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MarnuTHoe none, MOpPoOXHAEMOEe 3MEKTPUYECKUM TOKOM, CKMMAET MPOBOAALLEE
TOK BELLECTBO. DTO ABIeHUE HA3LIBAIOT MUHY-3dbekTom. « CaMOCKMMAEMBIE» CUITbHBIM UM-
MyNbCOM TOKQ 3MEKTPUYECKME PA3PSAbl — MUHUM NPUBREKAIOT Gr3NKOB Kak dbdekTuBHOE
CPEenCTBO MOMyYEHMs MIOTHOM BLICOKOTEMMNEPATYPHOM nnasmel. B npupone sewectso s
YCIIOBMSX BHICOKOM MAOTHOCTU M AABMIEHMS CYLLECTBYET BHYTPM 3BE3A NOA AEMCTBUMEM rpa-
sutaumm [1]. Ho anextpomarHuTHbie cunbl 3HQUMATENBHO NMPEBOCXOAST MPABUTALMOHHBIE.
[Mo3TOMY 3NEKTPOMArHUTHOE CXKATME MO3BOMSET MCCIEAOBATL B NABOPATOPHbIX SKCMe-
PUMEHTAX MIOTHYIO, HATPETYIO 40 MUITIMOHOB TPALYCOB MAA3MY, O TAKXE CBEPXCUIIbHLIE
MQTHUTHbIE MONs, AENCTBME KOTOPLIX HO XOPOLIO MPOBOASLME CPeabl (Ha Ty xe nnasmy)
SKBMBASIEHTHO AOBNEHMIO B LECATKM MWITIMOHOB ATMOChEP. DKCTPEMASBHO BLICOKME 3HO-
YeHWsl NaPAMETPOB BELLECTBA M NOSsS ONPemensaioT NepcrnekT1sbl NOAOOHbLIX MCCNefoBa-
HUIM, Npexae BCero B pelueHun npobnemsl ynpasnaemoro TepmosaepHoro cuntesa (YTC)
[1,2]. Mmenro B ceasu ¢ YTC B Pocemm, CLUA, Anrnmm 1 @parumn B8 50-x rogax npo-
LUNOrO CTOMETUS HAYQIUCh LWMPOKOMACLUTABHBIE MCCNIEAOBAHMS MUHYEN.

B cepeanne 70-x rogos npownoro cronetus ObiiM CKOHCTPYMPOBAHbBI CBEPX-
MOLLHBIE DNIEKTPOreHepPAaTOPb, MPOU3BOAUBLUME UMMYMbCH TOKA B MUIIMOHLI OMMEP MPK
BECbMO MOSTIOM BPEMEHMU LOCTMXEHUA MAKCUMANbHOM amnnmutyabl — oT 100 HaHocekyHa
no 1 mukpocekynapl (107—10% cek). boinn nsobpeteHsl u 0cobbie TUMbI HArPY3KK reHe-
PATOPOB — LMAMHAPUYECKME 0BO0NOUKM (NAMHEPSbI) M3 PASMYHBIX MOTEPUANOB: METAIN-
4eckon oMb, NOIMMEPOB M AAXKE MOJIbIX TA30BbLIX CTPYM M3 CreumanbHbix conen. Hau-
fydLlme pesynbTaThl Gbiny JOCTUTHYTHI ANs WANMHAPKUYECKX cOOPOK M3 AByXCOT U Bonee
TOHKMX (IMOMETPOM HECKONBKO MMKPOH) METANIMYECKUX NPOBOMOYEK. Takne 0B6onoyku
MMEIOT COHTUMETPOBbLIE PA3MEPBI U BECAT JOMM Muanurpamma. byayum tpanchopmmupo-
BAHbl TOKOM B MIA3MEHHOE COCTOSIHME, NANHEPH GOPMUPYIOT MUHYM, B KOTOPbIX CKO-
POCTb CKATUA MIA3MbI AOCTUTAET HEBLIBAMBIX MPEXAE 3HAYEHUN — COTHM KMIIOMETPOB
B cekyHay. B duHanbHOM cTammm CKATMA TAKOTO «BLICTPOrO» MUHYA BELLECTBO YMOT-
HAETCA M TOPMO3MUTCS, MPU STOM Ero KMHETMYECKAs SHeprus NepexoamT B Temno CTofb
MHTEHCMBHO, YTO BELLECTBO HOrPEBAETCA 4O «3BE3AHbIX TEMMNEPATYP» — MUIIMOHOB TPa-
AycoB. B BbICTPbIX MUHYAX MOXHO B AECSTKM PA3 YCUIUTL MOLLUHOCTb SHEPTOBLIXOAA MO
CPABHEHMIO C MOLLHOCTLIO reHepaTopad. 3a Te HebOoMbLIME NMPOMEXYTKM BPEMEHU, NOKA
NA3MA eLe He PA3neTenach, B «CEPALEBMHE» MUHYA COXPAHAETCS BHICOKOTEMMNEPATyp-
HOE MIOTHOE BELLECTBO, KOTOPOE MCMOMb3yeTcs Ans GyHAAMEHTANbHBIX MCCNEeA0BAHMI
CBOWCTB MATEPWM B IKCTPEMALHOM COCTOSIHAM M PA3AMYHBIX MPUIAOXEHUMA, TAKMX, KAK
YTC, «nabopatopHas acTpodmanKa», MCTOUHUKM PEHTTEHOBCKOTO M3MyYEHMUA ANA Meam-
UMHBI, BUMOTEXHOMOMUI, HOHOTEXHONOMM, MATEPUANOBEAEHUA U MHOTOTO APYroro.

o HepaeHero spemeHn Hanbonee MOLLHbIM reHepaTopom bbin reHepatop Z,
co3aaHHbiit B HaumoransHon nabopatopun CLUIA B Cangmu, B 3TOM rogy ero mecro



3aHan obHOBMEHHbIN reHepatop ZR, kotopbiit cnocobeH paseueats Tok go 26 MA.
DKCMEPUMEHTBI C MUHYAMM HA YCTAHOBKE Z MO MOSIYYEHUIO PEHTTEHOBCKOTO M3MyYeHMsl
LA MHULMMPOBAHKS TEPMOSIAEPHBIX MULLEHEN AAMM BbISAIOLWMECH pe3ynbTaTsl. [1pu Ha-
4anbHOM 3Heprosanace B konaeHcaTopHeix 6atapesx 40 MIx, toke B 20 MA u moul-
Hoctv renepatopa 40 TBT nomydeHsl MMMynbCbl PEHTTEHOBCKOTO M3MYYEHMS U3 MKUHYA
mouHocTbio 6onee 200 TBT! [na cpasHenuna — mowHocTs Bcex anektpoctaHumin CLUA
coctasnsiet npumepHo 1 TBT. Cambiit MowHbiid B Poccun renepatop AHTAPA-5-1 Ha-
XOAUTCS B TPOMLKOM MHCTUTYTE MHHOBALUMOHHBIX M TEPMOSIAEPHbIX Mccnenosarui (TPU-
HUTW, r. Toonuk, Mock. o6n.). On nossonset nonydats Tokn 1o 5 MA 3a Bpems okono
100 Hc. AHanoruunbie yctaHosku umetotcs B PHLL «Kypuatosckuit uncturyt», B Muctu-
Tyte CunbHoTouHoin Snektporukn CO PAH v B psge apyrux mHctutyTOoB. Heckonsko
net Ha3ag 8 Poccuu HOUONUCL UCCNEROBAHUS, LENb KOTOPLIX — CO3LAHME FrEHEPATOPA
Hosoro nokonerus BAMKAJ, PACCYUTAHHOrO Ha TOKOBbIE MMMynbchl 4o 50 MA.

Puc. 1.
CunbHOTOYHbIN reHepaTop AHTAPA-5-1

DKCnepUMeHTbl HA Z U APYTMX YCTAOHOBKAX CTUMYNIMPOBQM PA3BUTUE HOBBIX CXEM
YTC, B KOTOPbIX MOLIHOE PEHTIEHOBCKOE M3MlyYEHME MIA3Mbl MMHYA HATPEBOET chepuye-

CKME MULLEHM, HAMONHEHHbIE cMechio aenTtepws u Tputua. OpHa ms Hanbonee nepcrnexTus-
HbIX COBPEMEHHbBIX KOHLEMUMI SKCnepumerTa Bbina npeanoxeHa u uccneposara e 1PMHN-
TM [1]: MMWweEHs NOMELLAETCA B LEHTP MHOrOMPOBOMOYHON LMIMHAPHUIECKOM COOpPKM M
bUKCUPYETCS TAOM MANOMIOTHOM NONMMMEPHOW neHoM. [pu B3aMMORENCTBUM CKATON Nnas-
MEHHOM 0BOoMoYKM C NeHol 0BpPa3yeTcs yAAPHAs BOSHA, PA3OrPEBAIOLLAs BELWECTBO 4O
BLICOKMX TemMnepaTyp. [opsiuee BeLLECTBO reHEPHUPYET MOLLHbIE NMOTOKM PEHTTEHOBCKOTO U3-
nyYyeHus, nop AEeWCTBUEM KOTOPbLIX BHELIHWE CIOWM MWLLEHWM MCMAPSIOTCH M PA3NETAIOTCS
C OrPOMHOM CKOPOCTbIO, OKA3bIBAS PEAKTUBHOE [JABMEHUE HA BHYTPEHHIO YACTb MULLIEHH,
TEM COMBIM 30CTOBNAS €€ CKUMATLCS. BHewHsa nnasmeHHas o6oMouKa MUHYA MpPU STOM
SKPAHWPYET MU3NyYeHHe, NPENsTCTBYS €ro BbIXO4Y HAPYXY W CNOCOBCTBYS HATPEBY MULLEHM.
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Puc. 2.
MpoBonoYHble COOPKIM Nepes SKCNeprMEHTOM

OntumansHbie ycnosus NogobHbIX SKCMEPUMEHTOB OMPELENsioTcs B OCHOBHOM
METOAOM KOMMbIOTEPHOTO Mogenuposanus. Koasl, MofenvpytoLlime noBefeHue nuHuen,
NOKA HEe pPAa3BUTHI B TAKOM CTernexHu, ‘-ITO6bI BO BCEX BO3MOXHbIX Cny4dax AABATb HA-
LEXHble MPOrHO3bl 3KCNepUMeHTOB. CO30AHUE YHUBEPCAMbHBIX KMPOTHO3UPYIOLLMX» KO-
[NOB — 3TO OCHOBHOS COBPEMEHHas npobrnema B AAHHOM OBNACTM BLIYUCIUTENLHOM
duankm. PU3uKa NUHYEH YPESBLINANHO PA3HOOBPA3HA, B HEN NEPENNETAIOTCH HENMHEN-
Hbl€ BOJIHOBbIE MPOLECCH, ABMXEHME TMIIA3Mbl MOABEPXEHO BCEBO3MOXHbLIM TEMNOBLIM
W MMOPOAMHAMMYECKMM HEYCTOMYMBOCTSIM, OHO CYLLECTBEHHO HEOAHOPOAHO, TyPOyneHT-
HO, M MaCWTABbl MIA3MEHHBIX CTPYKTYP PASNMYAIOTCA B AECATKM M COTHM pas. [losTo-
MY NMONHOUEHHbIE 4YUCNEHHbIE UCCNefoBAHMA nuHYen MOTYT 6bITb PEeannM3oBAHbl NALLb
HO CynepkommbioTePax TepadnonHoin u 6onee BbICOKOM npoussoantensHocti. OpHako
HQ MyTK YCMEWHOM Peanu3aummM BO3MOXHOCTEN TAKUX KOMMBIOTEPOB CTOSIT CEPbe3Hble



npobnemsl [3], Takme, kak aAANTALUMA ANFOPUTMOB K APXMTEKTYPE MHOTOMPOLECCOPHBIX
CHUCTEM, B OCOBEHHOCTM CUCTEM C PACMPEAENEeHHOM MAMSTbIO, CO3AAHUE OPUEHTUPO-
BOHHBIX HO MHOrOMPOLECCOPHBIE PACYETH 3AAAY TMAPOAMHAMMKM CPEACTB MOATOTOBKM
AQHHBIX, T.€ MPOrPAMM TeHepPaUun M PasbueHus Ha nogobnacTu cetok GNOYHOM, Wm
HeperynsapHoi, BoobLue rosops, CTPYKTYpPbl,  TAKXE CpeacTs obpaboTku M BU3yanM3a-
LMK PE3YNbTATOB BbIYUCIIEHUN.

OgpnHoit M3 paspaboTOK, OPUEHTUPOBAHHOM HA WMCMOML30BAHUE CYyNEPKOMbIOTE-
POB, ABNSETCA OOBLEKTHOOPUMEHTUPOBAHHLIN KOA, co3aaHHbM 8 MMM PAH Ha ocHose
COBPEMEHHbIX TEXHOMOMMI MPOrPAMMUMPOBAHMS U GBTOMATU3MPOBAHHBIX CPEACTB MOA-
LEPXKU LOKYMEHTAUMM U KOHTpONs Bepcuit [4]. B ocHOBY kona nonoxeHs cCoBpemeHHble
PO3HOCTHbIE CXEMbI BbICOKOM TOYHOCTM, O [JISt BbIYMCIEHWUIA MCMONb3YIOTCH HECTPYKTYPU-
POBOHHBIE CETKM, CTPOALLMECS M3 DNIEMEHTOB PASNMYHBLIX TUMOB — TETPA3APOB, rekCad-
APOB Unu Mpm3m. TakoM Noaxon 06ecneunuBaeT YHUBEPCANbHOCTb BLIYUCIEHMI Ana PAc-
YeTHbIx OBNACTe pasnuyHoi  reometpuyeckoit  cnoxHoctn. Cpepctea  npe-  #
NOCTNPOLUECCUHIA M BLIYUCIUTENBHOE SAPO KOAA PABOTAIOT C eAMHON CTPYKTYPOM AAH-
HbIX, Ofd 4ero NPpMMEeHATCA METOLbl TEOPUM KNETOYHbIX TOMONOTMYECKNUX KOMMNNEKCOB.
Kon pasensaetcs B TecHom cotpyaHmyectse ¢ pusukamm uz GOIYT rHL PO TPUHUTH,
PHLL KM, a takxe dparuysckoro uccnegosatensckoro ueHtpa CEG (Centre des Etudes
de Gramat). K HacTosuiemy BpemeHmn ¢ MOMOLLbIO 3TOMO KOAA BbIMOAHEHb! MCCIEN0BAHMS
NEPCNEeKTUBHBIX TUMOB HAPY3OK 3EKTPOreHepaTopos, OHECrneYnMBaIOWMX KBASUTPEX-
MEpHOe CXAaTWe Ma3Mbl M, TeM CaMbiM, 6ONee BbICOKME KOHLEHTPALMM BELLeCTBA
M DHEPIMM MO  CPABHEHWIO C  TPALMUMOHHBIMM  UMIMHAPUYECKMMMY  MUHYAMM.

Puc. 3.
PeHTreHOBCKOE 1306paxkeHre CKaTuA LMAMHAPUYECcKon COopKY, pa3BepTKa No BpemeHU (CrieBa) U pesynbraTbl
pacyeTta, buHanbHaa ctagua (cnpasa)

CynepkoMnbioTepPbl OTKPLIBAKOT MEPCNEKTUBY BHEAPEHUS YCOBEPLIEHCTBOBAHHbIX
Moﬂ,eﬂel‘/i MUHYEN U UCMNONMb3OBAHUS BbIYMCIIUTENBHbBIX CETOK C YMCITIOM Y3N10B 0O MUNNKN-
apaa 1 bonee, Gnaronapa Yemy MOXHO OymeT AenaTb NMPOTHO3HbIE PACYETbl AN SKC-

Puc. 4.
PeHTreHOBCKOE 1306parkeHne Nnasmbl KOHYCHOM COOPKK, MOSTyYEHHOE NP MOMOLLM MHTErpanbHO No Bpeme-
HU Kamepbl-06CKypbl (CneBa) 1 pesynbTaTbl pacyeTa, pa3BepTka Mo BpeMeHu (cnpasa)

NEPUMEHTOB HA FEHEPATOPOX CNEAYIOLLErO MOKONEHUA C MPOEKTUPYEMOM MOLLHOCTbIO
1000 TBt [1,2]. B cBAsM C 3TWM yKaXem HA CIOXHYIO M UHTEPECHylo npobnemy Be-
PUDUKALUM TAKMX BBICOKOMPOM3BOAMTENbHBIX BbIYMCIIEHUH, YTO OTHOCKUTCS HE TOJbKO
K MOLENMPOBAHMIO MIA3MOLMHAMMKM, HO U K BBIYMCIIUTENBHON MMAPOOMHOMMUKE B LIEMOM.
CynepKOMMbIOTEPbl MO3BONSIOT NOBLICUTL AETANU3ALMIO CTPYKTYPbI TEYEHMS NPWM MOAENM-
POBAHMM MMAPOLMHAMMYECKMX HEYCTOMYMBOCTEN M BO3HMKHOBEHUA TypbynentHoctn. Op-
HOKO MPW MCMIOMb3OBAHUM CTOMb MEKMX CETOK HEYCTOMYMBOCTM MOTYT UMETb «CYETHOEY,
HEDU3MUECKOE MPOUCXOXAEHNE, YTO, OYEBUAHO, MPEMNSATCTBYET MOMHOLEHHOMY QHQMM3Y
MCTUHHBIX HeycTonumsocTer. [lostomy npuobpetaer ocoboe 3HaYeHWe BONPOC paspa-
BOTKM KOPPEKTHBIX BbIYUCIUTENBHBIX ANTOPUTMOB [3] ANA BLICOKONPOM3BOAMTENbHBIX Bbi-
YUCTIEHMH.

HanHbie paboTsl BuinonHaoTCA npu noaaepxke OTaeneHus MAaTeMaTUHECKMX HAYK
PAH (npoext 3-OMH), a takxe Poccuitckoro doHaa dpyHAAMEHTANbHBIX UCCIEA0BAHMIA
(npoext 09-01-12109-0du_m).

1. SloepHbii CUHTE3 C WMHEPLMOHHbIM yhepykaHueM. CoBpeMeHHOe COCTOSIHWE W MepcneKTUBbI
ons aHepretuku. /C6. ctarei Mog peq. un.-kopp. PAH B.10.Wapkosa. M.: ®DU3MATIJIUT, 2005.

2. @opmoB B.E. IxctpemanbHble coctosHus Bewwectsa. M.: ®DU3MATIINT, 2009.

3. YemBepywrkun B.H. K Bonpocy 06 orpaHWYeHUM CHU3Y Ha MaclTabbl B MeXaHWKe C/IOLWHOM
cpenpl. Tpyabl cemuHapa «Bpems, xaoc u matematuueckue npobnembi». Boin. 4 1. 38; Coct. A.N.
Kosko, A.C. MNeueHyes. - M.: KIY, 2009. C. 75—96.

4. Gasilov V.A., et al. Object-Oriented Programming and Parallel Computing in Radiative
Magnetohydrodynamics ~Simulations. Parallel Computing: Architectures, Algorithms,and
Applications Book of Abstracts of the International Conference ParCo-2007. Aachen, Germany,
4—17 September, 2007. Publication Series of the John von Neymann Institute for Computing (NIC
Series), 2007. Vol. 37. P. 110.



