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[TonmapHBIE TIMPOTEI B CEBEPHOM M IOKHOM IMONYIIAPUHA — CAMBIC YIAJIEHHBIE NIPYyr OT Jpyra
oOnactu. TeM He MeHee, TaKue MOIIHbIC MPOSBICHUS KOCMHUYECKOM IMOTroJbl KakK MOJSPHBIC
CUSIHUSI B CEBEPHOM M I0KHOM TOJIYILIAPUSIX OKAa3bIBAIOTCSA TECHO CBA3AHHBIMU MEXKIY COOOM.
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Kak nonAapHoe cusaHmne B OAHOM NOJywWapun y3HaeT OT APyroro 4YTto nopa BCNbIXUBaTb?
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ApKTUKa U AHTapKTHKa —
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2016 0125 (025)

YHY BonHbI (T~3-5min) B
ApKTUKe U AHTapKTUKe

56 nT

Bo3My1ieHuss MarHuTHOrO MOJIA
pPa3HBIX YAaCTOTHBIX JHAa30HOB
: o TN I RTETT | s P _ B TOJSPHBIX OOJACTAX TaKXKe

A T T T OKa3bIBAIOTCS YIAUBUTEIBHO
MMOXO0KHUMHU.

Kakum  00pazoM  MOJSIpHBIE
0o0acT  pa3HbIX  MOJIyILIAPUMA
OKa3bIBAIOTCSA CBSI3aHHBIMU
MEXTy CO00M?

Kak »tu xonebanus nqoOeraroT us
OJTHOTO MOJIYILIAPHS 10 IPYyTOro?
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2016 0613 (165)

[Mpumep YHY BosiH (T~10 min) B
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YeQuHEHHbIN reoMarHuTHble UMnynbebl (TCV)
B ApPKTUKe U AHTapKTuHKe
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UT0 e cBA3bIBAET NpoLecchl B APKTHKe U
AHTapKTNKE? 3eMHOE MarHUTHoe none!

Bow Shock —»
; Magnetosheath

Cusp : Magnetopause

_ Van Allen Belts

Magnetotail



YHY sonHer

quCTBMTeﬂbeIVI MarHMTOMeTp Ha 3eMsie U B bnmxHeM kocmoce BWMOUT «3BepunHeL» BOJIH, LWYMOB,
UMMYynNbCOB, CUTHANI0B C nepmnogammn OT HECK. CEK A0 AECATKOB MUH

NHoe0a eblenadam kak ETI cueHarnbl

19. November 1976
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U 4yto 370 3a 3/M BONHLI C nepuogom 5-10 MUH?

Kax YHY curHan 6exut us ogHoro nonywapuwa 8 apyroe?

Kak onucatb YHY BonHOBbIe npoLecchbl B OKOSI03eMHOM niia3me”?
Hado camocoznacoeaHHO yyecmb 08UXKeHUe Yacmuuy U 803Myuw,eHue 3/m nonet!

[lpu amom yacmuuybiI He He3asuUCUMbI!

MI'1 = nBueHue nposoadLLEeN XUAKOCTM B MAarHUTHOM MNone

>N fluid: cTONKHOBEHUS AepXaT YacTuLlbl XWIKOCTU BMECTE
»In plasma: 6e3 CTONKHOBEHWA? HO BCe YacTuubl ABMXYTCA Kak eauHoe Lenoe bnarogaps

NIapMOPOBCKOMY BpalLeHuo. MarHuMTHOe nomne ¥ 9NeMEHT nnasmbl HEPa3pbIBHO CBS3aHbl
(BMOPOXEHHOCT)

MHD = Maxwell’s equations + Fluid equations



YpaeHeHua ana 3/m nonewu

[VxB]=p,j+ Ampere's Law

[VXE]= —%—? Faraday's Law

V-B=0 V-E= '[% Poisson's equation
0

[Ins cBsi3n yactuy 1 noneu — 3akoH Oma

j=oc(E+[V=B]



Kakue BonHbl 8 MI'17?
The restoring force in MHD:

pd,v =11, [Bx[VxB]]

By analogy using (rot...=[Vx..])

pdv=-Vp =V, = 7% [rotG x F]+[rotF xG] = (GV)F + (FV)G - V(F-G)

acoustic wave velocity [Bx[VxB]] = (BV)B-V(B’/2)

«KOMMOHEHTbI «MarHUTHOW CUIbI»:

M3rnd CUNOBBLIX NMMHWA + MarHUTHOE AaBneHune

BZ
%
7P Auo
V, >V, = 7
NN

MHD velocity = Alfven velocity!



BM3 (Compressional) MI'[] BonHLL

Alfven: Nobel prize in 1970!

In the near-Earth space plasma:
B~10°-10° nT  p=1-10°cm™® = V,=10°km/s

X0T$1 0BbI4HbIN 3BYK B KOCMOCE HE PacrpOCTPaHsETCsl, HO eCTb M30TPONHbIE BOSHbI
bnarogaps marHMTHOMY AasneHuto - Compressional (magnetosonic) waves!




O6wmii NOAXOA K PACCMOTPEHUO BONHOBLIX NpOLIECCOB

Linearization

B=B,+b Plane wave decomposition

p=p, +p A= j A, (t,r)exp(-iwt + ikr)dwdk
E, =0, V, =0

(o]

Geometric optics approximation A< a

0, =—lw V=ik
_ ,, 1 Compression ~ (kev) #0
0PV = 1, [Bx[kxb]] ~ compression p=lev)=0
existence of non-trivial solution = dispersion equation
a)p:_po(k.v) w =KV,

b = [k X [V X B]] compressional mode with isotropic propagation!



AnNbBEHOBCKUE BOJIHLL

[lozadka: a MOryT Nt BbITb BOMHbI, BbI3BaHHbIE U3rMOOM CUMOBBIX NIUHMIA?!
IJTO YXe He 3BYK.....

Incompressible:
poc(kev)=0 no plasma compression
b, oc (b-B)=0 no B compression

wp,V = 11, [Bx[k xb]]= 1, 'b(k - B)
ob =[kx[vxB]]=v(k-B)

Dispersion equation @ =KV,

where k = (k- B% - component along B



YameutenbHbie 0CO6eHHOCTU aNbBEHOBCKUX BOJSH

» PacnpoctpaHeHune Baonb B ! [lepeHocAT HecTaumoHapHbIiA NPOAONbHbLIN TOK!
» Het reometpuueckon guccunauum! MoryT nepeHocuTb BOMYLLEHNS HA rPOMajHble

paccToaHus!
» Otpaxatotcsa oT HenpoBoasLen atmocdepsl! MoryT 06pa3oBbiBaTE pe3oHaToOp Mexay
nosnyLuapuamu!
o=kV, - discrete spectrum
w=KV,(X) - continuous spectrum ~_.-----

XapakTepHblil nepuos MarHuTocdepHoro
anbBEHOBCKOro pesoHatopa  “S=ea--

(Ha reocTauuoHapHoopbuTe) '
~""  Equator "%”
R lonosphere lonosphere
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(a) Odd Mode
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(b) Even Mode

(Second Harmonic)



3auenneHue mexay MI']1 moaamm 8 HEOAHOPOAHOW NNA3MeE

Ionqsp here Magnetopause

far from the resonance z = |ky| (X=x,)>1

b oc exp(-z) evanescent modes beyond reflection point

near the resonance z =k, |(x—x,) <1

b=zIlnz+... b - finite
b b" 1
E =—=Inz; E =—=—
4 7 Z

But: transverse E & B components are singular!

System of coupled MHD equations

V. LV, ,p= _iky (5in)
vV, (L)V,y =ik, 0,k )

k, = %A(X) - Alfven wave vector, V | = {Gx; Iky}

@ —> @, (X)




Pe3oHaHCHOe BO36YxAEHUE aNbBEHOBCKUX KONEOGAHUIA CUNOBLIX NUHUA

ANbBEHOBCKMIM Ma3ep B OKOJI03EMHOM Naasme

hig‘_o XM xA (UJ)

resonator :
pumping semi—transparent

of energy mirror

dusnyeckas nges Kotopasi npuLuna ns reomsnkm B obLLyo punsmnky nnasmeol.
AnbBEHOBCKUIM HarpeB nnasmbl B Tokamake!



B moeu cneayrowen xusHu, cran 6ur a H.p.?




Het nmpocToro oreera, U y Kaxxaoro OH CBOU. ..

CONTRA

Toncmod:
«Ecnu Bbl MOXeTe He nucaTtb —
He nuwwuTe!




HenpepbliBHasa Tsxenasa pabdoTa

Kak onumnuey: Hago COPEBHOBATLCS CO BCEM MUPOM!

HeT HaLuoHanbHbIX UMW aAMUHUCTPATUBHBIX rpaHuL!

Bce reogmamnyeckue gaHHble 4OCTYnHbI NloboMy B MUpe!

Y kaxgoro B kapmaHe bonee moLHbIM npoueccop, 4em CRAY supercomputer!

XKU3Hb «0GhUCHO20 NNaHKMOHa» HaMHO20 fieaye. Hado NPEee3oLimu Nullb Komnea U3 KoMnaHuu



No-win situation Ll o Pl
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Option A. MonHoe norpyxexue B Hayky 3a CYET COLMATNbHOMN KN3HMU ...

Option B. WHTepecHas MHOrOCTOPOHHSS %13Hb Ha (hOHE YMyLLEHHbIX UAEH. ...



Hayka vs UcKkyccTBo

M: nioboe nponsseeHne YHUKaNbHO

H: BaxHo nuwbs mo, Ymo enepable!

[Tpumep: KTo nepBbin nepeneten yepes Jla-MaHw? A KTo BTOpOn?

[Toumep: nHwTtenH n CTO



[NocToAHHO KapabkaTbes. ..

B ntoboit npodeccumt MOXHO YeMy-TO Hay4YMTLCA U Ha ATOM XUTb

Ho He uccnegosarento!

[pumep: 3/m gonHbI 8 kocmoce >100 cTaTei B rof

/13-3a gonroro nepepbiBa MOXHO OTCTaTb HaBceraa...



) S

Tak mu yx OeHBI

poccHiicKue .
yUueHbIE? 7 %

OcHoBHas mpobJieMa pOCCUMCKON Tre€OPU3UKH:
KOTIJIa JICHBI'M MOSABISIOTCS !

PaboraiiTe 0eCKOPBICTHO — 32 3TO 0OJIbIIE IJIATHT!



PRO

Target the moon!
Even if you don’t succeed, you'll be among stars!

bbITb Cpean UHTENNEKTYanbHOW anNuUTLl Mupal




WHaa atMocdepa

Cp. ¢ 6u3HecoM unu aOMUH: «Tbl — HAYanbHUK, 1 — aypak, ....»




Fundamental 20/80 law

20% = Bogutenu
80% = naccaxwpbl

CARICATURA RV

Bbibupante!




Ecnu BbiOpanu:

WccnepoBatenb v yuuTenb — pasHble
npodeccun!

BHUMaTENbHbIV HACTaBHUK BaXXHeEe, YeM
KPYMHbIA yYeHbIiA!

2 8eflukux gpusduyeckux wkoner. H. bop, 1. IlaHpay

OVHLLTENH?




Why China is a future world leader in science?
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Kak MHe 310 cTano scHo >40 aer Hazan?



BaxHo He roe paboTaTtb, a ¢ YeM paboTaTth!
theory (dying profession...)

experiment (good engineer, work with your hands)
numerical modeling (programming skills and math)

data analysis (your own experiment without engineering, practice in scientific programming)

Challenge m1s HOBOTO IMOKOJIEHUS MCCIIeA0BaTeIeH

COBPEMEHHbIN aHanM3 reoPUaNYEcKnx AaHHbIX = NepPecaxmBaHne co CKakyHa
(FORTRAN) Ha Ferrari (xors kak yctpoeHa ®eppapu Bbl He 3HaeTe)




Uem otnnyaetcs reouandeckoe «deppapu»?

1. Fair data policy

TpeboBanus HACA: kTo u3 Hac HAUOT?

SuperMAG (https://supermag.jhuapl.edu)
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& Space Physics Environment Data Analysis Software (SPEDAS) - Page: 2 EI@
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SPACE WEATHER MODELING FRAMEWORK OHOCepa (R 0 OHBEKLWA MOHOCEPHOU NNa3mk

‘Caoused by magnetic ond elechically charged phencmena kavelng fiom owr Sun, spoce weather affects life on Earfh and our
ability to expiom the sclar syslem. Spoce tforms have created powe: outages, diverted airplanes, knocked out satellites, I
interupled ipacecrall communicalions. and lorced asanouls 10 fake cover {

B iy o Uitimately predict space weather, sclenfiss cre bullding a software tool called the Space Weather Modeling » - a a a
SFicemawork [SWIWF). By coupling o series of computer modeds. the SWMF can simulote space weather phenomena over vast regions - . U . . . . . . . . U
S Gl space — from fhe surlace of the Sun o the upper aimosphere of Earh, the Moon, Mars, and beyand, The SWMF hainesses
Some of Ihe world's mos? powarful supercompulers to model spoce storms faster ihan realify, a key to rellable forecasting. » A »
- »
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4 R Publicly ayailable: hnpiﬂcﬁn-ﬂ"gin-"mi‘“-ﬁdu Ideal & resistive MHD, Hall-MHD, Multi-species MHD,
i B A oK \ . Multi-fluid MHD, semi-relativistic MHD, Anisotropic MHD,
arth Raduation Uet Moce : ’ " \
3 » 5- & 6-Moment equations w. full Maxwell’s equations [BATS-R-US)

Gyrokinetic (PWOM)
DSMC (AMPS)
PiC (iPiC3D, AMPS, FLEKS)
MHD-EPiIC (BATS-R-US* +iPiC3D)
MHD-AEPIC (BATSRUS* + AMPS/FLEKS)
Non-hydrostatic fluid (GITM*)
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http://csem.engin.umich.edu/swmf

[Tpumep rnobanbsHoro mogenuposaxus E n B nonen YHY BonH B 0KONO3eMHOM NPOCTPAHCTBE
(acnupaHTckast pabota)

bor co3man mromen pasHbIMU, HO KOJIBT YPaBHSUI UX..
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KayecTBeHHbIN CKa4oK B
MeTodax aHanm3a daHHbIX,
KOTOPOMY HEKOMY Y4UTb.

Co3nasaTb cammml!

CARICATIIC A RU



