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Oipis zadatka:

Ciptimiranje transportnih sredstava u cilju smanjenja potroinje resursa (energije) jedan je od glavnih ciljeva
pri razvoju novih generacija vozila, bez obzira je li rijed o cestovnim, zrakeplovnim ili traénitkim vozilima.
Pri tome se uglavnom nastoji smanjiti masa dijelova transportnih sredstava uz ofuvanje ili fak poboljsanje
njlhl.'!\"lh perfnnmns: Jedan od snafnih alata u takvim procesima je mpﬁlnékn optimiranje. Sam proces
optimiranja poznat je veé¢ dulje vrijeme, no rezultat optimiranja festo je vrlo kompleksna gmmetﬂja
proizvoda, koju nije mogude ostvariti prlmjcnum tradicionalnih proizvodnih tehnologija. Medutim, pojava
aditivnih tehnologija popunila je tu prazninu jer omoguéuje izradu vrlo kompleksne, topolotki optimirane
geometrije proizvoda.

U teorijskom dijelu zavrinog rada potrebno je prlkazau osnovna nagela | korake procesa topolofkog
optimiranja. U praktiénom dijelu rada, potrebno je topolodki  optimirati  komstrukeiju nosala
visokonaponskog kabela elektromotornog vlaka. Pri tome je potrebno unaprijed izabrati kojom e se
acitivnom tehnologijom izradivati nosaé kabela, kako bi se primijenila specifiéna pravila konstruiranja, a
psnovni uvjet kojeg aditivna tehnologija treba zadovoljwi je moguénost prerade negorivih polimernih
materijala.
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SRVWL&H X QHNLMR WPV LIDQRL ® HI X [0 WOWVX NOFQ MGIL PFHW R QR P N
HOHPHQDWD PR&H XNPALAMDVNRPWL XGRWRGNMDRD RS WR UM i HQ
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WRSRORANR RSWLPLUDQMH 7RSROR¥¥MR RPWLPYBDEMUVKQE
GRELYDQMH LGHMH WLMHNRP NRQFFRWXLYXRE@ HD DU W LLUYDY M RSMUL
VYH VH YLaAH NRULVWL NDR DODW RRNRYIDWR SNRREREINDRY) ARE(
]JDSUDYR MH VNXS DOJRULW RQPsiyn Npaseés UNRK WORDUDXD MR M HW | R C
NRQVWUXNWRU D SUHGVWDYOMDLSUDRL\RKRU RRWHYMB L\PPEME
7DM SURVWRU RELPQR VH VDVWRML REQRIRQDOGVR&LRRQT
HOHPHQDWD NRMLPYD $BMHXRBERLIMDAHOWRA@®D BYWHX SRMBXRF NRML
WRSRORANRJ RSWLPLUDQMD R]QDpDXYHONMRIQ L [DL B R amD S\R-VUAL M
YULMHGQRVWL > @

X + R]QDpDYD GD X tHOLML QHPD PDWHULMDOD

X + R]IQDpDYD GD MH UHOLMD X SRWSXQRVWL LVSXQML
&LOM WRSROR&GNRJ RSWLPLUDQMD RGMOHWHRIPH QM DL QIIRULID/NM
SURQDUL RSWLPDOQX SVHXGR JXVWR.INR]D O/JRONIWD R QERyH-
VUHGQMH YULMHG@QRN WQHRYWB BB MNIGE IMDIO RIP VSRV QL |
NDaAaQMDYDQMD NRML UH RGUHGLWL MHREOLNRSXQMHWRG U
NRQVWUXNFLMH > @

7RSROR3ANR RSWLPLUDQMH PRAH IXOSPIQRELRIIDOMHYD WE
NUDMQMHJ NRULVQLND 1HNL RG QMLK PRJX ELWL > @

X OLQLPLUDQMH PDVH NR QIVGUXINF RN MW BEHHHQMLPD RJ|

X ODNVLPLUDQMH NUXWRVWL £+ SUHPD |@:€8dQfaé SRVWHFR

SURVWRUD
X ODNVLPLUDQMH UH]JRQDQWQLK IUHNYWRRUMDW LY BHPD
design spacS URVWRUD

1IHND RG RJUDQLpHQMD SULOLNRP WRXRABEAKRDIBRSW
SURL]YRGQH SRVWPMS NH DEMIGING X LSyBHRLHIYWMRHG QS INNR KW IWFUHX R FU
NXWRYD VNRWMH.@QMDVWAIMERAEE > @

.RQVWUXNFLMVND RLVGHEHHQ M D RN R M D MERVEIN BB RGXWN.W L WE
RELPQR VX WH&aNR L]YHGLYD NRULA&AWHGRM® X\SONYCH QFW R QD
ORJLPQR UMHEAHQMH QDPHiUH NRULAWRSRMRES RWLISWOIHP BUR Q
VYRM SXQL SRWHQFLMDO
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$GLWLYQD SURL]YRGQMD REXKY D ii Dil KIMKH®RL DH. ]NVR I K/ QR
SURL]YHGH QD QDpL @ CBDHWH NRIBRER G R QBSR WOHRATHY LQNDHN U D
NRQDPQX VWUXNWX@ % NRORWHGHEE \WNBQREDAMEQMRP SULI
SRPRiUX &1& VWURMD DGLWLYQD SURI]WRGE MWD NSRRDH O WHH
RGVWUDQLWL YLADN 6DPLP WLPH RRKMD PHWRGD GD $UHR Y N
SLWDQMX XWUR &N®D BDWHR LG/D OADU REHD MR BYXUKRLD ¥ R GOIVAR GF L
PDWHULMDOD SD VH QH PR&H WYUGNMQLGD RIG ®REQWH @ BIDF
YUHPHQRP MH DGLWLYQD SURL]YRG QWD X &SWLRWD 8 MHW DQ
VYDNDNR VDPR MHGQD RG WHKQRORIDL MDMMHGEDWLYQ@B SYRLS$'

$GLWLYQD SURL]YRGQMD RPRJXiXMH LMWDGX FIWRD ROH
SUHWMHUDQRJ XWDR®N IV HY IRESNIIH @ DWR-PUSIAHDNEXQ W HRHPAOP N'W U L
QDVWDMH NDR QM HLD JHR XD WDR'S DIMOMD GR OXHi IMDN]PRM NRQ\
RPRJIJXUXMH L]JUDGX GRYND QB WDYSHOLIKR RVYLIRPMFMKD.@DpX R G G
NRQVWUXNFLMH L]UDYHR B RVROXYIHFQPDRYDRL]YRGQMH

60LND SBULND] UD]JOLNH L]JPHyYX R E ULDYGHH RSGNRONMNDROGIHPHp H \@\
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7232/2a4.2 237,0,5%1-(

6 REJLURP GD MH WRSROR&GNR RSWLRUPDQWMU XNWR DD
RSWLPLUDQMD YDOMDOR EL SUYR RBWSIWWDBDBDRWIH RS HU
PDWHPDWLpPNX RVQRYX

6WUXNWXUDOQR RSWLPLUDQMH

8 RSUHP VOXpDMX SRMDP VWUXNWXUDBOQR RISWHBLWVD
NRQVWUXNFLML QDDWBROMHQ B RIGE® FOVH i DAMDV QAXOW D YRRW H5
AQDMEROMH?®* PRAHMP RWY LVIHA H O RIDPH @V WKR $BI WMB BENWQR G D
SUREOHP VSHFLILFLUD QDMEROMH UMHIURGH B WR K WKX
SURL]YRGQMH WUNDULK EROLGD )RURMIMMH FDMER® N H RIMIL
QDSUDYLWL JD &WR MH PRJXiUH OD N8 NRPSRHRPWEL WY BEDO
RGUHYyHQH NRPSURPLVH V REJLURP QD WRNGIDJED QIPEHQ RHQ
XJURJLOL NUXWRVW NRPSRQHQWH 8 QHNRSHGVUSHR M INRD W
SURL]YRGD ELOR EL SRA&8HOMQR GD P®RHNXDHVRMW R WXD IQ [E XS
LIYLMDQMD NDF HWR G/ EWLIE MH BIFEQ VW XN BIMHE Q FD RR W Y |
FLOMHYL ]D ]DGDQDURIEWY R UNHHI HXQY M ED\WMIDR@HDN D RRIMIMDIRXIY AL M X
EH] RJUDQLpHQMDHNROIL PIDQHH N R D © DN R R QS/AWRURY FIQWHD SRUV
GRELOD EL VH HNVWUHPQR NUXWD NRIQOM BSMWHIPMDDQNR N
GHILQLUDQRJ REOLND > @ 1HNL RG QD MPHAHHN RE UDWYU XN
RSWLPLUDQMD VXD®D SWUHPDR QMR PSRRI DM R RN RROQ/RV 8 WIRF MM HX
VOXpDMX ]DGDQR NRRVRIWDONALMID MX RBINIR FP RELHK ER.RV IV GPWM H
QDMEROMHP UMH XM@Y QRVRS W L\PH. LV INDNR HS PR & \R SIRWDLP  V H
UD]YRMD SURL]YRGRBGR G B HUDH VMHXQBWKD DQSHJ RIWH J N U\
QDSUH]DQMD SRPDFL LWG NDR RXQNHALOMDPHINOM B LNFOM N Rt
GUXJH PMHUH LQWHJULWHWD NDR RJEDQHPHQYRD SYHP B ¥ @

JODYQD NRUDND NRMD VH PRUDMX |DGRYROMLWL

)XQNFLMD SURL]YRGD

.RQFHSWXDOQL GL]DMQ

2SWLPLUDQMH GL]DMQD

'HWDOMLUDQMH
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1DPpLQ QD NRML VHI L 30D RDWDD WKRLUM MDQWAWRRELJQDpL
VOMHGHiULP NRUDFLPD > @
BUHGOR&HQ MH RGUHVHQL GL]DMQ
BURXPDYDMX VH MXXWMNYV@ODVELEDIXQNFLML SURL]YR
8NROLNR GL]DM Q' DN ML ] DSGRNGRODMB VH QRYL
1RYL GL]DMQ SRQRYQR VH YUDiUD X E NRUDN SURFHVD
.RUDN E X GDQD&AQMH YULMHPH DNRLMB PWDD Al] YR PIHKD V|
SRPRU QXPHULPNLK PX W R EXQ0 OCS ROMPIRIW K P\WH. B R EDHPW L S|
XSRWUHERP PHWRGH NRQDpPQLK HOHP HIHDPWD Q KBIR INH ¥ tH QUHN
PHWRGDPD GLQDPLNH NRQVWUXNFLMN\DNGLRKY R OWMD Y DI X3 H UH
SULPMHQRP LWHUDEUR M Xp H\WDW]BD GIRYQRIGNILIXY COMOXL( B EM HNIR Q
SURPLMHQLR NRPRQHVREQ@ GRRMQSKQIRR]QRL BHRQ DS UW E HY
SURL]YRGD 6DPLP WLPH PR&H VH WVWYQ GRW W XGHDM HG RW WL
NRQYHUJHQFLMX UMFEMRQMOQRRYG VDAVRRCL BW H B Q R ANHRQXRPW U X |
MH SULOLNRP NRULZWHQMD PDWHPDWEpNL] QDYW.YR 5 B X IDDE

O Tm m O

ODWHPDWLPND I WURKKNODFARLIMDQRI RSWLPLUDQMD

8 PDWHPDWLpPpNL ]DYPYQBGMDHVERRIEIRIGMID BHOL WMIBIQQD |
PRJXUL GLIDMQ RIPROINWPAPDWHRDWLp WRUHYRLSQDYDGIDDMR SU
SRQDaAabMX VH NDR QMHJRYD RJUDQL pIEO@®RVED DF DRMVHPRW/H p IR IY |
GHILQLFLMRP SUREOHPD SRVWLA&H VHHYYQR SYWH(PD UDXQWIDP
NRULAWHQMH® WWHWDWIRDBRVWXSND > @

*HQHUDOQD PDWHPDWLpPND IRUPD SUREDWHP@DVMWH) XSNRW K
VOMHGHULK IXQNFLMD L YDULMDEOL > @

Funkcija cilia () + VOXA&L ]D NODVLIXNINFLMAO GIOBRMXIDO] LPD

YULMHGQRVW N RIMX SIREGNRWHY G MDD R Y MR © M FSWRLE

LOL HNYLYDOHQWQR QDSUH]DQ MHi NFOQM\WMD X RBLPNDH | X C

Konstrukcijska varijabla (x)+ IXQNFLMD LOL YHNWRU NRML RSLV

PLMHQMDWL WLMHNRP RSWLPLUDQMDWWPRMH BOHGIME

PDWHULMDOD
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Varijabla stanja (y)* |D GDQX NRQVWUXNBUMMMWDL OUWDD E B XW
NRQVWUXNFLMH N R Q NNV QU IRNDH W 1LDX NAAHNVIDR UR GJR.R'D NIB
QDSUH]IDQMD VLOD LOL GHIRUPDFLMD

S8RELPDMHQL SRVWXSDN SULOLNRP PDQWB PRSW bRIHU DRU
NRQVWUXNFLMH MH PLQLPRUBQMHDODXRQNADMHVFEORBPOHPD X
RSLVXMH VH VOMHGHULP LJUD]RP > @

p e«eB:TAU;
oS - ‘Yo" fecctoe@E— o—feEf of U o
'.{’(:‘~(oo‘ Peoe_" o  ((Eoeo'e ‘%o"fo(«:toCE_ of TS’
& Etteft oo "froint o ef"f

JGMH VX
x 2JUDQLpPHQME REDRQFD \QD]QS LY X NG MHD RECGNHLGMN DY O M
SULPMHULFH SRPDN NRQVWUXNFLMH X RGUHYyHQRP VPM
X .RQVWUXNFLMV N X-RVO DIQh HNIIMHLQB DU PMPODQMON Q Bl X p X M
YDULMDEOX
3ULOLNRP RSWLPLUDGQRDLWEBDVWH XWNEFLIHH NRKRELGRD FQ DIHH C
RJUDQLPpHQMD GRN VH X OLQHDUQRP (BRRIGH&H MPR $H K. DN
VOMHGHUL QDpLQ > @

w:T,® > Lr:T; it

7DNR |DSLVDQD MHGQDG&ED XMHG QR QWD QLR VIR RHDQ I W/
bLML VX pODQRYL

X wW:T, + JOREDOQD PDW UXNBLNBGIX \WRYNFLLYWBUGBIMDEO}D W M

x > tJOREDOQL YHNWRU SRPDND NRQVWUXNFLMH

X r:T;+ JOREDOQL YHNWRWYVYWRXMEKMWH AOWQONREMD PR &H M

X.

*OREDOQL YHNWR UF SRR DRWDG N RKERBKGYRD VNI DX QN F L MH
Xxly SUHWSRVWDYOMD VH GD VX QHR YR \RGH I PIULNPM D H RUIDY [
VXSURWQR GD WH IXQNFLMH QLVXVMEBR FDVNHGODUGM R ERM
XNROLNR PDWULFD NUXWRVWL LPD LQNRQYWWRIXFVMHRSDR
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YDULMM@MBEOHW X RED SUHRVWDOD IDNY R DDV DINRY HLQ | R R &lF LIMH
XYMHW RJUDQLpPpHQMD QD MHGQDGAEX WWDX W WWHEBEE Q\RYV RV/D\
QDYHGHQH X LJUD]JXH SLWIHVMHPREBIALFLUDQL L]JUD] >

e B:TAU:T;;
<o - C:TAU:T;;Qrr

e\
2YDNYD IRUPXODFLM Dgnijg2eDd fbormu@gija DSRHHWQD MH WRD
QXPHULpNH PHWRGH RSWLPLUDQMD X OLQHDUQRP SRGUXDpN

9UVWH VWUXNWXUDOQRJ RSWLPLUDQMD

BWUXNWXUDOQR RSWLPLUDQMH REXKYDWMHaADYDWLIH RQ
SUHPD > @ VOMHGHUL

Optimiranje velime + SUREOHP X VNOR SX]D&WMMHYRMEIHWIDU Y. MO E[OLI

GHEOMLQD OLPHQH SORpPH NRMX WH JIDQ\LIFR. MRS @/Q R LNUFDQ \

L RSWLPLUDQX NRQVWUXNFLMX NRUMEQ/H @WIBB 3 U RE OH

6OLND /LMHYR LQLFLMDOQD NRQRQ@UWNRKNWDMIH¥ Q@R R

Optimiranje oblikaz SUREOHP X NRMHR QW X\ DU IMDE@DPD QHNH
GRPHQH RSWLPLURGMR GWDH LVDVW®WMH JJWD FLMH/ANDH DERVF
GLIHUHQFLMDOQLK MHGQDGA&EL QD RBLVFLP G B RY RIDHLE
WLMHOD 60LND LMNX ISNIRK®HP®HNRYQ B WSHRPWIQMH RGIE W
> @
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60OLND SUREOHP RSWLPLUDQMD REOLND > @

Topolosko optimirane  QDMRSUHQLWLMDREGBEW MNAUBRPWBU XOG L
VOXpDMX SULPMHULFH ]D @&WDSQH SIRWL WD R NNFR\HW B R
HOHPHQWL XWBUWHNDERPRP WLPH GR]YROMDYD GD QMLKF
WM GD VH XNORQH L] NRQVWUXNFISNUH NW LX¥NHHN R\PRB B O
RSWLPLUDQMH a4WDSQH NRQVWUXNPRMNRGRWGEOLNDQM
NDR UH]XOWDW GIR®D JR ERONDN QUHRRQLMANOU XNFLMH

60LND /ILMHYR LQLFLMDOQD NRQRQYUWNRKNWMDMIHY QR R

60OLND " WRSRORANR RSWLPLUDQMH > @
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2VQRYH WRSROR&GNRJ RSWLPLUDQMD

*RYRUHUL R WRSRORANRP RSWLPLUD QWYL OPQQWHRBF I
RVQRYQD WLSD pLMD SULPMHQD WRBRIORJYMDWRS WR © VWDJ X;
NRQVWUXNFLMH SWHPNRIQV WK XNFZLHBYNTHU RS R RRISWHP VD'
RGUHYLYDQMX RSWLPDOQRJ EURMD WWLENW R ULQ PK JHKVHREH)
3ULPMHU WDNYRJ RSWLPLUDQMD SWLEOLFQ MR XGMHIH WHK RE &
GD VH pYRUQL REOLN LQLFLMDOQHIGIR@X VRU X N BILMH QLM HN
]JJOREQLK RVORQDFD NRML VOXa&aH NDRNRDBYRABVRSWRBE
RSWLPLUDQMD XVWDQRYOMHQR GD SIRVWERMP LYR DM LaPVHD S
NRQVWUXNFLMD L]WH&BQBQMHI LQRWMREWSIES@R WIRM QIMLEBR D F
UDVSRGMHOD SULND]DQD QD 60LFL W IGHW®PR) ML XD PWM § ¢
RSWLPLUDQMX NRXQWDL Q RIQUDLADDKL ¥V DMHXKAR WQ/IUNK NW R MP RDK L X
UXERYD NRQWXUDYBSMWHPHUD EXURWMWR RUDX WDBDRQMLK HR RS
]JDGRYROMLR ]DGDQL SURMHNWQLDNSUWR/HODML NHD\RVARS WH. IR
GRELYHQ NRQWLQXRISVQ PR WADROSVRHOMR B Ifl BMPHW IS D YA WD UNDR R B R/ U X
VH PHWRGH NRQWLQXLUDQRJ RSWLPLUBSR®WILMHNRYEWWN
NRQVWUXNFLMD > @

OHWRGD RSWLPLUDQMD UDVSRGMHOH PDWHULMDOD

6 REJLURP QD YHU VSRPHQXWX SRGMHOXNWLRGROREOR
QDSRPHQXWL GD iiH VH X VNORSX RMWRRSWL®D UDHWIIDO MRQ W
NRQVWUXNFLMD 3UHPD > @ UD]JOLNXMRAMRPGRBWRVQRD
NRQWLQXLUDQLK VWUXNWXUD

D *HRPHWULMVNL LOL PDNURSULVWXS
E 2SWLPLUDQMH WH P H W MM IQNDDIODVISRIG RHMDUR S ULV

*HRPHWULMVNL SULVWXS WHPHOML VMXQDL BBHR & BIY X VM A
PLMHQMD WRSRORJLMD VDPH NRQVW.WONAMRED DB MWPUDH L
REOLN WLK GRGLMHOMHQLK RWYRUD
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UYL L RVQRYQL SUREOHP RYDNYRP MWW YWWRXSEXHWLIRYSIRIOMR
L UDJPMHAWDMD WLK RWYRUD D B NK®@VSWWXWNFL G R BENLOVRH UBR) (
SURMHNWQRJ NULWHULMD > @ .DR IGRBURE (PHHRDR § R N]D] DJO/IH
PHWRGD PMH KuStldiddhodH QDR XOD]QL SDUDPHWDU WRM PHWR
XJURNXMH GD DOJRULWDP SUHGYLYyW P WLHYMWBRMZRANRMLALDM IV
NRULVQLN PRAH LVNRULVWLWL WHDQIRWREBOLMHRNWYRRK E QD
1IDNRQ WRJD SURYRGHUWDHNRRIQ R WEID MUIR WEH \§ R GV DRNMHKS W L
NRQVWUXNFLMIRVER YB]LVGRUDRQYPE BD READLRWDL ® @V SR
.RG RSWLPLUDQMD WHPHOMHQRJ QD RGWH PIDYD@RWH URBW\EL
WRSRORJLMH NRQVWUXNFLMH WHPHOMX NRMQMLPDORGMH HWYH Y
PDWHULMDO 'RPHQD MH SRGVNXS RPHQH 'XSNRMWHRU DM H X
PDWHULMDO SUBRVQYWDD IGRMKNKQUHR NRDOMNHDSUDYR SRGVNXE
GRPHQH > @ 3UHPD PD@HUDMBRG VBHRGAHNDYIR EURGUVYQ@DY XQN
VH PRaH ]|DSLVDWL QD VOMHGHUL QDpLQ

QD
mp

ra TP 3
T, LP 3
S

E P
3a

D

JGMH VH MDVQR PRA&H YLGMHWL GD NRONLANRVBX BRI WP NI
PDWHULMDO GRN XQMRPNPPW HUNR BOBCRQPVS\RW EaH QU
-DVDQ SULND] RYDNYRJ RSWLPLUDQMD SULND]DQ MH QD 60

60OLND 7TRSRORANRR|SWRPLOD WWMN SRODMK O'XGRRIPM IQU LM @
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2YDNDY REOLN WRSRORANRJ RSWLPLSW DMLY XQWHHE L VL
VSRPHQXWR RSWLPLUDQMH REOLND NRQNWSRVWFH MGIR RGO
RSWLPDOQD UDVSRGCMROD (XD GHWIH L]JJOHG NRQDpPQH VWL
SUHWKRGQD REMDAQMHQMD QDpHOD NCRGRILREN BD RBHW MPR
YDULMDFLMVNL SUREOHP D IXQNFLSPGMHOB MR YHL MU NR.
YULMHGQRVWL > @

7TDNDY SUREOHP LJUD]JLWR MH NRPSOMMHLUWI D/ WL RGAD
FMHOREURMQR RSWLPLUDQMH JGMH NDJIJRMHWIP LR G RD BXNX
YULMHGQRVWL AWRUMHSRDMHDBDQDRMR UK MNWKWCPROS N RWIRINV KW DGD
SULND]JLYDWL > N@L .DVIREOIHFH MRDUGIE Q D MHHE LWQL ISRRR YHOL
PRU WH VH ]JERJ WRJD WRSRORANR RSWLPLUDQNMMWLKPDWUL
LVSODWLY LXNRAHWPRD®D) RWRSWLPLUDQMD

OHYyXWLP SRVWRMMDQDPUQMDVH M/ WNROH SO IR ERIHXUDH NJR M i
DQDOLWLpPNL D WDM QDpPpLQ EL ELRGERP WR QDFPRHEDHOBRMWE
RSWLPDOQD WRPND IXQNFLMH FLONB WG NVIHK DFSHVRRIG D P 11D DW
GRELYD VH YHOLNL YEDURM B E 6 D K BRERRMHIKL Y D WLWDODNED L [DSUD®
MHGDQ NRQDpPQL HOHPHQW 8 SUDNVLUREOR®BPM pFM H D RFEHM
RSWLPLUDQM M HROWRNRMWHORME U R M QLK NYRDQU M@YELOUD X IV FY LU IV 1T
RGUHYHQH ND]QHQ®GILIEXD NE LM H GV BBLNEDD GRERA MV RAHUH UL G
MH X QHNRM WRpPNL GRPHQH JX&WRUH:TDPVBVWRSOMHQRJ PDV

2VQRYQL NRUDFL BBY/RG HU RS REPMHOH PDWHULMDOD

3ULOLNRP SURYRYHQMD RSWLPLUDQM®DDV KREWWHEPQGDMUY
GHILQLUDWL NRMIDMRHFBE @ B H QDP DE@NRFLY H O3H © D NPLLGPLL UD W L
YHiG VSRPHQXWR GD SRMHGLQH Y D ULRDJDHK NPRRM M E HWPLL Q DF
SRPDFL PDVD NURWRM®HQH O/ D&Y M VKO 8 HVHGLQP| QD pQ P H |
GHIRUPDELOQLK WLMHOD > @

S8NROLNR MH FLOM RSWLPLUDQMD RI/NHIERQR DAML] @ DWW F
VH GHILQLUDWL RLSWI@WHDI B Q MM X GRRIEEDDDH/ D BBURIWR RIMM [DACDN D W
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.UXWRVW NDR WDNYD RELPQR VH RO®OWNFILED O@RIR \OW pNLRQGE K
RE]JLURP GD VX NUXOWRMWMWW REROPHOUWVR RFEMO/@DY U Y

OMHUD IOHNVLELOQRVWL SUHPD > @HWBRGRX BB NRQVD
XVOLMHG SRPDND JERJ HODVWLPQH GHIRUPDFLMH NRQVWU X

'LVNUHWL]DFLMD GRPHQH

1IDNRQ &WR VH G HLDMLU DS RVYQUHFE QLR GARHP HEQ X NSLRH WR M.RJID !
SURYRGLWL WRSRORA&NR RSWLPLUDRHOQX WD MK DEIX 3R JOLDM
SURYRGL SRPRiUX PHWRGH NRQDpPQLK HQNRGCERIRWIINRMHQE
YDULMDEOL D SUMMRDLSVEH QD MRHEDMHGHOHPHQWL VX V
D ' SUDYRNXWQL MRWDWQ pYROUHP + 60LND
E ' /DJUDQJHRY NRQDPHGBHOHPHYRURYD + 60LND
F ' VHUHQGLSLW\ N\RQDWIQGDHO HM@URYD = 60LND

60LND ' SUDYRNXWQL NRQDpQL HOHPHQW V pYR
4 7 :
l_'.
A
g 9 n
! 5 2
60LND ' IDJUDQJHRY NRQDpPQL HOHPHQW UHGD V
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60OLND "VHUHQGLSLW\ NRQDpPpQL KROHPHQW UHGD \

1IDNRQ L]YU&AHQH GLQMUHWUFDX¥QMHD GRPE D WSHPRB/DLHM
RSWLPLUDQMD V REJLURP QD SURMHKNW®DBMN R ULN ESULLNP i H\LF
PDNVLPLUDQMH NUNMWRNWR NROQNWALBONEQ®IM N K] VALID D) INR M H
QMX D ]JDWLP VH NRULJLUD X VNODGNKRW DPQEKD GIQR P HQIBQD
RYRJ UDGD QHUH VHE XOMDQW|X ¥ oW MECEQME NYHH GRWHP X/ VD P
WHRULMVNL SUHJOHG NRUDND NR MR SIRORRW R H RS RV REXKD @

$NR VH SURPDWUD SULPMHU V PDNW.FPVQR QMH® DN WK \U R\
YHU X SRPHWNX NDGD GRELMH NUDMIQR B W RRODUCHIMX N]PM DN
PDNVLPDOQD N UXWSRRMW NRIXWWII X NSFUVKIRIND 0. M] HQIBE LWIUL VLMD
NDG VH ]QD GD MH XSUDYR [XQNFVMB QHQS RE®MHOHM AGW R U
JXVWRUH PDWHULMPR® IN RKQ X PDLK \HYCDH\FRHEQ ®WIM H DQIR LEJEMH J
UMHAHQMH L ][DXVWDYOMDQMH RSW ISRILWH BIDRY R HQ BIRp R &
GHILQLUDWL RJUDQNRHQWW LY RE DIRNIX PYIQRULGW K REG®DVH X
JUDQLFD 2JYRQXPHQEHRAMWL N SQURNCHGSRVRMBQHPD > @

4
7 ?RP L .8 TW,
2@5
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Mario Brozoviil Zavrsni rad

JGMH VX
i? UHODWLYQDMNXVIRQPXWDWHWROQDPQRI HOHPHQWD
P YROXPHQ NRQDpPQRJ HOHPHQWD

8 |DGDQL YROXPHQ NRQVWUXNFLMH G\FRAMB QMR B D VEH VI WPLLpQN
RYLVQRVW LPVOMWM RGHIHRMH Q@QHODFLMRP

8 LéMg@.s car ONS X

2YDNYLP RSWLPLUDQMHP NRQVWUXNHMIHWOH ®RSWEW.D b e
SRSULPL VYH YULMHGQRVWL L]PHYXD JID UMHRB YWDHQ M HEPM B U
FMHOREURMQRJ RSWLPLUDQMD OHYXSVULKWKEGR HVRRDWE MUHL
QDNRQ SURYHGHQRJIWRS®W L BIRWGCOJXN DM DS RWDN RMXVW O K NEV $1X Q
PDWHULMDIORR KGIDONOWX aXBOGMM QORQYHNDL GORAHH WDNRVI
QDOD]JH L SRGUXpMD NRMD VX XSUBRYIK IMAHYNH MWRKHIR SIQULEFY
WRpPpNH X NRQVWUXNFLML UMHaD SdidM Kotrogit NMatevisBR@itR P 6,03
Penalization D QMHQ RNYLUQD RBGWODWGCMH UR GDRGBXNMK P>S®WSRJ

OHWRGD ApYUVWRJ LJIROVUR SNDRARQRIDWEHQRMEB: 6,03 PH)

6,03 PHWRGD ]DVQLYD VH QD LGHMMIBBR/$SUENMB KR BWYVRID
YULMHGQRVWL L SUHEDFH QD NRRSNLLE X MWULDDWHH YNDWLLNHDEC
L EH] UD]JPLAaOMO@RN OL RW H.Y ISNNBAWS R IGLMVH.O HX QNFLWIRIP UNDH
RVLIXUDWL GD VH NDR UMHAHQMD FYUDXN WA GRFESRAHLGPHL U/D § LD\
YULMHGQR&auUX UHODWLYQH JXVWRUNRGR VY VVNUISROD¥D MM
NRMH SRYH]XMX UHOHYDQWQD IL]LNDD™®Q DD VLYAFROMAWW Y ¥ R\ \0\
ANDAQMDYDMX3 SULMHOD]QH YULMHEMR\PW U DNRVQH/ \8 B ¥ N FIG\
PDWHULMDOX NRML VH XSRWUHEQGRRYDRERWBRRGKHEDS RHQDWY\

SHODFLMD NRMD RBRGXKBD SRODVAOLGR R XQYNFX ML UDYBR!
PDWHULMDOD MHF WRSWHGEL VD @M R ENM KW RKRWYMADNR @V WODXWNLF
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Mario Brozovii Zavrsni rad

JGMH VX
L+ IDNWRU NDaAaQMDYDQMD
"4 PRGXO HODVWLpPQRVWL RVQRYQRJ PDWHULMDOD NRQVW

7THPHOMHP LJUD]D PRJX VH RGUPGRWW LY N R M H GURMWI
UHDOQD IL]ILNDOQD VYRMVWYD P DNWHHIUR.BMDREIDA M/ \WRUEINNRINRHP  S5RD\
IXQNFLMD UDVSRGMHOH PDWHULMDOD > @

"7 LrL r 1z,

"7 L;sL 4 {;
6 RE]JLURP GD MH SRGDWDN NRML VH XR6 YOBLRHWGREBNV WR |

NDAQMDYDOYHWAD > @ QD 6O0LFL SULND]XQBRMXKHGNDDN R R GIBi|
L P XWMHpH QD PR @R ® HDIOWMNCLD XRIMW D ] X

60LND 'LMDJUDP ROY HOQRW b PRGMDR FUMMHGYBREMHOH PDW
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Mario Brozoviil Zavrsni rad

3UHPD > @ LVNXVQRYERRWIHOGRRP]|P&QE DY DROMNRAWIRUD N
MH ]D SUREOHPH RSWLPLUDQMD V RHORGL [G-ROMHP &R OVRRHQ
UMHEAHQMD V GLVNUHWQRP UDVSRGMHORP PDWHULMDOD

3ULPMHU UMH&H @M DNFQ 8 WRIXNRIOMWKXQRA N R & WRHSWWLHPR. WDRY
LPSOHPHQWDFLMX 6,03 LQWHUSRODFLMWMHQMHVWRAH NDA&Q
YRGLOMD X]HWD MH GLVNUHWL]DF LM®DL & RHFO-HPH @ DWHID Mpi RR
YROXPHQD GRPHQP QOLFLMDQRWRJ YROXPHQD > @

,QLFLMDONRQWM DX 7RSRORANL RSWLPLUDQL GL]DMQ

60LND 7TRSRORANL RSWLPLUDQD SURL]JYROMQD / NRC

1XPHULpNL SUREOHPL SULOLNRP RSWLPLUDQMD

BULOLNRP RSWLPLUDQMD QDMQRURREQHWH MHR®L VH I
WLpX VDPH GLVNUHWL]DFLMH YUWRWHAEWHQRM D 6 RRIWEWRX LF
LWG > @ -HGDQ RG QDMpHEAULK SUREXOHRID K WLOKRMRPAN R SSADLF
SUREOHP RELPQR QBUWDIMHHENHO PNREN-R HGMAHVMDHPD N RVQ
HOHPHQDWD QL&HJ UHGD NRML SXQR PMHIEIOMH RBUYXWNMQ
/IDJUDQJHRYRJ SUDYRNXWQRJ HOHPHQRDD NVQ R p YHROHRPYHDQ WD
PYRURYD RYDNDY SUREOHP iH VH SBMBYDW: & SXQR PDQM
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Mario Brozovit Zavrsni rad
SULPMHU SRMDYH XpLQND &@&DKRYVNHD) SIMIPIHR SR LUINNDHE Q Y
RELpPpQR VH L]YRGL LOL SURPMHQRP GLX¥WNRHWAHL ] BMWRV W H/ O
PLMHQMDQMH G PHNOWDN LIDIF XM R W OWPHRMNDORER RQUW QLPpHQN
UDVSRGMHOH PDWHULMDOD 8YRYHIQMEH H®PIDKWU UMD P HANRID
OHWRGH GRGDYDQMD RJUDQLpHQMD SUREOHPX RSWLI
OHWRGH GLUHNWQRBWPDQNRDBODRYNIUD NRQVWUXN
OHWRGH NRULAWHQMD ILOWUD
6 REJLURP QD PDWHPDWLPNX NRPSOHINRGRV MY BWILKXPWN
RYRJ UDGD 6OLND SULND]XMH WWVRH GHHP D/ VERQMB NRQ
NRQVWUXNFLVX GUMMNEHYNRKDE LM X NRRAHPFHEXDWD UMH&aHQN
GLVNUHWL]DFLMX SRPRUX NRQDPpQLK HOHPHQDWD

60OLND SRMDYD XS @RIH A&DKIRONMWN\RF PLRODRMDMaN R RSWL
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Mario Brozoviil Zavrsni rad

7232/24.2 237,0,5$18.217(.678 $',7,91(
352,=92"1-(

8 RNYLUX RYRJ UDGD QHUH VH UD]JUDWHYJEWD SEMDROD
RSEALUQRVWL ]D RNY IYWH JiHY VEHQ®RDWRIESE BUNPM QUBIDN DKS RW U HE
SURL]YRGQMH ]D L]R®EXP MFESRXR NRWYWMNNRERMB (i 9 G\KH
VSRPLQMDWL UD]QGK X\&XV XIBDQR N\NR K UDQ@R JWERV M D RR DERWND | X M
VSHNWDU XSRWUHEH /@8R ARESRWRBAH/BHRBVWRG QD HAR &L Y
QHRELPQLK REOLND NRQVWUXNFLMD SRV WRMH RG ISOHF B GV
X4WHGL QD PDVL PDWHULMDOX L UL RRQDPOH AL CL\QIHNAL DI \F
WUDQVSRUWD OMXGL LOL WHUHWD

7TRSROR&GNR RSWLPLUDQMH X ELRPHKDQLPNRP SRGUXpPpM

%LRPHKDQLPNR SRGHXMMHYR&QRMWP QD VRS U DA/RIEE UR
LPSOHPHQWDFLMRP WRSROR&NRJ RSW.IMWH UDE MD | B MY R PSR
UD]QLK YUVWD L]JQMHGULOH VX YHRPDR]VLFOMIPYCHV NRK) V)
DGLWLYQH SURL]YIRG QWRHJ LL\KQM PDXEYWBWWP BUQR XVWELD PLP EROI
VWYDUQH VWUXNWXUH OMXGVNRJ WRS/OBODWDWEDQRRIG BN
WRSRORANRJ RSWLPLUDQMD L LPSONXKBHQMRF sthcuPe W]Y UL
]QDWQR L]JJXELR QD WHALQL D ]DGW&DR ]9OIREDURXNDO DX K
AWR MH MRA EL\WIM®B SURWRHIHHY GG R @ D MRG DMLY RIWW. N U D M C
JGMH WRSRORANR RSWLPLUDQMH RPRJXRXMUHL GDJI R PHQ DN
NRULVQLNRYRM ILJLRQRPLML > @

60LND 7TRSRORANL RSWLPLUDQ LPSODQWDW NXN
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Mario Brozoviil Zavrsni rad

'DGD VH JRYRUL R R\WOW H®D'PD LYWL EHS@NM M H® R'FHLCPLIN B KX |
VOXPDMHYD WR ELYD XVOLMHG MDNVIOMH®XIL K RAGDIUNDX D 6N
UHNRQVWUXNFLM B NWDAMNY-H BENLR DWDUDNSVBAPING MHHPP RBR X S\OL M X P
RGOXpPpLOD SULPMHQMLYDWL RGUHYHQH VY PSODDAWD\EHRNEA )
7UDGLFLRQDOQLP SRVWXSFLPD RYL UWBIORA WD W VW ¥ RAWDH G
UHSOLFLUDQMH SIR\QSHUN-DRA [@LLWHH E LRBR\DR G RORIPLRIRYXL IRYRP |
GDNOH WRSRORANRJ RSWLPLUDQMD EREHGQR X VIHGLWIORA)
VX HNVWUHPQR SUHFL]QL L SRWSXOQR RUYIGOMIM R PHOQLD NE Ul MAC
YHRPD ELWQX XORJX X LJUDGL RYLK MPLSOHDQONWDQLD D @M DL 1D
OXEDQMH X VDP®@RIJIDP] WROQFHEWODQWDWD > @

60LND 7TRSRORANL RSWLPLUDQL LPSODQWDW OXE

=DGQML D PRAGD L QDMELWQLML SUXPMB UMH PRD® W®
UHSOLFLUDQMD SNRRARYQ@ M XV W USENPVRXI BFHVW R RVIDR AAWRLIP R SWHL S|
]OQDPDMDQ GRSULQRV SRWSXQRP UH SGNRNLLUKD KRNKWR VKD QXU pX
RGJRYDUDMXULK POS/MHELMDQRD 1D BIE® WM HMRHWQ EWH@MHP O
SULND]DQL VX QD VOMHGHULP VOLNDPD > @
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Mario Brozoviil Zavrsni rad

60LND 7TRSRORANL RSWLPLUDQL GLR N®&VWL X YLUWXD

60OLND 2SWLPLUDDQRQWDREAVEDRL]IYPASMWQ WQER PRHK QCRERILMD >
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Mario Brozoviil Zavrsni rad

7RSRORENR RSWHOCMUD@MHREM LQGXVWULML

6 REJLURP GD VH Y®IliK QNIR I S\RUXHNQ\D/UDUY. G B NQRMW DK RSYULL ¥ B
VDVWRMH RG NRPSR]LWQLK PDWHULHMDODW KSR WRAHNELD ROSGAL|
GLMHORYLPD W U HQHKQ\D QDR SR HRG UQ@DR.G M XN RFDSYRDQ HAEWIHU /S|
RVNXGQRVW L]YRUD V RGJRYDUDMXIiULP VREOWILRWL WHQ IVAH N/R
NRQFHSWXDOQD ]DPLVDR ]D QRVDp \ONRWGD AL M HWSIDRP QD p N @
NRQNUHWQLMD SULPMHQD DGLWLYQHR SWRELYUDP®RQK HN R QNRAQ
AHOMH]QLPNRP SURFBKWOR QAMVHA UK RLYNSDO R R)GHE YOFP LAMDR VEIL E L (
RVWYDULWL NRULAWHQMHP DGLWLYQLK WHKQRORJLMD

60OLND 7RSRORANDRpPRBEWH 8 DODQY QR WIWERQRGIUR LDYRG QM X >
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7TRSRORANR RSWXMRMRELKD KNRM LQGXVWULML

$XWRPRELOVND LQGXVWULMD SR]QDWMP REHLGR MMHNMR M
SREROM&DOL QMHJRYH SHUIRUPDQVRG DI Y Q3 K WNJURLAD LKL |
SULOLNRP NXSRYLQIHODQRYRIDFRWRP BEYLHMIH G H HWAKYRDGUQR [ D
SURFHV WRSRORZNRJ RSWLPLUDQMD ]RMRGQR WH DGEUW DWW
VPDQMHQMH PDVH NRPSRQHQDWD DXDGRH RRIPGR QHIQNRY B UG R
VPDQMHQMX WURANRYD RUJDQL]DREMHN XMERIGRG X HRUIQ R WV L
RGQRVX QD NRQYHQFLRIRNVAQHS NSHU R %)Y JRH@RHY [D] U DG H NI
SUHADQMHP OLMHYDQMHP LOL GH IR® FELJ D QMR D BYE00 B WM
DGLWLYQH SURL]Y FRRQRY @ N HGHYM M lYRUILIKOH.R B FL ¥IHD RIGOIXRMMH |
X DGLWLYQH W HKNQRIDLR/IW M L NDNNIRK ELL VGRS IR OKRIANNHRG RISI\O L PY L
DXWRPRELOX 7D MNentlkeyH] $XS P FMIHWL RS OXpLOD LQYHVWLUDWL
X XGYRVWUXpHQ MHQN DSSWDRELL]W R & Q@ MHE X VBAN@IIGILDESDX SWY. B WH U L
LPD VYRM YODVWLWL NDPSXV DGLWDY QR 8 U K/IH YWRO/QWRH W RI
XUHYDMD ]D DGLWLYQX SURL]YRG Q MX HGRINO RIH\W DVOrLLKV H WDIN
RUJDQL]DFLMD LPD YL4H GHVHWDN N XV WSUWRHFHYLD LY RIWNLL Y B WKL
NRULAWHQMHP DGLWLYQLK WHKQROMRVUILIMDR 5DNIDQ B XpNHNDEX
WDNRYHU UDVWH L PRIXUQRVW SHWRRQIDODYRFR BRI X RKINHIG LV
RSWLPLUDQMH

-HGDQ RG SULPMHUD DGLWLYQH SURLMRGQNF MW R X
DXWRPRELOVNRM LQG>prighty WML V®DNPNRDMMHRW VB NRMD VF
JRUPXOD 6WXGHQWNPDOVM MFHDXQ M DU \B XPOD @R PFR N U X4 HQ M

.RULAWHQMHP WRSROR&NRJ RSWLPLYDRUMDLPODNRILRIH N
XaWHGMHWL pDN L GR a QHSRWUHEQH QP/DLY HN BMR L ¥ RFEE®
PDWHULMDOD LPDOD QHNROLNR NLORUBBP®D ¥\YH W/IRN N RPFSH
WUND({iHJ EROLGD MDVQR MH GD {HAaWY®NQRQDPLNRIPSR Q W
SULOLNRP SREROMADYDQMD SHUIRUPDQVL YR]JLOD
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60OLND 7TRSRORANL RSWLPLUDQD JODYPLQD NRWDpPpD

-HGQD RG QDMSR]QDXW DM WKR INRREPLSIDUNLANND NLRB ulybdy W U L M L
RGQHGDBQRtRMRQUXSH VD VMHGL aRHPLK H XY ®W VINHGN HD M L

WR NRMD MH QD YULMHPH VKYDW LD B UXB QMNHWNDH Q R LKRYBID S
FHVWRYQL DXWRPRKIQXWUB&@NRIUR R.]¥D D D RSRMP U HEDP DGR
WHKQRORJLMD QD WRSRORANL RSWLPQH D/XL B RWVRAOD/O\LU R NEALLC
DGLWLYQH SURL]YRGPRMHVERYR D M@®RYKIRE B YL B8BRELOD NRM]
VYRMH WRSRORANL RSWLPLUDQH NiR\bH.® R HD P HRCDWX.VMWH.G QVILK
bDN 2VLP X4AWHGH QD PDVL RVWPHKIO@LpME MYIRAM\WVDORD S|
RGQRVX QD DOXPLQIMDENDH LikH M RWWD RERID HWRWWRX | DR L W
SURL]YRGQMRP PRYOX WR WIDQWLWDRRORDWHULMDO

$NR MH SR]QDWR GD VX SUHWKRG QD i b{ @ W K WWH 3 W H & LID.
]JODPLOR GD VX QD FLMHORP DXWXNVWXAWHERMDLKhBNU B XWSRP
YHOLN L]QRV > @
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60OLND 7TRSRORANL RSWL Budatd Q M VWRHR R QBIDpH O@ X VW L

SRVWRMH MR& PQRJREURMQL SULPMHKLDWWEBRRREARN
LQGXVWULMH SULPMHULFH WRSRICRRRENQHRGSR VM QUBIQ K D OYDUYC
GR WRSRORANL RSWLPLUDQRJ GUADEQD VMHQWUMMHWRNRMW/ UR
WDNRYHU YLaH VSDGD X NDWHJRULMLX YRSWIMPA UNDWNVEDI LNKR ¢
NRQNUHWQLMH ) SDSRBPLAAL MRpQUWNHHRERDQGMHDXR SULPMHQ
VWUXNWXUH L SULND]DQD MH QD 60OLFL > @

60LND 7TRSRORANL RSWLPLUDQD SDSXpLFD NRpPpQLFH
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7TRSRORANR RSWLPLUDQMH X NRQWHNVWX SULMHQRVD \

"HGQR RG WUHQXWQR QDMSRSXODURSW LR LIPDRUND M B DN
SULMHQRY WRSOLQH L WYDUL 0D QMH G/L\AHS MY BIMN O® MMXU R
WRSOLQH X VYH NRPSOHNVQLMLP VXVQWPY LPRAH @ \REJMINRPX G
VH &WR YL&H NRP $IRQR QX QY®FV RELHG R VAWLRP B DAXNS B NNDUIR. B W |
GR YHRPD pHVWRJ SUREOHPD QHGRYRGWMEE O HPO jLHHM B D
SURVWRUQH SULURIGH LYX iQDPDQW IGRE N R\GLY R 8 LWRDGWNRRP S R
YHOLNRM YHULQL URGXVNWKLNIR RS B QFOPBHW@M WHE P FAMQ M D P D

VPHWQMDPD RELpQR] GRS ELQRVMDG XRW FR\E O X MD QMMH jD DN D

QHNLP VOXpDMHYLPD NDNR EL VH V][RI D ORRS BHIHORRY RY M}
HOHNWURQLPNH NRPBREQWQYWM SRVPRUBRQRVKHODWKIQM 5 HO F
> @ 2QR VH RELPQR L]YRGL NRQWD RW QHRIGIRG N BRI \L RID V|
RGUHYyHQX WRSRORJLMX 6 REJLURP @WH®DDHOXPS QR MWIRIGQ !
RELPQR MH WR X]GRE QM HMW DSRIADMBIE BDUNOPD RODYB GOLFL

60OLND $ O KRtsigk L \DVSIDVLYQR KODYHQMH HOHNWURQLNH
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7TRSRORANLP RSWLPMWUWDQDMWHIPQRR/IX RIG NRDY R WM X #HD VORI
NRQVWUXNFLMX UDVKODGQRJ WLMH@HB WREVMW LS U HPLDP @R PH |

VWUXNWXUD 3ULPMHU WDNYH WRSRODRGQARJIRWWMHADWDD @O F
SULND]DQ MH QD 60OLFL > @

60OLND 7RSROR &ébtsik 0V KPIDYBHIQIMH HOHNWURQLNH > @

7RSRORANLP RSWLPLUDQMHP RYH VWMEDN@MH HX S\RRQWALH
SULMHOD]D WRSOpQMHIH &RISPH QNSNARIXNVRE YDH 8 B i FIQ MWD X ] P H
SUHWKRGQR QDY heGtHiRY X VEX@GBURBULIMHQWLUDQLP UHEULPI
SURYHGHQLP X UDGX > @ecadiREROWRBANKXRISWRMRNRL EROI
WRSOLQH 1DUDYQR RYGMH WUHERSX\HmMeHBIOEE RLJ Y\M B HXD

DGLWLYQRP SURL]DREAGM RRS U Ky M B BHSYRUWRY Q HD@H.VIDWWRE W D N
RG OHJXUH DOXPLQLMD L héatsnkBOMP L GRMWVMH M N\DVQ GXO® GO
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7TRSRORANR RSWIIAPNRIDOQRAMMORM LQGXVWULML

7RSROR&NR RSWLPLUDQMH X JUDNRSODNRXYNRMWH MMBBDI
HNRQRPVNL QDMLVSODWLYLMLK PHWRGHEVRDQMRAQNID P MV
NRQVWUXNFLMDPD R® QHRNFDO KNKX SEHMNMBBXGH X> R®]1BY L W
SXWQLND L SUWOMDJH GROD]L VH GRME RNIL®RUH D FSIHWeH N R
WDNYLK NRQVWUXNFLMD VYDND 35G\HHEOUQDDP MVOLL R D P ISKE
XJOMLNRYRJ GLRNVLGD X DWPRVIHUXVWDXNFDQWMD XYLMRK W
FLMHOH IORWH DYLRQD SUHPD NRMLP BaWWH {HVS B LIOUNDR K QL
PDVH 3ULPMHULFH SUHPD > @ ]D RNYDX &WIFOGRHV D DN KM B SEJ
JUDNRSORYD XiAWHREIQMHRROHGX SRRV IWDR ELDE SRVOMHG I

WRQD XJOMLNRY R/H QLVRSNKWIVGLOD RRE FLWRR QB WX H6 Y HU X YR
FLMHQH EDUHOD QDNMXHJU D JFOS.INKQXY P ROMRHRL SIIRGAJUW X DMK X VY LM
VH VD VLJIXUQR & MR DL QNFRYPIONDL MBI R VX X RRHEHOUDGIM E URI
]D VDPR NJ ODN&X NRQVWUXNFLMX

3ULPMHUD LPSOHPHQWDFLMH WRSROWRENRUURSWMPLQDB®
LPD SRSULOLPQR SXQR D QHNL RG QMS RWSSHRIFOHQWOM D H =\D
SULPMHU VYDNDNRY ML K HHRIN® [RDG XQIK MVMDRJOVDRINR D NRSE R Y D
RELPDQ NRULVQLN PRAGD QLNDG QH ENDBXLPDRMHWNRR SERY
SDQHOLPD 5DGL VH R W]Y SLORQXUDWRSQRYDp Xp MU PIHY
RYLVQRVW MH SHINP]WQIDNQBDV/ BMBIGND >> @L 6

.ULOR
3LOR
ORWR
60LND OHYyXVREQD RYLVQRVW PRWRU@ SLORQD L NUL
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3LOR

ORWR

60OLND OHYyXVREQD RYLVQRVW PRWRWFRLMLS:*O®QD QD UH

7RSRORANLP RSWLPLUDQMHP RYH NR PSRRG\DWUHX NSALLH/FD
LVNRULAWDYD VDPR LQLFLMDOQRJ &SSOV VR Y B ORB K H RQ®IL
NRQVWUXNFLMD MH R SQUMPYRBQ D WIVHBU XWHWXWED XR®DHY H N
LIJUDGLWL NRULAWHQMHP DGLWLYQHGSE URMQY B COQRPID BRIIRO
60LFL

60OLND 7TRSRORANL RSWLPLUDQL SLORQ JUDNRSOF
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6YUKD XSRWUHEH DGLWLYQH SURL]YRGIQMH PR aAHN GER S\
YLAHVWUXND 8SRWUHED WRSRORANRJQRSWRBQUWDQWD F
NRPSRQHQWH DOL VORNRKH W H&SRRORIRBIR J SILXRLAY RIG Q MW
GUXJDpLMLK PDWHULMDOD 3UHPD SR®UNVQRY DM PE NRMHW® R
RSWLPLUDQMD L DGLWLYQH SURL]YRG QUM H H8 RREUN P QD DQ@N
QRVDp MH LJUDYHQ NRULAWHQMHP []D X ®IDNRVEONRH @HH INKRIGIV |
&LOM DGLWLYQH SURL]JYRGQMH M HJXJWH G/LWID R R P & RSUHQWRP
RSWLPLUDQMHP RVLIJXUDWL VPDQMRIQMH RWER XQRD®U QLY [
.UDMQML SURL]YRGWVMMNWWE YRIOY PHPBMXiL WEHNROWRDQMHQ
RG D SREROMADYDQMHP IDNWRUB 9DJBUY QR WW X NOO YYULAL
RQH LQLFLMDOQH NRQVWUXNFLMH > @

60LND ,QLFLMDOQL GL]DMQ QRVDpPpD X JUDNRSOR?®

60LND 7TRSRORANL RSWLPLUDQL L SURL]JYHGHQL Q
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7TDNRYyHU MR& MHGDQ SULPMHU WRSRO®RRNIRM LR\S W IGR- MWL
SURL]JYRGQMRP X RNYLULPD JUDNRSORY RRWRBEXY WRIPM K AL
JUDNR 8ib&&YB20 2SWLPLUDQMHP MH XVSMHAQR VPDOWPHQD PD
PHKDQLpPpND VYRMVWYD LVWLK RVWDOD VDpXYDQD > @

60LND 7TRSROR&NL RSWLPLUDQL QRYVDpPL@GRNORSFD PR\

-HGDQ RG QDMSRSXODUQLMLK SULPMNBDMWRS RFORPNRY
LQGXVWULML HQ R B B/H ®IHVDRIREE QM HMRAP RSWLPLUDQMHP ¢
VPDQMHQMH PDVH V NJ QD J W LN\OR @ USGRERNDBIAEHY H L
]D YL4AH RG > @

60LND 7RSRORANL RSWLPLW®RDALE U@Dp DQWHQH VDW
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2NYLUQL SURUDpPX®Q S&WE GMRPRURDQMHQMD PDVH

3UHPD MDYQR GRVWXSQLP SRGDFAIBB |R CENRR\BDRAYDM & Ja
PRJXiH MH QDSUDYLWL DQDOL]X X&WRISIR 8D L|®L 8 R A WS\
VOXpDM SXWRYDQMD 8 DQDOLAR2A3E RBXKDDNRNEH WX PRG
LIJUDpPpXQDW 5 BW B R MM & W@NE YN HN RROR. QB ] WOBNIROMH QR VW L
SUHOHWMHWL 3UHWBRMNLYBMHQRBRMDGXHNEGDRMHDPLMHQ|
NLORJUDPD JRULYD MHGQDND ¥ 7DMREFED X&WWHIE@®RYFOME QF
NLORJUDPX PDVH MHGQDND VOMHGHIRM UHODFLML

G S o e . A
S CG&eo4isopadhakbd U® %99%%0 s

SUHWSRVWDYLW UH VH SXWRYDQMH LJUBDIDLH KB DXO MHHA R R W1
NP dWR VH X RYRP NRQWHNVWX PRAaH | BRIMWKSRWLDYR W UF
QDMSRJRGQLML JUDNRSORY ]D S UAirbus AR3,NSRKMLQ & N B P(PD>W RML

SURVMHpPQX StRW® RZBMRERENROLNR VH 4HOL VD]QDWL NROL

QD WRP RGUHJyHQRP SXWRYDQMX SULP NHQMRP \RBSBDOREOF
JUDNRSORYD pLPH EL PX VH XPDQML® DUDDPDOM ]0G DNOM @R QW
VWUDQRP MHGQDGAEH L NRUHODBNI®RIMN YPPFUDNGQWRR GF
WUDA&HQL L]QRV 8DEOVRUD Y NXDQHS XUHNYCDH D ¥REBUEHAE38L) R

A388]D UD]OLPLWH VOXPDMHYH SXWRWYBQMDX @D W B DED EEMH OM
JUDNRSORYD NRML SUHPD > @ L]QRBW aO HRLHOQAMIX @D VDRV :

7DEOLFD 8&4WHGD JRULYD NRPHUFLMBDIMH RGUDMWRSORYD ]
ORGHO ]Uq SHODFLMD : =UDpQD XGDO 8&aWHGD JR

Airbus A333 =DJUHE 1H|Z <RUN a
Airbus A388 =DJUHE -DNDUWD a

7TDEOLFD &MHORALYRWQD Xa4WHGD JRHWIRYGD |NDNRSORYD \

QD XaWt
Airbus A333 Airbus A388
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.20(5&,-$/1, 62)79(56.3%$.(7, =$ 7232/24a.2
237,0,5%$1-(

8 RYRP SRJODYOMXSGHBWOHEG \G-DRDBEDNK WR I WR MU \RNPLR
VWUXNWXUDOQR WRSRORANR RSW L PIRMHMXH R RED/ WH X WRLS
RSWLPLUDQMH PRAH SURYRGLWL QDM RB@HONG DR WHUK SI\WILIA HL
PDVD NUXWRVW L YODVWLWD |UHDNHW®WE LRMDR JX @ MXQG B QWH
XSRWUHEX UDpXQDOQLK UHVXUVD GRMVNR GRMROYDR RRW
PLQRUQH SUHLQDNH L GHWDOMLUDQMWHVRDMNRNRL PRIDRDES
NRULVWL PHWRGX RSWLPDOQH UDVS&RGMRAB HORWH U3LUIM-DRDD :
X GDQDAQMH YULMHPH QDMpHEUH N FORENRKE QR SSWLRLWDRYM D
2SWLEWUXFW , QDWW KHHQIDVQAFH$EDDRV\S$ BLP XDLDSROVFD L

$EDTXV $720 NRPHUFLMDOQL MH VRRPYHNHNRM D N DQBUA
WRSRORAGNRJ RSWLPAQIDMD WY DVWHRRINRWAMWURPWIXUDOQR
RSWLPLUDQMH QHOLQHDUQLK PDWHWRMALAID PR @MW ULX NNFRLC
SUREOHPD > @

9DQGHUSODDWY *HQHVLV LQWHJULUDRYNRHA VRpPpWIMNX
RPRIXUXMH NRULVQLNX GD PLMHQMIRSREGW RGN HY K6Q HD M@DLO
VH SURYRGLWL VWUXNWXUDOQH DRQBO RIFIWN.PR LADNRVI ¥IXR ERCG WA
RSWLPLUDQMH W RISIRIPGIMWHI L M\RNBRR JRIDWIRS WRLFPW U P IQWDHQ N D R
REOLND 3UHGQRVWL NRULaAWHQMD U*H QRIS/W Y P\DRNI R/Y HNLREM IV XR
YUOR EU]H UH]X®WD W Bl UDQ\DBOA [ HY BEMBDLENO IP NERIRWWA R XWNIFU M H >

Q7RSRORJ\ MH VRIWYHUVNL SDNH®HNR}MLOLDEK AW R GLHWH
WRSRORANR RSWLPLUDQMH 1DpHOR QDMNR/NIHPP NNRK D ® L BIG& M
QDG YHOLNLP EURMHP YDULMDEOL XWH RGP QIUMNRIYLXa RSIVQ L |
]D WRSROR&GNR RSWLPLUDQMH NRQVWIUKK NALVDONaMWE U D& WHHI

structure. > @

6LPXOLD 7RVFD VRIWYHU MH SR]QDWRLY RIBBRQWHXVNRJ
Systemes-HGDQ MH RG YRGHULK VRIWYHUD X N B QMWHRH/OWKH @ R
WDNRYyHU QD VWDQGDUGQRP SDNHWX ]®D@DHEDT XPH WRXKR
WRSROR&NR RSWLPLUDQMH VWDWLpNURE GHPD P LCpMNLL KL WH
NRPSOHNVQR GHILQLUDMVSKHNRDY WUBXINFVIRGI MH >
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8 VNORSX RYRJ |JDYUAQRJ UDGD UDNRWAGEWHIMWR S/ROW &
SDNHWD $OWDLU ,QREMLUWSDGD X GRPHQX 2SWL6WUXFW L\
6RIWYHUVNL SDNHW ]D WRSRORANR [RGEWX PW Q B QWRIHINNROWN B/ O W
L RPRIJXUXMH SURYHGEX WRSRORANRPQRWDP L DD WH BN RS
VRIWYHUL |]D WRSRORANR RSWLPLUD@RMH WVKHRBEGNMHQDIW DD P
GRELWL YHRPD |DGRYROMDYDMXULMMPOOMWMMPWWPDNH]DAR |\
HOHPHQWH 5D]J]ORJ WRPH MHVW aWR SURDUHFPH @CDMWMR PUA
GLPHQ]LMDPD GRPHQH QDG NRMRP VIR BB RLYNRD NBRES&AW R LMD Q
mesh LfaStér optimizaionPRaH VH SULPLWLYQR XSUDYOMDWL UH]XO
QDYHGHQR PR&H VH XVWDQRYLWL @D XAWBHR [XDWDQW HQV SQ
WRSRORANRJ RSWLPLUDQMD DOL L NRWR @RND Q636G BWMIDO E
LQWHJULUDQL VRODNXNV WL NXESOHEMID)B 6L DMMNRRYLK NRPSF
XpLQNRYLWRVW X QHOLQHDUQLP DQBEOD|DNRLL &WMHQMHAPQIIE
RYH IRUPXODFLMH |]D OLQHDUQX DLDDIRU]X Xp8 O KDHW:ME N3RIR
RSWLPLUDQMD X QUVBLUBPXUELOWDLY MH QD 60OLFL

60OLND SURJUDBUNWPD MXhEOMIHIH VRIWYHUD > @
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(.63(5,0(17%$/1, ',2 5%'$

8 RNYLUX SRJODYOMD REMDVQLW #VHVWDNNWRS\HIU RISHW R/S
RSWLPLUDQMD QRVDpPD YLVRNRQDSRPRWRU QR E N OD NNR P.HDUF
SUDYLOQR SRMDVQLOD deBtudy $G HNGNY WD XpWMIMH WQLGHMD
&$' RNUXAHQMX NRMEHUEBKHPIRNMH NNUNRRD WO BN BV URPNRRARI U
SUHGVWDYLWL R GURHIWWY U XNFU DIPH W QMR B]D URFU D@L [PHREOMD
RSWHUHUHQMD NRMD VX SUHWSRVWRSEOWH®QD SRINMRXS® AR I\
RSWLPLUDQMD QRVDpPD L] DVSHNWDWLP B R WGV RIBIWPHS U 1S R
,QVSLUH X] REMD4A4QMHQMH RGDELUD PDWHUXEDRD]YR GIQY MK
SURWRWLSD

2S5LV SUREOHPD

3ULPDUQD IXQNFLMD QRVDPD YLVRNRQDSRQONRJIN ®D
XpYUAULYDQMH NEBRO P RRD Q MSRIAMIOVILIOPPWEME @ R YRR RV P
SRG RGUHVHQLP N XMLAPP XSJUHH B M INRLD MLQSHRIRRYA B M RM & §'UR/IQU X &
X RNYLULPD GMHORPLPQH NRQVWUXNBLMOGLRNURYD BYODRRD P
VWDQGDUGQL &$' DODW NRUL&ZWHQ MH SURJUDP 6ROLG:RUN

6WDODN EXGXUHJ
QRVDpD NDEHOD

e

60OLND S3R]JLFLMD EURM QRVDpPD X &$' RNUXAHQM
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6WDODN EXGXUHJ /

QRVDpD NDEHOD

\

60OLND B3R]LFLMD EURM QRVDpPD X &$' RNUXAaHQM

.DR 4WR VH PRAH SUHWSRVWDYLWL Q]JEGOWNHEDR YSIR/RN

WRpNH L  X] SUHWSRVWDY N XMS LGRROMD\WNDL S B i RD\RWELL QWL
WRPDND L 7D VSRQD LPD NOMXpGOXRBOR §K QLHPUNXWAPR/FH ¥ [
QD UDYQLQX NURYDUD®RLOX ROGORHX\YPO NIV UKW BURL]YF
VH SULWRP PRUDMX ]JDGRYROMLWL VX VOMHGHIL

X

X

1RVDp PRUD PRUL SULKYDWLWL NDEHO SURPMHUD PP
&EHQWUDOQD WRpPpND SURYUWD PRUD/VWDWIND M RVYBpOL R

1RVDp EL WUHEDR L]GUADWL SUHWSRRVWDYUONHQRR QIIRY
YODND

1RVDp PRUD LPDWRYYWHG YD MBSPHMBQMH QD VWDODN
1RVDp PRUD ELWL SULJRGDQ ]D LIUBGKMHWMRUL&GWHQMHP
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3ULOLNRP GHILQLUDQMD ]DGDWND X]SRDBH¥NHX SRIEQ U}
RGUADYDQMD YODNRYD WH VX RGUHYVHDVUKRE LGNKD GNRICK
NYDQWLILNDPPMN DR &OHNHH®DIL QDpLQ

6SRWLFDQMH UDG @ NR XVRGXANFY. MQHEX @ XpD|MQRPVGE R WI

QH PR&H RNDUDNWM UL LMB®Q RMMCWORN WD YRRV DH \&

PDJQLWXGD VLOH MREQP PR R R M5 NREBNYIM B ML@RNERP N 1

XVPMHUHQD MH RG WRpNH VD 60DNK RYREHPDXOD DK pQ

QRVDpPD RGJIJRYDUD QNDFOM b MiXH WD © R GIW@MD & W LS ULLINNDR D |

RULMHQWDFLMD QRVDpPD X &$' RNUX&HQMX

9HUWLNDOQL SDG WHUHWD QD QRVPLVD X RY FBMD & (RO
QRVDp SULOLNRP L]YUGDYDQMD UHGR¥UWR RN HpODOR @D
PRYMHND NRML L]YRGL UHPRQW S UHJHSRY WDINYAORWD WLH XC
]JDWLP PR&H VH UHUL GD MH YHUWLNDRO® D WD BIDM R H\GHY [
SUHPD GROMH

2YDNYRP GHILQLFLMRIUR SWHUMN B Q\E Bl Q DLSNUWIDL & MM Rp B H
NRUDN X SURFHVX WRSRORANRJ RSWARPL BGQM G LRV PP/ NDE
iH QRVDp ELWL WIUB YN/ X WESR G RMDR I HR % W LSRALRNRGWLIV N

2GUHYLYDQMH PDWHULMDOD NRQVWUXNFLMH

2SVHJ RYRJ |[DYUAQRJ UDGD REXKY D HDNRY MNIXQ R LWIRIS ¥
LJUDGH SURWRWNSR SRM D |BLL \POX\EHMH DO & HX ANHFOML HPDW W D Y L \
QRVDpPD .DNR WRSRORANR RSWLPLUD@QMH | DXW EMHWHD GRS (i
PDWHULMDOD NRQ VAV RGNAHGLW LS RD\WY HBQRD®L BUR.GI@WMG NRU
QHNH RG DGLWLY QeI W/HE X RO DLAMBVHIQDL. QR M)ID N X OGARHW XV
EURGRJUDGQMH X =DJUHEX RGO XpHDRVE pDGID] Wby ¥V ¥DSULR SR
WDORAQRJ RpYUAULYDQMD D NDR RGH R @dyRddccd PO W H UL M
REJLURP GD $OWDLU ,QVSLUH X VYRMWP QG S & GELQN RRID\WM M UQ Hu
JD MH LPSOHPHQWLUDWL SUHPD GRVWWYQP®» SRGDFLPD R P
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SUHPD > @ GHIWQMHGQRVWKL V EIK K/ YB MWV O M B HXRW

3/$ PDWHULMDOD X ELEOLRWHNX VYWIRMVDANYCEQ NIR M D W HILDLYWE
UH]XOWDWH WRSROR&GNRJ RSWLPLUDQMD QRVDpPpD VX

X <RXQJ RY PRGXO'HODKXNNWBPQRVWL
X *XVWRUD PBW K 1IMBDRO D
X *UDQLFD HO& \VWKLPIPR VW L

,QLFLMDOQL L]JOHG JHRPHWULMH QRVDpPpD

3ULMH QHJR &WR VH NUHQH X L]YU®IRYPMOMMHUMLEPROWDLFS
L]JJOHG NRQVWU X NFNRH L VDMWIRR ES X Wi BIR W HDFFLH B 6 WRG\W W F
RSWLPLUDQMD NRIQ VY WUHGNHQLDM 3 RISRIE DK Q R XPULYARL W IFL.@ M H P
SULPDUQH IXQNFLMH XpYUAULYDQMD LQRWMMH )LD $DQ KD ND

SUHGYLYHQL VWDODN .RQVWUXNFLOLDG NRRUWY ME' 091D &HQBUI
MH QD 60LFL

60OLND &$' SULND] LQLFLMDOQH JHRPHWULMH QR
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6 REJLURP GD VX VYH RVWDOH NRPSROQBIQMH REXIRMDID G
SURVWRUX ]D L]JUDGX &$' PRGHOD EQRFS$ MIDMIARG Q W Y. DPND HE I
SUHPD SR]LFLMDPD WLK QHSRPLPpQLK INRRSIRQHIDCAMD D6V I
VWDODN RGUHYHQL VX WDNR GD VH BRNO®DSHBELENX T EH R 8 R W
QRVDp SULKYDUDWL ]D VWDODN iH RDXVNBRURR &MWL W L MNSAD
VSRPHQXWH SURYUWH PRJX VH XPH 'Wreadatl insetsY 3 QDPYNRHAD L
QMLKRYRJ XPHWDQMD NRUL&AWHQMHRM 8 8 MIHO L' FLH/ SIID\RD DILYKR G
SULND]DQ QD 60LFL > @

60LND SPHWDQMH QDYRMQLK XPHWDNmX " LVSLVDQX

BUHGLEQML SURYUW NUR] NRML SH@WBPL NPEHPH GDRX
VNORSQRJ SULND]D WH NRUL&WH @QRVSHPWOSFM M I$ XINNITO Q @I R K2 \
6OLFL L 60LFL BUHGLEAQML SHRDURGLWPDPRH iNKDE HRHDQ]E
PRQWDA&H VXVWDYD SD MH WDNR RGDE WRMBEMRPH WD 5] L
VUHGLAQMHJ SURYUWD MH SUHPD |DKWRIHYLPP RGRBOYRKI
QDOLMHJIJDQMD QRVDpPD QD VWDODN MHREJURRR VED XQ RIGEG
UHOHYDQWQH RVL QLMH GHILQLUDQ SQRPLPLGIRRINR FRS/R ®HDH

SUHPD 60LFL WDNRYHU MH X] SRARRGHG VMUNR BHMHEQUMD A G
=ERJ ODN&HJ UD]XPLMHYDQMD PHyX\WREQILKHN S WLRSYDG Q Bl XLiE[
L RULMHQWD FLIM®O 60D N
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60OLND BULND] ' VNLFH X SURVWRUX

60LND BULND] " VNLFH X SURVWRUX WORFUW
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60OLND BULND] " VNLFH X SURVWRUX QDFUW

60LND BULND] RULMHQWDFLMH S§EBHWNHHNDODWUILHEL AQMHJ
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60OLND BULND] RULMHQWDFLMH SUHNVQOH NDVVDRBELEAQMHJ

%LWQH GLPHQ]JLMH LQLFLMDOQH JHRPHWULMH QRVDpD

x 8NXSQD YLVLQD PP

X 8NXSQD GXOMLQD PP

X 5DVSRQ L]PHyX SULKYDWQLK SURYUWD PP
X 4LULQD VUHGLEQMHJ GLMHOD PP

X 9LVLQD VUHGLAQMHJ GLMHOD PP

IDSRPHQD

8 GDOMQMLP LWHUDFLMDPD L]JUDGH BWRWRWHSD Q3R GD |
LQLFLMDOQH JHRPBW DLW QE RUWAREWRIS KONRRQ I VRISX\WNFPL M D
SRYHUDQMHP YLVLQH GRQMH ED]JH V HWPRLQLD NRRIIREDOMDE
SDG SUHPD SULKYDWQLP SURYUW IMAD X 30DR5 ¥ H & M HVI B2 W QELUVLHN
WRSRORENRJ RSWLPLUDQMD V RYLP L&/ILRH QL LMD]®DS U R X RWH
VWUDAQMH VWUDQH QRVDpD MDVQR #MH NRBOMLYD XVSRUHC
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6OLND BULND] VWUD&QMH VWUDQH &R VONDDXABQYMIXDGQRJ

=D NUDM GDQ MH SULND] LQLFLMDOQRHNBRBRRWQDMWB
SULND]D ' VNLFDWWSUHPMUARYWDLRER QD SWERHEHDERDXWDU &$'

60OLND 6NORSQL SULND] RYLVQRVWL QRVDpPpD R GUXJL
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7TRSRORAGANR RSWLPLUDQMH LQLFLMDOQH NRQVWUXNFLM

7RSRORANR RSWLPLUDQMH NRQVWURKNEDMHIQRQDRG QY
ELW iH RSWLWRUNXKBRMHINRIDYDpPLQ GDIMEB M MR M PGIKFOLQIDD RD
QD QDULQXWD RSWHUHUHQMD RVWDRH NUWW R VWKL LN RQ Y 1/Q
RGUHYHQR RJUDQ LD RN PLQ/RUR B URW MARIONE R H QBHU NRE) \W L &
L]IYUSHQLP VLPXODFLMDPD 8 VNORSK BYR.P 3 RSIODRDANOHMIL SWF
RSWLPDOQL REPILMD VRMEWIRGR YRZMR MR SWHPIDUNDVQLMH S
NULWHULMLPD

8YRYHQMH LQLFLMBDOSURJUHBPYMWRIVMHHOMH VRIWYHUD

3ULMH VDPRJ SRpPHWND WRSRORENRJQRWEWDR\LIU B®MPR G
NRQVWUXNFLMH X VXpHOMH SURJUB®© DD LR SQWLPLLWHD QINDHA M¥H
QDpPLQ NRMLP VH WR PR&H L]YHVWL RRG S OWE®DR MY.DNDH B BV D\C
SURJUDP 6ROLG:RUNV X XQLYHU]DOQL WIWRRR D83 0GR ¥ RR
1DNRQ WRJD NUHLUDQD 67(3 GDWRWHIND SYH®WD NRRXY GG
VXVWDYX X OLMHY RIPD GR QINR KR VWX XRRHEBIM HIQGM RIWLLM G R @D F |
7DNR XpLWDQD JHRPHWULMD VSUHPQD 3H D GRRKWRDYO MU
VSRPHQXWLK X SRIJODYOMX

SRVWDYOMD QM HREB WHUH (pHH@WD NRQVWUXNFLMH

1D XYHGHQX NRQVWUXNFLMX SRVWDYDLW)DiHS WRIY BWULE
SULKYDWQLP L VUHGLAQMHP W H iidMXHN R § NLEW RNRRRNXYO B 1§
EL VH XpYUVWLO D HERELR/ W H XQDFLIMD BLRHR B GIRDXDO B @B W U D
RG D E UD \StucR®RBIQMW DU WH RSFLMH QDOD]H VH JRWRL K VYH
VNORSX WRSRORANRJ RSWLPL UGGV L NDYD OHF QMREPOGRLR S F
PR&H SULMHUL PLAHP SUHNR FUYHQRKVRRIEAW V\RE RPQ D WR |
SRPRU WLMHNRP RGDELUD RSFLMD &Q %W DAH RWYCRN R E O®Ip LV

R]QDNX RGDELUH RSFLRUppdts HILDJ]DQ MDNR® OHRINVINE D
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60LND ,NRIQ&AISsRSFLMH

60LND SRPRUQL ®upOmpLlt RSFLMH

6 REJLURP QD GHILQLFLMX RVORQDF DF ISSipperts L6 O L FL
R]QDpDYDMX VH SULSDGDMXiUL SURYRWUW .SGURMHDR]RDNDO
RVORQDF QLMH SRPLpDQ X WUDQVODMRL QRW DPLMO XR NOFOR \
3ULOLNRP RGDELUD RED SURYUWD HRQMIIVNVD VMH VLWR\EWD Q M HV ¢
ILNVQR GHILQLUD @IRUSUBY UMD WGDRGQDRNH GDQ MH

60OLND 2]QDND RVORQFD X VUHGL&WX SULKYDWQR.
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'HILQLUDQMH R SWIH WH.IMHHO\V Q DSUUHDG/AER Y. R B/PVRO X WIRM X HX R M
VWRADVWLK FUYHQLK R]Q Dodd3 RJED & RQHM R MQ B ® R K\LL R §IF IRWHS M
YHOLND FUYHQD VWWYHQLPDNXRNMP 8B BBREGHIDXMH LNRQ

8 RYRP NRUDNX GHIW@RGMWR BH W\N SRAOWIHYGOHMIH GQHD VILQ H
X (5 L L wrrl
X (g Liy(Lzrr1

X ( Li(Lwrrl

2]QDNH VLOD XVNODJHQH VX V ORNDOJUIPPX RRUGRQM
SRGHAHQR SUDYLOMR ANBAVVWURREUDMBMR$ROND QRM 3IDIDWR
$OWDLU ,QVSLUH

2GDELURPFR®FALHWGRP VH R]QDpXMH XQXWDUQMD FLOLC
SURYUWD L XYUAWDYDMX QDYHGHQ®LYDIOMH GQRVAV IQ D6 NFRRE] |
SRWUHEQR MH LVWR W RBokcH R/ Kb XV DX VR ISIDEY K WAWD [RUG I LRVGXI R Y L
SDUDPHWUH .DNR VH UDGL R FLOLQGLFLIMIRMD % ONRRQY WRIM I
VLPHWULPQD X SURJUDPX QHiH L]JONGOQR NDRSEKD HWH XY
SURYUWD OHYyXWLP VSIURSURBPDPXWRPDMIHGQRROQND RS ®BMIH
VYHMHGQR JGMH N®DND]LFI\RBUHDB@NVREG S LLLQOLUNRPMQ M BN R
RGUHYyHQD RSWH U HL-RYNDV B U B GLR)WNN G h PQ R ]IQ B NMHDIR N R (
EL WUHEDOH L]JJOHGDWL NDR QD 6O0OLFL

1D RYDM QDpPLQ SRWSXQR MH RGUHJ&QRHRS WHIQ X\W H QaVD-
GHILQLUDQMH NRQVWUXNFLMVNH GRPHQH
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60OLND 2]QDNH RSWHUHUHQMD VUHGLaAaQMHJ SUR’

'"HILQLUDQMH NRQVWUXNFLMVNH GRPHQH

BULOLNRP SURYHGEH WRSRORANRJ RPN DXL X DNJRWIR B RO
RQD SURYRGLWL RJWRPIH$OWNDQ R §XERQUDH LRG G B\ L]RO L U
NRQVWUXNFLMH NRML QH XOD]H X SGRRIO@X L DS B R W\D R/DRIPNRR
design space 3ULMH VYHJD SRMWIH & QRS MHM@DOKBQRU RRYJUNDI) ILf Hr
WRSROR&NRJ RSWLPLUDQMD WM UQVLPWDNR WL ER DM@ GG
L QDNRQ WRSRORANRJ RSWLPLUDQMTR QMLRR¥HREDS NDWH W H
R S FRaKitibn 6 O LN D X Q X Wedrdetty] ER U Q L N D

60LND , N RRQiticRS FL M H
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=D SRWUHEH RYH VWXGLMH VOXpDMIP R GDEND @D WHI RE\H
QD VWUDQL VLIXUQRVWL V RE]LUFRSRIIQDLF®IX IGHE MO B XNRQH
1IDNRQ L]YUSGHQMD R GH IR QEIUNDHS SRR JBWMPHNIRY DN REQH/ X SR]
QD NRQVWUXNFLMLWB KERLYURNPL GIU I W KSRGRORN 8 H KL QQ.M DIQR Y
QHUH SURPLMHQLWL QDNRQ L]YUGDYDQMD WRSRORANRJ RS\

1IDNRQ &WR VX GHILQLUDQL GLMHORYNRNRREAWQPRLXDO]
NRQVWUXNFLMH WUHED RGUHGLWLYIRMB®X GROHQGEUIL REIL
]JDVHEQL GLMHORY RGRIRE QW LVE DP R L NGFOP VAL BH WORR QH (
SUHRVWDOL GLR]RRQV W X XINFReSihEpaG7ILJRHD NMH GHILQLUDQD ¢
QDG NRMRP iH SURJUDP SURYHVWL VDR3 ROURRAIND RSNRFP IMX[
RPLWXMH VH NDR GMR QI RQWM\D Q¥ R PLWBIPRERRIANDY HQH ER

=DYUaQL NRUDN SULMH SULVWXSD WBSROWHAMNRR HR SDK
VLPHWULPQRVWL NRRMMWDNAONND R M A BRARU B H pNHRIWID SIHRL]OD L
RSWLPLUDQMD 6 REJLURP GD NRULAVWHQUK 5 BGH QLYK HD & W
RJUDQLpHQMH JHRPHWULMH RGDELWHJXNRLMMHR XG MEHW WV M-
GD VH XQXWIruct8RREG®X P NMODSynkRetic, WIFOMD VH QDOD]L X VNORSX
L N RSQape Controls 6O L ND

6OLND , N RSymmeu&F L M H

3ULOLNRP RGIEhdDSRREUMR WUD&L GD VH RGDEHUH GRI
design spac RMX VH PR&H RGDEUDWL GLUHNW Q R @NDDP REMQAR X\
GD VH RGDEHUH UDYQLQD VLPHW UIX\DHN RIDREGIL N B QQ/DV Q B NIEQ MG
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Zavrsni rad
VYH UDYQLQH NRMH QLVX éleOMHQI-HKUDMQMQGQ\RLVF’WIN\M,Q_FMI#\

5DYQLQD NRMD RVWDQH AXNOMXpHQDY QXL QD LWIDA K WPWRIGWHHD DI
WRSRORANRJ RSWLPLUDQMD 6OLND

60OLND SULND]LSRWBROBRIBRPHWULMH QRVDpD

6DGD MH X SRWSXQRVWL GHILQLUDR®» NHREHM QLMD QR
WRSRORAGNRJ RSWREED QWD RYS YLD R HQWIHU B YWRHS@RDN WWNH W

3ULMH QHJR 8WR VH NUHQH X W R 3-RCHROAINNRL RSDIDAPLHMD @ HY
GHILQLUDQRJ 3/$L IPIDNVCHAJQ RND ONIR Q QW WREN EWNDIW I B N\RQ PVDR/ DD |

SURJUDPD WH SURYPMXOWDLFL®IDFphVIOMDWRREVLNR QDMWWUNNPLOMWDYV
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6WDWLpPpND DMDDO@OQ HDNRQWVWUXNFLMH

3RNUHWDQMH VWDWLpPNH D Q DSdructie,IN® RIGR PV ERMR X ALOMIX
OptiStruct AnalysisX RNY L UAnaly®RQED MH RGDEUDQD WD RSFLMD RW
SUHPD 60LFL 3RG BRGCaEXRGDLEEERHQUH RQD YUVWD RSW
SUHWKRGQR GHILQLUDQD 9HOLpPLQX RRRIR 3WHQLIXM X READD.
LIUDPpXQDYD DXWRPDWVNL

60LND 'LMDORANL RNYLU LQLFLMDOQH DQDOL]H NI
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5H]XOWDWL VWDWLPpNH DQDOL]JH LQLFLMDOQH NRQVW!

1DNRQ a4WR SURJUDP SURYHGH VL P XORJFELHVGD WW DLWS . R F
GRELYHQL UH]XOWDHLQBFRERYWRRMET MR BRDVLYQD ]D RYX
LIPHYyX RVWDORJ MHU MH QDSUD Y QMMRNDL RGX SSXUQR.D PIDQUH@Q D
QDVWDYNX VX ]DSUDYR L RpPHNLYDQL WIRKANFEIMH VX 3JFON R
]JDQHPDULYL GRN MH PLQLPDODQ |IDQNDN¥FRU MNOIXWUGROWMH MM
AWR ]QDpL GD MQUL¥N MDD R HNRQ SRS N ¥ MWQ WD X\OQINNDHG R SW

6O0OLND JvuaQH YULMHGQRVWL SRPDND LQLFLMDOQH
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60LND JvuaQH YULMHGQRVWL QDSUH]DQMD LQLFLMD (

2YGMH VH PRAH SHERIUMHSYD\MIR GDRIKWXNEDBUDYR NRQFH
QDSUH]DQMD 6DPLP WLPH PR&H VH SNRWS KW WBDLYLMIMBDXSH
NRML SRYH]XMH GREMXG ISR RIRX V WNXMBEBENHD [ POM Q DPHUH]D Q|
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60LND JvuaQH YULMHGQRVWL IDNWRNBLWMIHI XUQRVWL L(

8 RYRP VWDGLMX SUHRVWDOR MH RIAREWIDA\RF L KH. WD RV U |
SRGDWDN QD NUDMXDWR®R GRiMRP R WHIPHE UBDWSDJLWRO GF
LIGYRMHQLP FLOLP GIH Q QP UTLQHPO REREREHiEMW.H QMHP QD UH

,ApLWDQD POYHD NRQFVMMIXNFLMH MHVW

X | LtawzsMWJ

60OMHGHUL NRUDN MH WRSROR&GNR RSWLPLUDQMH NRQVWUX
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7TRSRORANR RSWLPEFUDMOMHRNRMHR UPANLPLUDQMD PDVH

7RSRORANR RSWLPLUBIQWIHO S R VNVRRMVAHNRHIDQNEPLLMIID QM BL P IY
LIYRGL VH QD QDpLQ G DStkturé, ¥ § R W SX0pli& @ BIDNEDI UH RSFL M
Run Optimization.2W YD UDLMBORANL RNY LWL RSWLVEXROMYDNRUHPL
5D]J]ORJ RGDELUD IDINWRUYD VM V@ EMWN\WLLY|QD GV BEMRI SL
3URYRYHQMHP YL&H VLPXODFLMD V DDNOWMRpPHBPR WILH XGJOD FE\
PLQLPLUDQMD PDVIHUBURIWDR & LIMH GDIHV B OFCD QAGNDRER. LPFDRV
VLIXUQRVWL GRELYD VH PDOR PDYLRNQY.IMLXSRY.RHODEG QLS U
NDR RSWLPDOQR UMHAHQMH 8 HY HQAVDXDO® RPH GLHO MIGILHAPL L
DQDOL]D L NRULVWLW (iH VH G UIXJIDW XML RPSIRGHRE U M B DAL [RRWEL

60OLND 'LMDORANL RNYLU |]D WRSRORANRQRNOPWAPVYHDQMH
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IDNRQ SURYHGHQRJ RSWLPLUDQMD G RE INRHIMWBERDE NI
SULND]DQ MH QD VOMHGHULP VOLNDPD

60OLND 3RJOHG RURM RYWLFRSBRQXPN.RQ F WMUDXNER MO VR P

60OLND 3RJOHG RURM RYWLWRSBRQXPN.RQ F WMUXNER MO VR P
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2YDNR GRELYHQD NRQVWUXNFLMD SUWHOMWNBRRAWR ¥
QDSUDYLOR L |D XREEMMOLORWXLNRIDMWIHUH]XOWDWH DQ

6WDWLpPND DQDRIS\WLWRGBOQRANRQVWUXNFLMH

1IDNRQ 8WR VH SURYHGH RSWLPLUDGQGMMD ORINRI IR NHLER
VH RWYDUD DXWRPDWVNL 6OLND

60LND 'LMDORANL RNYLU QDNRQ WRSRORANRJ RSV

8 RNYLUX DQDOL]HDUWHM R CBW RW D VRISBINURDIIRJNY W WLY N DR W INR G
NRQVWUXNFLMH GDNOH VOMHGHUH VWYDUL

x 9UGQH YULMHGQRVWL SRPDND NRQVWUXNFLMH

x 9UEQH YULMHGQRVWL QDSUH]DQMD NRQVWUXNFLMH

Xx 9UEQH YULMH @ RYXWLQMWWRNRQVWUXNFLMH

3ULOLNRP DQDOLPHIFNMRIKD WH]IONQRWMWHL G RVMD G RX ORI G|
JUHANH X NRQVWUXNFLML JGMH MH RBNWRIR W.UXKMB & QWY WG
MDVDQ J]QDN GD NRQVWUXNFLMD QHQEQ DLp]IGQ 00 b HR BARHIL\H
SRYUDWDN QD UH]XORMDM QWRS R ORRGHRG DREIMRIOQ/NNVHI X MAL M H

VDPL REOLN NRQVWUXNFLMH QLM HQEL WRRVSWRALMHIXLE D 6D
QD VOLNDPD X QDVWDYNX
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60LND vuaQH YULMHGQRVWL SRPDNDFMWMERORANL RSW

$NR VH XVSRUHGL PDNVLPDOQL SRPDINVWRSRQRENIQRSM
NRQVWUXNFLMH 6O0OLND YLGOR LURRVRMRG D ¥ ¥ WKDRYHRIPR WO\
AWR QLMH ]DQIHWH RIGYRUDWLP@H YDAQRVWL

$QDOL]RP YUGQLK YULMHGQRVWL QDSWVH]PQUNDWRUIH PYL €
MH GD VH UDGL P XY E&RD@WDS PBNVQAMD BRGLNDRR|LRR B G\D MH
QD SRGUXpMX PDNVLPDOQRJ QDSUH]®PA®DROGNWRPDWU R WQI
RYR WDNRYHU QLMH NULWLpPQD YULRB®E&RNVWHOQR®MHH) RP BI N \
QHVDYU&ZHQRVWLPD WRSRORANL RSWLPEUDQH GIRBO RUXQ M
EULGRYD NRML VX WWD®®QRIUGHRRS N AJWMFHNDIM H DR PHDW LB/ L G
NRML MH SUHPD VYHPX VXGHUL YL&MW RGWNHR H QHHQ RIQDWN X V
NRpHQMD YODND
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6OLND 9UAQH YULMHGQRVWL QDSUN)DOMDFMWMRS RORANL

BULOLNRP DQDOL]JH YUZQLK UH]XONDRVE H DDV R M DQ VM HX
SRVWLIUL XQLIRUPRBHM®WXQ B LMD O RPLFQD VRAUPSIFOVMDVNDGD EL
WRSRORGNL RSWLPLPDOQB NRQMWGE GURIRMAD NYWHRIXDRGL J X M H U
RVQRYQL XYMHW NRMX SH.OPRGBREO &RUVEXNMWD QM) REMFALPY UL
PLQLPDOQRJ IDNWRUD VLJXUQRVWL SRAHPD HURIVEDHMKX NM]YH
SRVWLIJQXW GRYROMQR GREDU UH]XORK IV\W DGVIU DAML R DW I X|
'DOMQMRP DQDOL]JRP NRQVWUXNFL MM H URRMOLE WY R EN HPH GAUNS
XQLIRUPQRVW IDNWRUD VLJXUQRVW LD QUROLDH R WM E B VR Y R J\
L WDNYD UH VH NRQMINDWKN W ISNSIXGEEHRADBRX
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60LND 9UaQH YULMHGQRVWL IDNWRPDWH WREAVOYRXWELWMRSF

6 REJLURP GD MH XVWDQRYOMHQR GIF LIMH WRGRORG@MD R
NUHUH VH X QMHQR GHWDOMLUDQMH

'"HWDOMLUDQ VSHWWRISIRBOR-E MNMIRQVWUXNFLMH

=DYU&QR GHWD O MLSUDLPN H DIDRIS R R GLEMLOXNKHLLM R UD G D ]I
NRQVWUXNFLMD SRSULPL OMHSAL LNPHGMW HK W MHNDLNP R DVX |
SULPMHULFH LPSOHPHQWDFLMRP ]DREQMHIHE R 8VWNIDIRGIX ¥
VH LOL DXWRPDWVNL LOL UXpQR ASRM®X DV H? RPOWHELLOVRD @ |
RSWLPLUDQMH 2YGMH GH VH SULND]P®EL UXQRW DQD hLBR |
PolyNURBS.
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8 GRWLPQRP L]ERUQLN XVrgpDLBrDigé! NRHU H) DIBIHGHE HX Y HOLNR
NRULVWLWL X VYUKX GHWDOMLWEBRMOXBOINHREOLNRY D QM
NRQVWUXNFLMH NRML VH SURWHAaH GURH-HHOM B YNRIHL R G IDNE U®G
IDNRQ &AWR VX NUQPMIDIQL VXILMNMR@INVU HGHEHRRW S O MLMMH V B
NRQWLQXLUDQD GLMDRKRGD HGYRFHIMKMPD VSDMDQM

60OLND ,NRQD L REMD@aQMHQMH QDUHGEH
60LND ,NRQD L REVED@dE MHQMH QDUHGEH
60OLND .RUL&AWW@MH QDUHGEH
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1D NUDMX GHWDOMLUDQL GLR PR&H ULRHRE®GNDR DIWIL
SRMHGLQLK ]DREOMHQMD LOL QHNLUKQAUDILX JQFPDKQX LV L6P |
SULOLNRP L]YRYyHQWDPWRBRWOR iR R AR SLXRWHS UUNRD LQDWIL Q G

MHGQD GHWDOMXWNFQR H RWNR GR W RN MRUEDDYLQIHGNHRVIMMIRIL XUNDF L
QDNRQ WRSRORANRJ RSWLPLUDQMD WHARLQM KNP ¥ HG HRL B D\QM

60LND '"HWDOMLUDQD NRQVWUXNFLMD SUYL SR
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60LND '"HWDOMLUDQD NRQVWUXNFLMD GUXJL S

60LND '"HWDOMLUDQD NRQVWUXNFLMD WUHUOL S
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IDMELWQLML DVSHNW RYRJ WRSRORBNRJIQRSAMWbPL WDIQ VS E
VH VDGD PRAaH LApLWDWL XNXSQD PDVD RSWLPLUDQRJ QRVI

X | apasaokdar{{wJ

'DNOH RSWLPLUDQL QRVDp LPD VDPRFEAMH PIWR ]IQDUAL I3
WRSRORAGNLP RSWLPLUDQMHP RYRJ QRN pIDSXANEH G WHHDHR YR
GRPHQH

BKRGQR WRPH RYDIM UWNRUW DW LRVMQANDIRUB R WMUQL [OOD]
WRSRORGNR RSWLPLUDQMH D WR RMWHWRSRORNNRWIRSWMLLP L1
RGDEUDW i{H VH W WHUDNRMHEWHIRFDYHR O X PGDI 05 R/P 2
UMHEHQMH NRMH BXNESEWDWIID QR ERIIGIG\D DNWUXWERW WH X RN Y
SRWSRJODYOMD

7TRSRORaANR RSWLPLUDQMH NRQVWUXNMWIMH V FLOMHP |

7TRSRORaANR RSWLPLUDQMH V FLOMHPRRD RQRRDUB QAMLD M
PLQLPLUDQMD PDVH 6DPLP WLPH ORJUPB®RO W B WRD HINLLYMDXV
RSWLPLUDQH NRQVWUXNFLMH 3URPHV@REDRALSDKYPW R RSBIRRY
RGDELUD | X QMmkriizel fhassNORDQD 6OLFL Maxit@e Hitfrdd$.8 V H
GLMDORANRP RNYLUX WDGD MH SRWIDHE®R XFPGQHG GW P HIRH
SRWUHEH RYRJ HDGDVIN|®EUDMHRQM D

7TDNR GRELYHQD WRSRORAGNL RSWLPLYD®B G\HIQ ¥ WMIOKNF
SULOLNRP VDPR YL]X®REIH HXYISKR WHVGEHIHV B Y DNRQRERMHNRB |
NRQVWUXNFLMD LPDWL YHUL IDNWRIUUBQRQMNHR RVILIO R 8 PRBIHC
PDVH 'RGXaH NRULAWHQMHP WRSR ORLAWNIRQG MADS WU R MRD/OMMD (
NRQVWUXNFLMD ELW UH WHaD MHEQROALDYQR PDWR & IWNRD\DHD
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60OLND 3RJOHG EURM QD WRSRORRDNVRPWU B REREP ONU X R/GR\AWW )

60OLND 3RJOHG EURM QD WRSRORRDNVRPLWU B REREP ONKU X R/GR\AWW )
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6WDWLpPND DQDOL]D WRSRORANL RSWLPLUDQH NRQVW

.DR 4WR MH WR EURWKRGOX Y.UMW XUDNRE R O RANRRY RS Wik
RYDNR GRELYHQX NRQVWUXWEhNMBX \§ 0 BE)OHYD LL (SHI]XNODA D W L

3UYD DQDOL]D NRMD UH VH UD]PDWU®SRWD NIBI ©RO@WDW DX
60OLND

60LND 9UaQH YULMHGQRVWL SRPDNDFMWMERORANL RSW

3RJOHGRP QD UHPERPDWSIULL M B8 Q MR JUDHPRA W D/\M L]IDIN O g
GD MH YULMHGQRVW PDNVLPDOQRJ SRPOWDPDBYRYFRSRPDS
SUHWKRGQR WRSRNRANW RSWFILMH D QRMEQR WRPED ]DMIOWH
PDNVLPDOQRJ SRPDND QLNDNR QLMHLMXLWLpQD ]D RSWLPLI

Fakultet strojarstva i brodogradnje 64



Mario Brozovii Zavrsni rad

60OLND JvuaQH YULMHGQRVWL QDSUNVWOMIFMWMRS ROREANL

3UHPD UH]XOWDWLPDY WDLQHBLOR V WL & @LXS U RIDVQIMPD. UW Q|
NRQVWUXNFLMH PRA&H VH |DNOMXpLWRyBD QB PRGVXKPER QS
RVORQFD D YULMHGQRVW QDSUHIBRWDOIRWRRK Q VSMDUM N AL
GRGDWQR VH PR&H ]DNOMXpLWL GD LiPHD WY DIWRL [RGBV IY RIADHQ ¥
IDNWRUD VLIJXUQROWD NBRVIWURXRNFLMODWQRD PRODMW YIRO X
SRVOMHGLpPQR WRPH LPDW iiH ]QDWQR PDQMX XNXSQX PDVX
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60LND 9UEQH YULMHGQRVWL IDNWMPWH WREVUYEXWELMRSF

,] SULOR&HQH VOLNH PR&H VH ]DNOW KbNW R UTD WLH XPLTR
NRQVWUXNFLMH MHGQDND NDR L PL&WRDDQLIF LYMD 6@ 8 QRRQ
6WRJD VH VD VLIXUQR&UX PR&H ]DN@NXNFPKM 5 PDRRIYNRRO RS
RSWHUHUHQMH L PRA&HQ R HGNWBQXW U DO N RXQ XW B Q MIH E
PolyNURBS.

6 REJLURP GD MH LISSRD/\WWS ¥ N UG R EMVDEBAME AW XS B ¥ HRBKALE Q
RYGMH UH VH SULND]DWL VDPR UH]XOWDW i Hc NELMR @ LG O W\W

R XNXSQRM PDVL WRSRORA&NL RSWL[PQD DO RIRKEEDI E N WIQM.
YULMHGQRVWL QDK RQ WXNWEHDDEQMK DQDOL]D
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6OLND '"HWDOMLUDQD NRQVWUXNFLMD SUYL SR

60LND '"HWDOMLUDQD NRQVWUXNFLMD GUXJL S
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60LND '"HWDOMLUDQD NRQVWUXNFLMD WUHUL S

ODVD GHWDOMLUDRWDW R SN\RRORAWN U XRFFRAWRIWEBPIDWD QD MH

x | é()é4ae<;L|J-UrUé-ttW{NJ

'DNOH RSWLPLUDQL QRVDp LPD VDPRFAMH PDNVR JIQOAL B
WRSRORANLP RSWLPLUDQMHP RYRJ QRN BDSX&NEH G MHHO®HR YR

GRPHQH 1D NUDMB3®3WH GI® XWESHRQLHGHEH MHHANEG RN/RAQLE QWKX N F L

7TDEOLFD 7TDEOLPUHGEBLESDPXRISWDUD NRQVWUXNFLME
.RQVWUX ODNV QDSUH] OLQ IDNWRU V ODVD >N

,QLFLMDOQD

OLQ PDVD

OD[ NUXWRVW
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=$./-8Y$%.

8 RYRP UDGX SULND]DQ MH SURFHYV WRESRORIRGV NRRSIWNLP
NRPHUFLMDORWRHUQORMNWORR 5 &R U B BB \@IW B VB NVHX U L U |
NDR VWXGLMDaseGK@yD MOMHQUX SULND]DQH GYLMH YUVWH W
LVWRM NRQVWUXNFUMIXOWD®R UG N6H REYWLKRBD QB IMBI NRQV\
SUHGYLYHQD ]D SWRLQWRIGQ DIGLMWR Y QEBGW HWKIQ RMOIRNR DU X6 D
PRIXUQRVWL SULPMH®QKE QB HWILY QHR S R QRN WRISXNLAALLIMUIDRD

2SWLPLUDQMHP NRQVWUXNFLMH ]Q D pPDWIX MHWDVWRC R E
RSWLPLUDQMD 2EMH WRSRORANL RBOVQMKUDE H NROQAHWIUINF
NRQVWUXNFLMH aWOR WORD I P IE@MMIDNS R GPDLY H X NAPWE SROR AN
RSWLPLUDQD NR QIVWOXELEM D X @EDRRRE@ D] ERIXQP pX QD SUR"
WRSRORANRJ RSWLPLUDQMD OLQLPLUDRQRBEPLEDEH &RWY XMl
NRQVWUXNFLMH N RUHLLWIHIDLN SWRLUADR YMLN XEGJFROGRMWHLO MIRIDL ' U X J
RSWLPLUDQD NRQVWUXNFLMD WH&DVWHA&aRG] GPIHM ®RL E R DAL
NUXWRVWL QD QDULQXWD RSWHUHUIHR®DM. LQNFLRILD &Q HX N F
.RULAWHQMHP ELWR SNRIVREN RO XMpDMIERLILD®RI DV WRE H D/NHO M X p
GD VH NRULAWHQMHP WRSRORANRJ RSVIDRLYPROYDLOD [P\
X] ]I DGUADYDQMH SULKYDWOMLYLK PHKDQLpPNLK VYRMVWDYEL

'DOMQML UDG YH]DQ X] RYX WHPX REWXKMDODRS B L NS/
DGLWLYQX SURL]YRGQMX QRVDpD WNREGHWRLXNEGLMH WRSRE
SDUDPHWDUD SRS XWL KHHRPHRHQLDMAD NERIQRMEDVRSWHUH i
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/,7(5$785%

> @KWWSV ZZZ D]RQDIQFS FRB VDIUAVDIHEOH M HIDHIQRMH SRV

> @LHJHO 2 1RUGLQ $ ORWWH ' $ BGBEWLFB® DRXGMHFV
6SULQJHU $XFNODQG

> @&KULVWHQVHQ 3 : .ODUEULQJ $ RBWLEWDRMGEDRFQV LS
JLQN|SLQJ

> @.LUVFK 8 6WUXFWXUDO 2SWLPL]DWIRRYY 630 GOPHLD WO

> @6RULU - OHWRGD NRQDPQLK HOHP HQDPIVERQN\WH RN BIDMID
ODUNHWLQJ + 7THKQLpND NQMLJID =DJUHE

> @apDS ' -RNLU $ 2SSROLPULINDLEMMHRDVWUXNFLMD =DJUHE

> @%HQGViH O 3 6LJPXQG 2 7RSRORJ\RRSWLROG]DSSRQFDW
6SULQJHU /\QJE\

> @KWWSV KHOS VRO LBIZRWNVE6RROR G : R PE\B FA RKRG FBWRISR C
\ KWP ]DGQMH SRVMHUHQR

> @KWWSV ZZZ DOWDLUPERPWLRSR OB QRBWSRVMHiIHQR

> @&WWSV ZZZ DXWRGHVN FRP ]DGQMH SRVMHUHQR

> @WWSV SDUDPDWWHUV FRP WHFKQRORJ\ ]DGQMH SRV

> @LX - *D\QRU $ 7 &KHQ 6 &XUUHDRID QRS WW K LDHV WR)
DGGLWLYH PDQXIDFWXULQJ 6SULQJHU 1DWXUH

> @X 30HVVLV $ %URHFNKRYHQ & <QBWRRQYNOYB UHYiH
ELRPLPHWLF GHVLJQ LQ DGGLWLYH RD@XIDFWXULQJ $G:

> @@WWSV ZZZ JUP FRARSRIORIQ R ER XRERDMWHRHQRD G QMH

> @KWWSV ZZZ EHQWOZHRPRS RRUVEFRRVBEY EHQWOH\QHID Q
G SULQWLQJ FDSDELOLWLHY KWPO ][DGQMH SRVMHUHQR

> @KWWSV ZZZ SUHVV EREDORXSWARR B GHWDWONTULDO \FD
G SULQWLQJ FRQWRWWXEPZ WRRXGY O R 6M K DSIRIVIM®! i FDQERD

> @KWWSV QWRSRORJ\ FRKEEORJQWRSHZL GRBOYHIUMRXQF
]JDGQMH SRVMHUHQR
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\

@DQNRYLFV ' %DUDUWR@ R EDOKWRRPPLH YRR PS R QY WW XX\DL
DGGLWLYH PDQXIDRWXRS WU PDLQHWWRGQ RGRL BIQFHUMPHF WQ -

KWWSV ZZZ EXJDWWL FRR PO IS QR SHEUDRA FDB
SULQWHU |]DGQMH SRVMHUHQR

@HGH ( 0 -RVKL 6 1 =KRX ) 7RSRERIDRIWRPQMI VEW 0
DQG H[SHULPHQWDQ® WR R QHNIKREDSWYDIOORLFDO 'HVLJIQ
@KWWSV ZZZ DPD]JRQ FRP $Z[OXPY $OXPLQXP +HDWVLQN
&KLSVHW GS % 4 41/- ]DGQMH SRVMHiUHQR

@EKWWSV KU ZLNLSSHEEX\WRBS) ZL]IDGQMH SRVMHUHQR
EWWSV DHURHRYP DWHEZBNMXNVS KAEX1G VMH i HIDARRQMH SR
@KX - + =KDQJ : + ;LD / 7RSRORJWRB@G PDHIRVSO
VWUXFWXUHV GHVLJQ 6SULQJHU %DUFHORQD

@HDEUD 0 $]HYHGR - $UDXMR $ 6HHFW IWRISROR &
RSWLPL]DWLRQ |IRH FIRIKIWRMHQWVRES5D675 3RUWXJIDO
@KX - =KRX + :DQJ & $ UHYLHZ RIDWRSRQR H\ REQX DL\
BWDWXV DQG F K D OROXHUQIME QRE KSMHA V H

KWWSV EORJ GUWSIDGRWHH]DBGQMH SRVMHiUHQR
@WHLQHJJHU 5 )XHO HFRQRP\ DV IXQFW+RFKRU ZH
)DEKKRFKVFKXOH

@KWWSV ZZZ DLUSRMRWG ERW DQ EHCED] B D GIRMM | 18 RMWWFH i H Q

@WWSV ZZZ DLUEXOHRVRM OMABWHY J IBOHEXV $ (IDFWV
DQG )LIXUHV 'HFHPEHU SGI ]JDGQMH SRVMHiUHQR
@&WWSV KU ZLNLSHOGEX\RBE ZL]DGQMH SRVMHUHQR
@HGG\ 6 1 . )HUJIJXVRQ , )JUHFNHU\RSBWAPIVBQYLRQ VRR
IRU DGGLWLYH PDQXIDFWXULQJ $ GHD LLHD R | ZARULUGH ® YD
BURFHHGLQJV RI $60( 6%

@WWSV ZZZ GV FRP ILOHDGPLQ 352'8&76

6(59,&(6 6,08/,$ 5(6285&(6,6,9BEDTXV 7TRSRORJ\ 2SWLPL]DV
ORGXOH SGI ]DGQMH SRVMHUHQR
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@KWWS ZZZ YUDQG FRP SURGXFWV JHQHVLVY |DGQMH SF
EKWWSV QWRSRORJ\ FRP |DGQMH SRVMHUHQR

EWWSV ZZZ GV FRRFHM GXEXOL U HUXREGOEWHY WRE 6 M W
SRVMHIHQR

@KWWSV ZZZ DSMUIH UH ESRY MO\ H Q R

EWWSV RPQH[XV VSHFLDOFKHP FRPRSIRIQFLHHD \& URIS®I UMK
WKHUPDO H[SDQVLRQ ]DGQMH SRVMHiUHQR

EWWSV OLQNDUSWLIE@IHU FRPV DGQMHE SRVMHUHQR

@KWWSV ZZZ VG G FRRDZSBVFRQW H@®W KXSED C57G6 3JM$G QM H
SRVMHUHQR

EWWSV ZZZ ILFWKRZFRR B KRRV MK HREH \GNS IIDLVQWNHHGH 8 D
]JDGQMH SRVMHUHQR
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