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1. IEJIb U 3AJAYU KYPCOBOI'O ITPOEKTA

[enb KypcoBOro mpoekTa — OBJIaJIEHUE CTYACHTaMU HaBBIKOB pacueTa mporecca
3allOJIHEHUSI W 3aTBEPACBAHMS MAITUHOCTPOUTENBHBIX OTJIMBOK B MPOTPAMMHBIX
nakeTax WHXEHEPHOTO aHaIu3a IpoIeccoB auTeiHoro mpouspojacTea (PROCAST).

3aayaMu KypcOBOT'O MPOEKTA SBJISIFOTCS:

— yriyOlieHHe TIOHMMaHWs W 3aKpEIJIEHUE TEOPETHYECKOro Marepuaia
JEKIUOHHBIX 3aHSTUH, MOCBSIIEHHBIX PACCMOTPEHUIO TMPOLIECCOB 3aIllOJIHEHUS U
3aTBEP/ICBAHMS MAITUHOCTPOUTEIHHBIX OTJIMBOK;

— TpHOOpeTeHHEe HABBIKOB pabOThl B MPOTPAMMHBIX IMaKeTaxX HMHKEHEPHOTO
aHaJM3a MpoIEeCCOB JIUTEHHOTO MPOU3BOICTBA;

— BBITIOJIHEHUE pacyeTa 3allOJIHCHUS M 3aTBEpJEBaHUs KOHKPETHON OTJIHMBKH, B
COOTBETCTBHH C 3aJlaHUEM Ha paboTy.

2. CTPYKTYPA KYPCOBOI'O ITPOEKTA

Marepuan KypcoBOr0 MPOEKTa JOKEH OBITh HM3JI0KEH YETKO M JIOTUYECKU
MOCJIEI0BATEIbHO C KOHKPETHBIM OITMCAHUEM PE3YJIbTaTOB U BHIBOJOB.

KypcoBoii mpoeKT A0MKEH UMETh CIEIYIOUIYIO CTPYKTYPY:

— TUTYJIbHBIN JIUCT;

— 33/IaHHE€ HA KypCOBOM MPOEKT;

— COJIEp>KaHMUE;

— BBEJICHHUE;

— OCHOBHAsI YaCTh;

— 3aKJIIOUYEHHE;

— CIIUCOK JINTEPATYPHI;

— IPUJIOKEeHUS (MPYU HEOOXOAUMOCTH).

ConepxaHue BKIIIOUAET BBEACHHE, HAMMEHOBAHUE BCEX Pa3zelioB, MOAPAa3/ieioB,
INYHKTOB (€CIM OHM HMEIOT HAauMEHOBAaHME) U 3aK/IIOUYEHHE C YKa3aHHEM HOMEpPOB
CTpaHUIl, Ha KOTOPBIX Pa3MEIal0TCsA TH HANMEHOBAHUSI.

BBeneHue comepKUT OLEHKY COBPEMEHHOI'O COCTOSIHUS pPEIIaeMOil 3ajaud, ee
aKTyaJIbHOCTU M HOBHU3HY, OOOCHOBaHME HEOOXOAMMOCTH MPOBEACHUS AAIbHEUIINX
UCCJIEIOBAaHUI U LIETh KypPCOBOIO MPOEKTA

OcHOBHast 4aCTh KypCOBOI'O IMPOEKTA BKIIIOYAET:



— 00OCHOBaHME BBHIOPAHHOTO MPOTPAMMHOTO OOECIEYCHHS W OOIIYI0 METOAHNKY
JOCTHKEHMSI TIOCTABJIEHHOU B paboTe 1enu;

— TeOpeTUYeCcKue U (W) HKCIIEPUMEHTAIbHBIE UCCIICIOBAHMS,

— 00001IeHNe W OLIEHKY pe3yJbTaTOB HCCIENOBAaHUMN (aHAIU3 paclpeaeieHus
HOPUCTOCTH B TeJI€ MAIIMHOCTPOUTEILHOU OTJIUBKH).

[Ipu 3TOM OCHOBHas 4acTh JENUTHCA HA Pas3AeNbl, KOTOPHIE, B CBOIO OYepeb,
MOTYT JENUThCA Ha MOApa3Jenbl U NyHKTHL. I[lepBblil pasfen comepKUT aHalu3
COBPEMEHHOTO TMPOTPaMMHOT0 oOecredYeHrus W TMOCTaHOBKY 3ajaud. BTopoil pasmen
BKJIIOYAET OIMCAaHUE KOHCTPYKIIMH OTJIMBKH, JUTHUKOBO-TIUTAIONIEH CHCTEMBI W
TEXHOJIOTMYECKOI0 Tpolecca IOJy4YeHHUs OTJIMBKH. TpeTuil pas3fen COHAEpKUT
U3JIOKEHUE  CaMOCTOSITENIbHO  TONYyYEHHBIX  CTYJEHTOM  TEOPETUYECKUX |
HKCHEPUMEHTANbHBIX  PE3yJbTaTOB  YHCIEHHOTO  MOJCIHUPOBAHMS  TMpoliecca
3aTBEpACBaHUS MAUIMHOCTPOUTEIBHON  OTJIMBKH. Bo Bcex pasnenax paboThl
HEOOXOMMO yKa3bIBaTh CCHUIKH, OTKY/1a MOYEPIHYTH HEOOXOIUMBIE CBEICHUSI.

3aKiIIOUeHUE COICPKUT KpPAaTKHE BBIBOJABI MO pE3yJbTaTaM BBIIOJHEHHOTO
KypCOBOTO TIPOEKTA, OIICHKY IMOJTHOTHI PEHICHUS MIOCTAaBICHHOHN 3aaui ¥ TIPS IOKCHHSI
110 UCTIOJIB30BAHUIO MOJTYYEHHBIX pe3yabTaToB. CIHUCOK JTUTEPATYPhl BKIIOYAET TOJIBKO
T€ MCTOYHHMKH, KOTOpPbIE MHCIIOJIBb30BAHBI TMPU BBHIMOJIHEHUH KYpPCOBOIO IIPOEKTA.
VICTOYHMKHM pacrioyiaraloTcsi B CIIUCKE B TOPSIKE MOSIBICHUS CCHUIOK Ha HHUX B paboTe
1100 B andaBuTHOM nopsiake. CBeneHust 00 NCTOYHUKAX MPUBOJSATCS B COOTBETCTBUH C
tpeboBanusimu 'OCT 7.1-2003.

OO6muit 00BeM KypCOBOTO MPOEKTa MOXKET BapbUpOBaThCS B mpenenax ot 10 o
20 cTpaHUIl MAIIMHOIIMCHOTO TEKCTA.

3. TPEBOBAHUS K O®OPMJIEHUIO NOSACHUTEJBbHOM 3AIIUCKHA

[TosicuutenpHas 3anmucka opopMIIsIETCS aKKypaTHO.

TekcT NOsACHUTENbHOM 3amMCKU HaOMpaeTcss Ha KOMIIBIOTEpE B TEKCTOBOM
penaktope MS Word, mipudt Times New Roman, pa3zmep mpudra — 14, ¢ nonyTopHbsIM
uHTepBaJoM. Bce cxembl, ¢opmynbl, rpaduky, TAOMUIBI  JOHKHBI  OBITH
IPOHYMEPOBaHbI U CHAOKEHBI IOJMUCSIMU U CCbUIKAMU B TEKCTE.

Bbymara — crangaptaoro pasmepa 210297 mm (dhopmart A4).

Crpanuiisl Hymepyrotes. Orerynsl — no 'OCT.



JIMCTBI CKPEIUIAIOTCS MO JIEBOMY Kpar W MOJAIIMBAKOTCSA B IANKy BMECTE CO
CXeMaMH U IPyTHUMH WIUTFOCTPALUSMHU.

[TosicHuTenbHAs 3aMKucKa A0KHA OTBEUYATh CIEAYIOIIUM TPEOOBAHUSM:

— YETKOCTb U JIOTUYECKAs MMOCIIEN0BATENbHOCTh U3JI0KEHUS MaTeprara;

— yOeIuTeIbHOCTh apryMEHTALlUY;

— KOHKPETHOCTb U MOJHOTA U3JI0KEHUS Pe3yJIbTaTOB PaboThI;

— YETKOCTh 1 000CHOBAHHOCTH 3aKJIIOUYCHHUS.

TUTYJIBHBIA  JIMCT TOSICHUTEIBHOW  3allMCKU  JOJDKEH  COAEPkKATh  BCHO
uH(popMaIuio, HeOOXO0IUMYIO JIJIsl OJTHO3HAYHOUN HIeHTU(PUKAaIUU pabOThI U €€ aBTOpa.

B nosicHuTenbHON 3amMcKe JOJHKHBI OBITh BBIAEPKAHBI €IMHbIE 0003HAUYEHUS U
eIMHbIE PA3MEPHOCTH JIJIs1 UCTIOJIb3YEMbIX MTAPaMETPOB.

JlolmycKaroTcsT  TOJABKO  OOLICNPHUHATBIE  COKPALIEHUS  CJIOB, TEPMHHOB,
0003HaYEHUH.

3aKOHYEHHAs MOSICHUTENbHAS 3aliCcKa 005A3aTeIbHO MOANUCHIBAETCS CTYACHTOM
Y IIPENoJaBaTesaeM, BEAYIUM KyPCOBOU MPOEKT.

4. OBLIIEE OIIUCAHHUE TPOI'PAMMBI PROCAST

OcnoBa ProCAST — enunsbiii rpaguueckuit uarepdeiic Visual Environment (puc.
1) Cc UHTErpuUpOBaHHBIMM B HETO TIEHEPATOPOM KOHEUHO-3JIEMEHTHBIX CETOK,
npenpoueccopoM, 0azaMu  JaHHBIX, MOCTIPOLECCOPOM U JBYMsI pelIaTeNsIMU:
ruapoanHamuaeckuM (Flow solver) u TerumoBeiM (Thermal solver). B kadectse

JOTIOJTHUTENbHBIX ~ ONUMKA  TpeasiaraeTcss  OOJBIIOW  CHOUCOK — MOJYJEH,
pacmmpsomux 0a3oBble BO3MOXXKHOCTU mporpaMmbl. [loutu Bce momymu ProCAST
UCTIOJIB3YIOT AJIsl PEIIEHUsI COOTBETCTBYIOMIUX AUPPEpeHInaNbHbIX YPABHEHUH METO]
KoHeuHbIX 3neMeHToB (MKD). MckitoueHue cocTaBisioT MOIYJb pacdyeTa ra3oBod U
ycamounoit mukponopuctoctu (Advanced Porosity Module), wcrmonb3yrommii MeToq
koHeuHbIXx pasHocTet (MKP), u Momynb pacdera mporecca 3apoXKIEHUS U pOCTa

3epenHoit cTpyktypsl (CAFE), coueratomuii B cebe MKD u kieTouHbie aBTOMATHI.
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Pucynok 1. Equnstii rpadudeckuii uarepdeiic Visual Environment PROCAST.

Hns  noarotoBkn  cerouHod  moaenn B ProCAST  wucnonb3yercs
aBTOMAaTH3UPOBaHHKIN TeHeparop 2D- u 3D-koneuHo-3nemenTHoi cetku Visual-Mesh.
On nmo3Bosnser umnoptupoBath CAD-monenu B popmatax IGES, STEP, CATIA, ProE,
UG wu Parasolid, a taxke cerounsiec 2D- u 3D-mozenu B ¢dopmarax NASTRAN,
PATRAN, I-DEAS, ANSYS, ABAQUS u ap. B cocrase Visual-Mesh ectb anroputmsi
JUI aBTOMAaTUYECKOTO CO3JaHMSI MHOTOCIOMHBIX CETOYHBIX 00O0JIOYEK, YTO MO3BOJSET
dbopMHUpOBaTH MOJIETTH KEPAMUYECKON (DOPMBI, TEIUIOM3OSAIIMOHHBIX MAaTepUaIoB U T.
1., He nmpubderast k moAenupoBanuto B CAD-cucreme. CrieriuanbHas cpejia BhITIOTHEHUS
TUIIOBBIX OTIE€PAIMil UCIIOIB3YET MOMIATOBYIO CXEMY pabOThI U MPOBOJUT MOJIB30BATEIS
yepe3 HeOOXOIMMBIE 3TAIbl TOCTPOSHUS CETKU JI0 MOJTHOTO 3aBEPIICHUS €€ reHepaluu.

ProCAST Flow solver — wmomynb, paccuuThIBaIOIIMK 3armoiHEHUE (HOPMBI
KUJKUM paciylaBoM. PacueT TeueHHs ONUCHIBAe€TCs MOJHBIM ypaBHeHHeM HoBbe-
Crokca u MOXKET MPOBOAUTHCA BMECTE C AHAIM30M TEMIIEPATYpPbl U HalpsKeHuil. B

pemarens qo0aBieHa CHeUUalbHAs MOJAENb IJs aHalu3a TYpOYJIEHTHBIX HOTOKOB.



ProCAST Flow solver mo3BossieT MOMy4YUTh MPEACTABICHUE O XapaKTepe 3amOJHEHUS
GopMBI  paciyiaBOM, pa3MbIBaHUM IecyaHOW (OpMbI, BO3AYIIHBIX KapMaHax,
TypOyJICHTHOM TEYEHUH, 3acopax, HENpoJMBaX M XOJOAHbIX crnasx. C MOMOIIbIO
JOTOJHUTENBHBIX ONUUA MOXXHO MOJEIUPOBAaTh LIEHTPOOEKHOE JIUTHE, JIUTHE I10
BBDKUTA€MbIM ~ MOJIESIM,  W3TOTOBJICHHE  TIECYAHBIX  CTEpXKHEM W JIUThe
TUKCOMATEpPHUAJIOB.

ProCAST Thermal solver — pemareib, MOJACTUPYIONTNI TEILIOBBIC SBJIICHUS B IPOIIECCE
3aMUBKUM  (OPMBI M KPHUCTAJUIM3AUMU OTJIMBKA U TIO3BOJISIIOIIMI  pacCUUTHIBATh
TEeMIIepaTypHBIE MOJS B OTJIMBKE U (JOPME C YUETOM TEIUIONPOBOJAHOCTH, KOHBEKIIMH U
u3nydeHus (B OKpyxaromyro cpeay). C MOMOIIBbIO AHTAIBIHU  YYUTHIBACTCS
TEIUIOBBIJIEIICHUE, CBSI3aHHOE ¢ U3MEHEeHHEM (ha30BOro COCTaBa MPU KPUCTAIU3ALNUA U
B TBepaoM coctossHuu. ProCAST Thermal solver pemaer crnemyromue 3amadm:
BBIYKCIICHUE TEMIIEPaTyPHBIX MOJIEH B OTIMBKE U (popMe, BHISBIICHUE TEIUIOBBIX Y3JIOB
B OTJIMBKE M MeCT neperpeBa (OpMbL, pacyeT ycaJO4HOM pPAKOBUHBI U
MaKponopucTocTu. I PeKTuBHO

MOJIETIUPYETCS MHOTOLIMKJIOBOE JIUThE B IOCTOSHHBIE (DOpPMBI (yUYHUTHIBAIOTCS BCE
CTaJMM IMpollecca: 3aJMBKa, BBIIEPKKA, H3BICUECHUE OTIMBKH, OXJaXIECHHE, 00IyB
BO3/[yXOM), YTO IO3BOJISIET MOIy4aTh MPaBAo0No100HOE TeMIepaTypHoe nosue GopMbl B
npoliecce BhITyCKa MapTHH JeTalel.

C noMoIIbI0 JONOJHUTENBHBIX ONUUKA BO3MOXHO MOJEIMPOBAHUE CIIOKHOIO
Teroo0MeHa u3nydeHueM ¢ dpdexraMu nepeusnyuyeHus U 3aTEHEHUs, HEPEPhIBHOTO
U rnonyHenpepsiBHOTO JuThsa. ProCAST Stress solver — pemarens HamnpsoKeHUH,
paboTaronuii COBMECTHO ¢ TEPMUUYECKUM U THAPOIUHAMUYECKUM pelIaTesiMu.

Kpome ocnoBHBIX pemateneid u onmuil k HUM, ProCAST conmepxut Oosbiioe
KOJIMYECTBO AonoimHUTEIbHBIX Moayiei. CAFE module — momyns, Momenupyrommii
CTPYKTYpPY 3€pEH BO BpEeMs 3aTBEpAECBaHMs. 3€pEHHAsl CTPYKTypa OTIMBKU — BAKHBIN
napameTp, KOHTpoJupyembiii MetaiutypramMu. ProCAST coBMmemaer Moaenb KIETOUHBIX
aBroMatoB (CA) ¢ koneuHo-3neMeHTHbIM (FE) pacueTrom temnoBsix notokoB. 1o stoit
npu4YuHEe MOAYJIb pacueta cTpyKTyphl 3epeH ProCAST o6bruno HazpiBatoT CAFE.

Microstructure module — moayns pacdera MUKPOCTPYKTYPbI JIUTCHHBIX YyTyHOB

u craneid. ProCAST peanusyer [AeTEPMUHUCTUYECKUH TMOAXOJ K pacuery



MUKPOCTPYKTYPBI, KOTOPBIH TTO3BOJISIET YUYUTHIBATh (ha30BbIC MPEBPAIICHUS B CTAIAX U
JUTEHHBIX YyTryHaX. Pe3ynpTaTamMu pacdeTa 1o Takod Mojaenu OyayT: CpeIHUN pa3Mep
3epHa, MEXACHAPUTHOE paccTosiHue, (Pa3oBbIA COCTaB, MEXaHUUYECKHUE CBOMICTBA
(mpenen TeKy4decTH, mpeies IPOUYHOCTH, YAJIMHEHUE U TBEPIOCTD).

B Microstructure module Bxkmrouensr Mmonemm Phase Field, Pseudo-Front
Tracking, mogens uyyryHa ¢ BepMukyiaspHsiM rpagutom (CGI), Moaenbs KOppO3UOHHO-
croiikoro uyryHa (Ni-Resist) u Mojenp mMakpocerperanuii B CTaisiX, KOTOpPbIE HArOT
psIMOE ONTMCAHKUE PAa3BUTHS MOP(OJIOTHUHU 3€PEH U MUKpPOCErperaiuii B 3aJaHHbIX 30HaX
OTJIMBKH.

Inverse module — wmoaysb, mpeaHa3HAUCHHBIA JUISI YTOYHCHUS TPaAHHYHBIX
YCJIOBUM M CBOMCTB MAaTepUAJIOB. | paHUYHBIE YCIOBHS U CBOMCTBA MATEPUAJIOB MOTYT
obiTh ompeaeneHbl B ProCAST ¢ moMOIbI0 HHBEPCHBIX METOJIOB. ODTH METOJBI
OCHOBAHBI Ha MUHHMU3AIUU Pa3HULBI MEKITY pacCUYUTaHHBIMU u
AKCIEPUMEHTAIIBHBIMU TEMIIEPATYpaMHU, HW3MEPEHHBIMH B OIPEICIICHHBIX MeCcTax B
ONPENECIICHHOE BPEMSI.

Advanced Porosity Module (APM) — Moaynb, pacCUHTBHIBAIOIIMANA MakKpo- |
MHUKPOIIOPUCTOCTh B OTJIMBKE. B OTIMYME OT CTaHIAPTHOM MOJAEIM MOPHUCTOCTH,
BrioueHHoir B ProCAST Thermal solver, Advanced Porosity Module mno3Bomsier
paccuUMThIBaTh  MEXJACHAPUTHYIO  yCaJKy C Y4YE€TOM PpPAcCTBOPEHHBIX  Ta30B,
MPUCYTCTBYIOIIMX B paciuiaBe. B moxaysie ucnonb3yercs MOJeNb, OCHOBAHHAs Ha
pelieHuu ypaBHeHus Jlapcu m MUKpocerperaiuu raza, Kotopas 00beIuHEeHa ¢ MOJIETIBIO
MaKpOIMOPUCTOCTH U MTPOTHO30M 00pa30BaHUs YCaJOYHOU PAKOBUHBI.

User functions — MotyJib, ¢ IOMOIIBIO KOTOPOTO BO3MOXKHO TMOKOE YITPaBICHHE
rpaHn4HbIME ycioBusiMu. User functions mo3BoJiseT 3ajilaBaTh TPAHUYHBIC YCIIOBUS
(manmpumep, KodDPUITMEHT TeruIonepeaaun), 3aBUCAIIME OT BPEMEHHU, TEMIIepaTyphl
WJIU TIOJIOXKEHHUS B TPOCTPAHCTRBE.

DTO JaeT BO3MOXHOCTH 0OJiee TOYHO MOJIEIUPOBATh pa3Hble creruduuecKue
JUTEHWHBIC TEXHOJIOTUMHU, HANPUMEpP, HAMPABICHHYIO KPUCTAJUIM3AMUIO (B TOM YHUCIE C

KNIKOMCTAIINYCCKUM OXJ'IaI[I/ITeJIGM).



Hot Cracking module (tombko anst Continuous casting) — Moysb, TPOBOISIIIHIA
KpUTEpUAIbHBIA  aHATU3 BO3MOXKHOCTH  00pa3OBaHUsl TOPSYUX TPEIIMH MpH
HENPEPHIBHOM U MOJYHENPEPHIBHOM JIUTHE.

Bo3HUKHOBEHHE TOpSAYMX TPEUIMH MPU HENPEPHIBHOM JHUThE OTPULATEIBHO
CKa3bIBAa€TCsl HA IPOU3BOJUTEIIBHOCTH, OCOOEHHO IJsi CIUIABOB, UYyBCTBUTENIBHBIX K
sromy nedekty. Hot Cracking module comepxut HOBBIA KpuTepuil 00pa30BaHUS
ropsiYuX TPELWH, pa3pa0OTaHHBIN CIIEHHAIBHO JUIS IIPOLIECCOB HENMPEPBIBHOTO JIUTHS.
CompuTherm Material Thermodynamic Database (Fe, Ni, Al, Mg, Ti, Cu) -
yYHUKaJIbHas TE€pMOJMHAMHuUecKass 0a3a JaHHBIX, KOTOpass MO3BOJISIET IMOJIb30BATEIIO,
BBE/Il XUMUYECKHUI COCTAB CIUIaBa, aBTOMATUYECKHU MOITYYUTh TEMIIEPAaTypHbIE KPUBBIE
CBOMCTB, HEOOXOJIMMBIE JUJIsi MPOBEAEHUS TOYHOTO pacyeTra JuTeidHoro mponecca. C
nomoinbto Thermodynamic Database mMokHO paccunTaTh KpUBBIC SHTAIBIINU, JOJU
TBepAOH (a3pl, IUIOTHOCTH, BSI3KOCTH, Kod(UIMEHTa TEIIONPOBOAHOCTH B
3aBUCUMOCTH OT XMMHYECKOT0 COCTaBa U CKOPOCTU OXJaKIEHUsA. Takxke ¢ MOMOIIbIO
Thermodynamic Database mMoxHO paccuuTaTh ynpyrue CBONCTBa maTepuaia (B BUIE
TEeMIIepaTypHbIX KpuBbIX): Moaysb HOnra, xosdduuuent Ilyaccona, xodpduuueHt
JMHENHOro TeMnepaTypHoro pacmupenus. s cruiaBoB Ha ocHoBe Al u Mg Bo3MokeH
pacuer npejena TeKy4ecTd ¢ YYETOM CKOPOCTH OXJIaXACHHUS.

PAM-OPT — wmoayns onTuMH3aldd TEOMETPUM M NapaMeTpoB JUTEHHOTO
npouecca. [lomoraer wuccienoBaTh yCTOWYMBOCTH IMPOM3BOJACTBEHHOIO Ipolecca K
U3MEHEHHUIO pa3Iu4HbIX mapameTpoB. Hamnpumep, MOAydb MOXET BBINOJHUTH
MUHUMAJIbHOE KOJMYECTBO BBIYMCIEHUMN ISl OLIEHKHU pUCKA MOSBIEHUS MOPUCTOCTH B
3aBHCHMOCTH OT BO3MO’KHBIX OTKJIOHEHUH 3HAUEHUH 3THUX MapaMeTPOB.

5. PABOTAEM B PROCAST

[lonapnsitoriee  OOJNBIIMHCTBO ~ COBPEMEHHBIX  MPOTPAMMHBIX — MPOIYKTOB
MH)XEHEPHOT'0 aHaJIN3a, BKII0Yasi CUCTEMbI KOMITBIOTEPHOTO MOJIEIMPOBAHUS U aHAIN3a
JUTEHHBIX MPOLIECCOB, MCMOIB3YIOT B CBOMX pacyeTax METOJ KOHEYHBIX 3JIEMEHTOB.
Pacuersl mpoBOAATCA HA CETKaX KOHEUYHBIX JJIEMEHTOB, KOTOpPbIE MMHUTUPYIOT 3D-
MOJIEIM pealbHbIX (¢u3ndyeckux o00bekToB. CeTka KoHEuHbIX 3jemMeHTOB (CKD)

coznaercs no 3D-monenu, cnpoektupoBanHoii B CAD cucteme.



MeTron KOHEYHBIX 3JIEMEHTOB MO3BOJIIET MCHOJIB30BATh PACYETHBIE CETKU
Pa3IMYHBIX TUIIOB: TPEYTOJIBHBIE, YETBIPEXYTOJIBHBIE U IPYTHE — IOBEPXHOCTHBIE CETKU
JUISl IBYMEPHBIX pacyeTOB; TETpa’ApalibHbIe (4 BEepIIUHBI, 4 TpaHU), TeKcadApaibHbIe (8
BepILWH, 6 TpaHeil) U Apyrue — 00beMHbIE CETKH ISl TPEXMEPHBIX PACUETOB.

PaccMoTpuM  METOIMKY TIOCTPOEHUSI PACUETHBIX CETOK, HCIOJIb3YEMYI0 B
OPUHATON METOJMKE MOJEIUPOBaHUs. B Hamiem ciaydae MCHOJb30BAIUCH TPEYTOJbHbIE
NOBEPXHOCTHBIE U TETpajJpalibHble OObEMHBIE CETKH, TaK KaK I[pUMEHSEMbIC
IPOrpaMMHBIE CHUCTEMbl KOMIBIOTEPHOTO MOJEIUPOBAHUSA JIMTEHHBIX IPOIECCOB
UCIIOJIB3YIOT TOJIBKO AaHHbI T CKO.

PacueTHasi cerka cozmaeTcsi IMyTeM IOCJIEAOBATENLHOTO BBIMOIHEHUS KOMAH]
TeHEepalMi CETKHM KOHEYHBIX 3JIeMEeHTOB. Kakjas BbIMOJIHsEMas KOMaHJa yYHUTHIBAET
uMmeromuecs Ha 3D-mozmenu y3ibl 3JEMEHTOB CO3JAHHBIE PAHEE BBINOJHEHHBIMU
KOMaH/IaMHU.

Pe3ynbTaTom paboThl reHepaTOpa CETKU SBISAETCS, KaK MPaBUIIO, 00beMHAas CeTKa
JUISL TIEpejaud B CHCTEMbl aHAJIM3a JINTEWHBIX IMPOLIECCOB WM NMOBEPXHOCTHAS CETKA,
CO3JlaHHasi MO BceM TIpaHsaM 3D-Mopenu, A mepeaadyd BO BHEIIHUM T€HEPATOp H
CO37aHUsl B HEM OOBEMHOW CETKHM (B HAIIEM cllydyae MOoJydyaeM OOBbEMHYIO CETKY Ha
OTJIMBKE ¥ TIOBEPXHOCTHYIO Ha opme).

[TocTpoeHnue pacyeTHOW CETKU MPOU3BOAMUTCS B MPUIIOKEHUH «CTPYKTYpHBIN
aHaim3» cuctembl Unigraphics.

B cucreme Unigraphics npeaycMoTpeHsl crieliMalibHbIE CPEJICTBA, MO3BOJISIONINE
NOCTPOUTH CETKY KOHEYHBIX 3JIEMEHTOB Ha OCHOBE CyIleCcTByIoIIeH reomerpun. [Ipsmo
HA MOJIETIM 3aJlaBalii MECTHYIO U OOIIyI0 TUIOTHOCTh CETKH. Bce BBINIOJIHEHHbBIE
MOCTPOEHUSI aCCOLIMATUBHO CBSA3aHBI C MOJEINBIO JI€TalH, a MOTOMY MpU U3MEHEHUU
napameTpoOB JETAIH MOT'YT MEHSThCS aBTOMaTHYECKHU.

[Ipu pa3zdbuennu ceTku ocod0e BHUMaHUE 00palliaim, Ha TO, YTOOBI B IEPEXOHON
30HE (CTEHKA OTJIMBKH) MEXKJIy OCHOBHBIMHU CETKAMHU OTJIMBKHU U (POPMBI ObLIO HE MEHEE
3X clI0€B TeTpa’3IpoB. DTO TPEOOBAHHE OOECIIEUMBAET MOJYyUYEHUE TOUHOCTH PaCcUYETOB.
Ha puc. 2. noka3anbl ceTKu OTIUBKH U (POPMBI, IpaHHIla MEXKIY (POPMOI U OTIMBKOM,

I'paHua IOBEPXHOCTHOI'O CJIOSA OTIIMBKU U nepexoz[HHﬁ CJIOH.
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Pucynok 2. Pa3HOBHIHOCTH KOHEYHO-3JIEMEHTOUN CETKH.

IIpu pabore ¢ ceTOYHOM MOJENBI0 BO3ZHUKAIM TPYAHOCTU CBSI3AHHBIE C
MOJIYyYEHUEM TOYHOTO COMPSDKEHUs (COCIMHEHUs) Y3JIOB CETKH. JTO HE BCeria
MPEACTaBIIOCh BO3MOXKHBIM, TaK KaK HW3-3a CIOXHOM (OpMBI Telna KOJOKOJa
TEHEepaToOp CETKU HE MOXKET MOBTOPUTH €€ U COSTUHUTH MPSIMBIMU JIMHUSIMHU BCE Y3JIbI
ceTku oTiIuBKHU (puc. 3. mo3. 1) ¢ y3mamu dopmbl (puc. 3. mo3. 2). DTo 3aTpygHEHUE
OBLJIO TPEOJIOJNICHO 3a CU€T TeHepaluu OAHOW momoiHuTenbHOM 1D-ceTku, kotopas
uMeNia «TBEPAYH CBSI3b» MPEAYCMOTPEHHYID B MEHIO KOMAaH[bl CBSI3BIBAET BCE
Hapy>KHbIE y3JIbl TETPa’APOB OTJIMBKU C TPAaHMYAIIMMH C HUMH y3JIaMU TETPa’3IpPOB
dbopmbl, Kak Moka3zaHo Ha (puc. 4. mo3. 1). JlanHas onepaiiusi BBINOJIHSJIACH BPYUHYIO
1ocJie OOHAPYKEHUSI OTCYTCTBUS TOYHOTO COMPSHKEHUS Y3JI0B CETKH OTJIMBKH C y371aMHu

CeTKU (HOPMBI.
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Pucynok 3. Conpspkenue CKD otnuBku u popMbl. 1 - y3IIbI TETpa’APOB OTIUBKH. 2 -

Y376 TETPA’APOB (OPMBL.



Pucynox 4. Hopmanbraoe conpspkenne CKD otauBku v popMel. 1 — nonosHUTETIbHAS
1D-ceTtka.

[Tocne moaroroBkn 3d Momeny MEpeXOAWM K TEHEPAIUH C IMOMOIIBEO MOIYJIS
MeshCAST.

Pa6ora B MeshCAST cocTouT u3 Tpex 3Tamnos:

— 3arpy3Ka reOMeTpUYECKUX MOJieliell U paboTa CHUMU;

— paboTa C MOBEPXHOCTHBIMU CETKAMH;

— CO3/1aHle 0OBEMHOM CETKHU.

Ha nepBom stane B MeshCAST mMoxkHO TpaHCTUPOBATh TEOMETPUIECKUAE MOJIEITH
B popmarax IGES, STEP u Parasolid. ®opmar Parasolid uurtaercs, kak npaBuio, 6e3
omubok, mozaenb B ¢opmare IGES, ckopee Bcero, mnpuaercs wucnpaBisath. s
UCIIPABJICHUS] TEOMETPUU TMPWIATaeTCs BHYIIUTENbHBIM HA0OpP HHCTPYMEHTOB.
N30exaTh NMpaBKU reOMETPUM MOXHO, eciu umnoptupoBath B MeshCAST moxenu B
¢opmate STL. Haxaruem oaHOM KHONKM MoOJenb mpeodpaszyercss B 2D-ceTky.
KauecTBo npeoOpazoBaHusi B HEKOTOPBIX CIIydasiXx MOXKET ObITh CPEAHUM, MOTpeOyeTCs
PEIAKTUPOBAHKUE CETKH, HO MHOTIa TOT BAPUAHT OBIBAET HACTOSAILUM CHACEHUEM.

Ecin npoBepka TeOMETpUM JA€T TOJOXHUTEIbHBIA  pe3yjiabTaT, MOXKHO
NEPEeXOAUTh K TEHEpaluu TMOBEPXHOCTHOW CETKH. IJTO COBEPLIEHHO HECI0XHAas
ornepanus: 3a/laéM CPEeIHUN pa3Mep AJIEMEHTa, HAXKMMAeM KHOMNKY — U BC€ roToBO. B
oluieM ciydyae, Ha KaXKJOW IMOBEPXHOCTH MOXKHO 3aJaThb WHIUBUIYaJIbHBIA pa3zMmep
3JIeMEHTa.

[Tockonpky MeshCAST opuenTupoBaH Ha MOJEIMPOBAHHE JHUTHS, OH CaM

1103a00THTCI O COIIPsAKECHHUHU CCTOK, CaM IIPOCIICOUT, YTOOBI KadeCTBO HOqueHHOﬁ



CETKH YAOBIETBOPsIO TpeboBanusMm anroputmoB pemareneii ProCAST. Ecniu Bama
CAD-cucrema He mnoaunepxuBaeT ¢opmar Parasolid, HO MoXeT TeHepUpOBaTh
NOBEPXHOCTHYIO UJIM OOBEMHYIO CETKY, TO JIy4Ille MCIOJb30BaTh 3Ty BO3MOXHOCTb —
npobiieM cpa3y CTaHeT MeHbIe. B 3ToM ciyyae mepexoaum cpa3y KO BTOPOMY 3TaIy —
pabote ¢ moBepxHocTHBIMU ceTkaMu. B MeshCAST mMokHO UMIIOPTUPOBATH 0ObEMHBIE
U MoBepXHOCTHBIE ceTouHble Monenu B ¢opmatax NASTRAN, PATRAN, |I-DEAS #u
Ansys.

Ha Bropom »tane paGotei B MeshCAST mnpoucxoaut penakTHpOBaHUE
(ucrpaBiieHHE) TOBEPXHOCTHBIX CETOK MW T'€HEPUPOBAHHUE CETOYHBIX OO0O0JIOYEK.
PenaktupoBaTh NpUXOAMUTCS, KaK MPABUIO, CETKH, MUMIOPTUPOBAHHBIE U3 APYTHX
TE€HEPATOPOB, IOCKOJIbKY HX KadeCTBO MOXET HE YJOBJIETBOPATH TPEOOBAHUAM
MeshCAST. HaGop WHCTpYMEHTOB JJIsI peIaKTHUPOBAHUS TTO3BOJIUT padOTaTh C CETKOH
CaMOT0 HEY/IayHOTO KayecTBa, UMEIOTCS MPAKTUYECKU BCe (DYHKIIMH, UCHOIb3YEMbIE B
CETOYHBIX T'€HEepaTopax BBICOKOTO YpoBHsA. Hampumep, mpu CpaBHEHUM C TEM XKe
HyperMesh omrymiaercst HexBaTka TOIbKO (QYHKIIMK coBMeIeHUs y3i10B Replace. 3ato
npouenypa noucka nedexroB cetku B MeshCAST (cBoGoanbie pelpa, «IIOXHE»
AJIIEMEHTHl U T. 11.) 3aCIy’KUBAET CaMOil BBICOKON OIIEHKH, OHA SIBHO ONTHUMHU3UPOBaHA
JUISL CJIIO)KHOM T'E€OMETPUM TeJI, YTO KpaWHe aKTyaJdbHO npu MoxenupoaHuu JIII.
MuorodynkuunonansHas kHonka Check Mesh BbigensieT Bce AeEKThl CETKU KPACHBIM
[BETOM M JeNaeT WX BUIUMBIMHU, JaXX€ €CIM OHM HaXOAATCS Ha BHYTPEHHUX
noBepxHocTsix. Dynkmus Clip obecneynBaeT  BO3MOXHOCTh — «OTKYCHIBATbH)
BbIJICNIIEMbIE KYCKH CETKH, MO3BOJISIS 3aIIIHYTh B CaMbl€ HEJOCTYITHBIE MECTA.

[Tocne HEOOXOAMMON KOPPEKIMH HUCXOAHBIX CETOK MOXXHO CreHEpHUpOBATh
JOTIOJTHUTENbHBIE TTOBEPXHOCTHBIE CETKH-O0O0JIOUKH, KOTOpble OYIyT HMMHUTHUPOBATH
MIOBEPXHOCTH KepaMudeckor (popmbl mimm Terutonsoisanuio. MeshCAST uMeer 1enbix
TpU anroputMa Juis cosfgaHust oOosiouek. [lopsimok paboThl OYEHb MPOCTOM:
OTMEYAIOTCS 3JIEMEHTHI, JUIsl KOTOPBIX CO3/aHHE 000JOYKH He TpeOyeTcs (ITOCKOCTH
CUMMETPHUH, BEPXHSSI MOBEPXHOCTh 3aJMBOYHOW 4YallM M T. I1.), 33Ja€TCS TOJIIMHA
Oynymield 000J04YKH (HampuMmep, TOJIIMHA KepaMUuecKod (OpMBbI), 3ammycKaercs

reHeparop.



UYepe3 MuHyTy HaOmrogaeM pe3yibTaT. M onsiTb-Taku BCE ONTUMHU3HPOBAHO IS
MOJICTTUPOBAHUST JIUThSA: TOJy4YeHHAs 000J0uYka 0O0JaacT XapaKTEPHBIMU UYepTaMU
peanbHOM KepaMUuecKo POpMBI.

S5a. IloaroroBka k pacuery

[Tocne renepanun KO ceTku pacyeTHON 00JaCTHM HAYMHAETCS €€ MOATrOTOBKA K
pacyery. CyThb NOATOTOBKHM 3aKIIOYAETCS B NIPUCBOCHHM DJIEMEHTaM pPACUYETHOU
00J1acCTH CBOWCTB (TEIUJIOBBIX, YCAJIOYHBIX, ACPOPMAIUOHHBIX H JIp.) TPeOyeMbIX
MarepuaioB W 3aganus 'Y u HY. DTy onepamuu NpoBOISTCA B HOpEempoueccope
PreCAST. Xors ProCAST —y3kocnennann3supoBaHHAs CUCTEMa Uil JIUTEHIIUKOB,
pabora ¢ moaynem PreCAST tpeOyer nmoctaToyHO TIyOOKOrOo MOHHMMAHHS CMBICIA
MOJENUPYEMOIr0 MPOLECCa, MOCKOJIBKY TEPMUHOJIOTUS THUAIOTOBBIX OKOH, B KOTOPBIX
HazHauatoTcss marepuansl, ['Y u HY nexar B obmactu ¢u3mku, a HE TEXHOJOTHH.
TexHoJIOry A5TO MOKa)XeTcsd CHaydajla HENPUBBIYHBIM, HO CO BPEMEHEM IPUXOJUT
MOHUMAHHE TOT0, YTO UMEHHO TaK U JOJIKHO OBITh.

Tem Oonee YTO pPYKOBOJACTBO TMOJNB30BATENsl JAeT JIOCTATOYHO MOJAPOOHBIE
pa3bsicHeHHs. «PU3UYHOCTB» M TMOJHBIM KOHTPOJIb HAJI IapaMeTpaMH JeJaroT
ProCAST ouennr rubkum. ['oBOpsi 0 MOATOTOBKE MOJEIH K pacyeTy, HEOOXOJAUMO
noipoOHEE OCTAHOBUTHCSA Ha HEKOTOPHIX MOMEHTaX, OT KOTOPBIX 3aBUCUT BECh MPOIECC
MoaenupoBaHus. HasHauenne wmarepuanoB. KayecTBO CBOWCTB  MaTepHalioOB,
Ha3HAYaeMbIX KaKJIOMy 00bEMY pacueTHOW OOJACTH, OKA3bIBAET HEMOCPEACTBEHHOE U
OYEHb CHWJIBHOE BJMUSHHE HA JIOCTOBEPHOCTh pacyeToB. OIHOBPEMEHHO C JTUM
HaxO0KJICHUE JTUX CBOMCTB KpaillHe TpynHas 3amada. Hampumep, s nmpoBeneHus
pacyeTra 3amoiaHEHUs (OPMBI pPACIIIABOM C TMOCJIEIYIONUM €ro OCTBIBAHHEM IO
temriepatypbl coiuayc (Ts) HeoOXOauMBI clenylolue JAOCTOBEpPHbIE ITaHHBIE O
MaTepualie OTIMBKH: BS3KOCTh, KOI(PPUIMEHT TEIMIOMPOBOTHOCTH, IIJIOTHOCTD,
SHTANBIHNS, A0Js TBepJoi ¢a3pl. B olmieM cinydae Tpebyercs 3aaTh TeMIlepaTypHbIE
3aBUCHMOCTH IIapaMETPOB, II€ TEMIIEPATYPa MEHSIETCA OT TEMIIEpaTyphl 3aIUBKHU 10 TS
u Hwke. Takue TerioQuU3NUECKHe [aHHBIE [UIsI OINpPENeICHHOW MapKu CIUIaBa
HEBO3MOXHO HAWTW HHU B JUTEpaType, HU B HOPMATUBHON JOKYMEHTallUM, HU B
nacnopre Ha cruiaB. OObIYHO UX MOJYYaAIOT WIA KCIEPUMEHTANIbHBIM, WIH PACUETHBIM

nyTeM. B mepBoM ciydae TpeOyroTCsl TOPOTrOCTOSIINE IKCIIEPUMEHTAIbHbBIE YCTAHOBKH,



BO BTOPOM — HE MEHEE JIOPOrocTosIIee CHeualIbHOE NporpaMMHoe obdecrieuenue. s
n30aBJICHUS HHXEHepa OT HEOOXOIUMOCTH PpEUIeHHs CTOJIb TPYAHOPA3pPEeIIUMON
npobnembl B coctaB ProCAST Bkito4YeHBbl HIECTh TEPMOJMHAMMUYECKUX 0a3 JaHHBIX
komrannu CompuTherm LLC (CIIIA), ¢ momomipi0 KOTOPBIX MOXKHO PacCUuTaTh
cBoricTBa crutaBoB Ha ocHoBe Al, Fe, Ni, Ti, Mg, Cu. Brens xumuueckuii cocrtaB
CIUIaBa, MOJIb30BATENb MOIyYaeT BCe HEOOXOAUMbIE CBOMCTBA JUIsl pacyeTa 3aroJIHEHUS
¢opMBI pacruiaBOM M TEIUIOBOM 3ajaud, a TakXe 4YacTh CBOMCTB JJisi pacuera
Hanpspkenuil. Ilpu pacuere cBoOHCTB yuuThiBaeTcsi 3G(EKT MHUKpOCerperanuu
(muddy3un B TBepaol Qaze), KOTOPbIA MOXKHO 3a/1aTh, HCIOJIb3YysS TPU MOJEIH:
«Levery (mpaBmiio peryara) — mojiHoe nepemennBanue, «Scheil» — monHoe oTcyTcTBUE
mupdy3un u «Back Diffusion» — cpennuii Bapumant mexay «Lever» u «Scheily.
XapakTep nporekanus 1upy3un 3aBUCUT OT CKOPOCTU OXJIAKIEHUS, UTO YUUTHIBACTCS
npu  pacuere CBOMCTB. TepmoauHamuueckue ©0a3zbl  gaHHbIXx B ProCAST
HBOJIOLMOHUPYIOT, YTO MOYKET IPUBECTH K PA3HHUIIE B CBOMCTBAX, MOJYyYECHHBIX IS
OJITHOTO M TOT'0 K€ XMMUYECKOI'0 COCTABA B PA3HBIX BEPCHUIX MPOrPAMMBI.

OnHako TOCKOJIBKY BcC€ TMpeAblaylllne Bepcuu 0a3 AaHHBIX JOCTYNHBI, Y
M0JIb30BATENSI €CTh BO3MOYKHOCTBH IMPOCIEINUTh BCE M3MEHEHUs M BbIOpaTh Hambojee
BEPHBIN BapuaHT. Jlydmunii cmocod OLeHKH MPaBAONoJ00HOCTH PACCUUTAHHBIX CBONCTB
— 3TO, KOHEYHO, CPABHEHUE C DKCIIEPUMEHTAJIBHBIMU JTAaHHBIMH.

50. I'panuyHbIe 1 HAYAIbHBbIE YCI0BUA

I'ubxocth u npo3payHoctb ProCAST npu Ha3HAYeHUM FPAHUYHBIX U HAYaJIbHBIX
YCIOBUM  TMO3BOJSIET Haubojee TMOJAHO W TOYHO ONUCAaTh  MOJAEIUPYEMbIN
TEXHOJIOTMUECKUN Tpollecc Ha Bcex ero craausx. EquHcTBeHHOE, uTo Tpelyercs OT
MOJIb30BATENSI — 3TO YETKOE MOHMMaHue (PU3MYECKON CyTH mpoliecca, OT 4Yero OyJner
3aBUCETh pe3ypTaT pacyera. Cnucok 'Y, KOTOpele MOXKHO 3aJ1aTh Ha IOBEPXHOCTAX
OTJIUMBKU U (OpPMBI, MO3BOJIAET TILATEIbHO CMOJEIUPOBATh JIOObIE JIUTEHHBIE
IPOLIECCHI, BKJIIOYAsi caMble 3Kk30THYeckue. Kpome toro, MoxHo 3a1ath I'Y B 00beMe u
Ha ITOBEPXHOCTAX OKPY’KAOIIUX TEJL.

[TapameTpsl J11060r0 TPAaHUYHOTO YCJIOBHUSI MOTYT OBITH 3aJlaHbl KOHCTaHTaMH,
GyHKUMSAMH TeMIEpaTypbl U BPEMEHU C HCIOIb30BAHUEM PA3HBIX CUCTEM EIUHUILL.

Ecnu e monp3oBaressi BAPYT HE YCTPOWT HU OJUH M3 TPEX CIOCOOOB, MPAKTUYECKU



Tr000H MmapaMeTp OH MOXKET 3a7aTh QYHKIHEH, KOTOPYIO onpenenseTr caMm. BeiOpaHHbIit
napameTp OyJleT U3MEHSThCS B 3aBUCHUMOCTH OT TEMIIEpaTyphbl, BDEMEHU, KOOPJIUHAT U
T. II. IO 3aKOHY, KOTOPBIN onpeensieTcs yepe3 (PyHKIHIO, HAMCAHHYIO MOJIb30BaTEIEM
Ha s3bike Cu mojkiodyaeMyro K pacuety depe3 moayib «User Functionsy. Ota
BO3MOXKHOCTb  HCIIOJIB3YETCS, HANpPUMEpP, NPU MOJECIUPOBAHWU HAIPABICHHOU
KpUCTAILTU3AIUU ¢ KuJakoMmeTanueckuM oxianurenem (HK ¢ 2KMO).

HavanpHbie ycnoBus (Hampumep, HadaibHas TeMIepaTypa OTIWBKH U (POPMBI)
MOTYT OBbITh 33JIaHbl KOHCTAaHTaMU WJIH MOJSIMU, 3aTPyKAEMbIMHU U3 APYTUX PACUETOB.

SB. IlapameTpsl pacuera

[TocnegHee, 4TO HYKHO CAeNaTh MEPE]l HAYAJIOM pacueTra, 3TO 3aJaTh NapaMeTphl
pemiaresnei, To €CTb ONPEAEIUTh MOMEHT OCTAHOBKH pacyeTa, Iar pacuera, napaMeTpbl
pacdeTa ycaakd U T. 1. BooOre, mapaMeTpoB MHOTO M BPSA JU KOT/A-TO TMPUIETCS
BOCIIOJIB30BAThCSl XOTs OBl MOJOBUHOW M3 HUX. JTO BCE Ta K€ UACOJOTUS OTKPBITOCTH
ProCAST, mno3Bosstomasi TOJIB30BATENIO 3alie3aTh B camble JAeOpH aaropuTMOB
cucteMbl. Ha TOT ciydaii, ecim HaCTpOWKH CHCTEMBI COMTHI M BOCCTAHOBUTH MX HET
HUKAKOW BO3MO>XHOCTHU, €CTh TOTOBbIE HAOOPHI MAPaMETPOB pacueTa, 3aJa0IIKUX OOLUIUN
XapakTep BBIUMCICHUHN (Hampumep, «IHThe B 3emiito»). IIpu kenaHuu moiab30BaTesb
MOXXET CO37aTh CBOM Habop, ympomias cebe B OyayiiemM paboOTy Ha 3TOM JTare.
VY IuBUTENBHO, YTO MPU TAKOM OOWJIMM U3MEHSIEMBIX MapaMeTpoB 3TO JAJEKO €lle He
BCE BO3MOXHOCTU Bo3faeiictBus Ha paboty ProCAST. Ywutas pykoBOACTBO
M0JIb30BATEJISI, TO U JIEJI0 HATHIKACIIHCS HA HOBbIE W HOBBIE MapaMeTpbl, KOTOPbIE HA/I0
BBOJUTH BPYUHYIO MIPSIMO B TEKCTOBBII (haii.

C nexotopbix nop B ProCAST mnosiBWINCH MOAYJH, AJISI KOTOPBIX HCXOJHbBIE
naHHele BBOAATCS He B mpemnpoueccope PreCAST, a nu6o B ApyroM NpuioKeHUU
(monyme CAFE), mu6o B TekcrtoBeii ¢aiin (Advanced Porosity Module). 3to
HEYIOOCTBO CBSI3aHO C TEM, YTO MPOU3BOAMUTENN CTPEMSTCS KaK MOXHO ObIcTpee
IPEIOCTAaBUTh MOJIB30BATEISIM HOBbIE MOJIENH JJI MPOMBIIIJIEHHOTO KUCIoNb30BaHusd. K
(dakTy NpoJaXu HECKOJBKO «CBIPBIX» MOIYJIEH MOXHO OTHOCUTBHCA I10- Pa3HOMY,
OJIHAKO HEJIb3s1 OTPUIIAThH MOCTOSIHHBIE ycuins pa3padoTtunka [10, HanpaBieHHbIE HAa UX
yIIy4IlI€HHE.

Sr. Pe3yabTaThl pacueTroB



ITockonbky o camom pacuere B ProCAST mnucath OCOOEHHO HEYero, cpasy
MEePEXO0IUM K IMMPOCMOTPY pe3ysibTatoB. Moayns noctiporeccopa ViewCAST obGmamaer
ooraTeiM (PYHKIMOHAJIOM U MPEAOCTABISAET IOJb30BATEI0 BCIO HEOOXOAUMYIO
uH(popMalMil0 B BHJE MOJEH (TeMIepaTypHble, NOPUCTOCTh U T. [.), BEKTOPOB
(cxopocTH, TeruoBbie MOTOKK) U rpadukoB. B moayne ViewCAST kpome mpocMoTpa
MO>KHO TPOBOJUTH MaTeMaTHUYECKyl0 0OpabOTKy TeMIepaTypHBIX MOJeH M IMOIydaTb
pasHyl TMOJe3Hyl HH(OpManuio [Uisi T[OBTOPHOTO pacueTra C YTOYHEHHBIMU
napaMmerpamu. Hampumep, MOXXHO BBIYHCIHTH CKOPOCTh OXJIaXACHUSA (CKOPOCTH
JOCTHKECHHSI 33JIaHHON TeMIlepaTyphl) OTIMBKH WU TMPOU3BECTH KOPPEKIUIO CBOICTB
criaBa, ucnolib3ys Mojaenb «Back Diffusion». [ToBTOpHBIN pacdeT ¢ MCIOIb30BaHUEM
CKOPPEKTUPOBAHHBIX CBOWCTB JacT Ooiee TOYHBIA pe3yibTar. COOTBETCTBYIOMICH
00paboOTKOM TeMIlepaTypHBIX MOJe MOXKHO moiyunuTh mapameTrp «Feeding Length»
(ITMHA MUTaHUS ), KOTOPBIM UTPAET BAXKHYIO POJIb MPU pacyeTe yCcaJ0YHOW MOPUCTOCTH
(crangapTHas Mozenb). Takke MOXKHO BBIUMCIHTH PACCTOSTHUE MEXIYy BTOPUYHBIMU
OCSIMU JICHIPUTOB — TapaMeTp, HEOOXOIUMBIN JUIsi pacueTa MHUKPOIOPUCTOCTH B
Advanced Porosity Module. Tlo >xenanuto MOXXHO y3HaTh yuciio HusiMbl U MHOTOE
TpyToe.

6. 3AIAHUS HA KYPCOBOM ITPOEKT

TumoBoe 3amanue UIsi KypcOBOTO IMpOEKTa BKIOYaeT B ceds cozmanue 3D-
MOJIEIH JAETajH, pPacyeT MPUIYCKOB U JIMTHUKOBO-TIMTAIOLIEH CHUCTEMBI, MOCTPOCHHE
3D-Moneny OTIMBKH; MOCTPOSCHNE KOHEYHO-AJIIEMEHTHOW CETKH, 3a/1aHie HadalbHBIX U
TPaHUYHBIX YCIOBHN TEXHOJIOTHYECKOTO MPOIIECCa, MOJICTHPOBAHNE TEXHOIOTUIECKOTO
npoliecca U aHaIu3 MoJy4eHHbIX pe3ynbTatoB. Mcnonb3yercss CKM JIIT «ProCasty.

Bo3MokHBIE BapHaHTHI TEXHOJOTHYECKUX MPOIECCOB: JTUTHE MO BHIIUIABISEMBIM
MOJIEIISIM;, JIUTHE B 3€MJTIO; JINTHE B KOKWJIh; HATIPABJICHHAS] KPUCTAIITU3AIIHSL.

TunoBas pabouasi 006JIacTh BKJIIOYAET B C€0S OTIMBKY, JIMTHUKOBO-TUTAOIIYIO
cucremy u ¢opmy. B 3aBUCUMOCTH OT TEXHOJIOTMU JIUThsI B paboyelt 00JacTh MOTYT
NPUCYTCTBOBATh  XOJIOAWJIBHUKH, TEIUIOM3OJISIIINS, OSJIEMEHTHl TEXHOJIOTHYECKOTO

o0opyaoBaHus (KpUCTAIIU3ATOPHI, SKPAHBI U T.11.).



Coznanne 3D-monmenu pacuetHoit obnactu ocymectisiercss B CAD cucteme -
UNIGRAPHICS, mo sckm3am Ha OymaxkHoM Hocurene. CTyJIeHTaM MNpeaiararoTcs

ACKU3bI JIeTaje Ha OyMaXKHOM HOCHUTEIIE.

Bo3moxxHbIe BaPpHAHTLI OTJIMBOK IIPCIACTABJICHEI B Ta6J'II/IH€Z

No VY ci1oBHBIN Haumenosanue 3D-monens
n/m | mmdp AeTaIH

1 100.001 «Kopmyc» @
2 100.002 «ITepexoaHUK» 3

3 100.003 «Kopnyc BeHTHIIS» ! i;':

4 100.004 «tyuep» ST

=7

5 100.005 «KpoHumreiin» Q

6 100.006 «Kopmyc» %

7 100.007 «Cko0a» x

8 100.008 «Kopnyc ¢popcyHkn» i- -

9 100.009 «ITepexoTHUKY @
10 100.010 «KpbIIIka» @




11 100.011 «Kopnyc ¢popcyHkn»

7. KPUTEPUMU PE3YJIBTATHUBHOCTH

MoaenupoBanue JUTEHHOrO mporecca ocymectBisierca B cucteMe CKM JITT
«ProCasty.

AHanu3 pe3yJbTaTOB MOJICIMPOBAHUS 3aKIIOYaeTCsl B KAYeCTBEHHOM W
KOJINYECTBEHHOM aHaJM3€ IIpollecca KPUCTAUIM3alldd OTJIMBKH, €€ CTPYKTYphl U
nedextoB. JloJKHBI OBITh YCTAHOBJICHBI TMPUYUHBI BO3HUKHOBEHHUS JI€PEKTOB H
MPEIOKEHBI ITYTH UX YCTPAHECHUS, MOATBEPKACHHBIE PE3YIbTaTAMH MOJICIIMPOBAHUS.

OueHka «HE  YJOBJIETBOPUTEIBHO»  CTaBUTHCS, KOTJIAa  OOYyYaroIIUiics
JEMOHCTPUPYET IMOJTHOE OTCYTCTBUE WJIM HENOCTATOYHOE COOTBETCTBUE CIICAYIOLINUX
3HAHWI: OCHOBBI TPOEKTUPOBAHUS TEXHOJIOTUYECKHUX TMPOILECCOB HM3TOTOBJICHUS
OTJIMBOK M TEXHOJOTUYECKUX PACUETOB.

OreHKa «yJOBJIETBOPUTEIHHOY» CTABUTHCS, KOT/Ia OOYJAIOIIHIACS JEMOHCTPUPYET
HETOJIHOE  COOTBETCTBUE  CIEIYIONIMX  3HAHWW:  OCHOBBI  IPOEKTUPOBAHUS
TEXHOJIOTUYECKUX TPOLIECCOB U3TOTOBJICHUS OTIMBOK M TEXHOJIOTMYECKUX PACUETOB.
JlomycKkaroTCss 3HAYMTEIbHBIC OIIMOKH, TMPOSBIACTCS HEJOCTATOYHOCTh 3HAHHM, IO
psAly TOKaszaTelel OOydJaronIuiCs WCIHBITHIBACT 3HAYUTENbHBIC 3aTPYJIHCHUS TPU
OINEpUPOBAHUHU 3HAHUSIMH ITPU X IEPEHOCE HA HOBBIE TEXHOJOTHYECKHUE MPOIIECCHI.

OlIeHKa «XOPOIIIO» CTABUTHCS, KOTJAa OOYyJaIOMIUICS JEMOHCTPUPYET YaCTUUHOE
COOTBETCTBHE CIEAYIOIIMX 3HAHUW: OCHOBBI MPOEKTUPOBAHMS TEXHOJOTMUYECKUX
IIPOLIECCOB M3TOTOBJIEHUS OTJIMBOK M TEXHOJOTMYECKHX PACUYETOB, HO JOMYCKAIOTCS
HE3HAYMTEJILHBIE OITMOKH, HETOYHOCTH.

OlieHKa «OTJIIMYHO» CTaBUTHCS, KOrja OOydYaroluiicss AEMOHCTPUPYET IMOJHOE
COOTBETCTBHE CIICAYIONIMX 3HAHWUM: OCHOBBI IPOCKTHUPOBAHUA TEXHOJOTHYECKUX
MPOIIECCOB  W3TOTOBJICHUS OTJIMBOK M TEXHOJOTHYECKUX pacué€roB, CBOOOJIHO

OTIepUpyeT MPUOOPETEHHBIMU 3HAHUSMH.



8. BAK/IIOYEHUE

Pe3ynprar aHanu3a pacdyeToB IPOLIECCOB 3AIOJHEHUS U 3aTBEPIEBAHUS OTIMBKH
ABJISIOTCS B JAJIbHENIIEM OCHOBOM ISl ONTUMHU3ALNNA JTUTHUKOBO-TIMTAIOIIEN CUCTEMBI.

bonpmioit 00bE€M  paboThl TpHM  U3YYEHHWH PA3HOOOPA3HOM TEXHUYECKOM
JUTEpaTypbl,  CAMOCTOSATENBHO  NPUHHUMAEMBIE  CTYAEHTOM  KOHCTPYKTOPCKO-
TE€XHOJOTUYECKHE PEUICHUS TPU BBINOJIHEHUU PAOOTHI MO3BOJIAIOT (POPMHUPOBATH Y HETO
MPaBUJIBHBIC aJITOPUTMBI, MOJCIUPYIOIIUE NEUCTBHS TexXHOoIora pu pazpadortke JITIC.

HakomnneHHblil ONBIT MNpU  CO3AaHUM KYPCOBOTO TMPOEKTAa MOXKET ObITh
UCIIOJIb30BaH  MAruCTPaHTOM  IpPU  BBIIOJIHEHMM MM CBO€H  BBITYCKHOM

KBaTU(UKAIIMOHHON PaOOTHI.
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