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BBenenue

Pa3BuTHE KOMIBIOTEPHBIX TEXHOJOTHH, cUCTEM 00pabOTKH HM300pakeHH
u rpaduueckoit nHbopmaluu B KoHIle XX — Hayasie XXI Beka mocTaBUiIO iepes
OOILIECTBOM  aKTyaJlbHYIO  MpOOJIeMy  TEXHOKpATHU3allMM  COBPEMEHHBIX
NpeAcTaBUTeNIed  TBOpYECKHX  mpodeccuid:  XYHAOKHUKOB, JM3alHEPOB,
apXUTEKTOPOB U T.1I. B 3TOM yueOHO-METOIMYECKOM MTOCOOMHU MBI CTAaBUM CBOEH
LEIBI0 PACCMOTPETh OCHOBBI 3D-MOaenupoBaHWs, UCTOPUIO PA3BUTHS ITOU
oTpaciu, crnenuduKy TPUMEHEHUS W CTCNCHb BIMSIHUS Ha JaJbHEHIIEe
pa3BUTHE CBA3AHHBIX C HUMH AacCHEKTOB  XYJI0KECTBEHHO-TBOPUYECKOM,
IPOMBIIUIEHHON U COLIMAJIBHOM KU3HU 00IECTBA.

B mpakTthueckoid dWactm JaHHOW pabOThl MBI IUTAHHPYEM TOJIPOOHO
paccMOTpPeTh OCOOEHHOCTU PadOThl B MOMYJApHOM peaaktope 3D-rpaduku —
Blender, xoTopsiii npencrtaBisieT coOoi MPOQPECCHOHANBHBIN MPOrpaMMHBIMA
MPOAYKT, co3laHHbIM Ha ycimoBusx General Public License. Blender umeer
3HAUUTEIbHBIE (YHKIMOHAIbHBIE BO3MOXKHOCTH W TO3TOMY OH TOJB3YyeTCs
OOJBIION TMOMYJIAPHOCTBIO CPEIU YCIOBHO OecruiaTHbIX Tiporpamm  3D-
MOJICIMPOBAHMUS, TaK KaK KOMaHAa pa3padOTYMKOB OMNEPATHBHO BHOCHUT
M3MEHEHHUS B IPOTPAMMHBIN KOJ B COOTBETCTBUH C MOCIECTHUMH JTOCTHKEHUSAMHU
HayKH W TEXHUKHU.

W3noxxeHHblid Marepuan OyAeT MOJe3eH MpU MOBTOPEHHH MATEpPUAJIOB
JeKui. A Takke B XOJ€ TNOATOTOBKM OOyYarOlIUMXCS K BBINOJIHEHUIO
NPaKTUYECKUX W JTA0OOPATOPHBIX 3aJaHUM, LEIbI0 KOTOPBIX OyneT co3aaHue
coBpeMeHHbIX 3D-Mopeneit. JlanHoe ydeOHO-MeTOIMUECKOoe Mocobue Oyner
CrOoCOOCTBOBATh PAa3BUTHI0 OOpPa3HOrO0 BOCHPHUATHS W aCCOLMATHUBHOIO
MBIIIUJICHUSI, TIO3BOJIUT PACKPBITh HOBBIE TBOPUECKHE M TEXHUUYECKUE TpPaHU
oOyyJarommxcs.



1. OcHoBbI 3D-Moae/IMPOBAHUSA M BU3YyAJIH3ALUH

3D-monenvpoBaHdie U BU3yalIM3alUds — MNPAKTUYECKH  3aBOEBAJIH
COBpPEMEHHBIM MHp, UX d3PPEKT OorpoMeH, OHH (OPMUPYIOT HAaIIy
npodecCUOHaNbHYIO U TOBCEAHEBHYIO *U3Hb (PrcyHOK 1).

Pucynok 1 — IIpumepsl coBpeMeHnHbIx 3D-Mozaeneit

3D-monenupoBaHie MOXKHO — ONpPENENTUTh Kak TMpPOIEecC  CO3/IaHus
TPEXMEPHOTO  KOMITBIOTEPHOTO  BHU3yaJIbHOTO MPEJACTABIICHUS  PEATbHOTO
00BEKTa, C  WCIOJIL30BAHMEM  CICIUAIM3UPOBAHHOTO  MPOTPAMMHOTO
obecrieuenns. CHenUamuCThl, CBS3aHHBIE C XYIO0XKECTBEHHBIM TBOPYECTBOM
BOCOpUHUMAIOT 3D-MonenupoBanne Kak CBOEro poja pUCOBAHUE, HO C TOPA3I0
OOJBINICH CIIOKHOCTBIO, JCTaNM3allieli M BO3MOXKHOCTBIO HWHTEPAKTUBHOTO
B3aMMOJICUCTBHS C CO3TaHHBIMU OOBEKTAMU HA DKpaHE KOMITBIOTEPA, KOTOPHIC
MO>XHO BpaIllaTh, NMEPEBOPAYNBATH, B3PHIBATh WM MAHMITYJIUPOBATH JPYTUMH
Pa3IMYHBIMH CTIOCOOAMH.

[IpousBoautenu mporpammuoro 3D-obecniedeHus: MpejiararoT ero kKak B
BUJIC OTJACIBHBIX CHCIUAIM3UPOBAHHBIX TMAKETOB, Tak W B ¢opme
MHOTOKOMITOHEHTHBIX ~MPOTPAMMHBIX KOMIUIEKCOB. B 3aBucumocTtu ot
UCIIOJIB3YEMBIX TPOTpaMM U TEXHUYECKUX XapaKTEPUCTHK OOO0PYIOBaHUS
00BbEMHBIE MOJIETM MOXXHO CO3/aBaTh C TOMOIINBI0 PA3IUYHBIX MPOIEIYD:
MOJICTMPOBAHUE HA OCHOBE aJITOPUTMOB, PUCOBAHUE OT PYKH C HCTIOJIH30BAHUEM
rpa¢uuecKoro IiaHIIeTa Uid CKaHUPOBaHUE UCXOJHOTO M300pakeHuss. UToObl
co3zaBaeMasi MoJIeib Obljla MAKCUMAJIBHO PEAIMCTUYHON U MHTEPAaKTUBHOM, OHA
JIOJDKHA OCHOBBIBATHCSI HA 00OBEMHOM 0asze JaHHBIX, cojepKalleill cBeJIeHusT 00
OCHOBHBIX 0a30BbIX TOUKaX MPOEKTUPYEMOM TpexMepHOH purypsi [2].

B 3aBucumoctd OT MH()OPMAIMOHHOW HACBHIIIEHHOCTH MOKHO BBIJCIHUTD
TPU OCHOBHBIX BHJA TIE€OMETPUYECKHX MOJENel, HCHOoJab3yeMbix B  3D-
MOJICIMPOBAHUU: KapKacHbIC, TOBEPXHOCTHBIE U TBEPAOTEIbHBIC MOIEIH.
OTMeTUM, YTO HEKOTOPHIC CIEIHMAIMCTHI BBIICISIOT MPOMEXYTOUHBIM BUJ -
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KapKacCHO-TTOBEPXHOCTHBIE Mojenu [14], HO MO HameMy MHEHHIO, TOJ00Has
Jeranu3alius KiaccuduKalum HerenecooopasHa.

Kapxacupie 3D-Moenu BRIMISASAT AAIEKUMHU OT PEaJbHOCTH, MIOTOMY UTO
WX KOHCTPYKIIMSI COCTOUT TOJBKO M3 TAaKUX SJIEMEHTOB KaK TOYKH, JTUHUHU WM
YT Pa3Iu4yHONM KOH(UTypaluu, COCTUHEHHBIC NJIsi CO3JaHUsl ONpeeIeHHBIX
dbopm. IlpoexTupyeMble MOBEPXHOCTH MPO3pPAvHbI, MOITOMY BCE 3JIEMEHTHI,
pacrnoyioKeHHbIE Ha 3aJHEM IUIAHE CIICHbl BUJIMMBI Ha JKpaHE KOMIIbIOTEpa
(Pucynok 2).

Pucynok 2 — [Ipumeps! kapkacHbix 3D-moaenei

[ToBepxHoctHbie 3D-Mozenu wuMeOT Oojiee pEAMCTUYHBIM BUA U
MPUOJIMKEHHYIO K PEATbHOCTU TEKCTYpy noBepxHoctH (Pucynox 3).

Pucynok 3 - I[Ipumep noBepxHoctHOM 3D-Mo1enu



B otnuune ot kapkacHbIX (hopMa MOBEPXHOCTHBIX MOJENEN OINpenemnseTcs
MHOKECTBOM TOYEK, JUHHM, AYT U MOBEPXHOCTEU. 3D MOBEPXHOCTHBIE MOAEIHN
MOKHO YCJIOBHO aCCOLMMPOBATh C WU3JEIUSAMHU U3 OYEHb TOHKOW Oymaru. OHu
pa3MenarTcs B JII0OOOM MECTE SKpaHa B COOTBETCTBUM C pa3padaTbIBacMbIM
IPOEKTOM, AePOPMHUPYIOTCS MOJ PA3HBIMU YIJIAMU ISl CO3JAHMSI JKEJIAeMBIX
¢opM. Takke BO3MOXKHO pa3JECIUTh IOBEPXHOCTH HA COCTABIIIOIINE WIIH
HAao0OpOT, OOBENMHUTH HECKOJIBKO JUIsl  JANbHEWIIMX  MOJIU(UKALNM.
[ToCcKOJIBKY TTOBEpPXHOCTHBIE MOJEIM B 3aBUCHUMOCTH OT HCIIOJIb3YEMOU
TEKCTYypbl WJIM HEMpO3pauHble, WIH TMOIYyIpO3pavyHbie, TO (OHOBBIE 00JACTH
3aTEMHSIOTCA, CO3/1aBasi 0oJiee PeaTUCTUYHOE BU3YyaJIbHOE MPEICTABICHHE.

TBeproTenbHOE MOJEIUPOBAHME — ATO Hambojee TpeOOoBaTEIbHBIA B
TEXHUYECKOM OTHOIIeHHH TUN 3D-mpoexTupoBaHus. BHemHuit 00IMK STHX
MOJIeJIeH OmpeAemnsieTcs] 3HAYUTENBHO OONBIINM KOJMYECTBOM MapaMeTpOB, YeEM
BU/IbI, pacCMOTpeHHbIE paHee (PucyHok 4).

Pucynok 4 — [Ipumepsl TBepioTenbHbIX 3D-Moaenen



Jlnst co3maHusl KauyeCTBEHHOW BH3YalW3alMM HEOOXOIUMO TIOMHMO YXKe
YIOMSIHYTBIX 0a30BbIX XapaKTEPUCTUK YUYUTHIBATh TaKWE MMapaMeTpbl KakK BeC,
TOJIINHA, TUIOTHOCTh MCIOJIb3yEeMbIX MaTEpPHAJIOB M JPYTrHe CHenu(pUUIECKHUe
bu3nYeCcKre XapaKTEPUCTUKHU. XOPOIIIO BBIMOJHEHHBIC TBEPIOTEIbHBIE MOICITH
SABJISIIOTCS HauOoJiee PEATMCTUYHBIMH MU HMMEIOT CaMylo IHPOKYH 00J1acTh
MCIOJIb30BaHUs JIsl CO3/IaHUs POTOTUIIOB B 3D-MoA€IMPOBaHUM.

Ha HayanbHBIX 3Tamax pa3BUTHSA TPEXMEPHOE MOJCIMPOBAHUE CBS3BIBAIU
B OCHOBHOM C TEXHHYECKHMH CepamMu: MaITHHOCTPOEHHUE, adPOKOCMUYECKAS
o0nacTh, apxuTekTypa W T.1. Ha cerognsmamii neHs 3D-monmenupoBaHme
UCIIOJIB3YETCS MPAKTUYECKU BO BCEX OTPACISAX JKU3HENEATEIbHOCTH 4YelIOBEKa,
BKJIOYass  MOTPEOUTENbCKUE  TOBapbl, 00pa30BaTENbHBIC  MPOrPAMMBEI,
pa3BieKaTelibHble MeponpusTus U T.J. l[lolydeHMe TOYHOro BU3YAIBHOTO
MPEACTABICHUSI O JAJIEKO PACIOJIOKEHHOM OO0BEKTe — 3TO HEOCHOPUMOE
MPEUMYIIECTBO, KOTOPOE OpPraHU4HO JOIOJHAETCS CBEACHUSAMHU O €ro
(bU3NYECKUX XapaKTEPUCTHKAX M HEOOXOJMMBIX C MHKEHEPHON TOUKH 3PCHUS
crenupuIecKknx 0coOeHHOCTAX [2].

IIpu wucnonb3zoBanuu 3D-Mmonenel B MPOMBIINUICHHOM Au3aiiHE WU
apXUTEKType, HAIpUMEp IpPH CO3/IaHUK IPOTOTHUIIA IMIBEHHONW MAIIMHBI WU
MPOEKTa KOHIIEPTHOTO 3ajia, TBEPAOTEIBLHOE TPEXMEPHOE MOJICIMPOBAHUE
MO3BOJIUT TIOJIYYUTh JOCTAaTOYHO TOYHOE IMPEJICTABICHHE O TOM, Kak Oyjer
BBINVISIZICTh U (DYHKIIMOHUPOBATh MPOCKTUPYEMBI 00BEKT. B Apyrux, cyry6o
UCCIIEIOBATENbCKUX OTpacisX, TaKuX Kak xXuMus U Ouosiorusi 3D-mopenu
UCIIOJIB3YIOTCS ISl CO3JaHusl KQau€CTBEHHOT'O BUPTYAJbHOIO MPE/CTABICHUS O
CTPOECHHHM AaTOMOB WJIM OPraHOB Tejla. ODTO O3HAYAET, YTO COBPEMEHHOE
aBTOMAaTU3UpoBaHHOE 3D-npoeKkTUpoBaHUE MOXKET MOMOYb MpodeccuoHansam B
pa3IUuHbIX cdepax co3aaBaTh padoTaroIUe TPEXMEPHbIC MOICIH, Kak s
MPOBEPKH  PabOTOCIIOCOOHOCTH TEOPETHUYECKUX IMPOTOTHIIOB, TaK M IS
YIYUIIIEHUS ¥ OTITUMHU3AINH YK€ CYIIECTBYIONINX 0OBEKTOB ¢ TOpa3 o OobIIei
WX JIeTaJn3alUeH.

3D-MoaenMpoBaHue OTJIMYAETCS TOYHOCTBIO IPOCKTUPOBAHMS  BCEX
COCTABJISIOIINX JJIEMEHTOB, YTO MO3BOJISAET M30€KaTh OAHABHBIX TEXHUYCCKHUX

OIINOOK. CnenuanucTbl B Pa3iIMYHbBIX HalpaBJIEHUSIX  JW3alHA
MPOMBIIIUICHHOTO,  apXUTEKTypHOTO,  TIpapU4YecKoro W Jp.  MOTYT
BOCMOJIB30BAThCS MTPEUMYIIECTBAMUA TPEXMEPHOTO MOJAECIUPOBAHUS, MOCKOJIbKY
UM MPEIOCTABISACTCS JOCTYII K TEOPETUYECKUM 3HAHUSM,

CKOHIICHTPUPOBAHHBIM B KOMITAaKTHOM popme. MmeeTcs peanbHas BO3MOKHOCTb
YIY4YIIUTh M ONTUMHU3UPOBATH JCTETUYECKYIO COCTABIISIIONIYI0O M OOIIYIO
CTPYKTYPHYIO 1IE€JIOCTHOCTh MakeToB. B pexume peansbHOTO BpPEMEHU MOXKHO
BHECTH WM3MEHEHHUS B OTJCJIbHBIC YacTH, HampuMmep, GyHIAMEHT 3JaHUsl WM
MJIAHUPOBKY TIOMEIICHH, YTO MO3BOJISIET MUHUMHU3UPOBATH MPOOJIEMBI B XO7IE
peanu3alu  CO3JAaHHBIX MPOEKTOB. Jlu3aiiHEppl B COTPYAHUYECTBE C
WHXEHEPAMHU MOTYT HAaXOJUTh PEIICHUS MPOOIeM MPOSKTUPOBAHHUS 33JI0JITO 10
uX (PaKTUYECKOTO MOSBICHUS.

OcTanoBuUMCSl TTOAPOOHEE HA HEKOTOPHIX M3 0€3YCIOBHBIX MPEUMYIIECTB
ucnosib3oBanus 3D-monenupoBanus B mpodeccruoHanbHO cdepe.
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1. TouHOCTh: BHE 3aBUCHMOCTH OT HANPABIEHHOCTH IPOCKTA,
CIEIUATUCTBI  MOTYT JE€TaIU3UPOBATh KaXJbld HEOOXOMWMBIN IUIaH C
TOYHOCTBIO /10 MUKpoHa (PUCyHOK 5).

Pucynox 5 — [Ipumep 3D-Mozaenu ky3oBa aBTOMOOUIISI B cOOpe

HeszaBucumo ot TOro, sBIA€TCS JHM  MOJEIh  HU300paKECHUEM
CYIIECTBYIONIETO OOBEKTa, TMOJyYEeHHAas METOJIOM CKaHUPOBAHUS WM
TeopeTnuueckor pekoHcTpykiuei (Pucynok 6) mpodeccronansl MmoryT paboTaTh
C TOYHBIM MAaKeTOM, BKJIFOYAIOIIUM B ce0sl BCE HEOOXOIMMBIE OMOPHBIC TOUKH.
MOXHO BBISIBUTh TOTEHIHMAIBHBIE HEIOCTATKH CTPYKTYPHOM II€JIOCTHOCTH
MPOCKTa W BHECTH W3MeHeHus B 3D-mojaenb, a HE B KOHKPETHBIH OOBEKT,
BEITIOJIHCHHBI B Marepuaje W TeM CcaMbIM H30€KaTh OMUOOK C UX
JIOPOTOCTOSIIIIUMU TIOCIEACTBUSIMHU [2].

Pucynoxk 6 — [Ipumep 3D-pekoHCTpYKLIMHT

2. Busyanuzauuss B peaJlbHOM MHpE: OJHUM U3  0€3yCIOBHBIX

IIPEUMYLIECTB TPEXMEPHOTO MOJEIUPOBAHUS SBJSIETCA TO, YTO CO3JAaBAEMBIE
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00BEKTHI MOTYT OBITH B3aMMOCBSI3aHBI C JIPYTUMH IMPOTOTHIIAMH, a TAKXKE C
BHEIIHUMHU  (paKTOpaMH, TaKUMH KaK T[OTOJHbIC YCJOBHUS, IPHPOTHOE
oKkpy>keHue u ap. (Pucynok 7).

.

Pucynok 7 — [Ipumep 3D-Monenm HOBOro MUKpOparoHa ropoaa

Hanpumep, B xone co3znanust aBToMoOuiIst 3D-MoenmpoBaHue MOXKET 1aTh
TOYHOE MPEJICTABICHUE O TOM, HACKOJIBKO XOPOIIO MaIlliHa OyJIeT JBUraThCs B
YCIOBHUSIX CHUJIBHOTO JOXIsA, BeTpa, paboTe JBUTATEeIsl Ha MpeaeabHOMN
MOIIHOCTH U T.l1. KOHEUHO pe3yabTaThl, OCHOBAHHBIE TOJBKO HA BBIYUCIICHUSX,
HE MOTYT MOJHOCTHIO 3aMEHUTh HEOOXOAUMOCTh TECT-IPAliBOB, HO TPEXMEPHBIE
MAaKeTbl OMNPEAECIAOT KOHTPOJbHBIE TOYKH, OCHOBBIBASICh HAa KOTOPBIX,
WHKEHEPHI U AU3aiHEePBl BHOCIT HEOOX0oauMble n3MeHnenus (Pucynox 8).

Pucynok 8 — IIpumep 3D-Mozaenn KoHLENT-Kapa



3. Ckopocts: mpodeccmoHanm MOXeT co3nath 3D-monmens myTem
CKaHMPOBAHHUS PEATBHOT0 00BEKTA WM pa3padoTaTh KOHIIENTYAIbHYIO MOICIb
C CaMOro HayvaJia 3a JIOCTaTOYHO KOPOTKUi cpok (PucyHok 9).
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Pucynok 9 — [Ipumep 3D-Moaenm BBITOHEHHON BPYYHYIO M C UCITOJIb30BAHUEM
CPEICTB KOMIIBIOTEPHOH rpaduKu

OO011ecTBO MPUBBIKIO, YTO TPEXMEPHOE MOJACIHUPOBAHUE OPUEHTHPOBAHO
Ha CO3/IaHM€ KOHEYHOI0 MpPOAYKTa, HAlpUMEp CTPOUTENIBLCTBO HeOOCKpeOa,
MIPOCKTUPOBAHUE aABTOMOOWJIS HJIM OOBEKTa MPOMBIIUIEHHOTO [W3aifHa, HO
ceiiyac Mbl MOMBITAEMCSI CIIOMAaTh CTEPEOTHUIBI, U PACCMOTPUM HCIOJIb30BaHUE
3D-monenupoBaHus sl IPOTUBOIIOIOKHON (DYHKIIMM, TaKOW KaK pa3pylIeHHE
3nannii (Pucynox 10). Ecnu 3manue A0OBOJBHO BBICOKOE, TO TMPOIIECC CHOCA
TpeOyeT TIIATeNbHOTO TUIaHupoBaHusl. Hao UCKIIIOUNTE BEPOSITHOCTh TOTO, YTO
€ro paspylieHue TOBpeaAuT OnusnexkammMm oO0bektam. C momomisio 3D-
NPOEKTUPOBAHUSA TEXHUYECKHE CHCIHAIUCTBI, WHXKEHEPhl MOTyT ObICTpee
ompeaenuTs Haubonee 3h(GEKTUBHBIA CIOCOO, HE TPHUUMHSIONININ yiiepOa

OKpy>karoieu cpene [2].

= e

-~

Pucynok 10 — 3D-Mo/€e1b NOCIEACTBUIM pa3pylICHUsI YaCTH 3[IaHUS
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beiBatoT Takue CHTyalHMH, KOTJa CKOPOCTh SIBJISCTCS KPUTHYCCKHM
dbakTOpoM, HampuMmep, MPHU CIIACCHHUH JIIOJCH W3 ropsmero 3gaHus. Hamnuwe
3D-MakeTra ATOTO COOPYXEHHS TO3BOJUT OBICTPO MW TOYHO pa3paboTaTh
s peKkTUBHBIN TIJIaH AeHCcTBU [2].

4. JlocTynmHOCTh: B COBpEMEHHOM Mupe 3D-mojaenupoBaHUE JOCTYITHO HE
TOJILKO TUTST CTCIHAIINCTOB, XOTS CTOUMOCTH pUOOpETEHUS
npodecCHOHaNBHOTO 000PYJOBaHUSI M MPOTPAMMHOI0 OOecrieueHus Bce elle
BbICOKA. CTYy/IEHTHI, IKOJIPHUKHA U MPOCTO YBJICUCHHBIE JIFOIA MOTYT CO3/1aBaTh
3D-mMonenn B YCIOBHO OCCIUIATHBIX MPOTpaMMax C OTKPBITBIM HMCXOJIHBIM
KOJIOM, YTOOBI HW3Y4YUTh OCHOBBI TPOMBIIIUICHHOTO JAHW3aiiHA WJIA CO37aTh
HEKOTOPBIC MPOCTHIC MPEAMETHI, TaKWe KaK WTPYIIKH, MPEAMETHI JOMAITHETO
obuxoma, mebens u ap. (Pucynok 11).

Pucynox 11 — 3D-Mozaenb MeOeIbHOM TPYIIbI

5. DbsicTphlii TpOU3BOACTBEHHBINM MUK 3D-meyaTh CYIIECTBYET YikKe
HECKOJIBKO JAECATUIIETUN U C KaXkIbIM I'OJ0M €€ MOMYJISIPHOCTh TOJBKO pacTeT. B
MocJIeTHee BpeMs TEXHOJIOTHSI MPOU3BO/ICTBAa 3D-MIpUHTEPOB OblJIa 3HAYUTETHHO
ONTUMHU3UPOBAHA, TO3TOMY I[€HA Ha amlapathl yIajajia A0 TaKOW CTENEeHH, YTO
MHOTHE 00BIBaTEIM MOTYT ce0e MO3BOJUTh MPUOOPECTH TaKue yCTPOUCTBA IS
JUYHOTO HCHoNb30BaHusA. 3D-monenupoBanne W 3D-medarbs NPeACTaBISIIOT
co00l 3axBaThIBAIOILLYI0 KOMOMHAIMIO, PE3YyJIbTaThl KOTOPOM MOTYT MOpaXaThb
BooOpaxkeHue (Pucynoxk 12). @akTU4yecku HE CYIIECTBYET pealbHBIX
bu3MUecCKuX OrpaHUYEeHUI MO pa3mepy, GopMe U YpOBHIO JAETAU3AlUM, IJIs
MAKE€TOB KOTOPBbIE MOXHO co374aTh ¢ mnoMoubio 3D-monenupoBanus. K
COXKaJICHUIO, HEKOTOpble OwKkeTHble Moaupukauuu 3D-NpUHTEpPOB HE
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MpeIHa3HAYeHBI I Pa3pabOTKH  BBHICOKOKAYECTBEHHBIX OOBEKTOB, HO
HECJIOKHO MPEATONI0XKHUTh, YTO C TEYEHUEM BPEMEHU 3TU YCTPOMCTBA BBIAIYT
Ha HOBBIM KaU€CTBEHHBIN YPOBEHb U MOSABITCS Y MUJIJIMOHOB IOJIb30BaTENEH.

Pucynok 12 — MakeTsl, pacrieyatanabie Ha 3D-nipunTepe

Coueranune 3D-MoxpenupoBanuss U 3D-meyaTt MO3BOJISIET KaXKIOMY CTaTh
WH)KCHEPOM, apXUTEKTOPOM, JU3aMlHEPOM M, B HEKOTOPOM CTEIEHH,
uzooperareneM (Pucynok 13).

Pucynok 13 — KpeatuBubie 3D-makeTsl

Koneuno, TpeOyeTcsi 3HaYUTENBHOE BpEMSs, NJIsi TOTO YTOOBI M3yYUTh U
MOHSATH mporiecc 3D-moaenupoBaHus, MOTYIUThH HA00P HEOOXOIUMBIX HABBHIKOB
M YMEHHUM, HO B KOHIIE IyTH Bac XIAET TBOpPYECKas peanusalus 4Yepes
BOIUIOIICHUE aBTOPCKUX UJIEN B pPE€aJIbHBIX MPOTOTUIAX.
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2. Uctopus 3D-moaenupoBaHust

JlaHHBIM pa3zien HOCUT OO30pHBIM XapakTep W CO3JaH C IMPUMEHEHUEM
KOHTEHT-aHaIM3a YTBEPKICHUN OTEYECTBEHHBIX U 3apyO0eKHBIX CHEIUATUCTOB,
U3JI0)KCHHBIX B M3JaHUSX, CTAThIX B CPEICTBAX MAcCOBOM MH(OpMaIUHU, B TOM
yucie HPOpMaMOHHO-KOMMYHUKAITMOHHOU ceTu HTepHeT.

Uctopusi 3D-MoaenupoBaHusi, HECMOTPSI Ha CBOM HENOJTHMWA IO MEpKaM
TPaJAWIIMOHHONW HCTOPHYECKOW HAYKH CPOK, OoraTta MHOXECTBOM COOBITHIA,
KOTOpbI€ BHECIH 3HAYUTENbHBIM BKJIad B (OPMUPOBAHHE COBPEMEHHOM
TEXHOT€HHOM pealbHOCTH. M3ydeHue mporecca CTaHOBIEHUS 3TOW OTPaciu
KOMIBIOTEPHON TpaduKu NacT Jydllee MOHMMaHUE LIEHHOCTH TPEXMEPHOTO
MOJEIUPOBAHUS, JOCTUTHYTHIX YCIIEXOB M BEKTOPA JAJIbHEUIIIETO PA3BUTHS.

Kak 5T0 HM mnapajoKCaapHO, HMCTOPHUS TPEXMEPHOIO MPOEKTHUPOBAHUS
Hayajgach 3aJ0JIr0 JO TOSIBIEHUS TEpPBbIX MNPOoOpa3oB COBPEMEHHBIX
KOMIIBIOTEPOB. Hauano sToMy mpoueccy MOJIOKUIN MaTEMAaTUYECKUE UACU U
aKCMOMbl  (KOHEYHO 3HAYUTEIBbHO IepepaOdOTaHHbIE, JIONOJHEHHbIE W
dopMann3oBaHHbBIE Ha TNPOTSHDKEHHWU — CIEAYIOLIUMX BEKOB),  CO3JaBIIME
TeopuTHUECKyt0 0a3zy 3D-monenupoBaHuss M Bu3yanuzauuu. Hekotopsle u3
OCHOBHBIX TMOCTYyNaTOB ObuH copmynupoBanbl EBkiammom B eme Il Beke mo

Haleun 9pPbI, KOTOPOI'O HHOT'Ja HA3bIBAIOT «OCHOBATCJICM I'COMCTPUU> (PI/ICYHOK
14) [13].

Pucynok 14 — EBkiinJi, «OCHOBATEIb TEOMETPUI

Co3zmannas B 1600-x romax Pene J[lekapTom cucrema KOOpAMHAT U
aHAIMTUYECKas TEOMETpHUsA, 3aJ0KWja OCHOBBI aNTOpPUTMaM pacueToB,
UCTIONB3YEMBIX [IJIsl TOUHOTO OTCJICKUBAHUSI PACCTOSHHUS U MECTOMOJIOKCHUS
00BeKkTOB. B cBOoMX pabotax [exkapT mpuOIU3HUICS K TPAKTOBKE TAKOTO MOHSITHS
KaKk «QyHKIHs», 0e3 KOTOPOro HEBO3MOXKHO MPEICTaBUThH CYIIECTBOBAHHUE
COBPEMEHHOW MaTeMaTWUKH, MPOTPAMMHPOBAHHS, KOMIBIOTEPHON Tpaduku H
3D-monenupoBanus (Pucynox 15) [21].
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Quorum ommiom Catalogum pagina verfa exhibet.

AMSTELXEDAMI,

Apud Ludovicum & Daniclem Elzevirios,

cls Isc L1x

Pucynok 15 — Pene JlekapT, 3aJI0’)KUBIIMK OCHOBBI AHAJTMTUYECKOW T€OMETPUU

B XVIII Beke B MaTeMaTHKE HACTYIUJIA 31I0Xa JWJiepa, KOTOPbI Hamucan
o6onee 800 pabGor mTO MaTeMaTUYECKOMY aHajdu3y, aHaJUTHYECKON U
muddepennnansHoit reometpun U T.4. OTMeTum, yto Jleonapa Diep moutu
MOJDKU3HM KUl U padotan B Poccuu, Obu1 n36pan akanemukom [lerepOyprekoit
akanemuu Hayk (Pucynox 16) [21].

METHODTUS

INVENIENDI

LINEAS CURVA'S
Maximé Misimive proprietiee gausdenecs,
SIVE

SOLUTIO

PROBLEMATIS ISOPERIMETRICI
LATISSIMO SENSU SCCEYTL

AUVCTORE
LEONHARDO EULERO,
Prefeffoee Regios 18 Acadowie Toperidic Sciewtia.

vuns PREROroniTans Son

SN RS T
LAUSANNAE & GENEV A,
Al MarcuseMiciarteBoviqusy & Sdu

xpeoxLrw

Pucynok 16 — Akanemuk IletepOyprckoit akagemuun Hayk Jleonapy Diinep

B cepennne XVIII Beka matematuku [[xeiimc CunbBectp u Aptyp Kanu
pa3zpaboTaii MaTPUUHYIO CUCTEMY MCUUCIIEHUS, KOTOpas TENepb UCIOIb3YETCsS
JUISL CO3JITaHUsI KOMIIBIOTEPHBIX M300pa)K€HUM, e MOKHO YBHUJIETh OTPAXKEHUE
nin uckaxenue ceera (Pucynok 17) [13].
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Pucynok 17 — JIxeitmc CunbBectp 1 Aptyp Kanu

Ha wucroputo coznmanusa 3D-rpaduku okazanu BIMSHHUE W POCCHICKHE
yueHble. B Hauaie XX Beka bopuc [lenone coszman MeTon TpPUAHTYIISALINH,
CTaBIIMH OCHOBOM I Ppa3paOOTKM COBPEMEHHOW METOJIUKH pa3OueHUs
CJIIOKHBIX TOBEPXHOCTEH TPEXMEPHBIX OOBEKTOB Ha TMOJUTOHBL. ['eopruii
Boponoit cosman «auarpaMMmy BoOpOHOro» TECHO CBA3aHHYIO C TEOPUIMHU
bopuca Jlenone. B Hacrosmee Bpems, CIYyCTs BEK MareMaTudeckas
COCTaBIIAIONIAsl 3TOW JuarpaMMbl TPUMEHSAETCS [JI1 aHalv3a JaHHBIX IIpH
Knactepusanuu o0bekToB (Pucynok 18) [21].

Jpuanzynayun 1xa.
Tpuaneynsyys Znn.
Tpuaweynryys J o,
Mywwm Mannaca
== [asucKar cmopora

» & o o

Pucynoxk 18 — IIpumep Tpuanryisinuu
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B nepuox Tak Ha3piBaeMoll «XOJOJHOM BOMHBY, 1950-x Tromax,
KOMITBIOTEpHAsl TEXHHUKa pa3pabarbiBajlacb M HCIOJIb30Bajach IJIABHBIM
00pa3oM B BOEHHBIX M CBS3aHHBIX C ATOM OTpacibio HayuyHbIX MHemax. K
CYaCThlO, ATO MPHUBEIO K TOMY, YTO Haspeia HacylHas HEOOXOAUMOCTb
pa3paboTku peaTMcTUYHBIX 3D-Mozeneit u KoHCcTpyKumid [13].

B 1960-x romax mosiIBUIMCH NEPBBIE 3HAYMMBIC JOCTHKEHHS B HWCTOPUU
TPEXMEPHOTO MOJECIUPOBAHUS, KOTOPbIE CBS3aHbI C Pa3pab0TKOM KOMMEPUECKH
JOCTYMHBIX ~ CHCTEM  aBTOMATU3UPOBAHHOIO  MpoeKThpoBaHus.  Camblii
U3BECTHBIA MpPOEKT Toro BpemeHu B 1963 rony cozman UBan CasepiieHn, oH
HazpiBasics  Sketchpad wmm  «PoOoT-pucoBaibUIMK» U OTIUYAJICS
peBoIOIMOHHBIM HHTEepdeiicom. Sketchpad — 3To mepBoe ycTpoiicTBO, KOTOpOE
MOKA3aJ0 BO3MOXHOCTHM HCIIOJIb30BaHUS KOMIIBIOTEpA HE TOJBKO IS
pa3pabOTKU WM PEAAKTUPOBAHUS YEpPTEXKEH, HO W JUI XYJI0KECTBEHHOM
NEeSATEILHOCTH B MIHTEpaKTUBHOM pexxuMme (Pucynoxk 19) [13].

Pucynok 19 — Pabota na Sketchpad

B 10 xe Bpems npu ywyactuu AByx npennpustuii General Motors u IBM
obu1 co3man DAC-1 (Design Augmented by Computer, B mnepeBoje
O3HAYAIONIUN «JIU3aiiH JIOTIOJIHEHHBIH KOMITBIOTEPOM»). DTOT TPOEKT ObLI
Ipe/ICTaBIIeH MUPOKOH mybsuke B 1964 roay u ucnonb3oBaics General Motors
JUTIsl YCKOpPEHHUs Tpoliecca MPOU3BOICTBA aBTOMOOMIIEH A0 KOHLA JIECATUIICTHSI.
[Ipumenenne DAC-1 npoieMOHCTpUPOBATIO, YTO KOMIBIOTEPHAS BU3Yyaln3aLUs
MOKET COKpPaTUTh BpeMsi, HEOOXOIUMOE JJIsi MPOEKTHBIX padOT, 0COOEHHO IO
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CPaBHEHMIO C MPUMEHSBIIMMHUCS JI0 3TOr0 YepTEKHBIMU Jockamu (Pucynok 20)
[13].

Pucynoxk 20 — Co3znanue MakeToB MaiivH Ha nipeanpusatusx General Motors

B 1963 romy Jyr Ourenn0apT mnpenctaBiisieT H300pETEHHBIA 00pasery
KOMITbIOTepHOU MbIiu (Pucynok 21).

Pucynok 21 — OngHa u3 nepBeIX KOMIIBIOTEPHBIX MBILIEN

B konue necsatunerus, B 1968 rogy, Ban Cazepnena u [I3Bua DBaHC
ocHOBanM nmepByro kommanwio 3D-rpaduxkm  «Evans &  Sutherlandy.
ITepBoHaYaJIbHO IMJIAHUPOBAJIOCH, YTO OCHOBHOM MHUCCHEHN MPENNPUATHS OyAeT
IPOU3BOJCTBO CHELMAIU3UPOBAHHOIO O0OPYJIOBaHMs, HO BCKOPE BO3HHUKIIA
HEOOXOJUMOCTh W OOJbIIME NEPCHEKTUBBl JIsi CO3/aHUSA MPOTrPAMMHOIO
oOecrnieuenus. Mx oO1eCTBEHHBIH U KOMMEPYECKUI ycIeX BIOXHOBHJI JAPYTUX
CHEIMAIMCTOB OCHOBATh MOI0O0OHBIE KOMITAHUU U 3aHITHCS Pa3pabOTKOW HOBBIX
TexHoJioruu [13].

1970-e roabl XapaKTepU3yIOTCS TeM, YTO KOMIIAHWM Hadalld IMpenajararb
KOMIUIEKCHBIE aBTOMaTHU3UPOBAaHHbIE CUCTEMBI ITpoeKkTUpoBanus. OIHOM U3 HUX
obuta CAD-cuctema ADAM, Beimymiennast B 1971 rony. ADAM 6b11 coznan
JUIs pabOThl HA MaKCUMaJIbHO BO3MOKHOM KOJINYECTBE MAILUWH, YTO IIPUBEIIO K
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yBennueHuto goctynHoctd CAIIP. Dta TeHaeHuus: NpoaoKUIach Jaxke Korjaa
KOMIIBIOTEPHl M HIPOrpaMMHOE oOOecreueHue cranu 0oJiee CIOXKHBIMU U
W30LIPEHHBIMH.

IIpou3BOACTBEHHBIE KOMIIAHMM TOrO BpeMeHH, Hamnpumep MAGI,
BHeApsu 3D-MoennpoBaHye B AKU3Hb 00IIECTBA, TEM CaMbIM IOBBILIAs CIIPOC
Ha KauecTBeHHble CAD. VupexzaeHus oOpa3oBaHMs U HCCIEI0BATEIbCKHUE
Jabopatopuy paboTaiM HaJ TeM, 4YTOObI OTKpHITH Oosee AQPEeKTHUBHBIC
TEXHOJIOTUH JJI Buzyanuzauuu 3D-moneneil. Yuensle u3 yHusepcurera FOTbl
['ypo u @OHr co3many HOBBIE TEXHOJIOTUM HAJOXKEHHUS TEHEW Ha OOBEKTHI,
KOTOPBIE YCKOPHIIA 00pabOTKY MPOEKTOB, YIPOCTUB OPUTHHAIIBHBIE aJITOPUTMBI
pEeHIepUHTra U 00ECTIeUnB yIyUllIeHHbIE BU3yallbHbIE pe3ynbTatsl [13].

CBoero poja KyJbTOBBIM MPEAMETOM CTaJla MOJIENb YallHUKA, CO3JaHHAas B
yauBepcutetTe FOThl. OH cTaja CHMBOJIOM TPEXMEPHON KOMIbIOTEPHOU TpaduKu
nocye Toro, kak MaptuH Hpro3/1 HCIONB30Ball €ro Uil MPOBEPKU CBOMUX
uccinenoBanuii. OH BbiOpan 3D-Mozenp yaliHUKa UaeanbHON JUIsl TECTUPOBAHUS
GopMBl MO CTPYKType, pa3HOOOpa3UI0 IOBEPXHOCTEH U CIOCOOHOCTHIO
0TOpachIBaTh TEHU, B TOM YHUCJIE U Ha cBoe n3obOpakenue (Pucynok 22).

Pucynox 22 — 3D-Mozenb yaiiHuKa U1eadbHON (POpMBI

Buenpenue B 1981 roay nepsoro IBM PC (nepcoHalbHOrO KOMIbIOTEPA)
BbI3BWIO BONHY BHeapeHuss CAIIP He TOmbKO B a’pOKOCMUYECKON U
aBTOMOOMJIbHOM TPOMBIIIEHHOCTH, HO M1 B KOMMEPUYECKOM MAIIMHOCTPOCHHUHU.
DTOMy TakKe CIIOCOOCTBOBAJIO M3roTOBiIeHUE pabounx cranmuid UNIX,
KOTOpBIE OTJINYAIUCH O0JIee HU3KUMU 1IEeHAMH, BHICOKOW MTPOU3BOIUTEIBHOCTHIO
U TpeOoBaiM MeEHbIIETO OOCHyXHBaHUS. 3areM (OKyC BHUMaHUS
pa3pabOTUMKOB CMECTHUJICS HAa TBEPIOTEIBbHOE TPEXMEPHOE MOEIMPOBAHUE,
KOTOpPO€ CTaJI0 OCHOBHBIM HallpaBJ€HHEM B pa3pabOTKe MPOrpaMMHOTO
obecnieuenus, narpumep Uniraphics UniSolids CAD [13].

B 1983 romy Owuia BeimymieHa 2D Bepcusi MOMyJIspHON CHUCTEMBI
AutoCAD, kotopas crajia 3HAYUTEIBHOM BEXOM HAa MYTH CO3HAHUSA
nosHo(yHKIMOHaNbHBIX TporpamMm CAIIP nns tpéxmepnsix mogaeneil. HoBbie
CUCTEMBI aBTOMAaTU3UPOBAHHOTO MPOEKTUPOBAHUS HOSIBJISUTUCH B
a3POKOCMUYECKOM, aBTOMOOMJIBHOM M JIPYTUX OTPACIAX MPOMBIIIJIEHHOCTH B
TeueHue octaBmeiics dyactu 1980-x romoB  (Pucynox 23). DOrtomy
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cnocoOcTBoBano BHeApenue ¢opmara daitioB IGES, craBmero oOmmum s
BCEX MPOU3BOAMUTENIECH, KOTOPHIM MO3BOJSI MEPEHOCUTh 3D-IPOEKThI MEXITY
paznuunbiMH iporpammamu CATIP.

[¢_ms
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RS ; :‘ m

Pucynok 23 — Kommnsroreps! ¢ cucremon AutoCAD

B 1990-e romel mnporpamMMHOEe oOOecreueHue I TPEXMEPHOTO
MOJICJIMPOBAHUSl TOJYYMJIO IIUPOKOE pachpocTpaHenue. Crao mnpouie Hu
JenieBiae MOJY4YUTh JOCTYyH K HNpPO(ECCHOHATbHOMY OOOpPYIOBaHUIO U
nporpaMmam, 4YTO TMO3BOJIJIO JaK€ MEJIKUM KOMIIAHUSIM U OTHAEJIbHBIM
noJib30BaTeNsiIM  paspabarsiBath 3D-monenu. B 3T0 necatuneTue ypoBEHb
TEXHUYECKUX  CPEACTB M  MPOTrPpaMMHOTO  OOECMedYeHUs:  MOCTOSHHO
yBennuuBaics. KapnunansHbele u3MeHeHus, Takue Kak 3ameHa ¢gopmara [GES
Ha STEP, cnemamu d¢aiinel Oojiee HaACKHBIM, a OOHOBJICHHE CHCTEM
aBromMaTuzupoBaHHoro mnpoektupoBanusi AutoCAD u Solidworks moBwicHIn
KaueCTBEHHbIE pe3yNbTaThl co3aanus 3D-moneneit (Pucynok 24) [13].

B AnoCAD WS Fie SR Niew Moddy Ocaw Widow Helg R—p— N2 M T e e G Tee 216, Avioded Q)

Pucynok 24 — ITpumep 3D-npoekra B AutoCAD
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Nmenno B 1990-¢ rompl TOSBISUTMCH TIEPBBIE YCJIOBHO OECIUIaTHBIE
IpOrpamMMbl ¢ OTKPBITBIM MCXOIHBIM KOJIOM, Takue kak Blender, ¢ momoriibto
KOTOpPBIX JIIOAM, YyBJI€UYEeHHble 3D-IpOEeKTUpOBAHHUEM, TMOJIYYaldd  OIBIT
MPaKTUYECKOTO MOACIUPOBAHUS.

OcHoBoOMoONArarOMM MOMEHTOB HUCTOpUu 3D-MOJETUPOBAHUS MOMXKHO
Ha3BaTh u3o0pereHue SLA wimm crepeonuTorpaduu, TO €CThb MPOU3BOJCTBA
netaneil mocnoHeiM criocoboM (Pucynok 25). 3ToT mMeTon ObUT pa3paboTaH B
1984 rony, XOTs nepBbId ONBITHBINA 00pa3el] MEXaHU3Ma, UCTOJIb30BABIINM €T0,
nosiBWICS ToJdbko B 1992 rony. B stoMm mpubope ucmnonb3oBajics Marepual,
CO3/IaHHBII HAa OCHOBE aKpWJa, Ha3BaHHBIA GoTonoaumepoM. OH Moxydan 103y
oOnmy4yeHus: yiabTpaUONETOBBIM Jla3epoM, KOTOpas TpeBpamiajia €ero B
JIOCTATOYHO TBEPJbIA MIacTUK. B TOoM ke roay OBUIO HCHBITAHO APYroe
YCTPOMCTBO, HCIIOJIB30BABIIEE BMECTO >KHAKOro (hOTOomoaumepa MOPOLIOK,
KOTOPBIN MOJT AEHCTBUEM J1a3epa CIEKaJCH.

Pucynok 25 — Ognu u3 nepBeix 3D-nipuHTEpPOB
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Ha »tom »srtane pasButus 3D-mMonenupoBaHUS TEXHOJIOTHH — OBLIH
COBEPILIEHHO HOBBIM M KaK CIEACTBME HMMEIM CBOM HEJOCTATKH, HAIpUMEP
nedopmaiiisi MaTepuanoB BO Bpems nedatu. [loTpeboBaioch MHOTO MPOOHBIX
NPOTOTUIIOB W 00pasloB, OCOOGHHO B 00JACTH MEIUIMHBI, TIE C
UCIIOJIb30BAaHUEM TEXHOJOTuM 3D-medatd cTaidu M3rOTaBIMBAIMA OpPraHbl IS
TpaHciutantauuu  (PucyHok 26). 3HauMTeNnbHBIM TMPOpPHIB B 3TOH cdepe
npousomien B 1999 roay, xorna yenoBeky ObLI BIEpBbIE HMILIAHTUPOBAH
NEPBBIN HCKYyCCTBEHHBIN 3D-opran — MoueBoil my3sIpsb [13].

Pucynok 26 — IleyaTs OprasoB i TpaHCIUIAaHTAMKU Ha 3D-nipuHTEpE

C pacmmpenueM HHGOPMAIMOHHO-KOMMYHUKATUBHOU ceTu «WHTepHEeT»
OTKPBIBAJIMCh HOBBIE BO3MOXKHOCTH i1 3D-mopenupoBanusi. B 2005 roxy
3aMHTEpPECOBAaHHbIE TMOJIb30BaTeNn HWHTepHeTa (MHAHCUPOBAIM CO3/IaHUE
npoekTa 3D-neyaTu ¢ OTKpBITBIM UCXOAHBIM KofoM RepRap (Pucynok 27).

Pucynok 27 — RepRap B aeiictBun
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On Obu1 ycnemHo pa3zpabotad u BoinmylleH yxke B 2008 roxy. Ha3Banusiii
«Darwin» 3D-npuHTep cMOT HameuyaTaTh OOJBIIYIO YaCTh CIPOCKTHPOBAHHBIX
JieTaNel, UCIOb3Ys TNIACTUKOBBIC HUTH, KOTOPBIE MOKHO OBLIO TIOMYYUTh JTaKe
o0bIBaTEN0. JTO COOBITUE CTHUMYJIUPOBAIO HTY3Ma3M OOIIECTBA MO TOBOIY
3D-nevatu, MOCKOJBKY JIFOJU MOJYYHIA BO3MOXHOCTh JIMYHO MPUAYMBIBATh H
co3daBaTh B MaTepuaie caMble CMEIbIe AaBTOPCKHUE TEXHUYECKHUE W
nuzaitHepckue npoekThl (Pucynoxk 28) [13].

Pucynok 28 — Bunpl 3D-nipuHTEpPOB

Ha BoiHe 3TOro orpoMHOro MHTEpeca BO3HUKIM OECUMCIIEHHbIE MPOEKTHI
CO3/1aHusl MPOTrpaMMHOro obecnedeHus U obopyaoBanus ans 3D-nedaru. OTH
pa3pabOTKK 00eCTeUnSid OTHOCUTEIBHYIO JIOCTYMTHOCTh ATUX TEXHOJOTHM IS
coryMa. OHM UCHOJIB3YIOTCS BO MHOTUX cdepax KHU3HEAEATEIbHOCTU
YeJ0BeKa OT M3TOTOBJIEHUS KOpIyCa AECTANENM M TOYHEHIIEH SJEKTPOHUKHU [0
MCKYCCTBEHHBIX OPT'aHOB JIJIsl TPAHCIUIAHTALMN OOJIbHBIM JIFO/SIM.

Uctopuss 3D-monenupoBaHusi W BHU3yalIM3alMu Oa3upyeTcs Ha Tpylax
MHOTHX YY€HBIX, KOTOPbIE CMOIJIM TOYHO OMUCATh U MAaTEMAaTUYECKU BHICTPOUTD
IIPOLIECC CO3JaHMsI NPOEKTOB. KOMIBIOTEPHBIE BO3MOYKHOCTH IO3BOJIMIIN
pa3zpaboTarh JeTalbHYI0 BuU3yanuzanuio wusnenuil. Texnonoruu 3D-meuatu
CAeNald PEeaJbHOCTHIO BOIUIOUICHHE BUPTYaJIbHOW MOJENM JIOO0ro THUMA U
CJI0)KHOCTH B ’kM3Hb. Celfuac Mbl IMEeM BO3MOKHOCTh U MPUBUIIETHIO pabOTaTh
C MOCJIEIHUMHU JOCTHKEHHUAMHU 3D-MonenupoBaHus U CO3[1aBaTh T€ IMPOEKTHI,
KOTOPBIE BO3MOXHO OKQKYT BIMSIHUE Ha CJIEIYIOLIUE TOKOJICHHUS.
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3. O630p nporpaMMHOro odecnevenns aAjs1 3D-moaenpoBanns

Kak ™Mbl yxe oTmewanu pasblie, 3D-MonenupoBaHuE W BU3yalu3alusd
UCIIOJIB3YyEeTCSI BO MHOTHX COBPEMEHHBIX OTpacisix: Tpaduueckuii u
MIPOMBIIICHHBIA JU3ailH, apXUTEKTypa, nedath Ha 3D-npuHTepax, aHUMaIus,
urpbl U T.7. 3D-Monenu SBIAIOTCS BaKHEUIIMMU KOMIOHEHTaMH ITU(GPOBOTO
TBOpUYECTBA U MPOU3BOACTBA. [103TOMYy BBIOOp ONTUMAIBLHOTO MPOTrPAMMHOIO
oOecrieueHusT KpaifHe BaKeH, 3TO MOMOXKET peajnu30BaTh KPEATHBHBIC HJIICH C
MHHUMAJIbHBIMHA YCUJIUSIMH.

Ha mnadanpHbIX J3Tamax ocBoeHus 3D-rpadvku TOUCK TOIXOISAIINX
IporpaMM 4acTo ObIBaeT CIOXKHOW 3amadeil. Mbl pacCMOTpPUM HEKOTOpPbHIE
MOIYJISIPHBIE TTPOTPAMMHBIE TAKEThl 3D-MOAenMpoBaHus, NpPEeAHAa3HAYCHHBIE
JUIE HAUMHAIOIIMX TMOoJb3oBaTtened. OIHAKO [ake KPATKO MPOAHAIM3UPOBATH
BCE CYUIECTBYIOIIME CIEUUATM3UPOBaHHbIE 3D-niporpaMMbl HE IPEACTABISACTCSA
BO3MOYKHBIM HM3-3a UX OTPOMHOIO KOJIMYECTBA, MO3TOMY MBI OCTAHOBHUMCS HA
MOMYJISIPHBIX ~ PEAAKTOpAaX  MIUPOKOrO  CIEKTpa  HUCHOJIb30BaHUS U
XyJ10’KECTBEHHOM HAIPAaBICHHOCTH.

OpHako MbI cyuTaeM HEOOXOJUMBIM TPUBECTHU CBEICHUS O JIydIleM
nmporpaMmMHOM oOecriedeHun st 3D-MoenupoBanusi 0 BEPCUM aHAIUTUKOB
caiita ALL3DP (Ta6numa 1) [1].

Tabnumna 1

IonyasipHoe nmporpaMMHoe odecnedyenue s 3D-mone1upoBanus

Ne Hassanue | HeoOxoammbliii | Onepannonnas [Ipumevanus
NpoOrpaMMbi YPOBEHb cucrema, Opaysep
3HAHUM U
YMEHHH
1 2 3 4 5
1. | 3D Slash HavansHslii Windows, Mac, YcnoBHO
Linux uam Opaysep OecruatHo,
MPEMHUYM YPOBEHB
- MJIaTHO
2. | Clara.io HauanbHbrit Bpay3zep YcrnoBHO
OecriaTHoO,

NPEMHYM YPOBEHb

- TUIaTHO
3. | Moment of | Havaneubiii Windows, Mac [TnatHo
Inspiration
4. | SelfCAD HauanbHbiii bpaysep [IpoOHbIii nepuoa
OecniatHo, nocne -
TUIATHO
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5. | SketchUp HauanbHbiii Windows, Mac YcnosHo
OecnaTHo,
MPEMUYM YPOBEHB
- IJIATHO
6. | TinkerCAD Hauanpnbiit Bpaysep Becrarno
7. | Blender Cpenuuii Windows, Mac, becrninatho
Linux
8. | DesignSpark Cpennuit Windows [Tnarno
9. | FreeCAD Cpenuuii Windows, Mac, becnnatHo
Linux
10. | LibreCAD Cpennuii Windows, Mac, becniatHo
Linux
11. | MakeHuman Cpennuii Windows, Mac, becnnarno
Linux
12. | Meshmixer Cpennuit Windows, Mac, becnnarno
Linux
13. | nanoCAD Cpeanuit Windows [Tnarno
14. | OpenSCAD Cpennuii Windows, Mac, becnnarHo
Linux
15. | Sculptris Cpennuit Windows, Mac becnnatHo
16. | 3DS Max Bbicokui Windows [TnaTHO
17. | Cinema 4D Bricokui Windows, Mac [1narHo
18. | modo Bricokuii Windows, Mac, IInaTHo
Linux
19. | Mudbox Beicokuit Windows, Mac [Tnarao
20. | Onshape Beicokuii Windows, Mac, [TnaTtho
Linux, Android
21. | Poser Bricokuit Windows, Mac [TnaTHO
22. | Rhino3D Beicokuii Windows, Mac [TnarHO
23. | ZBrush Bricokuii Windows, Mac [1natHo
24. | AutoCAD Beicokui Windows, Mac [TnarHo
25. | CATIA Boicokuii Windows [1naTHO
26. | Fusion 360 Bricokuii Windows, Mac [TnaTHO
27. | Inventor Boicokuii Windows, Mac [InatHo
28. | Solidworks Bricokuit Windows [TnaTHO
29. | Siemens NX Bricokui Windows [TnaTHO
3.1. 3D Slash

3D Slash mnpencraBnser co0oil MPOCTOE B HCIOJIB30BAHUU YCIOBHO
OecrutaTHOe mporpamMMHOe obecriedeHue st 3D-MonmenupoBaHusi, KOTOpOE
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MO3BOJIAET  CO3/1aBaTh  NPOEKThI, HUCHOJB3YyS  OJOYHYIO  KOHUEMIHIO,
xapakTepHyto 111 Minecraft (Pucynok 29) [3].

www.3dslash.net Modeled on 3D Slash by Olivier AMMIRATI

Pucynox 29 — Ilpumep 3D-npoekra, BoimosiHeHHoro B 3D Slash

Pabota B 3D Slash umeer cnenuduueckre 0coOEHHOCTH, TaK KaK OObIYHbBIE
IIMPOKO NMPUMEHsIEMble (PYHKIMU, TAKUE KAK BbIJABIMBAHHUE, BPAILICHUE U T.J.
HE KCIOJIb3YIOTCS B IporpaMme. BMecTo 3Toro MoienmpoBaHue COCPEAOTOYEHO
BOKPYT CIUIOIIHOTO OJ0Ka KyOnuecKou (hopMbl, KOTOPBIM MOXKHO Pa3feiuTh Ha
oonee menkue O0moku. [lonb3oBaTenu co3qal0T CBOM TPEXMEPHBIE KOHCTPYKIIUH,
paborasg HaJg KyOOM ¢ MOMOILIBI0 Ha0Opa MHCTPYMEHTOB HE XapaKTEPHBIX IS
OonbiMHCTBA Jpyrux 3D-mporpaMm: MoJioTKa, IImaress, Apead U Jp.
Hanpumep, MOJIOTOK yJaisieT OTJelbHbIE 3JIEMEHTHI, & MACTEPOK J00ABISET UX
K co3maBaeMoMy M3Aenuio.  3D-MonenvpoBaHHE€ € NOMOULIBIO  3THUX
WHCTPYMEHTOB JIETKOJOCTYITHO JaXe I HAYMHAIOIIUX.

PaccmarpuBaemoe IIPOrpaMMHOE oOecrnieueHue IIPEIOCTABISAET
BO3MOYKHOCTb UMIIOPTHUPOBATh U U3MEHATh paHee co3aaHHble 3D-npoektsl. [
HOBBILICHUS YA0OCTBa MOJIb30BaTENIEN U YBEITUUYECHUS MPOJYKTUBHOCTU PabOTHI
3D Slash cBsizan ¢ 1enbIM pSAOM CHEHHAIU3UPOBAHHBIX OHJIAWH-CEPBUCOB U
AIEKTPOHHBIX OuOIMOTEK 3D-Moaenei. Nwmeercs BO3MOXHOCTb
HKCIIOPTUPOBATH CO3/IAHHBIA TPEXMEPHBIN MPOEKT B COOTBETCTBYIOIIMM (hopmaT
U pacnevaTtath ero Ha 3D-nipuntepe [1].

3.2. Clara.io

Clara.io - 310 ycnoBHO OecriaTHOE TporpamMmHoe obecreuenue s 3D-
MOJICIMPOBAHUSI B OHJIAMH pEXWME C UCIOJb30BaHWEM Opays3epa. ITa
porpamMma BKJTIOYAeT B ¢e0s1 OOIBIIMHCTBO PACTIPOCTPAHCHHBIX HHCTPYMEHTOB
JUTSE CO3/1aHMsl 0a30BBIX TPEXMEPHBIX TIPOEKTOB [7].
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Ho Clara.io BBIXOAUT 3a paMKud (PYHKIHOHAIBHOCTH, OXHIAEMOH OT
OHJIaliH peakTopoB. Hampumep, peHIepUHT COIOCTABUM C YPOBHEM HEKOTOPBIX
OporpaMM, HCHOJB3YIOIMX BO3MOXKHOCTU  OINEPAlMOHHBIX CHUCTEM, OH
BKIIIO4aeT B ce0s V-Ray, TeM cambIM MO3BOJISISI OCBEIIATh MPOCTPAHCTBO,
UCHOJNB3Ysl M300paxeHus: Bbicokoro kadectBa HDR. Clara.io nmoanepxuBaer
0a30ByI0 aHMMAIIUMIO KJIIOYEBBIX KaJIpoB U MPEJOCTaBISIET BO3MOKHOCTH
cO3/1aBaTh KOMIIBIOTEpHBIE aHUMalMOHHbIE (puibMbI (Pucynok 30).

Pucynox 30 — ITpumep 3D-npoekra, BoinosiHeHHoro B Clara.io

Opna u3 BOCTpeOOBAaHHBIX B COBPEMEHHOM O0O0IIeCTBE (PYHKIMI — 3TO
BO3MOXXHOCTh COBMECTHOM paboThl Haj mnpoektamu. Kak m B Google Docs
MOXHO J00aBUTh B CHHUCOK pa3pabOTYMKOB CIIEHBI JPYTUX IOJIh30BaTENICH
Clara.io, koTopwsie 3aTeM CMOTYyT H3MeHUTHh (aitnbl. Kaxkmoe BHeceHHOE
U3MEHEHHE aBTOMATUYECKH CUHXPOHHM3UPYETCS MEXKIAY YUCTHBIMU 3aMUCIMU U
ATO 03HAYAET, YTO JPYTUE TOJIb30BATEIH B PEKUME PEATHHOTO BPEMEHU BUJIST,
KaK MEHsSIeTCs clieHa. B kadecTBe MOMOJHUTEIBHOTO MPEUMYIIECTBA MOKHO
OTMETHTb, UTO JOCTYITHAS JJIsi BCEX MoJib3oBatenel cetn MuTepHeT O6ecruiaTHast
Bepcus Clara.io mpenoctasmusier 10 5 I'b o6maunoro xpanunuma [1].

3.3. Moment of Inspiration

Moment of Inspiration - 3T0 mnporpammHoe obecnedenue s 3D-
MOJICJIMPOBAHUSl W BHU3yaJM3allMd OPUEHTUPOBAHHOE HAa XYAOKHUKOB H
nu3aitHepoB. Llens pa3paboTunka coctosiia B TOM, YTOOBI CO3/1aTh MPOTpaMMy,
KOTOpasi UMEET MOJIHYI0 (GYHKIUOHAIBHOCTh MHXKEHEPHOro mporpammHoro 3D
CAD obGecrieuenusi, HO 0€3 TEXHHYECKHX CIIOXKHOCTEH, KOTOPBIE ATOMY
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CONYTCTBYIOT. Marematuyeckue acmekTsl oOpalaThiBatOTCsI B (POHOBOM
pexuMe, TpeAoCTaBiisis MOJb30BaTeNIIM CBOOOJY COCPEAOTOYMTHCS Ha
TBOPYECKHUX, N300pa3uTeabHbIX acniektax 3D-npoektos [10].

B ornnuue ot 3D CAD rpaduueckux komiuiekcoB, Moment of Inspiration
UMeeT MHTYUTHBHO TIOHSTHBIA TOJB30BATENbCKUI HHTEpEnc, KOTOPHIH
MOJIHOCTBIO COBMECTUM C IUIAHIIETaMH. OJTO MPOrpaMMHOE oOOecreueHue
MO3BOJISIET CO37aBaTh TPEXMEPHBIE MPOEKTHI 0€3 BBOJA JAHHBIX C KJIaBUATYPHI,
UCIIOJNB3YS TOJBKO TpaduvecKiue MHCTPYMEHTHI BBOJA (KOMITBIOTEPHYIO MBIIIb,
ctunyc u np.) (Pucynok 31) [1].
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Pucynok 31 — ITpumep 3D-npoekra, BoinosiHeHHOro B Moment of Inspiration

B ornnumne ot 3D CAD rpaduueckux kommiekcoB, Moment of Inspiration
UMEeT WHTYUTHMBHO TOHSTHBIA MOJB30BATENbCKUI HHTEpENC, KOTOpPHI
MOJIHOCTBIO COBMECTUM C IUIAHIIETaMH. OJTO MpOrpaMMHOE oOecredyeHue
MO3BOJIIET CO3/1aBaTh TPEXMEPHbIE MPOEKTHI 0€3 BBOJA JaHHBIX C KJIaBHATYpBHI,
UCIOJIB3YS TOJBKO TpaduuecKrue MHCTPYMEHTHI BBOJA (KOMITBIOTEPHYIO MBILIb,
ctuiyc u np.) [1].

B Moment of Inspiration maHenh MHCTPYMEHTOB PACIIOJIOKEHA C MPaBOM
CTOpOHBI 3kpaHa. Ha Heil npeacTaBieHbl Bce HEOOXOIUMbIE HHCTPYMEHTHI JIJIs
KaueCTBEHHOW OTPUCOBKM wu300paxeHuil. [IpocTpaHCTBEHHBIE OOBEKTHI
CO3JAIOTCSl C MOMOILIBIO OMIMM BBIAABIVMBAHUS, BPALECHUS, CKPYIJIEHUS U T.J.
[IpeoOpa3zoBaHust y>k€ TOTOBBIX MOJENEH OCYIIECTBISETCS  KHOMKAMHU
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MacIITaOUpOBaHUs, BBIpaBHUBAaHUA, JAepopmaruun u 1p. IIlpegycmoTpena
BO3MO>KHOCTbh BBOJIa TOUHBIX JIMHEHHBIX U3MEpeHU. B kauecTBe 0€3yCiOBHOTO
MOJIOKUTEIBHOIO MOMEHTA JUIsl 3TOTO MPOTPaMMHOIO 0OECIEYEHHs] OTMETHUM,
4YTO HayMHAIOIIME CIEUMAIUCThl 0e3 3HauuTenbHoro omeita B 3D-
MOJIEJIMPOBAHUHN UMEIOT BO3MOXHOCTh OBICTPO CO3/1aBaTh aBTOPCKUE W3JEIHS,
rorosble s 3D-nievary.

3.4. SeltCAD

[Iporpammusiii  npoaykr SelfCAD Bxmrowaer B ceOsi Bce  dTarlbl
TEXHOJOTHYECKOT0 Mpolecca OT CO3/AaHUs Tu3aiiHa U3JENHs 10 €ro MeyaTH Ha
3D-npuntepe. Takas 3HauntenbHas GyHKnoHaIbHOCTh SelfCAD oObsicHseTCs
MOIIHBIM TpapUUecKuM TPUIIOKEHUEM, B3STBIM 32 OCHOBY [UISI CO3JaHUS
JeTATN3UPOBAHHBIX TPeXMEpHBIX poekToB (Pucynok 32) [8].
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Pucynox 32 — IIpumep 3D-nipoekTa, BoinosiHeHHOTO B SelfCAD

WutyutnBHO mnoHATHBIM Tpaduueckuit unrepdeiic SelfCAD, mnpoctbie
npuemMbl pabOThl C MHCTPYMEHTAMHU MOCTPOEHUSI OOBEKTOB W YIPABJICHUS
MPOEKTaMU TO3BOJISIIOT MPAKTUYECKH KaKJIOMY IOJIb30BaTENl0 HCIOJIb30BaTh
ATOT pedakTop JoctaroyHo »HpdexktuBHo. B  Hem wumeercs ¢yHKIMS,
MO3BOJISIONIAS 3aTPy3UTh MJIOCKOCTHOE M300pa)keHUe, KOTOpoe OYAET CIYKHUTh
mradioHoM uia 3D-moaenu.

Onmnoit w3 cambix BocTpeOoBaHHBIX onuuid SelfCAD kak ycinoBHO
OecIJIaTHOTO MporpaMMHOro obecrneueHust st 3D-MoaenupoBaHus SBISETCS
BO3MOXKHOCTh paspabarpiBaTh Mojenu minsi 3D-mewatn. Drta mnporpamma
MO3BOJIIET OCYIIECTBIISATh BCIO CIEUU(PUUECKYI0 MOJATOTOBUTENbHYIO pPaloTYy.

[IpenycTaHOBIEHO MHOECTBO MOMYJsipHbIX Mozeneil 3D-npuntepoB RepRap,
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KOTOpbIE JOCTYMHBI W3 BbIMagatomux cuuckoB SelfCAD, HO MOXXHO BBECTH
JOTIOJTHUTENbHbIE KOHKPETHBIE ClIeU(DUKAIIMU HY>KHBIX BaM ycTpoucTB [17].

3.5. SketchUp

SketchUp wu3HauanpHO pa3pabaThiBajicsi M PacHpoCTpaHsICS Cpeau
nmojib30BaTeNie Ha Oe3BOo3Me3qHOM ocHOBe Kommanuend Google, uem w
OOBSCHSIETCSI BBICOKAsI CTEMEHb €r0 M3BECTHOCTH. B OCHOBHOM 3TOT pemakTop
MOMYJISIPEH CBOMMH HMHCTPYMEHTaMH, C TOMOIIBIO KOTOPBIX TMPOCKTHPYIOTCS
apxutekTypHbie 3D-00bexThl. SketchUp wucmonb3yercss Anisg BU3yalIu3aluu U
IUTAHUPOBAHMUS B pa3HbIX cdepax, BKIOYas IU3allH HHTEpbepa, MeOenw,
Ja"amapTHy0 apxutektypy u T.4. (Pucynok 33) [11].
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Pucynok 33 — IIpumep 3D-npoexTa, BoimonHeHHOTO B SketchUp

SketchUp oTnnuaeTcst akkypaTHBIM U ApYy>KeCTBEHHBIM nHTepdeiicom. Ha
pabodeit o00macTé TPENCTAaBICHO OTHOCHUTEIBHO HEOONBIIOE KOJIUYECTBO
WHCTPYMEHTOB, 4YTO, HECOMHEHHO, MOpaJyeT HaYMHAIONIMX IOJh30BaTENeH,
TOJILKO oOcBauBaromMx a3bl 3D-mopenupoBanus. OCHOBHbIE MPUHIUIIBL,
nojio’)keHHble B OocHOBY  SketchUp 5oru4yHbl M MOHSATHBI, YTO TO3BOJISET
CO3/aBaTh MPOCThIE TPEXMEPHbIE MOJENU AJis pacrnedyaTku Ha 3D-mpuHTepe B
TEUCHHE HECKOJIbKUX YacoB [1].

Opnnako, SketchUp cnocoben co3naBaTh u Oosee cinoxHble 3D-poeKThI.
PykoBoicTBO KOMIIaHWU-BIaJEiblla A3TOr0 OpeHAa TMOOMIPSET OTAETbHBIX
M0JIb30BaTEIe U KOMITAHUU Pa3pa0OTUMKOB MPEAOCTABISTH JOMOJIHUTEIbHbBIE
pacuIMpeHus K HCXOJHOM BEPCHUM MPOTrpaMMbl, MOATOMY MOTEHIIHMAIbHbBIE
Bo3MOKHOCTH ~ SketchUp MoxHO Ha3Barh 3HauuTeNnbHbIMU. Hampumep,
komnanus  Curviloft co3mama Habop  WHCTPYMEHTOB,  MO3BOJISIOIIMX
MOJICJIUPOBATh  CJIOXKHBIE  OpPraHMuYecKhe  CTPyKTypbl.  [Iporpammuoe
obecneuenue SketchUp Bkitouaer B ce0s HE TOJBKO CHEIUATU3UPOBAHHBIN
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monynb 3D-MoaenupoBaHus, a Takke (PYHKUIHOHAJIbHbIE WHCTPYMEHTHI IS
CO3JAaHMS YEPTEKEU M BBINOJHEHUS KAYECTBEHHOI'O PEHJAEPUHIA IOBEPXHOCTH
pasnuuHbIMH TekcTypamu (Pucynok 34).

Pucynok 34 — IIpumep 3D-npoekra, BeimosiHeHHOroO B SketchUp

Eme ogaum mmocom SketchUp siBasieTcs TOT GakTt, UTO OH MOCTABIISIETCS C
coOcTBeHHBIM perno3utopuemM Exchange, nHTerpupoBanHbIM B miporpammy. 3D
Warehouse — 3710 momynsipHasi momnoJiHsgeMasl OMOJIMOTEKa, B KOTOPYIO YiKe
3arpy’keHo 0OoJiee IBYX MWIJIMOHOB Mojelied, BbIoNHEHHBIX B SketchUp.
HyxHble m1abiioHsl U3 HEE MOXKHO TOJYYUTh HEMOCPEACTBEHHO B IMPOIIECCE
MPOCKTUPOBAHUSI, YTO 3HAYUTEIHLHO YHPOIIaeT U yckopseT pabdoty. 3D
Warehouse coeauHeH ¢ onmaitH-cepBucoM mneudatu Materialise.Cloud, uto
MO3BOJISIET  TOJIB30BATENIIM ~ Cpa3y  pacledarbiBaTb TOTOBBIE  MAaKETHI.
CrienmanmcThl 00JJaYHOTO CEPBHCA YTBEPKIAAIOT, YTO BCTPOCHHOE MTPOTPAMMHOE
obecrieueHre aBTOMAaTUYECKH MCIPABIISACT ONIMOKH, BBHISBISEMbIC B MOJICIH B
X0J1¢ MOATOTOBKY 3aanus 1t 3D-neyatw [1].

3.6. TinkerCAD

[Ipu mepBoM B3TJIsAAE HA 3TO MPOTPaMMHOE oOOecreueHne BO3HUKAET
OIIYIICHUE, YTO OHO MPEIHA3HAYCHO /IS eTed, HO Ha camoM jene TinkerCAD
- 9T0 BmojHe ¢QyHKIMOHANbHAs cuctema 3D-moxenmupoBanus [12]. Dta
mporpaMma KOMOMHHpPYET TpOCThie  (opMbI, Kak dTO Jenaercss B
KOHCTPYKTOpax, HO HCMOJb3ys 0a30Bble OMNEpallMd  MOJICIUPOBAHMUS,
TinkerCAD mo3BonsieT OOBENUHATh MPUMHUTHUBBI C JOCTATOYHO CJIOKHBIMH
ob0bekTamMu. B 3TOM mporpaMmMHOM OO0EClEUeHMHM pealnu30BaHa OMIIUS

30



BBITIOJIHEHUST OYJIEBBIX OMEparfii, TO €CTh MOXXHO OOBECIWHSTh M BBHIYUTATH
aro0ble  purypel W uxXx dneMeHThl. OCBOMB OCHOBHBIE TIPUEMBI, JIaXKe
HAYMHAOIINE CTYIEHTBI CMOTYT OY€Hb OBICTPO TIOJYYUTH XOPOIIUE PE3yTbTaThl
(Pucynox 35).
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Pucynox 35 — Ilpumep 3D-npoekra, BoimosnHeHHoro B TinkerCAD

TinkerCAD mpennaraeT WHTYUTHBHO TIOHSTHBIA TOJAXOJ K OOIIEH
KOHIeNIMU 3D-Mo1eIupoBaHusl 1 UHCTPYMEHTAM JJIs €ro BhINOTHEHU [1].

3.7. Blender

Cneunamuctel oTHOcAT Blender x cpennemMy u mpodeccroHambHOMY
YPOBHIO YCIIOBHO O€CIUIATHOTO MPOTPaMMHOTO OO€CIeYeHUss C OTKPBITHIM
UCXOAHBIM KojaoM i 3D-moxenupoBanus. Blender mnpennasnaduen aiis
CO3JaHUsl aBTOPCKUX MOJENE, aHUMAlUMOHHBIX (PUIBMOB, BU3YyaJIbHBIX
3 PeKTOB, HHTEPAKTUBHBIX NPWIOKEHHUH, Buaeourp u 3D-MakeToB s
npuHTepoB W T.0. borateii ¢gynkumonan Blender Bkmiouaer B cebs 3D-
MOJICJIMPOBAaHUE, PEHJECPUHT, TEKCTYpPHUpPOBAaHHUE, MpeoOpa3oBaHHUE pPACTPOBOM
rpaduky, co3gaHue pazHooOpasHbIX A(D(PEKTOB, aHUMAIUIO, PETAKTUPOBAHHE
Bujieo u np. Taxxe Blender nmeet BctpoeHHBINM UTpoBOi ABMKOK (PucyHok 36).

EcrectBeHHO, 4TO Takue OOMIMPHBIE (PYHKIIMOHAIBHBIE BO3MOXKHOCTU
TpeOyIOT 3HAUUTEIHLHOTO BPEMEHH HAa OCBOCHHE TEOPUTUUYECKHMX OCHOB U
HapabOTKy MPaKTUYECKUX HABHIKOB [1].
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Pucynox 36 — ITpumep 3D-nipoekra, BoitosiHEHHOTO B Blender

WuctpymenTtsl MoxaenupoBanusi B Blender Bkmiowaior B cels
BO3MOXXHOCTH, aHamornyaple Mudbox wmm ZBrush. 210 mporpammuoe
o0ecrneyeHrne NpeaoCTaBIseT sl UHCTPYMEHTOB W MOAU(PUKATOPOB, KOTOPHIE
o0JeryaroT co3/laHue IpOTOTUIIOB, MpeAHa3HaYeHHbIX A1 3D-neuatn (PucyHok
37) [1].

Pucynok 37 — Ilpumep 3D-nipoekToB, BoimonHeHHBIX B Blender
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3.8. LibreCAD

LibreCAD - 310 ycinoBHO OeciuiaTHOE IporpaMMHoe obecrnieuenue aist 3D-
MOJEIUPOBAHUS C OTKPBITBIM HMCXOJIHBIM KOAOM. OH COIEPKUT OCHOBHBIE
WHCTPYMEHTBI, KOTOpPbIE MOHAN00ATCS I MPOEKTUPOBAHUS U MOAUPUKAIINU
TpexmepHbiX  mpoekToB. [lockombky LibreCAD  mokas3piBaeT  TOJIBKO
YIPOIIEHHBIE BUIBI, TO pasMmep (¢aiaoB coctaBiser Bcero okojo 30 Mb. Ho
OTOOpaKEHHE W30METPUUYCCKUX U300pakeHnid Toxke wumeercs. LibreCAD
YIOBJETBOPSET OOBIYHBIE TMOTPEOHOCTH B  XYJ0’KECTBEHHO-TBOPUYECKOMN
NEATENIbHOCTH, HO OINUMs pucoBaHus 3D-moxenei SBHO HE IeperpykeHa
(¢yHKuroHanbHOCTHIO (PucyHOK 38).
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E B B & [=
] § E
x
&

] ap  anas
i o 2

Pucynox 38 — IIpumep 3D-nipoekra, BointoiHeHHOTO B Blender

[Tonb3oBatensckuii uHtepdeiic LibreCAD sBnsercss ApyKECTBEHHBIM U
XOpOWO MOAXOAMT s HauumHaronwmx 3D-nus3aiimepoB. Ha mnpoasuHyTOM
YPOBHE OCBOEHHMSI MPOrpaMMbl JUIsl YBEJIMYEHUS CKOPOCTH M YHPOUICHUS
pabouero mpoiiecca MOXHO B IMOJTHON Mepe BOCIIOJIb30BAaThCs MPEUMYILIECTBAMU
KOMAaHJHOU CTPOKM B HUKHEW yacTu 3kpana [1].

3.9. 3DS Max

3DS Max - 3T0 KJacCU4eCKui OpeH 1 Cpeid MPOTPAMMHBIX TPOIYKTOB IS

3D-moaenupoBaHus, NpUHAJISKAIIUNA TUTaHTCKOM kopriopauu Autodesk. On

OCOOCHHO TIOMYJSAPEH Cpeau pa3padOTYMKOB BHUACOUTP, XYAOKHUKOB H

N3aifHEPOB, HAIICJICHHBIX HAa BU3yalbHbIE YP(PEKTHI, a TAK)KE Y apXUTEKTYPHBIX

cryauii. CIo)KHOE MOJIETMpPOBAaHUE YACTUIl M CBETA, MEXAHU3M JIPAUPOBAHHUS

TKaHell 1 coOCcTBeHHbIN A3bIK cueHapueB (MAXScript) — 3TO JUIIbL HECKOIBKO
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KITFOUEBBIX (DYHKIMA, TTOMUMO €r0 OJIECTAIINX BO3MOXHOCTEH TPEXMEpPHOTO
mozaenupoBanus (Pucynok 39). Kpome toro 3DS Max nocTaBisieTcsi ¢ XOpOIo
POJyMaHHOW apXUTEKTYypOH IJIarMHOB, KOTOPAasl MOCTOSTHHO MOJIJIEP>KUBAETCH,
OOHOBJIISIETCA U JIONOJIHAETCS aKTUBHBIM COOOIIECTBOM pa3paboTUukoB. [lonroe
BpeMs 3TO MporpaMMHOe oOecredeHre ObUIO pa3[esieHO Ha BEpPCUIO I
WHXEHEPOB U BEPCHUIO IS TU3AMHEPOB U XYIOKHUKOB, KOTOPHIE OTINYAIHCH
HE3HAUYUTEITbHBIM HAOOPOM OCHOBHBIX (DYHKITHI.

t e o ASCHIBE.

Pucynok 39 — IIpumep 3D-npoekToB, BbIONHEHHBIX B 3DS Max

Urto xacaercs 3D-moxpemupoBanus, To 3DS Max cmocobeH co3naBaTh
napamMeTpuueckue W HemapamMeTpuueckue  OOBEKTHI ¢  (QYHKIUIMH
MOJICIMPOBAaHUS HAa OCHOBE TIIOJIMTOHOB, CINIAWHOB M TIOBEPXHOCTHOM
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TpuaHrysiuuu. utepecHsle (yHKIIMOHATBHBIE 0COOEHHOCTH pa3pabOTaHbl AT
JIU3aMHEPOB - 3TO HHCTPYMEHTHI MoJenupoBanus Ha ocHoBe NURBS, koTopeie
IIO3BOJISIIOT CO3JaBaTh KAK HEllapaMETPUYECKHUE, TaK U MAaTEMaTUYECKU TOYHBIC
IIOBEPXHOCTH.

3DS Max - 3T0 OJHO W3 JY4YIIMX HNPOrpaMMHBIX pemeHud s 3D-
MonenupoBanus. [Ipouecc oOyueHuss BceM O0a30BbIM HaBBIKAM U YMEHUSM,
BKJIIOYAsl aHUMAIIMIO U UHKEHEPHbIE (PYHKLINU, TPeOYET AJIUTENBHOIO BPEMEHH.

Hcnonp30Banne BO3MOXKHOCTEM 3D-MOnenupoBaHus W BU3YAIW3ALUHA B
[IporpamMMe BBICIIEr0 M CPEJHEro 0Opa30BaHMs, 3HAKOMCTBO OOYYarOIUXCS C
nporueccoM co3fgaHusi 3D-MpOTOTUIIOB HAa WHTEPAKTUBHBIX 3aHATUAX, Oynaer
CO0COOCTBOBATH PA3BUTHIO MPOCTPAHCTBEHHOTO MBIIIJICHHSI, 0a30BBIX HABBIKOB
IPOEKTUPOBAHUS U MOJEIMPOBaHUA, a pabd0OTa C BUPTYaJIbHBIM MPOCTPAHCTBOM
— pa3BUTHIO a0CTPAKTHOIO, KPEATUBHOT'O MBIIICHHUS.
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4. OcHoBbl padoTsl B Blender
4.1. HauaJjo pa6otsl ¢ Blender

Kak mbI yxe ynomuHamu panee, Blender nmpeacraiseT co0o# MOIHOCTHIO
GYHKIHOHATIBLHOE TTPOrpaMMHOE 00ecIieueHrEe, KOTOPOe CO37aHO U IOCTOSHHO
OOHOBJISIETCS COOOIECTBOM Pa3pabOTUYMKOB «OPEN-source» M IMoAepKUBACTCS
Blender Foundation. 9To cBoO0IHO pacmpocTpaHseMas MporpaMMa ¢ OTKPHITHIM
HMCXOJHBIM KOJIOM, MPEAOCTABIISIONIAS IMIUPOKUE BO3MOXHOCTU Cco3aaHus 3D-
MOJIEIIEH, PEeHIEPUHTa, aHUMALUU U T.1.

CkaumBaTh yCTaHOBOYHBIC (aillbl MBI PEKOMEHIyeM C OQHUIIHATIHLHOTO
caiita Blender mo anpecy: https://www.blender.org/ (Pucynok 40) [5] .

Fully Featured

Leam more.about the ficense.>

Pucynoxk 40 — OdpunmansHas ctpanuia Blender

MeHHO Ha 3TOM caiTe MOXHO TMOJYYUTh KaK HOBEUIIYI0 CTaOWUIILHO
JICHCTBYIOIYIO BEPCHUIO, TaK M €XKEIHEBHYIO COOPKY, alpuoOpu HE HMEIOIIHUX
BUpycoB. Ha HauanpHOM 3Tane HeoOX0IMMO BBIOPATh ONEPALIMOHHYIO CUCTEMY
Baiero kommbioTepa. Blender siBnsiercs kpoccriaaTpOpMEHHBIM TPOrPaAMMHBIM
oOecrieueHueM M OAMHAKOBO 3 dekTuBHO paboraeT kak B Linux u Windows,
tak 1 B macOS. I[loMmumo mnporpammsl, kKoTopas ycraHasiaupaeTcs Ha IIK,
npeJIaraeTcs eie U MopTaTUBHAS BEpCHsl.

Otmetrum, uto Bepcus Blender 2.8 Boimyckaercs s 32 u  64-bit
MIPOIECCOPOB, HO pa3pabOTYMKU YXKE AaHOHCHPOBAIM CBOM HaMEPECHHUS
OTKa3zaTtbcst OT cOopku st 32-bit. DT0 0OBSCHSAETCA TEM 4YTO MpOrpamma
JIOCTHUTJIa TOTO YPOBHS Pa3BUTHS, KOTJa KOJIMYECTBO onepaTuBHON namsatu 4 ['6
SIBHO HE JOCTaTOYHO, & KaK U3BECTHO 3TO MakcuMyM st 32-bit Bepcuu [19].

OOpaTtuM BHUMaHUE Ha CHCTEMHbIE TpeOOBaHMS K HMEIOLIEMYCS
obopynoBanuto. Cozmatenu Blender 2.8 pazpaboranm ux paHXUpOBaHUE:
MUHUMAJIbHBIE, PEKOMEHIYyeMbl U ONTUMAajbHbIC. 3HAYCHUS JOCTATOYHO
0000IIIeHHbIE, HO CyTh HMX TaKOBa: Ye€M MOIIHEE KOMIIBIOTEp 10 BCEM
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nmokazaTeisiM, TeM ObIcTpee W KadecTBeHHee OyleT (yHKIMOHHPOBAThH
nporpamMa. HekoTopble Moyib30BaTeNd BBIOMPAIOT BapuaHT COOpPKU C
BBICOKOKJIACCHOW BHUACOKApPTOM M 00palaioT HEIOCTaTOYHOE BHUMaHHE Ha
nporeccop. B cmywae ¢ 3D-momenupoBaHuMeM 3TOT MOAXON  Oynder
Masi03(pPEeKTUBHBIM, BCE KOMIIOHEHTHI TOJHDKHBI COOTBETCTBOBATH JIPYT IPYTY 11O
YPOBHIO U XapakTepuctukam (Pucynok 41).

Hardware Requirements (Blender 2.80)

Minimum Recommended

different reguirements. Always make sure to install the latest drivers from

thegr

« NVIDIA: GeF
* AMD: GCh
* Intel

* macOS; version 10.1

Pucynoxk 41 — CucremHubie TpeOOBaHUS K 000pYI0BAHUIO
4.2. [loab3oBaTeabckuii HHTEepPeiic

Ha cerogusmnuii aens HoBeitmas Bepcus Blender - 2.8 (Pucynok 42).

o Had P

Pucynox 42 — CrtapToBoe OKHO, OTKpbIBaroIieecs npu nepsom 3amycke Blender
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[Ipn mepBOoM 3amycke B CTapTOBOM OKHE MOXHO MPOU3BECTH 0a30BYIO
HACTPOWMKY, a MpU BCEX MOCIEAYIOIIUX 3/1eCh OyAYT OTOOpa)kaThCs MOCIEAHHE
Gbaiibl, ¢ KOTOPIMU padOTaIN U KHOTIKH, MTO3BOJISIONINE HA4YaTh HOBBIM MPOEKT.

[To ymomuanuro umHTepdeiic Blender ycranaBiamBaeTcs Ha aHTJIMHACKOM
A3bIKE, OOJIBIIMHCTBO NPO(ECCUOHATIOB W3 Pa3HbIX CTpPaH MPEANOYUTAIOT
paboTaTh UMEHHO B aHTJIOA3BIYHOM BapuaHTe (Pucynok 43).

o HecqA P e

Pucynox 43 — UnTepdeiic Blender Ha aHrimiickom si3pike

Ho nmnockombky  y4eOHO-METOIMYECKOE TMOCOOME  CO3/1aBaioCh  C
00pa30BaTebHBIMHI TICJIIMHU, TO JIJIS JTy4YIIer0 TOHUMaHus y4eOHOTO MaTepuaia
MbI OyZieM u3ydaTh (yHKIIMOHAJIbHBIE BO3MOKHOCTH Blender Ha pycckom si3bike
(Pucynok 44).

o Hecd pre

Pucynox 44 — Untepdeiic Blender Ha pycckom si3bike
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YroObl W3MEHHUTH SI3BIK HWHTEpdeiica ¢ aHIIMICKOrO Ha PYCCKUN
BBITNIOJIHUTE CJIEAYIOILYIO TocliefoBaTenbHoCTh koMana: Edit — Preferences —
OTKpPBITh BKIAJKY Interface — aktuBupoBath (yHKIMI0 Translation (mocTaBUTH
«rajiouKy») — BBIOpaTh PYCCKUU sI3bIK TepeBoaa uHTepderica Blender. B
BBITNIAAI0IIEM MEHIO MOCTaBbTE «rajouku» Hanmpotus omnuuid Tooltips, Interface,
New Data. Ilocme »3TOro HacTpOMKM AaBTOMATHYECKUM COXPAHATBCA U
OOJBIIMHCTBO HAAMUCEH OyayT EepeBeACHbI Ha PYCCKUH S3bIK.

. C  omoz0 momenma Mbvl Oyoem RpUGOOUMb KOMAHObL U |
1!\ nocneooeamenvnocmu ux evinonnenus 6 Blender na pycckom
| A3bIKeE. :

B ciuygae HeobxomuMocTH 0a30Bble HACTPOMKH MOXKHO H3MEHHUTH
ciaenyronuM ob6paszom: IlpaBka — Hacrtpoitku. 31ech MOXXHO HW3MEHHUTH
OCHOBHBIE MapameTpbl uHTepdeiica, TeMbl oQopMIIeHHUsS dKpaHa, IapaMeTphl
OCBeIlleHMs, aHuManuu | T.1. (Pucynok 45).

#» Mapametpsi Blender E O X

a ¥ OrobpaxeHue
WhTepdeinc P
Temu Macwrad paspeweHus akpaHa

TonwwmHa NUHKWKA ~ ABTO
Beionopt

OceeleHne 3arpy3oqnan 3acteBka & MHCTpymenT paspadoTku
BeARTPOBBHE Moackasku W bonblune Kypcopi
aki

Mogckaskun Python
AHumayua

¥ PepakTophl
AnfoHb

PazpelsnTs NepekpuTue peruoHos
Beog Paznenexue or yrnoe

Haeurauuns YnpaenexHue Hasurayuen

Packnanka WHcTpymenT B:bopa yeeta  Kpyr (HSV)

Monoxerwe 3aronoska oy HaHuIo
uerem
CucTena Orobpaxerune koahdhuymenT.. MHoxuTenb

CoxpaHeHne 1 3arpyska
¥ ¥ MNepesog
My k hannam
A3k yCCku (Pycckuia)

Nogckaskn HoBbie AaHHme

WrTepdeinc M

» PeHnepuHr Tekcra

» MeHio

Pucynox 45 — OxHo HacTpoiiku mapamerpoB Blender

Becr unTepdeiic Blender MoXHO yCIIOBHO pa3feiuTh Ha TPU OCHOBHBIE
YacTH:

— BEpXHsAA MmaHensb (top bar);
— pabouas 061aCTh;
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— CcTpoKa cocTosiHus (status bar).
Crpoka cocrosiHus (status bar) pacroynokeHa B HWKHEW YacTH DKpaHa, B
Bepcuu 2.8 OHa UMEET TPU COCTABJISIFOIIUX

— B JIGBOM 4YacCTH HaXOJATCSA TOJCKA3KH TI0 TEKYIIUM aKTHBHBIM
WHCTPYMEHTAM, KOTOPbIC OYIyT TOCTOSHHO MEHSTHCS B 3aBUCHUMOCTHU
OT BBIOPAHHBIX KOMaHI;

— B ICHTPAIBHON YacTU OTOOPaKAIOTCSI COOOIICHUSI CUCTEMBI, HAIPUMED
BpeMs PCHICPUHTA, OITHOKH, IPEIYyIPEIKIACHUS U T.]1.;

— B MPaBOM YacTH OTOOpakaeTcs MH(OpMAIUs O TEKYIIEH CIICHE.

N3yuenne BepxHeul ma"enu (top bar) Haunem ¢ MeHio «®daitm» (PucyHok
46).

®ann Mpaeka  PengepuHr OkHO

“® Hoswait
[ Oxpors...

HenagHue hannw. ..

BocCTaHOBUTL

CoxpaHuTb
COXpaHnTb KaK...

COXDBHM'!‘b KOMNUWIO. ..

Ccenka...
LoBaEnTD. ..

MpeanpocMoTR OaHHBIX

MMnopTupoBaTh

, IKCMOPTUPOBATL
BHewHwe gaHHe

Mo ymon4aHuio

() Buixog

Pucynoxk 46 — Mento «®daitn» B Blender

HasBanuss xomaung menro «®aiti;» U 0OCOOEHHOCTH WX BBIMIOJHEHUS B
Blender npuBenens! B Tabnuiie 2.
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Ta0muma 2

Komanapr menro «®aiijn» 1 BbINOJHAEMbBIE UMHU J1eliCTBUSA

Komanaa BoeinosHsieMble 1elCTBUA
1 2
Komanpga «HoBreril» MO3BOJISIET CO3/1aBaTh HOBBIE (aiiiIbl,

MIPUYEM TPETOCTABIISIET BO3MOKHOCTh
BBIOOpA U3 MATH CTaHAAPTHBIX ITA0JIOHOB.
JL1st GOJIBIIMHCTBA IPAKTUYECKUX paboT
ONTHUMaTBHBIM OyeT madsoH «OOmuiiy.

Komanna «OTKpBITh MO03BOJISICT OTKPBIBATh (PailJibl, CO3/IaHHBIC B
Blender.
Komanna «HenaBaue danab» MTO3BOJISICT OTKPBIBATH IMOCICTHUE

HCITOTb3yeMbIe (haiiiibl, CO3TaHHBIC B
Blender.

Komanma «COpocuTh U3MEHEHHUS» | MIO3BOJISIET OTKPBITH MTOCIICTHIO0
COXPaHEHHYIO BEPCHIO TEKyIero Qaiina.

Komanga «BoccTaHOBUTEY MIOMOTAeT BOCCTAHOBUTH (haidi u3
aBTOMAaTHYECKH COXpPaHEHHOH KOIHUH, €CITU
POU30LLIH (HPOPC-MaKOPHbIE
00CTOSTEICTBA (BBIKITFOUUIICS CBET,
CJIOMaJIOCh 000PYIOBaHHE | T.]I.)

Komanna «CoxpaHuThb» MO3BOJISIET COXPaHsTh (haiiibl B hopmaTe
Blender.

Komanna «CoxpaHuTh Kak» MO3BOJISIET COXPAHSATH (haliIbl B THOOBIX
¢dopmarax 3D, koTOpBIE MOANEPKUBAET
Blender.

Komanna «CoxpaHuTh KOMHIO» MO3BOJISIET COXPAHSATh KOmuto (aiina B

dbopmate Blender.

Komanpga «Cchlika MMO3BOJISICT CBI3aTh JJAHHBIC U3 BHEIIHETO
blend-daiina (6ubmMoTeKN) ¢ TEKymIeh
CclueHOM. PegakTupoBaHue 3TUX JaHHBIX
BO3MOKHO TOJIbKO BO BHEIIIHEH
ouobimoreke. Komanaer «Ccpuika» u
«/106aBUTHY UCTIONB3YIOTCS AJIs 3aTPY3KH
TOJIbKO BBIOPAHHBIX YacTeil U3 JPYyroro
daiina.

Komanga «J106aBUTHY [MO3BOJISIET 100ABIATE JaHHBIE U3
BHemHero blend-daiina B TekyIiyto ciieny.
HoBbie qanHbIC KOMUPYIOTCS U3 BHEITHETO
¢aiina ¥ TOJIHOCTHIO HE CBA3aHBI C HUM.
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Komanna «IIpeampocmotp MPEOCTABIISIET MHCTPYMEHTHI TSI
TTAaHHBIX) YIPaBIICHUS TTPEIBAPUTETHHBIM
MIPOCMOTPOM OJIOKOB JIaHHBIX (OOHOBUTb,
Cr€HEepUpOBATh U JIP.).

Komanna «MImnoprupoBathe» MIO3BOJISIET BCTABJIATH HY>KHbI OOBEKT WU
MaTepuall U3 paHee CO3/1aHHBIX (ailyioB B
Ipyrux 3D-nporpaMmax B TEKYIIYIO CLIEHY
Blender.

KOMaH,Z[a (<9KC1'I0pTI/IpOBaTI>>> IMO3BOJIACT DKCIIOPTUPOBATH 00BEKT

Blender B npyrue 3D-nporpamMmsl.

Komanna «Bueunue nqanHbie» MO3BOJISIET XPAHUTh BHYTPH CMELIAHHOTO
¢aila BHEIIHUE TaHHBIE, TAKHE KaK
N300pakeHUsl TEKCTYP U APYTUE PECyPCHI.

Komanna «Ilo ymomuanuro» MO3BOJISICT YIPABJIATh (pailioM 3amycka,
KOTOPbIW UCIIOIB3YETCS IJIs1 XpaHEHUS
CLIEHBI 10 YMOJIYaHUI0, pabouell 00JacTH U
uHTepdeiica, 0TOOpakaeMbIX MPU
CO3/IaHUM HOBOTO (aiina.

Komanna «Berxom» MO3BOJISIET BEIMTH U3 Blender.

Crnenytoieid B BepxHeu manenu (top bar) uaet mento «IIpaBka» (Pucynoxk
47).

flpaeka Pengepunr OkHo  Cnpaska Layd
OmMennTs

BepHyTb
OTMEHWTL MO UCTOPWNA. ..

MoeTOPUTE NOCNEegHee

MoBTOPUTE MO UCTOPKUNA. ..

HacTpouTs NOCnegHIon onepauuio
Mouck onepayuu...

MNepenMeHOBaTL GKTUBHbIA 31eMeHT. ..

BNOKWPOBETE PEXNME ¥ ODBEKTOE

L Hacrpoitku...

Pucynoxk 47 — Mento «IIpaBka» B Blender

Hasanus komann menwo «lIpaBka» ¥ OCOOCHHOCTH WX BBITIOJHEHHUS B
Blender npuBenens! B Tabnutie 3.
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Tabanma 3

Komanabl Menio «IIpaBka» U BbINOJIHsIEMble HMH J1eCTBHSI

Komanaa

BoeinosHsieMble 1elCTBUA

1

2

Komanna «OTMEHUTE

ITO3BOJISIET OTMEHHUTH ITOCJICIHEE JICHCTBHE.

Komanna «BepryTb»

MTO3BOJISIET IOBTOPUTH MTOCIETHEE
NEeNCTBHE.

Komanna «BepHyTb 110 nctopun»

MO3BOJISIET OTMEHUTD WJIA IOBTOPUTH P
JIEUCTBHUI, MOCIIEI0BATEIBHOCTh KOTOPBIX
3amnucaHa B MaMsTH MPOTPAMMBI.

Komanpga «IloBToputh nocieanee»

MO3BOJISIET TIOBTOPUTH MTOCIEAHEE
NEeNCTBHE.

Komanna «IloBToputs 110
HUCTOPHUI

MO3BOJISIET IOBTOPUTH P JCUCTBUH,
MOCJIEIOBATEIILHOCTh KOTOPBIX 3alIMCaHa B
MaMsTH POrPAMMBI.

Komanma «HactpouTs mocneaHior0
OTICPALTHIO»

MIO3BOJISIET U3MEHUTD MMAPAMETPhI
MOCJIETHEN OTEepALUH.

Komanpna «Ilouck onepaunmy

IMMO3BOJISCT BBITTOJIHUTDL ITOUCK OIICpAaTOpPa Ha
OCHOBC €0 UMCHH.

Komanna «IlepenmenoBaTh
AKTHUBHBIN JIOKYMEHT»

IMMO3BOJISCT IICPECUMCHOBATDH aKTHUBHBIN
JAOKYMCHT HCCKOJIbKUX THIIOB JaHHBIX.

Komanna «biokupoBats pexxuMsl y
00BEKTOB»

MO3BOJISIET OTPAHUYHUTH BBIOOP TEKYIIUM
PEKUMOM.

Komanna «Hactpoiikmn»

IMMO3BOJISICT OTKPBITh OKHA HACTPOCK.

PaccmoTpum Menio «PeHaepuHry», pacnoyioxkKeHHOE B BepXHel naHenu (top

bar) (Pucynox 48).

PeHgepuHr Okro
E? PengepuHr n3obpaxeHns

Cnpaeka Layo

@ Pengepunr aHuMaL

PeHgepuHr ayauo...

Mokasate peHaep

MoKazaTh aHum alluio

Pexum oTobpaxeHus

BNOKWMPOBaTE MHTEPMENC

Pucynok 48 — Mento «Pengepunr» B Blender
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Hazpanus KOMaHJ MCHIO «PeHI[epI/IHF» 1 0COOEHHOCTH MX BBIIOJHEHHUS B

Blender npusenens! B Tabnuiie 4.

Taomuna 4

Komanabl MeH10 «PeHaeprHIr» U BbINOJIHAEMbIe UMH J1eiiCTBUSA

Komanaa

BrimoJsinsgseMble 1eliCTBUSA

1

2

Komanna «Pengepunr
M300paKeHUs»

MTO3BOJISIET BBIIIOJHUTH PEHAECPUHT
AKTUBHOM CIICHEI.

Komanma «PenepuHr anumammm

ITO3BOJIAACT BBIIIOJIHUTL PCHACPHUHI
aHUMAaIU1 aKTUBHOMU CIICHBI.

Komanna «Pennepunr aynno»

MO3BOJISICT CMUKIIIUPOBATH ayTUO U3 CIICHBI
B aynuodaiin.

Komanpa «Iloka3zats penaep»

MO3BOJISIET TTOKA3aTh/CKPHITh IPOCMOTP
peHzepa.

Komanna «Iloka3aTe aHHMAaIAIO»

II03BOJISIET BOCIIPOU3BECTH KaApbl WK
BUJIEO PEH/IEpa HA BHEIIHEM
IIPOUTphIBATENE.

Komanma «Pexxum oToOpaskeHHs

MO3BOJISIET BHIOPATH PEKUMBI
oTOOpakeHUs: BO BECh DKPAH; PENAaKTOP
n300pakeHUl; B HOBOM OKHE; OCTaBUTh
uHTepdeiic.

Komanna «bnokupoBath
uHTEpPEiicy

MO3BOJISIET OJIOKHPOBATh UHTEP(PEiic BO
BpeMS peHJIEpUHTa, YTOObI OCTABUTh
OoJblIIe MaMATH CUCTEME PEHICPUHTA.

Cnenyromeir B BepxHed mnaHenu (top bar) wuger MeHio

(Pucynok 49).
OkHo Cnpaska

Hoeoe okHO

HOBOE rNaBHOe OKHO

Layout

A SO, e
v’1 TTONHOIKPaHHBIA PeXuM

Cnegyouee padosee NPoCcTpaHCcTeo

Mpegeayluee padosee NPOCTPaHCTED

Orobpaxate NaHenks CoOCToAHKA

CoxpaHuTh CKPUHLLIOT

MoKa3aTh/CKPLTL CUCTEMHYIO KOHCONb

Pucynoxk 49 — Mento «Oxno» B Blender
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Hazpanus KOMaHJ MCHIO «OKHO» M OCOOCHHOCTH WX BBINOJHEHUSI B

Blender npuBenens! B Tabnuiie 5.

Tabmuna 5

Komananl MeHI0 «OKHO» M BBINOJIHSIEMbIE€ HMH 1€ CTBHSA

Komanaa

BrimoJsinsgseMble 1eliCTBUSA

1

2

Komanna «HoBoe oxkHO»

IMO3BOJIACT CO34aTh HOBOC OKHO.

Komanna «HoBoe ri1aBHOE OKHO)

IIO3BOJISIET CO3/1aTh HOBOE INIABHOE OKHO C
coOCTBEHHBIM pabOYMM IIPOCTPAHCTBOM U
BBIOOPOM CIICHBI.

Komanna «IlonHosKpaHHBIN
PEKUM

IIO3BOJJIACT BKIIOYUTH HOJ'IHOC)KpaHHBIﬁ
PEKUM I TCKYIICTO OKHA.

Komanga «Cnenyromiee pabouee
MIPOCTPAHCTBOY

MIO3BOJISIET NIEPEKIIIOYATHCS 10 KPYTyY
MeX 1y pabourMHU MPOCTPAHCTBAMM.

MPOCTPAHCTBO

Komanma «IIpeasinymiee pabodee

MIO3BOJISIET NIEPEKIIIOYATHCS 10 KPYTy
MeXx 1y pabouyrMHU MPOCTPAHCTBAMM.

Komanga «OrobpaxaTh naHesnb
COCTOSHUS»

IIO3BOJIACT OT06pa)KaTB MMaHCJIb COCTOAHMUA.

Komanna «CoxpaHuTh CKPUHILIOT»

MO3BOJISCT 3aXBaTUTh U300paKECHUE
AKTUBHOM 00JIACTH WJIM BCETO OKHA
Blender.

Komanga «Iloka3ats/CKpbITh
CUCTEMHYIO KOHCOJIb)»

IMO3BOJIAACT IIOKA3aTh UJIN CKPBITh
CUCTCMHYIO KOHCOJIb.

PaccmoTtpum mento «CripaBkay B BepxHel nanenu (top bar) (Pucynok 50).

Cnpaeka Layout

g PyKOBOOCTBO

TyTopuant

Mogoepxka

CoobiecTsa nonb3oBarenei

v CooblecTso paspadoTinkos
" Cnpaeka Python API
CoodumTe ob owndke

CoxpaHuTs WHOOPMELWIO 0 CUucTeme

Pucynok 50 — Menio «CnpaBka» B Blender
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Hasanus xomana meHto «CrpaBka» U OCOOCHHOCTH WX BBIMOJHEHUS B
Blender npusenens! B Tabnuiie 6.
TaOmura 6

Komanabl MeH1o «CnpaBka» U BbINOJIHSIeMble UMM JIelCTBUS

Komanna BeinosHsieMbie 1eHCTBUSA
1 2

Komanna «PykoBoacTtBo» MO3BOJISIET OTKPBITH OPUIIUATIEHYIO
CTpaHHILy PYKOBOJICTBa B Opaysepe.

Komanga «Tyropuainbi» MO3BOJISIET OTKPBITH ypoku 1o Blender B
Opaysepe.

Komanpa «Ilognepxka MO3BOJISIET OTKPBITH OPUITHATIBLHBIN OJIOT B
Opaysepe.

Komanna «Coo01ecTBO MO3BOJISIET OTKPBITH OPHUITHATBEHYIO

II0JIb30BATEIICH CTpaHUIly cOOOIIECTBa MOJIb30BaTENEH B
Opaysepe.

Komanna «Coob1iecTBo MO3BOJISIET OTKPBITH OPUITUATIEHYIO

pa3pabOTYHKOBY» CTPaHHILy COOOIIECTBA MOJIb30BATENIEH B
Opaysepe.

Komanna «Cnopaska Python API» MO3BOJISIET OTKPBITH OPUITUATIEHYIO
cTpanully cnpasku 1o Python API B
Opaysepe.

Komanga «Coobmuth 00 omubKe» | Mo3BOISET OTKPHITh OQULIHATBHYIO
poQUIBLHYIO CTPaHUILy B Opaysepe u
COOOUIUTH O BBISIBJICHHOH OIIMOKE.

Komanna «CoxpaHuTh MO3BOJISIET CTCHEHPHUPOBATH HH(OPMAIIHIO
UH(POPMAIHIO O CHCTEME» 0 CHTEME U CTeHEPHPOBATh B TEKCTOBBIM
daiin.

4.3. OcHoBHBbIe QYHKIMOHAJIbHBIE KJIABUIIN U KOMaHAbl Blender

Blender — pgocratouno ckopoctHOM pemakTtop 3D-rpadukum, 3TO
OBICTpOACHCTBHE JOCTUTAeTCs, B TOM 4YHCJIE W 32 CUET MCIOJIb30BAHUS
(YHKIIMOHAJIBHBIX KJIABUII U KOMaHJI, KOTOPbIE MOJIb30BATEIN YaCTO HA3bIBAIOT
«ropsiure KJIaBHIn» (OT aHTI. hot-keys), OHM MO3BOJIST PEMINTH OOJBIIUHCTBO
4acTo MOBTOPSIOIIMXCA 334ad. B Tabmuie 7 pa3MelieHbl BBIMOIHSIEMbIE UMHU
nevictus [15].

Heobxoanmo ormeTtuth, uto paspadotunku Blender Bepcum 2.8 BHecnu
KapJuHaJIbHbIE U3MEHEHUsI B pa0bOTy «ropsuMX KJIaBUI». JTa cOOpKa B LEJIOM
XapaKkTepu3yeTrcs TEeM, 4YTO TMPAKTUYECKH BCE HWHCTPYMEHTHl  OBLIH
MOAU(PUIMPOBAHBl TaKUM 00pa3oM, 4YTOObI CcTaTh ONMkKEe K (YHKIHOHATY
nonyJisipHbIX 3D-niporpamm, Takux kak 3DS MAX u MAYA.
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Tabmauma 7

DOyHKIMOHAJIbHbIE KJIaBHIIHM, kKoMaHabl Blender 2.8 u
BBLINOJIHAAEMbI€ HMH AeHCTBUSA

KnaBumu u KOMaH/IbI

BeinoJsiHsieMble 1elCTBUA

1 2
Knasunra A BBIJICJISIET BCE M300pakacMble 3JIEMEHTBI
Kirapuma W IIO3BOJISIET HUKJIMYHO NIEPEKITIOYATHCS MEXKIY
TUTIAMU BbIICTICHUS
Kinasuma G nepemMeniaeT o0beKT
KnaBuma R Bpalaer 00beKT
KiaBuma S MacmTabupyer oObeKT

Shift+mpo6en, 3arem T

NepeMeIaeT, BpamaeT U MaciTadbupyeT o0beKT

Alt+A

ITOJIHOCTBIO CHUMACT BBIACJIICHUC

BbricTpoe nBoiiHOE HaxkaTue
Ha A

ITOJIHOCTBhIO CHUMACT BBIACIICHUC

Kink no mycromy
IIPOCTPAHCTBY

ITOJIHOCTBIO CHUMACT BBIACIICHUC

Haxatue na npoben

3aIIyCKacT aHuMaluro

Ctrl+IIpoGen

Pa3BOPAaYMBAET TEKYILMMI BUJ IO KypCOPOM

KomOunamuu Ctrl+1, +2, +3

B PEKHUME PETAKTUPOBAHUS 3TH KOMOUHALIUU
MO3BOJISIOT OBICTPO MEPEKITIOYATHCS MEKIY
pEeXXMMaMHU BBIJIEJICHUS BEpUINH, pedep U rpaHeit

Ctrl+O IIO3BOJISIET OTKPBITh CLIEHY

Ctrl+S IIO3BOJISIET COXPAHUTH CLIEHY

Ctrl+Shift+S MO3BOJISIET COXPAHUTh CIIEHY

Kirapuma W MTO3BOJISIET HUKJIMYHO MTEPEKIIIOYATHCST MEXKITY

PEKUMaMHU BBIACICHUA

Kombunamuu Ctlr+Page Up

MO3BOJISIIOT TIEPEKIII0YATHCS MEXKITY pabounMu

Ctlr+Page Down IIPOCTPAHCTBAMU

Shift+N B PEKHUME pelakTUpoBaHus koMOuHarms Shift+N
Tenephb MepecYUThIBAET HOPMaJIU

KnaBuma E JICaKTUBUPYET BbIJCIICHHbBIE KOJIJICKLIUN

AlIt+E I03BOJISICT 3aHOBO aKTUBUPOBATH BbIJCICHHBIC
HEaKTHUBHbIE KOJJIEKIIUU

KnaBuia Z BBI3bIBAET KPYrOBOE MEHIO

Shift+Alt+Z BKJIFOYEHUE U OTKJIIOUYEHUE BCEX
BCIIOMOTaTENIbHBIX CIIOEB

Ctrl+Tab BBI3BIBAET KPYTOBOE MEHIO C BO3MOXHOCTBIO

NEPCKIIIOYCHHA MCKIAY PEKNMaMU
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Tab MEPEKITF0YACT MEXKIY PSKHUMOM PEIaKTUPOBAHUS
U 00OBEKTHBIM

Haxarue Ha 3andryio (, ) BBI3BIBAET KPYIOBOE MEHIO C BEIOOPOM
OpPHUEHTALMU OCell TpaHChopMaluu

Haxatue Ha Touky ( . ) BBI3bIBAET KPYIOBOE MEHIO BbIOOpA TOUKHU
BpALLEHUS

Haxarue Ha knaBumty () BBI3BIBAET KPYIOBOE MEHIO Ul BEIOOpA

MNpCAYyCTAaHOBKH BH/la B TCKYIICM OKHC IIPOCMOTpPa

Ctrl+( ) MO3BOJISCT OTKIIIOYATh M 3aHOBO BKIIFOYATh
oToOpakeHue ocell TpaHChopMaIuK, KOTIa B
JICBO MMaHET MHCTPYMEHTOB BBIOpPAH OMH W3
WHCTPYMEHTOB TpaHCOpMaIuu

F1 BBI3BIBACT KOHTEKCTHO-3aBUCUMYIO IIOMOIIb

F2 MO3BOJISIET IEPEMMEHOBBIBATH AKTUBHBIM 00BEKT
F3 BBIJICJISICT MEHIO IIOMCKA KOMaH/I

F4 0TOOpa)kaeT KOHTEKCTHOE MEHIO

Fl11uF12 OTBEYAIOT 34 PEHJECPUHT, BU3YAIU3ALUIO

4.4. Hactpoiika pa6o4ero npocTpaHcTBa, padora ¢ OKHAMM

Bes  uentpansHas  yacth  Blender sBnserca  HamuMm  pabodnm
IPOCTPAHCTBOM,  YCJIOBHO  MOXHO  BBIJCIHTH  YEThIPE  OCHOBHBIX
dbyHkunoHaabHBIX oKHA (Pucynok 51):

o Hed P

Pucynox 51 — OcHoBHOE pabouee mpocTpancTBO Blender
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okHO 3D-Buga camoe OOJBIIOE M PACHOJIOKEHO B LIEHTPAILHOM YacTU
paboyero MpoCTPaHCTBA;

B IIPpaBOM BEpXHEM YyIiIy pacnoynoxeHo okHo Outliner (okHO
CTPYKTYPBI);

B IIPaBOM HMIKHEM YTIJIy PacloJIO’KEHO OKHO CBOMCTB;

BHU3Y paboyero MpPOCTPAHCTBA pPACHOJOKEHO OKHO C BPEMEHHOMN
IIIK&JIOﬁ, KOTOPOC UCIIOJIB3YCTCA IJIA CO3aHUS aHUMAIIUU.

Pasmepsl OKOH MOTYT OBITh W3MEHEHBI YIAOOHBIM ISl TIOJH30BATEIsS
crocobom. [l 3TOro Hamo MOABECTH KypCOp MBIIMIM K TpaHHWIE OKHA H
MOTSHYTh €r0 B HYXHYIO cTopoHy (Pucynok 52). B tekymeit Bepcuu Blender
UMEETCS BO3MOXKHOCTh PAa3JeisiTh OKHA HAa HECKOJIBKO YacTe, MEHSTh WX
B3aMMHOE PaCIOJIOKCHHUE, HAITOJIHEHHE U T.Jl., HO HaYaJbHBIX 3TAlmax O0y4eHHUS
9TH OIIIAH HCIIOIH30BATh HE HEOOXOIUMOCTH.

«
o
o}
Ll
"
2

S HecqPpre

S Beeawte aaech TEKCT AN NOWCKA

Pucynok 52 — Pabouee npoctpanctBo Blender ¢ uaMeHeHHBIMU
pa3MepaMu OKOH

Jyst MakcUManbHO OBICTPOM U MPOYKTUBHOU paboThl B Blender numerorcs
CHeMATU3UPOBAHHbBIE pabOYne MPOCTPAHCTBA!

Layout, Modeling (Pucynox 53);
Sculpting (Pucynok 54);

UV Editing (Pucynok 55);
Texture Paint (Pucynok 56);
Shading (Pucynox 57);
Animation (Pucynok 58);
Rendering (Pucynok 59);
Compositing (Pucynox 60);
Scripting (Pucynok 61).
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Pucynox 53 — Pa6ouee npoctpanctBo Modeling

Pucynoxk 54 — PaGouee mpoctpancTBo Sculpting

Pucynox 55 — Pabouee npoctpancto UV Editing
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Pucynoxk 56 — Pabouee npoctpanctBo Texture Paint

& Elendes ~ o x

Pucynok 58 — PaGouee npoctpancTBo Animation
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Pucynoxk 59 — Pabouee npoctpanctBo Rendering

Pucynoxk 61 — PaGouee mpoctpaHcTBO Scripting

52



4.5. Co3zganne 00nexkToB B Blender

Tenepp mpucTynuM K HM3y4EHUIO MHCTPYMEHTOB CO3JaHHS OOBEKTOB B
Blender. Kak MbI y3Hanu paHee, CylIeCTBYIOT TpPU TUIIA OOBEKTOB: KapKacHbIE,
IOBEPXHOCTHBIE M TBEPAOTENIbHbIE MOJEIU. Mbl HauHeM co3naBaTh 0a30BbIE
dbopmbl Mem-o0bekToB (Mesh), KoTopble SBISIOTCS HE YeM HWHBIM Kak
HOBEPXHOCTHBIMH ~ MOJEJNISIMH, COCTOSIIMMHM U3 BEpLIMH, TpaHell H
ITIOBEPXHOCTEMN.

[Tpu 3amycke Blender B nienTpe pabouero mpocTpaHCTBa aBTOMATHUYECKU
co3maercsi KyO, A7l TOTO YTOOBI MPaBUJIBHO OPUEHTUPOBATH IOJIH30BATEINS B
npoctpancTBe. Ho Ha JaHHOM STame OH HaM yXe He HyXKEH, T0O9TOMY BBIJICIHB
€ro JIEBOH KJIaBHILIEH MBIIIH, yaanuM, HaxkuMas Delete (Pucynox 62).

LR SR B

Pucynok 62 — CroboHoe pabouee pocTpancTBo Blender

B o0bekTHOM pexkuMe BbIAEIsieM MeHIO «/[00aBUTH» M B HEM BbIOMpaem
tunn Menr-oosekt (Mesh) (PucyHok 63).

[odaenTe  ObnekT 1o, rnoda.. v

> D MnockocTs
Kyd

() OkpyxHocTs

© uvcdepa

@ Wkoctepa

() Unnunap

&> Konye

& Top

E W3o0bpaxeHue

Pucynox 63 — Mento Mem (Mesh)
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B Blender cymectBytoT crnenyromue Buasl Meni-oobektoB (Mesh):

— 1uiockocTh (PucyHok 64);

— ky0 (Pucynok 51);

— OKpyxHOCTb (PucyHok 65);

— UV- chepa (Pucynox 67);

— wukochepa (Pucynox 67);

— 1uHAp (PucyHok 68);

— konyc (PucyHnok 69);

— T1op (Pucynok 70);

— ceTka (mpeAcTaBiseT CO0OW TUIOCKOCTh, C HAHECEHHOW Ha Hee
OpPTOTOHAJILHOW Pa3METKOH, Iar KOTOPOH MOXKHO PETyJIUPOBAaThH);

— o06e3psuka (Pucynok 71).

Pucynok 65 — Men-o0beKT OKpY>KHOCTh
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Pucynox 66 — Memi-oobext UV-chepa

Pucynok 67 — Mem-o0bekT ukochepa

o Hetd P e

Pucynok 68 — Menr-o0beKT MUIUHIP
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S HMAP M

Pucynoxk 70 — Mem-o0beKT TOp

LR AR B 2 )

Pucynok 71 — Men-o0bekT 00e3bsHKa
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[TnockocTh mpeacTaBnsieT coOON MPOCTEUIIUI BYXMEPHBIH OOBEKT. DTO
0azoBas Qurypa ajig MOJIEIUPOBAHKS OCHOBaHUI MPOEKTOB (1014, MOJACTaBKU U
T.A.). Takke MIOCKOCTh MOXKHO pa3[eldnTh Ha CErMEHTBl pa3HOW (OpMBI U B
pexXUME pelaKTUPOBAHUSI IPEBPATUTH B XOJIMHUCTYIO MECTHOCTb.

Ky6 uaeanen /st KOHCTPYUPOBAHUS NPSIMOYTOJIBHBIX MOJICIIEH.

OKpy>KHOCTb HE OTOOpa)kaeTcsi Kak TPEXMEPHbIH OOBEKT, HO €€ MOXKHO
clelaTb TaKOBBIM C TMOMOIIbI0 HHCTpyMmMeHTa «BbimaButb» (Extrude) wu
dbopmuposats (Shape).

UV-chepa — 310 ciiokHast CTPYKTypa, COCTOSIIAS U3 B3aUMOCBS3aHHBIX
OKPY)KHOCTEH M cerMeHTOB. VX Koam4ecTBO MOXKHO perymmupoBath, UV-chepa
HAIlOMUHAET TJ00yC ¢ ero MepuauaHaMy U MapajuiessiMu.

Hxocdepa coznana mo obpaszy u nomoduio UV-chepsl, HO creHeprupoBaHa
U3 TPEYTOJIHHHUKOB.

[unuHap 4YacTo MCHOJB3YIOT I CO3JaHusl TPYO, IJIi 3TOTO YyIaJsioT
TOPLEBbIE IOBEPXHOCTH.

Konyc — 310 6a3oBas 3akpbITasi KoHUYecKas popma.

Top mpencrapisieT co00ii MOBEPXHOCTHYIO MOJIEIb B popMme OyOmKa.

Cerka, KaKk U TUIOCKOCTb, YacTO MCIOJB3YETCS JUIsl CO3/IaHUS CIIOKHBIX
penbedoB C TOMOIIBI0 HHCTPYMEHTa « BhIIaBUTDHY

O06e3bsiHKa — 3TO 3a0aBHBIN TU3altH-00BEKT, KOTOPHIN mpuayman Willem-
Paul van Overbruggen [5].

Heo0OxoauMo OTMETHTH, YTO MPHU CO3JAaHUH OOBEKTOB B OKHE CBOICTB
MOJKHO Cpa3y 3aJaTh JHMHEWHBIE pa3Mephbl, W3MEHHUTH MPOMOPIHOHAIBHEIE
COU€eTaHus, Co3aTh HYkHYI0 Aedopmaruto (Pucynok 72).

o HecAPpren

Pucynok 72 — JlebopmupoBannas UV-chepa
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4.6. bazoBbie MaHunyasauMu o0bekTamMu B Blender

IIpu 3anycke Blender B paGoyeM mPOCTpPaHCTBE aBTOMATHYECKH
CO3/IaeTCsl TPU COCTaBISIIONIMX: KyO, Kamepa M MCTOYHHMK cBeTa. YToObI
YOpaBJsATh JIOOBIM OOBEKTOM €ro HeoOxoaumo BeienuTh. B Blender 2.8 B
OTJIMYME OT TMPEIbIAYIIUX BEPCUH BBIJCIECHHUE OCYIIECTBIACTCS JIEBOM
KJIABUIIIEH MBIIIN, TI0 aHAJIOTHH C JAPYTUMHU MOMYJSPHBIMU IporpamMmmamu 3D-
MOJEIUPOBaHUs. BbIeieHHbIN 00BEKT OyIeT MOJACBEYCH OPAHKEBBIM IIBETOM.

B 00BEKTHOM peXHME W pEXUME PEIAKTUPOBAHMS TAHENIb 0a30BBIX
MAaHUITYJSIIUM  pacloJiokeHa  ciieBa  BBepXy. HyXHBII ~ HMHCTPYMEHT
aAKTUBHPYETCS JICBOUW KJIIABUIIICH MBIIITH U TIOJICBEUYNBACTCS TOTyOBIM ITBETOM.

Komannma «BwiOpaTh» BHEIIHE BBITIIAIWAT, KaK CTpPEIKAa HW  MOXKET
nyOnupoBarbes couetanueM kiasui Shift+npooden+B (Pucynok 73).

@ ®aitn [paska Pengepudr OkHo Cnpaeka La

2, W ObwvektHwit.. ¥ Bug BupgeneHue [obasuth

Select Box
Select items using box selection.

eTaHue Knaeww: Shift flpoden, B

Pucynok 73 — AktuBHast komaH1a «BbIOpaTh»

Komanna «Kypcop» nyonupyercs «TOPSAYUMH KJIABUIIIAMU»
Shift+npo6en+npoden (Pucynok 74).

@ Qaitn Tpaska Pedgepunr OxkHo Cnpaeka L

2y ‘W Obwexthuit.. v Bug Bupgenenwe [obasute

MoNbL30BATENBCKANA NEPCNEKTUED
(1) Collection | Cube

Cursor

e cursor location, drag to tra

ue knasuus: Shift Ny

Pucynoxk 74 — AktuBHasg komanaa «Kypcop»
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Komannma «Ilepememienue» myOIupyeTcsl «rOpSYUMH — KJIaBUIIAMID
Shift+npo6en+G (Pucynok 75). Ilpu akTuBammuM 3TOM KOMaHAbI MOSBISIOTCS
HATPAaBISAIONINE, TIOJCBEYCHHBIE PAa3HBIMU IIBETAMH, JJISI TOTO, YTOOBI OBLIO
yI0OHEe TBUTATHCS IO COOTBETCTBYIOIITUM OCSIM.

@ dann MMpaska Pengepudr Okno Cnpaeka Lavout

2v W ObvextHuit.. v Bug Bwpgenewuwe [Oobaeuth  ObwekT 12 rnodz

Monb30BaTensCKan NepenekTuea

(1) Collection | Cube

Pucynoxk 75 — AktuBHag komanaa «llepemenienne»

Komanna  «IloBopor»  nmyOnupyeTrcss — «rOpsildUMHM  KJIaBUIIAMU
Shift+npo6en+G (Pucynok 76). Ilpu akTuBamuu 3TOM KOMaHIbI MOSIBISIOTCS
HaIPaBJISIONIME OKPYTIIOW (POPMBI.

A9 Blender
Mpaska Perngepudr OkHo Cnpaeka Layout i
Buga Bwgenenue [fobasute ObwexT L_, noi

MNonb3oBaTeNLCKan NepcneKkTuBea

(1) Collection | Cube

Pucynok 76 — AktuBHas komanja «[loBopot»
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Komannma «MacmrabupoBaThy IyOmupyeTcs «TrOpSYMMHU  KJIaBUIIAMID
Shift+npo6en+S (Pucynok 77). [Ipu akTuBammu 3TOM KOMaHJIbl MOSBIISIOTCS
CTHCIMAILHBIC MAHMITYJIATOPHI, MO3BOJIAIONINE W3MEHSTHh JIMHEWHBIC pa3Mephl
CO3/1aBa€MOTO U3JICIIHI.

4% Blender

PerigepuHr  OKH C Layout

THBA . Bun Bwmgen obaBnTs  OObeKT L_ Inob

Monk3oBaTensckas NepcnekTuea
(1) Collection | Cube

Pucynok 77 — AktuBHast koMmaH1a «MacitabupoBaTh

Komanga «TpanchopMupoBathy AyOIUPYETCS «TOPSIMMMH KJIaBUILIAMI)
Shift+npo6en+T (Pucynok 78). Ilpu akTuBauuum 3TOM KOMaHABl MOKHO
OJTHOBPEMEHHO TepeMellaTh, MOBOPAYMBATh U W3MEHSATHh JIMHEWHBIE pa3Mephl
(MacmTabupoBaTh) CO3/1aBAEMOTO HU3CIIHS.

A% Blender
@ ®ain  Mpaeka Pengepuir Okno Cnpaska Layout

2 [, ObvexktHuid .. v Bug Bugenenue [odaents ObbexT L_, rng

Monk30BaTeNBCKan N epcnekTvea

(1) Collection | Cube

Pucynok 78 — AxktuBHast komanja « TpanchopmMupoBaTh»
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Komannma «KoMMeHTHpOBaTE» HyONHPYETCS «TOPSIMUMH  KJIaBUIIAMU)
Shift+npo6en+5 (Pucynok 79).

[Tpu akTHBaIMK STOM KOMaHIBI JUIS CO3JIaHMs AaHHOTAIIHIA, 3aMETOK, 3HAKOB
MO>KHO HCIIOJIb30BaTh U30THYTHIC, TIPSIMBIE M IOMAaHbIE JINHUH, & TAK)KE JIACTHK.

A9 Blender

XD ®aiin [paska Pewgepunr Okno Cnpa

£2v W ooy ait.. v Bug Bmpgeneue

MNonk30BaTRNLCKaA NePCNeKTUBa

(1) Collection | Cube

Annotate
> annotations on the active data

Az Shift M

Pucynok 79 — AktuBHas komana «KOMMEHTHPOBATE)

Komanga «3meputh» (Pucynok 80) mo3BOJsieT U3MEPUTH JIUHEHHBIC
pPacCTOSIHUS, TOJIIUHY MOBEPXHOCTH W YTibl. Jyis obecrieueHus: 1OCTaTOYHOM
TOYHOCTH U3MEPEHUI pa3yMHO UCIIOIb30BaTh OOBEKTHYIO MPUBSI3KY.

A% Blender
Pesgepurr OkHO DABKa Layout ]
a1 .. v Bug  Bwigenel 0baBuTh  OOBeKT L_, I

MNonb30EaTeNnbCKan NepcnekTuea

(1) Collection | Cube

Pucynok 80 — AktuBHast komanja «M3mepuTh»
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4.7. PenaktupoBanue 00bekToB B Blender

Blender  mpepocraBiser  mudpoyaMlIMi  CHEKTp  HMHCTPYMEHTOB
penaktupoBaHusi U TpancpopmupoBaHusi 3D-00bekTOB. [l TOr0 4TOOBI MU
BOCIIOJIB30BAThCS HAN0 MEPEKIIOUUTHCS W3 OOBEKTHOTO pEXHMa B PEKHUM
peIaKkTUpPOBaHUs, CKYJIbITUHTA, PUCOBAHMS IO BEPIIMHAM, PUCOBAaHUS Beca WU
pexum TekctypupoBanus (Pucynok 81).

XD ®ainn MNpaska Pewgepunr Okno Cnpae

+%v W OfeekiHiii.. ¥ Bug Bmpenexne

M O5beKkTHRIA pemum
N i - a
Iy Pexum penakmmpoBaHus
\' % s s -
2 Pexum CKynbnTuHra
O—0 =
B PucoBaHue no BeplnHam
5} Pucosanne seca

v PEXUM TEKCTYPUPOBAHUA

Pucynox 81 — OxHO BbIOOpa peKUMOB

[locne mepekioyeHuss B PEXUM PEJAKTHUPOBAHUSA C IMPABOM CTOPOHBI
pabouell  TMOBEPXHOCTU  MOSABUTCS  JOMOJHUTENbHAs  TaHeldb  CO
crenuaIn3upoBaHHBIM HA00OPOM MHCTPYMEHTOB (PrucyHok 82).

o HedAPre

Pucynox 82 — IHCTpyMeHTHI peJlakTUPOBaHUs 0ObEKTOB
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Komanna «9kcTpynupoBaTh» win «BeIIaBUTE) TyOmupyeTcs «TOpsSIuMHU
kiapumamMu» Shift+npobden+E (Pucynok 83). Ilpu aktuBanum 3TONW KOMaH/IbI
OTKPBIBACTCS BBIMIAJAIONIEe MEHIO C YETHIPhMS KOMAaHIAMH, YTOUHSIOUIUMHU
XapaKTePUCTHKY HYKHOTO JCHCTBHUS:

— DKCTPYIUPOBAThH yUaCTOK;

— 3KCTPYAUPOBATH BIOJIH HOPMAJIEH;

— JKCTPYIUPOBATH OTACIBHO;

— DKCTPYIUPOBATH K Kypcopy.

@ SKCTPYAVPOBETE YYaCTOK

= N _ o
; ‘ SKCTPYOUPOBaTE BAONL HOpManei

Ra?

()
- .” DKCTRYAUPOBATE OTAENBHO

<+

= DKCTPYAUPOBETE K KYPCOpy

Pucynok 83 — KoMmanna «9KkcTpyaAupoBaTh

Hwxe mpuBeneH mpumep BBITIOJHEHUS KOMaHIbI K CTaHIapTHOMY mesh-
npumMuTuBY (Pucynok 84).

Pucynok 84 — ITpuMep BBITOTHEHUS KOMaHbl « DKCTPYAUPOBATH
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Komanna «Inset Faces» unu «BctaButh rpann» gyOonupyercs «ropsiauMu
kiapuiamMm» Shift+opoden+I (Pucynok 85).

OTOT MHCTPYMEHT OINpEAEseT BbIOPAHHBIE B JAaHHBII MOMEHT TpaHU U
CO3/1a€T BCTaBKU C PETYIUPYEMOU TOJIIUHON U TITyOUHOM.

Inset Faces

Inset new faces into selected face

HeTaHue Knasuw: Shift

Pucynok 85 — Komanna «BcTtaBUTh rpanmy

Komanna «Bevel» nin «®acka» nyOaupyeTcst «ropsuyuMHU KIIaBUIIAMI)
Shift+npo6en+Ctrl B (Pucynok 86).

DTOT  MHCTPYMEHT  TMO3BOJIIET  CO3/aBaThb  3aKpYIJIEHHbIE WM
T€OMETPUYECKH Cpe3aHHble Yribl. Huke mNpuBeneH OpUMEpP BbITOJIHEHUS
KOMaHJbl K craHgaptHoMy mesh-npumutuBy (Pucynok 87). OTmeTum, 4TO
HAacTpOWKM HHCTpyMeHTa «®dacka» MO3BOJSAIOT PEryJupoBaTh KOJIUYECTBO
CErMEHTOB, IIMPUHY (ACKU, HCIONb3yEMbIE€ MaTepHallbl, BUJ BHEIIHETO U
BHYTPEHHETO COECIMHEHHUS U JPYrUe NapaMeTphl.

Bevel

Cut into selected ite e to create flat or rounded bevel or chamfer.

Pucynok 86 — Komanna «®ackay
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Pucynok 87 — IIpumep BbinosnHeHHs] KoMaHAbl «Dackay

Komanna «Loop Cut» wnm «Pe3ars nemnei» myOnHupyeTcss «ropsdyuMu
kinaBumaMu» Shift+mpoden+Ctrl R (Pucynok 88). 3TOT HHCTpyMEHT pa3pe3aet
rpaHb, BCTaBJIsAsI HOBoE pedpo. MiMeercs ellie o/iHa onuus: pa3pe3aTb U CMECTUTh
BBIOpaHHbIE peOpa MeTiieH.

]
-
Er 5 fr Pa3pesarth NeTnen Cut mesh loop and slide it.

Cosetanune knasui: Shift Mpot

PaspesaTtb U CMEeCTUTL NeTnio pedep

Pucynoxk 88 — Komanga «Loop Cut»

Komanna «Knifey wnmn «Hox» ny0nmupyercs «ropsSsyuMHu KaBULIAMUN
Shift+npo6en+K (PucyHok 89). DTOT MHCTPYMEHT MOXHO HMCHOJIb30BaTh AJIs
MHTEPAKTUBHOIO pa3fesieHus (pa3pe3aHus) NPUMUTHUBOB MyTeM OOO3HAUEHUS
JMHUHA UM 3aMKHYTBIX KOHTYPOB JJIsl CO3/IaHUsI OTBEPCTHIA.

Cut new topology.

nasuus: Shift

Ceveriune

Pucynok 89 — Komanna «Hox»
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Komanma «Poly Build» aybmupyercs  «ropsiuvMu — KJIABUIIAMI)
Shift+npo6en+Shift 3 (Pucynok 90). DTOT MHCTPYMEHT MOXXHO HCIIOJB30BaTh
JUTSI THTEPAKTUBHOTO PEIAKTHPOBAHUS KPHUBOJUHEHHBIX KOHTYPOB.

Poly Build

Covetanue knaeuws: Shift Mpobden, Shift 3

Pucynok 90 — Komanna «Poly Build»

Komanna «Spin» wumum  «IIpokpyTuTe»  AyOnupyeTcs  «ropsuyuMu
kinapumamu»  Shift+npo6en+Shift 4 (Pucynox 91). D10oT HMHCTpyMEHT
IPOKPYYMBAET BHIOPAHHBIE AJEMEHTHI, BpallasiCh BOKPYT OIMpPEAEIEHHON TOYKH
u ocu. meercs elie oiHa oNus: MOBEPHYTh MPOAYOIUPOBAHHBIE 3JIEMEHTHI.

@, @ MPoKpyTUTL

e .

@ .
9,0 MoBepHyTE NPOAYSNVPOBAHHEE INEMEHTL

7

>
a}o:{o
v

Pucynok 91 — Komanna «IIpokpyTuTh»

Komanma «Smooth» wmn  «Crmagute»  nyOmupyeTcss  «ropsiuuMU
kiapumamu»  Shift+mpo6en+Shift 6 (Pucynox 92). 32T0oT HHCTpyMEHT
CTJIa)KMBAET BHIOPAHHBIE BEPUIMHBI MyTEM YCPEIHEHUS YIJIOB MEXIY TPaHSIMHU.
[Tocne Mcnonab30BaHUS KOMAaHJbI, MOJYYE€HHbIE ONBITHBIM IIyTEM IapaMeTphbl
MOJKHO OTPEIaKTHPOBaTh. MiIMeeTcs elie o/lHa OIS CIyJaifHOe CMEIIeHHE.
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Flatten angles of selected vertices

Cokeranue knasuuws: Shift Mpoden, Shift 6

Pucynok 92 — Komanna «Criaautb

Komanna «Edge Slide» nnn «CnBunyTh peOpo» AyOaupyeTcs «ropsuuMu
kiapumamMm» Shift+npo6en+Shift 8 (Pucynok 93). DToT UHCTpYMEHT €O31acT
Kpail niM HECKOJIbKO IPaHel, B 3aBUCHMOCTH OT Balero Beioopa. Mimeercs ere

OJIHA OIILMSA: CIBUHYTH BEPIIUHY.

& IA";
v

@

-
((j 5 '(rj CoBuHyTL pedpo Slide an edge loop along

eTaHue Knasuw: Shift

>
o
v

L‘ﬂ CABWHYTL BEpLUMHY

)\

[t

Pucynok 93 — Komanna «CaBuHyTh pedpo»

Komanna «Shrink Fatten» unm «CxaTs/pa3zxaTe» AyOIHpPYETCs: «TOPTIYUMU
kiapuiamMm» Shift+opoden+Alt S (Pucynok 94).

7

-
L
o« 4 » .
h:-‘ Shrink/fatten selected vertices along normals.

-
*E'g' Cxats/pacxans

Coseranune knasus: Shift p

-
ool

»
4o+ TONKETLTAHYTL

*
A

Pucynox 94 — Komanga «Shrink Fatteny
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DTOT MHCTPYMEHT TMepeMeniaeT BhIOpaHHBIE BEPIIWHBI, pebpa Win rpaHu
BJIOJIb COOCTBEHHOW HOpMalM, KOTOpas B 3aBUCHMOCTH OT IKEJIAeMOro
pesynbTaTa OyIeT CKUMaTh WM YBEJIMYMBATH MX, MPU ATOM, HE YUUTHIBas
TOYKY MOBOPOTA WJIM OpUEHTAIMIO peoOpazoBanus. iMeercs elie oHa OmIus:
TonKaTh/TAHYTh.

Komanna  «Shear» wmm  «CaBuHyTh»  IyOIHUpYETCS — «TOPSYUMHU
kinaBumamMm» Shift+npoden+Ctrl Alt S (Pucynoxk 95).

CnBur mpencraBiser coboi (opMmy IBMIKEHHUS, KOT/AA MapajuieiIbHbIC
MMOBEPXHOCTH MPOCKATB3BIBAIOT MUMO JPYT Apyra. Bo BpeMs BBITIOJIHEHUS 3TOU
KOMaHJIbl JIBMKCHUE BBIOPAHHBIX JJIEMEHTOB OYIET MNPOUCXOAUTH BJIOJb
TOPU30HTAJIBHOM OCH TEKYIIEro BHJA, PACIOJIOKEHUE KOTOPOMl ONpeneseHo
TOYKOW MOBOpoOTa. Bee, 9To «BBIMIEe» 3TOM OCH, OyIeT ABUTATHCS (CABUT) B TOM
K€ HampaBIICHWH, YTO W YyKa3aTeldb MbIMM (HO BCErJa IapajuiebHO
TOPU3OHTAIBHOM OcH). Bce, 4TO HaxoIUTCA «HUXKE» OCH, OyJeT JIBUTAThCS B
MIPOTUBOIIOIOKHOM Hampasiienun. Meercs eme onna onust: «B chepy» [5].

Shear selected items along the horizontal screen axis.

ue knasui: Shift

"' .
4+ Bcdepy

DuLlpukspbedenne v ~evni v Biug  Mapkep

Pucynok 95 — Komanna «CABUHYTE»

Komanga «Rip Region» wumm «Otnenurs o00macTh» ayonupyercs
«ropsiuuMu kinaBumaMu» Shift+mpoden+V (Pucynok 96). Meercs eme oana
onius: «OTAeIUTh pedpoy.

&)
{..f

P .\f? OraennTs 0bnacib Rip polygons and move the result.
“ Coseranue knasu: Shift NMpobe
P

OTnennTte pebpo

Bocnpouseenenune v Keudr v Bug  Mapkep

Pucynok 96 — Komanaa «Otaenuts 007acTh»
Bce KkomaHapl, [JOCTymHBIE B pEXUME PEIaKTUPOBAHHUS  KPATKO
paccMotpensl. Ho B Blender 2.8 wumeercs emie ueTblpe pexuma

pEIaKTUPOBAHUA.
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Pexxum ckynbITHHTA TPEICTABIIEH CIEMYIOMMMA KOMaHIaMHU:
— Inflate (Pucynox 97);

o HeA P

Pucynoxk 97 — IIpumep npumenenus koman bl «Inflatey

— Blob;
— Crease (Pucynox 98);

Pucynok 98 — IIpumep npumeHnenus: komanabl «Crease»

— Smooth;
— Flatten;
— Fill;
— Scrape;
— Pinch;
— Grab (Pucynox 99);
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Pucynoxk 99 — Ipumep npumenenus koman bl «Graby

— Snake Hook;

— Thumb;

— Nudge;

— Rotate;

— Simplify;

— Mask;

— Box Mask;

— Box Hide;

— Annotate.

PexxuM pucoBaHus MO BepIIMHAM JaKOHUYCH, B HETO BXOMST CIICTYIOITHE
KOMAaHIBL:

— Draw;

— Blur;

— Average;

— Smear;

— Annotate.

B pexum prcoBanus Beca BXOJAT CACAYIOMNE KOMAHIbI:

— Draw (Pucynok 100);

— Blur;

— Average;

— Smear;

— Gradient (Pucynox 101);

— Sample Weight;

— Annotate.

70



Pucynok 100 — ITpumep npumeHneHns: KoMaHibl «Draw»

Pucynoxk 101 — Ilpumep npumenenust komansl « Gradient»

My Rb dann  MNpaeka

Pucynox 102 — Hexotopsie n3 koMaHa peAaKTUPOBaHUS U Moau(HUKaIuu
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KonmdecTBo pa3nuvHBIX HHCTPYMEHTOB PEAAKTUPOBAHUS ¥ MOAU(DUKAIINH
B Blender HarnsHO Moka3pIBalOT HACKOJBKO CEPHE3HO Pa3padOTUUKHU MOIOILIH
K CBOoeMy IIporpaMmmHomMy Iipoaykty (Pucynok 102).

[Tpensinymue coopku Blender yacto kpuTHKOBaIU 3a TO, YTO paboTa B HUX
OblJJla CIIO)KHA W HE BCErjJa OYEBUIHA, OCOOCHHO Jii HAYMHAIOIIUX CBOE
oOydeHue mnosb3oBaTeneil. OCOOEHHO MHOTO HEY/IOBOJILCTBUSL BBIPAXKAIH TeE
CIIEIUATMCThI, KOTOPBIE MEPEXOJIUIN C JPYTUX MPOTPaAaMMHBIX MPOIYKTOB JJIs
pabotel ¢ 3D-momenupoBaHMeM, Tak Kak 0a30BbIe MPHUHITUIBI U OCHOBHBIE
noHsaTus Blender Bo MHOTOM OT/IMYAIMCh OT OOIMICTIPUHSITHIX CTaHAAPTOB. Jlaxke
CTPYKTypa Tpenpiayiiero wuHrepdeiica ObUT 3HAYNUTEIBHO CIOXKHEE W
3anytanHee (Pucynok 103).

Okso
MaHens OKkHo Kyb Crpykrypel CueHb
MHCTPYMEHTOB  MudopmaLm Kameps: 3D-kypcop T1AMN3  (apurarap)

Al 3 lams

R @R FUD D SRS

OkHo Okno 3D-euga OkHO cBOACTE
wiane Bpemenu {kHonoK)

Pucynok 103 — UnTepdeiic mpenpiaymeii Bepcun Blender

Ho ¢ Teyennem BpeMeHU MHOTO€ MEHSIETCs, IpU co3aaHuu Bepcuu Blender
2.8 Obula mpojenaHa OrpoMHas padoTa MO YJIYYIICHUIO (PYHKIIMOHAIBHOCTH
IporpaMMbl, TpHBEACHUIO €€ K  OOmEenpuHsAThIM  cTaHgaptam  3D-
MOIECIIMPOBAHUSI.
[lepeuncnum Te cdepsl, T/Ie Ha CETOMHSAIIHUAN JIEHb YCIIEITHO MPUMEHSIETCS
Blender:
— Menumnuna;
— PobGororexnunka;
— CrpoutensCcTBO;
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— ABTOMOOUMJIECTPOCHHUE;

— Kocmoc;

— ABHAacTpoeHuE;

— IIpoMBIIIIEHHBIN qU3aliH;
— BoopyxeHue;

— VYKpallleHUsI U aKCceccyaphl;
— 3D-cyBeHUpSI U T.JI.

4.8. [Ipumepsl padoT, BeinoaHeHHbIX B Blender

Hwuxe npencrasienst Gpotorpaduu 3D-monenelt, co3gaHHBIX B pelakTope
Blender (Pucynok 104 - 111).

Pucynox 104 — Mogenb TpakTopa, BeiliosiHeHHas B Blender

Pucynok 105 — AHMManmoHHbI posiuK, BhINMOJIHEHHBIN B Blender
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Pucynok 108 — Monens urpyiiku, BeinosiHeHHas B Blender
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Pucynox 111 — Busyanuszauus uarepbepa, BoinosiHeHHast B Blender
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3D ™MopenwpoBaHWE SBIAETCS HOBBIM, HWHHOBAIMOHHBIM 3JIEMEHTOM
BU3YyaliM3allii, BUPTyajbHas Cpela CTaHOBUTCS Bce Oojiee MOMyJSApHON u
npuBJieKaTeabHOM B cdepe o00pa3oBaHMs, KaK KIACCUYECKOro, TakK M
nucTaHIMOHHOTO. COBpEMEHHBIE BO3MOXKHOCTH CO3/IaHMSI MPOCTPAHCTBEHHBIX
MoJIeNIeld Cpellbl CTUMYJIMPYIOT KOTHUTHUBHYIO, SBPUCTUYECKYIO IECSATEIBHOCTh
JoJied, TO3BOJSAIOT ObicTpee U dPQEeKTHUBHEE YCBaWBaTh H3Y4aeMYIO
nHpopMarIuio.

O6nacte 3D Busyanuzamuu TpeOyeT OMNpEAeICHHON MaTepHalbHO-
TeXHU4Yeckol 0aszpl. OpHako, Onaromaps TOCYJApCTBEHHOM TMOMJIECPIKKE,
IPaKTUYECKU JTH000€ 00pa30BaTEIbHOE YUPEXKICHUE OCHAILIEHO KOMITBIOTEPAMHU
JIOCTATOYHOM MOIIHOCTH JJIsl MCIOJh30BaHUS 0a30BBIX BO3MOXKHOCTEH 3D-
MoOAeNUpoBaHus. J[s MUHMMU3aIMHM 3aTpaT HA MPOTrpaMMHOE OOecTeueHUE
CYILLECTBYET BO3MOKHOCTh MCIOJIb30BaTh 3D-peaakTopbl rpamKu ¢ OTKPBITHIM
UCXOJIHBIM KOJIOM, pacmnpocTpanstommuecs Ha ycioBusx GNU General Public
License, nanpumep Blender.
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3akJIloYeHue

YyebHo-MeToaMUeCcKOe MocoOue pa3pabOTaHO B COOTBETCTBUU  C
TpeboBanusiMu DenepalibHBIX FOCYJapCTBEHHBIX 00pa30BaTEIbHBIX CTaHIAPTOB
BBICIIIET0 OOpa3oBaHUs IO HampapieHusM mnoarotopku 54.03.01, 54.04.01
Huzaitn, 44.03.05, 44.04.01 Ilegarornueckoe obpaszoBanue, 51.03.02, 51.04.02
Hapopanas xynoxectBeHHas Kyabtypa, 35.04.09 JlanamadTHas apXuTeKkTypa.

B Hem paccMoTpeHbl OCHOBBI 3D-monenupoBaHHMss W BHU3YAIM3aLNM,
UCClIeIoOBaHa UCTOpUs co3aanus 3D-monenupoBaHus, cienaH KpaTKuil 0030p
IPOrpaMMHOr0 OOecleueHrs, B KOTOPbIA BOLUIM TakWe MporpaMmbl Kak: 3D
Slash, Clara.io, Moment of Inspiration, SelfCAD, SketchUp, TinkerCAD,
LibreCAD, 3DS Max.

Yactb, nocBsiieHHas: ocHOBaM paboTsl B Blender, nmeeTr BbIpakeHHYIO
IPAKTUYECKYIO HaIlPaBJICHHOCTh. boJbllloe BHUMaHUE OBLIO YZAENIEeHO 0a30BbIM
HOHSATUAM, 0030pYy IOJIb30BATENBCKOIO HHTEp(delica, U3yUYEHHIO OCHOBHBIX
(YHKIIMOHAJIBHBIX KJIABUII M KOMAaH], HAcTpoilke pabodero NnpocTpaHCTBa,
co3ganuto u moaudukanuu 3D-o0bekToB B Blender.

Conepxanue y4e0OHO-METOIUYECKOTO nocooust IIPEICTABIISAET
TEOPETUYECKUM M TNPAKTUYECKUH HUHTEpec Uil OOYy4aroUIMXCs BBICHIUX U
CpeaHuX Mpo(dhecCHOHATBHBIX 00pa30BaTEIbHBIX YUPEKACHUMN, CIIELIUATUCTOB B
0o0JaCTH  XYyIOXKECTBEHHO-TBOPYECKOM  JIEATENIbHOCTH,  MPAKTUKYIOIIMX
TU3aiHEpOB, JaHAIMA(THBIX ApXUTEKTOPOB. M3JI0KEHHBI MaTepHall MOXET
UCIIOJIB30BaThCA ~ OOyYarOUMMHUCA  MPU  BBINOJHEHUU  NPAKTUYECKUX,
Ja00paToOpHBIX  pabOT, B  TMPOIECCE  CaMOCTOSTEIBHOM U HAy4dHO-
UCCIIEI0OBATEIBLCKON pabOTHI.
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