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Beryn

AJIUTUBHI TEXHOJOTi — II€ MPOLIECH CTBOPEHHS TPUBHUMIPHHX OO0'€KTIB
MOIIIAPOBUM JOJIaBaHHs MaTepially Ha OCHOBI MUGpoBUX Mozenei. BoHn Takox
BijioMi sik 3D-1pyK.

Cdepa 3actocyBaHHS aOUTHUBHUX TEXHOJIOTIM Jylie IUPOKA Bij
aBTOMOOUIBHOT Ta aepPOKOCMIYHOI MPOMUCIOBOCTI 10 MEAUIIMHU, apXITeKTypH Ta
MUCTELTBA.

Opna 3 HaWIKaBIMIUX OCOOJMBOCTEH AaJIUTUBHUX TEXHOJIOTIM TOJSATaE B
TOMY, IO 3a iX JOMOMOIOK) MOXJIHMBO CTBOPIOBATH HAJCKJIAJHI T€OMETPHUYHI
dbopmu, skl Oyno 6 Ayke CKiIagHO ab0 HEMOKJIMBO BUTOTOBHUTH TPaJAMIIIHHUMHU
MeToaaMu BUpoOHHULITBa. Lle 3a0e3nedye OLIbII BUCOKY TOYHICTh Ta €()EKTUBHICTD
BUPOOHMUIITBA, & TAKOXK JOIMOMOTY 1HHOBAIIMHOMY PO3BHUTKY B PI3HUX Taly3siX.

[cTopist aAMTUBHUX TEXHOJOTIM MoynHaeThess B 1980-x pokax 3 po3poOku
IPUCTPOIB, SIK1 I03BOJISIIM CTBOPIOBATH TPUBUMIPHI MoAell 00'ekTiB. lepn 3 nux
MPUCTPOIB OYyIM JOCUTHh MPUMITHUBHI 1 BUKOPUCTOBYBAIUCS I MPOTOTUITYBAHHS
1HKEHEPHUX JeTalei Ta MOJACIIEH.

3rofoM, 3 MOSBOIO HOBUX MarepiaiiB Ta TEXHOJOTIH, aJuTUBHI TEXHOJOTI]
CTaJIM Bce OLIbII MOMYJISPHUMHU Ta po3mupeHuMu. Y 1990-x pokax 3'sBISIOTHCS
MPUCTPOI, IK1 BAKOPUCTOBYBAJIUCS JIJIsl CTBOPEHHS 00'eMHUX PIryp, HAPUKIAI, IS
CTBOPEHHSI XyI0KHIX TBOPIB a00 JIJisi CTBOPEHHSI MPOTOTHUITIB.

Y 2000-x pokax aauUTUBHI TEXHOJIOT1i 3HAYHO pO3BUHYIHUCA. byno
pO3pO0JIEHO HOB1 MaTepiaid, Taki SK TMOJIMEpH, Kepamika Ta MeTaiu, SKi
JIO3BOJISIOTh CTBOPUTH OWIBII CKJIQJHI Ta TOYHI 00'€KTH. 3'SBISIOTHCS HOBI
TEXHOJIOT1i, K1 JO3BOJISIOTh APYKYBaTH 3 BUCOKOIO IIBUIKICTIO Ta TOYHICTIO.

CporoaHi aguTHUBHI TEXHOJIOTIi 3HAXOJATh 3aCTOCYBAaHHS B PI3HUX Tally3sXx,
TaKuX SK MEIUWIIMHA, aBialliifHa Ta aBTOMOOIJIbHA MPOMHUCIIOBICTh, OY1BHUIITBO,
BUPOOHUIITBO MeOJIIB Ta OaraTo iHIKMX. BOHM MOKYTh CTBOPIOBATH CKJIAIHI 00'€KTH
3 BUCOKOIO TOYHICTIO Ta MIBUJIKICTIO, III0 3HAYHO TMOJIETITYE BUPOOHUYMIA TTPOIIEC Ta

JI03BOJISIE OTPUMATH SIKICHIILY TIPOTYKIIIIO.



VY 1984 pomi Yak Xamn po3poOuB mepily MamuHy JJis ctepeosiitorpadii
(SLA), sixuii ctaB ciiB3acHOBHUKOM Kopropaiii 3D Systems. SLA — 11e nporec, y
SKOMY Jla3ep BUKOPUCTOBYETHCS IS 3aTBEPAIHHS (DOTOMOIIMEPHOI CMOJIH IIap 3a
mapoMm st ctBopeHHs 3D-o00’ekta. Ile OyB mepmmii Bumnanok 3D-Apyky, SKUi
3MIICHUB PEBOJIIOIIIO Y TPOMHCIIOBOCTI.

[Tpotsirom 1980-x 1 1990-x pokiB Oysio po3pobieHo 6arato iHmux Gopm 3D-
JPYKy, BKJIIOUarO4Yu MojentoBaHHsS HarutaBiaeHHs (FDM), BubGipkoBe maszepHe
cunikaaas (SLS) 1 BuroroBnenHs 06’ektiB gaminyBanasM (LOM). 1li texnosmorii
JTIO3BOJIMJIM CTBOPIOBATH OUIBIN CKJIAJHI 00 €KTH Ta JOTOMOIJIM PO3IIUPUTH
3actocyBaHHs 3D-npyky.

Ha mouatky 2000-x 3D-apyk cTaB OUIbII JOCTYHHUM JUIsl IIUPOKOI
IPOMAJICBKOCTI 3aBASIKA PO3POOIN OUIBII JOCTYIMHUX HACTUIBHMX TMpuHTEpiB. Lle
MPU3BEJIO0 A0 CIUIECKY 1HTepecy n0 3D-apyky cepen JtoOUTENiB, XYAOKHUKIB 1
MaiCTpiB.

Creorogni 3D-apyk TOpoAOBXKYye pPO3BUBAaTHCS Ta  PO3IIMPIOBATHUC.
TexHonoriss BUKOPUCTOBYETHCA B PpI3HUX Tally3siX, BIJ A€pPOKOCMIYHOI Ta
aBTOMOOUIBHOT 0 OXOPOHM 3/10poB’s Ta Moau. Lle Takox CTBOPMIO YMOBH IS
3apO/KEHHSI HOBUX ()OpPM BUPOOHUIITBA.

Ockisibku TexHOJO0T1s 3D-IpyKy NpOoAOBXKY€E PO3BUBATUCS, LILIIKOM IMOBIPHO,
0 BOHA CTaHE e JOCTYIHINIOW, CTBOPIOIOYM Iie Ouiblle 1HHOBAIlil Ta
MO>KJIMBOCTEN y MPOMUCIOBOCTI.

He3pakatoun Ha Te, 10 aJAWTHBHE BUPOOHHULTBO 3 SBUJIOCA BIJHOCHO
HEJIaBHO, BOHO B€ BIPOBAKEHO JI0 LIJIOTO CIIEKTPY Talry3ei 1 cep 1 mMpoaoBxKye
IIBUIKO PO3BUBATHUCS Ta PO3IIMPIOBATH CBOI MOKIIUBOCTI.

HezanexxHo Bif TOTro, Yd BU CTYAEHT, IOCHIJHUK YM MpodecioHan ramysi,
PO3YMIiHHS 1CTOPil Ta MOTOYHOTO CTaHy AJAMTHUBHOIO BUPOOHHUIITBA MAa€ BaXKJIUBE
3HAYEHHSA JIs TOTO, 100 3aJUIIaTUCS B KypCl NO1M 1 OyTH MOiH(GOPMOBAHUM PO
ITO TaJTy3b, IO MIBUIKO PO3BUBAETHCSA. BuBUYatouu po3poOKu, BUKIMKY Ta IHHOBAITII,
Kl c(hOpMyBaJM PO3BUTOK AJUTHUBHOTO BHUPOOHHUIITBA, MU MOXEMO TJIHOIIE

OLIIHUTH MOKJIMBOCTI Ta MOTEHIIAM L1€T TOTYKHOT TEXHOJIOTII.



PO3I1JI 1. Knacudikaunis maTepiaJiB 32 epeKTUBHICTIO BAKOPUCTAHHS

Cnektp maTepiaiiB, 110 BUKOPHUCTOBYIOThCS B aJIUTHBHOMY BHPOOHHUIITBI,
BPaxOBYIOUM BCl ICHYIOUHM TEXHOJIOTIl, IOCTaTHRO CKJIQJHO Kiacu(pikyBaTu.
Martepianu MOXYyTb BUKOPUCTOBYBATHCS y BUIJIAJl HHUTOK, IUTIBOK, TpaHyI,
nopoIIKiB, abo piguH. MarepiasaMu MOXYyThb OyTH MOJIMEpPH, METalH, BICK,
KBapIIOBHUH MICOK, MIOKOJa ] Ta iHme. KpiM Toro me He 3aBXIu OTHOKOMITOHEHTHI1
Marepiasid. ToMy 3acCTOCOBYIOTH PI3HOMaHITHI MiAXOAM A0 Kiacudikarii
MarepialliB, €IMHOIO CIUIBHOK PHUCOI0 BCIX MIAXOJIB € MO MaTepialliB 3a
MPUHAJICKHICTIO J0 TEBHOI TEXHOJIOTIl. SIK MpUKIamd PI3HOMAHITTSA IIIXO0JIB
pO3MIsIHEMO KJacu(iKaIiio MOJIMEPHUX MaTepiajiB, 10 IPYHTYETHCS Ha iX MOALII
32 e(DEKTUBHICTIO BUKOPUCTAHHS Ta KJIacU(IKAI[lIO 3a TEXHOJIOTIELO.

Knacudikamiss 3a edexTuBHICTIO BHUKOpUCTaHHS (Tabn. 1) € JocuTh
Ccy0’€KTUBHOIO 1 TIATPUMYETHCS HE BCIMA JOCIIITHUKAMH, aJI€ € IKICHUM €JIEMEHTOM

MapKETHUHTY Ha P1BHI BUPOOHUKIB.

Tabnuys 11— Knacugbixayis nonimeprux mamepianié 3a e@peKmueHicmio

BUKOPUCMAHHA
I :
ToBaphi a00 3BUUaiiHi FORCHEDH] BucokosikicHMI M1acTUK
miactMacu (Commodit HacTMac (High-Performance
oY (Engineering g i
or Common Plastics) Plastics) Plastics)
PLA PC PEI
ABS PA (nylon) PEEK
ASA PET PEKK
PP TPU PVDF
PMMA TPE PPSU
HIPS TPC
PETG



https://all3dp.com/2/what-is-pla-plastic-material-properties/
https://all3dp.com/1/high-performance-3d-printing-materials-the-ultimate-guide/#pc-polycarbonate
https://all3dp.com/1/high-performance-3d-printing-materials-the-ultimate-guide/#pei-polyetherimide-ultem
https://all3dp.com/2/abs-filament-brands-compared/
https://all3dp.com/1/high-performance-3d-printing-materials-the-ultimate-guide/#pa-polyamide-nylon
https://all3dp.com/1/high-performance-3d-printing-materials-the-ultimate-guide/#peek-polyetheretherketone
https://all3dp.com/2/asa-filament-explained-and-compared/
https://all3dp.com/1/high-performance-3d-printing-materials-the-ultimate-guide/#petg-pet-polyethylene
https://all3dp.com/1/high-performance-3d-printing-materials-the-ultimate-guide/#pekk-polyetherketoneketone
https://all3dp.com/1/polypropylene-pp-all-you-need-to-know/
https://all3dp.com/1/high-performance-3d-printing-materials-the-ultimate-guide/#tpe-tpu-tpc-thermoplastic-elastomers
https://all3dp.com/1/high-performance-3d-printing-materials-the-ultimate-guide/#pvdf-polyvinylidenefluoride
https://all3dp.com/2/pmma-filament-basics-best-brands/
https://all3dp.com/1/high-performance-3d-printing-materials-the-ultimate-guide/#tpe-tpu-tpc-thermoplastic-elastomers
https://all3dp.com/1/high-performance-3d-printing-materials-the-ultimate-guide/#ppsu-polyphenylsulfone
https://all3dp.com/2/hips-filament-the-basics-best-brands/
https://all3dp.com/1/high-performance-3d-printing-materials-the-ultimate-guide/#tpe-tpu-tpc-thermoplastic-elastomers
https://all3dp.com/1/high-performance-3d-printing-materials-the-ultimate-guide/#petg-pet-polyethylene

ITlin moHATTSIM edeKTUBHICTh BUKOPUCTAHHS PO3YMIIOTH 3a0e3nedeHHs
YMOBHOTO PiBHS 32 OJHUM 4YH JIEKIJIbKOMa TapaMmeTpamMu, TaKUMH SK MiIHICTb,
XIMIYHA CTIWKICTh, TEPMIYHA CTIWKICTh, ONTHYHA MPO30PICTh, CMEKTPUUYHUN OMIp.
Opnak neska YMOBHICTb BUMOT JJisi BXOJDKEHHS Marepialdy [0 TMEBHOI TpyNH
o0MeKy€e BUKOPUCTAHHS TAHOTO MIAXOY.

He 3Bakaroun Ha BKa3aHWA HEAOIK KiIacu(iKallis moJiMepHUX MaTepiaiB 3a
e(heKTUBHICTIO BUKOPUCTAHHS HAJA€ MOXKIMBICTh CIIPOCTUTH CIPUUHATTS (puc. 1.1)
Ta CHCTEMaTHU3yBaTH MacHB iHQOpMaIll Mpo MOJIMEPH, L0 3aCTOCOBYIOTHCS B

aJIUTUBHOMY BUPOOHMIITBI.

BucoxkoskicHuit macTuk

" . ; 200°C
(High-Performance Plastics)

[1KeHepHi macTMacu 50°C

(Engineering Plastics)

Togapni abo 3BHUalHI TIACTMACcH 00°C

(Commodity or Common Plastics)

Pucynox 1.1 — BapianT knacudikariii 3a eeKTUBHICTIO BUKOPUCTAHHS

ToBapHi Ta 1HXEHEpHI IJIaCTMAacH Ha JAHUW Yac 3alMaloTh NEPEBaXKHY
YaCTUHY BITYM3HIHOTO PUHKY MaTepialiB AJid aAUTUBHOTO BUpOOHUIITBA. OJIHAK HE
3Ba)XAIOYM Ha IMIHY Ta TEXHIYHI CKJIAJAHOCTI JPYKY BUCOKOC(EKTHBHI TUIACTUKHU
MOYMHAIOTh BUTICHITH TOBApHI IUIACTUKH Ta (POPMYBATH PUHOK MPOMHUCIOBHUX

MatepianiB. BucokoepeKkTHBHHMI TIACTHK HAWYaCTIIIE BUKOPUCTOBYETHCS IS



(GYHKI[IOHaNTPHUX ~ JeTajled  KIHIEBOTO  BUKOPHCTaHHSA.  BOHM  Takox
BUKOPHUCTOBYIOTHCS K (DYHKITIOHAIBHI MPOTOTHUIIN I ACTaJCH, K1 3r0J10M OYTyTh
BUTOTOBJICHI 3 MeTaly, CKiia, a0o JeTalield, sKi OyayTh MacoBO BHUPOOIATHCA,
HaIpUKIaa, TPOTOTUITM aBTOMOOUIbHUX Jeraiiei. [[iHoBaHI ChOTO/HI SIK 3amiHa
JOPOTHX 1 EKOJIOTIYHO HECTIMKWX METalliB, TaKUX SIK Milb, JIaTyHb, TUTaH 1
aJIFOMiH1#, BUCOKOE(EKTHUBHI MOJIMEPH CTIHKI 10 OKUCICHHS, KOPO3ii Ta XiMIiYHOTO
3a0pynaHeHHs. BOoHM TakoX iHaKmie pearyloThb Ha TEIJIO, HDK METalid, M0 €

MEePEeBaror0 B pi3HUX 3aCTOCYBAHHSIX Bil MEIMYHUX IMIUIAHTATIB JI0 IBUTYHIB.
PO3ALJI 2. Knacugikanisa MaTepiajiB 3a TEXHOJIOTIEI0

2.1 Marepianu nis FDM/GFG apyky
2.1.1 PLA nnacmux

PLA (aurm. Polylactic acid, ixmi Ha3Bu TUTA-mnactuk, ITominakTunHa
kucnora, Ilominmaktua) — OlOpO3KIaAHUN TepMOIUIaCTUYHUM Tomiedip, IO
OJICPXKYIOTh TEPEPOOKOI0 MOJOYHOI KHUCIOTU. SBIse co00r0 O10aKTUBHUI
TEPMOILIACT, OTPUMAHUN 3 BIJHOBIIOBAHUX PECYPCIB, TAKUX SK KYKYpYA3SHUN
KpOXMaJlb, KOPiHb MaHIOKH, TPAHYJI KPOXMAJTIO Ta IIYKPOBOi TPOCTHUHH.

PLA nnacTuk 3 MOJIOYHOT KUCTIOTH CHHTE3YIOTh JJBOMA CIIOCOOAMHU: IILISTXOM
KOHJICHCAI[li MOJIOYHOT KHCIIOTH B JIAKTHJ 3 MOJAJBIION MoJiMepH3allicto, adbo
IUISTXOM BUKOPUCTaHHS Mpoliecy KOHACHcallli 6e3mocepeHbo 3 MOJIOYHOT KUCIIOTH.
[lepmmii Merox OUIBII TOMMPEHUN 1 Tependadae 3B’SA3yBaHHS MOJIEKYJ pa3oM
LUIIXOM J0JaBaHHs PI3HUX KaTalli3aTOpPIB M1l Yac HarpiBaHHs.

PLA six marepian nnst 3D-npyky Mae HU3KY OYEBHIHHMX MEpeBar, 0COOIMBO
JUTSL TOYATKIBIIIB:

e Jerkicthb pyky: PLA Hajn3Bu4aiiHO JI€TKO JpyKyBaTH; Maiixke Bci 3D-
MPUHTEPU MOXKYTh JpyKyBaTH 1M wmatepiaiom. PLA Bumarae
BIJIHOCHO HHU3bKUX TEMIIEpaTyp TMOPIBHSIHO 3 IHITUMH MaTepiaiami,
MOJK€ IPYKYBaTUCS TOCUThH MBUAKO (0513bK0 60 MM/C) 1 HE TOTpedye

HAsIBHOCTI 3aKPUTOTO KOPITYCY MPUHTEPA;


https://uk.wikipedia.org/wiki/%D0%90%D0%BD%D0%B3%D0%BB%D1%96%D0%B9%D1%81%D1%8C%D0%BA%D0%B0_%D0%BC%D0%BE%D0%B2%D0%B0
https://uk.wikipedia.org/wiki/%D0%A2%D0%B5%D1%80%D0%BC%D0%BE%D0%BF%D0%BB%D0%B0%D1%81%D1%82%D0%B8
https://uk.wikipedia.org/wiki/%D0%92%D1%96%D0%B4%D0%BD%D0%BE%D0%B2%D0%BB%D1%8E%D0%B2%D0%B0%D0%BD%D1%96_%D1%80%D0%B5%D1%81%D1%83%D1%80%D1%81%D0%B8
https://uk.wikipedia.org/wiki/%D0%9A%D1%80%D0%BE%D1%85%D0%BC%D0%B0%D0%BB%D1%8C
https://uk.wikipedia.org/wiki/%D0%9C%D0%B0%D0%BD%D1%96%D0%BE%D0%BA
https://uk.wikipedia.org/wiki/%D0%9A%D1%80%D0%BE%D1%85%D0%BC%D0%B0%D0%BB%D1%8C
https://uk.wikipedia.org/wiki/%D0%A6%D1%83%D0%BA%D1%80%D0%BE%D0%B2%D0%B0_%D1%82%D1%80%D0%BE%D1%81%D1%82%D0%B8%D0%BD%D0%B0_(%D1%80%D1%96%D0%B4)
https://all3dp.com/2/the-best-pla-print-temperature-how-to-achieve-it/
https://all3dp.com/2/3d-printing-speed-optimal-settings/

BapTiCTh: BapTicTb PLA 10ocuTh HU3bKA Y MOPIBHSAHHI 3 1HIIUMH, O1JIbIII
Creliali30BaHUMHU MaTepiagaMu IS JPYKy, TaKUMHU SK HEHJIOH abo
nomkapoonatr (IIK), mo poOuTe #oro YymoBHM BapiaHTOM IS
BUPOOHHKIB 13 0OMEKEHUM OI0IKETOM;

mUpoKui BUOIp KOJbOpiB: PLA BHITyCKa€ThCS MPaKkTUYHO B Oyb-

SAKOMY Kousbopi (puc. 2.1);

Pucynox 2.1- KonsopoBa rama PLA miacTuky BiJi yKpaiHCHKOTO BUPOOHUKA

Plexiwire

exonoriyauii: PLA  oTpuMyioTb 3  BIJHOBIIOBAaHHUX PECYpPCiB
POCIIMHHOTO TOXOKeHHS. KpiM Toro, mochimKeHHS IOKa3ajau, II0
nporiec BupoOHmiTBa PLA cnoxuBae Ha 65% MeHIIe eHeprii Ta
BHUPOOJIsi€ 3HAUHO MEHIIIE MAPHUKOBHX T'a31B, HI)K BUPOOHULITBO 1HIIUX
IUIACTHKIB;

HeTokcuuyHui: PLA € HETOKCHMYHMM, 110 pO3IIMPIOE  HOTO
3aCTOCYBaHHSI B Takmx cdepax, SK MEIUYHA Ta XapyoBa
IIPOMUCTIOBICTB;

BIJICYTHICTh HIKIJJIMBUX BUMAPIB: HE3BaKarouw Ha Te, o PLA moxe

BUJIUIATH JICSIKI BUTIAPH, 3aMlaxXy Maiike HeMae.

Henoniku PLA nnactuky:
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https://all3dp.com/2/nylon-filament-pa-basics-best-brands/
https://all3dp.com/2/polycarbonate-pc-filament-basics-best-brands/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8198026/#:~:text=More%20specifically%2C%2065%25%20less%20energy%20is%20required%20and%20also%2068%25%20fewer%20greenhouse%20gases%20are%20generated%20during%20its%20production%20procedure

KPUXKICTh 1 BIJHOCHO HHU3bKa MIIHICTh: HAWOUIBII OYEBHIHUM
HenomikoM PLA € fioro Hu3bpka MIITHICTh Ha 3TUH. [leTani HagpyKkoBaHi
3 PLA maioTh 3Ha4HO MEHINY MIITHICTh, HIX JCTalli, BUTOTOBJICHI
JUTTSIM TIiJI TUCKOM , 1 HaBITh MEHIIY 3a JIeTalll, HaAPyKOBaH1 3 1HIITUX
MatepialliB,

CTIMKICTh JIO OXOJIOJIKEHHSI Ta HarpiBaHHs: PLA He € TepMOCTIMKUM.
PLA mae HM3BKY TeMIepaTypy CKIyBaHHs, TOMY J€Tajl, HalpyKOBaHi
3 IIOTO Marepianxy, MalTh TEHACHIIO JaepopMyBaTHCS B yMOBaXx
BHCOKOI TeMIiepaTypu, o pooutrs PLA mMeH1 i1eanbHUM MaTepiaaom
JUTSI 30BHIITHROTO BUKOPUCTAHHS;

CTIHKICTB 70 ynbTpadionery: PLA moraHo cripaBise€ThCsi 3 COHTYHUMHU
npomenamu. [lonibHo g0 HarpiBanHs, pgeranmi PLA  MOXyTh
nedopMyBaTUCs MiA J1€10  yIbTPadioleTOBOrO CBITIa MPOTATOM
TPUBAJIOTO MEPIOAY Yacy;

xiMiyHa CTIAKICTh: PLA He pO3UMHSAETHCS B TAaKUX PO3UMHHHKAX,
SK alleTOH a00 130MpOMNuUIOBUNA crnupT, 1 B muioMy PLA mnmactuk €
XIMIYHO CTiHKMM 1 cTaOutbHUM MatepiasioM. OJHaK  JIETKO
PO3UYMHSETHCS B AIXJIOPMETAHI,

yac OloposkinananHa: PLA € 01070r14YHO po3KiIaiaHuM, ajieé HaBITh B
17IeaIbHOMY CEPEeIOBUIIII TIaCTUKOBI AeTam 3 PLA po3kinagatoTecs He

MEHIII€ HIXX 32 TPU MICSIII.

BNMMOIrm Ao OB/NIAAHAHHA

3a Heob6XxigHocTi
nipirpie 45 - 60°C

NMnatdopma MoBepxHsa
no6ypoBn cTony

w

190 - 220°C !

ExcTpyaep Oxonop)KeHHA
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https://all3dp.com/2/3d-printing-vs-injection-molding-know-the-differences/
https://all3dp.com/2/3d-printing-vs-injection-molding-know-the-differences/
https://all3dp.com/2/3d-printing-vs-injection-molding-know-the-differences/
https://all3dp.com/2/acetone-3d-print-smoothing-easy-steps/

2.1.2 ABS naacmuk

ABS mmactuk (AKpWIOHITPUIOYTAMIEHCTUPOJ) — TEPMOIJIACTUYHUM
KOHCTPYKUIHHUN MaTtepian. Temmneparypa CKiIyBaHHSI CTaHOBUTH Oim3bko 105°C.
Martepian Mae miBUIIEHY YAAPOCTIAKICTE 1 pykHICTh. ABS € ogHNM 13 HalO1IbII
BUKOPHCTOBYBaHHUX IUIACTUKIB. Briepie BiH 3’sBuBca y 1940-x pokax i crmovarky
pojaBaBcs SIK aJbTepHATHBA OaKeNiTy.

ABS cknamaetbest 3 TphoX MOHOMEPIB (CTpyKTypHa popmyna 2.1). XimiuHa
CTIHKICTh 3a0e3MeUyeThCsl HASBHICTIO aKpWIOHITpwWIy. byTamien BiamoBimae 3a
JIOBTOBIUHICTh, MIIHICTh Ta YJApPOCTIMKICTh, TOJMI SIK CTUPOJ HAJA€ >KOPCTKICTb.
[Tpomopiiii MOXyTh 3ajieaTd BiA Mapku Ma BupoOHHMKa Big 15 mo 35%
aKpuJIoOHITpuUILY, Bia 5 10 30% OyTaaieny i Bix 40 no 60% ctupoiy.

AKpUIIOHITPUIIOYTAIIEHCTUPOI JIETKO MITAEThCS, SK MEXaHIYHId, TakK 1
XIMIYHIM 00poOIli, JIErKO CKJICIETHCA POIYMHHUKAMU, TPU I[LOMY YTBOPIOE,

(aKTUYHO, MOHOJITHY CTPYKTYpY.

B
Z o MO,
ARprToHITpIT ByTatien

(2.1)
SCH,

Crupon
CporosiHi BiH € HE3aMIHHUM B CEpIMHOMY BHUPOOHHMIITBI aBTO3aM4acTHH,
KOpHyciB npuiiafaiB Ta noOytoBux peveil. [lepesaramu ABS e:
® XOpOIIl MEXaHIYHI BJIACTHMBOCTI: MaTepiajJl Ma€ 3HAYHY MILHICTh 1
JIOBroBiYHIiCTh. ABS BIIHOCHO THYYKH 1 TOMY MEHII KPUXKUH, HIK
PLA;
® JIETKO MiJJa€ThCcsl TMoAanbinii  00poOui: ABS wnabarato seriie

nutipyBatu, HiK PLA. HMoro Ttakox MoxHa oOpoOUTH Tapamu
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https://uk.wikipedia.org/wiki/%D0%A2%D0%B5%D1%80%D0%BC%D0%BE%D0%BF%D0%BB%D0%B0%D1%81%D1%82%D0%B8
https://uk.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BD%D1%81%D1%82%D1%80%D1%83%D0%BA%D1%86%D1%96%D0%B9%D0%BD%D1%96_%D0%BC%D0%B0%D1%82%D0%B5%D1%80%D1%96%D0%B0%D0%BB%D0%B8
https://uk.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BC%D0%BF%D0%B5%D1%80%D0%B0%D1%82%D1%83%D1%80%D0%B0_%D1%81%D0%BA%D0%BB%D1%83%D0%B2%D0%B0%D0%BD%D0%BD%D1%8F
https://uk.wikipedia.org/wiki/%D0%9F%D1%80%D1%83%D0%B6%D0%BD%D1%96%D1%81%D1%82%D1%8C
https://all3dp.com/2/pla-vs-abs-filament-3d-printing/
https://all3dp.com/2/pla-vs-abs-filament-3d-printing/
https://all3dp.com/2/acetone-3d-print-smoothing-easy-steps/

alleTOHY , 10 TTOBHICTIO BUJAJIS€ BCl HEPIBHOCTI Ta 3a0e3Meuye YUCTY
TJIAJIKy TIOBEPXHIO.
Henomnixu ABS:

® TOKCHYHI MapH: mia yac ApyKy ABS BUAUIAIOTBCS TOKCUYHI BUIAPH
ctuponry . Lo mpobremy MokHa BUPINIUTH, APYKYIOYH B A00pe
MPOBITPIOBAHOMY MPHUMIIICHHI;

® TEXHOJIOTIuHI ckiagHoil: ABS BuMarae HajaeXHOTO pPEryJTIOBaHHS
TeMIrepaTypHu, OCKIJILKU BiH TOBUHEH OXOJIOIKYBATHUCS MTOBUIBHO, 11100
VHUKHYTH  BHHHKHEHHS TPIIIMH Ta  poO3IIapyBaHHs. 3HAYHA
nedopmMartiisi BUpoOiB TaKOXK € MPOOIEeMOI0, 0COOIMBO J1Jis 00’ €KTIB 13
BEJIMKOIO O1YHOIO MOBEpXHEI0 Ta 3D-nipuHTEpiB 6€3 KOPIycCy;

® YYTIUBICTH JI0 yIbTpadioneToBoro BunpomMinioBantsi: AbC uyTiuBuit
10  ynbTpadiojeTOBOrO BHUIPOMIHIOBAHHS, TOMY MOrO0 MOXeE
MOIIKOJUTA  TpsIME  COHSAYHE CBITJIO. 3  Il€i NPUYUHU  HE
pPEKOMEHIy€EThCS ApyKyBaTH 30BHimIHI yacTuHu 3 ABS. PETG 1 ASA €

XOpomor aJbTCPHATHUBOIO I TAKHUX 3aCTOCYBAHD.

BAMOIrnn Ao ONAAHAHHA

O6GoR'A3SKOBUIA
nigirpie 95 - 110 °C,
pPeKomMmeHO0BaHO
BUKOPMCTaHHA
TepMoKamep
Mnardopma MoBepxHa
nobypnoBm cTony

w

220 - 250°C !

ExcTpynep OxonogrKeHHA
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https://all3dp.com/2/acetone-3d-print-smoothing-easy-steps/
https://all3dp.com/2/how-to-prevent-abs-from-warping-on-a-heated-bed/
https://all3dp.com/2/petg-vs-abs-3d-printing-filaments-compared/
https://all3dp.com/2/asa-filament-explained-and-compared/

2.1.3 ASA naacmuk

ASA  mnactuk  (AKpUII-CTUPOJI-aKPWIOHITPUIBHUM  COMOJIIMEpP) €
TEPMOTUIACTUYHUM €JIaCTOMEPOM (CTpyKTypHa Gopmyina 2.2). Lleit tum comomimepy
€ CTIMKUM JI0 yIbTpad10JIeTOBOTO BUIIpOMiHIOBaHHS, Temia (10 94 ° C), Boiory,
PO3TPICKYBaHHS MiJl HABAHTAKEHHSIM Ta, UMOBIPHO, Ma€ HaWKpaIly CTIWKICTb A0
aTMOC(EpHHUX BIUTUBIB CEpeJ YCIX aKPWIOHITPUIBHUX elacToMepiB. BiH Takox
BOJIOJIIE€ XIMIYHOIO CTIHKICTIO 1 3HAYHOIO YJApHOIO MIIHICTIO. Moro mexauiuni
BJIACTMBOCTI  JAyXe  MmoAiOHI  J0  eJacTOMEpiB aKpUJIOHITPHI-OyTaIi€eH-
ctupoiy (ABC). Onnak, Ha BIIMIHY Bijl KaydyyKy Ha OCHOB1 OyTajiieHy, ASA He Mae
MOJBIMHUX 3B’A3KIB y MOJIMEPHINA OCHOBI, 1110 MIPU3BOJUTH IO 3HAYHO MOKPAIIEHOT
CTIMKOCTI 0 aTMOC(EpPHHUX BIUIMBIB Ta YJIbTPa(dioJeTOBOr0 BUIPOMIHIOBAHHS, a
TaKOX JI0 KpaIlloi TPUBAJIO1 TeIJIOBOI Ta XIMIYHOI CTIMKOCTI MOPIBHSHO 3 TIEHOBUMHU

KaydyKaMHu.

Butylacrylate Styrene Acrylonitrile

LT e

o
C6H5/ . H CN
n

7 \
H  COOC,Hg
m

I—O—T

o

OnHuM 13 HaMBaXJIUBIIIUX PUHKIB JJIs1 ASA € aBTOMOO1IBHI Ky30BHI JIeTalll,
TaKi SIK KOPITYCH J3€pKaJ 1 pemIiTku paaiatopis. Tepmoruiactu ASA TakoxX HIUPOKO
BUKOPUCTOBYIOTBCS B OYIIBHMIITBI, BHUPOOHMIITBI MOOYTOBOi  TEXHIKH,
CJIEKTPOTEXHIKH Ta MIPOMHUCIIOBOCTI CHOPTUBHUX TOBApIB.
ITepeBaramu ASA e€:
e CTIHKICTB 10 ynpTpadioneTy: Ha BigMiHy Big ABS He HaOyBae »OBTOTO
3a0apBJICHHS MiJ 11€10 BUITPOMIHIOBAHHS Ta HE PYHHY€EThCS;
® XiMiYHA CTIMKICTb: € IHEPTHHUM J0 Jii OCH3MHIB, AU3EJIBHOTO MaJTHHOTO
Ta MacTHIT;

® BOJOCTIMKMIL;


https://all3dp.com/2/asa-filament-explained-and-compared/
https://polymerdatabase.com/Polymer%20Brands/ASB.html
https://polymerdatabase.com/Polymer%20Brands/ASB.html

MO>KJTUBICTh TOCTOOPOOKH alleTOHOM,;
BHCOKA yJapOCTINKICTB;

KOPCTKICTB;

MIIIHICTB;

AHTUCTATUYHUM MaTepial.

Henomku ASA:

TOKCUYHI Mapu: mia dac ApyKy ASA BHUIUISIOTHCS TOKCHYHI BHUIIApU
CTHPOJILY;

TEXHOJIOTI4HI ckiagHoul: ASA BuMarae HajJeXHOIO PEryJIOBaHHS
TEMIIEPATYpH, 11100 YHUKHYTU BUHUKHEHHS TPIIIMH Ta po3LIapyBaHHS,
CXUIIBHUH 10 1ehopMyBaHHS B IPOIEC] OXOJIOKCHHST,

BapTICTh MaTepiaiy;

BHCOKa TeMIiepaTypa eKCTpy3ii,

BHCOKa TeMIiepaTypa CToJja;

nmoTpeOye 6araTo eHeprii s APYKY.
BUMOTW A0 OBNIAAHAHHA

O6oB'A3KOBUIA
nigirpis 90 - 110 °C )
{

Nnatpopma MoBepxHna
no6ypoBun cTony

220 - 245°C !
ExcTpynep OxonogKeHHA
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https://all3dp.com/2/acetone-3d-print-smoothing-easy-steps/

2.1.4 PP nnacmuxk

PP mnactuk (Ilomimpominén, polipropilene) — cunTeTHYHUI moJimMeD,

IPOAYKT MOJIIMEepHU3allii mporniieHy (cTpykrypHa popmyna 2.3). XapakTepu3yeThes

BHCOKOIO  yJIapHOIO  MIITHICTIO, CTIMKICTIO J0 0OaraTopa3oBUX 3TUHaHb,

3HOCOCTIHKICTIO, HU3bKOIO Mapo- i ra30MpPOHUKHICTIO, BUCOKUMH A1€IEKTPUIHUMU

ITOKa3HUKaMHM.

CHs

I 2.3

n

[TominporniseH cTaB MOMYJSIPHUM BUOOpOM JIsi BUPOOHMKIB uepe3 Moro

HU3bKY BapTICTh 1 6araTo CHpUSATIMBUX XIMIYHUX BJIACTUBOCTEH, HAMBAXIMBIII 3

SKHUX:

BOJIOCTIMKICTB: Ty’€ BOJOHENPOHUKHHUM, 151 BIIACTUBICTh MA€ BaXKJINBE
3HAYEHHS 71 3aCTOCYBaHHS B MEAMYHUX 1 TPOMHUCIOBUX BUPOOAX;
MILIHICTh Ha PO3TAT Ta €JIACTHYHICTh: HE3BAXKAKOUH HA BIJIHOCHO HU3BKY
IIUIBHICTH, MaTepiall 3JaTHUN BUTPUMYBATH BEJIMKI HABAHTAKECHHS;
Koe(DIIIEHT MPOMyCKaHHS BUITPOMIHIOBAHHS: 32 BIIMTOBITHUX 00OCTaBHH
MO>KHa OTPUMATH BHCOKY MPOMYCKHY 3JaTHICTb;

BapIaTUBHICTh KOJbOPIB: PapOyBaHHA Marepiany 03 MOripIIeHHs
MEXaHIYHUX BJIACTUBOCTEHN IIACTUKY;

BHCOKAa TeMmIeparypa pO3M AKIICHHS: TMOPIBHSHO 3 IHIIUMH
IUTACTUKAMHU, XapaKTepUCTHKA POOUTH HOro 4yaoBUM BHOOPOM MJis
1a00paTOPHUX 1 XapUOBUX MPUIIAIIB € TOTPiIOHI BUCOKI TEMIIEPATYPH;
XIMI4Ha CTIAKICTh: INUIBHO YMAKOBaHI KPUCTANIYHI CTPYKTypH
HaIIBKPUCTAIIYHUX MOJIIMEPIB 3aXUIIAIOTH iX BiJl PO3UUHEHHS;
010JI0T1YHA CTIWKICTh: HE IUIICHSBIE 1 HE MCYETHCA i BIUIMBOM
O1loJsi0T14uHUX (AKTOPIB, TAKUX SIK OaKkTepii a0 rpuoOKwu;

CICKTPUYHMUIA  OMIp: TOJIMEp 3a3BHuYaii BUKOPUCTOBYETHCS B

CIICKTPOHHHUX KOMIIOHCHTAX


https://all3dp.com/2/asa-filament-explained-and-compared/
https://uk.wikipedia.org/wiki/%D0%9F%D0%BE%D0%BB%D1%96%D0%BC%D0%B5%D1%80
https://uk.wikipedia.org/wiki/%D0%9F%D0%BE%D0%BB%D1%96%D0%BC%D0%B5%D1%80%D0%B8%D0%B7%D0%B0%D1%86%D1%96%D1%8F
https://uk.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D0%BF%D1%96%D0%BB%D0%B5%D0%BD

HETOKCHYHICTh: 3a JAaHUMH YTPaBIIHHA 3 KOHTPOJIO 3a SIKICTIO
XapyoBHX TMPOAYKTIB 1 MEIWKAMEHTIB, TOJIMNPOIJICH 3arajiom
BBAKAETHCS OE3MEYHUM 711 KOHTAKTy 3 DKEI0 Ta JIIOJbMU Ta HE
MICTUTb MMPOAYKT KOHEHcali peHomy — OicdeHorn A;

MO>KJIUBICTh BTOPHHHO1 IEPEPOOKHU: TEOPETUIHO MOTIMPOTIICH MOXKHA

MEePEPOOIISITH SIK XIMIYHO, TaK 1 MEXaHIYHO.

Henoumiku PP:

BHCOKa TOPIOYICTh: LIeH MaTepiaj rapHo MiATPUMYE TOPIHHS;
Y®-nerpaaaiiisi: mojiMep CXWIBHUN J0 TONIKOKEHHS COHSIYHUM
CBITJIOM, L0 PYIHY€ MOJIMEPHI 3B’ SI3KHU. ;

TEXHOJIOT1YHI CKJIQJHOIII: HU3bKa aaresis 10 poO04oro CToiy, 3HauHa
nedopmaiiist BUpoOiB;

HU3bKa CTIAKICTh /10 XJIOPBMICHUX PO3YMHHUKIB 1 apOMaTHYHUX
PEYOBWH;

MoraHi aJiIre3uBHI BJACTUBOCTI: 1€ YCKJIaIHIOE (papOyBaHHs Ta BILUIUBAE
Ha HOTO CYMICHICTh 3 IEBHUMH KJICSIMU;

CXWIIBHICTh [0 OKHUCJICHHS: TIOJIIIPOTIiICH CXWIbHUH 10
TEPMOOKHUCITIOBATILHOT ~ Jlerpajiailii, SKy MOXKHa TI€BHOIO MipOI0

YCYHYTH, TOJIABIIIH JIO CyMiIlll aHTHOKCUAHTH.

BAMOIr 4O OBNAAHAHHA

O6oB'A3KOBUIA
nigirpie 85 - 110 °C,
peKoMeHOO0BaHO
BUKOPpMCTaHHA
TepMoKamep
Nnatpopma MosepxHa
no6ypnoBun cTony

w

220 - 250°C
ExcTpyaep OxonogrkeHHA
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https://all3dp.com/2/how-to-prevent-abs-from-warping-on-a-heated-bed/

2.1.5 PMMA naacmuk

[Monmimetunmerakpuwiatr (IIMMA, opraniude ckio, PMMA — Polymethyl
methacrylate) — momimep Metunmerakpuiaty (CTpykTypHa Gopmyina 2.4), TBepanii
npo3opuit 6e3 kosbopy amopduuii Marepian (puc. 2.2). PMMA moxe papOyBaTucs

BUPOOHHUKAMHU, aJie KUTbKICTh KOJILOPIB TyKe OOMEKeHa.

CH,
|
-CH,~ C- |, e
|
OCOH,

He posuunsieTscst y BOAi, cnmpTax, CTIHKANA 70 il po30aBlIeHUX IYTiB,
KHUCIIOT, (PI310JOTIYHO HE IIKIAJUBUMA 1 CTIMKUN A0 O10JIOTTYHUX CEPEIOBHILL.
Mopo3ocriiikuit (-60 °C). XapakTepu3yeThcsi BHCOKOIO TIpo3opicTio. Bomosmie
BHCOKOIO aTMOC(EPOCTIUKICTIO, rapHUMU b13UKO-MeXaHIYHUMU Ta

eHeKTp0i3OHHHiﬁHHMH BJIaCTUBOCTSIMMH.

Pucynok 2.2— PMMA mnactuk Big Bupoonnka KLEMA (TTonbiia)


https://uk.wikipedia.org/w/index.php?title=%D0%9C%D0%B5%D1%82%D0%B8%D0%BB%D0%BC%D0%B5%D1%82%D0%B0%D0%BA%D1%80%D0%B8%D0%BB%D0%B0%D1%82&action=edit&redlink=1

[lepeBaramMu moJIiMETUIIMETAKPUIIATY €:
e yIapHa B A3KICTb;
e KOe(]IIIEHT MPONMYCKAaHHS BUMPOMIHIOBAHHS;
e XIMIYHA CTIMKICTB;
e (10JIOTIYHA CTIMKICTb.

Henomxku PMMA:

® HM3bKa ajresis 10 pod0Yoro CToiry, 3Ha4yHa jedopmaiiis BUPoOiB.

BAMOIrm oo osNAAHAHHA

O60B'A3KOBMIA
nigirpie 95 - 105 °C,
peKomMmeHaoBaHO
BMKOPMCTAHHA
TepMoKamep
Nnatdopma NoBepxHa
nob6ygoBun cTony

w

230 - 260°C !

ExcTpyaep Oxonop>KeHHA
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https://all3dp.com/2/how-to-prevent-abs-from-warping-on-a-heated-bed/

2.1.6 HIPS naacmuk

Ynapocriiikuii momictupon (YIIC, HIPS - High-impact Polystyrene) —
amop(HMIT MaTepia, 1Mo SBisiE COO00 COMOIIMEP CTUPOIY 3 MOJI0yTaIiEHOM a0
IHIIUMH CHUHTETUYHUMH KaydyyKaMmH, a, TaKOX, CYMIII COIOJIIMEPiB CTHUPOIY
(ctpykTypHa opmyina 2.5). 301IbLICHHS BMICTY Kay4yKy 301JIbIIY€ YAAPOCTIMKICTh
MaTepiany, B IJIoMy. Marepian HENpo30puid, KOPCTKUW, TBEPAMM, CTIUKHI 10
yIapHUX BIUIMBIB, J0 OXOJIOJDKCHHS 1 mMepemnaaiB Temmeparyp. Po3uunserscs B
JIMOHEHI- HaTypajJbHOMY PO3UYMHHUKY, 0 OJCPKYIOTh 3 IIUTPYCOBHX, HOTO MOXKHA
BUKOPHCTOBYBATH JIJIsl CTBOPEHHSI MIATPUMYIOUMX CTPYKTYyp B 3D npyii, siki HE

JIOBEJICThCS BUAAIATH MEXaHiuHO (pHc. 2.3).

=

(2.5)

H

OcnoBna mnepeBara HIPS wnag ABS mnmactukom, 1e #Horo rapsi
enekTpoizossiiiai BractuBoctTi. HIPS mae gyxke cxoxi xapakrepuctuku 3 ABS B
JIaH1 yaapHoi MirtHOCTI ¥ skopcTkocTi. HIPS sik 1 ABS mysxe nerko apykyetsest 6€3
ocOoONMMBHX HamaliTyBaHb mpuHTepa. HaapykoBani moaeni 3 HIPS wmoxna
nutiQyBaTH, TPyHTYBaTH, a TAKOK BOHM MOXYTh OyTH modapOboBaHi B Oyb-sIKUN
koJiip. OHaK, He TUBIIAYUCH HA JIEIKY CXOXKICTh 3 BaactuBocTsiMu ABS, HIPS Bce
K 3HAYHO BIIPI3HSAETHCS BiJ HhOro. Hampukian, nyxe BaximBoro nepesaroto HIPS
€ oro MOBHE PO3YMHEHHS B JIIMOHEHI, SKUI Ma€e CHIIBHHH 3amax 1uTpyciB. OIHaK,
JiMOHEH He B3aemojie 3 ABS. Po3unHHICT B JTIMOHEHI JyK€ IIKaBa BJIACTUBICTb,
mo pobutrs HIPS wmarepianoM, skuii BHUKOPHUCTOBYIOTH B SIKOCTI MaTepiamry

HIATPUMKH JJIS IPYKY CKIIAIHUX CTPYKTYD.



© Simplify3D
Pucynox 2.3— Pozuunenns nigrpumok 3 HIPS mnactuka Big Simplify3D

HIPS cTaB nomynsipHIM uepe3 HACTYIHI BIACTUBOCTI:

® HU3bKa BapTICTh;

® yIApOCTIHKUIN 1 BOMOCTINKUM;

® po3YnHHUI d-TIMOHEHOM.
Henomixu HIPS:

® BHCOKa TeMmIepaTypa ApyKY;

e 1HeoOX1aHa BEHTHIIALI.

BAMOIrm o osNNIAAHAHHA

060B'A3KOBWA
nigirpie 100 - 115 °C,
peKomMmeHAOBaHO
BMKOPWUCTAHHA
TepMoKamep
Nnatdopma NoeepxHAa
nobypoemn cTony

w

230 - 245°C !

ExcTpynep OxonopaXXeHHA
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2.1.7 PC nnacmuk

[Tonikap6onat (PC) — 11e BucokomigHuit Marepiai, IpU3HauYECHUH JIJIs1 BAXKKUX
CEpeloBUI 1 I1HKEHEPHUX 3aCTOCyBaHb (CTpyKTypHa dopmymna 2.6). Mae
HAJ3BUYaHO BUCOKY TEIUIOBIIIauy Ta YAapHY B sI3KicTh. [lonikapOoHaAT Takoxk Mae
BUCOKY Temmepatrypy ckiayBanHs 150°C. Lle o3nauae, mo BiH 30epiraTUMe CBOIO
CTPYKTYpPHY LUTICHICTH 10 1€l TeMIeparypu, M0 pOoOUTh WOTO MPUIATHUM IS
BUKOPUCTAHHA B YyMOBaX BHUCOKOi TeMmIepaTypu. bBuIbIIICTh  TOCTYMHHX
MOJIIKapOOHATHUX HUTOK MICTATH JOOABKHU, SIK1 JO3BOJSIOTH IPYKyBaTH HUTKY 3a
HIDKUUX TEMIIEpATyp.

[TomikapboHaT Ha/I3BUYAHO TITPOCKOMIYHMM, TOOTO BiH MOTJIMHAE BOJIOTY 3
NOBITpPS, 110 BIUIMHE Ha SIKICTh IPYKY Ta MILHICTb. [licist BIAKPUTTS MOro ciif
30epiraT B T€pMETUYHUX KOHTEHHepax Oe3 Bosoru. BiH Takox morpedye myxe
BHCOKHUX TEMIIEpaTyp IS APYKY Ta AEMOHCTPYBAaTUME HU3bKY aJre3ito mapiB, SKIIO0
JIPYKYBaTH 3a Jy>K€ HHU3BKOI TeMmIepaTypu ab0 BBIMKHEHOMY OXOJIOJKEHHI.
[TonmikapOboHaT yacTo HalKpaile IpyKyBaTH Ha OOJIaJHaHHI, SKa Ma€ 3aKpUTUH

poOoumii 00’eM 1 31aTHA BUTPUMYBATH BUCOKI TEMIIEPATYPH CTOJY Ta EKCTPYyAepa.

— —

CH, 0

| |

+0 C O-C—+ (2.6)
!

L CH3 in

ITepeBaramu PC €:
® yIApOCTINKHIA;
® BHCOKAa TEPMOCTIMKICTh: 30epirae CTPYKTYpHY IIUTICHICTH [0
TEeMIIepaTypHy CKITyBaHHS;
® IIPO30pUN;
® 3THUHAETHbCS 0€3 PyWHYBaHHS: TMPU MajluX KyTaxX 3TUHY 3MEHIIYE
IPO30pPICTh B 30H1 AehopMyBaHHs O€3 pyHHYBaHHS.
Henomnixu PC:

e BUMArae Jy’Ke€ BUCOKMX TEMIIEPATYyp APYKY;



CXWJIBHUH 10 e(OpMyBaHHS;

BHCOKA B’SI3KICTh ITPH TEMIIEPATYPax JIPYKY;

MOTJIMHAE BOJIOTY 3 TOBITPSI, IO MOXKE CIIPUYHHUTH Ie(PEKTH APYKY:
napu BOAM B TpoIeci APYKY YTBOPIOIOTH OynbOamkd B 00’eMi

pO3IJIaBy, 110 3HAYHO 3MEHIIIY€E ONTUYHY PO30PICTb.

BAMOIrm o obnNAgHAHHA

060B'ASKOBUIA
nigirpie 80 - 120 °C,
peKoMmeHQoBAaHO
BUKOpPUCTaHHA
TepMmoKamep
Nnatdopma NoBepxHAa
no6ygoBun cTony

L

260 - 310°C !

ExcTpyaep Oxonop>KeHHA
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2.1.8 PA nnacmuk

[Tomiamigu (ITA, PA, HeltoH) sk kiac miactMac — aoctyrHi B PA6, PA11,
PA12 Ta iHmmx BapiaHTax XIMIYHOTO CKJIady. SIK MpaBWiIO, BUTOTOBJECHI Ha
HadTOBIN OoCHOBI (3a BUHATKOM PA11, sikmii € 6iomiactukom). Jlo 3arajibHUX puc
¢i7aMeHTIB Ha OCHOBI MOJIIaMiy BITHOCSTHCS XIMIUHA IHEPTHICTH 1 aHTUPPUKIIIIHI
BiactuBocTl. [1A 3a3BHuail apMyIOTh BYTJICIIEBUMH, CKISIHUIMHU Ta KEBJIAPOBUMU
BOJIOKHaMHU a00 BOYJIOBYIOTh Oe€3MlepepBHE BYIJICIIEBE BOJOKHO IS IOAATKOBOTO
3minHeHHA. [IIMpoko BHUKOPUCTOBYETHCS IS BUTOTOBJICHHS BHCOKOSKICHHX
IH)KEHEpHUX €JIEMEHTIB, TaKWX SK IIECTEpHI, CTPYOLMHH, MPUCTOCYBAaHHS Ta
1HCTpyMeHTH, PA nocTynHuid y BUTJIsIA1 HUTKU Ta HOPOLIKY.

IlepeBaramu PA e€:

® MILHICTb 1 )KOPCTKICTh ITPU BUCOKINA TEMITEpaTypI;

e yJapHa MILHICTh HaBITh PU HU3bKII TEMIEPATypi;

® CTINKICTB 0 CTUPAHHS Ta 3HOCY;

e CTIMKICTH J0 ITAJWBa Ta MacTUJIA;

® CIIEKTPOI30JIAIINAHI BIaCTUBOCTI,

® CTIWKICTb 10 PO3TPICKYBaHHS Ta CTapiHHS.
Henomnixu PA:

® BHCOKa BOJIOTOIIMHAKOYA 3]aTHICTD;

® He CTIAKHI 10 Ai1 MIHEPAIIBHUX KHUCJIOT 1 PO3UYNHHUKIB.

BAMOIM A0 OBNTIAAHAHHA

060B'A3KOBMIA
nigirpie 70 - 90 °C,
peKoMeHAOBaHO
BUKOpMCTaHHA
TepMmoKamep
Nnatdopma MosepxHa
no6ypoen cTony

220 - 270 °C, mo)Ke %
3Hapo6UTUCA

1
cyuinbHOMeTaneBsmii
eKcTpyaep ExcTpynep OxonogKeHHA




2.1.9 PET, PETG naacmuk

[Tomietunentepedranar (IIET®, [TET, anrn. PET, Takox mosiectep, 1aKpoH,
Maljap, JiaBcaH) — TEPMOIUIACT, HAWUTOIMMPEHINUN MPEACTABHUK KJIacy
moJjtiecTepiB, BIIOMUM T pi3HUMH (pipMoBMMM Ha3BamH. TBepja, Oe30apBHa,
po3opa peyoBrHA B aMophHOMY CTaHi 1 Oija, HEMPO30pa B KPUCTATIYHOMY CTaHi.
MinHuii, 3HOCOCTINKMMA, TapHHUH mienekTpuk. CTidkuid npoTH ii  OLIBIIOCTI
OpraHIYHUX PO3YMHHUKIB, ajle PYHUHYETbCA B JYKHUX Ta aMiayHUX pPO3YMHAX,
po3unHs€EThCS y PeHonax 1 xjaopodenonax. CTidkuil mpoTH Mii MIKpOOPTraHi3MiB,
TOMY HOTO IPUPOTHHUM PO3KJIa] HAA3BUYANHO TOBIILHUM.

PETG — MoaudikoBana riikosiem Bepcis noiietunentepedranary (PET), axa
3a3BUYall  BUKOPHUCTOBYETHCS JUII BHPOOHMIITBA IUIAMIOK Juisi Boau. lLle
HAIIBTBEPIUNA MaTepiayl 3 XOPOIIOK YAAPOCTIHKICTIO, ajie Mae€ JEII0 M SKIILY
MOBEPXHIO, IO POOUTH HOTO CXMJIBHUM 0 3HOITyBaHHsS. MaTepiad TakoX Mae
YyJIOBI  TEIUIOBI XapaKTEPUCTUKH, IO JIO3BOJSIE IJIACTUKY €(PEKTUBHO
OXOJIO/KYBATHCS 3 Maike He3HAYHUM BUKpUBJICHHSIM. Ha pUHKY € KiJTbKa BapiaHTIB
uporo marepiany, Bkiatouaroun PETG, PETE ta PETT.

PET, PETG nanexats n0 oaniei rpynu nomietunentepedranaris. [IET e
OJIHUM 13 HalOLIbIII BUKOPUCTOBYBAHUX Yy CBITI IJIACTUKIB, OCOOIMBO ISl yITAKOBKH
XapyoBUX MpoaykTiB 1 HanoiB. PETG, 3 iHmoro 60ky, MMUPOKO BUKOPUCTOBYETHCS
st 3D-gpyky depe3 #Moro BHCOKY XIMIYHY Ta TEPMOCTIHKICTh, TapHY
noBroeiunicTh. MMoBipHO, PETG He € moniMepoM iHKeHepHOro KiIacy depes Horo
HU3BKY MIIHICTh, 3HOCOCTIMKICTD 1 yaapocTiiikictb PETG poGuTts #oro npugaTHuM
JUTSL pSATY TIPOMUCIIOBUX 3aCTOCYBaHb, JIe¢ €KOHOMIYHHM IUIACTUK € IPIOPUTETOM.

IIepeBaru PET, PETG:

® 3HayHA XIMIYHA 1 TEPMOCTIUKICTB;

e JIOBIOBIYHICTE;

® [IOMipHA JKOPCTKICTb 1 MIITHICTB;

e (Oe3meuHuid JUIsl XapuOBHX MPOIYKTIB 1 HETOKCUYHU;
® HaMiBIPO30PHH 1 Ma€ TIISTHIIEBY TTOBEPXHIO.

Henomxku PET, PETG:


https://uk.wikipedia.org/wiki/%D0%90%D0%BD%D0%B3%D0%BB%D1%96%D0%B9%D1%81%D1%8C%D0%BA%D0%B0_%D0%BC%D0%BE%D0%B2%D0%B0
https://uk.wikipedia.org/wiki/%D0%A2%D0%B5%D1%80%D0%BC%D0%BE%D0%BF%D0%BB%D0%B0%D1%81%D1%82%D0%B8
https://uk.wikipedia.org/wiki/%D0%9F%D0%BE%D0%BB%D1%96%D0%B5%D1%84%D1%96%D1%80%D0%B8
https://uk.wikipedia.org/wiki/%D0%94%D1%96%D0%B5%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D0%BA

® TIPOBUCAHHS IIAPIB B MICILSAX BIACYTHOCTI OMIMPAHHS;

® CKJaJHICTh 3a0e3MeueHHs PEeXKUMIB JpyKy O€3 HEKOHTPOIHOBAHOI

ekcTpy3ii nmomimepy (puc.2.4 ).

Pucynox 2.4— Ilpuknan HEBIAMOBIIHOCTI HANAIITYBaHb APYKY 1 peKOMEHAAI1 i

BUPOOHMKA

I —— BAMOIrn 40 OBNAAHAHHA

0O6GoB'A3KOBUA
nigirpie 75 - 95 °C,

Nnardpopma MosepxHAa
no6yposun cTony

L

225 - 250 °C,

ExcTpyaep OxonogKeHHA
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2.1.10 TPE, TPU, TPC naacmux

Tepmoenacromnact (anrit. Thermoelastoplastic, TPE) — tepmoruiacTHuHM
elmacToMep, 10 € JHIHHUM abo 3ip4acThM OJIOKKOMOJIMEPOM, CKJIAJICHHM 3
KOPCTKHUX OJIOKIB TEPMOILIACTIB 1 THYYKHX OJIOKIB €JIacTOMEPIB (BIHIIIApOMATUYHHUX
ab0 J1€HOBUX BYIJIEBOJHIB 200 ypeTaHOBUX Kay4yKiB) 1 MO€IHYIOTh BIACTUBOCTI
000X.

TPE — 1ie kiac mMaTepiaiiB, sIKI € CyMIIIIIIO TNIACTUKY Ta TYMH, 1 BKIIOYAIOTh
TPU (tepmoruiactuunuii nomyperan), TPC (TepmoracTuuHuil CiBIoiecTep) Ta
. i moractuku gyxe mM'ski 1 THyKI.

BoHu craroTh Bce OUIBII MOIIMPEHUMHU B aJUTUBHOMY BUPOOHUIITBI IS
BUTOTOBJICHHS JIETAJICH, AKi MOKHA 3THHATH a00 pO3TATYBaTH O€3 pylHyBaHHS (puC.
2.5). Trepaicts TPU 3a lllopom 90A — 40D, a Bu0BXKCHHS TIPU PO3PHUBI CKIIaaae
510%. Temneparypa ekcrunyaraiii Bupo6iB: -40 +140°C. TITY Takox, sIK IpaBUIIo,
OLITBII TOBrOBIUHI Ta MOXYTh 3a0€3MeUyBaTH BHIILY CTIMKICTh 10 CTHPAHHS, Macel,
XIMIKaTiB, a TAKOX BUCOKUX 1 HU3bKUX Temneparyp, Hixk Hutka TIIE. TPC Bomoaie
CTIMKICTIO O BUCOKHX TEMIEPATyp 1 UyJOBOIO CTIMKICTIO A0 ynbTpadionety. Bin
0COOJIMBO I[IHYETHCS B O10METUYHUX PO3POOKAX, a TAKOXK JIJIST HOCIHHS Ta MEAMYHUX

IIPUCTPOIB.

Pucynok 2.5— Imoctpauist rayukocti TPU Bix tractus3d.com


https://uk.wikipedia.org/wiki/%D0%90%D0%BD%D0%B3%D0%BB%D1%96%D0%B9%D1%81%D1%8C%D0%BA%D0%B0_%D0%BC%D0%BE%D0%B2%D0%B0
https://uk.wikipedia.org/w/index.php?title=%D0%A2%D0%B5%D1%80%D0%BC%D0%BE%D0%BF%D0%BB%D0%B0%D1%81%D1%82%D0%B8%D1%87%D0%BD%D0%B8%D0%B9_%D0%B5%D0%BB%D0%B0%D1%81%D1%82%D0%BE%D0%BC%D0%B5%D1%80&action=edit&redlink=1
https://uk.wikipedia.org/w/index.php?title=%D0%A2%D0%B5%D1%80%D0%BC%D0%BE%D0%BF%D0%BB%D0%B0%D1%81%D1%82%D0%B8%D1%87%D0%BD%D0%B8%D0%B9_%D0%B5%D0%BB%D0%B0%D1%81%D1%82%D0%BE%D0%BC%D0%B5%D1%80&action=edit&redlink=1
https://uk.wikipedia.org/wiki/%D0%91%D0%BB%D0%BE%D0%BA%D0%BA%D0%BE%D0%BF%D0%BE%D0%BB%D1%96%D0%BC%D0%B5%D1%80

ITepeBaru TPE, TPU, TPC:
® BHCOKA €JIACTUYHICTH Y BChOMY Jl1alla30H1 TBEP/IOCTI,
® HU3BKOTEMIIEpaTypHa 1 yJapHa MIIHICTb;
® CTINKICTB 10 MACTUJI 1 PO3YNHHUKIB,;
e pajiaiiiiHa CTIHKICTb;
® CJIEKTPOI30JISIIIiHI BIACTUBOCTI;
® MO’KE€ BUTOTOBJIITUCA B PI3HUX CTYNEHSIX TBEPAOCTI.
Henomiku TPE, TPU, TPC:
® [IPOBHUCAHHS IIAPIB B MICLAX BIJICYTHOCTI CIIUPAHHS;
® CKJIaJHICTh 3a0e3MmeueHHs] PEeXUMIB JpyKy O€3 HEKOHTPOIHOBAHOI

eKCTpy3li monmepy.

BAMOIrn o0 OBNAAHAHHA

OG6GOB'A3KOBUIA
nigirpie 75 - 95 °C,

Nnatdopma NoeepxHsa
no6ypnoBun cTony

w

1
245 - 270 °C,
ExkcTpyaep OxonogKeHHA
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2.1.11 PEI nnacmuk

[omierepimimn (Polyetherimides, PElI ) — BucokoedekTHBHI iH)XEHEPHI
TEPMOTIIACTHKH. [X OTPUMYIOTH KOHJIEHCAIIHOIO MOMiMEPU3allicl0 apOMAaTHYHOTO
edipy AiaMiHy 1 apOMAaTHYHOTO JIaHTIAPHUAY, a00 peakii€r HITPO3aMIICHHS 3a
ydactio Oicheronmy A, 4,4-MeTWICHIIaHUTIHY Ta 3-HITpO(TaIEBOTO aHTIIAPUAY
(ctpykTypHa hopmyina 2.7).

ApoMaTuyHa KiJbIleBa CTPYKTypa B3JOBXK TOJIMEPHOI OCHOBH MOKpAIIy€e
TEpMidyHI, MEXaHiIUYHI Ta XIMIYHI BJIACTHUBOCTI, TOII SK BBEIACHHS THYYKHX

apoMaTUYHUX €PIPHUX 3B’SI3KIB MOKPAILY€E TEXHOJOTIYHICTh Ta YJIapHY B’ A3KICTh.

T m @% J@:«\ —2] e

PEI nosimepu OOCTYIIHI B JOCUTh OOMEXKEHIN KIIBKOCTI KOJBOPIB, OJHAK
OKpIM HEapMOBAHUX, BUTOTOBJISIIOTH HAIIOBHEHI1 BYTJIELIEM 200 CKIIOBOJIOKHOM (pHC.
2.6).

PEI maroTh BugaTHI TepMivHI, MEXaHIYHI Ta XIMI4HI BJIACTHBOCTI 1 4acToO €
rapHUM BUOOPOM JIJisi BIAMOBIATBHUX KOHCTPYKIIH, € MOTpiOHA Ty>Ke BUCOKA
MEXaHIYHAa MIIHICTh y TMOEJHAHHI 3 BHUCOKOIO TEMIIEPATYypPHOIO, KOPO3iHHOIO
CTIMKICTIO Ta 3HOcocTidKicTio. PEI criiiki 10 OUIBIIOCTI XIMIYHUX PEUYOBHH,
BKJIFOYAIOYM BYIJIEBOJIHI, COMPTH Ta PO3YMHHUKH Ha OCHOBI XJIOPY, 1 MarOTh
BIJIMIHHY JJOBTOTPHUBATY MIITHICTh Ha 3pi3. Y 0ararb0x KOHCTPYKIIISIX BOHU MOXKYTh
3aMIHUTH METAJIM Ta 1HIIII BUCOKOSIKICHI MaTepiaiv. 3aCTOCYBaHHS BKIIOUAE JeTalll
B EJEKTPOTEXHIYHIM MPOMHUCIOBOCTI, @ TaKOX AaepOKOCMIYHI Ta aBTOMOOUIbHI
neranl.

[Tomedipimig (PEI) Bnepme OyB po3pobnenuit y 1982 pomi xommaHiero
General Electric (aBTop J>x03ed I'. BipT) nig Toprosoro HazBoro Ultem, sik BiH 1 10¢1
mUpoKo Bigomuid. [lell BUCOKOSKICHUN TIJIACTUK XapaKTePU3YEThCA UYIOBUMU

TEIJIOBUMHU, MEXaHIYHUMHU Ta eJIeKTpUuHMMU BiacTUBOCTsIMU. PEI 3a0e3neuye



BHCOKE CIHIBBIJHOIIEHHS MIIHOCTI JO Baru, 10 pPoOUTh HOTro EKOHOMIYHO
c(eKTHBHOIO aTbTepHATHBOIO MeTally. PEI qocTaTHbO MilTHUI, 1100 3aMiHUTH CTaJIh
y IeaKuX cepax 3acTOCyBaHHS, 1 TOCUTH JIETKHH, 00 BUKOPUCTOBYBATH HOTO B

IHIIMX JJIs 3aMiHU TIOMIHIIO, 30KpeMa B aepOKOCMIYHIH ramy3i.

Pucynox 2.6 — 3pa3ok apyky nosierepimizioM Bia 3dnatives.com

[aun cepu 3actocyBannst PEI BkitouaroTh B ce0€ KOMIIOHEHTH PEAYKTOPIB,
KOpIyCH KJIalaHiB, KOPIYCH JATYMKIB 1 TEPMOCTaTiB, MeauyHi BupoOu. IcHye
6araro coprtiB Ultem, naiinommpenimum 3 sikux € Ultem 1000. Ultem 1010 — 1e
amopduuii marepian, a Ultem 2300 — 30% ckioapMoBaHuii MaTepiai.

ITepeBaramu PEI €:

e J5100pe 30epirae MexaHIYHI BJIACTUBOCTI NMPH HAI3BHYANHO BHCOKHUX
TEeMIIEpaTypax;

® 3HAyHa MMUTOMA MIIHICTb, )KOPCTKICTh, THYUYKICTb;

® CJEKTPUYHI BIACTUBOCTI;

® CTIWKICTh MO YNbTPadioNeTOBOrO BUIPOMIHIOBAHHS Ta TIOTOJIHUX
YMOB;

® BOTHECTIHKICTE;

30



® CTIMKUMN [0 CHHPTIB, KUCJIOT 1 BYIJIEBOAHEBUX PO3UYMHHUKIB, aie
YaCTKOBO PO3YMHSAETHCA B PO3YMHHUKAX HA OCHOBI XJIOPY;
e PEI takox 1eMOHCTpY€E XOpOIILy TAPOTITHYHY CTA01IBHICTh, 0COOIMBO
100pe TMpalroe B yMOBaX rapsyoro moBiTPs Ta BOJU;
e OinpmricTh kiaciB PEl BimmoBimaroTh cTraHmapTam Juisi KOHTakTy 3
DKeEIO.
Henomiku:

® BHCOKa BapTiCTh.

BAMOIrn Ao oeNNAAHAHHA

OGOB'ASKOBUIA
nigirpie 120 - 160 °C,

Mnatdopma MoBepxHna
no6ygoBun cTony

—h

1
cyuinbHoMeTaneBuii
eKcTpyaep ExcTpynep Oxonopg)KeHHsA
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2.1.12 PEEK naacmuk

PEEK (ITEEK) HanexuTh 10 CiMEHCTBa MOJIIMEPIB MOJiapUIECTEPKETOHY
(ctpykTtypHa Qopmyna 2.8) 1 KOPUCTYETHCS 3POCTAIOUOI0 MOMYJSIPHICTIO JIJIS
3aCTOCYBaHHA Yy BIMCHKOBIN, (papmalieBTUUHIN, HAPTOXIMIYHINA MTPOMHUCIOBOCTI Ta

YIAKOBI[l XapuOBUX MPOIYKTIiB.

(2.8)

O

T

Opnak #oro BHCOKAa BapTICTh 1 CKJIagHa oOpoOKa OOMEXYIOTh HOTO
MIPOMUCIIOBE BUKOpPUCTaHHS 3 okpeMumu mnpuHTepamu. PEEK mMae menm Hix
MOJIOBUHY Bard ajlOMIHIIO Ta OJIHY WIOCTY CTadl, IO pOOUTH HOTO YyJIOBOIO
3aMIHOI0 METaJeBUX YACTHMH Yy HAaPTOBIM 1 Tra3oBiii NPOMHUCIOBOCTI Ta B
aepokocmiuHiii ramy3i. BmactuBocti PEEK MokHa [10AaTKOBO MOKpAIUTH,
MOETHABIIN MOTO 3 KOMIIO3UTHUMH MaTepiajlaMy, TAKUMH SIK CKJIOBOJIOKHO, rpadit
abo ByTJICLIEBl apMYI0Yl €JIEMEHTH, SIK1 IoroMararTh 6opotucs 3 ycaakor. PEEK
TaKOXX BUKOPHUCTOBYETHCS JJII MEAMYHUX IMIUIAHTATIB (OCKLJIBKM BiH TOBHICTIO
OlocyMICHUI 1 mMpo30puil AJig peHTreHiBcbkoro BumpomiHioBaHHs) I[IEEK e
BUCOKOMIITHOIO ~ QJIbTEPHATUBOIO  (TOPIOIIMEPY 3aBIASKH OUIBII  BUCOKUM
MOKa3HUKaM CTIMKOCTI JIO 3HOIIYBAaHHS Ta CTUPAHHS.

IlepeBaru:

® BHCOKI Temneparypu Bukopuctanus (10 260 °C 10BrocTpokoBo Ta 110
310 °C Ha KOPOTKHUIA MTEPI0);

e BiIMIHHA XIMiYHA Ta T1APOIi3HA CTIHKICTB;

® BIJIMiHHI 3HOCOCTIMKICTb M ()PUKIIIIHI BIACTUBOCTI;

® J100p1 €NEKTPOI30JIAIINHI Ta AI€JIEKTPUYHI BIIACTUBOCTI;

e BIJMIHHI ME€XaHIYH1 BJIACTUBOCTI 32 BUCOKUX TEMIIEPATYD;



BHCOKa MEXaHIYHa MILHICTh, KOPCTKICTh 1 TBEPAICTb, TAaKOXK 1 3a
BHUCOKHX TEMIIEpaTyp;

Iy>Ke XOpoIlia po3MipHa CTIHKICTb;

HU3bKa 3aMUCTICTH 1 piBEHb YTBOPEHHS JUMY 1]l Yac TOPIHHS;
BIJIMIHHA CTIWKICTh JI0 AaKTHMBHOI'O BHUIIPOMIHIOBaHHS (ramMmma i

PEHTIEH);

CTIMKICTB J10 pO3TPICKYBaHHS.

BUAMOIrnm o oeNNIAAHAHHA

O6GOB'A3KOBUIA
nigirpie 120 - 160 °C,

NMnardopma MoBepxHna
no6ynoeu cTony

370 - 420°C, ii \
cyuinbHoMeTaneBuin
eKcTpyaep ExcTpyaep Oxonopa>xXeHHA
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2.2. Marepiaau aas SLA 1a DLP apyky

Ha Bigminy Bix miactuky y FDM 3D npunTepax, y HOpHCTpOsX, IO
npanooTh 3a  TexHojorisiMu SLA Ta DLP 3acTtocoByroThes —cmerianibHi
¢domononimepni cmonu.

doTomnoiMepHa CMOJIa — 1€ PIAKANA PEaKTOTUIACT, SIKHI 3MIHIOE CBO1 (hi3W4HI
1 XIMI4H1 BIACTUBOCTI i1 BILIUBOM Y D-BUMTPOMIHIOBAHHSI, 3 IOBKHHOIO XBHIII 365-
405 nm.

doronomimepHi cmonu (puc. 2.7) nns 3D nmpuHTepa MOXYTh OyTH Pi3HUX
THIIIB 1 MPU3HAYECHI JIJIs1 pOOOTH 3 PI3HUMU TEXHOJOTISIMU IPYKY. Jleski 3 HUX:

e nojiectepokcuani cmonu (PES): xapaktepusyroThCs BHCOKOIO
TBEPMAICTIO Ta CTIMKICTIO JI0 BHCOKHUX TemmepaTryp. Yacrto
BUKOPHUCTOBYIOTBCS ISl APYKY JeTallell 3 BUCOKOIO TOYHICTIO;

e noJinpomnijaeHoBi cMoiu (PP): xapakTepu3ytoThCsi HU3bKOIO TBEPIICTIO
Ta TapHOIO THYYKICTIO. BUKOPHCTOBYIOTBCS MMl JPYKY THYYKHX
JIeTane;

e nomianeranpaeriiai cMoiau (PAD): mawTh xopolly CTIHKICTh 10
BIUTMBY 30BHIIIHIX ()aKTOPIB, aJI€ HE MOXKYTh BUKOPUCTOBYBATHUCS TIPU
BHCOKHUX TeMIlepaTypax. BUKOpUCTOBYIOTbCS AJis IPYKYy JeTanei 13
CepPeaHBOIO0 TOYHICTIO;

o nomidranimigai cmonu (PFL);

e nomirigpokcunpomniuienoBi  cmomu  (PHD):  xapakrepusyrorbes
CepPEeaHBOIO0 TBEPJIICTIO Ta XOPOIIOK CTIWKICTIO /IO BIUIMBY 30BHIIIHIX
dakTopiB. BUKOPUCTOBYIOThCS ISl APYKY JeTajed 13 CepeaHbolo
TOYHICTIO;

e nonikapooHatHi cMoiu (PC): xapakTepu3yloTbCsi BUCOKOIO TBEPIICTIO
Ta XOPOIIOKO CTIHKICTIO 10 BUCOKUX TeMIeparyp. BUKopucToByroThcs

JUISL APYKY JieTajield 3 BUCOKOK TOUHICTIO;



e momidenomaerepui cmonum (PFA): xapakTtepusyloTbCcsi BHCOKOIO

TBEPJIICTIO Ta CTIMKICTIO IO BUCOKHX TeMIiepaTyp. BUKOpUCTOBYIOThCS

11 APYKY JAeTajel 3 BUCOKOIO TOYHICTIO.

Pucynok 2.7 — KonsopoBa rama ¢otonoaimMmepaux cmoi Bijg Anycubic (KH/P) Ta

Monofilament (Ykpaina)
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Bubip tuny d¢otonomimeproi cmonu s 3D-mpuHTEpa 3aneXUTh Bij
NPU3HAYCHHS Ta YMOB BUKOPUCTAHHS BUPOOY.

Ha cporognimHiii JaeHb ICHYIOTH (OTOMOJIIMEPHI CMOJU 3 PI3HUMHU
GIBUYHUMHY Ta MEXaHIYHUMH BJIACTUBOCTSIMHU, MPUCTOCOBAHI ITiJi BUITAIOBAHHS,
BUTOTOBJICHHS JINBApHUX (POPM, BUTOTOBJICHHSI BUCOKO JE€TATI30BaHUX Ta THYYKHX
JeTaJen.

[Tpuxnamom (oTormomiMepHOi CMOJK JIJIsl BUITATIOBAHHS € TIOJIIMEpHA CMOJIa
zWAX Bigm 3NTR (Itamist) 3 momaBaHHSIM BOCKY, BOHA Ja€ TIOBHE BUTOpPaHHS 0€3
30JIbHUX 3aJIMIIKIB, MPU BUPOOHUIITBI BUIUIABIIOBAHMX JUBApHUX (OpM, MO
JTO3BOJISIE IOCATATH BUCOKOI JieTati3allii BUpOOICHUX MaTpullb. [HIIMM nipHUKiIagoM
€ (orononimepna cmona CASTABLE RESIN Big Bupoonuka SIRAYA TECH
(CILIA) (puc. 2.8).

Pucynok 2.8 — ®otononimepHa cmodna Bij BupooHuka SIRAYA TECH (CIIA) ta

MPUKIIAAN BUPOOiB

Pexxum BunamoBaHHs (OTOMOJIMEpPY VY pI3HUX BHUPOOHUKIB  JIELIO
BIJIDI3HSIETHCS, OPIEHTUPOM MOXeE chayryBatu  Temmeparypa 950°C Tta uyac
BunaroBaHdd Bix 30 XBUJIMH.

BigminaicTIO (oTOmoiMepiB Uil BHTOTOBJSHHS JIMBapHUX GopM €
BIJICYTHICTh BUMOTH, IO 10 30JIbHOTO 3aJIMIIKY, YePEe3 BUKOPUCTAHHS TEXHOJIOTI]

po3’eMHUX QOpM.
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2.3. Marepiaau aiass DMLS ta SLS apyky

st DMLS, SLS Ta noaiOHuX TEXHOJOT1H APYKY BUKOPUCTOBYIOTh JACKIIIbKA
JIECSTKIB BUJIIB METAJIEBOi CUPOBUHU y (hopMaTi chepruuHUX TpaHys po3MipaMH Bij
4 no 80 mikpoH. HaitbinbIm nomyssipHi MeTajaeBi mopomiku s 3D-apyky OyBaroTh
SK Ha OCHOBI KOJBOPOBUX METaJiB (QJIIOMIHIEBUX, THTAHOBUX, MiTHUX, KOOAIbT-
XPOMOBHX), TaK 1 13 CILJIaBIB 3aJIi3a.

Cranesi MOPOILIKH MOXHA PO3JIUIUTH Ha:

® HEplKaBitoui,
® IHCTPYMEHTAJIbHI;
® HIKEJIeBI.

3a 0TIOMOror0 TaKUX MOPOIIKIB CTBOPIOIOTHCS BUPOOM CKIIagHOI popmu, a
iXHf TyCTMHA MEPEBUINYE TNOKAa3HWKW JUTTA. BupoOu, HagpykoBana Ha 3D-
NpPUHTEPAX, 3aCTOCOBYEThCS B  XapyoBii, aepoOKOCMiuHIM, HadTOTra30BIi
MPOMUCIIOBOCTI, a TakoX B MEIUIMHI, MPOTE3yBaHHI, MAaIIMHOOYyBaHHI,
€JIEKTPOHILI1, FOBEIIPHOI CIIPaBI.

PosrasitHemMo mopomikyd BiJ HAaIOHATBLHOTO BHUpoOHWKAa kommanii TOB
«AIIUTHUBHI Ja3epHi TEXHOJOT1i YKpaiHuw». llepcrnexkTUBHMI alfOMiHIEBHI CIUIaB
AlIS110Mg nocTaBisieTbCsl y BUTIIAIL CPEPUUHUX TPAaHYJ MOPOIIKY 3 HOMIHAJIbHUM
PO3MipoM YacTUHOK Bif 20 10 63 MKM.

Cdepa 3acTtocyBaHHS: aepOKOCMiIYHA, aBlaOyAyBaHHS, aBTOMOOLIeOyayBaHHS Ta
eHepreTHka.

['oToBi BUpOOM MarOTh rapHi MeEXaHIYHl XapaKTePUCTUKU Ta HE3HAYHHM
piBeHb aHizoTpomii (Tabn. 2.1), mo mepur 3a Bce MOB’A3aHO 3 CPOPMOBAHOIO
CTPYKTYypoOro meTany (puc. 2.9).

[opcTKiCTh MOBEPXHI TOTOBOTO BHPOOY MOJIOHA 10 MIOPCTKOCTI JIMTOTO
BUPOOY.

[Hmmit mpeactaBHUK — OlocymicHui TuTaHoBHi crutaB Ti6Al4V. T'orosi
BUpPOOM 3 NaHOTO Marepialy MalTh BUCOKY CTIHKICTh 10 KOpO3ii, MiJABHUILECHY
MILHICTh 1 HU3bKY NUTOMY Bary. [loctayaeTrbes y BUMIIsII CPEepUUHOTO MOPOIIKY 3

HOMIHAQJIBHUM PO3MIPOM YacCTUHOK Bif 15 10 53 MKMm.
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Tabauysa 2.1 — Dizuxo-mexaniuni enacmugocmi eupoois 3 cnaasy AlSilO0Mg

I'opuzoHTANIBHUN Beprukansaui
HanpsiMoK XY HanpsMoK Z
Mexa minHocti, MIla 325-350 330-360
Mesxa mmaHOCTI, MIla 210-245 175-225
Monyns FOnra, I'Tla 67-77 62-72
ITonmo:xennus, % 9-14 5-12
Tepaicte, HBW 114-124

['ycruna, r/cm3

2,66

Pucynox 2.9 — Mikpomnnid BupoOy 3 criaBy AlSil0Mg

['oToBi BUpOOM TPAKTUYHO HE 3MIHIOIOTH MEXaHIYHI XapaKTEPUCTUKH TIO

HanpsMkax (tadi. 2.2).

Tabauysa 2.2— Dizuxo-mexaniuni enracmusocmi éupoois 3 cnaagy Ti6Al4V

['opuzoHTANBHNUI
HanpsiMoK XY

Beprtukansanit
HanpsiMOK Z.

Mesxa minocti, MIla 1130-1250 1100-1250
Me:xxa mmaHOCTI, MIla 1050-1150 1000-1125
Monyns FOnra, I'Tla 105-115 110-115
ITonosxxenns, % 5-10 5-10

Teepaicts, HV0.5 385-405 395-405

I'yctuna, r/cm3

4.42
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Cdepa 3acTocyBaHHS: a€pOKOCMIYHA, aB1a0yAyBaHHs, aBTOMOO11€0y/TyBaHHS
Ta MEIUIIMHA.

Tperiit mpencTaBHUK JiHIAKKA OpOoHIKiB st 3D apyKy KapoMiHUI XpOMO-
HikeneBui cruaB Inconel 718, 3matHmii g0 nucnepciitHoro 3mirnHeHHs. CriiaB
JEMOHCTpPYE BIAMIHHY TpHUBaldy MILHICTh MpH Temmepatypax mpo 700 °C.

[ToctaBnercs y BUTTISA1 MOPOIIKY 3 HOMIHAJIBHUM PO3MipOM YacTUHOK Bif 15 1o 45

MKM.

["'oToBI BUpOOH MarOTh ACIIO MEHIIT MOKA3HUKHU MIITHOCTI (Tab. 2.3).

Tabnuys 2.3— @izuko-mexaniuni enacmusocmi supoois 3 cnaasy Inconel 718

I'opuzoHTANIBHUN BeprukanpHui
HanpsMok XY HaIpsMOK Z
Mesxa minHOCTI, MITa 998-1100 804-1030
Mesxa mmmuHocTi, MITa 709-830 568-684
Mopyns FOwnra, I'Tla 108-178 114-134
ITomossxennus, % 22-32 5-10
Tepaict, HBW 319-344
['yctuna, r/cm3 8,19
Cdepa 3aCTOCYBaHHS: aepPOKOCMIYHA, aBTOMOO171€0yTyBaHHS,

aBilaOy/lyBaHHsI, CHEpreTHKa, Had)TOra3oBa Ta XiMiyHa TPOMHUCIIOBICTb.
2.4. Marepiaau nias LCM apyky

Kepamiuni Mmarepiany B aJAUTUBHOMY BHUPOOHMIITBI JOCTAaTHRO HOBHM
matepian. [likaBum po3poOHIKOM KepaMiuHUX MaTepiaiiB € gpipma Lithoz (ABcTpist)
(puc. 2.10). ITincymoByr0UM HasiBHI JJaHI BAPOOHUKA BIIMITUMO HACTYIHI CITOTYKH,
SIK OCHOBH XIMIYHOTO CKJIaJy KepaMiuHUX MaTepialliB:

® HITPUJ KPEMHIIO;
® HITPHUJ ATIOMIHIIO;
® OKCHJ KPEMHIIO;

® OKCHJ aJIFOMIHIIO;
® IUPKOHIH;
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e TpukanbLidocdar;

® TiAPOKCHAIMATHT.

Pucynok 2.10 — Meaununuii Bupi0 BuroroBnenuit 3 kepamiku LithaNit 782 na

ocHOBi 6era-SIAION

Marepiani 3 OKCHAY aJIIOMIHIIO BUKOPUCTOBYIOTh IIPH BHI'OTOBJICHHI
BUCOKOC(DEKTUBHUX  130JIATOPIB  JUJIi  €JIEKTPOTEXHIYHOI  MPOMMCIOBOCTI,
HAIpaBJISIOUYNX B TEKCTWJIBHIA TEXHII, 3aXUCHUX €JIEMEHTIB B TEPMIYHHUX
npouecax. HiTpuaHi, HUpKOHIEBI, TpHUKanblik(dochaTHl Ta TiIPOKCHATATUTOBI

KEepaMiKH 3aCTOCOBYIOTH SIK O10JIOTIYHO CyMICHUN MaTepiai B MEIUIIMHI.
IIuTaHHA I CAMOKOHTPOJIS

1. Ak knacughikyromo nonimepni mamepianu 01a 3d opyky?

2. A«ki diamempu pinamenmy suxopucmogyroms 01sa FDM opyky?

3. Aki nonimepu 8ionocamo 00 6UCOKONPOOYKMUBHUX?

4. /Ina akux mamepiaie He 3aCMOCOBYIOMb 0XO0N100XHCEHHA nosimpam?

5. Yu sukopucmosyroms ona SLA opyKy epanyavosanuii nonimep?

6. B uomy nonacae iominnicmo Mixc pomononimepHoro cmonorw 0.
GUNAIIOBAHHA MA 8U2OMO0BIEHHA TUBAPHUX popm?

7. Hu sukopucmogyomscsa KomMnozumui mamepianu oaa 3d opyky?

8. Axkum mamepianom nocmynoeo 3aminwiwoms ABS naacmuk?

9. AKumu po3uuHHUKAMU BPOGOOAMb XIMIUHY HOCMOOPOOKY 6upoodie 3 ABS
noaimepy?
10. Axumu po3uuHHUKAMU NPOBOOAMb XIMIUHY ROCMOOPOOKY eupoodie 3 TPU
noaimepy?

11. Aki nonimepu marwme geauuuny 6000no2aunann oirvuty 3a 1,5%?2
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PO3A1JI 3. TexHoJ10rii aIMTUBHOTO BUPOOHUIITBA

HaiiGinpm1  poO3MOBCIOMKEHUMH  BHJAMU  TEXHOJIOTIM  aIUTUBHOIO
BUpoOHHITBA (AB) €:
e CTpyMeHeBe HaHeceHHs B shkydoro/ Binder Jetting (BJ);
e mpsiMe miaBeACHHS eHeprii Ta marepiany/ Directed Energy Deposition
(DED);
e cKkcTpy3is matepiani/ Material Extrusion (ME);
e CTpyMEHEBe HaHeceHHs Marepiaity/Material Jetting (MJ);
e cunre3 Ha migkiaaamni/ Powder Bed Fusion (PBF);
e jucToBa JiamiHailisi/ Sheet Lamination (SL);
e (oronomimepu3aiis y Banti/ Vat Photopolymerization (VP).
[IpoBiBIIM aHaNI3 JOCIIKEHb Yy HANpPSIMKY BIPOBA)KEHHS BUTOTOBJIECHUX
neTaneit 3a nornomoroio AB y ramxysi MamuHOOyTyBaHHS, pO3TIISTHEMO IEPCIIEKTUBU

3aCTOCYBaHHS KOXKHOTO 3 BUJIIB.
3.1. CtpymMeHeBe HaHeceHHs B’sizkyqoro (BJ)

Meron Binder Jetting (BJ) cxoxuit Ha poOoTy 3BHYaliHOTO O(icHOTO
IPUHTEPY, aj€ 3aMICTh HAHECEHHsS] YOpHWJIA Ha Mamip, TPUBUMIPHUM IPUHTEp 3a
TexHoJIOTi€r0 BJ HaHOCUTH KJIeH, Tak 3BaHy B’sKydy PEYOBHHY B MOPOIIOK, TAKUM
gyuHOM (hopMyrouH MoIeb. Bucora mapy mpu Apyiii 3a qaHoro TexHosoriero 50-200
MKM.

[Tpuniun pobotu npuHTEpY 3a TexHouorieo BJ (puc. 3.1) MoxkHa po3aiuTH
Ha Takl cTaail:

1. mepemimieHHs TOJIOBKHU APYKY HaJ miIaT(Gopmoro.
2. PO3MOJAUICHHS Kpareib B’SKy40l PEUOBHHU 10 11apy MaTepiany.
3. mepeminieHHs matpopMu BHU3 Ha 3aJlaHy BUCOTY IIapy.
4. HaHeceHHS HOBOTO IIapy MOPOIIKY HaJ MONEePeIHIM.
Cranii 1-4 moOBTOPIOIOTHCA MOCHIZIOBHO A0 3aBEpIICHHS (POpMyBaHHS BCiX

TIapiB.



EMHicTS 3i cnonyuHoio
PEUOBHHOIO

CrpymeHeBa ApyKyioua
ro/I0BKa

Ponnep —>°

Hogwii >
NOPOLLOK

,llp_\'xoaaua YacTHHa

<«—Tlopook

[nardopma
nobyagoeu

Pucynok 3.1 — Ilpunuun poOOTH npuHTEPY 3a TEXHOJIOTIE BJ

Cepen inmux TtexHosorii AB, BJ Biipi3HS€ThCS BUCOKOIO PO3ILUIEHOIO
3IaTHICTIO Ta MOXJIUBICTIO JAPYKY OJHIEI JIeTalll pI3HUMU MaTepiajaMu. Y SIKOCTI
BUTPATHOI CHPOBUHU BHUKOPUCTOBYIOTh: IIOMIHIN, OpOH3Y, KEpaMiKy, TiIC, MICOK,
IHKOHENIb Ta HEpXkaBIIOUy CTajdb. TEXHOJOTISA JI03BOJISIE CTBOPIOBATH OO0’ €KTHU
MIBUJIIIE HIX OUIBIIICTH 1HIIMX TporieciB AB, B 3al€XXHOCTI BiJ] TUIY IpUHTEpa
1100 - 3120 cm*/rox, y OBHil KOILOPOBIil raMMi 3a paxyHOK J0JaBaHHs OaAPBHHKY
110 B’SKYy4Ol pEYOBHHH.

Haitgactime 1 moOKpaleHHs MEXaHIYHMX BJACTUBOCTEH JeTaii o
B’SKY4Oi PEYOBHHM JIOJAIOTHh YIIUIHHIOBAUl Takl SK IUAHOKPIIATHUN KW MpU
BUKOpPUCTaHHI Kepamiku abo OpoH3u. JIpyk Ha KepamiuHiil OCHOBI 17€anbHO
MIXOMUTh JJII CTBOPEHHS apXiTEKTYpHUX MoOAeNel, GopM Ui JUTTA y MiIIaHy
dbopmy, cyBeHipiB abo mpukpac. MeTaneBi JieTali MOXYTh OyTH BUKOPHUCTaH1 y
AKOCT1 (DYHKI[IOHAJIbBHUX KOMIIOHEHTIB, BOHM MAalOTh HM)XYy BapTICThb HIK TI IO
BUTOTOBJICHI 3a TexHosoriero SLM abo DMSL ane i1 iXx mexaHiuHI BIACTUBOCTI

ripiue.

42



[IInpoko AOCIIIKEHO BUTOTOBJICHHS 3a JI0NOMOTo0 BJ mpoBigHUX J0pisKOK
mjaT  KepyBaHHS, JIOCHIDKYBaIM  BHPOOHMIITBO, 3a  jgomomoroi  BJ,
CBITJIOBUIIPOMIHIOIOUHX PEYOBHUH Ta €IEKTPUIHO aKTUBHUX TPUCTPOIB.

Bapricts nmpunTepiB 3a TexHonoriero BJ carae Bing 5 tuc. 1o 1.8 MiH. nonapis

CIIA.
3.2. lIpsime migBeaeHHs eHeprii Ta matepiany (DED)

Jpyruii BuUJ TEXHOJOTIM amuTuBHOro BUpoOHMITBA 1e Directed Energy
Deposition (DED). Texnonoriss mae 6araTo CHUIBHHX PHUC 3 TEXHOJOTIEIO €
BUKOPUCTOBYEThCSI €KCTpy3is mnojiMepHux MarepianiB (FDM), ane 3amicth
HOJIIMEPY BUKOPUCTOBY€ETHCS METAJL.

[Tpunuun po6otu npuHTEPY 3a TexHoyoriero DED MokHa po3AUIMTH Ha Taki
crajii:

l. Buximauii MeTalieBUM wmaTepiadl y BUIJISAI MOPOLIKY abo ApoTy
Oe3MepepBHO MOAAETHCS YEPE3 COIIIO /i€ BiAOYBAETHCS PO3IUIABICHHS MaTepialy
Ja3epoM, EJEKTPOHHMM TIpOMEHeM abo Jyrorw. Y MiCll OCaJKeHHsS BIH
OXOJIOJKYETHCS Ta TBEPIE.

2. TpuockoBa MmammHa ApyKye (HOpMy TOMEPEYHOro TMepepidy BiIOUTKA
B370Bk ocel X Ta Y, HaKkjaJaroud Mepepi3u OJUWH Ha OJTHOTO B3J0BXK OCl Z NS
CTBOPEHHSI 00’ €MHOI JeTali.

[I’sstuockoBi DED mpunTepr HEe OOMEXKEH1 MOMIAPOBHM HAPOIIYBaHHIM
JieTal, OCKIJIbKM BOHM MOKYTh HaHOCUTH MaTepiall mij Oyab-aKkuM KyToM. Taxi
MPUHTEPU MOKYTh BUKOPHCTOBYBATHUCHh HaBITh OUIbIIIE HIXXK MPOCTO MAIUHU JIJIS
CTBOPEHHsI BUPOOIB 3 HYJISI, BOHH TaKOX 3aCTOCOBYIOTHCS MJII PEMOHTY 1HIINX
ICHYIOUMX METaJIeBUX BUPOOIB, OCKUIBKM MalOTh MOKJIMBICTh HAHOCUTH Marepiai
0e3nocepelHbO Ha HUX 3@ PAaXyHOK 4YOTO BiAOYBA€ThCS BIAHOBIEHHS BHUXIJTHOI
reoMeTpii, 3p0OUTH HApOIIYBaHHS, sIKOro paHime He O0yno. Texnonorito Directed
Energy Deposition inkonu HasuBarTh Directed Metal Deposition, mpudauHoIO
SBISIETBCA Te, MO (PaKTUUHO me oaHe U Te kK came, ajpke DMD (Directed Metal

Deposition) 11e TEXHOJIOT1s OCAKEHHS METaIB.
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3 TEXHOJIOT11 MPSIMOTO MMiIBEJCHHS €HEPT1i Ta MaTepiaay MO>KHA BUIUIMTH J[Ba
OCHOBHI TUIH TE€XHOJIOT1iA:

» Laser Engineered Net Shape (LENS Building) - mmaBieHHS muisxom
CTBOPEHHSI (POPMHU JIa3€POM;

* Electron Beam Additive Manufacture (EBAM) — enekTpoHHO-TIPOMEHEBE
aINTHBHE BUPOOHUIITBO.

B LENS Building BUKOpHUCTOBYETHCS TOJIOBKA OCA/IKEHHS, SIKa CKIaAa€ThCs
3 JTa3€pHOI TOJIOBKH, COTIEN JJIsi JO3YBaHHS MOPOIIKY 1 TpyOOK 3 IHEPTHUM Ta3oM.

[Ipuniun pobGotu npuntepy 3a TexHojoriero LENS (puc. 3.2) moxHa
PO3IUIMTH HA TaKl CTaIIi:

1. mazep MpOXOIUTH Yepe3 IICHTP TOJIOBKH CTBOPIOIOYH OacelH PO3ILIaBY;

2. y Miciii no0y10BU BUPOOY 3 OOKIB B1IOYBAETHCS PO3MUICHHS TTOPOIIIKY 1€
BiH PO3IUIABJISETHCS MICHS YOTO TBEPAHE;

3. IHEepTHUH Ta3 yTBOPIOE 3aXHCHE CEPEJOBHIIE, SIKE HE MICTUTHh KHUCHIO 1

BOJIOTH, 1110 3a11001rae OKMCICHHIO MMOBEPXHI 1 CTIPUsIE MOKpAIICHIH aare3ii mapis.

Cona 4715 OTOKY TMOPOLLIKY Ta iHePTHOIo rasy

-

Jlazepuuit
NPOMIHbL

JpykoBaHa

YacTHHA
<«— [Tlopouok Ta
iHepTHMii ra3

[Tnardopma
nobygoeu

Pucynox 3.2 — Ilpunnun pobotu npuntepy 3a Texnosoriero LENS Building
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Cranii 1-3 mOBTOPIOIOTHCS TMOCIIOBHO J0 3aBepileHHs (OpMYyBaHHS BCIX
mapis.

B npunTepi mpaiorouomy 3a texHonorieto EBAM (puc. 3.3) meraneBuit
3BapIOBAIBHUN JAPIT TOMAETHCS UYEpe3 COIUIO 1 PO3IUIABISETHCS EIEKTPOHHUM

IIPOMEHEM Y MICIII KOHTAKTY 3 30HOIO 301pKH.

E/NleKTpoHHO-TIpOMeHeBa
VCTaHOBKa

Me3aniam nogavi Apoty

o

L]

Enextponnuii > b
MpOMiHb
JIpykoBaHa yacTHHa
«—
[Maardopma
nobyaoeu

Pucynok 3.3 — Ilpunuun pobotu npuntepy 3a TexHozoriero EBAM

Texnonoris LENS mMoxe ApykyBaTu sIK Ha TOBEpXHI METaJIB TaK 1 Kepamilli,
KepaMiKa ABJISIETbCS OUIBII PO3MOBCIOPKEHUM MatepiaioMm. Matepiaiu siki MOKHa
BukopuctoByBaTu aiis TexHosjorid LENS ta EBAM wmicTath npakTuyHO Oyb-sIKi
METaJId Ta CIUIaBH SKI 3BapIOIOTHCS, TaKi SIK aalOMIHINM, CTajab, TUTaH, 1HKOHEIb,
TaHTaJj, BOJb(paMm, HiKeJIb Ta HI001i.

Henonixku DED texHomor1i:

e Supporting structures — KOHCTPYKIIii, 110 BHUKOPHUCTOBYIOTHCS IS
MIATPUMAHHS HABUCAIOUMX YacTUH (KyT Ounbine 75°). Bukopucranus

KOHCTPYKIIIA MOXKJIMBE alie CKJIaJHe, OCKIJIbKM BEJIUKUN OaceiH
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PIIKOrO pO3IJIaBy B TOUHI OCAJKEHHS HE J03BOJISIE POOUTH BUMTUPAHHS
1 1151 5K BJIACTUBICTH O3HAYa€E, M0 CKJIAAHI T€OMETPUYHI (POPMH TaKOX
HEMOJKJIHBI,

® HU3bKa PO3IUIbHA 3AATHICTh Y IOPIBHAHHI 3 iHIIMMH 3d IpUHTEpaMH,
Kl BUKOPHUCTOBYIOTH TEXHOJOTIi JpPYKy MeETaJlaMH, BUCOTa IIapy
craHoBUTH 250 - 5000 MKM;

® PO3MIip YaCTHHOK MOPOIIKY ckiaaae Big S0 qo 150 mikpoH, a apiT s
3BapIOBaHHS BaprO€ThCs Bi 1 10 3 MUTIMETPIB Yy J1aMeTpi.

® TOCTpl KyTH MOXYTh OyTH OTpUMaH1 JIUIIIE Y TIPOLIeCi TOCTOOPOOKH, K
npaBuiio Ha (pezepHomy cranky UITY;

® MarOTh MOTaHy SIKICThb MIOBEPXHI, 110 MOTPeOy€e BTOPUHHOI 0OPOOKHU.

Benuka KiabKICTh €HEprii, sika HeoOXigHa IS MiATPUMAaHHS TeMIepaTypu
pO3IUIaBy B TOYL OCAJ)KCHHS, BUKJIMKAE BEJIMKI TEIJIOBl IPAIEHTH, IO MOXYTh
BUKJIMKATH BEJIMKI 3aJMIIKOBI HampyxeHHs, ane DED Ttexnosnoris 3abe3nedye
oTpuMaHHsl Oe3Ae(eKTHUX BHUPOOIB 3 MEXaHIYHMMHU BIIACTUBOCTSIMH, SIKI HE
MOCTYIAIOTHCSI KOBAHUM METAJIEBUM BUPOOaM.

OnHuM 13 HaWBaXIMBIMIUX CEKTOpIB, y sikomy rmporiec DED aktuBHO
BUKOPUCTOBYEThCSI ISl BUPOOHHULTBA, € a€POKOCMIYHUN ceKTop. OCHOBHOIO
MPUYHMHOIO, sIKa CIIOHYKae A0 BUKopucTaHHs mpoiuecy DED y nbomy cekropi, €
MO>KJIUBICTh BUPOOJSATH KOMIIOHEHTHM BEIMKHX PO3MIPIB, Ha fAKI y THpouecl
TPaJAMIIITHOTO BUPOOHUIITBA BUTPAYAETHCS OYXKE BEJIMKA KUIBKICTh €HEprii Ta
CUPOBHMHH, TIPH 1IbOMY IIBUKICTh HApOITyBaHHS MaTepiany csrae 3 - 11 kr/rog abo
430-1570 cm®/rog.

HaWmoMiTHIIIUM JOCSTHEHHSIM B a€pOKOCMIYHOMY CEKTOpl € 3almyCK Yy
kKocMoc, 24 Oepe3nst 2023 poky, kommaniero Relativity Space pakertu, 110
HaJpykoBaHa 3 BukopuctanusMm DED nporiecy (puc. 3.4).

[lepma pakera takoro tumy, mo oTpumana im’ss « GLHF», crapryBama 3
Maiianunka Ha muci KanaBepan. Pakera crayna mepmuM HajapykoBaHuM Ha 3D-

NPUHTEPL 00’ €KTOM, SIKUH 3[1HCHUB 3aIIyCK Y KOCMOC.
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o mworo, y 2003 pori IliBHIYHO-3aXiIHUI TOJITEXHIYHUN YHIBEPCUTET
BUTOTOBUB IEHTPATbHUN JIOHKEPOH KpwWia A [acaXUPChKOrO JIiTaka

Comac C313, neHTpabHUN JTOHKEPOH KpUJia Ma€ JOBXKUHY 5 M.

B

L YN i xi

Pucynox 3.4 — Ilpornec BurotroBneHHs eneMeHTiB (wWww.relativityspace.com) Ta

paketa Ha crapToBoMy MaigaHuuky (Poto: Trevor Mahlmann)
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Bapricte mpunTtepiB 3a Ttexnonoriero DED csarae Big 200 Tuc. 0 5 MIH.

nonapis CIIA.
3.3. Excrpy3is martepianis (ME)

Tpetiit BuJ TEeXHOJOTIM aguTUBHOrO BHpOoOHHUIITBA 11e Material Extrusion
(ME). TexHomoris € OJHIEI0 3 HAUTIOMHMPEHIMUX cucTeM 3D mpyKy, sika MHUPOKO
po3rasaanacs OUIBLIICTIO TOCHITHUKIB B YChOMY CBiTi. CTaTUCTHYHI JJaH1 HaBeIEH1
B Parandoush 1 Lin migkpecnioroTh, mo komepiiai cucremu FDM (Fused
Deposition Modeling) 3aiimanmu 41,5% dvacTku puHKY, i3 3arajibHOIO KiJBKICTIO
npoganux 15 000 mamms 10 kiHig 2010 poky. OiHaK ChOT0/IHI Maii>ke HEMOKITUBO
nopaxyBaTH npojaaxi cucteM FDM, ocKiJIbKY Miciig Kpaxy NaTeHTY Ha TEXHOJIOTIIO,
AKUWA paHilmie HaiaexaB Stratasys Inc., pi3Hi (ipmMu noyanu BUPOOHHUIITBO
E€KOHOMIYHO e(dEeKTHUBHUX MPHUHTEpIB. B 3amexHoCTi B OOJaJHAHHS MPUHTEPH
MarOTh IPOLYKTUBHICTE 720-4680 cM®/rog.

ME wmae Bucoky cnopigHeHictb 3 DED Ttexnonorietro, ME oOmexeHa
BUKOPUCTAHHSM JIUII CHHTETUYHUX Ta MITyYHUX MOJIIMEPIB.

[Tpunuun pobotu npunTepy 3a TexHojoriero tuny FDM (Fused Deposition
Modeling) a6o MonenmoBaHHS TMONIAPOBUM HarulaBiaeHHsSM (puc. 3.5) MoxHa
PO3IIUTH HA TaKl CTaIIi:

1. po3nnaB ¢imaMeHTy Ta HOro MPOILITOBXYBAHHS Yepe3 po3IrpiTe COIIO;

2. mepeMillieHHs TOJIOBKH BIATOBIIHO J0 TPAEKTOPII,

4. OXOJNOMKEHHS YKIIaJIEHOTO MaTepiaiy;

5. (popMyBaHHS TOTOBOTO IIApy ACTaTI.

Cranii 1-5 moOBTOPIOIOTHCS TMOCHTIZIOBHO J0 3aBEpIICHHS (POpMyBaHHS BCIX
1IapiB.

Marepiani, siki BUKOPUCTOBYIOThCS At FDM npyky Benuka kinbkicTs. Le 1
kinacuyHi ABS (AxpunonitpunOyragienctupon), PLA (Ilominaktun), PET-G
(ITonmierunentepeduarar-riuikosb), PP (Ilominmpomninen), PC (IlonmikapOonar) Ta
KOMITO3UTHI (apMoBaHi) Marepianu. Kommo3utn MOXyTb OyTH apMoBaHi
BYTJICIICBUMH BOJIOKHAMH, CKJIOBOJIOKHaMH ab0 0a3aibTOBUMHU BOJOKHaMHu. Lle

30UTBIIY€ X MIIHICTh Ha PO3PHUB, CTUCK, 3TMH, CKOJIIOBAaHHS Ta HaJla€ MaTepiajiaM
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HOBI (D13UKO-MEXaHIYHI BIACTUBOCTI. TakoX ICHYIOTh KOMIIO3UTH 3 BKJIIOUCHHSIM

METaJeBOT0 MOPOIIKY, HE TaK 0arato BUPOOHUKIB sIKI BUITYCKAIOTh TAKOTO POIY
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MaTepiam.
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Comno 5 Marepian
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C D]
C b}
¢ D]
[Mnardopma nobygosu

Pucynok 3.5 — [Ipunmun poGotu npuHTEpy 3a TexHojoriero FDM

Oxpim TexHoorii Tuny FDM 1o Buay TeXHOJIOT1i aAUTUBHOTO BUPOOHUIITBA
Material Extrusion BimHocuTbhes 1 TexHosoris apyky tumy FGF (Fused Granulate
Fabrication) abo moOymoBa Ha HarpiBaHHI TPaHyJl, MO MOAAIOTHCS 32 JIOMIOMOTOIO
ITHEKa. AJWTUBHE BHUPOOHUIITBO 31 IIIHEKOBOI EKCTPY3i€I0 TMEPEBAXKHO
BUKOPUCTOBYETHCS [IJIsI IIBUAKOTO BHUPOOHUIITBA BEIUKOTabapUTHUX BHUPOOIB 3

BUKOPHUCTAHHSAM I'paHyJIbOBAaHUX TEPMOIUIACTUKIB ( pHC. 3.6).
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Pucynox 3.6 — IIpunuun po6otu npuntepy 3a texunonoriero FGF

JlaHa TEXHOJIOTIS y SIKOCTI CUPOBMHU BUKOPHCTOBYE MOYATKOBUN Marepiaj
BUpOOHMIITBA (IJTAMEHTIB — TPaHyJM, 3HAYHO 3MEHIIYIOYM BUTpPATH 4Yacy Ha
BUPOOHUIITBO. PoO0Ta 3 rpaHynaMu TOCTaTHHO CKIJIAHA 1 MIOKHM IIIe HE 3a0e3medye
Ti€l SAKOCTI Ta KOHTPOJIIO 3a MPOIIECOM, sKI 3a0€3MeuyoTh MPUHTEPU TEXHOJIOTIT
FDM. Haii0inbiu 3Hauymioro mnepesaroio texHosorii FGF € Benuka mBuakicTh
BUPOOHHUIITBA KOMIIOHEHTIB 10 4380 cm®/ron. Y nopiBHsHHI 3 TexHOMOTIEI0 FDM —
10 1600 cvm®/roz.

Bapricte npuntepiB 3a texnosorietro ME csarae Big 0,2 tuc. 1o 400 Tuc.

nonapis CIIIA.
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3.4. CtpymeHeBe HaHeceHHs1 MaTepiaay (MJ)

UeTBepTuii BUJ TEXHOJIOTIH aauTUBHOrO BHPOOHHMIITBA 1ie Material Jetting
(MJ). IloaibHO CTpyMEHEBOMY JIPYKY Ha B’SHKy4OMY IPU CTPYMEHEBOMY JIPYKY —
Ha MOBEPXHIO HAHOCUTHCA LIap MaTepiay 1 CTBOPIOETHCS 00’ €KT.

Opnak 3aMicTh TOro, MO0 HAHOCUTHM KIEeH Ha miap mopomky, MJ
BUKOPHCTOBYE BOCKOMOJIOHI Marepiajiid, pO3IUIaBIf€ IX 1 TOYKOBO KAaIISIMHU
HAHOCHUTD Ha MTOBEPXHIO JPYKY 1 IO Mipil HAPOIITyBaHHS MIApIB 00’ €KT HAOyBa€ CBOET
3amanoi ¢opmu. MJ mpuHTEp ApyKy€e MOIETh IMmap 3a IapoM, HAHOCIYU
dboTomnomimMepu 3 COTEHb APIOHUX COIIET F'OJIOBKH JIPYKY, KUIBKICTh COTIEI 3aJIEKUTh
B1JI KOHKPETHOI MoJieJli 00aaHaHHA 1 3MIHIO€ThCS B 96 10 448. [IpoayKTUBHICTH
TEXHOJIOTIi B 3anekHO0CTi Bix nmpunTtepy 900-2530 cm®/ron. MJ nmpuHTepy HAaHOCATH
Ha matopmy Bech IIap oJpa3y, Horo BUCOTa CTaHOBUTH 16 - 32 mxm. Komnu kparuti
MaTepiany ONUHAITHCA Ha IUIaTGopMi BOHH OOpOOJISIOTHCS YIbTPadioseTOBUM
CBITJIOM 1 mm1ap TBepAHe (puc. 3.7). Bci onopu Mozesni MOKHA APYKYBaTH OJTHOYACHO
3 CaMOI0 MOJIEJITI0, BUKOPUCTOBYIOUH ITPH IIbOMY pO3unHHMIA MaTepia. Komnu Bupi0
TOTOBUH, OMOPH JIETKO MOXXHA BUJAIUTH 3a JOMOMOTOI BOJU MiJ TUCKOM abo

3aHYpUBIIHU BUPIO B yIBTPa3BYKOBY BaHHY.

€— Marepian
MIATPHMOK

Y® namna

K

Marepian
Jaetani

<— KoHCTpyKUis MigTPHMOK

€——— JIpyKoBaHa 4acTHHa

[Tnardopma
nobyaosu

Pucynox 3.7 — Ilpunnun po6oTu npuHTEpY 3a TEXHOJOTIE0 MJ
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VY naHiil TeXHOJIOT1i BUKOPUCTOBYIOTHCS P13HI 3@ BIIACTUBOCTSIMU MaTepiaju:
YKOPCTKI, TBEP/I1, MPO30Pi, PI3HOKOJILOPOBI (HOTOMOTIMEPH.

[le oguH THM TEXHONOT1i, KU BITHOCUTHCA 10 CTPYMEHEBOTO IpyKy € NPG
(Nano Particle Jetting) abo cTpymeHeBuUii JpyK HAHOYACTUHKAMU. Y CTPYMEHEBOMY
JIpyll HaHOYACTUHKAMU BUKOPUCTOBYETHCS piauHA, SKa MICTUTh y co01
HAHOYACTHMHKU METalliB, SIKI OMNEepaTop 3aBaHTAXye€ B MPUHTEP Y BHUIIIAIL
KapTpuky. Coria MpUHTEPY pO3NOAUISIOTH PIIUHY M0 MIaTGopmi cTpymMeHeM ado
HEBEJIMKUMU KPaIUIIMH, B TOM Yac KOJIM BUCOKA TEMIEpaTypa B CEPEANHI KOPITYCY
MPU3BOJUTH /10 BUITAPOBYBAHHS PIJIMHU, IMICJS YOr0o Ha IIaTGOpMi 3aJUIIAETHCA

auie map 3 merany ( puc. 3.8).

Conno

IO O O C) Y®-BunpomiH0BaHHsA

0”09

E@E Ffii'fiiii(\i OC

CrpymeHese HaHeCeHHs BupiBHioBaHHA Bunaposypanus 3nikaHHs

(
nardopma ﬂ 1

nobyaoen

Pucynox 3.8 — I[Ipunnun pobotu npuHTepy 3a TexHojoriero NPG

VY skocTI MaTepiaiiB BUKOPUCTOBYETHCS HEPKaBilO4a CTallb 1 KepaMika.

TpeTiit TUI TEXHOJIOT], KM BITHOCUTHCS JI0 CTPYMEHEBOTro Apyky € DOD
(Drop-On-Demand) abo HarutaBieHHs 3 BUPIBHIOBAHHSM IIapy JETIOUUM Pi3ILEM.

Y DOD npuntepiB € 1aB1 Japykyrouil rosoBku. Ilepma posnopiise
BOCKOIOMI0HMI MaTepian Ha maaTdopmi, a Apyra CTBOPIOE OMOPU 3 POZYMHHOTO
matepiany. [Togiono 1o FDM Ta SLA npuHTepiB, TOJOBKU CIIAYIOTH TONEPETHBO
3a/laHii TpaeKkTopli 1 pO3NMOAUIAIOTH Marepiad TOukoBo. Y mpuHTepax DOD
BUKOPHUCTOBYETHCA Pi3€lb AJII BUPIBHIOBAHHS KOXHOTO HIapy, Ul MOKpAIleHHS
SAKOCTI JPYKOBAaHUX JeTajedl HEeOOXiJHO CTBOPIOBATH PIBHY MOBEPXHIO IEpe.

JPYKOM HacTyIHOTO 1apy (puc. 3.9).
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Pucynox 3.9 — Ilpunnun pobotu npuntepy 3a Texnosoriero DOD

Bapricte npunTepiB 3a TexHojoriero MJ csarae Binx 20 tuc. no 600 TwHc.

nonapis CIIA.
3.5. Cunre3 Ha migkaaaui (PBF)

[I’satuit Bua TexHOJOTIM aguTuBHOTO BUpoOHHUITBA 1€ Powder Bed Fusion
(PBF) ab6o cunte3 Ha miaknamimi. Jpyk BiiOyBa€eThCs 3a JOMOMOTOI TEPMIUHOT
00pOOKH MOPOIIKOMOAIOHOTO MaTepiany.

[Tix TerIoBUM BILUTMBOM TMOPOIIIOK IIap 3a IMIapOM TBEPAHE, CIIKAETHCS TUM
CaMUM yTBOPIOEThCS Mojenb. Meroagu PBF  Bigpi3usoThcs MiXK  co0010
PI3HOMAHITHUMH JKEpeJaMu €Heprii Ta TUIIaMU MOPOIIIKiB, K1 BAKOPUCTOBYIOTHCS.
binemiicte PBF npunTepiB o0nagHaHi MeXaHi3MOM JIJIs1 pO3TJIaJKyBAHHS TOHKOTO
mapy nopouiky, ToBmuHO 30 - 120 mxm. IIBuakicTe IpyKy HeBelHKa Yy
IOPiBHAHHI 3 IHIIMMH TeXHIIOTiAMH 1 ckaanae 30-400 cm®/rog.

[licns npyky nertanb, sKa 3aTBepijia JdICTAEThCS, a TOPOIIOK, SKUI

3aJIMIIWBCA, MOKHA BUKOPUCTOBYBATH BTOPHUHHO.
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Texnonorias tumy SLS (Selective Laser Sintering) a0o CeJIEKTUBHOIO
(BUOIPKOBOT0) JIA3€PHOIO CHIKaHHSI J03BOJISE CTBOPIOBATH MIIIHI TUTACTUKOBI JIeTal
3a JIONOMOT OO CIIKaHHS TOHKUX IIapiB MOPOIIKY Ja3€pOM IIap 3a mapom. Y IKOCTI
BUTPATHOTO MaTepially BUKOPUCTOBYIOTh MOJIMEPH Ta KEPaMIKy.

[Mpunmmn pobotu npunTepy 3a TexHosoriero SLS (puc. 3.10) moxHa
PO3IUIMTH HA TaKi CTaIii:

1. HaHeceHHd Ha MaThOpMy NEPILOTo Iapy MaTepiaty;

2. cHiKaHHS MOPOIIKY JIa3epOM 3T1IHO 10 T€OMETpii MoJIeni;
3. omycKaHHA M1aThOpMH Ha TOBLIMHY IIAPY;

4. HaHECEHHsS HOBOTO Iap MaTepiamy.

Crazii 1-4 mOBTOPIOIOTHCS TMOCIHITOBHO JO 3aBEpIICHHS (DOpPMyBaHHS BCIX
mapiB. [liciist 4oro TOTOBY JeTajidh AICTalOTh 3 PoOOYOi 00JIACTI, OYUIIAIOTH 1 TIPU

HEOOXITHOCTI Mi/IIaf0Th BTOPUHHIA 00pOOTIi.

dokycyroui niH3m
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NOPOLLKY [MonimepHuii
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VKOBaHa 4aCTHHa
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nobyosu

Pucynok 3.10 — [Ipunuun po6otu npuHTepy 3a TexHonoriero SLS

Texnounoris Turry MJF (Multi Jet Fusion) abo MyasTHCTpyMEHEBa TIaBKa —

1e, Mo CyTi, KoMOiHaris Texaosorii SLS ta MJ.
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[Ipunuun pobGotu mpuHTepy 3a TexHojoriero MJF (puc. 3.11) moxxHa
PO3JIUIMTH HA TaKl CTaIIi:

1. ronmoBka JApyKy 3 COIJIaMH AaHAJOTIYHUMH coruiaMm 2d mpuHTepy
PO3IMOBCIOIKYE B SDKYUY PEYOBHMHY Ha TOHKHI 1Iap MOPOIIKONOIOHOTO TUIACTUKY,
KU 3aCUTIAHUN Y CTIeLiaIbHy €MHICTB;

2. 0 MEXax IMapy MOJEII COolia JAPYKYIOTh PEUYOBHHOIO, sika 3armooirae
MpOlLIeCy CIIKAHHS, TaK SIK CTBOPIOETHCS KOHTYD LIApPY;

3. TOTyXHE JKepeno iH(pPadyepBOHOTO BUIIPOMIHIOBAHHS MPOXOAUTH HAJl
€MHICTIO 3 TIOPOIIIKOM 1 CITIKA€ 30HU BKPUTI B’ SHKYUOI0 PEYOBUHOIO;

4. onmyckaHHA MI1aTGOPMH Ha TOBUIUHY HIAPY;

5. HaHeCeHHs HOBOTO IIIap MaTepiay.

Cranii 1-5 moBTOPIOIOTHCS MOCHIZOBHO JIO 3aBEpIICHHS (POPMYBaHHS BCIX

1apis.
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Pucynoxk 3.11 — Ilpuniun podoTtu npuHTepy 3a TexHosoriero MJF
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Texnomnoris tTury SLM/DMLS (Selective Laser Melting/Direct Metal Laser
Sintering) abo cenekTUBHOI (BUOIPKOBOI) JIJa3epHOT IJIaBKH, a00 MPSIMOTo J1a3epHOTOo
CIIKaHHS METAJIiB MPAIIO€ 32 TAKUM CAaMHUM MPUHLUIIOM, 1110 1 SLS npuHTepH TiIBKU
3 MmeraieBoro nopomky (puc. 3.12). SLM nepenbavae co0or0 MOBHY IJIaBKY
nopoimiky B Toil yac ssik DMLS po3sirpiBae mopomok Maixe 10 TemrepaTypu

TUTABJICHHS 1 YaCTOUKH MOPOIIKY CIUIABJISIOTHCS Yepe3 XIMIUHYy peakiiio.
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Pucynox 3.12 — [Ipunnun po6oTtu npunTtepy 3a Texuosorietro SLM/DMLS

IIpu DMLS npykKy BUKOPHCTOBYIOTHCSI HIKUIIE€BI CIUIaBH, TUTaH Ta 1HIIH.
SLM mnpuHTepH MOXKYTh IMpaloBaTd 1 3 YHCTUMU MeTallaMu, HalpuKiaja
amominieM. SLM 1 DMLS wmoneni apykyrooTbes 3 omopamu, o0 3amo0irtu
nedopmaitii po3ApyKoBaHOT AeTall BiJl 3AJIMIIIKOBOTO MEXaHIYHOT'O HANIPY>KEHHS.

Texnonoris tumy EBM (Electron Beam Melting) a6o enekTpoHHO-
npoMeHesa 1aska. [Ipunrepu EBM BUKOpPHUCTOBYIOTBCS JIsL APYKY METAJIEBUX
00’exTiB. [IpuHIun podoTu TexHoorii (puc. 3.13) MoKHa pO3AIIUTH HA TaKi CTAIi:

1. y poOouy kamepy 3aCUIIA€ThCSI METAJIEBHi MOPOIIIOK;

2. IpUHTEP MJIABUTH MOPOUIOK MOTYKHUM €JIEKTPOHHUM BUIIPOMIHIOBAYEM

ap 3a MmapoM 3T1THO MOTIEPEYHUM TepepizaM 1udpoBoi MoIei;
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Cranii 1-2 moBTOPIOIOTHCA MOCHIIOBHO A0 3aBEPIICHHS (POPMYBaHHS BCIX
1apiB.

Bech mporiec BigOyBaeThesi y BakyyMi. ENEKTpOHHO-TIpOMEHEBUH NIPYK HE
BUMarae moOyJ0BU ONMOPHUX KOHCTPYKIINA JJIsT MOJIEI 3Ba)Kal0yu Ha BIJICYTHICTh
3aJIMIIKOBUX MEXaHIYHUX HaANpPyKeHb, SKI BHHHUKAIOTH B pPe3yJbTaTi HAsIBHOCTI
TPaJieHTy TeMIIepaTyp MK OXOJOJDKEHHUMH Ta rapsuuMu Iapamu. OKpiM TOTO,
EBM BuKOpHCTOBY€ MEHIIE €Heprii 1 MO)K€ BUTOTOBJISITH IIApU IIBUAIIEC HIXK

SLM/DMLS ane skicTh JaHUX MOJIETIEH TipIa.

Kaodeas BHCOKOL
HaNpyTH

Karox pozxaproeassEa

CiTKa 2 MIIIeHHT

T ITepEHEHEH aHOT

Or1910BHH TeIeCKOn

Korymxa dokycyEanEs
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JpVKOB2HA YacTHHA

3BapEHH MIOE

Pucynok 3.13 — [Ipunuun po6otu npuntepy 3a Texnonoriero EBM

Bapricts npuntepis 3a rexHosnoriero PBF csrae Big 20 tuc. 10 2 MutH. 1o1apis

CIIIA.
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3.6. JIucroBa jgaminamis (SL)

[Moctuit BUA TEXHOJIOTIA aJIUTHUBHOTO BUPOOHMITBA Iie¢ Sheet Lamination
(SL) a6o nucroBa naminHaiis. JlaMiHyBaHHS JTMCTIB BIJOME TAKOXK K yJIBTPa3ByKOBE
aJUTUBHE BUPOOHMUIITBO 00 BUPOOHUIITBO JIAMIHOBAHUX 00’ €KTIB.

Ile mporec anUTUBHOTO BUPOOHHUIITBA TIPH SKOMY TOHKI JIUCTH Martepiamy,
70-200 MKM, YKJIQJarOThCA CTOMKOI 1 3 €IHYIOTHCA Pa3oM 3a JOTIOMOTOIO
yIIbTPa3ByKOBOTO 3BApIOBaHHs, CKJICIOBaHHS abo0 maiiku. 1o mipi ykiamgaHHs 1apiB
00’exT HaOyBae dhopmy. Komu Bci mapwm ykiianaeHi i lamiHoBaHi ctaHok 3 UITY a6o
Ja3epHUN pi3ak BUAAISE HAJIMIIKOBUN MaTepiall CTBOPIOIOYM KIHIEBY (GopMy
00’€eKTa.

Texnonoria apyky LOM (Laminated Object Manufacturing), 1pyk 00’€KTiB
[UIIXOM JIaMiHYBaHHS € JIOCUTh TPHUBAJIUM, HIBUIKICTH (OPMYBaHHS BHPOOY
ckinamae 30-320 cm®/ron.

[Ipunuun pobotu mnpuHTepy 3a TexHonoriero LOM (puc. 3.14) moxHa
PO3IIUIMTH HA TaKl CTaIIi:

1. Ha margopmy, abo TOTOBI 00’ €KTH PO3ITPITUM POJIJIEPOM HAKIICIOETHCS

JUCT MaTepiany;
2. nasep BUpiza€ 00’ €KT MO KOHTYPY 3T1THO TEOMETPii MOAEITI;
3. BQIHIIKH MaTepialy BUAAISIOTHCS;
4. miaropmMa OIyCKAaeTbCcs 1 HACTYNMHHM JIMCT KJIEWKOTO Marepiainy
MOJAETHCA 10 poOOYOi KaMepH;

5. mmatdgopma TIAHIMAETBCS BBEPX 1 HOBHM IMap MNPWIHMIAE IO
MOTIEPETHHOTO.

Cranii 1-5 moBTOPIOIOTHCA MOCHIIOBHO A0 3aBEpIICHHS (POpMyBaHHS BCiX

TIapiB.
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Pucynox 3.14 — [Ipuniun po6otu npuHTepy 3a TexHosoriero LOM

BapricTte npunTepiB 3a TexHomorieo SL ciarae Big 9 tuc. 10 37 THC. 101apiB

CIIIA.
3.7. ®oronosaimepusauist y Banui (VP)

CoomMuii  BUJ ~ TEXHOJOTIM  agUTUBHOTO  BUpPOOHMIITBA IIe¢  Vat
Photopolymerization (VP) abo dotomonimepu3zaiiis y BaHHI. Y JaHOMY THIII
TEXHOJIOT1i oTOoMmoIIMEepHA CMOJIa TBEP/IHE M1/ BIUTMBOM JIXKEpesia CBITIIA 3 Pi3HOIO
JIOBKMHOIO XBHJII 1 BECh II€¥ MpOIeC HOCUTh Ha3By ¢oTornonimepu3aitis. [IBuakich
no0YI0BH 32 JAHOIO TeXHooriero cknanae 192-600 cm®/ron

Texnomnoris SLA (Stereolithography) abo crepeonitTorpadisi BIIHOCUTBCS 10
BUJTy aIUTMTUBHOTO BUPOOHHIITBA VP.

[Ipunuun poOGotu npuHTepy 3a TexHosorietro SLA (puc. 3.15) moxHa
PO3IIINTH HA TaKl CTaIIi:

1. nmnardopma, Ha SKIM TpUMAETHCS MaWOyTHS MOJEINb, 3aHYPIOETHCS Yy

pe3epByap 3 piAKO0 (POTOMOTIMEPHOIO CMOJIOKD;

2. oguH a00 JCKUIbKa TOYKOBHX Ja3epiB, sSKI pPO3TAaIllOBaHI B CepeaHHI

NPUHTEPY, MOYMHAIOTH 3acBiUyBaTW 3HHU3Yy TI 30HMU, SKI 3T1IHO
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TPUBHUMIPHOT ITU(DPOBOT MOIEI1 TOBUHHI TBEPAHYTHU JIJIsi CTBOPEHHS 1Iapy
JIEeTalIl;

3. (dopmyBaHHS NEPIIOTO APy 00’ €KTa;

4, migHATTS TIaTGOPMH Ha BIJICTaHb PIBHY TOBIIUHI IIapy.

Crazii 1-4 moBTOPIOIOTHCA TMOCIHITOBHO JO 3aBEpIICHHS (HOPMYBaHHS BCIX
mrapiB. [licist yoro po3apykoBaHa JeTanb MPOMUBAETHCA 1, SIK IPABHIIO, M1IAE€THCS
JOJTATKOBOMY yJIbTPaQioleTOBOMY OINPOMIHEHHIO 11032 MEXaMH TPUHTEPY IS
3aBepIIeHHS Tporecy (hoTomoaiMepu3allii 1 301IbIIEHHS MIITHOCTI 00’ €KTY.

Hetam po3npykoBani SLA y cBOil OLIBIIOCTI BUMAraloTh HasBHICTb OIOP
JUIS. HABUCAIOYUX €JIEMEHTIB MOJIENI, K1 JOJAaI0ThCs 10 MU(PPOBOI MOJENI Mmepe
JPYKOM, TICJS 4OTO BUJAJSIOTHCS BPYYHY IO 3aBEPUIEHHIO MOCTOOPOOKH BHPOOY

yIbTpadioseTOBUM BUIIPOMIHEHHSIM.

[Mnardopma nobygoeu

*

JpykoBaHa uacTHHa

Piaka cmona

" FEP-nnieka

Jazep
Y

Jlazepumii
NMPOMiHb

Pucynox 3.15 — [Ipuniun po6otu npuHTEpy 3a TexHoJoTiero SLA

AnbTEepHATUBHOIO 1 OUIBII AETIeBOIO TeXHOOTIEI0 € TexHonoriss DLP (Direct
Light Processing) a6o mudposa cBitiogioaHa npoekiis. Texnosnoris apyky DLP

nyxke cxoka Ha SLA, pi3HUI y TOMY, 11O 3aMICTh JOPOTUX TOYKOBHX JIa3€piB Y
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DLP mnpuHTepax BHKOPUCTOBYIOTh IIU(PPOBY CBITIOMIOAHY MPOCKIIIO IS
OTMPOMIHEHHS BChOTO IIapY.
[Mpunmun poOGotu mnpuHTepy 3a TexHonoriero DLP (puc. 3.16) moxHa
PO3JIUIMTH HA TaKl CTaIIi:
1. mnardopma, Ha SIKi TPUMATUMETHCSI MaOyTHS MOJEIb, 3aHYPIOETHCS Yy
pe3epByap 3 piikoro GOTOMOTIMEPHOIO CMOJIOK0;
2. mubpoBUN MPOEKTOp IMepeae MPOCSKIi0 300pakKeHHs IIOro Imapy Ha
piaky (oTomomiMepHy cMOITy 10 i TOBHOTO 3aTBEPIIHHS;
3. GopMyBaHHS MepHIOro mapy 00’ €KTa;
4. miaHATTS WaTGopMu Ha BIJCTaHb PIBHY TOBIIUHI HIAPY.
Cranii 1-4 mOBTOPIOIOTHCA MOCHIZOBHO J0 3aBEPIICHHS (OPMyBaHHS BCIX

IapiB.

[Maardopma nobygosu

*

,le_vxoaana YaCTHHA

Piaka cmona

Ry FEP-nniBka
xepeno

CBITNA

Lndposmii_p. \
MpoeKTop T

CBiTnoBUH
NPOMIHb

Pucynox 3.16 — [Ipunuun po6otu npuHTepy 3a TexHosoriero DLP

Texnonoris Tunmy CDLP (Continuous Direct Light Processing) a6o
6e3nepepBHa MU pPoBa CBITIONIOAHA MPOEKITis. TeXHOJIOTis Taka cama, sk 1y DLP,
€IMHA BIIMIHHICTH 1€ T€, 110 JIPYK Nepeadayvae NocTiMHUN pyX 1aTpopMu Bropy

B3JI0BX OCi Z, 110 30iIbLIy€ MBUAKICT BAPOOHUIITBA MOzenel 10 1500 cvm®/rop.
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IIuranus aiast CaAMOKOHTPOJIsA

1. AIxi memoou sionocamuvca 0o mexnonocii Directed Energy Deposition
(DED)?

2. Aki memoou gionocamwocsa 0o mexunonocii Powder Bed Fusion (PBF)?

3. Axumu neoonikamu xapaxkmepizyromo NPJ mexnonozito?

4. Axumu neoonikamu xapaxkmepizytomo FGF mexunonocin?

5. Axkumu neoonixamu xapaxkmepizyrwomo FDM mexnonocito

6. Axa mexnonozia Opyky memanamu  3abe3nedyyc  0inbuly

nPOOYKmMuUGHicmb, a Hidc TUeapHull npoyec?
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PO3ILJI 4. /Iu3aiin Ta MOaeI0BAHHSA

4.1. Ilporpamue 3a0e3me4eHH sl AM3aiiHA Ta MOJEJTIOBAHHS

[Tporpamue 3abe3neuenns (I13) mis qu3aitHy Ta MOJETIOBAHHS € BAXXJIMBOIO
CKJIQJIOBOIO TIpOLleCY aauTUBHOrO BUpoOHUITBA. [I3 m03BOJSIE KOpUCTyBauam
CTBOPIOBATH, pefaryBatu Ta oOpoOmaTth mudpoBi Mozaem mepen Apykom. Binx
BuOopy [13 3aneKuTh SKICTh Ta TOYHICTH PO3POOIECHOTI MOJETI.

[Iporpamue 3abe3nedyeHHsT [JIsi MOJCNIOBAHHA BUPOOIB y aJUTUBHOMY
BUPOOHUIITBI OOUPAETHCSI HA OCHOB1 HACTYITHUX KPUTEPIiB:

¢ (DYHKIIOHAJIbHICTD;

® JIOCTYITHICTH;

® TIPOCTOTa BUKOPUCTAHHS;
e (araTto3aJayHICTh.

Koxne I13 mMae cBoi 0COOMMBOCTI 3aCTOCYBaHHS, aJrOPUTMHU POOOTH Ta
MOXJIMBOCTI. Po3risiHeMoO Juie OCHOBHI  MOXIMBOCTI Ta  iHTepdelicu

po3noBcroxeHoro 113.

4.1.1. Autodesk Fusion 360

Autodesk Fusion 360 - e komrutiekcue I13 a1 mpoMHCIOBOTO aU3aiiHy Ta
MopentoBanHs (puc. 4.1), mo Bxiatouae B cebe CAD, CAM, CAE ta PCB ¢ynxkimii.

IManenasb naHMX: HaJA€ TOCTYI 0 KOMaH/, MPOEKTIB 1 IU3aiHIB, KEPYBAHHS
JTAHUMH TIPOEKTIB.

Ianensb nomaTkiB: MICTUTH 3arajJbHONPUUHATI (YHKIII, Taki SIK HOBHUUI
daiin, ckacyBaTH, IOBEPHYTH.

Ilaneas iHcTpyMeHTIB: BUOiIp poOOYOro cepeoBuUIla, Y SKOMY BH XOYETe
mparoBati. [HCTpyMEHTH Ha MaHell IHCTPYMEHTIB BIJIPI3HIIOTHCA B KOXXHOMY

poOoYOMYy TIPOCTOPI.
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Pucynok 4.1 — Po6oui o6sacti Fusion 360: 1) manens gaHux; 2) maHeb 101aTKiB;

3) ITanens iHCcTpyMeHTIB; 4) bpayzep; 5) 361pka Ha nonoTtHi; 6) ViewCube; 7)

Mento no3Hauenns; 8) [lanens Hasiranii; 9) XpoHosoris.

[laHens 1HCTPYMEHTIB pO3JUIEHA Ha BKIAJIKHU, SKI OpPraHi30BYIOTh

IHCTPYMEHTH B JIOT14H1 TPYIIH.

Po6Goui o6nacti: Fusion 360 BuxopuctoBye poOoui 001acTi ais
KEpyBaHHs JOCTYIHUMH KOMaHJaMH Ta THUIOM JaHHUX, SKI BHU
CTBOPIOETE.

Bubip po0o4oi o6saacTi: BuOip Ha3BM MOTOYHOI PoOOUOi 00MacTi s
nepexoy Mi>k poOOYrMH 00IacTsIMHU.

Bkaaaku: xoxxHa poOova 001acTh po3/iJIeHa HAa BKJIAJIKH, SIKI MICTSITh
JIOT14YH1 TPy NOB’SI3aHUX THCTPYMEHTIB.

KoHTekcTHi BKJIAAKM: €Ki KOMaHAW aKTUBYIOTh KOHTEKCTHY
BKJIa/IKy, Hanpukiag Sketch. KonTekcTHa Bkiagka BigoOpakaeThbest Ha
MaHesl IHCTPYMEHTIB MOPsIA 3 IHIIUMU BKJIaJKaMu B poOoulid 06acTi,
MOKU KOHTEKCTHI IHCTPYMEHTH aKTHBHI.

KoHTekcTHe cepenoBuIle: /€Ki KOMaHAM aKTHUBYIOTb KOHTEKCTHE
cepenoBuiie. KoHTeKCTHE cepefoBuIle Bi0Opax)aeTbCs Ha IMaHENl

IHCTPYMEHTIB, 1 HOro BKJIAAKU 3aMIHIOIOTH THUIIOBI BKJIQJKU B
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OTOYHOMY POOOUOMY IIPOCTOPI1, JOKHU BU HE BUNJIETE 3 KOHTEKCTHOIO
CEpEeIOBUILA.

Bpay3ep: mnepenik 00’ekTiB y 30ipii (KOMIOHEHTH, Tijla, €CKIi3H,
HOXOJIKEHHSI, 3’ €JTHAaHH:, TEOMETP1sl KOHCTPYKIIIT TOLIO) 1 103BOJIsIE KOHTPOJIIOBATU
BUIUMICTH 00’ €KTIB.

36ipka Ha MOJIOTHI: Ja€ MOXJIUBICTh 0OpaTH 00’ €KTH 31 301pKH Ha TIOJIOTHI.

ViewCube: iHCTpyMEHT AJIs meperiisiay 00paHoro 00’ €KTy 3 PI3HHUX IMO3HIIIH.

MeH10 O3HAYEHb: MICTHTh YaCTO BUKOPHUCTOBYBaHI KOMaH/IM Ta JOJIaTKOBI
KOMaH/I1 B MEHIO.

IIanens HaBiramii: MICTUTb KOMaHIM, $KI BUKOPHUCTOBYIOTHCS MJif
MacmTadyBaHHs, TAHOpAaMyBaHHS Ta TMO3WIIIOHYBaHHA JAHM3aiiHy, a TaKOX
napamMeTpu BIJOOpaKeHHs ISl KepyBaHHS 30BHIIIHIM BUIIISIIOM 1HTEepdeiicy Ta
TUM, SIK 301pKU AU3aliHy BiJ0OpaXaroThbCs Ha MOJIOTHI.

XpoHoJIOTifl: TIepeNiK omepaniid, BUKOHAHUX Yy TMpOeKTl. B pexumi
apaMeTPUYHOTO MOJEIIIOBAHHS Ja€ MOKIMBICTh 3MIHUTH HOPSAIOK iX OOUMCIICHHS.

Posrmsanyre II3  MoOke  BUKOpPHUCTOBYBATHCS Uil  ITApaMETPUYHOIO
MOJICJTIOBAHHS CKJIATHUX 1H)KCHEPHUX KOHCTPYKI[iH. Mae MOXIHUBICTh 30€peKeHHS
NPOEKTIB B (popMati, M0 HIATPUMYIOTH MPOTpaMu Il MIATOTOBKH N0 APYKY.
Oco06muBicTio uporo 113, sk 1 SolidWorks, € cripsMoBaHICTb Jinile HA TPOEKTYBAaHHS

1HXKEHEPHUX 00’ €KTIB.

4.1.2. SolidWorks

SolidWorks - 1ie mnporpamne 3a0e3medyeHHs, IO 3a0e3Meuye IMUPOKI
MOJIMBOCTI Jutst 3D-MopentoBanHs, aHaI3y Ta BUpOOHUIITBA (puc. 4.2).

Ilanenb iHCTPYMEHTIB: MICTUTHh OCHOBHI KOMaHaM, 30Kkpema «HoBui
JTOKyMEHT», «BiakpuTu nokyMeHT» 1 «30epertu JokyMmeHT». Kpim Toro, y nmpasiit
YacTHUHI L1€1 aHel IHCTPYMEHTIB JOCTYyIHA MIKTOrpama LIECTIpHI, SKa BIAKPUBAE
niagoroBe BikHO «llapamerpu cucremmn», 1€ MOKHA 3MIHUTH PI3HOMAaHITHI
HanamTyBaHHA. SIkimo HaBecT Kypcop Ha miktorpamy SOLIDWORKS, Bu

no0aunuTe KUIbKAa BHUMAJAI0YMX MEHIO, SIKI MICTATH YCl JIOCTYNHI KOMaH[H,
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BKJIFOYAarOYM MEHIO «JloBimKa», 1€ MOKHAa OTPHMATH JOCTYIl JO0 HaBYAJIbHHUX
MMOCIOHMKIB.
[Tam’siTaliTe, SKIIO HABECTH Kypcop Ha Oyap-fKy MIKTOTpaMy B

SOLIDWORKS, BinoOGpa3uThcs migKa3ka 3 HOSICHEHHSIM KOMaH/Id Y4 IHCTpyMeHTa!

®
®

P

> | Elimetic.
TIEIE] Model [ 3D Views | Motion Study 1
SOLIDWORKS Premium 2021 55.1 Editing Part

Pucynok 4.2 — Po6oui o6sacti SolidWorks. 1) ITanens iHcTpyMeHTIB; 2)
CommandManager; 3) Heads Up View nanens iHCTpymeHTiB; 4) [lanens 3aBnans;

5) HepeBo npoektyBanHs FeatureManager; 6) O06nacTh rpadiku.

CommandManager: KOHTEKCTHO-3aJIe)KHa MTaHeJb IHCTPYMEHTIB, sIKa Hajae
pi3H1 HAa0OpHW KOMaH]I Ha OCHOBI BKJIaJIKH, BUOpaHOi Oe3nocepeHbo mija Hero. Le
OCHOBHA 00J1aCTh, JIe KOPUCTYBa4l MOXKYTh 00OpaTH KOMaHAH JJisl CTBOPEHHSI €CKi31B,
JI0/1aBaHHs/BUIAJICHHST MaTepiaiy, cepel 0araTbox IHIMUX. Y 0aratbox BHUIIAJKaX
SolidWorks  aBTomatMuHO  TepeMHKaeTbCd  HA  BIANOBIAHY  BKJIAQAKY
CommandManager mij yac 3MIHHM PEXUMIB, OJHAK MOXE 3HATOOUTHUCS BPYUYHY
MEePEeMUKATUCS MIJK BKJIQJIKAMHU, HATUCKAIOUH iX.

Heads Up View naneab iHCTpyMeHTIB: mpo3opa IMaHeNb iHCTPYMEHTIB Y
BEepXHil wacTuH1 rpadiyHoi 0O0JaCTI Hamae psJ EJIEMEHTIB KepyBaHHS IS
KEpyBaHHS KOJIbOpaMHU Ta 30BHIIIHIM BUIJISAOM MOJENI, & TAKOXK TOYKU 30py Ha

Hux. OyHKLII, K1 3a3BUYail BAKOPUCTOBYIOTHCS TYT, BKIIOUAIOTh MPUCTOCYBAHHS
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MOJIEIl 70 €KpaHa, 3MiHy Opi€HTalli Meperisiay, 3MiHy CTHIIO BiIOOpakeHHS
(3aTiHEHUH KOHTYp, KapKac TOIIO) 1 3aCTOCYBAaHHS KOJIbOPIB/BUTIIALY A0 MOJIEIII.

IlaHenasb 3aBAaHb: MICTUTHh KUTbKAa BKJIAQJOK, SKi CIYXaTh PI3HUM IIUISM.
3anexHo BiJ IHIIKUX IporpaM, sKi OyiM 1HCTalboBaH1 goaaTkoBo 10 SolidWorks,
KOPHCTYBa4 MO>KE€ MaTH OUTbIITY a00 MEHIITY KiJIbKICTh BKJIAJOK.

JlepeBo mnpoextyBaHHs FeatureManager: xpoHOJOriyHa i€papxis BCIX
€CKI31B 1 €JIEMEHTIB, sIK1 OyJIM CTBOPEH1 a00 3aCTOCOBaH1 JI0 MOJIE, 1 3’ IBIISIOTHCS
Bipa3y micig moyaTky podotu. Lleit po3ain inTepdeiicy Haa3BUYaitHO BaXKIIUBUH,
OCKUJIbKU 3 HBOTO TIOXO/ISITH 6araTo ornepaiiii peraryBantsa. TyT TakoX pO3MIIIEHO
TPH IJIOIIMHU 32 3aMOBUYYBAHHSM, SIK1 € 0a30BOI0 T€OMETPIEIO SISl TIEPIIIOi Oreparti.

Obsacty rpagikm: OoCHOBHa 00JIacTh €KpaHa, JI€ MOJENI Ta KpPECIICHHS
MEePETIsIaloThCsl, KEPYIOThCS Ta BAOMPAIOTHCS.

4.1.3. Blender

Blender - me nporpamse 3a0e3nedYeHHs 3 BIIKPUTUM BHXIJIHHM KOJIOM IS
3D-monentoBanHs, aHIMAIII1 Ta Bi3yari3aiiii.

Menwo wnporo II3 (puc. 4.3) IHTYITUBHO 3po3ymiie, OJOKH JOTIYHO
chopMoOBaHi 1 TPU IILOMY HECYTh BEIWYE3HI MOKJIMBOCTI JJi1 HaJalITyBaHHS.
Po3srisitHeMo 0CHOBHI OJI0KH YIIpaBJIiHHS.

MeH10: BiJKpUBa€ MOYATKOBY 3aCTBKY, BIJIOMOCTI MPO BEPCIIO Ta MPOAYKT,
BCTAHOBJICHHSI HOBUX IIIa0JIOHIB TPOrpaMH, BapiaHTH KepyBaHHsS (haimamu,
BIJIHOBJICHHSI (paljIiB MPOEKTY, poOOTa 3 KOHBEPTYBAHHS, OUYKMCTKA, CTBOPECHHS
HOBUX pOOOYMX BIKOH, MIEPEMUKAHHS MK POOOUUMH 00JIACTSIMH.

Po6oui npocTopu: monepeaH»0 BU3HAYSHI MAKETH BIKOH, 110 BiAMOBIIAIOThH
3a pyHKIIOHAIBHI MOXJIMBOCTI [13 1 moisieHi 3a Bugamu.

OO0’eKkTHHIl peKMM: PEXKUMHU JI03BOJISIIOTH PEAaryBaTH Pi3HI aCMEKTH
00'ekTiB. OOMpaOUM NEBHUN PEXXUM KOPUCTYBAY OTPUMYE MOKIIUBICTh MPOBOAUTH
orepauii Haj BCI€O AETalito, abo OTPUMY€E NOCTYyN A0 POOOTH 3 OKPEMHUMH

MJIoIMHAMU, peOpaMu Ta By3jamMu oOpaHOi JeTari.
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BinoOpa:keHnHsi Ta 3aTiHeHHsI: KEpYBaHHS TUIIAMH B1JI0OpaKeHb, KEpYBaHHS

3aTIHEHHSIM BIKHA meperisiay. MeHio Hagae BHOIp CTYNEHs JETajJbHOCTI Ta

PEATICTUYHOCTI BiIOOpaKEHHS 00’ €KTa MOJICITIOBAHHSI.

@ X File Edit Render Window Help Layout  Mode n Texture Paint shadir Animation

ing ! V Editing

Rendering &5+ Scene © &+ ViewLayer

Sculpting = a ¢
9. W ObjectMode v View Select Add Object I, Global v Dv Bt B N K29 a v

2

& 70090 =@ 0

Options v B Scene Collection 9
v B Collection on

» ¥ camera on
» ¥ cube

> O Lght

=Py
= Cube
|- Cube
w Transform

Locatio...
Y

- it .
o % .
Y00 e
z 0° .
Mode XYZE.v
ScaleX | 1000 by e
. Y 1000 .
Q z | 1000 % .
-
2 Delta Transform
©- Playback v Keying v View Marker Hecdq Prel

> Relations
14 16¢ 18 200 220 240

> Collections
»

Pucynok 4.3 — Po6oui o6macti Blender. 1) Mento; 2) Po6oui npoctopu; 3) broku
CIIeH Ta 1mapiB neperisny; 4) O6’extHult pexxum; 5) BimoOpaxeHHs Ta 3aTIHCHHS,
6) Hagirauis; 7) Enementu kepyBanHs; 8) ba3oBa nmaHesb IHCTPYMEHTIB; 9)
Outliner; 10) BmactuBocri; 11) Xponosoris; 12) Oneparopu MaHimyJsiii 3

00’ eKTOM.

Hagiramisi: BiamoBigae 3a MOXJIHMBICTh 3MIHIOBATH TOYKY OTJISIAY OO EKTY.
Mictuth y co0i Taki (¢yHKOii: opOita, KyT Haxwily, HaHOpaMyBaHHS,
MaciTadyBaHHS BUlY, Kamepa.

EnemeHTH KepyBaHHSI: TIEPETBOPEHHS OpI€HTalli, OMOPHI TOYKH iX
penaryBaHHs Ta IPUB’A3Ka, MapaMeTpU MPUB’SI3KU, IPONOPILIIHE pefaryBaHHs.

ba3oBa maHesb IHCTPYMeHTIB: BIJINOBIJa€ 3a JOJaBaHHS CTaHIAPTHUX
€JIEMEHTIB MOJICNIIOBAHHA, TaKUX SIK F€OMETpUYH1 (Irypu, JKepeia OCBITIEHHS,

dboTokamepu.

Outliner: cnucok, sKuil ynopsakoBye JaHi MOJCNI Ta HaJa€ MOXKJIHBICTH

OpICHTYBaHHSI Y B3a€EMO3B’SI3KaX MiX i1 eleMEHTaMHU.
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BaacTtuBocTi: MoKa3yloTh 1 J03BOJISIIOTH pefaryBatu 0araTto akTHUBHUX
JAaHUX, BKJIIOYAIOYM AaKTUBHY CIIeHy Ta 00’€KkT. BiacTuBOCTI MaioTh KijbKa
KaTeropii, sKi MOKHA BUOpaTH 3a JOMOMOTOIO BKJIAJIOK 1 MICTUTh y C0O01: 00 €KT,
JaHl 00’ €KTa, TaHelb peJakTopa, MaTepiall, MOAU(GIKATOPH, TOIIO.

XPpoHoJ10risi: peIaKTOP MIKAIH Yacy , TO3HAYCHHH MIKTOTPaMOIO TOIMHHUKA,
BUKOPUCTOBYETHCS 11 MAHIMYJIFOBAaHHS KIFOYOBHMH KaJpaMH SK B PEKUMI
Bi3yasrizallii Tak 1 peKuMi CTBOPEHHS B1/I€O MOTOKY.

Onepatopu MmaHinyasinii 00’€KTOM: TaHENb TEPEMIIeHHS, 0OEpTaHHS,
MaciTabyBaHHs, MaJIOBaHHS, IO 3MIHIOETbCS B 3aJ€KHOCTI BiJ] 0OOpaHOTO
po0OoUYOro NpocTopy.

Hane I13 Mae gemo CKJIQAHINIY CHUCTEMY MOJICNIOBAHHS OO0’€KTIB, MPOTE
JIO3BOJISIE  3aiiMaTUCS  OJHOYACHO  MapaMEeTPUYHUM  MOJICIIOBAHHSIM  Ta

CKYJBIITUHTOM.

4.1.4. SketchUp

SketchUp - 1ie npoctuii y Bukopuctansi [13 s ctBopennst 3D-moaeneit ta
PEHAEPUHTY.

['onoBHe mnpusHaueHHs wuporo I3 monermmTu poOOTYy HaAL MIBUAKUMHU
3amMainbOBKaMu 10 npoekTy. Tomy II3 mae MakcuMmanbHO MPOCTE MEHIO 3
BUHECEHHMH I10 KOHTYPY po0OUYOTo NpOCTOPY HaYaCTIIIE BYKMBAHUMU KOMaHIaM1
(puc. 4.4).

OcnoBHi MoxumBOCcTI SKetchUp 3ocepemkeHi B HACTYITHUX TTaHESX.

Mem1o: BimoOpaxae OUIbIIY YaCTUHY 1HCTPYMEHTIB, KOMaH/ 1 HaJaIllITyBaHb
SketchUp.

CranaapTHa naHeJb iHCTPYMEHTIB: MICTUTh PI3HOMAaHITHI 1IHCTPYMEHTH,
K1 JIOTIOMararoTh KepyBaTH (aillaMu Ta KPECICHHSMH, a TaKoX JIPyKOM Ta
JTIOBIJIKOBUMH JTAHUMHU.

Ilaneni iHCTPpyMeHTIB: 3’SBISETHCS MMiJ MEHIO Ta B3JI0BXK JIIBOI YaCTUHU
IporpaMu, MICTUTh HaO1p IHCTPYMEHTIB 1 €JIEMEHTIB K€PyBaHHs, Kl MOXKYTbh OyTH

HaJallTOBaHI KOPUCTYBAUYEM.
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Psimox crany: nmoBra cipa NpsMOKyTHa 00JIaCTh y HMKHIA YaCTUHI BIKHA
KpecieHHs. JliBa yacTHHA psiiKa CTaHy MICTUTh KOMAaH/IHI PSIKH Ta IMOBiTOMIICHHS

npo ctan SketchUp.

(1) _
e W CY T

Pucynok 4.4 — Po6oui o6sacti SketchUp. 1) Mento; 2) CtannapTHa naHelb

iHcTpyMeHTiB; 3) [laneni incTpyMeHnTiB; 4) Panok crany; 5) [lone kepyBaHHs

3Ha4YCHHAMHU; 6) BikHO MalTtOBaHHS.

VY mnpaBiii yacTUHI PsiIKA CTaHy MICTUTHCA TOJIE KEpyBaHHS 3HAYEHHAMMU
(TTK3). IIK3 BimoOpaxkae iHMOpMaIlito IPO pO3MIpH TIiJ] Yac MaJTIOBAHHS, a TAKOXK
MO>Ke MpUuiiMaTH BBeJEeH1 3HaueHHs. [lone kepyBaHHs 3HAUEHHSIM Mae€ AB1 (QyHKIIII:
nepiia — e AMHAMI4YHe B110Opa’keHHs po3MipHOi iHPopMallii, IK-OT JOBXKHUHA 200
paziyc, st 00’ €KTa Tmij] 9ac oro CTBOpEHHs abo nepeMiiieHHs. [pyruit — 3MiHUTH
ab0 MOBTOPHO BKA3aTH PO3MIpHU reoMeTpii ado 3HaYEHHSI KOMaHIH.

Bikno Ma/iloBaHHSI: YBIKHI MaJIOBaHHS BH CTBOPIOETE Ta Bi3yali3yeTe CBOIO

MOACIIb.

70



Ile nanexo He moBHUMU mepenik [13 mis crBopenHst 3D Monaenel, ane 1l
nporpaMu € JOCHUTh TONYJSAPHUMHU cepea  IpodecioHalliB Ta IOYaTKIBIIB.
Oobuparoun 113, kopucTyBaui MOBUHHI BpaXxOBYBaTH CBOi NOTpeOU Ta piBEHb 3HAHb
y 1l 001acTi.

Bei mpoaykTu, okxpim SolidWorks, maioTe 0€3KOIITOBHY HEKOMEpLIHHY

BEPCIIO JJIs1 BIACHOTO KOPUCTYBaHHSI.
4.2 Po3po0Oka Ta onTuMisamisi AM3aiiHy 1JIsl AAMTUBHOTO0 BUPOOHUITBA

3azanvHi 0CHOBU NPOEKMYBAHHA Y AOUMUBHOMY 6UPOOHULM GL

[IpoekTyBanHss y cdepl aAUTHUBHOTO  BHUPOOHUIITBA  Mependavae
BUKOPUCTAHHS CIEHIaIbHUX MPOrpaM Ta TEXHIK I cTBOpeHHs 3D-mopeneit ta
NEPETBOPEHHS iX y peanbHl (13U4HI 00'€KTH.

3BakaloyM Ha Te, 1110 B aAUTUBHOMY BUPOOHHUIITBI BUKOPUCTOBYIOTHCS Pi3HI
TEXHOJIOT1i Ta MaTepiajiu, KOXKHa 3 HUX Ma€ CBOi OCOOJIMBOCTI Ta BUMOTH JO
npoektyBaHHs. [IpoTe, € Aesiki 3araabHi OCHOBH, SIKI MO’KHA BUKOPUCTOBYBATH JIJIsI
Oy/Ib-sIKOi TeXHOJOT1T Ta MaTepiay. OCHOBHI €Tanyu MPOEKTYBaHHS Y aIUTUBHOMY

BUPOOHMIITBI HABEJEHO HA pUC. 4.5 Ta BKIIOYAIOTh HACTYITHI KPOKHU:
OCHOBHI ETAMW NPOEKTYBAHHA Y ADMTUBHOMY BUPOBHWLITBI

) — @ — ©® — 0 — O

BWSHAYEHHA METW TA PO3POBKA OnTHMIBALLS
@YHKLIOHANBHUX BAMOT 3D-MOAENI AW3ARA H&
BUPOBY
BHPOBY
v v

OYRUORATHET; Fans TEXvomorfa0-1Pviy AT HOXTWBOCTER BIATEXHOCT BLBANOT, ~TEPEBIPKA NOLER A RARBHICTS
o PO WATEPITIMOKE SKGEOEWBATY: | | IEQENTE
- P -OTANALR POSMPBBAPOSY; | [- ke AP MU
—— BAGESTEVEHH: - OTMSALI FEOMETPI - DOBTOBHCT '
I ForeoeHiA wiopogoiwogen, | [TADKYBAN: - ECTETIHCTS }I::::r;nrmmgmmmx
‘ —— - QHEHLIENAA MAH BHPOGY: - :

P - BOAGIHHR CHTIOOMX - EXOHOMHET Pl
Toup. ENEMEHTIB (A HEOEXICHOCT). :

- BT - BANGACTAN OTHMAT X

- Tou0. HATTALUTYBAHD MIZTPHMOK;

- 3AN0BITAHHA BRHIKHEHID
MOXJMBHX NPOBIEM ML YAC
IPYKY.

Pucynok 4.5 —OcHOBHI1 eTanu NPOEeKTYBaHHS y aJUTUBHOMY BUPOOHHIITBI.
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JleTanbHO HaBENIEHI €Tamu MPOCITIAKOBYIOTHCA MPU MPOEKTYBaHHI JeTajei
aBaIliifHO1, KOCMIYHOI Ta aBTOMOOIJIBHOI Tally3ei, /¢ TOJOBHMUMH TMapameTpaMu
omTuMi3amii BHCTYINalOTh, HE JMINE MIIHICTh, a 1€ W Bara, €proHOMIYHICTb,

TEXHOJIOTTYHICTh, €KOJIOTIYHICTh Ta IIiHA.
4.3 Ilporpamue 3a6e3nevyeHHs ISl MiATOTOBKH JA€TaJi 10 APYKY

Y BUpPOOHHMIITBI MIATOTOBKA AETalied A0 APYKY € BAXIIMBOKO CKJIAJ0BOIO
nporecy. Ilepm HXK apykyBatu 00'ekT, HE0OXimHO miarotryBatu 3D-mopens,
BUKOHATH 11 ONTUMI3AIliI0, PO3MICTUTH Yy 00JacTi MOOYIOBH JeTalll, HalallTyBaTH
napamMeTpu JApyKy Ta 3reHepyBaTH (ailiu, sKi MOXYTh OyTH pO3Mi3HaH1
oOJaHAHHAM JJI JIPYKY.

Jns  edekTuBHOI MIATOTOBKK JAeTaleil 10 JAPYKYy BHKOPHUCTOBYETHCS
creliagizoBaHe ImporpaMHe 3a0esnedyeHHs. lle mporpamu, 1m0 HaAAAIOThH
IHCTPYMEHTH JIJIsl peJaryBaHHs, ONTUMI3aIlli, pPEMOHTY Ta TreHepallli GpaiiiB ApyKy.
BoHu 703BOJISIIOTE BUpPOOWUTH JA€Tallb, SKAa BIANOBIa€ BHUMOraM IPOEKTY,
0COOJIMBOCTSIM JM3aiiHy, IapaMeTrpaMm MaTepiady Ta OCOOJIMBOCTAM OOJIaJHAHHS
BUPOOHUIITBA.

VY maHoMy po3Jiijii pO3TIITHEMO OCHOBHI aCTICKTH IIPOTrPaMHOTI0 3a0e31eUeHHS
JUTSL TIIITOTOBKU JieTaneil 10 ApyKy. Po3riissHemo pi3Hi nporpaMu, iX GyHKIIIOHAIbHI
MOXJIMBOCTI, IHCTPYMEHTH, Kl BOHU HAJIal0Th, @ TAKOX MPAKTUYHI MOPaId 11010
e(eKTUBHOTO BUKOPUCTAHHS ITPOTPAMHOTO 3a0€31eUeHHSI.

Po3yMiHHS TpaBWIIBHOCTI MPOIECY MIATOTOBKUA JeTajeil A0 JpyKy Ta
BOJIOJIIHHA HEOOX1THUMH 1IHCTPYMEHTAMH JIOTTIOMOKE 3a0€3MEUNTH AKICTh 1 TOUYHICTh
BUTOTOBJICHUX JETajieil, eKOHOMUTH 4Yac Ta 3HU3UTH NPOLEHT Opaky B IpoLeci
APYKY.

Po3risiHeMo OCHOBHI acTeKTH MPOTPaMHOTO 3a0€3MEeUeHHS IS MiATOTOBKH
neTaneu 10 ApyKy, Kl TONOMOXKYTh y 1IboMy mpoiieci. [Iporpamu, siki reHepyroTh
daiin 'y ¢dopmari G-xkox (MamMHHAa MOBa, Ky MoOXke uutath 3D-npunTep)
HA3WBAIOThCs cnakicepamu (aHrd. to slice — Hapizaru). Cnalicep po30uBae Moaenb
Ha IIapH 3 TIOTIEPEIHbO 3aIJaHUMHU TTapaMeTPaMH, SIKUM CJIiTyBaTUME TIPUHTEP Mif

yac ¢opMyBaHHS JIeTall.
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[Iporpamue 3abGe3nedyeHHs s MIATOTOBKHU JETall JI0 APYKY OOMpAEThCs Ha

OCHOBI HACTYITHUX KPUTEPIiB:
® JIOCTYITHICTB;
® [IPOCTOTa BUKOPUCTAHHS;
® HasSBHICTh MOJU(DIKATOPIB.

[TpunTtepu 3a Bugom texHosorii Directed Energy Deposition (DED), Binder
Jetting (BJ), Material Jetting (MJ), Powder Bed Fusion (PBF), Sheet Lamination
(SL) maroTh BiacHe mporpaMHe 3a0e3MeueHHs IHTErPOBaHe B apXITEKTypy CaMoro
oOnaJiHaHHs, OCKIJIbKH KOKEH BUPOOHMK BUKOPUCTOBYE BIIACHMM MPOAYKT, 1€
OOIPYHTOBAaHO CKJIAJHICTIO TEXHOJOIIYHOIrO IpOLECYy Ta OCOOJHUBOCTAMHU
dbopmyBaHHS JeTasei.

PosrasineMo nporpamue 3a0e3MedyeHHs, IKe MATPUMYEThCS TAKUMU BUAAMHU
texHosorii Material Extrusion (ME) ta Vat Photopolymerization (VP).
[TouaTkiBilO Jy’K€ CKJIAJHO BU3HAYUTHCS 31 ClIaiicepoM, ajpkKe iX ICHYE BeJMKa

KUIBKICTB. Y Tabsuill 2 NpUBEACHI OCHOBHI MPOTpaMu-ciaiicepu.

Tabnuys 2 — Craticepu ons 3D-0pyxy

Hazga T beskomroBHo | Omeparriiina cucrema
IIPUHTEPY

Astroprint +/— Bbpaysep, Raspberry Pi

Craftware + Windows, Mac, Linux

Cura + Windows, Mac, Linux

FormWare — Windows, Mac, Linux

FlashPrint + Windows, Mac, Linux

ideaMaker + Windows, Mac, Linux

Slic3r FDM/FGF | 4 Windows, Mac, Linux

SliceCrafter + Bpaysep

KISSlicer o Windows, Mac, Linux, Raspberry

Pie
MakerBot Print + Windows, Mac
Netfabb Standard — Windows
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[Tponosxennst Tabmuili 1

) Windows, Mac, Linux, Raspberry
OctoPrint + ]
Pie
PrusaSlicer + Windows, Mac, Linux
Repetier + Windows, Mac, Linux
SelfCAD - Bpaysep
Simplify3D - Windows, Mac
Tinkerine Suite + Windows, Mac
Z-Suite + Windows, Mac
ChiTuBox +/— Windows, Mac, Linux
_ SLA/DLP _ _
Lychee Slicer +/— Windows, Mac, Linux

3BakaloyM Ha BEJMKUHN BUOIp claicepiB pO3MIISTHEMO JIMIIE JIESAK] 3 HUX, 1110

AKTHUBHO OHOBJIIOIOTHCS Ta MAaOTh IMO3UTUBHI BIITYKH KOPUCTYBAUiB.

4.3.1 Ultimaker Cura

Cura —1e cnaiicep 3D-Mozeneii i3 BIAKpUTUM BHXiTHAM Kog0M 11t FDM 3D-
npuHTepiB (puc. 4.6). Bin OyB ctBopenuit [eBimom bpemom, sikuii mi3Hiiie
npamtoBaB B Ultimaker, kommnanii 3 BupoOnunrBa 3D-npunrtepiB. Po3poOka

posmimieHa Ha GitHub.

A

n B3 7 f e
UItiMa ker CU ra NPEABAPUTENBHBIA NPOCMOTP MOHWUTOP

der-3-2 v, Ger LA v | =5 PEIG 1.0 v- 02 3 Y B
=) Creality Ender-3-2 5 sk, =% PEIG 1.0nyner-.. Quality-02mm (B .. ) Bown Y Bw

Hapeska Ha con

Pucynok 4.6 — Intepdeiic Ultimaker Cura
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IlepeBaramu cnaiicepy € Te, 110 BIH MIAXOAUTH SK JJII HOBAYKIB, TaK 1
CKCIIepTiB. SIKk HOBAa4YOK, BH MMOOAYMTE JIMIIC HAWBaXXIMBIII HamamTyBaHHS. [
exkcrieptiB € moHax 400 HajmamTyBaHb, SKAMHU MOXHA KOPHUCTYBAaTHUCS B
eKCIIepTHOMY pexkuMi. | 3 yciMa ITMMU HaJaIllITyBaHHSIMHU MOXHa IparroBaTtu 0e3

OyaAb SKUX YCKIJIQJHEHb, OCKUIBKH 1IHTEp(Eiic KoprcTyBava MIBUAKHI 1 a1alITUBHUMA.

4.3.2 Simplify3D

Cnaiicep Simplify3D (puc. 4.4) miarpumye OUIbIIICTh AOCTynmHUX 3D-
OPUHTEPIB, OLIbIIE TOTO, BU MOXKETE 3aBAHTAXUTH Ta iMOOpTyBaTu Oinmbiie 100
npodiniB 3D-npuHTEpPIB, IKUX HE 3HAWJETE B IPOrpami 3a 3aMOBUYBAHHSM. SIKIIIO

BaIllOi MOJICJII HEMa€ B CIHCKY MOXJIMBUX IS JOJaBaHHA NIPodiiIiB, J0JaTH

npodiib CAMOCTIMHO JOCUTH MPOCTO.

[11]
4
o]

Pucynok 4.4 — Inrepdeiic Simplify3D

€ Ge3niv HaJIAITYBaHb, 3 IKUMHU BU MOXKETE €KCIIEPEMEHTYBATH: €KCTPYIEpH,
KepyBaHHsS IIapaMM, Pi3HI METOAM 3aMOBHEHHS, a TaK0X HaJallTyBaHHS
TEMIIepaTypu Ta 0XOJOKeHHA. MokHa penaryBaTu HaBiTh HeoOpoOiaeHuit G-koa
Ta CKPUIITH.

€MHUNA MIHYC — 11€ 1[1Ha POTPaMHU.
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4.3.3 PrusaSlicer

PrusaSlicer (puc. 4.5) Mmae Tpu pexxuMu KOpUCTyBaya 1 11€ajibHO MiAXOJAUTh
JUIST BCIX: HOBAauKM OayaTh TUTBKK cami 0a30Bl HaJalITyBaHHS, a JOCBIAYCHI
KOPHCTYBaul MOXYTh HaJallITyBaTH CBOI MoOJeNl 10 JpiOHUIb. 3aBISKU
nepepoOieHoMy iHTepdeiicy kopuctyBada PrusaSlicer mpocTuii y HaBirauii 1 Hagae
Taki 3pydYHi JOJATKOBI MOKJIMBOCTI, SK MOMIJIMBICTH PEMOHTY MOJCIICH Uepes
oHyaiiH-cepBicu Netfabb, kopuCTyBanbHUILIBKI MATPUMKA ab0 PO3paxyHOK dYac

JIpyKy (0cO0NMBO Ha BIACHUX NpHUHTEpax Prusa).

&€ Slic3r Prusa Edition - 1.40.1+win64 = o] X
File Plaster Object Window View Configuration Help

Plater  Print Settings Filament Settings Printer Settings
o Add.. o Delete ) Delete Al @ Arange 2@ 8 9.5 Scale. 3t spiit Cut... J Settings... Layer editing

ings: 0.15mm OPTIMAL MK3
ment: | [l] Prusa PLA
Pr & () Original Prusa i3 MK3
Fill density: | 20%
Support: None

Brim: [

9EpotSTL.. | &Slicenow  Export G-code.

Name Cop Scale

opnasanpopn stl 1 100%

Info

Size 11.95x 2646 x 24.00 Volume:  1182.13
Facets: 638 (2 shells) Materials: 1
Manifold: i, Auto-repaired (44 errors

Pucynoxk 4.5 — Intepdetiic PrusaSlicer

PrusaSlicer Takoxx Mae BennuYe3Hy CIUIBHOTY KOPHCTYBaudiB Ta OTPUMYE
MOCTIfHI OHOBJIEHHA Ta MIATPUMKY Bia po3poOHuKIiB 3 Prusa Research.
VYHIKaIBHICTIO TPOTPAMU € MOYKJIMBICTh HAJAIITOBYBATH Ta JOOMPAIIbOBYBATH AJIS

BIOCKOHAJIEHHSI MOJETI.

4.3.4 FlashPrint

Cnaticep FlashPrint (puc. 4.6) Hanae Bam Bech 0a30BHil (PYHKITIOHA, SKIIIO
BU HOBAYOK, a TaKOX Ja€ MOXJIMBICTb HAaCTPOIOBAaTH €Kl OUIbLI HPOCYHYTI

napameTpy.

76



&

B P
e o

C]

®

S

a

&

Pucynox 4.6 — Inrepdetic FlashPrint

Kpim ¢ynkmiit Hapizku, FlashPrint go3Bosnse BinmaneHo migkitodaTucs 10
MPUHTEPIB Yepe3 JOKATbHY MEPEXKY.

CeHcy y BUAUICHHI MIHYCIB Ta IUIIOCIB Hemae, Iie¢ OpeHJI0BUi cliaiicep
MpPU3HAYEHUH sl KOHKPETHUX MPUCTPOiB. Bu He OyneTe BUKOPUCTOBYBATH HOTO 3

IHIIMMH IPUHTEPAMHU.

4.3.5 ideaMaker

[Iporpama ideaMaker (puc. 4.7), po3pobiiena BupoOHUKOM 3D-TIpuHTEpiB
Raise3D, € mnporpamoro s Hapi3Kd, SKa OpIEHTOBaHAa HA 3pPYYHICTH 1
YHIBEPCAIBHICTh 1 TpU3HAaueHa uisi BukopuctanHs 3 FDM 3D-mpuntepamu
Raise3D, ane sk i PrusaSlcier, ideaMaker cymicuuii 3 Oinbmrictio FDM 3D-

MPUHTEPIB.

Pucynox 4.7 — Inutepdetic ideaMaker
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[Iporpama npaiiroe Ha BOyJ0BaHOMY KOMITIJIbOBAaHOMY 0araTornoTo4HoMy 64-
OITHOMY MeXaH13Mi Hapi3KH, 0 3a0e3neuye BUCOKY MIBUAKICTH POOOTH.

€ psan GyHKIIN, COIPSIMOBAHUX Ha CIPOIIEHHS MPOLECYy Hapi3Ku, pydHE Ta
aBTOMAaTUYHE CTBOPEHHS MIATPUMOK, PEMOHT HESIKICHUX MOJIEeil Ta aBTOMaTHYHa

pO3KJIaaKa IS KUTbKOX (haiiliB B OJJHOMY 3aBIaHHI IPYKY.

4.3.6 ChiTuBox

[TnaTHuit cnaiicep aisa porononimepuux npuntepis ChiTuBox (puc. 4.8), ane
3 MoxJmBICTIO TpoOHOi Bepcii Ha 30 auiB. [lOTyXHUI IHCTPYMEHT HaBITh Yy

pOOHUM TIEepIo/I.

Pucynox 4.8 — Inurepdetric ChiTuBox

OpHiero 3 HaWIIKABIIUX OCOOJIMBOCTEN claiicepa € QyHKIIs OJHOYACHOTO

JPYKY JIeKIJIbKOMa EKCTPYIEpaMu.

4.3.7 Lychee Slicer

B minomy Lychee Slicer (puc. 4.8) no6pe opraHizoBaHuii 1 € OLIBIIT TPOCTUM
IHCTPYMEHTOM, SIKHi MOKHA IIIBUJIKO 3aIlyCTUTH B POOOTY 3a IOTIOMOTOIO0 KHOIIKH
Magic Mode. Magic Mode — 1e anropuT™m omnTHMI3alii B OAMH KIIK, SKAN
aBTOMATUYHO OPIEHTYE, MIATPUMYE Ta ONTUMIZYE Oylb-KUM 00'€KT, BIIKPUTHH Y
Iporpami.
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®ailn  PepaktupoBate OGbext Bug  Momouwb Level Up!

Join Lychee Sticer community on Discord!
Join Discord

PepakTop o6bexTos
Buicora 10
Paguyc caepxy 10

Paguyc cHusy 10

PaguanbHbix 20
cermMenTos

Mepemeuwerne
0,00 0,00 0,00 mm ~
o uewpy Ha nnatgopmy

Paccrasus Bcé  Opwrusanswoe Pac

Pucynox 4.8 — Iarepdetic Lychee Slicer
V¥ Lechee Slicer Takoxx € 0€3KOIITOBHA 1 IJIaTHA BEpCis, B MOPIBHSIHHI 3
ChiTuBox 6e3kxomToBHa Bepcist Lechee Slicer Hamae Oinpimuii GyHKITIOHAT.
IIuTaHHA 1J8 CAMOKOHTPOJIIO

1.  Axy 3 Hasedenux npozpam cai0 ooupamu 011 MOOENIO6AHHA
Kopnycie peoykmopise?

2.  /Jna akux yineu euxopucmogyoms npozpamy Blender?

3. JKy npozpamy ciio odopamu 011 HAGUAHHA OCHOBAM IHIHCEHEPHOZ20
MOOe06anna?
4,  MAxuit cnaiicep Mmae HauOiNbWUIL CREKMpP MONCIUBOCMEN OJ1A

ni02omoexu mooei 00 OpyKy?

5. 3a akumu Kpumepiamu oouparoms npozpamue 3ade3nevyenns 011 3d

OpyKy?
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PO3A1JI 5. BUpoOHUIITBO Ta 3aCTOCYBaHHA

5.1 BupoOHUITBO aeTaseil 3 BAKOPUCTAHHAM aJJMTHBHHUX TEXHOJIOTIH

BupoOHUIITBO neraneii 3 BUKOPUCTAHHIM aJUTHBHUX TEXHOJIOTINA 3HAMIILIO
CBOE 3aCTOCyBaHHS B OaraTbOX Taiy3sX. BOHM BHUKOPUCTOBYIOTHCA B
IPOMHUCIIOBOCTI JJii BUTOTOBJICHHS MPOTOTHUINIB, BHUPOOHUIITBA 1HCTPYMEHTIB,
JeTanell aBTOMOOUTIB Ta JIiTaKiB, MEIMYHUX IMIUIAHTATIB, apXITEKTYpHUX MOJeNen
Ta 6araro iHIoro. AIUTUBHE BUPOOHHUIITBO JJO3BOJISIE CTBOPIOBATH CKJIaJHI (POpMHU

Ta IHIUBITyIBHO TIIXOIUTH J0 MOTPeO KIIEHTIB.
5.2 3acTocyBaHHSI AAUTHBHUX TEXHOJIOTIH Y IPOMHUCIOBOCTI

3aCTOCYBaHH$I TEXHOJIOT1H AIUTHUBHOI'O BI/IpO6HI/IIITBa y HpOMI/ICJ'IOBOCTi

YMOBHO CJIiJT IOJUIMTH Ha 1’ ATh HanpsiMKiB (puc 5.1).

KomepLuiiiiHe BUPpO6HULITBO

3ACTOCYBAHHS
AQNTUBHUX
TEXHONOTIN ¥
NMPOMMC/TIOBOCTI

PeMOHT Ta 3aMiHa
aetanen

Pucynok 5.1 — OcHOBH1 HaNPSIMKH 3aCTOCYBaHHS aIUTUBHUX TEXHOJIOTIN Yy

MIPOMUCIIOBOCTI



BuroroB/jieHHs1 TPOTOTUIIB. ATUTUBHI TEXHOJOTrIT 3a0€3MeuyI0Th IBUIKE
Ta €QEeKTUBHE BUTOTOBIICHHS MPOTOTHUIIB Yy NMPOMHUCIOBOCTI. BOHM 103BONSIOTH
MIBUKO TEPETBOPUTH IMGPPOBY Monedb Ha (i3UYHUNA 00 €KT, IO JI03BOJISIE
MPOBOJAUTH MEPEBIPKY BIJAMOBIAHOCTI PO3MIPiB, BUSBJIATH MOMHUJIKA Ta BHECCHHS
HEOOX1THUX 3MiH Ha paHHIX CTaAisX PO3POOKH.

Komepuiiine BUPOOHUIITBO. AIUTHBHI TEXHOJIOTii HATAIOTh MOXKIIMBICTh
BUTOTOBJIATU JI€Taji Ta BUPOOM HA 3aMOBJICHHS 3 BUCOKOIO TOYHICTIO Ta SIKICTIO.
[TpoMuciOBI MIANPUEMCTBA MOXYTh BHUTOTOBISTH 1HIWBIMyalbHI AeTaimi HJs
KJIIEHTIB, ONTUMI3yBaTH MOCTAYaHHs Ta BUPOOHUYI MPOILIECH, & TAKOK CKOPOTUTHU
qac, HeOOX1THUM /11 BUTOTOBJICHHS Ta JIOCTaBKH OJMHUII TPOTYKIIII.

Jlerki Ta CKJIaaHI KOHCTPYKHii. AJWTHUBHI TEXHOJOII JI03BOJIAIOThH
CTBOPIOBATH JIETKI Ta CKJIaJHI KOHCTPYKIli, SIKI BaXKO OyJio0 O BUTOTOBHUTH
TpaauLiiHUMU MeTojgaMu. lle BiAKpHBae HOBI MOXIIMBOCTI JUIsl TU3AalHEpIB Ta
1H)KEHEPIB Y CTBOPEHH]1 ONTUMATBHUX Ta €()EKTUBHUX BUPOOIB 3 BUCOKOIO MIIIHICTIO
Ta BarOBUMHU XapaKTEPUCTUKAMH.

PemoHT Ta 3amiHa Jerajgedl. AJUTHBHI TEXHOJIOTH MOXYThb OyTH
BUKOPHUCTaHI1 IJI1 PEMOHTY Ta 3aMiHU JIeTaJiel y MPOMHUCIIOBOCTI. 3aMICTh TOTO, III00
YeKaTH Ha TMIOCTaBKy 3allaCHUX YacTHH a00 BUTOTOBJICHHS HOBUX (opM,
NIAIPUEMCTBA MOXYTh IIBUIKO PO3JPYKYBaTH HEOOXiJHI JeTall Ha MiCIl,
3MEHIIIYIOYM Yac TMPOCTOK OOyiagHaHHA Ta 30epiraloud  MPOJYKTUBHICTH
BUPOOHUYOTO TMPOIIECY.

InnoBanii Ta au3aliH. AIUTHUBHI TEXHOJOTI CTHUMYJIIOIOTH 1HHOBAIi Yy
MIPOMHUCIIOBOCTI, TO3BOJISIOUN AOCTIHPKYBATH HOBI MaTepiain, FTe€OMETpii Ta JU3alH.
Bonu HajmaioTh MOXIHMBICTH EKCIIEPUMEHTYBATH 31 CTPYKTYypOIO MaTtepiaiy,
BUKOPHCTOBYBaTH HAJCKJIAaJHy T'€OMETpil0, CTBOPIOBATH MIKPOCTPYKTYPH, IO
BIJIKpUBAIOTh HOBI MOJKJIMBOCTI JJIi CTBOPEHHS YHIKAJIbHUX Ta 1HHOBALIMHUX
BUPOOIB.

3acTocyBaHHS aJIUTUBHUX TEXHOJIOT1M y MPOMHUCIOBOCTI MOJIEPHI3Yy€ CIOCIO
BUPOOHMIITBA, T03BOJISIIOUU MIANPUEMCTBAM OyTH OUIbII THYYKUMH, €PEKTUBHUMHU

Ta I1HHOBalliMHMMH. BOHM BIJKPUBAIOTH HOBI TOPU30HTH Yy BHPOOHUIITBI,
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JIO3BOJIAFOYM CTBOPIOBATH MPOMAYKIIIIO BIAMOBIIHO A0 1HAMBIAyaJIbHUX MOTPeO

KJIIEHTIB Ta OyTH KOHKYPEHTOCIPOMOKHIUMH Ha PUHKY.
5.3 3acTtocyBaHHS aIMTUBHMX TEXHOJIOTi Y MeIMIMHI

OpHi€ro 3 HaWBaXKIIMBIIMIKUX 00JacTeil 3aCTOCYBAaHHS aIMTUBHUX TEXHOJIOTIN
cTaja MEIUITMHA. 3aBISKU 1HHOBAI[ITHUM MOKJIMBOCTSIM, BUPOOHHUIITBO Ha OCHOBI
3D-mpyky BigKpuBae HOBI TEpPCIEKTHBH y JIIKyBaHHI, JIarHOCTHII Ta
MepCcoHaIi30BaHI i MEIUIIUHI.

3acTOCyBaHHS TEXHOJIOTIH aJUTUBHOTO BUPOOHUIITBA Y MEAUITMHI TOIIJICHO

Ha HACTYIHI HanpsMKH (puc 5.2).

BuroToBneHHA MegUYHMX
IMANaHTaTIB

SACTOCYBAHHA
AANTUBHUX

TEXHONOTIN Y
MEAULINHI

Pucynok 5.2 — OcHOBH1 HaNPsSIMKHU 3aCTOCYBaHHS aIUTUBHUX TEXHOJIOTIH Yy

MeEIUIINHL

BuroroBjieHHsT MeIMYHHMX  IMIUIAHTATIB. AJIWTHBHI  TEXHOJIOII
JIO3BOJISIIOTh BHTOTOBIIATH MEIWYHI IMIUIQHTATH, TaKl $SK THTAHOBI KICTKOBI

MJIACTHHBI, METaJIeBl CTEHTH, 3aMIHHUKH CYTJI001B Ta 1HIII, SIK1 11€JIbHO MiAXOASATh
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JUIT KOHKpETHUX TMoTped mamieHTiB. Lle [03Bojs€ MOKpaIMTH TOYHICTh Ta
MPUCTOCOBAHICTh IMIUIAHTATIB, 3MEHIIUTH 4Yac 3aro€HHS Ta MOKPAIIUTH
peabimiTamiro maieHTiB.

BuroroBJsieHHs1 MojieJieii 11 JIAHYBAHHS onepauiii. 3aBIIKU aIUTUBHUM
TEXHOJOTISIM CTajJ0 MOKJIMBUM CTBOPIOBATH TPUBHUMIPHI MOJENI OpraHiB Ta
CTPYKTYD JIFOACHKOTO TiJIa, IO JIO3BOJISIE XipypraM JETAIBHO TJIaHYyBaTH CKIIQTHI
omeparlii mepen ix BuKOHaHHsM. lle 3abesneuye OiIbIT TOYHY Ta Oe€3IleUHy
MPOLIETyPY, TOMOMara€ yHUKHYTH YCKJIaHCHb Ta 3MEHIITYE Yac oreparii.

BupoOHUIITBO MeIMYHHX MpoTe3iB Ta oprTe3iB. AIUTUBHI TEXHOJOTIL
JTIO3BOJISIIOTh BUTOTOBJISITH TIEPCOHANI30BaHI MEIUYHI TPOTE3H Ta OPTE3W s
Mali€HTIB 3 BajaMu a00 BTPATOIO KIHIIBOK. 3aBISKU IIMM TEXHOJIOTISAM MOXHa
CTBOPIOBATH TNPOTE3U, SKI TOYHO BIJIMOBIAIOTH AHATOMIYHUM OCOOJIHMBOCTAM
narieHTa, 3a0e3neuyrour KoMpopT Ta GyHKIIOHATLHICTD.

BionpuHTHHr TKaHMH Ta opraHiB. OJHUM 3 HAMOUIBII MEPCHEKTHUBHUX
HAIpPSMKIB Y MEIMYHOMY 3aCTOCYBaHHI aIATUBHUX TEXHOJIOT1H € O10mpUHTUHT. L5
TEXHOJIOTsI I03BOJISI€ CTBOPIOBATH INITYYHI TKAHWHUA Ta OpTaHW, BUKOPHCTOBYIOUN
YKUBI1 KJIITUHU Ta 010JI0T14HI MaTepiaiv. BIOMpUHTHUHT BiIKpUBAE HOB1 MOXKJIMBOCTI
y BIJIHOBJIIOBAJIbHIN MEIUIIMHI Ta TpPaHCIUIAHTAIlll, JO3BOJSIOYM CTBOPIOBATH Ha
3aMOBJICHHSI TKAHUHU Ta OPTaHM, K1 TOBHICTIO CYMICHI 3 MALIIEHTOM.

3acTocyBaHHA AQAUTHUBHUX TEXHOJIOTIM y MEIWIIMHI BIJIKPUBAE HOBI
MEPCTICKTUBH, BOHU JIONIOMArarTh IMOKPAITUTH SKICTh MEIWYHOI JIOMOMOTH,
3MEHIIUTHA Yac JIIKyBaHHS Ta CHPUSIOTH 1HAWBIAYAJbHOMY IMIAXOMY J0 KOXHOTO

HaIi€eHTa.
5.4 3acTocyBaHHsI AAUTUBHUX TEXHOJIOTIM y HAYlli Ta OCBITI

AUTUBHI TEXHOJIOTI] MalOTh 3HAYHUI TMOTEHINAJ 3aCTOCYBAaHHS B HayIll Ta
OCBITI, iX BHUBYCHHS BIJIKPHUBA€ HOBI MOXJIMBOCTI ISl JOCIHITHUKIB, BUCHUX Ta
CTYJI€HTIB, CIIPUSAIOYM IHHOBAIIISIM, TBOPYOCTI T4 HABYAHHIO.

3acTocyBaHHS TEXHOJIOTIH aJUTUBHOTO BHPOOHHMLTBA Yy OCBITI Ta Haylli

MOA1JICHO Ha HACTYMHI HaNpsMKHU (puc 5.3).
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3ACTOCYBAHHA
AANTUBHKX

TEXHOJIOTIN Y
HAYLI TA OCBITI

Pucynok 5.3 — OcHOBHI HaNPSIMKH 3aCTOCYBaHHS aIUTUBHUX TEXHOJOTIH Yy

MEIUIINHL

JocaigxeHHss Ta NPOTOTUILYBAHHSA. AJIMTUBHI TEXHOJIOTIT JI03BOJISIOTH
MIBUAKO Ta €(QEKTUBHO BUTOTOBJIATHA MPOTOTHIH PI3HUX OO0'€KTIB, IIO0 3HAYHO
CIIPOIIyE TMPOIEC JOCTIPKEHHS Ta PO3POOKM HOBUX TNPOAYKTIB. BueHi Ta
JOCTIAHUKNA MOXYTh BUKOPHCTOBYBaTH 3D-apyk il CTBOpEHHS MOJENeEH,
OPUCTPOIB Ta TMPOTOTHUMIB, IO JO3BOJSE TMPOBOJUTU EKCIEPUMEHTH Ta
BUNPOOOBYBAHHS Mepe]] MaCIITA0yBaHHSAM MPOEKTIB.

HaBuajabHi mijii. AJZUTUBHI TEXHOJOTri MalOTh BEJMKUM MOTEHINANT Yy
HaBUYaJIbHUX 3aKjaaax. BoHM Haal0Th CTyIEHTaM MOXKJIUBICTh HABUUTHUCS MPOIIECY
IIPOEKTYBaHHS, MOJEIIOBAHHSA Ta BUIOTOBJIEHHS OO'€KTiB, LIO CHpPHSIE PO3BUTKY
TBOPYOCTi, MPOCTOPOBOTO MUCIICHHS Ta MPAKTUYHUX HABUYOK. 3aCTOCYBaHHS
aIUTUBHUX TEXHOJIOTIA Y HaBYaHHI JO3BOJISIE CTBOPIOBATH PEANICTHYHI MOJIEII,
Bi3yastizailii Ta JeMOHCTpaIlli CKIaJHUX MPOLIECIB.

Po3pobka, mnpoexkTyBaHHsI 00JIQJHAHHS Ta MarepiajgiB. AIUTHUBHI
TEXHOJIOT1] JO3BOJIAIOTh BUKOPUCTOBYBATH PI3HOMAHITHI Marepiajiv, BKIIOYAIOUU
MeTalld, IUIaCTHK, Kepamiky Ta Olomarepianu. lle cTBOproe€ MOXKJIMBOCTI IJis
JOCTIPKEHHSI Ta PO3pOOKM HOBHX MaTepiasiiB 3 YHIKaJIbHHUMH BJIACTUBOCTIMH,
pO3pOOKY HOBHX THIIB TEXHOJOTi, YyJOCKOHaJEHHS ICHyrouux. JlocmiaHuku

OTPUMYIOTh MOXJIMBICTh €KCIIEPUMEHTYBATHU 3 PI3HUMU MaTepiajaMy Ta IXHIMHU

84



KOMOIHAI[ISIMH, 1110 CIIPUSE PO3BUTKY HAYKOBHMX JOCIIKEHb Y MaTepialioO3HABCTBI
Ta 1HXKEHePIi.

3acTocyBaHHsS aJUTHUBHUX TEXHOJOTIH Yy Hayli Ta OCBITI PO3IIMPIOE
MOXJIMBOCTI JIJIsl IHHOBAIIIHHOTO JTOCIPKEHHS, HaBYaHHS Ta PO3BUTKY HOBHUX 17IeH.
BukopucTtanHs 1iux TEXHOJIOTIN Y HABYATBHUX 3aKJIa/Iax Ta HAYKOBHUX JTA00PaTOPisIX
CIpHsiE aKTUBHOMY 3aJy4EHHIO CTYACHTIB, JOCTITHUKIB Ta BYCHUX Y TBOPUUU

IPOLEC Ta CTUMYJIIOE 3pOCTAHHS HAYKOBUX JIOCSITHEHb.
5.5 TenneHnuii Ta Maii0yTHE AAUTHBHOTO0 BUPOOHUITBA

AUTUBHE BUPOOHUIITBO CTAJIO 3HAYHUM MPOPHUBOM Yy cepi BUPOOHUIITBA.
OpnHak, WOro MOTEHITIa] TITbKUA MOYUHAE POSKPUBATUCA 1 MU CIIOCTEPIra€MO HUBKY

I[IKaBUX TEHJICHIII} Ta NEePCIEKTUB ISl MalOyTHBLOTO PO3BUTKY (puc 5.4).

TeHAeHL,il PO3BUTKY TEXHONOrIN
agUTUBHOIo BUPOOGHUL,TBA

3BUIbLUEHHS IHTErPALLIA 3
PO3LUMPEHHA MACLUTABYBAHHS IHLLIMMU PO3BUTOK HOBUX
CUPOBUHHOI BA3H TA LUBUOKOCTI BUPOBHUYMMM 3ACTOCYBAHb
BMPOBHULITBA NPOLEECAMM

OAHIEKD 3 rONOBHWX TEHAEHUIA
B 3AWTMBHOMY BUPOBHWLITEI €
NOCTIAHE PO3LIMPEHHA
CreKTpy AOCTYMHMX
mateplams. Hapa3i mun Bxe
MOXKEMO NpaLioBaT™ 3
METANAMM, NNACTUKAMM,
KEpaMIKOKD Ta BIONOTIYHUMA
MaTepianamia, ane MaibyTHe
BNPOBHULTEE MOXE NPUHECTI
We BinbLlUe HOBUX MaTepIanis 3
YHIKANEHUMKM BNaCTUBOCTAMM.
PO3BMTOK HAHOMAaTepIanis Ta
KOMMO3IUTHAX MaTepianis
MOKE BIZKPATI LWUNAK 40
CTBOPEHHA GLNBLL MILHKX,
Nerkux Ta dyHKLIoHANEHK
BUpOEIE.

>

OAHIEND 3 FONOBHWX Nepesar
aAWTUBHOMO BUPOBHULTEE €
MOMAMBICTE LWBUAKOTO
BUMOTOBNEHHA BUPOBIE 31
CKNAAHOK reoMmeTpler Ges
HeoBXI4HOCTI CKNAgaTh ix 3
oKpemMnx getanei. fna
ADCAMHEHHA MACLUTabHoro
BUpoBHULITEA Ta 3340B0NEHHA
noTped MacoBoro pUHKY,
HeoBbX14HI NOMMNWEHHA ¥
LWIBWAKOCTI NpoLecy
BUPOBHWULTES Ta POIMIDIE
BUrOTOBAEHWK AeTanei.
PosenTok TexHonor A Ta
IHHOBALA JO3B0ANTL
edekTMBHO BUpoBAATA
BENWKOCEPIAHI BUpOGIS 3a
KOPOTKMIA Yac.

AAUTHBHE BUPOBHULTED
MOCTYNOBO IHTEMPYETLCA 3
TPAANLIAHWUMN BUPOGHWHMMK
MPOUECcami, TaKnmm Ak
pesepyBaHHA, TOKapHUIA
BEpCTaT | ANTTA. Lle BlakpuBac
HOBI MOXUTMBOCTI 408
BUMOTOBNEHHA CKNAAHNX
BUPOBIE, e KOMBIHYITLCA PISHI
TexHonorl. Hanpuknag, moxHa
BMIOTOBWTI 3araTOBKY 33
ADMOMOrOK agWTUBHOID
BUPOBHULTEA, 8 NOTIM
AOBEPLMTK il 33 A0NOMOroH
TpaAMLIAHMX MeTogs 0Bpobku.
Lle Ao3BONSE OTPUMYBATH
BMPOGW 3 BUCOKOK TOUHICTHO Ta
AKICTHD | CYTTEBN CMEHLUYE UaC
Ha BUpOGHMLTED

AJMTUBHE BUPOBHWUUTED BXe
3HARLWLNG CBOE 33CTOCYBAHHA B
Barate0x ranysax, Takux Ak
aslaln, MeguLuHa,
aBTOMOBINEHA NPOMWUCNDBICTE
Ta iHw. MNpoTe, MaAByTHe
PO3BNTKY LUET TEXHONOTIT MOXE
NPUBECTH A0 NOABW HOBMX
3aCTOCYBAHE T3 MOKNMBOCTER.
Hanpuknag, exe 3apas akTWBHO
BMBYAETECA MOXAWBICTE
APYKYBAHHA DPraHIE Ta TKaHWH
Y MEANLIMHI, BUIOTOBNEHHA
ENEKTPOHHKX KOMNOHEHTIS ANA
eNeKTPoMEXaHIYHWUX NpUCTpols.

>

Pucynok 5.4 — TenneHuii po3BUTKY TEXHOJIOT1H aIUTUBHOTO BUPOOHUIITBA

Tenpenrii Ta MallOyTHE aAUTUBHOTO BUPOOHUIITBA BIJIKPUBAIOTH O€3114
HOBUX MOJKJIMBOCTEH Ta MOTEHIIaN JJ1sl IHHOBAIlIN y PI3HUX ray3sx. 3 pO3BUTKOM

TEXHOJIOT1i, MOIIMPEHHSIM MaTepialiiB Ta PO3MIMPEHHAM 3aCTOCYBaHb, MU MOKEMO
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OUIKyBaTH I1ie OUTbI €eKTUBHE, TOYHE Ta IIBUJKE BUPOOHUIITBO, IO CIIPUIATHME

PO3BUTKY MPOMUCIOBOCTI Ta TEXHOJIOTTYHOMY IIPOTPECY.
IMuTanHsa 1JI9 CAMOKOHTPOJIIO

1. B uomy nonazae nepcnekmuenicmv GUKOPUCMAHHA AOUMUBHUX
mMexHO10211l 8 RPOMUCI060CHI?
2. Yomy Haiidinomuil memn po3euUmMKy aAOUMUBHUX HMEXHOI02IN

CROCMEPIcacmuvCa 8 UCOKOMEXHOI02IUHUX 2ay3:aX?

3. JKi mexHo102ii OpyKy maiomov nepcneKkmueu 6 MeOuuHii 2any3i?

4, Yu € nepcnekmueHuUM GUKOPUCHAHHA KePAMIYHUX mamepiaie 6
MauwuHo0yoyeanHi?

d. Lo mawme Ha yea3i nid eupazom po3uIUPEHHA CUPOBUHHOT Oa3u

aoumueHo20 eupooHuymea?

86



Buxopucrana niteparypa

. Diegel O., Nordin A., Motte D. Additive Manufacturing Technologies. A
Practical Guide to Design for Additive Manufacturing, P. 19-39. DOI:
10.1007/978-981-13-8281-9 2.

. Dilberoglu U. M., Gharehpapagh B., Yaman U., Dolen M. The role of
additive manufacturing in the era of Industry 4.0. Procedia Manufacturing,
2017. Vol. 11. P. 545-554. DOI:
https://doi.org/10.1016/j.promfg.2017.07.148.

. Sanjay S., Guha P. M. Optimization of Binder Jetting Using Taguchi
Method. Journal of the Minerals, Metals & Materials Society, 2017. Vol.
69, No3. DOI: 10.1007/s11837-016-2231-4.

. Beth E. Carroll, Todd A. Palmer, Allison M. Beese Anisotropic tensile
behavior of Ti-6Al-4V components fabricated with directed energy
deposition additive manufacturing. Acta Materialia, 2015. Vol. 87, 1,
April P. 309-320. DOI: https://doi.org/10.1016/j.actamat.2014.12.054.

. Svetlizky D., Das M., Zheng B., Vyatskikh A. L., Bose S., Bandyopadhyay
A., Schoenung J. M., Lavernia E. J., Eliaz N. Directed energy deposition
(DED) additive manufacturing: Physical characteristics, defects,
challenges and applications. Materials Today, 2021. Vol. 49, October
P.271-295. DOI: https://doi.org/10.1016/j.mattod.2021.03.020.

. Perez M., Carou D., Rubio E. M., Teti R. Current advances in additive
manufacturing. 13th CIRP Conference on Intelligent Computation in
Manufacturing Engineering, 2019. 17-19 July

. Colosimo B. M., Qiang H., Tirthankar D., Tsung, Fugee Opportunities and
challenges of quality engineering for additive manufacturing. Quality
Engineering for Advanced Manufacturing, 2018. Vol. 50, Is. 3. DOI:
https://doi.org/10.1080/00224065.2018.1487726.

. Singh S., Ramakrishna S., Berto F. 3D Printing of polymer composites: A
short review. MDPS, 2020. Vol. 2, Is. 2, April DOI:
https://doi.org/10.1002/mdp2.97.

. Rafiguzzaman Md., Maksudul Md. I., Rahman Md. H., Talukdar Md. S.,
Hasan Md. N. Mechanical property evaluation of glass—jute fiber
reinforced polymer composites. Polymers for advanced technologies,
2016. Vol. 27, Is. 10, October. P. 1308-1316. DOI:
https://doi.org/10.1002/pat.3798.

10.Prahar M. B., Ariyan M. K., Max P., Hugh A. B., Satyandra K. G. A

robotic cell for performing sheet lamination-based additive manufacturing.
Additive Manufacturing, 2019. Vol. 27, May. P. 278-289. DOI:
https://doi.org/10.1016/j.addma.2019.02.002.

11.Xu X., Awad A., Robles-Martinez P., Gaisford S., Goyanes A., Basit A.

W. Vat photopolymerization 3D printing for advanced drug delivery and
medical device applications. Journal of Controlled Release, 2021. Vol.
329, 10 January. P. 743-757. DOI:
https://doi.org/10.1016/j.jconrel.2020.10.008.

87



12.Calvert P. Inkjet printing for materials and devices. Chem Mater, 2001.
Oct 15;13(10). P. 3299-3305.

13.Calvert P., Crockett R. Chemical solid free-form fabrication: making
shapes without molds. Chem Mater, 1997. Mar 18; 9(3). P. 650-663.

14.Vat Photopolymerization 3D Printing of Nanocomposites: A Literature
Review / Medellin A. and others J. Micro Nano-Manuf. 2019, Sep 7(3). P.
031006. DOI: https://doi.org/10.1115/1.4044288

15.0sch V. Th, Perelaer J., Laat Aw., Schubert Us. Inkjet printing of narrow
conductive tracks on untreated polymeric substrates. Adv Mater, 2008. Jan
18; 20 (2). P. 343-345.

16.Sirringhaus H., Kawase T., Friend R. High-resolution inkjet printing of all-
polymer transistor circuits. Science, 2000. Dec 15;290(5499) P. 2123-
2126.

17.Shimoda T, Morii K, Seki S, Kiguchi H / Inkjet printing of light-emitting
polymer displays. Mrs Bulletin, 2003. Nov, 28(11). P. 821-827.

18.Bharathan J., Yang Y. Polymer electroluminescent devices processed by
inkjet printing: I. Polymer light-emitting logo. Appl Phys Lett, 1998. May
25;72(21). P. 2660 —2662.

19.Kordés K., Mustonen T., Téth G. Inkjet printing of electrically conductive
patterns of carbon nanotubes. Small, 2006. Aug, 2(8-9). P. 1021-1025.

20.Perelaer J., Hendriks C. E., Laat A.W., Schubert U.S. One-step inkjet
printing of conductive silver tracks on polymer substrates.
Nanotechnology, 2009. Mar 31, 20(16). P. 165303.

21.Liu Y., Cui T., Varahramyan K. All-polymer capacitor fabricated with
inkjet printing technique. Solid State Electron, 2003. Sep 1;47(9). P. 1543—
1548.

22.Mohsen Z., Nathan B. C. Binder jetting: A review of process, materials,
and methods. Additive Manufacturing, 2019. Vol. 28, August. P.781-801.
DOIL: https://doi.org/10.1016/j.addma.2019.05.031.

23.Liu R., Wang Z., Sparks T., Liou F., Newkirk J. Aerospace applications of
laser additive manufacturing. Woodhead Publishing Series in Electronic
and Optical Materials, 2017. P. 351-371. DOI:
https://doi.org/10.1016/B978-0-08-100433-3.00013-0.

24.Najmon J.C., Raeisi S., Tovar A. Review of additive manufacturing
technologies and applications in the aerospace industry. Additive
Manufacturing for the Aerospace Industry, 2019. P. 7-31. DOI:
https://doi.org/10.1016/B978-0-12-814062-8.00002-9.

25.Mopi JI. AnutrBHE BUPpOOHUIITBO B SIKOCT1 (hpe3epyBanus. 2014.

26.Parandoush P., Lin D. A review on additive manufacturing of polymer-
fiber composites. Composite Structures, 2017. Vol. 182, 15 December. P.
36-53. DOI: https://doi.org/10.1016/j.compstruct.2017.08.088.

27.Temperature FDM 3D Printing for the Manufacture of Patient-Specific
Immediate Release Tablets / Okwuosa T. C. and others. Pharmaceutical
Research, 2016. Vol. 33. P. 2704-2712.

88



28.Melocchi A., Parietti F., Maroni A., Foppoli A., Gazzaniga A., Zema L.
Hot-melt extruded filaments based on pharmaceutical grade polymers for
3D printing by fused deposition modeling. International Journal of
Pharmaceutics, 2016. Vol. 509, Is. 1-2, 25 July. P. 255-263. DOI:
https://doi.org/10.1016/j.ijjpharm.2016.05.036.

29.Ravi A. K., Deshpande A., Hsu K. H. An in-process laser localized pre-
deposition heating approach to inter-layer bond strengthening in extrusion
based polymer additive manufacturing. Journal of Manufacturing
Processes, 2016. Vol. 24, Part 1, October. P. 179-185. DOI:
https://doi.org/10.1016/j.jmapro.2016.08.007.

30.Gong H., Snelling D., Kardel K., Carrano A. Comparison of Stainless Steel
316L Parts Made by FDM- and SLM-Based Additive Manufacturing
Processes. JOM, 2019.Vol.71. P. 880-885.

31.Plott J., Tian X., Shih A. J. Voids and tensile properties in extrusion-based
additive manufacturing of moisture-cured silicone elastomer. Additive
Manufacturing, 2018. Vol. 22, August. P. 606-617. DOI:
https://doi.org/10.1016/j.addma.2018.06.010.

32.Turner B. N., Strong R., Gold S. A. A review of melt extrusion additive
manufacturing processes: 1. Process design and modeling. Rapid
prototyping journal, 2014. Vol. 20, Is. 3, 14 Apr. P. 192-204. DOI:
10.1108/RPJ-01-2013-0012.

33.Xin W., Man J., Zuowan Z., Jihua G., David H. 3D printing of polymer
matrix composites: A review and prospective. Composites Part B:
Engineering, 2017. Vol. 110, 1 February. P. 442-458. DOI:
https://doi.org/10.1016/j.compositesb.2016.11.034.

34.Kalsoom U., Nesterenko P. N., Paull B. Recent developments in 3D
printable composite materials. RSC Adv., 2016. Ne 6. P. 60355-60371.
DOI: https://doi.org/10.1039/C6RA11334F.

35.Pedram P., Dong L. A review on additive manufacturing of polymer-fiber
composites. Composite Structures, 2017. Vol. 182, 15 December. P. 36—
53. DOI: https://doi.org/10.1016/j.compstruct.2017.08.088.

36.Svetlizky D., Das M., Zheng B., Vyatskikh A. L., Bose S., Bandyopadhyay
A., Schoenung J. M., Lavernia E. J., Eliaz N. Directed energy deposition
(DED) additive manufacturing: Physical characteristics, defects,
challenges and applications. Materials Today, 2021. Vol. 49, October. P.
271-295. DOI: https://doi.org/10.1016/j.mattod.2021.03.020.

37.Jiagi H., Qian C., Hao J., Bin Z., Lei L. A survey of design methods for
material extrusion polymer 3D printing. Virtual and Physical Prototyping,
2020. Vol. 15, Is. 2. DOI:
https://doi.org/10.1080/17452759.2019.1708027.

38.Goh G.D.,, Yap Y. L., TanH. K. J, Sing S. L., Goh G. L., Yeong W. Y.
Process—Structure—Properties in Polymer Additive Manufacturing via
Material Extrusion: A Review. Critical Reviews in Solid State and
Materials Sciences, 2020. Vol. 45, Is. 2. DOI:
https://doi.org/10.1080/10408436.2018.1549977.

89



39.Giilcan O., Giinaydin K., Tamer A. The State of the Art of Material Jetting
— A Critical Review. Process—Structure—Properties in Polymer Additive
Manufacturing Il, Polymers, 2021. Special Issue 13(16). P. 2829. DOI:
https://doi.org/10.3390/polym13162829.

40.Gibson |., Rosen D., Stucker B., Khorasani M. Material Jetting Additive
Manufacturing Technologies, 2020. P. 203-235.

41.Kunchala P., Kappagantula K. 3D printing high density ceramics using
binder jetting with nanoparticle densifiers. Materials & Design, 2018. Vol.
155, 5 October. P. 443-450. DOI:
https://doi.org/10.1016/j.matdes.2018.06.009.

42.Dong H., Carr W. W. An experimental study of drop-on-demand drop
formation. Physics of Fluids, 2006. 18. P. 072102. DOI:
https://doi.org/10.1063/1.2217929.

43.5un S., Brandt M., Easton M. Powder bed fusion processes: An overview.
Woodhead Publishing Series in Electronic and Optical Materials, 2017. P.
55— 77. DOI: https://doi.org/10.1016/B978-0-08-100433-3.00002-6.

44.Gibson I., Rosen D., Stucker B., Khorasani M. Powder Bed Fusion.
Additive Manufacturing Technologies. P. 125-170.

45.Awad A., Fina F., Goyanes A., Gaisford S., Basit A. W. 3D printing:
Principles and pharmaceutical applications of selective laser sintering.
International Journal of Pharmaceutics, 2020. Vol. 586, 30 August. P.
119594. DOI: https://doi.org/10.1016/j.ijpharm.2020.119594.

46.Chao C., Wei S.T., Jiayao C., Wei Z., Xingjian L., Tong L., Lihua Z., Kun
Z. Comparative study on 3D printing of polyamide 12 by selective laser
sintering and multi jet fusion. Journal of Materials Processing
Technology, 2021. Vol. 288, February. P. 116882. DOI:
https://doi.org/10.1016/j.jmatprotec.2020.116882.

47.Santos L.M.S., Ferreira J.A.M., Jesus J.S., Costa J.M., Capela C. Fatigue
behaviour of selective laser melting steel components. Theoretical and
Applied Fracture Mechanics, 2016. Vol. 85, Part A, October. P. 9-15.
DOI: https://doi.org/10.1016/j.tafmec.2016.08.011.

48.Nandy J., Sarangi H., Sahoo S. A Review on Direct Metal Laser Sintering:
Process Features and Microstructure Modeling. Lasers in Manufacturing
and Materials Processing, 2019. Vol. 6. P. 280-316.

49.Korner C. Additive manufacturing of metallic components by selective
electron beam melting — a review. International Materials Reviews, 2016.
Vol. 61, Is. 5. DOI: https://doi.org/10.1080/09506608.2016.1176289.

50.Mekonnen B. G., Bright G., Walker A. A. Study on State of the Art
Technology of Laminated Object Manufacturing (LOM). CAD/CAM,
Robotics and Factories of the Future, P. 207-216. Part of the Lecture
Notes in Mechanical Engineering book series (LNME).

51.Huang J., Wang Q. Q. and J. A Review of Stereolithography: Processes
and Systems. Advanced Digital and Other Processes, Processes, 2020.
8(9). P.1138. DOI: https://doi.org/10.3390/pr8091138.

90



52.Unkovskiy A., Schmidt F., Beuer F., Li P., Spintzyk S., Fernandez P. K.
Stereolithography vs. Direct Light Processing for Rapid Manufacturing of
Complete Denture Bases: An In Vitro Accuracy Analysis. Digital
Workflows and Material Sciences in Dental Medicine, 2021. Special Issue
10(5). P. 1070. DOI: https://doi.org/10.3390/jcm10051070.

53.0no I. M. D., Abe K. Ph. D, Shiotani S. Ph. D., Hirayama Y. Ph. D.
Producing a Full-Scale Model From Computed Tomographic Data with
the Rapid Prototyping Technique Using the Binder Jet Method. Journal of
Craniofacial Surgery, 2000. Ne11(6), November. P. 527-537.

54.Hodder K. J., Chalaturnyk R. J. Bridging additive manufacturing and sand
casting: Utilizing foundry sand. Additive Manufacturing, 2019. Vol. 28,
August. P. 649-660. DOI: https://doi.org/10.1016/j.addma.2019.06.008.

55. Xu J., Gu X., Ding D., Pan Z., Chen K. A review of slicing methods for
directed energy deposition based additive manufacturing. Rapid
Prototyping Journal, 2018. Vol. 24, No. 6. P. 1012-1025. DOI:
https://doi.org/10.1108/RPJ-10-2017-0196.

56.Saboori A., Avers A., Marchese G., Biamino S., Lombardi M., Fino P.
Application of Directed Energy Deposition-Based Additive
Manufacturing in Repair. Appl. Sci., 2019. Ne 9(16). P. 3316. DOI:
https://doi.org/10.3390/app9163316.

57.Sljivi¢ M., Fragassa C., Pavlovi¢ A., Kraisnik M., Ili¢ J., Stanojevi¢ M.
Additive manufacturing of functional parts based on material extrusion
technology. Contemporary Materials, 2016. VI1I-2, Vol. 7, No. 2. DOI:
https://doi.org/10.7251/COMEN1602178S.

58.Kampker A., Triebs J., Kawollek S., Ayvaz P., Hohenstein S. Review on
Machine Designs of Material Extrusion based Additive Manufacturing
(AM) Systems - Status-Quo and Potential Analysis for Future AM
Systems. Procedia CIRP, 2019. Vol. 81, P. 815-819. DOIL:
https://doi.org/10.1016/j.procir.2019.03.205.

59.Moore J. P., Williams C. B. Fatigue properties of parts printed by PolyJet
material jetting. Rapid prototyping journal, 2015. Vol. 21, Issue 6, 19 Oct.
P. 675-685. DOI: 10.1108/RPJ-03-2014-0031.

60.Tyagi S., Yadav A., Deshmukh S. Review on mechanical characterization
of 3D printed parts created using material jetting process. Materials Today,
2022. Vol. 51, Part 1. P. 1012-1016. DOI:
https://doi.org/10.1016/j.matpr.2021.07.073.

61.Jabari E., Liravi F., Davoodi E., Lin L., Toyserkani E. High speed 3D
material-jetting additive manufacturing of viscous graphene-based ink
with high electrical conductivity. Additive Manufacturing, 2020. Vol. 35,
October. P. 101330. DOI: https://doi.org/10.1016/j.addma.2020.101330.

62.Silva M. R., Pereira A. M., Sampaio A. M., Pontes A. J. Assessment of the
Dimensional and Geometric Precision of Micro-Details Produced by
Material Jetting. Materials, 2021. Ne 14(8). P. 1989. DOIl:
https://doi.org/10.3390/ma14081989.

91



63.Yee L. Y., Chengcheng W., Swee L. S., Vishwesh D., Wai Y. Y., Jun W.
Material jetting additive manufacturing: An experimental study using
designed metrological benchmarks. Precision Engineering, 2017. VVol. 50,
October. P. 275-285. DOI:
https://doi.org/10.1016/j.precisioneng.2017.05.015.

64.Willems E., Turon-Vinas M., Camargo d. S. B., Hooreweder B. V., Zhang
F., Meerbeek B. V., Vleugels J. Additive manufacturing of zirconia
ceramics by material jetting. Journal of the European Ceramic Society,
2021. Vol. 41, Is. 10, August. P. 5292-5306. DOI:
https://doi.org/10.1016/j.jeurceramsoc.2021.04.018.

65.Song J. L., LiY.T., Deng Q. L., Hu D. J. Rapid prototyping manufacturing
of silica sand patterns based on selective laser sintering. Journal of
Materials Processing Technology, 2007. Vol. 187-188, 12 June, P. 614—
618. DOI: https://doi.org/10.1016/j.jmatprotec.2006.11.108.

66.Yang L., Tang S.-y., Fan Z.-t., Jiang W.-m., Liu X.-w. Rapid casting
technology based on selective laser sintering. China Foundry, 2021. Vol.
18. P. 296-306.

67.Morales-Planas S., Minguella-Canela J., Lluma-Fuentes J., Travieso-
Rodriguez J. A., Garcia-Granada A.-A. Multi Jet Fusion PA12
Manufacturing Parameters for Watertightness, Strength and Tolerances.
Materials, 2018. Ne 11(8). P. 1472. DOI:
https://doi.org/10.3390/mal11081472.

68.Padmakumar M. Additive Manufacturing of Tungsten Carbide Hardmetal
Parts by Selective Laser Melting (SLM), Selective Laser Sintering (SLS)
and Binder Jet 3D Printing (BJ3DP) Techniques. Lasers in Manufacturing
and Materials Processing, 2020. Vol. 7. P. 338-371.

69.Demir A. G., Monguzzi L., Previtali B. Selective laser melting of pure Zn
with high density for biodegradable implant manufacturing. Additive
Manufacturing, 2017. Vol. 15, May. P. 20-28. DOIl:
https://doi.org/10.1016/j.addma.2017.03.004.

70.Boniotti L., Beretta S., Patriarca L., Rigoni L., Foletti S. Experimental and
numerical investigation on compressive fatigue strength of lattice
structures of AISi7Mg manufactured by SLM. International Journal of
Fatigue, 2019. Vol. 128, November. P. 105181. DOI:
https://doi.org/10.1016/j.ijfatigue.2019.06.041.

71.Nakagawa T., Kunieda M., Liu S.-D. Laser Cut Sheet Laminated Forming
Dies by Diffusion Bonding. Proceedings of the Twenty-Fifth International
Machine Tool Design and Research Conference P. 505-510.

72.Raines R., Day J. B., Salary R. Experimental Characterization of the
Mechanical Properties of Medical-Grade Dental Implants, Fabricated
Using Vat-Photopolymerization Additive Manufacturing Process. MSEC,
2022. V001TO7A011. 85436, 7 p. DOI:
https://doi.org/10.1115/MSEC2022-85436.

73.Xu X., Awad A., Robles-Martinez P., Gaisford S., Goyanes A., Basit A.
W. Vat photopolymerization 3D printing for advanced drug delivery and

92



medical device applications. Journal of Controlled Release, 2021. Vol.
329, 10 January. P. 743-757. DOI:
https://doi.org/10.1016/j.jconrel.2020.10.008.

74.Xu Z., Hensleigh R., Gerard N. JRK, Cui H., Oudich M., Chen W., Jing
Y., Zheng X. (R.) Vat photopolymerization of fly-like, complex micro-
architectures with dissolvable supports. Additive Manufacturing, 2021.
Vol. 47, November. P. 102321. DOl:
https://doi.org/10.1016/j.addma.2021.102321.

75. Sameni F., Ozkan B., Karmel S., Engstrom D. S., Sabet E. Large Scale
Vat-Photopolymerization of Investment Casting Master Patterns: The
Total Solution. Polymers, 2022. Ne 14 (21). P. 4593. DOI:
https://doi.org/10.3390/polym14214593.

76.Gokuldoss P. K., Kolla S., Eckert J. Additive Manufacturing Processes:
Selective Laser Melting, Electron Beam Melting and Binder Jetting—
Selection Guidelines. Materials, 2017. Ne 10(6). P. 672. DOI:
https://doi.org/10.3390/mal0060672.

77.Small W. R., Panhuis M. Inkjet printing of transparent, electrically
conducting single-walled carbon-nanotube composites. Small, 2007. Ne
3(9). Sep 3. P. 1500-15083.

78.Kim K., Zhu W., Qu X. 3D optical printing of piezoelectric nanoparticle—
polymer composite materials. ACS Nano, 2014. Ne 8 (10), Jul. 29. P. 9799—
9806.

79.Wu J., Yuan C., Ding Z. Multi-shape active composites by 3D printing of
digital shape memory polymers. Sci Rep, 2016. Apr. 13.6. P. 24224.

80.Kokkinis D., Schaffner M., Studart A. R. Multimaterial magnetically
assisted 3D printing of composite materials. Nat Commun. 2015. Oct. 23.6.
P. 8643.

81.Liu W.; Du Pont, J. N. Fabrication of functionally graded TiC/Ti
composites by Laser Engineered Net Shaping. Scr. Mater, 2003. Ne 48, P.
1337-1342.

82.Heer B., Bandyopadhyay A. Silica coated titanium using Laser Engineered
Net Shaping for enhanced wear resistance. Addit. Manuf, 2018. Ne 23. P.
303-311.

83.Das M., Balla V. K., Kumar T. S. S., Bandyopadhyay A., Manna I.
Tribological, electrochemical and in vitro biocompatibility properties of
SiC reinforced composite coatings. Mater. Des, 2016. Ne 95. P. 510-517.

84.Traxel K. D., Bandyopadhyay A. Reactive-deposition based additive
manufacturing of Ti-Zr-BN composites. Addit. Manuf, 2018. Ne 24. P.
353-363.

85.LiY.,HuY., Cong W, Zhi L., Guo, Z. Additive manufacturing of alumina
using laser engineered net shaping: Effects of deposition variables. Ceram.
Int, 2017. Ne 43. P. 7768-7775.

86.Niu F., Wu D., Zhou S., Ma G. Power prediction for laser engineered net
shaping of AlI203 ceramic parts. J. Eur. Ceram. Soc, 2014. Ne 34. P. 3811
3817.

93



87.Wu D. J,NiuF. Y., MaG.Y., Zhang B., Yan S. Process optimization for
suppressing cracks in laser engineered net shaping of Al203 ceramics.
JOM, 2016. Ne 69. P. 557-562.

88.Ma G., Wang J., Niu F., Sun B., Wu D. Influence of powder distribution
on the AI203 thin-wall ceramic formed by laser engineered net shaping.
Chin. J. Lasers, 2015. P. 42. P. 0103006.

89.Niu F., Wu D., Ma G., Zhang B. Additive manufacturing of ceramic
structures by laser engineered net shaping. Chin. J. Mech. Eng, 2015. Ne
28. P. 1117-1122.

90.Dehoff R. R., Sarosi P. M., Collins P. C., Fraser H. L., Mills M. J.
Microstructural evaluation of LENS™ deposited Nb-Ti-Si-Cr alloys. MRS
Online Proc. Libr. Arch, 2002. Ne 753. P. 2—7.

91.Fischer P., Karapatis N., Romano V., Glardon R., Weber H. P. A model
for the interaction of near-infrared laser pulses with metal powders in
selective laser sintering. Appl Phys A, 2002. Ne 74(4), Apr. 1. P. 467-474.

92.Prakash K. S., Nancharaih T., Rao V. S. / Additive manufacturing
techniques in manufacturing an overview. Mater Today Proc., 2018. Jan
1, 5(2). P. 3873-3882.

93.Wong K. V., Hernandez A. A review of additive manufacturing. ISRN
Mech Eng, 2012. Aug, 16.

94.Singh S., Ramakrishna S., Singh R. Material issues in additive
manufacturing: a review. J Manuf Process, 2017. Ne 25, Jan 1. P.185-200.

95.Williams J. D., Deckard C. R. Advances in modeling the effects of selected
parameters on the SLS process. Rapid Prototyp J., 1998. Ne 4 (2). Jun 1.
P. 90-100.

96.Duan B., Wang M., Zhou W. Y., CheungW. L., Li Z. Y., Lu W. W. Three-
dimensional nanocomposite scaffolds fabricated via selective laser
sintering for bone tissue engineering. Acta Biomater, 2010. Ne 6 (12), Dec
1. P. 4495-4505.

97.0’Neill P., Jolivet L., Kent N. J., Brabazon D. Physical integrity of 3D
printed parts for use as embossing tools. Adv. Mater. Process. Technol.,
2017. Ne 3. P. 308-317.

98.Anunmana C., Ueawitthayasuporn C., Kiattavorncharoen S,
Thanasrisuebwong P. In vitro comparison of surgical implant placement
accuracy using guides fabricated by three different additive technologies.
Appl. Sci., 2020. Ne 10. P. 7791.

99.Nowacki J. Sieczkiewicz N. Problems of determination of MultiJet 3D
printing distortions using a 3D scanner. Arch. Mater. Sci. Eng., 2020. Ne
103. P. 30-41.

100.Perelaer J., Hendriks C.E., Laat A.W., Schubert U.S. One-step inkjet
printing of conductive silver tracks on polymer substrates.
Nanotechnology, 2009. Ne 20 (16), Mar 31. P. 165303.

101.Kordas K., Mustonen T., Toth G. Inkjet printing of electrically conductive
patterns of carbon nanotubes. Small, 2006. Ne 2(8-9), Aug. P. 1021-1025.

94



102.Shimoda T., Morii K., Seki S., Kiguchi H. Inkjet printing of light-emitting
polymer displays. Mrs Bulletin., 2003. Ne 28 (11), Nov. P. 821-827.

103.Sirringhaus H., Kawase T., Friend R. H. High-resolution inkjet printing
of all-polymer transistor circuits. Science, 2000. Ne 290 (5499), Dec 15. P.
2123-2126.

104.Van O. T. H., Perelaer J., Laat A. W., Schubert U. S. Inkjet printing of
narrow conductive tracks on untreated polymeric substrates. Adv Mater,
2008. Ne 20 (2), Jan. P. 18343-345.

105.Singh M., Haverinen H. M., Dhagat P., Jabbour G. E. Inkjet printing—
process and its applications. Adv Mater, 2010. Ne 22 (6), Feb.9.P. 673—
685.

106.Gans De B. J., Duineveld P. C., Schubert U. S. Inkjet printing of
polymers: state of the art and future developments. Adv Mater, 2004. Ne 16
(3), Feb. 3. P. 203-213.

107.Wiria F. E.,, Leong K. F., Chua C. K. Liu Y. Poly-e-
caprolactone/hydroxyapatite for tissue engineering scaffold fabrication via
selective laser sintering. Acta Biomater. 2007, Ne 3(1), Jan 1. C. 1-2.

108.Guo R., Ren Z., Bi H., Xu M., Cai L. Electrical and thermal conductivity
of polylactic acid (PLA)-based biocomposites by incorporation of nano-
graphite fabricated with Fused deposition modeling. Polymers., 2019. Neo
11(3), Mar. P. 549.

109.Caminero M. A., Chacén J. M., Garcia-Plaza E., Nufiez P. J., Reverte J.
M., Becar J. P. Additive manufacturing of PLA-based composites using
fused filament fabrication: Effect of graphene nanoplatelet reinforcement
on mechanical properties, dimensional accuracy and texture. Polymers,
2019. Ne 11(5), May, P. 799.

110.Serra T., Planell J. A., Navarro M. High-resolution PLA-based composite
scaffolds via 3-D printing technology. Acta Biomater, 2013. Ne 9 (3), Mar.
1. P. 5521-5530.

111.Lam C. X., Savalani M. M., Teoh S. H., Hutmacher D. W. Dynamics of
in vitro polymer degradation of polycaprolactone-based scaffolds:
accelerated versus simulated physiological conditions. Biomed Mater,
2008. Ne 3 (3), Aug 8. P. 034108.

112.Weng Z., Wang J., Senthil T., Wu L. Mechanical and thermal properties
of ABS/montmorillonite nanocomposites for fused deposition modeling
3D printing. Mater Des., 2016. Ne 102, Jul 15. P. 276-283.

113.Schwaar C. High-Performance 3D Printing Materials Guide AlI3DP,
2022.
URL:  https://all3dp.com/1/high-performance-3d-printing-materials-the-
ultimate-quide/.

114. Kouctpykuiiini iHxeHepHi miactMacu  TOB  «Canrtekc». URL:
https://plastmass.kiev.ua/uk/.

115. PTFE. URL:https://www.hpp-performance.com/en.html.

116. Tominaktua. URL: https://uk.wikipedia.org/wiki/ITomimakTu.

95


https://all3dp.com/1/high-performance-3d-printing-materials-the-ultimate-guide/
https://all3dp.com/1/high-performance-3d-printing-materials-the-ultimate-guide/
https://plastmass.kiev.ua/uk/
https://www.hpp-performance.com/en.html
https://uk.wikipedia.org/wiki/Полілактид

117. O'Connell J. PLA Plastic/Material — The Ultimate Guide. AlI3DP, 2023.
URL: https://all3dp.com/2/what-is-pla-plastic-material-properties/.

118. Mcinnes L. The Environmental Impact of Corn-Based Plastics.
SCIENTIFIC AMERICAN, 2008. URL:
https://www.scientificamerican.com/article/environmental-impact-of-
corn-based-plastics/.

119. ABC-mmnactuk. URL: https://uk.wikipedia.org/wiki/ABC-mnacTuk.

120.Carolo L. The Best ABS Filaments of 2022. AlI3DP, 2022. URL:
https://all3dp.com/2/abs-filament-brands-compared/].

121.Imxenepni wiactuku PMMA, SAN, ASA, PBT, POM i iumn. Skytech
Polymer, 2018. URL.: https://skytechpolymer.com.ua/ua/inzhenernye-
plastiki-pmma-san-asa-pbt-pom-i-drugie.htmil.

122. PLASTIC & RESIN ASSOCIATIONS SPI WPC EPDA MAPP ARPM
BACK ABOUT Acrylonitrile Copolymers Elastomer Suppliers
COMPANIES ACRYLIC-STYRENE-ACRYLONITRILES (ASA).

CROW. URL:
https://polymerdatabase.com/Polymer%20Brands/ASA.html.
123.POLYETHERIMIDES (PED). CROW. URL:
https://polymerdatabase.com/Polymer%20Brands/PEIl.html.
124 ITomedipedipkeron  (IIEEK).  Ilnacmix  —  Vkpaina.  URL:

https://plastics.ua/industrial/ua/products/engineer/peek!/.

125. ®ortononimepHa cmona ansa 3J[ IIpuntepa. ANYCUBIC, 2023. URL:
https://anycubic.biz/ua/fotopolimernaya-smola.

126.Silicon nitride. Lithoz, 2023. URL:
https://lithoz.com/en/materials/lithanit-782/.

96


https://all3dp.com/2/what-is-pla-plastic-material-properties/
https://www.scientificamerican.com/article/environmental-impact-of-corn-based-plastics/
https://www.scientificamerican.com/article/environmental-impact-of-corn-based-plastics/
https://uk.wikipedia.org/wiki/АБС-пластик
https://all3dp.com/2/abs-filament-brands-compared/
https://skytechpolymer.com.ua/ua/inzhenernye-plastiki-pmma-san-asa-pbt-pom-i-drugie.html
https://skytechpolymer.com.ua/ua/inzhenernye-plastiki-pmma-san-asa-pbt-pom-i-drugie.html
https://polymerdatabase.com/Polymer%20Brands/ASA.html
https://polymerdatabase.com/Polymer%20Brands/PEI.html
https://plastics.ua/industrial/ua/products/engineer/peek/
https://anycubic.biz/ua/fotopolimernaya-smola

JTOJATOK A

AHaJTiTHYHI JaHHI

Tabnuys 1 — Texnonoziuni ocobausocmi Memooie a0umueH020 8UPOOHUYMEA

Meton
Bun . Cdepu
' BUPOO- [lepeBaru Henonixu
TEXHOJIOT'11 3aCTOCYBaHHS
HUIITBA
1 2 3 4 5
*JIOBTOBIYHICTb * KPUXKICTh *IIPOTOTHUITYBAHHS;
_ JeTaNeH IpyKy; TPYKOBAHHX *po3pobOKa
Binder .
Tetti BJ *IpyK ACKUJIbKOMa | JeTaJIeH; €JIEKTPOHHUX
etting
MarepiajlaMu *HEOOX1IHICTD KOMIIOHEHTIB;
OJIHOYACHO. BTOPUHHOI OOpOOKHU. | * INBapHa CIIpPaBa.
LENS | *LIBUIKICTB IPYKY; . *BUPOOHUIITBO
_ . *Ty’Ke BEJHKI
Directed *BapTICTh . JieTajiell BUCOKOI1
o BUTpPATH €HEPrii; . _ .
Energy Marepiais; . BIJIMTOBITaJILHOCTI,;
N *HU3bKa PO3JILJIbHA
Deposition EBAM *Iy’KE€ BEJIMKA . *PEMOHT Ta
3IaTHICTb.
00JacTh JPyKy. JI0JTaBaHHS JIeTaJICH.
*HU3bKa BapTICTh | *0OMEKEeHa
oOnagHaHHS Ta TOYHICTH JIPYKY;
FDM . . . .
MaTepiamB s *aHI30TPOITisl.
TIPYKY; *BUTOTOBJICHHS
*BIIKpUTUIN GyHKI1OHATBHUX
Material BUXIJTHUH KO MPOTOTHIIIB;
_ _ *00MeXKeHa
Extrusion *MOJKJIUBICTh ' *BUPOOHUIITBO
TOYHICTH JIPYKY; )
npua0aTH TaKUM ' _ JeTajlie BUCOKOT
FGF *aH130TpOIIIS;

IPUHTED Y
po3iopaHoMy
BUIJIAIL 32

HU3BbKOIO I[IHOIO

*HU3bKA MIBUIKICTH

APYKY.

BIJIITOBIIAJILHOCTI.

97



MPOJIOBXKEHHS Tao. 1

1 2 3 4 5
abo 310paTu
CaMOCTIMHO
*IPYK JACKITHKOMA
MarepiajiaMu
OJTHOYACHO.
MJ *BUTOTOBJICHHS
(GyHKITIOHATBHUX
. MPOTOTHIIIB;
*BHCOKA BaPTICTh
. *pO3poOKa
MIPUHTEPIB Ta
o CJIIEKTPOHHUX
MaTepiamiB aJis .
KOMITOHEHTIB;
APYKY; :
NPJ _ *IOBEIIIPHE
*KPUXKICTh
BUPOOHMIITBO;
. JTPYKOBAHHUX .
*BHCOKA TOYHICTh *IIPOMUCIIOBHH 1
JIeTaJICH. .
APYKY; apXITEKTypHUU
) *IPYK JICKIJIbKOMa U3aiiH.
Material .
_ MaTepiaTamu
Jetting
OJTHOYACHO; .
*BHCOKA BapTICTh
*BHCOKA .
o IPUHTEPIB Ta
JeTami3artis. o *BHCOKOTOYHE
MaTepiamiB aJis
MPOTOTUITYBAHHS;
APYKY;
. *CTBOpEHHA (hopm
*00OMeKeHu BUOIp
DOD JUIA TIOAJIBIIIOTO

MaTepianiB A
APYKY,

* KPUXKICTh
JIPYKOBAHHUX

JIeTaneu.

JUTTS,
*IOBEJIIPHE

BUPOOHUIITBO.

98



POAOBKEHHs Tab. 1
1 2 3 4 5
*IPYK 00’ €KTIB 31
CKJIQ/THOIO
TCOMETPIEIO;
*BIJICYTHICTh ' *BUTOTOBJICHHS
' *BHCOKA BapTICTh '
MiITPUMOK; ' GyHKIIOHATEHUX
IPUHTEPIB; .
*Ty’KE€ BUCOKA _ MIPOTOTHIIIB;
Powder o *HEMO>KJIUBICTb
_ SLS MIIHICTh * IMBapHa CIIPaBa;
Bed Fusion JIPYKY JEAKHX
JTPYKOBAHHX . * BUPOOHUIITBO
MyCTOTLINX
JieTane; JieTaei BUCOKOT
_ | neranei. . _ .
*BHCOKI MEXaHI4YHi BiJIMTOBIIaJILHOCTI.
BJIACTUBOCTI
31CTaBHI 3 CAaMUM
MaTepiajioM.
*IpyK 00’ €KTIB 31
CKJIQ/THOIO
TE€OMETPIEIO; *IIIOPCTKA
*BIJICYTHICTh NIOBEPXHS;
. _ *BUTOTOBJICHHS
MTPUMOK; *TIOPUCTICTh .
(GyHKL10HATBHUX
*Iy’KE BHCOKa neTajien oe3 _
o MPOTOTHIIIB;
MJF | minHicT OCTOOPOOKH;
* BUPOOHUIITBO
JIPYKOBaHUX sycajgka ado
_ aeTaneil BUCOKOi
neTaneu; nedopmartis

*BHCOKI MEXaHIYHI
BJIACTUBOCTI
31CTaBHI 3 CAMUM

MaTepiaioM.

JeTajIe i1 yac

00pOOKH.

BIIITOBIAJIBHOCTI.

99



MPOIOBXKEHHS TabI. 1

2 3 4 5
*IpyK 00’ €KTIB 31
CKJIQJTHOO
reOMEeTpiE€lo;
*IPyK IMMyCTOTLIUX
00’€KTIB ;
SLM
*JIy’K€ BUCOKA
MILHICTH
JTPYKOBAHHUX
JIeTane;
*BHCOKI MEXaHI4YHI1 *BUT'OTOBJICHHSA
BJIACTUBOCTI GyHKI10HATBHUX
31CTaBHI 3 CAMUM MPOTOTHIIIB;
. *Iy’K€ BUCOKA
MaTepiaiom; . | * BUpOOHUIITBO
. o BapTICTh IPUHTEPIB;
*pi13HOMAaHITHICTh . JieTaei BUCOKOT
* BEJIMKI BUTPATU . _ .
JTOCTYITHUX . BiJIMTOBIIaJILHOCTI,
o EHeprii. . .

MaTepiais; *IPYK IMILJIAHTIB;
*BHCOKA PO3/1JIbHA * AepOKOCMIYHA
31aTHICTH MIPOMUCTIOBICTb.

DMLS | npykosanux
JIeTaneu;
*0e3B1AX0/1HE
BUPOOHHUIITBO;

*[IIBUIKICTH BHUILA
HIX Y JINBAPHOTO
poIIecy;
*BIJICYTHICTh

3BapHHX IIBIB.

100



MPOIOBXKEHHS TabI. 1

1 2 3 4 5
* BUCOKaA
IJIBHICTE Ta
MeXaHIuHa
o ' * MIOPCTKA
MIIHICTE 00’ €KTIB;
| IOBepxHS;
* IpyK 00 €KTIB 31
* Iy’)K€ BUCOKa
CKJIQJTHOIO . _
' BapTICTh IPUHTEPIB;
EBM | reomerpiero; .
. . * BEJIMKI BUTPATU
* BIZICYTHICTb
. EHEeprii;
MiITPUMOK; _
. * HU3bKa PO3/IIJIbHA
* 0e3BIAXOIHE .
3/IaTHICTb.
BUPOOHHUIITBO;
* ApyK'y
BaKyyMHII Kamepi.
* JelIeBUN
Marepia Jis * Iy’e MOBUIbHA
TPYKY; MIBUKICTD IPYKY;
. o o * MPOTOTUITYBAHHS
Sheet * PI3HOMAHITHICTh | ®* HCBUCOKA MIITHICTh
- LOM o Ta CTBOPEHHS
Lamination BAp1aHTIB MOJICIICH; _
. MaKeTiB.
OCTOOPOOKH; * HU3bKa PO3/IIJIbHA
* BUPOOHUIITBO 3IaTHICTb JIPYKY.
KPYIIHUX MOJENEH;
* KPUXKICTh
* BUCOKA TOYHICTh | APYKOBAHHUX
Vat .
TPYKY; JIeTaNeH;
Photopoly- SLA _
o * IPYK AYyXkKe * BUCOKa BapTICTh
merization

TOHKHUX IIIapIB.

OPUHTEPIB T

MaTepiamiB.

101



3aKiH4YeHHd Taou. 1

3

5

DLP

* BUCOKa TOYHICTh
APYKY;

* BUCOKaA
HIBUAKICTB IPYKY
(Bumie HiXK SLA
IPUHTED);

* HasIBHICTH
JIOMAIIIHIX Ta
MIPOMHUCIIOBUX

MOJEIEN.

CDLP

* BUCOKa TOYHICTH
APYKY;

* BHCOKa
IIBUJIKICTD IPYKY
(Bume HIX SLA Ta
DLP npuntep);

* HasIBHICTh
JIOMAIIHIX Ta
MIPOMHUCIIOBUX

MOJIEIIE.

* KPUXKICTh
JIPYKOBAHHUX
JeTane,

* BCOKa BapTICTh

MaTepiaiB.

* CTOMATOJIOT151;
* MEJUIIMHA;
* IOBEJIIpHA CTIPaBa;

* TMBapHa CIIPaBa.
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Tabnuys 2 — TexHiko-eKOHOMIUHI NOKAZHUKU MEXHOI02I A0UMUBHO20 8UPOOHUYMEA

Photopolymerization

‘ [TpoxyKTUBHICTS, ‘ o ' SxkicTs, Bapricts o6nanHaHHs,
Bun texHomorii Pi3HOMaHITHICTE MaTepiany
cM3/ron MKM $
AmroMiHil, OpoH3a, Kepamika,
_ _ ‘ ‘ _ BiJ 5 THC.
Binder Jetting 1100 - 3120 TiIC, MICOK, IHKOHEIIb, 50-200
_ no 1.8 muH.
HeprKaBitoya CTaab
Directed Energy CrnaBu sIKi 3BapIOIOTHCS, Bix 200 THC.
. 430 — 1570 _ 250-5000
Deposition Kepamika JIO 5 MITH.
) ) [Tomimepu, KOMIO3UTH, METAJIH, Bix 0,2 Tuc.
Material Extrusion 720 — 4680 ' . 50-5000
Olomarepianu 1o 400 Tuc.
) ) doTononimMepu, HepKaBioua Bix 20 Tuc.
Material Jetting 900- 2530 . . 16-32
cTajib, KEpamika, BICK 1o 600Tuc.
AntoMiHiH, KepaMika, KoOaJbT,
) Bix 20 THC.
Powder Bed Fusion 30 -400 IHKOHEJTb, 30JI0TO, MOJIMEPH, 30-120
) IO 2 MITH.
TUTaH, CIIJIABH K1 3BAPIOIOTHCS
- [Tamip, keBnap, OpoH3a, MeTajaeBa Bix 9 THC.
Sheet Lamina-tion 20 - 320 70-200
¢omnbra, TMCTOBUH MJIACTUK 1o 37 Tuc.
Bix 3 THC.
Vat .
192 — 1500 doronoaiMepH, KOMIO3UTH 25-100 110 800 tHc.
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Tabnuys 3 — Dizuko-ximiuni napamempu noaimepis s FDM opyky

ABS PLA |ASA| PP |[PMMA|HIPS| PC PA PET| PETG |TPU|PEI |PEEK
Boponornuuanns
2-0. 3-4 - 1 2 1 2 - - -
(23 °C, 24 ronx, npu 3anypenHi), % 0.2-03 03 3 0 0. ’5 06
IlinsaicTs (23 °C), T/cM® 1.04 1.24 1,07{0,905| 1,20 [1,05| 1,24 1,02 1,27 1.27 1,21|1,27| 1,26
Biawoctie MOTORKEHHS NP POSTAYBAHAL | o 384 | 15| 13 |4058 | 30 | 6 9 50| 40 [510] - | 39
(23°C), %
Me:xa TekydocTi pu po3tarysanHi (23 °C), 34-57 60-77 ) i i i i i ) 50 ) ) )
MIIa
Minnicts npu 3ruHi (23 °C), MIla 52 -95 - 47 - - 50 | 95 - 70 - - - -
Minnicts npu po3sarysandi (23 °C), MIla 26 - 47 53 47 | 28 83 30 | 68 48 70 126 250 | 105 | 105
Monyns npyxHocti mpu 3ruHi (23 °C), MIla| 1700 - 3000 {2300-2800| - - - - 12410 1900 |2700| 2100 - - -
Moztyste IpYXHOCTI K POSTAIYBAHHL | 1700 5930 | 3500 |2200| 1150 | - 2230|2300 -  [3000] 7800 | 304 |3200| 4100
(23 °C), MIla
0.3 -
Tumnosa ycanka, % 0.3-08 |0.01-0.05| - - - 0.7 - - - - - -
VY napua B's3kicts no lapmi 60 - He i 18 i i 10| - |He pyiHy-|  |HE pydHY-| ] 66
(6e3 Hazpizy, 23 °C), kJ[x/M> pyHHYETHCA €ThCS €ThCS
VY napua B's3kicts no lapmi
- 47 2-7. - - - - - - - - - 7
(3 HazpizoM, 23 °C), kJIx/M> > 52-13 8
VY napna B's3kicTs 1o lapmi
. o ’ 3-26 - - - - - - - - 3 - - -
(3 Hagpizom, -30 °C), kJx/m
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Haeguanvne euoanns

I'aneeB Timyp PammrtoBuuy,
Ipudurhko Ipuna OnexcanapiBHa,
Pyaenko Mukona MukonainoBuy,
IHerpenxo Irop OnexcanapoBud

AJIMTUBHI TEXHOJIOT'II

HaBuanpHUM 1TOCIOHUK
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