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Peuenzent OT3bIB
FbLibivu skeTexmi KOpPBITBIHABI GLIIKTIIIK JKYMBICHI Ty paJibl

Crynent Heimanxan Myxamenanu Aye3xaHoBUY 4 KypChI
MaMaHIBIFbI KMHIYCTPHSIIIBI MHXKEHEPUS»-
Taxpipei6er: «CAD, CAE apkpuisl poGOTTEI YCTAFBIITHI )KOOANAY JKOHE 3EPTTEY

Penienzent: Anrap6exoB Yian

1. 3eprrey TaKBIPBIOBIHBIH ©3€KTiNiri:__3epmmey makeipeibor — binekmin
@DYHKYUOHANOLIK npome3in_odicacay — Kazip2i manoa_2blibiM_MeH MeXHUKAHbIH
KAapKblHObL _0amybiMen mikenel baunanvicmul _e3ekmi_bazeimmapdwuiy 6ipi 6onbin
mabvlnadvl. byn macene meouyuna, uHdcenHepus dcoHe adoumuemi mexHoN0SUsnap
cananapuiHbly _MyuicKeH _myculHoa _myp2anbl _cebenmi, epekule Mauwlza  ue.
Koeangan Kon Kelamemin Kauma KamnulHa Keumipny MYMKIHOIZE — Ko2amoazbl
MYMKIHOI2l _weKkmeynl _azamammapobly  emip Candacwii HCaKcapmyowuiy bacmol
bagvimmapvinbly _ 6ipi.  JKymvicmul  npakmuKkanblk  MAHbIZOLLIbIELL  MEH
ACAHAUBLIOBIZbL — AHCORADYL.

2. KopbIThIHABI OIMKTUIIK aBTOPHIHBIE JAepbecTiri MeH KabineTiHiH gopexeci
FBUIBIMU-3EPTTEY OpEKETIHE apHalFaH >KYMEBIC (i3ZeHy, JKajlbliay,MaTepHaIIbl
TaJNan, KOPBITBIHEI XKacay) : Cmydenm 3epmmey dCYyMblCbli OpblHOAY 6apbleblHOa
24C02apebl _OeHzelide I30eHIC MAHbIMbIN, MAaKbIPLINMbL_HCAH-HCAKIMbL _MEH2CD2EH.
Mamepuanowvr orcunay, owcyiieney, manoay dcoHe KODPblmMblHObL Jcacay KezeHoepinoe
Oepbecmik NeH aHAIUmMuKalvlK ounqy Kabiremin kepcemmi. Aemop addumuemi
mexHono2uANaposl KonoaHy, 3D moodenvoey owcone npomesoi dcobanay yoepiciH
MOoNbIK MeH2epin, 63 bemimen wieuim Kabolioail anobl.

3. Bitipy kBaiu(HUKAIMACBIH asKTay Ke3lHIerl OITIpyLIiHIH KbI3MeTiH Oaranay
XKYMBIC (amaigpIK, THIMALTIK, JKayalKepuIiliK, YKBINTBUIBIK koHe T.0.): Bimipywi
e3iHe JcyKkmenzer mancolpmanapovl_adaioblKNeH JICIHE VAKEH JICayankepulinikneH
opbindadvl. JKymvic yoepicinoe YKblnmblIblK, MUIMOLLIK JICOHE YaKblmmbl OYDbIC
vibimoacmuipa  6iny  Kabinemin _kepcemmi. Kemekwuii mapanvinan 6epincen
VCOLIHbICIAD MeH _my3emyiep  VaKblmblibl _JicoHe canaivl opwviHoanzan. JKoba
bapvicbiHOa cmYJeHm 63 MIHOEnIH MONblK OPbIHOAN ULbIKIIbL.

4. Marepranasl OasHOay#arbl cayaTTBUIBIK JAopexkeci (JIOTHKAIBIK, KYMENiTiK,
nonenney oHe T.0.): JKymbic KYpulibimbl JNO2UKANLIK JICOHE JHCYUENl _mypoe
yuvimoacmuipviizan. Hezizei bonimoepoe mamepuan olivimu cmuiboe b6asHoalbin,
dalenoep mer._myoicbipolmoap Haxmol Keamipinzen. Kondauvuizan mepmuxHoep MeH
MEXHONIO2USLIILIK, CUNAMmMAamManap 0ypulc bepinzen, minoik cayammuoliblebl HCO2APbL.




3o 3§pTTey  HOTIDKENEPIH FBUIBIMU OKOHE MPAKTMKAIBIK TYPFBIAH Tayganany
MYMKIHAIr ic-mapanap; JKymvic Homuoicesepi MeQUYUHaNblK npomes icacaymen

atiHanblcamul._MeKemenepoe, OHANMY OpmAanblkmapbiHod, COHOAU-aK adoumuemi
MEXHONOSUSADMEH._JICYMbIC _ICMeumin_UHJICeHepiK 2ic00anay KOMNAHUANAPbIHOA
xonoanyea_bonadvl. Modenvdik uiewimoep HaKmol oHdipicke_belimdenyze OaublH
JicoHe api Kapail dicemindipyae oliblMu baza peminde Kplamen eme anaov.

6. Bitipy OUIKTINIK XYMBICEl GOMBIHINA XKAJMbl KOPBITHIH/BL: Kopwima_aiimxanoa,
OUNIOM _ JICYMbICHL __KA3Ipel 3aMaH _mananmapulia  MoJblK oicayan __bepeoi.
TaKpipulnmoll_63eKmiji2l _Jco2apbl, KYpbllblMbl oicyieni, MazmyHvl _meper api
NPaKMUKanblK Manbl3bl 30D. Cmyodenmmin_2bllbiMU-3epmmey xabinemi, MexHUKablK
0a20blIapbl MeH_JicayanKepuliniel ico2apbl denzetioe kopinic mankan. byn ocymoic
Gaxanaspuam _Oenzeliindezi 0imipy OiNikminik JiCYMblCbIHA KOlbLIAMbIH_0apblK
mananmapea cail kenedi JCoHe «ome JHCaKcoly 0eceH bazaza NAUbIK.
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IIpoTokon

0 MpoOBepKe HA HAJMYNE HeABTOPH30BAHHbBIX 3aHMCTBOBAHHI (nnaruara)

Aptop: Heinanxan Myxamenanu Aye3xaHoBUY

CoagTop (ecin nMeeTcs):

Tun padorel: JlurioMHas pabora

Hazsanne pa6orsr: CAD, CAE apkpUisl pOOOTTEI YCTaFBILTEI JKo0aay jKoHE 3epTTey
Hayunblii pykoBoanTeab: AcblixaH ATuMOeToB

Koy duuuent Ioxodus 1: 9.9

Koa¢ppunuent Iogodus 2: 2.1

Mukponpo6eun:: 0

3Haku M3 31pyrux andaBuTos: 4

HurepBaner: 0

Beasie 3naxu: 0
ITocae nposepku OTuera Ilogo0us ObLI0 caeaHo cileAyIoLIee 3aKII0YeHHe:

M 3aI/IMCTBOBaHI/I}I, BEISIBJICHHEIC B pa60Te, SIBIICTCs 3aKOHHBIM U HE SABJIACTCA INIaruaToOM. YPOBGHL
HOL[OﬁPUI HE IPEBRIIIACT AOITYCTUMOI'O Ipeaciia. Takum o6pa30M paﬁoTa HC3aBHCHMa U IPUHUMACTCA.

[ 3aumcTBOBaHME He ABISETCS [UIATMATOM, HO TIPEBHILIEHO OPOrOBOE 3HAYEHHE YPOBHS TOA0OMS. :
Takum 06pazom paboTa BO3BpamaeTcs Ha 10paboTKy.

[] BeisiBiens! 3aMMCTBOBAHKS 1 IIATHAT MM IPeIHAMEPEHHBIE TEKCTOBBIE MCKAXKEHIS
(MaHMITYJIAIMH), KaK IPEANOIaraeMbIe IIONBITKH YKPBITHSA IUIaruara, KOTOpLIE IENaloT
paboTy npoTuBopeyamiel TpeboBanuaM npuioxeHus S npukasa 595 MOH PK, 3akony 06 aBTopckux u
CMEXHBIX mpasax PK, a Taioke KOJEKCY 9THKH U TIpolexypaM. Takum o6pa3oM paboTa He IpHHUMAETCS.

O O6ocHoBanue:

ﬂama \L?ﬂ jr)bo\M C g ~
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IlpoToxo.

0 MpOBEpKe HA HAJMYME HeABTOPH30BAHHBIX 3aMMCTBOBAHMI (I11arNaTa)
ApTop: Hemnanxan Myxamenanu Aye3xaHoBUY

CoasTop (ecau UMeeTCs1):

Tun padore: JlumiomHas pabora

Haspanue pa6oTel: CAD, CAE apkpiisl poOOTTBI YCTaFBILITEI XK00aliay JKoHe 3epTTey
Hayunblii pykoBoauTeNb: AChUiXad AnTUMOETOB

Koy puumnent Ioxoousn 1: 9.9

Ko pnuuent Ilogodus 2: 2.1

Muxponpo6enni: 0

3HaKu U3 3Apyrux axdasuros: 4

HnTepBansr: 0

Bearnie 3naxn: 0
ITocne mpoBepku OTuera Ilogo6ust 6BLI0 ceIaHO CiIeAYIONIEe 3aKTI0YeHHE:

E(33HMCTBOBaHI/L‘{, BBISIBIICHHBIE B paboTe, ABIAECTCS 3aKOHHBIM M HE SBJISICTCS IUIArMaTOM. Y POBEHb
moo0Hs He MPEBEIIAET AOMYCTHMOro npeaena. Takum o6pazoM paboTa He3aBUCHMA M IPUHAMAETCS.

[] 3aumcTBOBaHME He ABNAETCA IATHATOM, HO NPEBHIIIEHO TOPOTOBOE 3HAYCHUE YPOBHSI O00USI.
Takum 06pazom paboTa Bo3BpamaeTcs Ha J0paboTKy.

] BoisBiiers! 3aiMCTBOBAHHS ¥ ILIATHAT WM NIPEIHAMEPEHHEIE TEKCTOBBIE HCKAKEHHUS
(MaHUIYJIALKK), KaK IPENOIaraéMple IONBITKY YKPBITHS [IarHaTa, KOTOPHIE AeIatoT
paboTty mpoTHBopeydaniel TpeboBaHuAM IpuoxkeHus S5 npukasa 595 MOH PK, 3akoHy 06 aBTOpCKHX U
cMexHbIX paBax PK, a Taxoke KoJeKCy 3THKH ¥ mporexypaM. Takum o6pa3om paboTa He IpUHAMAETCS.

[0 O6ocHoBaHuE:

Jama 3asedyowuii kagedpoti /T%

oL O 202 S




YHHBEPCHTETTIH Kyiie aIMHHICTPATOPLI MeH AKaeMHsIIIBIK Maceeiep AenapTaMenTl
AMPEKTOPLIHBIH YKCACTBIK ecebine Tajaay XaTTaMachbl

XKylie aIMHHHCTPATOPhl MeH AKajeMISUIBIK MoCEienep ACnapTaMEeHTiHiH /MPEKTOPEI KOPCETUIreH
eHOEKKe KaTBICTBI AaitblHjanrad [[narnaTThii albH aly JKOHE aHbIKTay KYWECIHIH TOJBIK YKCACTBIK
ece6iMEH TaHBICKAHBIH MAJTIMICHII:

AsTop: Hermanxan Myxamenaian Aye3xaHoBUY

Takpipsi6br: CAD, CAE apKblIbI poGoTThI YCTAFBILUTHI 2K00aJ1ay %#IHE 3epTTey

’Kerexmici: Acblixan AinumobeTon

1-ykcacThIK K03 pumuenti (30): 9.9

2-yKeacThIK K03 uumenTi (5): 2.1

Ioitexco3 (35): 3.2

opinTepai aysIcThIpY: 4

Apainsikrap: 0

Ilarein kenicTikTep: 0

AK Oeurisep: 0

YKcacThIK ece0iH Tanaai oTeIpbin, 2Kylie aiMMHACTPATOPLI MEH AKaieMHSJIBIK MaceJreliep
JenapTaMeHTiHiH JUPeKTOPbI KeJleci memiMaepai Maaimaeiai :

M/ FrinbiMu eHOEeKTe TaObUIFaH YKCACTHIKTAp IU1aruat 6ombin ecentenmenai. OcbiFan 6alinaHbICThI
KYMBIC 03 GeTiHIIe JKa3bUIFaH OOJIBINT CaHasla OTHIPHIN, KOpFayFa ibepinexi.

[ Ocur KYMBICTaFbl YKCACTBIKTAp IUIaruaT 60NN ecentenMeii, 61pak onap/blH MaMaiaH TEIC
KOITIri eHOEKTiH KYH/bUIBIFbIHA JKOHE aBTOP/IBIH FRUIBIMH JKYMBICTBI ©31 JKa3FaHbIHA KaThICThl KYMOH
TymeIpabl. OcbiFaH GaiIaHbICTh YKCACTBIKTAP/Ibl IEKTEY MaKCaTBIH/A JKYMBIC KaiTa OHIeyTe
XKiOEpUICIH.

[] Enbexre anpIkTanFaH yKCaCTBHIKTap JKOCHIKCHI3 JKOHE IUIATMATTHIH Genrinepi Gombin caHanaisl HeMece
MoTiHZepi KacakaHa OypMalaHBIN IUlaruat Oenrinepi >aceipeurFaH. OCbiFaH GaHTaHBICTBI JKYMBIC
KOpFay¥a jxibepiimeriai.

Herizneme:

Kyni Kageopa menzepywici
04 06. 202 S
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O13b1B
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AHIATIIA

Byn mumimomMaplk JKYMBICTa JKOFaiiFaH OUIEK KbI3METTEPIH KaJIbIHA KENTIpyre apHajFaH
3aMaHayH (DyHKIIMOHAJIBI IPOTE3/ j)Kacay KapacThlpbliaaabl. JKyMbIc GapbIChIHIA ajaM aHATOMUSICHI
MEeH KOJJIBIH KO3Falibic MexaHusmjiaepi 3eprrenin, 3D mopnenbaey, aaAMTUBTI OHIIPIC KOHE
CEHCOPJBIK Oackapy Ky#enepi Konmanbuiabl. [IpoTe3ain KyphUTBIMBI MOAYJBIIK TYP/E JKacallbll,
HAKThI aJ1aM KOJIBIHBIH KO3FaJIbIChIHA OaphIHINA JKAKbIH €Till )xo0alanFraH. bys 3eprrey HoTmKenepi
MEIMIIMHATIBIK TTPOTE3 JKacay/ia, MHKEHEepUss MEH OHIpiCTe THIM/II IIENTMIep YChIHYFa MYMKIHIIIK
oepeni.

AHHOTALIUS

B numuiomHolt paboTe paccMarpuBaeTcsl pa3paOoTka (YHKIMOHAIBHOI'O IpPOTE3a KUCTH,
CIIOCOOHOTO KOMIIEHCUPOBAaTh yTpau€HHbIE ABM)KEHUS U (QyHKUUHU 3amsacTbs. Ocoboe BHUMaHUE
YIEJIIEHO AaHAaTOMHUYECKMM OCOOCHHOCTAM pYyKM M MeXaHuke e€ JBHKeHMH. lcnosabp3oBaHbI
COBpEMEHHbIE TeXHOJIoruu 3D -MoaenpoBaHus U aITUTHBHOT O IPOU3BO/ICTBA, a TAKXKE pazpaboTaHa
CHCTEMa CEHCOpPHOro ympasieHus. IIpore3 BBINOJHEH B MOIYJbHOH CTPYKType, 4TO MO3BOJISET
aJanTUpoOBaTh €ro IMoJ KOHKPETHOro moJb3oBaTens. lloiyuyeHHble pe3ynbTaTbl MOTYT OBIThH
IIPUMEHUMBI B MEJULIMHCKON IPAKTUKE U MPOMBIIUIEHHOM ITPOU3BOACTBE. CUCTEM B MEAMIIMHCKON
[IPAKTHKE.

ANNOTATION

This thesis presents the design of a modern functional wrist prosthesis aimed at restoring lost
movement and functionality. The project explores the anatomy and biomechanics of the human hand
and incorporates advanced 3D modeling, additive manufacturing, and sensor-based control systems.
The prosthesis is built with a modular design for adaptability and aims to closely replicate the natural
motion of the human wrist and fingers. The outcomes offer practical applications in prosthetics
development, biomedical engineering, and rehabilitation technologies.



MA3MYHBbI

Kipicme 7
1 AJTUTUBTHI TEXHOJIOTHSLIIAP 9
1.1 3-D Gacma TexXHOJIOTHUACBIMEH OHIMACPII OHIIPY 9
1.2 Kocnamap engipicinzeri 3D mopaenbaey koHe ka0 IbIKTaTybl 15
1.3  Typmi canamapaarbl aIIUTUBTHI TEXHOJOTHSUTAPBIHBIH KOJTaHBLTYHI 22
2 Opronenusuiblk OyHbIMIap. AJlaM aHATOMUACHL. bBylbIMAapabIH HET13ri

MEXaHU3MI 29
2.1 Opronenusansik OyibIMIap 29
2.2  KonablH aHaTOMHUSCHI JkoHE () YHKITMOHAIBIK CHUIIaTTaMachl 32
2.3 binexTiH Moaynbai MPOTE3iHIH KHHEMATUKACHl MEH )o0ajay aHaIu31 33
3 Konawix 3D monenin xacay 37
3.1 KonapH QyHKIMOHATABIK TPOTE3AEPIH MOJICTBACY KOHE TaIay 37
3.2 KosranbicKa KENTIPETIH KETeK Kyiecl 41
4 Kayinciznik »oHe eHOeK Kopray 43
4.1 KocinopblH ajmaHbIH KOCHapiay *KoHe JKalIacThIpy, CAHUTAPIIBI 43
4.2  TexHONOTUSIBIK KYPhUIFbUTIAPABI KAYIICI3 Maiiianany 44
4.3 Kerepy-KemKTiK KYpbUIFbLIAP 44
4.4 DnexTp Kaylinci3airi 44
4.5 Iy xoHe AIpUIMEH Kypecy ic-1apaiaphbl 45
4.6 AyaHbIH IIaHJBUIBIFBI )KOHE Ta3/IbUILIFBIMEH KYpECY iC-11apajiapbl 45
4.7 Taburu xoHe TexHOTreHal cumartarbl TO)K Kke3iHae HbICaHAapIbl Kopray

OOMBIHIIIA 1C-TITapaiap 46
4.8 TexHUKAJIBIK PETIAMEHTTIH TaJanTapblH HI13y 46
4.9 TXK 3apgantapsiH KO0 47
4.10 TexHUKAJBIK PETIAMEHTTIH TaJlaNTapbIH CHI13y 47
4.11 JKapbIKTaHIBIpYy HOPMAJAPHI, )KaCAH/bI )KAPBIKTHI €CENTEY 48
4.12 Opr xKapbUIbIC KAYIICI3AIr 48
KopsITbHaBI 50

[NTafinananpuiFan oieOUeTTep Ti3iMi 52



KIPICIIE

AJnlamM3aT ©pKEHHMETIHIH OYTiHT1 TaHJarbl TaHFaXKaWbIN JKETICTIKTEPl OHBIH
FachIpyiap OOMBI >KaJIFaCKaH JBOJIONUSIIBIK TAMYBIHBIH KeMici OOJIbII TaObLIaIbl.
AJlaM CaHaChIHBIH, aKbUI-OMBIHBIH >KOHE IIbIFAPMAIIbUIBIK KAaOUICTIHIH Y3/1KCi3
JaMybl FBUJIBIM MEH TEXHUKAHBIH alyaH TYpJIl cajajlapblH/Ia UIrepiieyre K0 alllThl.
Kasipri kezeHae anaM3aT 3BOJIOLMSIIBIK ©3repicTepre TeK OMOIOTUSIIBIK TYPFbIIAH
FaHa eMeC, COHBIMECH KaTap FhIIBIMU-TEXHUKAIBIK KOHE PYXaHH-MOJCHH cajiaja Jia
oer Oypeil oThIp. byl ynepicTiH KepiHicl peTiHAE MEIWIMHA MEH TEeXHUKa
callaJiapbIHAAFbl 1pl JKAHAIBIKTAP MEH TEXHOJIOTHSJIBIK CEpIUICTepl alTyra
0oJ1abI.

Kazipri Tanna FeUTBIM MEH TEXHUKAHBIH JaMy KapKbIHBI aJJaMHBIH OMIp CYpy
camachIH YKaKcapTyFa, OHbIH HIEKTEYJ1 MYMKIHAIKTEPIH TOJIBIKThIpYFa OaFbITTaIFaH.
By skeTicTiKTep TeK MaTepHaAbIK UTTIKTEPMEH IIEKTEeI KoMal, COHBIMEH KaTap
pyXaHH MOACHMETTIH >KaHa JCHredre KeTepiiayiHe bIKNman eryne. KoramHbBIH
JaMYBIHJIaFbl OCBI YJIepiCTep aJlaMHBIH KYHJENIKTI OMIpiHJe Ke3JeCeTIH TYpIi
KUBIHJBIKTAPABl JKEHYre¢ MYMKIHIIK Oepim, eMip Ccypy XarmaiJlapblH eaoyip
KEHIIIETYTE YKOJI aIllThlI.

Agnam3ar 3BOJIOLMSACHIHBIH, OYTiHTT Ke3€HI — MWUIMOHAAFaH >KbUIIapra
CO3BUIFaH JaMy TapUXBIHBIH 3aHJIBI KaJFachl. AHTPOIIOTCHE3 I 3epTTey OaphICHIHIA
aJlaMHBIH YKOFaphl asgK-KOJAapbIHBIH, ocipece O1IEKTIH, epeKIlie MaHbI3Fa U€ eKSHIIT1
JONETICH 1. ODBOJIIOIMS  OapbIChIHIA aJaMHBIH OlIeri Kypjaesl aHaTOMUSIIBIK
KYPBUIBIM MEH >KOFapbl (PYHKIIMOHANABIK KaOileTke me Oosa OTBIPHIN, KONTEreH
MaHBI3/IBl KBI3METTEPl aTKapaTblH JICHE MYIIeCiHe aWHalabl. bilekTiH Oy
€pEeKIIIeNiT Ka3ipri 3aMaHfbl MOICHUETTIH MaTEPUAIIBIK -TEXHUKAJIBIK KOHE PyXaHU
cayiajapblHa YJIKSH ocep eTy/e.

KomnapiH Ko3FanbIChl alaMHBIH KYHICTIKTI OpEKEeTTEePIHIH HET131H Kypalabl: Yit
miapyacblHaH —Oacram, TaMmMak JalblHAay, KediK KYprizy, KOMIBIOTEPIIIK
TEXHOJIOTUSIIApAbl MalanaHy CHAKTHI OPEKETTEP/IH 0opi OIIEKTIH KO3FaJIbIChIHA
Toyenni. 3aMaHayn HU(PIBIK KYPBUIFBUIAPDMEH KYMBIC ICTEy/€ JIe caycaKTapblH
JIOJIITT MEH Ce3IMTAJJIbIFBl MaHBI3AbI POJ aTKapajbl. AxaMm O1Ieri apKblibl )KaHACY
ce3iMi maiia OOJIbIN, 3aTThIH MIIIiHI, KeJIeMi XKoHe TeMIepaTypachl KalJibl aknapaT
anbiHaIbl. OCBI XKOFaphl ICHIeIer! YIIeCIMAUTIK MeH UKeMIUTIK apKachlHIa ajaM
KOJIbI TaOUFATTBIH KailTasiaHOac TYBIHIBICHL OOJIBIN TaOBLIAAbl KOHE aJaMHBIH
CBIPTKBI OpTaMeH OaillaHbIC OpHATyIarbl €H MAaHBI3Abl KypailapblHbIH Oipi
CaHaJIaIbI.

Anaiina, keWe emipiae KYTIETeH »arjailinap TybIHJAI, agaMHBIH KenOip
Myuienepl 3aKbIMJaHybl HEMEce MYJIIEM SKOMBUIBIN KeTyl MYMKiH. MyHnai
KarJana oapabl alTMaCThIPAThIH KYPhUIFbUIAPFa KAKETTUTIK TybIHAANHABI. Y IIIHIII
MBIH)KBUIIBIKTBIH,  aJamM3aT KaybIMbl MYTEAEKTIr Oap agamaapAblH Ja Koramja
TOJIBIKKAH/Ibl OM1p CYpPYIHE JKaFAail xKacay KaXXeTTIr1H TepeH Tycine 0actazsl. Kasipri
3aMaHFbl TEXHOJIOTHSIAD MEH MEIUIIUHANBIK KaOJBIKTap KOMETIMEH KOFaJFaH
byaknusaapapl  Oenrin  Oip JIeHreWae KajiamblHA KENTIpinm, Oy aaamaapIblH



OJICYMETTIK KoHE KOciOM KbhI3METKE KailTa opajyblHa MYMKIHIIK Oepy »KoJaapbl
KapacCThIPbLTYA.

Kazakctan PecnyOnaukachlHBIH 3aHHaAMachblHAAa Ja MYTEIEKTIrl  Oap
azaMatrTap/blH KYKBIKTaphIH KOPFay JKOHE OJap/IbIH eMip CYypy camachblH apTThIpyFa
OaFpITTaJIFaH HAKTHI IMIapajiap Ke3AenreH. ATan alTKaHa, oJlapAbl aOMIHTAIHIIAY
KOHE OHANTYIBIH KEKe OarmapiaMaliapbl apKbUIbl TYPMBICTBHIK, SJICYMETTIK >KOHE
KOCci0M KbI3METKe OeliM ey mIapanapsl xxyprizutyae. by yaepicrep myreaekriri 6ap
azaMJapablH 63 eMIpiH JiepOec KyprizylHe *KoHE KoramFa TOJBIKKAH/bl KaThICYbIHA
JKaraai sKacamibl.

Ochwl caHaTTarbl a3amMaTTapFa apHaJIFaH apHaibl TEXHUKAJIBIK KYpalIapablH
IITiHE YKOFaJIFaH KOJI KBI3METIH ajIMacThIpaThIH MIPOTE3/IeP MAHBI3AbI OPBIH ajlajibl.
Kazipri Tanma npore3aep/iH aayaH TYpil TYpiepl KoHe onapbl 6ackapy oaicTepi
KeH TapanraH. Ajaija, KoaablH OapiblK (YHKUMUSUIAPBIH — Ce€3Y, KO3FajbIC,
MKeMIUTIK TIeH JONIIKTI — TONBIKTal KalTamai ajaThlH MPOTE3 TYpi o1 JE KOK.
ConppikTaH OVJI OaFpITTa 3€PTTEY KYPrizy — Kazipri TaHJa aca ©3eKTi dpl MaHbBI3IbI
MacenenepiiH 6ipi OOJIBIN OTHIP.

MeHIH JUIIOMIIBIK KYMBICKIM OChI MaHBI3[IBI TaKBIPBIIKA — OUICKTIH
(G YHKIIMOHAIIBIFBIH TOJIBIK KaJIBbIHA KENTIpe ajaThlH MPOTE3MiK KYHEHI KypyFa
apHanFaH. 3epTTey >KYMBICHIHBIH 0acThl MakcaThl — OUIEKTIH ailHally MeXaHWU3MIiH
JKacarl IIbIFapy JKOHE OHbI 0acKapyra apHaliFaH CEHCOPJIBIK 9pl KETEKTl1 KYHeHIH
KYPBUIBIMBIH d3ipJiey OoJbIll TaObuIanbel. byn skyile amaMHbIH TaOUFU KOJIbIHA
OapbIHIIA JKAaKbIH JKYMBIC ICTEUTIH, >OFalfaH (QYHKIUsIIapbl OapbIHIIA 197
KaiTanail alaThlH NPOTE3/IK YIT1HI )KacayFa OarbITTaFaH.



1 AXIUTHBTHI TEXHOJIOT UsLJIAp

1.1 3-D 6acna TexHOJIOrusicbIMeH OHiMIep/i oHaipy

Ywemmuemai Oacein mbiFapy TexHoioruschl (3D-0acma) amram per 1980-
KbUIIApABIH COHBIHAA TIakija OOJbIN, 3aMaHayd OHJIPICTIH JkaHa OarbIThIH
KaJIBINTACThIpABL. byJl camaHblH HETri3iH KamaymbuiapabiH Oipi — 3D Systems
KoMIaHuschl 1986 xbUbl ayFalll OOJbII CTEPEOTUTOrPAPUSIBIK KYPbUTFbIHBI (SLA)
JKacan mbIFapabl. Anramkel 3D-nipuHTEpiiep TeK FHUIBIMU-3EPTTEY KOHE KOPFaHBIC
caJlaChIHIAFbl TOXKIpUOETIK >Kobanapma KOoJNJaHbUIFaH, cebeli omapasiH Oarachkl
JKOFapbl, aJl KOJAAHbICTAaFbl MaTepUaIap KapanaibiM opl MIEKTeYl O0NaThIH.

1990-xwimpapnan 6acrann CAD (xobanay), CAE (uHxeHepik Tanjay) KoHe
CAM (enney) xkylenepiHiy xeaen aamybl 3D-0acma TeXHOJIOrusIapbIHBIH KEHIHEH
TapayblHa cepiiH Oepai. byrinae Oys1 TEXHOJOTHAHBI MalganaHOAUTHIH OHIIPIC
cayiacbiH Ta0y KublH. OHBIH KOJJAHBIC asIChI TEK MPOTOTUNITEPMEH MIEKTEIMEN I —
Ka3ipri TaHaa oJI JalblH KOMMEPLHSUIIBIK OHIMEP: METMIIMHAIIBIK UMILTAHTTap MEH
IpoTe3aep, Kypasi-caiMaH 1ap, aBUALIMSIIBIK KOHE FAPBIIITHIK O6JIIIeKTep Kacayra 1a
KCHIHEH KOJITaHBLIAIbI.

Anramkbiga Oynn omic «okbuimaMm mpototuntey» (Rapid Prototyping) nen
aTaJFaHbIMEH, OYTIHI1 TaHga Oy aTay TEXHOJIOTHSIHBIH TOJBIK MYMKIHAIKTEPIH
kepcete anMaiibl. Kazipri 3D-6acna — Oy TOJIBIKKaHABI OHIPICTIK MPOIIECC.

Kocnansl enaipic (aAIUTUBTI TEXHOJIOTUSIIAP) JSCTYPIl MaTepHAIIbI KOHY
HEMece KeCy apKbUIbl MIIITHAEY TOCUIIHEH epeKIeneneni. by anic — marepuanasl
Kabarram KOCYy apKbUIbl (DU3UKAIBIK HBICAHIbI KAJIBIITACTBIPYFa HETI13/ICJITEH.
Bapabik eHipicTiK Ke3eHAep — USsAIaH JalbIH OHIMIe IeiiH — O1pTyTac MU PIILIK
opraaa aBromartanasippuirad CAD/CAM/CAE xyiienepi apKbUIbl OpbIHAANIAIbI.
By xara3cei3, THIMJII KOHE JKOFaphl TQJIIKTET1 OHIIPIC YPAICIH KAaMTaMachl3 €Te/Il.

Merann GenmiekTepiH mmbiFaparslH 3D-npuHTEpaep — Kazipri WHKEHEPIIK
FBUIBIMHBIH €H YKOFapbl >KETICTIKTEpiHIH Oipi. bByn KypbUFbLIap MeTautyprus,
Ja3epiiKk OHJCY, OINTHKA, DJJCKTPOHUKA >KOHE MEXAaTPOHHMKA CaJlalapbIHIaFbl
3aMaHayH O171IM MEH TEXHOJOTUsIap bl O1pIKTIpel.

Kaszipri tagna 3D-6ackin mbirapya KeHIHEH KOJJIAHBUIATHIH €K1 HET13T1 9JIIC
Oap:

1. Cusimen 6acy TEXHOJIOTHUSICHI;

2. Jlazepinik cuHTEepiiey Hemece OaJIKbITY TEXHOJIOTHSICHI.

Op TEXHOJOTHs TYpJi MaTepuan TYpJepiH KOJIJaHy apKbUIbl OipHeIle imki
canarrapra Oemineni. 3D-0Oacma yIIiH KOJAAHBUIATBHIH HETI3T  MaTepHaiiap
KaTapbIHA MBIHAJIAP YKATaIbI:

- tepmorutactukrep (PLA, ABS);

— ¢doTononumepi manbIpIap;

~ KepaMUKAJIBIK, TUTACTUKAIBIK KOHE METaJUT YHTAKTap;

— CHJIMKOH, 0anaybl3 )KoHE MeTajaap.

ABS-mtactuk (akpunnoHUTpUI-0yraaueH-ctupoi) — 3D-0acna yiniH keHiHeH
KOJJIaHBUIATBIH MaTtepuaygapAbiH  Oipi. On KorFapbl OEpIKTIKKE ue, Kypaenl



KYPBUIBIMIAP/bI JKacayFa KOJaiiibl )KoHe OarachbIHbIH TOMEHITIMEH epeKIleIeHEeI].
bacbin mibiFapy kesiHie OeJIHETIH 3arrap Hiamaibl Meuuepae OOoJFaHbIMEH,
KEJJIETY KYyHeci apKbUTbl Kayirci3aik KaMmTaMmachi3 etiiesi. KopeiTeiHabIchIHIA, ABS
— TYPMBICTBIK >KOHE OHEPKICINTIK OHAIPIC YIIIH SKOJOTHUSIIBIK KaFbIHAH KAyIICi3
[IEIIIM OOJIBIIT CaHaIa Ibl.

CypeT 1- ABC TCXHOJIOTHACBIHAA KOJAAHBIJIATBIH IINIACTUKAJIBIK MaTCpUuaJIaap

ABS mactuk (akpuiaoHUTpUI-OyTagueH-cTupos) — 3D Oacein mibiFapyna
KEHIHEH KOJIJaHBUIAThIH TepMOIIacTUK. O KOFapbl MEXaHUKAJBIK OCpPIKTIKKE He,
OWJI OHBI KYpJei TIpEK KYPbUIBIMIAPBIH kKacay YIIiH TUIMAL eTedl. TeMeH KyHbl MEeH
KoJokeTiMauniri ABS-TiH yil skarmaibiHIa J1a, OHEPKICINTIK ayKbIMJa J1a KEHIHECH
KOJIJIaHbUTYbIHA BIKIAJ €TTI.

ABS nacturiHiH WbIHBL TOpI3Al aybicy Temmeparypacbl mamamen 105°C
Kypaiinpl. byn temmeparypanaH Korapbiga MaTepuall KYMCapbIll, MEXaHUKAIBIK
KacuerTepi Tomenaelai. ConapikTaH ABS macturineH skacanraH OYHBIMIIAPIbI
KOFapbl TEMIIepaTypaia KoJgaHy YChIHbUTMANIbI.

ABS mumacturi siFanFa, TYpJl KbIIIKbUIAApFa JKOHE Maiimapra Te3iMil, Oyl
OHBI CeHIM/I1 OeJIIeKTep MEH YATUIEp XKacay YIIiH Konaiiel erexi. Jlereamen, ABS
IJIACTUT1 ATAHOJ CHUSKTHI KEHOIp epITKIITEPMEH OpPEKeTTeCyl MYMKIH, COHIBIKTaH
OHBI BIJIBIC-ASIK Kacay YIIIiH NnaigalaHy YChIHBIIMANIBI.

Crepeomutorpadust (SLA nemece SL) — Oyn cyibiK doTonoaumepii
maisIpiaapaa YJIriaep/ai, MpoTOTUITEP/1 KOHE JalbIH OHIMACP/Il KabaTTamn KaTanTy
apKbUTBI JKaCaWTBhIH aJIUTUBTIK OHJIPIC TEXHONOTUACHL. by omicTe ympTpakyirid
Ja3ep HeMece 0acKa J1a YKcac SHEprus Ke3l MalbIpabl COYJIeICH 1IN, KaTThl 3aTKa
alHAJLIBIPAJbI.

«Crepeonurorpadgus» tepmuHin 1986 xbuibl Yapns3 B. Xomn eHrizal, on
doTononuMep MaTepuaibiH IOWEKT1 KabaTTapMeH KaTalTy apKbUIbl KATThI ICHENEP/I1
OHJIPY OJICIH JKOHE ammaparThl MaTreHTTeAl. XOJUIAbIH MaTEHTI CYHBIK
(doTonoNMMEPMEH TOJTHIPBUIFAH KOHTEHHEPIIH O€TiHe YIbTPAKYJIH Ja3ep
CoyJeciH OarbITTay apKbLIbl MATEPHAIIIBI KATAUTHIT, KA0AT OOMBIHIIA YIIT1 ChI30aChIH
’acay MpoLeciH cunarraisl .T[2].
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SLA (Stereolithography) TexHosoruscsl — ymiesmeM/i MOJENbAEPAl Kacay
yuriH (QoTtomonumep IMIAWBIPHIH Ja3€piiK COyJIEeMEH KaTaWTyFa Heri3ieireH
annuTuBTi oic. byn ynepicte apHaiibl ckaHepiiey jKyieci Jlazep COyJeciH CYHBIK
dorononumepre OarbITTai b1, JIazep coyneciHiy ocepiHeH MaTepHall TOJUMEPIICHIT,
SIFHU KaTThl Kyiire eteAl. [lalinanansuiateid GoTonoauMep — UKEM/I1, MOJIIIP JKOHE
KaTaWThUIFaH KYWJIe )KEH1T OHJIETICTIH, JKeTIM/IEIETIH opi O0syFa KeJIeTiH MaTepHall.
O coHbIMEH KaTap aTMoc(epanbIK bUTFAIABIIBIKKA CE3IMTal.

Mogens sxacay nporieci kenecifen ke3eHaepaeH Ty Pabl:

— Y emmemM i mUGPIIBIK YIIT1 HET131HAE MOACIB KabaTTall KYpacThIPhLIaIbl;

~ Op Kabar Jazep CoyJeciMEeH J9J1 OarbITTaNbIN, HAKThl KOHTYpJAap apKbLIb

MOJIUMEPJICHE/T];

- Jlazep coymeci ¢oTomoONMMEpPAIH TEK COyJle TYCKEH aiMaKTapbhIHIa

KaTalTy/bl KY3€re achIpajibl;

~ Bip xabar askranranHaH KeiiH, Kypbuibic maardopmacet 0,05 mm-gen 0,15

MM apaibIFbIHAAFEl OMIKTIKKE TOMEH TYCIPUIIIN, YCTIHEH KaHa (OTOMOIUMED

KYMWBLIaJIbL;

~ CyifplK 1maiiplp OeTi TericTenreH COH, Kejeci KabaTThl KaTalTy ypaici

Oacranmajpl.

Byl nuki TONBIK MoOJenbh JalblH OOJFaHIa KalTalaHajsl. YPIIC asKTajafaH
COH, apThIK (POTOMOJMMEpP MaTepuas >KOWBUIBII, KaKET OOJIFaH >Karjgaija JalbiH
OHIM YJIBTPaKYJIT1H CoyJieci Oap apHabl MemTe KOChIMINa KaTanuToiiaasl. Ochliaiiiia,
YKOFapbl JANIIKIICH JalbIHIAIFaH YIIOIImeM/ 11 (PU3UKAIBIK YT aTbIHAIbL.

SLA omici — KOFapbl a@XbIpaTbIMJBUIBIKTBI, KYpAENIl TIE€OMETPHUSIIBIK
HIIIHAEPI1 )KOHE OeTi Teric OeeKTep il JKacayra MYMKIHIIK O6epeni. 1.2-cyperTen
OCBI TEXHOJIOTUSTHBIH MYMKIHJIIKTEPIH KOPHEKI Typ/e Oaiikayra 6oaibl.

Cypet-1.1- SLA TexHONOTrUsIChI KOMETiMEH Oachll HIbIFapbUTFaH Diiden
MYHapaChIHbIH MaKeT1

Crepeonmurorpaduss (SLA) TeXHOJOTHSICHL >KOFapbl JQIAIKIICH KypAell
OemIeKTepal »KacayFa MYMKIHIIK Oepeni, Olpak MIBIFBIH MaTepUaIAapbIHbIH
CaJIBICTBIpMAJIbl  TYpZ€ >KOFapbl OarachlHa OaljaHbBICTBl KbIMOATKa TYCEIl.
dorononuMepii manbIpAsiH Oip JuTpi mamamen 50-men 400 posapra aeiiH
TYpazabl, OyJ1 MANBIPABIH camackl MEH CUTaTTaMmallapblHa OalTaHBICTHI ©3Tepefl .
Kypoutrbpimapabiy KyHbI a 9pTypi: Mbicaibl, Formlabs kommanusicerasig Form 3+
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Mozenm mamamMed 2,749 nonnap Typassl , an FSL3D kommnanusceibiH Pegasus Touch
MpUHTEPI opTama ecennel 2,999 nomnap 6aranaHabl.

Selective Laser Sintering (SLS) — yHTak Topi3i MaTepranaapabl (IJIaCTUK
HEMEece METalll) JIa3epilik Coylieé apKbUIbl OIPIKTIPIMN, YIIOImeMal (PU3UKaIbIK
HbICaHJap *acayra apHainrad 3D Oacein misiFapy oaici. bys TexHomorus, acipece,
MeTaJUI MEH IIJIaCTUK OOJIIIEKTEepiH KacayFa apHaJFaH >KaJFbI3 THIMII aIUTHUBTI
OHJIIpiC TocUIIepiHiH Oipi OOJIBIN caHaIA IbI.

SLS omici apkbuibl ajblHFAH IUIACTUKAJIBIK [POTOTUIITEDP  KOFApbI
MEXaHHUKaJIBIK OSPIKTIKKE M€, COHABIKTAH OJap/bl TEK ChIHAK YAT1IEpl pEeTiHAe FaHa
eMec, TalblH OHIM peTiHjIe Jie nalaananyra 6onaasl (1.3-cyper).

[IpouiecTiH MoHI — >KYMBbIC IIaT(OpMAaChIHA KaWbUIFaH YHTAK MaTEpUAIIbIH
KabaThIH Ja3ep coyiecimeH selectively (tanmam) OankeiTy. Jlazep coyneci ek 3D-
MOJENBIIH KaKeTTl O6iKTepiHe ocep eTim, OemmekTepai O0ip-OipiMeH OipikTipeni
(armomepanus). by ke3ne MmaTepuan KaTaiibin, KaTThl KadaT naiina 6onansl. [porecc
TOJIBIK MOJI€JIb KYPACThIPbLIFaHFa JAeHiH KabaT-Kabar KaiTanaHaabl.

SLS TexHomorusichlHa KOJAaHbIATHIH MaTepHaiap — KEePaMUKA, YHTAKTHI
METaJUTYPTUSIIBIK KOCIajap, MmiacTMacca, MeTaUI-KepaMHKa, OHEK JKOHE OTKI3TiII
3artap. Onap o3 cunarramaiapsl OOWBIHIIIA KYPBUIBICKA apHAJIFAaH MaTepuaiiapMeH
yKcac KeJieil, opl OEpiKTIri KOFaphl.

Ochbl TexHOJIOTHSA 9JIETTe KOMIPKBIIIKbLI ra3bl Herizingeri (CO2) nazepiep
Koslanbuia e, bip HeMece OipHele J1a3ep coyieci Oip ME3eTTe KYMBIC 1CTeH anajbl,
OYJI eHJeY KBUIIaMIBIFBIH apTThipaabl. HoTmkeciHae xKoFaphl TQNIKTEr1, KypAei
MIIIHAL YIIeNIeM/I1 HbICaHAap JaiblHaaIaabl

Cypert 1.2 — SLS TeXHOJIOTHSICHI

SLS TeXHONOTrHACBIHBIH HETI3rl EepeKIIeNiri — 9pTypill MaTepuaiaapiaH
KYPAEILIIT 1IeKCi3 OeImeKTep/Il MblFapyFa MYMKIH/IK OepyiHJie *KaThlp. OHIMHIH
TBHIFBI3/JBIFBI JIA3EP COYJECIHIH 9CEp €Ty YaKbIThIHA TOyesal OOnIMaibl, KEPICIHIIE,
Ja3epAiH MaKCUMAJbl YHEPTUsIChl HETI3IHJE KYMBIC ICTEHTIH MyJIbCUPICHTEH
paauaropiap KOoJJaHbUIaIbl. backin mibiFapyra JieliH Matepuan O0aKy HYKTEeCIHeH
TOMEH TeMIlepaTypara JACiiH KbI3AbIpbLIaJIbl, OVJI OHACY MPOIECIH KEHUIICTE 1.

SLS omici crepeonurorpadust (SLA) xoHe kabarTol poroxku yarineyi (FDM)
CUSKTBI TEXHOJOTHIAp/IaH e3reiie, cebedi MyH/1a KoJiJay KYpPbUIbIMIAPhIH kKacay
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KaKeT eMec. byn MojenbaiH TeMeHr1 OekTepl MNaijalaHbUIMaraH YHTAKIICH
KOpIIAJFaHAbIKTaH, KYPEIl T€OMETPUSIIBI YATUIEP/Il )KacayFa MYMKIHIIK Oepei.

ConbiMeH Katap, SLS TexHOIOruscel MaTeprall TaH1ay ayKbIMbl OOWbIHINA Ja
EpeKILeNeHE]l — KOMIIO3UTTEP MEH KYM KOCHAJapblH Jla KoJiJaHyra OoJajbl.
Kypaeni mimrisal )xoHe GyHKIIMOHAIABI OOJIILIEKTEP/Il OHAIPY KaO1JIeTi OHbI dJIEMAIK
JIEHTe/Ie KeHIHEH TapajfaH TEXHOJIOTUSFAa alHaJABIPAbL. AJFalibiHAa OyJI ofic
AKbUIAAM IPOTOTUIITEY YILIH )acauFaH 0oJjica, Ka3ipri TaH1a IaFblH CEPUSIIbI TaliblH
OHIM IIbIFapyaa a1a O0eJceH 11 KOJJaHbUIa/Ibl.

PeaktuBTi MOnenbaey TexHoJsorusicel, Hemece Ink Jet Mmonmenbaeyi, OipHele
naTeHTTeNreH Hyckanapra ne. Onapapiy iminae Solidscape (Drop-On-Demand Jet,
arau DODJet), PolyJet (Objet Geometries KOMIaHUSICBIHBIH TEXHOJOTUSCHI) HKOHE
3D Systems-tig Multi-Jet Modeling (MIM) oxici epekmie. MIM TeXHONTOTHSICHI —
3D Systems KOMITaHUSACBIHBIH MEHITIKTI QIMTUBTI OHAIPIC TOCII1 OOJBIN TaOBLIAIBI
xoHe ProJet xocibu 3D-npuntepnepinne KeHiHEH KongaHbuianel. 1.4-cyperte ochl
TEXHOJIOTUSHBIH KYMBIC 1CT€y MPUHIIMITIH Kepyre 0oaabl.[3]

Cyper 1.3 — PeakTuBTI MOJIENIB/ICY TEXHOIOTUSICHI

PeaktuBTi MOzmenbney texuosormscekl, srHu Ink Jet momenpaeyi, Oipuemie
naTeHTTeNreH HycKayapra Oemineni: Solidscape (Drop-On-Demand Jet nemece
DODJet), PolyJet (Objet Geometries KOMIAHUACHIHBIH TEXHOJOTUACHI) XoHE 3D
Systems kommnanusceiabiH Multi-Jet Modeling (MJM) omici. MJM — 3D Systems-
TIH ©31HE TOH aJJUTHUBTI OHJIPIC TEXHOJOTHICHI OOJIBINT TaObUIaAbl koHEe Prolet
kociou 3D-mpuHTepnepiHae KonmaHbuTanbl. 1.4-CypeTTeH OChl TEXHOJOTHUSHBIH
YKYMBIC TIPUHITUITIH Kopyre 0onaasl.[3]

1.4-cyperTe KepceTUIreHIeH, peaKTHUBTI MOJEbACY TeXHoJorusiceinaa 3D-
MPUHTEPIH Oachlll MIBIFAPY MEXaHU3MI apKbUIbl JKYMBIC O€TIHE KOJAay MKoHE
MOJIETIBAIEY MaTephaiapbl karbutafpl. CoJaH KeWiH MEXaHUKAIbIK OHJCY MEH
(doTononumepey Ky3ere achlpbliafbpl. by ofic Menip KoHE TYPIi-TYCTI, 9pTypl
MEXaHUKaJIBIK KacuerTepi O0ap MoAeNbAep/l »Kacayra MYMKIHAIK Oepeni. Omnapra
IIacTMAaccaaH JKacajaFaH KaTThl 3aTTap kKoHE )KYMCaK, pe3eHKere yKcac OyitbiMaap
Kipesi.
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Kernreren cusiibl Mojienbaey TexHoiorusiapbl 3D Gackin mbIFapyabIH TY Il
OICTEPIHIH €peKIIENIKTEPIH OIpIKTipe i, COHBIH 1iHAEe 3D cusibl Oachll WBIFapPY,
kabatTel TepmusuiblK yiaruiey (FDM/FFF) sxone crepeonurorpadus (SLA). bacna
Oacel apHalibl caHbLIAyJIaphl 0ap, oJdapAblH caHbl Ka3ipri Mojaenbaepae 96-nan 448-
re JeWiH KeTeal.

baceim mibIFapy mporecciHae  TepMOIUIACTHKTEp, OamaybI3map >KOHE
dboTononuMepil manbIpiaap KoJdAaHbUIaAbl. TEepPMOKBI3BIPBUIATEIH MaTepHUayiap
OIpTIHJEN CAJIKBIHAATHUIBIN, KATThI Kyire oTeai. Al gotononumepiep Kadbar-kadar
YIABTPAKYJTIH COyJIEMEH KaTalTbUIbII OHIENe .

Kabarter Tepmusuibik yaruviey (FDM) — ymenmem i yariiep, TpoTOTUITED
YKOHE OHEPKICIMTIK OHJIIPIC YIIIH KEHIHEH KOJIJIaHbUIAThIH aJAUTUBTI OHIIPIC SICI.
by omicte epitinren moauMepIIi TAIIIBIK KabaT-KadaT O0acklIaabl )KoHE MeTallIapra
apHaJiFaH KaJbINTapbpl >Kacayra, COHJAAN-aK (QYHKIIMOHANABIK MYMKIHIIKTEp1
YKOFaphl CEPUSITBIK OHIMIEP/I1 OHIIPYTe KOJIJAaHBLIA b

Cyper 1.4 — FDM kabartanran TEpMUSIIBIK OHJIEY 0acra TeXHOJIOTHUSICHI

FDM TexHOMOTHIACHI — OYJI CaHABIK MOJCIBAIH KYPBUIBIMBIH MaTEPHAIIBIH
Ka0aT-Ka0aT KOCBLTYbl apKbUIbl YIIONIIeMl Typae Kypy d/ici. Ockl TEXHONOTHAA
ABS mnnactuk, 6anaybl3 HeMece MOJUKapOOHAT CHUSKTHI XKIM TOPI3/l MaTepuaiaap
naiigananpuiabl. by sxkintep 3D npuHTEp/IH SKCTPyaUpIiey 0achl apKbLIbl apHANBI
OackappUIaThIH TeMIepaTypaja KbI3AbIPhUIAAbI JKOHE JKapThlIail CYHBIK Kyiire
Keel.

OxcTpyaupaey Oacel 3D mpuHTEpIIH KYMbIC OCETiHE ©Te AN JKOHE >KYKa
KalaTTap TYpiHJIe TEPMOIIACTUKTI MaTepraiIsl opHanacTeipaabl. Kabarrap 6ipinen
COH Oipl KOCBUIBIN, OIPIKTIPLIIN, KaTalblll, aKbIPbIHJA TOJIBIK JAalbIH OHIM Iaija
0oJ1aabI.

OpTypii  Marepuangap Oenruni  Olp  MEXaHUKAIbIK  OEpIKTIK  TEH
TEeMIIepaTypasblK KACHETTEeP/I1H apachIHIaFbl OHTAMIIbI 0aJTaHCTHI KAMTaMachl3 eTe/Il.
FDM TeXHONOTHUSACHIHBIH KapanalbIMIbUIBIFBI MEH THIMJAUIIN OHBI  Yiije
KOJIJITaHbUIaThIH 3 D-nipuHTEpIiepAiH TaHbIMaJl 0OJybIHA BIKIIAJ €TTI.
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1.2 Kocnasap enaipicinaeri 3D Mmoneibaey :koHe :Ka0AbIKTATYbI

3D npunTepnep OipHelle HeEri3ri Kputepuiiep OoiblHINIA >KikTenenl. Ex
0acThiChl — KoJIJaHbUIaThIH 3D Oackin MIbIFapy TEXHOJOTHUSCHI, Oacma MaTepuaibl
KOHE JTalbIH OHIMHIH KeJIeMi, carachl MEH TYPAKTHUILIFEI. OCHI TYPFBIIaH aFaH/a,
ycrennik 3D mpunTepnep MeH kociom 3D mnpuHTepnep OHIMHIH TYPaKThI
eJIIeMIepiH, OACHII MIBIFAPY KbUIAAMIBIFBIH )KOHE MTPOTOTHI CalachlH KaMTaMachl3
€Ty JeHrediMeH epekieneHeni. 1.6 >koHe 1.7-cyperTepieH IIacTUK TEH MeTasll
YHTaKTapbIH KOJAaHAThIH ekl Typ:i 3D Gacna KypbUIFbUIaphIH KOpyre 0omass [4].

Cypet 1.6- — DMG MORI dupmacbiabig MeTaIABIK 3D npuHTepi

FDM

Filament

Extruder

Build plate

z - Axis

Cyper 1.7 — Kabartsl kabartacteipy oaicimer (FDM) xympic xacaid T 3D-
MPUHTEPAIH TUIITIK JU3ANHBI
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3D npuHTEpi Keecl Heri3ri OeIeKTepAeH TYPaIbl:

— Kopa0bl — KypbUIBIMJIBIK AJEMEHTTEPIH HET131H KYpaWTbIH, MPUHTEP/IIH
CKEJIETTIK POJIIH aTKapaThiH OOIK;

— BbarpiTTaymisl — 3D npuHTepAiH SKCTpynepiH 0achll MIbIFapy aliMarbiHaa
TIOJT KOHE ePKIiH KO3Fay Ibl KAMTaMachl3 €TeTiH MEXaHHU3M;

— DKcTpyaep — Oy KYPBUIFBI )KYMBIC allMaFbIHa €PIreH MIIACTUKTI )KETKI3€TiH
MaHbI3bl Oemmuek. Kazipri Tanga opTypiil Au3aiiH memimaepl 0ap, COHbIH 1IiHAe
OpTYpJIl HMaMeTpAeri >KINTepJi KOJJAaHyFa apHaJFaH ajJMacThIPFBIITAphl Oap
monennaep 6ap. Keitbip 3D npunTepniep exi 3KCTpyaepiMeH ka0 JpIKTaFaH, ojiap ekl
TYCTI Hemece epuTiH Marepuanjgapaan (Meicaibl, PVA nemece HIPS) sxacanran
TipeyimTep i 0aChIN MIBIFApyFa MYMKIHIIK Oepe/i.

DKCTpyAepre KbI3MET KopceTy OaphIChIHa OACHII MIBIFAPY KE31H/1€ KUHATFaH
apThIK MJIACTUK KAJIJBIKTAPBIH Ta3aJiay >KYMbICTaphI JKYPri3iiel.

3D mpunTepaiH xyMbIc ycreni (6acma miardopMackl) KbI3AbIPBIIFaH HEMECe
KbI3JIbIpbUIMaFraH  00dybl MYMKiH. KpBAbIpbUIaTBIH — yCTENAEpP  IJIACTUKTIH
aAre3usiChIH  JKaKcapThill, MOJENbAIH  KabaTTap apachlHIarbl  aJAre3UsiChIH
KaMTaMachl3 €Tel.

ABTOMATTHI KaJIUOpJIey Ke31HAEe dKCTPYACPAiH KaHbIHJA OPHAIACKAH CEHCOP
(onTHKANBIK HEMEce KOHTAaKTiIl) OipHemie HYKTeae YCTeNAiH OWIKTIriH enmeiai
YKOHE aJbIHFaH MOHJEP/Il ecTe cakTaiabl. byn omic acipece nenbTa HEMece AeibTa-
pOOOT KMHEMAaTUKAChl Oap MPUHTEPJIEP YUIIH THIM/II

Maimna xacay canacheiiaa OeIIeKTep MEeH JKMHAKTap bl il enemal (3D)
JM3aiiHbl aBTOMATTaHABIpBUIFaH >ko0anay kywhenepi (AXKOIK) apkwuibl Kysere
aceippuiafel. by xyienep, arputmbiH TUTiHAE CAD (Computer-Aided Design) nemn
aTasiajipl, »ko0anay MpoLeciH TUIMIIPEK KHE I OPbIHAAYFa MYMKIH/IK Oepe/il.

Nuxenepnik  enimaepai 3D Moxpenbaey  KOHCTPYKIMSUIBIK — JKOHE
TEXHOJOTHSIIBIK KY)KaTTaMaHbIH OapJbIK Ko0ajlay TajanTapbl MEH epeKIIeTIKTepiH
€CKepe OTBIPBII, OHIMHIH O1p 06JITr1H HEMece TOJBIK JKUBIHTHIKTAPbIH TalbIH KYHIH/IC
xacayra MyMKkiHgik Oepeni. Erep CAD xyiieciHe KOChIMIIIA MOIYJBAEP KOCBUIFaH
Oonca, oHma Oy MOMAENbIe CTATUCTUKAIBIK KOHE IUHAMHKAJIBIK Tajaaysap
KYPrizyre, COHJIal -aK OpTYpJil MEXAHUKAIBIK 5KOHE TEXHOJIOTHUSIIBIK OTepalusiapabl
ecenteyre 00aIbl.

ConbpiMeH KaTap, ke3 kenren CAD xyitecinae 3D mMojnens Herizigae Oesiex
HEMECE >KUBIHTBIKTHIH ChI30aNlapbl, TEXHUKAJBIK CHIATTamManapbl XoHE Oacka
*K00aay-TeXHOJOTUSIIBIK Ky KaTTamanap aBTOMAaTThl TYpJe maibiHaataasl. Kasipri
3amanrbl CAD xyienepinie aHuMalusuIbIK MOy IbIep O6ap, oiapibiH keMeriMen 3D
MOJIENBIIH KEHICTIKTETT KHHEMATUKAJIBIK HEMECE ITUKIIOAMHAMUKAIIBIK KO3FAJIBICHIH
Kepceryre O0osaabl. byn anuMmanusnapasl craHaapTThl popmarTarsl OeliHe (aiisra
a3y J1a MYMKIH.

Kanmsl, CAD sxylienepi — OyJ1 KOMIOBIOTEPIIIK TEXHOJIOTUsIIApABI Mali1ajgaHa
OTBIPBIN, OPTYpal  xko0ajay MOpoOUECTEepiH  aBTOMATTAHIBIpYFa  apHaJFaH
OarmapiamMaiblK KeIeHaep O0bITT TaObLTa Ibl.

3D w™ognenpaey YyiIiH OarjgapiamaiblK OpTaHbl TaHAay — OWJ HaKThl
TarcelpMajap MEH MaKcaTTapra OaillaHBICTBI MaHBI3IBI KajgaM. barmapiaMaHbl
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3epTTey MEH OFaH OeiMenyre KeTeTIH YyakbIT Ta eckepinayl Tuic, cedbedbi 3D
MOJIEJIbJICYMEH JKYMBIC ICTEY YAEpICl TUIM/IL, KbUIJIaM dp1 bIHFaUIIbI 00Tyl KEPEK, all
HOTH)KEC1 carajbl KOHE IIBIFAPMAIIbUIBIK TYPFBIAH KaHaraTTaHApJIbIK OO0TybI
KaXKeT.

Autodesk 3ds Max — 3D wmogenmpaeymiiziep apacklHIA KCHIHEH
Kosanbuiateid, 3D rpaduka xacayra apHaJFaH €H KyaTTbl, KOI MYMKIHJIIKTI KOHE
KaH-KaKThl Oarmapiama OoJibin TaObutanbl. 3D Max yiniH KenTereH KOChIMIIA
TUTaTUHACP KacallFaH, TaibIH YATUIEp 931pieHreH, COHIaii-aK aBTOPIBIK KypcTap MEeH
OeitHecabaKTapAbIH YJIKEH KoJjemi KobkeTimMiail. byn OGarmapiamameH )KyMBIC iCTEy
apKBUTBI Ci3 KOMIBIOTEPIIIK rpadukaHbl YHpEeHYre KbI3BIFYIIBUIBIK TAHBITACH3. 1.9-
cyperte 3D MAX GarnapiaMachIHbIH dKYMBIC OPTAChl KOPCETLITEH. .

Cypet 1.8 — 3D MAX nporpaMMachIHBIH KYMBIC aJlaHbl

byn Oarnmapnama opTypii cajnajmapaa — apXUTEKTypa MEH HHTEphep
JM3aiiHbIHAH OacTamn MyJIbTHUIBMIEP MEH aHUMAITUSUIIBIK POJTUKTEPTe NCHiH KeHIHEH
Koimanbutanbl. Autodesk 3ds Max cratukanslk rpaduka xacayra ©Te€ KOJAiib.
CoHBIH apKachkIHAa UHTEPhEP, IKCTEPhEP KOHE KEKeJlereH OOBEKTIIEPA1H IIbIHANWbI
KOpiHICTep1 KbULAaM pi TUIMII Ty pae Kypbeuiaasl. Kenreren maiibia 3D ynrinepi 1o
ockl 3ds Max (hopMaThIH/Ia Kacallblll, ©HIM CallaChbIHbIH CTAHIaPTTapbIHA COMKECTIT1H
ToMeI et 11, OYJ1 OHBIH 0acThl apTHIKIIBLIBIKTAPBIHBIH O1pl.

KOMIIAC-3D — xo00anay KyKaTTamachlH >KacayFa bIHFaWIbl Oarnapiama.
byn xytiene 3D monensaepal Kypy, OapiablK pecypcTap MeH Oemimaepal 6ackapy,
COHJIali-aK YATUIEpIH ejmemMaepin Oepy Mymkinairi 6ap. benrimi 6ip cwizdana
EHTI31JITeH Ke3 KEJITeH 03Tepic aBTOMATTHI TYP/IE COMKEC MOACIIbI'e KOJJAaHbLUIAIBI.

ConbpiMeH katap, KOMITAC-3D keH kenemi KiTamxaHajlblK Oa3ara wie, Oy
aBTOMATTAHJIBIPY/IBl JKOHE >Ko0ajay MPOLECiH KEHUIISTYAl KamMTaMachl3 eTel.
MyHnna maitein 3D MonenbaepMeH KaOAbIKTaIFaH KiTanxaHajdapbl MaiiganiaHyra
Oomazel, OyJ1 ©31HI3AIH YII ©JIIIeM Il 00beKTIHI3I1 )KacayFa MYMKIHIIK Oepei. XKana
HYCKAachl OaraapiaMaHbIH CUTIaTTaMaJlapbiH JKOHE KYMBICBHIH KaKCapTaThIiH, COHJIAM -
aK koOajapMeH >KYMBIC 1CTEy/l KEHUIACTETIH KONTEreH >KaHAJIBIKTap MEH >KaHa
Kypainmgapasl kamtunabl. 1.10-cyperre  KOMIIAC-3D v17.1 GarmapiaMachbiHBIH
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MYMKIHIIKTEpiH MaiijlajlaHa OTBHIPBINT JKacaJFaH aJgaM KOJIBIHBIH OPTOICIUSIIBIK
MPOTE31 KOPCETUITEH.

Cypet 1.9 — OproneausibiK agam KOJIbI

KarTel kylimeri 3arrapabl Oachlll MIBIFAPYIBIH OipHelie Tociiaepl Oap.
Kyriprnenep MeH 6acka KojgaHOanbl OarmapiaMaiiap yHeMi Jgamyaa. Mbicaisbl,
OHIMHIH OapibIK MYMKIH KEMIIUTIKTEpI MEH IIEKTEYJIEepiH aJJIblH ajla KepCeTy
MYMKiHair maiina 6onael. Kasipri kyartel CAD sxylienepi MyHAail MYMKIHIIKTEPre
ue OonmMaca Ja, onapibl KOJJIAaHY apKbUIbl KYIO KOHE OHJEY IMpolecTepl »Ky3ere
acelppuiafpl. JKyripTrenepaiH uHTep@encTepl KapamnailbiM >KOHE TYCIHIKTI, OyJI
toxipubeni CAD mnadpananymbliapel YIOIH J1e¢  bIHFaiiabl. OmjapiabiH  0acThl
apTHIKIIBUIBIKTApl — KapamalbIMIbUIBIFBL, KOJDKETIMIUIIN JKOHE KOCHIMIIIA
IIBIFBIHIAPABIH  a3AbIFbl. KOnTereH >KyTipThenep TEeriH TapaTbhUIabl, ajl aKbLIbI
HYCKaapbIHbIH KyHBI CAD OarnapiamManapbIMeH CalIbICThIPFaH 1A JIIeKaii1a TOMEH.
Bapneik camanmbl KyripTienep KapamaibIM HBICAHIAPABl OHJIEYre JKoHE KypyFa
apHaJIFaH KypajagapMeH a0 bIKTaIFaH.

3D npunTepnepai KoijaHy OapbIChiHAa OacTamkpl —MapamMeTpiepMeH
KaOJBIKTATFaH JKYTipTie Oargapiamanapbl KMl KETKUINKCI3 OO0Jybl MYMKIH.
OHipylIiIepAiH YChIHFaH OaFaapiaMaiaphl KaIlbl MaiIagaHyIibl KAKETTUTIKTEPIH
TOJILIK KaHAFaTTaHIbIPMAaybl MYMKIH, COHIBIKTaH KOCBIMINIA Kypaigap MeH
KEHEeUTIMep KaxeT Ooybl MYMKiH. BakbpITbIMbI3Fa Opaid, KeNTereH KyaTTbhl JKOHE
Terin Oarmgapiamanap 0ap, oJiap amblK 0acTamKbl KOJIKA W€ )KOHE YHEMI KaHAPTHLIBIIT
OTBIPAJIBI.

© Sohpesiaize €30
Ele e Seect Loyo

Mee®aaa

Cypert 2 — XKyripTme >XyMBbIC xKacay YCTiHIe
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Kartel kyiizmeri 3arrtapabl Oachlll MIBIFAPYABIH OlpHelie Taciiaepi Oap.
XKyriprenep MeH Oacka KoimaHOaiwl OarmapiaMaiap YHeMi gamyma. Meicaisl,
OHIMHIH OapJIbIK MYMKIH KEMIIUIIKTEpI MEH NIEKTEYJEpiH ajjblH ajla KOepPCeTy
MYMKIiHAITI maiiaa 6omnael. Kazipri kyartet CAD sxylienepi MyHIail MYMKIHIIKTEPTe
ue Oonmaca na, omapApl KOJAaHY apKbUIbl KYIO JKOHE OHJEY MpOIecTepi Ky3ere
aceippuiabl. JKyripTrenepaiH uHTEp@encTepi KapamabiM KoHE TYCIHIKTI, Oy
toxipuoeni CAD maiimamanymbuiapsl YIIiH A€ BIHFAWIBL OnapasiH  0acThl
apTHIKIIBUIBIKTAPl — KapamaWbIMJIbUIBIFBL, KOJDKETIMIUIII JKOHE KOCHIMIIIA
IIBIFRIHAAPABIH  a37bIFbl. KenTeren >KyripToenep TEeriH TapaTbhUIabl, all aKbLIbI
HYCKanapeIHbIH KYHBI CAD GarapiamManapbIiMEH CaILICThIPFaH/1a dJIJIeKai1a TOMEH.
bapnbik camanel KyTipTrenep KapamailblM HBICAHIAPABl OHJACYre XOHE KypyFa
apHaJFaH KypajilapMeH ska0abIKTaFaH.

3D npuHTepiepAi KojjaHy OapbIChIHIA OacTamKbl —MapameTpiiepMeH
XKaOJpIKTAIFAH KYTIpTHe Oarnapiamanapbl JKdl JKETKUIKCI3 OOlybl MYMKIH.
OHipynriiepAiH YChIHFaH OaFaapiaaMaiapbl )KalIbl Tai alTaHyIIbl KOKETTITIKTePiH
TOJILIK KaHaFaTTaHJbIpMaybl MYMKIH, COHJIBIKTaH KOCBIMIIA Kypajijgap MeH
KEHEUTIMIEp KaxeT OOMybl MYMKiH. BakpITbIMBbI3Fa Opaid, KONTereH KyaTThl )KOHE
Terin Oaraapiaamanap 6ap, oap ambIK OacTamKbl KOJIKA U )KOHE YHEMI KaHAPTHLIBIIT
OTBIPAJIBI.

Mateiaie) P
1 - PLA Cubex Blue Trickness 0.1 Stocred Layers
Ext2 33 Cubex Black Mickness 0.1 (sparse . Supmor)

Cyper 2.1 — Kisslicer

KISSlicer — 3D Oacblnl IIbIFapyFa apHajfaH TaHBIMA KYTIpTIE
Oarmapiamacel. On  KapanmabIMABUIBIK T€H KEH MYMKIHIIKTEpAl O1piKTipel.
barmapnama STL daitngapein G-xoaka Typiaesaipeni, 6yin 3D mpunHTepnep yiriH
KaXKeTTI.

KISSlicer exi Hyckaaa KoJDKeTIMI1: TeriH koHe akplibl PRO Hyckackl. Terin
HYCKa 01p 9KCTpYyAEPMEH KYMBIC ICTEH/I1 xKoHe Oip YITiHI OHIeyre MyMKIHIIK Oepe/i.
PRO nyckace! 6ipHelie 3KCTpyAepMEH KYMBIC iCTey/l, OipHelie yariHi 01p yakpITTa
OHJICY/I1 J)KOHE KOChIMITIA (YHKITUSIIAP,IbI YCHIHAIBI.
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barmapnamanbiH  wHTepdelci KapamablM JKOHE TaljajgaHyIIblFa TYCIHIKTI.
Kenreren  mapamerpiepai  oHal  Oanrtayra  Oonaabl, Oys  ToxipuOeni
naiaianymbUIap Yl € bIHFalIb.

ile  Tools ert  Hel
asic | advan lugins | Start/End-GCode
Quality E

Layer height (mm) 0.11

Shell thickness (mm) 12
Enable retraction \S\i

Fill

Bottom/Top thidkness (mm) 2
Fil Density (%) zm

Speed and Temperature

Print speed (mm/s) 50
Printing temperature (C) 187
Bed temperature (C) o

Support f EXPETt config

Platform /| Support
Filamen{ | Structure type
Diameter ||| Overhang angle for support (deg) 60

Flow (24| | Fil amount (%) 1

Distance X/t (mm) 0.1

Distance Z (mm) 0.1

Cyper 2.2 — Cura

Cura — Ultimaker KOMIaHUSCHIHBIH BIHFANIbI KOHE MHTYUTHUBTI XKYTIpTIiE
Oarnapnamackl. byn 3D npunTtepinep yiiH €H TaHbIMaj ciaicep OoJbll TaObUIaabI.
barnapnama matepuan kenemi MEH KYHBIH, ©HIM CaJIMAaFbIH €CENnTey KypajldapblH,
MaTepuall mapaMeTpiiepiH KoHe OachIl MIbIFapy OMIUsIIapbIH KaMTHABL Cura anrbiK
OacTarnkpl KOJITHI )KOHE TOJIBIFBIMEH TET1H, YHEMI1 KaHAPTBUIBIN OTHIPAJIHI.

1.3 TypJai canajnapaarsl aIIMTHBTHI TEXHOJIOT USJIAPIHBIH KOJIAHBLTYbI

3D mpuHTEpAEpAIH ASCTYPJI MOJENH jKacay 9MicTepiHe KapaFaHaa Heri3ri
apTHIKIIBUTBIKTAPBI — KBUTIAMIBIKTBIH KOFAphl OOJYBI, KapanalbIMIABLIBIFEl JKOHE
TOMEH MIBIFbIHAApHI. Kypaeni eHiMaep/i nalbpiHaay OipHeIIe arnra Hemece aijiapbl
amyel MYMKiH Oojca, 3D mnpuntepnep Oyn yaepicti OipHemie caraTka ACiiH
KbicKapTansl. COHbIMEH Karap, Oy TEeXHOJOTHS anaM (DaKTOPBIHBIH OCEpiHEeH
00aThIH KaTeNIKTepAl a3ailThIl, KOJI €HOET1H TONBIFBIMEH ayBICTBIPYFa MYMKIHIIK
oepeni.

3D npuHTepiep HETi3iHEH OKbUIIAM  MPOTOTHNTEp JKacay  YIIiH
nmaiamanbUIaibl J)KOHE OPTYpJl cajaiapaa KEHIHeH KOoJjaHbic Tabaawpl. HakThl
bu3HUKaNbIK yAriep 0oJianak eHIMHIH SPrOHOMUKACHI, (YHKIIMOHATABLIBIFBI KOHE
KUHAKTAIybIH Oarajayra KOMEKTecell, COHAai-aK CepHsulbl OHJIpIC aJabIHIa
KACBIPbIH aKayJapApl aHbIKTayFa MYMKIHAIK Oepeni. byn eHaipic IUKIIH
KBICKAPTBII, YaKbIT MEH KApP>KbIHBI AaUTapJIbIKTal YHEMIEYTe CeNTIrH TUT13€/I1.

ConbimeH katap, 3D npunTepiepaiH KoMeriMeH JaiblH MOJENbACpP OHIMHIH
COHFbl HYCKAachl JaiiblH OoJiFaHfa JEHIH TypJll ChIHAKTapAaH eTyre Oosajbl.
[IporoTunTep HAKTHI OHIMIE KapamChi3 CHIHAKTAPIBI KYPri3yre J1e MYMKIHIIK
oepeni. Mbicansl, Porsche komnanusicet 911 GT2 RS mozaeninig nopuensaepia 3D
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0achlll LIBIFAPy ApKbUIBI Kacall, TOCTYPJl SICTEPMEH MYMKIH €MEC CAJIKbIHIATY
apHaJapblH €Hri311, opl nopueHsaep caiamarbl 10%-fa xeHin1 Oonnael. byn
TEXHOJIOTUSHBIH >KOFaphl )KbUITAMIBIKIIEH )KYMBIC 1CTEY1 Ka31pri OHA1pic MPOIECIH/Ie
YJIKEH MaHBbI3Fa He.

Jerenmen, mnpororun xacay — Oyn 3D Oackll WIBIFapyIblH JKaJFbI3
MyMKiHair emec. Keneci kesen — xpurmaMm enpipic. Kei6ip 3D TtexHomorusmap
JAaibIH OHIMIEP/1 TYPJIl MaTepHallJap/iaH blFapyFa MyMKiHIIK Oepeni. by marbiH
NapTUSIBI OHAIPIC YINIH TUIMII IemrM, cebedi Ke3 KelreH KOHOUTyparusiaarbl
OemmiekTep KbIcKa Mep3iMie skacanmansl CoHmal-ak, OKy MakcaTbhIHIa YJTiUIepAl
xKenen AalbiHAay OutiM Oepy cajachlHAAFbl KONTEreH MOceNeNep/l IIeme/l.
Menununaga 3D Oacekin miblFapy iIIKI OpraHjaap, MpoTe3ep MEH HMIUIAHTTap
YATUIEpIH jKacayFa KEHIHEH KOJJAHbUIAAbl. MapKeTHHTTe OVl TEXHOJIOTHS
TYTBIHYIIIbUIApFa HAKThl YATUIEPAl KOPCETY apKbLIbl KbI3MET CalachblH apTThIpyFa
MyMKiHaik 6epeni. Connmaii-ak, 3D >kapHama »oHE TINTI CHOPTTHIK asK KUIM OHJIPY
calajapelHaa Ja KOJJaHbUIaAbl. ApHalbl CKaHEp apKbUIbl asK MilliHI TYCIpUIim,
Ja3epiiK CHUHTE3/ICy apKbUIbl asgK KHWIM «Ocipy» Tociial KojjgaHbutiaabl. 3D Oachkim
IIBIFAPY — HWHXKEGHEpJIEp MEH Iu3aiiHepJepre YakbhlT TMEeH PecypCThl YHEMIEYTre
KOMEKTECETiH Ooamarsl 30p TEXHOIOTHUSI.

— Kocna engipici (3D Oacein mislFapy) Kasipri yakbITTa MallldHA >Kacay
cajlachlHAa CYOTPAKTHUBTI OICTEpJl THIMJI TOJNBIKTBIpaabl. byin TexHomorus
WHKEHEPIIepPre KYPpAL TalchIpMaiapabl dKOFaphl JAITIKIICH, KbUITaM IBIKIICH KOHE
TUIMAUTIKIICH MICIYre MYMKIHAIK Oepe/ii, COHBIH 1ITTH/E:

— JKana OemmiexkTep MEH MeEXaHU3MIEPAl 331piiey (TYKbIPHIMIaMAJIbIK
MOJIETTBJIEP MEH ChIHAK YJTUIEPiH JKacay);

— KonmanpicTarsl Ky#enep MeH KeKe KOMIIOHEHTTEPII KAHFBIPTY;

— JKenzeyni KaxKeT eTeTiH OeJIIeKTEP 11 AybICTHIPY KoHE KaJlbIHA KETIPY.

— 3D OaceIn mblFapy TEXHOJOTHSCHIH JTU3alH JKOHE OHJIPIC KE3eHIepiHIe
KOJIJIaHy OHIMEP/l KbUIIaM opl YHEMJ IIbIFapyFa MYMKIHIIK Oeperni. MammHa
’xacay canacsinga 3D-6achIn MbFapyabIH HET13T1 apTHIKIIBLIBIKTAPbI:

— 3D Oachin mIbIFapy TEXHOJIOTUSICHI OHIPIC MEH UHKEHEPUSI canalapblHIa
OipkaTap apThIKIIBUIBIKTAP YCHIHABI:

— Kypaeni reomerpusiisl OenmexTepai eaipy: 3D 6ackin mbiFapy A9CTYpIl
OMICTEPMEH ’Kacay MYMKIH eMec KypZAendl minrHaeri OenmeKTepal xacayra
MYMKIHAIK Oepeni. bynm TexHomorus imki apHamap, TOPJBI KYPBUIBIMIAD KOHE
OpraHUKaJBIK MIIIHACP CHUAKTHI KYpACHl 3JIEMEHTTEPl OHAM »KacayFa MYMKIHIIK
oepei.

— OHIIpiC YaKbITBIH KbICKapTy: 3D Oackinm misiFapy apKblibl TPOTOTHITED
MeH OenuekTepAl OipHelle carar 1liHae )kacayra 00aabl, Oy ASCTYPIIl 9AICTEPMEH
CaJIBICTBIPFaH/1a OHIIPIC YaKbITBhIH e1ayip KpickapTaasl. Ust.kz+1Ust.kz+1

— Anam ¢dakTopeiH azaiity: 3D Oachlll 1IbIFapy aBTOMATTAH]IbIPbUIFAH
npoliecc 0OJIFaHIBIKTaH, aJlaM KaTeIIKTepiIHIH BIKTUMAJIIBIFBI TOMEH I 11. byJ1 oeHiM
camachIH apTTBIPHIN, OHAIPICTET1 aKayIap bl a3aluTaIbl.
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— OHIM mapametpiiepiH jkakcapty: 3D Oacelll mbIFapy apKpUIbl ©HIMHIH
CaJIMarbIH a3ailTyFa, JONJITCIH apTTBIPYFa KOHE OEpIKTITiH KylIeUTyre OoJajbl.
baceim mieiFapy mapameTpiiepiH peTTey apKbUIbl KAXKETTI (DU3MKAIBIK KOHE
MEXaHUKaJBIK KACUETTEPre KOJI )KETKI3y MYMKIH/IT1 Oap.

— Marepuangapael  Oipiktipy mymkigairi: Kei6ip 3D Oacein mibiFapy
TEXHOJOTUSTIApbl 9PTYpPJl MaTepuangapipl Oip OemmiekTe OIpIKTIpyre MYMKIHIIK
oepeni, Oyn OemmekTiH (DU3UKAIBIK JKOHE MEXaHUKaJIbIK KaCHETTepiH OakKbliayra
JKOJI aIllajbl.1.

NmxenepustabIH KaHaal MiHaeTTepl 3D npuHTepiIepMeH THIM/II IS ] :

— Kasipri 3amanrel 3D Oackin mibFapy Kyienepi MalimHa sxacay
CaJlachIHaFbl MHKEHEPIIEP MEH AU3aifHepIiepre KeH ayKbIM/IbI MIHACTTEP/II
KBUIIAM Opi carajbl OpbIHAayFa MYMKIHAIK Oepeni. 3D npuHTepiiep oHIMHIH
KOHIIENTYAJABIK YATUIEPIH )KacayaaH OacTar JalblH eHIMIep Al OHAIpyre AeiiH
TUIM1 Kypas O0JIbI TaObUIa b

— Mbaicansbl, 3D 6achll LIbIFapy TEXHOJOTUACHI a3pOFaphblill, aBBTOMOOUIIb,
MYyHaii-ra3, Keme jkacay, MeJUIIHa, 3eprepiik OyibpiMaap skoHe 6acka Jga KernTereH
cayanap/ia 6escen i KoJaaaHbuiaabl. by TeXHOnMorust nHKeHepiep MeH
Au3aiiHepiepre KypAesi miiriHal OemeKTepAl kacayra, OHAIpIC YaKbIThIH
KBICKapTYFa KOHE OHIM CamachlH )KaKcapTyFa KOMEKTECE/I.

— ConsbiMeH kaTtap, 3D MoaenbaeyIiH KYMBIC POLIECIHE T€HEPATUBTI
JIM3aliH 9IICTEPIH €HT13y apKbUIbI COYJIEeT, MalllMHA jKacay, aBTOMOOUITB xkKacay,
a’pOFapPHIII OHEPKICIOl CUSAKTHI cajajiapa MHHOBALMSUIBIK HIEHIiMep TadyFa
MYMKIH/IIK TyaJbl.

Ocsinaiiina, 3D Oackin mIbIFapy TEXHOJOTHICH! MAIIMHA YKacay CalachIHIaFbl
WHKEHEpJIep MEH Ju3aiiHepiepAiH JKYMBICBIH OHTAMJIAHIBIPBINT, OHIMJIUIIKTI
apTThIpyFa JKOHE dKaHAa MYMKIHAIKTEP/I1 )KY3€re achbIpyFa >K0J allajibl.

TeMeHmeri cyperTe MaimiMHa XKacay ©HIIPICIHAEC KOJIAHBUIBIN >KYPreH
aJIUTUBT] TEXHOJIOTHS apKbLIbI KacalFaH OOJIIIeKTep KOPCETUITEH. .

Cypert 2.3 — MamuHaHbIH TYpJi OenmexTepi
3D OaceIn mIBIFApy TEXHOJOTHSACHI KYPBUIBIC HMHIYCTPUSCHIHIA KAPKBIHIIBI
nampinn  kenemi. 2000 xwpurman Oacranm AKII, ¥YneiOpuranus, Keitaii »koHe
Hunepnanael CUSKTBI €NIAEPAiH HWHXKEHEpJiepli Oyl TEXHOJIOTHUSHBI KYPBUIBIC
caylachlHIa KOJJIaHy MYMKIHJITIH 3epTTedt Oactaapl. ¥iapioputanusgarsl Jladhoopo
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YHUBEPCUTETIHIH FalibiMAapbl, AJOKTOp CyHrBY JIMMHIH KETEKIIUINTIMEH, dPTYpi
MIIIHACTT KYPBUIBIC 3JIEMEHTTEpIH Oachlll ILIbIFapyFa apHaJFaH Oipereil IeMeHT
KOCHachlH d3ipieni. byn kocma sSKCTpy3ust oiciMeH KabaTTan IIbIFapbLIaJibI,
HOTHXKECIHAEC KYypledl TEeOMETPHsUIBIK TMIIIHAEeTT OETOH H3JIEMEHTTEpIH jKacay
MyMKiHIIr Tyael Kazipri yakeirra 3D Oachll mibIFapy apKbUIbl Yiliep cainy
o0aapbl 9JIEMHIH SPTYPJ eaepine xys3ere aceipburyaa. Meicanbl, AKII-TeiH
Texac mtateingarsl Marfa kanaceinna ICON kommnanusicel 3D npuHTEp KOMETiMEH
el alMaKTarbl AJIFAIIKbl 0a3UCT1 caly dKOOAChIH KOJIFa aJijbl.

Onrycrik Kamudopuus yauBepcutetinin (USC) mpodeccopsr bexpox
Xomnesuc (Behrokh Khoshnevis) kerekmrimirimen a3ipienren Contour Crafting
TEXHOJOTHSACHI KYPBUIBIC CalaChIHa PEBOTIONMSUIBIK ©3repicTepre KO amThl. by
TEXHOJIOTHS KYPBUIBIC aJlaHbIHA TIKEJIeH KoJaHyFa OOJaThIH YJKeH keiemiai 3D
OpUHTEpJEepl TNaijanaHa OTHIPBIN, FUMapaTTapAbl aBTOMATThl TYple callyFa
MYMKIHJIIK Oepel.

Contour Crafting sxy#eci KaObIprayiapapl KabaTTam cajay OMIiCiH KOJIaHabl,
Oyl mporecc OapbichiHAAa OETOH TOpI3Al  KbUIIaM  KaTaThlH — MaTepual
naigananpuianbl.  KypbUiblc  OapbhICBIHIA JJICKTP CHIMIAPHI, CaHTEXHUKAJIBIK
KyObIpyap >koHe Oacka Ja WHXXEHEpNIK >Xydenep Oip yakbITTa OpHATBLIAbI.
[Ipodeccop XomHeBUC OyJi TEXHOJOTHSHBI TAOMFU amaTTapiaH KeiH >Kbuigam
OacmaHa cany YIIH, cOHAal-ak AN MeH MapcTrarbl KypbUIbIC >KOOajmapbliHIA
KOJIJIaHY/Ibl YCHIHABI JOJUJIAPBIH KYpPajbl, Oy KIACCHUKAIBIK TYpHAE YW CalyIbIH
KyHbIHAH 50 naibi3ra TOMEH.

AKUI-ra nnxenep Anapeid PyneHKOHBIH JKETEKIIUIITIMEH KYMBIC 1CTEUTIH
Total Kustom kommanusicel 3D 0eToH Oachin MIBIFAPY TEXHOJOTHSICHIH JaMBITyAa
YJIKEH KeTicTikTepre xkeTyae. OHbIH 0acThl MaKCaThl — KYPBUIBIC allaHIapbIHa FaHa
eMec, SpTypii xep OelepiHle, COHBIH IIIHAE €HIC Xepiepae Ae YWep cailyra
MYMKiHIIK 6epeTin 3D npuHTepep xacay.

Kazipri yaxpitra CrnoBeHusinarsl BetAbram koMmaHUsIChl  KYpPbUIBICKA
apHasiradn 3D mnpunTepsiepai Oencenai Typae eHaipyne. Kommanus ym Typii
Moaenbl yebiHaaet: P1, P2 xone P3. P1 monen e ynkeHi 607bIT TaOBUTAIBI KOHE
16%8,2%2,5 MeTp KoJaeMiHIe KYPbUIBIC XXYPri3e ajaasbl .

Kaszipri yakpirtra 3D 6achin mbIFapy TEXHOJOTHUICHI KYPbUIBIC CallaChIH/IA )KaHa
Marepuaap MEH SICTEP/Il KOJJaHy apKbUIbI AaMbin Keneni. Meicanbl, Emerging
Objects koMmaHUsCHI TY3/1aH kacaiaraH Saltygloo momumepin a3ipieai, on yinepaiy
imki OemiMaepiH Oachlll IIbIFapyra MyMKiHAIK Oepemi. byn wmartepuman Can-
DpaHIMCKO MIBIFAHAFBIHAH KUHAIFAH TY3 OCH JKEeIIMHIH KOCTIAaChIHAH TYPAJIbl XK OHE
KEHLUJI, CY OTKI30€HTIH, MOJIIp 9pl ap3aH Ooibin TaObuTaabl. Saltygloo KyphLIbIMbI
336 Oipereil maHeNlbJE€H TYpajbl, OJlap AIIOMUHUN TIPEKTEPMEH OI1pIKTIPLIIM,
OipHeIIe carar IHAC )KUHaATaIbl

1) bBapibIk *oFapblia alThUIFaH KUBIHABIKTAp TOJBIK IICHIUIMEHII Ien anTy
IYpbIC eMec, OeWTKEeHl OyJiapablH IIeliMi OYphlH OWfa Ja KEIMEWTIH AeHrene
MYMKIH OOJNBII OTBHIp. AJaiila WHXEHepJiepre o Jie TNPUHTEPAIH Keuoip
KeMIIUTIKTEPIH TY3€TY XOHE OCBhI MOCeNeNep/l IICNIyre KOChIMINA YakKbIT Oy
KaXerT.
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2) JKamnel aiThUIFaHAApABl KOPBITHIHABLIAM Kelle, Ka3ipri TaHmaa KeJaeMIi
KYPBUIBIMBIK OACHIIT IBIFAPY/IBIH YII HETI3T1 9/1ici Oap eKeHIITIH aTan 6TKEH KOH:

3) Kocnaimsl )KyMBIC KOCITACBIH SKCTPY3USIIBIK KabaTTay omici. by Tacinme
0OEeTOH KOCMachl TYTIKIIEJAEH IMacTa TOpi3/ll KOocHalap CHUSKTBI ChIFbUIaAbl. BypbiH
alThUTFAaHAAl, OCHI OMICTIH Heri3iH KamaraH - bapyx XommneBuc (OHTYCTIK
Kamudopuus ynusepcureri). OHBIH KOMaHIACHl COHJIal-aK KOMIPIIK KpaHFa YKcac
anFalikel anein 3D npuHTEpiH jKacaraH.

4) YHrak Matepuangapiabl OainaHeICTBIpy byt omicTe YHTaKTalFaH EMEHT
Hemece Oacka Marepuangap KabaTram Teceminm, op Ka0aTka  apHaiibl
0alIaHBICTBIPFBINT CYMBIKTHIK IHamibuiagsl. Emerging Objects KOMIaHUSICBI OChI
OICTI Mak1aaHbIN, Ty3 OCH KeJTiMHEH TypaThiH Saltygloo maTepuansis a3ipieni, 01
KEH1JI, CY OTKI30EHTIH KOHE IKOJOTHSUIBIK Ta3a OOJIBITT TaObIIa/IbI.

5) PoOGotrranran moTkput (robotic shotcrete). bysr omic IocTypii HIOTKPUT
TEXHOJIOTUACHIH ~ aBTOMATTAHIBIPY AapKbUIBI JKY3€re  achIpbUIafbl. ApHAMbI
poOOTTaNFaH KYpbUIFbLIAp OETOH KOCHAChIH JKOFapbl KhICHIMMEH KaXeTTi OeTke
mIambIpatagsl, Oy KypAell TeOMETPUsUIbIK MINNHAEPAl KacayFa MYMKIHAIK
Oepeni.COHFBI €Ki 9ICTIH UACSICHI €PeKIIe, OUTKEH1 O1p jKaFbIHAH OJIap SKOJOTHUSIIIBIK
Ta3a, CKIHIII KaFbIHAH OHIMJIEP dCTETUKAIBIK JKaFbIHAH TAPTHIMIBI OOJIBII IIBIFaIbI
*oHe OipHele carat OObl MYKUSAT OakbulaydaH eTeli. Anaiifa, ochl diCTEpAIH
0acThl KeMIITrtT — ojap ipi KeJeMmJaeri apXUTEKTYpalblK KOHCTPYKIMSIIAPIbI
Kacayra MYMKIHIIK OepMen/Il.

Cypert 2.4 — AIAUTHBTBI TEXHOJOTHUSIIAP KYPHUIBICTA

3D Oaceim wIbIFapy TEXHOJOTHACHI Y3MIKCI3 JaMBbIM, KETUIN KeJe/l,
HOTHXKECIHIE «OacChIIT MIBIFAPBIIFAH» 3aTTAPAbl KOIIaHy Kayilci3airi MeH THIMIUTIT]
apThIN OTHIP. ByJl TexHONMOTHsIap MEAUIIMHA CalachiHa AOPITEPIICPAIH KYMBICHIH
alTapabIKTall JKeHUIIETe 1, OUTKEH1 oJlap HAYKACThIH KEKE epeKIIeTIKTepiHe A
CollKeC KeJIeTIH camalibl MpOoTe3JepaAl KbICKa Mep3iMjie JalblHIayFa MYMKIHIIK
oepei.

Mpicanbl, Muunran yHUBEpPCUTETIHIH OTOJapuHroyior-napirepi I'men I'pun
YKOHE OHBIH OpINTECTEP] THIHBIC ATy KOJAAPBIHBIH O1TETyIH eMJeyre apHaIFaH kKaHa
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KYPBUIFBIHBI Kacan mbiFapasl. Onap 3akbIMJaHFaH KEeHIpJeK He OpOHX aiiMarbiHa
opajarblH, alllbIK KYWJIE YyCTayFa MYMKIHAIK O€peTIH CHUHTETHUKAIBIK TYTIK
nanbiHaanael. Anmaiima, Oy Jkepae Olp KMBIHABIK TYBIHAAWABL: opOip HAayKaCThIH
AHATOMMSUIBIK ~ KYPBUIBIMBI ~ OPTYpJIl  OONFaHABIKTaH, OIpbIHFAld  eJjIIeMJIerl
KYPBUIFBIHBI )Kacay MYMKiH eMec. byt mocerne 3D Gachin mibiFapy TEXHOIOTHSICHIHBIH
KOMETIMEH IIeNTIMIH TalThl — €H1 TYTIK YArici HaKThl HAYKACTBIH JICHE MIITiHI MEH
eJIIIIEMIHE Cail, )KEKE TarChIPBICIIEH JJI XKacalybl MYMKIH.

CuHTeTHKaNbIK TYTIK ’Kacay aca KypAedl >KyMbIC OonManabl, ©NTKEeHI
KCHIPACKTIH ©31 TYTIK TOpi131i MmimiHae 00aa1abl, COHABIKTaH KYPAEST TCOMETPHSIIBIK
dbopmaniapabl 93ipieyaiH Kaxkeri TyblHIamanbl. Jlopirep I'men I'puH MeH OHBIH
opinTecTtepi Oy KYpbUIFBIHBI ajiFalllblHIa KYC €TIHE ChbIHANl Kepim, oIICTIH
TUIMIUTITIHE KO3 JKETKi3Mi. ATanFaH KYpBUIFBI Tipi VJINajJapMeH YiiieciM/Ii
MOJIMKAMPOJIAKTOH aTThl TUIACTUKAJIBIK MaTepuanaaH >kacanasl. 3D Oackin mibiFapy
KYPBUIFBICHI TTOJIMKATPOIAKTOH YHTAFBIH KBI3ABIPHIIT, OHBI KOO TTACTaFa aifHAJIBIP/IbI
— Oy 3aT TOMEH OanKy TeMIlepaTypachiMEH €pPEeKIIeICHE Il KoHEe KAKETT] Ml
OHall )kacayra MYMKIHIIK Oepei.

En Tanranapisirsl — OYJ1 TYTIK HayKacneH Oipre eceni. bipa3 yakpITTan coq
OaylaHbIH KEHIPACK TIHAEpI KYIICHim, Mocele ©3MiriHeH menrieni. KypbluIFbiHbl
aJBIl TacTay Jla KaXeT eMec, OMTKEHI OJ1 aJaM ar3achblH/a ©3]IITHEH epill KeTETiH,
XUPYPrUsUIbIK JKINTEpre yKcac MaTepuaiiaH kacairad. MeauuuHa canacbkiaaa 0api
e3rele — MyHJa FaJbIMIap €MJIEy CalachlH apTThIPy YIIIH MYMKIHIIKTIH IIET1H
YHEMI KEHEHUTII OThIpajbl. OpuHE, OYJ1 OarbITTa Ja ’KaHa eHIMJIepre JeTeH CYpPaHbIC
xorapbl. MaceneH, AKIII-ta ke3 KenreH XupyprusiblK UMIUIAHT A3BIK-TYJIIK JKOHE
Topi-TopMeKrTep 0ackapMachlHbIH pYKCAThIH anyFa Tuic. 3D OGachll misFapy apKbLUIbl
JaNbIHIaTIFaH UMITJIAHTTapFa, COHBIH 1111H]I€ THIHBIC Ty JKYHeCl aypyJapblH eMIeyTe
apHaJIFaH TpakaJibJbl IIWHAJIApFa pyKcaT Oepuiren OipHemie Mmbican Oap. OcbiraH
TIoNen peTine 2.6-cyperTe KopceTuIreH TUTaH KeYIEHl arar eTyre 0oJabl.

Cyper 2.5 — Haykac yuiiH aJiuTHUBTI TEXHOJOTHS apKbLIbl HIBIFAPBUIFAH TUTAHHAH
’KacaJlFaH KeyjIe JKoHe Keye KYbICBIHBIH MPOTE3I.
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Kaszipri Tana MequuHaHBIH YII HET13T1 OaFBITBIH €PEKIIIe aTarn oTyre 00JaIbl,
Oy canaiapja Kocapiibl (aJIWTUBTI) TEXHOJIOTHUSUIAPIbI KOJJAaHy HOTHIKECIHE
alTapibIKTall Uirepiney 0aKabim OThIp:

— Oproneausblk KypbulFbuiap: KochblHABI ©HAIPICIHIH AamMybl apKachlHIa
OMBIPTKA, Ti3€ jKoHE kam0Oac OybIHIAPHI — SIFHU €H KOIl )KYKTeMere YIIbIPpauThIH Jpi
KUl eMZeyAl HeMece TINTI aybICTBIPYIbl KaXKET €TETIH JeHe OeNKTepl — TepeH
3epTTEYy/IIH HbICAaHbIHA alHamAbl. AJnaarbl yakbpiTTa 3D Oachll HIbIFapy apKbUIbI
TYIHYCKara TOJIBIK COWKEC KEJETIH >XacaHIbl OybIHAApPMEH AaybICTBIPYy KEHIHEH
TaparaH KaparnaibiM ToxipuOere aifHaia bl IeTeH CeHIiM Oap.

— Ilpotesmep: bypbiH KoM mpoTe3nepi TaHBIMaN OOJFAaHBIMEH, OJapIIbI
JMalbIHIAay Y3aK YaKbIT alaThiH, ce0eO1 op OeuniriH Oesiek >kacaml ILIbIFapy KaKeT
6omnateiH. Kazip 3D Gacein mibliFapy apKbUIbI TOJIBIK MPOTE3/I O1p/IeH Kacarl, OHbI
HAYKACTBIH JKE€KE ePEKINeTIKTepiHe JoJI COUKECTEHIIPYTre MYMKIHIIK Oap.

— buobacma: byn — ka3ipri amam3ar Ko )KeTKI3TeH €H YJIKEH KETICTIKTEepIiH
0ipi. On — TpaHCIUIAHTOJOTHUS calachbiHbIH Oonamarbl. Kocapibl TexHojorusiap
JaMYBIHBIH apKaChIH/Ia YKacaH bl TAJIIIBIKTAp MEH MYIIEIEP/Ii OHI1py MYMKIHJIIT1HE
KOJI JKEeTKI3UIII.

— Xupyprus — eH KypHedl apl KOFapbl JOIIIKTI Tajam €TeTiH MEeAWIIMHA
cajayiapbIHbIH O1pi, COHJBIKTAH OHBI TOJILIKTAM aJAUTUBTI OH11PIC TEXHOIOTUSICBIMEH
aIMacThIPy MYMKIH eMec. POOOTOTEXHUKAHBIH JaMybl OeJrial O6ip onepanusiapabiH
camachlH apTThIpyFa BIKINAI E€TKEHIMEH, 0acTbl peJsl 9l JIe€ XUPYPITIH Kociou
medepiiirt MeH TXKIpUOECIH/Ie KaJbIIl OTBIP KOHE OYJ1 )kKarjail Tasy Oosaiiakra
e3repMmeiiail. JlereHMeH, ajyIMTUBTIK TEXHOJIOTHS €I MaijachlH TUTI30eimi aeyre
OonMaiibl — OHBIH J1a 63 YyJieci 0ap.

26



2 OpronegusiblK OyiibIMaap. Ajam aHaToMusicbl. ByibIMaapabIH
Heri3ri Mexanmsmi

2.1 OproneausibIK OyiibIMaap

Menunuaa — 3D Oacekin mIBIFapy TEXHOJOTHSIAPBIH KEHIHEH KOJIaHATHIH
Herisri canamapablH  Oipi. byn — agam  eMipiH y3apTyFa BbIKO&I €TETIH
KaHAIIBUIIBIKTApABl JAMBITYMEH TBIFBI3 OalJIaHBICTHI, YHEMi aiFa OachIll Keje
KaTKaH OarbIT. byringe onmemme memmiuHa meH 3D Oacra calachIHIAFbl JKaHa
KETICTIKTep JKaWbl JKaHAJIBIKTAp KUl Tapaiyda. MpIcalbl, XUPYPrUSIIBIK
onepauusapAblH ~JONJICIH  KOHE THUIMIUIIIH — apTThIpy, NPOTE3[Aep MEH
MMIUTAHTAHTTAp/bl, CTOMATOJIOTHSUTBIK  YJATIIEPAl OSKEeTUIAIpY YIIH  HAaKThI
oprangapabiH yiariiepi 3D gopmarbeinga sxacanaabl. XKakpiaaa Oyki onem 3D gurike
0AacChITl MIBIFAPBUTFAH JKYPEK TYPaIbl )KaHAJBIKIIECH TaH KaJIbl — OYJI KaHAIBIK ajam
MEH >KaHyap/bl KaThICTBIPMall MEIMIIMHAIBIK 3epPTTEYJIep KYPTi3yre KOJ alllThl.
CoHFBI KbUIAAPHl FaJbIMJAP KOJ JKETKI3rEH TaHFaldapibIK HOTHXKENEepIiH Oipl —
THIIKAHAAPJBIH AHAJBIK 03 TOJNKbIHAAphiHa 3D apKpuUTbl OachIl IIBIFAPBUFAH
(GyHKIMOHANABl JKYMBIpTKaigap. byn omic OeneymikTi eMIeylde YMIT TYIBIPHIIL,
aJIFaIlIKbl ChIHAKTap Oe/ey THIIIKAHIapIbIH YPIIaK oKellyiHe MyMKiHAIK Oepai. Ka3zip
OWJT JKaHAIBIK KOFaM aJIIbIHIA TEKCEPYACH OTKi3y Ke3eHiHae Typ. 2.7-cyperre 3D-
IIPUHTEP/IC JKacallFaH KYpeK OCHHEIICHTeH.

Cyper 2.6 — 3D npuHTepiH KOMETIMEH OaChIMN MIbIFAPhUIFaH

Oproneausiblk OyHbIMAap — OYJI ajjaM ar3achIHBIH OpTYpPJIl OOIKTEpiHAeT1
aypyJapael eMJIeyre »oHe OJapAblH aJJblH alyFa apHAJFaH apHailbl Kypanjaap.
Kemnmimik MyHmail eHIMAEp TEK ayblp OPTONEAMSUIBIK AEPTTEPMEH aybIpaThbiH
agamMJapra FaHa KakKeT JIeN OWaiabl. AJaiija, IIBIH MOHIHAE, Oys1 OyHbIMaap
JE€HCAYIBIKTBIH TYPJIl OY3bUIBICTAPBIHBIH AJIABIH alyFa Ja THIMI1 Kypail 00Ja ajajbl

OproneausiblK  ©HIMAEP — aJaM ar3achblHbIH OpTYpJl OeiKTepiHAeri
aypyJjap/bl €eMIeyTe jK9HE OJIap/blH aJ/IbIH alyFfa apHaJiFaH apHaibl MEAUIIMHAIIBIK,
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kypangap. Ken amampap myHpmail OyilbiMaap Tek ayblp aypyJjapra HIajJbIKKaH
JKaHJapFa FaHa KakeT JIen ouyaijbl. Anaiia, OyJl eHIMAEpP JACHCAYIBIKTHI CaKTay
MEH TYpil Oy3bUIBICTapJbIH aJJbIH ajly MAaKCaThIHJIa KEHIHEH KOJIJAHbLIAIbI.
Mpicainbl, Oenre apHaiFaH apHaibl TIpey[l YHEM1 KOJIJaHY apKachlHlla OMBIPTKA
aypyJapbIHBIH anfbiH ajdyra Oonaapl. COHBIMEH KaTap, OyJI Kypaigap OMBIPTKa
KHCAIOBIHBIH QJIJIBIH aJIBII, OCTEOXOHAPO3, apTPO3 CHIHIBI aypyJapFa Kapchl THIM/I1
Tocii OoJa anaabl.

Opronenusyiblk ocepi Oap 3aTTrap — aypyiaplblH KEH ayKbIMbIHA KapcChl
npoduIakTUKa MEH €M JKYpri3yre MYMKIHAIK OepeTiH, Kayimnciz opi THIMJIl
MEIUIMHANBIK OyHbIMAap. ApHalbl jKacaiFaH TOCEK-OPBIH KaOJbIKTaphl, Oaanap
MEH epeceKTepre apHajfaH OPTONEAUSIIBIK asK KUIMAEp, Tipeyilmn OuHTTap — Oy
TayapiapAaslH TeKk Oip Oemiri fana. byn eHiMaepaiH apTHIKIIBUIBIKTAPBI TYpPalbl
KOMIIUIK ecTireH ae Oonap. OcCkl MoceleHl TEPeHIpPEeK KapacThIpaThlH Oo0JICaK,
OpTONEAMSIIBIK OyibIMIap OGemimMi OpKalChICHI HAKThl MakcaT MeH (PyHKIuUsra ue
OpTYpIIl Tayapiap caHaTbIHAH TYPATHIHBIH OailiKaiiMBbI3.

Oproneausiblk Tayapiaap — Oyl TipeK-KUMBUI KYMECIHIH aypyiapbl MeEH
OY3bUIBICTaphIHA KO3FAIBICTBl IKEHUIAETYre apHalFaH apHaWbl KYpbUIFbLIAP.
byrinne Ko3ranbic MYMKIHIITIH KaJblHA KENTIPYre KOMEKTECETIH TYPJi OHIMJIEp
O0ap. byn Tayapnapabl mapTThl TYple aypyJiapibl eMJeyre >KOHE alJblH anyra
apHaJIFaH eHIMjiepre 0eJiyre 00Iabl:

CToMaTONOTHsUTBIK TIPOTE3JIEp — TICTEP/AIH OpHBIH 0acaThbiH KYPBUIFbLIAP.
Onap maitHay (QYHKIUSCHIH KaJIblHA KENTIPYre >KOHE ACTETHKAIBIK KOPIHICTI
KakcapTyra OarbITTaJIFaH.

OproneausiiblK ~ KYPBUIFBIIAPABIH, ~ OPKAMCHICKI  HAKTHl  MEIMIIMHAIBIK
KOPCETKIITepre CoMKec TaHAalaJbl *OHE HAayKaCThIH >KarjaiibiHa Oerimjenesi.
Onapapl KoJAaHy apKbplUIbl €Mjey THIMIUIIIH apTThIpyFa KOHE ©MIp CamachblH
XKakcapTyra 0oJabl.

Erep ci3re ocbl KypbUIFbUIAPABIH HAKTHI O1p TYpl Typajibl KOChIMILIA aKMapaT
KaKeT 0oJica HEMece OJIap/IbIH KOJIIAHBITY €pEeKIIeNIIKTepl JKayibl OUIriHI3 Kejce,
MEH KOMEKTECYTe TalbIHMbIH.
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Cyper 2.7 — OHaNTy %)oHE CIOPTKA apHAJFaH TOPJIbI OPTOIEIUSIIBIK YIITapaK
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Regular limbs that do have
myoelectric capability,

Cyper 2.9 — UBIKTBIH TIpOTE31

OproneausiplK OYHBIMIAPABI MIBIFAPY MEH KAXKETTI KOHJIEY >KYMBICTAPBIH
apHaMbI ka0 IBIKTAIFaH KOCIMOPBIHAAp/a Ky3ere acbipaabl. [IpoTe3nepaiy asFamkb
Ke3eHACPIH/Ie TOKIPUOCHIH IIEKTEYIrl OJapAblH KYPbUIBIMBIH HayKacKa o7
COMKECTEHIIPY/1€ KUBIH/IBIK TYFBI3/Ibl, HOTHXKECIHJIE TPOTE3 TePIre KATThl TUTII, aybIp
Karnannapja HayKacTapAblH Maina OonyblHAa okemyl MYMKIH efi. COHIBIKTaH
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MYHIail acKbIHyJap OOJNFaH JKaFaaiia, opTorne 1apirepi Hemece MPOTe3/IIK TEXHUK
nepey xabapaap eTulin, KochiMIla OaKbUIay bl Tajlal €TeIl.

MamaH1apiblH YChIHBICHI OOMBIHIIIA, OCHI KYPBUIFbUIAP/IbI NaiifaiaHy apKblIIbl
HayKacTaplblH  aJfallkbl  KaJaMJapblHJIAFbl  KUBIHJABIKTAPJLl  KEHUIIETYTe
OaFpITTaFaH IIapajap KOJMFa anblHaAbl. JlereHMeH, y3ak Mep3iMal KoJlIaHy
OapbIChIHIA OPTOMEAUSIIBIK OYUBIMIAPABIH OYJIIIBIKETTEPre TYPaKThl KBICHIM
TYCIpiM, OJIAPJBIH SJICIpEyIHE BIKNAJ €Tyl MYMKIH €KEeHIH JIe €CKepy KaKeT. AJJIbIH
aly IapajapblHa KYHJENIKTI ©3ITHEH MacCaX »Xacay >KOHE OWIIIBIKETTePAiH
KaTalbIl KETIeYyl YIIiH Ty3€TKII KYPhUIFbIIAPAbI KOJIIaHY Kipei.

CoHbIMEH KaTap, apHaibl KbUDKBIMAIBI MEXaHM3MMEH >KaOJbIKTalIMaraH
KYpBUIFbUIApABl Oaslajapra naiijajaHFaHaa epeKkuie Hazap aynapy kepek. MyHnai
Karnannmapaa Oanmamapra KOPCETIJIETIH KbI3METKE asK MacCakbl MEH Tepl KyTimi
KipeJll, opl Jopi-AOpMEKTEPMEH Y3UIIC jkKacay HeMece KOChIMIAa €M IapajapbiH
KOJIIaHy MIHJIETT1 OOJIBIN €CEeTTeNe/Ii.

2.2 KOJIIII)IH AHATOMHUACHI K9HE (l)yHKIII/IOHaJIIILIK cunarramMachl

OproneausuiblK Kypanaapasl AallblHIay MEH KOHJIEYy >KYMBICTAphl apHAMbI
TEXHUKaMEH >KaOAbIKTaJFaH MeKemenepae »xyprizuieni. llporesnepni kongany
OacTankpl yakbpITTa KHUBIH OOJNybl MYMKIH, ce0eb1 mnaimanaHymipiia ToxKIpuOe
KETKUTIKCI3 Oomanbl. ubyn Tepire KpICBIM TycCipy, Kaxaily Hemece Oacka Ja
XKaANCBI3ABIKTapFa OKelyl BIKTUMall. MyHnaid ackblHyJap KeOiHece MpOoTe3/dlH
HAyKacTBIH JCHE TMIIIIHIHE 9] COMKec KelIMeyiHeH TybIiHaanabl. COHIBIKTaH,
POTE3/Il OPHATKAHHAH KEHIHT1 ajfalikbl KYHIEpl HAYKACTBIH JKaFJdalblH MYKHUST
Oaxpuiay KaxeT. Erep kanmail na Oip bIHFaCBI3ABIK Oalikaiica, OpTONen-aapirepre
HEMece TIPOTe3 TEXHUKIHE Jiepey Xabapiacy YChIHBLIA/IbI.

Cyper 3 — bBinekTiH aHATOMUSCHI
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AllaM KOJBIHBIH opOip caycarbl Yy (¢ajgaHrajgaH Typajbl: HETI3ri
(mMpoKkcUMasbbl), OPTAHFBI KOHE IWIETKI (JucTanbabl). Al 0ac OapMak esrerie
KYpbUIBIMFa M€ — OJ €Ki faHa (ajaHrajaH: MPOKCUMAIbIbI KOHE JTUCTAJIbJIbI
OemikTeH Typanbl. DanaHranapAblH IMIHAEC €H Y3bIH — MPOKCUMAIBIbI, all €H
KBICKAChl — JTUCTaJb/IbI (hajaHra OOJIbIN ecenTee/l.

6 95 4 B 2 1 W 9

Cyper 3.1 — Caycak aHAaTOMHSICBI

KonaplH KaHKackl Kypjelii KYpbUIBIMFA M€, OJ KONTEereH CYWeKTep MEH
OWIIIBIKETTEPACH TYPabl, OYJI OHBIH KOFaphl YTKBIPJIBIFBIH KaMTaMachl3 etei. Ko
MEH cayCaKTapIblH KO3FAIBICHI 39 OVIIIIBIK €TTiH )KYMBICHI apKbLIbI KY3ere acabl:
omapabiH 20-chl y3bIH, al 19-bI KBICKA HEMECe O3MdIrHEeH MXYMBIC 1CTEeHTIH
OyIbIKeTTep. ByJ1 OVIIIIIBIKETTep/I1H KYIITIMEH Ka3FbII OVJIIIBIKETTepre KaparaHia
OyTyIi OYJIIIBIKETTEP OAChIM.

CaycakTapJplH KO3FaJIbIChl CIHIpJIEpP apKbUIbI JKYy3€re acaipl, OJap
OymmbikeTTepAeH  (ananranapra kym  Oepeai.  CiHipiepaiH — opHanacybl
caycaKTap/blH UKeMIUTIrH KaMTaMach3 eteni. Ke3 kenreH 3aTThl ycray yuIiH Oisiek
OpTYpJIl OmICTepAi KOJNIAHAABI, OYJ OHBIH OapiblK SJIEMEHTTEPIHIH YHIeciMIl
KYMBICBIH Tanan erefl. Erep cyilek KypbUIBIMBIHBIH KaHjna na Oip Oeuiri
3aKbIMJIaHCA, KOJI TOJIBIK KOJIEMJIE KYMBIC 1CTEH alMaiibl.

KomnapiH xkapakaTTapbl MEH NMaTPOHAXKIBIK JKargaiiaap keOlHece Kopi KUK
cyderinig (radius) 3akbpIMJaHybIMEH OaitmanbicThl. MyHnai 3akpiMaap Oijiek
KO3FaJIBICHIHBIH IIIEKTENyiHE, KaTThl aybIPChIHYFa J>KOHE JedopManusFa OKemyi
myMKiH. Kopi xkimikTig quctanbabl 6emiridig ceinysl (distal radius fracture) — Oinek
YKapaKaTTapbIHbIH €H K11 Ke3JIECETIH TYpJepiHiH Oipi OOJIBIT TaObLIa b
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2.3 binexTiH MoayJib/i MpoTe3iHiH KHHEMAaTHKACHI MeH Ko0ajiay aHaau3i

CaycakTblH KHHEMAaTUKAJIBIK KYPBUIBIMBI 3.3-CypeTTe KepceTuireH. by
KYpBUIbIMJIa CaycaK €Kl KO3FaJiMajibl OybIHHAH >KoHE Oip KO3FaJIMalThiH OYbIHHAH
TYpaJbl, MyHJa COHFbl €Ki (amanra OipryTac peTiHae opekeT ereai. Koszraibic
KE31HJe CayCaKThIH OYTUIyl MEH a3bUTYbl CIHIPJIEp apKbUIbI kKYy3€re acaibl, ojiap
OWIIIBIKETTEPAIH >KUBIPbUTY KYIIIH (pajmaHranapra >keTkizelni. byn ciHipiepaiH
OpHAJIaCybl CayCaKThIH MKEMIUIITTH KaMTaMachl3 €Te/ll KOHE OHBIH KO3FaJbIChIH
yinecripesi. .

.
»

Cyperte 3.2 — CaycakTblH KO3FaJIblC KHHEMAaTHUKACHI

m

Cyper 3.3 — Caycakrarbl OeKiTIeN KYPBUIFBI COMBIHFA OailTaHBICTHI caycak
TYHIHJEPIHIH OpHAJIACYBI
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Cyper 3.4 — CaycakTbIH Y3bIHJBIFBI MEH OYPBILITAPBIHBIH Kipicne Oenriiepi

3.4 -cyperte cayCakThlH KHHEMAaTHKAJbIK ChI30achl IIAPTTHI  TYPHE
KepceTuireH. bys cyperTe caycakThlH KMHEMAaTHKAJIBIK TapaMeTpiiepl KOPCETIeH. .
KunemaTukanslk cunarramaiap/ibl aHbIKTAY YIIIH OYPHIIITApbIH 63apa Oail1aHbIChI
MEH 3JIEMEHTTEP/IIH OPHAIACYBIH ecenke any KaxeT. Ocbl MakcatTa [Iudarop xone
KOCUHYC TeopeMaiapbiH naiianansin, ABCD TikTepTOYpHIIIbIH TaJlJaliMBbI3:

BD = \/((al + Al)? + ai), 1)
ay
< DBA = arctg (a1+Al), (2)
cos < CBD = az+BD"~aj (3)
2a,BD '’
a, az+(a,+Al%+a2-a? 4)

a = arctg ( ) + arccos )
a;+Al 2a, /(a1+Al)2+ai

Kocunyc xone cunyc TeopeManapbid Kosnjaanbin, A1B1C1B TikrepTOypbIibiH
KapacThIpaMbI3.

f=2r—a—-yl—-y2, (5)

B,C, = /b + bZ — 2b,b, cos B, (6)
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b2+B,C?-b?
cos < AlBlcl == w (7)

)

2b,B,C,
sin < DlB]_C]_ = b;Si:‘lB, (8)
1%~1
2 2_n2 i
y = arccos (%) — arcsin (%), 9)
{xl = cos(Il — a —y,)b,, (10)
y; = sin(ll — a — y,)b,.

X, =x1+cosQIl —a —y —y, —¥3)Cy,

Yo, =y; +sinQQll —a —y —y27Y3)(;. (11)

Bypeintapbiy e3apa OallIaHBICBIH KOHE Tailkajgap/JblH OpHAIacyblH €CKepe
OTBIpBIN, 9pOip TOp MeH (harmaHraHbIH HYKTENEPIHIH TPaeKTOPUSACHIH KaJIbIHA
KeNTipy KUBIHIBIK TyasipMaiinbl.lIpoTe3 Konasl xobanay Ke3iHIe OHBIH KO3FajbIC
MexXaHU3MIepl TaOUFX KOJIBIH KO3FaIbIChIHA YKcac eTin Tagaanasl. 2.10, 2.11 sxone
2.12-cyperrepne caycakTapAblH KO3FaJbIChIH KaHIall MEXaHM3MJAEpP apKbLIbl
aJIMaCTBIPFAHbI KOPCETIJITEH.

00

2) 6)

a) AHaTOMUSUIBIK KOJIJIBIH CcyHekTepi; 0) MexaHuKaIbIK KOJIJIbIH ChI30achl
Cyper 3.5 — Konubig caycakTapsl
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a) 6)

a) Caycak yimrapbIMeH KbICy; 0) MexaHUKaJIbIK KOHCTPYKITUSTHBIH KBICYbI
Cypert 3.6 — KonabIH KbICYBIHBIH HET13T1 Typiepi
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3  Kouaabin 3D Mojedin skacay
3.1 KosablH pyHKUMOHAJABIK NMPOTE3AepPiH Moe/Ibey KoHe TaIAay

CoHFBI KBUIAAPHI AIATHUBTI TEXHOJOTHSJIAP oJieM OOWBIHINA €H TaHbIMa
JKOHE KapKBIHIbI JaMBIN KeJle JKaTKaH TEeXHOJIOTHsIapAblH OipiHe aiHamapl. EH
KbI3BIFBI — OYJI TEXHOJOTUSUIAp OMIPIIH OapJiblK cajlajiapblHa €JeyJll 9cep EeTil,
MUJUTMOHJAFaH aJaMHbBIH TYPMBICBIH TyOEreiisi e3repTTi.

Kocma ennmipici — 6y kebinece 3D mopenbre Heri3iemin, MaTepHaiaap.Ibl
Kabar-kabarmneH OIpIKTIpY apKbUIBI >kKaHa 3aTTapibl >kacay yiepici. OAeTTe o
OHJIIPICTIK cajaga KOJJaHbUIAAI, Oipak HHUQPIIBIK TEXHOJIOTHUSIIAPALIH KAPKBIHIbI
JaMYBIHBIH apKaChIH/1a OVJT OaFbIT THIH CEPITiH aJI/Ibl.

CoHFBI KBULAAPHl AATUTUBTI OHIIpIC MEAWIIMHA cajachlHAa Ja YJKEeH
KETICTIKTepre *eTil OThIp. byFaH jkaHa FHUIBIMU JKaHAIBIKTAp, 1pl MHBECTHUIIUSIIAP
KOHE 3aMaHayd TEXHOJOTHSJIApAbIH  EHrI3LIyl aocep erTli.  26-CyperTeH
OalikaraHBIMBI3/1al, KOCITa ©H11pici TYpakThl Aamy ycTinae: 2009 xbuiian 6epi OHbIH
KBUIIBIK 6CIM1 OpTa ecereH 25%-1pl Kypar OThIp. BUBUIFBI )KBUIIBIH COHBIHA TCHIH
OyJ1 caylaHbIH KeJieMi 5 MUJUIMap/l JoJulap/iaH acajibl Aen KyTutyne. Amaiaa Oy Tex
OHEPKOCIITIK caja YJIEeCiHIH FaHa HOTHXXKEC] eMec.

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

B Muposoii napk agamuTMBHBIX cucrem (MeTann), wr.

Cypet 3.7 — Kocma eHiipici cajlaChbIHBIH JaMy TUHAMHUKACHI

byn ecimHiH emoyip Oemiri MemWIMHA >KOHE CTOMATOJIOTHS HApBIKTaphIHA
tuecuti. Cebebl amauTHUBTI OHMIPICTIH JaMybl HOTIDKECIHAC Jopirepiep MeH
Xupyprrep e3aepinid 3D GachIl mbIFapy KYpbUIFbUIAphIHA HE 00J1a OTBHIPHII, KbI3MET
KOpPCETY asiChIH auTapJIbIKTall KEHEUTE aJIfbl..

by ecynin yakeH 6e1iri MeIuIliHa MEH CTOMATOJIOTHS HAPBIKTaphIHA THECLII,
cebel1 aaUTUBTI OHJIPIC TEXHOJOTUSUIAPBIHBIH JaMybl HOTHXKECIHIE Adpirepiep
MeH Xupyprrap e31epidiy 3D 6achin mbiFapy KYpbUIFbUIAPBIH Mai1aaHbII, KbI3MET
KOpCEeTY MYMKIHIIKTEPIH alTapabIKTail KEHEUTTI.

OpuHe, Oy TexXHOJIOTHs Oojamiakra ajJamjapra YChIHBUIATBIH THIM/II
HIeNIMIe aiiHanaabl, erep UMIUIAHTTAP JeHe KUMbUIbIHA OCHIMJIENiI, CTaHIapTThI,
KHCBIK 9pi1 aybIPChIHY TYABIPATHIH YATUIEPICH epekiencHce. MyHIai uMIIaHTTap
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MAIMEHTTIH TE3 CaybIFbII, KAIBIIITHI 6MIpre opaiybiHa cen 0onanbl. MiMmnantrapaan
0eeK, MEIUIIMHAJIBIK MEKEMENep eM/IEY CalachblH apTThIPy MaKCaThIH/A JIJbIH ajia
KOJIJIaHyFa apHaJFaH OPTONEAUSUIBIK J>KOHE KOPHEKI Kypalgapibl KacayJbl
MEHTep/i..

OpTYpJil ceOenTEepMEH KOFaJIFaH KOJIJIBIH KbI3METIH TOJIBIK KaJIbIHA KEATIPY
YIIIH JKacaifaH MpoTe3 KYHIETIKTI eMip/ie alaMHbIH 63 KOJILIMEH aTKapaThIH OapJIbIK
KYMBIC OTepalusiiapblH KaiiTanayra Ka0OueTTi 60aybl Thic. COHbIMEH KaTap, OHBI
KaparaibiM opi HHTYUTHUBTI Oackapy kyiieciMeH O6ackapyra 0oJiajibl, OyJ1 MallueHTKE
KbICKa Mep3imje yhpeHyre MyMKiHmiK Oepeni. Ilpore3niH HbIcaHmapabl ycTayra
KETKUTIKT1 Kyl MEH oJiap/ibl 0acKapyra MyMKIH/IK OE€peTiH peaklysl >KbLIIaMIbIFbI
00ybl MaHb3ABL. COHBIMEH KaTap, MPOTE3/iH aBTOHOMJIBI )KYMBIC YaKBIThI JKaJIIbI
KaKeTTi jaeHreige Oomysl Tmic. JKobamay mporeciHiH HOTHXKeciHAe 27-cyperTe
OelfHeIeHT'eH TPOoTe3 YJTIiCl JalbIHIaIbl.

Bi3aiH ycbiHaTbiH 3D lMNpoTe3ain,

ApPTbhIKWbI/IblFbl

Cypet 3.8 — I[IpoTre3ain *aambl cXeMachl

bi3 xacan sxartkan mnpore3 «Kommac 3D V-17.1» Oarmapnamaceinia
yKoOaslaH bl JKoHE NalbIHaanAsl. bys OarmapinaManbl TaHJaraH ce0eOiMi3 — OHBIH
KYpHAETl XoHe OopTypJii MakcaTTaFrbl OHIMJAEpAl kobanay, WHXKEHEpNIK Tanaay
KYPrizy JKOHE OHJIpiCKe MaiblHaay YIIiH omOebam Kypail OOjibIl TaOBLIYHI.
«Komrmac» Oarmapiiamackl ©HIMHIH OMIPJIIK ITMKIIH TOJIBIKTal Kosmgarn, Windows
OTepalMsIIBIK JKYHeciHAer: 6acKka KOChIMIIAapMEH EKDKAKThl JAepeK aaMacy >KoHe
WHTEPAKTUBTI KyXarrap xacay MyMKiHairiH Oepemi. CoHbIMEH KaTap, O
KOCIMOPBIHAAPIbI  aBTOMaTTaHAbipyra apHaimraH CALS — TeXHOJOrusChIHBIH
TajanTapblHa cail )KacaJFaH.

Ex anngpiMeH, KoiiFa JKacalaTblH MPOTE3IH KAHKACBIH KYPAcTBIPY KaKeT
O0onabl. bynm Makcarta mpoOTE3NIH KYMBIC 1CT€Y TPUHLUIIIHE Coiikec OipHerie
OeikTepre 06N KapacThIPJBIK. OpoOip AeTanb ylIiH xeke 3D Mojens KYpbULIbL.
Mopenbaeyni 617eKTi OeKITeTiH OOMIKTeH 0acTay OpbIHABI Aen memTik. by Oemik
NAlUEHTTIH OH KOJIBIHBIH KOFaprbl OONITIHAE OpHAJIACHIN, OFAH MPOTE3/l OHAi
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KHUtore MyMKiHIIK O6epeni. CoHnaii-ak, >KOFaprbl sKarbIHAA KINTI ©TKI3YTe apHaJlFaH
apHaibl OPBIH KapacTBhIPbUIFaH. 28-cypeTTe OUIEKTIH KOFapFhI OOiriHe OCKITUICTIH
6emikTiH 3D Moxeni kepceTuireH

Cypert 3.9 — binekTiH Xoraprbl OeiriHe OpHATbUIATHIH POTE3

Kerneci ke3eHae oH KOABIH alakaH O6JiTriH MOJEIbACY KYMBICH OPBIHIAJIIHI.
AnakaH KypJeii KYphUTBIMFa 5KOHE 9pTY Pl G YHKIMUIIAPAbl aTKapybiHA OalIaHbICThI
epeKIle Hazap ayaapbuiabl. MojenbaiH OepiKTIriH KaMTaMachl3 €Ty YIIIH OHBIH
KAHKAChl KaJBIHIATHUIBIN JabIHIAIIB. AJlakaHFa 0ac OapMaKThI KOCa €CENTETreHIe
0ec caycak OpHATbhLIA/lbl, COHJBIKTAH CaycaKTapFa apHaJiFaH OPBIHJAP aJIbIHOAJIBI
xoHe OypbUIMabl erin kobamauabsl. CoHjaii-ak, caycakTapra OCKITUIETIH >KINTep
YIIiH TECIKTEp KapacThIpbUabl. CaycakTapibl OpHATYFa apHaIFaH 06K eKi epKiH/IiK
JOpeXKECIHE ue: oJap >KOFapbl )KOHE TOMEH Ko3faia anajbl. 29-cypeTTe OH KOJAbIH
aJlaKaHbI YTl PETiHAC KOPCETITCH

Cypet 4 — OH K07 aJlakaHbl
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binekTiH >xoraprbl OOMITiHIH IYPHIC )KYMBIC ICTEYl dKOHE KO3FAJIbII KETIeyl
YIIIiH OHBI aCTBIHFBI JKaFbIHAH KBICHIN OeKiTy KakeT aen mmienriymi. Ockl MakcaTTa
O1JICKTIH aCTBIHFBI >KaFblHa OPHATBUIATHIH KOHE OH KOJ aJlaKaHbIHA KOCHLIATHIH
npore3 Oemiridiyg 3D Mozeni Kypbuiasl. 4.2-cypeTTe KopiHin TypraHaai, Oy mpoTes3
OeJiri aJlaMHBIH OUTETIHIH MIITHIHE COMKeC KacalFaH JKOHE KOFapFhl OOIIIKIEH OH
KOJI aJlakaHbIHA OOJIT apKbLIbI OCKITLIIM, KbICY (DYHKIIMSICHIH aTKAPaJIbI

Cyper 4.1 — binekTiH acTBIHFBI OOJIIT1

Kon mpotesiHiH KyMbIC iCTE€yl MEH KbICBHIIT YCTay KaOUIEeTIH >KaKcapTy
MakKcaThIHJIa caycak IMeH ajlaKaH/bl OalIaHBICTRIPATHIH (DajaHTanap kacauasl. by
damanranap caycak IEH alakaHIbl OIPIKTIPIN KaHa KoWMail, caycak Oenrui Oip
OypeimKa OYyTuUTy Ke3iHIE apThIK Oypasiblll HEMECE CBHIHBIT KETIeC YIIiH TipeK
KBI3METIH aTKapaabl. AWTa KeTy Kepek, Oec caycakThlH (hamaHTanapel Oipaei
eJIeMie KOHE CTaHAApTThI TYpAe kacairaH. by e3apaaybICTBIPBIMIBUTBIKTHI
KamMTaMachl3 €Til, OJjap/bl IIaTacThipMail OHall OpHATyFa MYMKIHIIK Oepei.
danaHTaIapbIH )KOFAPFBI ’KOHE TOMEHT1 OOJIIKTEPIHEH TaPThUIATBIH KIMTEP/I1 OTKIZY
YILIIH €Ki TeCiK KapacThIpblIFaH. 3 1-cyperrte ¢ananra MoJeliH Kepyre 0oabl.

Cypert 4.2 — CaycakTsIH (anaHraiapbl
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[IpoTe3niH cOHFBI 06T PETiHE caycaKTapra *KeTTik. CaycakTap CTaHAapTTh
opi Gipaeii enmmemze kacanrad. Onap (ananrara Oypamainbl 00T apKbLIbl KOCHUIBIII,
KOFapbI-TOMEH KO3FaJIbIN, Oyrutyre MyMKiHaik 6epeai. CaycakThiH TapThIll OYTUTy1H
KaMTaMachl3 €Ty YIIIH JKII OTKi3yre apHaJFaH TECIK KaJlJbIpbUIFaH. 32-CyperTe
caycakTblH 3D Moeni KepceTuireH.

Cypert 4.3 — IIpoTesiH caycakTapbl

JKacanbl )xaTKaH MpoTe3a1H OapibIK OeMIKTEP] AabIHIAIFAH COH, KYpacThIpy
AKYMBbICHI Oactanael. 3D mopenbaepal sxuHay mporeci ae «Kommac 3D V-17.1»
OarapiaMachIHIa KY3€ere achbIpbUILIbl. AJIJBIHFBI 00JIM/I€ Al ThUTFaH 1al, OH KOJIIBIH
aJlaKaHbl TPOTE3M1H HETI3r1 OpTalblK Oejiri Oonbim Tabbuianbl. backa mpore3
OemIIeKkTepi OChl OpTaibIK O6MiKKe kamFaHaabl. KypacThIpyIbIH COHFBI HOTHKECIH
32-cypeTTeri MpoTe3/iH TOJBIK ChI30aChIHAH KOPyTe OOabl.

3.2 Ko3rasibIcKa KeJITipeTiH KeTeK Kyiieci

Kazipri yakpITTa MexaHU3MIEp/Il KO3FaIbICKa KENTIpyAiH OipHerie ofici 6ap:
AIEKTP KO3FAITKBIIITAPHI, MMHEBMATHKAIBIK MEXaHU3MJEp, MIlliH KajblUiapbl Oap
Marepuasaap xkoHe 0acka J1a Tociaaep. biz skacaran mpoTe3aiH KEeH1T 9pl KODKETIM/II
0OJyBI YIIIH caycakTapAbl KO3FalbICKa KEATIPYIiH €H THIMII YKOJBI PETIHAC XKIM
apKbUTBI OacKapyibl TaHIAABIK. 3.1-0emiM/Ie alThUIFaHal, MPOTE3AiH dp OeiriHe
KIM OTKI3yre apHaJFaH apHaibl TECIKTEp ajAblH ana »oOamanraH. EHOl caycak
ylITapblHa SKaJFaHFaH OKIOTIH M[poTe3liH OyrylHe Kalailh ocep €eTEeTIHIH
KapacThIpaMbI3.

Byn xymbicTa a3ipienreH nporotun 33-cyperre kepceriired. [Ipororunte 6
EPKIHJIIK JopeKeci Oap: op caycak KeKe-KeKe OYTUIIIN JKOHE alliblia ajajabl, COHAal -
aK HAyKacCTBhIH KOJbIHAa OCKITyre apHaJiFraH IeTka (kek Oemrek, 3.8-cyper) epkiH
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aitHananpl. COHBIMEH KaTap, HAYKACTbIH IIBIHTAK OOJIriHe KOCHIMINA IIaFbIH
MEXaHU3M OpHATY TypaJsbl MIENIM KaOblIAaH bl ByJl MexaHu3M KOJI TOJIBIK OyTUIreH
Ke3/I€ KINTI TapThIll, caycaKTappl Ko3faibicka Kentipemi. Caycakrap OacTamkbl
KaJIIbIHA JKaJbUTBIK KACUETIHIH apKachIHJIa KaiiTa OpaJiajbl.

Cyper 4.4 — IIpoTe3niH cyi0achl
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4  Kayincizaik skoHe eHOeK Kopray
4.1 KocinopbiH aJIlaHbIH KOCHAPJIAY KIHE CAHUTAPJIBIK TaJaNTap

2017 xbuirbl 1 kanTapaarbl Nel53 Oyiipbikka ColKec, KOCIMOpbIHIA €HOEK
Kayirci3miri MeH eHOEKTI KOpray Maocenesnepl OOMBbIHINA TYPAaKThl KOMHUCCHS
KYPBUIBII, dKYMBICIIBI TTIEPCOHAIIBIH, HHXCHEPIIK-TEXHUKAIBIK KbI3METKEPIICp MEH
O0ac mamaHjapiblH OUIIMIH THICTI Kajarajay OpraHIapblHbIH WHCIEKTOPJIAPHI
KaTBICYbIMEH TEKCEPY JKYMBICTAphI KYPri3ijeai. OHAIpicTe TEXHUKAIBIK KaYIICI3IIK
OOMBIHIIIA TOKIPUOETIK JKYMBICTAp OTKI3LIII, Oy OaFbITTa TEXHUKAIBIK KaYIICI3IIK
UHXKEHEpl KayanTbl Oonaabl. TeXHUKAJIBIK KayilCi3IIKKE >KayanTbl TYJFaidapibl
OHJIIPICTIH 1Kl OYHPBIFBIMEH TaraibiHAay MiHACTTi. COHBIMEH Karap, €HOEKTI
KOpFay >KOHE TEXHHUKAIbIK KayllCi3[iK CcajachlHIarbl KOFAMIBIK YWBIMAAPABIH
MHCIIEKTOPJIaphl MaHbI3/AbI PO aTKAPAIbI.

Kazipri Tagma eHOEKTI KOopray KayamKepIiIuliri HeTi31HEeH MEeKeMe OacCIHIbIChI
MeH 0ac MHXKEHEpAIH MOWHBIHIA. MeMJEeKeTTIK KalajblK TEXHHUKaJbIK OaKbpLIay
MEKEMECiIHIH OEKITKEH >KapJIbIFbIHA COMKeC, EHOCK KOHE TEXHUKAJBIK KayIiTCI3IIKTI
KaMTaMachI3 €Tyre Kejaeci MiHAeTTep Kipe/i:

— KOpFaHBIC KAJIKaHIapbIH OCNTUICHT€H TOPTIIMIIEH OpHATY KOHE aly;

— aya KeJJeTy KyHeciH YHBIMIACTHIPY;

— TeMIeparypa, bUFAIJBUIBIK MEH JKAphIK JACHTEeWIH KaJbIIThl >Karaaiia

ycray;

— Aemajbic OenMenepi MeH acxaHajap.Ibl JYPHIC KaOabIKTaY;

— KbI3METKepJepre TeXHUKAIBIK KayilCi3aiK epexenepi OoifbiHIIAa cabakTap
OTKIi3Y.

EHOexTi Kopray KayankeplIUliriH 3 MOWHbIHA ajiFaH KbI3METKepIiep
TEXHUKAJIBIK KaYITICI3IK epekesepiH MEHIepil, OJIApAbIH CaKTalTyblH OaKblIayhl,
KypaJl-KaOIbIKTapAbIH AYPBIC JKYMBIC ICTEYIH TEKCEpPYl, aKayJbl Kypaia-KaOIbIKThI
aHBIKTaFaH/Ia >KYMBICTBl TOKTaTybl JKOHE epexeHi Oy3FaH KbI3METKEpHAl KYMBIC
OpHBIHAH IIETTETYl KaXKeT.

TexHUKaNbIK KayINCi3IIK MeH OHAIPICTIK CaHUTApHsIFa KayarThl OKIMIIIIK-
TexHuKablK nepcoHanasiH MiHaertept KP KHxE «EnOekTi Kopray mocenenepi
OOMBIHIIIA WHKCHEPNIK-TEXHUKAIBIK TMEePCOHAIABIH (QYHKIIMOHAIABIK MIHACTTEpI
Typainsl Epexxere» coiikec aHbIKTaIaIbl.

OpOip KbI3METKEp €HOEK IapTTaphl MEH KayilCi3[iK epeKesepiH cakTray
typansl Kazakcran PecnyOmukaceiapiH EHOEK KomekciHe Coikec KenmicIMIIapTKa
OTBIpYFa MIHAETTI. Op 5 KbUI CalbIH XYMBIC OpPBIHAAPHI OHIIPIC LIEXTapbl MEH
KOCIMOpbIHJapAa CepTU(UKATTAIBIN, OYJI KYMBIC MIHJACTTI MEp3iMIi OUTIKTUIIK
epexenepine cail yiubiMaacToipbliaaabl. CepTudukaTrray KOMUCCHSICHI KQCITOPBIHHBIH
OaciibuTapbl MEH HET13T1 MaMaHapblHAH Kypaaibl.
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4.2 TexHOJOTrHSUIBIK KYPbUIFbLIAPABI Kayinci3 naiiiagany

JKaHFBIII JKOHE Te3 TYTAHATBIH CYHBIKTBHIKTapbl Oap BIABICTAPJIBI KbI3IBIPY
KYPBUIFBIIAPBIHBIH JKaHBIHIA YyCcTayFa OonMaimel. [IpoOupkamarbl CYHBIKTBIKTHI
KBI3IBIPFAH KE3/I€ OHBIH ay3blH ©31HI3/ICH JKOHE KACBIHBI3/IaFbl aJJaMHAH KaIllbIKTAY
ycTan, OarbITTaMay KaKeT, OUTKeH1 CYWbIK KallHaFraH/a [amnbipan, KyHiK TyIbIpybl
MYMKIH.

XKapakarrapaplH ajnabplH aly MakcaThlHIa Kellecl Iic-mapanap Ky3ere
aChIPBUIAJIBI: KOPIIAYJIbl, KOPFAYIIbl OHE TEXKETIN KYPBUIFBLIAP OpPHATBHLIAIGI,
KAIIBIKTBIKTAH Oackapy Ky#eci KOJIaHbLIaAbl; >KaOJbIKTAp MEH FUMapaTThIH
KYPBUIBIC 3JIEMEHTTEPl apachlHIa KAKETTI apaKaIIbIKTBIKTAp CaKTaIalbl; KEIIepre
alKbIHAAYIIBI 00syIap KOJIAHBLIA b, CYChIMAJIbl MaTepHANIIAP/bI IIbIFAPY KE31HIe
KayIMCI3AIK mapanapbl €CKepisie/i; anaTThlK Ja0bUIIap, anaTThiK aXKbIPATKBIIITAP
KoHe 0acKa Ja eCKepTYIII Kyhesep OpHAThIIaIbI.

4.3 Kerepy-KoJaiKTik KYpPbLIFbLIAP

Kenbey Ttycmenep, Hayamap MeH TapThajap TachIMaJIAaHATBIH 3aTThIH
(BIOBICTBIH) Kaxany KO3((GUIMEHTI MEH ChIPFhIMaNbl OCTIHIH CcHUIaTTamMallapbiH
€CKepe OTBIPHIN, KaXeTTi Kesnbey OypbilineH xolamaHybl THIC. byin Kyk
TaChIMAJIBIHBIH KayYIICI3AIriH KaMTaMmacki3 ereTiH 1 + 1,5 m/cex mamMmachiHIaFbl
KBUIJIAMJIBIKTBI CaKTayFa MYMKIHIIK Oepesi.

biznin >karmaiiia KOHABIPFBUIAPFA KOJJIAHBLIATRIH apHANBI MaTepraIaap IbIiH
canmarbl 40 KUJIOrpaMHaH acnaraHAbIKTaH, KOTEPrill KpaHaapAbl nainananbain-ax,
TackIMaJIJIay YIIiH Hayajlap MEH ChIpFaMaliap/bl KOJIIaHy THIM/I1 JeM IICIITIK.

4.4 DnekTtp Kayincizairi macesesiepi

DNEeKTp TOTbIHAH 3aKbIMJAHY MEH KbICKAa TYMBIKTANly cajJapblHaH Maiina
00IaThIH KapbUIbIC MIEH OPTTIH AJIJBIH ATy YIIiH KeJecl mapanap *Kyprizijaeui.

Kaxer Gonran xarnaijia, OObEKTIIEP MEH TEXHHUKAJBIK KbI3METKEpJep epT
COHJIIPTINI KYpalamapabl KOJIaHY epekelIepiMeH TaHBICTBHIPhUIAALL. byn Taman
Kazakcran Pecnybmmkacel Ykimerinig 2017 kputFbl 5 xenrokcaHmarbl Ne809
KayJIbICBIMEH OCKITIITCH.

bapnblk  eHIIpICTIK HBICAaHAAp OPTKE Kapchl KYpalJapMEH  TOJIbIK
XKaOIBIKTAITYbI THIC KOHE KeJecCl TajanTap KaTaH CaKkTalybl KaXeT:

— TyTanFblll MaTepuangapIbl Kayirnciz opi IypbiC CaKTay,

— benrineHren opelHIapaa FaHa TEMEKI LIETy epekeiepiH KaTaH YCTaHy,

— DneKTp ka0apIKTapbIH KAYITC13 9pi AYPHIC Maianany.

Op KbI3METKEpre KONUbIIAThIH MIHJETTED:

— OpT coHMIpY KE31H/I€ CaKTHIK MIapaiapblH KaTaH OpbIHAAY;
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— OpT ceHAIpY KYpalIapblH opJailbiM xapaM bl KYHe ycTay;

— JKanfpIn 3aTTap/pl Kayinciz KOHTEHHepepre TacTay KoHe OJapIbl KoJIere
xKapaTy epexesiepiH cakray;

~ Tyranfpill CYWBIKTHIKTAPAbl apHAMBl KOHTEHHEPIIEpAE TachIMaay >KoHE
CaxTay;

- T'a3 arpin keTy Oenriiepin OalikaraH >KaFlaiijia yoKUJIETTI TYJIFara Jepey
xabapunay;

- Kayin xarnaiibiHa epT COHIPY KYMBICBIH TOKTATY;

- JKanapmaii Ky10 Ke31H/e 1I11K1 %KaHy KO3FaJITKbIIIBIH OIIipy;

- T'a3 GannmoHmapeIH CTaHAAPTTHI apbaiapra OEKITY HEMece oJlapabl Kayirci3
OpHAJIACTHIPY;

— JKyMBIC agKTaFaH COH KYMBIC OPHBIH MYKHSIT Ta3ajay.

DnexTp KYHIrl TOK ©TKI3rill OeJIeKTepre *aHackaH Ke3le maija Oomanbl.
MyHpait ky#ikTiH Temrneparypackl 50-115°C apanbirbiHia 00bIN, TEpl TIHASPIHIH
ICIHy1HE OKEeTyl MYMKIH.

4.5 Iy x3He gipinre Kapcsl ic-mapaJjap

Ke3snepi aHbIKTanaapl xoHE aKyCTUKAIIBIK O€JICEH I KOHABIPFbUIAp ECKEPIIi,
KYMBIC OpBIHAAPBIHAAFBl HAKThl JIpia JeHreiepl OaranaHaabl. byn Oaranay
FUMapaT ImmHgeri eHOeK JKarjaiylapplH JKaKcapTy JKoHE KbI3METKepJIepaiH
JIEHCAYJIBbIFbIH KOPFay MaKCaThIH/A KYPri3uiel.

4.6 AyaHbIH IIAHABUIBIFBI jKOHE Ta3IbLUIBIFBIH 0aKbLIAY JKIHE a3aMTYy ic-
mapajapsbl

3eprrey Oapwichinaa mpodeccop bpent CTuBEHC KeTEKIIIK eTkeH Ton 3D
Oacelll mIBIFapy TMporeci Ke3iHae O6JiHeTIH HAHOMETPNIIK OeJeKTepaiH
KOHIIEHTPAIMSChIH  aHbIKTaAbl. PLA-mmactukTi KommaHatelH — 3D-mpunTepiep
MUHYTbIHA 20 MUJTMAPATAH acTaM yiabTpauHaIbl OeJIeK MblFapaThiHbl, a1 ABS-
IUTACTUK TEXHOJOTUSACHIH MaiiiajaHaThiH KYpbUIFbUIap MUHYThIiHA 200 Musumapn
Oemekke AciiH Oeenl ekeH. bysl 3UsSHIbI MIbIFApbIHALUIAD TAOUFU Ta3/bl XKary,
TEMEKI TYTiHI, XOII HICTI IIaM ary HeMece JIa3epJliK IPUHTEPJIEP/IiH aTMochepara
OeJeTiH 3UAHJBI 3aTTapblHA YKcac, ce0edl KypaMmbIHIaFbl «OOsSIFaH» YHTAKTap oTe
yJIbI OOJIBITT TAOBIIA/IbI.

Hanomerpinik 3usiHABl O6JILIEKTEp UHTAIALUS KE31HJAE aJaMHBIH OKIECiHE
OHAll EHEeJNl JKOHE Keile ajFallKbl HEpPBTEP AapKbUIbl MHFa ©Tyl MYMKIH. byn
OemiekTep kobOiHece ar3ara 3usH KenTipeli. JKapblKTa MIOKKEH bl OeIeKTep
KaTepil ICIK HeMece JEMIKIE aypyJapblH TYAbIPYbl BIKTUMAaJ, ajl MHFa €HI€H
JKar/ai1a MHCYJIbTKE ce0er 00yl MyMKIH.
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4.7 TaOuru koHe TEXHOreH/1i TOTEHIIIe KaFraiiap Ke3iHae HbICAHIAP/bI
KOp¥ay 00ibIHIIA ic-IIapaJjap

by 6eniMue enaipic mporecine maiaa 60aybl MyYMKIH €KIHITUTIK 3aKbIMIaHy
dakTopyapsl TYPFBICHIHAH KOJIJIAHBUIATBIH MaTepuajiap MEH KOHJIBIPFBUIAPIBIH
KayinTimiri OaranaHansl. KOHIBIPFBIHBIH KoJieMl a3 JKOHE My JEeHredi TeMeH
OOJFaHIPIKTaH, JIA0OpaTOPUAHBl TYPFbIH YU 1IIIHAE OpPHAIACTBIPY THIMAL Jen
eCeITelal.

TyprelH yiine OpHaJacCKaHABIKTaH, jJabopaTopusiFa TOTEHINE >Karjaaniap
KyleciHe KaTbhICTbl TYPFBIH YWJiepre KOWbUIATBIH TajlanTap KOJJAaHbUIAIbI.
KoHIbIpFeI 1Ty MIBIFapMai bl )KoHE a3 OpbIH allafasl. OcbiFraH O0alaHbICThI, « TaOuru
KOHE TEXHOTCH/IIK CUITATTaFbl TOTEHIIIE KaFJaijap Typajbly 3aHHAMAJIBIK TaIarTap
HET131He Kayinci3AiK mapaaapbl KaObLIIaHa bl

1) HereogmHaMuKaiblK (aKTOpIApIbIH OCEpiHEH maina OoJiaabl JKOHE
ajzamaapra, aybll MIApyallbUIBIFEI KaHyapiapbl MEH OCIMIIIKTEPre, YKOHOMHUKAJIBIK,
00BEKTIIEpre HeMece KopIllaFaH opTara 3UsiH KEJITIpyl MYMKIH.

2) T'eodu3uKaIBIK KYOBUIBIC — TEOPHU3UKAIBIK CHITATTaFbI TIPOIIECC HEMECe
OKHUFa, OJI KepiiH JuTocdepachiHaa, ruapochepacsiHna Hemece arMocdepachiHaa
TYPJ11 reodU3UKAIIBIK (paKkTopIapIbIH HEMece OJIapbIH YHIECIMIHIH oCEpiHEH Taiia
Oonajpl JKOHE ajamjapra, Tipl ar3ajapra, SKOHOMHUKAJIBIK HbICAaHAAp MEH TaOuFru
opTara Kayil TOHIIpyl MYMKIH.)KapakaT ajfaH — eHOEK KaO1JIeTiH KOFAITY/bl HEMECe
KeMiHze Oip TOyIiK.

4.8 TexXHUKAJBIK PerjaMeHTTiH TAJanTapbIH €HIi3y

Erep 3D-npuntepnepsi HaKThl KapacThIpaThbiH OOJICAaK, OJapra apHaJIFaH
CaHUTAPIIBIK-3TUAEMHUOJOTUSIIBIK TaJdanTap MEH HOpMasap aJii TOJNbIK OEKITIJIMETeH.
JlerenMeH, onapAbl KeIIpy TEXHUKAChl CAaHAThIHA JKaTKbI3yFa Oomambl. OchiFaH
Oaiinansictel, CanHME 2.2.2.1332-17 «Kemipy »xoHe ke0OelTy TeXHUKaJapbIH
YHBIMAACTBIPYABIH TUTHEHAJIBIK TalanTapbh OOMbIHIIA KOIIipy TEXHUKAIAphl OeseK
OeyMezie OPHANACTHIPBUTYHI THIC JET€H epeke KOMAaHbLIAIbI.

Kazakcran Pecny6nmkacel Koprraran opransl Kopray MUHHCTpAiriHiH 2016
KBUTFBI 2 coyipaeri Ne81-O OyiipwirbiHa coiikec, KazakcTan aymarbiHAa OHAIPICTIK
KOHE TYPMBICTBHIK KaJJbIKTapJbIH KOpIIaraH OpTara ocepiHe Kapal 5 KaylnTulik
ChIHBIOBI Oenrinenred. COHBIMEH KaTap, KaJAbIKTap makiaa 601y cumnaTrseiHa Kapai aa
KIKTEIe 1.

1, 2 xoHe 3 KaylnTUIIK KJIachlHA JKATaThlH KAJABIKTAP OHJIIPICTIK MPOILECTEP
MEH OPTYPJi KOCITOPBIHIAPABIH KbI3METI HOTHXKECIH/Ie Maiiga OOJaThIH OHIIPICTIK
KaJabIKTap Ooinbin TaObutanbl. OFaH maiialaHbUIFaH Maiijlap, KBIIIKbUIAAp MEH
CUITUIEp, KOJIJaHbUTFaH Oarapesiap MEH LIMHajap *KaTabl.

3 >koHe 4 KayiNTUTIK CHIHBIOBIHA KATaThlH KAJIABIKTap KOOIHECe KYPBUIBIC
KaJIBIKTaphl PETiHIe KapacThIpbliaabl. Onap FuMaparTap MeH KYPbUIBICTap/Ibl Cally
Hemece Oy3y OapbIchiHAa maiina Oonanel. Bysl Tomka KepamuKamiblK IUIMTKanap,
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KIpIMIITEp, aFall KaJAbIKTaphl, KYPBUIBIC KOKBICHI, KaTKaH EepITIHAUICP, OWHEK
CBIHBIKTApPBI, METAT KAJIJIBIKTAphl JKOHE 005y MEH JlaKk MaTepHalgapbIHbIH
KarTamalnapbl KaTaJibl.

TyprbIH Yi CEKTOpPBIHAA, SKIMIIUIIK FUMaparTapia, OKy OpbIHIapbIH/a, cay/aa
OpTaJILIKTApbIHAA, dyeXKaliap MEH aBTOBOK3ajAap/a 4 koHe 5 KayllTUIIK KJIachlHa
YKaTaThIH KATThl TYPMBICTBIK KAJIJBIKTAP TY31LIS/I].

biznin karmalina KonjaHbulaThiH MaTepuan — ABS mmactukacel. by
MaTepras OyTaJWeH MEH CTHUPOJ MOHOMEPJIEPIHEH TYPajbl XKOHE aKpUJIOHUTPHI
COMOJIUMEPJIEPIHE HET13JEITeH COKKbIFa TO3IMJI TEXHUKAJBIK TEPMOILIACTHKAIBIK
maiiblp Oosbin TaObutanbl. ABS macTukacklH eHaey Ke3iHje oenrin Oip KayinTep
0ap, acipece 400°C-TaH KoFapbl TeMIepaTypa 9Cep €TKEH/IE YIIbl aKPUIIOHUTPUIT OYbI
Oemineni. byn Oymapael WHTANSIUSIAY ajaM JICHCAYJBIFBIHA AWTApIBIKTAl 3USH
KEJITIPII, TIMTI ©JIIMIe€ OKeIyl MYMKIH.

4.9 TIK 3apaantapbIH 010

KP 3anp1, 1-0arm, 46-Tapmak) 6acka, eHIMAEpre, KOPCETIIETIH KbI3METTEP MCH
yYpAicTepre KOWBUIATBIH MIHJETTI JKOHE €pIKTI TaJanTapibl aHbIKTAay, OEKITy,
OpBIHJIAY JKOHE KaObLIIayFa, COHJAl-aK OChI TajanTapiabl CaKTayabl MEMIICKETTIK
0akpulay MEH aKKpeAUTTey >KarlalbIHAa Joieaeyre OarbITTaIFaH ic-Iapaiapabl
KAMTHUTBIH OOJIBIIT TaObLIA b

byn Tamantap amamaapAbiH eMipi MEH JEHCAyJbIFbIH, KOpILaraH OpPTaHBbI,
MYJIKTI JKOHE MEMIJIGKET MYIJCCiH Koprayra OarbITTanmansl. Keit skxarmaiimapna
TEXHHUKAJIBIK PETJIAMEHTTEP HAKThl MaKcaTTap/ia FaHa KOJIaHbUTYbl MYMKIH, dcipece
Oenruti Oip ©HIM TypJepiHe, TEXHOJOTHSUIBIK MpOolleCTepre Hemece MaianaHy
IIapTTapblHa KaThICTHI OOJIFaHA.

XanplKapalblK TOXKIprOene MIHAETTI TYpAE€ OpbIHIAJdyFa THIC TajanTap
TEXHUKAJBIK pETJaMEHTTEp/e, 3aHHAMANBIK akKTiiepae, HycKaylapiaa XKoHe
YKIMETTIK OpraHaapblH KapiabIKTapblHaa KepceTineni. byrinri Tanma TexHuKambIk
periiaMeHTTep MEH CTaHJapTTap MEMJIEKETTIK KOopblHAa 56 342-71eH actam
HOPMATHUBTIK Ky>KaTTap >KMHakTasiraH. Onapra MEMIJIEKETTIK, XaJlbIKapaJbIK, YITTHIK
KOHE OHIPIIK CTaHaaprrap Kipeai. UHAyCTpUsaHABIPY YIEpIiCIHAE TEXHUKAIBIK,
peTTey KypajadapblH THIMJII TaijagaHy >KOHE OTaHJbIK ©HIMHIH Oocekere
KaOlJIeTTLIIT1H apTTHIPYIbIH 0ACThI MAKCAThl — XaJIbIKapaAJIbIK CTAHJApTTapFa ColKec
OHIM OHJIpYAl YUBIMAACTHIPY, Oackapy KYHeNepiH €HTi3y KOHE TEXHOJIOTHSIIBIK
KAHFBIPTYFa KOJIAWIIBI JKaFAailap skacay OOJIbIN TaObLUIa b,

KazakcTaHHBIH MeTaTyprusi cajachlHAa IIETENAIK OdcekernecTepMeH
CaJIBICTBIPFaH/Ia )KaHa TEXHOJIOTUsIIAp MEH MHHOBAIUSIAP/IbI €HT13Y KAPKBIHBI TOMEH
€KEHIH aTan ©TKeH >kKoH. KoslaHbICTaFbl MUPOMETAITYPTUSIIBIK, SICTEp KOpIIaFraH
opTara 3WSHABI Ta3lap MEH KaTThl KaJABIKTapIbIH KeIl Mejmepae OemHyiMeH
cunatTtananasl. Meicanbl, Kaparanasl 0OJIBICHIHA METAUTYPTHUSIIBIK KOCIMOPBIHIAD
OHEPKACINTIK KATABIKTapAbIH maMaMeHn 70%-bIH Kypaiasl . Byl Kanabikrap 3aybIT
ayMaKTapbIH/a )KHHAKTAJIBII, YJIKEH JKep KOJIEMIH alajbl.
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4.10 TexHUKAJBIK pPerjJaMeHTTiH TAJaNTaApPbIH €HIi3y

KyHni3ri yakpITTa Tepe3enep MEH IIaThlp OWBIKTapbhl apKbUIbl TYCE/I.
XKacannp! xapbIKTaHABIPY YILUIH COYJ€ HIbIFAPAThIH KYPbUIFBLIAP KOJJIAHBLIAIbL.
OHIIpICTIK  MeKeMelepAe  KapbIKTaHIBIPYAbIH  MaHbI3bl  30p.  3epTreyliep
KOPCETKEH/IeH, >KapbIKTAHIBIPYABIH >KETKUTIKCI3AINT OHJIPICTIK KOPCETKIITEPIIH
TOMEH IeylHe, KOpy MYIIEICPIHIH aypylapblHa KOHE )KapakKat ajy KayIiHiH apTyblHa
okeneni. Mplcanbl, OHIIPICTIK >KapakaTTap MEH KociOM aypynapIblH aJiblH aly
mapajapblH 1CKE achIpyjla >KapbIKTAHIBIPY JCHTeHIHIH KETKUTIKCI3IIrT MaHbI3IbI
¢dakTop 0oJBITT TAOBLTAIBI.

Bipkenki sxanmbl sKapbIKTaHIBIPYLl €CENTEY YIIiH ToOe MEH KaObIprajgapaaH
IIaFBUTBICKAH KApBhIK aFbIHBIH €CKEPETIH dIC Heri3ri Oombin TaObuiagsl. byn omic
KEHICTIKTET1 ’KapbhIKThIH O1pKEJIK1 TapalyblH KaMTaMachl3 €Ty YIUIIH KOJAaHbLIA b,

4.11 /KapbIKTaHABIPY CTAHAAPTTAPbI KJIHE JKACAHIbI KAPBIKTHIH
ecenreyJjepi

VYakpITIa KYphUIBICTap MEH aiaH ka0 apIkTapbl Kazakcran PeciyOnukachiHbIH
CaHUTAPUSIIBIK HOpMajiapbl MEH epexkeliepiHe, COHJai-aK epT KayllCi3dirt »*oHe
JIEHCAYNBIKTBl KOpFAay TallaliTapblHa TOJBIK COMKECTEHAIPUIreH OOJybl KaxkerT.
AnaM JeHECiHIH OJJIGKTPJIK Keaeprici Tepi MEH 1IIKi ar3ajapAblH Kbl
KeJIepriiepiHiH KOCBIHIBICBIHAH Typanbl. Kyprak >koHe Ta3a Tepi >KaraaibiHIa
agamubiH keaeprici 4000-gen 10 000 OMm-ra aeliin keTyl MyMKiH. JlereHmeH, Oy
KOPCETKIII KemnTereH (akTopiiapra OailIaHbICTBI ©3TePill OTHIPAILI KOHE KaJIBIIThHI
xargaiiga  3000-men 100 000 Owm  apanbiFbiHAa  OONYbl  BIKTUMAJL.
AJlamMaap/ibl SJIEKTP TOFbIHA KOCBUTFaH OTKI3TIII OOIIIEKTEPIIH *KaHACYbIHAH KOPFay
MaKCaThIH/1a apHalbl KaYINCI3AIK Mapaiapbl KaObIITaHa b .

4.12 Opr xapbuIbIc Kayincizairi

Kazakcran PecnyOnukacbiHBIH ©pT KayilCi3fAiri caiaachlHAaFbl HOPMAaTUBTIK
KY’KaTTapblHa COMKeC, FUMapaTTap MEH KYPBUIBICTAPBIH OPT KOHE JKapPbUIbIC KayTIi
OOMBIHIIA KIKTENyl OJApJbIH IMIIHJAET1 TEXHOJOTHUSIIBIK IpOLECTep MEH
KOJIJJaHBIJIATHIH MaTepUaIapAblH KaCHeTTepiHe OaillaHbICThl aHBIKTAJIa IbI.

Fumaparteiy epT KayilTUIIK caHaThIH aHBIKTAY »o0ajay KyKaTTamachbIHJa
KOpCeTUIell JKOHE OJ FUMapaTThlH IHIHAETT OeJMeNnepiAiH KaTeropusiiapbiHa,
oJIapJIbIH, ayJaHJapblHA KOHE OpHallacyblHa OailylaHbICThI OenriieHeni. Mplcabl,
erep FUMapatThiH Kemn Oeuiri B canatbiHa skaTaThiH OeMenepieH Typca, OHaa OyKi
ruMapar B caHatbiHa KaTKBI3bUTYbI MYMKIH .
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OpT Kayinci3airiH KaMTaMachl3 eTy YIIiH, B caHaTbliHa JKaTaThIH FUMapaTTap/a
apHaiibl mapanap KaObUIIaHybl KAKET, MbICAJIBI:

— OpTKE KapcChl TOCKAYbUIIap MEH OOJiMIEp OpHATY;

— OPT COHJIIPY KoHE 1a0bLT Oepy KyilelepiH opHary;

— OpTKE Te31M/ll KYPbUIbIC MaTepUaIapbIH MMaii1aany;

— JKYMBICUIBIIAPFa ©PT KayiNci3airi OOMbIHIIA HYCKAYJIbIKTAp OTKI3Y.

OpT Kayinci3firii KaMTamachl3 €TYAIH MaHbBI3bl I1apachl — HBICAHIAPIBI
OpPTTEH KOpFayJlbl IYPhIC YUBIMIACTHIPY. Byl ©pTTiH anablH anynabl, opT IIbIKKaH
Karaaiga )KeIell SpeKeT €Tyl ®KoHe OPTTI TUIMJI1 COHIIPY1 KAMTHIBIL.

OpT ceHipy Ke3iH/e KOMAAHBIIATHIH HET13T1 OpT COHIIPTIII 3aTTap OJapIblH
(UBUKANBIK-XUMUSJIBIK ~ KAacUETTEpiHE  JKOHE  KaHy  MPOLECIH  TOKTary
MexXaHU3MJepiHe OalJIaHBICTBI OPTYpJl TomTapra OemiHeni. TemeHne oJapAbiH
HET13r1 TypJiepi MEH cUIaTTaMasapbl KeJITipUIreH.

OHIIpICTIK OOBEKTIEP/l OPTTEH KOpFay — OyJI JKaHa KOCIMOPBIHAAP.IbI
xo0ajay Ke3eHIHEH OacTam >KY3€re achlpblUIaThIH, YHBIMIACTHIPYIIBUIBIK KOHE
MHKCHEPIIK-TEXHUKAIBIK [IapajapJslH KemeHl. MyHnail mapanap eprTTiH ajibH
aIyFa JKOHE opT IIBIKKAH JKaF/1aii/1a xeaell OpeKeT eTyre OarbITTalFaH.

CoHFBI KbUIIAPHI OHAIPICTIK HBICAHIAP/A OPT KAaYITCI3AINH KaMTaMachl3 €Ty
MaKcaTblHJa 3aMaHayd epT COHAIPY Kypai-KaOJbIKTapbl KEHIHEH eHrizulynae. by
KaOJBIKTAp OPTTIH aJJIbIH ay >XOHE OHBI THIMJI COHIIPY YIIIH MaHBI3ABI PO
aTKapabl.

OpT ceHAIprill KypalJapblH JOYypbIC TaHAAy JKOHE MaijaaHy epT
KayITCI3/IIrH KaMTaMachl3 €Ty/ie MaHbI3/Ibl POJI aTKapaabl. OpOip epT COHIIPTIIITIH
KOJIJIaHy asiChIH KoHE IIEKTeYIepiH 011y KaxeT, ce0edl AyphIC TaHAaIMaraH Kypall
OpTTI COHIIPYIC TUIMCI3 00Tyl MYMKIH.

Bpomast stun (C:HsBr) merizinmeri ept cenmiprimTepi KOJIaHy Ke3iHJE
KAYINCI3/IK IapajlapblH CaKTay oTe MaHbI3/bl, ce0e01 OYJI 3aTThIH YJbUIBIFEI )KOHE
ayaMeH apajacKaHa >KapbUIbIC KayIi 0ap.

Kypeutrpimap MeH KaOenpliKk KOMMYHHUKAlMsUIApFa KOWBUIATBIH — OpT
Kayirncizairt  Taigantapbl Kazakcran PecnyOnukacelHBIH —«OpT  Kayilci3airine
KOWBUIATHIH KAJITBI TAJIANITAP» TEXHUKAIBIK PETIIaMEeHTIHEe HAaKThI OenriienreH. by
TajanTap eHIIPICTIK JKOHE OKIMIIUNK FUMaparTapia epTTiH alJblH ajly JKOHE epT
MIBIKKAH KaF/1aii/1a OHbIH TapaJybIH IMIEKTEY MAKCAThIH/IA KY3€Tre achlpbLIabl.

Ken kabarThl FuMaparTa OpHaJlacKaH, KYMbICIIbUIAp caHbl ken ipi EO-HbI
YUBIMAACTBIPY KE31HJI€ ©pT >KarJalblHIa ajJaMJapibl IIYFbUT dBaKyalusiay
MacelieciHe epekile KeHUT OemiHyl KaxeT. OpOip KabaTra KeMm JereHnae eKxi
ABAaKyallUsUIbIK €CIK KapacThIpbUIybl THIC. Erep sBaKyalMsUIBIK €CIKKE JEHIHT1
KAIIBIKTHIK 25 METPCH acraca »KoHe aybIChIM/Ia )KYMBIC ICTEUTIH agamaap canbl S0-
JIeH KeIl 0osiMaca, Oip PBaKyalUsUIbIK €CIK JKETKUIIKTI AN ecenTenel, AereHMeH
CBIPTKBI OacmaliJakKa armaparblH €KiHIII €CIKTI JIe KapacThIpy KaxKeT.

DBaKkyalMsUTBIK €CIKTIH eHl OyJ1 eCiKTI maiaajaHaThiH ajgaMIapIblH KaJIlbl
caHbIlHA OalJIaHBICTHI aHBIKTadaAbl, koHE 07 0,8 MeTpieH kem OoyiMaybl THIC.
DBaKyalsUTBIK KOJIIAPABIH OHIKTITT KeM JereHie 2 MeTp OOybl THIC, all KapbhIK
OTKI3eTIH Toe3IMIl OemiKTiH €eHI eH a3piH;a 1 Merp Oonmybl  Kepek.
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DBaKyalsUIbIK KOJIJAap/laFbl €CIKTep FUMapaTTaH IIbIFy OarbIThIHA Kapal allbLTybl
KakeT. COHBIMEH KaTap, 3BaKyallUsUIbIK >KOJAapAbIH €AeHIHIe OUIKTIrT 45 cM-JIeH
acaTblH KeJleprijiep HeMece caThlIbl KoTeputicTep 6oamaysl THic. Erep caTbuibl ko
KakeT Oosica, OHJIa OJ1 KEMIHJIe YIII OacmaijakTaH TYpPaThIH CaThl TYPIHIE OOy
KEepeK HeMece €IEHHIH Konoeydiri 1:6 6omaThlH MaHIyC OPHATBLTYHI THIC. .

Fumaparrarel Oacnanmakrapsa MBIKTBI KOpPIIAYy OpHATBUTYBI KaXKeT, ail
OacmaiakIieH TOMEH TYCKEH Ke3/I¢ YCTaFbIII OH JKaFbIH/Ia OPHAIACKaHbI )koH. Erep
OacnanmakThiH eHl 1,5 MEeTpJieH acca, OHJa €Kl JKaFbIHAH Ja KOJIAMJIbl YCTaFbIIITap
KapacThIPBUIFaHBI JYPHIC.
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KOPBITBIH/IbI

JIMTIIOMITBIK KYMBIC aAUTHUBTI TEXHOJIOTHSIIAPABI, OJIAPABIH MEIUIIMHA MCH
MalliHa JKacay cajlajapblHAaFrbl KOJJIAHBUTYBIH 3€pTTeyre apHayiFaH. byn
TEXHOJIOTUSIIAPABIH Ka3ipri eHAIpIC MeH MEIUIIMHAHBIH JaMyblHa Kocap yJjeci 30p.
3D-06aceinn mIBIFapy CHUSAKTHI QIJUTUBTI OMICTEpHl NalaagaHy OHIIpIC carachbiH
apTThIpyFa, MaTePHAIIBIK MIBIFBIHAAP/IBI a3alTYyFa, COHJIali-aK OHIM MPOTOTUIITEPIH
KBUIIAM jKacayFa MYMKiHAIK Oepeni. byn Qaktopnap OW3HECTIH THIMIUIITT MEH
MEUITMHAIIBIK KbI3MET KOPCETY/IIH CanachlH )KaKCapTyFa bIKIA Te/Ii.

3eprrey OapbickiHna 3D Oackim  mIBIFApyAelH —OlpKaTap —acmekTiiepi
KApacThIPbUIIALI, OHBIH 1IIHAE TEXHOJOTHUSUIBIK EpPEeKIICTIKTepl, SKOHOMHUKAIIBIK
TUIMIUTII JK9HE (YHKIMOHAIIBIK MPOTE3AEpal AalbIHAAyIaFbl oneyeTi. ATtam
aiitkanna, 3D-0acein 1mIbIFapy apKbUIbl aHATOMUSUIBIK €PEKILIENIKTepl €CKEePeTiH
KOFapbl JOJIKIEH JalbIHIANFaH, )KEKe CUMaTTaMallapFa cail KeJeTiH IpoTe3nep
xacayra Oonanpl. bys manmmeHTTiH mporesre Te3 OeliMenyiHe JKOHE >KaMTbUTBIK
JEHIeH1H1H apTybIHa ceOemnI 6oabl.

KyMBICTBIH ~ MaHBI3ABI  O6diMiI  MEOUIIMHA  callachIHJaFbl A IUTUBTI
TEXHOJOTUSJIAPABIH, KOJIAaHBUTYbIHA apHamabl. [lpore3gep MEH HMMIUIAHTTapIbI
’Kacay, COHJal-aKk ajgaM  aF3achblHBIH  JkKeke OeuikTepiH  yiaruiey 3D
TEXHOJIOTHSTIAPIBIH KOMETIMEH JKY3€re achIphIIFaH YKaFaai1a, eMIey )KOHE OHAITY
HOTHKENepl alTapiibIKTal xakcapaasl. JlocTypi oicTepiH Keiie JaJIIK IIeH cana
YKarblHAH IIEKTEYJ €KEHJIINH €CKepCceK, MYHIal 3aMaHayd TOCUIACPIIH THIMILIIT
30p. CrartucTUKaNbIK JepekTepre cyiieHcek, 3D Oachill HIbIFapy MEIULUHAIBIK
Kypasl-KaOIbIKTap/Abl 31pJiey/i€ YaKbIT MEH MIBIFBIHABI a3aiiTa OTHIPHIT, HAKTHI dpi
camnajbl OHIM aJTyFa >KOJI aIlabl.

Conpaii-aK, )KYMBICTa aTATUBTI TEXHOJOTHSIIAPABIH KYPBUIBIC CalachIHIaF bl
Kenemieri  cumaTTauabl.  bynm  TexHonorusiap  KypAell  apXHUTEKTYpPalbIK
KYPBUIBIMIAP/Ibl TOMEH MIBIFBIHMEH JKOHE KhICKA MEP31M/JIE CalTyFa MYMKIHJIIK Oepei.
Macenen, Contour Crafting cusikTel kaHa ojicTep ruMmapartapasl 3D-npunrep
apKbUTBI ABTOMATTHI TYPJIE CayFa *OJI amajsl. MyHIali TEXHOJIOTHIIAp pecypcTap
HIEKTEYJIl HEeMece AKCTpeMalibl sKarjaannapaarsl (Mbicalibl, MapcTarbl KOHBICTAp)
KYPBUIBIC YIIIIH TanThIpMac IIenriM 0oJia ajaaibl.

3epTTey HOTIKECIHIE aJIUTHUBTI TEXHOJIOTHSUIAPIBIH MalllMHA jKacay,
MEIUIIMHA, KYpbUIbIC XoHE Oacka Ja cajlajapia KeH KOJIJIAHbIC TaOaThIHBI
aHbIKTaIARl. Onap THIMI1 opl YHEeMII Iiennmaep KaObuUlgayFa MYMKIHIIK Oepit,
FBUIBIM MEH TEXHUKAHBIH aJIFa KbUDKYBIHA YKOJI alllajIbl.

CoHbiIMeH KaTap, OyJI TEXHOJIOTHUSIIApAbl EHT13y Ke3iHJE TYbIHIAANThIH
Oipkarap Mocenenep Ae Oap: >KOorapbl >KaOJbIK KYHBI, MaTepuas IIbIFbIHAAPHI,
MaMaHIapAbl Jasgpiay KaKETTUTr JKoHE KOJJAAHBLIATHIH —MaTepHaIIap IbIH
mIeKTeyaiIiri. JlereHMeH, y3aK Mep3iM/Ii TIePCIIeKTUBAa OHAIPIC MIBIFBIHIAPBIHBIH
a3ar0bl MCH OHIM CalachIHBIH apTYhl OYJI KHUBIHABIKTAPAbI aKTAUIBI.

KopbitbiHasutaii kene, 3D Oacbln mibiFapy MeH Oacka Ja aJJuTUBTI
TEeXHOJIOTHsIap OoJialakTa oJaH dpi AaMBbII, TYPJi cajaiapia KeHIHEH KOJIJIaHBIC
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TabaThIHBI €O3Ci3. Bys1 *KeTICTIKTEep aaaMaap/blH eMip calachlH apTTHIPHIN KaHa
KoliMaMl, *aHa WHHOBAIMSJIBIK OHIMJEP/l KacayFa MYMKIHIIK Oepeni, ai Oy e3
KE3€T1H]Ie MEIMIIUHAIIBIK KOHE OHIPICTIK cajaap/iblH OoJalarbiHa OH dCep €Te/Il.

Y chIHBICTAp MEH KOPBITHIHABLIAP:

AJUTUBTI TEXHOJIOTHSUIAPABI TYPJl cajajapra KEHIHEH €Hri3y YUIH, €H
angpiMeH, 3D GachIn mpIFapyFa apHaJIFaH kaHa MaTepraiapabl 93ipiey, COHIal -aK
KypAeni opl 191 OOBEKTUIepAl *acayra apHaiFaH OardapiamaiblK KamMTamachl3
eTyJIep MEH >KaOJbIKTapAbl KETULAIPY KaKeT. OHEPKICINTIK JKOHE METUIIMHAIIBIK
KOJIJIaHyFa apHaJFaH CTaHJAapTTap MEH HOPMATHBTIK KY>KaTTapibl JalblHIAy Aa
OacTbl MIHJIETTEPIIH Oipi OOTYBI THIC.

Kanmel anfranja, aJauTUBTI TEXHOJIOTHSIAPBIH OHEPKICIN TICH JICHCAYJIBIK
CaKTay cajaliapblH/ia OOJIalaFsl 30D, KOHE alJIaFbl KbUIIAPhl OVJI TEXHOJOTHSIIAD
KOJDKETIM/II Op1 TUIM/I1 00J1a TYCETiHI aHBIK.
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