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V]IK 621.7

CucremMbl aBTOMAaTHU3MPOBAHHOTO TMPOEKTHUPOBAHUS TEXHOJIOTMH U
OCHACTKH. KOHCIEKT JieKuud (mas CTyAeHTOB BceX QopM oO0ydeHHs

cnenuanbHocTH «Q0paboTka MetamuioB aaBienrem»)/ coct. M.B. Kocenko. —
Kpamaropck: JITMA, 2012.¢.40

B y4yeOGHOM mocoOwm mpuBeNeHbl KpaTKWe TEOpeTHYeCKHe CBEICHBS O
TEOPUHA CTPOCHUS PEIKOT0, KPUCTALIMYECKOTO H aMOP(GHOTO COCTOSTHUS
BemiectBa. (Ocoboe BHHMMaHWE YyAeNeHO MexaHu3MaM JedopManuud U
BO3HHMKAIOIUX TP 3TOM W3MEHEHHMSIX B CTpoeHWW BemectBa. [locoOue
npeaHa3HayeHo Il CTYJEHTOB chenuanbHocTH «OO0paboTka MeTaioB
JIaBJICHUEM.

CocraBuTeinb M.B. Kocenko, accucteHT

OTBeTCTBEHHBIN 32 BBIITYCK N.C. Anues, ipod.



BBEAEHUE

OcHoBHOIl ~ 3ajauell  TEXHOJIOTMM  MAIIMHOCTPOEHUS  SIBJISIETCS
W3rOTOBIIGHWE C HAWMEHBIIMMHU TpyJo3aTpaTaMd M OTXOJaMU MeTajia, C
HauOOJbIIEH TPOU3BOAUTENILHOCTHIO MAIIIMHOCTPOUTEIBHBIX JieTajleil, KauecTBO
KOTOPBIX YIOBJIETBOPSIET YCIOBUSM OKCIutyaTtauuu. J[lns pemeHuss 3Toit
OCHOBHOM 33/1auul Ha MPEANPUATUAX MPEAyCMOTPEHBI TaKhe MPOU3BOJCTBA KaK
NTUTeWHOe, MPOKaTHOe, Ky3HEYHO-IITAMIIOBOYHOE, CBApOYHOE, MEXaHHYeCKOH
00paboOTKM pe3aHueM, TepMUUYECKOe U Jp.

B 3aBucuMocTH OT clIOXHOCTH (GOpPMBI JAeTaid, ee pa3MepoB, THUIla
MarepuasioB, TpeOyeMbIX  OSKCIUTyaTallMOHHBIX  CBOWMCTB,  CEpUHHOCTH
MPOM3BOJCTBA MPUMEHSIOT TEXHOJIOTHIO TOTO WM MHOTO TMPOW3BOACTBA IS
MOJlyuYeHUs] MAallMHOCTPOUTENBbHBIX  3arOTOBOK, TMpeJHA3HAYCHHBIX TS
noclieylonieil MeXaHW4ecKod o0paOOoTKKM pe3aHueM C Lelblo MOMy4YeHUs
3aJlaHHbIX Pa3MepPOB U IIEPOXOBATOCTU MOBEPXHOCTH AETAIIH.

KoBKy 1 mTamMnoBKy MpUMEHSIIOT AJIsl TIOMyUYeHUs U3/1eNnid, Ha3bIBaeMbIX
MOKOBKaMH, W3 METAJJIOB M CIUIaBOB, OOJajaroluX, Kak MpaBuiIo, BecbMa
BBICOKOM TJIACTUYHOCTBIO B XOJIOJHOM WM HAarperoM [0 ONpeeleHHOM
TeMIIepaTypbl COCTOSIHUA. Macca TMOKOBOK MOXET OBbIThb OT HECKOJIBbKUX
rpaMMOB 710 cOTeH TOHH. [loJ] BBICOKOIIACTUYHBIMHA MaTepUalaMi MOHUMAIOT
Takue, KOTOpble MOTYT OBITh AeopMHUpoBaHbI O3 pa3pylIeHHs Py UCIIBITAHUU
Ha ocaJiKy co cteneHsMu Aedopmarmn 80%wu Gonee.

B mpomecce KOBKM WM INTaMIOBKM  3aroTOBKY  IOABEpPraroT
mIacTu4eckoMy Je(OpMHUPOBAHHUIO, UYTO TIO3BOJIIET BECbMa CYIIECTBEHHO
noBeicuTh KMM ¥ Npou3BOIWTENBHOCTE M YMEHBIIUTH TPYHO3aTpaThl IMpHU
MocJielyrolel MexaHn4YecKoil 00paboTKe pe3aHreM.

B npornecce KOBKM WA IITAMIIOBKHA KpoMe (DOPMBI 3aTOTOBKH U3MEHSIETCS
ee BHYTpPEHHEe CTpOeHHe, OmNpelessieMoe MakKpo- U MHUKPOCTPYKTYpoil, a B
pe3yibTaTe M MeXaHWueckhe | (Qu3anyeckue cBoiicTBa. [l mnoHUMaHUsS
pOLIECCOB,  MPOUCXOIAIIMX B  MeTajule TpUd  ero  IJIacCTHYEeCKOM
nehOpMUPOBAHUN B YCJIOBUSIX PA3IMYHBIX TeMIEpaTyp, U yIpaBieHHUS 3TUMHU
npeccamu JJisi TIOJNyYeHMs 3aJaHHBIX MEeXaHMYeCKUMX W (U3MUYEeCKUX CBOWCTB
HE0OXOUMO 3HaTh CTPOCHHE METAJUIOB M CIUIABOB, MEXaHW3M IUIACTHYECKON
nedopMaui M pa3pylieHus, BIUSHUE BBICOKUX TeMIlepaTyp Ha W3MEHEHHue
BHYTPEHHErO CTPOCHHE METa/UIOB, BIHUSHHE CKOPOCTH Ae(pOpMHUpPOBaHUS,
MPOJOIKUTENFHOCTY HATPYy>KEeHHUs U JIp.

Jlns  BbIOOpa WM MPOEKTHUPOBAHUS  Ky3HEUHO-IITAMIIOBOYHOTO
o0opynoBaHus, pacuyera Ha MPOYHOCTh U KECTKOCTh AeTajieil TEXHOIOTHIeCKOi
OCHAaCTKM HEOOXOAMMBI pacueThl MO OIpeaeleHHI0 AehOpMUPYIOIIEH CUJIB,
paboTel  gedopManuM,  JaBI€HWA  Ha  KOHTAKTHBIX  IOBEPXHOCTAX
nedhopMHUpyeMOil 3arOTOBKM M ee TpeAesIbHOro (hOpMOM3MEHEHHUs B Ipoliecce
BBITIOJIHEHUS TEXHOJIOTHYECKO omepauuu. s perieHus: 3TUX 3afad Hy>KHBI
3HaHUS U3 00JacTH MEXaHUKH IIacTudeckoil nedopmanuu. M3yuenrne naHHoro
Kypca OCHOBAaHO Ha 3HAHMSX BbICIIEH MaTeMaTHKU, (U3UKH, TEOPETUUECKOM
MEeXaHUKH, CONTPOTUBIIEHHE MaTepUaIOB U MaTepuajoBeIeHHeE.



NCTOPUYECKHUE NPEAIIOCBIIKH UJISI CO3AAHUA CAITP

HNuxeHepHasi AesITeIbHOCTh B COBPEMEHHBIX YCJIOBHUSX TECHO CBsi3aHa C
UCIIOJIb30BAaHUEM TI€PCOHAJBHBIX JJIEKTPOHHBIX BBIYMCIUTEIBHBIX MAaIIUH
(IIT>BM) u mukpormnpoiieccopoB. B mocienHue rofpl B MHKEHEPHOW MpPaKTHKE
BBIUMCIIUTENIbHAS TEXHUKA IIUPOKO MPUMEHSIETCS ISl BBITIOJHEHUS pacyeToB,
aBTOMAaTU3allMM  MPOEKTUPOBAHUS,  OpraHU3alUd U IUJIAaHUPOBAHMS
HKCMEPUMEHTAIIBHBIX HCCIeOBaHUi, 11 00pabOTKU pe3yJbTaTOB MCIBITAaHUS
MalllMH, MEXaHW3MOB, alllapaToB M JUIsi MHOTMX Apyrux ueineil. B Hacrosuee
BpeMsI HH)KEHEePBI JIF000# crennaibHOCTH JTOJDKHBI TPHOOPECTH B By3e YMEHUS
Y HaBBIKM PeIeHUs TPOU3BOICTBEHHBIX U HAYUYHBIX 3a/1a4 ¢ noMouisio OBM. C
3TOM LIeNIbI0 B y4eOHbIe MJIaHbl BCEX WH)KEHEPHBIX CIEeLHATbHOCTEH BBEIEHBI
OUCUUIUIMHBL, oOecrnedrBarole YIIyOJeHHOe H3ydyeHHe MaTeMaTHKH,
IPOrpaMMHUPOBAHMSI, BBIYUCIUTEIBHON TEXHUKH, HOBBIX WH(MOPMAIIMOHHBIX
TEXHOJIOTUA.

Ceituac oOyueHre B TEXHUYECKHUX By3aX MOCTaBIEHO TaKUM 00pa3oM, 4TO
CTYJIEHTBIl C TMEpPBOTO Kypca IMOJb3YIOTCS MEePCOHATBHBIMUA 3JIEKTPOHHBIMU
BBIUMCIUTEIbHBIMI MalllMHaMU. Eciy  paHbllle CBOEro pojaa CHUMBOJIOM
WHKEHEpHOro TpyAa Oblia jJorapudMuyeckas JuHeiKa, To Ternepb Bce Oobliee
1 OoJblliee KOJIMYECTBO CTYIEHTOB UMEIOT B CBOeM JIMYHOM Mosib3oBannu [1K.

Tepmun CAIIP "Cucrema aBTOMATHYECKOTO NpPOEKTHpoBaHUs (B
anrmiickoii HoTanmu CAD) mosiBUIICS B KOHIIE TSATHICCITHIX TOIOB, KOTAA
J.T.Pocc nHauan pabotaTh HaJ OJHOMMEHHBIM IMPOEKTOM B MaccauyceTckom
Texnonormueckom Uuctutyte (MIT). TlepBeie CAD - cucTembl TOSBUIHCH
JECSITh JIET CITyCTS.

3a mocnennue 25 metr CAD - cucteMbl, Kak CUCTEMBI T€OMETPUYIECKOTO
MOJENUPOBaHUs, ObUIM 3HAUYUTENIBHO YCOBEPILIEHCTBOBAHBI.  TOSIBUJIHUCH
cpenctBa 3D- nmoBepXHOCTHOrO W TBEPIOTENBHOIO  MOJETUPOBAHMS,
napamMeTpUyecKoro KOHCTPYUpOBaHHUs, ObLT ylydllleH nHTepderic.

HecMoTpst Ha Bce 3T yCOBEpPIIEHCTBOBaHMS, Kacaloluecsi, B OCHOBHOM,
reometpudeckux Qynkuuii, CAD - cucTeMbl OKa3bIBalOT KOHCTPYKTOPY ClIa0yio
nomomlb ¢ Toukun 3peHuss BCEI'O nmpouecca  KOHCTPYKTOPCKOTO
npoektupoBanus. OHM 00ecTeynBalOT OMHCAHWE TeOMEeTpUYecKuX (opM u
PYTHHHBIE OTlepalny, TakKhe Kak oOpa3MeprBaHue, reHepanus crnenupuKkanii u
T.1. DTW OrpaHUYEHUS M YHCTO TEOMETPUYECKH WHTepdeiic ocTaBiser
METO/OJIOTHIO KOHCTPYKTOPCKOM pabOThI Takoi >Xe, KakoW OHa Obuia Mpu
WCIIOJIb30BaHWM YepTeKHOM MAOoCKH. Pa3BuTHE NONy4YMIIA TakKe CHUCTEMBbI
aBTOMATH3allMd TPOCKTHPOBaHUsl TexHoorndeckux mporeccoB (CAPP) u
MPOrpaMMHUPOBAaHMs HM3TOTOBJIEHHs jetanedd Ha crankax c¢ YITY (CAM).
Opnnako, nmopo6Ho CAD - cuctemam, 3TH yCOBEPIIEHCTBOBAHUSI HE 3aTPOHYJIH
[TPOLUECC mpoextupoBanusi: CAPP - cuctembl MOryT TeHEpUpOBaTh
TEXHOJIOTUYECKHE TMPOIeCChl, HO TOJBKO MPHU YCIOBUH MpPeIBAPUTEIHHOTO
CIEIUaJbHOTO  OMHCAHMS  M3JeJUsl C  TIOMOIIBI0  KOHCTPYKTOPCKO-
TexHoJornyeckux siaeMeHToB. CAM -cucteMoil MoxeT ObITh HMCIOJIb30BaHa



reometpudeckas moaenb CAD - cuctemsl, HO Bce ¢pyHkunu CAPP -cuctemsr
(mpoeKTUpOBaHKME TEXHOJOTHH 00PabOTKH)- MEePEKIIaIbIBAIOTCS Ha HHKEHEPA.

[ToMmuMO TIPOEKTUPOBAaHMS, WHKCHEpHAs JeATeIbHOCTh CBs3aHA C
WH)XCHEepHbIM OW3HecoM U MeHekMeHToM. Cioa, B YacCTHOCTH, BXOIST
aBTOMATH3UPOBaHHbBIE CHUCTEMbI ympasieHus npousBoactBoM (ACVYIIp). Dtu
CUCTEeMBI OOBIYHO pa3BUBarOTCs Oe3 kakoit-mrbo uaTerpamuu ¢ CAIIP.

Urak, mo mociemHero BpeMEHW KOHICMIHWS aBTOMATH3allUA TPYa
KOHCTPYKTOpa 06a3upoBasiach Ha TMPUHIIUIIAX T€OMETPUIECKOTO MOICTUPOBAHMS
U KoMIbloTepHOUW Tpaduku. [Ipm 3TOM, CHCTEMBI KOMITBIOTEpU3ALUU TPyJa
KOHCTPYKTOPOB, TEXHOJIOTOB, TEXHOJIOTOB - IPOTPAMMHUCTOB, WHXXEHEPOB -
MEHEJ[KEPOB W TIPOU3BOJICTBEHHBIX MACTepOB pa3BUBAIMCH aBTOHOMHO U
HnxenepHbie 3HaHMS - OCHOBA TIPOSKTUPOBAHMS, OCTABAJIUCH BHE KOMITBIOTEPA.
Takoe momokeHWE He YIOBIETBOPSET COBPEMEHHBIM TpeOOBaHUSM K
aBromatmzanmu. Celiyac HeoOxonuMa KOMIUIEKCHas  KOMITBIOTEPH3AIUs
WH)XCHEPHOW [NeATeIhbHOCTH Ha BCEX JTalax >XWU3HEHHOTO IMKJIa W3JIeNnH,
koTopasi monyumia HasBanme CALS (Computer Aided Life-cycle System)
texHonoruu. Tpamuimonnele CAIIP ¢  wux reomerpudeckwuMm, a He
MHPOPMAIIMOHHBIM SIIPOM, HE MOTYT SIBUTHCS OCHOBOW IUJISI CO3JaHMsS TaKUX
cucteM. CeromHs Kaxjoe H3Zelde B TPOIECCe CBOETO XU3HEHHOTO ITMKJIa
JOJDKHO ~TIPEJICTABISATHCS B KOMITBIOTEPHOW Cpelle B BHJE HEpapXuu
WHDOPMAITMOHHBIX MOJIeJiel, COCTaBISIONMNX €INHOe IeJ0e W WMEIOINX
COTIOTYMHEHHOCTb.

B mpoMbIIIeHHOM MPOM3BOJCTBE JaBHO LAPHUT JKECTKas KOHKYpPEHIIUS.
YroObl BEDKHTH B OTHX HEJETKHX YCJIOBUSX MPEANPHUATHSIM MPHUXOIUTCS Kak
MOXHO OBICTpee BBIMyCKaTh HOBBIC HW3MIETUS, CHI)KATh WX CeOECTOMMOCTh M
MOBBIIIATh Ka4ecTBO. B 3TOM WM TIOMOTalOT COBPEMEHHBIE CHCTEMBI
aBTOMaTu3upoBaHHoro mpoektupoBanus (CAIIP), mo3Bosstomire 00JerYuTh
BECh IHKJI pa3pabOTKH W3JeNUN — OT BbIPAOOTKH KOHIETIMH A0 CO3JaHUs
OTBITHOTO O0pa3ila M 3alycka ero B MPOM3BOACTBO. TeM caMbIM 3HAYUTEIIHHO
YCKOpSIeTCs TIPOIECC CO3/IaHuUsl HOBOW MPOAYKIMH Oe3 yiepOa KauyecTBy.

[Toatomy ceituac 6e3 CAIIP He oOXxoauTcs HU OAHO KOHCTPYKTOPCKOE
WIA TIPOMBIIIUIEHHOE Tpennpustre. M XOTS Ha OO YKa3aHHBIX CHUCTEM
npuxoauTcs: b okojo 3% peraka [10, oHM UTpaloT OYeHb BaXHYIO POJIb,
MMOCKOJIPKY ~TIOMOTAlOT CO37aBaTh TOBaphl, 0e3 KOTOPHIX HEBO3MOXHO
MpeICTaBUTh HAIly MOBCEIHEBHYIO KU3Hb. aBTOMOOWJIM, CaMOJIEThl, OBITOBEIE
MpUOOPHI, MPOMBIIIIIEHHOE 000pYyIOBaHKE W, CIEJOBATEIIBHO, SBIISIOTCS OJIHOMN
U3 IBUKYIIUX CHJI COBPEMEHHOM MPOMBIIIUIEHHOCTH U MUPOBOM SKOHOMUKH.

Tepmun «CAIIP nns MalMHOCTpOEHHUs» B Halled cTpaHe OOBIYHO
WCIIONIB3YIOT B TeX Clydasx, KOrja pedb HIeT O MakeTax MporpamMM IS
aBTOMaTu3upoBaHHoro mpoektupoBanus (CAD), moAroroBku MNpou3BoOACTBA
(CAM) u unxeneproro ananmuza (CAE). CymectByror CAIIP u mist mpyrux
obnacteli —  pa3pabOTKH  OSJEKTPOHHBIX  MPHOOPOB,  CTPOUTEIHHOTO
IPOSKTUPOBAHUS.

Nnes aBTOMaTH3MpOBAaTh MPOCKTHPOBAHWE 3apoimiack B KoHIe S0
roZIOB TPOIIIOTO BeKa, MOYTH OJHOBPEMEHHO C IMOSBICHHEM KOMMEpPUYECKUX



KOMIIBIOTEPOB. A yike B Hauaine 60x ee Bororuia kommanus General Motors
BUJIe TEpBOM  WHTEPAKTUBHONW  rpauyeckoil  CUCTEMbl  MOJATOTOBKH
npousBoactBa. B 1971r. co3narens 3toit cuctembl nokTop [latpuk XsupeTTH
(Patrick Hanrattyocnosan kommanuto Manufacturing and Consulting Services
(MCS) u paszpabotan METOAUKH, KOTOPbIE COCTABHJIH OCHOBY OOJIBIIMHCTBA
coBpemeHHbIX CAIIP. Bekope nosiBunuces u apyrue CAD-naketsl. B To Bpems
OHM paboTay Ha MIUHGpeiiMax 1 MUHU-KOMIThIOTEPaX W CTOUIN OYEHb JOPOTO

— B cpenaeM 90 ThIc. AOJUI. 32 OHO pabodee mecto. OYEBUIHO, YTO JIUIIH
KpyIHBIE TIPENPHUSITHS MOTJIH TIO3BOJIUTH ce0e UATH B HOTY CO BpeMEHEM.

OpHoBpemMeHHO cTanu mosBIsAThCS u  mepBole  CAM-mporpammsl,
MO3BOJISIONIAE YaCTUYHO aBTOMATH3WPOBATh IMPOIECC TPOU3BOJCTBA C
momotpo  mporpamMm  jans  crankoB ¢ UITY, wu CAE-mpoayKTsl,
MpeAHa3HAYeHHBbIe I aHaiW3a CJIOXHBIX KoHCTpykmui. Tak B 1971 r.
kommanuss MSC.Software BeimycTHiia CHCTEMY CTPYKTYPHOTO — aHajm3a
MSC.Nastranxortopasi 10 cux Mmop 3aHUMaeT Beayllee IMOJIOKEHUE Ha PBIHKE
CAE.

K cepenune 80x ronos cucrembl CAIIP mis mMammHocTpoeHus oOpenu
¢dbopmy, KkoTopas cyuiecTByer M ceiuac. Ho Bmepenu wuxX >Xgajio MHOTO
MIO0ONBITHEIX MepeMeH. [losiBieHre MUKpPOMpPOLECCOPOB TMOJOXKUIO Hayallo
PEBOJIIOIIMOHHBIM MpeoOpa3oBaHUsIM B 00JIaCTH anmapaTHOro o0ecrneuyeHus —
HACTylWJia d3pa TepPCOHANTBHBIX KOMIBIOTEPOB. Ho mis  TpexmepHOro
MozenupoBanuss mMomHocTu mepBbix [IK He xBatamo. Ilostomy B 80- rombr
MOCTABIIUKA  «CEPBE3HBIX»  CPEJCTB  aBTOMATH3AIlMHd  MPOCKTHUPOBAHUS
OpUEHTHPOBANNCHh Ha KoMmmbioTepsl Ha 6ase RISCiipoueccopoB, paboraiiue
non ynpasineHrnem OC UniX, — oHu ObUTH HaAMHOTO JeleBie MIHH(PEHMOB U
MuHHA-MaimuH. [lapamnensHo cHuwxkamach croumocth [10, m k Hauwamy 90x
cpenHsisi 1eHa pabouero Mecra cHuszminack g0 20 teic. momn. — CAIIP
CTAaHOBWJINCH JocTynHee. Ho B MaccoBbI MPOAYKT OHM MPEeBPATUIIUCH JUIIb
Toraa, koraa kommanus Autodesk paspaboTana cBOWl 3HAMEHHUTBIA TMaKeT
AutoCAD ctoumocTtsto Bcero 1 teic. ot I[Ipasaa, B Te Bpemena [1K 6p11m 16-
pa3psAIHBIMHU, U UX MOIIHOCTH XBaTajlo JUIIb JJI ABYMEPHBIX MOCTPOCHUN —
YyepueHus U CO3JlaHus 3CKU30B. OJHAKO 3TO HE IMOMEIIAN0 HOBUHKE HMETh
OI'POMHBIN YCIIEX Y MOJIb30BATENIEH.

HaubGonee Oypnoe passutre CAIIP mpoucxomuno B 90X romax, xorma
Intel BemycTuna mpoueccop Pentium Proa Microsoft — cuctemy Windows
NT. Torma Ha mosie BBINIUITM HOBBIE WTPOKH «CpEIHEH BECOBOW KaTETOPHI,
KOTOpBIE 3alOJHWIA HHIILY MEXAY ITOPOTHMMH TPOAYKTaMH, OOJaTaroliMu
MHOXecTBOM (yHKuni, u mnporpammamu Tuna AUtOCAD. B pesynbrare
CIIOXKWIOCh cyluecTByrolee W TnoHblHe neneHue CAIIP na Tpu knacca:
TSDKEJBINA, cpeHui U jerkuil. Takas kimaccudukaius BO3SHUKIIA UCTOPUYECKH, U
XOTS YyXe JaBHO HAYT pa3roBOpbl O TOM, YTO TpaHW MEXIy Kilaccamu
MOCTETNIEHHO CTUPAIOTCS, OHU MPOOJIKAIOT CYIIeCTBOBATh, TAK KaK CUCTEMBI I10-
peXHEeMY pa3ju4yaloTcs U 1O LieHe, U MO (PYHKIIMOHAIBHBIM BO3MOXHOCTSIM.
Cnenyer no6aButh, 4To kpoMe yHuBepcaibHbiX CAIIP Takxke BbIMycKaroTcs U
pa3NuyHble CIeUUaTu3UpPOBaHHbIE MPOAYKTHI, HAMpUMeEp, ISl WHKEHEPHOTO



aHaJM3a, pacyera TPyOOIPOBOJOB, aHAN3a JTUThS METAJIOB, MMPOCKTUPOBAHUS
METAJJIOKOHCTPYKIIMA ¥ MHOXKECTBA APYTUX KOHKPETHBIX 3a]1ad.

Ha ocHoBe mpoBeneHHOrOo aHaliM3a CTPYKTYPBI 3KCIEPTHON CHUCTEMBI,
MOXXHO yTBEepXIaTh, YTO TakKas BBIYMCIUTENbHASs cpefa HUMeeT NpsIMoe
NIpUMEHEHWe JUISi WHXXKEHEPHOW JesTeNIbHOCTH KaK CpPeICTBO aBTOMAaTH3aIluU
NIPOSKTHBIX paboOT, €CIM TIPOSKTUPOBaHWE BENeTCSs OT MPOTOTHIIA, II0
BOCXO/ISAIIEH TEXHOJOTUH WY HAa BBICIINX HEepApXHUECKUX YPOBHSIX TOW WITU
WHOW cucTeMbl TpoekTupoBaHus. OgHAKO, ecid OOBEKT TMPOSKTHPOBAHUS
MOXXHO (hOpMaJbHO OIKCaTh, BO3HUKAeT MOTPEeOHOCTh, C OIHOW CTOPOHHI,
WCIIONIb30BaTh TPUEMbl, XapaKTepHble IS WH)XXEHEePHOW AesITeNbHOCTH, a C
JIpYyroi - TIPWBJIEYh 3HAHUS MATEMATHUKOB [IJISi WCIOJIB30BaHUS (HOPMaIbHBIX
MeTONIOB MpuHATHUS pernenus. Kpome Toro, manpheiiinee pa3sutue CAIIP, mo
MHEHUI0O MHOTHX pa3pa0OTYMKOB, MOKHO HATH MO TIYTH CO3JaHUs
BBIUMCIIUTEIFHBIX CHUCTEM, KOTOpBIe 'JOSIIBHBI' K TIOJB30BaTEN0, JIETKO
TUPKUPYIOTCS U 00JaaloT CBOMCTBOM pa3BUTHsS. B Onmkaifimee Bpems mpu
noctpoennn CAIIP HeoOxomumo oOecrednTh pelleHre CIeAYIOIUX 3aaad:
oOydueHue IOoIbh30BaTelNsl, KOTOPOe CBOAUTCS K OOYyYEHHIO BXOIHBIM S3BIKaM,
NPEJICTABICHUIO CIPABOYHON WH(POpPMAINH, aJanTHPOBAHHOW K XapakTepy
3arpoca, IUarHoCTUKe OIIMOOK M COIMPOBOXICHUIO TMOJIb30BATENs B Ipoliecce
npoektupoBanus; ooyuenne CAIIP, mpenmonararomiee HaCTPOWKY CHUCTEMBI Ha
KOHKPETHYIO TMpeAMeTHYI0 o00JacTh WM Kilacc MPOEKTHBIX MPOLEeyp;
OpraHm3allys Auajora B IMpolecce MPOSKTUPOBAHUS C IIeNIbI0 OMUCaHUS 00BEeKTa
MPOEKTUPOBAHUSI, TEXHOJOTHMUYECKOrO 3aJaHusl M 3aJaHuil Ha BBIOJHEHUE
OPOEKTHBIX  MPOILENyp;  HM3TOTOBJICHHWE  MPOGKTHOW M CIPaBOYHOMN
JOKYMEHTAllMi, OQOpPMIISIIOIIEe MNpPOEKTHhIE  pelIeHus; KOHTPOIb  3a
(GYHKIIMOHUPOBAHUEM CHUCTEMBI W OTOOpaKeHWE CTAaTUCTHUYECKUX JaHHBIX O
KOJIMYECTBE M Ka4eCTBE MIPOSKTHBIX PEIICHHH.

Opnuu u3 Hanbonee morHbix CAITP — Unigraphics NXkommanuu EDS,
CATIA ¢panmysckoit ¢upmbr Dassault Systemeskdropast mpoaBuraer ee
Bmecte ¢ IBM) u Pro/Engineeot PTC (Parametric Technology Corpl)naBuas
ocobeHHOCTh Takux MoOIHBIX CAIIP — oOmupHBle QYyHKIHOHATHHBIE
BO3MOXKHOCTH, BBICOKasl IIPOM3BOJAUTEIHFHOCTh U CTA0OMIBHOCTh paboOThl — BCe
3TO pe3yJbTaT JUIUTEILHOTO PA3BUTHSI.

BaxxHyto pojb B CTaHOBIIGHWH CpEIHEro Kiacca ChIrpalud ABa sapa
TBEpIOTENbHOTO TapameTpudeckoro wmognenupoBanus ACIS u Parasolid,
KOTOpHBIe MosBMIINCH B Havane 90X romoB U ceifuac UCHOIB3YIOTCS BO MHOTHX
Benymmx  CAIIP. T'eomerpuueckoe  sApO  CIY>XUT Il  TOYHOTO
MaTeMaTHYeCKOTr0 MPeCTaBICHUs TPEXMEPHOH (GOPMBI U3MIETHs U yIpaBIeHUS
3Tol Mozenbto. [lomydyeHHBIE C €ro MOMOIIBIO TEeOMETpUUYEeCKHe TaHHbBIe
ucnionb3ytotesi  cuctemamu  CAD, CAM wu CAE jans  pa3pabotku
KOHCTPYKTHUBHBIX 3JIEMEHTOB, COOPOK ¥ M3/ICITHH.

[lepBas ueprexnas cuctema Sketchpadsina co3nana eme B Hauane 60x
rofoB, a 3areM TMOSBWJIOCh HEMaJlo JPYTruX TMPOIYKTOB TaKOTO poja,
WCTIONB3YIOMINX TOCTHKEHUS KOMIbIOTepHOH Tpaduku. OIHAKO TOITMHHBIN
pacuBeT B OToi oOsiacth HacTynuia Jwmimb B 80€ ToAbl ¢ MOSBICHHEM



NIEPCOHANILHBIX KOMITbIOTepOB. IIMoHEepoM B 3TOM 00JacTH crTaja KOMITaHHS
Autodesk, kotopass B 1983 r. Beimyctrna CAITP mias IIK mox HasBaHueMm
AutoCAD.

Taxum oOpaszoM, pazButhe CHCTeM aBTOMATHYECKOTO MPOSKTUPOBAHUS
UJeT ABYMS IyTSAMH — DBOJIOIMOHHBIM W PEBOJIONMOHHBIM. B cBoe BpeMs
PEBONIOIMOHHBIN TiepeBopoT npou3sBenu nepble CAIIP mns T1IK u cuctemsl
cpennero kimacca. Ceifuac pBIHOK Pa3BHBACTCSl DBOJIOIMOHHO. PACIIAPSIOTCS
(byHKIIMOHATEHBIE BO3MOYKHOCTH MPOTyKTOB, MOBBIIIIAETCS
MIPOU3BOAUTENIBHOCTD, YIPOIIAeTCs NCIob3oBanue. Ho, BO3MOXXHO, BCKOpe Hac
XKJIeT odepenHas peBomonus. AHamutukun w3 Cambashicuuraror, 4To 3TO
npowmsoitner, koraa moctaBmuku CAIIP HauHyT Mcmonb30BaTh AN XpaHEHUS
WH)KEHEPHBIX NaHHBIX (depTexeil, TpeXMEPHBIX MOJiejIel, CTUCKOB MaTepHalioB
U T. 1I.) He (allyioBble CTPYKTYpHI, a cTaHAapTHBIe 0a3bl naHHbIXx SQL-uma. B
pe3ynbTaTe WHXXEHEpHas MHQOpMAalUs CTaHET CTPYKTYpUPOBAaHHOMW, U
YIPABIISTH €0 OYJIET Topa3/io MpoIlle, YeM TeePb.

OCHOBHBIE ITOHATHUA U ONPEAEJEHUSA

CHUCTEMA - nenoctHOe 00pa3oBaHMe, COCTOSIIIEe U3 B3aUMOCBS3aHHBIX
(B3aMMOJICHCTBYIOINX) KOMITOHEHT, (3JIeMeHTOB, dYacTel) H olJyamarolee
CBOMCTBaMU, HE CBOAUMBIMHU K CBOMCTBAM ATUX KOMIIOHEHT U HE BBIBOIUMBIMU
13 HUX.

MOJIEJIb - (HexOoTOpOW HWCXOOHOW CHCTEMBI) CHUCTEMa, B KOTOPOM
OTPaXKAIOTCSA TIO OMpeJeJIEHHBIM 3aKOHaM T€ WJW WHbIE CTOPOHBI HCXOIHOM
CHUCTEMBI.

Cpenu pa3nuyHbBIX CHOCOOOB MOJCIHMPOBAHUS BaXKHEWIIEe MeECTO
3aHUMaeT MOJICJIMPOBAaHHUE C MIOMOIIBIO CPEJCTB MAaTEMATHKU - MaTEMaTHUECKOE
MOJISTTUPOBaHUE.

dopmanbHOE OMpelesieHhe CHUCTEMBl IO CYIIECTBY CBOAMUTCS K
OTpe/IeNICeHUI0 COOTBETCTBYIONIEH MaTeMaTUYECKOU MOIeNH.

B ocHOBY mocTpoeHHss MaTeMaTHYeCKUX Mojeliell CHUCTeM MOXET OBITh
MOJIOKEHO Cleytolee ONpeeieHue CUCTEMBbL:

CUCTEMA - ompenensiercss 3aJaHueM HEKOTOPOW COBOKYITHOCTH
0a3UCHBIX MHOXECTB (3J€MEHTOB, KOMIIOHEHT CHCTEMBI), CBS3aHHBIX MEXIy
co0Olf psIZIOM OTHOIIEHUM, YIOBIETBOPSIONMX TEeM WIA HWHBIM TIpaBUIaM
(axcmomam) codyeTaHHs KaK 3JIEMEHTOB MHOXKECTB , TAK M CAMHUX OTHOILIEHHUH.

ITPOEKTUPOBAHUE - xoMmIuiekc paboT 1o HMcclieIOBaHMIO, pacueTaM 1
KOHCTPYHUPOBAHUIO HOBOT'O U3ENIHS UM HOBOTO IpoIlecca.

B ocHoBe mnpoekTHpoBaHUsS - TIEPBUYHOE OIKMCAHUE - TEXHUYECKOE
3aJlaHHeE.

IIpoexktupoBanue HazpiBatoT ABTOMATU3NPOBAHHBIM, ecnu
OCYILIECTBIISIETCS TTpeoOpa3oBaHre IEPBUYHOTO OMMCAHUS TIPH B3aUMOCHCTBUM



yesioBeka ¢ OBM, u aBTromMaTH4YeCcKrUM, eciii Bce MpeoOpa3oBaHUsl BBITOTHSIOTCS
0e3 BMelllaTeIbCTBa YelloBeKa TOJIbKO ¢ Ucoib3oBaHueM DBM.

CUCTEMA ABTOMATHU3MPOBAHHOI'O IIPOEKTHMPOBAHHA -
OpraHu3alMOHHO-TeXHUYECKasI cucrema, MpeCTaBIsIoIIas coboit
nojpasJiefieHuss  MPOEKTHOM  oOpraHW3aldd WU KOMIUIEKC  CpPEeJICTB
aBTOMATU3UPOBAHHOTO MIPOSKTUPOBAHUS.

Llenbs aBTOMATHU3alMU — TMOBBICUTH Kaue€CTBO MPOCKTUPOBAHUS, CHU3UTH
MarepualibHble 3aTpaTbl Ha HEro, COKPaTUTh CPOKU TMPOEKTUPOBAHUS U
JTVKBUIUPOBATh POCT YHCIA WHXKEHEPHO-TEXHUYECKUX pPAOOTHHWKOB, 3aHSITHIX
MIPOEKTUPOBAHUEM U KOHCTPYHUPOBAHUEM.

Hayuno obGocHoBaHHOe pacmpenefieHne (QYHKIIUNA MEXIy 4YeJTOBEKOM H
OBM nopgpa3zymeBaeT, 4TO uYeNOBEK JOJKEH pellarh 3afadyd, HOCSIINe
TBOpYEeCKHi xapakTtep, a OBM — 3amaum, peleHue KOTOPBIX MOJAAAeTCs
ANITOPUTMU3ALIUU.

Cy1liecTBEHHBIM OTJIMYKMEM aBTOMATHU3WPOBAHHOTO MPOEKTHUPOBAHUS OT
HEaBTOMATU3UPOBAHHOIO SIBJISIETCS BO3MOXXHOCTb 3aMEHbBI JIOPOrOCTOSIIEr0 U
3aHUMAIOLET0  MHOTO  BpeMeHHM  (U3UYECKOTO  MOJCTUPOBAHUS  —
MareMaTUyecKuM MozenupoBaHueM. [lpu 3ToM cienyeT uMeTb B BUIY OJIHO
BaKHeHIlee OOCTOSATENbCTBO: TMPU TMPOSKTUPOBAHUU YHUCIO BapHAHTOB
HeoOo3puMo. [losToMy Henb3si CTaBUTH 3a/ladyy CO3/aHUsl YHUBEpCATbHOMN
CAIIP, a HeobxonmuMo pemiatb BOMPOCHl MPOEKTUPOBAHUS AJi KOHKPETHOTO
ceMelcTBa MallluH.

CAD, Computer-Aided Design
ABTOMAaTHU3UPOBaHHOE MPOSKTUPOBaHWE. TepMUH WCIONB3yeTCsS IS
0003HAaYeHHS IIUPOKOTO CHEKTpa KOMIBIOTEPHBIX HHCTPYMEHTOB, KOTOPBIE
MOMOTAIOT HWH)KEHEpaM, apxXUTeKTopaM U JpyruM mpodeccroHaiaM B
OCYILIECTBIIEHUN TPOEKTHPOBaHUA. SIBISSACH KIFOYEBBIM HWHCTPYMEHTOM B
paMKax KOHIICMIIMN YIpaBJICHUS] JKU3HEHHBIM LUKIOM HW3JENHs, CUCTEMBI
aBTOMaTH3upoBaHHOTO NpoekTrpoBanus (CAITP) BkimouyaroT B ce0si MHOXKECTBO
MPOTPaMMHBIX U alMapaTHBIX CPEJCTB - OT CUCTEM ABYMEPHOTO YepUeHHUs 10
TPEXMEPHOI0 MapaMeTPUYECKOro MOJICTUPOBaHMs TTOBEPXHOCTEH U OOBEMHBIX
ten. [To obnactsam npumenenus CAIIP TpaauLIMOHHO pa3aesisitoTcs Ha!
*  apPXUTEKTYPHO-CTPOUTEINILHBIE,
o wmexanudeckue (cm. MCAD),
o anektponHbie (cM. ECAD)
o texunonoruveckue (cm. CAPP).

CAE, Computer-Aided Engineering

ABTOMaTHU3UPOBAaHHOE KOHCTpyHpoBaHHe. Mcnonb30BaHne ClIeUAIBHOTO
MporpaMMHOro oOecredeHus s NPOBENEHUsS WHKEHEPHOro aHaln3a
MIPOYHOCTU W JIPYTUX TEXHUYECKUX XapaKTEPUCTHK KOMIIOHEHT M COOpOK,
BBITNOJTHEHHBIX B CUCTEMAaX aBTOMAaTH3UpOBaHHOrO mpoektupoBanus (cm. CAD).
HpOFpaMMBI ABTOMATHU3HUPOBAaHHOI'O KOHCTPYUPOBAHUA [TO3BOJIAKOT



OCYUIECTBJISITh JAMHAMUYECKOE MOJIEIMpPOBaHNe, TMPOBEPKY W ONTHUMHU3ALIUIO
U3JIeTMA W CpPeJCTB HX TMPOM3BOJACTBA. TpaJMIIMOHHBIE 00JACTH aHaln3a
BKJIIOYAIOT B CeOsl:
* aHalu3 HampsDKeHUH ngetaneid U cOOPOK METOJOM KOHEUHBIX
AJIEMEHTOB,
* aHalW3 TeIUIOBBIX W  JKUJIKOCTHBIX  IIOTOKOB  METOJaMH
BBIYHCIIATEILHON THIPOINHAMUKH,
* aHau3 KHHEMaTUKH,
* MOJENHPOBaHWE TUHAMUYECKUX MEXaHMUYEeCKUX B3aUMOJIEHCTBUH,
* MOJEINpPOBaHUE IPOU3BOICTBEHHBIX ornepanuii (muThe,
IpeccoBaHUe | MPoY.).
[Tpu mpoBenenuu mro6oro Buaa ananuza B cuctemax CAE TpanuinoHHO
BBIJICIISIFOTCST TPH dTalla ero MpoBeACHUS:
* TmpeaBapuTenbHas ~— o0paboTka  JaHHBIX  (IIOCTpOGHHE IO
reometpudeckorr mMoaenu uznenus - CAD-maHHBIM - TpeOyemoit
MOJIeNIA HCCIeAyeMOoro IMpolecca - HampuMep, CeTKH KOHEYHBIX
3JIEMEHTOB, TOYEK MPHIJIOKEHHS CHUJI U UX BEKTOPOB),
* aHaJK3 MOJIEJH C MOMOIIBIO CIIEIUATN3NPOBAHHOTO pelaTes,
* 3aKIOYMTENbHAas ~ 00paboTKa  pe3yiabTaToB  (BH3yaimu3alus
pe3yabTaTOB pacYeTOB MaTeMAaTUYECKON MOJIEITH).

CAM, Computer-Aided Manufacturing

ABTOMATH3UPOBAaHHOE TIPOU3BOJCTBO. TEpPMHH HCHOJIB3yeTcs s
0003HAYeHHsT TMPOrPaMMHOTO OOeCTeueHusl, OCHOBHOW IIeNIbI0O KOTOPOTO
SIBIISIETCS CO3JlaHhe TporpaMm s ynpasieHus crankamu ¢ UITY (cm. CNC).
BxomapiMu  nanaeiMu  CAM-cucTembl SIBISISTCS TeOMeTpUYecKas MOJelb
u3nenus, pa3paboTaHHass B CHCTEME aBTOMATH3MPOBAHHOTO IMPOEKTUPOBAHWSI
(cm. CAD). B mporiecce MHTEpaKTUBHOW PabOTHI ¢ TPEXMEPHOW MOJIEIBIO B
CAM cucreme uHXKEHep ONpelesieT TPAaeKTOPUU JBIDKEHUS PEXYIIEero
MHCTPYMEHTa I0 3aroToBke m3nenws (Tak HaszbiBaemble CL-manHbIe, oT cutter
location - nmojoxeHwe  pesna), KOTOpble  3aTeM  aBTOMATHYECKH
Bepu(pHUIUPYIOTCS,  BH3yalumsupytorcs  (UIss ~ BH3YaJlbHOW  TPOBEPKH
KOPPEKTHOCTH) ©  00pabaThIBAIOTCS IMOCTIPOLECCOPOM Ui TOJy4YeHHUs
MpOrpaMMBbl YIIpaBieHUs KOHKPETHBIM CTaHKOM (Ha3biBaeMoit Takke G-Komom).

CAPP, Computer-Aided Process Planning

ABTOMAaTU3UPOBAHHOE TEXHOJOTUYECKasl TOJArOoTOBKa IPOU3BOJICTBA
(raHupoBaHWE  TEXHONOTMYECKMX  mpolleccoB).  Mcmomb3yercss  ams
0003HaueHUs MPOTPAMMHBIX UHCTPYMEHTOB, MPUMEHSEMbIX Ha CTBIKE CHCTEM
aBTOMaTH3upoBaHHOro mnpoektupoBanus (cM. CAD) w mpousBoactBa (cMm.
CAM). 3amaua TeXHOJOTMYECKOW MOATOTOBKHM - Mo 3agaHHoii CAD-momenu
W3JIeNUsT COCTAaBUThH TUIAH €r0o MPOU3BOJCTBA, HA3bIBAEMBIN OTIEPAIIMOHHON WITH
MapILIPyTHOW  KapTOM. JlaHHBIA  TUIAaH  CONEpPXKWAT  yKa3zaHus O
MOCJIeIOBATEIbHOCTH ~ TEXHOJIOTMYEeCKUX W COOpOYHBIX  OIepalu,



UCIIOJIB3YEeMbIX CTaHKax W HMHCTPYMEHTax U IMpod. TexHoJorudeckas
MOATOTOBKA TPOW3BOJCTBA BCeT/a OCYIIECTBISETCS 10 HUMeroIleics Oaze
JAHHBIX TUIOBBIX TEXMPOIIECCOB, MPUMEHIEMBIX Ha KOHKPETHOM MPEANPUSITHH.
PaznuuaroT nBa moaxoaa K aBTOMaTU3UPOBAHHON TEXHOJIOTMYECKOM MOATOTOBKE
- MOIUMUITMPOBAHHBIN (BapraHTHBI#) " reHepaTUBHBIMN. [Tpu
MoauduimpoBanHoM mnoaxoae 3amada CAPPeucteMbl cocTour B TIOMCKE
HanOoJlee TIOXO0Kero U3/l B CyIIeCTBYIoMel 0a3e MaHHBIX W TIPEIbIBICHUIO
ero OoIepalMoOHHOW KapThl s Moaudukamuu. [lpum MomuduimpoBaHHOM
MOAXO/A€ INMMPOKO TMPUMEHSETCS TPYIIOoBas TEXHOJOTHUS, TO3BOJISIOIIAS
MPOBOJIUTh KJIACCH(PUKAIINK JleTajell B ceMelcTBa IMOXOXWX. | eHepaTUBHBIN
MOJXOA COCTOUT B pACNO3HABAHWM Yy JeTad THUIOBBIX KOHCTPYKTHBHBIX
DJIEMEHTOB W TMPUMEHEHHWM K HHM THIOBBIX TeXIpoIlecCoB (TOKapHas
obpaboTka, cBepiieHrue W mpod.) [Ipu reHepaTUBHOM TOIXOJE HCIOIB3YHOTCS
U3BECTHBIE METOJIbl HMCKYCCTBEHHOTO MHTEJUIKTa JUISi  paclio3HaBaHUS
2JIEMEHTOB U JIOTHYECKOT'O BBIBOJIA.

HA3BHAYEHMUE CAIIP

Cuctembl aBroMatusupoBaHHOro mnpoektupoBanus (CAITP) Onaronmaps
OBICTPOACMCTBUIO U HAAEKHOCTH BBIYMCIUTENBHON TEXHHUKH, NTOCTOBEPHOCTHU
MaTematudeckux wmozeneit (MM) U >pQeKTUBHBIM MeTOAaM ONTUMU3AIUH
MO3BOJISIIOT HE TOJIBKO YCKOPUTH pa3paboTKy MPOEKTOB, OCBOOOIUTHh HHKEHEPOB
Y TEXHUKOB OT BBINOJHEHUS PYTHUHHBIX MPOLENYpP, HO U COKPAaTUTh B LIEJIOM
MPOJIOJKATENIBHOCTh CO3JaHUsl HOBBIX MAIIMH M annaparoB, IOBBICUTH
MOKa3aTesl UX KayecTBa.

Tunol undiceneprolx 3a0au

HHxeHepHbIe 3aa4u JSIATCS Ha JIBa BUA: TIPSIMbIe U 0OpaTHBIE.

[To ompenenenuto, mpemokeHHOMY Tipodeccopom Benuens Enenoi
CepreeBHoii, mpsiMasi 3a/1a4a oTBevaeT Ha Bompoc: "Urto OyxaeT, ecin...?".

[Ipsimast 3amada - 3To 3amaya aHanuza. OHa ogHO3HA4YHA. J[0CTOBEpHOCTH
peIeHuns] 3aBUCUT OT YPOBHS JTOCTOBEPHOCTH MaTeMAaTHUYECKOW MOJENH 3TOH
3a/1a4M.

Ypoenu oocmoseprocmu mamemamuueckux mooenetl

buprep Mcaak ApoHOBHY IpeasiaraeT TaKyro I'paJaluio;

YpoBeHb MaTEMATHYECKON MOJEIN XapaKTepU3yeT €€ KaueCTBO - CTEIeHb
INIyOMHBI U TOJHOTBI OTOOPaKEHMs CBSI3eM MexXJIy NnapameTpaMHu BXoJa M
BbIXoJa. PaznuuaroT Monenu HysneBoro, 14o, 2-ro u T.1. ypoBHeil. Paznenenue
Ha YPOBHHM YCIIOBHO.

Mogenu HyJeBOro YpPOBHS — 3TO MOJENU, OCHOBaHHblE Ha
CTaTUCTUYECKO 00paboTKe mapaMeTpoB, MPEAIIeCTBYIOMNUX WA aHATOTHYHBIX
U3 AeIIN.



Mogenu mepBOro YpoBHS — MOZENH, HCIOJb3YIOIINe MpocTeimne
OJIHOMEPHbIEC TEOPUU UJIU PSAbl YIPOIIAIOIIUX MPEANOI0KEHUH.

Mogenu BTOpOro ypoBHSI — MOJENM, BKJIIOUYAIOLIME BCE HHKEHEPHBIE
pacyeTsl, IPOBOJMMBIE JIJISl pACCMATPUBAEMOTI0 JIEMEHTA y3J1a U T.II

Mogenu TpeTbero YypOBHSI — CIIOXKHBIE MOJENIHN, HCIOJIb3YIOIINe
JIBYMEpHBIE U TPEXMEPHbIE TEOPUH, CIIEl]. YACICHHbIE METO/Ibl TUIIa KOHEUYHBIX
3JIEMEHTOB WJIM MPaHUYaALIUX 3JIEMEHTOB U T.II.

B cucreme aBTOMaTH3MPOBAHHOTO TPOCKTHUPOBAHUS IIEIECO00pa3HO
ucronb3oBaTb MM HecKOJNbKMX ypOBHeW: Oosee mpocTele — IS
MpeABapUTEIILHOTO 0TOOpa BapHaHTOB, OoJiee CIOXHBIE — JUIsl (POpMUPOBaAHUS
OKOH4aresbHoro MM.

ITo onpenenenuto Benuens E. C oOpaTHas 3amada oTBe4aeT Ha BOIPOC:
"Kak moctynutb, 4T005I...?".

OOpaTHas 3a7a4a - 3a/1a4a CMHTe3a. JTO - MHOTO3HAYHas 3aj1a4a (3am1a4a
ONTHMU3ALIHH).

[IpoexkTupoBaHue - 3TO Mpoliecc, HaNpaBlISHHBIA Ha CO3/IaHWE HOBBIX
KOHCTPYKIIMH, COUETAIOIINN CUHTE3 U aHaJIU3.

Mp1 OyneM 3aHMUMAaThCs aBTOMATHU3allMe MPOSKTUPOBAHUS TEXHUUYECKUX
CHUCTEM.

lIpusnaxu cucmemnozo obvexma

B nurtepatype uMmeeTcsi OKOJIO NBYX ThICSIY OMpPEAENICHUN ''CHUCTEeMBI .
YToOBI UX HE TIEPEUUCITSTh, BOCTIONB3YeMCS PU3HAKAMU CUCTEMHOTO 00BEKTa:

1) MHOTO YPOBHEW M MHOTO 3JIEMEHTOB Ha KaXJIOM YPOBHE;

2) MHOT000Opa3ue CBsI3eil MeXIy DJIeMEeHTaMU,;

3) MHOTOKpaTHOE N3MEHEHHE COCTOSIHUS;

4) MHOXeCTBO MMOKa3aTeyiell KauecTBa U KPUTEPHUEB.

Dpghexmor om npumenenis, aBMOMAMUZUPOBAHHO2O NPOESKMUPOBAHUSL
1) yckopeHHe BpeMeHH Ha pa3paboTKy MpOeKTa,;

2) MOBBIIIEHNE JOCTOBEPHOCTH MPOCSKTHBIX PEIICHUH;

3) MOUCK HAWITYYILETO PEelIeHuS,

4) conuanbHbIN acteKkT (MHTepecHee padoTath).

[Iponyiieno npo NoACUCTEMBI
CPEACTBA OBECIHHEYEHUA CAIIP

Cucrema aBToMatm3upoBaHHOro mpoektupoBanus (CAIIP) cocrout w3
CeMH B3aMMOCBSI3aHHBIX CPEJICTB 0OeceyeHusl.

1. MeToau4eckoe odecneveHme:

1) npaBuia oTOOpa CpPEACTB aBTOMATH3MPOBAHHOTO MPOSKTHPOBAHUS
(ALT);

2) OCTaHOBKA 3a7a4l M CXEMbI PEIICHHUSI.



2. MaTtemaTu4eckoe obecreyeHHe:

1) MaTemMaTH4YeCcKKe MOJICIIN aHaJTN3a,

2) MeTOJIbl, IOPSIIOK PElleHHs TOCTABICHHOW 3a/1a4Hu;

3) anropuT™MbI, MOAPOOHOE OMUCAHKE MPOIECcca PEIIeHNUS.

3. I[IporpammHoe odecnievyeHme:
1) obG1ecucTeMHOE;

2) 6a30B0€;

3) npukIagHOE.

4. UaudopmanHoHHOe obecnieyeHue:

1) OaHK TaHHBIX:

- 0a3a JaHHBIX,

- CYB/];

2) KCIepTHAs CUCTEMA.

- 0a3a 3HaHUN;

- 6a3za (haxToB;

3) peXKuM KOJIJIEKTUBHOTO MPOEKTUPOBAHUSI.

5. JIunrBucTH4yeckoe odecnevyeHme:
1) s13pIKM IPOTPAMMUPOBAHUS,
2) SI3BIKH TTPOSKTUPOBAHHSI.

6. Opranu3annoHHoe oGecneyeHHe:
1) MHCTPYKIWMH, IPUKA3bI, IITATHOE PACIIUCAHHE;
2) pe)XMM KOJIJISKTHBHOTO TIPOSKTUPOBaHUs (CpelicTBa BeIeHHsI IPOEKTa).

7. TexHuueckoe odecrneveHmue:

1) cpenctBa nporpaMMHoii 06paboTkH (poleccop, NamsTh);

2) cpencTBa BBOAA-BBIBOJA, OTOOpaKeHHs JaHHBIX  (HOCHTEIH,
ycTpoiicTBa BBOJa, IPUHTEP, CKAHEP, MOHUTOP);

3) apXuWB TMpPOEKTHBIX pelleHuil (MarHUTOONTHYECKHEe W Ja3epHbIe
YCTPOWCTBA);

4) cpencTBa mepenayd JaHHBIX MEXAY TEPPUTOPHAIBHO pa3HECCHHBIMU
OBM (nrokanbHbIE 1 KOPIIOPATUBHBIE CETH).

OCHOBHBIE IPUHIMIIBI ITIOCTPOEHUS CAIIP

PazpaboTtka CAIIP npencraBisieT coboli KpyIHYIO HayYHO-TEXHUYECKYIO
npoOjieMy, a ee BHeJApeHue TpeOyeT 3HAUUTENbHBIX KaUTaJIOBIOKCHHH.
HaxornneHHbIH OMBIT MO3BOJISIET BBIASIUThL CIEIYIOIINEe OCHOBHBIC MPUHIIUIIBI
noctpoenust CAIIP.

1. CAIIP — wuenogexo-mawunHas cucmema. Bce co3maHHble U
co3JlaBaeMble CHCTeMbl TMpoeKkTupoBaHus ¢ mnomoinpto [IK  sBisrorces



aBTOMATU3UPOBAHHBIMH, BA)XXHYIO POJIb B HUX WMIpaeT 4YeliOBeK — HHXKEHep,
pa3pabaThIBarOLIMI MPOEKT TEXHUYECKOTO CPeICTBa.

B nacrosimee Bpemsi U 1o KpaiiHel Mepe B Oyvbkaifllive roabl co3IaHue
CUCTEM aBTOMATHUYECKOTO MPOEKTUPOBAHUS HE TMPEIBUIUTCA, U HHUYTO He
yTrpo’kaeT MOHOTIOJIMY YelloBeKa MPY MPUHSATUHU Y3JIOBBIX PEIICHUH B MPOIecce
npoekTupoBanus. Yenosek B CAIIP nomkeH pemaTth, BO-TIEpBBIX, BCe 3aauH,
KOTOpBIe He (popMan30BaHbl, BO-BTOPHIX, 3aJa4l, pelleHne KOTOPBIX YeOBEK
OCYIIECTBISIET Ha OCHOBE CBOMX D3BPUCTHYECKHX CIOCOOHOCTeH Oonee
s¢dexkTuBHO, YeM coBpeMeHHas DBM Ha OCHOBe CBOMX BBIYHCIUTEIbHBIX
Bo3MOkHOcTell. TecHoe B3ammopeiicTBue uenoBeka u OBM B mporuecce
MIPOEKTUPOBAHKS — OJIMH W3 MPUHIIUAIIOB TTOCTpoeHus 1 sKkcruryaranuu CAITP.

2. CAIIP — uepapxuueckasa cucmema, pealnusylomas KOMILIEKCHBIN
MOIXO/ K aBTOMAaTH3allMK BCeX YpOBHEH mpoekTupoBanus. Mepapxusi ypoBHel
IPOEKTUPOBAHUSI OTpPa)XaeTcsi B CTPYKType CHEUaIbHOro MpPOrpaMMHOIrO
obecrnieuenus CAIIP B Buze nepapxuu MojacucTeM.

Cnenyer oco00 MOTYEpKHYTH  LEJIEcCOO0pa3HOCTh  obecredyeHus
komriekcHoro xapaktepa CAIIP, Tak kak aBromaTu3alusi MPOSKTHUPOBAHUS
JHIIb HA OJHOM U3 YPOBHEW OKa3bIBaeTCsl 3HAUUTENbHO MeHee 3(h(eKTUBHOMH,
yeM TIOJiHAsh aBTOMAaTu3alMs BceX ypoBHel. HMepapxuueckoe mnocTpoeHue
OTHOCHTCSI HE TOJBKO K CIEeLHaTIbHOMY MPOTPaMMHOMY OOECTeueHHUI0, HO U K
texaudeckuM  cpeactBam  CAIIP,  pasmenseMblx  Ha  IIEHTPaJbHBIN
BBIUMCIUTENbHBI KOMILJIEKC W  aBTOMAaTU3MpOBaHHbIe paboune MecTa
MIPOEKTUPOBIIUKOB.

3. CAIIP — cogokynHocmb UHGOPMAYUOHHO-COCTIACOBAHHBIX NOOCUCIEM.
DTOT O4YeHb BaXKHBIN MPUHITUIT TOJDKEH OTHOCUTHLCS HE TOJBKO K CBSI3SIM MEXKITY
KPYIHBIMH TIOACUCTEMaMH, HO W K CBS3SM MEXJy Oojiee MEIKAMH YacTsIMU
noacucteM. WHQopMalMoHHAass COTJIaCOBAaHHOCTh O3HAYaeT, YTO BCE WIH
OOJBIIMHCTBO BO3MOXHBIX IOCJIENI0BATEILHOCTEN 3alad MPOEeKTUPOBAHUS
o0Ocy’KuUBatOTCsS MH(OPMAIMOHHO COIJIAaCOBaHHBIMU Mporpammamu. J[Be
IPOrPaMMBbI SBJISIFOTCS MH()OPMAIIMOHHO COTTIACOBAaHHBIMU, €CJIM BCE T€ JIaHHBIE,
KOTOpbIE MPEACTABISIIOT c000i O0BEKT MepepadoTKu B 00eHx Mporpammax,
BXOJIAT B YHMCJIOBBbIE MAacCCUBBI, HE TpeOyrollne U3MEHEHH TpH Tepexoie OT
ONHOW mporpamMmbl K JApyrod. Tak, wuHQOpMAIMOHHBIE CBSI3U MOTYT
MOpOSIBIISATECS. B TOM, YTO pe3yJbTaThl peIIeHUs OIHOW 3amayu OyayT
WCXOJIHBIMU JTaHHBIMH JIJISL APYTOW 3amadn. Ecim 11 corjacoBaHUsT TporpamMm
TpeOyeTcsl CylIeCTBeHHas nepepaboTKa 00IIero MaccuBa ¢ y4acTHEM YeJIOBeKa,
KOTOpBIN 100aBisIeT HeIOCTAIOIINEe MapaMeTpbl, BPYUHYIO IepeKOMIIOHOBBIBAET
MAacCHB WM W3MEHsSIeT YHWCJIOBbIe 3HAUCHUsSI OTACNBHBIX IapaMeTpoB, TO
nporpaMMbl MH(QOPMAIIMOHHO HE COrJlacoBaHbl. PydHas MepeKOMIIOHOBKa
MaccuBa BeIeT K CyIIeCTBEHHbIM BPEMEHHBIM 3a/IepyKKaM, POCTY YMCa OLIMOO0K
U 1nodToMy ymeHblnaeTr cmpoc Ha yeayru CAIIP. WMuadopmanmonnas
HecornacoBaHHOCTh mnpeBpaifaer CAIIP B COBOKYNMHOCTh aBTOHOMHBIX
nporpamMm, TpH 3TOM H3-3a HeydeTa B IMOACHCTeMax MHOTUX (haKTOpOB,
OLIECHMBAaeMbIX B JAPYTHX [MOACUCTEMaX, CHIKAeTCSd KadeCTBO MPOEKTHBIX
pELICHUN.



4. CAIIP — omkpvimas u pazeusaiowascs cucmema. CyliecTByer, 1Mo
KpaiiHeil mepe, naBe Beckue npuuuHbl, Mo KoTopbiM CAIIP nomxHa ObITH
U3MEHSIOIEHCS BO BpeMeHM cuctemMoil. Bo-mepBbix, pa3paboTka CTOJb
cinoxHoro oOwekra, kak CAIIP, 3aHMMaeT NpOJOKUTENbHOE BpeMs, U
HKOHOMUYECKHU BBIFOJIHO BBOJUTH B DKCIUTyaTallMIO YAaCTH CUCTEMBI 110 Mepe UX
rOTOBHOCTU. BBeleHHBIH B 3KcIUlyaTanuio Oa30BbIi BapHUaHT CHUCTEMbI B
JanbHelIeM pacimpsieTcsi. Bo-BTOpbIX, TOCTOSIHHBIA MPOTpecc TEeXHUKH,
MPOEKTUPYEMbIX OOBEKTOB, BBIYMCIUTEIBHON TEXHUKA M BBIYUCIUTENBHON
MaTeMaTHK{d TPUBOAUT K TIOSBICHWIO HOBBIX, 00Jee COBEpIIEHHBIX
MaTeMaTHYeCKUX MOJeNieil U MporpaMM, KOTOpbIe JOJDKHBI 3aMeHSTh cTapble,
MeHee yaaunble aHanoru. [losromy CAIIP nomxHa ObITH OTKPBITOW CHUCTEMOM,
T. €. 00J1aJ1aTh CBOMCTBOM yJ100CTBa UCIIOJIb30BAaHUSI HOBBIX METOAOB U CPEACTB.

5. CAIIP — cneyuanusuposanHas cucmema ¢ MAKCUMATbHOLIM
ucnonv3osanuem  YHuguyuposauwnvix — mooynei. TpeOoBaHUS ~ BBICOKOM
3¢(HeKTUBHOCTH U  YHUBEPCAJIBHOCTH, KaK MpaBUJIO, IPOTUBOPEUMBHI.
[TpumenutensHo k CAIIP 310 mosjokeHue coxpaHsieT CBOKO cuily. Bbicokoi
sappextuBHocTH CAIIP, BbIpakaeMoil mpekJe Bcero MajibIMU BPEMEHHBIMU U
MaTepUaJbHbIMU 3aTpaTaMM MpHU pelIeHWH NPOEKTHBIX 3ajad, J0OMBarOTCs 3a
cyeT crHenuanuzauuud cucteM. OdYeBUAHO, YTO MpPU D3TOM paACTET YHUCIO
paznumunbix CAITP. YroObl CHU3UTH pacxoabl Ha pa3paboTKy MHOTHX
cneruanupoBanHbix CAIIP, memecooOpa3HO CTpoWTh WX Ha OCHOBE
MaKCHMaJbHOTO HCIOJB30BaHUSl YHUQPUIMPOBAHHBIX COCTaBHBIX YaCTeH.
HeobxonuMbiM  ycrioBreM YHU(DHUKAIUMHM SBISETCS TMOWCK OOIMMX YepT U
MOJIOKEHUH B MOJEIUPOBAHNH, aHAIN3E U CHUHTE3€ PAa3HOPOJIHBIX TEXHUYECKUX
o0bekToB. be3ycnoBHO, MoXkeT OBITH chOpMyIHpOBaH U pPsIA  APYTUX
MPUHIIUIIOB, YTO MOMYEPKUBAET MHOTOCTOPOHHOCTH M CIIOKHOCTH IMPOOJIEeMBI
CAIIP.

CTAANU CO3TAHUSA CAIIP

Coznanne u paszurue CAIIP ocyuiecTBisieTcs caMoOd MNPOEKTHOU
opraHm3alfeil ¢ mpuBliedeHHeM (IIpH HEOOXOIUMOCTH) APYTUX OpraHu3alnii-
COUCIIOJIHUTENEeH, B TOM YHUCJE HAyYHO-UCCIEJOBATEIbCKUX HUHCTUTYTOB W
BBICIIUX y4eOHbIX 3aBeieHui. CienyeT nmoauepkHyTh, 4To co3nanue CAIIP —
CIOKHasi W TpyJoeMkas paboTa, BBINOJHEHHWE KOTOPOM TMOJ CHUIY TOJIBKO
OOJBITIOMY BBEICOKOKBATM(DUITMIPOBAHHOMY KOJUIEKTHBY Pa3padOTUYHKOB.

[Tpomiecc cozmanmst CAIIP BkirowaeTr B ceOs BOCeMb CTaJIWI:
npeonpoekmuvle  UCCIe008aHUA,  MeXHUYeckoe  3a0aHue,  MmMeXHU4ecKoe
npeoiodiceHue, ICKU3HLIU NPOeKm, MEeXHU4ecKull npoekm, pabouutl npoexkm,
uz2omoseHue, omiaaoka U UcnvimaHue, 6600 6 oelicmeaue.

PykoBoacTBO pa3paboTKOM, BHEJIpEHUEM, JKCIUTyaTaruen u
MoJiepHu3aime cucremM u komrnoHeHToB CAIIP B mpoekTHON opraHuzaiuu
JTOJDKHO 3aHUMATHCS  CIIEHUAIM3UPOBAHHOE TMOApa3JieieHre, BKIIOYaloliee
TPYIIIBI CTISHHMAIMCTOB COOTBETCTBYIOIINX HAMPaBICHUH.



IIpeonpoexmuvie ucciedo8anus TPOBOASTCS TSI BBISBICHUS TOTOBHOCTH
KOHKPETHOH IPOCKTHOW OpraHM3alli K BHEJPEHUIO aBTOMATU3MPOBAHHBIX
MeTo0B. OCHOBY 3TOH pabOThI COCTABISIET CUCTEMHOE O0CieloBaHne 00beKTa
NIPOSKTUPOBAHUS U HCIIONB3YyeMbIX B WH)XCHEPHOW MPAKTHKE TPaJIUIIMOHHBIX
METOJIOB W TIPUEMOB TIPOSKTUPOBaHHUs, a TaKXke o0beMa TEeXHHUYECKOH
JOKYMEHTAIlMU, pa3pabaTbiBaeMoil B Tipollecce NpoekTupoBanus. [Iporecc
oOciiefoBaHUsl  OCYILIECTBISIETCS TJaBHBIM  00pa3oM  ONpPOCOM  OTBITHBIX
MTPOEKTUPOBIIUKOB 1 KOHCTPYKTOPOB.

B pesynapraTe oOciemoBaHWMsS ~ OmpeAenseTcsl HEOOXOOUMOCTh W
sKoHOMHUYecKass 3(P(HEKTUBHOCTh CO3/IaHUSI ABTOMATHU3MPOBAHHOW CHCTEMBL.
[Ipu »TomM yuwThIBaeTcsi OO0OBEM MPOEKTHO-KOHCTPYKTOPCKUX paboT, ux
NEePUOANYHOCTD, OOIIMe 3aTpaThl HHXEHEPHOTO TPyZAa, BO3MOXXHOCTh CO3JIaHUS
aZIeKBaTHOTO MaTEeMaTHYECKOTO OIMMCAHWSI W ONTUMH3AIMOHHBIX MPOIEAYD,
HEOOXOJMMOCTh TIOBBIIICHUSI KAueCTBEHHBIX ITOKa3zaTejel IpPOSKTUPYEMOTO
W3JISNNS, COKpaIleHUEe CPOKOB MPOSKTUPOBAHUSI.

CymecTBeHHBIM (DaKTOpOM MpHU pelIeHrur BoIpoca O Iesiecoo0pa3HOCTU
co3nanusi CAIIP siBnsieTcs MOATOTOBIEHHOCTh COOTBETCTBYIOIIETO MPOESKTHOTO
nonpasneneHus: k coznanuto U BHeApeHuto CAIIP. [loaroroBneHHOCTh MOXKET
OBITh OLIEHEHA TI0 CIIeTYIOIINM KPUTEPHSIM:

* BO3MOXXHOCTH (hopMan3aluu MPOEKTHO-KOHCTPYKTOPCKUX 3a7ad U
peanu3anuy MaTeMaTHIeCKUX METOJIOB UX PeIleHUS;

* Hamuyue TpeOyeMbIX TEXHUYECKHUX CpPEJCTB U HEeOOXOAMMOCTH
PUOOPETEHUS M YCTAHOBKH JTOTIOJTHUTEILHBIX arperaros,

* TOATOTOBJICHHOCTh HWH(POPMAIMOHHBIX (DOHIOB M TEXHUYECKHX
CpPeICTB XpaHeHUs U 00paboTku nHopMaITUH.

Kpome Toro, Ba)kHO BBIIBUTH (DAKTOPHI OIIEHKHA TOJATOTOBICHHOCTH
kanpoB s skcrryataunu CAIIP, Kk KOTOpeIM MOXHO OTHECTH ClIeyIOIIue:!

* COOTBETCTBHE BHEAPSIEMOW CHUCTEMBbI TPHHSITOW OpTraHU3AINH
POEKTHBIX PaboT;

* HaJIW4YUe B MPOSKTHO-KOHCTPYKTOPCKOW OpraHW3allud KaJIpoB IS
JKCIUTyaTalluu U nojjepskanus padorocrnocoonoctu CAIIP;

* OTHOIICHHWE PYKOBOJACTBA OpraHU3alldd K CO3MaHHUIO CUTEMBI U
YpOBEHb OpraHU3aIH 3TUX paboT;

* TICUXOJIOTHYECKas MOJTOTOBICHHOCTh KOJJIEKTHBA K BHEAPEHUIO
CAIIP.

Texnuueckoe 3adanue (T3) sBIsSETCS WCXOAHBIM JTOKYMEHTOM IS
co3nanusi CAIIP u nomkHo conepxkaTh HanboJiee MOJIHbIE UCXOAHbIE TaHHbIE U
TpeOoBaHMsI. DTOT JOKYMEHT pa3padaThIBaeT TOJOBHOM pa3pabOTUYUK CHUCTEMBI.
T3 na coznanue CAIIP gomxHO copepKaTh Clieaytolue OCHOBHbIE pa3/ielbl:

HanmeHoBaHHe M 00J1aCTh NpPHMEHEHHsI, TIC YKa3bIBAlOT ITOJTHOE
HaMMEeHOBaHUE CUCTEMBI U KPATKYIO XapaKTepUCTUKY 0OJIACTH ee IPUMEHEeHHS;

OcHoBanue A8 cO34aHHfl, T/leé YKa3bplBalOT HaWMEHOBaHUE
TMPEKTUBHBIX IOKYMEHTOB, HA OCHOBaHUU KOTOPBIX cozmaetcss CAIIP;



XapakTepucTHKA 00beKTOB IPOEKTHPOBAHMA, Ile IPUBOJST CBEJICHUS
O Ha3HAYeHUH, COCTaBE, YCIOBUSAX IPUMEHEHUs] 0ObEKTOB TPOEKTUPOBAHMS;

Henr u Ha3zHaueHMe, rie mnepeuucistoT uenb co3ganus CAIIP, ee
Ha3HadyeHHe U KpuTepuil 3pPeKTUBHOCTH ee (PyHKIIMOHUPOBAHUS,

XapakTepucTHKa INpouecca NMPOeKTHPOBAHHUS, Tlle NPUBOIAT oOlee
OMHCaHue Mpoliecca MPOEKTUPOBaHMsI, TPEOOBaHUS K BXOJIHBIM M BBIXOJHBIM
JaHHBIM, a TakXe TpeOOBaHUS MO PAa3JEJeHUIO0 MPOEKTHBIX MPOLEeaAyp
(omepanyu), BBHITIONHSAEMBIX C TIOMOINBIO  HEaBTOMATH3MPOBAHHOTO U
aBTOMAaTU3UPOBAHHOTO IPOEKTUPOBAHNUS;

Tpe6oBanus k CAIIP, rne nepeuncinsitor Tpedbosanust k CAIIP B nenom
U K COCTaBy ee mojacucreM, kK npuMmeHeHuto B coctaBe CAIIP paHee co3maHHbBIX
MOJICUCTEM M KOMIIOHEHTOB U T. 1I.;

TexHHKO-IKOHOMHYeCKHe TOKAa3aTeJM, IJleé OLEHUBAIOT 3aTpaThl Ha
coznanue CAIIP, yka3pIBalOT UCTOYHUKHU MOJIYUYEHHUS] S3KOHOMHUHU U 0KUJAEMYIO
s dextuBHOCTh OT MpuMenenust CAITP.

Ha cranusx mexnuueckozo npeonoscenus, 5cKu3Ho20 U pabouezo
npoexmupoeanus  BbIOMparoTcs U oOocHoBbIBatoTcs  BapuaHTel  CAIIP,
pa3palaThIBalOTCSl OKOHYaTelbHble pelleHus. llpu 3TomM  BBINOJHSIOTCA
cllelytolllie OCHOBHBIE BU/IbI paboT:

1. BBIsSIBJICHHWE TMIpollecca MPOEKTUpOBaHMs (ero ajaroput™m), T. e.
NPUHATHE OCHOBHBIX TEXHUYECKHUX PEILEeHHUI;

2. pazpabotka cTpykrypsl CAIIP u ee B3auMoOCBSI3U C APyTUMHU
cucteMamMu (OmpejelieHHe CcOocTaBa TMPOCKTHBIX MPOLEAYp W
orepalud MO MOJCUCTEMaM, YTOYHEHHE COCTaBa IOJCUCTEM U
B3aMMOCBSI3H MEXITY HUMH, pa3zpaboTka CXEMBI
¢ynkunonuposanus CAIIP B menom);

3. ompejelieHWe cOcTaBa METOJOB, MaTeMaTHUYeCKMX Mojenei s
IOPOEKTHBIX  oOmepauuMidi W MpoLedyp, COCTaBa  S3bIKOB
NPOCKTUPOBaHUs, cocTaBa HH(popMmanuu (00beM, CIOCOOBI ee
OpraHW3alvyd ¥ BHIbl MAaIIMHHBIX HOCUTeNel WH(pOpMaLuH),
cocTaBa 00I1ero, CrelrnaIn3upOBaHHOIO OOLIEro M CleLUaibHOro
IPOrpaMMHOTr0 oOecreyueHus;

4. dopmupoBaHWe  cocTaBa  TexHWUYeckux  cpeacts  (OBM
nepuepuiiHbie YCTPONUCTBA U APYTHE HIEMEHTHI);

S. MpUHSATHE pelIeHUuH MO MaTeMaTHYecKoMmy, HH(POPMalMOHHOMY,
NpOrpaMMHOMY M TexHHYeckoMmy BujaM obecneuenus no CAIIP B
L[EJIOM U OT/AEJIBHO 10 MOJCUCTEMAM,;

6. pacdeT TexHUKO-dKOHOMHUYecKkux moka3areneit CAIIP.

Odopmnenne Bcell AOKyMEHTAIMHM, HEOOXOAUMOW MJisi CO3/JaHus |
¢ynkunonupoBanusi ~ CAIIP,  BeIMONHAIOT HA  cmaduu  pabouezo
NPOEKMUpPOBAHUA.

Ha cmaouu uzeomoenenus, omnaoxku u ucnvimanusa Npon3BOAST MOHTAX,
HaJlaJKy ¥ UCIbITaHWE KOMIUJIEKCAa TEXHUYECKUX CpPEeJICTB aBTOMaTHU3aLUU
POEKTUPOBAHNUS, Ha TECTOBBIX MPUMepax JOBOJAT NMPOrpaMMHOE oOecrieueHne
Y MOJrOTaBIMBAIOT MPOEKTHYIO OpraHu3aluio K BBoy B neiicteue CAIIP.



BBO,Z[ B JCMCTBUE CHUCTEMBI OCYHICCTBIIAKOT  IIOCJIC  OIIBITHOI'O
(]QYHKHHOHHPOBaHHH " ITPUEMOYHBIX HCIBITAHU Yy 3aKa34dHKa.

ABTOMATU3NPOBAHHBIE PABOYUE MECTA
INPOEKTUPOBIHINKOB

ABroMarusupoBaHHoe pabodee Mecto (APM) mpoekTtupoBIIHKa
MpeCcTaBiIsieT cO00M KOMIUIEKC TeXHHUYECKUX CPeICTB, KOTOPBIM obecreunBaeT
OMepaTWBHBIA U JIETKUH NOCTyn omnepatopa k OBM u momoraer peanuzanuu
UTEPALMOHHBIX [IUKJIOB IPOEKTUPOBAHUS MTPH TUATOTOBOM PEKUME pabOTHI.

APM mno3Bomsier oOMennBaThesi ¢ DBM mHpOpManmeit B rpadudeckoit
dopme.

@OyHkroHanbHO APMBI MOryT HCMONb30BaThCsl B KaueCTBE OCHOBBI
aBToHOMHBIX ~ CAIIP wunum  moacucreM  (YHKIMOHAJIbHO-JIOTHMUYECKOTO,
CXEMOTEXHUYECKOTO, pUOOPHO-TEXHOJIOTNYECKOTO, KOHCTPYKTOPCKOTO
npoektupoBanus paznndHbeix CAIIP POA.

Kommiexcel APM MoryT ObITh HCIIOJIB30BaHbI B KaueCTBe:

- 0iHOrO U3 ypoBHeil MHoroypoBHeBbix CAIIP,

- pabouunx mecT Ha ypoBHe LIBK,

- TEXHOJIOTUYECKUX KOMIUIEKCOB Jisl aJalTalud KOHCTPYKTOPCKOTO
MPOEKTa K pa3IMuyHOMY TEXHOJIOTHUYECKOMY 000pYI0BaHHUIO,

- OIHOTO W3 TEXHOJOTHMYECKHX MapUIpyTOB, BKIIOYas COBMECTHYIO
paboty c¢ ympaBustomuMu OBM TeXHOJIOrHYecKOro KOMILIEKCa B PEKHUMe
oOpaTHOM CBsI3H,

- HHCTPYMEHTAJIbHBIX KOMIUJIEKCOB JJisi pPa3pabOTKH CHCTEMHOTO W
IPUKJIAJJHOTO MTporpaMMHoOro obecnedenus 1 noacuctem CAIIP.

PaccmoTrpum  nBa  pexxuma  pabotel APM:  asmonommueiii  u
Henocpeocmeennol ceazu ¢ LIBK.

B asmonomuom pescume APM HCTIONB3YIOTCS JJ1sl PELIEHUS] OTIENIbHBIX
IIPOEKTHBIX 3aJ]]a4, He TPeOYIOIINX BHICOKON MPOU3BOIUTEILHOCTH U OOJBIIOTO
o0bema onepatuBHOM namsaTu. Kak nmpaBuio, OHU CBsI3aHbI C peJJaKTUPOBAHUEM
rpaduyecKoil U TEeKCTOBOM MH(OPMALIUY U €€ TOKYMEHTHPOBAHUEM.

B pedrcume 83aUMOO0elCmBUs. c [IBK OCYILECTBIISIETCS
nepepacnpesielieHre BEIYUCIUTEIFHON paboThl 1 00MeH WH(OpMaIueld Mexmy
OBM 1eHTpallbHOTO BBIUUCIUTEIBHOTO KOMILIEKCa U TepMUHalbHOH DBM.

Heckonmbko APM  onHOBpeMEHHO MOTYT paboTaTb B peXHUMeE
B3aumogeiictBus ¢ LIBK. CnemoBarensno, DBM B coctaBe CAIIP m ux
OTEpallMOHHbIE CHUCTEMBI JOJDKHBI JIOMyCKaTh OJIHOBPEMEHHOE pellIeHHe
HECKOJIBKHX 3ajad, T.€. JTOJKHBI pabortatb B pexume
MYJIBTUIIPOTPAMMUPOBAHUS.

[To xapakTtepy oOmeHa HH(popMalueil MexIy moib3oBarereM u DBM
pa3NUYalOT naKemHulli U OUano2oevili pexxuMbl padboTel. Oba 3TH pexuma
ucnons3yrorcs B CAITP.



B nakemnom pexume pemiarorTcs 3amadM, Uil KOTOPBIX BO3MOXHA M
1esiecoodpasHa nosiHas (Gopmaiusauus U KOTopble TpeOyroT OONbLIMX 3aTpaT
MAIlIMHHOI'O BPEMEHHU ISl PELEHUS.

B oOuanocoéom (MHTEpaKTUBHOM) peXHUMe peIIalTcs 3aJadd, s
KOTOPBIX, BO-TIE€PBBIX, OTCYTCTBYIOT WJIH SIBISIOTCS Hed((EKTUBHBIMU
(dopMasbHble IpaBWJia NPUHATHS pelIeHWH B TOYKAaX BETBJIEHMsS alllOPUTMOB,
BO-BTOPBIX, BBINOJHAIOTCA  YCJIOBUSA MPEANOYTUTEIBHOCTA  JHUAIOrOBOTO
pexuma:

* BpeMs pEaKLUHUH CUCTEMBI HA 3alpOoC IOJIb30BATENs HE NMPEBBIIAECT
HEKOTOpOTO IpeJena,

e o0peM wuH(poOpMauuK, BBOAUMON monb3oBarenreM B OBM B
JIMAJIOTOBOM PEXXHMME, OTHOCUTENIBHO MaJl, U MO3TOMY IIpOoLEaypa
oO11eHus yesnoBeka ¢ OBM HenponoKuTeNbHa.

Hanuuue auanoroBoro pexuma - xapakTepHas depra koMmruiekca TC B
CAIIP.

MynbTUIPOrpaMMHBIA JAHAIOTOBBIA pEKUM pabOThl BBIYUCIUTEIBHOM
CHCTEMBbI Ha3bIBaeTCs peXUMOM pazaenenus BpemeHu (PPB). Dto pexum
pabotel Heckonbkux APM Bo B3aumogeiictBuun c¢ [IBK. Hanuune PPB
peanu3yeT TpeTbe U3 Ha3BaHHBIX BbILIE TPEOOBAHU.

TPEBOBAHUS K CUCTEMAM ABTOMATHU3UPOBAHHOI'O
INPOEKTUPOBAHUSA

1. CoBeplieHCTBOBaHHE METOJIOB IPOEKTUPOBAaHUSA, B YAaCTHOCTH,
MCIOJIb30BaHUE METOZ0B MHOTOBAPUAHTHOI'O MPOEKTUPOBAHUS M ONTUMHU3ALUU
11 ToMcKa 3P PEeKTUBHBIX BApUAHTOB U MPUHSATHUS PELLICHU.

2. IloBplilIeHHE OTM TBOPUYECKOTO TPyJa HH)KEHEPa-MPOSKTUPOBILKKA.

3. IloBrlieHre kauecTBa MPOSKTHOM TOKyMEHTALIUN.

4. CoBepllIeHCTBOBaHKE yIIPaBJIEHUS IPOLIECCOM pa3pabOTKU MPOEKTOB.

5. YacTuuHas 3aMeHa HATypHBIX HKCIIEPUMEHTOB W MAaKETHUPOBAHMS
MoJieupoBaHueM Ha DBM.

6. YMeHbiienne o0béMa HCIBITAHUNA U JTOBOJIKH OIBITHBIX OOpaslioB B
pe3ynbTaTe IMOBBIIIEHUS] YPOBHS JIOCTOBEPHOCTM MPOEKTHBIX pEIIeHU W,
clleIoBaTeNIbHO, CHU)KEHNE BPEMEHHBIX 3aTpar.

B Hacrosimee Bpemsi cutyauusi B odnactu CAIIP TexHuyeckux cucrem
CIIOKWJIach TakuM oOpa3oM, YTO 0O0pa30oBajcs OYEBHIHBIA pa3pbIiB MEXIY
CTeLMaTU3UPOBAHHBIM MH(QOPMALIMOHHBIM M IPOrpaMMHBIM oOecreueHueM,
peanu3yloImuM  NPOeKTHBIA  pacdeT W3IeNuid Ha  Pa3IMYHbIX  dTarax
npoekthupoBanus (cnenuanmsupoBanHble CAIIP), w wWHCTpyMeHTaIbHBIMU
cpenctBamu npoektupoBanus Ha [IK. Ecnu B mepBoMm ciiydae oTeuecTBeHHas
HayKa HMMeeT HEOCHOpUMBbIe NPUOPUTETH Kak B 00JacTH MaTeMaTHYeCKOro
MOJICTTUPOBAHUSI TEXHUYECKUX CHUCTEM, TIOCTPOeHUs HWH(POPMAIMOHHOTO U
MPOrpaMMHOT0 O0eCTieueHus], TaK U B 00JIacTH pa3pabOTKH MPOLeAyp MPUHSATHUS



pelieHnuid, To B OO0JIACTH TOCTPOCHHS MPOCTPAHCTBEHHBIX T€OMETPUUYCCKUX
MojieTiel eTalielt U y37I0B UMEEeTCs CYIIeCTBEHHOEe OTCTaBaHUE OT 3apyOeKHBIX
pa3paboToK.

Huctpymentanbhbie cpenctsa - 310 CAD/CAE/CAM cuctembl, KOTOpbIE
B TOCJeIHWE TOABl B  JIBUTATENICCTPOCHUHM  MMONYYHUIH  [IUPOKOE
pacmipocTpaHeHHe.

CAD/CAE/CAM  cuctembl  TpemHa3Ha4eHbl  JUII  KOMILJIEKCHOM
aBTOMATH3allMd  MPOSKTUPOBAHMS, KOHCTPYHUPOBAaHUS M  H3TOTOBICHUS
NPOAYKIIMHM MAaIIMHOCTpOoeHHs. B HUX (akTudeckun oO0beAMHEHBI TPU CHUCTEMBbI
pa3HOro Ha3Ha4YeHus, pa3padoTaHHbIEe HAa eMHON 0a3ze, abOpeBUaTypbl KOTOPBIX
pactppOBBIBAIOTCS CIIEAYIOMUM 00pa3oM:

Pacripenenenne CAD/CAE/CAM cuctem no stamam TIITT

Oran koHctpyupoBanust (CAD, CAE) mnpenmnonaraetr oO0beMHOE |
TUIOCKOE TeOMETPUYECKOEe MOJISIMpOBaHNE, MH)KEHEPHBIN aHAIN3 Ha Pacu&THBIX
MOJIETIIX BBICOKOTO ypPOBHS, OIICHKY TIPOSKTHBIX peIIeHWH, MoyudeHne
YEepTEKEN.

Oynknuun CAD-cucteM B MallIMHOCTPOCHUU TOAPA3ACISIIOT Ha PYHKIIUH
nByxmepHoro (2D) u tpexmeproro (3D) mpoektupoBanus. K ¢ynkuusm 2D
OTHOCAT dYepueHHne, oGopMIeHHEe KOHCTPYKTOPCKOM TOKYMEHTalluu, K
¢yakmusm 3D — modydeHHMe TpeXMEpHBIX TeOMETPUUYECKHUX MOJeleH,
METpUYECKHE  pacueTbl,  peajUuCTUYHYI0  BU3yalM3allio,  B3aMMHOE
npeobpazoBanre 2D u 3D mogeneii. TpexmepHble MOnIeIN MPEACTaBISIOT B
BUJIE ONHCAaHUSA TMOBEPXHOCTEH, OrpaHUUYMBAIOIIMX JeTallb, WIH YKa3aHHUEM
3JIEMEHTOB MPOCTPAHCTBA, 3aHUMAaeMbIX TeJIOM JleTanu. MoJenn moBepxHOCTei
CJIO)KHOH (POPMBI TMONYYArOT C MOMOIIBI0 Pa3HOBUIHOCTEH KMHEMATHYECKOTO
MeTOJIa, K KOTOPBIM OTHOCST BBITATHBAaHUE 3aJaHHOTO IUIOCKOTO KOHTYypa IO
HOpMaJIM K €ro IUIOCKOCTH, TPOTSATHBaHWE KOHTypa BIOJb IPOW3BOJIBHON
IIPOCTPAaHCTBEHHOW KpWBOH, BpallleHWe KOHTypa BOKPYTI 3aJaHHOH OCH,
HATSATUBAaHHWE IMOBEPXHOCTH MEXIY HECKOIbKUMHU 3aJlaHHBIMH CedeHHsIMH. B
cllydae TOCTPOCHHSI CKYJIBNTYPHBIX TIOBEPXHOCTEH, MPOXOAAIIUX 4Yepe3
3aJlaHHble TOYKHU IMPOCTPAHCTBA, MPUMEHSIOT Mozaenu B ¢opme beswe, a mpu
TpeOOBaHMUSIX BBICOKOW TJAJKOCTH TOBEPXHOCTH — Mojenun B ¢opme B-
crutaiinoB. CuHTe3 Mojeseil cOOpPOK BBINONHSIOT MPUMEHEHUEM OIlepaluit
MO3UIMOHUPOBAHMUSI U TEOPETHKO-MHOXKECTBEHHBIX OIepalii IepeceveHus,
0o0BbeIMHEHNSI, BbIUNTAHUS K OMOTMOTEYHBIM 3J€MEHTaM W BHOBb CO3JaHHBIM
MOJIeTISIM KOMIUIEKTYIOUINX JAeTaneil. B psge cucrteM mpegycMOTpeHO Takke
BBITIOJTHEHHE  OMepaluii KOMIIOHOBKM M pa3MelleHHus o0OopyaoBaHUs,
TIPOBEJICHUS COSAMHUTEIBHBIX TPACC | T.II.

K BaxxubiM xapaktepuctukam CAD-crcTeM OTHOCSTCS MapamMeTpu3anus 1
accouuaTuBHOCTh.  [lapameTpusanms  moapasyMeBaeT  HUCIOJIb30BaHWE
reOMEeTPUYECKUX MOJIeNIel B ITapaMeTpUIecKor popme, T.e. IPH MpeACcTaBIeHUN
YacTH WM BCeX IapaMeTpoB OOBEKTa He KOHCTAaHTaMH, a IepeMeHHBIMH.
[TapameTpudeckast MOJIeNb, HAXOAAIIasAcS B 0a3e JaHHBIX, JETKO adalTHPYeTCs



K Pa3HbIM KOHKPETHBIM pEAN3alUsIM M TMOTOMY MOXET HMCIIOJb30BaATHCA BO
MHOTMX KOHKPETHbIX mpoekTax. [lpm »>ToM mnosiBisieTcs BO3MOXKHOCTH
BKJIFOUEHUS TTapaMeTPUYECKOW MOJENH AeTald B MoJelib COOPOYHOro y3ja ¢
aBTOMaTUYECKUM OIpeIeJIEHUEM pa3MepoB JieTaju, JIIUKTYEMBIX
MPOCTPAHCTBEHHBIMUA  OTPaHWYEHUSIMU. ODTH  OTpaHMYEeHUs B  BHUIE
MaTeMaTHYECKUX 3aBUCUMOCTEH MEX]Iy YaCThIO IMMapaMeTPOB COOPKU OTPaXKatOT
aCCOILIMaTUBHOCTH MOJIeJIei.

[Tapametpu3ansi W AaCCOUMATUBHOCTb WIPAIOT BAXHYIO pOJb IpH
MIPOCKTUPOBAHUY KOHCTPYKIIUWA y3JOB W OJIOKOB, COCTOSIIIUX W3 OOJBIIIOTO
yucia Jetaneil. J[eMCTBUTENbHO, W3MEHEHUE pa3MepoB OJHUX JeTajlei
OKa3bIBa€T BIIMSIHAE HAa pa3Mepbl M pacnoyiokeHue Apyrux. braromaps
MapamMeTpr3alui U aCCOLMAaTUBHOCTH W3MEHEHHS, CIEIaHHbIE KOHCTPYKTOPOM
B OJTHOM 4acTu COOpPKH, aBTOMATUYECKU TIEPEHOCATCS B IPYTHe YaCTH, BHI3bIBAS
U3MEHEHUS COOTBETCTBYIOIIMX M€OMETPUUECKUX MTAPAMETPOB B 3TUX YACTSIX.

Drtan TexHoJoruueckoi moaroroBku mnpoussoacta (ACTIIII) - Ha
3amage HassiBator CAPP (Computer Automated Process Planing) -
npennosiaraeT pa3padoTKy TEXHOJOTMYEeCKHX TMPOIECCOB, TEXHOJIOTHYECKOM
ocHacTkH, ynpasisitomux nporpamm (YIT) mist obopymosanust ¢ UITY. Crona
BxoauT 3amadya CAIIP TII - pa3paboTka TEeXHOJOTMYECKON JOKyMEHTaluu
(MapmipyTHO#M, OmEpalMoOHHOW), JOBOAMMON 70 pabo4ymx MeCT W
peraaMeHTUPYIOLIel MPOLEecC U3rOTOBICHUS IETANIH.

KonkpetHoe omnucanue o6pabotku Ha obopynoBanuu c¢ YIIY B Bune
YOPaBISIOMUX TMPOTPaMM BBOJUTCS B CHCTEMY aBTOMAaTH3MPOBAHHOTO
yIpaBJIeHUsT TMPOU3BOJACTBeHHbIM obOopynoBanueM (ACVYIIP), koropyro Ha
3amane HaspiBaroT CAM.

OcHoBuble  ¢(ynkiun CAM-cuctem: pa3paboTka TEXHOJOTUYECKHUX
IPOLECCOB, CHUHTE3 YIPaBSIIOIIMX MporpaMM sl  TEXHOJIOTMYECKOTro
obopynoBanus ¢ YIIY, monenupoBaHue mpoueccoB oOpabOTKH, B TOM 4YHCIe
OCTPOEHUE TPAEKTOPUM OTHOCUTEIBHOIO IBUKEHUSI MHCTPYMEHTA U 3arOTOBKH
B Mpoliecce 00pabOTKH, reHepanus MOCTIPOLECCOPOB Al KOHKPETHBIX THUIIOB
ob0opynoBanus ¢ YITY, pacuetr HopMm BpeMeHH 00padOTKH.

HcxonHbIMU JaHHBIMU [ COCTABIICHUS MPOrpaMm Juisi cTaHkoB ¢ YUITY
SIBJISIFOTCSL Pe3yJIbTaThl KOHCTPYKTOPCKOTO MPOSKTUPOBAHUS, TMOCTYTAIOIIUE U3
CAD. Ho BO3MOXXHO TTporpaMMHUpOBaHHe M TIPH HAIMYUN B KAYECTBE MCXOJTHBIX
JAHHBIX JIUIIH YepTeKa JETAIH U MapaMeTPOB TEXHOJIOTHIECKOTO Tpollecca.

[Ipy mporpaMMUpOBaHWUU ONPENENSIOT W KOJUPYIOT T€OMETPHIO
3arOTOBKH, TPAeKTOPUHU JIBHIKEHUS IOJBIIKHBIX OPTaHOB CTaHKa M TapaMeTphl
oOpaboTku. [l 3THX LeJed WCMONb3yIT CIHeIHaTU3UPOBAHHbBIE S3BIKH,
IpPUMEPOM KOTOPBIX MOXeT ciykuTh s36ik APT (Automatically Programmed
Tools), oTHocsmHUiicS K sA3bIKaM BbICOKOTO ypoBHs. B si3pike APT umerorcst
CJIeyIOIIHe TPYTIITHl KOMaHI:



* uIeHTUULIMpPYIOLIME — JJIs YKa3aHUs Ha3BaHUs oOpabaThiBaeMoit
JIeTaIH U TUIIA UCTIOJIb3yeMOro MOCTIIPOIIeccopa,;

* TreoMeTpuyecKre — JUIsl YKa3aHUs FeOMEeTPUUYECKUX 0COOeHHOCTeH
neTany,

* yMpaBJSIOLIMe MepEeMEIIeHUsIMU PeXYIero HHCTPYMEHTA,;

* YNpaBJsIONIMEe peXUMaMH 00paboTKH (ONpeaeNsionue CKOpOCTh
Mo/iauv, CKOPOCTh BpAIllEHUs IIMUHJENS, BKIIOUCHUE OXJIaXKIeHUs
U T.IL.);

* JIONOJIHHUTENbHBIE (HampuMep, BHIOOP HHCTPYMEHTA).

[Tomy4yeHHBIN UcXOqHBIN KO Ha si3bike AP T npeobpasyercst B mporpammy
nepeMenieHnii MHCTPYMEHTa, YIpaBleHUs To/adedl U T.11., MPEJCTaBIsIEMYIO B
BUJe ammapaTHo HezaBucuMmoro ¢aiima CLData (Cutter Location Datajbaiin
CLDatanoctymnaer B mocTIpoieccop, KOTOPbIi MepeBOANUT MPOrpaMMy Ha S3BIK,
TpeOyeMbIii JUIsi KOHKPETHOTO TUIa KOHTpOJIepa. DTUMHU S3bIKAaMH TMOJIb3YOTCS
He mnpodeccuoHaNbHbIe MPOrPaMMUCTBI, a 3aBOJICKME TEXHOJOTH, MO3TOMY
KeJnaTelbHO, YTOObI SI3bIKM OBLIM JOCTATOYHO MPOCTHIMH, TMOCTPOSHHBIMH Ha
BU3YaJbHBIX M300pakeHUsIX cuTyaruii. Bo MHOTHX cucTeMax JTOMOJHUTEIbHO
UCIIOJIB3YIOTCSl pa3iuyHble CXEMHbIE SI3bIKH. PsiJi S3BIKOB CTaHAapTU30BaH U
npejcTaBiieH B MexxayHapoaHoMm ctangapte IEC 1131-3.

Ocob6oe wmecto B CAD/CAM-cucteMax 3aHUMaeT Mpoleaypa
MPOTOTUIIUPOBAHUSI — W3TOTOBJICHHS POTOTHUIIOB JeTallell MK I1a0JIOHOB, 1O
KOTOPBIM JIeTasi OyyT U3rOTaBIUBAThHC.

[IporoTrnupoBaHre — HEMOCPEICTBEHHAs peanu3anus pa3zpaboTaHHON
FeOMETPUYECKON MOJIEIIH.

JIis  TPOTOTUMHMPOBAHUS ILIMPOKO HCIOIB3YyEeTCsl CTepeonuTorpadus,
OCHOBaHHAasi Ha I[IOCTPOCHHHM TPEXMEpPHOTro O0BEeKTa U3 psfa CloeB
doTomnonumepa, U30UpaTeTLHO OTBEPKAAEMOT0 TP O0ITyYSHUH.

[Tporiecc crepeonuTorpaguu peanu3yercs ¢ TOMOIIBIO YCTAaHOBKH, B
KOTOPOW MMeeTCsl BaHHA C JKUIKUAM TIOJMMEPOM U BepTHUKAIBHO TiepeMelaemast
wiardopma. Ilnardpopma mpu GopmMupoBaHUM OYEpEeTHOTO CJIOS TMPOTOTHUIIA
pacrioyiaraeTcsi HMXe TMOBEPXHOCTH JKHIKOTO TMOJIMMEepa Ha TOJIIMHY OJHOTO
ciosi. Jlyd mazepa mepemeriaercs MO y4acTKy MOBEPXHOCTH, TOBTOPSIOIIEMY
dbopMy cedeHHUs TMPOTOTHUIA. DTOT Y4acTOK 3arBepjeBaer. IlociemoBarenbHO
CJIOH 3a CcllIoeM, HaurHas ¢ HWKHETO closi, popMupyeTcst TBepAbIid MPOTOTHII.

[Ipomecc  crepeonmurorpadumt  MOXKET OBITH  WCIONB30BAH IS
OKOHYATENIbHOTO W3TOTOBJIEHUS [eTalld, €CIU Ui Hee IOJIMMep SIBISeTCS
MOIXOSIIAM MaTepPHAIOM.

Hapsiny ¢ crepeonmurorpadueii HCMONB3yIOTCS W JPyrAe CIOCOOBI
POTOTUIIMPOBaHUs, Hampumep, Jamuuupoanne (LOM — Laminated Object
Manufacturing), ocHoBaHHOe Ha TIOCIEIOBATEIBHOM CKICHBAHUUA CJIOEB
pabodero wmarepuana, Tmoctynarmomero B ¢opMme pyloHa. B ycraHoBke
JTAMWHHUPOBAHMSI JIa3ep BBIPE3aeT CIIOH 1Mo opMe TpeOyeMOoro ceueHus



CAE cucremsl

CucrteMbl, HWCHOJIB3yeMble IS aHalu3a M OLEHKU (YHKIIMOHAJIBHBIX
CBOMCTB MPOEKTUPYEMBIX JBUraTesled, WX CHUCTeM, Y3JO0B U JeTaleH,
OXBAaThIBAIOT IIMPOKUM KPYr 3a7ady MOJEIHUPOBaHUS YNPYro-HampsiKEHHOTO,
neOpMUPOBAHHOTO, TEIJIOBOTO  COCTOSIHUS, KoOJeOaHWUH  KOHCTPYKIIUH,
CTAallMOHAPHOTO MW HECTAllMOHAPHOTO Ta30JWHAMUYECKOTO M  TEIJIOBOro
MOJISJTUPOBAHUS C YUYE€TOM BS3KOCTU, TYpOYJCHTHBIX SIBJIE€HUH, MOTPAaHUYHOTO
cios u T1.n. Hambonee pacnpoctpanensl CAE-cuctembl, ucnonb3yloiiue
pererHre cucteM AuddepeHInaIbHbIX ypaBHEHUH B YACTHBIX IMPOW3BOIHBIX
METOJIOM KOHeuHbIX 3jemeHToB (MKD). OHm nesisTcs Ha YHHBepcalbHBIE
CUCTEMBbl aHanu3a ¢ wucnonbzoBanneM MKD wu cnenumanusumpoBaHHble. B
aBUAJIBUTATEIECTPOSHUN HanOoJiee W3BECTHHI TaKWe YHUBEPCATbHBIE CHCTEMBI,
kak Nastran, Ansys, oreuectBennsie WCIIA, KOCMOC wu apyrue,
MO3BOJISIFONIME BBIMOJHATh pa3IMYHble BUJbl aHAIM3a Ha paclpeeeHHOM
ypoBHe. Cniennanu3upoBaHHble cucTeMbl MK opueHTUpOBaHbl HA KOHKPETHBIS
BUIBl aHanu3a. [IpuMepaMu TakMx CHCTEM MOTYT CIOYXHUTh makeThl Flotran,
Fluid, mnpenHasHaueHHble IS MOJAEIHUPOBAHUS T'MIPOra3ogrHAMUYECKUX
nporeccoB, OPTRIS -mys monenupoBanus aedopmanuii u zp.

Oyuknun CAE-cucteM 10BOMBHO pa3HOOOpa3HbI, TaK Kak CBS3aHBI C
NPOSKTHBIMU ~ TPOIeypaMH  aHaju3a, MOJACIUPOBAHUS,  ONTUMHU3AIUU
MPOEKTHBIX pemieHuid. B coctaB mammuHocTpontenbHbix CAE-cuctem mpexae
BCETO BKJIFOYAIOT IPOTPAMMBI ISl BBITIOJIHEHUS CIIEAYIOIINUX MTPOLEAYD:

MOJIeIUPOBaHUE ToJiel (U3NYEeCKHX BEIWYWH, B TOM YHCJIE aHAaHu3
MPOYHOCTH, KOTOPHIH Yallle BCEro BHIMOIHSETCS B cooTBeTCTBHH ¢ MKD;

pacyeT COCTOSHUI MOAETHPYEeMbIX OOBEKTOB M MEPEXOTHBIX MPOILIECCOB B
HUX CpeJcTBaMU MaKpOYPOBHS;

UMHTALMOHHOE MOJICTMPOBAHNE CIIOXKHBIX TPON3BOICTBEHHBIX CHCTEM Ha
OCHOBe Mojiesiell MaccoBoro obciyxuBanus u cereit [lerpu.

OCHOBHBIMH YacTsIMU TIpOrpaMM aHanuza ¢ nomoinsto MKD sBustoTcs
OuONMMOTeKN  KOHEYHBIX  DJIEMEHTOB,  Npemnpoleccop,  pemarelb U
MIOCTIPOIIECCOp.

bubnrorekn koHeuHbIX 3eMeHTOB (KD) comepkat momenu KD — mx
MaTpHUIBl KecTKocTH. OdeBHaHO, 4To Monenu KD OyAyT pasmudHBIMH IS
pasHbIX 3amad  (aHaNW3  YOpYyruX WIM  IUIACTHYECKUX  JedopMainui,
MOJISIUPOBaHUE TIOJeH TeMIleparyp, JJIEKTPHUYSCKUX IMOTCHIUANIOB W T.II.),
pasubix Gopm KD (Hampumep, B OBYMEpPHOM cCilydae — TpPEyTOJIbHBIC HIIH
YeTBIPEXyTOJIbHBIE AIIEMEHTHI), Pa3HBIX HA0OPOB KOOPIUHATHBIX (PYHKIIUH.

Hcxomuble nmaHHBIE ISl Tperpoleccopa — TeoMeTpudeckass MOJAelb
00beKTa, uYalle Bcero TIojydyaeMass W3 TIOJCHCTEMbl KOHCTPYHPOBAHMS.
OcHoBHasi (QpyHKIMS Tperpoleccopa — MpeACTaBlIeHHe HCCIelyeMol Cpelbl
(metanm) B CETOUYHOM BHJIE, T.€. B BHJIE MHOXECTBA KOHEUHBIX HJIEMEHTOB.

Pematens — mnporpamma, kotopas accemOnupyer (cobupaetr) Mojenu
otaensHbIXx KD B 001Iyro cuctemy anreOpanyecKuxX ypaBHEHUH U pelIaeTr 3Ty
CHCTEMY OJIHUM M3 METOJIOB pa3peKeHHBIX MaTPUII.



[ocTnporeccop CIYKUT Uil BH3yaJIM3allMid PE3yJIbTATOB pPEIICHUs B
ynobHoit nns monb3oBarens ¢opme. B mammnaocTpoutensHbix CAIIP 310
rpaduyeckas ¢opma. [lonp3oBaTenb MOXET BHACTh HCXOIHYH (1O
Harpy>KeHus) ¥ JIeGOpMUPOBaHHYIO (OpPMBI JAeTalld, MO HaIlpsKeHUH,
TeMIIepaTyp, TMOTCHIUAIOB U T.II. B BHJE LBETHBIX H300paXeHHi, B KOTOPHIX
MajuTpa IBETOB WM HWHTEHCHBHOCTh CBEYCHHUS XapaKTepH3YIOT 3HAYCHUS
(az0Boil mepeMeHHOM.

PDM cucreMbl
Ucnonw3yroTcss Ha  BcexX  dTamaxX  MPOSKTHPOBAHUS,  ITO3BOJISS
OCYIIIECTBJISITh PEXUM KOJJIEKTUBHOTO TPOSKTHPOBAHUS, aBTOMATH3UPYS
GyHKIMM  yYTpaBlieHUs, CBS3aHHBIE C OTHUM PEXHMOM. Ha3HAuYeHUE W
ofecrieueHe KBaJIUTETa OTBETCTBEHHOCTH, TMpaB JOCTYIa, BeleHHWe Oa3bl
JAHHBIX TTPOEKTa U T.I.
PDM, Product Data Management
Vrhpasinenue maHHBIMH 00 wm3aenuu. Kareropwss mporpaMMHOIO
oOecrieueHusl, MO3BOJISAIONIAS COXPAHATh JaHHBIMHU 00 M3/e)INK B 0a3ax JaHHBIX.
K naHHBIM 00 M3I€UU MPEXIe BCETO OTHOCIT MH)KEHEPHBIE JaHHbIE, TaKUE KaK
CAD-moznenn u dYepTexku, HUGPPOBBIE MaKeThl, cHelu(UKAU MaTEpHATOB.
MertananHble conmepxat HHGOPMAIHIO O co3zarenie (aitia U TeKyIeM craryce
COOTBeTCTBYIOIIEeH kKommoHeHThl. CucteMa PDM mno3BosisieT opraHu3oBath
COBMECTHBIM JIOCTYm K OTHM JaHHBIM, o0ecreunBasl WX I[OCTOSHHYIO
LIEJIOCTHOCTh, OO€eCIeurBaeT BHECEHHE HEOOXOIMMBIX HM3MEHEHUH BO BCe
BepCUU W3JeNUs, MOAUGUIIMPOBATH CHEIU(DUKAIIMI0 MaTepuajoB, TOMOTaTh
KoHpuUryprpoBath  BapuaHThl  m3aenus. OpHako  caMbIM  BaXXHBIM
npeumyiectBoM cuctembl PDM siBnsiercst ee ucnosnp30BaHue Ha NPOTSIKEHUU
BCEro JKM3HEHHOrO IMKJIa M3JENUS B paMKaX KOHIICNIIMHM YIPaBICHUS 3THM
koM. bonbmmacTBO PDM-ccTEM MO3BOJISIOT OJHOBPEMEHHO pPaboTaTh C
WHKEHEPHBIMU JaHHBIMH, ITOJTy4YeHHBIMH OT pa3Hbix CAD-cuctem.
B PDM-ucremax 0000IIEHBI TAKUE TEXHOJIOTHH, KAK:
* ympaBieHHe WHXKEHEpPHBIMH  JaHHbBIMH  (engineering data
management — EDM)
* yIOpaBieHUE TOKYMEHTAMH
* ympaBineHue uHpopmanmeld o0 wmmenuu (product information
management — PIM)
* ympaBieHHe TexHuueckuMmu nanHeiME (technical data management
— TDM)
* ympaBleHHe TexHudeckod uHpopmanumeir (technical information
management — TIM)
* yIpaBlIeHHE N300paKEHUSIMH M MaHHUIYJHpoBaHUE WH(pOpMaIIUEH,
BCECTOPOHHE ONpeIeIstonell KOHKPETHOE U3JIeIHeE.
bazoBele ¢yHKIMOHANIBHBIE BOo3MOXHOcTU PDM-cuctem oxBaThIBalOT
ClIeIyrole OCHOBHBIE HaIlpaBJICHUS:
* yIpaBieHUE XpaHEHUEM JaHHBIX U JOKYMEHTaMH



* yIpaBlieHHE TOTOKaMHU paboT | MpolieccaMu

* yIpaBJICHUE CTPYKTYpOU MPOAYKTa

* aBTOMAaTH3AIUs TeHEepaIlNH BHIOOPOK U OTUYETOB
* MEeXaHW3M aBTOpHU3aINN

C nomompio PDM-cuctem ocymiecTBisieTcss OTClIeKUBaHUE OOJBITHX
MacCHBOB JaHHBIX U MHXEHEPHO-TEXHUYECKON MH(OpMaIMK, HEOOXOIUMBIX Ha
JTanax MpPOEeKTUPOBAHHUsS, TPOU3BOJACTBA WM CTPOUTEILCTBA, a TaKxke
MoJAJIep)KKa OJKCITyaTalldd, COMPOBOXKICHHUS M YTUJIW3AIMA TEXHUYECKHUX
m3nenuii. PDM-cuctemMbl WHTErpupyroT HHpOpMaIUio JTHO0bIX (HOpMaToB H
THUIIOB, TIPEJOCTABIIA €€ MOJIb30BaTENSIM YXKe B CTPYKTYPHUPOBaHHOM Buje (Ipu
DTOM  CTPYKTypW3allds TpuBs3aHa K  OCOOCHHOCTSM  COBPEMEHHOTO
MPOMBIIINIEHHOTO Tpou3BozacTBa). PDM-cuctembl paboTaioT He TONBKO C
TEKCTOBBIMU JIOKYMEHTaMH, HO M C TEOMETPHUUYECKUMU MOJIEJISIMU U JTaHHBIMU,
HEOOXOMMMBIMH IJIs1 (DYHKITMOHMPOBAHUS aBTOMATHYECKUX JIMHUM, CTAHKOB C
YllY wu gap, npuuéM J0oCTyl K TakuM JaHHBIM  OCYIIECTBISICTCS
HenocpeacTBeHHo u3 PDM-cucteMsl.

C nomompio PDM-cucteM MOXXHO cO3/1aBaTh OTYEThI O KOH(PUTYpaIuu
BBIITYCKAEMbIX CHCTEM, MapIIpyTax MPOXOXKICHUS W3JSIUN, 4YacTIX WIH
JeTajsx, a TakKe COCTaBJIATh CIIMCKU MaTepuanoB. Bce 3TH NOKYMEHTHI TpH
HEOOXOJUMOCTH MOTYT OTOOpakaThCsl Ha dKpaHe MOHUTOPA MPOU3BOCTBEHHOM
WJIM KOHCTPYKTOPCKOM CUCTEMBI U3 ofiHOM 1 Tol ke bJI. Onnoti u3 neneti PDM-
CUCTeM U SBIIETCS oOecleueHrue BO3MOXKHOCTH TPYNIOBOW paboThl Hax
IIPOEKTOM, TO €CTh, IPOCMOTpa B pealbHOM BpPEMEHH U COBMECTHOIO
HCIIOJb30BaHUs (dbparmMeHToB o0mux  WH(DOPMAIMOHHBIX  PECYpCOB
MIPEATPUSTHSI.

HHTerpamus ¢ IpyruMu CUCTEMaMH

C nmuenpto ycTpaHeHUs UW30BITOYHOCTH JI@HHBIX W YMEHBIIIEHUE
BPEMEHHOTI'0 LIMKJIa UX Nepeiadyn OT NPOEKTUPOBILIMKOB Ha Mpou3BoAcTBo PDM-
cucTeMbl HHTETpUpPYIoT ¢ cucteMamu CAX B pamkax PLM-cuctem.

YPOBHU CAD/CAE/CAM CUCTEM

B 3aBHCHMOCTH OT QYHKIIMOHAJIBHBIX BO3MOXKHOCTeH, Habopa Moayeit u
ctpyktypHo#t opranmsaiuu CAD/CAE/CAM  cucteMbl MOXHO — YCIIOBHO
pa3nenuTh Ha TPU TPYNIIBL: JIETKAE, CPEHUE U TSHKEITbIe CUCTEMBI.

Jleckue cucmemoi. ITO TEPBBIN B CIOXKHUBIIIEMCS] ICTOPUYECKOM Pa3BUTHU
kimacc cucteM. K 3Toil KaTeropmm MOXKHO OTHECTH TaKWe CHCTEeMBI, Kak
AutoCAD, CAD-KEY, Personal Designer, ADEMKOMIIAC. Ouwu, kak
MpaBUJIO, UCIIOJNB3YIOTCS Ha TIEPCOHATBHBIX KOMITBIOTEPAX OTAEIbHBIMU
MOJIb30BaTEISIMU. Takue CHCTeMbl TpeJHa3HAa4YeHbl B OCHOBHOM  JIJIS
KaueCTBEHHOTO BBITIOHEHUS dYepTexei. Takke OHM MOTYT MCTIOJIB30BaThCS TS
naByxmepHoro (2D) MoierpoBaHUs U HECTIOKHBIX TPEXMEPHBIX TOCTPOCHUA.



DTH CHCTEMBbl JIOCTUIJIM B TOCIEIHEe BpeMs BBICOKOTO YpPOBHS
coBepiieHcTBa. OHM  TMPOCTBI B HUCIOJL30BaHUHU, COJAEPKAT MHOXKECTBO
OMOJMOTEeK CTaHIAPTHBIX SJIEMEHTOB, MOIJECPKUBAIOT pa3IUUHbIE CTaHIAPTHI
odopmiieHus rpaduuecKor TOKyMEHTaIIUH.

Cucmembi cpeonezo knacca. CpaBHUTEIbHO HEJJABHO MOSBUBIIHKICS KJlacc
oTHocuTeNnbHO Hemoporux TpéxmepHbix CAD cucrem. K Hemy oTHocsTcs
cuctembl AMD, Solid Edge, Solid Works: t.n1. VX mosiBieHHe CBSI3aHO C
yYBEJIMYCHUEM MOIIHOCTH TEPCOHAIBHBIX KOMIIBIOTEPOB W Pa3BUTHEM
omepannoHHO# cructeMbl. C MX TOMOIIBIO MOXXHO pemath 10 80% TUIMUIHBIX
MaIIMHOCTPOUTENIBHBIX 3a7a4, He mpuBiekas MmoimHbie u goporue CAD/CAM
CHUCTEMBI TSHKEIOro Kiacca.

BoNbIIMHCTBO CUCTEM CpeaHEero Kjiacca OCHOBBIBAIOTCS Ha TPEXMEPHOM
TBEPIOTEITLHOM  MOJICITUPOBAHHH. OHM  TIO3BOJIIFOT  MPOEKTUPOBATH
OOJNIBIIMHCTBO JeTajeil o0IIero MalIMHOCTPOEHHUs, COOpPOUYHBIC €IUHUIIBI
CpedHEero YypOBHS CJOXXHOCTH, BBITIOJHATE COBMECTHYIO paboTy TpyImmam
KOHCTPYKTOPOB. B »3TUX cHucTeMax BO3MOXXHO IPOW3BOJIUTH  aHAJU3
nepeceyeHrii U 3a30pOB B COOpKaAx

Cucmemor msaxcénoco xnacca. Takue cCUCTEMbl MPEIOCTABISIOT TMOJIHBIN
Ha0Op WHTETPUPOBAHHBIX CPENICTB IMPOSKTUPOBAHMS, MPOU3BOJCTBA, aHalW3a
w3nenuii. B oty kateropuio cuctem momanmator CATIA, Unigraphics,
Pro/ENGENEER, CADDS5, EUCLID, Cimatro@Hu HCrIonb3yoT MOITHBIE
ammapaTHbIe CpeJCTBa, Kak TMpaBWiio, paboyue CTaHIMU C OIeparuoOHHON
cuctemort UNIX.

CucteMbl TsSKENOr0 Kjacca TO3BOJSAIOT pelllaTh MIAPOKUM CIEKTP
KOHCTPYKTOPCKO-TEXHOJIOTHYECKNX 3amad. Kpome QYHKIUH, TOCTYITHBIX
cucteMaMm cpeanero kiacca, TsokénbiM CAD/CAM crcteMbl JOCTYITHO:

* MPOSKTUpOBaHUE JeTajell caMoro CJIOXKHOIO THIA, COIEPXKaIUuX
OYEHb CJIO’KHBIC TOBEPXHOCTH;

* BBINIOJIHEHUE TTOCTPOSHMS MOBEPXHOCTEH Mo pe3ysibTatam obmepa
peanbHOW JeTaliv, BBITIOJIHCHMsS CTIIAKUBAaHHS TOBEPXHOCTEH U
CJIOKHBIX COTIPSDKCHUH,

* TMPOEKTUPOBAHHUE MACCHUBHBIX COOpPOK, TPEOYIOMIMX TINATEIHLHOM
KOMIIOHOBKM ¥  COJEp)KaIlluX JJIEMEHTBl  UHPPaCTPYKTYphl
(xabOesbHBIE XKIYTHI, TPYOOIIPOBOIbI);

* paboTa co CIIOXKHBIMU cOOpKaMHU B pekMMe BapUAHTHOI'O aHAIU3a
JUIs  OBICTPOTO TIPOCMOTpPa W OIEHKH KadecTBa KOMITOHOBKHU
W3JIeNHs.

Knaccet CAD/CAM cuctem 1 00beMbI BRITIOTHSIEMBIX (yHKIIHN



® ABTOHOMHOE YepUeHHUe
e 2M - MoJieTUpOBaHKE JIerK

e

e O6beMHOe TBepAOTEIbHOE MOISIHPOBAHHIE

o [[apameTprueckne MocTpoeHus

e OO0BeMHOe MPOSKTUPOBAHUE CPETHUX cOOPO

® AccoluaTuBHOE YepueHue cpeaHuc
e PaGoTa B MaJIbIX U CPEAHUX IPYyIINax

® [locTpoeHus CIOXKHBIX TOBEPXHOCTEH

® 3M npoeKTUPOBaHHE CIOKHBIX COOPOK

® Pa3paboTka TEXHOJIOTMIECKHX IIPOLIECCOB U OC!
e [[apamnienbHoe BBIMOJTHEHHE KPYITHBIX pa3pado

THKEJIBbI

MoxHO yTBepXknaTh, YTO B OyAylieM IJisi aBTOMAaTH3WPOBAHHOM
pa3paboTKu JIBUTATeNIell TPEeUMYIIECTBEHHO OYIYT HCIOJIB30BATHCS TSKEIbIS
CUCTEMBI BO B3amMoJielicTBuu co crienuanu3npoBadnHbiMu CAIIP, mockoibKy
OHM  3HAYUTEIHLHO CHUXKAIOT  TPYNOEMKOCTh  TMPOEKTUPOBAHUS U
KOHCTPYHUPOBaHUS.

CAD/CAE/CAM cucrembl u cucremsl kiacca PDM  mossoisror
OpraHU30BaTh NapaljieIbHOE MPOSKTUPOBAHUE - KOJUIEKTUBHBIA PEXXHUM PabOThI
HaJl TPOEKTOM, KOTJla OJHOBPEMEHHO OOJIBIIOE KOJUYECTBO CIECIUATMCTOB
paboTaeT Haj pa3IMYHBIMM YacCTIMH W CTaAMSIMHU TPOEKTa H3JeNus KaKk B
pamkax OKB, Tak u B pamkax BHpTyajabHOM Kopropanuu (¢ pacrnpenaenéHHbIMU
CMeXKHHMKamH). Bce 3TO JaeT HOBOe KayeCTBO - IPOEKTHPOBaHUE U
W3TOTOBJICHHWE TIpeBpaliaeTcss B BUPTYAJIbHYIO TEXHOJOTHIO W3TOTOBICHUS
KOMITHIOTEPHOT'O MaKeTa N3/IEIHSI.

MOAYJbHOCTb CAD/CAE/CAM CUCTEM

3nauntenbHas 4acTh coBpeMeHHbIX CAIIP cocTouT M3 HECKOIBKHX
MoAyJiei: cOOpKH, MexaHOOOpaOOTKH, yNpaBleHUs UHXEHEPHbIMU JaHHBIMHU U
T.n. X oObenuHsier oOlas METONOJOTHS UM HMHCTPyMEHTajbHbIe CpeiCTBa.
Bricokas ctenenb uHTErpau Moaysieil KOHCTPYUPOBAHUS U TEXHOJIOTUYECKON
MOJITOTOBKM TPOU3BOJACTBA oOOecreynBaeT Impeodpa3oBaHue TIpaPuuecKoit
uHpopmaliuu 06 o0bekTe B TaOIUYHYIO, UCIIONIB3YEMYIO MPU TEXHOJIOTHUYECKOM
npoeKkTupoBaHuu. ['eomerpuyeckue OOBEKTHI, HMEIOIIMEe MaTeMaTH4ecKoe
OMMCaHue, alMpOKCUMUPYIOTCS C 3aJaHHOM TOYHOCTBIO KPUBBIMH U
MMOBEPXHOCTSIMH.



Ob6benuHeHne  MoIyJiell  KOHCTPYKTOPCKMX W TEXHOJIOIMUYECKHUX
pa3paboTok B equHyto CAIIP cHM)KaeT CTOMMOCTh M YMEHbIIAeT BpeMsl BbIXO/a
HOBOW NPOAYKIMH HA PBIHOK, MTO3BOJISIET KOHCTPYUPOBATh IETAIU C yYETOM UX
TEXHOJIOTUYHOCTH W HCIOJIb3yeMoro matepuaia (uiactmacca, MeTaUTMYeCKUN
JIKCT).

Mopnynbhas apxutektypa CAIIP obGnerdaer paciimpeHue CUCTEMBbI U
aJlalTHPOBaHNE €€ B COOTBETCTBUU C TPEOOBAaHUSMHU IOJIb30BATENIs], TTO3BOJISET
npuodperaTh TOJIbKO HeoOXxoammble kKommnoHeHThl. MHorue CAIIP cHaGxeHbl
KOHTEKCTHO-3aBUCUMBIMU CIPAaBOYHUKAMH M COOCTBEHHBIMHM Oa3aMu JaHHBIX
WIM TpegiaraloT HMHTeppeidc ¢  CyHIecTBYIOIIMMHU 0OazaMH  JIaHHBIX.
Hcnonp3oBaHrue S3bIKOB MPOrpaMMHUpPOBaHMUSl IMO3BOJSIET BaM  CO3/1aBaTh
COOCTBEHHBIE CIEIMATN3UPOBAHHBIE TIPUTIOKEHUSI.

Jnst coBpemennbix CAD/CAM cucteM xapakTepeH MOIYIbHBINA TPUHITAI

noctpoenusi. Huwke nepeuncnen coctaB 6a30Bbix Moayieit misi CAD, CAM u
PDM cucrtem.

Mooynu CAD cucmem:

- co3/laHue 00BEMHON MOJICIIH IETAIH B Y3JIOB CO CTATHYECKUM aHaTN30M
COOMPaEeMOCTH H3/ICIUH;

- MPOEKTUPOBAHUE TTOBEPXHOCTEH JIF0O0H CII0KHOCTH,

- IapaMeTpu3alus pa3MepoB JeTalei;

- oopmiteHre COOPOYHBIX W MOJICITMPOBOYHBIX YEPTEXKeH M0 00 BEMHBIM
MOJIEJISIM B COOTBETCTBUU CO CTaHAapTaMHU,

- (QoTopeanucTHUecKoe OTOOpaKeHHE W3MeIHsl C YYeTOM TeKCTYpHI
MaTepuala, [iBeTa ¥ IepoX0BaTOCTH TOBEPXHOCTH,

- BBIBOJI M300paKeHUs Ha MJIOTTED;

- UMIOPT-3KCTOpPT Mojenu Mexnay paznmuaaeiMua  CAD  dgepes
uHTepdechI.

Mooynu CAM cucmenm:

- TIPOSKTHPOBAHWE TEXHOJOTHMYECKHX  TPOIECCOB  W3TOTOBJICHHUSI
NPOAYKIIMH U OCHACTKH;

- TMHAMHUYECKHUI KOHTPOJIb Mpoliecca COOPKY;

- BBIOOp MapaMeTpOB XOJIOJHOM IMTaMIIOBKH (MMHTHPYETCS BECh IIPOIIECC
IITAMIIOBKHA, B TOM YHUCJIE «HAJIOXEHUE» IITAMIOBOYHBIX MPUCIIOCOOICHUN Ha
MOBEPXHOCTD JETAJH);

- CO3llaHWe W OTNIajKa mporpamMm st ctankoB ¢ YITY (Momenupyertcs
KMHEeMaTHuKa CTaHKa, ero pabodas 30HA, CTOWKa YIpaBlIeHHUS, 3arOTOBKa, ee
KpeIJIeHue W HHCTPYMEHT, Ha DJKpaHe IMOAPOOHO OTOoOpa)kaeTcs Mpolecce
00paboTKn);

- ONITHMU3AIHS TTApaMETPOB TIPOIECCOB JTUThS IeTalel U3 MmiacTMacc,

- MOYJIH TTPOTPaMMHPOBaHMsI 1S cTaHkoB ¢ UITY;

- co3JaHue, peIaKTUPOBAaHUE W MOCIMPOBaHUE MPOrpaMM HU3MEpEHUs U
KOHTPOJII COOTBETCTBHSI JleTAIM €€ OOBEeMHOM MOJAeTH C TIOMOIIBIO
KOOPAMHATHO-U3MEPUTEITHHON MAIIIHHBI.



Mooynu PDM cucmem:

- yIpaBJieHHe oOIel 1 pa3paboTYMKOB 0a30i TaHHBIX;

- “H(GOPMAaIMOHHO-TIOMCKOBAs CUCTeMa JIOKYMEHTHPOBaHMS,

- aBTOMAaTHU3UPOBAHHOE pacIpeiesieHUe 3a/1ad MKy pa3paboTunKaMu;
- 3aJ]JaHHe CTaTyca KaXJaoro pa3paboTunKa,

- ompeieNieHre CTPYKTYPhl HHPOPMAITMOHHBIX TOTOKOB,

- ompeieNieHne KOMITJIEKTa JOKyMEeHTAIlnH,

- KOHTPOJIb U3MEHEHNU,

- KOHTPOJIb BBITIOTHEHUS CETEBOTO TUTaH-Tpa(rKa MPOeKTa,

- KOHTPOJIb TIOJTHOTHI pa3HOPOAHON MH(OpMAIK 00 U3 AeNnH:

- reoMeTpHYecKre naHHble (MOJENb C pa3MepaMu U TOIYCKaMH);
- YePTEXKH;

- XapaKTepPUCTUKH MaTepHUaJIOB,

- cnenukanymy,

- pe3yJIbTaThl MPOYHOCTHBIX PACUETOB,;

- TEXHOJIOTUYECKHE MPOIECChl U3TOTOBJICHUS;

- IporpaMmel JJ1s1 cTaHKoB ¢ YUITY;

- CTOUMOCTH KOMIIOHEHTOB,

- poropeanucTrueckre n300pakeHUs u TIp.;

- aBTOMAaTH3UPOBAHHOE CO3/[JaHNE OTYETOB O MPOEKTAX TI0 ATUM JaHHBIM;
- apXUBHUPOBAHUE.

Ypoenu apxusuposanusn mooenu uzoenus
DneKTpoHHasi MOJENb U3JIeusl, COCTOSIAs U3 MepeYnCIeHHBIX TaHHBIX,
MPOXOJMT B MPOLIECCE CO3AAHMS TPU YPOBHS apXUBUPOBAHUS:
* apXxuB pa3pabOTUHKa;
* apXUB IPyNIbl pa3pabOTUNKOB,;
e 001U apXHUB TOTOBBIX TPOEKTOB.
[Tepememenue nHpopManry Ha Oojiee BHICOKHI ypOBEHBb MPOUCXOIUT B
pe3ynbTaTe <AIeKTPOHHON MOAMUCH JIMIA, IPUHUMAIOILETO pelieHue.

HUHTEIPALIIMS B CAD/CAE/CAM CUCTEMAX

Onpeodenenue ceomempuyeckux mooeneti 06vbeKmos

CyuiHocTh MHTErpalu COCTOUT B CIOCOOHOCTH CO3aBaTh JaHHbIE s
OJIHOTO TIPUJIOKEHHS U TIPU MaJIbIX U3MEHEHUSIX KCII0Nb30BaTh UX IS IPYroro
npunoxenns. CAD/CAE/CAM sBnstoTcsS WHTETrPUPOBAaHHBIMU CHUCTEMaMH.
HNHTterpanus B HUX OCYLIECTBISIETCA Yepe3 reoMeTpruIecKue MoJieiu 00BbEKTOB,
KOTOpbIe MOABEPraroTCs COOTBETCTBYIOLLIUM npeoOpa30BaHUsAM.
KomnbroTepHble TreoMeTpuuecKkue MOJAENIW — 3TO CHoco0 MpeicTaBiIeHUs
JaHHBIX O TPOEKTUPyeMOM OOBeKTe, ero Qopme, pa3smepax, OpUEHTAIMH B
MPOCTPAHCTBE, CBA3SIX C APYTUMU AETAJSIMU H TIP.

HHTerpaius reoMeTpUiecKuX U KOHEUHO-3JIEMEHTHBIX MO/Iesei



HNuterpaums CAD u CAE cucteM 3akirouyaercss B TOM, YTO KOHEUYHO-
aJIeMEHTHasl MOJIeNlb, HeoOXoauMast i nHxeHepHoro pacuéta B CAE cucreme,
ctpoutcsi mo reoMerpudeckoir wmoxenu B CAD cucreme. Jlns  Takoro
noctpoenus B CAD cucremax mcnonbsyercs npuioxenne FEM (Finit Element
Modeling — xoHeuHO-3JIEMEHTHOE MojennpoBanue). [lpu mnpeobpasoBaHuU
reOMETPUUYECKOM MOJeNM B MOJENb KOHEYHBIX JJIEMEHTOB IOJIb30BaTEb
HAHOCHUT Ha T€OMETPHUYUECKYIO MOJIENb CETKY, TO €CTh pa30MBaeT €€ Ha KOHEUYHOE
YUCIIO 3JEMEHTOB, KaKIBIH W3 KOTOPBIX HMIACHTU(DUIIUPYETCS KOOPIMHATAMH
ceonx y3moB X, Y, Z W B3aUMOCBS3bI0O C COCEAHMMH OdJIeMEeHTaMHu (CM.
PHUCYHOK).

Jlnst 6oee TOUHOTO TMpeAcTaBIeHUs] 00JIacTell BBICOKUX HAarpy30K B 3THUX
00JacTIxX 3JIEeMEHTBl CeTKH WM3MeNbYaroTCs, YTO O3HauaeT pa3MelleHHe B 3TOH
oOnacTu OOJBIIEro Yucia 3JeMEHTOB, YeM 3TO Mpearnojaraercs paBHOMEPHBIM
pazOueHueM. 3aTeM YyKa3bIBaIOTCS MecTa 3aKperieHUs JeTajld U TOYKHU
PUIIOKEHUS! BEKTOPOB CUJI. DTa MH(OpMaIsi BOCIPUHUMAETCS MPOTrpaMMOi,
KOTOpass UMHUTHPYET BO3HWKHOBEHHE HArpy30K Ha MOJElNb. 3aTeM IO MOJENH
KOHEYHBIX BJIEMEHTOB CO3JIal0TCsl JaHHbIe, MPEICTaBISIONINEe KOOPIUHATHI
y3JI0B CeTKHM U JPYyrylo HH(OpMaIuio, KoTopas HeoOXoauMma Ajis Mporpamm
anamu3a (ANSYS, STAR-CDu np.). DT nporpaMMbl OCYIIECTBIISIOT aHAIHU3.
B 3aBHCcHMOCTH OT 3ampoCOB pe3ybTaThl aHAINW3a MOTYT MPEACTaBISATh JaHHBIC
O JaBJICHWM W HaNpsDKeHWHW Ha KaXIBIA DIEMEHT, TemIeparype, BHAAX
konebanuii, nedopmaumu w™oxaenu. HMudopmamnmio o pesynbTaTax MOXKHO
MPeCTaBUTh TpadUIecKu.

[Ipouiecc aHanm3a dYacTo SBISETCS WTEPALMOHHBIM — TEM CaMbIM
ONITUMU3HpPYETCS TPOeKT. B pe3ynpraTe aHanmuza, Hampumep, MOXET OBITh
BBISIBJIEHA KOHIIEHTpallMsl HaIpsOKEeHUH, KoTopash BBIXOAUT 3a IIpelesibl
JIOITYCTUMBIX XapaKTepUCTUK MaTepuaia aetaiu. ITu (HakThl, 0OHApyKHUBaeMble
B MpoIlecce aHajan3a, 00yCIOBIMBAIOT KOHCTPYKTOPCKUE U3MEHEHUsI, TaKhe, KaKk
pa3mMellieHre J00aBOYHBIX OIOp, YTOJIIEHUe, TMepeornpeaelieHne HarpysKu,
U3MEHeHHe THIMa MaTepuaia Wi Jpyrue Koppektupytomue nedctsus. [locre
BBITIOJIHEHUS STUX UCTPABICHUA reOMETPUsI MOJIEITH MOXKET U3MEHUTHCS.

Hcnonp3oBaHne TreOMETPUYECKONM MOAEIM Uil  TEXHOJIOTHMYECKOU
MOJATOTOBKH MTPOU3BOJICTBA

WNuterparmuss  CAD/CAM  cuctem  3akiodaeTcss B TOM,  49TO
reoMeTpuyueckas  Moneidb  00beKTa  HCHOJb3yeTcs Uil  pa3paboTKu
TEXHOJIOTMYECKUX MPOLIECCOB M3TOTOBJICHUS M KOHTPOJISI peabHOM JeTaju, AJs
MPOEKTUPOBAHMS 3arOTOBKM — MyTéM A00aBICHHS K HEH TEXHOJIOTHYeCKHX
NPUITYCKOB W pacyéTa  pa3MepHBIX TEXHOJOTWYECKUX  Lemed,  ams
POEKTUPOBAHUSI IUTEHHOMN U IITAMIIOBON TEXHOJOTUYECKON OCHACTKHU.

I[Ipy npoekTHUpOBaHWUK JIUTEHHOWM ¢ IITAMIIOBOM TEXHOJOTMYECKOU
OCHACTKM Ha TIepBOM »JTale OCYIIeCTBIseTcs AopaboTka TeoMeTpUYecKoit
MOJIeINU JIeTalu C Y4ETOM TePMOJMHAMUYECKUX CBOMCTB MaTepuala JeTaiu, T.e.
KOHCTPYKTOp OIpejeNisieT ycaJKy Marepuana, B COOTBETCTBUU C KOTOPOM
BBOJISITCS pa3ivuHble Kod(PduimeHTsl Maciutaba Mo ocsM kKoopauHat. Ha



BTOPOM JTalie TPOU3BOAMTCS Ha3HAYCHUE JIMTEHHBIX WM IITaMIIOBOYHBIX
NPUIIYCKOB Ha MEXaHWYEeCKyl0 00pabOTKy ¥ BHOBb KOPPEKTHPYETCS
reoMeTpudeckas Mojeidb. TakumM 00pa3oM TIPOU3BOAMTCS TEpPeXoj OT
reOMeTPUYECKON MOJENIM JeTalld K T'eOMeTPUYECKOH MOJENM 3arOTOBKH —
ornuBku wnM ITammnoBku. Ha Tpetbem stame B CAD/CAM cucremax,
HanpuMep, B Power Mill, mo moiy4YeHHBIM TIeOMETPHUYECKHM MOJEISAM
3arOTOBKU KOHCTPYHUPYETCS TEXHOJIOTHIEeCKasi OCHACTKA!

* CTPOSITCSI TOBEPXHOCTH ¥ JINHUU PA3bEMOB;

e ompenenstoTcs (DOpPMUPYIOIIHE DIIEMEHTHl - TMOIXy()OpMBI IS
OTJIMBOK, BCTaBKU JUIS Tpecc-popM, KOMIUIEKThI <«MaTpulia —
IyaHCOH» IS IITaMIIOBOK;

* (hopMUpPYIOTCS YIPaBISIOIIKE TPOrpaMMbl JTs cTaHKoB ¢ UITY mis
M3rOTOBJIEHNS] OCHACTKHU,

* POU3BOIUTCS M3rOTOBJIEHHE OCHACTKH, pUIEM
dbopmoobOpasyromme  MOBEpXHOCTH  WM3TOTaBIMBAIOTCA  JTHOO
MeXxaHudeckol o0paboTkoit Ha crankax c¢ UYIIY, aubo
AJIEKTPOIPO3UOHHOM 00pabOTKOM Takke Ha cTaHkax ¢ UITY,

* TMPOU3BOJIUTCS  TIOJNIyYeHHE M3JeNUsS B  COOTBETCTBHH  C
pa3pabOTaHHBIM TEXHOJOTHYECKUM TPOIECCOM, KOHTPOJb Ha
KOHTPOJBHO — UW3MEPUTEJIbHBIX MallMHAaX W  CpaBHEHUE
MOJIYYeHHBIX KOHTYPOB C TEOMETPUIECKON MOJIEITBIO JICTAIH.

[Ipu ynoBIEeTBOPUTENBHBIX pe3ybTaTaxX CJeAyeT W3TOTOBJICHUE OIBITHO
— IPOMBITINIEHHOHN NapTHH JIeTanei, cOopKa M HCTIbITAHUEe U3/IeITHSI.

OmHuM W3 COBpPEMEHHBIX CIIOCOOOB HWCIIOIB30BAHMS TE€OMETPUUYECKHAX
Mojielieli B TEXHOJOTMYECKOW  IMOJTOTOBKE  MPOU3BOJACTBA  SIBIISICTCS
crepeonutorpadus (rexnomorus Quick Cast). Dtor Meronm mnpexamonaraeTt
nonyuenne B CAD/CAM  cucreme 10 TeOMETPHYECKON  MOeNH
ctepeonuroradpudeckoit Moaenu (daiin tuma .Stl) u BeipalBaHue Tena AeTaan
U3 JKUJKOTO TOJIMMeEpa IO BO3JCHCTBHEM JIyya Jia3epa, JIBM)KEHHE KOTOPOTro
ocyiectBisieTcs: Ha ocHoBe .Stl - momenn. Tounocts Takoro makera +0,05 mwm.
Takne MakeThl MOTYT HCIIOJIB30BAThCS KAaK CIEMKH JUISl TTOCEAYIOMETO JTUThS
BOCKOBBIX MOJIeNiel, TPUMEHSIEeMbIX B JIUTEHHOM MPOU3BOJCTBe. J[s TomaTox,
HarpuMep, MOJIMMEpPHbIE MOJIEH, MOJyYeHHbIE METOJOM CTepeoJuTorpaduu,
MOKHO HWCIOJIB30BaTh JIJISI a3pOJMHAMHYECKUX WCIBITAaHUH, MpeaBapPUTEIBHBIX
IIPOYHOCTHBIX UCIIBITAHUMA U TPOBEPKHU HA COOMPAEMOCTh JIOMATOYHBIX PEIIETOK.

IHNPEMMYINECTBA UCITOJb30BAHMUS DJIEKTPOHHBIX
(MU PPOBBIX) IOKYMEHTOB B IPOEKTUPOBAHUU

[TpakTU4yecku Bce, C YeM MbI CTAJIKUBaeMCsl B MOBCEIHEBHON XU3HU (U
0COOEHHO - Ha paboTe), NPHUILUIO B OSTOT MHUP B BHJEC TEXHHYECKON
JTOKyMEHTAIli!, ONMUCAaHWUW W dYepTexxkeid pazinuaHoro ¢dopmara. MHxeHepHas
MBICJTh - YeM JaJibllie, TeM OOJbIle - HyXAaeTcsl B HHCTPYMEHTaX, KOTOpbie Obl



COOTBETCTBOBAJIM YPOBHIO pelnaemblx npobsieM. Lludposas koHcTpykTOpcKkas
JOKYMEHTALUs TI0 CPAaBHEHUIO C TPaJULMOHHBIMH, BBIIIOJHEHHBIMU Ha Oymare,
00J1a1aroT ClelyIOIUMHU ITPeUMyLIeCTBaMH.

1. Ilosviuenue npouzsooumenvrocmu mpyoa

B CAIIP noBropstouecs: omnepauydd MOXXHO BBIIIOJHUTh OJHOMN
KOMaH/10i, CUMMEeTpPHYHbIE YaCTH MOXHO HauepTUTh B ONpEJeJeHHON 00acTu
yepTeka, a 3areM JJIsl KONMPOBaHMUS MCIOJIb30BaTh OINEpalld CHUMMETPUH,
MpoIlle OCYIIeCTBIsIeTCs HCIpaBiieHre (pelakTUpOBaHUe YepTexka) - MPU 3TOM
pe3ynbTar UCITpaBJIeHUs He3aMeTeH.
[Tocne BbIONHEHUS YepTeka MOXKHO IMOJYUYUTh €ro KOMHIO Ha MPUHTEPE WU
mioTTepe. YepTex momydaeTcs B MOJTHOM cOOTBeTCTBUU ¢ TpeboBanmsimu ['OCT
ECK/, uncTbIM U aKKypaTHBIM.

B CAIIP uudpoBoii NOKyMEHT Jerko BbI3BaTh, M3MEHUTh M BHOBB
COXPaHWUThb Ha JHUCKe KoMmmbtoTepa. Jlerko co3maroTcsi pa3nuyHble BapUaHTbI
IPOEKTOB, TpPyA IpPOEKTUPOBIIMKA CTAaHOBUTCS B 3HAUUTENbHOH Mepe
tBOpueckuM. CAIIP OepeT Ha ceOs BbINOJIHEHHE PYTUHHOW pabOTHI U Jesaer
TPy YepTEeKHUKA U KOHCTPYKTOpa OoJiee MPOU3BOJUTENbHBIM.

2. Tounocmo

CAIIP oOecnieunBaer OONBIIYI0 TOYHOCTb BBIMIOJHEHUSI 4YepTexa U
TpeXMepHbIX Mojeneil. IIpocTpaHCTBEHHOE TOJIOKEHUE MOXXHO 3aJaTh C
TOYHOCTBIO JI0 YeTHIPHAAUATH 3HAYalIMX LU(p, BCe JUHUHM YepTexka SCHbIE U
YUCThIE, BECh TEKCT YeTKUH. M3MepeHHs MOXKHO MPOBOAUTH HENMOCPEICTBEHHO
Ha YepTexe, He mpuberast K UCIOIb30BaHUIO MACIITAOHOTO MHOXKHUTEJIS.

3. Xpanernue uepmeoiceii, BoinonaHeHHbx B CAIIP, TpeOyeT cymecTBeHHO
MeHbIle  (U3UYECKOro TMPOCTPAHCTBA IO CPAaBHEHUIO C  XpaHEHUEM
TPaJAULIMOHHBIX YepTexel. DINeKTPOHHbIE TOKYMEHThI 'BE€UYHBI , CPOK UX JKU3HU
NPaKTUYECKU He OTPaHUYEH.

Pe3epBHOE KOMMpOBaHUE COAEPIKUMOTrO JIEKTPOHHOIO apXuBa uepTexen
U BBEJCHME aBTOMATU3MPOBAHHOW CHUCTeMBl JOCTyNa K UHGpOpMaluu
rapaHTHpPyeT COXPaHHOCTh JOKYMEHTOB.

4. IIpocmoii docmyn Kk uepmedicy u 1eeKocmb e20 nepeoayil

[Ipouecc moucka U MpoOCMOTpa YepTekel 3HAUUTENbHO IMPOLLE, €CIU OH
BbinosiHeH B CAIIP. YepTexx MoxxeT ObITh NepelaH 3JEeKTPOHHBIM CIIOCOOOM B
MO0y TOYKY CTpaHbl WM TI0 BCEMY MHpY, TOT/Ia KaK TBEp/Ible KOMHH (YepTexH
Ha Oymare) mOTpeOYIOT IJIsi 3TOro JHM M Heaeldw. Pe3ko ympormaeTcs
TUPaXXUPOBAHUE EKTPOHHBIX YEPTEXKE.

5. [{ugpposvie dokymernmosr MOTYT COAEPKATh TUMIEPCCHUIKUA HAa CBSI3aHHbBIC
C HUMH MaTepHalbl, 3BYK, BUJIEO U T.I.

6. B cospemenHvix ycnoeusx ~MHOTHE OpraHU3alld, OCOOEHHO
MHOCTpaHHblE, He TNPUHUMAIOT OyMa)kHble KOMMM KOHCTPYKTOPCKOIA
JOKYMEHTaLUH.

CALS - TEXHOJIOTUH



DTanbl )KU3HEHHOTO [IUKJIA U3ENIHS U AeSITENbHOCTD 10 UX pealn3aluu

CoBpeMeHHBIN 3Tan pa3BUTHUSL NPOU3BOACTBEHHBIX CHII XapaKTepU3yeTCs
BBICOKMM YPOBHEM KOHKYPEHLUMHU MEXAYy NPOU3BOAUTENAMU. |J1aBHBIM
HampaBJeHMeM B KOHKYPEHTHOM OopbOe CTaHOBHUTCS HE CHH)XEHHe
ce0ecTOMMOCTH MPOAYKIIMH, a TOBBIIIEHHE ee KayecTBa M MaKCHUMallbHOe ee
COOTBETCTBUE KOHKPETHBIM TPEOOBAaHUSIM KOHKPETHOTO MOTPEeOUTESI.

Oranbl ku3HeHHOoro mwkima (OKI[) w3menuss W nHeATEIBHOCTh 1O HX
peanuzanuu

OTanbl )KU3HEHHOTO OUKIIa I[GHT@J'IBHOCTB

3aMbicen U IPOeKTHpoBaHue | MapKeTHuHT
dopmupoBanue nopTdens 3aKka3oB

HpOI/I3BOI[CTBO HJ'IaHI/IpOBaHI/Ie IMPpOU3BOACTBA
OpFaHI/IBaLII/IH IMPpONU3BOACTBA
Ol'[epaTI/IBHOC YIIpaBJICHUEC ITPONU3BOACTBOM

DKCIuTyaTanys i pEMOHT XpaHeHue

COmIT

Ob6ecneuenne u MTOATBEPKICHUE
COOTBETCTBHS W3S 3aJaHHBIM
XapaKTepUCTHKAM

CepBucHoe o0ciTy)KuBaHUE

Vrtunnzanus JleMoHTax
[lepennaBka
3axopoHeHue

[Tpomeccsi, obecrieurBaroIne KU3HEHHBIN LUK u3zIenus,
COMPOBOXKAAIOTCS ~ MOIIHBIMU ~ MH(GOPMALIMOHHBIMU W MaTepuajbHBIMU
noTokamu. JlJis UX U3y4eHHUs U yIpaBIeHUs! CIIy>KUT JIOTHCTHKA.

Jloructuka — Hayka 00 ympaBieHHMH HMH(POPMAIMOHHBIMH U
MaTepualbHbIMU MOTOKAMHU.

Nudopmanus 06 nznennn mno 3tanam ero KL

Becb 06beM nHpopmannu 06 W3ETUN MOXHO paclpefeNuTh Mo dTanam
€ro KMU3HEHHOIO LIMKIIA.

1. Koncmpykmusnvie oOannvie 06 uzdenuu (K/JH) — COBOKYIHOCTB
MH(GOPMAIIMOHHBIX OOBEKTOB, MOPOXKIAEMBIX B MpOLECCe MPOCKTUPOBAHMUS
uznenusi. ComepxaT CBeICHUs] O COCTaBe W3/elvs, O TeOMETPUUYECKUX MOJIETISX
u3zienusi, 00 OTHOILICHUSIX KOMIIOHEHTOB B CTPYKType M3IeNusi, O JOIMycKax Ha
W3TrOTOBIICHUE JieTaNel U T.1.

2. Texnonoeuuweckue  OaHHble 00  uzdenuu  —  COBOKYITHOCTH
MH(GOPMAIIMOHHBIX OOBEKTOB, TMOPOXKIAEMbIX Ha CTaJMM TEXHOJIOTHYECKOM
MOATOTOBKM MPOMU3BOACTBA M ACCOLUMHUPOBAHHBIX C€ KOHCTPYKTOPCKHUMH
naHHeIME 00 w3menuu. CopepkaT CBeJeHHs] O CIoco0ax W3TOTOBIICHUS M
KOHTPOJII HW3/eNMs W €ero KOMIIOHEHTOB, ONUCaHWE MAapLIPyTHBIX U
ONepalMOHHBIX TEXHOJOTUI, HOPMbI BpEMEHHU U pacxoja Marepuaia U T.[.

3. Ilpouzéoocmeennvie OanHvle 00 uzdenruu — COBOKYITHOCTD
MH(POPMALIMOHHBIX O0BEKTOB, MOPOXKIAEMBIX B TIpollecce MPOU3BOJCTBA,



accoruupoBanHas ¢ KJIM. Conepxut cBeieHHs] O cTaTyce KOHKPETHBIX
DK3EMIUISIPOB M3/EHUS U €r0 KOMIIOHEHTOB B IPOW3BOACTBEHHOM IiMKJIe (cepus,
HOMEp CEpHUH, JlaTa MPOU3BOCTBA, MECTO XPaHEHHUS).

4. JlanHvie o kauecmee u3zdenus — COBOKYMHOCTb HMH(OPMAIMOHHBIX
00BEKTOB, TMOPOXJAEeMbIX TPHU BBIMOJHEHUHM BCEX BHUAOB KOHTPOJIS,
accounuunpoannas ¢ KJIWM. Conepxxutr nHdopmaiuioo o CTerneHd COOTBETCTBUS
KOHKPETHBIX DJK3eMIUIIPOB W3JeNUs ¢ ero KOMIIOHEHTOB 3aJlaHHBIM
TEXHOJIOTUYECKAM  TpeOOBaHMSAM, TpeOOBaHUSM CTaHAAPTOB W JIPYTUX
HOPMaTHBHO-TEXHUYECKUX JOKYMEHTOB.

5. Jlocucmuueckue OauHble — COBOKYIHOCTh HWH(OPMAaLMOHHBIX
00BEKTOB, TOPOXAAEMBIX B TIpollecce MPOSKTHUPOBAHUS W TPOU3BOICTBA.
ConepxuT cBeleHUs, HEOOXOIWUMBIE NJii WHTETPUPOBAHHON JIOTUCTHYECKOM
MOJICPKKM W3MIETUsT Ha TOCTIPOU3BOANTENBHBIX CTAIUSX JKU3HEHHOTO ITMKJIa
U3 JIeTIHSI.

6. OxkcnamyamayuouHvie OaHHble 00 u3z0eauu — COBOKYIHOCTH
MH(GOPMAIIMOHHBIX OOBEKTOB, cojepXkallas HeoOXOAWMbIe CBEIeHUs s
opraHu3alyi OOCITYKMBaHUsI, pEMOHTa U APYTrUX NEeWCTBUM, 0OecrieunBaroOnnx
paboTOCIIOCOOHOCTD U3EIHS.

Heob6xomumMocTh ~ yBSI3KM ~ OTPOMHOIO  KOJIMYECTBA  Pa3HOPOIHOM
nH(OpPMAIIMK BBI3BAIO K JKW3HU HOBYIO WH(MOOPMAITMOHHYIO TEXHOJIOTHIO —
CALS-rexHomoruto.

Ao66peBuatypa CALS

Pacmmdposka CALS MeHsiiach co BpeMeHeM.

1985rox — Computer Aided of Logistics SuppoAKromaTn3npoBaHHbIE
JIOTUCTHYECKHE CUCTEMBI)

1988 rox - Computer Aided Acquisition and  Support
(ABTOMAaTH3MPOBAaHHBIE TIOCTABKHU U MOEPIKKA)

1993 rox - - Computer Aided Acquisition and Life-Cycle Swpp
(ABTOMATH3AIMS HEMTPEPBIBHBIX TTOCTABOK U )KM3HEHHOTO IIUKJIA)

1995rox — Commerce At Life Speedifznec B BEICOKOM TeMIIe)

Onpenenenue 2. [lon CALS-TexHonorueld moHMMaeTcsl MPUHIUITHATBHO
HOBas KOMIIBIOTEpHAsT CHCTeMa DJJIGKTPOHHOTO  OINMHUCAaHUS  IPOIECCOB
pa3paboOTKH,  KOMIUIGKTAIlMH, TPOW3BOJCTBA,  MOJEPHM3AIUU,  COBITa,
DKCIUTyaTallil, CEPBUCHOTO OOCTYXXWBaHWS W YTUJIU3ANWH TPOIAYKITUU
BOEHHOTO, TPaXXIaHCKOTO U JBOMHOTO Ha3HAYCHUSI.

Ha3znauenne n o61actu npumenennss CALS — rexnouoruii
CALS-texHonornn mnpegHa3Ha4YeHbl A TPUMEHEHUS B Pa3IUYHbBIX
o0JacTax:
* B IIPOM3BOJICTBE MPOMBIIUICHHOW MPOAYKIUH;
* 0aHKOBCKOI IesITebHOCTH;
* 3]paBOOXpPaHEHUU,;
* CTPOUTENHCTBE U T.n.



s obecrnieyeHus B3aWMOIIOHUMAaHUs pa3pabOTUMKOB, MOCTABIIMKOB
MaTepuaioB M KOMIUICKTYIOIIMX W3JeNuid, U3roTOBHUTENed U MOoTpeduTeneit
NPOAYKIWU, TPUMEHSIOINX CHCTeMbl JJIGKTPOHHOTO oOOMeHa JaHHBIMH,
pa3paboTaH KOMIUIEKC MEXIyHapOoaHbIX cTaHaapToB 1o CALS-TexHomorusmMm.

CyuiecTBytolie ceroHs B MPOMBILIIEHHOCTH TEXHOJOTHU OTHOCATCS K
onpenenenHbiM dTanaM K[ (koHCcTpynpoBaHue, pa3paboTKa TEeXHOJOTHH,
IUTAaHUPOBAaHKME TMPOM3BOJCTBA W T.I.). [IpH 3TOM OTCYTCTBYeT BO3MOXXHOCTH
WH()OPMAITMOHHOTO B3aMMOJIEUCTBUSI MEXIy HUMH. Bo3HUKarolue mpu 3TOM
W3JIepKKUA 3amaJHbIMA  aHajguTukamu oreHuBarotcs s CIHIA B mecsaTtku
MUJUTHOHOB JIOJIJIAPOB B TOJI.

Buenpenne wMexnayHapomasix crtamaptoB 1o CALS-texHomorusm
MO3BOJISIET HWHTETPUPOBATh B OJHY CHUCTEMY KOMIUIEKC MaTephuajbHBIX |
WH(DOPMAITMOHHBIX TTOTOKOB, CYIIECTBYIOIMX Ha BCEX 3TamaxX >XU3HEHHOTO
LUKJIA.

Konnenuust CALS-rexHomoruii Ha TmiepBOM dTame ee pa3paboTkKu
3aKiovanach B YHU(PUKAUUU U OOBEIUHEHUU PA3HOTUITHBIX KOMITBIOTEPHBIX
CeTell MPOMBIIIJIEHHBIX KOPIOpAIUil ¢ eNbl0 CO3/aHusl II00aNIbHOW CUCTEMBI
3aKyMOK M MaTepHalIbHO-TEXHUYECKOTO0 CHA0XeHHs, WCIONb3yeMOl TMpH
CO3JJaHUU  CIOXKHOW  MAIIMHOTEXHUYECKON MpOAYKIMH, B TOM 4YHUCIE
BOOPY)XKEHUSI ¥ BOSHHONW TEXHWUKHA. B Xoje BBIMOJHEHUS MPOTPaAMMBbI
peanu3ammun CALS-rexHonoruii ee mepBOHAYAIbHBIN 3aMbICeN CYLIECTBEHHO
TpaHCHOPMHUPOBAJIICS W B HACTOSIIEe BpeMs TPEBPATWICS B WHCTPYMEHT
KOMITBIOTEPHOTO TPOEKTUPOBAHUS, IPOW3BOJICTBA, TMOCTABOK, JKCILTyaTaIluu
CIIOXHBIX TEXHUYECKUX W3JeNUi, a Takke MPO(MIAKTUYECKUX U PEMOHTHBIX
paboT B mporiecce X dKCILTyaTaIuy.

Omna w3 ocHoBHBIX uaed CALS — 5T0 BO3MOXHOCTH BKJIFOUEHHS
OMMCaHUsl BCeX BUJOB W3JENUN B €UHYIO OOIIYI0 CTPYKTYpPY, AOIYCKAIOIIYIO
00paboTKy pa3jIMYHbIX TUIOB JaHHBIX M MOPOXKIEHHBIX MPOU3BOIHBIX
OINUCAHUMN CBOWCTB U3EJIMK B OTOM €UHON CTPYKTYypE.

CoBpeMeHnHble HanpaBieHus pa3Butus CALS

B nacrosiee Bpemsi B CALS BbIZIeNSIOT clienyroline HarpaBieHUs .

METO/Ibl aHaIM3a OU3HEeC-TIPOLECCOB;

METOJbI U CPEJICTBA MapajuIeIbHOTO TPOSKTHPOBAHHSI;

TEXHOJIOTHH JIOTUCTUKH,

MpaKTUYECKOe UCTIOJIb30BaHUE TeXHOIOTHI MHTepHeT;

AIEKTPOHHAS IOKYMEHTAIINS Ha U3JIelne;

nH(popMaImoHHas 6e301MacHOCTb;

YHUDUIMPOBAHHAS MOJIENIb U3/IeNUS OT MMPOSKTUPOBAHUS JI0 YTUIU3AINH
(ISO 10303-STEP);

IOpUNYECcKre BOTIPOCHI UH(}OPMAIIMIOHHOTO B3aMMO/IeHCTBHUSI
MIPENIPUATHNA.

Ileau ncrionp3oBanust CALS-rexHom0rnii;

cokpaienue 3atpart Ha peanuzanuio KL B nenowm;

noBbIlIeHne 3(PEeKTUBHOCTU U COKpallleHHe 3aTpat B OM3Hec-Tpolleccax;



MOBBIIIIEHUE KOHKYPEHTOCIIOCOOHOCTH M PBIHOYHON NpPUBJIEKATEIHHOCTH
MIPOM3BOIUMOMN MPOAYKIINH;
CO3JIaHKe MPEANOCHIIOK ISl COXpaHEeHUS ¥ PaCIIMPESHUS PHIHKOB COBITA.

Cranpaptel CALS

OcHoBHOI cTpaterueit paspabotku u BHeapenuss CALS sBnsercs
Co3JlaHNe eMHON WHIyCTpUabHON MH(POpPMAIMOHHOW WHMPacTpyKTypsl. [lpu
OTOM TIPUOPHUTET OTAaeTcs pa3paboTKe MEeXIYHApOJHBIX CTaHAApTOB,
MOATOTOBKA U MPUHSATHE KOTOPHIX MPOBOAUTCS Yepe3 MK TyHAPOTHBI KOMUTET
no crargaprusamuu (ISO). 3aTtem >TH CTaHZAPTHI ANANTHUPYIOTCS B KaXIOM
rocy/apcTBe Ha 3aKOHOAATEeIbHOM YPOBHE.

Tl CTaHIAPTOB!

1. ®yuknuoHandpHble ctaHmapthl (OC) — ompeAenstoT Npolecchl U UX
B3aMMOCBSI3H, HCXO/Isl U3 IeJIeBbIX MOTpeOHOoCcTel onb3oBatenns. @C BKIIOYAOT
onvcaHusi UHPOPMAIIMOHHOTO CO/IepKaHusl mpoieccoB (QyHKIMIT) KOHKPETHBIX
npoOJieMHBIX — obyacteit, dopmupyromux TpeboBaHus K HWHOpMaLNH,
HEOOXOIMUMOM ISl peali3alliy STHX MPOIECCOB.

[Tpumep. MIL-HDBK-99 - «PykoBoacTBO 1O Mporpamme IMpUMEHCHHS
KOMIIBIOTEPHOTO ~ OOecriedyeHus] W TEXHOJOTHYECKOro  00OpYIOBaHMSI
MuHHCTEepcTBa 000poHE» (CIIIA).

2. Texunueckue crangaptel (TC) — mpemnararoT oOmuidi HaObOp MpaBUIT
s uudpoBoro ooMeHa HHGOpMaIUy.

[Tpumep. ISO 96601 MIL-SID-1840B.

3. Nndopmanmonnsie cranmaptel ynpasienus (MCY) — mator oOmiee
ompeseneHrne WHOOPMAITMOHHBIX AIEMEHTOB, aTPUOYTOB, OTHOIIICHUH, 3aIUTHI
JAHHBIX U JOCTHKAMOCTH JTaHHBIX.

[Tpumep. SGML, STEP, CGM.

Crangaptel CALS oOecrieunBaroT eanHOE TIpeACTaBlIeHUE TEKCTa,
rpadvku, THPOPMAIIMOHHBIX CTPYKTYP M JAAHHBIX O MPOEKTe, MPOU3BOACTBE U
conpoBoxkieHnu. Takxke CALS-cranmapThl obecriednBarOT eauHbIN UHTEpdeiic
K WH(GOPMAIIUU TPUKIIATHBIX IIPOTPAMM.

STEPerangapt nis onucanus JaHHBIX 00 U3IETUN

C cepenunbl 80X rogoB MHOTHME CTpaHbl BelW M BenyT B pamkax |SO
paboThI MO CO3/IaHUIO0 MEXIYHApOJHOTO CTaHIApTa IO OMMCAHUIO, Iepeaade u
XpaHEHWIO JaHHBIX 00 W3MeJInu, a TaKXke MPOTPaMMHBIX HWHCTPYMEHTOB,
o0ecrneunBaoIINX MOAAePKKY TAaKOro CTaHAapTa.

Hawnnydiiee perienne B 3Toii 001acTy peain30BaHo B GyHIaMEHTAIbHOM
craanapre CALS-ISO 10303 eodurnmansaoe HazBanue STEP — Standart of
the Exchange of Product model data).

[lenp craHgapTa — MPENOCTaBUTh HEUTPAIbHBIA MEXaHW3M OIHMCAHUS
JaHHBIX O TIPOAYKTE Ha BCEX CTAUSIX €T0 KU3HEHHOTO ITHKJIA.

Ha cerogusmnunii near STEPoGecnieunBaeT obmen nndopmaimeit
mexay CAD/CAM cucremamMu W CHUCTEMAMH yIpPaBIEHHS MPOEKTaMH U
OXBaThIBACT:
C TOYKH 3pEHHS TEXHOJIOTUH — MEXaHO00pabOTKY M IEKTPOHUKY;



¢ Touku 3peHus 3tanoB XKL —stam npoekTHpoBaHuUs;

C TOYKHM 3pEHHS OMHUCAHHUS CBOKMCTB W3IeNus — reometputo (hpopmy u
pasMepal).

OcHoBHbIMU KOMTIOHeHTamu STEPsBnstoTces:

A3pik  EXpress - sto  s3bIKk  MHGOPMAIMOHHOTO  MOJCIMPOBAHUS,
npeaHa3HAYCHHBIH Il OMHCAHMUS CTPYKTYpbl WH(MOPMAIMOHHOW MOJAETH |
HaKJIaIbIBa€MbIX OTrpaHHYEHUH. SA3bIK oOecrieyrBaeT OIHMCaHue
WHGOPMAIMOHHBIX CYIITHOCTEH (00BEKTOB), UX aTPUOYTOB M CBS3EH.

CrangaptHeie pemeHus: — cTpyktypa ¢usndeckoro ASCII-daiina nns
XpaHeHUs MOJIeJIH (TaK Ha3bIBaeMbIii «OOMEHHBIN (haiiin).

bazoBrle WH(MDOpMaNMOHHBIE MOJEIN — TOTOBble EXPresscxemsr s
pa3HbIX MPUKIATHBIX oOyacteit. [ crenuanbHBIX MPHIIOKEHUH MOTYT OBITh
pa3paboTaHbl CBOM CXeMBbI, U Takas paboTa B pamkax |SO BeneTcst TOCTOSHHO.

YIIPABJIEHHUE ’)KU3HEHHBIM HUKJIOM U3 AEJINUA

PLM, Product Lifecyle Management

VrhpaBneHue OKMU3HEHHBIM  LMKJIOM  u3zaenus. JlaHHBIA — TepMHH
UCIIONIb3yeTcsl NI OOO3HA4YeHWs TIpollecca YMpPaBIICHUS TIONHBIM ITUKIOM
W3JIeNs - OT ero KOHIICTIIUH, Yepe3 TPOSKTHPOBAaHWE W TIPOU3BOJCTBO JI0
MpoJaX, MOCIeNPOAaXHOTO 00cmyKuBaHus U yTuinzanuu. PLM - ato HabGop
BO3MOKHOCTEH, KOTOpbIE MO3BOJISIOT MPEANPHUITHIO d(PPEKTUBHO OOHOBIATH
CBOM TPOAYKTHl W peJieBaHTHBIE YCIYId Ha TPOTSHKEHWH TIOJIHOTO Ow3Hec-
uukia. PLM - 3To oauH u3 detbipex KpaeyroibHbIX kamHell B UT-cTpykType
JTFO00TO TIPOU3BOACTBEHHOTO TMpeAnpusTrHs. BceM KoMIaHUsSM HEOOXOIUMO
yMeTh paboTaTh ¢ KJIMEHTAMH U MOCTaBIIMKAMHU, a TaKXe yIpaBliATh pecypcamu
npeanpustds. B gononHeHwe K 3TOMY MAaIIMHOCTPOUTENBHBIM KOMIIAHUSM
HEeoOX0IUMO yMeTh pa3pabaTbiBaTh, OMUCHIBATh, YIPABIATh U PACIPOCTPAHSTh
nHopManuio 06 ux u3genusax, 1 yero Hy)xkHo PLM. KitoueBbie KOMIOHEHTBI
PLM - »10 ympaBienwe maHHbIMH 00 usnenuu (cm. PDM), coBmecTHOe
IPOEKTUPOBAaHUE U3/IeNUs, YIIPaBlIeHUe MPOU3BOACTBEHHBIMU MPOLECCAMHU.

Bueapenne PLM no3BoJaser:

* COKpaTWUTh BpeMs BbIXoJa u3zenus (WM ero MoAudUKaluu) Ha
PBIHOK,

* YIYYIIUTh KAUeCTBO U3ZEINHS,

* YMEHBUIUTh CTOMMOCTb MPOTOTUITHPOBAHUS,

* MOBTOPHO MCIOJB30BaTh OPUTHHANIbHBIE TaHHbIE 00 U3/IeNIUH,

* MPOBOJIUTH ONTUMU3ALUIO U3JEIHS,

* YMEHBILIUTh OTXOBI U YIIepO OKpy’Karollei cpene,

* COKOHOMHUTH Ojarojapsi TIOJHOM UWHTErpalud HHXKEHEePHBIX
MPOLIECCOB.
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