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OCHOBHbIM HanpaeneHvem fe-
ATENbHOCTN TEOPETUYECKMX U Ma-
TeMaTu4ecKoro nogpasgerneHui
NTM® aBnsieTca co3gaHue coBpe-
MEHHOW pacyeTHO-TeOPETUYECKON
6a3bl MOAEeNnUPOBaHNSA CIOXHbIX
dm3nyecknx npoLeccoB B 3aaa-
Yyax MEexaHMKU CMSIoLIHOW cpe-
Obl, PU3MKM BbICOKUX MIOTHOCTEN
3Heprun n gpyrux 3agadax, BXo-
OAWMX B TEMATUKY OesTenbHO-
ctn POAL-BHUNS®. MocnegHne
rogbl O4HUM U3 [MaBHbIX Hanpas-
NEeHNn OedaTernbHOCTU crneumanu-
ctoB UTMO® saBnsetca paspabot-
Ka MeTogoB M nporpaMmHoro obe-
crneyeHns UMUTaLMOHHOIo Moae-
NMPoOBaHMs Ha MHOronpoLeccop-
Hbix OBM npakTnyecknx 3agad Ha-
YKOEMKUX OTpacnen npoMblLLMEH-
HOCTM, TakMx Kak aTOMHas aHep-
reTuka, aBMactpoeHve, asTomobu-
nectpoeHue. HakonneHHbI cne-
uuanmctaMyM MHOTFOMETHUA OMbIT,
OypHoOe pasBuTME METOO0B Ma-
TemMaTM4YeCcKoro MoaenmpoBaHus
N CTPEMUTENbHbIA Nporpecc Bbi-
YNCTIUTENBHOW TEXHUKM YXe Cen-
Yac [aloT BO3MOXHOCTb YYEeHbIM
n cneunanuctam POAL-BHNNIS®
NPUCTYNUTb K peLleHunto Tex 3a-
Jad, KoTopble paHee He nogaa-
BanvcCb nonHomacluTabHoOMy 4umc-
NEeHHOMY MOAEenMpoBaHuio, 1 Npu-
XOAMNOChb OrpaHMyYnBaThCs NULLb
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NPUBINMXKEHHBIMU OLEHKaMn 1nu
ncnonb3oBaTb MNOCTAHOBKY 3ajad
C yNpOLEHHbIM onncaHmem unan-
YeCcKMX NpoLeccoB.
3HaunTenbHble ycunus maTte-
maTtukoB UTM® cocpenoToyeHsbl
Ha paspaboTke M cosgaHun ma-
TeMmaTU4ecknx MeToamk n npo-
rPaMMHbIX KOMMMNEeKcoB Ans ad-
PEKTUBHOIO KOMMbIOTEPHOIO MO-
AenvpoBaHus 3agay B MHOroMep-
HOWM MOCTAHOBKE HA MHOronpo-
ueccopHbix OBM ¢ maccoBbiM na-
pannenn3MomMm, UCnonbL3oBaHNEM
YCOBEPLUEHCTBOBAHHbIX (OU3NKO-
mMartemartmyeckmux mogenen. Kpo-
Me TOro, cepbe3Hoe BHUMaHue
ObIN0 yaeneHo co3naHunilo eanHbIX
Ons MaTemaTU4ecKnx MeToauK u
nporpamMm CpeacTB UHTepaKTuB-
HOW NOArOTOBKWN BXOAHbIX AAHHbIX,
npoBeaeHUs U CONPOBOXAEHUS
pacyeToB, 06paboTkM 1 XpaHEeHUs
pe3ynbraToB pacyeToB, OLEHKU
3hPEKTUBHOCTUN YNCHEHHBIX pac-
YETOB U HaOEeXHOCTU paboTbl He-
OAHOPOAHOrO BbIYUCINTENBHOIO
komnnekca (HBK) NTM®.

B 2009 rogy akTMBHO pa3sBuBa-
NNCb MaTemaTuyeckme METOANKN U
anroputMbl Anst 6onee TOYHOro U
3(pPEKTUBHOIO YMCNEHHOIO MOAe-
NNPOBaHNSA CIIOXHbBIX PU3NYECKMX
NpoLEeccoB B 3agavax MexaHuKu
CNIIOLLHbIX CPef.
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lMpoBeneH aHanmn3 HEKOTOPbIX
ocobeHHOCTEN, BO3HUKAOLMX
npu MoaenMpoBaHUN OBUXEHUS
AETOHaUMOHHOW BOMHbI B Belle-
ctBe. [1pn 3TOM paccmoTpeH no-
NynsipHbIA MeTo c4eTa Hopmarb-
Hov geToHauun YenmeHa — XKyre
C NOMOLLbIO HaBs3aHHOro (PpPOoH-
Ta MFHOBEHHOIO 3HEeproBblaene-
Hus, Berywero ¢ 3agaHHon mac-
coBol ckopocTbio. ObHapyxe-
HO, YTO B pacyeTax Mpu CUbHOM
N3MenbYEeHUN CETKM MPOUCXOaNT
NepeckoK YMCIIEHHOIO peLUeHns
C peweHus Tuna YenveHa — Xyre
Ha aHomanbHOe aBTOMOAErbHOe
pelleHne ¢ oTowealwen Bnepesq
yOapHOM BOMHON CXaTust U ckay-
KOM paspexeHusi B TOYKe HaBsi-
3aHHOrO 3HEpProBblAENeHNs, Kor-
Aa VCKYCCTBEHHAasi BA3KOCTb MC-
nonb3yeTcs, Kak 00bIYHO, TOMbKO
Ha CXaTuW N He UCMNOMNb3yeTcs Ha
paspexeHun. HeoxmngaHHbIM oka-
3anocb BeCbMa TOYHOe onuncaHue
peweHns Tnna YenmeHa — XKyre
npy NOMHOM OTKIHOYEHUN UCKYC-
CTBEHHbIX BSA3KOCTEN KaK Ha pas-
pexeHuu, Tak n Ha cxaTtun. lpo-
BeOEeH MOMHbIA aHanM3 3Toro sB-
NeHUs1 C NMOMOLLbK TEOPUU AOMNY-
CTMMOCTU pas3pbIBHbIX peLUEeHUN,
YUNTbIBaOLLEN ANUCCUMMNATUBHbIE
N OUCNEePCUOHHbIE CBOMCTBA pas-
HOCTHbIX CXEM.
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AKTUBHO pasBuMBanmcb MeTo-
OVKU YUCNEHHOro MoaenupoBa-
HUSI 3NEKTPOMarHUTHOro mnanyde-
Husa (OMW). 3aBepLueHa paboTta no
MOBbILUEHNIO TOYHOCTU YUCIIEHHO-
ro MoAenupoBaHWA pacnpocTpa-
HEeHNSA OTPaXeHHOro OT MoHocde-
pbl 3NEKTPOMarHUTHOIO UMMynbCa.
Ons yMeHbLUEHNSA BNUSIHUS YnC-
neHHon gnddysnmn Ha pesynbsra-
Tbl BblUMCNEHUN B Ga3oBoK pas-
HOCTHOW CXeMe U3MeHeHa anmnpok-
cvMauuns Npou3BOAHbIX OT asuMy-
TanbHOW KOMMOHEHTbI HaMnpsiKeH-
HOCTU MarHMTHOrO MOss1 B HEKOTO-
pbIX YpaBHEHUSAX OMs1 KOMMOHEHT
HanNpPs>XXeHHOCTU 3r1eKTPUYEeCcKo-
ro nonsi. HoBas annpokcumaums
COAEPXUT CBOOOAHLIN napameTp,
MEHSISi KOTOPbIN, MOXHO Nony4vatb
CXeMbl pas3HOro nopsaka TO4YHO-
ctn. OYeHb BaXXHbIM 5151 MpuUIo-
KEHUN sBnseTcst To obcToATenb-
CTBO, YTO BHECEHHbIE N3MEHEHUs
haKkTMYEeCKN He BUSAIOT Ha TOu-
HOCTb BblYMCNEHNA NapameTpoB
OMW, nagatowero Ha noHocoe-
py, Npy 3TOM COXPaHATCS BCE XO-
poLuve CBOMCTBa 0a30BON CXEMbI.
PesynsraThl YncrneHHoro moaenm-
pOBaHUSI OTPaXXeHHOro OT BbICO-
KonpoBogsLlen noHocgeps MU
HU3KOBbICOTHOIO SiAEPHOrO B3pbl-
Ba C UCMNOMb30BaHNEM MOANGU-
LUMPOBaHHOW pPa3HOCTHOW CXeMbl
onsa ypasHeHun Makcsenna noa-
TBEPAWNY NMpUeMnemMyo ansa npu-

NOXEHU TOUYHOCTb onpeaeneHns
ero napameTtpoB. PaspaboTtaHa
MeToauKka NPOrHo3npoBaHMA Na-
pameTpoB QMW BbicOTHOrO Aaep-
HOro B3pbiBa Ha OCHOBE TPEXMEp-
HOro BbICOKOYACTOTHOrO Npuonu-
XeHus ans ypaBHeHun Makcsen-
na. MNpn BbIMMCNEHUN NUCTOYHUKOB
OMW uncnonbayetca rmbpugHas
MOAEmNb ANs YNCNEHHOIO peLleHns
ypaBHeHus bornbumaHa, a uMmeH-
HO, peLleHne KUHETUYECKOro ypaB-
HeHWs1 NPoBOAUTCA ANdA ABYX rpynmn
AMEKTPOHOB: «MeaSIEHHbIEY» 3ekK-
TPOHbI OMUCLIBAKOTCA C UCMOSb-
30BaHVEM OBYXMNOMMHOMUANbHO-
ro pasnoxeHus pyHkUMM pacnpe-
[eneHns aneKkTpoHOB; noBeaeHue
«ObICTPbIX» 3NEKTPOHOB MOoAEenu-
pyeTcs ¢ Ucnorib3oBaHMeM Moau-
PULMPOBAHHOIO MeToaa KpPYMHbIX
yactuy. NpeanoxeHa cxema pac-
uienneHns ypaBsHeHU Moaenu,
Mo3BONAOLLAA NPU BblYUCIIEHN-
X BblAENUTb OQHOMEPHOE BbICO-
Ko4yacToTHOe NpuonmxeHue B Ka-
yecTBe oTaernbHoro 6rnoka. 3T1o
0b6CTOATENBCTBO YNPOLLAET CO3-
JaHue nporpamMmbl, UCMOSb3Yo-
LLEen TpEXMEPHOE BbICOKOYACTOT-
Hoe NpubnuxeHne 4ns ypaBHEHW
MakcBenna. NonyyeHa pasHoCT-
Haga cxema Ons pelleHus ypas-
HeHun MakcBenna Ha aTane yde-
Ta BMUSIHUSA Ha NPOCTPaHCTBEH-
HOe pacnpeneneHne nonewn npo-
M3BOAHbIX MO YINOBbIM NepeMeH-

MmOoYyHoe peweHue)

HbIM. [1na pacyeTa adpdekToB KOC-
MUYECKUX CUITbHbIX B3pbIBOB pas-
paboTaHa TpexmepHasi METOAMKA,
KoTOopasi peanuayeTt ABYXMNOTOKO-
Byto MI'] mogenb ABwKeHUsa pas-
pexeHHoM nnasmbl. B pamkax aaH-
HOW pn3nyeckon Moaenu nepsbli
NMOTOK COAEPXKUT NOABMXHbIE 3apsi-
XXEHHble YacTuLbl, a BTOPOWN COCTO-
UT U3 HENTParnbHbIX HENOABUXHbIX
yacTtuy, atmocdepbl. Mexay noto-
Kamu npoucxoguT obMeH Maccomn
M 9Hepruen. Takke yd4uTbIBaKOT-
Csl NpoLecCcbl HEPaBHOBECHON KU-
HeTukn. CyLLecTBEHHON O0CoBeH-
HOCTbIO CO3aHHOW METOOUKN S1B-
nseTcsa pelleHve ypaBHeHnn anud-
dy3mn MarHUTHOro nong u y4yet
adpdbekTa Xonna. Takum obpasom,
JaHHasi MeToAuMKa No3BonsieT nNpo-
BOAUTb CKBO3HblE pacyeThbl reHe-
pauum n pacnpocTpaHeHUs BO3My-
LLEeHNA reOMarHUTHOro norsi, BO3-
HUKaLWNX B pesynbrate B3pbiBa
Ha GonbLUON BbiCOTE Hag 3eMnen.
MeTtoanka peanusoBaHa B KOM-
nnekce nporpamm TUM-3D, npegn-
Ha3Ha4YyeHHOM [ng pacyeTa 3ajay
MeXaHWKM CMSIOLLHOW cpeabl Ha
HEeCTPYKTYPUPOBaHHbIX MHOIOro-
rPaHHbIX NarpaH>XeBblX CeTKax.
Onsa peweHua 3agad dounsn-
KU BbICOKMX MIOTHOCTEN 3HEp-
rmm B metoauke TUM-2D cospaH
MoAyrnb MarHUTHOW rasoguvHamMu-
KW, KOTOPbIN NO3BONUN NPOBOAUTL
MI'] pacyetbl ¢ yyeTom anday-
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31X MarHMTHOIO Mons, AXoyre-
BbIX pPa3orpeBoB, CUJT MArHUTHO-
ro nons. MNpu Ml pacdete asu-
KEHUS MHOroKackagHbIX nanHep-
HbIX CUCTEM HEOOXOAMMO Mopenu-
poBaHue npouecca anddysun B
BaKyyMHbIX obriactax mexay naw-
Hepamu Ans nepegadqn MarHWTHO-
ro nons OT O4HOro NnaviHepa K apy-
romy, a Takke Ans onMcaHus npo-
LilecCcOB, NPOUCXOAALLMNX MPU CXa-
TN HAKOMIIEHHOro B MeXnanHep-
HbIX 00nacTax MarHUTHOro Mossi.
[Ona pelweHns Takmx 3agady pas-
paboTaH MeTo4 pacyeTa BaKyyM-
HbIX obnacTtel B 3agadax c a3u-
MyTanbHbIM MarHUTHbIM MOMEM.
C ero paspaboTkoii cTtan BO3MOX-
HbIM pacyeT MHOroKackagHbIX naw-
HepHbIX cuctemM. Kpome Toro, umc-
norib3oBaHMe BaKyyMHbIX obna-
cTen apPEeKTUBHO NMpPU BO3HUKHO-
BEHWUM HEYCTOMYMBOCTEMN B pacye-
Tax OAUTENbHOW MMM03uun, Co-
NPOBOXAALLENCS CUIbHBIM pa-
30rpeBoM nanHepos. [pn pacye-
Te pasnu4YHbIX 3ada4y MarHUTHOM
rMapoAvHaMUKN TPaHNYHOE yCro-
BWE 3aJaeTcs B BUOE 3HAYEHUS
MarHWTHOTrO Mons, KOTOpoe paHee
onpegensanocb no tabnuyHo 3a-
OaHHOMY 3KCrepuMeHTanbHOMY
Toky. Ha camom gene nmeet me-
CTO 1 obpaTHOe BNUSIHUE MarHuT-
HOro nons Ha paboTy anekTpude-
CKOW uenu, 4To NpMBOAMUT K HEOO-
XOOMMOCTM MOMyYEHUS 3HAYEHUSA
TOKa Ha KaXXgoM CYETHOM Luare 3a-

Jayn 13 pacyeTta cucTembl OObIk-
HOBEHHbIX anddepeHuUmanbHbIX
YPaBHEHUN 3NEKTPUYECKOn Lenu.
[Ons pacyeTa TakMx CBA3aHHbIX
npuknagHbiX 3agay co3gaHa 6u-
b6nunoTeka pacyeta MarHUTHbIX Lie-
nem, 4YTO NO3BOMMUIIO peLlaTb AaH-
HbIA Kracc 3ajay Ha KayecTBEH-
HO HOBOM ypoBHe. Hanpumep, pac-
YeT OVHaAMUKU Nnasmbl B Kame-
pax nnasmeHHoro gookyca. B Takumx
Kamepax BbICOKOBOJILTHbIV pas-
PSiA MPOUCXOAUT BOOSb MNOBEPXHO-
CTW mn3onaTopa, Tam opmMupyeT-
Csl TOKOBas nna3meHHast 06onou-
Ka, KoTopas 3aTeM yCKOpSIeTCS Ha-
pacTaloWwyM MarHUTHbIM MOJIEM.
MNpun cxoxxgeHnn obonoYkM K ocu
NPOMCXOOUT ee paauarnbHoe cxa-
TMe 1 Ha ocu bopmMUpyeTcs BbICO-
KoTemnepaTtypHasi nroTHasa nnas-
Ma (nMna3mMeHHbI goKyc). BTopas
obnacTtb NpUMEHEHWsT anekTpuye-
CKMX Lienen cBsidaHa C OCYLLECT-
BNEHUEM 3aXXUTaHUSA B MULLIEHAX
MHEepLUMnanbHOro TepMosifepHoro
cuHTesa (UTC), npu KOTOPOM He-
06Xx0aMMOo NonyyeHne MOLLHbIX Mo-
TOKOB PEHTFEHOBCKOIO M3My4yeHus
(PW). Nctounnkom PU aenstoTcs
naviHepHble CUCTEMbI B FEOMETPUN
Z-nnH4a. PasroH naviHepa ocy-
LLLeCTBNSAETCA Nnog OeNCTBUEM TO-
KOBOIro MMMyrbca pearibHON arek-
TPUYECKOW Lienn, B KOTOPYH BXO-
OUT 1 cam nanHep.

3aBeplueHa metoguyeckasa pa-
0oTa, HanpaBneHHasi Ha co3gaHne

asymepHon metoankm PLASMA-2
0TS YNCNEHHOrO0 MOAENMPOBaHUS
OVNHaMUKU paspeXeHHOW nnas-
Mbl METOAOM «4acTuua B AYeu-
ke». B xoge ee HakonneH onbIT
Nno YNCMEHHOMY pELLEHMIO 3adady,
onpoboBaHbl pasnuyHbie CNOCo-
Obl pacnapannenvBaHus BblYUC-
NEeHN NpU YNCNEHHOM MOLENnpPo-
BaHWM NOBeAEHWs Nnasmbl, JOMNOS-
HUTENbHO UCCreaoBaHbl OTAEMb-
Hble MEeToAMYECKME BONPOCHI, CBSA-
3aHHble C BBEOEHMEM B pacyeT-
Hyt0 00racTb NOrnoLakLWmx cro-
€B 1 CO CIMaxXunBaHUEM U KOppEK-
LuMen B xode pacyeTa KOMMOHEHT
NonsipU3aLNOHHbIX MOMEN.

OpHO M3 AOCTaTOYHO HOBbIX
HanpaBneHUn Hay4HbIX Uccreno-
BaHUIM HaLUEero MHCTUTyTa — 3TO
MONEKYNAPHO-AUHAMNYECKOEe MO-
aenvpoBaHue. PagpabaTtbiBaemMble
METOAbl MOSEKYIIAPHON ANHAMUKN
npegHasHa4yeHbl, B NepBylo oye-
peab, ANnda peleHna 3agad pas-
BUTUS pagmauMOHHbIX Kackagos,
MOLENMPOBaAHUSA OTKIMKa pagu-
AUMOHHO COCTapEHHOro Marepu-
arna Ha BHeLlHWe Harpysku, Mo-
OennpoBaHMa NpoLeccoB B3au-
MOAENCTBMUA HaHO4YacTuL, C Mo-
BEPXHOCTAMU U OpYyrmx npowec-
coB. Co3gaHHasa mMeToauka U Bbl-
cokonapannerbHbIi  KOMMeKC
nporpamm MoDyS npegHasHave-
Hbl ONs1 pPELIEHMS CUCTEMbI ypaB-
HEHUN OBWXEeHUs aHcambna 4a-
CTUL, METOAOM KNaCCU4YEeCKON MO-
nekynspHon gMHamuku. B obuiem
crnyyae 3TO ypaBHEHMUS OBWKEHUSA
KNacCU4eckom ANHAMUKMN CUCTe-
Mbl [aMunbTOHa MartepuasbHbIX
TOYEK, HaXOAALMXCA B NOTEHUU-
anbHOM MOMe CUI MeX4aCTUYHOro
B3aMMoOencTBmnsa. AQekBaTHOCTb
MOIEKYNSPHO-OUHAMMNYECKOTO MO-
JenvpoBaHuAa B 3HAYUTENbHOM
CTeneHn 3aBUCUT OT NOTEHLUMa-
JIOB MEXYaCTUYHOro B3anMMopen-
CTBUS,, OCOBEHHO B 3agayax pa-
ONALNOHHOIO CTapeHUst KOHCTPYK-
UMOHHBbIX MaTepuanoB. B kowm-
nnekce MoDyS umeetcsa wmpo-
K1 Habop MOTeHUManoB, a MMeH-
HO: NapHble noteHumansl JleHHap-
aa — [bxoHcoHa nnn Mopse, a Tak-
)K€ MHOroYacTuU4Hble MOoTeHumna-
nbl «norpy>keHHoro» atoma (EAM,
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MEAM). B HacToslliee Bpems cy-
LeCcTByEeT BO3MOXHOCTb MpoBe-
[EHUS pacyeToB NO pasfnyHbIM
KOHEYHO-Pa3HOCTHLIM cXxemMam OT
SIBHOW ABYXCITOMHOW CXeMbI O SB-
HOWM TpexcrionHon cxembl. [pea-
nonaraeTtcsi, YTo N0 Mepe Hako-
MNeHns onbiTa cyeTa pasnuyd-
HbIX 3aga4y OyayT BbipaboTaHbI
pekomeHgaumMm no Ucnorib3oBa-
HUIO AN KOHKPETHbIX KNaccoB 3a-
Oad Hanbonee npegnovTUTesb-
HOM (NO KakoMy-nMbo napameTpy)
KOHEYHO-Pa3HOCTHOM CXEMbI.

Bonblwas pabota npoBeneHa
Nno yCOBEPLUEHCTBOBAHMIO Mofe-
neun ypaBHeHun coctosiHua (YPC)
BELLECTB M NpoberoB nanyyeHvsi B
BELLECTBaxX C Lenbl paclumpeHns
nx obnactu NPMMEHMMOCTU U MNo-
BbILUEHNS] TOYHOCTM OnucaHus u-
3UKN MPOUCXOOALLMX NPOLLECCOB.
Mo gaHHOMY HanpaBneHuio:

» CosgaHbl NporpamMmbl NOCTPO-
€HNA TepMoaMHaMmn4eckn corna-
COBaHHbIX cnnanH-YPC ¢ nomo-
Wb 9PMUTOBBIX NOMIMHOMMArb-
HbIX GMCNNanHOB N Crnaxmsato-
LWMX rMnepbonmyecknx CrnianHoB.
PeannsoBaHo aBa metoga nocTpo-
eHua cnnanH-YPC ¢ nomoubto ap-
MuUTOBa OucnnarHa nsaton crene-
HW: HA OCHOBE annpoKcuMaunmn
npUBEOEHHOrO AAaBMNEHUA N ero

nepBbIX NPON3BOAHbIX (3TOT 6U-
CnranH MCnonb3yeTcs Ans pacye-
Ta NPMBEAEHHON 3HEPIUN UHTErPU-
poBaHMeM yCnoBuUs TEpMOANHa-
MMWYECKOW COrmacoBaHHOCTK) 1 an-
npoKkcMMauum npmMBegeHHOro no-
TeHumnana (ceobogHasa aHeprus,
JeneHHasa Ha Temneparypy). Vc-
Nosfib30BaHWEe AaHHbIX NOAXOA0B
MO3BONSET YMEHbLUNTb BPEMS pac-
yeta No paspaboTaHHbIM crinaviH-
YPC, cokpatnTb 06bem XxpaHUmom
nHopmMaLmm 1 TpygosaTpaTtbl Ha
cosgaHue cnnanH-YPC KoHKpeT-
HbIX BELLECTB.

» 3aBepLUeHbl OCHOBHbIE Me-
ToAuYecKkne nccrieqoBaHus, Ha-
npasBrieHHbIe Ha co3gaHne HOBOW
Bepcumn nporpammbl THERMOS
OnSa pacdeTa crneKkTpanbHbIX KO-
adpPuUUMEHTOB nornoLweHnsa go-
TOHOB C MnocrnegoBaTerbHbIM y4e-
TOM PENnATUBUCTCKUX 3EKTOB
B OAHO9MNEKTPOHHOM Mnpubnmke-
Hun. CcopmynmnpoBaHa MeToam-
Ka Ona HOBOW BepCcuU nporpaMmel
THERMOS, HauaTa ee nporpamm-
Has peanusauusi.

» PagpabotaHa HoBasa Bep-
cus naketa YPC-O®, npegHasHa-
YEHHOro Ans NpuKnagHbIX Npo-
rpamm, paccyvTbiBaKOLMX TEnno-
dmanyeckme CBONCTBa BELLECTB
(YPC, dyHkumn npoberos ¢oTto-
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Bsaumodelicmeue pacnnasneHHbIX Karnesb Medu ¢ 06beMHO-UeHmMpupo8aHHoOU
Kybuyeckol pewemkoul nogepxHocmu maHmarna

HOB M T. A.). OCHOBHblE OTNIMYUSA
HOBOW BepCcUK naketa:

— paspaboTtaHa TeKcTyanb-
HO eguvHasi Ans Bcex npuknag-
HbIX NporpamMm Bepcusi BubnuoTe-
kv nporpamm naketa YPC-O®; ato
CHWXaeT TpydosaTpaTbl Ha MoAro-
TOBKY, TECTUpPOBaHWe 1 nogaep-
)KaHue akTyarnbHOCTU 0BHOBMEHWI
onbnuorteky;

— paspaboTaHa HOBasi CTPYKTY-
pa AaHHbIX 6ubnuotekn YPC-OO
M NpoBefdeHa COOTBETCTBYyOLLas
MoAepHM3auusi CEPBUCHbIX NPO-
rpaMmm, 4TO MO3BOMUT YMNPOCTUTb
paboty ¢ 6GubnmoTtekon n yBenu-
YNTb ypPOBEHb GE3aBOCTHOCTM Npu
BbIMOSIHEHNN pacyeToB B napar-
NenbHOM pexunme;

— paclmpeHbl pyHKLMOHamNb-
Hble BO3MOXHOCTU nakeTta (no
CpaBHEHMIO C npeabiayLien Bep-
cuen B 6GMBNMOTEKY BKIHOYEHDI
HoBble DYHKLMW A5 BbIYUCIEHMS
yrnpyronnacTtuyeckmx CBOMCTB Be-
LecTB, cpedHen cTerneHn NoHU-
3auuu, cnekTparnbHbliX nNpoberos
¢ OTOHOB);

— pa3paboTaHbl 4OMOMHUTENb-
Hble TecTuUpyloLue nporpamMmel,
BKMOYaloLwme cpeactea ans npo-
BEPKN LIeSTOCTHOCTM nakeTa Ha
pa3nuyHbIx pecypcax HBK;

— MoAdepHU3npoBaHa TEXHO-
JIorMsi CoOnpoBOXOEHUSA NakeTa
YPC-O® Ha OBM HBK, paspabo-
TaHa aBTOMaTU3MpPOBaHHas TEXHO-
Nornsa co3gaHnsa HoBbIX Bepcui bu-
onumotekn YPC-O® Ha Bcex OBM
HBK, nossonsoLias cyLecTBeHHO
COKpaTuUTb Tpygo3aTpaTbl Ha 06-
HOBreHne GubnmnoTeku.

* YCoBepLUEHCTBOBaH pasaern
«YpaBHEHUS1 COCTOSIHUSA» MHTEpaK-
TMBHOW CMpaBOYHOM CUCTEMbI Ma-
keTa YPC-O® — pasgen [ononHeH
web-cTpaHuuen ansa BusyanbHOro
aHanusa YPC, npegocTtaensioLwen
crnegyloLme BO3MOXHOCTU:

— MOCTPOEHME CEMENCTBA U30-
nuHun (n3oxop, nsobap, M3otepm,
n303HepreT) ansa nboro ypasHe-
HUA cocTosiHMA naketa YPC-O®
B 3a/1aHHOM 06nacTy COCTOSAHUIN;

— NOCTPOEHME U3ONUHUN OLHO-
BPEMEHHO ANisi Tpex BblOpaHHbIX
nonb3oaTernem YPC un nx cpasHe-
H1e mexagy cobon.

o

v

WHCTUTYT TEOPETUYECKOU U MATEMATUYECKOWN ®U3NKUA (UTMOD)



o

v

WHCTUTYT TEOPETUYECKON N MATEMATUYECKOU ®U3UKU (UTM®)

OCHOBHbIE JOCTUXEHUA POAL-BHUNI D

YpaEHEHHA COCTOAHMA. Buayanuiauma

49

L5

waciliap

TABMCMIADCTE JHEMWM OT NIOTHOCTH BA0MG

05 150 150 200 250 300
MAoTHOETS HeM*d
Norapugmir-ecos smacwrald Cugx F gy
— LIZ3F014 — La1Fo31 —— LBzF0l4
Tin waomusHmi CuicTeus eaniny pacaets CITMCIHIN CHCTER BINHUL
[Vootape 5] 3k plvew) TK) ElRiber] PTa) Upac)

Peaa

WFa31 )

Hafiwp xoucTasy

= F 3-wil YPC UB2F0I4 =

[acnoaT ANt
" w CE=3 A

La2Fa1aq )

FPucoBars!

MnemmocTe of 0,5 adf riew?. Hon-eo Tower [50 |
‘IHEQIUA OT MNOTHOCTH =| Dewnerme ot |50 AcpE00 Ma . Kon-so Touex [3
Hailap KoncTauT
P 16 YPC [j33F014 = Macnoat Anrosmiri
Peaskmnposanwe” B CE=3 Al
LUZIFD14 ]
| N Hafep koncrams
F -0 YPC [Lgyroar = OacnogT AT
P * n CE=2 Al

[Ftpmarﬂc NAPAMETHON HyWHO MPRODOAHTE D CHETEME ERMHmL BelparHong Halopa mawcTanT YPC,

¥ |

- Copyright ©

lMpumep susyanuzayuu mepmMoOUHaMUYECKUX XapakmepucmukK eewecmesa
8 UHMepakmueHol cripagoyHoli cucmeme nakema YPC-O®

Npopomkanocb pasBuTUe
nporpaMm eguHOro Ansi marte-
MaTtudeckoro otaenenns NTM®
MHTepdgenca ana obecneyeHus
NMPON3BOACTBEHHbIX PAaCYeTOB:
NoaroToBKa HavarbHOW pacyeT-

How mopenu, obecneyeHue npo-
BeJeHusa pacyeTa, obpaboTka u
BM3yanusauusi pe3ynbTaTtoB pac-
4YEeTOB Ha MHOronpoLeCcCopPHbIX
OBM. Tak, caaHa B ONbITHYHO 3KC-
nnyatauuio nepeas odyepenb na-

pannenbHoOW cucTembl Noctobpa-
6oTku ScientificView, nossons-
Iowen NpoBoanTb rpadunyecknn
M YNCNEHHbIW aHanu3 gaHHbIX
Ha perynspHbIX ceTkax ¢ YNCNOM
sa4yeek oo 1-2 mnpa.
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lMpumep obpabomku daHHbIX cucmemol ScientificView

PaspaboTtaH nporpaMmmMmHbIn na-
keT InterVal ana nepegaun cetou-
HbIX AaHHbIX U3 OOHOM MeToau-
KM B OpYryto npu noatanHoM npo-
BEAEHUN OBYMEPHbLIX YMCIEHHbIX
pacyeTtoB. Nporpamma paboTa-
€T B napasnsefibHOM pexume Ha
MHoronpoueccopHbix 3BM, npu

3TOM 3P (PEKTUBHOCTb 3arpy3Kku
NpoLLeccopoB B CpefHEeM COCTaB-
ngaet 60 %.

HanbHenwee passutne nony-
4nn nporpaMmmHbin naket 3D-PH[,
npegHasHayYeHHbI Ans nocTtpoe-
HUS pacyeTHOW CEeTOYHOW Mope-
nv ons TpexMepHbIX pacyeTos.
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B nporpamme otpaboTaHbl npoue-
Aypbl NOCTPOEHUS ABYMEPHbIX ce-
YEHUN TPEXMEPHbIX reoOMeTpPUNn.
Ob6paboTka NOCTPOEHHbIX ceve-
HWI Yyepes nporpammbl SolidEditor
n 2D-PH[ nossonsieT BbICTpo no-
INyYnTb COOTBETCTBYIOLLME OBY-
MepHble HavarnbHble AaHHbIE.
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B 2009 rogy B N'TM® 3aBepLue-
Ha pa3paboTka nepBov Bepcumn na-
keTa 6a30BOro CUCTEMHOIO U Npu-
KnagHoro nporpammHoro obecne-
yeHusa (BCIIIMO), koTopbI COCTO-
WUT N3 KOMIMOHEHTOB MporpamMm-
HOro obecnedyeHns paspaboTku
BHANI® ansa napannenbHbIX Bbl-
yncnenun B pamkax OC Linux. [aH-
HOe nmporpamMmMmHoe obecneveHne
YCT@HOBMNEHO Ha BCEX BbICOKOMPO-
N3BOOUTENBHBIX BbIYUCITUTENBHBIX
komnnekcax BL| POALI-BHNNIO,
npegocTasnsas adeKTUBHYO NOs-
HOOYHKLMOHANbHYO YHUUL M-
pOBaHHyl0 cpefny naparnsiernibHbIX
BbluncrneHnn. 6Crrno BHNNO®
YCT@HOBIIEHO U DYHKLUMOHNPYET Ha
BbICOKOMpOn3BoauTenbHbiXx OBM
MrTyY (r. Nepmb), OKBM (r. HWx-
Hun Hosropoga), LLIHW MO (r. Cep-
rnes lNocan).

BCIMO BHUNNO® obecneuun-
BaeT BO3MOXHOCTb addeKTuB-
HOrFO MCMOMb30BaHUSA BbIYMCIN-
TEeNbHbIX PECYPCOB Kak OTAemNb-
HbIX BbIYUCIINTENBHBIX CUCTEM, TaK
N MHOFOMALLMHHBIX BbIMUCIIUTENb-
HbIX KOMMMIEKCOB C HEOOHOPOL-
HOW annapaTHO-NporpamMMHoOn ap-
XUTEKTYPOMN.

Maket BCIIMO nossonserT:

* YHU(pMUMpoBaTb co3gaHue,
BbIMOMTHEHME, KOHTPOSb U nna-
HMpOBaHME cyeTa MNoToKa na-
pannenbHbIX 3a4a4y Ha MHoOroma-

LWWHHBIX BbIYMUCIIUTENbHBIX KOM-
nnekcax;

* yNpaBnaTb MepapxXmyeckum
XpaHeHeM AaHHbIX, obecneunBas
napansienbHbI BbICOKOCKOPOCT-
HOW JOCTYn;

* KOHTpPONUpoBaTb AhPEKTUB-
HOCTb pacnapannenvMBaHus npo-
rPaMMHbIX KOMMIEKCOB U CTENeHb
NCMNOMb30BaHNS BbIYMCINTENBHbIX
pecypcoB B LIENoMm;

* BU3yanmanpoBaTb OaHHble
fonblworo obbema B napannerb-
HOM pEeXume;

* ONTUMM3NpPOBATb cocTaB 060-
pyaooBaHus co3gaBaemMbix OBM,
yNpoOCTUTb HanagKy u TecTupo-
BaHue.

B coctaB naketa BxogdT:

» Cuctema MHCTanALMmM 1 Hac-
TPOMKN CUCTEMHOroO nporpamMm-
Horo o6ecnevyeHusi napansnesb-
HbIX BbIYUCITUTENbHbLIX CUCTEM
Octopus. [lonyuuB onucaHune
HOBOW BbIYUCAUTENBHON MaLUn-
Hbl, Octopus aBTOMaTtMyecku Ha-
CTPOUT N YCTaHOBUT Heobxoau-
Moe cuctemHoe 1O (OC, komnu-
NATOpPLI, peanu3auun drubnmoTeku
MPI, yoaneHHbIn gocTyn, cneuu-
bvyHbIE MpOrpaMMHbIe NPOQYKTHI,
pa3paboTaHHble crneumnanucTamm
NTMO n . 4.).

» Cuctema ceTeBOW 3arpy3ku
OC. Cucrtema ceTeBOn 3arpysku
onepawlMoHHON CUCTEMbI MO3BOMS-

€T oTKa3aTbCs OT WUCMOMb30BaHNSA
OMCKOB Ha y3rax Bbl4UCIIUTENbHO-
ro Nons u 3arpyxartb onepaumoH-
Hyto cuctemy no cetu Ethernet nnm
BbICOKOCKOPOCTHOMN KOMMYHUKa-
umoHHon cetu InfiniBand. nga mu-
HUMKU3aUMn obbema 3aHMMaeMomn
OC onepaTtuBHOM NamMaTn peanu-
30BaHa TEXHOOrNs co3gaHus cne-
UManm3mpoBaHHOW KOMMaKTHOM
O3Y-pesngeHtHon OC BblUMCAU-
TenbHbIX Y3M0B, ONTUMU3MPOBAH-
HOWM ANS BbICOKONPOW3BOAUTENMb-
HbIX BbIYUCITEHUN.

- EquHas cuctema ynpasne-
HUA 3agaHUsIMU HEOQHOPOLHO-
ro BbIMUCIIUTENbLHOIO KOMMJIEeK-
Ca MHOronpoLecCOpPHbIX CUCTEM
oryn «PeAL-BHUNID» (ECY3).
ECY3 npegHasHaveHa ons yHudu-
Kauum npoLeccoB BBOAA, BbINOI-
HEHUS N yrnpaBreHus Nnonb3oBa-
Tenbckumn npunoxexHmamu. ECY3
YHKLUNOHNPYET COBMECTHO C Ta-
KMMW CcUcCTeMamMu NakeTHOro 3a-
nycka 3agaHumn, kak Open PBS,
Torque n JAM.

* Cncrema nakeTtHoro 3any-
cKa napannenbHbIX NPUNOXEeHUN
(JAM). JAM — aT10 cuctema nakeTHo-
ro 3anycka 3agaHun, NHTerpupoBaH-
Has ¢ ECY3, B koTOpoW peanunsoBa-
Hbl Hanbornee nonesHble YHKLMK
ee aHanoroB (PBS, LoadlLeveler,
SLURM, Condor 1 T. 4.), n opuex-
TUPOBaHHAs Ha MOMHOLEHHbIN yyeT
cneundukn OBM u cueta 3agad
Ha Hux. JAM nogaepxvBaet nocrie-
posarernbHble, MPI n OpenMP 3a-
OaHua. B cucteme peanunsoBaH ag-
PEKTUBHBIN anropuTM MnriaHUpoBa-
HUA — meToq HOHOBOTO 3arnorHe-
Hus Backfill.

* UIHCcTpyMeHTanbHoe cpea-
cTBO cbopa n aHanu3a cTaTUCTUu-
Yyeckon uHdopmaLmm cyeta npo-
rpamm nonb3oBaTtenen (STK).
MporpammHoe obecnedernne STK
npeaHasHavYeHo AN BbIsiBNEHUS
OOCTOVMHCTB M HEOOCTaTKOB METO-
OOB pacnapannenueaHus matema-
TUYECKMUX NPOrpaMMHbIX KOMMIEK-
COB, KOHTponsa 3HEKTUBHOCTU
NX BbINONTHEHMS HA Pa3nMYHbIX Na-
pannenbHbix OBM.

* MapannensHasa nepapxuye-
ckasa cannosas cuctema (PIFS).
OcHoBHbIMK KOMMOHeHTamu PIFS
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SBMSAOTCS napansnenbHasi MmacluTa-
Bupyemasa cannosas cuctema Ha
Base oTKpbITOro Koda n cpeacTea
aBTOMaTUYECKOM MUrpaLIM AaHHbIX
MeXay OVCKOBBLIMU U NEHTOYHLIMU
YPOBHSIMU XPaHEHWUS AaHHbIX.

» Bubnuorteka eguHoro can-
nosoro paspe3a (E®PP). EOP
obecneuymBaet obMeH OaHHbIMU
Mexay pasnuyHbIMK nakeTamu
npuknagHbiX NporpaMM Ha OCHOBe
CTaH4apTU3MPOBaHHOIO NpeacTaB-
NEeHUs1 CETOYUHbIX OaHHbIX, ean-
HbI MHTEpPdENC B3aMO4ENCTBUSA
C CEepBUCHBLIMUW NporpaMmmamn Aansi
noctobpaboTkn 1 BMU3yanmsayum
CETOYHbIX JaHHbIX.

» Bubnuoreka nocnegoBarenb-
HbIX U NapannenbHbIX peluaTenen
PMLP. bubnuoteka PMLP npegHa-
3HayeHa gna peweHuss 6onbLInX
paspeXXeHHbIX FIMHENHbIX CUCTEM
Ha perynsipHblX U HeperynspHbIx
cetkax. OHa npeacraenset cobown
OOGbEKTHO-OPMEHTUPOBAHHYIO, Ne-
peHoCUMyo BMBNNOTEKY BbICOKO-
3P PEKTUBHBIX, NyHLWINX B MUpE
NTEPaLMOHHbIX peluaTenen B KOM-
OvHauun ¢ npegobycnasnuBaTte-
namm Ha 6onbLIOM Yncrne npouec-
cos (>100000).

* UHcTpyMeHTanbHbIe cpea-
CTBa MccrieqoBaHUA HecTabunb-
HOCTU MyNLTUNPOLIECCOPHbIX CU-
ctem Noise Measurement Suite
(NoM). NoM obecneunBaet aBTO-
MaTn3npoBaHHbIM MpoLiecc namepe-
Hus, cbopa, npeacTaeneHusi, obpa-
OOTKM N aHanu3a pes3yrnsTaTtoB U3-
MepeHNs HeCTabunbHOCTK (LLyMOB)
YHKLMOHNPOBAHUST KOMMOHEHTOB
BbluMcnuTenbHom cnctemol. NoM
MO3BONSAET NpeAckasaTb BO3MOXHOe
BMUsIHME LLyMa Ha KOHKPETHoe Mnpu-
NOXeEHWe, BbISIBUTb UCTOYHUKX Haw-
Bornee CUNbHO BNUAIOLLIETO LUymMa
B 10 yanog, 4tobbl Aanee cocpeno-
TOYUTLCS HA ero oNTUMM3aLnK.

* ABTOMaTHM4yeckasi cucrema
TectupoBaHus (ACT). ACT obe-
cnednBaeT aBTOMaTUYECKUIA 3a-
MycK TecTtoB, c60p MOSTyYEHHbIX
pes3ynkTaToB U pasMelleHne ux B
0ase gaHHbIX, BU3yarnbHoe npes-
ctaBneHune. Kpome mexagyHaposa-
HbIX TecTtoB B coctaB ACT BxogsaT
MeToauyeckne npuknagHble TecTbl
BHUNO®, paspaboTaHHble and

OoLEeHKN 3PPEKTUBHOCTU MYNbTU-
NPOLIECCOPHBIX CUCTEM.

* Maket Multi Cluster Subnet
Manager (MCSM). JaHHbIn cep-
BUC paspabotaH Ha 6a3e meHen-
xepa cetu InfiniBand OpenSM
C BO3MOXHOCTbO 0O0beaunHEHMUS
UNu pasgerneHns Ha He3aBucu-
Mble noacetu InfiniBand 6e3 uc-
nonb3oBaHusA annapatypsbl IB-to-I1B
routers — Tak Ha3blBaemas norunye-
cKas Knactepusaums.

* Peanusauusa 6ubnuoTtekn
sMAD-MPI. sMAD-MPI nossonsi-
€T BbIMOMHATb BbICOKOCKOPOCTHYHO
3arpysky NpUNoXeHun, paccuyu-
TaHHbIX Ans paboTbl Ha KnacTe-
pax 6onblumx pasmepoB. bubnu-
oTeka paspaboTtaHa C MCNoNb30-
BaHMEM CEPBMCHOW NOLCUCTEMbI
sMAD paspabotkn UTM®. B gan-
Hon Bepcun MPI Takke peanu-
30BaHO MepeHanpasneHne cTaH-
JapTHoro BBoAa/BbiBoga C (OYHK-
umamMu obbeamHeHus/pasgeneHns
BbIBOANMBbIX NMOTOKOB AaHHbIX.

* MIHCTpyMeHTanbHbIEe cpea-
CTBa OoTNnagku napannesnbHbIX
MPI npunoxeHuin ParallelDB.
B coctaB ParallelDB Bxogat otnag-
UMK napasnnenbHbIX NPUOXKEHNIN
PAD c rpadunyeckum nHTepderncom
M cpencrtea 0b6paboTKM UCKMNHYN-
TenbHbIX NPEPbIBAHUA B MpoLecce
BbIMNOMHEHMSA NapansenbHoro npu-
noxeHus LibFault. MogaepxvBaet-
Cs OTnagka npunoXeHun, Hanucax-
HbIX Ha A3blkax C/C++ 1 FORTRAN,
ncnosnbayowmx 6udnmoteky MPI
BbICOKOMPOM3BOANTENBHON KOMMY-
HWKaLMOHHOW cpeabl.

* UIHTennekTyanbHasa aBTO-
MaTu3npoBaHHasi CUCTEMA UHTe-
rpauum nporpaMMHbIX NakeToB
B €4MHbIA PacYeTHbIN KOMMIIeKC
PSS. B PSS peanusoBaHa TexHO-
norvsa o6beanHeHus1 He3aBUCU-
MbIX NPOrPaMMHbIX NPOAYKTOB Npu
NPOBEAEHUN COBMECTHbIX BbIYMC-

NEeHNn Ha reTeporeHHON BbIYUCIN-
TenbHOW nnatgopme.

Bbasosoe cuctemHoe MO, Bknto-
varowee OC, ovepenb ynpaene-
HMS 3a4aHVAMU, KOMMYHUKALMOH-
Hble BMbnroTekun, peann3oBaHo Ha
©a3e cobCcTBEHHbIX pa3paboTaH-
HbIX KOMMOHEHTOB MMM C UCMOJSb-
30BaHNEM KOMIMOHEHTOB C OTKPbI-
TbIM MCXOOHbIM KOOOM, 4TO 0be-
creymBaeT BO3MOXHOCTb MepeHo-
Ca ero Ha BblYUCMUTENbHbIE CUCTE-
Mbl U (PYHKUMOHaNbHOE paclumpe-
HMEe 1 MOZEPHU3ALMIO.

MNomunmo paspaboTkm naketa
6asosoro MO B UTM® B pamkax
paboT No BHEOPEHUI0 MHOronpo-
LLeCCOpHbIX TexHonorum POALL-
BHNN3® Ha npegnpuaTusix BeiCO-
KOTEXHOITOMMYHbIX OTpacrnen npo-
MbILLIEHHOCTW pa3paboTaHbl 1 13-
roTOBMEHbl OMbITHbIE 3K3EMMNs-
pbl  BbICOKONPOU3BOAMUTENbHbIX
KOMMaKTHbIX MHOFOMPOLECCOPHbIX
OBM pgyx Tunos. O6a tnna OBM
He TpebyloT cneumanbHbiX pado-
YMX MOMELLEHUI U creLmanbHbIX
VMHXXEHEPHbIX CUCTEM (oxnaxae-
HWS, SNEKTPONUTaHMSA U Np.) U MO-
ryT 3KCnryaTtMpoBaTbCsi B OObIy-
HbIX OPUCHBIX MOMELLEHUSIX.

Mepsbii TN IBM 6asupyet-
Ca Ha mcnonb3oBaHMM apudpme-
TUYECKMNX yCcKopuTernen un npea-
HasHayeH Ons pelleHus cneuu-
anbHbIX KNaccoB 3agad HaykKo-
eMKUX oTpacrnen nNpoMbILLNIEHHO-
ctn. Bmecte ¢ NO paspaboTka
POAL-BHANO® npeapcrtaBnsaer
cobown nporpamMmMHo-annapaTtHbIn
KOMMMNEeKC Ans peweHns 3agad
MOMEKynspHON (HaHOYPOBEHD)
N KrnactepHom (MUKPOYPOBEHD)
OVNHaMKKM (NPOrpaMMHbIA NakeT
MoDys), pacyeta HEMTPOHHO-U-
3UYECKUX XapaKTEPUCTUK aaep-
HbIX 3HEPreTUYEecKMxX YCTaHOBOK
meTogom MoHTe-Kapno (nporpam-
MHbl€ NakeThbl).

OCHOBHbIe XapaKTepPUCTUKM MHOronpoLecCoOpHON
9BM nepBoro Tuna

[100U3BOOUMETIBHOCIB. ... e e 0,7 Tebnonc

(Ha onpederneHHbIx 3adadax coomeemcmayem 40—-50 nepcoHanbHbiM OBM)

lMompebisiemasi S7IEKMPUYECKAST MOUJHOCMB. .........ceeeeeasereeaaesaanenene. 1,5 kBm
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OCHOBHbIE JOCTUXEHUA POAL-BHUNI D

CrieyuanusupogaHHasi KomrnakmHas OBM
Ha 2aubpudHoU apxumeKkmype rnpoyeccopos

Btopon Tnun — KC-3BM — npo-
nasogutenbHocTbio 1 Tdoronc
npegHasHadeH Ansi ocHalle-
HUA BblOENEeHHbIX BbIYUCIN-
TenbHbIX LEHTPOB U OTpacrie-
BbiX npeanpuatunin P® B cocTta-
BE NMporpaMmMHo-annapaTHbIX KOM-
MNeKcoB, He TpebyLwmnx ans aKc-
nryatauum crneymnanbHbIX UHXe-
HepHbIX cuctem. KC-OBM obe-
cneymBaeT paspaboTky, oTnag-
KY M UCMOfIHEHNE MPUNOXEHUN,
co3faHHbIX Ha faA3blkax C, C++,
Fortran-90, ucnonbaytowmx cpea-
ctea MPI, Open MP (OMP) B no-
criegoBaTenibHOM M napansenb-

HOM OHO- 1 MHOromnosb30oBaTeNb-
ckom pexunmax. KC-OBM ocHale-
Ha 6a30BbIM CUCTEMHBIM U NpPU-
knagHeim MO (B TOM yucne pas-
pabotaHHbiM B POAL-BHUNID D),
OPUEHTUPOBAHHbLIM Ha pelleHne
KOHKPETHbIX 3ada4y TPEXMePHOro
UMUTALMOHHOIO MOAENNPOBaHUS
Mo COrnacoBaHUIO C 3aKa34yMKOM.
Bo3MoOXXHO Kak nepcoHarnbHoe,
Tak U KONMEeKTUBHOE UCMONb3oBa-
Hne OBM. KoHcTpykumen npeny-
CMOTpPEHO 06begnHeHNe HeCKOIb-
knx KC-3BM no KOMMYyHUKaLMOH-
HbiM ceTsam InfiniBand n Gigabit
Ethernet B eguHyto cuctemy.

OcHoBHbIe xapakTtepucTtuku KC-9BM

TTPOUECCOPHBIE SIOPQ@ ... et eesseaae e e 96
OnepamuUBHAS MAMSIMD ...........cccoueeieieeesieeeeieee s 192 [6atim
MOHUMOP ...ttt aaaaaaa e KK 307

lMukogasi MPOU3BOOUMEITEHOCITIE ......cceeeeivreeeeeasiirereaeenans 1,024 Tepnonc

TTompebriaemMast MOUJHOCIID ...........ccceeweeeeesieeenieaessineen He 6onee 4 kBm

OXITAXKOCHUE ... 8030yWHoe

TQOAPUIMBI ...t 55 x 70 x 95 cm

YHueepcanbHas KoMmnakmHas
MHozornpoyeccopHas KC-OBM

CyuwectBeHHOEe pasBuTue
B 2009 rogy nony4unun paboTbl
Nno co34aHUK METOAMVK U Nake-
TOB MporpamMm Ans UMUTaLUOHHO-
ro MOAENMPOBaHUSA Ha MHOroOMNpo-
ueccopHon 3BM B nHTepecax pe-
LIEeHUs 3agay BbICOKOTEXHONOMY-
HbIX OTpacfnen NPOMbILLIIEHHOCTH
Poccuinickon depgepaumm Takumx,
KaKk aToOMHasl 9aHepreTuka, aBua-
1 aBToMobunectpoeHune. Pabo-
Tbl BENNCb NO ABYM OCHOBHbIM Ha-
npaBneHnsiM:

1. PaspaboTka oTe4eCTBEHHOIo
MHorodyHkLmoHanbHoro MO Tpex-
MEPHOI0 MHXEHEPHOro aHanm3a Ha
MHOFOMPOLECCOPHbIX KOMMbOTE-
pax. NakeTbl nporpamm 1 uanye-
CKMe MpOoLIeCChl, Ha ModenMpoBa-
HVE KOTOPbIX OHW OPUEHTUPOBAHbI:

* MeToauka 1 KoMMmekc npo-
rpamm JIOTOC — mogenvpoBaHue
CTaLNOHAapPHbIX N HECTALMOHAPHbIX
NaMVHapHbIX U TYpOyNeHTHbIX Te-
YEeHWI XMUOKOCTU UIun rasa, moge-
NMPOBaHUE TEYEHUS B MOPUCTOMN
cpene, KOHBEKTMBHOIO TENNoo0-
MEHa M pacnpocTpaHeHusa Tenna
B TBEPOOM Tene.

* MeToauka 1 KoMMmekc npo-
rpamm JIQTAK-OK — mogenuvpoBsa-
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HWe AMHaMUYEeCKOro, CTaTu4ecKoro
n BnbpaLmoHHoro gedopmmposa-
HUS KOHCTPYKLMI C Yy4eTOM paspy-
LEHUsSI U OPYrnUX COMyTCTBYHOLLNX
NPOLLEeCCOoB: TENNONPOBOAHOCTH,
aspoauHaMunKn, rmopoaAnHaAMUKM,
rasoguHaMuKn, akyCTUKK, KUHEMa-
TVIKW, @ TaKKe MHOTOANCUUNINHAP-
Hbl CBSA3HbIA aHanu3 BbilleyKa-
3aHHbIX NPOLIECCOB.

» Komnnexkc nporpamm JAHKO +
FEMAP[L — noBegeHne KOHCTPYK-
LMA NpU CTaTUYECKUX, ONHAMU-
YECKMX, CEMCMUYECKMX N BETPO-
BbIX Harpyskax, paspyLleHne KOoH-
CTPYKUMW, MOAENbHbIA aHanus,
yCTariocTHasa NPOYHOCTb U O0M-
rOBEYHOCTb KOHCTPYKLWUN, CTauu-
OHapHasa M HecTauMoHapHas Te-
nAonpoBOAHOCTb, KOPPO3nUS Ma-
Tepuarnos.

» MeToguka 1 KoOMnmekc npo-
rpamm HUM®A — mHorodasHas,
MHOFOKOMMOHEHTHas dounsTpa-
LMsi, KOHBEKTUBHBbIN NepeHoc NoTo-
KOM >XMOKOCTU MHOTFOKOMMOHEHT-
HOW npuMecHn, rmgpogmHaMmmuye-
ckasa gucnepcus, agcopobums, xu-
MUYecKasi KUHETUKA.

2. PaspaboTka cneumnanuaupo-
BaHHbIX MaKeToB MporpamMmm Asnsi
MOAENUPOBaHUS HEKOTOPbIX Che-
UMUYHBIX 3adad, Npexae BCero,
B aTOMHOWN 9HepreTuke.

B 2009 rogy cosgaHbl Bepcumn
NPOrpaMMHbIX MaKETOB MOAENNPO-
BaHWS HENTPOHHO-(PU3NYECKUX Xa-
PaKTEPUCTMK B aKTUBHOMN 30He (A3)
SAEPHbIX 3HEPreTUYeCcknX ycTaHo-
BOK. Tak, NporpamMMHbIi KOMMMEKC
CONCORD npegHasHadeH gnsa
pacyeTa HENTPOHHO-PUINYECKNX
XapakTepucTuk ayeek A3 peakto-
POB C y4ETOM BbIrOpaH1s TOMNMBa
N TENIOBOro pacLUMpPEeHns TBISOB.
C ncnonb3oBaHMeM OaHHOIMO KOM-
nrfiekca NPoBOASATCA pacyeTbl Kam-
NaHW BbIrOPaHUS! TOMMMBHbIX 3e-
MEHTOB, TOMJIMBHbIX KacCeT, Te-
nnosbigensowmx coopok (TBC),
a Takke nogrotaenmealoTca Habo-
pbl TOMOFeHHbIX MarorpynmnoBbIX
HEeNTPOHHbIX KOHCTaHT, OnucbiBa-
IoWmx coctosaHne ayeek A3 B pas-
NNYHbIE MOMEHTbLI BpemMeHu (rny-
OvHa BbIropaH1s) 1 B pasfnyHbIX
TENNOPU3NYECKUX COCTOAHUSAX.
CyLeCcTBEHHO MOAEPHU3NPOBAHDI

OCHOBHblE BOKM NporpaMm n cos-

OaH psig HoBbix. Komnnekc Bkrto-

yaert B cebsa criegytowme 6roku:

* BBOAA BXOOHbIX AaHHbIX
B rpadon4eCcKOM MHTEPAKTUBHOM
pexnme;

* pacyeTa HayarnbHbIX OaH-
HbIX 3a4ayu u 3anucu ux B cann-
paspes;

* pacyeTa MHOrorpynnoBbIX Ma-
KPOKOHCTaHT N5 OoTAenbHbIX 06-
nacTten siyeek ¢ y4eToM TEMSI0BO-
ro ABWXeHua saep, XMMUYECKNX
CBA3en aTOMOB B BellecTBe, pe-
30HaHCHOW 3KPaHMPOBKN CEYEeHUN;

* pacyeTta HENTPOHHO-(U3U-
YECKMX XapaKTEepPUCTUK AYeek
B MHOrOrpyrnnoBOM KMHETUYECKOM
NPUBAMKEHNN C y4EeTOM aHU30-
Tponuu paccesaHnsa onst ogHoMep-
HOM chepryEeCKOmn 1 LMnNnHapude-
CKOW reomeTpui;

* pacyeta HEeNTPOHHO-(pU3UN-
YECKMX XapaKTepUCTUK B OByMep-
HOW reOMEeTPUN Ha NMPOU3BOSIbHbIX
perynspHbiX U HEPErynsapHbIX CeT-
Kax B MHOrOrpyrnnoBOM aHU30TPOn-
HOM MPUOBNMXEHUN C UCNONb30Ba-
HUuem S -metoaa;

* pacyeTa KMHETUKU Bbiropa-
HUS a4ep Oenswmxca matepua-
NoB C y4eToM HapaboTKu Bbige-
NEHHbIX OCKOSIKOB AeNneHus, nx

BbIFOpPaHNSA B HEWTPOHHbIX MOTO-
Kax 1 npoueccoB paanoakTuB-
HbIX pacnagos;

* CBEPTKM MHOrOrpynmnoBbIX
HENTPOHHbIX KOHCTaHT B Maro-
rpynnoBble MaKPOKOHCTaHThI
C YY4ETOM HEWUTPOHHbIX CMEKTPOB B
pa3nuyHbIX 0brnacTax S4YEenKku u ro-
MOreHn3auum KOHCTaHT B npege-
nax onpeaerneHHbIX FOMOreHHbIX
30H S4erKn (NN BCEN AYENKN);

* NTEPALMOHHOIO YTOYHEHUS
SAYeEYHbIX KOHCTaHT NS Tpexmep-
HbIX AN dY3NOHHbBIX pacyeToB A3
Nno HENTPOHHOMY CMEKTpPY C UC-
norib3oBaHMeM npoueaypbl U3o-
TponM3auuy Unun Koppekuun Ymucna
MIrHOBEHHbIX BTOPUYHbIX HEWTPO-
HOB OeneHus;

* 3aMMcy ManorpynnoBbIX A4e-
€4YHbIX KOHCTaHT B ABOWYHbIE han-
nbl NPSMOro A4ocTyna.

B komnnekce CONCORD npo-
BeOeHbl ABYMeEpHble pacyeTbl ag-
bekTMBHOro koahduumneHTa pas-
MHOXeHust K, 1 pacyeTbl siyeeu-
HbIX KOHCTaAHT Anga 15 cnoes BOCb-
Mu Tunoe TBC mopenbHon peak-
TOpHOW CHOPKM (MO ABaA U3OTOMHbIX
COCTaBa Ha KaxabIvi T1n).

PaspabotaHa nepBasi Bep-
CUsA NpPOrpaMMHOro Komnriekca
TDMCC, npegHa3Ha4yeHHOro gns
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Be00 HayarnbHbix 0aHHbIx 8 komrnekce CONCORD
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OCHOBHbIE JOCTUXEHUA POAL-BHUNI D

PacyemHasi cemka o0Hol u3 TBC modernbHol cb6opKu

pelueHns 3agad atOMHOW aHepre-
Tukn. PaspaboTka Benack Ha OCHO-
BE MHOFOMETHEro onbiTa UCNofb-
3oBaHuns metoga MoHTe-Kapno
ONsA pelweHusa 3agady nepeHoca
HEWTPOHOB M pacyeTa KpUTUYHO-
ctn cuctem. lNpu onucaHmm reo-
METPUM paccUUTbiBAEMbIX CUCTEM
ncnonb3yetcs 6rnoyHbIA NPUHLMN
C 3aaHMEM CUCTEMbI BITOXEHUN,
4TO ngeanbHO NOAXOAUT UMEH-
HO Ans 3agad pacydeta A3. briok
onuceiBaeTcss HA6OPOM MOBEPXHO-
CTen, a cuctema BrOXEHU onpe-
AensieT COBMECTHOe pa3melleHune
GNoKoB OpYr OTHOCUTENBHO Apyra.
CospgaHne mopynen pacyeta LeH-
TPOB BIIOXXEHWU HA OCHOBE YTEHWS

Tean
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PacnpedeneHue nnomHocmu HelimpoHo8
no syetikam TBC nipu peweHuu 8 komrnekce CONCORD

KapTorpaMmm Ha nopsiAoK cokpa-
LaeT BpeMs, 3aTtpadnBaemMoe Ha
MOAroTOBKY 3adau.

Hanuyne B nporpamme BO3-
MOXHOCTU OMMCaHUs cneumarb-
Horo 6roka Ans BblAeneHus Ya-
CTW CUCTEMbI U 3aJaHue Ha HeMm
rPaHNYHbIX YCNOBUIA TUNa «oTpa-
YKEHUsI» rno3BonideT BOCMOSb30-
BaTbCs CYMMMETPUEN, XapakTep-
HOM ON9 reoMeTpUYecKom CTPyK-
TYpbl TEMMOBLIX PEaKkTopoB, U CO-
KpaTuTb BblYMCNUTENbHbIE 3aTpa-
Tbl. Y4eT TennoBoro ABWMXKEHUS
saep cpenbl, HeobxoauMmbIn ongd
KOPPEKTHOrO peLleHnss peakTop-
HbIX 3aady, OCyLLeCTBNAeTCs ABY-
Msi cnocobamu: y4yeTom Xumuye-

TBC

(195 sewiecms, 69 epynn)

CKMX CBA3eW — Tak HasblBaemasi
mogene S(a, B) unu B npnbnuxe-
HUM cBOBOAHOrO MakCBEMNOBCKO-
ro rasa. B nocnegHem cnyyae mo-
AenupoBaHue pacnpocTpaHeHus
HEVTPOHOB BEAETCH Ha XONOOHbIX
CevyeHusix BellecTBa. Y4eT TeMm-
nepaTypHOro OBwXeHus saep 3a-
NOXeH B caMm anroputM mogenu-
poBaHMsl, YTO OYeHb yOobHO, Tak
Kak He TpebyeTca pacyeTa KOH-
CTaHT Ans 3agaHHoOW Temnepary-
pbl. B nporpamme peanusoBaHbl
TpU pexunma cyeta:

* pexum «K» — pacyeT KpuTnu-
HOCTW peakTopoB, NMPOCTPAHCTBEH-
HO-3HepreTUYeCcKoro pacnpeage-
neHns HenTpoHoB B A3 1 NHTEH-

broyHasi cucmema enoxeHut 05151 pacyema A3
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CMBHOCTU peakuun Ha KaXXgom
3NeMeHTe N B KaXd0W 30He peak-
Topa B CTauVOHAapPHOM peXuMe.
Bepudumkauna nposegeHa ¢ umc-
nonb3oBaHnem 3agad VVER1000,
C5G7MOX wn gp. MNony4yeHo xo-
poLuee corracue ¢ pesynsratamu
pac4yeToB no nporpamve MCNP;

* pexxum «D» — pacyeT npouec-
COB HEUTPOHHOM AnHamukn A3
aTOMHbIX 9NEKTPOCTaHUun C pe-
aktopamu Tuna BBOP n PWR kak
0N aBapuWHbLIX CUTyaLuin, Tak 1
Ans pabodnx nepexogHbIX pexu-
MoB. OCHOBHOW OCOBEHHOCTbLIO
MOAEeNnMpoBaHUsa B 9TOM Criyvae
SBMSIeTCA MCMNOMNb30BaHWe nowla-
roBOro0 BPEMEHHOIO cyeTa U yder
BpPeMeHN 3anasfblBaHUS HEUTpO-
HOB, UCMNyCKaeMbIX OCKOrKamMmu

SAep Ha peakuuax genenus. Me-
TOAMKa pacyeTa NpOCTPaHCTBEH-
HOW HEWTPOHHOW AUHAMUKU MEeTOo-
oom MoHTe-Kapno siBnsetcsa Ho-
BaTopcKkonm B obnactm mopenu-
poBaHna A3 ASDC. Ee BHeppe-
HWIO MpelwecTBoBana paspaboT-
Ka pasnuyHbIX NOAXOAOB K Moae-
nuposaHuo 1 anpobaunsa mx Ha
MoAenbHbIX 3agavax;

* pexum «V» — pacyeT BbIrO-
paHnA TOMMIMBHbIX 3NIEMEHTOB.
MNpumeHsieTcsa UMKNUYHaa OByX-
aTanHasa npouenypa — pacuer
NPOCTPaHCTBEHHO-3HEepreTnyec-
KOro pacnpegeneHuns noTokoB Heu-
TpoHoB metogoM MoHTte-Kapro
N pacyeT M3MeHeHUs U30TOMHOro
cocTaBa B TOMMMBHbIX 30HaX Mpo-
rpammHon 6ubnunotekon KING.

lMpumep moderbHOU 3adayu Mo ycmaHo8NEeHU0 CmayuoOHapHO20 pexuma
U pa3zoHa peakmopa npu M2HOBEHHOM Mo8bIlWeHUU peakmusHocmu Ha 0,5 3

MeaHoseHHoe usobpaxeHue 83aumodeticmeus pacrnasneHHou (~ 1400 K)
karnnu Cu ¢ nosepxHocmbto Kpucmasna Cu (300 K). Ckopocmb karinu 5 Km/c,
yeon nadeHusi 60°. KpacHbiM 4u8emom rnomeYeHb! amomel,

He npuHadnexauwue K Kpucmanau4yecKkum Cmpykmypam, 8 moM Hucrie
amombl Kansau U 8HeWHUe amombl 108epXHOCMU, CUHUM — amombi Cu,
ceemrio-201ybbiM — 803HUKarouwue 0echeKkmHble miocKkocmu

Kpome ocHOBHOro pesynerara,
ONS KaXgoro pexuma BblgatoTcs
3Ha4YeHMs TOKOB M MOTOKM YacTuy,
yepes3 NOBEPXHOCTU CUCTEM, MO-
TOKM YacCTUL, U KONMUYECTBO peak-
UMM B obnactax cucTembl, a Tak-
Xe CBEPTKU 3TUX pe3yribTaToB
C NPOU3BONIbHbIMU (PYHKLMAMU
3Heprnn n gasoBbiX KoopauHaT
yacTtuubl. paduryeckmne moay-
N NO3BONAKT HarnsgHo npeg-
CTaBNATb pe3ynbTaTbl pacyeToB,
Hanpumep, SHeproBblgeneHmne
B A3 Ha cTauMoHapHOM pexu-
Me. B pacuyeTtax mcnonb3syrTcs
HENTPOHHO-AEPHbIE KOHCTaHThI
pasnunyHbIX Bepcun dubnmnortek
ENDL n ENDF/B. Pac4yeTbl MOX-
HO npoBoauTb Ha MK 1 mawwmnHax
C napanneribHONn apXnTeKkTypou.

OOHO M3 MHTEepecCHbIX MNpu-
KnagHbIX HanpaBfieHU CBSA3aHO
C CO3[aHMEeM pasfMyHbIX MO CBO-
UM pusmnyecknum cBoricTBam Mo-
kpbiTun. Vdyyaetcsa B3anmogen-
CTBME YacTuy, Kanesnb (HaHo4a-
CTWUL, HaHOKanenb) C NOBEPXHO-
ctamun. Ha ocHoBe metoga mone-
KYNspHOW OUHaMWKK, pa3BuBae-
moro B UTM®, nposogutca umc-
crnegoBaHne ocobeHHoCcTen B3au-
MOAEWNCTBUA pacnnaBneHHbIX Ha-
HOKanenb MeTanfoB C MeTanm-
YECKMMMU NMOBEPXHOCTAMU, UMEID-
WMMKN pasfniMyHble KpucTanmmye-
CKWe CTPYKTYpbI.
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