMJAHETHOM NMPOCTPAHCTBE

PHYSICAL PROCESSES ON THE SUN
AND IN THE INTERPLANETARY SPACE

1 0.CANYHOBA WccnenoBaHne TOHKOM CTPYKTYpbI page 81
H. BOPOJKOBA  bpoHTa MeXnnaHeTHbIX YAapHbIX BOMH,
I 3BACTEHKEP 3aperncTpupoBaHHbIX npuéopom BMCB

2 W. HUKYTNUH CTpyKTypa KopoHarbHbIX BbIBPOCOB Macchl page 57
1 YCKOPEHWE YacTuLy
3 B.OXEPEOOB AIropuTM CermeHTaLmm CBa3HbIX obnacTei page 58
Ha n3obpaxernsx ConHua
4 K.KECSKEMETY Variations of solar wind speed, Jovian page 134
E. DAIBOG Mev-energy electrons and galactic protons
YU. LOGACHEV
5 A.MOTAMNOB CepneHTUHHAs aMUCCUS! Kak OTpaXeHue page 72
B. JOBBHA BOJTHOBbIX NpoLeccoB Ha CornHue
A.TYJNIbEINNbMU 1 B COSTHEYHOM BETpE
6 D. PARUNAKIAN Analysis of solar wind parameters using page 162
E. BELENKAYA the SWAMP visualisation tool
I. ALEXEEV
7 E.NMONOBA [eHepauws BOMH MarHWTHOro nons page 69

B HebeCHbIX Tenax ot NPOCTPaAHCTBEHHO
pasfaeneHHbIX UCTOMHUKOB

8 V.KOZLOV Detection by cosmic rays of the transition regime page 148
of solar wind to the active phase of a solar cycle
9 R.KISLOV Is the heliospheric current sheet the only one page 138
H. MALOVA equilibrium current sheet of the Heliosphere?
0. KHABAROVA
10 A. ABYHUH Bo3moxHoCTH 6a3bl JaHHbIX page 13
M. ABYHUHA ®opbyL-ahHEKTOB 1 MEXNNAHETHBIX
A. BEJIOB BO3MYLLEHNI
C.TAUOALL
E. EPOLLIEHKO
B. OJIEHEBA
. NPSAMYLLUKUHA
B. AHKE
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KIIOYEBBIE CJIOBA

kocMudeckast noroga, ®opbyLu-addekThl, ranakTnieckue KOCMUYECKNE Jyum,
reoMarHuTHbIe Bypu

BBEOEHUE

OpHoM M3 akTyanbHbIX (DyHOAMEHTaNbHBIX W MPUKNAAHbIX 3a4ay COMHEeY-
HO-3eMHOW hu3nKkK SBnseTcs 3abnaroBpemMeHHoe NPOrHo3npoBaHue napame-
TPOB KOCMWYECKOW MOroAbl U OLEHKA €€ BIMSIHUSA Ha pasfinyHble NPUPOaHbIe,
TeXHoOMNornyeckne 1 Buonormyeckne CUCTeMbI, HaxodsalmMecs kak Ha 3emne
UMK B OKOSI03EMHOM MPOCTPAHCTBE, TaK U B NGO TOUKE COMTHEYHON CUCTE-
Mbl [1]. CaMo coCTOsIHME KOCMUYECKO NoroAdbl onpeaensieTcs, npexae BCero,
COITHEeYHOW aKTUBHOCTBIO. iIMeHHO ConHLEe OTBEYaeT 3a Co3aaHne peKyppeHT-
HbIX (OT BbICOKOCKOPOCTHbIX MOTOKOB M3 KOPOHASbHBIX AbIP) M COpaanyeckmx
(OT KOpOHarbHbIX BEIOPOCOB MACC) BO3MYLLEHUIA MEXMNAHETHON cpeabl. Bnu-
SIHME KOCMWUYECKON MOrofbl Ha Hally NOBCEOHEBHYIO XM3Hb HEMNb3s HeJooLe-
HUBATb, MOCKONbKY OHA BMWSIET HA MHOTWE €€ acnekTbl — Kak Ha OObEKTLI 3eM-
HOro, TaK 1 KocMuYeckoro 6asvposanus [2,3]. 310 BO3AenCTBME HEObXoaMMo
YMETb Ka4eCTBEHHO MPOrHO3MPOBaTh, @ 3aTEM y4MThIBaTh, UCMOMb3Yys paHee
MOMyYeHHbIN ONbIT.

Mo BonbLIoMy CYeTY, MPOrHO3UPOBAHWE COCTOSIHINS KOCMUYECKOW NOrofbl CBO-
OWTCS K NPOTHO3MPOBAHMIO COINTHEYHOW U FrEOMarHUTHON aKTUBHOCTU, a Takke
MOTOKOB Pa3nMyHbIX 4acTuL, (ranakTU4eckmx U COSMHEYHBIX KOCMUYECKUX Ny-
4en, PensaTUBUCTCKUX SMEKTPOHOB MarHUTOCEPHOrO MPOUCXOXAEHNS U T.4.).
Mogenb nporHo3npoBaHWs TOTO MMM WMHOMO NapaMeTpa MOXHO MOCTPOUTH
MCMONb3ys pasHbIA nogxod. Hampumep, MOXHO NOnyYuThb pesynbTar Teope-
TUYECKW, MYTEM PELLUEHNSI CIIOXHBIX CUCTEM YPaBHEHMUIA, OMUCHIBAIOLLMX COJl-
HEYHYI0 aKTUBHOCTb, MEPEHOC W TpaHC(OpMaLMI0 COOTBETCTBYHOLLENO BO3-
MYLLEHUSI B MEXMNMAHETHOM MPOCTPAHCTBE W B3aMMOLAEWCTBUE MarHWUTHbIX
HEOZHOPOAHOCTEN ¢ MarHuTocdepon 3emnu. Ho Takon nyTb SBNSETCA O4YEHD
TPYAHbIM U, 3a4acCTyH, M3-3a CNOXHOCTM OOLLel KapTWHbI B3auMOOeNCTBuiA
HEBBINOMHUMbIM AaXe B CaMbIX MPOCTbIX cny4vasx. Opyrim, 6onee npocTsiM
nyTeM SBMSIETCSA MNOMyYeHne B3aMMOCBS3EN MeXAY PasNUyHbIMU napameTtpa-
MM, XapaKTEPU3YIOLLMMIU KOCMUYECKYHO MOrogy Ha OCHOBE CTaTUCTUYECKOTO,
CPaBHUTENBHOTO U PErpeccMoHHOro aHanusa. Mpuyem, yem 6onbLue cobbl-
Tun BygeT paccMmaTpmBaTtbes, TeM 60nee TOUHO MOXHO OMPEAENUTb 3TW CBA3b.
MpuMepel Kak pa3 Takmx UCCNeaoBaHNUi, Ha OCHOBE aHanu3a 6onbLIOro Konu-
yecTBa cobbITuiA, OyayT paccmaTpuBaTbCs Aanee.

ANAHHBIE U METOADI

[ns BCECTOPOHHETO U3y4YEHWSI COMHEYHBIX, MEXMIAHETHBIX U FEOMarHUTHbIX
BO3MYyLLEeHMA coTpyaHukamm MIBMUPAH 6bina cosgaHa v HenpepbiBHO MO-
MOIHAETCS YHUKanbHas 6a3a faHHbIX — 6a3a faHHbIX TPAH3VEHTHBIX SIBEHM
B KOCMUYECKMX Nyvax U MexnnaHeTHon cpepe (Database of Forbush-effects
and interplanetary disturbances — FEID) [4-7]. B HeW Bapvauuu NnOTHOCTY
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¥ aHW30TPONUK ranakTnyecknx kocmudeckux nydven (KI) obbeamnHeHsl ¢ con-
HEYHBIMU, MEXMNAHETHbIMW U reoMarHUTHbIMKU napameTtpamu. MimenHo KI
B3STbl 32 OCHOBY AaHHOTO MHCTPYMEHTA. [TOTOKM 3TWX YNbTPasHEPrNYHbIX Ya-
CTUL, NPWUHU3bLIBAS MEXMNMAHETHOE NPOCTPAHCTBO, MOAYMMUPYIOTCS, UHTErpU-
pyst MHPOPMALIMIO O MarHUTHLIX HEOAHOPOAHOCTSX U MeCTax, Yepes KOTopbIX
nponetatoT. B 6a3e gaHHbix KI1 npepctaBneHsbl pesynstatamu rnobanbHol
CbEMKM M0 JaHHbLIM BCEN MUPOBOW CETU HENTPOHHBLIX MOHUTOPOB [NS1 KECTKO-
ctn 10 B. MHdbopmaLwmst no conHedHoMy BETpY B3siTa M3 6a3bl aHHbIX OMNI,
a faHHble no reomarHutHoW aktmsHocT n3 WDC Kyoto (http://wdc.kugi.
kyoto-u.ac.jp) u GFZ Potsdam (ftp://ftp.gfz-potsdam.de).

Ha Tekywuin momeHT FEID BKntoyaeT B cebs 6onee 7100 cobbITuin, 0XBaTbiBa-
toLmx 6onee Yem NoNyBEKOBON Nepuog HabnogeHuii (1957-2017), kaxagoe us
KOTOpbIX OMKCbIBaeTcs Bonee cotTHen napameTpoB. MOXHO C YBEPEHHOCTbIO
CKa3aTb, YTO 370 camast 6orbLuas 1 nonHas 6as3a AaHHbIX MEXMIAHETHbIX BO3-
MyLLEHNI B Mupe. Ha ocHoBe FEID Gbin co3gaH 1 BbINOXeH B ceTb IHTepHeT
katanor ¢ aHanormyHon uHcopmaumen (http://spaceweather.izmiran.ru/rus/
dbs.html).

NMPUMEPbI NICNOJIb3OBAHUA NH®OPMALNN U3 FEID

Mpeanaraemas yHukanbHas 6asa AaHHbIX TPAH3MEHTHbIX SBMEHW B KOCMU-
YECKMX JTy4ax N MeXMNnaHeTHON cpefe ABNAETCS He TONbKO 6aHKOM XpaHeHus
MHOPMaLMKM O MEXMNAHETHLIX BO3MYLLEHUSX, HO U YOOOHBIM WHCTPYMEH-
TOM Ans ee 06paboTk1, NO3BONSAS BbINOMHATL PA3NIMYHOTO POAAa aHanm3 aTux
AaHHbIX (CTaTUCTUYECKWIA, CPaBHUTENbHbIN, PErPECCUOHHBIN U T.4.), BblaaBast
3anpalluvBaemyto MHGOpPMaLMo B YACIOBOM U rpadmyeckmx hopmax. B Hayy-
HON Cpefe MOXHO HaWTW MHOXeCTBO nybnukaumin 1 gucceprauun, Kotopble
OnNMpaKTCs Ha MHHOPMAaLMIO O MEXMNIAHETHLIX BO3MYLLEHUIA, B3ATYIO UMEHHO
13 aTon 6a3bl AaHHbIX. [lanee npuBeaeHbl HECKOMNBLKO NPUMEPOB UCMOMb30Ba-
Husa FEID.

B pabore [8] aHanuampoBanuch cobbITUS C BHE3AMHBIM U MOCTENEHHLIM Ha-
yanamm (Bcero 3455 cobbiTuin). B xoge aHanuaa Obino BeISIBNEHO, YTO rpynna
COBbITWIA C BHE3AMHBIM HA4YaroM OTNNYAETCS OT rpynMbl C NOCTENEHHBIM HaYa-
NIOM He TOMNbKO KONMYECTBEHHO, HO 1 KQYECTBEHHO. [oMnyyYeHHble pe3ynsraThl
rOBOPSAT B MOJb3y TOTO, YTO B BbIAENEHHbIX rpynnax npeobnagatoT pasHble
MEXaHU3Mbl MOZYMSALMN KOCMUYECKUX MyYel. A TOuHee, COObITUS B NEPBOVA
rpynne B Gonbluen Mepe 0byCnoBrneHbl BbIOpOCaMi CONMHEYHOrO BELLECTBA,
B TO BpeMsi KaK 3HauuTernbHas 4acTb COObITUIA BTOPOWM rpymnmbl — BbICOKO-
CKOPOCTHBIMU MOTOKaMM MNa3mbl U3 KOPOHambHbIX AbIp.

B pabote [9] n3yyanacb cBsi3b NapameTpoB BO3MYLLUEHWI C rennogonroTou
COITHEYHOr0 MCTOYHWKA. Bbino npoaHanuamposaHo 334 cobbitus 3 6asbl
AaHHbIX FEID, yBEepeHHO OTOXOECTBMNEHHbIX C COOTBETCTBYHOLLUMM COSHEY-
HbIM UCTOYHMKOM. Bce cobbiTis Bbinn nogeneHsl Ha naTb cekTopoB. B xoge
aHanu3a bbIno nokasaHo, 4To ahheKkTMBHOCTL co3aaHns GopbyLu-acpdekToB
M reoMarHUTHbIX Oypb Yy WCTOYHWKOB C PasfUYHON renvoponroToi pasnuy-
Ha. Kpome TOro, Gbino ycTaHOBMEHO, YTO, B 3aBUCMMOCTW OT renuogonroThl
MCTOYHUKA BO3MYLLEHNS MEXMNMAHETHOW cpeabl, NOBEAEHWE aHU30TPONUU ra-
NaKTUYECKNX KOCMUYECKMX JTyYel CyLLeCTBEHHO oTnmyaeTcs. Takum obpasom,
“mes MHHOPMALIMIO TOMBKO O ranakTUHeCKMX KOCMUYECKUX flyyax U ymes eé
NpaBuUIbHO paclngpoBbIBaTb, MOXHO ONPeAeniTb MHOXECTBO NapaMeTpoB
MEXMNMNaHETHOTO BO3MYLLEHMS.

3AKJTIOMEHME

AHanus GOmMbLLIOro KonMyecTBa COObITWIA, NO3BOMSIET MOMyYaTb CTATUCTMYeE-
CK1e 3aBMCHMOCTM MEXY PasfnMYHbIMK NapamMeTpamu, XapaKTepusyoLymim
COCTOSIHME KOCMMYECKOW norofbl. JTO, B CBOK 04Yepedb, NO3BOMSIET C Onpe-
[EnNeHHOW Jonei BepOosTHOCTM OLEHWMBATb BIIMSHWE KOCMWUYECKOW MNOrogbl
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Ha 0BbeKTbl KOCMWUYECKoro U HaseMHoro 6asmposaHus. CosfgaHHas coTpya-
Hukamn N3MWUPAH 6a3a 3a AaHHbIX TPAH3MEHTHbBIX SIBMEHWA B KOCMUYECKMX
nlyyax v MeXnnaHeTHOW Cpeae He SBNSETCA eAUHCTBEHHON pa3paboTKoi aaH-
HOW rpynnbl yueHbix. CyluecTByeT elle psa 6a3 AaHHbIX, KOTOpblE OXBaTbIBa-
toT 6OMNbLLOV BPEMEHHOW MHTEPBAs U COAepXaT MHOXECTBO NapaMeTpoB: reo-
MarHuTHbIX Bo3myLleHunin (1868-2018), conHeuHon aktuHocTh (1975-2018),
Bapuauun kocMudeckux nyden (1957-2018), kopoHanbHbIX BbIOPOCOB Macc
(1996-2018), KOpOHanbHbIX AbIP 1 T.4.

Wcnonbays aTu 6asbl JaHHbIX, NOMyYeHbl CTAaTUCTUYECKME 3aKOHOMEPHOCTH,
KOTOpblE BXOAAT B OCHOBY pa3paboTaHHbIX MOAenen Ans peanusauum kpa-
TKOCPOYHbIX, CPEOAHECPOYHBIX M LOMNMOCPOYHBIX MPOTHO30B MO KaXaoMmy W3
HanpasneHWn KOCMUYECKON Noroapl. HenpepbiBHOE MOMOMHEHNE CBEXEeW WH-
dopmaLimeit 1 CBOEBPEMEHHLIN MepepacyeT 3aBUCMMOCTEN Mexay napame-
Tpamu No3BONSET BCeraa Aepxatb 6asbl M MOLENW B akTyasrlbHOM COCTOSIHUM.
A cam pesynbTaT Takoro aHanu3a Mcnonb3yetcs B exeaHeBHon pabote Lien-
Tpa nNporHo3oB kocmuyeckor noroabl USMUPAH ans obecneyeHuns cBomx no-
TpebuTenen Heobxoaumon nHcopmaumen yxe 20 net, HaumnHas ¢ 1998 roaa.
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Pabota BbinonHeHa ¢ ncnonb3osaHnem obopynosanms YHY «Cetb CKIly. Pa-
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BNEYATNEHUA OT PABOThI
C NMPO®. K.N. TPUHTAY3OM

B.B. AcoHuH

®edeparnbHoe eocydapcmeeHHoe br0XXemHoe yYpex0eHue HayKu
MHemumym kocmudeckux uccnedosaHull Poccutickoli akademMuu Hayk
(MKW PAH), Mockea, Poccus

KIIOYEBBIE CJIOBA

[puHrays — akcnepumeHTatop «oT bora», 0 yenoseveckux kavectBax KW,
KW He 6bin popmanuctom, KN oyman o6 okpyxarowmx, KW goeepan nogsm,
cTpaTerusi NpoBeaeHMst KOCMUYECKUX SKCTIEPUMEHTOB

BBEOEHUE

£ okoHYMN MOCKOBCKUIN (OU3NKO-TEXHUYECKWIA MHCTUTYT B 1963 rogy n Havan
paboTatb B PagnotexHuueckom nHctutyte AH CCCP (PTU AH). MNpu atom,
eule 6yayum cTygeHTom 3-ro Kypca, npoxoaun npaktuky B PTU AH.

Korga B 1963 rogy s Havan pabotate B PTW AH, B otgene lpuHray3a Gbinu
nornyyeHbl NepBbIe AaHHbIe CO CryTHMKA «Kocmoc-2» 3anyLleHHoro 6.1V.1962.
3apaven aToro crnyTHWKa Obino nonyyeHne AaHHbIX B obnactsix Bbiwe 1000 km
B HOYHbIX W CyMEPEYHBIX YCMOBUSX, @ TaKkKe NOMyyYeHne AaHHbIX 06 MOHHOW
Temnepartype Bnepsble NPUMEHEHHBIMW COTOBBLIMM NIOBYLLKaMK ¢ 0COBO0 y3KoM
AvnarpammMon HanpasrnieHHOCTU. C MOMOLLbIO Takux MOBYLIEK ObIO BMepBble
MoKasaHo, 4YTO 3Ha4YeHMst MOHHOW TemnepaTypbl 6binn Gonee Yem B ABa pas3a
HUXe 3MeKTPOHHON TemnepaTypbl, YTO CBWMAETENbCTBOBANo 00 OTCYTCTBMM
AN Dy3MOHHOrO paBHOBECUS HA STUX BbICOTAX.

KOHCTAHTUH NOCUDOBUY TPUHTAY3 -
OKCNEPUMEHTATOP «OT BOlA»

O KoHcTtanTuHe Mocudosuye MpuHrayse, aBTope v UCMOMHWUTENE 3HAMEHU-
TOro «bun-bun» (eANHCTBEHHbIN Hay4HbIA NPUOOP Ha NepBOM B MUPE WUCKYC-
CTBEHHOM cnyTHuke 3emnu; 3acnyra K.W. MpuHraysa coctosina B TOM, 4TO
OH He TONbKO B KpaTyaliLumMe CPOKW M3rOTOBWI NepefaTyuk, HO U NpaBUIbHO
BbIOpan YacToTbl ero paboTbl Tak, YTO OH Obin CrbllieH Ha 3emne Jaxe pa-
AVoniobuTensm), 0 ero aKCnepUMeHTanbHON N Hay4YHON AeATENbHOCTH, O €ro
MOHEPCKUX pesynbratax W UX 3HaYEeHWW B WCCMEQOBaHMM OKOMO3EMHOro
¥ MEXNMAHETHOTO NPOCTPAHCTBA HaMMCaHO MHOMO B OTEYECTBEHHOW W 3apy-
BexHOM nuTepaType Kak ero POCCUMCKUMU, Tak 1 3apyBexHbIMU Konneramu.
A xouy pacckasaTb 0 HekoTopbix YepTax K.W. MpuHraysa, Kotopble He BUOHbI
ObInNu «CHapyXu».

lMocne Toro, Korga 3KCNEPUMEHT NPOBEAEH, Pe3ynbTaT NonyYeH, HauMHaeTCs
€ro JanbHenLas xm3Hb, He Bcerga npsaMas u beamatexHas. MIMeHHo TakoBa
cyabba noytn Bcex HoBbIx pesynbsratoB K.W. puHraysa, nockornbKy OH npak-
Tudyecku Bcerga bbin “nepebiM”. He BCe NonyYeHHble UM pesynbTaTbl BOCTpU-
HUManMcb Hay4yHOM OBLLECTBEHHOCTLIO Cpady e nocne ux onybnukoBaHus,
HO MPAaKTUYECKN BCErda OHM B KOHLIE KOHLIOB NOMyYanu JOMKHOE Npu3HaHue.

A Bnepsble yBugen KoHctanTuHa Mocudosuya secHon 1960 r., 6yayum cty-
paeHTom 2-ro kypca MOTW, korga Hawa rpynna (12 yenosek) 3HakoMunach
¢ «ba3oBbIM» WHCTUTYTOM — PaguotexHuyeckum uHcTutyToM AH CCCPR,
B KOTOPOM Ham MPeACcTosno NPOoBOANTL BOoMbLUy0 YacTb y4eBHOro BpeMeHm
(oT 3 gHEM Ha TpeTbeM Kypce 1 NMpakTUYecKu Bce BpeMs Ha 6-M). B 310 Bpems
OH 3aBefoBan OTAENOM, COCTOSALWMM 13 3 nabopaTopui, ogHa U3 KOTOPbIX 3a-
HUManacb pagMoMeToAamMn uccrenoBaHns moHocdepsl (3as. B.A. Pyaakos),
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a aBe apyrvie — npsiMbiMK (30HO0BbLIMW) METOAAMM UCCIEA0BaHNS OHOCMDEp-
Hom (3aB. b.H. lopoxaHkuH) n MexnnaHeTHoW nnasmbl (3aB. K.N. MpuHrays).
B ero konnektnBe Mbl BCe HasbiBanu ero kpatko «KW». Takoe cokpalleHue
MMEHU-0TYEeCTBa CBUAETENbCTBOBANO 00 yBaXXEHNM N HENPEpeKaeMoM aBTo-
puUTETE B KOMIEKTUBE.

B nopxope KW k akcnepumeHTansHon pabote (paspabotka u M3roToBneHue
annapatypbl U NPOBEAEHME 3KCMEPUMEHTOB) YETKO MPOCMEXMBANUCL [Ba
npuHuuna. MNepsblii U3 HUX: MeToAMKa. AnnapaTtypa AOSKHbI ObITb Kak MOXHO
Honee nNpocToit, kKak Mo NpuHLMNY paboTbl, Tak U B MHTEPNPETALUK Pe3ynb-
TaTtoB. VIMEHHO no3Tomy B aKkcnepumeHTax konmnektrea KW B 6onblunHCTBE
Crny4yaeB MCMOMb30BannCh B Ka4eCTBE AATUMKOB (YYBCTBUTESNbHLIX 3MEMEH-
TOB) WMOHHbIE NOBYLUKM (@HanM3aTopbl C TOPMO3SLWMM noTeHuuanom). Bro-
PO MPWHLMN COCTOSN B TOM, YTO Hall OTAen Bcerga Obln «nMpon3BOACTBEH-
HO-HEe3aBUCUMbIMY, TO €CTb A8 NPOVN3BOACTBA Hay4HbIX NpMOOpOB emy He
TpeboBanachk NOMOLLb APYrMX UHCTUTYTOB UNW NPEANpUSTUA U AOMOMNHNTENb-
Hoe (hMHaHCMpOBaHWE (MOMMMO MMEILLETOCS Y ero KOMMekTnea 1, B MUHM-
ManbHON CTeneHu, UHGPaACTPYKTYpbl MHCTUTYTA, B KOTOPOM Mbl paboTanm).
MMeHHO noaTomy B ero cpaBHUTENLHO Hebonbliom otaene B PTU AH nomrmo
3-X Hay4HbIx nabopatopuii umenocb «cBoe» Kb (B kOTOpoe B pasHoe BpeMs
BXOOMIIO0 40 4 KOHCTPYKTOPOB M KOTOPbIM GECCMEHHO, BMNOTb A0 nepexoaa
B 1970 r. B KK PAH u Heckonbko net ganee pykosogun A.B. Bopobbes)
1 «CBOSI» MacTepckast (2 Tokapsl, 1 dpesepoBLumK 1 3—4 MexaHuka). MacTep-
ckas Obina obopygoBaHa Tak, 4To oTaen KW Mor monHocTeio M3roTaenmeath
HopToBble NPUBOPbLI — 32 UCKIMKOYEHNEM HEKOTOPLIX CrieLmaribHbIX TEXHOMOrv-
YecKMx onepauuin — okpacka, NPonuTKa, HaHeCEHNe crneunanbHbIX NOKPbITUIA
W T.0. — ¥ U3roTOBMNEHNS AaT4mnKoB. [MoyTy Bce Npubopbl AN paHHMX 3KCne-
pumeHToB KW, BKNOYas MeXnnaHeTHbIe, M3roTaBMBaniCb «CaMoCTOATENb-
Ho». K Havany 1970-x rogoB cnoxunacb yctonumBas koonepauus ¢ Opec-
CKVM MOSIMTEXHUYECKAM WHCTUTYTOM, OfHa 13 Kadpeap KOToporo gakTuyecku
sBnanack «npubopocTponTensHeiM unmanomy otgena. lNocne nepexopa
B VKM aTa «camocTosTENbHOCTLY MOCTEMEHHO CXOAMMA Ha HET, U K Hadany
80-x rogos konnekTus K./. puHraysa npaktnyecku nepecran caMocTosTeNb-
HO M3roTaBnuBaTb BOpTOBLIE NPMOOPbI, YTO ObINO BLI3BAHO U TEM, YTO K 3TOMY
BPEMEHN MPOMU3BOACTBO NPUOBOPOB 3HAYUTEMNBHO YCMOXHUIOCH, MOSIBUNUCH
HOBbIE TEXHOMOMMK, CMEeHUNach anemeHTHas 6asa. Bce gatuukv gns Kocmu-
yeckmx akcnepumeHToB K.W. MpuHraysa, HaumHas co 3HaMeHuTon cdepunye-
CKOVi MOHHOW NMOBYLLKM Ha 3-M VC3, narotaenmeanuck B Apyrom «gunmuane»
oTaena — B otgene, notoMm nabopatopuu, BakyymHoro uHctutyta (MHCTUTYT
nm. C.A. BEKLIMHCKOrO), KOTOPLIMU PYKOBOAMMU, Ha4uHas ¢ 50-x rogos nocrne-
pnosatenbHo P.E. PeiounHckuin, W, Bonkos v J1.W. OeHwwmkoBa. MocneaHwii
«[aTuvKy, BecbMa cnoxHbln npubop MAPUIMPOB (npoekT Mapc-96) npogon-
xan paspabatbiBatbcs B HAW BekwmHckoro n nocne cmeptu K.N. MpuHraysa
Bnnotb Ao 1995 r. OgHako K 3TOMy BpeMeHH, B CBS3M € 0BLLMM ynagkom npo-
MblLLeHHOCTH B Poccum, adpdekTuBHas pa3paboTka okasanacb HEBO3MOX-
HOW, 1 3Ta pabota gakTnyeckn BoinonHsanack B MK Ha 6ase octaTkoB oT
cosgaHHon KW mactepckoin n yactn obopyaoBaHusi, B3STOrO BO BPEMEHHOE
nons3oBaHue B HAM um. C.A. BekwmHckoro. XopoLwmm nprmepom adhdeKTmB-
HOCTM «MPOW3BOLACTBEHHOW HE3ABWCUMOCTUY SIBMSIETCA NPOBEAEHWE MOMHOTO
LmMkna paboT no NOAroTOBKE KOCMWUYECKOTO 3KCNepUMEHTa As1s opbuTtanbHol
kocMuyeckon ctaHumm CantoT-1 B 04eHb Cxatble cpoku. B 1970 r. B TeyeHue
3 mecsues B otaene K.W. Mpunray3a 6bin paspabotaH, M3roToBMneH, UenbiTaH
1 NMOCTaBMEH CMOXHbBIA UHTEPAKTVUBHBLIN 3KCMIEPUMEHT MO U3MEPEHNI0 Napa-
MeTpoB MoHocdepbl. MNpeanonaranock, YTO KOCMOHaBT Byaer Habnwogarthb,
KOHTpONMpOBaTb ¥ yNpaBnsTb NPOLECCOM U3MEPEHWIA Masmbl, Habmogas Ha
3KpaHe NMpoLecc N3MEPEHWIA.

proceedings of the conference-17



GRINGAUZ 100: PLASMAS IN THE SOLAR SYSTEM, 2018

HecwmoTps Ha TO, 4TO Kak no obpasoBaHuio, Tak v Mo onbIiTy pabotel KW 3a-
HUMancs pacnpocTpaHeHneM paaMoBOIH, OH obnagan yamBuTenbHbIM Gun3n-
YECKUM «4yTbeM» BO MHOMMX 06nacTax duamku n TexHukn. MeHs yamensno,
YTO OYEHb YacTO NMPU OBCYKOEHUN YACTO TEXHUYECKUX BOMPOCOB, CBSA3AHHbIX
C pa3paboTkon annapaTypbl, OH BbICKa3blBan MHEHWS, OKa3blBaBLLUMECS BMO-
CINeAcTBuN npaBusibHbIMK. [TpocMaTpuBasi MHOMOYMCIEHHbIE KOMUM CTaTel
1 MPENpWHTOB, C KOTOPbIMU OH paboTan, nerko BMAETb MO €ro 3aMeTkam,
4TO ero MHTEPeCcoBanu BOMPOCHI, 4OCTATOMHO Aaneko nexalue oT Kpyra ero
OCHOBHbIX UHTEPECOB.

Ecnu peyb wna o6 ycnexe akcnepumenTa, Ans KA He cyllectBoBano «asTtopu-
TETOB» UMW «MONMTUYECKNX» COOBpaxeHwnit. VImeeTcs B BUAY, 4TO BCE KOCMU-
YecKne SKCnepuMeHTbI NPOBOAATCS MO OnpedeneHHbIM nnaHam, yTBepXaeH-
HbIM Ha BbICOKOM YpOBHe, HapyLLaTb KOTOpble 6biNo KpanHe HexenaTtenbHo,
0C00eHHO Ha NocnefHMX aTanax, korga nprbopbl yxke HaXo4ATCA Ha NOMUIroHe
B pyKax BOEHHbIX, NpoBOAsALLMX 3anyck. Bo Bpems 3anycka paketbl «BepTu-
kanb-10» npousoLlen Takon cnyvan. Ha nonuroHe KanyctuH Ap npoxogunu
npeacTapToBble paboTbl M NPUCYTCTBOBAMM He TOMBbKO POCCUIACKWE, HO W 3a-
pybexHble yyeHble. Kak Bcerga, a 0cOBEHHO M3-3a MPUCYTCTBUS MHOCTPaH-
LeB, paboTbl MPOBOAMIMCL B CXaTble CPOKW. OTO MPOMCXOAMUMO Mapannenb-
HO — camMa pakeTa, annapaTypa, OTAENSEMbIN KOHTENHEP, HAa3eMHbIE CIyXObI.
OcobeHHOCTBIO 3TOrO 3anycka BbI10 TO, YTO AN AOCTUXKEHNS YACTOThI SKCMe-
PUMEHTOB, BCS annapartypa ycTaHaBnmBanacb Ha OTAENSEMOM repMETUYHOM
KOHTelHepe, Npuyem Kak Kk npubopam, Tak U K KOHTENHePY NpeabsBnsannch
BbICOKWE TpeboBaHWS MO XMMMYECKoW YyncToTe. Korga npoLuny 3akounTens-
Hble KOMMIEKCHbIE UCTIbITaHWS KOHTEMHEPA C Hay4YHO annapaTypoi, u bbina
npoBefeHa OKoHYaTenbHas cbopka repMeETUYHOMO OTAENSEMOrO KOHTENHEPA,
BbISICHWIIOCb, YTO Npy cOopke 06CMYXMBAIOLLMIA MEPCOHAN OT BOEHHbIX B COOT-
BETCTBWU C UHCTPYKLMEN MCnonb3oBan HoBble bonTel Ans cbopku kopnyca. Kak
Bcerga, 60onTbl ObiNM B NPOMBILLIEHHOW NPOMACHEHHON YNaKoBKe, W, TaK Kak
B VX MHCTPYKLMK He ObIno Apyrnx cneumanbsHbiX TpeboBaHuii, 60NnTel He Gbin
O4YULLEHBI OT Macna (06bI4HO 3TO AenaeTCs MHOTOKPATHOW MPOMBIBKOW B Crvp-
Te 1 APYrUX OYMLLAIOLLMX KUOKOCTAX). Bo3HMkNa cutyaums — npogonxkarb pa-
60Ty ¥ BbIBO3UTb paKkeTy Ha CTapT W Toraa Bce paboTbl GyayT BbINOMHEHDI
Mo nnaHy, unm pasbupaTb KOHTENHEP, O4NLLATL BONTbI, NOBTOPSATH AOCTATOYHO
ANUTENbHBIN LMK UCMbITaHUA U T.4. HukTo He 6pan Ha cebst OTBETCTBEHHOCTH
3a BO3MOXHbIN CPpbiB paboT. Bo3MOXHbIE NOCNEACTBUS 3aKMoYanucb B TOM,
4TO MOTMM ObITb UCKaXeHbl Pe3ynbTaTbl MacC-CreKTPOMETPUYECKUX M3Mepe-
HUIA. OTO NpaKTUYecKu He 3aTparMeano «Hawy» (1.e., K1) annaparypy, u mor-
1O NLWb MOBMMATL HA MHTEPMPETALMIO AaHHBIX KOMMIEKca 3KCNepyMeEHTOB
B uenom. B aton cutyaumm HanbGonee spko nposisunacb Hetepnumocts KU
K NMtoBbIM OTKIOHEHWSIM OT BbICOKUX TPEBOBaHWI, NPEAbABMSEMbIX K KOCMUYe-
CKOMY 3KcnepumeHTy, — umeHHo KW HacTosn Ha 3agepikke 3ab0T 1 ycTpaHe-
HUW BbISIBNIEHHOTO AedekTa B MOATOTOBKE. B TOM cuTyaummn 3TO CMOr caenatb
TOMBKO OH.

K cam 6bin ybexaeH, 4yto noboe 3aTpygHeHue B npakTuyeckon paborte,
Jaxe Takoe, KOTOPOe Ha NepBbI B3rNs4 BbIrMAANT Kak HENPEOoaoNMMOoe, MOX-
HO NPeoaoneTb, MPUMOXMB LOCTAaTOYHOE KOMUYECTBO ycunuii. B aTom 51 ybe-
XOancs HeogHoKpaTHO. [Ins MeHs MUYHO ero «pPasroHbly», KOTOPbIE Kaxablii
pyKoBOAMTENb BPEMS OT BPEMEHW YCTpanBaeT CBOMM MOQYMHEHHBIM, BCeraa
Obinu, K MOEMyY YAMBIEHWIO, BeCbMa monesHbiMu. Korga §, «3akonaBLUKCH»
B AETansiX, AONrO He BbIMNOSHAN KakKyt-HMOyab paboTy M, COOTBETCTBEHHO,
mory4an pasroH, TO yXoaun 13 ero kabuHeta Bcerga ¢ NPUIMBOM CUIT U Xe-
NaHWEM HeMeaNEeHHO pa3peLLnTb Npobnemy, CBeprHyTh ropbl. [eno, KoHeYHo,
He B MPOCTON GOS3HM NOAYMHEHHOTO ObiTb «HaKa3aHHbIMY, @ B TOM, 4T0 KA
ymen ybeauTb pyraemoro He TOMbKO B BaXXHOCTM Aena, HO M NnokasaTb ONnTu-
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MasibHbIV NYTb PeLLUEHNS (B YEM NPOSBIIANOCH €70 (PU3NYECKOE Yy The U UHTYU-
umst). OH Bbln XOPOLIMM OpraHM3aTopPoOM, U, ECIM TOro TpeBGOoBaM SKCNEPUMEHT,
npeogonesan 0bblYHO Henpeogonumble npensaTcTaus. OgHaxabl, 3a nonTopa
Mecsiua fO OTnpaBku npubopa Ha MonuroH, B cobpaHHoM npubope obHapy-
XWUIOCb, 4TO B KaHanax M3MepeHUs 30HA0BLIX TOKOB MMEHOTCS NMOBbILLEHHbIE
nomexu (Hayano 60-x, cnyTHUK «Kocmoc-2»). B npuHumne, npubop MOXHO
6bIno 3anyckatb B TaKOM BUAE, HO KA4ECTBO pesynsTaToB nocTpagano 6ol KA
MPWBEK K 3TON paboTe BCeX COTPYAHMKOB AOCTATOYHO GOMbLLOrO oTAena u
cymen ybeauTb BCex Tak, YTO B TEHEHME MonyTopa MecsLeB okoro 15 yenosek
MPaKTUYECKN He BbIxogunu u3 nabopatopum. B KoHLE KOHLOB, 3agaya bbina
peLueHa.

Takoii noaxopd, B COMETaHWM NMPUHLMMNOM NPOCTOTbI NpMGOPOB, BCeraa Aasan
€My YBEPEHHOCTb B MOMyYeHHbIX pe3ynsTaTax 1 No3BoMss XKeCTKo Ux oTcTaun-
BaTb. IMeHHO TWaTenbHOCTb B NOArOTOBKE SKCNEPUMEHTOB npuaasana emy
YBEPEHHOCTb B MOMYYEHHbIX pesynkTatax U no3eonsna roBoputb: «[Mpnbop
He BpeT». K/ Bbin, kak roBopsit, SKCINEPUMEHTATOPOM ot 6ora. K coxa-
NeHuto, B MOCTeAHMe rofibl YPOBeHb NOATOTOBKM KOCMUYECKMX 3KCEPUMEHTOB
MO CPABHEHMIO C NEPBbLIMU AECATUNETUSIMU KOCMUYECKO 3Pbl CHUUICS.

O YENOBEYECKUX KAYECTBAX KU

O TOM, YTO 3T0 BbIN BLICOKOOBPA30BaHHbI 1 BLICOKOKYTETYPHbI YENOoBeK, OT-
NMYaIOLLMIACS LUMPOYAILLMM KPYro3opoM, OT IUTepaTypbl U UCKyccTBa [0 Gap-
[10B 1 NOMNUTUKM, OTMEYANOCh MHOTUMM €ro konneramu. MHe Xo4eTcst npocTo
MPVUBECTU HEKOTOPLIE MPUMEPHI U3 KU3HU, KOTOPbIE XapaKTEPU3YKT ero kak
yernoseka.

KW He 6b1n1 chopmanucmom.

HecmoTps Ha TO, 4TO O HEM CIOXMITOCb MHEHME KaK O XECTKOM W HEMPUMM-
PUMOM OMMOHEHTE B Hay4YHbIX CMopax, B 0ObIAEHHOW MW3HW OH Obln BECbMa
TEPNUMbIM, YYTKAM U OT3bIBUMBBLIM. 1 HWKOrAA@ He Criblian OT Hero B CBOW
afpec wnu B agpec ApYyrux COTPYAHMKOB 3aMeyaHuin 06 ono3aaHusx uv ka-
KUX-NMBO pYrux HapyLUEHUSX AUCLMMANHBI (OBbIYHBIX B TPYLOBbLIX KOMMeEK-
TmBax). Korga Ha paboTe oH 0OHapy»kuBan, YTo Mbl UCMONb3yeM OYMLLaOLLME
XMIKOCTU HE B COOTBETCTBUM C MHCTPYKLMSMW NO 3KcnnyaTauuy npubopos,
OH He pearuposar.

KU dymar 06 okpyxarwux.

CyLuecTByeT Takoe geneHue nogen: oaH1 B MEPBYLO ovepeab AymatoT o cebe,
0 cBoMX ygobeTeax, a Apyrme — ob okpyxatowmx. K/ otHocuncs, no Moum Ha-
BntogeHnaM, ko BTopoi kateropun. OgHaxabl BO BpeMs o4epeaHoro npvema
y Hero foma, 5, Hanueasi KOMy-To Yali, Tpu pasa nogpsz 3abbiBan npuaepxm-
BaTb KPbILLKY 3aBapHOro YalHWKa (3acTornbe 6blno AonruMm o Yasl, a cepBu3
6bin JOPOron 1 Aeno NPOUCXOAWIIO B 3MOXY BCEOOLUMX AEMULMTOB) U KPbILL-
Ka Kaxgpli pa3 nagana Ha nocyay, HW OH, Hu ero xeHa MpuHa HukonaesHa,
He cKasanu MHe Hu cnosa.

KW doeepsin nodsm.

Korga s 6bin elle CTyaeHTOM, Mbl Ha noyBe MobByM K 6apaam, obmeHmBanmcs
3anncaMu. Y Hero Obin POCKOLLHBIN MO TEM BPEMEHaM NTEHTOYHbBIA MarHuTo-
¢oH Grundig. OH, hakTyecku He 3Hast MeHs, OCTABMAN MHE KITH04M OT CBO-
el KBapTupbl, 4TOOLI A MOr AenaTtb nepesanucu. ATO MeHs nopasuno. XoTs
OH ObIN M3BECTHBIM YYEHLIM MUPOBOrO Kracca M Obin NOMHOCTbLIO MOrMoLeH
HayKOW, K HEMY MOXHO MPUMEHUTHL M3BECTHYIO (hpa3y: HMYTO YenoBeyeckoe
emy He 6bino vyxgo. Korga B 1968 r. Mbl ¢ HUM okasanuck B beprnvHe (ITOP)
W TyNSam No ropogy, Mbl NOCNOPWIIM Ha BYThINKY KOHbsIKa — KTO NepBbIA yBUAUT
CYMMATUYHYIO XKEHLLMHY.
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CTPATEIrnAd NPOBEOEHUA
KOCMUYECKUX SKCMNEPUMEHTOB

W nocnegHee, 4To criegyet oTMETUTb. B pesyrstate paboThl Te4eHne HeCKosb-
KVX OecATMNETMI MO NOAroTOBKE W NPOBEAEHNI0 KOCMUYECKMX SKCNIEPUMEHTOB
Yy MeHs CroXunocb abCcomnTHO Heocropumoe, Ha Moi B3rmsa, yb6exaeHve:
maneiwas menoyb, NponyleHHas UNKU caenaHHas He OOMKHbIM obBpa-
30M B poLecce MHOrofieTHel MOAroTOBKM KOCMUYECKOro aKCNepuMeHTa
(cumMTaeTcs, YTO BECb LIMKIT MOATOTOBKM W NPOBEAEHUS TakuX SKCNIEPUMEHTOB
cocTaBnseT 06bl4HO 5-7 NneT) 06a3aTeNnbLHO NPoABUTCA B NoneTe M NpuBe-
JeT K yXyALIeHMI0 KayecTBa KCnepuMeHTa. S He Mory yTBepxaaTb, YTO
3T0 ero (POPMyMMpoBKa, HO COBEPLLEHHO ONPeAeneHHo, YTo OHa CrOXUNach
rnog ero BNMsIHWEM M MOMHOCTbIO oTpaxaeT noaxod K.W.MpuHraysa k nposeae-
HIO KOCMUYECKIX SKCTIEPYMEHTOB.

B onpenenerHom cmbicne, K. MpuHrays fo cux nop siBNSIETCS HaWMM pyKo-
BOAMTENEM, U Mbl YACTO BCMOMMUHAEM €10 B TeKyLLen paborte.
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MArHUTOrMAPOOANMHAMUYECKAA MOJEJIb
OBTEKAHNA KOMET COJIHEYHbIM BETPOM.
TEOPUA N SKCNEPUMEHT

B.b. bapaHoB

WHemumym nipobriem mexaHuku um. A.FO. Mwinurckoeo PAH; Mockosckuti
eocydapcmeeHHbil yHusepcumem um. M.B. JlomoHocoea, Mockea, Poccusi

MnoHepckast pabota [1], B KOTOPOM U3MOXEHbI OCHOBHbIE (hU3N4eCKMe npea-
MOCBINKA AN UCMONb30BaHWS MMAPOANHAMUYECKOTO NPUOINMXEHUs Ans Co3-
[aHus mMofenen B3avMOLENCTBUS COMTHEYHOrO BETPa C KOMETHBIMU aTMOC-
thepamu, MHMUMMpPoBana Bornbluoe konmyecTBo paboT Ans WHTepnpeTauuu
3KCMEPUMEHTASbHBLIX AaHHbIX MO 3TOW Npobneme, NoMyyYeHHbIX NPX NOMOLL
KoCMMYeckux annapaTtoB. Bnepsbie B pabote [2] B pamkax kavyeCTBEHHOW
mozenwu [1] 6bin NpoBedeH MOMHbIA YNCTIEHHbIN pacyeT 0O0TeKaHUst KOMETbI
lannes conHeyHbiM BeTpoM. OgHaKo B rMAPOAUHAMUYECKMX MOLENSX HE Y4m-
TbIBaNOCh BUSHWE MEXMIIAHETHOTO NOMs, KOTOPOE MOXET OKasblBaTb JOCTa-
TOYHO CUINbHOE BNWSIHUE Ha NONOXeHWe 1 POpMy KOMETHON MOHOMAy3bl, KOTO-
PY0 4acTO HenpaBUbHO Ha3bIBaOT «KOHTAKTHEIM Pa3pbiBOMY (MPU HanMYmu
MarHUTHOTO MO TaKOM paspbIB SBMSAETCA TaHreHUManbHbLIM).

B npegnaraemom [foknage NpUBOASATCS Pe3ynbratbl MarHUTOrMApo-AvHa-
muyeckmux (MIL) mogenen ons cnyyYaeB B3anMOLENCTBUSI COMHEYHOTO Be-
Tpa ¢ kometamu annes, Mpurra — LWennepyna n Yypiomosa — l'epacuMeHko
B MOMEHT MPOXOXAEHUS 3TUX KOMET nepurenus. PesynstaTbl CpaBHUBAKOTCS
C 3KCNepyMeHTanbHbIMU JaHHBIMU, MOYYEHHbIMM NPY MOMOLLM KOCMUYECKUX
annapatoB Bera-1, Bera-2, [xotTto, Cynccen (8 mapte 1986 roga), xorto
(B mione 1992 ropa) v PosetTa (B 2015 rogy), cooTBETCTBEHHO. HekoTopble
3 9TUX pesynbTaToB ony6nukoBaHsb B [3].

NINTEPATYPA
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NMEPECEK I ANNAPAT BOAOXEP-1
FENMUONMAY3Y HA 122 a.e.?

B.B. BapaHoB

WHemumym nipobnem mexaHuku um. A.FO. MwinuHckoeo PAH; Mockoeckuli
2ocydapcmeeHHbil yHusepcumem um. M.B. JlomoHocoea, Mockesa, Poccusi

WHTepnpeTaums n3MepeHnii CONMHEYHOr0 MarHUTHOTO NOMS U SHEPrUYHBIX Ya-
CTuL Ha annapare Voyager-1 npueena MHOMX aBTOPOB PasinyHbIX nybnvka-
LM K BbIBOZY O TOM, YTO annapat nepecek rpaHuLy CONHEYHOro BeTpa (renmo-
naysy) Ha 122 a.e. B cepeavHe 2012 roga v BblLeN B MEX3BE3AHYIO CPedy.
PaspaboranHas B [1] rugpoamHaMmuyeckas Mogenb B3avMOAENCTBUS COMTHEY-
HOrO BETpa C NTOKarnbHOW Mex3BEe3[HOW cpedon, KoTopas Yyxe npeckasana
MONOXEHWe yOapHOW BOMHbI TOPMOXEHWS COMHEYHOro BETpPa C TOYHOCTbIO
A0 2% (no paHHbIM Voyager-1 n Voyager-2) n Hanuume BOAOPOAHOW CTEHKU
(no panHbIM HST), npeackasbiBaeT 3Ty rpaHuLy Ha pacctosHum ~140 a.e.

B npegnaraemom foknaze npuBOAATCS apryMeHTbl, COrNacHO KOTOpbIM AaH-
Hble 3KCMEepUMEHTOB Ha annapate Voyager-1 He SBMSTCS foKa3aTenbCTBOM
nepeceveHns renvonaysel B cepeauHe 2012 roga. COMHEHMst B TakoM ne-
PECEYEHUN U3NOXKEHBI Takke U B page Nyonukauuin amMepuUKaHCKUX YYeHbIX
(cm., Hanpumep, [2]). CneayeT 3ameTuThb, YTO Ha annapate Voyager-1 He pa-
6oTtanu npubopbl, U3MePSIOLLME CKOPOCTb, MIOTHOCTL U TEMMNepaTypy CONHEY-
HOTrO BeTpa, KOTopble MoK Obl faTb OAHO3HAYHbIN OTBET Ha paccmaTpuBae-
Myt0 npobnemy.

NNTEPATYPA

[1] Baranov V.B., Malama Yu.G. // J. Geophys. Res. 1993, V. 98(A9), P. 15,157-15,163.
[2] Fisk L.A., Gloeckler G. // Aph. J. 2014. V. 789. P. 41.
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NEPBbLIE NPAMbIE U3MEPEHUA
XONnoAaHOM NNA3MbI NO AOPOTE K NNYHE

B.B. Be3pykux

®edeparnbHoe 2ocydapcmeeHHoe b6rdXemHoe yupexoeHue Hayku
MHemumym kocmudeckux uccnedosaHull Poccutickoli akademuu Hayk
(MKW PAH); vbez@iki.rssi.ru

KITIOYEBBIE C/TOBA

COmnHeYHbIn BeTep, JlyHa-2, nnasmocdepa 3emnu, nnasmonaysa, MarHuTo-
ccbepa, CnyTHWK-3, MOBYLLKM 3aPSHXKEHHBIX YacTuL

BBEAEHUE

Mainckum ytpom 1958 r. nocne 3saseneHus TACC o 3anycke CnyTHuka-3
A npuneten B Mocksy. TaMm  y3Han LLIOKMPYIOLLLYIO HOBOCTb: MOKa Mbl FOTOBUIU
3anyck cnyTHuKa Ha nonuroHe C.IM. Koponesy yaanock fobutbcs Bbixoga [o-
craHoeneHus LIK n CoBmuHa o Hadane wtypma JlyHbl. HayyHast nporpamma
NYHHOTO NpOeKTa paccmatpuBanach Ha 3acefaHusx komvceun M.B. Kengbl-
Wwa no 3anycky obbekta «Ex». [Mocne ycnewHoro npoBeaeHnst aKCnepumeH-
Ta Ha CnyTHWKe-3 BKIHOYEHME HALLEN rpynMbl B YACIO Y4YACTHWUKOB NyHHOM
Hay4HOM NporpamMmel BbIN0 NPUHATO, NpakTuyeckn, 6e3 obcyxaeHus. Lienbto
HaLLero aKkcnepumeHTa 6b1no 0bHapyeHue CyLLecTBOBaHuS (M OTCYTCTBUS)
ras3oBomn 060104KM BOKPYT JTyHbI, MHbIMK CTIOBaMK, NTYHHON aTMocdepsbl.

CNELU®UKA HOBbIX UISMEPEHUI

OT nepcnekTvBbl BrepBble MPUKOCHYTLCS K TalHam COBCEM Apyroro Hebec-
Horo Tena — JlyHbl 3axBaTbiBano Ayx. Ho yx oveHb Tsbkenbl 661 npobnemsi,
KoTOpble Hafo ObINo pewutb AN peanu3auun 3Tux nepcnektus. Momumo
TPYAHOCTERN, KOTOpble BO3HWKaNM U3 HEOOXOOMMOCTU N3MEPEHNS HUMTOXHBIX
MO BESIMYMHE MOTOKOB 3apshKEHHbIX YaCTWL, OKOMOMYHHOW Mnasmbl Ha hoHe
MPEBbILLAILLMX UX HA HECKOMNBKO NMOPSAKOB MOTOKOB COSTHEYHO NnasMbl U no-
TOKOB MapasuTHbIX (HOTOIMNEKTPOHOB (MOCHeaHMe, Kak Mbl HAAEATUCh, MOXHO
OyoeT NpeofoneTb MHCTPYMEHTaNbHbIM MyTeM), CyLLECTBOBAMM XecTovailume
MHOPMaLMOHHBIE OrpaHNYeHNs!, KasaBLUMECS, BpEMEHAMW, HEMPEOAOIUMbI-
Mu. [Ins MoHochepHOro akcnepuMeHTa 6bino BblgeneHo 4 LWecTnOUTOBLIX Ka-
Hana, onpalwuBaemMbix C UHTepBanom 1 MWH, T.e. B TEPMUHAX CErOAHSLLIHETO
AHst Bcero 0,4 Guta/c — Gonee Yem CKPOMHash BENWYMHA AaXe N0 CPABHEHUIO
¢ 06bemMOM MHOpMaLMK, KOTOPbIM Mbl pacrnonarany Ha cnyTHWKe 3emnu
(~800 6uT/c). dononHuTeNbHbIE TPYAHOCTY B NPOBEAEHWM 3KCEPUMEHTA BO3-
HUKanm B CBSI3U C OTCYTCTBMEM NPUHYAUTENBHON OPUEHTaLMM KOCMUYECKOTO
annaparta B npoctpaHcTBe. CodeTaHne 3TUX 1 Apyrvx MeHee 3Ha4YMMbIX hak-
TOPOB He NO3BOMISAN0 OPUEHTUPOBATLCS Ha 30HOOBbIE U3MEPEHNS B Kraccuye-
CKOM MCMOMHEHWH, KaK Ha METOZ, NPUIOAHbINA ANS M3MEPEHUI BECbMa MarbIX
KOHLIEHTpaLMA MOHOCCEPHOW Nna3Mbl U B OKPECTHOCTM JIyHEI, U BO BPEMS
nonera no Tpacce 3emnsa-JlyHa. Yto genatb? AcHO 6bINoO TOMbLKO, YTO Npea-
CTOUT pagvKanbHOE U3MEHEHUE CXeMbl U KOHCTPYKLMM MOBYLLKW, U YTO HU-
Kakve MogmduKaLmm 30HL0BbIX M3MepeHui, Tpebyolmx 6onblmx obbemoB
nHopmaLmun, NCMONb30BaHb! ObiTb HE MOTYT.

YHUKATbHbIA nogxopn 3

K ASMEPEHUAM XONOAHOU NNA3MbI

lMpucTynas k paspaboTke METOAMKM SKCMIEPUMEHTA, Mbl UCXOQMUMM 13 TOTO, YTO Ha
Grivxaniilem k 3emne yyactke u Bonuau JlyHbl (ecnv y JyHbI CyLLECTBYET UOHO-

cthepa B OOLLENPUHATOM CMbICIE COBA) KOCMUYECKUIA annapaTt MOXeT nepe-
ceyb 00r1acTH, CopepKalLme XOnoaHyHo Nasmy, YTo rae-To TPaekTopusi MPonaeT
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B MEXMNITaHETHOM MPOCTPaHCTBE,
1 NprBop CMOXET 3aperucTpupo-
BaTb KOPMYCKYNSPHOE U3nyYeHmne
ConHua. Bbino pelueHo B cocTas
npubopa BKIHOYNTL 4 TOBYLUKM
C (VKCUPOBaHHBLIMM MOTEHLMA-
naMu Ha BHeLLHuX ceTkax: —10 B,
-5B, 0B, +15 B. B cnyyae yaoauu
Takas KOH(Mrypaumsi 4yBCTBU-
TENMbHbIX 3MEMEHTOB mpubopa
no3Bonuna Obl He TOMbKO M3Me-
PUTb BEMNWYMHLI MOTOKOB 3apsi-
XEHHbIX YacTuL, HO W oOcylue-
CTBUTb CENEKLMI0 3apSPKEHHBIX
4acTuL, MO 3HaKy 1 SHEPTUK, YTO,
B CBOW 04epenb, CrocobcTBoBa-
no Obl onpedeneHno Npupoab!
PErNCTPUPYEMBIX MOTOKOB  Ya-
ctvu. Ha Bcskuin cnyyait, npocto
ANs PacLUMPEHNST BO3MOXHOCTEN
npubopa, Obinn NpeaycMOTPEHDI
M3MEPEHMS NMOTOKOB MSITKUX ek~
TPOHOB C 3Heprven E>200 3B.
O6wwmin Bug annapata JlyHa-2
C PacnoroxXeHHbIMA Ha HeW N0~ pyc, 1. OBwwMil BUA kocMUyecKoro annapata
ByLLKaMu (|'|0K333Hb| CTpeﬂKaMVI) NyHa-2. MonoxeHve NoByLUeK Ha annapare
npencTaereH Ha puc. 1. nokasaHo CTpenkamm

Paspabotka 1 wn3rotoBneHue nosyllek npowvcxogunu Bo BHUW BakyymHow
TexHUKK, rae Obina cneuuyansbHO OpraHM3oBaHa Nabopatopus, Ans Co3naHust
npubopoB, CNOCOBHBIX PEMVCTPUPOBATL M OMPEOENTL XapakTePUCTUKN Manos-
HEPrUYHONM KOCMMYeckoi nnasmbl. Bosrnaeun nabopartoputo PE. PbIGUYMHCKMIA.
Ons atmx akcnepumeHToB Obina paspaboTtaHa nonycdepuyeckas cuctema
3r1eKTPOLOB C BMEPBbIE B MUPE MPYMEHEHHOW aHTU(OTOINEKTPOHHON CETKOWN,
KoTOpasi NO3BOMMIIAa Ha HECKOMBKO MOPSAKOB YMEHbLUMTL MNapasuTHbIA (hOTOTOK.

MEPBbLIE HEYOAYN U YCNEX

MpumepHo Yepes 1,5-2 mecsaua nocne 3anycka CnyTHuka-3, B uone 1958 r.,
COCTOSICA NEPBbI 3anyck pakeTbl Ha JlyHy. Heyaava. [Ans yyacTtHukoB pabot
no o6bekTy «E» BCsA BTOpas nonosuHa 1958 r. npeBpaTtunach B HENPEPLIBHYIO,
MOBTOPSIHOLLYIOCS Lienb: U3rOTOBMEHWE annapartypbl, ucnbitaHus B OKB B Moa-
nWnKax, Bble3[ Ha MOMWIOH, MCMbITaHusl, 3amnyck, Heyaada... M Tak 5 pas
BNNoTb 40 2 aHBapsa 1959 r., korga pakeTa, HakoHew, ywna K JlyHe. Mpasaa,
OHa He nonana Ha JlyHy B pe3ynbTaTe He BO BPEMS NO4AHHON KOMaHAb! Ha OT-
CeuKy apwuratenew u nponetena Ha pacctosiHum 5000 KM OT ee NOBEPXHOCTH.
B koMMIoHVMKe 0 3anycke pakeTbl k JlyHe, cnewpmarnbHo coobLanocs, YTo npo-
netHas TpaekTopus Obina BblOpaHa Ans yBenuyeHus BpeMeHu npebbiBaHms
paKeThbl B OKPECTHOCTY JIyHbI.

B o3HameHOBaHWe ycnewHoro 3anycka no KOMaHae HavarnbHuka sKkcneaw-
umm (ot OKB-1) M.B. Cyxonanbko Ha nnauy 2-i (xunoi) NnoLaaky nonuro-
Ha, OrPaHWNYEHHON C YeTbipex CTOPOH XunbiMu Bapakamu, OOuH U3 KOTOPbIX,
HUYEM HEe OTMMYasCb OT OCTambHbIX, CKPOMHO HasbiBancs Jllokcom u npea-
Ha3Havancs Ans npuesxero Ha4anbcTea, Obin cobpaH NUYHbIA COCTaB WUCMbI-
Tatenen. lNepedaB ctaH4apTHbIE NO3ApaBReHUs ucnbitatensam ot umenn LIK
1 CoBmuHa, nimyHo oT H.C. XpyLueBa, OH 3aKOHYMIT CBO KPaTKyH, HO 3HEprny-
HYH0 peyb CrnoBaMu: «YBWXY TPE3BOTO — HanoXy B3bickaHue». B oTBeT — Bce-
06LLMIA BOCTOPT 1 NMUKOBaHWe cobpaBLUMXcs. B 3Ty HOYb M CrieayoLwmin 3a Hel
AeHb HaKa3aHHbIX He OKasanochb.
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OTKPbITUE MITA3SMOC®EPbLI, MITA3SMEHHOIO CJ10A4
U COJIHEYHOI'O BETPA

MoBTOpHBIN 3anyck Ha JlyHy cocTosinca 12 ceHtabps 1959 r. Ha atot pas
pakeTa BbILNa Ha pacyeTHYK TPAeKTOPUKD C NEepBOMN Xe NOMbITKA U KOCMU-
yeckuii annapat nonan B JlyHy. 31o cnyyunocb 14 ceHTabps. TenemeTtpuye-
cKas MHGopMaLms, 3aperncTpupoBaHHas BO BpeMS Moneta fyHHOW pakeTbl
Ha HabntogaTenbHbIX MyHKTaX Ha 3reKTPOXUMUYECKUX OyMaXKHbIX NEeHTax
n cotonneHke, cocpenoTaumBanace B OTaeneHuy NpuknagHon matematu-
ku Ha Muycckoi nnowaam u obpabatbiBanacb B pacHeTHOM 6HpO, KOTOPLIM
PYKOBOAMN BETEPAH pakeTHOW TexHuku IH. 3notuH. Pesynbrathl 06paboTku
MH(OPMaLMK SKCNEPUMEHTATOPbI Nonyyany B Buge Tabnuy «Bpems-napa-
meTp». Busyanusaumio pesynsratoB namepeHus (T.e. npespalieHne TM-oT-
CYETOB B BEMUYMHBI M3MEPEHHBIX TOKOB) M HAHECEHME MX Ha GECKOHEYHYIo
MUINMMETPOBKY BbINONHANM Bonoas O3epoB 1 51 Tam e, aTaxom (Mnm aBy-
ms) Huxe. Bonpochl, Bonpochkl... OTKyaa B3NMCb 9T HEXAAHHbIE, rpoMaj-
Hbl€, Mano MeHSIOLLMECs TOKW, U ynagyT M oHn? Hy, BOT, HaKOHeL-TO, ynanu,
HO MOYEMY M3MEHUNICS 3HaK TOKOB, OTKyZa B3SMUCh 3TV 3MEKTPOHBI? YBMAUM
NV Mbl MPU3HAKN HanM4mMsa XonogHomn nna3mel B6nuam NyHel? Ha puc. 2 npea-
CTaBeHbl BapuaLmm TOKOB, M3MEPEHHbIX JI0BYLLKaMK BO BPEMS BCETO NoneTa
KoCMUYeckoro annapara JlyHa-2, B 3aBUCMMOCTY OT yAaneHus 0T 3eMn Hauu-
Has ¢ BbICOoTbl 2000 kM OT NOBEPXHOCTM 3eMIN 1 BNNOTb A0 NafeHus Ha JTyHy.
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% puc. 2. Bapuauum TokoB, namepeHHbIx Ha KA JlyHa-2

'S B nnasmocdepe 3emnu (1-1 y4acTok, nesas naHenb), B Na3mMeHHoM
Croe reoMarHNTHOTO XBOCTa (2-i1 y4aCTOK, CPEAHSS NaHerb)

1 B COMTHEYHOM BeTpe (3-11 y4acTok, Nnpasas naHerb)
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Ha aTOM pucyHKe YETKO pasnnyatoTes TpU yyacTka:

e 1-M yyacToK, OT MOMEHTa BKIIOYEHUS annapaTypbl 40 yAaneHus oT 3em-
m 20 000 km. JToByLLKM C HENONOXMTENbHBIMW NOTEHLMANaMM Ha BHELLHWX
CeTKax 3aperncTprpoBanyt NOTOKM XONOAHbIX MOHOB aTMOCHEPHOIO NPoWuC-
xoxaeHus. MNosaHee 3a 3ToM 06MacTbio 3aKPENUIIoCck Has3BaHWe «nas3mo-
chepar, a 3a obnacTbo pe3koro cnaga TokoB — «lnasmonaysa;

e 2-1n yyactok — ot 20 000 go 110 000 km. Bce noByLuku Ha yyactke ~45 000—
80 000 km 3aperncTpupoBani oTpuLaTenbHble TOK1, YTO NO3BONMIIO caenaTth
3akntoyeHne 06 obHapyxeHun 0bnacTu, 3anONHEHHON MSATKAMMW 3MEKTPOHa-
mun. Bnocneactaum ata obnactb nonyyuna Ha3BaHue «NiasMeHHbI Crony;

e 3-i1 yyactok — ot 330 000 o nageHws kocMUYecKkoro annaparta Ha JlyHy.
Ha 3aToM yyacTke NOBYLUKM perucTpupoBani NoOTOKW COMHEYHOrO KOPMYCKY-
NSPHOTO U3NYYEHUS — «COMHEYHOrO BETPa», XapakTep KOTOPOro He u3Me-
HWUNCS BNIOTb A0 NafEeHWUs KOHTEMHEPa C Hay4HOW annapaTtypoii Ha JTyHy.
IMpusHakos cyujecmeosaHusi yHHOU ammocgepbl 06HaPYKEHO He Bbiro.

O6cyxaeHve HayYHbIX pe3ynbTaToB, NOMyYeHHbIX Ha JlyHe-2, npoucxoauno
B OTtgeneHun npuknagHon matematuku Ha Muycckol nnowagmn B kabuHe-
Te M.B. Kenpgelwa. Ha 3acefaHve Obinu npurnalleHsl y4acTHUKM aKcnepu-
MeHTOB Ha JlyHHbIX pakeTax v HEKOTOpble W3BECTHbIE YYEHblE B KayecTBe
Hay4HbIX 9KkcnepToB. [loknagpiBanu pesynbTaThl HayYHble PYKOBOAWUTENM
3KCMEPUMEHTOB.
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[doknag no pesynsrataMm M3MEPEHUst MOTOKOB 3apshKEHHbIX YaCTUL, BbICOKMX
aHeprut genan C.H. BepHoB. Kak MHe NOMHWTCS, OCHOBHOE BHUMaHWe OH yae-
NN U3MEPEHHLIM MOTOKaM BbICOKOSHEPTMYHBLIX YacTuL, BENUYMHBI KOTOPbIX
[ocTuranm, kak coobwmn goknaguvk, ~10" npor cm?c'crep™, 3apeructpupo-
BaHHbIX Ha BbicoTax ~15 000 kM, T.e. Tam, rge Hawwm npudopsl, OBHAPYXMN
MOTOKX MOHOB aTMOC(EPHOTO NPOUCXOKAEHUS, HO HE OBHAPYXXMIN NOTOKOB Bbl-
COKO3HEPrMYHbIX YacTuL. B goknaze v B 0TBETaX Ha BOMPOCH! y4aCTHUKOB 00-
cyxaeHus C.H. BepHoB HeogHOKpaTHO noavepkuBan, YTo AoKNafsiBaeMble UM
pe3ynbTaThl yO0BMNETBOPUTENBHO COMMACYIOTCS C pedyrbTatamu, NosTy4eHHbIMM
€ro COMepHUKOM B BopbOe 3a NMPUOPUTET B OTKPLITUM paguaLyOHHbLIX NOSICOB
3emnu npogeccopom BaH-AnneHom 13 YHuBepcuteta wrata Aiosa, CLUA.

Hoknag C.H. BepHoBa Takke kak W AOKNafbl N0 pesynbrataMm ApPYrux SKC-
NEPUMEHTOB ObINM 000OpeHbl y4acTHUKaMK COBELLAHUSt U PEKOMEHAOBAHbI
M.B. Kengpiwem ansa ny6nukaumm.

[Joknag no Hawemy akcnepumeHTy, kotopbin caenan K./. MpuHrays, Bbi3Ban
OCTPYH0 U HebecnpucTpacTHy KpPUTUKY CO CTOPOHblI MHOTMX Y4aCTHWUKOB
COBELLAHMS.

C.H. BepHoB oTMeTUN NpoTMBOPEYMS B NOKa3aHWSX HaLUMX 1 ero npubopos
1 Ha 1-M 1 Ha 2-M yyacTkax Tpaektopun. B camom gene, npoTmBopeyns B no-
kasaHusx NpMbopoB BbINN cepbesHble: Ha 1-M yyacTke TpaekTopuu, Tam, rae
npubopamu BepHoBa Bblnn 3aperncTpupoBaHbl NOTOKW 3IIEKTPOHOB BbICOKMX
SHEPIUN, HaL NpMBOp 3TVX NOTOKOB HE «3aMETUIT», @ Ha 2-M y4acTKe TPaeKTo-
pvK, T4e Mbl 3apErMcTPMpOBanu NOTOKM AMEKTPOHOB C aHepruamn E>200 3B,
«monyanu» npubopsl BepHoBa. He comHeBasicb B cBoux npubopax, Ceprei
HukonaeswY BbIpa3ni COMHEHUE B NOKa3aHUsAX HALLKX, YTO MO CyLLECTBY 03-
Ha4ano Npu3HaHue HaLlero 3KCNePUMEHTA B LIENOM OLUNOOYHbIM.

Bnpouewm, Bnocneactaum u C.H. BepHoB 1 BaH AnneH npusHani, YTo Bennyu-
Hbl MOTOKOB 3HEPIMYHbIX AMEKTPOHOB B PaAnaLMOHHbIX NOsiCax, 3MEPEHHbIE
ux rpynnamu 6einm Ha 4 nopsigka (T.e. B 10 000 pa3) 3aBbILlEHbI BCEACTBUE
He ydyeTa npu obpaboTke mapasuTHbIX 3EEKTOB TOPMO3HOMO U3MyHEHUS.
MoHwxeHne nameperHbix C.H. BepHoBbiM 1 BaH AnneHoM BennymMH NOTOKOB
B pagnaumMoHHbIx nosicax Ao 107 npoT cm?c'cTep™ aBTOMATUYECKN CHSNa Npo-
TUBOPEYUS MEXAY HALLMMU pesynbTaTaMii C OGHOW CTOPOHbI U pe3ynbTaTtaMu
C.H. BepHoBa n Ban AnneHa ¢ gpyroi. K coxanenuto, 3ta nepeoueHka bbina
cenaHa ToMbKO CMyCTs OKOMo 2-x NeT nocne obcyxaeHns pesynsraToB n3me-
PEHWS, MONMYYEHHbIX Ha YHHbIX pakeTax.

Mpodp. A.N. Nebepunckun (Suscbak MIY) 6e3 ckonbko-Hnbyab cepbesHomn ap-
ryMEHTaLWy OTHEC N3MEPEHNS OTPULATENbHbLIX TOKOB Ha 2-M y4acTke Tpaek-
TOPUM K UHCTPYMeHTanbHbIM olmbkam. Ha camom gene, 3aperncTpupoBaH-
Hble HaWMMK npubopamu Ha 2-M y4acTKke TPaeKTopuK OTpULATerlbHbIE TOKM
Obinu 0bpasoBaHbl NOTOKAMM MSATKMX 3IIEKTPOHOB MIIA3MEHHOTO Crosi, KOTo-
pble He Mornu GbITb n3MepeHbl npubopamu C.H. BepHoga.

Cneunanuct no pacnpoCTpaHEHWO pPaMOBONH B BEPXHEW MOHOCHhepe
A.J1. AnbnepT B CBOEM BbICTYMINEHUN, BbIAEPXaHHOM B (pUNocodCKOM CTune,
[OIro paccyxaan o ToM, YTO B NPUPOAE BCE NPOLIECCHI pa3BMBatOTCA 1 3aBep-
LIAKTCA IKCMOHEHLMANBHO, YTO PE3KMX NPOCTPAHCTBEHHBIX FPaHUL, y pasnmy-
HbIX huanyeckrx 0bpasoBaHuin He MOXeT ObiTb (?), 1 MOTOMY OBHapyXeHHOe
HawumM nNpubopomM peskoe nafeHune TokoB Ha Bbicote ~20 000 kM, koTopoe
MHTEpPNpPEeTMPOBanoch HaMu, Kak peskas rpaHuLa rasoBon obonovku 3emnu, —
MPOCTO oOLMBKa MM B NoKasaHusx npubopa, Ui B X UHTEpNpeTaLmum.

BpemeHamu auckyccus mpuHMMana v BoBCe abCypHbl xapakTtep. Tak,
B Mblfly AWUCKYCCUM ObINO BbICKa3aHO BO3MYTUTENbHOE MOAO3PEHME, B AyXe
37-ro roga, 0 TOM, 4TO NepBuYHas obpaboTka Hawen TM-uHdopmauum B Pac-
4yeTHOM 61opo Obina BbINOMHEHA C UCKAXEHUSMU, MOXOXE, HE CryYaiHbIMU,
T.K. OHa, obpaboTka mpoucxogmna npu y4acTu COaBTOPOB 3IKCMEPUMEHTA
(Bonogu O3epoBa 1 MOeEM), KOTOpble MOFMN OKa3blBaTb [aBMEHNE Ha HOHbIX
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coTtpyaHuy, PB v nckaxatb TM-gaHHble B XenaTensHOM Ans Hac Hanpaene-
Hun. K MoemMy yavBrneHwto, nogobHOe NOJO3peHne He BbI3Baso HU Y npeace-
JaTens, H1 y NPUCYTCTBYIOLMX MPUMUYHBIX CIyYalo BO3paxKeHun. Hanpotus,
HemeaneHHo Obina opraHn3oBaHa NoBTOpHas 06paboTka CNOPHbIX Y4acTKOB
B YCMOBUAX CTPOron M30nsaLUMM COTPYAHML PB OT BHELLHMX BAUSIHWIA, KOTOpas,
K pasoyapoBaHWIO WHULMATOPOB MOBTOPHOW 06paboTKM AaHHbIX, HOBbLIX pe-
3ynbTaToB HE NMpuHecna.

M3 yuacTHuKoB coBelLaHui Hac nogaepxanu W.C. LLiknoBckuii ¢ ero Torga elle
mMonofbimMu coTpyaHukamu B.W. Moposom u B.I. KypTom, KoTopble B AanbHen-
LUEeM NPUHAIKM aKTUBHOE yYacTue B MHTEpMpeTaLumn pesynsraTos.

PesynbraThl Hawero akcnepumeHTa obcyxdannch Ha ABYX 3acedaHusix Ko-
muccumn Kengbiwa. OgHako BMECTO paspeLueHus Ha nybnukaumio 6bino pe-
LUEeHO nepefaTb ONMCaHNe METOAMKM SKCMEPUMEHTA W pe3ynbTaThl, NOMyYeH-
Hbl€ B MOMETE, HAa PACCMOTPEHNE CreLmanbHO CO3AaHHOM 3KCNEepTHON rpynne,
coctosien n3 JINMAHoBckux m3nKoB nog npeacefaTensCTBOM akafieMuka
M.J1. JleoHTOBMYa. Pesynkratom paboTbl 3TOW rpynmbl SBUMNOCH PE3OME, KO-
TOpPOe, NPaKTUYECKM, HE COAEPXano KPUTUYECKON OLEHKWU HU METOOMKU SKC-
MEPUMEHTA, HN Ero pe3ynsTaToB. Torda y MeHs! CIIOXUIOCh BNEYaTIIeHNE, YTO
NMNaHOBLbl MPOCTO HE MOXenanu BMELUMBATLCA B KOH(DIUKTHYHO CUTYaLMIO.

K Tomy BpemeHu Hawwa rpynna yxe pabotana B PagnoTexHn4eckoM NHCTUTYTE
AH CCCP, u ero gupektopy akagemuky A.J1. MuHuy nocne obctosTensHoro
pasroBopa ¢ M.B. Kengplwem yaanock y6eantb ero B HeE06X0aMMOCTM CKO-
peviien nybnykaumm pesynsraToB HaLlero 3KCnepuMeHTa.

CraTbsl C OMUCaHWEM METOAMKM U pe3ynbTaToB SKCMEPUMEHTA C MOBYLLKa-
MM Ha nepBbIX KOCMUYeCKUX pakeTax JlyHa-1 v JlyHa-2 6bina onybnmkosaHa
TOonbKo 4Yepe3 1 rog nocne nepeoro obcyxaeHuss pesynsratoB y Kenpgbilwa
(K.W. Tpunrays, B.B. bespykux, B.[l. O3epos, PE. PeibunHckuin, JAH CCCP,
131, 1302-1304, 1960).

CoaBtopam onuceiBaemoro akcnepumenta — K.M. TpunHrayay, B.B. bespykux,
B.[. Oseposy u P.E. Pbi6unHckomy Bbinn BelgaHbl AMNIOMbI HA OTKPbITUE, 3a-
peructpupoBaHHble B locpeectpe CCCP: Ne 27 3a obHapyxeHue nnasMeH-
HoM obonoyku 3emnu, nnasmocdepbl U ee Pes3kol rpaHuLbl nnasmonaysbi,
1 Ne 32 3a oBHapyXeHWe 3a npegenamy pagnuaLnoHHbIX NOSICOB 30HbI CyLLe-
CTBOBAHWS MAMKUX 31EKTPOHOB.

Bonee nogpobHo nepunetum GopbObl 3a MNpU3HaHWE HalWX pesyrbra-
TOB KOPpEeKTHbIMW M3noxeHsl B kH. J.F. Lemaire, K.I. Gringauz, The Earth’s
Plasmasphere, Cambridge University Press, 1998, ISBN 0 52143091 7.
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OCTAETCA NU MEXNNAHETHAA YOAPHAA
BONMHA YOAPHOW BHYTPU MATHUTOC®EPbI?

B.B. BenaxoBckuu
lNonsipHbIl eeogpuduyeckuti uHemumym, 2. Anamumel, Poccus

B paHHon pabote c ucnonb3oBaHWeM AaHHbIX cnyTHukoB THEMIS wccne-
posaHo nosefeHve SC (SI) umnynbca BHYTPU MarHUTocdepsl, BbI3BAHHOTO
B3aVIMOZENCTBMEM MEXMIAHETHON YAAPHON BOSHLI C MarHMTocgepHon 3em-
nu. Belbupanuce cnydau, korga cnytHukn THEMIS B momeHT SC umnynbsca
pacnonaranvcb Ha AHEBHOW CTOPOHe MarHuTocdepkl, bnuxe K MarHuTonay-
3e. Onpepenanacb Hopmanb K nnockoctn SC BO3MyLLEHWS], Aanee onpeae-
nsanack ckopocTb SC BO3MYLLEHUs B MarHuTocepe. OLeHKM nokasbisatoT,
4TO A5 BCEX PACCMOTPEHHBIX CMyYaeB MarHMTO3BykoBOE yncno Maxa 6bino
MeHbLUe eauHuLbl. Takum obpasom, BOMpekn psgy TeopeTudeckux pabot no-
KasaHO, YTO MEXMIaHeTHas yAapHasi BOMHA He SBMSETCS YAApHOW BHYTPW
marHuTocgeps!.
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U3YYEHUE BINAHNA 3UMHUX LUKITOHOB

HA PACMPEOQENEHUE JNEKTPOHOB

B MOHOC®EPE HA[l1 KAMYATKOW

B YCNOBUAX MOHWXEHHOW CEACMUYHOCTU
CPEACTBAMU PAOUOTOMOTIPADUN

B.B. BorgaHoB

OIBYH uHcmumym kocmudeckux uccrnedogaHuli U pacrnpocmpaHeHust
paduososnH [BO PAH (MKUP [BO PAH); vbogd@ikir.ru

KITIOYEBBIE C/TIOBA

|/|0Hoccbepa, LMKIOHBI, pauMOTomorpachquKoe 30HOMPOBaAHME, ANEKTPOHHAA
KOHUEHTpauu4, J'IMTOCdZ)epa, CUHOMTUYECKME KapThbl

[aHHas paboTta NpofomkaeT LK UccrnegoBaHuii No NOMCKY BNMSIHUS Tpomnoc-
(hepHbIX BO3MYLLEHUN (3UMHUX 1 BECEHHUX LIMKIOHOB) Ha NMOBeAeHMe napa-
METPOB MOHOCEPBI A8 NyYLWero NoHMMaHWUsa TPonocqePHO-NMOHOCHEPHOTO
Bamogenctems [1,2,3,4,5,6]. Ins aKCnepuMeHTa UCMonb30Banucb AaHHbIe,
nonyyeHHble METOAOM TOMOrpacu4ecKoro 30HAMPOBaHUSA Ha Lienu ToMorpa-
chryeckux CTaHUMIA, pacnonoXeHHbIX Ha N-Be KamuyaTtka npy NpoXOX4EHWH
3UMHUX LMKMOHOB. OTIMYMEM HacTOSILLEro WCCRedoBaHWs OT BblLEyKas3aH-
HbIX paboT SBMSAETCA PaCMONOXEHNE CTaHLUMIA HEeMOCPEeACTBEHHO B panoHe
[ENCTBUS LIMKIOHOB.

3apaum nyyeBovi pagnoTomorpadmm MoHocdepbl, NPOBOAUMON Haf TeppUTO-
puel n-oBa Kamyatka, peliaroTca Ha npakTuke ¢ nomoLbio MC3 n Heckonb-
KX MPUEMHMKOB, pacronaraloLLyxcs Ha NOBEPXHOCTW 3eMnu Nof YoM, co-
OTBETCTBYIOLUMM YIIy HAKMOHEHWsI NIOCKOCTM OpbuThl CnyTHUKOB. B crnyyae
MCMONb30BaHNs KOCMUYECKMX CUCTEM C HaknoHeHnem opbutsl 83°/90° rpagy-
COB, HeOOX0AMMO PacnoNoOXuUTb Ha3eMHbIE MPUEMHUKNA HABUTALMOHHBIX CUr-
HanoB B MEPUAVOHANbHOM HampaBneHnn.

Ha 3emne no npmBegeHHbIM haszam curHanos ¢ yactotamu 150 n 400 My
MOXHO paccuuTaTh ANEeKTPOHHOE COAEepXaHWe Ha NyTu pacnpoCcTpaHeHUs Ha-
BUraLMOHHOTO curHana. 3a Bpems npornera CrnyTHUKa Haf pa3BepHyTON cucTe-
MOW Ha3eMHbIX CTaHLMI NPOBOAUTCS CepUst UBMEPEHWUI U ONS KaX4OoW CTaH-
LMy NpueMa HaBWUraLMOHHOMO CUrHama Ha arieMeHTe MyTu pacnpoCTpaHeHus

ds onpepnensercs TEC=jNe ds, rae TEC — nonHoe 3MeKTPOHHOE COoAepXKaHue
P

BOOMb MyTW PAacNpOCTPaHEHWs1 curHana Mexay UCTOMHUKOM W MPUEMHMKOM
p, N, — anekTpoHHoe cogepxaHue. [Mocne 3Toro NPOBOAUTCS PEKOHCTPYKLMIO
TOMOrpaduyeckoro paspesa MoHocdepbl, MyTeM pelleHust obpaTHol 3ada-
yn [7,8]. B KayecTBE UCTOYHMKOB KOTEPEHTHOMO CUrHamna MCronb3ytTCcs HI13-
koopbuTasnbHble HaBUraLMOHHLIE CMyTHUKM Tuna «KocMocy, 4To nossonsiet
BOCCTaHOBUTL BepTUKANIbHOE pacnpefeneHne SMEKTPOHHOW KOHLEHTpaLMK
BOMb TPacChl NMPOfeTa CyTHUKA C XOPOLUKMM paspeLLeHnem (25 kM no Bbl-
cote 1 50 kM no wupoTte). HazeMHble NPUEMHMKU CUTHANOB PacronoXeHsbl
B cenax NapatyHka (Par), Munbkoso (M/), 3cco (Ess) B cybMepuanoHansHOM
HanpasneHun (158° 31” B.4.). MpuemHble cTaHumu paboTaloT B aBTOMaTnye-
CKOM pexwume.

[na uccnepoBaHus oTkNMKa MoHocdepbl Obiny 0TOBpaHb! LMKIOHEI, NpoLuea-
we Hag Kamuatkon 3a nepuop ¢ aHBaps no goespans 2013 . (cm. Tabnuuy)
B YCIOBWSIX CMIOKOVIHON 1 YMEPEHHO CMIOKOWHON MarHUTHON 06¢cTaHoBkM (KS17).
B nepuop ux NpoXoXO4EeHWst B KaM4YaTCKOM PEerMoHe OTCYTCTBOBamNM CUMbHbIE
3eMneTpsiceHnst. ATO JaeT BO3MOXKHOCTb HAZEATbCS, YTO ECru CyLLeCTBYOT
3hpeKTbI BMUSIHUA LKITOHOB Ha MOHOCeEpY, TO 3TO BMUSHNE He BypeT 3a-
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MacKkMpoBaHO mpoueccamu, NPOUCXOAAWMMU B nuTocdepe 3emnu. B nesoi
yacT Tabnuubl npuvBedeHbl JaTa MPOXOXAEHUS LIMKIIOHA, Bpems mporeTa
cnytHuka (UT), cymmapHbIA Ha 9Ty JaTy TPex4acoBOW MHAEKC MarHWTHON ak-
TMBHOCTM (Kp) No MarHuTHOM cTaHuum «[lNapatyHka». Bo BTopoi yactv Tabnm-
bl NpeacTaBneHa Hgopmauus brivkanLiero Kk LMKMoHy AHS (ONMOPHbIA AEHb),
MO OTHOLLEHMIO K KOTOPOMY A5 CPABHEHWS ONPEAENnsnocs MEPUANOHANbHOE
pacnpegeneHue aNekTpoHOB. Bpemsi nponerta cnyTHWKa B OMOPHbINA AeHb Bbl-
Brpanocb MakcmanbHO BrM3Kk1UM KO BpeMeHW NponeTa B AeHb LIMKIOoHa.

Tabnuua
[€Hb C LIMKIOHOM [eHb 6e3 LmknoHa
Bpems nponeta Bpems nporneta
Aata cnyTHuka, UT 2Kp Aata cnyTHuka, UT ZKp
18.01.2013 16:00 16 12.01.2013 16:20 2
03.02.2013 18:09 7 31.01.2013 18:32 1
17.02.2013 12:33 17 12.02.2013 13:07 9

12.01.2013 16:20 UT (04:20LT) 10411 elimad
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puc. 1. Luknon 18.01.2013 roa.

a) BeTep BOCTOYHOrO HanpasneHus gocturan 30 M/C Ha BbICOTe 5 KM. OMULEHTP LIMKMOHa
pacrnonararncs B KHOI 4acTu nonyocTpoa Ha ~48°C.Lu.

b) 18.01.2013 r. B 16:00 UT HabntonaeTcs Typbynesawns MOHOCHepHON nnaambl C SpKO
BbIPXEHHbBIM M1a3MeHHbIM 0bpasoBaHuem B UHTepBane WwupoT 48°—49° c.w. v BbicoT 29-350 km

Wwpora 48.01 Wwipora 52.96
3

=== 2013.00.12; 1620, UT
—2013.01.18; 16:00, UT
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puc. 2. Paspes pacnpenenerns nioTHOCTY 3MEKTPOHOB B MOHOCepe Ans LMKIoHa

3a 18.01.2013 r. B 16:00 UT (04:00 LT) (cnnowHas nuHus) Ans AByX LUMPOT B CPaBHEHUM
¢ onopHbiM AHem 12.01.2013 r. (MyHKTUPHAs NMHUA)
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31.01.2013 18:32 UT (06:32 LT) 10411 el
1

oo

puc. 3. Lnknon 03.02.2013 roga.

a) BeTep 10ro-BOCTO4HOrO Hanpaenenus gocturan 30 M/c Ha BbICOTe 5 KM. OMULIEHTP LIKIOHA
pacnonarasncs B FXHO 4acTu NofyocTpoBa Ha ~48° c.Lu.

b) 03.02.2013 r. B 18:09 UT HabntopaeTcsa Typbynesaumus nnasmbl 1 NpoTshkeHHas obnacTb

C MOBBbILLEHHO KOHLIEHTpaLMeN IeKTPOHOB Ha wnpoTax 49°-52° c.ww. u BbicoTax 290-320 km,
no cpasHeHuto ¢ 31.01.2013 r.

Wiepora 48,01 Winpara 52 95

----2013.01.31; 18:32, UT ~---2013.01.31; 1832, UT
—2013.02.03; 18:08, UT "\ |—2013m.na-. 1808, UT

Komnugrrpauns, 107 sbm?

&

puc. 4. Paspes pacnpefeneHns nnoTHOCTY 3NeKTPOHOB B MOHOCMhePe ANs LMKMNOHa
03.02.2013 . B 18:09 UT (06:09 LT) (cnnowwHas) ans AByX WUpOT
B cpaBHeHuu ¢ 31.01.2013 . (NyHKTUpHas)

[ns kaxgoro UMKNoHa Ha pucyHkax 1, 3, 5 npeacTaBneHbl CUHOMTUYECKUE
KapTbl U LIBETOBbIE TOMOrPaMMbl CyOMEPUANOHANBHOIO pacnpeneneHns anek-
TPOHOB MO BbICOTE ANS AHSA C LMKMNOHOM 1 6e3 Hero. Ha Tomorpammax no ocu
abcumce oTNoXKeHa WupoTa B rpagycax v 0603Ha4YeHbl CTaHUMK npuema cnyT-
HUKOBOW MHdopmaumu Par, M, Ess, no ocv opavHat — BbicoTa B kM. CrnpaBa
npvBeOeHbl pacnpenerneHns KOHUEHTPaLUMM SEKTPOHOB. ToMorpammMbl CHU-
matoTcs B MHTepBane wmpot 48.01°—-61.52° c.ww.

BbIBOAbI

HDOBe,CI,eHHbIVI aHanus3 pas3BuUTuA LMKNOHOB NOKasarl, YTo:

e Hanbonbwas Typbynusaums noHocdepbl NPOUCXOAUT HEMOCPELACTBEHHO
Hag obnacTblo pacnonoXeHnst LLEHTPa LIMKIIOHa, YTO XapaKTepuayeTcs pes-
KAMW rpagueHTamm B pacnpefeneHni aneKTPOoHOB.
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12.02.2013 13:07 UT (01:07 LT) 10411 elbimd
1.4

17.02.2013 12:33 UT (00:33 LT) R

puc. 5. Unknon 17.02.2013 .

a) BeTep 1ro-BOCTO4MHOrO, MOTOM BOCTOYHOTO Hanpasnenus, gocturan 30 m/c Ha BeicoTe 5 kM.
OnNUUEHTp LymKknoHa — B Txom okeaHe, ~48° c.w., ~162° B.A4.

b) B norocdepe 17.02.2013 r. B 12:33 UT HabntopaeTcs Typbynusaums nna3mbl 1 NPOTSHKEHHOE
AIPKO BblpaXxeHHOE NasMeHHoe obpa3oBaHue Ha LWwimpoTax 49°-52° c.ww. v BbicoTe 280-320 km

Wwpora 48.01 Wwpora 52.96

====2013,02,12; 13:07, UT
——2013.02.17;12:33, UT

====2013.02.12; 13:07, UT
—2013.02.17; 12:33,UT

5|

100 200 300 400 800 600 700 80O @00
Buscara o

a b

puc. 6. Paspes pacnpeenerns NnoTHOCTW SNeKTPOHOB B MOHOCheEpe ANns LMKMNOHa
32 17.02.2013 r. 8 12:33 UT (00:33 LT) (cnnowHas nnHusa) ans AByX LUMPOT
B CpaBHeHW ¢ onopHbiM AHeM 12.02.2013 r. (MyHKTMpHas)

® /13MeHeHVe KOHLeHTpaLUmn 3MeKTPOHOB MOHOCKDEPLI MOXET ObiTb 06BSAC-
HEHO 3a CYeT NnepeHoca MEXaHU4eckoro UMMyNbCa HUXenexalnx crnoes
MOHOCEPbI M HENTPanbHOM aTtMocdepsbl [S] Ha BbICOTbI F-Crios v BnnsiHueM
Al'B, reHepmpyembIX LIMKIOHOM.

® 13 Tpéx pacCMOTPEHHbIX NPUMEPOB YBENWNYEHWNE KOHLEHTPALIMM SMEKTPO-
HOB oTMeyeHo B AByx 18.01. n 17.02.2018 r. ABTOpbI paboT cuuTatoT, YTO
yBenuyenue [3] nnn ymeHbweHnve [4] KoHueHTpauum (foF2) moxeT ObiTb
CBSI3aHO C 3aEPXKOM MOMEHTa U3MEPEHUSI OTHOCUTENbHO BPEMEHU 3a-
POXAEHUS LMKMOHA.

e Heobxoaumo npoBoanTb JanbHeWWwne UCCNEenoBaHUS BIMSIHAS LMKMOHA
Ha noHocdepy Ana Habopa CTaTUCTUKM U NMOCTPOEHUSI COOTBETCTBYHOLLMX
hr3nyecKmx Moaeneit, ¢ Lienbto BbISICHEHUSI MEXaHW3Ma nepeaaqun UMmynb-
Ca BUXPEBOTO [ABWXEHNS LIMKIIOHA HA MOHOCKHEPHbIE BBICOTbI.
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CTPYKTYPA ®POHTA ]
EECCTONIKHOBUTENBHOM KOCOM
MEXMNAHETHOW YOAPHOW BOJHb

NO U3MEPEHMSIM MAPAMETPOB MNA3Mbl
CONHEYHOI O BETPA C BbICOKUM
BPEMEHHbIM PA3PELUEHVEM

H.N. Bopopkoga', B.I. EceneBuy4?, 0.B. CanyHoBa', I'H. 3acTeHkep',
10.1. Epmonaes’

' ®edepanbHoe eocydapcmeeHHoe Br0XKeMHoe yYpexoeHue HayKu
MHemumym kocmudeckux uccnedosaHull Poccutickol akademuu Hayk
(VIKW PAH), Mockea, Poccusi

2 YiHemumym cornHe4dHo-3emHol gpusuku CO PAH, Wpkymck, Poccusi

B pabote no paHHbiM npubopa BMCB, ycTaHOBMEHHOTO Ha ChyTHUKE
CIMEKTP-P, a Takke no gaHHbIM npubopoB kocmuyeckoro annaparta WIND,
NPeAcTaBneHbl  pesynbratbl  CTaTUCTUYECKOrO WCCRedoBaHUs  CTPYKTYpb
(ppoHTa KOCbIX MEXMMaHETHbIX YAAPHbLIX BOSH B 3aBWCMMOCTM OT yrma Bg,,
a TaKke YCrNoBW BbINOMHEHUS COOTHOLIEHWI PaHKMHa — MOroHno Ha (poH-
Tax 6eCCTONKHOBUTENbHbIX YAAPHbLIX BOSTH. Ha OCHOBaHWM CpaBHeHUS aKCne-
PUMEHTaNbHO OnpeaeneHHON AMIMHbI BOMHbI ONepexatoLLmx pamn KonebaHui
C TEOPETUNYECKOW OLEHKOW ANMHbI BOMHbI BbIN0 NOMyYeHo, 4To B (hOpMUpOBa-
HUM (PPOHTOB KBA3WMEPNEHANKYNAPHbIX (45°<05,<90°) 6ECCTONKHOBUTENBHBIX
MEXMaHeTHbIX YAapHbIX BOMH ¢ Hebonblummm yucnamm Maxa Ma<3, n napa-
MeTpoMm [34<1 onpeaensitoLLyo ponb UrpaeT AUCMNEPCUN KOCbIX MarHUTO3BYKO-
BbIX BOJTH.

CpaBHeHue COOTHOLIEHUN PaHkMHA — THOroHNO Ma(po/p1), MBMEPEHHbBIX Ha
(hpoHTax 47 MexnnaHeTHbIX YAapHbIX BOMH, UMetowmx napametp beta B41<5
1 anbBeHoBckue yncna Maxa 1<M,<10, ¢ pacyeTamu, caenaHHbIMU B paMKax
naeansHoi MI, BbISBUANO, YTO 3¢pPeKTNBHLIN NokasaTens aguabatbl y, xa-
paKTEPU3YIOLLMIA NPOLECChl BHYTPW (PPOHTA, HAXoOMTCS, B OCHOBHOM, B npe-
aenax ot 2 go 5/3.
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MATHUTOC®EPA MAPCA - OTKPbITUE,
UCCNEOOBAHUSA, HOBbIE PE3YNbTATDI

O.11. Baicbepr

®edeparnbHoe eocydapcmeeHHoe br0xXemHoe yypex0eHue HayKu
MHemumym kocmudeckux uccnedosaHuli Poccutickol akademuu Hayk
(MKW PAH), Mockea, Poccus

B3anmopelicTeue conHeyHoro BeTpa ¢ Mapcom Bbifo BnepBsble UCCnegoBaHO
Ha coBeTckux cnyTHukax Mapca «Mapc-2», «Mapc-3» n «Mapc-5» B Hava-
ne 1970-x rogoB. HecmoTps Ha HebnaronpusiTHble OpOUTbI ANst NPOBEAEHNS!
nccrnenoBaHnin B JaHHOW 06nmacTu, CPaBHUTENBHO MPOCTYIO HayyHylo anna-
paTypy ¥ Manyro CKOpoCTb Mepefayuu UHopMaumm, TpU rpynmbl COBETCKUX
nccrnegoBatenen nonyyYuny BaxHble pesynerarhl. bbinu obHapyxeHbl 1 kap-
TUPOBaHbI yaapHas BornHa u marHutocdepa Mapca. bbino ycraHoBneHo, 4to
B pe3ynbrate B3aWMOAENCTBUA COMHEYHOro BeTpa ¢ Mapcom npoucxogut
3HaumTenbHas noTeps aTMOCepHbIX MOHOB, KoTopas umena bonblune no-
CINeACTBUS NS 3BOMOLMM MapcuaHckon atmocdepsl. Miccnenosanusa Obinu
NpoJoMmkeHbl Ha cnyTHUke Mapca «®oboc-2» B 1980-x rogax u no3sonmmm
ncecnegoBatb COCTaB yberatLmx MOHOB M NOMyYnTb 6onee YETKYo KapTUHY
xBocTa Mapca.

CnytHuk «Mapc Tnoban Cepeeiopy», Begywwii uccnegosaHus Mapca
¢ 1999 r., 0OHapyXun MarHUTHble aHOManuu B KXHOM nonylapun Mapca.
[JanbHeliwee pa3suTue nccnegoeaHwin Mapca u ero B3aumoaencTsus ¢ cors-
HEYHbIM BETPOM cBsA3aHO ¢ EBponevickum cnyTHukom «Mapc-3kcnpeccy, 3a-
nyweHHbiM B 2003 1. n paboTatoLmm Ha opbuTte Mapca no HacTosiLee Bpems.
Hawnbonee BaxHbIM pe3ynsTaTtom paboTsl 3TOro CnyTHUKA GbINo 0BHapyxeHue
MOHOC(EPHBIX NOTEPb, TAKKE CBA3AHHbLIX C B3aVMOAENCTBMEM C COMHEYHbIM
BETPOM. HOBbIN 3Tan B uccnegoBaHuy BHelHel obonoukn Mapca Havancs
B 2014 1. ¢ BbIBOZOM Ha opbuty cnyTtHuka MABEH, ocHalleHHoro kommnek-
COM COBPEMEHHOW Hay4yHON annapaTtypbl, BedyLllen U3MEpeHNs C BbICOKUM
BPEMEHHBIM pa3speLleHneM. AHanm3 aTux JaHHbIX BeAeT 60MbLUO KONNEKTUB
aMepPUKaHCKNX 1 MexayHapoaHbIX nccnegosarenei. MNonyyeHo MHOTO HOBbIX
pesynsTaTtoB B UCCIedOBaHUM MOHOCEPHI, B3aUMOLENCTBUS C COMHEYHbIM
BETPOM 1 aTMOCEpHbIX NoTepb. B aToi paboTe yyacTByeT 1 Poccuinckuii kon-
NEKTUB, COENaBLUMIA aKUEHT Ha uccnefoBaHum marHutocgepel Mapca. B go-
knage OyayT NpefcTaBneHbl HOBbIE pesynbTaTbl UCCNEAOBaHUs MarHMTocde-
pbl Mapca, B 4aCTHOCTW, BNUSHWE HaMpPaBNEHNS MEXMNTAHETHOrO MarHUTHOTO
Mons Ha CTPYKTYpY MarHuTocdeps.
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CPABHEHWUE KOHLUEHTPALUWU SNEKTPOHOB
U TAXENbLIX NOHOB B KOMETE FAJNNEA
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T OUPQ um. B.A. KomenbHukosa PAH, 2. ®psizuHo, Poccusi;
alg248@hotmail.com

2 @edeparnbHoe eocyOapcmeeHHoe bH00XemHoe yYpexdeHue HayKu
MHemumym kocmudeckux uccnedogaHull Poccutickol akademuu Hayk
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KIIOYEBBIE CJTOBA

kometa [annes, paaWO3OHAMPOBAHWE, TSXKENble WOHbI, KOHLEHTpaLus
3NeKTPOHOB

BBEOEHUE

Mponet kocmuyecknx annapatos (KA) BEFA-1 n BE[A-2 BOnmau kometsl [an-
nest Co CTOpPOHbI, ocelleHHon ConHuem, ¢ nepuueHTpamu 8890 n 8030 km,
COOTBETCTBEHHO, MO3BOMNWI BrEpBble OCYLLECTBUTL [BYX4acTOTHOE paaw-
030HOMPOBaHME NN1a3MEHHOW ODOMOYKM M BbIMOMHUTL NpsSIMble U3MEPEHNS
npubopamu 3apskeHHbIX YacTul. B foknage npoBefeHo CpaBHEHWE AaHHbIX
pagvo30HAMPOBaHWS C pesynbTratamn n3mepeHuin gatuunka b-3.

PE3YJIbTATbl UBMEPEHUA TAXEJbIX NOHOB

Ha KA BEIA-1 n BElA-2 B coctase npubopa AMNB-H [1] 6bin gatumk bO-3
TMna unnuHiapa Papagest ons usmepenus konebaHui notoka noHos B KHY
AnanasoHe [2]. B konnekTtope gatymka Obin YCTAHOBMEH MPOCTOW WMOHHBI
aHanusaTop C 4 KONnekTopamu U yCUIUTENSIMWA TOKOB C 3TUX KOMMEKTOPOB.
[pynna n3 Tpex KonnekTopoB Obina npegHasHadeHa Anst onpeaerneHus no-
TOKa KOMETHbIX OHOB M KOMMOHEHTOB CKOPOCTU, NEPNeHANKYNSAPHbLIX BEKTO-
Py OTHOCUTENbHOW CKOPOCTU KOCMUYECKOrO annaparta W KOMETbI, eLle OfuH
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puc. 1. SkcnepuMeHTanbHbIe 3aBUCMMOCTM KOHLEHTpaLmm Tshkenbix MOoHOB ni(R) aAns ceaHcos
06.03.1986 (Toukm) 1 09.03.1986 (kpecTukm) [3]
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KOMNMeKTOp C OTKMOHSOLLe NNacTUHOM UCMoNb3oBarncs Ans onpeaeneHus
SHEPTVM KOMETHbIX MOHOB B CUCTEME KOOPAMHAT KOCMUYECKOro annaparta,
4TO NMO3BOMWIIO OMPEAENNUTb KOHLEHTPALWMIO TSKENbIX KOMETHBIX MOHOB. Bbl-
YMCNEHHbIE 3HAYEHWS KOHLIEHTPALIMM KOMETHBIX MOHOB C SHEPTUEN BCTPEYHO-
ro asmxeHns KA n noHos ~600 3B./Q (roe Q — 3apsg) nokasaHel Ha puc. 1.
OTa 3Heprusi COOTBETCTBYET MOHAM BOAHOW TPYNMbl, UMEKOLMM Maryto KOH-
BEKTMBHYIO CKOPOCTb. HanpasneHue nonagaxust MOHOB B Npubop npumepHo
COOTBETCTBYET BEKTOPY CkopocTu BeTpeun KA ¢ komeTon.

Ha npodunsx koHUEeHTpauum TSBKenbIX MOHOB MPUCYTCTBYET YETKasi rpaHu-
La KomeTHon nna3mbl BOonm3n 1.5-10% km. Ha pacctosHusix ot ~11 700 km
[0 10° KM KOHUEHTpaUMs M3MeHsieTcs NpubnuanTensHo obpaTHO nponopuu-
OHanbHO KBafpaTy paccTosHWSA (MpsMble NWHMK, puc. 1), HO MpW noaxoae
K i4py KOMETbl 3aperucTpupoBaHO MajeHWe KOHLEHTpauuu, Yto obpasyer
makcumym npodpunen n(R) Ha pacctosHum 11 700 KM C nageHeM KOHLeH-
Tpaumu npu cbnuxennn ¢ aapom [3]. AnuTensHOCTb BTOPOro ceaHca namepe-
HUI Bbina KOPOTKOW M3-3a MOBPEeXAeHWst Npubopa, No-B1aMMOMY, Npy yaape
KPYMHOM MblfUHKA. KOHLEHTpaLWs MOHOB NpK BTOPOM MPOMETE Ha CPaBHUMbIX
paccTosiHWAX OT siapa bbina MeHblue B ~1.7 pasa.

PE3YNbTATbl UBMEPEHUA KOHLIEHTPALUN ANEKTPOHOB

B akcnepumeHTax pagvMo3oHOMPOBaHUS KOMETbI nepedatymkn KA nanydanm
KOrepeHTHbIE MOHOXPOMAaTUYECKE PaANOBOIHbI, @ HA3EMHbIN MPUEMHUK 3a-
perncTpmpoBan Bapuauuu ¢asbl, 4acToTbl, MOLLHOCTY PaAMOBOSH Ananaso-
HoB 32 1 5 cm [4]. MyTem conocTaBneHnst KanMbpoBOYHbIX U3MEPEHWIA, Bbl-
NonHeHHbIX B nepuog ¢ 14 despans no 17 mapta 1986 r., ¢ pesynsratamu
30HAMPOBaHNA KoMeTbl 6 1 9 mapTta 1986 . BbisBEHbl pagnoguandeckne
ahdekTbl, 0BycrnoBneHHble pacnpocTpaHeHneM paaMoBOMH CKBO3b MNnas-
MeHHyt0 000M04Ky KoMeTbl. MeToa [ABYX4acTOTHOrO pafgvonpOCBEYMBAHMS
obecneynn BO3MOXHOCTb aHanu3a paanodeKkToB, KOTOPbIE HE 3aBUCAT
OT NMOTHOCTU Nfa3Mbl, @ TakkKe aHanuWaa pa3HOCTHOM ¢hasbl ABYX CUrHa-
OB, KOTOpas NpOMopLMOHaribHa BapuaLmsam MioTHOCTW Nna3Mbl Ha Tpacce
CBA3K [5]. 3aBMCUMOCTb UHTErpanbHOM 3NeKTPOHHOW koHUeHTpauun AN(R)
B 060noyke KOMETbI MPEACTaBeHa Ha puc. 2.

AN, T
TEC

puc. 2. MHTerpanbHas anekTpoHHas koHueHTpaums AN(R) B 06onoyke KomeTbl
(nocne ycTpaHeHns TpeHaa, 00yCnoBNeHHOro NNasMoi 3a npegenamm KoMeTbl)
ans ceaxcoB 06.03.1986 (kpueas 1) n 09.03.1986 (kpmBas 2).

Kpveble 3 1 4 — pacyetsl AN(R) no npodomnam N(h), nonyyenHsim npu otnete KA
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B obounx ceaHcax 3aperucTpupoBaHO yBENUYEHNE UHTErpanbHON SMNEKTPOH-
Hon koHueHTpauun AN(R) Ha pagmoTpacce He TOMbKO 4O MOMeHTa cbnu-
xeHns KA ¢ agpom, HO u ewe ~90 ¢ mocrne NpOXOXAEeHUs MepuLeHTpa.
O6HapyxeHHOe 3ana3ablBaHne MakCMMyMa UHTerpanbHO SNEeKTPOHHOMN KOH-
LIEHTPaLMM OTHOCWUTENBHO MPOXOXAEHUS MEPULEHTPA — 3TO HEOXWOAHHOE
sBneHne, obbsicHeHne KoToporo notpebosano AetanbHOro aHanusa. beina
paspaboTaHa meToauka pelleHus obpaTHoW 3adadn paguonpOCBEYNBAHMS
AN onpefeneHns BbICOTHOTO NMPOMUIA ANEKTPOHHOW KoHueHTpauum N(h),
BbIMOSIHEH aHaANM3 OrpaHUYEHN METOAMKMN 1 NOMyYeHbl OLEHKM NMOrPELLIHOCTY
onpeaeneHus KoHueHTpauuu [6]. Ha puc. 3 npeacrasneHbl Npodunu anek-
TPOHHOW KOHLeHTpauuu N(h).
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puc. 3. PacnpeneneHne koHueHTpauum anekTpoHoB N(h) B nnasmeHHoi 060mnoyke KomeTbl
[annes no faHHbIM AByX4acToTHOro pagmonpocseynBanns 06.03.1986 (kpuble 1 1 3)
1 09.03.1986 (kpuBble 2 1 4)

PaccunTanHble npocunu N(h) metoT obLme 3aKOHOMEPHOCTU: YeTKas rpa-
HMLIa KOMETHOWN MNa3Mbl OTCYTCTBYET, T.K. morpelHocTb onpeaenenust N(h)
npesbiwaet 100 cm2. Ha pacctosHusx ot 11 700 km go 8:10* kM KOHLEHTpa-
LMs N3MeHsieTcst 0bpaTHO NPONOPLMOHAbHO KBagpaTy PacCTOsHUS, Makcu-
mym npocunen N(h) pacnonoxeH Ha pacctosHum 11 700 kM, a 3aTem KOH-
LleHTpaums yobiBaeT npu conmxeHUn ¢ nepuleHTpoM. B6nnam nepuueHTpa u
Ha y4acTke conimkeHnst KA ¢ komeTon B 060MX ceaHcax NorpeLHocTy onpe-
agenenust N(h) moryt gocturatb ~800 cm®. pu yaaneHun oT nepuueHTpa
norpewwHocTts onpegenennst N(h) ymeHbluaetcs o ~200 cm?, gocTurHytas
TOYHOCTb MO3BOMSET UCCNEeaoBaTh KPYNMHOMACLUTABOHbIE CMOMCTbIE CTPYKTY-
pbl NA3MeHHON 0BOMOYKN. YCTAHOBMEHO, YTO KOHLEHTPaLMs SIeKTPOHOB
N(h) 3aBMCUT OT aKTMBHOCTM KOMETbI, B OGHOM JKCMEPUMEHTE B MakCMMyme
MOHM3aumn oHa cocTaensna ~3600 cm3, B gpyrom 6bina B 1.7 pasa MeHbLLE,
HO MEeCTOMOMOXeHe MakCMMyma He U3MEHUNOChb. B Lienom 3Ha4yeHust KoH-
LIEHTpaLMW 3NeKTPOHOB NO pagnodaHHbIM 1 NIOKanbHOW KOHLEHTpaLmumn no-
HOB BecbMa Onmn3km, YTo, BO-MEPBbIX, CBUAETENLCTBYET O TOM, YTO TSKENbIE
KOMETHbIE MOHbI SABMNAKTCA OCHOBHOW COCTaBMNALLEN NnasmeHHon 060noy-
Ki, 1, BO-BTOPbIX, CBUAETENLCTBYET O HAAEXHOCTWN N3MEPEHUI STUMU ABYMS
meTodamu.
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3AKJTIOMEHUE

Takum 06pasom, XxapakTepucTuky npodunent SNEeKTPOHHOW KOHLIEHTpaLmu
He NPOTMBOPEYaT OCHOBHbLIM pe3yribTatam MpsiMbIX M3MEPEHMWA KOHLEHTpaLMK
TSOKENbIX MOHOB, @ HEKOTOPbIE Pa3nnymst MOryT ObITb 0BYCNOBMEHbI TEM, YTO
[aHHble PagVo30HAMPOBaHNS XapaKTePU3YIOT CPEAHIO NMOTHOCTb NMa3Mbl
B 0bnacTu pasmepom Bornee ThiCsa4M KM BAOSb TPACChl PAANOCBSA3N, T.e. Cria-
XUBAKT fOKanbHble HEOQHOPOAHOCTU. [Ipyror NPUYMHON PacXOXOEHUS 3Ha-
YEHWUI KOHLIEHTPaLMK 3apskeHHbIX YacTuML, NOMyYeHHbIX ABYMS METOLaMW,
MOXeT ObITb TO, YTO Tpacca MPOXOXKAEHUS PaAMOCUTHANOB HE TOXOECTBEH-
Ha Tpacce nponeta KA, BOOMb KOTOPOW U3MePANach KOHLEHTpaLmUs MOHOB.
CoBnageHue [aHHbIX Pafuo30HAMPOBAHUS C M3MEPEHWSIMW NIa3MEHHOMO
fdatyuka b[-3 Ha yyacTke yoaneHus KA BEMA-1 oT nepvueHTpa yka3biBaeT
Ha JOCTOBEPHOCTb MOMyYeHHbIX pe3ynbratoB. OAnHaKoBble XapaKTepuCTUKu
npodunen aNeKTPOHHOW KOHLEHTPaLMU N TSHKENbIX MOHOB CBUAETENbCTBY-
0T O KBa3WHeWTPanbHOCTW 3anblfIEHHOW KOMETHOW 06OMoYkM U O mpaBo-
MEPHOCTU MCMOMNb30BaHUS CHEpUHECKN-CUMMETPUYHOMO MPUBAKEHN Ons
ornpegeneHns BbICOTHOrO MPOMUNsS 3NEKTPOHHOW KOHLEHTpauuM B KOMeTe
Mo pagnodaHHbIM.
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BBEOEHUE

ConHeyHbIn BeTep 6bin OTKpbIT Npod. K.M. MpuHray3om n ero cotpygHukamu
B 1959 r., Korga coBeTckas aBToMaTuyeckas MexnnaHeTHas ctaHums JlyHa-2
B MPOCTpaHCTBe Mexay 3emnen v JlyHon 3aperncTprupoBarna NoToKN 3apsiKeH-
HbIX 4acTuL, ABMXKYLLMXCS C BONbLION CKOPOCTLIO B HanpasneHun ot ConHua.
C aT0ro MOMeHTa Ha BCEX KOCMUYECKUX annapaTax yCcTaHaBn1Banuch nnas-
MeHHble nNpubopsbl, kKoTopble obecneymBan BO3MOXHOCTb O€TabHOro M3ay-
YeHMs 3TOro siBneHus. Ha Haw B3rnsd, OTKPbITUE COMHEYHOro BeTpa MOXHO
cuYMTaTh BTOPLIM MO 3HAYUMOCTY CODLITUEM B MCTOPUM U3YHEHUSI KOCMWNYECKO-
ro npoctpaHcTtea nocrne 3anycka B CCCP B 1957 I. nepBoro McKyCcCTBEHHOTO
CrnyTHWKa 3emMnu.

B 70-e rogbl ®PI" n CLUA nogrotoBmu K 3amycky cneuyanbHble CONHEYHbIe
30Hbl, KOTOpble JOMKHbI ObiM 06ecneynTb BCECTOPOHHWE WCCEeLOBaHMS
COMHEYHOr0 BETpa NOKaNbHbIMU WU AUCTaHUMOHHBIMK MeTodamu. [lepBbii
30HA Helios-1 6bin 3anyLueH B Aekabpe 1974 r., BTopon — Helios-2 — B siHBape
1976 r. YcTaHOBMEHHbIE HAa 6OpTY Nprubopbl 0becneunnu n3MepeHust mamnye-
CKMX XapaKTepUCTUK MEXMNMaHETHO Nna3mbl Ha reNMOLEHTPUYECKUX paccTo-
AHnsax mexgy 0.3 a.e. (MakcumanbHoe npubnkeHve annapatoB K ComHuy)
1 opbuTon 3emnu. OgHako MHOpPMaLMS O CONMHEYHOM BETpe Obina nonyveHa
n ons 6onee 6nunskmnx paccrosaHuin, Bnnotb o 0.01 a.e., bnarogaps npumexe-
HUIO METOAA PaAMO30HAMPOBAHMS OKOSTIOCOSTHEYHON NMasMbl JIMHENHO-NONS-
PU30BaHHbLIMM CTHaNaMu 3Tvx annapaTos.

OKCNepUMEHTBbI pagno30HANPOBAHMS C UCMONb30BaHWEM annapara Helios-1
ObInn BLINOMHEHBI B TeueHne 1975-1984 . 3oHg Helios-2 obecneunn pagno-
3oHauMpoBaHue B nepuog ¢ 1976 no 1980 r. Peaynstathl 06paboTKM NoMyyeH-
HbIX 3KCMepUMEHTanbHbIX AaHHBIX O CONTHEYHOM BeTpe Obin npeacTaBneHb
B AecATkax nybnukaumi.

PE3YNbTATbl U3MEPEHUA YPOBHSA ®NYKTYALUNA
®APAJEEBCKOIO BPALLEHUA

Llenbto HacTosALEro COOBLLEHNS SBSETCS aHAU3 BIUSHWS CONTHEYHON aKTWB-
HOCTW Ha bnykTyaummn apageesckoro BpalleHus (O®B) nnockoctn nonspu-
3aumn. YHVKanbHbIe 3KCNEePYMEHTHI MONAPM3aLMOHHOTO PagMonpOCBEYMBaHNS
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danv vHgopmMaumio 0 TypbyneHTHOCTW MarHUTHOMO MOMns COMHEYHOro BETpa
ana Bcex a3 COMHEYHOW akTUBHOCTW. LIMkn namepeHuit oxsaTtbiBaeT nepu-
ofbl ry6okux MUHMMYMOB (1975-1976; cpegHee YMCNO COMHEYHBIX NATEH He
npesbiwano 20), BbIcokoro Makcumyma (1979; cpegHee YMCno COMHEYHbIX Ns-
TeH gocturano 180), Bocxoasyto BeTBb (1977-1978) n H1CXOAALLYIO BETBb
(1981-1983).

CBsA3b (hnykTyauuin chapageeBcKoro BpalleHUst MIIOCKOCTM Nonspusaumm
C COMTHEYHOW aKTUBHOCTbIO aHanmaupoBanach paHee [1], v 6bin caenaH npeg-
BapUTENbHbIA BEIBOL O CNAaboM BIIMSIHUM COMNHEYHOW akTUBHOCTM Ha WHTEH-
cBHOCTb OOB nnockoct nonspusauun. OgHako AN aHanmusa MCnonb3o-
Banacb TOJIbKO YaCTb 3KCMEPUMEHTAIbHbIX AaHHbIX, MOMYYEHHbIX B TEYEHME
1979-1984 rr.

B HacTosiLeM aHanu3e Kpome 3TUX AaHHbIX MCMOMb3YHTCS BaXHbIe [OMON-
HUTENbHbIE MaTepuanbl, MOMYYEHHbIE MPY HW3KOW COSTHEYHOW aKTUBHOCTM
(1975-1976) n ymepeHHon aktmBHocTH (1977). N oueHkn ypoBHS (nyKTy-
auui pagnoBOMH UCMONb30Banack BENMUYMHa CnekTpanbHoi nnotHocTn ®eB
Ha nyKkTyaumMoHHo YacTtote 2 MY ANS Tpex NpuUenbHbIX PacCTOsHWI pa-
avony4a 3.5, 4.5 n 5.5 conHeyHbIx pagunycoB Rs. lNonyyeHHble JaHHble BMe-
CTe C YPOBHEM COMHEYHON aKTUBHOCTU, ONpedensiemMbiM CPeQHUMM YCaMu
Bonbha, npeacTtaeneHs! B Tabnuue.

Tabnuua. Pesynsrathl cnekTpansHOro aHanmsa nykTyauuii hapafeeBckoro BpaLleHns
NUHENHO-MONSPU30BAHHbIX CUrHAINOB B 3KCMEPUMEHTAX PaAMO30HANPOBAHMS OKOMOCONHEYHOM
nnasmbl curHanamu KA Helios-1, -2

cnekTparbHasi NNOTHOCTb GNyKTyaLid
nath thapaeeBCKoro BpaLLeHus
ron | HabnioneHuit, CpegHee 4ucrno (rpap.2/ T'u) Ha yacToTe 2 MF|:|
1Y rona onbca A7S NpULEnbHBIX PacCTOsIHUIA
3.5Rs 4.5Rs 55Rs
097-176 . 3 3
1975 231-250 17.1 0.69%x10 1.7x10 0.45x10
1976 128-212 10.7 1.1x104 3.6x10° 1.15%x10°
148-151
1977 179-194 32.7 0.78x10* 2.1x10° 0.42x10°
274-275
1979 | 292-302 184.8 2.94x10* 14.5x10° 1.5%10°
1980 334-345 1442 0.74x10* 2.9x10° 1.3x103
1981 338-359 130.6 1.79x10* 3.9x10° 1.14x10°
1983 002-011 84.3 2.9x10* 5.7x10° 1.41x10°
1984 023-029 85.4 2.3x10 7.4x10° 1.75%x10°

M3 3Tx MaTepnanoB OAHO3HAYHO CedyeT, YTO COMHEYHas akTUBHOCTb cnabo
BMMSIET Ha PryKTYaLMOHHbIe 3dhdekTbl, HabnogaBLIMEC NPU PaAYO30HANPO-
BaHUM COMHEYHOro BeTpa. PesynbraTthl NOATBEPXAAT BbIBOAbI, MONYYEHHbIE
Npu pagvo30HAMPOBaHWM OKOMOCOITHEYHOW Mras3mbl CUrHanamu CryTHMKa
tOnutepa Galileo B 1994-2002 rr. [2]: cpeaHsst UHTEHCUBHOCTb (OryKTyaLui
4acTOTbl 30HAMPOBABLLIVX OKOTOCOITHEYHYIO Na3My CUrHaIoB He N3MEeHANach
npu nepexoge OT MUHUMYMa COMHeYHOW akTuBHocTH (1996, <W>=8) k makcu-
mymy (2000, <W>=120).

3ameTtnm, 4TO B 000UX LmKNax akcnepumeHToB (1975-1984 n 1994-2002)
30HAMPOBANUCH HU3KOLUMPOTHBIE 06MacTU COMHEYHOM KOPOHbI.
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3AKJTIOMEHUE

[MmoBanbHasa CTPyKTypa COMHEYHOrO BETPA U3MEHSIETCS C LIMKIOM COSTHEYHOM
aKTWBHOCTM TakuM 0OpasoM, YTO B MUHMMYME aKTUBHOCTU Ha HU3KWX LUMPO-
Tax HabrnoJaeTcs MeffieHHbI COMHEYHbIN BETep, Ha BbLICOKUX LUMpOTax —
ObICTPbIN COMNMHEYHbIN BETep. B Makcumyme COMHEYHON aKTMBHOCTW Ha BCEX
WmpoTax npeobrnagaer MeafeHHbI CornHeyHbl BeTep. O6bACHeHWe Hewns-
MEHHOCTU (DNYKTyaLNOHHBIX 3EKTOB 3aKIOYaeTCcst B TOM, YTO MarHUTOrn-
ApoanHaMudeckas TypOyneHTHOCTb HU3KOLUMPOTHOTO MEAMNEHHOTO COMHEYHO-
ro BETpa B CpejHEM He 3aBUCUT OT (hasbl LKA CONMHEYHOW aKTUBHOCTM.

NNTEPATYPA

[1] Andreev V.E., Efimov A.l., Samoznaev L.N., Chashei I.V., Bird M.K. Characteristics
of coronal Alfven waves deduced from Helios Faraday rotation measurements //
Solar Physics. 1997. V. 176. No. 3. P. 387-402.

[2] Efimov A.l,, Samoznaev L.N., Bird M.K., Chashei |.V., Plettemeier D. Solar wind
turbulence during the solar cycle deduced from GALILEO coronal radio sounding
experiments // Advances in Space Research. 2008. No. 1. V. 42. P. 117-123.
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BIIMAHWE NNA3MOIAY3bI
HA OHY-U3NYYEHUA
U TEOMATHUTHbIE NYNbCALWUN Pc
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' Unemumym cpusuku 3emnu PAH, Mockea, Poccusi
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KIMIOYEBBIE C/TOBA

nnasmonaysa, nnasmocdepa, xonogHas nna3ma, LMKIIOTPOHHAs HeyCTonYm-
BocTb, OHY-xopbl, OHY-LumneHuns, reomarHuTHble nynbcauum Pc1, conpspken-
Hble TOYKU

BBEOEHUE

3BECTHO, YTO rpaMeHT XOMOAHON Nnasmbl (Mna3monaysa) urpaet 6ombluyto
porb B reHepaLmn 1 pacnpocTpaHeHUN ANeKTPOHHO-LUMKIOTPOHHbIX (OHY-13-
NyYeHNs) N NOHHO-LIMKMOTPOHHBIX (reOMarHUTHbIE Nynbcauum ananasoHa Pc1)
BONH. [pn aTOoM 06nacTb nepeceyeHnst TPAeKTOpUI 3axXBa4eHHbIX B paguaum-
OHHOM MOSICE 3HEPrUYHbIX 3IEKTPOHOB 1 MPOTOHOB C NNa3Monay3on SBIseTcs
Hambornee nepcnekTMBHOM 0BNacTbIO AN reHepaLymy LMKMOTPOHHBIX BOSH [1].

OHY-U3NYYEHUA

CnegyeT oTMETUTb, YTO Nna3monaysa SBMSETCA MOCTOSHHO AEWCTBYHOLLUM
BOSTHOBOAHBLIM AakToM, kaHanuaupylowmm OHY uanyyenns, Bo3byxgato-
LMecs B aKBaTOpManbHOM MIIOCKOCTW MarHuTocdepbl 3emnu, K 3eMHOW Mno-
BepxHocTu [2]. CornacHo cnyTHWKOBbIM HabnogeHusm OHY-xopbl 06bIYHO
HabntofaTCs 3a BHeLWHel rpaHuuent nnasmonay3abl, a OHY-wnneHns 3a eé
BHYTPEHHEN rpaHuLen, T.e. B nnasmocdepe. Takon xe BblBog, Obin nomyyeH
Mpu aHanuae daHHbIX HaszeMHbix OHY HabntogeHui B CKaHAMHABWUK: XOpbl
BOo30OygatoTcs 3a nnasmonay3on, a OHY-lwmneHns n KBasvnepuoguyeckme
U3nyyYeHnst — BHyTpu nnasmocdeps [3]. PesynsraTbl HaseMHbix OHY Habnto-
[EHWIA B MarHUTO-COMPshKEHHbIX cybaBpopanbHbix obnactsx Corpa — Kep-
reneH nokasanwu [4], 4To, kak npaewno, Ha 3Tux cTaHumsx OHY-xopbl peru-
CTPMPOBanMCb B Te MEPVOALI BPEMEHM, KOrAa CTaHLMM Haxoaunmcb BOMmnau
npoekLymn Hambonee BEPOSTHOIO NONOXeHUs nnasmonay3bl. [Mpy 60nbLLIon re-
OMarHUMTHOM aKTUMBHOCTM, KOFAa nNnasmonaysa nepemellaeTcs Ha bonee HK3-
kne L-060mn04km, a Takke B MarHMTOCMOKOMHBIX YCMOBUSX, KOFA4a nnasmonaysa
pacnonaraetcs Ha 6onee Bbicokux L-o6onoukax, OHY xopoB B cybaBpopans-
HbIX LUMPOTax He Habnaanoch.

FEOMATrHUTHbBIE NYNbCALIUN

Ha nna3monayse npovucxoauT peskoe yBennveHne anbBEHOBCKOW CKOPOCTU —
ot 400-800 km/c BHyTpM nnasmocdepbl o 2000-3000 km/c 3a nnasmonay-
301. JTO MPUBOAMUT K PE3KOMY WM3MEHEHWIO MepUodoB (DyHAAMEHTanbHbIX
Pe30HaHCHbIX konebaHui (reomarHuTHble nynbcauun Pc3-4) B aToi obna-
¢t [5]. Mnasmonay3a urpaet GOMbLUYID POfb B FeHepauuy reoMarHUTHbLIX
nynecauun Pc1, KoTopble NpeacTaBnstoT coOOM anekTpoMarHUTHbIE WOHHO-
LMKNOTPOHHbIE (AMWLL) BonHbI. Takoe 3akio4eEHWE MOXHO CAenaTb, aHamnm-
31pys 3aBUCUMMOCTb MHKPEMEHTA LIMKIMOTPOHHON HEYCTOMYMBOCTM MPOTOHOB
OT MMOTHOCTU (HOHOBOW Mnasmbl [6]. MakcuManbHOe yCUNIeHue 3TUX BOSH
MPOUCXOAMT NPU ONpeaeneHHoNn KOHUEHTpaumMn oHOBOW nnasmbl [7]. Hau-
Honee GnaronpuATHOM 0BNacTbio MeEpeceyveHuss TPAeKTOPUIA 3axBa4YeHHbIX
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B pagMaLMOHHOM MOSICe 3HEPTUYHbIX aHU30TPOMHbLIX MPOTOHOB M (POHOBON
nnasmbl ¢ HeobXoaAMMON KOHLEHTpaumen ans reHepaumn AMUL, BonH, sBns-
eTcsa nnasmonaysa [6]. VIMeHHo Ha nnasmonay3e CyLleCTBYET rPagneHT KOH-
LieHTpaLun hOHOBOW Nna3Mbl, KOTOPbIA MOXET 00ecneunTs MakcuMarnbHoe
ycunenne AMUL, BonH. Kpome Toro, pacnpoctpaHerne ML, BonH BOonb re-
OMarHUTHbIX CUMOBbIX NUHWIA TPEOYET BLINONHEHWS ONPEAENEHHbIX YCMOBUA.
[leno B TOM, YTO KpVBM3HA CUIOBbIX JIMHUIA FTEOMArHUTHOMO MOMsl BbI3bIBAET
pedpakumio BOSH, KOTopasi NPUBOAUT K TOMY, YTO MO Mepe pacnpocTpaHe-
HUSA OT obnacTu reHepauuu ycnosue k=0 (k. — nonepe4Hoe BOITHOBOE YMCIO),
HeobxoaMmoe Ans NPOAOSIbHOTO PacnpOCTpaHeHus, Hapylwaertcs. BrnmsHue
KPMBU3HbI MOXET ObITb CKOMMNEHCMPOBAHO HEOAHOPOAHOCTLIO pacnpeaeneHus
doHoBOM Nnasmbl [8]. YCnoBme KOMNEHCaUMM MOXET, NO-BMAMMOMY, BbIMOI-
HATBCS B OKPECTHOCTM Mna3Monayabl, rae UMEETCs CYLLECTBEHHbIN rpaaneHT
NAOTHOCTU hOHOBOW Nfa3Mbl.

BonbLion Bknag B 3KCNepuMMEHTanbHOE McCregoBaHve nasmonay3bl BHEC
Bblgatowwmnca yyeHolir KoHctanTuH Wocudposuy [puHrays [9]. BbisBnen-
Has K.W. TpuHraysom [10] AeHb-HOUYb aCMMMETPUS NMOMOXEHNUS Nna3Mmonay3bi
no3Bonuna 06bACHUTL Pa3fIMYHbLIA CYTOYHBIA XOf MOSIBIEHWS) rEOMarHUTHbIX
nynbcauun Pc1 B cpedHux v aBpoparnbHbIX LWMpoTax. Tak, B obcepBaTopum
Bopok makcumym nosiBneHunst Pc1 npuxoguTcs Ha yTpeHHUe Yackl, a B o6cC.
JloB0O3epo — Ha OKOMOMNOMyAEHHBIE, YTO MOXET ObITb PE3yNbTaToM CyTOYHOM
ACMMMETPUK NEPEMELLEHMS N1a3mMonay3bl.
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marHutoccepa, cyb6byps, aBpopanbHble BbIChiNaHus, pPOHT AUNonM3aLmiy,
nepecoeiuHeHne MarHUTHOTO MONS, BCMbILLEYHbIE MOTOKW 3NEKTPOHOB, UH-
XeKLMS YCKOPeHHbIX MOHOB, Pi2-Pi3 nynbcauum

[poBeneH aHanu3 nonynsuui anekTpoHoB U npotoHoB 0.1-20 k3B u Mmar-
HUTHOTO MOMS B aBpopanbHOW MarHuTocdepe Ha BbicoTax ~2.7-3.0 R,
rae Re — paguyc 3emnu, (cnytHuk MHTEPBOI-2), napaMmeTpoB MexmnnaHeT-
How cpenbl (kocmuyeckmii annapat WIND), nnaHeTapHON KapTUHbI NONSPHbBIX
cusHui (cnyTHuk POLAR) 1 Pi2-Pi3 nynbcaumi (Lenb KaHagckux MarHUTHbIX
cTaHuun). PaccmoTpeHo passutve dasbl akcnaHcum cybbypu Ha npumepe
n3onuposaHHon cyb6bypu 09.01.1997. da3a akcnaHcum aton cybbypu BKnto-
yana B cebsa ABa aTtana. Ha nepeom atane obpasyeTcst PPOHT AMnonmaaumm
B BrivxkHem xBocTe MarHutocdepbl Ha R~6-8 Re. BTopoi — accouumpyetcs
C VMNYNbCHLIM NEPECOENHEHNEM MarHUTHOMO NOMs B Na3MeHHOM Croe Ha
R~11-15 Re. YcTaHoBneHa B3aMMOCBSi3b BO3HWMKHOBEHWSI MenkomacluTab-
HbIX BCbILLEYHbIX NOTOKOB 3NeKTpoHoB 1-2 k3B ¢ kBasunepuopgom 60-100 ¢
BHYTPY BbICOKOCKOPOCTHbIX NoTokoB BBF ¢ reHepaumen Pi2 nynbcauui, 4to
NoATBEPXKAAET paHee MOMyYeHHbI BbIBOL O €4MHOM MeXaHu3Me BO30yX-
[eHus 1 vactuy, n Pi2 nynbcaumin. Ha BTopom atane cy60ypu obHapyxeHo
SIBNEHNE PE30HAHCHOrO OTKMMKa MpperynapHbix Pi3 nynbcaunii Ha NHXeKLun
yckopeHHbIx npoToHoB 2-10 kaB ¢ nepuogom ~180 c. Ukxekuuu HabntogatoT-
Csl B aBpopasibHOW MarHutocdepe B hopMe ANCNEPCUOHHBIX CTPYKTYp TDIS,
MPOELMPYIOLLMXCS B UCTOYHMK, PACNONOXEHHbIN B FEOMarHUTHOM XBOCTE. OTK
VHXEKUMN CTUMYNMPYIOT yBenudeHne amnnutyaesl Pi3 nynbcauun (H-komno-
HEHT BO3pacTaeT o +/- 65 HTM) ¢ NeprMogoM paBHbIM MEPUOAY reHepaLum
NHXEKLIMIA NOHOB.
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KIIOYEBBIE CJIOBA

AMarHocTuKa COCTOSIHUSA NOMSIPHOW MoHOCEpPbI, opbuTanbHas UMagKenorus
3AMUCCUIN NOMSAPHBIX CUSHWIA

[lnarHoctka COCTOSIHUA XapaKTepUCTVK MOMSIPHOM MOHOCdepbl ¢ opbut —
O[VH M3 BaXHbIX MHCTPYMEHTOB B KOCMUYeCKo chuanke. bnarogaps ysennye-
HUIO YyBCTBUTENBHOCTU M300paxatoLLIMX AETEKTOPOB M NPOMYCKHON CNOCOBHO-
CTU MHOPMALIMOHHBIX CUCTEM, HAbMAEHWS pacnpefeneHnii MHTEHCMBHOCTY
OCHOBHbIX aBpopasbHbIX 3MWUCCUIA CBEpPXy (BCemorogHas MMamxenorust no-
NSAPHBIX CUSIHWIA) CTanu BHOCUTL BCe Gonee CyLieCTBEHHbIN BKMaj B uccne-
[0BaHWS MPOLIECCOB B OnvkHen marHutocdepe v noHocdepe. MMobdanbHble
1306paxxeHNs aBpoparbHOro oBana B 3MUCCHSIX BaKyyMHOTO ynbsTpaduorneTa
¢ opbut Tvna MonHus obecneymBaoT MHMOPMALIMIO O MITHOBEHHOM COCTOS-
HUM 1 KpyNHOMacLUTabHbIX pasmMepax v rpaHuLax aBpoparibHOro oBasa kak no
3NEKTPOHaM, Tak 1 Mo NPOTOHaM Jaxe B OCBELLUEHHbIX YCroBusiX, a n3obpa-
XEHUS «BUOMMBIX» aBpoparibHbIX AMUCCUIA C HU3koopbuTanbHbiXx KA nosso-
NS0T AUCTAHLMOHHO KOHTPONMPOBATb MOKabHbIE MeNKoMacluTabHble 1-2 km
(B none grameTpoM B HECKOMBKO COTEH KM) MPOLIECCHI, SHEPTETHKY BbiChINa-
lOLLMXCS 3apshkeHHbIX YacTuL, B HabnogaeMom HOYHOM CekTope, U 0COBeHHO-
CTW MIHOBEHHOW KOHAbMrypaLmm aBpopasbHbIX CTPYKTYp [1,2]. CyLueCcTBEHHbIM
NPEVMYLLECTBOM TaKOW AUArHOCTUKM SIBMSIETCS CUHXPOHHOCTb NPSIMbIX M3Me-
PEHWIA pacnpefeneHnii SHePreTMYeCKNX XxapakTepuUCTUK NOTOKOB 3M1EKTPOHOB
1 NOHOB, PaAMEHTOB MarHUTHOIO M 3MEKTPUYECKOro nonen B oKpecTHocTH KA
C OMCTaHLIMOHHBIMMN N300PaXEHNSIMW AMUCCHIA B NOKANbHBIX 00beMax MarHuT-
HbIX CUNOBbIX TPYBOK (puc. 1). KapTbl NoKanbHOM 3MEeKTPOHHON KOHLEHTpaLmMK
B E-0bnacTtv v pacnpeneneHnii nonepeyHbIX NpOBOAMMOCTEN, UHTETPUPOBAH-
HbIX MO BbICOTE, KapTbl pacnpeseneHnii NoToka SHEPrU 1 CPEQHEN 3HepruK
BbICHINAIOLLMXCS YacTuL, — CONYTCTBYIOLLWIA NPOAYKT AUCTAHLMOHHbLIX M3Me-
peHwii. PaccmaTpuBaloTCs METOAMYECKME Y MHCTPYMEHTanbHbIe AeTanu nep-
CMEKTUBHbBIX POCCUNCKUX OpOUTanbHBIX U300paXatoLmx aKCNEPUMEHTOB AB-
poBu3op-BY®, Asposunsop-BUC/MI u Nletuuus. FeomeTpus 04HOBPEMEHHbIX
rnoGarnbHbIX 1 MoKanbHbIX HabMAEHW aBpopanbHbIX SMUCCUIA C OpOUT Mo-
kasaHbl (ycnoBHo) Ha puc. 1 [3,4]. MiHdopMaLmMoHHbIA BKnag M3obpaxatoLmx
BY®-kamep 1 v 2 1 cnekTporpadryeckoro umamrepa, BXOAALWMX B COCTaB an-
napatypbl ABpoBU30p-BY®, B onpeaeneHne aHepreTMyecknx XapakTepucTuk
BbICbINAIOLLMXCA MEKTPOHOB W NMPOTOHOB MOKasaH Ha puc. 2 [5]. MeomeTpus
1 br3nyeckme ycroBus NokanbHbIX MenkomacLuTabHblx HabniogeHwn aBpo-
panbHbIX 3MWUCCUIA B BMAMMOW 06nacTu crnektpa ¢ opbutel KA Meteop-Mr1
nokasaHbl (YCrMOBHO) Ha puc. 3. Ha 3TOM e puCyHke MNokasaHbl YCIOBHbIE
npoekuum opbut cnytHukoB FAST n Freya, nepecekasLumx obnactu npouec-
COB 3HEpPrM3aLumn aBpopanbHbIX YacTul, B BrivkHen marHutochepe. NHdop-
MaLMOHHBIN BKNag n3obpaxatoLmx kKaMep aBpoparnbHbIX SMUCCUI B BUAVMON
obnactu cnekTpa B OnpefeneHne SHepPreTMYecknxX XxapakTepucTuk Bbicbinato-
LIMXCS 3MEKTPOHOB 1 MPOTOHOB paccmatpueaetcs B [1,5] v goknage. Boamox-
Hble CUTyaLu1 OLHOBPEMEHHbLIX HAbMOAEHUA OQHKUX U TEX XKE aBpOpasibHbIX
(hparMeHTOB C pasHbIX BLICOT U pakypcoB Mmamkepamm ABposr3op-BC/MI
un Jletnums (puc. 1) cosgagyT NPeanochIinku Ans PEKOHCTPYKLUMA 3D-CTpyKTYp.
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C cambimu QobpbiMu MbicnsmMu U 6r1a200apHOCMbIO 8CIOMUHaK0 obujeHue
¢ K.W. TpuHzay3om 8 koHue 80-x — Hayane 90x 200o8. OH obnadan ydusu-
meribHbIM 8udeHUeM byOyujux IKCrepUMeHmMos8 8 uoHocgepe 3emu, u Oe-
nuncs uMm ¢ Konneaamu u3 nabopamoput MKW.

ApkTika Ne

ABpoBu30p-BYP. v

-Q

MeTeop—Mﬂ_

ABpoamsolp—Bl}TC/MI'I
o

noKasnbHoe ycuneHme
MHTEHCUBHOCTH
KCMOPOAHOW SMUCCUM
630 HM nog AencTenem
paavonanyyeHus

OT HA3eMHOr0 UCTOYHMKA

puc. 1 (apantvpoBaH 13 [3,4]). FTeoMeTpus N3MepEeHUi 3apsikeHHbIX YacTUL, U AUCTaHLMOHHBIX
HabntoaeHnin aBpoparibHbIX 3MUCCUI ¢ OpBuT nepcnekTuBHbIX KA: rmobarnbHbIx
(BY®-amuceun) ¢ opbutbl KA «ApKTrka», 1 nokanbHbIX (3M1CCUM BUAVMMOI 0b6nacTu cnekTpa)
¢ op6ut KA Meteop-MI1 v 3oHg (npoekT YoHO30HA)

NepCreKTUBHbIIA rioKaLys, pasmepb 1 rpaHuLbl
annaparypHbiv aBPOPALHOTO OBana (3MNEKTPOHI)
komnnekc ABposusop-BYP 3HepreTnyeckme
COCTOMT U3: XapaKTepUCTUKKM
n3obpaxatouast BBICHINAOLLMXCH
kamepa 2 1 3apsHKEHHBIX YacTuL,

LBH 2 | MOTOK 3Heprim

AM160-180 Hm 3NEKTPOHOB
m cpeaHss aHeprna X
canepa 1 SneKTporo8 IMAGE
kamepa® . C y4eToMm BKraga i

LBH 1+0I amucenmn A135.6 Hm SPACELTd

M133=160 M [ nokauusi, pasmepbl 1 rpaHnLibl
- J aBpoparnbHoOro oBana (MPOTOHbI)
crnekTporpapuieckuit 7
nmagxep

ol

A35.6 Hm

Ly-a CpeqHsis aHeprus

M21.8 Hm ™ npoToHoB NRAE

spacecraft

puc. 2 (apanTvpoBaH 13 [5]).
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puc. 3 (aganTuposaH 13 puc. 4 B [2]). Ycrnosus HabniogeHnii aBpopanbHbIX 3MUCCUI
ans umamkepa Asposu3op-BUC/MI ¢ opbuTbl nepcnektusHoro KA Meteop-MTI1
1 npoekumn opbut (ycnosHo) KA FAST u Freya B 6nvxHein mardutocepe

NNTEPATYPA

[1] KysbmuH A K., Mep3nbin A.M., banblimkosa M.A., Yysawos W.H., Kpysenuukuin M.,
MotaHuH O.H., Moucees [1.M. MpuknagHble acnekTsl U3MepeHW aBpopanbHbIX
3MUCCUN W XapaKTEPUCTUK MOMSIPHON MoHocepbl MMvamkepoM «ABpoBusop-BC/
Mr» Ha nepcnektnsHom KA Meteop-MI1 // Bonpockl anekTpoMexaHuku, Tpydbl
BHUW3M. Mpunoxerue 3a 2016 rog. Matepuansl YeTBEPTON MEXAYHAPOAHON HayY-
HO-TEXHUYECKOW KOH(DEPEHLMK «AKTyanbHbIe NPobneMbl Co3aaHnst KOCMUYECKUX Ch-
CTEM AMCTaHLUMOHHOrO 3oHAMpoBaHua 3emmny, — M.: AO «Kopnopauus BHUNIM»,
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Kysbmun AK., BaHblmkoBa M.A., Jobponenckuit t0.C., Kpyuenuukuin M.,
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NS HEOQHOPOAHOCTW YCMOBWIA, BMUSIIOLLMX Ha pacnpoCTpaHeHWe curHanos //
C6. VKN PAH «[lpaktnyeckne acnektbl renvoreoduaunkuy», ctp.114-133, 2016.
http://www.cosmic-rays.ru/articles/13/201601.pdf.

[3] Kuzmin AK., Merzlyi A.M., Shadrin D.G., Borisov Yu.A., Potanin Yu.N., Banshchiko-
va M.A., Chuvashov I.N. Methodological particularities of creating of remote mapping
diagnostical system of ionospheric characteristics from the orbits of three perspective
Russian satellites // Preprint of Moscow Institute of Physics and Technology (State
University), 2014, 24 pages, 7 Figures and 1 Table, on materials of the report COSPAR
40, Moscow, 3-9 August 2014 SCC section (Space Studies of the Upper Atmosphere
of the Earth and Planets including Reference Atmospheres) C.02 Advances in Remote
Sensing of the Middle and Upper Atmospheres and lonosphere from the Ground and
from Space, including Sounding Rockets and Multi-instrument Studies (poster presen-
tation C.02 TFS-S-009). http://www.cosmic-rays.ru/articles/13/201401.pdf.

KysbmuH AK., Mepanbin A.M. lNepcrnekTvBHbIA 3KCMEPUMEHT MO KOHTPOMIO CO-
CTOSIHUSA MOHOCKEPbl 3eMnn C MOMOLLBIO OMTUYECKOro Kommnnekca «ABpPOBU-
30p-BY®» B coctaBe rpynnuMpoBOK BbICOKOAMOreMHbIX 1 H3KOOPOUTAmNbHbIX KOC-
Muyeckux annapatos // Bonpocbl anektpomexanuku, T. 143, Ne 6, c. 19-28, 2014.
http://www.cosmic-rays.ru/articles/13/201402.pdf.

KysbmuH A.K., Mepanbin A.M., WaapuH [.I. PacnpeaeneHve nonepeyHbIx NpoBo-
AMMOCTEN B NONSIPHOM MoHocdepe 3emmu 1 cneundguka nx AMCTaHLMOHHBIX U3Me-
PEHW B NepCrneKTUBHLIX OpOUTanbHbIX POCCUIMCKMX dKcnepumeHTax // MNpeseHTa-
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10-14 cpespans 2014, VIKL PAH.
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OWHAMUKA NMOTOKOB CBEPXTEMIOBbIX
MOHOB U 3JIEKTPOHOB BO BPEMA
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KIIOYEBBIE CJIOBA

annonusaumn B GnuxHeM reomarHMTHOM XBOCTE; CBEpPXTENnoBble YacTULbl;
6eTanOHH06 YCKOpPEHUE; pe30HaHCHOE YCKOpEeHne

B paHHon paboTe BbINOMHEH aHanM3 AYHaAMWKW MOTOKOB QHEPrUYHbBIX JMeK-
TPOHOB ¥ MPOTOHOB NO AaHHbIM HabnogeHun Cluster 1 THEMIS P3 B nnas-
MEHHOM crnoe OnukHero reomarHuTHoro xsocta (X ~ —7-9 Rg) BO Bpewms
MarHuTHbIX Aunonusauwin. Qunonusaums B GrnvkHem xBocTe Bbina cBssaHa
C TOPMOXEHMEM ObICTPbIX MIa3MeHHbIX MOTOKOB M ComnpoBoxaanack op-
MUpoBaHMeM cyBOBypeBoro TOkoBOro knuHa. Mbl naeHTuduMuMpoBanu aBsa
XapakTepHbIX BPeMeHHbIX MaclTaba B passuTum gunonusauuu: 1) npoporn-
XWUTENbHBIN (~13 MUHYT) pocT Bz KOMMOHEHTHI MarHUTHOTO Mons; 2) kpat-
KOBpeMeHHble (~1 MUHYTbI) MMNYNbChbl Bz KOMMNOHEHTBI (AMNONM3aLMOHHbIE
¢bpoHTbI) BO Bpems dasbl pocTa Aunonusaumun. MHorocnyTHWKoBbIe Habnoge-
HWUS NOKa3anw, 4YTo Ha4ano BO3PacTaHUs MOTOKA CBEPXTEMNMOBbIX 3NIEKTPOHOB
(>50 kaB), HabntogaeTcs 0QHOBPEMEHHO C HA4YanoM AMMONMU3aLmMM 1 pacnpo-
CTPaHsIeTCs B TOM Xe HampaBeHWW, YTO 1 AUMONU3aALMOHHOE BO3MYLLEHME.
Mocnegyowas AMHammka NOTOKOB 3NEKTPOHOB TakKe aHanormyHa gnHamuke
MarHuTHOM AMNONM3aLmnu, T.e. NOCTENEHHBIV POCT NOTOKA 3NEeKTPOHOB NPOMC-
XOOMT Ha TOM e BpeMeHHOM Maclutabe, 4To 1 pocT aunonuaaumu. Vcxoas
13 NONoOXeHW agnabaTnyeckon Teopuu, BbINo NokasaHo, YTO BETaTPOHHLIN
MEXaHW3M BHOCUT 3HAYMTENbHbIV BKNaj B yBEUYEHNE NOTOKOB CBEPXTENO-
BbIX 3/1EKTPOHOB. [ToKka3aHo, YTo 6eTaTPOHHbIN MexaH13M apdekTUBHee Ans
Honee Huakux aHeprun (8o 90 kaB), Yyem ans Bbicokux. Ha doHe obLero po-
CTa noToka HabmioJakTCs HECKOINBKO KPAaTKOBPEMEHHBIX (~ HECKOINBbKO MUHYT)
3INEKTPOHHbIX MHXEKUMIA, CBA3aHHBIX C UMNynbcamu Bz. Takoe noseaeHune mo-
XeT ObITb 0BYCMOBMNEHO COBOKYMHBIM AENCTBMEM NOKaNbHOrO GeTaTpOHHOMO
YCKOPEHWS 3NEKTPOHOB Ha uMnynbcax Bz n ux nocnegyowmm rpagneHTHbIM
Apeidom B CyLLECTBEHHO HEOOHOPOAHOM MarHWTHOM More 30Hbl TOPMOXe-
HUS MoToKa. HanpoTuB, NMPOTOHHbIE WMHXEKLMM Habnoganucb TOMbKO BONM-
31 CaMbIX CUMbHbIX MMMYNbCOB Bz, cOBMECTHO C KOTOpbIMM Habnopanuch
1 CUnbHbIE UMMYMbChI nekTpuyeckoro nons. OCobeHHOCTH 3HepreTUYecKknx
CMEKTPOB 3TUX MHXEKUMIA YKa3blBalOT Ha BKNapj HeaauabaTnyeckoro peso-
HaHCHOro yckopeHust NpoToHoB A0 ~70-90 k3B nmnynbcamm aneKkTpuyeckoro
nons yTpo-Beyep, CBA3aHHOM C AMMONM3aLMOHHLIMN PPOHTaMM.
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HATPEB CONTHEYHOW KOPOHbI:
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COMHEYHast KOpOHa, HarpeB, TENnoBOW (DOH, PEHTTEHOBCKOE M3MyyeHue,
AManasoH 3Hepruit, PoToHbI, (OTOHHbIE Napbl

BBEOEHUE

fABneHne nageHWe UHTEHCUBHOCTU PEHTrEHOBCKOro uanyyeHns ConHua B y3-
KUX AMana3oHax PeHTreHOBCKOro crekTpa ot 2 Ao 15 k3B Obino obHapyxeHo
B 2005 rogy [1] Ha ocHOBe aHanu3a AaHHbIX npoekTa «/HTepbon — XBOCTOBOW
30HA». B ganbHenwmx uccnegoBaHusX 3TO SIBMIEHWE HALINO MOATBEPXOEHWE
no aaHHbiM npoekta RHESSI. B pabotax [2] u [3] obwuin aranasoH Msarkoro
PEHTIEHOBCKOrO 13nyyeHus ot 3 o 11 kaB Bbin pa3geneH Ha y3kvue nogavana-
30HbI C Warom 1 k3B, T.e. paccmaTpmBanuch AaHHbIE B CedyoLmMX nogavana-
30HaxX PEHTreHOBCKOro cnekTpa: 3—4 kaB, 4-5 kaB, 5-6 kaB, 6—7 kaB, 7-8 k3B,
8-9 kaB, 9-10 k3B, 10-11 kaB. Takoe cnekTpancHoe pa3bueHue Mo3BOIUMIO
HabnogaTh NageHue, a B HEKOTOPbIX Cryvasix, U YBENWYEHNEe MHTEHCMBHOCTY
PEHTIEHOBCKOO M3M1y4eHUs1 MUKPOBCILLIEK W TEMMOBOTO (hOHA COSTHEYHOW KO-
POHbI. B oTAenbHbIX criyyasix Habntoganoch CMeLLEHWst MakcMyma nageHuns
WHTEHCUBHOCTU PEHTTEHOBCKOMO U3My4eHUst B CTOPOHY Bornee XecTKux 3Hep-
rui. bonee AeTanbHbI aHanM3 AaHHbIX MO3BOMUM YCTAHOBUTb KOMMOHEHTHI
N3Ny4eHus, KOTopble Yallle ApYrMX OTBETCTBEHHbI 3a NaAEHNE UHTEHCUBHOCTU:
370 KOMMOHeHTa 3—4 k3B n 4-5 kaB, a B psge cnyvaeB 7-8 k3B n 8-9 kaB.
Hapsigy ¢ siBneHvemM nageHust UHTEHCUBHOCTY, 3apUKCMPOBaHO U MOBbILLEHWE
MHTEHcMBHOCTY B nogamanasoHe 10-11 kaB OTHOCWMTENBHO BCEX OCTanbHbIX
KOMMOHeHT AnanasoHa 3-16 kaB. Ha puc.1 — npumep, nnocTpupytowmii, He-
TUNWYHOE MOBEAEHWE 3SHEPreTUHECKOro CreKTpa TEmnnoBOr0 PEHTTEHOBCKOMO
doHa cornHe4Hom KopoHbI [3]. Ha aTom npumMepe BUAHO, YyKe 3athKkCMpoBaHHOE
paHee, nageHne MHTEHCMBHOCTU KOMMOHEHTbI 3—4 k3B, 1, ogHOBpEMEHHO, no-
BbILLEHWE WHTEHCMBHOCTM KOMMOHEHTbI 10—-11 k3B. [laHHOe sIBneHMe XOopoLlo
WNKCTPUPYET pUC. 2, TAE MOKa3aH SHEPreTUYECKUIA CNIEKTP TEMMOBOro oHa
COnHeYHol kopoHsbl 3a 10 mapTa 2003 1. ¢ 13:44 UT no 13:51 UT. OBbI4HbIA, Na-
JaloLLMI CNeKTp NOTOKa PEHTrEHOBCKMX )OTOHOB AnanasoHa ot 4 fo 10 kaB Ha-
pyLLIaEeTCa peskM NpoBanom B nogamanasoHe 3-4 k3B v nosblLweHeM B nogam-
anasoHe 10-11 kaB. B pabotax [2] u [3] 6bin ycTaHOBNEH (haKT HE3ABMCMMOCTY
HabnogaembIX SIBNEHNI OT BCMbILLEK M BCEX SIBIMIEHWI B aKTUBHbIX BCMbILLEYHbIX
06nacTsiX CONMHEYHON KOPOHbI. A Takke BbIno caenaHo NpeanonoxeHue o ToM,
4TO (hM3NYECKMIN MEXAHW3M HaliAEHHbIX SIBMEHWIA, CKOpEee BCETo, NEXWT B obna-
CTM KBAHTOBbIX MPOLIECCOB, 1, B CBOKO O4EPEb, 3TOT MEXaHN3M MOXET SABMSATHCS
MPUYMHON aHOManbHOrO HarpeBa Nnasmbl CONMHEYHON KOPOHbI.

AKCNEPUMEHTAJIbHOE NOATBEPXAEHUE
U AHANN3 NONYYEHHBIX AAHHbIX

B 2014 rogy Ha mexayHapofHomn kocMmuyeckon obcepsatopun XMM-Newton,
0bHapy>XMBaOT KOCBEHHbIE [JaHHble, CBUAETENbCTBYOLME B MOMb3Y Cylle-
CTBOBaHMSI aKCMOHOB — OAHOIO M3 KaHAMOATOB Ha POSib TEMHOW MaTepuu.
OcHoBHas nages akcrniepumeHTta Ha XMM-Newton 3akntovanacb B TOM, YTO-
Obl NonbITaTbCA 3aPErMCTPUPOBATL COSTHEYHbIE aKCMOHbBI, KOTOpble, MpU KX
HanM4nn, AOMKHbI KOHBEPTUPOBATLCS B POTOHbI B MarHUTHOM nosne 3emnu,
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cornacHo adhdoekty MpumakoBa. 3apernctpupoBatb, pasyMeeTcsl, BO3MOXHO
TOMBKO 9TU CaMble pesynbTupytolme OTOHbI PEHTFEHOBCKOrO AuanasoHa,
cBOeobpasHbIi aBTorpady, roBopsiLLMiA 0 Hamnumu akcmoHoB. ObcepBaTopus
XMM-Newton 3acbrkcupoBana UCKOMOE CE30HHOE U3MEHEHWE PEHTTEHOBCKO-
ro ¢ooHa B marHuTocepe 3emnu B ananasoHe 2-6 k3B [4]. B pabotax [2],
[3] peyb wna o Tom xe gvanasoHe 2—6 k3B, yto 1 B akcnepumeHte XMM-
Newton. CoBnageHve gvanasoHa 3Heprnin n acpcpekta BapmaLmm NHTEHCUB-
HOCTW PEHTrEHOBCKOro hoHa B 0BOMX Cryyasix He MOXET HOCUTb CryYanHbIN
xapaktep. Ckopee BCero, MOXHO CUYMTaTb 3KCMEPUMEHTANbHO [OKa3aHHbLIM
(hakT cyLleCcTBOBAHMS HEKON edMHON NMPUYMHBI, KOTopast AaeT B 0boux cny-
yasx OAMHaKOBbIE PEHTTeHOBCKME «mognucn». Mbl NPeanonoXunm, Y4To «Bu-
HOBHMKOM» TaKWX PEHTFEHOBCKUX «MOAMUCEN» SBMSETCA HE aKCUOH, a HeKast
yacTuua — CBepxXnerkui ckansipHbin 6030H, KOTOPbIN NPEACTaBnseT cobow
¢hoToHHyt0 napy. iIMeHHO pOTOHHas napa MOXET ABNSATLCS Hanbonee Bepo-
ATHBIM KaHAMAATOM Ha POSib MCKOMOW TeMHOW MaTepum. CyLiecTByeT Teopus,
COrmacHo KoTopol BceneHHas B MpoLLNOM CyllecTBoBana HeorpaHn4yeHHoe
Bpems 6e3 KaKoW-nmbo CUHIYNSAPHOCTY, CBSI3aHHOW C BOomnblUMM B3pbIBOM U
KaknMmn-nnmbo ero MHNALMOHHBIMU Mogudukaumamu [5]. Mpu aTom OTOH-
Hble Napbl POXAAKTCA HENPEPLIBHO BO BCEM MPOCTPaHCTBE U Habmogaemoe
¢hoHoBOE MMKpOBOHOBOE n3nyyeHne (PMU) Toxxe fOMKHO ObITh CreaCcTBUEM
TaKoro npouecca poxaeHns POTOHHbIX Nap U3 BakyyMa B npoLecce paclumpe-
Hust BceneHHow (KOTOpoe Mo oueHKe [5] AoMmKHO npogomkaTbes ewle 38 mun-
NapaoB MeT, a 3aTeM CMEHUTLCS Ha PeXUM cxatust). T (POTOHHbIE napbl
MOryT pacLLennaTbCcs B MarHuTocdepe 3emny 1 B MarHUTHOM MOMeE COMHeY-
HOM KOpOHbI. Ha puc. 3 npuBoanTCs (HOTOHHAs mapa B MPUBbIYHLIX 0603Ha-
YeHMAX KonebnioLMXcs BEKTOPOB anekTpuyeckoro nons E; n E, n marHuTtHO-
ro nong Hy n H,. MNapa gomkHa UMeTb HyNeByr CyMMapHYH CvpanbHOCTb.
MoaTomy napbl KOMMOHYOTCS U3 (HOTOHOB NPOTUBOMONOXHOW CNUPanbHOCTH.
ImeHHo Gnarogapsi Takow CTPYKType NpoMcxXoanT adhdpekT paciuennenms ¢o-
TOHHOWN Napbl B MarHUTHOM none. BbisiBUTb CBOMCTBa (hOTOHHOM Napbl MOXHO
MO KOCBEHHbLIM MpU3HaKam B pesynbraTte B3aUMOLENCTBUS C OKPYXatoLMMu
yacTtuuamm, nmbo npv addekTe pacliennenns. B cuny BbilieckaszaHHOro cTa-
HOBUTCS MOHSATEH U MEXaHW3M HarpeBa COMHEYHOW KOPOHbI. [ockonbky ¢ho-
TOHHblEe Napbl AOMKHbLI PACLLENNATCA MOBCIOAY B MArHUTHLIX NOnsx, To U B
COITHEYHOW KOPOHe MAET 3TOT NpoLece pacliennenus. Ha puc. 4 cxematnyHo
npefcTaBneH MexaHW3M HarpeBa COMHEYHOW KOPOHbI C yvacTveM addekTa
pacLienneHus PoTOHHbIX nap. PoxaatoLeecs B sape ConHua nanyyeHue npu
NPOXOXOEHUM 30HbI NEPEHOCA MYYNCTON SHEPTUM 13-3a BbICOKUX MIOTHOCTEN
BHyTpeHHero BeLlecTtBa ConHLa HaXOANUTCS B COCTOSHWMM Anddpy3snm.

puc. 3. doToHHas napa
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MMeHHO Mo 3ToM NpuyMHe NpoLecchl paclienneHns OTOHHbIX nap BHYTPY
ConHua npakTuyecky OTCYTCTBYIOT M HE AAl0T BKNaja B pacnpeaeneHne Tem-
nepatypsbl, KOTOpas, Kak U3BeCTHO, najaet oT sapa Ao doTocdepsbl. Ha Bbl-
xoAe u3 gotocdepbl NMOTHOCTbL BELLECTBA NafjaeT 40 OTpuuaTesbHbIX Mo-
PSOKOB W BbipblBalOLLieecs ¢ nosepxHocT ComHua us3nyyeHue, nepexoanTt
B COCTOSIHUM OTHOCWTENBHO CBOGOAHOMO ABMXeHMs. B xpomocdepe u ga-
nee, B KOPOHe, NMOTOK (POTOHHLIX Nap nornagaeT B CUITbHOE MarHUTHOE More,
rae v paclennsieTcs C BblAeNeHUeM 3Heprum, KoTopasi HarpeBaeT KOpPOHY
0o 1,5x108 K.

Tesmeparypa, K*

) 108 EH;_ Pa:n:tm:::P
v ~<ABHXWIIIIH ~
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— 1‘! ~ “
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pwc. 4. Harpes COnMHeYHOI KOPOHbI NPy pacLuenneHn hoTOHHbIX Nap
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OUATHOCTUKA MEXMNNAHETHOM NNA3MbI:
CONHEYHbIE PAOVUOBCIITECKMW 111 TUMA
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1. Bennecku I Tuna nayvatotces yxe 6onee 70 neT. VIM NOCBSLLEHO OrPOMHOE
Konm4ecTBO paboT kak HabriofaTenbHbIX, Tak U TEOPETUYECKUX, OCHOBHbIE
pesynbTathl CymMmmupytotcs B 6onbLiom yucne o063opos [1-4] (cm. puc. 1). Iu
BCNMecky HabnoaaloTecs B LUIMPOKOM AunanasoHe vactot ot 1 [Ty o gecsTkos
kunorep, [2]. CuMTaeTCst, YTO OHU TEHEPUPYIOTCS MOTOKaMM BbICTPLIX 3Mek-
TPOHOB, KOTOPbIE PacMpPOCTPaHSKTCA C MOYTU MOCTOSIHHOW CKOPOCTbIO, paB-
Hom 0.3c (C — cKopoCTb CBeTa), BOOMb OTKPbITLIX MarHUTHBIX CUMOBLIX MUHWI
B kopoHe ConHua.
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puc. 1. MNpumep gnHammyeckoro puc. 2. Cxematnyeckas KOHUrypaums
cnexktpa Il Tvna no pesyneratam MarH1THOrO Mons, B KOTOPOM MPOUCXOANT
Ha3eMHbIX M3MepeHwit («lnasmeHHas YCKOPEHWEM 3MEKTPOHOB (CTpenka)
renvoreoduaukay, M. dusmatnut, 2008) Hap, akTMBHOM 06NacTbIo (3aLUTPUXOBaHa)

(pucyHok 13 pabotbi [1])

[ns o6bsCHeHMs1 OCHOBHLIX CBOMCTB BcnneckoB Il Tuna obbluHO mpuvBne-
KaeTcs nna3MeHHbI MexaHuam usnyyenus [5]. OH 3akoyaeTcs B TOM, YTO
ObICTpbIe 3MEKTPOHbI BO3DYXOaloT JIEHTMIOPOBCKME BOJHbI B KaXOOW TOYKE
KOPOHbI, Yepes KOTOPYI0 NPOXOAAT ObICTpble YacTuLbl (CM. puc. 2). [Mpu TpaHc-
chopmaumm 3TUX BOMH B MOMEPeYHble, B MPOLECCax paccesiHUs Ha MOHax
Mnasmbl ¥ CANSHWS 3TWUX BOIH APYr C ApYrom, (hOpMUPYETC U3nyyeHne Ha
NepBoN U BTOPON rapMOHMKax MEeCTHOW nna3MeHHon YyacToTbl. C yaaneHwem
oT ConHua nnoTHOCTb KOPOHasbHOW Miasmbl yObIBaeT, a NO3TOMY YacToTa,
Ha KOTOPOMN NPOUCXOANT U3NyyeHune, ymeHbLuiaetcs. [py 9ToM Ha AuHamnYe-
CKOM CrekTpe Habmiogaetcs apend Beniecka OT BbICOKMX YACTOT K HU3KUM
yactoTam (oTpuUaTesbHbI YacTOTHbI Apend). CKopoCTb YaCTOTHOTO Apen-
¢ha, kak okazanock Npy aHanuae B LUNPOKOM AMana3oHe YacToT, U3MEHSIETCS
C YacTOTON MO CTENEHHOMY 3aKOHY

df/dt=0,01 "% (1)

roe ckopocTb apendpa df/dt nsamepsietca B merarepuax B CekyHay, a yactoTa
f — B Merarepuax [6].



GRINGAUZ 100: PLASMAS IN THE SOLAR SYSTEM, 2018

M3 (1) MOXHO monyyYnTb 3aBMCMMOCTb MIOTHOCTU NAa3Mbl OT PACCTOSHUSA
B NPeAnoNOXeHWUN NOCTOSIHCTBA NIMHENHOW CKOPOCTU UCTOMHUKA N3MNYYEHMS.

Ha ntobon BbibpaHHoi YacToTe Benneck |l Tuna nmeet xapakTepHblii BpeMeH-
HoW Npocunb — BbICTPLIN NoabeM 1 Gonee MeaneHHbIn cnag. Kak nokasanm
HabnoaeHus, anutenbHocTb T Benneckos |l Tuna yBennumBaeTcs ¢ yMeHbLLe-
HMEM YacTOTbl MO 3aKoHy 6nmskomy k T = 220/f (2). nutenbHOCTb BCnnecka
00bI4HO onpeaensieTcs NMbo YacToTON CTONKHOBEHMIA YacTuL, B nasme, nubo
NPOCTPAHCTBEHHLIMW pa3mMepamu NOTOKOB BbICTPbIX YacTuL,.

2. MNepsble HabntogeHus papguoscnneckos |l Tvna Ha GopTy KOCMUYECKMX
annapaToB OblnM NpoBeaeHbl Ha cnyTHUKax AnyaT, ANekTpoH u 30HA. dTn
¥ nocneayoLlme N3MEPEHNs Ha CNyTHUKAX NO3BONUMN HabnaaTb HU3KoYa-
CTOTHYIO YacTb CNeKTpa BCNECKOB, BNMOTb A0 AECATKOB KUMOrepL, YTo Heo-
CTYMHO Ha3eMHOMYy HabropaTento 13-3a 3KpaHUpPOBaHWUS PafMOBONH MOHOC-
tepon. CrnegyeT 0TMETUTD, YTO 3aBucuMocTH (1) 1 (2) AN HU3KOYACTOTHOW
4acTu CnekTpa B HEKOTOPbIX Cryyasix HapyLLaKTCs 3a cHeT MoaudukaLmm na-
paMeTpoB nyyka. [10 aHanm3y 4acToTHOW AUCMEPCUN PAAUOBCNNIECKOB ObINIO
YCTAHOBIEHO, YTO CKOPOCTb UCTOYHMKA (My4YKa SMEKTPOHOB) OCTAETCs NOCTO-
AHHOW OT BHELIHMX obnacTe ConHua ao opouTsl 3emnu.

Polrad spectrogram

«Knaccuyeckasa» BETBb
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puc. 3. MNMpumep paguoscnnecka lll Tuna c ABymst «BETBAMUY — C YaCTOTHOW Aucnepcueit n 6e3
aucnepeuu, 3aperncTpupoBaHHoro Ha cnytHuke MHTEPBOJ-2 B akcnepumenTe MNMOJNbPAL

Kak npasuno, BTopoi cnep, 6es aucnepcuu, HabnogaeTca y CUnbHLIX paau-
OBCINeckoB, HO Gonbluasi amnnuTyda He SIBNSIETCS AOCTAaTOYHbIM YCIIOBUEM
ero nosiBneHuns. XapaktepHas AnUTENbHOCTb TAKoro Creda — OT HECKOMbKMX
CeKyHf, [0 HECKONMbKMX AeCATKOB cekyHA. C y4eToM BpeMeHHOTO paspeLleHust
GOpPTOBLIX MPUGOPOB — HECKOMNBKO CEKYHA, B 3aBUCMMOCTM OT pexXMa n3mepe-
HWIA, YacTOTHast ANCNEPCHS Y OOMNONHUTENBHOMO OTCYTCTBYET.

PesynbraTbl akcrnepuMeHTasbHbIX WCCNEROBaHUN MOXHO COPMYNMpoBaTh

crnepyoLwmmM obpasom:

1. Mo HabntogeHnam Ha KA conHeuHble paguoscnnecky |l Tuna moryT umeTb
aBe BeTBU: (a) audpdpysHyto ¢ YacToTHOM aucnepcuen, (6) yakyto 6e3 va-
cToTHOM aucnepcun (OPB).

2. XapakTepHasi AnUTenbHOCTL BETBU (6) COCTaBNSET OT HECKOMBKMUX CEKYHT,
[10 HECKOIbKIX AECATKOB CEKYHA.

3. Pagnoscnnecku [1PB coctaensioT < 1% ot obLiero konnyectsa Habnoaa-
€MbIX pagvoBCMIECKOB.
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4. Papwoscnnecku [JPB HabntogaloTcs 04HOBPEMEHHO Ha HECKOMbKUX CryT-
HUKaX, HaxOOSALUMXCA NPY Pa3NYHBIX OKPYXatoLMX YCIOBUSAX (BenuUunHa
MarHUTHOTO MONS, MIOTHOCTb OKPYXatoLLEN Nnasmbl).

5. Pagnoscnneckn [JPB conpoBoxaatoTcs BCrneckamy COMHEYHOro peHTre-
HOBCKOTO M3M1yYeHNs].

B pabote obcyxaaetca BO3MOXHbIA MexaHW3M BO3DYxaeHUs BTOPOro cregja
6e3 YaCTOTHOM AWUCMEPCUN CBA3AHHbI BO3AENCTBUEM PEHTTEHOBCKOIO M3ny-
yeHus. B pesynbrate 3Toro BOKpyr CnyTHIUKa obpa3syeTcs 4oNonHUTENbHas No-
HU3aLMs, B KOTOPON BO30YXOAETCA NEPEXOLHOE N3NyYeHMe.

JINTEPATYPA:
[1] Yanng Ox., Cmepn C. PaguoBcnnecku B COMHEYHON KOpoHe. YOH, 1974, 1. 113,
c. 503-533.

[2] Benz A.O., Su H., Magun A., Stehling W. Millisecond Microwave Spikes at 8 GHz
during Solar Flares. 1992, Astron. Astrophys., v. 93, p. 539.

[3] B.H. MenbHuk, A.A. KoHoBaneHko, X.0. Pykep n ap. CBoMNCTBa MOLLHbBIX COMHEY-
HbIX Bcnneckos |l Tvna B AekameTpoBOM Avana3oHe AnvH BomH, Pagnodmamnka
1 pagnoactpoHomus, 2010, T. 15, Ne 2, ¢. 129-139.

[4] Smith D.F., Davis W.D. Type Il Radio Bursts and Their Interpretation, Space Sci.
Rev., 1975, Vol. 16, No. 1-2, P. 91-144.

[5] TwH3Gypr B.JI., KenesHskos B.B. O Bo3aMOXHbIX MexaHU3Max Crnopagnveckoro pa-
anownsnyyeHns ConHua. 1958, ACTpoH. x., T. 35, ¢. 694-708.

[6] Alvarez H., Haddock F.T. Solar wind density model from km-wave Type llI bursts,
Sol. Phys., 1973., Vol. 29., P. 197-209.
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CTPYKTYPA KOPOHAJIbHbIX BbIBPOCOB
MACCbI U YCKOPEHUE YACTUL

N.®. Hukynux

locydapcmeeHHbit AcmpoHomuyseckuli uHcmumym um. [1.K. LimepH6epea
MrY, Mockea, Poccusi; ifn@sai.msu.ru

KITIOYEBBIE C/TOBA

KOpOHarlibHble Bbl6pOCbI MaccChbl, yCKOpeHne 4acTunl, PeHTreHOBCKMNE BCIbILLKK,
MarHuUTHbIE U AneKTpuyeckue nons

PaccmoTpeHbl pasnuuuns CTpykTyp n3obpaxeHunii BeIGpOCOB B XpPOMOCHEPHbBIX
NHUAX U KOPOHANbHOM KOHTWMHYyMe. lNpeanoxeHa rmnotesa o TOM, 4TO Ha-
pyxHasi, bonee anddysHaa paccemBatowas obonovka Bbibpoca cosgaetcs
13bbITKOM CBOGOAHBIX 3neKkTpoHoB bnarogaps KomntoH-aghdekTy. MNosiBue-
LUeecs NpuW 3TOM 3M1EKTPUYECKOE NOMe YCKOPSIET YacTuULbl 32 BpEMS AENCTBIS
XECTKOro u3nyyeHus. Npu 3TOM HanpaBneHHOe ABUXEHWE YCKOPEHHbIX Ya-
CTUL, CO3AAET MarHUTHbIE NOMS.
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AJICOPUTM CErMEHTALMN CBA3HbIX
OBJIACTEUN HA USOBPAXEHUAX COJIHLA

B.A. OxepenoB

®edeparnbHoe 20cydapcmeeHHoe brdxemHoe yypexoeHue HayKu
MHecmumym kocmMuyveckux uccriedosaHuli Poccutickol akademuu Hayk
(MKW PAH), Mocksa, Poccusi

KJITIOYEBBIE C/TIOBA

cerMeHTauus nsobpaxeHun, ogHOCBSA3Has 0bnacTtb, M3obpaxeHue B peHTre-
HOBCKOM Auana3soHe, MHPOPMaTUBHbIE NapamMeTpbl MPOCTPAHCTBEHHOW AVHA-
MUKM KOPOHANbHbIX AbIP, COMHEYHbI BETEP

BBEOEHUE

BunayanbHas akcnepTHas oLeHKa PEHTIeHOBCKOro 13obpaxeHus CornHua urpa-
€T OfIHY 13 KIKYeBbIX porieil Mpyu NMPOrHO3MPOBAHUM €10 aKTUBHOCTU. [1n1st nor-
HOFO yxoda OT 3KCMepTHbIX OLEHOK B MPOrHO3e U nepedadve MocnegHero
Ha CTOPOHY aBTOMaTUKKX Heobxoguma cucTema MHDOPMATUBHBIX MPU3HAKOB
1306paxKeHusi, T.e. HEKOTOPOrO KONMYECTBA NapameTpoB KapTUHKM, KOTOpbIE
BKIIOYAOTCS B PErPECCUOHHYI0 MOZENb MPOrHO3a.

B naHHoW paboTe Mbl paccMaTpuBaeM OaMH 13 TaKKX NapaMeTpoB — 3TO B3Be-
LUEHHas nnoLiaab KOPOHasnbHbIX AbIP, pa3mMepbl KOTOPbIX NPEBbILLIAKT 3a4aH-
HOe NoporoBoe 3HayeHune. Kak M3BeCTHO, MMEHHO B 3TMX 06nacTsx Npomcxo-
04T npoLecchl, onpegenstoLle napameTpbl CONMHEYHOTO BETpa.

Moaxod B AaHHOM paboTe NO3BONSET paccMaTpyUBaTh BECb COMHEYHbIA ANCK
B Ka4ecTBe 06nacTi UHTEpeca, BblAensTb KPYMnHble KOPOHarbHbIE Ablpbl B J1H0-
6OM KonmyecTBe 1 creguTb 3a UX MPOCTPAHCTBEHHON AvHaMukon. MokasaHo,
YTO 3Ta AMHAMMKA CUIBHO KOPPENUPYET C BapuaLMsiMy CKOPOCTH COSTHEYHOTO
BETpa.

[Ons aHanu3a 6bin paspabotaH NporpaMMHbIA GOT, NO3BONAMLMIA B aBTO-
MaTU4ecKOM pEexXuMe 3arpyxaTb NakeT U30OpaXeHUA KOpOHambHbIX AbIp
B PEHTTEHOBCKOM AManasoHe 3a 3afaHHbl Nonb3oBaTeneM BpeMEeHHOW au-
anasoH C caiTa, Ha KOTOPOM 3TW U306paxeHUst 4OCTYMHbI TOMbKO MO OAHOMY
(https://solarmonitor.org/full_disk.php).

[laHHble No conHeYHOMy BETPY Mony4eHbl ¢ caiTa http://www.srl.caltech.edu/
ACE/ASCl/level2/lvI2DATA_SWEPAM.html.

& Figwe 1 - o * & Figwel — o £

puc. 1. Cnesa — ucxogHasi butoBas Macka (cepble nukcenu — 0, po3osble nukcenu — 1),
crpaBa — pesynbTaT cerMmeHTaumnn (pasHble LiBeTa COOTBETCTBYIOT Pa3HbIM Knactepam)
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CEMMEHTALNUA BUTOBbLIX MACOK

KopoHnanbHas gpeipa (Coronal Hole, CH) Ha peHTreHOBCKOM M300paxeHnn —
9TO YEPHbIEe MUKCENW BHYTPU COIHEYHOro Aucka. Takum obpasom, BCE u30-
OpaxeHne MOXHO NpeAcTaBUTb B BWAE [ABYLBETHOW OMTOBOW Macku, rae
4épHble NMUKCENu COOTBETCTBYIOT NOTMYECKON eAMHULE (aKTUBHbIE NUKCEnH),
a ocTasbHble NUKCENU — Hyno. 3agayen cerMeHTaumnmn SBAseTca pacnpege-
neHne akTUBHbIX MUKCENen No rpynnam, Kaxaast U3 KOTOpbIX COOTBETCTBYET
opHocBsizHoM obnactu. OgHocBs3Has 0bnacTb COCTOUT M3 MUKCENEN, Mexay
Ka>XKOoi mapon M3 KOTOPbIX MOXHO MOCTPOUTL MapLUpyT, FAe nocneaosaTerb-
Hble NUKCenu conpukacaroTcs Apyr ¢ ApYromM CTOpoHow unu yrnamu [1]. Pas-
paboTaH AOCTaTO4HO BbICTPbIN NapannenbHbIi anropuTM CerMeHTaLUmm, gato-
LW TOYHbIN pe3ynbTaT KnacTepu3saLmy NMKcenen no 0gHOCBA3HbLIM 0bnacTam

(puc. 1).

NONYYEHUE B3BELWEHHOW NNOLWALN
KOPOHAIbHbIX AbIP

Pesynbrar cermeHTaumm MCXOQHOTO 1M306paxeHust No3BONSET BbIAENUTb 06-
nacTb MHTepeca (puc. 2a), KOTOPOW B HaLLeM Cryyae SBMSIeTCH BECb COMHEY-
HbIi OWCK, U HAWTW LEHTP W paguyc nocnegHero (puc. 26). MNocne otceyeHns
npeHebpEeXnMo ManbIx KnactTepoB (MOpor onpeaensieTcs B pesynsrate onTu-
MM3aLMOHHON npoLeaypbl [2] n cocTaBnsieT 594 nukcens) nonyyaeTcs pesynb-
TaT Kak Ha puc. 26.

a 6
puc. 2.
a) obnacTb MHTepeca (COMNHEYHbIN ANCK) 1 KOPOHAmbHbIE AbIPbl (YepHbIE);
6) 3HauYMMble KnacTepbl, COOTBETCTBYHOLLME KOPOHANbBHBIM AblpaM Ha (a).
XenTas Touka — LEEHTP CONTHEYHOrO AnCKa

Mol o6pabotanu 30 exxeaHeBHbIX n3obpaxeHnin ConHua 3a anpenb 2017 roaa,
11 BBENW UHOPMATVBHLIN NapaMeTp NPOCTPaHCTBEHHOW AnHammkn CH — B3Be-
weHHas nrowaas CH (kpacHbIX KNacTepoB) C YY4ETOM VX paCcCTOSHUSA 0 LieHTpa
COMTHEYHOTO Aucka. PaccTosiHMe yumThIBanoch Mpy MOMOLLM CUrMOWAANBHOM
BECOBON (hyHKUMM (puc. 3) Takum obpa3om, YTobbl UCKNUUTL BnnsHMe CH Ha
rpaHuLe aucka. MNpy 9Tom napaMeTpbl BECOBOM (PYHKLMM — pasMep Anddy3HoM
obnacTui 1 koopamHaThl To4kU nepernba — nogbupanvcs B pesynsrare onTUMK-
3auuoHHon npouegypel [2]. Mbl HAanoXunm AMHaMKKY B3BELLEHHbIX MIioLaaen
KOPOHanbHbIX Ablp, YCNOBHO 0603Ha4YaeMbIx Kak Area, Ha KpuBYlO Bapualmm
CKOPOCTU COMHEYHOrO BETPA 3a BECb aHanMavpyembln nepuog, (puc. 4).

Kak BuagHO 13 puc. 4, AMHaMunku B3BelLeHHbIX nnowagert CH 1 conHevHoro
BETPa UpE3BbIYaHO CXOXM Mexay cobon. OueHka Koppensuum co CABUMOM
3 OHSA Onsa KpacHomn kpusow JaéT koaddmumeHT 0.7. U3 atoro cnepgyer, 4To
[aHHbIN NapaMeTp SBNSETCS MHGOPMATVBHBIM.
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puc. 4. [lnHamuka B3BeLLEeHHbIX nrolageii knactepos CH (kpacHas kpysas) 1 CKOpocTy
COMHEYHOro BETpa (3eneHas kpusas)
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POIlb K.1N. TPUHTAY3A B PELLEHUU
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MaFHI/ITOC(*)epHaﬂ nnasma, paanaunoHHbIe nosaca 3emnu, KoCMUYeckuin anna-
pat, anekTpusauna, martematnyeckoe MoAdenmpoBaHme, aKCnepnmeHTarbHoe
ncenenosaHne

BbinonHeHHble K.W. puHraysom uccrnegoBaHWs MarHUTOCEPHON U MeX-
MMaHETHON MMa3mbl Chirpany OrPOMHYI0 POfib HE TOMBbKO B (DOPMMPOBAHMY
COBPEMEHHbIX MPEACTaBMEHUA O CTPOEHUM KOCMUYECKOrO MPOCTPaHCTBa W
NPOMNCXOZALLMX B HEM (DU3NYECKMX MPOLEccax, HO MMENU TaKKe OrpOMHOE
3HaYeHVe Ons peLleHnUst MHOTUX NpUKNagHbIX Npobnem, CBA3aHHbIX C CO3-
[aHueM W JKcnyataumen kocMudeckux annapatoB (KA), B yacTHocTv anst
peleHus npobnemel anektpusaumn KA. MNpu anekTpusauum annaparos, 06-
YCNOBMEHHOW B3aUMOLEWCTBMEM C OKpY»KatoLLle KOCMUYECKON Na3Mou, Ha
MX MOBEPXHOCTM, MOKPbITOM B 3HAYUTESIbHOW CTENEHU AU3NEKTPUYECKUMM
maTtepuanamu, MoryT Bo3HukaTb noteHuuansl ~ 10-20 kB, 4To Beger k pas-
BUTWIO 3MEKTPUYECKMX Pa3psifoB, CO3LAKOLMX WHTEHCUBHBLIE 3riekTpoMar-
HUTHbIE Nomexu paboTe GOPTOBOrO 3NEKTPOHHOrO 06opynoBaHus, a B psge
Cry4aeB NOBPEXAAIOLLMX U PaspyLLaOLLMX MaTepuarnbl 1 3fIEMEHTbI KOHCTPYK-
umm KA. [JanHas npobnema BcTana nepef cneumanuctaMmy oCobeHHO 0CTpo
B 1970-x — 1980-x IT. B CBSI3M C HAa4alOM OCBOEHWS re0CTaLOHaPHON OpOUThI
AN CO30aHNst KOCMUYECKUX CUCTEM PaAMOCBS3N U TENEBU3MOHHOMO BeLLa-
HWS. B TOT nepuop cBedeHust 0 XapakTepucTMKax MarHUTOCGEPHON NiasMmbl
B 06MacTu reoctaunoHapHon opbuTbl BbIN BeCbMa OrpaHUYeHbl, PaBHO Kak
1 3KCNepuUMeHTanbHble AaHHble 06 anekTpu3aLummn reocTalMoHapHbIX CyTHU-
KOB, He Obina B JOMKHON Mepe pa3BuTa TeOpKst NPOLIECCOB ANEKTpU3aLn, He
Obinu paspaboTaHbl MeToabl 3awmThl KA oT BNnsHUS anekTpuaauuu. Bee atu
BOMPOCHI MPVUXOAMIOCH peLlaTh NapanienbHo, YeMY B 3HAUMTENBbHOW CTENEHN
crnocobcTBoBanu nuoHepckue pabotsl K. MpuHraysa no usyyeHwo anexkTpu-
3aLmu CNyTHUKOB B MOHOChepHOW nnasme [1] n nocneaytowme pabotel No mUc-
CrnefoBaHuio nnasmocdepsl 3emMniu, CoNMHEYHOro BETpa U T.4.

B noknage npuBeneHsl cBefeHus 06 nccnegoBaHNsX napaMeTpoB MarHMToC-
chepHON NNa3mMbl M NPOLIECCOB SNEKTPU3ALMM, BBIMOMHEHHBIX HA POCCUNCKMX
reocTaLlyoHapHbIX CMYTHUKaX C NOMOLLbIO co3aaHHbIx B HANAD MIY anektpo-
CTaTM4eCKMX CMEKTPOMETPOB SMEKTPOHOB M MPOTOHOB MarHUTOCepHON nnas-
Mbl ¢ 3Hepruamun ~ 0.1-12 k3B [2], BKNoYas faHHbIe aHanorMyHbIX MCCneao-
BaHUN Ha 6OPTY PYHKLIMOHMPYIOLLErO B HACTOSILLEe BpeMs reoCTaLoHapHOro
CNyTHWKa AnekTpo-J12, koTopbin Obin pazpabotan HIMO nm. C.A. JlaBoukuHa.
WHTepnpeTtauums noyvyaeMbix CO CyTHUKOB SKCNEPUMEHTANbHbIX AaHHbIX MpPo-
N3BOAUTCS HA OCHOBaHWMM co3gaHHoi B HAMAD MIY komnbloTepHOM Mogenu
anekTpu3aummn peanbHbiXx KA CROXHON KOHGMrypaumum ¢ HeOQHOPOAHOW no-
BEPXHOCTbI0, MO3BOJALLEN PacCYUTLIBATb TPEXMEPHbIE pacnpeaeneHuns no-
TeHUMana Ha NoBEPXHOCTM U B OKPECTHOCTM KA ansa crnyyaeB anekTpusaumm
Ha reocTalyoHapHON OpOuMTE M Ha HWU3KMX NOMSIPHLIX OpbuUTax Npu OJHOBpE-
MEHHOM BO34ENCTBUM Ha annapat XONo4HON MOHOCEPHOI Nna3mbl U aBpo-
panbHoi pagnaumn. CosgaHHas B HAUA® MIY mogenb anektpusaumm KA
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COOTBETCTBYET MO CBOMM BO3MOXHOCTAM Ny4LUMM 3apybexHbim paspaboTkam
1 BKIMOYEHa B KAYeCTBE CMPaBOYHON MOZENW B psf MeXAyHapOAHbIX CTaH-
JaptoB [3]. Heckonbko no3gHee MccrneaoBaHWii SNEKTpM3aumum NoBEPXHOCTH
KA nop peiictBreM KOCMUYECKON NrnasmMbl 6biNo Ha4aTo U3yyeHne 0b6beMHO
3NeKTpU3aLMmn ONINEKTpUYecknx matepmanoB KA, oOycrnoBneHHON anekTpo-
Hamu paguaumoHHbix nosicoB 3emnu (PI3) ¢ aHepruammn ~ 1-10 MaB. Takue
3MEKTPOHbI CNOCODOHBI cO3AaBaTh B AMANEKTPUKAX 3apsj Ha rmyomHax 1-2 cm
¥ NPUBOAMTbL B KOHEYHOM WTOre K BO3HUKHOBEHUIO NpoboeB B 0bbeme mare-
puanoB, CNEACTBMEM YETO SBMSKOTCS T Xe HeraTBHble Bo3aencTaus Ha KA.
CoBpeMeHHbIe NCCeoBaHNs MOKa3bIBatoT, YTO 3HAYNTENbHAs YacTb OTKA30B
n cboeB B pabote obopynoBaHus KA obycrnoeneHa adcpektamMmu 06beMHOM
anekTpu3aunu. B aToi cBA3n B Joknage obcyxaarTcs peynsTaTtel uccnego-
BaHU NoToKoB YacTuy, P13 B conoctaBneHuy ¢ pesynsratami UCCrief0BaHuMi
MarHUMToCChEepHON Mnasmbl, @ Takke NPUBOLAATCS AaHHbIE HEKOTOpPLIX Nlabopa-
TOpHbIX akcnepumeHToB HANAD MY no usyyeHwo npoLeccoB nOBEPXHOCT-
HOW 1 06bEMHOI ANeKTpU3aLMy MaTepuanos.
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B XBOCTE MATHUTOC®EPbLI 3EMINNU
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PaboTa nocesilleHa MCCNEROBAHMI0 MPOLECCOB YCKOPEHUS YacTuL Mnasmbl
B TOHKUX TOKOBbIX CIOSIX, KOTOpble 00pasyoTcst BO BPEMSI MarHUTOCEPHBIX
cyb6ypb B xBoCcTe MarHutocdepbl 3emnu. [ocTpoeHa v uccnegoBaHa ymc-
NeHHas MoAerb MarHUTHOW AUNonu3aLmm, KoTopas BKMKYAET TPy BPEMEHHbIX
wkanbl: (1) akTyecKkyo OUnonspusaumio, Korga HopMmanbHOe MarHWTHOe
none U3MeHSIETCS B TEYEHNE HECKOMBbKUX MUHYT OT MUHUMASIbHOTO JO MaKCu-
ManbHOro YpOoBHS; (2) peakue BCMNeCKW (MMNyIbChbl), MHTEPNPETUPYEMbIE Kak
NPOXOXAEHNE HECKOSbKMX (PPOHTOB AMMONSAPU3aLMU C XapaKTEPHBIMU Bpe-
MEeHHbIMU MaclwTabamm <1 MUH 1 (3) BCMNECKN SNEKTPUYECKUX U MArHUTHBIX
dnykTyaumin ¢ YactotaMu BNAOTb 4O 3MEKTPOHHON MMpPOoYacTOThl, BO3HUKALO-
LuMe Ha BpeMeHHbIX MacliTabax (1 ¢). Mogenb no3BonseT usyyatb Bknagbl
B YCKOpPEHWE YacTuL B pesynbraTe JEMCTBUS yKasaHHbIX BbILE MPOLECCOB
(1)—(3). MokaszaHo, 4YTO AaHHbIE NMPOLECCHI HOCAT PE30HAHCHbIN XapakTep Ha
pasHbIX BPEMEHHbIX MacwTabax. [na 3agaHHbIX HavamnbHbIX Kanna-pacnpe-
LENEHN MO CKOPOCTAM MOMyYeHbl 3HEPreTMYeckne CneKTpbl YCKOPEHHbIX
4acTuL TPeX COPTOB: NPOTOHOB P+, MOHOB kucnopoda O+ 1 3NeKTPOHOB €.
MokasaHo, 4To MoHbl O+ Hanbonee ahHEKTUBHO YCKOPSOTCS B pesynbrare
Aencteus mexaHuama (1), oHbl H+ (1 B HEKOTOPOW CTEMNEHN SNEKTPOHBI) -
(heKTMBHO yCKOPSAIOTCS B pe3ynbTaTe BTOPOro MexaHuaMa. Takke obHapyxe-
HO, YTO BbICOKOYACTOTHBIE SMNEKTPUYECKME U MArHUTHbIE CPryKTyaLmu, Conpo-
BOXZAIOLLME MarHUTHYH AMNonsapusaumio, kak u B (3), aheKTUBHO YCKOPSIHOT
3IEKTPOHBI.
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U3MEHEHUA CTPYKTYPbl MATHUTOC®EPHI,
CBA3AHHbIE C NPEACTOSALLEN
WHBEPCUEW MATHUTHOIO Nons 3emnu

B.I. MetpoB

OrBY NHecmumym 3eMHO20 MazHemu3ma, UOHOCGHEPBI U pacripocmpaHeHus
paduosoriH um. H.B. Mywkosa PAH (M3MWPAH), Mockea, e. Tpouuk, Poccusi

KIKOYEBbIE CJTIOBA
rmaBHOE MarHWTHoe none, MarHuTocdepa, NepenonocoBka

BBEOEHUE

Mo gaHHbIM Mogenu IGRF-12 [1] npoaHanuanpoBaHo M3MeHEHWE rnobanb-
HOW CTPYKTYpbl BHYTPEHHUX MCTOYHMKOB MarHuMTHOro nons 3emnu. Ha-
psAy C YMEHbLUEHUEM AUMOMbHOTO MarHUTHOMO MOMEHTA, MPOUCXOAMUT eLle
Bonee ObICTPbIN POCT MYMBLTUMOMBHLIX MOMEHTOB. OTO NOATBEPXKAAET TEOPE-
TUYECKYH0 MOAESb MHBEPCUW MAarHUTHOTO NOMS, Kak NOCTENEHHOE YMEHbLUEHNE
AMNOMNBHOTO NOMS NpY COXPaHEHW, B OOLLEM, €ro HanpaBlieHNs U yCuUrneHne
MYIbTUNOMNbHBIX MOMEHTOB. [1aneo- 1 apxeoMarHuTHbIe JaHHbIE NOKa3bIBaKT,
YTO 3TOT NPOLLECC NPOUCXOANT YKe OKOMO 2.5 ThIC. NET U MHOMOKpPaTHO NOBTO-
PSNCS B MPOLUIIOM. YMEHbLLEHME ANMOBHOMO MarHUTHOrO MOMEHTa NPUBOAUT
K NpuBRmKeHno marHuTonay3sbl K 3emne v NofHOMY MCYE3HOBEHMIO MarHUTOC-
depbl Yepes npumepHo 1.5 ThiC. NneT.

COBPEMEHHBIE MPU3HAKW NMEPEMNOJIKOCOBKU

[locToBEpPHbIE M3MEPEHNST MarHUTHOTO MomeHTa 3emnu umetotes ¢ 1900 r.,
Korga Havanu perynsipHo cosfaBaTb MOLENW MarHWTHoOro nons 3emnu.
Ha puc. 1 npeacraBneHo W3MEHEHWe MarHWTHOrO MOMEHTA, BbIYMCIEHHOE
no AaHHbIM KoadhdmumeHToB hy , hy , g mogenu IGRF-12, n ero nuHenHas
nHTeprnonauus. MeHee [OCTOBEpHblE OaHHblE MOKa3biBalOT, YTO TaKOe Xe
NUHENHoe yMeHbLUIEHVE HabmogaeTcs, nNo KpaHen mepe, ¢ 1850 r. (Mmogens
GUFM - [2]), a KoCBeHHble [aHHble MOKa3bIBaT, YTO YMEHbLUeHUe AnuTcs
yxe oKkono 2.5 Teicaun neT [3]. BO3MOXHbI TpM MexaHu3Ma nepenontoCcoBKu —
1) AMNosb COXpaHseT CBOE HanpaBneHne, HO YMEHbLUAETCS A0 Hyns, a 3aTeM
MOSIBMNSIETCSA BHOBb, HO y)Xe APYroro, MPOTMBOMOIOXKHOIO HanpasreHus, 2) no-
CTENEHHbIA NOBOPOT AMMONS Yepe3 akBaTop 6e3 CyLLECTBEHHOMO N3MEHEHMS
€ro BeNnymHbl [4] 1 3) nepexog 3HEPrUM MAarHUTHOTO NONS U3 AUMOIBLHOTO Ynle-
Ha 6e3 3HAUNTENbHOrO U3MEHEHNS Er0 HaNPaBNeHUst B MySbTUNOSbHbIE U 06-
paTHbIN Nepexos U3 MyMnbTUNONbHbLIX B AUMOMbHbIA YNEH NPOTUBOMONOXHOIO
HanpaBneHns. AHanM3 naneoMarHUTHbIX JaHHbIX Tak 1 He MO3BONWI caenatb
O[iHO3HAYHbIN BbIOOP B NOMb3Yy KaKOro-TO MexaHun3ma. [epBble aHanuabl nog-
LEPXVBanu BTOPON BapuaHT, HO Gonee no3gHWe paboTbl CBUOETENbCTBYHOT
CKOpee B Nonb3y TPeTbero BapuaHTa [5 1 CCbinkv B Hen).

[ns OLEHKM SHEPreTUYECKOro BKMada pasnuyHbIX MPOCTPaHCTBEHHbIX COCTaB-
NAKLWUX MarHUTHOIO Non4g B 06U.ly}0 QHEPIU NCNONb3yeTCA NOHATUE 3HEpre-
TUYECKOrO CMeKTpa MarHUTHOTO MONS, FAe BKNa KaXaow NpoCTPaHCTBEHHOM
rapMOHUKM BbluMcnseTcs no gopmyre [6],

n

= (n+1)§]|(gn’")2+(h,?’)2|,

rae R, onucbIBaeT 3HEpreTMYeckuin BKNag rapMOHWKM N B MOMHYK 3HEPTUIo
nons. [ns oLeHkyN OTHOCMTENbHOrO BKMaaa AUNOMbHON U MYMBTUNOMNbHBIX CO-
CTaBMSAOLLMX B MOMHYKO SHEPTMIO NMONS HaMy BbINo paccynTaHo OTHOLLEHME
CYMMapHON MOLLHOCTU BCEX MYMbMUMOMbHBIX rAapMOHKK (n=2—13) K Aunonb-
How (n=1). MoA AYNONbHBLIM YNIEHOM 3A€Cb MOHUMAETCS HAKMOHHbIV AWNOMb,
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OnVCbIBaEMbIV TPEMS NEPBLIMM YNleHaMK pasnoxeHus. Pesynerart npeacras-
neH Ha puc. 2. M3 pucyHka BMOHO, 41O 3a nocnegHve 120 neT 970 OTHOLe-
HMe yBenunuunocb Gonee Yyem B ABa pasa, MPUYEM YBEMYEHUE MPOUCXOAUT
He TOMbKO 3a CYET YMEHBLUEHNS MOLLHOCTM AWUMOMBHOIO YneHa (B 9TOM Cny-
Yyae OTHOLUEeHMe M3MeHWUnochb Obl ToNbko B 1.16 pasa), HO U 3a CYeT cylle-
CTBEHHOIO YBENUYEHNS MOLLHOCTU MYMNETUMONBHBIX YNEHOB. Takum obpa3om,
MMEHOLLIMECS Ha HACTosILLEee BPEMS AaHHble MOKa3bIBatoT, YTO NPOLECC U3Me-
HEHWS! MONSAPHOCTU MArHUTHOO Nons Hadancs no 3 sapuaHTty. OgHako B Ha-
cTosiLee BpeMms yObiBaHWE 3HEPTM AUMONbHOM COCTABMSAOLLEN NPOUCXOANT
ObicTpee, Yem POCT MYSbTUMONMbHOW, T.e. 0bLWas SHeprust MarHUTHOTO MONs
YMEHbLLAETCS.

Earth magnetic moment
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puc. 1. ameHeHne MarHuTHoro MmomeHTa 3emnu no mogenm IGRF-12.
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puc. 2. OTHOLIEHWE CYMMapHOW MOLLHOCTH MYIBTUMNONbHBIX YNIEHOB MOZENH
IGRF k gunonbHoMy uYneHy

ANHAMUKA MATHUTOCO®EPDI
B MPOLIECCE NEPEMOJIIOCOBKU

[NpoLecc B3aMmMogencTBMs CONIHEYHOrO BETPa C MarHUTocthepon 3emnu B 3Ha-
YUTENbHOW CTEMNEHM 3aBUCUT OT CBOWCTB CaMOW MarHUTOCdepbl, B YaCTHOCTH,
OT BENMU4YUHbI MArHUTHOroO nongd 3eMJ'IVI, KOTOpOE onpenenaeTca MarHUTHbIM
MOMEHTOM 3eMHOro aunons. Hanbonee xapakTepHON BENWYMHON, ONKCHIBa-
tOLLer CTPYKTYpY MarHuMTocepbl, SBRSETCA PacCTosHWE OO0 NOACOMHEYHOM
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TOYKM MarHuTocepbl. CyLuecTBYeT HECKOMbKO MeTOAUK 1 hopmyn Ans onpe-
[eNeHns 3TOro paccTosiHWA 1 Hambonee pacnpoCTPaHeHHbIN NOAXOA U3NOXeEH
B [7]. CunTas, 4to B NOGOBOMN TOUKE BCE AMHAMUYECKOE AABMEHNE COTHEYHOTO
BeTpa nepeLuno B TENMOBYO SHEPru0 1 npeHebperas MarHUTHbIM MOMEM B
COMTHEYHOM BETPE W TEMMOBLIM AABMNEHNEM NIa3Mbl B MarHuTocepe, a Taike
CYMTas MarHUTHOE Mone AUMNONbHbLIM, NONyYaeTcs cneayrLas 3aBUCMMOCTb

f2M2 116
o ( 8kmrnm,v? )

PaCcCTOSIHMS 10 MOACOSTHEYHOMN TOUKM Fy[8], rae Mg — MarHUTHbIN MOMEHT 3eM-
HOro Aunons, m, — Macca npoToHa, N — MMNOTHOCTb MPOTOHOB, V — CKOPOCTb
conHeyHoro Betpa. KoadhduumeHT f onpenensieT cteneHb YCUIeHUs Qunornb-
HOro Nonsa TokaMu Ha MarHuTonayse, Ans 3-x MepHon mogenwu f=2.44, napa-
meTp k=0.88 [9].

Ecnun cunTath, YTO MarHUTHbLIA MOMEHT ByAEeT YMEHbLLIATLCSA C TOM Xe CKOpPO-
CTbl0, YTO U Cenyac, TO MOXHO NPOrHO3MPOBaTb YMEHbLUEHNE CPEHErO pac-
CTOSIHUA 00 NOACOMHEYHOW TOYKM MarHuTocepsl (puc. 3). 3gecb xapaktep-
HbiM BpemeHeM siBnsietcs 3000-3100 r., korga nobosas Todka npubnuautes
K reoctauuoHapHon opbuTe. [1o 3TOro BpeMeHU YMEHbLUEHWNE PaCCTOSHWS CO
BpeMeHeM OyaeT NpoMcxoanTb NPUMEPHO NUMHENHO, 3aTeM CKOPOCTb YMEHb-
LeHns yBenmumTcs 1 npumepHo K 3600 r. marHuTocdepa 3eMnn NCYE3HET.
N3meHeHne pa3mepoB MarHMTOCqepbl MU3MEHWUT U BHYTPEHHIOW CTPYKTYPY,
OHaKO MOAENM BHYTPEHHEN MarHUTOCepPbI COAEPXKAT Psi SKCNepUMeHTanb-
HbIX NAPaMeTPOB, KOTOPbIE ONpeaeneHbl A5t COBPEMEHHOW CTPYKTYPbl MarHu-
TOCEPbI, NOITOMY CMPOrHO3MPOBAaTh 3TV U3MEHEHUSI OYEHb CIIOXKHO.

magnetopause subsolar point distance
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puc. 3. CpeaHee paccTosiHWE A0 NOACONMHEYHOM TOYKM MarHUTOCEPDI.

KoHeuHo, akcTpanonsauua 200-neTHero nHtepsana Ha 1500 net Bnepéa npoue-
[ypa He 0YeHb HaaéxHasi, OAHAKO MMEETCS MHOTO ManeoMarHUTHbIX JaHHbIX,
KOTOpble, XOTS W He MO3BONSAT BbISCHATL AETany npouecca YMeHbLUEHUS,
[0Ka3blBatoT hakT HanM4ms Takoro npouecca. ViccnegoBaHne HamarHM4eHHo-
CTW apXeornormyecknx 0CTaTkoB NMO3BONSIET OLEHUTb Y BEMUYMHY MarHUTHOrO
nons. KoHeYHo, Mo JOCTOBEPHOCTH M TOYHOCTM OHW HE COMOCTaBUMbI C COBPe-
MeHHbIMU Mogensmu MI3, HO OHM yKa3bIBatoT, YTO YMEHbLLEHWE MArHUTHOTO
MOMeHTa Habnopaetcs B TeveHue yxxe 2500 net [5].
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Nmetowwmecs B HacTosiLee BPeMs JaHHbIe O AMHAMUKe MaBHOMO MarHUTHO-
ro nons 3emMnn Noka3blBaloT SIBHblE NPU3HAKW HaYaBLUerocs npowecca nepe-
MOMCOBKM (UMK, MO KpalHelh Mepe, 3KCKypca) MarHWTHOro nonst 3emmu.
YMeHbLLeHne ANNONbHOro MOMEHTa npu 06I.L|,eM COXpaHeHnn ero Hanpaene-
HUA 1 eLé 6onee ObICTPLIA POCT MYMBTUMONBbHBIX MOMEHTOB CBUAETENLCTBY-
0T B NOAAEPXKKY OAHOro 13 TpeX BO3MOXHbIX MEXaHM3MOB NepenositoCOBKA.
Mpy coxpaHeHWM Temna yMeHbLUEHWs] MAarHUTHOTO MOMEHTa loboBas Touka
okaxeTcs BHYTpu MarHuTocepsl nocne 3000 r. u marHuTochepa nucHesHeT
k 3600 r.
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NOUCKW BO3MYLWEHWA BEPXHEN
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CunbHble METEOPONOrMYECKMe BO3MYLLEHNUS B aTMocdepe, COMpPOBOXAaAt0-
LuMecs reHepaumei BOfH 1 TypOyneHTHOCTH, MOTyT OKa3blBaTb BIMSIHME Ha
nnasmy moHocepbl U reoMarHuTHoe none. [ns nomcka aTux apekToB Mbl
MpOaHanManpoBanu faHHbIe 3MEeKTPOMAarHUTHbIX U Na3MeHHbIX N3MEPEHM
Ha Hu3koopbuTanbHbix cnyTHMkax SWARM wn MexayHapogHoi Kocmuue-
ckon CtaHumm (MKC). Mo gaHHbiM SWARM obHapyxeHbl KpynHoMaclTab-
Hble (Mopsiaka COTEH KM) BO3MYLLUEHMS Mria3Mbl C amMnauTygaMu 4o NepBbixX
LECATKOB %, KOTOpblE NMPEAMoNoXUTENsLHO BbidBaHbl BB, BO36yxgaemMbiMu
TandyHom. MNpu nponete MKC B6nm3au TandyHa Hagupit 2014 r. 3apervuctpu-
POBaHO Pe3Koe yCUneHne MHTEHCUBHOCTU (OnyKTyaLmMin 3neKTPUYECKOro nons
1 MOTOKOB Mna3mbl B AnanasoHe o 400 'y. Bo Bpems nponetoB SWARM Hag
MHTeHcMBHOM hason TandyHa VongFong 2014 . 3aperncTpMpoBaHo Hannyue
B BEpXHeN MoHOCcepe «MarHUTHOM psiduny» — pryKTyauuii Manon aMmnanTygbl
(0.5-1.5 HTn) ¢ npeobnagaroLwym NeprMoaoM OKOMO HECKONbKUX AECATKOB ce-
KyHZ, BbI3BaHHON MeNKoMacLUTabHbIMW NPOLONbHLIMU TOKaMMU.
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B HEBECHbIX TEJIAX OT MPOCTPAHCTBEHHO
PA3OENEHHBLIX ACTOYHUKOB
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popovaep@ifz.ru

KIIOYEBBIE CJIOBA
MarHuTHoe forne, AnHamo-BonHa, ConHLe, CoNHeYHas akTUBHOCTb

HabntogatenbHble AaHHble NOKa3bIBAKOT, YTO COMHEYHas LMKNMYeckas akTuB-
HOCTb UMEET CIOXHYK CTPYKTYpY, Hanpumep, 22-neTHWi, KBa3UABYXIETHUNR,
7-NeTHW, BEKOBOW LWKNbI (Umkn Msancbepra), neprognmyeckn BO3HMKaKoLWme
pa3 B HECKOMNbKO COTEH NeT rnobanbHble MuHUMYMbI [1-3]. B [4] 6binm npoa-
HannaMpoBaHbl hoTOMETpUYECKMe AaHHble 3Be3dbl HR 1099 3a rogbl 1975—
2006, v yganoch BbISIBUTb [Ba LKA aKTMBHOCTW C nepuopom 15-16 net u
5.3+0.1 roga. Takue faHHbIe MOryT yKa3blBaTb Ha TO, YTO B 3TUX HEBECHBIX Tenax
BO3MOXHa reHepalLysi HECKOMNbKMX PasnnyHbIX BOMTH MAarHUTHOM aKTUBHOCTM.

B paborte [5] 6bina npeanpuHaTa nonbiTka CBA3aTb OAHOBPEMEHHOE Cylle-
CTBOBaHME HECKOMbKUX LMKNOB MarHMTHOM akTnBHOCTM ConHua ¢ reHepauu-
€l HECKOMbKMX HEe3aBUCUMBIX AMHaMOo-BOMNH Napkepa. B kavecTBe npumepa
Oblna YMCNeHHO peLleHa 3agada AnHamo CO CIOUCTON CTPYKTYPO KOHBEKTUB-
HOW 30HbI (OBa cnos) conHuenogobHoro oobekTa. Kaxaplii croi xapaktepuso-
Baricsl onpegeneHHbIM 3HadeHneM koadpdmumneHTa TypOyneHTHon anddyaum
MarHUTHOrO nons. ABTOpbI MOKasanw, YTo Npy OCTaTOMHOM Pasnnyunm Mexay
koahpuumeHTamm TypOyneHTHON anddpy3um B Crosix, B KaxO0M U3 HUX MO-
XET reHepMpoBaThbCs CBOSI AUHAMO-BOIHA.

OpHako, BONpoC O CTPOrOM aHanuTUYeckoM UCCRefoBaHUM 3adaqn O cylue-
CTBOBaHMMW HECKOMbKMX BOMH A0 CYX NOP OCTaBancs OTKPbITbIM. Lienbto gaHHom
paboTbl ObINO NOKa3aTh, YTO CYLLECTBYET KMACcC TOYHbIX aHANMUTUYECKMX peLle-
HWUI B 3a4a4e O reHepaumn HECKOMbKWX HE3aBWCUMbIX AWHAMO-BOMH Ha mpw-
Mepe NI0CKON 3ajayu ¢ ABYMSI UCTOYHMKaMKM reHepauuu. B gaHHon pabote
A5 NOCKOro Cos aHanMTUYECKV NoKasaHo, YTO B Cryvae NpoCTPaHCTBEHHO
pasgeneHHbIX NCTOYHUKOB reHepaLMm MarHUTHOro nons B HeGeCcHOM Tene BO3-
HWUKAKOT BOMHbI C Pa3HbIMM YacTOTaMu, 3aBUCALLMMM OT IM3NYECKMX NapaMe-
TPOB UCTOYHUKOB («AMHamo-uncen»). Kaxgas u3 BOMH Npu 3TOM B OCHOBHOM
B3aMOAENCTBYET CO CBOMM WCTOYHUKOM, @ CTeNeHb B3aMMHOMO NepeKkpbITUs
BOJTH YMEHbLUIAETCH C YBENWYEHNEM PaCCTOSHUA MeXZy UCTOYHUKamm [6].

Pab6oTa BbinonHeHa npu noaaepxke PH®: rpaHt N 16-17-10097.
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B MexnnaHeTHON nnas3me CyLEeCTBYHOT HEOAHOPOZHOCTM, TypOYNeHTHOCTD,
BOJTHbI Pa3fIMYHOM YacToThl, KOTOPbIE MOTYT MPUBOAWTb K 3HAYUTENbHLIM Ba-
puauusM HanpasneHWst BEKTOPA MEXNIAaHETHOr0 MarHutHoro nons (MMIT),
B TOM Y/CMIE W K €r0 pa3BOpOTYy MEPNEHAUKYNAPHO MOTOKY COMHEYHOro
BeTpa (CB).

B gaHHOM paboTte Mbl NbiTaemMcst HaNTK NpsiMble CBUAETENbCTBA CBA3W Bapu-
auun amnnutygel Pc3 ¢ MI-eonHamm B CB, B nepByto ovepeb C anbBeHOB-
CKMMW BOMHaMW, KOTOPbIE BbI3bIBAKOT U3MEHEHUs opueHTauumn Bektopa MMIT.
Ha npumepe OByx AeCATKOB 6-4aCcOBbIX MHTEPBANOB HabMIOAEHNS reOMarHuT-
HbIX Mynbcauun Tna Pc3 npoaeMOHCTPUPOBAHO BO3AEUCTBUE WU3MEHEHUN
HanpasneHms MMM Ha amnnuTygy nynbcauuii (achdpexkt Tpowukor—Bonb-
wakoBoii [1]. MNMo3aHee HalaeHHbI 3dhdekT Obin MHTEPNpPeTUPOBaH [2] B pam-
Kax runotesbl 0 BO30YxaeHun nynbcauuin Pc3 nepes )poOHTOM OKOMO3EMHOW
YOAPHOW BOJHbI 33 CHET HEYCTOWYMBOCTU MOTOKA OTPaXEHHBIX OT hPOHTA KO-
HoB [3]). [Moka3aHo, YTO MCTOYHMKOM M3MEHEHMI KoHycHoro yrna MMIT yacTto
SIBMNAOTCS anbBEHOBCKME BOMHbI, pacnpocTpaHsiowymecs B CB. Insg aHanusa
NPUBNEKanncb W3MEPEHNsI reOMarHUTHbIX NynbCaunii Ha CPEHELUMPOTHOW
obcepBaTopum Y3yp 1 Ha Tpex KOCMUYECKMX annaparax 3a npegenamm okomno-
3eMHOWN YOapHOW BOSHbI.

PesynkTaThl CBUOETENBLCTBYIOT, YTO BMSIHAE OKa3blBalOT /ULLb BOMHbI C Ne-
progom 6onee 40-60 MMH B HEMOABMXHOW OTHOCUTENIbHO 3eMnu cucTeme
koopauHat. AnbBeHOBCkas TypOyneHTHOCTb ©onee BbICOKOW 4acTOThl He-
KOrepeHTHa, konebaHusi HOCAT XaoTWYECKUMA XapaKTep, He COrfacoBaHHbIN
no amMnimUTyae 1 hase HYU Mexay CNyTHUKaMK, Hi C BapuaumsiMin aMnnnTyabl
Pc3. B oTaenbHbIX crnyyasx Mogynaums aMnautyabl Nynbcauui oka3blBaeTcs
CBSI3aHHOW C MPOXoxAeHneM rpanupl cektopa MMII. OueHka HanpaeneHus
pacnpocTpaHeHus aribBEHOBCKMX BOSH MOKasana, Y4To MPevMyLLECTBEHHO
OHW pacnpocTtpaHstotcs oT ComnHua, HO HopMarnu BOMHOBbLIX (DPOHTOB MOTYT
OTKNOHATECS OT MuHUKM ConHue-3emns. [NpuBeaeHa CTaTUCTUKA OCHOBHbIX
CBOMCTB KomnebaTerbHbIX CTPYKTYP B MEXMIAHETHON cpeae, 0BHapyXeHHbIX
HaMu B nepuoa HabnoaeHui.

OGHapy»eHve CBSi3M BONMHOBOM akTUBHOCTY B CB ¢ Mogynsauuen amnnnTygb
HabnogaeMblX Ha 3eMre reoMarHUTHbIX nynbcauuin Tuna Pc3 BbicBeunBaeT
[OMNOMHUTENbHBLIA 3NeMeHT O0OLLEN KapTUHbI CONHEYHO-MarHUTOCGepHOro
B3aVIMOZENCTBUS: BO3AENCTBME albBEHOBCKMX BOSTH CB Ha pexum reomarHnT-
HbiX YHY konebanun B guanasoHe 10-100 mlu. Ecnn nmets B BUAY 4TO, NO
BCEN BUOWUMOCTU, 3TN allbBEHOBCKWE BOJIHbI UMEKT CBOUM UCTOYHUKOM Kone-
BaHus conHeyHow dhoTocdepbl [4—7], MOXHO cumMTaTh, YTO OBHapyxeHa eLle
OfHa HNTb, CBA3bIBAKOLLLAA Hally niaHeTy C COJ'IHLleM.

Pabota BbinonHeHa npu nopaepxke rpaHtoB POOU  NeNe 16-05-00056
1 16-05-00631.
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PaccmoTpeHo BO3MOXHOE BrusiHUE (DOTOCHEPHBIX MATUMMHYTHBLIX Koneba-
HUN Ha WOHHO-LWKIOTPOHHbIE BOMHbI B COMHEYHOM BeTpe. Mbl ncxogum us
NPEANONOXEHUs, YTO 3TW BOJHbI UCMbITHIBAKOT MOAYNALMIO C XapakTepHbLIM
NepMogoM NATb MUHYT MOA BIUSIHWEM BOSTH ANbBEHA, BbI3BaHHbIX OBUMKEHM-
amu dotocepbl. Teopus npeackasbiBaeT rnyOoKy YacTOTHY MOAYMSLMIO.
Oxwupaetcsa Takas MoZynsiLmst rmaBHbIM 00pa3oM M3-3a M3MEHEHUSI OpUEHTa-
LMW NIAHUIA MEXMIIAaHETHOrO MarHWTHOIO MOSIsl, KOTOPbIE, B CBOK O4ePefb, Bbl-
3BaHbl afibBEHOBCKMMU BOMHAMK, pacnpocTpansiowmmmcs ¢ ConHua. Ytobbl
MPOBEpPUTb TEOPETMYECKME MPEACcKasaHus, Mbl MpOaHanM3vMpoBanu 3anuncy
YNbTPaHN3Ko4acTOTHbIX (YHY) reoanekTpomMarHuTHbIX BOSTH B MOMCKax nepma-
HEHTHBIX KBa3VMOHOXPOMAaTUYECKKX KonebaHUin eCTECTBEHHOTO NPOUCXOXae-
Hus B AnanadoHe Pc1-2 (0.1-5 L), Hecywast YyactoTa KOTOpPbIX M3MEHSIeTCA
CO BPEMEHEM B LUMPOKOM UHTepBarne 3HaueHwit. B peaynsrate Mbl 06Hapyxu-
M TaK Ha3bIBaEMYIO CEPMEHTUHOBYIO amumccunio (SE), koTopas Habnoganach B
AHnTapkTae Ha ctaHuum Boctok B6nunam KOxHoro reomarHutHoro nosntoca. [lo-
CTOSIHCTBO, AMana3oH 4acToT, v rmybokas yactoTHas mogynsaums SE cootset-
CTBYET Ka4yeCTBEHHbIM CBOMCTBAM VOHHO-LIMKIIOTPOHHBIX BOMH B COSTHEYHOM
BeTpe. B KoHTeKcTe 3TON paboThl 04HOM K3 BaXKHLIX 0cobeHHOCTEN SE aBns-
€TCS YETKO BbIpaXXeHHas MATUMUHYTHAs MOAYNAUMUS YacToThl. [okasaHo, 4To
5-Mu1HYyTHas mogynsaums Hecylen yacToTbl SE sensetca Hanbonee xapaktep-
HOM 1 YCTOMYMBOW B CekTpe amuccun. KonebaHus 4actoTbl ¢ Takum nepuo-
[OM MPUCYTCTBYIOT NPY YMEPEHHO-CMOKONHOW reOMarHUTHON BO3MYLLEHHOCTU
(Kp=0-2) npumepHo B 70% oT 0bLero BpemeHn HabnoaeHus SE. B cnekTpe
MOLLUHOCTW Moaynsumm SE, nonyyeHHOM mocrne MOnMKCENbHOM OLMGPOBKM
MCXOOHON COHOrpaMMbl CUrHana, OTYETIIMBO BbIAENSAETCH MUK Ha nepuogax,
Onmskux kK 5 MuHyTam. Mpn OeTanbHOM W3YYeHUM HaWgeHO COOTBETCTBUE
CMeKTpa aMuccun CnekTpy KopoTkonepuogHbix konebanun ConHua. Ha oc-
HOBE pe3ynbTaToB NPOBEAEHHOMO aHanm3a 4enaeTcs BbiBOA, YTO MOZYMSLMIO
HecyLLen YacToTbl CEPNEHTUHHON AMUCCUM C MEPUOLOM 5 MUHYT MOXHO pac-
cMaTpuBaThb Kak OTpaxeHue konebaHuin B hoToctepe C TEM Xe NepuoaomMm,
XapaKTepHbIM Anst cOOCTBEHHbIX konebaHun ConHua.

Pabota BbinonHeHa npu nopaepxke rpaHToB POOU  NeNe 16-05-00056
n 16-05-00631.
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MOZENM MarHnTocepbl, BO3MYyLLAKOLME YHKLUMM OBYCMOBMNEHHbIE BIIUSHEM
CXaTus NnaHeTbl U BNUSHUEM TPETLETO Tena

BBEOEHUE

Hayano moei TpynoBoi OesTenbHOCTM (Mocrne OKoHYaHust mexmata MIY)
coBnano ¢ Hayanom Kocmuueckon apbl. B ceHtsabpe 1957 roga a nonyuuna
pacnpepenenve B n/s 2427, HeliHe HIL Astomatvku v MprubopocTpoeHus
um. akag. H.A. MNuniornHa. Mosi nepeas pabota B otaene Hanwyns 6bina ces-
3aHa C ynpaBreHVeM OBUXEHUEM PaKeTbl-HOCUTENS MpU 3anycke KOCMUYe-
CKVX anmapaToB, a 3anycK NepBOro MCKyCCTBEHHOro cnyTHuka 3emmu (MC3)
4 oktabps 1957 roga 6bin «60eBbIM KpeLLeHneMy Ans BCEX, KTO UMEN OTHO-
LUEHWE K 3ToM 00nacTn AesTENbLHOCTY.

B 1961 rogy s nepeluna Ha paboty B LIHW/maww (torga ato 6bin HAW 88, Bo3-
rnaensiembli I A TionuHbIM, a 3atem KO.A. Mo3xopuHbiM), a B koHue 1968 roga
nepewwna B VKK AH CCCP, B Tonbko 4To co3gaHHbin otaen MN.E. Onbscbep-
ra. Onmpasicb Ha onbIT paboTkl, HAKOMMEHHbIN B NPeablayLLMX OpraH13auusx,
A npegnoxuna paspabotaTb YHMBEPCANbHYO NporpamMy Ha s3bike dopTtpaH
ans pacyérta asmxeHus MC3 ¢ y4EToM pasnnyHbIX BO3MYLLAOLMX (haKTOPOB
1 4NS1 HABUraLMOHHOTO COMPOBOXAEHNST KOCMUYECKUX AKCMepUMeHTOoB. Onu-
caHue nporpammHoro komnnekca OPBUTA nosisunock B 1976 rogy, a oyHKLu-
OHMPOBATb 3TOT KOMMNIEKC HaYan paHbLLe.

B Havane 1981 ropa MM.E. nepegan mMHe pUCYHOK, CAenaHHbIN B YeLlickom
AcTpoHOMUYECKOM VNHCTUTYTE, Ha KOTOPOM Ha Lukane BpemeHn 1972-1985 rr.
ObINO NPeaCTaBMNEHO BPeMs CyLLeCTBOBaHUSA CryTHUKOB cepun «[TPOMHO3»
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puc. 1. SsontoLys NepurernHoro paccTosiHUs 1 Bpemst 6annmncTieckoro CyLecTBoBaHUs opomT
KA cepuu MporHos n opbutsl KA Cnektp-P
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(ot Ne1 go Ne7). Ha puc. 1 nokasaHa aHanoruMyHasi kapTuHKa Ans BCEX
cnyTHukoB cepum NMPOMHOS3 (o1 Ne 1 go Ne 12) n nporHo3 BpeMEHM cylie-
ctBoBaHus cnytHuka CMEKTP-P (3anywenHoro B 2011 rogy). Bece cnyTHuku
MPOIMHO3 paHo MM No3gHO 3akaHyMBanm cBoe 6annucTUieckoe CyLecTBo-
BaHWe coyaapeHuem ¢ 3emneit. 3ameTmB Mol nHTepec, N.E. ckasan: «Xotute
3aHATbCS NpobnemMon 6annMCTUYECKOTO CYLLECTBOBaHUS CMYTHUKOB? YYTuUTE,
3TO OYeHb TPyAHas 3ajavay.

[enctautensHo, 3agava Bbibopa gonroxusyLwmx opout NC3 meHs oyeHb 3a-
MHTEpecoBarna, Ho BCEPbE3 3aHATLCS €10 MHE MPULLIOCh TOMNLKO CNyCcTs ABad-
uatb ner, korga N.E. yxe He GbINo B XUBbIX.

CUTYALMOHHbIN AHANK3

B T0 Bpemsa MeHs nornmowiana obnacte UccrnegoBaHui, KOTopas HasblBanach
«CUTYaLMOHHBIN aHanm3ay. B kayecTBe 0ObEKTOB CUTYaLMOHHOTO aHanu3a pac-
cMaTpuBanCb MOZENM Uccrnenyembix 0bractei KOCMMYeCKOro MPOCTPaHCTBa U
mogenu asmxeHus NC3. 3agaven cutyaLmMoHHOro aHanmaa SBnsanock uceneno-
BaHMe B3aVIMHOTO MOSIOXKEHNST SBOSHOLMOHMPYOLWMX opouT NC3 1 nsyyaembix
obnactel. IHTepecHbIM 0GBEKTOM CUTYaLIMOHHOTO aHanu3a crana Mogerb Mar-
HUTOCEpbl 3emnu, a 0bnacTbio NPUNOXEHNS — KCNepuMeHTbI Ha BopTy NC3
MNMPOIHO3-7,-8, npoektol MHTEPLLOK, MHTEPBOJ1. HekoTtopble pesynbrathl
CUTYaLIMOHHbIX MCCNEQOBaHWIA ObiNy onvcaHbl B NpenpuHTe [1], a n3noxeHHble
B 3701 paboTe NpuHLMMbI Bbiny MCNomNb30BaHbI NpY BbIGope opbuT 1 NnaHupo-
BaHUM 3KCMEPVUMEHTOB B MHOrocnyTH1koBoM npoekte MHTEPBOJT. YyacTteys B
pasnnyHbIX NpoeKTax, f, Mexay Aenom, B 1989 rogy 3awwmtuna KaHauoaTcKyto
AvccepTtaumio Ha Temy: «[TpuMeHeHue cuTyaumoHHoro aHanmsa op6ut KC3
npwv NIaHUPOBAHWUMN SKCNEPUMEHTOB KOCMUYECKON (hrankny». a B 1996 rogy MHe
Obina NpucBOeHa AOMKHOCTb CTAPLLErO HAYYHOMO COTPYAHMKA.

Hesagonro po 3anycka Ha opbuTy nepBoro M3 ChyTHWMKOB NpoekTa
WHTEPBOIT (MPOIrHO3-12), bnarogaps ycunusm Pasunsa PaBunbesnya Ha-
anpoBsa, B MKW cTtan cyHKkumoHmpoBaTb nHTEPHET. Ha cepeepe VKW cpasy
Obin oTKpbIT canT npoekta MHTEPBOJ, Mbl 66K roTOBbI K 3TOMY COObITHIO
1 O4eHb CKOPO Hayanm nomeLLaTb Ha 3TOT canT opbuTanbHy MHMOPMAaLMIO.
Korga pabota no HaBuraumoHHomy obecneveHumio npoekta MHTEPBOJT Bbina,
B OCHOBHOM, HanaxeHa, NOAAEPKKY U SKCMnyaTauuio 3TUX nporpaMm B3sna
Ha cebs Hapexpa lNMaBnosHa bensieBa, U genana 310 YETKO, CO CBOWCTBEH-
HbIM €1 MeJaHTU3MOM.

B npouecce nonétHomn ctagum npoekta MiHTepbon no nHMUmMaTBe MexpyHa-
poaHoro komuTeTa IACG (Inter Agency Consulting Group) /ISTP (International
Solar-Terrestrial Physics Science Initiative) 6bina opraHusoBaHa nepBas
MexayHapogHas Kamnanus Tail campaign 1, B KOTOpOW NpuHMManu yyactue
NHTepbon-1 n Geotail ISAS (Institute of Space and Astronautical Sciences,
Japan)/NASA. Btopasi MexayHapoaHas kamnaHus Obina opraHusoBaHa IACG
B cepeanHe 1997 roga. Heobxogumasi ons KOOPAMHWPOBAHHBLIX M3MEPEHUI
HaBWraunoHHas wuHgopmaums nomelwanace Ha cante NASA GSFC SSC
(Satellite Situation Center of the NASA Goddard Space Flight Center), a Takke
Ha caiiTax ApYrMx y4acTHNKOB KaMnaHuu, B TOM Yucne, Ha caite IKI SSC.

Mocne 3aBepwennst muceun MHTEPBOJ, Ha ocHoBaHWM OnbiTa, NPUOBPETEH-
HOro B Mpouecce NnaHMpPOBaHWS MHOTOCMYTHUKOBbLIX KaMmaHuid, NosiBunach
HacyLLHas NoTpeBbHOCTb NepecMOTPETb NPUHLIMM MOCTPOEHWs 6a3bl HaBWraLm-
OHHOW MHGOPMaLMK, NPUMEHSBLLMIACS B nNporpaMmHoM Komnnekce OPBUTA,
1 nepecTpomnTb 3Ty 6asy Ha HOBbIV naa. [nsa atoro B 2000 rogy 6610 co3gaHo
[OMNOMHUTENbHOE NporpaMmHoe obecnieveHne Multi-missions Situation Analysis
Tool (MMSAT). 310 MaTematnyeckoe 0becneyeHne YCnewHo KUCnonb3ayeTcst
ANs HaBuraumoHHoro obecneyerus npoekta PLAZMA-F Ha KA SPECTR-R
(http://ftp2.plasma-f.cosmos.ru/orbit/campaign/p_pf flg/camp1.htm) n moxet
ObITb NErko aganTMpoBaHO ANS HABUrALMOHHOTO COMPOBOXAEHMS HOBbIX MUC-
Cuin B 0bnacTu CONTHEYHO-MarHUTOCqEPHON PU3NKM.
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TonbKo nocne aToro y MeHs nosiBuiacb BO3MOXHOCTb NMPaKTUYECKN 3aHATLCS
npobnemoi BpemeHn Bannuctuyeckoro cywectsosanus MC3. Moe Bo3Bpa-
LeHne K aTon npobneme coBnano ¢ 3asepernem k 2000 rogy BpeMeHM
6annmncTMYeckoro CyLlecTBOBaHWS CMyTHUKA «XBOCTOBOW 30HA» MpOeKTa
WHTEPBOI/1, n pykoBOACTBY MpoOeKTa O4eHb XOTENocb Hamtu cnocob cna-
CTW 3TOT CMYTHWK OT ero Hen3bexHoro coygapeHus ¢ 3emrnei, UCnonb3ays
ABUraTeny opueHTaumMmn u octatku Tonnuea. HO U3 3TOW 3aTen HUYero He
BbILLMO, ¥ TOr4A BCEM CTafio MOHATHO, YTO AN NAcCUMBHOM OpbuThl Bpems
HannmncTMyYeckoro CyLecTBOBaHNS OnpeaenseTcs HavyanbHbIMW 3Ha4YEHNMK
opbutanbHbIX 31IEMEHTOB, COOTBETCTBYIOLLMMW MOMEHTY BbIXOAa CMyTHUKA
Ha ero opouTy.

TEOPUA NIUOOBA-KO3AMU (TIIK)

HakoHeL, nosiBunacb BO3MOXHOCTb COCPEAOTOMUTLCS Ha 3adade O BPEMEHM
HGannucTmyeckoro CyLleCTBOBaHUA CNyTHUKA, KOTOpaa CBOAUTCA K U3YHEHUIO
MHOroo6pasuii HauyanbHbIX YCIOBWIA, NPUBOLSALLMX (UMK He NPUBOLSLLMX) K CO-
yOAPEHUIO CMyTHUKA C MIIAHETON B CMYTHWKOBOM BapuaHTe ABYKpaTHO-0Ccpesa-
HEHHOW OrpaHNYeHHO 3adaumn TPEX Ten.

B pesynerate yganoch yaenuTb BHUMaHWE Ka4eCTBEHHbIM METOAAM Teopum
JInpoBa-Kosaun Ha ocHOBaHMM onbITa NpUMeHeHUs 3Tor Teopumn B CONHEYHOM
nnaHeTHoM cucteme. Kak n3BecTHo, Npy paspaboTke aTUX MeToAoB B pabo-
Tax Jlngosa n Kosan Gbirio BbINOMHEHO pasnoXeHWe BO3MYyLLAKLEN (IYHK-
LMK OrpaHNYEeHHON 3adayn Tpéx Ten (3agaym Xvnna) B psg no nonvHomam
NexaHgpa. [Janee, nyTém ocpegHeHus Bo3MyLLatoLen YHKLWUKU, COOTBET-
CTBYIOLLEN MEPBLIM TPEM YNEHAM 3TOTO Pa3fOXEHWS, MO NEPUOAAM BO3MY-
LaoLLEero 1 BO3MYLLAEMOr0 Tefla OTHOCUTENBbHO LEHTPanbHOro Tena, bbina
nonyyeHa BMOMHE UHTErpupyemast cuctema ypaBHEHWI, KOTOpast ONMUCbIBAET
BEKOBYH) COCTaBIAIOLLYH0 3BOMOLMM OpOWTBI Manoro tena nog BrAUSIHUEM
BHELUHUX rPpaBUTALMOHHBIX BO3MYLLEHWIA. [1pn 3TOM, cnefyeT OTMETUTb, YTO
Teopusi JInpgoBa-Ko3an HOCUT Ka4eCTBEHHLIN (NMpUONIKEHHbIN) XapakTep, no-
3TOMY 3Ty TEOPUIO CrieayeT MPUMEHSTb AN MCCNeaoBaHUs QVHAMUKK, a Tak-
Xe ans Belbopa opbuT, MCXOAS M3 3aJay MPOEKTOB, HO He ANS YUCMEHHbIX
pacyéEToB.

B 2001-2002 ropy B xypHane Kocmuueckue Wccnegosanusi Obinu onyonu-
KoBaHbl 4 cTaTby, CodepXaline HeKoTopble pesynbraThl, @ MTOrOBOW CTana
nyonukaums [2]. EcTecTBeHHbIM NMPOAOIMKEHMEM CTano uccnegoBaHve 6an-
NUCTUYECKOrO CYLLECTBOBaHWS CMYTHWKOB B CMELLUAHHOW 3ajaye, C y4eToM
BO3MYLLEHMWIA, 00YCINOBMEHHbIX CXaTUEM MIAHETbI U BWSIHUEM TPETLETO Tena.
3TV uccnefoBaHUsA MPUBENM K BBEAEHWIO MOHSATUSA MaHETOLEHTPUYECKON
rPaBUTALMOHHON chepbl OMUHUPYIOLLErO BAMSHWUS BO3MYLLEHWUI OT CXaTus
nnaHeTbl Hag BO3MYLLEHUSMU OT BHELLHWX Ten. B HacTosLee Bpems no aTon
Tematuke onybnukosaHbl pabotsi: [3], [4].

3AKJTIOYEHUE

Mpu aToM He cnegyet 3abbiBaTh M 0 HEOOXOAMMOCTY Nepegadn HOBOMY Mo-
KOMNEHWI0 OMbiTa, CBA3aHHOIO C CUTYaLMOHHBIMW UCCnefoBaHmaMu. [ns atoro
3agymaHa cepust nybnukaumi, nepsasi 13 Kotopbix Bbiwna B 2016 rogy [5].
Wnntoctpaumeii k aTon paboTte siBnstoTcs puc. 2 u 3.

B nocnegHve rogbl nccnenoeaHus avHamukun Teopust Jlngosa-Kosau (TJIK)
Momnyymny HoBbIM NOBOPOT. CTano MoHATHO, YTo Teopus TIIK moxeT ObiTb
BoCTpeboBaHa B kayecTBe MHCTPYMeEHTa B 6onee WMpOoKMX 06nacTsax Hayku:
B 9K30MMaHETHbIX CUCTEMAX B MEX3BE3AHOM NPOCTPAHCTBE BHYTPY ranakTuku
MneyHbIi MyTb, @ TakKe B MeXranakTM4eckoM NpocTpaHCcTBe. JTO 3acTaBuiio
eLLé pa3 NepeoCMbICIUTL AMHAMUKY M OCOBEHHOCTU KayeCTBEHHbIX METOAOB
Teopun BO3MYyLLeHWIA. PesynbtaThl onybnukoBaHbl B cTatbe [6].
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puc. 2. MNonoxeHune B aknunTu4eckomn cucteme koopanHat OXYZ opbutanbHoro Topa,
o6pa3syemMoro ceMemcTBOM OPOUT C yka3aHHbIMU Ha PUCYHKE 3HAYEHUSMU YETLIPEX
opbuTanbHbIX aNEeMEHTOB B AKBaTOpUanbHoOM cucteme koopanHat Oxyz v cBoBoaHbIM
3HaYeHnem Qcq

a) nokasaHo ceveHne opbuTarnbHoOro Topa nnockocTbio OYZ SKIMATUYECKON CUCTEMBI KOOPAMHAT
(coBnapatoveit ¢ nnockocTbto Oyz).

6) nokasaHbl NpoeKLMn opbUT paccmaTprBaemMoro CeMenCcTBa Ha NoCcKOCTb SKMMUMTUKK.
[nsa kaxzon opbuThl 3HaueHne cBobogHoro napametpa Qe (C warom 60°) ykazaHHO B TOUKe
anores. JTMHWSIMM KpaCHOTO LiBETa 3A€Ch W [janee nokasaHa HUCXOAsLLAs BETBb OpOMTHI,
npecekatoLas nnockocts OXy € ceBepa Ha Hor, a IMHUAMM 3eMEHOT0 LiBETa — BOCXOAALLAs
BeTBb, NepecekatoLas nnockoctb OXy ¢ tora Ha ceep

puc. 3. CeMenCTBO rofioBbIX OpOUTaNbHbIX TOPOB, COOTBETCTBYIOLLMX PA3NNYHBIM
3HaveHusM napametpa Qe

Kaxxpas n3 opbut paccmaTtprBaeMoro ceMeiicTsa onpeaensieTcs HaqanbHbIM 3Ha4YeHNEM
napametpa Qeq M 3aHUMAET CBOE NHAMBUAYaNbHOE NOMOXEHWNE B HEBpaLLaKoLLeincs
aKnMnTUyeckon cucteme koopamHat OXYZ. Bo BpaLlatoLencs ConHeYHO-aKNMNTUYECKo
cucteme koopauHart, ocb OZ KOTOpON NepneHAVKYNspHa NAOCKOCTY 3KAUNTHKK, @ OCb
OXse HanpaBsneHa Ha ConHue. Kaxpaas opbuta obpasyet cBoW MHAVBUAYANbHbIA FOf0BO
opbuTanbHbIi Top. [INs HEKOTOPbIX 3HaYeHwit napameTpa Qe (C Wwarom 60°) Ha pucyHkax
noKasaHbl Ce4EHUs rof0BbIX OpOUTaNbHBIX TOPOB NOMYAEHHO-MOTYHOYHON MIOCKOCTBIO,

a TaKke CeveHMs TOW e MNOCKOCTbI0 MOAENbHbIX MOBEPXHOCTEW yAapHOW BOMHbI

1 MarHuTonaysbl
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CPABHEHWUE XAPAKTEPUCTUK
TYPBYNEHTHOCTW NNA3MbI NMEPEQ
U 3AToONnoBHON YOAPHOU BONMHOU

J1.C. PaxmaHoBa, M.O. PsazaHueBa, IH. 3acTeHkep

®edeparbHoe eocydapcmeeHHoe brodxemHoe yypexdeHue HayKu
MHecmumym KocmMuyveckux uccriedosaruli Poccutickol akademuu Hayk
(MKW PAH), Mockea, Poccus

KITIOYEBBIE C/TIOBA

KOCMUYeCKasi nna3ma, COMHEYHbIA BETEp, MarHUTOCIOW, MarHuTocdepa,
TypOyneHTHOCTb

B3anmopelncTeBme COnHeYHoro BeTpa C MarHuTocdepon 3emnu npuBoguT
K (bopMMpOBaHMIO OTOLLIeLLIE YAAPHOW BOMHbI nepen marHutonayson. O6-
nactb Mexay yOapHOW BOMHOM U MarHUMTonaysow — MarHUTOCon — 3anon-
HeHa cunbHO Typbynu3oBaHHOW nnasmon. Jlo6oe BoO3MylLeHME MNa3Mbl
M MarHWTHOrO MONsi COMTHEYHOrO BETPA, Neped TeM Kak BO3Ae/CTBOBaTb Ha
MarHuTocepy, NnepecekaeT rorfoBHYK YAAPHYI0 BOMHY M MOXET npetepne-
BaTb W3MEHEHMWS NPW pacnpocTpaHeHun B TypOyneHTHOM MarHuTocnoe. Pa-
BoTa nocBslLeHa MCCNedoBaHWI0 XapakTepUCTUK TypOYNeHTHOCTU nnasmbl
B MarHWTOCII0oe Ha OCHOBe AaHHbIX npubopa BMCB Ha 6opTy kocMuveckoro
annapata Cnektp-P. Mpnbop namepsieT BENWMYMHY ¥ HanpasreHWe Npuxoaa
MOTOKa MOHOB C BPEMEHHbBIM paspeLueHnem 31 Mc, Y4TO No3BONSET Uccneno-
BaTb AMana3oH 4acToT, Ha KOTOPOM MPOUCXOQMUT MEPEXoq OT KNacCU4ecKow
MI TypbyneHTHOCTH K KMHETUYeCKOW TypByneHTHoCTU. Ha aTux maclutabax,
KaK npaBmI10, HabrnaaeTcs M3NoM YaCcTOTHOTO CMEKTPA: CMEKTP OMUCLIBAETCS
ABYMS CTEMEHHbIMW 3aKOHaMW, Npy 3TOM Ha Bonee HM3KUX YacToTax nokasa-
Tenb CTENEHN COCTaBnseT —5/3, YTO COOTBETCTBYET KOMMOrOPOBCKOWN MOAENU
TypOyneHTHOCTH; Ha ONpedeneHHON YacToTe MPOWCXOAWT M3MIOM CreKkTpa U
nepexop k 6onee BbICOKOMY MO MOAYIO NokasaTento creneHn. B pabote aHa-
NU3NPYETCS, KAaKOe BIIMSIHUE HA XapaKTepUCTUKM TYpOYNEHTHOCTU OKa3biBaeT
NPOXOXAEeHUe MnasMbl Yepes3 rofMoBHYK yAapHyl BOrHy. PaccmarpriBaetcs
3BOMIOUMS TaKMX NMApamMeTPoB, Kak MOLLHOCTb CriekTpa (hryKTyauui notoka
MOHOB, (hopMa CNeKTPa, a Takke HaKMoHbl cnekTpa kak Ha M, Tak 1 Ha ku-
HeTMYecknx maclutabax. [MToMUMO 3TOro aHanManpyeTcs, Kak U3MeHsieTcs BUA,
yHKUMM pacnpegenexns dnykTyaLumuin BENWYMHBI MOTOKA MOHOB NPY MPOX0X-
[€eHWe Yepes ronoBHY yYaapHYH BOIHY.

PaboTa BbinonHeHa npw nogaepxke rpaHta PH® Ne 16-12-10062.
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BIUAHUE OUHAMUYECKUX ABNEHUN
B CONNMHEYHOWN KOPOHE HA ®OPMWUPOBAHUE
TYPBYNEHTHOCTWU COJIHEYHOI'O BETPA

M.O PazaHueBa’, J1.C. PaxmaHoBa', I'H. 3acteHkep’, 0.U. Epmonaes’,
W.T. Nopkuna', 4. LladpaHkoBa?3, Hemeuek?, J1. Mpex?

' ®edepanbHoe eocydapcmeeHHoe bro0XXemHoe yypexoeHue HayKu
MHemumym kocmudeckux uccnedosaHull Pocculickol akademMuu Hayk
(MKW PAH), Mocksa, Poccus; orearm@gmail.com

2 Charles University in Prague, Czech Republic

KITIOYEBBIE C/TIOBA

KOCMMYeckasi nra3ma, COSHEYHbI BeTep, KOpOHarbHbIA BbIOPOC Macchl,
MarHuTHoe obnako, TypbyneHTHOCTb

Cuutaetcs, 4to TypOyneHTHOCTb B CONMHEYHOM BETPE CBOOOAHO pa3BMBaETCS
B NpoLiecce pacnpocTpaHeHMs NoToka nnasmbl o1 ConHua, 1 Ha opbute 3em-
nu HabnogaeTcs cnekTp (nykTyauuin, COOTBETCTBYHOLWMIA KonMoropoBckon
MOENM OOHOPOQHOW, M30TPOMHOW, Pa3BUTON TypOyneHTHOCTW C xapakTep-
HbIM HaKMoHOM —5/3 Ha WHEPUMOHHbIX MacluTabax. Ha macwrabax nopsigka
MOHHOTO rMpopaguyca MpoMCXOOUT YKpyYeHue crekTpa BCNeacTBue AWCCUM-
naummM SHepru YacTuy (T.H. ZuccunaTuBHBIA Maclwtab cnektpa). OgHako,
MPUCYTCTBKE B CONTHEYHOM BETPE ECTECTBEHHbIX rPaHuL, co3faBaemblX Kpyn-
HOMacLTabHbIMK CTPYKTYpamm COMHEYHOTO BETPA — MPOSIBMEHUSMU AMHAMK-
YECKUX SBINEHWI KOPOHbI COMHLA, YKa3bIBAeT Ha HEBO3MOXHOCTL CBOOOAHOMO
pa3BuTUs TypbyneHTHOCTU. B YyacTHOCTH, adhdekTbl caBMra cKopocTy BEIMaK
rpaHuL MOTOKa NpW nepexofe MeXAy PasHbIMU TUNaMu COMHEYHOro BEeTpa
MOTyT OKa3blBaTb 3Ha4YUTENbHOE BRMSIHWE Ha (DOPMUPOBaHME TypOYyneHTHOro
kackaga. B pabote npencraBneH aHanu3 CBOWCTB CMEKTPOB TYpOYNEHTHbIX
chnykTyaumii NoToka MOHOB COSTHEYHOrO BETpa BHYTPU PasfUYHbIX KpYMHO-
MacLUTabHbIX AMHAaMUYECKUX CTPYKTYP B CPABHEHUU C aHAnorMyHbIMU CBOM-
CTBaM/ B HEBO3MYLLEHHOM MEAJSIEHHOM COIHEYHOM BeTpe. MccnenosaHwe
HasvpyeTcs Ha n3amMepeHusix nna3meHHoro cnektpometpa BMCB Ha Gopty KA
CIMEKTP-P ¢ yactoton onpoca BnnoTb 40 32 'L, YTO NO3BONSET UCCNEA0BATh
CMeKTpbl yKTyaLuii B LUMPOKOM AnanasoHe MacluTtaboB B TOM YMCHe Ha K-
HeTuJeckmx Maclutabax. PaccmotpeHo 6onee 3000 cnekTpoB chnyKTyaLmi,
Habntogarowmxces, Kak B MeaneHHOM HEBO3MYLLEHHOM COMHEYHOM BETpe, Tak
M BHYTPW KpymHOMacLTabHbIX AMHAMUYECKUX SIBMEHUIA (COTMacHo Kartanory
Epmonaesa ftp:/ftp.iki.rssi.ru/pub/omnilcatalog/) Takux kak: EJECTA (mexnna-
HETHOE MPOsIBIIEHNE KOPOHanbHOro Bbibpoca macchl), MC (MarHuTHOe obna-
ko), SHEATH (obnactu cxatusa nnasmbl nepeq EJECTA n MC), CIR (obnactu
CXKaTWs Ha rpaHuLe BbICOKO- U HU3KOCKOPOCTHBIX MOTOKOB), @ Takke obnacty
BbICOKOCKOPOCTHBIX MOTOKOB M3 KOPOHarbHbIX AbIp). [ToKkasaHo, YTO HaKMoHbI
CMeKTPOB TypOYyNEHTHOCTM MOrYT CyLLECTBEHHO 3aBUCETb OT KpynHoMacLLTab-
HOrO TMNa COMHEYHOrO BETPA M 3Ta 3aBUCUMMOCTb Hanbonee YeTKo MposiBns-
€TCS Ha KMHETMYECKMX MacluTabax. Tak HaMMeHbLUVE MO MOAZYIH NoKasaTenu
HaKMOHOB CnekTpa HabnodaloTCs B CMOKOWHOM CONMHEYHOM BETPeE, TOrAa Kak
MaKcMMarnbHble N0 MOAYMI0 MOKa3aTenu HakMOHOB TUMWYHBLI ANnd obnacte
MC, SHEATH u CIR, 4To MOXeT yka3blBaTb Ha 60nee MHTEHCMBHLIE MPOLLECChI
AVccMnaLumnm, uayLinme BHYyTPY 3TUX CTPYKTYP. Takke oTMeyeHo, 41o ansg MC u
SHEATH nepep MC xapaKTepHO CUIbHOE HENMHENHOE YKpYYeHue crnekTpa
chnykTyauwii, Toraa Kak B ocTanbHbIX Cryvasx valle HabnoaaeTcs MMHENHBbINA
cnag. O6eyxgaeTcs BO3MOXHOE BIUSIHUE KpYNHOMacLTabHbIX CTPYKTYp con-
HEYHOrO BETPa Ha BO3HWKHOBEHWE B psifie Cry4yaeB OCODEHHOCTEN CneKTpoB
dnykTyaumit, HabnopatoLmxcs B 06nactu nepexoaa oT UHEPLMOHHBIX K AuC-
CUNaTMBHBIM MacliTabam.
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KAK CONHEYHbIA BETEP Y3HAET
U PEATUPYET HA HACTYNJIEHUE
YOAPHOW BOJIHbI OT 3EMJIN?

C.MM. CaBuH, J1.A. JlexeH

®edeparbHoe eocydapcmeeHHoe brodxemHoe yypexdeHue HayKu
MHecmumym KocmMuyveckux uccriedosaruli Poccutickol akademuu Hayk
(MKW PAH), Mockea, Poccusi; ssavin@iki.rssi.ru

Mbl npeacTaBnsieM gaHHble MNpoekToB «MHTepbon-1» un «Knactep», nokasbl-
BalOLLe Kak COMHEYHbI BETEp paccTynaetcsa nepen waywen k ComHuy ro-
NOBHOW yAapHon BonHOW. Bektop lMoiHTUHIra nokasbiBaeT nepBoHaYanbHOe
OBWKeHVe Bo3MyLleHus k ConHuy. BpemeHHoe paspelueHne He no3BonseT
ornpegenqTb BOTHOBYIO MOAY BO3MYLLEHWS HENOCPEACTBEHHO, HO TEOPETHYe-
CKW 9TO MOrYT ObiTb ObICTPbIE MarHUTO3BYKOBbIE U JaXe HEMNWHENHbIE anbBe-
HoBckMe konebaHnusi. Cpasy 3a apwxywmmces K ConHuy pOHTOM BO3HMKAKOT
nonepeyHble (Mo OTHOLWEHMIO K NMHUKM 3emns—CorHue) NOTOKW nnasmbl, yHO-
csLMe C MyTU HafBUratLLENCS YAAPHOW BOMHbI Na3My COITHEYHOrO BETpa.

OpHako, GanaHc MOTOKOB (MOMEpPEeYHOro WM NapannernbHOro OTHOCUTENbHO
HanpaeneHus Ha ConHue) He Bceraa cobntopaetcs. Torga nocne nepBoHa-
YanbHOTO BO3MYLUEHWS, NPEALecTBYIOWero yaapHoOW BoOmnHe, obpasyercs
Nna3mMeHHbIA Ny3bipb. Ero NoBbILEeHWe NNOTHOCTH cornacyeTcs ¢ AeuLnUTOM
MOoMepeYHOro NoToka.

Mbl CpaBHMBAEM HallW [aHHble C AaHHLIMU, MOMYYEHHBIMW MPU OBUXKEHU
marHuTonay3bl Hapyxxy. OHW OeMOHCTPUPYIOT aHanorM4yHoe noBedeHve, XoTs
B CMy4ae MeHbLUMX CKOPOCTeN BOMM3M MarHUTonay3bl MOXHO PasfnyuThb ro-
pasgo 6onbLue getanen.
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WCCNEOOBAHUE TOHKOW CTPYKTYPhI
®POHTA MEXMNJIAHETHbLIX YOAPHbIX BOJIH,
3APETMCTPUPOBAHHbLIX MPUBOPOM BEMCB

0.B. CanyHoBa, H.J1. BopogkoBa, I"H. 3acTeHkep

®edeparbHoe eocydapcmeeHHoe brodxemHoe yypexdeHue HayKu
MHecmumym KocmMuyveckux uccriedosaruli Poccutickol akademuu Hayk
(MKW PAH), Mockea, Poccus; sapunova_olga@mail.ru, nibor@mail.ru,
gzastenk@iki.rssi.ru

KNIOYEBBIE CJTOBA

COMHeYHbIN BeTep, yaapHasi BoriHa, pamr, konebaHust

Mo gaHHbIM NnasmeHHoro cnekTpomeTpa BMCB [1], ycTaHOBREHHOro Ha cnyT-
Huke CINEKTP-P nccnepoBanach ToHKasi CTpykTypa (opoHTOB MexXnnaHeTHbIX
YoapHbix BonH (MYB). CnekTpomeTp no3BONSET HENPEPLIBHO U3MEPSATb na-
paMeTpbl Nnas3mbl COMHEYHOTO BETPA C BbICOKUM BPEMEHHBIM paspeLLeHneM:
0.031 ¢ — gns notoka W HanpasneHus n 1.5 ¢ — gns ckopocTn, TemnepaTypsl
W KOHLEeHTpauuu [2]. 3TO NO3BONMIIO U3YYNUTb BHYTPEHHIOW CTPYKTYPY QOPOH-
Ta MYB — pamn, nogHoxwue, OBepLUyT, a Takke konebaHus kak nepes, Tak 1
3a pOHTOM. 3HauYeHMst MarHUTHOro nons Gbinu B3AThl co cnyTHUkoB WIND,
THEMIS-B/-C, CLUSTER C1-4. Mo 3TuM AaHHbIM ObInu NOCYMTaHbl OCHOBHbIE
napametpbl MYB (ux ctatuctuka npueegeHa Ha puc. 1) [3,4].
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puc. 2. CpaBHeHWe NapaMeTpoB, M3MEePEHHbIX MO AaHHbIM Ma3Mbl U MarHUTHOTO MOMS:
a) TONLWMHbI pamMna MEeXnnaHeTHON YAapHON BOMHbI
6) ANMTENbHOCTU onepexaroLLmx hpoHT konebaHwi
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[nuTenbHOCTL pamna n3Mepsach Kak no napametpam nnasmel, Tak 1 No Mo-
ZAynmio MarHuTHoro mons. Mcxogsa us gnuTensHOCTM U CKOPOCTM pacnpocTpa-
HeHNs (hPOHTOB, Obina BbIYKMCIIEHA TOMWMHA pamna, Nexallas B npegenax
ot 40 km po 600 km (puc. 2a). [inuHa onepexatoLmx KonebaHwii, Takke name-
peHHas aBymMsi cnocobamm, coctaBuna ot 70 oo 400 km (puc. 26). CpaBHeHMe
3HAYEHWI, BbIYUCNEHHBIX MO NapaMeTpam nnasmbl 1 N0 AaHHbIM MarHUTHOTO
rors, nokasaro XopoLuee COOTBETCTBME.

Pabota 6bina BbiNOMHEHa Npu YacTUYHON noaaepxke rpaHToB PO Ne 16-
02-00669 1 Ne 16-02-00125.
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NONAPU3ALUNOHHBIN OXKET: Y3KUE 5
U BbICTPbIE JPEN®bl CYBABPOPAIIbHOWU
MOHOCOEPHOM NNA3MbI

A.E. CtenaHoB', B.J1. Xanunogs?, U.A. l'onukos', E.[l. BoHaapb'

' MHcmumym kocmogbuduyeckux uccredosaHull U aspoHoMuU
um. 1O.I. LLlaghepa CO PAH, 677980, Skymck, Poccus;
a_e_stepanov@ikfia.ysn.ru
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MHemumym kocmudeckux uccnedosaHull Poccutickol akademuu Hayk
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KNIOYEBBIE CJIOBA

cybaBpoparbHas MOHOCKEepa, MONSPU3ALIMOHHDBIA [KET, TOPWU3OHTamNbHbIE
1 BepTvKanbHbIe CKOPOCTW Apeida, MepuanoHanbHas Lenodka CTaHLuM,
CTaTUCTUYECKME UCCTIEN0BaHNS

dusnyeckue sBneHNs, npoucxoasiume B cybaBpopanbHON 30He, AABHO SBMS-
loTCA NPEeAMETOM MHTepeca MHOTMX uccregoBatenen. 3aechb HabnogatoTtcs
SIBMEHNS, OTCYTCTBYIOLLME UMW MEHEE BbIPaXEHHbIE HA APYrUX WKUpOTax, Ta-
ke, kak (hopmMMpoBaHue rmaBHoro noHocdepHoro nposana (MIM) B wupoT-
HOM pacnpefeneHnm aNeKTPOHHON KOHLIEHTPpaLMK, (POpPMMPOBAHME NOMSPHOW
cTeHkn TUI 3a cyeT BbICbINaHUA HU3KO-3HEPTMYHBIX 3MIEKTPOHOB Ha 3KBATO-
puansHon rpanuue auddysHbix BTopxkeHuid (ITOB), obpasoBaHue nposana
NErkMX NOHOB B BEPXHEW MOHOCEPE, NOSBNEHNE «OTOPBAHHbIX» AYr U NATEH
B (DOHOBOM CBEYEHWUW BEPXHEN aTtMocdepbl B BeyepHeM cektope u ap. OT-
[ENbHO OTMETUM €LLE OOHO SIBMEHWE, KOTOpoe HabmogaeTcs TONbKO B 3TOMN
30HE W SBNSETCS NPEAMETOM pPacCMOTPEHUs B HacTosLwen pabote. 310 — y3-
kue cTpym (MoTokm) BbicTpbiX CybaBpopanbHbIX MOHHBIX APendoB k 3anagy
BONM3M npoekumn nnasmonaysbl Ha BbicoTax obnactn F noHocdepsl, kOTo-
pble Hambonee 3aMeTHO NPOSIBMAOTCS BO Bpemsi cybOypb Ha hoHe KpymHO-
MaclTabHOM KOHBEKLMK Nnasmbl. ATO SiBIeHUe BnepBble Obino 0bHapyXeHo
rpynnon npoceccopa t0.W. ManbnepuHa no gaHHbIM cnyTHUKa «Kocmoc-184»
1 ObINO Ha3BaHO «NOMsAPU3aLMOHHbIM mkeTomy (M0, cm. puc. 1) [1]. Cnegom
Bblwna pabota, rae no AaHHbliM cnyTHuka «Atmosphere Explorer C» Takke
Habntoganvch yakue n GbICTpble ABKEHWS NNa3Mbl HA CyOaBpopanbHbIX LWK-
poTax [2]. ABTOpbI 3TO SIBMEHWe Ha3Banu «cybaBpopanbHbIM MOHHBIM Open-
dom» — SAID (SubAuroral lon Drifts). TepMUHbI «NONAPU3ALMOHHBIN SXKET»
n «SAID» [0 cuX Nnop SBASIOTCA CaMbiMU PacrpoCTpaHeHHbIMM Anst 0603Ha-
YEHW Y3KNX U BbICTPbIX MOTOKOB MOHOCHEPHO NMa3Mbl, HanpaBneHHbIX K 3a-
nagy, ¥ BCTpeYatoLLmMXcsi Ha cybaBpoparbHbIX WMpoTax.

B HacTosLen paboTe Ha OCHOBE aHan13a MHOMONETHUX MOHOCEPHBIX U3Me-
PEHWIN fienaeTcs NonbITka crcTeMaT3aLmm HabnioaeHN, BbIICHEHUS NMPUPOABI
chopmmpoBaHKs 1 PasBUTUS NOMSPU3ALIMOHHBIX MOTOKOB MasmMbl Ha Cybaspo-
panbHbIX Wupotax. OCHOBHOe cofepxaHue paboTbl COCTaBMSOT Pe3ynbTaThl

na Kocmoc-184, nponét 146N 03.11.67 .
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puc. 1. Pesynbratbl UaMmepeHuin ropuaoHTanbHoM CKOPOCTU Apeiida B CEBEPHOM U HXXHOM
nonyLuapusix no AaHHbIM cryTHUKa «Kocmoc-184» Ha Beicote ~630 kM. Criyyait peructpaumm
NoNsPU3aLMOHHOrO [IKeTa BblgeneH ronydbiM LIBETOM
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M3MepeHUst NONSPU3aLMOHHOIO AXKEeTa, NOMNyYeHHble Ha3eMHbIMU U CMYTHUKO-
BbIMM METOAAaMK, 3a YeTbIpe LMKNa CONHEYHOM akTUBHOCTU. HazeMHble nsme-
PEHWsI OCHOBLIBAKOTCH HA MOHOCMEPHBIX AaHHBIX FKYTCKON LENoYKM Mepuamno-
HarbHbIX CTaHUMIA, KyAa B pa3Hoe BpeMsl BXOAUIM Takue NyHKTbl HabnioaeHui
kak AkyTck, Xuranck, Tvken, bataran, 3bipsiHka, OMonoH v 0. KoTenbHbin. Mc-
MoMb30BanmMCh Takke AaHHble MOHOCAEPHbIX cTaHLmMn MypmaHcka, ApxaHrenb-
cka, Canexapga, MogkameHHon TyHrycku, Hopunbcka n Maragana.

M3yueHunto nonspusaumonHoro mxeta u SAID nocBsLLEeHO JOCTAaTOMHO MHOMO
pabot. OH uccnepoBasncs No CNYTHUKOBBIM U3MEPEHNSIM SMEKTPUYECKUX MO-
nen B noHocepe v MarHuTocdepe, U3MepeHnsm gpenda MOHOB B MOHOC-
¢hepe, No HazeMHbIM pagapHbIM M3MEPEHNSIM, MOHOTpaMMaM BEPTUKATbHOTO
1 BO3BPATHO-HAKIMOHHOTO 30HANPOBAHMS MOHOCMDEPDI (puC. 2).

Cratuctnyeckue nccneosanus NI nokasbiBaioT, YTO 0ObIYHO OH UMeeT K-
poTHyt0 npoTtspkeHHocTb 100-200 km unm 1+2 rpagyca no wmpote, Habno-
[aeTcs NPenMyLLECTBEHHO B NpeanonyHoyHoM cektope (18.00-24.00) MLT u
Ha MHBapMaHTHBbIX WKpoTax 55-65° (puc. 3); MakcumanbHas CKOpoCTb Apen-
¢ha nnasmbl B Nonoce NonspusaLMoHHOro mxeta MoxeT focturate 405 km/c.

600

400 -

200

1 3 5 7 9 f, MMy

puc. 2. [lononHUTENbHbIN XapakTepHbIi crnef oTpaxeHus (F3s), 3aperucTprpoBaHHbIi
Ha cT. AkyTtck 21 Hos6ps 2002 1. B 16.45 MECTHOrO BPEMEHM — MOHOCKHEPHDIA NPU3HAK
pa3BUTUS NONSAPU3ALMOHHOTO AXeTa Haf 3eHUTOM CTaHLuK HabnoaeHus

150
100
50

No. of Events

No. of Events
[e]
o
o

3000 *—

2000 / :
1000 :
0 M : i

N\
16 18 0 2 0 02
1987-2013 Bhip (hOU%) \Q- 1968, 1973

204

No. of Events

puc. 3. ConocTtaBneHne Ha3eMHbIX (KpacHbIE TOUKW) U CTYTHUKOBBIX (YEPHBIE MUHUM) U3MEPEHNI
ObICTPbIX MOTOKOB Mna3mbl [3,4]
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MonspusaunoHHbIV [KeT BCcerga HabnogaeTcs akBaTopuansHee rpaHunLbl Bbl-
CblNaHus aBpopasibHbIX 3MEKTPOHOB U C YBEMUYEHNEM FEOMarHUTHON aKTuB-
HOCTV cMeLLaeTcst Ha B6onee HU3KMe LWMPOTHI.

Mo [aHHbIM BepTUKAaNbHOMO 30HOMPOBAHUSI U LOMNMEPOBCKUX W3MEPEHUN
Ha cT. AkyTck 3a 2006-2012 rr. 6610 paccmotpeHo 44 cobbitus ML [5]. CTa-
TUCTUYECKME BbIKMAAKW MO 3TUM COOLITUSIM, C NPUMEHEHMEM MeTofa Haro-
XEHUS 3MOX 1 HOPManM3aLumy ropu3oHTanbHbIX W BEPTUKANbHBIX CKOPOCTEN,
npmBeaeHbl Ha puc. 4. PaccmatpuBancs 4-4acoBoW UHTEPBAI U3MEPEHUIA CKO-
pOCTEN MOHOCKHEPHON MMasmbl: MO 2 Yaca [0 W NOCHe PENEPHOT0 BPEMEHM.
3a penepHoe Bpems (0 Ha ocu abcumce) NpuHUMAanoch Bpems MakCcymyma
FOpPU30OHTasbHbLIX CKOPOCTEN BO Bpemsi Habnopexus ML (a). Kpueble Ha pu-
CyHKax — annpoKCUMMPYIOLLME NWHUMN, TOYKM — 3HAYEHUS] HOPMann30BaHHbIX
ckopocTeit. BuaHo, 4to BepTukanbsHele ckopocTtu B nonoce [, nonyyeHHble
no BceM cobbiTuaM, umetoT Aea ropba, npumepHo, 3a 1 yac 4o Makcumyma
ropu3oHTanbHbIX ckopoctei 1 1 yac nocne (6).

Mpupogy Takoro NoBedeHWst BEPTMKambHbIX CKOPOCTEN MOXHO OOBACHUTH
cnegytolmmM obpasom: nepebi ropd BO3HUKAET 3@ CHET (DPUKLMOHHOIO Ha-
rpesa, ganee, nNpu MakCUMyMe rOpuU3OHTanbHOW ckopocTu (B O 4acoB) Hem-
Tparnbl yXe BOBMNEYEHbI B ABMXKEHWE N PA3HOCTb CKOPOCTEN MEHBLLE U HarpeB
MEHbLLE, NoCcne MakCMyMa MOHbI MPUTOPMaXMBALOT, @ HeWTpanbl ABUXKYTCS
no CTapou, NMpPMAAHHOW UM MOHaMKM CKOPOCTM U PasHOCTb CKOPOCTeW CHOBa
HapacTaeT u, B pesynsrate, CHOBa pacTeT HarpeB W NPOAONbHbIN OTTOK MOHOC-
depHon nnasmel.
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MOJOENMPOBAHWE COBMECTHOW OUHAMUKIA
TMABHOIO MOHOCHEPHOIO NMPOBANA U
MIA3MOIMNAY3bl BO BPEMA MATHUTHOU BYPU

A.B. TawunuH

MHemumym conHeuHo-3emHol gusuku CO PAH, 664033, Upkymck, Poccus;
avi@iszf.irk.ru

KNIOYEBBIE CJIOBA

rMaBHbIA MOHOCKEPHBIWM NPOBar, nnasmonay3a, MarHuTHas Byps, YucneHHoe
MoAenvpoBaHue

B rnobanbHon guHamuke MOHOCKHEPbI OAHY U3 KIHOYEBLIX POMEN UrpatoT npo-
Leccbl 0bMeHa 3apsKEHHbIMM YacTULaMy U 3HEepruel C Bblllenexallmmu
0bnacTsiMM OKONMO3EMHOr0 MPOCTPAHCTBA — NNa3MoCctepoit U BHYTPEHHEN
mMarHutocgepon. HecmoTpsa Ha TO, YTO JOCTUMHYT 3HAYMTEMbHBIA NpOrpecc
B MCCEO0BaHMAX MOHOCHEPHO-MNa3MOCEEPHOro B3aMMOAENCTBIS, B HACTO-
slllee Bpemsi 10 KOHLA He siCHa posb nnasmocdepsl B npouecce hopmmpo-
BaHWs rmaBHOro vnoHocdepHoro nposana (MWM) B nepuodbl reOMarHUTHbIX
BO3MyLLEHWA. Llenbto faHHoW paboTbl SBNSETCS UccrnefoBaHWe B3aMMHbIX
BapuaLMin XapakTepuCTUK rMaBHOrO WOHOCKEPHOro nposana 1 nnasmonay-
3bl (M) BO Bpemst MarHMTHOM Gypu METOLOM YMCIEHHOMO MOAENMPOBaHUS.
[ns atoro Gbina ucnonb3oBaHa paspaboraHHas B MC3® CO PAH uucneHHas
mMoAenb WOHOCHEPHO-Na3MOC(EPHOro B3aNMOAEWCTBUS, B KOTOPOW y4TeH
TPEXMEPHBIA NEPEHOC MOHOCKEPHOW MnasMel B AUMNOMBHOM FEOMAarHUTHOM
Mo N MOHU3ALMS BbICHIMAIOLLMMUCA JHEPrUYHBIMK 3EKTPOHamu. Ha ocHose
Mofenu paccumnTaHbl rnobarnbHble pacnpeneneHns aNeKTPOHHOW KOHLEHTpa-
umn N, Ha BbicoTax h=150 KM ANs 3UMHUX YCIOBUI NMPU YMEPEHHOW COMHeY-
HOWM aKTUBHOCTU B XO[€ CUHTETUYECKOW MarHuTHom Bypu. MHTepBan mogenu-
poBaHusa cocTasun 96 Yacos, BKMtOYas NpeawecTBYHLLMA CNOKOWHbIA AEHb
(24 4.), BO3MyLLEHHbIN AeHb (24 4.) M BOCCTaHOBUTENbHLIA nepuog (48 u.).
Ha kaxgom BpemeHHoM Lware (At=6 muHyT) rnobanbHoe pacnpeaenexve N,
cOCTOAN0 M3 Habopa 792 AMNonbHbIX MnasMeHHbIX TPYOOK pacnpeaeneHHbIX
no MLT yepe3 1 yac n no napameTpy L ot 2 go 10 ¢ warom 0.25. B pacuerax
1CNOMb30BaNCh MOAENb JNEKTpUYeckoro nons koHeekumm Weimer-01 n mo-
[ernb 9NeKTPOHHbIX Bbicbinanui Hardy-85. Pedynbratel pacyeToB no3sonumm
nccnenoBatb AUHaMUKY POpMbl 1 pa3MepoB MMaBHOMO MOHOCKHEPHOO Mpo-
Bana u nnasmonaysbl, UX B3aUMHOE PacrorioXeHne B CMOKOMHBIX YCIOBUSIX,
Ha naBHOM ha3e 1 hase BOCCTAHOBMNEHNS MarHUTHOW Oypu. Pesynerathl pac-
4ETOB MoKasanu cregytoLlee:

1. Tlpn CNOKOMHBIX rEOMarHUTHbIX YCNOBUSIX MOHOCEPHas NpoeKkuus nnas-
Monay3bl CMELLEHa OTHOCWTENIbHO MWHUMYMa [f1aBHOTO WMOHOCHEPHOTO
npoBana K BbICOKUM LUMpoTaM Ha BenuunHy AL~0,5.

2. Ha rmasHon base marHutHomn Bypw akBaTtopumarnbHas cteHka MMM npaktu-
YECKU HEe MEHSIET CBOK (hOPMY U MOMOXKEHWE, TOTAA KaK NoNspHas CTeHKa
ObICTPO cMeLlaeTcsa K HU3kuM LumpoTam. Mpu atom MMM MoxeT gocturathb
obonoyek L=3.5 1 ocTaBaTbCA B 3TOM MOMOXEHUU B TEYEHWE TMaBHOM
¢hasbl Bypw.

3. Ha ¢hasze BoccTaHOBMNEHWS MarHUTHOM Bypu akBaTopuanbHas cteHka MM
npoaBuraeTcs Ha Gonee BbICOKME reOMarHUTHbIE WUPOThI. [1pn 3TOM BHy-
Tpu UM opmupyeTcs UHTEHCUBHBIA OTTOK MOHOCEEPHON NNasmbl BAOSb
reOMarHWUTHbIX CUMOBBIX IMHWI U3 MOHOCEPBI B Mnasmocdepy. B pesynb-
Tate U ctaHoBuTCA LWMpe 1 mMy6xe, a ero akBaTopuanbHas CTeHKa npu-
obpetaet bonee kpyTyto hopmy.
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COCYLLECTBOBAHUE MNNA3Mbl CTOKOUHOIO
KONbLEBOIO TOKA U NNA3SMOC®EPDI

B.B. TéMHbIN
WMWET PAH, Mocksa, Poccus; viemnyi@mail.ru

KIIOYEBBIE CJIOBA

CMOKOWHbIN Konbueso Tok (CKT), dyHKUMKM pacnpefeneHns nna3mel, nnas-
mMocdepa, MMAOTHOCTM 3Hepru nnasmbl (nkT): BbiCOKOTEMMNEpaTypHas u
HU3KOTEMMNepaTypHas

MnoTHocTb 3Heprum nnasmbl (NkT) crokoHoro konbuesoro Toka (CKT) makcu-
ManbHa Ha 3kBaTopuanbHoi obonouke L~4, roe oHa gocturaet 2107 apr-cm.
Eé peskuii cnag k L~3 MOXeT orpaH1YMBaTh BHELLHIOK rpaHuLly niasmMocgepsbl
CO CTOfb X€e PesknuM CnafoM NAOTHOCTW el TennoBon nna3mMbl. Kak nokasan
aHanu3 pesynsraTtoB akcnepumenta AMPTE 1984 roga, dyHkumm pacnpege-
neHns nnasmbl CKT SBRsTCS OBYXKOMMOHEHTHLIMI — BbICOKOTEMMNEpaTyp-
Hom (Ty~40-90 kaB) n HmskotemnepatypHon (T ~3-5 kaB). MakcumanbHble
nkTy cooepKuT MoHbl H* ¢ HE3HaUNTENbHOW NpuMeckto oHoB He**, O n O™,
Wx nkTy He npesbiwaer 1% nkTy npotoHoB [1]. HuskoTemnepaTypHble
nkT.~ 1% nkT, MoryT BbiTb NpogyKTaMu HarpeBa TENIOBbIX MOHOB Nia3Moc-
depbl, npoHukatowmmu B CKT. Bo Bpemsi marHuTHbIX Oypb kapauHanbHO
MEHSIETCS COCTaB BO3MYLLEHHOrO konbuesoro Toka (BKT). OH 3anonHseTcs
npemmMyLlecTBeHHO noHamm O* noHocdepHoro npomcxoxaeHus. Mx nkTo. Mo-
XeT pgaxe npesbiwatb NkTy. OgHako npu 3ToM NAoTHOCTb NKTy He npeTep-
MEeBAET CYLLECTBEHHbBIX M3MEHEHUN. JTO NO3BOMSET NMOCTYNIMPOBATL MOCTOSIH-
HO€ CYLLECTBOBaHME KOSbLEBOrO TOKa BOKPYr 3emiu, 3anofiHEHHOro nna3Mon
C HeOoObIYHO BbICOKOW TemnepaTypon eé NoHosB [1].

NNTEPATYPA

[1] Témubin B.B. Mnasma KonbLeBbix TOKOB MarHuTocdepsl 3emnu. Mogenb B cono-
cTaBneHun ¢ pesynstatamu akcnepumenta AMPTE/CCE. Kocmuyeckve ncenepo-
BaHums. T. XXV. Bein.3. 1987. C. 426-438.
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BNUAHUE HENNMHENHOCTWU FEEOMATHUTHbIX
nynbCAUUUA HA MOOUDPUKALINIO ®OHOBOU
NMNA3Mbl B MATHUTOCOEPE 3EMIJIN

®.3. ®enruH, A.K. Hekpacos

UHecmumym cpusuku Semnu um. O.FO. LLimudma PAH, Mockea, Poccus;
feygin@ifz.ru, anekrasov@ifz.ru

KNIOYEBBIE CJIOBA

MOHAEPOMOTOpHAs cuna, (hOHOBas Mrasma, HeNMMHENHOCTb, MarHUTHOE none,
marHuTocgepa

ypaBHeHVIFI OBWXEHUA O NOHOB U 3J1EKTPOHOB BO BTOPOM I'IpVI6]'IVI)KeHVIVI no
aMmnnuTyae BOIHbl, yCpeaHEeHHbIE No 6bICprIM ocumnnauuam, OaroT Bblpaxe-
Hue ans 6anaHca cun B CTauMoHapHOM COCTOAHMK BOOJb MarHUTHOW CUNOBOA
JIMHUN

Vi p2— gn p2= Fen, (M

rae Fon — NOHAEPOMOTOPHAS CUna BAOMb CUMOBOW NUHUU, P2 = Py CZU Py —
HEMMHEVHbIe CTaLMOHapHbIe BO3MYLLEHWS AABIIEHUS U NIOTHOCTW Mia3Mbl,
COOTBETCTBEHHO C=(2T/m;)"? —ckopocTb 3Byka, T(T; =T,=T) — Temnepartypa,
0 — noNApHbIN yron, OTCYATLIBAEMbIN OT BEPTUKANbHOWM OCK, A — reOMarHMTHas
[OMNroTa, r — reoLeHTpUYecKoe pagmansHoe paccTosHWE B eAVHMLIAX paguyca
3emmun.

Mcnonbays aHanMTuyeckyio MOAerb reOMarHUTHOMO NONs Ha AHEBHOW CTOPO-
He marHutoccepbl 3emnu [AHToHOBa 1 LLlabaHckuin, 1968; AHToHOBa 1 Ap.
1983] (puc. 1), BbIBeAeHO BbipaxeHue Ans Fyn (2)

0 1 1 1 1 L 1 1 1 1

-0.8 -0.6 -0.4 -0.2 0 0.2 0.4 06 08
X

puc. 1. 3aBUCMMOCTb reOMarHUTHOTO Moss B B 'C OT reOMarHUTHOM WKXPOTbI ANs pasHbIX L
B MEpUANOHANbLHOW NNOCKOCTY AHEBHON MarHuTocdepbl No Mogeny AHToHoBow 1 LLlabaHckoro
(1968)
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e Shfe) Bt
16w p,) B [1 V&)wz
—Vo

B

( Boj @)
1-vo— 2
<)o ot — 5,2\ B i[EJVIB
ninp [ Boj VOB NO2 (1—V0) po BO nin .
g

Bce BenuumnHbl ¢ nHaekcom «0» 0603HaYaoT MX 3HAYEHNS B MIIOCKOCTM 3KBa-
TOpa. Takum 06pa30M, Bio— aMmnnnTyaa MarHMTHOro noss BOMHbI HA 3KBaTOpe,
N, — nokasatenb npenomMneHna Ha aKBaTope, Vg = OW/Wgp, We — MOHHAA LW-
KIOTPOHHasA 4YacTtoTa.

B BblpaxeHuu (2) cnegyet obpatvTb BHUMAHME, YTO MOHAEPOMOTOPHAs cuna

B
T.€. B 061acTaX MarHUTHbIX M BO3MOXHO CYLLECTBEHHOE YBENMYEHNE NOHAe-
poMOTOpHOW cunbl. MNofcTasnBs BeipaxeHue Ansa Fyn(2) B ypaBHeHue banaHca
cvn (1), Mbl NOMYy4MM KOMNAKTHOE BbIpaXeHWe A4S aHanv3a NoBeAeHNs Hemnu-
HENHOW NAOTHOCTU Na3mbl BAOMb CUOBOW JINHNM

B
nponopLMoHanbHa KBaapaTy MarHUTHOrO Morst BOMHbI 1 uneHam 1/[1-vo—=C |,

dd
— = A 0+A(AstA+As). 3
dx 1 2( 3T A4 5) ()
KoaddpuumenTsl A;, i=1-5 pasHbi:
4 _20wRecosba By B, (t-w) 2
1 3rc2p sin20 ' % 16mp,cé B ; i”z’ T (1)
_VOB
A= v B, d8 ,_ ()" dB
B

YucneHHble BbIMUCTIEHNS YpaBHeHUs (3) danu pesynbraTbl, NpeacTaBneHHbIe
Ha CreayHoLLMX prCYHKax

0.06 oo

puc. 2
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Ha npegcraBneHHOM pucyHke (puc. 2) & — OTHOLUEHWE BENUYMHBI HENUHEN-
HOW MAOTHOCTU POHOBOW NnasMbl K 3a4aHHOM NAOTHOCTM (hOHOBOW NasMbl
B BEpLUMHE CUMOBOM NMHMM Ha L=10, x=cosB, B — wupoTa, A — gonrota npu
Bp=10" T'c. Hanbonbluee yBenuyeHWe HENMHERHOW NMOTHOCTWM (POHOBOWA
nna3mMbl COOTBETCTBYET reOMarHUTHeIM gonrotam A ~0°-30°.

x10°

54

puc. 3

Ha puc. 3 nokasaHo pacnpefeneHne HEMMHENHOro BO3MYLLEHWS NIOTHOCTM
nnasmbl & = P;/Pio, Piz=M;Nj2 BOONb MArHUTHON CUIOBON MUHWUK (KaK (OyHKLUA
WwmpoTbl x=cosB) npu A=0°, & — OTHOLLEHNE BEMUYUHbI HETNIMHENHOW NMOTHO-
CTU (HOHOBOW MNasmbl K 3a4aHHOM NMOTHOCTY (POHOBOW NNa3Mbl B BepLUMHE
CUMoBOW NMUHUKM x=c0sB, B — wnpoTta npu A=0°, v;= W/w;=0.5, B1,=1075 Ic,
B 9KBaTOpManbHoW obnactu u pasHbix L ot 5 go 10.
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®U3SNYECKUE NPOLECCHI HA L-OBOJIOYKAX
BBJIN3U NITA3MONAY3bl

B.N. XanunoB', B.B. Be3pykux', A.E. CtenaHos?, U.B. UeBeHko?,
B.A. NaHueHko?®, B.B. BorgaHoB*

' ®edepanbHoe 20cydapcmeeHHoe brodxemHoe yupexoeHue HayKu
WHcmumym kocmuyveckux uccriedogaHuli Poccutickol akademuu Hayk
(MKW PAH), Mocksa, Poccusi; khalipov@iki.rssi.ru

2 YlHecmumym Kocmoghu3su4ecKux uccredosaHuli U a3poHOMUU
um. FO.I LLlachepa, SAkymck, Poccusi

 MiHcmumym 3eMHO20 MagHemu3mMa U pacrpocmpaHeHusi paduososiH PAH,
Tpouuk, Mockea, Poccusi

* MHcmumym Kocmogbusuyeckux uccnedosaHull U pacnpocmpaHeHuUs
paduosornH [JBO PAH, Kamyamckul kpat, Enu3osckuli patioH,
noc. lNapamyHka, Poccus

KITIOYEBBIE C/TIOBA

MoNsApMU3aLMOHHBIA [IKET, nnasmocdepa, MoHocdepa, reOMarHUTHbIE MHOEK-
Cbl, KpacHble ayru

AHanuaunpyloTcst KOMNMEKCHbIE OMNTUYECKWUE, MOHOCMEPHBIE U CMYTHUKOBbIE
n3mepeHns B obnactu cnabblx KpacHbIX Ayr, COMYTCTBYIOLUMX Pa3BUTUIO MO-
NSpU3aLmMoHHOro Jxeta. HaseMHble namepeHns nposeaeHsl Ha cybaspoparb-
HOM noHocepHow ctaHumm Akytek (L = 3,0) n nyHkTe onTudyeckux Habnto-
fdeHuit Mavimara (L =3.2). [MpocTpaHCTBEHHOE MOMOXEHNE U UHTEHCUBHOCTb
KpacHoi gyrv onpegensnach MepUaNoHarnbHbIM CKaHMPYOLLMM (POTOMETPOM.
Mo noHocepHbIM AaHHBIM U AaHHbIM cryTHMKa DMSP F-13 3a 10.01.1997 .
BO3HUKHOBEHMe SAR-Ayr ConpoBOXAanocb pasBUTUEM MOMSPU3ALMOHHOTO
[xKeTa, To ecTb 0bpasoBanack nomnoca 6bICTporo aperida noHocepHoi nnas-
Mbl K 3anagy nog BO34ENCTBUEM 3MEKTPUYECKOro NOMnsi CEBEPHOTO Hanpasre-
Hus. BennumHa aToro nons B cpeaHem coctaenseT 50-80 mMB/m.

0.39-1.12 MLT
Lop 14.09-16.78 MLT
6 —
4 —
2 III]IlIlIIIIIIlIIIIlII_["I
8 9 10 1 12 13 14

puc. 1. Bapuauum nonoxeHns nnasmonay3sbl BO BpeMs reoMarHuTHoro Boamyliexns 8—13.01.97
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INDICES START: Jan 10, 1997 0000UT
WDC FOR GECMAGNETISM, KYOTO
1000 |3-r T rs-l T T & T T T s T T I'-l |3+ T 4 T |3- Kp
- [
£ Av [ E
(=] L A L -, e P B g 8
" 0 s *.L:f._a fhaaly rM&vf Wit .%\v—» N’: /_., s |
H L M N . Mg A e | H
g AL | Y Nk e Pl Y I'"J'v" Y 12
) Iy o 03 vy E
-1000 | ' "iu I ,:-! i 1
i o il
b r p
=2000 4250
0 - 7]
SYM-H [ g
(nT)
(1]
-10000 01 02 02 04 05 06 07 08 0% 10 11 12 13 14 15 16 17 18 1% 20 21 22 23 00
J 10
UNIV'ER;:L TIME
puc. 2. Bapnauum reomarHutHbIX nHaekcos AU, AL, SYM-H
4i0 . . -
~-x-- 1-st emission maximum
p°'are‘j</_-- e 2-nd emission maximum
3,5 Polar edge-1
. L\—/\/\
Q X
°© %,
E XKoo o XX 5 »
|
8 |
_'I Equatorial edge
05 January 10, 1997
' SAR_arc’ 630 nm I630-1 From 120 to 360 R
. . l...-2 From 780 to 900 R
Maimaga Station 830
2‘0 —— 1 " 1 n 1 n 1 i
10 11 12 13 14 15

Universal Time

puc. 3. MNonoxeHune kpacHon ayrn 10.01.97

CWHXPOHHbIEe M3MepeHUs pacnpegerneHnst TENMOBOI na3smbl B Nnasmocdepe
npubopom Anba-3 Ha cnyTHuke MHTEPBOIT-2 nokaskiBatoT, 4To nosoxeHue
nnasmonaysbl M3meHunoch ¢ L=4.2 no L=2.4 Bo Bpems pa3BuTus reomMarHut-
Horo Bo3myLLeHust (puc. 1, 2). KpacHas gyra ctana Habntogateesa ¢ 10.15 UT.
C 11.30 UT po 12.15 UT pernctpupyeTcst MynbTUNNETHas CTPYKTypa KpacHoM
ayrn. OKBaTopuarnbHas rpaHula KpacHoW Oyrv NMPUMbIKAET C BHELUHeW CTo-
poHbl K nnasmonay3se (puc. 1, 3). MNpu nponete cnytHuka DMSP F13 B6nm3u
reonsn4eckoro NonuroHa HasemHblx namepenmii B 11.09 UT Habniogaertcs
Moroca MHTEHCHMBHOIO 3anagHoro Apenda, aKkBatopuanbHas rpaHuua KoTo-
poro pacnonoxeHa Ha L=3.0 (puc. 4). B nonoce nonsipusaunoHHOro mpxeTa
HabntoZalTCs BOCXOAALLME M HUCXOASLUME NMOTOKM Ma3mbl CO CKOPOCTSMM,
pocturatowmmm 1 km/cexk.

MNoHocgepHble AaHHble CTaHUMK FAKYTCK NOKa3biBaOT pa3sBuTMe nonspusaum-
OHHOTO [)XeTa, Npx 3TOM NOMsApHas KPoMKa rmaBHOMo MOHOCHEPHOro nposana
pacnonaranacb HECKOIbKO ceBepHee cTaHumu. Kputnyeckas yactota crnopa-
anyeckoro cnos foEsr = 2.5MIL.
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puc. 4. NamepeHus Ha cnyTHrke DMSP F13 noHHOW KOHLIEHTpaLWW 1 CKOPOCTeil BEPTUKAmNbHOTO
(Vz) n ropusonTansHoro (Vy) aperida nnasmbl 10 sHBaps 1997 r. MonspuaaLmnoHHbIA JxeT
Habnogaetcs B 11.009 UT B ceepHom nonywwapum 1 B 12.17 UT B 1o3KHOM nonyLuapum

” Moscow Digisonde drift, F-region
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1548 UT 16:48 UT 20 Jan 2016 17:48 UT 18:03 UT
puc. 5. MNposBnexne nonsapuaaLmorHoro mxeta Hag Mocksoi. Tpu KOMMOHEHTbI CKOPOCTH
npeiica (a); nHaeke aBpopanbHoi akTuBHOCTW AE (6); nocneaoBaTenbHOCTb MOHOrPaMM (B-€);
nocnefoBaTenbHOCTb kapT Heba (k-K)
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Ha pwvc. 5 gaHa pa3sepHyTas kapTuHa perncrpauymn nonspusaLmMoHHOro axe-
Ta Ha cTaHuum Mockea (L=2.7) coBpeMeHHo noHocepHow cTaHuuein DPS 4
BO Bpemsl pa3BUTKS CUMbHOTO reoMarHUTHOro BoamylueHust (Dst = 90 nT,
AE=1800 nT).

MocnegoBatenbHOCTb MOHOrpamMm ctaHuumn DPS-4 (puc. 5 B,I4,e) unnoctpu-
pyeT pa3BUTWE CTPYKTYPbl MONSAPU3ALMOHHOMO MKEeTa Ha CPELHELUMPOTHON
cTaHuum MockBa. BepTukanbHas KOMMOHeHTa gpevda nnasmbl JOCTUraet
3HaveHui nopsigka 50 m/cek. Mopu3oHTanbHas CKOPOCTb Apeiida Kk 3anagy
okono 400 m/cek (puc. 5a).

KapTbl Bcero Heba nokasblBatoT, YTO UMMYMbCHbLIE OTPaKEHUS BUAHbLI CHaYana
BOGMM3M 3eHUTa MOHOCKEPHOI CTaHLMK (pUC .5X) 1 3aTem, No Mepe Pas3BUTUS
reOMarHMTHOrO BO3MYLLIEHWSA NPOUCXOOMUT PasMbITE 0BMNACTU OTPAKEHWS OT-
HOCMUTENbHO 3EHWUTA U YXO[ TOYEK OTPAXKEHUS K tOry OT CTaHLMM 30HAMPOBaHMS.

KpacHble cTpenku Ha kapTax Bcero Heba nokasblBatoT HanpaBneHne 1 Benuyun-
Hy 3anagHoro apenda, koTopbin Habnogaetcs B cTpykType SAPS, pernctpu-
pyemon noHosoHgom DPS-4,

Mbl npoBenu aHanu3 MOHOCMEPHBIX N3MEPEHWIA HA CTaHUmMK NeTponaBnoBck
KamuyaTcknin BO BPEMS MHTEHCUBHbIX BO3MYLLUEHWI, NOAOOHBIM COBbITMIO
20 aHBapsi 2016 roga, onMcaHHOMY BbILLE, U He 0BHapYXuu passuTus PJ.
Habntogaetcs Tonbko 3ameTHOe noHwmxeHne Ne.

BbIBOAbI

1. NamepeHusa co cnytHuka DMSP-13 # HasemMHble MOHO30HAOBbLIE M ONTU-
Yeckne 13MepeHus NoKasblBatoT, YTO B NMOMOCe NOMSPU3ALMOHHOTO AXeTa
hopmupyetca kpacHas gyra v 06e 3Tv CTPYKTYpbl B YCNOBUSAX reOMarHnT-
HOM BO3MYLLEHHOCTU NPUMBIKAIOT K Nrasmonayse.

2. Bo Bpems reoMarHUTHbIX BO3MYLLEHWI BOOMNb BHELLUHEN rPaHNLbl N1asMoc-
chepbl BO3HUKAET Mnomnoca ObicTporo Apericdha MoHocdepHol nnasmbl 3a-
MagHoro HampaeneHus. B 3Toi nonoce pesko YMEHbLIAETCS 3eKTPOHHas
KOHLIEHTpaLMs 1 pa3BMBaETCA KpacHas Ayra, vMerollasl MHTEHCUBHOCTb
Heckonbko coT Paneit. B E-obnacTtv BO3HMKaeT cnopagnyeeckuii crnoi Eg,,
BO3HVIKAOLLMI NOZ, BO3AEWCTBMEM BbIChIMAHWUIA SHEPIUYHBIX MOHOB KOMbLie-
BOTO TOKa.

NNTEPATYPA

Anekcees B.H., Xanunos B.J1., MeseHko N.B., UrHatbeB B.M. OnTuyeckne n noHoc-
(hepHble HabnogeHus B obnactn cybaBpopanbHbIX kpacHbIx Ayr // Wccneq. no reo-
MarH., aspoH. n us. ConHua. M.: Hayka. Bein. 93. C. 143-152. 1991a.

Gombosi T.I., Killeen T.L. Effects of thermospheric motion on the polar wind: A time
dependent numerical study // J. Geophys. Res. V.92. N5. P.4725-4729. 1987.

Foster, J.C. et.al. Coordinated stable auroral red arc observtions: Relationship to plas-
ma convection // J. Geophys. Res. V. 99(A6), P.11429-11439.
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U3YHYEHUE BITIUAHUA CNELUPUYECKUX
HEOQHOPOAHOCTEMW CONTHEYHOI O BETPA
HA CEMCMUYECKUE NMPOLECCHI HA 3EMIE
Nno CNYTHUKOBbLIM OAHHBIM

A.J1. XaputoHoB

®IrBYH MHcmumym 3eMH020 MagHemu3ma, UOHOChepbI
u pacripocmpareHusi paduosoriH um. H.B. MNywkosa PAH (M3MWPAH);
ahariton@izmiran.ru

KIIOYEBBIE CJIOBA

COJIHeYHas! nnasma, HEOAHOPOAHOCTM conHevHoro BeTpa, KA «ACE», conHeyHo-
3eMHble CBA3M, CENCMMYECKNEe NPoLEecehl

BBEOEHUE

PaccmatpuBarotcs BONPOCHI UCCNEeAOBaHUS YCTOWYMBBLIX M1A3MEHHBIX He-
O[JHOPOAHOCTEN MEXNMAHETHOrO MarHUTHOrO NOMs aHOMansbHOW NAOTHOCTY,
CKOpOCTU, TEMMEPATYpPbI NNa3Mbl, 3HaKa 1 KOH(UrypaLum anekTpoMarHuTHO-
ro nons (HassaHHbIX [MupanHrToHoM [.X. «<MarHUTHBEIMU 0bnakammu») no gaH-
HbIM KocMudeckoro annapata «ACE». [ng nooTeepxmoeHus aHoManbHbIX
hursnyecknx napameTpoB paccMaTPMBAEMOrO MEXMITAHETHOTO MarHTonnas-
MeHHOro obnaka aHanmmuauMpylTcs He3aBUCUMbIe reodusnyeckne AaHHble
apyrux kocmuyeckux annapatos («WIND», « GOES» u gp.) 3a uccnegyemeiii
nepvog pabotbl Ha opbute KA «ACE». Takue ycTol4MBble MarHuTonnas-
MEHHble HEOAHOPOZHOCTH MPU CTONKHOBEHUM C MarHuTocdeporn 3emnm crno-
COOHbI BbI3blBaTb MarHUTHbIE BO3MYLLEHWS, KOPPENMPYIOLLME C Nepuogamu
BO3HUKHOBEHUS CUMbHBIX 3EMIIETPSICEHNI. PaccmaTprBaeTcs cxema BO3MOX-
HOr0 MexaHu3ma nepeayn 3Heprm MeXNIaHETHbIX «MarHUTHbIX 06rnakoB»
yepes Lenoyky (ru3n4eckmx npoLeccoB, NPUBOASLLMX B KOHEYHOM CYETE
K 3eMIIETPSICEHUAM.

PE3YNbTATbl UCCNEOOBAHUIA

OcHoBHasi Lenb JaHHOW paboTbl cocTosina B TOM, YTOObI HarmsgHbIM rpa-
¢hrnyeckum cnocobom npencTaBuTh pe3ysnbTaThl pelleHns obpaTHOW 3apayn
MarHUTHOTO MOTeHLMana, No aKCMEePUMEHTAbHbIM CMYyTHUKOBBIM M3MEpPEHM-
SIM, B B/AE MPOCTPAHCTBEHHBIX W BPEMEHHbLIX 3MEKTPOMArHUTHBLIX pPaspe3oB
MexnnaHeTHoro marHutHoro nons (MMTI1) n npoaHannanpoBaTtb YCTONYMBYHO
aHoMarnbHy NPOCTPAHCTBEHHYH CTPYKTYPY U pa3mepbl MarHUTONMa3MeHHbIX
HeoaHopoaHocTet MM — Tak Ha3biBaeMbIX «MarHUTHbIX 00nakoB», Habnto-
[aeMbIx B To4Ke nubpaumm cuctemsl ConHue-3emnsi no AaHHBIM KOCMUYECKO-
ro annapata (KA) «ACE» (Advanced Composition Explorer) [1]. MNocTaHoBka
[aHHON Lienu cTaTbl CBA3aHa C TeM, YTO B HayYHON nuTepatype 40 Cux nop
MOeT AUCKYCCUS O TOM, MOAEMb KakoW KOHPUrypaumm «MarHWTHbIX obna-
KOB» C BECCUNOBLIM MarHUTHLIM MOMeM, NOMyYEHHasH PELLEHNEM YPaBHEHNS
lenbmronbua (UmunuHapuyeckas [2-3], cchepudeckas [4], TopougansHas [5],
umknuapel JioneHa [6], MarHMTHbIX XryToB [7], TokoBow netnm [8]) Hanbonee
0b0CHOBaHa M MOXET MCMOMNb30BaTbCS NPY MOAENMPOBAHUM MarHUTOrMapo-
AnHamudeckux (ML) npoueccoB BHyTpK aTux «obnakoBy». pyras uenb gaH-
HOW CTaTbW 9KCMEPUMEHTAnNbLHO NOATBEPAWTb BUXPEBOW XapakTep BHYTPEH-
HEN CTPYKTYPbl «MarHUTHbIX 06nakoBy». TpeTbsl Lenb cTaTbi — NOATBEPAUTH
MO HEe3aBUCUMbIM 3KCMEPUMEHTASbHLIM re0U3NYECKAM LaHHBIM aHOMarb-
Hble M3NYECKMEe NapameTpbl KOCMUYECKON Ma3Mbl BHYTPU aHanu3upyemoro
«MarHuTHoro obnakay.
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Wcxogsa n3 nocnepHux nybnukauui Ha aty Temy [1-10], MexnnaHeTHble «Mar-
HUTHbIE obnakay» SBNAKTCS CNEACTBUEM MPOSIBMEHUI COMTHEYHON aKTUBHOCTM.
BeposATHO, «MarHMTHOE 06rako», 0GHapyXeHHOe aBTOPOM, SBMSETCA creg-
CTBMEM PE3KOro YBENNYEHNS COMHEYHON aKTUBHOCTW, nMpoumsoLuesLei 3-4 sH-
Baps 2007 roga.

Bbinn npoaHanuanpoBaHbl faHHbIe U3MeHeHuit amnnutyael By, By, B, — kom-
MOHEHT MEXMSAaHETHOrO 3NEeKTPOMarHUTHoOro nons 3a nepuog 1-11 aHBa-
ps 2007 roga, M3MepeHHOro ¢ kocmuyeckoro annapara «ACE», ¢ 16-Tu ce-
KYHOHbIM BPEMEHHBIM MHTEPBANOM AWCKpeTu3aumn. Kocmuueckui annapart
«ACE» pacnonoxeH B ogHomn (L1) n3 natu Todek nubpauumn mexay 3emnen
n ConHuem [11], Ha paccTosHum npumepHo 1.5 MiH. kM oT 3emnun. KA «ACE»
Mo3BONSET AaTb, KAK MUHUMYM, OAMH Yac NS BO3MOXHOCTY 3abnaroBpemeH-
HOro npegynpexaeHus o Hagsuratowwmxcs ot ConHua Ha 3emnio NOTOKOB
SHEPrUYHbIX YacTul, NPUBOLALLMX MPU CTONKHOBEHUM MX C MarHMTocepon
3eMIu K NOBbLILLEHHOW rEOMarHUTHOW aKTUBHOCTH.
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puc. 1. 2D — NpoCTPaHCTBEHHbI 3reKTpOMarH1THbIN pa3pe3 MMIT no gonrote
(GSE-koopauHaTthl), no faHHbIM KA «ACE» Ha nepuog ¢ 8 no 9 siHB. 2007 .
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B aHanuaupyembin BpemeHHOM nepuop paboTbl KOCMMYEcKOoro annapara
«ACE» (1-11 anBapst 2007 roga) Takke ObInv NpoaHanMaMpoBaHbl Ha3eMHbIe
AaHHble 0 kocMudeckmx nyyax (KI), gaHHble 06 n3MeHeHUn HeKOTOpbIX 0606-
LLIEHHbIX NapaMeTPOB Mia3Mbl COMHEYHOro BeTpa (Sw temp — Temneparypel,
Nw — NMOTHOCTM) COMHEYHOro BETPA, @ TakKe ero ckopocTn u 3Haka By, By,
B, — KOMNOHEHT BekTOpa U Moadyns | B| MHAYKUMM MarHuTHoro nons — (IMF).
Kpome ToOro, 3a paccmatpvBaembilii nepuog BpeMeHn Buinv npoaHanmsposa-
Hbl AaHHbIE O KONMYECTBE 3eMNETPSACEHNI Ha 3emne C pa3HOW MarHUTYAoN.

AHanus pelueHns obpaTHOM 3aja4yn MarHWTHOro noTeHumana [12] no Henpe-
pbiBHOW 3anucu AnuHon 45 000 cekyHA YacTu AaHHbIX B, — KOMMNOHEHTLI BEK-
TOpa MEXMaHETHOrO MarHUTHOro nons, uamepexHoro 8-9 aueaps 2007 roga
Ha kocMuyeckom annapare «ACE» nokasarn, 4To B paccMaTprBaeMblin NepUos,
BpeMeHU (8—9 sAHBapsi) Ha NOCTPOEHHbIX aBTOPaMy 3MEKTPOMArHUTHbIX paspe-
3ax NapaMeTpoB M3MEPEHHOTO MEXMIAHETHOrO MarHUTHOrO nons, Habnoaa-
torcs 2D — BpemeHHon 1 aBa 2D — NpoCTpaHCTBEHHbIX (hparMeHTa anekTpo-
MarHuTHbIX HeogHopogHocTen MMI B 3aBucMOCTY OT ZonroThl (puc. 1) n ot
LUIMPOTLI KoopauHaT HanpasneHus Bektopa MM, namepeHHoro Ha kocmuye-
ckom annapate «ACE».

2D anekTpoMarHUTHble paspesbl MOCTPOEHbl B OTHOCUTEMbHLIX edUHULAax
pacctosiHus (L) ot KA po ConHua. Kpome TOro, Ha aTuX AeTanbHbIX Mpo-
CTPaHCTBEHHbIX 3MEeKTPOMAarHUTHbIX paspes3ax BMAHO, YTO Mexgy opbuTo
KA «ACE» 1 ConHuem Habntogaetcs He COBCEM MpaBUnbHON )OpMbI cnvpa-
neBMaHas ANeKTpoMarHuTHas HeogHopogHocTb MM, no-sBuaumomy, cesizaH-
Has C TaK Ha3biBAEMbIMI MarHUTHbIMM 0bnakamm — TypOyneHTHBIMU HEOZHO-
POAHOCTSAIMW COMHEYHOrO BETPA, UMEIOLLMMU 3HAK SNEKTPOMAarHUTHOro Mons,
MPOTUBOMNONOXHBIN 3HAKy CEKTOPHOW CTPYKTYpbl Bz — komnoHeHTsl MMM, Ha-
BnogaemMoro B 4aHHbI BPEMEHHOW Nepuos, B AaHHOM CEKTOPE KOCMUYECKOTO
NPOCTPaHCTBA.

B 70 e BpeMmsi, TemnepaTtypa v NIoTHOCTb COMHEYHOro BETPA, ¢ 8 no 9 sHBa-
psi, B A€Hb Ha KOTOPbIA MOCTPOEHbI NMPOCTPAHCTBEHHbLIE 3MEKTPOMArHUTHLIE
paspesbl MMIT HabrnogaeTca pes3koe NOHVBKeHUe TeMnepaTypbl Ha NOPSAOK
(c 400 po 40 TbIC. rpag.) u peskoe BospacTaHme nnotHocTh (Nw) conHeuvHo-
ro BeTpa mouTn Ha nopsgok (¢ 2 go 12-20 cm2), 4yTo No Hawemy npeano-
NTOXXEHMWIO CBSI3aHO C BO3OENCTBMEM Ha nameputesnbHble npubopbl KA «ACE»
W 4p., NOHN3MPOBAHHHOMO 0braka MOBLILIEHHOW NIOTHOCTY NNa3Mbl U MOHM-
XEHHOW TemnepaTypbl, OTANYAOLLErocs Takke no 3Haky (+/-) By, By — kom-
MOHEHT W Benu4YMHbl Mogyns — (B) BekTopa MHAYKUMU 3MEKTPOMArHUTHOrO
nons (IMF) n B ocobeHHOCTH, NO NageHnio CKOPOCTU COMHEYHOTO BETPa — SwW
(v paxxe n3MeHeHWe ee Ha obpaTHyto, B CBA3W C TypOyneHumen BHyTpu obna-
ka) OT OCTanbHOM Nna3Mbl COMHEYHOrO BeTpa. JTO NOATBEPXAANT AaHHbIE
3a 9-10 aHBaps, Korga 310 NIIOTHOE MOHU3MPOBAHHOE BUXPEBOE Ni1a3MEHHOe
obnako MMl oka3ano HenoCpeACTBEHHOE BO3AENCTBME Ha MarHutocdepy
3emnu. Takxke 66U caenaHbl NpeaBapUTESbHbIE BbIBOALI O BO3MOXHON CBSI-
31 MOMEHTa BO3HUKHOBEHMS CreLmdunyeckoil NPOCTPaHCTBEHHON CTPYKTYpPbI
nnasMeHHbIX HeogHopogHocTen MMIT NOBbLILEHHOW NAOTHOCTU U YCUIEHUs
CENCMUYECKMX NPOLLECCOB Ha 3emre.
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KIIOYEBBIE CJTOBA

MHBEPCUSt MarHUTHOrO Mons, paauaLlmoHHas obctaHoBka, Teopust LTtepmepa,
AWMonb, KBaApYnosb

leomarHuTHoe none 3emnu Be,y, HECTAOWIBHO: ANNUTENbHLIE 3BOMIOLMOHHLIE
M3MEHEHNSI CMEHSIIOTCS BbICTPBIMU MHBEPCUSIMU, O YEM CBUAETENLCTBYIOT Na-
NeoMarHuTHble AaHHble. [1o nocnegHMm HabnogeHnsaM COBPEMEHHOE MarHuT-
Hoe nore ocrnabeBaeT, a ero MarHUTHbIE MOMOCa CMELLAKTCS, YTO NO3BONAT
roBOpuThH 0 Hayane uxeepcun. Onpegenum Be,y, aHanuTUYeckn ¢ UCnomnb3o-
BaHnem mogenn IGRF-12 [1], orpaHMYmMBLUNCL PACCMOTPEHNEM 2-X NEPBbIX
MYnbTUNOSEN:

BEarth = Bdip + Bquad (1 )

KomnoHeHTbI MarHuTHoro aunons By;,B reoLieHTpuyeckoil cucteme koopamHat
(r, 8, ¢) umetoT BUA:

3
BP= 2[%) (g7 cos8+ (gicos +h/sing)- sine),

3
By (R—] (~g? sing+(glcost + hising)-coss), @

3
Bgip: _[&j (_911 sing+h] cos¢).

r

A KOMMOHEHTbI MarHUTHOTO KBaapynons By, BEIMSAAAT cneayowwmm 06pasom:

4 2n_
Bq=3£(R—Ej (g°w+(g;cos¢+h; sing ) sin20+

T2 B
+(g§cosZ¢+h223in2¢)-sin29],
4
Bi= —%(RTE) (—gg /3sin 26+(g!cosg+h] sing )- 2cos26+ 3)
+(g§0032¢+h§sin2¢)-sin26),
V(R 1 . ,
B= —7[TEjm((— g} sing +hcosg)- sin 20+

+ (-2g7 sin2¢+2hic0s20) sin’s),
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rae gr (t) v hy(t) — koadppmumMeHTbI Maycca, MeAeHHO MEHAILMECS CO BpeMe-
HeM t. 3HaveHus koadpcpuumenTos ¢ 1900 roga no 2015 M3BECTHBI, UX 3KCTPa-
nonsums go 4500 roaa [2] nokasana, YTo Npy HEM3MEHHON ckopocTH y6biBa-
HUSI AUNOMbHBIX KO3 ULNEHTOB (g10 . g11 , hi ) CTapLumnii U3 HuX g () obpatnTcs
B Hynb K 3580-My rogy, T.e. NPOM30MAAET UHBEPCUS MarHUTHOrO nong. Takum
0bpasom, KBaZpynornbHas COCTaBNSALLAasa MarHUTHOMO nons 3eMnu B MOMEHT
MHBEPCUW CTaHET JOMUHUPYHOLLEN.

[ns HaxoxaeHus yBENWYEHWs pagvalMOHHOW OMacHOCTW Ha MOBEPXHOCTU
3emnu 1 OKO03eMHOM NMPOCTPAHCTBE B MOMEHT MHBEPCUM MArHUTHOTO MOMS
paspaboTaHa YnicneHHas Mogenb, No3sonveLLas cpaBHWUTb noToku MKITu CKI
(B MUHMMYMbI M MaKCMYyMbI COTHEYHOW aKTUBHOCTW), MPOHWMKatoLwme Ha 3em-
o (¢ yuetom atmocgepsl) u MKC B neprnoabl LOMUHMPOBaHMUS AUNOMBHOMO U
KBaZpynonebHoro nomnen. MokasaHo, YTO CpeaHsas No NnaHeTe Ao3a paguaumm
HEe MPEBBICUT CEroaHsALWHIO 103y bonee yeM B 4 pasa, YTO AOMYCTUMO AMs
yenoseka. [pu aTOM BCNeACTBME U3MEHEHWS KOHDUIypaLmm nons obpasyeT-
Cs1 4 HOBbIX Kacna (CEerofHs 3T0 CEepHbI 1 XKHBIA nontoca) — obnactu bonee
noBbieHHon paguauum (puc.1). Ha opbute MKC mMowHOCTb 403 yBENMUNTCS
B 14 pa3 B CBS3M C LUMPOTHLIM NepepacnpegeneHnem paguaumm. MoLwHocTb
3hheKTUBHON J03bl pagnaumm [3] Bblumcnsnace no opmyne:
1 dE

H.= 0 J¢(E)~Q(E) dx dE, (4)
rae Q(E) — koadhduumeHT kavectsa noHnampytoLmx nsnyyenumi (FOCT 8.496-83
[CW); p — nnoTHoCTb BeLecTBa cpeabl; dE/dX — MOHW3aLMOHHbIE NOTEPK, OMnu-
CcblBaKOLLMECs n3BecTHoW dhopmynoii [4]; D(E) — anddepeHumanbHbIi 3Hepre-
TUYECKUI CMEKTP, MOCYATAHHBIN UCMOMb30BAHWMEM HALLEN YNCIIEHHON MOLESN.

-150  -100 =50 0 50 100 150

50

=50

50

puc. 1. MNpoueHTHOe OTHOLLEHME NPOTOHOB Ha MOBEPXHOCTY 3eMMU K O6LLEMY YNCTY NPOTOHOB,
[ONeTeBLUMX 0 rpaHnLbl atMocdepbl 3emnu (100 kM) M COOTBETCTBYHOLLME CUNOBbIE JIMHUM
nonevi B 2015 r. (BBEPXY), B KBaApynone (BHW3Y)

B npogomxeHun nccnenoBaHus pagnauMoHHoON 06CTaHOBKM B OKOI03EMHOM
MPOCTPaHCTBE BO BPEMS MHBEPCUM YOEMEHO TakkKe BHUMAHWE YacTuuam, ob-
pasylLlum paguaumnoHHble nosica. Cpean BCex BO3MOXHbIX TOMOMOMMIA KBa-
Zpynons obrnacTu yCTOMYMBOMO 3axBaTa 3apshKeHHbIX YacTWL, CyLLeCTBYHOT
TONbKO B OCECMMMETPUYHOW KOHUrypaummn nons [5]. Ona ux HaxoxaeHus
Mbl pa3Bunu Teopuio LLTepmepa Ha ocecMMMETPUYHLIA KBaapynons [6,7,8],
a TaKKe Ha CynepnosvumMio aunons ¢ ksagpynonem. Ha puc. 2 nsobpaxeHsi
MarHuTHble CUMoBble NMHUK 3TKX nonen [Bxdr]=0. B cBsi3n ¢ pasHOCTbIO CKO-
pOCTEN 3aTyxaHusi HanpPSLKEHHOCTEN AUMNOMNS U KBaApynons YCTONYMBbLIE Kpy-
roBble OpOUTLI ANS MX Cynepno3nLIMM PacronoXeHbl Ha WwupoTax A®), sasucs-
LMX OT paccTosiHus r. YTO YCROXHAET BbluMcneHne paguyca Ltepmepa n3
paBeHCTBA LIEHTPOOEXKHON 1 MArHUTHOM CU
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puc. 2. MarHuTHbIE CUIOBBIE NMUHUM OCECUMMETPUYHBIX Annons (a), 2.5% aunons
c kBagpynonem (b) n kBagpynons (c)

2

m__ = evB(r, )\(i)). (5)
rcosh™®
B COOTBETCTBUM C MHBEPCUOHHBIM CLEHApUEM WCCMENOBAHO MOCTEMEHHOE
COKpaLLeHVe panaLMOHHBIX MOSICOB NMPW YMEHbLUEHUW OMMNONbHON COCTaB-
NSoLLell COBPEMEHHOTO reoMarHMTHOroO nons. MonyyeHHble pacnpegeneHns
MMNOTHOCTU MOTOKOB MPOTOHOB U 3MEKTPOHOB Pa3fMyHbIX SHEPruii Ha OCHOBE
nonyamnupudeckux mogenen AP-8min n AE-8min [9], KoTopble ycnewHo npu-
MEHSI0TCA ANS 3NEeKTPOHOB M NPOTOHOB C dHeprusimu B AnanasoHe 0.1-7 MaB
n 0.1-400 MaB, nossonunu onpegenuTb MOLHOCTb 403 paguauuy Ha pas-
JIMYHBIX MarHUTHbIX 060104YKax B 0OCECUMMETPUYHOM KBaZpynomne no popmy-
ne (4). Ecnu npegnonaratb, YTO OCU KBagpynossi COXPaHAT CBOK COBPEMEH-
HYI HECUMMETPUYHYIO OPUEHTaLMIo, TO paguauyoHHbIe Nosica NPakTUHECKM
MCYE3HYT, @ NPUCYTCTBYIOLLME B HUX HWU3KOSHEPrUYHbIE KBa3W3axBayeHHbIe
4acTULbl He BHECYT CYLLECTBEHHbIN BKNa B OKOMO3EMHYH paauaLymio.
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KNIOYEBBIE CJIOBA

COSMHEYHbIN BETEP, MEXMNJTAHETHbIE MEPLIAHUA, rnobanbHasi CTPYKTYypa

BBEOEHUE

OtkpbiToii B 1959 1. K.W. TpuHray3om ¢ coaBTopaMu COMHEYHbIN BETEp UC-
CrnepyeTcs Kak NokanbHbIMU MeTogamu, Tak U N0 AaHHbIM PagmonpoCcBeYn-
BaHus. MexnnaHeTHble MepuaHns (OnykTyaLum MHTEHCUBHOCTW KOMMAKTHbIX
€CTECTBEHHbIX PadMOVNCTOYHUKOB) LUMPOKO WCMOMb3YTCS AN UCCNenoBa-
HUS rMo6anbHON CTPYKTYPbl COMHEYHOTO BETPA, €€ LIMKITUYECKON AMHAMUKM W
KpynHOMacLTabHbIX BO3MYLLEHWIA. YPOBEHb MEXMIAHETHBIX MEPLIaHNI onpe-
[ensieTcs aucnepcueit nykTyauuin NAOTHOCTW Nna3Mbl COTNHEYHOrO BETpa
Ha MacwTabax nopsaka peHEeneBCcKoro; XapaKkTepHbIli NPOCTPAHCTBEHHbIN
MacluTab MepLaHuii HECKOMNBKO COTEH KM AN METPOBOIO AuanasoHa pagmo-
BOMH, COOTBETCTBYOLLMIA BPEMEHHOW MacliTab nopsiaka cekyHa. Pesynbratsl
HabnoAEHNA MEXNNaHETHBIX MepLaHUA NHAMBUAYANbHBLIX PaaUONCTOMHUKOB
HEOZHOKPaTHO [oKNaAbiBanuch Ha Bosrnaenssluenca K.A. MpuHray3om cek-
umm «ConHeuHbl BeTep» MexayBegoMCTBEHHOro [eodmanyeckoro KoMuTe-
Ta. K.W. TpuHrays Bcerga ¢ MHTEpecom BOCMpWUHUMAN 3TW pesynbTathbl U npu-
HUMan akTMBHOE yyacTue B ux obCyxaeHun. HabnogeHns MexnnaHeTHbIX
MepuaHuii BeayTtcs Ha paguoteneckone BCA ®VAH B pexxme MOHUTOpPUMHIA
¢ 2006 r., cHayana Ha 16-ny4eBon gvarpamme, a HauuHas ¢ 2013 r. Ha 96-ny-
4yeBON auarpamme. B HacTosiLel paboTe CyMMMUPOBaHbI pe3ynbraTbl MOHUTO-
pUHra MEXMNAHETHBIX MEepLaHWi, 0XBaTbIBAKOLLME MOMHbIA LMKI CONTHEYHOW
aKTUBHOCTMW.

OUHAMWUKA rMOBAIIbHOW CTPYKTYPhI
CONNHEYHOI 0 BETPA B UMKNE CONMHEYHOW AKTUBHOCTHU

MuHrumym 23/24 yukna conHeyHol akmusHocmu, HabrmodeHus 2007-2011 ze.,
16 nyyed, 300 mepuarowiux ucmoyHukos [1,2].

CssazaHHas ¢ reJ'IVIOC(*)eprIM TOKOBbIM CJT0EM KOHLIEHTpaLuA Typ6yﬂeHTHOl7I
nnasmbl K NIIOCKOCTK COJTHEYHOrO 3KBATOpa NpMUBOAUT K 3aMEeTHOMY nogasne-
HUIO pa,qwaanoM 3aBNUCUMOCTK YPOBHA MEXMNIIaHETHbIX Mele,aHI/II7I.

CpegnHuin no Habnogaemon o6nacTu anoHrauun ypoBeHb MenkomacLuTabHom
TypOYNEHTHOCTM NNa3Mbl CONTHEYHOTO BETPA U3MEHSIETCS CUHXPOHHO C YpPOB-
HEeM CONHEYHON aKTUBHOCTMW.

MexnnaHeTHble MepLaHusa B HU3KOYaCTOTHOM Auana3oHe BOSH YyBCTBUTENb-
Hbl K pacnpefeneHunio nnasmbl Ha fyye 3peHust, YTo 0COBEHHO CUIbHO Mpo-
SBNAETCSA B Nepuos MUHUMYMa COSTHEYHON aKTUBHOCTW, Koraa 3phekTUBHO
MOAYNMPYIOLMIA CON Npu NoBbIX 3MnoHrauusx Haxogutes Bonmau 3emnu,
TO €CTb Ha HWU3KMX reN1oLIMpOTaX.

CunbHoe otnnymne ot chepryeckor CUMMETPUM B MUHUMYME COMHEYHON ak-
TUBHOCTMN XapaKTEPHO He TOMbKO ANS CPeAHUX NapamMeTpOB Mriasmbl COMHeY-
HOTO BETPa, HO W A9 YPOBHSA MerKoMacLuTabHoN TypOyneHTHOCTL.
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Makcumym 24 yukna conHeyHol akmusHocmu, HabmodeHusi ¢ anpers 2013 e.
no anpenb 2014 e., 96 ny4ed, 5 000 MepyaroWux UCMOYHUKOS B4,

[mobanbHas cTpykTypa TypOYNeHTHOro COMMHEYHOro BETpa B MakCMMyMe Con-
HEYHON aKTUBHOCTM Bnnaka K cheprieckn CUMMETPUYHON.

Ha thoHe kBasucTaLmoHapHoO rmobanbHON CTPYKTYPbl B CONIHEYHOM BETPE Mo-
CTOSIHHO MPWCYTCTBYKOT KpynHomacwwTabHble (0,2-0,3 a.e.) HeOAHOPOAHOCTU
C NOBbILEHHbIM ypoBHEM TypbyneHTHOCTU. KpynHomacwTabHble HEOAHOPOA-
HOCTV NepeMeHHbI Ha BCEX BPEMEHHbIX MacLuTabax, NpeBOCXOAsALLMX AeCATKN
4acos.

®asa criada 24 yukna, HabnodeHusi 2015-2017 e., 96 nyyed,
5 000 ucmoyHukos.

B HavanbHoW cTagumn cnaga aktueHoctH, 2015-2016 rr., rmobanbHas mano oT-
NYaeTcs OT MakcMMyMa v B cpegHem brnmska k cchepuyeckt CUMMETPUYHON.

Mo mepe npubnmxeHns Kk muHumymy, 2017 1., Habnogaetcs 3aMmeTHoe ocna-
OreHve pagmanbHOW 3aBUCMMOCTM YPOBHS MepLiaHui, 4To MOXeT ObiTb 00b-
SICHEHO BNWSIHUEM renMocepHOro TOKOBOTO CIIOS.

3AKJTIOYEHME

MoHuTOpUHr aHcambns cnabbix MepLaloLmX UCTOYHWUKOB ABNSETCH adek-
TWBHbLIM METOAOM UCCNEeA0BaHUS rnobanbHOWM CTPYKTYpbl TYpOyneHTHOro con-
HEYHOro BETPa 1 ee AVHAMUKM B LIMKIE COMHEYHOW akTuBHoCcTU. HabnogeHus
MO3BOMNSIOT MCCIEAOBaTb COMHEYHbLIA BETEP HA BCEX renuoLLIMpoTax, OT 9K-
BaTOpMarnbHbIX 4O MONSAPHbLIX, B 06NacTu rennoLEHTPUYECKUX PacCTOSHWIA
or04p001ae.
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BEPOATHOCTW BO3HUWKHOBEHUA
W BO3MOXHOCTU NMPOrHO3A
AQKCTPEMAIJIbHbIX BO3SMYLLEHWUN
KOCMUYECKOUW noroasbl

H.B. froea, B.A. NMununeHko, O.B. Ko3bipeBa
D3 PAH, Mockea, Poccusi

AHanNU3NpyTCA BEPOSATHOCTY NOSIBIIEHUSI SKCTPEMASIbHbIX BO3MYLLEHUN reo-
MarHWTHOTO NOMst pasHbIX MPOCTPAHCTBEHHbIX MacLiTaboB.. NokasaHo, 4To am-
nnNuTyaa BO3MYLLEHWS BO3PACTAET NPU HANOXEHUN BOSTHOBBIX U NEPEXOAHbBIX
MPOLIECCOB Pa3HOro MPOUCXOXAEHUS, U ANs Takme cobbiTus He MOryT ObITh
npefcKasaHbl Ha OCHOBE aHanmaa BHeMarHMTocepHoix daktopos. OueHnBa-
t0TCSH BEPOSTHOCTU SKCTPEMArbHbIX BO3MYLLEHU AN pa3HbIX reOMarHUTHbIX
LUMPOT.

[okasaHo, YTo aMNANTYAbl U CNEeKTpanbHbIA COCTaB reOMarHUTHbIX Nyrbca-
umii gmanasoHa 1-5 My (Pc5/Pi3) okasbiBatoTcst (hakTOpOM, BMUSIIOLWMM Ha
BEPOSTHOCTb MOSIBMEHUS AKCTPEMAsbHbIX BO3MYLLEHUIA reOMarHUTHOro nosns
1 B KQ4ECTBE CaMOCTOATENBHOMO hakTopa 1 B CoMETaHWK C ByxTOO6pasHbIMM
BO3MYLLEHNSAMU.
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INTRODUCTION

As pointed out in particularly by Cowley et al. [1], the magnetosphere-iono-
sphere interactions in the case of rapidly rotated planets with additional source
of inter-magnetospheric plasma (Jupiter and Saturn), results that the magne-
tospheric plasma can not state in the rigid corotation together with the planet.
Slipping of the magnetospheric plasma results in the generation of the equato-
rial plasma magnetodisk with emended strong azimuthal currents. In the case
of Jupiter this mechanism results in increasing of the effective planetary dipole
about 2-3 times [2]. The same process results in the generation of potential
drop along the magnetic field lines, as well as the electrons beams acceler-
ation and powerful aurora emitting by the upper atmosphere. The very high
field-aligned conductivity requires that magnetic field lines be equipotential
(parallel electric field must be zero) and angular velocity must be the same
at the ionosphere and in the equatorial plane, but beyond the Alfvenic radius
magnetic field can not control of the plasma flow in the magnetosphere, and
specific 3D current system will be generated.

We describe all toroidal and poloidal currents connected by each to other
through the ratio of the Pedersen and Hall ionospheric conductivities as parts
of the total current system. We added the azimuthal field B_phi created by the
field-aligned currents to the global paraboloid model of the magnetic field in the
Jovian and Kronian magnetospheres [2].
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currents

Since the first observations of the solar wind made by the interplanetary mis-
sions Luna-1, -2, and -3 in 1959 [1,2], the pioneering works of K.I. Gringauz
made fundamental contribution to our understanding of the influence of the
solar wind to the magnetospheric dynamics, now known as the space weather.
At the first stages of space weather research, the solar wind velocity was con-
sidered as the main factor controlling the geomagnetic activity. K.I. Gringauz
studied the correlation between the yearly averaged parameter of geomag-
netic activity aa and the solar wind velocity for the 20 solar cycle, and showed
that they are highly correlated [3]. However, he also noticed that such good
correlation might not persist for other solar cycles. This prediction was con-
firmed later, when it was found that the high correlation breaks down for the
cycles 21 and 22 [4]. Even these early works revealed the principal limitations
of the most popular models of the creation of magnetospheric convection: the
reconnection model developed by Dungey [5] and the viscous interaction mod-
el developed by Axford and Hines [6]. The first model postulated the validity
of the frozen-in condition, which could be destroyed only in definite points and
lines. The second model is based on the alternative physical principles and
suggests the development of strong turbulence and appearance of great vis-
cosity due to development of instabilities at the magnetospheric flanks. The
model of Boris Tverskoy [7] developed later had no such limitations. It consid-
ered the formation of large-scale magnetospheric convection as a result of the
inner magnetospheric instability development (see the review [8]). It was able
to predict the configuration, location and value of later discovered field-aligned
current system. Unfortunately, the influence of the solar wind parameters on

the magnetospheric convection was not considered in this model.

On the other side, the Dungey model suggested the explanation of the depen-
dence of geomagnetic activity on the orientation of the interplanetary magnetic
field (IMF), obtained by many researches, including [4], that made it very pop-
ular for a very long time. However, its predictions are incompatible with the
observed pressure balance at the magnetopause [9]. They also are in a strict
conflict with the observed high level of turbulence in the magnetosheath and
plasma sheet. In the turbulent regions, where the amplitude of magnetic field
fluctuations is comparable with the averaged field, the magnetic field line often
changes its topology, which might be interpreted as “reconnection phenom-
ena” at the magnetopause or in the tail. This reconnection is widely consid-
ered as the main cause of magnetospheric activity (substorm development),
but the constant change in the field line topology makes this statement rather
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questionable. Another difficulty is related to a low correlation between the so-
lar wind-magnetosphere coupling functions and geomagnetc indexes. Newell
et al. [10] analyzed more than 20 coupling functions and suggested a new one.
Despite all this efforts, the correlation coefficients of such functions and geo-
magnetic indices are still not very high. The attempts to explain the reason of
low correlations was not successful. This means that not all factors determin-
ing the geomagnetic activity were taken into account. Low values of correlation
coefficients between coupling functions and geomagnetic indices show from
one side the absence of the adequate information about parameters of plasma
and magnetic field at the magnetospheric boundary, and from the other side
the absence of the adequate information about magnetospheric dynamics and
interconnections of different magnetospheric processes.

The difficulties of conventional theories of geomagnetic activity require the de-
velopment of new approaches, which do not request the validity of the frozen-in
conditions. They should take into account the fact that the plasmas in the mag-
netosphere are in magnetostatic equilibrium when plasma velocity is much
lower than sound and Alfven speeds. We summarize the latest achievements
in this direction, including the results of the studies of turbulent transport in the
magnetospheric tail, determining the localization of the auroral oval mapping
to the equatorial plane, structure of transverse currents in the magnetosphere
and nature and location of field-aligned currents [11]. We study the properties
of isolated substorms, their dependence on solar wind and IMF parameters
and connections to ring current dynamics [12]. We try to show that obtained
results permit to reanalyze the main properties of magnetospheric dynamics
and its connection to the solar wind and IMF parameters.

Acknowledgments. The work was supported by RFBR grant 18-05-00362.
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INTRODUCTION

Several previous studies have considered the annual variations in the equa-
torial density of electrons in the plasmasphere. The first results were obtained
based on an analysis of observations of the natural signals of whistlers [1].
These publications have shown that the maximum and minimum of the cold
plasma decrease in December to June, respectively, at the ratio of the maxi-
mum and minimum values equal to 1.5-3 for L=1.5-2.5, depending on the lon-
gitude. An analysis of artificial signals in the whistler mode has been performed
in [2] and it has been shown that the ratio of the calculated density in Decem-
ber to the density in June reaches a factors of 3 and 2 for the solar minimum
and maximum, respectively, at L=2.5 in the American longitudinal sector. It has
been shown that seasonal variations are pronounced most clearly at a longi-
tude of 60°W because the stronger shift of the geomagnetic pole relative to the
geographic pole falls at that longitude. In the model [3], an approach based on
the dynamical diffusion equilibrium was used and seasonal variations in the
plasma density in the solar activity maximum have been obtained. A couple of
magnetometers located at L=1.4 in the American longitudinal sector has been
used to determine the mass density of the plasma [4]. It was found that the
mass density is higher in December than in June by a factor of 2-3. In [5], the
authors used the electron density measurements on board the CRESS satel-
lite, which determines the plasma frequency from the wave measurements. As
in the previous papers, the authors found a strong winter—-summer seasonal
dependence in the American longitudinal sector at L<4, whereas in the oppo-
site longitudinal sector in the Eastern Hemisphere, no such dependence was
distinctly seen. No such dependence was detected for high values of L. The
latter fact is most likely related to the choice of measurement moments. At high
L shells, the prehistory of magnetic activity for several preceding days substan-
tially influences the filling of magnetic flux tubes. In [6], the authors continued
and developed their research annual and longitudinal variation in the electron
and ion density at L=2.5 in the equatorial plane during the solar activity maxi-
mum using measurements of magnetometers, CRESS and IMAGE satellites.
It was found that, near a geographic longitude of 60°W, the mass density of
electrons and ions in December is 1.5 and 2.2 times higher, respectively, than
in June. In the Eastern Hemisphere, the seasonal variations were insignificant.

RESULTS

In order to analyze the dependence of the cold plasma density in the Earth’s
plasmasphere, we used the data obtained on board the INTERBALL-1 satellite
(Tail probe) by the Alpha-3 experiment [7]. This satellite has been launched on
August 2, 1995 to an orbit with an apogee of ~200000 km and a period of ro-
tation around the Earth of approximately 4 days. The analyzer was measuring
the energy spectrum of the charged particles within the energy range of 0-25.5
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eV with 24 energy intervals. The spectrum was measured for 2 s with a period
of 18 s to 5 min. The method of data processing and obtaining the proton con-
centration and temperature was described in [8]. In the present work, we tried
to use these measurements database to analyze the dependence of the plas-
ma density in the plasmasphere on geographic longitude in the filled-in plasma
tubes in the coordinate system L-MLT. At the same time, a comparison of the
plasma density was performed in the plasma tubes located in approximately
the same MLT interval and has the same value of the Mcllvain parameter L
but located at different geographic (or geomagnetic) longitudes. We only used
measurements at time moments when, for a few days prior to the measure-
ments, the situation in the magnetosphere was quiet. The condition that, during
5 days prior to the moment of measurements, the magnetic activity index Kp
did not exceed a value of 4 was chosen as a selection criterion. The measure-
ments conducted at the L shells located between L=2 and L=4 were used for
the study. May, June, July, and August were taken as summer months and
November, December, January, and February considered as winter months.
Due to the peculiarities of the Tail probe orbit and its evolution over time, the
satellite crossed the inner magnetosphere in summer and winter months in
predominantly the 22.00-02.00 MLT sector and the 09.00-12.00 MLT sector,
respectively. Because of that, it was found to be impossible to compare the
cold plasma density at points with similar geographic and geomagnetic coordi-
nates in the summer and winter seasons.

In the present work the values of plasma density measured at different geo-
magnetic latitudes were reduced to L=2.5 using the N~L—4 law as in [5,6].
A longitudinal distribution of the proton density in the plasmasphere with split-
ting into sectors of 45° was shown on the upper part of figure 1. Figures show
the proton density distributions for summer and winter seasons. The ratio of
the maximum to minimum density became equal to 3 and 2.3 for the summer
and winter seasons, respectively. The density minimum is located within the
270°-315° longitudinal sector in summer. It coincides completely with the re-

1600 — SUMMER 1600 — WINTER

045 90-135 180-228 270-318 045 90-135 180-225 270315
Geamagnetic longitude Geomagnetic longitude

Ne (1.e2 cm-3) h=10000 km 24:00 LT Summer Ne (1.e2 em-3) h=10000 km 12:00 LT Winter
40 . .
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35
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fig. 1. Distribution of plasma density as a function of geogmagnetic longitude (upper parts) and
GSM TIP calculations (lower parts)
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sults of previous studies where it has been shown that the minimum of the
plasma density is located at a geographic longitude of 60° W. However, unlike
these studies, our results distinctly indicate the existence of maximum in winter
located within the 180°-225° longitudinal sector.

In this study, we used the modified Global Self-Consistent Model of the Ther-
mosphere, lonosphere, and Protonosphere (GSM TIP) [9]. Using the GSM TIP
model, we obtained solutions for quiet conditions of the summer and winter
seasons. Lower part of Figure 1 shows the obtained results of calculating the
longitudinal variations in the electron density at various geomagnetic latitudes
at a height of 10000 km for winter and summer period and for local time 24 and
12 UT. The results of the model calculations also provide a strong dependence
of the electron density on the geographic longitude. In summer, at 24.00 LT,
the longitudinal dependence is stronger than in winter at 12.00 LT, although in
winter this dependence is more complicated. This agrees with the statistical
results shown in upper parts of fig.1. If we compare the longitudinal depen-
dences obtained according to the INTERBALL-1 data with the results of the
model calculation, good agreement can be observed between them.

Our study showed that, without allowance for the dependence of the cold plas-
ma density in the plasmasphere on geographic longitude, it is impossible to
create an adequate statistical plasmaspheric model.

REFERENCES

[1] Park C.G., Carpenter D.L., Wiggin D.B. Electron density in the plasmasphere: Whis-
tler data on solar cycle, annual and diurnal variations // J. Geophys. Res. 1978.
V. 83. P. 3137-3144.

[2] Clilverd M.A., Smith A.J. Thomson N.R. The annual variation in quiet time plas-
maspheric electron density determined from whistler mode group delays // Planet.
Space Sci. 1991. V. 39. P. 1059-1067.

[3] Webb P.A., Essex E.A. A dynamic diffusive equilibrium model of the ion densities
along plasmaspheric magnetic flux tubes // J. Atmos. Sol. Terr. Phys. 2001. V. 63.
P. 1249-1260.

[4] Berube D., Moldwin M.B., Weygand J.M. An automated method for the detection of
field line resonance frequencies using ground magnetometer techniques // J. Geo-
phys. Res. 2003. V. 108. P. 1348. Doi 10.1029/2002JA009737.

[5] Clilverd M.A., Meredith N.P., Horne R.B. et al. Longitudinal and seasonal variations
in plasmaspheric electron density: Implications for electron precipitation // J. Geo-
phys. Res. 2007. V. 112. A11210. Doi 10.1029/2007JA012416.

[6] Menk F.W., Ables S.T., Grew, R.S. et al. The annual and longitudinal variations
in plasmaspheric ion density / J. Geophys. Res. 2012. V. 117. A03215. doi
10.1029/2011JA017071.

[7] Bezrukikh V.V., Barabanov N.A., Venediktov Y.I. et al. Investigation of low-energy
plasma in the Earth’s magnetosphere on board the tail and auroral probes: Instru-
mentation and preliminary results // Cosmic Res. 1998. V. 36. N.1. P. 30-38.

[8] Kotova G., Verigin M., Bezrukikh V. The effect of the Earth’s optical shadow on ther-

mal plasma measurements in the plasmasphere // J. Atmos. Sol.-Terr. Phys. 2014.
V. 120. P. 9-14.

[9] Namgaladze A.A., Korenkov Yu.N., Klimenko V.V. et al. Global numerical mod-
el of the Earth’s thermosphere, ionosphere, and protonosphere // Geomagn.
Aeron. 1990. V. 30. N. 4. P. 612-619.

proceedings of the conference-111



GRINGAUZ 100: PLASMAS IN THE SOLAR SYSTEM, 2018

SIMPLE EMPIRICAL MODEL OF THE MAIN
IONOSPHERIC TROUGH POSITION

M.G. Deminov, V.N. Shubin
IZMIRAN, Troitsk, Moscow, Russia; deminov@izmiran.ru; shubin@izmiran.ru

KEYWORDS
ionosphere, main ionospheric trough, empirical model, analytical form

ABSTRACT

Based on the analysis of probe measurements on the CHAMP satellite at alti-
tudes of ~350—-450 km for 2000-2007, an empirical model of the position of the
main ionospheric trough (MIT) was developed. The model is presented in the
analytical form of the invariant latitude of the trough minimum, Fm, as a function
of the magnetic local time (MLT), geomagnetic activity, and geographical lon-
gitude. The model is applicable for the northern and southern hemispheres. As
an indicator of geomagnetic activity, we used the time-weighted average index
Kp(T), whose coefficient 1=0.6 was determined by the condition of the minimum
deviation of the model from the experimental data. The model has no limit nei-
ther on the local time nor on the magnitude of the geomagnetic activity index.
However, the initial array of MIT minima contained mainly data in the interval
16-08 MLT for Kp(1)<6, so outside this interval the model is more qualitative. Itis
also established that: a) the use of solar local time (SLT) instead of MLT leads to
an increase in model errors by only 5-10%; b) the amplitude of the longitudinal
effect in the latitude of the MIT minimum in geomagnetic (invariant) coordinates
is an order of magnitude smaller than in geographic coordinates.

MODEL

The model is based on probe measurements of the electron density onboard
the CHAMP satellite from July 2000 to December 2007 at altitudes of 350 to
450 km. With hand processing of these data, the geographical coordinates
of the main ionospheric trough, MIT, were determined, as well as the time
and date of crossing their minimums by the satellite. The number of such MIT
minimums amounted to 8739 for the Northern hemisphere and 7927 for the
Southern one.

Using the International Geomagnetic Field Model IGRF-2010, the geographi-
cal coordinates of every MIT minimum, and the universal time of the crossing
of this minimum by the satellite, we determined the corrected geomagnetic
latitude, ®,*, at the altitude of 400 km and the local magnetic time, MLT, for
this minimum according to the model given in Internet (https://omniweb.gsfc.
nasa.gov/vitmo). In what follows, the term “invariant latitude”, ® is used for
the absolute value of the corrected geomagnetic latitude, ®*, i.e. ®,, = |®,*|
is the invariant latitude of the MIT minimum. Using ®,, is justified by the fact
that the regularities of ®,, variations are similar in the Northern and Southern
hemispheres in many aspects.

Numerous investigations showed that the @, changes delay relative to the geo-
magnetic activity changes, i.e. the MIT minimum latitude depends on pre-histo-
ry of the geomagnetic activity changes. In order to account for the pre-history,
we used the weighted average over time (with the weight coefficient t) index of
geomagnetic activity [1]

Kp(1) = 2.1 In(0.2 ap(1) +1),

where [2]

ap(r) = (1-7) (apo + ap- T+ ap, 7 + ...),

ap, , ap-1 , etc. are the values of ap-index at a present, previous, etc. three-
hour intervals.
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The model of the MIT minimum position is the regression equation obtained
using the above data array:

®, =65.5-2.4 Kp* + ®(t) + O(A) exp(-0.3 Kp*),

where the latitudes ®,,, ®(t), (A), and the geographical longitude A are ex-
pressed in degrees, time t = MLT in hours, Kp*=Kp(1) with 1=0.6, ®(A)=®y(\)
and ®(\)=ds(\) for the Northern and Southern hemispheres,

®(t) = 3.16 — 5.6 cos(15(t — 2.4)) + 1.4 cos(15(2t — 0.8)),

®y(A) = 0.85 cos(A + 63) — 0.52 cos(2A + 5),

®s(N) = 1.5 cos(A — 119).

Note that the free term for ®(t) was chosen in such a manner that at midnight
(at t = 0) the condition ®(f) = 0 was fulfilled.

FEATURES OF THE MODEL

Formally, this model has no limitations in local time and magnitude of the
effective index of geomagnetic activity, Kp*. But the initial array of the MIT
minimums contained mainly the data in the interval 16 to 08 MLT. Therefore
the model is rather qualitative outside this interval, and this is consistent with
the general tendency that the MIT occurs mainly at night time. Just this is the
reason of that the array of the MIT minimums practically did not contain data
for local summer. The array of the MIT minimums contained mainly the data for
Kp*<6. Therefore the accuracy of the model for Kp*>6 can be not very good.

The root mean square error ¢ (in degrees of invariant latitude) of the model
is near 2.0-2.3 and 2.8-2.9 for the Northern and Southern hemispheres. The
relatively high error of the model for the Southern hemisphere seems to be
related to greater difference between the geographical and magnetic poles in
this hemisphere.

Accounting for pre-history of the geomagnetic activity variations in the MIT
minimum model is important for all considered cases. For example, in the
Northern hemisphere the error of the model (in degrees of invariant latitude) is
2.0-2.3 and 2.8-3.1 with accounting (1=0.6) and without accounting (1=0) for
this pre-history.

The function ®(A) shows dependence of invariant latitude of the MIT minimum
on geographical longitude A. Analysis shows that ®(A) depends in a certain
manner on longitudinal variations of geographical latitude @ at a fixed invariant
latitude, for example, at 65° ®, which is denoted as @(65,A). In this case

®(A) =-0.13 (Jo(65,\)| — 65)

with a correlation coefficient K=0.9 for the Northern hemisphere; here all lati-
tudes and longitudes are measured in degrees. This equation shows that the
amplitude of the ®(A) longitudinal changes is 13% of amplitude of ¢(65,A) lon-
gitudinal changes. The contribution of ®(A) into invariant latitude of the MIT
minimum, ®,,, becomes smaller as geomagnetic activity grows. Therefore at
Kp*=2 and Kp*=5 the amplitude of ®,, longitudinal changes, ®(A)exp(-0.3Kp*),
is 7% and 3% of the amplitude of ¢(65,A) longitudinal changes.

This model will be described in more detail in the paper [3].
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INTRODUCTION

The plasmaspheric corotation field is of crucial importance in the consider-
ation of cold plasma dynamics in the inner magnetosphere. In particular, just
the combined action of corotation and convection fields is responsible for the
formation of plasmapause — the separatrix between the closed and open tra-
jectories of cold charged particles drifting around the Earth.

Unfortunately, the corotation field is usually considered in the oversimplified
approximation, when it is derived by a formal transformation between the ro-
tating and non-rotating reference frames. A well-known artifact of such an ap-
proach is, for example, a sharp cusp of the plasmapause in the dawn-to-dusk
direction, which was never observed experimentally.

METHODS

The aim of the present work is a development of the self-consistent theory of
the corotation electric field, based on the effect of unipolar induction in the entire
system extending from the solid Earth to the outer magnetosphere. As a result,
the corotation field emerges as a real physical field, caused by the unbalanced
polarization charges, rather than the result of formal transformations between
the coordinate frames. A natural factor restricting the size of the corotation field
is strong distortion of the magnetic field lines near the magnetospheric boundar-
ies, so that the polarization charges can no longer be captured there.

RESULTS

The model developed in the present work:

(1) provides a self-consistent physical description of the corotation field, which
is formed by the effect of unipolar induction;

(2) gives a smooth shape of the plasmapause, well in agreement with obser-
vational data,

(3) predicts some new effects in the high-latitude ionosphere and inner mag-
netosphere during geomagnetic storms, which have not been taken into
account before.
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ABSTRACT

A successful example of research code development, community use and
transition to operations is our multiphysics MHD code called BATS-R-US and
the Space Weather Modeling Framework (SWMF) that couples together re-
gional domain models.

The development of BATS-R-US started in the early 1990s [1], while SWMF
was developed a decade later [2,3]. Both BATS-R-US and SWMF were devel-
oped from the beginning with high parallel performance and portability in mind.

P - 1 ~

Time-stepping Conservation laws Nnmerlcs
Local explicit (CFL control) for steady state Hydrodynamics [« di i
Global explicit X-MHD 2nd (TVD), 4th (PPM) & 5th (MP)
Part steady explicit Lo spatial order schemes
Explicit/implicit ap-wmmu Rusanow/HLLE/AW/Roe/HLLD
Point-implicit sm"'lﬂ"m" Splitting the magnetic field into Bs + By
Semi-implicit - e ah - Divergence B control

Fully implicit Ideal & non-ideal EOS T, 8-wave,
- - - - e —

lock Adaptive-Tree Solar-wind Roe-type Upwind Scheme

' " - ~ ~ ~
Source terms

— Gravity —
Heat conduction

AMR Library (BATL)

Auxiliary equations

Self-similar blocks ~ Wave energy tnnspoﬂ
Cartesian grid . r::::::]:‘:uon i transfer
Curvilinear grid (can be stretched) R 1 Material interface Illwl set)
et ecombination
PP 1,2 and 3D block: i Parallel ray-tracing
Allows AMR in a subset nf!hodlmnuoﬂs Ay R Tabular equation of state
Wave energy dissipation -
L | Radiative heating/cooling | J

The SWMF provides the software environment and tools to couple the various
models with each other. It is a fully functional, documented software framework
that allows the parallel execution and efficient coupling of multiple models. The
SWMF provides a high-performance computational capability to simulate the
space-weather environment from the upper solar chromosphere to the Earth’s
upper atmosphere and/or the outer heliosphere. Currently there are more than
a dozen physics domains in the SWMF, but in an actual simulation one can use
any meaningful subset of the components.
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In the early 2010s the CCMC evaluated three physics-based and three empir-
ical magnetosphere (geospace) models at the request of NOAA/SWPC [4,5].
Among the six models was the SWMF/Geospace configuration that included
three coupled models: the global magnetosphere described by BATS-R-US,
the inner magnetosphere simulated by the Rice Convection Model (RCM) and
ionospheric electrodynamics solved by the Ridley lonosphere Model (RIM).
In 2014 NOAA/SWPC selected SWMF/Geospace as the first physics-based
global magnetosphere model to be transitioned to operations.

Geospace delta B (nT), North America : 2016-09-29 08:43:00 UTC
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| first met Konstantin Gringauz in 1973 when | was working on the data pro-
cessing of the Prognoz-3 satellite. | joined his group as the first foreign post-
doc at IKl in late 1975 when Venera-9 and -10 were orbiting Venus providing
a treasure trove of new information about our sister planet. After my return to
Hungary | kept a close collaboration with Gringauz and his group, culminating
in our joint experiment on the Venus-Halley (VEGA) mission.

This presentation will be my reflection on our personal and professional rela-
tionship and the lessons | learned by working with one of the space pioneers.
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INTRODUCTION

Multilayered (embedding) Current Sheets (CS) are often observed in
the Earth’s magnetotail [1]. Simulations based on quasi-adiabatic dynamics
of different ion components showed that the observed multiscale structures
can be reconstructed by taking into account the net electric currents carried
by ions with different masses and, thus, with different gyroradii [2]. The last
determines the spatial scales of the corresponding current layers. The em-
bedding can be quantitatively described by the ratio of the magnetic field val-
ue at the edges of a thin embedded layer B to the value of the magnetic field
outside the CS B, [1]. For the Earth’s magnetotail it was shown that there is
a relation between the B4/B, and the relative densities of heavy and light ion
components [2].

THE EMBEDDING CSS IN THE MARTIAN MAGNETOTAIL

In the Martian magnetotail the embedding feature is also often observed in
the cross-tail CS formed by the draping of the IMF field lines [3]. The analysis
of ~100 CS crossings by MAVEN spacecraft at Xyso< —1 Ry (Ry is a radius of
Mars) showed that in the Martian magnetotail the relation between the embed-
ding characteristics and ion composition is similar to the one observed in the
terrestrial CSs, and the spatial scales of the embedded layers are defined by
the gyroradii of the current carrying ion component. This finding confirms that
the quasi-equilibrium CS state is supported by universal mechanisms based
on general principles of plasma kinetic.

Authors acknowledge the support of Russian Science Foundation (RSF grant
Nr. 16-42-01103).
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We present ion moments data set that have been obtained from the IMA
mass-spectrometer which is a part of ASPERA plasma package. ASPERA
experiments have been mounted onboard of ESA Mars Express and Venus
express missions. Mars express is still active and we have an excellent solar
and planetary ions data set from 2007 up to now. Venus Express mission has
been completed in 2014 and the ions moment data set covers 2006—-2014 time
interval. IMA is a sophisticate ion mass-spectrometer with almost omnidirec-
tional field of view. It accumulates a 3D distribution function of H*, He**, He",
O, and O,* every 193s. Since Venus express and Mars Express are plane-
tary focused, 3D stabilized mission, we can expect the ion flux from almost
any direction in the spacecraft reference frame. The instrument field of view is
partially obscured by the spacecraft and its solar panels. We have taken into
account all such circumstances during the moments calculation and the ion
distribution function analysis. The presentation shows all aspects of IMA data
processing, ion distribution function reconstruction, and moments calculations.
The resulting data are available in AMDA database (http://amda.cdpp.eu/) on-
line. The presentation shows examples of online data manipulation.
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INTRODUCTION

The stable auroral red (SAR) arcs are the consequence of interaction of the
outer plasmasphere (plasmapause) with energetic ions of the ring current. An
arisen downward flux of superthermal electrons along the magnetic field lines
increases the ambient electron temperature at the altitudes of ionosphere
F2 region. As a result, the enhancement of atomic oxygen red line intensity
in the SAR arc mapping the plasmapause takes place. Our studies show
that the SAR arcs appear and / or brighten during the substorm expansion
phase. The SAR arc formation begins in the equatorward boundary region
of the diffuse aurora (DA). In this work two events of SAR arc observations
using the all-sky imager (ASI) at the Yakutsk meridian (130°E; 200°E, geom.)
simultaneously with a registration of plasmapause and energetic ion fluxes
aboard the Van Allen Probe satellites are considered.

OBSERVATION RESULTS

The first comparison of ground and satellite observations has been carried
out during the onset of large magnetic storm on March 17, 2015 (St. Patrick’s
Day geomagnetic storm). ASI registers the intense SAR arc at 53-59°N geo-
magnetic latitudes in the MLT evening sector from the start of observation at
~1116 UT (1926 MLT) during the low magnetic activity at IMF Bz>0. The Van
Allen Probe B determines the plasmapause location in the L~3—4 interval and
registers the inner boundary of the H* and O* energetic ion fluxes at L~2.8-3.3
near the meridian of optical observations. We show that SAR arc in this event
maps the overlap region of plasmasphere dusk-bulge by the energetic ion flux
of the ring current after the onset of magnetic storm (see fig. 1, 2).

In the second event on December 28, 2014 ASI observes the aurora dynamics
and formation of SAR arc in early morning sector of MLT after the onset of
isolated substorm expansion at ~1920 UT. The center of substorm activization
was at the 0212 MLT meridian. SAR arc arises at 59-57°N magnetic latitudes
during the equatorward and eastward extension of aurora. The Van Allen Probe
B at 1920-1950 UT registers a sharp drop in the flux of energetic protons and
ions O* in the plasmapause region near the ground observation meridian. It
is assumed that in this case the dynamics of aurora and SAR arc maps the
penetration of hot plasma into the outer plasmasphere in the L~3—4 interval as
the result of eastward electric drift from the substorm injection region.

e The gray column shows the overlap region of ring current energetic ions O*
and H* with thermal plasma that must be interfaced with the observed SAR
arc at this time.

e The satellite passes the inner boundary of this region at 1210 UT with calcu-
lated L ~ 2.8 at the meridian 1736 MLT.

e The outer boundary of the overlap region is registered at 1245 UT with the
values of parameter L~4 at the meridian 1900 MLT.
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fig. 1. Registration of the plasmapause and energetic particle fluxes aboard the Van Allen Probe
(B) during the SAR arc observation on March 17, 2015. The density of thermal electrons and the
flux of energetic protons and oxygen ions (s~'xcm xster-'xkeV-") are presented
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fig. 2. The all sky images in the 630.0 nm emission during the Van Allen Probe (B) passage of
the plasmapause on March 17, 2015. The projections at the Earth surface for the glow height of
450 km in geomagnetic coordinates are presented. The images show a glow with intensity less
than 2000 Rayleigh (2 kR) for better display of the SAR arc

e At 1210 UT, the equatorial boundary SAR of the arc at longitude ~ 180°E
has a latitude of ~ 53.5°N, which corresponds to the L~2.8 and meridian
1852 MLT.

e At 1245 UT, the geomagnetic latitude of polar boundary of the red arc at
longitude ~ 174°E is 60°N, which corresponds to the L~4 and meridian
1905 MLT (see Figure 1).
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INTRODUCTION

The stable auroral red (SAR) arcs are the consequence of interaction of the
plasmapause with energetic ions of the ring current. The geomagnetic pul-
sations Pc1 are registered on the Earth as a consequence of generation of
electromagnetic ion cyclotron (EMIC) waves in the equatorial plane of the
magnetosphere. The EMIC instability causes the scattering of ring current pro-
tons into the loss cone. Precipitation of energetic protons and their charge
exchange at the heights of the ionosphere E layer can be observed as a proton
aurora in the H-beta line of atomic hydrogen. This work analyzes the dynamics
of the SAR arc, proton aurora and Pc1 waves in the MLT evening sector at the
Yakutsk meridian (130°E — geogr.; 200°E — geom., MLT midnight is 1550 UT)
using the all-sky imager (ASI) and induction magnetometer during the growth
and expansion of intense substorms on December 31, 2015.

OBSERVATION RESULTS

After the enhanced magnetospheric convection due to the southward IMF Bz
turning ASI, observes an equatorward motion of the diffuse aurora (DA) bound-
ary in the 557.7 and 630.0 nm emissions and H-beta (486.1 nm) band from the
northern horizon of observation station. The weak SAR arc is registered equa-
torward of the diffuse aurora (DA) since the beginning of observations. During
the expansion phase with the onset at ~1212 UT and epicenter in the midnight
MLT sector the SAR arc center is located at the geomagnetic latitude of 58°N
at the zenith of the station. The band in the H-beta emission is registered at
latitudes of 59—61°N. In 10 minutes after the start of substorm expansion ASI
registers the SAR arc intensity growth from the western horizon toward the
east with an angular velocity of ~4 deg/min. As a result, along the arc a few
intensity maxima are formed. At the same time, the narrow arc in the H-beta
emission with similar dynamics appears poleward of the SAR arc at a distance
of ~0.6° (see fig. 1).

The induction magnetometer detects a sharp increase of Pc1 pulsation am-
plitude at frequencies of 0.5-0.7 Hz during the arrival of end of the arc in the
H-beta emission to the zenith of observation station. The Pc1 pulsations and
the dynamic proton arc are registered within ~30 minutes. The SAR arc is
registered by ASI until about 1400 UT. We connect the observed phenomena
in the SAR arc and proton aurora with the eastward propagation of the exci-
tation region of EMIC waves along the plasmapause in the evening MLT sector
(see fig. 2).
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fig. 1. Longitudinal dynamics of the SAR arc and proton aurora during the substorm

on December 31, 2015. All sky images in the 630 and 486.1 nm emissions in a projection
onto the Earth’s surface for the glow heights of 450 and 110 km respectively in geomagnetic
coordinates are presented

e In 10 minutes after the onset of substorm expansion the SAR arc brighten-
ing from the western horizon to the east at an angular velocity of ~4°/min
occurs.

o At the same time the dynamic aurora in 486.1 nm (H-beta) emission appears
on the western horizon and propagates eastward northern than the SAR arc
by ~0.6° latitude.

e As aresult, three intensity maxima are formed along the SAR arc with a fixed
longitudinal position for 4 minutes.

o At a latitude of 59—-61°N at this time a stable aurora band in the H-beta emis-
sion is observed, which arose during the convection enhancement.
o After the disappearance of the proton arc, the SAR arc becomes uniform and
moves equatorward.
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fig. 2. Dynamics of the Pc1 pulsation, SAR arc and proton aurora during the substorm on
December 31, 2015. ASI data as keograms in the 630 and 486.1 nm emissions for the luminosity
heights of 450 (a) and 110 (b) km. Z is a zenith of observation station. (c) Geomagnetic pulsation
records in H and D components

e The induction magnetometer registers the sudden occurrence of geomag-
netic pulsations Pc1 simultaneously with the appearance of the arc eastern
edge in the H-beta emission at the meridian of observations.

e The SAR arc brightening at the station meridian occurs at the same time.
Pulsations Pc1 and a dynamic arc in the H-beta emission are registered
within ~30 minutes.
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Tamara Breus showed me an article she wrote in memory of Prof. Konstans
Gringauz. The article was entitled “An Unforgettable Personality” which re-
minded me of several anecdotes that had to do with my encounters with Kon-
stans. | would like to record them here because they represented my trespass
into a rare moment in space science in which everyone was the youngest and
brightest.

The first time | met Konstans was in Lindau the week before the big interna-
tional conference on the space explorations of Comet Halley in Heidelberg in
October, 1986. There was a workshop for the experimental teams of different
missions to get together at the Max-Planck-Institut fuer Aeronomie to compare
their results. From Moscow came Alex Galeev, Konstans Gringauz, Misha Ver-
igin, and many of their colleagues. When | saw Konstanz | gave him a copy
of the Nature paper | wrote together with Max Wallis in which we made some
comparison of the solar wind interactions with Venus and comets. | thought
that would be a good way to introduce myself. A few hours later | came down
the stairway and saw Konstans standing in front of the entrance with the paper
in hand. | asked him whether he had had a chance to read it. Being Konstans
Gringauz, he sternly replied that not only had he read it he had even found it
useful. And then he started fanning himself with the Nature paper because it
was a hot day. A good introduction that was!

But then Konstans was kind to me in several ways. In one of his first pa-
pers discussing his PLASMAG results on the Halley observations by the Vega
spacecraft, he used the current disruption model which Asoka Mendis and |
proposed several years earlier to explain the possible occurrence of anoma-
lous ionization in the coma of comet Halley. Perhaps this was because such an
effect was reminiscent of what he suggested for the production of the nightside
ionosphere of Venus on the basis of his Venera observations, a feat very close
to his heart.

There must have been more than 500 participants in the Heidelberg meeting.
The auditorium was jam packed when the introductory talks by leading figures
in the Vega, Giotto, Sakigake, and Suisei projects were given. | was sitting
about two rows behind Girngauz when | saw Oleg Vaisberg, with a cup of
coffee in hand, walking through the doorway, looking for a place to sit, and
then wanting to walk past Konstans. Before Oleg was able to get through he
managed to pour half a cup of coffee onto Konstans by accident! | watched all
these like reading a page out of a play of Shakespeare.

A couple of years later, Konstans invited me to visit IKI. He was a very good
host, showing me around Moscow, and taking me to visit several of the great
museums. It was at the Puschkin Museum that Konstans discovered in sur-
prise that | did not know who Oskar Kokoschka was. To this day | am still
embarrassed by this and paintings by Kokoschka never fail to remind me of
Gringauz.

Konstans also took me to the Moscow Circus on the Lenin Hill. (I remember he
came back with two tickets in hand and proudly pronounced that he managed
to winkle them only because he is Lenin medalist twice.) | had never seen
anything like it before. A day or two later | still found myself telling people how
amazing the magic shows were until someone (it could be Misha Verigin) men-
tioned gingerly that the State Ministry of Economic Planning was even better.
This was because it succeeded in making the treasure of the whole nation
disappear into thin air. It was 1990.
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The last time | met Konstans was in Lindau. He came on the heel of the ill-fated
Phobos mission to Mars. But he wanted to give a talk on comets instead. Be-
fore his visit to Lindau, Konstans made a tour through the United States. Along
his trail, rumors were generated that Gringauz was very unhappy with me. This
information came from San Diego, and then Ann Arbor, and then Cambridge,
Mass. | was puzzled and curious about what | had done wrong to cause his
wrath. Yes, | had some different opinion on the nature of the so-called cometo-
pause discovered by Gringauz himself. But that shouldn’t have been so critical.
Besides, | had done little at that moment because | was very much occupied
by the iliness and ultimately the untimely death of my younger brother Simon.
One of the few things | did was a review chapter on cometary plasma physics
written in collaboration with lan Axford. Finally, | had to confront Konstans in his
Teeseminar on comet observations at the Institute. He was holding a preprint
of that review and kept staring at me. (I think only his colleagues at IKI could
imagine how.) Then he announced a score of 44 to 1 as if it were a soccer
match (which it actually was). It turned out that in this review chapter all figures
except one were all from the Giotto measurements. And the one on Vega ob-
servations had to do with the electric field measurements that were lacking in
the Giotto mission. | forgot exactly when was the Gringauz seminar but it was
definitely a hot day.

Now that | have more time to reflect on the whole affair and have hence reached
a deeper appreciation of the admirable performance by our IKI colleagues
and their international partners under very difficult circumstances. | would, of
course, put much more emphasis on the scientific achievements of the Vega
mission. However, | believe that the heart of the matter is simply that Konstans
relished such combative approach for priority and honor — as he had never
stopped from doing since the Sputnik days. In all, | feel that Konstans Gringauz
was like a caricature by Oskar Kokoschka, emerging out of a thunderstorm and
then disappeared into yet another, one that we all now must endure.

This note was composed on November 25, 1995.
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The Return of Comet Halley in 1986 was instrumental in the development of
deep-space planetary exploration of many space-faring nations. This is es-
pecially true in the area of asteroidal and cometary missions. The progress
made in aerospace technology over the last 30 years has made sample return
missions to asteroids and also comets almost something routine in near future.
In the next 30 years, we would probably begin to see fleets of spaceships land-
ing or leaving asteroids and comets monthly for scientific investigations and
resource utilizations. By 2050, survey stations managed by international con-
sortia might have been established on some Kuiper belt objects orbiting out-
side Neptune’s orbit. The time is thus ripe to explore the last frontier of the solar
system, namely, the Oort cloud and its comets at 30,000 AU away from the
Sun. The expressway to reach the distant Oort cloud comets for in-situ mea-
surements, which would likely be the only missing link in our understanding of
the origin of our planetary system is actually Comet Halley. This is because its
retrograde orbit could mean that it is a bona fide Oort cloud comet. This also
means that the next big thing would probably be a rendezvous and sample
return mission to Comet Halley during its perihelion approach in 2061. The
interplanetary journey of the Rosetta spacecraft took 10 years (2004-2014)
before it reached comet 67P/Churuyumov-Gerasimenko The orbital configu-
ration of Comet Halley is such that it would take much longer. Taking 20 years
as a nominal time scale from launch to rendezvous under the assumption that
some advanced propulsion systems would be made available, and another
10 years for development of the spacecraft systems and instrumentation be-
fore launch, it would mean a mission plan has to be put in place by 2030.
Professor Konstans Gringauz would have been delighted by this challenging
project for the second coming of Comet Halley which first space visit in 1986
was so much cherished by him.

proceedings of the conference-127



GRINGAUZ 100: PLASMAS IN THE SOLAR SYSTEM, 2018

GEOEFFICIENCY OF SOLAR ACTIVE
PHENOMENA AND INTERPLANETARY SPACE
IN THE 24™ SOLAR CYCLE

V.N. Ishkov
IZMIRAN, Troitsk, Moscow, Russia; ishkov@izmiran.ru

KEYWORDS:

Solar activity, flare events, coronal holes, coronal mass ejections, solar wind,
space environment, space weather, geoefficiency

INTRODUCTION:

Within already realized history of reliable solar cycles (SC) it becomes under-
standable that, beginning from maximum 22" and on the end of 23" SC, the
condition for the generation of solar magnetic field significantly changed and its
gave beginning to a new period of lowered solar activity (SA) — the epoch of the
SCs of low and average value [1]. Begun in 2009 the current 24" SC reached
maximum only in April 2014 (W*=82) and is developed as the SC of low height.
The current SC — the first part of the physical 22-year SC and according to the
Gnevyshev-0I’ rule, which undoubtedly works inside the epochs, the follow-
ing 25" SC must be higher than the cycle of middle value. One of the most
interesting special features of 24" SC is uncommonly large quantity (~1/3)
of complexes of active regions, intermediate structure between active region
(AR) and complexes of activity. It follows that the 24" SC develops according
to the scenario of typical SCs in the epoch of lowered SA. On this scenario the
most powerful flare events usually occur on the phase of the decrease and
sometimes on the phase of increase of SA.

MAIN CHARACTERISTICS AND EVOLUTION OF
THE CURRENT 24 SOLAR CYCLE

Evolution of the current 24 SC shows that during the present period after
9.5 years of development, since April, 2016 the current 24" SC has formally
entered a minimum phase. Thus the phase of a maximum has formally tak-
en the period from August, 2013 to November, 2014 and became the short-
est (16 months) maximum phase for a reliable SCs. The length of ascending
branch became record too — 5.32 years The current SC (9.5 years) develops
as a cycle of low size with peculiarities:

e the ascending branch became record on duration (54 months);

o the first big (Sp=500 msh) sunspot group — February, 2011, and the first very
big (Sp=1500 msh) — November, 2011 ~ and only huge (Sp=2500 msh) —
October, 2014.

The processes of reorganization of the general magnetic field to the level of
an era of the lowered SA which have begun in the middle of 22 and taken all
23 SCs have led to significant reduction of the general magnetic field of the
Sun that has entailed:

e considerable reduce (~700 Gs from the level of 1998) values of mag-
netic field in sunspots umbra which was stabilized at the level ~2050 Gs
[http://www.leif.org/research/Livingston%20and%20Penn.png];

e change of the mode of changes of polar magnetic fields: the size of polar
magnetic field was about 7-8 Gs in phases of minima previous 3 SC and
only 4-5 Gs in the last minimum of 2008-2009 [2].

e the mean magnetic field densities of coronal holes ranged from 0.2 t0 8.7 G
with a mean value of 3.0£1.6 G derived in SC24 are significantly smaller
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than the values derived by [3] (1982, 3-36 G) and [4] (2009, about 20 G) for
solar maxima, and match better with the values they derived for solar minima
(1-7 G, respectively about 5 G) [5].

Compared to values typically observed from the mid-1970s through the mid-
1990s, the following proton parameters are lower on average from 2009
through 2014: solar wind speed and beta (~11%), temperature (~40%), ther-
mal pressure (~55%), mass flux (~34%), momentum flux or dynamic pressure
(~41%), energy flux (~48%), IMF magnitude (~31%), and radial component of
the IMF (~38%) [6].

SOLAR ACTIVE EVENTS GEOEFFICIENCY

The full chain of disturbances from the separate large flare event it is possible
to present in the form of three separate stages actions (http://sec.noaa.gov/
NOAAscales), which consistently are implemented in environment. First, at
the moment of geoeffective solar flare development, environment irradiates
by the fluxes of electromagnetic radiation (R — electromagnetic impact). Then,
through the temporary space from several minutes to 10 hours in environment
come the fluxes of the solar charged particles (S — corpuscular impact — solar
proton event) and finally in 17-96 hours in environment come the streams of
plasma, increased speed, density and temperature (G — plasma impact), caus-
ing disturbances in the terrestrial magnetic field — the magnetic storms. Let us
note that the solar filament ejections and coronal holes cause in environment
only magnetic disturbances.

The significant reduction of the general magnetic field of the Sun has defined
quantity and geoefficiency of the solar active phenomena.

Rate of development and level of flare activity in the current SC is significantly
lower than previous 5 SC: there were only 58 flare events of the x-ray class
X21.0 (4 — 25), very large (X=10) and extreme (X215) solar flares were not
observed absolutely.

It is important to note that time between the first signs of emergence of a
new magnetic flux and the beginning of the period of flare energy release has
decreased (10-20 h), though the period of changes hasn’t undergone ~55 h
[7]. This has led to emergence of the AR in which large flare events occur di-
rectly in day of the beginning of a new magnetic flux emergence (for example
AR11121, AR11158, AR11598). This fact complicates a possibility of the oper-
ational forecast of periods of large solar flare events realization. In last cycles
of a space age this time interval made not less than 24 hours.

The number of solar proton events (Epr>1010 MeV), 96 against 149 in 23,
127 in 22, 146 in 21 and 144 in 20 SCs especially strong and very strong
and also increases on neutron monitors has significantly fallen (GLE-events).
During evolution of the current SC in the Earth’s environment it was regis-
tered 96 SPE (Epr>10 MeV Jpr21 pfu) from which 39 with a fluxes of protons
<100 pfu, 8 — 2100 — <1000 pfu and 5 — 21000 pfu, among which was 2 GLE-
events (5/17/2012 and 06.09.20117), [http://gle.oulu.fi/#/] and >7 flares with
solar neutrons. A full flux of protons E>10 MeV during the first 2100 days of
SC 23 in 4.4 above, than for the same period of SC 24 [8].

Considerable decrease in number of flare events has led to reduction of
number of usually stronger sporadic geomagnetic disturbances that can be
explained with strongly fallen geoefficiency of coronal mass ejection which
number has decreased slightly, but angular width, in comparison with 23 SC,
has considerably increased for events of identical speed of distribution [9].
In 2009-2018 273 magnetic storms from which 178 small, 75 moderate,
15 strong and 6 very strong were registered. Significant decrease of recurrent
minor of the magnetic storms quantity connected with CH probably can be ex-
plained: first noticeable reduction of value of magnetic field in CH that has af-
fected characteristics of solar wind high-speed streams connected with them,
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secondly change practically of all parameters of solar wind and interplanetary
magnetic field and, as a result, characteristics of a magnetosphere. Respec-
tively, the number of the periods of quiet geomagnetic conditions has strongly
grown. Ap index has reached a minimum in October, 2009, 10 months later
after a minimum in Wolf's numbers. The maximum of average monthly values
of Ap index has reached in September, 2017 (18.1), with the previous peaks in
March, 2015 (16,3), March 2012 (16,1) and in September, 2015 (15,8). In June,
2015, the smoothed value has exceeded 10 for the first time in the current SC
[http:/llegacy-www.swpc.noaa.gov/ftpdir/weekly/Ap.gif].

CONCLUSIONS

From the above it follows that the current SC develops according to the sce-
nario typical for reliable SCs. Some features of development of the last three
SCs and a picture of development typical for this cycle AR confirm the hap-
pened change of the mode of generation of magnetic fields in a convective
zone of the Sun. It has led to the fact that the Sun has entered the period of
low and middle solar cycles which has to last 5 SCs (~50 years) — an epoch of
the lowered SA. Reduction of quantity of strong sporadic geomagnetic indigna-
tions, strong SPE will be a consequence of observed deficiency of flare-active
AR, and very much strong and extreme flare events are improbable. Weak-
ening of the mode of solar magnetic fields in an interplanetary space has led
to reduction of galactic cosmic ray modulation zone and significant increase
of background intensity in interplanetary space and space environment (an
external radiation belt) and, respectively, to growth of a radiation background
for SCs in epoch of lowered CA, and not just during a minimum phases. In-
creased background of galactic cosmic rays calls into question the possibility
of long-distance space flights in the interplanetary space and the creation of
long-term accommodation modules on the lunar surface before 2070.
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In nuclear explosion plasma and in plasma clouds and streams in cosmic
experiments, non monotonous plasma turbulent structures are observed.
The formation of such structures is revealed in experiment ARAKS data. Injec-
tion of electron pulses from the rockets into ionosphere was effectuated with
parameters of pulses 27 keV and 15 keV for different series of pulses and cur-
rent ~0.5 A. On board of the rockets, retarding potential analyzers were used to
measure electron fluxes with energies of electrons <3 keV. Wave emission was
registered by devices on the separated nose cone of the rocket at the distance
~1-2 km from the rocket. During electron gun pulses, wave emission was ob-
served in the ranges from VLF to HF. Injection of pulses was made at the al-
titudes of 100-200 km. It is shown that the appearance of non monotonous
fluxes at energies >200 eV can be explained by excitation of non monotonous
electrostatic turbulent structures and polarization drift of charged particles. The
energy loss of particles by collisions is increasing with atmospheric density, so
these fluxes disappeared gradually at the altitudes <130 km. Wave emission
was observed for all series of electron pulses. It is the main marker of plasma
instability.
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INTRODUCTION

We use the magnetohydrodynamic (MHD) classification to make an analysis
of frequency of occurrence of solar wind types. This classification is based on
four parameters: proton density n, speed V, temperature T and dimensionless
plasma parameter {3 for protons. The statistical analysis of the main MHD pa-
rameters is done in [1]. In the space of these parameters the boundaries for
fast (f) and slow (s), hot (h) and cold (c), dense (d) and rarefied (r), magnetized
(m) and nonmagnetized (n) wind are set. In total, we obtain 2=16 solar wind
types: fhdm, fhdn, thrm, etc. We also add a zero type, which corresponds to
the solar wind streams, where value of at least one parameter is close to the
statistical average. For our work we use the 1-minute OMNIWeb data [2] for
the period from 1996 to 2017 (23 and 24" solar cycles). The example of the
alternation of wind types (magnetized subset) for 2016-2017 is shown in fig. 1.

I 3 [ ] A e s
2175 QL T |

" 1 - .: ln:l .; | R I. :l_'. ! _ -lfﬁhﬁ"% JE['.] ,
I L ‘

.IJI_P W1

'm";.”: oy
|

2195 |

': ; ‘-; -: ; & 'In’ é 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
t, days
fig. 1. Magnetized types of solar wind in Carrington rotations 2173-2198: fhdm — red, fhrm —
yellow, fcdm — blue, ferm — cyan, shdm — purple, shrm — pink, scdm — dark-green, scrm - light-
green

All these types occur due to different solar activity phenomena and appear with
various frequencies at different phases of the solar cycle. The frequency of
occurrence of magnetized types for the same period you can see in the table 1.

In our classification magnetized types are much more abundant then nonmag-
netized, but the most common type is zero type. Hence, there is only a limit-
ed sense to search localized coronal sources of the solar wind with average
properties. It is due to nonlocality of the phenomenon. We assume that the
whole corona is responsible for the intermittent production of the solar wind
with average properties.
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table 1. The frequency of occurrence of magnetized types (separately and in total),
nonmagnetized types and the zero type in Carrington rotations 2173-2198

19.0

. serm | 74
magnetized (total) 51.1
nonmagnetized 10.2
zero 38.7

We also tried to find a correspondence of common and rare types with their
sources such as coronal holes, CME, etc. Comparison with previous classifi-
cations ([3-5] for example) are made and discussed.
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ABSTRACT

During the minimum of solar activity in 2007-2008 an extremely long stable
state of solar wind (SW) speed structures existed, which lasted for more than
a year, 14 revolutions of the Sun. According to the data of a high-latitude neu-
tron monitor (NM, Apatity) and the >50 MeV integral channel of the COSTEP
EPHIN detector aboard SOHO, the period of 27-day variations of galactic pro-
ton fluxes are determined, and compared with the periods of long-lived SW
structures. Throughout this time period the >50 MeV proton flux variations in
autocorrelation with the variations of SW velocity.

At the same time, the variations in the NM count rates were synchronous with
the variations of high-energy protons with a period of 27.1 days. At this time
interval, periodic fluxes of high-energy (>1 MeV) Jovian electrons were also
observed. Deviations of variations in the flux of Jovian electrons from the
expected synodic Sun-Earth period, equal to 27.3 days were detected. The
mean value of the electron variation periods was 26.1 days, for protons it was
27.1 days. Prior to the optimum magnetic connection of the Earth and Jupiter
(taking the solar wind velocity of 450 km /s observed on February 15, 2008),
the fluxes of electrons and protons were in correlation first, then the profiles
began to “diverge” and, after the optimal Earth—Jupiter connection, anticorrela-
tion was observed that persisted for 7 rotations of the Sun until the end of the
presence of Jovian electrons.

An explanation of this effect was found taking into account the time evolution
of the structure of the SW speeds and the magnetic traps associated with it,
as well as the influence of the mutual arrangement in the space of the Earth
and Jupiter.
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ABSTRACT

During quiet periods near two solar cycle minima the abundances of thermal
and suprathermal ions *He/O, C/O, and Fe/O are analyzed and compared in
solar wind streams from coronal holes. The fluxes of ions with energies of
~0.04-2 MeV/nucleon were studied using data from the ULEIS instrument
aboard the ACE spacecraft together with thermal ions in the fast and slow
(Maxwellian) solar wind using data SWICS/ACE.

Results were obtained during quiescent periods in 2006-2012 and 2015-17
during which solar wind flows from near-equatorial coronal holes (CHs) were
detected at 1 AU. During and around the SC 23 minimum the C/O and Fe/O
ratios for suprathermal ions were nearly equal to the relative abundances of
the corresponding solar wind ratio while the suprathermal “He/O ratio some-
times exceeded the corresponding by a factor of two [1]. The intensities of the
suprathermal *He, *He, C, O, and Fe ions in outflows from CHs increased with
the speed of the solar wind. During decreasing solar activity of SC 24 suprath-
ermal Fe/O ratios corresponded to the Fe/O value of thermal ions in fast solar
wind from CHs.

The results of our study suggest that the sources of suprathermal ions from
CHs in periods of low solar activity are accelerated solar wind ions forming
a continuously present high-temperature “tail” of the solar wind. The thermal
and suprathermal Fe/O ratios were found to be higher in 2015-17 in compari-
son to the ratios in 2006—10. This effect possibly can be explained by that the
second quiet period was disposed at time when solar activity has not reached
its minimum of 24 SC yet.
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ABSTRACT

A recent finding of conic current sheets (CCSs) in the polar heliosphere gives
a new opportunity to solve a mystery of Ulysses observations of energetic
particles at high heliolatitudes [1]. Polar CCSs are long-lived elongated mag-
netic tornado-like structures observed during the minimum of the solar activity
cycle. CCSs are formed inside polar coronal holes and characterized by the
decreased plasma speed and beta. They can be observed directly in the solar
wind up to several AU and indirectly via reconstructions of the magnetic field
and the solar wind speed in the corona. The structure and key characteristics
of polar CCSs can be modeled within the MHD approach [2]. We have found
that the circle-like rotating root of a CCS serves as footpoints for reconnec-
tion-driven polar jets inside polar coronal holes. This phenomenon naturally
explains the occurrence of energetic particles of keV-MeV energies observed
by Ulysses at edges of CCSs in the solar wind.

This work is partly supported by the International Space Science Institute
(ISSI) in the framework of International Team 405 entitled “Current Sheets,
Turbulence, Structures and Particle Acceleration in the Heliosphere.” and
RFBR grants 16-02-00479, 17-02-00300 and 17-02-01328.
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An analytical MHD model of the quasi-stationary conic-like current sheet (CCS)
often called “magnetic tube” is developed. According to Ulysses observations
at high heliolatitudes, a polar CCS is a high- plasma beta and low speed struc-
ture, governed by the magnetic field [1]. Different types of plasma equilibrium
for various distances from the Sun are considered. The model applied to the
velocity-free case describes a CCS near the Sun and contains quasi-periodic
solutions. A solar wind speed dominating case describes a CCS at large dis-
tances. The developed stationary one-fluid MHD model describes the main
features of the observed structure, namely, a sharp increase in the interplan-
etary magnetic field and the plasma density and a decrease in the solar wind
speed and plasma beta in comparison with the surrounding solar wind. It is
suggested that a CCS originates from a local peak of the plasma density at the
solar pole that occurs under the condition of overlaping dipole and quadrupole
solar magnetic fields.
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The heliospheric current sheet (HCS) separates the regions of opposite po-
larity of the interplanetary magnetic field (IMF). Shape of the HCS correlates
with structure of the neutral line of the solar magnetic field. During the period
of quiet Sun its magnetic field is approximately dipole-like with the small angle
between the rotational axis of the Sun and the symmetry axis of magnetic
dipole. In this case the neutral line of the solar magnetic field lies on the mag-
netic equator. Correspondingly, the HCS is extended near the same plane.
However the solar magnetic field has not got dipole component only. Always it
has a small quadrupole component of the solar magnetic field that can domi-
nate the dipole component during the period of a high solar activity. As a result
two neutral lines of the solar magnetic field can be formed. These neutral lines
are being expanded to the whole heliosphere as the neutral surfaces of the
IMF. Two large-scale long-lived current sheets correspond to them.

We have developed the stationary 2D self-consistent MHD model which al-
lows to investigate large-scale structure of current sheets and their positions.
Mixed dipole and quadrupole solar magnetic field is considered. In the case
of dipole-dominant magnetic field the only small displacement of HCS from
equatorial plane can take place. In the case of small difference between val-
ues of magnetic field’s dipole and quadrupole harmonics an additional current
sheet can appear on one of the solar poles. It appears on the pole which is
opposite to the direction of the HCS displacement and moves to direction of
the HCS. This second current sheet and the HCS have opposite directions
of currents. In the limit case of the dominating quadrupole magnetic field two
current sheets have a symmetry relatively to the equatorial plane. If the dipole
component of the magnetic field changes its sign and its absolute value is
being increased then the HCS is being moved toward the pole. Finally, in the
case of the strong dipole magnetic field, HCS is being disappeared in the pole
region and the second current sheet takes its place on the equatorial plane.
This second current sheet is being become the HCS. These described cases
correspond to subsequent quasi-stationary stages of the solar cycle. Today
there is no direct evidence of really-existing two or more global current sheets
in the heliosphere exist but it should be a subject of further investigations.
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DEVELOPMENT OF METHODS FOR MEASURING
ELECTRIC FIELDS IN SPACE PLASMA

S.I. Klimov
Space research institute of RAS, Moscow, Russia

Some studies, particularly measurements of the electric fields in near-earth
space have been a topical area of space research. Electric field (EF) is caused
by the large — and small-scale motion of cosmic plasma, accelerate or retard
the charged particles, generate plasma instability, etc.

In early 1968 | started to prepare the space experiment “OM” (“Development
of methods of measurement of electric fields”). Two methods were chosen for
testing: a double Langmuir probe with floating potential and barium clouds.
To implement the experiment, it was necessary to develop almost from scratch:

e probes with stable and identical parameters for a pair of probes;

e measuring transducers that optimally correspond to the parameters of
probes;

e rods for placing probes.

For carrying out the experiment a spacecraft with the symbol “KS” (Kuiby-
shev Satellite) which is passing payload to serial satellites of TsSKB “Progress”
(then Kuibyshev, now Samara) was used.

EF measurements conducted 67 April 1972 on “Cosmos-484" are unique al-
most until now, because: 1) the full vector (three orthogonal components) of
the quasi-stationary electric field was measured; 2) measurements of the EF
were carried out on a very low circular orbit with the height of 220£10 km, i.e.
in the main F-layer of the ionosphere, both in the polar and equatorial regions;
3) measurements were carried out synchronously with the measurement of
spillover electrons with energies >30 and >300 Kev. It should be noted that
scientific information in the USSR at that time was processed almost manually,
and that fact, of course, greatly delayed the publication of the results, especial-
ly in foreign journals.

Satellite “Interkosmos-10” (IK-10) was launched on October 30, 1973 in an
orbit with initial parameters: apogee — 1477 km, perigee — 260 km, inclina-
tion — 74°. In addition to the bovine telemetry system, the TC-1 broadband
telemetry system manufactured in Czechoslovakia was installed on the IK-10.
The COSPAR report “Space research carried out in the USSR in 1980” noted,
at K.I. Gringauz’s insistence, the following “According to the data of the sat-
ellite “Intercosmos-10”, the distribution of electrostatic jumps (EJ), or double
layers, in the auroral ionosphere was investigated. EJ regularly registered at
altitudes from 200 km-lower border-to the apogee of the satellite (1400 km).
In the frequency band 0.03...70 Hz for the first time EJ structure of one mea-
suring component of the electric field was fully resolved”.

Scientific and methodological experience gained in the course of experiments
on “Cosmos-484” and “Intercosmos-10”, scientific results based on the exper-
imental data, provided the basis for the implementation of a number of subse-
quent projects. An integrated approach to measurements and the formation of
information on their board, led to the implementation of a virtually new meth-
od of research — combined wave diagnostics (CWD). CWD makes it possible
to investigate the power of electromagnetic, electrostatic and magnetic fields,
as well as the spectra of fluctuations of plasma particles in a wide range of
frequencies, including constant fields. Testing and development of the HPC
method was performed on SC: “Prognoz-8, -10”, “VEGA-1, -2”, “Phobos-1, -2”,
“Interball-1” and on the Russian segment of the ISS (experiment “Obstanovka —
1¢t stage”).
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INTRODUCTION

The constant improvement of geomagnetic storm prediction techniques rep-
resents the key task of the solar-terrestrial physics. The biggest problem of
space weather predictions is that most prognoses can produce an alert just
40 minutes in advance of a geomagnetic storm commencement; therefore
there is no time to implement space weather counter-measures.

So-called short-term prognoses of geomagnetic storms use the lag between
the time of obtaining the information about an approaching geoeffective stream
from a spacecraft located at the 1%t Lagrangian point (L1) and the actual time
when the stream hits the terrestrial magnetosphere. It is assumed that the
response of the magnetosphere to changes in solar wind conditions is almost
instantaneous, and short- and mid-term prognoses of geomagnetic storms are
built on using the solar wind speed V and the interplanetary magnetic field
(IMF) B strength/direction measured at L1 as model parameters.

However, this does not account for the prehistory and assumes additionally
that both severe and weaker geomagnetic storms of any kind are produced
by a combination of the same key solar wind parameters. As a result, all prog-
nostic techniques focus on ICMEs [1]. Meantime, it is known that weak and
moderate geomagnetic storms are not associated with solar wind conditions
typical of severe geomagnetic storms, and most prognoses therefore fail to
predict them [1,2].

The accuracy of mid-term prognoses that could give longer alert times (from
several hours to 3 days) and greater flexibility in making a decision is still low.
Improvement requires the resolution of at least two important unresolved prob-
lems: how to predict energetic particle flux increases determined by different
sources, and how to predict geomagnetic storms from several hours to three
days in advance. We discuss here a possible solution of the latter problem,
following the technique suggested in [1,2].

METHODS

We performed case studies and statistical analysis of the WIND spacecraft
high resolution data for the period of 1-3 days before geomagnetic storm com-
mencements, revisiting the method suggested and results obtained in [1-4].
Key solar wind parameters such as the solar wind density n, V and the vertical
IMF component Bz were employed in order to estimate their geoeffectiveness.
The difference between the approach discussed in [1-3] and those used for the
short-term space weather prediction is that we consider the magnetosphere
being a memory-possessing system, assuming that the 1-3 day pre-history
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impacts the probability of the magnetospheric response that leads to a geo-
magnetic storm commencement. In particular, we re-examined the idea that
n and B variations of a ULF-frequency range can be used for prognostic aims.
We used Wavelet transform coefficients to find the best combination of various
input parameters to create an alert.

RESULTS

1. We confirm that characteristic Ultra Low Frequency (ULF) variations in the
solar wind density with a period of 1-100 minutes represent the most appro-
priate input parameter for the mid-term forecast of geomagnetic storms in
agreement with [1-4]. If the rates of a smooth density growth as well as the
power of density variations exceed certain thresholds, a geomagnetic storm
is highly probable to occur in the following few days (see fig. 1).

4
November 2001 days

fig. 1. Example of building a several-hour-in-advance alert. From top to bottom: the solar wind
density and its first derivative, the Wavelet Morlet transform power, and the SYM-H parameter
that characterizes the geomagnetic field variations. The thresholds are shown by blue horizontal
lines and the alert is shown by a vertical line

2. Solar wind speed variations are less important for the mid-term prognosis.

3. Geomagnetic storms may occur without any changes in the solar wind
speed, but all significant density changes provoke at least low-intensity
geomagnetic storms.

4. The main source of the ULF-variations in the solar wind density and the
IMF are small-scale magnetic islands (SMIs) that occur in large-scale mag-
netic cavities formed by strong current sheets of various origins as dis-
cussed in [5-7].

DISCUSSION AND CONCLUSIONS

The pre-history of geomagnetic storms is generally ignored in most space
weather prognoses. We fill this gap with the analysis of the solar wind/IMF
parameters that usually are not treated as geoeffective. The role of density
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variations is found to be very important. We show that density/IMF variations
in the ULF range are related to the pre-storm occurrence of SMis in front of
a geoeffective stream. SMls may represent potentially geo-bioeffective struc-
tures, being an underestimated source of (ULF) magnetospheric waves that
occur at the magnetopause due to the solar wind-magnetosphere interaction.
SMis can be geoeffective because (i) they produce particles accelerated to
several MeV energies locally in the solar wind, (ii) ULF pulses create or sig-
nificantly modulate fluxes of so-called “killer” electrons in the Van Allen belts
with energies up to a few MeV (i) ULF pulses of the solar wind destabilize
the magnetosphere as the turbulent IMF drives auroral activity more strongly
than the laminar solar wind (iv) ULF pulses generate lower-latitude geomag-
netic field variations in the ULF range and long-lived plasma vortices in the
nightside plasma sheet, associated with various secondary effects, and (v)
SMIs represent a source of ULF solar wind pressure variations known for their
geoeffectiveness.

The occurrence of SMis in magnetic cavities formed by the heliospheric cur-
rent sheets from one side and an ICME or a CIR from the other was discussed
in [5-7]. For an observer at the Earth’s position, characteristic plasma/IMF vari-
ations associated with SMIs occur before the onset of a geomagnetic storm
produced by a geoeffective ICME or CIR. Therefore, this phenomenon can be
used for prognostic purposes.

Using the obtained results, the Polar Geophysical Institute — IZMIRAN team is
going to build an online mid-term prognosis of geomagnetic storms, employing
L1 spacecraft data.
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INTRODUCTION

The Interball 1 orbiter was launched on 3 August 1995 into highly elliptical orbit
with ~200,000 km apogee, and nearly 4 days period. The initial perigee of the
spacecraft was ~800 km, it was raised to nearly 25000 km in 1998 and then
fell gradually. The spacecraft returned the data till October 2000. [1]. The Inter-
ball 2 was launched into an orbit with the apogee of 20000 km, and a period
of rotation round the Earth of 6 h. Such an orbit is most suitable to measure
variations of plasma characteristics in the plasmasphere every 6 h and analyze
the development of geomagnetic storms. For thermal plasma measurements
on both spacecraft the plasma package Alpha-3 was installed. This package
included a plane wide-angle retarding plasma analyzer PL-48, which was also
installed on the Magion 5 sub-satellite of Interball 2.

For the analyses of the obtained data the data processing technique was de-
veloped, which allowed determining of the density n and temperature T of cold
plasmaspheric ions as well as the value of the spacecraft potential ®.

It was shown that the calculated spacecraft potential suddenly dropped when
the spacecraft entered the optical shadow of the Earth, while no abrupt chang-
es of plasma density or temperature were observed at the boundary of the
shadow. This reasonable and predictable behavior of spacecraft potential and
plasma density and temperature suggests the applicability of the data process-
ing technique [2].
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fig. 1. Classed post map of spacecraft potential in cylindrical coordinates: X is opposite
to the solar — ecliptic Xse-axis, and Y — is the distance from the Earth — Sun line.
Color tints on the left show spacecraft potential values
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MAIN RESULTS OBTAINED BY THE INTERBALL MISSION

1. Magion 5 for the first time directly observed the long-lived (2-3 days) de-
pleted regions (AMLT ~3 hours) in the plasmasphere that extend out from
L~3. These observations correspond to the observations of ‘notches’
by the IMAGE spacecraft [3]. In the notch structures (2, 3) the temperature
is higher than in the nearby regions (1, 4). Notches are likely formed close
to midnight during AE intensifications [4].
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fig. 2. Two examples of density and temperature measurements on the successive passes
through the plasmasphere in different regions at the same MLT

2. For the first time, after a period of moderate geomagnetic activity similar
isolated patches of dense plasma were observed during the INTERBALL-1
crossings of the same L-shell in Southern and Northern hemispheres.
These plasma patches likely correspond to observations of plasmaspheric
tails (plumes), and this suggests that the minimal field-aligned extension
of plasmaspheric plumes is from —20° to +20° of geomagnetic latitude [5].

3. Measurements on the Interball satellites indicate that during the main phase
of magnetic storms the temperature of ions in the plasmasphere as a rule
decreases, the plasma density increases or remains at the same level as
in undisturbed conditions. Such temperature decrease in the vicinity of the
equatorial plane was described by the model of the drift shell displacement
from the Earth, which is caused by a decrease in the magnetic field in the in-
ner plasmasphere during the development of a magnetic storm. It is shown
as well that for thermal equatorial plasma the third adiabatic invariant also
conserves in processes with a characteristic time shorter than the period of
charged particle drift around the Earth. [6]

4. The cold plasma data obtained in 1995-2000 on the INTERBALL-1 space-
craft were used for the development of semi-empirical model of the Earth’s
plasmasphere. First the 2D physics-based model was developed, which
used data on a single pass of the satellite through the plasmasphere to
restore the plasma distribution in the entire meridional plane [7]. Then this
model was expanded into 3D one using an analytic relation for plasma-
pause position. 6 parameters with clear physical sense are used to describe
cold plasma distribution in the whole plasmasphere [8].
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Our approach can be applied for the extrapolation of data from magne-
tospheric satellites with very different orbits into the entire plasmasphere.
It seems that wider MLT coverage during an orbiter pass through the plas-

masphere will lead to better reconstruction of the complete plasmasphere
density distribution.
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fig. 3. Time sequence (from bottom to top) of ion energy spectra (collector currents) on two
passes of INTERBALL-1 through the plasmasphere
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fig. 4. The density (below) and temperature (above) of thermal protons measured
on the INTERBALL-2 satellite, when the satellite successively passed through the nightside

plasmasphere. A thin solid line on temperature plot 3 is the temperature profile calculated
in a proton drift approximation in the equatorial plane

5. Using the INTERBALL-1 data, Kotova et al. [9] found that it is the position
of the plasmapause Lpy, determined from the experimental data by the cri-
terion, used in [10] (behind this boundary the plasma density decreases
by 5 or more times when the L shell is increased by 0.5), that correspond
rather satisfactorily with the “best fitted position” of the plasmapause Lpy
defined in the above 3D semi-empirical model. This justifies the reasonabil-
ity of using such a criterion in comparison with many other formal criteria
for determination of the plasmapause position from the experimental data.
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fig. 5. lon density distribution in the equatorial plane calculated from the measurements
on 29 December 1995. In our stationary case plasma stream lines (point lines) shown

in the figure, coincide with the lines of constant electric potential. It is seen that in the inner
plasmasphere the density is almost independent of longitude/MLT, significant dependence
appears only in the outer plasmasphere for L>3

6.

In situ cold plasma measurements obtained with a high time resolution in-
strument on-board MAGION 5 were used to analyze physical properties
of the thin plasmasphere boundary layer (PBL) near the plasmapause
Lep [11]. In this layer the plasma density N is decreasing exponentially with
L: N~exp((Lpp-L)/W5), where W corresponds to the characteristic width of
the PBL, the distance in L within which the density varies by a factor of e.

The density in the boundary layer is inversely proportional to the volume
of the unit magnetic flux tube, whereas its width is proportional to the vol-
ume of magnetic flux tube. The characteristic width of the plasmasphere
boundary layer linearly depends on the time elapsed since the most recent
maximum value of Kp. Empirical relation for the dependence of the plas-
masphere boundary layer width on most recent maximum value of K and
on the lapse time between this maximum and the plasmapause observa-
tions is proposed (fig. 6).
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fig. 6. Comparison of experimental (Ws) and calculated (Wscai) widths of PBL.
On the solid line Ws = Wacai
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An analysis of the “group” features of the behavior of cosmic rays on large
scales of averaging is of great interest from various points of view. First of
all, it is important when studying the transient regime of the solar wind to the
active phase of the solar cycle. Early detection of such a transitional regime
could solve the practically important problem of forecasting the active phase
of the solar cycle. By results studying of dynamics of fluctuations in the inten-
sity of galactic cosmic rays (GCR) at various phases of the current cycle 24,
transient regimes to the active phase of the solar cycle have been detected:
http://www.forshock.ru/predlong.html, which are determined by the presence
of harbingers in cosmic rays. The moments of registration of harbingers co-
incide with the onset of the magnetic field restructuring in the complexes of
activity on the Sun. This follows from the results of comparison of the moments
of registration of harbingers with the data of solar observations. Magnetic field
changes were observed on the branches of ascend and descend of (both)
maxima in the annual-mean values of Wolf numbers, registered in 2012 and
2014, i.e. at the phases of their maximum variability. Thus, the precursor in
cosmic rays is an indicator of the restructuring of the solar magnetic field on
the transient regime to the active phase of the solar cycle.
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INTRODUCTION

When the area of satellite solar particle fluxes and atmospheric ozone obser-
vations began it was found that ozone content in polar regions was strongly
reduced after Solar Proton Events. Theoretical studies gave the explanations
of this effect: the ionization caused by energetic particles in polar regions gen-
erates new additional molecular nitrogen and hydrogen oxides which then de-
stroy ozone in following chemical catalytic cycles:

NO + 0; — NO, + O,
NO,+O—>NO +0,
0;+0—-0,+0,
OH+ 0 —H+ 0y
H+O;,—>0OH+0,
0+ 0; — 0, +0,.

Each pair of ions produced by the particles give 1.25 molecular of nitrogen
oxides and approximately 2.0 molecular of hydrogen oxides. These values may
be used in numerical photochemical simulations to reproduce ozone (and other
species) response. Global numerical models [1,2] developed at the Laboratory
of atmospheric chemistry and dynamics (CAQ) were used for such simulations
(see some results below). Then 1D photochemical model of Mars’s atmosphere
was used to realize the attempt for the same scenario. This model was also
created at CAO. Short descriptions of the models are below.

MODELS

3D global photochemical non-stationary model CHARM (Chemical Atmo-
spheric Research Model) calculate 41 chemical species which are involved in
127 photochemical reactions [1]. The top of the model is at 90 km and the low-
er boundary is placed at the surface of the Earth. Figure 1 shows calculated
global mixing ratio of ozone (in ppmv).

To describe vertical and horizontal transport in simulations with CHARM
General Circulation Model ARM (Atmospheric Research Model) was used.
The upper boundary of ARM is 135 km. This non-stationary global model gives
3D fields of temperature and wind components at each step of integration (sev-
eral minutes). Figure 2 illustrates temperature field which are in a good agree-
ment with observations.

1D photochemical numerical model of the atmosphere of Mars MARCH (Mars'’s
Chemistry) was also developed at the laboratory of Atmospheric Chemistry
and Dynamics (CAO) to investigated response of chemical species to SPEs.
This model involves 58 chemical reactions and 15 reactions of photolysis from
the surface to 90 km. Vertical diffusion has been taken into account in the mod-
el. Figures 3, 4 show vertical distributions of several chemical components
(including CO, ) calculated with the model.
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fig. 1. Global distribution of ozone mixing ratio (ppmv) for January simulated with CHARM

200 pgqm—————————— 7

BuicoTa, km

|
|
|
|
||
[ |
[ |
|
||
|
|
|

-80 -60 -40 -20 O 20 40 60 80
WwuporTa, rpaa.

fig. 2. Temperature distribution for July simulated with ARM
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fig. 3. Simulated chemical composition of the Mars’s atmosphere (undisturbed profiles, 45 N)
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SPE FORCING

SPE of 14 July 2000 was selected for presentation in this paper. To simu-
late the response of polar Earth’s ozonosphere mentioned efficiencies of NOx
and HOx production have been used. Figure 5 shows calculated response of
ozone at high latitude of the Northern Hemisphere. One can see strong ozone
depletion in the stratosphere and mesosphere.

We were lucky to have satellite data (UARS/HALOE) for period of this SPE.
Figure 6 illustrates corresponding ozone depletion which is in a good corre-
spondence with simulations.

Finally, one can have a look on sensitivity of the atmosphere of Mars to this
SPE. Figure 7 shows corresponding ionization rates caused by solar protons
during SPE, which is close to the Earth’s one (influence on composition was
too weak).
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fig. 5. Ozone response (%) after SPE of 14 July 2000 (model simulations)
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fig. 6. Ozone depletion (%) during and after SPE of 14 July 2000 found from UARS observations
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fig. 7. lonization rates induced by SPE in the atmosphere of Mars (calculations)
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INTRODUCTION

Anisotropic MHD equations for collisionless plasma with heat fluxes are used
to describe shock waves in the solar wind. Analytic expressions are obtained
for the special cases of parallel and perpendicular shocks using divergent form
of MHD equations. Jump relations are solved and plasma density, velocity, par-
allel and perpendicular pressure as well as heat fluxes are expressed as func-
tions of the Mach number and dimensionless upstream plasma parameters.
Influence of parallel heat flux on the properties of shock waves is investigated.

PARALLEL SHOCKS

For the simple case of one-dimensional parallel shocks solution can be ob-
tained in simple analytical form. We use 8-moment system of equations for
the collisionless plasma with heat fluxes [1]. For the one-dimensional, strictly
parallel motions along magnetic field lines system of equations can be written
in the following divergent form:

o , 0 0 0 (0 o2\
%, 9 9 =0
o oy PURO (pu) +—— (prtptf)
d d
—p (Prreu) + — (Sy+3pyu+pu)=0
6pl 0

+— (Su+puu)=0
ot e OP)

0 0
?(S||+3p“u+pu3) t o (4Su+6pyut+pu*+3p% /p)=0

0 d
g —(Stpu) + ™ (2Su+pur+pyp/p)=0

Assuming that all these equations describe conservation of corresponding
quantities a system of jump relations can be written resolving which one obtains

L =y, %‘2-1”\/11 M2Y

P1 u,

Wi g = 1 +3M; = M3 = 3M, (1+ M) Y+2M; Y?
1

P 1y deaM[ 1Y

pu Y \4 2MFY — M3 -1

S Mi-1

Su 2MPY — M1
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where
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PERPENDICULAR SHOCKS

For the one-dimensional motions of plasma perpendicular to the direction of
magnetic field the system of equations can be written in the following divergent

form

. 0 d N AP _
X2 (pu=0; — = B%/81)=0
ot g PO o (pu) o (putp,+BYB)
3p‘|+ 0 d d
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Assuming that these equation reflect conservation of various quantities and
resolving system of jump relations one obtains

U, P2 _ Py S _ B S 2
—=Y, —=—=—=—_=1/Y, ——==1/Y
Uy P11 Py S||1 B, S

M; 1
P2 g M (1Y) + = (1= —)
pJ.1 A1 Y

1 1 1
=52 b))

This solution for perpendicular shock waves coincides with that for
the Chew-Goldberger-Low (CGL) [2] equations obtained in [3] but gives addi-
tional expressions for heat fluxes.

CONCLUSIONS

The system of MHD equations for collisionless plasma with heat fluxes for
one-dimensional motions parallel and perpendicular to magnetic field lines can
be written in divergent form. In the assumption that these equations reflect
conservation of mass, momentum, energy and other quantities, a system of
jump relations can be solved to obtain analytic solution for various plasma
quantities as functions of Mach number and upstream plasma parameters.
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fig. 1. Time evolution of a plasmoid penetrating a tangential discontinuity. The figure shows
the number density of electrons in the plane perpendicular to the background magnetic field
(left column), and in the plane determined by the bulk velocity and the background B-field
(right column). Each row corresponds to a different time step (t=0, t=0.75 Ty, t=1.5 Ty,
given in proton Larmor periods); from Voitcu and Echim (2016)
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INTRODUCTION

The kinetic mechanism that builds up a charge separation electric field, or
polarization density, and a polarization electric charge density within and along
the surface of plasmas inhomogenities, streams or plasmoids which are mov-
ing through a uniform magnetic field had been identified and described by
Schmidt (1960)". In our presentation we first recall Schmidt's kinetic theory
and its extension (i) for the cases of plasmoids which are either stopped by
non-uniform magnetic fields distributions — alike the Tangential Discontinuity
(TD) corresponding to Chapman-Ferraro layers — or else (i) for the cases of
plasmoids which have enough momentum flux density to pass through such a
TD, as developed by Lemaire (1985)2. Particle-In-Cell (PIC) simulations of the
electromagnetic interaction mechanism taking place in a collision-less mag-
netized plasma have been developed by Voitcu and Echim (2016, 2017)3*.
Their numerical PIC simulations describe the motion - as well as the change of
their morphology — of simple (initially box-shaped) plasmoids that are either (i)
stopped in front of a Tangential Discontinuity, or else (ii) that can pass through
the TD and continue an adiabatic motion on the opposite side by conserving
the total magnetic momentum as well as the total kinetic energy (drift + gy-
ro-energies of all charged particles forming the moving plasmoids). We will
illustrate the results of such PIC simulations and compare them to the pre-
dictions of the Schmidt-Lemaire kinetic theory. Finally, we will compare these
theoretical and numerical simulations to results from laboratory experiments,
and magnetospheric observations.
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It's been established that the temperature of the Sun, incredibly high in its cen-
tral areas, drops to 5,000-6,000°K on the boundary between the photosphere
and the chromosphere and grows again into the millions of degrees in the
higher chromosphere and the corona. More than a few papers are dedicated
to the coronal and chromospheric heating, but a physical mechanism for the
explaining this temperature growth has not been found.

Our discussion of the temperature growth begins by considering the hot con-
vective expulsions from the photosphere — spicules. The development of this
physical process is detailed and quantified by a system of nonlinear equations
of magnetic hydrodynamics (MHD). The process starts from the interface be-
tween the photosphere and the chromosphere (P-C). In the vicinity of P-C,
the boundaries of the MHD equation are significantly simplified and allow for
analytical solutions. The first result is as follows. The parallel distribution into
the chromosphere of Alfvén waves (very weak at first) and powerful, hot, lu-
minescent photospheric spicules begins from the P-C interface. Even in the
vicinity of the P-C interface, the amplitude of the Alfvén waves quickly grows.

The further distribution of the Alfvén waves and the spicules occurs at the
same frequencies. This fact is experimentally confirmed [1]; the wave length
of both disturbances ~400 km. The solution of the MHD equations proves that
the distribution speeds of the Alfvén waves and the spicules in the lower chro-
mosphere are practically equal and ~30 km/sec. Therefore, the motion of the
waves and the spicules is synchronous.

Alongside the referenced synchronicity of these motions, the kinetic energy
transfers from the spicules to the Alfvén waves. According to observations [2],
this energy transfer explains the rapid growth of the Alfvén velocity in the so-
called transition region of the chromosphere. McIntosh’s group examined spic-
ule radiation in a monochromatic light, at the wavelengths of 304 and 171 A.
Another confirmation of the energy transfer from the hot spicules to the Alfvén
waves is provided by the fact that in the vicinity of the P-C interface, the tem-
perature of the spicules is almost three times greater than that of the areas
where Alfvénic oscillations originate [3]. Therefore, during its outward distribu-
tion in the chromosphere, the plasmic component of the disturbance gradually
transfers its energy to the Alfvén wave.

Alfvén waves disperse through the plasma of the solar atmosphere virtually
without heat emission. Parametric three-wave interaction has been well re-
searched by now. Analytically, this interaction is rooted in the laws of ener-
gy and momentum conservation. In the specific case of the chromosphere,
we demonstrate a breakdown of a powerful Alfvén wave into a magnetosonic
wave and a less intense Alfvén wave. Analytical transformations show that
indeed, a greater share of the Alfvénic energy transfers to the magnetosonic
wave and is then consumed in the heating of the plasma [4],[5].

Therefore, the growth of solar temperatures to millions of degrees ends in
the higher chromosphere.
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The increase in the [OI] 630.0 nm emission in stable auroral red (SAR) arcs is
due to the flow of superthermal electrons, which arises as a result of overlap-
ping of the outer plasmasphere with energetic ions of ring current [1]. Our stud-
ies show that the SAR arcs appear and / or brightening during the substorm
expansion phase. The SAR arc formation begins in the equatorward diffuse
aurora (DA) boundary region.
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fig. 1. An example of energetic particles precipitation at the SAR arc latitudes by the photometric
observations on January 26, 2017. a, b — keograms in the 557.7 and 630.0 nm emissions,
respectively. In fig. 1a, the location of view field of photometers for the N2+ emissions registration
is shown. ¢ — plots of pulsating variations for four registration direction on 70N, 45S, 45E and Z
with sampling frequency of 20 Hz
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fig. 2. Dynamic spectrum of pulsations at the SAR arc latitudes on January 26, 2017.
Power spectrum of luminosity pulsations in the frequency range of 0.2-1 Hz are presented
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particles precipitation on January 26, 2017. a — the all sky image in the 630.0 nm emission.
The mage show a glow with intensity less than 200 Rayleigh (0.2 kR) for better display of
the SAR arc. b — expanded type of pulsations for a 2-minute interval
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Photometric observations showed that during the substorm recovery phase at
the SAR arc latitudes, bursts of luminescence pulses in the 427.8 nm emission
are usually observed [2].

Pulsating precipitations of energetic electrons can be caused by electromag-
netic ion cyclotron (EMIC) waves as a result of modulation of the pitch-angle
diffusion coefficient and, accordingly, the particle flux in the loss cone with
the wave frequency [3]. Spectral analysis showed that at the moments of max-
imum amplification, pulsations assume a quasiharmonic character with char-
acteristic frequencies of 0.05-1 Hz. In [4], we showed that the observed pul-
sations can be caused by the excitation of EMIC waves as a result of the ion
cyclotron instability of the ring current O+ energetic ions.

In this work we compare the results of SAR arc observations by the all sky im-
ager with the photometric registration data of energetic particles precipitation
at the Yakutsk meridian as in the event on January 26, 2017 in fig. 1-3.
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INTRODUCTION

In this work we present analysis results for solar wind density and velocity time
profiles in 1998-2018 acquired by the MAG [1] and SWEPAM [2] instruments
onboard the ACE spacecraft [3,4] with a 64-second resolution. We propose
a method of using these in situ measurements to determine start and end time-
stamps of solar wind events associated with a fast enhancement of either of
these two parameters or, rarely, both of them simultaneously. The produced list
of events is compared to halo coronal mass ejection catalogs compiled based
on SOHO/LASCO data. The comparison indicates that the chosen biparamet-
ric approach allows reliably identifying events observed with coronagraphs in
10-15% cases. The total duration of solar wind events in which simultaneous
enhancement of the both parameters is observed is approximately 14% of
the total duration of all events during solar activity maxima, and approximately
10.5% in solar activity minima.

DISCUSSION

During the preprocessing step we convert the annual data files from HDF4
format to HDF5, and remove records that contain an error or missing marker
for either of the parameters of interest. In order to investigate possible effects
connected to the solar activity cycle phase we group data files into several
sets: 1998-2003, 2006—-2009, and 2013-2016. Due to the substantial periods
of missing and corrupted data in 2010-2012 this time interval is not used in this
work. In the future we plan to expand coverage by including data acquired by
WIND and DSCOVR spacecraft missions which are also located in the L1 point.

The data is analyzed using the initial version of manual and automated anal-
ysis tools from the Solar Wind Analysis and Monitoring Project (SWAMP) pre-
sented in this work. The main objective of the current version is to provide
a convenient 3D visualization environment specifically designed for solar wind
investigation, and to create software for automated solar wind event search
and processing. The automated tool uses a 20d Daubechies wavelet for de-
noising the initial data set which is then analyzed with a z-score based algo-
rithm. An example fragment of data processed by the software is illustrated
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fig. 1. Example of a solar wind density data fragment with automatically selected events overlay
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In order to cross-validate classification results we have compared the list of
events found against halo CME catalogs by NASA [5] and CACTUS [6]. Vali-
dation results are shown in table 1.

Table 1. The number of event identified with the proposed method coinciding with estimated
times of arrival for halo CMEs recorded in corresponding catalogs.

time interval NASA catalog accuracy CACTUS catalog accuracy
1999-2002 21% 15%
2003-2006 18% 12%
2007-2009 0% 13%
2013-2015 9% 10%
CONCLUSION

We observe that the prevailing mode of solar wind events is a fast enhance-
ment of only one of the n and v parameters (defined as appearance of data
points lying outside of the [u-50; u+50] interval over the last 15 minutes).
Simultaneous enhancement of both of these parameters is only observed in
10-15% of cases.
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INTRODUCTION

Jupiter has the strongest internal magnetic field among the planets of the Solar
system. It is a rapidly rotating planet. Jupiter’s volcanically active moon lo is a
strong source of plasma. These factors provide special features of the Jupiter’s
magnetosphere, such as enormous size due to the strongest curent disc, and
the brightest aurora.

The Juno Magnetometer (MAG) data give us a chance to observe the Jupi-
ter's magnetosphere in a relatively long-term perspective [1]. This instrument
provides a large amount of the high quality magnetic field data on the diffeent
distances from the planet.

In this work we use the global paraboloid model of the magnetic field and
current systems in the Jovian magnetosphere [2]. The model has a set of pa-
rameters that could be adjusted according to the MAG observations. Some
of them vary in time, and MAG long-term data could help us to determine the
range of their variations. We consider such parameters, as the inner and outer
radii of the magnetodisc, inner radius of the tail current system, the distance to
the subsolar point, and others.
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Using CRRES, Cluster and THEMIS observations, we analyzed how the plas-
mapause is formed in the post-midnight sector when the geomagnetic activity
is enhanced; the plasmasphere is first eroded deeper in the magnetosphere,
and its newly formed outer Plasmapheric Boundary Layer (PBL) is subse-
quently transmitted to other MLT sectors by co-rotation. The results of these
satellites measurements are generally in excellent agreement with the pre-
diction of plasmapause formation mechanism based on plasma quasi-inter-
change process [1] which is implemented in the numerical simulations codes
developed at IASB-BIRA.

Our Kp-dependent 3D-model of the plasmasphere enables not only to calcu-
late the equatorial position of the plasmapause as a function of MLT and UT,
but it gives also the cold plasma density and temperature within as well as out-
side the plasmasphere [2]. Our 3D time-dependent model of the plasmasphere
is coupled to a standard model of the ionosphere [3]. It enables to simulate
the dynamical development of plasmaspheric plumes. The latter are initially
generated as growing shoulders formed in the dawn sector at the onset of
geomagnetic storms; then they propagate into the afternoon MLT sector where
they stretch radially toward the magnetopause to form an extended plume.
The continuous radial flow of plasma known as Plasmaspheric Wind [4] has
also been implemented in our 3D-numerical model. Plasma densities and drift
velocities from the THEMIS mission will be used as initial conditions to model
the overall distribution of the plasmaspheric wind velocity.

Using CLUSTER particle flux measurements for different energy ranges, we
found that the observed plasmapause positions and the observed boundaries
of the radiations belts are correlated with each other [5]. These connections are
currently studied in greater details by using the observations available from the
Energetic Particle Telescope (EPT), the specific instrument that has been de-
veloped in Belgium by IASB-BIRA, CSR/UCL, and QinetiQ-Space. The EPT is
a high time-resolution (2 sec.) spectrometer which was launched in May 2013
onboard of the PROBA-V satellite of ESA [6]. This energetic particle detector
is still operating at the altitude of 820 km on a LEO polar orbit. This unique new
type of detector has a field of view angle of 52°, and is providing continuously
for already 5 years valuable electrons count rates in 7 energy channels (0.5 —
8 MeV), in 11 channels (9.5 — 248 MeV) for the protons, and in 11 channels
(38 — 900 MeV) for the helium ions. The detailed observations of EPT confirm
that the calibrated fluxes of outer belt electrons drop drastically and abruptly
during the main phase of geomagnetic storms [7]; these fluxes recoup eventu-
ally gradually over 1 or 2 days during the subsequent recovery phases. Some-
times at the end of such recovery periods, the fluxes of relativistic electrons
can have smaller values, or else they reach values orders of magnitude larger
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than their pre-storm intensities. Furthermore, our EPT measurements clearly
confirm that following geomagnetic storm events the outer belt fluxes slowly
decrease with a time constant ranging between 6 and 18 days. The positions
of the maximum flux of relativistic electrons shift toward the Earth during the
enhanced geomagnetic activity events, in a rather similar way as the surface of
the plasmapause does it also during such enhancements. The fluxes of parti-
cles in the Inner Radiation Belt and South Atlantic Anomaly can also be signifi-
cantly affected by geomagnetic activity, but only during the strongest storms.
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The cooperative research of our group with the K.I. Gringauz laboratory was
concentrated on the problems of wave particle interactions. They were started
as early as 1975 during the Soviet-French ARAKS experiments with artificial
emissions stimulated by plasma beams emitted from the rocket, and continued
nearly 25 years. This period includes the results of active experiments both on
satellite (APEX experiment) and ground based installation (SURA facility), as
well as studies of wave particle interactions of natural origin in auroral regions
including AKR studies. Different mechanisms of wave generation and trans-
formation were proposed using the data of particle spectrometers of Gringauz
laboratory and HF radiospectrometers of our group and Space Research Cen-
ter of Polish Academy of Sciences. These results are accumulated in more
than 15 common publications and will be presented as the short review.
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INTRODUCTION

The structure of Martian bow shock is largely affected by mass loading pro-
cesses which consist both of pickup occurring upstream of the shock, and
plume which originates in magnetosphere. The first one is dependent on the
intensity of extreme ultraviolet radiation from the Sun and on the density of
oxygen corona which varies with season ([2], [3]). The latter is driven by the

direction of motion electric field E = -5 VxB [1].

Depending on the conditions above, the bow shock can show different proper-
ties. Thus, the crossing presented in fig. 1 shows features common for a com-
etary-like shock with the width of the front approximately equal to the proton
gyro radius.

Unlike the crossing presented in fig. 1, the crossing in fig. 2 is characterized by
small mass loading with a well identified shock front.

In this work we study a number of Martian bow shock crossings by the MAVEN
spacecraft within solar-zenith angle of +30°, analyzing properties of the shock
with respect to the degree of mass loading processes. We study the structure
of the shocks depending on magnetic and sound Mach numbers, magnetic
and plasma pressure balances.
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fig. 1. An example of cometary-like shock at Mars. From up to bottom: SWIA ion energy spectra,
magnetic field magnitude, magnetic field components, STATIC ion energy spectra, STATIC ion
mass spectra, solar-zenith angle.
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fig. 2. An example of Earth-like shock at Mars. From up to bottom: SWIA ion energy spectra,
magnetic field magnitude, magnetic field components, STATIC ion energy spectra, STATIC ion
mass spectra, solar-zenith angle
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INTRODUCTION

Solar Energetic Particles (SEPs) are generated during the solar storms. The
flare acceleration occurs suddenly during the flare stage. The protons of >GeV
energy reach the Earth within an hour and produce the major radiation haz-
ards onboard manned and unmanned missions. More gradual SEP events ac-
company the Coronal Mass Ejection (CMEs). The CME propagation produces
the interplanetary shock wave, which is capable of accelerating the charged
particles via the diffuse shock acceleration mechanism. Prediction of the
SEP events and radiation hazards they produce is a major topic of the Space
Weather Program. Therefore, the capability to model the SEP acceleration and
transport is at the heart of the computational systems simulating the solar-ter-
restrial environments including those, which work in a real time.

REALISTIC SOLAR WIND

A formation of the bi-modal solar wind structure is among the topics of
“Prof. K.I. Gringauz 100: Plasma in the Solar System”. To simulate the SEP
transport from the Sun to 1 AU, a realistic three-dimensional distribution of the
interplanetary magnetic field should be known, formed by the plasma outflow
from the heated Solar Corona (SC). In the UoM model for the Solar Atmo-
sphere the only agent which both heats the SC and powers and accelerates
the solar wind in the Inner Heliosphere (IH) is the Alfven wave turbulence, its
dissipation and its pressure. Within the framework of this model an “ambient”
solar wind produced by a quiet Sun is simulated.

EVENT GENERATOR

To simulate the dynamical processes in the interplanetary space, which is an-
other topic of the said conference, one need to perturb the “ambient” solution
and produce the CME in the simulation. To achieve this, we apply the Eruptive
Event Generator using Gibson and Low configuration (EEGGL). The interac-
tive tool EEGGL is implemented at the CCMC at NASA Goddard Space Flight
Center (see http://ccmc.gsfc.nasa.gov). It allows a user to simulate the CME
propagation to 1 AU as well as the shock wave production.

MULTIPLE MAGNETIC FIELD LINES

The last element of technology to be discussed is the Multiple Field Line Ad-
vection Model, which supports large-scale Lagrangian grid of moving with the
plasma frozen in magnetic field lines. On this grid, the three-dimensional trans-
port equation for SEPs reduces to a multitude of one-dimensional independent
equations on separate magnetic field lines, with no loss in generality, thus
facilitating the parallel code to solve the SEP transport.
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In this work we consider determining the photocurrent in ionospheric-magne-
tospheric plasma using data from BULGARIA-1300 and INTERBALL-2 electric
field sensors IESP-1 [1] and IESP-2 [2], respectively. The particular interest in
the study of the photocurrent and the potential is rooted in the current wide-
spread use of the method due to A. Pedersen for determining the concentra-
tion of ambient plasma as a function of the potential — the difference of the
potentials between the spacecraft body and the probe (Usp). This method is
applicable only when the probe potential is positive, and uses the fact that in
this case the balance of currents depends only on the electron current and
the photocurrent. Analyzing large collection of satellite data, A. Pedersen and
collaborators proposed an empirical model [3] for the connection between the
photocurrent density (Jph) and the satellite potential (Vs), which has been
used for determining the magnetospheric plasma density from potential mea-
surements. This method has been tested for many satellites.

Instrumentation installed on INTERBALL-2 satellite can be used to deter-
mine the photocurrent based on the comparison of the simultaneous potential
measurements from the sensor IESP-2 and the electron temperature sensor
KM-7 [4]. KM-7 and IESP-2 are structurally identical, since they utilize the same
type of probe (spherical Langmuir probe) and measure the same quantity Usp.
The probe of KM-7 is protected from UV radiation by a screen. Significant dif-
ference between the two sensors is that IESP-2 measures Usp for a fixed bias
current (=72 nA /=110 nA) whereas KM-7 records current-voltage characteris-
tics (11 measurements of Usp for different bias current values, from 153 nA to
0.15 nA). Measurements of the potential with KM-7 can be represented as val-
ues obtained from 11 virtual sensors of IESP-2 type in a shadow. Comparing
the variations of Usp/KM-7 and Usp/IESP-2 allows obtaining the correct value
of the bias current when measuring the potential of INTERBALL-2 satellite
with respect to the plasma done by IESP-2. Data collected during ~350 orbits
for ~800 hours of simultaneous work of IESP-2 and KM-7 in the course of the
STO telemetry system at 8000 km altitude was studied. The analysis showed
that ~75% of the potential measurements by the IESP-2 give correct values.
The comparison between the simultaneous measurements of the potential of
the INTERBALL-2 satellite relative to the plasma by the probe instruments
IESP-2 and KM-7 permits estimating the density of the photocurrent using
the method proposed by Smirnova N. and Stanev G. [5]. This estimate can
be used to determine the density of the ambient plasma. Probe instruments
IESP-2 and KM-7 were installed independently, but during their work it was
established that they can be used as a composite instrument for measuring
the parameters of the plasma in the near (2-3 Rg) magnetosphere, which al-
lows to determine the photocurrent and to estimate the validity of the electric
field measurements. The prototype of IESP-2 instrument is IESP-1, which was
used in the ionosphere. IESP-1 and IESP-2 utilized spherical probes made via
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an analogous manufacturing procedure. During measuring the electric field
with IESP-1 sensor, intervals of shading of one of the probes by other parts of
the satellite were observed. These can be used to determine the photocurrent
from the change of the potential difference AV, combined with the parameters
of the plasma. Spherical probes with vitreous carbon surfaces made using
original Bulgarian manufacturing technology were also installed on AKTIVNYI
and APEKS satellites, and ISS.
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Activation of a solar prominence by sharp increase in electric current in the
frame of the Kuperus-Raadu model is considered. The dynamics of the prom-
inence is described in terms of the Ampere force, gravity, and the drag force.
We suggest that the drag force is determined by the ion viscosity of ambi-
ent plasma. The upward Ampere force acting on the prominence increases
with the electric current in the prominence, which results in the increase in the
height of the prominence. As a result of the dynamical process, a new equilib-
rium state corresponding to the new value of the electric current is reached.
The maximum height and velocity of the prominence are estimated using the
nonlinear equation for prominence dynamics. A sharp increase in the electric
current can be due to the magnetic Rayleigh-Taylor instability in the chromo-
spheric footpoints of the prominence. Examples of solar active prominences
are analyzed in the context of proposed model. Multiple amplification of the
electric current will eventually lead to CME. Two-stage eruption of the promi-
nences is also discussed.
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ABSTRACT

As a result of the interaction of the solar wind with a comet, different boundar-
ies develop in the plasma environment evolving around the nucleus near the
Sun. The ambient solar wind is slowed down by picked up cometary ions and
a bow shock may be formed if the production rate of neutrals escaping from
the surface is high enough. Interplanetary solar wind variations strongly influ-
ence the cometary environment modifying the properties of all the boundaries
from the bow shock down to the diamagnetic cavity boundary deep inside the
coma.

Plasma processes in the bow shock region of comet Halley are revisited here
as observed by the Suisei [1] and Giotto [2] spacecraft in 1986. When com-
paring these observations with interplanetary measurements of the PLASMAG
instrument (PI: Prof. K.I. Gringauz) aboard the closeby Vega 1 and Vega 2
spacecraft, a possible explanation was given for the relatively big jump ob-
served by Suisei at the bow shock. The decreasing trend of the solar wind
velocity observed by Giotto upstream of the bow shock is also revisited as
discussed earlier [3].

The innermost region around a comet’s nucleus is the diamagnetic cavity
where the interplanetary magnetic field does not penetrate. The boundary of
the field free region of comet Halley was observed by Giotto at a cometocen-
tric distance of about 4000 km [4]. While orbiting comet Churyumov-Gerasi-
menko, the Rosetta spacecraft crossed the boundary of the diamagnetic cav-
ity several times between April 2015 and January 2016. According to recent
investigations, the multiple crossings were caused by solar wind pressure
variations: the cavity performs a breathing motion in response to the changing
outer pressure. It is possible to determine quantitative relationships between
the solar wind pressure and the properties of the cavity boundary [5]. Thus
magnetic field measurements performed in the vicinity of the boundary of the
diamagnetic cavity also provide an approximation for the solar wind pressure.
Based on this relationship, solar wind pressure proxy values are determined
here using magnetic field data measured by the Rosetta magnetometer. The
estimated pressure values are validated applying different solar wind propa-
gation methods [6, 7] and also the results of a 3D MHD model of the helio-
sphere [8].
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INTRODUCTION

Energetic particles of solar and galactic origin populate the entire heliosphere
and pose significant health and technological risks for aviation and spacecraft
operators. Moving through the heliosphere they can be accelerated as in the
case of solar energetic particles (SEP). They also can be deflected or even
reflected as in the case of galactic cosmic rays (GCR). All these make under-
standing dynamics of the heliosphere crucially important for characterizing the
near Earth’s radiation environment due to SEP and GCR.

Heliosphere is a region that extends in space up to heliocentric distance of
about 100 AU and is dominated by the solar-wind plasma and by the inter-
planetary magnetic field. Closer to the heliopause heliospheric plasma flow
becomes highly turbulent, which is a result of interaction between outflowing
solar wind and inflowing plasma of the local interstellar medium. Strong in-
termittent heliospheric turbulence has a major effect on transport of charged
energetic particles in the outer heliosphere [1].

Neutral species that are present in the outer heliosphere are a source of pick-
up ions (PUI). At distances of about 10 AU PUI become an important factor
affecting the state of the solar wind [2],[3]. Observations show that the solar
wind temperature doesn'’t fall adiabatically as expected [4], since the interac-
tion between PUI and solar wind affect the evolution of the solar wind tempera-
ture as well as increase the level of turbulence, thus affecting the energetic
particle transport too [5].

The ultimate goal of our investigation is to develop the integral approach for
describing dynamics of the heliosphere and transport of SEP and GCR toward
the Earth to study the dynamics of solar wind interacting with the local inter-
stellar medium, and to quantify the radiation environment in the near Earth’s
region. This work is conducted in collaboration of the University of Michigan
and Boston University, and is based on a coupled approach that includes MHD
modeling of the heliosphere and Monte Carlo simulating of PUIl, SEP, and
GCR.

Here, we present our current results of investigating dynamics of the out-

er heliosphere and discuss its effect on propagation of GCR into the inner
heliosphere.
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The influence of the Jupiter and Mars differing considerably from each other,
on the solar activity is investigated. It is shown that they change the concen-
tration of solar wind particles by 6.27 and 8.53 percent, respectively. Aver-
age values of effects in the temperature and solar wind speed in percentage
are 1.97, 0.71 and 9.05, 2.42, respectively. The power spectrum as a function
of periods with respect to the Wolf's numbers showed the noticeable effects
corresponding to the periods of 399 and 780 days, which were considerably
greater than 27-days variations. The analysis of data on the temperature and
precipitation has revealed that their oscillations differ from the average values
by (10.2-15.30) and (5.7-8.5), respectively.

178-proceedings of the conference



GRINGAUZ 100: PLASMAS IN THE SOLAR SYSTEM, 2018

KONSTANTIN IOSIFOVICH GRINGAUZ:
PIONEER OF SPACE PLASMA STUDIES

M.I. Verigin
Space Research Institute of RAS, Moscow, Russia; verigin@iki.rssi.ru

KEYWORDS

solar wind, ionosphere, plasmasphere, Martian and Venusian magneto-
spheres, in-situ space plasma studies

INTRODUCTION

The talk shortly presents scientific accomplishments of Professor K.I. Grin-
gauz, who was a pioneer of in-situ space plasma studies and discovered
the Earth’s plasmasphere and the solar wind.

TOWARD SPACE STUDIES

Konstantin losifovich Gringauz (fig. 1) was born on July 5, 1918, in Tula city,
about 150 km south of Moscow. At the age of three he moved with his family
(father — pharmacist, mother — housekeeper) to the Samara/Kuibyshev city on
the banks of the Volga River where he attended school. On finishing school in
1935 he enrolled in the Electrophysical Faculty of the Popov Electrotechnical
Institute in Leningrad. In the spring of 1941 Gringauz received his Diploma
specializing in frequency modulation, then a brand new topic, and continued
his work in the Radiotechnical Laboratory, which he had joined in 1940.

In the first winter of the great siege of
Leningrad (1942) Gringauz was evac-
uated to Moscow where he received
an assignment and moved to a former
gramophone factory in Belowo city, Si-
beria. Within a few months a couple of
engineers educated the personnel of
this factory and organized production
of small, rugged, and sensitive radio
transmitters and receivers for tanks.

In the winter of 1944 Gringauz was
appointed member of government
Commission for studying of the effec-
tiveness of tank radio communications
under battlefield conditions. Using a
short visit to Moscow on the way from
Poland in 1945 he passed the entry
examinations required for post-grad-
uate studies, and, after V-J day, ob-
tained a position in a then classified
institute NII 885 where he became in-
volved in studies of radio-wave prop-
agation in the ionosphere. In 1947
Gringauz began to collaborate with
Sergei Korolev, father of the Soviet
space rocket program, and in 1948
for the first time he participated in the
launching of a modified German V2
rocket (at Kapustin Yar launch site)

. . . */ fig. 1. K.l. Gringauz — an ‘admiral’ of
which carried a radio sounder experi-  Summer cosmophysical school,

ment to study the ionosphere. Lena river — Yakutsk, 1970
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After receiving his Ph.D. degree in 1949 Gringauz was put in charge of a labo-
ratory for radio technology (1950). This led to a series of experiments in which
phase-locked transmissions at 24 or 48 MHz and 144 MHz were used to mea-
sure the electron density n.(h) profile in the Earth’s ionosphere.

The first published measurements on 26 June, 1954 (V-1D geophysical rocket
reached an altitude of only 106 km) showed clearly the presence of a sporadic
E-layer at 102 km. A series of three measurements up to altitude of ~200 km
(V-2A rocket) were made on 16 May, 25 August and 9 September, 1957, again
showing sporadic E-layers in two last cases and also a general increase of n.(h)
toward apogee. Finally, with rockets V-5A capable of reaching 480 km altitude,
the F-layer of the ionosphere was probed on three occasions in 1958, and it
was demonstrated that, in contrast to then current ideas (fig. 2d), the electron
density did not decrease rapidly above the F-layer maximum.

PIONEERING EXPERIMENTS

In the mid 1950's Gringauz’s laboratory was selected for the preparation
of a plasma payload for the massive orbiter (later Sputnik 3) that would be
launched by a yet not-existent rocket designed by Korolev. At the start of Inter-
national Geophysical Year in 1957 the rocket was built and tested. The US was
hoping to launch the world’s first satellite, but progress on orbiter observatory
was slow. Consequently Korolev proposed a less ambitious project; Gringauz’s
laboratory was selected for the construction and production of transmitter and
antennae for the first Earth orbiter — ‘Sputnik’ in Russian. Following the launch
of Sputnik 1 (fig. 3) on October 4, 1957, the ‘beep..beep’ of this transmitter was
heard by politicians as well as radio scientists and hams around the world.
Gringauz was very proud to have provided such a prominent contribution to
Sputnik 1. In particular he liked to tell that he was the last to touch the Sput-
nik 1: “l had to do the final check to make sure the transmitter was going
to work ... there was a special cover in the nose cone, so | reached inside,
checked the 'beep..beep..beep’ signal and knew everything was alright... Then
the cone was sealed for the last time”.
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fig. 2. lonospheric electron density profiles as measured on October 31 (a), February 21 (b) and
August 27 (c), 1958
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fig. 3. Sputnik 1 with two shorter antennae for 40.002 MHz and two longer antennae for
20.005 MHz frequencies, campaigned vigorously by K.I. Gringauz

There had been some debate as to whether or not the decameter (f =20 MHz,
A=15 m) transmissions would be easily detectable through the ionosphere.
The upper panel of fig. 4 illustrates generally correct idea that radio waves with
frequencies less than the ionosphere critical frequency f-cos2¢< f,. will be re-
flected off the ionosphere. But on the basis of his radio phase experiments with
geophysical rockets Gringauz was confident that inhomogeneity of the iono-
sphere would enable the radio signal to penetrate to the ground (lower panel of
fig. 4), and his judgment was confirmed as correct, with the receiving distance
being as much as 10,000 km. The transmissions continued for three weeks
and were used to monitor the pressure and temperature within the orbiter.

Sputnik 3, which weighed 1327 kg, was launched on 15 May, 1958, with 12 sci-
entific instruments aboard. A quite different type of experiment was prepared
by Gringauz and his group on this occasion, namely a spherical ion trap to
make in situ ion density measurements in the upper ionosphere. In all, some
10,000 retardation spectra were measured, thus supporting their previous
rocket measurements of relatively high (~10° cm=) charged particle density
well above the maximum of the F-layer.

The ion trap technique was further developed for the first interplanetary space-
craft Luna 1 (launched on 2 January, 1959), using for the first time, a suppress-
ing grid (fig. 5, @44 = —200 V) to suppress photoelectrons. Similar grids were
used afterwards in a large number of space plasma measurements being the
key element of various Faraday cups and providing about two orders of magni-
tude reduction of the parasitic current due to photoelectrons. Additional modifi-
cations were made for Lunas 2 and 3 and Venera 1 (launched on 12 Septem-
ber 1959, 14 October 1959, and 1 February 1961, respectively). The outer grid
voltages of four ion traps on Lunas 1 and 2 were fixed as ¢4, = +15, 0, -5, and
—10V, ranged between +25 and —19 V on Luna 3, and fixed as +50 and 0 V on
Venera 1 (two traps). The ion traps of Luna 2 (fig. 6) looked in tetrahedral di-
rections thus all four sensors could not be illuminated in the same time aboard
the spacecraft rotating with uncontrolled attitude. By present-day standards
these were very simple instruments indeed but they nevertheless lead to some
remarkable discoveries, notably the solar wind, the plasmasphere and plasma-
pause, and the inner plasma sheet and magnetosheath plasmas.
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fig. 4. Sketch prepared by K.I. Gringauz to illustrate different arguments in favor
of reflection/transmission of decameter radio waves through the ionosphere

The solar wind, then termed the “solar corpuscular radiation”, was directly ob-
served in interplanetary space for the first time by Lunas 2 and 3 in 1959 and
by Venera 1 in 1960. Approximately equal positive collector currents in all of
four ion traps of Luna 2 (fig. 7b) permitted to evaluate total solar wind ion
flux as 2:108 cm2s~'. The voltages chosen were such that it was not possible
to measure the energy of the particles concerned. The sunward-directed ion
traps of Venera 1 proved that ions were coming from the solar direction and
in one case increased solar wind flux was followed by a geomagnetic storm.
Measured solar wind fluxes were 2-3 orders of magnitude lower than had
been considered likely on the basis of models of the behavior of comet tails
and of the interplanetary medium under discussion at that time. These results
were first published in 1960 and were presented at COSPAR mee-tings in Flor-
ence (1961) and Washington (1962). Table on the left summa-rizes the results

2
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fig. 5. Schematics of ion traps with three electrodes: fig. 6. Luna 2 spacecraft was the first
1 — spacecraft surface, 2 — external grid, 3 — to reach another body in the solar
suppressor grid, 4 — collector. Russian ‘K ycunurento system. K.I Gringauz's ion traps are
KonnekT. Toka’ in original publication corresponds to marked by arrows

‘to the amplifier of the collector current’ I
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of initial solar wind measure-ments, confir-ming correctness of Gringauz’s first
observations.

The extended plasma envelope of the Earth was detected originally by Sto-
rey by means of whistler observations. The first in situ measurements in this
region were made by the ion traps of Gringauz and his group in 1959 which
showed the existence of a plasma with temperatures not greater than some
tens of thousands of degrees at altitudes up to ~20,000 km. What was discov-
ered was a sharp negative gradient of collector currents /k (fig. 6a) and the (in-
ferred) ion density at about 4 Earth radii, the existence of which Gringauz, in
his paper given at the 1961 COSPAR meeting, emphasized as being “beyond
doubt.” The existence of this boundary, now referred as the plasmapause,
that bounds the cold Earth’s plasma region — the plasmasphere, was soon
confirmed by Carpenter, again using whistler techniques. In fact Gringauz
had difficulty in convincing some of his Soviet colleagues in the validity of the
observations, especially later when the U.S. satellite Explorer 12 showed no
such effect; however, it was clear that the instrument concerned in this case
was not functioning properly (due to its sensitivity to solar UV) although this
was not known in the Soviet Union at the time. More details of the history of
plasmapause discovery were presented by both Gringauz and Carpenter in
the monograph by J. Lemaire et al. “The Earth’s Plasmasphere” (Cambridge
University Press, 1998).

spacecraft country data lon flux, cm2s™
Luna 2 USSR 1959 2x108
Luna 3 USSR 1959 4x108
Venera 1 USSR 1961 1x10°
Explorer 10 USA 1961 3x108
Mariner 2 USA 1962 2x108
Mars 1 USSR 1962-63 1x10°
Explorer 18 (IMP 1) USA 1963-64 1x10°
Zond 2 USSR 1964 3x107-5x10°
Mariner 4 USA 1964-65 3x107-2.5%10°
Venera 3 USSR 1965-66 1.5x108-2x10°
Pioneer 6 USA 1965-66 2x108-1x10°
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Early counter measurements in radiation belts, which had been discovered
by Van Allen and by Vernov, suggested that the flux of energetic electrons in
the outer radiation belt might be as high as 10°-10" cm=s~". But negative
collector currents with ¢4, = +15 measured by Luna 2 ion traps (Fig. 6a) were
less than ~10-'° A at altitudes less than 22,000 km. Since the traps responded
to particles of any energy above that defined by the retarding potential, the
electron fluxes were certainly less than 2:107 cm?s™, a result which was first
published in 1960 and presented at the COSPAR meeting in Washington in
1962. The controversy was resolved later by Brian O’Brien and was connected
with the fact that radiation belt electrons have relativistic energies rather than
~20 keV originally assumed (corresponding to expected auroral particles) and
produced multiple counts in energetic particle counters.

The ion trap experiment of the Luna 2 spacecraft made also the first obser-
vations of the plasma sheet, at the time called the “third radiation belt.” In
the region 10-14 Earth radii in the anti-solar direction, negative currents were
measured in all four traps indicating the presence of electron fluxes of the
order of (2—4)-108 cm-2s~". Since there was no corresponding response in the
energetic particle detectors it was deduced that the electrons were relatively
soft (< 20 keV). This result was reported at the COSPAR meeting in Florence
in 1961. Similar results were reported from the Venera 1 spacecraft, which, in
contrast to Luna 2, exited the magnetosphere on the sunward side. In a paper
published in 1961 with I.S. Shklovskii as co-author it was noted that a bow
shock in the supersonic solar wind might be the cause but that the particles
seemed to be the same as those observed on the night side so that the term
“third radiation belt” was appropriate. In fact we now know that two indepen-
dent phenomena are involved, namely the plasma sheet on the night side of
the Earth and the magnetosheath on the dayside, both being rather similar in
terms of soft electron fluxes.

In recognition of his pioneering works in space plasma studies Gringauz was
awarded in 1960 the Lenin Prize, then the highest in the USSR. In 1959 he
moved with his group to the Radiotechnical Institute of the USSR Academy
of Sciences and took a position as a head of the space research depart-
ment. This was transformed in 1971 into the laboratory for interplanetary and
near-planetary plasma studies of the newly organized Space Research In-
stitute of the Russian Academy of Sciences. He received a professorship in
radiophysics in 1970.

SPACE PLASMA STUDIES

In the decade 1961 to 1971 Gringauz was involved in experiments on a num-
ber of spacecraft, including the Venus missions Veneras 4 and 6, and on the
first lunar orbiter Luna 10. Experiments of his group aboard Cosmos 2 (1962)
orbiter provided evidence of the lack of charged particle thermodynamic equi-
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fig. 8. First observation of the Venusian bow schock.
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librium in the Earth’s ionosphere while Luna 10 (1966) experiments proved the
existence of the geomagnetic tail downstream to lunar orbit. The bow shock
associated with Venus was discovered by Venera 4 on October 18, 1967
(fig. 8), just one day before it was detected by Mariner 5 and confirmed in 1969
by Venera 6.

Many different ionospheric experiments were completed by Gringauz’s group
in the next decade aboard Cosmos 378, Intercosmos 2, 8, 10, 12, 14, 18, 19,
and Cosmos 900 Earth’s orbiters. Though providing global coverage, plasma
measurements aboard orbiters can hardly be interpreted in terms of local iono-
sphere vertical profiles, especially useful for theoretical analysis. These vertical
profiles of different physical properties of ionospheric plasma were measured
by Gringauz’s group during series of Vertical 1-5, 7, 10 geophysical rocket
launches up to 1500 km altitudes. The first Venus orbiters, Veneras 9 and 10
(1975), provided a further opportunity to examine the plasma environment of
the planet. The plasma and magnetic field experiments aboard Venera 9, 10
discovered the magnetotail of Venus while multiple crossings of the planetary
bow shock permitted the position of this boundary to be determined in the pe-
riod of solar activity minimum.

Especially interesting results were deduced from the measurements of elec-
tron plasma component by Gringauz’'s PL42 retarding potential analyzers
in the shadow of Venus. The nighttime ionosphere of this planet was found
in 1967 by Mariner 5 radio-occultation, but its source was not understood for
a long time. Direct measurements of electron spectra at altitudes of 1500-
2000 km revealed the existence of intense ~108 cm= s~ electron fluxes with
energies exceeding several tens of eV (fig. 9a). Taking into account that these
electrons can ionize neutral atoms of the nighttime atmosphere, Gringauz et al.
evaluated the resultant equilibrium electron density profile ne(h). Correlation of
the calculated n,(h) profiles with results of almost simultaneous radio-occulta-
tions (fig. 9¢) led them to the discovery of the ionization source of the Venusian
nighttime ionosphere and pushed them to correct available models of its night-
time atmosphere (curves ‘before’ in fig. 9b) by about two orders of magnitude
(line with dot in fig. 9b). Subsequent in situ PVO measurements confirmed
both that magnetotail electrons really reach ionospheric heights, and that the
planetary nighttime atmosphere is much less dense (curve ‘after’ in fig. 9b)
than was assumed before.
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fig. 9. Electron spectra measured by RPA above night side of Venus (a) and compa-rison of
radio-occultation n.(h) profiles with those ones produced by precipitating elect-rons (b).
Dashed line with dot in fig. 9b is the corrected profile of neutral atmosphere
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fig. 10. Martian bow shock (BS) crossings by Mars 2: 1 — 17.02.71, 2 — 08.01.72, 3 — 12.05.72;
Mars 3: 4 —15.12.71, 5-09.01.72, 6 - 21.01.72, 7 — 21.01.72; and Mars 5: 8 — 13.02.74,
9-20.02.74,10 — 22.02.74, 11 - 24.02.74

Also in the seventies Gringauz used his chance to participate in the discov-
ery of the Martian magnetosphere from the first Martian orbiters. The bow
shock crossing was clearly seen in the data of his modulational Faraday cups
(for ions) and retarding potential analyzers (for electrons). The position of this
boundary as measured by Mars 2, 3 (1971) and Mars 5 (1974) is presented
in fig. 10. Before these measurements Martian bow shock was touched only
ones by Mariner 4 (1965). Different structures in the near-Martian plasma —
magnetosheath, magnetopause, magnetotail, boundary layer, were generally
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fig. 11. Spacecraft trajectories near Halley's comet and locations of the mass-loading bow shock
(crosses), cometopause (circles), cometosheath, and cometary plasma region as identified from
plasma in-situ observations
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fig. 12. Neutral gas density profile determined from Vega 1 Plasmag measurements on March 6,
1986. Dashed line — theoretical model

described after Mars 2, 3, 5 measurements. All these structures were found
later in Phobos 2 (1989) plasma and magnetic field measurements, though
a proper understanding of physical processes prevailing in the formation of the
Martian magnetosphere (and, hence, terminology used for its description) is
not well established.

Perhaps the crowning achievement of Gringauz's career was the design and
implementation of the robust and self-confident Plasmag experimental pack-
age on the two Soviet probes to Halley’s comet, Vega 1, 2 (1986, fig. 11).
The ram-direction Faraday cup of this package was used to determine the
neutral gas density profile n,(r) of cometary coma. Those first in situ mea-
surements in fig. 12 were presented to the scientific community meeting in
IKI on the day after the Vega 1 flyby and are the most distant neutral gas
measurements in all cometary missions. These observations, together with
revealed solar wind deceleration due to pick-up of ions of cometary origin,
were shown to be consistent with a total outflow of =1.3-10% molecules/s
~40 tons/s. Though the existence of the unique cometary mass-loading bow

Log counts, arb. units
>»>r223

100 000 Eiq, eV
1 10 100
Mass / Charge

fig. 13. Discovery of the ‘cometopause’ (left panel) and first in situ measurements of cometary
ion energy/charge (mass/charge) spectra at cometocentric distance of (1.4-1.7)x10* km
(right panel)
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fig. 14. Spectra of ions as measured by TAUS on March 16, 1989 and magnetic field value B and
B, component by MAGMA measurements.

shock (fig. 11) was predicted by the theory, it was observed for the first time by
the Plasmag instrument. Closer to the cometary nucleus, in the cometosheath,
an unpredicted distinct transition to slow-moving dense plasma was observed
(the cometopause, fig. 11, 13), within which in the cometary plasma region
it was possible to obtain a mass spectrum on the assumption that the ions
were singly charged (fig. 13, right panel). The ions detected by the ram direc-
tion electrostatic analyzer of Plasmag package were atomic and molecular
hydrogen, carbon, the water, carbon monoxide and carbon dioxide groups and
heavier species with masses around 60, 70 and 85. By exploiting the solar and
ram direction Faraday cups, evidence for magnetic reconnection and plasma
acceleration was found in the vicinity of a field reversal.

In 1986, following the success of the Vega missions, Gringauz was awarded
the State Prize of the USSR in recognition of his scientific achievements. In
1988 he received the COSPAR Award for outstanding contributions to space
research made during his 40 years involvement in the field.

The last space experiments TAUS, HARP, and SLED in which Gringauz ac-
tively participated (during the Phobos 2 mission) led also to a number of new
findings. An analysis of electron spectra measured by HARP in the plasma-
sheet and magnetotail lobes led to the conclusion that these electrons can be
considered as the source of the ionization in Martian nighttime atmosphere. In
addition to the plasma structures revealed by Mars 2, 3, 5 orbiters the plasma
sheet in the Martian magnetotail was discovered by the TAUS team (fig. 14).
The observations demonstrated that the plasma sheet in the Martian magne-
totail surrounded the magnetic neutral sheet, similar to the plasma sheet in
the geomagnetic tail. However in contrast to the case of the Earth the Mar-
tian plasma sheet mainly consisted of planetary heavy ions (m/q>3). 2-D ion
spectra measured by TAUS demonstrated a supersonic, highly anisotropic ion
distribution function in this region. Detailed statistical considerations permitted
an evaluation of the loss rate of planetary oxygen through the plasmasheet as
~150 g s". TAUS measurements also revealed the deceleration of the solar
wind upstream of the Martian bow shock. An analysis of this deceleration per-
mitted a determination of the height profile of the planetary neutral gas corona
and of the upper limit of the Martian atmosphere loss rate as < 2.5 kg s™". If this
rate were permanent, the present planetary atmosphere would be dissipated
in ~3x108 years and, therefore, loss of the neutral gas through the corona is
important in the evolution of the Martian atmosphere.
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CONCLUDING REMARKS:

Konstantin Gringauz collaborated widely in his scientific activity. Most of the
sensors for the experiments of his group were developed, produced, and test-
ed together with the Moscow Institute for Vacuum Technology. Electronics for
space experiments were built originally in-house and than for the Prognoz,
Mars 2, 3, 5, Venera 9, 10 missions together with the Odessa Politechnical
Institute. International collaboration began with the Intercosmos 2 orbiter with
scientists from East Germany, Bulgaria, and Csehoslovakia participating orig-
inally on the data analysis stage. These countries together with Poland and
Hungary were involved afterward in the space hardware development for oth-
er Intercosmos and Vertical missions. In the course of preparations for the
Vega mission Gringauz developed a close relationship with members of the
Max-Planck Institut fiir Aeronomie in Lindau and later, in connection with the
Phobos missions, also with scientists from Ireland, Austria, Belgium and USA.

Konstantin Gringauz was active in COSPAR from 1961 onwards and was most
recently co-Chairman of Interdisciplinary Space Plasma Scientific Commis-
sion. For a long time he was a Chairman of the Solar Wind and Interplanetary
Magnetic Field section of IAGA. He was an initiator and a Chairman of the So-
lar Wind and Interplanetary Magnetic Field Section of the Russian Geophysical
Committee, and a member of the Editorial Board of the international scientific
magazine Il Nuovo Cimento. He was elected as a Member of the International
Academy of Astronautics and participated in the activity of the Russian Associ-
ation of the Members of this Academy.

Gringau:
Crater

fig. 15. Martian crater Gringauz is centered at Lat = —20.67°, Lon = 324.3°

Konstantin Gringauz was an intense, enthusiastic and well-read person, with
interests in music, art, literature, history and especially politics. It is character-
istic of him that in 1988, during the gradual reforms that were taking place in
the Soviet Union, he published a telling criticism of the Soviet space program in
a leading newspaper ‘Pravda’, the first occasion on which this had happened.
He maintained his scientific activities to the very end of his life as co-principal
investigator of an experiment being prepared for the scheduled Mars-96 mis-
sion. His death occurred on 10 June, 1993, as a result of a heart attack, shortly
before his 75" birthday.

On July 1, 2013 International Astro-nomical Union gave ‘Gringauz’ name to
one of the Martian craters with 71 km diameter (fig. 15, https://planetarynames.
wr.usgs.gov/Feature/151507 _ fsk=-954671006 )
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INTRODUCTION

The process of oxygen non thermal loss from Mars is well known for many
decades (see, e.g., [1,2]). About 64% of O atoms, originating at exobase
due to dissociative recombination of O," ions, have sufficient energy to es-
cape planetary gravity and to produce hot oxygen corona. O atoms are
finally ionized and the resulting O* ions are swept away by the solar wind.
O* ions in the vicinity of Mars were revealed in 1989 by mass-spectro-
metric plasma measurements onboard PHOBOS 2 orbiter [3,4]. Earlier
MARS 5 ion measurements [5,6] had no mass-spectrometric possibilities
and could not pretend for detection of Martian heavy ions, however, these
measurements were interpreted in that manner. Specific behavior of the
measurements was explained by the presence of protons only [7], though
the authors of the data disagreed [8] and are still in disagreement [9] with
the explanation proposed.

In-situ POBOS 2 measurements as well as subsequent ion measurements
by MEX orbiter (see, e.g., [10]) provide possibility to evaluate a part of the
planetary oxygen lost in the close vicinity of the planet at heights less than
several thousands of km from Mars. Similar restrictions are usual in a large
number of papers modeling loss of ions of Martian origin. On the other hand,
the specific scale of Martian hot oxygen corona is several millions of km, and
it is at these distances most of the oxygen of planetary origin is ionized and
picked up by the solar wind [11]. The mass loading of solar wind flow by O*
ions results in solar wind deceleration up to ~100 km/s upstream of the plane-
tary bow shock, thus providing possibility to evaluate upper limit of hot oxygen
corona density [11, 12].

First direct observations of O atoms of Martian corona started just in 2014 on-
board MAVEN orbiter by IUVS experiment [13]. In the present talk these initial
observations will be compared with the results of PHOBOS 2 coronal density
deductions. Possibility of direct in-situ measurements of Martian ion losses via
oxygen corona will also be discussed.

DATA ANALYSIS

Fig. 1 a,b,c presents altitude brightness profiles of Martian coronal oxygen
taken from [13], with 30 uncertainties in gray. We scanned fig. 1c data, approx-
imating the dayside global average profile (points in fig. 1d), and fitted it by the
simple relation (1) that describes escaping (second term) and bounded parts
(first and third terms) of total coronal oxygen brightness profile:

Ra(p)=a-e!">*"" +blp+clp?, (1)

where p is IUVS impact parameter in planetary radii, a~15.4, b=3.5, ¢=57 and
h=0.03. Then using inverse Abel transform one may evaluate the oxygen coro-
na number density no(r) as a function of planetocentric radius r:
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fig. 1. Brightness profiles as measured by IUVS spectro-meter aboard MAVEN (a,b,c)
and results of its fitting (d)
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fig. 2. O density profiles from IUVS and TAUS observations (a) and solar activity variations
in 21-24 Solar cycles (b)
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with a factor g=5.76x10- s~' appropriate for the oxygen line 1304 A at time
when the data were collected [13]. Planetocentric distance r and scaleheight h
are in planetary radii in the above relations.

Oxygen number density as deduced from relation (2) is plotted by heavy blue
IUVS line in Fig. 2a. This density is compared with upper limit of the weighted
oxygen and hydrogen number densities, evaluated in [12] using solar wind
preshock deceleration (heavy red TAUS line):

muyTo _ 2700 .(1+15.4 )

no(r)*+n(r) Mo T i 3

)

where my, mo and 14, To are hydrogen and oxygen masses and ionization
timescales, respectively. Dashed red line in fig. 2a is ~0.7 of relation (3)
that represents mo(r) addendum only [12]. It is easy to observe good cor-
respondence of MAVEN [UVS results with previous deductions from TAUS
experiment aboard PHOBOS 2 Martian orbiter. The correspondence is even
better if one take into account higher solar activity (twice sunspot number)
during POBOS 2 observations as compared with MAVEN observational pe-
riod (fig. 2b).
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fig. 3. Optional design of ion spectrometer for measuring oxygen loss by Mars

DISCUSSION AND POSSIBILITY
OF MARTIAN OXYGEN LOSS RATE
MEASUREMENTS BY IN-SITU ION INSTRUMENT

In order to deduce oxygen loss rate from both approaches we should reliably
determine radial distribution of escaping part of corona up to several millions
of km. Present UV instruments doubtfully can measure oxygen density profile
above several thousands of km both from its sensitivity and orbital limitations.
At 4000 km height escaping O constitutes minor part of oxygen corona (see
Fig. 1d). On the other hand, by specially designed ion spectrometer we can
measure picked-up O* ions very far from Mars. At such distances, originating
from corona picked up ions have complicated, anisotropic, ring/bi-shell velocity
distributions. The instrument for measurements of these ions must have ener-
gy range above 60 keV, must have sharp energy and fine angular resolutions
and must have possibility to separate heavy ions from protons. Optional design
of such an instrument is presented in Fig. 3. Accompanying measurements of
interplanetary magnetic field is highly welcomed. Both measurements should
start from several millions of km from Mars while spacecraft approaching planet
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INTRODUCTION

In the solar wind radiobursts, Langmuir turbulence generates electromagnetic
waves at the fundamental plasma frequency w, due to the transformation of
Langmuir waves on the ambient density fluctuations. The process can be ei-
ther a linear wave transformation on the plasma inhomogeneities or a fusion
of Langmuir waves with ion-acoustic oscillations. If sufficiently intense and
long-wave density fluctuations exist in the plasma, the first mechanism may be
more efficient than the second one. In this case, the nature of the low-frequen-
cy oscillations is not important but only their spectrum, so that ion-acoustic
oscillations can be considered. We confine ourselves to low-intensity Langmuir
waves which, owing to the smallness of their high frequency pressure, do not
affect the plasma density oscillations, especially in the long-wave region.

The approach used to calculate the radiation intensity at w, is the following
(see also [1]). Knowing the Langmuir waves’ fields and the distribution of the
plasma density oscillations in a given plasma volume, one determines the dis-
tribution of the high-frequency currents therein, that is, the source of the radia-
tion. Further, using retarded potentials, one calculates the flux of the Poynting
vector through the surface surrounding the source volume [2]. However, it is
necessary to take into account the dispersion of the electromagnetic waves in
the plasma.

The distributions of the plasma density and of the Langmuir fields necessary
for calculating the intensity of the electromagnetic radiation are obtained on
the basis of a numerical solution of non-selfconsistent Zakharov equations in
a two-dimensional volume with periodic boundary conditions that describes the
plasma medium with external density oscillations of characteristic lengths con-
siderably exceeding the Langmuir wavelengths. The simulation results allow to
calculate the spatial distribution of the electric currents with frequencies close
to w,. On this basis, the radiation efficiency at the fundamental harmonic w,
is determined as a function of the level of the Langmuir turbulence and of the
characteristics of the long-wavelength plasma density fluctuations.

The solar wind plasma is characterized by density fluctuations |6n/n[21-3%
of rather high level which have spatial scales much larger than the wave-
lengths of the Langmuir waves excited by electron beams during radio bursts
of type llI. In the framework of a 1D analysis, the influence of such fluctuations
on the beam relaxation and the Langmuir spectrum turned out to be very sig-
nificant [3]. In a real 3D situation, an additional effect affects the wave spec-
trum, i.e. the angular wave scattering on the density fluctuations and the wave
diffusion in the k-space. This effect is also important in laboratory plasmas
where relativistic electron beams can relax [4]. A mechanism of broadening of
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the wave spectrum in a inhomogeneous plasma is proposed in [4], where the
diffusion of the wave spectrum in the k-space occurs as a result of the reso-
nance scattering of waves by density fluctuations. However, if the frequency of
these fluctuations is small, the diffusion occurs mainly along the wave vectors’
angles and is slow.

Another approach to study wave diffusion is to consider the motion of Lang-
muir wave quanta as quasi-particles in a field whose potential depends on the
coordinates in accordance with the plasma frequency variations determined
by the density fluctuations. In our case, the dynamics of this field is given by
the evolution of the sound turbulence and has a random character. One can
expect that some quanta remain for a long time trapped in the potential well.
Other quanta diffuse in the k-space due to scattering at small angles if a reso-
nance condition is satisfied. Other ones are not captured but perform random
walks with frequent reflections and deflections on the density humps and wells.
One can find a power-law dependence Dy ~ (dk)?/T ~ An of the diffusion coeffi-
cient Dy in the k-space on the density fluctuations intensity An = <(dn/n)2>1/2.
Random walks of quanta in the 2D and 3D cases can lead to the formation of
a caustic grid, similar to the propagation of light in a randomly inhomogeneous
plasma [5].

This picture is confirmed owing to the numerical solution of non-selfconsis-
tent Zakharov equations in a 2D plasma with external density oscillations of
lengths much larger than the Langmuir wavelengths. The dimensions of the
modeling area reach several tens of thousands of Debye lengths Ap. Initially
the density fluctuations (Langmuir waves) are described by a Gaussian packet
of waves with random phases and characteristic lengths around 200-500Ap
(wave vectors around kAp=0.01-0.1). The growth rates of the average squares
of the parallel and perpendicular wave vectors calculated by the simulations
are in agreement with the estimates obtained but differ significantly from those
for resonant diffusion [4].
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INTRODUCTION

In the ionospheric plasma, density fluctuations are sometimes observed,
strongly elongated along the magnetic field. Small-scale filamentation of
plasma density can develop as a result of instability of longitudinal electric
currents [1] or filamentational instability of waves of cyclotron waves in the
ionosphere [2]. The presence of such plasma inhomogeneities can affect the
properties of wave propagation, the transverse wavelength A of which signifi-
cantly exceeds the characteristic filamentation dimension of the inhomoge-
neity. In particular, the plasma region filled with small-scale inhomogeneities
can acquire lens properties and lead to wave focusing. This phenomenon is
considered for the example of the evolution of a Langmuir wave with AL in a
plasma in which there are small-scale density perturbations concentrated in
a region with characteristic size L>A.. Under the assumption that the ampli-
tudes of density fluctuations &n/n<<1 are small, the effective permittivity of
a finely inhomogeneous plasma is calculated. The one-dimensional numeri-
cal simulation based on Zakharov's equations demonstrates the focusing of
a wide wave packet of Langmuir waves in a region with filamentation of the
plasma density. properties of wave propagation, the transverse wavelength A.
of which significantly exceeds the characteristic filamentation dimension of the
inhomogeneity.

Focusing (or defocusing) of a wave in a region with plasma filamentation is of
a general nature, as illustrated by considering the propagation of an electro-
magnetic wave of the whistler type in a plasma containing quasistatic density
inhomogeneities. Analogously to the case of a Langmuir wave, nonlinear cor-
rections to the dielectric tensor are calculated taking into account the presence
of small-scale density fluctuations elongated along the magnetic field. Thus,
the plasma region filled with small-scale fluctuations can be regarded as an
ordinary large-scale inhomogeneity of the plasma, which acts as a date.

The work was carried out with the financial support of the Russian Foundation
for Basic Research, project No. 16-52-16010 NTSNIL_a.
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INTRODUCTION

Investigations of our Solar system as a home for Humanity, plays one of pri-
mary roles in future plans of Russian Space Agency and Russian Academy of
Sciences for the next ten years. These studies include a number of questions
of a primary scientific importance but also are considered as a prelude to ex-
ploration of the Solar System.

The major line of Russian planetary studies is devoted to investigations of
the Moon and Mars.

MARTIAN STUDIES PROGRAM

Currently Russia together with European Space Agency are working on the
EXOMARS program, which is devoted to the search of the extinct (or even
present) primitive life on Mars. This activity was motivated both by an earlier
findings of significant amount of subsurface water in certain Martian regions
and recent discovery of the methane eruptions to the Martian atmosphere.

First mission of this program — TRACE GAS ORBITER, launched from
Baikonur on March 2016, is already inserted to the Martian orbit and right now
is accomplishing slow aerobraking maneuvers.

The second part of this program will start at 2020 when (again from BAIKONUR)
will be launched Russian landing platform carrying European rover Pasteur
with a comprehensive suite of instruments including a sophisticated drill. After
rover will egress, the surface platform will start its own science mission as
a stationary scientific station to characterize the surface environment including
climate monitoring on long time scale, atmosphere chemistry, distribution of
subsurface water and dosimetry.

LUNAR STUDIES PROGRAM

Russian Lunar program includes several landers (LUNA-25, LUNA-27 and
LUNA-28) to explore south polar regions of the Moon with their permafrost de-
posits and one orbiter (LUNA-26) to investigate space plasma in Lunar vicinity.

The main scientific tasks of Lunar program will be the study of mineralogical,
chemical, elemental and isotopic content of regolith and search for a volatiles
in regolith of polar areas; investigation of plasma, neutral and dust exosphere,
and the study of interaction of space environment with Lunar surface at poles.
Inner structure of the Moon will be also studied by seismic, radio and laser
ranging methods.

Future plans that are more distant include the mission to Venus and stereo
investigations of the Sun from close approach.
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