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BBepenue

B coBpeMeHHBIX YCIOBUAX, IPU HATUUYUU BBICOKOMIPOU3BOAUTENbHBIX
KOMTIIBIOTEPHBIX CUCTEM M Pa3HOOOPa3HOTO MPUKIAZHOTO MPOTPAMMHOTO
obecrievyeHus1, MOABUIACH BO3MOXKHOCTh 3aMEHUTh PYTUHHYIO PYYHYIO KOH-
CTPYKTOPCKYIO TIPOEKTHYIO paboTy paspaboTuynka Oosiee 3PpbeKTUBHBIM
(kauecTBEHHBIM, TOYHBIM, THOKUM, HAJIAHBIM) CO3/JaHUEM MOJETHU U3/e-
JIMA C TIOMOINbIO KOMITbIOTepHOM TexHUKHU. Celfyac CcyIiecTByeT JOCTaTOYHO
MHOT'0O KOMITbIOTEPHBIX CUCTEM JJis TPOCTPAHCTBEHHOTO MOJeTUPOBAHUSA
u nipoekTtupoBanusa (CAD/CAM cucrem). Oto Microstation PC, CherryCAD,
ADEM, JCAD, Kommac, 3D-Graf, AutoCAD, CITPYT, ICEM, Cmpyr, T-Flex,
ProENGINEER, AutoCAD u gp. Kaxzplii U3 3TUX IIPOTPaMMHBIX ITPOLYKTOB
MMeeT OlpeZiesIeHHYIO TPodeCcCHOHANBbHYIO HAalIPaBJIEHHOCTDb: apXUTEKTYPA,
MAaIIMHOCTPOeHMe, CTAHKOCTPOeHUe, AN3alH U T. /. BeieacTBUe 3TOro Bee
OHU 00J1aZIaI0T HEKOTOPBIMY OTJIMYUTENbHBIMU YepTaMu (MHTepdetic, 6a30-
BbIE 3JIEMEHTHI, CTIOCOOBI TOCTPOEHUS, HAOOP CTAaHAAPTHBIX HHCTPYMEHTOB,
TpeboBaHUA K 000pyZ0OBaHMI0, BHeNTHUE 3G deKTrl). TeM He MeHee B OCHOBE
Bcex CAD/CAM cucTteM JiexkaT OZHU U Te ke NpUHIUILL. CliefoBaTe/lbHO,
Hay4YUBIIHCh paboTaTh B OZIHOM MPOTPAMMHOM IMPOAYKTE, JIETKO OBIA/IETh
APYTUMU cucTeMaMu [5].

Ha coBpeMeHHOM TIPOU3BO/JCTBE MPEABSIBIAIOTCS BBICOKUE TpeOOBaHUSA
K CIEeUaInuCTaM-MalluHOCTPOUTENAM, OHU JOIKHBI 00J1a/1aTh 3HAHUAMU
B ob6sacTu MHGOPMATHUKH, KOMITBIOTEPHOW U WHXKEHEPHOU rpaduKH, TeX-
HUYecKol MexaHuku. Kpome TOro, OHU JOJKHBI peliaTh KOMILIEKCHBIE
3a/layu — yMeTh CO3/]aBaTh, PeJaKTUPOBATh U OPOPMIATH KOHCTPYKTOP-
CKYIO0 ZIOKyMEeHTAal[lI0 Ha IIePCOHAJTbHOM KOMITbIOTEpE, BBINOJHATH I'pa-
¢dudeckre M300pakeHNA TEXHUYECKUX JieTajnel, TeXHOJIOTUIEeCKOTo 060-
PYZIOBAaHUA U TEXHOJOTHYECKUX CXEM, MPOEKTHUPOBATh TEXHOJIOTHUYECKUE
MIpOIlecChl, CO37aBaTh CONPOBOAUTENBHYIO JOKYMEHTAILIUIO, PACCUUTHIBATh
TPAeKTOPHUIO ABUKEHUS MHCTPYMEHTOB /i1 aBTOMaTU3UPOBAHHOTO 000-
pyaoBaHuA. [103TOMy COBpeMeHHBIE METO/BI MOATOTOBKU TEXHUYECKOTO
MepcoHasa, a TakKe IpenogaBaresell yueOHbIX 3aBeJeHUH TTPeIoaaraioT
nHbOpMaTHU3aNNIO yueOHOTro Ipoliecca. ITU TpebOBaHUS HAXO/AT OTpaXKe-
HUe B coZiepkanuu PesepasbHOTO rocyZIlapCTBEHHOTO 06Pa30BaTEThHOTO
CcTaHJapTa JJisd CIEeUaIbHOCTEN MH)KEHEPHO-TEXHOJIOTHYECKOT0 TPOGUIII
MamuHoCcTpoeHus1. OfHa U3 OOIINX KOMITIETEHITUH JIsi TOU TPYIIIIBI CIIEIH-
aJIbHOCTEN — WCIIOIB30BaTh MHGOPMAIIMOHHO-KOMMYHUKAIIIOHHBIE TEXHO-
JIOTUY B MPOQeCCHOHATBHON eI TENbHOCTH.

CreranucT B 0061aCTH MallMHOCTPOEHUs, TIPEMoaBaTesb Mpodeccro-
HaJbHOM 06pa3oBaTeNbHON OpPTaHU3AIMY J0KeH 001a1aTh TaKXXKe KOMIIe-
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TEHI[USMH, COOTBETCTBYIOIINMH OCHOBHBIM BHZAM €ro MpodeccHoHaNIbHON
ZIeATeNbHOCTH, CPeAU KOTOPhIX!:

— yMeHHe UCIO0Jb30BaTh CTaH/JapTHBIE CPeCTBA aBTOMATU3allUU IIPO-
eKTUPOBAHMUA TIPU MIPOEKTUPOBAHUH JleTalel U y3JI0B MAIIMHOCTPOUTENb-
HBIX KOHCTPYKIIUM B COOTBETCTBUU C TEXHUYECKUMU 3aJaHUAMU;

— CMmocoOHOCTh pa3pabaThiBaTh TEXHOJOTUYECKYIO U MIPOU3BO/ICTBEH-
HYI0 JOKyMEeHTaIMIO C UCII0Ib30BaHNEM COBPEeMEHHbBIX MHCTPYMeHTaIbHbIX
CPeaCTB.

Ot TpeboBaHUA 06eCIEYNBAIOTCS OCBOEHHEM aBTOMATU3WPOBAHHBIX
KOMITbIOTEPHBIX KOHCTPYKTOPCKO-TEXHOJIOTMYECKUX cucTeM. [Iprdem Ha mpo-
HU3BOJACTBE CHUCTEMBI aBTOMAaTHU3UPOBAaHHOIO NpoeKkTupoBanusa CAD/CAM
ITUPOKO TMPUMEHAIOTCA JJII aBTOMATU3alUU KOHCTPYKTOPCKO-TEXHOJIO-
rUYeCKOU MOATOTOBKYU MpOou3BoAcTBa. OHU 00eCcneYnBaloT eJUHYIO MOJ-
JIEP’KKY BCETO IUKJIA pa3paboOTKU, HAYMHAS OT 3CKU3HOTO MTPOEKTUPOBAHUS
U 3aKaH4MBadA MOATOTOBKOMN IIPOU3BOACTBA, UCIIBITAHNEM U COIIPOBOXK/E-
HUEM, IIPeJ0CTaBIASI BO3MOXHOCTb COKPATUTh CPOK BHEJAPEHUA HOBBIX
u3Zieuil U oKasblBadA CylleCTBEHHOEe BIUAHMNE Ha TeXHOJIOTHIO POU3BO/-
CTBa, MMO3BOJIASA IOBBICUTh KaYECTBO W HAZIEKHOCTh BBIITYCKAa€MOU MPOAYK-
1M, YTO, B KOHEYHOM CYETE, OTPEESIET ee KOHKYPEHTOCITOCOOHOCTh [1].

Taxum 06pa3oM, COBpeMeHHbIE CHCTEMBI CIIOCOOHBI 06eCIIeYNTh aBTOMa-
TU3UPOBAHHYIO MO//IEPIKKY PAabOTHL CIEMATMCTOB Ha BCEX CTAAUAX IIPOEK-
TUPOBAHUA U U3TOTOBJIEHUS MPOAYKIUU. B 1aHHOM yJeOHUKe MPUBEEHBI
OCHOBHBIE CITIOCOOBI Pa3paboTKU KOHCTPYKTOPCKOH JIOKyMeHTAallH METOaMH
KOMITbIOTepHOU rpaduku 1 3D-MmoenupoBanus B mporpamme ADEM [6].

OreuecTBeHHas pa3paboTKa — UHTErPUPOBAHHAA KOHCTPYKTOPCKO-TeX-
Honoruueckasa cucrema ADEM CAD/CAM/CAPP npumenserca B Poccun
B adPOKOCMUYECKOH OTpaciu, ABIAETCA OCHOBHOU B IIPOU3BO/CTBE BEPTO-
JIETOB, a TaKXKe KCIIOJIh3yeTCs HA MHOTUX MAITUHOCTPOUTENBHBIX TIPEATIPHU-
ATUAX, B TOM YHCJIe B 0OOOPOHHOM KOMILIEKCE, 33/leliCTBOBaHA B IIPOTPaAMMe
MO UMIIOPTO3aMeIleHUI0 TporpaMMHoro obecrnedenus (I10). OToT BeI6GOD
I obydyeHus: 000CHOBaH ee QYHKIIMOHAIbHOCTBIO /I PENIeHUs BCETO
KOMILIeKca yueOHbIX 3a/1a4, peKOMeH/yeMbIxX deZiepaJbHbBIMU CTaHJapTaMu
JI7I1 YKa3aHHBIX CHeI[HalbHOCTEN, U JOCTYITHOCTBIO Kak /A IIperozaBaTe-
JIel, TaK U I CTYZEeHTOB. [IpudyeM «CTyZeHdYecKas» BepCcrs 3TON CUCTEMBI
ABJIAETCS CBOOOJHO pacIpoCcTpaHAeMOH, YTO 00JieryaeT ee UCIIOIb30BaHUe
B PEXXHME CaMOCTOSTENbHOMN PabOThI /IJIs1 CTYAEHTOB B IOMAITHUX YCIOBUSIX.

[ToaroToBKY OyAyIIMX CIIEIMATHMCTOB MAIIMHOCTPOEHHSA B 0bOyacTH
HCIIO/Ib30BaHUA NHGOPMALIMIOHHBIX TEXHOJIIOTUH B TPOPECCUOHANTBHON Zles-
TeJIbHOCTU MOXXHO pa3zie/IUTh Ha STallbl — IepBUYHbIe 3HaHUA IPUMeHeHUA
rpaduyeckoro peZilakTopa s BBHIIIOTHEHUA TEXHUYECKUX PUCYHKOB [8],
OCBOEeHHeE ITOpsA/Ka pa3paboTKH KOHCTPYKTOPCKOH JOKYMeHTaH (aHHBIN
y4eOHHK), [To/lydeHre 3HaHUM 110 pa3paboTKe TeXHOJOTUYECKOH JOKyMEeH-

I Ipukas Muno6pHayku P® ot 03.09.2015 N¢ 957 «06 yTBepkaeHuu degepasbHOrO
roCyZapCTBEHHOTO 00pa30BaTeIbHOIO CTAaHZAPTAa BhICIIEr0 0Opa30BaHUA 10 HAMPABIEHUIO
mozAroToBky 15.03.01 MammmHocTpoeHue (YpoBeHb GakaniaBpuaTa)».
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taruu (mozaynb ADEM CAPP), ocBoeHUe aBTOMAaTU3UPOBAHHOM MTOATOTOBKU
YIIPaBAAIONINX TPOTPAMM /i1 060PYOBAHUA C YUCIOBBIM TTPOrPAaMMHBIM
ynpasinenueM (UITY) (ADEM CAM). V3ydeHue nopsAgKa BbIIIOJIHEHUA KOH-
CTPYKTOPCKOU AJokKyMeHTanuu B Momyine ADEM CAD mpeaycmaTpuBaeT
OCBOEHME IIPUEMOB HMHKEHEPHON KOMITbIOTEPHOU rpadpyKu 1O aBTOMATHU-
3UPOBAHHOM pa3paboTKe KOHCTPYKTOPCKOM JOKYMEHTAI[UU B COOTBETCTBUU
¢ TpeboBanuamu ECK/I. [IpuBe/ieHHbIe B y4eOHUKE CBeIEHUSA TTO3BOJISIOT
MTOJTyYUTh 3HAHUSA IIPUMeHeHMs TpapuIeCcKOro PeJaKTopa AJIs1 BhITIOIHEHUS
KOHCTPYKTOPCKOM ZIOKYMEHTAIIMK B paMKaX y4eOHBIX AUCITUILTUH «Malu-
HOCTPOUTENbHOE YepueHue», « IHKeHepHas rpaduka», « THPpopMaImoHHbIE
TEXHOJIOTUU B IPOU3BOJCTBEHHOU AeATeNbHOCTH» U AP.

CozeprkaHyie KHUTH YCIOBHO COCTOUT M3 IBYX YaCTEM — TEOPETUIECKOT0
paszesa v IIpakKTUKyMa. B TeopeTrnyecKol YacTu IoJpoOHO U3/IararoTcs CBe-
JIEHUsT 0 BO3MOXKHOCTsX rpadudeckoro moayasa CAD, npuBeZeHHass UHPOP-
Marus MoJKpeIUieHa OMMCcaHueM TIOPS/AKA CO3IaHUS TeOMETPUIECKUX 00h-
€KTOB B CHUCTeMe, IMpaKTU4Yeckue AeUCTBUA OTPaKeHbl B WLIIOCTPAIIUAX,
nocjieZloBaTeIbHO OTPaKaIOIIMX 3TAlbl IPOeKTUpPOBaHUA. [Ipyu ocBoeHUHU
3TOM YaCTH KHUTU Y CTYAEHTOB IPOUCXOAUT POPMUPOBAHUE TaKUX KaTEro-
puyii mpodecCuoHaTbHBIX KOMIIETEHIIMIH:

3Hamo

— kJacesl 1 BuzAbpl CAD 1 CAM cucteM, UX BO3MOXKHOCTUA U HPUHITUATIBL
YHKIIMOHUPOBAHMUS;

— COBpeMeHHbIe MHGOPMAIIMOHHBIE TEXHOJIOTHUU, UCIIOIb3YEMBIE B ITPO-
M3BOJCTBE U 0O6pa3oBaHUy;

— IPUHIMIIBI CO3IaHUs IUIOCKUX M 00beMHBIX Moesieli B rpadUuecKux
pellakTopax KOMIbIOTEPHBIX CUCTEM;

ymems

— HCIIOJMIb30BATh COBpeMEHHbIE NHPOPMAITMOHHO-KOMMYHUKAIMOHHEIE
TEXHOJIOTMH B IpoIlecce TPOM3BOACTBEHHOM 1 00pa3oBaTebHOM [eATe b-
HOCTHU.

B xHUTY BKJIIOUEH pa3zesl MPaKTUKyMa II0 CO3aHUI0 KOHCTPYKTOPCKOM
ZokyMeHTanuu B mogysne CAD nporpammbel ADEM. CTpykTypa IIpakTUKyMa
pa3paboTaHa B COOTBETCTBUU C PEKOMeHAaNUIMU MeXAyHapOAHOTO TeH-
Tpa pa3sBUTHUSA MOAYJIbHOU cCHCTeMBI 00ydeHusA (poeKT MexAyHapoAaHOMH
OpraHM3alliy TPy/Ja) A/ MOATOTOBKM YYeOHBIX MOCOOMM AJis1 Tpodeccu-
OHAJBHOTO 06Pa30BaHUA U COCTOUT U3 AEBATH YIeOHBIX dJIEMEeHTOB [4].
B aTOM paszesne, ¢ y4eToM HapacTarollei CI0KHOCTH, pa300paHbl TPUMEPHI
BBITTOJIHEHUA rpadrUIeCKUX U300paKeHUH U MPUBE/EHBI 3aJaHUs JIsT CaMO-
CTOSITEJTbHOHN PabOTHI.

[Tpu 0CBOEHUH 3TOM YaCTH MOCOOUS Y CTYAEHTOB MMPOUCXOAUT GOPMHUPO-
BaHUe TaKUX KaTeropuii mpodeccroHaNIbHBIX KOMITETEHIINI

3Hamo

— BUAH onepanuii HaZ 2D u 3D-06beKTaMu, OCHOBBI MOZIETPOBAHUS
10 CeYeHUAM U MIPOEKLUAM;

— CITOCOOBI CO3/IaHUA U BU3yaTn3al[il aHUMHUPOBaHHBIX CIIEH;



ymMemb

— MPOBOJUTH PAaCUYeT U MPOEKTUPOBAHUE JleTalel U y3JI0B MalIUHO-
CTPOUTENBHBIX KOHCTPYKIMI B COOTBETCTBUM C TEXHUYECKUMU 3aJaHUAMU
Y MCIIOJIb30BaHUEM CTaHJAPTHBIX CPEJCTB aBTOMAaTHU3AI[UU TPOEKTUPOBa-
HUSA;

— MOJEIPOBaTh TEXHUYECKHE OOBEKTHI U TEXHOJOTMYECKHE TTPOIIECCHI
C WCTOJTh30BAHUEM CTAHAAPTHHIX ITAKETOB U CPEJCTB aBTOMAaTHU3UPOBaH-
HOTO MTPOEKTUPOBAHU;

— opopMIATh 3aKOHUYEHHBIE MPOEKTHO-KOHCTPYKTOPCKUE PabOTHI
C TIPOBEPKOM COOTBETCTBUS pa3pabaThiBa€MbIX MPOEKTOB U TEXHUYECKOU
JMOKYMEHTallMK CTaHAapTaM, TEXHUYECKUM YCJIOBUAM U APYyTUM HOPMaTHB-
HBIM ZIOKyMEHTaM;

enadems

— pa3paboTKO¥ KOHCTPYKTOPCKOM JOKYMEHTAIIMH U TPOEKTUPOBAHUEM
TEXHOJIOTUYECKHX IIPOIECCOB C MCIIOJb30BAHMEM IAKETOB MPHUKJIAHbBIX
[IpOrpaMM.

VuebHble 3aHATHS 110 OCBOEHUIO ITPOTPAMMBbI ITPOBOAATCSA B KOMITbIOTED-
HOM KJjiacce, pabourie MecTa KOTOPOTO OCHAI[eHbl MOHUTOPaMU pa3MepoM
He MeHee 21 fioiiMa, a TaKyKe MyTbTUMEIUNHBIMU CPEACTBAMU ISl TEMOH-
cTpanuu y4yeGHOro MaTepuaia. V3jaoxeHrne HOBOro MaTepuasa COIpOBO-
JKIaeTcsa JeMOHCTpalel paboThl B MporpaMMe Ha ZIeMOHCTPAITMOHHOM
9KpaHe, ¢ KOMMEHTapUAMHU MPeIoJaBaTesis M0 KaKJA0OMy pa3oBOMY Jeii-
cTBuUto. JIIsT ToKa3a paboThl ¢ KJIaBUATyPOil Ha 1eMOHCTPAI[HOHHBIN dKpaH
BBIBOUTCS €€ BUPTyajabHOE M3obpaxkeHue. [IPUHIIUIT OCBOEHUs HOBOTO
MaTepuajga — «Iejail Kak si». [IpernosaBareib Ha dKpaHe JeMOHCTPUPYET
BBITIOJTHEHUE TOTO WX MHOTO MMOCTPOEHMUS, a CTYAEHT [TOBTOPSIET 3TH JeH-
CTBUSA Ha cBoeM paboyeM MecTe. [0 9TOMY IPUHIUITY U H3Jaraercsa yueb-
HBIII MaTepHal B TIOCOOUH.

ABTODBI BEIpaXKaIoT HAZIEXKY, UTO pa3paboTaHHbIE U allpOOUPOBaHHBIE
B y4eOHOM Ipollecce MeTOAUYeCKre pa3paboTKU, U3T0KEHHbIE B 3TOU
KHUTEe, He TOJIHKO IOBBICAT KOMIIETEHTHOCTb CTYAEHTOB, HO ¥ MMOMOTYT
MperofaBaTe/IsAM B PellleHUU BaKHEUIIUX MeJaroruueckux npobieM mpu
MTOATOTOBKE OyAyIIHNX KBaMUPUIIMPOBAHHBIX CIIEIINMATUCTOB /JIT METAJLI0O0-
6pabaThIBaIOIIEl OTPAC/IH, a TAKXKE CTAHYT MOJIMHHBIM UCTOYHUKOM BJOX-
HOBEHUS U TBOPUYECKOTO TIOMCKA B IIPOdeCCHOHATHHOM eI TeNbHOCTH.



OcHOBHble onpeaeneHuns

ECK/] — Exunad cucteMa KOHCTPYKTOPCKOM JOKYMeHTalluu, epedeHb
TpebGOBaHUIi U TPaBUJI BBITTOJHEHUS KOHCTPYKTOPCKOH JOKyMEHTAIUH.

ECT/] — ExuHas cucTeMa TeXHOJOTHYeCcKol JTOKyMeHTaluu, repedeHb
TpeOGOBaHUIi U TPABWI BHIMIOJHEHUS TEXHOMOTUIECKOH JOKYMEHTAIIHH.

AKCOHOMempuueckast Npoekyus — BUJ HAVIAZHOTO U300pakeHUs 00b-
€KTa [IpU [IapaUuleJIbHOM IIPOeIMPOBAHUN.

Bud — uzobpakeHre 0o6pallleHHON K HabJloJaTe o BUAUMON 4acTu
MMOBEPXHOCTU OOBEKTA.

I'nagHblii 6U0 — OCHOBHOM BUJ IpefiMeTa Ha pPOHTATbHOM IIOCKO-
CTH TIPOEKITNH, AAONNii Haubosiee MOMHOe TIpe/icTaBieHre o GopMe U pas-
Mepax npeAMeTa, OTHOCUTEIbHO KOTOPOT'O pacIojaratoT OCTaJbHbIe BUZBI.

Jemanu — w3gennusa, U3roTOBJIEHHBIE N3 OAHOPOAHOrO II0 HAUMEHOBA-
HUIO U MapKy MaTepuaia 6e3 mpuMeHeHUs] COOPOYHBIX OIlEpaIlUii.

Hzomempuueckoe uzobpaxceHue — HarIAAHOe U300pakeHUe MPOCTPaH-
CTBEHHOU QUTYDHI Ha IJIOCKOCTH, BBHIITOJTHEHHOE TI0 MPaBWIaM YepUeHUs
C OZVHAKOBBIM HMCKaX€HUEM I10 BCEM TPEM OCAM.

Macwumab uepmexca — OTHOIIEHUE JUHEWHBIX Pa3MePOB U300paKeHU
Ha YepTexe K pa3MepaM oObeKTa Ha yepTexke. MaciTabbl yBeTUdeHUs —
2:1;2,5:1wurT a Macmtabbl ymenbiieHuss — 1:2;1:2,5u T. a.

MHoz0y20nbHUK — 3aMKHYyTasA TeoMeTpudeckas Gurypa, uMernIas Tpu
CTOPOHEI U OoJtee.

Ocesble MUHUU — SIBJISIOTCA OCIMU CUMMETPUU U U300PaXKAIOTCS MITPUX-
MIyHKTUPHOU JTUHUEHN.

OcHogHas Hadnucs — obpasyromias 4acTh rpaduIecKoro JOKyMEHTa,
Ha3bIBA€MOTO «YepPTeX». B OCHOBHOUM HA/IUCH 3aIUCHIBAIOTCI HEOOXOH-
MBIE CBEe/IeHUA KOHCTPYKTOPCKOI'O IOKYMEHTA.

IIpasunbHblil MHO20Y20/1bHUK — MHOTOYTOJBHUK, Y KOTOPOT'O BCE CTO-
POHBI U yIJIbl PABHBI.

Paspe3 — uzobpakeHue MpeaMeTa, MBICJIEHHO PacCeYeHHOTO OHOM WIn
HECKOJIBKMMHU CEeKYILIUMU IUIOCKOCTAMU, PACIOJIOKEHHBIMU MepPIeHAUKY-
JITPHO TUIOCKOCTSIM TTPOEKITNH.

C6opouHble eOUHUYbL — U3/IENTNS, COCTAaBHbIE YaCTH KOTOPBIX MO/JIEXKAT
COeIUHEHUIO MeXy coO0l Ha MpeATpUATUN-U3TOTOBUTEIE ITyTeM CO0OpOY-
HBIX Ollepaluii.

Cneyuguxayus k coopouHoMy uepmency — CaMOCTOSATETbHbBINA KOHCTPYK-
TOPCKUM JOKYMEHT, BBITIOJHAEMbIN Ha OTAENbHBIX JTUCTaX Oymaru ¢popmaTa
A4, BKIIOYAOIIMI HOMePa MO3UITNI, 0003HaUYeHUA, HANMEHOBAHUSA U KOJTH-
YeCTBO COCTABHBIX YaCTEH, BXOAAIINX B CIEIUPUITUPYEMOe U3/IeNHe.



TexHuueckuil pucyHok — u3obpakeHue ob6beKTa OT PyKH, Ha IJas,
HCII0/Ib3Y MIpaBUja MMOCTPOEHUA YePTEKHBIX TPOEKITNH.

Packa — MOBEPXHOCTb, 06pa3oBaHHAasA CKOCOM TOPLIEBOM KPOMKU MaTe-
puasa.

dopmam aucma — pasMep JUCTa KOHCTPYKTOPCKOTO ZOKYMEHTA, yCTa-
HOBJIEHO 6 OCHOBHBIX popmaToB OT A5 70 AO.

Yepmesx — n3obpakeHHe NnpeAMeToB (WIHM NpeAMeTa), BEIIOTHEHHOE
IO OTIpeZieIeHHBIM ITpaBWIaM C YKa3aHHeM pa3MepoB, MacIITaboB, cocTaBa
U T. II., OAHO3HAYHO OINpeeNAIolIe 3T PeJMeThI.

I‘eOMeTpnqecxne TE€PMHUHBbI

/Jlyea — KpuBas JIMHUs, JieXKalllasg Ha OKPY)XHOCTH M OrpaHUYeHHas
JIByMs1 TOUKaMH.

Jlomanas auHuUsL — reoMeTpudeckas GUrypa, COCTOSIIAA U3 OTPE3KOB,
[I0C/IeZIOBATEIbHO COeMHEHHBIX CBOMMHU KOHILIAMU.

MHozoyzo1bHUK — TeoMeTpuueckas GUrypa, onpezensieMas Kak 3aMKHY-
Tas JJoMaHas JTHHU.

OxpyscHOCMb — 3aMKHYTas IJIOCKask KpUBasi, KOTOPasi COCTOUT M3 BCEX
TOYEK Ha IUIOCKOCTH, PAaBHOYZAJIEHHBIX OT 3a/[aHHOM TOYKHU. JTa TOYKa
Ha3bIBAETCS IEHTPOM OKPY)KHOCTH.

Ompe30k — 4acTh IPsIMOMN, OTPaHUYEHHASA ABYMSA TOYKAMHU.

IIpasunbHblil MHO20Y20/1bHUK — MHOT'OYTOJBHUK, Y KOTOPOI'O BCE CTO-
POHBI U YIVIBI OJUHAKOBHIE.

IIpsiMOy20/1bHUK — YETHIPEXYTOJbHUK, ¥ KOTOPOTO BCE YIJIBI MIPsSIMbIe
(paBHbI 90 Tpazycam).

Cnaaiin — TUTaBHAsA KpUBas JWHUs, IPOXO/AIas Yepe3 olpee/eHHbIe
BBIOpAHHBIE TOYKH.

KomnmeepHme TE€PMUHBbI

ADEM — WHTerpupoBaHHass KOHCTPYKTOPCKO-TEXHOJIOTUYECKAsA KOM-
mpioTepHasa cuctemMa. ADEM — a66peBuaTypa U3 MepBHIX OYKB CIOB
Automatic Design Engineering Manufacturing (aBTOMaTU3MPOBaHHOE Yepye-
HUe, TPOEeKTUPOBAHUE, IPOU3BO/ICTBO).

CAD — aBTOMAaTM3MPOBAaHHAsA KOMITbIOTEPHAS CHUCTeMa I'padUIecKoro
MIPOEKTUPOBAHMUS.

CAM — aBTOMAaTH3UPOBAHHAsA KOMIIBIOTEPHAS CHCTEMA JJIs1 pa3paboTKu
YIPaBJAIONUX MPOrpaMM /jisi 000PyAOBaHUs C MPOTPaMMHBIM yIIpaBJe-
HUEM.

CAPP — aBTOMaTH3UPOBaHHAsA KOMITbIOTEPHAsI CUCTEMA /Ui pPa3paboTKU
TEeXHOJIOTUYECKOU JOKyMEHTAlN Y.

Abcontomuas cucmema KoopouHam — cucTeMa KOOpAWHAT, Ha4aio KOTO-
PO JIEXXUT B JIEBOM HIDKHEM YIUTy pabodeit 06acTy 3KpaHa.

Asmomamuueckas npugsA3ka — KHOIIKA, BKJIIOYeHHe KOTOPOU 3acTas-
JIET KypCOp «IIPUTATUBAThCS» K OIMKaWIIel XapaKTepHOU TOUKe u3o0pa-
JKEHUS WK OIVDKaANIIeMy Y37y CETKH.

Bxniadka — cTpaHuUIla AUATOTOBOM MaHeH.
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Jluanozoeas naHenb — AUAJOTOBOE OKHO (OKHO, BO3HUKALOIIEE Ha SKPaHe)
¢ BKJIQJIKAMU, UCTIOIb3yeMOE /IJIT HACTPOUKY MMTapaMeTPOB pabOTHI.

3a201080k 0KHA — CTPOKA HaJl BEPXHEH rpaHUIled OKHA, coiepsKalas
Ha3BaHUE OKHA.

3anpoc cucmembl Ha 8800 3HAUEHUIL napamempd ¢ K1dgudamypsl — IoJie
peaKTUPOBAHUSA, MOABIAIONIEECT TPU HEOOXOAUMOCTH B HIDKHEH 4acTu
paboyero moJjisi B CTPOKE COCTOSTHUS.

Humepgeiic — cuctema YHUGUIIUPOBAHHBIX CBSA3€W M CUTHAJOB, MpU
ITOMOIIIY KOTOPBIX 3JIEKTPOHHBIE YCTPOUCTBA COEAUHSAIOTCA APYT C APYTOM,
WV CBA3b YeJIOBeKa M MaIllHHBI.

KomaHnoHas kHonka (KHOIKAa) — KHOIIKA C HAZAIMMChIO Ha HEH, «Haxa-
THe» Ha KOTOPYIO obeclieurBaeT BhITIONHeHUE ieficTBUA («[lapaMeTphi»,
«OTMeHa» U T. 1.).

KonmekcmHoe meHi0o — pacKpbIBamoIleecs MEHIO, MOSABIAONeecd IpU
«Ha)KaTUW» Ha Ha3BaHWUU Ha CTPOKE MEHIO WU CTPOKAX KOHTEKCTHOTO
MEHIO.

OnopHas cemka — CeTKa Ha 3KpaHe ¢ GUKCUPOBAHHBIM PACCTOSTHUEM
MEX/Y TUHUAMU.

ITanens uHcmpymeHmos — HabOP KHOIIOK, PACIOJIOKEHHBIX 0 KpasM
JKpaHa, Ha)XaTWe Ha KOTOPhle MHUIMUPYET BBIIOJHEHHE OIlepalui
Y KOMaH[I,.

ITepexntouamenib — MajJeHbKUU OeNbIi Kpy:KodeK (BRIOOp BapraHTa)
(ma — HeT).

Packpuvlearowyuticsi cnucok — TEKCTOBOE TOJie, CHaOKeHHOe KHOTKOU
C HaIpaBJ€eHHOU BHU3 CMpenkoll.

CAIIP — cucTeMbl aBTOMAaTU3UPOBAHHOT'O MPOEKTUPOBAHUA.

Cmpoka cocmosHus — CTPOKa B HIDKHENW YacTH dKpaHa, cofieprKalias
WHCTPYKIIUY TOJTb30BATENI0 HA JalbHeHI e AelicTBrA (Ha cuHeM QOHE).

TeepdomenvHass 3D-mo0enb — MPOCTPAHCTBEHHOE M300pakeHUe
Ha 3KpaHe B BHU/Ie MOHOJUTHON MOZENN.

Illaz Kypcopa — paccTOsHUE, Ha KOTOPOEe TepeMeNaeTcs Kypcop mpu
OHOKPATHOM HaXKaTU¥ Ha COOTBETCTBYIOUIYIO KHOIKY Ha KJIaBUATYPeE.

Illaz cemku — pa3Mep CTOPOHBI OMHOM KJIETKU Ha dKPaHe.

2D — 110cKOe n300parkeHne 00beKTa, HMeIoIllee [Be OCH.

3D — mpocTpaHCTBEHHOE U300paskeHre 00bEKTa, UMEIOIIee TPU OCH.



1. BUAblI N KOMMIEKTHOCTD
KOHCTPYKTOPCKMX JOKYMEHTOB

B cootBercTBUU ¢ TpeboBanuamu ECK/l mo I'OCT 2.102—2013 ECK/]
KOHCTPYKTOpPCKHE AoKyMeHTH (K/I) moapaszaensioTcs Ha BUABI, aBTOMA-
TU3UPOBaHHAas pa3paboTka u opopMIIeHHEe YacTU KOTOPHIX OyAyT paccMo-
TPEHHI B JAHHOM y4eOHOM IT0COOUH, Cpear HUX:

— uyepmedxc demanu — AOKYMEHT, coZiepKalllnii 306pakeHre AeTanu
U IpyTHe JaHHble, HEOOXOAUMBIE /IS €€ U3TOTOBIEHUA U KOHTPOJI;

— 2JleKmpOHHAsi Modesb demanu — JOKYMEHT, COZlepyKallUuid SJIeKTPOH-
HYIO T€OMETPUYECKYI0 MOJENb JeTalu U TPeOOBaHUS K €e U3TOTOBIEHUIO
Y KOHTPOJIIO. B 3aBUCHMOCTH OT CTaAuu pa3paboTKU OH BKJIOYAET B ceOs
npeZieJibHble OTKJIOHEHHS Pa3MepoB, 1IepOXOBATOCTH IOBEPXHOCTEN U Ip.;

— cbopouHbLlll uepmesc — JOKYMEHT, COAEpKAIIUN U300pakeHue cO0-
POYHOH eMHUIIBI U IPYTHE JaHHbIE, HEOOXOAUMBIE I ee COOPKU (M3ro-
TOBJIEHUA) U KOHTPOJIA;

— 371eKMPOHHAA MOOesib cOOPOUHOTL eOUHUUbL — JOKYMEHT, COZlepIKa-
ITUH 3JIEKTPOHHYIO MeOMETPUYECKYIO MO/IETh COOPOYHOM €MHUIIBI, COOT-
BETCTBYIOIINE JIeKTPOHHBIE TeOMEeTPHUYECKUEe MO/IESIN COCTaBHBIX YacTel,
CBOICTBA, XapaKTEPUCTUKU U JPyTHe AaHHbIe, HeOOX0AUMbIe 151 CO0PKU
(u3roToByieHNs) U KOHTPOJIA;

— cneyuguxayus — JOKYMEHT, ONPEAEAIONINN COCTaB COOPOYHOU eIH-
HUIIBI, KOMIUIEKCa WM KOMILIEKTa.

JIOKYMEHTBI, B 3aBUCUMOCTH OT CTaJUU pa3pabOTKU, MOAPa3AeasioT
Ha MPOEKTHhIe (TEXHUYECKOe MPeoKeHNe, SCKU3HBINA MPOEKT U TeXHU-
YeCKU MPOEeKT) U paboune (pabodas JOKyMeHTAIUsA) B COOTBETCTBUU
¢ TOCT 2.102—2013. B aToMm y4eOHHKe pacCMaTpHUBAIOTCA pa3dpaboTka
u opopmieHrEe pabovell JOKyMeHTAIHHU.

Bce aBymepHbie (2D) K/l BBIOMHAIOTCA Kak 6ymaskubiit KJI v (wim) kKak
anexkTpoHHbIH K/I. JIOKyMeHTBI OZTHOTO BU/Ia M HAMMEHOBAHUS HE3aBUCUMO
OT BBITIOJTHEHUS SBJAIOTCS PAaBHOIPAaBHBIMHU M B3aMO3aMeHsIeMbIMU. Bce
rpaduydeckrie IOKYMEHTBI (YEPTEXHU, CXEMBI) MOTYT BBIITOJHATHCA KaK JJIEK-
TpOHHBIe YepTexu (2D) u (win) Kak 371eKTpoHHble Mozenu (3D).

[Tpu onpegenennn KoMiuieKTHOCTH K/ Ha m3zaenvs pas3iudamT OCHOB-
Hoit K/, ocHoBHOI koMmIutiekT K/ 1 mosHbIH KoMIuiekT K/I. B aToMm ydueb-
HUKe paccMaTpuBaeTcs pa3paborka ocHOBHBIX K/I. 3a 0OCHOBHBIE KOHCTPYK-
TOPCKHE IOKYMEHTHI, B 3aBUCHMOCTH OT GOPMBI BBHITIOJIHEHUSA, IPUHUMAIOT:

— A leTajeil — 4epTex AeTanu U (Wu) 3JIEKTPOHHYIO MO/IEIb /IETaNH;

— ayig cOOPOYHBIX €IUHUIl — COOPOYHBIM YePTEX U CIenudUKAIIIIO
u (W1in) 3J1eKTPOHHYIO (KOHCTPYKTUBHYIO) CTPYKTYPY U3/IeNUA B COOTBET-
ctBum ¢ I'OCT 2.053—2013.
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2. ABTOMATU3ALUA PA3PABOTKU
KOHCTPYKTOPCKOM [JOKYMEHTAL MM

ABTOMaTH3aUUA KOHCTPYKTOPCKOM IOATOTOBKU IIPOM3BO/CTBA pealu3y-
€TCA C IOMOIIBI0 KOMITBIOTEPHBIX IPOTPAMMHBIX crcTeM. OmpeendoluMu
KpuTepusaMu mnpu Beibope CAIIP /s MOATOTOBKH CIIEI[MAIHNCTa MaIInHO-
CTpouTesid B COBPEMEHHBIX YCI0BUAX, KaK IPaBUJIO, ABIAIOTCA:

— poccuiickas pa3paboTKa;

— BO3MOXKHOCTb MMPOOHOM 3KCIUTyaTallMy MPOAYKTa;

— TIOCTOSIHHAs TeXHUYecKas TOo/AepKKa pa3paboTunKaMy KOHEYHBIX
ToJb30BaTesiel He TOJMIbKO Ha CTaJUU BHEAPEHUS;

— rtubKas afjanTaiusa K KOHKPETHBIM YCJIOBHUAM MTPOU3BO/JCTBA;

— mosiHoe cooTBeTcTBUE TpeboBanuaM ECK/l u ECT/;

— HaJie)KHOe ceTeBOe pa3BepThIBAHUE U IIOJJEPKKA;

— KOMIUIEKCHBIF TIOAXOZ K PEIIeHUIo 3a1a4u OT GOpPMHUPOBaHUs 00IHKa
U3/IeTVA 0 TOATOTOBKY YIIPABJIAOIINX MPOTrpaMM /i CTaHKOB ¢ UITY, BKIItO-
Yast TIOJTHBIN KOMIUIEKT KOHCTPYKTOPCKOM 1 TEXHOJIOTMYECKOU JJOKYMEHTAIIHUM.

[MocnenHee ycioBrUe 0COOEHHO aKTYaabHO /i OyAYIIUX CIEIUATUCTOB
B 00J1aCTH TEXHOJOTUU MalIMHOCTpoeHUsa. CpeZiu aBTOMaTHU3UPOBAaHHBIX
cucteM, Takux kak ACKOH, T-Cupyt, T-Flex, ProENGINEER, AutoCAD,
ADEM U Apyrux, UCIOJb3yeMbIX B MaUIMHOCTPOEHUHU, HanboJjee MOTHO
OTBeYaeT 3TUM TpebOOBAaHUAM OTEYECTBEHHOE MpPOTrpaMMHOe obecreve-
Hue ADEM CAD/CAM/CAPP. AHanor GyHKIIMOHAJTBHOCTU MOAZOOHOIO
MIPOAYKTA MOKHO COCTaBUTh TOJIBKO M3 HECKOJIBKUX MPOPECCHOHATBHBIX
CUCTEM, HO MPU 3TOM BPs/ I MOXKHO JOOUTBHCSA TeX CUHXPOHU3AIIUM U TJIy-
OGOKOTO B3aMMOEMCTBIsA, KOTOPhIe 00ecleYruBaeT IiyO0KO NHTErPUPOBaH-
nasa CAD/CAM/CAPP-cuctema ADEM. I'pynna kKoMIaHUM ¥ TOproBast Mapka
ADEM 1poko U3BeCTHBI He TOMBKO B Poccru, HO U fjazieKo 3a ee MpeieslaMu.
Bosee nByX AecATHIETHIT KOMIIaHUSA pa3pabaThiBaeT U BHEAPSET MPOTPaMM-
HOe obecreyeHrie BO MHOTMX OTPACIAX U Ha TIPETPUATHIX MAIIMHOCTPOEHU.
Cpenu Hux Poccuiickaa camoseTocTporTenbHad Kopropauusa «Mul», [TAO
«Kommnanwms «Cyxoi», [ocymapcTBeHHbIN KocMudeckuit HIIL umenu M. B. Xpy-
HuYeBa, KoHllepH «KanalHukos», npeanpuarua ['ockopriopauuu «PocaTom»,
OAO «YenabuHckuii paguo3aBos «[1oeT» 1 MHOTUE PyTHe TPEAPUATHA.

OaWH U3 KPUTEPUEB UCIIONb3YEMOU AJI OOy4YEeHUS CUCTEMBI — 3TO
JIOCTYTTHOCTb JIJIS TIPenoJiaBaTesiell TEXHUYEeCKUX JUCIUILINH yueOHBIX 3aBe-
JeHuit u ctygeHToB. Cucrema ADEM peanusyeTcs B TpeX BapUaHTaxX — IIPo-
deccronanbHas (411 IpeANpUATHl), yuebHas (411 yIeOHBIX 3aBeJIeHNi)
U cBOOOJHO pacmpocTpaHsaeMas (A mpernogaBaTeiel U CTyAeHTOB). /[Be
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NocJjeH1e UMeIOT HEKOTOPbIe OTPaHUYEeHMA U He HCII0JIb3yI0TCA B KOMMeEP-
YECKUX LIeJISAX, HO MO3BOJIAIOT PelllaTh pa3InyHble yueOHbIE 33la9U U BECTU
KayeCTBEHHYIO MOATOTOBKY IMOJb30BaTeNel cucteMbl. CBOGOHO pacrpo-
cTpaHsAeMy0 yueOHy0 BepcHio podeccruoHanbHOM mporpaMmmel ADEM 9.0
Student MO>XHO CKauaTh Ha caiiTe KOMIIAHUU pa3paboTdynka www.adem.ru
U UCIIOJIb30BaTh €e I CaMOCTOATENIbHOU ITOATOTOBKU.

baza gannabix uszgenuit u mogynu CAD/CAM/CAE-cucTeM 0 MUHUMYMa
COKpAMIaoT BpeMA KOHCTPYKTOPCKUX paboT (CAD-paboT), pe3Ko TOBHINIAI0T
KauyecTBO KOHCTPYKTOPCKO-TEXHOJIOTUUECKOU AoKkyMeHTanuu. Kak pe3ynib-
TaT IPOEKTUPOBAHUA, BCE U3/ NIPELCTABIAITCA B 2JIEKTPOHHOM BU7E
Kak B IpUBBIYHOM 2D-dpopmaTe (B pacmevyaTke 3TO OOBIYHBIE YEPTEXKH), TAK
u B 3D-bopmare (06beMHOE M306paKeHNE), AAIONEM MACCY TTPEUMYIIECTB
BO BCeX ZianbHeNnux pabotax. B anektpouHsx 2D u 3D-bopmaTax MOTYT
OBITD MPE/ICTABIEHbI KaK U3/I€TUA B II€JIOM, TaK U OTETbHbIE JeTalu

Moayns ADEM CAD obecrieqyrBaerT:

— TpexMepHOe TBePAOTeIbHOE MOJEeINPOBaHNe;

— TpexMepHOe ITOBEPXHOCTHOE MOZEIUPOBAHNE;

— BBIIIYCK KOHCTPYKTOPCKOM IOKyMeHTaluu;

— paboTy cO CKAHUPOBAHHBIMU YEPTEKAMHU.

Ucnons3ysa ADEM CAD, M0XHO:

— CO3/IaBaTh U PEAAKTUPOBATD IUVIOCKHE U 0O'beMHBIE MOJIENH;

— UMIIOPTUPOBATH Pa3MYHbIe TUIIBI JaHHBIX U3 Apyrux CAITP-cucreMm;

— CO3/1aBaTh YEPTEKHYIO JOKYMEHTALIUIO, ClIeNUUKAIIH;

— pacnedaThIBaTh CO3JaHHYIO JOKYMEHTAIUIO U JP.

YepueHue B mozysne CAD OCHOBBIBaeTCA Ha [IByX CXeMax:

1) kaccuyeckoi cxeme Ha 6a3e MPUMUTUBOB (OTPE3OK, MPSIMOYTOJIb-
HUK, OKPY>KHOCTh, KpUBasA U T. 11.);

2) crrocoboM «KOMITbIOTEPHOTO MHXMHUPUHTa» [3, 11], Koraa nmepBoHa-
YaJbHBIM UCTOYHUKOM WHOOPMAIUU I JaJbHelIIel pa3paboTKu SBJIs-
eTcs y)Ke co3ZlaHHas WK co3ZlaBaeMas pa3paboTuYNKOM C KCITONb30BaHUEM
CBSI3HBIX KOHTYPOB U OYJIEBBIX OTlepalvii 0ObeMHasA MOJENb U3ZEUs.

[MocnegHW BapuaHT MO3BOJISET MOJb30BATENI0 ONEPUPOBATh OOBEK-
TaMu 6oJiee BBICOKOTO YPOBHS, HEXKETU OTJEeNbHBIE JYTH U OTPE3KU. B ero
pacnops:KeHUH HaxXO[ATCA TaK Ha3blBaeMble CBSI3HBIE KOHTYPHI, KOTOPbIE
MOXKHO MOAUUITUPOBATH, HE paspylIas MeJOCTHOCTH U BHYTPEHHUX yCJIO-
BUU COTPsDKEHUS.

Kpome Toro, Mo>KHO IpOM3BOAUTH C HUMHU OIlepalliy CJI0KEHUS, BBIUU-
TaHUA, JOIOJHEHUs, CO3/jlaBas HOBble KOHCTPYKUUU. MeToZ MO3BOIAET
BECTH TBOPYECKUM MOUCK Oy/yIleil reOMeTpUY B YCIOBUAX HEOIpeaeseH-
HOCTH KOHCTPYKIIUH.

O6a 3TH criocoba Bcera 0CTYITHBI KOHCTPYKTOPY, TAK JKe KaK U UX KOM-
6uHanuA. B coueTaHuu ¢ mapaMeTpu3alliel, yepyeHre B CUCTEME SIBJIS-
ercsa 30 PeKTUBHBIM MHCTPYMEHTOM /IJIS1 IUIOCKOTO M 0O'bEMHOTO MO/ENH-
poBaHuA. Peasmr3oBaH KOHTPOJIb COOTBETCTBUA T€OMETPHUU HaHECeHHBIM
pasMepaM. YepTtexu, UMnoptrupoBaHHble B ADEM 13 Apyrux cucteMm uepes
dopmatsl DXF u DWG, npro6peTaroT HOBble CBOMCTBA U MOTYT OBbITh I1apa-
METPHU30BaHHI TaK XKe, KaK U OPUTMHATIbHbIE YePTeKU CUCTEMBI.
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3. N30bPAXEHUE 2D-NPUMUTNBOB

Jlroboe rpaduueckoe n3obpakeHNe B KOHCTPYKTOPCKOH ZIOKYMeHTalNHI
COCTOUT U3 TEOMETPUYECKUX TPUMUTUBOB. [10/] TeOMETPUYECKUMU TTPUMHU-
TUBaMU [TOHUMAIOT U300pakeHUs: HanboJjiee paclpoCcTpaHeHHBIX Tpadude-
CKUX OOBEKTOB: OTPE3KU, OKPYKHOCTH, yTH, IOMaHble IMHUU U CIUIAHBI,
3aMKHYyTble KOHTYPHI, IpaBWJIbHbIE MHOTOYTOJBHUKY U T. 1. [Ipu pa3spa-
60TKe YepTelkell B COOTBETCTBUU C 33/JaHHBIMU pa3MepaMu Takxe Tpeby-
€TCs1 TOYHOE TIO3UITMOHUPOBAHUE Kypcopa MPHU CO3ZIaHUY ITUX reOMeTpUYe-
cKUX 06BeKTOB. [To[po6HOE OITHCcaHe MTOPsIKA CO3IaHUA TAKUX €JUHUIHBIX
06bekToB B Moxyiie ADEM CAD paccMoTpeHo B [7, c. 24—35].

3.1. TouHble nepemeLLeHUA NPU NOCTPOCHUAX

ADEM npenocTaBisfeT CAeAYIOIIHe CIIOCOObI TOYHOTO MO3UIMOHHUPOBa-
HUA Kypcopa — 3a/laHue KOOPAUHAT C KJIABUATYPhl U NMO3UIIMOHUPOBAHUE
C KJIaBUATYpPHl C 3aZlaHHBIM IIaromM. /JIjd MoAAEep>KKU BBIIIOJHEHUA 3TUX
JeficTBUM B mporpaMmme ecThb GpyHKUmA IIpuBsizka, KOTOpas MO3BOJISET
yCTaHaBIMBAaTh KypCcOP B XapaKTepHble TOYKU OOBEKTOB, MPUCYTCTBYIO-
1jye Ha 4epTe)ke: KOHEeUHBble TOYKU OTPE3KOB, CepeJuHy OTpe3Ka, LEeHTpP
AYTY WIN OKPY>XXHOCTH, TOYKY IlepecedyeHrsI MIPUMUTHUBOB, BCIIOMOTaTeNlb-
Hble TOUYKU U T. . [IpUBA3KYy MOXHO UCII0Jb30BaTh BO BpeMs BBIIIOTHEHUS
JI06BIX KOMaH/. [Ipy BKIIOUEHHOM peXXMMe TPUBI3KU KypCop aBTOMaTHYe-
CKU «IIPUTATUBAETCA» K XapaKTePHBIM y3/1aM, KOTOpble HaXOJATCA B paju-
yce 3axBara Kypcopa. /l1s1 yka3aHUs TOYKH IT0CJIe BBIOOPa OZHOM U3 KOMaH/
IOCTPOEeHUsA HeoOX0AUMO HaXkaThb JIEBYIO KHOIKY «MBIIIN» WIA KJIaBUILY
«I[IpoGen» 1ocie moABeAeHNsT K HYKHOI TOUKe, He cABUras Kypcop. s
peanusanuu 3Tou GYHKIUU TPeABAPUTENbHO TPOU3BOJUTCA HACTPOWKa
ee QUIBTPOB B OKHe ABTOMaTH4YecKas mpuBsaska (puc. 3.1), And 3Toro
yKa3aHueM Kypcopa U IIeJYKOM JIeBOM KHOIKU «MBILIHU» CJIelyeT OTKPHITh
rpymiy koMaHz Pe:xxuMsl nocTpoeHuu (1), HaXKaTh KHOIIKY ABTONIPUBA3Ka
(2), u Ha 5KpaHe MOABUTCA OKHO ABTOMaTHUYecKas IIPUBA3Ka.

BeiZIeTUTh HEOOXOAUMBIE /I MPOEKTUPOBAHUA XapaKTePHBIE Y3JIbI
u 3apUKCHPOBaTh BIOpaHHbIe 3HaUeHUs HakaTreM KHonku OK (3). Bxiito-
YyeHHe U BBIKJIIOYEHUE pekrMa aBTOMAaTHYeCKON IPUBA3KYU BBIIIOJHAETCA
YCTAHOBKOU WU yJjajieHeM «IITUYKW» B OKHe ABTONIpUBS3Ka (4).

Korga mpuBsska ocyllecTBleHa, TO B TOYKe NMPUBA3KU BO3HUKAET
MaJIeHbKUI MPSIMOYTONbHUK (puc. 3.2).
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Puc. 3.1

.

Puc. 3.2

TouHble nepemeujeHUs Kypcopad NO3UYUOHUPOBAHUEM C KAABUAMYPbL

€ 3a0aHHbIM WAzoM TIO OCAM KOOpAMHAT X U Y OCyIecTB/AeTcA HaKaTHeM
(1]

COOTBETCTBYIOIIMX KJIaBUII Ha Knasuarype [+ [F]F.

YTo6Kl 3a/aTh IIAT ABMXKEHHUA Kypcopa, TpebyeTcs HakaTh KIABUILY
D Ha KJaBHMaType, BHU3Y 5KpaHa IIOABUTCA CTPOKA BBOJA 3HaYeHUH. B mose
IIlar Hy>XHO BBECTH HOBOe 3HadeHHe Iara kypcopa (1) u HaaTh KHOIKY
OK wnu knasuury Enter (puc. 3.3).

1
War { /5.000000 || tron - [45.000000 |

zl [] &eTonpreazka I MCerka

I‘l 4 | )l HI\ PexHMel oTobpakeHHa }\PE)I(HMI:I NOCTPOEHWA ,‘[

x=109.4445 w=60,9004 z=0.0000 5=125.2474 u=4!

Puc. 3.3

16



[TepeMeraTh Kypcop C YCTAaHOBJIEHHBIM paHee 1IaroM MOXKHO, UCTIONb3YsI
uudposyto kiraBuaTtypy. Knasummu 2, 4, 6, 8 ¢ 3a7/aHHBIM IIaroM Irepeme-
IAI0T Kypcop BAoJb oceit X u Y Tekyleil cucTeMbl KoopAuHart, a 1, 3, 7,
9 — B/I0JIb ATBPTEPHATUBHBIX HAIIpaBlIeHUU ABMKeHuUs Kypcopa (puc. 3.4).

U+ 90 % 8)
+ (e}
W ﬁ
8 i
s SHIREE du
Y

o’
U+1s V. U-o0°
27

00
Puc. 3.4

ITpumep. /11 TOYHOTO TepeMelleHus Kypcopa B FTOPU30HTAIbHOMN IIJIOCKO-
cTi Ha 50 MM clefiyeT KypcopoM 0603Ha4YUTh Hayalo OTCYETa, HaKaTh KJIaBHIITY
N, 1 B 3TOM MecCTe IOABUTCA TOYKa 3eJIEHOTO IIBETa BCIIOMOraTeabHOro y3aa (1)
(puc. 3.5). [lanee Hy>kHO HaKaTh KIaBuly D Ha KIaBUaType U yCTAaHOBUTD B I105-
BuBIemcs noste Ilar 50, 3adukcrpoBaTh 3TO 3HaUEHHE HAXKaTHeM KiaBuly Enter;
TI0CJTe HaKaTHsA Ha KJIABUILITY C TOPU30HTAIBHOM CTPEIKO Ha KJIaBUAType YIN LU(PHI
6 Ha 11dPOBOIL KJIaBHUATYpe Kypcop IepeMecTUTCsI Ha 50 MM B TOPU30HTAIBHOM TLIO-
CKOCTH. 3adUKCUPOBATh HOBOE IIOJIO)KEHHE Kypcopa Hy»KHO HaykaTreM KiaBuiiy N,
B 9TOM MecTe [T0IBUTCSA BTOPAs TOYKA 3€JIEHOTO I[[BETa BCIIOMOTaTeIbHOro yania (2).

5

Puc. 3.5

TouHble nepemeljeHUsT Kypcopa 3adaHuem KOOpOUHAM C KAA8UANYpPbl
MOTYT OCYIIECTBIAThCS MO0 B aBCOMOTHOM cUCTEMe KOOPAWHAT, Havyauio
KOTOpPOH IpH 3amycKe IPOrpaMMbl HAaXOAUTCA B JIEBOU HIDKHENW YacTH
SKpaHa (3e/MeHbIll KBaZpaTUK co cTpeikaMu X u Y), 1160 B OTHOCUTETh-
HOU cucTeMe KOOPAMHAT, Haualo KOTOPOH € IMTOMOIIbIO HaXXaTHA KJIaBUIIN
O (J1aT.) MOYKHO pa3MeCTUTh B JTIOOOM MeCTe TTOJI YepTeka U OT HETO BECTH
OTCUET TOYHBIX IepeMellneHui 1mo ocsim X, Y u Z.

Jlna Havyasa OCyIIecTBIEHUsS TOYHBIX NEepEMENeHUN B OTHOCUTETHHOMN
cucTeMe KOOpZIMHAT CJleflyeT YyCTaHOBUTD KyPCop B HY>KHOE MeCTO Ha TIoJIe Yep-
TeXXa ¥ HaxkaTh kiasunry O (y1aT.) Ha kiaBuartype. Ha skpaHe B 3TOM MecCTe Tos-
BUTCS U300pakeHHe CTPeIoK ocell koopauHaT X u Y. JIisi COBMEIeHUs TOUKH
OTCYETa C HAYaJIOM OCEH KOOPAMHAT Hy»KHO HayKaTh Kiapuiry Home Ha ki1aBu-
aTtype, u3oOpaskeHre Ha dKpaHe IIpUMeT BH7I, [IOKa3aHHbBIN Ha puc. 3.6.

YTo65I 33/1aTh GUKCUPOBAHHOE TepeMeEIeHNEe Kypcopa B TOPU30HTAb-
HOM IUVIOCKOCTY OTHOCUTEIBbHO Havajla KOOpAWHAT, Hy>KHO HaXKaTh KJIaBUIITY
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X Ha KJaBUAType U B OTKPBIBIIEMCS ITOJIe B JIEBOM HIKHEHM YacTu dKpaHa
X abc. ¢ K1aBUaTyphl BBECTH HYKHYIO YHCIEHHYIO BEIMYUHY TOPHU30HTAIb-
HOT'O TOYHOTO TIepeMelleHus Kypcopa, ApoOHbIe Yncia BBOAATCS C IIOMO-
IIbIO IeCATUYHON ToukH (Ha puc. 3.7 — 50 Mm).

4

(o ]
»

W=

Puc. 3.6

[
 [¢
* 2 afic. = afic. =

= Britiop rpynne: |ZD TONEKD A | E[B Beitiop ana e

| | | [\ PeHMEl 0TOGPEMEHMA [}\ PEMHME! NOCTROEHHA [}\

Puc. 3.7

Janee Hy>kHO HakaTh KHONIKY OK B IipaBoii HIKHeN YacTy SKpaHa WM Kia-
Bullly Enter Ha kaBuaType, Kypcop IepeMeCcTUTCs B TOPU30HTAIBHOM HaIlpaBs-
JIEHWY Ha BBEJEHHYIO BeNUYMHY (13 TOYKU 1 B TOUKY 2). YTOOBI 3adHKCHUPO-
BaTb BHIOpAHHOE MOJIOXKEHUE Kypcopa, Hy»KHO Ha)kaTh kiaBuilty N, ¥ B 5TOM
MecTe MOABUTCA TOYKa CMHEro 1iBeTa BCIIOMOTraTeIbHOro y3ia (puc. 3.8).

=T

Puc. 3.8

AHaJIOTUYHBIM 00Pa30M BBITIOJHSIIOTCSA TOYHBIE TIEPEMENIEHUS TI0 OCIM
KOOpAWHAT Y U Z, COOTBETCTBEHHO Ha)Xumasd KjaBumu Y U Z, 3azaBasd
HY)KHBbIE YUCIEHHbIE BEJTUYUHBI TIeEpEMeIeHU U GUKCUPYS UX HaXKaTUeM
kHonku OK Ha skpane.

3.2. Co3paHmne NNOCKUX IN1IeMEHTOB

C moMoIIblo CPe/CTB CO3/laHMA IUIOCKUX 3JIEMEHTOB CO3/laeTcs IIoCKas
reoMeTpus, 0GOPMJIAIOTCA YEePTEXKU U cXeMbl. KaKABI YepTeX COCTOUT
U3 MHOXKECTBA IUIOCKUX 3jieMeHTOB. KoMaHZiHbIe KHOTIKY /IJIsl TIOCTPOEHUA
Takux a71eMeHToB OTpe3ok, [IpamoyronsHuk, OKpykHOCTH, lyra, Jloma-
Haa auHud, CiiaitH, 3aMKHYTbIN KOHTYp, KOHTyp cmiaiiH B mozyse
ADEM CAD niokasaHsl Ha puc. 3.9.
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Puc. 3.9

Ha3znaveHue ka0l KHOIIKY JIETKO OTIPe/esIAeTCA TI0 BULY reoMeTpude-
CKOM GUTYPHI M3 MUKTOTPAMMBI Ha KHOITKE. BOJIBIIMHCTBO 3JIEMEHTOB CTPO-
SITCS TIOCPEZICTBOM BBO/Ia HEOOXOAMMOTO YHCJIa OMOPHBIX TOYEK (y3JI0B).
11 HEKOTOPBIX 2JIEMEHTOB, TAKUX KaK JIOMaHas JIUHUS, 3aMKHYTBIY KOHTYP
U CIUIaliH, KOJIMYeCTBO ONIOPHBIX TOUEK 3apaHee He ormpezeseHo. /g 3aBep-
IIIEHUSA IOCTPOEHUSA TaKUX JIEMEHTOB HEOOXOANMO HaXKaTh CPEAHIOI0 KHOIIKY
«MBIIIN» WK knaBuily Esc Ha kiaBuartype. [Ipy OCTpoeHUU 3JI€MEHTOB,
HUMEIOIINX OIpe/ieJIeHHbIe aTpUOyThl (TUIT IMHUW, TUI IITPUXOBKU), 3HaYe-
HUSA KOTOPBIX OTVINYAIOTCA OT YCTAHOBJIIEHHBIX B CICTEME B JAaHHBI MOMEHT,
HY>KHBIE 3HaUYeHUA aTpUOyTOB YCTaHABIUBAIOTCA /0 Hayaja IOCTPOEHUS.

11 BBITIOTHEHUA TUIOCKOT'0 MOZEINPOBAHUSA UCIIONIb3YEeTCA HAXOAAMIAACA
B cucTeMe 6a3a JaHHBIX IJIOCKUX N300paKeHUH, TIepevyeHb KOTOPHIX YKa3aH
Ha puc. 3.10.

| |5 Nnockue 3 nemeHTE v| Q

) APXHTEKTYPHEIE ANEMEHTEI
CTIMHAPO-TIHEEMD CXEMbl

Croct

(L) KHHEMATHYECKHE Cembl

CyocT

l,i‘l OTBEPCTHA

[ MPOMBILNEHHAA 3NEKTROTEXHHES
l,i‘l CaHTexHHEA

[L2) #HMHYECKAR NPOMBILNEHHOCTE
(L3 3nekTpoTexHka

(L2 3nEMEHTE WTAMA0E H ApecchopH

Puc. 3.10

Bosee mosHOe omrcanye co3ZaHUs, pelaKTUPOBAHUS U yIIPaBIeHUA IUIO-
CKUMMU 3JIeMeHTaMU IpUBeJeHo B UCTOUHUKe [7, c. 24—35].
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4. 0bbEMHOE MOAENUPOBAHUE

K reomerpudeckoii nHpopmanuu 06 U3JeTUN NPEAbABIAIOTCA CaMble
BBICOKME TpeOOBaHUA II0 KaUYeCTBY U TOYHOCTH OTOOPa)KeHUA peaJbHOTO
o6bekTa. OcobeHHO BBICOKHE TPeOOBAaHUA K TOYHOCTU F€OMETPUIECKOTO
OIMCAHUA NPEABABIAITCA K TPEXMEPHBIM MOJEIAM, KOTOpPble 3a4acTyo
WCIIOB3YIOTCA B KaYeCcTBe MCXOZAHBIX JIAaHHBIX IIPU pa3paboTKe yIpaBiAio-
LIUX IIPOrpaMM Jjid cTaHkoB ¢ YITY.

PesynbraTtoM mpoekTHpoBaHUA ¢ ucnonb3oBaHuem CAIIP asnderca
Mo0enb — MaTeMaTH4YecKoe IIpe/icTaBIeHre reoMeTpruiecKo GpopMsl, xpa-
HHMOE B ITaMATU KOMIIbIOTepa. TpexMepHbIe MOZAENN COCTOAT U3 COBOKYII-
HOCTH B3aMMOCBSI3aHHBIX MEXY OO0 TeJl, TOBepXHOCTEH, KOHTYPOB.

PasnnualoT cieAyolye BUAbL Mozesei:

1) xapkacHble — OIHMCBIBaeMBlE HAOOPOM OTPE3KOB IPSIMBIX JHHUHI
U KpUBHIX (TpaHeii);

2) TIOBEPXHOCTHbIE — OIIMChIBaeMble HAOOPOM ITOBEPXHOCTEH;

3) TBepAOTeIbHBIE — OMHUCHIBaeMble HAG0POM Tesl (3aMKHYTBHIX 0ObEeK-
TOB, OTPaHNYEeHHBIX TIOBEPXHOCTAMU);

4) rubpugHBIe — ONKCHIBA€MbIe COYETaHHEM ITIOBEPXHOCTEH U Tell.

BosbimuHCTBO coBpeMeHHBIX CAITP mozazep>KuBaeT TUOPUAHOE MOJe-
suposanue. B cucreme ADEM peann3oBaHO MHOXXECTBO Pa3JIUYHBIX METO-
JI0B CO3ZlaHNA OOBEMHBIX Te. BOJTBIIMHCTBO OOBEMHBIX TeJ CO3JAeTCs
Ha OCHOBe Ipoduieli, HapUMep, CMelleHreM WIH BpalleHueM mpoduIs.

KomaHzHBIE KHOTIKY ITOCTpoeHUA 3D-371eMeHTOB Ha OCHOBe Ipoduei
ITpoBosioka u Tpy6a, [iBm:kenune, Cdhepa, BpaiieHue, CMelnieHue moKa-
3aHbl Ha puc. 4.1.

Puc. 4.1

KomangHble KHONIKM nocTpoeHusA 3D-371eMeHTOB Ha OCHOBeE yXKe Cylle-
crBytomux 3D-ten CkBO3HOe oTBepcTue, OTBepcTue, Vi3BaedeHue Tea,
Jo6aButh matepuasn, Ceuenus, O6osouka, Pa3genenue npecchopMsbl
IIOKa3aHbl Ha puc. 4.2.

HasnaueHue KaxZj0ii KOMaHZHOW KHOIIKU JIETKO OIpeZiesifieTcs 10 ITUK-
TorpaMMe, HaxoZdAlelca Ha KHOIIKe 3allycka KOMaH/bl.
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Puc. 4.2

JI71s1 BBITIOJTHEHUS 0OBEeMHOTO MOZIETMPOBAHUS HUCTIONIb3YETCS HaXOAIa-
sicsT B crcTeMe 0asa JaHHBIX CTaHAapPTHBIX 00bEeMHBIX H300paKeHUH, Iepe-
yeHb KOTOPHIX YKa3aH Ha puc. 4.3.

|3 3p_rocT v @

|C3)30_BonTe
ESD_BHHTH
IC5)30_Taikm

|30 _MoAwmnHHH
|30 _LUaife
330 _LLUnMAnsEK
I3 30_LUTkdTE

Puc. 4.3

Kak mpaBuio, co3ziaHue TpexXMepPHbIX 00beKTOB HaYWHAETCS C MTOCTPO-
eHUA TUIOCKUX KOHTYPOB, KOTOPBIE BIOC/IEACTBUU IIPU IIOMOIIY CIIEI[Uah-
HBIX OTIepaIluii TpeoOpa3yoTcsa B IOBEPXHOCTH WU TeJa.

CyIecTBYIOT CIeAyIONIe OCHOBHBIE TUIIBI TAKUX OIlepaliuii.

1. BeigaBauBaHue. VICXOAHBIMU JAaHHBIMU JJIS ONlepallUuy SBISIOTCSA
00pasyoIIui KOHTYP U TPaeKTOPHs. Pe3yIbTaTOM SABIAETCSA TEI0, KOTOPOE
3aHUMaeT 06beM, TOCIe0BaTENbHO «3aTOJHEHHBIN» KOHTYPOM TIPU €ro
JBWKEHUHU BZOJIb TPAEKTOPUU.

2. Bpaienwue. VcXOHBIMY JaHHBIMU JJIS OTIEPAIIUY SBJISAIOTCA 06pasy-
oMUY KOHTYP U OCh BpallleHus. Pe3yIbTaToM SBJIsIETCS TeI0, KOTOpOe 3aHU-
MaeT 00'beM, TIOCTIEZI0BATENBHO «3aIMTOJIHEHHBIN» KOHTYPOM IIPU €ro Bpalile-
HUHU BOKPYT OCH.

3. IMocTpoeHnue mMo cedeHUAM. VICXOAHBIMU JaHHBIMU SABJIIETCS Habop
CceuyeHUU. Pe3y/lbTaTOM SIBJISETCSA MOBEPXHOCTh WJIM TeJNO, 0OpazoBaHHOE
coeIMHEHNEM HUCXOAHBIX cedeHUl (KOHTYPOB).
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Bosiee mosHoe omucaHue CO3faHUsA 00bEMHBIX 3JIEMEHTOB MPUBEAEHO
B MCTOYHUKe [7 ¢. 56—69].

Cio)kHbIe 0OBEKTHI OOBIYHO COCTOSIT M3 3HAYMTEIBHOT'O YHC/IA TOBEPX-
HOCTeMN, B TAKUX CIy4asx HeOOXOAHUMO MCIIOIh30BaTh HECKOJIBKO KOHTYPOB
JUIS1 UX TIOCTpoeHUsi. KpoMe Toro, MocTpoeHue OTAeTbHbIX TeT U TTOBEPXHO-
cTell He MPUBOAUT K 0Opa30BaHUIO eINHON MOZAENH 00BbeKTa, MTOCKOIbKY
OHU He SIBJIAIOTCSA B3aMMOCBSI3aHHBIMU MEXAY COOOH. JIjisi yCTaHOBIEHUS
B3aMMOCBs3eli He0OX0AMMO COOTBETCTBYIOIINM 00pa3oM COPHEHTHPOBATh
TeJla Y TIOBEPXHOCTHU U C TIOMOIIBIO CITEITMATbHBIX OMepaIuii 00beAUHUTD
KX B OZHO IIEJIOE.

O6beHEHE T BBITTONHAETCS IIPY ITOMOIIM OyJIeBBIX oniepaluii. byse-
8ble onepayuu IPeACTABIAIOT cOOOM JTOTMYeCKHe Oepaliy Haj TeJaMH,
B pe3y/IbTaTe KOTOPBIX UCXOAHBIE Tesla IIPeobpa3yloTcs B oHO Teso. Cylie-
CTBYeT TpHU BHia OyJIeBbIX OIepaIiii.

1. OGBeguHEHNE — PE3YIBTATOM OIEePAIUU SABJISIETCS TEI0, 3aHUMAar0-
mee 06bEeM BCeX MCXOAHBIX TEJI.

2. BeryuTaHME — B JIaHHOUW OIEpaIlUU OINPeeNsAeTCs TeNI0, KOTOPOe
SIBJIIETCS B OIlepally YMeHbIIIaeMbIM U TeJIa, SAB/ISIOIINECS BEIYUTAEMbIMU.
[Tpu 3TOM pe3y/IbTaTOM SBJISETCS TENI0, 3aHUMaroIlee BeECb 00'beM yMeHbIIIa-
€MOTO TeJla, 3a UCKIYeHrneM 00beMa, KOTOPBIM 3aHNMAaJIH BhIYMTAaeMbIe
Tesa.

3. IlepecedeHure — pe3yJbTATOM OIlepallii SIBASETCA Tel0, 3aHUMalo-
1ee 06'beM, KOTOPBIN OZIHOBPEMEHHO 3aHUMAJIH BCE UCXOAHBIE TeJIa.

O6benrHeHNE MMOBEPXHOCTEH APYr C APYTOM U TBEPAbIMH TeJIaMU
OOBIYHO BBIMOTHAETCS IIPY MOMOIIYA ONepayul CONPsyceHuUs, B Pe3ybTaTe
KOTOpO# hopMHUpyeTcs IepexoHast IIOBEPXHOCTD, OCYIIEeCTBIIAIOIIAs [1IaB-
HBIU [Tepexo/l UCXOAHBIX TOBEPXHOCTEM.

Boiee mmosnHoe onucaHye onepanuii ¢ 06 beMHBIMH MOZEIAMU IIPUBEJEHO
B UCTOYHUKe [7, c. 56—65].



