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lNMporpaMMHo-annapaTHbie KOMMNAEKCbI
BUPTYaNbHOW peasibHOCTU NpeAcKa3aTe/ibHOro
MOAEeNIMPOBAHUSA B HAYYHbIX U HHXKE€HEPHbIX
UCCNIef0BaHUAX

Komnnekchl TpexmepHoM BUPTYANbHOM PeanbHOCTU TUNA
CAVE 3D craHoBaTCS HEOOXOAMMBIMM MPM  aHANM3e
PE3YNbTATOB MOLENUPOBAHMS CBEPXDOMbLIMX MOAENE
M NPUOBPETAIOT KIIOYEBOE 3HAYEHUE HE CTOSBKO Afls BM-
3yQnM3aumMm, CKOSbKO Afsi MOHUMAHMS PE3YSbTATOB MO-
[EeMPOBAHMA. [NABHOM OCOBEHHOCTBIO CUMCTEM TAKOrO
TUNA ABNSETCH BO3MOXHOCTb MOSIHOTO MOrPYXeHus Ha-
bniopartens B BUMPTYQsbHbIM MUMP OBbEKTA MK busuye-
ckoro npouecca. B knubepnpocrtpaHcTee uccnenosaTens
CTAHOBMTCS YYOCTHMKOM MPOLECCA U AAXE SEMEHTOM
MMKPO- unn Makpomupa. [unanasoH npumeHeHus no-
[OOHBIX KOMMIEKCOB BECbMA LUMPOK M MOKPLIBAET TAKME
0bIacT KOaK TPEXMEPHAs BM3Yanu3aums npu Mccremno-
BAHUsIX OOLEKTOB M NPOLECCOB B OBMACTPOEHMM, PAKETO-
CTPOEHMU, ABTOMODOUNECTPOEHUM, NPKU MOLETUPOBAHMM
M BU3YQNU3AUMM TPEXMEPHbIX NPOLECCOB rA304MHAMM-

KW, XUMMU, OMONOTHU, TOPEHUS, TEOMEXAHMKM. ..

H.H. LLlabpoe — pokT.Tex.Hayk, npod., 3ae. kaceapoi «KoMnbioTepHble TEXHONOMMH B Mallu-
HOCTPOEHWM» MEXaHUKO-MallMHOCTpoUTeNbHOro thakybteta CM6ITTY, HayuHbIl pyKOBOAWTENb
LIEHTPa KONIEKTUBHOrONO/Ib30BaHUsl «KOMNblOTEPHbIE TEXHONOTMU NPOEKTUPOBAHUS U MOLENUPO-
BaHWs B BUPTYasibHbIX Cpeaax», e-mail: shabrov@rwwws.ru
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B nocnegHme rogsl nporpaMMHO-ANMNAPATHLIE KOMIMIIEKCH TPEXMEPHOM BUPTYAsb-
noi peansHoctn Tvna CAVE 3D (Computer Aided Virtual Environment) nonyuaiot un-
TencusHoe passutre B mupe. Cuctemsl CAVE 3D cranosaTca HeobxoammbiMm Npu aHa-
nM3e Pe3ynsTaTOB MOAENMPOBAHMS CBEPXOOMbLIMX MOAENeN, COAEPXALMX OrPOMHOE
KOMIMYECTBO AAHHbIX, M MPUOBPETAIOT KMOYEBOE 3HAYEHUE HE CTONLKO LSS BU3YANM3Q-
LMK, CKONBKO ANngd NOHMMAHKA PEe3yNbTATOB MOLENTMPOBAHNMA U BbIYHNUCIIUTENBHOTO O6eC|'|e'
YEeHMs KPUTMUECKMX M NMPOPLIBHBIX TexHonoruit. Bce seaylime cynepkomnbioTepHble LeH-
TPbl MMPA MMEIOT B CBOEM COCTOBE MPOrPAMMHO-AMMAPATHLIE KOMMNEKCh TPEXMEPHOM
eupTyansHoit peansHocti tmna CAVE 3D. Mnasroit ocobernnoctsio cnctem tuna CAVE
3D sBnseTcs BOSMOXHOCTb MOSIHOTO MOrpPyXeHua Habmoaatens B kMbepnpoCTpaHCTBO
BUMPTYQNbHOTO MMpa obbekTa mnm dusmdeckoro npouecca. B kubepnpoctpaHctee uc-
CnefoBaTENb CTAHOBMTCS YYACTHMKOM MPOLECCa M ACXKE IMEMEHTOM MMKPO- MM Ma-
kpommpa. NMpoekTsl Mo CO3AAHMIO MPOrPAMMHO-AMMAPATHLIX KOMMIEKCOB BUPTYAbHOV
PEANbHOCTU ABMAIOTCA B BLICLUEN CTEMNEHWU MEXAMCLUMMIMHAPHLIMU M SOPOrOCTOALLMMM.
Iuanason npumerHeHms NogoGHbIX KOMMIEKCOB BECbMA LUMPOK M MOKPLIBAET Takue 06-
NACTH, KOK TPEXMEPHAas BM3yaNn3auMs Npu WMCCNEeAoBAHMSX OBBLEKTOB M pU3MUECKMX
NPOLEeccoB B OBNACTU ABMACTPOEHMS, POAKETOCTPOEHMS, GBTOMOBOMNECTPOEHMS, MNpw
MOAEMMPOBAHUM W BU3YQIM3ALMM TPEXMEPHBIX MPOLECCOB ra30AMHAMMKM, XMMMK, B1O-
NIOTUM, TOPEHMS, TEOMEXAHUKM U T.4.

B nocnepHee Bpems 0603HAUMNACH ABHAS TEHAEHUMA MUPOBBIX HAYYHbIX LEHTPOB
NPUMEHEHMsT MOJOBHBIX KOMMIEKCOB B MEAULMHE, M B YACTHOCTM, MPU MCCIELOBAHUAX
HOPYLUEHUI CTPYKTYPbl MOTOKQ KPOBW B CEPAEYHOCOCYAUCTON CUCTEME W B UCCIELOBA-
HUAX MO3TOBOrO KPOBOOBPALLEHMs Yenoseka. Bemytca MHTEHCMBHBIE MCCNEmOBAHMS MO
MHTErPALMM HO OCHOBE TPUA-TEXHOMOTMI CUCTEM BUPTYQSIbHOM PEANbHOCTH, BLICOKOMPO-
M3BOAUTESbHBIX BBIYUCIMTESNbHBIX PECYPCOB [N1A MOAETMPOBAHMA NPOLECCOB KPOBOOBPA-
weHus n paboTsl BpUrabl XMPYyProB-KapaMonoros B pexmnme on-line.

Cospemenrbie annapatHeie komnnekcsl CAVE 3D cucrem npeacrasnsior coboit
3aMKHYTOE 6 NPOCBETHBIMM SKPAHAMM KnbepnpocTpaHcTso ¢ paspeteHnem o 100 mnn
NUKCenem, BKIIOYAIOWLEE ONTUYECKYIO CHCTEMY HOBMIALMM B KMOEPNPOCTPAHCTBE U Cy-
nepkomnbioTep ans obpaboTku Buaeonsobpaxerui ceepxbonbimnx mogenen. Cnegyert
OTMETUTb, YTO MPW AOBOSLHO PA3BUTON ANMAPATHOM Y4ACTM MPOrPAMMHO-AMMAPATHbIX
KOMIMNEKCOB BMPTYQNIbHOM PEQnbHOCTM Mx CNaBbiM MECTOM SBNSeTC HedpdekTusHoe
MACWITABUPOBAHUE CNELMANU3MPOBAHHOIO MPOrPAMMHOIO OBECneYeHUs Npu MCnosb-
30BOHMM HOBbIX BbIYMCIIUTENbHBIX APXMTEKTYP. PaspaboTka v cospaHme ka4ecTBEeHHO
HOBOTO MPUKIIAAHOTO MPOTPAMMHOIO OBECNEYEHUs, OPUEHTUPOBAHHOTO HA dddekTns-
HO€ MCNONb30BAHNE MHOToanepPHbIX MHOronpoueCCOPHbIX BbIYHUCIUTENbHBIX CUCTEM, AB-
NAETCA CETOAHA NO-HACTOALLEMY MMPOBOM NPOBIEMON B 0BNACTM PELLUEHUS MPUKIIAAHBIX
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n dDyHﬂ,OMeHTOJ'IbeIX HQAY4YHbIX 30404 MO BbIYNCINUTENbHOMY O6eCI'Ie‘-IeHMIO MPOPbLIBHbIX
TEXHONOTUNA.

B 2007 romy 8 LeHtpe «konnektuerHoro nonbsosanua (LIKI)  mexamuko-
mawmHocTpoutensHoro dakynsteta (MM®) «KomnbioTepHsie TEXHONOMMM NPOEKTUPO-
BOHMS U MOLENMPOBAHMS B CUCTEMAX BUPTYASbHOM PeansHOCTU» Ha kadegpe «Komnbio-
TepHble TexHonormn B MawmnHoctpoenuny CI6ITTY cospaHa v BBEaeHa B skCcnnyaTaumio
cnctema vna CAVE 3D supTyanbHOM peanbHOCTU. DTA CUCTEMA ABNSIETCS NEPBOM CU-
cremon nopobHoro Tmna B poccuickmx Bysax. Cucrema CAVE 3D npencrasnsaer coboit
NPOrPAMMHO-AMMAPATHBIM KOMMNEKC, BKIOYAIOLLMI CNERYIOLLME OCHOBHbLIE KOMMOHEHTHI:
NPOEKUMOHHO-IKPAHHOE OB0PYAOBAHME, BbICOKONPOU3BOAMTENbHbIA BUAEOKNACTEP C
npoussoautensHoctbio 1,4 TF, ontnyeckyio cuctemy HaBMraumu, CUCTEMY BUMAEOKOHbE-
PEHLCBA3KU C YAANEHHBIMM KIIMEHTAMM, NMPOrPAMMHOE obecnederme.

[naBHbIM HO3HaYeHMeM cosaaHHoi cuctembl CAVE 3D ssnaiotca mccneposaHms
B 061ACTH BUPTYQNIBHOTO MPOTOTUNMPOBAHMS. BupTyansHoe npototnuposaHMe — 310
COBPEMEHHbIN MOAXOA Kk PaspaboTke HOBOM MPOAYKUMM, MPEACTABASIOWMI COBOM mH-
HOBALMOHHBIE TEXHOMOMMU BOCMPOM3BEAEHUS BMPTYyQbHOrO 06pasa Npoaykta W non-
HOTO MOTPYXEHMs B €r0 BUPTYQNbHBIA MMP Nepe[ 3amyCcKOM B peanbHOoe NpOM3BOACTBO.
B komnnekce ¢ ¢usMuyeCckMM MOAENMPOBAHUEM BUPTYANbHOE MPOTOTUMIMPOBAHME MNO-
3BONAET CYLLECTBEHHO COKPATUTL CPOKM CO3ACHMS M CTOMMOCTb KOHKYPEHTOCNOCOBHOI
NPOAYKUMU MALLIMHOCTPOEHMS. [1pK 3TOM 3nNEKTPOHHbIE MOIENU OBBLEKTOB MALIMHOCTPO-
eHUA CO3AQI0TCA NMPeaBapUTEnLHO Npu nomolum cooteetcraytowmx CAD-cuctem, Hanpu-
mep Takmx, kak Pro/ENGINEER, CATIA, UG, SolidWorks u Komnac.

MogenvposaHnue busmuecknx NpoUECCOB v NMOBEAEHMS KOHCTPYKUMIA BbIMOMHSIET-
ca npu nomoum CAE/CFD-cucrem, Takmx, kak ANSYS, ABAQUS, LS-DYNA, FLUENT, w
NPUKNGAHOrO NPOrpamMmHoro obecneverns cobeteenHon paspabotku. Kabenpa «Kom-
MbIOTEPHbIE TEXHONOMMU B MalMHocTpoeHuny MM nmeeT MHOTONETHMI OMBIT MCMONb-
3oBaHma pasnmynbix CAD/CAE/CFD cuctem u cuctem BUPTYQNbHOM PEQSIbHOCTM TUNQ
Workbench u CAVE 3D npu BbINOAHEHWM MCCNEAOBAHMI 418 POCCHMICKMX U 3APYDEXHbIX
NPOMBbILLITEHHbIX KOMMOHMHA.
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Puc. 1a. Puc. 16.
Busyanusauma B cucteme CAVE 3D pesynbra- Busyanusauma B cucteme CAVE 3D ceTouHom
TOB MOAEMPOBaHMNA TENIOBbIX HANPAXKEHUIA o6nacTvi MOHO6/10Ka Cy0BOro An3ens

B MOHOGIOKE ansena

Ha kadeppe «KommbloTepHblE TEXHONOMMU B MALIMHOCTPOEHUM» MO 3ALAHUIO
OAO «ABTOBA3» Bnepsbie 8 Poccun 1 Gbinm BHINOMHEHb MCCNEAOBAHUS MO MOLEU-
POBAHMIO KP3LW-TECTOB OBTOMODBMNENH HA BblUMCAMTENLHOM Kknactepe. Pesynstarsl mo-
LennpoBaHus Buayanuamnposanuck B cucteme CAVE 3D. MutepaktueHas Buayanusaums
B cucteme CAVE 3D pesynbTaToB MOAENMPOBAHMS KP3LL-TECTOB OBTOMODMNEN U AeTa-
nen TPAHCMUCCUMM GBTOMOGUNEN ACET BO3MOXHOCTb COTPYAHWMKOM Kadenpbl COBMECT-
HO C PABOTHUKAMM MPOMBILLNEHHOCTU CBOEBPEMEHHO (GOPMYIMPOBATE PEKOMEHAALMM
MO COBEPLUEHCTBOBAHMIO KOHCTPYKLMHA.

Cucremsr CAVE 3D Takxe npeaHasHAYeHbl s OCYLLECTBNEHNS COBMECTHOM pa-
BOThl TPYNN MCCEnoBATENEN, PACTPEAENEHHbIX MO reorpaduieckomy npuHumuny. B mae
2008 ropa 8 LIKI Bnepsbie B Poccun ocyuiectsnern ceaHc MexayHOpPOAHOM pacnpeae-
neHHoN coBmecTHoM paboTsl B aByx cuctemax CAVE 3D. OpHa us 3tux cuctem ycra-
HoBneHa B cynepkomnbioTepHom ueHtpe (HLRS) ynmneepcutera Lrytraprta B lepmarmm.
CBa3b OCyLLECTBNSANACL MOCPEACTBOM BuaeokoHdepeHucsasn. Konnern us Fepmanum
ynaneHHo ynpasnsiu obwvektom B cucteme CAVE 3D, pacnonoxennon s CI16[T1Y,
a cotpyanukm Cr6ITIY ynpasnanm obwvektom B8 cucteme CAVE 3D B yHusepcutete
LLrytrapTa 8 epmanmm. KomnbioTepHble TeXHONOMU COBMECTHOM paboThl B BUPTYQsIb-
HbIX CPEfAax — 3TO MHHOBALMOHHbIE GOPMbI PABOTH MCCIEROBATENLCKMX TPYMM, PAC-
NONOXEHHBIX YAQNIEHHO B PA3NMYHbIX reorpadmyeckux Toukax. PaboTa ocyuiecrtensercs
TaK, KOk BYATO rpynnbl MCCNENoBATENEN, YYACTBYIOWME B CEAHCE PACNPEAENnEeHHON pa-
BOTbl, HOXOAATCSA B MOMELLEHUM OZHOrO oduca.
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Puc. 2a. Puc. 26.
CkaHupoBsaHue 3D ckaHepom mojeny aBToMO- PekoHCTpyKUA MOBEPXHOCTY 1 rMbpuaHas
ouns (Augmented Reality) mogenb aBTomo61nA

Bo3MoxHOCTH cuCTEM BUPTYQNbHOTO MPOTOTUMIMPOBAHMS CYLLECTBEHHO PACLLK-
PAOTCS MPU UCMOMb3OBAHUM TEXHONOMI MPOEKTUPOBAHMA M MCCIIEAOBAHMUS TMOPUAHBIX
MOZENeN B MHAYLUMPOBAHHBIX CPpefax. MHAYyUMPOBAHHbLIE CPEAbl MO3BOMSIOT COBMELLATL
B OLHOM MOLENM BMPTYQNbHbIE M pearbHble 06bEeKTh MM npoueccs. MHayuMpoBaHHbIe
cpeabl ABNATC HEOOXOAMMBIMU MPU UCCIEAOBAHUM SPrOHOMMKM PEASbHBIX M3LENUA Ma-
LWMHOCTPOEHUSI — BAXHOM COCTABMSIOLLEN MOKA3ATENsS KOHKYPEHTOCNOCOBHOCTH u3ae-
s, TMBPUAHBIM NPOTOTUMNOM SBASIETC KOMBMHALMS PEANBHOTO hU3NYeckoro obbekTa 1
HEKOTOPOro OBBLEMA SMEKTPOHHLIX AAHHbIX, MPEACTABSIOWMX PE3YNLTAT KOMMbIOTEPHO-
rO MOLENUPOBAHMSA NMPOLUECCOB, CBA3AHHLIX C 3TM ObObekToM. Hanuume peansHoro obwb-
eKTa MO3BONAET UCCIeaoBaTenio 6onee NofHO BOCMPUHUMATE OBBLEKT UM MCCIEAYEeMbIN
npouecc. Bsaumroe nonoxerue 3Tix M306PaKEHUH OAHO3HAYHO 304AETC C MOMOLLBIO
CMeunanbHbIX MOPKEPOB, 3AKPENIEHHbIX HO OOBbEKTE UMW B HEMOCPEACTBEHHON 6nM30CTH
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C HUM. Pernctpauns mapkepa B CUCTEME MPOUCXOAMT MyTEM 3CQAAHMS €ro TMNA U ero
koopanHaT. [MBpuaHbie Momenu, CO3AAHHLIE B WMHAYUMPOBAHHLIX CPEAAX, MO3BONAKOT
HAMMALHO COMOCTABNATL PE3YIbTATH MOLESIMPOBAHMS M PE3yrbTaThl GU3MYECKOTO SKC-
NEePUMEHTA C LEeNbIO BEPUDUKALMKM KOPPEKTHOCTU NMPOLECCA MOLENMPOBAHMUS.





