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6OLND)UHNYHQFLMVNL VSHNWDU NRML pXMH OMXGVNR XKR
60LND'LMDJUDP ]YXPQRIDW@DPWON +ADIVER RN|INDUMNL VWWOCCONN
60OLND.ULYXOMH MHGQDNH JODVQRIiH > @
60LND.ULYXOMH ]D SRQGHULUDQMH UD]JLQD JYXND
6OLND*ODYQL L]YRUL EXNH QD EURGX > @
60LND.RQFHSW SURSDJDFLMH RGX bFOR MR FE@LND >
6OLND'LVWULEXFLMD EXNH QD SXWQLpNRP EURGX > @
60OLND3URSDJDFLMD EXNH QD EURGX > @
60OLND,QWHJULUDMXUL JYXNRPMHU > @
60LND.DUDNWHULVWLXQWYDDNR@BHEXQRP &LYRWX > @
6OLNDALUHQMH JYXND > @
60LND.DWHJRULMH PDWHULMD®D@UHPD YULMHGQRVWL
6OLND3ULPMHU WLSLpQLK PHQHAW DN RQ D  QEOYRHBOMNLIEKU D FL M D
NRQVWUXNFLMD
60LND3ULPMHU PRGHODX KLEGR GI) PR N WIDWHQWUPFNRHA DQDC
6OLND3RGVXVWDY D D SROVKIYWDINXWE > @
6OLNDYHWLUL VSUHJQXWD SRGVXVWDYD > @
6OLND*UDILPNR NRULV RdsjgheRNGISEHOMH X
60LND.RULVQLpPNR VXpHOMH ]D ]DGDYDQMH SDUDPHWDUD L
60OLND.RULVQLPNR VXpH QVYRIO]DF | IVG/INLEQMHNV HULMD O D
6OLND-DUX4DOR QD YODVWLWL SRJRQ X ID]L RSUHPDQMD
60OLND-DUX&DOR QD YODVWLWL SRJRQ X SORYLGEL
6OLND2SiUL SODQ DQDXIDOWDQRIYMDVWLWL SRIRQ
60LND3RMHGQRVWDYOMLYDQMH NRQVWUXNFLMH SUL PRGH!
6OLND7RSRORANL PRGHO DQDOL]JLUDQRJ EURGD
60LND 3URUDpPXQVNIRORBHW®WWLBINNL SULND]
6OLND3URUDpPXQVNL PRGHO + SRJOHG V NUPH
6OLND3RSUHPQL SUHVMHFL SURUDpXQVNRJ PRGHOD
6OLND'RQMD SDOXED
60LND3ROR&DM NDELQH ]D SRWD®X XQ NG PUHIWRP R]QDpHQR &
6OLNDS5D]LQH JYXPpQRJ WCDAHD E UNDE EQI BAR\P 1D FSLOVRHY LI5 E 1 L
6OLND5D]LQH JYXPpQRJ WCODAND E WNDE EQI] BFR\P D AM.IMUHX BID @ M D
6OLNDS5D]LQH JYXPQRJ WCODA\HD E UNRE VOQLL] BIPWHF B RF UG EWHU L M
6OLND5D]LQH JYXPQRJ WODAND E WINRE VQLL] BHEPHHF MM R X § D QMU M
6OLNDS5D]LQH JYXPQRJ W COOG\NHD XXV &CD B HGIQUSBOERWQR X&DG
6OLND3ROR&DM EURGVNRJ EDUD R]QDpHQR &XWR
6OLND5D]LQH ]JYXPQRJ WODNB XEEHRRBGEHRIF RERP B FSLORHY L5 KR L
6OLND5D]LQH ]YXPQRJ WODND XEBRRGEHRIF FER B AMLIMUHX D @ M D
60OLND5D]LQH JYXPQRJ WODNDR XEBRBGW NRAFBIFE@RF LJGEWHU L M
60OLND5D]LQH ]JYXPQRJ WODNB XEBRRGW N RRAFBIF MNDRIX § D QMU
6OLND5D]LQH JYXPQRJ WODNDB X\VEURGHAA R PIEPRGUWRUIRI JODY

Fakultet strojarstva i brodogradnje Il



Marko Mikulec

Diplomski rad

6OLND5D]LQH JYXpPQRJ
SORYLGEH
6OLND5D]LQH JYXpPQRJ
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6OLND5D]LQH JYXpPQRJ
6OLND5D]JLQH JYXpPpQRJ
6OLND5D]LQH JYXpPQRJ
6OLND5D]JLQH JYXpQRJ
6OLND5D]LQH JYXpQRJ
6OLND5D]LQH JYXpPQRJ

W ODYNID p)O N Q B LSRVIIEH LEHR [® EHUL M R
W OEDYNID p)O N Q B LSRVIIEH LEHR [® EHUL M R
W OCDYNCD PO NQ B LSRVBPGM R E UR GY VLIV R OFE
W OCDYNCD PO NQ B LSRVPGM R E UR GY VLIV R OFE
W & B NIDV R EXLS V IV V@& M PRUODLFFLAM HE IR G UELH
W & B NIDV R EXLS V IV V@& M PRUODLFFLAM HE IR G UELH
W & BNDVR S VIYRRDR BLWRP §D RG VM
W G BNDVR S VINYRRDRBLWRP §D RG VM
WO BNRBR X BNHDJQLWR QDFQ RULIDEMULMHP H
WO BN R & BNHD]QLWR Q DV D M K AJIDQWWDL M H P H
WOEBNB & \WDIRODFISMRPLGEHWULMHPH
WOEBNRG \WDRODFMDR X JDOWUL MHP H
W QB NDEX R® ERH] OLBIR @ DFQ RIHLIDE MU L M
W Q@B N DEX RI® UERHL] OLB® @ DNF D M K &]IDQ WIWDL M

WQBNDEX R® WPLRBBFIOGRYLETEMULMH
W Q@B NDEX R® WP L IREBWBEGM MBR¥aDQ ML M H
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7DEOLBB]XOWDWL SRMHG QR G DWW P H QR LEMR LI DXpRAH QR V W |

7DEOLPDRQLPDOQD RyU|DMSIGHQRNVGEH SUHPD > @

7DEOLBDSRUHGED GRSXAWB®LE BSDHPD EXROXELMDPD $
068&

7DEOLFRQVWUXNFLMVNL PDWHULMDOL X ED]L SRGDWDND >

7DEOLF[RODFLMVNL VORMHYL X ED]L SRGDWDND > @

7DEOLFRHILFLMHQWL D SSAMRUSSHLMH/ NHX NJFOOWFN D B X@ED]L SR

7DEOLBD]LQH EXNH JODYQLK PRWRUD

7DEOLBD]LQH EXNH UHGXNWRUD JODYQLK PRWRUD

7DEOLBD]LQH EXNH SXPSL ]D MDUX&DQMH

7DEOLBD]LQH EXNH UHGXNWRUD SXPSL ]D MDUX&DQMH

7DEOLBD]LQH EXNH YLWDOD ]D ERpQX X&DG L SRGL]DQMH N

7DEOLBD]LQH EXNH YHQWLODWRUD VWURMDUQLFH

7DEOLBD]LQH EXNH QRO N \NNOH ROMVGLL] D F L M H

7DEOLBD]LQH EXNH UHGXNWRUD YLMDND

7DEOLFRSULQRY SRMHGLQIXLUQYRYRPONRISYE DERD XAWDEL QL

7DEOLFRSULQRY SRMHGLQIKLUQYRYRPORISBEDINIDUX EURGVN

7DEOLBDHGYLYHQH UD]LQB WXhBRBMWOWMNB RG LQWHUHVD
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2]QDND "HGLQLFD 2SLV

R PV EUJLQD JYXND

E +] IUHNYHQFLMD ]YXND

6 v YULMHPH

+ P MDNRVW ]JYXND

. G % UDJLQD MDNRVWL ]JYXND

L 3D ]JYXpQL WODN

5 G % UDJLQD JYXpQRJ WODND

2 : ]YXpQD VQDJD

D G % UDJLQD ]YXpQH VQDJH

ogaal G% $ $ SRQGHULUDI N RNWLYEDHIDED UD]LQD
B AaAl G% $ & SRQGHUL UIDQ R RHNYILYBIOHIMW UD]LQD
264680 G% $ 'QHYQD $ SBRGEWDLUMRBEHQRVWL EXFL
4 G % LQGHNY VPDQMHQMD ]JYXND

4q G % SRQGHULUDQL LQGHNV VPDQMHQMD ]YX
U VDELQ NRHILFLMHQW DSVRUSFLMH JYXND

VN VDELQ SRQGHIMHWQWLDISRRILSFLMH JYXND

- HQHUJLMD
IDNWRU JXELWND SULJXaHQMD

(7]
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8 RYRP GLSORPVNRP UDGX DQDOL]LULDQMODXYV WDWIQ IS RE
XVOLMHG UDGD EURGVNLK VWURMHYW LpXHWHD Q B O L JHH WRIBR
XYRGQLK QDSRPHQD YH]DQLK ]D IRUPXODBIGKX VXUREGIBEDR
RVQRYQL SRMPRYL X WHKQLPNRM D NXQHWVILJFYLR UH SERANHE Q LFPR R
QMH]LQRJ a4LUHQMDH QR EEADRGIXQ D 1 B 8 DEDBMUX-DIXQ@D WD X B QWH ] L
SUREOHPDWLNX EXNH QD EURGRYLPD UWH IMH PGIMR S D HDO Bl
EXNH V QDJODVNRRVIQDWK p EMID-QDIQBIHD NRMDAWHQD X QXP
SULPMHUX 3ULND]DQH VX WHKQLpPNIDYBGHRYRWQIRMD Y R
EXNH ]DMHGQR V N DPIWHOWLPIDY Q.IRRFISIRBKO® LM S URR BB B V N |
Designer-NOISE GRVWXSDQ QD .DWHGUL ]D VWUR MHY H SLU X UpHHPDM
MH GHWDOMQR RSDREBQPRBWW K SID B QUIPDW JH XBENONMHX p5HV] X OU D] L
QL] RGDEUDQLK RGMMIO‘M BSNIR \QDR B H ARG LMPMBH.I B BDHNX S O R
UHALPD EURGD SORYLGED L MDUX&DSQUNHH R P D HSW@RY WR PLHQ E
GHILQLUDQD VX WHKKKLPRDV X MWSRFHGDYW 8 HYQUH. X I9E YRWWGER
JUDQLFD 1DSRVOMHWNX X] ]DNOMXpSDRGDYRXWULUDQ YD \GXL
LIDJRYL X EURGVNRM DNXVWLFL VIDMPMHUQLFDPD ]D GDOM(

.OMXpQH ULNHPIN XEWRGIWL GEXN U WIDIF¥L MoOVH M D QH MDUXabD
SRIJRQ ]YXpQD LJRODFLMD MDUXaDQMH SORYLGED
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,Q WKLV WKHVLVY WKH QRLVH OHYBOW RWYVER DRIEX WH® | ES
HQJLQHV DQG GHYLFHV KDYH EHHQDDVYMVWHGSED GAKH VK \E
$IWHU WKH LQWURGXFWLRQ GHILQRRRRQNRFVE DWLIHE SAWHRLY R
SDUWLEXODU HPSKDVLV WR PDLQ QRLYHB\WRXQY AERDD® G/ K]
)XUWKHUPRUH DFWOODONV URQW W B Q BmWURE IR \QKRLSWH KDUYREE E H
ZLWK DQG RYHUYLHZ RI EDVLF QXPHHRQMD &DPH\EKR QVS LR
ZKHUH VSHFLDO DWWHQWLRQ LV SDIF®WRX\EQ LW K6($L 0®:;
QXPHULFDO H[DPSOH 6KLS SDUWLFXODWWVHBQW®E RABIMX KU L2
HIFLWDWLRQ OHYHOV $ FR MRdigbdr-NOISE,D R DW DD E @ Hs DN BVIKH
ODULQH (QJLQHHULQJ RI WKH )DFXOW1 RY DO BKF® L ADHG WXLt
IRU WKH QRLVH OHYHO DVVHVVPHQW HROQ JERBIW®G WALIRK) YDHOL
DQDO\VLV SURFHGXUHV UHVSHEWLWDHOK HK DN XEHWD LGH\CE
OHYHOV IRU D UDQJH RI VKLS FRPSRUWRKGHWY LRU WIZIRO W
GUHGJLQJ )RU WKRVKHBRPIS[FUHW F H QMWD RR E W DAKYHHEO VD 8S U
WHFKQLFDO VROXWLRQV KDYH EHHQ WHMHPP FHRQ ®/HKG! IDF FRHU
YDOXHV )LQDOO\ WRJIJHWKHU ZLWK RWHWH VF RIEIDXGH Q IH M H
DFRXVWLFV KDYH ERPO GXNVE KOV BQEWHRERBWXXDWKRQW DUH GU

.H\ ZRUGV VKLS DARREVWGEG FoW MWRLYWAFDY (MHUIIBBROBHOOHC
YHVVHO VRRQGAUWMHXIOMWLVDLOLQJ

Fakultet strojarstva i brodogradnje Vi
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, ]JPMHQDPD ]DNRQVN KN WUWHD & 8 DOMLYKK) RGRIDMH. | BRER KV NH |
NRMH VX QD VQDJX VWXSLOH VUSQFMD SRVRAKRH EWXN
SURMHNWQL NULWHULM pLPH VH SRAMWXKIVDHN RD/NOR. YWDHD & D REEL
QD EURGRYLPD NRML VH UHGRYLWR WVLEFWDDWFUMDVLERDDN
QHNROLNR GHVHWOMHUD RQ GDQDYHYRMWDMH FFRUNVNDM |
NDNR JERJ XJUDGQMH EURGVNLK VWW®RRMEBHYLD H YEH RYGifk ¥ B DWM
UHIJXODWRUQLK LYQOWHWHRAMMIH |D $EBLAWRQFDABHURGBRY O
QHNROLNR JRGLQD YRGHUD N O DDéLNbOrskD Veritds/-NI2ri@abischaV Y D NLC
Lloyd DNV-GL Bureau Veritas BV Lloyd's Register of ShippindR XYRGH W]Y NOD
XGREQR\Wanfortl@gd NRMLPD GDMX SRVHKEQ@XWNE®BIVIQ X HLUR WPIDRULN
]QDpDM EURGRYLPD V YLARP UD]JLQRPQREBBEERXRWVHWL1HRG QYR
XWMHFDML EXNH QD UGHQDNNOQMH U D GINVO VSR VREWR WX KRIYRW |
VIHUDPD OMXGVNRBGRMIHORMIQRE SSYXBEMVARSVRED H/XLVEH QL
UD|PDWUDOL XJODYQRP NRG EURGRYGRY 3 WLMHYIRA B@wWwWD
VQDJDPD DOL NMH X]|EMHYRNR EBXOG X UHQRLY WY LEWWS RRFEXKYRG R Y
LVWUDALYDQMD EURGVNH DNXVWLNHDXNREMMAEURGS VWRL VQ/X
XUHYyDML HPLWLUDMX X RNROL& L EXINID @GXWOIPRP LEBRGIXG
EXNH QD EURGRYLPD L LJUDAHQLMHEHDBUSUREDHE BHBWHY P R
X EURGRJUDGLOLaAWLPD > @ 1DGDOMHQGXWWSRMRBEI WWNH
EXNH GR VDGD MH ELOR SXQR J]QDpDMQRMHWX]JUDNBRGORVYW
SD MH VWRJD L YHRJQR]XRHRRNGDQ@RBWODY WH VYUKH .DR
SUHWKRGQR QDYHGHQR SUREOHP EXQRYQMH WRIGRIPRHD >D N
XMHGQR LPSOLFLUD L GRVWD QHSR]QD®INXDEXQH VDIRR XRFIF
SLWDQMH L YDORQRQRYW'H\R MWK MUHIBR EIGIHPD B XX/ WDENRLM 1D ]L |
EURGD YUOR MH @QWH &NWRDIN Y H YRIX$G\REDOHEM XUMNEHRY H YRLP D U
QHSRVUHGQR SULMHRGRHGCDWHHL EX R (MY/NRDY QM AHIRR EROMRPO X
ID]L L]JJUDGQMH EURGD L]J]QLPQR MH WOYNXKER) M HD X URG/RS |
EURGRYODVQLND QHPRJXUQRVW NRAMAQWMQDND BRRGIHERR

Fakultet strojarstva i brodogradnje 1
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SURJQR]X EXNH NDNR EL VH HYHQW DD ®QILMMHNPXV WDLQNUDYHG
FLMHQD SRWHQFLMDOQLK VDQDFLMDIDFLOVD M IXQV IR CSRYM E QD
DODWL NRMLPD MH PRJXiUH V GRYROMDRRVWRpRRAIIXURAL
XQDSULMHG GWD U@ MXI\W LURIGIER Q M D

OHWRGH ]D SURJQR]X EXNH QD EURG RWWIPDN & HWDIEMM G IUM +
YDOMD L]GYRMLWL KLEULGQX VWDWY®W LIMKNSQRYMNILY R XH C
SRX]GDQX PHWRGX |D SUHGYLYDQMH BXMH LY LGD K | DOHANY D
EURGRJUDGQML

6SRPHQXWL SUREOHPL L L]DJRYL X EURGVNMNG XD NRYRY
GLSORPVNRJ UDGD X NRMHP MH KLEUBGQPLMWQMWHQN L][DN B
EXNH QD MDUX&DOX Ib@ Batiu@ D VWU D{H 8 R ARRP KEWYPGRJIUDGLO
8OMDQLN 'LSORPVNLMMDNGURR GFLYSHLWIDBR XO R M OQIDN RS X Y R (
SRJODYOMD X ]DVHEQRM FMHOLQL RSMDQ XNWBHWQRNpEBMION
QDJODVNRP QD EURGRJUDJHYQX SULPNH DN RQMNH USHRIDODL
NRMD VH RGQRVL QD GHILQLUDQMH F\RISXEQYM D LEKX N B ] QQDEE;
8 pHWYUWRP SRJOXY®UWDQ RESLDR Y @ DA ELPX \ERGID QD EURG
QDJODVNRP QD YHU VSRPHQXWX L X RIYRP SWR G X MHI MOIQKWK
VWDWLVWLPNX DQDOL]X HQHUJLMH QR INIRAWRIESIGBMNW WP H O |
NOISE pLML MH RSLV GDQ X SHWRP SRJODHY QX XV HBK ®H Y WHR R QIR
DQDOL]JLUDQRJ EURGD V SRSLVRP L]YRUP ERNHDPBDUESD
*HQHULUDQL PRGHO ]D SURJQR]X EXNH DR SINRQWDHW X UHRS
SULND]DQL VX X RRFRP SRGOD YO B K \DONDHMXIE R N GDLG ORP V N R
SULMHGORJRP YPOIMQW@DFDVMPUDALYDQMD

Fakultet strojarstva i brodogradnje 2
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261291, 32-029, , 35,1&,3, 8 %52'6.2- $.867,&,

'HILQLFLMH RVQRYQLK SRMPRYD

=YXN VH PRAaH GHILQLUDWL NDR PHKDBQLpNL+Y DROG IQURNNQY R
UDVSRQX X NRMHP JD pXMH OMXGVNRDEKIRRGOLND QDIFYXD
LQIUD]JYXNRP JYXN IUHNYHQFLMH YL&HWMRQGQUHNY¥H XEOLWIDDYY.:
*+] KLSHU]JYXNRP =YXN QDVWDMH SHOLRBMhQRIPMW QW D DWW ML
X QHSRVUHGQRM RNROLFL 7DM VH QRUOBpBHRANWIMFW COCDHN®L ML
REOLNX ORQJIJLWXGLQDOQLK YDORYIR ¥RERWOP D RQOND®BXK
WUDQVYHU]DOQLK IDORXD® WHNIXWL@HMHS DIOMHQRVMEBPH S
LPSXOV L HQHUJLMD > @

60LND JUHNYHQFLMVNL VSHNWDU NRML pXMH OMX

%U]JLQD JYXND RYLVL R JXVWRiUL L HODSY@Mp LB D\PLIO R
SOLQRYLPD RYLVL HRUDWXWRUGL W\CHPNSX]Q %M DL Q)X DJ&DXNWDP RR
XRELPDMHQLP PMHUQLPD MHGLQLFDPDBLMPHBUIMYXRP WHIGR
PDFK .0ODFK WM ODFKRY EURM SUHGVWD YLCENDD NRIRRNI H O XE G]
EUJLQH JYXND X LVWRPH IOXLGX %UJMOIIOHN K)DSIRIGDY RPEKR
L QDG]YXpPQH 0D !

%XNX GHILQLUDPRQNDRRYWM®BR XJ@HKIRGQIQDERNNRVERN
VDGU&DQH VX X QMHDOQXL L)X VY M®I]LEIRMQN DANKYPRIML GRLVLQL

Fakultet strojarstva i brodogradnje 3
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LVSUHNLGDQRVWL LOL NRQWLQXLURR®GRWNL P6 W IXFSBHQL FLPR-D.
]JYXpQLK LQIRUPDFLMD RpPHNLYDQMQ\W Y H@H G D GCHIR G W U Hl
SURYRGH LVWUDALYDQMD NRMD XN D]XMsXU DQYDD NDHH JDRAYLVYHONHD
RGJRYRU QD VSRPHGRMD YLO&MYXNDX LWHD GAMHBIM Q B WD XIR QMW H V
RSLVDQH X WUH{iHP SRJODYOMX

-DNRVW ]JYXND IRJQENOQD MHRBHIUXMH HEQRMDMX ]JYXpQ
YUHPHQVNRP LQWHUYDOX NUR] SRYU®ZEL@XMHNRFLIWD QD VPV
XNOMXPpXMXUL LQWHQ]JLWHW JYXND MHD WP QVRD PM DWNRV WY D!
OMXGVNR XKR PRAHsSpXWLELFORVL® D QD]JLYD VH SUDJ pXMQF

5D]LQD MDNRVWL ]MXNPM RJQDNYDH O LR\ I) IBDWSQWN DYDR R WH. QDM X
GHILQLUDQD MH NORJ®MV MWW R UIRRPWNBLLINANCDN R \6W D JDH P)RM Q R V

4
L s r |Z pé%o
+

OMHUQD MHGLQLF® YD YXND QWH M@®HNRNE Bl OY UG % H GIIORWAID QM D N F
NRMX OMXGVNRHWRWVRRAM RVL G%

=YXpQL WODN LOL DNXVWA@NMDWODWH RFRININDQR RGVW)]
SURVMHpPQRJ DWPRYURWRNYBPR W ODNDQLP YDORP

60LND 'LMDJUDP JYPWIOER.XQW O ENDXN L WIOMDRAR VEHYXPNQL WODI

Fakultet strojarstva i brodogradnje 4
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8 JUDNX VH ]YXpQL WODN PR&H PMHULMRP BRP KDG PR NURDF
MHGLQLFD ]D ]JYXpQL WODN MH SDVIVNXPQRD W 6 BNDU H QORYL
tr J fL VPDWUD VH DSVROXWQLP SUDJRP pXMQRVWL

5D]LQD ]Y XpQR Bonho présBurete@3PL MH ORJDULWDPVND PMHU
JYXPQRJ WODND X RGQRVX QD UHIKUGIMLEX QIURMHGQRVW |

s L tr ZTl;péa

=YXpQD LOL DNXVWLPOIMNODURQR]@BNRP VH HQHUJLM
UHIOHNWLUD SUHQRVL LOL SULPDRDFDR XMBGVIVRMLDYXHMPHIYXp
MH YDW : =D UDJOLNX RG ]YXpQRJIXWD INDR Y]IY\KQ Q TM M QFO 3D
XGDOMHQRVWL RG MMRWYR MY X\pYR &FREND MH KY PRV WERDRJDO

L]IYRUD ]JYXND L MHGQDND MH XNXSQRMWFKRBURXRMX BHIRU
YULMHGQRVW ]YXhQHSNY®DJH L]QRVL

5D]LQD ]YXpQH SoOQD powerHeQelL UL MH ORJDULWDPVND PMH!
]YXPQH VQDJH X RGQRVX QD UHIHUHQWQEIEXNIODQRD/QDJIX D

.p L s ié‘p%o

*ODVQRUD MH VXEMHNWLYQD YHOLPpL Q) RANIRWROBDNISLY &G
ILILNDOQLK VYRMVWIDILYUDJMXNODVYQRKHHFNMDVNKR MIL]VRIORE&N |
SVLKRORANLK NRPSRQHQWL 3URXpDYBREMNXYWLIWH Q$U I O
NRULVWH PHWRGH VYRMVWYHQH SVIRKR LYIH-LVR@QMH @D ME
JODVQRUH IRQ 6 RBMHWREORMGODRVW R MKXGVNRYH(XEL WRFMHR DR

SULND]DQR QD 60O HRIH Q MM [ECONMD NRIURIMWY UP MIXOWHH UDR D NDN
RGJRYDUDOL JODVYQRUD R M X EALMFH+HHWHD RVRED
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Marko Mikulec Diplomski rad

60LND .ULYXOMH MHGQDNH JODVQRUH > @

1DMpH&UH SULPMHQMLYDQL ILOWH UP MiHX @ DELRRQBIHRUPL [IRQNP
(& > @ $ SROQGHULUDQMH SQMR M HQRNKHIHH QH @ D LL
UDJLQH J]YXPpQRJI WO RHEPL B DXYIROBL UVHIOMRWLX BB U PIDSAQIRDI O M X ¢
REJLURP GD MH XKRRPROMGLERYMHWOWIR¥YREH VY¥HXNDUD3MD
XQDSULMHG RGUHYHQLK YULMHGQRYVWRNSWFD RINR\DD Y\D R.IPP MRHAL
YULMHGQRVWLPD UDJLQH ]YXpQRJ WO DNHHG Q@GRVALE HSR. PRON
JEUDMDMX VH ORRGRIPVNDPN R FER. F/HHWG RE ISR GIHHGLLDD/GDY HYQUDL
NRMD NDUDNWH U LPLWID QYOX X U B VBHREXBHND R ¥IRIGLL YHFR P G %

2VLP $ SRQGHULUDBQMDH NRIMW ROIM HE D & R'Q G HU LAJDIQNVDH
NULYXOMH ELOH VX QDPLMHQMHQH D BDYRWQWHQBSPRMQ
SRQGHULDQMDL EDRQ B HV H HY RQW.D WDLIPNAEKD WO RLIG! RNR IR (
GDQDV VH XRELpDMHQR NRULVWL ]DUPMWNH GEXKDNH X\NH 1B B
UL]JLND RAWHIHGEMPHYDWK P QLR VIWXIHEDWR BERNHY XND

Fakultet strojarstva i brodogradnje 6



Marko Mikulec Diplomski rad

60OLND .ULYXOMH ]D SRQGHULUDQMH UD]JLQD ]Y>

,DNR MH $ SRQGHULUDQMH QDMpH&aAIMHR MSRW WVWHENR & PR
YUAQLK YULMHGQRXWDBDN QBMWMOGOGMBWRYMALYGEMK ISJHNY HC
SUHGVWDYOMDWL SOUUHRFOHMHG GROQ/EHAIRDMX MHGLQLFEX

= SRQGHULUDQMRQGHW]JYD @B WRHGHQR MH QR@®PRPR, (
]DPMHQD ]D OLQHDUQR IUHNYHQFLMVNRLS®WQGHUSURDRIWR
]JYXNRPMHUD 2YD SURPMHQD ELOD MH YSRR\W P HESIIR LV YRB]
RGUHYLYDOL NRUHNFLMH ]D YLVRNH MHQUWNHO WLHNDYOHRQ FILL
RPpLWDQMLPD SRVHELFH SUL YUZQLP YULMHGQRVWLPD

% L' NULYXOMH RSLVDQH VX VWDULMRPRARIUHRRWPHJR QRL

(& > @ D XUHYyDML NRML NRDQOPWHN LAH QIS\RWQSHUK
VOXAaEHQD PMHUHQMD EXNH

$ SRQGHULUDQD HNYULYQD HPWIQID N KRR MRSBPQSEHVYWDY QX U
]YXPQRJ WODND NRQWRQ KL XIXRMD UY ¥NDBI G B QRN R ULHRQIMADH U

Fakultet strojarstva i brodogradnje 7



Marko Mikulec Diplomski rad

MHGQDNX YULMHG QR WW L MRIGLQRADL MIWHDEBQIND WD RY X p PFRD W U
NRML MH SURPMHQ MR YMK & UMLPAHDQ M H GBS0 1R U PXIDER P

s ' lo:R®
.o@aéil_ S r%iz%ULlT @?
JGMH MH

6+ YULMHPH PMHUHQMD

lo:—;* WUHQXWQL $ SRQGHULUDQL ]YXpQL WODN

lLL,Ltr A fft UHIHUHQWQL ]YXpQL WODN

& SRQGHULUDQD HNYLD/@D HOW®MD N RONMOSRQUGEHUW D P QX U
]JYXPQRJ WODND NRQWR QXL WXIDXRVID PY X¥NBI G B QRN R ULHRQIMADH U
MHGQDNX YULMHG QR WW L IMRIGLQRHVDL MWHEBRIND WD RY M p PFRD W U
NRML MH SURPMHQMD YMK & LUGHLPRHDQ M H GBIKNES B UPUDR P
I%I;OL.TP’G@@

vipaak Sf%i‘;

JGMH MH

6 YULMHPH PMHUHQMD

Le:—:+ WUHQXWQL & SRQGHULUDQL ]YXpQL WODN

LLtr A £ UHIHUHQWOQL ]YXpQL WODN

'QHYQD UDJ]LOQD L]ORAWYRBY @M DE K NLYL$ORA H Q R\QW LUDXIEQ X] D
RG VDWD ,JUDADYD RSXa®% GD Y UL KGR REVA NJFRURNAIW H

]DAWLWQLK VOXaADOLFD =D LOXVWGEOQRVMXDYX DBDYW BYRX DVME
LIORAHQRVW EXFL HOHNWULPDUD SUHPD > @

.pgeassdavgaaidn ST z—GUI%

JGMH MH z

6+ HIHNWLYQR YULMHPH ERUDYND X RGUHYHQRP SURVWRU:
6,6 L tk+ UHIHUHQWQR YUHPHQVNR UD]GREOMH

ogaat $ SRQGHULUDQ N DOQRUIQIY NNRID W IRBMHYHQRP SURVWRU

Fakultet strojarstva i brodogradnje



Marko Mikulec Diplomski rad

8NXSQD $ SRQGHULUDQD UD]LQD L]OR&KQBQWY QEXFUDYL
LIOR&HQRVWL ]D SRMHGLQH SURVWRUH SUHPD IRUPXOL

a

. Poaa. 0040

.geacgk ST Ml'S%s 54 qa
@5

8 7TDEOLFL GDQL VX UH]XOWDWL SRMUDBIQRWWLO OB HHQ

EXFL QD SULPMHUX MHGQRJ HOHNJRGDODUD ]D UD]JOLPLWH ¢

7DEOLFD 5HIXOWDWRQ BR I8 HRB QR NVX\WIDL BOREHDHR VW]LEKFL > @
BUHG DG1RU VBB H SWURMRYRRER wpowL
EcoéégvT
a4 S
cv68fqé- 1
cv68fé- T

,JYRUL EXNH QD EURGX L QMHQD SURSDMXFLMD NUR] EUT

*ODYQL L]JYRUL EXNHYQD ESRBR IMMXMNVWRUR MHAXVWDMG X H (
L NOLPDWL]DFLMH LVSXaQL VXVWDRSXSXRYH LWRP SOHWDU
LIYRUL YLEUDFLEMPDQULHBRWRWRVHUXEURGVNL YLMDN

60OLND

*ODYQL L]YRUL EXNH QD EURGX > @
Fakultet strojarstva i brodogradnje
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Marko Mikulec Diplomski rad

5DGL EROMHJ UD]XFPLEUYPIQWD BXNHRWLD RIMOLLKR ¥ R GIDUR.SA
NRULVWL VH PRGHICFLSULMNBFRH @OW B OPIR G\HUL XD YQN M
PLPEHQLND QD UDJLQH EXNH QD EURG XS UL WHRP Q[ XR 3 UEX WHR
LIYRUH EXNH UHGRYLWR YDOMD W WDDELPYL R QRGN [ERX KW L
VXVWDYD JGMH GRPLEDSURQKY KDDHI XV DB S UK PXUHS DM Dp HP
UD]JOLNXMHPR EXNX NRMD aikbétned hdise, ABD NRRQX QURMD VH
NRQV WU X N F IstvuBt@rebokh® hoise, SBN =YXpQX VWD]X RGQRVQR S
SUHGVWDYOMD VDPD EURGVND NRQVWH]PXORDMIH NFONGID W
EURGRJUDGLOLAWD DAL SR MHFALQYIONHDRDI L S E/IHGER/ VWIDW Y L
XUHYyDML SXWQLFL L SRVDGD SD H DN MHpL RREXFLMKMR¥ P RU
RNROLSE %XND RpPLWDQD QD UDNMLODR X BNYLMX EC
DNXVWLNH D LQWHUYHQELMH ]D VP DNRMI P QRWGH WEXIN IV SFRRP)
PLPEHQLND

6OLND .RQFHSW SURSDJDFLMH JYXPpRHNQRFPUIAMH RG L]

6 REJLURP GD VH EURGVNRM DNXVWHRW 5QWGEDWXH SWYLH
SUREOHP EXNH UD]PDWUDWL RG VDPRJ \&R [EHVRWD HYRIYQRVX |
DNXVWLpPNLK SUREOHPD VYHR QD PLQLPX@MB \6DRMN DV P BQN
UDJLQH EXNH NRG VWDULMLK L QRYG®NMKKE URGRYRG ILQIU DS
LVWUDALYDQMLPD SURL]WRsiEp IV B UXRNDV X MK FGRONVRII DB UL P M H (
PHWRGD SURMHNW(SIDRUD FURGWNRE MRUX UHGXFLUDW

Fakultet strojarstva i brodogradnje 10



Marko Mikulec Diplomski rad

60LND 'LVWULEXFLMD EXNH QD SXWQLPpNRP EURCGC

.DR a4WR MH VSRPHQXWR GYD VX SULPRWQDLQDNLQE
NRQVWUXNFLMX &LUHQMH EXNH ]UDARVD USH] X OUWCDGAD NDHD NHRA
SRPpHWQL JYXN 1DLOB]IYNEYXRDMHREQFPXRIN R OSULHQUDWH YV G U X
SUHJUDGH %XND VH QD NRQVWUXN FDMXD BULHNXRMLP B UHNJR (
NUR] NRQVWUXNFLMX SUYRJ L GUXJRULYMWGEPQEBOIXWRY SHUS D
EXNH QDVWDONRUDGLR A EWNRGIVPRWRUD

60LND BURSDJDFLMD EXNH QD EURGX > @

Fakultet strojarstva i brodogradnje 11



Marko Mikulec Diplomski rad

OMHUHQMH EXNH QD EURGRYLPD

OMHUHQMH EXNH QDLEVR GRPIRIX SWRHNARKBQ LK LOWHRIAMKU D

]JDGRYROMDYDMX NUHWBNMHMNOPIHV]Y GIXQH QRUPRP@, (&

=YXNRPMHUL NODVH RPRJX{UDYDMX PIMMHBEMHDELX RIS X @ILA

VWURAH WROHUDQMBLQMH XSBEBRIROX ODX BREMMHUY NQWWHUL L

]JYXNRPMHUD NODVH SULND]DQ MK H) X SSROW E'H E OMDAN DWIXL L

X NRPELQDFLML VD ]JYXNRPMHURP PRHDMXUPRGRYROMDYD\
> @

60OLND ,QWHJULUDMXUL JYXNRPMHU > @

OMHUHQMH PRJX SURWUXPWQMDFN ONRIALX®D NG DYQLMWER NKXS R
DNXVWLNH L NRML VX SURAOL VWUX PR RVGR D REXONWD XD DN
RGJRYDUDMXURP UHJXODWLYRP BWOL Roisd Lol DNYEGH NRMX O

SUHGVWDYOMD WHPHOMQL GRNXPHQWDX M® GNUBK pNEX FE SIRVE@AW
SRJODYOMX
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Marko Mikulec Diplomski rad

OLNURIRQ VH ]D YULMHPH PMHUHQMP SRMMGBIYIQ MR QDA D M
P VWDMDiUL SRORADM L]QDG SDOXEHH WRPEMHBRWDY LLPF
PLQLPDOQR P =D YHOLNH SURVWRUMHBH]VWWIU|RMK f#X DP MR-
WRpPDND PRAH L]QRVLWL P OMHUQDP LWIRIp EDWQL XXQ XWR Db P
JUDQLFH SURVWRUD

OMHUHQMH EXNH SRWUHEQR MH SURWHWHQPWOD{HVYMPUBMRY
SULSDGDMXULP NRQWURIDQYQR ®RPWWRIH ED LNAPMMR®H E RG V
JUDPQLK XVLVRBRV®DHOIUKDGBWOL NLK SRYU&GLQD

OMHUHQMH EXNH SURYRGLLWRXLERGDRG@WR VX
Xx *ODYQL PRWRUL L WXUELQH
X *ODYQL SULMHQRVQLFL VQDJH
x 7XUER SXKDOD
x 3URPLVWDpL
x (OHNW UL pQRUROWHUIQDUDWRUL
x 30DWIRUPD V JRULRQLFLPD
x 9HQWLODWRUL
x .RPSUHVRUL
X 3XPSH WHUHDWX ilL SIRURIG/NL VWURMHYL

OMHUQH WRPNH SRGWDVMOIRQPBMWLVH QAW HUYYROD PLDWRH XY H
P RNR L]YRUD .DNR EL VH LJEMHJDRDQH YRWRBIER R HQ VR NKE
SURVWRUD VD VWURMHYLPD JGMH VI&%]$MHLDHOM QR ]QEDP|
YULMHGQRVW SR SRMWHLEYDR |LPBLQMMIH LWL VYDNR RpLWD

SULOLNRP REYH]QRJ PMHUHQMD EXNH X SXRAQALRDL PNDH {:
PMHUHQMH RpLWDYD VH X VUHGLQLHSKRYWRQW D@OLNRJRIRQL"
QD XGDOMHQRVWL P 8NROLNR VHUK RGLW DAIM BP DS KW PHVE
SURYHVWL GRGDW QD @M H D HHGOM. DS RRSRIAHRRBI DODHH. RV L VWR
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Marko Mikulec Diplomski rad

%URM NDELQD X NRMLPD VH PMHUL EXM)DSPRU CE URMD/ ND E
.DELQH NRMH VX QHXSLWQR L]ORA&RKH YDXFRR QBMX NEDBLQX] |
SULOLNRP PMHUHQMD

=D VYD PMHUHQM D$ SSR@®HIOMMXOMH IV BUMHY X G BV [WSIR Q& H/DLX
UDJLQD NRQWLOQXIJJDQRSUWXNDR YULMHGQRVW G% $ S
SRQGHULUDQMH X \BYWUW KX DRGQHH }] DYABVMQIWBO0 R G HEAKRNGIL SDHP D] |
]JYXpPQRJ WODND RpLWDYDMX VH X RNWDY+QLP0SRMDVRGDPLC
NRULVWL VH ]D RGDELU DGHNYDW QIAMHEWAIWVKQE K. LOSBERGI
UD]LQD EXNH .UDWLRD ¥L/VRGER VILINBRMDH L UHNMEHQBLMD  +
medium, low 3URL]YRYyDpL VO RDLOIRF D OXEDRGE AHNECPNDH) MXX IG % U B
QDYHGHQLP UDVSRQLPD IUHNYHQFLMD

Fakultet strojarstva i brodogradnje 14



Marko Mikulec Diplomski rad

SWMHFDM EXNH QD |JGUDYOMH pRYMHND

'XJRWUDMQR L]ODQB®MEXBSUHNRSMHHUIWL HV O BIM Q L PU R JX\CH,
VOXKD RGQRVQR SRYHUDQMHP SUDJD pXMQRWW®@ GH yXQLDUW
VOX4QL KHQGLNHS NDR GRYROMQR WHADN) NKELWRWWY QX |
DNWLYQRVWLPD VYDNRGWOHY ®RRU BRQ Y REMDY DX DYXPLLIVDHWH Q R J

SUL QLVNLP UD]JLQDPD SR]DGLQVNH EXNH +JXW¥D X DNDYHR
XWMHFDM QD JXELWWN N X KM WO BNPYH WNDRIGIH E@RP ALY R)

60OLND .DUDNWHULVWLPQH UD]JLQH EXNH X VYDNRGQ

SWMHFDM EXNH SUGPNMUHDWDNR W H DIMGRIVND b BvAIDH) Y © MADD QL | |
NDR OR&H UDVSROR&HQMH XPRU QHYIDWQLY¥QH NSIRWVRRERQRWD\
HSLGHPLRORAND LVWUDALYDQMD SRHNDX]XOB GX SSFOND]D M B NIt
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Marko Mikulec Diplomski rad

VQDAQH QHODJRGH SUL HNYLYDOHQWGL P $UNIR] LNDHD DY RXIN E X
NRQVWDQWDQ QSU VXVWDY YHQ@MODFHWBJIRGIH PIREHQ B D\L
ogaach W% $ 8 LOQGXVWULMVNRP RNUX&HRNDBK] XWX pQ QNRRN

VQDA&QH QHODJRG HoyMDF QMBD6 \H W HaN S UL

9D&QR MH LPDWL QD XPX GD OMXG LL @D/ X) MHEEIDNR YRMN
QLVX QXA&QR SULKMHRIKOMHF QM XF LAHHDEIFILWILD RQ B RWMMIGH. DR X D
SVLKROR&ND RVMHUDM VWUDKD G HSD®WMH ]RWBDFH MDE L
JORXSRWUHED DONRKROLRPOWRND KIREOHVSWIR RDW@RLOL Gl
VXVWDYD 6 REJLURP GD L]YRUL EXNG®RP DS EURIBKO BIXLNB LI
YLVRNH UD]JLQH EXNWDVOQR Q| aMH D IBWL $XWIMMNMHp BRN DVGH
XWMHpPH QD VLIXUQRVW EURGD X FMHOLQL

S5HGXNFLMD EXR\YHL BD £ WG QD LIRODFLMD

=YXN VH NUR] YHULQX JLGRYD L SRGRYD #LWD YSRE>
NRQVWUXNFLML 2IYMXYQRUY B FILYNKH Q/MARYID DRW H Q/ P V®IWHDQV G U
SORKH QD NRMX QDLOD]L SULPDUQ IR QWXpDANY¥D® X 8¢ GHIXM H
L]YDQ SURVWRUD X NRMHP VH QDOD]INOL]Y=RWXNQDHLMRRRPE
DSVRUELUDWL L UHIOHNWLUDWL NDNR MH SULND]DQR QD 6

60OLND ALUHQMH JYXND > @
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Marko Mikulec Diplomski rad

$NXVWLPNL SUREOHPL PRJX VH RWNODB®QMDWLO ID NOMLLKERL
NRPELQDFLMDPD $NWLYQH PHWRGH NFRRND/WR MLR GQWIUHI H.I
]YXpPQLP YDORYLPD L]YRUD EXNH 1D XMRGPOWLFYMNH HWWEB M
RG EXNH NRMH SRGUDRMH UMXDQM X | R\RIDEEMN X SREBMD3QMH Q|
SRMPRYL YH]DQL ]D ]JYXpQX L]JRODFLMX

*XELWDN SURYRYHQMD LOL LQGHNKMHPDIRMHQMWDRJMRNDWF
SRGRYD YUDWD L GUXJLK EDULMHUD*XEV B/ DMHP DR DRNMHXQ 51D
IUHNYHQFLML L XRELYDM®PQIR HNHY M € Bl MBIP@L FOM HQGBNVD V
]JYXND MH GHFLEHO G% &4WR MH Y USMHBUIRG/MW YIHIG®H MWD R
IXQNFLRQLUD NDR EDULMHUD SURWLY QHAHOMHQRJ SURYR}

2A
4 L sl &b
—%{*p 6o
JGMH MH
22+ ]YXpQD VQDJD NRMD GMHOXMH QD ]LG
2, £+ ]YXpQD VQDJD NRMD SUROD]L NUR] JLG

3RQGHULUDQL LQGHNV VRDQWHI QDI QY KNDPD RIRMRMD VH RF)
LIRODFLMD SURSLVDQD ®R@PRMHSBRYD W HG R /LM GQIR W H F
XVSRUHGEH L]JPMHUHQH QD WHUHQLXQGEN WD O/FPDRUWIHORADL |
UHIHUHQWQRP NULYXOMRP D L]UD&H/@DQNDE KKGEIOPLEHOYRD |
QD IUHNYHQFLMDPD NRMH VX VYRMVWYCHOMIH QRMNOR PYXX NOR @ B
NRULJLUDWL %UEMNBGRRWL\PHD REXKYDWLR YHGL UDVSRQ U

IMO Noise code> @ SURSLVXMH PLQLPDOQH YULMHBBA&MWL S
]JYXND 7DEOLFD ]D SUHJUDGH L SROUDXERY K'QQ R/ IRUWWLFSNKH &
NRMH SUHJUDYVXMX

7TDEOLFD oLQLPDEQR® YSWHVINGGRVSWHPD > @

,JPHyX NDELQD

Rw
,JPHYyX NDQWLQD UWRUB D MDW\QNKKSRIRRWYRUD $URVWR
]JDEDYX L NDELQ N

,JPHYyX KRGQLND L NDELQD Rw
,JPHYyX NDELQD NRMH VX SRYH]DQH YUDWLPD
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Marko Mikulec Diplomski rad

,JRODFLMVND VYRMVWYD PDWHULMB®RUMREMH ¥ XND]XM®]
U O9ULMHGQRVW NFSHFILLMFHMM R MWD WDHENKFORWODN VMIH P MNOBGM V
.62 > @ SURYR{UDKLMNXHP NRPRUWEOYRG L7 MW WH]OL
IUHNYHQFLMD X UDVSRQX RG U, @RYRG L+]VH UJDMHGD RWKN Y
NRMLPD MH SURYHGHQR PMHUHQMH DSRRSK QP DUAHL OYHN M
SRWSXQD DSVRUSRLIMD ]DMHSYRD SFHG XS YHKAD WPHVUDpNRP |
':DOODFH &OHPHQW 6DELQH X NRML VW LWMD WH®DRF N P DDGUKILW
PDWHULMDOD NRMY>XN\SO/RPELYWDLMHGPRRW WDHEGQRJ PHWU

1RUPD ,62 > @ QH QDYRGL PHWWDBXPREMHGMPMQE
IUHNYHQFLMD X MHGEQMHGQRVNDWIPRXIQHUBRVWREBRP G
> @ D UH]XQWDBQM H SIRIQEGHM HYQWN D SR BN V H
WHPHOML QD XVSRUHGELULM NHUHQHQ WRP. WHWEQRUWRP 0
WHPHOMX YW LIMWVHIG/QEOWMWDIMX X NDWHJRULMH $ GR (MSUL pHI
QDMYHiX D PDWHULMDOL NODVH (>XQ\NDIM FBIDQMB VSRVREQRVV

60OLND .DWHJRULMH PDWHULMD@D SUHPD YULMHGC(
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Marko Mikulec Diplomski rad

=$.216.% 5(*8/%$7,9% 852'6.2- $.867,&,

1HIJDWLYDQ XWMHFDM NRML YLEUDPROMHDL HE XNIU B ROX! H PI
SXWQLND WH RNROL& X NRMHP VH GMREDQPOD]QHSROY DR hG
WRPQLMH RG LK JRGLQD SURA&ORD N WO MH]RID XMLAVD MH Q
> @ 8 XVSRUHGEL V GDQDAQMLP UHJRGRWLPID RR MHS RS QD
X QDVWDYNX SRJMDY®MD ,;5HL]RIORVALYIR 18 H HIS\RNUXMIXIp LY H] D G
PMHUHQMH UD]JLQD EXNH 'DOMQMD MWMWQILK OHIP W/ LY D LKR
SULPDUQR QD SRVDGX L SXWQLNH $UH]XOWLUDOD>V@® ,0 !
RGQRVX QD SUHWKRG®X VYH SUMHFWILYLVAHRGBIGIHQ LPIVDHUH Q M
VSHFLILNDFLMH RSUHPH SRWUHEQHQD MM HUMMH/GIH E B NND W K
EURGVNLK SURVWRUD

5DGQL SURVWRUL
1IDYLJDFLMVNL SURVWRUL

3URVWRUL |D VPMHEWDM SXWQLND L SRVDGH
8VOXAaQL SURVWRUL

SURVWRUL X NREB MM D ISWH WREQRVW OMXGL

=D QDYHGHQH JODRWDHM QD XBWHR SN R \GW KISH. U DRUHL ¥ X GHRIC
GR]YROMHQH UD]JLQH EXNH 8 VOXpRYKOGB LVMHMHD W RMH 8 UR P
QLMH PRJXUH SRVWILHI U DPDIGRY EEMB PBMEIS IRIRQpDNDQMD WL
WH NRULZWHQMH VOXADOLFD ]D XBQDIDH®QRED R XIPMIM AR WD
QDNRQ SURYHGHQRJ PMHUHQMD EXNH PRAaBURK XD NOREX h U\R
MH SULKYDUDQMHP 5H]ROXFLMH $ N, QPV\8RBUMKRPMKQ D
SRVDGH L SXWQLND RG EXNH QD EURGRYLPD

5HJROXFLMH $ . LSBVOXA8LOH VX NI2R 5WHRHOM MPD
06& SRG QD]LYRP A&RGH RQLSREVH @OWI®BY RQ EF
Code 2YD 5H]ROXFLMD VWXSLOD MH QD 7\DEMILEL VMSSRWIH J H
PDNVLPDOQH UDJLQH EXNH SUHPD 5H]JROXFLMDPD $ o, L
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7TDEOLFD 8VSRUHGED GRSXaWHQLK UDXEOQOWDPONH X G% & O0BEHP
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Marko Mikulec Diplomski rad

1DMYHuUL GLR SURPMHQD RGQRVL VH QDSRBVURVM RUM RD
EURGRYLPD YHULP RG *7T aWR MH RYRP DGEIXNO BWALMRP
SUXaLWL SUDYLOD L VPMHUQLFH NEDWD QINILOFY IMQYM D Pa & H W
EXNH QD SRVDGX L SXWQLNH

3RYHUDQMH LQWHUHVD ]D SXWQLPpNH EDNRIBB Y$HR W DENURCT
NODVLILNDFLMVND GUX&AWYD GD QDSWRYWH GRRGEWMDIQ IN RALI
XYRYHQMHP W]Y NODGOMoEREQRVYWR NIDIVLILNDFLMVNR G|
XYHOR NODVH XGREQRVVWNVWGL YR MDMHPRKDO D ELDRG MGIH 8
WRJD GQBXBWWYHOD VX L VYRMH LQWHUSUHWDFUMNH NOD\
2SGHQLWR ]JDKWMHYL NODVD XGRE GRMW¥I MRS Q RNVYHD @ H WG |
EURGX L VWURALMW NVEGD RGQR WX JXMHYRG@N L] INRWNLH]DHE R Y |
XYMHWH NODVD XGREQRVWL SUHGVWMDXOBPOW®LXDR G QIRNT
VOXpDMX SRVDGH WR MH YDAQR UDNGLQDE0ODG R XD\QSVRD/ B B/GIRW
VPDQMXMH PRJXiQRVW IR]WVIMNGB RY ®RE HRGHXWILMEBEORGR Y C
]DGRYROMDYDQMH NODVH NRPIRUD LIP3 PWQNFMPLDQ BR 1 X BOR
XJRGQLMH LVNXVWYR SXWRYDQMD

6 REJLURP GD VH NODVH XGREQRVWLSXWOQ MNLIPR EURNGHRLY
GHWDOMQLMD DQDO@L]DL W LXKV SR DN G BXD@AB/E QLRWDNFIL MNP G U X
REXKYDUHQD RYLP UDGRP

8 QDVWDYNX VX QBR HGEHYB QH XMHIDAVD D U\RHG G I LRIV XIIR
EURGVNRM DNXVWLFL

X .62 VSHFELILFLUD NRPELQDFLMH KBYHIFLMWXD
NRQWLQXLUDQLK WRIQR YSIH INARLMSH. UDM ¥ RINVREI SO PNIRR. NOB L M H
VOMHGHiUH XYMHWH ]JYXpQR VH SROMIH RE ROREWQRVKVIUD
SURJUHVLYQLK YDGFOMD]L]YR UL Y\SXNKIBQ V. OKLATIVD D@ MD V]W R M H
WRQRYD UDJLQD ]YX\pH I WUGIBN B WPHVIHOBE M H QNDIKERWWHH SU LV
VOX4aDQMH MH ELQDXUDOQR VOXiBWHDMRIGVXGRVRARENIQD
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X .62 RSLVXMH PHWRGH PMHUHQYON N RN KFMMHQ
PDWHULMDOD NWMHW HUDRWLY WHHRHD EHUDBERBRNBMXSUR VW
GRELYHQL X VNODGX V RYRP QRUPRPLPI®RI®NVWYBRH HJUWR
> @

X .62 RSLVXMHDPX@IRAXQ M) SR GG MBI QUADED BB WARWS
JYXNlE QD WHPHOMX XVSRUHGEH L]PMHUHQSKLMJWLWMHGQR
UHIHUHQWQRP NULYXOMRP > @

X .62 RSLVXMHSBRWR|BXQ] W UD M QRRJ EXNER RV N D WD)
X RGUDVORM CBLRBK® D)BEIDL oMW HKL U HOLIRGD L]OR&HQRVWL

X .62 RSLVXMH PHWRGH L XYMRW®WRY]P P M'HREH @ M
UH]XOWDWL PRJX VH NRULVWLWL |BULYVSRIHWLYDQMHPWD f®
]D XVSRUHGEX V QDFLRQDOQLP L PHyXRVLRGHODRR RONRRQLF
GDOMQMD LVWUDALYDQMD > @

X ,62 RYD QRUPD VDGUAL QD]J&EMH QVERERO¥YHOL
NRMH VH NRWLVFWH EVIHNMY SRWURMERQR. [(PDSHIBW QR WEXL>| D@

X (& QDYRGL W HB LHONDNW U IRIDNDXWY BVNLWY W LUWVDAG QN
WLSRYD PMHUQLK LQVWUXPHQDWD ]D PMHUHQMH JYXND > ¢

=YXNRPMHUL ]D YU HRHH N\RR NSIR QPOVH-ULLH DHYNMNHPRIGDH/QUREL |
SRQGHULUDQH ISRQMNMUHQBIQWHVND]LQH ]YXND
,QWHJULUDMXUL JYXNRPMHUL NRML YPHVQHRLLHV W I IH FSHRQ\GNHLL
UDJLQH JYXND

,QWHJULUDMXi{L JYXNRPMHUL NRML WPLMHLUEHQ RWHNLY H JOFR 4
1Y X N X

,QVWUXPHQWL VSHFLILFLUDQL RYRP QRXIRB PX QIDP/NGHRQM HM
VOXKD 1DYRGH VH GYLMH NDWHJRYXNRIPMHNHIG NODNVGDVRP |
PMHUHQMH EXNH X 4LUHP UDVSRQX AHHMRE8BDEB LIM R SXU HRQ
PDQMH SUHFL]QH ]JYXNRPMHUH NODVH UD20DpQ/RK PNDR G Y WR
JYXNRPMHUD
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X (& $0" &69 GDMH SRMHGL@RWRMHR MK S
REYH]QR SURYHVWL ]D XWYUVLYDQMH YUONDO U B QRSHNIL [ KN B §
NRMH VX QDYHGHQH QRUPRP ,(& ORIVARFPG ) RLUWVPSRLRV L

SULPMHQMLYH VX QD JYXNRPMHUH N®MIERH DWRULML@N RULO/
PHWRGH SUL LVSLWLYDQMX XUHyDMD ]D PMHUHQMH JYXND

X (& RSLVXMH SRVWXSNH ]DXSIRE MR QD D VIS L
NRML VX GHILQLUDQL QRUPRP ,(& GD V&ILOGDERUPMW RMH W
SHULRGLpPQD LVSLWLYDQMD QD MHGODNWDYDRQMB MH 6DWN
XYMHUHQMH GD MH XUHYyDM X VNODGQ@RVPLVSKFLILNDFDMI
RGUHYHQ VNXS NOMXpPQLK LVSLWLYDMBP S [LDVEYRGMDDIHR X R

X (& GHILQLUWR VDKW RGHK R VOHN @ Bl ULIVGVQ B HN D@ C
SULNXSOMHQLK SR GDRSINP HQ W DFLWDXSRMDWBRB URS@V L
SURSXVQRJ SRMDVD UHODWLYQH SUQYX\EmMHWQRED SRANMIR W\
VUHGQMH IUHNYHGFILMMISBMODPD DBQRX, ORWHEPERVEALURML X
]JDKWMHYLPD RYH QRDWH EROR WRGMURBDR P RSURBKET QLK SLC
SRNULYDMX &8HOMHQL UDVSRQ |UHNYMQMLHM B D ©BIKWWXMHDY DLOH
L NODVH 6SHFLILNDFLMH ]D NODYXFLQM LPOIMDD LY RR WH q
JUDQLFDPD SULKYPMWOWD RV W W H RIS EW X WD MLURYWEH X U F
YHUL VX LOL MHGQDNL JUDQLFDPHBUD NRW®V ¥ G RYARNDDNQFDIV
RYH QRUPH PRJX ELWL VDVWDYQL BLRDOMK INR P SIRIQIDQ W N R
LQVWUXPHQWD NDR &4WR MH DQDOL]DWRU VSHNWUD

X (& $0° &69 UMD GRMHGLQRMDLNAR MDSM W LONDA

SURYHVWL |]D SRWYUGX VXNODGQRWWEPDRNWRRQPK LK&WHU
> @

X (& RSLVXMH SRMM. R &N HQ DWLD/SQ MKL Y IDAMIHDU B NN

NRML VX GHILQLUDQL QRUPRP ,(& L GD WYIO VDERWMHN RIUILI
SHULRGLPQD LVSLWLYDQMD QD MHGQDN QDpLQ > @
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X .62 QDYRGL VPRMAMBYHAHL SRW\WKSINKN LU PALH
JHQHULUDQLK UDGRP EURGVNH RSUHPHRSUH®HNRP @V YRUL
]JDKWMHYD SURYRYyHQMH WHVWLUDQMWDILRDVVBWR PR HZHM X @I LH!
EURGVNX RSUHPX QDR M HQWUDRY Db ISEWED REERYH EMHRE B Y H

X .62 MHG QR @b K WEHH G Q R WM L ]G XPLORV WR OQHF
X ]JJUDGDPD RGQRVQR JUDYHYQLK HOHMPNQDWD N SR RVRRI LV
WRPH VX X RE]JLU B]HWHIO R'DJOLHHWE UXDQ X¥WKINWD IR G]Y.PYR PJUD
SURPHW

X .62 MHG QR J@DM R UAHMH G Q R B WQLH REXINFHL M H JRI® &
WH ]D SRGRYH 'DM H YSOUDWH OLD YH ® IS@IHKV ¥ B IHNDHAKQ RN MK IO W D \
SURYHGHQLK X YWQRFAILOUNRNRNMWRRP SRMDVX > @
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3525$y816.( 0(72'( =$ $1$/,=8 %8.(

.DR 4WR MH SUHWKRGQR REMDAQMHQRLNXXHLVH RB]QALW
SXWHYLPD 1D QLVNLP IUHNYHQFLMDPD HMDOWDW PHIPEHO]
YLEUDFLMD NRQVWUXNFLMH GRN QD DXUNRWHR |UBSDOMAH. M
PR&H SUHQRVLWL NUR] WHPHOMH VMWHGMHH YLD XIG DI®IQ N QR XSNL
VOXpDMX VWURMHYD NRG NRMLK RE GHLQXUMOV IY K EYULERDWD
NRPSUHVRUL GL]JHOVNL PRWRUL EXKRR X NXW\XG®Q DR SHLR)
JUDPQLP SXWHP 3RMDYD EXNH X SURVWRUVPDXXGHE 8 M HRXF
REMDVQLWL &LUHQMDB N UWRY pNREVYALEXNNDFILM X WUXSD >

%XND QDVWDOD &Y UBQIMH M DYNXP Q | KWRIDWOWIX NRFELMX SR € @)
V IUHNYHQFLMRP L]QB&ND L+}Y>E @ FHQRPHQ VDRGDVWH QDO
VXSURWQLP VWUDQDPD IUHNYHQFLMVN@®HPVSHEWLALMB RHE
IUHNYHQFLMD W U DG IQPLRMUDLPQ R P URIHH\E R ®BIRMOR GRPRNRSOD p Q
HOHPHQDWD LVWD VH pLQL NDR CPRJIYLY R NRIGD ELKNNDH QM HM [
,SDN ]D DQDOL]X EXNH SRWUHEQD MH HQDPBD QDK DI LAW R 05
NRPSOLFLUD DQDOL]X L LILVNXMH ]Q KAEMQ B QHD I SWDLWILDV W L
HQHUJLMH NRMDWH SR ORGU QRDOSMERANDRD O/WWRB WHIDR SR
SUHGYLYDQMLPD EXNM LWLD/RIN L&D QUIN YHD L ISR V WRKFSHQURF LQVFDN
SURJUDPVNLK SDNHWD NRML VH QD QMRRAHWRE®EX CHMIH UIB
NRQDPQLK HOHPHQDWD NRMD VSDGIMX ®@FONDWHVRAWRGH NR

9DAQR MH QDSRPHQRWELQ®LY HGEMQL K HPBIGRGRV WILMHR X ] SR (
DQDOL]X SUREOHEQMLKREHRY Q. MD > @

OHWRGD NRQDpPpQLK HOHPHQDWD

OHWRGD N R QD pOMIDKWWXSO@ MHQHNIYDMWBQME DWL HD
DNXVWLPQLK ]QDpDMNL EURGVNLK NROUODRNHALBORSPODRFIC
QD EURGRYLPD MH SRWUHED YHOLNLKAOR pER DYALYIRKN LLKH VX0
IUHNYHQFLMD NRQVWUXNFLMH 1DLPHQDWDLERMD MHH PSUH.AN
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DQDOL]X YLEUDFLMD 6OLND QLMISBWURGQR YU OR DDQPX
PRAH QD RGJRYDUDMXiUL QDpLQ UHEOREKFY UDRNINV BT B B FYIM
6SRPHQXWD RJUDGQDLWGINMD WD JSMRM XGORYD R WX ERIGH X SUH

60OLND SULPMHU WLSLpQLK PUHAD NRRODRLMDHPURE QB MKD

NRQVWUXNFLMD

OHWRGD HQHUJHWVNLK NRQDpQLK HOHPHQDWD

OHWRGD HQHUJHWVNLK NRQDpQLK HOHPEQRWDp X0Y.¥ LEHLC
YLVRNLK IUHNYHQRPUMPNVOR BH GLRYWRROVUH P HWORGUHWYND E
GLIHUHQFLMDOQL HRGHREH RIHQS\DU B DRM®QM HELQ B G BBIF LG U X
NRMRM MH YDULMDEOD JXVWRUD HOQNDDNWH &/BSRIWHH@LLK H/O
NRULVWL VH PHWRGD NRQDpQLK HOHPHQDWD > @

*ODYQD SUHGQRVW RYH PHWRGH MH P\RWXXQRYWHPR GHH®DI
JUXERP PUH&RP NRQDPQLK HOHPHQDNID N,REUHLMWDIV M H VGADL VAR @
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X SURMHNWQRM IRYID ANXRU pWW ¥ W R (i § UFE.WIRHG VANYHD NNIRYQ \BW U X W |
0(.( YUOR LVSODWLYRP PHWRGRP ]D DQD®RAKQISURSRGD K
NRQVWUXNFLMH > @

OHWRGD KLEULGQH VWDWLVWLPpNH DQDOL]H HQHUJLMH

OHWRGD KLEULGQ K LYMW DHQIHUN L NHH LIP QXD ®)XQIXO M U DOENLFV W |
SUREOHPD RG LK JRGLQD SUR&ORSDWFWRD NHKIHU JL MAHH PSHU
YDULMDEOH RGUHYXMX WWDIWLVW HpJd ¥ NL YWD QHW YLU L MH G QR
EURGRJUDGQML MH WDNRYyHU ]DVWX®OWH QIDA\EX 48 RY W RMLC
YDOLGLUDQLK DODWD NRML RPRJIXiXMYLPOX]60QXDSURIQR
LGHMD RYH PHWRGOIL]MHDRRIG MR QDWIXDH LWH PGB R GV R YW
HQHUJLMH L]PHYX QMLK > @ -HG Q DGAEDIMKQWHI JB WWNHH SRS
REJLURP QD QMLKR YMH®HRWWMR QA HR ¥ URWDLFS ML MEHU HQ H U J L
LIPMHQH HQHUJLMH L EUJLQX XQRV¥D@HQHUJLMH XVOLMHG Y

60LND SULPMHU PRGHOD EURGD ]D ®Q@DROIOKX] KR BHRGQIR P iV

$NR UD]PDWUDPR MHGDQ SRGVXVWDYD BRGR X\NWRWDY XHE Xk
SULND]DWL NIR QIRNDVQDRHPH VH X SRGVXVWDYX'§RKUDQWN
*XELWD N WSDOYIHIDQ MH V SRKUDQMHQRP HQHUIH&R®RP SUHNR
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Zyol Agly

D E

60OLND RGVXVWDY D L GYD VSUHJQXWD SRGVXVW

8] SUHWSRVWDY N X DGXL jMHQ D QDO V MDD R DERY DUGIRI N VWIDHGENDH
JXELWNX VQDJH

2L @
8NROLNR SRVWRML GUXJL SRGVXVWDDY RRMW DWNR BHRY H]DL
UDYQRWHAD XOD]QH L L]JOD]QH VQDJHVD$NRQY XGGMHBE OSR G VK
HQHUJLMX RGQRYVQWRRMP HYRNOHABUNRS HNWD SRGV2YWDYD .
SUHGVWDYOMD JXE2 VSN GI\DW D ¥ ONHD, EYOHR B NHALMHHUG L NIBI SR G V X

ZyvL Agly

6O0OLND SULND]XMH pHWLUL VSUHJ@RW[D XREVXNV VERBGLY X
2YD XOD]QD VQDIJDMKHGQIDKNDXMHWERBL MKW QLMSEGHBEDL.YME X
VXVWDYX D XPDQMHQD MH ]D VQDJX OIRWHGGRWHGIQDIGEREB W
VXVWDY X
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%5 L SELELZF &SF 2
 Le2E A EXERF &XF ZF &
rL2EZEZBEZBF&F&F &
r LegERER&F &F 2

60OLND yHWLUL VSUHIJQXWD SRGVXVWDYD > @

8YUAWDYDQMHP M&H @ DVGHE Q DUM@AEHRWHHL GRELMH

. Fhs e FBs FlE
TNER, FG, By FR,t T LD
Flkg Fg FBg [gg "¢

r

ks FGs FBs Flas ‘s 25
' r

r

r

Fakultet strojarstva i brodogradnje 29



Marko Mikulec Diplomski rad

(OHPHQWL QD GLMDNVOROWD POV WIDAHDX NRYSXQ R/H JDOENVWVRNLE
RE]JLURP GD SUHGYWK YDNWW XDV JOPEXRWI D NONWISHDEX] @O MIDX BL W I
SRGVXVWDYX

Rl BE 1 By

a-u

OHWRGD VWDWLVWLpNH DQDOL]H HOUBIREDMRDY ERNE LX) BQI
EURGRJUDGQMH L QB NRVORM R/ M R\PHHRIVG MID SQ NKI\WDRJIHODQ R
Designer-NOISENRML MH NRULAWHQ ]D DQDOL]X XPRINSRVMEDYRJ
LVWUDALYDpPNL L]DJRY SUHGVWDYOMB UALY p ERND V BIH GQIM\
KLEULGQH PHWRGH HVWRPEX QNERMEKQLK P HIRH PHMRIDUDD | DG FOLK
IUHNYHQFLMH LLVWBQHY N IMpH XCIRYBE@ MO RUMRYGIQ FDMH >
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23,6 .25,a7(1( 352*5%$06.( 32'54.(

3URJUDP VDesig8BeDNBISEUD]YLMHQ MH ]D EUJR L SUHFL]QR SU
QD EURGRYLPD L X RVWDOLP WD QN RYMMSIMQRONRQ V \&D DL
SR RNWDYQLP SRMDVHYLPD L XNXSQD 9 SRIQGPLWEHPBO]
SURSDJDFLMH ]J]YXND RG VWURMHYD BDYRGFK NRIWHIPM M LN
NRQVWUXNFLMX > @

Designer-NOISE NRULVWL ' JUDILPN® HORULV|QLENBRDB X L G
SDUDPHWDUD PRGHOD 6O0LND

60LND *UDILPNR NR DeSgRe-pI0IREY XpHOMH X

5MHADYDp NRULVWL WBWRGW LKINHI DGERBILG M LK Q € M HL BIIHU H ¢
NUR] EURGVNX NRQVWUXNFLMX =D SUSGLYPLNBQM MM &L WPHHQ
DUKLWHNWRQVNH DNXVWLNH ORJXIEXMH PRGHROWL SRS D \WRW
]D SURUDpPpXQ YUOR MH MHGQRVWDYDQOB®LEXNH XDERNMH
VXVWDYD JULMDQNOLPYDHQLWD PIDMFH MDY R ER R BXQ LV W HY RO E L Q
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UH]XOWDWLPD SURUDpPXQD EXNH RG WM IR MM ¥YDR @M EAQ R NVHH
PRJXU XYLG X UDJLQH EXNH RG SRMHGLQLK L]J]YRUD

60LND .RULVQDp NRGD X PHOOMHHSIDUDPHWDUD L]J]YRUD EX

.RULVQLNX VX QD UDVSRODJDQMX UD]GMpR WH RHODR/GH
WHPHOMHQMH VWURMHYD L XUHYyDMDOWMHGE R GLD Y. PRYOVDH LDV
7DEOLFD SULND]XMH NRQVWUXNFXMVNH BR®HWDWDOSUR B!
SDNHWD D QHNL RGL R DYBGHRIDK VPHH\NFQLINMDIWAHL L] RO DG L M\
'RVWXSQL L]JRODFLMVNL VORMHYL QDY HSUHQND VMK Y/ DIENDH.
NRHILFLMHQDWD DSVRUSFLMH JYXND PR G®BWRNBFI2WVLRHP DB
GRVWXSQLK XQXWDWRDPRQLNURRB D DFPRUN Q RWOND \B\W LMQLLKU L | F
PDWHULMDOD ,]ERWH) LNRJ®DGE HV\HIOMB P B YW X LMOND [P MH C
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60OLND .RULVQLpPMNE®DWOHNOH HIRODDPIDMVNLK PDWHULM
7TDEOLFD .RQVWUXNFLMVNL PDWHULMDOL X ED]JL SR
ODWHULM QE)VWUXNF(]_[MWNIULMDO 0RGXO *XVWRUIRLVVRQRY
i WHULMIR@ODFLMVNB B\ORDHQ RWMLP ¥3DRPMHU
yHOLN GD 5 D
$OXPLQLM GD GD
7TLWDQ GD GD
6WDNORSODVWLND GD GD
.RPSR]LWQD
SORpD QH GD BURL]JYROMQR
HTL QH GD
'"UYR QH GD
3OHNVLJODYV QH GD
ASHUSORPpPD QH GD
3ODVWLND QH GD
Marinite QH GD
$OXPLQLMVN
VHQGYLD LQH GD
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Diplomski rad

7TDEOLFD

,]JRODFLMVNL VORMHYL X ED]JL SRGDWDN

ODWHULMDO

'HEOMLQ

9LQLOQH SORpH

7THUPRL]J]ROLUDMXuD

pYUVWD SMHQD

D VORMD PP

MLQD HOHPHQW

MIL-PRF-23653C Class 2 GR SXWD GHEO

Mascoat Delta dBY SUH M GR SXWD GHE

EAR C1002SULJX&aQH SORpPHGR SXWOL@GBIEHOHPHQWD
IDWHNV EHWRQ LOL

OMLQD HOHPHQ\

LOL

7DEOLFD .RHILFLMH DWKXIN D VSRARSFIFL B B NH SIH B O VDINDH > @
'"HEOMLQD
ODWHULMDd_'PP 1 N ‘ ‘ N N ‘
MIL-1-742 Type |
MIL-1-742 Type |
MIL-A-23054

MIL-1-2203 Type III

DOD-I-24688 Type |

DOD-1-24688 Type |

DOD-I-24688 Type I

DOD-1-24688 Type I

SULPMHQRP UDVSRORALYLK PHWRGD WR@QWIFWM H R RV WiLH NV
X] PLQLPDODQ XWMHFDM QD VORERGD@ S'UHRWWRUU PN XWE
UH]XOWDWD SURMWDR@XWD S D NHAWID] ISQFHREPGNHULUDQH UD
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7(+1,y., 32'$&, $1$/,=$52* %52'$ , ,=925% %8.(

7HKQLPNH ]QDpDMNH EURGD

8 RYRP GLSORPVNRP UDGX SURYHGHQDDMYO BV R/IOWR] 5 AE]
60OLNH L LIJUDYHQR X EURGRJUDGLX INNG\DXV 18 ONNDID/ILNL NT
GUXaBu&aD Vertas L WR ]D GYD XRELpDMHQD RSHUDWLYQD U
HNVSORDWDFLMVNL UHALP L SORYLGED

2VQRYQH GLPHQ]LMH L ]QDpDMNH MDUX&DOD VX VOMHGH\
'XOMLQD SUHNR VYHJD P
'XOMLQD L]JPHYyX RNRPLFD P
aLuLQD P
*D] P
1RVLYRVW W
'XELQD MDUX&DQMD P
6QDJD SRWRSOMHQLK SXPSL N :
6QDJD XQXWDUQMLK SXPSL [ N :
6QDJD NRSDpD N :
6QDJD SURSXO]LMH [ N :
8NXSQD LQVWDOLUDQD VQDJD GLJHOVNLK PRWRUD
%U]LQD pY
%URM pODQRYD SRVDGH
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6OLND -DUXAaDOR QD YODVWLWL SRJRQ X ID]L RS

60OLND -DUXaDOR QD YODVWLWL SRIJRQ X SORY!
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2S0L SODQ DQDOL]JLUDQRJ EURGD SQRNDIDQ DVWH WID SWLLNF
ULORJX ,

60OLND 2SUL SODQ DQDOL]JLUDQRJ MDUXaboOD QD YCc
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,]JYRUL EXNH QD MDUXaDOX

$NWLYQL L]YRUL EXNH RYLVH R HNYV SORDWWDIFY.INX NRKPSUH £
JODYQL L]YRUL EXNHUPGDX LOELROMBEKADTQOMR IH S /K QD
UDJLQH EXNH SR VUHGYMQF LRADWPDY (DEBKMNHY FHD E QYLK BiH

$NWLYQL L]YRUL EXNH X UHALPX MDUX&DQMD

X *ODYQL PRWRUL NRPDGD

Xx SHGXNWRUL JODYQLK PRWRUD NRPDGD

Xx 3XPSH ]D MDUX&DQMH NRPDGD

Xx BHGXNWRUL SXPSL ]D MDUX&4DQMH NRPDGD
X 9LWOD |D ERpQX XaDG NRPDGD

Xx 9LWOD |D SRGL]DQMH NRSDpD NRPDGD

X 9HQWLODWRUL VWURMDUQLFH NRPDGD

X 9DQMVND MHGLQLFD NOLPDWL]DFLMH NRPDG

$SNWLYQL L]YRUL EXNH X UHALPX SORYLGEH

Xx *ODYQL PRWRUL NRPDGD

X SHGXNWRUL JODYQLK PRWRUD NRPDGD

X 9HQWLODWRUL VWURMDUQLFH NRPDGD

x 9DQMVND MHGLQLFD NOLPDWL]DFLMH NRPDG
X 9LMFL NRPDGD

X SHGXNWRUL YLMDND NRPDGD
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7TDEOLFD 5DJLQH EXNH JODYQLK PRWRUD

BUHGQMH RNWDYQH IUHNYHQFLMH]| +]

%XND NRMD VH aLUL JUDNRP G%

%XND NRMD VH aLUL NRQVWUXNFLMRP G%

7TDEOLFD 5DJLQH EXNH UHGXNWRUD JODYQLK PRW

6UHGQMH RNWDYQH IUHNYHQFLMH| +]

%XND NRMD VH aLUL JUDNRP G%

%XND NRMD VH aLUL NRQVWUXNFLMRP G%

7TDEOLFD 5D]LQH EXNH SXPSL ]D MDUXaDQMH

6UHGQMH RNWDYQH IUHNYHQFLMH| +]

%XND NRMD VH 4aLUL JUDNRP G%

%XND NRMD VH aLUL NRQVWUXNFLMRP G%

7TDEOLFD 5D]LQH EXNH UHGXNWRUD SXPSL ]D MDL

6UHGQMH RNWDYQH IUHNYHQFLMH| +]

%XND NRMD VH aLUL JUDNRP G%

%XND NRMD VH aLUL NRQVWUXNFLMRP G%
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7TDEOLFD 5D]LQH EXNH YLWDOD ]DERpPQX XaDG L SR

BUHGQMH RNWDYQH IUHNYHQFLMH]| +]

%XND NRMD VH aLUL JUDNRP G%

%XND NRMD VH aLUL NRQVWUXNFLMRP G%

7TDEOLFD 5DJLQH EXNH YHQWLODWRUD VWURMD

6UHGQMH RNWDYQH IUHNYHQFLMH| +]

%XND NRMD VH aLUL JUDNRP G%

%XND NRMD VH aLUL NRQVWUXNFLMRP G%

7TDEOLFD 5D]LQH EXNH YDQMVNH MHGLQLFH NOLP

6UHGQMH RNWDYQH IUHNYHQFLMH| +]

%XND NRMD VH 4aLUL JUDNRP G%

%XND NRMD VH aLUL NRQVWUXNFLMRP G%

7TDEOLFD 5D]LQH EXNH UHGXNWRUD YLMDND

6UHGQMH RNWDYQH IUHNYHQFLMH| +]

%XND NRMD VH aLUL JUDNRP G%

%XND NRMD VH aLUL NRQVWUXNFLMRP G%
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180(5,y., 02'(/

8 NRULAWHQRP SURJUDPVNRP SDNHWXDSWRWRMAI7 B S R O
WH A%XND L YLEUDFLMH3® 7RSRORXN U MVSRQHY DYGIDQ MRU IL \RA
SORKD NRMH SUHGWWDYD G B MXRSDMWERGTR GHQDPD@RIUDGD
YLEUDFLMH® WLP VM) GRKDBBDG CoMGANDHDAOWRMIVNADYMD GHSEIO ML QD
YMHURGRVWRMQLMHFPRG HOULR®I D 8 NRYQRMIRG B XNW@DIRLYyGX) GHII
LIYRUL EXNH L YLEUDYRMDW YCIR RNEHIGINDIRMEDEDR UGID WELBR G] R O
SRNUHUH SURUDPXQ

=D L]JUDGX PRGHOD |3 FSW B HEMK QHEMXNSR G D F L

X 5DVSRUHG JODYQLK NRQVWUXNFLMVNLXNBDOMNBXRQRIM
ORNDFLMH SUHJUDSWDRNMRRH H D WR ®DLNNRIGHVEDO WIDN Gl ULA]B
LIYRUD EXNH L RGMPARNUNID EXXNRM NPNRRIO Q H GRHGYMDHIOANVINH

X .RQVWUXNFLMVNL GHWDOML SUHJODRBD LUBDPRDNMN BN Xh
SRSUHpPpQL SUHVMHN RNYLUD LWG

Xx =D FMHYRYRGH MH SRWUHEQR ]QDW 5 UWRFMHLD XRPIRNMNH
LWG

x =D VXVWDYH JULMDQMD YHQWLODPFRLSRIUHGN QIIPIDON
YRGRYD GLPHQ]J]LMH SYRSAWHpBRL GH HAWIHNDD QMD LW G

=D PRGHOLUDQMH UD/RRWD BEBRVHUIHEFL VX VOMHGHUOUL SRG
x =D VWURMHYH L XUHYDMH

f 8SURVMHpPHQH UDJLQH ]JYXPQRJ WODNPYBRDRNWI
XRELpDMHQR P RG L]YRUD

f 8SURVMHpPHQH UD]JLQH YLEUDFLMD BR RNWDYDPD
f 'LPHQ]LMH L]ORMUID WMWISRIORADM L]YRUD
f 1DpLQ WHPHOMHQMD NUXWR LOL HODVWLpPQR
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Xx =D YHQWL O D WIR UYHi QW L @ DXF\Y. M/HD R\VHU GLE RIRWAVIMDG K
UDJLQX JYXPQH VQDJH SR RNWDY DP DRXQKQWDLUO DWVDR Q R
AWR VX WLS YHQNW DD REJDR NE DR RWUFD LW G

x =D PRGHOLUDQMH EURGVNRJ YLMND SJRWYWL HEIRGDNX
EUJLQD SUL NRMRMW [MBR HIRWH RNYHA DLM DU DEpUQARNY V@ R S

X =D PRGHOLUDQMH YDORYD NDR L]YRWUJREXQNDHEVREGDH
VXVUHWQL NXW

,JUDGD PRGHOD |DSRPLQMH GHILQLUDQ@M HIH GIHRPHDWME
JHRPHWULMVND WLMHOD 3URFHV L]VUDGWRVHERFHWRGMNU I
MHGQRVWDYQLK JHWPHWUMDMG/MNW K FH Q@) BHBR)Y L N XB 8 PXV RE(
VSDMDQMHP NRULRRVMHRY IS UDQ FH EH H%J 2A.R®D Y DRYWIRHFL 58D I
PRGHOD

9DAQR MH QDSRPHQXWL GD SULOLNR PO PRGN H UD QWHD LV
RPMHURP VWUDQLEBS WX p X PMLIY LRV Q R DG XIOWMLQID RGBAPH
=DWR VH SUL PRGHOLL 3G M RENAWIDRINRR IM)R QD 60LFL
SUYL SRJOHG PRGHO/WUXRGIRY DX ) NRIXLHGHRRYBWD RPR.
WRPQLMH PRGHOLMB QWHR WNRRI@V WQBKNFALM ® LLMU A ] X0 RULDIDX Q R

60OLND SRMHGQRVWDYOMLYDQMH NRQVWUXNFLMH SL
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60OLND SULND]XMH WRSROR&NESBRENDOGEDQDOL]JLUDQRJ

6OLND 7TRSROR&GNL PRGHO DQDOL]JLUDQRJ EURG

8QRAHQMHP UHOHYDQWQLK SRGDWDNBDRHENR. K/ X DP B WRIG
GHEOMLQD RSOR pH®WDHHG LFMWQ PQRIHSMIV@OHRO D] LIWRS R ORIAN R
JHQHULUD VH SURUDpPXQVNL PRGHO 3HBHPHROWNDL 3PRRS MO |
V SUHSRUXpQLP EURMHP HOHPHQDWDGMHOMDKMAD >L]&RDD
BURUDPXQVNL PR BHOQIUERDNDPD L
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60LND SURUDPpXQVNL PRGHO + DNVRQRPHWULMV!

60OLND BURUDPpXQVNL PRGHO *+ SRJOHG V NUPH
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DT Luréaz - ETLvvaz -
FTL xuay - GTL zvar -«
60LND SRSUHpQL SUHVMHFL SURUDpPXQVNRJ PRC

,JYRUL EXNH PRGHOLUDQL VX QD WHNRRIDMN XV X SHFY HOHDF
SUHWKRGQRP SRJODYOMX L WHKQLpPBERWRNEGHP R W D FILIMID B
EURGRJUDGLOLAWH 8OMDQLN 'RQMD 9DGXPBLWD SOWKAD
SULND]DQL VX QD 60OLFL
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Marko Mikulec

Diplomski rad

60LND

'RQMD SDOXED
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5(=8/7$7,

$QDOL]D PRGHOD UH]XOWLUD UD]LQIYPPDYPOpQRH WOMNOD M
LQWHUHVD =D VYDNL RGMHOMDN P RWOXXDNDMXV SU MNIE] DUWDIG D
L]YRUD 5DGL SUHJOHGQRVWL X RDPRR BXBBDPOYDNX SYDN
WR MHGQX RG NDELQD ]D SRVDGX XVNNUWPEHDR M BN M WGIX QD
VWURMDUQLFH

8 QDVWDYNX VX ]D GYD QDYHGHQD RAMGD NENR GX LLN 6 |/
NRML SULND]XMX UD]LQH ]JYXPQRJ WHDDRO WHI] GRPQ D BIOWMD Q
RED HNVSORDWDFLMVND UHALPD SIGRYQLEEL] YR MD IEXNDH BHL
WDEOLPQR WDNR{HUR]ODFQ KD M MREHRENDNFS OIRPWRFLMVND U

=D LJRODFLMX EURGD SULPMHQMHQRWXEWEBQYRU LSWIRQ U OLF
SDNHWD NRML VX RSLVDQL X SHWRRMIRID@IDFLOMXO B]R BJD VMR
PHyX NRMLPD VX L JODYQL PRWRULQHDV® WHIH @GR VMRXODFH M
WR +7/ HiglQ¥ansmission LossLIRODFLMVNH SORpH GHEOMLQH PF
MIL-PRF-23653C Class 2SULJXaQH SORpH GYRVWUXNH GHEOMLQH
PDWHXODMPIEB8 Type I GHEOMLQH PP 1BDI&B/QDMNH PG HEXNH SULPL
X SURVWRUX V YHQWLODWRULPD VIWURMDERREFH ]BURDWRA
SURVWRULMD X NRMRM VH QDOD]LOBH®XSNRE DEHMD R R YD MO
VX VDPR V DSVRUSFLNMONZ2R68® DweH WG HVEHIOOMRLF) H PP 1DYH
DSVRUSFLMVNL PDWHULMDO SULPLMH@MH®@ MH X VWWHRSR
NRUPLODUQLFH 6WDRISRONMQEPRSIDOXEIDWD Q[WRIW]BMORNRMH
QDOD]JH LVSRG YLWDOD ]D ERpQX X&DG

5HIXOWDWL SURUDpPXQD ]D NDELQX ]D SRWDGX X NUPHQF

6 REJLURP QD SRORADM NDELQH ]D SRWDEX X NURGQRYWY(
PLQMHQLFX GD MH QD QMRM SRVWIB YO MDHEGIR LYY DWOLR G D &R [F
QXaQD SULPMHQD L]JRODFLMVNLK PRQIHEXMBOD EBRWGXESRN
LIRODFLMH X VWDQMX SORYLGEH ]1RKDBKXMBEQMDW [DANRX VXORI
EXNH QD SULKYDOOIMLY RMVWR] VHLEIER BRX@ H HHWURX]MDUXaDQ
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UD]JLQD EXNH GRVWLAH QHGRSXAWHQ>SRWIHERR® SV RS BL
P D W H DQDMIR24B88 Type IGHEOMLQH PP X VWURSX NDELQH UD]L

G% $ ]D YULMHPOILEORYLBEERYVQRMH B4 MD JX &MUQMD 60L
PHPX MH GR]YROMHQE YUDEAGRRVWSWLEIRX KM XGSRQRM UD]L
XVOLMHG UDGD SRMHGLQLK L]YRUD MR HX JOE B URNY EGIR DL\
UHALPD 2pHNLYDQR GRPLQDQWDQ IRYRWBERWWRUUMELMK

]D ERpQX XabG 6OLND

60LND SRORADM NDELQH ]D SRVDGX]R DNUHQHR RRPWER.MHO X
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60LND 5DILQH JYXPQRJ WODND X NDMH QD SRYMERHELORY EGEH]RODF
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60LND 5D]LQH ]JYXPpQRJ WODND X NDMHQD SRYBMEBRHBWREGX EBIQ M[RODF
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60OLND 5D]LQH ]JYXPpQRJ WODND X NMRPEIRVY WBIRWVHDRGHSEBRGGEH]RODFLM
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60OLND 5D]LQH ]JYXPpQRJ WODND X NRIPEILDR ¥ SIRWHFRGHH MPURKGDWQ M[RODF L M
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60OLND 5D]LQH ]JYXPpQRJ WODND X NQELQLSRYVD|GHERYQXMH® ®DGD GHV
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SHIXOWDWL SURUDpPXQD ]D EURGVNL EDU

%URGVNL EDU QDOD]L VH X SUDPpB QR®PDGLWWAODXMOD G
QHSRVUHGQRWLOO®WRYE WHAQUR M D UQIFJROWPXNQD EXNH X S
60LND WH X UHSICPLN M D U XSAUDLQNNDIXLWAR MR HNOLJY Q@ RE XN H  V
GD VX JODYQL PRWRIHG XS WIRSD.G DM ¥ {IQ MFLHO DDANRVULLY QLW X R
HNVSORDWDFLMVND UH&LPD 8QDWRp MARRBD SWOL@MHQRP B
VWURMDUQLFL L SURVWRULML V YHQWYLIO®MRU LPDO QDV SR M
UDJLQH =D EURG V L]JRODFLMRP W LRVGH/NNRRAP FEMRIWKL GIEHR VLD ] L |
60LND D ]D YULMHPH MDUX&DQMDSRMPG $SQLEOLINRUD XA
UD]JLQL EXNH |D EURG EH] LJRODFINDHUH¥L® B RFU LN RO H N/\X
2PHNLYDQR GRPEOQUHWXQ U QADYRWLP R'W RWIW LDBIL PUPIL JOD
NRML VH QD O DJD @D EQIRGDY RM ¥ RAVRIHBRRDL \6SRGI EUR GV N

60OLND 3RORADM EURGVNRJ EDUD R]JQDpPpHQR a&x:
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6OLND 5DILQH JYRPRBYNMNRPDEDUX EUMHE|PHYUIREGPH SORYLGEH
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60OLND 5D]LQH JYRPRRBRYMWRPDEDUX ELMH |PHYWJREGPH MDUXabDQMD
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60OLND 5DILQH JYXPQRJ WODND X EBRGDNRPLEBBK FURE GHHRODFLM
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6OLND 5D]LQH ]YXPQRJ WODND X EBRGUNRPLEBBK NMEDRGAU QYMODFLM
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60LND 5D]LQH JYRPRRBYNRPDEDUX XVIRIMHIH® YORED RRUXR U D
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Marko Mikulec

Diplomski rad

6NXSQL UH]XOWDWL ]D VYH EURGVNH SURVWRUH RG LQW

D
LbHQMH
%ori] OTR

7DEOLFD B3UHGYLYJHQH UDILQH ]YXhQRUIHWOWND ]D VYH
-DUX&DQMH 3O0RYLGE
%URM §HEUD 1DJLY | %H] LIR] 6 LJR °
'21-$ 33/8%$
8SUDYOMDpPND VRED

VWURMDUQLFH

6WURMDUVND

UDGLRQLFD

(OHNWULpDUV

ND UDGLRQUFD

.DELQD MHGD

Q pOD|Q SRVDGH

.DELQD GYD PODQD|[SRVDGH
.DELQD GYD PODQD|[SRVDGH
*/$91% 3$/8%$
.DELQD MHGDQ pODQ SRVDGH
.DELQD MHGDQ pODQ SRVDGH
.DELQD MHGDQ pODQ SRVDGH
%ROQLFD
.DQWLQD
. XKLQMD
.DQWLQD

%YURGVNL EDU

THUHWDQD

3$/8%%$ 6 ',=$/,&20
.DELQD MHGD|Q pOD|Q SRVDGH
.DELQD MHGD|Q pODIQ SRVPDGH
& 3$/8%$
.DELQD MHGD|Q pOD|Q SRVDGH
.DELQD MHGD|Q pODIQ SRVDGH
% 3$/8%$%
BUHG

.DSHWDQRYD

5QHYQD VRED

'QHYQD VRED

JO LQAHQMHUD

$ 35/8%%

_.RUPLODUQLFD | |
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=$./-8Y$.

8 RYRP GLSORPVNRP UDG®&H PMIWDRYEIDWEKJAHAMNH BULPLMHQ M H (
SURJQR]X EXNH QDVMRDWXABRXRQD |DDNQ D MHWVPHS GR D WDLFS. MV
SORYLGED L MDUXabQMH $QDOL]IGQRIQP GLIDUWE &HDXO BOW DD
XVWXSLOR RGJRYDBRDM R EXQ W/HKLM % NS EGDW N Q R W HYPRHWDOLM X
JHQHULUDQ RGJIJRYDRBPMEKOLXOXRPHUBNMEBRO QFRPeSJix-J U D PV
NOISE

6 REJLURP GD VH PMHUHQMH EXNH XJQDGDH SEURRGIS LVQ
SUHNRPMHUQLK UDJLQD SUHGVWDYOM E YRI®RXQ DVQR AMDN §B
MH XVSMH&AQR SUHGIK YD R NWWH Y KIQW S0 GREG HRD LNH EYDR® |
.RULAWHQL SURJUDPVNL SDNHW RPR UDIXWH SWRR W.RSMBX QDL
NRMLPD PR&H GRiL GR DNXVWLpPNLK SIDRE&HPDW WPH RO R J XU
X REOLNX ]YXpQH LJRODFLMH

'RELYHQL UH]XOWDWL XND]XMX GD MHNSMXPRQHP BRI D\GWRIL
EURGX UD]LQD EXNH WRUYLPDYDEB G PIGYIXRWD S QK Y DW O M

,DNR VX GR]YROMHQH UIMQ Rdite EXdédn GD REDLMMHQHSUHSR U X
DNXVWLPNL SURUDPXQL QLVX VWD QEBDRIGH GDL R NHONDLWLD MNLD
RYDNYL SURUDpPXQL EXNH SURYRGLWYDYV 5D |[DHREI M/ R.P D KXY K
VD]QDQMD R QHJDWLYQLP XWMHFDMA@RDEXNH QBIHIUDY RMI
L XUHYyDMD YHOLNLK VQDJD XYRVyHQ®D WO DYDMHKGRE QRSN
WURANRYL SUDYRY WHFPH SR W IEOIMLHNDWRE BEPNDX VW LPNLK S

1D WHPHOMX DQDOL]JLUDQH OLWHUDWR URp BINRN DMILX MRHY /.
GDOMQMD LVWU D & LND\QMILLF LX NEUUHRAGD/NSIR WKL DOWHD YRR BUTD Ul
QXPHULPNLK PHWRGD |]D DQDOL]X EXRISRPDNRRADPRGK GIIOBR
LPDMX RJURPDQ ]QDpDM X EURGRJUDMWIHEQ FENM GG PRYX ilQ R B W
GLUHNWQRJ NRULZWMHEXWH L =D & X RUOUKKGDRWOIDH E RBR O M & D (
HQHUJHWVNLK NRQDPQLK HOHPHQDWDP UPPMRDIO FLPLGHVX
'UXJL VPMHU YH]DQ MH ]D UHJXODWLY XSNXLSRBRX IWHK SERAWM ¢
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XWYUGLWL SUDNWDpR® Y] IQ NN WK B R DM SOWRUWRGRL LPC
LQYHVWLFLMVNH WURAGNRYH GRGDW®LKYRONIDIWID R VSRERRV
XGRYROMDYDQMD EURGRYD W]Y NOHMWDPDVOGRKGRYVHD MD!
R E X K Y DMI®H QoBe Codeom LDNR MH SUREOHP EXNH ]JERJ YHOLNH
QMLPD SULOLPQR LJUD&HQ 1HRYLVQR R HVRPH OR YELWOGR YU
XRELPDMHQR GD VH GRSXaAWHQH UD]LQ@Hs EMN HE GRIGIDQ IL P
EURGRYODVQLND L EURGRJUDGLOL&WD
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/,7(5$785%

> @.857 5 ( 0&.(113% 6 % *81%(<$= 6 $ ,InvésHdation f

occupational noise exposune a ship recycling yard“2FHDQ (QJLQHHULQJ 9R:
SS

> @%25(//, ' *$**(52 7 5,==872 ( 6 &;AhalPsiq of &oise on
board a ship during navigation and manoeuvre FHDQ (QJLQHHULQJ 9RO
SS

> @%$',12 % %25(//, ' *$**752 5,==872 ( 6&+(121( &
LZAirborne noise emissions from ships: Exipeental characterization of the source and
propagation over land“$SSOLHG $FRXVWLFV 9RO SS

> @.857 5 ( .+%$/,) + 785%1 2 +28%(1 O %28*/8 +(/9%&,

, + ,Towards human-oriented norms: Coneithg the effects of noise exposure on

board ships* 2FHDQ (QJLQHHULQJ 9RO SsS
> @HNVLNRJUDIVNL ]DYRG OLURVODY .UGHAD IINWW XN
OLSQMD

> @QKWWSV VW DMRLFF JWRABNDZARIRWOV HW YV U RFERNRZ2RRDLKU GRZQOR
NDWDOR]L DFRXVWLF EURVXUD L]RODEILMVIUH \BWRE B VEHF

OLSQMD
> @,62 ASFRXVWLAXROLRBKB@QHVVY OHYHO FRQWRXUYV
> @, (& A(OHFWV RDFRXYBIOHYHO ®HMWFH UM B VB DRIGQW 3
@, (& ABRXQG OHYHO PHWHUV?

@02 S HVROXWLRQ 06& A&RGH RQ QRLVB UKINS\PV RQ ERDL

@ 8'25 Techno&conomic assessment of newinmaengine development with

high noise and vibration performange 0 6 F 7KHVLV 8QLYHUVLW\ RI =D.

OHFKDQLFDO (QEL QBHMDOQUBKLWHFWXUH

> KWWS QRLVH FRQMBURDVHBRHBOBLIQ@BOLSYMBOMHQR

@(& A(OHFWURPAFDXY\HWLE G HUDH \E DRGDIQ GRW WU V
6SHFLILFDWLRQV:

\%

\%
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> @KWWSV ZZZ KW L QMW UK BH@W X FRRV XHHOQ YV XWRI@ PIGW D\OR K
OHYHO PHWHWWKX®OMHQIIL OLSQMD

> @62 ASFRXVWMWLR O RIWARPIDVH LQRBKFHG KHDULQJ

> @$66&+,(5 9(50((5 : 3$66&+,8680RLVH ([SRV XU HHD@GW BXE O
(QYLURQPHQWDO +HDOWK 3HUVSHFWHZWHV QIRYY LUR BKISS
+HDOWK SS

> @WWSV ZZZ SDURF FRP NQRZKRZ VRXR)GQEHQHUDO LQIR
3ULVWXSOMHQR OLSQMD

> @62 ASFRXVWLRY “RXIMELDQVEQ QW P@ & RIEEXQO
HOHPHQWYV + 3DUW $LUERUQH VRXQG LQVXODWLRQ?3

> @62 A$SFRXVWLFV * OHDVXUHPHQWUR Y HREHED \B E
URRPS3

> @62 ASFRXVWLFV £ 6RXQG DEJR W ESHDUWL QRIURX WHR X

DEVRUSWLRQ?3
> @WWSV ZZZ SDUR FREKRFG \MRRAKR £ D WX SICADMAR Q  BUIS

> @02 5HVROXWLRQ $ . ASHFRPPHEDDMLRI RR [PV
OHYHOV DW OLVWHQLQJ SRVWVS3

> @02 5HVROXWLRQ $ - A&RGH RIQLORLVH OHYHOV

> @62 ASFRXVWLFV = OHDVXUHFMB®VRI QRLVH RQ

> @62 A4XDQWLWVHY DU XQ$SFRXVWLFVS

> @(& $0° &69 A(OHFWURDFRXFMMW AV \+ 6$RBOQ®/
3DWWHUQ HYDOXDWLRQ WHVWV?

> @& A(OHF\WV RDFERXY®/ IOHYHO PHWHRGM. B WHYVW V

> @& $0° &69 HEWWURDFRXVWLFVUBF2AVRDDI I
RFWDYH EDQG |LDWWHYQ BYPLDWXDVWLRQ WHVWV3

> @& A(OHFWURBWDXY\HWLE G HUDH \E DRGDIQ GRW WU V

3HULRGLF WHVWV?
> @62 AOHFKDQLFDO YLEUDWLR@@ RBDWKLUSHP K B

3UH LQVWDOODWIRHPMNOBMIRWVYRIOSEBERDVYG HTXLSPHQ
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>

@62 AS5DWLQJVIOVRHWER® L@ EXXQGIGQRIM DG FRHQ

3DUW ,PSDFW VRXQG LQVXODWLRQ?3

@$58129 - 3(67(//, &1 8" +%'4,0 1 6(1-%1Reviéw ,

of methods for structure born noise prediction on shipo URGRJUDGQMD 9RO
SS

@/%$',0,5 1 /121y$5 $1y,0 6 (1 - Piedigtian of Noide

Performance of Ro-Ro Passenger ship by Hybrid Statistical Energy Analysis®,

SRPRUVNL JERUQLSHFLDO ,V&XH

@(5<. 0 ,Ship on board noise propagation analysis methods\ GURDFR XV WL F\

9RO SS

@,0 70 ,0 -7 . BEA-FEM hybrid analysis for predicting Inter-floor

impact noise®* $SSOLHG $FRXVWLFV 9RO SS

KWWS ZZZ QRLVHVRIPMHMURR IPNRP SKS OBIQMBE XSOMHQR
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35,/2=,

7HKQLPND GRNXPHIQWDFDRRRI EURGD
*UDILPNL SULND] WHIXOWDIWRGSMROMMNHY RG LQWHUHVD

&' 5 GLVF
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