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AnaHOTa U

st BTOpPOIt os10BUHBL 20-T0 CTOJIETHSI XaPAKTEPHO TOPA3UTEIHLHO OBICTPOE PA3BUTHE HHC-
JIEHHBIX METOJIOB PeIleHus 3371a9 MEXaHUKN, GPU3NKN, XUMUU ¥ MPUKIATHBIX 33/1a9 U3 CAMBIX
Pa3AUYHBIX 00/IaCTeil, KOTOPOe MPOUCXOIUIO MTaPAJIeTHHO U BO B3AUMOIEHCTBUN C OBICTPHIM
Pa3BUTHEM BBIYNCIATETHLHON TEeXHUKU. [I0SBUIOCH MHOTO HOBBIX BAayKHBIX HAPABJIEHUMN, Ta-
KPX, KaK BBIYUCIUTE/IHHAS MEIUITNHA MM KOMIbIOTEPHBIN WHAKWHUPUHT U T. II., OBLIH CO37a-
HBI MOIHBIE KOMMEDYECKNe MaKeThl TPOTPaMM U emne 00jiee MOIIHBIE TMAKeThl MPOrPAMM LIS
HAYYHBIX BBIUHUCIEHU, TO3BOISIONINE YKOHOMUTH KOJIOCCAIHHBIE CPEICTBA ITPU TTPOEKTUPOBA-
HUHU Pa3HOOOPA3HBIX 00BHEKTOB UeJ0BEUECKON [IesATeTbHOCTA U UCCIEJOBAHUM OKPYIKAIOMIETO
Hac Mupa. B TO ke BpeMst HEBEPOSATHO YCIOKHAIOTCS CTOSIINE MTEPET IeTOBEIECTBOM U HAYKOM
TPOGJIEMBI, PeNTeHne KOTOPBIX TpeOyeT OT HayKN OrPOMHBIX yCHUJINi, n3MeHseT ee obsmk. IIpo-
BUKEHNE BO MHOTHUX BayKHEUNTNX 007IaCTAX HAYKHU M TEXHUKN BO3MOYKHO TOJIBKO TIPHU OIIOPE HA
BHUUCAUMENDHYIO HAYKY, TTOHUMAEMYIO KaK COBOKYITHOCTh BCEX KOMIIOHEHTOB, TMO3BOJISIONINX
pemats HawnboJiee CIIOKHBIE MPOOJIEMBI ITyTEeM MOIEIMPOBAHNS M CUMYJIMPOBAHUS HA CyIep-
KoMmmbioTepax. B Hay9HOM CO00OMECTBE CTAHOBUTCS OOIMIENPU3HAHHBIM, UTO HAPSIIY C Teopuei
¥ TPAKTUKOM BBIYUC/IUTEIbHAS HAYKa CTa/Ia HEOOXOIUMON mpembeti onopoti npoyecca no3Ha-
nua. Tem He Menee Poccust yTpaTnia cBou mepe1oBble TO3UINY 110 [IEJIOMY DSy HATPABICHUH
B 9101 obsactu 3uanwmii. Cremnenp Hanlero oTcTraBanus OT 3ammaja COMOCTABUMA ¢ OTCTABAHUEM
B pa3zpaboTke KOMIbIOTEPOB. B Takmx yca0BudAX 0COOEHHO BarKeH BHIOOD OCHOBHBIX HAIIPaBJIe-
Huil ycunmit. He cTaBg cBOeil IesIbI0 HEBBIIOTHUMYIO 3371a49y BCECTOPOHHETO aHAJIN3d IPUYUH
¥ OTBET Ha BOMPOC «YTO JIEJIATH?», ABTOPbI MMOMBITAIUCH JaTh aJeKBATHOE HHTErPAJIbHOE IIPe/I-
CTaBJICHME O POJIM BBIYMCIUTEIHLHON HAYKM B COBPEMEHHOM, B OCHOBHOM 3aIla HOM, ODIIeCTBe
", 70 HEKOTOPOil CTENeHN, ee OTPAYKEHWM B BhICIIEM oOpa3oBaHmm. Mbl mpmuberaeM B OCHOB-
uom K ombity CIITA. Crarbsa He mpeTeHgyeT Ha OKOHYATEILHOCTH BBIBOJIOB, IEJIb e€e Oyier
JIOCTUTHYTA, ecJii OHa OyJeT Crocob6CTBOBATEH MPOAYKTUBHOMY OOCYIKIEHHIO TIOTHSTHIX B HEil
BOITIPOCOB.

Together with theory and experimentation, com-
putational science now constitutes the “third!
pillar” of scientific inquiry. ..
Ilpensrnenue Ge3 neiictBus — medra. [leiicrBue
6e3 MpeIBUICHNST — KOIIMAP.

Anonckas nozosopka.

BBenenue

NurencuBHoe pa3BuTHE BHIYUCIUTETLHON MATEMATHKU KAK B TEOPETUIECKOM, TaK W
MPAKTUIECKOM aCIEeKTaX, PABHOCUIbHOE ee BTOPOMY POXKIEHWIO, ObLIO CBA3aHO KaK y
nac, tak u B CIITA ¢ co3manmem atomuOro opysKus. [Ipuunna OblIa HE TOJBKO B OCT-
poii HEOOXOIMMOCTH OPYZKWS PEITaioIIero MepeBeca M OMEepesKeHus MPOTUBHUKA B €ro

M3 noxmama mpesugenty CITTA: Buuucaumesvhaa nayka: obecnevenue KOHKYDEHMOCNOCOOHO-
cmu Amepuku. TIpe3sngeHTCKuil KOMUTET COBETHHKOB 10 uHMbOpManuoHubiM texunonoruam (PITAC —
President’s Information Technologies Advisory Committee), urons 2005 1. [1].
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pa3paboTke, HO U B HEBO3MOXKHOCTU MPOBEIEHUsST HEOOXOIUMOTO 00beMa, SKCIIEPUMEH-
ToB. BiepBbie Bo3HUKIA TPoOIEMa OTPOMHOIO HAYYIHOIO W WHXKEHEPHOTO MacIinTaba, B
peIlenny KOTOPO MPUMEHEeHNEe KOMIIBIOTEPHBIX aJTOPUTMOB BBIYUCIUTEILHON MaTeMa-
TUKW JOJPKHO OBLJIO CHITPATh 3HAYUTEIbHYIO POJIh. BOT Kak OMUCHIBAET 3TO aKaIeMUK
A A. Camapckuit [2].

«B3pwIB sg1epHOit OOMOBI — 3TO OJHOBPEMEHHOE MPOTEKAHNE MHOTHUX B3AMMOCBS3aH-
HBIX TIPOIECCOB — JIEJIEHUS AAePHOr0 ropiodero HeliTpoHaMu, PACIPOCTPAHEHNs 00pa3y-
IOIUXCA TIPU 9TOM HEHTPOHOB, BBIJIEJIEHUs] SHEPTUHA U €€ MEPEHOCA [0 BEIEeCTBY, ra3o-
JIMHAMUYIECKOTO PA3JIeTa Iy IOBHUIIHO PA3POCIIErocs BemecTa. Bee 3Tu mporeccs omnm-
CHIBAIOTCS CHCTEMON HEJIMHEWHBIX YPABHEHUN B JYaCTHBIX MPOW3BOAHBIX. Takue 3agadun
Hu usukn, #Hu MareMatuku B 1947-1948 rr. He ymeau pernars.

B 1947 r. 3akaHIMBAINCH KOHCTPYKTOPCKHE PpabOTHI IO CO3JAHUI0 COBETCKON aTOM-
Hoit 6oMObI. BO3HHK BOIPOC O TEOPETHUUIECKOM TPOTHO3€ MOIIHOCTH B3pbIBA... llpm-
cyrcreoBasiiuit Ha cemuuape A.H. TUXOHOB mpeioKWI IPOBECTH METOIOM KOHEYHBIX
pa3HOCTEll MpsiMOii pacyeT B3pbIBA HA OCHOBE TIOJHBIX MOesel (hU3ndecKux MpoIec-
coB (pacmpocTpaHeHusl HEHTPOHOB W TEIIA, sJIEPHOTO TOPEHUS U TA30JAUHAMUKH). . .
B 1o Bpemsi HU TeopuW, HU OMBITA MPAKTUIECKOTO MTPUMEHEHUS PAZHOCTHBIX CXEM JIJIst
CITOXKHBIX 33724 MaTeMaTudeckoit ¢pusukn paktudecku ne 66110, [loaTomy 310 3asBiie-
Hue ObLIO HEOXKUTAHHBIM i (pu3ukos u Bbi3Baso pemauky JI.JI. Jlammay, aro rakoit
pacder OBLT ObI TIOBUTOM».

A.A. Camapckuii 3akaHYUBaeT CBOIO CTATHIO 3aKII0UEHUEM, OJIU3KUM B3SITOMY B STIH-
rpad u3 nokaaga npesumenty CIITA TIpesumeHnTcKOro KOHCYJILTATHBHOIO KOMUTETA IO
UT (undopmanuonnbiv Texuosorusm): «Paborbl, cBA3aHHbIE ¢ CO3JaHUEM ATOMHOIO
U BOJIOPOJIHOTO OPY2KHUs, MPUBEIN K KOJOCCAJIHHOMY YCKODEHHUIO PA3BUTHUS HE TOJHKO
MHOTHX PAa3/Ie/I0B TeXHUKU, (PU3NKU, XUMUHM, HO U HePecTpPoiike MaTeMATHIECKUX Ha-
YK B CBSI3W C TIOSIBJIEHWEM KOMIIBIOTEPOB U BBIUMUCIUTEBHBIX METOIOB. Bedywyro poav
B MO3HAHUM MENEPL UPAem MAMEMAMUYECKOE MOJEAUPOBAHUE C TNETHON0ZUET Ma-
MEMAMUYECKO20 IKCNEPUMEHMA> .

Ceityac npusHaHUE BBIYUCIUTENBHON HAYKW TPETHEH OMOpOH Mo3HaHWs, HAPITY C
Teopueil W IKCOEPUMEHTOM, CTAHOBUTCS Ha 3amaje ODIUM MECTOM B yCTaX HE TOJb-
KO YYEHBIX, HO U YNHOBHUKOB. OO 3TOM CBWIETELCTBYET, HAPUMED, HWHTEPBBIO OJI-
HOTO W3 BEIYIUX PYyKOBOAUTENEH dhemepasbHOil MPOrpaMMbl TI0 MOHUTOPUHTY sITEPHO-
ro opyxust B. Peiica [3]. Berancaurenbuas nayka, kak ona noummaercs B CIIA, rue
9TOT TEPMUH IIUPOKO UCIOIb3YETCsl, TOKPBIBAET 3HAYUTEIHHO D0JIee TMUPOKYI0 007I1aCTh
[0 CPABHEHUIO C BBIYUCIUTE]HHON MATEMATUKONH U MATEMATHYECKUM MO/ IEIUPOBAHMU-
eM. 9TO CBA3AHO C TE€M, YTO KOMIBIOTEPHBIN AHAIN3 MHOTMX $IBJIEHUN COBPEMEHHOTO
MHpa HE CBOAMUTCS K MATEMATHYECKOMY MOJIEIUPOBAHUI0 U TPEIMOJIArAaeT OTPOMHYIO
KOMTIBIOTEPHYIO MOIIb, COOTBETCTBYIOIINE MaTobecmedeHne u nHGpacTpykTypy. B mo-
kuaze npesugenty CIITA [1] naercs pasBepHyTOe OLpeIeIeHIe BbIYUCIUTENbHOM HAYKH,
KOTOPOe MbI IIPUBOIUM B pasjese 3.

TostoBOKpyKHUTETEHOMY PA3BUTHIO BO BTOPOii mosioBrHE 20-10 CTOJIETHS] 9UCIEHHBIX
METOOB PEeITeHus 3a/1a9 MaTeMaTHIeCKON (PU3UKH, MATEMATHIECKOTO MOIETNPOBAHNUS,
BBIUUC/INTEIHHOM TexHUKH a 3areM u VT crnocobcTBOBaIM, MOMUMO HEOOXOIUMOCTH CO-
BEPIIIEHCTBOBAHUS OPY¥KUsi, BO3PACTAIONINE MTOTPEOHOCTH MHOTUX CTOPOH UeJIOBEYECKO-
ro cyrecrBoBanus. HeBO3MOXKHO yKa3aTh TUXYIO 3aBOJb, B TPAHUIAX KOTOPO MOXKHO
OBLT0 0boiiTHCh 6e3 HuX. Be3 anropuTMOB BEIYUCIUTENHHON MATEMATHKHA M MATEeMATHIe-
CKOT'O MOJIEJINPOBAHUS MHOTOE, CTABINEE Y3Ke MPUBBIYHBIM, OCTAJIOCH OBl 32 3aHABECOM.
Hampumep, He ObII0 OBI MOJIETOB B KOCMOC, HIOCKOMUYECKON XUPYPTUU W MHOTOTO
npyroro. Muorrne o01acTH U3MEHUIN CBOE JIUIO, JaJIbHeilee pa3BuTHe IPYTUX HEBO3-
MO2KHO 0€3 MOIIHOI BBIYHUCIUTEHHON PAa3BeaKu. B MeauimHe Mbl He 3HAINA OBI O KOM-
MBIOTEPHON JUATHOCTUKE, TOMOIPAMUN U MHUPOKO MPUMEHAEMBIX METOIUKAX JIEIeHUS
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psifia OMACHBIX BHYTPEHHUX DOJIE3HEH, B KOTOPHIX Tereph KOMIIBIOTEPY OTBEIEHA Pera-
forast posb. CTenenb BTOP:KeHMsT KOMIIBIOTEPHBIX U JIPYTUX COBPEMEHHBIX TEXHOJIOIHIA,
HAIPUMED JIA3€PHBIX W PAJIUOJOTUICCKUX, B XUPYPIUIO HACTOIHKO 3HAYUTETHHA, 9TO
Xupyprusi 6e3 orneparnuii — y»ke He Meura [4].

Aproit miTocTpaImeii poan MaTeMaTHIeCKOrO MOIETUPOBAHNS B aJeKBATHOM BOC-
MPUSITAYA BBI30BOB BPEMEHW W TPUYUH, MO KOTOPHIM BBIYUCIWTEIhHAS HAyKA CTAJA
HEOOXOJMMBIM KOMIIOHEHTOM TIO3HAHUS, SIBJISETCS CO3JAHHE TEePMOSIIEPHBIX PEAKTO-
poB. dnepHbiii cuaTe3 oTKpbIT B 1934 1. B maboparopun . Pesepdopma Ha HECKOIBKO
JleT panbine sneprun genenus spep. OIHAKO aTOMHBIE JEKTPOCTAHIUE paboTaroT ¢
1954 1., B TO BpeMs KaK MPOMBIITIJICHHOE TIOTYUYeHNe SHEPTUN SIePHOTO CUHTE3a O¥KUIa-
ercs Juib K cepeanue 21-ro Beka. U 970 HECMOTps HA TOTOBHOCTH CTPAH-YYACTHUKOB
npoekTa crpoutenbctBa ITER — Meowcdynapodnozo sxcnepumenmanvrozo mepmosdep-
H020 PEAKMOPa — UCTPATUTH TOJBKO HA €r0 CO3JAHNE HECKOTBKO JIECITKOB MUJLIAAPIOB
espo. Omna u3 npobemM — opranu3alius KOHTPOJIs TPOUCXOANINX B [LIA3Me TIPOTECCOB.
Hy>xen KOHTPOJIb, HE U3MEHSIOIIH TTPOIECC TOPEHUS, TO €CTh, HATIPUMED, TIOCPEICTBOM
JIA3epHOrO 30HIMPOBAHNUS, MATHUTHBIX JIOBYIIIEK U APYTUX YCTPOUCTB, PACIOTOKEHHBIX
0 KpasiM Ta3Mbl. [losydaeMbie B 3TOM CIydae JAHHBIE MOTYT OBITh MPABUIHLHO HHTEP-
MPETUPOBAHBI JIUIIH € MOMOIIBI0 KOMIIBIOTEPHBIX MPOrPAMM, CHMYJIUPYIOMIAX MPOIECC
POPEHHSs C JOCTATOYHBIMU TOYHOCTHIO ¥ ObICTPOTON. Takue mporpaMMbl OCTPO HYKHBI
U JTsl TPOeKTHpoBanusi peakropa. CyIecTByomme aaropuTMbl U CYHEePKOMITBIOTEPbHI
He CHpaBJIgOTCS ¢ 3To# 3amadeii. B 2004 r. JImBepMopcKoii HAIMOHAIBLHON gabopa-
ropueit CIITA cosmectro ¢ Yuusepcurerom Buckoncuna-Mamucona (The University
of Wisconsin-Madison) na ocuose komiiekca nporpamm NIMROD 6buia ocymecrsiie-
HA CHMYJIsIUs 4-X MUJUTUCEKYHJI TOPeHus , JaBiiasg OJM3KHEe K IKCIEPUMEHTATbHBIM
remmneparypbl. OHa npou3BoOAMINCH HA cynepkoMnbioTepe Harmmonansuoro uccienosa-
TEJILCKOTO HAYYHOTO BhlancauTebHoro nearpa sneprun (NERSC’s). Us-3a ciaoxuoctn
CUCTEMBI YPABHEHWII B YACTHBIX MPOW3BOIHBIX, OMUCHIBAIOIINX MPOIECC TOPEHUS I11a3-
MBI, Kax bl pacuer Tpedosas 100000 maros mo BpeMeHu, BHIMOJHABIIXCA 3a 50-80
cearcos mo 10-12 u kaxaprii. B memom omgaa cumynsanusa tpebosasa mopsaka 30000 o
POLIECCOPHOrO Bpemenu [3].

Hy:xHO mom4epKHyTh, 9TO KOMMBIOTEPHBIE CUMYJISINE TAKOTO 00beMa U CJIOXKHO-
ctr TpeOYIOT HE TOJBKO CO3aHWs aJeKBATHBIX (DU3UKO-MATEMATHIECKAX MOJIEJIEH,
MPUMEHEHUs] HOBEHIITUX BBIUYUCIUTEIHHBIX METOIOB M HOBBIX METOJIOB TPOTPAMMUPOBA-
HUsl, OPUEHTUPOBAHHBIX HA CYTMEPKOMIBIOTEPHI MEeTAMIOMHOrO YPOBHS, HO U MPUMEHEe-
HUS MPOJIBUHYTHIX TEXHOJIOrUI 06pabOTKU THIAHTCKOrO OObeMa, MOy YaeMbIX JTAHHBIX.
B cBoto ouepenn, Bce 3TO HEOCYMECTBUMO 0e3 co3aanus HHPPACTPYKTYPHI, CIIOCOOHOM
Mo/ /IepKUBATH 3 MEKTUBHBIE PAOOTY U B3aUMOoeiicTBre (DPU3UKOB, MPUKJIATHBIX MATE-
MAaTHUKOB, TPOTPAMMUCTOB U MEPCOHAA, OOC/IYKUBAIOIIETO MPOMBIIIEHHBIE YCTAHOBKU
U CyHEepKOMIbIOTEPDI, U X Pa3paboTIuKOB. B COBOKYIHOCTH MEPEUIHCICHHOE U COCTAB-
JISIeT TPEIMET BBIYUCIUTETbHOM HAyKH, HAIIEJIEHHOW HA Cepbe3Hble MPOJIBUYKEHNUs B HAY-
Ke U JIPYruX NpoOJeMHBIX HANPABIEHUIX YeJOBEYECKOrO CYIIECTBOBAHUS MOCPEICTBOM
CYTNepBBIYNACTIECHUN.

B omgnom muaTepBBIO akamemuk E. Benuxor ckazan, uto mgs peanusarnun [TER mo-
Tpebyercsi KOMNBIOTEp ¢ OhICTposelicTBIEM B HeCKoJIbKO Thicstd TF (repadiomnor) [6],
B TO BpeMs Kak ceiiuac HamboJsiee MOIIHBIE KOMIBIOTEPHI CIOCOOHBI MPOU3BOJUTH MO-
paaka 300 TF. Ormernwm, uro B CIITA na 6aze uMeONUXCcs CyNepPKOMIBIOTEPOB yKe
cO3/1a10TCs1 OO BEINHEHHBIE CHCTEMBI ¢ pon3BoauTeabHocThio B PF (meradiomn)? [7].

21 TF~ 10'2 flops/sec, 1 PF ~ 108 TF. Bamerum, uro obosnauenus TF u PF me asisiorcs
OOIIeNPUHATHIMHA.
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1. Boruncianrenbuas MaTeMaTuKa, KOMMep4YecKue
"N Hay4YHblI€e IIaKeThbl IIporpamMm

Breuarsioniue 10CTHKEHNST BHIYUCIUTEILHON HAYKY, TOHUMAEMONH KaK MHOTOJINC-
[UTIJINHAPHAST HAYKA, BKJIIOYAIONIAst pa3pabOTKy YHUCIEHHBIX METOIOB U AJITOPUTMOB,
MaTEeMATHIEeCKOTrO ODeCIedeHnss W KOMIBIOTEPOB € HEOOXOAuMO#H WHQPACTPYKTYPOii,
HUMEJIH Pe3yIbTATOM CO3/IaHKMe MOIIHBIX ITAKETOB MPOrPaMM, OPUEHTUPOBAHHBIX KAK HA
HAYYHbIE WUCCJIEJIOBAHUS, TAK W MPAKTUYECKUE 3aJa9u. UHMCJIO UX B HACTOLAINEE BPEMs
BechbMa Besinko. Onupasich Ha 3amaJHbIl ONBIT W TpenMyInecTBenno Ha onbit CIITA,
YHUBEPCAJIbHBIE MAKETHI TTPOTPAMM, TPETHABHAYECHHBIE IS PEITeHUsT IITMPOKUX KJIACCOB
3a7a49 MeXaHuKh, (PU3UKA U APYTUX 00JacTeil MOXKHO pa3dUTh Ha UeThIpe CIAeIYIOINIne
[PYIIIIB.

a) Kommepueckue nakersl, npumepamu kotopbix ssisiorcs ANSYS, NASTRAN,
FLUENT, LS-DYNA u 1. 1.

() TIpOEKTHO-U3BICKATEIHCKHUE, CO3AABACMbIE sl CBOMX HYZK/[ KPYIIHBIMA HAY IHbI-
MU Tmoapasnenenusmu, rakumu, kak Sandia Laboratories, Hanmonanbubiii ncciemoBa-
TENbCKUI HAYIHBIH BBIYUCIUTETbHBIN TIeHTp S5Heprun NASA u ap.

) Iakerbl, KOTOpPbIE MOXKHO HA3BATH LIEJIEBLIMU, Pa3pabarbiBaeMble, KAK HPABUJIO,
KOHCOPITMYMAaMU YHUBEPCUTETOB W JIPYTUX HAYIHBIX OPTaHW3AINN B CBA3U C KPYITHOIA,
B vacTHOCTH, (heepaabHO HAYUIHOM MPOrpaMMoii.

d) YHUBEpCUTETCKHUE, TO €CTh MPUHAJIEIKAIINE YHUBEPCUTETAM, UMU (DUHAHCUPO-
BaBIHecs W pa3pabarbiBaBiuecs ux noapasaenenusayvu. OHE 9acTO OPUEHTUPOBAHBI
Ha Oostee y3KHil Kiacce 3aad, HO UMEIOT KaKOW-THO0 OTTMIUTETbHbIH HOBBIM HAYyIHDIH
ameMenT. Im MozkeT OBbITH, HAmpuMep, OO0 HOBBIM UHCIEHHBIH METOH, JUO0 MEeTOT
MPOTPAMMUPOBAHUS, KOTOPBIE TIO3BOJISIOT MOBBICUTE OBICTPOIEICTBIE WJIM PEIATh Pa-
HEee HEIOCTYTHBIE JJIs YUCI€HHOTO PEITIeHNsT KIACCHI 3aad.

Koneuno, 310 nenenune ycjaoBHO, YHUBEPCUTETHI y9aCTBYIOT B CO3AHUU BCEX THUIIOB
TaKeTOB, HO PAMKH y9acTus W (PUHAHCHPOBAHNSA PA3IUIHBI. [0CYTapCTBO MOXKET Cy0-
cuaupoBaTh paboThl 10 JIIOOBIM MaKeTaM, HO pa3paboTKa makeroB «) (DUHAHCUPYETCs
Brageabnamu naketoB. C Apyroit CTOPOHBI, YHUBEPCUTETCKUE MAKEThl, HE MOTYT OBIThH
KOMMepUeCcKnM TpoayKToM®. I1o cBOMM GBICTPOIEHCTBIIO, BO3MOXKHOCTSM AHAJIM3a 0CO-
ObIX CUTyaluil U JayKe BEJIMYUHE MAKeThl Tpynm (), ) MOTYT 3HAYUTETHHO MPEBOCXO-
IUTH KoMMepdeckue nakerbl. OIHAKO B3auMOJEHCTBIAE MEXKIY COCTABJSIONMMEA TAKUX
[IAKETOB MPOrPaMM HE BCEr/a MOJHOCTHIO aBTOMATU3UPOBAHO, UX MCIOIb30BAHUE TIPE/I-
rmoJsiaraet 6oJiee CBEYIIErO MOJh30BaTe s, KPYT 3a1a9 JacTo 6ojee y30K, HECMOTPST Ha
TO 9TO B paMKaX MPENMYIECTBEHHOTO HAMPABJIEHWS OHU CIOCOOHBI perarh HanboJiee
CJIOJKHBIE 33aYH.

Harmre orcraBanue B obnactu Beraucanrenbuoit nayku u UT 3akmaapiBasoch He ceii-
gac. B 1960-e rogbl MbI TOJBKO HAYAJIHM ONPABJATHCA OT BOWHBI, MOPAJIOBATIUCH Pa-
JINKAJIbHBIM CHU2KEHUSM IIeH, UMEJIU TPAHANO3HbIE MPOPBIBBI B CO3/IAHUU sIIE€PHOTO U
JIPYTOr0 OpYy?Kusi, OCBOEHUU KOCMOCA ¥ MHOTOM JIpyTOM, 00X0/15Ch B pacderax Mepcee-
camu u Majomornasivut DBM. B BIL JITY (Borancaurensaom neaTpe JIeHUHrpaackoro
rOCYJapCTBEHHOIO YHUBEPCUTETA) PACUYETaMU TPACKTOPUil 3aHMMAJIACh, B YaCTHOCTH,
nmaboparopust npodeccopa, BnocaeacTun dinena-koppecrnongenta PAH, B.U. 3y6osa.
B meckonbkux komuaTax MeHbITHKOBCKOTO IBOPIIA HA Y HUBEPCUTETCKON HAOEPEIKHOI,
tam torma waxomwmics BIL JITY, 3a oOuThiMu Keji€30M ABEPHMU CUIETH COTPYIHUKH,
B OCHOBHOM JKEHIIMHBI, W CTOsIT Tpeck OT apudmomerpoB. [IpumepHO B TO Ke Bpe-
Msi Tepmannn B VHCTHTYTE CTATUCTUKYA W IUHAMHUKH a3POKOCMUYECKUX KOHCTPYKITUI
r. HIryrrrapr (Institute of Statics and Dynamics of Aerospace Structures) mox pyko-
BoacrBom k. Aprupnca (J. Argyris) na 6aze MKD (MerToma KOHEYHBIX 37€MEHTOB)

3C WX TIOMOIIBIO MOYKHO 3apabaThIBATH, BHITOMHSST TPOEKTHI JIJTsi PA3JATHBIX OPTraHU3aINH, HO HX
HeJIb3s IpPOJaBaTh.
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paspabarbiBajics maker mporpamm obrero vazuadenns ASKA — Automatic System for
Kinematic Analysis. Ou ctan nepBbiM KOMMEPYECKHM TAKETOM TaKOTO POA U ObLIT BbI-
nymen B 1969 r. B 1980-x romax d9mcsio COTPYJAHUKOB CO3AHHONH K 3TOMY BPEMEHU
kommanuu Static und Dynamik Forschungsgesellschaft mocturaso 350 a romoBoii 060-
pot $50 murm.*

Wpouus wcropun B TOM, 9TO ceiidac pa3BUTHE YHCJIEHHBIX MeTOJ0B B Poccum cy-
IMECTBEHHO 3aMeTNI0Ch, Ha (OHEe MUPOBBIX JOCTUKEHUi B 3TO# obmactu BKaam Poc-
cunu B pasputue UT mecomsmepumo Mas, HO 3aTO CIOKUIACH UIEOJIOTHUS B MOAIAEPIKKY
JIOCTATOYHO MIAPOKOIO MPO/IBUKEHNsI KOMMEDYECKUX MAKETOB MPUKJIAIHBIX ITPOrPaMM
(ciycrs moutu 40 jieT mocsie ux MosiBJICHUs Ha 3anaje!) B «HayuHbIe» MCCIEJI0BAHUSA U
BoICIIee oOpazosanne. Ha camom Jiesie CMIKOM 9acTo OHa — JIUIb TPUKPLITHE (MHOTIA
MOJI IPETEHITUO3HBIM JIO3YHIOM HEOOXOJUMOCTHU PA3BUTHSI «KPUTUICCKUX> TEXHOJIOTHIA)
JUTi CBEPTBHIBAHWS 3HAYMMbBIX HAYYHDBIX HCCJIEOBAHWI W CHUXKEHUS YPOBHS BBICIIIETO
obpazoBaHus, MPUOIMKATONIETOCA K KATACTPOPUICCKOMY.

Tpynno npeactaBuTh, 9T0 B 1960-€ TO/IBI, TEPOUIECKOE eITle BO MHOTUX OTHOITEHUSAX
BpeMsi, MOXKHO OBLJIO OBI CIeaTh OOJIBITE /JIsT BO3POYKICHUS HAIIEH MPOMBIIIIEHHOCTH
u Hayku. Heawb3si, KaK 3TO CIydYajoCh W WHOTJA CIYYAETCS 10 CUX TIOp, W TpeHedpe-
JKHATEJTHHO OTHOCUTHCS K YHUBEPCATHHBIM KOMMEPYECKUM ITaKeTaM IIPOrPaMM, KOTOPbIe
Havdau pazpabareiBarhcs Torga wHa 3amazge. Kak npasunio, aro mobporabe, obiamsa-
IOIe MHOTUMHU YHUKAJbHBIMU BO3MOXKHOCTSIMHU TPOTpaMMHbIe TPOAYKThl. OHU OymyT
WHTEHCUBHO Pa3pabaThIBATHCS U YCOBEPIIEHCTBOBATHCA U B OYIyIIEM COCTABSIT CEPhe3-
HYI0 KOHKYPEHIINI0 MHOTUM KadeapaM 1 IPyTUM HAY IHBIM KOJIJIEKTUBAM, HE CTIOCOOHBIM
[IPEO0/I0JIeTh 33ABAEMYI0 UMH BBICOKYIO ILIAHKY, OTAE/IAIONIyi0 paboTy MOJIb30BATe N,
omepaTopa, TEXHUKA WU WHKEHEPA-[IPOEKTUPOBIINUKA OT HAYYHOIO UCCen0Banusd. B To
2Ke BpeMs JeJIaTh OBJIA/IEHNe TAKUMU [TAKeTaMU OJHUM U3 IEeHTPATHHBIX MECT BBICIIIETO
obpa3oBanus maryObHO I8 BBICIEro obOpa3oBanus. MupoBasi HayKa, B 9aCTHOCTHU BbI-
YUCUTETbHAST MATEMATHKA, ¥ MaTEMATHIECKOe MOJIETUPOBAHNE, YIILIN JAJIEKO BIIEPE]T,
CYIIECTBYIOT W HE MEHEe WHTEHCHBHO pa3pabaThIBAIOTCS HEPEIKO 3HAYUTEILHO 0oJiee
MOIIIHBIE TTAKEeThI MPOorpamMM (QyHIAMEHTATLHOIO XapaKTepa i HAy9IHBIX HCCIIEI0BA-
HUN B €CTECTBEHHBIX W JPYIUX HAYKAX.

Ob6parnmMcst K OIHON W3 00JacTeil BHIYUCINTEILHON MaTeMAaTHKN — CO3JAHIIO UMC-
JIEHHBIX METOJIOB PEIIEHNs YPABHEHUIT B YaCTHBIX TPOU3BOIHBIX, HE3AMEHUMOTO HWHCTPY-
MEHTA aHAJN3a B CAMBIX PA3HOOOPA3HBIX HAMPABJIEHUSX UEJIOBEUECKON TeATeTHHOCTH
OT MPOEKTUPOBAHUS SAEPHOIO PEAKTOPA, HAHOMATEPHUAJIA UJIU TUIPOTEXHIUIECKON 1710~
TUHBI JI0 PelleHus npodaeM SKOJIOIUH U SKOHOMUKH. 3a MOCJIeTHIE JIaKe HE MOJIBEKA,
a YeTBepPTh BeKa 3Ta 00JIACTh HEy3HABAEMO M3MEHHUJIACH, ObLIN CO3/IaHBbI M TEOPeTHIe-
cku 060CHOBAHBI (TO €CTh UX MOHUMAHUE OBbLIO JOBEJIECHO 70 YPOBHSI, HEOOXOIUMOrO JJIst
YCIIEIIHOTO TPUMEHEHNs HA MPAKTUKE) MHOTHE M MHOIHE AJITOPUTMBI, KOTOPbIE HECO-
MHEHHO BOJIYT B 3040Mot (iord 6vu.empodeticmeyouus ar20pummos BhIauCIuTebHOR
MaTEMATUKHU U KOTOPBIE Y€Pe3 HECKOJIBKO JIeT CTAHyT OAa30BBIMU B KOHKYPEHTOCIIOCOD-
HBIX MakeTax nporpamm. K num orHOCATCA® MeTos1 gexommosuian obiactu [8-12], Muo-
rOCETOYHBIE ¥ MHOTOYPOBHEBBIE UTEPAIMOHHBIE METOIbI PEITIeHNsT CUCTEeM ajrebpande-
CKHUX ypaBHeHwi Merona cetok [13-15, 17], BPX u npyrue MHOrOypoBHEBbIe Mpeso0y-

49Ty gamEBle TPHBOAATCH MO mAMATH. BO BpeMs HpPOEKTHPOBAHMS 3epKATA JAHAMETPOM 6 M IIs
rejeckona CrennanbHOM acTpodusndeckoit 06CepBaTOPUM OJUH W3 ABTOPOB IBITAJICS OPraHU30BATH
pacyeT HaNPSXKEeHHO-IehOPMUPOBAHHOTO COCTOSIHHS 3epKaJia ¢ moMonbio makera ASKA. B sroii cBa3u
eMy NPHIIIOCh TECHO KOHTAKTUPOBATH C PAa3pabOTIMKAMU MaKeTa. BbIOOp HAMMUX NPOEKTUPOBITUKOB
maJi Ha yKpawHCKu# maker Jlupa M HEKOTOPBIE poccHiicKre pa3paboTKu.

51\4])1 JAaeM JINIIb CCBhLJIKUA Ha NMHOHEPCKUue pa6OTBI, €CJIn B HAX XaPpaKTEePHBbIE YePThl HOBOTO METOOa
OTPaAXKEHbI JOCTATOYHO MOJIHO, U HA, OJHY-/IB€ KHHUT'H, BRINYIIeHHbIE HEJaBHO. Ha camom jese turepary-
pa, B OCHOBHOM 3apy0eKHas, M0 9TUM HAMPABICHUAM OrpoMHa. 10 BI#iBIETAM JAETCA CCBIIKA HA OTHY
n3 MHOrumx Oumbmamorpaduit, comepskamiyo 6osee 100 xuur, omybiukoBanubix B 90-X rogax mpPOIIIOro
CTOJIETHS.
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cropmmBaTenu® [18], amocTepmopHbIe OMEHKN TOTPENTHOCTH MPUOIIKEHHBIX perentil
[19-21], BoiiBieTHbIe AJIrOPUTMbI, HIMPOKO HPUMEHSEMbIE Jjisi CAMbIX PAa3HOOOPA3HBIX
mesieit oT pacmm@pPOBKU CUTHAIOB W YHAKOBKU WHMOpMAInm n300pazkeHnit 10 ObICT-
PBIX METOJIOB PeIleHus cucreM anrebpandeckux ypasuennit MK [22], hp-amanTuerbie
AJITOPUTMBI METOJIA KOHETHBIX 37IeMeHTOB [23-26] u nipyrue. B aro Bpemst Hapsay ¢ MKD
npuobpesn 3peryo GopMy METO KOHEIHBIX 00bEMOB, METO YACTHIL, ODITUPHBIN KIacC
6ecceTogHbIX MeTOI0B U npyrue. HeBo3MOKHO mepednciuTs BCe KIACChI TPYIHEUHTNX
3a/1a4, KOTOPBIE CTAJI0 BO3MOKHBIM IMPUOJIMAKEHHO PeIraTh Ha KOMIIBIOTEPE, XOTS eIlle B
1970-x romax oHM OBLTH 3a BHAWMOM IPAHbIO JOCTHKUMOTLO.

Bxian Poccun B HEKOTOpBIE U3 9TUX HAMPABJIEHWI, OCOOEHHO HA WX HAYAJILHOM CTa-
WU, CYIIECTBEH W HE3aMEHUM, OJHAKO He OyIeT MpeyBeJUdYeHHeM CKa3aTh, UTO CBO-
UM JAJbHEHNNM DA3BUTHEM U COBpPEMEHHON (popmoil oHu 00s3aHbl 3amnary. Xapak-
TepHa Cyab0a MHOTOCETOIHOTO MEeTOAa, nmruonepaMu Koroporo obimu P.II. @emoperko u
H.C. Baxsanos [13, 14]. IIpumenenue ero B 1970-x rogax 6b110 HCKyccTBOM (HE OBLIO
U3BECTHO, KAK HAXOJUTH HanboJee BayKHbIE MapaMeTPhl METO/A), B CUJLY Y€ro B MHIKe-
HEPHBIX pacderax OH He ObLT BOCTpeOOBaH. VIHTEHCHMBHOE PA3BUTHE METOMA HAYAJIOCH
co BTOpOii mojioBuHbl 1970-x TOAOB HA 3amaje B CBS3M C IKCHMAHCHEH pe3y/TbTaToB UHC-
JIEHHOTO aHAJU3a B WHXKEHEPHOE MPOEKTHpOBaHue u HeoOxomumocThio pemars CJTAY
(cucreMbl JIMHEAHBIX aJrebpanvecKux ypaBHEHHI) € OOJIBIIMM YUCJIOM HEU3BECTHDIX.
D10 pa3BUTHE CTUMYTUPOBAIOCH HECKOJIBKUME (PaKTOPAMU:

— KOMTbIOTEPH! M03B0JIsn permarth CJIAY ¢ gecaTkaMu ThICSY HEM3BECTHBIX, HO 9TO
MOTJIO 3aHUMATh 3HAYUTEILHOE BPEMs, HAIPUMEpP HECKOJIbKO CYTOK U OoJee;

— MOJIb30BATEHN OIJIAYUBAIN KOMIIBIOTEDHOE BPEMS;

— nns perteausg CJTAY ¢ N meuzBecTHBIME MeTOJ HCKIIOYeHUd 110 [ayccy Tpebyer B
obmewm caygae nopamka N2 a.o. (apubmernaecknx onepammit). g CJIAY MKD nan-
0oJ1ee pacmpoCTPAHEHHBIE TOT/IA JIEHTOYHBIE BAPUAHTHI METO/IA UCKIIYEHHS TPeOOBaIN
nopanka N2 a.0., B TO BpeMs KaK MHOTOCETOYHBIH METO — TOILKO mopsaaka N a.o.

Takum 00pa3oMm, MpUMEHEHWE MHOTOCETOYHOTO METOIA JJIs PEIeHUs CHCTEMBI C
N = 10* mHeusBecTHLIX MOIJIO COKPATHTH KOMIILIOTEPHOE BpeMs H ILIATY 33 HEro B
10* u 6osee pas. K cepemune 1980-x ros1oB oH IpHOOBPES JOCTATOYHO IPOCTYIO U yHe 11-
TebHYI0 (DOPMY U CTAJI HA MpakTuke Hanbosee 3(hEKTUBHBIM UTEPAITHOHHBIM METOIOM
DeINeHnst perenns cuctem anrebpandeckux ypasuennit MKD [15]. Tlostuiics messrit psi
aszebpauveckuxr ' MHOTOCETOUHBIX ¥ MHOIOYPOBHEBBIX METOMOB, B YaCTHOCTH METOIBI
TUIIA 9EPHOTO AIMUKA, He UCHoab3yfomue uadopmanuio 06 ucroanuke CJTAY. C 1993 r.
pa3 B asa roga B CIIIA npoBoauTcs BecbMa mpejcraBuTe/bHAS HAaydHAs] KOH(DEPEH-
Iy, HEJMKOM IOCBsIeHHAs MHOrocerodnbiM Merozam pemienus (Copper Mountain
Conference on Multigrid Methods), ¢ meii uepeayercs ¢ Toii 7Ke 9acTOTOl HE MEHee TIpe/I-
craButesibHas esporneiickag koudepenrus (GAMM Workshops on Parallel Multigrid
Methods). znanbl MHOrME KHUIHM HE TOJBKO OOIIEro XapakTrepa, HO U 110 MHOIOCe-
TOYHBIM METOZAM JIJIs CIeNUATbHBIX TPY/IHBIX KJIACCOB MHXKEHEPHBIX 3a7a4. [Ipumepom
saBigercd Kuura [27], mocBsleHHag MHOroceTouHoMy Meroay Hblorona i peiienus
CUCTEMBI HEJTMHEHHBIX YPABHEHW B YaCTHBIX MPON3BOIHBIX, OMUCHIBAIOIINX BECHMA, CTIe-
udUIeCKyI0 33749y O MOBEIEHUHN MMAPOINHAMUYECKON CMA3Ku B MOAmumHIKAX. [Ipu-
cyxnenne locynapcrennoit mpemun 2003 . mepBOMPOXOAIIAM MHOTOCETOYHOTO METOIA
npodeccopy P.II. ®enopenko, akagemuky H.C. Baxsanosy, npodeccopy I.IT. Acrpa-
XAHIIEBY U PYKOBOJUTEIIO KOJJIEKTHBA, aKTUBHO PAOOTABIIErO HAJ €r0 Pa3BUTHEM B
MePUOJT ero IKCIAHCUH U 00peTeHns COBpeMeHHol (hopmbl, 4ieH-Koppecnongenty PAH
B.B. IlaiiaypoBy sBUIOCH Pe3yJbTaTOM CKOpee 3apyOesKHOTO MHOTOCETOYHOrO OyMma,

SBPX — nepsrie 6yxrn davmmmii cosnareneit J.H. Bramble, J.E. Pasciak u J. Xu.
"B ormmumEe OT KAGCCUMECK020 METOA, HA3BIBAEMOTO TAKIKE 2€0MEMPUMECKUM, TTOCKOIBKY OH CY-
[IIeCTBEHHO HCIIOJIb3yeT MeOMETPHIECKYI0 HH(MOPMAIUIO O CEeTKe.
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geM ero pacmnpoctpanenuss B Poccun. B Hacrosimee BpeMsi HEMHOTHE OTEYECTBEHHBIE
KOJIIEKTHBBI IPUMEHSAIOT €10 B BHIYUCIEHUSX U €I MEHbIIE YUC/IO0 KOJJIEKTUBOB Pa3-
pabaTbIBaeT HOBBIE BAPHAHTHI JJIsT HEPENIEHHBIX 3a7ad. B 1o Ke Bpemsa B Espome un
CIHTA MHOrOCeTOYHBIE M MHOTOYPOBHEBBIE METOIBI HAPSIY C METOIOM IEKOMIO3UIINU
00JIACTH OTIPEJIESIOT JIUIIO COBPEMEHHOTO YHCJIEHHOrO aHaan3a M aKTHBHO PabOTaioT
HE TOJIbKO B HAYYHBIX, HO W WHYKEHEPHBIX BBIUYUCIEHUSIX. Ero MOKHO HAWTH BO MHO-
PUX KOMMEDYECKUX MAKeTaX MPOTPAMM, JIayKe TaKUX OOIIEro HA3HAYEHUs TAKeTaX, KakK,
manpumep, Matlab, B makerax s pereHnst KpaeBbIX 3a1ad MaTeMaTudeckoit ¢usn-
ki, 110706HbIXx ANSYS’y, 1 MOIIHBIX HEKOMMEPUYECKHUX MPOOIEMHO-OPUEHTHPOBAHHDBIX
MaKeTax MporpamMM, IPUMEPhl KOTOPBIX MPUBO/ISITCS B HACTOSIIEH CTAThHE.

Orpomuoe Bunmanue, yaensemoe B CIITA pasBuTuio HayIHBIX UCCIEIOBAHUI U 0CO-
OEHHO WCCIEIOBAHUN TTOCPEICTBOM COBPEMEHHBIX BBIUMCIUTEIHHBIX TEXHOJOTHI, MOJI-
TBEPKIAETCA MHOTUMHU XOPOIIO (DUHAHCHPYEMBIME TporpaMmMamMu (heIepaabHOTO YPOB-
. VIx mazBanunga xapakrepubl. BoT aBe u3 HEX 0mHOrO TOMLKO MunmucrepcTBa snepre-
tukn CIITA:

— nporpamma SciDAC, mauaras B 2001 1., mojHOoe Ha3BaHWe KOTOpOi#t Scientific
Discovery Through Advanced Computing (Haydumoe OTKpBITHE MOCPEICTBOM TEpeIo-
BBIX BbIYmceHuit) [3, 28, 29];

— nporpamma ASC (Advanced Simulation and Computing), craproasiuas B 1995 r.
kak mpogomxenne nmporpamMbl ASCI (Accelerated Strategic Computing Initiative)®
Ajnmvunucrpanuu HanuoHaabHON amepuoit Gesonacunoctu (National Nuclear Security
Administration) [30-32].

[Meneroe manpaBieHre BTOPOl TPOrPaMMbI — B YCJIOBHSX MOPATOPHUS CO3/IATh KOM-
OBIOTEPHYIO ATbTEPHATHBY SAEPHBIM HCIBITAHUAM, pa3padoTaTh OOeroaoBKH, Oe30mac-
HBIE JIJIs JJIATEIbHOTO XPAaHeHUsl, CMOJIEIMPOBATH MOBEIEHIE UMEIOIerocst boesamnaca B
YCJIOBUSAX JIJINTEIHHOIO XPAHEHWs U BO3AeiicTBUs pa3HooOpa3ubix ¢gpakTtopos. Hasznaue-
HUE OJHOM n3 moaAnporpaMM (hbOPMYJIUPYETCs MPEIeIbHO MPOCTO: 00eCmeYnTh 6e30mac-
HOCTh U 3(PDEKTUBHOCTH SAEPHOTO OPYIKUS OT CKJIAAA 0 nopaykeHus resn. OCHOB-
Hble UCHOTHUTEH nporpaMmbl — Tpu Harnmonanbubie taGoparopun CIITA: Lawrence
Livermore, Los Alamos u Sandia National Laboratories. B cBsa3u ¢ pacmupenuem
MPOTrpaMMbl U HEOOXOIUMOCTHIO YCUJIEHUS ee HAy4HOU cocrasistomeii B 1997 r. B ee
pamkax ObLta mHUNMUpPOBaHA [IporpaMma akaIeMUYecKOrO CTPATErHmYeCKOrO AJIbsHCA
(Academic Strategic Alliance Program — ASAP), noakmounsiias k ASC 5 nentpos,
COBJAHHBIX MPU 5 YHUBEPCUTETAX, YCUJIHSA KAXKJOTO U3 KOTOPBIX (DOKYCHPYIOTCS HA
OJTHOM W3 HAIPABJIEHUI HAIMOHATBLHOIO YPOBHS BAYKHOCTH:

— Kanmupopuutickuit uacturyt TexHonoruit (Caltech) — llentp cumynupoBanus
JUHAMUYECKOTO COMPOTUBJEHUS MarepuayioB. Llens — co3manme mMarTobecriedenust
Jist BupTyaabHOTO MCHBITATEILHOTO MEHTPA BO3IEHCTBUSIMU C IIOKOBOH (hU3UKOi
(Virtual Shock Physics Test Facility), B uacTaHOCTH CcO31aHUE HOBBIX MATEPUAJIOB C
BBICOKUM COIPOTUBICHUEM WHTEHCUBHBIM JTUHAMUYECKUM HAIPY3KAM IIyTEeM pas3pa-
OOTKH MaTEeMATUIECKUX MOJEeH, YIUThIBAIOIINX MHOTOMACIITAOHY 0 (DU3UKY, U UX
KOMITBIOTEPHOTO TECTUPOBAHUSI.

— Craudopackuii yuuBepcureT (Stanford University) — LenTtp ans uurerpn-
POBaHHBIX cuUMyJsIuii TypoynenTaoctu. OObeTuHSAONAS UCCASIOBAHUS 1IeJIb — CO-
3JaHHEe MaTeMaTHIeCKuX Mojeneii u marobecnedenus Jiisi CUMYJISIU U KOMIThIO-
TEPHOIO TECTUPOBAHUSA PEAKTUBHBIX JBUraTeseil 1o ux coopku. Kmodyesas 3amaga —

80 W3 MCMOMBb3yeMBIX B JHTEpaType BApHAHTOB TepeBoja: Cmpamezuveckas cyneprommnvio-
mepHas unuyuamusea. B wmarepmasie 1999 r.: fdepHvie 83pui6bl CMAHOBAMCA BUPMYANLHBIMU,
http://www.lenta.ru/internet/1999/10/29/nuclear/ — yKa3blBajIOCh, UYTO B TedeHue 10 jieT mpaBu-
TEJIBCTBO MJIAHWPOBAJIO UCTPATHTH Ha mporpammy $4.5 mupg.



TPETUN KOMIIOHEHT IIO3HAHU I 13

MOJIE/TUPOBAHYE TYPOYJIEHTHOCTH W MHOTOMACIITAOHON (DU3NKYM B OCHOBHBIX KOMIIO-

HEHTaX JBUTATEss: KOMIIPECCOPEe, KAMEpe CropaHus u TypouHe.

— Ynrarckuii yumBepcureT (University of Chicago) — Lenrp acrpodusnde-
CKUX TEPMOSIIEPHBIX BCIbIMEK. Llenb — cuMmynsanuss sepHOTO 3aXKUTAHWS, B3PbI-
Ba U TypOYJIEHTHOTO TIEPEMEINTUBAHUS CJIOKHBIX MHOTOKOMIIOHEHTHBIX JKUIKOCTEH 1
JPYTUX MATEPUAJIOB, MPEICTABICHHBIX, HATPUMED, B CYNEPHOBLIX. AHaan3 Gusnku
CYTIEPHOBBIX [TOMOYKET OTBETUTDH Ha (DYH/IAMEHTAIbHBIE KOCMOJIOIHYECKHE BOIPOCHI,
HampPUMEpP, O CKOPOCTU PACIIUPEHNs BCEIEHHOM.

—  Wnnunolickuit yuuBepcureT (University of Illinois at Urbana-Cham-
paign) — LlenTp myist cMMyINPOBAHMST YCOBEPITIEHCTBOBAHHBIX PAKET.

— VuuBepcureT HWth (University of Utah) — LlenTp cumysnsimn ciaydaiiHbrx
BO3rOpaHuii W B3PBIBOB C KOHIIEHTpAINWEH Ha BO3TOPAHWSAX U B3PHIBAX B CBI3U C
06paboTKOl, XpaHEHNEM ¥ TPAHCIOPTUPOBKO# JIENKOBOCILIIAMEHSIEMbIX MATEPUATIOB.
Bromxker nporpammer ASC B 2003 r. cocrasun $621 maa. OHAa MMeeT yHUKAILHYTO

KOoMTbIOTepHYT0 TiardopmMy (Bkiodatonryio BlueGene/L), koropas B 2002 . obecre-
qusasia Obicrpogeiictsue 100 TF mnsa cexpernnix (classified) u snaunrensno Gombiuee,
360 TF, cormacuo [30], ayist HECEKPETHBIX KOMIBIOTEPHBIX CUMYIANN. Bbuin HavaTh!
paboTbl ¢ OKOHYaHWEeM, 3aranupoBadiabiM Ha 2010 1., 10 yCOBEPIIIEHCTBOBAHUIO U MIPH-
CroCcOOJIEHUIO MIPOrPaMM K BblYHCAeHUAM HA cucteme, umerorieir or 30000 mxo 50000
[IPOIECCOPOB U MPOU3BOAUTEIHHOCTD, H3MEPAeMyI0 meTadI0maMu.

Jlazke XOpOINM CIeNuaucTaM B 00/IACTH BBIYUCIEHUN TPYIHO ONEHUTH BO3MOYKHO-
CTH Takoil KoMmbioTepHoi momu. Onpasgano jam ee cozganue g nporpammbl ASC?
BosmoxkHO, moCTHXKEHUS BBIYUCIUTEIHHON MATEMATUKU B O00JIACTH OBICTPHIX YUCJIEH-
HBIX METOJIOB DEIeHWs yPABHEHWI B YACTHBIX HPOW3BOIAHBLIX U JAPYIUX 0OJIacTeil BbI-
YUCUTENBHON HAYKU OBLIH UCMNOJIB30BaHbl He B TOAHONH Mepe? OgHAKO JayKe MOBEpX-
HOCTHOE 3HAKOMCTBO € Marepuajamu nporpaMMbl ASC u myOaukanusmu yoerxxaer:
YUCJIEHHOE MOJIEJTUPOBAHNE MPOU3BOAUTCS C WCIOJb30BAHUEM CAMBIX TOCTETHUX J10-
CTUXKEHUI BBIYUCIUTEIHHON MaTeMaTuku. [ armooreTtoB KOMMEepIInaIn3allii HayKH,
BBICTPAUBAIOIINX BBICIIEE O0pa3oBanue B 00JIACTH MEXAHUKH W MATEMATHKH B XBOCT
3amaHbIM KOMMEPYECKUM MMaKeTaM IPOrpaMM, HeOe3bIHTEPECHO UMETH IIPe/ICTaBICHUE
006 aroit cropore ASC m Apyrux aHAJOTHYHBIX TPOTPAMM. 3aMeuaTe/bHO CIeAYIoee:
POJIb BBIYUCIUTEILHON MATEMATHKU U BBIYUCIUTEIHLHON HAYKU B IEJIOM YETKO 0003HA-
YeHA HE TOJIHKO B HAYUYHBIX CTAThSAX, HO Y3KE B JOKYMEHTAX, MPUTIAIIAIONINX K YIACTHIO
B KOHKypce /s Braodenus B deaepanbuyio nporpammy ASC-ASAP. B ITpunoxennn
LIPUBOJMTCS [OYTH LEJIUKOM COJleprKaTe/bHag 4acTh (6e3 onucanus crocoda mpeacras-
Jgenus u hOpMbI IPOEKTOB) mpurviamenus kouna 1997 r. [32] K ygyacruio B KOHKypce
Ha BKJOYeHne B nporpaMmy ASAP, B KOTOpO# mepedunciienbl HANpaBICHUs] WCCIIEI0-
Bauwmit. VI3 HEro o4eBMIHO, UTO MPUMEHEHUIO HOBEHUINX JOCTUKEHUN BBITUCIUTETHLHOMN
varemaruku orBoguTcs B ASC-ASAP kiouesast ponb. [lpu 310M BO BBOAHON 4YacTu
[IO/T9€PKUBAETCH, 9TO OOIbINAasd YacTh (DUHAHCUPOBAHUS [IPEIHAZHATACTCS /IJIsA Pa3iesa
(1) Komnvromephnas nayka u ewvucaumenrvuas mamemamura (Computer Science and
Computational Mathematics).

HecmvoTps Ha BreYaT/IAoNine KOMIBIOTEPHBIE PECYPCHI, TPUMEHEHNE MOCTEIHUX 10~
CTUXKEHUHN BBIYUCIUTETFHON MATEMATHKN U BBIYUCIUTEIHLHON HAYKH B IEJIOM, 8 TAK¥Ke
3HAYUTENBHYTIO JIATEILHOCTh KazKI0T0 pacdeTa, K 2003 1. He yaanoch JOOUTHCS HATEK-
HOTO CUMYJIUPOBAHUSA I 3-X IPOCTPAHCTBEHHBIX [IEPEMEHHBIX. TOYHOCTH PE3YIbTATOB
BBIYUCJICHUN CHUMYJISANNANR OPYXKUsT OKA3aJIach COMOCTABUMON ¢ TOYHOCTHIO (DU3MIECKUX
MOJIeJIel, 9TO TPEnITCTBOBAIO OCMBICIEHUIO KAK MOJEE, TaK W YHCIIEHHBIX Pe3y/lb-
ratoB. K cepennne mekaapl 0XKNUIAIO0CH, YTO HAMEKHAST CUMYJISINS )T 3-X MPOCTPAH-
CTBEHHBIX [TEPEMEHHBIX Oy/€T 3aHMMATH MOPAIKA 2-X MECHAIEB HA KOMIIbIOTEPEe MPOU3-
BogurenbaocThio B 100 TF. 3amnanuposanusiii #a 2010 r. mepexos Ha mera-ypoBeHb
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OBICTPOJEHCTRUS U TAMATH — TPIMOE CJICACTBUE ITUX 3ATPYIHEHWA.

NurepecHo cpaBHeHWE BJIUSHES yCOBEPIIEHCTBOBAHUS AJTOPUTMOB BBIYUCTUTE b=
HOW MATEMATHKH W yCOBEPIIEHCTBOBAHUS KOMIIBIOTEPOB HA YCKOPEHUE BBIYHCJICHHUIA.
Takoe cpaBHenue npownsseneno B faokiaazae npesugenty CITA [1]. Ono rtem Gosee 3a-
CJIy>KUBaeT BHUMAHUS, UTO CPEIN aBTOPOB JOKJIA 1A TIOIABJISIONIEe OOMBITHHCTBO HE SB-
JISTIOTCS CTICIUAJIUCTAMHI HEMOCPEICTBEHHO TI0 BBIUNCIUTENLHON MaTemaruke. V3BecTen
sakon . Mypa [33], corsiacHo KOTOpOMY MOIIHOCTH KOMIILIOTEPOB YBAMBAETCS KAXK IbIE
18-24 mecsana. Tak BOT, aBTOPHI AOKJIAJA JEIAIOT BBIBOI, UTO YOLLCMPEHUA PEULEHUSA
CJIAY 6aaz0dapsa nocaedo8amesbHoOMY 86€0EHUI0 8 NPOPAMMDL AEHMOYHBLT AA20PUM-
MO8 UCKAUEeHUA, memoda 3etideas, memoda nocaedosamensvHoli 6eprHels Pesakcayuy
(SOR), memoda conpasicennnis 2paduenimos u MHO2OCEMOYHO20 Memoda Obiat Aub0 Mma-
KUMU JiCE, KAk YObLCMmpenue om Yco8epULEHCME08AHUL KOMNBIOMEPOS COZAACHO 3AKOHY
Mypa, aubo npesocxoduau ezo [1, c. 53-54].

2. Cyl’lepBbI‘-II/ICJIeHI/IH Ha TJIaBHBIX HallpaBJIEHUAX IMO3HaAHUA

He cienyer mymarh, 9TO yHOMWHABIIHECS MPUMEPHI KPYMHBIX MPOEKTOB, KOMAaH-
JIBI KOTOPBIX OOBEIUHSIOT CIEIHAJIUCTOB 0 KOMIBIOTEPHBIM HAYKaM, CIEITHAJIUCTOB IO
MPUKJIATHON U BBIYUCIUTEHHON MaTEMATHKe W CIENUaJINCTOB MPEeIMETHBIX 00IaCcTeil,
equanynbl. Cropee Haobopor — TpyaHo Haiitu yausepcurer CIIIA, umeronuit orHOCS-
IIecss K OCHOBHBIM HMHYKEHEPHBIM U €CTECTBEHHO HAYYHBIM TOAPA3/IeIeHus, B KOTOPOM
HCCIIeIOBAHNSA TOIOOHBIX MACIITAOOB M 3HAYNMOCTH He MPOU3BOANINCH ObI. B centabpe
2006 1. Tospko mo noanporpamve SAP’s (Science Application Partnerships) nporpammb
SciDAC 17 yausepcuteTon noayuuan rpanThl o $0.3 vua. 10 $6.1 MaH. 32 TPOEKTHI 1O
BBIUUCJIUTENHbHOMY UCCJIEA0BAHMIO KPYIHBIX HaydHbIX 11pobiem [28]. Jnga yuacrus B 30
npoekTax SciDAC-2, 00bsIBIEHHBIX B TO YK€ BpeMsi, ObLIO 0TOOpaHo bosee 75 yHUBEPCH-
teToB, naboparopuil u Kopropanuii [28, ¢. 19] u3 240 nojaHHbBIX HA KOHKYDPC HPOEKTOB.
[Tpu 3TOM GONBITUHCTBO MPOEKTOB HAIEIEHO HA BLIYKCICHUS TeTa-maciirada. He mbi-
TasgCh JATh IEJHHOE MPEJICTABJIEHNE O Pa3Maxe BBIYUCIUTEIbHBIX HCCIETOBAHUIN, WX
rOCY/IapCTBEHHOTO W YACTHOTO (DUHAHCHPOBAHWS W OPTaHW3AIMOHHON CTPYKTYPBI, KO-
TOPOE BBIXOJUT 32 pAMKH JIAHHOM cTaThu, octaHoBuMcs Ha qokaage PITAC npesugenty
CIITA [1], B koTOpOM JaHbl 28 NPUMEPOB TE€M MCCJIEIOBAHUI, BAXKHEHIIUX [0 MHEHUTO
aBTOPOB, I CylIecTBOBaHus u coxpanenus: npuopurera CIITA B obgactu BeIUmMCIH-
renpHON Hayky u UT. Ux BemoHenne Tpedyer, 6e3 npeyBenydeHnsi, OTPOMHBIX YCUIUiA
OT BBIUMC/IUTEIHHON HAYKH; HUMEET CMBICIT XOTsI ObI TIEPEUUCIUTh WX, 9TOOBI TOUYBCTBO-
BaTh MaCIITAObl BJIOXKEHWUU B HAYKY, U B YaCTHOCTH B BBIYHC/IUTEIHHYIO HAYKY, U Ty
POJib, KOTOPAsi OTBOJAUTCH MATEMATHYECKOMY MOJE/JUPOBAHUIO. Perenue Jexaimx B
HX OCHOBE IPOGJIEM BeChMa YacTo He MPUHOCHT CerOHSIIHeH BBIFOIbY, a 3aBTpa, Yepes
15-20 jeT wiu paHbIe, MOXKET M3MEHUTh W U3MEHWT MWUp. ByaeMm Jiu Mbl aKTHBHBIMU
YYACTHUKAMHU 3TOrO (KPOMEe BCErO MPOYEro, B CPEeJHECPOUHOl TepCIeKTHBE KOMMepYe-
CKU BECbMa BBIMOHOIO!) IPEIPUATUS U CYyMeeM JIU IPABUIBHO BbIOPATH IPUOPUTETDI?

Bor nazBanus 28 npoekTos.

1. ConmanbHble HAYKN

1.1. Monumopunez sxonomuru CIIIA.

1.2. Kubepundpacmpykmypa u cOuuasbHble HAYKU.

1.3. Buuucaumenvhas dKoHoMmuka na 0aze npedcmasumenet (Agent-based compu-

tational economics).

1.4. Apxusbr NOAUMUNECKUT U COUUAALHDLT HAYK.

9He IPHHOCHT BBHITOJLI HA HAIleM OPHEHTHPOBAHHOM B 3HAUHTEILHOH CTENeHM Ha OJHOMOMEHTHYIO
BBIrOy «CcBOOOgHOM> pbinke. A B CIIIA, BugnMo, IpUHOCHT, Pa3 TaKWe UCCJIEJOBAHUAS CTOIL ODHILHO
dunancupyorcsa u mo3ponsior CIITA mebe3Bo3Me3qHO CHAGKATH BECh MUD HX PE3YJIbTATAMH.
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2. PusuyecKue HAYKU
2.1. Keanmosas TpomoouHamMuKa: npeickadanue Macc Lacmuy.
2.2. Modeau 6vicokomemnepamypHoLr nosynposooHuKos.
2.3. Ilrasaenue naa3mos U UCMOYHUKY IHEP2UL.
2.4. Ilpoexmuposanue KOMNAKMHOLE YCKOPUMEAET 4ACMUY.
2.5. Omrpvimue KOpuUHeBHLT KapAUKOS NOCPEICTNEOM 00pabOMKY OAHHLT.
2.6. YepHnas mamepus, 4epHas SHeP2us U CMPYKMYpPa Ceiennod.
2.7. Modeauposanue cynepHossir.
3. HanmnonaJjabHag 6e30mMacHOCTD
3.1. Paduomexnuueckan passedra (Signals intelligence).
3.2. Modeauposanue 6 pescume pPearbHo20 BPEMEHU CAOACHBLL CUCTIEM 8 YEA0BeYe-
ckotli cpede.
3.8. Pacnpocmpanenue un@exyuonnor 6ose3mned.
4. Teonaykmu
4.1. Ilpedcrasanue cusbHblr wWmopmos.
4.2. Modeauposarue Karu@opruickur semaempacenut u aHaiu3 JaHHbLT.
5. Nlu>xeHepHOe eJi0 U MPOU3BOJACTBO
5.1. Dfpexmuennii unocunupune caisses (Efficient highway engineering).
5.2. Ilpeobpasosanue 6uOMaAcco, 8 SMAHOA ONA NOAYUEHUS IHEP2UL.
5.8. Modeauposanue zemaempacenuts i CuMYsAUUL NOBEIeHUSs HEPMAHDLT PE3ePEY-
apos.
5.4. Oxaaocdenue mypoOuHHLE A0OTAMOK OAf IPPEKMUBHO20 BUHCEHUA U MOULHO-
cma.
5.5. Muxponysupvku U CHUNCEHUE CUABL CONPOMUBAEHUA 0L KOPaOAE.
5.6. Modeauposarue nosynposodsUUT NOAUMEPOS OAL ONMOINEKMPOHUK.
5.7. Bolcokonpou3eodumenvbHvle GuiYUCAEHUA OAL HAUUOHAALHOT GBUANPOCTNPAH-
CMBEHHOT CUCTEMDL.
6. BuoJsiorndeckue HayKu
6.1. Hdenmudpurayus ymcmeeHHbr Paccmpoticme nocpedcmeom co8MecmHol uH-
dpacmpyrmypot.
6.2. Pacwugposka obuserus nuen.
6.3. Modeauposarue beakos-MomMoOpos.
6.4. Junamura u Pynkyuonuposarue beaxos.
6.5. Boiwucaumesvnai HayKa v Medutunckul yroo.

Ornuaurenbias 9epra TPOEKTOB — HEOOXOIUMOCTH 00PAbOTKU IPOMAJIHOTO OObe-
Ma 3KCIEePUMEHTALHON, HATYPHOI u Apyroil mHdOopMannm, rpoMaIHbIil 00bEM BBIYHC-
JIEHUH, OCYMIECTBISIONINX MOJIEIUPOBAHNE WU CUMYJISIIIAIO, CIOKHOCTH AJTOPUTMOB.
[TpuBegem TOMONIHUTEIHHBIE TETAN 110 HEKOTOPBIM U3 HUX.

Bor «nonsgrHasy npobiaema 4.2 npeickazaHus 3eMIETPsICeHWUH, CTENeHH X OMac-
HOCTH U PaflOHOB KOHIEHTpAIUK pa3pyireHuii. YToObl MONBITATHCS €€ PeIUTh, HYKHO
MOABKO UMETh JOCTATOYHO OOIMMPHBIE JAHHBIE O CTPYKType MIaTdOpMbI, XapaKTepe
TOJTYKOB U YCKOPEHUSIX, UMeTh 3(h(HEKTUBHBIE METOIbI PEIIeHUs] HEKOTOPHIX MPAMBIX U
00paTHBIX 3374, CUJILHBIX TPOTPAMMUCTOB W MOITHYIO KOMIBIOTEPHYIO MIaT(hOpMy, HE
POBOPSI y2Ke O CILIOYEHHOHN IPYIIIe YIeHbIX, CBEAYIIUX B 3eMJIETPACEHUAX, MATEeMATHIe-
CKHUX MOJIEJISIX U XOPOIIUX YACTEHHBIX METO/IAX PEIeHUs] COOTBETCTBYONIUX yPABHEHUIA.
Bce 3ro, no-sugumomy, ects B FOxuO-kamudopuuiickom mearpe 3emierpscenunit SCEC
(Southern California Earthquake Center). ITocieanee 3emierpscenue B 3TOM paiioHe
6610 B 1690 1., ¥ yYeHBIE CYUTAIOT, YTO MOYKHO OXKWJIATh HOBOE 3eMJeTpscenne B 7.7
6amnos. B SCEC B onmoit u3 cumyssiiuii cMojeaupoBaiu paiion mpunoit 600 kM, mu-
punoit 300 kM u riaybunoit 80 KM, HOKPBIBAIOIINN OCHOBHBIE IEHTPHI KOHIIEHTPAIUN
nacesnenus B 1oxuoil Kanudopuuu [34, 35]. Pacyernas cerka comepxana 1.8 mup.
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Ky6oB co cropomnoii 200 m (Gosee 5 Myp. cremeHeil cBOGOBI), 00bEM MOIYUYEHHON B
pesynbrare mojenupoanus urdopmanun cocrapui 47 TB. O6bem nHeodxoaumoit st
MOJICTTUPOBAHUS ¥ [TOJIy9aeMO B pe3ysbrare ero wHpOpManuu ObLI HACTOIBKO BEJIHK,
4TO OBIIA CO3/IaHa CIIeINAIbHAS dJIeKTPOHHAs OnbanoTexa ¢ 1.5 MitH. dpaitIaMu 1 Criernm-
AJIBHBIN KOMIIJIEKC TTPOTPAMM [1J1st pabOThI ¢ Heil. B cumynisaiun 3Ha9UTeIHHO MEHBITIErO
obbema (400 x 800 x 800 yzso0B) morpebosaioch npoussectu 3000 11aroB MO BpeMeHdu,
kotopsie Ha cynepkomnsiorepe NPACI Blue Horizon!'® ¢ 512 nponeccopamu sansmum 12
gacos u 6000 gacos CPU Bpemenu. [lis mapannenn3anun BbIYUCICHUE TPUMEHSIICS
Meron gekomnosunuu obsactu u a3k MPI. Barpyska ucxonnoi undgopmanuu 8 10 TB
3aHUMAJIA CHAYaJa 25 JHEl, a 3aTeM MOCPEICTBOM yCOBEPIIEHCTBOBAHUS AJTOPUTMOB
ObLTa COKpaIeHa 10 H aueii. B pe3yibrare pacdaeToB ObLIN BBISBIEHBI, HATTPUMED, MECTa,
KOHIIEHTPAIINN PA3PYIIEHNH B 3aBUCUMOCTH OT HAMPABJIEHUS TOJTUKA.

Paborer dpunancuposanuch demepanbHLIM B MECTHBIM TpaBuTenbcrBamMu. Heco-
MHEHHO, OHU 3aKJIAJBIBAIOT OCHOBY /i Komoccanbhuoro npemmyiiecrsa CIIIA B 6y-
JIyIIeM B 00JIACTH BECHhMa, BOCTPEOOBAHHBIX B MUDE WHTEJIIEKTYAJbHBIX TEXHOJIOTHIA.

ComnocraBiM Mo MacmTady MpOeKT 5.3 YNCIEHHBIX UCCJIEIOBAHUIN TIOBEIEHUsS MPU
3eMJIETPSICEHNSX HEMDTIHBIX PE3EPBYAPOB, CO3ABAEMBIX 9aCcTO IIyOOKO MO T 3eMJIeil nian
o1 Booi. OH BBIMOIHIETCST KOMAHAOH u3 19 yueHbIX 3 pa3HbIX YHUBEPCUTETOB, BKJIIIO-
YAOIUX TPYIILY CIEIUATUCTOB B 00JACTH BBIYUCIUTEIbHON MATEMATHKH U MATEMATH-
YECKOT0 MOJIEJHPOBAHMS, BO3IIABIgeMyIo BuiaaomumMes yaensiv M. Wheeler!!. Oana
u3 TpymHOCTEH — cOOp MHGOPMAIMK O CEHCMUYHOCTH U TeOJIOTHH PaifioHA W CBOWCTBAX
00pa3yIoIuX ee MOpo/I, MOJYyIaeMOil, HamTpuMep, 3BYKOBbIM 30HIupoBanuneM. JIpyras —
CTIOKHOCTD B CO3JIAHUU CYIIECTBEHHO HEJUHEHHBIX MaTeMATHIeCKuX Mojesneil u pa3pa-
OOTKe YHCIEeHHBIX METOOB pacdiera pPe3epByapoB u 00pabOTKH HEOOXOMAMMOM /1 HEro
uadopmaryu, 00beM KOTOPOI MO KaXKIAOMY pPaifiOHy Mpearnojaraercs JOBECTH 10 MO-
panka 1 PB. IIpoekr dbunancupyercs [Iporpammoii ucciemosannit U'T Hammonaasaoro
wayuanoro ¢douna CIIA n MunncrepcTBamn sHEprun u 060poHsI [36].

[IpoexT 5.2 — oauH U3 MHOTHX W MHOTHX 10 dtanony B CIITA'2. V3koe mecto B 01
HOW M3 MEPCIEKTUBHBIX TEXHOJIOIUH TPOU3BOACTBA ITAHOIA — MEJIJIEHHOE PACIIEIICHIe
[EJLTFOJIO3bI SH3UMOM EJLTI0Ma3bl. ECIu MOHATH TPOIece Ha MOJIEKYISAPHOM YPOBHE,
TO, BO3MOYKHO, YIACTCS YIPABIATH UM B CTOPOHY yckopenusi. OIHAKO pa3Mep BBIYHC-
JIUTEIHHOM TPOG/IeMbI CTOJIb BEIUK (Tpedyercs CUMyIMpOBATh AUHAMUKY Oojiee 1 MiTH.
aToMOB, TipuueM i cumyasiuu 10 Hanocekyn tpebyercs mopsaka 5000 maros mo
BpeMenu), 910 cytiecrsyomasg nporpamma SHARMM Ha coBpeMeHHOM CylepKOMIIbIO-
Tepe He copaBJisieTcs ¢ 3agadeii. B nacrosiiee spemsa San Diego Supercomputing Center,
Colorado School of Mines, National Laboratory of Renewable Energy, Cornell Univrsity
u Scripps Research Institute o6benuamIM yCuns Mo COBEPIIEHCTBOBAHUIO JITOPUTMOB
u camoit mporpammbl SHARMM, 4T06BI OCYIIECTBATEH CUMYJIAINIO B TPEOYEMOM 00heMe.

Ectb npoekTsl, spKo AeMoncTpupyiomne ocodoyo poas T B Hayke, MpORCTEKATONTY O
U3 BO3MOYKHOCTH aHAJN3A 3HAYUTEIbHBIX 00bEeMOB MaHHbIX. [IpoekT 6.2 cBs3an ¢ pac-
i POBKOI CIIOCOOOB OBIEHMsT 9T, KOTOPBIE PA3BUJIN KOMMYHUKAIMOHHBIE CHCTEMbI
3HAYUTEIHHOMN cI0KHOCTH. VH(MOpPMAaIns 0 MbLIBIE, HEKTAPE, BOE, CMOJIE U THE3IAX T1e-
peIaeTcsi pa3HbIMU CMOCOOAMU, MPUUIEM BO3MOXKHO KOJWPOBAHWME 3BYKOBBIX CUTHAJIOB,
KOTOPbIE BOCIPUHUMAIOTCS KOCTEIU(MUIHBIMUA CEHCOPAMHE. Y Y€HBbIE MBITAIOTCS MOHATH

10K ommBioTeps! 3TOr0 THIIA WMEIOT MPOW3BOAUTENBHOCTH nopsiaka 1.7 TF.

U lepconampras cTpannuka: http://www.ices.utexas.edu/mfw.

12B coorBercTBHN ¢ GHOSHEpreTHYeCKOH WHHIMATHBON mpe3umsenta /. Byma MY (MurHECTEPCTBO
suepreruxn) 28.02.2007 Bergenusno $200 MyiH. HA cO3aHRe HEGOMBIINX PAMUHIPOBOYHBIX IPEANPHATHAN
u 01.05.2007 — $385 MJiH. Ha CO3JaHUE TMOTHOMACIITAOHBIX MPEANPUATH. DTO AAJTEKO HE BCE CPEJCTBA,
ormymenusie M B 2007 r. Hanpumep, B MapTe 00bSBIEHO O BblAeSeHun $27 MJIH. HA 5 JIydIIUX MPOEK-
TOB I10 MOJIYYE€HUI0 dTaHOJa 13 11e/k0s03bl. K 2012 r. ytanupyercs 100MThCsI KOHKYPEHTOCIIOCOOHOCTH
fuoTonIuBa ¢ GEH3UHOM.
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MEXaHU3MBbI TIepenadn WHMOPMANNA W ee 3alIUThl MyTeM aHAJIN3a BUILO3AMUCEH MMO-
Bemenns maen. Ha xaxkaprit Bum maen exkeromrno Hakamnnpaerca 1.2 TB mudposoii, B
YACTHOCTH BH3yaabHOU, WH(MOPMAIIUN, KOTOPAs 3aTE€M AHAIU3UPYETCs HA TMPEIMET 00-
IIIUX 3JIEMEHTOB TOBEJIEHUsI, MOMEHTOB U CIIOCO0O0B Tepenaun nadopmaruu. Kpome mpo-
9ero, MCCJIeIOBAHNE MOXKET CIOCOOCTBOBATH MOHUMAHWIO MPOIECCOB AIANTAIINN Y] B
MpOoIecce IBOIONNN.

Kocmuueckue mosersr nobyamim k co3aannio B 1990-x romax oOIMUPHBIX ACTPOHOMU-
Jecknx 0a3 JAHHBIX, KOTOPBIE ¢ CAMOTO HaYas a co3aaBaanuch ¢ yaerom cranmapros UT.
ITozauee B 1999 r. Bo3nuksia koumennus HarmonasnbHOil BUpPTyasbHOU obOcepBaTopuu
(HBO) CIITA, unTeHCcuBHO 00CYYKIABINAIC B TEUCHUE IBYX MOCIEAYIONINX JIET, B TOM
YUCIe U HA HECKOJBKUX HaydHbIX KoH(epennusax. B 2001 r. MccremoBarenbckast mpo-
rpamma o T Hammonanbuoro nayusoro dpouga CIITA sbigennia 17-tu opranusamusam
$10 mutn. na cozganue undpacrpykrypst HBO. B 2003 r. HBO CIITA u ABO (Acrpodu-
3udecKas BUPTyasibHas obcepBaropus, espoieiickas ajbrepuarusa HBO) Bobimycruniu
nepBbie HayuHble poToTUbl. HBO maer Bo3MOXKHOCTH 0003peBaTh 8UpmyasbvHoe Hebo
U OTKPBIBAET MyTh K HOBOMY THIY ACTPOHOMHUYECKWX uccjenoBanuii. [locite spbr HaA-
OrosieHnit HEDOJIBIUX TINATEILHO BBIOPAHHBIX OOBEKTOB HA OIHON WM HECKOJIBKUX
BOJTHAX M PA3JEJbHOIO UX AHAJIU3A PA3IUIHBIMEA HCCIEIOBATESIMUA HACTYIAET BPEMs
AKTUBHOIO UCIOJIB30BAHUSA OObEINHEHHDBIX JTAHHBIX B IMUPOKKUX JTUANA30HAX BOJH JIJIsi
MUJITHOHOB, €CJIH HE MUJLTHAPIOB, OOBEKTOB. DTO MO3BOJUT UCCIEIOBATEIAM OTKPBI-
BATh €/IBA PA3JIMYNMbIE, HO CYIECTBEHHBIE HOBBIE 3aKOHOMEPHOCTH B CTATHUCTUYECKU
boraThiXx W OOBEKTHUBHBIX JAHHBIX MYTEM CPABHEHWS W YUCAEeHHON cumynsanuu. HBO
obecrneanBaeT OJTHOBPEMEHHO Ob.empoiil Jocmyn K apIru6am, 6U3YAAUIAUUIO HA OCHOBE
NPOIBUHYMBLET METHOA02UT U UHCMPYMEHMDBL CMAMUCTUYECK020 anarusa. Ha nemon-
crpamuu onnoro npororuna HBO 6bLia mocrapnena 3ajada HafiTu BCe U3BECTHBIE KO-
puunenbe kKapauku. HBO uccienosana nadopmanuto o 10 MaH. 06bekTax OgHONH 6a3bi
manaeix 1 160 man. apyroit. Ha yuactke neba, cocrapasiomenm 0.4%, 66110 0OHAPYKEHO
cuagasa 300000 o6mux 00bEKTOB WJIM, BO3MOXKHO, BAPUAHTOB WHMOpMANUU 00 OITHOM
obbekre. [TocmenoBarebHOE BBEIEHHE JIOMOJTHATEIBHBIX KPUTEPUEB OTOOPA OCTABUIN
ceMb HOBBIX KaHJIMIATOB B KOPUYHEBbIE KAPJHUKW, a 3aTeM TPHU, U3 KOTOPBIX OJUH Jeii-
CTBUTEJILHO OKA3AJICs HEM3BECTHON 3BE3/10i1, a ABA APYTrUuX TpeOOBAJIN JOMOJTHUTETEHOTO
u3ydennsi. Bnepsoie mocpeacrsom T Obur moyden peHOMEHATBHBIN pe3yIbTaT — OT-
KDBITHE HOBO 3Be31bI [37].

B ASC, SciDAC u npyrux nporpammax HOBeHIIne alropuTMbl BBIYUCIUTEIbHOM Ma-
TEMATHKH WTPAIOT PEHIAOIYI0 POJh, 0COOEHHO B TpoekTax rpynn tuna 2, 4, 6 SciDAC.
Ve cnocob IUCKpeTH3aluu, TPUBOJILMINEHl K ycrnexy W 3aBUCAINeld OT Kjacca 3ajad,
CYIIECTBEHHO OTPAYKAETCsT HA MHOTHX ACMEKTaX YHMCJIEHHOTO MOJIEIUPOBAHUS, HAIPU-
Mep Ha HADOPE METOOB BBIYMC/IUTEIHHON MATEMATUKH JIJIsT PEIIEHNs] CHCTEM JIMCKPEeT-
HBIX yPABHEHUIi, BO3MOXKHOCTIX pacnapasjiesuBanud u T. 1. B [28] nomuepkusaercs,
UTO OCHOBHULM Y3KUM MECTNOM MACUMAOHHT CUMYAAUUT ABAACTCA UACNO CONGEP™S.
B wacraocTH, no Toif npuynHe, 9T0 ACKMITOTHYIECKAS BBIYUCIUTEIbHAS CTOUMOCTD COJI-
BEPOB KaK TMPABUJIO CyTepJMHeiHa, B TO BpeMs KaK OCTAJbHBIX OMepaluii — JuHeiHa.
Kpowme Toro, comBepsl TpyaHee pacrnapasijieIuBalOTCs M0 CPABHEHUIO C MPEI- U TOCT-
MPOIIECCOPHBIMU OmieparusaMu. B ¢Bsi3u ¢ 3tuM B paMkax nporpammbl SciDAC-2, k ko-
TOpOit orHOCATCS MHOrHe u3 28 mpoekToB, cozgad neatp TOPS — Towards Optimal

13 Tepuun (coasep solver) mornmaercs B [28] Kax anropuT™/MpOrpaMMa IHCICHHOTO PETIEHHS CHCTe-
Mbl YPaBHEHUH B 9aCTHBIX MPOU3BOHBIX, OMUCHIBAOIINX MATEMATHYIECKY MOJIE/b. AJITOPUTM COJIBEPA,
HMEeT JBe OCHOBHBIE KOMIIOHEHTBI: METOJ QUCKPETH3ANUHU, TO €CTh CBEJCHHS 33JaTH K CHCTEME JIHHEeH-
HBIX MJIA HEJIMHEHHBIX aareOpamvecKux ypaBHEHHH, B METOJ IHUCIEHHOIO PEIIeHUs MOJIyIeHHONH CHCTe-
MBI, B nmTepaType 5TOT TEPMUH 9AaCTO HOHHMAETCA B GOJIee y3KOM CMBICJIE KAK aJTOPHTM/IpOraMMa
peleHusi CUCTEeMbl JAUCKPETHBIX ypaBHeHuil. Co3ganue GBICTPBIX COJIBEPOB — OJHA W3 OCHOBHBIX 3324
BBIYHCIATENBHON MATEMATHKH.
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Petascale Simulations Center, onns n3 JIeBATH IIEHTPOB — KOHIIEHTPATOPOB MCCIEI0BA~
uuii mo nporpamme. Ero ocHoBHas 1enb — maKeT TPOrpaMM HOBEHIUX COJIBEPOB s
BBIYUCJIUTENbHBIX cuMmyanuil mo nporpamve SciDAC Bcemu yuacTHMKaMu 3TOH mpo-
rPpaMMbI U JPYTUMU MOJIH30BATEISIMI HA KOMITBIOTEPHBIX 11aTdOpMax mera-Macmrada,
umetorux ot 1000 mo 100000 mporeccopor. OH co3maeTcs myTeM O00beINHEHUs U yCO-
BEPIIEHCTBOBAHUST BO3MOYKHOCTEH M3BECTHBIX MOIIHBIX MaKETOB CBOOOIHOTO TOCTYTIA:
hypre, PETSc, SUNDIALS, SuperLU, TAO u Trilinos [28].

WuTrepecHo mposiCHUTH POJIb KOMMEPUYECKHUX MakeToB nporpamm B Bbinoinernn ASC
u SciDAC. B oruerax, obmumpHO# HAydHOU U Apyroi jureparype, cBasannoit ¢ ASC
u SciDAC, navmu He 06HADPYIKEHO MPUMEPOB TPSIMOTO WJIM HEMPSMOTO HCTOIb30BAHUS
KOMMEPUYECKUX TMAaKeTOB, 3a UCKJIIYEHUEM OIHOrO CJIydasi, Hd KOTOPOM MbI OCTaHO-
BuMcs HuzKe. [Ipuuannnl 3Toro nmoustHbl. KoMmMmepueckue nakersi, momobasie ANSYS,
FLUENT, LS-DYNA wu japyrue, OpueHTHPOBAHBI MPEUMYIIIECTBEHHO HA BBIMOJIHEHHE
JIOCTATOYHO MACCOBBIX PACYETOB, HAIPUMED, IPU MPOEKTUPOBAHUU 3JAHUN, THIPOTEX-
HUYECKUX COOPYZKEHUil, apnajaiinepos u 1. 1. Ho y»Ke yHUKAJIbHBIE COOPYYKEHUS, TMO-
JTIOOHBIE TIOABOJHBIM HEMTIHBIM pe3epByapaM, JIeXKAT MPAKTUYECKN 33 MPEIeJaMu WX
BO3MOXKHOCTEH. CIUIKOM MHOTO Pa3HOPOIHBIX TUIIOB MATEPUATIOB U (DU3UIECKUX MTPO-
[IECCOB, MATEeMATHICKNE OMUCAHUS KOTOPHIX YACTO MPUXOIUTCS CO3/IaBATh B MPOIECCE
HAIUCAHUS TPOrPAMM, BJIMSIET HA COMPOTUBISIEMOCTh TAKUX KOHCTPYKITHiT. DTO MHOTO-
KDPATHO yCJIOXKHAET JAUCKPETHYIO MOJEb (J1azke [0 CPABHEHUIO, HAIPUMED, C MOJIEJIAMU
ra3oBOi JIMHAMUKE U TIPOYHOCTHU TIPU PACUYETAX ABUAIANHEPOB) 0COOEHHO B ceficMude-
CKUX paifioHax, CJWIIKOM BeJIMKAa IeHa aBapuil, TpeOYOas MOBLIMEHHON HATIeKHOCTH
cumyssanuit. Kpome Bcero mpodero, 3Tu makeTbl OPHEHTUPOBAHBI HA, KOMIIBIOTEPHI C J10-
CTYIIHO# MAaCCOBOMY II0JIb30BATEJIO-UHKEHEPY CTOMMOCTHIO KOMIBIOTEDHOIO BPEMEHH.
Jlarke ecnu ObI OHM MOKPBIBAJIM KJIACCHI 33/1a9 Takux nporpamm, Kak ASC u SciDAC,
UX HYZKHO OBIJIO OBI IEPENUCATh ISl CYyTIEPKOMITBIOTEPOB € OBICTPOIEHCTBHEM, OOIBITTHM
100 TF. B npoTHBHOM CJIydae CTOMMOCTD WX MCIOJIH30BAHUS CTAIA ObI CAUIIKOM OO0JIh-
moit. 3agaun MHOTUX MPOEKTOB, MPU3BAHHBIX obecrneunTsh npeocxoncTso CIITA B Kiro-
YEBBIX HAIPABJIEHUSX PA3BUTHA, €Ile 0osiee CJI0KHBI. J[719 X BBIMOTHEHUS CO3MAI0TCS
nakeTbl rpynn ) u 7y), Ha3blBaeMble B 0K1ae 4acto [1] community codes, o ecth na-
KeThl HAYYHBIX COOOINECTB, TaKue, HAmpuMep, Kak maket Trilinos, pa3suBaemsbrii Sandia
National Laboratories ¢ mpusmeuennem KBaau@GUIMPOBAHHBIX CITEIINATINCTOB BCETO MU-
pa, Briaouas Poccuro. Tlo cBOMM BO3MOXKHOCTSM HA MPEIMETHON 00JACTH 3TH MAKETHI
MOTYT Ha MOPHAJKHA MPEBOCXOIUTH N3BECTHBIE KOMMEDUIECKHUE MAKETHI.

CkazanHOe He NMPU3BAHO YMAJHUTh 3HAYCHUE PA3BUTHA KOMMEPUYECKHUX MAKETOB MPO-
rpamMM, BeCbMa YCIEIIHO pabOTANNX B O0MACTH WX MPeTHA3HAUEHHs W OBICTPO Pac-
MMUPSAIOMNX 3T 001acTh. PazpaboTkn KOMMepUYeCKUX MAaKeTOB HHOTIA CJIy7KAT OCHOBOMN
JIJIST HAQyIHBIX TTAKETOB HOBOTO ypoBHs. Ecim ydecTh, 910 OOJIBITHHCTBO KOMMEDPYECKUX
[IAKETOB MPOW3OIIJI0 U3 HAYYHDBIX, TO TAKON «BO3BPAT» €CTECTBEH. XaPAKTEPHBIM MIPU-
mvepom sBrsgtorces nakerbl DYNA3D u ParaDYN, poausiinecs B Jlusepmopckoii mabo-
paropun. Apxutexrypa cepuiinoro nakera DYNA3D'# Gpina B3ara 3a ocHOBY makera
ParaDYN, pa3pabarsiBaemoro B JIuBepMOpCKO# Ja00paTOpuu B paMKaX MTPOTrPAMMBI
W Program ASCI, npeanasHadennoii 1jist CO3IaHusi 1 MOHUTOPUHTA HE30MACHOCTH SIIep-
HOTO OPYKUs OT cKjaaga a0 nmopakenus 1ean. B ParaDYN peann3zoBanbl Bce BO3MOXK-
voctu DYNA3D, HO npuMeHHUTeNhHO K BBIYHCIUTEIBHBIM CHCTEMAM IeTa-Maciraba,
3HAYUTE/IHLHO YCUJIeHA YaCTh, CBA3AHHASA C MPUMEHEHUEM HEABHbLL MEMOJ08 UHTErPH-
poBanus 3amad auaamuku. K 2004 r. mporpamMa ObLIa CIIOCOOHA pertaTh HeJIMHEeHHbIE
JIUHAMUYECKHE 3370a49d C OOJIBIIUMA TIEPEMEIeHUsIMU JIJIsi HECKOJIBKUX TeCATKOB TEJI,

141Tepras Bepcust maxera DYNA3D 6sira Beimymena u 1976 1. B JIusepmopckoii naboparopnn Ka-
nudopHuiickoro yausepcutera [38|, pa3paGoTKa KOMMEPYECKOTO IPOrPAMMHOIO obecrmedenus Oblia
nponosikena B Livermore Software technology Corporation’s (LSTC).
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HanpuMmep, HuTeil Tpocos. IIpu 3TOM BpeMs cyeTa 10 CpaBHEHUIO ¢ mporpaMMoii Sandia
Laboratories gms Toro ke Kaacca 3a7ad 0Ka3aaoch B 17 pa3 MEHBIINM.

C 4ucTo KOMMEpPUYeCKOH TOYKM 3PEHUs IPaHb MEXKIy KOMMEPUYECKUMU I[IaKeTaMu
U TaKeTaMu I HAYYHBIX BBIYUCICHWH MOYKHO OBLIO ObI 0003HAYNUTL TaK: HA Tep-
BBIX MOYKHO CEro/IHd 3apabaThbiBaTh HEIJIOXHE JEeHBIM, B TO BpeMs KaK BTOPBIE IIPH-
HECYT, BO3MOYKHO, CYIIECTBEHHO OOJIBINI TOXO MM BHITOLY, HO 9e€pPEe3 HECKOJBKO JIET
U He 00s3aTe/IbHO HAIPAMYIO M3MepsieMble depe3 PbIHOK. Eciu npoexT 4.2 1mo3BOJIUT
YMEHBUIUTh Pa3pylIeHUs U COKPATUTh YHUCJIO JKEPTB, TO Pa3spabOTYUKU MOLYT IOJY-
YUTHh MeJajib WJIM IPEMHUIO, HO OCHOBHOI UX CErOHSINHKI 3apaboTOK 00yCJIOBJIEH IO-
CYZApCTBEHHBIM W YAaCTHBIM (DUHAHCHPOBAHWEM B MpOIecce pa3paborkm nakera. [1yTh
ot cozmarns TOKOMAKOR 10 mepeBoga mporpaMM X pacuera W yrpaBjeHus UMHU B
KOMMEpPUYeCKyo 06JacTh 3aifier, BUAMUMO, 3HAUUTE/NbHOe BpeMs. IIpu rom oH Oymer
OCYIIECTBJIEH JAPYLUM IOKOJIEHHEM Pa3pabOTYMKOB. B 3TOM, MexKIy MIPOYUM, COCTO-
UT OJHA M3 IPUYHUH, CAECPKHUBAIOIMIMX PA3BUTUE BLIYUCJIUTEIbHON HAYKU HE TOJLKO Yy
nac, #o u B CIITA, KoTopasi mogYepKuBaeTCst aBTOPaMu JOKJIAIa: YUEHBIME B 06J1aCTH
BBIYUCJIUTEILHON MaTeMaTUKW U BBIYUCIUTEILHON HAYKU B IEJIOM pa3pabaThbiBAIOTCS
MOIIHBIE WHCTPYMEHTHI YNCJIEHHOTO aHAJIN3a, HO MPE¥XKIe, YeM TMOMaCTh HA PHIHOK, OHU
00KATBIBAIOTCS, MPUCIOCAOJUBAIOTCI K CBOMM YaCTHBIM 3aJa4aM y4YEHbIMU IPeIMeT-
HbIX OOj1acTell HayKu ¥ MHXKEHepaMH, OHU-TO W 3apadaTbIBAI0T HA SKCILIYATAlUUd STUX
uncrpymenToB. CKoJIBKO 3apaboTaliu CO3JaTesl COBPEMEHHBIX aJrOPUTMOB PeLIeHUs
cucTeM ajredpanvecKuX ypaBHEHWH, MHOTOCETOYHBIX METOI0B, METOAA JEKOMIIO3UINN
00JIaCTH W p. B CPABHEHUHU C CO3ATEIAMU KOMMEPYECKUX MAKETOR, MUCMIOJIb3YIOMUMA
sy Haxoaku? OueBUIHBIA OTBET: HECONOCTAaBUMO MeHbIne, Kak mumyT aBTopbl JOK/1a-
na [1, c. 5], «yHusepcarbHOCmb BbUUCAUMEALHOT HAYKY — €€ UHMEALEKMYAAbHAA CUNG.
Ho smo maxoice ee nosumuueckas caabocmo. ITomomy wmo ona enocum ceoti 6KAa0 60
6ce 0baacmuU UCCAedo8aHUT, HO HU 00Ha U3 00AaCMET He ONPEJENAENCA UEAUKOM 6Dl
YUCAUMEAbHOT HAYKOT. [UCyuniuHne UCTNOPUYECKY HE TEAMANO CTAOUEHHOT TOPOWO
0P2aHU308GHHOT 2PYNNLL AJ80KAMOS, KOMOPLMU 004a0at0m dpy2ue JUCUUNAUHDLS.

Pazywmeercs, obmasa kapTuna Heoanopoana. Ecin oOpaTtuThest, HAIpUMep, K MPOeK-
TaM 10 3TAHOJLY, TO MOXKHO OXKHIATh OBICTPOrO BXOXKIEHUS JOCTUKEHHI BbIYUCIUTE b=
HOW HAyK! B 3TOH 00JACTU B PHIHOYHBIE MPOLYKTHI MATOOECTIEUCHUS.

3. BrruncanreabHas HayKa, BbIYUCJINTEeJIbHAad MaTeMaTuka
1 CMeIlleHne A3bIKOB C aHTJIANCKUM

Tepmunonorus UT npuxonur ¥ #am u3 CIITA, nockoabKy OHE Ha JIECATKH JIET OIe-
pexkaror Hac B 3Toit obmactu. VI B EBpome ona B OCHOBHOM aHTTOA3BITHA O TOM IKe,
XOTs U He CTOJIb ApPKO 0003HAYEHHOM MpUYnHe. DKCIAHCUS AHNIHIHCKOrO A3bIKa TPOUC-
XOJUT ¥ B Apyrux objactsx. B Jlannn Kaykaas mectast KHATA W31AeTCs Ha AHTIHNACKOM
A3bIKe, AHTIUHCKUI A3bIK OGUIMATIBHO CAEJaH KOPIOPATUBHBIM sI3bIKOM. Kommepue-
ckag opranm3anus Danish Commerce & Service BoicTynuIa ¢ mpeioKeHUEM, ITOOBI
[pernojiaBanue B YHUBEPCUTETAX W TOPrOBBIX IMIKOJaX JIaHUU BEJIOCH HE HA JATCKOM, a
Ha aHranicKOM a3bike. «Ilocse Tpex et o0ydeHus CTyAeHThI sIBJISIOTCS BIOJIHE TIOTr0-
TOBJIEHHBIMHU [IJIsT TOTO, 9TOOBI CJAYIIATH KYypPChl MPEIMETOB HA AHTJIHHCKOM», — CKa3aJl
B MHTEPBBHIO HAIMOHAJBHOW pajamoceTn kKoHCyaAbTaHT KoHbemeparuu Confederation of
Danish Industries mokrop Amuzmepcen (R.N. Andersen). B T'epmanuu pacnpocrpanser-
Cs1 AHTJIO-HEMEIKWH MyTAHT MO/ Ha3BaHueM /J[oHzauus, B KOTOPOM MHOTHE MPUBBIYHBIE
cl0Ba 3aMeHeHbl anrnuiickumu: baby, relax, happy, cool, OK u cotaamu apyrux, ¢pop-
MUPYIONIAMHU YCTORUUBBIE BHIPASKEHMUS.

[Mpuuwnna 3acunbsa anrymiickux tepmuHoB B UT, BUAMMO, HE TOIBKO B JOMUHU-
poeanuu CIITA B 3710if u aApyrux objactsax. AHMIMACKUI g3BIK, KAK U MEHTAJUTET,
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OYeHb OBICTP W JIETOK B CO3JaHWKM W OCBOGHWM HOBBIX HAYYHBIX TEPMHUHOB W CJIOB:
Skylab, CAM — computer aided medicine, computational mechanics, solver, processor,
outsourcing. .. Moxker ObITh, TOTOMY 9TO B HHIJIAIIE OOJIbIIE KOPOTKUX CJIOB, & OKOHYIA~
HUI KOT HAMJIAKAJ U OHM HE TIOAABJIAI0T ¢BoOoay ciora? CAM — meduyumna ¢ nomouysbio
KOMNbIOMEPa, HO HAIA KOHCTPYKINS 3BYYHUT TTOBECTBOBATEIHHO, YNTAETCS C OCTAHOB-
KaMH Me¥KIy CIOBAMM, a QHIJIMHACKAA — MOUTH Kak mymkuHcKmit am6'®. Iocaemnee —
npeyBenvYeHne, U TaK WU WHAYEe TPABUIbHOE TIPUMEHEHNEe CJIOKUBIIUXCA 33 PyOesKoM
TEepMUHOB He co3maeT npobiem nenocpeacrsenno aiasg UT. Ho npu orcyrcTBum ux ean-
HOOOPA3HOTO MOHUMAHUS B HAYYHO Cpejie U MOJTHOM HEIIOHUMAHUHU B CPeJie YNHOBHUKOB
YACTO HOBBIMU 3BYIHBIMU MHOTOOOEIIAIOIIMMEI TepMUHAMY 0003HAYAETCS JIeATEIHHOCTh
JajeKast OT WX CMBICJIA: JINITh ObI JeHbIU MIATuIu. Hampumep, pacnpocTpaHeHHbIH Y
HAC TUM PACYETOB — 3TO PACUETHI, CBA3AHHBIE C MPOEKTUPOBAHUEM MACCOBBIX WHIKE-
HEPHBIX OOBEKTOB HA OCHOBE 3AMaJHBIX KOMMepdeckux makeroB mporpamm: ANSYS,
NASTRAN, FLUENT wu muorux apyrux. [Togobube paboThl yKPAIIAIOTCS HEPEIKO Tep-
MUHAMU: BBIYUC/IUTEIHHAS MEXAHWKA, OBICTPOIEHCTBYIOMINE BHIYUCICHNS, METABBITNC-
JIEHUsI, KDUTHIECKNE TEXHOJIOTUHU, MaPaJIJIeIbHBbIE BEITUCICHUS. . . ; XOTS KPUTUIECKUMHI
HU B KAKOM CMBICJIE COBPEMEHHON BBIYUCIUTEIHHON HAYKON 9TH TEXHOJOTUU CINTATHCS
HE MOTYT, PABHO KaK W ObICTpOJeicTByommMEu. B JydineM ciydae Mbl UMeeM JIe0 ¢
CAD (Computer aided design) u CAE, a, nanpumep, He ¢ BbIYUCJIUTENHHON MEXaHHU-
koit. 1ot Tepmun poxaer B CIITA u B cooTBeTCTBUU € MPOKUTON UM CPABHUTETHHO
JIONTON U HECOMHEHHO TLIOA0TBOPHON KU3HBIO MOIPA3YMEBAET CYIIECTBEHHYI0 HAY THY IO
KOMIIOHEHTY HEMOCPEICTBEHHO B 00JIACTH MEXAHUKH UJIU YUCIEHHBIX METO/IOB PENIeHUs
KAKOro-100 BayKHEWIIero Kiaacca ee 3a1ad.

[TpoekTbl, pacCMOTPEHHBIE B MPEIBIAYIIEH YaCTH CTATHHU, SIBJISIOTCS IPUMEPAME Pe-
HIeHUs KPYIHBIX 33/]a49 BbIYUCAUTEIbHON HAyKON (TEepMUH, IOABUBINUICA B HAy9HOMN
suteparype CIIIA B koume mpomioro crojerus). B ¢Ba3u ¢ TeM UTO BBIYUCIUTE b
Hasl HAYKA CTAHOBUTCS HEOOXOMMMON TPEThEeil COCTABJISIONIEH MO3HAHMUS, UMEET CMBICT
OCTAHOBUTHCS HA TOM, KAK STOT TEPMHUH TTOHUMAETCH.

Poccuiickue crenuaaucTsbl P MEPBUYHOM BOCHPUSITAU HE YBUIAT OOJBINON pas-
HUIBI MEXKIY 6blUUCAUNEAbHOT HAYKOT U 8LNUCAUMEALHOT MaAMemamukot. ABTOPbI
Jokgaza [1] maT pasBepHyTOe OnpesesieHne BhIYUCINTEIbHON HAyKe, CyMMUDYs CJIO-
JKUBIIEecss Ha 3araje MpeicTaBjIenne O Hell Kak 0 3HAYUTEJIHHO 0ojiee TMHUPOKOM 1Mo
CPABHEHUIO C BBIUYMCJIUTEIHHON MATEMATHUKONW MOJIe HAYIHON 1esATeIbHOCTH, BKIIIOYAK0-
[MeM TOCJIEHIOI B KAYECTBE OHON U3 COCTABIAIONINX. BOT OCHOBHBIE TOJOXKEHUs HX
OTpeJIeIeHUS.

Buiuucaumenvras Hayka o0CAYAHCUBAEM UCTIOALZ0BAHUE KOMNLIWOMEPHHLL 603~
MOAHCHOCTNET, 0N PeutenHus npobaem peasvrozo mupa. OHA ABIAETCT MHO200UCHU-
NAUHAGPHOT 004010, KOTOPAS NMEET METhI0 PeATN3AINI0 Hanbosee COBEPITEHHBIX
BBIYUCTUTETbHBIX TEXHOJIOTUH JJIs TIOHUMAHUS ¥ PerieHus CJI0KHBIX npobiaem. Bor-
YUCTUTEbHAS HAyKa 00beIUHAET TPU PA3TUIHBIX IJIEMEHTa:

1. anzopummul (vucaennvle U HEYUCAEHHDBIE) U NPOPAMMHOE Obecneverue MOIe-
JIUPOBAHUS U CUMYJISIIIUU, CO3JAHHBIE /IS PEIeHus HAYIHLIX (HApUMep, OHOJIOrude-
ckux, (bUBMUIECKUX, CONUATBHBIX ), WHIKEHEPHBIX U I'YMAHUTAPHBIX TIPOOJIEM;

2. KOMNBLIOMEPHYIO U UHPOPMAYUOHHYI HAYKU, KOTOPHIE PA3BUBAIOT U ONTHMH-
3UPYIOT alllapaTHbIE, TPOrPAMMHBIE W CETE€BbIE KOMIIOHEHTBI CHCTEM, HEOOXOUMbBIE JIJIst
mpobsIeM, HyKJIAOIMUXCA B KOMIIBIOTEPHOM DEIIeHUH;

15 Komnwvromepruiti unstcunupune — xopomuit sksupanenr CAE — computer aided engineering, HO
MOXKHO JIA HA3BATH 3TOT TEPMHUH pyCCKI/IM? y MHOTUX BO3HUKHET COMHEHHUE, KaK IIPABUJIBHO HAINA-
caTh: KaK B Ha3BaHWU 4-U Bcepoccutickuli konkypc-evicmaska « KoMnviomepnuli uHHCUHUPUHZ > WA
B Ha3BaHUU UHorcenepras xomnanus «bBecm Unocenupunes? HemMenkum TepMuUHAM, BUIAUMO, TOXKE HE
IPO3UT MUPOKOE PACIPOCTPAHEHHE; JayKe OTHOCUTENBHO mpocToe cioBo Differentialgleichungen tpeby-
€T OT MHOCTPAaHIla TPEHUPOBKHU JIsA TPABUJIBHOTO NPOWU3HOMICHUWA.



TPETUN KOMIIOHEHT IIO3HAHU I 21

3. vuucAUMENLHYI0 UHPGPACMPYKMYPY, KOTOPast TIOIAEPKUBAET PEIeHne Kak
HAyYHbIX, TAK U WHYKEHEPHBIX IPOOJeM W Pa3BUTHE KOMIIBIOTEPHON u mHMOpMAaIu-
OHHO# HayYK.

Tam xe manmucano: «MbI HAXOAUMCS B KJIFOUEBOHW TOYKE C JOJTOBPEMEHHBIME T0-
psIKa MOKOJIEHUS MOCJEACTBUSIMU [IJIT HAYYIHOTO JUAEPCTBA U IKOHOMUUYECKON KOH-
KyPEHTOCIIOCOOHOCTH, €CJIU MBI OyIeM He CIOCOOHBI AefCTBOBATH C MPEABUICHUEM U
OTBETCTBEHHOCTHIO. KaK CBUAETEILCTBYIOT HAIM BBIBOJbI, MbI JOJI2KHBI MIPEINPUHATH
MacmrTabHOe U JJIUTETbHOE COTPYIHUYECTBO MEXKIY MPABUTEIHCTBOM, HAYKON U MPO-
MbIILTeHHOCTBI0, 9T00bt CIITA obmaganu sKcnepTr30it BHIYUCAUTENLHON HAYKUA U Pe-
cypcaMu Jjisi TapaHTHUPOBAHWS HAIMOHAILHONW 0e30TMacHOCTH, SKOHOMHIECKOTO yCIexa
7 pacTyIero cTanjapra JKU3HU B 21-M Beke».

4. O mene Bompoca

MacmTabbl HAIIIEro OTCTABAHNSA B PA3BUTHUN BBIYUCIUTEILHON HAYKH, TPUOOPETATO-
el UCKJII0YUTEIbHOE 3HAYEHNE B COBPEMEHHOM OOIECTBE, TPY/IHO MOJAIOTCH KAKOM-
b0 HAAEYKHON KOJMYECTBEHHOM, BpEMEHHOW WM CTOMMOCTHOM, ornenke. Ha Bompoc
«49TO JeaTh?» KPATKOTO OTBETa HeT: Hado deaamb 6ce WM MO KpaiiHeil Mepe OvYeHb
MHOTOE. BO3MOXKHO, caMbIil «TPOCTOii» OTBET: 00ECTeInTh KayKI0r0 BY30BCKOIO MPEIo-
JIaBaTesId U HAYYHOTO COTPYIHUKA CO CTENEHBIO JOCTONHBIM PAOOYMM MECTOM, JIydIlie
OTAEIBHBIM 0(DUCOM CO CBOUM KOMITHIOTEPOM, MMOTHATH OCHAIIEHHOCTh KOMITHIOTEPAMU U
0(pUCHOI TEXHUKOH 10 COBPEMEHHOIO yPOBHs. A paboTa U pe3yIbTaThbl IIOTOM CAMU IO¥i-
JIyT, TOTOMY 9TO KEJIAIONIUX U CIIOCOOHBIX MPOAYKTUBHO 3aHUMATHCS UCCIIETOBAHUSMU U
CYTIEPBBIYUCICHUSIMY JAZKe TP CPABHUTEIHHO HEOOJIBITION 3apTjiaTe, KaK MOYKHO OXKM-
nath, B Poccun eme xaTaer (pas nx xsataer Ha CIIIA n apyrue crpansi!®). Ouesnmmo,
9TO /TaXKe MPU HAJAYAN (DUHAHCOBBIX CPEJICTB PEATH3AIUs ITOTO [JIAHA HA CAMOM JIEJIe
HUKAK HE MOXKeT ObITh MPOCTO#: OTHOBPEMEHHO HAJIO MOJHATH HA JAPYTOil yPOBEHBb BCIO
JKW3Hb BY30B, HAUTH MHOTO HOBBIX CIEIIHAJIMCTOR.

Bormpoc 0 COOTHOIMIEHNN BBIUUCIUTEILHBIX ToTeHmraaoB y Hac u B CIITA Bozuukan
He onHaxapl. OauH n3 anmu3010B onucan akagemmukoM V1. Mapuykowm [39]. B 1972 r.
HobGenmeBckas mpemus B 00J1aCTH MOJIEKYASIPHON OmMoMOrnm ObLTa MPHUCYKICHA aMEpPH-
KAHCKUM YY€HBIM, & HAIUX YIEHbIX CPe/Id HATPAXK/IEHHBIX He ObLI0, XOTs UJIEU, JIEYKAB-
e B OCHOBE MCCJIeI0OBAHU, ObLIN BBICKA3aHBI OMHOBpeMeHHO. Cpemau MpUYnH Ha3bI-
BAJIOCHh TO, YTO KOMIBIOTEPHAS 00PAOOTKA PE3y/IbTAaTOB IKCIEPUMEHTOB Y AMEPUKAHIIER
3aHUMAJIA HEJIEIO, a Y HAC OKOJIO TOJIYTOa, U 9TO aMepuKaHckue mpubopsl B 10 pas3 To4-
uee. [loznnee B cBsa3u ¢ cozpannem ['ocymapcTBeHHO IpOrpaMMbl HAY YHO-TEXHUIECKOTO
porpecca 1o pykopoacTeoM akageMuka B.A. KorenbHuKoBa ObLIO IPEAIPUHATO OCHO-
BATEJIbHOE COMOCTABJIEHNE, MPUBEJIIEE K BBIBOIY, YTO COOTHOIIEHUE MOTEHIIMATIbHBIX
BO3MOXKHOCTEIl M MaTepuaIbHOTO 00ECTEeYeHNsT HAY YHO-TEXHUIECKOTO TTPOTPecca y Hac
u B CIITA pasuo 1: 7.

V mac mHOrO cropoHHEKOB Konuposanus onbita CIITA . Konuposars Ha10, 1 9T0 11pO-
UCXO/IUT €3KEYACHO U IIOBCEMECTHO (pa3Be NPAKTUYECKU BCe MATOOECHeYeHUe «HAIIUX»
PC u mHOroe npyroe se orryna?), Ho BCErJa Jid 3T0 IPUHOCUT OKH/IAEMbIE PE3YJIbTATHI?
IMonwirku noBTopenus: onbita, CIITA 106uTHCS Cephe3HBIX MPOIABUKEHUN B 00JIACTSIX,
OMUPAIOIINXCS HA MHOTHE OTPAC/IN TPOMBIIIJIEHHOCTH U HAYKN U TPEOYIONINX PA3BUTHUS
CJIOYKHO# PAa3BeTBIEHHON NHGPACTPYKTYPHI U 3HATUTEILHOTO KOHTHHTEHTA Pa3HO00pa3-
HOTO TPOMUISA CIENUATUCTOB, YACTO HeyAadHbl. V0XKHO HAIOMHUTH OTKA3 OT PA3BUTHUS
9BM cobcrBennoro muzaiina u nepexo] Ha eaunyio cucremy dBM, cBeprimBmumiics mo
¢dmarom nepernoca onwita IBM Ha oTedecTBennyio nouny. MHOIHe coryacsaTes ¢ TeM, 9To

16Mexxmy mpoumm, aupexTopoM demepanbuoi mporpamvbl ASC AMHHECTpAIUE HAHMOHATLHOIN
apepuoit 6esonacaoctu CITA (NNSA) ssnsiercs [Imutpuit Kysrenos.
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3P exT OBLT OTPUIATETHLHBIM U B IIEJIOM 0003HAYHII HAYAJIO CBEPTHIBAHNS KaK pa3pado-
TOK oredecrBenHbix IBM, rak uw mupokomacmrabuoro npumenenns IBM B mHaydHbIX
U MHXKEHepHBIX uccienosanuax'’. MHTepecHO OTMETHTh, YTO IPOTHB TOTAIBLHOLO Iie-
pexona #Ha EC 9BM u 0cOOEHHO KOMMPOBAHUS ANMapaTHBIX U MTPOrPAMMHBIX CPEJICTBA
IBM/360 BeicTynagn MHOTHE Hanboiee cBeyIime B mpeamere joan: A.A. JIOpogHWIBIH,
B.M. T'nymikor, C.A. Jlebener, U.C. Bpyk, B.I1. Pameen, 3aM. MUHUCTpA PAIAOTPOMBIITI-
smernoctu M.K. Cynum u np.

[Mpsawmoe nepenecenne onbita CIITA 3aTpyaaurenbuo He TOMBKO Asg Poccun, HO v 1ist
pa3BuThix eBponeiickux crpan. [lo aucay By3oB P®, Bo3amoxkno, npeBocxomgur CIITA.
Ha caiire Index of American Universities npusenen 1641 yuusepcurer, a Ha caiite By-
3vt Poccuu — 11508, A. @ypcenko Ha3bIBAET B BEICTYIICHIAX (PAHTACTHUECKYIO TH(PY
Gostee Tpex THICSY POCCHIICKNX BY30B, Mparaa, BMecre ¢ dbuanamavn [40]. Oanako Hamo
UMETh B BHJY, 9TO €CJIU JAayKe B34Thb 34 OCHOBY IEPBOE YHUCJIO, MOJIYYUM, 9TO OKOJIO
[OJIOBUHBI Ternepentaux By30s P® pomunock wegaBHo, BO Bpemena nepemen. B CCCP
ob110 650 BY30B, U3 HUX 0KOJI0 H0 — B Ipyrux pecnybaunkax. Kpome roro, B CIITA mmuo-
ro OOJIBINKUX YHUBEPCUTETOB. Hampumep, Tpu KPYMHEHITNX YHUBEPCUTETA TOJTBKO IIITATA
Texac umeror Kaxkapiit 0koji0 40 ThIC. cTyAeHTOB. Pa3uuia B ypoBHAX (DUHAHCHPOBA-
HUs B HayKe U 00pa30BaHWU, CKOpee Bcero, OyJIeT MOCTENeHHO BHIPABHUBATHCS, HO Ma-
Jlasi «<HACEJIEHHOCTh» YYEHBIMEU HEKOTOPBIX 00/1acTell HAyKW y7Ke COCTABJISET CePhe3HYT0
npobsiemy. JToctarodano Tounbie mudpbl IPUBECTH 3ATPYAHUTETBHO, HO TPE/ICTABIISETCS,
YTO YHC/IA TIOAOTBOPHO PAOOTAONINX YUEHBIX, HATIPUMED, B BEIYUCIUTEILHON MaTeMa-
tuke y Hac u B CIITA mMoryT pasHUTHCS B HECKOIBKO JECATKOB pa3. MoxKer mokasarhes,
9TO 06JACTH KOMIIBIOTEPHBIX HAYK U MATEMATHIECKOTO 0DECIIedeHns HAXOIUTCs B Oosee
6JIArONPUSATHOM COCTOSTHUM — TaM OCEJIAI0T MHOTHE BBIMTYCKHUKH HAIIAX MaTeMaThde-
cKuUX crenuaabaocreil. Ha camom nesne, mepBoe He COOTBETCTBYET JEHCTBUTENLHOCTH,
U B 9TOM MOXKET YOEeIUThCS KAayKIbIi, eCIM UMEET KOMITBIOTED W JOCTYI K WHTEPHETY.
Dakyaererst Computer Science umerorcs B CIITA B mecarkax, ecjaw He COTHAX, YHU-
BepcureroB. Hampuwmep, B Texacckom yuusepcurere B OCTHHE OH HACYUTHIBAET OKOJIO
60 npenomaBaresnieif, a B CpaBHUTENHHO HEOOIBITOM PeHcenmaepeckoM noauTeXHnIeCKOM
uncruryre (~ 6000 crysenros) — nopszka 30, 9T0 HE cUUTAd COTPYAHUKOB HAYIHBIX
o/Ipa3aesiennii, paboTarommx B 310 obactu. Ho kpome TOro, B KayK/I0M YHUBEPCUTETE
UMEETCS BHIYUCIUTEIBHBIN [IEHTP C JOBOJHHO MHOTOYUCIEHHBIM IITATOM, OOCITY ZKUBAO-
UM 00beJMHEHHBIE KOMITBIOTEPHBIE CHCTEMBI KayKJI0T0 U3 YHUBEPCUTETOB, 3AMKHY THIE,
KaK MMPABUJIO, HA HECKOJIBKO CYNEPKOMIBIOTEPOB. Hepe ko nMeroTest TakKe MOITHBIE BbI-
YUCJIUTEbHDBIE IEHTPBI CHENUATBHOTO HA3HAYEHWS, IPUMEPHl KOTOPBIX YIIOMUHAKCH B
JMAHHOM cTaThbe. Y HAC JaKe B KPYMHEHINUX yHUBEPCUTETAX HET TaKuX (hakyIbTeTOB,
XOTs ecTh Kadeapbl, KOTOpble MOTJIH Obl OBITH BBIJEIEHBI B Takue (GakyJabTeThl. A B
yHUBEpPCUTETAX, OBIBITAX paHee TEXHWIECKUMH By3aMu, HET Jake KadeIp MareMaTh-
YeCKOro 0DeCIedeHns, He TOBOPs yKe 00 a/IEKBATHBIX MOTPEOHOCTSAM BBIUUCIATETHHBIX
nenTpax. /s cpaBHenus ckaxkewm eire, 9To B BecrmuaCcTepcKOM yHUBepcutere JIoHI0-
Ha, B KOTOpOoM 0byuaercs nopsika 24000 (u3 nux 6ose 13000 aHEBHDBIX) CTYJAEHTOB, €CTh
nee ITIkosaer KommbioTepHbix HayK — Harrow School of Computer Science u Cavendish
School of Computer Science, mepenmenoBannast HeaaBuo B School of Informatics. B rux
YUUTCsT COOTBETCTBEHHO 2465 (1232) m 1291 (1053) cTyZeHTOR MO BeChbMa IMHPOKOMY
CIIEKTPY KOMIBIOTEPHbIX HayK [41].

Ho memo se tonbko B 3Tom. B Hammx yHuBepcureTax, OBIBIINX paHee TEXHUIECKH-
MU By3aMu, KaK TPaBuUjo, ectb Kadeapsl Mamemamura u [Ipuksadnas mamemamura.

17K paTkoe 3aKI09eHHe 0 TIOMOKUTETLHEIX I OTPUITATETBHBIX CIeACTBIAX BBeaenns EC MOXKHO Haii-
i B crarbe FC 9BM Buxeneann, http://ru.wikipedia.org/wiki. Mtorn nepexona o6cykgannch Takxke
BO MHOTHX CTarThax ( cM., Hanpumep: Pesuw FO. Cosuudorex u pedopma PAH. — 2005. — Pexum
npocryna: http://www.computerra.ru/focus/39303/).

18Cwm. http://5ballov.ru/universities/ u http://www.clas.ufl.edu/au/.
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Ho BO mHOrEX Cciaydasix 3aBeayiomue 3TuMu KadegapaMu — KaHIUIAThI TEXHUIECKUX
HAYK, HE MMEIOIINe HAYYHBIX PAOOT B 00JACTH MATEeMATWKH, TAK YK€ KAK U MHOIHUE
[IPEIO/IABATEH.

YacTo 3ama Hblil OMBIT KOMUPYETCS MO OTAEIbHBIM (hOPMATHHBIM MPU3HAKAM, Ka-
JKYIIAMCS KJIIOUEBBIME JI000UCTaM OBICTPBIX mepeMeH K Jiydriemy ((hUHAHCOBO AKOOBI
BBITOJIHBIX) U PYKOBOJSAIIAM YHHOBHUKAM. [IpUMEPOM ABJISIETCS BOIIPOC O COKPAIICHUN
ayIMTOPHOI HAIPY3KH, MOAHATHIA C IEIbI0 YBEIUYIEHNUs, CJIe/Iysd 3anaIHbIM 00pa3maM,
poJin camocTosTenbHON paboTel crygaenToB. Camo mo cebe yBeaudeHne pojin caMoCTOs-
TeJIbHON PaGoThl HEe BbI3bIBAET BO3PaXKEHUil, HO OHO (OCOBEHHO, eCJIM OHO COBEPIIAETCS
ObICTPO, YHU(DUIMPOBAHHO W TIOBCEMECTHO) TPeOyeT BBINOJIHEHUs HEKOTOPBIX IIPeIBa-
PUTEJIBHBIX YCJIOBUN U JIOMOJHUTETHHOTO (buHaHcupoBanusa. Co3maercs BIeYATIEHUE,
YTO B peaJbHO WMCTOJHSEMOM BapHAHTE OHO TOApa3yMeBaeT o0paTHOe, TO eCTh CO-
KpalleHne 3aTpar Ha oOydeHue, 9T0, KOHEYHO, IPUBEIET K JAATbHEUIEMY CHUKEHUIO
ypoBHaA obpazoBanus. UTo moapa3yMeBaeT yBeNIWUeHHe JOJA CAMOCTOATETLHONH pado-
THI U MOTYT JIM HAIW AK€ XOPOIINE YHUBEPCUTETHI 00ECTIEUUTh YI0BIETBOPUTETHHOTO
YPOBHsI camMocTosaTeasuyio pabory? Obparumcs cuavana kK onbity CIITA, mockomabky
OH YaCTO CJIYXKHUT MCTOYHUKOM DATUKAILHBIX HOBOBBemeHM. KIr0ueBoii ajeMenT st
MHTEHCUBHOW M KAdeCTBEHHON CaMOCTOATETbHON paboThl CTYJAEHTa — BO3MOMKHOCTH €€
BBIMIOJTHEHUS He BBIXO/s u3 creH yauBepcurera. B CIIIA ona obecneanBaercs MEOruMu
BecbMa BecOMbIME (parkTopamu. Ilepeancimm ux.

v' 3HAYUTETHHOE YUCIO COBPEMEHHBIX CBOOOIHOTO JOCTYNA KOMITBIOTEPOB, MPEIHA-
3HAYEHHBIX I pabOThI CTYIEHTOB MPAKTUYIECKHU B JIIOOOE BpeMsI CYTOK, PACIOJIOKEH-
HBIX B IIPOCTOPHBIX TOMEIIEHUAX ¢ MeOeIbI0, YA0OHBIX I8 ATUTETbHON OHOBPEMEHHON
paboThI CTYIEHTOB. DTH KOMIIBIOTEPHI BKIIOUEHBI B YHUBEPCUTETCKUE CETH, YTO MO3BO-
JIIeT CTY/IEHTY MOJIb30BAThCA ee Hosiee MUPOKUME BO3MOXKHOCTSIME HA JIIOOOM U3 HUX.

v/ BHaunTeIbHAS CTAHIAPTU3AINS KYPCOB OCOOEHHO TTEPBBIX JIET O0YYeHUs ¢ OYeHb
MOIPOOHBIM M3JIOYKEHUEM MATEpHUasIa U OOJIBIUM YUCIOM JOMAIITHUX 33IaHui. ITO 1a-
€T TPEeroIaBaTe/ 0 BO3MOXKHOCTh HE TPATUTH BPEeMsI Ha COOCTBEHHbBIH KOHCIEKT JIEKITHi
U HA MOATOTOBKY JIOMAITHUX 33JAHUN W MPOEKTOB, a CTYIAEHTY — OOJjiee JIerkoe OCBOe-
Hue marepuasia. KHuru no HagaabHbIM KypcaM OOHOBIISIOTCH C JOCTATOYHON YaCTOTOM,
MPUMEPHO Pa3 B TPU-YETHIPE roja. AMEPUKAHCKUN YIEOHUK — 3TO COBEPIIEHHO 0COOBIH
THI JINTEPATYPHI, He BCTpedarommiics uu B Poccun, uu B 3amamanoii Espore. Tlpex e
BCEro — TOApOOHeiiee N3JI0KeHne MaTepuaia. Bor, HampuMmep, TUMHYHBIN yYIeOHUK:
Pexmeneaavo [oic. ucnennbie meroanl ¢ Mariabom: peanusanus u npumenenue [42].
[Menp KHUTH — W3I0KUTH Marepuasi, oObraHbIil i dutaembix y Hac u B CIIA Ha
3-M u 4-m romax oOydenusi KypcoB «Hauamna uucienasix meronoBy», «udopmarukas,
«BBenmenne B BHIYUCIUTEIBHYIO MATEMATHKY > U T. TI. BMECTE C BOMTPOCAMHU PEAJIN3AIINN
aaropuT™MoB U ynpaxueausvu #Ha Marnabe. [Tommmo 4-x rnas mo Martmaby riaBsl mo

BBIYHCIUTENBHON MaTeMaTHUKe BKIIO9AI0T caeayrommue:

5. Hensbexxuble OmuOKNA B BBIYUCJIEHUSIX.

6. Haxoxnenne KopHeil ypaBuenuit f(z) = 0.

7. O630p nuHeHON anredpsI.

8. Pemenne cucreMm MUHEHHBIX alreOpanvIecKuX YpaBHEHUI.

9. ITocTpoenne KpUBBIX, TIPUOIUIKAIONUX AUCKPETHBIE JAHHBIE, METOAOM HAWMEHBIINX KBAJI-

paToB.

10. MaTeprionsnns.

11. Yucnennoe nHTErpUpPOBAHUE.

12. YucnenHoe UHTErpupoOBaHUE OOBIKHOBEHHBIX MU @EpPEeHIHATbHBIX YPABHEHUH.
Ipunoxenne A. CobcTBeHHBIE TNCTA U COOCTBEHHBIE CHCTEMBIL.
IIpunoxxenne B. Pa3perkenHble MaTPHUIIBI.

Kypc mpennasuaden Ijis WHZKEHEPOB, aBTOP YUTAET €ro /s CTYJCHTOB MAaITHHO-
crpourensuoro ¢gakymnbrera (Department of Mechanical and Materials Engineering), u
COJIEP’KUT MUHUMAJIHHBIH HADOP TeM J7IsT TAKOTo copTa Kypcos. Harmm yuebnbie mocobus
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naxke H6ojiee BHICOKOTO MATEeMaTHIECKOT0 YPOBHS M 3HAYUTEIHHO H0JIee MMPOKOTO OXBa-
Ta Marepuasa umeror nopsgaka 250 c. (cm., nanpumep, [43]). B amepukanckom yuebHuke
YKa3aHHOMY CTaHJIAPTHOMY JJisl WHXKEHEPHBIX CHEeNUaTbHOCTEH MATephuay OTBOIUTCS
590 c. (Bca xkuura 806 c.), yuebuuk comepxkut 131 puc., 37 taba. 381 ynp. ¢ ykazanuem
4-X OCHOBHBIX U 5-TH MPOMEKYTOUHBIX KJIACCOB UX CJIOKHOCTH (YTO MOMOTAET MPernoia-
BATEJIIO JIETYe ONPEEIATh MAKCUMAILHOE YUCIO 0AJLIOB 33 PEIeHne KasK 101 13 3a71a4).
Kpowme 3roro Ha nepcoHanbHOM CTPAHUIE JIEKTOPA COMEPKATCS IBA BADUAHTA KOHCIIEK-
Ta JIEKIIWI B BUJE CJaiI0B, mpuMepHO 10 50 c1aii/IoB HA KaXKAYIO IJIABY, MOSCHEHUS,
KaK 9UTATh KHUTY, KaK Oy/yT BBICTABISATHLCSA OIIEHKH 3a Kypc u T. . Kpome Toro, aBrop
co3mas maker «Yucsaennnie Mmeronsl HA Matimabes, B KOTOPOM COOpPAHBI TPOTPAMMBI Ha,
sa3bike Mariab n aiiabl HCXOMHBIX JAHHBIX /I8 yopaxkKHeHui. Ero MokHO HaliTh HA
caiite http://www.prenhall.com /recktenwald win nomyunts Ha nuckere.

Kypcbr 06b19HO auTaroTcs, cieaysi OJHOMY yIeOHUKY, MAKCUMYM JIBYM. DTO CBI3aHO
CO CTpeMJIEHHEM K CTaHAapTu3aluu (HA 3aJaHHOM YDPOBHE) TPAJUIMOHHBIX KYyPCOB U
C TeM, 9TO CTYAEHT, KaK MPABUJIO, JOJKEH KyMUTh y9YeOHUK, YKA3aHHbBIH JEKTOPOM B
ONMMCAHNM Kypca, a Mena ero Moxker ObTh $120 u 6onpme. Hawanbnas mena yueGHUKA
. PextenBanbaa, n3mannoro B 2000 r., kKak pa3 Obl1a HeCKOMbKO Bhie $120, a ceii-
vac can3muaack 10 $90. OuH U3 ABTOPOB CTATHY IPU YTEHNUHU TOJO0OHOTO KyPCa B OTHOM
U3 AMEPUKAHCKUX YHUBEPCUTETOB BKJIOYMJI B PEKOMEHIOBAHHBIN CIUCOK JTUTEPATYPbI
5 odenpb xopomux Kaur. Ero cnpocunu: «Ber canraere crymenTtos 6orarbivMu, U modemy
KHUTU TaKWe CTapble, KOTJA €CTh YIeOHWKW, W3JAHHBIE B MOCJIeaHUE TOabi’y Ha BTO-
PYIO 9acTh BOMPOCA TOAMBIBAJIO CKA3aTh: « T KHUTH HE CTApPhIe, a BEYHBIE, a aBTOPOB
BAIlIUX HOBBIX KHUI B HAayKe HUKTO He 3HAeT». BIOCIEICTBUU TPUILIOCH yOeauThCs,
9TO TP YTEHWH OOIUX KYPCOB OOJIBIIUM AyTUTOPUIM CTYICHTOB, U3 KOTOPBIX JIUIIh
eJIMHUTIBI OCTAHYTCS B MATEMATHKE, AMEPUKAHCKUI yIeOHUK 001a1aeT HEOCTIOPUMBIMU
JIOCTOMHCTBaMHU, obecriednBast Hanbosee KoM(pOPTHOE YCBOGHHE OCHOBHOTO MaTepuasa.

B amMepukaHCKUX YHHBEPCUTETAX COXPAHSIETCS 3aMEUYATEIHHAS TPAIUIUS 9TeHus 00-
X Kypcos Oosibimum ayautopusm B 100-150 wes. u 6ostee. Ha takux JeKnusax JIeKTOP
TOXKE BbIJAeT JoMaliHue 3a1anus. [IpoBepKa u OleHKa WX MPOU3BOAUTCS B TAKUX CIIy-
Yasix aCCUCTEHTOM JIEKTOPA € TOCTETHUM CIOBOM, OCTABISIEMBIM 33 JIEKTOPOM.

v' ObecrieueHHOCTh KasykI0ro MPemojaBaTesss oprucoM JOCTATOUHOMN TIIOMIAIN CO CBO-
UM KOMITBIOTEPOM M CHenuajbHbIMu cTanmapTabiMu 1 sBeex CITA merammnyeckumu
mkadamn 175 xpanenus marepuajios. B CIITA, kak mpaBujio, KaxKIblil Tpernogasaresnb
co crenerabio PhD nmeer ormensuyo Komaary. B o0bapmennn o Kypce TpemosaBaTesb
yKa3bIBaeT 9achl, KOrJa OH 00S3aTeIbHO HAXOUTCSA B ODUCE U MPUHUMAET CBOUX CTY-
JIEHTOB IO JTIOOBIM BOIIPOCAM, CBA3AHHBIM C 00y YIeHUEM.

v/ Hajimuame momHO#M KOMMPOBAIBLHON TEXHUKU, KOTOPAsS MO3BOJISIET OBICTPO PA3MHO-
JKATh 33IaHVsT, KOHCIEKTHI JIGKIIUN U T. [I., COKpAIllas BPEeMs, 3aTPAYMBAEMOE MPETo/Ia-
BaTEJISMU HA TOJANOTOBKY K 3aHATHAM & CTYJAEHTAMH — HA 3HAKOMCTBO C 33 AHUSIMHE.

v/ Wurerpanbuas onenka ocBoenunsi Kypca. Hamnpumep, /I:xx. PexkrenBasnbm craBut
BECOBYIO HHTErpabHYIO OIEHKY: moMamuuwe samanus (20%) + OBa KpaTKuX ompoca
(20%) + sxz3ameH B cepenuHe ceMmecTpa (30%) + 3akmouuTenbHHR 3x3aMeH (30%).

IIpu sTOM wWHTErpajbHOHM OIleHKe cOOTBeTcTBYIOT omenku A, B,..., F: A > 0.85,
0.75 < B < 0.85, 0.656 < C < 0.75, 0.50 < D < 0.65, F < 0.50. 3amerum,
YTO IPONEHTBHI B MHTETPANBHOI OImeHKe m rpamunsl onenok A, B,..., F mosepserca

OIIPEJENATH CAMOMY JEKTOPY.
v Hammumne GUOJINOTEKN C 3JIEKTPOHHBIM KATAaJIOTOM COIEPIKAHNA OCHOBHBIX OMOJIMO-
tek CIITA, koTopasi MOXKeT CHAOIUTH CTYIEHTA MPAKTUYECKH JIIOOBIM MATEPUATIOM, HMe-
IONUMCS B KATAJIOTe, UJIM €ro KOMNeil.
v’ Ilnara 3a o6ygernne or $10000 mo $20000 mra nmocrognnbix xuteneii CIITA u 3ma-
YUTETBHO OOMBbINEH g MHOCTPAHIEB. DTO BECHMa CYIIECTBEHHBIH (PAKTOD, BHIUMO,
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MaJI0 JKEeJAMMNX JIATUTh TAKWE JEHbBIH TOJBKO JJIs TOTO, YTOOBI MOJYUUTH [IUTLIOM.
B CIITA npakTtudecku OTCYTCTBYET CIIUCBIBAHUE JIPYT C APYTra, OOJBITHHCTBO JOMAITHUX
3a/IaHUil ¥ MPOEKTOB BBIMOJTHAETCs, XOTd ObI IIOTOMY YTO CHCTEMA TOJIyIEHUs MPOXO/I-
HOTO 0aJI1a, KAXKYIIAsCs HA TEPBBIi B30I UTPYIIEIHON, U3JIAIITHE JeTAJTN3NDOBAHHON
n (popMaTN30BAHHON, Ha caMOM Jeje paboTaeT: He HabpaJs MPOXOIHOrO DAJIA 3a TTPO-
CJIYUIAHHDIH Kype (BKJIIOUast BCIO CAMOCTOSTEILHYIO paboTy) — MIaTh CHOBA U CJIyInai
€ro CHOBA WJIN BRIOMPAil APyroit Kypc, Ooee MOaXOAMINHiA, IIaTH 1 00sg3aTeTbHO Habepn
npoxojuoit 6ast. [Ipu 3Tom 3a moBTOpHOE CiyIanwe Kypca Ijiara BO3PACTAaeT B JIBa-
Tpu pa3a. PacnpocrpaneHHoe npaBuio [IJis AMEPUKAHIEB: B MEPBBII Pa3 MJIATUIIH KaK
aMEepUKAHCKUI PEe3UJIEHT a 3a MOBTOPHOE CAyIIaHne Kypca — Kak mHocTpaner. Moxker
MMOKA3aThCs, YTO B ITOI CHCTEME MAJIO YesoBedHOCTH. HO Takoe 3akjrouerue ObLI0 Obl
OMMUOOYHBIM: AMEPUKAHCKWI MPENoIaBaTeIb yAeIseT MHOTO BpeMeHu paboTe CO CTy-
JIEHTaMU, HA HAIIl B3TJIsAI, OOJIbIIe, YeM HAIl MPENn0JaBATeb, XOTs ObI TOTOMY, 9TO
OOJIBINYI0 9aCTh KU3HU OH MPOBOJUT B YHUBEPCUTETE B HEMOCPEICTBEHHON OJIM30CTH K
crynentam.'?

Yucno aynuropubix 3auaruii crymentoB B CIITA, na mepBbIit B3rjIsAm, MeHbIe, dyeMm
B Poccun, u 310, BO3MOXKHO, HeHCTBUTENHHO Tak. [IpOXOXKIEHNE CTYIEHTOM TOTO WJIN
HUHOTO Kypca 00yYeHus WU BBIMOJHEHWE TPOrPAMMBI AKAIEMUIECKOrO CEMeCTpa m3Me-
psiercs 3apabOTaHHBIM YUCJIOM KPEIUTOB WM KPEeIUTHBIX YacoB (semester credit hour —
K. 4.). CymmecTByioT pasiudHble CHCTeMBI KpeauToB2: OMH 3a JTeKIHOHHBIH KypC, 3a
9ac B HEJEIO 3aHATHH B KJIACCE, 38 KOJIUIECTBO YACOB B HENENIO (BKJIIOYAs BBITIOJIHE-
HUE JIOMAIIHUX 3aJIaHWii), OTBEIEHHBIX I OCBOEHUA Kypca u T. 1. [To oxmoil u3 Hux,
npunaToil Bo maorux yausepcurerax CIIIA, 1 k. 4. npeamosraraer oinH akageMudecKuii
JIEKIIMOHHBIM 9aC B HEJEJI0, COMPOBOXKTAEMBbIH 3-Ms 9acaMu CAMOCTOATETbHON PAOOTHI.
IIpu 2-x cemecTpax B yueOHOM TOIY 3a OFWH CEMECTP CTYIEHT J0KeH HabpaTh B Cpe/i-
Hem or 16 10 20 K. 9. (19 IyMaHUTAPHBIX CIEIUAILHOCTEH, KAK MPABUIO, MEHBIIE),
JIJIs TOJTyUeHusi cTenenn bakaaappa Tpedyercsa nabpars 120-140 k. 4. [Toguepruem, 9o
[IPU 3TOM MPUMEHSIETCS BEChMa, BEPCU(DUIIMPOBAHHAS CHCTEMA OIJIATHI 38 00yUeHUe, Mo-
9TOMY CKOPOCTDH MPOXOK/I€HUsS KypPCA B 3HAYUTEIHHOIN CTENEHU OIPEeIesieTCd CaAMUM
CTY/IEHTOM B 3aBHCHMOCTHU OT €r0 MHTE/JIEKTYAJbHBIX U (DUHAHCOBBIX BO3MOXKHOCTEN.
Ha camom nesne B KaKIOM YHUBEPCUTETE MMEIOTCS BEPXHWE W HUYKHUE TDAHUIIBI TWC-
JIa KPEJUTOB, HATIpUMED, HE HuKe 12 (4TOObI HE TOTEPATH CTATYC CTYJAEHTA JHEBHOTO
obyuenns) u He Bbime 21 (6e3 MonoHUTEBHON OMTaTh?!) Kpeauta B cemectp [44]. B
OCODOBIX CJIy9asiX CIIOCOOHBINA CTYIEHT MOxKeT Habparhb g0 30 K. 4. B CEMEeCTp, HO s
9TOr0o Tpebyercs pa3pelneHne TeKaHa Wik COOTBETCTBYIOIIEro hpaKyIbTeTCKOrO OPraHa.
1 K. 9. cooTBeTCTBYeT 1-My ayauTOPHOMY 9acy TOJBKO s JeKiuii, 1 gac mabopaTop-
HBIX PadOT, Mpe3eHTalnii, 00 bICHEHNIT 3aJaHnii U T. J1. oreHnBaeTcs B 0.5 K. 9. U HUKE.
ITo mpaBunam, mpuaaTreiM B 2001 1. B YuuBepcutere Ilepanio, 1 K. 9. MOXKeET COOTBET-
cTBOBaTh naxke 4-M dacam JjaboparopHbix pabor u 6-Tu yacam paboThl B KiauHuke [45].
Becbma cyrmecTBeHHO, 9TO KaXK/IbIH JEKITUOHHBIN K. 9. IIPENOIAraeT 2—3 9aca CaMOCTO-
ATEJBHONU PADOTHI, U YUCJIO U CIOYKHOCTH JOMAITHUX 33/IaHUI U TPOEKTOB PACCINTAHDBI
TaK, YTO CTYJEHT JIOJIKEH ObITh 3aHAT W JeHCTBUTEIBHO 3auaT yueboi 45-51(!) uacos
B Hezeno (cM. [45]).

B marmeit mpaktuke muoro wacos orsoautTcss HUP, cemmuapam n 1abopaTopHbIM 3a-
HaTuaM, Koropbie B npaktuke CIITA coOTBETCTBYIOT XOPOIIO TMPOILYMAHHOW U Mame-

9B yrurepcurerax CIITA npernosaratens mMeeT BO3MOKHOCTh yMEHBIMTATE cefe yaebHyI0 Harpy3Ky.
OTO MOXKHO CJeJaTh, HAIIPUMEDP, B TOM CJydae, €CJIA €ro HCCJeJI0BATENbCKHE ¥ JDYyTHWe MPOEKTHl W
IPAHTHl IPHHOCAT YHHUBEPCUTETY JOCTATOYHYIO CYMMY JI€HeT.

2Ohttp://en.wikipedia.org/wiki/Credit % 5F %28education%29.

21B Texacckom A&M ymmBepcuTeTe TPW MPEBHINIEHHHA YNCIA KPEJANTOB CO CTYAEHTA B3MMAET-
ca mimaTa 3a obydueHHe KaK € HHOCTPAaHIla, KOTOpasd TaKKe, KaK HOPaBUIO, B 2 pas3a BBIIIE, CM.
http://admissions.tamu.edu/Registrar/General /ExcessCredHr.aspx.
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PUGABLHO 0becnenenHoti CAMOCTOATEIHHOM padoTe. Y HAC TU YACHI, BO-TIEPBBIX, «KOM-
MEHCUPYIOT» OTCYTCTBHE BO3MOYKHOCTEH JJisi CaMOCTOSATETHHOW PabOTHI CTYJIEHTOB B
CTeHAX YHUBEPCUTETOB W, BO-BTOPBIX, YBEJIUIUBAIOT MPEMOJABATENAM HATPY3KY, 9TO 10
HEKOTOPOI CTEMEeHN KOMIEHCUPYET MAJIbIe 3aPILIATHI.

CpaBHeHrEe HATPY3KW MO AyIUTOPHBIM YaCaM MOXKET BOOOIIE 1e30pueHTupoBaTh. Cu-
crema O0yueHWs B AHIJINM BeChbMa OTJIMYHA MO CYIIECTBY OT aMEPUKAHCKON W €BPO-
MeHCKO, XOTsI BMECTEe C eBPOMEeHCKUMU CTpaHaMWi BBOJUTCS CHCTEMa OIEHOK W obpa-
30BATEIbHBIX IKBUBAJIEHTOB, MO3BOJISIONIAA OIUH WM HECKOJIBKO JIET YAUTHCS B OJTHOM
cTpaHe, a 3aTeM B JIPYyTOil. YUeOHBIH roJ] 4acTO JEJUTCA Ha 3 ceMecTpa Mo 8 Hesesb.
B oykisere «O6yuenne maremarnke B Oxedopnes [46, c. 2] unraem: «IIpeumyuwecmeen-
HaA Yacmv obyuenus mamemamure 6 Okcghopde, ocobenno nepsvie d6a 200a NPOZPAMMBL
0AA NOAYUEHUA CMENEHU, NPOU3BOOUTNCA NYMEM HACMABHUYECMEA. Imo becedvl, dd-
wuecs 00un ac, MeXcoy Hacmashukom, o00buHO 0OHUM U3 CMAPUWUT COMPYOHUKOS
Koanedoca, u nebosvwol 2pynnot cmydenmos (kKakx npasuno, u3 deyr weaosex). Ta-
Koe 00yuenue ABAAECMCA 6eCoMA 2UDKUM U NEPCOHOPUUUPOSAHHBIM, 0a6GA HACNABHUKY
spems, 4mobv, Yywecmy cneyuduyeckue mpyoHocmu epynnol, ¢ cmydeHmam — 603 MOHC-
Hocmb 3adasams eonpocv. <. ..> Hacmasnuku xoaredsca 6numamenvHo caedam 3a
NPo2PECcom 00YUeHUA CEOUT CMYIEHMO8, NOMO2AI0M UM 6 0bYyuernu, 0bcyscdarom 603-
MOIAHCHOCTNU 8bLO0PA NPEIMEMOB, PEKOMEHIYOM YUeOHUKY U CNOCOOHBL OMEEMUMSb HA
sonpocw, 06 Oxcghopde 6 yeaom».

Marepuanbaoe obecredeHne caMoCTOSATEIbHON pabOThl CTYIEHTOB BEChMa BBICOKOE.
[TpumepoM 3ToTo MoKeT cay:kuTh [1Ikoma KoMmbioTepHbIX Hayk B Xappoy?? (Harrow
School of Computer Science — HSCS) apyroro He crosib u3BecTHOr0 GPUTAHCKOIO yHU-
sepcurera (University of Westminster B Jlonznone), B koropoii yuurcs nopsaka 2500 cry-
nentos. [lomumo IlenTpa yuebunix pecypcos, BKIo9aionero budanoreky u 6osiee 200
PC n pabounx cranmmit Macintosh, crygenTst moryT nosnbzoBarbes 20-10(!) KoMmmbio-
TepHbIMI J1abopartopusmu ¢ 600 paGounmu cranmmsmu Windows/Unix, n3 KOTOpHIX
5 crnenuaImM3mpyrTCa Ha mpobseMax pa3BuTus cereil. Kpome Toro, mmeercs MmOTHO-
cThi0 000pYIOBAHHASI COBPEMEHHAsT MyIbTUMeIuiiHAsA TabopaTopus ¢ 45 KoMIbioTepa-
mu Silicon Graphics, To3BOAAONIME, B YACTHOCTH, TPOBOIUTH BHIE0-KOH(DEPEHIIUHN 110-
cpescTBOM HamuoHambHOH Super-Janet cetn??. Takas HACHIIEHHOCTH MEPBOKIACCHBIM
obopymoBaHueM, 6€3 COMHEHWsT, TOKPHIBAET BCE MOTPEOHOCTH CAMOCTOATEIHHOM pabOThHI
CTY/IEHTOB 1 CIOCOOHA 00ECTIeUnTh ee BhICOKMiT ypoBeHb. B MaremarnaeckoM WHCTUTYTE
OkchOpPACKOro yHHBEPCUTETA B HEKOTOPHIE CEMECTPBI BBITOTHAECTCS BECHhMa 3HAUUTE b=
HBI 00beM camocTosTenbHoM paborsl. Obecnedenne KOMIbIOTEPAMHU, TOCTYTHBIMA JIJIsT
crynentoB 24 gaca B cyrku, ne ycrymaer HSCS. Bousee Toro, B Kax ot komuare 00-
[MEKUTUST MOYKHO MOJKJIIOYUTH CBOM TEPCOHAJBHBIN KOMIBIOTED K YHUBEPCHUTETCKOI
ceTu, KOTOpasi 00eCMeYnBaeT KayKIOTO CTYAEHTA 3JIEKTPOHHONW MOYTOMN, MepCOHAIbHON
web-crpanutieit, BupryansHoi odydatoriei cucremoit OKcdOpPICKOro yHUBEpCUTETA U
[EHTPAIU30BAHHOM cucTemoit JImrykc.

[IpuBesenmbie BhIlle KpaTKHE CBeIeHUs 00 OpraHm3aiund yIeOHOro MpOoIecca 3a py-
0eKOM TOBOPSIT O TOM, 9TO B BOMPOCE O TOBBIMIEHUN OJU CAMOCTOSITEILHON pabOThI
CTY/IEHTOB OCHOBHOE — He (hOPMATHHOE CHUXKEHUE YHUCJIA 9aCOB ayIUTOPHBIX 3aHSTHIA,
a obecreueHne TakoW pabOTHI BCEMHU HEOOXOIUMBIMU 3JIEMEHTAMU, FapAHTUPYIOMIMHI
ee BBICOKWIH yPOBEHBb, OTBEYAIOINN BHICOKUM COBPEMeHHbIM cTaumapraM. [locnie atoro
CHUZKEHUE ayJIUTOPHBIX 9acoB mpou3oiizer camo coboii. Kpome Toro, BBOAS 71€MeHTbHI
yHUQUKAINY, eBPONEHCKNe CTPAHBI He CIENaT OTKA3bIBATHCS OT CJOYKUBIIAXCS XOPO-
ITUX HATMOHATBHBIX TPAIUINI B BBICIIEH TITKOJIE.

22http://www.wmin.ac.uk/hscs.
23910 He cumTas APYrUX KOMIBIOTEPOB COTPYAHWUKOB, HANPHUMED HOYTOYKOB, BPYHAEMbBIX KasKIOMY
COTPYIQHEKY IPH HOCTYIJICHHH HA paGOTy H HE MOJIEXKAMAX BO3BPATY.
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5. HewmHoro o cynepBbruucijenusax B Poccuun

B nosa6pe 1999 r. Ucnonaurensusim Komurerom Coro3za Bemapycw m Poccun 6vuia
yrBep:xkaena mporpamma CKU®, Paspabomrka u oceoenue 6 cepuiinom npoudsodcmee
cemeticmen Modeaeti 8bcoKONPOU3B00UMENLHBIL BHIYUCAUMENLHOLL CUCTNEM € NAPAA-
Aeavhotl aprumexmypot (cynepkomnvlomepos) u co30aHue NPUKAGIHBLT NPOZPAMMHO-
ANNAPaMHBLT KOMNAEKCO8 Ha ux ocHose. IIporpamma 6pura paccanrana Ha 2000-2003 rr.
U 3aTeM Mpo/iiena eie Ha oaud roa. OHa npuBesa K CO3JAHUI0 cynepkoMibioTepa Skif-
K-1000 ¢ nuxosoit mpomssoanTensbHocThio 2.5 TF, yeranosaennoro B 2003 r. B Unctury-
te unpopmarunkn AH Bemrapycu 8 Muncke. B peiiruare TOP 500 on 3anumast 98-e mecto
7 OBLT HamboJIee OBICTPOMEHCTBYIONIEH BLIYUCIUTENLHON CHCTEMOIT B BOCTOUHOM EBpo-
ne. Yaactauku HoBoro npoekta CKU® Yuusepcumemui, cpeau KOTopbix MocKOBCKmii
u Cankr-IlerepOyprekuii rocyaperBennbie yauepcuTeTbl 1 OO beIMHEHHBIH HHCTUTYT
npobsem nudopmarnkn HAH Benapycu, cMOTYT MOAKIIOYUTE CBOW BHIYUCIUTEIHLHBIE
CUCTEMBI K PACIPEIEICHHON CeTH ¢ AHAJOTUYHBIM HA3BAHWEM, PA3BHBAEMOIl B paMKaX
koMmmbioTepHoi mporpaMMbl CKU@-I'PIJ]. Ouu cMOTYT Tak’Ke TMOJIYYIUTh JTOCTYI K
pecypcam By30B-IIAPTHEPOB, KOTOPbIE yCTAHOBAT OTEYECTBEHHBIE CYIIEPKOMIIBIOTEPHI.
Corsacuo peiitunry Jsera 2007 1., Poccus umena 10 cucrem TpPOU3BOAUTENTHHOCTHIO
1 TF u Bbimie (U3 HUX TOJIBKO 2 OTEUECTBEHHOrO mpoussojcTBa), 1 — B COepbanke u
9 — B yHWBepcHTETAX W WCCJIEIOBATETbCKUX WHCTUTYTax: Mocksbl — 6, Tomcka — 1,
Hwkrero Hoeropoma — 1 u Cankr-IlerepGypra — 1 [47]. B Mockee HanGosiee MoIHast
cucrema ycranosyiena B 2005 r. B MexXBegoMCTBEHHOM CYIEPKOMIIBIOTEDHOM IEHTPE
AH PAH u 3anumana 56-e mecro cpegu TOP 500 2005 r., onunako B peiituare TOP 500
uionsi 2007 r. ona yxke Obina 187-ii. B 2007 r. 8 MexxperuonaibHOM BBIYUCTUTETHHOM
nenTpe nmpu TOMCKOM TOCY/TapCTBEHHOM YHWUBEDPCUTETE BBeJeHa cuctemMa ¢ 1128 mporiec-
copamu mpom3soauTensuocteio 9 TF24, koropas B peiituare TOP 500 mions 2007 r.
umer noj momepom 105, mpomyckas Brepe cebsi CynepKoMmbioTepsl 14 cTpan, BKITIO-
gast FOxnuyio Kopero, Manasuio u Hoeyro 3enananio. 3aMeruM, 9T0 CynepKOMIIBIOTED
BlueGene/L-eServer CIITA umeer 131072 upoueccopa u 6icrponeiictsue 280 TF.

Bor mammbIe O umCIIe CYNEPKOMIBIOTEPOB HECKOJIBKHX CTPAH, MPEICTABJIEHHBIX B
TOP 500 utons 2005 r.:

CIIA - 277, O6benunentroe koposieBcTBo — 32, lepmanus — 40, dnonusa — 23,.. .,
Poccusa - 3.

B utone 2007 r. umeem:

CIITA - 281, O6benunentoe koposeBcTBo — 42, Tepmanus — 24, dnonusa — 23,.. .,
Poccna - 5.

Cpean TOP 10 2005 r.: CIITA - 5, dnonus — 2, Vcnanusi, Hunepaannst u [Iseiina-
pusa — oo 1-my, a 8 2007 r. — CIITA - 8, Ucnanusa — 1, Tepmanus — 1.

Konegno, conocrasiienne TOJbKO [0 9HUCJIY CYIIEPKOMIIBIOTEPOB HE /1aeT MOJIHO| Kap-
tunbl. Hanpumep, Ucnanns, nmes 6 cynepkoMubioTepoB, cpaBanMa 1o ux guciay ¢ Poc-
cmeil, HO CyMMapHas MOIITHOCTH ee CyMepKOMIbIOTepoB cocTapyseT mpuMmepro 98 TF, B
10 Bpems Kak poccuiickux — 31 TF. CymecTBeHHO pa3inyueH ypoBeHb MATODECTIEUEHUsT
u ero HazHadenne. B O0benuHeHHOM KOPOJIEBCTBE 9 CYMEPKOMITBIOTEPOB OOCTY XKUBAIOT
npoussozicTBo npoaykros nuranus (Food Industry), B Kurae 6 uz 13 obcayxusaior
urposyio komnanuio (Gaming Company), Bce HeMelKue CylepKOMIIbIOTEPbI yCTaAHOBIIe-
HBI B YHUBEPCUTETAX, W3BECTHBIX KPYIHBIX HAYYIHO-UCCIIEI0BATETHCKUX UHCTUTYTAX U
KPYIHBIX ABTOMOOUJIBHBIX W TMTPOMBINIJIEHHBIX KOMTAHUuIX n KoMmmanusx UT.

Ceiiuac obuapomosan crucok TOP 500 mosiopst 2007 1., coriacuo Koropomy Poccus

24Kak w manee, npueegena mudpa MaKCHMATBHON MPOW3BOJUTENBHOCTH Rimax , JOCTHTHYTOH 1pn
ucnosnb3loBanun nakera LINPACK nna pemenus 3amosHEHHBIX CHUCTEM ajreOpanvdecKuX ypaBHEHHUH
(cm. mogpoGree http://top500.0rg/list/2007,/06,/200).
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umeer 7 cynepkomnbiorepos (CIITA — 283), cocrasnsomux 1.4% mMuposoil cynepkom-
nbioreproii Momu (CITA — 56.6%).

Takum 06pa3oM, Bpsi/I JIU MOKA MOXKHO CKA3aTh, YTO TOCTE CTAPTA C HEKOTOPOrO Py-
0exka B CO3JAHUN CYNMEPKOMITBIOTEPOB MbI CTAJN TPHUOIMKATHCA K Jmaepam. Baxkuoi
XapaKTEePUCTUKON CYMEPKOMITBIOTEPOB SIBJISETCS €IUHUIHAS MOIHOCTh, U B 9TOM TIOKA-
3aTesie Mbl OTOIBUHYJIUCH HA33J, XOTS CUTYAIMS MOXKET M3MEHUTHCS MOCJE YCTAHOBKU
HOBBIX cucrem. OJIHA W3 TPUYNH, HECOMHEHHO HE DJIABHAs, 3aKJII0YAETCS B TOM, 9TO Pa3-
pabaTbIiBaeMble CHCTEMBI TOJIBKO YCJIOBHO MOYKHO HA3BATH HAIUMU, MHOTHE UX HCECIM-
Kue u MA2KUe KOMIIOHEHTDI, KaK 1 HH(GOPMAIHs O HUX, IPUXOIAT U3-3a pyberka, T0 ecThb
C 3amo3aHneM u B 00pab0TaHHOM BHUE, U 3TO 3aTPYIHSIET MPUOINKEHNE K MEePETOBOMY
kpar. OCHOBHAS MPUYNHA OTCYTCTBHUS CYMEpKOMIBIOTEpHOro Oyma B Poccum BuauTcs
B JIPyTOM: HAIUM OOITIECTBOM, B TOM YHCJIE U HAYYIHBIM, €Ie HEeJOCTATOTHO TOHITA UX
peraonas posb B OyIyIneM, 1 OHU HEJIOCTATOYHO BOCTPEOOBAHBI, B YaCTHOCTH, HAIIEH
CYTIIECTBYIOIEH, OmIadnBaeMoil mo OeaHo#l cxeMe HAyKOH, KOTOPO# TMOKa OTKA3aHO B
BO3MOXKHOCTHU pabOTATh JTayke HA CPeIHECPOUHYIO nepcrnektuBy. OHE HE BOCTPEOOBAHDBI
HAIKUM PBIHKOM, B KOTOPOM OBICTpOE 0DOralleHne BO3MOXKHO 0e3 HAyKOEMKHUX TEeXHOJIO-
ruii 3a CYeT TUraHTCKUX MPUPOIHBIX pecypcoB. He cexper, 4T0 MHOrAA yCTAHOBJIEHHBIE
JIOCTATOYHO BBICOKONPOU3BOAUTEIbHbBIE KJIACTEPHI HE MCIOIB3YIOTCH HA MOJHYIO MOIII-
HOCTB, W IO CYIIIECTBY OHU mpocTtauBaior. B cioxkwusineiica B Poccun curyamuu ¢ cymep-
BBIYHCJIEHUSIMU DOJIbIIIEE OTCTABAHUE, Y€M 0 CYyMMAaPHON MOITHOCTH CYIIEPKOMIIbIOTE-
POB, YK€ JOCTATOYHO SICHO 0DO3HAYUEHO B APYTOM: B HEJOCTATKE HEOOXOIMMBIX KAIPOB
U YCJIOBHUI TPYIA, MO3BOJISIIONINX BBIMOTHITH MACIITAOHBIE BHIYUCIUTEIHHBIE TIPOEKTHI.
Hanuunas, aebosbias B CPaBHEHUN C IPYTHMHU CTPAHAMHE, CYIIEPKOMIIBIOTEPHAS MOIIb
TeM HEe MeHee JIOCTATOYHA /I AHAJIM3A [IyTeM YUCJIEHHOIO CHMYJIUPOBAHUSA CEPHE3HBIX
npobJIeM B €CTECTBEHHBIX W COMMAIbHBIX HAYKAX, IKOHOMUKE, MEIUIINHE, 00ecriedeHnn
samepHo 6e3omacHocTy u ap. [Ipon3BOANTETILHOCTD KAXKI0T0 U3 H-TH HAIUX CYTTEPKOM-
npioTepos npesocxoanT NPACI Blue Horizon co cranmapTHOI NpOU3BOINTENHHOCTHIO
1.7 TF, ma KOTOpOM O MPOEKTy 4.2 MPOU3BOIUIUCH CUMYIAINNN 3eMeTpacenuii ¢ 150
MJIH. 1 DoJiee creneHsiMu cBOOOIBL /11 CJI0XKHOIO Teoiorndeckoro paiona FOxuoi Ka-
smudopuuun. [IpoekT 5.2 1m0 ITAHOTY BBINOIHAETCH HA CUCTEME ITPOU3BOIUTEIHLHOCTHIO
nopsaka Heckonbkux TF u srmouatomnieit SGI Altix u Linux cluster. Moxno npusectu
mpuMephl 1 00JIee MaCIITAOHBIX MPOEKTOB HA CUCTEMAaX TaKOl npou3BoauTenbaocT. O1-
HAKO, 32 MCKJIIOYEHHEM HEMHOTOYNCIEHHONH TPYTIThl M3BECTHBIX aKTHUBHO PAOOTAIOIINX
B 9TOi1 obsiacTu opranu3arnuii, nadopmarus 06 0Te4eCTBEHHBIX BbIYUCIUTEIHHBIX PO-
€KTaX COMOCTABUMOTO MACIITA0a MPAKTUIECKH OTCYTCTBYET, OCOOEHHO eC/ii CPABHUBATH
¢ obunbhoit uadopmanueit no nporpammam ASC u SciDAC.

V HAC 0CTAJIOCH CJUIIKOM MAJIO CIEIUAINCTOB, HE TOJHKO BHICOKOKJIACCHBIX, HO U TIPO-
CTO XOPOIIUX, BO MHOIUX BETBAX BBIUYUCIUTEIHHON HAYKM, CIIOCOOHBIX BOCIPUHUMATH U
Peann30BbIBATE JOCTUKEHUS MUPOBOrO ypoBHs. CUIBHO TOPEIETH Psi/Ibl BHIYUCTUTE b=
HBIX MATEMATHKOB2® i 0COOEHHO JIMIEPOB B 00IACTH HAYYHBIX BHIYHCICHHUH, HA e JHOCTD
KOTOPBIMU MBI HE MOTJIU IOYKAJIOBATHCS BCErO JIUIh HECKOJHKO IECSTKOB JIET HA3aIl.

25TakoBa CHTyamus M BO MHOTHX ADYIHX O0JACTAX HayKH H He TOAbKo. Hampumep, omHoil u3
BaJKHBIX mpo6seM B cdepe BO30OHOBIsIEeMON 3I€KTPOIHEpreTukd, mo csaoBam anagutuka UK Be-
sec Kanumana Onera 30TUKOBA, SABJSIETCS OTCYTCTBHE BBICOKOKJIACCHBIX CHEIMATUCTOB. «M3-3a TO-
ro 9TO JAaHHBIA BHJ 3JEKTPOIHEPreTHku B Poccum 10 MOC/IegHEr0 BPEMEHH MPAKTHYIECKH He pPas3-
BHUBAJICS, MPOU30IIE] OTTOK KaJPOB B JAPYTHe CTPAHbI, a HOBBIX KaJPOB HNPAKTHYECKH HE TOTOBHU-
nu», — ropoputr 3kcrnepr. Ognako ['mapoOT'K B maHHBIN MOMEHT <«3aHUMAETCs AKTHUBHBIM IIOWC-
KOM U MPUBJIEUYEHHEM CIENHAJUCTOB B 3TOH cdepe 3JIeKTPOIHEPreTHKH, TeM 00jee €UTO MOTEHI[HAJ
y Poccum B 3TOM BHjE 37€KTPOSHEPreTHKH OYeHb BBICOK» (cM. Pomanosa T. TuapoOT'K moxker
CTaTb MHPOBBIM JHAEpOM B cdepe Bo306HOBIsIeMOit sHepreruku. — 19.10.2007. — Pexkum mocrtyma:
http://www.quote.ru/stocks/news.shtml?2007/10/19/31679130.

O coxpamennn KaJPOBOrO MNOTEHNMAJIA B HAayKe HeIaBHO rosopus npe3umgent PAH axkamemwmx
10.C. Ocunos na cob6pannn CoBera 1m0 HayKe, TEXHOJOIHAM U 0Opa3oBaHuIO npu npe3ugente PO [49].
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[IpakTrdeckn HET BBIYUCIUTENEH-TTPOTPAMMUCTOB, CIOCOOHBIX THCATH OOJBITAE pa3-
BETBJIEHHBIE, CO 3HAYUTETHHBIM BECOM JIOTUYECKUX OMEPAIuil, HAyKOEMKHE MPOTrPAMMbI
JIJIsl HAYYHBIX BBIYUCJIEHUI B 0O0JIACTH €CTECTBEHHBIX HAyK. /I0 HEKOTOPOIi cTemneHu mo-
MPABUTH JIEJI0 MOXKET CIenuaaIbHOe 00yUeHne MPOTrPAMMUCTOB-BBIUNCIUTE/IEH BHICOKOTO
ypoeHs. Ho Ha/mo nMeTs B BULY, YTO TaKHUE TPOrPAMMUCTHI ¥ HAC Ja U 33 PyOEKOM paHb-
I1le He TOTOBWJINCH CHEIUAJIBHO. Jalne OHU TOSIBJISAINCH U3 CIEIUATNCTOB M0 BBIYUCIIH-
TEBLHONW MaTeMaTuKe, MeXaHUKe, (DU3NKe, MHKEHEPOB, 3aMHTEPECOBABIIIXCS PEIIEHIEeM
KAKUX-TTHO0 KIACCOB HAYYHBIX WK MPUKIATHBIX 33729 U CAMOCTOATEIbHO OCBOUBIIUX
JIOTIOTHUTETbHBIE 0b1acTy 3HaHU. BhIe yxke ynoMuHaIoch uMsi Aprupuca, co3aarens
nakera ASKA. Xapakrepen takyxke npumep /I:k. Csencona (John Swanson), coznaress
ANSYS’a, koropsiii B 1963 r. BeJl POYHOCTHBIE PACYETHI CUCTEM SIIEPHBIX PEAKTO-
poB B Acrpognepubix naboparopuax Becrunrxays (Westinghouse Astronuclear Labs) B
IMurrc6ypre?S. Tam ke OH HAUAT OObEIMHEHIE IPOTPAMM B €NHBIH KOMIITTEKC, HO 3aTeM
YBOJIMJICS, TIOCKOJIBKY B KOMIAHUU BecTuHrxays He paszensiu ero uneu. Koprnoparus
Swanson Analysis Systems Obuta 3aperucrpupoBana B cepeaure 1970 1. B ero coOCTBEH-
mom mome. Ilepsas Bepcus ANSYS’a Onuta 3anporpamvupoBana K kouiy 1970 ., u
BckOpe Bectunrxays cras ee mepBbiM apengatopoM. CXOmIHbIE B PACCMATPUBAEMOM aC-
nekTe Guorpadu TUIWYHBI, B TOM Yucie s Poccun, 1 OHU TOBOPAT B MOJIB3y MHOTO-
JIACIUTLIMHAPHOM TOJATOTOBKY CHENUATUCTOB i pa3paboTKi KOMILIEKCOB TPOrPAMM B
00JIACTH YUCTIEHHOTO PEIIEeHUsl YPABHEHUH B YACTHBIX IPOU3BOIHBIX U IPYTHUX OOIACTIX.
BayKHOCTH MMEHHO TaKoii MOATOTOBKN OCOOEHHO MomdepkuBaercs B [1].

Munucrepcreo suepreruku CIITA samycrumo nporpammy crunenguii (DOE High-
Performance Computer Science Fellowships) mist crymenroB crapimiux Kypcos, cre-
[MUATUZUPYIOMIUXCS B OOJACTH CYNEPBBIYUCICHNI, TPOBOIUT €XKEroIHbIe KOH(bEPEeHTINN
CTUIEH/IUATOB TON W APYIUX OPUEHTHPOBAHHBIX HA CYHEPBBIUYNUCIEHUS IPOIPAMM, BbI-
nyckaeT uHdopManronHbii OoteTers. Iupexktop nmporpaMmvbr ASC J1. Kyswueros, kak
coobmaercst B omHoM u3 HuUX [48], Ha kondepentmu 2004 r. peKOMEHIOBAI, «4mobo
CMYIeHmovt KOMNHIOMEPHHLT HAYK USYHAAU KaK €03066aMb MOJEAU, KAK ANNPOKCUMU-
posams MU Modest, Kax uxr JUCKPEMUUPOSAML NOCPLICMEOM UHCTPYMEHMOE YUC-
AEHHO20 AHAAUSA U 3AMEM UHMEZPUPOSAMD UHOUBUIYAALHBLE MOJCAU 6 00HY NPO2PAM-
MY, KOMOPas M02aa Obl CUMYAUPOBATL CAOAHCHOCTIE 8ce20 asaenua. Odnako cozdanue
Modeay — MoAbKo nepeuill waz K pazeumuio afdexmuenoti cumyasayuu. Bow doasrcho
nocmoanHo cnpawusams ceba: Omryda A 3uaro, wmo smo eepno? Modeau doasicrn
NPOBEPAMBCA, G CUMYAAUUL CONOCMABAAMDBECA € PEAALHOCTIBIO. . . »

B 370it cTarhbe B COOTBETCTBHUM C €e OCHOBHOM TeIeBOil HAIPABIEHHOCTHIO HE HAIIH
CKOJTb-JT00 TOCTATOYHOIO OTPAYKEHWS 3HAYUTETbHBIN MOTEHIIUA U JIOCTUIKEHUS B BbI-
YUCUTETHHON HayKe HambOJee MPOIBUHYTHIX B 3TOW 0ODJACTH OTEYECTBEHHBIX HAYY-
HBIX KOJIeKTuBOB. OHU, HA HAII B3TJIA, JOJKHBI ObLIH Obl UrpaTh OOJIBITYIO POJIH
B hopmupoBanuu ¢eepaTbHbIX TPOrPAMM HUHTEHCH(DUKAIMNA PA3ZBUTUS BHIYUCTUTE b=
HOW HAYKHU, OTBEYAONIAX BHI30BAM BPEMEHHU, B ONPE/IETICHUN UX IIPUOPUTETOB U [JIABHBIX
HAMPABJIEHUH, B YCUIEHUH aMOUIIHO3HOCTH STUX TPOrPAMM U 0DECIIEYeHUT UX HATIECTCH-
HOCTH HA 3aBOEBAHNE PBIHKA, BHICOKOTPOU3BOIUTEIHHBIX BHIUUCIUTEIHLHBIX TEXHOJIOTHIA.
B [1, c. 24-26] BonpoC 0 TECHOM B3aMMOJIEHCTBUH TIPABUTEILCTBA, C HAYKOH B PYKOBOJI-
CTBe 9TOif 00JIACTHI0 CTABUTCSA OCTPO M KOHKPETHO. Pedh, B 9aCTHOCTH, WIET O MPUBJIE-
YEeHUM B [PABUTEJILCTBO Haubosiee TajaHTauBbix (top talent) cnenuanucroB Bbrauc/Iu-
renbHol Hayku. OTMedaeTcs HeIOCTaTOK BBICOKO KBATU(UIIUPOBAHHBIX, 0013 1Af0NTHX
PA3HOCTOPOHHUMHU 3HAHUSIMU TAJAHTIUBBIX JUIEPOB, CITIOCOOHBIX PYKOBOIUTH BHITUCIIH-
TeJBHBIME TpoeKTaMu 607bIroro Macmraba?”. IIpyu BLICOKO# HACETEHHOCTH 3TOH 061a-

26Cwm. http://www.fea-optimization.com/ans _ macro/ANS-history.txt.
27KpOMe BCEr0 IMPOTEro, CymePBLIMUCINTEIbHBIE IPOEKTEI JOPOTH, OCOOEHHO B IaCTH 000PY/IOBAHMUS.
Hanpumep, muorue npoextsl NSF (Hanuonansaoro HayasHoro (ouaa), CBs3aHHbE ¢ 060PYAOBAHEEM, —
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cru Hayku B CIITA, no onenke PITAC, B crpane nHaiizercs ue 6osee 100 pykoBoauTeei
B BBIYHUCJINTEIHbHOM HAYKE, 2KEIAIOMINX U CIIOCOOHBIX UI'PATH HAMOHAJILHYIO POJIb B IPa-
BUTEJIbCTBE, BBICIIeM oOpazoBanuu u Hayke u npowmbiiiiennoctu. PITAC naxomur ato
YUCIIO UPE3BBIYANHO MAJIBIM U CUTHAJM3UPYIONIAM O OyAYIIUX TPYIHOCTAX. VHTEpECcHO,
YTO CPeId MPUYNH, MEMAIOINX MPUBICYEHNIO CIEIHAJINCTOB BEIYUCIUTEILHON HAYKU
B MPABUTEILCTBEHHBIE OPTaHbI HA, MOCTOSAHHYIO PAOOTY, YKA3BIBACTCS CONYMCMEYU,Le
nepexody 6 paspad NPasUMENbCMEEHHLT YUHOBHUKOE CHUMCEHUE 3aPabOMHOT NAGMbL.

Boranciurenbabie mpoeKThl TepadI0IMHOTO YPOBHS TPEOYIOT, ITOOBI KAkl ydIacT-
HUK UMeN ajiekBaTHoe pabodee mMecto. OHM HE BBINOIHAIOTCS B JOMAIHEH 00CTaHOBKE,
0COOEHHO B KBAPTUPAX, KOTOPbIE MHOTHE CIEIUAJIUCTHI YHACIEIOBAIN C COBETCKUX Bpe-
MEH, WJIM B MOJIb30BATE/IHCKUX IEHTPAX TUIMA TEX, KOTOPBIE CefvUac CO3IAI0TCS B Psijie
BY30B JIJIsT pA0OTHI C KOMMEpYeCKUMHU makeramu mporpamm. Ha 3amae He T0/IbKO y4acT-
HUKHU MOMOOHBIX MPOEKTOB, HO W MPAKTHYECKU KAaXK/bIH MPEroJaBaTesib CO CTENeHbIO
JIOKTOPA, KaK MPAaBUJIO, UMEIOT cBOU O(UCHI C TEPMUHAIAME B Buje, Hampumep, Work
Station, momCcoeIMHEHHBIME K CYTIEPKOMIBIOTEPY, 1, KpoMe Toro, PC. B mpomecce pabo-
ThI TPUXOIUTCS TTEPEPADATHIBATH BECHMA 3HAUUTEIbHBIE 00beMbl WHMOPMAIINU, B TOM
YUCTIe TIEYATHON, TIO3TOMY OMUCH UMEIOT JOCTATOYHO MECTA U YI0OHOTO 0O0PYIOBAHUST
g ee xpanenus. Croga MOKHO 66110 Obl 106aBUTH OBICTPOAEHCTBYIOILY 0 MHOXKUTE b=
HYIO U JApYyryio oducHyiO0 TeXHWKY. B HammX By3ax B CHJIy MOHATHBIX MPUYHAH IMOKA
Jlake He CTABUTCH 33a7a49a IPUOIU3UTHCA K TAKOMY YPOBHIO.

[Iporpamma TepadIOMHOTO YPOBHS OOBIYHO CO3AETCsI KOMAHJION CIEIHAINCTOBR
HECKOJIbKUX YHUBEPCUTETOB U APYTUX HAYUHBIX U TPOU3BOICTBEHHBIX HHCTUTYTOB, NMe-
IOIIUX PA3HBIC CIENUATLHOCTH, KOTOPAsd HACYUTLIBAET HECKOJLKO JIECATKOB Ye0BeK>S.
Hamnpuwmep, B komany npoekrta 5.2 BXOJIUT ABa YHUBEPCUTETA, BEIYUCIUTEIbHDIN IEHTD,
Hammonanbuas mabopaTopus OOHOBIIsIEMOiT SHEPTHH, BLIMTOIHIONIAsA, B YACTHOCTH, KO-
OPJIMHUPYVIOIIYIO POJIb, U UCCJIEIOBATENbCKAN HHCTUTYT. DTO MOAPA3YMEBAET BO3ZMOK-
HOCTH ObIcTpOro oboMena uudopMalmeil (B3aNMHBIX KOMAHIXPOBOK, OOIIEHUS MO Tejie-
dbony na cemunapax u KoudepeHIusax u T. 11.) u paboTsl B eaunoii ceru. Eciu oI 3aiigere
Ha caiit Daxysvmema NPuKAGOHOT MAMEMAMUKY U CMAMUCMAUKY CPETHENH BeTHIUHbBI
Mepumsnckoro yausepcurera®?, To yBuanTe, 4TO Ha €ro CeMHHADE B OCEHHEM CeMecTpe
2007 1. OOJIBbITIE TOJOBUHBI JTOKIAIINKOB OBLIN TOCTSIMU W3 JIPYTUX YHUBEPCUTETOB, B
YACTHOCTH YHUBEPCUTETOB JPYTUX CTPAH. ITO CTOUT JIEHET, TAK KAK, IOMUMO OIJIATHI
Mpoe3/1a W MPOKUBAHUS, KAXKIOMY TPUTJIAMIEHHOMY IOKJIAIU9UKY B KOHIIE MPOIIIOTO
BeKa BblILTadnBaaock $200.

Ota crarbs ObLia Hamucada jgerom 2007 r. u nonoxkena Ha Ceabmom Beepoccuniickom
cemunaape «CeTodnbie METO/IbI I KPAEBbIX 38429 U MPUIOKEHU», TPOXOAuBIIeM 21—
24 centsbpsa B 1. Kazauu. Yke mocse 3T0oro cocrosiaoch 3acemanune Coera 1Mo HayKe,
TEXHOJIOTUSIM W 00pa3oBanuio ¢ ydactuem mpesnaenta B.B. Ilyruna [49], Ha KoTopom
po3BydYasiu BaxKHbie cioBa akagemuka E.I1. Beauxosa o posiu BeraucinresibHON HAYKU:
«Cerosiasi CTOUT BOMPOC, KOHEYHO, JIJIsl BCEX CTPAH, OCODEHHO BBICOKOPA3BUTHIX, - ITO
JINIEPCTBO HA PHIHKAX BBICOKOTEXHOJIOMMYECKOH MPOAyKiuu. JIuaepcTrBo B 3HAYUTEb-
HOM CTEMmeHu CerofHs, TaK, BOOOIE, MHOTAA U PAHbBINE OBLIO B UCTOPWUH, OTIPEIEISIeTCS
UCTIOJIb30BAHUEM MATEMaTHUKU, & CErOJHs — BBICOKOMPOW3BOIUTEIBHBIX BBIUUCICHUIA.

B 9acTHOCTH, [Iporpamma co3gannst pacimpsieMoil CHCTEMBI Tepa-yPOBHSI, — BKJIOYAT CTPOUTEIHHbBIE
Gromekersl, npesbimatomue $50 moa. 1, c. 25].

28B unaTepsrio kypHaTy “SciDAC Review” B. Peiica, 0QHOTO U3 BeayIIHX PyKOBOJHTENEH MPOrpaM-
Mbl ASCI, 0c060 moguepKHyTa pemarolnas poJjib B BHIIOJHEHHH MPOEKTOB COBMECTHON paboThl Tpex
Tpynn CHenquaJuCTOB: COEOUAJIMCTOB KOMIIBIOTEPHBIX HAYK, NPUKJIQAAHBIX MAaTEeMAaTUKOB M CHeIUAJIN-
CTOB IpeaMeTHBIX HaykK (computer scientists, applied mathematicians, and discipline scientists) [3].

29B 2007 r. B mem yumiocs 12041 cryzent w paGoraso 636 ¢ monmoit m 683 ¢ menosHON HATPY3KOH
mpenogaBaTesnei.
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910 ka4 K jgunepcty. Coenunrennbie IITaThl MOCTABUIN 3Ty MPOTPAMMY OYE€HB OCT-
PO — BBICOKOIPOU3BOUTEIbHBIE Bhraucyenus, cynepdBMs. Ou rakxke ckasamn, 9T0 K
Becue 2008 r. MI'Y bymer umers cymepkommbiorep npom3sogurenbaoctsio B 100 TF.
Ha 3acemanuu 06170 BHICKA3aHO MHOTO OOIINX TMOJIOKEHUH U KOHKPETHBIX MPE/IJTIOKEHUIA,
KOTOPBIE BCEIAIOT HAIEYK Iy, UTO OTeUeCTBEHHAS HayKa BCTYIaeT B HoBoe BpeMsa-’. ITpe-
sunent PAH axkagemuk FO.C. Ocunor roBopuii, B 9acTHOCTH, O MPOTPAMME PA3BUTHSA
dyHIaMEHTATBHON HAYKH, BBIIOJHEHNE KOTOPO «IO3BOJIUT 00ECIIeYnTh COXPAHEHNE U
[O/I/IEPYKKY BEIYIINX HAYYHBIX ITKOJI, a TAK?KE BOCIPOM3BO/ICTBO U MOBBIMIEHUE Kade-
CTBa KaJIPOBOTO TOTEHIIMAJA, BKJIIOYasi MOATOTOBKY KAaJIPOB BBICIIEH KBaIMMDUKAIINN,
€c/IM MOYKHO TaK CKa3aTh, PA3BUTHE HYEJOBEYECKOTO KAMUTAIA KaK OCHOBHOTO KOHKY-
PEHTHOTO MPENMYIIECTBA POCCUNCKON SKOHOMUKM ».

ABTOpPBI CUMTAIOT CBOMM MPUSTHBIM JIOJTOM BBIPA3UTH OJATOZAPHOCTH Tpodeccopy
Camnxkr-IlerepOyprckoro rocynapersennoro yausepcurera C.M. EpmakoBy u npodecco-
py Kazamuckoro rocymapcrsennoro yausepcurera P.3. JlayToBy 3a mpouTeHne pyKOMUCH
CTAThU, MOJIE3HBIE 3AMEYAHUs W JTUCKYCCUN.

IIpunoxxenue

OcHoBHOE co/ieprKaHue NpUIJIalleHns K y4acTuio B Koukypee [32] — pasaen «Iloren-
UATbHBIE HATIPABICHUS PAOOTBI», COMEPKAIIMIA Nepedncaenne o6aacTel, Ha KOTOPBIE
nanenena nporpamva ASCI B crparerndeckux uccienoBanusx Broporo yposas ASAP.
On npuBeIEeH HUYKE TOJHOCTDHIO.

IIOTEHIINAJIBHBIE HAITPABJIEHUA OJId PABOTHI
BperaucauTenbHas HayKa M BBIYUCJIUTe/bHass MaTeMaTHKa

Oskumaemoe obmee ¢gpuHaHCUpOBaHUe 3TOH noanporpammvbl — $3-5 mun. B rog. Oxkwugaemblil ypo-
BeHb (PUHAHCHPOBAHUs OJHOrO mpoekta — $200-400 Teic. B rog. Orpanndennoe uuciao (1-2) rpanTos ¢
dunancuposanuem B $700-$1000 TBIC. B rog MOKeT OBITH NPEJOCTABJICHO s GOJIee MUPOKUX MHOTO-
npoGIEeMHBIX MCCJIJOBAHUN B 3aBUCUMOCTH OT CJIOXKHOCTH COTPYJHHUYECTBA U OJM30CTH K MpobaemMaMm
ASCI.

Crenmyromue IHPOKHE KATETOPHH XaPaKTepu3yioT 00siacTH, HA KOTOPBIE HAIEJE€HA IPOrpAMMa
ASAP - Cmpamezuneckue uccaedosanus, Yposeusv 2 .

1. O6paboTKa JaHHBIX, BU3yaJIM3al[Msl U WX UHTEIPAIWs C IeJIbI0 MOJIyYeHns] PEIeHu JJisi yIpaBJie-
Hust, c6Opa U JOCTABKU HAYYHBIX JAHHBIX Tepa-MacImTaba HA MAHEJN YIPABIEHHS MPOEKTUPOBIIUKOB,
AHAJIUCTOB U Pa3paboTauKOB mporpamu. IIpuMepsl TeM, TpeaCTaBIAONINX HHTEPEC, BKIIOUAIOT:

o HayvHas o0paboTKa JAHHBIX Tepa-MaciiTaba I UHTEIIEeKTYyalbHBIX BHIOOPOK U CXKATHS:

® OTKPBITHE 3HAHUI W MOUCK JAaHHBIX B HAYYHBIX 68,38,)( JaHHBIX,
® MHCTPYMEHTHI JIOKAJIU3AIUN B METATAHHBIX, IPOCMOTDP U CPABHEHHUE;
0 BU3yaJIM3ANNsI MHOTOMEDHBIX JaHHBIX TePa-yPOBHSI:
® YCOBEPIIEHCTBOBAHHBIE HHTEPMEHCH [Isi TPEXMEPHBIX B3AUMOAEHCTBHH M0JIH30BATEID —
KOMIIBIOTED,
e BH3yasn3anys B MHOTOMEDHBIX npocTpaHcTBax (5-10 mepemeHHbIX),
e mapasieNnbHas BU3YATH3AINs OOJIBIINX MHOXKECTB HECTPYKTYPUPOBAHHBIX TAHHBIX,
® BH3yAJIM3ANUs CEUEHUl JEHTOIHBIX CeTel HeGOIBINON IMUPUHEL,
® CTPYKTYDPBI BU3YAJIU3AIUN JUIST PA3/IEISIEMBIX HAYIHBIX MPOTPAMM U MOJYJIEH.

2. [MIkanupyemble MapasjeabHble BHITHCIUTENbHBIE AITOPUTMbL 7151 TepadIONHBIX CUCTEM (THICSYIH
HpOHeCCOpOB). TeMI)I U3 BBIYUCIUTEIHLHOMN MaTeMaTUuKH, MaT06ecnequI/Ie U aJITOPUTMBI BBIYUAC/IUTEIIb-
HOH dusuky/uHKeHepuu (HAIpUMep, paauanus, (uddy3us/IepeHoc u MexaHuKa), IpeJICTaBISoNIue
nnrepec anas ASCI Brurouaror:

0 TapaJijiesbHbIe AJTOPUTMBI JIJIST PEIIeHUs PA3PEKEHHBIX CHCTEM JIMHEHHBIX U HEeJIHHEHHBIX ypaB-
HeHN#, BO3HUKAIOIINX Ha CTPYKTYPHPOBAHHBIX M HECTPYKTYPHUPOBAHHBIX CETKaX, TaK »Ke Kak JJisd
6eCCeTOTHBIX METO0B, TAKHE, KAK

® reoMeTpHUeCKHe U aarebpamvIecKne MHOTOCETOYHBIE METOIBL,
e BCrulecku (BIHBIIETHI),

303amernu Bce ke, UTO Ha 3aceTaHWH He GBIIO HE OHOTO BHICTYILICHHS, TOCBSIIEHHOTO HEMOCDe/I-
CTBEHHO IpOoOjIeMaM PA3BUTHS BBIUUCINTE]LHON HAYKH.
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® MeTO/bl JIeKOMIO3UINE 00/1acTH,

e Ge3MaTpPUYHBIE METOIbI,
® METO/Ibl BBIYHCJICHUSI COOCTBEHHBIX 3HAYEHUH,
® TrapaJijieJibHAdA 9UCJICHHAS ONTHUMHU3AIINA,
e HeTouYHbIe MeTOAb HbroToHA;

O METO/bI BBIYHCJIEHUsI HEOTIPEIEJIEHHOCTH;

O TeHepalus U JeKOMIIO3UIIASA CETOK M MHCTPYMEHTHl THHAMUYIECKONU OAJTAHCUPOBKHU HATPY3KH:
® mapassiesbHAs TeHEPANNs CeTOK ISl CJIOXKHBIX [€0MeTpHii,
® AJITOPUTMBI JIEKOMIIO3UITUN OJI0YHO CTPYKTYPHPOBAHHBIX HECTPYKTYPUPOBAHHBIX CETOK,
® TEeXHUKH aJANTHBHON OAJAHCHPOBKH HATPY3KH IPUJIOKEHUI.

3. IlapasnenpHble MIKAJTUPYEMbIe MPOrPAMMHBIE HHCTPYMEHTHI [1Jist 3 @(OEKTUBHOIO UCIOIb30BAHUS
MaCCOBO MapAJIeIbHBIX BBIYHCIUTENBHBIX CHCTEM Tepa-ypoBHsa (Hampumep, 100 TF k 2004 r.). Kare-
ropud, NpPeCTABISIONINE HHTEPEC, BKIIIOIAIOT!

O MHCTPYMEHTBI, KOMIIHAISTOPHI U TeXHOJOTUH JJIsI ONTHMUABAINN UCIOJb30BAHNS ITTyDOOKUX Hepap-
xuit mamsitr Ha kiactepusix SMP3! cucremax;

O MHCTPYMEHTHI JJisl BBIIOJHEHUS, TPOMUIUPOBAHNAS U AHATIN3A HA MUKPO- U MAaKPOYPOBHSX;

O MmMKaJupyeMasi OTJIaJOYHasl TEXHOJOIWs, HHTEIPUPOBAHHAs C JPYTUMH TEXHOJOTUSMMU;

O MHCTPYMEHTHI [Jid YIIPABJICHUSA U ONITUMU3AIUU B IIpOIIecce BBIYHUCJIEHUN BBITIOJITHEHUSA pHUuJI0XKe-

HUIl B HapaJIIeIbHBIX PEXKUMaX.

4. lHCTpYMeHTHI IPOrpaMMHOr0 06ecrevdeHust JJisi JOCTHKEHHUs Tepa-yPOBHsI ObICTPOIeHCTBIS (Ha—
npumep, 100 TF k 2004 r.) mocpeJcTBOM JUCTAHIMOHHBIX BBIYUCIEHUN B pOpMe HEOJHOPOIHBIX pac-
IPE/IEIEHHBIX CHCTEM C ThICsidamu norpeburensckux SMP (¢ 8256 mpomeccopamu B y3J1€) U BBICOKO-
CKOPOCTHBIX moTpebuTensckux B3anMocBa3ax (SAN, LAN, WAN). Tewmsl, npeacTaBiasomue HHTEPEC,
BKJIFOYAKT:

0 aJIrOpUTMBI OOHAPYKEHUS cO0EB, UX YCTPAHEHUS U JTOKATU3AINHN B TAPAJIIETbHBIX HEOTHOPOTHBIX

KJIACTPUPOBAHHBIX BBIYUCIUTEIBHBIX CHCTEM;

0 aJIrOpUTMbI IJIyOOKUX MepapXxuil maMsTH JJisi TAKUX PACHPEIEJIEHHBIX KOMIIBIOTEPHBIX CUCTEM;

0 MOJIeJIM KOMIIBIOTEPHOH CUMYJIANMA JJisl Onpefenenus oomeil addekTuBHOCTH cucTeM (OT apXu-
TEKTYDPBI CHCTEMBI JI0 IPUIOKEHNUI);

0 TeXHWKH ymnpasieHus pecypcamu (Hampumep, CPU, maMsarhb, ceTb, BBOJI/BBIBOJ).

HpPIJ]O)KeHPIﬂ B BbIYNCJINTEJIbHOM HayKe

Ozkumaemoe obuiee buHAHCHpPOBAHME 3TON moAnporpamMmbl — $2 MuH. B roa. OxKugaemblii ypoBeHb
(bUHAHCUPOBAHUS B IO, OTJEJBHOTO MPOEKTa, (POKYCHPOBAHHOIO HA OJHON npobjeme, UMerIneil 0OTHO-
menue k nporpamme ASCI, cocrasut B cpeanem $200 Thic.

5. Dueprerudyeckue Marepuasibl: s nporpamMbl ASCI mpejcraBinsieT MHTEPeC CIOCOOHOCTH MpejI-
CKa3aHUsi CBOWCTB HEPreTUYECKUX MATEPHAJIOB C IEJbI0 MOAAePXKaHUsI KOMIIBIOTEDHON OIleHKH 0e3-
OTMACHOCTH W HAJEXKHOCTU CHUCTEM, COJAEPYKANIUX B3PHIBUATHIE U JAPYTUE SHEPTeTHIECKHE MATEPUANBI B
HOPMAaJIbHBIX U HEHOPMAJIBHBIX YCJIOBUAX.

6. Borunciurenbuas Gpu3nKa MATEpHAOB CXKATOTO BEIECTBA: 0CO00 BAaXKHO MPOTHO3MPOBAHHE HA
OCHOBE MEPBHYHBIX IPUHI[AIIOB TEPMUIECKAX CBOUCTB MATEPHAJIOB DU BHICOKUX JABIEHUSX U dbdex-
TOB CTApPEHUS W WU3MEHEeHUH MaTepHajiOB B MNPOIleCCE MPOU3BO/ICTBA HA MOBeJeHUE NPHU XPAHEHUH.

7. Borancaurenbuas (uU3UKA B BBYACANTENbHAsT Mexanmka. OOsacTu mHTEpeca [iisi IPOrPaMMBI
ASCI: BbramciuTeNbHAS THAPOJAMHAMHUKA, MOJEJUPOBaHWE TYypPOYJEHTHOCTH, MOJE/JUPOBAHNUE TEPEHO-

Ca ¥ BBIYHCJIUTEJbHAadA MeXaHHKa (B YaCTHOCTH, MEeXaHHUKa HOBpe)K,HeHPII?I U MEXaHHUKa paapymem/m).

Uccnenosanue nomiaepxkano PODOU (mpoexkr Ne 05-01-00779-a). Bropoii aBrop GbLi
nojepzkan rakyxke Crenuanbuoil ncenenosareabckoii nporpammoii (SFB) F013 (mpoekt
16 Ascrpuiickoro nay4uuoro homsa).

Summary

Yu.S. Vasil’ev, V.G. Korneev. Third pillar of scientific discovery: scientific supercomputa-
tions.

Second half of the 20-th century is characterized by astonishingly fast development of
numerical techniques for solution of problems of mechanics, physics, chemistry, as well as
scientific and applied problems from many other domains of the human life. It was paralleled

3lKoMmproTep € CHMMETPHYHOH MHOTOIPOLECCOPHO# apxmTekTypoit, SMP — or Symmetric
Multiprocessing.
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and stimulated by fast development of computers. Many new important directions have arisen,
such as, e.g., computational medicine or computer engineering. Powerful commercial and
scientific program packages have been created which allowed to save huge means at the
perception of the surrounding world and design of variable objects of human activity. At the
same time problems facing the mankind are becoming incredibly more complex, and their
resolving demands huge efforts from science and changes its outlook. Advancing in many
most important branches of science and engineering has became possible only on the basis
of computational science, which is understood as an aggregate of all interacting components,
necessary for solving challenge problems by means of computer modelling and simulation.
In scientific and wider communities, it is becoming acknowledged that the computational
science has became the third pillar of scientific discovery, a peer alongside theory and physical
experiment. Nevertheless, Russia has lost advanced positions in a number of directions in this
branch of science and the lag is comparable to the lag in the computer development. In such
circumstances choice of directions of efforts is especially important. Not posing an unrealizable
aim of a thorough analysis of causes and the answer to the question what to do, the authors
attempted to give an adequate picture of the role of the computational science in the modern,
mostly western, society and, at some extent, of its influence upon higher education. Primarily,
we employ experience of the USA, which is better reflected in the literature and internet. The
paper do not pretend to reach ultimate conclusions, its aim will be attained, if it will promote
productive discussion of the rased in it questions.
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