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ILMHYDQMH MH WHKQRORJINNRM RRAE O/IHN/ ODME@D NG MADADRR-S\W D

VNUXNMISRSULPD REOLN L GLPHGURGDODYMNS Q B L3k 8 8 WIDH L K
NRML GDWLUDMX RNR G R & DQOM B O BIMRNEDAMRHAMNDHU SRV W |
2GOMHYFL VX VH X SRpPHWNX SURL]YRGLOL QD WHPHOMX SR
AWR VH GRJDYD SULOLNRP WDOMHQ BIDR FOH\M B Y BXOG/MCL & CNBLUYX
VH UD VDM @ HYW V)R U H @MW R DD S RYLLWREFRONMER G OW H WIDNL B

1D KW MMHDHDYWGHEWLQH =D UD]YRM OMHYDpPNLK SRVWXSDND S
NHPIMWHURMDUVWYD PHWDOXUJLMH HOHNWURWHKQLNH ]Q

IHSUDYLOQR NRQVWUXLUDQ L QHSUDYLOQR SRVWDYOMHQL
JUH&ANH QD RGOMHYNX SD VX |JDWR QMLKRYR SUBRNUNAQR DQ
NRQVWUXLUDQ XOMHYQL VXVWDY SURX]JURNRYDWL UH SURE!
GHIRUPDFLMD RGOMHYND XNOMXpFL X RGOMHYNX HUR]JLMI
X NDOBORSKXUHEQR MH SUDYLOQR GLPHQ]JLRQLUDWL L RGUHGL\
GLMHORYD NRMIPINRWBHN QYDWIMHY LQH NDNR EL VH L]JEMHJ
RGOMHYNX

8SRWUHERP J]QDQVWYHQLK VSR]QDMD OLMHYDQMH MH GD(
SURL]YRGQL1IGSARFMNRP WHXOQMWOIXBIRMWHUHERP YLVRNRDXW|
WHKQR®RIDMH/H PRJX SURL]J]YHVWL SXQR ]DKWMHYQLML RG
XGRYROMLWL ]DKWMHYLRD L\AXWHIHWH 'R P XNOWDSALAMWMN LK PHWR
]D UMHADYDQMH L]IDJIRYD X@O @HYDpPpNRM LQGXVWULML

Fakultet strojarstva i brodogradnje 1



$QD ALYNRYLU Diplomski rad
$/80,1,-

'DQVNHPLPpDU gtUVamMHs JRGBQML SURL]YHR DOWWX®RM SR

UHGXNFLMVNRHWDIO®@RWAND OLMD

*RGLAQMD VYMHWVND SRWUD&QMD DOXPLQLMD L]JQRVL PL
DOXPLQLM D RVWDWDN MH GRELYHQ UHFLNOLUDQLP DOX
DOXPLQLMD MH HNRORE®DMLL B MR IQWAE@MMRIH QRYRJ DOXPL
SRWUHEQR MH N:K GRN MH ]D SRQRWH R B/OXE MEHDNVDA
SRWUHEQR RI®AR HQH.YDOLMWHWD pLVWRJ MRYR JIL DNOOPQ QN M
UHFLNOLUDQRJ@DOXPLQLMD

2VQRYQD VIYR¥PLQY.M D
$OXPLQLM MHMHOHHE]|E@BINYRMH QLVNH JXVWRUH SULSDGD O]

8 WDEGIUAIND]DQD VX RVQRYQD VYRMVWYD DOXPLQLMD

7TDEOLEVYQRYQD VYRMVWYD DOXPLQLMD > @

*XVWRUD * %o '

7DOL&AWH 1

ORGXO HODVWI oo 6

7RSOLQVND UD sr’

(OHNWULPQD Y o 3ee 6 «
*UDQLFD UD]YC oo 6 «
90DPQD pYUVW oo 6 «
,ZVWH]OMLYRVW - «

RYLVQR R VWDQMX
SULPMHQD DLAYERHLGM WDV XYV Y X NOH/PHYRNBE @Y [ D W

X 6SHFLILpQDRPWMHWRMBYWRiIEHMH SR BROMBQBH NWRHLV
DOXPLQLMH XN VORIWX DH] X FRWQE MIDOLNH RNR MHGQH WUHI
JERJ pHDDXPLQLMMHDBXPWIPLSULMH VYHID NRULVWH X
JUDNRSORYD

x 1DMSRY FPONI®YWR GH VYR G OX RGROMMWIX QD GERKI K HIHDW D O
LV N O NEXOINKDYIS R XPEL MHQRWWULPQH HQHUJLMH

x 'REUD NRURJLMVND SRVW RINIDYRY MV HEM | SRMBIRDRIMIEBL N X
WHP&IOMIND SULPMHQPHBMBWPWYKMD X JUD

Fakultet strojarstva i brodogradnje 2



$QD ALYNRYLU Diplomski rad

7HKQLPNL DOXPLQLM
JLMHSL L]JJOHG NRURJLMVND SRVWRMD QR WR.DRIDIFAL QXMW R
$OXPLQLM V REJLURP QD HOHNWURNHP IL®V]NIDI$RW HQ ¥ RIG B G
RWRSLQDPD VH QD SRYU4LQL PHWDOD VWYDUD QHSURSXVQI
PDW H U LBWIDO® P M X R B WIHG BURIMDB S R D @ BRI MR VLGLUDQ WR
QRYRQNOW DOR WISFRU WIHM B R V W LEAG X ROASIBND Q\RR/QVW HQ W U LU D Q X
NLVHDORIQRYHU DOXPLGUWVINQLGRRIUHIDMY Vi JDAWLWLWL RG JU
L OX&LQD MHU DOXPLQLM QLM® RWSRUDQ QD RYH PDWHULM

$OXPLQLM MH SRGORA&DX] URR RNEDMR RIVOQMRRW/RIRMD L SUHFL
SRVHEQR EDN UPRI H\NSBWHHH VX B L UDGWHHPD 5WHWQLK SULPMH
VWYDUDQMHP QHSRUR@RILIDLEMY L VI R L WRONRMBOHNWULPQX L
GRGDWRDRLYIHNQOQD L SUHUDYVHR®AH X RNHW B IV ID OHRFSI@LLQWIN R |

$OXPLQLM V NXELpPpQRP SBRHWQ)RRFPEQW N D UD@ARP M RHDW BIO
L]IYDQUHGQR WRSOR L KODGQR3REIQONRYORIANQGKIREPLNDC
SRVW X SIRNMWDUX GGRNQWH WDQNH IROLMWHSRELYDRRHQSIRNRWDX S
YDOMD @MD

6OLNDPORAQR FHQWULUDQD NXELpQD UH&GHWND )&&

D SULND] MHGLQLpQH UHOLMH WYUGH VIHUH E MHGLQLPQD i
DWRPD

IR&D PHKDQLPND VYRMWA/NXY RDWU DRW B U LVYNDIMIMY REFRO/NXNYRINOLRK
ULMHWNRWRIDLYWHQMHUVNX SULPMHQX XSRW&HEOMDYD X

Fakultet strojarstva i brodogradnje 3



$QD ALYNRYLU Diplomski rad
$/80,1,-(9( /(*85(
/HILUDQI RE RVEMAENK D QUNRAMDWW UGRUD YN DERWWRODY RV W
UH]OMLYRVWOXOLYOMHYRVOMHIXUH XSRWUHEOMDYDMX VH L
1D)QDpDERRIMIQL HOHPHQWL VX EDNDU &X PDJQH]LM 0J
0Q8 PDOLP NROLPLQDPD SULVXW® b LWAHRRNGID]JARLNIUGRLIP SRIUP Mt
WLWDRQUDVWDOMHQRP VX DOXPLQLMX SULIGR¥YRDW@IR HYOQONR
SRWSXQR VEFRS®RONEVWRABNDQLPpHQD X NULVWDOLPD PMH&aGDQFLF
VWYDUDMX YODVWLWH ID]HPLUMVINOWRHGERWDXRGH IV S/R/NR IMY/AV
RGUHYyXMX WRSOMLYRVW OHJMW?BGEKR HGHHIHLGHD W B VR RONMRA
LOQWHUPHWDO @K VSRMHYD

/ILMHYDQH OHJXUH
ILMHYDQH OHJXUH VH GLMHO& QIO WUWXRRARYQBIFIMRPHR $

OHINBRMH VX SULND |PRI¥GREDBAQLEHIXUH V SRERROMRADYLP R
> @

7TDEOLEVYQRYQD VYRMVWYD OLMHYP@LK DOXPLQLMHYLK

OHKDQL /LYOM 5H]OM 2WSRU 7LS BUHGVWDYQLN
RWSRU QD OHJX
NRUR]
PDOD VUHG GREU YUOR $®mJ $00J $00J
$®BLOI $0610J 0J RPRJX

$060) WRSOLQVNR

PDOD YUO VODE GREU $GL $06L
GREL
$BLEX $06&X 6L QHIDWLY
$06&X UH]JOMLYRVW
GRGDY D Q M&
VPDQWHH X6l
SD VH VPD
RWSRUQRVW
RVUHG VODE GREU YUOR $&X $0&XJ7 7L L 0J XVLW

X] WRSOLQVNX REUDGX

Fakultet strojarstva i brodogradnje 4




$QD ALYNRYLU Diplomski rad
=D RSUX VYUKXOQOWRMNWHWH @EPLMHQMHQH WRS®ORBDYWINRP |

NRURJLMVND ISBXWRY\D QR V®LWER®MH VIMR®

6DVWDYL RGOMHYND RSLVXMX VH WUR]J]QDPHQNDVWLP VXVW
awR MH SULND]JDQR X WDEOLFL

7DEOLERIM¥DQMBHIXUD |D OLMHYDQMH > @
2]QDND V *ODYQL OHJLU! .DUDNWHULVWLNH

- %H] OHJLUQLK 3RVHEQR ]D SURL]JYRGQMX

;o & X %DNDU MH JODYQL OHJLUI
VDGUADYDWL L GUXJH OHJL

’ 6L X0J 6HULMD REXKYDuUD JRWRYR
REOLNRYDQLK RGOMHYDND

;o 6L 6LOLFLM JODYQL OHJLUDMX

’ 0J ODJQH]LMOIHDILY@MXUL HOHP

o IHLVNRULAWH(

’ =Q &X 01J &LQN JODYQL OHJLUDMXU

VDGUADYDWL L GUXJH OHJL
EDNDU L PDJQHI]LM
;s 6Q .RVLWDU MH JODYQL OHJLU
' 'UXJL HOHPHQY 1IHLVNRUL&GWHQR

'HFLPDOQL X VYLP VOXpDMHYLPD RGQRVL VH QD JUDQLF
RGQRVH VH QD VDVWDY LQJRWD NRML EL QDNRQ WDOMHQM
NRML RGJRYDUD |[DKWMHYLPD VSHFELILNDFLMH OLMHYDQMD

$@BL OHJIXUD
=D GREUX OLYOMLYRVW DOXPLQLMHF¥FLK G B JXXARYHVRE IXD]ED R
QDMUDVSURVWUDQMHQLMH X JUXBYHAGODRHDYDW® XIS COOVMHIQJM DO I
XGMHORP VL@GIKRFLMD BGMHWNR V PDORPLONRVOR B LGIRVAHESDNQU/ID
NDOXBBVWDMH JUXED HXWHNWLpPND PLNURVWUXNWXUD NRML
PRGLILNDFLMHMJ K ISRWSWONMBDQAMGFARGDYDQMD NROLPLQH QDWUL
REOLNXLYRREHSRVUHGI) KGUMHYDQMD>WE®OMHYLQH X NDOX

Fakultet strojarstva i brodogradnje 5



$QD ALYNRYLU Diplomski rad

.DGD VH SKRRBNLpIPHAV/GDWLPpND WHPSHUDWXUD L SBRDERHXW
QD GLMDJUDPX VWDMMW MK R IRGILWE @XNOHDFLMX VLOLFLM

S+ T
. 547 °C
a ne— 7 “‘ZTE'% """ 546 °C

pomak euteticne
2 . tocke
~

s

600 a+T

500 1

temperatura

~

400 Y
10 12 14 \\16 18 %Si
\

a) necijeplieno a) cijeplijeno

6OLNDLNURVW WUINWHWMHSOMHQMX HAWWHNWIILpRHOOHJIXUH $C

6WRJD SULVXWQRVW VLOLFLMDIP RAMH QLRO® DPEDDYWH.UXP CRHI
SRGYUJQXWD SUREHVXSHFMMWEO MHOANWDUQLK NULVWDOD VL
SUHWSRVWDYOMD VH GD QDNXSOMDQMH QDWULMD X WDOMH
XJURNXMH SRWKODyYHQM H OO ISR WIChIH D RVUIPQ UBLOWDH UH]XOW
HXWHNWLPpNRP PBN@RVWUXNWXURP

3UMMNWY D YMHERBWRhEMW QD PLNURVWUXNWXX\DO EBRIAGKHEFL W N D
3RVWXSDN FIHXO@/NMHD VBB BIHPD PIWRBXERpHWQLK P QD

RWSULOUNMPL LVWHMSRPHURAMQAIK YLAH RG 2VLP HIXWBNW L
OLMHYDMX VH SRGHXWHNWLpPpNH 6L L QDIECHZRWHNWOPRY

GUXJLK OHJLUQLK HOHPHQDWD > @

(XWHNWLPpNX GHLNDHDWQHBEPQL OLMHY L GUXJH YUVWH OME
NRPSOBNWHYMRELQMYKRENWNRVQLPDORQRIDIMXRMQWBUYDO
VNUXULYD QML RLEGORGHIEL HNW L p N L K FOHLSXI DWRHRPISH U B W X U D

f& IMLKRYDNEREMDND SRVWFRMRGRV RDp |0 ISSIRKPRAHIQNKY X
RE]LWAPGMR VX PDQMH J&X VORI UGN ULRDG SRR G Q HX \] X [] B RSSUOL AP YWIGHRON
DXWRPRELOVNR@& LQGXVWULML

Fakultet strojarstva i brodogradnje 6



$QD ALYNRYLU Diplomski rad
$@®J OHJIXUD

2VQRYQD NDWHN WREBRW DRY WA QYR RR R B XN XML 16 RWNDLLYD Q M H
=ERJ RWSRUQRFNRIXKSRNWIDLMHE LWL ]D XPMHUHQR RSWHUHI
1IDMYL&H VH XSRWUHEOMD Y DHMIX WDIH YX U H) I M EIR QQMI.X LNDRVFRE DQ T
bYUVWRiH RHYXOEPR\BRMDYH SRUR]JQRVWL VWWHDM@GEMD WU
QDMWHAH OLY@MLYLK OHJXUD

(XWHNW BpONHO$H X U H
3UFL S LW D F L\@ MIOMHRYWHE\R GDWDN RG .BWDNWAHIGAEY D LK
OLY ®WRYWRY P/DHQ IQ X 8K R PNOL O LFYMUBIPSHUDWXUQL LQWHUYDO
f& L PDOR OLQHDR® R3WN X IOMIHDYD\OH X FL 18 M Sl @ MBHH@LM N DMK R |
3MHaApDQL RGOMHYFL VH PRJX ]DPDWRXUDWIL pFHRRXLORMW R
]JDYDULBR®RDpQL RIOOMSINERSRY H i D QB D AD M DD SN IQFRDYMDQ D
WGQD WHPSHUDWXUD] XBRBDE®& RGOMHYND

Fakultet strojarstva i brodogradnje 7



$QD ALYNRYLU Diplomski rad
/,-(9%1-(

/ILMHYDQWRAMED MHQNBRMRHWD @D L MHWNDWWIEKRM MK NDDRXBMQML

RGOMHYDN NRMHJ IRUPLU®D NDOXSQD a&XSOMLQD

1D VOBBEILND]DQ MH SRVWXSDN OLMHYDQMD NRMHI>N®@ UDNW

X 3ULSWBWHRPHWQRJ EHIREOLPpQRJ PDWHULMDOD

X 3BRVWL]DQMH WHNXuUHJ VWIRMEBNBRIPHOLWQRIY PQWHULMDO
x 8OLMHYDQMH UDVWDOMHQRJ PHWDOD X NDOXS

X 6NUXULYDQMH PDWHULMDOD XQXWDU NDOXSD

x 9DYHQMH REOLNRYDQRJ SURL]JYRGD L] NDOXSD

s@?’ | =

Priprema
metalnog zasipa

Taljenje Ulijevanje

Skruéivanje Vadenje

6OLNDURL]YRGQL NRUDFL SRVWXSND OLMHYDQMD >

SBRVWXSDN OLMHYDQ\NWIWE I U BN B/ XM GVDHG Q IRMBU/H. L. X O'NUNYVQRI
VIOLMHOIJUDNMN LOMD FLM\ONLRM DY MEIME QM ULPMHQX WODND

Fakultet strojarstva i brodogradnje 8



$QD ALYNRYLU Diplomski rad

1D VOSRLND]DQD MH NODVLILNDFLMD SURFHVD OLMHYDQMD

LIJEVANJE U PIJESAK |

SKOLJKASTI LIJEV ::)

LIJEVANJE U PUNE KALUPE

TOCNI (PRECIZNI) LWEY — |

LIJEVANJE U KALUPE OD GIPSA |

LIJEVANJE U
JEDNOKRATNE —
KALUPE

A R N 4 N N

LIJEVANJE LIJEVANJE U KERAMICKE KALUPE |

METALA

| VAKUUMSKO KALUPLJENJE PIJESKA |

LIJEVANJE U KOKILNI LIJEV |
STALNE
KALUPE TLAGNI LIJEV |

CENTRIFUGALNI LIJEV |

6OLNDWDVLILNDFLMD SURFHVD OLMHYDQMD PHWDOL

SRVWXSFL OLMHYDOQMPLQOMBNXQ@RMD L
$OXPLOQDMPL @MHVIKXKYH PRIXXVEMHANBQYBHWNDOXSH X NRNLOX
OLMHYDWL

ILMHYDQMH X SMHapDQH NDOXSH
3MHapDQL NDOXS M BEWRH BQCRINUBIVQH NDPDNXS SXW ]D LJUDGX
LIJUDGLWL QBMGC QIRVWSSMHEpDQLK NDOXSD MH PRIXiUQRVW O
REOIMYRK PHWDOD WH SULPMHQD X SRMHGLQ,DMFRRIMU IVJHDURLIND
QDMYHiUL EURM RGOMHYDND Vi NR.MPFY H] MMEDRGN DD Q M S
SRQRYBBRWUHEOMDYD MHU VH PDWHULMDO QH RGEDFXMH
X] RGUHYHQH WHKQRORANH |DKYDW3D SRDRIY QR XJUDQRMH ¢
PRUD VH LJUDGLWL QRYL NDOXS SD VH L] WRJ UD]JORJD W
OMHYDRQLFDPD QD WDNR]YDQLP NDOXSQLP OLQLMDPD > @

.DOXSQD PMRADMBID]UDGX MHGQRNYDWOLMBRHRMSBY QR J

PDWHWYBUMBEMNDYD L GRGDWDND 6D VNVROWE BNDMOIX] D@H QFDM W@ D K
WUHEWL SUBBDWRGSNX NDOXSOMHQMD ILJLNDOQR NHPLMVN
WHPSHUDWXUD XOLMHY¥DBMD S U ROPMHRYW VHUDYRYH RG

Fakultet strojarstva i brodogradnje 9



$QD ALYNRYLU Diplomski rad

SRVWDYL |BREREBMEMDEBPWEWMHYND ND GRIIDIMIHAPIR]IXW L
SRVHEQLP SUHPD]LPD > @

6OLN®DVWDY NDOXSQH PMH&AGDYLQH > @

ODWHULMD@XSQXNPVAHRWD LOXDWL GREUXGRERONRKOMYYRW
SRVWRMDQRVW REOLND L RWSRUQRVW HUR]JLML QDNRQ RE
YLVRNX YDWURRWSRUQRVW EH]QDpDMQX UHDNFLMX V WDO
RPRJIJXULWL L]OD] YUXULK BALRBYRSID]JUBREWA MBJUMALYRV)
NDNR EL VH RGOMHYDN PRJDR VNXSOMDWL EH] SRMDYH
XSRWUEBEMAHELWL

2VQRYQL PDWHULMDO
2VQRYQL PDWHULMDOL VX ]UQDW B GHANSADIMDOIKR R VWERRVILHQ R RW
RVQRYQL PDWHULMDO NRULVNDHR VaHNN R DVURFLGLL WRHO Y W VOWHN IS L
NURPLWQL L aDPRWQL O9HULQRP VH XSBMMHMIDNWDWDGNYBY

QDOD]LAWD QH XS RV MNHEIDED® M NSDNVEMERIIOX S R WU BE X

7TDNRyHU SLMHVDN MHDR® BNALLSIDFVHDPDNRHRPORIWOQHERP VLWCQ
EROMD NYDOLWHWD RGOMHYND GRN VH XSRWUHERP NUXSC
QDVWDOH SULOLNRP XOLMHYDQMD WDOMHYLQH > @

2VLP SUHWKRGQR QDREWERRWIQLRDOWKW MMYO WDNRYHU PRUD E
VWDELGBRYDWQHRWEBVYWRUAD IGARRIDP VHLMRIGL SRQRYQR LV
XYHOLNH XWMHpH @b@LMHQX PDWHULMDOD

Fakultet strojarstva i brodogradnje 10



$QD ALYNRYLU Diplomski rad
9H]LYD

O9H]LYD VH GLMHOH QD DQRUJDQVND IP R UX BMHAND WIH SRIRRIR
ILILNDO®VBELIMIDQMHP JOLQH L NHPLMVNLK UHDNFLMD VP

8SRWUHERP NDOXSQH PMHADYLQH RG NYDUFQRJ SLMHVND
IDKWLMHYDQD VYRVIV/NRYBAIRDRHHNRMDOWLWL L GURGB QRH]LY

VWDRIORHQW L VPROD -H]JUH VN YDUPFYRMXSR M HARIGHE Q RLHD] L
VWDWOROD LOL XOMH > @

'RGDFL

'RGDFL NRML pLQH NDOXSQX PMHADYLQX VX 3BEBRMEDQYD M:

VDELWOWHRYORVEWIRORYDQMH YIMXYBaEaNMSUERPDHYNDVSDQ]JLMH
SREROWALRMDVWDYD UD]JUX&A&LYRVWL NDOXSD > @

3UHPDI]L

3UHPOUIHGVWILWCSWIMAQR POMHYHQLK PLQHUDOD LOL YDWUT
X SUDKX X YRGHQRM LOL RUJDQVNRM RWRSLQL VD VXVW
SREROM&DQMH VYRMVWYD SULPMHQH WH Q REMIENY @D SRYU:

VPDQWRHGEBBQYWMBD X SLMHVDN

VSULMHpH UHDNFLMH L]PHYyX UDVWDOMHQRJ PHWDOD L
SREROMADMX NYDOLWHWX SRYUALQH RGOMHYND
RODNROGYDXRGOWMHYND RG NDOXSD

VPDQMH WUR&GNRYH pLAUHQMD

1D VOIS ULND]DQD MH EDULMHUD NRMX SUHPD]L VWYDUDMX
NDOXSQH PMH&GDYLQH > @

60LN®ORJID SUHPD]D > @

Fakultet strojarstva i brodogradnje 11



$QD 4ALYNRYLU

Diplomski rad

8SRWUISPRPBRVWLAH $RYUGDPPDVERRNWD OLWHWD SRYUALQH
RGOMHRNDpPL GD VHSRRMIIGNEPNMNRPRE RPGWR H UH]XOWLUDW

FLMHQRP SUR@]YRGQMH

3UHGQRVWL L QHGRVWDFL OLMHYDQMD
.DR L VYDND WHKQRORJMRADH G @R WM DQMHGRRMWDWNH NRML

@

7TDEOLBDHGQRVWL L QHGRWWDFL OLMHYDQMD >

3UHGQRVWL

VOR&AHQD JHR@MWNRMD
GLMHOD

PRIJXUH MH GRELWL Gl
SULEOL&QR WRpPDQ REO
PRIJXUH XSRWULMHELWL
PRJXUD PDVRYQD SURL]
PRJXUH SURL]YHVWL YU

YHOLN UDVSRRGLMNHQGI

1HGRVWDFL
RJUDQLpHQMD X PHKD

GLPHQ]JLMVND WRpPQR\

RSDVQRVWL X SURL]Y
XWMHFDM QD RNROLa

Fakultet strojarstva i brodogradnje

12



$QD ALYNRYLU Diplomski rad

8/-(91, 6867%9
OUH&D NDQDOD SUHNR NRMLK WDOMH YaXEm M DO XL QO NDY@X B HL
VXVWDY .DNR EL XOMH YR V W\ ¥ ERREBA B BLRBXR LWL NDC
AXSOMLQX PLQLPDOL]JLUDWL WXUEXOHQFLMH VSULMHpLWL
RNVLGH L XNOMXpNH SULMH XODVND WDOMHYLQH X NDOXSC
SOLQRYH L] NDOXSQH &XSOMLRUP D¥EMHM HGE /N HE DWW R W/ N
WRSOLQVNH JUDGLMHQWH RPRJXULWL SURL]YRGQMX RGOM
PDNVLPDOQL L]YDGDN RPRJXULWL HNRQRPLPpQR EXNADD QMO

NRPSDWLELODQ V SRIVODAAHIQDILEY B Y@ DQDP N

2VQRYQH NRPSRQHQWH XOMHYQRJ VXVWDYD
2VQRYQH NRPSRQHQW IS XLONDH D QR JQDXNV@ALAMDQ D pDED VSXVYV
VSXVWD UD]YRGQLN'RGIDWWKQR A 8 HYOPLO MKIP\S O M PRHRUIVOLMI D IW L
bLMD M H NEDE®MDIMLD LDXWR D QVUHWLH) XODVND X NDOXSQX aXSOMI

1D VOLULND]DQ MH NDOXS V KRULIRQWDOQRP GLREHQRP |
JRUQMX SRORYLFX NDOXSD D R]QDND ' GRQMX SRORYLFX N

6OLNDVQRYQH NRPSRQHQWH XOMHYQRJ VXVWDYD >

8OMHYQD pD&aD
B8OMHY QPRPMEB GOMHWIQ L VY RWWWHNRPQFLMHORJ SURFHVD Ol
UDVLSDQMH WDOMHYLQH SUMWLYQVYMH DN Q MXSIO LQRY BDWHHX D

Fakultet strojarstva i brodogradnje 13



$QD ALYNRYLU Diplomski rad
L RVWDOH NRPSRQHQWH XOMHYQRJ VXVWDYD SUHPD REOL
pbDaX > @

1D VOBRLND]DQD MH OMHYNOMWRDIDNEABYBBDWOQEBRDONRMDD QM

60OLNMHYNDVWD XOMHYQD pDabD > @

6SXVW

6SXVW SUHGVWDYOMD YHUWLNDOQLRRBQNERM MU XHQWRDSREY
XOMHYGH HhGEWPD UD]YBWRBNRDL X68 XWWNRR VWUXQDmMDpLQ
G NXRYHUHPD GROOMRHMH SULND]DQR QD VOLFL LQDpH UH
SRGUXpMD Q:V@RJ WODND

6OLNDULND] WDOMHYLQH X VSXVWX > @

1DGQX VSXVWD QDOBULMBE]SREBQREMEIMApHEUH NUXAQRJ SR
SUHVMHNDWY PDGDPBEDQML W X SRXM@NDBEDWID L

6OLNBRGQRAMH VSXVWD > @

Fakultet strojarstva i brodogradnje 14



$QD ALYNRYLU Diplomski rad
5D]YRGQLN

=D SULKYDUDQMH L VODMRD § B XV WD O|D G XA DD LU R NRLGC
XNOMXpFL LVSOLYDYDMX QD SRYUELQX WDOMHYLQ&DL ]DGU
WDM QBEWMHP MQKAFP]DN X NDOXS@X 3XSOMLQ

1D VOLFULND]DQL VX REOHNIMBRSUBHPIIREMOKNMH QDMYLE&H XS
WUDSH]QL LOL SUDYRNXWQL SRSUHpQL SUHVMHFL > @

6OLNREOLFL SRSUHPQLK SUHVMHND UD]YRGQLND >
8aD

840D SUHGN WDNQMIHQW X O MNHRAGEFOIMDDY \RGIDICRESKSDMUD

VOLFISULND]DQL VX SULPMHUL SRSUHpPQLK SUHVMHND XA&iD

SUDYRNXWOQL 8SRWUHERP SROXNUXAQLK SRSUHpPQLK SUH'
SUHGQRVW DOL GRUL UH GR WXUEXOHQFLMH NRMD LPD QHJ

60OLNREOLFL SRSUHpQLK SUHVMHND X&aub > @
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$QD ALYNRYLU Diplomski rad
'"HEOMLQD VWMHQNH RGOMHYND L QDpLQ NRMLP UH VH XauD

REOLN XaubD

9UVWH XOMHYQLK VXVWDYD
S8OMHYQL VKEWODRP QB WHKQLNX LJUDGH NDOXSIDMBBGEQRVC
KRULJRQWDOQH L YHUWLNDO QM & R WLY]IRAHMWYDSTFEY. DXNEND W D N
YHUWLNDOQL SULPMHQMXMH NRG DXWRPDWVNLK OLQLMD
UDYQLQRP > @

SUHPD SRORADMX XauD XOMHYQL VXVWDYL PRJX VH NODVL
VD VYRMLP NDUDNWHULVWLNDPD SULND]DQH X WDEOLFL

7TDEOLFODVWH XOMHYQLK VXVWDYD > @
8/-(91, 6867%9

'LUHNWQL XOMHY ,QGLUHNWQL XOM 8OMHYQL VXVWDY

x 2PRJMQRU]JR OLlI x 1DMpH&GUD SJEIR x 5MHYyD SULPM
SUDYLOQR VN NR QI L JB URDGFQMIH ]JDKWLMHYD N
SRVWHSHQR KO MH G Q R LW DECONRE QD pL Q ONDHDXNS D

x 7HADS UL P M\HRIDIU Y 6 O R & HYOM NIR/RRY L \ OLUQL QDpLQ

RGOMHYDND

9HOLND EU]JLQ
XGRP WDON
UDV S UHiR YID@DV
VQL&®Q HUR LLF

G M H OHRPY>D Q\NVD OW
VWY DBXUDRa&M ND
KODGQLK NDSL

REOLNX R GDWS$F
SRMLOD
3RYROMQD
WHPSHUDWXUH
SULPRIMQ HiHJ
XaUBRVWDYOMD
NXWHP RGRGQR
UD]JYRGLN

NDOXSQH &XSC
QHSULURGDQ
VNUXGLYDQMD
YL&H SRMLOD
3RJRGDQ ]D OLM
NRML VX RV
RNVLGOERMX PL
XOD]D WDOMHY
AXSOMLQX

3UHPD SRORADMX NGLMHEORWESDHHMMKHOABHY QL VXVWDY VX'
VHPLWODpPQL XOMHYQL VXVWDY VXVWDY EH] SULJX4HQMD

Fakultet strojarstva i brodogradnje 16



$QD ALYNRYLU Diplomski rad

'LR XOMHYQRJ VXVWDYD NRML LFME &DMW DAL SSR-EMMHI LL C
RGUHYXMH EUJLQX VW UXWBIQIDHWID GM B BIBENNDHROXSMDDM H N
SUHVMHN NRG WODpPQLK XOMHYQLK VXVWDYD GRN MH NRG \
L] VSXVWD LOL SUHVMHN UD]J]YRGQEN® QD VSRMX VD SRGQR

70DpQL XOMHYQL VXVWDYL VX SR REOLNX NRQYHUJHQWQL N
NDOXSQRM AXSOMLQL &AWR N NQH NYDIU B RESQ DBR BENRHL

$v+ SRYUGLQD SRSUHpPQRIU SERYMHNID VSRS/MWHPQRJI SUHVMH
$x+SRYUSLQD SRSUHpQR® SUHVMHND X&iD

6OLND ODKDIMHYQL VXVWDY E VHPL®@ODPQL XOMHYQL

BHPLWODPQL XOMHYQL VXVWDYL VX SR REOLNX GLYHUJHQV
SULND]DQR BD ®DNPIH Y WL Mid G R@QR YV

6PDQMHQMH PRJXiiQRYVWIL \X\® R SRMEDX\WBRWIDHD [ Q L KSSRO/MH & 6 L K
VH VPMHAWPQREKFGRORORNDOXSD LVSRG GLREHQHMMXYQLQ
SRORKDPXSD QD GLREHQRM SDYNRPQ MM \SWIDFLLODQ L Q
UD]YRGQLMND@. X&UD

6OLNBSRM UD]J]YRGQLND L Xaub X VHPLWODpPQRP XOMHYQ

Fakultet strojarstva i brodogradnje 17



$QD ALYNRYLU Diplomski rad

1$3%$-$1-( 2'/-(9.9%
=D UD YXINCRR V WKWXNALIMY D Q@ B 3/WM B@IROMIHW H YNRIDWVRIGOP Q L K
SURPMHQD WLMHNRP KODYHQMD L VNUXULYDQMD RGOMHYDI!

9ROXPQH SURPMHQH WLMHNRP KODYyHQMD L VNUXULYD
.DGD WDOMHYLQD/ GIRJOHX X Q\AP QRN Bl IDORMY 8B VW XSQR VQI
MHU VH WR QLRI DV RGHRAIH NDORSDHS SRF IV IRIMRHOQQNY LG XV \
7 ]DSRpHWQDIBUHWHRXEHBJL X NUNMWBR NWONMBHKIONDIDMIDO L O X
AXSOMLQD QDVWDMX QD PMHVWX YRIMH R WONWHKG Q YIIHQ W

GLVNRQWLQXLUDQH SRR P MHPOOSREUZRIKPINR EL VH L]JEMHJ
WDNYD JUH &N 05 R WRUSHEMSBRBM-R LX K UNDRONLR\VPF-SGHMD JLUD PDQMDN W

> @

1D VOLSFULND]DQD VX WUL SRGUXpMD YROXPQLK SURPMHQD
OMHYDPNLRVQRIXIUDLK AHOMH]QLK OMHYRYD

6OLNBULND] WLSLPpQH NULY XO ME+WRIESPQ DRV X UR RVIDBQ B K YQNR Q
]IDYUGHWND XODMNY DQ@X\D W HEPSVHRIDMEXYDW HP &@HUDW XUD

5D]OLNAMMHPIRUQR VWH]DQMH VWHNR@NMHVX W HNXUWP O MIDXQI
SUHJULMDYDQNMDX\QCOMAQRLWOOWH]DQMH VW H]POM N R/GL @ H NORUPE
RGYLMD X WHPSHUDWXUQ@@RRUXQWHBHEED XR®L LQWHUYDO

Fakultet strojarstva i brodogradnje 18



$QD ALYNRYLU Diplomski rad

8 WDE@@FQ@D]H VH YULMHGQRVWL YROXPQRJ VWH]IDQMD WLN
OHJXUH

7DEOLFDLMHGQRVWL YROXPQRJ VWH]DQMD > @
ODWHULMDO 6WH]DQMH WLMHNRP VNU
8JOMLPQL pHOLN +
8JOMLPQL pHOLN
%LMHOL A8HOMH]Q| +
6LYL OLMHY 2G NRQWUDNFLMH GR
1RGXODUQL OLMH 2G NRQWUDNFLMH GR
& X
&X =0
&X $0
$0
$O &X
$0 6L
0J

=Q

.DOXE®BOMLQD PRUD ELWL XYHiUDQD X RGQRVX QD NRQDpQ
X RE]JLU PRGHODUVNR VWH]DQMH RGQRVQR VWH]DQMH X NI
WDOMHYLQRP L] SRMLOD

SWMHFDM QDpPLQD VNUXUILYDQMD QD PRJIJXUQRVW QDSD
BNUXULYBQRMHY LMD X VPMHUX VXSURWRERFNVRMHRSWRRDQ MSC
XQXWUDEQMRVWBUULDDMMAELMH NDNR ELXNRRGEUMNHRY /N \QNHU
XSRWUHBRRDDDRMHVWLPD NRMD SRVOMHGQMD VNUXUGXMX |
PMHVWD PRUDMX ELWL X>S®MLOX D QH X RGOMHYNX

Fakultet strojarstva i brodogradnje 19



$QD ALYNRYLU Diplomski rad

BOLNBWH]DQMH SUL VNUXUGLYDQMX NRFNH RG &HOMH]D > @ D
VWYDUDQMHFXXDKWMIHOMH VWH]DQMH G XQXWDUQMD XVDKC
SRYUALQDPD

1D VOLFL D X WRpPFL $GYRGHOYMMRWIRIS ONINR SVWHHRD ND O X
VPMHUIVOL D WRPNDD@®XS SULPD WRSOLQX RGVBNVIBMX VWL
WHPSHUDWXUD NRD®KSR X WRpPNL $%EH] REJLUD &WR MH WHPS
X REMHSW@ p N H

6OLND RGYRYHQMH WRSOLQH RG YDQMVNLK L XQXWDUQMLK NXV
VNUXULYDQMD X YDQMVNRP NXWX RGOMHYND F QDpPLQ VNUXU!

7RSOLQVNL pYRURYL LOL YUXiD pYRULAWD VX GLMHORYL R
WL GLIMBQRYLVNUXUIXMX S8NROLNR WRSODQWDRRIWHRQR Y& RX R
GR QDVWDQND JUHADND XVOLMHG VW B]QNREDRYIEM R SR G |
RGUHGLWL RGJRYDNR®WXWRK NDFLMMH. |R P

1D VOLMHERJ YHOLNH NROQPpNOHD RV DVIR\G DY IREH R yH-YERWH W R
RJUDQLpPDYDMX XQ@WDUQML NXWRYL

60LNRGOMHYDN X REOLNX VORYD 7 > @
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$QD ALYNRYLU Diplomski rad
8VPMHUHQLRMHWPRIXLYB L]IEMHUOLY XV R KIOWUIMRNEMWD QMLK SUH

GHEOMLP SUHVMHFLPBWURPOMSRMIDOX NRMH PRUSINBRWH MH C
]JDGRYROMHQ WDM XYMHMRMWYQRL® @ D SORVDIANRWIL XSYUDWHND QL
X VPMHUX SRMLOD 5H]X QW DWW MXRIFHDP WHV G Q M LV W\ HI Q @M H
RGOMHYND NRPSHQ]LUD GRW®BNRP WDOMHYLQH L] SRMLOD

SURJUHVLYQR L XVPMHUHQR VNUXULYDQMH
5XERYL RGIDMBYKRBU® VX SRYUALQH A4WR RPRJXUXMH ]QDWQ
NDOXS SD MH WNDUPXRU L Y LW M@DQDMY HUD

60OLNBVPMHUHQR L SURJUHVLYQR VNUXULYDQMH X RGOMt

6OLND MDVQR SRND]XMH NDNR UXERYL SUYL WBNURLXRR |
VNUXULYDQMD UXERYD L NUDMHYD RGOMHYND IURQWD VNU]
RGOMHYND IRUPLUD VX48HQMH QDOLN NOLQX &4LULQD NOLQ
SRPLPpH SUHRPWRSREUOMNWMHUHQR VSINKQLNBQIMHJDOHOQR Q
VWMHQNH SURJUHVLYQR VNUXUXMX L X VUHGLAQMHP GLM}I
FHQWUDOQD XVDKOLQD pLPH PHWS@MHpPDYD NUHWQMD WHN

1DpLQ VNUXULYDQMD
8VPMHUHQR WRNYRXMIL YO @M p L Q 3 RWNHICHIQMEBIG MBI DD URR QD
LOQWHNBYXOLYDQMD > @

X 8VNLQWHUYDO VGMMUMPBEMDWXUQL LQWHUYDO RG OLN
VROLGXV WHPQGMURGEXUH

X 6UHAQWHUYDO YGIMMNHMAESIQWMDW XUQL LQWHUYDO RG OLI
VROMGIPSHUDWXUH NMHUH RG

X ALURQWHUYDO YGIMMNIHFBERWMDWXUQL LQWHUYDO RG OL?!
VROLGXV WHYIRESHBRBWXUH

Fakultet strojarstva i brodogradnje 21



$QD ALYNRYLU Diplomski rad

1D VOLBIWWLN® MG VNUXULYDQMH NRG pRWIV XK/ NPLHPW D@W HLU YL
VNUXULYID QRDFL D VWMHQNH NRMH VX VNUXWQXOH SRPL
MH QD VOLFL E YLGOMLYD VQDAQD WHQGHQFLMD SUHPD

60LND KHPDWVNL SULND] Q DipLL\MDLKNRIHKW DYODQ D VKHPDWVNL S
VNUXULYDQMD OHJXUD VD XVNEBPP@QQWHUYDORP VNUX

1D VOLBULND]DQR MH VNUXULYDQMH OHJXUD VD ALURNLP I
VNUXULYDQMD

60OLND KHPDWVNL SULND] QDpLQD VNUXULYDQMD OHJX®UD VD aLl
VKHPDWVNL SULND] QDpLQD VNUXULYDQMD OHJXW@WD VD VUHGC

1D VOLFSULDQ NHiDVWL QD p LAQMSRRIURKG L YDRQ IDVWDQND YHOLN
NDQDOD WHNXUHJ PHWDOD X NIDVYPOMERSDIY XD D INRIRE DT
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$QD ALYNRYLU Diplomski rad
QDPLQD VNUXULYDQMD OHJXUD VD XVNBEFPY D HEEXXR NWMHXQMNHU

NDOXSDOLVYXWHFRDOMWR VNUXULYDQMH X WUWB@GLAQMHP GLMHOX

1D VOLFX SULND]DQH QDVWDOH JUHANH XVOLMHG VWH]DQMECL
QDpLQD VNUXULYDQMD *UH&NH SUHGVWDYOMDMX SUREOHP
L QDSDMDQMHROIRGOMHYND

6OLNDUH&NH XVOLMHG VWH]DQMD X RGOMHYNX > ¢

1D VOIDFLSULND]DQ MH RGOMHYDN RGOLYHQ RG OGOH&BXOMLYD 3§

MHUXBEDVSUEGHQD SRUR]JQRVW X SRMLOX LUWRSOEQDYNRRBR{X
UDV SRUN DHRMDHX@P D

1D VOIEFFLSULND]DQ MH RGOMHYDN RGOLYHQ RG OHGRYWD WH

VXVDKRLSRUMDORSOLQVNRP F R\ QW REAOMH BRDR]QRVW NDL
SURJUHVLYQR>V®UXULYDQMH
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$QD ALYNRYLU Diplomski rad
SBRYHUDQMH HILNDVQRVWL SRMLOD HIJJRWHUPQLP L L]F

2GOMHPRU X I© LMUWHR]D $RM VODR RRIUX ¥ XIMH G O RAWIMHWH Y X QNDD O X
PMHVWX NRMH SRVBBMHEGR WH GNBPKOQIMRIQLUD WDNR GD VNU>
RPRJXUIGOVBHH TOYDUENDEDINDIH YWDV WDOMHQRP VWDQMX NRMD MH
RGOMHYND L QMLKRY LK 33RNPHBRIRQMRQ VKN WX WIGHOWLK) B tHH S U L M
LVSXQLWL VoriRM U] GRWMDAR Y H UHYNROWKPH QAD VRRMH RG RGO
RGOMHYND NRMHJ QDSDM@ ELWL QHHNRQRPLpPQR

.DNR EL WDOMH Y L QBDWERXSRWAHN P{TH RUMRTIGIBER GND M § R JU LMD C
LIROLUDQMHR RMPHIDMIULQFLSX ELODQFH WRSOLQH L]PHVX
L WDOMHYLQH X SRMI>0@ NRMD SULPD WRSOLQX

6PDQMHQMH EUJLQH SULMHQRVD WRSOLQH RG SRMLOD SUH!
SULPMHQRP HJ]JRWHUPRAGRNR]EAGPELMVWWKDQD L YUKD ]D
SULND]DQR QROAOGRIGDWNRP SRNURYQLK HJJRWHUPQLK L L
QDNRQ ]DYUZHWND OLMHY DRULIN QD YR K BEWAOREBFHQLK SRMLO

6OLNBIJ]IRWHUPQD L LIROLUDMXuUD VUHGVWYD > @
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$QD ALYNRYLU Diplomski rad
JRVHFR VXVWDYL QDSDMDQMD

3URL]YRGL VRDWDMDYQMWNH )RVHFR \HYX]R VREDBASIINFY GV N
HJ]RWHRPQRIHD VHNNDR) EL SYRGMBRHOVNUXILYDQMD SRMI
RWYRWHQ]DMLYRRWIPX XQALURNRP UDV SR GXVE LYBIMQLES © N IHYORL |
D LJERU PDWHULMDOD RYL\WW IWHQBRRMHBVERR BSX\.WR M
PR&AHVVPID QWRAOKP HQYSRMQDIBRMLOD S UR PSWHR $RHWOIBDDW B Y
QDSDMDEOBRBWLULPL]LUDQRJ QDSDMDQMD VX

YHUL EURIMYHGHQLK RGO MM DW DRCBMRHIDIRDIR J U D P X
QAL WURANRYL HQHUJLMH

SRYHUDQD PDNVRBDMPRNNDHNAH PR AH SRVWLUL
WDQMHQD SRWUR&QMD SLMHVND L YH]LYD

QAL WURANRY]D VUSBIHD RBUD G H

\P D QM H Q IW L XIEFANSAIBM K QSIDKV H UL M D O D

BOLNBURL]YRGL ]D R®G M M DGV

B3UDYLOQRP SULPMHQRP )RVHFR VXVWDYD ]D QDSDMDQMH
SREROMANYR U LWL DYWPDMD MXMXiL NROLp UDX/ VOBISHMREI® B W L \
7JDNRYHU PRJX VH RVWY RpLAN QDD Q M Q & \POMBRARGEHYNG L

JRVHFR LPD SUHNR JRGLQD X\W NDXMHAY IR QEEERIBRS VW D DX |
UHGLTDOMDV 8 R UH GWX] RQUID N\DDD Q B h D® L WS RRERERMRIDL W DEL O QR
6LPXODFLMD NOINM MJHD B D Q W DHD XLYQHSPRIMMHRIGD 6 WUXpPpQMDFL LP
QDMQRYLMRM WHKQRORJLMLWWILARDRIFSL MWHY MK V NV/IXRU DG G M b
WHKQRQARXONIFUMIMLYDQMD L VLPXODFLMH OGLM@&YDQMD ]D O]
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$QD ALYNRYLU Diplomski rad

JHHGWREMRJIQLVNLP VDGUADMHP |OKRUWNVNGRN HY [UNGHRD ¥ RIRMM HOU
RGOMHYNMKD SCH]BRYHEQRHOUY NORBRWODPpQH DXWRPDWVNH ¢

3RVWRML YL&HHHGMWD HH GHR[MX H M GH
*ODY QH GQFRS\RWUHHHEERHE O R J D

YUDROLND LVNRULVWLYRVW
YUOR HJJRWHUPQR

YLVRND pYUVWRUD

SRJRGQL |D SUHFL]QX SULPMHQX
QLVNL WUWRENRWID

.DOPL®HJUH G VWPDLY OHMIDRNVY HRUPIFR B O R IABD M X GR SXWD
PYUVWRUX RG VWPBRCHWBEQRISRVHEQR QUWPOSIRRIRGY V YHOLN
VLODPD VBERMDOQWH pHVWR NRULVWL X OMHYDRQLEDPD ND N
NDSD RIDWKWQH PaWHRE YL ® 8 W L UDG 0 WIHOAIS/RIWNGIENDIMPD YD VH X
NDG/DSRWHYEEGVYNYDELMEQMBPD NDNR EL VH L]JEMHJOH QHSU
RGOMHY®X

.DOPLQH[VX SUHFL]QRI REDLRN RIYHEM HRUPIF L MV NREGRJIRGQ

QDSDMDQMH VYLK YUVWD OLM MY B QWDIR & RIMOR PDMRYEFBRBIGN D
SURPMHUD RP® WH VH PRJX NRULVWLWL L X VOXpDMHYLPD
5D]YIHMKQD MHGQRVWDYQX XSRWUHEX QD YLVRNREU]JLQVNLI
WHKQLNX RPEWBHSMDPWDYOMDMX X 4XSOMLQX SRPHRWKRG Q'
SRVHE QR DGKDPREDNNDNRYHU VH ODNR PRJX NRISLSWRWHVOP S|

> @
3UHGQRVWL DIRRILGE WRIEMR D

x (JIRWHUPQD UHDNFLMD L YLVRNL LIRODFLMVNL IDNWR!
PLQLPLJQWPOMQR SREROMADYDMXUL LVNRULVWLYRVW

X TURGNRYL XNODQMDQMD SLMERWBEI@D MDIVRRR JGH N PMLHQ N
]D ORPOMHQMH

x ,]JROLUDQL GLMHORYL PRJX VH DGHNYDWQR QDSDMD
SRGVXVWDYLPD
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$QD ALYNRYLU Diplomski rad
JRVHFR MH UD]YLR MWREBECRINRNR € X VRDN XEO RLYUHIRPFEMOHRQ D .

QD VXIVIWEY L NHRRBQRMPRIBWXMW XS JRUQMRE CGCRIMDHIIRY WD § R M
QD GROMURDDHMBIDD XS |DRERRIDSGD PNMHRVDO XREORIAKSIGIML Q
JXVWRUH SOXWD SUHBPD@IJRUQMRM aXSOMLQL

6XVWDYL ]D QDSDMDQMH NRML VH SULPMHQMXMX X L]
3ULPMHQH ]D PDQMH VHULMH SRGUD]XPLMHYDMX PDOH NI
SRMHGLQDpPQH MHGLQVWYHQH REFOQISHIR H] Y)RY/D FR ®IBISDMD C
EL REXKYDWLR UD]OLpLWH SULPMHQH 2GDELU QDMSULNOD:
LOL GLWHWWODHERMIDSDMDWL WH OHJXUL NRMD VH OLMHYD

.DOPLQX[HJ]RWHR® GEOBMDIRRINMH LVSRUXPpXMX NDR SUHWKR(
FLOLQGAX. UDRBBRQX SURP M HUHOGRIUIHSR QX RG GR FP
VX ]D SULPMHQX X RE U DS3LL K\BPOGDD VIDH M B WHH DEHU IPARLIMH Q L W L
V MH]JUDPD ] UIRPD BREHIGIBE SRVWLAH ]Q D pPoM Q R N\\QPIDGQVRAM
REUDGRP D X QHNLP VOX9Y®PWSXQRDRBRRMIQYMH SUHRVWDC
SRM:t 0@

60LNDDOPLREQRJ KD

2SWLPDOQR QDSDMDQMH PR&H ]DKWLMHYDWL SULPMHQX

SXFDWDDAL NRULAWHQMH L]RODF L MVAH{H UOBHNH R MW HU P Q/HK
HJJRWHUPIRONR BUDAX GL]IDMQLUDQL ]D QDQR&HKAMILEINDRIR U Q |
EL VH VPDQMLOL JXEVFD SWRCSNDHL QI ME-RYIFSCERIH A D YFOU P D Q V H

SRMLOD L MXQLFOLIRPQBM®RVWL. DS WHOQD|QIMRODFLMVNLK L H
SUHWKRGQR REOBWRXDQR®LK CBDJRIGQIHL SULPMHQX QD RWYI
SRMLOO®RLOOPLQ@HLOLNRP SULPMUQBIN FHINIPWH U FOEEN H 3L U
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$QD ALYNRYLU Diplomski rad
REOBRH VWYDUDMXUL YLVRNR L]RODXRS$W NP DSIRNRJ RDGID N

VYH YUVWH AaHOMH]D L pHOLND 3UHGQRRAMRIXHRGQRVX QD V

EH] SUDA4LQH L YUOR PDOR LVSDUDYDQMD

MHGQROLND LIRODFLMD SR FLMHORM SRYU&GLQL SRMLOLI
HOLPLQDFLMD OMXGVNH SRJUHANH

SUXAaD NDEWXASVXHLIRE@XNOPBEOOHRMDD QMD

60OLNDDSHIEORJKD
.DOPVLREORINNH JXVWHDHRSRIRSIULPMHQX |D OLMHYDQMH at

.DOPALEX QL] SUHFL]QR REOLNRYDQLK RWRERUBRX@VKRIEIGIL ]DW
J FP 3BRVHEQR VX SULNODGQL ]D DXWRPDWL]JLUDQH OLQLM
AHOMH]QLP L PDQMLP pHOLPQLP RGOMHYFLPD 7DNRyHU LG
3URGXAXIMXHPH VNUXULYDQMD GR SXWD 'REUD L]JRODFL
PDWH RENMROED VWD OMH Q DR R SQFOFO R RIGLE PLY IGMRWPARE O R J H
SULNHID GQURN UDVSRQ OHJXUD

.DOERXYGOHNVLELOQH LIRODFLMVNH SORpPpH LGHDOQH ]D XSR
RGO MHAHNOGIMHIQRIPBOMNYNDSRVHEQR |DIBEML PP SEURVPMWHHHEIDY ¥
UDQR VNUXULYDQMH X SRMLYDXO NI SPERUXE R EX Dl GLREKORMKYV
HOLPLQLUDMX SUREOHPL VD VNODGLaAWHQMHP YHOLNLK UXI
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$QD ALYNRYLU Diplomski rad

SULP MDHOLEE R|R® DHSIONBSHMLND]DQ MH Q@ VOLFL

6OLNDDOER]IRODFLM¥N® SORDpPH

7HKQRORJLMD GLUHNWQRJ OLMHYDQMD

.DOSMKM SRVWXSDN LJUDYQRJ OLMHYDQNIE QRMHINMR MNRPE|
NHUDPLPNH SMHQHQRRIP MR QWMK®FL RIGIIEO QLK SKRWX\BDDY NR!
QDSDMDHNXIL PHWDO VH MNIDG MHRYR L\ H DS IQURH XMOQARX SQ R A ] X \
AXSOMIRWRPXSDN VH PR&H NRULVWLWL ]D pHOLN REOFIMH]R
L ILOWHUD 3RJRGDQ X\SRFOINMHYINIR WH KRULJRQWDOQH L Y
NDOXSQH3A@NV@LMIN X SRWSXQRVWL HOLPLQLUD SRWUHEX |
2VLP WRJD RPRJXUDYD OMHYBPR XEH X ] AOSKHNRY@ X BIRIF RO X1 3
XVPMER VNUX8BERWUMIDBWHKQRORJIJLMH GLUHNWQRJ OLMH
SUHGQRVWL NYDOLWHWH ILOWUDFLMH PHWDOD LVWRYUHP
SURGXNWLYQRVWL XNOMXpXMXiL

YHUX LVNRVUD®MMLN @ @WHYQRY DY D

YL&H SURFRGHOQRE® SBRPWQH RGOMHYNH LOL VPDQMEF
RNYLUD

SREROMADQR XVPMHUHQR VNUXULYDQMH

PDQMH RGEDpPHQLK GLMHORYD NDNR X WYRUQLFL WDNI
VPDQMHQMH SRVWXSND pLAGHQMD L ]DYU4QH REUDGH
VPDQMHQMH ]DYDULYDQMD L SRSUDYDND
SRERGNDAMERE XSG YUALQH

ERQREUDGLYRVW
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$QD ALYNRYLU Diplomski rad
.DOSXWMH NRPELQDFLMD ILOWHUD L REORJH |D OLMHYDQMH

XOMHYQLK VXVWDYD X SMHGpDQRP NDOXSX LOL WODpQRP O
EH] WXUEXOHQFLMD DOL EUJLQRP NRMDNVRVVLHXWR YR 5R \VBR)
XSRWUHERP Y HOUDNWRYDR®M H P QIRH INDD X6 QDX ] KQXS K@ @I L HXM W R p
OHYyXWLP WR MH VXSURWQR ]JDKWMHYLPD NRQWUROLUDQRJ
NRPSOLFLUDQLK XOMHY QLI WNXSWD YRS HSURIGAL V] X PX.WM®ID Q M D Q
SRYHUDQMH NROLPLQH OHJXHSKHRHIDR DR JRRIDD VUDDYWWARIVIA L WHL
ILOWUD L REORDHS B VARHWN. ORH SULNDDWBKHED VOXFELQLM L
BHGHEDNDU ]DJODYyXMH WRN PHWDOD NRQWUROLUD SXQMt
XPLQNRYLWRWW @DSDMDQMD

6 OLNDBUHYV MDHINSSSRIMA-L OdD

JRVHFRVWDYL ]D QDSDMDQMH IRUPXOLUDQL VX V SDAaOMI
VSHFLILPQLP WRBSPHQVINMWNLP NULWHULMLPD .RQWUROLUD
SURFHVL RVLJXUDYDMX GD $WHBD RGRVOS\HH G QSNROBEMNKIVPO
SRVOMHGLFD WRJD YDULMDFLMH L]JPHyX VHULMD SURL]YRG
SRQRYOMLYX L]JYHGEX VYDNL SXW $NUHGLWLUDQL VXVWDY
LVSLWLYDQMH JRWRYRJ SURL]YRGRHAR®DRAMHMIX RDY M@ YIX NRR
SURFHVD 7LP SRVYHUHQLK NHPLpDUD L LQ&HQMHUD QHSUH
JRVHFR VXVWDYD ]D QDSDMDQMH UD]YRMX QRYLK L LQRYD
SULPMHQH VXVWDYD ]DH GOSDWIDWNWD NYNMRYHLID/ NRQWUROTL
7DNRYHU YRGL VH UDpXQD R VPDQMHQMX SRWURAQMH HQHL
JUHADND X] ]DGUADYDQMH SRVAWHERAFRQNBRBMERA K LRV b
QDMVLIXUQLMLKRERVWIXSQLK SURL]Y
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$QD ALYNRYLU Diplomski rad
(.63(5,0(17$/1,58%"

8 HNVSHULPHQWEQRL@EA G LM 0 FRAILMNDYNRP SDNHWX 6ROL

WMNXNRULAEWHQMHP QRRFILFHD LRMGBEUNRPSRQHQWLLINR@QMHY QF

LIDEKGRRHQ]LMD NRQVWUXLUDQ MH '\PRGAHDY®ED SD3L DY B L
SRVWXBRXODIEMM WEQWHROGIRMUD $06L 0J

,JUDGD PRGHOD
1D VOLSULND]DQH VX GLPHQ]LMH GLVND

6OLNDLPHQ]LMH GLVND
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$QD ALYNRYLU Diplomski rad
1D VOLBULND]DQ MH ' PRI HDG EQMHPOLIMDEP D X SURJUDPVNRP

6ROLG:RUNYV

60LND' PRGHO GLVND

2GUHYyLYDQMH PDVH L YROXPHQD RGOMHYND
SRPRUX SURJUDPNNRIG SODNRMEYDHYHQ MH YROXPHQ GLVND NR

g Ltrw{vau{ee "Ltaw{&rte’
3R]QDWR MH GD JXVWRUD BOXAEQheMV NgHe ®IHIXUH LIQRVL
3RPRiX SR]QDWLK SRGDWDND PR&A4BPRADUDHEQDWAERDVX RC
| s L é BLtyrr @aw{&r’® L r&e %o

ODVD VXVWDYD QLMH SR]QDWD DOL VH SURUDpPXQX SULVW
LIQRVL SULEOLAQR rk RRPRIXGRDBREH VH LJUDPpXQDWL XNX
WDOMBOLQWH X REJLU PRUD X]HWL GD VH OLMHYDMX GYD R

t® 5, t@&X
| ¢ L L — L t %o
3 r &

'LPHQ]JLMH NDOXSD L RGUHYyLYDQMH GLREHQH UDYQLQ
2GUHYHQR MH GD UH VH X MRGQRIPI YNNDOD X2S5XDE8 UM B UDGM P B @ DL |
=L urree a>L trree DhLsrree D,Lxwe L SULND]DQH V2IQDINDMOLFL
DDRIQDpXMHRWULYME X GLME O DVIRGMED GLMHOD NDOXSD

Fakultet strojarstva i brodogradnje 32



$QD ALYNRYLU Diplomski rad

60OLNDLPHQ]LMH NDOXSD

2GDELUH VH NDOXS V KRUL]R Q& D IONYR P (GR. RN R EVGHDDWLQY IRQ R
NRML GLR PRGHOD iUH ELWL X JRUQMHP D NRML X GRQMHP |

6OLNDLREHQD UDYQLQD

3URUDYPXIQHYRWRWD Y D
1RPRJWDHPNRUNR @V WDXOWMAHWMMRI VXVWDYD ]D DOXPLQLMVNH
QDMYHUD XOD]QD EUJR® YDNHR FUHBHRBBHGLWL GLPHQ]JLMH S
NUHQXWL V GHVQH VWUDQH QRPRJUDPD 4WR ]QDpL GD PRL
3URVMHPQD EUJLQD SXQMHQMD UDpXQDHPH SRR EX D WD WX
ODVD WDOMHYLQH]|@RVER¥QDWD LVNXVWYD (HS K LIMHAKHS R\

SX QM H Q MD Q\WMEX & D
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$QD ALYNRYLU Diplomski rad
SURVMHpPQD EUJLQBBEKRIMMAEBQRDLGEARN L

| t
RE —L—Lrde%e
P ST

1D VOL¥LGHVQHDSRPRQMH RGUHYLYDQMH NDUDNWHULVWLDp!
RQ D D QMY P HSURWHENIHEX QMHQMD NDOXSD N RDIMRIQ Q\RR/LD
SRYWMRUL]JRQWDOQD OLQLMD GR SRMUMDR QHJ ISMDH & i RARE HY R
RPLWBRYOMHG VMHNDQ&IDWrres ¢ 6 RE]IQDRGIR VH NDE ¥IBI Y D

RGOMHYND D GD VX |D EBEMDPLXAGD MFARDWNE SN SHEHVMHND N
#s L stwee ©

60OLNORPRJUDP > @
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$QD ALYNRYLU Diplomski rad

2pLWDQD SRYUSELQD SUH WMIHtNWDe UD3 D RGQ KNWONO|D&X LV WLPH
GLPHQ]LMH UD]JYRGQLND [ PP 'DOMQMLP RPLWDQMHP S
VSXVWD M.l QRWLS43RPRUX SRYUSLQH L]JUDpXQDWL SURPMLI
@l sy 2GDEUDQD YLVLQDL¥BEXYWDH Lj®RWLL] WH WRpPNH V
SRYXUL OLQLMD GR YHU SRVWRMHiH OLQLMH V GHVQH VW
SUHVMHND QD GQX V&XYWDeNRMD LTYPRPWIHU GQD VSXVW
@ svee 833RGQRA&MH VSXVWD GLPHQ]LRQUXEIMRI KRB OIWHP B U\R
@Ltzee L YLDLQ@Ke+ JGMH MH ' YLVLQD UD]JYRGQLND

ID

6OLNBRGQRAMH VSXVWD > @

6OLNBULNPXKGBHOD RGO MIDWNDY QLP VXVWDYRP

6OLNDRGIKBAID RGCGUMHIYNMBYQLP VXVWDYRP
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$QD ALYNRYLU Diplomski rad
5D]OLpLWD UMHAHQMD VXVWDYD |]D QDSDMDQMH

8 UDGX VH SUDWL QDSDMDQMH RGOMHY NRGG B B UBHY BEH X@DD F L
VOXpDMX PDQMLK SRMLOD L PDQMLK SRMLOD V REORJDPD

PLsre D X VOXpDMX UMHaAHQRDtM7HIRSIHUDSWXULDLODMHYD C
6Lytr( a

8OMHYQL VXVWDY V PDQMLP SRMLOLPD

2GDELUH VH SRMLOR X REOLNX YDR M NIL PSI@m N kD-DR RDHV O
@Lttes &

60OLNDLPHQ]LMH SRMLOD > @

2GUHYHQR MH GD uH VYDNL GLVN LPDWL GYD SRMLOD awRr N

6OLNBOMHYQL VXVWDY V PDQMLP SRMLOLPD
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$QD ALYNRYLU Diplomski rad

8OMHYQL VXVWDY V YHULP SRMLOLPD
=D GUXJR BMBEHONR MH SRMLOR LVWRJ REDWNWDS IDOL UD

@QLuzee &WR SULND]XMH VOLND

6OLNBOMHYQL VXVWDY V YHULP SRMLOLPD

B8OMHYQL VXVWDY V PDQMLP SRMLOLPD L HI]JRWHUPQI
=D WUHUH UMHEHQMH RGDEUDQD VX PDQMBASIRMWILXO D OLLV M. K
HJJRWHRERERSURL]YRYBEBLP HIQREIORJH SULXOLIBQH VX QD

60LNDLPHQ]LMH REORJD
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$QD ALYNRYLU Diplomski rad

1D VOLFULND]DQ MH VEIRWXOIMM YFDROAVHPRIRMLOLPD L

6OLNBOMHYQL VXVWDY V PDQMLP SRMLOLPD L REOR

6LPXODFLMD
8 GDQDAaQMH DKUMLIMHWXM X UL QD S&RIWINXSWER KMQHR@RURMH L]ERL
VLPXODFLMBLOXMB¥DRUMRPRIXUXMH SURFMHQX NRPSOHWQR
JUH&NH SULOLNRP SXQMHQMD L VNUXULYDQMD RGOMHYND
VYRMVWYD QDSUH]DQMH L GHIRUPDFLMD X VORAHQLP RGO
XGL]DMQX VLPXODFLMD SUXAaD EU]X YL]XDOL]DFLMX NDNR E
SURL]YRGQRJ SURFHVD 'DQD&aQML SURJUDPL RPRJIXUXMX P
VYH OL@OMLUYHH 3ULOLNRP OLMHYDQMD X SMH&pDQL NDOX!
RSWLPL]DFLMH XOMHYQRJ VXVWDYD>3 @OLPLQDFLMH SRUR]C(

SRVWXSDN SUL LJ]UDGL VLPXODFLMH > @

L]JUDGD &$' PRGHOD RGOMH YS\RIM LI MYHURPIQ I WRNEIDYRD) D
VSUHRDRX VWO GDWRWHN

XpDWDBOIHPWQSURJUDP 3UR & OBRWHAHE YR MH U
GHILQMHP HQQORWD]D WDOLQH X pDA&X

GHILQNGHP HOND® X S D

GHIUR®WMW HIS RWIMHEG LQRJ HOHPHQWD

JHQBOQIMUP U HA

R Gyl D\OAWNBBHHWD Y LW DFLMH
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$QD ALYNRYLU Diplomski rad

RGHYLYIDQMBEHWWHYDQMDKKWRE B®&XQVY NN
SRNUHWDQMH VLPXODFLMH

SULMH SRpHWND VLPXODFLMH SRRWMH MMHRSM HNHQIQWLQ D WIO L

6OLNDOUHMDOXSD L RGOMHYND V XOMHYQLP

2 JHQHULUDQRM P UHHIX B WIDWIDVWAR POQRYWMAD MH QD PMHVWLP
QDMYHUD WRPpQRVW D WR MH X RYRP VOXpDMX QD RGOMHY
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$QD ALYNRYLU Diplomski rad

1D VOLSULND]|BRQ@MHQMH RGOMHYRDMH GD VH X QHNLP GLM
SRPHOD VQLADYDWL X RGQRVX QD SRpHWXXQM MNP SGILUNDRORIY
SRPHOLSKOMGLYHIR WR VH NDOXSQD A4XSOMLQD X SRWSXQ

6O0OLND3IXQMHQMH NDOXSQH aXSOMLQH

S8OMHYQL VXVWDY V PDQMLP SRMLOLPD
1D VOLBULND]DQRVMMPHYVNUXiLYDQMD RGOMHYNNOX[BRMHO
XSRWRBEERDJOVOLNH MH YLGQRRYREEDURGIONMHWN XQGL GD
VNUXGRSBRMRD WUHED RWSVHRBEWRLPRAH GRYHYRWRGERR S RN D
VNXSOEROMDHVWDQND QDSDMDQMD
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$QD ALYNRYLU Diplomski rad

6OLNDOULMHPH VNHPXOIQRMD (BRI LOD

BOLNDSULND]XMH WLMHN SANHNW DYRDOIMOQD S D 18 B Q R DUFDGRMWILHD D
RGOMHYQDEBOWR 4H QH QD SUBMD MR HE R HFDBRMINR V W L

6OLND6NUXLY BQNWWD QD N RIDENDMSQMDO D
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$QD ALYNRYLU Diplomski rad

6OLNDMWURGLPHQ]LRSIRLCR] ) NN MBHURBRWRRYRPRVW IR G
VOLND YHDUD RGOLND E

6OLND7URGLPHQ]LRQIRUR] GREWHMD SRMLOD
D YMHURMDWQRVW SRMDYH SRUR]JQRVWL YHiUD RG E
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$QD ALYNRYLU Diplomski rad

60OLNIMH GYRGLPHQ]LRRWROQER MW MHDIR SR WBDRYR @ RRWR

BOLNDYRGLPHQ]LRQDSRURFGREWYMD SRMLOD

8OMHYQL VXVWDY V YHULP SRMLOLPD
6D SULND]XMH YULMBBERVIWKEBLK DSRWOOQNH MH YLGOML)Y
RGOMHYRWRBW QBRLOLNMHNXQUGNUEBRNMH SRMLOLPD SRWUHE
AWR XYHOLNH PRE&EN VB P QYRRWWN QAVWIX pDN HOLPLQLUDWL
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$QD ALYNRYLU Diplomski rad

60OLNDOULMHPH VNAYXHIULD BRMDOD

1D VOLFULND]DQ MH WLMHN VNUXUBRMQNMD D 5YHNINIXY RIG QN
FLMHOR ROGDMNRBRR VNUXUXMX ]DMHGPDR WXIRB G MERWNIREH VE W |
SRUR]JQRVWL DOL |DGQMD @MEBVWHDXVRGRXMEHWYINOXMD LSDN VH

BOLND6NUXUGLYDQMH L SUHMWD R SNR P DSD MD Q
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$QD ALYNRYLU Diplomski rad

60LNMH WURGLPHQ]ER QR I@EM®WHNMNLR B-OMIBRYR IRV IR G
VOLND YHDUD RGOLND E

E

60OLND7URGLPHQ]LRQIROUR] GRHMWDD [SRMLOD
D YMHURMDWQRVW SRMDYH SRUR]JQRVWL YHUD RG t
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$QD ALYNRYLU Diplomski rad

1D VOLMH GYRGLPHQ]LRRWDR QB MW HNR]E B\Y DRV Q RO/RWLL
RNR X VUHGLQL DV YDQMVNH VWUDQH RNR

60OLND'YRGLPHQ]J]LRQBRBOQR)|&RWNIMD SRMLOD

S8OMHYQL VXVWDY VHIDRWH BREMQRRPALOIAP D L
BOLNBULND]XMH YULMHPH VNUXULYDQRED BUDRPOS PWEE E L YR
RGOMHYDN GX&H VNUXiXMH RG SRMLOD PHYyXWLP X XVSRUH
VSRULMH V REORJDPD

60OLNDOULMHPH VNHPOIQMD BNRMLOD L REORJH
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$QD ALYNRYLU Diplomski rad

1D VOLSFULND]DQ MH WLMHN VNUXUBYOBGQMDYIR SWH G\U DRIECONR OHI
WRSOLQX RGQRVQR RPRIXUXMX GD SRMLOD NDVQLMH VNU X

BOLND6NUXULYDQMH L SUHWPDRYDNSRMEBRWHYMQLP REO

Fakultet strojarstva i brodogradnje a7



$QD ALYNRYLU Diplomski rad

60LNMH WURGLPHQI]EROQRIGEBMWUEMNIR BROHDRYVRFRVW IR G
VOLND YHDUD RGOLND E

E

60LND7URGLPHQ]LRQIROUR] GRBWEMPD SRMROWHWPEOARIDP
D YMHURMDWQRVW SRMDYH SRUR]JQRVWL YHUD RG E
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$QD ALYNRYLU Diplomski rad
1D VOLMIH GYRGLPHQ]LERDR Q@& ¥\BINMHE] R IFONMNDRIV R/| ¥RV W L
OLMHYH VVGRNOMH V GHVQH VWUDQH RNR

6OLND'YRGLPHQ]LRQSAQR]|RRINTY D SR MROH\RPEIDLRID P D

,JUDGD NDOXSD L OLMHYDQMH RGOMHYND
SRVWXSDN LJUDGH NDOXSD L OLMHYDQMH RGOMHYND RGYLNM
VWURMDUVWYD L EURGREJIUDRE R 6D XD-HRIWMHW RULM LPD QD UD

PRGIBOLND]DQ QX RERPLVOXpDMX OLMHYDR VH MHGDQ RGO
HI]JRWHUPQLK REORJD

60LNDORGHO
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$QD ALYNRYLU Diplomski rad

'LR NRML tH VH OLMHY D WV WDYROMDMHIR X LURH Q MDINIXDMRERIP O X S
NDR @&WR MHQBUWONIRIDPR VDELMUVQMOGVIRWRBEDPDVEDNEH RGYD
RG NDEXOINDSRGLMHP

6OLNBRVWDYOMD IMEEX \RWIBMERDN DO XS D

60OLMHGL QDVLSDYDQNDBNRRGH CGQQRNBDIMEYQABRIQD PMHADYLC
QDSUDXOPAMLNMGIBWID |BXPD VOLFL

60LND1IDVLSDYDQMH PRGHOQRJ SLMHVND
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$QD ALYNRYLU Diplomski rad

60LNDOLMH&ADOLFD ]D SLMHVDN

1IDNRQ PRGHOQRUWDIWIIHNY NND OXQDGCGEMQPQBRRSD RP PMHADYLQRF
VDEND®R MH SULND]DQR QD VOLFL

60OLND1IDVLSDNDOQAVEOH PMNDEYIMDHQ MH

1DNRQ VDELMDQMIN XS RDQH B MDY REMVK S WMHND]DQR QD VC

6OLNDSNODQMD QM A XIGN IP M K DI WISMHW D
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$QD ALYNRYLU Diplomski rad

*RUQML GLR NDOXSD VHPRIGWUIDIH DY BREHMIRY WM OIBRSOR QD
VOLFL

60OLND3IRVWDYOMDQMH GRORGBHL®GDWRGEPLNDOXSD L

.DR L X SUHWKMPESERMYOMD VH SURFHRPORYLSBVUREWIQRRG H
PMHADWOIRBWR MH SULND]JDQR QD VOLFL

60LNDLIDVLSDYDQMNEXRGHEGQH NDOXSQH PMHA&D
6OLMHGL VDELMDQ MHD® K SXNHO PR BNMQ@R EED D

6OLND6DELMDQMH L XMODXIEREMHMEBNDQH
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$QD ALYNRYLU Diplomski rad

.DOXS VH RNUHUH RGYDMD WD 8RIGENGTNS R G HEQRMHM RO M HYWHD .
NDR @&WR MH SULNDDDXS B YA FDUD WH MH VSUHPDQ ]D XC

6OLND2NUHWDQMH YDGNIRMEIH@NDHL LN RECENR I H@R\IL
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$QD ALYNRYLU Diplomski rad

3ULMH XOLMHYDQMD WDOMHYLQH ORQDSUVNDRRQR QDI WIOM B
NDNR WHP SWD QWXEMPLOWLOLNRP SULMHQRVD WDOMHYLQH R

60OLND=DJULMDYDQMH ORQFD SOLQVNLP SODPHQRP

=D WDOMHQMH P DHADHHNWIUDEDRDBINSBRNLI)/DAQLD VU M WIKIRIG QR ]DJU L
QD WHPSHUDWXUX YHUX RG WHPSHUDWXUH OLMHYDQMD

6OLND3HU
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$QD ALYNRYLU Diplomski rad

60LMHGL LIOLMHYDQMH WDOMHYLQH L] SHUL X ORQDF NDR

6OLND,]JOLMHYDQMHOWQDMHYLQH

1IDNRQ L]OLMH YX GNRI) MFD CENRMDYUHDEKIDR W/EHO RIG YWQ HIRUQML VO
SULND]DQR Q\DHVSOULIFHHNDWL GD VH WHPSHUDWXUDf& SXVWL ¢

60OLND8NODQMDQMHV\DORRMW BIRWHHED. Q H
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$QD ALYNRYLU Diplomski rad
/ILMHYDQD MH OHJXUD $06L MHU $06L 0J NRMD MH NRULAV

VX UH]XOWDWL OLMHYDQMD L VLPXODFLMH XYMHWQR XV
VNUXULYDQMD L REOLNX SRUR]JQRVWL NPIBYR RYMH \GOLLAMH Ot

1DNR Y RVWHH S HDU D SWMAH. OMHEIPS HODWHYBRQMD VOLMHGL XOLM
NDOXS NDNR MH SULMNWYQRQARDYVDMHAPH OLMHYDQMD MH S

~

VLPXODFLML WH L]IQRWYU FNMRUDGHNX MG QRP RGOMHYNX EH]

60LND8B8OLMHYDQMH WDOMHYLQH X NDOXS

1DNRQ &4WR VH WDOMHYLQD XOLOD X NDOXS SRWUHEQR MH
N D O X SJIDLYUDXEND H W RGD W HNY NO XFB® H FANWDHRE BSWURQMIB D QR QD VOLT

6OLNDSD]WXEQMH NDOXSD
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$QD ALYNRYLU Diplomski rad

1D VOLSFULNDEIREMRMGQMHYDN ]DMHGQR V XOMHYQLP VXVWD"

60LND2GOMHYDN V XOMHYQLP VXVWDY

1IDNRQ aWR VH RGOMHYDN GRYROMQR GXJR KODGLR XNOLCL
SRPRUXQPLPMHVWX JGMH VX QDVADOND | DUHA QD X YLPIXODFLN

60LND3UHVMHN RGOMHYND

Fakultet strojarstva i brodogradnje 57



$QD ALYNRYLU Diplomski rad
1D PMHVWX RGNOHV HY DN >SAHQRM |[PROVWRMH VLWQH SRUH PHyX

6OLND SULND]XMH JUHaNX QD RRGENMWY NG MGIRPYV G RMGIIDKW
NRMEBDVWDOD JERJ ]JDUREOMHQRJ JUDND X NDOXSX

O

60LND3RUR]QRVW QD RGOMHYNX

Na slici 74 prikazan je radiogram odljevke kopmse neX Rwa unutarnjporoznost NDR aWR
je pokazala simulacija 8VOLMHG VNXSOMDQMD VPDQMLOH VX VH GLPI
XOHJQXUD QD YDQMN NNPXWDIUMDHDPNOPRDR]I|QRVW MH VLWQR Ul

60OLND5DGLRJUDP RGOMHYND

.HPLMVNL VDVWDY RGOMHYND SURYMHUHQ MHSQ@DNQRDGERR 5
WEOLBDGUADMXVYROPIGKD MH W XQRINDRHEPNHKX $DOIX MHOL
PDJQHJ]LMD EDNUD FLQND L RBR]NDpYLMILNRBLIGRNYLR O MHDI
VLPXODFLMX L OHJXUH ]D HNVSHULPHQW MHGDQ MH RG PRJ
UH]XOWDWL QD VLPXODFLML L QD VWYDUQRP RGOMHYNX
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$QD ALYNRYLU Diplomski rad

60OLND2GUHYyLYDQMH NHPLMVNRJ VDVWDYD RGOMHYND ;!

7TDEOLEBBPLMVNL VDVWDY OHJXUH RGOMHYND
.HPLMVNL VDVWDY PDV
0J 6L 0Q )H & X =Q 3E $0
RVWD'
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$QD ALYNRYLU Diplomski rad
=$./-8y$.
8 RYRP UDGX HBUIDWRDSQJRE®YLOQR L]DEUDWL L NRQVWUXLUD
QDSDEDOMHMBXBRDMLMVNH OHIXUH 8SRWUHERP VHRIHWODp
RGOMHMBIEQRNUDWQBRMH2 DEP RDUDPD RGUHYHQH VX GLP
XOMHYQRJ VXVWDYD WH MH X \WNODEXQFR G'HROHR PEFWRNRDP R G C
SDNHWX 6ROLG:RVWNVUD]|OIFfWYWDRYBESBOIMDMH LIJUDYHQH VX
SRPRUX UDPpXQDOQRJ SB8RSBDARPHIDNLRKHSHMARFO B WML OD
YHKSRMLODLKS W QD] RWWH RIECDLIRRIBMBEAHQMH V PDGWMMH SRM
QH]DGRYROMDY D MH H UG X O WIRW R Y R YO YWIBOEY. HR EFO R J
SRNBHMDMBD UH MHGDQ RG GYD REHIMHR NIDR M yXIINVO R SKREL WU X JF
PRJXUD SHRRVLDRY|PROENRMIDONDDIDMH NDR QDMEROMH UMH&EHQWM
PRIXUQRAUX SRRRDQRIMWMWHG QR UMHAHQMH QUK OGVMIDMNRH R H
SUHWSRVWDYND GD EL VH KI$RWHBEEPRFRINH KM BEREIORD MX
RGOMHY®SRURHPRNOML MH RPRJXULWL NYDOLWHWQR QDSDMI
PHYyXWLP SRMLOR WUHED SUDYLOQR GLPHQJLRQLUDWL MHU
PDN YHUHJ YROXPHQD RG RGOMHYND BRWHRP]DGXADWDXMKRW
SRMINONR VH QH EL XSRWUHEOMDYDOD SUHGLPHQ]JLRQLUTI
UDVWDOMHQRJ PDWHULMDYORANRYRALPURLPHRSRYHIBGDMHY I

8 SUDNWLPpQRMBYME QXKH RG OIR MY SWHEH] QMM BRVKHPO!I X

SRMDYLOH JUH&NH X VLPXODFLML 1D SUHUH]DQRP RGOMH
XQXWUD&AQMRVWL PHYXWLP QD YDQMVNRPRMIR]ERXW RIHO®DN
SULOLNRP KODYHQMD RGOMHYND JERJ ]DUREOMHQRJ JUDND
NRML EL RPRJXULOL L]OD] JUDNRYVHUN DOXCRH RSO ML QYH X ¢
EDNUD FLQND L RORY D SRRP IMXHQDR @ Y MR | DANQ XN LY D QM

' RULAWHQMH PP RLRXHD MH. BEHOLYNRIFMWYQL VXVWDY L ¥ XVWDY
UDQRM ID]L SURL]SRFBXQRIFEMRFMNDHNRQRPLPQL L EUJL SUR
OLMHNRQMIXJOD Y QHUMH BEDWPHDWMKR\DLP S U REHNBRHPY DQMD OMXG V1
L XYMHWL X NPMRURDEVW LOSMHY By RIGRQRDERR G IRVEKY BXD O LW F
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$QD ALYNRYLU Diplomski rad

/,7(5$785%
S@QNLU*OD¥D2VQRYH OLMHWYLMOQMD PHWDOD

>@ DX WLKDOLF 3RNABRHYFH WHKQRORDILWMHHEOLMHYDQMD

>@)LOHWLQ 7 .RYDpPLpPHN ) ,QGRI - 6YRMVWYD L SULPM
EURGRJUDGQMH 6YHXpLOLaAaWD X =DJUHEX =DJUHE

S@KWWSYV 7Z7ZZ DIRP FRP DUWL F CGHJ IDVVE X "SKDLVBHD@/EDH |,

SHKWWSV HGXZFBWLRQ SVX HGX PSOM VW X SXARMGHHQ R OLSQMI

>@DYLV - 5 $60 ,QWHUQDWLRQDO +DQGERRN &RPPLWWHH
$60 ,QWHUQDWLRQDO

>S@DYH] OMHYDpPD +UMBIWIPML SDIWKXEQLN

>@ DX WLKDOLF 3 R/NXIS/HDRIDY IWNHRE

>@ KWWSV Z7ZZ IVE XQL]JJ KU DWODQWLY XSORDG[QHZVER
SESULVWXSOMHQR OLSQMD

> @KWWSV 777 YHVXWRI/XPMREVAR RBGABWUQIREKW GU\ [HHGLQJ
VI\VWHRVSHULVW XSOMHQR OLVWRSDGD

> @ &DPSEHOO 5 $ +DUGLQJ 7¥87)LOPOURUMRH SMULWHQ YV W
RI %LUPLQJKDP
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