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Ñèñòåìà óðàâíåíèé ãèáðèäíîãî êîäà MaximusÑèñòåìà óðàâíåíèé ãèáðèäíîãî êîäà MaximusÑèñòåìà óðàâíåíèé ãèáðèäíîãî êîäà Maximus

Èîíû - ÷àñòèöû (õàðàêòåðèñòèêè óðàâíåíèÿ Âëàñîâà)

Ýëåêòðîíû - áåçìàññîâàÿ íåéòðàëèçóþùàÿ æèäêîñòü

d®rk

dt
= ®Vk

d ®Vk

dt
=

Zk

mk

(
®E + ®Vk × ®B

)
∂®B
∂t
= − 5 ×®E

®E =
1
ρc

(
5 × ®B

)
× ®B −

1
ρc

(
®jions × ®B

)
− 5Pe/ρc

®jions =
∑
cell

S(®rk)ZkVkρc =
∑
cell

S(®rk)Zk

div ®B = 0
Ñõåìà TVD

2é ïîðÿäîê
òî÷íîñòè

Îøèáêà
ýíåðãèè < 10%

Îøèáêà
èìïóëüñà < 1%
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Îáùàÿ ñõåìà ðàáîòû êîäà MaximusÎáùàÿ ñõåìà ðàáîòû êîäà MaximusÎáùàÿ ñõåìà ðàáîòû êîäà Maximus

Moment
Collector

Field
Solver

Particle
Mover

Moment Collector: íàõîäèì òîêè è çàðÿäû

Field Solver: ðåøàåì óðàâíåíèÿ Ìàêñâåëëà

Particle Mover: ïåðåìåùàåì ÷àñòèöû
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â ÿ÷åéêàõ (MomentCollector)

Âû÷èñëåíèå òîêîâ è ïëîòíîñòè çàðÿäà
â ÿ÷åéêàõ (MomentCollector)

Âû÷èñëåíèå òîêîâ è ïëîòíîñòè çàðÿäà
â ÿ÷åéêàõ (MomentCollector)

5 / 12



Ââåäåíèå Îïèñàíèå êîäà Maximus Ïðèìåð ðåàëüíîé çàäà÷è Çàêëþ÷åíèå

Âû÷èñëåíèå òîêîâ è ïëîòíîñòè çàðÿäà
â ÿ÷åéêàõ (MomentCollector)

Âû÷èñëåíèå òîêîâ è ïëîòíîñòè çàðÿäà
â ÿ÷åéêàõ (MomentCollector)

Âû÷èñëåíèå òîêîâ è ïëîòíîñòè çàðÿäà
â ÿ÷åéêàõ (MomentCollector)

NGP - Nearest Grid Point
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TSC - Triangular Shaped Cloud
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Âû÷èñëåíèå ïîëåé â ÿ÷åéêàõ (Field Solver)Âû÷èñëåíèå ïîëåé â ÿ÷åéêàõ (Field Solver)Âû÷èñëåíèå ïîëåé â ÿ÷åéêàõ (Field Solver)

Yee lattice (®B íà ãðàíÿõ, ®E íà
ðåáðàõ)

Leapfrog (ìåòîä ïåðåøàãèâàíèÿ
ïî âðåìåíè)

Êîíñåðâàòèâíàÿ ñõåìà RSA
(Reconstruct - Solve - Average)

Êâàäðàòè÷íàÿ ðåêîíñòðóêöèÿ ®B â
ÿ÷åéêå

Ðåøåíèå çàäà÷è Ðèìàíà äëÿ
âû÷èñëåíèÿ ®E
Ñõåìà TVD (îãðàíè÷èòåëè
ïðîèçâîäíîé)

By

Bz

Bx
Ex

Ey

Ez
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Ïåðåìåùåíèå ÷àñòèöÏåðåìåùåíèå ÷àñòèöÏåðåìåùåíèå ÷àñòèö

Ìåòîä Áîðèñà: ðàçäåëåíèå
äâèæåíèé â ýëåêòðè÷åñêîì
è ìàãíèòíîì ïîëå

Êâàäðàòè÷íàÿ
èíòåðïîëÿöèÿ ïîëåé â
òî÷êó íàõîæäåíèÿ ÷àñòèöû

Âòîðîé ïîðÿäîê òî÷íîñòè
ïî âðåìåíè è êîîðäèíàòå

Àäàïòèâíûé øàã ïî
âðåìåíè (êðèòåðèé
Êóðàíòà)
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Ðàñïàðàëëåëèâàíèå çàäà÷èÐàñïàðàëëåëèâàíèå çàäà÷èÐàñïàðàëëåëèâàíèå çàäà÷è

Àâòîìàòè÷åñêèé âûáîð
ðàçìåðà îáëàñòè

Àäàïòèâíîå ðàçáèåíèå
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Ìîäåëèðîâàíèå óäàðíîé âîëíûÌîäåëèðîâàíèå óäàðíîé âîëíûÌîäåëèðîâàíèå óäàðíîé âîëíû

Òð¼õìåðíàÿ
ñåòêà

B íà ãðàíÿõ

E íà ð¼áðàõ
x

y
z

B

�ow

Áåçðàçìåðíûå ïàðàìåòðû:

Àëüâåíîâñêîå ÷èñëî Ìàõà Ma

Óãîë íàêëîíà ìàãíèòíîãî ïîëÿ ê íîðìàëè θ

Îòíîøåíèå òåïëîâîãî äàâëåíèÿ ê ìàãíèòíîìó β
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Óäàðíàÿ âîëíà â Ñîëíå÷íîì âåòðåÓäàðíàÿ âîëíà â Ñîëíå÷íîì âåòðåÓäàðíàÿ âîëíà â Ñîëíå÷íîì âåòðå

Vup = 540km/s
Vdown = 115km/s
Bup = 10−4G
θup = 30o

Tup = 2 · 105K
nup = 2.25 ± 0.5cm−3

nHe/nup = 0.022
nCNO/nHe = 0.043

Ma = 3.1
θ0 = 10o

βup = 0.17

Ellison et al, 1990
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Çàêëþ÷åíèåÇàêëþ÷åíèåÇàêëþ÷åíèå

Ãèáðèäíûé êîä �Maximus� îñóùåñòâëÿåò ìîäåëèðîâàíèå
ïëàçìû íà ìàñøòàáàõ ïîðÿäêà èíåðöèîííûõ äëèí èîíîâ

Îñîáåííîñòè âû÷èñëèòåëüíîé ñõåìû �Maximus�:

Êâàäðàòè÷íàÿ èíòåðïîëÿöèÿ ïî êîîðäèíàòå
Çàäàíèå ìàãíèòíûõ ïîëåé íà ãðàíÿõ, à ýëåêòðè÷åñêèõ - íà
ðåáðàõ òð¼õìåðíîé äåêàðòîâîé ñåòêè (Yee lattice)

Àëãîðèòì ñîõðàíåíèÿ div ®B = 0 (çàäà÷à Ðèìàíà)
Ñõåìà TVD (îãðàíè÷èòåëè ïðîèçâîäíûõ)
Ìåòîä Áîðèñà ïåðåìåùåíèÿ ÷àñòèö
Ìåòîä ïåðåøàãèâàíèÿ ïðè ðåàëèçàöèè îáùåé ñõåìû
Ýôôåêòèâíîå ðàñïàðàëëåëèâàíèå (òåõíîëîãèÿ MPI)
Àäàïòèâíûé øàã ïî âðåìåíè
Àäàïòèâíîå ïðîñòðàíñòâåííîå ðàçäåëåíèå ìåæäó
ïðîöåññîðàìè
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Ñïàñèáî çà âíèìàíèå!Ñïàñèáî çà âíèìàíèå!Ñïàñèáî çà âíèìàíèå!
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