Macrep-Kiiacc

[euars 3D mopesen na 3D npunTepe

BreIimmoJjiauII:

npenonasarens Posses HU.



Mactep-kinacc: Ileuams 3D moodenei na 3D npunmepe.

[lens MacTep-Kiaacca: co30amb yCioeus 011a 03HAKOMAECHUA
00YUAIOWUXCA C COBPEMEHHbIMU meXHonozuamu 3/] nenamoio u 310
MOOeLUpPOBaAHUA.

AJTOpPUTM TEXHOJIOTHH MacCTep-Kiiacca:
1. BerynurTesbHOE CI0BO NpenoJaBaTe/is

3a OTHOCHUTEJIHbHO KOPOTKOE BpEMSA KOMIIBIOTEPHBIE TCXHOJIOTUH
YyBEpEHHO 3aBocBaly Ham Mup. JU1s MHOTHX CEroiHs IPOCTO
HEMBICIIMMO OTKa3aThCs OT HOBBIX TEXHOJIOIMYECKHMX HOBIIECTB,
CTABIIMX HEOOXOIMMOCTBIO I dYejoBedecTBa. 10, Kak padoTaer
TpeXMEpHBIM I[PUHTEP, HENaBHO OBUIO BHE JOCATACMOCTH JUIA
GONBIIMECTBA IIOJIB30BATE/ICH, CErogHsA TCEXHOJIOTHA JOCTYIIHA
KaKIOMY JKelaloleMy. brarogaps 3ToMy yCTpPOHCTBY (paHTacTHKA
cTaHOBUTCS peanbHOCTRI0. Ha uto crocoben 3 /1 mpunTep? Tak i OH
HEOOXOIUM YCJIOBEKY

2. JlokJaabl 00y4aroImuxcst

Texnonozun 3D neuamu- bepavinesa TaresaHa

[IpesenTarius cinaiabl 3-6

TpéxmepHas win 3D neyath MPEICTaBIIACT co00o¥ MOCIONHOE
cosmanue Gu3maeckoro o0bexTa Ha 0ase BUPTYabHOH TpEXMEPHOU
moneny. Ileuars IMPOMCXOIUT U3 HECKOJIBKHMX COTCH M JAKC ThICAT
CIIOEB Ha CIIELMANbHOM ycTpoiicTBe - 3D-npuHTEpe, 3D-NpHHTEPOM
HA3bIBAIOT YCTPOMCTBO BBIBOJA TPEXMEPHBIX MAHHBIX, OH OT
OOBIYHOTO MIPUHTEPA, KOTOPHIA BEIBOJUT JABYXMEPHYIO HH()OPMALMIO
HA JIUCT, TEM, 4TO TO3BOJISIET BEIBOIUTH TPEXMEPHYIO HH(OPMALMIO
(cpa3y B TPEX M3MEPEHHUAX) [0 IPUHIIITY MOCIONHOTO BBIPAIIMBAHHA
HU3UUECKOM MOJEIH, KaK IPaBUIO, CHU3Y-BBEpPX. B cBoro ouepens
3D-me4aThI0 HA3HIBAIOT IIPOIECC CO3JMAHUS (U3UUECKUX OOBEKTOB



3 1HMOpoBeIX 3D-MoAenei, CO3OaHHBIX ITYTEM TPEXMEPHOIO
mozaenupoBanus B mo6oi CAIIP wiu CAD-niporpamme.

TexHoorus TPEXMEPHOM MEYaTH 3apoJUiIach B CEPeIMHEC XX BEKa,
Torga ke Obuld BeIMylieHsl nepBbie 3D npuHTEpbI, OOJBIIE
HAallOMUHABILIME IPOU3BOACTBCHHEIC CTaHKH, HEXC/IM IICYATAIOIINC
ycTpoiicTBa. IleHa Takux YCTpPOMCTB COCTaBidla OT HECKOJBKHUX
NECATKOB J0 HECKOJIBKHX COTE€H ThICSY JosuiapoB. C pa3sBUTHEM
TEXHOJIOTUU TpEXMEpHOH meuyatu 3D MpUHTEPHI CTAHOBUIUCH 0OJIEe
KOMIIAKTHBIMH H ACHEBBIMUA. [loABHIMCE TIIEpPBBIC YCTPOMCTBA,
OCTYIIHBIE HE TOJBKO IS IPOMBIIUICHHBIX TMPEANPHUATHA U
KPYITHEIX KOMMEpPYECKHUX OpraHusanu, HO H | I MEJIKHX
NpeApUHAMATEIE U JAOMAlHUX Xo3aicTB. Marepuansr it 3D
[MeYaTd MOTYT OBITH CAMBIMK Pa3HBIMH OT Tak HasbiBaeMoro ABC-
IIJJACTHUKA 0 LIOKOJIaJa.

Puc. 1.1. - CoBpeMeHHEIN KOMITAaKTHBIN 3D IIpUHTED



CoBpeMeHHBIE TPEXMEPHBIE INE€YaTAOLINC yCTPOMCTBA HAYUYUIUCH
co3IaBaTh HE TOIBKO INpeaMeThl o0uxoga M OAeXIy, HO U
COOCTBEHHBIE NETAIM, MPOAYKTHI IHTAaHUA, YCTIOBCICCKHC TKAHU U
OpTaHBEl.

3D meyaTh BEIET CBOXO HMcTOopuio ¢ 1948 roja, xorga aMEpUKaHC
Yapap3 Xamn paspadoTajl TEXHOJIOTHUIO IIOCJIOMHOr0 BBIPAITUBAHNS
bU3MIECKUX TPEXMEPHBIX OOBEKTOB W3 (HOTOMOIMMEPHU3YIOLICHCS
xkommo3unyu (PIIK).

[laTeHT Ha CBOE M300pETEHHE ABTOP MOIYIU]T TOJIBKO B 1986 roxy,
TOraa K€ OH OCHOBAN KOMIAaHuio 3D System # TpUCTYII K

B 1987 roxy. Tax kak TepMuH «3D TIPHUHTEP» emé He OBl BBEICH B
oGopot, anmapar Yapis3a Xaja IOJyIH]1 Ha3BaHHC «yCTAHOBKa JJIA
CTEPEOTUTOTPAPHIN.

Boamosicnocmu 3D neuamu. Cnocobbl nony4enus mpexmepHblx
mooeneit. 3D ckanep - Apaxueepa laTpsiHa

[IpeseHTanys CIau/Ibl 7-11

BoaMmoxkaocTy 3D neuarn Gesrpanudssl. IIpu momomm 3D npuHTEpa
MOYKHO CO3/aTh CaMble PA3/IMuHbIe BEIH: OT 00yBU 10 YKPAIICHFHM,
OT IUIQCTUKOBLIX  TEJE€MOHHBIX  Y€XJIOB 10  MMIUIAHTATOB
[T03BOHOYHHMKA, KOTOPEIE CO3AA0TCS M3 MEJULIMHCKOI0 THTAHa.

2008 - Objet Geometries 00BsABUIA O CO3JJAHHH PEBOJIIOLIUOHHOU

CACTEMBI OBICTPOTO MPOTOTUMUPOBAHMUS Connex500™, 310 ObBLIA
mepBas B MAPE CUCTEMA, MMO3BOJIAIOMIAs IIPOU3IBOACTEO 3D netaneu c

MCIOIB30BAaHMEM PA3JIMIHBIX MAaTEPHAIOB B OJTHO U TO K€ BPEMAL.

Hos6ps 2010 - Urbee nepBblid MPOTOTHAIT HANECIATAHHOTO aBTOMOOMIIS
Gb1 MpEACTaBlIeH. OTO TEPBHIK aBTOMOOWIb, KOpPIIyC KOTOPOIO
naneuatan ruragrekmii 3D mpuHTep. Bee BHEITHMC KOMIIOHCHTSI - B
TOM 4MCJIE MPOTOTUIIE CTECKIAHHBIX naHeneit - ObIM CO3JaHBI C
nomormsio Dimension 3D Printers u 3D Systems Fortus.
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B 2011 romy xommanus Lockheed mnpoaeMoHCTpupoBana Ha
oputaHckoM asuamoy B ®apHOOpo OOJBIION OECHMIOTHBIM CaMOJCT,
GojbIIas 9acTb KOTOPOro OBLIA HM3TrOTOBJIEHA METOJOM TPEXMEPHOU
negaty. Camonét Polecat - 3TO JeTarOIUil IPOTOTHI, NPH3BAHHEBIM
nokasath paboTocroco6HOCTE HOBOM TexHonmormu 3D mevarn. K
TOCTOMHCTBAM TAKOr0 W3TOTOBJICHUS HETAIEd OTHOCHTCHA HE TOJBKO
CKOPOCTh, HO M CPAaBHUTEIHFHO HM3KAas CTOMMOCTh TaKUX JACTAJIEH, a 3TO
- TJIaBHAsA LIEJIb.




Cnoco0bl MOJIY4eHHs TPeXMepHbIX MoaeJieii. 3D ckaHep.

Kaxk y>xe roBOPHIOCH paHee, TpexMepHas (3D) meuars 3aKmo4aeTCs B
meyat OOBEMHBIX TPEXMEPHBIX MOZENECH M3 HECKOJIBKUX COTCH H
TaXKe THICSY CIIOEB.

TpexXMEpHYI0 MOJElb, KOTOPYI0 HyXHO Oy[IeT pacriedaTraTh MOXHO
ITOJIYYHUTh TPEMS CIIOCOOAMU:

CKa4aTh FOTOBYIO MOJEJIb, HAI[PUMED, U3 HHTEPHETA;
HAPHCOBATH C HyJIS IIOJTHOLIEHHYIO TPEXMEPHYIO MOJICIIB;
OTCKAHHPOBATH CYIIECCTBYIOIIUHA O0BEKT.

OTCKaHUPOBATh OOBEKT MOXHO ¢ moMomeio 3D ckaHepa, KOTOPBIA
mpeacTaBiaser co0OM  CHENMaNTbHOE  YCTPOMCTBO. 3D ckaHep
AHANM3UPYET ONpENENEHHBI  (QU3MYECKUM OOBEKT WM KE
[IPOCTPAHCTBO, YTOOBI IONYYHMTh JAHHBEIE O (popME MPEAMETa U, IO
BOSMOJKHOCTH, O €ro BHEIIHeM BHAe (K IpuUMepy, O LBETe).
CoOpaHHbBIE JaHHBIC B NajdbHENIIEM IIPUMEHSIOTCS I CO31aHUs
nudpPOBOM TPEXMEPHOM MOJENH 3TOTO 00BEKTA.




Hcnonv3yemsle mamepuavl 014 uzzomoenenun 3D mooeneu-
[TpezenTanms caaiasl 12-27
ABC-miacTuk. ABC-nnactuxk M3BECTCH KaK

AKPUWIOHUTPUIOYTAAUECHCTUPO. JTO OAMH M3 JIyYIIMX DPACXOTHBIX
matepuanoB mag 3D mewaru. Taxkod MIACTHMK HE MMEET 3alaxa, HE
TOKCHYEH, yIapompoueH U snacTuyeH. lemmepaTypa TIIaBICHUS
ABC-mmmactuxka coctasisier oT 2200C mo 2480C. OH moCTynaer B
PO3HMYHYIO TPOAAXy B BHJE MOPOLIKA MM TOHKMX IUTACTUKOBBIX
HUTEN, HAMOTAHHBIX Ha OOOMHEL.

3D moneam w3 ABC-miuactdka OJNTOBEYHBI, HO K HE IIEPEHOCAT
nmpsiMoil coHeuHbIN cBeT. C IMOMOIIBIO TaKOro IUIACTHKA MOXHO
[IOJIYYUTH TOJIBKO HENPO3PAYHbIE MOIEIIH.

Axpuwi. Axpun wucmoie3yercs B 3D newatm A CO3/AaHMA
Mpo3payHex Mojeneid. IIpu HCTONB30BAHUM aAKpUIIA HE00X0AUMO
YUUTHIBATh CJICAYIOIIME OCOOCHHOCTH: A1 JaHHOTO MarcpHala
Hy)KHa Oojiee BBICOKasi TeMIeparypa IUIaBJICHMS, €M A ABC-
[UIACTHKA, ¥ OH OUEHb OBICTPO OCTHIBAaET M TBEPIAEET. B pasorpeToM
aKpuIe MOSBISETCS MHOXKECTBO MECIKMX BO3XYIIHBIX ITy3BIPHKOB,
KOTOpBIE MOT'YT BBI3BAaTh BU3YaJIbHBIC HCKAXKEHHUA TOTOBOTO U3/CIIHAL.

Beron. B Hacrosinee BpeMs M3rOTOBJICHBI IPOOHBIe 00pasue! 3D
IPUHTEPOB I Te4aTd OETOHOM. JTO OTPOMHBIC IMEYATAIOMIMC
yCTPOMCTBA, KOTOPBIE KPOMOTIIMBO, CIIOH 32 CIIOEM, «II€UaTaT» U3
GeTOHA CTPOHTENLHEIE AeTaly ¥ KoHCTpyKiuu. Takoit 3D npunTep



MokeT Bcero JMmb 3a 20 4YacoB  «HANEYaTarb»  KMIIOH
BYXATaKHBIN JOM 00MIeH MIIOIIAABIO 230 M2.

Inga 3D mneyaTH MCHONB3YETCH yCOBEPIICHCTBOBAHHBIN  COPT
GetoHa, (opMyrma KOTOporo Ha 95% COBIALAcT C bopmyon

00OBIHOTO OETOHA.
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maporesb, YUCHBIE H3 womHotickoro Yumsepcutera (CILA)
Hameyatags Tnpd nomomy 3D mpuHTEPa W THAPOTEIA OnopoOOTOB
wmHoit 5-10 mm. Ha mOBEpXHOCTH 61opoOOTOB IOMECTUNM KIICTKH
cepeUHOM TKaHU, KOTOPBIE PacPOCTPAHIIACE 110 THIPOTeN0 ¥ HadaId
COKpAINATLCS, NPUBOAS B JIBIXCHHC pobora. Takue poOOTHI M3
FUPOTeNs COCOOHBI MEPEABUIaThCsl CO CKOPOCTRIO 236 MHUKpPOMETPOB
B ceKyHIy. B Oyaymem oHu OymyT 3amycKaTeCsd B OpraHusM 4eJI0BEKa
IS 00HApy>KeHHUsT W HEeUTpanu3aliu OIyX0Jieil U TOKCHHOB, a TaKKCe

1 TPAHCIOPTHPOBKM  JIEKAPCTBEHHBIX — MPEMApaToB K MECTY
Ha3Ha4YCHU.



Bymara. B HekoTtopbix 3D mpuHTEpax B KadecTBE Marepuaia A
eyaTy Mcronb3yercs oOpranas Oymara gopmara A4, Tak xak Oymara —
9T0 JOCTYNHBIH M HEIOPOroi MaTepuang, TO U OyMAaKHBIC MOJCIH
[IOJIy4ArOTC HENOPOrMMH W JOCTYIIHBIMM LA moJip30BaTeNen. Takue
MOJIEIM TIe4aTaloTcs MOCIONHO, MPUYEM KaXIBIH MOCIEIYIOIIUH ClI0H
OyMard BbIp€3aeTcs IPHHTEPOM M HAKICHBACTCA HA TIPE ALY LU
Mogenu u3 GymMard IedataroTcs OBICTPO, HO HE MOTYT MOXBACTaThCA
IPOYHOCTBIO MM 3CTCTUYHOCTBIO. OHM HOCATBLHO TIOJOMAYT IJIA
OBICTPOrO IMPOTOTUIMPOBAHUSA KOMIIBIOTEPHOTO IIPOCKTA.

Munc. B cospemenHoi 3D mnedatd MMPOKO MPUMCHAIOTCA T'MIICOBBIC
MaTepuaiasl. MoJenu, W3roTOBJICHHBIE W3 THUIICA, HENOIrOBEYHBI, HO

MUMEIOT OuYeHb HI3KYI ce0ecTOMMOCTh. lakue MOJEI HACAIBHO
HOIXOMNSAT JUIS M3rOTOBJICHHS OOBEKTOB, IPEIHA3HAYCHHBIX JUIA

npesenTanui. X MOKHO IIOKa3bIBaTh B KA4CCTBE oOpasna 3aKazuuKaM
M KIMEHTaM, OHM OTJIMYHO IepeaanyT (QOopMmy, CTPYKTypy H pasMmep
OPHTHHAIBHOTO H3ZeNUA. Tak Kak THICOBBIE MOJEIH OTIHYAIOTCA



BBICOKOM TEPMOCTOMKOCTBIO, X HCIOJIB3YIOT B KauecTBe 00pa3LoB A/
JIUTBA.

JlepeBsiHHOEe BOJIOKHO. [3o0perarens Kait Ilaprn paspaboTal
CIICIMAIEHOE AEPEBIHHOE BOJOKHO Ui 3D medarw. BOJIOKHO COCTOMT
13 JepeBa U MOJMMEpa U 10 CBOUM CBOMCTBAM ITIOXO0XKE€ HA ITOJIUAKTUL
(PLA). KoMOMHHpOBaHHBIA  MaTepuaj  IO3BOJIACT  TIONYy4UHUThH
NOJIrOBEYHbIE M TBEPABIE MOJACIH, KOTOPBIC BHEIIHE BBIMVIAIAT Kak
JIepEBSIHHBIE U3IENINA ¥ MMEIOT 3amax CBEXECIMICHHOTO ICpeBa.

Jén. B 2006 roxy aBa KaHaACKUMX Ipo@eccopa MOMyqdWId IPaHT Ha
passuTHe TexHONMOoruu 3D mevatd nemaHBIX Guryp. 3a TPH roja OHHM
HAYYWIACh CO3JaBaTh Npu mnomoimy 3D NpHHTCPOB HeOOJIBIINE



JICIAHbIE MpeaMeThl. Ileyatrs mpotekaer mpu temmeparype -220C, B
Ka4€CTBE PACXOAHBIX MAaTEPHUAJIOB HCIIOJIB3YIOTCS BOJA M METHJIOBBIM

3(pup, mogorpeTsiii 1o Temmeparypsl 200C.

MeTta/inyeckuili mopoiok. Hu oAuMH mIacTUK HE CMOXET 3aMEHUTH
META/UI ¢ €ro IPHUATHBIM MATKHUM OJIECKOM M BBICOKOM ITPOYHOCTBIO.
IToatomy B 3D neuatu o4yeHb 4acTO MCMOIB3YETCA MOPOLIOK U3 JIETKUX
M Oparol€HHBEIX META/UIOB: MEIM, aJFOMHUHHMS, MX CIUIABOB, a TaKXe
30j10Ta ¥ cepebpa. OmHako MeTayIMYecKhe MOJeNIM He 0071amaroT
JOCTaTOYHOM  XMMHYECKOM CTOMKOCTBIO M  HMMEKT  BBICOKYIO
TCILUIONIPOBOJHOCTE, IIOOTOMY B METAUIMYECKUM MOPOIIOK JJIS IIeYaTH
N00ABJISIOT CTEKJIOBOJIOKOHHEIE K KEpAMUUYECKHE JO0ABKHY.

YKpaleHusa U3 METALIMYCCKOr0 IOPOIKa, HarnedaTaHHabie 3D
[IPUHTEPOM.



Heitsion. ITeuars HeitnoHOM mmeeT MHOro obmero ¢ medarsro ABC-
IUIACTUKOM. MCKIIFOYEHUSAMM SBIIAIOTCS OO0Jiee BEICOKAs TeMIeparypa
neuatd (okoio 320°C), BeICOKas CIIOCOOHOCTh BIUTHIBATH BOIY, OoJee
NPOJAOIKUTE/IFHBIA IIEPUOJ 3aCThHIBAHUS, HEOOXOAUMOCTH OTKA4YK{
BO3AyXa M3 JKCTPyJAepa M3-3a TOKCHYHOCTH KOMIIOHEHTOB HEWJIOHA.
HelnoH — 3TO JOCTAaTOYHO CKOJIB3KHII MaTepHall, JJId €ro IMPUMEHCHMS
CJIEyeT OCHACTUTH SKCTpPYIep mmIamMu. HecMOTps Ha NEPEYHCICHHBIC
HEJOCTATKH, HEHMJIOH C YCIEXOM HCHOJB3YIOT B 3D ImeyaTH, Tak Kak
IEeTAIA U3 JAHHOIO MaTrepualia Iojiy4arTcs HE TaKUMHU XKECTKUMH, KaK
n3 ABC-mmactvka, ¥ I8 HHAX MOXHO WCIIONIB30BaTh IIapHUPHI
CKOJIB)KCHHUH.
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MoaukanpoJsakrod (PCL). [lonukanpoaakToH 0JIM30K 110 CBOMCTBAM K
ouopasjaraeMeIM MonMd¢upaM. OTO OJUH M3 CaMbIX MOIMYJISPHBIX
pacXogHBIX MatepuanoB g 3D medarn. OH HMEET HHU3KYIO
TEeMIeparypy IUIaBJIeHHs, OBICTPO 3aTBEPACBACT, O00€CICYMBACT
IpEeKpacHble MEXAaHWYECKHE CBOMCTBA TIOTOBBIX HM3ACIHH, JIETKO
pa3jiaraercs B 4eJIOBEYECKOM OpraHM3Me U O€3BPEACH Ul YEIOBEKA.




Moaukapoonar (PC). IlomukxapboHar — 3TO TBEPABIM IUIACTHK,
KOTODBIA CIIOCO0EH COXPaHATh CBOM (PU3MYCCKUE CBOMCTBA B yCIIOBUAX
JKCTPEMAIBHO BBICOKMX M OKCTpPEMAbHO HU3KHX TEMIICpATyp.
O6anaeT BBHICOKOM CBETOHEIPOHMIIAEMOCTBIO, HMMEET BBICOKYIO
TeMMepaTypy IUIABJICHHSA, YA00EH U SKCTPY3HOHHOM 00padoTku. 11pu
3TOM €ro CHHTE3 CONPKEH C PAIOM TPYAHOCTEH M 3KOJIOTMYECKH HEC
0esspeneH. HMcmonb3yercs i ME€YaTH CBEPXIPOYHBIX MOJECJIECH B
geckombkux Texuoaorusx 3D meuatu: SLS, LOM u FDM.

Moauaaktua (PLA). Ilomwmaktang — 3TO CaMblid  OMOJIOTMYECKH
COBMECTHMMBIH M 3KOJOTHYECKM YUCTHIM MaTepuan A 3D mpUHTEPOB.
OH M3rOTaBIMBAETCS U3 OCTATKOB OMOMACCHI, CUJIOCA CaXapHOU CBEKIIBI
WM KyKypy3bl. VIMes Maccy IOJOKHTENBHBIX CBOWCTB, IOJIAIAKTHA
MMeeT JIBa CYIIECTBEHHBIX HEI0CTaTKa. BO-MEepPBhIX, H3rOTOBJICHHEIC U3
Hero MOJEIM HEIOJTOBEYHBI M IIOCTCICHHO pas3jlaraloTCid IIOA
neficTBMEM TeIula M cBera. BO-BTOPBEIX, CTOMMOCTE IIPOM3BOJCTBA
HONMMIAKTHIA OYEHb BHICOKA, a 3HAYMT U CTOMMOCTH Mojened Oyner
3HAUUTEILHO BHIIIE aHAJOTHYHBIX MOAEICH, M3rOTOBJICHHBIX M3 APYTHAX
MaTepranoB. Mcromb3yercs B TEXHOJIOruiax 3D nevatu: SLS u FDM.

A

[llokosan. DbBpuTaHckue yYEHBIE IIPEACTABUIM MyOJIHMKE IICPBBIM
moKoNMaaHb 3D NpUHTEp, KOTOPHIA NedaraeT HOObIE IIOKONJHBIC
burypkm, 3akasaHHple oreparopoM. llpuHTep HAHOCHT KaXK b1
CIEMYIOIMI CJIOM IIOKOJNaxa TMOBEPX MPEABIAYIICTO. bnaromaps
CIIOCOOHOCTH IIOKOjaxa OBICTpO 3acTeiBaTb H = TBCPACTE  IIPH



OXJIXKICHUH, MpOIECC IeYaTH NPOTEKaeT I0BOJBHO OpicTpo. B

opKaiieM OyIylieM Takue TNpUHTEpHl OyayT BOCTpPEeOOBaHBI B
KOHJUTEPCKUX U PECTOPAHAX.

V3 4ero-4ero HUKTO HE OXKHIaja, Tak 3TO TOro, 4ro0 JO0Ma HAYHYT HC
pOCTO CTPOMTh, a medarath Ha 3]/ mpuHTepe. Kumraiipl CMOTIH
MOAYMaThCsl 10 TAaKOro, U Kak BBIACHWJIOCH, 3TO OKa3aloCh BEChMA
000CHOBAHHBIM.

Jleto B ToM, uyro 3J[ mpuUHTEp CTPOMUT JOM M3 OTXOHOB
MPOMBIILIEHHOCTH, CTEKIOBOJIOKHA U [[EMEHTA, YTO ABJIACTCS, TI0 CYTH,
MITAKOGETOHOM, KOTOPEIA ¥ 3KOJOIMYECKH YUCT M JeIieB. Kpome Toro,
a6COTIOTHAS aBTOMATH3AIMA UCKIIYAET JOPOrOCTOAIIMM PyIHOU TPYA
cTpouTeIsA. B uTOore CTOMMOCTH 'OTOBOTO I0Ma COCTABJIACT B IIPUACTAX
48009, 9TO ABIAETCA MU3EPHBIM.




Paccka3 npenogasarensi 06 ycTpoiicrBe H mpuHuune aeicrsus 3D
npuHTEpa «AJbdar.

[Ipe3enTanus caananl 28-29

OCHOBHDbIE Y3Jibl 3D MPUHETPA «AJTb®A»

1. Hanpasnsiwouine sarbi.
2. Warosbie gBurarternu.
3. HarpeBaTernbHbiA CTOIM.
4. SKCTpyOep.

5. MnacTukoBas HUTb.

6. KanToHoBas nneHka.

7. PerynnpoBoOYHbie BUHTHI.



MPUHLUM PABOTbI 3D MPUHETPA «AlTb®A»

DRNEMenT

KOPNYC BKCTPYAEDPE
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CONMNO SKCTPYASPE

QuaaMaT,

JleMOHCTpALUs NIpenoaaBaTeieM padorsl 3D npuHTEpa
IMeuats 3D Mmopesen.
Paccka3s npenojaBarteisi 0 IPeUuMyecTBax 3D neuaru:

3][-meyaTs — TPOrPECCHBHAs TEXHOJIOIHA, KOTOPdA TI03BOJIAT
nu3aiiHepaM ¥ MEKEHEpaM COKOHOMMTE JIparoLleHHOE BpeMi 1 CHJIBI,

-V cTpPOMCTBO CYLIECTBCHHO MMOBBIIIACT ruOKOCTE IMMPOU3BOJCTBA;

-Ce6ecTOMMOCTh  TPOAYKIIMH, OCOOCHHO B MEJIKOCCPUAHOM
[IPOM3BOJCTBE, 3AMETHO CHIDKACTCA,

-Co3aHue TPOAYKIMH, €€ BBIXOJ Ha PBIHOK IMPOUCXOAMT B
KpaT4yaniime CPOKH.

TpexmepHas nedyarh — OJ{Ha U3 CaMbIX TNEPCIICKTHUBHBIX KOMITBIOTEPHBIX
TEXHOJIOT Ui, MPUMECHHUMAsS YEJIOBCKOM.

[MoxBeleHMe HTOroB MacTep-Kjacca. 3aKII4YUTEIbHOE  CI0BO
npenoaaBaTeisl.



