KOMNbIOTEPHAS
[PADHEA
B MAIUMHOCTPOEHNHK

«UHdpa-UHxeHepus» (74)



II. H. Yuaes, K. T1. Yyaena

KOMITBIOTEPHASI TPA®UKA
B MAIIMHOCTPOEHHUHA

Yuetnux

Iloo obweii peoaxyueii npogpeccopa Il. H. Yuaesa

Mocksa Bomnoraa
«Unppa-Umxenepus»
2021



VIIK 514.18
BBK 22.151.3
Y90

Penensenrst:
TOKTOp TeXHHYECKUX HayK, nnpoeccop B. H. Cuispanyes;
JIOKTOp TEXHUIECKHX HayK, npobeccop A. II. dom

VYuaes, I1. H.

Y90 KomnerotepHas rpaduka B MAIIMHOCTpoeHuH : yueOuuk / [1. H. Vuaes,
K. IL. V4aesa ; mon obm. pex. npod. Il. H. Yuaesa. — Mocksa ; Bonorza :
Hudpa-Urxenepus, 2021. - 272 ¢. : un., Tabm,

ISBN 978-5-9729-0714-4

[IpuBeneHb! OCHOBHI KOMITBIOTEPHBIX TEXHOJOTHH 11 00eCcIieueH s aBTOMATH-
3MPOBAHHOIO IIPOEKTHUPOBAHHUSA M3AEIHI MAlIMHOCTPOSHUA. N3I0%KeHbI CBEJEHHS O
CAD/CAM-cuctemax. PaccMoTpena cTpykTypa rpaduuecKux CHCTEM IS 0beceye-
HHA TEXHOTOTHH CO3aHHA rPpaHYeCKUX M TEKCTOBBIX JOKYMEHTOB. H310KeHs! pHH-
LMIIBI KOHCTPYHPOBaHUA Ha 6a3e rpadHuecKyux CHCTeM. PacCMOTpEHBI BOIIPOCH! TeX-
HHUYECKOTo JOKyMeHToo60poTa.

Hi1a cTyIeHTOR MAIIMHOCTPOUTENBHEIX CHICHUATbHOCTEH BeeX GopM o0ydeHu .
MoskeT GBITE NOJIE3HO NPENOAABATEIAM 1 00ecTIeueH s yaeGHOro Ipouecca o HH-
JKEHEPHOH rpafuxe 1 ApYrUM OOMIETEXHUYESCKUM AUCHHMIUIMHAM, & TAKKE TEXHOJIO-
ram.

VIIK 514.18
BBK 22.151.3

ISBN 978-5-9729-0714-4 © Vuaes Il H., Yuaesa K. 1., 2021
© UzgatenscrBo «Madpa-Unxenepusn», 2021
© Odopmnenne. M3parenbcrso «Mudpa-Hrxenepusr», 2021



OI'V/IABJIEHHE

ba3oBble TEPMHHBI HHKEHEPHOH 1 KOMITLIOTEPHOH MPadUKH. ....ovvvivitinnnnen.
MPEJUCTIOBHE........cotiiiiiiiiiiiie et
Pazaen 1. OCHOBBI KOMITBIOTEPHBIX TEXHOJIOT U
MTPADHKM . coemsaspmmpomsepmmes s s sgppsag sovsamsevasenss smerssasss
I'nasa 1. BBEJEHHWE B KOMITBIOTEPHbBIE TEXHOJIOT A
T PADUIKY ti i sis nnssmnmsasmsmsins o i5is s5iss s s iem s eanssuasoaion

1.5. KomneTeHILA CTYAEHTA B BONPOCaX KOMObIOTEPHON rpaduKH ...
1.6. CBa3b Kypca KOMNBIOTEPHOH IpahHKH ¢ APYTHMH
OMCIMITHHAMM ¢ soovoniosos s s i s i R S P s gy g oses
1.7. Opranusanus yueGHOro npoliecca no KOMObIOTEPHOH rpaduxe...
Tnasa 2. OBIVE CBEJEHNA Ob ABTOMATU3NPOBAHHOM
MTPOEKTHPOBAHUY MBIEIMI ..ot
2.1, IToaroroska NpoM3BOACTBA. ABTOMATH3aLUS NPOEKTHBIX paboT...
2.2. Ucnonp30oBaHue KOMIbIOTEPHBIX TEXHONOIHHA Ha IPOH3BOACTBE. ..
2.3. Houstue 0 CAD/CAMICAE-CUCTEMAX. ..o cvienieiniiiiiiainnina
24. Ha3HayeHHE U BO3MOXHOCTH KOMIBIOTEPHBIX TEXHONOIHi B
DO URBOCTBE s s i $5.55 G045 45 75 5 SR SRS RO Pa s

2.5. Iemxenue uHGOPMAlHHU B IIPOLECCE TEXHUYECCKOH NOATOTOBKH

TIPOU3BOLCTBA H U3TOTOBIEHHS M3JEIMA. ....oivvniriirennrninninns
T'nasa 3. TTOHATHE O KOHCTPYUPOBAHWH H3JIEJUN .............
3.1. KOMIbIOTEpHBIE TEXHOJIOMHU HA MPOU3BOACTBE ..vvvvevvnnvennnen.ss
3.2. Buabl, METOABIL, 331244, TAPAMETPbL, 3Tallbl H COAECPKAHUE
TIPOSKTHPOBAHM 53 65 .55 55,566 e 555550 SRS T SRR TAEED T840 £5.65 05
3.3. Buap! 4 METOIb! aBTOMaTH3UPOBAHHOTO POEKTHPOBAHHS .........
3.4. KoMnpioTepHOE MOJEAUPOBAHHE B [IPOLIECCE TEXHHIECKOH
TIOATOTOBKY TIPOM3BOJCTBA. +..envereinnitsininneneinennrnnereneinesns
3.5. dyuxuuonHpoBanue 6a3bl JaHHBIX M NPUKIANHBIX IPOTPaMM B
CHCTEME aBTOMATH3HPOBAHHOIO KOHCTPYMPOBAHHA. ....vvvvvinnnn
I'nasa 4. CTPYKTYPA U OBECTIEYEHUE TPAOHYECKHX

4.1, Obuiue cBeZeHUA O IPADHICCKUX CHCTEMAX. ceuvverinirrsinnnenienns
4.2. T'padhrueckue CUCTEMBL, HCIONB3YeMbIe B POCCHM.........uivvene.
4.3. Crioco6b! ¥ MHCTPYMEHTSI KOHCTPYMPOBAHHS JeTancH
U COOPOK vsmms v s EREsa 0 (0 S 545 i SETS R SR s
4.4. Buapl ofecneueHus rPaQUIECKUX CHCTEM. ...uevneriermneenereann
4.5. I'padpuueckoe obecreyeHHe KOMITBIOTEPHBIX TEXHOMOIHH
(reOMETPHYECKOE MOIETHMPOBAHME). ..t \vereenrnuirienrerivniiinieneas
Tnasa 5. HOPMATHUBHASA BA3A TPAOUYECKUX CUCTEM..........
5.1. CrannapTusanus B CHCTEMaX KOMIBIOTEPHON rpaduKu. ... .......
5.2. Cranaaptsl UCO 06MEHA HAHHBIMH ....vcevveirinininininiiiiniiennn
I'naBa 6. TEXHUKA CO3JJAHUA JOKYMEHTA
B TPAGHYECKON CUCTEME .......oooiviiiniiniciiceiiniiniccecs



6.1. Hauano paGoTol B rpadiaecKom CHCTEME. .. uuvveniserernenenennnns
6.2. THIIbl AOKYMEHTOB M (DAHIIOB. .. ..iviiiiniiniieiiiicinininiiianann
6.3. OcHoBHbIe MPUEMBI PaOOTHI B IPadQHUECKHX CHCTEMAX. ...\ \evene.,
6.4. MEXAHUBM TIPUBABOK <. svv ssvws s ssssssss o5 dwssss ioasivs svassaunainis
6.5. MCIIOMB30BAHHE CETRH . v vniuvnenraiiiteinaninreraarnenenseneseeninn
6.6. ICIIOAB30BAHUE CHOBB. ... envuerneinaresiieneernanaenteenenrntnnaanns
6.7. Ha3HAYCHHE JTMHUH M LBETA. ... oeevvrnenererrernrnernrnracnanerennan
6.8. FIMIIOPT U SKCTIOPT OOBEKTOB. .. vvnenreiniiinaniciiineinenenennins
6.9. IToAroToBKa U BbIBOJ AOKYMEHTA HA MEUATD. ..uvuvrsrenennsenraenna

Pazgen I1. AIBYXMEPHOE (2D) TAPAMETPUYECKOE
MOJEJIMPOBAHUWE OBBEKTOB........ccooviiiiiiiiiiiniiiieceeen
I'napa 7. IOCTPOEHHUE 'PAOUYECKUX ITPUMUTUBOB.............

7.1. Obume cBeaenus o rpapuuecKuX IPUMHATHBAX U &ITOPUTM HX
TIOCTPOCHHMS - .euvaniiitiet it en it et etet et eentnaasseaenaraeaanas
7.2. THocTpOeHHE DAZOBEIX DTEMEHTOB. ... evueeereeerineeneinarnanneecennnns
7.3. TIoCTPOEHHE THHEHHBIX MIEMEHTOB. . ce\vvvrnanrienrnreeenenenanenenas
7.4. ITocTpOEHHE KPHBOIHHEHHDIX DNEMEHTOB .. .cviurieerencannesanannn
7.5. IlocTPOCHHNE CIIETIHATIBHBIX DIEMEHTOB. .. .e\usereeinensensnarnennsns

I'napa 8. [IPUMEPBI PELIEHIA 3ATAY HA TDIOCKOCTH. ..........

8.1. ITprEMBI CO3AAHUA 2D-00BEKTA. ...vvveeeerininrineisieerrenrinrinann
8.2. YpaBiIeHHE OOBEKTOM (3CKHBOM).....vvirenrerinniranerianarsieennns
8.3. YnpaBiieHHe H300PAMEHMEM. .. ...vveinititirniinaeriieneiiaaneenennn
8.4. PenakTHpoBaHie reOMETPHHU H CBOHCTB OGBEKTOB. .. ..cuuenene.....
8.5. HaHECCHUE MITPHXOBKH. .. ...iuiieiiriianeianinieiannniaeerncnnnsnsnssnn
8.6. Hanecenue pasMepoB H YCIIOBHBIX O003HAYEHHH. ...\ ..vvveueennnn,
8.7. [lapamMeTpu3alHsA reOMETPUUECKHX OOBEKTOB (ICKH30B) ..........

8.8. TipuMepb! BHINOTHEHUS 2D-00BEKTOB. . ..vvevirenenrsreenenerenenns

Paszen Il TPEXMEPHOE TIAPAMETPUYECKOE MOZEJTMPOBAHUE
HETAJIER M CBOPOK. ..., s
Tnaga 9. [IPUHLIATIBL CO3AAHNSA 3D-MOJENEN JETAJIEM.......

9.1, CTpykTypa npoIecca CO3AaHUS MOICTH JETAMM . ...vuvervnenrarenns,
9.2. AnropuTM CO37aHIA TBEPAOTENBHON MOAET . «.uveeveneeenennn..
9.3. PopMOOOPAZOBAHME BTTEMEHTA. . .0veeenriniurrsinraaueseseanensneenn
9.4. I06aBIECHNE FTEMCHTOB MOMCITH .. euveverrnnesraearaneseensrrenens
9.5. PerakTHPOBAHAE DJIEMEHTOB MOJEI . ... evuvvenernrnenreenernraenenns
9.6. Busyannsamus 3D-MOOETIH. ...ovvvenriininiiinneeireiceenaeniaeen
9.7. I1apaMETPH3ALMA MOIEIH .. \vvunneeniarnenanrarararnerncasseenrnns
9.8. OdopmireHHE U HCIIONB30BAHNUE MOIEI . evu'erenrrrarersrnnnsennnss
9.9. ObobuiEHHAas cXema anropuTMa co3nanus 3D-Moneny eTasu. . ..

I'masa 10. TIPOCTPAHCTBEHHBIE KPHUBbBIE 1 ITOBEPXHOCTH....

10.1. OOBEKTHAS NPUBH3KA B IPOCTPAHCTBE  «.vv'nsinanrrenenarinennaenns
10.2. TIpoCcTpaHCTBEHHBIC JIOMAHBIE H KPHUBBIC TMHHH. ... cecvvvnenarennn,
10.3. Co3ganue ¥ pelakTMPOBAHHE MOJENEH TOBEPXHOCTEH. ............
10.4. B3auMHoOe 1iepeceyeHie TOBEPXHOCTEH NCOMETPHYECKUX TEM. ...

I'napa 11. CO3JAHHUE 3D-MOJENEA TEOMETPUUECKUX TET
U YUEBHBIX HETAJIE!.......oooviiiiiii e,

11.1. HocnenosarensHoCTh co3aanus 3D-Moaeneil yueGHbIX neTanei.. .
11.2. Cozpanue 3D-Moaenei FeOMETPHUECKHX TeM. ....ucvvureennenninn.e.
11.3. Co3panue MomeneH YYeOHBIX METANEH. ... .0 vvveriieinininenananss

Tnasa 12. CO3TAHUE 3D-MOJENEV KOHCTPYKTHBHO-

TEXHOJIOTHYECKUX SJIEMEHTOB THITOBBIX JETAJIENA. .........



12.1. O6mue cBedeHHS O KOHCTPYKTHBHO-TEXHONOIMUECKUX
NEMEHTAX JETANCH 1« cuspppavssvuissmmemmmmnussinee sers snos o s wamaonens

12.2. dopmooGpa3osatie HITOHOYHBIX 1308 M UIAHLEB. ..v.vvvvuenen,

12.3. KuHemaruyeckoe hopMooOpa3oBaHHe 311€MEHTOB 10 BUHTOBOH

12.4. ®opmoobpazopaHue 3yOneB LMIMHAPHUECKUX ¥ KOHHUECKHX
SYOHATBIX KOMBC. .. vvuvireninenrneninininiieinesiusaiaraerianinenaans
Tnasa 13. IPUMEPSI CO3JIARUS 3D-MOJEJIEN THITOBBIX
D112 -8 15 (OO POTo
13.1. Co34aHHE 3D-MOACAM OTOPBL. . cevvveereriiarnenrienenninenineneaiion
13.2. Moaenyt KPeneXHBIX JETATMEH. . ovuverrnriiireiinnieniiiennnianinnn
13.3. Moaesn AeTaiiel BPALIEHHS. ... ...vvvvniiininininnniininiinnnainns
13.4. Moteny 3y0UaThIX M HEPBAUHBIX KOJEC.. o0 iuvveiineininiiiinnnnon
13.5. Mozeny Bajla~-MECTEPHH H BANA-YEPBAKA. .. .vvvvrivireeeersransen.
13.6. Mozenu KOPIYCHBIX AETATEH. .....ovvviiiiiiiininiinininnn, o g
13.7. MOJEIM LIKHBOB. . ...t ttveeencirntineeniaenistceninsnienieiaissiniens
T'nasa 14. CO3JAHUE 3D-MOJIEJIEA TOACBOPOK U CBOPKM....
14.1. Crpykrypa c6opKH ¢ OPAOK PAGOTH! [IPH CO3NAHUH €&
BUDEMOTIETIH. scvgpen irvir srsmesnasssiramssinsominstss s sss ATt Sromtats woihs sise wmpissmass
14.2. OcHoBHbie dTansl co3aauust 3D-MOAENH COOPKH......c.vvueninin,
14.3. TIpuMeps! cO3aHMs HapaMeTPHUECKUX Mozeneii noac6opox

Paznen 1V. CO3JAHUE TPAOHMYECKHUX U TEKCTOBBIX
JIOKYMEHTOB HA BA3E 3D-MOJEJIEM ...,
Inaga 15. CTPYKTYPA FPAOHYECKOI'O JOKYMEHTA.............
15.1. Crpykrypssle coctaBasioLue pabouero 4 c6opodHoro
YEPTEHEH v ovunmammarausmns o £ess SHvavuis s assua Ve £ £ (eerssmees
15.2. @opmat 4epTexa U OCHOBHAL HAXMMCD. ....veuvrrenninnenrenernennn.
15.3. MIB00PAMEHMA. .. overrineneneincitnanteiintiie et iieaneiaeriaesaans
15.4. TeXHHUUECKUE TPEOOBAHMSA. «.euenuivvnireeirinrieiinerniniianinrinenens
LT T N1 101 S SO OO
I'nasa 16. CO3JIAHUE ACCOLIMATUBHBIX M30BPAXEHUH
110 3D-MOJEJIAM. ODOPMJIEHHKE YEPTEXKA
H CTTELAGHKAIIAM. ...t
16.1. ANTOPHTM CO3AAHMA YCPTEIKA. . orvvrviraneninerrnrnrsasirrenassnne
16.2. ACCOUMATHBHDBIE BHIBL. ... .vvirieirinraitiionennnersersienmsansenie
16.3. OBuuit anropuT™ CO3AaHHUS ACCOLUATHBHOTO YEPTEXKA...........
16.4. AnropuT™ CO3JaHMA YepTexa AeTATH Ha 6aze MOJENH. ...........
16.5. Hanecenune ycnoBHbIx 0603Ha4yeHuil npu ofopmiaeHun
TEPTOHCR 5,650 855458 55,5568 50 45 4 B S A RS A o
16.6. Tlpoueypbl palOThl C TEKCTOM HA YEPTENKE....euvvrrrrrineneniseen
16.7. TaGauibl Ha YEPTEKE H B TCKCTOBOM JOKYMEHTE. ..v.vvunvenennss.
16.8. Co31aHMe CIIEUHBHKAUMM. ....c.onvsrnrarninnssnsiserencatenensas
Tnasa 17. TTIPUMEPBI CO3TAHS YEPTEXKEH
1010128 07l £ 0 ) O —————————
17.1. TIpumep co3maHus 4epTexna U aKCOHOMETPUH y4eOHOMH AeTanu...
17.2. Ilpumep co3nanusg paboyero yeprexa THIIOBOH ACTANH. ...........
17.3. TlpuMep BbINONHEHHA COOPOYHOrO YepTeka U CenUpHUKALHY
MOACOOP K v punesmspmnpgmesagrprsa g e o 5% Sems
17.4. Nlpumep BoiNONHEHHA COOPOYHOTO YEPTEXA U cnelupHKaluy
POV KTOD A s s s s SRR 5505 545 6 53 65 SOVRuesianies



Pazpen V. CAMOCTOSTEJIbHASA PABOTA CTYJJEHTOB 1

HEPCITEKTHUBBI IPUMEHEHWA U PASBUTUA UKT........ocovvnnennnnne 248
Tnasa 18. BATIAHUS JJ1S1 CAMOCTOSITEJIBHOM PABOTbI
CTYJAEHTOB U IMTPUMEP BBITIOJTHERUA ............ooviinininen. 248

18.1. 3anaHus Ansd caMOCTOATENBHOH PAGOThI CTYACHTOB. ....eu'enee... 248
18.1.1. 3aganue nepeoec « BeHTHAB 3aMOPHBID ......cuvvvnven... 248
18.1.2. 3aganue propoe «lllecTepEHHBIN HACOCH ... uvvcvnunen.. 249

18.1.3. 3ananue rpetne «IlpuBoaxoil Ban pemEHHOM nepenaun» 249
18.2. [Ipumep BoinonHeHus 3ananus « [puBOAHON Ban peMEHHOM

8581 E: L 7 PP 250

18.2.1. AnNropuT™ BBUIOTHEHHS 3aMAHHA. «.vuvenneenineneneneannns 250

18.2.2. Co3nanue 3D-Mozened AeTANCH. ......o.vvvveeniiennnnenes 251

18.2.3. Beimonuenre 3D-MOAETH COOPKH. .. ..vvvrrarrinianninnns 254

18.2.4. TlocTpoeHne COOPOUHOIO YEPTEMKA .. evvrrrrenenenenennnes 255

18.2.5. BoITOTHEHHE CIIELUMMUKALIMM . .o ..veevevreneniennennnennn. 256

I'nasa 19. IIEPCITEKTUBBI TIPUMEHEHHWSA 1 PABBUTUS KT ..... 259
19.1. Ocobennoctn npumenenus MKI' Ha coBpeMeHHOM 3Tare. ... .... 259

19.2. OcHoeHble HanpasseHust passurist UK ... 260

19.3. KomnproTepHast rpadHKa Ha HPEIIPUATHI. .. ovvveererenreerirneen 260
BAKITIOMEHWE 155 15 55 15 s ananssssss s assains SUri a5us o 55 05 25,55 £ 5008 1,808 25 4 262
ITEPEYEHD UCTIOJIb30BAHHBIX CTAHAAPTOB........ooviiievinennee. 264
CITHUCOK JTUTEPATYPDBL. ..ot 265
AJIOABUTHO-TIPEJIMETHBIN YKA3ATEID...........ccoeeiiiiiiieeeen, 267



