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Orot orueT ObL1 moaroToBieH dkcnepraMu OO0 «UI' «MHpOMaiH» HCKIIOYUTENBHO B 1emsix HHpopManmu. Copepxaniascs B HACTOSIIEM OTYETE
nHpopMmarys ObUla TOJIydYeHa W3 HCTOYHHMKOB, KOTOpBIE, IO MHEHHIO JKcIepToB MHQomaiiH, SBIMIOTCS HaASKHBIMH, ogHako VHpowmaiiH He
rapaHTHPYeT TOYHOCTH H MOJHOTHI HH(POPMAIHH JUIs JIFOOBIX 1enel. THdoMaiiH MpHIIoKHI Bce BO3MOXKHBIE YCHIIUSL, YTOOBI IPOBEPUTD IOCTOBEPHOCTH
UMEIOIINXCS CBEICHHH, TToKa3aTeneil 1 HHPOPMAIUH, COASPIKAIIUXCS B HCCIEI0BAHUH, OJHAKO KIHEHTY ClIeIyeT yIUTHIBATh HATHINE HEYCTPAHUMBIX
CIIOKHOCTEH B IIpoLEcce MONyYeHUs] MH(POPMAIMH, 3a4acTYI0 KacaroIIeHCsl HENpO3padHBIX M 3aKPBITHIX KOMMEPYECKHX ONEpaldil Ha pPHIHKE.
HccnenoBanue MOXET COZIepKaTh JaHHbIE 1 HHOOPMALHIO, KOTOPBIE OCHOBAHbI HA Pa3IMYHBIX MPEIOTI0KEHNIX, HEKOTOPbIE N3 KOTOPBIX MOTYT OBITh
HETOYHBIMH WM HEHONHBIMH B CHIy HAlIM4us W3MEHSIOIIUXCS U HEONpeleNeHHBIX coObITUH U (axTopoB. Kpome Toro, B psme ciydaeB u3-3a
MOTPEIIHOCTH NP OKPYIJICHUH, Pa3IndUi B ONPENCNCHHUSIX, TEPMHHAX ¥ HX TOJKOBAHHSX, @ TAKXKE HCIIOJIB30BAHMS OOJIBIIOTO YHCIA HCTOYHHKOB,
JTaHHBIE MOTYT II0Ka3aThCsl IPOTUBOPEUNBBIMU. VH(OMAH MpenprHsI Bce Mephl Ul TOTO, YTOOBI HE JOIYCTHTh OUYEBHAHBIX HECOOTBETCTBHH, HO
HEKOTOPBIE U3 HUX MOTYT COXPAHSIThCA.

Mudopmanys, npeacraBieHHas B 3TOM OTYETe, HE JOJDKHA OBITh HCTOJIKOBAHA, IPSIMO HIIM KOCBEHHO, Kak HH(pOpMAIWsl, coepikalias peKOMEHIANN
10 UHBECTHIMAM. Bce MHEHHSI N OLICHKH, COZICpIKaIlecs] B HACTOSIIEM MaTepHalle, OTpakaloT MHEHHE aBTOPOB HA JCHb IYOIUKALMH U HOIeKAT
u3MeHeHuto 0e3 mpeaynpexaeHus. MHpomaliH He MPOBOAUT KaKylO-JIMOO MOCIEIYIOIIYI0 paboTy MO OOHOBJICHHIO, JIOTIOJIHEHUIO M MU3MEHEHHUIO
COJIep)KaHUs HCCIIEIOBAHNU ¥ IPOBEPKE TOUHOCTH JTAHHBIX, COACP)KAIUXCs B HeM. MIH(poMaiiH He HeceT OTBETCTBEHHOCTD 3a KaKHe-TN00 YOBITKU NI
yuiepO, BO3HHKINNE B pe3ylbTaTe HCIIOIb30BAHUS JIFOOOH TpeTheil CTOpOHOH WH(OpPMAIWH, COJIESpIKAIIeHCs B HACTOAIIEM OTYeTe, BKIIOYAs
OITyOIMKOBaHHbBIE MHEHUS WIIH 3aKIIOUEHNs], a TAKOKE IOCIEICTBHS, BEI3BAHHbIE HEIIOIHOTOH IIPEeICTaBIeHHOI HH(OPMAIIHH.

DTOT JOKYMEHT WM JIF00asi ero 4acTb HE MOXET PacHpOCTPaHAThCs 6e3 MUCbMEHHOro pasperueHus MHdomaiiH 1160 THpakHUpoBaThCs JIHOOBIMU
criocobamu. 3aKa3yMK MMEET IPaBO MPOBOIUTH ayJHUT (IKCHEPTU3Y) UCCIICAOBAHHI PHIHKOB, MOTYy4YEHHBIX OT MCIONHNTENS TONBKO B KOMIIAHUSAX,
HUMEIONINX UICHCTBO AaCCOIMAIMA MPOMBINUICHHBIX MapkerojoroB [IPOMMAP (http://www.prommar.ru) wid CHiaMd OSKCIICPTHO-
ceprudukanuonnoro cosera accouuanuu [IPOMMAP. B npyrux ciydasx oTmpaBka HCCIEIOBAHHN Ha ayJUT WM OKCIEPTH3y TPETHUM JIHLAM
CUHTaeTCs HapyIIeHHEeM aBTOPCKUX IIPaB.
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AHHOTAIIUA

Hactosimuit  otduer sBisiercs 6  M3AaHMeM  UCCIEIOBAHMS  PBIHKA
META/UIHYEeCKUX MOPOIIKOB ISl aJ/IMTUBHBIX TeXHoJ10ruii B Poccun.

Hear wuccaenoBaHMs — aHaaU3 pbIHKA AJJUTUBHBIX TEXHOJOTHA C
WCIIOJIb30BaHMEM METAIUINYECKUX OPOIIKOB B Poccnu.

Hannast pabota sBisieTcs KAaOMHETHBIM HcCcieloBaHMeM. B kadecTBe
UCTOYHMKOB MH(popManun ObUIM MCIOJIb30BaHbl AaHHble Poccrara, denepanbHon
TaMO>KEHHOMU ci1yKO0bl PD, MaTepuralbl 0TpacieBoil U peruOHaAIbHON IIPECCHI, TOIOBbIC
M KBapTaJbHbIE OTYETHl KOMIIAHWW, WHTEPHET-CAUTBHI MPEANPUATHN, HAYYHO-
TEeXHUYECKas JUuTeparypa, 6aza nanubeix «HbomManiny.

Xponousiornueckue pamku ucciaegopanusi: 2009-2022 rr., mporuos — o 2025

I'eorpagus ucciaenoBanus: Poccus.
O0bem ucciieI0BaHuUsl: OTYET COCTOUT U3 8 TJaB, COAEPKUT 122 cTpaHUIIBI, B
tom unciie 30 Tabymir, 17 pucyHKOB U 2 IPUITOKEHUS.

IlepBas riiaBa oT4yeTa NOCBAILIEHA KPATKOMY 0030pY COCTOSIHUS aJAUTHUBHBIX
TEXHOJIOTUA B MHUpE, B TOM YHCJIE€ MCIOJb3YIOWUX s 3D-neyat MeTasuimuecKue
MIOPOIIKH.

Bo BTOpO#i rylaBe T1OKa3aHbl OCHOBHBIE KOMIIAHMM, BBIITYCKAIOIINE
o0opylnoBaHUE JUIsl TPOU3BOJCTBA METAJUIMUECKUX aJJUTHUBHBIX IOPOIIKOB.
[IpuBeneHa HOMEHKIIATypa psiia OCHOBHBIX MUPOBBIX IIPOU3BOINUTEIEH OPOIIKOB.

B Tperbeii riaBe mpeicTtaBieHa MHGOPMIUS O CUTYallMM HAa POCCHICKOM
pbIHKE O00OpYAOBaHMSA JUId BBINYCKA AaJJUTHBHBIX METAJUIMYECKUX TOPOIIKOB.
[Toka3zaHbl pe3yJbTaThl 3aKyIIOK 3TOr0 000PYI0BaHUS HA OTKPBITHIX TeHaepax B 2011-
2022 rr.

YerBeprasi rjaBa MOCBSLIEHA CUTYallMU C MPOU3BOACTBOM METAJUITMYECKHUX
MOPOIIKOB JJIsl aITMTUBHBIX TeXHOJOTUi B Poccun. Onucanbl KOMIaHUHU, UMEIOIINE
M CO3JIal0lIME€ MOUIHOCTH TI0 BBINYCKY JaHHOW mpoAaykuuu. JlaHa oueHka
MIPOM3BOCTBA MeTaJuTMuecKuX moporikoB 1t 3D B Poccun B 2017-2022 rr.

B nsiToj riiaBe npuBeieHbl JaHHbIE 110 3KcnopTy-umnopty P® B 2009-2022 rr.
METaJUIMYECKUX TMOPOILIKOB I aJJUTUBHBIX TEXHOJOTMU C PacHpeiesICeHHEM IO
HaIlpaBJIEHUSAM IOCTAaBOK. Takke JgaHa JMHAMUKA MMIOPTHBIX IIEH HA pa3jM4HbIC
BUJIbI TOpOIIKOB. [J1aBa momosiHeHa MOAPOOHOW HHQpOpMaAINUe O POCCUHCKHUX
UMIIOPTEPAx, 3apyOEKHBIX MOCTABIIMKAX  METAUIMUYECKUX  MOPOILIKOB  JJIf
agauTUBHBIX TexHonoruii B 2009-2022 rr.

B wecroil riaBe [1aHO OIKMCAaHWE KPYNHBIX POCCHUUCKUX HMIIOPTEPOB
MeTauIMYecKuX aaauTuBHbIX MOpokoB (OO0 «D Ab «YHusepcam», OO0 «Hucca
Humxkucneiicy, AO «HITO Cucrem»).

Ceanbmasi ryiaBa TMOCBAILIEHA OINUCAHUIO MOTPEOJICHUI0 METANIMYECKUX
nopowkoB Jus 3D-mewatn B Poccum. IlpencraBineH OamaHc NpoU3BOJACTBA U
noTpOJIeHus, CTPyKTypa MOTpeOieHHuss Mo obsacTsaM Hcnonb3oBaHus. JaH 0030p
YYaCTHMKOB pBIHKAa aJJWTHBHBIX TEXHOJIOTMM, HCIOJIB3YIOUIMX METaJUIMYEKHUM
nopomok (npeanpustust OK, HeHTpbI aJIMTHBHBIX TEXHOJIOTHIA).
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B necsaroi riiaBe caenaHa OLICHKA IIEPCIIEKTUB Pa3BUTUSA  AJJAUTHUBHBIX

TeXHOJO0rui B Poccun 1 motpeliaeHust MeTaIMYeCKUX NOopoIlKoB Jiis 3D-newatu 1o
2025 .

B  npuwiokeHusix TnpuBeAeHa KOHTakTHas HMHQPOpPMalUs  OCHOBHBIX
NPEeANpUATANA, paldoTaroNIMX Ha pBIHKE aJJWTUBHBIX TexHojoruid B Poccum,
pacuMpeHHas “HpopMalus Mo UMIOPTY METALTUYECKUX MOPOIIKOB POCCUUCKUMHU
NPEANPUATUSIMHU.

IIeJIeBaﬂ AYAUTOPHUA UCCTCAOBAHUS .
- YUaCTHUKHU pbIHKA aIJIUTUBHBIX TGXHOHOFHP'I;
- IOTCHIHUAJIbHBIC NHBCCTOPHI.

Hpez[naraeMoe HUCCIICAOBAHUC ITPETCHAYET HA POJIb CIPABOYHOI'0 nocoous JJIA
CIICOUAaJINCTOB, pa6OTaIOHII/IX Ha PBIHKC aAAWTHBHBIX TEXHOJIOTUHN U IMPUHHUMAIOIINX
YIIPaBJIICHYCCKUC PCILICHMA.
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BBenenue

Mertannnueckue MTOPOLIKH 001a1af0T YHUKAJIbHBIMU XUMMKO-
METAJUTyPrU4€CKUMHU CBOMCTBAMM, YTO MO3BOJISIET MCIIOJb30BaTh UX B Pa3JIMYHBIX
obnactsax. [Ipexxme Bcero, OHHM SIBISIOTCS OCHOBOW INMHUXTHI IS TOPOIIKOBOMN
METAJUIyPrud TPH MOJYYECHUM pPSAJa METaUIOB, MU3ACIUA W KOMIIO3UIIHOHHBIX
MaTepUaoB.

[TopomikoBass MeTa/UTyprus SsBISETCS HaubOojee SKOHOMHYHBIM METOJIOM
W3TOTOBJICHUSI M3MICJIMM, OHA XapaKTEpPU3YyeTCs HHU3KMM YpPOBHEM OTXOJOB IO
CPaBHEHHMIO C TPAJIUIIMOHHBIMH TEXHOJIOTUSAMH (JINTHEM, MEXaHHYECKOH 00pabOTKOM,
XOJIOAHOM W Tropsyedl 00pabOTKOM JaBJICHHUEM), MHUHUMAIBHBIM KOJHUYECTBOM
orieparuil 11l MOJyIeHUS U3ACIUI C pa3MepaMu, OJTU3KUMH K OKOHYATEIbHBIM.

Hpyras  0COOCHHOCTh  MOPOIIKOBOM  METAUIyprdd —  BO3MOYKHOCTh
MMPOM3BOJACTBA MAaTEpPUAIOB M  HU3JCIUM, KOTOPHIE HEBO3MOXHO IOJYYUTH
TPAJULIMOHHBIMA ~ METALTYPTUYECKUMH  METOJaMH. OTO HAIpaBJICHUE HMEET
CTPATErHYECKUE NEPCIIEKTUBHI C PA3BUTHEM AJIINTUBHBIX TEXHOJIOTUH.

AJIMTUBHBIC TEXHOJIOTHM C TMOJHBIM OCHOBAaHMEM MOKHO OTHECTH K
noctimkeHuaM X XI Beka, OHM UMEIOT OTPOMHBIN MOTEHIMAN B JEJIE€ CHYXKEHUSI 3aTPaT
Ha CO3/J[aHHE CaMbIX Pa3HOOOpPa3HbIX BUAOB MPOAYKIMU. CTEeNeHb HCIOJIb30BAHUS
aJITATUBHBIX TEXHOJIOTHH B MPOMBIIIJICHHOM MPOU3BOJICTBE SIBJISCTCA WHIAUKATOPOM
MHAYCTPUAIBHOTO PAa3BUTHS TOCYAapCTBA.

B Hacrosmee BpeMs ¢ NOMOIIBIO AIJIUTUBHBIX TEXHOJIOTHH YIIPOIIAIOTCS
MIPOU3BOJACTBECHHBIE MPOLIECCHI B aBUALIMOHHOM MPOMBIIIJIEHHOCTH,
HHEPrOMAIIMHOCTPOCHHUH, MPHUOOPOCTPOCHUHU, T/E €CTh IMOTPEOHOCTh B M3ICIHAX
CJI0°KHOM T€OMETPUH U «BBIPALIMBAHUM METAJUIMYECKUX AETAJICH.

B nacrosiiee BpeMsa ¢ TOUKH 3PEHUS] BHEAPEHHUE AJJIUTUBHBIX TEXHOJOTUH B
Poccum ocyiecTBiseTCa aKTUBHBIMUA TeMIAMH. XapaKTEPHON TEHACHIIMEN SIBIISIETCS
POCT MPOU3BOJICTBA METAJUNIMUECKUX TOPOIIKOB i 3D-neuarwu.
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CoBpeMeHHOE COCTOSIHME MUPOBOI0 pbiHKka 3D-nmeyaTu U aJ/IUTUBHbIE
TE€XHOJIOTUH, IPUMEHsieMbIe VIS MeTAJJINYEeCKUX MOPOIIKOB

TexHomnorust «rpexmeproit nedatun» (3D) Hauana pa3BuBaThCs B KOHIE 80-x
roJioB Ipomuioro Beka. [lnonepom B 3Toi obnactu sBiusgercs komnanus 3D Systems,
KoTopasi paspaborana B 1986 r. ammapar — Stereolithography Apparatus. Ilepsrie
Ja3epHbIe MalIuHbI — cTepeosuTorpaduyeckue (SLA) u 3atem mopormkosbie (SLS-
MAaIIMHBI) — OTJIMYAINCh OYCHb BBICOKOH CTOMMOCTBIO, BBHIOOpD MaTepHaioB ObLI
JIOCTATOYHO Y3KHiA, 10 cepeauHbl 90-X TO0B OHH UCIOJIb30BATTUCH TIIaBHBIM 00pa3oM
B HAYYHO-UCCJIENOBATEIbCKOM M  ONBITHO-KOHCTPYKTOPCKOM  JESTEIBHOCTH,
CBSI3AHHON € OOOPOHHOHM MPOMBIIIJICHHOCTRI0. B nmanbHelniemM mociie MUpOKOro
pacnpocTpaHeHusT UU(GPOBBIX  TEXHOJOTWMM B 0O0JNACTH  MPOCKTHPOBAHWS,
MOJICJIMPOBAHUS U MEXaHO0OpaboTKU 3 D-TeXHONIOruu HavYaiIu OypHO pa3BUBATHCS.

Jns 3D-texHonoruwii B HAcTOSIIEe BpeMsl PEKOMEHIIOBAHBI JIBa OCHOBHBIX
TEpMHHA CO cjoBoM «amautuBHBIe» — Additive Fabrication (AF) m Additive
Manufacturing (AM), mpu 3ToM OOJBIIMHCTBO CKIIOHSCTCS K TIOCJICIHEMY.
OnnoBpemenno tepmuH Rapid Prototyping («beicTpoe mpoTOoTHIHpOBAHHE»)
PEKOMEHJIOBAaHO U3BATh M3 OOpalleHus KaK yTPATUBIIUNA CMBICH, IOCKOJIBKY
MPOTOTUITUPOBAHKE — YK€ HE JOMUHHUPYIOIIAsl YaCTh a/IIUTUBHBIX TEXHOJIOTHH.

[To nanueiMm Wohlers Associates, MUPOBOI PHIHOK aJIUTUBHBIX TEXHOJIOTHI B
2022 r. coctaBui okojio XX mipa nost., uro Ha 40,6% Oosnbire, yem B 2021 1.
Brnepssie 3a mocneanue ro/sl 3aUKCUPOBAHBI TAKKE BHICOKHE TEMITBI POCTa OTPACIH
(pucyHoxk 1).

PucyHnok 1: JlnHaMuKa MHUPOBOI0 PbIHKA aJ/IMNTHBHBIX TEXHOJIOT M
B 2009-2022 rr., MJpI A0JLT.

,...ulllllll”

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

HUcemounux: Wohlers Associates
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Wohlers Associates mporuosupyetcsi, 4to Kk 2026 r. 00eM MHPOBOTO pPhIHKA
aITATUBHBIX TEXHOJIOTUN MOXKET TOCTHYb OKOJIO XX MIIpI JOJLL.

MupoBoii ppiHOK AM BKITIO9aeT HECKOJIBKO CETMEHTOB: 000PYI0BaHHE, CHIPBE,
cobt u ycayru. B Hacrosmee Bpems okojio XX% mNpuUXoAMTCS Ha OKa3aHHE
CEPBHUCHBIX yCIYT.

Yro kacaercst pacXoaHbIX MaTepuaioB 11 All, To mogassstomniee OOIBITHHCTBO
peanmzoBaHHbIX 3D-mpuHTEpOB paboTaroT ¢ (oTomoNMMEpaMH W TIOTUMEPHBIMU
nopoiamMu. J{oys MeTaTH4eCKUX MOPOIIKOB HaX0uTCs Ha ypoBHE XX%.

[To mamapiM Wohlers Associates B 2022 1. peammzoBaHo XXXX emuHUIL
00OpyTOBaHUs, pabOTAOMIEr0 HA METALIMYCCKUX TOpOomKax (PHCYHOK 2), 94TO Ha
XX% BbllIE YPOBHSA NMPEABIYILETO rOAA.

PucyHnok 2: JInunamuka npoaak B Mupe 3D-npuHTEPOB /151 MeTALINYECKHX
nopomkoB B 2010-2022 rr., exuHuI

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Ucmounuk: Wohlers Associates

[To onenkam SmarTech, 00beM MHPOBOTO PhIHKA METAJUTMYECKOT'O MOPOIIKA,
UCIOJIb3yeMoro it 3D-NpUHTEPOB, B HACTOSIIEE BPEMS COCTABIIAET OKOJIO XX ThIC.
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T, @ B CTOMMOCTHOM BbIpakeHuu — MeHee | mupa nosut. [lo nporuosam, xk 2031 r. oH
YBEITHUYHUTCS 10 7,7 MIPA A0 (PUCYHOK 3).

Pucynok 3: JInHaMHUKa MHPOBOI0 PbIHKA METAJUIMYECKUX MOPOIIKOB sl
aQJUIMTUBHBIX TEXHOJIOTUH, MJIH 10JLI
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B Aluminum alloys Cobalt alloys Steels

I Nickel alloys B Titanium alloys [l Refractory, speciality, and other

HUemounuk: SmarTech

[To metomam ¢GopMHpPOBaHUS CJOSI MPUHIUNHAAIGHO OTJIMYAOTCS 2 BHIA
aJINTUBHBIX TEXHOJOrui (Tadmuma 1).

Texnonorus Powder Bed Fusion (PBF) mpeamonaraeT Ha mepBOM 3Tarie
dbopMupoBaHUE CJIOSI TOPOIIKAa C TOCIEAYIONIe BBIOOPOUHON (CEIEKTUBHOM)
00pa0OoTKOM MOpOIIKa B CPOPMUPOBAHHOM CJIOE JIA3€POM UIIM UHBIM CIIOCOOOM.

Bropoii Bun texuomoruu Directed energy deposition (DED) — mpsimoe win
HETMOCPE/ICTBEHHOE OCAXJCHUE MaTepuala, T.€. HEMOCPEACTBEHHO B TOYKY, Ky/a
MO/IBOJTUTCS DHEPTUS U TJI€ MPOUCXOJUT B JAHHBIA MOMEHT TOCTpOCHHUE (hparMeHTa
JeTalu.

K mepBoMy BUly MOKHO OTHECTH TaKHW€ M3BECTHBIC TEXHOJIOTHH KaK:

- SLM Selective Laser Melting (komnanus SLM Solutions);
- DMLS Direct Metal Laser Sintering (EOS);
- EBM Electron Beam Melting (Arcam) u ap.

Ko BTOpoMy BUy MOXHO OTHECTH CJIEIYIOLINE TEXHOJIOTUU:

- DMD - Direct Metal Deposition;
- LENS - Laser Engineered Net Shape (Optomec) u mp.
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Tabonuua 1: Knaccugukanus agiuTHBHBIX TeXHOJIOTHH, MCIIO0JIb3yeMbIX [JIf
MeTALJIMYECKUX NMOPOLIKOB

Texuoorus IMoaTexHoJOrNA 0O0o3HauYeHHE

Bri6opouHoe na3epHoe CIIIaBIeHHE

(Selective Laser Melting) SLM
OnexTpoHHO-Ty4eBas riaBka (Electron EBM
Cunres na noapioxke (Powder | Beam Melting)
Bed Fusion - PBF) [Mpsimas metamyprudeckas redath (Direct DMP
Metal Printing)
CeJIeKTHBHOE TEIUIOBOE CIIEKaHUE SHS
(Selective Heat Sintering)
[TpsiMoe a3epHOE CIIEKaHUE MeTajlia DMLS

(Direct Metal Laser Sintering)

CeleKTUBHOE JIa3C€pHOC CIICKAHHEC SLS
(Selective Laser Sintering)

Mertannuueckoe JIa3€PHOC CIICKAaHUC

(Laser Metal Fusion) LMF
Criekanue 31eKTpoHHbIM TyukoMm (Electron EBAM
Beam Additive Manufacturing)
[Tpsimoe a3epHoe BeipamuBanue (Direct DLD
Laser Deposition)
IIpsimoii moABO/X SHEPTUH H JlazepHoe opmoBanue nopomika (Laser LENS
marepuaJia (Directed energy Engineered Net Shaping)
deposition - DED) DEeKTPOHHO-TY4EBOE CILIABIICHUE
nposonoku (Electron-Beam Freeform EBF
Fabrication)
[Tpsimoe Hanecenne metaa (Direct Metal DMD
Deposition)
[Tpsimast o6paboTka merasia (Direct Metal DMT
Tooling)
DJEeKTPOyroBOe aJINTUBHOE
npousBojctBo (Wire Arc Additive WAAM
Manufacturing)
Jlazepnoe Hanecenue metaiia (Laser LMD

Metal Deposition)

Hcmounuk: 00630p HayuHO-MeXHUYeCcKol Tumepamypol
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