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HOBHbIE UTOTW Hay4HOI 1 Hay4YHO-NEAArorMyecKoli AeATeNbHOCTM JOKTOpa (M3NKO-
maTeMaTMyecknx Hayk, mpodeccopa Kadeapbl 06uweit tusnkn Morunesckoro
rocyfapctseHHoro yHmsepcuteta umeHn A.A. Kynewosa AnekcaHapbl Bnagn-
MUPOBHbI Bosiocesuy.
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ANEKCAHOPA BNTAJNMWNPOBHA BO/TOCEB/Y

Bonocesny AnekcaHgpa BnagummnpoBHa poan-
nacb 4 nons 1941 r. B r Ceo6opa BopoHexckoii 06-
nactu (Poccus).

B 1964 r. okoHuYMNa (hM3NYECKNin hakynbTeT Jle-

HWHIPaACcKoro rocyfapCTBEHHOrO YHMBeEpcuTeTa Mo
cneyunanbHocT «®usnka». B MonspHoM reousnye-
ckoM mHcTutyTe KOAH CCCP paboTana ¢ 1967 no
1982 r. - cTapwuM NabopaHTOM, MAAALWNUM HaYUYHbIM
COTPYAHUKOM. Crneuunanuct B 061acT aBpopasibHbIX
HeogHopogHocTein. C 1982 r paboTaet B M nme-
HU A. A. Kynewoa (MI'Y - ¢ 1997 r.) foueHTOM
Kadeapbl TeopeTuyeckoi msmkm (1982-1995), npo-
theccopoM Kagefpbl TeOpeTUHecKoin usmkmn (1995-
2003), npodeccopom Kadeapbl 3KCNEPUMEHTaNbHO
1 TeopeTuyeckoi tusmkmu (2003-2015), npodecco-
pom Kadeapbl 06ueit rankm (¢ 2015 r Mo HacTosLLee BPEMS).

UneH coBeTa (akynbTeTa MaTemMaTUKM W BCTeCTBO3HAHMA MIY uMeHu
A. A. Kynewosa. YneH yueHoro coseta KI'Y (r KaaunuHrpag). B 1972 r noctynuna
n B 1976 r. okoHYMNa acnupaHTypy Konbckoro.gpunvana AkafeMumn Hayk. 3autuna
KaHAMOATCKYI0 fuccepTaumio «dnekTpoctaTuyeckas BonHOBas Typ6yneHTHOCTb B MO-
HocepHoli M MarHUTocqepHoli nnasve» 6<vapta 1980 r. no cneunansHocTy 01.04.12
(r. NeHvHrpag). 3awmtuna LOKTOPCKYR \gMccepTaumio «33NeKTpocTaTUYeckne CTpyk-
Typbl B aBpOpanbHO MOHOCHEPe 1 MarHuTocgepe» 2 tespans 1995 r. mo cneunans-
HocTn 04.00.22 (r CaHkT-MeTep6ypr). AoueHT (1983). Mpodeccop (1997). YneH-
KoppecrnoHgeHT Akagemun o6pasosaHusa (1999).

Naypeat ctuneHaum MpesngeHta PB (1999). Mpemus 3a nydwy nyénnkaumio
n3gatenbckoii komnaHum MANK.

OcCHOBHbIe NpenogaBaemble AUCUUNANHBI: «HennHelHas AMHaMUKa», «NeKTpo-
OMHaMuKa nnasmbl»;, «BBefeHne B (M3MKY BOMHOBBIX MPOLIECCOB», «Kypcbl TEOpeTH-
4eckol (M3NKW + 3MIEKTPOAMHAMMKa», «BBeaeHne B (m3nKy TBEPAOro Tenax», «Teopus
OTHOCUTENbHOCTNY, «ONeKTPOHHaA Teopus BelecTBa», «HennHelHble 3neKTpoAMHaAMM-
yeckure CTPYKTYpbl B Nna3me», «Pu3nka BOSHOBbLIX NPOLECCOB».

Cdiepa Hay4HbIX WHTEPECOB: MeXaHW3Mbl  (OPMWUPOBAHWS  HeNWHeld-
HbIX( JTOK&/IM30BaHHbIX 3MEKTPOCTATUYECKMX CTPYKTYp B KOCMUYECKOW nnas-
ME;\ HeNuHelHble (u3MYeckme MpoOLECCbl W UX YUCIEHHOE MOZAENMPOBaHMe.
CoucnonHutens paHT BP®®IU Ne X01-318, 2002 r., 'paHT DAAD Ne A/98/09199
2000-2002, INTAS grant Nr 03-50-4872.\2005-2007.

Y4acTHUK 60nee 60 MeXayHapoLHbIX KOH(epeHUuii. ABTop 60nee 100 Hay4YHbIX 1
y4e6HO-MeToAMYECKNX NYBANKaALNIA.



OCHOBHBIE JATbI XKN3HWA

N NMPOPECCUOHAIbHOW AEATENIbHOCTW

1941 r., 4 nrons
1959-1964 rr.

1964 r

1967-1982 rr.

1972-1976 rr.

1976 r.

1980 r.

1982-1995 .

1995 r

1997 r

1995-2003 fr;

1999-r

2003-2015 rr.

C 2015 no HacTofwee
BpeMsA

A. B. BOJIOCEBWY

- pogunach B . CB0o604a BopoHexckoit o6nactu

- yuyunacb Ha (hM3M4ecKoM akynbTeTe JIEHWHIPaACKOro
rocyfapCTBEHHOr0 YHUBEPCUTETA

- OKOH4YMna usnyecknii hakynbTeT JIEBHUHIPaACKOTO Fo-
CYlapCTBEHHOr0 YHMBEPCUTETA MO ChneyuanbHOCTh, «Pu-
3uKa»

- paboTana B MonsApHOM reomanyeckom NHCTUTyTe KOAH
CCCP - cTapwum nabopaHTOM, MAaAWNMHaY4YHbIM COTPYS-
HWKOM, CrneuuanucToM B 0671aCT aBPOPasIbHbIX HEOAHOPOA-
HocTei

- yuunacb B acnupaHType KonsCkoro gpunnana Akagemuu
Hayk CCCP

- OKOHumMna acnupaHTypy Konbckoro qunvana Akagemumm
Hayk CCCP

- 3aWmMTuNa KaHAWLATCKY0 fuccepTauunio «3dnekTpocTa-
Tnyeckas BONHOBas TYpOYyneHTHOCTb B MOHOCHEpPHOW U
mMarHmtocqepHon nnasme» (r. JleHnHrpag)

- poueHT(Kaheapbl TeopeTnyecko n3nkn Mornnescko-
ro rocy/jlapCTBeHHOro Nejarormyeckoro MHCTUTYTa

- \BawmTtuna [OKTOPCKYH gucceprtaumio  «3/eKTpo-
cTaThyeckme CTPYKTYypbl B aBpOpanbHON MOHOCHEpe K
marHutocdepe» no cneymansHoctTu 04.00.22 (r. CaHKT-
MeTepbypr)

- MPUCBOEHO 3BaHMe npodeccopa

- npodeccop Kagenpbl TeopeTuyeckoi ¢uankm Moru-
NEeBCKOro rocyfapCTBEHHOr0 MefjarorMyeckoro MHCTUTYTa
(MTY umeHun A. A. Kynewiosa)

- Y/eH-KoppecnoHAeHT Akagemun obpasoBaHus Pecny-
61vkun benapych

- npodeccop Kahespbl IKCNEPUMEHTaNbHOW 1 TeopeTuye-
ckoit sk MY umenn A. A. KynewoBa

- npodeccop Kadeapbl obuieit Guankn MIY unMeHK
A.A. Kynewosa



1995 .

1998 r.
1999 r.
2003 r.
2004 r.
2009 r.
2018 r.

NMPNSHAHUWE

Mpemna MexayHapoAHON M34aTeNlbCKON KOMNaHun «Hayka» 3a yy-
WWIA LMK Hay4HbIX paboT B M34aBaeMblX et XypHanax.

Mpemuns MuHuctepcTea o6pasoBaHus Pecny6nunku bBenapyce.
Ctunengmua MpesngeHta Pecny6nuku benapycs.

Mpemus MuHuctepcTBa o6pasoBaHus Pecny6nuku benapyce.
MoyeTHaa rpamoTa HaunoHanbHOM akagemMun Hayk benapycu.
Mpemus MuHuctepcTea o6pasoBaHus Pecny6nunku Benapycs.
MoueTHaa rpamoTa HaunoHanbHOM akagemuu Hayk benapycuy
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POTOMATEPUAJIbI N AOKYMEHTbI

Onnmnuaga WkoeJibH1KoB, 1989 r.

Ha MexayHapoaHoI KoHgepeHLnK
«MartemaTunyeckre Mofienn 6IMKHEro KOCMoca»,
AkyTck-KpacHoapck, 1989 r.
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[ocyfapCTBEHHBI 9K3amMeH, 1996 T.

Cumnosnym no (usnke noHocgepsl, T. Fopbkuii (HwxHUA Hoeropog), 1997 r.



O6cepBaTopust JiiHWTeHA. ACTPOPUINYECKNIA NHCTUTYT,
Motcpam (CepmaHuns), 1998 r.
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MexayHapofHasa KoH(epeHLna
«[Mpo6nembl Meokoemoca»,
CaHkT-MeTepbypr, 2002 r.

Jocka noyeta, 2003 r.
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KoHtpepeHLMA N0 COBMECTHbIM NpoekTam, Pum; 2007 r.
(cnpasa npodeccop C.B. XKecTkoB)

Kadhegpa akcnepMMeHTa/IbHOW 1 TeopeTnyeckoi tnsmku, 2009 r.



Mys3elii Hayku (Science Museum). 3an KOCMUYECKUX UCCEL0BAHNIA.
CoBMeCTHbI NPOEKT Mo pykoBoacTBoM npodeccopa KO .U TanbnepuHa
«MHTep60», cnyTHUK Opeon. JToHAOH, 2015 T.
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Kathegpa akcnepumeHTanbHOW N-TEOpeTUYECKON (hun3mnkm, 2013 .

AnekcaHfpa BnagumuposHa
Bonocesuy
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YKA3ATE/Ib OCHOBHbIX MYB/NKALUN
MO PASAE/TAM

ABTOPE®EPATbI AVCCEPTALINIA
Bonocesuy, A. B. 3nekTpocTaTuyeckas BONHOBas TYpOYNeHTHOCTb B MOHOCHEPHOM
nnasme : aBToped. AUC. ... KaHg. (m3.-maT. HayK : 01.04.12 / A. B. Bonocesuy ;. Jlennrpag
roc. yH-1. - J1., 1980. - 14c.
Bonocesny, A. B. OnekTpocTaTyeckue CTPYKTYpbl B aBpOpasibHON MOHOCHepe
1 marHutoctepe : aBToped. guc. ... A-pa (m3.-Mat. Hayk : 04.00.22 [ A.°B. Bonocesuy ;
C.-Metepbypr, roc. yH-1. - CM6., 1995. - 34 c.

HAYYHBIE CTATbA
B XXYPHANAX MEXAOYHAPOAHOFRO 3HAYEHWNA

Bonocesuy, A. B. O nopore BO3HNKHOBEHWS aHOMaJIbHOrO COMPOTUBIIEHNUSA /19 MPO-
[0/bHbIX TOKOB B MarHuTocgepe / A. B. Bonocesny; B."A. Jlnneposckuii // F'eomarHeTam un
aspoHomud. - 1972. - T. 12, Ne 4. - C. 767-770,

Bonocesuy, A. B. NeHepaums MenkomacLLTabHbIX HEOLHOPOAHOCTEN B Typ6yneHTHOI
nnasme u pagnoaspopa. MeomarHeTam 1 agpoHomus / A. B. Bonocesuy, B. A. Jlunepos-
ckwit // TeomarHeTam 1 aspoHomms. - 19755 T. 15 Ne 1. - C. 74-77.

Volosevich, A. V. Nonlinear quasi-Stationary electrostatic waves and soliton like structures
in collisional polar E-region plasma/-A. V. Volosevich, Y 1. Galperin, A. G. Sudakevish //
Cosmic Research (English version of Kosmich. Issled). - 1995. - Ne 3. - P. 57-63.

Volosevich, A. V. A nonlinear hydrodynamic theory offinite amplitude waves and moving
small-scale structures in collisional auroral E-region which can be VHF radar aurora scatter-
ers /A. V. Volosevich, X [."Galperin // Plasma Instabilities in the lonospheric E-Region / ed.
by K. Schlegel. - \erlag : Goettingen, 1996. - C. 147-150.

Volosevich, A~V. Nonlinear wave structures in collisional plasma of auroral E-region
ionosphere / A V.-Volosevich, Y I. Galperin // Ann. Geophys. - 1997. - Ne 15. - P. 890-898.

Volosevich, A. V. MHD nonlinear theory of stationary moving structures and knoidal
waves in\auroral and magnetospheric plasmas : obsevations from VIKING and search from
INTERBALL / A. V. Volosevich, Y 1. Galperin // Czechoslovak J. Phys. - 1999. - Ne 49a. -
P. 647-656.

Volosevich, A. V. Nonlinear electrostatic waves and structures in collisionless magne-
tospheric plasmas / A. V. Volosevich, Y. I. Galperin // Phys. Chem. Earth. - 2000. - Ne 1-2. -
P. 85-91.

Volosevich, A. V. Nonlinear electrostatic waves and moving localized structures in the
outer plasmasphere and auroral magnetosphere / A. V. Volosevich, Y. I. Galperin // Cosmic
Research (English version of Kosmich. Issled). - 2000. - Ne 38. - P. 514-525.

Volosevich, A. V. Nonlinear waves in collisional ionospheric plasmas / A. V. Volosevich,
Y. I. Galperin// Phys. Chem. Earth. - 2000. - Ne 1-2. - P. 79-84.
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Volosevich, A. V. Nonlinear electrostaticion-acoustic waves in the solar atmosphere /
A. V. Volosevich, C.-V. Meister // Contr. Plasma. Phys. - 2001. - Ne 43 (2). - P. 60-65.

Volosevich, A. V. Nonlinear electrostatic structures in collisional dusty plasmas /
A. V. Volosevich, C.-V. Meister // Contr. Plasma. Phys. - 2001. - Ne 43 (2).

Galperin, Y. I. The nonlinear localized electrostatic structures and their experimental di-
agnostics in magnetospheric plasma/ Y. I. Galperin, A. V. Volosevich // Cosmich Research. -
2002. - Vol. 40, Ne 4. - P. 1-10.

Meister, C.-V. Nonlinear electrostatic ion-acoustic waves in the solar atmosphere /
C.-V. Meister, A. V. Volosevich // Contr. Plasma Phys. - 2002. - Ne 42 (1). - P. 55-60.

Volosevich, A. V. Nonlinear electrostatic structures in collisional dusty plasmas ‘/
A. V. Volosevich, C.-V. Meister // Contr. Plasma Phys. - 2002. - Ne 42 (1). - P. 61-65:

Bonocesuny, A. B. HenuHelHble NOKaNN30BaHHbIE 31EKTpOCTaTUYeCKne CTPYKTYpPbI
M UX 3KCNepUMeHTa/IbHas AWarHocTVKa B MarHutocdepHoi nnasve / FO. W, TanbnepuH,
A. B. Bonocesuu // Kocmuyeckue uccneposaHus. - 2002. - T. 40, Ne 4. - C. 1-10.

Volosevich, A. V. Theoretical models of the spatially limited electrostatic structures and
experiments in the auroral magnetosphere / A. V. Volosevich, Y I. Galperin;'F. M. Truhachev //
Advances in Space Research. - 2002. - V. 30, Ne 7. - P. 1677-1680.

Meister, C.-V. Nonlinear evolution ofthe Farley-Buneman instability in collisional plas-
mas / C.-V. Meister, A. V. Volosevich // Book abstracts: General‘Assembly of the European
and American Geophysical Society. - [France, 2003]. - ID=NR : EAEO3-A-04500.

Volosevich, A. V. The evolution of nonlinear electrostatic waves and structures in Space
plasma / A. V. Volosevich, C.-V. Meister // Astron. Nachr. - AN324. Suppl. Issue 3-Short
Contributions. AG2000 Friburg i Br. - [Germany, 2003]. - P. .

Volosevich, A. V. Nonlinear electrostatic waves in the collisional ionospheric plasma /
A. V. Volosevich, C.-V. Meister // Cospar Scientific Assembly. July, 2004. - COSPAR04-
A-01416, D3.5-0038-04. - Paris, 2004. - P.'35.

Volosevich, A. V. Electrostatic solitary structures associated with electron and ion
beams in the auroral magnetosphere /)A. V. Volosevich // Kocmuyeckue nccnegoBaHus. -
2003. - C. 20-23.

Volosevich, A. V. Theoretical model and Experimental Diagnostics of Non-
linear Electrostatic Structures in Space plasma / A. V. Volosevich, C.-V. Meister,
S. V. Zhestkov // Advances in Space Research. - 2006. - Ne 37. - P. 569-575.

Nonlinear small-scale localized electrostatic structures and their impact on
magnetospheries . boundaries / A. V. Volosevich, S. Savin, J. Buechner, J. Blecki,
J. L. Rauch // EGUO06 Session ST4.4: Filamentation processes, boundaries and nonlinear
structures insheliospheric plasmas. EGU06-A-05956. - Viena. - 2006. - P. 62.

Volgsevich, A. V. Theoretical model and Experimental Diagnostics of Nonlinear
Electrostatic Structures in Space plasma /A. V. Volosevich, C.-V. Meister, S. V. Zhestkov //
Advances in Space Research. - 2006. - Ne 37. - P. 569-575.

Savin, S. Experimental study of nonlinear interaction of plasma flow with charged thin
current sheets: 2. Hall dynamics, mass and momentum transfer / S. Savin, A. V. Volosevich
[et al.] // Nonlinear Processes in Geophysics. - 2006. - Ne 13. - P. 1-16.

Volosevich, A. V. Coherent nonlinear interaction of waves in the collisional plasma /
A. V. Volosevich// Proceedings of SPIE. - 2007. - V. 6725, Ne 17. - DOI: 10.1117/12.751415.
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Volosevich, A. V. Localaized electrostatic structures in the magnetospheric plasma:
Theory as Experiments / A. V. Volosevich, S. P. Savin, J. Blecki // Final INTAS conference. -
Rome, 2008. - P. 120.

Volosevich, A. V. Nonlinear structures in the collisional ionospheric plasma/A. V. Vo-
losevich, C-V. Meister // Int. Journal Geomagnetizm and Aeronomia. Deuschlend. - Potsdam,
2009. - Ne 5. - P. 77-79.

Volosevich, A. V. Nonlinear stabilization of the F-B instability by three-four waves in-
teractions / A. V. Volosevich // Proc. 7 International Conference. Problems of Geocosmos, -
Russia : St. Petersburg, 2009. - P. 150.

CTATbU BXXYPHANAX MO CMNUNCKY BAK
PECNYBNVKW BENAPYCb N MPU3HABAEMbIE BAK

Bonocesuy, A. B. KorepeHTHOe TpexXBO/IHOBOE B3aMMOZENCTBIE BOSTH B MOHOCHEPHOI
nnasme / A. B. Bonocesuu // BecHik Marinéyckara fsspxayHara yHiBepciTata ims
A. A. Kynauwosa. - 2000. - Ne 1 - C. 3-12.

Bonocesny, A. B. YUncneHHoe MofenvpoBaHWe OLHOMEPHbLIX 3MEKTPOCTATUYECKNX
cTpykTyp / A. B. Bonocesuy, ®. M. TpyxaueB // BecHik Marinéyckara asapxayHara
yHiBepciTaTta ima A. A. Kynawosa. - 2004. - Ne 1. - C.\136-147.

Bonocesny, A. B. dopmupoBaHue HeNMHENHBIX 3M1eKTPOCTaTUYECKUX CTPYKTYp
B aBpopanbHOi MarHuTocdepe / A. B. Bonocesuy// BecHik Marinéyckara gsspxayHara
yHiBepciTaTa imsa A. A. Kyndwosa. - 2006. - Ne 4(25). - C. 230-242.

Bonocesny, A. B. JlokaM30BaHHbIE MeNKOMACLLTa6HbIE HenWHeliHble CTPYKTYpbI
MAOTHOCTEN 3apPSKEHHbIX YacTuL, B aBPOPasibHOW YCKOpsAHOLen ob6nactv MarHuTocdep-
Hol nnasmbl / A. B. Bonocesuu, ® M. TpyxaueB // B ecnix Marinéyckara gsspxayHara
yHiBepciTaTa imsa A. A. Kyndwosa.- 2006. - Ne 2-3. - C. 189-198.

Bonocesuy, A. B. HenuHkeiHble anekTpocTaTMyeckme Mody/IMPOBaHHbIE BO/HbI B KOC-
MuYeckon nnasve / A. B. Bonoeend // BecHik Marinéyckara g3spxayHara yHiBepciTaTa ims
A. A. Kynsawosa. - 20085 Ne 4. - C. 230-242.
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AHHOTUPOBAHHbIV YKA3ATE/Tb HAUBOJIEE 3HAUNMbIX
KHVYXHbIX N3OAHUIN A. B. BONNOCEBMY

Bonocesny, A. B. 3nektpoctaTuyeckue CTPYKTYpbl
B aBPOpa/lbHOM MOHOC(epe M MarHuTocgepe : aBToped.
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MeTogunueckoe [10COOMe MpeAHasHauyeHo Ans m3yde-
HUS NEKUMOHHOTO Kypca, MOArOoTOBKM K MPaKTUYECKUM U
CEMUHAPCKUM 3aHATUAM, a Takoke A1 opraHusaumy camo-
CTOATENbHOAPabOTbI CTYEHTOB.
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Meister, C.-V. Selected lectures on theoretical space
plasma physics / C.-V Meister, A. V Volosevich = Maii-
ctep, K. B. V36paHHble NeKuumn No TeopeTUYeckoi u-
3uKe Kocmumueckoin nnasmel / K.-B. Maiictep, A. B. Bo-
nocesny ; Actpogms. nH-T Motcgam, Morunes. roc. yH-T
uM. A. A. Kynewosa. - Hayu. n3g. - Morunes : 3a-80 Mo-
runes. roc. yH-Ta, 1999. - 170 c.

B HacToAWEM Kypce NeKuuin U3N0XeHbl OCHOBHble
BOMPOCbl (PM3VKM MNasMbl MPUMEHUTENBHO K, CONHEYHOI
nnasme (4acTb | HanucaHa K.-B. MaiicTep), 1 Tarke K Koc-
Muueckoi niasme (vacTb Il HanucaHa Aq.B. Bonocesnu).
OCHOBOVi ABNAKOTCA KYPCbl NEKUWIA, YATaeMble aBTOpamm
B lMoTcaamcKoM yHuBepcuteTe U MOrmieBcKoM rocygap-
CTBEHHOM yHuBepcuTeTe uM. A. As KyneLuosa.

Lienbto coBMecTHOlM paboTbl™ ABNAKOTCA COMMKeHMe
YPOBHA 06pa3oBaHusA CTYLEHTOB MO (M3VKe KOCMUYECKON
Mnnasmbl.

UTeHne KHUrW.MpegronaraeTt nogrotoBKy Ha ypoBHE
YHVBEPCUTETCKOLO KypCa TeOPeTUYecKol mnsnku n npeg-
Ha3Ha4yeHo [/1A.Hay4Hol paboTbl CTYAEHTOB, acnvpaHToOB
(h13MYeCcKMX enelmanbHOCTeR. 3agaun n ynpakHeHUs Mo-
ryT 6bITb UCMO/ML30BaHbI B MPAKTUYECKUX 3aHATUAX.

BonoceBuy, A. B. OCHOBbl (hV3MKWM KOCMUYECKON
n/asmbl : Kypc nekumii / A. B. Bonoceud. - Morunes :
YO «MI'Y um. A. A. Kynelosa», 2000. - 138 c.

HacTosiwwmii Kypc nekuwmii NpefHasHaueH fAns usyude-

HUWA CreLKypcoB Mo (M3vKe Miasmbl, r3vKe MOHOCHEPDI,
(h13rKe MarHMTocgepbl.
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Bonocesuy, A. B. BeefieHue B HE/TMHEHYIO TEOPUHD KO-
nebatenbHbIX M BOMHOBbIX NPOLECCOB : KYpC NeKunii : B 2 4. /
A. B. Bonocesuu. - Morunes : YO « MI'Y um. A. A. Kyrnetuo-
Ba», 2008. - Y. 1L - 78c.

Kypc nekumii cofepXuT BBELEHWE B COBPEMEHHYIO Teo-
puvito KonebaHWii 1 BOSH.

C eau1HOI TOUKM 3peHNs 0606LLEHbI MHOT006pasHbIe Kose-
GaTenbHbIe U BO/THOBbIE NPOLIECCHI B PA3/IMYHBIX 06/1ACTAX HayKU.

lMonyyeHbl 3BOMHOLMOHHbIE MOAE/bHbIE BOHOBbIE YpaB-
HeHUs, NpuyeM 0coBoe BHUMAHME YAENeHO UCCNEA0BaHMIO He-
JINHENHBIX KONebaHUi 1 BOJH, a Takke PacCMOTPEHbI MPOCTLIE
METO/Abl aHaNM3a HeNMHEHbIX MpoLeccoB. [aHHoe n3gaHue co-
CTOWT M3 ABYX YacTeld. B nepBoil YacTu paccmaTpuBaroTCcs n-
HeliHble KoneGaTe/bHble MOAENW, a BO BTOPOVi - NPOCTeiiLLne He-
NNHeliHble cucTembl. Kype nekumii npegHasHayeH 4N CTy4eHTOB
1 acnmpaHToB (DU3MKO-MaTeMATUHECKIX CELMaIbHOCTE.

Bonocesuy, A. B. BeefieHUe B HE/TMHEHYIO TEOPUHD KO-
nebatenbHbIX 1 BOMHOBbIX MPOLIECCOB : KYPC NeKUuid i B 2 4. /
A. B. Bonocesny. - Morunes : YO «<MI'Y um. A. A. Kynewo-
Ba», 2011. - Y. 2 : HenvHeHble aneKTpocTaTuyeckue CTpykTys
pbl B KOCMUYECKOI Nnasme. - 84 c.

Kypc nekuuii cogepXvT BBefEHVE B BaXKHEMLIWIA pa3fen
COBPEMEHHOI (IM3NKM, NOCBALLEHHDIA HENMHEVHbIM BO/THOBbIM
npoueccam. /3yyeHne BONMHOBbIX NMPOLECCOB, NPOUCXOAALLYMX B
NpUpOe, - OAHa U3 BaXHeWLLMX 3adad qmaukin. B otinuve ot
[pyrux Hamboree 3HaUMMbIX TeOpwii Teopua-KonebaTebHbIX U
BOJIHOBbIX MPOLIECCOB ABNSETCH YHUBEPCAALHON 1 MPUMEHUMA K
(hM3NYECKUM, XMMUYECKUM, BUONOTUHECKMM, IKOHOMUYECKMM,
NO/IMTUYECKUM, COLMANBHBIM W, 4PYIYM BOTHOBBLIM NPOLIECCaM.
OC06EeHHOCTM JaHHOTO Yy4eBHOro.nocobus: a) MHOroobpasHble
BO/IHOBbIE MPOLIECChI PACCMATPYBALOTCSA C €ANHOI TOUKM 3peHUS;
6) 0co60e BHVMaHWe YAeNeHO NCCNe0BaHNI0 HEMIMHENHBIX CTa-
LIMOHAPHbIX BOJH; C) PacCMOTPEHbI MPOCTbIE METOAbI aHam3a
HEeNMHENHbIX BOTHOBBIX TIPOLIECCOB.

Llenb KypcaneKLmin cocTomT B 0606LLIEHNN BbIBOLOB HENMHE-
HOVi TeoprK KonebaTeNbHbIX U BOTHOBbIX MPOLIECCOB A1 TOrO, YTOo-
6bl MCCNEAOBATE BO/HOBbIE CTPYKTYPbI, KOTOPbIE PErMCTPUPYHOTCS
B KOCMUYECKOM Mia3me B paMKax COBPEMEHHbIX 3KCTEPUMEHTOB M0
UCCEf0BaHMIO MarH1Tocdepbl 3emm. [laHHOe 13faHue SBnseTcs
BTOPOIA 4acTblo Kypca ieKLuid, u3gaHHoro B 2008 T., 1 MOCBALLEHO
U3YHEHNIO HENIMHEIHOW 3BOSTHOLYV BO/THOBBIX MPOLIECCOB U1 (hopMu-
POBaHMIO HENMHEMHBIX 3M1EKTPOAMHAMUYECKWX CTPYKTYPa B KOCMI-
YeCKOI N/a3mMe, MpyUYeM PaccMOTPeEHbI Havbonee NPOCTble MOAEN
HeNMVHEViHbIX CTaLMOHAaPHbIX BO/H B OfHOMEPHOM NPUG/IXEHNN.

W3naHve OyneT nonesHo Kak CTyJeHTaMm U acnmpaHTam
(h3MKO-MaTEMATNYECKMX CMeLMabHOCTER, TaK U YUeHbIM,
VIMEIOLLMM [ef10 C HelIMHEHbIMM NMpo6emMaMy U3NKH.
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BBE/IEHVIE B HE/WHEVHYIO TEOPLO
KOMEBATE/bHbIX
BO/HOBBIX MPOLIECCOB

Kypc nekuyuii
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PRESSURE GRADIENT STRICTURES IN THE TAIL NEUTRAL SHEET

AS "ROOTS OF THE ARCS’ WITH

Yu. I. Galperin. A. V.

SOME EFFECTS OF STOCHASTICITY

Volosevich. L. M Zdenyi

Space Research Institute, Mowour, Russia

Atafrncf. Westward rannUYail current At tl» earthward
edge of the plasma sheet m enhanced due to strongly sto-
ch&uic (F'b - Rt) i°n motion*. A narro* elongated mag
nelic field depression arises which leads to further iiorlini
ticAtion of the Idiin converting through II, M|4 to 4 local
increase of magnetoetatic plasma pressure. enhanced lat-
eral transport rrd removal of higher energy ions. This
plasma structure can be stationary in the magnetospheric
franc.

It i3 the “root” of sheet-like auroral currant* of stable
auroral kam p M oun arcs/I>ands (inverted-V») located ni
the equatorinl edge of the steady pre-midnight auroral aval
florin onset when it deepens below the stability threshold
for reconnection/tearing.

Homogeneous auroral ares from Ilie plasma sheet

One bl the problems in niagnelu»pheric physics i» the
description of a steady. nearly quiet «late with stationary:
convection and multiple stable inverted-V*ii and nici.in.thf
night sector. This steady «late enn la«t or interval*ofmore
then 10 horns (for example. OOV) 12-tO IT. November 24.
L9SI). Thus, these condition* may I>e considered”a» sta-
tionary.

During steady conditions the earthward “edge of the
mghtside plasma sheet at distance* ‘about” 10/le maps to
the equatorial edge of the nighiaidr miiorai ov«J [j<t Fftd-
jtern and Gntpcnn. 19S5], Hernstable inverted-V’s and
arc» usually occur inside the oval- An analysis of steady
inverted'VAkrc  nifin inind (Uricnt patterns lw Ini lo a
conclusion (hat a hierarehy,of ciitmleij two-sheet tuin'iil
loop»—the *o called MATRI*"SHKA scheme lieeembling
Russian folkloric_nested-dolls, one imude another) is conai*--
tent with some'selected satellite, jacket and ground-based
data seta [Fmmo/cee ft *f. I9tTi|, lit a detailed analysis of
ionospheric current* in a (HeiHeakop arc MuYur/J if «/,,
[1991],, alse considered a dnuhlr-shcct current pattern as
representative.

Pressure gradient* in the plasma sheet acre considered
ap probable sources of aic-asaonaied field-aligned currents
(FAC's) by iio*hain [1975]: TutrAoij, [19S2|; Sluirric;
[19S3[; Pviovkiu nnd (mpiorrAnw?sys. {1989]; G tiptntt *nd
loiotcvich. [1939]. and other» Here we introduce a new
aspect in Lhearc/inverted-V modelling, namely, an account
of stochastic ion motions in the neutral sheet.

Copyright 1992 by the American Geophyiical Unton.

Piper number 92CLQ21T8
0094-8534/92/92GL-02175103.00

Formation of 'line current" by non-adiabaLic ion motions

Consider the earthward edge (or * sharp gradient) of the
neutral ihee-t croas-lail cunelll The local‘effect of (lie ra
dial, or tailwaid. gradient of integrated Immvlul current
density V,J" (supposed here hs deminating on that of the
ring current, ami directed oppositely) on the magnetic field
radial profile will be a derm*», earthward from this lo-
cation, of the Uz component in the neutral sheet plane.
(It eras noted, for example, by Pw/iy and litaid. [1941].
but its possible consequence* kpere not considered) As a
result, there is asderreme <n the minimum ton energy at
which the_adiabatidtv condition k = ffic/ruy** > 1, is
violated (wheie r*, is maximal wn Larnior radius and Hi
ia minimal curvature radius of the magnetic Add). The
non adiabatic effects in the neulral sheet, are especially
important for ions in the “strong siwiinkiiriiy” regime
(x4 7 1) Bmehmer and /.tltnyi, 1959, In the
presence of the dawn-dusk magneton pherir electric held, as
the plasma sheet ions nie comecleil into the hand tvheie
I'u 1. their radial <onvetnon velocity item down (by iono-
spheric line-tying and/ur due to llie inner iivigiietospbcnr
shielding) and they are westward deflected (and acceler-
ated) forming an intensive 'quasi-Pedersen* current. It
contributes to. and ltei¥ is supiwed to ckmunate, the to-
tal westward imat-tail cuiient while the election inotion
remain* adiabatic. It will interplay with the magnetic field
radial profile to establish a stationary localized Rt mini-
mum. Due to magnetic Hut conservation this leads to a
locally enhanced field stretching, with which we identify
the neutral sheel inner t-dge |nl *» IU/ft J

A decrease in Bg shifts the strong stochasticily coudi
Lion i a: I to lower ion iitetg”ea. It increases the “line cur
rent”, giving a positive feed-back. Saturation occurs when
b approaches unity for thermal protons. Then nearly all
the ions are stochasticised, and no more increase in the ion
current occur» with a decrease of magnetic held. The quasi-
pmieTsien current i* supposed to «tabilixe at some level and
location in the magnctosphcric frame, which depends on
the magnetic field profile, ton temperature and composi-
tion, cross tail electric field and current.

In Figure la the radial proltle is shown of tlie Bj —
northward component of the neutral sliret magnetic field
u calculated from

A
Bg(r\ m BO(r\ + » [l
where Bo{r) i* tlw dipole lield mid Jj.fr) rt i < r < ffl
Hy. i» a sURgesterl uulihl piiildr of Z-integiateil J>hnn* iur
rent density of the total era»-tail rurrmt with a maximum
close to its earthward odgp, For a seasonalile ciknce of pa-
rameter» (Taxiwai Jt -v jo + jOmMA/m. in Accord with
estimates by tin. [1976], and \fitchill rl of., [1940]) the
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HENMMHENHBLIE KBA3SUCTALIMIOHAPHbIE 9NIEKTPOCTATUYECKUE

CTPYKTYPbl B MATHUTOC®EPHOW MJIASME
© 1W5r. /1. B, Bonocesuu*. 0. . lii.iblHpiAii™

“MowmMnaw it NFAarorMyYccKWi MHCTUTYT. Benapych
**WMHCTUTYT KOCMUYECKUX uccnefosanmnit PAH. r Mocksa
MocTynuna i pegakyunto 8.08.94 r.

PaCCMOTpeHa rngpognHamuyeckas teopua HE/IMHEHbIX ANIEKTPOCTATUYECKUX BOJTH H CTPYKTYpP npoma-
BO/IbHOV aMNANUTYAbl, ABVKYLLMXCS B 6eCCTONIKHOBHTENBHOI Maa3me a HanpasfieHUm gpelida Bo BHeELLIHel
NOCTOSIHHOM 3/IEKTPUYECKOM W MarHUTHOM ronie [only4eHO ypaBHeHWe, CBs3blBatoLLee MAOTHOCTH Hac-
TWU, OnpeaesieHHOro copTa € 3/1IEKTPOCTaTUYECKMM MOTEHLMa/IOM, KOTOPOE B YaCTHbIX C/lyyasix cBoanuTca
K 13BeCTHO# mopmyne EOI‘IbLI,MaHa. Ocuom aToik Teopusi - UCNONb30BaHNE 3/IEKTPOCTAaTUYECKOro noss
BO/IHbI, CAMOCOr/1acoBaHHOIO C ABMXXEHNEM YacTuL, (Sl'IeKTpOHOB n I/IOHOB), B YCNoBuAX KBaSMMGﬁTpaﬂbHO-
CTVM 3TO0 NPMBOAMT K MacluTaby Lu - aV/cu” (V - CKOpOCTb BO/HbI UM CONUTONOMNOAOGNON CTPYKTYPbI.
a - MHOXUTe/b NOPSAKA EANHULBI, YUYUTbIBAIOLLMIA PONb 3NEKTPUYECKOrO Apelita, YacToTa HUXHe-
ro rMbprAHOro pesoHaHca) MpoaHasM3MpoBaH* iaBHCYMIOCTb XapaKTepa peLleHuii oT-NapaMcTpoa 3aja-
U/ 1 NPUBEAEHbI NMPUMEPbI YUCTIEHHbIX peu.leHvu7|

MoKasaHo, 4TO PELLEHWS1 MOTYT UMETb BUA “UOHHBIX AbIP", "'3NEKTPOCTATUHECKUX CKAYKOB" U "'ABOMHbIX
cNoeB"', HabAABLUMXCSA @ MarHHTOC(EPHO NnasMe Ha aBPOPasbHbIX CUAOBLIX TPYGKAa™, MpUYem Teope

TUYebbIK OLEHKM COrNacytoTcs ¢ HabM0AAEMbIMY NapaMeTpaMy TakuX HelIMHENHbIX CTPYKTYP.

| BBEAEHWE N MOCTAHOBKA 3ALA4YN

B marHHTOC(hepHoli Nnasme B aHpopansltoii 061a-
CTW CO CNYTHNKOB S3-3 1 “BUKMHT" 6bINK 06Hapyxe-
Hbl MeNKOMAaCLLITabHble KBa3W-3/1eKTPOCTATAYECKHE
CTPYKTYpbI TUNa ABOMHbIX cnoes, "ion holes” - "nMOH-
HbIX AbIP”, CONNTOHOB 1 “electrostatic shocks™ - "ane-
KTPOCTaTUYECKUX YAapHbIX BOAH™ U Ap. (cm. |1.-131):
[N HUX XapaKTepHO Hanauune napbl NPOTUBOMO-
NOXHO HanpaBneHHbIX 31eKTPOCTaTUYECKIUX ToNeil,
OPUEHTUPOBaHHbIX OPTOrOHaNbHO MarHUTHOMY Mo*
nK). OHM 06bIYHO TaKXe cogepxaT ‘ebnactu npo-
[l07IbHOTO 3N1EKTPUYECKOTr0 NoNs, NB Criyyae HCCHM-
METPHU Napbl NONOXMUTENbHOI0-M 0TPULLaTENbHOIO
noTeHLMana BAoNb MarHUTHOFOMNONA B 3TuX 06nac-
TAX MPOUCXOANT YCKOPEHUE 3aPSHKEHHbIX YacTuL, 1
hopmMMpoBaHue NBpPOpanbHbIX MNYy4KOB. [lBONHbIE
€OV HeOoHOKPAaTHO pacCMaTpUBaNNCh Kak OfHa L
BO3MOXHOCTel YCKOPEHWA 4acTuLy, BO36YXAAOLLNX
nonsapHble cUsHMA (cMy0630pbl |4. 51). Popma Takux
CTPYKTYP MOXET ObITb pasHoo6pasHa - 0T nepuoau-
YecKoW Tuna _3/7eKTPOCTaTUHYECKMX HOHHO-LMKNeH
TPoHHbIX (E1C) BONH O MHOrOYMCAEHHBIX pacnpe-
[leNeHHbIX M0 MPOCTPaHCTBY ABUMXYLIMXCA OfN-
HOYHbIX/ CTPYKTYp C MOBbILIEHHOW MNNOTHOCTbIO
3apAXKEHHbIX 4acTuL, (CONMTOHHOrO TUMA) UAN NOHU-
XKEHHOW NNOTHOCTLIO (TWNa “UOHHaA Ablpa”, B Aanb-
Heiiluem W A). WccnefoBaHna MexaHW3MoB 06paso-
BaHWA 3NEeKTPOCTaTUYeCKUX CTPYKTYp Tuna fBOWA-
HbIX C/T0EB U/IN 3N1EKTPOCTaTUYECKNX YAaPHBIX BOMH,
BbINO/IHEHHbIE B psifie paboT, MPOBOANANCH FNaBHbIM
06pa3omM NPUMEHWUTENbHO K pesynbTaTaM 3Kcrepu-
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MeHTOB BJ/JTabOopaTOpHOIi Nnasme, a 3aTem nepeHocu’
NUCb Ha yCnoBms MarHHToctepHoil nnasmbl. Takue
1ccrefloBaHNs B OCHOBHOM BENINCb HA OCHOBE NHeIA-
HOFO“@Hann3a, N03aTOMy aMMAUTY/Abl BOMH H CTPYK-
TYp Tuna fBOHOrO Cnos npeanonaranncb ManbiMu,
a 3M1eKTPUYecKoe nose onpesensnoch HapyLieHnem
KBa3WHeWTpanbHOCTM U3  ypaBHeHMs [lyaccoHa
(cm. 0630p [61). B 3TMK TeopeTMUecKUX MOLensix
06bI4HO Npejnonaranocb Hanuuue Byx COpToB 3a-
PSXEHHbBIX YaCTUL, - 3/1eKTPOHOB 1 MOHOB, XOTH, Ha-
npumep, B [6] paccMoTpeHa MOfeNb C HECKONbKNMM
COpTamu MOHOB.

Bpa6oTax (7, K| HauyaT aHann3 anekTpocraTunyec-
KUX CTPYKTYp, UMW HeNMHelHbIX BOMH B KBAiUHENr-
panbHOW MarHHTOCthepHOIi Nnasme, KOTOPble BO3HU-
KaloT Npu 3aJaHHO CBA3N 31eKTPOCTaTUYeCKOro
noTeHLMana ¢ NNOTHOCTbIO 3apSXKEHHbIX YacTuL, (Ha-
npumep. B BUfe pacnpejeneHns bonbLmaHa). B aTux
pa6oTax 66110 Nony4yeHo M NoApPo6GHO npoaHannuamn-
pPOBaHO ypaBHEHMWe ANS HeNMHelHbIX BOMH GONbLIOIA
aMnAnTYAbl B 3aMarHHYeHHOI nnasme ¢ anekTpocTa-
TUYECKMM  MoneM, 3afaHHbIM  pacrnpefeneHnem
BonblMaHa ANs 3NeKTPOHOB. [pyu 3TOM GbINO MoKa-
3aHO. YTO B OMpe/eNeHHbIX YCNOBUAX MOTYT BO3HM-
KaTb HeNMHeliHble MOKHO*LMKNOTPOHHbIE BOJHbI
60NbLWOA  aMNAUTYAblI, PacnpocTpaHalLmecs Cco
CBEPX3BYKOBOW CKOPOCTbIO, KOTOPble MOryT GbiTb
TECHO CBfi3aHbl C ABOMHbIMU cnosMu n U. Ha6nwo-
[aBLUMMNCS B aBPOPabHOM Nnasme €O CMyTHUKOB.

Oco6as BaxHOCTb CTPYKTyp Tuna W[ B aBpo-
panbHbIX ABMEHUAX MOAJYEPKHYTa B cepun paboT
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Abstract. Rocket and satellite aurora studies reveal the
existence of moving small-scale plasma structures of
various amplitudes They were found at high altitudes in the
form of electrostatic shocks, weak double layers and ion
holes, as well as in amoral E-iegion with large amplitudes
and different scales We consider the lime/space evolution
of unstable lower-hybnd and ion-cycltfron waves in the
magnetospheric  plasmas ~ which  propagate  nearly
perpendicularly FOthe magnetic field The MHD system of
equations for elections and one or several ion species with
the self-consistent electric field rs solved numerically
Conditions for existence of nonlinear quasisiationarv waves;
electrostatic shocks, ion holes are studied by accounting.for
norimeantv collision frequencies, kinematic vtscosity.
dispersion and violation of quasi-neutrality

C 1999 Elsevier Science Lid. All rights reserved.

| Introduction

Recent high resolution measurements in magnetospheric
and auroral plasmas have shown.a great variety of small-
scale plasma structures mion heles, small double layers, etc .
both at high altitudes from'S3-3 (see, for example. Mozer et
al, 980>, VIKING. (see. for example, Koskinen and
Malkki 1993 Chang.: 1992). FREJA (see, for example.
Erlandion el aly 1994. Dovner et a).. 1997. Seyler and
Wahlund, 1996>./and FAST (see. for example, Carlson el
aJ. 199g) satellites and at lower ionospheric altitudes from
rockets IBoehm et al. 1984. Pfaffel al.. 1984. Pecseli et al.
1989.kintner et al., 1992, Rinnert, 1992). Indirect and
spatially averaged, but comprehensive information was
collected from VHF radar aurora measurements and their
analysis <see reviews by Fejer and Kelley. 1980. and
Haldoupis, 1989)

We try to construct a unified approach to describe
theoretically. using electrostatic MHD nonlinear equations,
a variety of observed small-scale moving plasma structures

Comspomtoce to: Yu I Calpenn
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in collisional and collisionléss quast-neutraJ space plasmas
(see, Volosevich and Galperin. 1995.1997, Volosevich et
al, 1995) As the sources of strong plasma turbulence are
often very localised (See. for example. Schlegel et al.. 1990.
Shaftan, 1990 Kintner et al . 1992. Haldoupisel aJ . 1995).
it is important ‘to find solutions desenbmg moving plasma
structures. which are capable to carry outwards the
information” about the localised source of plasma
turbulence. Such structures, when and where they appear,
can.be observable as characteristic waveforms from in situ
plasma and wave detectors from a rocket or a satellite, or
remotely by radars with suitable observational constraints
This leads to a search of a class of quasi-stationary
asymptotic  solutions for such small-scale nonlinear
structures as ion holes, electrostatic shocks, or more
complicated structures The way lo a ID theory lies through
simpler 1D and 2D models which allow to sec the influence
of various effects Inonlinearity, electron and ion inertia,
dynamic ion viscosity. Poisson brackets, ele ) on the
excitation and stabilization conditions of two-dimensional
nonlinear effects In some conditions the stabilisation can
include formation of the quasi-stationary small-scale
moving plasma structures, and their amplitudes and
waveforms are of interest

A unified electrostatic MHD theory is developed to
describe such plasma structures moving in auroral
ionosphere or magnetosphere with a constant velocity V in
respect to ambient plasma, which is drifting under the
aciion of large-scale stationary electric field EO The
theoretical model is described in Sect 2 The equations are
derived in respect to the variable S x-VI for one-
dimensionaJ models, and S=x*az-Vt for two-dimensional
models. This approach is widely used in the plasma theory
and it can be considered as a way to describe a particular
class of stationary solutions for small-scale moving plasma
structures of arbitrary amplitude Various models of the
theory are considered below for differcut plasma regions
where some particular effects could be neglected to simplify
solutions Sample results from these efforts are presented
below for the collisionless (Sect 4). and weakly collisional
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HENVHENHBIE 3NEKTPOCTATUYECKMNE BOJIHbI
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M30OBAHHBLIE CTPYKTYPbI
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1Maruncuckun rucyan/KWwHalblid yHilWepeiTicT, . Mtruscy, Benapycu
2/IHCTUTYT KOoCcMUYecknx ncacgonaHw! PAH. r. Mocksa
MocTynum npegakumio 30X20CK) r.

U pa6oTe gono AanbHelillee pa3suTve TEOPETUYECKOTO MOAXOAA K OMUCAHMIO MOMHOLLLIX (hOPM, MapHALWiA
MMOTHOCTH H 3NeKTPUYECKOT0 NOTEHLMANA 1 KAA3NTNILLHOHAPHBIX ABVKYLLMXCS S71EKTPOCTaTUUeCKIX Henn-
HeliHbIX MeNKOMACLUTa6HbIX NN1a3MeHHbIX CTPYKTYpax C y4eTOM N1a3MeHHOr0 aBeHHs 4151 Clyyas MHOro-
KOMMOHeHTHOI LLLI4MM MpusegeHbl npumepbl BOTHBbX hopm, HTHOMIILLKMLLX GOUITGHBI HH KIVHTO
Hbl OLeHMBatOTCA 06/1aCTI HAPMMErPUUCKOTO NPOCTPAHCTBA 4151 KOIOHHOTO Ny4Ka 31eKTPOHOB B rupuyeli
(hOHOBOIA MNa3me, rAe CYLIECTBYIOT KBa3HCTaLitoil;ipnble peLLeHns 15 ABVKYLLMXCA, HAALWEHWbIX CTPYKTYp
C MONOXUTENbHLIM 3apsAoM. [MpeanonaraeTcs, YTo Takie JBIKYLUMECS MNa3MeHHbIE CTPYKTYpbl MOTyT
6bITb OTBETCTBEHHBIMM jN PaCeesHC M0 YrnaMm Nnorov NonspHoro Metpa Ha 60/BLLIX BbICOTAX.

XapaKTepHbIM  CBONCTBOM  MarHHTOC(epHoW
nnasMbl ABAAETCA HaNMuMe pasNUUHbIX NOMNynALnii
3apSKEHHbIX YaCTUL, - XONOAHBIX U FOPAYMX 3MEK-
TPOHOB U MOHOB, MYYKOB YacTULL, BKIOYAS pasnnumus
0 MaccoBOM COCTaBe MOHOB. [lomynsuuu vacTuy ¢
pasnuuHOI cpefHelt aHeprueii, TemnepaTypoii, 3aps-
[lOM, Maccoii 4aCcTo MMetT pas3nnyHble Apeiidosbie
CKOpPOCTU BAOMb MarHMTHOro nons, B Takoii MHOro-
KOMMOHEHTHON AMHAMUYHON cpeAe NOKanbHOe Ha-
pylweHune 3apsAoBoil KBasnuelTpanbHOCTH BMONHe
BEPOATHO, M 3TO MOXET NPUBOAUTL K (hOPMMPOBa-
HUIO cneunduyecknx HeNnuHelHbIX 3t heKToB.MEBN-
KYLLUXCA MeNKOMaclTabHbIX HennHelHbIX CTPYK-
Typ, NepeHocAWMNX U36bITOUHbIV 3apag [12).

YcoBepLUeHCTBOBaHWE 3KCNEPUMEHTaNbHON Tex-
HWUKW M3MepeHW napameTpoB NNa3Mbl C BbICOKUM
NPCMCULLINM/HPOCTPAHCTMCHMbIM _PaspelleHneMm Ha
paketax [3|, cnyTHukax SJ-J 44}y VIKING |5, 6).
FREJA [71. GEOTNW [8]. '"MHTEPBOM-2 \%
FQUATOR-S fl0|, u. B 0COGEHHOCTH, CO CNYTHMKA
FAST 111-43J no3sonunno-yccneaoBarb xapakrtepumc-
TUKN  MeNnKoMaclTabHbIX. ABUXYLLUXCA CTPYKTYp
KOHLEHTpauum 3apsXXEHHbIX 4acTuL, U anekTpuyec-
KUX Honeil. MamepeHua co cnyTHuka FAST noknsa-
NIH, YTO TaKMUEe\CTPYKTYpbl ABAAOTCA TUMWYHBIMK
Ans 06nacTeil MHTEHCUBHBIX 3N1EKTPOHHbIX H WOH-
HbIX MYYKOB HAf, aMOpPanbHbIM 0BafOM Ha BblCOTax
0T-2000 f0~4(XHO KM, NpMYeM BbISIBNEHbI pa3nnyns
B 06/1a€TAX BTEKAKOLWMX U BbITEKAIOLWNX NMPOJONb-
HbIX-TOKOB. B 3TUX 3KcnepumMeHTax 6binn 3aperucr-
pUpOBaHbl ABUXYLIMECS MeNKOMaclWTabHble 31eKT-
pocTaTuyeckue CTPYKTypbl pasIMyHOro Tuna: ABoii-
Hble CNOW, KHOWAANbllWe BOJHbI, CONUTOHHBLIC U
KaBHTOHHbIEe CTPYKTYpbl. Takne CTPYKTypbl CBs3a-
Hbl C CYLLECTBOBAHMEM BHYTPW HUX NapanfienbHbiX
3NeKTPUYECKMX HOMEe W camu Npu onpeseneHHbIX
YC/I0BUSAX CMOCOGHbI MOAAEPXMUBaTb CyLLeCTBOBaHME

3TWUX HONeii, NpeAcTaBnas co6oi ABUXKYLLNECH HOCK-
Tenu 3apsga.

B npuHYune, Ha 3TUM NyTN BO3MOXHO 06BACHUTL
CyLLeCTBOBAHUE PACTAHYTbIX BAONAb MarHUTHOrO MNo-
NiHa NpoTsKeHum |-3 paguyca 3emnn obnacTteld npo-
[ONbHORO 3NEKTPUYECKOTO NOAs, (hopMUpYIoLLnX
CTPYKTYpbl Tunma “nepesBepHyToe VM eciu Takas
CTRYKTYpa COCTOMT U3 MHOXECTBA HEGOMbLUUX BO3HU-
KaloLLMX 1 pacnajaroLyxcs JBOMHbIX CNOEB ¢ nepena-
0M NoTeHLMana nopsaka KTTennosoi nnasmel. Of4-
HaKo peanbHOCTb TaKoli CUTyauun B CTPYKTypax Tuna
“nepeBepHyTOe M’ noKa He MOATBEPXAeHa aKcnepu-
MEHTOM. MOCKONbKY AN 6onbluMHCTBA Habntopgae-
MbIX MeKOMAacLUTaBHbIX HeNUHEAHbIX CTPYKTYp BC'
NMYMHa NOTeHLWana o H Noc/ne CTPYKTYpbl 04MHAKO-
Ba. Mexay TeMm, Bpems XXM3HU MenKoMacliTabHbIX
CTPYKTYP C KOHEYHbIM Nepenajgom noTeHymuana Bgonb
MarHUTHOK HONW, T.e. ANECHHATUBHbIX, KaK MOXHO
0XUNAaTh, LOMKHO 6bITb 3HAYUTENBHO MEHbLINM, YeM
[NS HCANCCHNATMBHBIX. @ MOTOMY BEPOSATHOCTb UX ne-
peceyeHnst CMyTHUKOM COOTBETCTBEHHO MEHbLUEN.
Mo3aToMy Ham npejcTaBAseTcs, 4To BONPoc 06 Nx po-
NN B NpoLieccax aBpopanbiioro YCKOPeHUs ele ocTa-
eTCA OTKPbITBIM, |

MHOroKOMNOUCHTHOCTb MANMIroccpuoll nnas-
Mbl 3HAUUTENbHO OCNOXHSAET YUCNEHHblE pacyeTbl
NPOLLECCOB B TEOPETUYECKMX MOAENAX HENNHERHbIX
OBUXYLMXCA CTPYKTYp (W .r Hanpumep, [2, 5, 14,
J8J), MoaTomy npeAcTaBnseT UHTepec pasBuTUe MC
TOZON aHaMTUYEeCKOro CamMoCOr1acoBaHHOro Onu-
CaHUs BO3HMKAOLWNX MeNKOMacliTabHbIX 3NeKTPo-
CTaTMYeckux CTPYKTyp. ITO 3afadye noceslieHa
[aHHas paboTa, pasBuBatoLLas NOAXOAbI, ONUCAHHbIE
B HalMX npeglecTBytowmx paborax (cm. 115471 n
CCbIIKW Tam),

Mapuc. | cxemaTnyeckun n3o6paxeHbl HECKONbKO
mMoAMduULMpoBaHHble Namn 0606LeHHbIe pe3ynbTa-
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Abstract. Rocket and satellite aurora studies reveal the
existence of moving small-scale plasma structures of
various amplitudes They were found at high altitudes in the
form of electrostatic shocks, weak double layers and ion
holes, as well as in auroral E*region with large amplitudes
and different scales We consider the time/space evolution
of unstable lower-hybrid and ton-cyclotron warn in the
magnetospheric  plasmas  which  propagate  nearly
perpendicularly lo the magnetic field The \IHD system of
equations for electrons and one or several ion species with
the self-consistent electric field is solved numerically:
Conditions for existence of nonlinear quasistationary waves,
electrostatic shocks, ion holes are studied by accounting.for
nonlinearity, collision frequencies, kinematic ~viscosity,
dispersion and violation of quasi-neutrality.

O 1999 Elsevier Science Ltd. AH rights reserved.

1 Introduction

Recent high resolution measurements in magnetospheric
and auroral plasmas have shown a great variety of small-
scale plasma structures -+ion boles, small double layers, etc ,
both at high altitudes from £3-3 (see, foi example, Mozer el
al, 1980), VIKING isee, for example. Roskmen and
Malkki 1993," Chang. 1992», FREJA (see. for example.
Erlandson ‘ei_ al. 1994. Dovner et al. 1997. Seyler and
Wahhind, '1996), and FAST (see. for example. Carlson el
al., 1998 satellites and al lower ionospheric altitudes from
tockels 1Boehm et aJ. 19*4, Pfaffet al., 1984. Pecseh a al .
19*9; Kmtncf et al. 1992; Rumen, 1992) Indirect and
spatially averaged, but comprehensive information was
collected from VHF radar aurora measurements and their
analysis (see reviews by Fejer and Kelley. 1980. and
Haldoupis. 1989)

We try to construct a unified approach to describe
theoretically, using electrostatic MHD nonlinear equations,
a variety of observed small-scale moving plasma structures

(orrespitndence to Yu I Galperin
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in colhsional and collisiontess quasi-neutral space plasmas
(see, Volosevich and”Galperin, 1995.1997. Volosevich et
al . 1995) As the sources of strong plasma turbulence are
often very localised, (see. for euatupie. Schlegel etal. 1990;
Shaflan. 1990."Kininer et aL 1992. Haldoupis el al 1995),
it is important to find solutions describing moving plasma
structures <which are capable lo carry outwards the
information about the localised source of plasma
turbulence Such structures, when and where the> appear,
can be observable as characteristic waveforms from in situ
plasma and wave detectors from a rocket or a satellite, or
remotely by radars with suitable observational constraints
This leads to a search of a class of quasi-stanonary
asymptotic solutions for such small-scale nonlinear
structures as ion holes, electrostatic shocks, or more
complicated structures The way to a 3D theory lies through
simpler ID and 2D models which allow to see the influence
of various effects <nonlineartty. electron and ion inertia,
dynamic ion viscosity, Poisson brackets, etc) on ihe
excitation and stabilization conditions of two-dimensional
nonlinear effects In some conditions the stabilisation can
include formation of the quasi-stationary small-scale
moving plasma structures, and their amplitudes and
waveforms are of interest

A unified electrostatic MHD theory is developed to
describe such plasma structures moving in auroral
ionosphere or magnetosphere with a constant velocity 1'in
respect to ambient plasma, which is drifting under the
action c£ large-scale stationary electric field KB  The
theoretical model is described in Sect 2 The equations are
derived in respect to the variable S=xUN for one-
dunensionnl models, and S' x* cc-VI for two-dimensional
models This approach is widely used in the plasma theory
and it can be considered as a way to descntx a particular
class of stationary solutions for small-scale moving plasma
structures of arbitrary amplitude Various models of the
theory are considered below for different plasma regions
where some particular effects could be neglected to simplify
solutions Sample results from these efforts are presented
below for Ihe colhsionless iSect.-4». and weakly collision»!
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ABSTRACT

A 3D fully nonlinear theory of ion acoustic solitary structures is constructed in three-component plasma con-
sisting of non-thermal electrons, a hot ion background and a cold ion beam. The theorytisbased on the deriva-
tion of a modified Korteweg-deVries-Zakharov-Kuznetzov (KdV-ZK) equation Thewion motion is treated in
the MHD approximation with self-consistent distributions and dynamics of all plasma components. Some nu-
merical examples are presented for plasma conditions pertinent to the_ subauroral magnetosphere and outer
plasmasphere in the stage of refilling after a magnetic storm © 2002 Published by Elsevier Science Ltd on
behalf of COSPAR.

INTRODUCTION

Small-ycaie solitary structures begin to be one of (he"most interesting new features observable by the recent
high resolution rocket and satellite measurements in“the auroral magnetosphere. These structures were ob-
served on VIKING, I'REIA, FAST and POILAR (Mozer et al., 1980, Ergun et al., 1998a, Franz et al . 1998.
2000]. They can als”be seen on the high-resolution data from INTERBALL-2 JLefeure et al. 1999].

These structures move mainly, or strictly, along the magnetic field. Some of them have Field-aligned velocity
comparable to the ion-acoustic velocity-in respect to the accompanying ion beam, then they may be identified
as ion acoustic structures |Berthomier et al., 1998], At the same time, both at these and at higher altitudes, soli-
tary structures are seen which ‘are moving with much faster velocities comparable to the accompanying elec-
tron beam drift speed. These-are identified as election acoustic solitary structures [Fran/ et al., 1998, 2000)
New measurements of electric field components and EAE, ratios at much higher altitudes by GEOTAIL and
POLAR was shown that solitary structures have 3D geometry. The aim of this study was to consider the for-
mation of three-dimensional 3D localized structures for small but finite amplitudes of the electric potential in
multi-component plasmas

THEORETICAL MODEL
The particle distribution functions for the different populations of the charged panicles in the plasma model

considered below were assumed as follows:
1) The hot non-thermal electrons with the distribution function in the form:

= bl KA O

where @ * e<p/ Tr is the normalized electrostatic potential. UT = kT9/mt is the thermal velocity, k - the
wirz
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Abstract

Bu-uiig on recent solar models. 1iit* excitation of kiii-aroi|Htie turbulence in the weaklv-
collisioiial. fully iukl partialh-ioni/cd region* of tli-*solar at utoephefe i* investigated, Within
tin* frame of tiydrodyikamlcs, conditions are found luider whirls-tin- heating ol i In- plasiun bv
ion-ncowik* type waves is more cflectiw than the Joule Itelling. Taking Into account wave
and Joule heating effects. a nonlinear «LLleiewinl equation is derivtxl. which riextlim* the
evolution of uonlitKnr ion-aoatsiir waves in the collisioual plasma.

1 Introduction

The solar atmosphere is n rather complicated inhotnoReueoits plasma structure where
the values of the* main parametersy eig. of the temjieinturc mid densities of diar”tl
nlitl neutral particles. vary within, orders of magnitude [i]. According to accepted
numerical models, one may conclude that the solar atmosphere consists of thm- dif-
ferent layers: of the lower-lavnig weekly-ionized pbotospheric plasma with relatively
strong |NirtirJe collisions. of thilweakly collisional chromospheric plasma, and. alxive a
very thin transititin regiony’of the fully-ionized liigh-tempcmture coronal piwwnw. One
may take it, for grant2lthat in the solar atmosphere ion-acoustic waves, the go-called
p-nkxiek, exist [2t 3)=/In the present paper, hydrodynamic models of linear and non-
linear ioibarouskit-)wavd5+ in the weakly-colliskmal solar atmosphere are developed. In
this region, the electron density a, is about IG17 in \ the neutral-partiele density rt,
is 10/h - _102*-in \ the electrun temperature equals I, ~ 421)0 6300 K. the elec-
tron plasma frequency ~ aiki the electron cyc lotron frequency are of the order of
4 WMI'(1l."electron Deljye and electron cyclotron radiits arnout lo 3 - LU7 m1. and tlic*
ratio.of the electron-neutral collision frequency im tinlcoiilonih collision frequency
varies I»etweeti 111 * and 10

2 Hydrodynamic model

The investigation oF the ion-acoustic waves is done starting with the hydrodynamic
system of equations for electrons and inns taking thernial conductivity effect* into
account. The momentum and energy balances as well as continuity equations used
read

avr -
Ui*n*'dT = ~(n~ ) ~efrE  ~«rfr™r + R*, 1)
i WILEVACH Wrinn Hrdin (iTbH,  ILL* Hrrlin, 3-8, 1042 ' LU 17,3x+50am

32



MHD nonlinear theory of stationary moving

structures and knoidal waves in auroral and

magnetospheric plasmas: Observations from
VIKING and search from INTERBALL

A. V. Volosevich
Mogilev State University, 212026,Mogilev, Belorus Republic

YU. L Galperin

Spare Research Institute. 117810, Moscow, Russia

Abstract. Measurements from S3-3, VIKING, FREJA and FAST satellites in auroral
and magnetosplienc plasmas revealed various types of large amplitude small-scale moving
plasma structures such as weak double layers, “lon holes™, caviton-like"and soliton-like
features, knoidal waves. In a series of papers in 1995 and 1997 wci{developed a non-linear
MHD theory of moving collisionless and colli*ioual plasma stfuctures of arbitrary ampli-
tude which describes the waveforms and space/ time evelution of such stationary and
quasi-stationary small-scale structures. It was shown that, such structures can exist in
the certain parameter ranges of auroral and magnetospheric plasmas. Their amplitudes,
waveforms, and velocities were derived, and shown to be consistent with the characteris-
tics of non-linear plasma structures observed from VIKING. We studied the stabilization
of plasma instabilities and formation of stationary ‘\plasma structures an influenced by var-
ious physical processes in auroral and magnetospheric plasmas. The processes considered
are collisions (in particular, Coulomb or({effective collisions in turbulent plasmas), vis-
cosity, dispersion, non-linearity, gradients«of electron pressure, and ponderomotive force,
their role in stabilization of instabilitiessand in formation of stationary moving structures.
Numerical modeling was made ofSome evolution scenarios of these processes in the mag-
uetuspheric plasmas. Possibilities are discussed of detection and diagnostics of non-linear
qufisi-atationary small-scale ‘moving structures by the INTERBALL satellites, and their
comparisons with the theoretical models.

1. Introduction

Soliton-like, and other types of nonlinear structures with large amplitudes» stub
its ion and\electron holes, electrostatic shocks, knoidal waves, were observed within,
arid above the auroral regions from several satellites with high resolution electron
densitys waveform measuring capabilities. Generally these nonlinear structures are
mostly seen in the flux tubes carrying field-aligned (FA) currents, electron and ion
beams and conics, electrostatic turbulence.

The experimental data on the small-scale electrostatic plasma structures were
analyzed, to name a few, by Mozer et (ii, 1980; Rcdsun et al, 1985, from the S3-3
satellite; by Pottetette et at., 1992; Malkki et al., 1993, from VIKING; hyScylcr
anil Wahlund, 1996; Dovner et al., 1997, from FREJA, by Mat.sumoto et al., 1994

Czechoslovak Journal of Physkt, Vol. (), No 1
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