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BbiCOKONPOWU3BOAUTE/NIbHbIE BbIUMC/IEHUS
B TEOPUU TYPOYNIEHTHOIO ropeHUs

MonenvposaHue TypOyneHTHOro ropeHus ra3oBbix TOMMB NPEACTABNAET GpyHAa-

[MTp CKMraHMM PA3HOrO POAA TOMIMBA HYENOBEYECTBO
cerogHa nonyyaet nopaaka 80% wmcnonbayemor sHep-
MKW, U CTOMb 3HAYUTENBHAS POSIb 3TOFO MCTOYHUKA SHEP-
MK COXPaHUTCA B Brnvkaiwme pgecatmnetma. [1pobnema
nosyyeHms nofgobHOM SHEPIUM COMNPAXEHa C Npobnema-
Mn BE30MACHOCTU, SKONOTMYECKON YMCTOTHI M SKOHOMMU-
yeckon 3¢pdekTMBHOCTU. HeobxogMMocTb COOTBETCTBMA
TEXHOMOTUIA CKUTAHMSA TOMAMBA MEXIYHAPOLHBIM CTOH-
0OPTAM, PENAMEHTUPYIOLMM BHIOPOCH 3ArPA3HSAIOLLMX
BELLECTB M MAPHMKOBLIX FA30B, MPU OAHOBPEMEHHOM
obecneyeHnn KOHKYPEHTHLIX MPEMMYLLLECTB 30 CYET db-
bEKTUBHOrO MCNOMb30BAHUS TOMMMBA, NOOYXAAKOT K He-
NPEPLIBHOMY PA3BUTUIO TEOPETUYECKOTO PYHAAMEHTA
M BBIYUCIIUTESNbHBIX TEXHONOTUI Ang Moaenemn TypoOyneHT-
HOFO FOPEHMS.
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MEHTQIbHYIO 304y, PELLEHNe KOTOPOM HOXOAMTCA HA Mpenene BO3MOXHOCTEN CoBpe-
MEHHBIX KOMMbIOTEPOB. MOXHO 3AKIIOUYUTL, YTO B MOCHEAHEE AECSTUNETUE YMCIIEHHOE
MOAENMPOBAHME TYPBYNEHTHOTO ropeHus 0OGOPMUIOCh KaK HOMBOMEE CIIOXHOE Hay4YHOE
HAMPOBAEHME BHIYMCIIUTENBHOM TMAPOAMHAMUKM. DyHAAMEHTANBHAS TPYAHOCTb AAHHOMO
HOYYHOTO HAMPABEHWA 3AKTIOYAETCS B TOM, YTO Ana TypOyNeHTHOrO ropeHus rasos
XOPOKTEPHO TECHOE B3OMMOLENCTBME HECKOMbKMX BUIMKO-XMMUYECKMX ABAEHWMA, Cpeau
KOTOPbIX OCHOBHBIMM ABAKOTCA TYPOYNEHTHOCTb, XMMUYECKUE PEAKUMM W NYYUCTbIA Te-
nnoobmeH. YKasaHHbIE NPOLECCh UMEIOT CYLLECTBEHHO PA3HYIO MPUPOAY M XAPAKTEPH-
3YIOTCAA LUMPOKMM CNEKTPOM NMPOCTPAHCTBEHHbBIX M BPEMEHHbIX MOCLUTA60B. AfekBaTHoe
YUCNEHHOE MOJENMPOBAHME KAXAOTO M3 YKO3OHHBIX ABMEHMI, AAXE PACCMATPUBAEMBIX
MO OTAENbHOCTM, MPEACTABASET 3AAAYY, HE MMEIOLLYIO YHUBEPCAMbHBIX pelleHuit. 3a-
paya eule 6onee yCnoxHaeTcs, ecnu TypbyneHTHOCTb, XMMUYECKME PEAKLMM U TEMNOBOE
M3MyYeHUe B3AMMOLEMCTBYIOT B MHOTOMA3HOM cpefe, KAk 3TO MPOUCXOAMT MPW PACTbi-
NIEHNUN XMOKOro roptoyero unm OrHeTywawlero areHTa.

MNoMUMO  PYHAAMEHTANBHOTO, TEOPETUYECKOTO 3HAYEHMS OYEBMAHA W MPAKTU-
4eCcKas POfNb YMCIIEHHOTO MOLENMPOBAHMS TypbyneHTHoro ropenus. B camom gene,
MMEHHO MPU CKMUIAHWMKM TOMIMB yenoseuecTtso nonyyaet nopsaaka 80% wmcnonbayemoit
SHEPIUM, U CTOMb 3HAYUTENBHAS POJIb STOMO MCTOYHUKA SHEPTUM COXPAHWTCA, MO KPaki-
Hen mepe, B Bruxanwue pecstunetua. [pobnema nomydyeHus SHepru npu CKUraHMm
TOMIMB COMPSKEHA C NPOobnemamn 6e30NACHOCTH, SKONOTMYECKON YMCTOThI M SKOHOMM-
yeckoh sbdekTnsHocTH. HeobxoaMMOCTb COOTBETCTBMA TEXHONOMMUI CKUIAHUA TOMIUBA
MEXLYHAPOLHBIM CTAHAAPTAM, PEMOMEHTUPYIOLMM BbIOPOCH 3ArPsS3HSIOWLMX BELLECTB
M NMAPHUKOBBIX FA30B, NPU OAHOBPEMEHHOM OBECMEYEHMM KOHKYPEHTHBIX MPENMYLLECTB
30 cueT 3pPEKTUBHOrO UCMONL30BAHMS TOMMMBA NOBYXAAIOT K HENPEPLIBHOMY PASBUTUIO
TEOPETMUECKOTO BYHIAMEHTA M BbIYMCITUTENbHBIX TEXHOMOMMI A Momenen TypbyneHT-
HOro ropeHus. [lpu 3TOM, C OAHOM CTOPOHbI, YryBRaeTCs NOHUMAHUE PA3HOMACLITAO-
HbIX BU3MYECKMX MPOLECCOB, MPOTEKAIOWMX MPU FOPEHMM, a C APYrod — CO3AAOTCA
MOLLHbIE BbIYHNUCITUTENTbHBIE MHCTPYMEHTbI M TEXHONOMMKU NAPANIenbHbIX MHOTONPOLECCOP-
HbIX BbluMCeHni. Kpome Toro, creayer OTMETUTL M PA3BMTUE NIA3EPHBIX TEXHONOMMMA AMa-
THOCTUKM TypOYNEHTHbIX MIAMEH, MO3BOMSIOWMX BbINOMHATL M3MEPEHMS TEMNEPATYPSI,
CKOPOCTM U KOHUEHTPALUMIA C BLICOKMM BPEMEHHbIM U MPOCTPAHCTBEHHBIM PA3PELLEHNEM
6e3 NCKAXEHUS BHYTPEHHEN CTPYKTYPLI NnameHun. bnarogapst 3tum TexHonormam nosnyue-
Hbl U MOCTOSIHHO MOMOSHSAOTCS PE3YbTATH M3MEPEHMI, KOTOPbIE 3ATEM WMCMOMb3YIOTCA
Ans anpobauyn MATEMATUYECKMX MOAENEN M KOMMbIOTEPHbIX KOAOB.

Mo HaWeMy MHEHMIO, HEMPEPLIBHOE PA3BUTHME KAK MPOU3BOAMUTENLHOCTH KOMMbIOTE-
POB, TAK M MPOrPAMMHOTO 06ecredeHmrs Koaos (BbICTPO OTKIIMKAIOWMXCS HA HOBEMLLIME TEH-
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[EHUMM B PA3BUTMM MATEMATMYECKMX MOMENEN) OTKPbIBAIOT BO3MOXHOCTb ANl COKPALLEHMS
pa3pbIBa Mexay yHAAMEHTANbHBIMM TEOPETUHECKMMU PA3PABOTKAMM B TEOPMM TOPEHMA
M |'|pO6J'|eMOMl/1 NPOEKTUPOBAHNA PEANbHBIX TEXHONOTMYECKMNX yCTpOl‘/‘iCTB U SHEPreTn4eckoro
ob6opyaoBaHma.

B coBpemMeHHOM pasBUTUK YMCIEHHOTO MOAENMPOBAHMS TyPOYNEHTHOTO ropeHms
MOXHO BBISIBUTL PAL XQPAKTEPHBIX TeHAeHUMM [ 1], CBA3AHHBIX C 3BOMIOLMEN BBIYMCIUTENb-
HbIX TEXHOMOMUI BOODLLE.

Bo-nepsbix, cnefyet OTMETUTL COCTOABLUMIACA NEpexo OT pa3paboTkm cobCTBeH-
HbIX ANTOPUTMOB U NPOTPAMMHBIX KOLOB K UCMNOJIb3OBAHMIO JOCTATOYHO MOLLHBIX U YHU-
BEPCANbHbIX BbIYHMCITUTENIbHBIX MAKETOB, B TOM 4YMCNEe pACNPOCTPAHAEMbIX HO KOMMEpYe-
CKOM OcHOBe. TaKOW Nepexon NPUBOAMT K yryBRsioLEemMyCss CO BDEMEHEM PA3AENEHUIO
TPyaa: pa3paboTka MOAEenen U TEXHONOMMM WX NpUMeHeHus 6onee He BbINoMHAEeTCS
TEMM XK€ JIIOLbMM, KOTOPLIE BHIMOHSIOT PACYETH M AHANMSUPYIOT PE3ynbTaThl (M, Tem
6ornee, CTABAT SKCMEPUMEHTbI).

Bo-BTOPBIX, MPOMCXOAMT CMEHA MOKOMEHMI COAMMX MATEMATMYECKMX MOAENeH.
Hanbonee spkum MpUMEPOM MOCAEOHEro AECATMNETUS SBASETCA WMPOKOMACLITABHbIN
nepexof K TEXHONOMMAM MOJENUMPOBAHMA TYPOYNEHTHOCTU METOIOM KPYMHbIX BUXPEN —
KOK /18 MCCNEefOBATENbCKMX, TAK M NPUKIAAHbIX 3aaad [2].

B-TpeTbux, Npu LUMPOKOMACWITAGHOM MCMONb3OBAHUM KOMMEPHYECKMX MPOrPaMM,
B KOTOPbIX 3ASIOXEHA BO3MOXHOCTb napannenbHbIX BbIYMCIIEHMI HA MHOTronpoueccop-
HbIX Knactepax, HC|6J'|IOD,O€MOH HO NPAOKTHUKE MPOKU3BOOMUTENBHOCTb BbIYMCIEHMIM 3AYA-
CTYIO CyWECTBEHHO OTCTAET OT TEOPETUHYECKOH MAKCMMAMNbHOM NPOW3BOAMTENEHOCTU.
JaHHbI paspbie 06YCIOBAEH APXMTEKTYPOI KNacTepd, AncOanaHcom B 3arpyske apep,
CBOMCTBOMM BbIYUCTTUTENbHbIX anropuTMoB U CTpOTeI’Meﬁ MX pacnapannenmBaHua.

B-ueTBEpPTHIX, AN MPOMBILLAEHHOCTU MCNONb3OBAHME MHOTOMNPOLECCOPHBIX KOM-
NbIOTEPOB He ABMAETCH CAMOLENbIO; POCT MX YUCIA M MOLLHOCTM ONPABAGH B TOM MEPE,
B KOKO/ OH CMOCOBCTBYET PELEHUIO NPUKNAAHBIX 30104, HO KOTOPYID OPUEHTUPOBAHA
TA WU UHAS OTPACb. B TO X€ BpeMsa NONHAA ONNUTENbHOCTb MHXEHEPHbIX NPOEKTOB, NC-
NONb3YOLWMX BbICOKONPOUIBOAUTENbHbIE BbIYMCIEHNA, BKIIOYAET, NOMMMO ANUTENBHOCTU
BLIYMCIIEHMI, 30TPATH BPEMEHM Ha cnepylowme Buas pabot: 1) paspabotky matema-
TUYECKON Mofieny; 2) ee NPOrpaMMHYI0 peanuaauuio u sepudukaumio Koaa; 3) paspa-
HOTKY TEXHOMOTUM BbIYUCIIEHMI, BKIIOUAS MEPEMELLEHUE, BLITPY3KY U XPOAHEHWE ACHHbIX;
4) BM3yQNM3QUMIO M QHONM3 PE3YNbTATOB PACYETOB, MX COMOCTABEHUE C DKCMEPUMEH-
TOMM M OPYrMMM [GHHBIMK; 5) OLEHKY OneKBATHOCTM M, MPU HEOBXOAMMOCTH, moandu-
KQUMIO MOAENM M, HaKOHeL, 6) MOAroTOBKY OTYETHOM AOKymeHTaumu. B pape cnydaes,
NPOLECCOPHOE BPEMS OKA3bIBAETCS BOBCE HE OCHOBHBIM KOMMOHEHTOM BCEW TEXHONO-
ryeckoit uenoukn. CnefoBaTensHo, POCT MPOM3BOAMTENLHOCTM NMPOLECCOPOB (s KO-

19

TOPOro B nocnegHne AeCATUNEeTUd BbINONHANCA 3KCFIOH€HLI,MGJ'IbeII‘;1 30KOH MypO) MOXeT
HEe NPMBECTN U, KOK NPABUIO, HE NMPUBOIMUT K MPONOPUMOHANBHOMY CHUXEHUIO BPEMEHMH,
HEOBXOAMMOTO AN peLlerns 30aauun. [Ins Haubonee NMOMHOM 30rpy3kM UMEIOLLMXCS Bbl-
YUCTIUTENBHBIX MOLLHOCTEN TpebyeTcs mx 3bdEKTUBHOE AAMUMHUCTPUPOBAHME, HOAEXHAS
W yoobHas Ans NOMb3OBATENS OMEPALMOHHAS CHCTEMA M CPEAA PA3PABOTKM.
YKQa3aHHbIE TeHAEHUMM HEU3BEXHO CTABAT NPOBIEMbl METOAMYECKOTO XAPAKTEPA
NPV MOLENMPOBAHUM TYPOYNEHTHOTO TOPEHMs TA30BbIX TOMIMB. Hackonbko aneksaTHbI
BbIOOP MOZENMU, METOZ YMCIIEHHOTO PELIEHMUS, PASMEP PACYETHON 0BNACTH, TOMOMOTHUA
M PA3SMEPHOCTb PACYETHON CETKM, TPEBOBAHMA K cxogumoctue OTBedas Ha 3TH BOMPO-

Cbl, MONb30BATENb NMPUHUMAET PELLIEHUS, KOTOPbLIE OMPEAENAOT CTeNEeHb JOCTOBEPHOCTU
pe3ynbTATOB PACHETA M 3ATPATb HA MX MnonydeHue. B csoio ouepenb kBannbuumpo-
BOHHbIA OTBET HA nepedYncneHHble BONpoOCh Tpe6yeT 3HAHWA U MOHUMAHUA ¢M3MH€CKMX
OCHOB MOAENIMPYEMBIX ABNEHMM.

Puc. 1a. Puc. 16. Puc. 1B.

B Cankr-Tetepbyprckom rocyaapCTBEHHOM MOAMTEXHUYECKOM  YHMBEPCUTETE
BEAyTCA OKTMBHbIE PABOTHl MO YUCAEHHOMY MOAENMPOBAHMIO TypPOYNEHTHOrO rope-
HUA — KOK YNPOBAAEMOro (B NA6OPATOPHBIX MIAMEHAX M NMPOMBILNEHHbIX TOMKAX), TAK
M HEynpaBASEMOro — MPM MOXAPAX (B MOMELLEHMAX M B OTKPLITOM MPOCTPAHCTBE).
B pabotax ucnonbsyercs mMaTeMaTMHeckas Momenb M kop COBCTBEHHOM paspaboTku
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(Fire3D [3]), a Takkxe Kommepueckme rMapoauHamuueckue komsl Ansys Fluent u Ansys
CFX. BbluMcrnenus BbINONHAIOTCA HAO MHOMOMPOLECCOPHbIX KnacTepax MHpopmaumoHHo-
TenekommyHukaumoHHoro kommnekca CI6ITTY, cambit MOUHBIA M3 KOTOPLIX MMEET
B cBoem coctase 256 npoueccopHbix aaep. [prBeaeHHbIM PUCYHOK NOKA3LIBAET, CKOJb
PA3HOOBPAZHBIMKU MOTYT BbITh MPUMEPHI TYPOYNIEHTHOTO FTOPEHUA B UCCIIEAO0BATENLCKOM
M MHXEHEPHOM NPAKTUKE.

MprMepbl YUCIEHHOTO MOAENMPOBAHMS TYPOYNEHTHOTO ANddY3MOHHOrO ropeHus:
a) nabopatopHoe nnams Sandia Flame D (cnesa — BHEWHMIT BUA MNameHu C ny4om
nasepa (Barlow et al., 2007), cnpasa — pesynstat pacueta (A.Pponos, A.Crervpes,
2008)); 6) ecTrecTBEHHO-KOHBEKTMBHOE MNAMA HOM MOBEPXHOCTLIO XMIKOTO FOPIOYero
(cneBa — HATYpHBIE UCMBITAHMA B HEMOABMXHOMN ATMOChEPE, CNPABA — PE3YNLTAT PAC-
yeta ¢ nomousio mogemu Fire3D [3]); 8) ropenue npupoaroro rasa e tonke kotna [P2C
(cneBa — none TemnepaTypel, CNPABA — KOHUEHTPaUMsa okcuaa azota [4]).

PaboThl no YUCNEHHOMY MOAENUPOBAHUIO TYPOYNEHTHOTO FOPEHMA BbINOSHSAIOT-
ca B pamkax npoekta FireEx-MicroTEST (2007-2009), noaaepxaHHOro Kopnopauueit
Microsoft Research B pamkax nporpammsr TCl (Technical Computing Initiative), a Takxe
npu snaumtensroit nogaepxke 3AO «Dkotony (Cankr-MNetepbypr) u MNpasutenscrsa
Canixr-MNetepbypra (rparts 2008 1 2009 rr.).
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