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ABSTRAKT

ABSTRAKT

Tato diplomovi SUiIFH ]D kyGbit prototyp HVWHWURMP]\ YEKUDGQ |]D S
DGLWLYQt WRdpid @PROtRINgH prozkoumat PRAQRVW Y\XaLWt NRP
GRVWXSQéFK ELRNRPSDW MEH R QHMKLPWiFEHYBRISWRQ® OHQ't
RpQtFK SERMPH ] HWQtP QD HRWAOWEBRBWPNWLFISUpRMDVE t]t
XFHOHQé SRKOHG QVDé BRPE SSURIpRNESKK[tVNIQt PRGHOX
VNHQRYIIHRPHWUSE BMdelu, mapoviQt W HppUralizaci tisku a tisk
VDPRWQ¥ SGUIPMYR t GUDRXHQI QD KRGQRFHQt Y\UREHQpK!
technick-HNRQRPIHRIGOQRFR MUK EXGRXFtKIR (BIRVRXBIXVQpKR
Y\XALWt Y\Mewo&.HQp

.OtpRYi VORYD
RpQt SURANJel)\Stratasys J750, ' WLVN R p Q t RapidPvétptyping

ABSTRACT

This diploma thesis has an aim to fabricate a prototype of esthetical prosthesis using
solely Rapid Prototyping aditive technology and to explore the possibility of using
commercially available biocompatible materials. In the theoretical part, a description
of types of ocular prosthesis types with the focus being on esthetic ocular prosthesis.
is given. The practical part of the work offers a comprehensive view on the whole
process of the prototype fabrication. It provides a description of creating the 3D model
by scanning, geometrical adjustments of the model, textures mapping, print
optimization and the printing itself. The closing part of the thesis consists of
a discussing focused on an evaluation of the fabricated prototype followed by
technical-economical assesment, a proposal of next steps, and a proposal of current
usage of the created method.

Key words

eye prosthesis, PolyJet, Stratasys J750, 3D printing of eye prosthesis, Rapid
Prototyping
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O/OD

3D tisksev PHGLFtQbladip]DpDO SRX&tYRORMIHY DGHViIWEFK O
5R]4t HQEIBRQt FUdodQLFtFK D VRXNURPé&SR FH O|pR3eAK W
DOH GRpNBABR M-ESY¥P OHWHFK

IDERUDWR H Y\EDYHQp ' WLVNIUQDPL VH NMEHHEDMt
OpND VNEéEPL RGE\ WYEPREFL jdkd VeN QUDSSQtratasys Ltd. vwKRY OL
SRW HEHGLFtQVNpKR]DpBOWNMWHWN i U QG RINN &LU v E\DNUGIR QW
modely a kombinovat U$]Qp PDWHULIiIO\

7TDWR GLSORPR@DYDUKAMHH QD S HGFKRI]t EONDWK VNR
D YEURED RYPQt'SWRWNGKkP2017 NGH E\O\ SRORASQR [YROREX
HVWHWLFNEFHURRY 6 BRFWHBEHU]QtKR LQaHQEéUVWYt

VS HGFKR@L E\OD Y\BURQYD HQD YB® GW@dchmlogie pro
YEUREPQtFK SOKRWOHGNHP E\O S URW ReWo\SMREIGPIRVGHSKRMOP ]\
QD " WLVNIUQ 6WpdnWRBVWHFKQR O R Jd.teint8 ROV NHYWd&
bylR SR Y]JRUX UXPXRtWWURE\ALONRDIED® QDQH VPIQD KRV W

DN U\ @JW X

Obr.0.1 .RQH pploéotypz EDNDOi VNp SUiFH

+ODYQtP FtOGIPS @R WRRY je BitohiE IS R N U R [probiyMest HW L F N p
RpQt SURWpP]\ YEKUDGQ i&hiologilpdize 3 @l WQAM@@rchovou

~SUD.YRX
'DO&tP Ft@HPURINRXPiIiQt PRAQRWRIP HUWALWERVWXSQC

biokompati ELO QtF K P, lxtér pl StdafaBy® Ltd. pro WLV NS WHF K Q RalyBRed L t
QDEt]t

OB6FSIVUT Y %U 8
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1 7(25(7,&.E yE67

TeoretLFNi V& Y QXMR]G (RP@QtEKRWNHNWHUPO PMRDYVNp SUD]
SRXAatWinddemk ]IDP HQt WpWR SUIFH QD &R B $#®\R WS
WHRUHWLBNRGPIFEMIPMIXMH QD WHQW.RPopSUR jE)ick BifdEi
apostup YEURW FKWR.QiKUDG

(VWHWLFNpPORWRWPRMBRIGRL S HNRQiIiQt WUDXPDWX JH W
ZOHS&XMt [HMPpQD VRFLP®O tMMY G @M/ ALY FWIREKQD GD
FR QHMY URKKRK®MP®™ D SR QDVD]HQt S$VRELOD S LURJHQ

1.1 5R]G OHQEFRPSURWp]

2pQt SURWP]\QWUMAROMW ML MDNR HWREMNWUBN QKR DR
a UR]G OXMt VH S.RGHMGHX@NHRH R R p Qitazq FRIVPXWN QIBHRYDQ p
eViVFHUR YD @gbo NRPSOHMWPR S URWHHMORXQDKUDREMWUDQ Qp
Rp®@ilvy aoNROQtFK SINVQtt \REFDUYHQp NRQWDARN S tt HB G N \
nebylonutnp RGVWUDQ Qt FKLUXUJIphMNERRH NiahRAStH F NoJp G UR W p ]\
NWHUp VH SRX&tYDMt S[3,4REHW HQt JUDQ Qt

1.1.1 2FKUDQQp SURWp]\

7\WR SUBW®WQI\RFKUDQ@ERKHIRQNEBK\aHW 8 QWNHHU éF
GRFKIi]JR]ND RYj@k@fje QDSentgen. 3 HG MHMLFK QDVD]HQtP VH SU
XPUWYMHOMt SRGREXNpi YN\RDVDKDAER REODVWL VSRaMLYNR®
MDWHWBIWLE MHML B8u Rogy REMLFK ~pHOHP MH RFKUDPQDQS HG
do oka [3, 4, 5].

1.1.2 /ppHEQpP SURWp]\

7\WR SURWp]\ Vo SROUENR¥IQt SRRSHUBEQIFKWWD HE Q
VHIPHQWX RND =D E bpbj XYM\ VDU BtV KPR & ® M LDYS B LYNSISFOLD F K
8GU&AXMt WDNp VSRMLYNRYEé Y S\R JFGWM At HORDH YNL.ENE S MR
9\UIiE Mt MHJRNp &4NiOH WYDUB ®t Y ®HYRQWtRUPIWRU\ D SU

SURWDp]\
JRUPIWRKDKNGHP PSQBMRt FNVWRPQt SSURWKKRYE&P RWYRU
v oblasti duhovky. K MHMLFK Y &RKHE sk Hebo DNUNQIW W XMH ]iNOD G (

YHOLNBU®WR YX RG PPR YAGSWRYHGHQt SUR SUDSPRIADHY
k]DEUIQ Qt VWDAHQt JE\Q&éFK RPQtFK WNi

BURSODFKRYDFt RpQt SURWBHRVEHRSRXKAOMDMISROHSWiC
Kk Y\SOIFKQXWt VSRMMXNRYEJKRt VUSVWS$P 7YDUHP VH SRC
PRPNiP D @DWIttF YBYREGYRG SUR SU$SFKRG SUHRBSQBFKRYDFt V

1.1.3 .RQWDISWRWp]\

“GH R VSHFLiOQt GUXK N RQ WIIMW Q@AEKS % RPBIRLHQW $
SQHYLGRP&P RNHP NWHUp QHQt ESHROIMGWLE pQ HEH BR DY i S
S LVYWRMBKW RGVWUDQ Qt ODMt pLVW NRSRRWIPFNRXE HEH
]D DGLW RPLNUBHONDQt pRPN\ RE\PHMQp JEDUMHGQP RRKNDG
D UXpQ EDUYHQp pRpiE\ MILYRNY &NiOH WYDU$ D YHMILNR)
JRUQLFL GXKRYND VH QiVOHGI®. /LI & LEAbINEDa0e zGRREDDINY

OB6FSIVUT Y %U o)
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P NNEFK DG®FKIURN\ jgith ~GUAEX MVRX VWHMGPUIBRNRK X
NRQWDNWQ[BFA5pRpPHN

1.1.4 /RNDOL]DYRWp]\

7\WR SURWpP]ORORRAIBNFQLMURRPpQtFK NRRRR&DKFW ] KHR
W OHG DLMHHQWJIHQRYpP VQtPNRYiIQt GtN3 RE HIDYQEEWGIR QW
Qt]JNp P UQp KPROMER VWEH igRtpS HV XU pHSRORKY D WYDUX W
na VQtPFtFKKAatYDMt ORNDjGIiEHIppWRIRAKX MVRX XBWOW LB OD pW
UHIHUHQp GonBARGD MW QtK R NPV WIHAEPLY OX&a L Q RN \RW RPWRR ERG$P
MH Y\ WYR HQ NDUWpMWREg WHRNWBQEPYMH |IDQHVHQD SRORK
2NR MH VQtPNRH@RIDGEBRpQt SUMRMHWHLSURYHGH SRptWL
tomografie. 3SURWp]\ VH QDVD]XMt S L ORNiIiOQt DQHVWH]LL
Po QDVD]HQt QD RNR VH E KHPY R R LtFNRNEEIRIULIRQWIiOQt D Y|
RVD SUR VRXVDNGPSEOL PRAQpP S tWRMHGR\SW U QsoQ tQ D N
steK\' QHO]H ]JDUXpLW GRNR®Q PR XD O/ W R UBdtinoyGat P H
ComberJRY\ SURWpP]\

Baltinovy SURWpPIWMNVH QHSRXEUVYE) M z OHKNEFK KRDY¥ Q
z KOL@tRXOWYDU NXORY pKRUXKKRE@RKupfosW HDHG RORY QéPL
UHIHUHQDpQ tBKraj@GR EYOD VW L

&RPEHUJRY\ SWURWPYVE MNUNOIWX QHBR DANHPD DMERP t(
NRQWDNW Qst ofvétgnN X\prRVW KHB® YH LORYRXod$ je SUDYLGHOQ
UR]PtV¥b ipubu ve Y ]Q L NgosgeRci [3, 4, 5].

1.15 (VWHWLFNp SURWp]\

(VWHWLFNp RpQp SHERPG \N RADRH W LYANHE MY RHX VNOD QH
SRO\PHWK\O PH WWDHWA OMW R3kp PIpRSWIQR D N U kD indbR Jep  V
DNU\GODRX&t ]HMPpQD MD NRMPi¥W.pORKX RE PtW NXORYLWE W
VNR iSNRIHM\CEH S5t SRK\EOLYLRE\OW BDRWMUDNWHUMD]HQ\ S
QHYLGRPp RNR 'DO&t PRAQRVj\VERCHBHE QO WRENK O B\FLMW S
kS tBP RpQtP VYDO$R EVKNHERD Q't

OH]L W\WR SURWDP]\ VH WDNp nBh@tzui¢ NRINR S RI\M LD RN W 6 t
QDSR S tSING\ S L RSHUDFL JKRXEQpKR QiGRUX E\OR W HE
VWD QG DURGM]WEN QHE\OR PR&QpP SRXAtW

(VWHWLFNp SURW[S}\ O]H UR]G OLW
a) 1D ]INODG SRXA&LW pXWRRPDAWREXi O X
% VNOHQ QpURML]'S
% pRO\PHWK\OPHWEKBNIA@ i &RRWp]\
b) 1D ]iNODG ]S$VREX YBURE\
% SURWpP]\ Y\URPHOp Q
% VNODGRYp >6WRFN@ SURWQp]\

OB6FSIVUT Y %U 10
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1.2 Indikacek SRXaLWt HVWHWLFNéEFK RpQtFK SURWp]

'SYRGESRXAtYRPOtFK SURWEODMSR)XSRUDQ Qt RND D GO
onemoFQ QNWHUp Y\SRWMLBRXYRGVWUDQ &K LKRXQLI IEEXNDERAM \
Y\XatYDQ éPN\\8 B R~ p HEDUkldhdeReViscerace, exenterace a orbitectomie.
9aHFKQ\ WWDRFHRMVRX QHYUDWQOQpERHGK WVBYRWMHU XiVDK GF
ALYRWD SDHAHLMWBRMBEX QL P DA MIRWONGQt P R QDA
QDSOXWQEUIRILMWQt UpreiidoyeL@QH Y L GoRopFotpacienta S tOLA EROHV W
[4, 5].

1.3 +LVWRULH HVVEBWLKF S 8RKVR]

Historie RpQtFK SURWp] Pi S HNY PMWHFEBRPVWDHINR Y& N p KR
u boha slunce Hya, b KHPYiON\ PR)QAQtP D +RUQ tPkdémSaH3I®00
S HG QD&atP OHWRERBS KD W M RYiu @hb\bratr Seth SDWURQ ER@E tKR
vytrhl O Hako a roztrhal ho na kusy. To pak bylo znovu V O R albbReRr moudrosti
amagie Thontem NWHUé VHSWDQtFVRDPQtP SHIGMWdbY sdddiPstalo
symbolem ochranya MHGQEPHMGSOHALW Midadc K VIPEROS$

3UYQt DUFKHRORJLFNELRQI®HISRWERIDMRQ S REIGREY PH]L
2900- S Q&R R SURWP]X YAURHEHGRIQNEP SRYOmNHP ]C
povichu NWHUiIi VWWRMDOR SiVND SDHOMXRNHR]\ SULPLWLYQtFK
SURWPFKEREMSIWpKROMWKRGH E\O\ Y\UiBRDORYDQpKR M
S LSHYQ QpIRNTFIMER N$AL D E\O\ WDNp QRAEAHDQi¥VQ HRHXQIIER (
dvou WL VtEdr@edoutiovaly ai G @pznamy D GSNORp@QtSURM K] D MHMLFK
YéEYRML

V16. VWROHWt SRSVDO $PEURVLH 3DUp RpMit]BKRWWPX S
NRYRYp W\pL NWHUi ML SR QDVDHH®YS UQDQ K OPRM HE W BHEQ
VSRMRBIQYQYt SURWP]RX QRAEAHQRX(\YIR.I1\Z) RPQU K RY GG NX\ ]
]JODWDIEBDUWUHYQéPL HPDLOTeQdtyS RYRW KK MOBZEES®R SViQ
D MH PR&MWPMLAE HYLY WBWIRIWADN QHMVRX &iGQpp GBGANWIR N
potvrzovaly.

Obr.1.1 .UHVED RpPQt7BURWDP]\ Obr.1.2 3URWpP]\ QR&HQpP XYQL
RpQt&RON.X

Na konci 16. VWR@HWpDO\UIEWADOLVWLPW M&t VBENHWNIBKSUR
3URWP]\ P QWHQWDPUVNR XSQLW E\O\ SOQp QOURIGEO RV HAJ
VH |DPDP\®IE W SRHMMAEK QHYEBKRGRX E\OD ) HAVRPKpWWERN K N |
YHOLFH QHSFRRGON Y & UIRIK\REGCAEHMpRUXKX YEUREES S L \

OB6FSIVUT Y %U 11
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0 monopolizaci. Existuje i ]Ji]QD® ]JDYUDAG Qt GYRXNWEWREWVH SRNRKX
QDOINDW FtVD G/HRSRLF® D

VQIVOHGXMtFtFK GYRX VWROH Y @i&RKHGEYtEEREQ UR S
D JE\WNX WMtWWWY éP S HGYQRWNa/DIHdRIKEI kovov é F IS U R, W pljlo se
WDN VWDOR MHGLQéP PDWHULIOHP SUR MHMLFK YéUREX

2 URJat HQt WE PRIEFEWNWH ] D V GFredidach @hilipp Ritterich (1787 +
1866), GRNWRtIma XJSVNp 8QLWAMHU®W VL SSYRGQ SURWpP]\ QH
z 3D ta®tganizoval KRGLQ\ NGH VH Q PHpWt VNOIiI L PRKI®IL XpL\
WRPX Xa QHPXVHO\ EEW SURW p]se@Bhta 1@ WD |POF DHRBMIR Y
V SRORYLQ Wt WWRADMNUXP Y éQ RE\FKNSIHRWp] SNHREXKBNXID R G|
kde VNOXGZLJI-Ud vyvinu SURWNX\ROVWNRBDPp NWHUiI EN\OD RGRC
YAHFKQ\ S HGN®R{ Qp QWKUMHGAND VH YEURED VNOpdQ QéFl
3UYQt VY WRUYR]BIDFHR WHKGHMAat yHV NR V.O/RWRQS/WRWJH 'S X
] D p Dp@dukovat v Jablonci QDG 1LVRX NGH ViddeX\UIiE Mt GR

Vroce 1930 EA\O S HGVWDYHQ Q&R &\PHDWHK\OLE PWNMAD NU\NOI\
aMHKR JGUDYRWQ QH]INPpE®QDYHW\HERBXEDYDIW. GHQWIiOQtFK
SRWp R ]DpiWNX 'UXKp VY WRYp YiGRYi@bEnglRa PRA Q p
PDWHULIO QD YEBUREX SURWp]IDphpPEBERWJp PISBRWEIDFRYD
YKRGQp Qi¥esGBIQRX GREX WDN E\O\ Y\UREHQ\ SthNikyt DNU\
Zz . UIORYVNpPKR QiPRJRWFMPY BDD GRQHP]XE@ PtHRFOIBEFRUD@WHP
emigrovaldo USA.V RERX JHPtFK E\O\ |DORAHQ\ LQVWLWXFH QD Y
YHWHUYUDFHMtFitOMH ]

300%$ SDN SRVWXSQ VADRUMODNEBRKQDYQWUWR YERRIEX Rp
QiKUIG WR JHMP pQDodblnbisti. \BR\WW XS YEURE&HXN SURWR])Y WD
SRSUYp XPRAQERPRAUREXOLWNX SDFLHQIVRYP MIHPENWK R tG $IC
tvar SURWpP]\ XSUDYLW SRGPH MHKR SRW HE

6NOHQ Qp HVWHWLFNp RpQt SURWp]\

Produkce HVWHWLENEFK VNOHQ Q&éF KQ SUNRVEH PV B NJID\[OD & B
QiKUDG SRYWNBAHW D GQHV VH Q\NWEHMEFMHRE®DVWHFK
S5R]OLAXBHRWpP]\ Y\DPEBRBELHQWRYL QD smtO XGRNSMHRUWp AH
Y\UIE NpULSER RpQt R®E MRIFQLKM GHARNpP D GDO&t NRPHUD
jakoje QD $ejich LQVWDODFH GR BRFK D ILIJXUtQ

ODWHULIO QD YEUREX VNOHQ QéFK HVWHWLFNéFK SUR

ODWHBIUR YEWRERKWR SURWpP] PXVt EEW VDPR] HMP ]G
ZG$SYRGX GORXKRGREpPKR NRNaWEN WR@RMHA VW R MPLEVWKRRXX MW O N p
NODGHQ\ SRADGDYN\ Q DnogeRiwi)\\zjravdidienBsK a KtRjnou tepelnou
URJWDAGROYWVKRIGRHGXW tF vANS{:SL Q

¥% 6SHFLIiGXRRYp VNOR Qty RBERE)XREVDKX W 3MKOFK NRY

je kadmium a olovo.
Y2 % DUHWQOPLOMND WéP SUBPQDHY\W MURoWkDa aLONRWWHUI
Y]iMHPQéP PtVHQtP Y\WYi t SRADGRYDQRX ED

¥» yLUE NUQDWDRKRYNX NWHUEN MBERKASWNR GRVDAHQ!
S LUR]JHQp KORXEN\ SRKOHGX

'DO&tP SRXatYDQéP P D WKkiyoliLtROgkP. M|[H WDNp
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1.42Postup YEURE\ VNOHQ QéFK HVWHWLFNéFK SURWp]

KYEUREHUNDEFKFRpSURWBEBRXHYDMtpVROAWWRMH MDN
XSUDYHQé VNORIRXNBbYNEWNDKDBEEW-GIH KODMEONLKRB SUH
D QIiURPQRX SiUYR & DaBbaNbeit, ]U X p Q RYWL W RtdleRtaa X HMP p QD
OpWD .SUDJ[H

Proces YEUREQNtIIV\EUNMQHKRGQpKR WYDUX SURWDpP]\ NG\ VL
US]Q WYDURYDQMH S/DRBWpINWHURX PiGISWUSRYHRALLN3R JYR
Y\KRYXMtFtKR WYDUX VHSYW$RYWHG I XpBSBWIEIFP tW N HNa
Y\EUDQp Y]RURprpteSKURIPIHd G Qp PtVWR S U BuUhoWKyY val/ afyt
SR QDVD]HQt SRORKD RGSRYtGDOD FR QHMYtFH V\PHWULL

.DKDQHP VH QDK HMH S LE® pbawnR/S i OFRRb[EBeZRPIKW kU L i
na RpQt NRjEQ@ht MHebriQ RGWDZAKNM VH Y\IRXNQH NRXOH R
pacientova oka, na kterou se po odstrDQ Qt YPQWN XE MHNG @ p YiatallRQ\
]JINODGQt EDVYWY PbKaukNseNhak Q D W Devikpbarevn p W\pY QNSUSP UX
mm, KHUBRVWXSQ XWYi .Bstva@XevRyYEN\XP OD RGSRYtGDW ]JGU
oku pacienWD FRa VL SURMWRIQW NMROFROERS ISRRDBWRJUDILFN
dokumentace.

NejW 84t MH QDSRGRERY |6 OP®EBMEE&F K Qi]H VH SDN Y\WY|
pbHUIR@po KQ GRoWp FR MH GRVDAHQR duhvRyY OMDIWD EDVM\]RUQ
ZpHUQpKRaVS HV GXKRYNX VHS|RGQLFELM& PDWHULIO SUI
ZpHUYHQPKR PDQWIWOWIHOR SRYUFKX Y\WMRY & H L\OHN RSYWPOr Lt
VWKOD]JHQt SRHED¥FKXH |DGCG@t PURWpGED WKIODGLW GR S HGHI
JUDILWRYpKR NHOtPNX

VWUREHQiI SURWpP]D VH QHGI QLMDN XSUDYRYDW D RSU
Q NROLND SRNXV$ QHA& VH GRVIiKQHMXWKRRN BrMpa¢ipfaR YéV O
SRKRGOMP YEURE\ VHXPIAKMQRWOLYEGBREMEEHRE DGt RSHUDF:
DOH YEVyOUHRA MY RX VUREZQDBWVEHOQPp

Obr.1.3 8NiJND VNOHQ Qp SURWp]\

OB6FSIVUT Y %U 13
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ALYRWQRVW VNOHQ QBERWWWHWLFNEFK

6NOHQ Qp HVWHWIH iGDRURWDRW SR G PEoKd X QHa
MH QXWORELW QRYRX +ODYQWYRPGOXREUHRWHPUYRMH JQHKR!
SRYUFKX QDWNKEENRW W HGt SDQOXMtFt X PEyichVS R EOHIR G $ON
]JGUV XMW RDWp]DWNKMIHSRKRGOQRX 7\WR QiKUDGYQ MER >Q DV I
SRANUIDQWR MHGQDN SalLWDINPL SSOOCDHFEKR FL ]t Mako jdovd R
zrnka prachu a MLQMpPLVWRW\ YQLNQROXNNWRGY YOLNB i mSHRE@NR]HQ
SRANRGLW R pojiBybatiadtaDZS$SVREXMt G WNBEH Qpk YYEGH Q p
produkcislz D MH YKRGQp SUHR2VHPBPK Y\P QLW

9éKRG\ D QHY&KORE) GI&/FAKHW LFWR W |

+ODYQt Y&KRG REFK RISQUIFEW p] MH pawrahéd ONHAGEEARuje
OHSAtFKQWAR IDMNU\OiWRY SRWFiKIUD GUIK]IOQéE& Y ]1IOOWRS] GtO
RG DNU\OiIWRYXFRX.LBK RWK]UR]t D O iDt$ddstplivircilHeDMeR & Q3H
X DNU\OIWRKBPI Odit YéeK&Gjsou VWIiORVWa EKDBRXENRYéE GRM
duhovky.

SBRGVWDWQRX QHYEKRGRX MHWHPMPPRBMHQHRRRQRVW S
VS tSD@H GRMSUDWNQXWt SURWpP]\ EWMHHPQQ REH KK UR]t SR
E KHP QDVQIRIY\QGiYi®WRWPRJwch SURWp] MH SRVWXSQ QI
FKHPLFNéP ODYHRSDGQéEP SRANUIEIQtP NWHUPXEHY@HGI
GRMHPSPL SRKOEHBXND LIRUQNWPIW@MHGVD]HQIi S HG GXKR)
VQHSRVOBGQ®H]L QHYE&KR\GR SMHWVHIp SURWP]\ QHQt PRA&Q
Y\UREHQt QLMD NWCSAEDIYRY YW XOGt YtFH QEBa4BNU\OIWRY

$SNU\OIWRYp HVWSHWRVEN]D RpQt

Jak ML& E\OR ]Ra@ito@R.3YDNU\OiIWRYp RpQt SURWpP]\ VH ]I
VSUSE KX GUXKp VY WRYp YiON\ D U\FKOH GtN\ VY&P S H(
SURWDpP]\ OMDHIMQX VNOHQ Q&8FK MH PRAQRVW YBURE\ QD F
KURPDGQi YéUR EBKVSIORWER]Y

15 ODWHULIO QD YEUREX DNU\OIWRYéFK HVWHWLFNEéEFK S|

3UR YEUREX DNU\OIWRYE&FK RpQtFK SURWpP] VH SRXAt
OpND VNp NYDOLWWVRNWKUPGRIOQRVW Y$pL SHBYRIPHG$ GNIR \
PomaOEX GXKRYN\ VIHRORMERY pPiyEoRRX\WUYDQOLYRVWt MHM
SDOHWD EDUHY MH pHUQi EtOi KQ Gi PRGUiIi RNURYi D R
MHPQp 4W WFH |H MRERWY R/ BIWLALONRYiQt VH SRXA&tYDM
ZpHUYEQYOQ\ NWHUQ VQDQHSXHEBD SRYUFK EXGRXFt SURW|

3RW HED MH WDNp IRUPRYDFt SODVWLENi KPRWD QD °
SUR YEUREX RWLVNX7RpQtKR G$ONX
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152 3RVWXS YEURE\ DNU\KDWMWLRMEFK BYRWp]

96URED DNU\OiIWRY&FK HVWHWLFNé&FK SURWp] VH Gi
JtVNiQt WYDUX SUR YEUREX IRUP\ QD RGOpYiQt 300$% -HGQ
X VNOHQ Q&FK QiKUDG Y\XA&tW VDG X I5dispoaigy]a AibhHsUp Pi S
pacLHQW Y\EHUH YKRGQ& WYDQDSRKRD WIHHYWRIWWH t VW
QHYLGRXFt RNR D UR]KRG QIR VA HMWR\FINE FXU B SYWRXG $

Nebo VH Gi Y\X&tW PKMRGDA BH Y\WNRYEQ@WRVN RpQtKR
MHMORX&t MDNR ]iNOD/GQS® UFURWE YD VR WRDPRWREBB MH R/
SDFLHQW\ X NWHU&FK ML& SURE KO FKLUXUJLFNé& ]JiNURN

&HO& SURFHV MH PR&Qp SURYpVW EYPRRIMHE®QR®R WH
QHER P$&H E&W UR]JOR&HQ GR Q NR&HkNQtQD VHEH QDYD]X])

3UYQtP NURNHP MH YBURED RWLVNX RpPpQtKR G$ONX
SURFHVX D XVD]HQ GR SRKRGIDYIN SRRMEKYDRE QD YEURE
SRGREi WYDU® GH P® KHEQt piVWL RWYRU SUR YWOBHHQt W
VL S tSUDPBN MDONU] RWYRU MH SRPRFt SLVWROH YWODpH
D Y\QGiQtP RWLVNX PXVt kD EBDHQMWQ ¥ PGS RKPHGHP D RWH
RpQtPL YtpN\

1iVOHGXWREDNED PDOED GXKRYNRYpKR GLVNX 3RW HE
JtVNi SRVXYQérPH SWRIHHQWRYD JGUDYpKR RND D WHQWR
]JPHQEAHQ R PP NY$SOKRIYN\LYHON\URK \WWBURYiGt PDOE
PR&Qp Y\UREHUWPKR ]D VWWGHIDNVHOQpKR 300$ DQHER ]
Y\EUDQéFK UR]PWHFWR1BGLV N I8 HY NKGAN RVNOWSJUR MHG QR (
PDQLSXODFL E KHP PDORYiQt

ODORYiQt GXKRYN\ MH QHMQiU R pWWHL pp WAV W YHEIR Pt W
EDUYRFLW WD OH Qtetika. Pojdd ik PHEEWKWQAt €D U BE\WENVOHGHN F
QHMYtFH RGSRYtGDONRYDYRNSD BLVDPRWQpP X PHORDV@LR N |
SRX&tYi ]Y WARYDFt ODPSD 'R SUYQt YUSWIYN\HQD® ME\FX |
VFKQXWt

V SUSE KX PDORYiQt BXBERRXND@H]NRXAR ¥HIQDM ® FBKIRY N\
NWHUi Pi RGSRYtGDMtFtp SURSKRY N\L RMRWRX PtW WDNp ML&
JRUQLFL SRNXG ML QHREVDKXMt WDN MH G&&RWApPQ S
SRADGRYDQpPKR Y]KOHGX D ]DVFKQXWra B @ufoEkouMFatoU RKR Y
GXKRYNR URKRYNRYi MHGQRIMMDQWH QiVOHGQ Y

3RPRFtNRXWG$ONX MH BSOUREBMIAND KPRW\ GYRXGtOQi IR
SR S tSDGQEéFK ~SUDYiFK QiVOHGWHNRGLCH WS RY RM N P XG0
S HE\WHpPQpKR PDW H U SIiIDRL B QVORAD (G $RN X

3RGOH SRW HE SDFIQHEWRDSMBDEQU IS L GProi G RPADDAH QL
FR QHMSRKRGOQ M&tKR SRFLWX 1D RGOLWNX MH R]QD}
GXKRYNR URK ROWNBKYPEMHEBRYtGDOR VIPHWULL RE@LpHMH
]JGH Y\WYR HQ RWYRU GR NW H p&RFMHQWMH & Q RWEMBK R OGRS
Y\][NRX&t SRNXG XPtVW Qt QHQt Y\KRYXMtFt MH RWYRU X
QHQt GRVDAaHQRKRVSRINRMDQY p

Z YRVNRYpKR RGYIRMKP W H Y\WHOR H ROBEDDR/XGLFNp KPF
VNRYRYpP S tSDDRERLWt DNU\OIMRX PI{RMH]QRIGNGDDLPN EtO& DN
Y\WYU]JHQt SURE KQH S HEURX&H@ NYVGILNG KKB tB® G HW K X|
upUDYHQ RWYRU SUR YOR&HQt GXKRYNR URKRYNRYp MHGQ

1D EtOpPU\OiIWRYpP RGOLWNX MH GREDUYHQR RNROt
MHPQp 4QONYRM VDML YHQp EEMO®\QXW Q pta UIREA\p BWR W p]D
RGSRYtGDOD SDFLHQWRYP% BRYVDAMHRX BRXDGRYDQpPKR Yé
XSUDYHQé& RFO®AW B RXRXXBRMNKRYNRX ]DOLW GR pLUpKR 3¢
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96VOHGQ& WYDU VH GSNODGOH S HOMEY t DPRR G ¥ WRDIQ
QHEREBWHpPQE PDWHULIO JH ]DOLWt 3DFLHQWHKR SBRWHEX
PR&Qp WYDU GDOA&tP EURXAHQtP D @RMBURWNIUDYRW Da
SR P VtFL QR&HQt SURWDH W LtIS CSGURABER G Q R X

1D YEUREX HVWHWLFNEFK RpQtFK SURWp] MH PR&Qp ]I

SURFHV YEUREDXWOER®MMQiINODG) QD ]D YOIBSB@XEE WRID\Q R
up HPDORYDQE&EFKNGRBRG MH RPH]JHQi D LQGLYLGXiOQt
GRVIRRW Y\44t S LURJHBRRVWL SURWDp]\

Obr.1.4 8Ni]NDNU\OiWRYp SURWp]\

15 4AaLYRWQRVW DNVVOHWRFEEKKHSURWDp]

ALYRWQRVW DNU\OIWRYéFKURJRW]d] @BRW RIKOEXW HF R & |
]1QDpQp PtU\ RYOLYQ QR UR\GW YHRBIPLIEQEBBONX SDFLHQWD :
Q NWH t XaLYDWHOp VFKRSQL QRVLW SURWp]\ db&#apOH GR
S HVWDWBRXRKRYDW 3URWR E\ P OD X SURWptkonvob tvaiaF K W t
WYUGRVWL D GUVQRVWL ]S5Y QHIGRBIKS|ORY iQt MHGQRWOLY
v oblasti duhovky.

'SOHALWEP IDKWHRGIHWND aLYRWQ FE\DWMIG HWS REVBW XY QB X
NWHUp YHGH NH P QiP E D hedywmetri Rzhédenv Wet]GUDYpP X RNX
SDFLHQWD 9 afakioky E\ W HWHRoGKrolovat protetikemv UR]JP H]t P,VtF$
DE\ VH S HGHAOR PR&4QéP NRPSOLNDFtP

ALYRWQRVW SURWQpP]\ RMGOW B ALpWP K 3-QUWSHRXQR [iNODGF
RVREQt K\ JLHQD MDNRFIMVRX KPOMBXWODFL FRa VQLaXMF
infekce do RpQtKR G$ONX 'RSRUXpXMH VH SURWpP]X DOHVSF
D GSNODGQ ML RPéW 9K RIgaGtp kdéH R B N pp B YW pYp&RdziQ L
s SURWP]RX XPtVWLW P NNRX SEEGARRBRNEQtSYWE UREXUIQt

15 9éKRG\ D QHYéKRG\ DNU\OiIWRYéFK HVWHWLFNéFK SUR

=QDPQRX YEKRGRY® MRS QRWLSVRW pQPVWHSPHRAHAW Qt SF
SURWD]\jechoWMPPQ NV HUB\X &QHY\KRYXMtFt SUR QRAHQt 7RX
RGROQRVW SURWL SRANR]HQt S L SiGHFK D QiUD]JHFK
1IHY&KRGRX MH SDN YXEBNRCGXWSSEREHQt VO X @idp QtKR
MH YKRGQp ]/OMWp QIR Y HWQY BUWOR EOHG QX WAitPPUHY ]SRP
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16 6NODGRYWHWLFNp RpQt SURWp]\

BNODGRYp SURWDpP]\ PRKRX E&W MDNa\sh® HQURPD GD N
SURGXNRRIMHIMQp HENN®DUS$ YHOLNRMNO IDY E DU ISMjDY p RN R
YEURBIH UDFRPi QiINODGQi QHA X SURWp] YTRREHRG@SR YOG |
L YEVOHGQé HVWHWLFNE@ Y pHeddsabuD WPOQ R Y@ R K W Y EXQENE \M D N

Y\WYR HQp LQGLYLGXpadgntSUR NDAaGpK
Vzhledem k aLURNpP X Yrinld aleX]W GRVIKRRISRNRMYENIOHGN X

a WR L SRRAPRHAH Q@pvytvaru, DE\ VH YtFH SylphSiétbRiE I90OW 4L QR X

VORX&t MDNR GRp DM@ YQUKREHGID SURWpP]D QD PtUo 3RXA&t
ope UDFtBNR YE]WXK\SREORXAVEUIY @p RR LUHSQ/WREL WNiQ
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2 CHARAKTERISTIKA TECH NOLOGIE

K Y\WWYR HQt SURWRW\SX E\OR SRW HED Y\XaRN), WHFKC
MHMta SRGVWDWRX MH tRGIDWWRYD B p VOHDWL B0DQ NIRWR ED QW Q
WORXQDFHJR]GtO RG k&yEs® iIEDOMHULIO RGHEtUIi PHWRGD VXE
QDEt]t UIFKORX FHVWX BI®NSCGRWMDDRXNDBYYVW GR SRGRE\
VRXpi\DWINUDFXMH HWDS\ Xé 9BWIOHSORGXRIXA LWt PRGHOX |
VP URGDWQéP IDNWRUHP St 3D&BKUOl)Y KRGQp P

Vzhledemk SRADGDYNS$P N OtBcBrdlqgée RPGBR YEUREX SURWRW!
S UR WijpRa je schopnost vy WY Patewhou duhovku s ALONRYaQUSKOHGQRX
vrstvou na povrchu modelu, je technologie PolyJet v VRXpDV MRNGARRX PRAQF
volbou. 3R X aLWRWKN iWI[ESX UL P HQ Whyla(trapaisyMT50, proto se popis
technologie PolyJdet YtFH ]DP XMH QD SOQRE DKIlK Yut@ gedhholddii i U Q\ L
Y\XatYi YtFH WLVNIiUHQ RG WRKRWR YéEUREFH

([LVWridWat HO Qp W H FjdkQ e @RIt Jet Fusionod VSROHPQRVWL
QD SULQFLSX WHUP ROROQMXBRA XMH $KOHG Q pKMW HPEDAVM K L i
tisku prototypu nezbytn é

2.1 Technologie PolyJet ™

PolyJet je zkratka pro Polymer Jetting. Tuto WHFKQRORJLL Y\YLQXOD
Objet Geometries kolem roku 1998 a vroce 2000 XYHGOD QD WUK SawQt WLV
WHFKQR® RKU2011 je VRXpiV®BROHSF&RasW ttd. giganta na poli 3D
tisku.

THQWR GUXK DGLWLNAZI XWNHHF KRERORRENRXM WWRIY\WWN i U Q\
2E\pHNMQP NYUWRYi t REDUDRHQtP LOQNRXVWX @GR SOSDSHW WDWNPU
QDQiaHMt NRPWREBNRO\PHU$ QNWACHIAAWYWRIXI Q\ &8. VY WO

7TLVNRYIi K ®DNEN 8 Rdim trysek se pohybuje v RViPKa Y a nani at
vrstvu fotopolymer$ NWHUi MH RNDPAaLW Y\W3RUNDGD B8P V\DWYS R K Q
QRVQi GHVND &GRYXQMEEANX MHGQpPp YUVWY\ D SURFHV VH
SPRGHORYéPICPHDRVNMUILQDQIS8RGS¥DRE PDWHULIO NWHUEé Vi

WLVNQXW p KRG R BN X

Tiskova hlava Tiskova hlava
modelového materialu podpUrného materialu

= UV lampa

Material podpor Material modelu

Nosna deska

Obr. 2.1 6 F K p APDlyJet technologie +podle [11].
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Technologie PolyJetvyn LN$ HVQRNWID MWLWRXI SRWIUFK@XWEFK RE
GtN\ YHOLFH aQgHN®RDWXQREAHQEéEFK YUVWHY 'DOat S HGQRV
WLVNQXWHOQéFK PDWHULIO$ D RPR¥GRR @R KDNM HW\& RKRPD Q\DL
PQRAVWYt RGSDGX ] SRGI®WMUIQ[pKR PDWHULIOX

22TiIVNiIiWQ\XatYDMtFt 3BRO\-HW WHFKQRORJLL

VVRXpDVQp GRE Pi StBROHIQREVMEFWLERIV\XAt¥DMtFt
technologii PolyJet. 7LVNiIiUQ\ PDMSHBIQLFNi ]1DPje QISMDNREDUHY Q¢
tisknebo GHQWiOQt QiKUDG\

1HMS RN URgnblaHHWaQ é F K W M\HN @Rtrdtesys J750 NWHUIitddH pWY
JHQHUDFt WtbMdtethHdbgii a byla uvedena na trh vroce 2016. 1D ]DpiWN X
roku 2018 S LE\MHIMHQAEAHQIi Y H UbkhMs 8MUD JiURYH SURE KO XSJ
VWDUAatKR PRGHIOXt JDPXW BDUYIFK JBTOHQRQD RGVWtQ$
5R]GRPB]L W PLWR W LeANIiKdsh préstorivigtio tsk.

Stratasys J750 QDEt]t S YUY BORX200 mm a J735 350 x 350 x 200 mm.

Cena Stratasys J750 MH Q\Qt S8I0EX®MOG P[350 000 $] a cena Stratasys J735
je to 6 900 . p[300 000 $] [12].

UW FKWR NeéeWPHR@QpP YH VORWH F Kn&BelR XPPDRWWIULWiIiORWR SR O
SUR Y\WYR HIKRRDPRIGHOX &0<+CyAri X SR Y S XAMRgénta aOXWi
tYellowa pHUQKey D GR GYRX JEEYDMtFtFK PtVWVEID® aDFW UL
VORWHFK PRKRX EéW XPtVW Q\ DNWXiOQ QHSoRa&dUYDQp F
podpor.

Obr. 2.2 7LV NiSu@tBsys J750 [13].

TLVNiUQ\ PMADyNst\ W [L3]N X

¥ High Quality -vrstvald —R D& GUXBB\VN\ LF
¥ High Mix -vrstva27 — D DaGUXEB8®\VN\ LF
¥ High Speed -vrstva27 — R Dadruhy SU\VN\ LF

3 LE aQpP SOQREDUHYQpP WMMHNRPK QROMRUIVNBRIOFKHW P
PDWHULIiO\ QDVWDYHQ\ SRX]JH MHGQRWQ SUR FHOp W
navn MatP SRYUFKX O9tFHEDUMHNYQ@ePYEWWLRWNULMO\ MyyfREMHP
WYR HQ\WJROLND PRGHO$ VORAHQEéFK GR VHVWDY\

Stratasys Ltd. alev URFH 8 GRD/OEFK SOQREDUHYQéFK WLV
pro YR[HOWRIY¥N NWHUp ]S tVWXS XMH.LPRXQRVWURRQW YROQHN O
vVSRptWDpRKIH RUQ@DIp X M HjgmMSLFLYREHOQpPp W tGLPHQ]JLRQIO
tak o analogike GYRXUR]P UQpPX SL[HOX
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7THQWR ]S$VRE WLVNX XPRa XMH NRGWBRODXABGHOWEHG LN
bodv FHOpP REMKNM@XWpIORIVD 'tN\ WRPXWR URJat HQt VH RW
prokRPELQRYiQt PDWHULIO$ D Y\WYi HQ¥. NRPSOH[QtFK VWU

2. ODWHULIO\ SUR WHFK®RORJLL 3RO\-HW

PolyJet WHFKQRORJLH MH XQLNiWQt XSWPWOWHERKCALURNR
YODVWOQRVMWNpPH]L RVWDWQtPL DGLWL PREQURWHAKIQIR OR J L
kombinace MHGQRWOLYé&FK PDWHULIO$

MatHULiO\ SRXatYDNQpRdyfette¢hnologit MV R X Y\ UpRyEky Q- |
NWHUp VH VANROQ B8 B MligoDHUS®DWHULI GG RMBYVRXQPSHPHW QEéFK
NDJHWiFK RGROQéFK SURWL 8MHMIQRK DEHRRGAREGRQL .D]t
iGQ VNODWR X MLA SRXALWEFK QiSOQt MH QXWQp VH Y\Y
vedlok ]YEAHQt YLVNR]LW\ PNX KX®/Q@ p P X

-HMLFK ]JiNODGQt UR]G OHQt SRGOH SRXaLWt MH QD S
PDWHULIO\\ PRKRYQPIitWREQtFtFK Da NDJHW PRGHORYp
D D& ND|$IR\GSWUQEP PDWHULIOHP G@R\WEROWQV MIH G QpJS

GHORYp SRGS$UQp PDWHUBRXO\SHMR WHVNKQR®RVY Lt MVR
aby be]SHPQ XGWHRRBOWp JHRMBKLW ELKNP ' WLVNX]H. MAGé
druh$ SRGS$SUQpPKR PDWHULROX IM3p XAV ISH QN BVUERTUWK) JBHHMP p Q
odstraniteih RVWRGQt WU\VNRX DQHER URIGXaW QtP YH YRG

ORGHORYé&FK PDWHU LB adilpiRad®iVDEGEUSHFLILFNp ]DP
N NWHUp MVRX XUpHQp SUPR \&DXU HVDQreU AHIQ/AN WRNQy DE\ R
vlastnost HP ML QEOAKV L SIOORAKWHO DVWRPRH PSHGLFtQVNpP SRXALWt V
bLRNRPSDMO\WHOQQtOADSIpHKlasti GHQWIOQtFK QiKUDG

3 tN O DodéloR é F i D W HE[18,i17]:

¥ Vero Family- SHY@PUHYQp P,PVMRHIQ QR E MLHWQP Q\

¥% VeroClear- WUDQVS POMWRHWIQMOIOQ S LSRPtQ@DMIFW pLUE

¥ Durus Family- PDWHULIO SRGREQé& SRO\SURS\OHQX

¥ Tango skupina [Tango Family] - IXPRM®WHULIiO\

¥ Digital materials +tNRPELQDFH 8§ SYQR&AEK PDIWSH U L

¥, Agilus30 tRGROQé DgBRIKVMEEWHULIO

¥, Digital ABS +tPDWH@DRY aHQEy RGERYtGDO VWDQGDUGQH

¥ Digital ABS Plus tobdoba Digital ABSs Y\@&RGROQRVWt S L QiUD]

¥ DeQWIODBLRNRPSDWALEWEBQALI YEREXRGHQWIOQtFK Qi
s PR aQ Rahtktu s N $ 4o dobu 24 hodin.
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3 E;3(5,0(17E/1E yEG67

ExperimentiOQt piVW WpWR |BEEBdtupem YEUREBVWHWLFNp Rf
SURWDGLWLYQtJWHFKHGRORSVRFHNI Yt PRGHOX D MHKR
SRW HE Qigk.S/Medem ke WYDURYp VORALWRVWL RpPQtFK SURMW
PRGHO$ VWDQGDUGQtP SRVWXSH Byly SguofibN W\LXFRNL\W \Q HPRHRAARD G
UHYHU]QtKR LQAaHQEéUVWYt

3taND > SBRSLVXMH UHAEHQ&LY W YEHWHDWWR LQAHQeEU
VH Y\]QDpXMH RSDpQéP VOHGHP pLQQRVWt Y$pL SRODVLFN
V NODVLFNpP SURFHVX Y\WYi t NRQVWUXNWpPU QD ]JiNODG
PRGHOX VRXpi&/WH WWMi S HGORKRX]LSFND WaRIEparynv R
LQaHQEéUVWYt VWRMt QD SRpiWNX I\]JLFNé REMHNW NWHU
PRGHORYéFRLPD®W P¥aH NRQVWUXNWpU GOH SRW HE\ GiOH
QD J]SUDFRYiQt GDW

Reverzni inzenyrstvi

Redlna L >> 3D digitalizace [} >> Pocitagovy model
soucCastka e |

Klasicka vyroba

— CNC [—'\> Realna
pa— | vyroba — | soucastka

Potitadovy model [

Obr.3.1 3URFHV UHY H W) WK Rodeds.H

ORGHO DNU\OiIWRYp SURW@p]\P FAL & GER RRMUIVINOQ VNp SUIF
D E\O SRXAaLW SURRSUYWDD YSRINXYM\GNRPRBHO®XH Qt VDG\ GRVYV
PRGHOSURY HQt RSDNRYDWH®QRYWIPRGEDXNEHOQRYNPD W
VNOHQ Qi SBRWPHY VNHQRYiQt ~SRDYRYHEPWWM KU RSWI
D Y\WWYiGDQ¥ SUR YR[HORYé&é WQIMWND HVERXp8dRD B iLQV RRopis K
VNHQRYIQt\ SWRNWpIGRGiYi XFIHKOMHG NM@®Du prbhlématiku. Postup
SUR |]SUDFRYiQt DPINRWQRIWRYJWRWRAaQEé

31 6NHQRWGROHQSQRWDp]\

K]JtVNiQt PRGHOX VNOHQ BERIERWPNNHQHU $728M,&RPSD
N W H Wéjelna@rincipuy SURMHNF HY SWGRWWKSQ@HWNE MHKR S tVOXa
QDEt]t NRQILIJXUDFLPWFtFKROREBERIRS NDaGé UR]JVDK MH V¢
konfigurace VQtPDFtFK al@dpekibaiu. O iFrozsah SDN XGRYiFt REMHP
ve NWHUpP MH PRaQp REMHNW VNHQRYDW

Skener pracuje se softwarem GOM Inspect NW@WJENOD GRItGRVW XS QEé
EH]S O DNW QU W.ODérto@togram PLPR WIORX at GURHNFL PUDNX ERGS$
D ]SUDFRYiQt VtW XPRa XMIR}PWMOMRRXY RXRDPOEYOPRWQpKF
VNHQRYIiQ3UDY QDVQtPDQEéEWHK PR&QD JmddéD Q B Sporovnat
s CAD modelem [18].
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Vzhledemk YHOLNRVWL SURWMNREG\ANOIX U\DFEFGIHRWR QHMPHQ 3
objem, které Mpblus GDOAatPL ~GDMtab.2MHGNMHHOQ MU E\OR QXWQp V
v SRADGRYDQp N&xkalihrdavat)RLNDOLEUDFH JDEUDOD [$9LEOLACQ

Tab.3.1 =iNODGQt LQIRUPDFH N BtPXaUWPPDXK R, YHHQHU X

0 iFt REMHP 125 x 90 x 90 mm
9]GIOHQRNMNWKR ERGX 0,075 mm
'RSRUXpHQp UHIHUHQpQt ER|* PP

0 iFtY]GIOHQRVW 570 mm
OKHO NDPHU\ y
2KQLVNRYi Y]JGIOHQRVW REM 35mm
2KQLVNRYi Y]JGIOHQRVW REM 23 mm

3 HG |DHIRNMNHQREYOD: SaJpWwip SRPRFt KRMIH Qp QtKR
UIPHPNXD WXSp NRQFH KURWS$ E\OD XPtVW QD PRGHORYD
SRANR]JHQt SMXWWFHUMP HPpMK QXWQp GRVWDWaby QH GOIRM D\RWNL MV
]P Q UH O Dpsehy QS pife UHQpPp @FRPG $EP KHP WO D@6 ERG\ VOR XAt
k SURYi]liQt MHGQRWOLYéFK VQtPN$ D5VOHRUWHQP ORHERE&R M
vWRPWR S tSDG XPtVW Q\NYHURI PGHHSIXQ DYhddy v RNROt
VNHQRYDQ p K Bo&ybiy D MEP t V WMn&dpeny) L QD VD P RWRRBXKEURW\
ERG\ P O\ SU$SP JFRAMRRKSRYtGi ]YRITHRYp RHR PVINK XW R 2B
UHIHUHQpPQt ERG\ QHMVRXR® HRPIRYPQRLESURWpPIHROHV@ NWFE
W HED QD QDVNHREFH®DQ R GhWddp ®]DYtUDW

ProtRaH VNHQHU QHPWAaBO HVNNOpPMFRWURED ~SUDYD VNHQ
ploch 1HMOPpPSH V Hovwthyt ER®Ervy, a proto se SRXatYi VSHFLiOQt N 1
VSUHM 7tP E\OD QDQHVHQD QD XSQXWR]PP DS N M KRU V
povrchu. Tento povlak must PtW GRVWDWHPRPQRXEWERXRA VQtPiQt ~V
avPRGHOX WDN QHY]QLNO\ PHJHU\ 7DWR YUVDRADQH\GIR@B RP
NH INUHVOHQt VQtPDQpKR REMHNWX . tGRYé SRYODN MH
avsS tSDG QXWQRVWKXWHSSRGBYGKIPMHQDYGC D& H RSDNXM
GRNXG QHQt I[PDWQ Qt SRIYWFKX GRVWDpXMtFt

3R QDQHSRYQYWDWHPpEH\OY DHEFGRN tGRYé SRYODN QD |
a KURWHFK SRWXIEGQE\ QM RGO RAWWUNQRQEVY YQFH QGFKNHQR
SORFK BWHOR QD NRQFL VNHQRY B6QRX\YDHEDWDEROW 8§\ QA\W
UHIHUHQpQOD ERG\ Y\XALWEP S tVOXaHQWRWDD QINWWYHO X QD C
E\OD SURWpP|DIiRISRNOKPVG R S @@Is@@PX RtVW QD

na T

2EU BNHQRN B G ORWp]\  Obr.3.3 8SQXSMRWpJAP Hp N X
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'LIJLWDOL]DFH E\OD SURYHGHQD GRBVWDWW IR e Q3 RPPRNG
6QtPNRYIQt SURBIKBER SRORKIFK VNHQRYDFt KODY) Y$pL
abyv NDAGpPPM®tRE NDRhReW\zazhamenaly SRADGRYDQi PtVWD SR
SURWPEFJRKR E\OR GRVDAHQR $FRVWXBQRX GRWHSRW HEQE
aQDNOIQ QtP UIBRpNVXYDNYDPL SROGEH GRAIRMNHQRYiQt YaH
GRVWXSQEéRKRNDRARBKHNMH QX QiVOX\GRY DRt G R yQRL KN RSYRO MK\
E\OR PRRAOPW MOGIEHQYDVNHQRYDQp SORFK\

6\VWpP SUS$E aQ BGHDMWMHNDPQQRY®SP RGVNHQHFK
a XNOiGi VL MH GBRSUDSUM.Qp XNPt\BW.OYRP SRDDPBRMQRYDFt
hlavy zaznamenaly poNXG PRAQMRLQLPI® QUHIHUHQpPQt ERG\ NWHUj
XORAHQWWpPpPRGOH SRW HE\ BwOYD QDDINQWESBIRPWD QpKR VY \

SRpHW VNHQRYDFtFK VQtP N®BY QHQIMRMHLFAKQ SRpHW MH
podle veiNRVWL VQtPDQ p KR aPEMIHN WD OPRGHONKR Dp FIHOODVR Y p
QiYW RVIMWNDAaGEP VNHQRYDFtP NURNHP VH Gi (8&x&FRYDW
QHSRW, MEQAWIDW YAHFKQ\ VQtPN\ MVRX XNOiGiQ\

6NHQRYIQItPHPNX E\OR XNRQPHQR YHD G&tYiP LQ R\WKG 8 K@F
QHE\OR PRAQPRERWV KR]&t HQtQPDS/INRAHFHRY BRRUFKHP SURWDp]!
YaG\ ]DFK\FHQD L piVW UiPHpNX KURWS$ SUR X®QdeWt D S
po VNHQRYI @O IWtXPH]L KiPRI\MAEXY LG \Wbr(BD!.

X o [ @2 @ w|E

Obr.34 1DVNHQRY D Q&NCRRH&W|R W

Z QDVNHQRY& Q- KRG VW UG RFKQ\ QHAIGRXBRGOR®AK O
v Wp W RGIY] b5t oblastech kde se PRGHORYDFt KPRWD QD NRQFL X
GRWENDODAYUERWR]PRRAKQE MtFt SORFK\WGRRMRBQRWYOW p]\ Y \N
zrimepNX-HMt SRYUFK ESOiOKQ)SWYKERQt E\OD QDQHVHQD Q
N tGRYpKR SUiIaNX

SURWpP]D SDN E\ODX®DVSR QD RAF HJ R W Bbj Q BP QDWRIGINDR Y i ¢
S HGtSR RW]DIGKNa. 6QtPN\ SDN QD ]JiNODG SRGREQRVWL
automaticky spojls S HGFKRNRQRYiQtP EH]L ®RXARWWUHIHUHQpQ
aWtP E\OR VNHQRYiQt XNRQPHQR
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Obr.35 6NHQRYiQt FEWHRWpPHp N X

Na SURWYHHQDFKv]ddlesR GXKRYN\ PHFKDKR]JHEISBRRE
GUREQBRKGRWtS Q XWu. Aoy \BeHternta @efekt odstranil, GRAOR\AD]iQt
RGSRYtGDIROMBRQORNIVOHGQ E\ODUD|X]NOSHR@BRFt QiVWURN
na RSUDY XveGkeéhu. 9\WYR HQi SRO\JURIQRIQQYOMGEQ Y\HESRUWR
ve IRUPIiW XS&é&réobkithography] SUR G previit&HOEé SURFHV it VINHWRY i Q
NDOLEUDFH |]DEUDBRGLBOLAQ

32 *HRPHWULFNp ~SUDY\ PRGHOX

7TYDURYp ~SUDY\ PRGHDra8WUREMEOZWL YRG VSROHpPQRYV

$XWRGHVN ,QF D MH Q®IEMFHRQLIFADIPR Y] Aud¥dk Bds Max O\
G tYH A' 6WXGDRAOUSGWETHRPLFH ~pLQQéEP QiFREROIRYPI Gt L
3DW t RHHMUR]at HQ MaR VGRDWWD UD Q'L P D F6 Dp YALIODOWQDFt QD
KODYYQL WYRUE YL]XIiOQtFK HIHNW$ DQLPDFt SRV&dDY D Y\
GDOat YHRPHAWDBIt SUR DUFKLWHNWRQLENNR W KWIRI SR VpL
VWEUIQ KODYQ GtN\ VQDGRRGH OHFE XY HQ@EP J|H WYWOERC
QiIVWURMS$P SUR PDSRYiQt WH[WXU D PRAQRVWL UHQGHUR

3 HG LPSRUWGR PVFORHW tidlevat, pieRQu jako YEFKR]t M\JHG QR W
v programu nastaveny milimetry. 6 DPRW.@®B R U WRR GO X YH SHR.UWHIW X
SURYHGHQR S tND]JHP LPSRUWi O\REFId & D/\HW@LY HIKQW by SR U W
SRQHFKIQR QD YéFKR]JtFK KRGQRWIiFK

3 tND]Bdtect and Move z OLaW\ QbW Wwdd& MGOREIOQtP VRX DGQ
VIVWpPX SBOVXRIYWWX 1iVOHGRYDONDRK HRRY 8 IRMKSAHN-LCF K R V
Rotate &tOHPtdG abyReosaZ VKRGRYDOD VH VP UHP SRKOMHEG R S $
SURWpP]\ 3R GRVDAHWMIFYKR XPtSWRMHENW XORAHQ

Vzhledem k RPHJHQpPX SRpWX ]S WOQREBUN BRX&AtMBIW SUS$
XNOIGIQIIHY VRXERUX D@PRGHOAYMK (E\ QHP O\ REVDKRYDW
a StVPHQBLMNULWLNRX 7R E\ QiVFXHEX SYL~BVRWE&KXWR
HISRUWRYDQB8WREKBPRO it RBRGBEHPYVE\OD WDNp Y\W¥R HQD
modelu.

(oravy geometrie zadQt piVRRIGHOX Y\FKSRMWXBX UXpQt Yeé
DNU\OIWRYéERBKNVEWVMRWMDNR X S HGFXRMVHaRNBAEIDN UX KR Y i
plocha SUR XP tiéxunyQuhovky. 7tP MH GRVD&IA@RQt HVWHWLFNpKR
ILQIOQtKR SURWRW\SX
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3 LUR]JHQéEP PtVWHP XPtVW Qt SORFK)\, YHR NGWK.RY NX
QDFKi]JHOD QD S$YRGQt WxikeHem IQ@ HBURDMNRL]JBIHOQRVWL SURW
REWPE GRVIKGRXW pXRWDYBORWR E\O Y\WYR HQ®RY QHKF |
SRADGRYDQp SORFK\ISWWURMK BYRXY\WYR HMHGQR 8 XOF KGEFG
REMHNWS$ VH QDFKi]t parlu Brégte \VO/RIGED PO REnNIRK 8UPpHQ't
SRORIB,2E mm SURE ZZFORHQtPK&RXY N\ QD VNOHQ Temo SURR W pJ H
E\O SDN QiVOHGQ SR Y]RUX UXpZ3 mié WRONEAHOHGBGRER R U
YiOByH6 mm. 9iOH FpBR@sunut GR Y\WLSRYDQp REODVWL

'DOat SRP$SFNRXN ENQPBRYi SORFKD rdviRov XR BladQat Pt
k QDOH]JHQt YKRGQp U¥seaAN PosHnexn plochy v WpWR RVH EVOR PEF
NRQWURORYDW YEVOHGQé WYDURENEP M s RN DX FERB HYO .
aY D MHP QR Xmbodelw ®F R Wyld \nalezena Y\KRY X Mt F t WSIRNDRRMKI €2
osaZ YIOFIR QHMYtFH VKRB RHPODRKIDHGX SURWDpP]\

Obr.36 8VWDYHQt PRI@GFBR W SORFKRX

3UR GIPO@t JHRP HWrddeHtrahsrm RYiQRPRFt S Cbhdrixto
Editable Poly. 7tPSURE KXBYRaEGSRO\JR QIO QtV HouNs& HBUO HQ iYH
manipuluje.
S objektem Editable poly VH Gi SUDFBYWMW SQRE5 ~[RORY QtFK
¥ vrcholy [Vertex],
¥ hrany [Edge],
% hranice [Border],
¥ polygony [Polygon],
% FHOé REMHNBMXReNE. EORN

BUYQtP NURNHP E\OR R aQ DH $ Qs \@p&EelModify. 7tP VH

zobrazil seznam PRGLILNIWRU$ >0RNGW HUWHE |RBAVYWD@XMH DNWXiOQ
operace. V Q D E t Gélaédt byl zvolen Element, D WtP E\O\ Y\EUIQ\ YAHFKQ\ ¢
modelu. 3RP RIPtR G LI LNSIWeRAlAne z Q D E t &dit\Geometry byla zobrazena
H]Q@iocha NWHUiIi E\OD ORWROYQOQ WR X D G Q) B NW\R, \alwpigtaX
URYQRE &QRYVQRX ;< 1liVOHGQ BReZ GRWKRXWGQYLF VKRG
s pomocnou plochou. 3 tND]8liBe S L |DANUWQXW p B/RxkbRNWodel6 SO LW
RGG OHQ RG RVWDWQ@OWR BRAONIJR\QP |BI@AadHQ B DOMadRe

Planar.
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1iVOHGRYDO MHMt SRVXQVEBR BR&REZ R %DtQ OF BcBle
E\OD WDWR VNXS]IFHQ SROOJROGBYRH]JBBX NUXKRYLWpPpKR WY
vIWYR HIQdRO a zbytkem modelu.

l1iVOHGRYDOR R]QDpHQt @DQ EReBnédellu K 3 It @ D fBfitge
z QDEt@&Mt\Borders se Y\WYR LO (PRRWVEW K] SROYPRARS SRVBMXSHP
GRVDAMWRKR &H QD RERMSFKMWRNDQEREKEKO DWQWVatd Mcpd $SR p
ze NWHUEéFK VH $ DNR YW YRRU pdomy. Tatoty SLFMXSBLQD SRO\VJIRQ
pak YEUD]Q XVQDG RYDOD P MHROLIMR AWH\OWX YV QDG QikUR]SR]
KXVWp D QHS HKOHGQp SRO\VJRQIOQt VtWL

Obr. 3.7 Model s kruhovou plochou.

AbysedoViIKOR S LURJHQ pK\®W YWKOHSURWNHEHGREQD YWHQI R |
WRPX X UXpQt YEURE\ DNUaXUiAVEBX KRN NSURVEPPNRWEQO® HG N
EDUHYQé Py MBLV@&mEzi SU3$KOHS @ Btvou s rohovkou a E &D
PDWHULIOHPP|WGERIVWRPX WDNp RGSRYtGDBHR{P BWWLHG@p~SU
modelu.

Vzhledem k VORALWp D QHSUDYLGHAWp]VHRPYWALYIR HQt
SRaAaDGRYDWMWKRX Y\XALW\ ERBEGHR OHWHRIEFKa S HBROHG M|
3.8.Ato SU3$ Guhstract @ D URtpGect] [21].

x x @

Plvodni télesa Sjednoceni Prunik Rozdily

Obr.3.8 =Qi]RUQINOPBERROHRYVNEéF godeS2UD Ft
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-DNR GUXKp Wyt®bperRceSEANR® D SRXALPBRGMRXLM\WYR HQi
JIRUPRY Q¢ Bddahovku. -HMtP SRV X@GXIt®5¥Ym E\OR GRVDAHQI
SRADGRYDQPKRURW FFKHMR R SH U D Fpr&vap HWPO RYW VSR OHp ¢
sW Qabychom tento SUREOpP REH&OL D Y\WYR LOL WRARGRYDQ
modelyv XSUDYHQpP WRIFOR &REYIKOYty.

ZSUYQt GYRMFbYaPRGWHMRIHQD [DGQt pRDPiIWRBHAOK\OR
RIQDpHQt VYUFKQtKR SR WX&anXWCpadtR biAdpG H & X VZ&mipind
objects D Y\EUIQ @raBablédaM7 O D p t \®tartHPRking SU R E X\ERIN@delu
s plochou pro duhovku a v QD Et@Rrdmeters E\O ]Y R OH Q S®h&tra@any >
'RGDWHpIQVv QDEt@fudnced SRG ]i OlRFEian& Edge Removal zvoleno
Remove only invisible WR []DEUWIRIUPDFL SFEO\RRYBUR GXKRYNX

3UYQt SRNEVYRYHGHRY K R@#R Selhal. Po kontrole modelu
Qi1V WU rWieM Bbyla nalezena chyba vmodelu v SRGRE VNU\Wp RWHY HQr
kolem jednoho polygonu 7R E\OR RGWWOBQtQ RGWRKROS$ D MHMLFK V.

7DWR RSUDYD SURPKOGBO% PiQRPKOHCHQ REVKO SUSQLN
W OBWHMQé SRRW XD XK G GYIRREHURYD QéFK WRGH @ $0 D
zvolena operace U R ] @ntérsection]. 9éVOH®HMNKWR “vwFHJBYURYLQRX <=
]QiIJRUQ @brQI®. =DGQt piVW E\OD SEHMPHN® RIGAUER QWSEWHU p
byla QiIVOHSQR]DWtP Y\SQXWD YLGLWHOQRVW

Obr.3.9 H] PRGH OCoePYa

33 9\WYR HQt WH[WXU

1D Y\WYR HOQ tdutotkfWEAO\D SRXALWD [1IRMIRGS MHIGAKR |t
EDNDOi VN pra®Udtegrafie byla SR t]JHQD SRPRFt awpWHEAAGRYp O
675(,7 %; QD 2pQt NOLQLFH YH )DNXNOWIHGQ@HPRVIDLFL
vVJUDILFNpP SURAIVWBERG QHVNSY.OZ pBY R Gf@dgrafie SRX&/p
na S HGF Mtptyp E\OD Y\ t]QXWD MH Q@ (RZEoBrIBMOY GXKRWNRPX E\O
eimLQRYiI@RHQt SR]DGt NWHUp E\OR SUREOHPDWLFNp E K
tisku.
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Obr. 3.10 Obraz pro texturu duhovky [2].

'DOAat8RW HEQéPL WHIWREPDIAN\ & LoRUN Bovbh@yt pho jejich
Y\WWYR HQSKEQOWRQJINROLND23,@QYPAMStVNDQp REUI]MIgENO\ Y
CorelDRAW 2018 SRPRFt IXREFWRYpKR WUDVRYiQt S HYNGHQ\ C
tomu se smazaly UR]J]GtO\ WPPRHJQLAHQtP MHGQRVOOVOMHRKXQW RNXERN'S E
XSUDYHQ\ D Q NWHUp aLON) D/B\RWMHURFHO@ORIKUIR 2DGN X S L Q X

Obr. 3.11 Textury pro aL O N R pad@t[22, 23, 24].

%\OD WDNp XSUDYH®E\EBR WOYIHAKBINON\ VWHMQé RGVWLtQ
UQ NWHUEFK E\OD EDUYD XSUDYHQD ]HVY WOHQtP ]DNRC
SRILWLYQt HIHNW QD Y]KO HRo Yyavs Ord & QhKIRR BRIGMBDIX R 4L O
E\ E\OR W HED YdiE ble ol YW KR BEDQt PRRAAWWWHFKQRORJILH
SRpHW Y]JRUN$ GRVWDpPXMtFt

94HFKQ\ WH[WSUR EGDV4t SYRXERWWRYiQ\ YH IRUPiW
s pLVEM® SR]D@H*% EDUHYQpP PRGHOX

34 0DSRYiQt PRGHOX D DSOLNDFH WH[WXU

9\WYR HQp WH[WXUXPPRMVWNRLWRBEBEGRYDQi PtVWD QD S
SRO\VJRQiIOQt VtWwD PRGHMEROHP ERORHWULIORYpP HGLWRUX
5 PDWHULILOBDWHALOORY i QtR GMHKEMRR X DnRibyitk SRI|M Gt
pro NWH eSS RY@aAh MWV Wi VEHOW X U D

Z KODYPQEtGNOR &ehdering EN\O VS XREMW® U LiOR YNRHGILLVE R/AD
jeho verzi Compact Material Editor (viz obr. 3.12), NWHUé& MH PRaQpp]DSQR
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VWLVNQXWtP NGiNHENOOKR EADKUiQ\ Bitrda Rro Diffuse Color
a SRVWXSQ SWVRBIKPKODSOLNDFH QD Y\EUDQpP VNXSLQ\ SRO

Modes  Material Navigation Options  Utilities

Explicit Map Channel

Map Channel: 1

Mirror  Tile Angle
B u: 0,0

B Vi 0,0

wW: 0,0

Rotate

Obr.3.12 ODWHULIORYé HGLWRU

3R SURYHGH QEC€osverNtb Editable Poly D S HSQXWt PRAQRVWL
na polygony se automaticky vybrala skupina SRO\JRQ$ QD VYUFKQt VWUL
Y]QLNOiIi B KHHPFKR]tFK RSHUDFt 7R XVQDGQLOR YéE U SRO
WH[WXU\ DSOLNRYDW -DNR SUYQt E\OD SRXaLwD EtOD
PDWHULIORYéP ," RGOLALOD REHODIWM (RXVERWGIQLPRGE DX A
S Y\EtUIQtP SR@PMWMIPBGLIORYi ," VH DXWRPDWLFN\ S L D]XMt
DSOLNDFL QRYpKR PDWHIORA@MNK Q@QDY 8§ RPOKJRMEGIHAR UXS$ SGUR E t |
VWHMQ

Pro ]REUD]HQt RB®textdrounadnodelu bylo W aisBustit jejich viditelnost
v KODYQtc®QWewsG NGH SRG ]iShdwaMakeMNals in Viewport As SURE KOR
]YROHQt P Reéa(skc\Materials with Maps.

'"UXKRX plhiwawablast pro duhovku. AE\FKRP GRViIiKOL SRADGR)
UR]JORAHQtQWMHYWUD®H@ WMHK[WXU E\OR SRWIHEDY SR&XAatW 8¢
Qi]JHY SUR SBRVFWMMRI{WXU QD Y\EUDQi RADWRYPEY WRKXDG QL
aV XUpXMt VP U YH NWHUpP EXGHmMdl ddé Db dmalddgiy QiQD
REMHNWRYéFK VRX DGQLF ; y<89:.YROSRSYUR iHA®®W HU LiO

3UYQtP NURNHP E\OFOGREMDIQp RERPDMWVWQ i 920 bylow L
Y\XALWRAWRKRSRO\IJRQ\ G BWRIGO\MEHHIDWR & B RACA\L QdDI&stlY
XUpHQp SUR GBGWKKIR YoNK*t@Yinou XY, bylo R]QDpHQt FtORYp REODVYV
IMHGQRGA&EHMHGQ ENOD Y\EUDQIi VN X ShigdroWwhHduwlochUR Jat H C
opDNRYDQéP SRBRXAUDGreWw, kdy se YaG\ GR YEE UX S LGi VRXVHG
QD SRAaDGRYiknQ RiX orH33). 7tPaH E\WMMBEUIQD WDNWR ]Y, WaHQ
se zamezilo VNRNRYpPX S HFKRGX PH]L WEH PR RURRX XHPR YN\ D

S WDNWR R]QDpHQRX REOGRGWIL H\OapUBBRVMNY HUE VORX
Kk PDSRYNRPSOH[QSR¥tFRKReOP URJORAH®URWHYD EKXMIMFt URY
mapa [Planar Map] NWHUIiI E\OD/ |OBEOEHRBYVs SURE KOR \edtira W Qt
UV Editor a funkce Quick Planar Map. Vtomto editoru se zobrazila UV mapa

OB6FSIVUT Y %U 29



(;3(5,0(17E/1E JE®6

(obr. 3.14) a MDNR S R]DNIX]PdR Texture byla nastavena textura s duhovkou.
Pro XVQDG®PQYW Qt WH[WXU\ E\OD ]DSQXWD P t&ND

Obr. 3.13 Detail 0] Q D p pbQlasti. Obr.3.14 89 ODSD MEéE

Tpgomap byla ]JP Q QBRORKD SRMow®3eWdied Subobjects a je M t
velikost byla upravena S tN D J$téle Selected Subobjects. Operace byly provedeny
tak, DE\ NUXKRYi REODVW S HGVWDY XBAGTD X®RWVFW XQ B URD GKE
GXKRYN\ Y EVAM&BENS k KXVWERO\JIR Qi O Q velkas oblasti bylo
RSWLPiOQt XPtWwwW MERREMM D@HKRY XMtFt BRORIKNCE\89 PDSD
XORAaHAQD HQeRitoru D S tN DJadhert to Editable Poly E\O\ X O R&AHEG K Q\
SURYHGHQp ]P Q\

6WHMQé SRVWXS PDSRYiQt VH RS MRXD®EQO XU VEEY DM
SelectID byly Y\EUIQ\ Y aHE&KYDpPdIygdny s texturou EO p KR S R 2 BbBoto
YEE UX VH RGYMAUGRXP{\ REEDVWAHFK REODVWt D YéVC
] P D SR YjeQadbrazen na obr. 3.15. % KHP PDSRYiQt E\OR W HED, GiYDW
aby QHE\O\ EDUHY @QpONRWAO tV W Gkkajly kde bude vrstva |GUDYRWQ

QH]iYDG@DRRHULIOX QHMWHQ

Obr.3.15 9\EUDQp REGDSRYDIMp .WH[WXU\

OB6FSIVUT Y %U 30



(;3(5,0(17E/1E JE®6

PoWRaH SRADGDYNHOAHGNMRtFt SURFHV RBMWL PDPOR BEHRH |
pouze jednu texturu, na NWHUp E\ E\O FHOMXYVBORYE®E YAHFKQ\ W
spojeny GR MHGLQpKR VRXERUX

=D WtPWR SpHREHWRPOR Y\WYR HQt MH&AW MBBQYWRQS$PD
stexturou. T\ E\O\ Y\EUIQ\ LQYHUWRYIiQtP Y&E UX Ra§aiow WUD Q
]JP QRX R®WU S HFKR]tP Xby MFHKRI Bnaldfobh@ N D QClarnmel] NWHUE
VH GPRGLILNNAVRAIK/W zvolit. 7tPVH WDWR PDSD RGVXQXOD QD
QHa pW\ L S HOfeitgdMXB8 SDN E\OD SR XReélax ntlIXF@aN FH
z QD E t Bdshape Elements. =S O R &@/prQevilo |H M P m@dkrajov € F éblastech
mapy NGH E\OD YHOLNRRWP B A D\RRKED postup Y\WYR HQt PDS\
WRWRRY®IWQtPL

LiVOHGQNWU MV ORYiQbylwpiduwedend\ |D Y\XALWt Rendey bR M H
Texture (viz. obr. 3.16 NWWH) @Q DFKKI®DXYYQt QDEtGFH Re@eriid® RANR X
3UYQ E\OD Y\EUIQD FtORYi VORAND SUR XORaHGeheval JHQH U
Settingsv piV®@utput 1iV O Ho@l@Qastaven SRXaLWeé W)\SRendeD et Y
kde byl Y\ E US€anline Renderer.

Obr. 3.16 N i VW ReRdér to Texture.

V QDdee¢ Objects to BDNH Y [©bjdf land Output Settings byl zvolen
Y\EUDQcel. V piVWL ODSSLQJ &RRUGLEWDY HV[LMWapMtIRWND & |
RGSRYIGROHQpPPX ptVOX A B @O KRKRDISK R NQUIREN: Bufodt pak
E\O WO DAddN 8l HIES | QekShifiseMap. 1iVOHGQ EWH WDNp Y\EUIQ
HISRUWRYDQpKR td PPKG Rs124bitovou barevnou hloubkou a 8bitovou
SUSKCGNME QWP ID NDQRIOEBRE WA p ]JYBRHOQ &H Q tDWMIHWMXKIR
Qi]JYRRVOHGQtP SRXALWEéP S tND]HPbhsUABapJOhp G WEUMR EI\® R
]JDMLAW QR YANUHVOt SRX]JH SRO\JRQ\ NWHUp E\O\ QD GDQ

9éVOHGQi poHUMXE®BURYIiQt3MH QD REU
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Obr. 3.17 V\W Y Ri tex@ira.

S vykreslenou texturou byl ]|D CeRBovéPDWH WNWMHUEVBWWG Q DSOLNR)Y
na FHOé PRGIDOY/WDYHQt PDWHULIOX E\ORDWIi &8 E®PUR HZHOWP OB
na RGSRYtGDMtEt3RROGABQYHX¥ NURNHP ESEGR\PRARBRERIIQYWUDQ)
PRGHOX 7R SUREtKDORSRHGRER]t MOWRHW)XOBE N E\Oma XPtVW
VRNUDMRYp REODXY®bt 3WH N4 XahV SDUHQWQt R&® jichvL WDI
VRX DGQLFH RGND]RYDDolun®A XHD\ ANKDOH Qt Chiov/pBodeSuX M t F t
optimalizace, kdy mpQ SRGVWDWQEéP REODakaVjel RDESRD\ YRYEHID QD
S LeD QLAa&t §UKLHRRAIRD W X

Obr.3.18 '"HWDLO YEVOHGNX SR XPtVW Qt WH[WXU

SRVOHGQtP NotRaAMUIHHBPSYWMax byl exportmodelu SUR GDOat |[SUDFR)
SRADGRYDREPIWHPBE\QQiPé WDNp NDOYMRURQW REMHNW ILO|
SRXapyrR WURMW R PO H @d3e informace o UR]O R &H Q kdijél {ektocd)
XORAHQD VDPRDOYPAVIRUWPDWKHDLIO MH RRRUBMRLYiQ Y

([SRUW J]YROHQPKR PRGHGOMEXQt VEHEVEIHSR JYROHQ:
IRUPIWX 2%- D PtVWERGRIYPDIHD tQNEFRANBpPLOEPL NFR/OWADPL
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Geometry bylo v Faces: Y\EUiIQD P Riéan§aswv pi V\Material SURE KO\ YROE
WENDMtFt VH XORA&HQt URIOLIBEAt YIR OFEV Py BRI R AXKRQt P X
Q DV W D% HKHpPocesu exportu SURE KEHWW PDWHULIOSNOMEBWE VIH M
WDN PRaQp VL [NEBQVOLDRPREBWX QH]$VRDINH QWIEIGRX StUR F
SURE KOUXKEéP PRGROIRPQRYDQEP AIURQWS3 NGH W@OH QHI
H[SRUWRYDQRSPDWHULIO

3.5 =SUDFRY iQimdliz&gke modelu

3 IE AaQpP SOQREDUHYQpP WLWNXF® D RNDLR/IMitHERBAN M W
PDWHULIiO\ QDVWDYHQ\SIURXFHH MH QAR P R G HeRxixta DQHER N
YQ MatP SR¥BHED UW&WWBVUNQEPL P DWaébjduitek\byly WYR HQ\
zQ NROLND PRGHOS$ VORaRQ&RK NoQREriddygywyV B X\O i GhD Bkt F t
zS HGRUSKOHGQp] O i ¥bexturou vjednom celku, E\OR WY MEDW
YR[HORY p KRHW LXYMNRKENRIDM U R O X aB@réaV ptakaiddse LQGLYLGXiOQH
v FHOpP R BMIHANXQ WWPHHN\RD

Na Y\WYi HQS GOWHQWR W\S WLVNLX.]QWOD Bt\\U DG D¢
sof WZDUH SURWRSMMHRYUVORREDEt SURVW Hj@zyky jd&eaGJFUDPRY |
Python nebo Matlab. V W FMH QDSViQ S UHRJ& [BMQitSliceru a UR]& O
model QD MHGQRWOIBYASYRHRONIQt RR@Gap@ahowV texturou je
jHGQRWOLYERQMWRIHS®PD]HQD VWHMQi EDUYD MDNR P O\ SF
vznikly. - H G Q R WHO| ls¥ppak reprezentoviny SRPRREUIJWE IRUPiIWX 31*
nebo .BMP.V S tSDG [|IRBRGWeXeli YUVigbfdazenav MHGQRP EDUHYQ|
REUIINMNGH NDAaGIUEHBUWDHQWXMH MZHIBMIP FRD ¥ UBIAR i YBD
UR]G OHQD
do MHGQRVEQQYERKEXERNEH NBEGRIYMHGQRPX PPWHHWIOX
barev Y 31* D SRBMWRUS$ Y %03 SDNIRISKBRYtGi

-H W HEBD\ S tSUDSWRGDWLVNIiUQX 6WERGWDARYDOD Q N
pravide, PUYQtPY &N D HIXHY= NWMURGSRY tG\W W MERHH o
0,014 mm nebo 0,027 podle myG X WIS\RNNXG QM@®t GVRGUAHQRP$SWH VNIU
tento parametr kompenzovat S HVNRPpHQtP MHGQRWOLYEéEFK YUVW
RSDNRYi'QQtPKEP MH UREQIRAHODt MH SRADGRYa@6se Y 308,

DPI [14, 26].

"tN\ VSRO X Sabidsem \Rittigem, B.Sc., M.Sc. a doc. Ing. Jaroslavem
. LYIiQNRPD. z Matematicko-I\]LNiOQt IDNXOW\ 8QLYHU]bw\ .DUO
PRAaQp Y\SRNWRPLORX P HWE&Gi3kuR SW IOEEQ LP |SW RABViQ
v p OiQ F$¢&akering-aware Texture Reproduction for 3D Printing od Elek a kol.

a Geometry-Aware Scattering Compensation for 3D Printing od Sumin a kol.

V p O i (Qdafttering-aware Texture Reproduction for 3D Printing se |D P X kit
problematiku spojenou s QHAaiGR XdZptplem VY WOD Y [B&BHEIR Xnezi
povrchRY é Bddy na 3D Y é W tF/Kento jev vede ke J]W U iGWH W D loDSL iirev,

D WR JHMPPRORFX SUSWOWHEEIKS QD EiVihi&’&lem\KNASL® éP
vlastnostem rozptylu u jednot OLY SRKV N\]LYA/t FURK YD YQLW Qt VWUX
REMHPX RENORSXMtriatpoRcNNDAaGé ERG

SURWR Y\MDRLEODpPpQt SRVWXS DIIDRP HP@ptyl QG D Q é FK
PDWHMdiejichkomEL Q.DIFX J[IiNOMM=ZtVNORIS RPRREHFQp 6R®WH
SiPXODFH KHWHURJHQQtKR URQSWMHUXFNpKRL@RSMKER DOL]IW
k URJORA&HQt PYD MBHEWIR OEOX\WM AW @bjemu tisku, D WR JHMEP@INRV WL
povichu 9éVOHGNHP M@HA3PERXEGtFK SURNRPHY$S UR]SW\OX
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THQWR SRVWXS E\O Q& DINR RIPENQIDND t XWR PHWRGX Gi
URJAlprk MLtERYROQ BDYWDi¢k ¥ RY¥p XMt VSUIYQRVW [BOHGNXR N O
Geometry-Aware Scattering Compensation for 3D Printing.

Obr. 319 QDEt]t VURY&\VQHGptimalizace FtORYpKR RIEUD]X
SWHVNQXWeEePRPGP WMHMLFKa WLVNX E\O SRXAaLW VRWWZDUH

NRPHUBRVWXSQp URJ&t Kiat QXYW E B | LBfinaR &S (d). Tento
objektbyl FHQWLPHW2A.Y\VRNé

Obr.3.19 6URY QMOVY O H G N[37]JW L V N X

6 R Xpi VWK HU D WaostuQu KoRtimalizace je predikce vzhledu YéWLVNX
9éVOHGQé YSKROOI&G]@tPLRMGHHWIXF SeR dbhp B\22a YEVOHGHN SUHGL
tisku bez optimalizace je na obr. 3.21. % KHP SURFBEBRAOWRSRMHQt PRGHC
AIURQW:? DSAEGFNWRYQRP UQp YUVWY\ PP WUDQVSDUH

FHOpKR REMHPX 7DWiR BUWGWD Y EBLINg CRXPX SRYUFKRYpPX ]S
E U RX& R27].

Obr. 3.20 &tORY é .REUD]Obr. 3.21 Predikce Obr. 3.22 Predikce
tisku bez optimalizace. tiskus RSWLPDOL]DFt

9éVOHGNHP RSWLPDOL]DFH Y\WYR HQRO IP&a RNGYROXO MW
GHWDLOS$I)XONBHSEDR H Y KQMRR G EhWiQstdpdé FIR Y O DBGBIIR EDUHY Qp
"WLVNIiUQ\ 9é8SWRSBIPPIX RSWLPDOL]DFH E\O\ZG®MWRGK IR
chyby v programu, NWHU & GDWD QHEMDRXMRIAQpP Y\H[SRUWRYDW Mt
Proto jsouv GDWHFKVDABWEMQp PRGHOD YAGOB RN Q XWt GY
YEWLVNS$ JNejdYHE DN ][iYDAQRX AKWHEMXJi E\ QHA0D SR]G ML RG

“H QXWQp XSR3iRUH WDQMHILRONWHUp E\O\ GB¥WD QDP
NWHUéPL SURFHV RSWS$P DodkipiryH/e®RgidVdpaque SR X¥aD Q p
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VWLVNiUQIiFK 6WUDWIBRE VdRMWNAMHbOypY YH VSR O HICAR VW L
Systemsk GLVSR]JLFL YH YAHFK SRW HEQ&FK EDUYIiFK

0tVWR FK\ESMANNEICR SRREOMNAULIO\ | MividigXNSB4. Proto
Y&\l RSWLPDOL]DFH QD R WilK\QRR KKV @ pIIRR \BtO Q[P R].S RW H Q

3.6 Tisk prototypu

6DPRWQé WLVN SUREtKDO QD WIKWNMWSROHWQRWW N\
Systems, s.r.o. a import dat byl proveden v softwaru GrabCad Print. Tento program
NRPSDWLFHBDMO Boly VHW WLV NHQ®RPYLW XntaQde e B&J]INODGPtPL
UR]at HQtPtisk SYR[HO\ MH W HE hodt Wox€) PPNitF NWHUé MH N
]SRSODWAHQWR QuidéeW\WRMR & & Rontroly QDG Y aRPW W,Udjich
H[WUX]t D WLVNRYRX -MHMMBQRW®DE ¥ e&EK\ WRPX MH PRAC
RSWLPDOL]J]RYDW EDUHYQpPRYHUD GBUHAEWRVWL D PDSRY
vVPLNURVNRSLFN[@E® P tWNX

5R]atQH SUR YR[HORY édvw instddy @ip&td Y i Qdat podle typu
QDKUIYDWEXKRUS$ Y HBWURP iQWRXY.PMG.tJak bylo uvedenov S HGFKR]t
kapitole metoda PNG SRXatYi MHGHQ REUI]JFHNM QDVMHER/RWOLYp E|
RGSRYtG DM tPIORXHAMW @@ tomuuBMP PHWRG\ MH NDaGi YUVWYD
do Q NROAIND U Qur& ks KD aGéich UHSUH]JHQWXMH MHGHQ PDWHI
W L V NvEst¥awznikne jejich VO RERHQHONRYAH® H]$ SUR YAHFKQ\ PDWI
EEW WRMREAGE maWHWLGOQp YUVWY QHMVBINEMMHHQWRYiC
SUI]GQéRzRE BRpHW RBWR]$NDUSEWR XR G SR YEGIO N R YPRXW X
SRXALWEéEFK PBWWNXEI@P |R précedlldiimalizace bylyv WRPWR S tSDG
%03 VRXERU\ WDNAaH Qpds@puGipMY EEGVE RS RVAHIWR G

Pro WXWR PHWRGX MH QDYtF QXWQR YS0HoR Tedto WH[WF
VRXERU E\O YSWVMRANRYpP. [ZEBRANX UR]G OLWW3RWWLIOG 5H
Type a Materials.

V sekci Build bylo W HEDO]LWR Py Gkdw bYWXR RGSRYtGi PyGX
Quality, 3 High Mix a 17 = High Speed. 1iVOHGXMH W OR X &;02Dmuébd/ Y\ D W
0,014 mm 7HQWR UR]JP U PXVSER®@AERNO WY G Xt WHsthyX D
Y\WWYR HQp S L S HYRGX PRSOIIDXQOBMYEIR[HWB\ FHONRYé& SRp
v modelu.

yisW 5HVLQ 7\SH RE VD KR M &IEMBEEHYH BRMKH U LD CPHDAKH U L i O X
podpor. Ni]Y\PXV$ HVRGSRYMHMNL FK SRMSoH@RY QW NU S atH P
O Loptoi\popisuuvedenpPQD EUW REQPEEKHW XQPHEHBKI PDWHULIO$ RGS
Py G X Wtedyd Xebo 6 a to bez ohledu na to, zda jich protisk Y\ XaLMHPH PpQ

9H WolblaatitMaterials je uvedena cestak XPtVW Qt |GURMRYKE¥§F K VRX
SR DMHMGQRWOLY@EFKDEMHIHYOS$ P XV ISR @OBRYnNGHPHNYV FHVW
Kk VRXERUpFPpNW H]$ UH]BIQYWRQHP QDAaAHP S tSDG P OD SRV
vrstva ptVHOQp R]QDAM@®INRQFL S HG S tSRQRX IRUWi WBEKWWRH V
V\P ERAB
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98V O HG B P& X U Bdulot vypadal QiVOHGRY Q

[Build]

Format Version = 1;
Build Mode = 3;

Layer thickness = 0.027;
Number of slices = 544;

[Resin Type]

Support = SUP706;
Color = VeroPureWht;
Resin2 = VeroBlack;
Resin3 = VeroYL -V;
Resin4 = VeroClear;
Resin5 =VeroM GT-V;
Resin6 = VeroCyan;

[Materials]

Materiall = C: \ bitmaps_cornea \ white_xxxx.bmp
Material2 = C: \ bitmaps_cornea \ black_xxxx.bmp
Material3 = C: \ bitmaps_cornea \ yellow_xxxx.bmp
Material4 = C: \ bitmaps_cornea \ transparent_xxxx.bmp
Material5 = C: \ bitmaps_cornea \ magenta_x xxx.bmp
Material6 = C: \ bitmaps_cornea \ cyan_xxxx.bmp

1iV OH @@ogramu GrabCad Print E\OR W HED Y\EUDW WLVNiUQX
D VSXVWLW UFRJRIHORYSURLWWUBMERRXW QD PRAQRVW Y
soubory. 3ARWp E\O QREUL XD EFE VRXERU D SURE KGR FEUBDPWY
D Y\ WYR LO VH QRYé VRGERUBYWHWIRNYPHWER XSUDYLW QD\
S HGYR (Betk F€aiures D |NR Q W U R O R Kddeva licer\&/ UbRel/Rint.

Model SDN MISALEBI@ GR SURVW HDK U U@GnE®ID GEVE, kde
je jeho geometrie UHSUH]H&® 3V RPPRBYIJHQHU R YT DRM&RUS SRGREQEéP
tvarem. 1iVOHGQ MHM VWDpt XPtVWLWSQ D FRRYAD:G RMUDRQPWHRY W |
tisk [14].

3UYQt SRNX¥NRQWMILON S FKHWP zQE@3 Y RESOWQpPpKR IRUPI
Qil]lY$ PDWHNRQMEIKUDpPpQtKREVRMNMERMPR & LY SITQ Xadelu jen
]JH 1iNOD GRQ OpKRWHUIRORSUDY WH[WRYMK&® WRWXERUREtKD:
RpHNIiYP@INDaGeéevIowisdd bylot HED XSUDYLW SRpHW YUVWHY
ptVOR D ]P QLW XPtYyWak se W WHWERREXNRQILIXUDpQt VRXER
9aHFKQ\ PRGHO\ E\OX s L&AHHY RN B027%, ale vzhledemk |QDpQp
PDVRYp Y\WtaAHQRVWL WLVNoUR\v SUNRE KN &UPLVNIK OL]J
D YéVOHG QgdyYR)\DW Y& &N X PP

9VOHGNHMNFA ENOW t GUXIKRH PQERWRKHBE\O SURWRWI\S Q
PRGHOX DNU\OIWRYp SURWPNNR NN Q& 8RRRBYEBE RRE MIQN W
RSDNRYDWHOMEMWRFTAMHNHQRYiQt DA\BRBMHIQ/ SIER®W RW\S QD
VNOHQ Qp SURWptLVNQGWem E\O SURWRW\S SRGOH PRGH
SURWX\ NWHUpKR QHSURE KOD NMWU® DXIRRFEM QNQt PH]L
RSWLPDOL]JRYDQéP D QHR&SK&MWLPDOL]RYDQEP
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Tab.3.2atab.3.3 XYIiGRAMAKDGRYDQp KPRINNQ R¥SWiNatu ]
Grab Cad Print.

Tab. 3.2 Parametry tisku prototypu QD Ji8BUWOINU\OiIWRYp SURWp]\

OyG WLVNIil High Quality High Mix
Doba tisku 1 hodina 41 minut 56 minut
Hmotnost modelu [g] 24 18
SUP706 [g] 17 17
VeroPureWht [g] 9 8
VeroBlack [g] 3 2
VeroYL-V [g] 3 2
VeroClear [0] 3 2
VeroMGT-V [g] 3 2
VeroCyan [g] 3 2
7TDE SDUDPHWU\ WLVNX SURWRW\ISX QD JINODGX VNOHC

OyG WLVNil High Quality High Mix
Doba tisku 1 hodina 41 minut 56 minut
Hmotnost modelu [g] 24 18
SUP706 [g] 15 14
VeroPureWht [g] 9 8
VeroBlack [g] 3 2
VeroYL-V [g] 3 2
VeroClear [g] 3 2
VeroMGT-V [g] 3 2
VeroCyan [g] 3 2

PoWtiVNQRRGEHEOHR W HED R G ¥ WRKD Q UTRAWRIW LP& (AR G
obr3.24) NGH QHMYtFH REMHPX E\OR RGHEUIQR PDQXiOQ D
tryska.

Obr.3.23 96 WLVN\ V SRGSRUD®Y. 3.24 96 WLVN RplpadporQé R G

3RYUFK SUYQtKR SURWRW\SX QD ]iNO/B 3 @bb\ti WR Y |
XQLYHU]iOQt OHAWIRt SSOREBWOWFKR Y p neyU Sa¢ povrchu
Y\KRYXMtFt SURWRBUBBDRSBUDWXISREW QVE\
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Obr.3.25 /HAW SQUtY QYR R/L V N X Obr. 3.26 9\ 0 H & \pro®igp.

3UYQtP NURRPIPEBRG S $ BROPEWHURGAK WU\VERBRRXEHER
SRPRFt QDYOKpHQpPKR EUMNWQgiKR SDSQUWORGQ 7tP VH
RGVWUDQLO\$SYENOWMNMRBRGSSUQPEK RGP DRt SRYUFK
ZiURYH VH WDNp Y\KORBGCQHRWIPBKRED ILQIOQt ~SUDYX
SRX&EMEDUYsa @3ty NWHUé ]DKOD G rdndsh & YzBjistit FesklQsH
povrchu.

Obr.3.27 1DODN RWoBR®E QD ]iNODNU\OIWRYp SURWP]\ V RSWLI

Obr.3.28 1DODN RWOBEEQD ]iNGKBe®D Qp SURWPIWLPDOL]DFt
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Obr.3.29 1DODNRWODREQD JINODNOHQ Qp I&bdépivhalzace.

Po Y\WLVARXWOYHQt YRMPRIGHOSBSWDQGD Y G\WYWINKILEOD
QD DGX RWIIJND Y\XAaLWHWOLERDOW tK R LRIDRE B X © R fisk<zaM H
PLUPIIGRIDYRWQ QHPYDDAGHIMEDEIO D P$aH WDNp SBREDADWHQ p
MED620, MED670 a MED690 [29].

ORGHO E\O S LS@hlyYkelem WBO®pKR REMHPX E\OD WHQ
zWUDQVSDUHQWQ XKRp HHQIWHWIIQAX NRQWDNWX PH]L WNIiQt
]iYDGQRP W H U,laiekHY™ X &tohdto Q DF K\V W DHEHK@®Rt QHGRAOR

+ODYQtP GSYRIEPPVRYY\WtaHQRVW. WIEMNIiUWBRXALWLtP
ELRNRPSDWLELO QWK ByloP Q /HILKKM@MPUR ]DFKRYIQAURMRW Qt
QH]IYDGQRBVRYLYUP. AWWQHAVHN Du P DYWEUELRAX MBORXKDYé
D ILQDQpPQ Qriode8DGQEé

| vS tSD@&H ESRXAaLWt ELRNRPSDWLELO QYK YRED WAHRUAK
SURE EBRNRP S (@ddib Bytse pouzeo QH~SOQp HaH®@Qt SUREOPpPP

MDWHBLIWVORSJHURVREX GHQWIOQtRMKIRQIKXIGBB8 RHQt QDY L
D WHVWRYiIQ SUR SURVWRH®tPF \WHNOAWXMtFt VH Y

'DOFRAQE SUREPgER s SRYUFKRYRX. *&lafedR Xde je
XPtVWAaQ ONRj&gwGtva WUDQV SDUHQWQIKRY PIDIPHH EVHRXEIH Q t
KU RNItHSWRtU X aHAQNYstD Y HQ t \dkeMQW Q i YIDRGRDWH.ULIO

=HVtOHQt WpWR Y¥rdezan i \SRIIR\WKndl By byla S t OLL&DV@dla
by k QHS LURJHQpPPX Y]KOHSSPRYEBRRYRX ~SUDSOWRXVIWDN;j
QHGRVWXSQRYVYQDINR GNYadhiral iidkompatibilitu PDWH.ULI O

1HP OR WDN VP\VO WUYDW QD Y\]NRXaHQ pQEH\~ G pik
N 8iGQpPX ]JiVDGQtPX S tQRVX
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7DWR NDSLWROD VH ]DP SXYMN HE®HKQR G R FSRMILYFXK YEUR
estetick EFIRpQt S WRamethéF prototyp$ 9 QXMH VH WDNp QiYUKS$P QL
EXGRXFtKR SRVWXSX D Y\XROWDWOIFK YRDRMX. H Y

41 =KRGQRFHQt YaRproRtydFD SURYHGHQEFK RSHUDFt

Prototypy, JHMB®D GtN\ SUdéplirkblNzice, GRVIKO\ P&ORRFK
YLIXiOQtFK YéVOHSGRK\ EXWH QP KEUQRRKtALWp DGLWLYQt WH

2SURWL Y&V OHGHNKR]t SHIFHVS 4aQ SRYHGOR Y\WLVNC
is AkRYiQtPYBUDIGHW D LoDIg3t MGBX KRY N\ NWHHMP®RVNURV W t

"tN\ QRY MatP PDWWRRVWRPS tS DWGro Puf@ Wik, je oblast
E OPD YéUD]¢AtWeWIOWHN\ WIBNLIRVREQtML

5R]GtO PH]L PR®WHOKBPSURAHO SURF HMIHRPSR BUIEIEND OL]DF
QHRSWLPDOL]RYDMEPIQDBHWE ORGHO EH] RSWLRAD®QDPDFH
Qi]QDN\ SR ALONRYiQt D FHOi REWIHVQ¥ GXKRYN\ MH UR]R

V oblasti okraje duhovky JREUDhd @@ obr. 4.1, jsou YLG W QD YaHF
prototypech ILDORGYW WBQ\Y QtRAEP\VY WOHMR SURKR]JHQt ED
V]IVREQtFtFK WLVNiUQ\ 3R G$NODGQMWNRKQLWYRDH) SR \DRGK
av VDPRWQp VELORiWPWR PRAQRVW Y\ORXpHQD

'"UXKEP Y\VY WSRNQaHRWIMHivid PDW H QLD Bd@Vero. -DN MLa E\OR
]PQ QIBSURFHY RSWLPDOL]DFH MEFDPRA&NE |6 BEGRYNH F K
Opaque P D WH U LPtd FSK3D tisku optimalizovD Q p KkiBdelu s MLQ é PW HALLL i O\
neQtosaaHQRD[LPiIiOQtKR S RMtESQ Biitintalzace. Vivid materLiO\a Rt
RGOLRGYWtQ\ D MSARMK @ HFAQ p~ VIBAR popsanou vadu barev. Tento
S HGSRpoOBUe fakt, aHX YEWLVNX EH] RSWL PIastLs) DIFDHO R M é WD \
RGVWtQ\ QHY\VN\WXMH

Obr 4.1. Detail 1L D O R MPKIRU Y Holraji QuUbdovky.

Oblast duhovky MH WDVRDY@H&D SUHGLNRYR2WQpFRRE
SUDYG SRGREQ WDNp JS$VREHQR SRX&LWtP MLQE&FK PDWF

OVS 8QRVW Y\WLVNQXWt SLONRYiQt ]iYLVHBER)GHOM P pC
VALONRYiQMHPGHQRWOLYEPL Y&WLVN P P RE RS &M H/JWNX K
pro GDO &t S URMRIW QR X WoudbDdNu OHSatKR Y&V OHGN X
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3RYUFKRYp ]JSUDFRYiQt ]D SRP RHFIE\FLRR RSMQP DOQD NMH
lakem, S L EOLA&&tP, RINRXGYQYGOW Qi]Q D KiisRUUVKARHGYQ p EBYIGN D N
Y\IINRXBEBWHQ]LYQ M&t DQHERUMHBW 'BIE8RQPMRAQRVWL MH N
OHAW @DNRYiQt

3RNXG Y4DN SRURYQIiPH QWREWIQB PRIUHRAM\B S \HG FKR]t
SUiRzobr0.1l) MH YLG W ]QDNp DB BRNWPRUHFK YEURE\

42 (NRQRPLFNp ]KRG 6 RREBDtypu

&HONRYp QiNODG\ QD YEBUREX SURRPRWDGR VERKGHP P R & C
SURFHVX E\OD Y\Xah @ B ] DD/GICs CBBRYBKX S $

1iNODG\ NWHUp MHW RAVPRX YWNIVOQRYiQt SURWp]\ D W
+RGLQRYi VIDMKRALWt VNHQHUX MHedeno vikapb2R.IMHN MY RYiQ't
trvalo 1,5 hodiny

%L @ (4.1)
kde: Ts >.p §]F - VD]ED ]D KRGLQX VNHQRYIiQt
ts [hod] - doba skenoviQt
G > p@ - ILQDQpQt QINBBEGRYINt.PRGFH

%L twrr&&L uywfs «

VS tSDG WLWRMGL QRYIKYD]BDRYR] WO NGURGHORYDFt

PDWHVYWi#ML Kpzagram D SRGS®D@EHULiIO . pl2d grdm. yDV WLVNX

SURW R VEBSMUE\DAG\UREtKDO WLVN GYRX SUR®IRWISH B\ER WL
2.S SRXALWtP K&®GQRWH] YESRPHW SURWRDN B XO QDR M N GLR \
QiVOHGRYQé

%ij@qy& (ic >G ® (4.2)
kde: T >.p KF - sazba za hodinu tisku,

tt [hod] - doba tisku,

Cn >.pJC - FHQD JUDPX mbdaid ULiOX

Mm (0] - hmotnost PDWHULIOX PRGHOX

G >.pJC - FHQD JUDPX Pa@pdHULIOX

Mp [0] - hmotnost P D W H pddp6r X

G >.p@ - ILQDQpPQt Qitslodatty.D

WIT&FdUESSRVEY ®&
(VeL 4 n y yLV'[V-«

ZYESRPWX piVWN\ |D WLMRHY \SIDN YSIRARQDQDFK QiNOL
S HGVWDYXMH SURYR] WLVNiUQ\ 3 L Yaelt@nE tisku Ma&ku& R SRp
YeU® VQLAXMH

'‘DOESURP QOWMK FHQD WiskiLG@QATQtMH W HED @®WRYpVW
VS tS®IGkdy VH P QRODW H UVz@tdem ktomX &H MH S ¥ \[SIC88W QitQ R
YHONpP PQRAVWYt SU\VMN\VMWBDHD? GR VIDKXIMIRYiQtP M |by E\
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nasebH JDNi]N\ QDY D]RHEOOR W HE pDR/IRWHLUWHORRBAW QRVW
pbLaAW Qt RAH]ILW

UYHGHQi VD]ED MH pv]K@GRE@HWPLMNSRSODWXeRrind R]at H
Utility p iV W KadReX .p[15000$] URPQ O]JH RpHNiIiYDW QiUSVW FI
Y R[HOR kuKIR].W

OSUDY\ PRGHOX MH WD MWD \R EWHAIQYH @ ep -\SBQWIDWRX PRGH
S HSRptWIDQWD QpPQt QEeNNDOPGNYR HQt E\OD Y\XaL WADtocddsk HQ FH
'6 0OD[ SUR VWXGLMQt ~pHO\ e SRRPHEP QPN RYKAILW OLFH
VH SURPtWAOR BGQp FHQ

IHMSRGVWDWDDMbMEGNRHUE QHQUPREWQRSWLPDOL]JDFH 31
VH MHSRX]H R H[SHULPHQWIOQt PRWWBN 'iaWHREGREQi PHV
JOHSAHQt NYD @HVp DWLHVAN KD B XD FREFRQWRIWZDUX WLVNiUQ\

&HQD MHGQp SNRWQ]Q | repdblice se pohybuje okolo 2 .p
a X DNU\OIWRYéFK SWBRMEQLME FHHA@DLptVOLW S HVQhoFHQX
prototypu pro VURYQi@tUINGYPQRERX §Aledgmh knutnosti SRXaLWt
specializovan p K Rardwaru a softwarulze S HGSRNOIGEOMREDHLQGLYLGXiOQt
DGLWLYQt WNHHF KQROR G I p\Qa t YEHER BEID

43 1iYUK EXGRXFtKR YSERMNVE X R X8[ptiskem

SUYQRIAQRWWHUI E\OD (]YDORQPDIM Wpkw R\OUIFHH Qt
postupu YébhyR URJat HQt PRAQRV Wt SSIU BWAFGHRV HBB Hsem na
PtUSDFLHQWRYL EBWIR/ NXX@BOW®&FRRVNRYE RGOLWHdMskuy\UREH
by ENAO SR SRW HEQéFK ~SUDYiFK QDVNHQRYiIQ D SRXALW N\
SURWpP]\ DGLWLYDva \OHSFMMPRIMBRY N\ GSONS$S RG SUBWRWRLINHD
natolk WYDUWR]GiOH@&myly pro tento ~pHO QHSRXas WHMEYNIiQ't
YKRGQ XPKBIKUQE\ DOH WHQWR SRVWXS P O EEW DSOLNR)Y

'DOPIRAQRWWN JtVNDW PRGHO SUR QBRYDEGB®BRcamSUD Y\
Computed Tomography] |[REUD]JRYDFt UHQWJHQRORWIHAND ]D\FaKWXH
ZYROHQé REMHP WNiQt YH ' D XPRY &ddel Yt# NDRVY BQ R/RA
objektu. Tento postupv RIWDOPRORJLL ~R@tedsQD SIRXA LD hahragib | H
metodu OWLVNX Rp QKK HBOHNRKENU\OIWRYpNDBRWHR JtVNiIiQt WY
SUR Y éUREPN\SNURQ PHIGBRY R E KSR X & L O L OBRGaHD Vitiskli na 3D
WLVNIi@b@t Connex350 3D z ELRNRPSDWLELOQMER 6P \RddlE LiO X
YEVOHGQpKROMYDPWREHQD DNU\OiIWRYi H3OWHWLFNi RpQt S

Obr. 42 CBCT VQtPBNtVNDQEé[BORGHO
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Obr.43. 6URYQiQt RWLVNX RpQtKR G$O MdeM @piavd [30). Y\ W L &W

'DO&t REODVWt V PRAQRVWNIGRVOARPIQOHBEHQP QD
SSVRELOR ]J]QDpQ SORPKREMECPRERMPBIRHEXGRXFtjeSRNXV
vymodeloviQtFHOp ALOMtR'WRtMHGQRGXFKpKR X PStO R/p&&EhW H[W X
modelu 7\WR AEONMUQ  Y\VW XSoRrdhD Onodélu voblasti b OPD
azasahovaly GR SU$KOHGQpKR PDWHULIOX 7tP E\ VH P OR GRV
YIJKOHGX D Y URKRGQRVWL SURWp]\

1IHMYé]QDPQ Mat QHYWRXH[BVXVIRWIELRNRPSBDWR EHO LW
VRXpDV@BEE UX PDWHULIO$ QH HaWMAHIRY ] D PQ R P VAR RV L
PDWHULIO SUR YEUREX GHQWIOQtFK QiKUDG ]DpDO SR S
YEUREX HVWHWLFNéFK RpQtFK ¥ HRBWQD§ NWBEFNHSRREREEP Q)
Y\YLQRXW WDN ReYS$traRBy8VHU LiOWNBIiI ¥ SRVOHGQtFK OHWHF
]JDP XIMQD PHGLFtQVNé VHNWRW SROURQYRVEX BERO EEW YéY
XUpHQp KPP @QIDSURWP]\ |IDMtPDYEé

1D ]DpiWNX URNX V'S CHRES@HRasp td. SOQREDUHYQRX WL\
Stratasys J720 Dental, |DP HQRX QD GHQWNWWQIHtUR WGHQRVWL EDUHY
NRPELQWHRENVWYIUBDPIA/IS. =DWtP MH JQiPR MHQ PIiOR GHWDLO¢
ELRNRPSDWLELOLW\ X EDUHY @lé ke GH@QIWWDNRKp ERRWRpE L
VY Gpt]iRmMPXpolHPQRVWL 6WAJDWIEIMWWRYDW GR PHGLFtQVN
S Y\XaLWERWLYQtFK MIHFKQRORJLt

Obr.44. 9éWLWNLVYNiIiUQ\ 6WUDWDBLY - '"HQWDO

OB6FSIVUT Y %U 43



4 DISKUZE

44 1iYUK\XALWt VRXpPR\QEKBXYYEURE

ORAQEéP Y\XALWtP Y\WYR HQpKR @RYDV QFP MGEGIL FR® V N R X
2pQt SURWP]\ Y WRRMWRY ISRG QDEHRHHPISURGXNFH Rpt PDN
XSODWQ Qt L Y MLQéFK RERUHFK 9 @as&a RdpD o Yde¢ MH Y é
SRFKRSLWHOQ QHQt WA NWHED] GHIELYAR \BHQdIR By PY D

$SOLNDFH VH QHRXY repfoddW OMMIBVNEFK pL §PtoHFtFK
GHPRQVWUDFL PRAQRVWt WLVNX Y WpWR REODVWL E\O Y\
Y®bu Krampus masky |REUD]JHQEé Q5. Rokrth jednoduchpKRGYRXE@BtOQ
modelu Y\ W YRR KHRCAD softwaru byl ]P D SR %i ®R X a tewtuR Y \W Y RoaddIl® p
zdroje [32] VWHMQEéEP 1SWM\DRNERHMH SREVHQRPHQWIOQt piVWL

Obr. 4.5 1iY WKana Y é U Rriasky.

Asi QHMSRGVWDWQ MA&at Y éKNRDGRIX MMD N R MpRVEL@ID QIINGDD G
SURVW HGN\ Y\QDORAHQp QD JtVNiQt PRGHObY byMliEKR ~SU
MHGQRUI]RY pKR. F&K\DQUHGIGU HEBIDMWMVDH SRIFRABR W N]ISQ X 8D W

6WHMON VWURMD SpBHDYRY W XSRRONRVANRDHDIWLtPFR WLVN N
GYRMLFH P RGHGHK WHighMit@a necelou hodinu, RGKDGRY Liigké pDV

P R G Hiv@&en év softwaru byl KRGLQX D pW\ LFHW PLQXW

9 PDOEFK VpULtFK E\QDH QVMDtM LGWD Qi je@d BIXQPID YEUREN)

by mohly konk X URYDW VRXpDV33|p QDEtGFH
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=E9 5
7TDWR GLSORPRMIi|DEBFHOLRESURWRW\SX HVWHWLFNp Rp:
]JINODG ' PRGHOX JtVNDQpKR VNHRDRYIWBX &N U SR VODYHN \

EDNDOiI VRNP1LIS'WK D YEURED RpQt SURHMplikie j& D VitadP
S RN U R p Lpatbiyigut KIR S R XA GW\echh@ldgie PolyJet. 3UiFH V H YW@XN H
PRAQRWWXALWt GRVWXSQpKR ELRNRPSDWLELOQtKR PDWHU

Teoreticki piV VW8 UiFgdpisuje histori Y §YaRVRXpDVQé SRVWXS Y
VNOHQ QéFK D DNWVWHWB /MRBKK

6RXpiVWt 8 UVBHharakteristika S R X & IDV@ h WedchNm@logie PolyJet,
WLVNiUH @Qto feahidlogi Y\XatYDMtRVWXSQEéFK PDWHULIOS$

([SHULPHQWI®WQIFH QDEt]t XFHOHOERFRHKOWUESURE\ SURW
PUYQt S RIN->XSMWDYeoketrie, PDSRY iQextur, optimalizact DYR[HORYEéP
tiskem byly provedeny na modelu z skan pm skenovintin DNU\OiIWRYp P®BURWQp])\
UR]&t HQt VDG\ PR GHGkobteRYRVHWQIE RB O p HROPUBRBMMKQRYIiQ
VNOHQ Qi HVWHWNaFK\iWSYLRR W@de® je vwVY WOHQ FHOé& SURFHV
NWHUéP SURWRMNB SURFRUDHBWNS$ WDNp YoroWR be)
optimalizace tisku.
I\WLVNQUXRWRMWIbOSERalLIRYIQa WLVNIi&t@tasys J750 se
VRIWZDUWERE® NHIPR[HOR QPratdotyywWNSURA&AO\ SRYUFKRYRX ~SUL
V diskuzi jsou QiV OH @m®@totypy vyhodnoceny z HV W H W LHfedipkid R
a navrhnuty mR a pdouct ~SUDY\ SUR GRVD&¥HPO DG S ZImKIRNEPO H
krokem bylo HNRQRPLFNp Y\KIRNG\QIRE pEBtY RGEGWKALWt H[SHULPHQW
D IDWpRxi RNUDMRY Y\XERYNQEHEK\OR P yhadpatit¥enu Ydby
prototypu. Na konci diskuze je z GSYR®@KHGRVDAaHQt ELRNRPSDWLELO
navrhnutR DOW H Y@ MVQ¥\WYR HQpKR SRVWXSX

=iY UHP O]H NRQVWDWRYOMW GA YRPRKQ@\SUiIFH E\O\ VS
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https://www.kisspng.com/prgauronthe-lord-of-the-rings-evil-eye
3356922/downloagbng.html

[33] Eye ProductsTech Optics Eygonline]. b.r. [cit. 201904 @ 'RVWXSQp ]
http://www.techoptics.com/products
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Symbol Jednotka Popis

Cm > . o] &HQD JUDPX Rideltl ULiOX
Cp >.p JCE&HQD JUDPX RBbodpbHULIOX
Cs >.p@ )LQDQpPpQt Qi NVONIH®)\RG¥@(RIu
Ci >.p@ )LQDQpPpQt QiNsRpr@&dtyQuD

Mp [g] +PRWQRVW PpP@péH ULIOX

ms [g] +PRWQRVW mbdafiH ULiOX

Ts >.p KR Sazbazahodinu VNHQRYiQt

ts [hod] Doba VNHQRYiQt

Tt >.p KR Sazba za hodinu tisku

tt [hod] Doba tisku

Zkratka - Popis

2D - 'YRXGLPHQ]JLRQIOQt

3D - 7URMGLPHQ]JLRQIOQt

ABS - Acrylonitrile Butadiene Styrene

CAD - Computer-aided design

CBCT - Cone Beam Computed Tomography
PMMA - PRO\PHWK\OPHWKDNU\OiW
RP - Rapid Prototyping

uv - Ultra Violet
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