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Annomayua. Illpeocmasgnen oecamunemuuti nyms passumus om nepevix YCmano8oK 00 COBPEMeHH020 KOMNIeKcd, CHpo-
eKMUPOBAHHO20 U U320MOBTIEHHO20 NOIHOCHIbIO HA OMeYeCmEeHHbIX KOMNIEKMYIOWUX, 6KII04AS NPO2PAMMHOE obecneyenue u
onmuueckyto cucmemy. Ilepeas ycmanoska CJII-110, useomognennas 6 2016 2. umena obvem nocmpoenus 110x110%200 mm.
B meuenue psioa niem Oviu GbINOIHEHBI MHOLOYUCTIEHHbLE HAYYHO-UCCIE008AMENbCKUE pAbOmMbl, NOCIYIHCUBUIUE OCHOBOU pa3pa-
OOMKU MEXHOIOSUHECKUX NPOYECCOB BbIPAWUBAHUS Oemalell U Y3108 U3 PA3IUYHBIX MEMAIIUIeCcKUx nopoukos. B nociedyiowux
paspabomxax obvem, svipawueaemuvix uzoenui ovin ygeauuen 0o 250%250%300 mm. B pesyromame gvinoanennvix HUOKP
ovLIa cnpoekmuposana u uzeomosiena bonee cosepuiennasn ycemauoska CJIII-250. B amoti ycmanoske ¢ noMowbio cucmembl
0amuuKo8 npedycmMomper NOIHbIN AGMOMAMULECKULl KOHMPOTb U YIpAGIeHue napamempamy npoyecca npu OIumenbHol He-
nPepuIgHOTi MHO20CYMOYHOU pabome Komniekca ¢ obecnedenuem 8biCOKOU HadexcHocmu u cmabunvnocmu. Pao ycmanosok
YCNewHo IKCHAYAMUpYIOmcs 6 Hauiell nPOMbIUAEHHOCIIU 8 NPOU3B00CBe CLOMCHLIX U30eNUll U3 PA3SHOOOPASHBIX Memaniuye-
CKUX, KePAMUYECKUX U KOMNOSUYUOHHBIX NOPOUKO8, 8LINYCKAeMbIX 6 Hautell cmpate. C1edyiowum dManom paseumus a0oumus-
HO20 Npou3600CmEa AGIAEMCs OP2AHUIAYUA YUACMKOE NO U320MOGIEHUI0 0emanell Ha 0CHOGe A0OUMUGHLIX KOMNILEKCO8 U ne-
pugeputinozo obopyoosanus. Heobxooumo opeanuzoeamo 6 Hawel CMpane CeputiHblil 6bINYCK UMEIOWUXCS YCMAHOBOK U PA3-
pabamvisams obopyoosanue, obecneuusaioujee ygeauvenue npousgo0UmeIbHoCmu npoyecca.

Kniouesvle cnosa: apiuTuBHAsI TEXHOJIOTHS, 000pYy/J0BaHKHE, KHHEMATHKA, OCHOBHBIC Y3IIbl, CUCTEMA yIIPABJICHHUS,
MpoTrpaMMHOE oOecIedeHne
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Abstract. The decade-long period of the evolution starting from the first installations to a modern complex, designed and
manufactured entirely using just indigenous content, including software and an optical system, is presented. The first SLM-110
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installation, manufactured in 2016, had a construction volume of 110x110%200 mm. Over the years, numerous research pro-
Jects have been carried out. They served as the basis for the development of technological processes for growing parts and units
obtained from various metal powders. In subsequent developments, the volume of grown products was increased to
250%250%300 mm. As a result of the completed R&D, a more advanced SLM-250 installation was designed and manufactured.
In this installation with a sensor system a full automatic monitoring and control of process parameters is provided for long-term
continuous operation of the complex for many days, ensuring high reliability and stability. A number of plants are successfully
used in our industry in the production of complex products from a variety of metal, ceramic and composite powders produced
in our country. The next stage in the development of additive manufacturing is the organization of sites for the manufacture of
parts based on additive complexes and peripheral equipment. It is necessary to organize serial production of existing installa-

tions in our country and develop equipment to increase the process performance.
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TexHonornyeckre Mpouecchl BbIpallviBa-
HUSL JIeTaJIel U y3JI0B METAITIMYECKUX U3IETUN SIB-
JIAIOTCA MO CYHIECTBY Pa3BUTHEM U yCOBEPIIECH-
CTBOBAaHHMEM TEXHOJOTUU HAIUIABKU. OTH MPO-
11eCChl 00bETMHEHBI T10]T HA3BaHUEM aJITUTHBHBIC
TEXHOJIOTMM WU3TOTOBJICHUS METAIIMYECKUX KOH-
crpykiuii. Knaccudukanus agauTUBHBIX TEXHO-
JIOTUH MTPOU3BOJCTBA U3JEIUN U3 METAUIMYECKUX
MaTepHaJIOB M CJIOXKHUBINASACS pe3KooOpazHas Tep-
MUHOJIOTHUS TPEACTaBIeHbI B pabote [1]. 10 B oc-
HOBHOM TE€XHOJIOTUH aJUTUBHOTO MPOU3BOJICTBA
JyTOBOM HAILJIaBKOW IPOBOJIOYHBIX MaTEpHAJIOB,
MJIA3MEHHbBIE TEXHOJIOTHUH, 3JIEKTPOHHO-TYYEBBIE,
JIa3epHbIE.

B MI'TY um. H. D. baymana u B opranu-
30BaHHOM TMpPU YHUBEPCUTETE MAJIOM MpEAIpUs-
THU «MOCKOBCKHUH IIEHTpP JIa3€PHON TEXHOJOTHHU
(MIJIT)» m3roTaBnMBarOTCS JIa3epHBIE TEXHOIO-
TMU CEJIEKTHUBHOIO CIUIABJICHHUS METATUYECKUX
nopouikoB (CJIIT) u mpsiMoro jga3epHOro ocaxje-
HUSI TOJaYyei TMOPOIIKAa KOAKCHIIBHO JIa3€pPHOMY
ayuy (KJIIT).

bbula M3roToOBIEHAa OTEYECTBEHHAs yCTa-
HOBKa CEJIEKTUBHOTO JiazepHoro iasnenus CJIII-
110 (puc. 1) ¢ oOBeMOM TIOCTPOEHUS
110x110%200 mm [2]. B 3TOl ycTaHOBKE UCIIOJb-
30BaHbl IIOPOLIKM W3 pPa3JM4YHBIX METAUIOB U
CIUIAaBOB POCCUMCKOro Ipou3BoicTBa. [Ipoextu-
POBaHME 3TOM YCTAaHOBKH BBIIIOJIHEHO Ha YPOBHE
COBPEMEHHBIX TPEACTaBICHUNH O «uudpoBU3a-
LU CJIOKHOTO BEICOKOTOYHOT'O 000PYI0BaHMS C
IIPOrpaMMHBIM YIIpaBJICHUEM LIEJIOT0 psijia mnapa-
METpPOB Ipouecca. ICTOYHMKOM U31ydeHUs SBIIs-
eTcs UTTepOMEBbI BOJIOKOHHBIM TEXHOJOTHYE-
ckuil nazep. CIuiaBieHUE MOPOIIKA OCYIIECTBIIS-
€TCsl B TEpPMETUYHOM Kamepe, U3 KOTOPOl OTKauHu-
BalOT BO3JYX M 3allOJHAIOT 3aIUATHBIM Ta30M.
Crenmanu3upoBaHHOE TPOrpaMMHOE obecrieue-
HUE Yepe3 eIMHBIN HHTepderic 00ecTieurBaeT MoJI-
HBIM KOHTPOJIb ¥ YIIPABJIEHUE MTapaMeTpaMu Ipo-
necca BbIpanuBaHusa. OOs3aTeIbHBIM YCIOBHEM
IIpU JUIMTEIIBHON HENPEPBIBHOM MHOI04acOBOU
paboTe yCTaHOBKH SIBJISIETCS €€ CTaOWUIIBHOCTh U
HAJEKHOCTbD.

Puc. 1. YcTaHoBKa celeKTUBHOIO Jia3depHoro miasjaerusi CJIII-110

Fig. 1. Selective laser melting unit SLM-110
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[TonydyeHHblE JaHHBIE MO MHOIOJIETHEN
skcruryatanuu komruiekca CJITI-110 (puc. 2, a), a
TaKkkKe pa3pabOTaHHbIE MHOTOYHCICHHBIC TEXHO-
JIOTHYECKHE MPOLIECCHI BHIPALTUBAHUS 00PA3I0B U
JeTaneil U3 pasHOOOpa3HBIX MOPOIIKOBBIX MaTe-
PHAJIOB MOCITY KU OCHOBOM JabHEUIIINX UCCIIE-
JOBaHW MO pa3paboTke Ooyiee COBEpPUICHHOU
KOHCTPYKLIUH YCTaHOBKH CEJIEKTUBHOIO Ja3ep-
Horo mnasienust CJI1-250 (puc. 2, 6).

VYcranoska CJIII-250 npennazHavueHa st
MOJIHOCTBIO  aBTOMATHU3UPOBAHHOTO IPOU3BOJI-
CTBAa, HE TOJIKO €AMHUYHOTO, HO ¥ CEPUITHOTO, U3
METaJUIMYECKUX, KEPAMUYECKUX U KOMITO3UIIMOH-
HBIX MOPOLIKOB. /laHHasi yCTaHOBKa MOKET HC-
MOJIb30BAThCS TaKXKe ISl OTPAOOTKH PEKUMOB
CIUIaBJICHUSI C LEJNbIO MOJNYyYEHUS ONTHUMAaJbHBIX
(bU3UKO-MEXaHUUYECKUX XapaKTEPUCTUK JAeTanei u
y3JI0B KOHCTpYKIui. Pasmep pabGoueit 30HBI
(AXIIxB) 250%250%300 MmM.

Hcnonw3yercs UTTepOMEBbIii BOJIOKOHHBIN
nazep momHOocThi0o 400 Bt, obecneunBaromuii
MPOU3BOAUTENBHOCTE 10 30 oM /g MpU TOJILIUHE
BbIpamuBaemMoro ciost ot 20 g0 200 MKM B 3aBH-
CUMOCTH OT MaTepuana M pexuma MOCTPOEHUS.
laGapurst KOMILJIEKCa COCTaBJISIOT
2450%x1550%1930 mm.

[Iporiecc BbIpammBaHusi OCYLIECTBIISIETCS
B F€pMETHUYHON KaMepe C KOHTPOIUPYEMOM aTMO-
cdepoit u cuctemMoit yajaeHus u3 KaMepsl mo0o4-
HBIX MPOJIYKTOB TIUIaBIEHUS. TEXHOJOrMYECKH
MPOIIECC MPOTPAMMHUPYETCS Ha CTaauu 00paboTKu

TPEXMEPHON MOJENIN JAETaIH C BO3MOXHOCTBIO
BBITIOJTHEHUS SMYJISIIUKM Bcero mpotecca. OueHb
BKHBIM YCJIOBHEM, PACHIUPSIONIUM BO3MOXKHO-
CTH aJJIMTUBHOTO IPOU3BOJCTBA, SBJISETCS BO3-
MO>KHOCTb KOPPEKTHPOBKHU JI€TAIM B XOJI€ €€ BbI-
palyBaHus.

Crenyromum nokoyieHueM 000py10BaHus,
pa3paboTaHHOIrO crenuaIucTaMu MOCKOBCKOIO
LIEHTpa JIa3€pPHBIX TEXHOJOTUM, SIBISETCA KOM-
meke CJIIT-2506 (puc. 2, 6). [Ipu uzrotoBneHun
3TOr0 KOMIUIEKCA NMPAKTUYECKU IOJHOCTBIO MC-
MOJIb3YIOTCS OTE€YECTBEHHBIE KOMILIEKTYIOUIHE.
[To cBOMM TEXHOJIOTMYECKUM XapaKTEPUCTUKAM U
KauecTBY M3TOTOBJICHUS JETalM BbIpAllMBaHUEM
KOMILUIEKC HE yCTymaeT 3apyOeXHbIM MOENsM
aHaAJIOTUYHOTO Kiacca. PexomeHnmyercst uisl uc-
MOJIb30BaHUS B PA3JIUYHBIX OTPACIAX MPOMBIIII-
JIEHHOCTHU: CYAOCTPOEHHE, SHEPrOMallnHOCTPOe-
HUE, TPUOOPOCTPOCHUE, aBUACTPOCHHUE, PAKETO-
CTpOEHHE, HHCTPYMEHTaIbHAas U IpyTrHe Ipeanpu-
ATUSL 000POHHO-TIPOMBIIIIIICHHOTO KOMILIEKCA.

Psn ycranoBok CJIII ycnemHo skcrutyaTu-
pyeTcs B Halllel MPOMBIIIEHHOCTH B €IMHUYHOM,
MEJIKOCEPUMHOM M CEpUITHOM MPOU3BOJICTBE
CIIOKHBIX W3JIENHA U3 pa3HOOOpa3HbIX METaJUIU-
YEeCKUX, KePaMHUECKUX M KOMITO3UIIMOHHBIX MO-
POIILIKOB, BBIITYCKAEMbIX OT€YECTBEHHOM MTPOMBIIII-
neHoctbto. Cepun komiuiekcoB CJII, Bbimyckae-
MBIX B Hacrosuiee BpeMss MOCKOBCKHM LEHTPOM
JIa3€pPHBIX TEXHOJIOTUH JIJIsl TPOMBILIIIEHHOT O MTPH-
MEHEHHsI, PEJICTABJICHbI HAa pUC. 2.

6)

Puc. 2. Cepml KOMILICEKCOB CECJICKTHBHOI'0 JIA3€PHOI0 MJIABJICHHUS AJI MPOMBIIIJICHHOT0 MIPUMEHECHUSA :

a — CJIII-110; 6 — CJII1-250; ¢ — CJIII-250b

Fig. 2. A series of selective laser melting complexes for industrial applications:

a— SLM-110; b — SLM-250; ¢ — SLM-250B
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JlanbHENIIMM ~ Pa3BUTHEM  AJJAUTUBHOIO
npou3BojcTBa (All) B 0TeueCcTBEHHOW TPOMBIIII-
JIEHHOCTH SIBJISIETCSl Opranu3anus ydactkoB All
10 U3TOTOBJICHUIO AETAJIC U HU3IEIUNA METOIOM
CEJICKTUBHOI'O JIa3€pHOT0 IUIABJIECHUS, OCHOBOM
KOTOPBIX COCTABIISIIOT aJJUTHBHBIE KOMIUIEKCHI
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Puc. 3. [Ipon3BoacTBeHHBI HUKI B leXe aJYIUTUBHOI0 MPOU3BO/ICTBA

Fig. 3. Production cycle in the additive manufacturing shop

JUis yCremHoro IWHUpPOKOTrO IPUMEHEHUS
TEXHOJOTUHU aJJUTUBHOTO MPOU3BOJICTBA METO-
AOM CCJICKTUBHOTI'O JIa3CPHOTO IJIaBJICHUA HGO6XO-
JIMMO OpPraHU30BaTh B CTPAHE CEPUNHBIN BBITYCK
UMEIOIINXCS YCTAHOBOK M pa3padaThiBaTh 000py-
AO0BAaHUC IJIsI MOBBIMICHUSA ITPOU3BOAUTCILHOCTU
nponecca [3].
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Bknao aemopog: Bce aBTOPHI clenany SKBUBAICHTHBIN BKJIAJ] B OJTOTOBKY ITyOIHKAIUH.
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