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YJK 681.3
Cocrasutens Ilerpos B.B.

Cucrema T-flex CAD. Coznanue TpexMepHBIX MOJIENIei Ha 0OCHOBE uepTexeii. JlabopaTopHas pa-
6ota Ned no mucuunnusae «lapamerpuueckoe 3D moxenupoBanue koHCTpykiuii POC» s Gakanas-
poB mo HampapieHuio noarotoBku 211000.62 - KoHcTpyupoBaHHME M TEXHOJIOTHS AJIEKTPOHHBIX
cpenctB». [Dnextponnsiid pecypce]/Coct. B.B. ITerpoB. — HI'TY, kad. KTIIII. H.Hosropox, 2014.—
14c.

[enstMu BBITIOTHEHUST TaHHOW PaOOTHI SIBISIFOTCS: MOJyY€HHE OOIIMX CBEJSCHUH O TPEeXMEpPHOM
MOJEIUPOBAHUH, IMOCTPOCHHE TPEXMEPHBIX AJIEMEHTOB Ha OCHOBE IUIOCKOTO YEpPTEXKa, OCBOCHUE
onepaurii BBITAJIKUBAHUS U BPALLICHHUS.

B pesynbrare BEIOTHEHUS JaHHOW PabOThI CTYIEHTHI MOTY4al0T HABBIKH CO3JIaHUS MTPOCTEHIIIIX
TPEXMEPHBIX MOJENEH.

Komnsrotepusiit Habop u Bepctka — [letpos B.B.

©OHITY, 2014
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LEJIb PABOTbI

_
Mony4yeHne obWMX CBEAEHUA O TPEXMEPHOM MOAENMPOBaHMK, MOCTPOEHUE TpeX-

MEePHbIX 3JIEMEHTOB Ha OCHOBE IMJIOCKOIo 4yepTexa, oCBOEHUNE onepau,wﬁ BblTalriknBa-
HNA N BpalleHNA.

KPATKUE CBEOEHUA U3 TEOPUN

OcHoBHbIe 3anemeHTbl 3D moaenen

Cucrema T-flex mo3Bossier co3naBaTh TpeXMEpHBIE MOJIEITN KaK Ha OCHOBE yXK€ CYIIECTBYIOIINX
JBYXMEPHBIX YepTekell, Tak W HEMOCPEJACTBEHHO B TPEXMEPHOM IpocTpaHcTBe. s oToOpaxeHus
TpeXMepHOU Mojenu ucmoib3dyercs okHo 3D Buma. Oxno 3D Buga BMECTe CO BCEMH TPEXMEPHBIMH
o0bexkTamu oopasyer 3D cueny.

Jlis co3maHus TpeXMEpHOW MoJenu HeoOXOAUMO HAMYHME OJHOW WM HECKOJBKHUX Padoumx
IJIOCKOCTEH, MpeHa3HAYeHHBIX JJIS 33JaHus B MPOCTPAHCTBE IOJOXKEHUS BCIOMOTATENbHBIX 3Je-
MEHTOB U CaMO# TPEXMEPHOU MOJEIH.

[lepBoHauaIbHO TpeXMEpHbIE Teja MONYYaloT MEepeMElICHHEM B MPOCTPAHCTBE IUIOCKOTO WU
IPOCTPaHCTBEHHOTO KOHTypa (3D mpodmis) mo 3amaHHON TpaeKTopuu (ONepanuu: BHITAIKHBaHHE,
BparieHue u ap.). B nannoii pabore 3D npoduiu co3aarTcst Ha OCHOBE WX MPOCKIHMIA Ha TBYXMEPHOM
YepTexe.

Crenyer 3aMeTUTb, UTO TOJIydaeMas TPeXMEpHas MOJAEIb SBISETCS MapaMeTpUYecKOn, MOCKOIb-
Ky, KaK JBYXMEpHbIE OCTPOCHHS Ha pabOUYUX IUIOCKOCTSX, TaK U CAMHU ONEpAIH CO3/aHUS U MOIM-
(UKaAIMK TeJ MOTYT YIPABIATHCS 33aHUEM KOHCTAHTHBIX 3HAUEHUH UITH ITePEeMEHHBIX.

[Ipu pabore ¢ TpexmepHOit MoenbI0 ucnoNb3ytoTess: OkHo 3D Moaenu 1 OKHO INATHOCTHKH.

Crpykrypa 3D mogmenu, otoOpakaemasi B BUJIE JepeBa B
okHe 3D Moneb, TO3BOJISET MONYYUTh MH()OPMAITHIO O COCTaBE
MOJIENIU ¥ B3aMMOJCHCTBUH €€ JICMEHTOB.

|3D Mogens o x

(& Pamiarop 20.grs
#-]) 30 MNoctpoerun

UYepes nepeBo MOAETH MOKHO MOJYYUTh AOCTYM K CBOMCT- 51153 Onepawm

BaM T€X, WJIM HMHBIX DJIEMEHTOB M oOmepanuil. 9To 0coOeHHO <@ TE%—“
4
MIOJIE3HO, €CITM COOTBETCTBYIOIIMU 3JIEMEHT HEAOCTYIEH s B )
BeIOOpa B okHe 3D Bupa. Hampumep, nocie BeimosnHeHus Oysie- @ n b
BOI1 Ollepaly BEIYUTAHKS BTOPOE TEJIO MPOTAIAET C SKPaHa. & Lo (5000007
L] Crespemga_(0
B nepese 3D moaenu MOXHO BBIOMpPATh 3JEMEHTHI, Y4acT- 1 3D Ysen_1

BYIOIIME B BBHIMOJIHEHUH OlEpanuii. DTO MOJIE3HO MPU BBICOKOH
IUIOTHOCTH 3JeMeHToB B 3D okHe, Korga Bu3yaJbHBIH BBIOOp
3aTpy/IHEH.

B oxne JAUArHOCTUKHU BBIBO-
HuarHacTuKa 2=l JATCA COO6H_ICHI/IH IIpU HECKOPPEKT-

CooBLLEHHE SneMEHT HBIX I[CﬁCTBI/I?IX IMOJIb30BaTCIIA WU

MpoekuMi He onpegenaoT 30 Touwy 15 30 ¥sen OwFFFFFFFF
Mpoekui He onpegenaioT 30 Touwy [ 30 ¥zen OxABO000RS Hva HGB?BMOX(HOCTH BHHOHHCHH?
ACUCTBUMU B CHTYy OI'paHUYCHHUU

CHUCTCMBI.

OOGwme cBeaeHUA O TpexXMepHbIX coopkax

AHAJIOTUYHO IBYXMEPHOMY MPOEKTUPOBAHMIO, T/I€ U3 TUIOCKUX YEepTeKell neTasneil co3mpaBanuch
cOOpOUHBIEC YEPTEKH, IPH TPEXMEPHOM MOJETHPOBAHNN B KauecTBE (hparMeHTa JJsi CO3IaHMs COOPKU
MOYKHO UCIIOJIb30BaTh TPEXMEPHBIE MOJICIIN JI€TAJICH.

JUist IpUBSI3KK TPEXMEPHBIX O0BEKTOB K MPOCTPAHCTBY M JAPYT K JAPYTY HCIIOJIB3YIOTCS JIOKAJb-
Hele cuctembl koopauHat (JICK). Ha BcraBmsiemom B cOOpKy (parMeHTe IOJDKHA OBITH MCXOMAHAS
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JICK, a B cOopounoii mogenu uesjeasi JICK. Ilpu BcTaBke (pparmMeHTa Havajao KOOPAWHAT U OCU
ucxonnot JICK coBmemiatorcs ¢ coorBeTcTBYOmMME 3niemeHTamu 1eneBoi JICK. Eciu B monenu
UMeeTcsl HeCKONbKO McXonHbIX U 1eneBblx JICK, To HeoOXoauMo BbIOpaTh OAHY MCXOTHYIO U OJHY
LIEJIEBYIO.

Kpome toro, B TpexMepHON MOJENN BCEra MPUCYTCTBYET MUPOBasi CUCTEMAa KOOPAMHAT, UMEIO-
I1asi Ha4aJIo0 B TOUKE TMepeceyeHns pabouux miaockocteid. OHa OyAeT MCIOIb30BaHa IS PUBS3KHU MPU
orcyrctBun B Mozenu JICK (ananorom B IByXMEpHOM MPOSKTUPOBAHUH SIBISICTCS BCTaBKa ()parMeHTa
0e3 DIIEMEHTOB TIPUBSI3KN).

Bonee noapobHO co3nanue cOOPOK M MCIOJIB30BAaHUE CUCTEM KOOPAHMHAT OyIeT pacCMOTPEHO B
nabopaTtopHoil padoTe Ne6.

YnpasneHue 3D Bngom

[Ipu pa6ore B 3D okHe, KpoMe YK€ M3BECTHBIX, UCTIOJB3YIOTCS JTOTMOJHUTEIbHBIC KHOTKHU
nageiau Buna:

O6nHO0BUTH 3D Monens. Eciiu B HacTpoiikax He 3aJlaHa aBTOMaTUYECKasi pereHeparus MoJie-
u*, U3MEHEHHUsI IPU PEAAKTUPOBAHUU BCTYIISIT B CHITY TOJIBKO MOCTIE HAXKATHS ITOW KHOTIKH.
[Tonnsiii mepecyer. [lepecuer Momenu, pparMeHTOB, TPOSKITUI U BCETO OCTAIBHOTO.

Pa3BepHyTh 110 HOpMaX BEIOPaHHYIO PaOOYYIO TIOCKOCTb.

Ctunb 0oTOOpaskeHUs ** * ***,

Touxwu B3rasaa*. [Tosopot 3D cuens! s HaOMIOAEHUS ¢ BBIOPAHHOTO HAIPABJICHHUS.

BxiroueHue nepcrneKTUBHOM MPOEKIUH.

[TapameTpsl Busa. OTKphIBaET AUAIOTOBOE OKHO CBOMCTB 3D oKHa.

Ilpumeuanusn:
* [nasnoe menio Hacmpoiixkal Yemanoexu, 3axnaoka 3D.

** Knonku, nomeyeHuvie 4epHblM mMpeyeoaibHUKOM, COOEpHCam pacKkpbl8aowuiicss Habop KHONOK.

| . |
*** Cooepoicum HabOOp KHONOK |QIﬁ o ﬁﬁé 31, U3 KOMOopwIX vawe 6ce2o UCNONb3VIOMcs 06e NOMedeH-

Hvle — Tonoeasn 3akpacka c mamepuanamu u Pebeprnoe uzoopasxcenue.

OCHOBHBIMHU BHJIaMH TIPEIICTABICHHUS TPEXMEPHBIX OOBEKTOB SBISIFOTCS: pedepHast MOJIENb U TO-
HOBas 3aKpacka ¢ Marepuaiamu. PebepHas Mojens naer ciadboe npeacraBieHne o Gopme Tena, O Ha-
KO TTOJIE3HA B TEX CIIydasx, KOTJa MPH BBITIOJIHEHUH ONepaIiii TpeOyeTcst yKazaHHe JIEMEHTOB BHYTPH
Tena. TOHOBast 3akpacka JaeT PeaTMCTHYECKOe OTOOpaKEHHE C YYeTOM XapaKTEPUCTHK Marepuasa u
YIJIOB OTpakeHus1. [Ipy Hell He y4uThIBaeTCs B3aWMHOE BIMSHUE TEN APYT Ha JIpyra — TeHH, MEPeoT-
paKeHUs, a TAaK)KEe CBOWMCTBA CPElbI — pAaCCesTHUE CBETA, TyMaH | T.I1. [y moxydeHus hortopeanncTu-
YECKOro M300pa)kKeHUsl, YUYUTHIBAIONIETO yKa3aHHbIe d(QekThl, ucnonab3yercs nporpamma 'POV-Ray
for Windows', nocrasnsiemast BMmecrte ¢ cucremoin T-flex.

Jlnst HaBurarnuu B 3D oKHE MCTIONIB3YIOT MBIIIIb.

JleilicTBHE Mbllb ¢ KOJIECHKOM Mbplib 0e3 KoJecuka

Bpamenue Ilepemenienne ykazatens Opu HaxaTol JieBOH | JIeBas KHOMKA MbIIIN
KHOIIKE

MacmirabupoBanue | Bpamienne kosnecuka (eHTp MacmrabupoBanust — | Shift+aesas kHomka MpIm
TIOJIOXKCHHE YKa3aTes)

Cnur [epemerieHne ykasaTessi mpu HaxxaroM kosecuke | Ctrl+meBast kHomka MbIn




3A0AHUE

B xone paGoThl CTyIGHTOM Ha OCHOBE YepTEKEeH JieTajeii, CO3JaHHbIX TP BHITIOJIHEHUH Jabopa-
TopHBIX padboT Nol u Ne3 OyayT BBINOJIHEHBI TpeXMepHbIe Mojenu. [Ipu BeIOTHEHNN PabOTHI ClieyeT
MPUIEPKUBATHCS U3JI0)KEHHON HIKE METOJIMKH PEIICHUs TUIIOBOU 3a/IauH.

PELUEHWE TUNMOBOW 3ALAYM

B cootBeTcTBMM ¢ 3ajaHueM, TpeOyeTcsl CO37aTh TPEXMEPHBIC MOJCIU TMPEACTABICHHBIX Ha
puc.l,6—u 2, a,0 neraneii u coopku (puc. 1,a).

® _9Q o

8) 2)

Puc. 1.[TupaMuaka —a u ee dJ1eMeHTHI §-2.

Puc. 2. [InacTuHA HAIPABJIEHHOTO OTBETBHTEJS — @, PAAUATOP - 0.

Co3pnaHue 3D moaenu nupamuakm

Co30aHue 3D modenu watibsbi

OTkpoeM YepTex 1Maidbl, CO3aHHBIA B X0/¢ JJabopaTopHOU padboThl Nel.

[TockonbKy MIIOCKUN YepTEK HUKAK HE CBSA3aH C MPOCKIIMOHHBIMHU BHJIAMH, TIEPBBIM JEIIOM HaJI0
3Ty CBSI3b YCTAHOBUTH. J[JI1 9TOTO, HA JUCTE YepTEKa MOCTPOUM pabOoUyIO MJIOCKOCTh. Tak Kak Terna
BpAIICHUS TTOJIHOCTHIO ONPECISIFOTCS OAHOM MPOESKIMEH, TOCTATOYHO OJTHOM padove MITOCKOCTH.

@ Mo ymonuaHuto, co3dasaemasi paboyasi niockocmb bydem rnpuesidaHa K epaHuyam
nucma yepmexa. losmomy, usobpaxeHue OOMKHO Haxo0umbCs 8HympuU amux apa-
Huy. Ecnu amo He mak, mo, ¢ nomouwbo KomaHOblI Hacmpolka/Pa3mepbl cmpa-
HUUbI, UBMEHUMEe pa3mepbl, UCMOMb3ys MapKepbl, osi8UBLUUECS Ha KOHMYype Juc-
ma.




B xomanne rtiaBaoro MmeHio Ilocrpoenue/Pagouas

CrangapTHee pabouwe naockocT ﬁ

IJIOCKOCTh HAJl0 BBIOPATH OMIUIO Co3garb cTanaapr-
HYI0 paGodyl0 IJIOCKOCTh. B MosBUBIIEMCS IHaIOrOBOM
OKHE HaJ0 YKaszaTh, KaKyl0 U3 IUIOCKOCTEH MBI XOTHUM
noctpoutb. YTOOBI co3maHHas pabouasi MIOCKOCTH Oblia
BuaHA B okHe 3D Mozenu, B ee CBOMCTBaX HAJ0 YyCTAaHOBUTH
nepekitouarens [lokasbiBaTh Ha 3D Buje.

IMocne monTBepKICHUS BBIMOJHEHHUS KOMaHIbl (KHOIKA ABTOMeHI0), OyneT co3lnaHa
NOKa3aHHas HUKe padouasi MIOCKOCTh. Tenepb Bce AJIEMEHTHI M300paKeHUsl BHYTPU 3€JICHON paMKu
MOYKHO PacCMaTpHBaTh KaK MPOEKLHUIO Ha 3Ty pabOUyIO MIIOCKOCTb.

.
MNapaseTpo paboued MAOCKOCTI

___________ Palfiouan MAGOMOCTE | Npeobpascaanue

Tin: [anu * | Chofl: OCHOBHOR

---1 Maowralb: Wz craTyca LigeT:

YpoBeHs: 0 + Wmus:  Cnepegwm 0

------------------- okassEaTe Ha 3D Buge || BHewHui

I MokasEsaTh INEMEHTE odoprnersan ka 30 suae

Urobs! coznate 3D npoduie, TpeGyercs 3amrpuxoBaHHas obnacte. Cy-
IIECTBYIONIAs IITPUXOBKA HAC HE YCTPAUBAET, IOCKOJIBKY MPH MOITYUYECHUH Tea
BpamenueM, 3D mpopuinb 10MKEH MOTHOCTHIO HAaXOAUTHCSA MO OAHY CTOPOHY
oT ocH BpaumieHus. [loaToMmy co3ganuMm HOBYIO IITPUXOBKY, IOKAa3aHHYIO Ha
PHUCYHKE 3€JICHBIM IIBETOM.

Teneps BbIzbiBaeM komanay Iloctpoenne/3D npopuis. HaxaB KHONKY

7
ABTOMEHIO BbIOpaTh IITPUXOBKY, BHIOMpAaeM CO3AaHHYIO IITPUXOBKY.
Ecnu BpiOpanach He Ta MITPUXOBKA, TO, HAKHUMasi B ABTOMEHI0 KHOIIKY < :

CMEHHUTE BBIOOD. 3aBepiaeM co3iaHue Mpoduist HaXKaTHEM KHOIKU .

® [lea npumeyaHus:.
1) Ha camom Oersie MOXHO bb1510 80CMOIL308aMbCS U Cyuecmayrouelt Wwmpuxos-
Kod, 3adasg yeon epaweHusi, pasHbit 180 °(da u daxe ocmasug 360 9. Ho, 8 0aHHOM
criyqyae, 803MOXHbI M060YHbIE S18ITEHUS.

F-
2) B komaHOe nocmpoeHusi 3D npogpursisi He 0b6s13amesibHO HaxKuMamb KHOIMKY .
[Npu ebibope wmpuxoeku cucmema cama coobpasum, U3 4e20 Mbl XOomum co30amb
rnpoghursib.

Jlyist Toro, 4ToOBI UMETH BO3MOXKHOCTH 3a/1aTh Ha 3D BHIle OCh BpalleHus,
Haso co3nath aBa 3D y3na (komanna [Mocrpoenne/3D y3en). B nanHom ciyuae B
3D y3en co3maercs MO OMHOW MPOEKIUH, MOITOMY, IMOCJIE BBIOOpA TOYKHU - N

pacHoIOoXKeHus, cpa3y MOATBEPXKIAEM CO3JaHHUE Yy3Ila ﬂ). 3areM CTpOUTCS ==
BTopoii 3D yzen.




YBuaeTh pe3ynapTaT Hallel ASSITeNbHOCTH MOXHO, OTKphIB 3D

okHo. [Ipomie Bcero 3To cenars MWEITYKOM 110 MaJIEHbKOW KHOIIKE B =
JIEBOM HIXKHEM YIiy pabodero okHa. B mosiBuBIIeMcs auanore Hajgo f_,f-"’D'_ f
BbIOpaTh 3D OKHO 1 HaxaTh KHONKY OK. E’ﬁepﬂﬂu, e
S
:;"/ﬁ, apo
‘:k ';ﬁb\
e ol
B nosBuBmemcs okHe BbI JOKHBI YBUAETH UTO-TO, IOXO0XKEE ; Sl
Ha PUCYHOK CIIPaBa. e
Urobb1 pabotath B 3D okHe, HaJ0 BBIOpATH €0 MICITYKOM MBI- -
I1. AKTUBHOE OKHO [TOMEYAETCsl YEPHOU PaMKOM.
Teneps MOkHO co3nats teno. s aro-
ro BOCIOJNb3yeMcs KoMmaHaoil Omepa- maTEF”E‘“-ﬂ o
[

uusi/Bpamenne. [locie BbI30Ba KOMaHJIbI
noclneaoBarenbHo BbhiOupatoTcs: 3D mpo-
¢wib u aa 3D y3na Ha ocu Bpamenus. [Ipu
KEeaHUM MOXKHO 3aMEHHMTh  Oe3NUKui
Matepuan_0 Ha apyroi, BOCIOJIb30BaB-
IIUCh, MO0 ToJeM co cnuckoM B Cucrem-
HO#i maHeJH, MO0 OKHOM CBOMCTB oIepa-
1107078

He 3a6y):[ HNOJATBEPAUTh CO3/IaHUE

v

Tea KHONKON .

Meak (c oTpameHnem)
Opanxesslid nnacTuk
Pozcesld nnacTuk h
CeeTnoe gepesn |,.:|
Cepebpo k N
Cepebpo (C oTpaseHnE
Cepebpo matoece
Cepbili nnacTve

CHHWIA nnacTuk
CupeHeBbll nnactue ™

Co30aHue 3D modesnu cmoliKu

OTKpoeM YepTek CTOMKH, CO3JaHHBIH B X0/€ JabopaTopHoil paboTsr Nel.

Croiika, kak u maitba — teno BpameHus. [loaTomy ee MOKHO ObLIO OBI CO3/IaTh IO MPEIBIAYILIEMY
anroputMy. Ho uHTepecHee monpoboBaTh apyroii myth. CTOIKa COAEPIKUT TOJNBKO IMJIMHAPUIECKUE
AJIEMEHTHI U €€ MOXKHO BBITIOJHHUTD IIyTEM BBITAJIKUBAHU MPoduiel B BUAE KPYTOB.

B nannom ciyyae motpeOyroTcsi 1B€ MPOEKIMOHHBIE MIIOCKOCTU. [103TOMY, HOCTPOMM AOMOIHH-
TEJIBHO MpsiMyto 1, koTopas OyJeT rpaHuIel pasjiena 3TUX MTOCKOCTEH.

B kxomanze mocTpoeHuss pabodMx IUIOCKOCTEH,

=l

KaKk ¥ IpH CO3JaHUM IIaif0bl, BBIOEpEM OMNIHI0 =
Co3natrp cTaHAapTHYI0 pado4yyl IJIOCKOCTH. B
JIMAJIOTOBOM OKHE YyKa)KeM, Kakue JBe IIJIOCKOCTU

TpeOyeTcss MOCTPOUThH (KHOIKA | LB Crepean  cnesa ).
[Ileq490oK MBI MO TOYKE 2 CO3/aCT BBIOPAHHBIC
IUIOCKOCTH, OIPaHUYCHHBIC CBEPXY U C OOKOB TpaHU-
namu ctpanuilpl. KoManma He TpeOyeT moaTBepiKie-
HUSL.

Ha Bux cneBa HaJ0 HaHECTH JBE OOJIACTH HITPH-
XOBKHM: BCErO OCHOBaHUS M BHYTPEHHETO Kpyra.
[Mpuuem, MTPUXOBKA OCHOBAHHUS JIOJDKHA OBITh
CILTOIIHOM, 0€3 OTBEPCTHUS B CEPEINHE.

Jns HarnsgHoOro IpencTaBieHUs MajlbHEMIINX
neiictBuii, otkpoite 3D okHO. B HeM Bbl momkHBEI
YBHUJIETh JBE OPTOrOHATbHBIC PA0OUNe TUIOCKOCTH.

-8-



Tenepp Hago moctpoutsh 3D y3iibl, KOTOPBIE OYAYyT OPUCHTUPAMHU MPH JATBHEHIINX MaHUITYJIS-
UsIX. DTH y3JIbl PACIIOJIOKEHBI HE Ha pab0YMX TUIOCKOCTSIX, U, TIOATOMY, OYIyT CTPOUTHCS MO IBYM
npoekiusaM. Ha Buje criepeu mpoeKIuy y3JI0B pacnojiaralotes B Toukax 1, 2u 3, a Ha BUJI ClieBa Bce
OHHU TIPOCIIMPYIOTCS B OJIHY TOUKY (TOuKa 4).

[TocTpoenue kaxaoro y3ia TpedyeT BeIOOpa ABYX
npoekiui (Harmpumep, Touek 1 u 4) u moaATBepKACHUS

KHOIIKOU . [Ipn BbIMONHeHMM Bammx aencTBui
nossnenune 3D y3moB MmoxkHO Oyzaer BuzaeTs B 3D okHe.

Hanee ctpositcss 3D mpodunm, cooTBETCTBYIO-
[IMe TPOEKIUSM OCHOBAHUS U CTEPKHS CTOMKH.

Tak xak 3tu 3D mpodunm Toxke He NexaT Ha —_
pabounx MIOCKOCTAX, TO, MPU MX IMMOCTPOCHUH, MOCTIE 2 5
BeIOOpa mTpuxoBku B 2D okxne, Hamo Oyzer B 3D . 1 3 ks

|

OKHE YKa3aTh y3€Jl IPUBS3KH.
Jns co3maHus TeNm BOCIOJb3yeMCS KOMaHIOMU

Onepanusi/BoiTankuBanne. |
[Tocne BbiObopa 3D mpodumns tpedyercs ykaszarb

JUIMHY BBITaJKUBaHUs. B Hamewm ciydae Oyznem 3aja- 3

BaTh ero ¢ nomoineto 3D y3moB. [l aToro, B ABTO-

el

CnosxeHue < Ctrl+'+'> D

Beiuvtanue < Ctrl+'-'>

MepeceyeHne < Ctrl+"™">

MEHI0 HaJ|0 HaXaThb KHONKY [ “‘% BpIOpaTh Hayajib-
Hy1I0 Touky. [locne BbiGopa mepsoro 3D y3ma aBTo-

5
MaTHYECKH BKIIFOUUTCS OIILIUS BbiOpaTh KOHeu-
HYyI0 TouKy. Hano BwiOpats BTOpoit 3D y3en u moa-
TBEPIUTH BBIIIOJHEHUE onepanuu. [1jis OCHOBaHUS 3TO
y3nbl 1u 2,a s crepxkast — 2u 3.

[pu cozpanum crepxkHs (mpoduiab 2) Hano o0be-
JUHUTH €0 ¢ OCHOBaHHEM B eauHoe Teno. [loaromy,
HaJI0 BKJIIOYUTH OIIIMIO BBINOJIHEHHs OyleBoil omepa-
IIMH CJIOKECHUS (KHOIKA JIOJDKHA OBITh aKTHBHOM, TO
ecTh, 00BeeHa pamKoii). Eciim Ha KHOIKe MpHCYyTCT-
ByeT 3HAYOK Jpyroil OyneBod omepanuu, CMEHHUTE
OTIEepaLIMIO, JOKIABIIUCH MOSIBICHUS BBINAJAIOIEIO
MEHIO MPH JUTUTEITHHOM HaXXaTUU Ha KHOIIKY.

Co30aHue 3D modenu Hasepuwusi

OTKpoeM uepTex HaBepIIus, CO3JaHHbIN B X0/e JadopaTopHoii paboTsl Nel. B nenom, anroputm
coznanus 3D Monenu HaBepuIMs HE OTJIMYAETCS OT aJTOPUTMA CO3JAHMs IIaiObl: HAHECEHUE IITPH-
XOBKH, CO3/1aHuE paboyvell MIOCKOCTH, MOCTPOCHUE MPOQHIIS U MOTyuYeHHE Tela ¢ MOMOIIBIO orepa-
LIUY BpALICHUS.

Opnaxo, UMEIOTCS ABa OTJIMYUAL!

— IITPUXOBKA JOJKHA OBITH OTpaHWYEHA OCEBOU TMHUEH eTalH;
— HeT HeoOXOJMMOCTH co3aaBaTh 3D y31bl Ha OCH BpallleHus, Tak KaKk cama rpaHulla KOHTypa
MOYET OBITh MCIIOJIb30BaHa, KaK OCh.
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OTH OTJIMYHS U PACCMOTPEHBI HUXKE.
Jns Toro, 4toObl MpPH ABTOMAaTHYECKOM
[ ; ot
BBIOOpE KOHTypa IUTPUXOBKH OBLIO YUYTEHO ABTOMATUUECKHH NONCK KOHTYPOS
HaJIMYMe OCEBOW JIMHUM, HAJ0 BBI3BATH OIIUIO

3 WMXaTo! | BHYTPEHHME KOHT YDl ~
ABTOMeH]O |—EEJ HapaMeprl ABTOMATHYECKO- V| ABTOMETHYBCKHIA Mo OCTPOBOE ([AbIp0H)
ro MOMCKA... U BBINOJIHUTL YCTAHOBKH, ITOKa-  Taneko 12 BuaNOA 3CT YepTewS

VunresaTs
3aHHBIC HA PUCYHKE CIIpaBa. S LT T
CrarsaposaTs NMHAN H30DpakeHIs:
V| Ocroerwie - +
[ Toeeare '

TRHXDERIE | .
& S
Co cTpenkanm <" g

ToHHOCTE NoWCKa! [~

B komanme Omnepauusi/Bpamenue, mocie
BbI0Opa 3D mpodwis, B kauecTBe OCH BpaIieHUs
yKaxkeM ero pebpo. [is atoro, npeaBapuTeib-

i
HO, HaI0 BBHIOPATH ONIMIO ABTOMEHIO
BrIOpaTh och BpalieHus. Ts

Co30aHue 3D cb6opku

Co3mgaeM HOBBIH qOoKyMeHT 110 Komanae Maii/Hosas 3D moaens. Ilepen Bamu MOSIBUTCS TIPO-
CTPAHCTBO C TPEMsI CTAHIAPTHBIMU PAOOYMMHU TITOCKOCTSIMH.

UYtoOBl 3aHOBO HE BBOIUTH TMEPEMEHHBIC COOPKH, CKOIUPYEM UX M3 JIBYXMEPHOTO COOPOYHOTO
gyeprexa. OTKPBIB 3TOT TOKYMEHT, BbI3oBUTE pemakrop nepeMeHHbX (Ilapamerpbl/IlepemenHbie).
Boiienure Bce mepemenHbie (MeHI0 pemaktopa IpaBka/BuiaejuTh Bee) W ckomupyiite B Oydep
obomena (IIpaBka/Konuposats). Teneps BcTaBbTe IEpEeMEHHbBIE B PeIaKkTOp mepeMeHHbIX TpexMep-
HoM cOopku (komana pemaktopa IlpaBka/BeraButs).

@ Obpamume sHUMaHuUe Ha Mo, YmMO 8CeM repeyucrieHHbIM KoMaHOaM coomeemcm-
gyrom cmaHdapmHble KrnasuamypHbele cokpaweHus (Ctrl_A, Ctrl+C, Ctrl+V). 3nas
amu KrnasuamypHble COKpaWieHUsl, yKa3aHHble ebiuie O0elicmeusi MOXHO 6blrio 6bl
8bIMOSTHUMb 8 HEM0OasrlbHOM OKHe [lepeMeHHbIe.

s cozmanust COOpPKH Bocmoib3yeMmcst komanaoir Omepaumusn/3D ¢parment. Ilocie BeiOOpa

daiina ¢pparmenrta (4epe3 omuuio ABTOMEHIO, WK ITEPETaCKUBAaHHEM U3 OMOJIMOTEKH) IO KHOIKE
BbIOpaTh WM CO31aTh HCXOTHYIO CHCTEMY KOOPAMHAT 33Jaf0T CUCTEMY KOOpAHMHAT Ha (pparmeHTe.

3arem (KHOMKA BbIOpaTh WJIH €031aTh IEJIEBYI0 CHCTEMY KOOPAMHAT) YKa3bIBalOT B COOpKe

CHCTEMY KOOPAMHAT JJIsl IpUBA3KHU (parmMenTta. C MOMOIIBI0 KHOIIOK J , i?% 2 IloBepHyTH cucte-
MY KOOPIAMHAT BOKPYT ocH ... Ha 90° MoxHO npuaaTh pparMeHTy HYyKHYIO OPHEHTAIIHIO.

IlepBbIM (parmenToM sBIsieTCS cToMka. Tak Kak OH IOKa
€/IMHCTBEHHBIM, TPUBA3BIBATH €ro KyAa-mubo He 0053aTeNbHO.
OpnHako, Bce )K€ BBIITOJHUM MPHUBSI3KY.

B kadecTtBe Havanma KOOpAMHAT MUCXOJHOM CUCTEMBI 331aJUM
TOYKY B IIEHTpEe OCHOBaHUS. J{J1s1 3TOro BeIOEpEM KpyroBoe pedpo
ocHoBaHusA. lleneBoil cucremMol KOOpPAMHAT B JAaHHOM ClIydae
MOYET BBICTYNATh TOJBKO TNI00AJIbHAs CUCTEMa, K KOTOpoil ¢par-
MEHT Oy/IeT IPUBSA3aH aBTOMATUYECKH.

He 3al0ynpre 3amaTh COOTBETCTBHE MEXAY IE€pPEMEHHBIMU
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(hparmMenTa 1 cOOPOYHOIN MOJEIH.

Jlanee BCTaBIAIOTCS  OC-
TalbHbIe (parMeHTH. BpiOop
UCXOJHBIX U IEJEBBIX CHUCTEM
KOOpAMHAT  WJUIIOCTPUPYETCS
PHUCYHKOM CIIpaBa.

He Tporaiite mnosBisito-
IIMecs: MpU BCTaBKe (parMeHTa

MaHUITYJIATOPBI ‘Egn Bbl noxka
HE 3HAeTe HUX Ha3HAYEHUd U
Pe3y/lbTaTOB UCIIOJIb30BAHUS.

[Tocne 3aBepuieHust COOPKH, 1T KAXKIOTO U3 (PparMEeHTOB MOKHO BhIOpaTh CBOUM Marepuai. Jlist
9TOTO, B CBOMCTBax (parMeHTa, HaJ0 CHATH MOMETKY ATPHOYTHI ¢ MCXOAHOW omepaunuu. [locre
3TOTO I0JI€ BBOJ]a MaTepHalla CTAHET aKTUBHBIM.

Ws cramyca
TpyEes Toures
[¥] C mexon-on onepauwm

Mopenb NnacTUHbI HanpaBlieHHOro orBeTBuUTenA

Co3nanue 3Toi MOJIeNH He TOJKHO MPEACTABIATH JJIS BAC KAKUX-JIMOO TPYJHOCTEH.

Ilocne mocTpoeHuss mnpoduiast TeIo
CO3/1aeTCs omnepanuuend BhITAIKMBaHUs. Tak
KaKk Ha 4epTeke TOJIbKO OJHA IMPOCKLHUS,
JUIMHY BBITAJIKUBaHUS OyJaeM 3a7aBaTh HE
FEOMETPUYECKMMHU  IIOCTPOCHUSIMH,  a
YKa3aB €€ B CBOMCTBAaX ONEpaLUu.

Mopenb pagunartopa

B o0mumx yeprax, co3qaHue MOJCIU paauaTopa OyAeT MPOXOIUTh MO TOMY K€ IyTH, YTO M CO3-
JaHWEe CTOWKHM (Co3/aHue IBYX paboumx ruiockoctel, mocrpoenue 3D y3noB u 3D npoduieii, nucnosb-
30BaHUC BhITaJIKUBaHMs). OIHAKO, UMEIOTCS OMPEICICHHbIC 0COOCHHOCTH, KOTOPhIE OYyIyT paccMOT-
PCHBI HIKE.

ITpu noctpoernu 3D y3510B, onpenessIFOIIUX UIMHY BbITATKHBaHKS, 00paTUTe BHUMAaHKHE Ha TO,
YTO y3el Ui BEPXHEW TOYKH WIJIBI CTPOUTCS HE HA CaMOil WIJie, a Ha MPSMOM, OrpaHHUYMBAIOIICH
OCHOBAHHE CHH3Y.
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st moctpoenust 3D mpoduteit morpedyeTcss HAaHeCTH TPU 00JACTH IITPUXOBKH: BCETO OCHOBA-
HUS, TUIOIIAKU MTOJI MOHTAX TPAaH3UCTOPA, OCHOBAHUS IPABOW HUKHEH WUTIIBI.

[TprxoBKka OCHOBaHMS WUIJIBI HE JIOJDKHA BbI3BATh 3aTPYAHEHHI, HAaJO MOCIEI0BATENbHO BBI-
Opath BCe 00IaCTH B €T0 Ipeesax.

[Ipu 3amaHuu MTPUXOBKKH OCHOBAHUS, YTOOBI BBIOpa- )
Jach BCS €ro IUIONIA/lb, YCTAHOBUTE B OMUKMU ABTOMEHIO ABTOMATHYEIKHA NGULK KOHTYPOB

P
i ITapaMmeTpbl aBTOMATHYECKOr0 MOMCKA... TapaMeTp m.:m-.ﬁpmmﬁmw;! -
HUckarsp: B cocrosinue HapyskHblid KOHTYP.

]

S DHETHYECHA MO

3amTpuxoBaTh IJIOMIAAKY IMOJ TPAaH3UCTOp OyAeT BechbMa 3aTPyAHUTENbHO — OyayT Memarh
CKPBITbIE KOHTYPBI UL [Ipolie 3amTpuxoBaTs KOHTYp, CO3AaHHbIA Ha cTpanule Ilnomanka.

3areM, CO3/aHHYIO INTPUXOBKY HAalO BKIIIOYUTH B CO-
CTaB KOIIMH IUIOLIAAKH Ha OCHOBHOI1 cTpanuue. Jljis 5Toro B = Cidfcrz..
KOHTEKCTHOM MEHIO KONUH BBIOpaTh MyHKT KonupoBanue

¢ nepememeHueM/I3MeHUTh 1 B ABTOMEHIO ITYHKT £h
PepakTupoBaTh CNHCOK KOMHPYEMBIX 3J1€MEHTOB. 3aTeM
BbIOpaTh Ha crpanuie Iliomaaka co3gaHHyO MITPUXOBKY
U 3aKOHYUTH PelaKTUPOBAHHE.

Ha ocHoBe momyueHHBIX IITPUXOBOK CTposiTcs Tpu 3D
npodwis, MOKa3aHHbIE Ha pHCyHKe. Bce st mpodunn
OyZyT UCIIOJIb30BaHBI B ONEPALIUAX BHITAIKUBAHUS.

B T

KIZII'II-IFIIZIB-EHHE € NEPEMELLIEHHEM ¥ HzmeruTe |

Apyroi.., ¥panute

CenidcTea

[Ipoduns 1 mo3BosseT co3aaTh OCHOBAHUE PAJMATOPA, i1 ey
YTO HE BBI3BIBAET 3aTPYAHEHHUI. . |2J

[Ipu BeITankuBanuu npoduis 2 IIMHA BBHITAIKHBAHUS s
3a7]a€TCA YMCIICHHO B CBOMCTBax onepanuu. Moxer morpe- ' =
00BaThCsl M3MCHEHHUC HANPABJICHUS BBbITAJIKUBaHHS (BEIb |?;;"
9TO BBIOOpPKA METa/la U3 OCHOBAHHUs), U1 YEro CIY)KUT — .

4
KHOIIKa |T nepes mojieM BBOJIA JUTHHBIL. UTOOBI CO31aHHOE
Teno chOpMHUPOBATIO BHIEMKY B OCHOBAaHHH, B ABTOMEHIO

BKJIIOUUTE OyJIeBY ONEPALIHIO Bbiuutanue.
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[Ipu BeITankuBaHuM npoduis 3 HAAO 3a1aTh YKIOH
OOKOBBIX IOBEPXHOCTEH, Kak IMOKa3aHO Ha pucyHke. [lo-
CKOJIbKY, Jajiee Hria OyAeT HCIOJb30BaHAa B OIEpaluu

# DCHOBHBIE NAPaMETPEI

B npAMoM Hanpasnexis

SHaqEHe -
KOIMPOBAaHUs, €€ HE Haa0 OOBEIUHATH C OCHOBAHHEM = -
Omiea: _TJ 20 =
(OTKJIFOUUTH KHOIIKY OYJICBOI ONepaiuu | =x). 7] Yicnon: -

B 0BpaTHOM HENpasneHm

® Kpome mozo, ymobbl HopmaribHO Oelicmeo- p——-
gasiu onuusi 02paHUYeHUs KOoruposaHusi, O I
komopou bydem cka3aHO HuUXe, Ha UCXOOHOU % MapameTpnt craamwBanms
rnosepxHocmu Haldo 8bIMoNIHUMbL Hebosbwyo @mmww - ane
¢acky (CenaxueaHue e Ha4dasie 8 ceolicm- s - .
eax eblmaﬂKUGaHUFl). [ Crnamisaie B RoFUe

Daka 5

OcTanibHble WUIJIBI MOJYYalOT C HCIOJIb30Ba- [IpenBaputenbHo, HAAO MOCTPOUTH JIOMOJ-
auem Komauasl Onepanus/Maccu/JIuneiinblii. HuTenbHbIe 3D y37IBI, COOTBETCTBYIOIINE TOYKAM,
[Toce BBIOOpa Tena ISl KOMMUPOBAHUSA, 337aCTCS  YKA3aHHBIM HA PUCYHKE BHU3Y.
nBa Bektopa (1 u 2 Ha pHCyHKe BHH3Y), OIpeie-
JSIOUIME HamnpaBieHUWE M IIard KONMUPOBaHUS.
Kaxnprit BekTOop 3amaercs BbiOopoMm mapel 3D
y3710B. UHCIIO KOMHM I KaKIOTO HAMpaBJICHUS
3aJaeTcsi B CBoOMcTBax omeparuu. [lpu sToMm
BHU3yaJIbHO MOKHO HaOIoAaTh pe3yiabTaT. UToOb
KONUU HE CO3JIaBajliCh B Mpejenax IUIOMIAJIKU

JUIs. TPAH3UCTOpA, HAAO MO OMIUHU Bri6op
OrpaHMYMBAIOIIMX 3JIEMEHTOB BBHIOpaTh T'PaHb
3. M0XHO 3aBEpIINTH OMEPAIUIO.

Ocranoch co3math KpemexkHbie oTBepcTHs. CaMocTosATeNnbHO mocTpoiite 3D y3ibl, COOTBETCT-
BYIOILIME [IEHTPAM OTBEPCTH.

® Lna omeepcmus nod mpaH3ucmop y3esn npowe co3famb Ha obpamHoU CcmMopoHe
OCHOBaHus1. [Jerio 8 mom, 4mo OH OOJIKEH JiexXamb Ha epaHu, a C8epxy 8 OCHo8aHUU
cdenaHa 8bIbopka, Komopas He 8UuOHa Ha sude crieaa.
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OtBepcrus CO3/1a10TCA 1o KOMaH/Ie Onmnepa-
uusi/OTBepcTHe.
Jnis oTBepCTHs MOJ TPAaH3UCTOP B ABTOMEHIO BbIOepeTe

-

OTILINIO i HackBo3b, a B CBOWCTBaxX cjefaiiTe HacTpOHKH,
NoKa3aHHble Ha pUCyHKe cmpaBa. Octanoch BeIOpats 3D ys3en,

COOTBCTCTBYIOI_HI/Iﬁ HOCHTPY OTBCPCTUA U 3aKOHYUTH OICPAILHIO. | CHpBIEETE KoHHEKTOPG!
ChBapcTME pEssboB0e

IIpu coznannu OTBEPCTUH B T Oroepcme wﬂm__ Eﬂﬁﬁ] ﬁ m H

e paJinaTopa YCTAHOBUTE OMITUIO e
Ha 3apannyro mmny. Hacrpoliku s i!-!j i i
STUX OTBEPCTUH MMOKa3aHbl HA PUCYyH- [~ =
K€ CIpaBa. —

[Tocne 3TOr0 BHIOMpAEM MEHTPHI } g7
000MX OTBEPCTUH, W 3aTeM 3aBeplia- ~ /1| :
€M OIIEpaLUIo. 7.

120 - TR -
g -

2ula Ha B0 rnydmy

/| Pesefia ma 5o royfiey

Paguarop mpaktuyecku rotoB. OJHAKO OCHOBAaHHME U Mac-
CHB WTIJI SIBJISIFOTCS pa3HbIMH TejdaMu. [IJis MOJydeHHs €IUHOTO
Tena ux Hamo cinoxuth (komanma Omneparus/bynesa). [Tonpo-
OyiiTe caenarh 3TO CaMOCTOSTENBHO.

KOHTPOJIbHbIE BOMNMPOCHI

Kakue TpexmepHbIe 3J1IeMEHThI TIOCTPOCHHUSI BBl 3HAETE?

Urto Ttakoe padboune miockoctu? Kakue Tunel pabounx miockoctei Ber 3HaeTe?
[Toctpoenue 3D y3110B 110 MX MPOEKIHMAM U HA OCHOBE TPEXMEPHBIX OOBEKTOB.
Coznanne 3D npoduis ¢ UICNOJIb30BaHUEM IITPUXOBKH.

Onepauuu BpaileHusi ¥ BbITakuBaHus. Co3laHue Tel ¢ MCIOJIb30BAaHUEM ATHX OIepaliuii,
CBOICTBa OMNEpaIuii.

Kaxue Bunp! onepanuii mo co3ganuto 3D Ten Boi 3HaeTe?

BbyneBbl onepanuu Haja TeIaMH.

OnemeHThl 3D ciieHbl. YpaBieHHE 0TOOPKEHUEM TPEXMEPHBIX 00BEKTOB.
Brimonnenue oreepernii B 3D Moensx.

10 Bo3mosxnbie ommbku nepecuera 3D Momenn 1 criocoObl UX yCTpaHEHUS.

aobhowhpE

© 0N
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