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TTpoext MARPLE
(Magnetically Accelerated Radiative Plasma Explorer)
Hostle BbIMMCNUTenNbHbIE TEXHONOMUU B BLIMUCIIUTESNILHOM (PU3UKe MIa3MbI

¢ OAHOXUAKOCTHAA AByXTemnepaTypHas
MArHUTOruapoAnHaMUu4eckas moaernb
[C. Y. bparuHcku, 8: Boripockr reopum risiamer,
Aromusgar, Mockea, 196 3]

¢ pacuyeT nepeHoOca JNyMUCTOU 3Heprum CeToYHO-
XAPAKTEPUCTUYECKUM MeTOAOM [S. Chandresekhar,
Radiative transfer. Oxford, 1951] v Ha ocHoBe
AUPPY3UOHHOTO NPUBNUXKEHUS.

¢ Mmogenb "anutensHoro” nnasmoobpasosaHus
[V.V. Alexandrov,et al., IEEE Transactions on
PLASMA SCIENCE, No2 (2002)]

¢ 3neKTpoTexHu4Yeckoe ypasHeHUe MOSHOU Lienu
(reHepaTop, NnoaBoAALLME CUCTEMBI U pa3paAHAs Kamepa ¢ Na3mon)

¢ TPAHCMOPTHbIE U KUHEeTUYeCKUe KO3I(PPULIMEHTLI, ONTUYeckue CBOMUCTBA U ypaBHeHUs
cocroaHua Ha b6ase Tabnuu [A.&. Huxkugopos, B.I. Hosukos, B.b. Ysapos , KeaHToso-
CTATUCTUYECKUE MOAESIU BLICOKOTEMMEPATYPHOU nsiamer. dusmarsmt, Mocksa, 2000] -
koa TERMOS (UTTM um. Kenabiwa PAH)

¢ HeCTPYKTYpUPOBAHHLIE CETKU C 3JIeMeHTaMU CMEeLUAHHBLIX TUMOB

¢ KoHTpOnbHO-06bemHbIe MeTOAUKU MOBLILEHHOU TOYHOCTU C Koppekuuen noTtokos (TVD,
ENO - HeauccunatueHas MIT[]), UHTErpo-uHTEpNONALUMOHHLEIE CXEeMBI U CXeMbI MeToaa
lFanepkuHa ¢ paspbIBHEIMU 6A3UCHBIMU PYHKLUSMU (AUCCUNATUBHBIE MPOLIECChI).




TTpombILnieHHbIE U HayYHbIe KOAbI

TTpOMbILLNEHHbIE KOAbI

HayuHbIe koabI

Llenu: maccosbie BbiuUcNeHUS
OAHOTUMHBLIX BAPUAHTOB UHXKEHEPHbIX

3apeKOMeHAOoBaBLIME MOACNU, MeTOAbI U
anropUTMbI

Llenu: yHuKanbHbIe pacyeTbl pasnimyHbIX
BAPUAHTOB, OTHOCALLUXCA K HEAOCTATOUHO
NCCNeAOBAHHbIM MpeaMeTHbIM 061acTam;

MeToAbl U aNropUTMbL

OrpomHbie 06bembl koaa, 6onbwme
KOJ1IJTeKTUBBLL MPOPECCUOHATbHBIX
pa3paboTYMKOB

YMepeHHbIe 06beMbl KoAa, Marbie U
cpefHWe KONMeKkTUBLI paspaboTumkos




CxaTue naviHepa: TUNMUYHAA CXema 3KCNepumMeHTa

LinnuHapuyeckas
npoBosnioYHas cbopka
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MMnynbcHbIE YCTAHOBKU

YctaHoska ZR, CaHauUckas HaumoHanbHas
INabopaTopus, CLUA.

Tok paspaaa Ao 26 MA,

Bpems HapactaHusa 100 Hc.

YcTaHoBKka AHrapa-5-1,
Tpouuk, Poccus.

Tok pa3pana o 5 MA,

Bpemsa HapacTtaHusa 90 - 100 Hc.




TTOCTAHOBKU CNOXHBIX 304aY - AUBEPTOp TOKAMAKA
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PacuyeTHaa obnacTtb Ans
MOLenTMpOBaHUS
AvBepTOpa

Kamepa Tokamaka ITER.
BHU3y BuAaeH aueepTop.

PparmeHT HeCTPYKTYpUPOBAHHOMU
(TeTpasapanbHOW) ceTku B
AvBepTOope



TTpoekTt BELLA

BELLA (Berkeley Laboratory Laser Accelerator) [1]:
a pa3paboTka U NpUMeHeHUe KOMMAKTHBIX Jla3epHO-NJIa3MeHHBbIX YCKopuTenei

a YCKOpeHue 351ekTpoHHoro nyuka Ao 10 MB/m

[1] W. P. Leemans et al. // Phys. Rev. Lett 113, 245002 (2014)



3N1eKTPOHHBIN MYYOK:
4-107 3nexTpoHOB/ Nyu4OK,
4.2 3B, pa3bpoc no
3Heprum 6%,
pacxoaumoctb 0.3 mpaa

UMNYJbC TUTAH-CANUPOBOTO
nasepa: 16 Ox, 40 pc, yactoTa
nosTopeHun 1 "'y, pokanbHoe
NAaTHO 52 MKM, 4 = 815 mkm

CAnEUpOBLIN KanNUMNap
\
< >
9 cm
NapameTpbl KaNnUMNApHOro paspsaaa: OCHOBHbIe 3TanbI 3KCMNepUMeHTa:
d = 500 MKM, 3aNONHEH BOAOPOAOM, 1. 3anonHeHuWe xonoAHLIM
NOMHOCTHHO NOHU3UPOBAHHLIM, BOAOPOAOM (FrMapoAUHAMUYECKMe
n, = 7-10Y7 cm-3 3(PEEKThL);
MaKcumanbHbIv Tok = 250 A, 2. KanunnapHein paspsaa (M)
npoaoxmuTenbHocTb & 90 Hc, 3. PacnpocTtpaHeHue nasepHoro
avameTp natHa = 70 mkm UMMy nbca.

[1] W. P. Leemans et al. // Phys. Rev. Lett 113, 245002 (2014)
aHanoruyHele skcnepumeHTor: X. Wang et al., Nature Comm. 4:1988 (2013)



1 cTapma: 3anonHeHUe xonoaHLIM BOAOPOAOM
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2 cTaAauSa: MOAernIMpoBaHUe paspaaa
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3anonHeHuwe kanunnapa

MmapoanHamuyeckoe moaenuposarHue: 0 < F< 150 mke

BOAOpOA, o & 4.3:10°6 r/cm3
(~ P=40 Topp, T= 300 K)




3anonHeHuwe kanunnapa

cetka: 120 TbIC. TeTpas3ApanbHLIX a4yeek
pacyeT 3aHan ~21 yac Ha 12 aapax Xeon x5670
(K100, UTTM um. M. B. Kenabrwa PAH)




3anonHeHuwe kanunnapa
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3anonHeHuwe kanunnapa
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KanunnapHbeiv paspaa

n, 1/cm3
le+15 le+16 le+17 le+18
N
3e+14 1.1e+18
300 ==
a MI'] moaenuposaHue: O < 1< 250 He 2501
o Ha4YasnbHbIe yCrnoBuUs:
o pacnpeferieHue NioTHOCTU U3 200
pacyeTa 3anonHeHus, <50
0 7; = 0.5 3B.
a FPAHUYHbIE YCNOBUS: 1001
o I{ 1) - 3aaaHO Tabnuuen, 50
a I (170 He) = 311 A, )
% 0.5 ] 1.5 2 2.5 3

time, mcs



KanunnapHeiv paspas

[
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ceTKa: 5 MIH. rekcasapasnbHbIX U NPUIMATUYECKUX g4eeK,
pacyet 3aHan ~40 uac. Ha 480 aapax
(Edison, NERSC, Berkeley National Laboratory)



KanunnapHbeiv paspaa

H dens., g/cm3
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KanunnapHein paspsa
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TTpeumyLlecTBa HECTPYKTYPUPOBAHHBIX CETOK -
aaanTauma K reomeTpum pacyeTHou obnactum
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TTpumep KOMBUHUPOBAHHOW TpexXMepHOU CeTKU
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TTporpammHbre cpeacTea Ang 06paboTku
HeCTPYKTYpPUPOBAHHBIX CETOK

* He3sasucumocTb oT npeameTHoOU obnacTu.

- TTopnepxka OCHOBHBIX OMepaumnii ¢ CeTKamu, HeobXoaAUMBIX ANns
NOCTPOEHUS anNNPOKCUMALIMA U FreHepalmnmn CeToK.,

» XpaHeHue PU3UYeCKUX BeSTUUYUH B 3NeMeHTaxX CeTKU.

» Bo3amoxHocTb napannensHou (pacnpeaenieHHon) o6paboTku.

- beckomnpomuccHo BbICOKAS NPOU3BOAUTESNBHOCTD.



iew)

- PacnpepeneHHOCTb ceTkU AOMXHA

pasbueHue u nepepasbueHue
is)

pacnpepefieHHas reHepauma
cetok (ParMet

CeTKu
napanfensHoe pelleHue

30404U
napansienbHbIN aHanu3
pe3ynbtatos (ParaV

.
’

* PGCI'IPZ.D.eﬂeHHbIe anropuUTMbL AOJTXKHbI
MCNOJIb30BATbCA HA BCeEX CTAAUAX

peleHusa 3aaa4m
YUYUTHIBATHCA HAQ ANTOPUTMUYECKOM

06paboTKy nocnenoBaresibHbIMMU
ypoBHe.

* PasmepbI ceTOK MOTYT UCKHOYATb UX
KOAAMMU
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Pa3zbueHue cetkn ans napannenbHbIX BbIMUCITIEHUN
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PazbueHue cetkn ans napannesibHbIX BbIMUCI1EHUN

R

A

PacyeT Ha
pacnpeneneHHou ceTke
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XpaHeHue PU3nYecKkux atpubyToB CETOUYHBIX 3/1eMeHTOB

TpaauuUUOHHLIN Noaxoa

Yaanum BTOpoOM 3nemeHT.

Tenepb 4-1 anemeHT CTaHOBUTCA 2-M,
YTO6bI COXPAHUTb HeMNpepbIBHOCTb
Hymepauum.

Maccuebr aTpubyTos
std::vector




XpaHeHue PU3nYecKkux atpubyToB CETOUYHBIX 3/1eMeHTOB

Haww cTpyKTypbI

Yaanum BTOpoOM anemeHT.

Tenepb 4-U anemMeHT CTAHOBUTCS 2-M,
YTOBBLI COXPAHUTbL HeMNpPepbLIBHOCTb
Hymepaumu.

Maccusbr atpubyTos
attribute_array

Tenepb Bce B nopsake. CooTBeTcTBUE
mexay obbekTamm U ux atpubytamm
COXpaHseTcs.




TTpeacTtasneHue ceTku ¢ NOMOLLbHO BUHAPHBIX OTHOLWEHUM
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Ncnonb3osaHue C++

* OcobeHHOCTU apXUTeKTYypbl COBPeMEeHHbIX KOMMbFOTEpOB
(Hanpumep, K3WMPOBAHME NAMATU, BEKTOpHbIE Onepaluu U T. 4.)
NpUBOAAT K HEO6XOAMMOCTU BO3BPATA K HU3KOYPOBHEBOMY
NpOrpammmpoBaHuio B ctune optpaHa unu accembnepa.

* Mexay Tem, BLICOKOYPOBHeBbIE 93bIKM NPOrPAMMUPOBAHUS
Hanoaobue C++ obecneumBaroT BO3IMOXHOCTU ropasao bonee
nerkouvi u yaobHou paspaboTku yHUBEpCAsibHbIX U Nerko
COMpOBOXAAeMbIX KOAOB.



Ncnonb3osaHue C++ - TUNbI AGHHbBIX




Mcnonb3osaHue C++ - NONUMOpPEPHbLIE TUMLL.
TTpumep - ypasHeHUe COCTOSHUS

BapuaHTbI ypaBHeHUa coctoaHusa P(p,¢g)

MaeanbHbii ras P=(r-Dp¢ ;
o (r-De+ap)p_

BaH-pep-Baanbca ap
1-bp
TabnuuHbie ypasHeHuUs;
FUNCTION PRESS (RHO, EPS)
PRESS = (GAMMA - 1.) * RHO * EPS
FUNCTION PRESS (RHO, EPS)
C Some other equation of state...
PRESS = . . .
RETURN «
END + A RHO)
RETURN

END

OCHOBHOI1 KOJ




Mcnonb3osaHue C++ - NONUMOpPEPHbLIE TUMLL.
TTpumep - ypasHeHUe COCTOSHUS

YpaBHeHue coctosiHus 1

class IdealGas : public EOS
{

double gamma;
double pres

(double rho, double eps) const
{

return (gamma — 1.) * rho *eps;
}
bi
~_ VYpaBHeHHE COCTOSIHUS 2
class VanDerVaals : public EOS

{

double gamma, a, b;
double pres

(double rho, double eps) const
{

return . . .;

}

}i

OCHOBHO KO

class EOS
{

virtual double pres
(double rho, double eps) const = 0;

}i

const EOS *theEOS;

Eme yp. cocr.

\/_




TTapameTpusaums conesepos.
TTpumep - consep runepbonNnUYECcKOU CUCTEMBI

Cuctema runepbonuyeckux ypasHeHUM ou + OF (u) -0 .
YacTHbIe cnyyau: ot 0x

* YpasHeHUe nepeHoca

« [a30oBas aMHaMuUKa

*  MarHuTtoruapoavHammka

* To unu nHoe moxert b6bITb OAHO- UNU ABYXTeMMepaTypHbIM
* MoxeT 6bITb 0AHO- UK MHOTOKOMMOHEHTHbIM

YT106bI UMETb BO3MOXHOCTb peluatb BCe 3TU
304041, HyXHO 6onblioe KoNMU4ecTBo
OAHOTUMHBIX (HO PA3NIUYHBIX) COMBEpOB.
XoTa 6bI U3-3a TOroO, YTO HabOp BeNUYUH U
pasnunyeH ANs pasHbIX YpasHeHUM.



TTapameTpusauma consepos Ha Npumepe
rMnepbonnYecKom CUCTeMbI YPaBHeHUW.

YposeHb annpokcumaumm

YpasHeHUs 6anaHca

(R )=

template <class physicalLevel>
void step(double tau, double h,
const std::vector<physicalLevel::dataType> &u,
std::vector<physicalLevel::dataType> &ul)

< T

struct physicalLevelForSomething

{

struct dataType
{

// Values stored in the mesh elements.

;"c.)r (size_ti=...)
ulli] = u[i] — tau/h * (physicalLevel::Flux(u[i], u[i+1]) - physi

} )

static dataType Flux(const dataType &ul, const dataType &u2);




HanbHeliwee pa3suTUe - TUMLL CETOK

T
+
TTpamoyrosibHas Tononorudecku ECTPYKTYPUPOBAHHAS g ey venuunoe
NPSMOYrOsibHas (koHgopmHas) nepeso

Cnocobbl obecneyeHUs obLHOCTU:

+  Peanusyertca Hanbonee CNOXHBIA TUM, OCTASNbHLIE PACCMATPUBAFOTCS KAK ero
YacTHbIe Cryyawu.

HepocTtatok: peanusaumsa NpocTbIX TUMOB CETOK He3(MEeKTUBHA.

+ CeTKa paccmaTpuBaeTCs Kak Ymctas abcTpakumsa Hanodobue KoHuenuum utepatopa
B C++ STL 6ubnuoreke.



dPpPpeKTUBHAs 06paboTka pasfnUYHbBIX TUNOB CETOK

Congsep ANa NpAMOYrOSibHbIX CeTOK

template <class physicalLevel, class meshType>
void solve(..., const meshType &mesh, ...)

{

// Uses functions for (i, j, k) indexing to find an appropriate element.

Congep Ang HEeCPYKTYPUPOBAHHBIX

\_/ KOH(POPMHBLIX CETOK

template <class physicalLevel, class meshType>
void solve(..., const meshType &mesh, ...)

{

// Uses request functions to find neighboring elements.




Cnacubo 3a BHUMaHue!




