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FpUA-TEXHONOIMU U CYyNEepPKOMIMbIOTEPHbIN

UWHXXHUHUPUHT KomnbioTepHble MHPPACTPYKTYPbl, OCHOBAHHBIE HA KOHLEMNUMM OBAQUHBIX Bbl-

CrCTEMBI KOMMBIOTEPHOIO MHXEHEPHOTO MPOEKTUPOBAHMS,
OPMEHTUPOBAHHBIE HO PA3PABOTKY CIOXHBIX TEXHONOMM-
YECKMX MPOLECCOB, KOHCTPYKLUMM M MATEPUANIOB, ABSIOT-
CSl CErofiHa OfHMM M3 KIKOYEBbIX GAKTOPOB ObecneyeHms
KOHKYPEHTOCMOCOOHOCTM NI0BOTO BLICOKOTEXHOMOMMYHOTO
nponssoacTsa. Mcnonb3osaHme nogobHbIX CUMCTEM AqaeT
BO3MOXHOCTb MPOBOAMTb BMPTYQSIbHbIE SKCMEPUMEHTHI,
KOTOPbLIE B PEANbHOCTW BbINMOMHUTL 3ATPYAHUTENBHO MM
NPOCTO HEBO3MOXHO. DTO MO3BOMAET 3HAYMTENBHO MOBbI-
CUTb TOYHOCTb QHASIM3A BAPUAHTOB MPOEKTHBIX PEeLIEHU
M B OECATKM PA3 COKPATWUTb MyTb OT reHepauuu Maeu Ao
ee BOMMOLWEHMS B PEQNTbHOM MPOMbILLIEHHOM MPOU3BO/-
ctee. Konuenums "obnayHbix BblUMCAEHMM" 30E€Ch OKA3bI-
BAETCA MCKITIOYMUTESNBHO MONE3HOM.
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YUCNEHMI, MONYYAIOT cerogHa Bce 6oMbluee PACNPOCTPAHEHME B CAMbIX PA3MUYHbIX
obnactax. Obnaynbie Beiuncnenus (cloud computing) — TexHonorms pacnpeneneHHbix
BLIYMCIIEHUI, B KOTOPOMN KOMMLIOTEPHbIE PECYPChl M MOLLHOCTM NPEaOCTABAAIOTCS NOMb-
30BATEMNIO KAK MHTEPHET-CEPBUC. B 3TOM CTATbe OMMCHIBAETCA MPUMEHEHUE KOHLEMUMM
OBNAYHBIX BLIYMCIIEHWHA 1S CO3[AHMA BLICOKOYPOBHEBbLIX CEPBMCOB CYNEepPKOMMbIOTEPHO-
ro MHXEHEPHOTO MOLENMPOBAHUS B BULE PACMPEAENEHHbBIX BUPTYANbHbIX MCMbITATENBHbIX
crergos (PaBUC).

B cootBetctBMM € KOHUENUMEN OBNAUHBIX BBIYUCIEHMM, BCE, Y4TO HYXHO MOMb3O-
BATENIO ONd pelleHna ero 3anaydm, — 3TO KOMMbIOTEP-KITMEHT, HO KOTOPOM YCTAHOBJIEH
uHTepHeT-obo3pesaTens. Bce ocranshoe cnpstano 8 obnake (puc. 1). Mo obnakom
nogpasymesaetca He cam MuTepHeT, a Beck TOT HA6OP ANNAPATHOMO M NPOrPAMMHOIO
obecnedenns, KOTOpbI obecneunsaeT peleHre ero 3anaun. [1pu >ToM Nonb30BATENIO
He TpebyeTca HMKaKmnx 0Cobbix 3HAHMI 06 UHPPACTPYKTYPEe 0BAAKA MM HABLIKOB YNPOB-
NeHuns O6J'|G‘-iHb|Ml4 TEXHONOTUAMM. HpMBﬂeKOTeﬂbHOCTb O6J'|O‘-|Hb|X BbIYMCINEHUN 3OKTHOYA-
€TCA B TOM, Y4TO MOMb3OBATENIO HET HEOBXOAMMOCTH OBNAAATH BBICOKONPOW3BOANTENb-
HOM TEXHMKOWM M CIOXHBIM MPOrPAMMHBIM OBECneueHnem, emy SOCTATOUHO OBPATUTLCA
yepes VHTEpHET K COOTBETCTRYIOLWEMY NPOBAAEPY M MONPOCTY ONAATUTL YCIyTy.

Cynepromnsiotep B

Cynepromnbiotep C

Puc. 1.
O6nayHble BblYNCIEHNS
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KoHuenuus oBnauHbix BbUMCIEHNA MOXET BbiTb 3DDEKTUBHO NPUMEHEHA ANS PELLEHMS
30404 MHXEHEPHOro MPOEKTUPOBAHMS M QHOMM3A, TPEOYIOWMX MCMONb3OBAHUA CIIOX-
HOMO MPOrPAMMHOIO OB6ECNeUeHMs BbLICOKOMPOU3BOAMTENbHBIX BbluncieHnit. Cuctems
komnbloTepHoro mrxeHeproro npoektuposanua (CAE Computer Aided Engineering),
OPMEHTUPOBAHHBIE HA PA3PABOTKY CIOXHbIX TEXHOMNOTMYECKMX MPOLECCOB, KOHCTPYKLMMA
M MOTEPWANIOB, ABNAIOTCS CETOAHA OAHMM M3 KIlo4YeBbiX GAKTOPOB obecnedeHms KOH-
KYPEHTOCMOCOBHOCTH MIOBOro BBICOKOTEXHOMOMMUYECKOTO MPOM3BOACTBA. Mcnonb3osa-
HME TAKMX CUCTEM AAET BO3MOXHOCTb MPOBOAUTL BUPTYQSbHLIE SKCMEPUMEHTbI, KOTOPbIE
B PEQNbHOCTU BbIMOMHUTL 3ATPYAHWUTENBHO MM HEBO3MOXHO. DTO MO3BOSSET 3HAYM-
TENbHO MOBLICUTL TOYHOCTb AHANMM3A BAPUAHTOB MPOEKTHBIX PELUEHUA U B LECSTKM Pa3
COKPATUTL MyTb OT FEHePAUMM MAEU 0O €€ BOMIOLWEHMS B PEASIbHOM MPOMbILLIEHHOM
NPOM3BOACTBE.

TOYHOCTL PE3yNbTATOB KOMMbIOTEPHOTO MOAENUPOBAHUS BO MHOMOM 3ABMCHT OT
CTENEeHM LeTANM3AaUMM CETOK, UCMOMb3YEMbIX 1S MPOBEAEHUS BbIUUCIUTENbHBIX SKCNEpH-
MeHTOB. Ha cerogHslHmMi ieHb Pa3Mep CETOK, MCMOMb3yEMbIX B 3AAAYAX MHXEHEPHOTO
QHQMM3A, MOXET COCTABIATL AECATKM MUITIMOHOB 3remeHToB. B ceasn ¢ sTum nocrosHHo
BO3PACTAET BbIUYMCIIMTENLHAS CIOXHOCTb 30404 M TPEOYIOTCS 3HAUMTENbHBLIE BbIYMCIIN-
TENbHLIE PECYPCh 1S BLINONHEHMS MHXEHEPHOTO MOAENMPOBaHus. Pelerue 31ol npo-
Brembl 3aKTI0YAETCS B UCMIONb3OBAHMM MHOTOMPOLECCOPHBIX cucTem. Ho, k coxaneruio,
HO CErofHALLIHUA AeHb CYLLEeCTBYET MHOXECTBO GOKTOPOB, MPENITCTBYIOWMX BHEAPEHMIO
MHXEHEPHOTO MPOEKTUPOBAHMS M QHAMM3A HO OCHOBE CYNEepPKOMMBIOTEPHbBIX MOLLHO-
creit Ha npeanpuatuax. K Takum GakTopam OTHOCKUTCS HEAOCTATOYHAS KBAMMbUKALMS
MHXEHEPHBIX KOAPOB HA MPEAnpusTUAX B OBACTM MCMONb30BAHMS CynepKOMMIbIOTEP-
HbIX CUMCTEM, BLICOKME 3ATPATH HA 0BecnedeHne CynepKOMMbIOTEPHOM MHBPACTPYKTYPSI
HO NPeanpUaTMM (HEOBXOAMMO MOLTOTOBMTL MOMELLEHWE s CYyNepKOMMbIOTEPA, NOA-
FOTOBUTb MEPCOHAN I MOLAEPXKM U QAMMHUCTPUPOBAHMS, NProbpecT annapaTHoe
n nporpammHoe obecnederne W T.n.). 1o 3TON NpuumHe PyKOBOAMTENM MPEANpPUATHIA
4ACTO CTABAT MO COMHEHUE LenecoobpPa3HOCTb BHEAPEHMS CUCTEM MHXEHEPHOTO NpPo-
EKTUPOBAHMS B 3ABOACKMX 1ABOPATOPHSX.

PausoHanbHOM  anbTEPHATMBOM CO3AAHMIO COBCTBEHHOTO  CyNepKOMMLIOTEP-
HOMO UEHTPA SIBASETCS APEHAA BLIYUCIMTENbHBIX M MPOrPAMMHbLIX PECYPCOB B BUAE
MHTEPHET-CEPBMCOB Y LEHTPOB KOJIEKTMBHOMO MOJb30BAHMS, GYHKUMOHMPYIOWMX MPM
KPYMHbIX YHUBEPCHUTETAX, OKALEMMUECKMX MHCTUTYTAX M APYyrux opranmsaumsax. B KOxHo-
Ypanbckom rocyiapCTBEHHOM YHUBEPCUTETE PA3SPABOTAHA TEXHOMOTMS CO3LAHMS TAKMX
MHTEPHET-CEPBMCOB MHXEHEPHOTO MPOEKTMPOBAHUA M aHanM3a B euae Pacnpepenen-
Hbix Buptyansheix McnbimratensHeix crengos (PaBMC). Ocrosrom cmeicn PaBUC coctout
B TOM, 4TOObI 4ATb MOM3OBATENIO MPOBOANTL MHXEHEPHOE MOLEMPOBAHME CIIOXHbIX
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bUBMUECKMX NPOLECCOB CPEACTBAMM, MPELOCTABMASEMbIMU COBPEMEHHBIMK MHXEHEPHbI-
MM CUCTEMOMM KOMMBIOTEPHOTO MOLENMPOBAHUS HA YLANEHHbLIX CYNEePKOMMbIOTEPHbIX
pecypcax Ha 6a3e KoHuenumu oBaUHbIX BbIYUCTIEHMIA.

B pamkax PaBUC urxenepy npenoctasnsercs npobieMHOOPUEHTUPOBAHHbIN
cepeuc, 06eCneunBaloLLMi PeLLIeHre ONpPeaeneHHoro Knacca 3aaay, HeOBXOAMMBIX KOH-
KPETHOMY MOMb30BATEMO. [1Nsi NOCTAHOBKM 3040UYM UHXEHEPHOTO MOLENMPOBAHMS MO-
cpencreom PaBMC urxenepy neobxoammo:

* 30PEerncTpMpoBaTLCA Ha Beb-noptane, npegoctasnsiowem PaBUC;

* 30WTU B NIMYHBIN KABKUHET U BbIGpaTh MHTepecyowmin PaBUC;

* B MOSIBUBLUEMCS MONb30OBATENBCKOM MHTEPdENCE yKA3aTb 3HAYEHUS MAPAMETPOB
5KCMEPUMEHTA U 3AMYCTUTL MPOLECC PELLEHMS 3AAAYM.

PaBNC asromatuueckn nonyunt u o6paboTaeT BBEAEHHbIE MONb3OBATENEM 4AH-
Hble; CPOPMMPYET MIAH PELLEHMS 3ALAYM; HAMLET B CETU BbIYUCTIUTENbBHBIE PECYPCHI, HE-
06x0aMMble IS PeLLeHus NOCTABNEHHOM 3AAA4YM; OCYLLECTBMT NOCTAHOBKY 304A4M U NO-
flyd4eHUE PEe3ynbTATOB pelleHus. B xope pelueHus 30404 MHXEHEPY NPefoCTABIAETCS
BCH MHTEPECYIOLLAs ero MHPOPMALMS O MPOLECCE PELleHUs, A TAKXKE MPOMEXYTOUHbIE
pPEe3ynbTATH PACYETOB.

Mocne TOro KAk MPOUECC pelleHus 30404M 3ABEPLUEH, MHXEHED MOXET 3arpy-
3UTb PE3YNbTATH PeLeHns (MOCCHBBI AAHHbIX, rPAdUKM, M30BPAXEHU M BULEO-PAMIb)
HO CBOW KOMMbIOTEP ANg AANBHEMLIErO AHONM3A.

Ins asTomaTMsaumu npouecca cospaHus u ucnonbzosanms PaBUC 6Geina pas-
pabotaHa TtexHonorna CAEBeans. Texnonorns CAEBeans onpenenser apxutextypy Pa-
BNC, ocHoBHbie ponu uneHoB komaHasl paspaboTumnkos u nonszosatenen PaBMC a
TAKXE KOMMIEKC NMPOrPAMMHbIX CPeacTs, 0becnednmsaiomx paspaboTky 1 UCNofHeHue
PaBNC. B coctas nporpammuoro komnnekca «Cuctema CAEBeansy» sxomat cneayouime
MPOrPAMMHBIE KOMMOHEHTbI:

« CAEBeans Constructor — mHTerpuposanHas cpepa paspaboTkm npobneMHoopu-
E€HTUPOBAHHbIX O6OJ'IO‘-I€K onga rpun;

« CAEBeans Portal — 310 Beb-npunoxenne, obecneumsaioulee ebibop, 3arpysky,
3anyck 1 nonyyerune pesynstatos mogenuposaHms CAE-sanay;

» CAEBeans Server — xpaHunuiie m nutepnpetatop CAE-npoekTos;

« CAEBeans Broker — aBTOMATM3MPOBAHHAS CUCTEMA PETUCTPALMM, QHONM3A U Npe-
nocrasnenums CAE-pecypcos;

» CAE-pecypcbl — rpua-cepsucel, obecneunsaiolpe yaaneHHyo NOCTAHOBKY W pe-
WeHWe 30404 CPEeACTBAMM HEKOTOPOTO UHXEHEPHOrO MAKeTa Ha 6a3e KOHKPETHOM
BbIYMCIIUTENBHOM CUCTEMBI.

TexHonorma cosparua PaBUC 6eina ycnewHo npumeHeHa ana pelieHus Gosb-
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WOro KPYra uHxeHepHbix 3a4a4. 1o 3akasy YenabuHckoro TpybonpokaTHOrO 30BOAA
6bin paspabotaHsl PaBUC ans mogenvposaHms BO3AENCTBUS AePOPMUPYIOLMX HA-
rpy30K HO pe3bboBblE COBAUHEHMA OBCAAHbBIX M HACOCHO-KOMMNPECCOPHLIX TPY6 Ha Base
naketa ANSYS Mechanical n PaBNC ans mopenvposanua npouecca osanusaumm Tpyb
npu sakanke Ha 6ase naketa DEFORM. [Ons npennpuatus, npoektupytoliero 6Gpoe-
xunetsl, 6bin paspabortan PaBUC, mopenmpyowmit yaap nynu 8 6poHexunet, Ha 6ase
naketa ANSYS Mechanical. 9T1oT xe naket 6bin ncnonssosan 8 PaBMC, nossonsiowem
MCCNENOBATL BO3AEMCTBME CUIbHBIX SMEKTPUYECKMX Monen Ha Teno Yenoseka. Ha ocHose
naketa ABAQUS 6bin paspabotan PaBUC ana pacueta nasneHms BbICOTHbIX 30AHMIA HA
rpyHT. [Naket CFX 6bin ncnonbsosaH kak ocHosa npu cospanmun PaBUC pns uccnegosa-
HUA TOHKMX Typ6yﬂeHTHb|X CNoeB B LWENEBbIX YNNOTHEHUAX MUTATENbHbLIX HOCOCOB 3N1€K-
Tpmyeckmx cranumin. OnbiT akcnnyataunn PaBMC nokasan, 4to npumeHeHne onMcaHHoMi
TexHonorMmn nossonser B 2—3 pasa noBbICUTb 3bDEKTUBHOCTE PABOTH MHXEHEPA-
MCCNEefoBATENsS M OMTUMM3MPOBATL 3ArPY3KY MOLLHbIX CYNepKOMMLIOTEPHBIX LEHTPOB.





