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Texnosorus Oyaymiero yxe ceronus: 3D-nevars U3 METaioB U
CILJIABOB

.HCI‘SHI[HPHHH Jlamacckas CTalib, B KOTOpOﬁ HUEPEAYIOTCS CIIOU TBEPAOTO U MATKOI'O METajljla, MOKET IMOJIyYUTh

HOBYIO KHU3Hb. Jletom TIPOIIJIOTO roJga HEMECIKHUE YyUCHBIC U3 Z[}occenb)lopd)a u AaxeHa CO31aJI €€ aHaJor ¢

nomouipo 3D-npuHTEpa U Jasepa.

B ornmume ot KilacCHYEcKoro «aaMackay B 9TOM ClTyda€ MCIIOJIB30BAJICSA HE JIBa, a OIUH MaTepHai — CIlJiaB
JKEJI€3a, HUKEISI 1 TUTAHa. Ho 6naro;[ap;1 COBPEMEHHBIM TEXHOJIOTHUAM YAAI0Ch CO3aTh CTPYKTYPY, KOTOpasd

MOBTOPSIET PE3yNIBTaThl CTAPHHHBIX Ky3HEUHBIX TEXHOJIOTUI.

3D-meuath Bce CHIIbHEE BXONHUT B pa3HbIe cephl AeATeIbHOCTH YenoBeka. Kak 3To 00bIuHO OBIBACT, HA
nepeioBoii mporpecca — kuHemarorpad. [IpakTndyeckn HU OUH (GaHTaCTHUCCKHUH (UIBM HITH IITHOHCKHUIT
TPUILIEP YK€ HEBO3MOXKHO IPEJICTABUTh O€3 CLIEHbI, B KOTOPOI IVIaBHbIE I'€POM [1€YaTaroT Y4To-T0 Ha 3D-
npunTepe. MHOINA 9TO MacKH JUIsl IIITHOHOB, HHOIA — YAaCTH KaKOT0-TO CEKPETHOIO OPYKHsL. A BOT B (puiibMe
«8 monpyr Oyiiera» 3D-npuHTEp BOOOIIE CHITpa OAHY U3 MIaBHBIX pojeil. C ero moMOIIbIO eYaTaan KOIHIo
JParoIIeHHOTO KOJIbe U3 MIUPKOHMSA U APYTHX METAIOB. BO3MOKHOCTD peanu3auu Takoil Hen B CTOIb CXKAThIe
CPOKH PacKpUTHKOBAJIH CIICHHAIUCTHI, padoTatomiue B chepe 3D-monenuposanus. Ho o, uto co3nanue
00BEMHBIX 00BEKTOB CIIOXKHOIT (HOPMBI ¢ TOMOIIBIO TAKOH TEXHOJIOTHH IIPOYHO BOLUIO B HALIY XKH3Hb —

HEOCIIOPUMBIIT (haKT.

Kro u korna npuayman 3D-neuats

B 1980 romy smonckwuii yuensiii Xuneo Kogama penru 3anmateHToBaTh yCTPOHCTBO, KOTOPOE MO3BOJISIO
CO37aBaTh XKECTKUE 00BEKTHI U3 (POTOMOMMMEPHOIH cMOMbL. TOHKHE CIIOM CMOJIBI HAHOCHIUCH ONMH Ha APYToi U
3aTBEp/IeBANIH MOCTIe YIBTParo1eToBoi 3acBeTkr. C TeX MOp TeXHOIOTHHU LIATHYIH JaJIeKO BIIEPE, ¥ CEroHs
yKe COBEPIIEHHO HE TaK OCyIllecTBIsieTcs neyats Ha 3D npunTepax. Kpome Toro, B 0TBEEHHbIE Ul
PErHCTpalNy [IATEeHTA CPOKU SIIOHEIl TaK M He CMOT JJOBECTH 10 KOHIa (hopMalbHyIo mpouenypy. Ho Hecmorpst
Ha 3TO, OH CUHTACTCS OTL[OM-OCHOBATENIeM TPEXMEPHOII meyaTu. M Kak ee elie Ha3bIBAIOT — aJTUTHBHOI

TEXHOJIOTUH.

09 mar 2022



Cnycrs Tpu To7a, OA00HbIE arnapaThl 3aaTEHTOBANIM IPYINA YU4eHbIX U3 OpaHIUU 1 aMEPUKAHCKHUH HHKEHED
Yax Xamwt. U eciu ¢paHIly3sl He pacio3HaId KOMMEPUECKHE IIePCICKTHBEI TEXHOIOTHH, TO aMepUKaHell,
MOJTy4YHB NATEHT, 3aperucTpupona koMmnanuo 3D Systems. OHa 10 CHX IIOp YCIIEIIHO BBINYCKAeT 1

COBEpIICHCTBYET HIPHHTEPHI T TpeXMepHol medatH. TexHomorus, KoTopylo ucrons3obany Yax Xamr u ero

MEHee yIawInBbIe KOJUIeTHH, osy4nia HazBauue STL (ot anmmmiickoro cioBa stereolithography).

B 1980-x B CILIA nosBHINCE ele ABa croco0a TPeXMEepHOIl eyaTu. B cenekTHBHOM J1a3epHOM CIEKaHUH
(Selective Laser Sintering, SLS) ucnonbp3yercsi HOpomKkooOpa3HOe ChIpbe, KOTOPOE CIEKAIOT C MOMOIIBIO Jia3epa.
DT0T cocob cTa’d OTHOCHTETBHO HOCTYHHBIM B KoHIIe 2000-x. CaMyio IPOCTYIO TEXHOTIOTHIO MOJCITHPOBAHNS
MeTonoM rocioiiHoro Hartaienus (Fused Deposition Modelling, FDM) 3anarentoBanu B 1988 roxny. B nei

CBIPBEM SBJISIETCS IJIACTUKOBAsI HUTh.

Iepsrie arperatsl 11 3D-neyaTn OBLIN JOPOTHMH H TPOMO3IKUMH, HO CO BpeMEHEM 000pyI0BaHHE CTAJI0
Gosiee y00HBIM, KOMITAKTHBIM U MAacCOBBIM. ECTb IPHHTEPBI, KOTOPBIE MOKHO UCIIOIBb30BATH Jaxe JoMa. YTo
MOKHO HariedaraTb Ha 3D npuHTepe? 3a nociaeaHue rojbl CyleCTBEHHO PACIIMPUIICS CIEKTP MaTepUaioB,
HCIIONB3YEMBIX ISl TEXHOIOrny. M3HauanbHO OHA CO3[aBalach UL IOIMMEPOB, a CeTONHS HCIIOIb3YIOTCS Jaxe
6eToH 1 1moKoNak. Bee Gonee MOMyIApHEIM CTAHOBHUTCS CO3IAaHUE TPEXMEPHBIX OOBEKTOB M3 METAIOB U

CIIaBOB.

CraJb 4 apyrue Metasuisl s 3D-nevatu

Hemee MMaTCHTHI HA 3D-HpI/IHTepLI, HCIIOJB3YIOIINE B KaYECTBE ChIPBEBOI'0 MaTE€pHUaia METaJlJIbI U CIIJIaBbI,

6b1H Tony4eHsl B cepeuue 90-x ronoB XX Beka. Kak padoraer 3D npunTep mo metamry?

Hpuauun padoTst 3D npuHTepa o MeTaLILy

TeXHOJIOTHs, C MOMOIIBIO KOTOPOH ITeYaTAI0TCs METAUINYECKUE TPEXMEPHBIC H3CINS, TONyYrIa Ha3BaHNe
«IIpsmoe naseproe criekanue mMerama» (Direct metal laser sintering, DMLS). ®akTudecku — 3T0 pa3BUTHE

texHosoruu SLS.

CerozHs Uit TPEXMEPHOI MeYaTH MCIOJIB3YIOT HECKOJIBKO JICCATKOB BUIOB METAJUTMYECKOTO ChIPhS B (hopMare
cepuueckux rpanyi pasmepom ot 4 10 80 mukpon. HanGosee nomysisipable MeTaJUIMYECKUE MOPOLIKH it 3D-
rnedatu ObIBAIOT KaK HA OCHOBE LIBETHBIX METAJLIOB (aJIOMHHHEBBIC, THTAHOBBIC, ME/IHbIE, KOOAIBT-XPOM), TaK U

U3 CIIJIAaBOB, B OCHOBE KOTOPBIX KEJIC30. CranbHbIe TIOPOIIKH MOKHO pa3/ICIUuTh Ha:



o Hepxkaserone (Mapku 17-4PH, AIST 410, AISI 304L, AISI 316L, AISI 904L);
e MHCTpyMeHTalbHble (Mapku 1.2343, 1.2367, 1.2709);

o nukenessie (Inconel 625, Inconel 718) — 3amareHTOBaHHBIN CIUIaB, HAKTHUCCKH HE SBIISIONIHICS
CTaJIbIO, B KOTOPOM €CTh JKEI€30, HO OCHOBHBIE DJIEMEHTBI — HUKEIh H XPOM;

C nOMOLIBIO TAKHX TEXHOJIOTHIT CO3MAIOTCS H3/CIIHS CII0KHONH (OPMBI. A UX IUIOTHOCTb HPEBBIIIACT TOKA3ATEIN
IUThs. MeTajuinyeckas MpomyKIus, HareuyatanHas Ha 3D-nipuHTepax, IpUMEHseTCs B IHUIIEBOH,
aYPOKOCMUUECKOH, He)Tera3oBoi IIPOMBIIIICHHOCTH. A TaKXKe B MEIUIHHE, IIPOTE3UPOBAHUH,

MAIIMHOCTPOCHUH, DJICKTPOHUKE, FOBEJIMPHOM ACJIC U T.A.

Jlnst 3D medatd TpeXMEpHBIX 00BEKTOB M3 METaIOB KpoMme TexHosoruu SLS/DMLS taxke Hcrosb3yercs
3JIeKTpOHHO-Ty4eBast riaka (Electron beam melting, EBM). V3HauanbHO B TaKMX MIPUHTEPax UCIOIB30BANIACH
MeTaJlIn4ecKas npoBosioka. Ho okaszanock, 4To juist M3rOTOBJICHHS BEICOKOTOYHBIX JIETalICH Jrydlie
UCII0JIb30BATh CIELHMAIbHbIA MaTepual — MeTa/ulonIHy. OHa [0X0%a Ha HUTh, COCTOSILYI0 U3 CMECH
METAJUIHYECKOI CTPYIKKH, OPraHUYECKOro Kies H Boxbl. Ha mpunTepe nedataercs H3genue Hy)KHOU (pOpMBL,
KoTOpoe 3ateM oOxuraroT. [Ipu HarpeBe, Kileil ¥ Boa BBITOPAIOT, a CTPY’KKA CILIABIIACTCS B MOHOJIUTHBINA
MaTepHai, KOTOPHIH 110 Becy U APyTUM ITapaMeTpaM OueHb MOXO0XK Ha IelbHOMeTa/uTYeckoe nu3aenue. OH gaxe
MOJKET IOKPBIBAThCS JIETKOM prkaBunHOM. Eie oqao otnmmune EBM-npunrepos ot texnosnorun SLS/DMLS
3aKJIIOYACTCS B TOM, YTO IS IUIABKU METaIIMYCCKON IIMHBI TeHEPUPYETCs He JTa3ePHBIH JIyd, a HAaIPaBJICHHbIC

DJIEKTPOHHBIE UMITYJIbCBI. 10T METO/T ITO3BOJISICT JOCTUYb 6oJiee BBICOKOTO KauecTBa reyatu U 0oJiee 4eTKOi

IIPOPHUCOBKHU MEJIKUX JieTanei.

Tem He mMeHee, 3D-TPoON3BOACTBO METANIMYECKHUX U3/IEIMH €CTh Ky/la COBEpIIeHCTBOBAaTh. Hanpumep,
9KOHOMHUUECKUI 3(D(PEKT CyIECTBEHHO 3aMETEH Ha €AMHUYHBIX U3/IENHUSIX CIOKHONU (hOPMBI, KOTOpbIE
3aTPYIHUTENILHO IIPOU3BECTU JIUTHEM. A IIPH MACIITaOHPOBAHUY TEXHOIOIUH, dQ(HEKT CyMEeCTBEHHO
cHmkaercs. K ToMy ke TOTOBBIN 00BEKT, KaKk HPaBUIIO, TpeOyeT GUHUIIHON 00pabOTKH, KOTOpas MOKET 3aHATh

JUTMTENIBHBIA MEpUO BPEMEHH.

Ho nporpecc He ocranoButs. Comacio Wohlers Report, B 2020 roxy 06beM 1100anbHOT0 peiHKa 3D-miedatn
yBenuuuicsa Ha 7,1% u goctur npubmusurensho 5,3 mapa nomnapos CIIA, faxe HECMOTpPS Ha TAHAEMHIO

KOPOHABHpCa.

«Metannnueckuit» cerMenT 3D-medatn Toke pacrer. Ero qanpHeimeMy pa3BUTHIO MOKET OCIOCOOCTBOBATD
yZCLICBICHHE U YIPOILICHHE ITpoLiecca eYaTn MeTaiaMy. Jist 4ero MOXKHO HCronb30BaTh 3D npunTep? Yke
ceifyac CyIIECTBYIOT MOJEIU IPUHTEPOB, KOTOPBIE MOXKHO PAa3MECTUTh Ha O(HCHOM CTOJIC H [e4aTaTh MAKeThI
00BEMHBIX ITPOCKTOB, JIETAIM MAIIMH HIX IOBSIHPHBIE H3IEIHs. A KPYIIHbIe IPOMBINIICHHbIC KOMIIAHUH OepyT
macitaboM. Harpumep, konueps GE B 2017 romy mpe3eHTOBaI POTOTHII CaMOTO OOJIBIIOro J1a3epHoro 3D-
npuntepa ATLAS (Additive Technology Large Area System). A aMepUKaHCKHI TEXHOJIOTHYECKUI cTapTan
Relativity Space Hamepen ¢ momoribio 3D-medaTi co31aTh MHOTOPA30BYIO PAKETy-HOCHUTEIb, KOTOpas Oyner
000pyI0BaHa PEAKTHBHBIMU JBHIATEISIMU, TAK:Ke cO3MaHHbIMU Ha 3D-npunTepe. Takoe pelieHne MHO3BOJIUT
CYILIECTBEHHO COKPATHTb KOJIMYECTBO JeTallell U CPOKH IIPOM3BOICTBA. B KOMITaHNY CUHMTAIOT, YTO IeYaTh

PaKeThl 3aifMeT JIMIIb ABa MmecAana.

OxxuzaeTcs, 4To IIedarh AeTaneil peakTHBHBIX ABUTAaTeIel U IPyruX aBHAIMOHHBIX KOMIUIEKTYIOMNUX O3BOIHT
CYILIECTBEHHO COKPATHTh CEOECTOMMOCTh IPOU3BOACTBA CAMOJIETOB U PAKETHO-KOCMUUECKOil TexHuku. Ho s
MAacCOBOTO BHEIPEHH TAKHX TEXHOJIOTHI MOTPeOyIOTCsl MULTHAP/IBI JOIapOB HHBECTUIIN 1 TONBI HA

HEPEeCTPOIKy TEXHONIOTHYECKHX LEMOYeK.
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