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MyKadiBCbKHH JepKaBHUH YHIBEPCUTET

AHAJI3 CYYACHOTO CTAHY TBPUIHOTO
AJJUTUBHOT'O BUPOBHULITBA TA MEPCNEKTUBU
MOTr0 BITPOBAJKEHHS B YKPATHI

Y cmammi suceimneni nepesacu 2ibpudHo020 AOUMUBHO20 BUPOOHUYMEA, PO32IAHYMI CYUACHI 2IOPUOHI
AOUMUBHT MAUWUHU NPOBIOHUX CBIMOBUX KOMNAHIU, NPOBeOeHUli NOPIBHATbHULL AHANI3 IX MEXHIYHUX XapaKkme-
PUCTMUK Ma aOUMUBHUX MEXHONO2IH, HaA OCHOBI AKUX 80HU N0OY008AHI, HAOAHI pekomeHOayii uodo supoois,
AKi QoyinbHile 8U2OMOBIAMU HA YUX MAWUHAX. AKMYanbHicmbs cmammi 3yMOBNIeHO HEeGNUHHUM PO36UTNKOM
2IOPUOHUX AOUMUBHUX CUCIEM, AKI CyMIaroms aOUmueHi i cyompaxmueri npoyecu Ha OOHIUl 8UPOOHUYIL
niaamgopmi, 8 ck1ad Kol 3a3eunatl 6x00sims Oa2amosicHull 00POOHUL YeHmp | 1a3epHi KOAKCIATbHI 2071068KU,
OJ151 NPAMO20 OCAONCEHHSA MEMaAne8020 NOPOUIKY abo Opomy 8 3aNeHCHOCHI 8i0 UKOPUCMOBYBAHOI AOUMUE-
Hoi mexnonoeii. Cucmema 00360/18€ NpaKMu4Ho Ha 0y0b-axit mawuni 3 YIIK euxonysamu aoumusHi onepa-
yii' pasom 3 hpezepHumMu, MOKAPHUMU, WAIGDYEATOHUMY MA THWUMU 8 OOHIUl YCMAHO8YI, NPUYOMY DIi3ANbHI
IHCMpyMeHmu ma 1a3epHi 207106KU PO3MIUleHi y 00HOMY IHCIPYMEHMAIbHOMY MA2A3UHE I HOOAIOMbCA 3 HbO2O
¥V 6i0N0BIOHOCMI 3 NOCIO0BHICMIO MEXHONO2IUHO20 npoyecy 06poOKu demanetl 3a805KU OCHAUEHHIO MAULUH
iHmMez2posaHUMU cucmemamu npocpamysans. Joceio YKpaiHCoKux nionpuemcme, Ha AKUX 6azamo 3acma-
Ppinozo 0b1aOHAHHA, Y BUKOPUCMAHHI QOUMUBHUX TMEXHON02I 00OCMAmMHbO 0OMedceHul, 0coOIU80 ye cmo-
CYEMBCSL BNPOBAOIHCEHHS 2IOPUOHUX AOUMUBHUX npoyecis. Y cmammi UCBIimieHi 00CAeHeHHA YKPAIHCLKUX
KOMRGAHIU, AKI po3po0isioms HOGI OPUSIHANbHI AOUMUBHI MEeXHON02ii ma 00na0HanHA. Y 36 3Ky 3 GIlIHOW 6
Yxpaini cumyayia na supoounuymei noziputyemocs. Ane 6 nepcnekmusi KapoOuHaibHa mpancgopmayis yKpa-
iHCbKO20 BUPOOHUYMEBA € HeMUHYUOH. Memow 00CHiONCeHHs € NOPIGHANbHUL AHALI3 MEXHIYHUX XapaKkme-
PUCTMUK MA MEXHONO02IU HAUCYYACHIMUX 2IOPUOHUX AOUMUBHUX MAUWUH K NIOIpYHMA 0711 Oilbd pemenbHO20
nioxody nionpuemcms 00 npudOaHHs 2iOPUOHO20 AOUMUBHO20 0ONAOHAHHS, A MAKONC NePeOCMUCTEHHS POl
IHHOBAYILl Ma MEeXHON02IU Y CB0ili KOHKYPEHMOCHPOMONCHOCTI.

Knrouoei cnosa: 2ibpudusayis, adumueui mexHonoeii, cyOmpaxmugHi npoyecu, 2iOpuoHi a0umueHi
MAUWUHY, THHOBAYTI, KOHKYDEHIMOCNPOMONICHICHb.

IocranoBka mnpoOiaemu. binpiiictes aeranei,
BUTOTOBJICHUX 32 JOTIOMOTOI0 aJMTUBHHUX TEXHOJO-
T, IPOXOJATh MEXaHIUHY MOCT-00POOKY y 3B’SI3KY
3 HEOOXIiMHICTIO 3a0e3MeYNTH MOTPIOHY MOPCTKICTH
MMOBEPXOHH Ta OLMBII KOpCTKi momycku. CrocoOiB
0CTaTo4HOi 00POOKY JeTane miciis aAuTUBHOTO IPO-
necy Oararo, ane y TeNepillHii yac 3’sSBUJIacs TEH-
JICHITIST PO3POOKHU CHCTEM, IO MOETHYIOTh aJUTHUBHI
(AM, Additive manufacturing) i cyorpaktusHi (SM,
Subtractive manufacturing) mporecu, sKi BHKOHY-
I0ThCSl Ha ONHIN TiOpumHiN BupoOHMUYiil mmardopmi,
B CKJIAJI SIKO1 BXOISITH OararoBicHUH 0OpOoOHU LIEHTP
1 Momynb AM, sxuii peanisye oqHy 3 aTIUTHBHUX TeX-
HoJzorii. [lepexonu 3 onepauiii AM na SM BinOyBa-
FOTBHCS IIBUJIKO, OCKUTBKY JIa3epHi TOJIOBKH 1 pi3aiibHI
IHCTPYMEHTH 3HAXOATHCS B OMHOMY IHCTPYMEHTAJIb-
HOMY Mara3uHi Ta HOJAIOThCSI aBTOMaTHYHO B TEXHO-

JIOT14YHIH MOCIiAOBHOCTI 00pOOKM JeTali, sika peati-
3y€THCS 32 AOTIOMOTOI0 iHTErPOBaHOTO MPOTPaMHOTO
3a0e3MeveHHsI.

lNopuanzanis mixk AM ta SM y naHmii 9ac y cBiTi
CTa€ IMPAaKTUYHO CTAaHAAPTHOIO MPAKTUKOIO JUIS
BUTOTOBJICHHSI TEPEBAXHOI OUIBIIOCTI MeTaleBUX
neraneil. Ha nymKy MeHekepa 3 TeXHOJIOTiH Ta 0i3-
Hecy aMepHukaHchkoi kommnanii Mitsui Seiki Po66a
XamcoHa «piBeHb PO3BHUTKY TiOPHIHOT KOHIIETIIIil
HACTUTBKW BHCOKHH, IO B HalOmmKIoMy ManOyT-
HbOMY BOHa MOe OyTH pO3IIUpEHa Ui 1HTerpartii
JOaTKOBUX HAcaloK IJisl JIa3epHOTO CBEpAJIiHHA
1 pi3aHHs, JIOKaJbHOT TEPMiYHOT 00pOOKH, KOHKpET-
HUX Omepaliii M0 OYHIIEHHIO TOBEPXHI 3arOTOBKH,
a TaAKOX JIJIS CYIIIHHS 3QJIAIITKIB TETUTOHOCI [1].

[IBrKi TEMIIH PO3BUTKY TiOPHIHOTO aJUTHBHOTO
BUPOOHHMITBA 301JbIIYIOTh BiNCTaBaHHA YKpaiHH
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Yy PO3BHTKY L€l HAYKOMICTKOI Tajy3i, sika morpedye
3HAYHMX iHBecTUIH. OCKINbKN iHBeCTyBaHHS Oy/b-
SIKOT IHHOBAIIHHOT TisSJIbHOCTI B KpaiHi BiI0yBa€ThCS
3a BJIACHI KOIITH MiAMpueMCTB, y 2019 pomi Timbku
13,8% mpoMHCIOBHX MiANPUEMCTB BIIPOBAIKYBAIN
irHOoBamii [2]. Kpim Toro, mimmpueMcTBa HEmTOCTAT-
HBO SIKICHO BiJICNITKOBYIOTh TCHJIEHIII KOHKYPCH-
TiB 3 PO3BUHYTHUX KpaiH Ta HEBIPHO OL[IHIOIOTH POJIb
IHHOBAIIIM Ta TEXHOJOTIH y CBOii KOHKYPEHTOCIPO-
MOYKHOCTI.

Oxpemi MpoBiTHI YKpaTHCHKI MM AMTPHEMCTBA aepo-
KOCMIYHOi, aBTOMOOLIBHOT MPOMHUCIOBOCTI, €Hepre-
iy, Taki sk Kb «IliBgenne», Kb « AHTOHOBY, MalOTh
JTOCBIJI MPAKTUYHOTO BUKOPUCTAaHHS AM-TeXHOJIOTH,
HANpPUKIIAJI, Ui BUPOOHHIITBA JieTaneld 3 KOMIIO3UT-
HUX Ta MOJIMEPHUX MaTepiaiiB 3aCTOCOBYETHCS TIPO-
MHCJIOBa aMEepUKaHChKa aIUTHBHA CHCTeEMa Stratasys
F900, a Taxox JJIS BUTOTOBJICHHS METaJCBUX JETa-
Jeii — HiMelbKa cuctema SLM [3-4].

HocnimkenHss y cdepi aIUTHBHUX TEXHOJIOTIH
B YKpaiHi, MOBIIBHO, asie BexyThes. B IHcTuTYTI enek-
Tpo3BapioBanHsa iM. €.0. Ilaroma HAH na ocHoBIi
aJNTUBHAX TEXHOJOTI TPOBEIEHI JIOCIHiKEHHS
y ramysi cremiaJpHOi MeTamyprii, 3BaploBaHHS Ta
Marepiajo3HaBCTBa, 3 PE3yJIbTaTaMH SKUX CTBOPEHO
1 eKCIIEpUMEHTANBHO MiITBEPIKCHO HOBITHIO Hay-
KOBY KOHIIETINIO YTIPaBIIHHSA CTPYKTYPOIO METajiB
Ta CIUIaBiB IIPH IX KpHCTai3allii [5], a Takok po3po-
OJIeHO yCTaTKyBaHHS IS IIOIIIAPOBOTO BUTOTOBJICHHS
METaJIeBUX BHPOOIB METOIOM EJIEKTPOHHO-IIpOMe-
HeBoro 3D-Ipyky i3 3aCTOCYBaHHSM IOPOIIKOBUX
METaJIeBUX MarepiaiiB BITYU3HIHOTO BHPOOHHIITBA.
Ile obnamHaHHS OpiEHTOBAaHE HA BIPOBAKEHHS Ha
MiAIpUEMCTBAX TypOiHOOYyBaHHS Ta aBiaKOCMIYHOT
POMHUCIIOBOCTI YKpainu [6].

He moxxHa He BIAMITUTH BHECOK YKpaiHCBKOT
kommaHii [IPAT«<HBO «YepBoHa XBHIIs» Y PO3BHTOK
aTUTUBHUX TEXHOJIOT1H, sIKa BHHAMIIIIIA EKCKITIO3UBHY
TEXHOJIOTII0O AJAWTHBHOTO BHUPOOHHUIITBA EJIEKTPO-
HHUM TIpoMeHeM xBeam, B siKili BUKOPHCTOBYETHCS
VHIKaJIbHUH MOPOKHUCTUH KOHIYHUH €eNeKTPOHHUM
MYYOK y SIKOCTi HarpiBy 1 KOakcialnbHOI mojavi ApoTy
B 30HY oOcapkeHHs. Ll TexHoJoris BiApi3HIETHCS
Bil 0ararboX ICHYIOUMX aJUTUBHHUX TEXHOJIOTIH Ha
OCHOBI METaJICBOTO IPOTY TOYHICTIO, BUCOKOIO TIPO-
JMYKTHBHICTIO, TPOCTOTOIO EKCIUTyaTarii Ta BHCO-
KAM piBHEM €(EeKTUBHOCTI, 3aBISIKH YOMY KOMITaHis
OTpHMalia 3aMOBJICHHSI Ha EJEKTPOHHO-TIPOMEHEBY
cuctemy xBeam-18/1 Big TWI — HaykoBO-A0CTiTHOT
Ta TEXHOJIOT1YHO1 opraHizarii Ha 6a3i bputrancekoro
IHCTUTYTY 3BaproBaHHA [7].

B enepretmuHOi Tamy3i pO3MIANAIOTECS TEp-
CHEKTUBU Ul BITYM3HSIHOI EHEPreTHKH 3 TOYKH
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30py 3acTOCYBaHb aAMTHUBHUX TeXHOJIOTIH [8], mpo-
BOAMTHCSI METPOJIOTIYHAN aHaji3 MOXKIUBOCTEH
HaIliOHAJTHHUX €TaJIOHIB YKpaiHu IJIs 3a0e3MedeHHs
MIPOCTEKYBAHOCTI BUMIPIOBaHb Yy cepi aluTUBHOTO
BUpOOHMIITBA [9].

Ha npomucnoBux mianprueMcTBax YKpaiHU Belu-
KW BiZICOTOK 3acTapiioro o0nagHaHH, sIKE B PEINTI
perT Oyne 3amintoBatucs. [IpaBunsHUi BUOIp cydac-
HOTO OOJamHAHHS TIOB’S3aHWUN 3 PEeTEIbHUM aHai-
30M MOXXJIMBOCTEH TOTO UM IHIIOTO THITY TiOpUAHUX
AJUTUBHUX MAIIIWH JUIsl KOHKPETHOTO TUITY BUPOOIB.
Ockinbku A0CBiA YKpaiHu Yy BUKOPHCTaHHI aJUTHB-
HUX TEXHOJIOT1H 1yske 0OMexxeHni (0COOIMBO 1I€ CTO-
CY€ThCA TIOpUIHUX aJUTUBHUX MIPOIIECIB), € TOTpeda
B 1X aHami3i JJs BIPOBaJPKEHHS HA ITiJIPUEMCTBAX
Haoi KpalHu.

AHaji3 ocTaHHIX JOcCTigxkeHb i myOJaikamii.
B crarti [10] aHami3y€eThcst AOIUIBHICTH MEPEIPO-
(dimoBanns O6aratozamauanx BepcraTiB 3 UIIK s
JIA3ePHOTO aTUTHBHOTO BHPOOHUIITBA IUIIXOM PO3-
pOOKHM KOMIIAKTHHX TOJOBOK JJIsi HAlpaBIEHOTO
OCa/DKCHHS METally Ta METOJIB iX iHTerparlii, ski O
He BuUMaranu Moau(ikanii KOHCTPYKTUBHHX 4ac-
TuH Bepctary 3 UIIK, a Takok Big3HAYa€THCS METOJ
oca/pkeHHs crpsiMmoBaHoi eHeprii DED, sk Takui,
0 UTFOCTPY€E HA MOPSAOK OUIBINY MPOTYyKTHBHICTH
y MOPIBHAHHI 3 METOJIOM TUIABJICHHS Y TIOPOIITKOBOMY
mapi PBF (Powder bed fusion).

Orysiz TiOpUIHUX aIUTUBHUX CHCTEM 1 MPOIIECiB
Ta TepeBaru riOpUIHOTO AAUTHBHOTO BUPOOHHUIITBA,
a TaKOX MPaKTUJHI IPHUKIIAIN 3aCTOCYBaHHS T10pHI-
HUX TIporeciB HaxatoTees y [11]. YV ommani xomma-
Hil, 110 30Cepe/KeHi Ha BUPOOHUITBI TiOpPHIHOTO
oOJIaTHaHHS, OMHUCYETHCS OCTAaHHS BEPCisl CHCTEMHU
AMBIT-AMBIT Series 7. OcHOBOIO HOBOi CHCTEMH
cepii 7, KpiM cepii Ia3epHHUX TOIOBOK, € YHIBEpCaTbHA
JOK-CTaHI[isl y KOMIUIEKTI i3 BOyZOBaHUM TePMIYHUM
Ta ONTHYHUM MOHITOPHHTOM ITPOIIECIB Ta KOHTPOJIEM
JUTSL TAPAHTOBAHOI SKOCTI ITiJ] 4aC OCaKEHHS, B SKil
BHUKOPUCTOBYEThLCS 3MiHHA BUXPOCTPYMOBA TOJIOBKA,
ONTHUMI30BaHa JJIsi BUSBJCHHS MOBEPXHEBUX 1 IMiJI-
ITOBEPXHEBUX TPINTUH 1 MOPOKHEY HA KiJbKa IMIapiB
y OWHY 3a TOTIOMOTOIO Jiana30Hy 30H/IB, IO Ipa-
IIOFOTH TIpH 9acToTi g0 SMI' [12].

VY nokymenTi «I mobansHui 3BIT pUHKY T1OpUIHHX
aIUTUBHUX MalluH Juid BUpoOHuuTBa 2021 poxy»
komnanii Cognitive Market Research BkazyeTscs, 1110
perioHaNbHO e PUHOK 30cepemkennii y IliBHIU-
Hilt Amepuni (CLHA, Kanamga ta Mekcuka), €Bporri
(BenmukoOpuranisa, Himeuunna, @panmis, Iramis,
Icmanist Ta geski iHmi); y Asiarceko-TuxookeaH-
cekomy perioni (Kuraii, Innis, Anownis, [liBnenna
Kopes;, Asctpamis, IliBnenno-Cxigna A3is); Ilis-
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nenHil Amepuui (bpasunis, Aprentuna, Komnymo0is);
Bbramsekomy cxomi ta Adpuui (CaymiBcbka Apasis,
[Minenna Adpuka, Typeuumna, Hirepis, OAE).
Y 3BiTi HaBeIeHO KOMIaHi1, 0 JIJUPYIOTh HA IIbOMY
punky [13].

[Iporecu po3poOKH riOpUAHUX aTUTUBHIX MAIINH
Ta iHTerpalisi TEXHOJIOT1H aJJUTUBHOTO BUPOOHHIITBA
3 YHCTOBOI OOpOOKOI0 Ha OOPOOIIOBAHMX IEHTPAX
3 UIK, a Takox TeXHIYHI XapaKTePUCTUKU CyYaCHUX
MAIITIH MMPEACTABIICHI y CTATTAX Ta Ha caiTax BUPOO-
HUKiB [14-18].

IlocranoBka 3aBaaHHsA. 3BaKalOud Ha MIBUIAKI
TEMIIM PO3BHUTKY Yy CBITI TiOPHUAHOIO AAUTHUBHOTO
BUPOOHUIITBA Ta aKTyaJbHICTh HOTO BIPOBAKEHHS
Ha MiANPUEMCTBAX YKpaiHu, € morpeda B OKpeCIIeHHI
mepeBar TiOpuam3allii, MPOBENCHHI MOPIBHLIEHOTO
aHaNi3y TeXHIYHUX XapaKTePUCTHK TiOPUIHUX aaH-
TUBHUX MAalIMH TPOBIJHUX CBITOBUX KOMIIAHIN Ta
TEXHOJIOTIH, SIKi B HUX BUKOPHCTOBYIOTHCS. OTpHUMaHi
pe3yNbTaTH JOCHIIPKEHh MOXYTh OyTH KOPHCHUMH
JUTST TIPAaBWJIBHOTO BUOOPY MiANPHUEMCTBAMHU Cydac-
HOTO 00JIaHAHHS TSI KOHKPETHOTO THITY BHPOOIB.

Buknag ocHOBHOro marepiajy AOCHiIKeHHS.
lOpuani BepcTaTM MOYaId CEpPiiHO BHITyCKATH
3 2013 poky, micnsi 3acHyBaHHsI OpUTaHCHKOI KOM-
nanii Hybrid Manufacturing Technologies, sika po3-
pobuna cuctemy AMBIT, mo Bkitogae B cebe cepito
Ja3epHUX KOAaKCiaJbHUX TOJIOBOK Ui IPSIMOIO Oca-
JOKEHHST METaleBOro mopouky 3a metogoM DED
(Direct Energy Deposition) Ta mok-cuctemy. Cuc-
TeMa JI03BOJISE TMPAKTUYHO HA OyAb-iKiil MaliuHi
3 UIIK BHKOHYBaTH aJUTHBHI Omepallii pa3oM 3 ¢dpe-
3epHAMH, TOKAPHUMH, NLTI(HYBUTBHAME Ta 1HITHIMH
B oOnmHii ycraHoBIi. KokHa TONMOBKa TIOBHICTIO
CyMiCHA i3 CTaHIapPTHUM IPHUCTPOEM 3MIHH 1HCTPY-
MEHTY Ta OyAb-SIKUM CTaHAAPTHUM IITIHHIEIEM BEp-
crary. [lepioio KOMepIiiHO0 MAIIMHOIO, SIKa 3aCTO-
cyBana cucremy AMBIT, 6yna mammmaa HSTM 1000
HYBRID nimenpkoi ¢ipmu Hamuel Maschinenbau,
IO MpU3HAYanacs Uil BiAHOBICHHS MOIIKOMKEHUX
JIoTIaTel aBialliiHUX JBUTYHIB.

[epeBaramu riOpuan3aiii, y mOpiBHSIHHI 3 TOCT-
00poOKoto, €:

— 3alesmedeHHs OiNMBII IHKOPCTKHUX JOMYCKIiB
3aBISKH TOMY, III0 aJUTUBHUH Tpollec 1 MeXaHi4Ha
00po0Oka BifOyBarOThCS B OIHIM 1 Till caMili cucTeMi
KOOp/IWHAT;

— MOXIIUBICTD TIEPEXOIiB Mix omepauismu AM
Ta SM B 3aJI€XHOCTI BiJ TEXHOJOrII BUTOTOBJIECHHS
netaii 6e3 11 mepeycTaHOBICHHS;

— MOXIHMBICTh MIABHUIIEHHS TPOXYKTHBHOCTI
AM 3a paxyHOK 30iJbIICHHS TOBIIMHU KOKHOTO
HAHECEHOTr0 MIapy i, BIAMOBIAHO, 3MEHIIEHHS TOY-

HOCTI PO3MIpIB, sSKa BPELITI PEIIT 3a0e3IMeuyeThes
Bxke SM mporecamu;

— MOXJIWBICTh BHTOTOBIICHHS PI3HHX YacTHUH
JeTayi 3 pi3HUX MaTepialiiB, M0 yTPYJHEHO HaBiTh
B aJUTUBHOMY IHPOLECi; CKOPOUCHHS MarepiabHUX
BUTpAT 3a paXyHOK BUKOHAHHS HEBIIOBIIAILHOT Yac-
THHM JISTaJIl 3 JACUICBIIOr0 MaTepiany, ab0 HaHSCCHHS
Ha JeTalli 31 3BHYAHHOTO CIUIaBy BHUCOKOSKICHOTO
MOKPUTTS 3 METOO TiIBUIIEHHS ii JOBrOBIYHOCTI,

— 3a0e3nevyeHHs] PEMOHTY (BiZHOBICHHS) AeTa-
Jiel Ha OHIH MIaTdopMi IUITXOM BUIAICHHS MOIIKO-
JOKEHUX JIJISTHOK, CKaHyBaHHS JeTallell 3 MEeToro
MOPIBHSHHS 3 X MUPPOBHMH MOIEISMH 1 MMOJAIb-
IIMM OCADKEHHSIM METAJIE€BOr0 MOPOUIKY Ta YHCTO-
BOIO 00POOKOTO;

— BHKOHAaHHS Ha OJHIM MamnHI 000X TPOIECIB
3aMiCTh IPUJ0AHHS JBOX OKPEMHUX CHUCTEM.

CBiTOBUMH JinepaMu y BepcTaroOymaiBHIM mpo-
MHCIIOBOCTI 3 TibpuaHuMu mponosuiismMu €: DMG
Mori — HiMeUbKO-SIIIOHChKA KOMIaHisg; Matsuura,
Mazak, Sodick - smoHceki kommanii; ELB-
Schliff — mimenbka komnanist; Mitsui Seiki, Optomec,
Fabrisonic — amepukanckki komnasii; Okuma — ame-
PHUKaHCHKHUH MiAPO3/ILT STOHCHKOT KOMIIAHii.

OCHOBHUMH aTUTHBHUMH METOAAMH, SIKI BUKOPHC-
TOBYIOTBCSl Y TiOpHUIHOMY aJUTHBHOMY OOJaHAHHI,
€ npsime ocampkenHs eHeprii (DED) Ta maBneHHs
y moporikoBomy miapi (PBF). 3a meronom DED Haii-
posnoBcromkeHimoro € TexHomnorist DMD (Direct Metal
Deposition — psime ocaKeHHS METaTy) Ta aHAJIOTT4IHI
iit — rexnomorii LENS (laser Engineered Net Shaping),
LMD (laser Metal Deposition). HatiBaxmusimie npu-
3HAYEHHS LMX TEXHOJOTIH — PEMOHT JIOPOTHX JeTajleH,
TaKuX, HAMIPUKIIAJ, SIK JIOTIATi TypOiH.

3a OimpuricTio TexHonoriii DED npyk 3xilicHro-
€ThCS KOAKCIAIFHOIO JIa3€pHOI0 TOJIOBKOIO 3 CQOKY-
COBaHMM JIa3€pHUM IIPOMEHEM, 110 YTBOPIOE OaceilH
PO3IIIaBy Ha IIUTHOBIH UISHII IETa, B SIKY TOAA€THCS
METaJeBUI MOPOLIOK, 3aXUIICHUN MIapOM iHEPTHOTO
rasy Juis 3aXUCTy METally Bijl KUCHIO (puc. 1).

Beoaorounnii razep

Memanesuii napotior

Inepmnuii a3

Hanraasaenuii areman.
Oéancine

Po3NaaE1EHOI0 x
ALeIraty

Kaceiin posnaasy

Puc. 1. IIpnanun pyHKHioHyBaHHSA KOaKcialbHOI
J1a3epHOI IrOJIOBKH ISl HaHeceHHs MeTauy [10]
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Jpykytoua ronoBka pyxaeTbcs mo 3 abo 5 ocsx,
KpiM TOro, cama JeTajb 3HaXOJUThCS Ha MOBOPOT-
Hill m1aThopMi, 0 Ja€ MOXKIIMBICTh METATY OCiIaTH
TOYHO, Ti/I PI3HUMHU KyTaMH JJIsl OTPUMAHHS CKIIaJI-
HOT TeoMeTpii 3a JOITOMOTOI0 TTPOrPaMHOTO 3abe3Ie-
yeHH1 DMDCAM, sike reHepye LUISIXU OCAIKEHHS
MOPOIIKY. BUCOKOIIBHUIIKICH] JaTYMKH CHCTEMH 3BO-
POTHOTO 3B’A3KYy 30HMparoTh iH(GOpPMALil0 PO Iy
po3IIaBy, 10 OE3MOCePeHbO HAIAXOAUTh Y CIEIli-
aTBLHUN KOHTPOJIEP, SIKUHA PETYIIIOE BXiAHI MaHl Ipo-
1IeCy, TaKi SIK MOTYKHICTh Ja3epa IS i ATPIUMKH PO3-
MIpiB JIeTaNew.

OcHoBHoOO TexHodorieto 3a Meronom PBF € SLM
(Selective laser melting — celekTHBHE Ja3epHE ITUIaB-
JICHHS), 32 SIKOI0 BiJIOYyBa€ThCSI PO3ILIABICHHS MeETa-
JIEBOTO TIOPOIIKY B TONIEPENHBO CPOPMOBAHOMY IIIapi.
VY ribpuaHoMy BHPOOHWIITBI BOHa TaK INMHUPOKO HE
3aCTOCOBYETHCS, OCKIIBKH, SIK BXKe OYJI0 CKa3aHo, ii mpo-
JOYKTHUBHICTH Ha TOPSIOK MeHIIa 3a TexHomorii DED.
AJle mepIo y CBITI TIOPUIHOK AJUTHBHOI MAIllU-
HO't0, BHIy1eHoto y 2002 pori, 6ymna mamrHa Matsuura
LUMEX Avance-25, kommanii Matsuura, sika 3aCTOCy-
Basia came SLM. HaifHoBimioro 3 cepii Malma KoMmaHii
€ cuctema LUMEX Avance-60 (puc. 2). Makcumans-
Hul po3mip BupoOy — L1600 mm x T'600 MM x B500 mm;
MakcuMalbHa poboya Bara — 1300 k.

s riOpumaHa TEXHOJIOTiS OCOOIMBO BUTIAHA IS
BHTOTOBJICHHS TIpec-(popM Ta INTaMIIiB, OCKIIBKH
BUPOOHMYI BUTpPATH Ha IX BHUTOTOBJICHHS 3HUXKY-
I0ThCS y/IB1Y1 MOPIBHSHO 31 3BUMafHUMHU METOAAMHU.

Komnanieto DMG Mori BUIYCKaeThCsl  cepis
MAaIllUH U TIOPUIHOTO aJWTHBHOTO BHPOOHHUIITBA
Ha OCHOBI TEXHOJIOTI JJA3e¢pHOTO OCAKEHHS METAITY
(LMD). JlazepHa TONOBKa € BIACHOIO PO3POOKOIO

KOMITaHii. Y MalIuHax 3aCTOCOBYEThCS MPOTPaMHE
3abe3neuenHs Siemens NX: Complete Hybrid CAD/
CAM — Monmynb I aIATHBHOTO Ta CYOTPAKTUBHOTO
nporpamysanHs, a Takok CELOS DMG Mori — cuc-
TeMa KOHTPOJIIO MPOLECY HAPOLIYBaHHS JIA3EPOM Ta
ABTOMATUYHOTO PETYIIOBaHHs IOTY>KHOCTI Jaszepa
B pexxuMi peabHOro yacy. Mamman DMG Mori nipu-
3HaueH1 JUIS BUTOTOBIICHHS IMIMPOKOiI HOMEHKIIATYpH
BHPOOIB, HABITh YK€ BETUKUX PO3MIipiB, TA PEMOHT-
HuX pobit. Hanmpukian, xa mamuai LASERTEC 6600
DED Hybrid, npeacrasieHoi Ha puc. 3, BUTOTOBIIS-
I0TBCS ZIeTajll paKeTHUX IBUTYHIB, TPyOH aisi HaTO-
BUX CBEPJIOBUH JUIsSi CHEPTETUYHOI MIPOMHUCIIOBOCTI,
BaJIM JJISl TPAHCIIOPTHHX JIiTaKiB Ta iH. [leski xapak-
TEPUCTUKH TiIOpUIHUX MamuH kommanii DMG Mori
HaBeJIeHi y Taom. 1.

Kommnaniero Mazak po3poOneHo nexinbka riopu-
Hux manuH. [lepioro y 2014 poui Oyna po3po0ieHa
MammHa INTEGREX i-400AM Ha 6a3i Oararo3sa-
JAa4HOTO  5-0CEBOI0  TOKApHO-()PE3EpPHOr0 LEHTPY
INTEGREX (puc. 4) 3 1BOMa THITaMH JIa3epHIX TOJIO-
Bok LMD: Bucokorounoi ronosku (Fine LMD), npu-
3HAYEHOT 17151 OLIBLI TOHKOT OAIa4i MOPOILKY (TOBIIMHA
mapy 0,5-1,0MM), Ta BHUCOKOIIBHJIKICHOI TOJOBKHU
(High Speed LMD) 3i mBHAKICTIO OCcaKkeHHS 1 KT/T0]
(toBmmHa mapy 1,0-3,0 mm). Ilpu BuGOpi TexHOIOTIT
LMD ii cyrTeBoto mepeBaroro Oyia Bifi3Ha4eHa MOXK-
JUBICTh KOMOIHYBaHHS PI3HOMAHITHHX MeETajiB Ta
CIIJIaBiB, a He cTBOpPeHHA 3D-00’€KTiB.

Inmroctpariiss riOpuaHOro mpoiecy Ha MalluHI
INTEGREX i-400AM npencrasiena Ha puc. 5. 3aro-
TOBKOIO € Tpy0a, BUTOTOBJICHA 3 HEP>KaBilOYOi CTal
316S31, Ha sKiil pO3MIIIYIOTECS €IEMEHTH 3 MeTaJle-
BOTO IOPOILKY (CTIaB Ha OCHOBI Hiketo Inconel 718),
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a 0)
Puc. 2. Mamuna LUMEX Avance-60 komnanii Matsuura Ta 3pa3ok Bupo0y [14]

a) mammmaa LUMEX Avance-60; 6) 6iok nuninapis asurysa (poamipu 111424x1°317xB339 mm;
Marepian — amoMiniit AlSi10Mg; gac nukiny — 95 rogun (criikanas 90ron, GppesepyBanHs S To1.))
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Puc. 3. Mamuna LASERTEC 6600 DED Hybrid xomnanii DMG Mori

(&

:Materia](Substra(c):SIGSSl + | AM : Inconel 718

Puc. 4. Mamuna INTEGREX i-400AM [16]

TBHE NOKP (&)
AM: 10xs/koxcHe
Dpezepysannn: 4 xekox

‘v

Daanens (1)
AM: 160 xs
Touinnn: 60xs

Maprysanns (6)
1 xe/koxcne

e

\,

Dpesepysanna: 2 xe/koxcHe

Bucmynu (6)
AM: 30 xe/woxcne
Dpezepyeannun: 4 xe/koxcne

Puc. 5. LmocTpauis ribpugHoro npouecy
Ta 3arajbHOro yacy ioro nukiy [16]

Taomums 1
Xapakrepuctuku Mmamiud DMG Mori [15]
Moz[.e.m, MAaIlUWHH, Po3mipu no ocsix MaxkcumajbHa Haii6inbmmuii po3mip Tun Beperara 3 UMY
PiK BHIIyCKY X;Y;Z, MM Maca 3aroToBKH, KT 3aroTOBKH, MM
LASERTEC 65 DED 5-oceBuit
Hybrid 750%650%560 600 2600 BEPTUKAJIBHO-
(2014p.) (bpe3epHuii HEHTp
LASERTEC 125 DED 5-oceBuit
Hybrid 1335%1250%900 2000 1251x1250%745 BEPTUKAIBHO-
(2019p.) (pe3epHUIt IEHTP
LASERTEC 4300 5-0ceBUi TOKapHO-
DED Hybrid 660x660x1500 1700 660x660x1500 oKap
(2020p.) (dpe3epHuii HEHTp
LASERTEC 6600 5-oceBHii TOKapHO-
DED Hybrid 1400%330%3890 7000 ?1010%3702 oKap
(2021p.) (dpe3epHuii HEHTP

CTIMKOTO JI0 KOPO3ii, OKMCIICHHS, IIOB3y4YOCTi Ta BUCO-
KUX TEMIIepaTyp.

Po3poOHuKH mpomecy NpoBeaH BHIPOOYBAHHS
3pa3KiB Ha MEXaHIYHY MIL[HICTh Ta BU3HAYUIIN MiKPO-

CTPYKTYpY TepexigHOi IUISHKH MIDK MaTrepiajoM
migkmagkn (crutaB 316S31) Ta ocamkeHuM Marepia-
noM (Inconel 718). PesynwraTu cBig4aTh mpo Te, 110
MIIHICTh IUISHKH, OTPUMAaHOI OCaPKEHHSIM CIUIaBY
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Inconel 718, maiixke ekBiBaJeHTHA rapsueKaTaHOMY
crutapy Inconel 718. PospuB 3pa3ka BinOyBaeThCs
Ha cTOopoHi cmiaBy 316S31, a mo MiKpOCTpPYKTypi
Inconel718 marepian HaHeCeHWH UIUTHHO, 1 HISIKUX
nedeKTiB He CTIoCTepiracThes.

Ha 6a3i 5-oceBoro TOKapHO-(ppe3epHOro IIeH-
tpy INTEGREX Oynu BumymieHi me Taki MalldHH:
INTEGREX i-200S AM (2016p.); INTEGREX
i-300S AM (2017p.); INTEGREX i-400S AM (Bci —
3 IBOMA TOKAPHUMU LIIHUHAESIMHU), @ TAKOXK MAIIUHU
Ha 0a3i BepTHKaIbHO-(hpezepHOTrO 1HEeHTpY: VC-500
AM (2016p.), sika Oyna yrepiiie ocHallleHa CHCTEMOIO
ronoBok AMBIT xommnanii Hybrid Manufacturing
Technologies, VC-500A/5X AM HWD ta VARIAXIS
j-600AM.

B VC-500A/5X AM HWD 3actocoBana iHHOBa-
[iifiHa agUTHBHA TEXHOJIOTiS HAIUIABJICHHS TapsSuuM
aporom (HWD, Hot Wire Deposition), po3poOieHa
Mazak y cniBmpai 3 kommnanieto Lincoln Electric. Ha
BiZIMiHY BiJ 3BUYaliHOTO 3BapIOBaHHs, rojoBka HWD
BUKOPHCTOBYE SIK yTOBY TOPINIKY, TaKk i ja3ep IUis
TOYHOTO PO3ILIABJICHHA METAJEBOTO APOTY Oe3moce-

PEIHBO Ha MaTepiaiti OCHOBH Ta/a0o JeTali 31 MBUJ-
kicTro Bix 1,36 mo 1,8 kr/ron (Ieski XxapakKTepUCTHKU
MaIlIiH — JUB. Ta0m. 2).

Y wmammnui VARIAXIS j-600AM 3actocoBy-
€ThCS CTaHIApTHA IyroBa rojoBka Wire-Arc AM
(WAAM - aputuBHE BHPOOHUIITBO METOIOM JIyTO-
BOT'O 3BapIOBaHHs) /sl 3BapPIOBaHHS IPOTOM. 3aBISKU
BUKOPDHCTAaHHIO Y SIKOCTI Marepialy METaleBOro
JIPOTY TPOAYKTUBHICTH MPOIECY 3HAYHO BHUIIE, HIXK
[IPY BUKOPUCTAHHI IOPOLLIKY.

3 2014 poky nimeupka kommanis ELB-Schliff
noyaja BUMYCKaTH IUTi(QyBanbHi TriOpUaHi aAUTHUBHI
marmad MillGrind. Ha mammuHi, npeacraBieHoi Ha
puc. 6, KpiMm ILTiIQyBaHHS, BAKOHYIOTHCS CBEp/ITIHHS,
¢bpe3epyBaHHA Ta Jla3epHE OCAIKEHHS IOPOLIKY
3 BukopuctaHHsM cuctemun AMBIT. B wmammni
3aCTOCOBYIOTHCS LUTI(DYBaNbHI KPYrd i3 3BHYAMHUX
abpasuBHux MmarepianiB. llmidgyBanus 3abesmeuye
TOYHICTH 00pOOKM (pO3AiJbHA 3HATHICTH MO OCAX
XYZ - 0,1mMxm), i € ocoOnmuBO e(PEKTUBHUM IS
BaXKO OOpOONIOBAaHWX CIUIABIB, TaKWX, SK CyIep-
CIUTaBH Ha OCHOBI HIKEITIO.

Tabmuug 2

XapakTepuCTHKH JeIKMX MalIUH Komnanii Mazak [17]

Po3mipu mo ocsx Haiiéinbmuii po3mip
Mopaeap MalIMHU X;Y:Z,W, Mm JATOTOBKH, MM Tun Bepcrara 3 UITY
INTEGREX i-400 AM 525%206x1077%x726 ?500x1011 N
6155 730(X2) <260~ 5-oceBuii TOKapHO-
1- C3CPHUU LICHT
INTEGREX i-400S AM 1585%1423(22)x 1574 B658x1519 ¢pesep HEHTP
VC-500 AM 505%x505%510 600306 5
VC-500A/5X AM HWD 555x505%510 ?600x306 5-0CeBHit BEPTHKAIILHO-
5 (dbpesepHUit LIEHTP
VARIAXIS j-600AM 860x560x610 D730%x460

L

FECEINIOE
B
BALUT | BN

Puc. 6. lllni¢yBanbna riopuana mammuna 3 cepii MillGrind [18]
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Tabnuusg 3 ~ BUKOPHCTOBYBAaHMX Yy CYYacHHUX TiOpHIHHMX aAUTHBHHX

TexHiuHi XapaKTepUCTHKH MALIHHH MalllMHAaX 1 BU3HA4YEHO, 1110 TEXHOJIONII 3a MeTosoM DED
MillGrind [18] MalOTh IIMpIIIE 3aCTOCYBAaHHs y TIOPIBHSAHHI 3 TEXHO-
. Biacranp Bix meHnr i . .. ]
Ilnpuna uLtigpyBanns — 1 UL IEHTpY JIOTISIMU PBF 32 PAXyHOK Ha NIOPAZIOK OuIBIIO] IX PO
700 UIMHAHLEII 10 €To1a — JTyKTUBHOCTI. HalBaykmBilie MpU3HAYCHHS TEXHOIO-

" 900 M

- - riif 3a meromom DED — 116 pemoHT foporux aeraiei,
JHosxkuHa nutidyBaHHs — Maxcumabii posmipy TaKuX, HapUKIaz, sK Jomnari TypOiH. PosmsHyTo Tex-
1000 Mm Lumcby?]j ggilé(;r;;pyra - HIYHI XapaKTEePUCTHKU TiOPUIHUX aIWTUBHUX MAIIWH
Po6oui posmipu 3arotoBkn: 400x400x350mm [LXWxH] Ta HaJIaHO PEKOMEH/IALi 0710 iX BUGOPY B 3aIEXKHOCTI
Bif Thiy oOpoOmoBannx aeTaneid. [IpakTmdana 3HaTy-
BHCHOBKH. 3a3Ha4€HO, 110 B OCTAHHI POKHM ri0piHe  LIICTh OTPUMAHNX PE3YNIBTATIB IOJLITae B TOMY, IO BOHH
aJIUTHBHE BUPOOHMIITBO CTPIMKO PO3BUBAETHCS. B mpo-  MOXYTh JIOTIOMOITH IMiATNPHEMCTBAM TIEPEOCMUCIHTH
1eci MPOBENICHUX JIOCITiIDKEHB BiZ[3HAYEHO Horo riepeBarn ~ POJb 1IHHOBALLI Ta TEXHOJOTIH Y CBOiH KOHKYPEHTOCIIPO-
y TIOPIBHSAHHI 3 aIUTUBHIM BUPOGHHIITBOM, IO Tlepeiba-  MOXKHOCT, OLIHMTH iX IIepeBart i peTe/bHiIle i IXOUTH
Yae TIONbIy T0CT-00po0Ky. ITpoBeaeHa mopiBHsubHa A0 NPUAGAHHS TiOPHHOIO aJUTHBHOIO OOJIa/HAHH,
XapaKTePUCTHKA OCHOBHMX aJMTHBHMX TEXHOJOTiH, 1100 POOMTH MpaBIIBHIIA BHOID.
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Habovda O.V. ANALYSIS OF THE CURRENT STATE OF HYBRID ADDITIVE PRODUCTION
AND PROSPECTS OF ITS IMPLEMENTATION IN UKRAINE

The article discusses the advantages of hybrid additive manufacturing, reviews modern hybrid additive
machines of the world's leading companies, provides a comparative analysis of their technical characteristics
and additive technologies on the basis of which they are built, gives recommendations for products that are
more appropriate to manufacture on these machines. The relevance of the article is due to the continuous
development of hybrid additive systems, which combine additive and subtractive processes at one production
platform which usually includes a multi-axis machining center and laser coaxial heads, for direct deposition
of metal powder or wire, depending on the additive technology used.

The system enables almost any CNC machine to perform additive operations in sync with milling, turning,
grinding and others in one installation, when cutting tools and laser heads are located in one tool set and
supplied from it in accordance with the sequence of the technological process of processing parts, thanks to
machines’ equipping with integrated programming systems. The experience of Ukrainian enterprises, which
have a lot of outdated equipment, in operations with additive technologies is quite limited, especially when it
comes to the implementation of hybrid additive processes. The article describes the achievements of Ukrainian
companies that develop new original additive technologies and equipment. In a state of war, the situation at
production in Ukraine is deteriorating.

But in the future, a radical transformation of Ukrainian production is inevitable. The aim of study is a
comparative analysis into technical characteristics and technologies of the latest hybrid additive machines
which might be a basis for a more efficient approach of enterprise to the implementation of a hybrid additive
manufacturing, double-checking the role of innovations and technologies in their competitiveness.

Key words: hybridization, additive technologies, subtractive processes, hybrid additive machines,
innovations, competitiveness.
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