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Annotauust. HemsiMu aucuuruinasl «AHXeHepHas rpaduka» SBISIFOTCS pa3Bu-
THE MPOCTPAHCTBEHHOTO MBIIUICHHS, CIIOCOOHOCTh K aHAJIN3y MPOCTPAHCTBEHHBIX
(¢opM Ha OCHOBE HX TpadUIecKuX OTOOpakeHHH, MPUOOPETEHNE 3HAHUI U YMECHUH
WHXCHEPHOTO JTOKYMEHTHPOBaHUS. MoJiepHHU3aLHs CUCTEMbI 00pa3oBaHus B yueO-
HBIX 3aBEICHHSX OCYIIECTBISICTCS Ha OCHOBE HCIIOJIL30BaHUS MH()OPMAIIOHHBIX U
KOMMYHHKAIIMOHHBIX TEXHOJIOTHH C NMPUMEHEHHEM HOBBIX JJIEKTPOHHBIX HPOIYK-
TOB, PHIHOK KOTOPBIX celyac IMPOK U Pa3HOOOpa3eH.

B ycrnoBusix cerogHsIIHET0 MUPa MAacCOBBIX KOMMYHHKALUH, He-
00XOIMMOCTH YIDIOTHEHUSI OTPOMHOTO 00beMa MH(OPMAIMU U BO3-
MOXHOCTEH, MPEeIOCTaBIAEMbIX HOBBIMH MH(POPMAMOHHBIMH TEXHO-
JOTUSIMH, Tpaduyeckasl KyJabTypa oOpeTaeT pojb BTOPOH I'paMOTHO-
cta [1]. Konuenmust CALS-TexHOMOrMM, CyThl0 KOTOPOU SIBISIETCA
CO37IaHNe €MHON MHTETPUPOBAHHON MOJENN TPOAYyKTa M obecrieue-
HUE HENPEPHIBHOTO COMPOBOXKICHHSA €ro JKU3HEHHOIO LHUKIA, pac-
CTaBJISICT HOBBIC AKLEHTHI B IpagIecKoM 00pa30BaHUM HHKEHEPA.

IlocTpoeHne OTKPBITBIX pPACIpEleNeHHbIX aBTOMAaTH3HpPOBAH-
HBIX CHCTEM I MPOEKTUPOBAHUA U YIPABICHHUSA B MPOMBIIIICHHO-
CTH COCTaBJIIeT OCHOBY coBpeMeHHBIX CALS-texnomoruil. Ctpyk-
Typa IPOEKTHOM, TEXHOJIOIMYECKOW M 3KCIUTyaTallMOHHON JTOKYMEH-
TaIUH, SA3bIKM €€ MPEICTABICHUS JODKHBI OBITh CTaHIAPTU3UPOBAH-
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HbIMH. TOTJja CTAaHOBUTCS peaqbHOU ycmemrHas padoTa HaJ oOUIM
MPOEKTOM PAa3HBIX KOJUIEKTHBOB, Pa3[eIEHHBIX BO BPEMEHH W TIPO-
cTpaHcTBe W ucnonb3yromux pasnsle CAD/CAM/CAE/PDM-cuc-
TeMEI [2].

OtnenbHBIE MOIYJH 3TUX CHCTEM B paMKax OJHOTO IMpeaNpH-
ST TIO3BOJIIIOT OCYILECTBJIATH YyIpasieHHe mpoektoM (PDM-
CUCTEMBI), MH)XKCHEPHBIE pacdeThl, aHAJIN3, MOJIETMPOBAHNE U OITH-
Mu3aIuio npoekTHex pemeHuit (CAE-cucteMsl), IByX- U Tpexmep-
HOE TPOCKTUpOBaHWE neTasie u cOopounslx emuHuly (CAD-
CHCTEMBI), pa3pab0TKy TEXHOJOTHYECKHX MPOLECCOB, CHHTE3 yIpaB-
JISTFOIIUX TPOTPaMM JUIsl TEXHOJOTHYecKoro obopymoBanus ¢ UITY,
MOJCIIMPOBAHUE MPOIIECCOB 00pabOTKH, pacdyeT HOPM BpEMEHHU 00-
pabotku (CAM-cuctemsl).

Oynknun CAD-cructeM moapa3ienstor Ha GYHKIUHA TByMEPHO-
ro u TpexmepHoro npoektupoBanus [2]. K ¢ynkmmam 2D oTHOCST
YyepueHue, ohopmieHne KOHCTPYKTOPCKON JTOKYMEHTalNH; K (PyHK-
musiM 3D — monydeHHe TPEeXMEPHBIX TE€OMETPHUYECKHX MOENeH,
METPUYECKUE paCUeThl, PEAIMCTUYHYIO BH3YyalIH3allMI0, B3aHMHOE
npeobpazoBanue 2D- u 3D-mMoenei.

Cpemn CAD-cuctem paznmngaroT CUCTEMBI HHKHETO, CPEIHETO
1 BepXxHero ypoBHed. [lepBble U3 HUX Ha3bIBAIOT «JIETKUMHU» CHCTE-
MaMH, OHH OPHEHTHPOBAHBI IpEeHMyIlecTBeHHO Ha 2D-rpaduky,
CPaBHHUTEJIBHO JCHICBbI, OCHOBHOH amnmapaTHOW M1aTdopMoil s ux
WCTIONB30BAHUS SBISIIOTCS TIepcoHanbHble DBM. CructeMbl BEpXHETO
YPOBHSI, HAa3bIBaEMbIE TAKXKE «TSDKEIBIMU», TOPOTH, OoJiee YHHBEp-
CaJIbHBI, OPUEHTHUPOBAHBI HA T€OMETPHUUECKOE TBEPAOTEIBHOE U I10-
BepxHOCTHOe 3D-momenupoBanme, opopMIICHHE UYEPTEKHOH TOKY-
MEHTAllM{ B HUX OOBIYHO OCYILIECTBIIAETCS C MOMOIIBIO MpeaBapH-
TEeIBFHON pa3paboTKH TPEXMEPHBIX TeOMeTpHUIecKuX Mmomeneit. Cuc-
TEMBI CpPEIHEro YPOBHSA MO CBOMM BO3MOXHOCTSIM 3aHHMAIOT IIPO-
MEKYTOUHOE TIOJOKECHUE MEKY «JICTKUMH» U «TSKCITBIMU» CHCTE-
mamu [3].

K BaxnpM xapaktepuctukam CAD-cucteM OTHOCSTCS mMapa-
METpHU3alMsi M acCOLMAaTUBHOCTD. [lapaMeTpuzanusi moapazyMeBaeT
HCTOJIb30BAHUE TE€OMETPUUECKUX MOJIeNIel B MapaMeTpUyecKOu
¢dopme, T.e. IpH NMPEICTABICHUH YacTH MU BCEX MapaMeTpoB 00BEK-
Ta HE KOHCTaHTaMH, a nepeMeHHbIMU. [lapamerpuueckas MOZENs,
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Haxozsmascs B 0a3e NaHHBIX, JIETKO aaTHPYETCs K Pa3HbIM KOH-
KPETHBIM pean3alysM U TOTOMY MOXKET HCIIOJIb30BaThCS BO MHO-
rux npoekTax. [Ipu 3TOM NOSBISETCS BO3MOXKHOCTD BKITIOUCHHS T1a-
paMeTpUYIecKOi MOZENH NETalld B MOJIeh COOPOYHOTO y3ia C aBTO-
MaTHUYCCKUM OTpEACICHUEM pPa3MEpOB JCTaIH, JUKTYEMBIX IIPO-
CTPaHCTBCHHBIMU OTPAHUYCHHUSMU. DTH OTPAHUYCHUS B BUJEC MaTe-
MaTHYECKHUX 3aBUCUMOCTEI MEXIy YacThI0 MapaMeTpoB COOPKH OT-
paXkarT acCONMATUBHOCTH MOJICIICH.

K umcmy mupossix muaepoB B oOmactu CAD/CAM/CAE-
CHUCTEM BEpXHEro ypoBHsSI oTHOcATcA cucteMmbl Unigraphics (komma-
Husa EDS), CATIA (Dassault Systemes), Pro/Engineer (PTC).

Cucrema Unigraphics — MHOrOMOIy/ibHasi YHUBEpCATbHAS CHC-
TeMa TEOMETPUYECKOTO MOJCIUPOBAHUA U  KOHCTPYKTOPCKO-
TEXHOJIOTHYECKOTO MPOEKTUPOBAHUSA, B TOM dHCIE pa3paboTKu
00JIBIINX COOPOK, MPOYHOCTHBIX PACYETOB M MOJTOTOBKH KOHCTPYK-
TOpCKON nokymeHTauuu [4]. B koHCTpykTOpCKOM yacTu (moacucre-
ma CAD) mMeroTcs cpencTBa Il TBEPAOTEIHHOTO KOHCTPYHPOBA-
HUSI, TEOMETPUYECKOTO MOJICIIMPOBaHUS Ha OCHOBE CIIAITHOBBIX MO-
TeJie TOBEPXHOCTEH, Co3MaHus depTexkeit mo 3D-Moaenn, mpoeKTH-
poBaHHa cOOPOK (B TOM YHCIIE C COTHAMH M THICSYaMH KOMITOHEH-
TOB) C YYETOM aCCOLMATHBHOCTH, aHAIN3A JOITYCKOB U JIp.

Hpyras cuctema Bepxaero ypoas CATIA [5] mo3BomseT 3a-
Ka34HMKy T€HepUPOBaTh COOCTBCHHBIN BaPHAHT CKBO3HOTO MPOCKTH-
POBaHHA — OT CO3JAHUS KOHIETIINU H3AETHS JO TeXHOJOTHYECKOMH
MOEPKKY TPOU3BOJICTBA U TUIAHUPOBAHUS MTPOU3BOJACTBEHHBIX pe-
cypcoB. B cucreMe peann3zoBaHO MOBEPXHOCTHOE M TBEPAOTEIBHOE
3D-MonenupoBaHre W ONTUMHU3ANNS XapaKTePUCTHK m3aenuii. Bos-
MOXHBI ()OTOpEaTUCTUYHAS BU3yaJIU3alusi, BOCCTAHOBIICHUE MaTe-
MaTHYeCKON MOJIENH U3 MaTepHaibHOro Makera. Cucrema maciiTa-
oupyema. [Ipeanararorcs TUIIOBBIE KOHPUTYpAIIH, B TOM YHUCIIE Ba-
PUAHTHI IS TONTHO(QYHKIIMOHAIEHOTO CKBO3HOTO IPOCKTHUPOBAHUS
CIIOXKHBIX W3JIENHA W TPOEKTHUPOBAHHUS KOMIUICKTYIOIIUX Ha He-
OOJIBIINX U CPEIHUX TPEATPHUITHSIX.

3HauuTeNLHO JelieBie ooxonutcs npuodbperenue CAIIP cpen-
Hero ypoBHsA (cmcteMbl kommanmid  Autodesk, SolidWorks
Corporation, Ton Cuctemsr, ACKOH, UuTepmex). Bee atu cucteMbl
HMMEIOT MOJICHCTEMBI: KOHCTPYKTOPCKO-4epTexHyI0 2D, TBEpaoTE h-
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Horo 3D-mopenupoBaHUs, TEXHOJOIMYECKOIO IPOEKTUPOBAHUS,
yIpaBJIEHUs] IPOEKTHBIMU JaHHBIMH, PSJl IIOJCUCTEM HMH)KEHEPHOI'O
aHaJM3a M pacyera OTACIBbHBIX BHIIOB MAaIlIMHOCTPOUTEIBHBIX H3JIE-
JIMH, a Takke OMOJIMOTEKU TUIIOBBIX KOHCTPYKTHUBHBIX PELICHUH.

Cpenu COBpeMEHHBIX IPOTrPaMMHBIX CUCTEM KOHCTPYKTOPCKOTO
npoexTupoBaHus Gupmel Autodesk HamOosee pa3BUTBHIMH CIEIyeT
cuntath cucteMbl AutoCAD Mechanical Desktop u Inventor.

Cucrema Inventor [6] nmpenHazHaueHa A TBEPAOTENBHOTO Ma-
paMeTpUYEeCcKOr0 NMPOEKTUPOBAHUS, OPUEHTUPOBaHA Ha pa3paboTKy
OonpmKx cOOPOK C COTHSIMU U THICSYaMH AeTalel, IMEET Pa3BUTYIO
OMONMHMOTEKY CTaHIAPTHBIX IEMEHTOB. B OCHOBE CHCTEMBI JIGKUT Ipa-
dbmaeckoe sapo ACIS. TToctpoenne 3D-mofeneii BO3MOKHO BBIIABIH-
BaHMEM, BpAILEHUEM, [0 CEYCHUSIM, 10 TpaekTtopusim. 13 3D-monenu
MOJKHO noiryuntsh 2D-ueprexu u cnenudukanuu marepuaios. [loa-
Jep)KUBacTCcd KOJUIEKTUBHAs paboTa Hall MPOEKTOM, B TOM 4YHCIE
B IIpeziesiax OJHOM U TOMH ke COOpKH.

CucrteMa TBEpAOTEIBHOIO MapaMETPHUECKOI0 MOAEIMPOBAHUS
MexaHndeckux KoHcTpykuui SolidWorks (komnanmua SolidWorks
Corporation) moctpoeHa Ha rpadudeckom sinpe Parasolid, paspabo-
tanHoM B Unigraphics Solution [7]. CuHTE3 KOHCTPYKIINH HAYMHAET-
Csl C TIOCTPOEHHS OMOPHOTO Tesia ¢ TIOMOUIBIO ONEpalfii THUIA BbI-
NaBJIUBaHUS, NPOTATMBAHUS WM BpAlllEHUs KOHTypa C IIOCIEAYIO-
UM 100aBJICHNEM W/WIIN BBIYMTAHWEM TeX WIH UHBIX Ten. [Ipume-
HSETCA TEXHOJIOIHsA IPAaHMYHOI'O MOJEIUPOBAHUS C aHAIUTHYECKUM
WJIY CIUIAMHOBBIM ONHMCAaHHUEM [TOBEPXHOCTEH.

B cucreme KOMIIAC (xomnanust ACKOH) nnst TpexmepHOro
TBEPJOTEJIBHOIO MOJEIUPOBAHUS UCIOJIb3YETCS] OPUTHHAIBHOE Tpa-
¢uueckoe sapo. CHHTE3 KOHCTPYKLMH BBIMOJHSETCS € TOMOIIBIO
OyJieBBIX omnepauuil HaJl 0ObEMHBIMU IIPUMUTHBAMHU, MOJEIH J€Ta-
neil GopMUPYIOTCS IIyTEM BbIJABJIMBaHUS WU BpalllEHUs! KOHTYPOB,
MOCTPOCHUEM 10 33JaHHBIM CeYeHUsIM. BO3MOXXHO 3a7aHue 3aBHUCH-
MOCTEH MeX Iy IapaMeTpaMi KOHCTPYKLIUH, PacieT MacC-UHEPIHOH-
HBIX XapakTepucTuk. PazpaboTka MpOEKTHO-KOHCTPYKTOPCKOH MdO-
KyMEHTAllH{, B TOM YHCIIE PAa3IMYHBIX CeUU(UKALHIA, BHITIOTHSICTCS
noacucremorr KOMITAC-I'paduk. Mmetorcst OMOIMOTEKH C JTaHHBI-
MH O THUIOBBIX JETalSIX U TpapuyecKuMU H300paKEHUAMH, a TaKXKe
IIPOTPaMMBbl CIIELHUATIBHOTO Ha3sHAYeHUs (IIPOEKTUPOBAHME TeN Bpa-
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IIeHHS, MPYXUH, METAJUIOKOHCTPYKIIHHA, TPyOOIIPOBOIHOW apMmary-
PBI, IITaMIIOBON OCHACTKH, BEIOOPA MOAIIUITHUKOB Ka4eHHSI, PACKPOsI
JIUCTOBOTO MaTepuania u Jp.).

IloacucTtemMa TpeXMEpHOTO TBEPAOTEIHLHOTO MOAEITHPOBAHUS
T-Flex CAD 3D B CAIIP T-Flex CAD (Ton Cuctemsl) mocTpocHa
Ha Oase sapa Parasolid [8]. PeannzoBana aByHampaBieHHash acco-
[MATHBHOCTH, T.€. N3MEHEHHUE MMapaMeTpPOB YepTe)ka aBTOMATHIECKH
BBI3BIBACT H3MCHECHHE MTapaMeTpPOB MOEIU U HaoOopoT. [Tpu mpoek-
THPOBAaHWU COOPOK M3MEHEHHE Pa3MEPOB WM MOJIOKESHUS OTHOM ie-
Talld BEJCT K KOPPEKTUPOBKE MOJIOKEHUS APYTHX.

Mopens 3D MoxkeT OBITH MOJIy4€HA HETOCPEICTBEHHO IIO
MMEIOIIEMYCSl YePTEeXKY, UM C TOMOIIBI0 OyIIEeBbIX ONepanui, Wiu
ITyTEeM BBITAIKMBAHUS, TPOTATUBAHWUS, BPAIlEHUS IPOPUIIS, T0(THH-
ra u 1.1 llpemycMoTpeH pacder Macc-MHEPIIMOHHBIX MapaMeTpOB.
B 10 xe BpeMs MOXXHO O BHUJAM M pa3pe3aM TpeXMEpHOU Monaenu
MOJIYYUTh YEepPTEXK, AJs 4ero ucnonbsyercsa noacucrema T-Flex CAD
3D SE. [Ins mapaMeTpudecKoro MpPOSKTUPOBAHUS M O(QOpMIICHHS
KOHCTPYKTOPCKO-TEXHOJIOTHUECKON JOKYMEHTALIMU CIYXHUT MOJCUC-
tema T-Flex CAD 2D.
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