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B nacrosmee Bpems NpUOBUIBHOCTh MAIIWHO-
CTPOUTENBHOTO MPOU3BOJICTBA yIaja BO BCEM MHU-
pe. OcHoBHas npyuYrHA — OypHOE HHIYCTPHAIHHOE
pasBUTHE CTPaH TaK Ha3bIBAEMOI'O TPETHETO MUPA,
B ocobenHoctn Kuras u Unaun. [{eHoBast KOHKY-
peHIHs Pa3BUTHIX CTPaH C HAMH HEBO3MOXHA IO
HNOHATHBIM TPUYMHAM, [OSTOMY Ul IOJIyY€HHS
HO-TIPE)KHEMY BBICOKOH HOpPMBI NPHUOBIUIM y HHUX
OCTaeTcsl €QMHCTBEHHAs BO3MOXXHOCTh — IPOU3-
BOJICTBO YHHMKaJbHOH MNpoayKuuu. ToabKo yHU-
KaJbHBIA MPOAYKT MOXHO MpPOJAATh HE 3a KOHKY-
PEHTHYIO, a 32 YHUKAJIbHYIO (MOHOITOJIBHYIO) TICHY.
YHUKaIbHOCTh NMPOAYKLUUHN CETOIHs oOecrednBa-
eTcsi JBYMsI NYTAMHU: CETMEHTaluell pbIHKa |
YCKOpEHHeM Pa3padO0TKH ¥ BBITYCKa HOBBIX BHIOB
npoaykuuu. Passuteie ctpansl (EC, CHIA, fAno-
HUS W JIp.) XOPOIIO OCBOMJIM 3TH BO3MOKHOCTH.
[Ipuemnemyro MpuOBUTEHOCTH MAIIMHOCTPOUTEINb-
HOHW OTpaciy 3TUX CTPaH KakK pa3 U 00eCHeynuBaroT
MyTeM OpraHu3aluu OBICTPOTO MPOEKTUPOBAHUS
¥ TIPOM3BOJICTBA BBITyCKAa MAallbIX NapTHUH YHU-
KaJIbHBIX WJIM XOTS Obl B YEM-TO OTJIMYAIOLIMXCS
TOBapOB.

Crpansl CHI' n Boctounoit EBporns! misITatoTcst
JIOTHaTh Pa3BUTHIE CTPAHBI, U/ 110 TOMY XK€ MYyTH.
Ho MOXXHO moOmMBITaThCs HE JOTOHATH pPa3BUTHIE
CTpaHbl, a 000THATH WX, UCTIONB3YS IPUHITUITHAIb-
HO HOBBIE (471 MAIIMHOCTPOCHUS) TEXHOJIOTHH.
OnHOlM M3 TaKUX TEXHOJIOTUH sBisieTcs HopMUpo-
BaHUE TPEXMEPHBIX OOBEKTOB HE IyTEM YIaJICHUS
Matepuana (ToueHue, (Qpe3epoBaHUE) WIH H3Me-
HeHUsT (OpMBI 3aroTOBKM (KOBKA, IITaMIIOBKA),
a IyTeM IMOCIOMHOrO BBIpAIMBAHUA MaTepHaa.
OTH TeXHONOTHH HanboJiee N3BECTHBI KaK ObICTpoe
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npototunuposanne (Rapid Prototyping, RP). Huo-
I7la UX elle Ha3bIBalOT TEXHOJOTHSIMHU MOCIOHHOTO
BBIPAIMBAHUS WM QJJUTUBHBIMU TEXHOJOTHUSMU
(Additive Techniques). Ilpu H3rOTOBIEHHH IIO
9THM TEXHOJIOTHAM KOMIIBIOTEPHAs MOJeNb Oyay-
e AeTaad WM y3ja MepeNacTcs B YCTaHOBKY
Ui OplcTporo mportotunupoBanus. [lanee u3 mo-
pouka unu ¢ortonoauMepa (HOPMHUPYIOTCS TOH-
Yyallue TOPU3OHTANbHBIE CIIOH, KOTOpPbIE B IIPO-
1ecce M3rOTOBJICHUS aBTOMAaTHUYECKH OOBEIUHS-
I0TCS Ipyr ¢ apyroM. B pesynbrare mosydaercs
TBEpJIasi KOMUS UCXOJHOW KOMITBIOTEPHON MOj1eNu
C TOYHOCTBIO IO TOJLIUHBI CIIOSL.

B HacTosiee BpeMsi MOKHO BBIICIUTB TPU 00-
JIACTH WMCIIOJIb30BAaHUS TEXHOIOTHH OBICTPOTO MPO-
TOTUIUPOBAHUSL:

1) M3roTOBIICHHWE SCKH3HBIX MAaKETOB, IHM3ai-
HEPCKUX WM HWHXEHEPHBIX 00pas3IoB (IIPOTOTH-
noB). M3Ha4yajabpHO 3TO HamNpaBJIEeHHE U HAa3bIBAIOCH
«OBICTpOE TPOTOTUITMPOBAHUCY;

2) W3rOTOBJICHHE JINOO HEMOCPEICTBEHHO HH-
CTpYMEHTa (TE€XHOJIOTMYECKOH OCHACTKM) [yl Tpa-
JTUITMOHHBIX TPOM3BOJICTBEHHBIX MPOIECCOB (M-
ThS, IITAMIIOBKH), JINOO IPOMEXYTOUHBIX CPEIICTB
JUIs. €ro TIPOU3BOJCTBA, MCIIOJB3YyS TEXHOJIOTUU
OBICTPOr0 MPOTOTUIHpPOBaHMs. Takoe Hampasie-
Hue Hocut HaszBanue Rapid Tooling (6picTpoe n3-
TOTOBJICHUE MHCTPYMEHTa WJIM OBICTPBIA HMHCTpPY-
MEHT);

3) HemocpenCTBEHHOE HM3TOTOBJICHHE (YHKIIH-
OHANBHBIX JIETANEH, UCTIONB3Ys TEXHOJIOTUU OBICT-
poro nporoTunupoBaHus. Takoi NOAX0J K MPOU3-
BOJICTBY HOCHT HaszBanume Rapid Manufacturing,
WIH «OBICTPOE U3TOTOBIICHHEY.
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[IBa mocneqHUX HamnpaBiIeHUs HA3bIBAlOT TAKKe
aaIuTUBHBIM mpousBoacTBoM (Additive Fabrica-
tion, AF mumm Additive Manufacturing, AM).

KocmeTrnueckue mnpoTOTUNBI IperHA3HAYEHBI
JUTS OLIEHKHW BHEIIHEro BHAa M (OpMBI (3proHO-
MUKH) HOBOM aetanu. OHH UCHONB3YIOTCS IS T10-
Jy4eHUs TIepBbIX KOMMEHTApUEB OT 3aKazuuka U
ONEPaTUBHON KOpPPEKLUUHU Iu3aiHa uznenus. Yacto
UX TaKXe MPUMEHSIOT AJS OLEHKH PeaKLHUH IOo-
TEHIUAIBHBIX TOTPEOUTENCH.

WnxeHepHble MPOTOTHUIIBI HCIOJIB3YIOTCA AT
OIeHKN (HYHKIUOHATHHOW TPUTOAHOCTH HOBOM
paspaboTku. B mepByro odepens, 3TO OLEHKa CO-
MPSITaeMOCTH HOBOI JI€Taly C €€ CYLIECTBYIOUINM
OKpY>KEHHEM (B YaCTHOCTH, IIPOBEPKa COOMpaeMo-
CTH), a TaK)Xe BBHITIOJHEHHE TECTOB Ha YyIOOCTBO
WCTIOJB30BAHMA, MPOAYBKa B a’pOJMHAMHYECKOM
TpyOe u T. 1.

IIpumeps! TexHOMOrMii OBICTPOr0 MPOTOTH-
nupoBanus. [Ipexne yeM mepelTH K TEXHOIOTHU-
M OBICTPOTO M3TOTOBJIEHHS, PACCMOTPHUM BKpATIIE
UX OCHOBY — Hau0OoJiee pacupoCTpaHEHHbIE TEXHO-
JIOTHH OBICTPOTO MPOTOTUITMPOBAHUS WUIIM MOCTIOMN-
HOT'O U3TOTOBJICHHUS TPEXMEPHBIX 00BEKTOB [1].

OmHUM W3 TIEPBBIX CIIOCOO0B OBICTPOTO MPOTO-
TUIIUPOBAHUS SIBIIIETCS Ja3epHasl CTEPEoIUTOrpa-
¢us (Stereolithography — STL mmm Stereo Litho-
graphy Apparatus, SLA). [Ipuanun pabotsr ycra-
HOBKH JUIS JIA3EPHOW CTEpeoNuTOrpaduu WInIo-
ctpupyeT puc. la. Bamma, obGopymoBaHHas TIo-
JBIDKHBIM CTOJIOM, 3aII0JTHEHA JKUAKUM (HOTOIOu-
MEpOM, KOTOpBIH MOXET 3aTBepnAeBaTh (IOJIMMe-
pPU3UPOBATHCS) MO JEHCTBHEM JIA3€PHOTO JIyda.
B ucxomHOM TMONIOKEHHWH TIOBEPXHOCTH CTOJA
HaXOAWUTCS HIKE YPOBHSA >KHIKOCTH DPOBHO Ha
TONIIMHY cnos. JlazepHbId J1yd, HarpaBisieMblii
CKaHUPYIOUIUM 3€pKaJiOM, 3aCBEYMBAET TOJIBKO
T€ yYacTKH MOBEPXHOCTH, I/I€ Ha TEKYILEM CJI0e
JIOJDKeH HaxoAWThes Marepuan. (OcBelnieHHbIE
YYacTKH IOBEpXHOCTH (oTomonumepa 3a 2-3 ¢
3aTBEP/EBAIOT M MPWIUIAIOT K CTONYy WM K paHee
BBIpaIIeHHol yactu neranu. [lo 3aBepmiernn 00-
paboTKKu MEepBOTO CJIOSI CTOJ OIyCKAaeTcsl Ha TIy-
OuHy crenyromero cios. BelpaBHUBaIomas Ju-
HEWKa HAHOCUT TOHKHUM CJIOH >KHUIKOM CMOJIBI Ha
paHee BBIpAIllEHHYIO 4YacTb jAeTand. [lamee onAaTe
3aCBEYMBAIOTCS TOJBKO T€ YYAaCTKU MOBEPXHOCTH
HOBOT'O CJIOS, Ha KOTOPBIX MAOJDKEH HAaXOAUTHCS
Mmarepuan. Tak, clioi 3a cioeM, U (OPMHPYETCS
netans. 1o 3aBepieHny MOCTPOEHHUS TOTOBas Jie-
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TaJlb MPOMBIBAETCSI OT OCTAaTKOB KHMIKOW CMOJBI,
CYUIMTCS U MOXET OBITh JTOTIOJHUTENBHO TIOMeIle-
Ha B yJIbTpadHONETOBYI0 KaMepy Ul YyCKOPEHHS
OKOHYaHMs MOJMMEpU3aluH. 3aTBEpPACBIIMN IO-
JIMIMEp IO IBETY W MPOYHOCTH HAOMUHAET JIIOK-
cuaHyo cMony. [l cokpamenus pacxoxna ¢oto-
NoJMMepa U YCKOPEeHUs! paboThl MACCUBHBIC JI€Ta-
JM 4acTO BBIMOJHSIOT B BHJE TOHKOCTEHHBIX COT,
3aMOJHSIONINX LETIbHYI0 000JIOUKY.

TOYHOCTH W3TOTOBJIIEHUS MOJEJIEH METOIOM
cTepeonuTorpad HaWBBICIIAas CpPEAU JPYTUX
TEXHOJOrui OBICTpOro mpoToTHNUpoBaHus. OHa
oIpenensieTcs TONIIHMHON CJos, KaK IpaBHiIo, CO-
crapytomero ot 0,016 go 0,200 MM, 1 THaMeTpoM
nyd4a nazepa. [Ipu mpaBunsHOM moabOope mapamer-
POB MHHHMAJIbHAsl TOJNIMHA CTEHKH IOJIOTO H3Je-
nust "He npesbimaer 0,2 mm. Pa3smepsl BeipaniBae-
MBIX JleTajeldl orpaHuuyeHbl rabaputamu pado-
4yed KaMepbl W MOTYT JOCTHraTbh BEIWYHMHBI
1500x750x500 mm. [lns momydeHust Oonee Kpym-
HBIX JIeTalleil BBIPAIMBAIOT OTJENbHBIE OJIOKH
U ckienBaloT uX. CKOPOCTh BBIPALIMBAHUS — IIO-
psaka 10 MM 1O BBICOTE B 4ac, CTOUMOCTb H3rO-
TOBJICHUS] — MeHee 2 eBpO/CMs. CroumocTh ycTa-
HOBKHM B 3aBUCHMOCTH OT pa3Mepa KaMmephl BbIpa-
muBaHus  cocrtasiisier  200000-900000  nmom.;
CTOUMOCTH (POTONOJMMEPa — OPHEHTHPOBOYHO
150-190 moun./kr. CaMbIM KpPYITHBIM IIPOU3BOJHUTE-
JIeM YCTaHOBOK JUIsl CTE€pEOJUTOrpaduu sBIISETCS
¢upma 3D System, CIIIA. B HacTosiiee Bpems
npuMepHO 3/4 Bcero BbINMyCKa AeTajael Mo TEXHO-
JIOTHSM OBICTPOTO MPOTOTHIIMPOBAHUS OCYIIECTB-
JsIeTCsl Ha yCTaHOBKax 3Toro tuna. Ilpumep usne-
JMs CIOXXHOM (POPMBI, M3rOTOBJIEHHOI'O METOAOM
crepeonuTorpaduu, mpencTaBieH Ha puc. 10.
K m©emoctatkam crepeonuTorpadum OTHOCITCS
BBICOKAsI [ICHa YCTAHOBOK M TOKCHYHOCTH (OTOIIO-
auMepa B kuakoMm Buue. llomywaemoe wuznenue
XPYIKOE U MOXKET IIOKOPOOUTHCS NIPU JJIUTEIILHOM
HaXO’/ICHUH BO BIIa>KHOH cpelie.

Crioco0 co3nanusi MPOTOTUNA M30UpPATETHHBIM
crieKkaHueM (TUTaBJICHHEM) TIOPOIIKOB JIydOM Jia3e-
pa (Selective Laser Sintering, SLS unu Selective
Laser Melting, SLM) B 4emM-TO MOXOX Ha CTe-
peomutorpaguio. Ha MOBEpXHOCTh TOABHIKHOTO
cTona (puc. 2a) mpu MOMOLIM POJHKA IOAAYH
HAHOCHUTCSI TOHKHI CJI0# nopoiuka. JIazepHslii iy,
HaIpaB/IAeMblil CKAHUPYIOIIUM 3€pKajoM, pac-
IUTaBsIET WM CHEKaeT YacTHIbl IOpOIIKa Ha
HYXXHBIX y4YacTKax MOBEpXHOCTH. OIHOBPEMEHHO
OHU «IPUBAPUBAIOTCA» K HIDKEIE)KAIIEMY CIIOIO.
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Janee cTon oIlycKaeTcs Ha BBICOTY CIIOS U LIUKI
MOBTOPSIETCSL 710 MOJTHOTO (POPMHUPOBAHHS JICTAIH.
Ilo oxoHuUaHMM mpoliecca BBIPALIMBAHUS HeEcIe-
YEHHBIH MOPOIIOK ynamnsoT. BaxkHoil ocobeHHO-
CTBIO IpoOLECCa SABISIETCA TO, YTO BO BPEMs U3rO-
TOBJIGHUS MOJIETb MOTPYXEHAa B «BaHHY» U3 He-
CIIEYEHHOI'0 IIOPOIIKAa. OTOT MOPOUIOK CILYXKHT
CBOEOOpa3HON Omopod s YacTel MOJENH, 4YTO
YIPOILAET CO3JaHUE TOHKHX CTEHOK M HAaBHCAIO-
IIMX y4acTKoB. /|1 mpou3BoaCTBa JeTaneil MOryT
UCII0JIb30BAThCS MOPOILIKU U3 METAJIJIOB, KEPaMHUKU
WIM TIONIUMEPOB (B 3aBUCHMOCTH OT MOIIHOCTH
na3epa B ycraHoBke). Hanpumep, Ha puc. 26 noka-
3aHbl TYpOWHHBIE JIOTIATKH CJIOKHOHW BHYTPEHHEH
CTPYKTYPBI U3 5KapOIPOYHOI CTaJlu, BHIIIOJIHEHHbIE
[0 TEXHOJIOTUM H30MPATENbHOTO CIIEKaHUs IIO-
POILIKOB JIy4oM J1azepa [2].

Ckanupymoomee -
3epKajo /

BripaBauBaromas
. IMHEHKa

Kunkas _
cMoa —
Monenb —

{L TToaBvKHBINA
CTOI

WHTEepecHBIM peUIeHneM CIYKHUT TaKkKe HC-
MOJIb30BaHNE METAJUIMYECKUX MM KePaMHUYECKUX
MOPOLIKOB C TIOJIMMEPHBIM ITOKPBITHEM YacTHUII.
B mporecce 00xura MaaOMOLIHBIM JIa3e€pOM TI0-
JMMEp pacIIaBiseTcs U CKIEUBAeT MEXIy coOoii
YacTUIIBI OCHOBHOTO Matrepuana. Jlanee roToByrO
MOJIeTh («CBIpeI», green) CIeKaloT B MEYH U, IpU
JKEJIaHWH, TPOIUTHIBAIOT METAIUIMYECKUM pacIuia-
BoM (Wamie Bcero OpoH30i). B pesymprare BO3-
MOKHO MOJYYHTh HOJHOCTBIO (DYHKIIMOHAJIBbHYIO
JIeTalb.

TOYHOCTH 3TOI TEXHOJIIOTHH MOKET JOCTUraTh
BennunHbl 10,05 MM, a CKOpOCTh BBIpAIIMBAHUS —
nopsiaka 12-25 mMm>/4, paGouas kamepa — pasme-
pa 700x380x580 mMm. OCHOBHBIE MPOM3BOIUTEIIN:
3D System (CILIA) u EOS (®PI).

Puc. 1. Cxema ycTaHOBKH [uIs cTepeonuTorpadu (a) u odpaser uzaenus (0)
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Ponux nonaun
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U3 CIIEYCHHOTO
TIOPOIIIKa

TToaBv>KHBIN
CTOJI

Puc. 2. Cxema yCTaHOBKH JUTsl M30MPATEIBHOTO CIICKAaHHsI TOPOILIKOB (a) U 00pa3ibl usnesnuii (6)
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I'maBHBIA HENOCTATOK METOJa 3aKIIIOYaeTcs B
CIIO)KHOCTH YJaJIEHUSI U MOBTOPHOTO HCIOJIB30Ba-
HUS OCTaTKOB IOPOINKA. JTO, B YaCTHOCTH, TPH-
BOJIUT K TOMY, YTO 3aMEHA MOPOIIKA BBIHYXIAET
MIPOBOJUTH BECbMa TPYJIOEMKYIO OYHCTKY BCeil
KaMepbl BeIpamuBanusa. Kpome Toro, mpomecc BbI-
pamuBaHusT HEOOXOAWMO TMPOBOIUTH B Cpele
WHEPTHOTO rasa.

VYcranoBka TpexmepHoil medaru (3D Printing,
3DP) Toxe BbIpamMBaeT JAeTanb U3 IMOPOIIKa, HO
JUTST COSMHEHUS YacTHUI] MOPOIIKa MEeXIy coOon
ucrnonb3yercs kiel. Ha moBepXxHOCTh MOABUAKHOM
WIATGOPMBI NPH TOMOIIM POJIMKA MOJaYd HaHO-
CUTCSI TOHKHH ciioil mopomka (puc. 3a). [loaBmx-
Hasl TOJIOBKA C COIUIAMH CKaHUPYET MOBEPXHOCTb
closi U pa3OphI3rUBacT OBICTPO 3aCTHIBAIOLIHIA
KJIeil TONBKO Ha T€ YYACTKH MOBEPXHOCTH, TIe
Ha TEKYILEM CJI0€ JOJDKEH HaXOOUTHCS MaTephal.
B »Tux MecTtax yacTHMIbI MOPOIIKA CKIIEUBAIOTCS
MeXIy co0oil n ¢ HmkenexamuMm cioeM. Haspa-
HHE MeTozia OOYCIIOBIICHO, BUAMMO, TE€M, YTO pa-
00Ta yCTAaHOBKM BHEIIHE HAIIOMHHAET pPabOTy
cTpyitHOTO NpuHTepa. CXOJCTBO YCUIIUBAETCS TEM,
YTO KJIEH MOXeT OBITh OKpaieH B 0a3oBble (Kpac-
HBIW, 3€JeHBIN, ToNyOoil) mBera. B pesynbraTe
BO3MOJKHO CO3J]aHHE JIETali, 000l 00beM KOTO-
poii OyneT okpaieH B MPOM3BOJIBHBIA IBET (TEO-
peTudecKu AOCTynHO 16 MHJUIMOHOB OTTCHKOB
nusera). Hampumep, Ha puc. 30 mokazaHa «3Mes»,
Pa3HOILIBETHBIE YEUIYHKH KOTOPOW HACKBO3b IPO-
HU3BIBAIOT TEJO.

B kauecTBe CTpPOMTENHFHOTO MaTepuana dYarie
BCEro HCHOJB3YIOTCS KPaxMallbHO-IIEJUTIOJIO3HBIE
WM THUIICOBBIE MOPOIIKH, @ B KAUECTBE Kies — TO-
mGUPHBIA KOMIAYHJ WK CHEIMaTbHBIA BOCK.
Jns NOBBIIIEHHMS IPOYHOCTH TOTOBOM MOJEIH

a

[TeuaTtaronias rojgoBka
Ponuk nmonauu

MOpOIIKa — Monens
U3 CKIICEHHOTO
HOpOILKA

-

Kneit
\%

ITonBuxkHas
wiatopma

WHOTZIA €€ NPONUTHIBAIOT LUAHOAKPUIOM HJIH
SMOKCHUIHOW CMOJIOH. OKOJOTUYHOCTh HCIIOJNb-
3yeMBIX MaTepHaloB TI03BOJISIET YCTaHABIMBATH
3D-npuntepsl gaxke B oducax. CTOMMOCTh U am-
mapaTroB, U PacXOJHBIX MaTEpPHUANIOB OJIHA W3 Ca-
MbIX HU3KUX B oTpaciu [3]. TommmuuHa cimos me-
HieTcss B gnuanazone ot 0,076 mo 0,254 mm
IPU CKOPOCTH «I€YaTH» JBYX-IIECTH CIOECB B MH-
HyTy. PasMepsr pabodueli KaMepsl ITOCTHTAIOT
500x600x400 mM. OcHOBHBIE MPOU3BOIAUTEINN:
Z Corporation, Stratasys (CIIA). K Hegocratkam
9TOr0 METOAa MOXHO OTHECTU CPAaBHUTEIBHO He-
BBICOKYIO TOYHOCTH BBIpAlIMBaHUs, IpybOCTh MO-
BEPXHOCTH M HE BCEr/a JOCTaTOYHYIO MPOYHOCTH
JICTAH.

TexXHONOTHIO MOJIENUPOBAHUS PacHpeieTICHNU-
em pacmiaBa (Fused Deposition Modelling, FDM)
WUIIOCTpUpYyeT puc. 4a. B HarpeBatenbHyio TO-
JIOBKY CO MHOYKECTBOM COIIEJN IOJAeTCsl HUTh (MIH
HHUTH, IIHYpPHI) U3 TepMoIUIacTa. B TomoBke HHUTH
TUIABUTCS U OTJIEIIbHBIMU KaIUIIMH BBIOpachIBaeTCs
U3 COIeJ Ha HYXKHBIM y4acTOK. 3acThIBas, Karesb-
KM IUIACTUKA MPHUBAPHBAIOTCS K MPEIbIaylieMy
cioro. ['onoBka nepemeniaercs HaJ TOBEPXHOCTHIO
netann, GopMmupys odepemHou cioi. [lamee rmo-
JOBIDKHBIA CTOJI OIYCKAaeTcsi Ha TOJIIUHY CJIOsl, M
UK TOBTOPSICTCS JI0 3aBEPIICHHS BBIPAIINBAHUS
nerand. Kak mpaBuiio, UCHONB3YIOTCS OIHOBpE-
MEHHO HE MeHee JIByX roiioBok. OJHa ToJOBKa —
JUIS paclbUICHUs MaTepuana, U3 KOTOPOro HU3ro-
TaBJIMBAETCS JIeTallb. BTopas roioBka pacmbuisieT
JIETKOYAAJISIeMbI MaTepHal, KOTOPBIN CITYKUT JUIst
CO3[aHMs CHEUUATBHBIX TOJICP)KUBAIOLINX 3JIe-
MEHTOB (TTOJIEP)KEK) JUIA BBICTYMAIOMNX (WIIH
HABUCAIOIINX) YacTe MOJENH, TOHKHX CTEHOK,
MOJHYTPEHUM U T. 1.

Puc. 3. Tlpuniun paboThl YCTAHOBKH JIJIsl TPEXMEPHOU mevatH (a) u odpaser uznenus (0)
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Puc. 4. Cxema yCcTaHOBKH JUIS MOJICIIMPOBAHMUS paclipeieficHHEM paciuiaBa (a) U oOpasell 3Ieus, BEIpameHHoro B coope (0)

B kadecTBe CTPOMUTENHHOIO MaTepuana MOTYT
UCTIONB30BaThcst ABS-1acTvku pa3nuvHbIX BETOB
WM dIIacTOMEpbl Ha OcHoBe moimddupa. [Ipume-
HEHUE TMPOMBIIUICHHBIX TEPMOILIACTOB TI03BOJISIET
co37aBaTh Ccpa3y MNONMHO(YHKIMOHAIBHBIE JeTa-
7Y, B TOM YHUCJI€ TMOKHE M yNpyrue KOMIIOHEHTHI
(puc. 46). Kpome Toro, npu He0OXOAUMOCTH CO37a-
BaTh 00pa3Ibl IS JTUThS 1O BBHITLIABISIEMBIM MOJIE-
JSIM B Ka4eCTBE CTPOUTENBHOTO MaTepralia UCIOb-
3yeTcs TaKXKe JIMTbEBOH BOCK, B KauecTBE MaTepHa-
JIOB TIOAZCPKKH — BOAOPACTBOPUMEIC MaTephasibl
THIA KpaxMaia.

TOYHOCTB 3TOM TEXHOJIOTMU JOCTHIACT BEIMYH-
HBI Topsika 10,13 MM TIpu IPOU3BOIUTETHLHOCTH IO
380 mm*/c. Pasmep paboueii KaMephl TAKHX yCTAHO-
BOK Moxet gocturath 600x500x600 mm. OprenTu-
POBOYHAsI CTOMMOCTb YCTaHOBKH C pa3MepoM Kame-
pbI 254%x254%254 MM — okosio 35000 moix.; crou-
MOCTh JIUTEHHOTO BOCKa — oOkosio 250 noi/Kr.
OCHOBHBIM TPOU3BOJIUTENIEM TAKHUX YCTAHOBOK SIB-
nsercs Stratasys, DTM Corporation (CIIA). K He-
JOCTaTKaM TEXHOJIOTMHM MOJIEIMPOBAHUS paclpese-
JICHHEM pacIuiaBa MOXXHO OTHECTH BO3MOKHOCTh
paccloeHuil M3enus MOJ Harpy3Koil M JKecTKue
TpeOOBaHMSI TO TOIJICPKAHUIO TEMIEPATYPHOTO
peXKMa B TIPOLIECCe BBIPAILBAHMSI.

[MpuHIMn paboThl YCTAHOBKW JIJISI CO3IaHUS
HOPOTOTHUIIOB METOAOM JIa3epHOM PE3KU JUCTOBBIX
marepuanoB (Laminated Object Manufacturing,
LOM, LOM1) unmtoctpupyet puc. 5a. bymaxnas
JICHTa C HAHECEHHBIM CJIOEM TEPMOAKTUBUPYEMOTO
KJIesl IPU CO3/IaHUM OYEPEIHOTO CJIOS OCTAaHABIIH-
BaeTCs HaJ MOJBIKHBIM cTosioM. Jlyd mazepa BbI-
pesaer B JieHTe OyMaru KOHTYp O4epeqHOro cJos U
obpesaer kpas jucta. [opsduii JTaMUHUPYIOIIHMA
POJIMK MPOKATHIBACTCS 1O JIUCTYy OyMaru, mpHKIIe-
uBas €ro Ipu 3TOM K HIKenexamum. st ympo-
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[IeHHS yIAIEeHUS H3JIUAIIKOB OyMaru BBITOHAETCS
CETKa JIOTIOJIHUTENLHBIX Pa3pe30B MEXKIy KOHTY-
POM IeTanu U Kpasmu Jmucta. [lanee cTos omycka-
eTcs Ha TOJIIWHY JICHTBI U MPOIECC MOBTOPSETCS
0 3aBeplleHus BbIpamuBanus w3aenus. [locie
OKOHYaHHMS IpoIecca JeTallb OKa3bIBACTCS 3aKIIO-
YeHa BHYTPH Mapajlielieune/ia U3 U3JIHIIKOB 0Y-
Mard. JTH U3JUIIKA OTHOCUTEIBHO JIETKO YIams-
FOTCS BPY4YHYIO Ojaromapsi 3a0JIarOBpEeMEHHO BEI-
MIOJIHEHHOW CETKE JIOTIOJIHHUTENBHBIX Pa3pe3oB.
BeripaiiienHnas eTaib M0 BHEIIHEMY BHIYy U MeXa-
HUYECKHUM CBOWCTBAM HAllOMHUHAET CJIOUCTHIN IIa-
CTUK win ¢daHepy U Jerko odbpabareiBaercs. Uzne-
TSI, U3TOTABJIMBAEMBIC TI0 3TOMY CIIOCO0Y, UMEIOT
camMble OOJIBINTUE JIMHEHWHBIE pa3Mephl W JENIAr0T-
csi ObIcTpee, YeM TIpPU HCIOIB30BAaHUH JIFOOOTO
JPyroro croco6a OBICTPOrO TMPOTOTHIIMPOBAHUS
(puc. 56). CymiecTBYIOT YCTAHOBKH C pasMepoM
paboueii kamepsl 560x810x500 mm. TodHOCTB
nporecca — nopsiaka £0,127 M.

B kauectBe paboyero martepuana MOXKHO HC-
MOJIb30BaTh HE TOJBKO OyMary, HO W IUIACTUKOBYIO
JICHTY, METAJUTUUYECKYTO (DOJIBIY HIIM JIAKE JIMCTOBOM
MeTal. Beipe3aHue KOHTypa B 3TOM CIIydae MOXKET
MIPOM3BO/IUTHCS HE TOJILKO JIYYOM Jiasepa, Ho U (pe-
30, cTpyeil Boubl U T. NI. Takoil mpolecc uHOrzAa
HaspBaroT LOM2. IlpaBaa, B 3THX CIIydasx yCIIOXK-
HSETCSl TIPOLIECC CTHIKOBKH W COEIWHEHHUS OTAEIb-
HBIX CJIOEB Marepuasia Mexmy co0oil. [ 1aBHBIM He-
JOCTaTKOM METO/Ia JIa3epHOM PE3KU JIHCTOBBIX Ma-
TEpHAJIOB SIBJISIETCST OOJIBIIIOE KOJIUYECTBO OTXOJIOB,
a TaKKke HeOOXOAMMOCTh PyYHOH OYHCTKH TOTOBOTO
u37IeNHs OT OCTaTKOB Matepuaia. Kpome toro, mo-
BEPXHOCTh HM3/ICNHUS TIONy4daeTcsi IIepOXOBATOH,
a Tpu paboTe yCTaHOBKHM HEOOX0IuMa MHTCHCHUBHAS
BEHTWJIAIUS U3-32 JIbIMA, BBIACISIONIETOCS TPU Jia-
3€pHOI pe3ke Oymaru.
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Puc. 5. CxeMa yCTaHOBKH JJIs1 Ta3epHOI PE3KH JTMCTOBBIX MAaTePHAJIOB (), 00pa3el] MpoTOTHIIA U JINTOH netanu (0)

Crioco0 HemocpeACTBEHHOTO Pa3MEleHHs] Me-
tamta (Direct Metal Deposition, DMD) mo3BosieT
CO3/1aBaTh cpa3dy METAJUIMYECKYH0 AeTanb. [IpuH-
U ero padoThl WUTIOCTpUpYyeT pHc. 6a. Ctpys
WHEPTHOTO Ta3a MOJIAeT IMOPOIIOK Ha TIOBEPXHOCTh
nerand. MouHbI Ja3zep paciiaBiseT MOBEpX-
HOCTH (DOPMUpYIOIIEHCS AeTaau B 3aJaHHOH TOY-
ke. [lopoimok momagaer Ha BCIO JeTallb, HO MPUBa-
pHUBaeTcs K Hel TOJNBKO B TOYKE, TJe METalll pac-
IUIaBJIECH JIazepoM. M3IUIIHMI HOPOLIOK TYT XK€
BBIYBaeTCS U3 30HBI 00paOOTKH.

Takast TEXHOJIOTUS TO3BOJISIET HE TOJIBKO IOJY-
YaTb HOBBIC JC€TAJIU U3 TUTAHOBBIX U aJIIOMHHHECBBIX
CIIaBOB, MHCTPYMCHTAJIBHBIX HJIM HEPKABCIOMIUX
CTaJiei, HO U TPOU3BOJIUTH PEMOHT YX€ CYIIECTBY-
fomux u3nenuit. ITockonbKy cocTaB mopomika Mo-
JKET HCHIPEPBIBHO U3MECHATHCA B IMPOLECCE BbIpalln-
BaHHs, BO3MOXHO IIOJIy4aTb JA€Tallb CJIOJKHOU

a

- Jlazep

_’
—

MeTanaudeckui
HOPOILIOK B CTpye
TPAaHCHOPTHOTO ra3a

b JlazepHslii 1y4

=<, PacriaBiaeHHbIH
Y4aCcTOK

TTommoxka

CTPYKTYPBI, COCTOSIIEN M3 pa3IMyHBIX MaTepHaIoB
WIN JaXe OTAENbHBEIX ycrpoiicte [4]. Hampmmep,
€CThb TPUMEpHI BBIPALIVBAHUS OUMETAILTMYECKIX
npecc-Qopm, riae pabodasi HOBEPXHOCTH BHIITOJTHEHA
W3 WHCTPYMEHTAIBHOW CTaii, a KOH(QOPMHBIE Ka-
HAJBl OXJIXKICHUS — U3 MEJIH, IPUYEM CTallb IJIaB-
HO MePEeXOIUT B MeIlb (pHC. 60).

Takass «ymHas» mpecc-(hopMa IaeT BO3MOXK-
HOCTh B J[Ba pa3a COKPATUTh BpPEeMs OXJIaKICHHS
JeTanu mpu JuThe. [Ipr 3TOM CTOMMOCTH H3TOTOB-
JIEHUsS CIOKHBIX Tpecc-popM OKa3bIBaeTCS MpPH-
MEPHO Ha TPETh MEHBIIIE, UEM IIPU UCIOJIb30BaHUU
TaKO! MPOU3BOAUTEIBLHON TEXHOJIOTHH, KaK BBICO-
KocKkopocTHOoe (¢pesepoBarme. [lo mpouHOCTH,
CTOMKOCTH K M3HOCY U KOPPO3UOHHOW CTOMKOCTHU
BBIPAIICHHBIE W3/EIUs MPEBOCXOAAT JETald W3
AQHAJIOTUYHOTO MaTepuaia, HO MPOU3BEAEHHBIE MO
TPaIUIIIOHHON TEXHOJIOTHH.

6

Puc. 6. IlpuHIun paboTHl YCTAaHOBKY ISl HETIOCPEICTBEHHOTO pa3MenIeHUs MeTaiuia (a) 1 oopasen usgenus (0)
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[lpuuuHa B TOM, YTO TPHU CBEPXOBICTPOM 3a-
CTHIBAaHMHM KamelbKH pPaCIUIaBICHHOTO MeTajlia
KPUCTAJUTBI B HEH TMPOCTO HE yCIEBAaOT C(HOpMHU-
poBathcsl, T. €. (GOPMHPYETCS CTPYKTypa CIulaBa
TUINA «METaJTu4eckoe cTekio». [lomaBas B 30HY
00pabOTKH OAHOBPEMEHHO IMOPOLIKH pa3HBIX Me-
TaJJIOB, TEOPETUYECKH BO3MOXKHO IIOJIYYHTH Ca-
MBbI€ PK30THYECKUE CIUIABHI C 3apaHee 3aJaHHBIMU
CBOMCTBaMH, KOTOPHIE MPAKTUYECKH HEBO3MOXKHO
MOJTyYUTh HUKAKUMH WHBIMU criocobamu. EnuH-
CTBEHHOE OTPAaHUYCHHE — TEMIIEpaTypa TUIaBICHUS
OJIHOTO MeTallla He JOJDKHA MPEBHINIATh TeMIepa-
TYpy KHIICHHS JPYroro MeTajiia.

TonmmHa €101 TIpY BBIPAIIMBAHUN W3MEHSIETCS
B quanazone 0,02—0,10 MM, MPOM3BOAUTEIBHOCTh —
nopsiaka 20 mm>/c. TOIHOCTD pasMmelnieHus marte-
puana 0,05 MM (KOHTponHpyeTcs CleHuaIbHOM
onTuueckor cucremoi). Pasmep paboueil 30HBI
MOJKET JIOCTUTraTh BeMHYHUHBEI 457%x457x1067 mM.
Ipoussogurenn: Optomec, POM (CIIA), Trumpf
(®PI'). K HemocTaTkaM HaHHOW TEXHOJOTHH, I10-
MHMO OTHOCHUTEIHFHO HHU3KOM CKOPOCTH BBIpAIIH-
BaHHA W TOTPEOHOCTH B (PUHHUIIHONH 00paboTke,
CleyeT OTHECTH €€ 3aKphITocTh. [Ipon3Boautenu
YCTaHOBOK JUI HETOCPEJCTBEHHOTO pa3MeIleHUs
MeTajljla BBIICHAIOT CIIUCOK 33]1a4 KJIMEHTa U TOTO-
BAT Ha0Op MpOorpaMM YIIPaBICHUS YCTAHOBKOM
HMMEHHO TOJI UX pellieHue. 3aTeM KIUEHT MOKyIaeT
y HHUX € TIOPOIIKH METaJUIOB, 3aCHIIAcT B yCTa-
HOBKY, HOKMMAeT Ha KHOIIKY M TIOJy4aeT TOTOBYIO
netanb. Vcmonap30BaTh MOPOIIKKA JIPYTHX IMIPOU3-
BOJIUTENEH WM CaMOCTOSITENIbHO pPa3padaThIBaTh
nporpamMmy 00paOOTKM OpHUTHHAJIBHOW JeTaju
MPAKTUICCKA HEBO3MOXKHO (Takasi JIeTab PacChl-
MAeTCs U3-3a BHYTPECHHUX HAIPSKCHUI).

[IpuBeneHHBIC TPUMEPHI HE SIBILSIIOTCS HCUEP-
neiBaromuMu. B mocnennue 2-3 roma orpacib
OBICTPOTO MPOTOTUIIMPOBAHUS TEPEKUBACT Oyp-
HO€ pa3BHUTHE, HAIIPABIIEHHOE Ha KapJAWHAIBHOE
CHHKCHHE CTOMMOCTH U YBEIUYCHHE CKOPOCTHU
paboThl ycTaHOBOK. Hampumep, ycremHo pasBu-
BalOTCS TEXHOJIOTUU TI€YaTH (POTOIOIHMMEPOM.
B omamx ciaydyasx KaKIbIii cIIOW neTanu B OyK-
BaJbHOM CMBICJIC CJIOBa IMe4aTaeTcs (OTOMOoINMe-
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POM, TOYHO TaK ke, KaKk B OOBIYHOM CTPYHHOM
NpUHTEpE, U 3aTeM 3acBeuuBacTcsl yibTpaduone-
ToBOM Namno# (texnonoruu tuna Polylet). B npy-
TUX CIIy4asX TOHKHH CIIOM (oTomoimMepa HaHO-
CHUTCS Ha TPO3PAYHYIO TIOAJOKKY M 3aCBEUMBACTCS
yIBTPapHUONETOBEIM ~ M300paKEHHUEM  TEKYILETO
ciost (texuoyoruu tuma ProJet mam Film Transfer
Imaging, FTI). Ucnonb3ys pa3Hbie THIBI (HOTOIO-
JVMEPOB, BO3MOXKHO TOJYYUTh KECTKUE MM T'HO-
KHe, MPO3PAayHbIe WM IBETHHIC ACTAH, B TOM
qrciae OMOCOBMECTUMBIE, TIPUTOIHBIC JUISL UCTIOIb-
30BaHHS B MEUIINHE.

CBO€OOpa3HBIA «PEHECCAHC» TMEPEeKUBACT U
LOM-rexHomorus. B kadyecTBe pacXomHBIX Mare-
pHaJoB CTaJll0 BO3MOKHO HCIOJNB30BaTh OOBIKHO-
BeHHYI0 o(ucHy0 Oymary (www.mcortechnolo-
gies.com) WK yIakoBOUHYIO ruieHKy (Www.solido
3d.com).

BBIBO ]

TexHoIoTuU OBICTPOTO MPOTOTHIIMPOBAHUS TIO-
JTydaroT Bce Ooliee IMMPOKOE pPacIpOCTpaHEHHE,
IPU 5TOM Ka>KABIH TOJ TOSBIISIOTCS BCE HOBBIE X
pasHOBUAHOCTU. B HacTosiiee Bpemsi, TTOMHMO
CO3JIaHHUsI COOCTBEHHO TPOTOTHUIIOB, OIEpEkKaro-
HIMMHU TEMITAMH PacTeT HCIOJIBb30BAHUE TEXHOJIO-
ruii  OBICTPOTO NPOTOTHITUPOBAHUS HEMOCPEICT-
BEHHO B TMPOMBIIUICHHOM TPOU3BOJICTBE (TaK
HasbiBaeMblil Additive Manufacturing).
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