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bnaroaapHocTu

Ora KHMTa He 6blIa ObI 3aBepIlieHa 6e3 caMOOTBepPKeHHO PaboThl U BKIala HEBEPO-
SITHOTO KOJIMYECTBa CIelaaCTOB ITPOM3BOACTBA, U3TOTOBUTEIEH 1 TIpesk/ie BCero Ha-
mmx 3D Hubs coo611ecTB co Bcex KOHIIOB CBeTa.

B mepByio ouepenb OrpOMHOE CITacb0 TeM JIIOISIM, KOTOpbIE TTOCBSITUITA CBOE Bpe-
MS$I pelieH3MPOBaHUI0 ¥ KOMMEHTMUPOBAHMIO TEKCTA 3TOM KHUTH: Maiikmy Monutx-Xay
(Engineering.com), Cape I'epke (3Dprint.com), bumry Aptiu (Print Form), Anany Hraii-
eHy (Space Junk Co), n-py I>korrya M. ITupcy (Michigan Tech), Puuapmy Cmuty (Oxford
University), Auapeacy bactuany (Autodesk), 9puky ne bpeitny (Ultimaker), ®nopuany
BaH zmep Xepcty (Oceanz), Kpucy MakAnouu (Proto3000), To6uacy TydbenTcammep (Ex-
One) u a-py Xumram Anka6bu (EQT Aerospace & Defence).

3a aBTOPCKMIT KOMITETEHTHBIN BKJIA[ criacu60: KopTHY ApMCTPOHT 3a ITPOEKTUPOBa-
Hue nig SLA/DLP, Ileppu Keliny 3a Tonmyny cnos n nognepxky FFF, Iixeiimcy Jloy 3a
3alesnKkuBaronmecs: coequHenus, beny Xancony 3a npoekrupoBanue s FFF, Ankaii-
ocy BapocTtyc 3a kiaccubdukanmio pasanunii Mesxay HaCTOIbHOV M TTPOMBIIIEHHO
FFF-meuartbio, Iuapeiiky BaH meH CpeH 3a ITOCTOOPabOTKY U CpaBHEHME HACTOTbHOM
u nipombiiieHHo# SLA/DLP, llltedany XonamuHry 3a nmpoektupoBanue s SLS, Kpucy
MaxkAsoHM 3a IPOeKTUPOBaHMe [IJisI CTPyitHO TTeuaTy, MapTtuHy IleTpaky 3a MpoeKkTu-
poanue st DMLS/SLM, [Ixxony Yosny 3a MPOeKTUPOBaHMe KOPITyCOB, Buiury ApTin 3a
TpyMeHeHMe B aBTOMHIyCTpuM, Tomacy BaH Jie XayT 3a TOMOJIOTUUYECKYI0 ONITUMMU3a-
1uio, JKopucy I3y 3a ero Korma 6bl TO HY 6bUIO JOCTYITHYIO OLIEHKY, [IKeKy I9i1BuCy
3a ero BKJIaJ B 0OpaTHOe MPOEKTUPOBaHMe U MporpaMmMHoe obecrieuenne st CAD,
Po6uny BpokeTepy 3a MOBEpXHOCTHOE MOAENMpPOBaHMe U IKOPmKy durep-YuicoHy
3a TeMaTuueckue ucciesoBaHus 3D-mevaTiu.

Bonbiiast 6;1aromapHOCTb TaKKe HAIMPaBIISIETCS CAEMYIOIIMM KOMITaHUSIM, KOTOpbIe
TIpeIoCTaBUIM HaM TepBOK/IACCHbIE TpeiMeTHbIe MCCAeN0BaHMs [IJi TpeThel YacTu
atoit kuuru: Ultimaker & Volkswagen AutoEuropa 1 PEAK Industries 3a mpuMeHeHMe
B FFF, Formlabs 1 EnvisionTec 3a SLA/DLP, Paul Kohlhaussen Design 1 Rehook 3a SLS,
Mapky Tuneny & Eindhoven University u Butanuio Bynrakosy & Factor 31 3a ctpyii-
HyI0 ITeuaTh, EXOne 3a cTpyiiHyIO evaThb CBSI3yIuM BellecTBoM, Concept Laser 1 To-
Macy BaH Jie XayT 3a UX npegMeTHble uccaegosannst B DMLS/SLM.

Ocobast 6;aromapHOCTDb BbIpaskaeTcst TPeBOCXOAHOI komaHme 3D Hubs 3a 6e3ycraH-
HOe KOHTPOJIbHOE UTeHMe Bepcuy 3a Bepcueii 1 MOCTOSTHHOe yKa3aHue yIyullleHuii Ha
BceM myTu. Tomy [IeGUIIKM 3a CO3aHMe AM3aliH-TIPOeKTa AJIsI KHUTH, CO3IaHe COTEeH
BepCuii MIUTIOCTpaluii U Bceit mudorpaduku, KeHy 3sSHTY 3a mepBoKIaccHbie oTorpa-
dun. Be3 Tebst MbI O6bI He CITpaBWINCh. Takke OTHenbHOe criacubo bpamy nme LiBapTy 3a
co3maHue MpocTpaHcTBa BHyTpu 3D Hubs 7151 HammMcaHmst 9TO KHUTYU U 3a TIOAIEPKKY
Ha KaXk[IOM Iiiare.

U HakoHelr, 60sbIast 6;1arogapHOCTDb BhIpaskaeTcst MPOEKTHO rpyrie 13 Multitude
3a TOMOIIIb B TIpUBEEeHNM ITPOEKTa OT Mley K peaJibHOCTU U 3a loBeJleHe 3TOM KHUTU
IIO U3[AaHMSsI, He TOITyCKasi KOMITPOMMCCOB 110 KaueCTBY.


http://Engineering.com
http://3Dprint.com

[Mpeaucnosue

Ha nBope crour sieto 2001 roga B Kyreptuno B KanudopHum, 1 1 CMOTPIO Ha KYCOK
ITOPOJIOHA, KaKMe-TO JIErOMOoA06HbIe 3JIeMeHThI MexXaH3Ma ¥ Ha MHOKECTBO 3JIEKTPO-
JleTasei, pacCesTHHbIX IO CTOIY.

V MeHs 6bIIO HEITPOCTOE 3a[IaHye: CO3/IaTh ITePBbIii TPOTOTUIT HOBOTO MTPOIYKTA, HA
MIPOEKTUPOBaHME KOTOPOro Apple co MHOJI 3aKJIFOUMIM KOHTPAKT.

[IpoeKTHBIM 3a7aHKeM ObIIO CO3[ATh YCTPOACTBO, KOTOPOE BOILIOIIAJIO GbI B cebe co-
BpeMeHHbIT Sony Walkman gy1s1 mokonenust MP3. OHO CTOMIJIO GOJBIINX CUJT, IECSITKOB
TTIOBTOPEHMIT U GOJIBIIOrO KOJIMYEeCTBa MOPOJIOHA, HO BCe ke ObLIo 3aBepineHo. Cosma-
HJe, KOTOPOE BITOCJEACTBUM CTAHET IEPBbIM MPOTOTUIIOM iPod 1 mecsTkamMu mociemy-
IOIIMX €ro BOIIOIIEHMIA, KOTOpbIe B KOHEYHOM CUeTe 3BOJIOIMOHMPOBaIN 1o iPhone.

CosnmaBasi HOBble TPOAYKTHI, Bbl BCerga CTapaeTech CAelaTb HEUYTO BU3YaTbHO
" QYHKIIMOHAILHO TOpa3mio Jydiilee, YeM TO, YTO MMeeTCs] Ha TaHHbI MOMeHT. [1po-
eKTMpyeTe JIY Bbl allllapaTHbIE CPENCTBA WM IPOrpaMMHOe obecIieueHne, OCHOBOIA
3TOTO SIBJISIETCSI CTpeMJIeHNe CO3/1aTh HeUTO HOBOe, PeBOJTIOIMOHHOE 1 BIievaTJsioliee.
C HaCTOSIIVMM MHHOBALIUSIMU MOSIBJISIETCSI HEOOXOAMMOCTb IPOTOTUIIUPOBAHMKS ; TIpe-
IBITYIIVX BAPMAHTOB HET, IO3TOMY Balll IEPBBI MTPOAYKT, BEPOSITHO, HE CTAHET TEM,
KOTOPBIN OyIeT BHIITYIIEH Ha PhIHOK. [[OBTOpeHME — BOT UTO 3[I€Ch HY)KHO.

Criocobbl TTPOEKTUPOBAHMS, M3TOTOBIEHMS U MOAM(UKAIMK ITPOTOTUIIOB IIpe-
Tepmenu GoJbliNe U3MeHeHMsI CO BpeMeH co3maHus nepsoro iPod B Apple. O61eno-
CTYITHOE U OIOKeTHOE MPOTOTUIIMPOBAHME MOCPEACTBOM 3D-TeuaT CerogHsi CTajao
peasibHOCTHI0. CKOPOCTH, C KOTOPO Bl MOYKETE BOCIIPOM3BOIUTD UAEU B PU3UUECKUX
06beKTax, Tereph cTajaa ObICcTpee, YeM KOTma-i1160. Mbl JKMBEM B MUpPe, HATIOTHEHHOM
MHCTPYMEHTaMMU U pecypcamu, KOTOPbIe MMO3BOJISIIOT HAM C JIETKOCTbIO CO371aBaTh 1 BBO-
IUTh HOBIeCcTBa. C/IeqyIONIMM IIarom OymeT MpUMeHeHVe 3TUX PeCypcoB B KauecTBe
IBVDKYILEN CUJIbI PEBOJIIOLIVI U TTEpeEMEH.

DTO SIBHO YKa3bIBaeT Ha BasKHOCTb 3D-T1eyaTt U Ha TO, YeM OHa IToJie3Ha JIJisl BCeX, KTO
BOBJIEUEH B IIPOEKTUPOBAHNE UM U3TOTOB/IeH e (U3UUECKUX 00beKTOB. IHHOBAI[MOH-
HBII U CJIOKHBIN MPOAYKT HY>KIAeTCS B MPOTOTUMIMPOBAHMUM. DTO 3aHUMAET BPeMSI, HO
B M'TOTE€ OHO OKAQXXETCS TeEM MHCTPYMEHTOM, KOTOPBIV IIO3BOJIUT BaM COBEPIIATh BaXKHbIE
pernreHust. Bce, 4To MbI B Te BpeMeHa co3aBaiu B Apple, 6bIIO HOBIIECTBOM B MUPE TEX-
HOJIOTMI4, YTO O3HAYa/I0, UTO HaM IIPUXOAMUIOCH ITOCTOSIHHO COBEPIIeHCTBOBATHCS, IS
TOTO YTOOBI HAXOAUTD BEPHbII IMyTh. YaCTh 3TOT0 COBEPIIEHCTBOBAHMS 0603HAUMIIA JJIST
IPYyTUX Havasia, IepeHsIThie IJIS YIyJdlleH)s B JaJIbHENIIeM Hallleli TEXHOIOTMMN.

«IToco6ue» 6ymeT COpOBOXKIATh Bac Ha BallleM COGCTBEHHOM IIYTHU 10 Mepe usyde-
Hus 3¢dekTuBHONM 3D-neuaTt 1 ee MOTEHIMANA IS CO3TaHMS BAIIMX BbIAAIOIIMXCS
MIPOILYKTOB, KOTOPBIE, ST HAAEI0Ch, U3MEHSIT MUP. KaKaplii TPOEKTUPOBIIMK U pa3pa-
O0TUMK AO/KEH MMeTh 3D-1euaTh Ioj] pyKoii, TaK KaK OHA BBICTWJIAET BaM ITyTh K HO-
BBIM TEXHOJIOTMSIM M3TOTOBJIEHMSI, KOTOpbIe OYAYT MPOOYKAATh BaIlly TBOPUYECKYIO
IesITeJIbHOCTDb M PacKpbIBATh BalllM MAeM II0 Mepe IpeTBOpeHMs ux B XU3Hb. Co3ga-
HMe MeHSIeTCSl, M3TOTOBJIeHNEe MEHSIETCSI, M IPOEeKTMPOBaHMEe MEHSIeTCs, IepeBepHUTE
CTpPaHMITY — BpeMsI ObITh Ha IIIar BIIEPEIN...

Tonu ®adenn,
coszartesb iPod 1 ocHOBaTesb KoMITaHuy Nest



BBepeHue

[jist MHkKeHepa 3a4acTylo OMpeesisIoNiM sIBieHMeM, KOTOpoe HY>KHO YUUTbIBAThb P
IIPOEKTUPOBAHMY IeTaIel ISl M3TOTOBJIEHMNSI, SIBJISIETCSI METOI M3TrOTOBJIeHMS. [IpoeKT
MOKET OBbITh VICIIOJIHEH C IPUMEHEHMEM PsIa TEXHUK M3TOTOBJIeHNs, KaKIast U3 KOTO-
PBIX 00/1a7a€T CBOMMM ITPEMMYIIeCTBAMMU M HEIOCTATKAMIA.

OTo BBeeHMEe HaMepeHO 06003HAUNTD Te CIydau, Korga 3D-1meuathb MposiBIIsSIeT ceOst
KaK MeTOJ, M3TOTOBJIeHMs, IJIs1 OT/IMUMSI OT GoJiee TPaAULIMOHHBIX MPOLeCCOB, TAKMUX
kak UYITY, muTheBoe IMpeccoBaHMe U OTAMBKA. JJaHHAsT CeKIMsS 0OPUCYET BaM CaMble
pacIpocTpaHeHHbIe METOIbl M3TOTOBJIEHNMS M 3aBEPIIUTCS KpaTKUM 0030poM 0606-
IIeHHOTO Mpoliecca 3D-neuatu. [Toapo6HOe OmMcaHye TeXHOJIOIMIi U3TOTOBIEHUS 3a
paMkamu 3D-meyaTy He BXOAUT B I10JIe 3peHMSI 9TOM KHUTHA.

KnACCM®UKALUMS TEXHUK M3rOTOBJIEHUS

BOJBIUIMHCTBO TEXHMK M3TOTOBIEHMSI MOKHO OTHECTM K TPEM IPYIIaM, IoKa3aHHbIM
Ha puc. 0.1. YIIPOIIEHHO 3T TPU TPYIIIIHI MOKHO OIMCATh CIEAYIOMIM 06pasoMm.

O @opMaTMBHOE M3TOTOBJIEHNE: TYUIIMM 06pa30M MOAXOAUT IJist GOIBIUINX 06b-
€MOB ITPOM3BOJICTBA OJHOI ¥ TO¥ JKe IeTajn, TPeOYIoIIero 60/bIINX HaualbHbIX
BJIO’KeHMi1 B 060pymoBaHe ((hOpMbI), HO 3aTeM CITOCOGHOTO IIPOM3BOAUTD IeTa-
7 GBICTPO ¥ 110 HU3KOIA IeHe.

QO Cy6TpakTMBHOE M3rOTOBJIEHME: paCIIoNaraeTcst Mexay GopMaTUBHBIM M afIu-
TUBHBIM, GOJIbIIIE TTOAXOMNUT /IS JeTaeit CO CPaBHUTEIBHO MTPOCTO reoMeTpu-
eit, MpOU3BOIMMBIX B CPEIHMX 06beMax, KOTOpble OObIUHO CHeIaHbl 13 QYHKIIN-
OHAaJIbHBIX MAaTEPMAIOB (B YACTHOCTM, 13 METajlIa).

O AAmuUTMBHOE M3rOTOBJIEHME: JIyUIIle BCETO MOAXOINT [JIst MaJIbIX 06EMOB, CITOK-
HBIX MIPOEKTOB, KOTOPbIe HEBO3MOKHO OCYIIECTBUTh (POPMATUBHBIMU U CYO-
CTPAKTMBHBIMM METOIAMM, MITM KOTIAa TpeOGyeTcst 6hICTPOe U3TOTOBJIEHIE eI/ H-
CTBEHHOTO ITPOTOTHIIA.

(OPMATMBHBIE METOAbI (IMTBEBOE MPECCOBAHME, OT/IMBKA,
LUTAMIMOBKA U BbIKOBKA)

dopMaTMBHOE U3TOTOBJIEHNE OGBIYHO (HOPMUPYET MaTepuasl B skejlaemMmyio (hopmy Io-
cpencTBOM HarpeBa U maBiieHMs. CbIpbe MOXKET ObITh PAcCIIaBJIEHO ¥ CIIPECCOBAHO
B opMe (JIMTbeBOE IIPeCcCOoBaHMe, OTJMBKA B GOPMBbI), pacIlIaBIe€HO U BBUIUTO B HOPMY
(OT/IMBKA) MJTM CITPECCOBAHO JIMOO0 BBITIHYTO B HYKHYIO GOpPMY (IIITAMITOBKA / BAKYyM-
Hoe hopMoobpasoBaHme / BBIKOBKA). POpMaTUBHbBIE TEXHUKY ITPOU3BOIST JETaTN U3
IIMPOKOIO psila MaTepuaaoB (M MeTajia, U IlacTuka). s 60abLIInUX 060beMOB IPO-
M3BOACTBA (OPMATUBHOE M3TOTOBJIEHNME 3aYacTyI0 HY C YeM He CPaBHMMO IIO IieHe.
OcHOBHOe orpaHuyeHre (pOpMaTMBHOTO M3TOTOBJIEHMUS — 3TO HEOOXOOMMOCTb M3TO-
TOBUTH 060pymoBaHme (popMy MaM 3ar0TOBKY) 1y1st hopMoBaHus getanu. O6opymoBa-
HIe 0OBIYHO TOPOTOCTOSIIIEE U CJIOKHOE B IMPOM3BOMACTBE, UTO YBEIMUMBAET ITOATOTO-
BUTEJIbHO-HATAOYHOE BpeMsI U 3a[lep>kK1BaeT U3rOTOBIeHMe AeTaan. Takue O60biine
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CTapTOBbIE€ MHBECTUIMM SIBJISIIOTCSI IPUUMHOM TOMY, UTO (hOpMaTHUBHOE M3TOTOBJIEHNE
[JIaBHBIM 06pa3oM MpejjaraeT Majo3aTpaTHOE MPOM3BOACTBO B 6OMbIINX 06beMax.

KoHcTpyKkumst popMaTMBHOTO 0060PYIOBaHMS YCIOKHEHA HEOOXOOMMOCTbIO HaIM-
YMsl TAKUX 3JIeMeHTOB (OpMbI, KaK MOHTAaKHbIe IYyTM M HaIlpaBJsiiolue, AJisl Coferi-
cTBUsT hopMoOBaHMIO JeTasneii. Takke KOHCTPYKIIMS IeTaseii, Tpou3BeneHHbIX (op-
MaTMBHBIMM MeTOIaMM, 00yC/IOB/I€Ha TaKMMM OrpaHMUYEHUSIMU, KaK YroJl JINTENHOTO
YKJIOHA M OJHOTUITHAS TOJIIMHA CTEHOK.

(MopmaTMBHOE U3roTOBNEHUE

v N
N N

g

Cy6TpaKTMBHOE M3rOTOBNEHHE

5
=

ALZUTMBHOE M3rOTOBNEHME

Puc.0.1 « CxemaTMuyHOe CpaBHEHWE TOro, Kak popMaTuBHble (BEPX),
CybTpaKkTMBHbIE (CepeanHa) U aaanUTUBHbIE (HWU3) TEXHWUKM U3rOTOBIEHUS
NpoW3BOAST AeTanu
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CyBTPAKTMBHBIE METOAbI (UTTY, OBTAYMBAHME, CBEP/IEHME)

CyOTpakTUBHOE M3TOTOBJIEH)E HAUMHAETCS C 6/10Ka [IeJIbHOTO MaTepuasa (3aroTOBKM)
¥ TIPOMIOJIKAETCS TIPYMEHEHMEM PEXKYIIMX MHCTPYMEHTOB yaajaeHus (06paboTku) ma-
Tepuasa Jjis moaydeHus: KoHeuHovi dopmbl. UITY, dpesepoBka, ob6TaunBaHme (Ha TO-
KapHOM CTaHKe) M TaKye MallMHHbIe OIlepalyy, Kak CBepJIeHNe U pPe3Ka, SIBJISTIOTCS
MIPYMEPOM CYOTPAKTUBHBIX TEXHUK.

CyOGTpaKkTMBHOE M3TOTOBJIEHME CIIOCOOGHO MPOM3BOAUTbH BBHICOKOTOUHbBIE AETAJIU
¢ 6e3ympeuHoiT 06paboTKOI MoBepxHOCTM. [TOUTY BCe MaTepuasIbl OAJAI0TCST MAITVH-
HOIt 06paboTKe. JIj1s1 60BIIMHCTBA KOHCTPYKIMIA CYOTPAKTUMBHOE M3TOTOBJIEHVE SIBJISI-
eTcs caMbIM 3(P(EeKTUBHBIM IO LieHe PelIeHueM.

CyOGTpaKkTMBHOE M3TOTOBJIEHME OTPAaHMUYEHO HEKOTOpbIMM (hakTOpammu. BombumH-
CTBO KOHCTPYKIMI HYXXAAIOTCSI B CUCTEME aBTOMATUYeCKOM TeXHOIOTUYECKON TTOAr0-
TOBKM ITpon3BojcTBa (aHmt. Computer Aided Manufacturing, coxp. CAM) mjist coctaBiie-
HMSI MapIIPyTOB MHCTPYMeHTA U 9 GEeKTUBHOTO yoaIeHUs MaTepyuaia. OTO BbI3bIBAET
IOTIOJTHUTE/bHbIE 3aIePsKKM M 3aTPaThl JJIsI IIPollecca B 1e/IoM. IIpy TpoeKTUPOBaAHUY
neTaseii I CyOTpaKTMBHOTO M3TOTOBJIEHNST HEOOXOIMMO YUNUTBIBATH TOCTYIT MHCTPY-
MEHTAa, TaK KaK MHCTPYMEHT pe3KM JO/DKEH MMEeTh BO3MOKHOCTD OCTaBaTh OO BCEX
TTOBEPXHOCTEN, UTOOBI YIATUTD BECh HEHY)KHBIV MaTepuall.

Ho xoTs TakMe MallHbI, Kak 5-oceBoe UITY, 136aB/IsIIOT OT HEKOTOPBIX M3 STUX OTpa-
HUYEHUI, TIOJIOKEHMEe CIOKHBIX eTayeil MIPUIeTcs MEeHSTh B Ipoiecce 06paboTKu,
emnie 6ojyee yBeIMUMBAs 3aTPaThl M BpeMsI MOATOTOBKM. Takke CyOTpAaKTMBHOE U3TO-
TOBJIEHME CUUTAETCS HePAIMOHAIbHBIM ITPOLIECCOM O1arofapst 60bIIOMY KOJTUYECTBY
MaTepuana, KOTOPBIi yAAASeTCs AJi M3TOTOBJIEHMSI KOHEUHOM TeOMeTpUM JeTaju.

AnpvTnBHOE NPon3BoACTBO (3D-NEYATDL)

AnnouTuUBHOE TTPOU3BOACTBO (60siee M3BECTHOE Kak 3D-1eyaTh) — 9TO MPOIIECC Mocye-
IIOBATeJIbHOTO COCTAaBJIeHUS ieTau 0¥ 3a cyioeM. CyleCTBYeT 11eJIblil PsijJi TEXHOJIO-
ruit 3D-1mevaTi, Kaskaasi U3 KOTOPBIX 00/1aJaeT CBOMMM IIPeMMYIecTBaMM ¥ OrpaHuye-
HUSIMM U CTIOCOOHA HareyaTaTh JeTaIu U3 pasaMUHbIX MaTepuasoB.

M3roToB/sieMble IeTaly MOTYT 00j1afaTh ITOUTH JII000I reoMeTpueit, UTo SIBJISeTCs
OHUM U3 OCHOBHBIX MpeuMYyIlecTB 3D-meuaTtu (XOTS BCe paBHO B KaxkA Ol M3 TEXHO-
JIOTHUIt ecTh cobiogaemMble pasuia). Takke 3D-1evyaTh He I10/IaraeTcs Ha JOPOroCTo-
sIIie MHCTPYMEHTDI, UYTO O3HauaeT MPaKTUUeCKU OTCYTCTBME CTAPTOBBIX BIOKEHUIA.
IIpeuMyILIeCTBOM 3TOTO SIBJISIETCS CKOPOe YTBEPKAEHMe U paspaboTKa MPOTOTUIIOB
U IeTasieit, IpOU3BOAMMBIX B MaJIbIX 00beMax.

OOHMM U3 3HAUUTENbHBIX OTpaHNuYeHNl 3D-nevaTut IBIsIeTCsI HEBO3MOXHOCTb CO3-
IaTh JeTalu U3 MaTepUajoB, MOJOOHBIX TeM, KOTOPbIe IIPUMEHSIIOTCS B CYOTPaKTUB-
HBIX U (GOPMATUBHBIX TEXHUKAX. BOTBIIMHCTBO TEXHOIOTUIT 3D-11e4aTu M3rOTOBIISIIOT
JleTaiv, KOTOPbIE IO IIPUPOJie aHU30TPOMHBIE UM He ITOTHOCTHIO IUIOTHBIE. 3D-1evaThb
TaKke OrpaHMYeHa B BOCIIPOM3BOAMMOCTH, YTO 03HAYAET, UTO AeTanu 6YIyT MUMETh He-
3HAUUTETbHbIE OTIMYMS 13-3a HEPABHOMEPHOTO OXJIaKAeHUST MUau medhopMaliuyu BO
BpeMsl OTBepP>KIeHMsI.
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CPABHEHME MO CTOMMOCTHU

LleHa 3ayacTyio SIBJISIETCSI OHPENeNSIoNMM (GaKTOPOM B pelleHMM TOTo, KaK IeTajb
6ymeT m3roTosyieHa. PucyHok 0.2 maet o6Iiee mpeacTaBieHNe O TOM, KaK CTOMMOCTh
MU3TOTOBJIeHMS (IIeHa 3a eAMHUITY) Pa3/IMUaeTCs B 3aBUCMMOCTY OT KOJIMYECTBa IIPOU3-
BOIVIMBIX JeTaJleil.

— (®opmaTuBHoe
Cy6TpakTnBHoe

— AnauvBHoe

CToMMOCTb AgTanu

Konuyectso petaneit

Puc. 0.2 < B kaTeropusax 3KOHOMWMM Ha MacwTabe 6onblune 06bemMbl GOPMATMBHOMO
M3roTOBNEHUS SBASIOTCS Hanbonee S3KOHOMUYHBIM pelleHneM. DaKTopoM orpaHuYeHus
3[1eCb ABNISETCS BO3MOXHOCTb GOPMATUBHOIO U3roTOBNEHUS NPOEKTa

Mpouecc 3D-neyatn

CymiecTByeT MHOXECTBO TEeXHOJOTUI 3D-meuaTtu, HO Caeylomiasi CeKius packpoer
061Nt 11T HUX TIPOLIECC U3TOTOBIEHMST OT KOHCTPYMPOBAHMS IO KOHEUHOI JeTasu.
U X0Ts Kaskaplit MeTo 3D-1euaTyt MPOU3BOAUT AeTaN Pa3AMUHbIM CITOCOG0M, 3TH OC-
HOBHbIE MSITh IIAarOB MPUCYTCTBYIOT BO BCEX TEXHOJIOTUSIX.

1. Co3paHue 3D-daina

Cosganne umMdpOBOIl MOMIENN SIBJSETCS TTepBbIM IIarom B Ipoiiecce 3D-meuatu. Ca-
MBIi PacClpoOCTpaHeHHbI1 MeTon co3fmaHusl 3D-mopenu (puc. 0.3) — 3TO cucrema
KOMITbIOTEPHOTO IIpoeKTupoBaums (aurin. Computer Aided Design, cokp. CAD). O6part-
HOE IMPOEKTUPOBAHME TaKKe MOKHO IIPMMEHSITD JJIs1 COCTaBIeHMs IUPPOBOI MOIeNN
¢ momotipio 3D-ckanmpoBanus. I CAD-MopenupoBaHue, M 06paTHOE MTPOEKTUPOBa-
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HIe 00CyKAaloTcs B IaBe 18 3Toit Kuuru. IIpu mpoekTMpoBaHuy 3D-1meyaTyt Heo6X0-
VMO OlleHMBATh HECKOIBKO IMPOEKTHBIX pelieHuit. OHU B OCHOBHOM COCPeI0TOYEHbI
Ha OTPaHMYEHMSIX TeOMETPUH, MOANePKMBaeMbIX MaTepuaiax U Tpe6oBaHUSIX K BbI-
XOIOHBIM OTBepCTUSIM. [IpoeKTupoBaHme aeTanei mjst 3D-meuatut 06CyKIaeTcsl B 9TOM
KHUTE.

B W o= P —
B 0 g

N A R Ve R [ T -

Puc.0.3 « CAD 3D-mopzenb KpbllKuM TOpLA Bana, co3gaHHas B Autodesk Fusion 360.
STL-daiin moxeT 6bITb 3kcnopTpoBaH M3 CAD-nporpammsl. [lnameTp Kpbiwku — 40 Mm

2. CozpaHue SLT-¢aiina u onepaunn Hag HUM

Iy Toro uto6bl HareuaraTh geTtanb, CAD-Momenb NOKHA ObITh MpeobpasoBaHa
B ¢dopmart, o6pabaTbiBaeMblii 3D-mipuHTEpOM. Bce HaumHaeTcsl ¢ IpeoOpa3soBaHUS
CAD-mopnenu B ¢aitn crepeonurorpadum (aHri. Stereolithography, cokp. STL), Takke
yIIOMMHAaeMbIl Kak (aii «CTaHgapTHOTO TPEYTOIbHOTO s13bIKa» (aHmI. Standard Tri-
angle Language). Turmsl ¢aiioB OBJ 1 3DP - Takke mpremseMbie sl 3D-meyatu, HO
MeHee pacrnpocTpaHeHHbie. STL nmpuMeHsieT TpeyroIbHUKN (TIOJIUTOHBI) AJ151 OIMCAHUS
IOBEPXHOCTE 00bEKTa, CYIIECTBEHHO YIIPOINas 3a4acTyio cIokHYy0 CAD-Mopmers.
BompimHerBo CAD-iporpaMm CIIOCOGHBI SKCIIOPTUPOBATh Mofenu B ¢aiir STL.

Korma daitn STL copmupoBaH, OH MMIIOPTUPYETCSI TPOrpaMMO¥i TTOATOTOBKY MO-
Ienu K Ievatu (caalicepoM); OHa pasmessieT KOHCTPYKIMIO Ha CJIOM, KOTOPbIe OYIayT
MPUMEHSIThCSI B co3manuu metanu. Cnaiicep 6eper STL-daitn M KOHBEPTUPYET €ro
B G-Koz. G-KoJ — SI3bIK IPOrpaMMMPOBaHMS OJIsI YCTPOVICTB C YMCIOBBIM MPOrpaMM-
HBIM yIIpaBJjieHueM, ITpumMeHsiemMblii B CAM 1j1g yIipaBjieHMs aBTOMaTU3MPOBAHHBIMU
MalHamMy Haromo6ue maniuH ¢ YITY u 3D-nipuHTEpOoB.

Craricep Takke MO3BOJISIET OTlepaTopy 3D-IIpuHTEpa ONpene/nTb TapaMeTpbl KOHCT-
pyupoBaHus y 3D-IpMHTEPA, BbISICHSS MOJIOKEeHMe IO IePKKM, TOJMIMHY CJI0SI U pac-
nonoxkeHue nmeranu (puc. 0.4). Crmaiicepsl 4acTO SIBJISIIOTCS COOCTBEHHOCTHIO MapKu
3D-npuHTEpa, HO eCTh TaKKe M YHUBEpCaJIbHbIE ciaiicepsl, Takue Kak Netfabb, Simp-
lify3D u Slic3r.
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Puc. 0.4 < VmnoptnposaHue daina STL cnaicepom Formlabs non Ha3BaHuem Pre-
form. Cnaricepbl NO3BONIAKOT YCTAHOBUTb PACMONIOXEHME KPbILLKM TOPLA Bana M Nooxe-
HWe noaLepXKuBatoLLero MaTepuana

[TpoeRTMPOBIIMKY Yalle BCero 6ymeT Heo6X0AMMO IIPeAOCTaBUTh OIepaTopy 3D-TpuH-
Tepa STL-¢gaitn. OnepaTop 3aTeM HaCTpauMBaeT >KejlaeMble MapaMeTpsl OJIs1 IevaTy
U caM cosmaet ¢aitibl G-koaa.

3.Meuatb

Kakmas us TeXHOJ’[OI‘Mﬁ, 06CY)K,H<':IEMIJIX B 3TOI KHUTE, ITO-Pa3HOMY aAAUTUBHO U3T0-
TaBJMBAET JeTaIn. HO,HpOﬁHOG 00BSICHEHNE TOI'0, KaK KaXgasa M3 HUX M3TroTaBJ/IMBaA-
€T meTalil, BK/IIoUada CBA3aHHbIe C O3TUMM MaTepuabl, IIpeacTaBJI€eHO B r[epBof/'{ 4yacTtum
KHUTH.

4.YpaneHue Hane4yaTaHHOro

JI1s1 HEeKOTOPBbIX TeXHOJMOoruil 3D-mevyatu ypajeHue HalleyaTaHHOTO HAaCTOIbKO JKe
MPOCTO, KaK OTAeeHNe HaleyaTaHHOol yacTy oT paboueit matdopmbl (puc. 0.6). s
Ipyrux 6ojee MPOMBIIIJIEHHBIX MeTOAOB 3D-IeuaTu ynajeHue HarevaTaHHOTO — 9TO
BBICOKOTEXHOJIOTMYHBIN MPOLeCC, BKIOYAIOLIMI TOUHOE U3BJIeYeH)e HarleyaTaHHOTO,
KOI[Ia OHO ellle 3aK/II0UYeHO B M0 JepKMBalolieM MaTepuaie Wi NPUKPEIIEHO K 01 -
JIOKKe. JIJIs1 9TUX METOMOB B OOJIBIIVHCTBE CJTyYaeB TPEGYIOTCS BHIBEPEHHBIE MTPOLIeTy-
pBbI yaaneHus M BbICOKOKBaIMMUIIMPOBaHHbIE OIepaTOPhbl BMeCTe C OCHAIeHMEM JIJis
TeXHUKM O€30TIaCHOCTM 1 KOHTPOJIMUPYEMOI CpPeIoii.

5.MocTobpaboTka

[Tpoueaypsl MOCTOOPAOOTKYM TaKKe BAPbUPYIOTCS B 3aBUCMMOCTY OT TEXHOJIOTUM ITe-
yaTty. HeKOTOphIM TEXHOJOTUSIM HEOOXOIVM ITPOIlecC OTBEPKAeHMs 1o, YO-myuamu,
B TO BpeMs Kak JIpyTue MO3BOJISIIOT Cpasy JKe MepenaBaTh JeTaau Janee. B TexHomorn-
SIX, TIPUMEHSIIOIINX TTOAAEPsKKY, yaaleHue MaTepuasa IMPOUCXOAUT B TOM JKe CTaaun
roctobpaboTky (puc. 0.7). Camble pacIpoCTpaHeHHbIe BAPUAHTHI ITOCTOOPAOOTKY [IJIsT
KaykIIOro MeTo/ia 00CYKIar0TCsl BO BCeli ITepBOil UacTu.
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Puc. 0.5 «+ 3aBeplueHHas Kpbllwka Topua Bana Ha Formlabs
Form 2 po ynanenus c paboyert nnatdopmsl. Neyatb KpbiwKu
[LNs KOpnyca iBUraTens 3aHsna npubnusutenbHo 1,5 u

Puc. 0.6 < Kpbiwka Topua Bana nocne yaaneHus c paboyei nnathopmsl
CO BCE elLLe NPUKPENIEHHbIMU NOALEPKKAMU
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CaMbIi1 TyUIINii CIT0co6 ONpeAesTUTh, TOIXOANT IV OIlpeiesIeHHbI MeTo 3D-1evyaT
IIJIST MAHHOTO MPUMEHEeHMSsI, — 3TO MOHSATh MeXaH3Mbl TOTO, KaK TeXHOJIOTUS TIPOU3BO-
IouT netaau. [lepBasi 4aCcTh JAHHOV KHUTY CTPEMUTCS OTBETUTDh HA 3TOT BOIPOC, pac-
KpbIBasl CaMble paclpoCcTpaHeHHbIe MeTOoAbl 3D-TeuaT U To, Kak KaXXAbI U3 HUX aJl-
IOUTUBHO M3TOTOBJISIET JeTajn.

Puc. 0.7 «+ 3aBeplueHHas KpblWwKa Topua Bana 6e3 nopnepxek



Yactb

TEXHOJIOTUU
UMATEPUANDI 3D-NMEYATHU

KpaiiHe CJIOSKHBIM MCITBITAHMEM, C KOTOPBIM CTAJKMBAIOTCSI TPOEKTUPOBIIMKY U MHXKE -
Hepbl Ha 9Tare 3HAaKOMCTBA ¢ 3D-I1evuaThlo, IBJISIeTCS He0OXO0AMMOCTb OPMEHTUPOBATh-
€SI B IIMPOKOM PSIZie JOCTYITHBIX TEXHOJIOIMIA ¥ MaTepPyUajoB, IJIsSi TOTO YTOObI BhISIBUTh
HauboJjIee MOAXOIsIIee pelleHre s 3aJaHHOTO IPUMeHEeHVs.

B cnepyiomux riaBax OObSCHSIETCSI TO, KaK paboTaeT Kaxkmasi U3 TeXHOJIOTUIA, TH-
TIOBbIE€ MaTepuajbl, CBSI3aHHbIE C KAXXI0M M3 HUX, ¥ CaMble pacIpOCTpaHeHHbIE BUIbI
nprMeHeHus. BBuay obnmaganust 9Toii MH(oOpMaIeil BaM IOMKHO CTaThb JOCTYITHO
oIrpeie/ieHye TIOAXOASII el TeXHOIOT M IJIsI KOHKPETHOTO IpoeKTa. Bropast uacTh KHI-
I'Ml PaCKpbIBAEeT YaCTHBIE IIPaBM/Ia ITPOEKTUPOBAHMS [IJISI KasKI 0 TEXHOIOT M.
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BeepeHue B 3D-neyaTtb

Br160p omTMMasbHOTO Tpoitecca 3D-mevaTyt i1 KOHKPETHOTO ITPOEeKTa MOXKET OKa-
3aThCs JIOXKHBIM. Hanmune mmpokoro psna MeTomoB 3D-medyaTu M MaTepuasnoB JaeT
TIOHSITh, YTO 3a4aCTYI0 MOJXOIUT Cpa3y HeCKOIbKO IMPOIIeCCOB, M KaskKAbIi COTTPOBOKIA-
eTcsl BapualysIMy XapakKTepUCTUK, TaKMX KaK TOYHOCTh pa3MepoB, XapaKTep MOBepx-
HOCTU U TPeOOBaHMSI K ITOCTOOpaboTKe.

OTa I71aBa 3HaKOMMUT C KiaccuduKaiei TeXHOIOIMii U MaTepuaioB 3D-mevyaTu.

3D-nevatb
|
I I I I I I
IKCTpy3ms Monumepu3aums Mnaska nopoLukos CrpyitHas CrpyitHas nevatb MnaBka nopoLuKoB
Matepuana B BaHHOYKe (monnmepsl) 3D-nevatb CBA3YOLLMM BELLECTBOM (MeTannbl)
FFF SLA SLS CrpyitHas 3D-nevatb  CTpyiiHaq neyatb DMLS
DLP DOD CBSI3YI0LLMM BELLECTBOM SLM

EBM

1.1. Knaccuomkauusa TexHonormn 3D-neyatu

Cranmapt ISO/ASTM 52900 6b11 co3gan B 2015 romy a1t cTaHmapTU3aIuu BCeit Tep-
MMHOJIOTUM, a TaKKe IJIs1 KacCupMKauyuy KakIoro Merona 3D-1meuatut. B utore 66110
YCTaHOBJIEHO CeMb KaTeTropuii rpoiieccoB. Kaskaast 13 HMX BMeCTe ¢ OMycaHueM mpej-
crasjeHa B Ta6im. 1.1.

Ta6nuuya 1.1. Knaccugpukayus mexronozauii 3D-nevamu

Mpouecc Onucanune TexHonornu

JKCTpy3ua matepuana ABANTUBHBIN Npouecc Mpon3BOACTBO METOLOM MNABNEHUS
M3roTOB/IEHMS, B KOTOPOM HWUTW (aHrn. Fused Filament Fabrication,
MaTepuan BbIGOPOYHO cokp. FFF), Ha koTopoe Takxe
nojaeTcs Yyepes conio CCbIIAKOTCS KaK Ha MOAEeNMpoBaHue
UNU XnKnep MOCNOMHBIM HaMaBNEHNEM

(aHrn. Fused Disposition Modelling,
cokp. FDM)
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Ta6nuya 1.1 (npodomweHue)

Mpouecc

OnucaHue

TexHonorum

Monumepusauma B BaHHOUKeE

ALOMTUBHBIN Npouecc
W3roTOBJ/IEHMS, B KOTOPOM
XnaKuin hotononmmep

B BaHHOYKe BbIOBOPOYHO
oTBEPXKAAETCS

nop, BO3OENCTBMEM CBETA

Crepeonutorpacus

(aHrn. Stereolithography, cokp. SLA),
undpoBas CBETOAMOLHAS NPOEKLMS
(anrn. Digital Light Processing,

cokp. DLP)

[naska nopoLwwkos

ALOMTUBHBIN Npouecc
W3roTOBJ/IEHMS, B KOTOPOM
Tenj0Bas 3Heprus
BbIOOPOYHO pacnnasnser
YYaCTKM CNOS NOPOLLIKOBOTO
MaTtepuana

BbibopoyHoe nasepHoe cnekaHue
(aHrn. Selective Laser Sintering, cokp.
SLS), npssiMoe nasepHoe crnekaHue
meTannos (aHrn. Direct Metal Laser
Sintering, cokp. DMLS), BbibopouHas
nasepHas nnaeka (aHrn. Selective
Laser Melting, cokp. SLM),
3NEeKTPOHHO-y4eBas nna.ka (aHm.
Electron Beam Melting, cokp. EBM)

CrpyviHas 3D-neyatb

ALOMTUBHBIN Npouecc
M3roTOBJ/IEHMS, B KOTOPOM
Kanau mMatepuana Bbl6opoyHo
NMOMELLAOTCS M OTBEPXKAAIOT-
CS1 Ha NOANOXKKE

CrpyiiHaa 3D-neuatb (aHrn. Material
Jetting, cokp. MJ), nogaya

no TpeboBaHuto (@Hrn. Drop

On Demand, cokp. DOD)

CTpyiiHas neyaTb CBSA3YOWMM
BeLLECTBOM

AnanuTMBHBIN Npouecc
M3rOTOB/IEHMS, B KOTOPOM
XMIKOE CBsizyloLLee
BELLECTBO BbIGOPOUHO
HaHOCMUTCS Ha Y4acTKM
MOPOLWKOBOro MaTepuana

CrpyiiHas neyaTb CBA3YHOLLUM
BeLeCcTBOM (aHrn. Binder Jetting,
cokp. BJ)

Mpsamoii nofBoa 3Hepruu
“ MaTepuana

Y

e

ALOMTUBHBIN Npouecc
W3roTOBJ/IEHMS, B KOTOPOM
CKOHLLEHTPMPOBAHHas
Tenj0Bas 3Heprus
npuMeHsieTca Ansa cnnaene-
HWS MaTEpPUANOB Mo Mepe
HaHeceHuMs Cnoes

Mnaska nyteM co3paHuns Gopmbl
nasepom (aHrn. Laser Enineering Net
Shaping), BbibOpo4HOe nasepHoe
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