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1 IlpoekTHpPOBaHME TEXHOJOTHYECKUX MPOIECCOB HM3rOTOBJIECHUS
JeTajieil HAa OCHOBE TEXHOJIOTHIl aJJINTUBHOIO IPOU3BO/ICTBA

Leas padoTbl: OCBOCHUE METOAUKH NMPOEKTUPOBAHUS TEXHOJIOTUYECKUX IPO-
LIECCOB U3TOTOBJICHHUS JIETAJIEN HA OCHOBE TEXHOJIOTUM aIIUTUBHOIO IMPOU3BOJICTBA C
cOOMIO/ICHNEM TIPUHIIMIIOB PAIlMOHATILHOCTH, MPOU3BOAUTEIBHOCTHA, SKOHOMUY-
HOCTH, 00€CTICUCHUS KAa4eCTBA M TEXHUYECKUX TPEOOBaHUM.

1.1 Ilpou3eoocmeennvie mexnonocuu

BoJIbIIIMHCTBO MPOU3BOICTBEHHBIX TEXHOJIOTMH MOXKHO OTHECTH K OJJHOM U3 TPEX
rpyni. Ha mpocTeiiemM ypoBHE 3TH IPYIIITBI MOKHO OTIPEICIUTh KaK:

1) popmosounoe npouzeoocmeo: Jydiie BCEro MOAXOAUT JUIS KPYITHO-
CEpMMHOTO TIPOM3BOJICTBA OJHOM M TOW K€ JeTadd, TPeOYyIOMEero OOoJBIINX
NepBOHAYAIBHBIX WHBECTHUIIMH B OCHACTKY (mpecc-GpopMbI), HO 3aT€M CIIOCOOHOTO
IIPOU3BOJIUTH JICTAJIN 110 OYCHb HU3KOH IIeHE 3a SAUHUILY TTPOAYKITUH;

2) cybmpakmusHoe npouzso0cmeo. Aydllle BCEro IMOAXOMUT JUIS JIeTaleh ¢
OTHOCHUTEIHHO MPOCTON F€OMETPUEH, TPOU3BOJIUMBIX B MAJIBIX M CPETHUX 00bEMaX;

3) aooumuenoe npouzeoocmeo (AIl): nydiie Bcero MOAXOAMT IS MEJIKO-
CEpUIHBIX CIIOKHBIX KOHCTPYKIIUH, KOTOPbIe ()OPMOBOUHBIMH WIJIH CyOTPAKTHBHBIMHU
METO/JIaMH HE MOTYT OBITh Mpou3BeaAcHBI. OOBIYHO HCIIONB3YETCS I YHHKATBHBIX
OBICTPBIX IPOTOTHUIIOB WJIM JCTANCH /11 KOHEYHOTO MCIIOIh30BaHMUS.

CtouMOCTh JTFOOOTO THIA TPOW3BOJCTBA B OCHOBHOM CBSI3aHA C OO0BEMOM
MPOU3BOJCTBA, & MPOW3BOAUTECIBHOCTh WM3TOTOBJICHHS JIETATN CHJIBHO 3aBUCHT OT
€€ reoMeTpuH.

Texnonoeuuweckas yenouxa @HopmoBOYHO20 NPOU3BOOCMBA: UYEPTEXK — TOJTrO-

TOBKAa MOJCIIBHOTO KOMILJICKTa — IIOJATOTOBKA MAaTEPHAJIOB JIJI HW3TOTOBJICHUS
nuTeitHOoM (hopMbI — POPMOBKA — TIIABKA MaTepraia — 3aJIMBKa (POPMBI — OXJIaXK- ICHUE
dbopMBl — WU3BJIEUEHHE OTIUBKH — TepMOOOpabOTKa — OYHCTKA OTJIUBOK —

TepMOOOpPabOTKa — KOHTPOJIb — CPEJIHEE KOTUIECTBO OTXOIOB.

Texnonozcuueckas yenouxka cyompakmueHo20 npou3e00Cmea: 4epTex — paspa-
00TKa TEXHOJOTHYECKOIo IMpoliecca, BbIOOP 000pYyIOBaHUS, PEXKYIIEro U BCIOMO-
raTeIbHOr0 MHCTPYMEHTA, TEXHOJIOTHYECKOW OCHACTKH — pPa3paboTka W HM3rOTOB-
JIEHUE CHEUUATbHOTO PEXYIIEro M BCIOMOTaTeIbHOTO HWHCTPYMEHTA, TEXHOJO-
TMYECKON OCHACTKH — TOJIyY€HHE 3arOoTOBKM — CYOTpPAaKTHBHBIE METOJIbI M3TOTOB-
JIeHUs JeTane u TepMooOpabdoTKa — moctoOpadoTKa (ciecapHas onepanus, IpOMbIB-
Ka, MOWKa, MAapKUpOBKa W Jp.) — JeTalb U €€ KOHTPOJb — OOJIBIIOE KOJIMYECT-
BO OTXOJIOB.

Texnonoeuweckas yenouxa adoumusHoco npouszeoocmea: deprexxk — CAD-mo-
nenb — ontumusupoBanHas CAD-mojens — pa3padoTKa TEXHOJIOTHYECKOTo Ipoliecca,
BBIOOp 000pyI0BaHUs, BEIOOP MaTepurana (Mmopomok, puiaMeHT, cMoia u ap.) — STL-
(daiin — cralCUHT W TeHEepalus YIPaBISIONEH MpOorpaMMbl — aJJUTUBHBIE METOJIbI
M3TOTOBJIEHMS ieTajeil — noctoOpaboTKa — JeTanb U €€ KOHTPOJIb — Majoe KOJIMYECTBO
OTXO/IOB.



STL (ot auru. stereolithography) — ¢popmar ¢aiina, mMpOKO UCHOIB3YEMBIHN IS
XpaHEeHUsI TPEXMEPHBIX MoOJenel OOBEKTOB JJIi MCHOJb30BAHUS B aJJIMTUBHBIX
texHosorusix. MUudopmanus 06 00beKTe XpaHUTCSA KaK CIUCOK TPEYroJIbHBIX I'paHeH,
KOTOPBIE ONUCHIBAIOT €T0 MOBEPXHOCTh, U UX HOPMAJIEH.

Cnaiicunr (ot anri. slicing) — mpomecc nepeBoma STL-daiina TpexmepHoit
MOJICJIH B YIIPaBJISAIOIINI Ko, Mozens pexercs (cnaiictucs) mo ciosM. Kax i ciioi
COCTOUT W3 MEpUMeTpa W/WIK 3aJuBKU. Mojenb MOXET MMETh pPa3HbId MPOICHT
3aIlOJIHEHUS 3aJIUBKOM, TAK)KE 3aJIUBKU MOXKET U HE OBITh (IIyCTOTENast MOJIENb).

[TocTo6paboTka (0T aHTI. post-Processing) — mporecc WM Mocae10BaTeIbHOCTh
orepalyii, KOTOpyr0 HEOOXOJUMO COBEPUINTH C U3/CIUEM WU MaTepuajoM, Mepen
win nocne 3D-medatu, s MOJIY4YEHUS HEOOXOAMMBIX XapaKTEPUCTHK JETalIH U
IPEO0I0JIEHNS OTPaHUYEHUHN aAIUTUBHOTO MPOU3BO/ICTBA.

KitoueBbIM aciekToM aJJIMTUBHOIO MPOU3BOJACTBA SABISIETCS €T0 CIIOCOOHOCTH
CO3/1aBaTh JIETAJINA CO CJIIOKHON U ONITUMU3UPOBAHHON Fr€OMETPUEN. ITO 03HAYAET, YTO
JaHHBIM TUMN TPOU3BOACTBEHHBIX TEXHOJOTHA HACATBHO MOAXOAMT JIsi HM3TOTOB-
JIEHUS! BBICOKONIPOU3BOAMTENbHBIX jaeTaned. C Apyrod CTOpPOHBI, OH HE MacuiTa-
OupyeTcs Tak ke Xopolo, Kak 00padoTka Ha craHkax ¢ YITY mnau nuth€ npu Oonbiux
o0BEMax.

1.2 Texnonozuu adoumuenozo npou3eoocmea

B 2015 r. Obur co3man crammapt ISO/ASTM 52900, a B 2017 r. —
'OCT P 57558-2017 / ISO/ASTM 52900:2015 ¢ menpio cTaHIapTHU3AIMHA BCEH
TEPMHHOJIOTHH U KJIACCU(PHUKAIINN KaXJT0T0 THIA ayIATHBHOTO IIPOU3BOICTRA.

B oO0meli CI0)KHOCTH Ha CETOTHSIIHWNA JCHb BBISBICHO M YCTAHOBJICHO CEMb
KaTEropuil MpoLECCOB AJJAUTUBHOTO MPOU3BOJICTBA. DTH CEMb MPOoLEcCOB 3D-meuaru
HOPOJIMIM MHOYKECTBO PAa3IMYHBIX THIIOB TEXHOJIOTMH, KOTOPbIC CETOAHS HCIIOJb-
3ytoT 3D-npunTepsi [1-3].

1 Dxempysus mamepuana (Mmaterial extrusion): mporecc, B KOTOpOM MaTepual
BBIOOPOYHO MOJIAETCS Yepe3 COIIIO WK KUKIep (pucyHok 1.1).

Pucynok 1.1 — [TpuHuumn nporecca skctpy3un Matepuaina (material extrusion)



4

Tuner texuomoruu: fused deposition modeling (FDM) wumu fused filament
fabrication (FFF).

Martepuansl: nomumepubiii punament (PLA, ABS, PET, PETG, TPU, Nylon,
ASA, PC, HIPS, PEEK, PEI, PPE, PP, PE, PS, PA12, PAll, PAG, yrieponHoe
BOJIOKHO U JIp.), METaJUIM3UPOBAHHBINA (PUIIAMEHT U JIp.

Paszmepnas Tounocts: £0,5 % (HmxHuMiA npeaen £0,5 mm).

O6macTb NOpPUMEHEHHS: KOpIyca dJIEKTPUYECKUX YCTPOHCTB, OBICTpoOE
MPOTOTUTTUPOBAHKUE, MOJIEIH JIJISl JIUThSI 110 BHITUIABIISIEMBIM MOJIEISIM U JIP.

[IpeumymiecTBa: HU3KasE CTOMMOCTD; BpEeMsl BBITIOJIHEHUS TI€YaTH MPUEMIIEMOE;
TEXHOJIOTHSI TOCTATOYHO JIOCTYITHA; IIMUPOKUH BEIOOP MaTEpHUATIOB U PACIIBETKHU.

HenocraTku: camast Hu3Kasi pa3MepHasi TOYHOCTh U pa3pelieHne o CPAaBHEHUIO C
OPYTUMH TEXHOJIOTHAMH 3D-medaTu, mo3ToOMy OHA HE MOAXOAMUT JUIsi MOJEIEH CO
CIIOKHOW Te€OMETpUEeH W MENKUMH ACTAISIMH; KOHEYHBIH MHPOAYKT OYyIEeT HMETh
BUJIUMBIC JIMHUM CJIOEB, MOJTOMY JUIsl JIYYIIEro BHaa TpeOyeTcs MmocToOopadoTka;
MEXaHU3M aJIT€3UH CIIOsI JIeNaeT JeTalld aHH30TPOITHBIMH.

[ToctobpaboTka: ynaneHue TOAACPKKHU (support removal): cTaHmapTHbIe U
pactBopuMeble; nutudoBanue (sanding); xomomHas cBapka (cold welding); 3amon-
HeHue mnpomyckoB (gap filling); momupoBka (polishing); rpyHTOBKa W TOKpacka
(priming and painting); criaxuBaHue mapamu pactBoputesst (vapor smoothing);
MoTpy’kKeHne B pacTBoputenb (dipping); SMOKCHUIHOE TOKpPHITHE (E€poxy coating);
MeTayumdeckoe mokpeitue (metal plating).

2 ©omononumepuzayus 6 éanne (vat photopolymerization): mporecc, B KOTOpoM
KUAKUNA (POTOMoNMMEpP BBIOOPOYHO OTBepkAaeTca (MOJMMEPU3YETCs) B BaHHE
CBETOBBIM U3Ty4YeHHEM (PUCYHOK 1.2).

Pucynok 1.2 — [Tpunnumn mpoiiecca ¢porononauMepusanuu B Banue (vVat photopolymerization)

Tunsl Texnonoruu: stereolithography (SLA), masked stereolithography (MSLA),
microstereolithography (USLA) u np.

Marepuaisl: pOTOMOJIMMEPHBIE CMOJIBI.

Pasmepnas rounocts: 0,5 % (amxHuit npenen 0,15 mm uiu 5 um ¢ uSLA).

OO6nacTh MPUMEHEHHS: MMOJTUMEPHBIEC MPOTOTHUIIBI, TOJICKAIINE U3TOTOBICHUIO
METOJIOM JIUThS TIOJI JaBJICHHEM; IOBEJIMPHOE JIUTHE; CTOMATOJIOTHYECKOE
IPUMEHEHHE.



[IpeumymiecTBa: BBICOKAash TOYHOCTH Pa3MEPOB; BO3MOKHOCTH IOJYYCHHS
JeTalled CO CIIOKHOW reomMeTpuel; Aetaiu OyAyT MMEThb OYEHb TJAJKYIO MOBEpX-
HOCTb, YTO JICTIACT MX HJCATbHBIMH, HAPUMEP JIJIs1 BU3yaJIbHBIX POTOTHUIIOB.

Henocrarku: neramu, Kak OpaBWiIo, XPYNKUWE W HE MOIXOIAT A (DYHKIIHO-
HAJIbHBIX MPOTOTHUIIOB; MEXaHMUYECKHE CBOMCTBA M BHEIIHUM BUJ 3THUX JAeTaliel CO
BpEMEHEM YXYAMIAIOTCS; MOIEPKKM U MOCTOOpaboTKa Mpu medatu TpeOyroT- cs
BCET/IA.

[TocToOpaboTka: MPOMBIBKA; JOMOJHUTENbHAS 3acBeTKa (POTOMOIUMEPHOM
CMOJIbI; yAQJICHUE DJIEMEHTOB MOJCPKKH; NUIM(OBaHUE; CKICUBAaHUE; TPYHTOBKA,
MOKpacka u Jp.

3 Cunmes na noonodicke (powder bed fusion): mporecc, B KOTOPOM 3HEPTHs OT
BHCIITHETO HCTOYHHMKA HCIOJB3YeTCs i W30MpaTenhbHOTO CIEKaHUS/CTUIaBICHUS
peABaApUTEILHO HAHECEHHOTO CJI0SI MOPOIIKOBOr0 MaTepuaia (pucyHok 1.3).

Pucynok 1.3 — [Ipunnun nporecca cuHTe3a Ha nmoaoxke (powder bed fusion)

Tuner TexHomoruu: selective laser sintering (SLS), selective laser melting (SLM),
electron beam melting (EBM), direct metal laser sintering (DMLS), multi jet fusion
(MJF).

Martepuainsl: Tepmormiactuunblie nopomku (Nylon 6, Nylon 11, Nylon 12 u np.),
METAJTUYECKUE MOPOIIKH (CTallb, TUTAH, ATIOMUHUMN, KOOAIBT U JIP.), KEpaMHUe- CKUE
MOPOIIKH.

Pasmepnas Tounocts: £0,3 % (amxHuit npeaen +0,3 mm).

O6mnacTe npuMeHeHUs: (PYHKIMOHAIBbHBIC JETald, CIOXHBIE BO3IYXOBO/IbI
(MoJIbIe KOHCTPYKIIMH ), MEJIKOCEPUITHOE TIPOU3BOJICTBO JETaJICH.

[IpenmymiecTBa: BO3MOXKHOCTh M3TOTOBJICHHUS (PYHKIIMOHAIBHBIX JETaNCH CO
CJIO)KHOW TeoMEeTpHUel, KOTOPYIO TPAJAUIIMOHHBIE METOMbl IMPOU3BOJICTBA HE CMOTYT
o0ecreunTh; JeTadl MOTYT OBITh ONTHUMH3WPOBAHBI, OTIUYHBICE MEXAHUUYECKHE
CBOWCTBA rOTOBBIX JIETAJICH.

Henocratku: BbICOKHE 3aTpaThl U CTOMMOCTbh PACXOJHOIO Marepualia; pasmep
paboueil 006JaCTH OrpaHUYCH.

[TocTobpaboTka: otTaeneHue Mojeneld OT crona (pe3ka Ha MPOBOJIOYHOM
AJIEKTPOIPO3UOHHOM CTaHKE, pe3Ka Ha JJCHTOYHOMMWIHLHOM CTaHKE, pe3Ka Ha JUCKOBO-
OTPE3HOM CTaHKE); yAaJICHUE MOPOIIKA B TIOJIOCTAX U DJIEMEHTOB MOIAEPKKH; TEPMHU-
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gyeckas 00paboTka (TEPMHUYECKUN OTXKWT) JUIS CHATHSI OCTaTOYHBIX HANPSDKCHHH |
VIY4IICHHS MEXaHWYECKMX CBOMCTB JeTanu; o0paboTka Ha METaLIOPEKYIIHX
ctaHkax (oOpaboTka OTBEpCTUH, pe3bObl W [Ip.); MECKOCTpyWHas o00paboTKa;
raJToBaHue; NUM(OBaHKE; TOJUPOBKA U JIP.

4 Ipsmoti noosoo suepeuu u mamepuana (directed energy deposition): mporiecc,
B KOTOPOM DJHEpPrus OT BHEIIHETO HWCTOYHUKA HCIOIB3YETCS [UISl COSAMHCHUS
MaTepHaJIOB IyTEM UX CIUIABIICHUS B MPOIlecCe HAaHECEHUS (pUCYHOK 1.4).

Pucynok 1.4 — IIpuHuun mporecca npsiMoro nojBojia sHepruu u Matepuaina (directed energy
deposition)

Tunsl Texunomoruu: laser engineered net shaping (LENS); electron beam additive
manufacturing (EBAM); cold spray.

Marepuainbl: MeTaJlJIbl (IPOBOJIOKA, MTOPOIIIOK).

Pasmepnas tounocts: 0,1 Mm.

OO6acTh TPUMEHEHHUS: PEMOHT BBHICOKOKAYECTBEHHBIX aBTOMOOMIBHBIX U a3po-
KOCMHYECKUX KOMIIOHEHTOB; (DYHKIIMOHATbHBIE TPOTOTHUIIBI U TOTOBBIC JICTAJIH.

[IpeumymiecTBa: MOAAEPKUBAIOIINE KOHCTPYKIIUU TPEOYIOTCS PEIKO; CMEIIu-
BaHHE METAJJIOB; paboTa B TPEX KOOPANHATAX; BHICOKAsl TUIOTHOCTh U MEXaHUYECKast
MIPOYHOCThH PACIIEUATKOB; BO3MOKHOCTh NIeYaTaTh MPSMO Ha TOTOBOM OOBEKTE.

HenoctaTku: HHU3KOE KAa4eCcTBO (PUHUIITHON MOBEPXHOCTH, TpPeOYIOIeH mocie-
nytoiei 00paboTKH; BEICOKAsi CTOMMOCTh; HEOOXOIUMOCTb MPOYHOM MOIJICPHKKH.

[TocToGpaboTka: TepmMoobpaboTka; ppesepoBanue, nutpoBaHUE, TOJIUPOBAHUE,
U JpyTUe ONepaiuu, XapaKTepHbIE B TOM YHCIIE JIJIT PEMOHTA U BOCCTAHOB- JICHUS
JIeTaJieh.

5 Cmpyunoe mnanecenue cesasyroweeo (binder jetting): mporecc, B KoTopom
MOPOIIKOBBIE MaTEpUaIbl COCAHUHSIOTCS BBHIOOPOYHBIM HAHECEHUEM JKHUJIKOTO
CBSI3YIOILETO (PUCYHOK 1.5).

Tunel Texuoaoruu: binder jetting (BJ).

Marepuanbl: MeCoK, MOJUMEP WU METAJUIMYECKUM TMOPOIIOK: HEpKaBEIoIast
cTanb / OpoH3a, MOJHOLBETHBIN MECOK, KpeMEeHe3EéM (JIUThe B MecdaHble (OpMbI);
METaNIOKEPAMUYECKHE KOMIO3HUTHI.

Pasmepnast TounocTs: £0,2 MM (Metasn) uinu £0,3 MM (Tiecok).

Ob6nacte npuMeHeHUs: (YHKUHUOHAIbHBIE METAUIMYECKHE JEeTalH, IOJIHO-
I[BETHBIE MOJIEJIH, IUTHE B MeCYaHble (POPMBI.



Pucynok 1.5 — Ipuniumn mnporecca cTpyiHoro Hanecenus caszytorero (binder jetting)

[IpeumymiecTBa: HU3KasE CTOUMOCTD; BBICOKAsI TPOU3BOAUTEILHOCTD MPU MPOU3-
BOJICTBE MAaJbIX W CPEAHUX MAPTHUN; BBICOKAs TOYHOCTh; HET OTPAHWYCHUH II0
rabapuTHBIM pa3Mepam; yJIydlleHHbIE CBOMCTBA TOTOBOM MPOAYKITUH; BO3MOXHOCTH
W3TOTOBJIEHUSI W3JICNIMM CO CIIOKHOM T€OMETPUEH; BO3MOXHOCTH I€YaTH IOJHO-
IIBETHBIX TPOTOTHUIIOB;, OTCYTCTBHE naedopMalnuyd IMpu Ie4YaTH; OTCYTCTBHE IIOJI-
JIEPKEK; BOBMOYKHOCTH UCITOJIB30BATh OCTABIITUICS ITOCTIC TIeYaTH MaTepUa Uk HOBOU
pacrnevaTKu.

Henocrarku: BbICOKass MOPUCTOCTh MOJENEH, YTO NPUBOAUT K MEHBIIEH
MEXaHUYECKOM TPOYHOCTH; XPYIKOCTh JIeTadd B TMpollecce 10 TepMooOpaboTKH;
HEO0OXOMMOCTh 3aKJIa/IbIBaTh Pa3HUILY B pazMepax Ha yCaJKy MpU MedaTH MOJENeH
OJT 3aTICKaHNE; OTPAHMYEHHOE KOJIMYECTBO MAaTEPHAIIOB.

[TocToOpaboTka: TepmooOpaboTka (MHGUIBTpanus, CIeKaHue); oOpaboTka Ha
METAJJIOPEKYIIUX CTaHKaX (00paboTKa OTBEpCTHU, Pe3bObl U JP.); MECKOCTpYyUHAas
o0OpaboTka; nuudoBaHue; MOTUPOBKA U JIP.

6 Cmpyunoe nanecenue mamepuana (material jetting): mpomecc, B koTopom
W3TOTOBJICHHE OOBEKTa OCYIICCTBIISIIOT HAHECEHHUEM Kareldb CTPOUTEIHHOTO
Martepuaina (pucyHok 1.6).

/I\
- ’I\
,I®

Pucynok 1.6 — Ipunnun nporiecca cTpyiHOro HaneceHus marepuaia (material jetting)

Tuner Texnomoruu: material jetting (MJ), drop on demand (DOD).

Marepuanel: ¢oTonojsMuMepHas cMmojia (CTaHAapTHas, JIUTheBas, Ipo3pavHasi,
BBICOKOTEMIIEpaTypHasi).

Pa3zmepnas Tounocts: +0,1 mm.

OO6nacTh NMPUMEHEHHUS: MOJHOLBETHBIC MPOTOTUIIBI MPOIYKIWHU; MPOTOTHIIHI,



W3rOTOBJICHHBIC METOJIOM JIMThSl IOJ JaBJICHUEM; MPecC-POPMBI JJI JIUThS IO/
JABJICHUEM; METUITUHCKHE MOICITH.

[TpenmMyiiecTBa: BBICOKAas TOYHOCTh W JeTaiu3ainus (me4aTb OUYEHb TOHKHX
CJIOEB); AOCTYIMHOCTH TIOJHOIBETHOTO U MYJIbTUMATEPUAIHLHOTO MPOU3BOICTBA; IIIa/I-
Kast TOBEPXHOCTh PACIIEYaTKOB.

HenocraTku: XpynmkocTh, HE MOAXOMUT I MEXAaHUYECKHX YacTei; BBICOKAs
CTOMMOCTbH MMPUHTEPOB ¥ MATSPHAIIOB JIJIS TICUATH.

[TocToOpaboTka: mMOMOJHUTENbHAS 3aCBETKA (POTOMOJIMMEPHON CMOJIBI; yaalie-
HHUE 3JICMCHTOB IMOJJICPKKH M OCTaTKOB CMOJIBI; NIIU(OBAHKE, CKJICUBAHUE; TPYH-
TOBKA; OKpAITUBAHUE U JIP.

7 Jlucmosas namunayus (Sheet lamination): nporecc, B KOTOPOM H3rOTOBJICHHE
JIETAJIA OCYIIECTBIISETCS TOCIONHBIM COSTMHCHUEM JINCTOBBIX MAaTEPHAIIOB (PUCYHOK

1.7).

Pucynok 1.7 — [IpuHuumn nporecca imctoBoit tamunaimu (Sheet lamination)

Tuner Texuonoruu: laminated object manufacturing (LOM), ultrasonic
consolidation (UC) u ap.

Marepuainsl: Oymara, HoJIMMEpbl U METAJUIBI B IMCTOBOU (popMe.

Pa3zmepnas tounocts: £0,1 Mm.

O6nacTh NpUMEHEHUs: He(yHKIMOHAIbHbIE MPOTOTHUITBI, MHOTOI[BETHAS 11€4YaTh,
(bOpMBI 1JI TUTHSL.

[IpeumyiiecTBa: HU3Kash CTOMMOCTb; BO3MOKHOCTh OBICTPOTO H3TOTOBJICHHUS;
COCTaBHas N€4aTh; IPOU3BOJICTBO KPYIHBIX MOJIETIEH.

HenoctaTku: HU3Kask TOYHOCTb; MHOIO OTXOJOB; MHOr0 HOCTOOpabOTKU;
HEBBICOKAs IPOYHOCTh MOJIEJIEN; OTPAaHUYEHHOCTh IPUMEHEHUS; HU3KOE Pa3peIICHUE
neyaTu (TOJIIMHA CJI0Sl paBHA TOJIIMHE MaTeprana).

[ToctobpaboTka: mmudpoBaHUE; TMOJMPOBAHME; MeXaHUYeckas 00paboTka
OTBEPCTHUH U MOJOCTEN; OKPALLIUBAHUE U JIP.

1.3 Ilopsook évinoinenus 1a60pamopHoil pavomaol
1 lMonyuuts yeptex uiu CAD-Mozaenb nqeranu y npemnoiaBaress.

2 [Ipoananu3upoBath UHGOPMAIMIO O JAETalU: OOBEM BBIINYCKA, pa3MEpPbl U
JOITyCKH, CJIO)KHOCTh FT€OMETPHUH, MaTepHal, pyHKIIMOHAIbHOE HA3HAUYEHHUE.



3 [Ipoananmu3upoBath NPUMEHEHUE PA3IUYHBIX METOJOB IPOW3BOJICTBEHHBIX
TEXHOJIOTHIA M COCTABUTh TEXHOJIOTMYECKYFO IIETIOYKY U3TOTOBJICHHS JCTAIH OJTHUM U3
THITIOB TEXHOJOTUH aIUTUBHOTO TIPOU3BOJICTBA.

4 OhopMUTh OTUET.

1.4 Cooeporcanue omuema

Otuét o nabopaTopHOil paboTe BBIMONHIETCS Ha OTIEIBHBIX JIUCTaX Oymaru
wiu B TeTpaau. OH JOJKEH COIePKATh CIeNyIOIIee:

— Ha3BaHUe J1abopaTOPHOM PabOTHI;

— 1eJIb paboTHI;

— aHanu3 UHPOPMALIUU O JETaIIH;

— TEXHOJIOTHYECKas [IEN0YKa M3TOTOBIICHUS JICTANIH,

— OTBETHI Ha KOHTPOJIBHBIE BOMIPOCH;

— BBIBO/IBI.

Konmponsuwie éonpocut

1B 4eMm oTiiMYME TEXHOJOTMYECKON LEMOYKM aJJUTUBHOIO IMPOU3BOJACTBA OT
LEMOYEK JAPYTUX MPOU3BOJICTBEHHBIX TEXHOIOTUM?

2 Kakue KaTeropuu mpoIeccoB aJIMTUBHOTO MTPOM3BOACTBa Brl 3HaeTe?

3 Kakue kareropuu nmpoIreccoB v TUIIbl TEXHOJIOTUHU aAJAUTUBHOTO MPOU3BO/ICT-
Ba MpeHa3HAYEHBI ISl MOJTyUYeHUE JAeTalleld U3 METAJIJIOB?

4 Kakue KaTeropuu mporeccoB U TUIIbl TEXHOJIOTUHU aJIMTUBHOTO MPOU3BOJICT-
Ba MpeJHAa3HAYEHBI ISl MOJTyYEHUE JeTanei u3 moJauMepoB?

5 Kakne kareropuu rnpoueccoB U THIIBI TEXHOJIOTUH aJINTUBHOTO POU3BOJCT-
Ba IpeHa3HAUYEHBI JIs TIOJyUYeHHUE JieTanel u3 (hoTornoIuMepHoOni CMOJIbI?

6 Kakue kateropuu nporeccoB U THIbI TEXHOJIOTUU aJAIUTUBHOTO MPOU3BO/ICT-
Ba MIPEJHA3HAYEHBI JUIsl IOJYyYEHUE JETaNe U3 KOMIIO3UTOB?

7 Kakune kareropuu npoueccoB U TUIBI TEXHOJIOTUH aJINTUBHOTO MMPOU3BOJCT-
Ba MpeHAa3HAYEHBI 1JI MOJy4YeHUe AeTaneil u3 Oymaru?

8 Kakue kaTeropuu mpoIieccoB U TUIBI TEXHOJIIOTUN aAIUTUBHOTO MPOU3BO/ICT-
Ba MPEHA3HAYEHBI IS [TOJyYECHHUE JAeTAIEN U3 Iecka’?

9 Yro Takoe mocTtoopaboTKa?

10 Kakue onepanuu MOXeT B ce0s BKIIIOUATh MOCTOOpaboTKa?
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2 IloaroToBKa TpexMepHBIX MojeJiel aeTajieil 1Jsi U3roTOBJIEHUS
METOJaMM HA OCHOBE TE€XHOJIOTMH A[VIMTUBHOI0 POU3BOACTBA

eab padoTbI: OCBOCHUE METOJUKUA MPOEKTUPOBAHUS M ONTUMM3ALMHU TpPEX-
MEPHBIX MOJENEH ACTANCH U1 W3TOTOBJICHUS METOJAMM Ha OCHOBE TEXHOJIOTH
aJTATUBHOTO TTPOM3BOJICTBA.

2.1 Dmanwvt noocomoeéxku mooeiu Kk neuamu

N3 TexHOJIOrMuecKol LENOYKH aJJIMTUBHOIO MPOM3BOACTBA MOKHO BBIIECIUTH
ATambl, CBA3aHHBIE C MOJATOTOBKOM TpexMmepHOoi monenu K medaru: yeprexxk — CAD-
Mozenb — ontuMusupoBanHas CAD-mozaens — ... — STL-¢aiin — cnalicuHr u reHepanus
YIIPABIISIONIEH ITPOIPAMMBI — ... .

PaccmoTpum kaxaplid U3 3TUX 3TAIIOB.

Oman 1. Yepmeowc u CAD-mo0enw.

Ha mepBbix 3Tanax >KU3HEHHBIM UK «aJTUTUBHO-TEXHOJOTUYHOTO» HU3JIETUS
MIOYTH HE OTJIMYAETCS OT TPaAULMOHHOro0. YepTexu n 3D-Moaenn co3aatoTCst TEMH ke
CAIIP (Kommnac-3D, SolidWorks, AutoCAD, Autodesk Inventor, NX, CATIA u ap.).
[IpaBna yxe 371ech y KOHCTPYKTOpa Ha NOPSIOK Ooubliie cBOOOABI — AETAIb MOYKET
OBITH OOJIEE CIOXKHOUN POPMBI, Jierdye U (PyHKIMOHAJIbHEE OOBIYHOM.

Oman 2. Onmumuzuposannas CAD-mo0ens.

JUist  mosib30BaTeNsl MporpaMMHOro obecnedyeHus ontumusanuu (Autodesk
Netfabb, Autodesk Within, Materialise Magics, ANSYS SpaceClaim u ap.) 30T
sTan HauumHaerca ¢ umnopra monenu u3z CAIIP. 3xech HEOUEHMMYIO MTOMOIb €My
OKa)XeT BO3MOXKHOCTH MPSMOI0 HMMIOPTa JAHHBIX M3 CaMbIX PaclpOCTPaHEHHBIX
CATIP u nogaepka MMUPOKOro Habopa HENTPaIbHBIX (OPMATOB (PaiIOB, B TOM YUCIIE
STL-daiins! u dhaisl mocie claiCuHra.

CrneunanbHble MOAYJM ONTUMHU3AIMK, BCTPOCHHBIE B MPOrpaMMHOE oOecrie-
YeHUe, MO3BOJISIOT aBTOMATHU3UPOBAHO MpeBpamiarh oObuHble CAIIP-monenu B
OOJIETYEHHYIO CHUCTEMY U3 OO0OJIOYeK W BHYTPEHHEW peIIeT4aTON CTPYKTYPHI
MEPEMEHHON IJIOTHOCTH, KOTOPAsi IPU 3TOM COXPAHUT HEOOXOJIUMYIO HaJIEKHOCTb.
Jletanu B 3TOM cllydae MOTYT ObITh ONTUMH3UPOBAHBI 110 Macce, 00beMy, MPOYHOCTH,
TEXHOJIOTMYHOCTH HMCIIOJIHEHHSI Ha BBIOPAaHHOM MPUHTEPE U MO €IIe LEIOMY psay
XapakTepucTUK. KOHCTPYKTOp MOXKET Jlake€ W3MEHUTh CBOMCTBA CaMOro marepuaia
neyaTH Kak JJisi BCe MOJEINH, TaK U JUIsl OTJIEIbHBIX €€ y4acTKOB. MOXKHO CO3/1aBaTh
MOPUCTBIE YYACTKU U TIAJKUE, YIIPYTHUe U KECTKUE, MPUUEM YIIPYTOCTh MOXKET OBIThH
AHU30TPOINHOM (HEpaBHOM MO pa3HbIM OcCsiM). THUIOBOM MpoIecC ONTUMHU3ALMU
MpeCTaBJIEH Ha pUcyHKe 2.1.

Oman 3. STL-¢hatin.

Ha stom sTane BbinoaHseTcst 00pabOTKa JaHHBIX — KOHBEPTAaLKs, UCTIPABICHHE
ceTKu (TIpu HEOOXOTUMOCTH) U JIP.

Hosbiii dopmar ¢aiinoB ang agautuBHoro npousBojacTBa (AMF), koTopsiit
BriocneAcTBUH 3aMeHHUT opmat ¢aiiinoB STL, Obut pazpaboTan rpynmnoi SKCIepToB
texandaeckoro komurera MCO mo ammutuBHOMy mpousBoactsy MCO/TK 261,



B nmaptHepctBe ¢ ASTM International.

CosgaHue
Crapr ¢ cUCTEMBI
NCXOAHOM obornoyek u
MOHONUTHOWM PEHISTOK
moaenu
PacueT OnTtummusauma
Harpysok no
pesynsratam
pacyeta

Pucynok 2.1 — OnTuMu3anus CTpyKTypbl KPETIEKHOTO IIEMEHTA

Oman 4. Cnaticune (Hapesxa) u cenepayus ynpasisoueli npocpamml.

[Tocne popmupoBanus STL-dalina moaydeHHYO MOJIeNb HY>KHO MOJTOTOBUTH K
nmeyaTd — ONTHMAIBHO Pa3MECTHTh MOJEIN JeTajeil B pabodeM MpOCTPAHCTBE
MpuHTEpPa, NO00AaBUTHh CTPYKTYpY OMOp, pa3OUTh MOJENh Ha CIIOM, CTEHEPUPOBATH
TPAaCKTOPUH HWHCTPYMEHTA TOJ BBIOpAaHHYIO TEXHOJOTHIO Tiedatd. B 3aBeprieHun
HEO0OXOMMO TPOAHATU3UPOBATh JETATh W MPOBECTH MMUTAIIMIO MPOIECCOB MEYaTH
JUTSI TIPEJICKa3aHus U UCKITIOUEHUS BO3MOKHBIX OITHOOK.

Crpykrypa omop HeoOxoauma AJisi 4acTe JeTaid, KOTOpPhIE HAaBHCAIOT HaJ
m1aThOpMOi, He UMesI CHU3Y YK€ MTpoIedaTaHHOTo MaTeprana. YToObl 3TH 4acTH mpu
nevyaTy HE OTBAJIMJIUCH OT MOJICIM WM HE TOKOPOOWJIM BCIO MOJEIb, O] HUMH
MOJICJIUPYIOTCS. BPEMCHHBIC, TOHKHE M JIETKO YJaJsieMbIe ITOCJIEC IPOM3BOICTBA
CTPYKTYPBI — TaK Ha3bIBaCMbIC «TOJJCPKKH». B mporpaMMHOM OOCCIICUCHHH OHH,
B OOJIBIIMHCTBE CIy4aeB, CO3AIOTCS aBTOMATHYECKU. XOTS, KOHEUHO, HHCTPYMEHTHI
PYYHOTO MX CO3/IaHUSI U PEaKTUPOBAHUS TOXKE MpeaycMOTpeHbl. [loaaep:kku ObIBatOT
pPa3HbIX THUIIOB: TPSIMBIC, BETBSIIUECS, IPEBOBUJIHBIC, CTEHOYHBIC, OOBEMHBIC HIIU
KOMOWHUPOBaHHBIC.

Kpome Toro, mporpammHoe oOecTrieUeHHEe MOXKET aBTOMATHYECKH IMPEJIOKUThH
MOJIB30BATENIO ONTUMATBHBIC BAPUAHTHI OPUCHTAIIUY JIETAIH TIPH TIEYaTH, UCXOS U3
COOTHOLICHHsSI 00beMa MOAJEPKEK, OOIIel MOJACPKUBAEMOW TUIOMIAIN U OOIIEro
BpeMeHU reuaTu. [1ob30BaTelto ocTaHeTCs TOIBKO BRIOPATh HAKMOO0IEE TTOIXOISAITUN
BapUaHT OPUEHTAIINU U3 CIUCKA, MPEIIOKEHHOTO CUCTEMOM.

NHcTpyMeHThl MakoBaHMs JAeTajeil B pabodee MpOCTPAHCTBO MPHUHTEpPA — ITO
pa3MellleHus MHOXKECTBa JeTajlied B 00JIaCTU MOCTPOCHHS JUIsl OJHOBPEMEHHOM
nevyatu. ABTOMAaTUYECKOE MaKOBAaHWE MO3BOJISIET JOCTUIaTh HEOBIBAIOW TUIOTHOCTH
pa3MelleHus JeTaneu, HeJJOCTHKUMOM B CIIy4yae pyqHOro pacnoiioxkeHus. biaronaps
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ATOMY 3a OHY OIEpaIfi0 TeYaTd MOXXHO H3TOTOBUTH MaKCHMAJIbHO BO3MOXKHOE
KOJIMYECTBO JIeTallei, COKOHOMHUB HE TOJIBKO BpEMSI, HO M MaTepHAIbI.

B mporpamMMHOM 00ecrieueHur MOTYT UCIIONB30BATHCS PA3IUYHBIC ATOPUTMBI
[IaKOBaHUSl — IJIOCKUE, TPEXMEpHbIEC, KOHTYpHbIE. [l TEXHOIOrWM InevyaTw, He
TpeOyIOIMX HOJIJEPKEK, BO3MOXKHO PpAaCIOJIOKEHUE JEeTalu APYT Haj JAPYyrom

MaKCUMaJIbHO TeCHO. Bokpyr rpynm Menkux JeTajeil MOXKHO aBTOMAaTHYECKU
TeHepUPOBAaTh BPEMEHHbIE JIETKHE KOPOOKM, YTOOBI JETajlud IpPHU H3BJICUCHUH HE
pactepsuinch. [lpu TpexmepHOM pa3MelleHur MporpaMMmHoe oOecrieueHue OyneT
CIIEJIUThH JIaXe 3a TeM, YTOObI IeTall He CUEHIINCh U HE MePeruIeInch MeXIy co0oil.
AHaNUTUYECKUH MOJYJb MPOrpaMMHOrO 0O0€credeHusl MpelHa3HayeH s
UCCIICIOBaHMS U UMUTAIMH 1edaTH. OH O3BOJIAET 3apaHee OOHAPYKUTh U UCKITIO-
YUTh MHOKECTBO MOTEHLHUAIBHBIX MpoOsieM meuaTu. Ha ocHOBaHMM BUpPTyanbHOMN
UMUTAIMN [TPOLIECCca MeUaTH OH MPEICKaXKET, pACCUNTACT U BU3yaTU3UPyeT OCTATOU-
HBIC HaIpsDKeHUA U JaedopMalluu JeTajad, BO3HHKAIOIINE OT HEPaBHOMEPHOTO
HarpeBsa B Mpollecce nmevyatu. bomee TOro, oH MPEIOKUT aBTOMATUIECKH KOMITCH-
CUpOBATh ATH Jedopmaiii, 0coObIM 00pa30oM M3MEHHUB MOJENb Iepes MeyaThlo.
Moayne Takke MOXET NpeACcKa3aTbh pa3pblB CUCTEMbI MOJAEPKEK B PE3yJIbTaTe
nepopmarun neranu. [lpenckasanue u npeaBapuTenbHas KOMIEH AU OCTaTOYHbBIX
HanpsoKeHU U aedopmanuii JeTaiy MO3BOJISIET B pa3bl COKPAaTUTh KOJIUYECTBO
TpeOyeMbIX UTepaluii MevaTu A0 MOJYyYeHHUs UJICaTbHOIO pe3yibTaTa. JTO, eCTeCT-
BEHHO, CHIYKAeT ce0eCTOMMOCTb BCETO ITPOU3BOJICTBA U PATUKATIBHO YCKOPSIET €T0.
[Tpu Bcex omepanusax MOATOTOBKM U HACTPONKHU MEYaTu MporpaMMHoe obecrie-
YeHHE TO3BOJIET YYUTHIBATh MapaMeTpbl M CHenuuKy KOHKPETHOM MariuHbl. B
HEro MOXET ObITh BCTPOEHA OOIIMpHas OUOIMOTEKa 000PYI0BaHUS UIIH K€ ONEpaTop
MOJKET 33/1aTh TapaMeTpPhI Bpy4HYyI0. Be1Oop MamuHbl n3 OUOIMOTEKN aBTOMATHYECKH
yCTaHABIMBAET HEOOXOAWMBIE MapaMeTpbl MOATOTOBKH K TEYaTH W OTPAHUYUBACT
00J1aCTh TOCTPOCHMUSI.
[Io wuroraM KOHTpOJIA TOTOBOW JETaal MOXHO BHECTH KOPPEKTHPOBKUA B
TPEIBITYIINE ITAIbI.

2.2 Hucmpymenmot 014 onmumuzayuu Ou3aina

Cospemennbie CAD-/CAM-/CAE-nakeTsl npeiaratoT HHCTPYMEHTBI, KOTOPbIC
MTOMOTAIOT B TIOJTHOM Mepe BOCMOIB30BAThCSI TEOMETPUUYECKON cB0OO0M 3D-neuarn.
Hcnonb3ys 3TM HHCTPYMEHTBI IPOEKTUPOBAHUS HA OCHOBE BCTPOCHHBIX AJITOPUTMOB,
MOXHO CO37aBaTh CTPYKTYpPhI, MOJOOHBIE OPraHHUYECKUM, KOTOPBIE MPEBOCXOJAT
JIeTaIu, pa3padOTaHHbIE C UCIOJIB30BAHUEM TPAAUIIMOHHBIX METOJIOB.

Ha ceromHsmiHuii MOMEHT NPUHATO HKCMOJIb30BaTh TPU OCHOBHBIE CTpATEruu
MOCTPOCHUSI TPEXMEPHBIX Mojesie aeraneit niusa 3D-nedyatu. ITU CTpaTeruv MOTYT
00 ONTUMHU3UPOBATH MPOU3BOAUTEIBLHOCTh CYIIECTBYIOIIEH KOHCTPYKIUU, JTUOO
IOMOYb B CO3/JaHUU CTPYKTYp C HyJIsl HA OCHOBE HaOopa TpeOOBAHMI K JI€TalH.

Pewemuamovlie cmpykmypor. IlpuMeHeHHE pemieTdyaToro y3opa — OTJIMYHBIA
Croco0 ONTHUMHU3UPOBATh CYIIECTBYIOIIMNA Ju3aiiH (pucyHok 2.2). Pemeruatsie
CTPYKTYpPbl TIOMOTAlOT CO3[aBaTh JIETKUE JETald, MAaKCHMaJbHO YBEJIWYHUBATH
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IJIOLIAb TMOBEPXHOCTU TEIUIOOOMEHHUKOB WM YJy4dlllaTh BO3MOXXHOCTU ME€YaTh U
CHUKaTh CTOMMOCTb MPOU3BOJACTBA CYLIECTBYIOIIEN KOHCTPYKIIMH.

Pucynoxk 2.2 — Ilpumep penietyaToii CTPYKTYpPbI

Onmumuzayuss mononozcuy. ONTUMHU3ALMSA TOIMOJOTMM HAa OCHOBE MOJCIUPO-
BaHUA [OMOTAET CO3[aBaTh KOHCTPYKIIMU C MUHUMAJIbHOM MacCOW U MaKCUMAaJIbHOMN
KECTKOCTBIO (pucyHOK 2.3). Ilpn onTUMH3aluU TOIMOJOTHMH ONPEAEIAEMOE O30~
BaTeJIeM MPOEKTHOE MPOCTPAHCTBO M BapHaHThl HArpy3KU AaHAIU3UPYIOTCS s
omnpenesieHus: 00jlacTei, U3 KOTOPHIX MOXKHO yAQJIUTh MaTepuain. 3aTeM pe3yiabTaT
MOJICIMPOBaHUSI MOKHO HCIMOJb30BaTh Il MPOEKTHUPOBAHUS JeTajieid ¢ OINTH-
MaJIbHBIMH XapaKTEPUCTUKAMHU JJIsI TOJIOOHBIX CIICHAPUEB HATPY3KHU.

Pucynok 2.3 — [Ipumep onTuMHU3ay TONOJIOTUU

Topoorcoarowee mooenuposanue (cenepamuenwiii  ouszatin). Ilopoxmaromnee
MOJIETTUPOBAHUE — 3TO PA3HOBUAHOCTH MPOIIECCa ONITUMHU3ALINN TOMIOJIOTUN HA OCHOBE
MozenupoBanusi (pucyHok 2.4). B renepaTuBHOM nu3aiiHe BMECTO OJHOTO BBIBOJA
aHallM3 CO3/1ae€T HECKOJIbKO BapHWaHTOB Au3aiiHa. Bce momydeHHbIE KOHCTPYKIUH
MIPUTOJIHBI ISl U3TOTOBIICHUS M COOTBETCTBYIOT MPOEKTHBIM TpeOo-
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BaHUSAM. TakuM 00pa3oM, KOHCTPYKTOP MOKET HW3YYHTh pa3InYHbIE PEIICHUS |
BBIOpaTh TO, KOTOPOE MOAXOANT JIJIsl IPOU3BOJICTBA (HAIIPUMED, Ha OCHOBE BTOPUYHBIX
KpUTEpPHUEB BbIOOPA).

B ornnumne oT TpaaMIMOHHBIX WHCTPYMEHTOB JAW3aliHA W TNPOEKTUPOBAHUS,
reHepaTUBHbIE CUCTEMBI [TOJIyaBTOHOMHO CO3/1al0T U NMEPBUYHO OTOMPAIOT BAPUAHTHI
pellleHuH, YTO U3MEHSAET XapakTep B3aUMOJCIHCTBUS 4YeNOBEKa C CHCTEMOM:
nporpaMMa BOCIHPUHUMAETCS HE KakK CpEICTBO, a KaK IOJHOLIEHHBIM YYacTHHUK
TBOPYECKOI'0 TpOILIecca.

HekoToppie reHepaTUBHBIE CHCTEMbI MO3BOJISIOT IOJIB30BATENIO MEepedopmy-
JUPOBaATh, KOPPEKTHUPOBATh U YTOUHATH 3a/ady MO MPOMEXYTOUHBIM pe3yibTaraM,
a TaKk)Ke caMo00yJaroTcs B IpoIiecce MOUCKa peIIeHu .

Pucynok 2.4 — TIpumMep reHepaTUBHOTO JM3aifHa

2.3 Jluzaiin onsa adoumuenozo npouszsoocmea (DfFAM)

Jla>xe Tpu KUCIOJIb30BaHUU nepeoBbIX HHCTpYMEHTOB CAIIP koHcTpykTOp mpu
noarotoBke ueprexka unu CAD-mozenu netanu U W3AEIHS B IIEJIOM  JOJIKEH
CJIEJIOBATh OMPENEICHHBIM MpaBUiaM NPOEKTUPOBaHUA au3aiiHa. OHHM CBSI3aHBI C
06a3oBoil MexaHuKo#l mporeccoB 3D-meuyatn. Crmcok HamboJiee Ba)KHBIX IMPaBUI
Aau3aiiHa ISl pa3UYHBIX TUTIOB TEXHOJOTUH aJTUTUBHOTO MPOU3BOJICTBA MPEACTAB-
JIeH B Ta0imue 2.1.
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DNIEeMEHT KOHCTPYKITUH Texnomorus
Emn-
HULIA DMLS
XapakTepucTuka aMe- Ockuz | FDM SLA SLS (SLM) BJ MJ
peHUs
1 2 4 5 6 7 8 9
MunuMaabHas TOI- MM 0,8 0,4 0,7 0,4 2 1
IIIHA OITOPHBIX CTEHOK
MuHuMaIbHAS TOJ- MM 0,8 0,6 0,8 0,5 3 0,5
IIMHA CBOOOTHBIX . ]>
CTEHOK %//
[Topnepxku u rpaj 45 19 He Bcerna| w/mt Bceerna
HABUCAHUS HYKHBI
PactBopumbIie } ‘ +2 H/I v/ -3 v/ +
MOJIICPKKU
Haucanwus (BbuteT) MM v/ 1 v/ 0,5 20 0,5
0e3 moIepIKeK
Penvedwt 1 rpaBupoBKa | MM e 0,6 0,4 0,1 0,5 0,5
WMpuHa | < 2 0104 01 | 05 05
BBICOTa/TTTyOMHA ;
\ )
[lepembruku MM 5 21 H/IT 2 H/IT H/11
IITUPOKHE
MuHUMaJIbHBIN AUa- MM S 02 20,5 1,5 D1,5 D1,5 20,5
METp OTBEPCTUS
e
3a30p MexIy compsirae-| MM 0,5 0,1 0,1 H/11 H/11 0,2
MBIMH JIETaTIMA - 05 0,5 03 02
( | z
H/11 0,2 H/IT H/IT
HETIOABIKHBIC } 9
L MOHTaKHBIE J
OTBepcTus 1S U3BIe- MM | | H/IT 04 3,5 a5 a5 H/IT
YCeHHUsI MaTepHaia 3 E
MuHUMaJIBHBIN pa3Mep | MM 2 0,2 0,8 0,6 2 0,25
9JIEMCHTA |
JuameTtp cTepKHs MM 3 0,5 0,8 1 2 0,5
(mrrudTa)sr § 9
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1 2 3 4 5 6 7 8 9
MaxkcuMaIbHOE COOT- { $ o/ v/ H/1 8:1 8:1 8:1
HOIIIEHHE CTOPOH U
(BBICOTA : IIUPHHA) \;

TCanrenu (paauychr) MM H/1 H/1T 04 H/1 1 H/1T
Tekcrt MM v/ 0,1 2 v/ v/ H/I
Ocsb MM ~ v/ v/ 0,3 o/ o/ v/
~ .
sl XOOOBBIX
ocein)
BsaumocBs3aHHbIe 351e-| MM 0,5 0,2 0,2 o/ o/ 0,1
MEHTHI (3aMKOBBIE 3Jie- E
MEHTHI)
PesepByapsl MM = H/IT 2 1 H/IT H/IT H/IT
JKusotii iapaup MM 0,4..0,6| wH/n 0,3..0,8| H/m H/IT 0,4..0,8
(w (2 cros) S H/1
TOTIHA

\ J H/N
Tommuaa caost MKM @ 50...400 | 25...100 | 80...120 |30...50{ 100 16...30
Pe3nba (pe3nboBbie + + + — — +
BCTaBKH)
Pe3n0a (3akiaiHbIC T J!\/ + + + + + +
raikm) ="

NS
Pe3nba (camopessr) « + + + — — +
Pe3nba (Hape3anue + + + + + +
pe3n0bI) f\m{) "
Pe3n6a (3D-meuatn) + + + + + +

suns

Vcanka % @ 0,2...1 H/IT 3-35 H/II H/II -
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1 2 3 4 5 6 7 8 9
Jedbopmanuun ; + + H/I v/ v/ -
MHOro1BETHOCTh . — - - - — +
MynbTUMaTepraibHas 4 + + v/ H/I H/I +
rneyarb e
TekcTypa noBepxHoctu H/1 H/11 H/7 H/11 H/11

TJITHIIEBBIA ( -
“MAaTOBBII
\ ) N
BoponenponuiiaeMocTh i\ H/1 + H/N H/11 H/11 H/1
H3oTtporHoCcTh @ — + H/I + H/II H/IT
OpueHTanus ZL(X + + +/-4 + - +/—
Y
Pa3mepnas TouHOCTH +0,5% | +0,5% | £0,3% | +0,1 | £0,2 mm | £0,1 Mm
(HaCTONBHBIN IPUHTED) (HvKHUH | (HYDKHUY | (HYOKHAR | MM | (MeTan);
npeaen | mpeaen | npeaen +0,3 Mmm
0,5 mm) | £0,15 Mm)[+0,3 Mm) (mecok)
Pa3mepnas TouHOCTD +0,15% | £0,15%
(TIPOMBIIIITICHHBIHA (HYOKHMIH | (HIDKHAR
MIPUHTED) npesen | npenen
0,02 mm) £0,01 Mmm)
Ilpumeuanus

1 3nax «H/m» — HET TaHHBIX.
2 3HaK «+» — XapaKTePUCTHKA MPUCYIIA JIJIS TEXHOJIOTHH HJIH BaXKHA.

3 3HaK «—» — XapaKTEPUCTUKA HE MPHUCYIIA I TEXHOJIOTHH HIIH HEBaXKHA.

4 3Hak «+/—» — XapaKTepUCTHKA MPHUCYIIA I TEXHOJIOTUH WIIM HE CHIIBHO BayKHA

Onucanue 3J1eMeHTOB KOHCTPYKIIUH.
1 Onoprze CMeHKU — 3TO CTCHKHU, COCAUHCHHBIC C OCTaJIbHON YacCThIO pacie-

4aTKa KaKk MUHUMYM C IBYX CTOPOH.

BJ: MuHMMaIbHas TOMIIMHA OMOPHBIX CTEHOK FapaHTUPYET, UTO JACTalb MOXKET
OBITh M3BJIEUEHA U3 MOPOIIKA U 00paboTaHa B CHIPOM COCTOSTHUM 0€3 OBPEXKICHUS.
2 C60000HbIe cmeHKU — DTO HEMOAJCPKUBAEMbIE CTEHKH, COCIUHEHHBIC C
OCTAJIbHOM YacThIO, pacrieyaTka MEHee YeM C JIBYX CTOPOH.
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BJ: munumMainbHast TonmmHa CBOOOHBIX CTEHOK (BKJIIOYas TJIAaBHUKU U pebpa)
rapaHTUPYeT MEHBIINHN PUCK MOBPEXKACHUS BO BpeMsi 00pabOTKH.

SLA: ToHKkre cBOOOAHBIE CTEHKH JOJIKHBI UMETh 3aKpYyTJIE€HHbIE OCHOBAHMUS (TaM,
rJIe CTEHKa COEIMHSAETCS C OCTaJbHOM 4YacThlO pacreyarka), 4ToObl YMEHbBIIHUTH
KOHLICHTPALINIO HAMPSKEHUI BJIOJIb CTHIKA.

3 Ilo0oeporcku u Hagucanus XapaKTEPU3yIOTCS MAKCUMAJIbHBIM YIJIOM HaKJIOHA
CTEHOK, KOTOpbIE MOTYT OBbITh HamedaTaHbl 0€3 MCIOJIb30BaHUS MOAJEpKeK. Takxke
MOJJIEPKKU XapaKTEPU3YIOTCS BO3MOXHOCTBIO OTAEJIECHHUS] OT MOJAEIN MPHU MOMOLIU
pPacTBOPEHMUS.

FDM: non yriom 45° BHOBb Hame4yaTaHHBIN cioil onupaetrcs Ha 50 % mpenabi-
IYIIETO CJIOSA. DTO CO34AET JOCTATOYHYIO MTOAAECPKKY U aAT€3UI0, HA KOTOPBIE MOKHO
onupatbcs. [lpu yrmax Beime 45° HeoOxoAauMa MOIAEPKKA, YTOOBI BHOBB
HaleyaTaHHBIA CJIOM He BBIMMPAJ BHU3 U HE OTXOUJ OT coruta. Eme onHa npobiema,
BO3HHUKAOWIas MPU [1€YaTH BBICTYIIOB, — 3TO CKpy4YuBaHue. HOBBIN CIION CTaHOBUTCS
TOHBIIE HA Kpal BBICTYyNAa. JTO MPUBOAMUT K IU(PPEpeHINATIBHOMY OXJIAXACHUIO,
3acTaBisis ero aedopmupoBarbes BBepx. KitoueBol MOMEHT NMpHU MPOEKTUPOBAHUU:
BBl MOXETE MPEOJO0JIETh OTPAHUYEHHUSI, CBA3AHHBIE C BBICTYaMU, UCIOJb3Ysl OMOPHI
JUIsL YTIIOB CTeHbl Oosiee 45°. Jlns OONBIIMX BBICTYIIOB, TPEOYIOMIMX MOMAJEPIKKH,
OKHJIalTEe, YTO Ha OKOHYATEJIHHOWU MOBEPXHOCTU OYIyT MPUCYTCTBOBAThH NE€(PEKTHI,
€CJIM OHU HE TPOIUTHA MOCTOOPaOOTKY.

SLA: pekoMeHayeTCs] OpUEHTUPOBATH JIETANIb TAKUM 00pa3oM, 4TOObI BU3Yyallb-
HO Ba)KHbIE MOBEPXHOCTU HE COINPHUKACAIUCH C OMOPHBIMH KOHCTpyKUUsAMU. Eciau
TOJILKO MOJENb He TMedaraercs 0e3 COOTBETCTBYIOIIMX BHYTPEHHHUX W BHEIIHUX
OMOPHBIX KOHCTPYKUUM, BBICTYIIBI HE IPEICTABIIAIOT OOJBIION MPOOIEMBI ITPH M€YATH.
[leyats 0Oe3 moazepKEK YacTO MPUBOAUT K KOpPOOJEHHUIO OTMeyYaTKa, HO €Clu
HEOOXOMMO TMedararb 0e3 MOIAEpPKEK, JI0Oble HEMOJACPKUBAEMbIE BBICTYIIBI
JNOJKHBI COOTBETCTBOBATh PEKOMEHJAUUSIM. TEXHOJOTHM IE€YaTH «CBEPXY BHU3»
U «CHU3Y BBEPX» UCIOJB3YIOT NOANEPKKY IMO-PA3HOMY.

DMLS, SLM: Metainuyeckasi eyaTh IJIABUT WIIM CIIEKAET CJIOU MOPOIIKA MpHU
OuYeHb BBICOKOM Temmeparype. M3-3a 3TOro /s kaxjaoro ciosi TpeOyeTcs 4To-To
«TBEPIIOE», a HE MPOCTO paccelmyaras myapa, kak B npouecce SLS. [l storo s
CeKIUI, HE NPUKPEIUICHHBIX K pabodyeMy CTOJly, CHauyajga IedaTaroTCs ONOpHBIE
KOHCTPYKLMH, @ 3aT€M IOBEPX HUX CTPOATCS TBepAble ceKuuu. OcTaTouHOE HaIpsi-
’KEHHE, BOZHHUKAIOIIee B pe3ysbTare NudpepeHnanibHOro 0XIaKeHUs, 03HAUAET, 4TO
KOKIBIM  CIOH  METAIMYECKOTO  pacredyaTka CTPEMUTCS  CBEPHYTbCS U
nedopmupoBatbed. JloOaBieHrne MOANEP KK MOMOraeT OTBOJUTH TEIJIO OT HEAABHO
HAaIleYaTaHHBIX YYaCTKOB, a TAKXKE 3AKPEIUIATh MX Ha TBEPAOM OcHoBaHuM. [lox-
Jep’KKa YBEJIMYMBAET CTOUMOCTh COOpPKH (IIOCKOJIBKY OHA HCHOJB3YET IOMOJHU-
TEJbHBIA MaTepuai), a TakXke JOJDKHA OBbITh yJajeHa IOcie 3aBEepIICHUS IMEYaTH.
[ToBepxHOCTH, COMpPUKACAIOLIUECS C OMOPOM, Bceraa TpeOyrT HEKOTOPOH MOCIIeTyI0-
e o6paboTKU JJIsi JOCTUXKEHHUS TaKOM K€ YHUCTOTHI MMOBEPXHOCTH, KaK y JleTajei,
rje onopa He TpeOoBaach.

MJ: ogHuM H3 cambIX OONBIIUX MPEUMYIIECTB CTPYHHOU MeYaTH MaTepuajoB
ABJISIETCSI TO, YTO BCE JI€TAJM I1€YaTAIOTCS U3 JABYX PA3HBIX MaTEpPUANIOB; OJWUH JJIS
OCHOBHOI'O CTPOWTEIBHOTO MaTepuaja, a BTOPOH B KayeCTBE pPacTBOPUMOM
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MNOJJIEPKKA. DTO O3HAUAeT, YTO B OTJIMYHME OT APYTrux MeronoB 3D-mewatu, mpu
KOTOPBIX OMOpPY HEOOXOIMMO BPYUYHYIO OTpe3aTh OT JETalld, OMopa PacTBOpsIETCS M
aerko ynansercs. [Ipu npaBuiibHOM MOCTOOPaOOTKE ITO MOXKET MPUBECTH K TOMY, UTO
MOBEPXHOCTh BOOOIIE HE OyJeT UMETh HUKAKUX MPU3HAKOB MOJIEPKKU. ITO TaKXKe
O3HAYaeT, YTO OpUEHTAIUS JleTajeil ropaszno Oosee ruOKas, 4eM JpYrue TEXHOJIOTHH
3D-neuatu. OTO B COYETAHUU C OTHOCHUTEIBHOM OJHOPOJHOCTHIO MaTe- PUAJIOB,
M3TOTaBIMBAEMBIX C MTOMOIIBIO CTPYHHOH MevyaTtu, o0ecredrnBaeT O0NbIIyI0 CBOOOTY
NPOEKTUPOBAHMUS M TO3BOJIAET CO3[aBaTh OYEHb CIIOXKHBIE U 3aMbICIOBATHIC
KOHCTPYKIIHU.

4 Hasucanusi (eviiem) 0Oe3 noodepocex XapaKTEPU3YIOTCI MaKCHMaIbHBIM
BBIJIETOM CTE€HOK, KOTOPBIE MOTYT OBITh Hame4aTaHbl 0€3 UCIIOIb30BAHUS TTOIEPIKEK.
Pexomengyercsi paccMarpuBaTh BO3MOXKHOCTh YCTpPAaHEHHS HaBHCaHUA (BbLIETA),
n00aBHB (acKy MO/ HETIOAEPKUBAEMbIE KPOMKH.

BJ: xoTs ayig TEXHOJNOTMU OKPY’KAIOIIME JI€Tadd W3 MOpOIIKa 00ecredyrBaroT
MOJIZICPXKKY Ha 3Tamax MOCTPOCHUs, HE3aKPEIUICHHbBIE Kpasi TIOJIBEP>KEHBI BHICOKOMY
PHUCKY MOJIOMKH MpU 00pabOoTKe B CHIPOM COCTOSIHUH.

5 Penveghvl u epasuposka — 3IEMEHTHI Ha MOJIEIHN, KOTOPbIE MPUIOIHATHI WU
YTOIJIEHBI HUKE TTOBEPXHOCTH MOJICTIH.

SLA: eciau »leMEeHTBI CIUIIKOM MaJlbl, 3TH 3JIEMEHTHI, KOTOPbIE BII€YaTaHbI WIH
YTOIUIEHBI B MOJENH, PUCKYIOT CIUTHCS C OCTaJbHOW 4YacThiO MOJEIH BO Bpe-
Ml TIeYaTH.

6 Ilepembiuxu (Mocmul) XapaKTEPU3YIOTCS pa3MEPOM TOPU30HTAIFHOTO y4acTKa,
KOTOPBIA TEXHOJIOTHS TeYaTH MOXKET o0ecnedynTh 0e3 HeoOXOIUMOCTH MPUMEHEHUS
MOJITIEPIKEK.

FDM: o0pa3zoBaHrne MOCTOB MPOMCXOAMT, KOrJa MPUHTEP JOJDKEH Ie4aTaTh
MEXIy JBYMS OTMIOpaMH WJIM OTMOPHBIMU TOYKamH. [IoCKONbKY CTpOWTH HE Ha YeM,
NepBOHAYANBHBIA TEYaTaeMbId CIIOW HE TOJACPKHUBACTCS, W MaTepuanl HMeeT
TEHJCHIIMIO TPOBHCAaTh. MOCTBI Yalle BCETO BCTPEYAOTCS B OTBEPCTHUSAX IIO
TOpPU30HTAIBHON ocu. OIHUM U3 PEIICHUN SIBIIIETCS YMEHBIIICHUE PACCTOSHUS Tepe-
MBIYKH, HO 3P PEKT OT 3TOr0 3aBUCUT OT KOHCTPYKTUBHBIX OIpaHU4YEeHUM AeTanu. Emre
OJIHO pelUIeHHE, IO3BOJIoNIee H30eXaTh MPOBUCAHMS — J00aBUTh MHOIICPIKKY.
[Tonnepkka obecrieunBaeT BpPEMEHHYIO IJIaTPOpMY Jisi CO3JAaHUS CBSI3YIOIIETO
ypoBHsi. [loanepxuBaromuii MaTepual yaausercs mocie 3aBepIIeHus IeUaT, XOTs OH
MOKET OCTaBHTh CIEAbl WIM TOBPEAUTHb IOBEPXHOCTb, TA€ TMOJACpKKa Oblia
coequHeHa ¢ neranblo. Eciam Tpebyercs rimaakasi, poBHas MOBEPXHOCTb, MEPETOBBIM
perieHueM OyeT pa3iefieHue Ju3aifHa Ha OT/ICIbHBIC YACTH WU BBHITTOJIHEHUE KaKOM-
1160 GopMbI MOCTOOPAOOTKHU.

SLA: mepeMbIluKd MEXAY JBYMs TOYKAaMH Ha MOJIEIH MOKHO YCIEIIHO Hare-
Yyararh, HO 00Jiee MIMPOKHE TOPU3OHTATIHHBIC IEPEMBIYKH JOKHBI OBITH KOpOYe, YeM
ToHKUE TiepeMbluku. [1Iupokue nepeMbluku UMEIOT OOJBIIYIO TUIONAb KOHTAKTa 10
OCH Z, 4TO yBEJIMYMUBAET BEPOSATHOCThH COOS MeYaTH BO BPEMs OTCIauBaHUS.

7 Munumanousiii ouamemp omeepcmus — NUAMETP OTBEPCTUSI C HAUMEHbBIIIUMHU
pa3MepaMH, KOTOPBIA TEXHOJIOTHUA Ne4aTh MoxkeT obecrneunTs. OTBEpCTHS, 10
BO3MOXHOCTH, JIOJDKHBI OBITh OPUEHTHUPOBAHBI BEPTUKAIBHO, YTOOBI OOECIEYHTH
OKpYTIJIOCTb 3JIEMEHTA.
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FDM: npouecc reyatu BEpTUKAIbHOIO OTBEPCTUS U IPUUYMHY YMEHBIICHUS €ro
IuaMeTpa MOXHO pPe3loMHUpOBaTh cieayromuM obOpazoM. Kornma comio nedaraer
NEepUMETP OTBEPCTHUS MO BEPTUKAIBHOM OCH, OHO MPUKUMAET BHOBb Harle4aTaHHBIN
CJIOM K CYILIECTBYIOLIMM CJIOSIM, YTOOBI YIydlIuTh ajare3uto. Cuiia ckatus coruia
nehopMHUpPYET SKCTPYAUPOBAHHBIA KPYTJBIA CIOW U3 Kpyra B 0Oojee MIUPOKYHO H
IUIOCKYI0 (opMy. DTO YBEIWYMBAET IUIONIA]b KOHTAKTAa C paHee HaleyaTaHHBIM
CJI0€M, yJy4lliasi aAr€3ui0, HO paclIupsisa SKCTPYIUPOBAHHBIN CETMEHT, YTO MPUBOJIAT
K YMCHBIIICHUIO JUaMETpa TMeYaTaeMoro OTBEPCTHSA. DTO YMEHbBIIICHUE MOXKET OBbIThH
po0IeMOoii, 0COOCHHO TIPH MTeYaTH OTBEPCTUI MAJIOTO TUaMeTpa, rae 3hdexT 6ombIie
U3-3a OTHOIICHUS IUAaMETpa OTBEPCTHUS K JuaMeTpy coria. Ecau nuametp orBepcTust
BEPTUKAIBHON OCHM MMEET pelIarolllee 3HaueHUE, PEKOMEHIYeTCsl HaleuyaraTth €ro
MEHBIIIETO pa3Mepa, a 3aTeM MPOCBEPIIUTH OTBEPCTUE IO HY>KHOTO IMAMETPA.

SLA: eciin quaMeTp OTBEPCTUH CIMIIKOM MaJ 1o ocsiM X, Y U Z, TO OTBEPCTUA
MOTYT 3aKPBITHCS BO BpEMsI II€UYaTH.

8 Conpscaemvle demanu XapaKTepU3YIOTCS PEKOMEHIYEMBIM 3a30pOM MEXKITY
JIBYMSI COMPSITAEMBIMU JE€TalsIMH (TIOJABUKHBIMA U HEMOABUXKHBIMHU). DTOT 3a30p
TaK)K€ JIOJDKEH OBITh KakMM-TO 00pa3oM JIOCTYNEH MJiS OYUCTKH/yJajJeHUs
NO/IEPKUBAIOIIET0 MaTepuaina, KOTOPbIA MOXKET CKAIUIMBATHCS B 3a30p€.

9 Omeepcmus Onsa u3zeneyeHus mamepuana XapaKTEPU3YIOTCS MUHUMAIbHBIM
IUaMETPOM BBIXOJA [IJIsi HW3BJEYEHUS CTPOUTEIBHOTO Marepuaia (Hampumep,
METAJUTMYECKOr0 HEpaCIUIaBJIIEHHOTO0 MOpOIlIKa M3 Mojioi aeTtanu). Mcnons3oBaHue
HECKOJIBKUX BBIITYCKHBIX OTBEPCTUN 3HAUUTEIBHO YIIPOCTUT yAAICHUE MaTepuaa.

10 Munumanvnolii pazmep s1emenma XapaKTepU3yeTCs HAUMEHBIIUM Pa3MepOM
€IMHUYHOTO 3JIEMEHTA ¢ 00ECIIEUYEHUEM TOT0, UTO TIeYaTh MPOAeT 6€3 OMMOOoK.

BJ: ocHOBHOII mpo06sieMOl MUHUMAJIBHOTO pa3Mepa dJEMEHTa SBISETCS BO3-
MOXHOCTb €TI0 MOBPEXKACHUSA. XOTS 3TOT MPOIIECC MO3BOISET MPOU3BOIUTH JACTAIH C
OUYCHb MEJIKUMHU JIETAISIMU, MTPoOIJIeMa 3aKII0UaeTCsl B 00pAIlIEHUH C OY€Hb XPYIKUMU
JIETAJSIMUA B CHIPOM COCTOSTHUU. ECIM 27IEMEHT Wiu JIeTallb CIUIIKOM XPYIKHE, OJHO
U3 PEHICHUNA COCTOUT B TOM, YTOOBI JI00ABUTh B KOHCTPYKIIUIO JIOTIOTHUTEIHHBIC
pPacropKH, 4TOOBI MOBBICUTH €€ )KECTKOCTh M 00ECTIEUUTH MOIJIEPKKY. ITH AIEMEHTHI
KpEIJICHUSI MOTYT OBITh yAaJIeHbI TIOCIe MHDUIBTPAIIUU WIH CTIeKaHus (KOora JIeTallb
npouHee). ONTUMAIbHBIM PEIIEHUEM SIBIIETCA yBEIMYEHHE pPa3MEpPOB ITUX
3JIEMEHTOB B COOTBETCTBUU C PEKOMEHJIALUSAMHU Ha PUCYHKE 2.5. TOHKHE 3JIEMEHTHI,
MPUKPETUICHHBIC K OOJIBITUM M TSHKEIIBIM 3JIEMEHTaM, TTOABEPIKEHBI BHICOKOMY PHCKY
MOJIOMKH TIpH 00patiieHuu (PUCYHOK 2.5, a). DT 00J1aCTH CIIeyeT YKPEUTh, J00aBUB
pacriopku (pUCYHOK 2.5, 6) WM YBEJIIMYUB UX pa3mep (PUCYHOK 2.5, 6).

11 Jluamemp cmepowcna (wmugma) — MAHAMATBHBIA JHAMETPAbHBIA pa3Mep
CTEP>KHSI, KOTOPBIM TEXHOJIOTUSI IIEYaTH MOXKET 00ECIICUUTb.

FDM: ecnu nu3ailH COIOEPKUT CTEPKHM TUAMETPOM MeHee 5 MM, 100aBbTe
HEOOJIBIIIOE CKPYTJIEHHE Y OCHOBaHMS cTepxHsA. Eciu QyHKus mMmeer periaroliee
3HAYCHHUE, MOJAYMalTe O TOM, YTOObI BKJIIOUNUTh B KOHCTPYKIIMIO OTBEPCTHUE B MECTE
pacrnoyiokeHus: TudTa, MPOCBEPIUTE OTBEPCTUE A0 HYKHOT'O pa3Mepa U BCTaBbTE
UMEIOIIUNACS B HATMYUU IITUPT.
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Pucynox 2.5 — JIu3aiiH TOHKUX JIEMEHTOB

12 Coomnowenue cmopon — MaKCUMaJbHOE COOTHOIIEHHE MEXIY BBICOTOM
[eyaTu 1O BEPTHKAIM M CEYEHUEM JETAIM B TOPU30HTAIBHOW IUIOCKOCTH JUIS
oOecrieueHusl yCTOMYMBOCTH HAalleYaTaHHOW JleTanu Ha pabouyem crone. K BrICOKMM
3JIEMEHTaM MOKHO JOOABUTh JOMOIHUTENIBHYIO YCTOMYMBOCTD C TOMOILBIO OMIOPHBIX
pebep (aHATIOTUYHO JIUTHIO MO/ AABJICHUEM).

13 I'anmenu xapakTepu3yr0TCd MUHUMAJIbHBIM DAY COM.

BJ: Bce ckpyriieHus: JOJKHBI 10 BO3MOXXHOCTH HCIIONIb30BAaThCA HAa BCEX Kpasx
MOJieNId. DTO TapaHTUPYET, YTO OHU HE OyAYT MOBPEXKACHBI B CHIPOM COCTOSTHUU.
["anTenn ocoOEHHO Ba)kKHBI JUIsl BHYTPEHHUX IMOJIOCTEH, YTOOBI OOJIETYUTH YJaJICHHE
MOPOIIKA U 00ECIEeYUTh TOUHOCTh KOHCTPYKIIMH.

14 Texcm xapakTepuszyercs MHUHUMAJIbHOM BBICOTOM mipudTa I BCEX
HaIlpaBJICHUM.

SLS: pekomenyetcst mpudT 03 3aceuexK.

15 Ocb xapakTepusyercsi MUHUMAIIbHBIM 3a30POM JI0 IOBEPXHOCTH MOAIIUITHUKA
WM OIIOPBI.

SLS: HelinoH Kak MaTepuan MOAIIMIHUKA 00eCMeYrBaeT IIaJKyI0 MOCAIKy C
HU3KUM KOA((OUIIMEHTOM TPEeHHs AJis COEAMHEHHI C HU3KOM Harpy3Kol W HU3KOM
CKOPOCThIO. Ba’kHO MOMHUTB, YTO MOPOLIOK JOJIKEH OBITh YJajeH MOocle Mmpolecca
nevyaTH, YToObl 00ECEeYUTh MIIABHBIA XOJ1 COETMHEHHS.

16 Bzaumocssizannvie snemenmol (3aMKo8ble dneMeHmMbl) XaPaAKTEPU3YIOTCS
pa3MepHON TOYHOCTBIO COequHEHHUs. BriroueHne HeOONBIIOro pajadyca Ha Kpasx
JieTasiel MOMOXKET MPU COOPKE COETMHEHUIA.

FDM: noaxoaut mjis CO3JaHHUS HEAOPOTHMX MPOTOTUIIOB B3aWMOCBS3aHHBIX
COEMHEHU, KOTJ]Ja TOYHOCTh U I0JTOBEYHOCTh HE UMEIOT KPUTUUECKOTO 3HAUCHUSI.

SLS u MJ: nmydire Bcero moaxoAsT JUIsi B3aUMOCBSI3aHHBIX COSIMHEHHM 0J1aro.-
Japsi UX BBICOKOM TOYHOCTHU ME€YATH U MPOYHOCTH MaTepuaa.

17 Pezepgyapwbi XapaKkTepu3yrOTCsI MUHUMAJIbHOMN TOJIIUHON CTEHKH.

SLS: HeilsloH o0nanaer XOpomed XMMHUYECKOM CTOMKOCTBIO M 4acTO MHpHUMe-
HSETCA B HECTAHJAPTHBIX KOHCTPYKUHUAX pe3epByapoB. Jlisi IONOJIHUTENBHON
BOJOHENPOHUIIAEMOCTH WJIM IIPU UCIIOJIb30BAaHUH arpECCUBHBIX KUIKOCTEH, TAKUX KaK
TOIUIMBO WJIM PACTBOPUTENH, EMKOCTb MOXKET HUMETh MOKPBITUE WU OOJIULOBKY.
N30b1TOK OpOIIKA AOJHKEH ObITh YJaleH U3HYTpU Oaka.

SLA: ecnu pacrnedarok HE MpeJHa3HauyeH JIs HMCIOJIb30BAHUS B KayeCTBE
(GYHKIHMOHATIBHOM JEeTalu, HAJM4HMe IMOJIOCTH B MOJIETU 3HAYUTENHHO COKpPAIAET
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KOJIMYECTBO HEOOXOUMOIo Marepuasia u BpeMs nedatu. [Ipu meuatu mosioi aeraiu
n00aBbTE JPEHAXKHBIE OTBEPCTHUsS, YTOOBI MPEJOTBPATUTH IOMNAJaHUE HE3aTBep-
JIEBIIEN CMOJIBI BHYTPb T'OTOBOro pacnedatka. HeoTBepxkaeHHass cMoja CO34aeT
nucOallaHC JaBJIeHUSI BHYTPH MOJIOM KaMephl.

18 JKusoii wapnup (unmezpuposannviii waphup, nOOWUNHUK uU32uba) Xapak-
TEPU3YETCS MAKCUMAaJIbHOM TOJILMHOW W MHUHHMMAlIbHOM JUIMHOW Tela IIapHUpPA.
JKuBoi mapHup npeacTaBiseT coO00 TOHKUN TMOKUIA IIAPHUD, CACIIAHHBIN U3 TOTO Ke
Marepuana, YTo U ABE )KECTKHUE YaCTU, KOTOPBIE OH COCIUHSET.

FDM: ontuManbHbIN AW3alH U1 )KMBOTO IIAPHUPA — 3TO IMOMNBITATHCA HAare-
yaTarh MIAPHUP C IOMOIIBKD OJHOW HUTHU TEPMOILIACTUKA, WHTETPUPOBAHHOU B
KECTKHE CEKIIMU COOPKH, KaK IOKa3aHo Ha pucyHke 2.6. Hekotopeie FDM-nipun- Tepbl
C JIBOMHOM 3KCTPY3UEH MNPEIaratoT BO3MOXKHOCTh I€YaTATh CEKIMUIO IIApHUpA U3
BTOPUYHOTO rudkoro marepuana (Hampumep, TIIY), uyto emie Oonblle yIydlIUT
MPOM3BOUTEIILHOCTD IAPHUPA U KOJUYECTBO IIUKIIOB O OTKA3a.

/'

Pucynox 2.6 — XKusoii mapaup ayis FDM-nieuatn

SLS: oauH U3 HEMHOTHX METOJI0B 3D-medyaTu, KOTOpHIM MO3BOJISIET CO3/1aBaTh
(yHKIIMOHATBHBIE KUBbIC IIAPHUPHL. [[1s MOTydeHUs MIapHUpPA OTOXKIUTE MOJEIh
yTeM HarpeBaHus (OOBIYHO JTOCTATOYHO MOTPY3UTh €€ B KUIISIILYIO BOJY), a 3aTEM
COTHMTE LIAPHUP BIEPET U HA3A.

MJ: 00blyHO skecTKHE (OTOMOJUMEPHI, UCIOIb3yEeMble MPU CTPyHHOU 00pa-
0OTKE MaTepuasoB, SBISIOTCA XPYNKUMU W HE MOAXOAAT MJig MPOTOTHUIIOB, TJE
TpeOyetcst 6onee 10 uukinoB. OgHAKO OJHUM U3 OCHOBHBIX MPEUMYIIECTB CTPYHHOM
nevyaTd MaTepuasoB SIBISIETCS BO3MOXKHOCTb IME€YaTH M3 HECKOJIBKUX MaTepHUalioB.
[IyTem meuyatu yacTu IIapHUpa U3 THOKOTO MaTepuaia MOXXHO M3TOTOBUTH >KHUBYIO
KOHCTPYKIIUIO IIApHUPA, KOTOpask MIPOCITY>KUT OOJIBIIIOE KOJIMYECTBO ITUKIIOB.

19 Tonwuna cnos xapakrepusyercs BHICOTON OJIHOTO CJIOS TIPU MeYaTH, KOTOPYIO
oOecrieynBaeT TEXHOJIOTHS. BistHIEe BRICOTHI CITOst 00JIee 3aMETHO Ha KPUBBIX U yTIIax
Y MEHEE 3aMETHO Ha NPSIMBIX BEPTUKAJIBbHBIX CTEHAX M3-3a MMOCIOMHOTr0 Xapakrepa 3D-
neyatu. Hampumep, 4ToObl HamewyaTaTh OTBEPCTHE BJOJIb TOPU3OHTAIIBHOW OCH,
porpaMmMHoe oOecreueHre JO0HKHO pa3pe3aTh KPYIJIO€ OTBEPCTHUE HA HECKOJIbKO
CJIO€B, a 3aTE€M HAJIOXKUTh UX Pyl Ha Apyra, co3aaBas HEIVIaJKUi Kpau, IOX0XKUN Ha
JIECTHUILY. DTO HA3bIBAETCS CTYNEHYATHIM 3(PPEKTOM U CTaHOBUTCA 00Jiee 3aMETHBIM
Ha TIOBEPXHOCTSX ¢ O0JIbIIICH KPUBU3HOM (pUCYHOK 2.7).

Ecmn ocHOBHOM 3ajadeil ne4yaTd SBJISIETCS BHEIIHUM BUI, TO HJICAIbHBIM
BapuaHTOM OyJeT BbIOOp O0Jiee HU3KOM BBICOTHI CJIOS, TAK KaK 3TO MPUBEIET K Ooiiee
riagkoi mosepxHoctu. C apyroit croponsl, npu 3D-meuatn (yHKIMOHANIBHON
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AETaIu NPEANOYTUTEIBHEE UCIIONIB30BaTh 00JIEE BBICOKYIO BBICOTY CJ0sl, IIOCKOJIBKY
ATO MPUBENET K KOHOMUU BPEMEHHU M CPEICTB, a TAKXKE K YIYYIICHUIO MEXaHU-
YECKUX XapaKTEPUCTHK.

Pucynok 2.7 — Ctynenyatsliii 3¢ ekt

FDM: naneuaranusie aetanu u3 PLA ¢ Tonmuuo# cnost 300 MKM, UMEIOT ITpOY-
HOCTb IpuMepHO Ha 20 % BbIIIE, UeM JIeTalld, HareyaTaHHble TOAuHON 100 MKM.

20 Pe3vba XapakTepU3yeTcs BO3MOXKHOCTHIO NMPHMEHEHHS Pa3HBbIX CIIOCOOOB
dbopmupoBanus pe3r0nl. CriocoOb1 popMUpoBaHUS Pe3bOBI HAa JETAISIX PACCMOT- PEHBI
HIDKE.

Pe3zvbosbie 6cmasku. IlonynspHbI METOI, UCTIONB3YEMBIM PETYIIPHO, KOTOPBIH
oOecrnieurBaeT MPOYHOE COCAMHEHUE MeTala ¢ METalyIoM, HO TpeOyeT JOIMOJIHU-
TEJbHBIX KOMIIOHEHTOB M YCTaHOBKH. J[Ba THWma BCTABOK JIyYIll€ BCEro IMOIXOJSAT
st 3D-niedaT: TepMOyCai0uHbIEe BCTABKU U BPE3HBIE BCTABKH.

3axnaonas eatika. beicTphIit cioco0 KperuieHus: KOMIOHEHTOB. HykeH TOuHbIN
JM3aiiH U neyaTh. YacTo 1y1s onpesesieHnsi ONTUMAaTbHBIX Pa3MEepOB OOOBIIIKY TaliKu
TpeOyeTcss HeCKOJIbKO uTeparuii. [leuaTs HEOOIBITMX TECTOBBIX JAeTajeH IS Onpe-
NEJIEHUS UJICATIbHBIX Pa3MEPOB MOKET CIKOHOMUTH BpEMSI U1 MaTEpUaIbHbIE 3aTPaTHI.
Camopesvi. OquH U3 CIOCOOOB KPEIJICHUS JAeTallei, KOTOPBIN HE MOIXOIUT IS
MOBTOPHOU pa3zdopku. JlJis miiacTrka MOYKHO UCIIOIb30BaTh CIIEHUAIBHBIE CAMOPE3bI,
KOTOpbIE€ OTPaHUYMBAIOT PaJUaIbHOE HAIpPSKEHHE B OTBEPCTHUSX, HamedaTaHHBIX
Ha 3D-nipuHTEpE, CHIKAsI BEPOSITHOCTD B3YTHS, PACCIOCHHS UITH pa3pyIICHUSI.

Hapesanue pe3voul. Hapezanue pe3bObl aeT cBOOOy AW3aifHa, OJTHAKO Ba)KHA
MpaBWIbHAs MPOIIEAypa Hape3aHusl Pe3bObl.

Pe3zvba na pacneuamre. He nogxoaut 1j1st HEOONBIIKUX pa3MEPOB Pe3b0bl (MEHEe
MS5) u TpeOyeT BBICOKOM JieTann3aluu/pa3peiieHus: mpuHTepa.

FDM: kak npaBuiio, MUHUMAaJbHAsl TOJIIIMHA CTEHKH BOKPYT pe3bObl JOJKHA
COOTBETCTBOBATh JUAMETPY KPENEKHOTO 3jeMeHTa (Hampumep, s KPEnexHOro
anemMeHTa M5 TpeOyercs MHHUMAJIbHAS TOJIIMHA CTEHKH 5 MM BOKPYT Pe3b00BOIO
oTBepcTUsA). EciM TONImMHA CTEHKU CIMIIKOM Maja, JIeTalld MOTYT B3IyThCAd U
nehopMHUPOBATHCS M3-3a JIOMOJHHUTEIBHOTO HAMPSIKEHUS, 4 B HEKOTOPBIX CIydasx
MOXET IIPOU30MTH PACCIOEHNE WIH paspylIeHue. BoicoTa ¢i10s — BaKHBIA apaMeTp
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IpH 1neyatu pe3bobl. OpueHTUPOBOYHO, pe3bba Oosbie M12 MoxeT ObITh YCHELIHO
HameyaraHa cjiosiMd TonmuHor 0,2 MM, a pe3p0a MEHBIIEro pa3Mepa J0JKHA ObITh
HaneyaTtaHa 00Jiee TOHKUMHU CIIOSIMU.

SLS: mepoxoBaras IMOBEPXHOCTb, IMOJIy4YEHHAas IpU ME€4YaTH, MNPUBOJIUT K
MOBBIIIEHHOMY TPEHHUIO M MOXET BBI3BATh HEKOTOPBIE MPOOJIEMBbI IIPU COCAMHEHHUU
pe3b0OBBIX neTanell BMecTe. MOXKHO CBEpJUTh WM Hapes3aTh pe3n0y Ha HEHJIOHE.
NneanbHbIM pelIEHUEM SIBIISIETCS HCIOJIb30BAHUE HEWJIOHA TOJBKO ISl OJHOIO W3
AJIEMEHTOB Pe3b0OBHIX cOeMHEHUH (JIN0O0 raiku, Tudo 6oinra).

21 Vcaoka xapaktepusyeTrcs MPOICHTHBIM YBEIIMUYEHUEM rabapUTHBIX pa3MEpOB
MOJIEJIM Ha 3Tare npeanedarHoro a”aausa. C y4eToMm TOro, 4YTo 3TO YBEIUYEHHUE HE
HOBJIMSIET HA KOHCTPYKLHUIO I€TaJH.

SLA: BeposiTHa /Jisl HETIOAIEP’KUBAEMBIX TIPOJIETOB U BHICTYTIOB.

SLM, DMLS: TexHONOrMM BBICOKMM pHUCKOM ycaaku. YToObl CHHU3UTH
BEPOSITHOCTb 3TOT0, UCIOJIB3YIOTCS PACIIOPKU U TOJIEPHKKH.

MJ: He siBasieTcs MpoOIeMOi.

22 Jlehopmayusi XapaKTepHU3yeTCs CKIOHHOCTBIO K HM3MEHEHHUI0 (OPMBI H
pa3MepoB TOJ JCHCTBMEM TEMIIEpaTypHOTO BO3JCHCTBUA W APYrux (HakTOpoB.
HedbopmanusiMu Ha3bIBAIOTCS HW3MEHEHHUS PAa3MEpPOB JIETalM TPU COXpPaHEHUU €&
dbopmbl, a KOpoOJeHuEM — u3MeHeHHe POopMBbI eTanu (€€ MOKET U30THYTh, 3aBEPHYTh
MPOTEJIEPOM U T. 11.).

FDM: Oonpmme mmiockue o6nactu (Hampumep, XapakTepHbIC IS TMPSIMO-
YTOJIBHOW KOpOOKM) OoJiee MOABEPKEHBI KOPOOJICHUIO, W MX CIEAYET MO BO3MOXK-
HOCTH H30eratb. TOHKHE BBICTYyHAIOUIUE 3JIEMEHTHI TAaKK€ CKJIOHHBI K KOPOOJIEHHUIO.
KopoOnenust Mo>xHO n30exkaTh, J00ABUB PacXOyeMblii MaTepuail Ha Kparo TOHKOrO
AJIEMEHTAa, YTOObl YBEIMYHTH IJIOIIA/Ib, CONPUKACAIOINLYIOCs ¢ TuiaTtgopMoii. OcTpele
yribl aeOpMHUPYIOTCS dYallle, YeM 3aKpyTrJeHHble (OpPMbI, MOATOMY A00aBIECHUE
CKpYTJIEHUM B JU3aiH SBIIETCA XOpollel npakTuko. Pa3nuunbie Matepuansl Oosee
nojBepxeHsl neopmanuu. ABS o0biuHO O0Jee 4yBCTBUTEINEH K epopmaiuu, yem
PLA unu PETG.

SLA: onHOM M3 caMbIX OOJIBIIUX MPOOJIEM, CBA3aHHBIX C TOYHOCTBIO JICTaJICH,
M3TOTOBJIEHHBIX C MOMOLIBIO SLA, ABIIsIeTCsl CKpyuYrBaHue (KepauHr). KepauHr noxox
Ha nedopmaruio B FDM. B nporiecce oTBep»KaeHNUsS cMOjia HEMHOTO CKUMAETCS TI0]T
BO3/ICIICTBUEM HUCTOYHHUKA CBeTa puHTEepa. [Ipy 3HAaUMTEIBbHON ycaiKe MEXAY HOBBIM
CIIOEM W paHee 3aTBEepJCBIIMM MAaTE€pPHAJIOM BO3HUKAIOT OO0JIb- IIHWE BHYTPEHHHE
HaIpsKEHUS, YTO NPUBOAUT K CKPyUHBaHUIO Aetainu. [logaepxka npu neyatu BaxHa
KOI'/Ia HY’KHO 3aKpEenuTh MOJBEPKEHHBIE PHUCKY yYaCTKM pacnedarka Ha padodem
CTOJIE U CHU3UTh BEPOATHOCTh CKpyuuBaHusA. OpueHTalus AeTalled U OrpaHuYCHHE
OOJBIIMX IUIOCKMX CJIOEB Takke BaXHbl. Upe3mMepHoe OTBEpKIeHUE (Hampumep,
MO/IBEpraHue JeTanu BO3AEHCTBUIO MPSIMBIX COJIHEUHBIX JTydel MOCIe NeYaTH) TaKxKe
MOKET BbI3BaTh CKpyuuBaHue. Jlydmmuii cnoco® mnpenoTBpaTHTh CKPYyYHMBAHUE —
MOMHHTB 00 3TOM B MPOIIECCE MPOECKTUPOBAHUSI.

SLS: yTOoOBI yMEHBIIUTH BEPOSITHOCTH KOPOOJICHMS, KOTOPOMY IIOJIBEPIKEHBI
OOJBIINE TUIOCKUE TOBEPXHOCTH, PACCMOTPUTE BO3MOXKHOCTh 0OaBIieHUs pedep st
YBEJIMYEHHUS KECTKOCTU. ONTUManbHas OPUEHTALUS I€TAJI HA dTale Me4YaTH TakkKe
MOKET IIOMOYb.
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SLM, DMLS: TexHonoruu BbICOKUM pHUCKOM aedopmaruu. YToObl CHU3HTH
BEPOSITHOCTb 3TOTO, UCIIOIB3YIOTCS PACIIOPKU U MOIACPIKKH.

MJ: He siBasieTcs mpoOIeMOi.

23 Mnozcoysemnocms XapakTepusyercss BO3MOKHOCTh 3D-neuatu pa3inyHbIMU
LBETAMU B IIPEAEIIAX OJJHOM JI€TaIu WK CO3AaHUs MOJHOUBETHBIX MPE3EHTALIMOH- HbIX
IPOTOTHIIOB.

MJ: BBICOKHMI ypOBE€Hb TOYHOCTH, IJIaJKas IOBEPXHOCTb M BAPHAHTHI LIBETA
JICNal0T CTPYHHYIO TeYaTh MOMYJISAPHBIM BBIOOPOM IS TIPE3CHTAIMA U MTPOTOTHUIIOB.
CrpyitHas 06paboTKa MaTepuaioB — €IMHCTBEHHAs TexHoJoTHs 3D-nevaru, kotopas
MO3BOJISIET CO3/1aBaTh MOJIHOLIBETHBIE MHOTOLBETHBIE pacriedaTku. [Ipu ucmnosnb3o-
BaHUU TOJyOOr0, MypIypHOTO, XKEITOro, 4yepHoro u Oenoro marepuanoB (CMYK)
JOCTYTICH MOJIHBIN Ha0OP IBETOBBIX BAPUAHTOB. ITOr0 MOKHO JOOUTHCS B MpOIECCe
HACTPOWKH MEeYaTH, HA3HAYMB YACTSAM IBETOBbIE KOoAbl RGB, win MOXHO cnenars B
npouecce CAIIP, packpacuB getanb. TeKCTypHbIE CIOM TaKKe€ MOTYT ObITh MpUME-
HeHbl K Jetaid. C MOMOIIBIO 3TOr0 METOJa K YacTsIM MOXKHO J00aBUTh TaKue
AJIEMEHTHI, KaK Ma3KH KHCTH, TEKCTypa JAPEBECUHBI U TPaJMeHTHbBIC 11BeTa. Bo3Mox-
HOCTh MHOTOLIBETHOH nedyatr MJ 03Ha4yaeT, 4To 3Ta TEXHOJIOTHUS MTO3BOJISIET CO3/1aBaTh
dbuznyeckre Moaenu Meroaa koneuHbix asemMenToB (MKD, FEA). Ecin ananu3z MKD
BBITIOJIHSACTCA Ha JIETAld BUPTYaJbHO, IOJYYEHHBI [BETOBOM IIAaOIOH MOXKHO
AKCIOPTUPOBATHh B BUJE TEKCTYpPbI WM CJOS U paclieyararb HEMOCPEACT- BEHHO Ha
JeTaIu, Co3/IaBas BUIUMBIA I[BeTOBOM madmon MKD Ha ¢usmdeckoMm obpasie s
MPOCMOTpA. ITO JAET UHXKEHEPAM U KOHCTPYKTOpaM YHUKAJIbHOE MPEACTaBICHUE O
TOM, KakK JieTajiab OyJeT paboTaTh MoJ Harpy3KOu.

24 Mynvmumamepuanvhas neyams XapaKTEPU3yeTCS BO3MOKHOCTBIO TE€UYaTH
HECKOJIbKUMH MaTepuaiaMu B OJHOM IUKIIE.

MJ: HEeKOTOpBIE IPUHTEPHI CIIOCOOHBI MEYaTaTh KaK PE3MHOBBIC, TAK U KECTKUE
KOMITOHEHTHI Ha OJTHOM CTOJI€, B OJTHOM M TOM K€ JIeTalli, a TAKKe B BUJIE COOPKHU ISt
dbopMupOBaHUs HOBBIX CBOMCTB MaTepuaia (MSITKUWA PE3UHOINOJO00HBIM MaTrepuan U
TBEP/IbIN JKECTKUM MaTepruall MOKHO CMEIIIMBATH JJIsI TOJTYyUYCHHS pPa3IMYHbIC YPOBHEH
KECTKOCTU pe3uHbl). [Ipu MpOEeKTUPOBAHUM ISl TOTO Ba)XXHO CO3/1aBaTh COOPKH B
CATIP, uTo0BI pa3HbI€ I€TaIl MOKHO OBLIO BHIOMPATH B KAUE€CTBE Pa3HBIX MATEPUATIOB
BO BpeMs MOATOTOBKH K neyaTH. [Ipu conpsikenun 3tux coopanubix aeraneit B CAITP
HE JO0JKHO ObITh HaxJiecTa Tel. CleayeT UCIOIb30BaTh COMpshke- HUe ¢ 3a30poM «0
MM». DTO MO3BOJUT YacTAM NPaBUIIBHO CTHIKOBAaThCA. J[I0ObIE MEpeKphIBAIOIINECS
tena B mojaenu CAIIP Oyayt urHopupoBaThCs MpU Me4YaTH, YTO MPUBEHAET K
3aMO0JHEHUI0 00JIaCTU OCHOBHBIM MAaTE€pUaIoOM COOPKH.

25 Texcmypa XapaKTepu3yeTcss BO3MOKHOCTBIO TTOTYUSHUS TIISTHIICBOM W MaTo-
BOW IIOBEPXHOCTH.

FDM: BepxHsAs NOBEPXHOCTb CIVIAXKUBACTCS J3KCTPY3UOHHBIM HAKOHEYHUKOM;
MOBEPXHOCTh, KOHTAKTUPYIOIIAs C TeYaTHOU T1aT@opMoii, 00bIYHO OYET IIISTHIIEBOA,
a MOBEPXHOCTH HAaJl ONIOPHBIMU KOHCTPYKIMSIMU OYyT UMETh CIEbI MOICPIKKH.

SLA: HuXHUE TOBEPXHOCTH OYIyT MMETh METKU MOAJAECPKKU U MOTPEeOyIOT
HoCIeayromeii 00paboTKN, a BEpXHHE MOBEPXHOCTH OYIyT TIAAKUMHU U HE OYyIyT
UMETh METOK MOAJACPIKKHU.
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SLS, BJ: neranu OynyT umeTh 0ojiee 3€pHUCTYIO MOBEPXHOCTh HAa HMKHEU
MTOBEPXHOCTH.

MJ: HacTpoiika MaTOBOCTH I0OABUT TOHKHUH CJIOW MOJJACPKKHU MO BCEU JeTanu,
HE3aBUCUMO OT OpHUEHTaluu Wi TpeOoBanuii. [siHIIEBas HacTpoiika Oyaer
UCII0JIb30BaTh BCIIOMOTATENbHBIA MaTepHall TOJBKO TaM, TJI€ 3TO HEOOXOAUMO IS
MOCTPOEHUSI MOJIENU (BBICTYIIbI, CKBO3HSIKHU, MTOJIOCTH U T. 1.). [IpenmyniecTBa neyaTu
C IVISIHLIEBOW TEKCTYpPOM 3aKJIIOYAIOTCA B IPOYHOCTH HA TOHKUX CTEHAX, ICTETHUKE
IJaJKOM W TOTOBOM JeTalu U CHIDKEHHH pacxoja MaTepuaia Ha COOpKy.
K HegocratkaM MOXKHO OTHECTM HEPAaBHOMEPHYIO OTHEIKY JeTalled W He3Ha-
YUTEIBHOE 3aKPYIVIEHUE OCTPBIX KPOMOK M YIJIOB HA BEPXHUX IIOBEPXHOCTSX.
IIpenmyiecTBaMuy nev4aTv ¢ MaTOBOM TEKCTYPOU SIBIIIFOTCS TOYHOCTD JIETAJIH B IIEJIOM,
a TaKXe OJHOPONHOCTh IMOKpbITHA. HenoctaTku BKIHOYAKOT JONOJHUTEIBHBIC
TpeOOBaHMS K Marepuany, AOMOJIHUTEIbHOE BpEMS OYUCTKH U 00Jee MITKYIO
MOBEPXHOCTh. JTa Oosiee MArKasi MOBEPXHOCTh MHOTIa MOKET IMPUBECTH K CJIa0OCTH
MEJIKMX WJIK TOHKUX 3JIEMEHTOB.

26 Booonenponuyaemocms XapaKTEepPU3yeTCsd TeM IMPU JOCTIKCHUH KaKUX
3HAUEHUU THUAPOCTATHYECKOTO JABJIEHUS MaTepHall TepseT CIOCOOHOCTh He
BIIUTHIBATh U HE MPOMYCKaTh Yepe3 ceOs BOy.

SLA: 00BeKTHI ABJISIOTCS HEMPEPHIBHBIMU, HE3aBUCUMO OT TOTO, LIETbHBIE OHU
WM UMEIOT BHYTPEHHME KaHajbl. BOIOHENPOHMIIAeMOCTh BakHA B Cillydasx, KOraa
HY’KHO KOHTPOJIMPOBAaTb W TNPOTHO3HPOBATH BO3JECUCTBHE INOTOKOB BO3AYyXa WIH
KUJKOCTH.

27 H3omponnocme XapaKTepU3yeTCsl OJIMHAKOBOCTHIO (PU3MUECKUX CBOICTB BO
Bcex HampasieHusax. Ilockonmbky 3D-medaTe cO31aeT MOJENN CIIOM 3a CIOEM,
IIPOYHOCTh TOTOBBIX JETajJed MOXKET OTJIMYATHCS B 3aBUCHMOCTH OT OpPHEHTALUU
J€TaId OTHOCUTENBHO mpouecca neyatu: st ocel X, Y u Z OyayT XapaKTepHbI
pa3JIMYHbIE CBOMCTBA.

FDM: npouecc aHM30TPOMHBIN 3a CUET MOAX01a K CO3/IaHHUI0 PA3JIUYHBIX CJIOEB B
IPOLIECCE U3TOTOBJICHUS. DTa aHU30TPOINS OTPAHUYUBAET BO3MOKHOCTH TPUMEHEHUS
TEXHOJIOTMH WM TpeOyeT BHECEHUS JOMOJHUTENIbHBIX U3MEHEHUH B KOHCTPYKIIMIO
MOJENH I €€ KoMIeHcauuu. [IpogyHOCTh CBsI3M MEXAY pa3IMYHbBIMU CIIOSIMHU BCET1a
HIKe 0a30BOM MPOYHOCTU MaTepHaia: uX MPOYHOCTh IO OCH Z BCETAa MEHbIE, YEM
MX MPOYHOCTH B IIOCKOCTH XY. I10 3TOM mpuyMHE BaKHO YYUTHIBATh OPUCHTALUAIO
netained mpu npoektupoBaHuu getaned st FDM. BinusitHus Harpy3ok mnpu ux
Pa3JINYHBIX HAIIPABJICHUAX MPEICTABIICHBI HA PUCYHKE 2.8.

SLA: goctukeHue U30TPONUM JE€Tajell OCHOBAHO Ha psae (aKTOpOB, KOTOPHIE
MOYHO CTPOrO KOHTPOJIMPOBATH 33 CUET MHTETPALlMM XMMHUYECKOIO0 COCTaBa Mare-
pHAJIOB € MpOLECcCcOM nedatd. Bo BpeMs neyaTtu KOMIOHEHThI OJIMMEPOB 00pa3ytoT
KOBAJIEHTHBIE CBSI3W, HO IPU CO3JaHUM IOCIEAYIOUIUX CJIOEB MOJEIb OCTAETCS B
«HE3PEJIOM» COCTOSAHMM YAaCTUYHOM peakuuu. B HeE3pemoM COCTOSSHUM CcMoJia
COXpaHsieT MOJIMMEPU3yEeMbI€ I'PYIIbI, KOTOPbIE MOTYT OOpa30BBIBATH CBA3U MEKIY
CJIOSIMH, IIPUAABASI MOAEIHN U30TPONTMYECKHE U BOJOHEITPOHUIIAEMbIE CBOICTBA MOCIIE
OKOHYATEJILHOTO OTBEPKIeHUsA. Ha MONEKYIJISIpHOM YPOBHE MEXAY INIOCKOCTAMU X, Y
U Z HeT pa3nuuuid. OTO IMO3BOJSET IOJYYUTh MOJEIM C NpPeIcKa3yeMbIMU
MEXaHUYECKMMH XapaKTEPUCTUKAMU, KPUTUUYECKN BAXKHBIMU U1 TAKUX LEJIEH, KaK
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MIPOU3BOJICTBO KOHJIYKTOPOB U KPEMEXKHBIX MPUCIOCOOJICHUN U TOTOBBIX JCTaJICH,
a Takke PyHKIMOHAILHOE MPOTOTUITUPOBAHUE.

L1 Wl W

Usrmnbarowasn
Harpy3ka
nepneHavKynspHa
Crnosim.

Oetanb npoyHas

Pacrarusaiowas
Harpyska
nepneHguKynspHa
cnosm.

OeTtanb He npoyHas

LI

W W

t—

—

4—

U3rubarowasn

Pactarusatowas Harpy3ka
Harpy3ska napannenbHa
napannenbHa Crnosm.
CIOSIM. Oetanb He
OeTtanb npoyHas npoyHas TTT

Pucynok 2.8 — Aumzorponus FDM-niedatn

28 Opuenmayus XapakTepU3yeTCs MPOCTPAHCTBEHHBIM PACIIOJIOKEHUEM MOJIe-
JIY TIpU TIeYaTH IS TIOJTyYEHUs IOBEPXHOCTH C TPEOYEMBIM Kau€CTBOM.

29 Pasmepnas mouHocmb — OXHJAaeMas TOYHOCTb pPa3MEpPOB U JIOMYCKOB
KOHKPETHOM TEXHOJOTMU. J[OMmyCcK aeTasum B HampaBJICHUW TE€YaTH COCTAaBJISIET:
=+ TOJMIMHA OJHOTO CJI0M.

2.4 Ilopsaook évlnoiiHeHus 1ad6opamopHoil padomul

1 IMonyuuts ueptex unu CAD-moaens neranu y npenoaBaTess.

2 [Tpoananu3upoBaTh HHGOOPMALIHIO O JAETATH: Pa3MEPHI U TOMYCKH, CIOKHOCTb
reOMETpPUH, MaTepHall, KaYE€CTBO MOBEPXHOCTH, PYHKIIMOHAIIBHOE HA3HAUEHUE.

3 [Ipoananu3upoBaTh U COCTaBUTH IIEMOYKY MOJITOTOBKMA MOJEIH K TI€UaTH C
y4eTOM BBIOPAHHOI'O THUIA TEXHOJOTHMU aJJUTUBHOTO MpPOU3BojcTBa. [Ipoananu-
3MpOBaTh BO3MOXKHYIO ONTHUMM3ALMI0O KOHCTPYKIMH JAETald U YCJIOBUHM MeyaTH Ha
OCHOBAHMH MPABUJI JU3alHA.

4 OpopMUTH OTYET.

2.5 Coodeporrcanue omuema

Otuét mo nmabopaTopHOil paboOTe BBIMONHIETCS Ha OTIEIBHBIX JIUCTaX Oymaru
i B TeTpaau. OH JOIKEH COAEPKATh CIeNyIOIIee:

— Ha3BaHUe J1abopaTOpPHOM PabOTHI;

— 1eJIb paOOoTHI;
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— aHAJIN3 TCXHOJIOTMYHOCTHU KOHCTPYKIUU JACTAJIN,

— TCXHOJIOTHYECCKAaA ICIIOYKa ITIOATOTOBKH MOACIIN K IICYAaTH,

— IPCAJIOKCHHUA 110 OIITUMU3AIHNHN KOHCTPYKIOUH ACTAIN H yCHOBI/Iﬁ IIcyaTu Ha
OCHOBAHHHU IIPaBUJI z:maﬁHa;

— OTBCTHI HAa KOHTPOJIBHBIC BOIIPOCHI;

— BBIBOJHbI.

Konmponwsnwvie eéonpocut

1 Kak n ansa xakux neneid nmpousBoautcs ontumuszanuss CAD-monenu? Kakue
IPU 3TOM IPUMEHSIOTCA UHCTPYMEHTBI TPOCKTUPOBAHUS?

2 Kakue Tpy OCHOBHBIE CTpAaTErUu OCTPOCHUS TPEXMEPHBIX MOJIeNel AeTallen
it 3D-nieuatu Bel 3HaeTe?

3 Urto Takoe penieryarbie CTPYKTYpbl?

4 Yto Takoe ONTUMHU3ALMS TOMOJIOTUU?

5 Yro Takoe nopoxaaroliee MoAeIUpoBaHue (TeHEPATUBHBIN JU3aiiH)?

6 Uro Takoe mpaBwiia nu3aiiHa IS aJAUTUBHOIO MPOU3BOACTBA? 3ayeM OHHU
HEOO0XOIUMBI KOHCTPYKTOPY?

7 Yto Takoe noaaepxxku? Kakne ocCHOBHbIC MpaBuiia Ju3aiiHa MOAACPIKEK IS
TEXHOJIOTUH aJIMTUBHOTO IPOU3BOJICTBA BhI 3HaeTe?

8 Kakue criocoOb1 popMupoBaHus pe3b0bl HA JETAISIX B YCIOBUSIX aITUTHUBHOTO
pou3BoJIcTBa BhI 3HaeTe?

9 Yro takoe uzotponHocTs? Kak anuzotponHocts 3D-pacniedaTkoB BIUSET HA
JU3aiiH JeTanei B yCIOBUAX aITUTUBHOIO IPOU3BOACTBA?

10 Kakyto pa3MepHyl0 TOYHOCTh OOECIEUMBAIOT TEXHOJOTUU AJIUTUBHOTO
MIPOU3BOJICTBA?
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3 TpexmepHoe cKaHMpPOBaHHE M OCHOBBI padoThl ¢ 3D-ckaHepoM
moaeau EinScan-Pro

He.JIb paﬁoTbIZ OCBOCHHUEC MCTOIAHWKHN TpeXMepHOFO CKaHI/IPOBaHI/IH ,HGTaHeﬁ Ha
OCHOBE METOJa CTPYKTYPHUPOBAHHOI'O CBETA C MCMOJIb30BaHHEM 3D-ckaHepa MOJIeNn
EinScan-Pro.

3.1 Obopyoosanue, uncmpymenmot u npuUGOPLL

1 OOBeKThI UCCaEAOBAHUS: TBEPIOTEIBHBIEC IETAIH.

2 3D-ckanep moxenu EinScan-Pro, mraTtuB, mOBOPOTHBIN CTOJ, TEKCTypHAs
Kamepa, Habop MapKepoB, KaTUOPOBOUYHAs TUIACTHHA.

3 Pabouast craHuus uin HOYTOYK.

4 TIporpammHoe obecrieuenure EinScan-Pro.

5 IIporpammuoe obecneuenue Solidworks.

3.2 Cxanuposanue cmpyKmypuposaHHbvlM C6emom

3D-ckanep — nepudepuitnoe ycTpoicTBo, aHanu3upyomee GopMy oObeKkTa 1 Ha
OCHOBE IMOJYYEHHBIX JaHHBIX co3zatomiee ero 3D-mMoenb.

3D-ckaHepsl ASNATCS Ha JIBAa THIIA TT0 METOTY CKaHUPOBAHUSI.

1 KoHTakTHBI.

Takoll MeToJ OCHOBBIBAETCS HA HEMOCPEICTBEHHOM KOHTAKTE CKaHeEpa C
UCCIIETyEMBIM O0BEKTOM.

2 becKOHTaKTHBIN.

2.1 AKTUBHBIE CKaHEPbI: U3Ty4alOT Ha O0BEKT HEKOTOPHIE HAIIPABJICHHBIE BOJIHBI
U OOHApyXMBAIOT €ro OTPAKEHHUE JJIs aHald3a: 4Yalle BCEro MCIOJIb3yeTCs
CBETOJMOJHBIN WJIM JIA3€pHBIN JIy4d, peKe — PEHTTCHOBCKHUE Iy4H, MH(ppaKpacHoe
M3ITy4YeHHUE WU YIIbTPa3BYK.

2.2 TlaccuBHBIE CKaHEpHI: HE M3Ty4alOT HUYETO Ha OOBEKT, a TMOJIAraloTcs Ha
OoOHapyXeHHE OTPAKEHHOTO OKPYXKAIOMIET0 H3JIy4YeHHUS. BONBIIMHCTBO CKaHEPOB
TAaKOro THUMA OOHAPY)KWBAET BUIUMBINA CBET — JIETKOJOCTYITHOE OKpPYIKaIoIIee
U3ITy4YCHHE.

CymiecTByeT nsiTh OCHOBHBIX METOIOB COOpa NaHHBIX MpH 3D-CKaHNPOBAHUH.

1 ®ororpammerpus. [Iporpammuoe oOecredeHne OOBEAUHSIET MHOXKECTBO
dotorpaduii 00bEKTa, CACNAHHBIX C PA3TUYHBIX PAKYpCOB, W OMpPEAEIseT KOOp-
JTUHATHI C TIOMOIIBIO TPUAHTYJISIINH.

2 Jlazep. Ckanep wusznydaeT jazepHblid Jiyd. Jlyd oTpaxkaeTcss OoT oObeKTa U
BO3BpAIIAETCs B IATUYUK, KOTOPHINA OMPELIISET PACCTOSIHUE 10 TOBEPXHOCTH.

3 Koopaunarao-usmepurensubie Mamubbl (KMM). KUM ucnonp3yror iy,
KOTOPBIH KOHTAKTUPYET C MMOBEPXHOCTHIO OOBEKTA.

4 KomnwrotepHass Tomorpadus. MeTon Hepa3pylIalIIero MOCIOWHOTO HCClie-
JIOBaHUSI CTPOCHUS TPEIMEeTa, OCHOBAHHBIM HA M3MEPEHUU W CJIOKHOW KOMIIbIO-
TEepHON 00pabOTKE PEHTIC€HOBCKOTO U3IYUYEHHS MPOXOASIIEro CKBO3b OOBEKT.
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5 CtpyKkTypupoBaHHbIi cBeT. [IpoekTop u3nydaer CBETOBbIE Y30Pbl (IIATTEPHBI),
KOTOpbIE 1€POPMUPYIOTCS NPHU OTPAKEHUU OT 00OBEKTA. 3aTeM OJHA WM HECKOJIbKO
KaMmep pacno3HaroT 3D-reoMeTpuio ¢ MOMOIIbI AJIrOPUTMOB TPUAHTYJISALUU, KaK
MOKa3aHo Ha pucyHke 3.1.

Kamepa Kamepa
nesas NpoeKTop npasas

Pucynok 3.1 — IIpuHImn ckaHUpOBaHUS CTPYKTYPUPOBAHHBIM CBETOM

[Ipouecc 3D-ckaHupoBaHUsS CTPYKTYpPUPOBAaHHBIM CBETOM B OOIIEM Cilyyae
MPEJICTABJICH HA PUCYHKE 3.2 U COCTOUT U3 CIECAYIOIINX 3TAMNOB:

— CKaHep coOupaeT AaHHbIE B BUE TOUYEK, KOTOPbIE COCTOST U3 KOopauHat XY Z
M, €ClId €CTh Takas Omius, UHPOpMalKI0O O IBETe (TEKCType) M MpOorpaMMHOE
oOecrnieuenue 3D-ckanepa npeodpas3yeT JaHHbIE B 00JIAKO TOYEK;

— nporpaMMHoe obecnieyeHre 3D-ckaHepa COENMHSAET TOYKH, CO3/1aBasi MOJIU-
TOHAJIBHYIO CETKY;

—nporpammHoe oOecriedenne CAD-mpoekTupoBanusi mpeoOpasyeT (aiin
MOJINTOHAJILHOM CETKU B (pailyl TBEpAOTENHLHON MOJIETH.

7
)

Pucynok 3.2 — Dramnsl 3D-ckannpoBanus
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3.3 3D-ckanep mooenu EinScan-Pro

Oommit Bung komiwiekTa 3D-ckanepa wmogenu EinScan-Pro  mpencrarien
Ha pucyHke 3.3.

cKaHep

wratuB

TeKCTypHasi
Kamepa

Pucynox 3.3 — Kommiekt 3D-ckanepa EinScan-Pro

3D-ckanep mozaenu EinScan-Pro ot kommanuu SHINING 3D o6magaet cieayro-
UM HaOOPOM TEXHUYECKUX XaPAKTEPUCTHUK.

1 Pexxum paboTsl: pyaHoe HD-ckanupoBanue.

1.1 O6nacts ckanupoBanus: 0,03...4 m.

1.2 Cxopoctb ckanupoBanusi: 15 kaapos/c.

1.3 Tounocts ckanupoBanus: 0,1 Mm.

2 PexxuM paboThl: pyuyHOE OBICTPOE CKAHUPOBAHHUE.

2.1 O6nacte ckanupoBanus: 0,15...4 m.

2.2 Ckopoctb ckanupoBanus: 10 kagpos/c.

2.3 Tounocts ckanupoBanus: 0,3 M.

3 PexxuM paboThl: aBTOMaTHYECKOE CKaHUPOBAHHUE.

3.1 O6macte ckanupoBanus: 0,03...0,15 m.

3.2 CKopoCTh CKaHMPOBaHUS: MeHee 2 C (OJIUH MPOXO.).

3.3 Tounocts ckanupoBanus: 0,05 MM (oguH MPOXO.).

4 PexxuM paboThI: CBOOOTHOE CKAaHUPOBAHUE.

4.1 O6nactb ckanupoBanus: 0,03...4 m.

4.2 CKOpOCTh CKAaHUPOBAHUS: MeHee 2 ¢ (OJIUH MPOXO.).

4.3 Tounocts ckanupoBanwus: 0,05 mm (oauH TPOXOT).

5 Pasmep ognoro caumka: 210 x 150 mm.

6 Mcrounuk cBeta: LED (Gembrit).

7 KonuuectBo kamep: 2 + 1 (1Be OCHOBHBIE U OJIHA Kamepa JIJIsl 3aXBaTa TEKCTYP
1 1IBETA).

8 IonnepxxuBaemsbie popmatel: OBJ, STL, ASC, PLY, 3MF, P3.
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9 CxaHupoBaHue CHEUUATIbHBIX OOBEKTOB: JUIsl CKaHUPOBAHUS IPO3PAUHbIX,
OJIeCTALIMX, TEMHBIX O0BEKTOB TPeOyeTCss MPUMEHEHUE CIEIUATIBHOTO CIIpEs.

10 lononHuTensHOE 000pYI0BaHKE: KaTuOpOBOYHAs MaTdopma, TOBO- POTHBIHI
CTOJ.

3.4 Ilopaook évtnonnenus 1adopamopHoil padomul

1 ITonmyuuTs neTanb y mpernoiaBaTes.

2 [Ipoananu3npoBaTh KOHCTPYKLHUIO JIE€TAIH: pa3Mephl, CI0KHOCTh T'€OMETPHUH,
TEKCTYpY, TPYAHOIOCTYIIHbIE yuacTKu. [loaroroButs netanp k 3D-ckaHUPOBaHUIO.

3 Bemonaute kamubpoBky 3D-ckanepa wmoxaenu EinScan-Pro, BwimomHss
MOIIIAroBble PEKOMEHJalluu porpammHoro oodecneyenus: EinScan-Pro.

4B nporpammHoM obOecnieuenun EinScan-Pro co3gatb HOBBIM  MOpoOEKT,
ONpENEIUTh NapaMeTpbl CKAaHUPOBAHMS W BBINOIHUTH 3D-CKaHMpOBaHUE JIE€Taju.
CdopmupoBaTh UTOTOBBIN (ail.

5 [Ipoananu3upoBaTh NOITYUYEHHBIE PE3YyJIbTATHI.

6 OpopmMuTh OTYET.

3.5 Cooepirrcanue omuema

Otuér no nabopaTopHOil pabOTE BHIMOJHAETCA HA OTIEIbHBIX JUCTax Oymaru
wiK B TeTpaau. OH TOHKEH COAEPKaTh CIAEAYIOIIEE:

— Ha3BaHHe J1a00paTOPHOI padOTHI;

— 1eJIb paOOoTHI;

— nopsiok kanmoposku 3D-ckanepa EinScan-Pro;

— aHaJIU3 KOHCTPYKIIUU U TMOPSA0K MOATOTOBKH JieTalu K 3D-ckaHupoBaHMIo;

— nopsaaok 3D-ckaHupoBaHus JAeTaiu U paboTa ¢ MPOrpaMMHBIM 00ecTieueHueM
EinScan-Pro;

— OTBETHI HA KOHTPOJIbHBIE BOIIPOCHI;

— aHaJIA3 TTOTYYEHHBIX PE3yJIbTATOB U BBIBOIBI.

Konumponwvuwie eonpocwi

1 Yrto takoe 3D-ckanep? Kakue OCHOBHBIE 3JIEMEHTHI €r0 KOHCTPYKIHH BbI
3Haere?

2 Kax paboTaroT naccuBHbI€ CKaHEPbI?

3 Kakue ocHOBHBIE MeTO/IbI cOOpa naHHbIX npu 3D-ckanupoBanuu Bel 3HaeTe?
B uem ux otiinuue?

4 Ha yeM OCHOBaH METOJ CTPYKTYPUPOBAHHOI'O CBETA?

5 Kakue pexxumbl ckanupoBanus 3D-ckanepa moaenu EinScan-Pro Ber 3naere?
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4 NU3roroBienue naerajgeii meroaoMm FDM-meyatm W  OCHOBBI
padorsl Ha 3D-npuHTEpE

eans padoThl: ocBoeHHE MeToMKu 3D-meuatu Ha ocHOBe TexHoJoruu FDM
C ucrnoib3oBaHueM 3D-nipuHTepa.

4.1 Obopyooeanue, uncmpymenmaul u npUOGOPLL

1 OOBeKTHI UCCNEOBAHMUS: IETAIA U3 TEPMOILIACTUKOB.

2 3D-mpuntep texunonorun FDM, nabop ¢punamenta (ABS, PLA, PETG u np.),
Habop corel.

3 Pabouast craHuus Win HOYTOYK.

4 TIporpammuoe obecnieueHue s cinavicunra (Slider, Curau ap.).

5 IIporpamMmuoe obecrieuenue aist smyssuun 3D-neuaru (Repetier-Host u ap.).

6 [Iporpammuaoe  obecneuenue i1 3D-moxenmuposanus  (SolidWorks,
Kommnac-3D u ap.).

4.2 FDM-neuamuw: npouecc u ooopyoosanue

MopaenupoBaHue MeToa0M nocioiHoro HariasieHus (FDM), Takke uzBectHoe
KaKk M3rotomjeHue metojaom raBieHus (uinamenta (FFF), npeacraBnsier coboi
MPOIECC QJJAUTHUBHOIO TMPOU3BOJICTBA, OTHOCSIIUWUCS K KaTErOpUH SKCTPY3UU
marepuana. B FDM-neuatu oOBEKT co37aeTcs MyTeM BBIOOPOYHOTO HAHECEHUS
pacCIUIaBJIECHHOT0 MaTepualia Mo 3aJaHHOMY IyTH, CJIOW 3a CI0eM, KaK MOKa3aHO Ha
pucynke 4.1. Ucnonb3yemble Marepuaibl MPEACTaBISIOT COOOM TEPMOIUIACTHYHBIC
MOJIMMEPHI, KOTOPBIE BBITyCKAIOTCs B (hopMe HUTH ((ustaMeHTa).

[Ipouecc FDM-nieuatu 3akmrodaeTcs B TOM, YTO CHaydaja B IPUHTEp 3arpy-
KAETCs KaTyIlKa TepMoIuiacTuuHoi HutH (dunamenTa). Kak ToabKo cormio qocTuraer
KeJIaeMor Temmeparyphl, GUIAMEHT MOJACTCS B COIUIO Yepe3 AKCTPyHaep, TAe OH
MIJIABUTCSL.

DKCTpynep NPUKPEIJIEH K TPEXOCEBOM CHUCTeME TMepeMelleHus, KOoTopas
MO3BOJIsIeT paboueMy opraHy nepemMemarbcsa B ocax X, Y W Z. PacniaBieHHBIN
Marepuail NoJAaeTCd TOHKUMU MOJIOCKAMU U YKJIAJbIBACTCS CJIOM 3a CIIOEM B 3apaHee
ONPEAECICHHBIX MECTaX, TA€ OH OXJIAKIACTCA W 3arBepaeBaeT. s ycKopeHus
OXJIQXKEHUS K IKCTPYAEPY MOTYT ObITh MPUKPETICHBI KYyJIEphI (BEHTUIISTOPHI).

Jlns 3amoyiHeHWsT O0JacTH TMOCTPOEHUs TpeOyeTcss HECKOJBbKO IMPOXOJIO0B,
aHAJIOTUYHO 3aKpalllMBaHUIO TMPSIMOYrojbHUKA MapkepoM. Korma cioli roTos,
maTdopMa MoCTPOSHHUs IepeMeInaeTcs BHU3 (MM B HEKOTOPBIX KOHpurypamnusx 3D-
MIPUHTEPOB SKCTPY/IEP MEPEMENIAETCS BBEPX) U HAHOCUTCS HOBBIN CJIOW. DTOT MPOLECC
MOBTOPSETCS JI0 TEX MOp, MOKa JAeTallb He OyIeT 3aBepIieHa.

bosnbmmmHcTBO FDM-IpUHTEPOB MO3BOJISIIOT PEryJIUMPOBaTh HECKOJIBKO ITapa-
MeTpoB Tporiecca. K HUM OTHOCSTCS TeMIiepaTypa Kak coIia, TaK W TUIaT(GOpMBI
MIOCTPOCHHUS, CKOPOCTh ITOCTPOEHHMS, BBICOTA CJIOSI U CKOPOCTh OXJIAXJAro- IIETO
KyJiepa.



1 — katyumika punamenTa; 2 — riaaBHbIA punamenT; 3 — GuIaMeHT MOAJEPKEK; 4 — SKCTPYAEp;
5 — neranb; 6 — oAnepKKY; 7 — ardopma MOCTPOCHUS

Pucynoxk 4.1 — IIpuniun pabots! 1 KoHCTpYyKius FDM-npunrtepa

UToOBI COKpAaTUTh BpeMs MeYaTH U COKOHOMUTH Marepuai, nerainu npu FDM-
meyaT OOBIYHO HE TMEYATAIOTCS CIUIONIHBIMA. BMECTO 3TOro BHENIHHMHA TEPUMETD,
Ha3bIBa€MbIH 000JIOYKON, TPACCUPYETCS C UCII0JIb30BAHUEM HECKOJIBKUX MPOXOJI0B, a
BHYTPEHHUI, HA3bIBAEMbIN 3allOJIHEHUEM, 3AIOJHSAETCS BHYTPEHHEH CTPYKTYpPOH C
HU3KOH IIJIOTHOCTBIO.

4.3 FDM-neuamu: mamepuanwt

OnHolt n3 cuibHBIX CTOpOH FDM-nedaru ABnsieTCS IMMPOKUN CHEKTP JOCTYII-
HBIX JJI MCIOJB30BAHMS MAaTEpUalOB, KOTOPBIA BKJIIOYAET B ce0s OOBIYHBIC
Tepmonoiaumepsl (Takue kak PLA u ABS), koHCTpyKIIMOHHBIE MaTEpHAIIbI (TaAKUE Kak
PA, TPU u PETG) u Tepmonoiaumepsl C BBICOKMMH 3KCIUTyaTallMOHHBIMU
xapaktepuctukamu (Takue kak PEEK u PEI).

Ipeumywecmesa u neoocmamxu mamepuanoe FDM-neuamu.

ABS:

+ Xopolas POYHOCTh, CTOMKOCTh K UCTUPAHUIO U TEPMOCTOMKOCTB;

+ BO3MO>KHA TOCTOOPa0OTKA MapaMu alleToHa JJisl IpUIaHusl OJIecKa;

+ noctoOpaboTka: nuidoBaHue, NOJUPOBAHUE, TOKPACKA,

+ aleTOH TAKKE MOKHO HCIIOJIb30BaTh B KAYECTBE CUIIBHOTO KJIES;

— OoJiee moABEPKEH AedopMaIuy;

— YyBCTBUTEJIbHBIH K YIbTPa(HOIETOBOMY U3IyUEHHIO;

— 3amax Npu NeyaTy U NOTEHIIUAIBHO BHICOKHE BHIOPOCHI JIbIMA.
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PLA:

+ OTJIMYHOE BU3YaAJIbHOE KaueCTBO;

+ JIETKO IeYaTarh JIeTAJIM U3 MaTepuaa;

+ OuopasiaraeMblil 1 OTCYTCTBUE 3aI1axa;

+ nmoctobpadoTka: nurdoBaHue, MOJTUPOBAHUE, ITOKPACKA;
+ XopoImasi yCTOMYUBOCTh K YIAbTPahHOICTOBOMY U3ITyUEHHIO;
— HU3Kas yAapHas BI3KOCTb;

— HU3Kas BJIaroCTOMKOCTB;

— TJI0XO CKJICHBAETCS.

Nylon (PA):

+ BBICOKAsI MPOYHOCTh ¥ U3HOCOCTOMKOCTB;

+ XOpolias XMuMHYECKasi CTOMKOCTb;

— HU3Kas BJIArOCTOMKOCTB;

— MOTEHIUAJILHO BBICOKHE BEIOPOCHI JIbIMA.

PETG:

+ 0€30MMaCHBIN JIs1 TUIIEBBIX MPOITYKTOB,;

+ XOpoIiasi IPOYHOCTh U XOPOoIlasi CTOMKOCTh K UICTUPAHUIO;
+ JIETKO MeYaTarh JIeTalld U3 MaTepuana;

+ BBICOKAs BJIATOCTOMKOCTh U XUMUUYECKasA CTOUKOCTb;

+ nepepabaTbIBaeMbIi;

+ nmoctobpaboTka: nurdoBaHue, MOJTUPOBAHUE, TOKPACKA;
— msokenee, uem PLA u ABS.

TPU:

+ OYeHb THOKUI;

+ XOpoIasi CTOMKOCTh K UCTUPAHUIO;

+ XopoIasi CTOMKOCTb K MacliaM U XKupawm;

— 3aTpyJHEHA MOCTOOPadOTKa;

— 3aTPy/IHEHA NI€YaTh JETAIEHN C BBICOKOM TOUHOCTHIO;

— TIJIOXO CKJICMBAETCS.

PEI:

+ OTJIMYHAS IPOYHOCTH 10 OTHOIIICHUIO K BECY;

+ OTJIMYHAsi OTHECTOMKOCTh U XMMHUUYECKAasl CTOMKOCTB;

— BBICOKAasI CTOUMOCTb.

PC:

+ BO3MOXKHO 00€33apakuBaHue (CTepUIIH3AIN);

+ mpocToTa Moceayome 00padoTku (umdoBaHue);

— YYBCTBUTEIIbHBIN K YIbTPaA(PHUOIETOBOMY U3ITYUCHUIO.

4.4 FDM-neuams: nocmoopabomka

3D-nevate FDM iydiie Bcero mMOAXOAMT [Jisi SKOHOMUYHBIX IPOTOTHUIIOB,
OPOU3BOJAUMBIX B KOPOTKHME CpOKU. JIMHMM CJ0€B OOBIYHO MPHUCYTCTBYIOT Ha
pacneuatkax FDM, 4ro nemaer noctoOpaOOTKy HEOOXOAMMBIM JTAlOM, €CIH
TpeOyeTcs riaaKas IOBEpXHOCTh AeTanu. HekoTopslie MeToabl MOCTOOPAOOTKH TaKkkKe
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MOTYT IOBBICHTH MPOYHOCTH PACICUaTKOB, MOMOIas YMEHBIIUTh aHH30TPOITHOE
noBejgeHue aetaneii FDM.

OcHoBHbIE MeTO/1bI TOCTOOpaboTKU nocsie FDM-neuartu:

— yaaneHue nojaaepxkku (support removal): ctangapTHBIC U paCTBOPUMBIE;

— mutudosanue (Sanding) u moxuposka (polishing);

— xoJtoHas ceapka (cold welding);

— 3anoiHeHue poryckos (gap filling);

— IpyHTOBKa M TIoKpacka (priming and painting);

— CIUTaKMBaHUE IapamMu pactBoputes (Vapor smoothing);

— norpyskenue B pactBopureis (dipping);

— amokcuaHoe (EPOXY coating) u meTatrnueckoe mokpeitue (metal plating).

4.5 Ilopsaook evitnonnenus 1abopamopHoil padomol

1 TMomyuuts yeprex wiu CAD-Mozens geTanu y npenoiaBaTess.

2 [Ipoananu3upoBath HHOOPMAITUIO O JETAIH: Pa3MePhl U JOIYCKU, TEOMETPHIO,
MaTtepua, GyHKIIMOHATFHOE Ha3HAYEHUE, KAYECTBO TIOBEPXHOCTH.

3 BBIMOTHUTE ONTUMU3ANNIO KOHCTPYKITUU JIETAIH — 337aTh MapaMeTphl IeYaTu
¥ TIPOW3BECTH OICPAIUIO CIIAWCHHTA — TMPOBEPHUTH YMPABIAIONIYI0O TPOTPaMMy B
IMYIIATOPE — TPH HEOOXOIUMOCTH BHECTH KOPPEKTUPOBKH — 3arpy3HWTh YIIpaB-
TS0y TIporpamMmy B 3D-mipuHTEp — TpHM HEOOXOAMMOCTH 3aMEHUTH MaTepHall
¢dunamMeHTa — 3aIyCTHTh TIeYaTh — [0 OKOHYAHWH TeYaTH MMPOU3BECTH aHAIHM3 U JaTh
PEKOMEHAaIH 110 TOCTOOPabOTKE JeTau.

4 OpopMUTH OTYET.

4.6 Cooepicanue omuema

Otuét mo nmabopaTopHOil paboOTe BHITIONHIETCS Ha OTIEIBHBIX JIUCTaX Oymaru
K B TeTpaau. OH TOHKEH COAEpKaTh CIASAYIOIIEE:

— Ha3BaHWE U IIEJb JJA0OPATOPHOU PabOTHI;

— aHaJIM3 KOHCTPYKIIMH U TIOPSAO0K MOATOTOBKH AeTayu K 3D-neyarw;

— nopsinok FDM-nieuatu neranuy;

— PEKOMEH/IaIH 110 TTOCTOOpaboTke AeTanu nocie 3D-nevaru;

— OTBETHI HA KOHTPOJILHBIE BOITPOCHI;

— aHaJIU3 MOJTYUYEHHBIX PE3yJIbTATOB U BBIBOJIBI.

Konmponwsnwie eéonpocwi

1 Kak paboraer npunrep nias FDM-nedatu?

2 Kakue matepuansl npumeHstorcs 11t FDM-nieuatu?

3 Yro Takoe drmameHT?

4 Kakue OCHOBHBIE METOJIbI MocToOpaboTku aetaneit nociae FDM-neuatn Boi
3HaeTe?

5 Kakue orpanndenus npucymu 3D-neuatu no texnosoruu FDM?
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5 M3roroBjieHHEe MeTAaJIMYecKHuX aeTtajeii merogoM SLM-nmeuatn
1 OCHOBBI padoThl Ha 3D-npunTepe moaenu EP-M250

Heans padoThl: ocBoeHHe MeToAukH 3D-meyatn Ha ocHOBe TexHosioruu SLM
¢ ucnonp3oBanuem 3D-npunTtepa moaenu EP-M250.

5.1 Obopyoosanue, uncmpymenmot u npuUGOPLL

1 OOBeKThI UCCEOBAHUS: IETANI U3 METAJUTMYECKOT0 TOPOIIIKA.

2 3D-mpuntep Texunonoruu SLM monenu EP-M250, meTaniandeckuii MOpoIIoK
(316L u gp.).

3 PaGoyas craHuus uiau HOYTOYK.

4 TIporpammuoe obecnieueHue s cinaricuara (EPHatch u np.).

5 [Iporpammuoe  obecnieuenue  amst  3D-moxenupoBanus  (SolidWorks,
Kommnac-3D u ap.).

5.2 SLM-neuams: npoyecc u oo6opyoosanue

CenexktuBHoe JnazepHoe mmiaBieHue (SLM) — »3To mpouecc aaaIuTUBHOTO
MIPOU3BOJICTBA METAJJIOB, KOTOPBIM OTHOCUTCS K cemelcTBy 3D-medatn meTomom
CIUIABJICHHUS B IIOPOIIKOBOM CJIO€. TE€XHOIOTHs UCIIONB3YET JIa3ep I CKAHUPOBAHUS
Y BBIOOPOYHOTO MJIABJIEHUS YaCTULl METAIUTMYECKOT O TIOPOILIKA, CBSI3bIBAsI MX BMECTE U
co3laBas JeTallb CJIOW 3a cimoeM. Marepuanbl, HUCIOIb3yeMbIE B IIPOIECCE,
MPEACTABIISIOT COOOM METaIbl B TPAHYJIMPOBAHHOMN (pOpMe KakK MOKa3aHO Ha PUCYHKE
5.1. SLM ucnons3yeT METaJUTMYECKHUE MOPOIIKHU C OJTHOM TEMIIEPATY PO IIaBJICHUS U
MTOJTHOCTBIO pacIuiaBisieT yacTulbl. SLM-meuath UCNOab3yeTcsl B IPOMBIIIJIEHHOCTH
IUTSl CO3JaHNsI KOHEYHBIX WH)KEHEPHBIX TPOITYKTOB.

@

> ( e s x p il [ =9
SEMHV:20.00kV  WD:11.5520mm VEGAW TESCAN
View field: 852.1 ym  Det: SE Deteclor 200 pm 4
Date(m/dfy): 01/01/06 supervisor

Digital Microscopy Imaging u

Pucynok 5.1 — Yactuiel MeTaimmndeckoro noporiika st SLM-nieuatn



38

B Hauane npouecca nmoaroroBku nedatu Ha SLM-mpunTepe (pucyHok 5.2)
Kamepa COOpKHU 3amoJIHAETCS WHEPTHBIM Ta3oM (aproH, a3oT), 4TOObl CBECTH K
MUHUMYMY OKHCJIEHHE METAJNIMYECKOro IMOpOIIKa, a 3aTeM HarpeBaeTcs [0
ONTUMAJIbHON TemmepaTypsl. HarpeBy noyuiesxut u miatgopma nocTpoeHus.

%

1—-nazep; 2—cucrema CKaHMPYIOUIMX 3epKai;, 3 —pakelb (pekoyrep); 4 — aeraisb;
5 — MOAIEPKKH; 6 — METaNINYECKUI MOPOLIOK; 7 — MEePECHITHON OyHKep

Pucynok 5.2 — [punuun pa®oTs! 1 koHCTpyKIus SLM-nipunTepa

ToHKUI CITIOM METAUTMYECKOTO TMOPOIIKa pachpeaessiercss Mo rmiathopme
MOCTPOEHUsI, W MOIIHBIA Ja3ep CKaHUPYET MOMNEePEYHOE CEYEHUE KOMIIOHEHTA,
PaCILIaBIIAs] METAJUIMYECKHAE YACTULIBI BMECTE U CO3/1aBasi CIEAYIOIIUI CIOM.

Korpa mpouecc ckanupoBaHMs 3aBEpILEH, IUIaTGopMa MOCTPOCHHS MepeMe-
1[aeTcsi BHU3 HA OJMH CJIOW TOJIIIMHBL, & pakelb (PEKOyTep) HAHOCUT el OIMH TOHKUI
CJIOM MeTajmyeckoro nopoiuka. [Ipouecc noBropsieTcs A0 TEX MOP, MMOKA NeYaTh HE
OyJIeT 3aBeplieHa.

Korma mpouecc medatw 3akOHYEH, JETAIM IOJHOCTBIO HWHKAIICYJIHPYIOTCS B
METaJUIMYECKU Mopomok. B omimume OT mpouecca CIUIABJIECHUS MOJUMEPHOTO
MOPOIIKOBOTO cjos (Hampumep, SLS), netanu npukpervisitoTes K miatgopme cOOpKH
yepe3 onopHble KOHCTpyKuuu. Onopa B 3D-meyaT MeTauioM M3rOTABJIMBAECTCS W3
TOTO >K€ Marepuaina, 4To M JeTallb, U BCerna HeoOXoauMa il YMEHBIICHHMS
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BO3MIeHCcTBHS epopMalinii, KOTOPhIE MOTYT BO3HUKHYTh M3-3a BRICOKHX TEMIIEPaTyp
00paboTKH.

5.3 SLM-neuams: mamepuanut

SLM-nedats mo3BOISET MPOU3BOIUTH JIETATH U3 HIUPOKOTO CIIEKTPa METAILIIOB U
METAJUIMYECKUX CIUIABOB, BKIJIIOYAsi aJIOMUHUN, HEPKABEIOLIYI0 CTallb, TUTAH,
KOOQIhT-XPOM W HMHKOHENbh. DTH MaTepuaibl yJIOBIETBOPSIOT MOTPEOHOCTU OOJb-
IIMHCTBA MPOMBIIUICHHBIX MPUMEHEHUH, OT a’3pOKOCMHUYECKON [0 MEIUIIHUHBI.
JlparorieHHbIe METaJUIbI, TAKUE KaK 30JI0TO, TUIATHHA, MAJUIATuil U cepedpo, TaKxKe
MOTYT OBITb 00pabOTaHbl, HO HUX NIPUMEHEHHWE OIPAHUYEHO M B OCHOBHOM
OTPaHUYMBAETCS U3TOTOBJICHUEM OBEIMPHBIX U3Aeiuil. CTOMMOCTh METAINIMYECKOTO
MOpOoIlIKa O4YeHb BbICOKa. [lo 3TON mpuumHe MUHUMMH3AlLUS oObeMma JAeTaneil u
MOTPEOHOCTH B MOJJEPKKAX SBISIOTCS KIOYOM K MaKCUMaJbHO BO3MOXKHOMY
CHIKeHUIO crouMocTd. KimroueBbiM npenmyiecTBoM 3D-nieyaT METaJIJIOM SIBJISIETCS
€ro COBMECTUMOCTh C BBICOKOIIPOYHBIMHU MaTepHalaMu, TAKUMH KaK HUKEJICBBIC WJIU
KOOQJIbT-XPOMOBBIE ~ CYIEPCIUIaBbl, KOTOpPbIE OYEHb TPYyAHO 0OpabaThIBaTh
TPAJULIUOHHBIMA METOIAMH IIPOU3BOJICTBA.

Ipeumywecmesa u neoocmamxku mamepuanog SLM-neuamu.

AJFOMUHUEBBIE CILIABBI:

+ XOpoIllre MEXaHUYECKHE U TEPMUYECKHUE CBOWCTBA;

+ HU3Kasg IIOTHOCTE,

+ Xopo1mas 3JIEKTPOIPOBOJHOCTD,

— HU3Kas TBEPIAOCT.

HepxaBeronas cTaib U MHCTpYMEHTaIbHASI CTallb:

+ BBICOKAsi U3HOCOCTOMKOCTD U TBEPIOCTH;

+ XOpolias INIaCTUYHOCTh U CBAPUBAEMOCT.

TuTaHOBBIE CIUIABHI:

+ YCTOMYMBOCTB K KOPPO3UH;

+ OTJIMYHOE COOTHOUIEHUE TPOYHOCTHU U BECA;

+ HU3KOE TEIIOBOE PaCUIUPEHHUE;

+ OMOCOBMECTHUMOCTb.

KoGanbT-XxpoMOBBIE CYyNEpCILIABhI:

+ OTJIMYHAS U3HOCOCTOMKOCTh M KOPPO3HUOHHAS CTOMKOCTH;

+ OTJIMYHBIE CBOMCTBA MPH MOBBINICHHBIX TEMIIEpaTypax;

+ OUEHb BBICOKAsl TBEPAOCTD;

+ OMOCOBMECTHUMOCT.

Hukenesble cynepcriiaBbl (MHKOHEIb):

+ OTJIMYHBIE MEXaHUYECKHUE CBONCTBA;

+ BBICOKasi KOPPO3UOHHAsI CTOMKOCTB;

+ TepmocToiikocTh 10 1200 °C u npuMeHeHre B SKCTPEMAIbHBIX YCIOBUSX.

[paroueHHubie MeTaIb:

+ UCII0JIb30BAHUE B FOBEJIMPHOM JIETIE.
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5.4 SLM-neuams: nocmoopabomka

Otan 3D-mewaty — 3TO TOJBKO HAyajao IMPOM3BOJCTBEHHOrO IMpolecca
U3roTOBJIeHUd AeTaniel o TexHojsoruu SLM. Ilocne 3aBepiienus neyatu Tpedyercs
HECKOJIBKO (00s3aTeNIbHBIX WM HE0O0S3aTeIbHBIX) ATAIOB MOCTOOPAOOTKU, MPEKIL
yeM Jetanu OyJayT TOTOBBI K HCHOJIb30BaHUIO. K 00s3aTenbHBIM 3TamaMm IOCT-
00pabOTKH OTHOCATCS:

— CHSTHE BHYTPEHHUX HAIPSOHKEHUH: M3-32 OYCHBb BBICOKHX TeMIepaTryp oOpa-
OO0TKM BO BpeMs IIe4aTH BO3HUKAIOT BHYTpeHHHUE HanpspkeHus. [lepen moboit npyroi
orepanuei X He00X0IMMO CHSTH C TIOMOIIBI0 TEPMUYECKON 00paboTKH;

— ypanenue peranen: npu SLM-nieyaty netany no CyniecTBy NPUBAPUBAIOTCA K
miaTpopMe IMOCTPOCHHUS. 3IECh NPUMEHSETCS pe3Ka Ha IPOBOJIOYHOM IIIEKTPO-
SPO3HMOHHOM CTaHKE, pe3Ka Ha JICHTOYHOIMJIBHOM CTaHKE, pe3Ka Ha JUCKOBO-
OTPE3HOM CTaHKE;

— yjaajeHue nojaepKku: noanepkku B SLM Bcerna TpeOyroTcst Il YMEHb-
HIeHUs] KOpoOJieHus U aegopManuid, BO3HUKAIOIIMX BO Bpems neyatu. [logaepxku
yIAJSIOTCS BPYYHYIO WM 00padaThiBatoTcs Ha ctankax ¢ YITY.

JIJist COOTBETCTBUS TEXHUYECKOW TOKyMEHTalMeld 4acTo TpeOyroTCs TOTMOJHU-
TeJIbHBIE ATaIlbl MOCTOOPaOOTKU. K HUM MOTYT OTHOCUTBCS:

— obpabotka Ha crankax ¢ YUITY: oOpaboTka wmcmonb3yercs B KaueCTBE YHC-
TOBOTI'O 3Tara Korja TpeOyroTcs 6oJiee KECTKUE JOMyCcKy, yeM ctanaapT + 0,1 mm. J{s
JAHHOTO THIA MMOCTOOPAOOTKU MPUMEHSIOTCS MUHIUMAITbHBIE TIPHUITY CKH;

— TepMuYecKas o0paboTKa: I yIydIIeH!us CBOMCTB MaTepraia JeTald MOKHO
UCII0JIb30BaTh TEPMUYECKYIO 00paOOTKY MM ropsyee H30CTaTHUECKOE TPECCO- BAHUE
(HIP);

— CrJIaKMBaHHE (MOJUPOBKA): JUIsI HEKOTOPBIX MPUMEHEHHI TpelOyetcs Ooliee
rJIajkasi TMOBEPXHOCTb, YEeM CTaHJgapTHas 1mepoxoBaTtocTb Ra = 10 mxm
npu SLM-nieqatn. O6pabOTKy MOXKHO MPOU3BOAUTH Ha YHMBEPCAJIbHBIX CTAaHKAX U
crankax ¢ UYIIY, BuOpo- wiM XMMHYECKOW MOJHUPOBKOM, TaJITOBAHUEM, MECKO-
CTpyHHOM 00pabOTKOM U Ap.

5.5 3D-npunmep mexunonozuu SLM-mooenu EP-M250: koncmpykuus

EP-M250 — »5T0 mpOMBINIUIEHHAs] YCTaHOBKA JUIsl CEJIEKTUBHOIO JIa3€pPHOTO
TUTaBJICHHMS, BhIymeHHas kommanuei E-Plus 3D (Bxoaut B xonrepa SHINING 3D).
MaiiiiHa MJIaBUT MOPOILIOK CIOM 3a CIOEM C MOMOIIbI0 BBICOKOIHEPTETHUYECKOIO
na3zepa U (GopMuUpyeT ero B TBEpJ0OE€ METAUIMYECKOE TEJIO0 Ha OCHOBE MPHHIIUIIOB
IIOCJIOWHOTO TIPOU3BOJICTBA.

3D-nipuHTEP MOXKET UCIIOJIH30BATHCS J1J1s 00paOOTKU MIPOMBIIIJICHHBIX U3/EIH B
Takux O00JacTAX, KaK a’pOKOCMHUYECKas MPOMBIIIJIEHHOCTh, MEIUIMHCKUE
UMILJIAHTAThl, 3yOHBIE TIPOTE3bI, IIpecc-(HOPMbI, HHCTPYMEHTHI, JCTAIN CHEIUATbHON
dbopmbl, roBenupHble u3menus uW T. 1. Kommiekc EP-M250 Ttakke Moxer
HCIIOJIB30BaThCSA B HAYYHBIX HCCIACAOBAHUSIX M pa3paboTkax, B oOpa30BaHUU U B
JIPYTUX OTPACIISIX.
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Buenmnuit Bug 3D-nipuntepa moaenu EP-M250 (ycTtaHoBKa MOJArOTOBKY rasza He
MOKa3aHa) MpeJCTaBlIeH Ha pucyHkax 5.3-5.5.

1 — nepennss nBepb BEpXHEW KaMepbl; 2 — MepeAHss ABEph HIDKHEH KaMmepsl; 3 — NmepeqHsis
JBEpb 3JIEKTpUUEcKoro Imkada ynpasieHus; 4 — omepalMoHHas KJIaBUaTypa; S — IaHEIb
MOJIKITFOUEHUS YIIPABICHHS; 6 — TITaBHBIA SKpaH yIpaBIeHUS

Pucynok 5.3 — Baemnawuii Buj 3D-nipunaTepa Mmoaenu EP-M250 (dhpoHTanbHBIH BHT)

1 — rnaBHaAs ABEph JJCKTPHUSCKOTO IKada ympaBlIeHUS; 2 — KOHAMIIMOHED; 3 — IIIaBHBIN
BBIKJIFOUYATEIb MMHUTAHUS; 4 — MOIYJb 3JCKTPUYCCKOTO COCIAMHEHUS; 5 — HIDKHSS JBEPh TIIaBHOMN
MAIUHbI, 6 — BEPXHsISL ABEPh INIABHON MaIIWHBI

Pucynoxk 5.4 — Buenrnwnii Bun 3D-nipunrepa moaenu EP-M250 (3aguuit Bun)
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1 — BepXHsA KPBIIIKA; 2 — BEPXHSSA KPBIIIKA JICKTPHUSCKOTO IKada; 3 — KOHAUIHOHED

Pucynok 5.5 — Buemnuii Bua 3D-npuntepa moaenu EP-M250 (Buz cBepxy)

OcHoBHast BHyTpeHHsIs1 cTpykTypa 3D-nipunTepa rnokasana Ha pucyHkax 5.6-5.8.

—
—
. —

1 — BHyTpeHHSS 3aIUTHAS JBEPh BEPXHEW KaMephl; 2 — BHYTPEHHSISI 3alIUTHAS IBEPh HIKHEH
KaMepbl; 3 — IPOMBIIIJIEHHbIH KOMIBIOTEP U OPT JOCTYIA K JIa3epy

Pucynok 5.6 — Buytpennss ctpykrypa 3D-npuntepa moaenu EP-M250 (dbponTanbhblil Bum)
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1 — ranpBaHOMETp; 2 — MOJIEBOE 3€PKANIO; 3 — KOJUIMMATOP (PaCHIMPUTENh Jy4a); 4 — TaT4uK
JaBJIEHUs; 5 — 3KpaH; 6 — NPOMBIIIJICHHBI KOMIBIOTEP; / — ONTOBOJIOKOHHBIN J1azep; 8 — omnopa;
9 — pomuk; 10 — mopmieHs mnpuBoma momauM Marepuana; 1l — JIMHEWHBIM TPUBOJ TOJAYH
MaTepuana; 12 —mwimHAp mpuBoAa moaauyd; 13 —mopmeHs  IATGOpPMBI  TOCTPOEHMS;
14 — popmoBouHbd MIIMHAP; 15 — O61OoK QuIbTpanuu OTpaboTaBImIMX ra3oB; 16 — OyHKep uis
nopomka; 17 —pakens; 18 —nuHeiiHbli mnpuBon pakens; 19 — Bo3ayx03a0opHBIM  KaHa,

20 — Bo3BpaTHBIA BO3AYX0BOX; 21 — MaHOMETp; 22 — 3JIEKTPOMArHWTHBIN KIJamaH BBITYCKHOM
KaMepsl

Pucynok 5.7 — BuyTpennsis ctpykrypa 3D-nipunrtepa mogenu EP-M250 (3aguuii Bun)

@DyHKIMYU KaXA0Tr0 KOMIIOHEHTA CTPYKTYpbl 3D-npuHTEpa creayromue.

["anpBaHOMETp: OCHOBHAS (PYHKIIMOHAIbHASI YaCTh JIA3€PHOTO CKaHUPOBAHMS,
UCIIONIb3yeMasi JUIsl yNpaBJICHHUs] CKAHWPOBAHHMEM JIa3epHOrO Jy4ya B 3(P(HEKTUBHOM
I10JIE 3PEHHUS.

KommumanuoHHelii  paCIIMpUTENs JIy4ya: HW3MEHEHME JHaMeTpa M yIula
PacXoJUMOCTH JIy4a, U3JIy4aeMOoro JIa3epoM.

IToneBoe 3epkaino: (OKyCHUpPOBKa JIA3€PHOTO JIyya.

Jatuuk naBieHus (MAHOMETP): ONpPEENICHUE NABJICHUSI B KaMEpe B PEXKHUME
pealbHOTO BPEMEHHU BO BpeMs pabOoTBhl.

brox ¢uubrpanuu orpaboTaBmIuX Tra3oB: (UIBTpAIMS Ta30B, BBIXOIANIUX
W3 MAIlIMHBI.
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JIuHEWHBIA PUBOJ PaKess: MPUBOAMUT B JIBUKEHUE CHUCTEMY Il TOBTOPHOTO
HAaHECEHHUs IMOKPBITHS OT Mojaroleld miaTpopMbl K IUIaTGopMe MNOCTPOECHHUS.
Meraninueckuil MOpoUIoK B MOoAaroLel miarpopme paBHOMEPHO pacipenesnseTcs 1no
wiatopme MOCTPOECHUS BMECTE C IBUKEHUEM PaKEJIs.

[Topmiens nmpuBoja mojauu M MmiaaTGopmbl MOCTPOEHUS: HOCUTENb MOPOIIKA U
JETAJIEH.

Bo3myxo03ab0pHbIif KaHaT ¥ BO3BPATHBIM BO3yXOBOJ: MEPEHOC MBUIA U TETLIA,
00pa30BaBIIErOCs B pe3y/bTaTe JIA3epHOTO IUIABJICHUS OPOLIKA, B BUICYJIOBUTENb U
BO3BpaT OT(UIBTPOBAHHOIO ra3a B TEXHOJIOTUYECKYIO KaMepy.

DNEeKTPOMarHUTHBIM KJIalaH BBITYCKHOM KaMephbl: CHUXKEHHE H30BITOYHOTO
JaBJICHUs, oOecreunBaloliee MoAepKaHUE JaBICHUS B KaMepe B OINpeAeTeH- HOM
JMaIia3oHe.

1 — pakenp; 2 — mepechImHON KaHan OyHKepa; 3 — BcachlBaroluil marpyook; 4 — mnatdopma
nmoctpoeHus; 5 —moxaromas miathpopma (dunep); 6 — HWKHHIA BBIXOJ] HWHEPTHOTO Tasa;
7 — MUHENHBINA IPUBOJI paKells; 8§ — BEpXHUHN BBIXO]l MHEPTHOTO rasa

Pucynok 5.8 — INpuanmmuamsHas cxemMa GOpMOBOYHONU KaMephl
5.6 Ilopsaook évinoiHeHUs 1AGOPAMOPHOIL padbombl

1 IMonyuuts yeptex unu CAD-monens aetanu y npenoaaBaTes.

2 [Ipoananu3upoBath HHOOPMAITUIO O JETAIN: Pa3MEPhI U JOMYCKU, TEOMETPHUIO,
MaTtepual, GyHKIIMOHATbHOE Ha3HAYEHUE, KAYECTBO TTOBEPXHOCTH.

3 BBIMOTHUTE ONTUMU3AINIO KOHCTPYKIIUHU JETAIH — 337aTh MTapaMeTphl IeYaTu
Y MPOU3BECTU OINEPALMIO CIIAliCUHTa — 3arpy3UuTh YHPABISIONIYyI0 porpamMmmy B 3D-
MPUHTEP — MPOBEPUTH YIPABJISIONIYIO TPOTPAMMY B SMYJISITOPE — MPU HE0OXO0-
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JTUMOCTH BHECTH KOPPEKTUPOBKH — 3alyCTUTh Ie4aTh — MO OKOHYAHUHU IeYaTH
MIPOU3BECTHU aHAJIU3 U J1aTh PEKOMEHIAIIUHU 10 TOCTOOPabOTKE AEeTAIH.
4 OpopMUTH OTYET.

5.7 Coodepirrcanue omuema

Otuét mo nmabopaTopHOil pabOTEe BHIMONHIETCS Ha OTIEIBHBIX JIUCTaX Oymaru
K B TeTpaau. OH TODKEH COAEpKaTh CIASAYIOIIEe:

— Ha3BaHHE U IIEJb JJA0OPATOPHOU PabOTHI;

— aHaJIU3 KOHCTPYKIIUU U TOPSAO0K MOATOTOBKH AeTanu K 3D-neyatw;

— nopsiiok SLM-nieuaru neranm;

— PEKOMEH/IAIHH 110 TTOCTOOpaboTke AeTanu nocie 3D-nevaru;

— OTBETHI HAa KOHTPOJILHBIE BOITPOCHI;

— aHaJIA3 MTOJTYYEHHBIX Pe3yJIbTaTOB M BBIBOJIBI.

Konmponwsnwvie eéonpocut

1 Kaxk pa6oraer nmpuntep ais SLM-neuatn?

2 Kakue matepuans npumensitores 1yia SLM-nieqatn?

3 Kakue TexHn4yeckue ra3pl IpuMeHsroTcs A SLM-newatun?

4 Kakue cymecTByIOT METO Ikl TOcTOOpaboTku aeranei nociae SLM-neuatn?

5 Kakwue orpaanuenus npucyuu 3D-neyatn no Texnonoruu SLM?

6 Kakre oCHOBHBIE 3JIEMEHTHI BHEIIHEW KOHCTpYKIuH 3D-mpuHTepa mMoaenu
EP-M250 Bel 3HaeTe?

7 Kakrie OCHOBHBIE DJIEMEHTBI BHYTpEHHEH CTpykTypbl 3D-mpuHTEepa mMomenu
EP-M250 Bel 3HaeTe?

8 Kakoe (yHKIMOHaIbHOE Ha3HAUYEHHWE KaXKJOTO M3 OCHOBHBIX 3JIEMEHTOB
cTpykTypbl 3D-nipunTepa moaenu EP-M250?

9 Yro Takoe pakenb, MaTepua U Ha3HAYCHHE?

10 Kakoif Tum na3zepHOro MCTOYHUKA ycTaHOBJIeH B 3D-mpunrtepe momenu

EP-M2507?
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