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=DKYDOH

3ULMH VYHJD DE®DWRRPH PHQWBUXF SORGUDQX &DQLIX
VWLPXODWLYRERPQRP G@XXXNOXDQRP ]QDQMX WH YHOLNRM SR
SRWUHEQPRPDGH L BMVORNWRUVNH GLVHUWDFLMH +YDOD
LVWUD&LYDpPNRP UDGX 4WR MH RG YHOLNH YD&QRVWL ]D PO

7DNRYHU VH AHOKP pPODOVRILWLIRYMHUHQVWYD NRML VX
SULMHGOR]LPD GRGDWQR XWMHFDOL QD SURYHGHQD LVWL
QMHJRYX NYDOLWHWX

+YDOD NROHJDPHURRFLBY $GG WIFiX0DUXR UIRENEWDQLVO
LWDURNLWE 3HUL SUSPHUXJ ODUQRR §&WUKHHRE RSRPRML L
UDGQRM DDMARVIGMLIPMHUQRM SULMDWHOMVNRM SRGUAFL |
SRVWDR 3DDPR®P ]D EURGRJUDGQMXHO SRR KD VIN XQFW HEKIGRLMC
XJRGQLP L YHVHOLP WUHQXFLPD X GRVDGDAQMHP [DMHGQL

. VNUHQR VH ]DKYDOMXMHP L VYLP RVWDOLP NROHJIDPD
4LUH NRML VX X ]QDpDMQRM PMHUL GRSULQLMHOLDVWYDUD

, QD NUDMX OQDMYHGX MXSUDX] R RAHD MIXP X MY RAXR M
QDM]DVOX&QLML GD RYD GLVHUWDFLMD XRSiUH SRVWRML 9
X QMRM QDSLVDQR DOL GD QLMH ELOR QM LKWRLYHNEMPXY M
QHL]PMHUQH YMHRWDXCGRLR/M XWBHMIHNKD QLNDGD QH EL QL ELOI

$XWRU
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Predgovor

8 QRYLMH MK DMVRIEEBMIDWMDQ UDVW SULPMHQI RERWLRAD]DF |
S UR M H NWRIQUDNBKIR DMV M XX YQDHW R FBRMHP UDpXQDPMD DOL
EURGRJUDYVHYQH LQGXVWULMHLNWNMDASY DPM HIERERE YRR § Wi
VLQWHRGIVW WEHNOALRDLIXUDWL VYRM RSVWBQRGRQUDYHRORI
WUALAWX %URGRYODVQLN QDMpHAaAUH aAWOW 3 R/MHD Q. RRGRH
SUHYR]JLWL YLAH WHUHWD ]D NR ML WH GUOWCEVDY KRB H Q QNDUURA N
WIWRFLHWDO? MRHQ EWWDRQ®WD MH EURG aWR MH PRJXUH VL.
YUHPHQVNLP QHSRJRGDPD ]D YUIMHRARHDNNNORDIGIORY QO R B @B
YLGOMLYR MMHGED L\PH/ B@itEN)ske optimizacie koja @ iznail projekte koje
karakterizira ##0 veild razina sigurnosti uzZio manju masu.6 R]JLURP GOQ NHDM D
RGUH Yy IPYDD/MHMMR Q VW U X N FQLR iV HEGIR BRMLEHYOD @R P GH VH QDJOD
QDQDOLPXUSRXWIDQRVWL

SRX]GDQRVW MH VYRMVWYR NRQVWUXNFLMH GD X SU|
IXQNFLMX VDpXYDYaL SUL WRPH VYRMD HNVSORDWDFLMVN
SRIGDQRVWL NRQVWUXNFLMD UDFLRQDOQR UD]JPDWUD Ql
SURMHNWLUDQMD NRQVWUXNFLMD WH QDVWRML SRVWLUOL
NRQVWUXNFLMX 2GUHYLY D QjbtiHo td\KfdfinifiRpddbupa hferéda teoR@ W H U H Q
pouzdanostiAko je poznata vjerojatnostid ieénja iz nje se direktno m# odrediti sigurnost.

Metode pouzdanosti koje se danas koriste zahtijevaju velik broj evaluacija, a samim
time i dulje raunalno vriieme te ih je gotovo nemo@u koristiti u UHDOLVWLpPQR
Y LaHNUL WoptithizadighoR Forocesu kad imamo velik broj projektnih i [@jaih
varijabli. Stoga se nanie potreba za razvojem novih, manje zahtjevnih metoda za analizu
vjerojatnosti dde @nja koje i@ s dovoljnom tgmoé&ui zahttiMHYDWL JQDpPpDMQR PD(
evaluacija, a samim time i manjefmaalno vrijeme W H U &kvaldnBgudii vi &kriterijsku

optimizaciju.

.DUOR 3LULUO GLSO LQJ EURGRJUDGQMH
=DJUHE VUSDQM

'RNWRUVNL UD 9,
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6DaAaHWDN

THRULMD SRX]GDQRVWL NRQWDURNELWVYNDHVQRVRQDNORRKH
SULOLNRP VWUXNWXUQH DQDOL]JH L SURMHNWLUDQMD NRQ
NRMH SUHWSRVWDYOMDMX GD VX VYL SDUDPHWUL NRML X
GHWHUPLQLVWLpPpNH MHOMLHE UGN D MR Y DREMVHIHQMD MHGC
LQWHUHVD WHRBDWHR SGRKPCGDODRQPPODWIWUDQMLPD RYRJ UDGD GIL
LVWUDALYDQMD L NUDWDN RSLV W WBHRXX @/ERRNIALDILAVNHH B H W P
RPRIXUDPPIMPLWX WRPpQRVW SURFMHQH YMHURMDWQRVWL
UDPpXQDOQR YULMHPHH G CRRERHIHR G D ®X))0]G IDMIRNdhosu na
trenutamo koridene metode, IDKWLNAIDIDDMQR PDQMH UDpPXQDOQR
]IDGRYBNMBDFQRVW OHWRGD VH WHPHOML QD RGUHYyLYDQM
IXQNFLMH SHUNBUWD QUHY MHUR M D WRGGRNHIEMRMQL R (IH@QWIHD) B RE B
SRGUXpMX RG PLQXV EHVNRQDpPQR GR QXOD 2GUHRVWDRQMH
VH RGYLMD X GYD JODYQD NRUDNDVDSWE YV WR B NLHPHREXBI R RKLM X
RYRP UDGX PRBHWRGHUDWADQMHQMD UXURRQNRRI@PINAER®RVH L]Q
RGJRYDUDMXuL REOLN IXQNFLMH JXVWRUH. pYNWHPRMBQYWR"
LIUDpXQDWH X SUY RPISNRWDSRBMDNABMN) NDBRKRMW R UH Y MAHRARM D W Q |
SULND]DWL NDR QRUPDOL]JLUDQL XPQRADN GYLMX8QRUPDC
RYRP UDIGXHABQDOLWLPpNL L]UDS$WU RRORKEI BN NDVQIVDHN LK P RF
WDNR SUHWSRVWDYOMHQH IXRNEYWH 01X WW RLIK Y] MHGE IRINL Q W!
VXVWDY MHGQDGAEL L] NRMHJ VH RGUHYyXMX pHWLUL QHS

JXVWRiUH YMADRREBVUGCRWWIID]L ]D R GRHN HYZWOOIMIGPRFRWMW L
YMHURMDWQRVWID REWRHGIHIQMIY DQMH S U R MWGMIQHAN MFR/HNH
SRX]GRQRMWRGDH Y INFOULOHMO-D FLMH L]PHV X3 REGO R B MRRIBIH (i H Q M
DQDOL]X SR X]GDOHPHEIW KIHDDR PXQDOQL SURNUYDPH)LSIBILI(L WD
YDOLGLUDQD QD QL]X SULPMHUD SUHX]JHWLK L] UHOHYDQW
SULPMHQH SUHBORAHQH PHWRG

'RNWRUVNL UD 9,,
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.OMXpPpQH ULMHpL

THRUBRR]GDQRVWL YMHUR MO NFEERNDIVR URPAPMIMIRHGIM DV PD Q M H C
GLPHQ]JLRQDOQRVWL | X QW BIRWDIWLLIWW WHRNILIH  PRWHHWRAMLD R N R
VHQ]JLWLYQRVW YMHURMDWQRVWL R&EWHIHQMD SURMHNWQI

'RNWRUVNL UD 9,,,
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Summary

BWUXFWXUDO UHOLDELOLW)\ Q¥VKHRRWD L GIFN HEQUDMEEM FR Q \
DQDO\VLV RQ G/ IGLHV ¥V WX FWR QWHMINVE WWR.RQDO PHWKRGV ZKL
DOO SDUDPHWHUKRMWUKFFVWODO URDEGQDWK OBWHUPLQLVY
'"HWHUPLQDW LLRRE RE LW KOW\USR | LMD IR © R WL J @ KIHR ¥ B ERAW X H
UHOLDELOLMMKW® HRKN LQWURGXFWRU\ SDUW RI WKLV ZRU
VFLHQWLILF UWWHDUBKEZIFRQVLGHUHG WRSLFWKBULHYHQ
GHVFULSWLRRAURDWQMO\ XWLOL]HG UHOLDELOLW\ DQDO\V
PHWKRGV DUH FKDUDFWHUL]HG E\ D GLIIHUHQW DFFXUDF\
DVVHVVPHQW DQG E\ YDULRXV FRPSXWDWLRQDO WRPHIUD
HIILFLHQWELOLW\ DQDO\WLV PHWKRG LVLJISURISRNG\SO\ZOIF
FRPSXWDWLRQDO WLPHIUDPHV DRIEF X K BMKHGW R YZIOMK/ WK VIS K
H[LVWLQJ UHOLDELOLW\ DQDO\VLV PHWKRGV 3URSRVHG F
SHUIRUPDQFH IXQFWLRQYV SURE DGO RE D BLHOQWALWR | | XIDFMXLL
GHWHUPL@MGVEBIYUDWLRQ ZLWKLQ WKH UDQJH RI PLQXV LQIl
FRQVLGHUHG SUREDELOLW\ GHQVLW\ IQQFWH KD L MWK RAUK
VWHWWDWLVWLFDO PRPHQWY DUH GHWHUPLQHG E\ XWLOL]
GLPHQVLRQ UHGXFWLR\X R HHKRESMRSISLDYH IRUP RI WKH
GHQVLW)\ IXQFWILKRG K W DNRW\LKWVFWOW PRPHQWY FDOFXODWH
W LV DVVXPHG WKHUHE\ WKDW SUHRED BNV R UPHO\L]MWG ISXOR
RI WZR RPRD@ WV WH L E X W L$FEHG LNQ QBRI WKH VFRSH RI \
DQDO\W LHFD\WLIFRQS G HWHURRLRDBMLVR@D U\ VW IRW LW WH. FID\DV R RHP G
SUREDELOLW\ GHQVLW)\ IXQFWLRQ DUH GHULYHG 7KRVH H]
VIVWHP Rl HTXDWLRQV ZKRWYHKK@RQRIQ RD WHFSHMMHQ W W
SURELOLW\ GHQVLW\ IXQFWLRQ )XUWKHUPRUH H[SUHVVLR
IDLOXUH VHQVLWLYLW\ GHVLJQ SRLQW DQG PRGDO FRUL
3URSRVHG SUREDELOLW\ DQDO\VLV PHWKRG LVSXWSOHPH
SURJDRB LW LV YHULILHG DQG YDOLGDWHG RQ D QXPEHU R
9DULRXV H[DPSOHV RI DSSOLFDWLRQ RI WKH SURSRVHG PH\

'RNWRUVNL UD
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Key words

SHOLDWIKMHIRBMWREDELOLWHRIRIDRORWHR® GLPHQVLRQ UHGXF

SUREDELOLW\ GHQVLW\ IXQFWLRQ UDZ VWDWLVWLFDO PRP
SRLQW VA\VWHP UHOLDELOLW\
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Popis oznaka

2]QDND

1.s
In

lyve

2SLV

'RQMH WURNXWDVWD PDWULFD-SBRRAXMEQR
ODWULFD NRYDULMDQEH VOXpDMQLK YDULD
.RHILFLMHQW YDULMDFLMH VOXpDMQH YDU
2SHUDWRU RpHNLYDQMD

)XQNFLMD JXVWRiUH YMHURMDWQRVWL IXQI
)XQNFLMD JXVWRiUH YMHURMDWQRVWL VOX
=GUX&HQD IXYREHMDMHURMDWQRVWL VYLK
)DNWRU NRML FNHIG VIWBKOMDNRRIHODFLMV |
WUDQVIRUPDFLMD

. XPXODWLY QUDI)CQMTBHMMQH YDULMDEOH
)XQNFLMD SHUIRUPDQVH
$SURNVLPLUDQDRIWRDNPALM D SHU

) X Q NOFUAVD R & N DQ® VPN ®© K O DIW Q X @HN 6 INFREVHR
GHILQLUDKIXQNFLMD

2]QDNMW]DLQWHJUDO

WL VWDWLVWLPNL PRPH®W RNR LVKRGLA&W
WL VWDWLVRNRNL/RREBHBWD IXQNFLMH

WL VWDWLVWLPNL PRPHQW RNR VUHGQMH
WL VWDWLVWLPNL PRPHQW RNR LVKRGL&W
8NXSDQ EURM VOXpDMQLK YDULMDEOL
%URM LQWHJUDFLMVNLK WRpDND

%URM NULWHULMDX @EPLMD K& WIRUHPOWMN H
8NXSDQ EURM VWDWLVWLPNLK PRPHQDWD
IXQNFLMD

.YDQWLWDWLYQD PMHUD YMHURMDWQRVWL
9MHURMDW Q RS/RAK JFEEDNHRIMAD MBR P SRQH QW H
9MHURMDWQRVW RAWHUHQMD SDUDOHOQR.
9MHUFRWIMWWRAWHIHQMD VHULMVNRJ VXVWD"
yODQ IRUBRPXQMOWHIUDOD PHWRGRP SDUF

'RNWRUVNL UD
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Wwm

6NXS UHDOQLK EURMHYD

yODQ IRUBRPXQMAOWHIUDOD PHWRGRP SDUF
9HNWRU UHDOL]D MIVMDOIMRAPW RIQPX. K YD UL
2]QDND VOXpDMRIURDWIRWIXEOH X

9HNWRU VOXpDMBURWDRWUKIDEOL X
3URMHNW QB URR/MNRDU X

*DX-WHUPLWHRYD LQWHJUDFLMVND WRpND
*DXWHUPLWHRYD LQWHJUDFLMVND WREBNR E
7HALQVNL |DNMURRLWHRMWH LQWHJIJUDFLMVNH
7HALQVNL |IDNVHR®LWHRMWH LQWHJIUDFLMYV
QRUPDOQXLRE X

5SHDOL]DFLMD VOXpDMQH YDULMDEOH
9HNWRU UHDOL]DFLNMDSURMDRIDLK YDULMD
2]QDNO X DM BXS URVWR U X

9HNWRU VOXpDMOURWDRIWXI DEOL

9HNWRU UHDOL]DFLMB SURMIWRIOLK YDULMD
2]QDND VOXpDMQEHIRD WRWXEOH X

9HNWRU VOXpDMOURWDRWKIDEOL X
3DUDPHW G YRBHJRMDWQRVWH;, VOXpDMQH YI
J QGHNV SRX]GDQRVWL
.RUHODFLMWRMFRIJREOLND RAWHUIHQMD IX
3DUDPHW OB YREHHJRMDWQRVWL VOXpDMQH YI
6WDQGD UG QUWDQRIURPEHID Q D

6 W D Q GORIGRIDE O PO DWQNEDNIGLRE

6UGIQMD Y UIP\RHERUFRQR QURDAPVDIONRHX O D WKLOMG
UD]GINREMRP VH GHILQLUD IXQNFLMD
BUHGQMD YRRORWRABRWORGBDMEQH NXRRE
UD]GINREMRP VH GHILQLUD IXQNFLMD
BUHGQMD RpHNLYDQDDH YDMHGRQRYM VOXp
BUHGQMD RpPHNLYDQD* YULMHGQRVW IXQN
9HNWRU VUHGQMLK RPHNLYDQLK YULMHG!
.RUHODFLMVNL N RW HAMEH. N I©Q WD MBS VW IR €
ODWULFD NRUHODFLM YV NV & X\bPIQ EKMDEIAW

'RNWRUVNL UD
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.RUHODFLMVNL N RW HMH. N 18 Q WD IM O-+HSiKR W WIR L
ODWULFD NRUHODFLMVNLK NRHILF LWSHRDAW
6WDQGDUGQD GHYLMD F IQNRL PIOROFH R @RE D
UD]GINREBM-RP VH GHILQLUD IXQNFLMD
6WDQGDUGQD GHYLMDFLQPUPRQA W RXPQXE
UD]GINREM-RP VH GHILQLUD IXQNFLMD
6WDQGDUGQD GHYLMDFLMD VOXpDMQH YDL
IDULMDQFD VOXpDMQH YDULMDEOH
.RYDULBDOW® VOXpDMOQKK YDULMDEOL
2]QDND GRJDyDMD

6NXS GRJDyDMD

3RGUXPMH RAWHUIHQMD QH]DGRYROMHQMD

'RNWRUVNL UD
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Popis slika

60LND7HPHOMQL SUREOHP DQDOL]H SRX]GDQRVWL

60OLND*HQHULUDQMH YHNWRUTS VRXWRMRLK YDULMD

EOL X

6OLND3ULND] LQGHNVD SRX]GDQRVWL

60LND'LMDJUDP WRND )250 PHWRGH

60OLND)XQNFLMD JXVWRUH YMHURMDWQRVWL VOXpD

MQH YD!I

60OLND . XPXODWLYQD IXQNFLMD UD]]JGLREH VOXpDMQ

H YDULM

6OLND'LMDJUDP WRND SUHGORaHQH PHWRGH ]D DQI

DOL]X SF

60OLND+LVWRJUDP UHODWLYQLK IUHNYHQFLMD

60OLND*UDILpPpNL SULND] YMHURMDWQRVWL RAWHUHQ

M D

6OLND3WD] LQWHJUDF DAWMWUNRMWVNVKERRKDIDDVO XpDM V GY

L. MH VO X

6OLND3ULND] WUDQ VIR U PPBPFULRMMHNWSRIURBERNHRWD L |

60OLND*HQHULUDQMH RSUHQLWH IXQNFLMH JXVWRUH

YMHUR

60OLND3ULND] UD]OLpLWLK JUXSD VLVWHPD

60OLND6LVWHPVND SRX]GDQRVW

6OLND*UDILpPNL SULND] SRGEGBXRVMW R@E@ MW HD H/GND MKV N LI

VXVWD

BOLND*UDILPNL SULND] SREBXNRM W R@W HD FS@WD XH O

DL VXVW

60OLND'LMDJUDP WRND UDpXQDOQRJ SURJUDPD )$67

5(/

60OND OHKDQL]DP SODVWLPQRJ NRODSVD RNYLUD

60OLND)*9 IXQNFLMH SHUIRUPDQVH ]D 3ULPMHU

6OLND)*9 IXQNFLMHID GV IIMUPULPMHU

60OLND)*9 IXQNFLMH SHUIRUPDQVH ]D 3ULPMHU

6OLND)XQNFLMD SHUMBRIRPDNRUWHXXD SULPMHU

60OLND)*9 IXQNFLMH SHUIRUPDQVH ]D 3ULPMHU

60OLND)XQNFLMD SHUYBRIRPDNMR/WHXXID 3ULPMHU

60LND)*9 SUYH IXQNFLMH SHUIRUPDQVH ]D 3ULPMHU

J

60LND)*9 GUXJH IXQNFLMH SHUIRUPDQVH ]D 3ULPMH

iU

60OLND)*9 WUHUH IXQNFLMH SHUIRUPDQVH ]D 3ULPM

H U

60OLND)L]JLPNR RAWHUHQMH NRQVWUXNFLMH NRQWHN

NQHUVNI

60OLND)*9 IXQNFLMH SHUIRUPDQVH ]D 3ULPMHU

6OLND $QDOL]JLUDQL XNUHSOMHQL SDQHO ]D 3ULPMH

6OLND*UDILPWLND] SURFLMHQMHQLK YMHURMDWQRWV

WL RaW
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60LND1HGRPLQLUDQL SURMHNWL ]D 3ULPMHU

60LND'LPHQ]LMH JHRPHWULMD SRSUHpPQRJ SUHVMH

ND L ND

HOHPHQDWD NXWLMDVWRJ QRVDpD ]D 3ULPMH

1U

6OLND'LVNUHWQL VDVWDYQL HOHPHQWL NXWLMDVW

RJ QRVI

60LNDO +tAMGLMDJUDP ]D 3ULPMHU

60LND.RODSVQD VHNYHQFD NXWLMDVWRJ QRVDpD

SURJLE

60OLND3ULND] VOXpDMQLK YDULMDEOL NXWLMDVWRJ

QRVDpI

60LND)*9 IXQNFLMH SHUIRUPDQVH ]D 3ULPMHU

60OLND6HQ]LWLYQRVW YMHURMDWQRVWL R&AWHUHQM

D V RE]L

QRVDpPpD ]D 3ULPMHU

BOLNDG6HQJLWLYQRVWL REWRMDOMR V REJLURP QD Y

DULMDE

NXWLMDVWRJ QRVDpD ]D 3ULPMHU

60OLND6HQ]LWLYQRVW YMHURMDWQRVWL R&AWHUHQM

D V RE]L

NXWLMDVWRUIQRWHDWD ]D

60LND'LPHQ]JLMH JHRPHWULMD SRSUHpPQRJ SUHVMH

ND L ND

HOHPHQDWD NXWLMDVWRJ QRVDpD ]D 3ULPMH

1U

6OLNDODWHULMDOQH NDUDNWHULVWLNH NRQVWUXN

FLMVNL

SULPMHU

6OLND3URMHNWQH YDULMDEOH NXWLMDVWRJ QRVD

hD ]D 3U

6OLNDS'"HWHUPLQLVWLpPpND?® 3SDUHWR IURQWD SUYRJ

SULVWX

60LND*9OMHURMDWQRVQR?® ILOWUL U RWRDNDG 8WHRIIP 5Q

LV W K [SNDL

SULPMHU

60OLND*9OMHURMDWQRVQD?3® 3SDUHWR IURQWD GUXJRJ

SULVWX
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Popistablica

7TDEOLFD6WDWLVWLPpNH NDUDNWHULVWLNH VOXpDMQ

LK YDUL

7TDEOLFDDXVWWHUPLWHRYH LQWHJUDFLMMNH WRpPpNH L

WH&LQ\

7TDEOLFDDUDNWHULVWLNH VOXpDMQLK YDULMDEOL

D 3ULPN

7TDEOLFDEWDWLVWLPNL PR;PHGWIU DXERNALMHX GN E P M H

U

7TDEOLFDBVSRUHGED UH]XOWDWD ]D 3ULPMHU

7TDEOLFD.DUDNWHULVWLNH VOXpDMQLK YDULMDEOL

D 3ULPN

7TDEOLFDEWDWLVWLPNL PR;PHGWIU DXRNALMHX GN E P M H

U

7TDEOLFDBVSRUHGED UH]XOWDWD |]D 3ULPMHU

7TDEOLFD.DUDNWHULVWLNH VOXpDMQLK YDULMDEOL

D 3ULPN

7TDEOLFDEWDWLVWLpPNL PRPHGWU DXPGNALMHX GN E P M H

U

7TDEOLFDBVSRUHGED UH]XOWDWD |]D 3ULPMHU

7TDEOLFDDUDNWHULVWLNH VOXpDMQLK YDULMDEOL

D 3ULPN

7TDEOLFDEWDWLVWLpPpNL PRPHGWU DXPENALMHX GN E P M H

U

7TDEOLFDBVSRUHGED WRBXGWBWD ]

7TDEOLFDDUDNWHULVWLNH VOXpDMQLK YDULMDEOL

D 3ULPN

7TDEOLFDEWDWLVWLPNL PRP HQWUWDI XKW BIL M N Q NBRULLMPHA |

Y

7TDEOLFDBVSRUHGED UH]XOWDWD ]D SUYX IXQNFLMX

SHUIRU]I

7TDEOLFDEWDWLVWLpPpNL PRPHQSWLUIDXRHNF U M H X Q3AALAWHH U

7TDEOLFDBVSRUHGED UH]XOWDWD |]D GUXJX IXQNFLM)

K SHUIR

7TDEOLFDEWDWLVWLPNL PRP HQSVLUIDXFRHNWE U M H 0 QNALRVMWHA U

7TDEOLFDBVSRUHGED UH]XOWDWD ]|D WUHMHIXQNFLM

X SHUIR

TDEOLFDBVSRUHGED PDWULFD NRUHODFLMVNLK NRH

ILFLMHGQ

SULPMHU

TDEOLFDBVSREMHMGURFLMHQMHQLK YMHURMDWQRVWL

RaAWHUuUF

7TDEOLFDDUDNWHULVWLNH VOXpDMQLK YDULMDEOL

D 3ULPN

7TDEOLFDEWDWLVWLPNL PR;PHGWIU DX NALMHX N E P M H

U

7TDEOLFDBVSRUHGED UH]XOWDWD ]D 3ULPMHU

7TDEOLFDSURMHNWRDURRWRD L VHQJLWLYQRVW YMH

URMDW Q

SRMHGLQX VOXpDMQX YDULMDEOX ]D 3ULPM

HU

7TDEOLFDULWHULML L]YWNDHOHP HQ WH] ANGIIHSOMHQR

J SDQHC

7TDEOLFDDUDNWHULVWLNH VOXpDMQLK YDULMDEOL

D 3ULPN
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TDEOLFD3IOBIQQVSHULPHQDWD RUWRJRQDOQR SROMH

/ 1D 3

7TDEOLFDBVSRUHGED YMHURMDWQRVWL R&EWHUIHQMD

VXVWDY

7TEOLFD .DUDNWHULVWLNH VOXpDMQLK YDULMDEOL

D 3ULPN

7TDEOLFDEWDWLVWLpPpNL PR,PHGWU DXPGNALMHX GN E PN H

U

7TDEOLFDBVSRUHGED UH]XOWDWD ]D 3ULPMHU

7TDEOLFDQLFLMDOQH PLQLPDOQH L PDNVLPDOQH YU

ILMHGQF

SURMHNWQH YDDEVMMEQRPXDROBMRURMWP X ]D 3U

JLPMHU

7TDEOLFDBNXSQD SRYUALQD SRSUHpPQRJ SUHVMHND

Y

Yy HUWLN |

JUDQLPOD OQRVLYRVW VDVWDYQLK HOHPHQD

WD NXW

7TDEOLFD2JUDQLpHQMD RBEWMWDLYWBRF IONRKN INXDNV]D 3ULPM

AU

7TDEOLFD&LOMHYL RSWLPL]DFLMH NXWLMDVWRJ QRV

DpD 1D 3

7TDEOLFD.DUDNWHOUXNVIMMQAHKVYDULMDEOL ]D 3ULPMHU

7TDEOLFDBRGUXpMH SURMHNWQLK YDULMDEOL L DWU

LEXWD C

SYMHURMDWQRVQLK® 3BDUHWR IURQWL ]D 3U

L PMHU

7TDEOLFDXQNFLMH JXVWRUH YMHURMDWQRVWL L NX

PXODWL®

TDEOLFDOUHGQMD YULMHGQRVW L VWIMDIG 5D GOQ®OHEGHD

YOLIM D B .G

7TDEOLFD3SDUDPHWUL UD]J]GLREH NDR IXQNFLMD VUHG

OMH YUL

7TDEOLFDODUJLQDOQH WUDQVIRUPDFLMH

7TDEOLFDSD]JGLREH SUYH NDWHJRULMH

7TDEOLFD5D]J]GLREH GUXJH NDWHJRULMH

7TDEOLFD NDG, MRUPDOQR GLMMWUSEXHUWNDWHDRULMH

UD]GLRE

7TDEOLFD.RHILFLMHQWL X] SDUDPHMWKH HN ®RM Q HPRUDKREN, M |

RAPLEULM) D |

QRUPDOQR GLMMMUGEXIKHDNDOIWEHIRULMH UD]G

LRED

7TDEOLFD.RHILFLMHQWL X] SDUDPHWUH OLQHPDNDG; A

RPELQDEF

;mL] ¥ NDWHJRULMH UD]GLRED

7TDEOLFD.RHILFLMHQWL X] SDUDPHWUH OLQHPNDG M

RPELQDTF

SUYHILD GUXJH NDWHJRULMH UD]JGLRED

7TDEOLFD.RHILFLMHQWL X] SDUDPHWUH OLQHPNDQG; Y

RPELQDF

;] GUXJH NDWHJRULMH UD]JGLRED

'RNWRUVNL UD
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PopissNUDUHQLFD

)$675(/
) (0

)*9
)250
,$&6
0$,%
02362
09)260
3&$
6250

)DVW 5HOUDEXQDWQL SURJUDP

J)LQLWH HOHPHQW PHWKRG

)XQNFLMD JXVWRUH YMHURMDWQRVWL
JLUVW 2UGHU 5HOLDELOLW\ OHWKRG
 QWHUQDWLRQDO $VVRFLDWLRQ RI &0ODVVL
ODULQH $FFLGHQW ,B&YHVWLJIJDWLRQ %UDQTF
OXOREMHFWLYH 3DUWLFOH 6ZDUP 2SWLPL]D
OHDQ 9DOXH )LUVW 2UGHU 6HFRQG ORPHQW
3URJUHV DLI$QOROOV L V

6HFRQG 2UGHU 5HOLDELOLW\ OHWKRG
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1 Uvod

1.1 2EUD]OR&HQMH pr@bjea WhotDaRiR 2a
LVWUDALYDQMH

2SWLPLNRQWMW U X NsE hajefieprtdwa@ B ciljiem smanjenjgenemase uza
zadovoljenje propisanih kriterija jer se smatra da je konstrukcija dovoljno sigurna ako su
zadovoljeni svi kriteriji propisani pravilima Kklasifikacijskog diva prema kojem se
projekira i gradi brod. OHYy XWLWPLWMULML SURSLVDQL SUDYLOLPD N
SUHWSRVWDYOMDMX GD VX VYL SDUDPHWUL GLPHQ]LMH L I
NRQVWUXNFLMH EURGD NDR L RSWHUHUHQHML pIRMD G WIH @)%
VH VYHYQHWIRRIMLX X RE]JLU SUHNRLVER WRADNRRIGWQ B D V
VLIXUQRP DWMHLHWR®RRFNL PDQMH LVSODWLYRP NRQVWUXN

6 GUXJH SDNHRW.WDQIIRXMGDQRYWHWS R @ W\DSYORUNDER. NBIDU V X
VOXpDMQHW MHDL pWARD IQEDREQRDWUD QHL]YMHVQRVWL NRMH
SURMHNWIUDRREWWUMXNFREB SRXPEHMRRVWHNLID DQDOL]X YMH
RAWHUHNRWIH VX UD]JYLMHQH X SURAD RR WIVWRHYMDDXWHIOMLN &
UDpXQDOQRWXUDRMNKBRW IRSB/MIMPLYBFLMMNRRP IJSNR BBNIGM HNULL ] L L
EURM SURMWONWIIMQMERORIIMIVWBROWUHED ]D UD]YRMHP QR
]DKWMHYQLKDOPBWR|GD RWILD WRDRNIHQMD NRMH GH V GRYROMQ
]QDpDMQR PDQML EURM HYDOXDFLMD D VDPLP WLPH L PDQWMN
EL RPRJIXINWLWMWMRIEMVNX\DFEB XD FLMOAMDMMHQMH PDVH L SR
VLIXUQRVWIQDNRMIURMHNWH NRMH NDUDNWHUL]JLUD awR Y|
PDVX

=D YHOLNX YHULQX DNWXDOCGMRMWLISRLY\W HEIRDBRYIGX & Q
PYUVR/RREVNRIRBUXMmLDPHQWDOQRJ L GRP UMW IXRIQIRNW L
NRQVWUXNFIWMH VERRPGDPOLYDAL]D SRXGDOAKRYMNELOLWY DQDO
RE]JLURK]QRAIUD XUPYUNKXWRRGVNRPREAMPEIWUDWL QDMSULNC
JOREDPMRPRP VLARYOQRRMWALP HNRQMMAU XNFLMH EURGD

'RNWRUVNL UL
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1RYR UDDQYPMWRLG@ISRIJRGQD ]D UD]QH SURMHNWQH SUR
YLAHNULWHULMDOQD SURMHNWQD PHWFEP]@RSV\LLMD—IWERI\EDJ]P
XPpLQNRYLW DOJRULWDP ]5QDQE8RX]E DRRXVEEIRQMGWLDU Y LAl
SURMHNWRHKFBH@RMXSQD XpLQNRYLWRVW SURAHGWRIH ]|BY H
DQDGR|GDQRVWL

7DNRYHU VH DQDOL]D VHQQUGIRY QIR\D\W LW N B/R) RIW S QD H K
NRULVRGUBERDMWEIRUPDFLMH R VWDELOQRVWLQ IROULP RIEKY QR
SRWUHEQRM UD]JLQL VRILVWLFLUDQRVWL SUL LJERUX L RGU
IDNOMXpDND Y>}EEF@ ¥@YBijlyD SURFHGXUD WDNRYHU ]DKWM
MHGQRVWDY Qi) PERMRGHD QR V WL

1.2 3UHJOHG GRVDGDaAQMLK LVWUDAaALYDQMD

Poznato je dafyrstoi@ materijala, dimenzije strukturnih éeHQDWD LWG ]1QDP
variraju u statistfxom smislu, dok primijenjeno opteéenje [esto sadé visok stupanj
neizvjesnosti. Zbog toga se uvode réitilfaktori sigurnosti/iskoristivosti koji u obzir uzimaju
neizvjesnosti te omogivaju konzervativhu prgenu parametaraf@o u kongmici rezultira
NRQVWUXNFLMR® nja@d pdpdtrébRe (ROhBtruirane prema Kriteriju grajme
nosivosti) te je stoga i ekonomski manje isplativa.

,] VYHJD JRUH QDYHGHQRJ MDYLOD VH SRWVUIHEDQ MD U
NRQVWUXNFLMD X NRMHP VHOXD DYiDRYHH\M D E @HD N D WOMNDWIEKU N PLR.
JIXVWRUHDWQRNDEM SUREDELOLW)\ GIIR@DLW | QIXIQIFYWLRPIOHG Q|
YULMHGQRVWL WH $DBLVIBE®RHO MPLWBUIBEOBRXPEHAGY RV WL
RGUHYLYDOQWHHG QRWGWPHQ]JLRQDOQRJ LQWHJUDOD NRMHPX
JGUXAHQD IXQNFLMD JX\QW R WMHR LYQOMA SRR B WY B)IRVIWILK O/HDQX\Y DWI\Q
YDUL MDEQWMIDUDEXKYDUD SRGUXpMH JGMH M@JI X@QINFAIW D/ WL
IXQFWRBQMD LOL MHGQDND QXOL 5MH&AHQMH WRJIHIQQWHJUD
SUREDELOLW\ RI IDLOXUH
6OLNDSULND]XMH ]GRDM¥XHQIXVIWANH Y MHUR GDRNMHRYDV & X W
SORKD GYLMX VOXpDMQXKKRQNDWOXMDEDQLPQRJI VWDQMD FU
]JGUXAaHQH IXQNFLMH JXVRWRIMH WOOHEHRMMDOWARANDUEL R [GUXaHC
IXQNFLMHYMHIWVIWNRRMHW QRVWL NRML VH QDOD]ARXO SRIGQ XY R R
JHQH SORKH SUHGVWDROMPH®RXVEREGR HBWWHD YSIOMRIK HY NEHJWBIR |

RAWH GRNBH XNXSMHGLRAYPHQY ULMHGQRV WL

'RNWRUVNL UL
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Slika 1.1 Temeljni problem analize pouzdanosti

2YLVQR R VORSOMEDWOLIH L GRVWXSQRVWL XOD]QLK
UDVSRODJDQMX QHNROLNR PRJXUQRVWL ]D RGUHGLWL YMH
YLAHGLPHQIQR®DOR®D LVLPXODFLMVNLP PHWRGDPD LOL DQ

'LUHNWQD LQWHJUDELMD VH WHPHOML QD LQWHJUDFLML
VOXPpDMQLK YDULM D BOLD NFOWHYRI® MR O XpROWHUHIHQMD N
QDM]DXVMNBIRYOHGX SRWUHEQLK XOD]QLK SRGDWDND OHVyX
SRGDWNH HYDOXDFLMD YLAHGLPHQJLRQDOQRJ LQWHJIUD«
NRQVWUXNFLMH MH YHRPD |BKWMWUR®RSDQMHYRY D HEH\Y R G
PDOURE! YDULMDEOL ]D NRMH MH SR]QDWD JGUX&HQD IXQNFI

'RNWRUVNL UL



$QODODBX]GDIRNVRQFHSWXDOQRP SURMHNWLUDQMX 1|

1IDMSR]QDWLMD VLPXODFLMVND PHIQWRRGW M H P H /R GBI W R
NRMX VX SUYL SXW SUHGVWDYLOL 1HZPDQQ L 80DP
VDGUMP WD XpDMQH YDULMDEOH RSLVDNOXP %R PQWDLW R P O K BN
UD]GERBHRULVWHUL JHQHUDWRU VO XpINK@XIO EW RV DXIQN
UD]GIVRBHNH SRMHGLQH VOXpDM@GR EYLEXDLAL MBOWO X piM Q LK DY B
VYDNX NRPEGQHBBLMXXNQNMHEL®RMWQRI VWDQMD RSLVDQL SR
MHGQX VLPXODFLMX 7DM SRVWXSDN VH SR@®OBUGMBRML] S X
RPMHU L]PHyX EDRNFPOMWLYXODIFOM QHIJDWLYQH YULMHGQRV\
XNXSQRJ EURMBOXDPPXMLFEMRMHYL VH PRJX JHQHULUDWL Q
EURMHYL NRML VH NRULVW H @MHLRENHH B UB DN \RMROSKRIISBOH A L
JHOBWRURP SVHXGR \30XVO[MH®@ KD@[@MH@D&X VWDELODQ
SVHXGR VOXpDMQLK EURMHYD NRML JHQHULUDMX VOXpDMQ
BOLNDPSULND]XMH JHQHULUDQMH Y BISW R VWY RWUXX INIRMIQ V/ KV HY il
SVHXGR VOXpDMDLKHERBMHYPQWH &DUOR YHRPD MH YD&Q
VLPXODFLMD &aWR MH YHiUL EURM VIPRHOXBVLAV DHYIHQ B HVH S\R
UDPpXQDOQR YU[MBMHSOHGORKEUR MHLPXX RINKBRIMDRYLP XODFL

Slkal2 *HQHULUDQMH Y HNaNRU-Prost@X pDMQLK YDU

6 RILURP GD PHWRGD ORQWH &DUOR ]JDKWMHYD YHOLNL
RaAWHUHQMD YUOR PDOD L]YHGHQR MH PQRJR YDULMDQWI

HILNDVQRVW SUCRFWIHKAH. MD RG QM LOKMMRHE ] H R/AR GID X TIRDUNDRWY!
UMHAHQWPISRUWDQFH VDPSOLQJ
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2YD PHWRGD XYRGL QRYX IXQNFLMX NRM@P WH WQDWQFRI
VLPXODFLMVNRQLJUR¥FWRD D SUHGOQQHHm@@GmL@@D«QNFLM
SURYHOL XVSRUHGEX UD]OLNREILKURFAWRG DQ B PRDUWNRRADAD MV
]JDNOMXpLOL GD QHPD QDMEROMH PHWRGH NRMD VH PRA&H S
VXRE XV GRWHY X QHNHVHI RNGIBVPQAUGIM RYLVL R YUVWL SUREOHP
VSR]QDMDPD R SUREOHPX BDRRO QB IMDMRHR MIMHNDRVMGH YHOL |
HYDOXDFLMD SD VH QDMpH&aUH NRAHW WED) DOYEPK IGID R B FMWX

=ERJ SRWHA&aNR DY DSUMX RGMHYRMDWQRVWL RAWHUIHQMD
LQWHJUDFLMVNH PHWRGH WH QXPHULpPpNLK PHWRGD UD]YL
PDQMH WRpPpQRVWL DOL ]JDKWLMHYDMX ]QDpDMQR PDQML EU
VWDQMDpNSQPHWREGEH XPMHVWR YMHURMDWQRVVEIHRAWHIUHC
UHOLDELOVWI\HIW;NSLI—H@S HONRMLP VH GHILQLUD VLUXID KWW NR
SUHGVWDYLRQGRNYHORX]GDQRVWL MH X GLUHNWQRM YH]L
RGUHYHQLP XYMHWLPD DNR MH RGUHYHQ]DQ®/NDVYIRXN]BMQ
RAWHUHQMD

1D SULPMHVO BDINERM@DKM D E O HHQH [DOH. § QUEDGHR LDEOH V
QRUPDOQR GLVWULEXLUDQH WH MH IXQNFLMD JUDQLpPpQRJ
ELWL RGUHYHQD GLUHNWQR L] LQGHNVD SRX]GDmRBVYWEHR U
8N RO L NFO XXY BIQIHM D FYHH QB M ISVIQMED Q GYROFULDEOB®IVV X QRUPDO
GLVWULEXLUDQH SRWUHEQR MH QDSIWSBDWELRGHH@REHC
HNYLYDOHQWQH QH]DYLVQH QRUPDOQH YDULMDEOH SD \
YMHURMDWQRVW RRERVK(U NG M®D SADINRYW LU RGUHYHQH WUDQV
IXQNFLMX JUDQLpPpQRJ VWDQMD 5D]YLMHQR MH QHNROLNR
,]JYRUQRHNM BAE]GDQRVWRHWREGEBIA HRQ OBDQ 9DOXH )LUVW
6HFRQG ORVPROMMIYHDUL]LUD IXQNFLMX JUDQVPEBD DD OQ K O HX
LPDMX VUHGQMX YULMHGQRVW L UD]PDWUD VDPR SUYL p
7D\ORURY UHG WH NRULVWL VDPR GYD VAVDWDL MW L [PNDDU PLRP H
VUHGQMX YULMHG QR0OY2E0YPHWMGQFXPD WUL RVQRYQD QH(
IXQNFLMD JUDQLpQR D \VOND® D D LB OLMNMH DXQMFL 8 H RYHDEH QD |
WRpPpFL JGWMHPIMMPBHEOH LPDMX VUH/®QMWRDYXMKHGQRIVAM b
7D\ORURYRPRAMHGYH SRMDYLWL JUHAND XGDOMDYDMXiUL VH
MH QD UD]J]OLpLWH HNYLYDOHQWQH IRUPXODFLMH LVWRJ SU
IRUPBFLML IXQNFLMH JUDQLpPQRJ VWDQMIXQN REMWRNB M X |
YMHURMDWQRVWO XN DMBAHABREEO B LQH
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OHWRGX SRX]GDQRVWLHIQYYRYWRGG HR59H (ED@LPA W\ OH
SUYLUWHGSWDYLOL ANRWRAWX LLQMHEHQD SUYD GYD QHGRVYV
QDGRSXQX PBWRGH 5PFSIZLWR M R)R HWY XN M X p L& Q NRLIRU P C
JXVWRUH YMHUR MDHGY RKWE BNQHMNDHE CBHR 2QL VX UD]JYRM 1XC
VWDQMD X 7D\ORURY UHG XFONKH DM BIHK DR L RIIBWX WAYHHG Q
SRVWDYLOL X QHNX WRPKRIDQ D XSUHR WEKDRBGAKIH @ HWH i HQMD \
JUDQLPQWRDQMD L QMHQH GHULYDFLMH QH]DYLVQH R WRPH
VH SURFHGXURP SUYR VYH VOXpDMQH YDULM DEGDp DAWUDHD V
YDULMDEOH VUHGQMD YULMHGQRBWQW ®HYMMGADWD @ B\ QLF
NRMH SUL WRPH PRUDM X FERDWVIL \QQHH DWDLWIQMMD ED HE W UDQV IR U |
PRJX VWWRWL 5RVHQWODW W CORDIEBIiL NRUDN X )250 PH!
WUDQVIRMPNFLMB WUDQLPQRJI VWDQMD X VWDQGDUGQL Q
SRX]GDQRVWL GHILQLUD NDR QDMNUDi{UD XGDOMHQRVW RG
QRUPDGQRFRWGRUNXNP 2GUHYLYDQMMKGCODMMOQRMWNVL MH LWHUD\
BOLNPNRML VH QDMYHIQD-EHZRWR® ABWRGLAWR MH RGU!
SURMHNWEHOQIJWEHNDIPORSRLQWREDEOH WML OXRPNBRQD VE O RK L
NRMD MH QDMEOL&D LVKRGLAWX X VWDQGDUGQRP QRUPDO|
VH SRGUXpMH RAWHIHQMD DSURNVLPLUD SRGURIQH® D\PPOM F
X SURMHNWQRM WRpPFL WH MH DSURNVLPDGLMIN B WRIHOE
YMHURMDWQRVBDNY.QLYIBQ KLSHU

Slika 1.3 Prikaz indeksa pouzdanasti
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Slika 1.4 Dijagram toka FORM metode

OHWRGX SRX]GD QGIRE\DWE2BMIIBHARQG 2UGHU JHJ@DELOL
SUHGVWDYLOL VX )LHVVOHU HW DO GRN VX GDOMQM
DO WH +RKHQELFKOHU HW DO250D S®RKX ]DUDDRLPIONRX F
X SURMHNWQRM WRbS:[IlU[DSELRR@ KHLSHNRQDpPQLFL GREI
L]IQRV YMHURMDWQRVWL RAWHIHQMD 7R SRVHEQR GROD]L
LIUD]LOMR MU QD %UHLWXQJ 7YHGW> |@X WHHEBKDRALLO
UD]JOLpPpLWH QDpLQH SDUDERORLGQH DSURNVLPDFLMH IXQNF
SURFMHQX YMHURMDWQ®RUW L S®AW M#HH QDKDNV RBY {RI5MD MHU
HYDOXDFLMD

'RNWRUVNL UL



$QODODBX]GDIRNVRQFHSWXDOQRP SURMHNWLUDQMX 1|

,DNR MH )250 L GDQDV QDM p HZQ B GEPX| GAVQHRGDQF/MWYUK G B L]
GDOMMN SLHW X QK GRMSDLMH VYHIJD WRpPQRVW L SRWHENRUH N
SURMHRPWGIHLWHUDWLYQLP SRVWXSNRP NRML NRULVWL Gl
7DNRWHHY DV WM R RIQIWHSUHNX NRULAWHQMD PHWRGH X LWH
SURFHGXUDPD ED]JLUDQLP QD PHWRGDVPRE PIDVRIPPORVW.PNRQ K
UDpXQ@®DOULMBIRR VH X GDQDEQMH YULMHPH UD]YIHWIMX WD
PRPHQW P HWKRGSIRX]GDQRVXWHRRMHNGQRVWDYQH QHPD
SRYH]DQH V WUDAHQMHP SURMHNWQH WRpPNHDPXDDOQOMWL
GHULMDF QHPDMX SUREOHPD V[¥[@#H SUR MR G DK MR pX
SRX]GDQRVWL L RSWLPLY]B FPLHAXRNGRIQ R @/WHEGNM X Y MHURMD W Q
VWDWLVWLPNH PRPHQW i U R LPFEBVQUBIHQH R IXRIONGFE W $IN B PWHL R Q
PRJX RGUHGLWL FH®W®PBDOMLFWWYWDOWYPMMOWUXYNFD@HPR
SHUIRUPD WKW RMDWQRVW R EVOH WHD@NDD N INAR MYIM HALHR NGHW Q R V'
SHUIRUPDQVH PDQMDPIRGIH NEH &/Q DI IOXJ®@ QD NDR IXQNFLMD

> @3URQDODVNRP RGQRVD L]JPHYyX YMHURMDWQRVWL Rawt

RGUHGULMURMDWQRVW RAWHIHQMD D RRAEIHRPHGE Y\RO QY
SRWUHEQR MH NRULVWEW@5PRP B QWH@X|@H $ WHEDWDYLOL P
V P D Q MGHLPME | L R QHD@IBMIRPHMLY LRQ UH G XPR/G R 8 § BVABMIVRIEV W L p N |
PRPHQONRDLVKRGWEB® YWD W L VW XRING LPNRHP H @ WW RIXH) N FILEMUHR M I
SHUIRUPDQVH

.RULVWHUL QDYHGHQX PHWRGX ]QDpDMDRHVEHWRRQRMMDRQ\
]D RGUHYLYDRWHB FRERQYROMQR GREGRRVWRQDRER KK D Q/H
PHWRGRP ORQWHI HIDREOWMRQ DD L =[ED|@X ]D DQDOL]X SRX]GE
NRPELQLUDOL PHWRBHKQIVRRQ®BAMWL GY PHWRGRP PDNYV
SUHWSRVWDYOMDMXiL IXQNFLMX JXVWRUH YMHURMDWQ
HNVSRQHQFLMDOQH IXQNFLMH NRMD X HNVSRQHQWX LPD SF

8 SUHWKRGQRP UD]PDWUD Q MXQ 5 GIRI) FIDQR VW IP NRR B HJ P
VDPR MHGQX IXQNFLMX JUDQLPQRJ VWDQMD GRN iH VH X
DQDGR]X]GDQRVWIQYXVWBHP MROILDEHOIDVWRML RG QL]D IX
VWDQMD V WLP GD VY IVN\DD QAQIN SIUMES ) WD @ DIMEERE H D@ RUEHD
PRGH |@ |@6D VWDMDOLAWD SRX]GDQRVWL VXVWDY PRA&H

NRPELQDFLNKDL VSDULIMO/HNRQLK SRGVXVWDYD 6HULMVNL V]
HOHPHQDWD NRML VX VSRMHQL X VHULMX QD WDNDY QDPp
RAWHIHQMH FIHMHORHINMXNVWW YILQN VI\VWHP
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.RG SDUDOHOQRJ VXVWLDOMD YR &W HYiHI®M B HMPIB QB X]URNF
FLMHORJ VXVWDYD 3ULPMHU SDUDOHOQRJ VXVWDYD VX V\
VOXpDMX RAWHIHQMD MHGQRJ LOL YL&H VWUXNWXUQLK H
NRQVWUXNFLMH AVHHQUWW LHN RQW\W O XK NFQMH SUHX]HWL8RSWHUH
RSGUHP VOXpDMX VWYDUQH UHGXQGDQWQH NRQVWUXNFLMH
NRQVWUXNFLMH SD VH VYDND VHSREXQYRDD PR GNP LWIBGBDRR
SDUDCBHRORQVW DYD GRAHQL QHWMBESADPR REWHIHQMHNVAHLMHORJ
FMHORNXSQL PRGHO VLVWHPVNH SRSFEC®EQWDWD VHULMVNL

'D EL VH RGUHGLOD YMHURMDWQRVW RAWHIHQMD VXV\
NRPSRQNQW®WMB LPDPR VDPR MHGQX | Q NFLLNWHEKE 1 WD QY pAHGIL P ¥
LQWHJUDO \8 UWRIEFGRBBDWDR NRPSOLFLUD MHU MH VDG SRGL
SRPRiUX YL4H IXQNFLMD JUDQLpPQRJ VWDQMD ,] WIRG Q/RIVWD ] (
YMHURMDWQRVWL REWHIHQMD FLMHORJ VXVWDYD YHU VH
R&W H IHQMPZBIQES SERX QG ]OLNXMHPR JUDBQBH ISUVRJ RILHX
ERXQGWUDQLFH GHQYRERMUEHU ERI® G& UDQLFH SUYRJ UHC
]JDKWLMHYDMX LQIRUPDFLMX R NRUHODFLML L]PHyX SRMHC
SRGUXpMH YMHURMDWQRV®M DGR ALK MGMEINGR FMERY KON/ LRF W D0
SRGUXPMH YMHURMBMWR RAHWW DIPH. FE WWAHP M.HE SIR/W B H EQ@RN R U L \
GUXJRJ UHGD NRMH NRULVWH NRUHOD F LIMWO HY\BHR® 18 B MLH G |
JR U QWDDL F@

=D RGUHVLYDQMH VYLK PRJIXULK VHNYHQFL RAWHIHQM
RAWHIHQMD FLMHORJ VXVWDYD QDMpH&EUH VH JUDILPNL SU
RAWHIHQMH SRMHGLQH NRPSRQHIRWY B JIDMDS RE@ WXNI\W Q MBI L

> @8 WX VH VYUKX QDMpH&UH NRULVWL GLMDJUDP NRML

UD]PDWUD QD NRMH VH VYH QDPLQH PRAH UHDOMHIGLIWEK JC
HOHPHQWD U Q IHQ JG RIIDYDW DW U 6 HG G XD BIU B BA\R AHV VB QMR U LV W
GLMDJUDP NRML NRULVWL REUQXWX ORJLNX WM NUHi{H R
VOLMHGH VH VYH PRJXiUH SRVOMHGLFH NRQH ©DN@M MU
GLDJUDP

RULAWERQMHBBH@R JBRX]GDQRVW UHDOQLK NRPSOLFLU
PR4H SURFLMHQLWL QD YLa&H UD]JOLpPpLWLK UDHIQRD IDDORXB
IXQFWLRQV NREPWOWNFLMH SURPDWUDMX ][DVHEQR L EH] LC
MH LQGHNV SRX]GDQRVWL VXVWDYD MHGQDN PLQLPDOQRP |
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3UYD UDJLQD SUHWSRVWDYOMD GD VX]?PDWHDMRHDPR R
HOHPHQWL NRMSRR]GDHQRYWHNRDQML RG SUHWKRGQR GHIL
HOHPHQE/QDOSRKIGDQRVWL VH NRULVWH LQGHNVL SRX]GDQR
WH NRUHODFLMH L]JPHyX SRMHGLQLK UHJHUYL VLJXUQRVWL
FLOMIHVXVWDY VHULMVNL VXVWDY SDUDOHOQLK SRGVXVWDY
RG GYD NULWLpQR REZWHUIHQD HOHPHQWD WH VH QDVWRML
VH SDU ]DWLP L]JEDFXMH L] FMHO R N XBSMRH UHKMQDNMD DWHR WK
GXNWLOQL QLVX NUWL =DWLP VH PRGLILFLUDQD NRQVW!
LQGHNVL SRX]GDQRVWL RVWDOLK HOHPHQDWD 8 WUHURM \
SRGVXVWDYLRGDVYW DYEWHRE QWD QD pHWYUWRM UDJLQL R
QHPRWUHKEHM]QDG WUHUH UDJLQH

OHWREBUD QFK DQ6 |®RXNRIHDFQRQDPD® RGUHYXMH QDMY!
VFHQDULM RAWHIPRR@PHORNMHEGRIQHKINRX NRQDpPQLFL XWMH
VXVWDYD OHWRGD ]DSRpPLQMH RGUHYLYDQMHP YMHURMDW (
SD VH |D NRPSRQHQWX VD QDMYHURP YMHURMDWOQRVWL
RAWHUHQMH Y\DMUPYDHREWRIGHQMH FLMHORJ WRWOWHY KB XV H T
UHJHUYH VLHRVQROWK OHRAW MiHH HKSRR WXB@MQIRQDY OMD
QH GRALYL RAWHUHQMH 1D WDNDY QDpLQ VH GREIHMH FLM
XWMHBDWAWHIHQMH FLMHORJ VXVWDYD

,] VYHJD QDYHG®IQRYR MH GD VH SURYRGH LQWHQ]LYQD
WHRULML SRX]GDQRVWL D VYH VD FLOMHP GRELYDQMD &
RAWHUHQMD X] VPD QMO B FRR WWHFEK®RD U D
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1.3 &LOM L KLSRWH]D LVWUDAaLYDQMD

Cilj rada je razviti novu metodu za analizu pouzdanosti kijaiza zadovoljavajii
to [most zahtijevati manje fanalno vrijeme potrebno za procjenu vjerojatnosie @nja od
trenutajmo koridenih metodad & kao takva omogiti razmatranje sigurnosti u kontekstu

projektnih ogranfenja i/ili cilja vi &kriterijske optimizacije u konceptualnoj fazi projektiranja.

Hipoteza istraivanja:

Modifikacijom metode smanjenja dimenzionalnosti u kombinaciji s prégdiom
PHWRGRP ]D RGUHYVLY D& WerbjatrQiNmRdgké He u2a\VzZadBvoljavajii
to [most procjene vjerojatnosti@iHQMD J]QDpPpDMQR VP pralkol WjemeS ZaWUHE Q |

analizu pouzdanosti odnosu ha trenutmo kori&ene metode.

1.4 Metodologijai SODQ LVWUDALYDQMD

8 SRPHWQRM ID]L LVWUDALYDQMD REXKYDUHQLK RYLP
UHOHYDQWQRP OLWHUDWXRRM QB QHDORM®B FHWRGH ]D I
SRX]GHORGRMD VH QD UDPAVHUWP Q LARGIE FAFREIN R QFHSWXDOQ
IDY SURMHNWLUDQMD L EU]JRP PMHUHQR EUR NVRR WHYUDLOWE
RMHQMD OWMRGIHPHOMLY QQMR GNAMDWRPWRQMWHELMH JXVWR
YMHURMIDM@QRNVWH SHUIRQEHEXDVK M N FiH M WM BOWRM RNRMDY
]DGRY R OWMDDPRYHWARIP HQWH 7D G D aMiH ¢ M BHPERR B WQIR V YWRH JU L
IXQNFLMH YXRAWIRW QRVWL X JUEHYINGDRPID R ® PR X FVREP W Q WL L
IXQNFLMH SHNRRIDP DA VMG L K DY VOLRIG ENEMMOMHP PHWRG
VPDQMHQMD GLPHQ]VRIQXNROR WD MWQHYIMXE PM NRUH VWDLV QH
WUDQVI[EF@IF[ENA VH L] IDYLVQLK pDRBPBHOHMDHEOMLYVQH VO X

3UHBIQ® PHWRGD IGBUHPXNRULWWPHULPNH NYDGUDWXUH >
VWDWLVW L P\N\DLN R RWP H QWARL ] MRIQ@RX]PPAWRGL VPDQMHQMD GL
]JD MHGQRGLPHQ] IR DO UDXER WIXLDS R QWRYWD NERRILLNKINELO D X V V
+HUPLWHRYH LQ\NH 1 UDGIRNINGD W RDNWRUH VWDQIBUGEH QF

XSURVWRU NRMH VH ]DWLR SURNQAR R UEQQE MMNDIHOADQ L

SRW UH E2 Y]|DQUNMHP O/LXQVAMOOUYER M 16 GRENDIGQ M MR X S ROLQRPD N
AVR M HpPDWR SWAMKKERKDOXPHULPNH NYDGUDWXUH X NRMLPD

PRPHO W@

'RNWRUVNL UL



$QODODBX]GDIRNVRQFHSWXDOQRP SURMHNWLUDQMX 1|

6 "W MH PRGLILNDFLMRP PHWRGD VPDQMHQMD BLPHQ]L
WoR RV W L &8QMBHGNORRGD SUHWSRVWD Y GH/ ¥ MGHDU R N1 dMMVEDNREAVIA D AR\
NDR VX&D UPUWLK QRUPD@MERMADND pWWRBJEGQMRPAX ULMH G (
VWDQGDUGQRP GHN.MLIPFLMRWRURM 3UL WRWH R ARWUHGEOMH
*D X-VvW U P L W I RWHH U [pR HMR/G\ ) RURP|BE@RHAHQL U D @H SUBRIR RS Y D M X
SUHWKR @R®DWLKIPNMWD WRPWOQWD LYQBIIMWHH IXQNRHMH  JX\
YMHURMDWQRVWL NRMD POGIRW R ENNADIND QSNMHGARR. @Q B DLWUL DN L
RSWLPL]BBREOKMP X NRMHP MH WRWYUHEQRDSGRQOOH GHYL
PLQLPLJLUDWL VXFXQ¥N IR W DMWY B/ HOHRGEMIX] OLQHDUQRJ
VXVWDY BEMHGRPILG SURL]OD]L LNV DX YMWVWRHGRMDWQRNWL ]D
RGYHYL EUR BNLDRRPWQOWMIDXWLP SULOLNRP WHVWLUDQMD S
QHNLP SULPSMAURIPIDFLMVNL DOJRULWDP QH EL SURQDA&DR
IDNWRUL SRJLWLYQL WRMIXWYXQRVML DXVWMHR 8 R | ¥ RYQW HX MAH. M
IL]L NHIDGIQ R U X VRIRV WX RYRJ GRNWRUVNRJ DD 8 B UHY LYYLIMH\G
IXQNFLMH JXVWR i R YYLMS${WRMDEQ R MWIOSNRALWI D Y DXWIV B DH VM H
PR&H SUNVDRIMWUPDOL]LUD QR YPR® A B & DEXQ NBBN G L B WHR
RVLIJXUDVOQGEBLMWID JXVW RSIR] YW HURM B VWQRMBRM GRPHQL R

9MH U R MBWHQRNBW HRPHRQY R U D | YLHWHRYRPE L | LIMBWDW B RUHW V N L
SUHAM.POLGL 3HJODWD M#S@R HY RE]LMORA/ VW LOL \ER]LQX V PHV
ORQWH &®2FMR )25RGUHYMQIRRRDpX QDO QR J&$SERMU D@ D
7DNRW I®DSUDYDYNKQDOHPHQW®BYMDPHWRGH ]D DQDOL]X SF
REOL N XpNDRUD ® R X GHDQ R Bl OMMX WD UV SV R M N WXERRBBSL V H
UD]YLMD QD )DNXOWHWX VWURMDUVWYD L[>H@RGR WD YMH
NRULBWRORD P VAR MR WX FUR VRVWGEIRVXDOWH SURJUDPVNL
JRUWUDQ &RPSRVHU ;(

8 |IDYUEQRMLYDQMD ODIPHRWDIQL DVSHNWL SULPMHQH
DQDOL] GRXWENDM@®R GULPMHQH QRYULPWWR & HJBDASBRJI EUF
3RJOPYQMD | 7DNRYHU MH SULND]DQD DQDOL]D SRX]GDQR
3RJODYOM3IULPWRHHRPHWULMVNH L PDWHULMDOQH NDUDNW
GHILQREIPWUHE@BOQUPH DSOLNOFL)MH 0$(6752
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8]GAX JUDRMUWWRURGVNRJI|@U@ESI® |@ |@ |@RH VH
VPDWUDWL QDM DUOQRM @ QHWRP ML RNERI@\RW WENEE USSUBRWNHG H Q
DQDORXDIGH QRWWHGDQ WDIWNDREGLSBHPOIP BOMHVRP VH NDR VOX
YDULMDEOH>U|@PDWUDRQL YHUWLNDOQL YDOQL PRPHQW
VDY LMO/OUBIHRODRQEKDFLMD WUXSD EURGD NRPELQDFLMV
RSWHUHUHQMD XLV GRISWWHRE® BI [IILCKM ¥ L EU D F L M2 O LIAVRIGA 6 IV U DXQUVDF
JUDQLpPQRJ PRPHQWD VDYLMDQMD EURGVNRJ WUXSD PRPH
YDOQRJ RBPWEHBUBEMUQRJ YDOQRJ RYW ISWRGHQQIDK LY R 5 WH
*UDQL YHUWLNDOQL FERRBYWRYBMUMBIMMWWDDR NDR GHWHU
YHOLPXRBULSDGQH QHVLJIX[OREBWR YRRBEGHYONRYBGDO L ]D
SRX]GDPRWUMDVWRJI QRVDpD INGMNH 3R JIOIDYAS N B R DARWPDHIR) \W D |
IXQNFLMDpIM QDR KV B ULMDE OP D \WHR R N\ O QWM WX NREDWMMNIX M F L VW |
HOHPHQD W R NG HEGIL@ERRR MHVRIRYVYPB VWER B [@ | @

8 GRNWRUVNRPVUP GRX]GDQRVVRE XRPBSWR DO W HRX]GDQR
YLGL 3RJODYOMDWH SMHEHQD DQDOL]D HORMBORWDWEURG
NRQVW UONNFH.$/9DI@ WOME | LU REA QPIWLK N U W HIBIGED

3RVOMHG QMR PALMIR R DL \DD UBRIWEUHRY H PHWRGH |D DQ
SRX)GRVWL X RNYLUKS REMHSXIIPEMMQNRIQWHNVWX NRQFH S
SURMUBNGWR Q VW UNONMDMWRJ QRVDPID \NWIRBSIMFHGKRG SUR
NRQVWUXNFLMNRWILYBGIDEURGOURMHNW QL 10X W BV 72 3 8 6
SRND]DQR PRDK MR E IQMIG R P L GSLUFOMOHHNOAHHP 13 Q WHIW R INURRIGHW H
NDUDNWHUL]LH GBS LPDHFQR@ RO QD B MH L OALMN YUCHIEXWHANEEIRM D U D\
HILNDVQRJ PDWHULMDOD EURGVNH NRQVWUXNFLMH X]D ]DC
RIUPI@QIMH LDQ MR YDIXQ®RVWL ]D NRQVWDQWQXRPBIVXM. LOI
3UL WRPH UD]PDWUDR MAH OWLD X ¥ QRN WLLU $IU R RI®I NASL\W ® DMF
UDFLRQDOQX RMQRWXQI®D MR HNRQRPVNL QDMLVSODWLYLI
VYH SURSLWDNE@RUUBKGMD L YOH@QMH QDM VLBXWDILNB J]BERO
NRQVWDQWQX PDVX NRML EL PRJDR S WX GVUWOYPMIDVIQ G RE
SURMHNWLUDQMD
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2  Definicija problema u analizi pouzdanosti

.DR 4WR MH YHUO VSRPHQXWR X XYRGQRP SRJODYOMX
SDUDPHW WH SRURMNMDR VOXpDMQH YDULMDEOH WH QDVWRML
NULWHULM NRML MH IXQNFLMD VOXpDMQLK YDULMDEOL E
YMHURMDW Q RVO\B RR BVHEIHIMDIRA QR LN UPIDSRPHQOMBR. GD F
RAWHSBRGQGMB]XQ HYHYMYROMH QWIHVRIGUMPH VR NQH ]QDpL GD |
VWY BAWRRHH Q M

8 RNYLUX RYRJ GRNWRWWRDWUDEDY R X LG/INGDRMUNLKR
NRQVWWONMRLMH LVWD PHWRGRORJIMD FPRABIXNRURD WHWRQ
HOHNW URWHKDIONNRpLM RBPWIX VOXpDMQLP YDRDMIRENOMPD
PHWRGRORJLMD X SRWSXQRVWL MHGQDND

9D4AQR MH QD SRpHWNXD |OLSKMHPRWD QB L]X SRX]GDQF
VOXpDM VDLW RRLMHILMHP WH DQDOL]X VLVWHPVNH SRX
5D]JOLND VH QDMYLA&H RpPLWXMH SUL NRULAWHQMX DQDOL
PHWRGRPKRUHMHYDQMD YMHU RN DW @EWXY R MRDAMMHRIVG MDA W H (i |
SRGIHQRJ NULWHULMD WH NRGRGDNR® H LLPXIDIDFE NNV NHU PM BV
WROLNR GR L]JUD&DMD

YXQGDPHQWDODQ SUREOHP DQIRGLUHYLBSBGEMIDGQRWW
YL&HGLPHQ]LRQ[@[X&I@NM@RWW@MHGHULP LJUD]RP

JGMH MM «;;"" UHD@BQPHQ]LRQDODQ YHNWRY MWD SRBMbK H
RAWHUHQMD QH]DGRI RONIH Q& D XE MDY HIXKMBELH YMHURMDYV
VOXPpDMQLK YNDWNL MDEDD W @& WD YAWMHHIWRIM DW QRVW REWH i HQ A

8 RYLP LJUDJLPD D L LQDpH NDG MH ULMHp R VOXpDMQL
. NRMD SUHGVWDYOMPDRI@O N0 JIINVHNRMD RSU RGYWDYOMD L
VOXpDMQH YPOLMDEOH

'RNWRUVNL UL
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=D VOXpDM SRX]GDQRVWL NRPSRQHQWH SRGUXpMH R&W

JGMWH: IXQNFHMIRUKDWWRULML SRX]GDQRVWL VH NRULVWL
VWDDMINFLMD SHUIRUPDQVH QLMH QLA&WD GUXJR QHJR GHIL
REOLNX GD MH YULMHGQRVW IXQNFLMH SHUIRUPDQVH PI
NRPELQDFIQMX YOXRDMEOL NUTZRUHALIQM | RO NFG RDRIUMHQ P QR J
L] )250 PHWRGH V REJLURP GD RQD WUD &Q®RWW VSHURENDEW |
IDLOXUHLSWRLWDWLYQLP SRVWXSINRPOW H. \QD;, SSO.R WIRJDLQ
]JDGRYROMHQMD NULWHULMD

8 PQRJLP SUREOHPLPD L] SUDNVH HJ]DNWQR UM
YLAHGLPHQ]J]LRQDOQRJ LQWHJUDQL HQIMH FPRRIR 3t HR VD ppRM
QLMH RYRMNVSQ@DMpHAEGH MHD'Q:H SNRHQDLAERINGRH®Q U Q D DIN [QHNEFLHV D
VX QDP SROMMVE HPIDH LIQ HR B VOXpDMQILGLY:B)IﬂLCD/[D\EGDI\DI—H’D

x UD]JGLRED YMHURMDWOQRVWL
x VUHGQMD PULWRHGQRIVMHE2S YDULMMDEPQMBUGQD GHYLMDF
x PDWURB B OD NRM VINFVKDPHEY X VR XYpIWMIMID EO L

6 REJLURP GD MH[SUMRINULHEDRK RGUHGLWL JGUX&HQX
YMHURMDWQRVWL VYLK DAEhPOR LNSKRIMBMMOEQDOQH [IXQNI
JXWRiUH YMHURMDW®RVWXPpDMQH YDULMDEOH WH PDWULF
LIPHYyX VOXpDMWDUR ROGWHYPBMHOMRULVWL 1DWDI PRO®HO *D)

> | @DWWUDQVIRWRGHELBRIPVIGMEADYD GYD NRUDND WUDQV

VOXpDMQLK ¥BURMWROL X NRUHOLUD QW X MERGBHMDEQH QR U
SURVWRU L WUDQVIRUPDFLMX NRUWOX pDWBYKKWDEDQ G D U C
QHNROLUDQH VWDQUDUGIHEQERIRDER\HERIUYRP NRUDNX V
DSURNVLPLUD JGUX&HQD IXQNFLMD JXVW RXDK Y B HWRM D W R R
]JDKWMHYD OLQHDUQX WUDQVIRUPDFLM X
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*DXVVRYDVMHRB&OBYyXMH SUMBDXVOMHGHUHP L

JGMM. MBUJLQIODQ@DDWLYQD IXQNFLMD UD]G LREFHV\D@XGIDIMGHD

QRUPDOQD NXPXODWLY QIP; TX RING L RHDQ PLIN @/IDRESD UG QD QRUF

NXPXODWLYQD IXQNFLMD UD]GLREH X NRMRM ILJXULUD PDW
$NRURPRWULPR VOMHGHESURY IVEWIRWVEEAL BIKIDID Y OMH

WDGD MH JGUXAHQD IXQNFEAMWID QXWIMRE M DIYMHURMDWQRVWL

JGMMRMMWULFD NRUHODFLMVNLK NRHILFLWSHIQRIVW/R W XP HDy X R/N
PR&H RGYHGLVRJODYOMN X SR]QDWH PDUJLQDOQH IXQNFLM
. [L 6DGDGLPHQ]LR/NAVRY VWDQGDUGQLK QRUPDLEBQLK VO
JGUXAHQX IXQNFLMX JXMWRUH YMHURMDWQRVWL

/LQHDUQD W U DWQSAUR VYV RIEUBNWIR Y OMHGBIQDP LJUD]RP

JGMAGOROQMH WURNXWDVWD PDWULFD NRMD VHIRGUHYXMH L’

RULVWH{T 1fUDJRGQRV 1DWDI WUDQVIRUPDFLMD L]Pk
YDULMDE@H]DYLVQLK VWDQGDUGQLK @GRUPBOUQNR]BQXPOMB
LJUD]RP

'RNWRUVNL UL
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=D EROMX GHILQLFLMX RVQRYQH QRRHONOGDWGEHH QQDY
SURE O H PROX NRIENRPWR QH QW H

SRWUHEQR MWH BRBMB® QWYY RGRM-RIGIYN@MDHI NULWHULMI

6WDWLVWLPNH NDUDNWH WD @ L REBOQN D MWQRLK NFELQVRMINE

YDULM@FD

7TDEOLBEOVNDWLVWLPpNH NDUDNWHULVWLNH VOXpDM

21QDt 5D]GLR P &29> (
X 1IRUPDO
X /IRIQRUF
X 8QLIRUP
X 1 R U RJXDO
: HLEXOC
: HLEXOC

ODWHNIRRUHODFLMV N LLKPNHR K | VLM D ONWEKD YDULMDEOL

3UWRP A/D&29 VUHGRMINLYDQBGORWM FLMHQB YDULMDFL M
VX PDWULFH NRUH O DIEJIPNHY X LKUN RIHH HRLIMH. QD YOI QMH GYLMH
)XQNFLMD SHUIRUPDQVH |D[NUWUWBNVLM GHILQLUDQ L]JUD]

W MH DQDOL]RP SRX]GDQRVWL SRWUHEQR RGUHGLWL YI
YMHURMDWQRVWL

'RNWRUVNL UL
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9MHUR M DHNI G RYAD HREIWOMR GRP ORQWH &DBBWRGRP )250 MH

3UHPD WRPH DNR SDUDPHWUH QH EL 3SVWRAQWRID GD N

NULWHULM SURPDWUDRL GREILMUDEHWDERYROMHQDGLNULW
YMHURMDWRHIRYRJ QH]DGRY RIRMMHRINRD MH YHRPD YHOLND

‘D MHOQOBRYHGHQRP X3PMHPWWREMO S QRN IBMHUD YR ULMD NRN
GHILQMUAKQNSHW I RUND@EW EL JRYRULOL R VLVWHPVNRM SRX
GYD NUYNUHRMMWQREWRRAWRAARHR MMRPH JRYRULPR OL R VHU

VXVWHELYWEI GQDND

x YMHURMDW Q RWYW LRAVNHRIHQDMDN DY D

x YMHURMDW Q B D W QRREMEHXIMAVD DNDD

'RNWRUVNL UL
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3 'HILQLFLMD L NDUDNWHULVWLNH

1IHND: NNXS GRWIYGMIVYDNRPLGRINDPMERIDYyDMD QD RG
QDpPLQ SULGUXE&XW HRR; B HPOILE FE URQGIR LMPO MRPWL GU X AXMH
UD]O Y PILWMHI[C QRENELMX 9]RYHPR VOXpDMQD YDULMDEOD

6 REJLURP GD X SRNXVX PRAHPR, BR&EHWIR SDL®LMWHD]
YULMHGQRVWL ]ERH P{\DRIILIM BECE@D|LM K GQRVW NRMX SRSULPD
LVKRGX SRNXVD JERJ WRJD VWHOX [QIDVIQDX SRMDYOMXMH ULM

5D]JGLRED YMHURMDW QR VG D\QDX MHM Q H NYRIPU INRIMEEQ. B iR P
L]YDQ WRJ SRGUXpMD MHGIQDND QXOL ]D NRMX YULMH

D IXQNALMXRYLP GYDPD VYRMVWYLPD JRYHPR IXQXFDMRKRH J
YDULMBEMBUHRMDWQRVW GD WD VOXpDMOQHD YHDAOVMHE OD SRSU

Slika3.1 )XQNFLMD JXVW R 8 XYpND WIQRM D DVUQRNDVE IO H

'RNWRUVNL UL
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. XPXODWLY QODDIPDGR WL MBAWHHERRMX IXQNFLMH JXVWRUH YI

QD VOMHGHIIL QDpLQ

Slika 3.2 Kumulativna funkcijarazdiobe V O X pvarhkleX.

.DUDWWIWHKVLNH UD]OLPpLWLK UD]J]GLRED YMH

ue

IVIIBEVCP]_FF\DWL |

SULND]XMH LJUD]JH ]D IXQNFLMX JXVWRUH YMHURMDWAQ

UD]JOLpPLWLK UD]‘GWIE)HEIIDLYFM]HMWJ]B)WIQR_]UD]H ]D RGUHYLYDQM
YULMHGQRVWL L VWD QEDG L 18 Bl VXUVIHD B MID] HGJNR G U H §/ L \
SDUDPHWDUD L]JUD]L AWKXMU¥B@MWMXLYWLIMHBEDRVW L VWDQGDL

31 6 WDWLVWLPpNL PRPHQWL

5D]OLNXMHPR GYLMH JUXSH VWDWLVWLpPNLK PRPHQDWD
YDULMDPABRHQWH RNR;WVWKRGLAWD VWDWLVW IPRIPAH PR R HRONAR
VUHGQMHWILAA MR G QRWQWUDO VWDWLVWLFDO PRPHQWYV

'RNWRUVNL UL
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JGMRIQDpPDYD UHG VWDWLVMH pINKMWHRRIPIHQNDRUR MCING RV W LV
3.2 Srednja vrijednost

6UHG @M B NL WYLQ D HG@QRPDODM QH ; YNDHU LMIDEQBIND SUYRP VWI
PRPHQWX RNR LVKRGLaAWD IXQNFLMH JXVWRUH YMHURMDWQ

JGMHS@HRSHUDWRU RpHNLYDQMD
3.3 Standardna devijacija

'LVSHUHONIDU LDQGEKpDMQH MBEULNMGEDND GUXJRP VWDWLV!
RNR VUHGQMH YULMHGQRVWL | XQNHLWHDEVWRIH YMHURMD

WMH VWDQGDU ®E B GIHYDL R FILW DWMHFXGIKURMNR U

3.4 Koeficijent varijacije

.RHILFLMHQW YDULMDPRPLMHPHMX WWDODQGENUEBEMHGHYLMDI
YULMHGQRVWL

'RNWRUVNL UL
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3.5 Kaoeficijent korelacije

.RHILFLMHQW NRUHODRpBM QILJ® HYXU MR BRGVBYXMH SUFH
VOMHGHUHP L]UD]X

JG WHBY/ LVWWDQGDUGQH GHYLMD;KLMHMY. @b NR QD K LYVDOUQ D E C
YDULMDF®DLQD VOMHGHULP L]JUD]RP

.RHILFLMHQW RBEWH®MBFEMHUD OLQHDUQH RYLMQRVWL VC
6YH WRPNHOH&H V YMHUBMD WRR IMRXD Q RERQ G D DND @Ry M H
QH]DYLVQH VOXpDMQHyYDU LD E CPHR RHPGD |DINOMXpLWL QD
VOXpDXMQLKDFEYDPR RQGD NDGD RQH WYRUH GYRGKPHQ]LR
NRMX GHILQLUB LMDV GBHLREXQWMHURMDWQRV WL

'RNWRUVNL UL
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4 3 UHG OR aH QzbafalizW@@&danosti

8 GDQDAQMH YULMHPH VH X PDHILIFDRRCHGQRRVWWMH A
YLAHGLPHQ]LWRADWI®Y [LRYDNRULVWH VLPXODFLMVNH ORQ\
PHWRGD X]RUNRYDQMD V REHIRGMMDD QOTh/MPRNY WHWRGH
6250 LWGEPXODFLMVNH PHWRGI®DOLX WXH Q LYXHIR®BRQDKVWYIH Y Q
]JERJ YHOLNRJ EURMD VLPXODFLMD HYDOXDFLMD IXQNFLN
VOXpDMQLK YDULMDEOL GRN DQDOLWLPpNH PHWRGH NDI
HYDOXDFLMD VOHYBWLEDQDV UD]YLMH®QHKWAMBWRNGH MIRNE KXY R
HYDOXDFLMD GD EL VH PRJOH NRULVWLWL X YHRPD ]DKW
NDUDNWHUL]JLUD YHOLN EURM SURMHNWOQLK VWWV®& X MNQILR
RSWLPINREVMWLEXREGIMHRI MH UD]QUDIDX XSBMBPRAHQD QRYD
DQD(SR]X(]GD@[SULND]XMH GLMDJUDP WRQIBDWSRIGDS U R AHIVH/
RG

x '"HILQLUDQMD IXQNFLMH SHUIRUPDQVH L ]QDpDMNL VOXp

x 2GUHYVLYDWDMVILVWLPNLR PRRRIODEWBL RN JXVWRUK YMHUTF
GDOMQMHP WIKNQWWEKMB*SHUIRUPDQVH NRULVWHUGL XQLY
GLPHQ]JLRQDOQRVWL

x 2GUHYLRPQIM®DXQNFLMH S QI RUDARQVED QMHQL VWDWLVV
LVKRGLAWD EXRQLPWHGQDNEXQDWLP XQLYDULMDWQRP
GLPHQ]JLRQDOQRVWL

x \OWHJIJUEYDX@WFLMH SHUIRUPDQVH XfSGRREUXpPMX RAWHIIHC

2YDNDY QDpLQ RGUHYyLYDQMD YMHURMDWQRVWL R&WL
QHGRVWDWNH YH]DQHNWRB WHR/hLN B Q\NNDHRR SWHRMV X LWHUDFLM
MH ]JERJ PDORJ EURMD HYDOXDFLMD |IXQWUJFH EX >XSHFHWRMRA N
SURFHGXUDPD

'RNWRUVNL UL
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Slika4l1'LMDJUDP WRND SUHG 0z8 pdtighoBtHWRGH |D DQD

4.1 Analogija s Monte Carlo metodom

ORQWH &DUOR PHWRGD VH ED]JLUD QD YHOLNRP EURNM
SHUIRUPDQVH ]D UD]JOLpLWH NRPEME DRIMDW YRXWD RBWK (i ¥
MHGQDND RPMHUX L]PN{DX NERNRHUDV X LEXOBFQHJIJDWLYQH Y
SHUIRUPDQVH L XNXSQRJ EURMD VLPXODFLMD OHyXWLP V
EURM YULMHGQRVWL IXQNFLMD SHRUDRIP MG)*R G X EMMH
SHUIRURBIQYRP RSIXREMHAMWHIU R M D W Q RN RERWPHHI MOIMPR W U HE Q
KLVWRBODRD QD QDPLQSGYFRRGUXpPMH L]PHYyX PLQLPDOQH |
YULMHGQRVWL IXQNFLMH SHUIRUPDQV+DWR 8 LWH QD B R G U H
RGUHGL UHODWLYQD IUHNYHQFLMD NDR RPMHU EURMD VL
SHUIRUPDQVH XQXWDU WRJD UD]JUHB® LHXQRXS\WRNDEYU RDPL Y
KLVWRJUDP UHODWLY QMKXJURS YHQF QM DVRRIMBHV]IJABGHG LW
)*9 IXQNFLMH SHUIRVUPPEJYHRP GD EL RYDNR RGJRYDWD®RL
SRYUGLQFILWSRGFLMH SNDGRUED QWHRUHWVNL EURM VLPXOD
NDG IV HE B XIOWLK VLPXOQR]VMIHOMRBDRM UDJUHGD LQILQLW
ALUISQMMHHURMDWQRVW RAWHUIHQMD N WKIANTF LMIHHG © B [R (SHRDY
SR G U X pfMXRRE® L N|D

'RNWRUVNL UL
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Slika 4.2 Histogramrelativnih frekvencija

Slika43 *UDILpNL SULND] YMHURMDWQRVWL RaAaWH:I

'RNWRUVNL UL



$QODODBX]GDIRNVRQFHSWXDOQRP SURMHNWLUDQMX 1|

6OLPQR NDR X JRUH SULND]DQRM PHWRGL L SUHGORA&HQ
RGUHGEWXQNFLMH S BDOURODIP@WHQR PDQMLP EURMHP HYDC
SHUIRUPB@Q\WEGDNRULVWL KLVWRJUDP JERJ PDORJ EURMD VL
VPDQMHQMD GLPHQJLRQDOQRVWL RGUHYXNHI WONFLMHL p |
SHUIRUPDIQGAH3RJIIODFOMEURM VLPXODFLMD VH RpLWXMH X
GLPHQJLRQDOQRVWL NRULVWHUGL NDUHD NN S HIWK B N B MWIBIX p [
SHUIRUPDRMKX SURPDWUDPR NDR QRYX® WOIOOLNEBD MY M M C
YDULMDEOH R|G@CPHEBRG B MQLMMWGCRRVMQLK ¥DWLR VEOIND G
VX]JUDpXQDWMILVWLPNL PREBDOMWNRN G RN ROWD Y DQWHQPRE & QW

SULND]DQ X 3RJODYOMX

4.2 Metoda smanjenja dimenzionalnosti

SQLYDUPMWWGX VPDQMHQM DHG XRH Y DL RIICDMDH BLWHQ VLR Q
PHWKR® SUHGORAL QP 3@BKPDPOKX SUHGYLYyDQMD YAIDWLVWL
IXQNFLMH SH U IRYLPR@X/[FD WIEWDM DEDPIP PHWRGD XNOMXpXMH

x $GLWLYQX GHNRPGSRPHRLMRQDOQHSHIXGN P BNDNWSH

MHGQRGRE®BQK IXQNFLMD

x $SURNVLPDFLMX VAYDW D VI QNNFLLRH IFP\REBH W\WRDUPIDVQNV LPNLP P
VYDNH VOXpBIMQH YDULMDEO
x JRUPXOH QXPHULpPpNH NYDGUDWXUH X NRMLERPHUXPNMNKD

LQWHJUDFLMX

$NR SURPRWURIRA]LREHAYREHOQR X IXQNRHMX SRMIRUPD
RYLVL R YHNWRUX VO X\bDGMDLVKI W D WILN BVE @ IV K FPGRPFINBL VRN R

SHUIRU®CDYUP\RHARIG U HNRIVNLNVYWH UL

\'4®)

MHGHUL L]UD]

JGCMEEA@R SHUDWRU RPHMWHY|BQMOH Q DWIKIDHN FIVNHL R D W QR VWL \
Y D U L MISEGIG VW D YLONOL NG \WRBWQWD RNR LVKRGLAWD

'RNWRUVNL UL
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BUHWSRVWPYLPIRPDGINRQYHUJHQWDQ UD]J]YRM X 7D\ORUF
UHIHUHQW QR MFWREPFLSULND]DQ VOMHGHUULP LJUD]RP

JGMBE RVWDWRBRNQDHO HD VAR XBRILAH HGD

$NR VM DSURNVLPDFLMXR UPQPRINR- LY IL YWCLUR. W\ R/@D
DGLWLYQHSRIGAHANRA NRMD WODRBNLROPIOWX YX®NFLMX >
MHGQRHQ]JLRQDOQLK IXQNFLMD QD VOMHGHUGL QDpLQ

JGMNWDHNL pODQ % LMXHPQ]IMRHEDQRQD VOXPDMQD IXQNFELMD X
YDULMD'ERH« 2, MH GHWHUPLQLVWLpPND YULMHCAHFEWDIXQN
VOXpDM NDG VX VYH VOXpRWQH @M X VPIUE®WHSB R WW DGR H Q H
MH UD]JYRM IXQNFDMHRURY UHGSMLWRPBEQ VOMHGHULP LJUD]F

8VSRUHYXMXUuUILITUDYHGOMLYR MH GD XQLYDULMDWQD D
VOMHGHUH JUHAaNH

=D GRYROMQR JODWNNXRGIONELMEWQLP 7D\ORURYLP UHG
pbODQRRYHH VYIDXGIMDMpHEUH PQRBRIEPPIGMAIDIERA'D SUYRJ UHGD
VOXpDMX pODQRYL YLaAHJ UHG\DHPDWMID GCRI X LI RN DXUQ M/HAL
1DGDOIMB] [SUHGVWDYOMD IXQNFLMX NRMNMHNDESRW S X (
MH; 6v*m;m WM* NOIPRAaH ELWL DGLWLYQR GHNRPSRQLUDQD >

*

My M

'RNWRUVNL UL
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8YUaAWDLYDRMKIXL |GRELYD VH

3ULPMHQD ELQRMQUTUBREP MG

SNRKYHGHPR VO NMMWXH OMBYXBEMY L PR

JGMN MHLWM «1 DMGERR RRAH ELWL SULND]DQ NRULAWHQMHP L

8YUaAaWDYDQMHPLBRINVOMHAQWD|GRELYD VH

'RNWRUVNL UL
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-HGRIRPHQ]LRODHIQD AUMD (¥ H]JPP3K SULND]DWL NDR

JGMIS MHUGRNIL MW PDUJLQDOQD IXQNFLMIWIKW\GRKEMWMHYRM
NRMD VH PR&H RBRJIMQ®MWDL [BNKAHQD IXQNFLMH JXVWRUH YN
YDULMPEQOL PRAHPR X]JHWL GD MH RQD MHG QDH IV O X O D A QM
YDULMDEOH

7UHEDLPLEV\M_HEIL]UISIRUHNWDQ MHGLQR X VOXpDMX ND!
YDULMDEQRY BWRID MH X VOXpDMX GD MH YHNWRU VOXpD
NRULVWLWL PXOW LFADVQD MSOM B M HAUU DROWH R|EREIDWERDLYQ LV D QW D |

YHNWRU VOXpD WQYLDK V DRIUGHMEDEMN PAR D Q G D U G Q VO RIRDNPQ OKQ |
YDULMIVEGBGIGQMD YULMHGQRVW MHGQDND D VWDQGDUGQD

7DNRYH US WLLRMESIBL V H GLHPGIQRLR Q POQDV WHWNH[LQWHJIUDFL
PRARGUHGRWLVWHIL VW DQGESRUIGYQLFO R Y QG UDWH B FREMEDI 1* D X V V
*DX-VNJHCGRGIRY D G U BWDVDINRRYOLMHGL QRUP D Q@XGLARIDGPL | R UF
VH UTUD]PR&H SUNNDR]DWL

JGMHINBHURM LQWHMNIRJIDIENMYBAMK YDULEIDREOXK WHALQVNL IDNYV
LQWHJUDFLMV N DMWRPUINDWPDEEND X AMWHIJUDFLMVNRM WRpPpFL

SUHPD JRUH QDYHGHQRM SURFHGXULHSHNABDRDRWRIMSE
RGUHVYLYWQWKFRAHQARMD LVKRGLAWD NRULVWHUL XQLYDULI

GLPHQ]JLRQDOQRMW L INGHVINEHUIRQIDWO XpDMQLK YDULMDEOL

.DG MH IXQNFLMD JXVWRUH YMH UYKRWROLWVQEFROMRIDY ® XpDMAQ

> [@QWHJIUDFLMWRWHWRGNRHY D UDMILX U H  WHHKANR WU IN MRLEPSMW RIU H

QXPHULpPpNH XYNRNIIDRDX LLH XU LU D M XHWQW D WREBNQNG LT RPRE U QW X
UX[CH||@ (@

'RNWRUVNL UL
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421 )RUPXOH QXPHULpPpNH NYDGUDWXUH X NRMLPD I

momenti

=D SURL]YB OMWHDXX b D MQGMDEWHJIJUDFLMVNH WRpPpNH L RGJ]
IDNWRUH VK MHGADHXMMHP OLQHDUQRJ VXVWDYD MHGQDGAE
RNR LVKRGBVLAWIDDMQHDYPRMUMMBEDBULND]D[@ V@ MHGHULP L]UD

JGMHNBMURM LQWHJIUDRNL NNl KMV RKPNMH YHNWRU QMHBR]QDC
VOXpDMQH YLMUL 19 B BRUBHUBNBEVNYN-M NVL VWDWLVWLPMNKIR BR®W DQ W
)*9 WH VOXpDMQH YDULMDEMRIPGHILQLUDQ VOMHGHULP L]U

1IDNRQ AWR MH RYG W B W WYIHRMWIRNY X OMESRBDO HQRPD ]DGDQF
VOMHGHULP L]JUD]RP

UL WRBQBGOHEYRPRMHGL L] XYMHWD

1IDSRVOMHWNX M H AV QX NIEVDRIMMY BULLMDH JUDFLMVNRM WR
SUHPD L]JUD]X

JGMHMAy MHT tpX¥e- [MTmLr

'RNWRUVNL UL



$QODODBX]GDIRNVRQFHSWXDOQRP SURMHNWLUDQMX 1|

4.2.2 Maodifikacija metode smanjenja dimenzionalnosti

8 RNYLUX RYRUNRBRNMED QDSUDYOMHQD MH PRGLILN
GLPHQ]LRQDR@RVWHALMRMNRUWBRWRQMX®D QXPHULPNH NYD
NRMLPD ILIXULUDMX V\V@BDWHUVY E MV GRAIMHRIMER Y DUDM X iH W
IDNWZRUB DXX MHEOR]LRQDOQX QXPHULPNX LQWHJUDFLMX
RGUHVNRUL#WH-GWMHPRYWHLQWHJIJUDFLMH VWD) G CREIMRY W R U P
V WHALQVNRP |IXQNFE|I@IHRPVHPQVIRUP HURQWRNVGRIBH W RP ) M H
LQWHJUDFLMVNLK WRpPDND L WHALQVNPK IDNWRUD MH SULN

JGMHXMX Z». WDQWHJDIWWRIPMVEAIGR GJRYDUDM X URNWB BV VNL
+H U P LAV IQRWHEY D@L MZs 1 VXWIDQWHJUD F LXKSN B WEDWW D QGDUG Q
QRUPDOOXLREXMHQ RGJRYDUDMR[ilL2WWAWQNBNO Q D NVORMH JUD |
WRHWE VOXPDMINRREMOH VH GRELMH Q D NRYU RAMMPRYWFRANPEDE L M
QMHQ RGJRYDUDMX[7D BAOHLFSQVY N D | KIMHN RY G M+H HREALLWDKDRIY KD |
LQWHJUDFLMVNH WRPNH L WHALQVWRPDNWRUH NDG MH EUR
1D SULPMHU QBINRY @¥ENIXpDMQD YDULMDEOD VOLMHGL QI
U D] G MRIEGDQ WHMD D LQWHJUQ&RMN@NWRpM{DMHGﬂ@_P LJUD]LPE

-1D QRW®P UD]GLREX

-]1D cHLEXOORYX UD]GLREX

JGMMLGS D UD RHRW P D:6 Q EXIOWR|GH. R E H

QWHJULUDMXiUL QD RYDM QDpPLQ QHPD SRWUHEH ]D UME
SURQDODGEXQWBRINMRPD SULOLNRP RGUHYLYDQMD LQWHJ
RGJRYDUDMXULK WHAWR VDL K YIDNXY ROXKD R GXV RKNDEMMRR GHO
IRUPXOD QXPHULpPNH NYDGUDWXUH X NRM@&PD R i BIXYUM U DIM X D
DOJRULWDP VWDELODQ MHU VH NRULVWH WDEOLpPQR ]DGDC
IDNWRUD WB R®WHHPHONWHULVWLNH VI XSFOWADRM L @ IR R BVIDDERC
XY MHW RF/IDV@ BAMWAL U HJ X @ RRDUM@EHXYWLUDQMD LOL QHNRUHN!
PDWUWLFHUD]D

'RNWRUVNL UL
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TDEOLEDXVWWHUPLWHRYH LQWHJUDFLMMINH WRpPpNH L WHa
L X4 Zes %1 Zg1

IDYHGHQRP PRGLILNDFLMRP VH GDNOH DXSANFLWBRUSWUI
VHRGUHQWNIBE YULMHGQHRNUW LXVEHRXVYY WRPpNDPD VUWPBLREWGQ
VUHGQMD YULMHGWOWY YGNDHGQDN®HY LMD HL M D S\RKN @/@D/NHD

D LIJUD]JSRVWDMIB JGMHYMNWRU VOXpDNMIQQUKVWRILDMDEOL X

"HGQRGLPHQ]LRQDOQD LQ WHI PR QD SL VY PUWDL XN D R

.RULVWHUL LQWHJUDFLMVNH WRpNH L QMLKRYH]IRGJRYD!

uq] YULMHGL

'RNWRUVNL UL
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60OLN

BULND]XMH LQWH XS8DRVMWWNH WRWNHXXDM V GYLMH
7TRpNHDFDQN SODYRP ERMRP VH RGQRVH QD SUYX YDULMDEC
ERMRP VX SULND]DQH WRpPpNH NRMH VH RGQRVS ¢ KQXKNMX

WRpPpFL VH UDpXQDUGINMMB QRO VX\QYRIDEIH LIS

DIRUPDQVH

Slika44 3ULND] LQWHJUDWFEVIRWWR WRpD VO XpDM V. GYLMH VO

'RNWRUVNL UL
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4.3 Nataf transformacija

8 RYRP SRJORSOWDXUDI®VIRUPDFLMD L] DR &® QWRA XH D R\
YDULM O-BOR VWRUN RU VO DP&IRUPEO R WMORPDM QLK XDULMDE
SURVWR@BUL WRP MH SWRRPUNRQRNRGUHGLWLS WRIDMRURUR I
NRUHOIWDQEDRMFBOGYWRU VOXpD MG UR WMIRRNID DVED IGH L QL L
VOMHGHULP LJUD]RP

JGMH BWHRM VO XpDMQLMHWDULAEBUEGDIX © R O DIWQ X ®@DN GL R E
GRN)VX ).1: DSVROXWQR NRQWLQXLUDQH LUWDDG WRRENH DNKPLXO
YDULMDEORQVIRUPDHLMD MH LEREIXY HQD SRG SUHWSRVWDY
VOXpDMQH, YO, PMPEVRIEQR QH]EYRGDRIYDUPMKMIH NXPXODWL
UD]JGLREH).; OHYyXWLP DNR VX VQXpDMROH XNWREQMRDEDMWLV Q
SPDUJLOWOROYIRUPD[FLM|> XLE]LWHIEMHQODMH VOXpDMQH YD
< «<g NRMH QLXREBR QIBVDRLY EQRRRGUHGH WY.L P DWHQ QL
NRUHODFLMVN LK Q\RRIHPID B IQONRH @ DNMINEIL IDEVKQ. UKD GNCRM.IM IV EEIOR G U H
L] PDWULFH NRUHODRLFMNWIUK ADR N R H © B BIDMRVEN)LXK VNERXHDID K QN
YDULMPEORVQPURDPLQ GD VH VYDNL NRUHOBRPMRNL NRH
RGJRYDUDMWABRRRY.L WU BD]GILREWMDWLVWLpPNLP SDUDPHWUL

=D RSLV RYH WUDQVIRUPDFLMH GRYROMOQR; MHs SURPD\
ODUJLQDOQH WNDQMlRFdEDE@@nwe;R QRUPDOQR ®DWXWDMBXKU
YDULMDEORMH LPDMX VUHGQMX RPHWWYDED UGIQXMXE 8 QRN
SULND]DQH VOMHGHIGLP LJUD]LPD

6OXpDMQH<YEBJULPMDEKOMNYLYDOHQWQL WHNURNLD FIHMX NLID W E
WUDQVIRUPDFLML RGUHyXMH QD LODISIUR I6DL ¥ H U] DRANYEHRIHWY L

1D SRVWXSDBDRKQ’UGIBU@DQ?MH
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BOMHGHIL NRUDN MWHS WR\D\RERNEU © BEPMD QR GLVWULEXLL
YDULMDBEOHGQMD YULMHGQRVW  VWDQGIMMNQEK G RYLMALAVLH
U' XSURVWRU JGMH VX QRUPDOQR G& WWMHEXXUQBRKRVG O
WDNRYyHU VD VUHGQMRP YULMHGQRA&UX L VWDQGDUGQRP ¢
SURYHVWL QDDRIY&®HM § Dif- ' BIN S8R N B HDO/QLR K R YRHWDR G D
7UDQVIRURBEHMBWE LUDQXVSBDHRFL[V [JUDJLPD

JGMHI MK DYHGHQ> G RIMMRBGXNXWDVWR PDMULFD PDWULFX
NRY DU BRMDOFID M Q LK YWD WIHVLE O L

(OHPHQWILS ROBWHERBI[ L] |UQUDV B

6DGD VH VOXpEMRRRULNMWHDEQHPRRIX QDSLVRWL X REOL

BOLN[BULND]XMH WUDQVIRUSDRVMISBERXKEYRWPDLOILMH SU
FUYHQRP ERMRP SUHXG WK DIRGIM Bl MHXUXERIWEFDMIPN SLMD JUDQLDp
VWDQMD MHGQDND S8QXORMHNXV@RMS WIRQEJDHIDUL]DFLMD X
SHUIRUPD@\WVH QERMDY M @DLFDRpH G RXICDEHRRML SUHGVWDY
QDMNUD i X XOCSIURW RVGRRNMW RRG DEGHSHHEM R U A B @RI L M
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Slika4.5 Prikaz transformacije problemaxzprostora w-prostor
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4.3.1 2 G UHYyLwmau@édkbrelacijskin koeficijenata U

$NR SUHGVWDYLPR QRUWHABAMDRUDQH YDULMDEOH

WDGD MH NRUH O DL MPHY XL NAMHHIG B IPNIEECU®S Y U & W D LD QIV] B P

X LJUD]|GRELYD VH

9H]D L]PHWXQHSR]QDWRJ MR YLHYCODIFHR GV R/ DN <y,
VH PR&H SULND]DWP VOMHGHUGLP L]JUD]R

JGMH MBYRGLPHQIQRQPDPBYUaZWDYDJ@MHPX LLUDDD
GRELYD VH

D NRULVWHUOUIWIHUDNIHIRYLP VUHYLYDQMH|FRGREXYDa WH YNIRWNDH
LJUD] L] NRMHJ VH LWHUDAYLYQLP SXWHP RGUHYyXMH

'"HU .LXUHJK[P O@X REUHGLal{D]D]D UD]JOLpLWH NRPEL
UD]GLREDMLKRYLK DWDRHWDUPNWKYYS LG BRI DINUMHHW R U
NRMLP VH D&URNVRP MOOMHGHUHP L]JUD]X

"RNWRUVNL UL
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44 2GUHYLYDQMH IXQN Fathvsti IXVWRUIH YMHUF

.DG ]D IXQNFLMX SHUSRRFED W\ DMPODWRL bRINR P R\PKRG\LE W
WDGD MH SRWUHEQR RGUHGEBW /D BDR DSILHW P RV PREE QGDH @
SULND]DWL NREDYXPDL \R GK)*QR-UREDMH KW RPQX YULMHGQRVW
RAWHUIHQMD X QHNLP SULPMHULPD RSWLPL]DFLMVNL DOJR
VYL WHALQYRILWLNWRUMH SRIJLWLYQD X FLMHORM GRPHQL
MBRWDU@IXORM L LPSOHPHQWDFLMX QRY®NBWLVW\H RS L]DD R
RYRP UDBXL SULVWXS SAHHWSRASWDMWIER GRUPDOL]JLUDQL X
GYLQMRUPNX@NMODWQK@HMELRER RVLIXUDBRIGWLMWEOD X FLM
GRPHQIU GRE

$NR+J R]QDpIARN KIPNERIGYLMH NXPXODWIDY|GHRERUPDOQH

JGMMH MAWDQGRUBRGPRO DWQNEDNGL\REH G OHMEDQ RYMMMHG QD N
DVWDQGDUGQD GHYLEPBFAMLVMKEOBDGEQOMH Y UWMWBGRRYGQH

GHYLMBRMWHVYX SR GHILGEQRKU PORONPMKODIMIONTURY 6 L R E D
7DGD L]WD]IXRNFLMH SHODRMUPDQVH

WH MH YDA8QR QDSRRHQRPWLRGD MYRWALWMDD IXQNFLMH JXVW]
L]UD]
IRUPDOL]DFLMD RVLJXUDY D*%G B H\GH Q3R Qb4 5 QR NMPMBE@RREY W
SULND]XMHR GPYINXM® X O DIW QKE@HM 8 \MOEN XSURWQLP +MHE3JQRDFL
PRQRWRQR UDVWXiUD GWXYBQURBVRQBLBDGDMXIMH SPQORE&ODMOL
JHOHQLQLMD L QRUPDOL]JLUDQL XPQR &DN]GHRPDVQIHELQML P
YULMHGQRVWLPD L VW PGSO D GHQ PP GRHY VDR FLM D P D

"RNWRUVNL UL
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Slika4d6 *HQHULUDQMH RSUHQLW&NISIQONFLMH JXVWRUH

2GUHYLYDQINRMI D [DGRY RMQID ED RRVG VW D W IGVHWILY NDR PRP H
SUREOHP SURQDODAaBIPVMD VpLWWNEM BPUDEMWO\VEDNVX QMHQL
VWDWLVWLPNL PRPHQWL MHG QDINR BOUP|D INRMWR WW B WD VWG
PRPHRNMR LVKRGLAWDZ VWDWLUXW NFDRWIRFPH @WWHPDWLpPNL |
QM H JRYRH y LI'DDYM H

JGMHEyWMKHN XS D @ ERRYD WR UR NBG RYROMNWIMH SHUIRUPDQVH

2YH LQWHJUD @6 WHNGRELRLIQNWIPIH URIB WIRGHHy XWLP V REJLURP
SRWUHEQR GHILQLUDWL JUDQLAHf L@®WREHGRBERIGHWHKD DL pLV
LQWHJUDFLMWWRNRPRVRPpSHILQLUDQL LQWHUYDO GLMHOL QT
IXQNHFIPMDQMD RG GHILH)LBDWRPWRHIDMX VH GRELMH QHN
LQWHJQDMPHEGH RNR QXOH 6WRJD VH X RNYLUX RYRJ GR
LJUD]H SERMGVWDYOMDMX UMWREBOQ M DO YWL\K NIRGQDH QUDD@®D O L W
L]JUDDLS URLPHRIZ M GIU L NER DARN® M [
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441 ,]JYRG L NRQDp Q tazDr@ri® iLpwiL ¥ MLD WWlindmsirit p N
RNR LVKRGLAWIP IXQNFLMH

8 RYRP SRJODYOMX VX SUUNDWQRRN ]WHRMHEIEQDND PHWR

PRASULPLMHQLWL 0B USIURIMHROBMIBMILS UYL VWP RRNBMP N L
LVKRGLFPWEBBXQN.NDOUBUHGVWDYOBMPRNSBSUBEGYXVDYOMD WI
SRYUEVGRG NULYXOMH HXYQMHLWMH GHILQLUD QLU DPUWEDG N R MP

SURL]OWOMDID

.RULVWHUL PHWRGXHIMWMDRFERMMNOYQQH MHGL

SULpHmeE§§

D XKJUPTX

]DLJUDTH]E YULMHGL
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JGMH MHWDQGDUGQDQRRUMD QXM WR MUNGIGIM B WIM PRGWYR VW
D VWDQGDUGQD GHYLMDFLMD MHGQDND

6 REJLURP GD YULMHGL

VUYL pODQEBDLILRDO L LApHIDYDMX WM MHGQDNL VX QXOL

SRMHGQRVWDYOMXMX

SULPMHQMXMXuL SUDYLOR LJ

D LV

V!

HJU

SAWWXPMX. UD]JOLNH
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$NR QD VOMHGHUL QDpLQ R|QDPILPR{LQWHJIUDOH L] L]JUD]

W H X]LPDMXULxxmﬁpﬁlmmmqwnﬂﬂwm{mn@u D] | D
1D G Q@'W HUHGEBOLNY L 6L DT | 1DL]UPT |F YULMHGL
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$0O DO ILW U,

,]JYRG DQDOLWLPMRJISUIILNDDPDID X |3RJODYOMX

$ODOULWIHIW]

,]JYRG DQDOLWLpPMRJISUIILNDDPDID X|3RJODY O M X

$ODOLWUIPY,L

,]JYRQIDOLWLPpNRMIH BLIDNFOD® X|3RIJIODYOMX

$ODOULWIHID]

,]JYRG DQDOLWLPMRJISUIILNDDPDID X |3RJODYOMX

$ODOULWIHID]

,]JYRG DQDOLWLpPMRJISUIILNDDPDID X|3RJODY OM X

"RNWRUVNL UL
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SODOULMWUIN, |D

,]JYRG DQDOLWLpPMRJISUIILNDDPDIED X|3RJODY OM X

$ODOLWLDPNL LJUD] 1D QXOWL VWDWLVWLIPNL PRPHQW RNR L

1DNRQ XY DaNRYDIIM K DQDO,LWL,bI\YlLIGLL L

X L]

UD]

NRQDPQL DQDOEWIGNVLL]UD] ]D

$ODOLWLPpNSUNYWDMWIDVWLPNL PRPHOQW RNR LVKRGLAWD IXQN

1IDNRQ XYUAWDYDQMD NRQD,pQLK, HIGQ-IDD\LNGLLDPE]_LKDI]_]UD]D ]

X L]

UD]

NRQDPQL DQDOEWIGDVLL]UD] ]D

"RNWRUVNL UL
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442 .RQDpPpQL DQDOLWLpPNL L]JUD] ]D SURL]YROMQL V
LVKRGLAWB()XQNFLMH

SULPMHQMXMXuL LVWX PHWRGRORJLMXONDRONRE L]J]YRGI

RNYLUX RYRJ GRNWRHWONRYXUDGDQDPYLWLpPN LW L]UDWLD \ML VUL
PRPHQW RNR LVKRG MKV DI HXROWGENM M H U L NDQDQ MDIBIRRNN R QD p D

JGMIB MV XPH GIHUDQMHGHULP L]JUD]JLPD

8 LIUD]X|'oc WDNRYHY GMEGANXWER NRMD MH GHILQLUDQD VC

GRN X LJUD]LPD &  L)g p WMUHGVWDYOMDNMRMNRWXL BLHM HQ MU
VOMHGHULP UHNXU]JLYQLP IRUPXODPD

"RNWRUVNL UL



$QDORDD GDIQRNVRQFHSWXDOQRP SURMHNWLUDQMX 1|

443 2GUHYLYDQMH SDUDPHWDjergjathgs® fufkci H JXVWR 0

performanse

. RULVWHUL O{UPHWIDL SVDH RPX VRGN HBHWH ilHJV@HOLQHD
VXVWDYD MHGQDGA&EL

JGMHOMYHW L VWD W LIVOWNDR LL \PHRPG UXWNFLMH S HR GRIUHYBIQV H
PHWRGRP VPDQMHQMD GLPHQ]JLRQDO QRWWL MGOILXNXSRP GEU )
PRPHQDMPRWNER ]DGRYROMNMIMH SHUIRUPDQVH
BXVWDYvRBOLQHDUQLK MHGQDG&HEL WMHUIPRIK iSHUURMH BLM
ODUT XPYUIWP HULpNXN R MY RNGUELIMMLY XOPDWULFX SUL WUD&HQ!

444 2GUHYyLYDQMH YMHURMDWQRVWL RAWHUHQMD

.DG MBIXQNFLMH SHUIRUPDQVH X SRWSXQRA WL/ GHILQL

LV WD @BNWRL P LYDIOMHOIHRMAMRGWER RN QYMD RGUHWYOWHH G Q VH J U
)*9X SRGUXPEBR RWR MH SULND]DQR VOMHGHULP L]JUD]RP

$QDOLWLpPNR UMHEH Q@W HVUD[@0Q MY LOBHY JXR GXJIHABHL VIMILH
SRWUHEQR NRULVWLWL QHNX RG QXPHULPNLK PHWRGD

1D RYDM QDpLQ WHI IRGHIGG RR@IQREDQWRJIUDOD V QHOLC
JUDQLFRH\/ISRL(IJ)/KHYJIUG)[@M—IDPLI@IFR@MHVLWD—QSNDI—RFGLPHQ]LRQD«
IQVHJU D GIBIRIGIMHVHJUDOQD IXQN FBHVDX PRGUBIONW ROD FURBOMK |

"RNWRUVNL UL
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45 2GUHYLYDQMH VHQ]JLWLYQRVWL L SURMH!I

8 DQDOL]L SRX]GDQRVWL VHREWWUIMQRDWX YRGIURWMO \§ Q
YDULMDEOH VH R]®@Dp®YORYHRBUMBORAHQD PHWRGD YHNWR
RGUHNMRMHVWHIUL YULMHG QR \NWRIM BUMHWRBEFFHQIRDBDIQYW Q R
PHWRGRP VPDQMHQMD GLBRGR QDI Q(R\DWIXDBOHWD IXQNFL
XSRWUHERP PHWRRGE,JNPQ PP REUHYLYDQMH VHQJLWLYQRVW
V RE]JLURX D XpDMQX YDULMDEOX JODVL

JGMH MWWYHULMHGQRVW IXQNFLMMW D HMORWNPWVQN HY DDIGWRHXHOD S
LQWHIJUDFLGRNX YWRNVNWDOH VOXpDMQH YDULMDEONMVBORVWD®
LQWHIJUDFLMSNRWVRIINEURM VOIOOIDIMRDUR MRREY. MVNLK WRpPpD

BURMHNWRBQJIJWRRBRND SUREDBPOHXDkXXUHWSMRLWRPND QD S

JGMH MH IXQNFLMD SHUIRURRKY HM M HNBIBNGRIBIVHENW R U X
RGUHYyXMH SUHPD VWDQGDUGQRP L]JUD]X

JGMHALYPKBHNYV SRX]GDQRNOLDEHILWLURGHWOMHGHUOLP L]JUD]RI

"RNWRUVNL UL



$QDORDD GDIQRNVRQFHSWXDOQRP SURMHNWLUDQMX 1|

4.6 Sistem&ka pouzdanost

8 SUHWKRGQLPSIRQOBREMELPQORVWL MH GDI] PNDUMMGEUL M
REQRAWH IHQUM YV LQJOH IDHOXUHIPRAGMWHGQRP IXQNFLMRP SHU
]DYHXNRQVW PRNKIMMWNROLNR U D ] GMpH S @ MRBLINDO K U H
PR&GHWM SRVWRML PRJIXUQRV W G IN RODV W H &R BL MOL EXIGH |

JRYRULPR R VLVWHPWQFWVWMP]DPRéH ELWL
VHULMVHNQQBDRDWDORSUL NRPELQDFLMD VHULMVNLK L SDUDO'}

Slika4d7 3ULND] UD]J]OLpPpLWLK JUXSD VLVWHPD

8 VOXpDMX VLVWHPVN W BRXHBLPRMMWLW QBRYGRRIAWHiHQM
RAWH IMRUWD/WH UL SUHGIOREH QIR PHODRFAMH L]PHYX VYDNRJ S
HQPRGDO FRUNR ODSWHRMER G QR WRIGMUHFBARWUWL IXQNFLMD SHL

.DR &WR MH SUHWKRGQR VSRPHQXWR XNXSDQ@WURM HY
S UR.G U H § LW\ QM HRVRAPLHIQRNWRD LVKRGLAWD NRULVWHGL XQLYDUL
GLPHQ]JLRQDOQRYWL NMHMMEMROND N/ O X p D MIQsE K R/ND UL IQWADHEJQILD F L |
WRpPDND D SUHGVWDYOMD HYDOXBFNDG VXQWYH MHD BN
SRVWDQOMHMGKHMX YULMHG QR VIWR MIB B CREEFOIMND LRBEWHGHQ M [
SHUIRUPDQVH VH PRAH RGUHGLWL NRULVWHiUL VOMHGHUL L

"RNWRUVNL UL
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JGMH MMULMHB/®RWDNFLMH SHUIRUPDGND YD X\b@XDM YNDOLK
SRV WD Y@®NHIQPWX J U D BIRMWYV WX ROV H Y D U L N\QIMELHG © RIXW D
YULMHGQRYW «P£; MH YULNMHG QFRONHARVMRDSHVH D VOXpDM N
VOXpDMQH YDULQDEGIE SRYXWDYOMBQR VW

BOLNPSULND]XMH VXVWDY RG GYLMS8 IXGBNF INWH YXIOW R L
SULND]DQH FUYHQRP ERIMRRAVBWY N MR RBLX WSQLN DR QD MH
OLQHDUL]DFLMD IXQNFLMD SHUIRUPDQVL SODYH OEQLMH
LENRML SUHGVWDYOMDMX QDMNUDi#X XGDOMHQRVW RG LVK
JHOHQH OLQLMH

Slika 4.8 Sistemska pouzdanost

"RNWRUVNL UL
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8WMHFDM NRUHODFLMD L]PHYyX SRMHGLQLK REOLND R&aw
QDUHGQLP SRJODI?OI\/I_PD BRUPBYNMNRIUHODFLMH GLUHNWQR
RGUHYyLYDQMH YMHURMDWQRVWL RAWHUHQMD NRG VLVWHP\

4.6.1 Serijski sustav

.RG VHULMVNRJ VXVWDYD NDG JRYRULPR R SRX]GDQR
HOHPNR@YDW X XWWFNXMH RaM NRHQYWURXNMEMH 3ULPMHU WRJD
UHAHWNDVWD NRQVWUSXWEF & DKLHOHAHIDWRG 3UL WRPH VY
PRJXUD REOLND R&WHuH ® MDD QOVRVEEX I8 WRIQREQR MD R&WHUH
NULWHKQNMBLMD VAHUNRUWVRDELOQH VHWHGHENNLY ISMWODRMDWQRYV
RaAWHUIHQMD VHUILMECRNDXR/AWOHYIHQMD MH GHILQLUDQD VON

Slika4.9 *UDILPNL SULND] SR GosioM Pa RAEKIHUSAD MD X

"RNWRUVNL UL
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6OLN|SSULND]XMH DSURNVLP LU DQ®SSRROUXR WX [RE WHHUI D W
GHILQLUDQ SR BRIRMGE KMMPB® WX RO L Q HIDUIKQ NHSIHW IR IP D Q V
SODYH OLQLMH 1D VOLFL VX QDUEDpPHQL L LQGHNVL SRX]C

$SURNVLPLUDQDMNURMBWQRYW RAWHIHQMD VHULMVNR.
NRULVWHUGL L]JUD] ]D PXOUWWD @D EBHEMD WHR RX QR PD®I® XVDPR
NRUHODFLMHRLE P RPO VN D NR BWHDIHGM DL Q \MH.J B B PLLM MREDV H (i H ¢
RS RE

JGMHIN\MEWURM REOLDND IR®QWHRHUMQMSHUIRYPIHQWE MHN 1y
VLPHWULPQD SR]JLWLYQR GHILQLWQD PDWULFD NRYDULMDQ|

8 RNYLUX RYRJ UDGD VX SULND]DQL SULPMHUL VLVWHP\
SRJIODYQMD X NRMLPD VH NRULVWH 'LWOHYVHQRYH JUELC
JUDQLFH GUXJRJ UHGD ,] WRJ VX UDJ]ORJD RYGMH SULND
'LWOHYVHQRYH JUDQLREHMDWHIRWDINWR R WWV VRE WM UH

LWORMWMHQROMD JUDQLFD

'LWOHYVHORYD JRUQMD JUDQLFD

gsLjuDfLPOL ) """ SUHGVMWDWBMIDO GYRGLPHQ]JLRQDOC
QRURDOQDGLREH

"RNWRUVNL UL
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4.6.2 Paralelni sustav

.RG SDUDOHOQRJ VXVWDYD NDG JRYRULPR R SRX]GDQ
VWWXNQRJ HOHPHQWD QH XJURNXMH QX&QR L RAWHUHQMH
VWDWLPNL QHRGUHYVHQDNRNMDHWND VERVREQRWWXSIFHRPREH Q
MH QHNL VWUXNWX 5@ OHRAHW R MW NRIE WiRVRH QDIVIKY M S\RRV/QREWW B X
SUHUDVBBWMHEHHQMD QDNRQ &WR VH OMMNURMDWKNRWIN @IE'
SDUDOHOQRJINREQWODY RREHIHQMD MH GHILQLUDQD VOMHGH

Slika4.10 *UDILPNL SULND] SR Goston Ba facisli sustqyM D X

60LND SULND]XMH DSURNVLPLUDQ® K XSREWYX\pRMH R BWSRIUD
VXVVWBYLQLUDQ SRPRUX GYLMH XX LSU FOMIQMWDEIHP WXRDPNNALRVE
SHUIRUPDQVH SODYH OLQLMH 1D VOLFLEVX QD]QDpHQL L 1L

"RNWRUVNL UL
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$SURNVLPLUDQIMNURM B ®Q RVIMU RGWMQRIWID PRAH VH RC
NRULVWHIID] ]D PXOWLY D UDNGMREBEX QRRXD @@XPDMX VDPR
NRUHODFLMH L]PHYyX VYDN I WBDQLF R QM) & B WLHM HREMIH (i H ¢

R & QRf

JGMHIN\NEMRM REOLND RGAWHUHQMDA IXQNELM®B BHWIRUPDQYV
VLPHWULPQD SRIJLWLYQR GHILQLWQD PDWULFD NRYDULMDQI

"RNWRUVNL UL
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5 5DpXQDOQL SURJUDP |]D DQDOL]X
FASTREL

8 RNYLUX RYRJ GRNWRUVNRJ URGWD B DDY IDMQHD®D IM M B R K X
)$675(/HQY$675(/ LDELRLNMNRMHP MH LPSOHBPBMME@DRORJILMD
DQDOL]X SRXJYG D/QRR/ W E5 WRULYRWANERVRNOXFURVRIW 9LVXDO 6
W H JSLD:PVNL,Q\WHDN)RUWUW@SRMND]XMH GLMDJUDP WRN
SURJUYB®TS (/

5DpX RIPGQ RIXNBB75(/MH SRWUHEQR GRVWDYLWL SRGDW
SUREOHP DQDOL]H3BRXFERDRWHMAGHIOMH FMHORRHWRNIISLMI
SULND]DQR FUYHQRP ERMRP SRGDFL SRWUHEQL ]D GHILQ
VUHGQMD YULMHGQRVW ON RWHU HBLQMIDUNWWNDIMGHLGNERRIMOHD F L M F
LIPHYyX VOXpDMQLK YDULMDEOL LNSR®BRIL BPHNIKRQBSDLQD G
.DG VX GRVWDYOMWBIND BMBRBGHALL W

x 2GUHYXMX VH LQWHXSDRVMBUKDNRUNNWHIL ELEOLRWH
+HUPLWHRYLK LQWHJUDFLMVINLKGWRRAPONP L WHALQVNLK

x SNR VX VOXpDMWRUNOREM@P¥PPEMHNYLYDOHQWQD PDWULFI
NRHILFUMPMEDWYOXpDMQLKU R DWRNMKXE @ H (XN RIHE DE IRMHHNDW
X] SDUDPHWUH OLQHDBOD PERPRNYXPLOWDDMWMRQVIRUP
YLGL 3RIQD=DOMH VH RGUHYXMX kawm\awmgw WRpN I
8NROLNR VX VOXpDMQH RDULW EIGHHBV@IDBIN B B IH\O\ NIDRQ M/ R b N
SURVWRUD

x 2GUHYXMX VH LQW EIUDFRWW RYX WNRBWIHY W K IR UPDB I MGD
voxpDMQLNLmUR@EBD\LOMH

x =DWLP WHHQWWHJUDFL S MR VWRRANH HY DOXLWD \BHLNBR UIKD Q \

x .RULVWHUL YULMHGQRVWL IXQNFLMD SHUIRUPDQVL RGUI
]D VYDNX IXQNFLMWX GMDIR|UPDQVH

x =D VYDNX IXQNFLMX SHUpRUSRMOQDRHKWHX Q S BIHWKRIXP D Q V H
UMHADYDQMHP QHOLQHDUQLRGLDB’U])L M SR MG ENLR U
/HYHQBEBUJT XDRWBHWWRG SRVWRMHMHBDQVNRJ SRWSURJUDP
GRVWXSQRJ X RNYLWX18MRYOH@ELEOLRWHNH

"RNWRUVNL UL



$QDORDD GDIQRNVRQFHSWXDOQRP SURMHNWLUDQMX 1|

.DG VX SRADDVOPM FLMD SHUIRUPDQVL RGUHYVPOMXYDH X MH
IXQNFLMX SHYWWURU[RDWGDEY L WRP LIMWHGWRBKNMRBEP VX JUDQLI
LQWHJUDGERMH RGUHYyXNH QRRHVW NEUPHWEREEMHD Y RJ
LOQWHUILY SR WRRMHNBIDQVNRJ SRWSURJUDPD 4%$*, GRVWX
ELEOLKBEHBSKR[> |@

=D VYDNX IXQNFLMX SHUIRUPDQYMHUR R B W @ RADNX YRHEW H
VOXpDMQHYYBULMDE®WH SURMHNVEQDL WRpND

8NROLNR MH EURM NULWHULMD IXQNFLMD SHWRUPDQ\
LIPHY X IXQNFLMD{ISGEI]LU@PDQVL

7DNRYNROLNR MH EURM N U IRGHUHLYMBPMIHVRIM RW QNN ®/D R 3
V X VWD G I1H.]UD1 3UL WRROML DR R IUNIDW BEBG UH Yy X MH
NRULVWH i)REIRMIDROWMIELIOSRVEZGRYWXSDQ X RNYLUX MDYQ
091'673%&[> |@

. RGSURGYEHIQDBVHQ]LWLYQRVWL Y M HW RRVED WUV WPID FPEDNVHL
NRUHODWNRMMNILWK@DWMDIUDPX WRND SULN D DI GHOJY R
SURJUDP )$675(/ LVSRUXpXMH UDpXQ DQ@ROR WSLLpRILU P R X
XQXBDRMHNWQRJ VXVWQNRLRPBFRBS6S R SURMHNWQLP WR
SRX]GDQRVWYDNX IXQNFLM XDS\HIPRQUPOQIV H URJUDP 6(1.
RGUHYXMH YULMHGQRVWS UHPYCHBHWRIC FOIRJEW L YRERWVWD Q |

"RNWRUVNL UL
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Slika5.1 'LMDJUDP WRND UDpPPAQTREIQORJ SURJUDPD
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6 Primjeri

8 RYRP SRJODYOMX MH SULND]DQ QL] YHULILNDFLMVI

SUHGORAHQ@H IP MA\RRINHL. SDGRIMBYD VOMHGHUH

x RSLV WUULKMHUD
x MHGQX LOL YLaH IXQNFLMD SHUIRUPDQVL
NRPQRQWH LOL VLVWHPVNRM SRX]GDQRVWL

RY

LVQR R

x NDUDNWHULVWLNH WDDGLIREQL K/ YDGQMIXEVULMHGQRVW |
VWDQGDUG QW HG K WLOMPPIMXX QH]DYLVQLK VOXpDMQLK YDU
x VWDWP\RPHIQDWD VYLK I RUPEFQWIDY ISGIH SUHGORAHQRP P

DQDOL]X SRX]GDQRVWL

x SDUDW)HWVYDNH ISENFRVMPAYQOMRYHU RGUHYHQH SUHGOR:

]D DQDOL]X SRX]GDQRVWL

x XVSRUHGEX SJUHR X O MMDAWDHRONDD W Q REWRMAWNMDO@REBLMD U
PHRMGD ]D DQDOL]X SRX]GDQRVWL SUHSORAEHDOQR HWRYGD

ORQWH &DUOR
x SULND]VYDNH IXQNFLMH SHUIRUPDQVH
x IDNOMRPEDMQD EUJLQH L WRpQRVWL

SULPMHUL X NRMLPD MH SURYHGHQD DQDOL]D VLVWHP\
VOGUADYDMX L XVSRUHGEX PDWULFEGUMRRZBOKRFEMMES OR AHRHR
PHWRGRP WHSX\RFRUMH@BEMHQMIOWQRVWL REWHIHQMD VXVW
PHWRGDPD ]D DQDOL]X VLVWHPVNH SRX]GH'QRNOMYOEQHGO

JRUQMD JOURDMLAD&EDUOR

=D UH]XOWDWH RGUHYyHQH SUHGORAHQRP PHWRGRP NRU

GRN MH ]D UH]XOWDWH RVWDOLK JRUH QDYHGH

L

K@P HWRG

8 WDEOLFDPDUNYS®RWB®BH YDAQR MH QDSRPHQXWL GD EURI
WUHED XV SR WH{jFL YIYW O YD E UR DV) RE]Q LRHRPRGEMH MH )250 PHWRC
RG WUHQXWDpPQR NRELEGWXIH KS PN WR\GUIIR@ W H Y UGNV IR MROGAGHF
SUHGORAHWRORPHED XVSRUHJLYDWL V W HRERIGIRPP 0RD WHH &
QDMWRpPQLMD RG VYLK WUHQXWQR NRUL&AWHQLK PHWRGD

"RNWRUVNL UL
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6 REJLURP GD VX )250 L 6250 LWHUDWLYQH PHWRGH
RAWHIHQMD X UDpXQDOQRP SURJUDIP)R WA LD A LSRR ¥ HELS
NRMD LWHUDWLYQR SURQDOD]L SURMHNWQX WRpPNX WH
SULPMMY L\AU L 3W H QH QXIR EBLHERMAPBIY NH GHILQLUDQH X SULU
SURJUDPD &$/F@RSWLPL]DFLMVND PRGR FIHFG XD DMIHWR G D
PDNVLPDODQ EURM IMWH U D FI. MARNODLEKUBPIQV@DXNRQYHUJHQFLMH

6.1 Verifikacijski primjeri
6.1.1 Primjer 1 zLinearna funkcija performanse

2FMHQMXMH VH EUJLQD L WRLICDHRNNQ RFIWRE GRH BPQSHLP M
SURVWRME SUHGVW PHEDDR LN D P WSHWDL\MR NJY{I6RDD. N|R G D @B D
VOMHGHULP JQUD]RP

Slika6.1l OHKDQL]DP SODVWLPQRJ NRODSVD RNYLUI

60XpDMQH YDULMDEOB|7IVEOQFF—EBBI]J)H-II@I—ILUQQI:IKRYH VWDV
NDUDNWHDIGWREXY VUHGQMX YULMHGQRVW L NRHILFLMHQW

"RNWRUVNL UL
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7TDEOLEDUDNWHULVWLNH JDOXpIDAMHWK YDULMDEOL

2]QD 5D]GLRE PR  &29>
: IRIQRUPTL
: IRIQRUPTL
: /RJQR QML
: IRIQRUPEL
: IRIQRUPEL
: IRIQRUPEL

6WDWLVWLpPpNH PRPHQWH RNR LVKRGLAWD IXONFLMH S
SULNODPDEWHAFD RGUHYHQL VX SULPMHQRP $X HKRERGD QR VRHW F

7TDEOLBODVDWPWRWHIQNYL FXQNBSIDMHW PHWU L IXQ@NEPME U

6WDWLVWLpPpNIL SDUDPHV
LVKRGLAWD;IX IXQNFLM

0*U ( P
0*U ( P
0*U ( %
0*U ( %

8VSRUNGEXRGBDWPHQLK UD]OLPpLWLP PHWRGDPD |D DQD

7TDEOLIF®PRANOLNBDMH] P OLUXQPNFLMH SHUIRUPDQVH

7TDEOLBLNSRUHGED] U RBJXICGPWIDHW D

9MHURN %URM HY
RAWHBF IXQNELMI
3UPBARBWF ¢

)250 (
6250 %UHL) (
6250 7YHGW (-
ORQWH &DU (

OHWRGD

,DNR MH IXQNFLMD SHUIRURDWRH XO L QHUDWYDR XBEDFLMRP
SURVWRU RQD SRYRRIMBIRQERUBGHD JEWRD]GDRERJID ]D RYDNA
)250 PHWRGX NDUDNWHULJLUD YHOLND JUHAND SURFMHOQ]
XRpOMLYD ]QDPpDMQD UD]JOLND X EURMX HYDOXDFLMD IXQNF
PHWRGD )250 L 6250

"RNWRUVNL UL
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Slika6.2 FGV funkcije performanse za Primjer 1.

6.1.2 Primjer 2 xNelinearna funkcija performanse

2FMHQMXMH VH EU]JLQD L WRpQRVW PHWRGH QI SULPMF
SURVWRWHK GRQYD VOMHBGHAILP LIUD]RP

60XpDMQH YDULMDEOH7MEOQHSBUNMDIXWCHOQHQMDKRYH V'
NDUDNWHULVWLNH UD]JGLREX VUHGQMX YULMHGQRVW L NR

7TDEFOL .DUDNWHULVWLNH VOXpDMQLK YDULMDEOL

2]QD 5D]GLRE P &29> (
; 1IRUPDOC
; 1IRUPDOC
; 1IRUPDOC
; 1IRUPDOC
; 1IRUPDOC(

6WDWLVWLHNHRNRRANBRGLAWD IXQNFLMH SHUIRUPDQVH

SULN

D DEoL

FD RGUHYyHQL VX SULPMHQRP SUHGORAHQH PHW

"RNWRUVNL UL
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7TDEOLBOVDWLVWLPpXQNFRMHBIWIUDPHWUL IXQ@NEPME U

6WDWLVWLpPNI 3DUDPF
LVKRGLAWD;I> IXQNFLM
0*U ( P
0*U ( P
0*U ( v
0*U ( v

8VSRUWGEXRGLWPHQLK UD]JOLPpLWLP PHWRGDPD ]D DQD

7TDEOL|FEDLNBEDMH SULND] )*9 IXQNFLMH SHUIRUPDQVH

7DEOLBN SREM ® H ] KID $/DWM H U

O9MHURN %URM HY

OHWRGD RAWHBF IXQNELMI
3UPBAFRBWF ¢
)250 ¢
6250 %UHL) (-
6250 7YHGW ¢
ORQWH &DU ¢

Slika6.3 FGV funkcije performanse za Primjer 2.
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6.1.3 Primjer 3 xNelinearnafunkcija performanse(GYLMH SURMHNWOQH

2FMHQMXMH VH EU]JLQD L W FhIRBRNG BMNGAIANG IHR QDR (IWIHP M H
LPBYLMH SWRWE@ERHSULND]XMHIXQNFMWM%WWRMRMWQMH)
GDQD MH VOMPBGHaILP LJUD]RP

6OXPDM@DEVBULY X QHNROEDLEIBDQUHND]XMH QMLKRYH V'
NDUDNWHULVWLNH UD]GVYRDXQ GDUHIEQME HYU IMMDHG IRV W L

7/DEOLFDUDNWHULVWLNH O XpBVMQEK D UL M

2]QD 5D]GLRE P 74
; IRUPDOC(
; IRUPDOC

6WDWLVWLPpNH PRPHQWH RNR LVKRGLAWD IXONFLMH S
SULNDPE&WHLAD RGUHYHQL VX SULPMHQRP SUIRXQBGBRWAN VPIHWF

7TDEOLBOVDWLVWLPpNL PR;PHGWU DPGRINALIMHX GNE PN U

6WDWLVWLPNL SDUDPHV
LVKRGLaAWD;IX IXQNFLM

o*u
o*u
o*uU
o*uU

SXTU U

8VSRUNGEXRGBDWPHQLK UD]OLPLWLP PHWRGDPD |]D DQD

7TDEOL|FOBGIBOLNBDMH SULND] )*9RMRDNOVMH SHU

7TDEOLBNSRUHGED] D RBJXIPWIDW D

OIMHURN %URM HY

OHWRGD RAWHGF IXQNELMI
3UBGAFRBWF (
)250 ¢
6250 %UHL) (-
6250 7YHGW (-
ORQWH &DU (-
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2YD IXQNFLMD SHUIRUPDQVH LPD GYLMH SURMHNWQH
6250 PRAH VH SURQDiIL VDPR MHGQD WH VH QH ]QD QL&AWD F
PHWRGH )250 L 6250 BDDWDNWBULJHAND SURFMHQH YMHURME

Slika6.4 FGV funkcije performanse za Primj8r

Slika 6.5 Funkcija performanse urprostoru za PrimjeB.
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6.1.4 Primjer 4 xNelinearnafunkcija performanse (konkavna)

2FMHQMXMH VH EU]JLQD L WRpQRVW PHWRGH QD SULP

SHUIRU%@QMPSULND]XMHIXQNFM%M%WWRWHP@@WW@VOMHGF
L]U D[R P@

60XpDMQH YDULMDEOBR 7 VKO IQAHDSRIUNO DUDK) HQOMLKRYH V!

NDUDNWHULEXNV LZMNUHH GUONIGLRULMHGQRVW L VWDQGDUGQX GHY

7TDEOLFIDUDNWHULVWLNH VOXpDMQLK YDULMDEOL

2]QD 5D]GLRE P 74
; IRUPDOC(
; IRUPDOC

6WDWLVWLPpNH PRPBQWKNEFNR HL\SKHRIGREWD QVHIOL SDUDI
SULNDOP&WOHLED RGUHYHQL VX SULPMHQRP SUHGORAHQH PHW

7TDEOLF®OWDWLVWLPNL PR;PHGWU DPGRINALIMHX GNE PMH U

6WDWLVWLPNL SDUDPHV
LVKRGLaAWD;IX IXQNFLM

0*U ( P
0*U ( P -
0*U ( %
0*U ( %

8VSRUNGEXRGAMR K UD]OLpLWLP PHWRGDPD ]D DQDOL]:

7TDEOLFDGIBROLNBDMH P OLUXDONFLMH SHUIRUPDQVH

7DEOLF®VSRUHG EW]I HBIX.CPWIB U

OIMHURN %URM HY

OHWRGD RAWHBF IXQNELMI
3UHGORAHQ ¢
)250 ¢
6250 %UHL) (-
6250 7TYHGW ¢
ORQWH &DU (-
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2YD IXQNFLMD SHUIRNVURPIDMHOHL MHDUQUD WH L] WRJ UD]OR.
YHOLNX JUH&G&NX X SURFMHQL YMHURMDWQRVWL RAWHUHQMLEL

Slika 6.6 FGV funkcije performanse za Primjer 4.

Slika 6.7 Funkcija performanse urprostoru za Primjer 4.
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6.1.5 Primjer 5 zSistemska pouzdanost éxijski sustav)

2FMHQMXMH VH EU]JLQD L WRPpQRVWYRMMHWR G B WXDPR SWL RE
VHULMVNRJ VXVWDWGDMHWWDJHBI:MI—HQ%EE@/

60XpDMQH YDULMDEO

HDERXLN

RYUHICN DV XQIH QMLKRYH V!

NDUDNWHULVWLNH ULMIBEGREBX WU NGOWMGDUGQX GHYLMDFLM

7DEOLFMUDNWHULVWLNH ]\DOXpIDAMHK YDULMDEOL
5D]GLREI P v

2]QD

'HLEXOO
'HLEXOO
'HLEXOO
'HLEXOO
'HLEOO
8QLIRUP
8QLIRUP

ODWULFH NRUHODFLMVNLK NRHILFLMHQDWD L]J]PHYyX SUYL

7TDEOLH

DDEOLER

D’DEOLEBULNDWIOMKXLVWLPpNH PRPHRQWH RNI

VYDNX RGEAQMWAULIMH SMEIRUPPHWRHL® MV S R UHHS] K X) BV/DY\W B X
IXQNFLMH SHUIRNLPRED@/LI-FIDJH:_DH

:FYDEOLFZOLN

[ OLN

6OLNDGXSBIULND]]DWH WQINFLMH SHUIRUPDQVH

D

'RNWRUVNL

UL
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SHIXOWDWL ]D SUYX IXQNFLMX SHUIRUPDQVH

7TDEOLF®EOWDWLVWLPpNL PRPHQSVLUIDXRHWFU M H X QN ALAWMH U

6WDWLVWLPNL SDUDPHV
LVKRGLaAWD ;I X IXQNFLM

0*U ¢ P
0*U ¢ P
0*U ¢ V
0*U ¢ V

7TDEOLF® W SRUHGED] U H|XOXWDMINFLMB SHUPRUHRD QVH ]

OMHURMI %URM HY

OHWRGD REAWHBHC IXQNELMI
3UHGORA&HQ ¢
)250

6250 %UHL)
6250 7YHGW

t
§
§
ORQWH &DU ¢

Slika6.8 FGV prve funkcije performanse za Primjer 5.
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SHIXOWOWXUKONFLMX SHUIRUPDQVH

7TDEOLF®EOWDWLVWLPpNL PRPHQSVLUIDXRHWFU M H X QN ALAWMH U

6D/WLVWLPNL F SDUDPHV
LVKRGLaAWD ;I X IXQNFLM

0*U ¢ P
0*U ¢ P
0*U ¢ V
0*U ¢ V

7TDEOLF®RVSKRGED UH]RGWXDIWMNFLMX SHUIRUPDQVH ]D 3UL:
OMHURMI %URM HY

OHWRGD REAWHBHC IXQNELMI
3UHGORA&HQ ¢
)250

6250 %UHL)
6250 7YHGW

t
§
§
ORQWH &DU ¢

Slika 6.9 FGV drugefunkcije performanse za Primjer 5.
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SHIXOWWWHX®NFLMX SHUIRUPDQVH

7TDEOLF®EOWDWLVWLPpNL PRPHQSVLUIDXRHWFU M H X QN ALAWMH U

6WDWLVWLPNL SDUDPHV
LVKRGLaAWD ;I X IXQNFLM

0*U ¢ P
0*U ¢ P
0*U ¢ V
0*U ¢ V

7TDEOLF® VSRUHGED|DMWXEWOWIRNFLMX SHUIRUPDQVH ]I

OMHURMI %URM HY

OHWRGD REAWHBHC IXQNELMI
3UHGORA&HQ ¢
)250

6250 %UHL)
629 7YHGW

t
§
§
ORQWH &DU ¢

Slika6.10FGV WUHUH IXQNFLMH SHUIRUPDQVH ]D 3ULP|
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6LVWHPVND SRX]GDQRVW

6 REJLURP GD VH UDGL R VLVWHPVNRMUSRRW]@DRR VWA LR &R/
]JD VYDNX IXQNFLMX SHUIRUPDQVH SRWUHEQR MH RGUHGL
LIPHYyX REWILNOVEEWHULMD IXQNFLEM®LKBEULRDPOMPN LXVSRULFL
PDWULFD NRUHPOIMHQ@IWDKLNRHIXQDWLK )250 L SUHGORAHC
SURFLMHOMMWHRIMDWQRVWL Ra&WHUMDQ WL LVHDIOMVNRVH VRNWE

SRX]GDQBUM{ED(EM}LF:D

7TDEOLF®&Y SRUHGED PDWULFD NRUHODFLMVNLK]®WRHILFLMH
SULPMHU

)250

1
)
1

1
)
1

7TDEOLF® VSRUBHGEBLMHYRQNURMRWQRV W ILDREWIHINHKQWM D V XV

O9OMHURMDWQ

OHWRGD RAWH 0 HQ MR
3UHGORAHQD PHWRGI (-
)250 'LWO HRRYADROQMD . ¢
ORQWH &DUOR ¢
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$QDORDD GDIQRNVRQFHSWXDOQRP SURMHNWLUDQMX 1|

62 3ULPMHUL SULPMHQHeSUHGORA&AHQH PHWR

6.2.1 Primjer 6 +8]GXaQD JUDQLpPQD pYUVWRUD EURGD ]D
kontejnera

8 RYRP SULPMHUX MH SULND]DQD DQDOL]D HOREEGDQRVYV
1DSKOYULMHPH QHVUHUH 1DLPH NDWDVWURI[BODMDREAWHiH
SULYXNOR MH YHOLNX SRJRUQRVW EURGRJUDVHYQH LVWU
LVWUDALYDQMD NRMLP] WRINQDNWWRMBIOB® REWH®EWLML L]YMF
VWUDQHDGIRQ% ODULQH $FFLGHQW [0 Y@R\BW H DO W IRR K HY% JUDINGDRAVKX
VH RAWHUHQMH SRMOYLEBRIILBRHJILE®]ORJID Q MMAKRNDQIWDQ
SRMHGLQLK NRQVWUXNELMVNLK HOHPHQDWD X SRGUXpPpMX V

Slika6.11)L]LPNR R&EWHUHQMH NRQVWUXNFLMHESNRQWHMQHU

3DUXQRY>H@XGURYHOL DQDOL]X SRX]GDQRVWL V RE]
JUDQLPQH PpYUVWRUH EURGVNRJ WUXSD 3UL WRP VX NDR
YHUWLNDOQL YDOQIy PHRNWW®WHP QY L RMFORMQIBMRERYLLKV B QBADD F L
WUXSD ORURGIDNRPELQDFLMVNL IDNWRU L]PH{yX X\DOIQMRIGR S
SUROD]QLKNYLENRFHLMD/X VH NDR VOXpDMQH YDX\VODEWDE S
PRGHOLUDQMD JUDQLpPQRJI PRPH®GWR PHQYW B DWDWD MERRNGY NJ
YRGJl; OLQHDUQRJ YD OR RQ HOS\QH DK IQHRIMDDA K RIS RISW H U H Q i
XVOLWHR®D]QLK AZTPEDEEMOULND]XMH VWDWLVWLpNH NDUD
QH]DYLVRMKQMOXPULMDEOL

"RNWRUVNL UL
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7TDEOLFIDUDNWHULVWLNH VOXpDMQLK YDULMDEOL

R &29> C

60XpDMQD 2]QD 5D]GLREL

F

Kz

I

ko

0z >01P¢
N

s
Ocg >01PC¢

/IRIQRUPL
1RUPDOQ
1RUPDOQ
1RUPDOQ
*XPEHO |
1RUPDOQ
1RUPDOQ
*XPEHO |

ORPHQW VDYLMDQMD QD PLUQRDIYYRODMDJEDRENNR P RP

0O1P Ox 01pP>

QHL]YMHVQRVWL PRGHOLUDQMD

@X PRGHOLUDQL NS (G B RKHASRILLCBLDVGALH N

3UL WRP MH JUDQLpPpQL F

LOQNUHPHOWDO@R WRERP DQDOL]JHNBORSWIDYV LY G OMQMHP V
PHWRG®@ |[@ |& RNYLUX NRMH MH XNOMXpHQ XWMHFDM VPLP
QD ,$&6 3&% PHWRGL

)XQNFLMD $HUJIR WRMX MH SURYHGHQD DQDOL]D SRX]GDC

6WDWLVWLPpNH PRPHQWH RNR LVKRGLaAWD

IXQNFLMH S

SULNDD&OHLFDD RGUHYHQL VX SULPMHQRP SUHGORAHQH PHW

7TDEOLF®OWDWLVWLPpNL PR;PHGWU DPGRINALIMHX GNE PMH U

6WDWLVWLPpNL 3buUD

LVKRGLaAWD;IX

PHW

IXQNFLM

o*u
o*u
o*U
0*U

(

ST U

(
(
(

8VSRUNGEXQRGDWPHQLK UD]OLpLWLP PHWRGDPD ]D DQD

7TDEOLADSURMHNWQX WRPNX L VHQJLWLYQRVW YMHURMDW(

VOXPDMQX YDULMDEOKF|S WELREDILND

AGDMH SULND]

SHUIRUPDQVH

)*9
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7DEOLF®VSRUHG E D] D BJXICPWIDW D

OMHURN %URM HY

RAWHGF IXQNELMI
3UHGORAHQ (-
)250 (-
6250 %UHL) (-
(_
(_

OHWRGD

6250 7YHG\
ORQWBIUOR

Slika6.12FGV funkcije performanse za Primjér

7TDEOLFRURMHNWRDURRWRLD L VHQJLWLYQRDW RM HURMPD QI
SRMHGLQX VOXpDMQX YDULMDEOX ]D 3ULPMH
60Xpl 210D )250 3UHGOR§HQD
YDULI X o> @ X o> @
F ; - -
Kz ;
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6.2.2 Primjer 7 zSistemska pouzdanost ukrepljenog panela

8 RYRP SULPMHUX MH SULND]DQD S ULWPMHQIUS 30 66 RRH
SDQHOBX&QRJ QRVDpD G¥ RAQMHERR G X5/% @4 JND|[@ DRl L PD

SULNDUXMAHNNR MH MH SURWIHGHERXI@DOQRVDNL XNUHSOMFE

VHULMWWHL NYVIMBYLMMDQDMMLILNDFLMVNRJI G|BX i(FVEDEO%KDHD)

SULND]XMH VWDWLVWLpPNH N D UUDDNWGLHDL] B [DINBRHGEXND IVKQ L

YULMHGORMWEWUXNWERXNRORKQLK YDULMDEOGHISRBADQ NRM
HNVSHULPHQDWD RUWRIRQPP @R \SFROE®HFE@PWNBPDWUD VH
XNUHSOMBOSKRMHPO] WIDp L W L K 3BLWW R @RAVKKDNS DQDVQMD P DN
LIPHYX XMGHED ML QWL YRSYQQ IV V W UME! 1D EXONMULIDDH V \F B XBIIDQ BN U H
SRMDVD WEHHOMLQD SR MDMDU KSEMBHQ LA/LHPOMENWHH ULMD O Q |
NDUDNW HBULVWIL R FL( 1 PP WHRSWHWMHGQREMNRFMHpPQLP
X]GX&4QLP SRSUHpPQLP LGXPLHLRQERYH)QDPD VYB]PDWUDQH
X N U H S ®NGIH®RIE WHYHIH RMDWQRVW REWHWHQMMDVXVWBYD W
PHWRGH )J2WOHYVHQRYD JIRQYNMIDE&DIDIR EDSUHGOR&HQD PHV

Slika 6.13 Analizirani ukrepljeni paneta Primjer7.
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7DEOLFDJLWHULML L]YLMO BWERQKN U ESEDINAED@®RIL P M H U

2]QDND NU 2SLV NULWHULMD L UHIHUHQFD
,]JYLMDQMH UM M@ERY ST RAMINDR/ DY RM QR
%9 5XOHV 3DUW % &KDSWHU 6HFW
6PLPQR L]YLMDQMH UDYQLK SORpD

%9 5XQBIVW % &KDSWHU 6HFWLRQ

,]JYLMDQMH UD Y QR DSYGRBIK VIRER/ @ S
%9 5XOHV 3DUW % &KDSWHU 6HFW
,]JYLMDQMH XNUHSD UD]JOLpPLWH YUVW
%9 5XOHV RDBEWIBHF&/ LEREVHFWLRQV

%9B3&B®

%9B33B6

%9B33B%%$¢

%9B26B9 % (

6WDWLVWLPpNH NDUDNWHULVWLNH VOXpDMQNRKRMBD WMHIDE
RGQRVH QD JHRPHWUISOQMK N BNDEBN WRHYU PRVWEG XMDHHODVWLPQR
SDQNWGAE&DX]HWH RBAHPD>L | @WDWLVWLPpNH NDUDNWHBDWHW.LMNHO D
ORJQRUPDOQ@R2UD]EER@D K VX X]JHWH S @QJHPD

6 REJLURP GD MH RYR LOXVWUDUDLY DR HKUHL PM MWWR GHJ LI N
SRX]GDQRVWL VWDWIRSWHWHIMNQ@MD N WHREVARWMH VX]GLREI
SUHWSRV@YDYBMERWL DQDOL]H SRPRUVWYHQRVWL NRULZE
+<'5267%9 :$6,0 L]JYHGHQH X RNYLUX>S|@RMHNWD ,03529¢(

8 SURMHNWQRM SURFHGXUL SULOLNRP SURPMHQH S
NRQ VW U XNOW PHE@IDKAPD. M M & MU DDNRR K ESQE INNRWPM VX pYRUQF
VOXpDMQHIWDLKRNMBEDMH Y VIRIG KE P RADW LG LY HONDVE Q RK]JTHQWDD
L] )(0 PRGHOD UD]PDWVDPDRY SURGRSW 8 U MIESQPD QMD NR M
XOD]H X UD]PDWUDQH [ BEWWMX H/ 5 R.G REMRSRKEQ IMKH @ MRIQQ
SRYUALQRP SRSUR BQ R¥NSWIMERHNIRBHEHOXMH RSWHUHUIHQ!

7DNRYHU VH X UD]PDW U DXQWIHP R BEDRMYBIOINW X Q RREHWQR V L Y
VWUXNWXUGQRY RSWHUEH i6MMDLVWLPNH NDUDNWHULVWLNH
XVOPRBGE O L UDHWHD BOHER D
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JXQNFLMH SHKRISRUHPD QO KpDMX JODVH

WH VH SNSUMRIPQM D NRMD X O D] H,KGNJUHLA MY LU HP RW.YUHD X Q[

JGMH{@BSUH]DQMD NRMD X]JURNXMX X]GXaQH SRSUHpPQH L V

7TDEOLFDDUDNWHULVWLNH] B3O FPOIMHQULK YDULMDEOL

P
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E >PP@ 1RUPDOQ
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E > @ 1RUPDOQ
k > @ 1RUPDOQ
R >@ 1RUPDOQ

7TDEOLFABBULND]XMH 9YIR Q@ XIFHHU@R M D WEBRMRAMWBIRYaRDWHUILHAQHWU L M D

LIYLMIDQWIDDNL RG wmsomm«wmmmwﬂnummm SULND]X
XV SR USIGREKL MW MBIRMB W Q RV WU R AMDHO HIQLMCH PHWRGH ]D DC

6OLNDPSULND]XMH VYLKDW G1LEEDMWSIDIBWWORK X¥ RE]JLURP GD VX FI

PLQLPL]DFLMD YMHURMDWQRVW LV W HGR® MQL UDIRLG BERR Q! B
VSRMH@HQRP OLQLMRP SURMHNWL
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7TDEOLF®ODEHUNNVPHQDWD RUWR|JIRQDIORMHEROMH /
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Slika6.14 *U D | L pkd4d pr&cijenjenhY MHURMDWQRVWL RAWHUHQMD VXVWDYD ]D 3ULP
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Slika 6.15Nedominirani projektza Primjer?.
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6.2.3 Primjer 8 +8]GXA&4QD JUDQLPQD pYUVWR{ID NXWLMDV

8 RYRP SUNVKXKBUHIUNDPBRIAHESR X]GDQRRVWQ]LWNRQRW WXNFLM
WDQNRVWMHQRJ NXXNWODWBGWRJ SYR PREARDXR KRNIV 3 X VX

=

JXQNFLMD SHUIRUPDQVH ]|D NRMX MH SURYHGHQD DQDOL]D

JGMHxMHUDQYHQW PRPOQW VDYLMDQMD NXWLMDVWRGQRBVDp
VOXpDMQD YDULMDEOD GHILQLUDQD VUHGQMRP YULMHGQ
YHU MH 1XQDFV®Xp MY LKIHRPHWIDEOMHULMDOQH NDUD N
NRQVWUXHGH MM Q DMHXON X SYHU W IPNRPGI@QW VDYLMDQMD NRMLP
N XW LMD \BW L VORRR/ VX ] D R@HH;LNW\DLQ]\LHUDDXQ$)6§_@HSFUI\RHDJDP /
VX XNOMXpLOL X LWHUDWEY QRYSBWOMK $250Y PBWR ®HHDOL]H
QDYHGHQLP UDpXQD®OWRPHOWRDQYDPRPX SURJUHVLYQRJ NRO
5H]XOWRWIS RUH G L OLLP WQ WIDDSHRU G FOBL ¥ VB@ER @V H VX
]JDNOMXpLOL GD UDpXQDOQL SURJUDP /5 3$66 GDMH ]DGR)
DQDOL]JH SRXJOPRAMMHNVSHULPHQWDBXARX WHMMMLHBODK QR
QDYHGHQRJ QIFOWLNDPRWRR R]QDpHQ WHRQWMRHG R N RWH. DK D\
PQRJL LVWWUIUKXpIXV SR |[@D|@V @ XWLMDVWR MERWD p
HNVSHUQLE®RP WH V VEIRWEDQN @ XBWHR WINARRY Q R P Q M K ] UDYRILL B H
RG pHOUDNQLFD WHPHDRMP<RXQJRY PRGXCOIROWL 1 PP

6OLNDSULNDXWHQ LM% YaLVHLLQEXKD | PPHYyX SRSUHPQLK RNYLUQ!

O WHRPHWULMX SRSUHPQRJ SNRQMWNDXNLE LNVD/AKERHKEACHNDIHZ A ¢
OLPRYD L GLPHQ]LM HN X\CVEIMM W RINQ RS D p D

7DNRYyHU MH L X RYRP SULPMHUX SULMH SURYHGEH D¢
3&$% LPSOHPHQWLUDQD X UDpX QDO DNOIDKMMWDPLLU P& B23/8\6U +
PRGHO QD NRMHP MH SURYHGHQD DQDOL]D GRN GRELYHQ
]JDNULYOMANQRUMWBMMH JGMH MH QD]QDPHQD L XVSRUHGE
GRELYHQRJ L LJUDpXQDWRJO45 3$66 L 2&72386
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Slika6.16 'LPHQ]JLMH JHRPHWULMD SRSUHpPQRJ SUHVMHND L |
elemeQDWD NXWLMDVIWGEB] QRVDpPpD

Slika6.17'LVNUHWQL VDVWDYQL HOHPHQ8VL NXWLMDVWR

. RODSVQX VHNYHQFX NXWLM D V3&®$B HOWRVDBH PN mﬂ-ﬂDHQX

.RODSV VYDNRJ GLVNUHWQRJILSGBQWDMFR U 09 ™MBIRR Q@ BGBL (

SURVMHpPQH JUDQLPQH X]GX&QH GHIRUP NBLMIPDOSIWHBD GRGJ
QDpPpLQ NROBBYWDXH SURVRKHBBEAQR QDIS GHPEDM D UD]PDWUI
VDVWDYQRJ GLVNUHMEGRJYHORPRQWB UD]JOLNH X UH]XO
HNVSHULPHQWDQMIHEPSW HB\&MY P HYDRI®RIX pH Q P MHHU B DQ RYL Y RV
NRQVW WXNFEHWYHQD ,$&6 3&$ PHW R G RI® R E R OHWDRRHENDX (i
DQDOL]X SRX]GDQRVWL UD]PDWENDRRY MHNWIMNBYVERKS BOHRW
LPSOHPHQWLUDQD X UDpXQDWDYXKNILRIQR PS YF6HISFAXWEH SULN
SURYHIEQES RX]GDQRVWL L VHQJLWLYQRVWL
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Slika6.18M + Adijagram za Primje8.

'RZQHVEX |@X NXWLMDWWIH QRGBR MNBIRHBW QLK VDVRW® Y QLK
NRMULKY DRRSLVDQ/@XpDMQL K NDEEIMDE@AHQD 4GHEQM [RGB RW 6
YLVLQD VWUXND XNUHSH GHEOMLQD VWUXND XNUHSH A&aL
<RXQJRY PRGXO HODVWLpPQRVWL PDWHULMDOD JUDQLFD
PDWHULMDOD VWLPON BV EKPNHIQHVE B P DUNDHQU JLDMRVAOACD G B MIGYDU M NDUQ-
NRMLP MH RSWHUH[JHQQN«X/\W)GWLLQ[RU/DD@IX DR pHPX VX
XNXSQR]PDWUDOL VOXpDMQLK YDULMDEOL

8 RNYLUX RYRJJERIGBNMHMOD MHJ PREGHMHOXL@EISWPEDX D P
NRULBWH@GRHILQLFLMX VWUXNWX [0 R PR|GB®KX DA X G DIVQ H
YDUL@DSULND]XMH VWDWLVWLPNHS Q\D U IV NWD VUL DMAKWLLPN
QH]DYLVQLK VOXPBDMQURE MEH MM QHPOR.S OO BV i W UAKGIHDE © WIUL I BH
VWUXND EXANUHSH) SRMEVEIHEKOMHGB VWUXND L SRMBVD XNU
JUDQLFD WHKRKQWNDY PR GXROVWQ DPVIBMKURIMDND GD VH RGQRVI
DVQD XNUHSX '3 2BRONWHL 68 /MWIM\XB GIRQML SRMDV R]QDpDYDI
SURMHNWQH YDULMDEOH XQXWDU SRGUM[P@LRLJNS)IR)K—IWMND N
VOXpDMQLK YDULMIRBMLIP DXMXSFQR.VDQH PDWHULMDOQH L Jt
NXWLMDVWRJ QRVDpD
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Slika6.19 . RODSVQD VHNYHQFD NXWLMDV®RJ QRVDpD SL

60OLND3ULND] VOXpDMQLK YDULMBBORMHWLMDVWRJ
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7TDEOLFIDUDNWHULVWLNH VOXpDMQLK YDULMDEOL

6OXPYMQOmM 2]QIDN 5D]GDRE P &29> @
uWw >PP@ ; £ 1RUPDOQ
u k >PP@ ; % 1RUPDOQ
W >PP@ ; 1RUPDOQ
ubk >PP@ ; % 1RUPDOQ
u W >PP@ ; =; 1RUPDOQ
u ( >1 PR ; =; 1RUPDOQ
u ¥ >1 PR ; =; IRIQRUPL
Ow >N1P( ; *XPEHO] |

JXQNFLMD SHUIRUPDQVH ]D NRMX MH SURYHGHQD DQDOL

6WDWLVWLpNH PRPHQWH RNRBIRVRBRGVEWD SRQBNPHWUH
SULN[DODPD&WHLFDD RGUHYHQL VX SULPMHQRP SUHGORAHQH PHW

7TDEOLF®OWDWLVWLpPNL PR;PHGWUIDPENGNMIEMBULPMHU

6WDWLVWLpPpNIL SDUDPHV
LVKRGLAWD;IX IXQNFLM

0*U ( P
0*U ( P
0*U ( %
0*U ( V

8V SRUNGEXRGWMPHQLKP IPH®RELWPD |D DQDOL]X SRX]GD

7TDEOLFGRNOLNDGDMH PHOLUNXDQNFLMH SHUIRUPDQVH

7TDEOLF®VSRUHGED] U BJXIIPWIIHW D

OIOMHURN %URM HY

OHWRGD RAWHGF IXQNELMI

3UHGORAHQ
)250

6250 %UHL)
6250 7YHGW
ORQWH &DU
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Slika6.21FGV funkcije performanse za Primj8r

8 SULPMHUX MH WDNRYyHU SURYHGHQD L DQDOL]D VHQ]L\

QD VOXpDM(

DD YD

BDI‘EEID‘.I-&OLN[

DSULND]XMX VHQJLWLYQRVWI

RaWHUHQMD V RE]JLURP QD PDWHULMDOQH L JHRPHWULMYV
JUXSLUDQH VX SUHPD SR]L NIMHN R QNOW\DLWM B R B/IRH p@ R\ DHUDH

Slika6.22SenzitivnostY MHURMD W Q R VREL LRRARPHG B YNDD LMDEOH VWUXN

za Primjer 8.
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Slika6.23Senzitivnat Y MH U R M D W QRo\alvdm RaavritaliiddQled Pojasa kutijastog
Q R VAa|rbmjer 8.

Slika 6.24 SenzitivnostY M HU R M D W Q<Ro¥alvdm Raavatifalidd@jsbpojasa
NXWLMDYVYaRinj&@B.VDpD
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6.2.4 Primjer9 +t9LAHNULWHULMYV N B VRISMWOL\PW RROIFQR B D p D

8 RYRP SULPMHUX MH SURYHGHQD YL&AHNULWBULMNVND F

HD1C>}

@

6 OD N

@&H MH GHPR@MAQRLUHD@QHRUXVYSQPMH 3DUHWR IURQWH

SULNDGKMHQ]LMH/ GXOKQEX+QXUD]PDN L]PHyX SRSU!

RNYLOQVOPBHRPHWULMX SRS UHLGRNVISEDENHAMMRKIDAN U X NF LMV
HOHPHQDWD NXWG&EMBDYMWRIXQRVIDPYD L GLPHQRMIEHNR]GXAQLI

SULND]XMH QMLKRYH PDWHDQMBPX @H BRDRWMBDRY HRIR. &/MERRWMHD L

(

Slika6.25Dimenzije, gometrjaSRSUHPQRJ SUHVMHND L NDUDNWHULV

elemenataN XWLMDVWRJ QRVDpD ]|D 3ULPMHU

Slika6.26 Materijalne karakteristNH NRQVWUXNFLMVNLK HOHPHQDWD N

Primjer 9.
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BOLNDSULND]XMH SR]JLRENME QIR & PELSINRMHNWQLK YDULM
SRSUHPQRP SUHVMHNX NXWYGIHDEONRLIQ@RE D QI XM D W R B HEH
GHEOMLQD V& &LXWLDQ R NSRHVEHE B BONWIHEMH VWUXND L SRMDVD X
D RIJQBNERQML SRWDYWNGRQML SRMDV R]QDpDYDMX SRJLFLN\
XQXWDU SRSUHPQRJ SUHWVRHRNIMERWHMPVYQYRIDORWDD PDNVI
SURMHNWQLK YDULMDEOL WK RRBWDR LFURMNNE B HD @ DRIU MY

7TDEOLKD

Slika6.27Projektne varijal® H NXWLMDVWRJ QRVDpD ]D 3ULPM

TDEOLFLFLWMDOQIADOQH L PDNVLPDOQH YULWHGIQRRI\DWL S L
SURMHNWQH YDULMDEOH X]|BSSWLPMBBLMVNRP DOJ
2]1QD!M ,QLFAMO@ OLQ >F OD[ >P .RUDN >
Wk:3
Wgse
Wee
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Keg'3
Keee
Kep+3
Ese
EBg+3
Ws 3
Wee
W+s3
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2SWLPL]DBURY HGHM QD NRULNQH UIQREDAEIEXNLYH 3DUWLFOH
2SWLPLIDWURQLWDP WH MH XN XS$D]R LJHLQWLKL | RKR\RVHINFCDV D
LWHUDFLMDLPMHUX VX SULND]DQD GYD UD]OLpLWD SULVW
SULVWKSFSRILMH VYHJD RGUHGLOD 3GHW B PROkY WDEND3 3L
Oxy =D VYD WDNR GRELYHQD QHGRMH. Q/NMVBQER MPWVHERNQIHD
VLIRW@e0xk L 380y RGUHYHQH DQDOL]RP (DRI IBD @ KWRY H
3Y M H U RO W@QWR WILIKDRQU/RHV H N D DY P L3QOAKR L@ ED x 'UXJILP
SULVWXSRP VHMRGBMGIDMRWMPD WREMH VX VH REBHUKRHQIH XL
DQDOL]J]RP SRX]GDQRVWL UDBR DPABEIQH PNHRO xF LW MM HNLRP
YLAHFLOMQH RBIWWREDIMNKSMGD SRYUELQD SRSUHPQRJ SUHVM
HNYLYDOHQWQXRYHWH PNOM®@ Lp QL P R P HIQWH X VEIUNIIMDEXL b Q L
PRPHQW X SVRJNEXOIQDQRPQRVLYRVW VDVVBRYQUIGORKOHPHQL
VX YMHURMDWQRVWL RAWHIHQMD GHILQLUDQH VOMHGHULP

JGMH %X, UD]PDWUDQH VOXpDMQH YDULMDEOH

IHUWLNDD®@LPQL PRPHQW X SURJLEX L SUHJLEX VXNOI
PHWRZDLNDIRI(UNDRJLWNOAQDQDPQRVLYRVW VDVWDYQLK HOHP
SUHPD DQDOLWLpPNLP L] SD@PDQBHKRYHIDQLRIHGQRVWL ]D
SULN[DD&WOL § D

7DEOLFBNXSQD SRYUALQD SRSUHpQRJ SUHVMMIN DY OLE DWL NI
JUDQLDPQRVLYRVW VDVWDYQLK HOHPHQDWD NXWLMDYV

$ssLo >PP@

OxkeL >N1PC

Oxver >N1PC

&3gLg >1 PR

&eLol >1 PR

&s3pLg >1 PR

7DEOLHABULND]XMH RJD DRADHQRIWDPIDDFLMH NXWLMDYV
RODMDFUHGVWDYOMD R]QDNXGRDREOM R.D BUMRHM A NGWDH Y H

"RNWRUVNL UL



$QDORDD GDIQRNVRQFHSWXDOQRP SURMHNWLUDQMX 1|

7TDEOLFDIJUDQLRBYMPL]DFLMH NXWLMDVWRJ QRVDpD ]

2JUDQLP! Ox* OxaoLi
2JUDQLb| Ox\/‘ OXVBQLLF
ZJUDQLD| &'3 '&'3BQL
2JUDQLDI & * &esqLr
ZJUDQLD| &*3'&*SBQL
2JUDQLpP! $ss”

7TDEOLF®LOMHYL RSWLPL]DFUM KB BXRWLHMDVWRJ QRVD

3UYL SULVWXS 'UXJL SU
'"HWHUPLC 9MHURMDMO@RJ YMHURM

&LO) PL&s PL&s PL&s
&LODM PD[0x«k PL®g0xk P L @50 x
&LODM PD[Oxy PL®g0xy PL®g0xy

.DUDNWHULVWLNH \VOXNIVREE®L D BUMBEHOMH YBLMHGQR
GLPH®D NRQVWUXNFUMMRLKLWQKPSIQOPMWDNDWD NXWLMDVW
RSWLPLIPFDRYRULGRARBR|GLREH L NRHILFL&RHQSWR MBI N MMIOLKI
VOXpDMQLK YDUHMBEQHVXE@UI—BGQMD YULMHGQRVW <RXQ.
HODVWLARRMDINL BRWHGLGDO NXW MWB\QDRE QRONDEHD M H

QRPLQDPOQMWHGQRVW <RXBORYRIEFRBEWDMDLK PDWHULMDOD N

60OLND 7DNRYHU SUHPD>'"RFRRPHQWX NRMLPD MH PPHPWMKUH U H (

GHILQLUDQDx NNDRIBUB « Oxk 1D RBIUM g Ow 6WDWLVWLPN
NDUDNWHULVWLNH JUD QL PHR )\ R PO D &R R\Y HALLEAZED D

o VX X]HW[H BQUGAVDHLRPO@B YULMHGQRVW JUDQLFH W
PDWHULMDOD |NROMNDSRWDPPMHMVNL NRHILFLMHQWL L]PH}
NRQVWUXNFLMVNLK HOHPH@DWDPDWK/SUHWBRNWDY¥OMHQL
1HVLIXUQRVWL PRGHOLUDQMB R PHQREIORE iRQMBQ WL VIX
UD]JPDWUDQMH V REJLURP GD M H SX [RBNIRFL JTHQ WMW/INRPQ SIDR:
ELWDQ VDPR UHODWLYDQ RMEVIR X LQRWWXLSWWR MHERWRH ]D V°
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7TDEOLFIDUDNWHULVWLNH VOXpDMQLK YDULMDEOL

6OXIDYRMQOM 2]QDN 5D]GDRE P &29>
uWw >PP@ ; -; 1RUPDORQ
W >PP@ ; 1RUPDOQ HQHULL
uWw >PP@ ; %; 1RUPDOQ RSWLPL]L
uk >PP@ ; *; 1RUPDOQ DOJRUL)
ulk >PP@ ; =, 1RUPDOQ
u ( >1PR ; = 1RUPDOQ o
u k¥ >1 PR ; z; IRJQRUPI "Wq
Ox >N1P( ; *XPEHO [
0o >N1P( ; *XPEHO]
GOLNDSULNDJHMHOWRDDWMKHRXIURQWX SGHWHURDQLVWLpPNI

QHGRPLQLUDQLK

SORM@ SDWNIDIBRMW K A BERGW LOWULUDQM

SGHWHWNHFLIDWHWR | URWYWHU R R B MAQBRNYWDHORR M H QHGRPL
SURMHNBWIP SULVWXSRP MH GRELYHQD 3DUHWR IURQWD N

SURM

HSKDI]IWP

Slika6.28* ' HWHUPLQLVWLpPpND?® 3IDUHWR IURQWD SUYRJ SU
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Slika6.29 ¥jerojatnosnd ILOWULUDQD SGHWHUPLQLVWLpIND3 3DUHW
Primjer 9.

Slika 6.30 %jerojatnosné 3IDUHWR IURQWD GUXJRJ SULVWXSD ]
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7DEOLRBULND]XMH SRGUXpMH SURMHNWQLK YDNWKMDEOL
3Y MH UR M:D \DQRWOR GO RDV [J6OLND| 8VSRUHGERP UH]XOWDW
SULND]DQLK SULVWXSD PR&H VH |[DNOMXpLWL GD QH SRVYV
2PHNLYDQR >GSJ XX LN B ¥ MRWRMDMHLURY Q@ HI X UQRVWL NRUL&WH Q
RSWLPL]DFLMWNHR U B JXROMMDDR YHURP 3LULQRP 3DUHWR IUR
7DNRYHU MH SURQDVHQR RNR YL4AH QHGRPLQLUDXQLK SUR
YHOLNX FLMHQX XWURWHBQULKREDPRPDOR LKUNBINV YSWLVWXS W
VHNXQGL GRN MH XNXSQR SURUDPXQVNR & (IREHPRPSQBR.
NYDOLWHWX UMHEHQMD G RERYG)IER YWY S B HAKRRSMWBLRIBUYRRA]
SULVWXSD X NRMRM EL VH RVLP VDPRJ ILOWULUDQMD ]D:
RSWLPL]DFLMH V GHWHUPLQLVWLPNLP PMHUIKRE ULIGIXRJIFR \
SULVWXSD |]DFLMHOR EL ELCRMBDR DDRR.POGHED FBR K LEIW R
UMH&HQMD ELOD SRGMHGQDND

7DEOLFBRGUXPMH SURM HDNWERESGRP UL EIRBGANIL M X UD]OLpLW

SYMHURMDBWQRW@DKBRQ WMH U
3UYLWSXUS V 'UXJL SULV\

21QD0H OLQ OD]| OLQ OD]|

$ss

380 xk

3y80 xv

Wk'3

Wgs

Wee

W +3

K3

Ko

Keg+3

Ess

EBg+s

Ve 3

Wee

W+s3

SBURMHNWQH YDU $WUL
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.DG VBURWG®IRM SURFHGXUL RGDEHUH RGUHYHQL SURMH
DQDOL]X SRX]GDQRVWL WH EL VH X REJLU WUHEDOH X]HV
PRPHQRPH@RSEWHOQOMD 1D WDM EL VH QDMHDRWBW@IRWHY RRG
$QODLSRX]GDQRVWL VH WDGD PRA&H SURYHVWL L ORQWH ¢
JRYRULPR R MHGQRP SURMHNWX 7DNRYyHU MH SRWUHEQR S

RaAWHUHQMD
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7 =DNOMXpDN

2YLRIRR®UD]YLMHQD MH QRYD PHWRGDRND I®DWHXHGSRX
RGUHYLYDXMONFLMH SHUWHWBBDQWH R GYD ME@EDXD 8 ¥RV H
PHWRGRP VPDQMHQMRGURBG | VRQOMNWALYRMWND *PRRPARQMLIMRNR
SHUIRUPDQVH GDWILRPVRIRUIBG X *R BENRIMIGRY RWDMPE&DHYyHQH
VWDWLVWLpEMLREEMB@AMSXQR QRYH PHWRGRIORURMWH VRGR\
RAWHIHORMIDQL RRRUDEPWRGLILNDFLMD PHWRGH VPDQMHQMD
UDJ]YRM SURFHGXUR E|O)F0CNRNY B RIDR ENURY. DYRWAM VW DW LV W |
PRPHQDR®LILNDFLMRP VH XPINRKHWWEDNRNPHWHIRNVHFHINYDGUD V
ILJXULUDMX VWDWLSWHEND FRRIF/HNGIWW R p NDH LY BWHDA L\DO XD M
YDULMDEOX RGUHYXM-H UNRR/UHIRSWHH IQQMAIR J UIMDXANLWH VWDQGDUG
WH WUDQVIRUP L XDQHBPRYW RBRIUNKW DMXiUL QD RYDM QDpLC
UMHADYDQMHP OLQHDUQRJ VXVWDYMHOQHDG MHGEHELG &EB URR
SULOLNRP RGUHYVYINMIXQWMPR pIDQW HLI QIMALKMRW LK RGJRYDUDMXULk
MH WR VOXPYpPXOWRGXPHULPpNH NYDGUDWXUH X NPMXPWRLJIXL
MH SRVWLJQXW L VIWIMEYLODEOL MDD JRUHWPPVWDYNDINRG RG
IXQNFIUMRUPHDQVH MH GD VH RQD PRAH SULND]DWL NDR QRU
NXPXODWLYQH IXQNFLMH UNDDGERREHHWBSRMRDAD MBHZRDY RO ML
SURL]YEORRQLVWDWLVWIR®UKY PREPHIQBMWIDQRP PHWRGRP \
GLPHQDL@RRMWL X RYRP UDGX VX L]YHGHQL DQDOLWLpPNL |
VWDWLVWLpPpMNRRR PRIFKHRGWBAWD WDNBR FHOHWSRK MWD $BWIBFR RV
GHILQLUDQ V pHWLUL SDUDPHWUD NRMD VH KGNRWHWX L]
ILIXUDMX JRUH QDYHGHQL DQDOLWLpPNL LJUD]L

2 RNYLUX RYRJ UDGD MH UD]JYLMHQ UDpXQDOQL SURJUDI
SUHGORKEW®REBD ]D DQDOLYR PpXRDCGO R BYMIARILPP WLP L SUHGC
PHWRWGHD YDOLGLUDQ L Y HWLHWEL WBIQP Q BHQ]O MatiikAchdnwW L GD M
metode smanjenja dimenzionalnosti u kombinaciji s prédiQ RP PHWRGRP ]D RGUH\
FGV, moguig uza zadovoljavajiu tomost procjene vjerojatnostii@iHQMD JQDpDMQR VPI
potrebno rgunalno vrijeme zaralizu pouzdanosti u odnosu na trenmtakori&ne metode.
6PDQMHQMH UDpXQadoourna thehulhe kb@idne metoddFORM, SORM)
MR& YLAH GROD]L GHRUL]BDBMMDO XWERMMH K YDULMDEOL

"RNWRUVNL UL
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6XNODGQR WRPH PRAaH VHH®WIDM RQDLYHLG B Q HY A HWRRJG I WP R
razmatranje sigurnosti u kontekstu projektnin ogf@ma i/ili cilja vi &kriterijske optimizacije
u konceptualnoj fazi projektiranja.

8 RNYLUX EXGXULRRUQWUDLALWHD QWMWDPRWULWL L GUXJH C
IXQNFLMH SHUIRUPDQVH SRPRUX NRMH UH VHRELPHWWREh QLA
LJUD]L ]D R GMUWHY WERROAEPIRD R LV W RGIEWDF LMH S HBWIR® IPNDR) V H
VH PHWRGD NRULVWRIX RSWIHRRMWALIMAL QRIYMD @MPRIMD RGL
LQWHJUDFLMVNLK WRpDNM BURM GOW &H Q B MLEINRVG MWRDH\W N |
RSWLPLRBARLHWIXMH QD QDpLQ GD VH ]D RGUHYHQX IXQNFLM:
RAWHUHQMD PHWR GB W \0R G WHHG & DRUEDRRAMD OQ W HJUDFLMVNLK V
UH SUHGORAaHRG MEGMREMDWQRVW RMRPMIAKQIRU BRE IR M GQRX
&DUOR PHWR G RIQ BONRPEVOW MXBINF OMBMH WROLNR ELWQD EU]JLCQ
YHuUL EURM WRPDNDODNFRSEHUELO®OR J]DQLPOMLYHR LJYBINMNAW LD D C
RGUHYLYDQMH B \BNERHWLSDYDRAMFLMH SHWHRUPID §MHQD WDM
GRGIMREROR QD EU]JLORPPEIW XKGWMRRF REXIPDMX QH EL ELOR SF
QHOLQHDU QRHGWQREEPYWRID PRJDR EL VH L]YHVWL DQDOLV
YMHURMDWQRVWL R&EWHUHQMD V REJLURP GD VH LQWHJUDC(
GR RGUHYyXMH NRULVWHUL QXPHULPpNX PHWRGX

"RNWRUVNL UL
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aLYRWRSLYV

.DUOR 3GUSBURGRIURGHMMHXGHQRJIRGLEIOXKNGMH MH
]JDYUSLR RVQRY QMR ENRE K DMHUBLP QDBLVOXDW X JRGLQH L VWXG
EURGRJQDGOOMMOWHWX VWURMDUVWYD L EBEGCW QGURSMHH 6
VWLSHQGLMH® WMHGQLND 1DFLRQDO SUHVWLAQH VWLSHC
BRVOLMHGLSRBEPNNLEGRGRIM VB EMBRGRJUDGQMD L SRPRUV
XSLVDR MH 2 GRBRHLIHD BR V OB MM XOWHWX VWURMDUVW Y
BYHXPLOLAWD X =DJUHEX QD UDGQRP PMHVWX J]QDQVWYHQF
=DYRGXURGRJUDGQMX L SRPRUVNX WHKQLNX .DWHGUD ]I
SpHVWYXMH X QDVWD Y L RQ VUNMUGRNYALYKHFKUBURREEHIHEILD RESFDU Q
NROHJLMIRYRGIRERX]GDQRYRGNKXQMWALWMAMMWY ¥DRRORI UDGD
MH MHRULMX SRX]GDQRVROLX WRGIWNEMAKKNEDMRGQR UHFHQ]I
REMDYOMHQLK L SUHJHQWLUDQLK NRQIHUHQFLMVNLK UDG
QHNROLNR PHYyXQDURGQLK VNXSRYD 8pHVWYRYDR MH X
]J®QVWYHQLK L WHKQRORJLMVNLK SURMHNDWD 9LAHNUL!
NRQVWUXNFLML EURGD L JUQODNQ@SWRMRDL SDRMWNNQ RI26
LPSURYHGQRAEBWRBNFWY XVLQJ LQWHJUDWHG GHFLVLRQ
SURWKRQ DQG RSBIIWLRE (8 )3 675(3 &5(67 &65 7 %&
5DpXQDOQL SURJUDPL ]D HYDOXDFLMX NRQVWUXNFLMH WD
SUHPD SUDY{DLPDSYRMHBOW ¥BWQR VH VOX&LRAQJPHW K DM X
SSVDQMX RIRFRHR
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Curriculum Vitae

.DUOR BDVLERURYRIPEHG L®SOBMWSXEOLF RI &URDWLD
DWWHQGHG FRPSUHKHQV LY BGP DIOR/R GFPSCHDM. QQLVNEBH G
JUDGXR@MKG VWXDY DRI HBMEMWHWKH 8QLYHUVLW\ RI =DJUFH
OHFKDQLEROHQUQJ DQG 1DY¥BOZDYFEZWMHEMX ZHWK 37RS JUD
1IDFLRQDO SUHVBMHISEQUD RV LOQRDY LD KH HQUROOHG LQ
SRVWJUDG X 0\ ¥ D\OWBKESRVRRUAWN K H VD P BXIUQ D\ WKWK IR FZHD YH D U
HPSOR\HG E\ WKH )DFXOW\ Rl OHFKDQLFDO (QJLQHHULQJ T
DVVLVWDQW DW WKH 'HSDUWPHQW RI 1DYDO $UFKLWHFWX
BWUXFWXUH THWIOLSHWHY LQ H[HUFLVBKQB FOMXUBHRINS U M/ K
BWUXFWXUDBDAMLEHQUWK DQG 5HOLBPEY OLPKH @W B M. B XUFRAXHIH.
JHQHUDOO\ UHODW HGN WRFUMEGHDEL D@ &/ RWAD BARRK\RQD HR |
LQWHUQDWLRQDOO\ UHYLHZHG DQG SXEOLVKHG FRQIHUHQ
GRPHVWLF DQG LQWHUQDWLRQDO V\PSRVLXPV +H SDUWLFL
SURMHFWY OXOWLSOH FULWHULD GHVDDQGRHR/&HQV58Q VKLS
06(6 SURMHFW 'HVLJQ RI LPSURYHG DQG LQQRYDWLYH !
VXSSRUW V\WWHP IRU VKLS SHPRGEEWNLRQ DQESRBEHUDWLF
675(3 &5(67 &65 7 %& B6RIWZDUH IRU DKB® VQUUWRW,$ & B & 6E

&56 SURMHRAWOXHQW LQ VSRNH® DQIGHBULWWHQ (QJOL\
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8 Pril ozi

81 ,]JYRGL L NRQDpQL DQDOLWLPNL LJUD]L LC

8.1.1 Integral I

,QWHJWILG [ LJYDMH GDQ VOMHGHULP LJUD]JRP

.RULVWHUL |[YJUDNHGL

,JUD] X XJODWLP ]DJUDGNPR VH PRaAH QDSLVDWL

8YUAWDYDQMHR L]|UD|GRELYD VH
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8YRYHQMHP VXSVWLWXFLMH

SUL pHPX VX GRQMD L JRUQMD|JUOBRYAD WHDNRYHU

D SUHPD LJUMRXQDpPQL DQDOLIDIPWL L]JUD] |D

8.1.2 Integral I,

,QWHIWEXA. LJUD]MH GDQ VOMHGHUOULP LJUD]RP

SULPMHQRP WHRUHP@WR BUHDWOLY [SBOQENHEWRHWMR OQR GHU
SR SDUDPPPERVBIXYD VH
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6 REJLURP GD MH LQWHJUDO ,X YR®IMH.PXLY]UDWDO WEHEMH
QMHJRYRJ NRQDPQRJ DQDPLWLEN

6DGDQWHHUOULUD

QMH

8 REUDDPD

8YRYHQMHP VXSVWLWXFLMH

]DL]YDT |[YULMHGL

RGQRVQR NRULVWHUL

LJUD]H

VI

) GRE]LD/DYVBL L]UD]

,] XYMHWD WLMHGL GD MH NR& VWO WIR Q Q WL UDEFLOLHN

]D, JODVL
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8.1.3 Integral I3

L QWHJUDOG [ L]UDMH GDQ VODREHULP L]

. RULVWHUL PHWR@WH&M@WUL bHPX MH

LJUD] V™1 PR&H QDSLVDWL NDR

6 REJLURP GD SUYHPD

[L]UB)LYWD pODR X

, VH SRMHGQRVWDYOMXMH

8JLPDMXiL X RE]JL

U

G

YLGL[LJUPL]UD]J@DVL

LAPBXLYOD] 1D

5 ML XL QW B X/D.G INH@QID M6 U X J L

1IDNRQ XYUAWDYDQMD NRQDPQLK BPR®OIWILHENLR L]JUD]D
NRQDpQL DQDOLMDIIPWL L]UD] ]D
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8.1.4

, QWH,J UYOL@ |}

Integral |4

L]C

JDMH GDQ VOMHGHULP L]JUD]RP

SULPMHQRP WHRUHPD R GHULYLUDQM> DQMLWMIDJDORD GHRU
SR SDUDPPHOVREXYD VH

6 REJLURP GD MH LQWHJUDO ,X YR®IQMHPDY]UDWO WEHIEMH
QMHJRYRJ NRQDpPQRJ DQDPLWLEN

R0 0

[WPEDY LG L]UD]

6DGD VH LOQOWHJULUBQHKEHYDL]UD]D

8YRYHQMHP VXSVWLWXFLMH

D L

RGQRVQR NRULV

UD]

YULMHGL

i\

[Hul LJUD]H
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,] XYMHWD VOLMHGL GWIMHOQNWRLQJVWWBIOMRQDpPQL DQDOLWL

, JODVL

8.1.5 Integral I5

, QWH,J UYOLQ@ |}

LJUDMH GDQ VOMHGHULP LJUD]RP

.RULVWHUOL

LJUD] VH PR&H

6 REJLURP (

PHWLRQBWHS][D){IJ)_H{H_I@Q)&UL bHPX MH

QDSLVDWL NDR

D $PHPPSUYL pODQ X |WApHIO|UD] VB

u/

SRMHGQRVWDYOMXMH

$NR X LUJUD

IMGQML IRQYHIWEFOL]YRG DQDOLWLPMRJI L]UD

SULND]DQ X 3H

JODYOMX
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WH X]JLPDMXuL X RE]JLU GD MWHLGL
LIUD] D N@WHJUDOMP@@

L

UBI W HL U ROV NMHBEBDIM H G Q

| DJ]UD]J@D VL

IDNRQ XYUAWDYDQMD NRQDpQLK DXQUEQWIFNERLL]UD]D

8.1.6 Integral ¢

,QWHJUDIGG L

L]U

NRQDpPpQL DQDQU@WDRWNL L]JUD] ]D

JDMH GDQ VOMHGHULP L]JUD]RP

. RULVWHUL PHWR@WF@MH@%WHPX M H

LJUD] V1 PR&H QDSLVDWL NDR

6 RE]JLURP (

5 D

31

UHPPSUYL pOD(

)

X

SRMHGQRVWDYOMXMH

L]AH PO D D] VB
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8]JLPDMXiL X RE]JLU GMHMI) SN GL LOUWEYXIDA QWHJIJUDO MH

YLGL

LJU

DP WLOHNIHJUD O WL%JD_]]UQ]J]@DVL

1IDNRQ XYU&WDYDQMD NRQDpQLK DQUEJWIFNEKLL]UD]D

8.1.7

NRQDpPpQL DQDQU@WRFNL L]JUD] ]D

Integral |-

, QWHIWL@& Y LJUDMH GDQ VOMHGHULP LJUD]RP

. RULVWHUL PHWR@WHSMHJ@(WUL bHPX MH

LJUD] V™1 PR&H QDSLVDWL NDR
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6 REJLURP GD $PHPpPSUYL pOD@® X |WaANHPOYDD] VB
SRMHGQRVWDYOMXMH

8]JLPDMXiUL X REJLU GD MH quuUmewmmolmnﬁwxuoo M
, YLGI LJuDbJuD]J@DVL

1IDNRQ XYUAWDYDQMD NRQDPQLK PR®OMCWIHNLE L]UD]D
NRQDpPpQL DQDOLMIIPWL L]UD] ]D
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82 .DUDNWHULVWLNH UD]JOLpPpLWLK UD]JGLRED

7TDEOLFRRQNFLMH JXVWRUH YMHURMDWQRVWL L NXPXOL

$UIXP 3DUDPH

5D]BED Ll ): [ UD]GL UD]GLR

1IRUPDOQD

IRIQRUPDO

*DPPD

(NVSRQHQF

5D\OHLJK

8QLIRUPQD

*XPEHO PD

*XPEHO PL

JUHFKHW P

"HLEXOO P

*D UDEF VX SRWSXQD L GRQMD QHSRWSIXQWDPEPDGEQRNFRWMAMD OQD NXP:
UD]GLREH
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IXQNFLMD

TDEOLBPDHGQMD YUQMPGGRVW HWIWIDFLMD NDR
5D]GLRED P 74
1RUPDOQD D G

/IRIQRUPDOQD

*DPPD

(NVSRQHQFLMDO

5D\OHLJK

8QLIRUPQD

*XPEHO PDJ

*XPEHO PLQ

JUHFKHW PD]

'HLEXOO PLQ
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7TDEOLBDUDPHWUL UD]J]GLREH NDR IXQNFLMD VUHGQMH YU

5D]GLRED D G

1RUPDOQD R 7

/IRIQRUPDOQD

*DPPD

(NVSRQHQFLMDO

5D\OHLJK

8QLIRWDP

*XPEHO PDJ

*XPEHO PLQ

JUHFKHW PD]J YLGL[L]JUD] YLGL[L]UD]
‘HLEXOO PLQ YLGL[L]UD] YLGL[L]UD]
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JUHFKHWRYD UD]J]GLRED PD]

SDUDPHWDUGVH]|GYREH|LURP GD VH QH PR&H QDSUDYL\
RGUHEXMB®OMHGHUHJ LJUD]D NRULVWHUL QHNX RG QXPHULDI
MHGQDGAEH ELVHNFLMD PHWRGD VHNDQWH LWG

GRN VH SDRBRHHWBOMH SUHPDXVOMHGHUHP L]JUD]

‘HLEXOORYD UD]JGLRED PLQ

SDUDPHWDUGVH]|GYREEH|LURP GD VH QH PRAaH QDSUDYL\

RGUHYyXMH L] VOMHGHUHJ L]JUD]D NR&DL VW HRIG UMK NXDR® H X
MHGQDGAEH ELVHNFLMD PHWRGD VHNDQWH LWG

GRN VH SDRBRHHWBOMH SUHPD VOMHGHUHP L]JUD]X
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8.3 Marginalna transformacija

ODUJLQDOQD WUDQVIRUPDF XV D) RUPOIDMR H5 LWDNUL IVEDE Q1
YDULMNRO®® LPD VUHGQMX RPHNLYDQX YULMHGQRVW D
L] L1YDIG 2YLVQR R UD]GLREL VOXp®MGRIYDYOWDHED H
SULND]XMH NRQDpPQH DQDOLWLpPNH LJUD]JH

/DEOLPDUDAQH WUDQVIRUPDFLMH

5D]GLRED ODUJLQDOQD WU

1RUPDOQD

/JRIQRUPDOQD

*DPPD YLGL[L]UD]

(NVSRQHQFLMDO

5D\OHLJK

8 QL PRAD

*XPEHO PDJ

*XPEHO PLQ

JUHFKHW PD]

'HLEXOO PLQ
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*DPPID]GLRED

6 REJLURP GD QLMH PRJXuUH QDSURGWHGWN ESIRIWDUFH MR
NRULVWLWL QHNX RG QXPHULpPNLK PHWRGD ELVHNFLMD F
VOMHGHUH MHGQDGAEH

JGMH N X1 DG SRWSXQDHSKRRBMQPD JDPPD IXQNFLMD
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84 2GUHYyLY D Q MHI NaxdN warstdinaciji

2PMHUUY, Y49 NRUHODFLMVNLK NRHILNRMHQ@BIWNDR UL Y JWID K
WUDQVIRUPDFLML PR&H VH RGUH@WDMM}WWMERI\&SM
SRWUHEQRURPUHDBGWOB NRQDpPQLFL VH PRUD GRELWL HN
NRUHODFLMVNLK' NNARMDL FMH IS@DPMWDLY QR GHILQLWQD GD EL
YDOMDQD

6OMHGHIBOLFH SULND]XMX [SUH@PGMMDWMNK SIHWB]DQH L
DSURNVLPDFLMH 7DEOLFH VX SRGLMHOMHQH X GYLMH NDYV
PDUJLQDOQLK UD]JGLRED 8 SUYX NDWEURYHKQR PV SVIUGIWX RWD
VOXpDMQH YDULMDEOH PRJX SULND]DWL)XQNWRYQBRIRGQRM
&29y 8 GUXJX NDWHJRULMX VSDGDMX UD]GLREH NRMH QLVX
7DEOLFIDDEOLFIULND]XMX VYH UD]PDWUDQH UD]JGLREH L
NRULAWHQH X RVWDOLP WDEOLFDPD

7TDEOLPD]GLREH SUYH NDWHJRULMH

5D]GLRED 2]10QDI
1RUPDOQD 1
(NVSRQHQFL 6(
5D\OHLJK 65
8QLIRUPQD 8

*XPEHO PDJ */
*XPEHO PLC *6

7TDEOLPD]GLREH GUXJH NDWHJRULMH

5D]GLRED 2]QDI
/IRIJIRUPDOQD /1
*DPPD *

JUHFKHW PL )
‘HLEXOO PL
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, JPHYX PRJXULK NRPELDGERMED SIDURPBRUWUYLPBDHID VH
RGUHGLWL HNVSOLFLWQR L WR

)YDNWRUH QH]DYINDIQNME 3RG WRP surthBPXMH
YULMHGQRVW\D GD;NMMRSDYH NOUWDHGRR HMBIEGORN DSULND]XMH
NRHILFLMHQWH X] SDUDPHWUH OLQHDUQH DN®MER CKUIMH N
NDWHJRULMH UD]GLRED

7DEOLPINDG; \MRUPDOQR G LMIMUSERMUDIGN IDMH UD]GLREL
TLoM 18 1 6¢( 1 65 1 */ 1 *6
)

7TDEOLFRHILFLMHQWL X] SDUDPHWUH OLQHDNQ®& MRPELQDI
QRUPDOQRD®UMMDMUELEXIH NDWHJRULMH UD]JGLRED
TLM &29v & 29y
1+ :
1)
1 : -

7DEOLFDDEOLF|]}7DEOLFULND]XMX NRHILFLMHQWH X] SI
NRPELQDFLMH NRMD)DSURNWOVLDHLWH IPRPMBERWDFLMH ;UD]J]GLRE
L; m
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1D SULPMHUD DO WM /N BR M H m* &2 9y D
Ww VHHR&MH QD VOMHTDEQAL®DpPLQ YLGL

7DEOLFRHILFLMHQWL X] SDUDPHWNIH DR K@ B PINSQUER WRPRELL DD
L] SUYH NDWHJRULMH UD]GLRED

Wwm Ww

-
<

O 00 00
(o]
o1
1
1

6( 6( -

6( 65 -

6( */ -

6( *6

65 6E - -
65 */ -

65 *6

x| x) -

x| *g

*6 *6 -
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7TDEOLFIRHILFLMHQWL X] SDUDPHWUH OLQHPNDG MRPELQDF
SUYHILD GUXJH NDWHJRULMH UD]JGLRED

Y 8 /1 6(/1 65 /1 */ /1 *6 /1

Ww - -
Ww
&2 9y

&2 9y

W&2% - - . :
1L1M 8* 6(* 65* */* *6*

&29y - - - - -
&2 9y

W& 2 - - - -
Y 8 ) 6() 65 ) *1 ) *6 )

Wwm

& 2 9u

& 2 9y

&2 9m - - - -

LM 8 : 6( : 65 : *[ *6

WUwm - -
&29% - - - - -

&2 9
&2 9m - - - -
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7DEOLFIRHILFLMSMUMDP KWUH OLQHDUQH NR P RLDWDXALNMH QURAMB INDWRN\RIPLNIHD UD]G L

SLM /1* /1) /1 : * ok * ) * o ) ) )

Wwm -
Wwm - - -

Uw - - - - - - - - -
&2 9 - - - - -

&29,

& 2 9m - - - - - _
&2 9y

U& 29 - - - - - -

&2 9m - - - - - - - -

& 29.1& 2 9y ]
&29. &2 9 i i i i i . ] i
U229 &29m - - - - - - - - -
W& 29 &2 9u i i i i i i i ]
82982 9&29 &2 9 i i i i ] i ] ]
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