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14 AIMTUBHBIE TEXHOJIOTUU B KNHEMaTorpade
KypHan 3apervcTpripoBaH (MeaepansHOA

1S Ipymia Rosler pacimpser cBou BOSMOKHOCTH CAYXBOi N0 HaA30py B chepe CBsIau,

VHHOOPMALIMIOHHBIX TEXHOAOT WA 1 M3CCOBLIX

KOMMYHUKaUMY (POCKOMH3A30P).

22  CuToBOIf aHATN3 U N3MeJbUeHNE METAJUITNIECKUX TIOPOITKOB U U3/ICIIHI CBMAETEABCTBO O PerncTpaLyv
CMW NN Ne dC 77-67106 ot 15.08.2016.

16 TexHoMOTMYECKUI CUMIIO3UYM JIJIST POCCUHCKUX 3aKa3UMKOB

26  Texnonorus 3D-nevyaru necyansix popm kuraiickoin kommanun FHZL

Twpaxk 5000 k3.
30 [locrymHad rme4aTh BOCKOBBIX (hOPM JIJIST JIUThST
PacnpocTpaHsIeTCs Ha BbICTaBKaX 1 MO MOAMMCKE,
34  «3JTO MOXKHO C/IeJIaTh JIETKO U AEIIeBO», — yoeskaau cebs, [NepeneyaTka onybAVKOBaHHbIX MaTepVan0B
CMOTPST Ha KUTAMCKNe TPUHTEPHI «JOMAIIHEr0» HasHAYeHMUSI. PA3PELIAETCE TOABKO MPpY COrASCOBaHN
. 7 ®
MBI elié HUKOT/A TaK CUJIBbHO HE ONIMOATNCE... C peAakLwie. Bce Npasa 3aLLLeHs © .
PeAakumns He HeceT OTBETCTBEHHOCTY 33
36  Cyxoe 2JIeKTPOXUMHUYECKOE TTOJTUPOBAHTE AOCTOBEPHOCTb VHHDOPMALIMN B PEKASGMHBIX
st 06paboTky uaaesuii mocae 3D-nevarn MaTepy1anax v OCTaBASIET 3a OO0 NPaBo
Ha PEASKTOPCKYIO MPaBKY TeKCTOB.
39  @oronosmMepHas 1e4aTh B IUGPOBOI CTOMATOTIOTHH MHEH/e peAaKLAN MOXKET

40  Texuosorua maHoroocesoil FFF-nieuatn SO RS NS U ISUIC 0202

]
_________ ﬁ%-----------__________________________________________________________________________________G‘F_________.
Bbl MoskeTe 0(OpPMUTD HOAIKMCKY HA KYPHAI «AINTHBHbIE TEXHOJIOTHUY C JIIOOOT0 MECSIIIA.
Croumocts onHOro Homepa — 250 py6.ieii, croumocTb rogosoil nognucku — 1000 py6ieii.
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30-ra3oBas TypbuHa

WVHCTUTYT TEXHOJOTUM TPOU3BOJICTBA U HPUKJIAJ-
HBIX uccaenosanuil Mmarepuanos Opayurodepa (IFAM)
[PEACTaBUJI HalledyaTaHHY MaclITabGHyl pabouyio Me-
TAJTHYECKYTO MOJIETh Ta30BOH TYPOUHBL.

V3nene BOCIPOU3BOAUT Ta30Bylo0 TypOuHy Siemens
SGT6-8000H B macmrabe 1:25 ¢ HEKOTOPHIMU KOH-
CTPYKTUBHBIMU U3MEHEHUSAMU. Bee netany, 3a ncKiIode-
HUEM BaJla, M3TOTOBJIEHBI HA TIPOMBITIIEHHBIX 3D-TIpuH-
Tepax. [J1aBHOE OTJIIYIE B TOM, 4TO COOPKA COCTOUT BCETO
n3 68 aTIOMUHHMEBBIX, CTATBHBIX U TUTAHOBBIX JeTaseit
BMECTO TIOYTH TPeX ThICAY JeTalell B OPUTHHAIBHOM
usnenuu. Eile ofiHO OT/IMYMe B HEKOTOPBIX HECOOTBET-
CTBUSIX TIO UCIIOJB30BAHHBIM CILIABAM, YTO OOBSICHSIETCST
HEOOXOMMOCTBIO BBIOOPA U3 KOMMEPUYECKHU TOCTYITHBIX
BapUAHTOB.

CranpHBIE ZeTaNN W CTATOP M3 TUTAHOBOTO CILJIaBa
Ti-6Al-4V usrorossensl apesaeHcKuM VIHHOBAIIMOHHBIM
nenTpoM aaautuBHOTO 1ipousBojicTBa (ICAM) Ha aek-

BepToAeT 13 NpyHTepa

BuyTpeHHUI KOPITyC IBUTATENST POCCUICKOTO BEPTO-
snera BK-2500, 1oIHOCTBIO CO3MaHHbBIN METOLOM IIOCJION-
HOTO JIA3€PHOTO CILIABJIECHUSI U3 TUTAHOBOTO CILIaBa, OBLI
MIPE/ICTaBJIeH Ha CTeHie MWHUCTEPCTBA HAYKU U BBICIIIE-
ro obpasosanuss PD na dopyme «OTKpbIThIE WHHOBA-
uu» B Ckoskoso. PaspaGorunku: HUTY «MUCuC»
n Cankr-IlerepOyprekuii TocyapCTBEHHBIA MOPCKOI
trexunueckuit yausepcurer (CTIGTMTY).

[Tpnmenenune wmeto-

Jla TIOCJIOWHOTO Jiazep-

HOTO CILJTABJIEHUS B CO-

YeTaHWU C ONTUMU3A-

nueir  pexumoB 3D-

MpUHTEPA KapAUHAIb-

HO CHU3UJIO 00BEM TT0C-

Jeytotell MexaHmdec-

KOit 06paboTKH KopITyca

neuratesst (mandoBku,

00Tauku, IPOTPABKU U

T.1), COOTBETCTBEHHO

COKPATUJIUCh CPOKM M3TOTOBJeHUsT — j0 14 maueit. ITo

JIaeT BO3MOKHOCTh CHHBHUTH TPOM3BOACTBEHHYIO cebe-

CTOMMOCTb y3J1a, 0OecrieunBast TeM CaMbIM OOIILYI0 KOH-
KyPEHTOCIIOCOOHOCTh OTE€UECTBEHHOIO aBUAIBUIATEIs.

https.//misis.ru/

TpOHHO-Jy4eBbIX 3D-mpunTepax Arcam Q20+. Ocramib-
Hble KOMIIOHEHTHI Halle4aTaHbl Ha JIA3€PHBIX TTOPOIIKO-
BbIX 3D-mpuHTEpax mapTHEPOM TMpOeKTa — KOMITAaHWeH
H+E Produktentwicklung GmbH. Ontumusaiueii KoH-
CTPYKIIUM 3aHUMAJINCh HertocpeacTBeHHo B IFAM.
[Tepen 3D-neuaTbio KOHCTPYKIUIO JieTasieit Mogudu-
[UPOBAJIM C Te€M, YTOOBI UX MOKHO OBLIO He TIPOCTO Ha-
Me€YaTaTh, HO U CHIETATh 9TO C MUHUMAJIbHBIMU 3aTPaTaMu
Ha TocTo6paboTky. KoMaHIa yTBep:KIaeT, 4T0, HECMOTPST
Ha MaciTab U BHeCEHHbIE U3MEHEHUs, TypOrHA HYHKITH-
OHAJIbHA — 3TO OBLIO TJIABHBIM YCJIOBHEM KCIIEPUMEHTA.

https;//3dtoday.ru/

Tpr MVPOBBIX peKOpA3

Cpasy Tpu MUPOBBIX PeKOpP/Ia YCTAHOBUJIH CITEIIUATIH-
ctbl LlenTpa nmepesoBbIX CTPYKTYP 1 KOMIIO3UTOB YHUBEP-
cureta mrata MaH. VIcrosb3yst caMbiii 6OJIBIINOI B MUpPe
nojsumepHbiil 3D-nipunTep ¢ pabodeil 30HONM 30X7%3 M,
OHU M3TOTOBUJIM CaMyI0 OOJBINYIO B MUPE «HATIEUATaH-
HYIO» JIOJIKY, KOTOPasi K TOMY K€ CTaJla CAMBIM OOJIbIINM
B MHUPE TBEPAbIM 0OBEKTOM, CO3/[AaHHBIM TI0 ATOM TEXHO-
Joruu. BeliieymoMsiHyThie PeKOpPIbI 3aHeceHbl B Kuury
pexopaoB ['muneca.

ITocne Toro kak Jozaka 3Dirigo nnmmuOM 7,62 M u Be-
coM 2268 Kkr Oblia TOTOBA, €€ TOPKECTBEHHO CIYCTUIIN
B OIIBITHBII OacceilH okeaHorpaduyeckoii JabopaTopuu
Alfond W2 Ocean Engineering yuusepcurera.

www.techcult.ru
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[OTOBbBI K CEPUMHOMY NPOVI3BOACTBY

Buepebie B Poccun wa 3D-npunTepe ObLIM Halieya-
TaHbl rpeOHble BUHTHI JISI BUHTOPYJIEBBIX KOJOHOK MO-
nem JIPK 150. Oto cuenmanu 8 Cankr-IleTepOyprckom
TOCYJIaPCTBEHHOM MOPCKOM TEXHUYECKOM YHUBEPCUTETE
(CII6TMTY) MeTo[0M IIPSIMOTO JIa3€PHOIO BhIpaIlUBa-
Hust. Takoit croco6 cepuitHOro POU3BoACTBA OYAET pea-
JIN30BaH yKe B CJEAYIONIEM ToIy Ha 3aBojie «Beras.

baaromapss HOBOHW TMPOM3BOJACTBEHHON TEXHOJIOTUN
BUHT yIaJI0Ch 00/1erduTh cpasy Ha 25%. IIpu aTom mpoy-

HOCTB OCTaJIACh Ha TOM e YPOBHE, UTO U y Hojee TsKe-
JIBIX BUHTOB, BBIITYCKA€MBIX C ITIOMOIIBIO KJIACCHYECKOTO
sutbst. Tak, o6pasiibl, HameyataHHble Ha 3D-mpuHTEpE,
Becat 120 xr, a Te, uto 66 oTMTHL, — 160 XKr. Biaro-
napst 0OJIETYEHUIO KOHCTPYKI[MM CHEZKAETCSl Harpyska
Ha BaJI ¥ TIOIIUITHUKK U BO3PACTAET CPOK CJIyKOBI BUHTA.

[Tpu 9TOM GBIJIO COKPAIIEHO BPEMST TTEYATH W3/EJHSL.
Panbiiie Ha 310 yX01110 2 Heenu, a Terepb BCero 4 jiust!
[TeyaTh MOKET OCYIIECTBIISATHCS C IOMOIIBIO PA3HBIX Ma-
TEPUAJIOB, BKJIOUAs CTAJb, HUKEJIEBBIE CIIJIABBI, CIIJIABBI
Ha OCHOBE TUTaHA, a TaKXkKe Ha OCHOBe Mean. Kpome ato-
ro, Garogapst Hopomy 3D-TpUHTEDY II€Ha MeyaTu cTaja
B Pa3bl MeHbIIe. YKe ceifyac I[eHa TOTOBOI HaledaTaH-
HOU IeTaIi NPAKTUYEeCKU COBIIAIAET C 1eHOH auTbhs. [1pu
9TOM Pa3pabOTYMKHU IIPOTHO3UPYIOT, YTO OHA OyAeT CHH-
JKaThCS 110 MePE TOro, Kak OyzeT pacTu 00beM UCIOJIb30-
BaHUS POCCUNCKIX METAJIMYECKUX TTOPOIITKOB.

[Ipu atom orevectBerHbIit 3D-pUHTEp MOXKET Hate-
YaraTh JeTaJU pasMepoM fo 1,2 MeTpa B AnameTpe, a ux
Macca MOKET COCTaBJIATh A0 mosyToHHbl Ceiiyac uuer
paspaborka Gosbiiero 3D-mpuHTEpPa, KOTOPHINA MO3BOJUT
MeYaTaTh U3JEJUsT pa3MepPoM 10 2,5 METPOB 1 MacCoil 10
1 TOHHBI.

hitp://tehnoomsk.ru/
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Yuenble co3[amu yCTPOMCTBO, TO3BOJIAIONIEE TeYa-
TaTh HaHOpasMepHbie cTPYKTYpbl B 1000 pas GbicTpee co-
BpPEeMEHHBIX MeTO/0B Jintorpadun. CraThbst 00 3TOM ObLIA
ony6IMKOBaHa B sKypHaJe Science.

Cy1iecTByiolire HaHOPa3MepHbIE TEXHOJIOTUU AJJIH-
TUBHOTO TMPOU3BOJACTBA UCIOJIB3YIOT TATHO CBETA BbI-
COKOIl MHTEHCHBHOCTH — 00bI4HO Ok0ji0 700—800 HM
B auMameTpe — it mpeoOpasoBaHus (OTOMOJIMMEPOB
M3 KUIKOTO COCTOSHUSI B TBephoe. IlockoibKy Touka
JIOJKHA CKAaHWPOBATH BCIO MTOBEPXHOCTb, JJIST OMYIEHUS
CJIOXKHBIX TPEXMEPHBIX CTPYKTYP MOKET MOTpebOBaThCs
MHOTO 4acoB. «BMecTo Toro 4tobbl UCIOIB30BATH OIHY

Unxenepsr  CeBepo-3arajHoro yHUBEPCUTETA B
VmHolice IpeACTaBUIM CaMblil OBICTPBIE B MHpe
3D-npunrtep. Mammmnaa nox HazBanuemM HARP ucnosib-
3yeT YJIy4IIeHHYIO BEPCUIO TEXHOJIOTUN CTEPeosITOrpa-

B 1000 pa3 beicTpee

TOYKY CBeTa, Mbl MPOEIUPYEM MUJLIMOH OJIHOBPEMEH-
HO,— OTMeYaeT BeAyluii aBTop paboThl, 10IeHT TexHo-
sorndeckoro nHerutyTa Jxopmknu Cypab Caxa. — 910
MMO3BOJISIET HAM CHHTE3UPOBATH CTPYKTYPbl MUHUMYM
B ThICSYY pa3 ObICTpees.

YT06BI CO37aTh MUJLIMOH TOYEK, UCCAENOBATEIN UC-
10JTb30BaJ/IU IIU(DPOBYIO MACKY, AHAJIOTMYHYIO TEM, KOTO-
pble IPUMEHSIIOTCS B TpoekTopax. Mamydyenune 35-pemro-
CEKYHJTHOTO Jia3epa dYepe3 MacKy CO3/aeT >KeJaeMbIi
PHUCYHOK M BbI3bIBAeT U30UPATEJbHYIO MOJUMEPUSALIIO
B xKuKOM Matepuasie. [Iporiecc moBTopsieTcs MHOXKECTBO
pa3 [ MOCJIOMHOTO MmocTpoeHud. Takoll HOBBIM MeTOA
MTO3BOJISIET CO3/IaTh HAHOCTPYKTYPY 3a BOCEMb MWHYT,
TOI/]a KaK U3TOTOBJICHHE €€ TPAAUIMOHHBIM CIIOCOOOM 3a-
Hs1JI0 ObI He MEHBbIIIE IBYX YaCOB.

®@omo: Vu Nguyen and Sourabh Saha

https://indicator.ru/

CamMblin ObICTpBIN

(buu u aBISIETCS PEKOPACMEHOM TI0 YaCTH U3TOTOBJIEHUS
6osbinx 00bekToB. Kamepa pra medatn HARP umeer
IJIOTA/Ih OKOJIO YeTBEPTU KBA[PATHOTO METPA U BBICOTY
0K0J10 4 MeTpoB. CKOPOCTD TIEYaTH B BBICOTY COCTABJISIET
OKOJIO TIOJTyMETPa B Yac U SBJISIETCS PEKOPIHOM.

Crepeonutorpadusi Havyaia aKTUBHO TPUMEHSITHCS
B 3D-1eyarut OKOJIO YeThIPeX JIET Ha3a/l, HO y ATOW TEXHO-
JIOTUU IMEJICST PSI/T HEZIOCTATKOB. B yacTHOCTH, TIeperpes,
KOTOPBIN 1pu GBICTPON TTeYaT TMPUBOAUI K PACTPECKU-
BaHWIO WK JeGOpMaIii KPYITHBIX O0BEKTOB. YUEHBIM
yIAJIOCh YCOBEPIIEHCTBOBATDh TEXHOJIOTHIO TIPU TTOMO-
mu BemecTBa noj HasBanueM Liquid Teflon (<«kua-
kuii redsions). HARP npoenupyer yabrpaduoseroBoe
M3JIydeHrne dYepe3 OKOIIKO, CKBO3b KOTOPOE IHMPKYJIH-
pyer xuakuii Tepsion. OH TOTJIONIAET TETJIO U OXJIaK-
JaeTcst B creruaibHoM orceke. ITo cioBaM paspaboruu-
KOB, 9TO MO3BOJISIET YBEJIUYUTH CKOPOCTH MEYATH MOUYTH
B CTO pas.

www.techcult.ru
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30-NpUHTEP C ABYMS1 SKCTPyAePaMI
\Magnum Creative 2 SW

[leqaTb CAOXKHBLIX MOAAel C PACTBOPVIMOW NOAAEPIKKOW — AerKol

C Beimyckom mojientn SW kommanueit Maraym nedatpb
JIBYMsI COTLJTAMU CTajla KaK HUKOTAa MpocToit. Ecu panb-
Ie MOKHO OBIIO CTOJIKHYTBCS ¢ MPOOJIEMON BbITEKAHUS
IJIACTUKA WJIN 33/IEBAHUST HEAKTUBHOTO COILIA 32 MOJIEJIb,
TO TETEPb 3T TPOOJIEMBI TOJHOCTHIO PEIIEHBL.

B 3D-mpunaTepax cepuu SW HEaKTUBHOE COILIO MPH-
MIOJTHVMAETCS M 3allUPAEeTCs, MPeOTBPallas BbITeKaHHUe
IJTACTUKA U 3a/leBaHKe 32 MOZeTb. B KOHCTPYKIIUHU uc-
10JIb30BAHA 3AIIATEHTOBAHHASI TEXHOJIOTUSI CMEHBI COILIA,
KOTOpasi TapaHTUPYET HAJeKHOEe 3alUpPaHe AKTHUBHOTO
COILTIA C BBICOKOH TOYHOCTBIO, YTO TTOJIOKUTETBHO CKA3bI-
BaeTcs Ha KauecTBe TTevaTH. BpeMsi mepeKJIioueH s CoTet
3aHnMaeT He 60see 0,5 CEKYHIIDL.

HoBsas rosoBka yBepeHHO paboTaer ¢ ruGKUME Mate-
puajamu, TakuMu Kak Flex, a Takske moggepkuBaer pabo-
Ty ¢ Bockom WAX3D ot kommanuu Filamentarno!

s ynobera uctonb3oBanust 3D-mpuHTepa 100aB-
JieHa TMOJyaBTOMATHYeCKasT KaTHOPOBKa BBICOTHI U Pac-
CTOSTHE MEXKIY COIJIAaMH. DTO 3HAYUTETBHO YIIPOIIAET
U 9KOHOMUT BpeMs1 HacTpoliku 3D-mpuaTEpA.

C npUHTEPOM TIOCTABJISIOTCS J€TAIbHO HACTPOEHHbIE
npodumm s mporpamMm RepetierHost n Cura, a takke
roroble mpoduim 1y ciaticepos Simlify3D u Slic3R.

HoBast Mozens yHaciemoBaia JeTeHAAPHYIO HalexX-
HOCTB ¥ TIPOCTOTY paboTsl ¢ mpuHTepamMn Magnum. O6-
HOBJIEHHAsI MPOTPaMMa YIPaBJIeHUS W BHYTPeHHee Mpo-

3anamenmosannas mexHoni02ust nepexiruenus akmuenozo
conja ¢ zapanmuposanio BbLCOKOL MOUHOCMBIO

AANNTBHBIE TEXHONOT N / 4 @ 2019

rpaMMHOe obecriedeHre TIPUHTEPa YIIydIiaeT CKOPOCTh
1 Ka4eCTBO IeyaTu.

3D-npunrep Magnum Creative 2 SW nojiiep>kuBaeT
pabory ¢ npucraBkamu <«Jlazep» u «Ilacra», paciuupss
BO3MOKHOCTH /)11 TBOPYECTBA.

Hpuumep nocmaesisiemcs KaxK 6 3aKpulimom,
maxk u 6 OmKpuLmom Kopnyce

XapakTepuctki Magnum Creative 2 SW

e Pasmep obmactu mocTpoeHus Mogenan 235 MM X
170 mm % 180 Mmm

*  MunumasbHas Bbicota cyos 0,01 mm (10 MUKpOH)

* Texuonorus nmedyatn FDM — mocioiiHoe HamuiaB-
JIeHUe IUIaCTHKA

e Tun mmacruka naa nedatu ABS, PLA, PETG,
FLEX, WAX3D, SBS Heiinon-6 u npyrue

* Ilnactuk nus nopnep:xxkek PVA, HIPS

* MakcumabpHas TeMieparypa akcrpyaepa 285°C

*  Maxkcumanbuas remmeparypa crosa 125°C

IMosHakoMuThest  moAapobHee ¢ 3D-mpuHTEpaMu
Magnum Moo Ha caiite magnum3d.ru, Tie BB Haii-
Jete (OTO U BUJIEO I1€4aTH, a TaKXKe B IIOypyMe KOMIIa-
HUU WK Yy OPUITUATIBHBIX JAUJIEPOB. W

Beb-canT: magnum3d.ru
Instagram: #magnum3d

8 (800) 555-98-38

E-mail: order@magnum3d.ru
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AAA/TVBHBIE TEXHOAOT UV AAS] MeANUHB:
MPOBOW 1 POCCUNCKIIA ONbIT

2 nexabps 2019 r. B paMKax MeKIyHapOJIHOrO Hayd-
HO-TIpaKkTU4Yeckoro gopyma «Poccuiickas Hemens 3/pa-
BOOXPaHEHUsT» COCTOUTCST KOH(MEPEHIHsT «AITUTHBHbIE
TEeXHOJIOTUU [IJIST MeJIMIIMHBL MUPOBOM M POCCUHCKHUI
OTIBIT», TJIE BEAyIIHe 3apyOeKHbIE U POCCUIICKUE CIIEI[H-
AJIUCTHI PACCKAXKYT O MOCTETHIX MUPOBBIX JOCTHKEHUSIX
B JaHHOU 00J1aCcTH.

BynyT 3aTpoHyTBI TEMBI:

* 3D-11eyaThb METAJIIOM — MPOU3BOJICTBO UHAUBUJLY-
AJbHBIX U CEPUIHBIX UMILJIAHTOB, KOPOHOK, MOCTOB, IIa-
GJIOHOB JI71st 3yOOIPOTE3NPOBAHUS;

* 3D-mevaTh MEIUIIUHCKUMY TLIACTUKAMUA — TIPOU3-
BOJZICTBO MHMBU/IyaTbHBIX OPTE30B, JIAHTETOK U JIp. U3/le-
JIAH JIJTS1 TIOCTIEOTIEPAIIMOHHOM PeabUIUTAIlIN 1 JICUEHVIS;

* 3D-nieyaTh WHAYCTPUAIBHBIMU TLJIACTUKAMU JIJIS
MEJIKOCEPUITHOTO ¥ MHANBUAYATBHOTO TPOU3BO/ICTBA Me-
IUITUHCKHUX MTPOTE30B, MHBAIUIHBIX KOJISICOK U JIP.;

* 3D-nievaTh TJIACTUKAMU JJIST TIPeloTepPaioOHHON
MOITOTOBKM — Tle4aTh MAaKEeTOB YacTel Tejia JYesoBeKa
JUIST TIZTAHUPOBAHUS TIPOBEJIEHUS OTIEPAIH, KOTOPOE TI0-
3BOJISIET COKPATUTh BPEMSI OTIEPAIIUM, C/IEJIATh €€ C TIOMO-
ITHI0 MAJIOMHBA3MUBHBIX TEXHOJIOTUH, a TaK:Ke COKPATUTh
peabuInTaIlMOHHbII EePUOJ;

* M3TOTOBJIEHUE WHIUBU/YAJIbHBIX MEUITUHCKUX WH-
CTPYMEHTOB;

* 3D-11e4ath KUBBIX TKaHEH, HEOOXOAUMBIX JJIS pe-
reHepanuy TKaHel 4YeJoBeKa P WX yTparTe BCJIEJCTBUE
60JIe3HM WJIM TPABMBbI;

* IeYarh II€PCOHANBHBIX JEKapcTB (TabaeToK) ¢ UH-
JIUBU/TYAJTbHBIM KOJTMYECTBOM JIEKAPCTBEHHOTO CPEJICTBA;

* [IeYaTh YEJ0BEUYECKUX OPraHOB;

* TeHepaTWBHBIN AU3alH;

* unuiHas obpaborka 3D-zmeTanei;

¢ 3D-TexXHOJOrUU HeJANEKOro Oy AYILETO.

Y4yacTHUKU KOH(EPEHIIUU CMOTYT O3HAKOMUTHCS
C peaibHbIMY U3/IEJIUSIMU, U3TOTOBJEHHBIMU C TIOMOIIBIO
3D-negaTu n IpeACTaBIEHHBIMH B XOJIJIe KOH(pEPEHIINH,
a Takxe I000IIAThCS ¢ HPEACTABUTEIAMU KOMIAHUH—
YYaCTHUKOB KOH(EPEHIINY HA BCE MHTEPECYIONINE TEMBI,
cBsa3aHHble ¢ 3D-TeXHOMIOTUAMU JIJIS HYK/] MEJIUTTAHBI.

NudopMalilnoHHBIMU NTAaPTHEPAMU KOH(pEpeHINN SIB-
JISIOTCS: JKyPHAI «AIUTUBHBIE TEXHOJOTUU >, UHTEPHET-
noprayibl 0 3D-texHosorusm «Ilyase 3D», 3D today.
AXTUBHOe y4acTHe B OpraHu3aIuy KoHhepeHI Iy ITIPUHH-
MaeT KOMIIaHUsI Z-axis.

Kondepenrus Mpe3eHTAIMOHHON
momniaake maBuaboHa «Dopyms». Bxox Ha BBICTABKY MO
TIpeIBAPUTEILHON PETUCTPAITUY Ha caliTe

www.zdravo-expo.ru

COCTOUTCA Ha




AO «HIMNO CUCTEM»»

r. Mocksa, yn. Pougensckas, a. 15, ctp. 23
info@siusystem.ru

+7 (495) 023-68-85

WWW.siusystem.ru

Komnanus SIU System (AO «HMO CNCTEM») 6bina ocHoBaHa B 2008 rofy, 3a 11 net cTana Beayumm aKCrnepToM
Ha pbIHKE afaUTMBHbBIX TEXHONOMMA. KOMNaHmsa nMeeT 60MbLIOIM OMbIT MOCTaBOK 1 06CNYXMBaHWA 060PYL0BaHWSA, CO3-
LaHVa aLOUTUBHBIX LEHTPOB, nposeneHuna HNOKP, ananTUBHOIO MHKUHUPKHIE U KOHCaNTUHTA, a Takke peanmsaumm
YHUWKaNbHbIX MPOEKTOB Ha 6a3e COBCTBEHHOIO afaMTUBHOIO LeHTpa B Mockae. KnneHTamm KOMNaHnm ABASKOTCA Kpyn-
Hble KoprnopaL/, TOProBo-NPOMbILLNEHHbIE KOMMaHUK, Beaylme BY3bl Poccum n CHT.

SIU System o6nagnaet 06WMPHBIMK NPAKTUHECKMMMN HaBbIKaMK 418 PacipOCTPaHeHWs M BHELPEHMA Ha NPOW3BOACTBE
TexHONornMn 3D-CKaHVMPOBaHWSA, PEBEPC-NHXMHUPKUHIA, KOMMBbKOTEPHON NPOMBIWAEHHOW TOMOrpadunm, aToMmnsaumm
(co3maHme NopOoLWKOB) U APYrMX pelleHnid B cdhepe aaanTUBHBIX TEXHONOMMIA. ABNAACH MHKMHUPUHIOBOM KOMNaHWeN,
SIU System TecHO COTpy4HUYaET C NapTHePaMuU-NPON3BOAUTENAMN U BELYWMMU NPOU3BOLCTBEHHbLIMU 1 UCCEN0Ba-
TENbCKMMU NPeANPUATUAMU B Poccum, cTpaHax 3anagHoi 1 BoctouHor Esponel, FOro-BoctouHom Asum, Kutae n CLUA.

MpUMepbl peleHmi

BTYy/IKM NPOMEXYTOYHOro Kopnyca

3D-neYyaTb 13 BbIKMIAemMoro nonnMMepa YyacTten npome-
XKYTOYHOIO KOpmyCa BTY/KN. B ,D,aﬂbHeVlLLleM MN3rotaBnin-
BaeTCA 13 TUTaHa.

OCHOBHble TPe6OBaHMA K 3aroTOBKaM:
* TouHOCTb B Npegenax 250 MkM No 6onblen CTOPOHE.
* [NafKas 1 XecTkas NoBepXHOCTb.

LieHTp nHHOBauuin

SIU System, Mocksa

MporpammHoe
obecrneyeHne

e 3DSprint

CepuitHoe
NpousBoACTBO

2 netanu B Mecsl, N\

Mopo6paHHbIin

AN mMartepuan

Accura 60

O6opynoBaHue

ProX 800,
3D Systems

FabapuTbl kamepbl nedatn ProX 800 (650x750x550
MM) MO3BOMSIOT NedvaTtatb 1/4 LuenbHOW BTYNKK, a cneuu-
anbHbIA pexxm QuickCast (coToBas BHYTPEHHAA CTPYK-
Typa) 13 matepuana Accura 60 naeansHO NOOXOANT ON1A
neyaTy BbKMraeMblx MOOENEN.

TpaAMUMOHHBIM  CNOCOBOM  M3roTOBMEHME  3aHMMAET
oT 10 go 12 mecaueB. C ncnonb3oBaHnem 3D-nedatu
BPEMS COKpallaeTcs 00 14 paboynx aHEN.

dopcyHKa /18 ra3oBOK ropenku

[MeyaTb M3 METaNIMYeCKoro Ccriasa TpéX COCTaBHbIX
YacTen rasoBoW rOpenKun. CDyHKLI,l/IOHaﬂbHaﬂ MOLO€eNb, B
,EI,aﬂbHelZLLJeM MCNOMb3yoUWanca B oéopyp,osaHmm.

OCHOBHble TPEBOBaHNSA K AETanAM:
* YMeHbLUEHWE KONMYECTBA COCTABHbIX YacTel.
* YBenu4eHme cpoka Cnyxobl (PYHKUMOHANbHbIX AeTanei.

LleHTp nHHOBauwii

SIU System, MockBsa

MporpammHoe
obecneyeHne

< 3DXpert

CepwiiHoe
npou3BoOACTBO

220 petanen ~

Mopo6paHHbIi
N\ martepuan
Cnnag MeTannos
17-4PH

O6opynoBaHue /

ProX DMP 320,
3D Systems

icxodst M3 NOCTaBNEeHHbIX TpeéoBaHvu?l n nmvea Moaesib
C*)OpCVHKl/I, 6bina nponseeneHa Tononornyeckaa ontun-
MU3aLUMnA reoMeTpnn Mmoaenn noa BO3SMOXHOCTU 3D-ne-
4aTn N NCNONHEHbI MOCTaBIEHHblE 3aa4vl.

COKpaTMﬂOCb KOMMYECTBO COCTaBHbIX YacTen ¢ 8 0o 3.
CpOK Cﬂy)KébI YBENIMHEH 3a CYET N3MEHEHMA reomMeTpunn.
COKpaTMﬂCH CPOK MN3rotosneHnA ,quanel?L

MapTHépbl SIU System no BHeApeHWo afaUTUBHBIX TEXHOMOTMIA:

®ANISOPRINT

www.siusystem.ru
Ten.: +7 (495) 023-68-85



CobbITUS N AOCTIVIKEHS

Uepena BbICTABOK M KOH(EPEHINI TT0Ka3ajia HOBbIE
9TAllbl Pa3BUTHUA MW BHEAPEHUA AAAUTUBHBIX TEXHOJIO-
Ml B Pa3UYHBIX OTPACIAX, 3DGEKTUBHBIE PeNIeHUS
AKTYaJIbHBIX 32124 U TIOSIBJIEHME HOBBIX BO3MOXKHOCTEH.
B nannom 0630pe TpecTaBiIeHbl BIIeYaTIeHNsT O HEKOTO-
PBIX COOBITHAX, B KOTOPBIX YY4AaCTBOBAJ KYPHAI «Amam-
TUBHbIC TEXHOJIOTUU».

B pamKax aBinacanoHa

ABmacTpoeHne — OJHa W3 OTpacJieil, Tie aIIuTHB-
Hble TEXHOJIOTMH He TOJbKO MHTEPECHBI B MEPCHEKTHBE,
HO ¥ YK€ peajbHO MCIOJb3yIoTCst. [loaToMy aBmacasion
«MAKC» — nsomazky /st mokaza HOBUHOK aBUACTPO-
eHUs M MPa3IHUK-IOY JJIsT BCeX JIIOOUTEEN aBraiun —
MOJKHO PacCMaTpPUBATh U KaK MECTO, I€MOHCTPHUPYIOIIee
YPOBEHb BHEAPEHUs aINTUBHBIX TEXHOJIOTHI B peajib-
HOM CEKTOPe 9KOHOMMKH Halleii crpanbl. M Hazo ckasaTh,
YTO 3TOT YPOBEHb BO3PACTAET BMECTE CO CJAOKHOCTHIO 110-
CTaBJICHHBIX ueﬂeﬁ 1 N3Tr0TaBJIMBACMbIX I/I3[[€JII/Iﬁ.

Tak, Ha crenge BUUAM BriepBbie ObLIN MIpe/ICTABIIE-
HBl MAKeThl JKCIIEPUMEHTAIBHBIX DPEAKTHBHBIX OeCITu-
JIOTHUKOB, BBITIOJIHEHHBIX C TIOMOIbI0 3D-mevarm.
Ha pwuc. 1 Bugno, uro anmapatr MIT/I-10, co3manubrit
U3 TIOJIMAMW/Ia, UMEET STUYEUCTYIO KOHCTPYKITMIO KPBLIA,
MpUYEM aJIANITUBHYIO, KOT/IA TOJIIIUHA 3JIEMEHTOB MeHs-
€TCSl COTJIACHO TIPOBEIEHHOMY TPOYHOCTHOMY pacuery.
B makere MI'T/I-20 myist IOKPBITHST Tak:ke MPUMEHEHBI
KOMITO3UT U 3HOKCHIHbBIE CBSI3YIOIMe, paspaboTaHHbIE
B UHCTUTYTE, YTO MTO3BOJIIET YBEJUUNTh HATPY3Ky Ha U3-
nemve. [lpemmytiecTBaMu TaKOW TEXHOJIOTMH WU3TOTOB-
JIEHUS SIBJISIETCSl YIIPOLIeHHas M yjelleBjieHHas cOopKa
mraHepa 6e3 CJIOKHBIX JOPOTOCTOSIIIX CTAlleNIel, a Tak-
JKe CHIDKeHre Macchl uazpeiust Ha 20% OTHOCHTENHHO
METaJJIOKOMITO3UTHOTO aHajora. BecnuaoTHUKH OyayT
OCHALIEHbI MAJIBIMU Fa30TyPOMHHBIMY ABUTATEJIAMHE, BbI-
MOJTHEHHBIMY HA 3D-TIpuHTEpE.

Cpenu nameuatannbix uszenuii Ha crenze BUAM,
KpPOMe TOT0, OBLIIN TIPE/ICTABIEHBL MAKET JBYXKOHTYPHO-
TO IBUTATEIS, Ie(DJIEKTOP U 3aBUXPUTEINb TTEPCIIEKTUBHO-
ro asurarens I1/1-35, kamepa cropanus u 1eHTPOOEKHOE
koJieco kommpeccopa asurartenss MIT/I-10, comnnoBoii
armmapat (puc. 2) u ap. B akcnozunmu Camapckoro yHu-
BEPCUTETA TaKKe OBbLIM IOKA3aHbl y3JIbl U IeTalu aBua-
[MOHHBIX Ta30TYPOMHHBIX JIBUTATEJIEH, TOJyUeHHbIE
¢ momolnbio 3D-mevyatu, B T.4. TOpeJKa KaMepbl cropa-
Hus (puc. 3), KOPITyC TOPEJIOYHOTO YCTPOUCTBA, TTOCTaB-
Ka TypOMHBI BBICOKOIO JABJIEHMs], COILIOBOW aIlapar
1 u 2 cryneneii. A na crennie [IMAM cpean MmHuoxxectBa
HaleyaTaHHBbIX JIONATOK BbIJIEJAIACh MOJIEJb I10JIOTO
JIMCKa TYPOMHBI, H3TOTOBJIEHHAS M3 HUKEJIEBOTO CILIaBA.

Puc. 1. Becnunomuwiil 1lemamenvHulii annapam ¢ s4eucmoti

KoHCmpyKyuell Kpoviia, Haneuamanivlii no mexnonozuu SLS, BUAM

Puc. 2. Connosoii annapam, BUAM
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Puc. 3. I'openxa kamepol czopanus, u3z0moenieHHas
memodom SLS, Camapcruii ynusepcumem

Komnanuss «OUTHUK»> Ha aBracasoHe mpoaeMOH-
CTPUPOBAJIA ONTUMUSUPOBAHHBIN U BBIPAIIEHHDBINA KOH-
LENT-MaKeT paMbl it OECIIMJIOTHOIO aBTOXKKMpa paspa-
6otk OO0 «HUK». B 3aBucuMoCTH OT 33124 JaHHAS
KOHCTPYKIIMSI MOKeT ObITh W3rOTOBJICHA U3 aJIOMIHUS,
HOBBIX KOMIIO3UTOB ¥ TIJIACTUKOB. AJIZINTUBHBIE TEXHOJIO-
YU TIPUMEHSIJIVCh U TIPU U3TOTOBJIEHUN (hparMeHTa Ho-
COBOIf YaCTN MaKeTa CBEPX3BYKOBOTO JIEJIOBOTO CAMOJIETA,
npexacrabyiennoro [IATU u sBisionierocst oHUM U3 ca-
MBbIX MTHTEPECHBIX 9KCITOHATOB BhICTaBKHU. Hameyarannbie
JeTasu MOKHO ObLIo yBUAETh Ha creraax AO «Komro-
3uT», IlepMcKOro MOTUTEXHUYECKOTO YHUBEPCUTETA,
kommanuu SLM Solutions, AO «MMII umenu B. B. Yep-
HBIIIEBAY U JIP.

Ha crenge xe DIYII «Texnomami» mpenctaBuIn
HepCIeKTUBbI pasButust 3D-1euaTt B GJMKHEM W JIajib-
HEM KOCMoce, Korja He TpeOyeTcsl BBIHOCHTDH W3Jejne
Ha OpOUTY B CJIOKEHHOM COCTOSIHUM, a CTAHOK II03BO-
JIdeT HaleyataTb €ro Ha MecTe. B kauecTBe MpPUMEPOB
ObLIU IIPUBEAEHBI MAKEThI CTPOUTEIbCTBA JYHHOI 0as3bl
U3 MECTHBIX MaTePHaJIOB, U3TOTOBJIEHUS COJIHEYHOM Oa-
Taper, KOCMUYECKOTO KOpabJisi WM PaKeThI-HOCHUTEJIST
B mabHEeM KocMoce (puc. 4). IIpruem B KocMoce u3nenust
BO3MOJKHO HalledyaTaTh B JIOOOH KOHMUTYPALIK U CTPYK-
Type.

WurepecHo, uTo Ha KOJJIEKTUBHOM CTEH]IE BOJITOTPA/I-
CKUX IPEIIIPUATUI HOKa3anin 000pyLoBaHKe Cpasy ABYX
KoMmnaHui, mpousBosammx 3D-npunTepsr. [Ipuntep 3D
Life Thermo kommnanuu 3D Life Lab (OOO «BoJrexHo»)
npeAHasHaYeH s PaGoThl ¢ TYTOIUIABKUMU KOHCTPYK-
IIUOHHBIMU TEPMOTLIACTAMM, TaKUMW KaK MOJUdpup-
3bupKeToH, nNoAUIPUPUMUL U TOJUDEHUIICYTHDOH.
Pabora ¢ TakuMu CyleproJuMepaMy 03BOJISIET KOMIIa-
HUSIM a9POKOCMUYECKON OTpPacJu TPUOJIU3UTHCS K 3a-
MeHe MeTajla. B TpuHTEpe MCIOoJIb3yeTCsl OTeuecTBEeH-
Hoe mporpammuoe obecnedenne TRIANGULATICA.
Komnanust ke Stereotech mpomemoncTpuposaza nse
nacrosibiible FDM-cucrembr — STE 320 u nstukoop-

AAANTVIBHBIE TEXHONOI N / 4 @ 2019

Puc. 4. Maxem uszomognenus paxemoi-nocumens
6 danvrem xocmoce, DIYIT «Texnomawr»

muaatHyio STE 520 ¢ MHHOBaIMOHHOW TEXHOJIOTHEH
5Dtech. Texnomorusa mesatu 5Dtech mossonser mpo-
U3BOANUTH M3zeaus J060i (DOPMBI, NPUYEM IOIOJHU-
TEJbHBIE OCU JIAl0T BO3MOKHOCTH VKJIAIBIBATh MaTe-
pHUaJ BHAXJIECT, YTO TIOBBIIIAET MIPOYHOCTH M3JAETUN Ha
Pas3phbIB.

C nopomxkamu «ITojeMbl» MOKHO OBLIIO 03HAKOMHTh-
CsT KaK Ha CTeH/Ie KOMITAHWH, TaK ¥ BO BPeMsI CIeINaIn-
3UPOBAHHOTO (hOPYMa, THI€ B T. 4. ObLIA IPEICTaBIeHA 00-
HOBJICHHAS JIMHEWKA ;KapOTPOYHBIX CIIABOB KOMIIAHUU
JUIS TIOKpBeITUi 1 3D-mevartn.

[IpoBenenne dopyma «BHenpeHre a/IUTUBHBIX TEX-
HOJIOTMT B aBUAIMOHHOW TPOMbIIIEHHOCTH Poccuns,
opranusoannoro kommnanueii «@UTHUK» B pamkax
aBMacajoHa, TaKXKe IMOATBEP/KIAET aKTyaJbHOCTD Te-
MBI AJTATUBHBIX TEXHOJOTUH IS TPOMBIIJICHHOCTH.
B dopyme npuHsIM ydacTwe MPEACTABUTENN aIMUHU-
CTpauuii IpaBUTeIbCTBa MOCKOBCKOI 00J1aCT U rOpo-
na Kyxosckuii, «Pocrex», OAK, IIATU, O/JIK, HUK,
PYCAJIL, PYCATOM, B1UAM, «Bepronerst Poccuns,
DANT-MOTU, Camapckuii ynusepcurer, Dassault
Systems, MSC u np. B Hem Takke aKTHBHO y4acTBOBa-
au pykoBogutesn HeMmelkoil kommanun FIT. OcHoBan-
Hag Kapsom @pyrom B 1995 romy Kak cepsucHoe 610po
OBICTPOrO MIPOTOTUIMPOBAHMS, B HACTOSAIIEE BPeMS KOM-
HaHusl IpeBpaTuiach B (paOpuKy aiAMTUBHOIO AMU3aii-
HAa ¥ aBTOMATU3UPOBAHHOIO CEPUIHOTO MPOU3BOICTBA.
Ha HoBoii habpuike B JIynGypre ycTaHOBJIEHO U paboTaeT
6osiee 50 YHUKAIBHBIX MPOMBINLIEHHBIX 3D-IIPUHTEPOB,
MeYaTaIoNUX Ha OCHOBE METAJIJTUYECKUX U TIIIACTUKOBBIX
noponrkoB. O4eHb UHTEPECHBIH OTTBIT!

[IpencraBieHHble 3KCIOHATBI U UH(MOPMAIIMOHHBIE
co00IeHHs TOKa3bIBAIOT KaK Pa3BUTHE PhIHKA aJInTUB-
HBIX TEXHOJIOTMH B Halleil cTpaHe, Tak W WX yCIIENTHOe
BHEJIpEHNE B TPOM3BO/ICTBE MHHOBAITMOHHOMN MTPOLYKIIHH,
K KOTODPOU IIPEIBABJISIOTCS BBICOKHE TPeOOBAHMUS 10 Mac-
corabapUTHBIM, IIPOYHOCTHBIM, CTOMMOCTHBIM ¥ APYIUM
XapaKTePUCTUKAM.



3 AH9, 6 cekunin, bonee 110 AOKABAOB 1 MACTep-KAaCCOoB, /3 cnikepa

2—4 oxta6psa 2019 roga B HUTY «MUCuC» na tep-
putopun lleHTpa NMPOTOTUNUPOBAHUS BBICOKON CJIOXK-
Hoctn «KuHeTwKa» BIepBbIe MPOILJIA BCEPOCCUNCKAS
HIKOJIA-KOH(MEPEHIIUST € MEXIYHAPOJHBIM  y4acTUEM
«AIIUTUBHBIE TEXHOJIOTMHU B IIU(DPOBOM MTPOU3BOICTBE.
MetaJjiibl, CILIaBbl, KOMIIO3UThI», OPraHU30BaHHAS CO-
BMecTHO ¢ PoccuiickumM HaydHbIM (OHIOM B paMKax
MerarpaHTa Ha pa3paboTKy OCHOB IIPOEKTUPOBAHU aJIi0-
MOMATPHUYHBIX KOMIIO3UTOB M WX IPOU3BOACTBA aJJIH-
TUBHBIMU JIA3€PHBIMU METOJIAMU JIJISI TIPOMBIIIJIEHHOTO
MpUMeHEHNs] B KOCMOCE U aBHaIuu, mpoekt Ne 19-79—
30025 mpe3nmeHTCKON POTPaMMBbI MCCIET0BATENTBCKITX
IIPOEKTOB.

3azyMaHHas [IPEUMYIIECTBEHHO KaK 00pa3oBaTelib-

HBIH (hOpyM, Ha JieJie OHA BBICOKO TO/HSIA TIIAHKY B Jie-
MOHCTPAIIUU BO3MOXKHOCTEN aJ/INTUBHBIX TEXHOJIOTHUH,
MOCKOJIbKY YPOBEHb IEJIOTO Ps/ia JOKJIAA0B U TOKJIAI-
YUKOB COOTBETCTBOBAJ MHPOBOMY. [J1aBa OprkoMuTeTa
ITKOJIBI-KOH(epeHITuu  Tipodeccop, A.T.H. AJeKcaHap
AnexcanapoBud ['pomoB moguepkuys: «Harra ocHoBHast
U camast JKeJlaeMast 1ieJieBast ay IUTOPUsT — MOJIOJIbIE yue-
Hble, CTYJIEHTBl U IIKOJbHUKHU. B 1IK0/e-KoHbepeHInu
YYaCTBOBAIM yBaskaeMble yde-
HbI€ U BeIyIIHe CIEIUaTUCThI
aIIUTUBHON cdepsl B Hamieh
cTpaHe M 3a pyOexoOM — WM
€CTh YeM TMOJETUTHCS, Y HHUX
ysKe HaKOILIEH OOJIbIION OIIBIT.
Cuneprust MJIAJIIIIETO W CTap-
IIero IIOKOJIEHWSI W B 4YacTu
HAYYHBIX JIOKJIAJIOB, U B YacCTH
MacTep-KJIACCOB  IMPeNCTaBJIsI-
ercs HaM caMbIM BasKHbIM. Mpl
IJIAHUPYEM Pa3BUBATH 3TY ILJIO-
MKy  HAYYHO-TIPUKJIATHOTO
oOMeHa, 0COOEHHO ee MEKIY-
HapozaHyio vacth. Ciemylorast
IKOJIa-KOH(MEPEHIIUST COCTOUT-
cs1 B okTsi6pe 2020 romas.

O6mmpHas mporpaMma
KoH(EePEeHITUN BKJIOYaia BbI-

CTYIJICHWSI BeLyNIUX CIelua-

10

JIICTOB U3 POCCUHCKUX W 3apyOEKHBIX BY30B U KOMIIA-
nuit: HUTY «MUCuCs», Texunueckoro yHUBEpPCUTETA
Hapmmiranra (Tepmanust), Kamudopuuiickoro TexHo-
gorudeckoro yuuepcurera Caltech (CIIA), Cxoskos-
ckoro mHcTUTyTa Hayku U Texunomgoruii (CKOJITEX),
Cankr-IleTepOyprckoro  ToCyapCTBEHHOTO  MOPCKOTO
texanueckoro yauBepcutera, MAU, IOprunckoro mo-
qurexHudyeckoro yauBepcutera, MI'TY um. H. 3. bay-
maHa, MITY «Craukuny, MUODOU, Uncturyra metan-
Jyprum u MatepuasioBeneHus uM. A.A. BaiikoBa PAH,
OK «PYCAJI», SIU System, OA «BWNJICs», OO0 <«An-
IUTUBHOE Tpon3BoiacTBO», OO0 «IJHeproaBaHrapa»,
3D Bioprinting Solutions, OO0 «Biomimetix», OO0
«Po6ormamnt», OO0 «Anusonpunt», OO0 «Meaursk»,
Magnum3D u zip.

B noksazax 3aTparuBanuch BOIPOCH MT€YATH MeTaJ-
JlaM¥, KepaMUKOH, KOMITO3UTaMU, B T.4. TPDEXMEPHBIX Ha-
HOAPXUTEKTYPHBIX CTPYKTYP M MATHUTHBIX MATEPUATIOB
(Buzmeo: https://vk.com/video-62258607 456239988).
Brieuarssiomue gaHHble OBIIM MPEACTABIEHBI MO Te-
Me Ouonpunrunra. Tak, B mokaaze IOceda Xecyanu
u3 kommauuu 3D Bioprinting Solutions 6buM OKa3aHbI

Ipoexmut I[IIBC «Kunemuxas> HUTY «MUCuCs»
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He TOJIbKO CYIIECTBYIONIIE CIIOCOObI, STAIbI s IedaTu
JKUBBIX TKaHeH, MaTepuaJibl, 000pyI0BaHue U AOPOKHAL
kapra 3D-OMONPUHTUHTA, HO U OIBIT 3apyOeKHBIX KOJI-
JIET ¥ Pe3yJIbTaThl GroneyaTu B KocMoce. B ¢Boto ouepesn,
npencrasutess HUTY «MUCuCs» @enop CenaTtos mpu-
BeJI UHTEPECHBIE NTPUMEPDI TTPOBEIEHUST OCTEOIIJIACTUKN
B BETEPUHAPUH.

CrenuanpHas 1mporpaMmMa B paMKaX KoH(pepeH-
UK TIpesIarajach sl MOJIOABIX YYEHBIX, CTYIE€HTOB
¥ TIKOJBbHUKOB, B KOTOPOH CBOMM YHUKAJIBLHBIM MEXKIY-
HapOAHBIM oTbITOM Tofeuics aupektop IIIBC «Kune-
THKay, NU3BECTHBIN TPOMBINIIJIEHHBIN Au3aiiHep Bragmmup
[Mupoxkos. Takke ¢ sekmumeint «Kocmuueckas omuccest
po6ora FEDOR, unu Skybot F-850. ITepcrexTuBbl pas-
BHUTHUSI POCCUMCKOM POOOTOTEXHUKN HA 3EMJIE» BBICTYIIHII
onun u3 cospareneir Skybot F-850, mpesuaent Alpha
Robotics Venture Foundation Bragumup Besbrii (Buzeo:
https://vk.com/video-62258607 456239983).

[TpoBoanIvich MacTep-KJIacchl 1O aJJAUTUBHON Tie-
YaTH METAJJIOM M KOMIIBIOTEPHOMY MOAETUPOBAHUIO.
CBOM BBICTABOYHBIE HKCIIO3UIMK TIPEACTABUIN KOMITa-
nun OO0 «Po6ormain», MSC Software, Top 3D Group.
Brlta mpoBeieHa aKcKypeus 1o jaboparopusm HUTY
«MUCuCs u IIIBC «Kunetnkas. 3aBepIin mporpam-

3D-NPUHTUHM HOBOCTW 1 HOBVHKW

Beicraska 3D Print Expo 2019 or Smile-Expo mpo-
xozauna B Mockse B KBIT «CokonbHUKN» 4 U 5 OKTSAOPSL.
TemaTryeckast SKCIO3UIMS W OOIIUPHAS AEI0Bas MPO-
rpaMMa B PEXIME HOH-CTOI TPAJMIIMOHHO ITO3BOJINIIH
HOCETUTEIAM, a uX Ob110 nopsaka 1500 yenoBek, morpy-
3uThcs B Mup 3D-neyaru: monyduTsh nHGOPMAIUIO O HO-
BBIX pa3paboTKax 060pYAOBAHUA M TEXHOJIOTUI, OLIEHUTh
NOCTVKEHUST B TI€JIOM Psijie OTPACJEBBIX TPUJIOKEHUH,
06CYIMTh BOZHUKAIOIIUE 3aa4l 1 TIPOOJIEMbI, TTOPO6O-
BaTh CBOU CHJIBI B MacTep-KJIaccaxX M MPaKTUKyMax.

KopoTko 0 HEKOTOPBIX U3 HUX.
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My TIKOJBI-KOH(EPEHITUN HAY4YHBI CTEeHJan <«Science
Slam Additive».

O HIIBC «Kunerurka» HUTY «MUCuC» xouercsa
CKa3aTh HECKOJbKO OTHEJbHBIX CJOB. DTO YHUBEPCAJb-
Has BBICOKOTEXHOJIOTMYHAS TIJIOMIAKa M BBICOKOIIPO-
(peccronasnpHast KOMaHza, B TOPTGOINO KOTOPOI BXOIST
JIN3aMH-KOHIIETITHI, PeaJM30BaHHbIE TPOEKTHl W MaJible
cepuu JJs1 TPAKIAHCKON M BOEHHOW aBUAIlUM; KOCMOCA
(MHTEpbEP M DKCTEPbEP IUIOTUPYEMOI0o KOpabiist HOBO-
ro nokosenust «Dexepanusi»); MAITMHOCTPOEHNUS; BOEH-
HO-IIPOMBIILIEHHOr0 KoMILIeKca (boeBast epCleKTUBHA
AKUNNPOBKA «PaTHUK-3», CTpesKoBoe opy:kue, BKIOYAs
NPUHATHII HA BOOPYKEHHE IINCTONET <Y AaB» ); GUOHUKU
u 6roMenuIuHbL (yCTPOMCTBO st uTeHus MbicJiei « Heil-
pouar» — KOMMYHUKAI[MOHHAsI CeTb HA OCHOBE MHTEp-
(beiica MO3T—KOMIIBIOTED) U JIasKe TTPOEKT IEPCOHATILHOTO
a9POMOGUIISI ¢ BEPTUKAJIBHBIM B3J1eTOM — 3D-TpaHcropT
OyaylIero — WHHOBAIMOHHBIM IIPOEKT OIePesKatoIero
PasBUTHUsL, KOTOPbIiL B OyAyLIeM A0KEH CO34aTh OCHOBY
JUIST IOMUHUPOBAHUS CTPAHBI.

B mmanax opraHm3aTOpOB €XKEro/lHOe IIPOBe/leHne
MEKIYHAPOJTHOU TTKOJIBI-KOH(MEPEHIIUNA W, HECOMHEHHO,
JUIsl MHOTMX OHO CTaHeT 00s3aTesIbHbIM B paboueM pac-
MTACAaHWH.

Caiim wxonvi-Kongepenyuu 3d.misis.ru

Kommanusi SIU System mokazana uwosbsiii 3D ¢do-
TOMOJIMMEPHBIN TIPUHTEDP TIOJBCKOTO TMPOU3BOIUTEIS
Zortrex Inkspire (puc. 1), paboTafoIuii Mo TEXHOJIOTHH
UV LCD (o6sactb ocrpoenus 74x132x175 mm, Tosmu-
Ha CJIOST — 25 MKM).

Ha crenne xommanuu «I[BeTHOV MUpP» MpeCTaBUIA
Raise3D E2 — nosbiit FDM 3D-npunTtep ¢ nByms Hesa-
BUCHUMBIMH 3KCTpyZepamMu (puc. 2), KOTOPBI KOMITAHWS
Raise3D nosunuonupyer Kak MUJIOTHYIO CUCTEMY B HO-
BOM MOJEJBHOM psijie, PaspabaTbiBaeMOM II0J KOHKPET-
Hble cdepbl TPUMEHEHWsT, MATEPUAJbl U TIeJIEBbIE ay/IU-
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topun (pabouast 30Ha: 330%240%240 MM, TOJIIUHA CIIOS
ot 0,01 MM, CHHXpOHHAsI TI€YaTh).

Kommanust  «/latraKpunrt» nemoncrpupoBanma 3D-
npunrep Createbot Super mini (puc. 3), 3auHTepecoBaH-
HOCTb K KOTOPOMY TIPESK/IE BCETO MPOSIBIISIOT TIPEJACTABU-
T yueOHBIX 3aBeIEHNI 1 TBOPUECKAST MOTOEXD. Ero
xapakrepucTuku: Bec 3 kr, rabaputbl 180x180x230 mm,
ceHcopHoe ynpasieHue. Kak yTBep:KIal0T B KOMIIAHUM:
MIPOCTOM, HAJIESKHBIN, KOMITAKTHBIH, JIETEBbIT.

Hogsas BbicokoTeMITepaTypHas ycTaHoBKa «JIapeiry —
OJIVH 13 TIEPBBIX 00PA3IIOB AUBEPCUMDUKAINHY JIESITETLHO-
ctu «KOHCTPYKTOPCKOTO O0PO CHENUATBHOTO MAITMHO-
crpoerusi» (AO «<KBCM») — puc. 4. Ona npeHasHaueHa
st opMUPOBaHUSI 0OHEKTOB U3 TIOJNMEPHBIX MaTepUa-
JIOB, B TOM YHCJIEe TYTOIJIaBKUX, UMeeT IPOCTOPHYIO KaMe-
py 300%300%400 MM, ckopoctb nieuatn — 120 mm/c, crio-
co6Ha paboTath ¢ pasiudHbIMU TwiacTukamu. B 2020 r.
MPUHTEP TIAHUPYETCS 3aMyCTUTD B CEPHIO.

Z-Bolt X — FDM-npunrep mas MyJbTUMATEPH-
aJIbHON Teyatu ¢ 4 sKcTpyaepamu (puc. 5) — HOBHHKa
or Kommanuu Z-Bolt, mosBossionias KoOMOMHUPOBATH
I[BETa W MaTepuasbl. XapaKTepuCTUKu: pabodasi 30HA
250%x210%x280 MM, aBTOMaTHYeCKasd CMEHA I€YaTAIONUX
rosioB, pasperienue medatu 50—150 mxm (comro 0,2 Mm),
80-300 (commo 0,4 mm), 100-400 muxpon (comno 0,6 Mmm).
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Ha BoicraBke Z-Bolt ormeuena 3BaHueM «YHUKAJIbHbIHA
MPOEKT TOo/la» KaK KOMIIaHWs, CO3/afolast yCTPONUCTBA
11 3D-11eyatu ¢ OTKPBITBIM UCXOTHBIM KOJIOM.
Kowmmanus «CrepeoTeks, Tak ke, Kak U Ha aBUacajoHe
«MAKC», npezacraBusia 3D-ipuatepnr STE 320 u muO-
rooceBoii STE 520 ¢ WHHOBAIMOHHON TEXHOJOTUEN
5Dtech (puc. 6). Ha 3D Print Expo 2019 textosorus 6bi-
Jia OTMeueHa Harpaioil « THHOBaIlMOHHBIN TIPOEKT rojias.
Hoswrii MOPTATUBHBIHT JIa3epHBIN CKaHep
FREESCAN X7 xommanuu Shining 3D 6ecrpoBognas
Bepcusi (puc. 7), IPeJCTaBIECHHBIN Ha CTEH/IE KOMIIAHUU
«/lumiosib», BecuT MeHbIe 1 KT, UMeeT TOYHOCTh CHUMKA
10 0,03 MM 1 06bemMEY0 ToUHOCTH 0,02 MM + 0,06 MM/M.
Ha crenge xomnanum Prusa Research (Yexus),
opurmansio npeznctaBiasiemoil B Poccun OO0 «Cknan
VMma», mokaseiBasu B pabore FDM 3D-npunrep Original
Pruse i3 MK3S, nosBoJsigioniuii ocyniecTBIsATh 11e4aTh
JI0 5 TIBETOB B aBTOMATHUYECKOM pesknme (puc. 8), a Takke
aHoHcupoBasn nosiBienne B Poccun HOoBOrO SLA mipun-
tepa Original Prusa SL1. V3 3asiBleHHBIX [IPEUMYIIECTB
HOBUHKM: TOYHOCTb I€YaTH — MUHUMAJIbHAs TOJIIMHA
cos1 ot 20) MUKPOH, CKOPOCTbD IeyaTn — 6 CEKYH/I Ha CJIOH,
HOJIEPKUBAET CMOJIBI PA3JIMYHBIX PA3PA0OTUNKOB,
Hosunka Mockosckoro 3asoza FDplast — mmactuk
nns 3D-medatn PETG, KoTOpBINT COBMeNaeT mpenmMy-
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mectBa AByX miactukos: ABS u PLA. Ero ocobenno-
CTH: XUMHUYECKasi CTOWKOCTD, YAaPOIPOYHOCTD, XOPOIIIast
MeKCITOMHAS a[ITe31sT, ONITUYECKAsT TTPO3PAYHOCTD I[BETOB
Y TJISTHEIT Ha TIOBEPXHOCTH, JIOMYCK K KOHTAKTY C TTHTIEH.

Komnauuss CADFEM — oduiuaabHblil 1ucTpuObio-
top ANSIS — nipe/icTaBiigia mporpaMMHBIN TPOLYKT JJIst
AIJIUTUBHOTO IIPOU3BOACTBA, KOTOPHI BBI3BAJ GOJIBIIOL
untepec. Pemenns ANSYS oxBarbIBaloT Bce araribl aji-
JIMTUBHOTO TIPOM3BOJICTBA: IIPOEKTUPOBAHWME WU3JIEJINs,
MO/ITOTOBKY T€OMETPHUH U CO3/IaHNE MOAEPKEK, MOJICIIH-
poBanue mporecca 3D-meyaru v TpeacKazanue ommboK
MIPOEKTUPOBAHMS, a TAKKE UCCJE0BAHUE CBOWCTB Mare-
PHUAJIOB U BAJIU/IAITNIO U3/IEITHSI.

B BBICTaBKE TaKKe MPUHSINA yYACTHE TIPOU3BOAUTENN
koMmIiekTytomux st 3D-npuntepoB (HIWIN, «diek-
TPOILJIACT> ), TIOMYJISIPHBIN Kutaiickuii 6pern 3D-pyuek
JER 3D PEN, Kostempx coBpeMeHHbIX TEXHOJIOIMH U 21p.

Hoseitmue pemenus B obnactu 3D-nmedatn ObLiu
MPeJICTaBJIeHbl U B JIEJIOBOH mporpamMme. Ha manesnbHbIX
IMCKYCCHAX 00CYKAAIUCh TEMbI MoepoBanus 3D-me-
YaTH U TOMOJOTUYECKOTO TPOEKTUPOBAHUS, TIOATOTOBKN
CTETNAINCTOB, MPUMEHEHUS AJUTUBHBIX TEXHOJOTUH
B MeIUITNHE, aBUAIINH, I0BEJUPHOM Jieste u p. CraBiive
TPAMUIIMOHHBIMU MacTep-Kaccel 1o 3D-neyaTu, Moje-
JIMPOBAHUIO W CKAHWUPOBAHUIO, pucoBaHUIO0 3D-pydkoi,
OBbLIU IOIIOJHEHbl HOBBIMU IIPAKTUKYMAMHU II0 IIPOrPaM-
muposanuio Python 3, c6opke lego-nabopos u poboro-
texuuke, YI1Y-dpesepoBanmio. [IpoBoanau mpakTude-
ckue 3ansatust PICASO 3D & RangeVision, Roland DG,
JER 3D PEN, mkona mporpamMmmupoBanusi «[exkon»,
Polycent.ru.

Ha «KaAnbpe»

B Texuomapke «Kamubp» 10 oxtsibpst mporwia IV
MexaynapoiHasi KOH(EPEHIUS 10 aJUTUBHBIM TeX-
HosorusaM «Poccust Ha poiHke 3D-1meyaru: coOCTBEHHBIN
IyTh WM TIOOAJBHBIA KOHTEKCT?», OpPraHu30BaHHAs
coBmecTHO ¢ MockoBckum Ilomurexom m MockoBckoi
TOPTOBO-TIPOMBIIIJIEHHON MaJaTO. 3/1eCh MOJIHUMANCH
BOIIPOCHI TOCYZIAPCTBEHHON TIOJJIEPAKKU BBICOKOTEXHO-
JIOTUYHBIX KOMITAHUI ¥ BHEAPEHUS AJIUTUBHBIX TEXHO-
JIOTUIT Ha CHCTEMHOM ypPOBHe, TpaHcdepa TeXHOJIOTHH,
MO/ITOTOBKY Ka/IPOB, THHOBAIITMOHHBIX MO/[XO/I0B K Pa3BU-
THUIO U IIPUMEHEHHIO IIPOrPaMMHOI0 obecnieuenns. boiin
[peACTaBIeHbl HOBUHKHU B YaCTH MaTePHAJIOB U 000pya0-
BaHus Jyist 3D-11evaTH, KaK POCCUUCKUX, TaK 1 3apyOexK-
HBIX KOMIAHWH, a TakyKe YCIeNTHbIe KeiChl, MO3BOJISIO-
e TMOJTYIUTh 3HAUUTETbHBI SKOHOMUUYECKU ahheKT
WJIW PENINTh 32 CYeT BHEIPEHUS aJIUTUBHBIX TEXHOJIO-
TWi HepelaeMble paHee 33/[a4ul. BrICTynuIu pe/icTaBy-
tenu kommanuit: AO «Jlazepubie cucrembr», AO «IlenTp
AIJUTUBHBIX TEXHOJOruil», <«MOCKOBCKUII IIOJUTEXY,
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000 «<®UTHHUK», OO0 «D Ab Yuusepcans, OO0
«Pycatom — ApmutnBabele Texnomormms, ParaMatters
Inc., MSC Software RUS, MAI, OO0 «AnautusHOE
npoussozacTBo», IGA Technologies, Dassault Systémes
SolidWorks Corporation, Z-Axis, REC, Top 3D Group,
Filamentarno, iGo3D Russia, OOO «3JHeproaBanrapm»,
Add Sol, i3D, OO0 «Cospemennoe obopynosanue I'K
COJIBEP, OOO «IIK CITA», «<MUMITPMTHTA».

Kondepentus momosHsamach BBICTABOYHOW 9KCIIO-
suieii. C BUIEO3AITUCHIO MEPONPUSTUS MOKHO O3Ha-
KOMUThCs 110 ccbuike https://www.additive.moscow/
additive_live 2019. Pexomenyro!

Pykosozcrso ITAO «Kanubp» cuuraer, 4to 1posee-
HUe COOCTBEHHBIX OTPAC/IEBbIX KOH(PEPEHIUIA — OIUH U3
HEMHOTHX, HO KpaiiHe BayKHBIX JIJIsI PA3BUTHsI TEXHOTTAPKa
3JIEMEHTOB B3aUMOJIEMCTBHS C PE3UAEHTAMMU.

/1 eLLe..

20 centsiopst 2019 rosa, B CTOJIMYHOM TIEHTPE BBICO-
kux Texuosoruil «Texuonosnuc «MockBa» cocTosIach
ouepenHas BbicTaBKa-KoHbepenis Top 3D Expo 2019
Cenrsi6bpb, opranusosantas kommnanueit Top 3D Shop.
B pamkax BoictaBku «Texnodopym» 23 okTa6ps KoMIIa-
Hueit Rena Solutions 6bLia 10Ar0TOBJIEHA KOH(MEPEHIIHS
«IlepenoBbie pernieHUS ST AAJUTUBHBIX TEXHOJOTHITY,
rJie IPEJICTAaBUTEN PSiia KOMITAHWI TOJIETUINCh CBOUMU
JIOCTVKEHUSIMU U PENIEHUSIMU B chepe MTPOMBIIIIIEHHOTO
MPOU3BOJICTBA. A B HOSIOpE HAC JKAYT He MEHee 3aXBaThl-
Baroue coobITus: KoHpepenius « CoBpeMeHHbIe TEXHO-
JIOTUU TIPOU3BOJICTBA U3/I€JUN U3 TUTAHOBBIX CILIABOB U
WX TPUMEHEHHWE B OTPACJSAX MPOMBIIIJIEHHOCTH. AJIu-
TUBHBIE ¥ 3D TEXHOJIOTUU B MAITUHOCTPOEHU N> B PAMKAX
BBICTAaBKN «MeTaur-JKcno», BeicTaBka formnext B [an-
HOBEpe, YYACTHUKHU KOTOPOH B aHOHCAX 00EIAI0T MHOsKE-
ctBo HOBUHOK, hectuBanib 3D TODAY FEST B Mockse.

AKTHUBHOCTb YYaCTHUKOB W OPraHM3aTOPOB JleJlacT
5TU MEPOTIPUSITHSI <KUBBIMIT», YIOOHBIMU JIJIsT OOIIEHNS,
oOMeHa OIBITOM, MOJYUIEHIS HOBBIX 3HAHUN. AyIUTOPHS
OTYACTH TOBTOPSIETCS, HO JIOKJTAMYUKNA U IKCITOHEHTBHI
IpeIaraioT HOBble TeMbl, IEeMOHCTPUPYIOT HOBBIE Pellle-
HU4, HAXOJAT HOBbIe (DOPMATHI /IS IIPEACTABIEHUS UH-
opmarm. Ilpucoenuusiitecs! ITo nHTEpPECHO! W

0630p nodzomosuna Tamvsana Kapnosa
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Esezenuii Monuarnos, LLC RENA SOLUTIONS

Bce mpeumymiectsa 3D-meuyarn, BocTpeOOBaHHBIE
B TIPOMBITIIJIEHHOCTH, MEIUIIHE, 0OPA30BaHUH, CTPEMU-
TeJIbHO OTKPBIBAIOT /IBepb U B KuHeMaTorpade, Tie JaioT
BO3MOKHOCTB CO3/1aBaTh MaKeTbl U TEXHUYECKUE pelle-
HUS JIJIST CheMOK CaMbIX CJIOXHBIX 3dekToB. Tpexmep-
HOE MOJICJTUPOBAHUE [TO3BOJISIET YBUAETH OYAYIIYIO CIIEHY
el JIo0 ee U3rOTOBJICHHUS 1 TIPOPad0TaTh IJIaH ChEMKH.

B mpormecce cosmanus ¢uabma Tpebyercss M3TOTo-
BUTb OIPOMHOE KOJIMYECTBO 3JIEMEHTOB, Iepealolux
3puresio arMmocdepy, B KOTOPOH MPOUCXOANT IeHCTBHE.
OTpabaTbiBalOTCS CIIEHBI ¢ MOHCTPAMU UJIH TIEPEAOTCS
JIeTaJIN UCTOPUYECKON STOXH — Be3Jle HeIPEMEHHO HYX-
HBI (pu3MUecKre MpeMeThl, KOTOPbIE SBJSIOTCS BU3UT-
HOH KapTOuKol (puabMa. KWHOMHAYCTPUS TPaUIIMOHHO
TpeboBaTesbHA K AETAJSIM, OCOOEHHO BaKHO KAyeCTBO
TIOBEPXHOCTEN Mojiesiel, UCIOJb3yeMbIX I CHEMKH,
Be/lb OHW BCETAA SBJSIOTCS MPEAMETOM IMPUCTATBHOTO
BHUMaHM. OIHAKO BaXKHO HE TOJIBKO MTEPeIaTh 3aMbICET
peskiccepa, HO ¥ He TPEBBICUTH Orosker Guibma. Kask-
JIbI{, KTO HAUWHAET 9KCIIEPUMEHTHPOBATh C HOBBIMU TeX-
HOJIOTUSIMU ¥ PEIIEHUSIMU, JIOJKEH OBITh YBEPEH, UTO 9TO
He TTOTpebyeT MONOJHUTETBHBIX 3aTPar.

3D-nieuaTh AT BO3MOKHOCTD BOIIJIOTUTD CaMble CMe-
Jpie 3axymku. Hampumep, mpu cbemiax ¢uiabma First
Man #crmosb30BaMCh YMEHBIIEHHBIE MOJIEN KaTICyJIbl
Apollo 11 u pakersl Saturn V, mo3BoJIMBIINE CHUMATb
CLIEHbI B MUHUATIOPE 6e3 CII0KHBIX HATYPHBIX IEKOPAITHIA.
Ownu 6wt cosaanst Ha 1Byx 3D-nipunTepax BigRep One
MeHee UeM 3a MeCTb MECATIEB.

TexHOTOTMYECKNE UHHOBAIUY [T CheMKH CIIeH, HC-
MI0JIb30BAHNE PA3TMYHBIX MTPOTPAMMHBIX TIPOJYKTOB, 1O-
3BOJISIONINX BU3YAJIH3UPOBATh IIPOCTPAHCTBO, JAAI0T BO3-
MOJKHOCTb CJIeJIaTh KaXK/Iblil (DUJIbM He TOJIBKO IIeJIEeBPOM
HCKYCCTBA, HO U TEXHUYECKUM IIeIeBPOM. AJTUTUBHBIC
TEXHOJIOTUH MTO3BOJISIFOT 00ECIIeYnTh JII0OYIO CIIeHY Heo0-
XOJMMBbIMU HATYPHBIMKH OOpaslaMH CaMOTO BBICOKOTO
KayecTBa B MUHUMAJIbHBIE CPOKU, OPTAHUYHO JOTIOTHSS
Bo3MoxkHOoCTH 3D-rpacdmkn. OpHuM U3 MepBBIX TPU-
MepOB KCIOJb30Banust 3D-1ieuatt GbLIO M3TOTOBJIEHUE
nemoropronoB cryaueit Aaron Sims Creative, kotopas
U3rOTOBMIIA 00pasisl [jist huibMa «OueHb cTpaHHbIE Jie-
aa» (puc. 1). Ipyrum npuMeHeHneM SBJISIOTCS aHUMAIN-
OHHBbIe MYJbTGOUIBMBI, HanpuMep «KocMudeckwnii mupar
XapJiok», 1151 KOTOPOTO OBLIN U3TOTOBJIEHBI MOJIEJIH C HC-
nosib3oBanreM 3D-tipunaTepa EnvisionTEC. Texnonorun
3D-mevyaru 1Jist CO3MAHUS MYJIbT(HUIBMOB TPHOOPETATOT,
BO3MOJKHO, Jake OOJBIIYI0 aKTyaJbHOCTb, MOCKOJBKY
TpebyIoT GOJIBIIEr0 KOJUYECTBA EKOPALIUIA.

[TpumeuaTespHa UcTOpUS UCTIONb30BaHus 3D-nieyarn
crynueir Aaron Sims Creative (www.aaronsimscreative.
€Oom), KOTOpas CHayaa BBIMOJIHsIA PABGOTHI 10 U3TOTOB-
JIEHUIO MaKETOB y MAPTHEPOB, MOTOM TIPHOGPETA TIEPBbIiT
3D-mpuHTEp U TOCJAE0BATEIBHO Pa3BUIa COOCTBEHHbIE
KOMIIETEHITUH TI0 U3TOTOBJIEHUIO MAKETOB.

[l Bcex OYEBMIHO, YTO WHAYCTPHUS DPa3BIEUEHUIT
CTajla CAMOCTOSITEIbHBIM CErMEHTOM pbiHKa 3D-1mevary,
U Mbl YBUIUM B OJIVKAIINe TOABI CTPEMUTETBHOE €ro
Pa3BUTHE B HOBBIX TIPOEKTAX. W

Puc. 1. ITeuamv /lemozopzona: cosdanue yudposoii 3D-modenu,

neuamv modeau na 3D-npunmepe Form 2, dopabomia usdenus. @omo: https.//formlabs.com
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[pynna [Rosler paclumpsieT CBOV BO3MOXMKHOCTV

ITox 6psrgom AM Solutions rpynma Rosler o6be-
JUHSET BCIO JIESITENbHOCTD, CBSI3AHHYIO C AAMUTHBHBIM
IIPOU3BOACTBOM. K HMMeIolemMycst acCOPTUMEHTY yCIyT
10 TToCJIeIyoreli 06paboTKe HarleyaTaHHbIX Ha 3D-1puH-
tepe getaineii (nogpaszpenenue AM Solutions — 3D post
processing) ¢ ceHTAOps pobaBuanch ycayru o 3D-e-
yaru. Co3[JaHHOE CIIEIMAJBHO [IJIsI 9TOTO MPEPUsTHE
AM Solutions S.r.l. HaxoguTcst B Vitanuu u npeziaraer
MUPOKUH TakeT yeayr B obmactu 3D-nmeyaru: oT nmpoek-
TUPOBAHUS U CO3/IaHUS JleTasel 10 X MeXaHU4eCKOH 110-
crenytoreit 06paboTku, GUHUIITHONW 00pabOTKH TOBEPX-
HOCTH U KOHTDPOJIS Ka4ecTBa.

OHUM 13 TTPENMYIIIECTB AJITUTHBHOTO CIIOC06a TPO-
U3BOJICTBA, GIarofiapsi KOTOPOMY OH HAXOJMT MpUMeHe-
HUE BO BCe GOJIBIIEM KOJUUYECTBE OTPACI]Eil, SABJAAETCS
BO3MOKHOCTH ITPOU3BOJICTBA T€OMETPUYECKH CJIOKHBIX
neTasell, KOTOpble He MOTYT OBITh TONYYEHBI B PE3YJIb-
TaTe CTAHAAPTHOIO IIpollecca WJIM K€ U3TOTaBJIUBAIOT-
€4 ¢ BBICOKMMM 3aTpaTaMy. B aBuaiuu, B MeJUIIMHCKON
TeXHUKE, B AaBTOMOOMJIBHON WHIYCTPUY U IPOU3BOJICTBE
UHCTPYMEHTOB, a TAKKe B APYTUX 00JACTIX HEMPEPHIBHO
pacTeT CIIpoC Ha JIeTaiu, HalledaTanHblie Ha 3D-ipunTepe.

ABTOMET/31POB3HHbIN TEXHOAOTUHECK NpoLeCC

C moMOmpbI0 COBPpEMEHHBIX WHCTPYMEHTOB (Ha-
npumep, cpenctso Mozenuposanus Altair, IO CAIIP
Siemens NX 1 GOM 3D-Scanner Atos) u psitom HOy-Xay
OKCIEPTHI IPEANPUITIS CIEAIT 3a TeM, YToObI ¢cBOGOIa
BBIOOpA JIEHCTBUI 1 BO3MOKHOCTEH 3D-11euaTut UCIOIIb-
30BAJINCH IS TTOCTABJEHHBIX 3aad HAWIYJIM oGpa-
3oM. IIpm aToM He MMeeT 3HAUEHWS, UAET JIM PeYb O pas-
paboTKe MOJHOCTHIO HOBOW KOHCTPYKIINU KOMITIOHEHTOB,
0 penu3saiile CyIIeCTBYIONINX JeTanell s aIuTHBHOTO
[IPOU3BOJICTBA, O KOHTPOJIE KOHCTPYKIIUU MJIN OITUMU3a-
IUN.

KoMToHEHTBI TevaTaloTcs M3 HepsKaBelomiell cTasu,
aTioMUHUS U TUTaHa. [Ipyu aTOM IpuMeHseTcs Takoe Tie-
peznoBoe obopynosanue, kak EOS M 290 ¢ paboueii 30-
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ot 250%250%325 mM. IToHOCTBIO aBTOMaTH3MPOBAH-
HBII TIPOIIECC U3TOTOBJIEHHS TAPAHTUPYET BBICOKYIO TOY-
HOCTh U HEU3MEHHOE KAueCTBO.

B ciyuae HEOOXOMMMOCTH MOCTIEAYIOIIAsS MeXaHUUe-
ckast 06paboTKa MTPOBOAUTCS OIBITHBIMU COTPYAHUKAMIU
AM Solutions — 3D printing services Ha COBPEMEHHOM
000pyIOBaHNH, KaK, HallpUMep, 5-0ceBoii (pesepHblii
cranok DMU 50 or DMG Mori.

[NocreAayioLLas obpaboTka

Jlist ocnenyotieir 06paboTKK Aetaieil — oT yuase-
HUS TOZIEPAKUBAIOIINAX CTPYKTYP /10 CTIKUBAHWS U TI0-
JINPOBAHMS TIOBEPXHOCTEN — MPENNPUATHE TIPUMEHSIET
PasJInYHbIE TEXHOJIOTUU U TIpOTiecchl. [IJ1s1 pelieHust 1aH-
HBIX 37124 MTPEJIATAeTCsT TIOJTHBIN CIIEKTP YCIYT, Tpeiia-
raembix AM Solutions — 3D post processing. IliorHas
coBMecTHast paboTa aeT psijl IpeuMyiecTs. Tak, Hapu-
Mep, B IPEAABEPHUH (ha3bl TPOEKTUPOBAHUS ITPOBEPSIETCS,
BO3MOJKHO JI PEaM30BaTh BCe TPeOOBAHMUS KJIUEHTA OT-
HOCHUTEJIbHO KayecTBa OTAENKH IOBEPXHOCTU MU HEOO-
XOJIIMa KOHCTPYKTUBHAsT J0paboTKa 000pyI0BAHMSI.

B 3aBucuMoCTH OT TOCTAHOBKM 33/1a4M BO3MOKHA
Tak)Ke ONTUMH3AIUS CYIIECTBYIONINX IPOIECCOB WJTH
TEXHOJIOTMYECKUX cpeAcTB. Hamm 3HaHUS U OIBIT B 06-
Jlacti 06pabOTKY IIOBEPXHOCTHU IIOMOTAIOT U36EKaTh IIPO-
6J1eM 110 JOIOJIHUTENbHOI 00pabOTKe 1 TEM CaMbIM CIIO-
cob6cTByeT 3G GEKTUBHOMY afIUTUBHOMY HU3TOTOBJIEHUIO
nmetasieil. B 3aBepiiieHUn TPOBOANTCS KOHTPOJIb Ka4ecTBa.

ZIOHOJIHI/ITEJH)HyIO I/IH(l)OpMaLII/HO MOJKHO ITIOJTYYUTD,
O6paTI/IBIHI/ICb 110 aZipecaM:

AM Solutions S.r.l.

3D printing services

Via dell’Artigianato 39
1-20863 Concorezzo (MB)
Tea. +39 (039) 61-15-21
info@solutions-for-am.com
www.solutions-for-am.com

000 «Pecnep PyccnaaHa»
Pd, MO20, r. Mocksa,

yA. BopoBas, A. 7, cTp. 4
Ten.: +7 (495) 247-55-80
E-mail: rosler-ru@rosler.com
www.rosler.com
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3-1 YAbSIHOBCKUA TEXHOAOMNHEeCKIIA
cmvnosinym DMG MORI

TexHoAorn4eckii
CMMNO3NYM

ANGT POCCUINCKNX
33Ka34MKOB

[Tocie ycriexa mepBbIX JIBYX TEXHOJIOTUYECKUX CUMIIO-
3UyMOB Ha YJIbSHOBCKOM CTAHKOCTPOUTEJBHOM 3aBOJIE
kommanuss DMG MORI npoBesia 3-if TeXHOJIOTHYECKUI
CUMITO3UYM. UeThIpeX/IHEBHOE MEPOIPUSTHE TOCETUIIN
6osee 700 yestoBek. B 5TOM roy CUMIIO31YM IIPOILEJ IO
arugiol MUHMCTEPCTBA TIPOMBITIIEHHOCTH W TOPTOBJIN
Poccun. A ueTBepTBIi CUMITO3UYM YiKe BKJIIOUEH B Iepe-
YeHb OCHOBHBIX MEPOTIPUATHI (pe/iepaibHOTO BEIOMCTBA.

HacpimeHHas [ejioBasi IporpaMma BKJIOUYaia B ceOst
MPaKTHUYeCKNe CEMUHAPBI, TPE3eHTAIlUN, & TAKKE aHeb-
HbIE JINCKYCCUU, HA KOTOPBIX CIIEIMATUCTBI OTPACIH T10-
JEJIINCh CBOMM OIIBITOM M OOCYAMJIM BOIPOCHI BHIGOPA
ONTUMAJIbHBIX PellleHuii /it ToBbimeHus 3(hGeKTUBHO-
CTH ITPOU3BO/ICTBA, 9KOHOMUYeCKU 3(hDeKT OT pumeHe-
HUST YMHOTO 000PY/I0BaHMsI, BOIIPOCHI IOUCKA 1 00YUEHUST
KaJpoOB, ajIUTUBHOE IIPOU3BOJCTBO, PEIleHus B 00Ja-
CTU a9POKOCMUYECKON U aBTOMOOUJIBHOW IIPOMBIIILIEH-
HOCTH.

I[lo Tpaguuuu B3aKTIOUUTENBHBIA /I€Hb CUMIIO3UY-
Ma OblLJI IIOJIHOCTBIO IIOCBAIIEH 0Opa30BaTeIbHLIM pe-
mennsiM Axkagemun DMG MORI. B astor nenn Yibs-
HOBCKHUI CTAaHKOCTPOUTEJIbHBIA 3aBOJ IHOCETHIN OoJiee
100 cryzseHTOB KOJIEKEN, TPOPECCUOHATBHBIX YUNJIHII]

Puc. 1. Cmanxu ECOLINE poccutickozo npoussodcmea menepn

nocmasJisAomcs ¢ HO6biM NYJAbMOM Ynpaesienusd C MYJibmuceHCoOpHobiMm

axpanom DMG MORI SLIMline ¢ cmandapmmoi Komniexmayuu
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u yuuBepcuteroB I[loBoskbga. C 2013 roma komnanus
DMG MORI sBasercs reHepaJbHBIM MAaPTHEPOM [[BU-
xenust WorldSkills 8 Poccun, a 8 2019 roxy npousBou-
TeJb CTAHKOB CTAJ TUIATHHOBBIM TMAPTHEPOM 45-TO YeM-
muonara WorldSkills, mocrasus 45 exunuir 0o60pyaoBa-
HUS 1711 MUPOBOTO ueMmonara B Kazanu. B csisu ¢ aTum
60JIbIIIOE BHUMAHUE HA MEPOTIPUSTUY OBLIO YIETEHO CO-
TPYIHUYECTBY KOHIlepHA ¢ aBmkerreM WorldSkills.

Cepurg ECOLINE

[MenTpanbHoe MecTto 3Kcno3uimu craHkos DMG
MORI B pa6ore sansia auneiika ECOLINE B o6HoB-
JIEHHOM JIN3aifHe U ¢ HOBBIM MYJIbTHCEHCOPHBIM ITyJIbTOM
yupassetust SLIM/ine.

JanbHeiimas pa3paboTKa OTEYECTBEHHBIX CTAHKOB
0cOOEHHO 3aMeTHa B KOHCTPYKLuU. Vcmob3oBaHue Me-
TaJljla BMECTO IIOJMKAapOOHAaTa IJIs KOPILYCOB CTAHKOB Je-
JIAeT TIepeIHue MmaHeau 6oJiee IPOYHBIMH.

DMG MORI Ttakske TO3UIIMOHUPYET MAHETN yIIPaB-
JleHus Kak 6ojiee apronomuynbie. [lanesr DMG MORI
SLIMline ¢ 19-110iMOBbIM CEHCOPHBIM JUCILICEM TIPE/-
cTaBjisieT co0Oi CJeAYIONMiA 1ar A COBPEMEHHOIO
nmoJsib3oBaresst. [IpakTUUYHBIN ¥ HPrOHOMHYECKU ONTH-
MU3UPOBAHHBIN  19-1101IMOBBIIT  CEHCOPHBIN  JUCTLIEN
€ MaKCHMaJIbHBIM Pa3pelieHreM U IUaa30HOM TI0BOPOTa
45 Tpa;ycoB 00eCeUYnBaET CYIIECTBEHHBIE MPEUMYIIle-
CTBA JIJIST TIOJTb30BATEIS:

++ BoicTpas u yao6Has QyHKIM MacIITaOUPOBAHMUSL.

++ HajnesxHoe ceHCOpHOe yITpaBJieHe.

++ YBennuennbiii 00beM namsatu 4 T6.

++ Boeibop mporpamm: yBesudeHve (HyHKIIMOHAIA
3a CYeT MOJKIIOYEHUS JIOKAIbHOTO MuckoBoja/USB-Ha-
KOTIMTEsT/CEeTH.

++ Muorosazaunag 06paboTKa: BbIOOP PEKUMOB
CBEpJIEHUsI — TJIyXOe CBepJIeHUEe/CKBO3HOE CBEPJIEHUE,;
[IpPOrpaMMUPOBAaHUe € HOBOH TEXHOJIOTHEH TIIyOOKOro
CBEpPJIEHNSI.

++ VcrosiHeHe ¢ BHEIITHETO HAKOMUTEIS: OTOOpasKe-
HU€e ¥ COXPaHeHUe JOMOJTHUTENbHBIX (pailjioB B hopMaTax

HTML/PDF/BMP/JPEG/DXF B cucteme UIIY.
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++ PacimmpeHHblil peKUM MOJIETUPOBAHUS: OTIpejie-
JIeHUE NHCTPYMEHTA TIPU 3aKUMe; TTapaJsijiesibHasT 3a1Ch.

++ DMG MORI SMARTKkey: nepcoHaibHast aBTOpH-
3auus u gonoauuteabibiii USB-nakonurens (8 T6).

++ Voayumenne o630pa Osarofapst 9KpaHy AUaroHa-
apio 19",

++ Texnosnorust 3D-ympaBieHus: cCUMYJIAUA 00pa-
GOTKM MHCTPYMEHTOM C IIOMOIIBIO CEHCOPHOTO yIIPaBJIe-
HUSL.

++ OnTUMU3NpPOBaHHASI H9PTOHOMUKA: JUATIA30H T10-
BOpoOTa 45°.

HoBblii mysibT yripaBjieHUs] BKJIIOYEH B CTAHAAPTHYIO
komiutekranuio crankoB ECOLINE 6e3 ysennuenus cro-
WMOCTH.

TexHoAorHecKkme U/KAbI

TexHonornHeckyie UkAbl DIMG MORI ynpowaioT
NPOrpaMMMPOBaHVe 0BpPaboTK 1 NO3BOASIOT
P3LIMOHaAM3MPOBATHL NPOLIECC NPOV3BOACTBA

C 1OMOIIBIO 3THX IUKJIOB JlaKe CJOKHBIE dTaIlbl 00-
pabOTKKM MOTYT [POrPaMMHUPOBATHCS HENOCPEICTBEHHO
Ha MyJIbTE CTAaHKA € TIOMOTIHIO TUATIOTOBOTO MEHIO My TeM
BBOZIAa TIapaMEeTPOB. JTO HATJSAIHBIN, WHTEPAKTUBHBIN
U yIOOHBIN IS ollepaTopa crocob MporpaMMUPOBAHNS,
KOTOPBIN TPUBOJINT K 3HAYNTETbHON AKOHOMUU BPEMEHU
[IPU TTPOU3BOJICTBE.

Tenepp komnanmss DMG MORI Taxke npenmaraer
HOBBIE TEXHOJOTUIECKHE ITUKJIBI JIJIT CTAHKOB JIOKAJILHO-
ro mpousBozacTBa: MPC 2.0, «IIlepemerHast cKkopocTh Bpa-
menns» u 3D quickSET.

Texnosmornuecknii kg MPC 2.0 — «3amura cran-
Ka OBICTPBIM OTKJIIOUEHHEeM». JIaHHBIN MK KOHTPOJIM-
pyeT BUOpAIMio M KPYTSIUN MOMEHT BO BpeMst paboThl
u obecrieunBaeT ObICTPOE OTKJIOUEHKE B CIydae aBapui.
ITO yMeHbIIaeT yiiepd OT MOBPEKICHUS, a TAKKE PHUCK
MOJIOMKHW MHCTPYMEHTA ¥ TTOBHITIAET 9KCILTyaTaIlTHOHHYIO
TOTOBHOCTH CTAHKA.

Texunonoruueckuit 1ukn <«lIlepemennas ckopocThb
BpailleHus» paboTaer ¢ IJIaBHBIM LIITMHJENEM M KOHTp-
MITMWH/IETIEM WJIN, B ciaydae (pe3epHbIX CTaHKOB, C TO-
KapHO-(bPE3EPHBIMU  CTOJIAMH € TPSIMBIM TIPUBOIOM.
AmanTanus CKOpOCTH BpallleHUsI I03BOJsIeT u30exkarh
puGpaiuu. TakuMm 006pasoM IOBBIIAETCA 0e30I1aCHOCTh
nporecca 06pabOTKH, HAIPUMEP, HPH HCIOJIb30BAHUU
JUTMHHBIX TOHKHUX cBepJ. [lepemeHHO# CKOpPOCTBIO Jier-
KO YTPAaBJSTh C MOMONIBIO TPEX MapaMeTPOB, JTOTIOJTHU-
TEJIbHBIX JaTYMKOB He Tpebyercs. He Tpebyercst takxe
BMeEIIATEThCTBA OTIEPATOPA B PYYHOM PEKUME, TIPU 3TOM
UK 00eCcIleYnBaeT OAMHAKOBYIO IIOBTOPSIEMOCTD JJIsI
BCEX KOMIIOHEHTOB.

Tpernii HoBBIH TexHosornYeckuil kg DMG MORI
HazbiBaercst 3D quickSET — 3TO KOMILIEKT MPUCIIOCO-
GJIEHUI 11T TPOBEPKU U KOPPEKTUPOBKU KWHEMaTHJe-
CKOI TOYHOCTH CTaHKAa B 4-X W 5-OCEBOM HCITOJHEHUH,
JI71ST BCEX BapMAHTOB UCTIOJIHEHUS TOJIOBKY U cTosa. [luka

AAANTVIBHBIE TEXHONOI N / 4 @ 2019

Puc. 2. Komnanus DMG MORI maxoice npednazaem noswvie
mexnonozuueckue yukivt 0as cmankoe ECOLINE noxanviozo
npoussodcmea: MPC 2.0, <Ilepemennas ckopocmo
spawenusi> u 3D quickSET

npejilaraeT MepuoMYecKyi0 MepekaInbGpoBKy CTaHKa
C TIOJTHBIM JIOKYMEHTHPOBaHUEM JAHHBIX U BBICOUYANIITYIO
KIHEMaTUYEeCKYI0 TOYHOCTh CAMOHACTPOMKH.

PeleHrs N0 aBTOMTU38UMN OT OAHOIO MOCT3BLLNKS
Pa3paboTka 1 BHeApeHVie peLLieHi N0 aBTOMaTU3aUUN
Ha YABSIHOBCKOM CTaHKOCTPOVTEABHOM 38B0AE —

OT TeXHNHeCKOro KOHCYABTVPOBaHS 1 DIOAKETPOBEHIS
AO PeaA3aLn

Periernst B 06J1aCTH aBTOMATH3AIIUU SIBJISTIOTCST [1JIsE
kommannun DMG MORI katoueBbIME aclieKTaM¥ ITep-
CIIEKTHBHOTO CTaHKOCTpoeHust. CTaHKU, OCHAIIIEHHBIE aB-
TOMATHU3AIMEN, SBISIOTCS 00s13aTEBbHBIMU COCTABIISIIO-
mumMu U PoOBOTo 3aBO/IA,  3HAYUT, GE3 HUX HEBO3MOKHO
MPEJICTABUTH COBPEMEHHOE WHTEJLIEKTYaJbHOE CETEBOE
npousBojicTBo. Kommanus DMG MORI npoposmxkaer
cunTarh IUGPOBU3AINIO CTPATErMYECKNM HAlpaBJie-
HUEM, uMmeiomuM Gosrbioe 6yaymee. Kak u Bce 3aBozb!
KOHIIEDHA, 3aBOJ] B YJIbTHOBCKE TaKXKe UIPAET BAKHYIO
poJib B pa3paboTKe ¥ BHEIPEHUU PEIIEHUN 110 aBTOMATH-
3anuu. /lnamason mpeparaeMbix 3aBOJOM YCJIYT JOCTA-
TOYHO IIMPOK: OT TEXHUIECKUX KOHCYJIbTAIUN 1 pacyera
3aTpar 0 BO3MOKHBIX MOAUMDHUKAIMI HCIIOTb3YEMbBIX
CTAHKOB, BKJTIOYAs YCTAHOBKY M BBOJI B 9KCILITyaTaIlHIO.
IKCIIEPTHI B Y IbSTHOBCKE IIPEJIATAIOT U APYTHE PeLIeHuUsT
0 OTITUMU3AIMY ITPOU3BO/ICTBA, OCHAIIIEHNE WHCTPYMEH-
TOM 1 00ydeHne poOOTOB, TAK UTO 3aKA3UUKHU MOIYUAIOT
KOMILIEKCHOE PEIeHHe 110 aBTOMATU3AIIUN OT O[HOTO TI0-
CTaBIIHKA.

[TponsBoauTENb CTAHKOB MPEACTABUJI HA YJIIbSTHOB-
CKOM TEXHOJIOTUYECKOM CHMIIO3UyMe J-0CeBoil Gpe-
3epHblii oOpabarsiBaromuii nentp DMU 50 ¢ manumy-
asaropom naser PH 150 u TokapHo-dbpe3epHbIiil 11eHTD
CTX beta 800 TC ¢ aBromarusanueii Robo2Go. Manu-
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Puc. 3. PH 150 nossonsem pasmecmums 0o 24 nanem.
Maxcumanvrviii pasmep narem @ 500%500 mm
¢ 6ecom 3azomoeku 0o 250 xe.

nyastop nager PH 150 paspaboraH st moiadyu U Ha-
KOIJIEHWST 3arOTOBOK pasmepoM a0 500%500x350 mm.
3akUMHasl CHCTEMa € HYJIEBOH TOYKOH obecrieunBaet
BBICOKYIO TOYHOCTH TOBTOPHOTO 3a:knMa. Po6oT BToporo
nokosennss Robo2Go ¢ MozysieM 3arpysku U JaTYMKOM
6e30MmacHOCTH pa3paboTaH CIEIHUATBLHO /ISt THOKOTO UC-
OJIb30BAHMSI C TOKAPHBIMU IIeHTpaMu U GJIaroapst CBo-
eil OTKPBITON KOHCTPYKIUU 0OecIieYrBaeT dProHOMMY-
HBII IOCTYII K CTAHKY.

DMG MORI Takke mokaszan yHU-
BepcaibHbIl  TOKapHbI crtanok CTX
310 ecoline B xadectBe mpuMepa s jie-
MOHCTPAIUH OIbITA BHEAPEHIS AaBTOMATU-
3a1MU B Y JIbSTHOBCKE.

AANNNTUVBHOE MPOV3BOACTBO:
HeTblpe NOAHbIE TEXHOAOTUHeCK e
LenOHKM AASI BAAUTUBHOIO NPO3BOACTBE
C VICNOAB30B3HMEM COMAS NOASHY
MOPOLLIKE 1 NOPOLLKOBOW KaMepbl

Ve Ooiee TATH JIET KOMIAHUS
DMG MORI ycremHo mpezncTaBisier
Ha PBIHKE TEXHOJIOTMIO COYETAHUSI CBap-
KU JIa3epHON HAIJIABKON U pe3aHusi Me-
tajma Ha crankax cepun LASERTEC 3D
hybrid. B ponojHenune K paspaboTkam
B obsacTé TUMPOBBIX TEXHOJOTHH IJIsT
TPAAUIIMOHHOTO TIPOU3BOACTBA KOMIIAHUS
DMG MORI Takke crana TpousBOAU-
TeJeM TIOJMHOM JIMHEHKH 0060pyI0BaHUs
UL QJUINTUBHOTO TPOU3BOACTBA. B Gm-
JKalliie TOABI OKHUpaeTcst OypHOe pas-
BUTHE AIAUTUBHBIX Texnosoruit. Ho aTo
He CTaHeT HEOXWIAHHOCTBIO [ KOM-
nanun DMG MORI ¢ yyerom smneiikn
obopyoBanus B 9Toil obaactu. B To Bpe-
Mg kak LASERTEC 653D mnpennasHa-
YeH HUCKJIIOYUTENbHO JIJIS CBApKH Jia3ep-
HOUW HamJIaBKON B KavyecTBE JIOMOJHEHUS
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Puc. 4. C Robo2Go 2-20 nokorenus
MOJNCHO PAbOMAM® UHMYUMUBHO
6e3 Kaxux-1ubo CneyuaibHoLx
SHANUILL NPOZPAMMUPOBAHUS
pobomos.

K uMelommMcs obpabarbiBaomiMM LEHTPaM B Iexe,
cepusi LASERTEC SLM 2-T0 IOKOJICHWS paCIUPSIET Ju-
HEWKY TPOAYKINH, BKIIOYMB TEXHOJOTHIO CEJIEKTUBHON
JIa3epHOI TIJIaBKKU B TIOPOIITKOBO# Kamepe. /IBe mocien-
HUe CEPUU TaKKe MOKHO KOMOMHUPOBATH € OTAEIbHBIMU
00pabaThIBAIONIMMU IIEHTPAMU U TOKAPHBIMM CTaHKaMIM
n3 smueliku DMG MORI, uto6bl co3gaBath HOBBIE TEX-
HOJIOTUYECKUE 1IETTOYKH.

Puc. 5.

Puc. 6. /[nst addumuernozo npoussodcmea 6 nOpoOuLKo8oU Kamepe

xomnanus DMG MORI npednazaem cmanox LASERTEC 30 SLM 2-z0 noxonenus
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CrienuasibHO [Jist TPUMEHEHUsI B CEJIEKTUBHOI J1a3ep-
ot rmaBke komrnanusgs DMG MORI npennaraer noBoe
nporpamMmmuoe obecrieuerne «Optomets. OHO uMeer aji-
TOPUTMBI CAMOHACTPOUKY U 0OYUEHUsI, KOTOPbIE PAaCCUh-
TBIBAIOT HEOOXOANMBIE MTapaMeTPhl CEJEKTUBHOU Jrasep-
HOH TJIABKHU 3apaHee B T€YEHHE HECKOJbKUX MUHYT. ITO
03HAYAET, YTO TOJIIUHY CJIOST, HATPUMED, MOXKHO PACCUU-
TaTh CBOOOHO, UTO, B CBOIO OYepelb, oOeciednBaer Hoee
OBICTPYIO U, CJIef0BATEIbHO, GoJiee IPOU3BOJUTENbHYIO
noctpoiiky. «Optomets Takke uMeer 6Gasy MaHHBIX Ma-
TEPUAJIOB, KOTOPasi IO3BOJISIET OIEPAaTOPaM HCIIOJIb30-
BaTh Marepwajbl BCeX Mpou3BoAUTENEH 6e3 HeoOXOIu-
MOCTH WX TMPEABAPUTENHHOTO TecTUpoBanust. OTKpBITASI
CHCTEMA TaKXKe MO3BOJISIET CAMOCTOSITEIbHO PACITUPSITH
6a3y JaHHBIX Ha OCHOBE COOCTBEHHBIX JKCIEPUMEHTOB
3akazunka. «Optomet» MOXKET peTyJIMpoBaTh TTapame-
TPbI TAKUM 00PA30M, YTO CBOMCTBA MaTtepuasa, Takue Kak
TBEPIOCTD, TOPUCTOCTD U AJTACTUYHOCTH, MOTYT OBITh W3-
MeHEHBI MJIN O TUMU3UPOBAHBL.

MoaepHi3aums ctaHkos DIMIG MOR)
Ha YABSHOBCKOM CTaHKOCTPOUTEALHOM 33B0OAE

Ha 6ase YbSIHOBCKOIO CTaHKOCTPOUTEIBHOIO 3aBO-
Jla Terepb eCTh BOBMOKHOCTH TTOJYIUTH YCIYTH TI0 MO-
JePHU3ALIK JI000T0 SKCILIyaTHPYEMOro 060pyA0BaHM
npousBozicTBa KoHilepara DM G M ORI BHe 3aBucuMocTu
OT rojia M3rOTOBJIEHUS U COCTOSHUS. 3aBOJ| MMEET BCe
HeOoOXOIMMOE COBPEMEHHOE 000PY/I0BaHUe U KBaIudu-
[UPOBAHHBIX CIIEIUAJIMCTOB JIJIs1 BHITOJTHEHUST [IMKJIA Pa-
60T 110 pEHOBAIIHH.

Ha cerognsamnuii 1eHb MOKeT ObITh IPOM3BEJEHA 3a-
MeHa CJIeIyIoNInX y3J0B cTanka: mmunaeeit, IIIBII, npu-
BOJIOB, JIMHEWHBIX HarpasJsgionux, cucreM YITY. Ocho-
BbIBAHHOE Ha TPeOOBAHUSX U IOXKEJaHUSAX 3aKa3YMKOB,
B pesyJibTaTe MPOBEIEHHBIX paboT 000pyHOBaHUE MPHU-
oOpeTer HOBbIE KaueCTBEHHbBIE XapPaKTEPUCTUKU, CBA3aH-
HBIE C YBEJIMYEHUEM €TO MTPOU3BOIUTETBHOCTH, CKOPOCTH
U TOYHOCTH 00paboTKH, SHEProda(MdEKTUBHOCTH, U B KO-
HEYHOM WTOTE TIO3BOJIUT C MUHUMAJIBHBIMU 3aTpaTaMu

Puc. 7. Modepnusayus cmanxos DMG MORI
Ha YIbSIHOBCKOM CIAHKOCIPOUMENLHOM 3A800e
01151 YBenUUeHUs NPOU3BOOUMETBHOCTIIU
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BBITH HA KAYeCTBEHHO HOBBIN YPOBEHb ITPOU3BOJCTBA
B BeK 1IU(PPOBU3ANNHU ¥ CTPEMUTEIHHO PA3BUBAIOIIUXCS
TEeXHOJIOTUH.

Pocaninckoe Npom3BOACTBO

B pamkax paGoThI 10 JIOKATH3AINH TPOU3BOJICTBA 3a-
BOJl B Y JIbSTHOBCKE JIOCTHUT CEPHE3HBIX YCIIEXOB, YTO OTPa-
3WJIOCH HA OOIIEM MPOIIEHTHOM COOTHOIIEHUN KOMILIEK-
TYIOIUX POCCUICKOTO MTPOUCXOKIECHUS K MHOCTPAHHDIM.
Ha xowner; 2018 roma ypoBeHb JIOKAJIU30BAHHBIX KOMIIO-
HEHTOB OT POCCHUICKHMX TOCTABIIUKOB OBLT 3a(UKCHPO-
BaH Ha 40%-11 otMeTke. Ceifyac 3aBOj 3aKyIaeT y oTeyde-
CTBEHHOTO ITPOU3BOJUTENST KAaK OTHOCHUTEIBHO MPOCThIE
IPYIIIbI, TAKUE KAK JIUTbE, IETATN TOKAPHOU 1 (ppe3epHoii
06paboTKH, U3JIeI1s U3 JIMCTOBOTO METaJlla, Tak 1 OoJjiee
BBICOKOTEXHOJIOTUIHBIEC KOMTIOHEHTBI — TH/[PaBIMYECKUE
CUCTEMBI, 3JIEKTPUYECKUE MTKADBI, TPAHCTIOPTEPDI CTPY K-
KU U T. L.

Haunnag ¢ 2018 roma Obwio BhimymieHo OoJiee
250 mnuHAEIBHBIX Y3JI0B COOCTBEHHOTO ITPOM3BOJACTBA.
B mporiecce 10paboTKH TEXHOTIOTHYECKOTO TIPOIIECCa IPO-
U3BOJICTBA M COOPKY HAXOAUTCSI Mara3uH HHCTPYMEHTOB.
K konmy 2019 roga morpeGHOCTD MPEANIPUSTHS B 9TOM
yane GyeT 3akphITa Takske cOOCTBEHHBIME crtamu. TTpo-
TOTUTIBI My(hT ¥ PEeMEHHBIX Iepe/iad YCIEelIHO IPOILIN
BCe TIPOBEPKU OT/IeJIa KAueCTBa, U ceifyac aKTUBHO BBO-
JIATCS CepUITHBIE TOCTABKHU ATUX MTPEIIM3NOHHBIX JIeTaJIe.

Ciremyer OTMETUTH, UTO ITANl PA3BUTUS W KBaIH(bU-
KallM¥ MOCTABIIMKA 3aHUMAET JI0 TPeX JIET, B 3aBUCUMO-
CTU OT y’K€ MMelolllerocs olblTa koMiuiekraTtopa. [lera-
JI1 ¥ KOMIIOHEHTBI JIOKAJTHHOTO IPOU3BO/ICTBA TOJIKHBI
npoiitu  100% u3MepUTETbHBII KOHTPOJb, a HEKOTO-
pble — MHOTOYACOBBIE WCIBITAHUS HEMOCPEJCTBEHHO
B cTtanke. OCHOBOMOJIATAIONINM 3aKOHOM MMIIOPTO3aMe-
IIEHUsI SIBJISIETCST 171 Hac GECKOMITPOMUCCHOE KauecTBO,
a Takyke CTabUIbHAS TleHA KOHEYHOTO MPOAYKTA, TIOTOMY
JIOKAJIM3alligd — 4YPe3BBbIYAiHO KPOIIOTJIMBBIN IIpoOIlecc,
3aHUMAIOIUI OTPOMHOE KOJUYECTBO BPEMEHU, YCUJIUN
1 TpeOYIOIUI cCePbe3HBIX MHBECTUIHIL. M

Puc. 8. 3as00 6 Yvanoscke 000UNCA 3HAUUMETLHBIX YCNEX0B,
YUMo OMPA3UIOCH HA 0OUEM NPOUEHMIHOM COOMHOULEHUU
KOMNOHEHMO8 POCCULICKOZ0 NPOUCXONCOCHUS K 3aPYOeHCHbIM
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CUTOBOW 8HaA3 N SMeAbHeH e
MEeTANHeCKINX MOPOLLKOB N N3AANIA

B Merasuryprum BasKHYIO POJib MTPaeT BO3MOKHOCTH
IIOBTOPHOTO HMCIIOJIb30OBaHUA CbIPbEBBIX MaTE€pPUAJIOB.
Kommanusa RETSCH npezaraer mupokuil criekTp 0060-
PYZOBaHMsI, TIPeIHA3HAYEHHOTO JISI PacceBa MOPOIIKOB
U M3MeJIbYEHUST METALIMYECKUX KOMIIOHEHTOB, YTO MO-
3BOJISIET B JaJbHEHIIEM ITOBTOPHO HCIIOJIb30BaTh Iepe-
paboTaHHbIl MaTepyaj B IIPOU3BOJCTBEHHOM IIPOLIECCE.
Huzke npuBeeHbl IPUMeEpPbI KCII0JIb30BaHKs 060pYI0Ba-
nus RETSCH B gannoii obsactu.

OTAeNeHVIe TOHKX (PpaKUzi MET3AAHECKX NMOPOLLIKOB
NOCAe A33epHOV 3D-NeHaT AAS AaAbBHeLLIero
MNOBTOPHOMO CNOAB30BaHMS]

[Ipoceusatormue manmmmasl RETSCH, nanpumep BH-
Opaumonnas nmpoceusawmas mamuaa AS 200 basic,
IIPEBOCXO/THO MOAXOMIAT [T PacceBa METAJINYECKUX TI0-
POIIKOB, CKJIOHHBIX K arioMeparuu. [locte paccesa mopo-
IIIOK MO>KHO MCIT0JIb30BATh KaK [IJIs1 MOATOTOBKYU K 3D-11e-
yaty, Tak U 1ocjae 3D-mevatu s oTHeIeHUd TOHKUX
bpaxiuii, TPUTOAHBIX JIJIs1 TOBTOPHOTO UCIIOJIH30BAHMS.

Komnanus Concept Laser, npousBoauresb 060py-
noBanua a1 3D-meyatn MeraIMYEeCKHMX KOMIIOHEH-
TOB, UCIIOJIb3YET MpoceuBalomue Mamunbsl AS 200 basic
HMEHHO ¢ 3Toi neibio. AS 200 — naubosee sKOHOMUY-
Hasgd MOJeJib B CEpUH, OT/INYHAIOUIAACA TPpaAUIIMOHHBIM
KauecTBOM W HafekHOCThIo obopymoBanmst RETSCH.
B camoe KOpoTKoe BpeMs OHA IO3BOJSIET TOJYYUTH

ot 1 no 17 dpaknuii marepuasna. /lannas nmpocenBaiorast
MalinHa uMeeT PyHKIUKM TUOPOBON HACTPOUKN U MOHU-
TOpPUHTA PabOUYMX MAPAMETPOB, MO3BOJISIST MAKCHMAJbHO
y10OHO M3MEJIhYaTh YEPHBIE U I[BETHBIE METAJIJIbI, HATIPH-
Mep 30J10TO, KapOu BoJbhpaMa 1 APYTHe IParoleHHbIe
METaJLITBL.

[l aToro, Kak MPaBUJIO, UCIIOIB3YIOTCS KOHTPOJIb-
uble cuta RETSCH nuamerpom 200 uu 203 MM u BbICO-
toit 25 nmm 50 MM, corsracto cranaaptam 1SO 3310—1 wm
ASTM E11. Pasmep orBepctuii cut 32—150 MKM ueannb-
HO MOAXOINT JJIST OTAEJeHUS TOHKUX (DPaKIIi MeTaJlIH-
YeCKUX MMOPOIIKOB, He CKJIOHHBIX K arJioMeparuy, KOTo-
pble MOJKHO ITOBTOPHO KCIIOJIb30BaTh mocie 3D-mevarn.
Kak npaBujio, UCIonb3yIOTCsI CIeAyIOIie Pa3MepPhbl OT-
BepcTuii cut: 32, 40, 50, 63, 100 1 150 MrM.

BubpauroHHas npocensaloLLas
mMawwunHa AS 200 basic

o Aana30oH VI3MepeHiist:

oT 20 MKM A0 =25 MM

e  OTobpaxkeHVe 3hPeKTVBHOCT

1 BpemMeH paboThl

Ha LPOBOM AMCNIACE

L4 [OAXOANT ANSI PECCeBa

CYyXVX 1 CbIPbIX MaTepanos
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Cura xomnanuu RETSCH, mupoko usBect-
Hble B OTpacju, cOOpaHbl HA MPOYHON obedaiike
13 HepsKaBelollell CTald U TAPAaHTUPYIOT BBICOKYTO
JOCTOBEPHOCTh Pe3ynbTaToB aHaauza. OTBeuas
CTPOTUM OTPACJIEBBIM TPEGOBAHUSM, MOJIOTHO CUT
TOYHO TIOATOHsIETCS K Obedaiike U MMeET OITH-
MaJbHOe HaTsikeHue. Kaxjoe KOHTPOJIbHOE CHUTO
RETSCH wumeer 4eTKyi0 MapKUPOBKY, HaHECEH-
HYIO JIa3€PHBIM TPaBUPOBAHIEM, JIJisT 00ECTIeUeHUsT
IIPOCJIEIKUBAEMOCTH KaXK 100 U3/IeIIH.

MNepepaboTka NPOMEXKYTOHHBIX 38arOTOBOK WAV
KOMMOHEeHTOB, N3roTOBAEHHbBIX 13 TBEPABLIX
METANNOB, ANS1 NCMOAB30BaHKS B Mpouecce AUTHSI
MeTaNNHeCKINX MOPOLUKOB MNOA AdBAeHeM

TexHOJIOTUST JINThSI METAJLIMYECKUX ITOPOIITKOB
1OJ1 JIaBJIeHUeM TIPUMEHSIETCSI JJIsl TPOU3BOJICTBA
METAJJINYECKUX JleTajleil CJIOJKHEWIIell TeoMe-
Tpudeckoit ¢opmbl. MeTainveckuii TOPOIIOK,
CMENIMBAEMBII CO CBIA3YIONUMU BeIIECTBAMU, TI0-
JlaeTcss B 1pecc-(hOpMy IPU TIOMOIIK CIIEeIHahb-

LLIékoBas apobunka BB S00 XL

e  |/ICXOAHBI MaTepUaA:
YMEepPeHHO-TBEPALIN, TBEPALIA, XPYNKNN, KECTKIA

° Bbicokas cTeneHs 3mensHeHins 501

L4 [MOCTOSIHHBIV KOHTPOAL 3330P3 LLIeK

AANNTBHBIE TEXHONOT N / 4 @ 2019

HBIX JUTeiHbIX MamuH, CHavasa Co3faercs mep-
BUYHAs IPOMEKYTOUHAsI 3arOTOBKA, 3aTeM, MOCJIe
YaCTUYHOTO YAAJEHUs CBSA3YIOIUX, — BTOPUYHAS
[POMESKYTOYHAsT 3aTOTOBKA, a 3aTeM, TOCJIe CIIeKa-
HUsI, — TOTOBasi METAJIMYECKAst JIeTalb CIOKHON
reomerpun. Ha mio6oM sTare TeXHOJOTHYECKOTO
mporecca MOTYT OBITh IOJIy4eHbl GPaKOBaHHBIE
3aroToBKU. YUTOOBI BOCCTAHOBHTb M3HAUYAJIbHbIE
CBOWCTBa MaTepHaja ITHX 3aroTOBOK, UX H3-
MeJIbYAIOT M TI0JIyYEHHbIH MOPOIIOK MCIOJIb3YIOT
MOBTOPHO.

IléxoBbie apobunku, Hampumep RETSCH
BB 500 XL, saddexTuBHO M3MeENbUaoT Opako-
BaHHBIE MTPOMEKYTOYHBIE 3arOTOBKU (TIEPBUYHbBIE
U BTOPUYHbBIE) MJIM KOMIIOHEHTBI U3 TBEPABIX Me-
TAJIJIOB BCETO 32 HECKOJIbKO MUHYT.

MNprMep NpYMeHeHs

B wéxoBoii apobuiake BB 500 XL usmesn-
YaJINCh TEPBUYHBIE TIPOMEXYTOUHBIE 3arOTOB-
ku Maccoil 10 KT M MCXOHBIM Pa3MepOM YaCTHUII

<100 MM, pasneneHHble HA J/[Be MMAPTUU, TIPU 3a-

KPBITOM 3a30pe IIeK (T.e. HEMOABMKHAS U TIOJ-
BUJKHAS MIEKU IPOOWMJIKU TIJIOTHO MPHIKATHI PYT
k npyry). [locne 1 Mmun uamesibueHUs JOCTUTAIACD
KOHeuHast TOHKOCTh <250 MkM (85%). m

00 “Bepaep CanHTUpUK”
190020, CaHkT-MNeTepbypr,
YA. BymaykHas, a. 17

Ten.: +7 (812) 777-1-07

Makc: +7 (812) 325-60-73
E-mail: info@verder-scientific.ru
www.verder-scientific.ru
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TexHonorns 30-
necHaHbIX POpM
KTANCKOW

KOMNaHu FHZLL

Nneyat

Guangdong  Fenghua  Zhuoli
Technology Co Ltd. (FHZL) — odna
U3 NePBvIX KUMATCKUX KOMNAHUT, 30 -
HUMAIOUUXCSL UCCAeO08AHUSMU MeX-
nonozuu 3D-nevamu u ee Kommepuyu-
anusayuetl. Komnanus paspabomana
nepedosvie mexronoeuu 3D-neuamu
0Nl UMETHOU  NPOMBIULEHHOCTI.
FHZL axmueno mnoddepicusaemcs
NPAsUMENbCMEEHHVIMU — (POHOaMU
Kumas. B nacmosuuyee epemst ona —
00HA U3 CaMbIX YCnewnvlx 8 obaa-
cmu  3D-newamu. IIpomviunenivie
3D-npunmepvr FHZL ucnonv3yrom
Oecamii KOMRAHULL NO BCeMY MUDY.

IIpouecc FHZL

cchopMIpoOBaHa 3a O/IUH pas.

He tpeGytorest mozienu, suTeiinast hopMa MOXKeT ObITh

3D-tipuHTEpPBI  OT
FHZL mpeanasnayeHsl
TOTOBJIEHUS
dopM 1 TecuaHbIX CTEPIKHEN CIOXK-
noii reomerpunt. MOPMBI UCTIOTBIY-
10T [IJIS TIOJIyY€HUST JIUTBIX 3ar0TO-
BOK M3 IIBETHBIX METAJIJIOB, CTaJIEH,
YyTyHa, ATIOMHUHHUEBBIX W [PYTUX
CIUIABOB, a TaK)Ke CTep:KHeN s
MIPUMEHEHUS B KOKUJISX.

B orimume oT TpaaMIMOHHOTO
MIPOM3BO/ICTBA, TIpejiaraeMbiii 3D-
MPUHTED TIO3BOJISIET W3TOTOBJISATH
MeCYaHo-CMOJIsTHBIE (hOPMBI Ge3 Hc-
I0JIb30BAHMS MOZIETBHOIN OCHACTKU

KOMITaHUU
IS W3-
IIeCYaHO-CMOJISTHBIX

U Ha HOPSAJOK ObIcTpee, 4eM Tpa-
JTUITUOHHBIM MeTozioM. CpaBHeHMe
texrosorun FHZL wn Tpamguuuon-
HO#M MOIEJIbHON TEXHOJOTHHU ITOKa-
3aHO HHIKE.

MperMyLLecTBa TeXHOAOM
C MCNOABL30BaHVieM 3D-Ne4aT
YckopeHne CpPOKOB H3TOTOBJIE-
HUS JieTajleil ¥ OCHACTKA B 3—5 pas
10 CPaBHEHUIO C TPAAUIMOHHBIM
c1roco60oM.
Ncnonbsyercss MHUKPOKAIICYJIb-
Hasg TEXHOJOTHS BIIPBICKA, OC-
HOBaHHAs HAa CMENIMBAaHUU JIBYX

| Tpa/:muuomlaﬂ TEXHOJIOTHUS JIUThA

CoO0TBETCTBUSI IIPOEKTHBIM TPEOOBAHUSAM MOKHO T0OUTHCS TOIBKO
nocsie 3-4-pa3oBoii KOPPEKTUPOBKU MOJIEJIH.

B03M0KHOCTH BCTPOEHHOTO MOJIETTUPOBAHUS,
COKpAIIIEHUsT KOHCTPYKTUBHBIX OTPAHMYEHU I
1 06beMa MexaHO0OPabOTKM, IETKUIT KOHTPOJIb
Pa3MepOB OTJIMBKU.

TOYHOCTH
U MexaHooGpaboTKe.

[[]IH CJIOKHBIX JIeTajleit IIPpUMEHNMaA TOJIbKO (bOpMOBKa B HECKOJIBKMX OITOKaXj;
IIpU YBEJIMYEHU U K€ CJIOJKHOCTU B /IE€TAJIAX TIOBLIIAETCSA BEPOATHOCTD
IIepeKoca, BO3pacTaeT HeO6XOJII/IMOCTb B OYHCTKE

TToBbiaeTesi TOYHOCTD MO3UIIMOHUPOBAHISE
1pu (OpMOBKe Kak (hOPMBI, TAK ¥ CTEPIKHSI.

CrepiKeHb U3TOTABIMBAIOT OTAETIBHO, YTO YBEJIUIMBAET IIOTPENIHOCTh
MO3UIIHOHUPOBAHUS TTPU cOOPKe (POPMBI.

OTJINBAEMOM JETaJII.

He tpeGyercst muTeliHblii yKIOH, CHUIKAETCST Macca

Heo6x0auMbl JIUTEiHbIE YKIOHDI.

BKJTIOYAIOMINX CBO6OZ[HBI€ IIOBEPXHOCTU.

BosmoskHOCTD CO3IaHNs BBICOKOTOUHBIX JeTajeit
mo6oit reoMerTpun, 0COOEHHO CJIOKHBIX B UCIIOJTHEHUH U

Her TapaHTUU ITOJYYCHNA Ka4€CTBEHHDBIX HOBerHOCTeﬁ.

TTostHast peann3aIusi 3aMbICJIa KOHCTPYKTOPA.

CyImecTByeT MHOTO TIPOOJIEMHBIX MECT, TIO9TOMY [IPH HEKOPPEKTHOM
M3TOTOBJIEHUU OTJIMBKH CTOKHO OTPEIETHUTD, TIIe HCTOYHUK OITHOKN.

KOPPEKTHPOBKH.

B CJy4a€ KOHCTPYKTHUBHBIX OTJIMBOK BO3MOYXHOCTb

Broicokue naBecTHINN B pa3pa60TI<y HOBOM IIpOAYyKIHU.

IIpounecc FHZL

Tpa/]l/l].lI/IOHHaﬂ TEXHOJIOTHUS JIUTbS

BpeMH MU3TrOTOBJICHUA

~7 IH.

~120 gau.

TpymosaTpatbl U pacxo/sl Ha
ChIpbe

OueHb HUBKHE

$ 50...500 ThIC.

TpeboBaHust K KBaTUhHUKAIIN
PabOTHUKOB

IIpodeccuonanbubie HABBIKK He TPEGYIOTCH,
MOJKHO paboTaTh depe3 HeAEeTI0 OOBIIHOTO
obyueHus.

Tpeby1oTcst BbICOKHUE IIPOhECCUOHAIBHBIE
HaBBIKH, CAMOCTOSITEIBHO MOKHO PaboTaTh
TOJIBKO ITPH OIIPEIEJIEHHOM OIIbITE.

PaGouas cpena

Bricokast ctenenb aBTOMaTHU3alunu, JerKkoe
YIpaBJieHUE, IKOJIOTUYECKasd YUCTOTAa Ha pa60qu
MecTe.

Huskas crenenn aBTOMaTU3allM, BbICOKaAd
TPYHAOEMKOCTD M I1JIOXAA IKOJIOTUA B I[EXE.
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cBasyonmx ((pypaHOBBIX CMOJ).
IIo cyTtun, aTo TexHoJOTHS CTPYM-
noit meyaru (BinderJetting). Tlep-
BOE CBSI3yIoIIlee MOcJe CMENTUBAHUS
C TIECKOM TIPOCYIIMBAIOT JI0 TI0/Iaun
necka B GYHKEp, BTOPOE CBsA3YyIoIee
(cMoJ1a) BIIPBICKUBAETCST TOJIOBKOM
Ha TIOBEPXHOCTD, 3aTeM, CJIOH 32 CJI0-
eM, opmupyetcs dopma. B omHOM
OGyHKepe Mpu HEOOXOAUMOCTH MOJK-
HO HareJyataThb HECKOJbKO CJIOEB
dopm. JIobast CloxKHAsT TEOMETPH
He HAKJIAJbIBAET HUKAKUX OTPAHU-
yeHUl Ha 1poiiecc. [lecok mpouyHo
NIEPKUT ~ 3alleyaTaHHbIC  yYaCTKH,
1 (OPMBI MOTYT UMETH JIIOObIE IHa-
METPBI U JTI00bIe YIJIBI, UTO He TapaH-
TUpyeTcst GOJBITUHCTBOM TEXHOJIO-
ruii 3D-mrevatn. Takxke He HY>KHBI
HUKaKHe TO/JIEPIKKHU BBICTYTIAM.

CBOIO  TEXHOJIOTHIO W3TOTOB-
JIEHUST W3/ € TIOMOIIBIO 3TOTO
3D-npunTtepa kommanus FHZL na-
spiBaer PCM Patternless Casting
Manufacturing npoussoacTBo 6ec-
KapKacHBIX OTJIUBOK. Cez00Hs amo
00Ha U3 CaMbIX NepPedosvix MexHo-
JI02Ull U320MOGeHUsT JUMEUHOU OC-
Hacmyu.

ITa TEXHOJNOTHUS TIO3BOJISIET Obi-
CTPO CO3/1aBaTh Iiecyanbie (HOPMbI
U CTEpPKHU CJIOKHOH TeoMeTpuH,
MTOCKOJIBKY OObEINHSIET Pa3HbIe TEX-
HOJIOTUM:

* MIPOEKTUPOBAHNE U MOJIEJNPO-
Banue mozaenu B CAD;

¢ 3D-1euars;

* HOBBIE MATEPUAJIBI;

* CHCTEMY KOHTPOJISI KauecTBa.

AAANTVIBHBIE TEXHONOI N / 4 @ 2019

Ha wucnonbzyembix 3D-nipunre-
pax MOXKHO MeyaTaTh KaK IeJUKOM
camMu (OpMBbI OOJIBIINX PA3MEPOB,
TaK M TOJIbKO CTeP:KHU. BO3MOKHO
Takke KOMOMHHPOBAHHOE M3TOTOB-
nenve crepxkHedl Ha 3D-mpunTepe,
a OCTaJbHOW OCHACTKU — TPAJUIIU-
OHHBIM CITOCOOOM HJIU HA CIIEIHATTb-
HBIX cTaHkax ¢ YIIY, uro ObiBaer
HKOHOMHUUECKH 00JIee BBITOIHO.

Cneyuanucmol KOMNAHUU Mozym
oamv KOHCYIbMauuuw no noobopy
obopydosanus O NOAHOZO UUKLA
u3eomosnenust Gopm u cmepircHel
JH0ObIM BAPUAHTIOM MEXHOTIOLUU.

[pouecc n3roToBAeHWS! hOpMbl

[Iporiecc 3D-meuatn mecyaHoit
(bopMBI BKJIIOUAET CJEAYIOIINE JTa-
el (puc. 1):

1. Cospanue stl-daitna monenu
netasn. Jlesaercst B OTA€JbHOM ITPO-
rPpaMMHOM OO€eCIICYEHUN.

2. Coznanne  mojenu  popMbl
(obpaboTka caMOil meTasm), KOr-
na ¢dopMma MoxKeT ObITh pasjesieHa
Ha HECKOJBbKO dYacTedl (CTep:KHH,
JIpyTast OCHACTKA).

3. Pasbuenne Mozenn Ha CJIOH,
KOTOpble OyIyT HaleyaTaHbl Ha
npuHTepe, T.H. caavicunr. FHZL uc-
OJIb3yeT COOCTBEHHOE IIPOrPaMM-
Hoe obecrieueHue.

4. Ing  3D-medatn  necyaHoi
(hOpMBI IIPUHTEPHI MOTYT OBITH Pas-
HOTO pa3Mepa, C OJHOW WJTH JBYMsI
kamepamu. Ha atom sTare mepByio
CMOJIy, KaTalu3aTop, CMENIMBAIOT
C TIECKOM U IIOCJIOWHO 3aChINAlOT

B OyHKep, 3aTeéM BTOPYIO CMOJLY,
cBsA3ylolee, HAHOCAT (IIeYaTaroT)
Ha KaX/bIi cyoit. CTOUT y4uecTs, 4To
B 3aBHCHMOCTH OT TpeOyeMoro Ka-
yecTBa (DOPMBI HCIOJB3YIOT MECOK
pasHoro Kadectsa. Eciu Tpebyercs
MeJTKast IETATU3AIUsT U TJIaKast mo-
BEPXHOCTb, MCIIOJIb3YIOT MECOK 0O0-
Jiee MeJikoii ppaxiiun. Bee HacTpoii-
KU JIJISI T€9aTH OTKPBITHI U B CIIydae
HEOOXOIMMOCTH OCTAIOTCS B aMSITH
YCTPOMCTBA, TaKKe CyNIECTBYIOT
CTaHJAapPTHbIE HACTPOUKM I Pas-
HBIX MaTepuajoB (hOPMBI M TIpUMe-
HSIEMBIX CILIABOB.

5. Ounmaior ¢opMmy cHavdama
C IOMOIINBIO GOJIBIIOTO IIbLIECOCa,
a moToM BpyuHyIo. IlokpbITHE Ha T10-
BEPXHOCTH (hOPMbI HAHOCSAT PaBHO-
MmepHo. IIpu cbopke GopMbl Ha Hee
TaKKe HAaHOCST CIEeNNaTbHBIA CJIOU
[TOKPBITUSI U HATPEBAIOT B MEYH JIJIsT
BBICYIIMBAHUSI.

6. Hanecenwne crenmuaabHOTO T10O-
KPBITHS Ha TOBEPXHOCTH (DOPMBI.

7. llpu 3ammBKe MeTamioM Gop-
MY YacTO MMOMEMIAIOT B OTIOKY U (op-
MYIOT TPAJAUIIMOHHBIM METO/IOM.

8. CTep:XHM OUYMIIAIOT Ha BU-
OpocTrenjie, IPOAYBAIOT U OTAEJIAIOT
OT JIMTHUKOB.

9. Ilocaenuuii arari— UCIbITAHNIE
OTJINBKU, KOHTPOJIb €€ KauecTBa.

MpVMeHsIeMble MaTeprantl

Ilecox — KBapIIEBBIH, KATBITUHU-
POBaHHBIN, CUHTETUYECKUU, Kepa-
MUYeCKUl, pa3HbIx (hpakiiuii, B 3a-
BUCHMOCTH OT TPEOYEMOTO KauecTBa

Puc. 1.
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meyaT. MoXeT HCIoIb30BaThCS
1 MECTHBIII 11ecoK. BbIibop TeXHOJI0-
TOM KBapIIeBOTO MJIN CUHTETUYIECKO-
IO TIeCKa JIOJIKEH OTBeYaTh TpehGoBa-
HUSIM PasHBIX BU/IOB IOCJeAyoleit
00pabOTKN OTJIUBOK, YTO [IOMOTAeT
3¢ deKTUBHO KOHTPOJIMPOBATH 3a-
TPATHI ¥ TAPAHTUPOBATH KAUueCTBO.

Dyparnosvie/penoavrble CMObL,
ucrosibdyemple  1pu  3D-mevatn
mecyaHbiX (HOPM, TOJKHBI COOTBET-
cTBOBath craHaapry. Heobxomumo,
9TOOBI AT CBA3YIOIIHME TMOJTHOCTHIO
CKJIEMBAJIN TIECOK U  CO3/aBaJN
CJIO’KHBIE TIeCYAHBIE CTEPKHU 1 POP-
MbI, OTBEYAIOINE IPEIbIBIIEMbIM
K HUM TPeOOBAHUSIM.

[IprmMeps! momyyaeMbIX MojiesIeit
TTOKa3aHbl Ha puc. 2. BosmoxHOCTH
TIPIHTEPOB Pa3HBIX MOJIeNIel TPUBe-
JIeHbI B TabIuIIE.

/AOCTOVHCTBA Halero NpyHTepa

* 3HAYUTEJIBHO YCKOPSIETCS TIPO-
IIECC JINThSI — OT CO3JaHUS MOJEJIN
CAD no monyyeHus fetaand OH 3a-
HUMAaeT 7 JHEN.

¢ 3HAYNTEIbHBII
CKUI BBIUTPHINI B CJIy4ae MEJTKUX
Ccepuii, CO3aHWS TTPOTOTUIIOB, WC-
[10JIb30BAHUSI IIPU PEMOHTE JIeTaJIEN.

* BO3MOXHOCTb U3rOTOBJIEHUS
MaJIbIX TPEINM3NOHHBIX OTJHUBOK,
a TakXe OTJMUBOK CJIOKHOU KOH-
CTPYKIINU U KOMITOHEHTOB CJIOKHOU
TEOMETPUH.

* Moryt 6bITh moJy4eHbl (HOp-
Mbl OOJIBIIMX pasMepoB — IO
2200 cMm. YMeHbNIAIOTCS MPUITYCKHU
MpU OTJINBKAX, 3HAYUTENBHO CHHU-
JKaercst macca getanu. Jlerko BHO-
CATh W3MEHEHUS B [AM3alH WU3Je-
JIUsL — IPOCTO MeHsercs stl-aii.

9KOHOMIYEe-

Oco6eHHO aKTyalbHO IIPH CO37a-
HUY IIPOTOTUIIOB ¥ HOBBIX M3JEINUI.
Komiu MoryT GBITH CO3AHBI C yike
CYIIECTBYIOIMX JETaneil MeTOIOM
06paTHOro IPOEKTUPOBAHMUS, OIIBIT
KOTOPOTO y HAaC YK€ eCTb, KaK U Oec-
KOHTaKTHOTO KOHTPOJII KAYECTBA.

* Bce HacTpoiiku u Mojenu co-
XPaHAIOTCS, U MOXKHO IIOBTOPHUTD
WM yCOBEPUIEHCTBOBATH BBIBOJ /1€~
Tajeil 6e3 KaKuX-J1100 CI0KHOCTEH.

[pevMyLLIeCTBa Hallero
NpYHTEPa NepeA aHaAOraMy)
APYI/X NPOV3BOANTENEN

Bovicokas  mounocmy
+0,3 MMm.

Buicokasi ckopocms newamu: OnuH
caoit — 3a ~ 20 ¢, uto B 2—3 pasa Obi-
CTpee CKOPOCTHU IeYaTH aHaJOrud-
HBIX YCTPOUCTB APYTHUX TPOU3BOIH-
resieit. IIpu nmeyatu Gopm GOABIINX
06BEMOB, 0OCOOEHHO C MEJIKOH JleTa-
JIN3alveil, BBIUTPHINI BO BpPEMEHU
MOJKET COCTAaBUTb Yachl U JaxKe
CYTKH.

IxoHomMuunocmy U Appexmus-
Hocmo. MOKHO GOJIBIINYIO YacTh Iie-
cka 0e3 CBSI3YIOIIEro MCIOJIb30BaTh
MOBTOPHO.

neuamu:

Puc. 2.

Husxue pacxodvt na obcayxcusa-
Hue. Memblllee KOJUYECTBO COIMEJ
[0 CPaBHEHWIO C aHajoramu obec-
neyrBaeT  GOJIBIIYIO 9P hEKTHB-
HOCTh I€YaTH W HHU3KHE 3aTPaThl
Ha 00CIy)KUBaHUE.,

PasHble €JI0M W y4acTKU u3je-
Jinst, Takue, KaKk KPOsi WM TOHKHUE
CTEpKHU, MOTYT 6bITb OTIieyaTaHbl
C pasHBIM OGBEMOM CBSI3YIOIIETO,
KOTOPOE PAaCCYUTBIBAETCS C TIOMO-
uipio crenuanbroro 1O, mporecc
TaKKe MOKeT OBITh BBIIIOJIHEH BPyY-
HYIO.

Bosmosxcrocms  ucnoavsosanus
PA3HBIX CMOJL, B TOM YHCJIE TPOU3BO-
numbIx B Poccnn.

Koncrpykiust mpuHTEpa Ipe/-
HoJiaraerT HajJu4ue Kak OZHOrO, Tak
u AByX OyHKepoB (Kamep IedaT).
B carydae ncmons3oBanust IByX OyH-
KEepPOB BO3MOJKHA, TI0 CYTH, HETpe-
PBIBHAS TI€4aTh, KOT/a OJfHA Kamepa
BBIJIAET JI€TaJb, BTOPYIO YKE MOKHO
3aI1€4aThiBaTh.

Hanuuue ompabomannvix npo-
MOIUUAEHHDIX TMEXHON02UL TSI Pas-
MepoB Kamepbl: 300%250%250 o
2200%x1000%800. IIpuHTEpHl — HE
9KCIIEPUMEHTAJIbHBIE, a IMPOKO UC-

Mopenb PCM300 PCM800 PCM1000 PCM1200 PCM1500 PCM1800 PCM2200

npuHTEpa /
XapakTepucTuka
Pasmep nevatn 300%x250%x250 | 800x750%500 | 1000x750%550 | 1200x1000x600 | 1500x1000x700 | 1800x1000x700 | 2200x1000x800
(max), MM
Haxoneunmnk 1x1024P 2x1024P 2x1024P 4x1024P 4x1024P 4x1024P 4x1024P
VIS TIeYaT
CkopocTb 22 20 22 21 22 23 25
nedatn, S / Layer
[TponsBopuTenn- 6 54 61 103 123 141 158
HOCTDb (06beM
dopmer), /4
[Tpumevanns. 1. Tounocts nevarn +0,3. 2. Tommuna cnost — 0,2...0,5 Mm. 3. Sy 471t paboThI — OFMH WIN ABa.
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[OJIb3YIOTCA Ha JIMTEHHBIX IPO-
W3BOZICTBAX 10 BCEMY MWPY, OHU
TaKKE MOTYT OBITb BBIMTOJHEHDI
0 WHMBUAYATbHBIM TPEGOBAHUM
3aKa3yuKa.

[IpunTep MMeeT Huskue sxcnaya-
MayUoHHbIe PACX00bl, HETIPUXOTIINB,
JIETOK B YTpaBjieHWH, WHTepdelic
pycuduImpoBaH,
M0JIb30BATD 11€COK TIOBTOPHO.

ITO3BOJIAET HC-

O komMnarum FHZL

Komnanus umeem 20-nemnuii
onvim  NPOEKMUPOBAHUS — MAKUX
npunmepos. Cobcmeenvie yeHmpol
HUOKP u onvimmo-xoncmpyxmop-
ckux pabom, ceoe noodpasdenrenue
paspabomxu I10 nosgonsiom xkomna-
HUU CAMOCMOSIMENLHO 3AHUMAMbCSL
Paspabomram  Pacxoouvix mame-
puaros. A Onazodaps 0zpomHoMy
NPOU3IBOOCMEEHHOMY UEHMPY, 8 KO-
MoOpPOM U30eNUs NPOUIBO0AM HA NPO-
oadcy, y Komnanuu Haxonien 60jv-
WOl 0NbIM U320MOBNEHUST NECUAHBIX
popm, 0ns uezo yace cosdanvl nPu-
mepuot IV noxonenus.

Ceromna FHZL mupesparunach
B TEXHOJOTUYECKYIO KOMIIAHUIO,
KOTOpast MOKET TPENTIOKUTh KOM-
mwiekcasie HVUOKP u Texnosorum
MTPOMBITIIJIEHHOTO MU3TOTOBJICHUS
obopynoBanus i 3D-medaru
necyanbx (hopMm, yeIyru 1udpoBo-
ro MIKMHUPUHTA 171 00paboTKu
3D-maHHBIX, TMPOAAKN PASTUTHBIX
pacxomHbIx MartepuanioB st 3D-
meyaru ¢ 0TpaboTaHHON BO3MOKHO-
CTHIO U3TOTOBJIEHUST METAJTLITMYECKUX
KOMITOHEHTOB U TIECYAHBIX (DOPM.

YHuKkasbHass TEXHOJOTUSI W3-
TOTOBJIEHUST TeCYaHBIX (HOpM, Oc-
HOBaHHas Ha CTpPyHHOH IeyaTu
C UCIOJb30BaHUEM MUKDPOKAIENb
3D-meyaTtn. JTa HOBAsI TEXHOJOTHS
COBMECTUMA C TPAJAMIIMOHHBIM TIPO-
LIECCOM M CIIOCOOHA 3HAYUTEIHHO
W3MEHUTH TPOU3BOJICTBEHHBIN KT
B JIUTENTHOM TTpon3BozcTBe. [IpeBoc-
XOJIHOE KOHCTPYKTOPCKOE pellleHue
U BO3MOXKHOCTb JIUThSI C WCIIOJIb-
30BaHueM TexHosjoruu 3D-meua-
T JAI0T KJIWEHTaM KOHKYDEHTHbIE
MPENMYIIECTBA TIPU U3TOTOBJIEHUHI
BBICOKOKAUECTBEHHBIX U CJIOXKHBIX

AAANTVIBHBIE TEXHONOI N / 4 @ 2019

METAJIJTNYeCKUX KOMIIOHEHTOB U
necyanbIx hopm.

Hama kommanust mesaer Gec-
IIJIATHBIM TECTOBBIU BBIBOJL Zl€TaJIel,
a TaKKe 3aHUMAETCsI KOMMEPUYECKUM
co3/laHNeM TiecyaHblX (OPM U KO-
HeuyHbIX uszaeanii. [Ipuceuiaitte Ham
CBOU MOJIEJIN JIJIsI pacyeTa U TeCTO-
BOT'O BBIBO/IA.

e Kommanug FHZL cospana or-
pacyieBoil CTaHAAPT B TEXHOJOTUN
M3TOTOBJIEHUST  [TeCYAHBIX  (DOPM.
Pesyabrar 20 ser paspabGoToK Tex-
Hosoruii u MarepuanoB — IV moko-
JleHre TIPUHTEPOB, TMPUMEHSIEMBIX
B JINTEMHBIX TEXHOJIOTUSX, TIE YiKe
HaKOILJIEH OTPOMHBIH OIIBIT.

Puc. 3.

* Kommnanust umeer Gosee 100
COOCTBEHHBIX NATEHTOB U U300pe-
TEHUI W YHUKaJbHbIE COOCTBEHHbIE
pa3paboTKH, B TOM 4Kcjie COOCTBEH-
noe ITO u cBou MaTepuasbl.

» KoMmanus 3aHUMaeT TepBoe
Mecto B Kurae 10 KOJIUYeCTBY
YCTaHOBJIEHHBIX 3D-TIPUHTEPOB JJIsT
M3TOTOBJIEHWST TeCYaHBIX (HOPM U
CTepKHeil. m

ITo Bcem Bompocam npuoGpere-
nus npuntepoB FHZL cBasbiBaii-
tech ¢ koMmnanueii 13D — 3d@i3d.ru

Puc. 3.
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Pocculickuli paspabomyuk u npousgodumerns

pacxodHbix mamepuasnos 044 3D-neyamu.
Ha peiHke ¢ 2015 200a
www.filamentarno.ru

AOCTYNHA% NeYaTb BOCKOBBIX POPM AAS AUTBS]

JIuThe MeTaNIOB — TEXHOJIOTHS,
M3BECTHAS yKe GoJiee EeCSITH ThICSY
JIET.

OmHUMY U3 CaMBIX JIPEBHUX TEX-
HUK JIUTbS MOKHO Ha3BaTh JIUTHhE
B 3eMJIIO (3€MJISTHbIE WJIU ITeCYaHble
(opMmbI, cHUMaeMble ¢ MacTep-Mo-
JleJIN) U JUTbe B KOKWJIb (MHOTO-
pasoBas dopMma, MU3TOTABIMBAEMAsT
13 PA3JUYHBIX JOCTYIHBIX MATEPH-
asmoB). TexHoJOTMM Pa3BUBAJINCH,
MOSIBJISITTCH ~ HOBBIE
JIABITHEe HOBBIE BO3MOXKHOCTH IO
cugaruio ¢opm. I[lozxke mosiBUIACH
Y TEXHUKA JIUThsI 110 BBIILJIABIISIEMbIM
MOJIEJISIM 13 BOCKA, COKPAIIEHHO —
JIBM. 9Ta TeXHOIOTUS TPAJIUITOH-
HO WCIIOJIB3YETCs 1T TOYHOTO ce-
putinoro suths. [Ipeumyiectso ee
COCTOUT B TOM, YTO MAacTepP-MOJENb
uaroraBiauBaercs onuu pas. [lorom
¢ Hee CHUMAETCS TOYHAS Pa3beMHasd
cunukoHoBas ¢dopma. [lanee B aTy
CUJIMKOHOBYIO (hOPMY 3aJIMBAETCS

MaTepuaJsbl,
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MOJIEJIbHBINT BOCKOBOW COCTaB, KO-
TOPBIN U3bIMaeTcsT U3 (PopMBI TIOCIIE
3actoiBanug. U Tak mpoiiecc 1o-
BTOPSIETCS] MHOTOKPATHO /IO JIOCTH-
JKEHUsT HeOOXOAUMOTO KOJUYECTBA
BOCKOBBIX (POPM WJIM paspylIeHUs
CUJIMKOHOBOU (POPMBI.

Ha nmomyyennsre BockoBbie ¢op-
Mbl B HECKOJIbKO CJIOEB HAHOCHUT-
cs orHeynopHas kopka. Ilocie ee
BBICBIXaHUSI BOCK M3 HHUX BBITLIAB-
JIIeTCs B TOpsYell Boje, TIEUYW WJIU
B GoiiyiepKJIaBe MeperpeTbiM MapoM
(Hamnbosiee 9KONOTMYHBI U COBpe-
Mennbiil BapuanT). [onyuaercs iy-
croresiasg (hopma, B KOTOPYIO T1OCJIEe
MPOKAJIKU MOKHO 3aJIUBATh METAJLI,
KOTOPBI  TIOJIHOCTHIO  ITOBTOPUT
(hopmy BoCKOBKH.

JIBM wumeer cBOM HEIOCTaTKU:
HEBO3MOXKHO CHATH (POPMY CO CJIOXK-
HOro 00bEeKTa € BHYTPEHHUMU
HOJIOCTSIMHU, OGUOHUYECKOTO JAU3aid-
Ha iy o0beKTa, pas3paboTaHHOTO

C WCTIOJIb30BAaHNEM TEXHOJIOTUU Te-
HepaTuUBHOTO au3aitHa. K Tomy xe
JIUThe — 3TO TEXHOJIOTUS HMCKJIO-
yuTenbHO cepuitHas. Jlutbe enu-
HAYHOTO W3JIeINsl, KOHEYHO IKe,
BO3MOKHO, HO 3adacTyio (puHaH-
coBo He orpagaHo. CBs3aHO 3TO
C TeM, UTO TIepe]] 3ATMBKON MeTasIIa
B (hOpPMY ITPOXO/IUT ONTUCAHHBIN BbI-
111e MHOTOCTAJIMAHBIN TIpoIlece Moj-
TOTOBKW. /J[/IT cOKpaleHus 3Toro
mpolecca Ha JAHHBI MOMEHT pas-
paboTaHO HECKOJBKO TEXHOJOIHA
U yCTPOUCTB:

1. TexHosoruss me4yaTy HeMo-
CpPe/ICTBEHHO NeCYaHOH OrHeymop-
HOH ¢opMmbl 111 JmThs. becro-
J06HOe pelieHue /s OONbIINX -
TeiHbIX npou3Bo/icTB! IlosHOCTBIO
yCTpaHsIeT BCE CTAIUU TOATOTOBKH
(opmbl. Huskast 1eHa pacxXomHbIX
MaTepuajoB, JIOBOJBHO BBICOKas
CKOPOCTh  TIOJIYYEHWS]  IeCUaHOM

AANNTIBHBIE TEXHONOI N / 4 @ 2019



Iledanvroul ysen cmapunioi mexnuku

(opMBI — TYT IIPEKpacHO BCe... KPO-
Me 1ieHbl. CTOMMOCTh TOJZ0GHOTO
npuHTepa HaymHaeTcst oT 60 MiH
py6. Jlamexo He Kaskloe MPOU3BOJI-
CTBO MOKET MO3BOJIUTH cebe TAaKyio
TEXHUKY, 1a U OKYIUTb ee — 3aj1a4ya
He OJTHOTO TO/Ia.

2. N3roroBienne BOCKOBBIX
¢dopm mMeTomoMm ¢pesepoBKu crie-
[HATBHBIX TBEPABIX BOCKOBBIX COC-
TaBOB. Bo MHOTOM KOMTIPOMMCCHAST
texHoJsiorus. [Ipu mirocax HeBBICO-
KOi1 ce0eCTOMMOCTH PACXOIHBIX Ma-
TEPHAJIOB €CTb JOBOJIbHO CHUJIbHBIE
orpaHuyeHus 1Mo (Gopme U3IETHS,
JIUKTyeMble TexXHoJioThel (pese-
poBanusi (riybokue MOAHYTPEHMS,
CKPBITHIE KAHAJBI CIOKHBIX (POPM).
Hy m xoneuno, croumocTh ¢pe-
3epHoTo cTtanka ¢ YIIY moBosbHO
BBICOKa, OCOOEHHO ecyu Tpebyercst

pOU3BOACTBO (hopM GOJIbIINX Taba-
PUTOB.

3. [leyatp BockoBbIX ¢(opM 1O
texHosoruu DOD Ha npunTepax
SolidScape S350.

ILmocel: BBICOKOE KAadecTBO IIO-
BEPXHOCTH BOCKOBBIX (DOPM.

MUHYCHI: TIeHa TaKOTO TIPUHTEPA
HaurHaeTcs oT 3 MJIH py6. Boicokas
CTOMMOCTb  PACXOJIHBIX ~MaTepua-
soB. ObacTh TMOCTPOEHUS BCETO

15x15%10 cm.

4. ITeyaTp BOCKOBBIX (hOpPM IO
texHosoruu MJM Ha npunTepax
ProJet MJP 2500W

IL110CBI: BBICOKOE KAdyecTBO TIO-
BEPXHOCTU BOCKOBBIX (hOpM.

MuHYyCBI: T1leHa TaKOTO TPUHTEPa
HaumHaercss oT 4 MJH py6. Beico-
Kas CTOMMOCTb PACXOJHBIX Mare-

Cro0vL u kponwmerinvt 015t HAPYICHOZ0 MOHMANCA

AAANTVIBHBIE TEX

ONOI'IN / 4 e 2019

TpTOMHble Hacocovl cmapuHHOﬁ MEeXHUKU

puanos. O6acTb IOCTPOEHUS YKe
nosHymuTeabHee: 30%20x14 cm —
OIHAKO JIjist OOJIBIIMHCTBA 3ajay
[POMBIILJIEHHOCTH M OHa KpaliHe
MaJia.

O1leHUB  BBIINEONUCAHHYIO CH-
Tyaluio ¢ TJIOXOW OCTYITHOCTHIO
AJIUTUBHBIX TEXHOJOTUU B JIUThE
IUI MajIbIX U CPeIHUX JIUTEHHBIX
OPEANPUATUH, MBI B KOMIIAHUU
«Filamentarno!» B cenrsibpe 2017
rojia Hauau pa3paboTKy BOCKOBOTO
MOJIETBHOTO  COCTaBa TIPUTOHOTO
NI TleYaTh Ha NIMPOKO JIOCTYI-
Heix 3D-mpunTepax, paboTaionux
no texnonoruu FDM (FFF) u ne
TpebYIOIEro X MOAU(pUKAIIH.

ITHU HEJIOPOTHE YCTPOMCTBA yiKe
JIaBHO TIepecTaitu ObITh TUKOBUHKON
Ha POCCUICKOM PbIHKE, a MX IOCTYII-
HOCTH TIO I[eHe CIIeJIaia UX MOIyJIsp-

Pabouee xoneco LgeHmpO6€9ICHOZO Hacoca
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Hlnex

HBIM WHCTPYMEHTOM IHUPOYAMIIETO
CTIEKTPA IPUMEHEHUSI.

Croycrst mosrofa 1mocsie Hadasa
paspaboTKu MaTepuaja HaMu ObLI
BBIMYyIeH (DUHATBHBIN MPOAYKT —
HAMOTAHHBIN Ha KaTYIIKy BOCKOBOU
MPYTOK PACIPOCTPAHEHHOTO J/(Ha-
Mmetpa 1.75 mm u 2.85 mm.

Marepuas 11oj; TOproBOI MapKOi
«Wax3D» obisazaeT BceM HeoOXO-
JVIMBIM [I7IST MOJIEJIBHBIX COCTaBOB
CITEKTPOM CBOMCTB:

— BBITLIaBJsgeTcs u3 GopMm B
GoilJiepKIaBe BMeCTE C BOCKOBKa-
MU U3 CTaHAAPTHBIX MOJIEIbHBIX
COCTaBOB IIPM TeMIlepaTypax oT
130 mo 170°C, yTo TO3BOJSIET pa-
60TaTh C M3TOTOBJEHHBIMU U3 HETO
BOCKOBKAMH, HE OTKJIOHSSICH OT
CTaHIAPTHBIX JJISI JIUTEHHOTO TIPO-
U3BOJICTBA TEXHOJIOTUI;

32

Kpornwmetinwvt Ons napyscrnozo monmaxca

— 30JTBHOCTH HE TIPEBBIIIAET TI0-
KasaTesJd PaclpoCTPaHEHHBIX BOC-
KOBBIX MOJIEJIBHBIX COCTaBOB (MeHee
0,01%);

— TeMIieparypa
43-45°C;

— TeMIleparypa KailjlelafeHus
93-96°C;

— IIPOYHOCTb U YIPYTOCTb, IIpe-
BBIINIAIONINE [IOKA3aTeJIn Pacipo-
CTPAHEHHBIX BOCKOBBIX MOJETHHBIX
COCTaBOB.

C mosiBIeHWEM 3TOTO MaTepHa-
Jla Ha PbIHKE TEXHOJOTUS TPSMOU
[leYaTl BOCKOBOK CTajla JIOCTYII-
Ha JI000H JIUTEHONW MacTepcKoil.
B saBucumoctu 0T HEOOXOIUMBIX
pasMepoB BOCKOBOI (hOPMBI MOSKHO
BBIOMPATh U3 IIWpoUaiiieil JuHei-
KU TPENCTaBJIEHHBIX Ha POCCHUI-
ckoM peiake FDM 3D-npunrtepon

pasMATIYEHUA

Kopnyc paduamopa
€6emMOOU00H020 NPOINCEKMOPA

kak poccuiickoro (Picaso, Magnum,
Imprinta, TotalZ, PrintBox), Tax
u 3apy6eskHOTO Tpon3BozcTBa. 1le-
HA TIPUTONHBIX [JIs I€YaTH Mare-
puaiom Wax3D npuHTEpOB Hauu-
naercst ot 30—40 T1.p. 3a Hexoporue
Mozieid ¢ 00BEMOM TIOCTPOEHUST
20%x20%20 cwm. IlIupoko mpemcTtaB-
JIEHBI U TIPUHTEPHI ¢ 0OBEMOM MO-
crpoenust 30x30x50 cm. Ux 1ena
Bapbupyetcs ot 40 no 250 T.p. Jo-
CTyIIHA Ha PBIHKE U GoJiee cepbe3Hast
Texanka. Hampumep, poccuiickuit
3D-npunrep «Picaso Designer XL»
¢ paboueit Kamepoii 0ObeMOM
36%36%60 cM U 11eHOIl YyTh HUIKe
300 T.p. A ecTb 1 pocCHUICKUT TPOU3-
Boputensb «llapp-3D», BbImycKaio-
MIUH TPUHTEPHI ¢ pabounM 00bEMOM
KaMepbl TtocTpoeHmst 60xX60x80 cm!
B 3aBucumocTH OT KOMILJIEKTa-

KOp?’l]/C uyacmu Macisianozo Hacoca cmapuHHoﬁ mexHuxu

AAANTBHBIE TEX




Kranannas napa waposozo Kianana

mun 1eta ero cocrasur or 800 1o
900 T.p.

Ilena xe namero socka WAX3D
JUIsT 9TUX TIPUHTEPOB COCTABJISIET
Ha JaHHbIl MoMeHT Bcero 2200—
2400 p. 3a Kr. YuuThIBas, 4To pe-
KOMEH/lyeMOoe 3all0JIHEHUE JIeTaJIH
cocrasiisger Bcero 15-25%, Hecaox-
HO IOJCYUTATD, YTO ceOeCTOUMOCTD
TaKUX BOCKOBOK OyJeT HeBeJuKa.
3arpaThl ke Ha BHEIPEHHE Ha JIH-
TEHOM TIPEANPUSATHU ITOW TeX-

AANNTBHBIE TEXHONOT N / 4 @ 2019

HOJIOTMM IIPOCTO HECOIOCTaBUMBbI
C TeMH TIepCIIEKTUBAMH, KOTOPbIE
OTKPBIBAIOTCS JIJIsI TIPOM3BOIUTEIS.
DakTUyecKn CPOK OKYyIMaeMOCTH
TEXHUKU B 3aBUCUMOCTHU OT 3arpys3-
KNI MOXeT cocTaBuTh 1—4 mecsmnal
A BO3MOYKHOCTH HCITOJIHATH 3aKa3bl
Ha eJIMHUYHBIE UJIW MEJIKOCEPUIHbIE
OTJINBKHU TIO TIeHaM, B JIECSTKU Pa3
Hixe crouMmoctu 3D-1eyaru Merad-
JIOM, O0GecIednuT CTaOWIbHBIA [IPH-
TOK 3aKa30B.

Kopnyc mpromnozo nacoca cmapunnoii mexuuxu

CrmpocuTte, OTKyIa y Hac Takas
yBepeHHOCTh? Bce mpocTo — 3a mipo-
HIEANII TOM MbI BBIMOJHUIHN [ie-
CSITKM 3aKa30B HA [eYaTh BOCKOBBIX
¢bopm u3z Wax3D — yactb U3 HUX
MpuUBe/ieHa B 9TOH craThe. Ouepenb
Ha TIe4aTh He yMEeHbIIAJach Ha MPO-
TSDKEHUH BCETO TOJla, a TpHobpe-
TEHHAsT JIJIS 9TOTO TEXHUKA OKYITH-
JIACh MHOTOKPATHO. W

IKomnanua "Filamentarno!”
www.filamentarno.ru

Ten: +7 (499) 393-32-25
E-mail: info@filamentarno.ru

Yacmv CNOPMUBHO20 MOMOUUKILA, BLINOTTHEHHAA

C UCNOIb30B8AHUEM 2EHEPAMUBHOZ0 ousaiina
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«3ITO MOXKHO CACAGTb Nerko N AeLLeBO», —
voerkaan cebs, cMOTPS Ha KNTaCKUe
NPUHTEPbI «AOMALLUHero» Ha3Ha4eHus.

Vbl eLle HNKOrAa Tak CUABHO He oWnbanCh..

CeromHst MbI PaCCKa’KeM BaM O TOM, [0 KaKOMY IYTHU
MBI [T, pa3pabarbiBas cOOCTBEHHBIA MOJYJIb TIeYaTalo-
TIeli TOJIOBBI i cBoero 3D-TIpuHTEpPa, TaK Kak CUUTAEM
YTO 3TO ZIOBOJIBHO MHTEPECHBIIA OIIBIT.

Hauanoch Bcé ¢ wusydeHuss TPoGJIeM KHTAWCKUX
MeYaTaonx OcHOBHBIE WX  TIPOBIEMBI
CBSI3aHBI C 3aJUIIAHUEM IIeYaTHOrO MaTepHasa, €ero
POCKAIb3bIBAHIEM B IIPUBOMHOM MEXaHU3ME U BbI-
XO/IOM U3 COeflMHeHMs sKcTpyzAepa. Ilposenst Heckomb-
KO Hoveil Ha ¢dopyMax, MbI YCTAaHOBWJIW TPUUU-
HY — HEKayeCTBEHHbBIH TepMoOapbep MEKIY TOPSUUM
COILIOM U XOJIOAHON HarpasJistolei Tpyoxoii. Tepmoba-
pbep Ha KUTAMCKIX KOMILIEKTYIOIIUX OY€Hb KAIIPU3HBII
U Kak OYJTO CHeNUaNbHO C/IeJIaH TaK, YTOObI BBI3BIBATH
MOCTOSHHBIE IPOOJIEMBL.

Ilns xagecTBeHHO# 3D-meyatn HEOOXOAUM TEPMO-
Gapbep MUHUMAJIBHOM [JIHHBI, 00JaJaf0Ini BEICOKUMHE
TETJION30JUPYIONIIIMHA CBOMCTBAMI. JTO MO3BOJISET Ha-
rPeBaTh TOJIBKO T€ 30HBI HKCTPY/Epa, KOTOPbIE HYKHO,
He TepesiaBasi TeIIo Ha X0oJIo/Hbie. B aToM ciydae mevar-
HBIII MaTepuasl PacIyIaBisieTcsl HEMOCPEICTBEHHO B CO-
1J1e, Tepell BBIXOOM M3 9KCTPYIEPa, UTO CYNIECTBEHHO
006JIeTIaeT IKCIUTYATAIIMIO W CHUKAET BEPOSITHOCTD 3a-
CTPEBAHMS U BBITEKAHS MJIACTHKA.

Ha mpakruke tepMoGapbepbl B «IOMAIIHUX» TPUH-
Tepax 00BIYHO 3HAYUTEJIBHO JITTMHHEE, YeM HyKHO. I13-3a
3TOTO TOUKA IJIABJIECHUS IIACTUKA CMEIIAeTcs TO B XO-
JIOMHYIO 30HY, TO B TOPSYYIO, 2 3TO TEPBbIH TIar K Mpo-
Bay.

ITpocToii 1 paloOHAIbHBINA CIOCOO OXJIaK-

IeHuss — npuMmeHeHue paxuartopa. Ho camo
1o cebe HaJIM4ue pajuaTopa HaKJIabIBaeT Pl
KOHCTPYKTUBHBIX HEYA00OCTB. DTO TPOOJIEMBI
C ero KpelJieHHeM, KaueCTBOM COIIPUKACAo-
IUXCSI TIOBEPXHOCTEH, € Toaaueli/0TBOIOM
Bo3zayxa. C mozaveit Bo3ayxa OT/AeTbHbIE HIO-
AHCBI: BO3JYX, OYEBUIHO XOJOIHBIN, Gepércs
60 13 pabodeii 30HbL, 1UOO U3BHE.

IlepBblil coco6 ropasmo IpoIle — BeH-

TUJIATOP Pa3MeEIaeTcss B HEOCPEICTBEHHOM
6ma3oct ot pagraTopa. OMHAKO 9TO HETPH-
eMJIeMO [IJTsT TledaT WH)KEHEPHBIMHU TLIACTU-

TOJIOBOK.
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KaMM, TaK Kak st TIPaBUJIBHON yCajiku UM Tpebyercst
TEIJIBII ¥ CyXOH BO3/yX.

[ns atoro B «zgomammHux» 3D-TpuHTEpax HMCIOIb-
3yIOT TMOZOTPEBAEMBIN CTOJ, KOTOPBIN JIOKAJIBHO TpeeT
BO3YX BOIM3M obaacTu ieyat. Ho Ha pakTHKe BCE 910
paboTaeT laJieKko He BCerya.

Bropoii criocob, ¢ BHEIIHeH I1oga4dell Bo3ayXa, HaK/a-
JIBIBAET DSl TPYAHOCTEH KOHCTPYKTOPCKO-TEXHOJIOTH-
YEeCKOTO XapakTepa, HEMUHYEMO YBEJTUYUBAIONTUX CTOU-
MOCTb TIPUHTEPA.

[losrre HOuM Ha (hopyMax IOMOTJIN HAM CJI€JIaTh BBI-
60p B 10JIB3Y TepBOTO crocoba (puc. 1).

Mbi samenunv  Matepuans TpyOku Tepmobapbepa
co cTasii Ha (GTOPOIJIACT. TUM MBI XOTEJIU TOJIYYUTH
BO3MOKHOCTB C/IEJIaTh 3aKPHITYIO pabouyio 06J1acTh ¢ J10-
HOJIHUTEJBHBIM 000TpeBOM. B uTOre OHO Ha)ke Kak-TO
paboTajio, HO BCIUIBLIN pasHble TPOOJEMbI C BhITEKaHMU-
€M IIJIAaCTHKA U3 coelMHEeHUN (pTopoIIacTa ¢ METAJJIOM.
Jlasbiiie — T0JIbKO Jiyutie. Mbl 0OHAPYKUIIA HOBBIE TIPO-
GJIeMbl Halllel TOJIOBBI: COIJIO HEAKTUBHOTO MaTepuaa
LIeILJIAI0CH 32 CBexKeHalledaTaHHbIi MaTepuast. Hac cnosa
OKUJIAJIN JIOJITHE HOUM Ha (hopyMax.

Bckope Bropast Bepcust TOJIOBBI yske ObLIa B HaIUX
pykax (puc. 2). OHa MakcHMaJIbHO TiepeHsiia B cebst BCé
13 [EePBOIl 32 UCKJIIOYEHHEM TOTO, YTO IKCTPYIEPbI CTa-
JI Terepb HelapalJieIbHBIMU, TIOSBUJICS Pa3Bajl U MeXa-
HU3M Ka4eHUsI, KOTOPBIN MOTIePEMEHHO OJIUH 13 9KCTPY-
JIepPOB CTaBUJI BEPTUKAJIBHO.

Puc. 1 Puc. 2
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[Ipy TeCcTUPOBAHUW MBI OOHAPYKUJIM, YTO pazpado-
TaHHBI TepMOOapbep He BBHITOJHSI CBOETO IPSIMOTO
HA3HAUEHUs] — IUIACTHUK TTOCTOSTHHO 3AJIMIIAT U COYMJIICS
U3 Bcex Ieseil. Hacran mepesloMHbINI MOMEHT, HABCET/IA
U3MEHUBINNIN HAITY CTPATETHIO 1 TIOAXO/ K JIeJTy.

[Tocsie yitMbl TpobIEM €O BTOPOIi Bepcuel GIOKeT-
HOM roJIOBBI Mbl PELIMJIN YUTH OT KUTAUCKUX KOMILIEK-
TYIOMIUX, YATH ¢ (HOPYMOB € 0OCYKIEHNEM <«ITOMATTHUAX>
[IPUHTEPOB U COCPEJOTOYUTH CBOE BHUMAHME HA IIPO-
MBIILJIEHHBII YPOBEHb.

3ajlaya 3ByYasa 4€TKO: co3maTh 3D-mpunHTEp, KO-
TOPBIN MeYaTaeT JIOOBIMHU TUIACTHKAME <3 KOPOOKI»
U He JIOCTABJISIET TIOH30BATENI0 HUKAKUX mpobJieM. Pea-
JIN3AINST TAKOTO HATTOJIEOHOBCKOTO TIJTAHA CTAaBUJIA TIepe/t
HaMu Bcé Gouiblile U GOJIbIIIE WHKEHEPHBIX 3amad. Ham
TpeboBasach cephE3Has nepepaboTKa KOHCTPYKIIUH.

Cosnanuie Tperbeil Bepcuu ToJOBBI (puc. 3) ObLIO
JINIIb BOIPOCOM BpeMeHHU. [IepBBIii MakeT HOBOTO 3KC-
Tpy/iepa TTOKA3bIBaJl CYIIECTBEHHBIN MPHPOCT CKOPOCTH
nomaun Matepuana. OTCyTCTBUE KaKuX-IH60 MpodJieM,
HATIPUMep 3aJIUIaHUs IJACTUKA, [MO3BOJISJIO TOBOPUTH,
YTO MBI HA IPABUJIBHOM ITyTH.

Puc. 3 Puc. 4

Oanako 1pU UCHBITAHUAX y HAC IIOJYYUJIOCH Ha-
CTPOUTDH TOJIBKO OJIMH 3KCTPYyZEpP, BTOPOW IO Pa3HbIM
MIPUYMHAM TIepecTaBajl HOPMAJIbHO (DyHKIIMOHUPOBATH.
IIpnunHoii cTama Hama W3JUIIHAS 3KOoHOMUS. [I3-3a
OTPAaHWYEHHBIX PECYPCOB U KEJTAHUSI MAKCUMAJIBLHO yBe-
JIMYUTh TEXHOJIOTUYHOCTD lIeTaJIefI OKa3aJIOCb, 4YTO [AHn-
aTa3oHbl KAIMOPOBKU KCTPYAEPOB HEIOCTATOUHBI JIJIsT
OJTHOBPEMEHHOI PaboTOCIOCOOHOCTH 060HX. ITO TIOTPe-
60BaJIO 0UEPEHOI TIepeXxo K 6oJiee TOUHBIM, a CJIe/[0Ba-
TEJTHHO, ¥ IOPOTHM JIETAJISIM.

Yerpéprass rososa (puc. 4) mogydnsIach CypOBOH,
TOYHOMN U lIOpOl"OI‘/JIy HO, B OTJINYME OT BCEX ITPOIIJIBIX BEP-
cuii, oHa paborasa. Temepp IpoGaEMBI ¢ IIEYATHOI IOJIO0-
BOI OTCTYIWJIN C NEePEJHEro IJlaHa U OTKPbLIM HaM Bce
OCTaJIbHbIE.

Hauanacs nepepaborka nedarnoro croja. biarogaps
MOZIOTPEBY paboueii KaMepbl MbI OTKA3AJIUCH OT €0 TO/I0-
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rpesa. Haina 3ajaua <ireyaraTh U3 KOpoOKu» TpeboBaiia
YHATH OT KaauOpPOBKM CTOJIA TOJb30BATEIEM, 3aMEHHB
Ha pasoBylo KaiuOpoBKy npu cOopke. Biaromaps sto-
My Ha TOJIOBE HOSIBUJICS JAATYMK JJIs aBTOMATUYECKOIO
BbIpaBHUBAHWA MHWHUMaJbHBIX OTKJIOHEHUU IIporpamMm-
HBIMU CpeACTBaMU €3 ydacTus Mojb3oBatess. VIMeHHO
ATOT JATYMK MOKa3aJ BCIO KPUBM3HY crtosa. KoHCTpyk-
IIMIO CTOJIA MOTPeOOBAIOCH MEPEIEaTh, B O4epPeaHON pas
IOBbIIIAS CTOMMOCTD.

Ceiiuac Hal cTOJ HpeAcTaBsger coboil (pesepoBaH-
HOE aJIOMMHHEBOE€ OCHOBaHME C BaKyyMHBIM 3aXBAaTOM
NOATOKKHU. B HacTostee BpeMsi MPOBOJAATCS MUCIIBITAHNS
C Pa3JMYHBIMM MaTe€pHuaJaMH A JOCTUKEHUA JIy‘—HHeI’;I
AJITe3UH TIJTACTUKA C TIOTOKKOM.

Puc. 5

Hauanacp paspaGorka coOCcTBeHHbIX coten. Mopep-
HM3alUsl KUTAHCKUX COIeN IOoKasaja CBOI0 Headdek-
TUBHOCTH B CBSI3W C UX M3HAYAJIBHO HU3KUM KaueCTBOM
U3roToBjeHus. /Jla u MIHMMATbHOE OTBEPCTHE COILIA —
0,2 MM — Hac He ycTpauBajo. B HacTosiIee BpeMst MbI aK-
TUBHO paboTaeM Hajl TEXHOJOTUUHOCTHIO COTIE.

Ceiiuac Hama TroJjioBa € JIETKOCTBIO TIEPEKJTI0UaeT
aKTUBHbBIE SKCTPYAEPbl ¥ IeYaTaeT JIOOBIM W3 HUX.
Temneparypa B paboueil kKamepe CTAOMIBHO NEPIKUTCSI
B HY’KHOM auanaszoHe. Maker 3D-nipuHTEpa MOJTHOCTHIO
(yHKIMOHUPYET C TOUKY 3peHUsT KOHCTPYKIIUH, HO alliia-
parHbie ¥ IpOrpaMMHbIe cpeicTBa eé TpedyIoT xopabot-
ku. JInzaitn u untepdeiic ynpasieHus TakKe B Ipoiiecce
paspaboTKu.

CienyronuM aTaroM paboThl CTaHET MEePBBIH OIBIT-
HBIIT 06pasell, KOTOPbIi TIAHUPYETCST TPEACTABUTD TITH-
pokoii my6suke. TopMO3UT paspabOTKy yCTOSBLIMIACS
CTEPEOTHII, UYTO OTEYeCTBEHHDBIX Pa3pabOTOK HET, a ecyin
OHM ¥ €CTb, TO 9TO KajJbKa ¢ WHOCTPAHHBIX. JTO MeIIa-
€T TIPUBJICYCHUIO WHBECTOPOB U MPUBOJUT K MPaKTHUe-
CKW MOJTHOMY OTCYTCTBHIO BHEIIHETO (hMHAHCUPOBAHUS.
Hecmotpst Ha ato, Hama paboTa MpoIoOIKaeTCs, a Hajle-
XIMa Ha cozganue 3D-mpuHTEpa, MOJHOCTHIO paspabo-
TAHHOTO ¥ U3rOTOBJEHHOTO B HAlllell CTPaHe, y:Ke JaBHO
He KayKkeTcst (paHTACTUKOU. m

’ 3DVISION
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Cyx0oe 3AeKTpoXMNHeckoe NoANpOBaH/e
ANS1 0OpaboTkU M3AeAn NocAe 3D-neYaTin

Ilappenos Imumpuii Andpeesuu, Eezenuii Kysvmun, TopStanok

IMocrobpaboTka aeraneil ABis-
eTcs OJHOHM M3 OCHOBHBIX CTaMil
rpoiiecca aJIUTUBHOIO ITPOU3BO/I-
CTBa M Ha TEKYIIUN MOMEHT CaMOU
TPYAOEMKOM.

ITo crarucruke, mocrobpaborka
3anumaer ot 30 mo 70 % BpemeHw,
MTOTPAYeHHOTO HAa BECH TPOIECC a/l-
IUTUBHOTO Tpou3BozacTBa. OnmHOU
M3 OCHOBHBIX TIPUYUH TAKOTO pac-
npeneeHusl BpeMeH! SIBJISIETCST TO,
4TO 10CTOOpabOTKA IIPAKTUYECKU
BCETr/Ia BBIMOJIHSIETCS BPYYHYIO. ITO
MO3BOJISIET C/IENATh BBIBOJI, UTO y3-
KO€ MeCTO aIJIMTUBHOIO ITPOU3BO/I-
CTBa 3aKJII0YAETCs B IOCTOOPAaGOTKE
W3JIeIVs, a He B €70 IeYaTH.

Ha texymmuit MOMEHT BCe TEXHO-
JIOTMK  1IOCTOOPabOTKKM  COCPELOTO-
YeHLI HaJ PelieHneM ABYX OCHOB-
HBIX 3aJay: YJydIlIeHUus KadecTBa
MMOBEPXHOCTH W yIAJEHUs TMOJIEP-
JKEK.

B konue 2017 roma 6bLia npej-
CTaBJieHA YHUKAJIbHAST TEXHOJIOTHUS
IO YJIYYIIEHUIO KaYeCTBa TIOBEPXHO-
ctu — DryLyte, o Heli 37ech u 11oii-
JIET PeYb.

MOBEPXHOCTbL

NnoBepxHOCTb

NnoBepxHOCTb

DryLyte — ato TexHosjorus cy-
XOTO 3JIEKTPOXUMUYECKOTO  TILJTH-
(oBaHUS ¥ MOAMPOBAHMS MeTal-
JINYECKUX W3JETIHA  C ITOMOIIBIO
MepeHoca MOHOB MeTaJlia MOCPe]-
CTBOM CBOOOJIHBIX TBEP/BIX TEJ
(puc. 1). OrauuurensHON 0COGEH-
HOCTBIO 1 YHUKaJbHOCTBIO DryLyte
SBJISIETCS TO, YTO KMIKOCTU HE WC-
MOJIB3YIOTCSI B KAYecTBE 3DJIEKTPO-
autoB. Takke, B OTJIMYME OT TPaau-
IMOHHOTO Ccrocoba MOJMPOBAHMS,
0b6paboTka 110 TexHosiorun DryLyte
COXpaHSeT WCXOAHbIe (OPMBI U3-
Zlesiist, BKJIOYAsl YIJBl M PEXKYIITHe
KPOMKH, TIPOUCXOJIUT MPOIecC 06b-
eMHOTO TLT(OBAHUS U MOJUPOBA-
HUs, IPU KOTOPOM obpabarbiBaercst
BCST TOBEPXHOCTH JETANH, KAKYIO OB
CTO:KHYTO TEOMETPHIO OHA HU NMeJIa.

Texnosoruss DryLyte obGeciie-
YIBAET 3€PKAIBHYI0 ITOBEPXHOCTh
BBICOUAIIIEro KayecTBa, 06paboTKy
3a oxuH mar (puc. 2) u, 4TO camoe
BaXXHOE, TT03BOJISIET TIPEIBAPUTEIh-
HO paccunTath 3aTpatel. B 2018 ro-
ny DryLyte Oblta yocToeHa camoii
MPECTHKHOW TMpeMUu B 06JacTh

TEXHOJIOTUMN /IS QJJTATUBHOTO TIPO-
M3BOJICTBA 34 JIydlliee PelieHne JJIst
nocrobpaborku — TCT Awards.
lenepanbHbIil TUPEKTOP KOMIIA-
Hun TopStanok Esrenuii Anupee-
Brud KysbMUH TOmeNnicss Kericom
BHeapeHus TexHosornuu DryLyte
111 00pabOTKU HalledyaTaHHBIX CTO-
MaTOJIOTUYECKUX U3/IEJTUT.

B xommaHuio oOpatuiach MexkK-
JIYHApOAHAst ~ CTOMATOJIOTHYECKast
xomuanua 3DMED, nesarenbHOCTD
KOTOPOIl COCpPEeIOTOYeHa Ha TIPO-
U3BOJICTBE CHUCTEM WCTIPABJICHUS
IPUKyCa Ha OCHOBE COGCTBEHHBIX
3aIaTEeHTOBAHHBIX TEXHOJIOTHH C HC-
MOJIb30BAHUEM  AJZINTUBHOTO TIPO-
M3BOJICTBA B3aMeH TPAIUI[HOHHOTO
JINTEHHOTO.

O/1HO 13 BBITTYCKAEMBIX U3/IETTUH,
cucreMy 3yGHBIX GpekeTos (puc. 3),
KOMIIQaHUSI TIPOU3BOJUT C TIOMO-
mpio SLM-nievatn. Camu uszenusd
UMEIOT pasMep HeMHOrMM OoJiblie
CIIMYEYHON TOJIOBKU U JOCTATOYHO
CTOXHYI0 WHAUBUIYAJTbHYIO T€o-
METPUIO, UCXOASIIYIO U3 0COOEHHO-
cTell MOBEPXHOCTH 3yOOB IMallleHTa

Puc. 1. Snexmpononuposanue memainuueckux uzdeauti no mexuonozuu DryLyte

NOBEPXHOCTb

Mpwy 06paboTKke MaTePaA YASASIETCS TOALKO

C M3KCUMBABHO LLepOXOBaTLIX 0BAaCTen

36

NoBepPXHOCTb

N

[pw 0BpaboTke He NPOVICXOANT CKPYTrAEHe
KPOMOK 11 06ecne4mBaeTCs1 NPOHUKHOBEHVIe
BO BCe TPYAHOAOCTYMHbIE OBA3CTU
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a) xonmpeaiika

(puc. 4). Uznenns ycraHaBIWBAIOT-
Cs1 HETIOCPEJICTBEHHO B POTOBYIO T10-
JIOCTh U B CBSI3M C 9TUM HUMEIOT BBI-
cokue TpeboBaHUS K (DUHAILHOMY
Ka4eCcTBY MOBEPXHOCTHU U K He3011ac-
HOCTH.

YuutbiBass ~ BbIIENIEPEYHNCIIEH-
Hble XapaKTEePUCTHKH, IOJUPOBKA
U3JIeNIUST TTPONU3BOINIIACH UCKITIOUH-
TEJHHO BPYUYHYIO U 3aHUMAJIA HOJIb-

6) nonamxa

IIOE KOJMYECTBO BPEMEHM. ITarl
NPUEMKM KauyecTBa U3JIEJUs TakxkKe
ObLI BPEMEHHO3aTPATHBIM, TaK KaK
KaXIbll pas omepaTop IOIyCKal
pasiuuHble OMMOKU B TIPOIECCe
MOJIMPOBKY MJIH, YTO €IIE XYKE, CO-
Bepiuas 6pak. B ciyyae Gpaka npu-
XOAUJIOCH TleyaTaTh HOBOE U3JIeJIie
U €llle CUJIbHEee 3aTATUBATh 1 €3 TO-
ro JOJTHH IPOLECC IIPOU3BOICTBA.

Puc. 3. Cucmema 3y6uvix 6pexemos ¢ HanewamanHblMu U30eaUsIMu
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Puc. 2. Hsdenus 0o u nocie obpabomxu

IToMIMO 3TOTO KOMITaHKS MOMafaia
B OOJIBINYIO 3aBUCUMOCTH OT OTle-
paTopoB MOCTOOPABOTKU: TIOCTIE WX
YBOJIbHEHUSI 3HAHUS YXOAUIU BME-
CTe C COTPYAHUKAMH, HOBBIX IPH-
XOIUJIOCH TOA0ATY 00yuarh. Ore-
parop — JIOCTaTOYHO IOABUIKHAS
KaTeropusl CIIEIUATINCTOB, U JeTaTh
9TO MPUXOIUIOCH YACTO.

Iocse ouepesHoro yBOJbHEHUS
COTPYIHMKA KOMIAHUEN ObLJIO TpH-
HSITO pelleHIe UCKaTh aBTOMATHU3H-
POBaHHBIE DEIIeHUsT IJIsT TOJTUPOB-
K1, 1 oHa obparuiaack B TopStanok.
Kommanust u pamee obpalanach
K PasjMYHBIM CHENUATUCTaM, HO
Ha TOT MOMEHT HUKTO U3 WHKH-
HUPWHTOBBIX KOMITAaHWHA HE CMOT
PEJIOKUTh ABTOMATH3MPOBAHHOE
pellieHne s TIOJUPOBKU  TaKUX
MEJIKHX ¥ CJIOKHBIX U3JIETHU.

3ajaya ot 3aKazumka ObLia j10-
CTATOYHO TPUBMAJIbHAS — aBTOMA-
TU3UPOBATh BECh TPOIECC IMOCT-
00paboTKH, MUHUMU3UPOBATh HE0O-
XOJMMOCTh y4YacTHsl YeJOBEeKa B
rpoiiecce, TIOBBICUTH 3D PEKTUB-
HOCTb ¥ TIOJYYUTh CTaOUIBHOE Ka-
4ecTBO 00PabOTKK OT UBJE/NUS K 13-
JEJTHIO.
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MBI TIPETOKUIIN PEIIEHHE [IJIST MACCOBOM MOJUPOBKY M3~
JIEJIAIA, YCTAHOBKY CYXOTO 3JIEKTPOXUMHUYECKOTO TIOJUPOBa-
nus Dlyte. Ha Tor MOMeHT y Hac OBLIO peaii30BaH0 HECKOJIb-
KO TIPOEKTOB M OTPOMHOE KOJUYECTBO TEXHOJOTHUECKUX
TECTOB, W MbI JOCTATOYHO TOYHO MOTJHU CIIPOTHO3UPOBATDH
pesysbrar 06paboTku. EANHCTBEHHOU 3arBO3AKOM SIBIISLICS
Jepskarenpb jgetaneil maaa obpaborku 96 usmenuii 3a pas —
IPUMEPHO TaKoe KOJIMYeCTBO JIBa OllepaTopa ycneBasi obpa-
6oTtaTh 3a JeHb. Halliy TeXHOJIOIM COBMECTHO C IIPOU3BOANTE-
JieM pa3paboTaii HOBBIH, Ha 6a3e CTaHAAPTHOTIO I0BEJUPHOTO
IepsKaTesis, IPUYeM JIajke ¢ YABOEHHON BMECTUMOCTbHIO, UTO
AKTyaJIbHO [JIST PACTYTIEH KOMITAHUH.

[IpuBenem 1upsI IO TTPOEKTY.

Bo-11epBbIX, yAaI0Ch AOOMTHCSA IEPOXOBATOCTU IO-
BEPXHOCTU W3/IeJIMs] HA OTBETCTBEHHBIX IOBEPXHOCTSIX Ra
0,08 MKM, paHee e, TIPU PYYHON MOJIUPOBKE, HEJIB3sT OBLIO
naxke TPUOTUBUTHCS K TaKUM 1iupam. Bo-BTOPBIX, BIIEpBbIe
MOJIYYIJIOCH OTIIOJIMPOBATh 3aMOK HU3JIEJUS, [I0 9TOTO dJie-
MEHT He TIOJIMPOBAJICS BBULY TPYAHOAOCTYITHOCTH.

Bpems 06paboTki B nepecuere Ha €AMHUILY W3AEIUS
COKpaTujIoch OoJjiee, yeM B 5 pas: ¢ 5 MUHYT 10 56 CEeKyHI.
Coxkparumnach B 3,36 paza CTOMMOCTDb MTOJMPOBKU €/[UHUIIBI
usnenus (6e3 yuera aMOPTH3AIMK) IIPU HeAeJIbHOM OObeMe
nosupoBanus 480 emunuil. [Ipu yBenwdyeHUU HERETHHOTO
obbeMa Ipou3BoACTBa 10 960 eIMHUI] U UCIIOIb30BAHUN YBe-
JIMYEHHOTO JIepKaTeJisi CTOMMOCTh COKpaliagach B 6,23 pasa.
IT0 1M03B0IMI0 00pabaTeiBaTh 3a OAUH paboYUil JeHb BECh
00beM HalleyaTaHHBIX 32 HeNeNI0 U3AeJUi U 0CBOOOIUTH
oriepatopy 32 yaca B HeJIeJII0 JIJI Peasu3aiiuu JIPyTux 3aj1ad.
Jrall IPUEeMKHN KauecTBa MOJTMPOBAHUS MAPTUU UBJIEHIT CO-
KPaTHJICS 10 5 MUHYT Ha BCIO MTAPTHIO.

Taxum 06paszoM, NPOU3BOACTBEHHBIH IUKJI CYLIECTBEHHO
COKPATUJICSI, a TTPOU3BOIUTEIBHOCTh BBIPOCTA. JTO TO3BO-
JILJIO BHEAPUTD JOIOJHUTENbHYIO JUHENKY U3Ie/nii, Goee
JIellIeBOro I[eHOBOro Auamnas3oHa. /[anHas smHelika posroe
BpeMst ObLiIa B MJIaHAX KOMIIAHUH, HO €€ BBOJI MOJIPa3yMeBal
CYIIIECTBEHHOE YBEJMUYEHNE IITaTa OIIEPATOPOB, YTO BJIEKJIO
3a co00il JONOJHUTENbHbIE OPTaHU3AIMOHHbIE CIOKHOCTH
U PacXo/pbl B CBS3U C 9THM Pealnusalus IpoeKTa Oblia OTI0-
JKeHa.

B pesysibrare mpojieiaHHO# paboThI OBLI MOJIYY€eH TOJTHO-
CTHIO AaBTOMATHU3MPOBAHHBIN, & CAMO€ BaKHOE, ITPOTHO3UPY-
eMBIH TTPOIleCC MOJUPOBKY U3JIEJUsI, CTAHIAPTHOE Ka4eCTBO
OT U3JIEJIUS K U3JIeJTNI0 HE3aBUCUMO OT MapTHH.

B manHoM Keiice ObLIa HCIIOAB30BaHA caMasl MaJeHbKasl
ycranoska Dlite cepuu 1 ¢ o6bemoM pabodeii 30HbI 6 TUTPOB.
Jlng cpaBHenuss — camast OoJibliiast ycranoBka Dlyte 6osibiie
omucanuoii B 200 pas u umeet 06beM paboueii 30ub1 1200 Ju-
TPOB.

[IpoBensi orpoMHOE KOJIMYECTBO TEXHOJOTUYECKUX Te-
CTOB, MBI MOKEM C YBEDPEHHOCTbHIO 3asIBUTD, yTO Dlyte — yHu-
BEpPCAJIbHBII MHCTPYMEHT 151 (DUHAIBHOM 06pabOTKY 1 MO
XOUT KaK [IJisI TIOJIMPOBKU MEJKUX U3IENUN I0BEJTUPHOTO
THUIA, TaK U JJIS TapTUH KPYTMTHOTaGapUTHBIX U3JEJHi, KaK,
HArpuMep, JIONaTKa TypPOUHBI. m
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Puc. 4. Haneuamanmnoe memaiiuuecxkoe
usdeaue 0o u nocae 06pabomxu
no mexwnonozuu DryLyte
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(POTONOAVMEPHAs! NeYaTb
B LWMPOBOV CTOMATOAOMIA

Anexcandp IOpacos, HARZ Labs, info@harzlabs.ru

[Mocnexnue romst 3D nevyath B CTOMATOJOTUHU TIPHOG-
peraer Bce GOJBIINIT pasMax, 1 MHOKECTBO JJab0paTopHii
yKe Tiepenio Ha 1udpoBOi MPOTOKOJ. ITO MO3BOJIS-
€T YBEJUYUTHh KAYeCTBO MCIIOJHEHUS] HEKOTOPBIX BUIOB
paboT ¢ OHOBPEMEHHBIM CHIZKEHHEM Ce0eCTOMMOCTH
W yBEeJWYEHWEM CKOPOCTU TOJy4eHUsI TOTOBOTO MPO-
JIyKTA.

OcHoBHble HatpaBjieHus pa3putusg 3D neuyatu B cTo-
MATOJIOTUU JIEKAT B ILIOCKOCTU W3TOTOBJIEHUS XUPYP-
rUyecKuX IMMabJOHOB IS IUJTAHUPOBAHUST OIEpaIluii,
BPEMEHHBIX KOPOHOK ¥ MOCTOB, a TaKe MOJIEJbHBIX Ma-
TEPUAJIOB JIJIs1 TEPMO(POPMOBKH 2JIalfHEPOB.

ITpeacraBurens poccuiickoil kommanun HARZ Labs
10 TTPOU3BOICTBY MaTepuasios i 3D mevyaru Tak Xxapak-
TepusyeT PHIHOK (hOTOMOJNMEPOB CIEAYIOUIMM 0Opa3oM:

«MpI paboTaeM He TOJbKO Ha POCCUICKHIT PHIHOK, Ha-
a MPOAYKIUS ToJib3yeTcsi cipocoM B Eppore, CIIIA,
Erunre, Amonnn 1 MHOTUX IPYTUX CTPaHaX, 3TO TTO3BO-
JISeT TOJIyYUTh MPeACTaBaeHne 00 ypOBHE HCIIOJIb30Ba-
HUSI MaTepUajioB B CTOMATOJIOTHU 10 BceMy Mupy. Mbl
MOJKEM yBEPEHHO CKa3aTh, YTO PBIHOK HACTOJIBHOU (DO-
TonoJInMepHOH 1eyaTu B Poccun pacrer neficTBUTETBHO
OBICTPBIMU TEMITAMHU.

Cpenu caMbix BOCTPEeGOBAHHBIX IIPOAYKTOB CTOUT
OTMETHUTDb JIMHEHKY OMOCOBMECTUMBIX (DOTOIOIUMEPOB
HARZ Labs Dental, koTopas clenuaabHO CO3HaHa I
AKTUBHO Pa3BUBAIONIETOCS PBIHKA ITU(POBON CTOMATO-
goruu. McmonbzoBanue 3D-TexHosoruii yxke ceiivac
3aMETHO YCKOpsieT u obJjierdaer paboTy Bpadei, a TakkKe
MMOMOTAeT JIOCTUTATh HOBOTO YPOBHS TOYHOCTH TIPH TIja-
HUPOBAHUHU OTIEPAIIUI UJIA U3TOTOBJIEHUH MOJIEJIEN.

AAANTVIBHBIE TEXHONOI N / 4 @ 2019

Heob6XoMnMo yUUTHIBATh CHEIU(PUKY KOHEUHBIX W3-
nenuii npu pazpaborre doronoarmepos. Tak, Harpumep,
marepuas Dental Sand A1-A2 gBisiercs He pocTo Kepa-
MOHATIOJIHEHHBIM TIOJIMMEPOM JIJIi BPEMEHHBIX KOPOHOK
1 MOCTOB, HO 1 00JIafiaeT CIIOCOOHOCTHIO MEHATH CBOH OT-
TEHOK B 3aBUCUMOCTH OT 0cTOOpaboTKH 1715t GoJiee ecre-
CTBEHHOTO COOTBETCTBUSI 11BeTy 3y60B marmenTa. Dental
Yellow Clear, naobopor, npousBogurcss 6Ge3 HaIOJIHE-
HUS U Topasfo GoJiee JKUAKUN, YTO TO3BOJSET OBICTPO
nevaTaTh TOUHBIE XUPYPrUUECKUe MabJIoHbI, B KOTOPHIE
BKJIEMBAIOTCS CHEIUAIbHBIE METAJIMYECKUe HATPABJIA-
fonIye.

Ecu roBoputs 06 00beMax pogask, To Hanboee Boc-
TpeboBaHHbIi mosuMep — 310 Dental Peach mist usro-
TOBJIEHUST Moziesielt 1o TepMopopMoBKY. OCcOOEHHOCTHIO
MOJIUMEPA SIBJISIETCS €T0 YCTOMYMBOCTD K TEMIIEPATypaM,
IIPY KOTOPBIX (popMyeTcs IIeHKa aJjalinepa, KoTopas He
TOJILKO 00ECIIeunBaeT UACAIBHYIO TOCAAKY, HO ¥ TIPH
HEOOXOMMOCTH TO3BOJISIET MCIIOJIb30BaTh MOJENb I0-
BTOPHO>.

K atomy crout 106aBUTH, 4TO, KaK U B TPOIIJIOM TO-
1y, KOMIIAaHUSI TIPEJCTABUT TEKYIIUE TTPOLYKThI U HOBBIE
Pa3paboTKU Ha CTeHIe KOMITAHWK Ha BhicTaBKe Formnext
2019 Bo @pankdypre. Tam OyayT 1peacTaBieHbl HOBbIE
pa3pabOTKHU He TONBKO JIJIsT HACTOJBHOW MTeYaTh, HO U JIJIST
Gosbmiux mpunTepos. Ipospaunbie Gungepst 1 CMYK
JUTSL TIOJTHOIBETHON mevatu 1o TexHosioruun CJP, mpo-
MBINIJIEHHBIE (DOTOMOJUMEPBI, 1 AHOHCUPOBAaHA YCJIyra
o pazpaboTke GoTOTOIMMEPA IS TPOMBITILIEHHBIX (ho-
TOIIOJIMMEPHBIX IIPUHTEPOB. W
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TexHOAOr st MHOroocesown FFF-nedatn

Bumiowxosa A. A., Topy6apos U. C., 000 «Cmepeomex», info@ste3d.ru

O63op

B nacrosmuit Moment 3D-mpun-
TEPbl AKTUBHO BHEIPSIOTCS B TIPO-
WU3BOJICTBEHHYIO cdepy u TpuMe-
HSIOTCS [IJIT  W3TOTOBJIEHUSI MO-
JleJiell, TPOTOTUIIOB U KOHEYHBIX
W3eJIN — 3JIeMEeHTOB KOHCTPYK-
il u geraneil MmammH. Haubomee
PacIpoCTpaHEHHOU  TEeXHOJOTHEN
3D-neuaTu siBISIETCS IPOU3BOICTBO
METO/IOM HAIJIABJIEHUSI MaTepua-
na — Fused Filament Fabrication
(FFF). Bnaromaps npocrore n fe-
meBu3He TexHonorust FFF mo3sosis-
eT GBICTPO ¥ ¢ HU3KUMH 3aTpaTaMu
MTPOU3BO/IUTh MEJIKYIO CEpPUI0 yHU-
KaJbHBIX 00bekTOB. OQHAKO U3-32
CJIOUCTON  CTPYKTYPBI
U3/IeNUS UMEIOT HU3KYIO TPOYHOCTD
B HANpaBJEHWH, MEPIEHINKYISP-
HOM CJIOSIM, YTO He TIO3BOJISET WC-
MIOJTh30BATh 3Ty TEXHOJIOTUIO JIJIS
TTPOW3BO/ICTBA KOHEUHBIX W3JIEJUT.
®upmbi—npoussoauren FFF-yc-
TAHOBOK HCIIOJIb3YIOT —Pa3JUYHbIC
PeIeHusI [IJIsT YCTPaHeHUsI TPobieM
3D-nmevatn. Hampumep, BO3MOXHA
ONTUMU3AIUS YCJIOBUN U TTapame-
TPOB TIportecca. Takxe TpuMeHeHne
HAIILJIO UCII0JIb30BAaHNE BbICOKOTEM-
MepaTypHbIX WHKEHEPHBIX TOJUMe-
POB ¢ yJydllleHHBIMU (TI0 CpaBHe-
HUIO C MOJIEJIbHBIMY TIJIACTHKAMU )
(pm3nKO-XMUMUYECKNMH CBOWICTBAMH
(manpumep, PEEK-nnactuk). Emnié
OIMH CIIOCO0 IIOBBIMIEHUST IIPOYHO-
CTH [T€YATHBIX U3/I€JTUH — aDMHUPOBa-
HU€ HEMPEPBIBHBIM YTJIEBOJOKHOM
BO BpeMs medatu. Takoe pernieHue
peanm3yeT HECKOJIbKO KOMITAHWH
(Anisoprint, Markforged).

KOHeYHbIe

[pobremaTyika
OmHAaKoO  ONHMCAaHHBIE  IIOIXO-
Abl  TIO-IIPEKHEMY OCHOBBIBAIOTCS
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Ha craHgapTHoii FFF-Texmomornu
U HE YCTPAHSIOT OCHOBHYIO TpH-
YUHY HWU3KOW TPOYHOCTU WU3/EJINN:
BILJIaBJIEHUE HETIPEPBIBHOTO YIJI€BO-
JIOKHA TIPOMCXO/IUT TOJBKO B TIpejie-
JIaX IJIOCKUX CJIOEB, a MEXKCJIOMHAsA
IPOYHOCTH TO-TIPEKHEMY  OIIpejie-
JISeTcs TOJIBKO CBOHCTBAMY CBSI3Y-
folero Martepuaia. B nrore mmeer
MECTO TPHUPOCT TIPOYHOCTU B TLIO-
CKOCTH CJIOSI, TOT/Ia KaK B HaIpaB-
JIEHUH, TIEPIEHANKYISIPHOM CJIOSIM,
XapaKTEPUCTUKYU U3JEUsT He U3Me-
HsioTcs. Takoe perieHue He MOMKET
CIY>KUTh TIOJTHOIIEHHON 3aMeHON
TPAAUIOHHOMY CII0CO0y IIpOuU3-
BOJICTBA: JIasKe €CJTM MPABUIHHO pac-
MOJIOKUTh apMUPOBAHHYIO JIE€TAND
110 OTHOIIEHUIO K TUIIOBBIM HATPy3-
KaM, COXpaHsIeTCsl PUCK €€ BBIXOJa
U3 CTPOSI TIPU HENIITATHOM CUTYaIUH.

B cBa3u ¢ atum Haubosee MHO-
TOO0eIAoNUM  CIIOCOOOM  TIOBBI-
IIEHNUsT TIPOYHOCTHBIX CBOWCTB SIB-
JiseTcs BbIpallliBaHue 00beKTa W3
MMPOCTPAHCTBEHHBIX, a HE IJIOCKUX
CJIOEB, YTO MOKET ObITh Pealn30Ba-
HO C ITOMOII[bI0 MHOTOOCEBOI TIeda-
1. Mcnoab3oBanue cjiost B (popme
CJIOKHOU TPEXMEPHOU MMOBEPXHOCTHU
camo 1o cebe obecrieumBaer Oogee
PaBHOMEPHOE COIPOTHUBJIEHUE JIU-
HEWHBIM HArpy3KaM, IPUJIOKEHHbIM
B J0OBIX HallpaBjieHusax. IIpumene-
HUE XK€ apMUPOBAHUSI B COYETAHUM
C MHOT0OCEBOI I1€4aTbhl0 TO3BOJINT
chopMupoBaTh BHYTPH 00bEKTa
KapKac W3 TIepeTIeTEHHBIX yTJie-
BOJIOKOHHBIX HUTEH W B Pe3yJib-
TaTe IOJIydyaThb W3JEJUsI C KBa3u-
M30TPONTHBIMKU ~ (T.€.  TIPOSIBJISIIO-
IIUMHU HU30TPOIHBIE CBOMCTBA TIpU
MPUJIOKEHUU TIPOCTBIX JIMHEHHBIX
Harpy30oK BO BCEX HAIPaBJIEHUSX)
[MPOYHOCTHBIMKM ~CBOMCTBaMHU, KO-

TOPble  COCTaBSIT  PAIMOHAJIBHYIO
aJTbTEPHATUBY TOPOTOCTOSIIIAM U
TSKEIBIM  ATIOMUHUEBBIM JIETAJISIM.
Takoi#l moaxon CyIIeCTBEHHO pac-
IIUPUT 00JIACTh IPUMEHEHUST KOM-
MMO3UTHBIX AJUTUBHBIX TEXHOJIO-
TUil.

OpHako TP MHOTOOCEBOW Tie-
YyaTy BO3HUKAET HpobjieMa aBTo-
MaTU3aIUK1  TIOJTOTOBKHM M3JIEJIUSI.
Ha rexymuii MOMeHT Bce pelieHus
JUIT MHOTOOCEBOI IedaTd OCHOBAa-
uol Ha IIO Siemens NX, koropoe
TpebyeT Tmocie MPOEKTUPOBAHUS
nsnenus B cBoeii CAD-cpene mpo-
U3BOJUTh PYYHYIO PasOMBKY HU3JIe-
JUs Ha TPOU3BOJICTBEHHBIE YACTU
U HazHayaTh crocob o0paboTKU Ka-
JKJIOM 4acTu u3jieiis. ITO MPEJIIo-
JIaTaeT BBICOKYIO KBaJIU(PUKAIIIIO
omepaTopa W HaJW4We Ha MPEeINpHU-
arun IIO Siemens NX, uro Bezer
K IOBBIIIEHHONH CTOUMOCTH 060pY-
JIOBaHUSI M3-3a IIPUOOpPETEeHUs JIn-
nensnn Ha 110. Ha ceromasramii
JleHb HaM HEW3BECTHBI AHAJIOTH,
CIIOCOOHBIE ABTOMATUYECKH IIOJIO0-
TaBJIMBATh M3JIeJIe K MHOIOOCEBOI
reyaTu.

PeleHne

Kowmmanust «CrepeoTexs» paspa-
6oTajia TEXHOJOTHMID MHOT0OCEBOI
nevaru 5D tech, peanusyonyio 1re-
4YaTh W3JIEJTUN TTPOCTPAHCTBEHHBIMU
cIoAMU I OOeclie4eHus: IIOBbI-
IIEHHBIX 110 CPABHEHUIO CO CTaH-
napTHOU 3D-TIevaThio MPOYHOCTHBIX
CBOWICTB.

Eé cyrp 3akmiouaerca B co3-
JAHUU ~ U3JIeINST  He  TIJIOCKUMH,
Kak B 00blunHbIX 3D-mpunTepax, a
MpOCTPaHCTBEHHbIMU cJyiosiMu. Ha-
HeceHWe HUTel Matepwajna B (op-

Me TIPOM3BOJIBHOH  TPEXMEpPHOU
AAANTVBHBIE TEXHOAOT VI / 4 @ 2019



MMOBEPXHOCTH TIO3BOJISIET TIOJIYIUTH
MPUPOCT B TIPOYHOCTU TIO CpaBHe-
HUIO co crtanpaptHoil 3D-mevyaTnio
3a CYET TOTO, YTO TTOJUMEPHAST HUTh
B HAIPaBJeHUU OPUEHTAIIUU UMEEeT
GOJIBIIYIO TIPOYHOCTH, YeM KOTe3H-
OHHOE COEJMHEHWE MEXKIY OT/AEeNb-
HBIMU HUTSIMU. YKJIaJIKa MaTepuasa
B BHJIe IPOU3BOJIbHBIX HEIJIOCKUX
CJIOEB BO3MOKHA TOJIBKO TIPU HUC-
[10JIb30BAHUM MHOTOOCEBOM I1eyaTn
(o MeHbINEH Mepe, TSTHOCEBOH,
C TIpUMEHEHWEM TPEX JHWHEHHBIX
M [IBYX YTJIOBBIX yIIPaBJSIEMBIX KO-
opauHar). Jlig otawuums mpousBo-
JIMMbIX U3JIEJIMA OT HareYaTaHHbIX
Ha 3D-mpuHTEpe BBENEH TEPMUH
5D-mevarn (5D — 5 degrees of
freedom, 5 creneneii cBOGOALI).
[Iportiecc meuaT MO TEXHOJIOTUN
5D tech npoussoauTca B HECKOIBKO
aranoB. Ha repBom aTare Ha OCHO-
BaHUe, PACIIOJIOKeHHOE TTapasiieshb-
HO OCHU Z, TIPY TIOMOIITH TTevaTaroIiei
TOJIOBKM HAHOCHUTCS TOIEPKUBAIO-
11asi OCHACTKA, aHaJIOTMYHas papry
npu craugaptHoit 3D-meuatu. [la-
Jiee crocob6oM OGBIKHOBEHHOH Tex-
nonorun  3D-meyatu  co3maércs
Cep/leYHUK [UJIMHAPUYECKOn Gop-
MBI C BEpPXYIIKOW, TTOBTOPSIONEH
opmy uznenuss. 3atem cepieuyHUK
pacnoJiaraetcsl napaJjiesabHo ocu Y
(puc. 1a), u myTéM HABUBKHU HUTEN
Marepuaja BOKpPYr Hero Qopmu-
pyeTcsi OCHOBHAs YacTh W3JEJUs
(puc. 16) B BHje MHOXKeCTBa IPO-
CTPAHCTBEHHBIX CJIOEB (HAIIPUMED,

AAANTVIBHBIE TEXHONOI N

4 2019

a)

Puc. 1. IIpouecc newamu no mexnorozuu 5D tech

6)

MUIWHAPUYecKnX). B koHIe meyatn
n3jiesiie OT/EJSIeTCSl OT OCHACTKH,
KOTOpasi OblIa CO3JaHa Ha IIEPBOM
atare (puc 1B).

Koncrpykuust paspaboTaHHOIO
nsiTuoceBoro 3D-npuHTEPA C TEXHO-
gorueit 5D tech (puc. 2) Briouaer
B cebsl meYaTaronyio roJioBKy € KH-
HeMaTU4YeCcKOil CHUCTeMOH, BKJIOYa-
IoIIel /1Ba peMeHHbIX KOHTYPa, JJIs
JIMHEWHBIX TIepeMeleHn i 9KCTpyIe-
patmo ocsasM X 1 Y ¥ HAKJIOHHO-TIOBO-
POTHBIN MOYJb, 00eCTeUnBAIOIINIA
JIMHEHOe TlepeMellleHre W3JIeus
10 Ocu Z ¥ YTJIOBbIE ME€PEMEIEHUS
10 /BYM KOOpPJIMHATAM — €ro Ha-
KJIOH BOKPYT OCH A UM IOBOPOT BO-
KpyT ocu C, 4TO /ieJ1aeT BO3MOKHBIM
HaHeceHUe MaTepuajia B BHUJE IIPO-
CTPAHCTBEHHBIX CJIOEB.

Ha puc. 3 mupexacrasien 5D-
npuntep STE 520, paspaboraHHbiii
U CO3/IaHHBIN JIJI51 BHEJPEHUS TEXHO-
JIOTUM MHOTOOCEBOW Te4aT B IPO-
M3BOJICTRBO.

6)

[ToaroToBKa yIPaBASIONIUX MTPO-
rpaMm st S5D-1edaTyt IPOM3BOIUT-
Cs C TIOMOIIBIO CIEeIUATU3UPOBAH-
HOIO IIPOrPaMMHOTO ObGecredeHust
STE Slicer (puc. 4), obecieunBa-
IOIET0 PacuéT KOOPJMHAT Hadaja
U OKOHYAHWS MyTell TepeMelieHust
revaTaroleil TOJTOBKUA TIPU HaHece-
HUU KPUBOJIMHEWHBIX HUTEH MaTe-
puana u renepanuio G-koma. Asro-
PUTMBI TIO3BOJISIIOT aBTOMATUYECKU
IIOZITOTOBUTH M3JIEJINST K MHOIOOCe-
BOI I€YaTH, WCIOJb3Ys MPU ITOM
opMar faHHBIX, He MPUBS3aH-
ubiii k CAD-nporpamme (stl). STE
Slicer momepxuBaeT BO3MOKHOCTD
MOJIFOTOBKU  YIIPABJISIIONIUX  IIPO-
rpaMM Kak st SD-mpuHTepa, Tak
" aas ctangapTHOoTro 3D-mpuHTepa.
[TO mpoBoAUT IOATOTOBKY MO/Iesei
U3JIeIU M TIOJIJIEPKUBAET Pa3JINy-
Hble PEKUMbI MHOTOOCEBOH TIEUATH.

[Iporpamma comepKuT cienyio-
II[1€ 3JIEMEHTBI: 1 — OCHOBHOE MEHIO,
2 — MEeHIO TIepeKJIIoUeHus PohUIIst

« Puc. 2. Pabouue opzanot 5D-npunmepa

Puc. 3. 5D-npunmep STE 520

41



IpUHTEPa, 3 — BBIOOD pekiMa Ieva-
TH, 4 — HACTPOMKM TIeYaTH, 5 — pac-
4T BPeMEH! M Pacxo/ia MaTepHrasa,
6 — coxpaHeHUe 3aJIaHUsT HA TTIeYaTh,
7 — BUIOBOIT Ky6, 8 — mepeksiove-
HHe DPEXKUMOB OTOOpasKeHus, 9 —
MaHeN b PEelaKTUPOBAHUST MOJENH,
10 — kHOmKa 3arpysKkud MOJIETN
B niporpammy, 11 — nepexsiiouenue
Ha TTaHeJIb MOHUTOPUHTA TTeYATH.

Taxske ObL10 paspabOTaHO IIPH-
JIO’KEHUE JIJIs YIIPaBJIEHUS Tpollec-
com nrevatn — STE App. C ero mo-
MOIII0 TIPOUCXOIUT YIIPABJIEHHUE
3D- u SD-npunTepamu depes enu-
HBII WHTEP(hENC ¢ BO3ZMOKHOCTHIO
IJIAHUPOBAaHUS  3aJlaHWil  TIeYaTw
U pe3epBaliuu MpUHTEPOB (puc. 5).

Texuomoruss o6iazaer psIOM
MPEUMYIIIECTB:

* UCKJIOYaeT  HeoOXOAUMMOCTh
MeYaTh <«MOAJEPKEeK» s ToJryde-
HUS HABUCAIOIINX 2JIEMEHTOB, TEM
CaMbIM COKPAIAETCs BpeMsI 1eUaTy;

* YBEJMYUBAET CKOPOCTb M€YaTh
10 ABYX pas 6jarogaps ONTHUMU3a-
WU Ty Tell IepeMertneHns;

* OTKPBIBAET BO3MOXKHOCTDH CO3-
JIAHUS CJIOEB CJIOXKHOUM (DOPMBI /1Jist
VIIyUIIEeHUS MEXaHNYEeCKUX CBOWCTB
TOTOBOTO MPOAYKTA.

VlccheaosaHve

ITpenmytiecTBO paspabGoTaHHON
TEXHOJIOTUU TIepe/l TPAAUITMOHHOM
MeYaThio IITIOCKIMH CJIOSIMU XOPOIIIO
WJLTIOCTPUPYETCST Ha TpUMepe cJie-
nyforitero obpasia: Ha puc. 6a u30-
Gpaskenbl 3D-tieuaTHble OOPA3IIHI,
a Ha puc. 66 — SD-meuarubiii. Ipu
HCIIBITAaHKUSX HArpy3Ka Gblaa MPIIo-
JKeHa K BBICTYTAIOMINM [IUJIUHIPH-
YeCKUM <«DOXKKaM» W3JIeJaUsl Tep-
MEeHIUKYJISIPHO K ero ocu (puc. 7).
B mnepBoM cayyae paspyiienue
MPOUCXONIIO 32 KOPOTKHI TTpoMe-
JKYTOK BPEMEHU TIPU MPUJIOKEHUH
Harpysku okosio 40 xr. B To xe Bpe-
MsI BO BTOPOM CJIydae Habiogancs
HA/IJIOM YacTU IIPOCTPAHCTBEHHBIX
coéB mpu Harpyske okosio 130 xr,
TPpUYEM, HECMOTPs Ha TOsIBIEHNE
nedexTa, obpaser] COXpaHsT Ile-
JIOCTHOCTD U HE TI0TePsiT paboToCTIO-
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Puc. 4. Unmepcpeiic STE Slicer.

Puc. 5. Humepgeiic STE App.

Puc. 6. Pesyivmamul cpasHeniiss MEXAHUUECKUX COUCTME demaiu muna meid
8paujeHus: a) NoyUeHHol memooom cmanoapmuoil 3D-nevamu;
6) noayuennotl memodom 5D-newamu

6)
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COGHOCTB, B OTJINYKE OT HOJIyYEHHO-
TO METOJIOM CTaH/IAPTHOM MeYaTH.

BbiBOAbI

CpaBHeHrEe TOJYYeHHBIX 3Ha-
YEeHUI €O CIIPABOYHBIM IIOKa3aTe-
JIEM TIPOYHOCTU JIUTBIX UBIEJIHi
MOKa3aj0  MPUPOCT  MPOYHOCTH
5D-usngesunil 10 OTHOIIECHUIO K JIU-
TIM Ha 32% (HaHHBlE 10 MPOY-
noctu 5D- u 3D-06pasiosB 110-
JIydeHbl B XOJIe CPAaBHHUTEJIbHBIX
WCIIBITAHUHN, JJaHHBIE 10 CBOMCTBAM
qutoro ABS-mimactuka B3ATBI C
caiita http://himcompany.com/).

Takum 006pa3oM, TeXHOJIOIUs
mHorooceBoii FFF-mmeyatn mosso-
JISIeT TIPOM3BECTH <«CaMOapMHPOBa-
HUEe» W3NS 32 CYET OPUEHTHUPO-
BaHMS MOJUMEPHBIX HUTEH B BHIE
[IPOCTPAHCTBEHHBIX CJIOEB, UTO 0be-
CTIeYnBaeT 4-KpaTHOE yBeJUYeHUE
IPOYHOCTH 110 CPAaBHEHUIO CO CTaH-
naptaoii  FFF-mewatsio. [lomoa-
HUTEJBHOE aPMUPOBAHUE HeTpe-
PBIBHBIM YIJIEBOJIOKHOM TTO3BOJIUT
MTPOU3BOINTD
3UTHBIE WU3IETUsT JI000H (HOopMBI,
IO TIPOYHOCTH IPEBBIMIAOIIIE aHa-
JIOTUYHBIE AJIOMUHUEBBIE Jl€Ta/IN
MPY OJTHOBPEMEHHOM CHWKEHHM eé
Macchl. TexXHOJIOTusT MHOI0OCEBOI
mevyaTh MOKET HAWTU TpUMEHEHUe
B PasIUYHBIX c(hepax MPOMU3BOACTBA
JUISI M3TOTOBJIEHUST U3JENUH IPO-

CJIOKHbIE KOMIIO-

AAANTVIBHBIE TEXHONOI N / 4 @ 2019

Puc. 7. Pacnonodcenue 06pasua npu ucnvolmanusix

n3BOJILHOM opmbl (puc. 8): aBTO-
MoOuIecTpoeriie, POOOTOTEXHUKA,
CTPOUTENBCTBO, aBUAIUS U PAKETO-
CTPOEHUE, MPOTE3UPOBaHUe, 0060-
POHHasI TPOMBIIIJIEHHOCTb.

Texnosorust mHOTOOCEBON FFF-
nedatu 5D tech mpomura ampoba-
IIUI0 HA BBICOKOM ypoBHe. B ¢es-
pane 2019 r. npoekT cran mnobeu-
TeJleM BCEPOCCUNCKOTO KOHKypCa
S7 Startup Challenge. Opranusa-
TOpaMH KOHKYPCA BBICTYITUJIA aBUa-
kopropanust «S7 Group» coBMmecT-
HO ¢ pongoM «CKOJIKOBO».

A B aBrycre 2019 r. mpoekT GbLI
pe3eHTOBaH HA MeXIyHAPOAHOM
ABUAIMOHHO-KOCMUYECKOM ~ CaJIOHE
U TIPEelCTaBJIeH BeIylNUM aBHUa-
CTPOUTETBHBIM U OGOPOHHBIM TIPEI-
OPUATHAM CTPaHbl, B TOM YHUCTE
crpykrypam O6belMHEHHON aBUa-
crpoutesnibHoi Kopropaiun (OAK)
1 KOHIIepHa «AsMas-AHTeit». Paspa-
GOTKY BBICOKO OTICHILI TeHEPATbHBIN
mupektop [IAO <«ABUWAIMOHHBIN
komrutekc umenn C. B. Wnptomunas
IOpwuit I'pyaunaun. =

Puc. 8. Ipumepot usdenuit, nonyuenrvix no mexnonozuu 5D tech
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