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Bupryaibnoe moaeanpoBanne u oQpd-aiin
IIPOrpaMMHPOBAHHE IIPOMBIIIICHHbBIX
po6otoB cpeacrtBamu cucrembl DELMIA

Anton longosckwii ("TETHET Koucantunr”, Mocksa)

B cratbe “Cucrema DELMIA xak petenue s
MOJICTIPOBAHUS  TTPOU3BOJICTBEHHOI  JICSITCIBHO-
ctu” (Observer #1/2005) 6pira omucana o6mast KOHIETI-
g KoMmIiuiekca 1mdposoro npousBojctBa DELMIA,
npeTaraeMoro Kommanueit Dassault Systémes. Jlorndec-
KI BCE MPOTPAMMHbBIE TIPOJYKTBI B TOM KOMILIEKCE JIeJISIT-
€Sl Ha HECKOJIbKO YacTeil, OJIHA U3 KOTOPBIX — 3TO MOje-
auposanue pecypcoB (Resource modeling and simula-
tion). MaKTUYECKN 5Ta YACTh IIPEJCTABJLET OG0 HAGOP
MIPOTPAMMHBIX CPEJICTB JIJISI MOJIETUPOBAHMS OT/IEIbHBIX
POGOTOB 1 POBOTUZUPOBAHHBIX AYeek (TO ecTh, Py Po-
6OTOB OJIHOBPEMEHHO BBITIOJTHSIONINX CXOJKUE OTepaIui
HaJl ofHIM 00BeKTOM), cTankos ¢ UIIY, nzMepurebHBIX
YCTPOHCTB, a TaKKe TMOTOKOB JBVKEHNS M3/1eNi, TIPOIY-
KTOB, MaTEPUAJIOB U PECYPCOB B IEXE.

B a10if cTaThe XOTEmOCh GBI OCTAHOBUTHCS HA OMHCA-
HUM JIMHEHKU TPOYKTOB, TTO3BOJISIIONINX CO3/1aBaTh, MO-
JIeTIPOBaTh, aHAJIM3MPOBATh U MPOrPAMMUPOBATH KaK OT-
JIEJIBHBIX TIPOMBIIIJIEHHBIX POGOTOB, TaK W TIeJbie POOOTH-
3UPOBAHHBIEC KOMILICKCHI.

B nanubrii MomMeHT KoMmanust Dassault akTHBHO 3aHMW-
MaeTcsl uHrerpanueil Bcex uncrpymentos DELMIA, cBs-
3aHHBIX C MO/ICJMPOBAHUEM M ABTOMATH3AllUell, B MHTEP-
(eiic V). B peaus R15 BK/IIOYEHbI HHCTPYMEHTbI MOJICJIH-
POBaHUS TIPOIIECCOB TOYEYHON W IyroBoit cBapku. Ilos-
HBIIT JKe KOMILJICKT HWHCTPYMEHTOB, OObEIMHCHHDIN Ha3Ba-
aeM IGRIP, Braodaer B ceOsT TOMIMO CBapKH MO/Ie-
JIMPOBAHNE TIPOIECCOB TOKPACKH, NIH(OBKU, a TaK¥Ke
CTIEIMATM3MPOBAHHBIE MOLYJIU — K MPUMEPY, LIS aHAJM-
3a TIPOBOJIKK 1 KaGeJieil.

Bce 3amaum, B KOTOPBIX MOTYT HCIOJb30BATBCS ATH
MHCTPYMEHTBI, YCJIOBHO MOKHO TIOJICJIUTD HA J[BE TPYIITIDI.

[lepBas rpymma — 310 MOeIUPOBaHIE POOOTH3H-
POBAHHBIX STUEEK C IEJIbI0 aHaIn3a pabGounX 30H, KOJLIH-
3uil Mexay poOOTaMH M MHOTHX JIPYTHX acrekToB. To
€CTb, 33j1a4a TAKOTO THIA HE BKJIOYAET B ce6si CHHXPOHHU-
3a1nio BUPTYATbHON MO/IEN W PeasbHON sdeiiku. B aTom
cJIydae TI0Jb30BaTesio He Tpedyercss KarnOpoBKa, HaJaJl-
Ka MOCTIPOIIECCOPOB U MPOBEPKA TOYHOCTH OTPAOOTKU BH-
TPyaJbHBIX MOjeJsel.

K mpumepy, tpebyercst BoIOpaTh poGOT, CIOCOGHBIIT
BBITIOJTHUTD KOHKPETHYIO ONEpaIuio Hajl JIETaablo TIpU
3aJIAHHOM THUIIE€ OCHACTKU. MoJieJMpoBaHue B BUPTYaJb-
HOI cpejie TI03BOJISIET BBIOpATh M3 Psifa GMOIHOTEUHBIX
W CO3MAHHBIX BPYYHYIO POOOTOB HauGoJee MOAXO/sI-
mui s ganioit 3amayn. Kputepusivu Bbi6opa MOTYT
CJTY’KUTH pabouast 30Ha, TPY30MOABEMHOCTD, KOJUYECTBO
cTerieHell TMOJBMKHOCTH ¥ MHOTOe jipyroe. Ecun
BUPTYaJbHAS MOZIETb 00pabaThIBAEMOIl /IesIa i 1 OCHACT-
KU i €€ M3TOTOBJCHUS YK€ CYNIECTBYIOT, a TpeOyercst
TOJBKO BBIOPATh pPOOOT IS JTOH omepanmum  —
BUPTYAJbHOE MOJETUPOBAHUE ABJSETCS OYEHD MOIIHBIM
uHcTpyMenToM.  IIpu  39TOM,  HENOCPEe/CTBEHHOE
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Puc. 1. Po6omusuposannas sueiika ¢ cpeoe
DELMIA: cmapoic unmepegpeiic D5 (caesa),
noswiii V5 (cnpasa)

MPOrpaMMIPOBaHIE PEATHHOTO POGOTA TIPOU3BOUTCS CO-
BEPIIEHHO HEe3aBUCUMO.

Bropoit Tum 3agau — aT0 MOAEJNPOBAHNE STUECHKN
C TIOCJIeIYIOTIel TeHepaIeil TporpaMMbl YIIPABJIEHHS, KO-
TOpasi BIIOCJIEJACTBUN 3AKAUNBAETCSI B PeAIbHbIN KOHTPOJI-
Jep. B atoM ciyuae uMeer MecTo Hepa3pbIBHBIN Ipoliecc
CO3/IaHUST, MOJIEJTMPOBAHUS W OTJIAJIKU BUPTYAJTbHON STU€ii-
KM, a 3aTeM OTpaGOTKA MPOrpaMMbl Ha peabHOM poOoTe.
Cuaieryer 06paTuTh BHUMAHKE, YTO B 3TOM CJIyd4ae OTCYyTCT-
BYeT Takasi pPaclpoOCTPaHEHHAs oreparnusi, Kak o6ydeHue
peasibHOrO pobGoTa oneparopom. Ho st cozanus takoi
1enu TpeGyeTcs: PENUTh Ps/l 3a1a4, KOTOPbIE BKIIOYAIOT B
ceb6s Kami6poBky (TO ecTb, AOCTHIKEHHME COOTBETCTBUS
BUPTYaIbHON MOJEAM M PeasbHOro po6oTa) M HATALKY
nocrmporeccopa. Ilporpammuoe oGecnieuenne [GRIP,
Bxozsiiee B coctaB DELMIA, obiajaer 1ejbiM PsijioMm
MHCTPYMEHTOB, PEMIAIONNX 3TH 33/Iaul.

B coctaB IGRIP Bxoaut GHOIMOTEKA TPOMBITILIEHHBIX
Po6OTOB M3BECTHBIX (PUpPM-TIpousBouTeeil. Kpome Toro,
MUMEETCST BOBMOKHOCTD CO3/1aTh COOCTBEHHYIO KMHEMATHYe-
CKYIO MOJIeJIb. JTa 33/[a4a MOKET BO3HUKHYTH B TOM CJIY-
yae, eciu Ha MPEANPUITHH MMEIOTCS JIOCTATOYHO CTapble
MOJIeJTE POOOTOB, KOTOPBIX HET B TIOCTABJISIEMBIX ONOJIIO-
tekax. Cucrema DELMIA obnagaer QyHKIOHAIOM
TBeporesibHoro mMojesnuposanus CATIA V5, B xotopom
M CO3/IAI0TCST 3BEHbs1 po6oTa. 3areM, C MOMOIIBIO CIely-
AJTbHBIX MHCTPYMEHTOB, 33/Ia10TCSI KHHEMATIHYECKast cXeMa
U crienuajbibie mapamerpbl. [locje 9Toro cozganHas Mo-
JieJib poOoTa HIYEM He OTJIHIAETCST OT ONGIMOTETHOT.

[locme BBIGOpA MM co3manuss PoOOTa  CO3TAETCS
okpysxenue: obpabaTbiBaeMble JIeTajl, OCHACTKA,
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Puc. 2. Hpumep 6ubruomeurozo poboma
(KUKA IR161)

OKpYKatoIe TpeMeTsl. Beé 910 MoskeT ObITh cMOJe/H-
poBaHo npu ToMoI nHCTpyMenToB CAD-cucteM nim sxe
J06aBIEHO M3 CTaHJapTHBIX GnOamotek. Ha maHHbIA MO-
ment DELMIA cymectByer u B untepdeiice V5. 10 03-
HavaeT, 4to exuHas cpeaa u uncrpymentol CATIA V5 n
DELMIA 1o3BOJISIOT HAYMHATD PAaGOTy € TIPOEKTHPOBA-
HUSL JIETAJM, OCHACTKU TOJ Hee, W 3aTeM, CMOJEJUPOBAB
06paboTKy € TOMOIIBI0 PoOOTA, OINEHUTH MPABUJIBHOCTH
BbIGOPA KOHCTPYKIUU. Pe3ysbTaToM CcO3JaHusi OKpYsKe-
HUSI SIBJISIETCSI BUPTYAJIbHAS MOJEJNb POOOTH3UPOBAHHOI
SIYENKH, JIOCTOBEPHO OTOOPAKAIONIAs PEATbHOCTD.

Kaskmprii mogyab cucrembl IGRIP umeeT cBOM WHCT-
PYMeHTbI, “3aToyeHHbIe” T0J] KOHKpeTHbIe oreparni. K
MPUMEPY, CYIIECTBYIOT WHCTPYMEHTDBI aHAJIM3a MOKPACco-
YHOTO CJIOSl, WJIM K€ BBIGOpPA TPAECKTOPHUU TIPH JYTOBOM
cBapke. IIpu paGore ¢ J060H TEXHOJOTHUECKOH OTepa-
IMeil CO3/1al0TCs OIpe/IeIEHHbIe TPAEKTOPHHU, KJI0UeBble
TOYKM, 3aKOHbI U TApaMeTpbl, COBOKYITHOCTb KOTOPBIX
OITICBIBAET TIOBeJIeHEe POOOTA BO BPEMEHH W MTPOCTPAHC-
TBe. TeM He MeHee, CYIIECTBYeT DS 3ajad, KOTOPBIE
CJIO3KHO (hOpMAJN30BaTh — K MPHUMEPY, JazepHas pe3Ka
CJIOKHBIX TIOBEPXHOCTEH, pe3ka Bozoil. B takux 3amavax
K POOOTY TIPEIBSIBISIOTCS YHUKAJbHbIE TpeGOBaHUsS —
HampuMmep, K JABWKeHWo. [ aTuxX ciyyaeB mMeercs
BO3MOKHOCTDb PACITVPUTD CTAHAAPTHBII (DYHKIIMOHAJ CH-
CTEMBI MyTeM HATMCAHUS COOCTBEHHBIX MAaKPOCOB ¥ MOJI-
POrpamM.

Ecin 3ajaua coctout B reHepanuu Koja mporpaMMbl
YIPABJAEHUS, TO BAKHBIM U HEOOXOMUMBIM 3TAIOM SIBJISI-
ercs kaaubposxa. BupryambHast MoJieib BCET/A SIBJISIET-
csl ujleam3aIeil, peasbHoOMy ke poGOTy MPUCYIIN KaK
CTaTHCTHYECKNe, Tak 1 caydaifapie norpemnHocta. Cytie-
CTBYET psiJi MHCTPYMEHTOB, KOTOPBIE TIO3BOJISIOT 3aja-
BaTh MOTPEITHOCTH KWHEMATUYECKUX TIap U JIJTMH 3BEHb-
eB. B 0coObIx ciydasix MOKHO BOCIOJIb30BATBCS KOppe-
KTUPOBKOH MTPOrPaMMHOTO KOJ/Ia C YYETOM TIOTPENIHOCTEN
peanbHON sSYeiikn, MCTOJb3Ys MAaKpPOChI U TOAIPOTpaM-
MbI. BoJiee TOro, cymecTByeT HHCTPYMEHT, KOTOPBI KOp-
PEKTHPYET MOJIeb POGOTA U TEHEPHPYEMYIO MOCTIIPOIIEC-
COPOM IIPOTPAMMY C MOMOIIBIO HEKOI MOJIeJ, MPeoCcTa-
BJsIeMOWl  pa3paboOTYMKOM JaHHOTO poboTa B BH/E
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“yepnoro smmka”. B pesysabrare Takoil KOppeKImn Bpe-
M IIMKJA UMeeT MUHUMAJIbHYIO HOTPENIHOCTD.

Eme oxun cyoxHublil cayyail — 3To CyliecTBOBaHHE B
OJTHOII sTYeiiKe HECKOJbKIX KOHTPOJIJIEPOB, YTO BbI3BIBAET
HEeoOGXOIMMOCTh CHHXPOHU3ANUN TporpamMm. /ljst aT1oro
MMEIOTCST MHCTPYMEHTDI TeHeparni 1 KOHTPOJIS CHHXPOH-
HbBIX JIEHCTBHIL.

Kacaresbho 3a1aun [UHAMUKI MOSKHO OTMCTHTD, YTO B
peajbHOM IPOU3BO/ICTBE IIPAKTHYECKH HE IIPOM3BOUTCA
aHaJIM3 CHUJI, YCKOPEHWil, Harpy30K U Tp., TakK Kak Tpedy-
eMasi TOYHOCTb TIPU JIOMYyCTHMBIX BecaX M CKOPOCTSIX Ta-
panTupyercst ipousBoguresemM podora. Tem ne meHee, B
0COOBbIX CIyyasx, a TakKe IpH pa3paboTKe CBOeil co6CT-
BEHHOIT POOOTH3NPOBAHHOI STYEHKH, 9TOT aHAIN3 HEO6XO-
qum. [poaykr IGRIP obiagaer HaboOpOM MHCTPYMEHTOB
JIMHAMIYECKOTO aHAJN3a, TI03BOJISTIONTM paboTarh ¢ mapa-
metpamu [1U /l-peryiiTopoB 1pHBOJOB, TpaBUTAIMEH, 1
MHOTHUM [IPYTHM.

[IpeumytiectBa BUPTYATbHOTO MOJEIMPOBAHUS TEPE/]
KJIACCMYECKUMHU METOJIaMU aHAJIN3a U CO3/IaHUS [TPOrPaMM
[t po6oToB 3HauUnTebHBI. [IponsBoauTes po60TOB MO-
CTaBJISTIOT BCE 6G0Jiee COBEPIIEHHDbIE CPEJICTBA [IJIsT HAIMCa-
HUg nporpaMM. Ho korja BeTaroT 3a/1aui MO/IeTHPOBAHS
SYeKN B BUPTYaJbHOIN Cpejie, aHaan3a OJHOBPEMEHHON
paboTbl HECKOJIBKUX POOOTOB, OTPAOOTKH CJOKHBIX Tpae-
KTOpHii, TpeGyercst 60Jjiee MOIHBII MHCTPYMEHT, KOTOPBIIl
MOXKeT ncroJsb3oBath CAD-panHbIe 06 06pabaTbIBacMOM
U3/IeJINN, TO3BOJISIET KOPPEKTHPOBATh M CO3/[aBaTh TIOCT-
TIPOIIECCOPBI, TIPOU3BOANTL PA3HOCTOPOHHUI aHamn3. U
BCE 3TO - He 33/ICHCTBYS PeaJbHOTO pobOTa — TO €CTh UC-
KJII0YaeTcst TPoCToil stueiiku. Boibop poboTta o1 KOHKpeT-
HYIO 33/lauy TOXKe OCYIIECTBJSAECTCS B BUPTYAJIbHON cpefe.

Bce ati Bo3moskHOCTH cucteMbl DELMIA 103BOJISTIOT
obecrieunBaTh GBICTPYIO TIEPEHACTPONKY TPOM3BOJCTBA
NPU YacTOW CMEHE BBIMYCKAEMOH TIPOAYKINHU W GOJb-
moM KoJmdecTse eé¢ Moaudukaiii. He MeHee BaxxHO, 4TO
HOSBJIAETCS BO3MOKHOCTD PEIIeHIs O4eHb CJIOKHbBIX 3a-
Jlad  TIPOrpaMMUPOBAHUS  POOOTOB, KOTOpbIe TPeGyIOT
6OJIbIIMX TPYJ03aTpaT WM BOOOIIE MPAKTHYECKH He
peraeMbl HHBIM 06paszoM. E5
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Y DELMIA - cucTeMa A5 MOA,eNMpOBaHMS
11 aHanNn3a TeXHOMOTMUECKHUX NPOLIECCOB;

Y ENOVIA — ANS MHTErpaLum AaHHbIX
PasNYHBIX CYLLECTBYIOLLVX MPOMbILLIIEHHbBIX
CAD/CAM-cuCTEM 1 MOAEMUPOBAaHNSA XN3HEeATeIbHOCTH YeroBeka B
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