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Opis zadatka:

Odredivanje polja nominalnog sustrujanja, koje se mjeri u ravnini diska brodskog vijka bez njegova prisustva
od iznimne je vaZnosti za projektiranje brodskog vijka. Za projektanta brodskog vijka vaZno je poznavati
vrijednosti srednjeg nominalnog sutrujanja po pojedinom radijusu.
U zavr$nom radu potrebno je, uz pomo¢ programskog paketa za ratunalnu dinamiku fluida, numeri¢ki odrediti
nominalno sustrujanje broda za rasuti teret. Pri tome treba koristiti model trodimenzijskog strujanja viskoznog
fluida.
U radu je potrebno:
1. Dati pregled literature vezane za odredivanje polja nominalnog sustrujanja.
2. Dati matemati¢ku osnovu numeri¢kih metoda za simulaciju viskoznog strujanja fluida.
3. Pripremiti proratunsku mreZu, poetne i rubne uvjete potrebne za numeritku simulaciju viskoznog
strujanja fluida.
4. Numeritki odrediti iznos srednjeg nominalnog sustrujanja po pojedinom radijusu i po disku vijka
koriste¢i programski paket za ratunalnu dinamiku fluida.
5. Usporediti numeritki dobivene rezultate s eksperimentalnim rezultatima dostupnim u literaturi.

Rezultate proraduna prikazati odgovarajué¢im tablicama, dijagramima i slikama.
U radu koristiti programski paket STAR-CCM+ dostupan na FSB-u.
U radu treba navesti literaturu i eventualno dobivenu pomo¢ tijekom izrade.
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.RHILFLMHQW QRPLQDOQRJ VXVWUXMDQMD
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1XPHULPNH VLPXODFLMH
BURYHGED QXPHULpPNH VLPXODFLMH
ODWHPDWLpPNL PRGHO
2VQRYQH MHGQDGAEH GLQDPLNH IOXLGD
5H\QROGVRYH RVUHGQMHQH 1DYLHU 6WRNHVRYH MHGQDG
ORGHOL WXUEXOHQFLMH
BWUXMDQMH X EOL]LQL NUXWH VWLMHQNH JLGQH IXQNFLN
OHWRGD NRQDpPQLK YROXPHQD
OHWRGD XGMHOD IOXLGD X YROXPHQX
9HULILNDFLMD UH]XOWDWD
9DOLGDFLMD UH]XOWDWD GRELYHQLK QXPHULpPNRP VLPXO

180(5,y.$ 6,08/$&,-$ 32.86% 27325$%

80D] X 67%$5 &&0
.UHLUDQMH SURUDpPXQVNH GRPHQH
SXEQL XYMHWL
5XEQL XYMHWL ]D VOXpDM SULVXVWYD VORERGQH SRYU
5XEQL XYMHWL ]D QXPHULpPpNH VLPXODFLMH V XGYRMHQI
'LVNUHWL]DFLMD JHRPHWULMVNH PUHaH
9ROXPHWULMVNH NRQWUROH
8QRV ILILNDOQRJ PRGHOD
JLILNDOQL PRGHO QXPHULPpNLK VLPXODFLMD VD VORERC
JLILNDOQL PRGHO QXPHULPNLK VLPXODFLMD V XGYRMHC
SRVWDYOMDQMH SDUDPHWDUD UMHADYDpPD
3SDUDPHWUL UMHaDYDpD |D QXPHULpNH VLPXODFLMH VD
SDUDPHWUL UMH&aDYDpD ]|D QXPHULpNH VLPXODFLMH V >

$1%$/,=%$ 5(=8/7%$79%

BULND] UH]XOWDWD
O9HULILNDFLMD UH]XOWDWD
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BOLND2GUHYLYDQMH VUHGQMHJ QRPLQDOQRJ NRHILFLMHQWD \
> @
BOLND2GUHYLYDQMH VUHGQMHJ QRPLQDOQRJ NRHILFLMHQWD \
BOLND6KHPDWVNL SULND] SURYRYHQMD QXPHULPNLK VLPXODFL
BOLND5D]YRM JUDQLpPQRJI VORMD SULOLNRP VWUXMDQMD X] NU
BOLND3URILO EUJLQH VWUXMDQMD X WXUEXOHQWQRP JUDQLpPpQ
BOLND'LR GLVNUHWL]LUDQRJ SRGUXpMD SURUDpPXQD > @
6OLND3ULND] GYRID]J]QRJ IOXLGD X UHOLML > @
6OLND-%& PRGHO EURGD
6OLND'LPHQ]JLMH SURUDPXQVNH GRPHQH
BOLND*UDQLFH GRPHQH ]D SUYL WLS VLPXODFLMD
6OLND3ROR&DM JUDQLFD GRPHQH ]D SUYL WLS VLPXODFLMD
BOLND*UDQLFH GRPHQH ]D GUXJL WLS VLPXODFLMD
6OLND3ROR&DM JUDQLFD GRPHQH ]D GUXJL WLS VLPXODELMD
6OLND3ULND] XGYRMHQRJ PRGHOD
BOLNDORGHO EURGD GLVNUHWL]LUDQ JUXERP PUHARP
BOLNDORGHO EURGD GLVNUHWL]LUDQ VUHGQMRP PUHARP
6OLNDORGHO EURGD GLVNUHWL]LUDQ ILQRP PUHARP
6OLNDI9ROXPHWULMVNH NRQWUROH SUDPFD L NUPH
6OLND'LVNUHWL]DFLMD JUDQLpPQRJ VORMD JUXED PUHAD
6OLND3RSUHPQL SUHVMHN JUXER PSRIBOHGDRGR]JR
6OLND)L]LNDOQL PRGHO QXPHULPNLK VLPXODFLMD VD VORERG
6OLND)L]LNDOQL PRGHO QXPHULPNLK VLPXODFLMD V XGYRMHQ
6OLND3DUDPHWR&E PRGHOD EURGD X QXPHULPNLP VLPXODFLMD
SRYU3ELQRP
6OLND3DUDPHWR&E XGYRMHQRJ PRGHOD EURGD
6OLND3URILO VORERGQH SRYU4LQH GX& WUXSD PRGHOD EURGI
BOLND6OLND YDORYD
BOLNDG6LOD XNXSQRJ RWSRUD SUYH JUXSH QXPHULpPNLK VLPXO
BOLND6LOD XNXSQRJ RWSRUD GUXJH L WUHUH JUXSH QXPHULDI
BOLND3ROMH QRPLQDOQRJ VXVWUXMDQMD SUYH JUXSH QXPHUI
BOLND3ROMH QRPLQDOQRJ VXVWUXMDQMD GUXJH JUXSH QXPHLI
BOLND3ROMH QRPLQDOQRJ VXVWUXMDQMD WUHiUH JUXSH QXPH
BOLND8VSRUHGED QRPLQDOQRJ VXVWUXMDQMD WUHUH JUXSH
PUHARP
BOLND5DVSRQ QXPHULpPNH QHVLIXUQRVWL SUYH JUXSH QXPHUI
BOLND5DVSRQ QXPHULpPNH QHVLIXUQRVWL GUXJH JUXSH QXPHL
6OLND5DVSRQ QXPHULPNH QHVLIXUQRVWL WUHUH JUXSH QXPH
6OLND.RHILFLMHQW QRPLQDOQRJ VXV&&XMR@NMO® \\DX UEXDO R QAR

6OLND.RHILFLMHQW QRPLQDOQRJ VXVWUXMDQMD ]D ILQH PUHa
60OLND8VSRUHGED SROMD QRPLQDOQRJ VXVWUXMDQMD
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7TDEOLEDODDYQH |]QDpDMNH EURGD L PRGHOD > @
7TDEOLBRVWDYNH GLVNUHWL]DFLMH

7DEOLRDMQRYQH YHOLPLQH GUHOLMD JHRPHWULMVNLK PUHAD
7DEOLBFAURM GUHOLMD JHRPHWULMVNLK PUHA&D
7DEOLABPHULpPND QHVLIXUQRVW PUHAH SUYH JUXSH QXPHULPpN
7DEOLABMPHULpPND QHVLIXUQRVW PUHAH GUXJH JUXSH QXPHULD
7DEOLABPHULpPND QHVLIXUQRVW PUHAH WUHUH JUXSH QXPHULY}
TDEOLERHILFLMHQW QRPLQDOQRJ VXVWUXMDQMD SR UDGLMXV)

7TDEOLERHILFLMHQW QRPLQDOQRJ VXVWUXMDQMD ]D SUYX JUXS
7TDEOLFD .RHILFLMHQW QRPLQDOQRJ VXVWUXMDQMD ]D GUX!.
7TDEOLFD .RHILFLMHQW QRPLQDOQRJ VXVWUXMDQMD ]D WUH!

J)DNXOWHW VWURMDUVWYD L EURGRJUDGQMH
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aLuLQD EURGD
NRHILFLMHQW SXQRUH
WHQ]RU EU]JLQH GHIRUPDFLMH
JXVWRuUD PDVHQH VLOH
JURXGHRY EURM
JUDYLWDFLMVND NRQVWDQWD
GXOMLQD EURGD

=DYUaQL ubD

GXOMLQD L]PHYyX SHUSHQGLNXODUD
EURM UHOLMD JHRPHWULMVNH PUHAH

WODN

YUHPHQVNL RVUHGQMHQD YULMHGQRVW SR

SXOVLUDMXUuL
UHG WRPQRVWL
SROXPMHU EURGVNRJ YLMND
RPMHU NRQYHUJHQFLMH
5H\QROGVRY EURM
UHODWLYQD GHYLMDFLMD

IOXNWXLUDMXuL WODN

SROXPMHU JODYLQH EURGVNRJ YLMND

UDGLMXV WURPRVWL PDVH RNR
UDGLMXV WURPRVWL PDVH RNR
UDGLMXV WURPRVWL PDVH RNR
RSODNDQD SRYU&LQD
JD] EURGD
VUHGQMD EU]JLQD VWUXMDQMD
QHVLIJXUQRVW PUHAH
LWHUDWLYQD QHVLIJXUQRVW

XNXSQD QHVLIXUQRVW QXPHULpPpNH VLPXODF
QHVLIXUQRVW YUHPHQVNRJ NRUDND

J)DNXOWHW VWURMDUVWYD L EURGRJUDGQMH
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EUJLQD WUHQMD

EH]GLPHQ]J]LMVND EU]LQD X JUDQLpPQRP VORN

EUJLQD EURGD
EUJLQD SULWMHFDQMD YRGH YLMNX
VUHGQMD EU]JLQD SULWMHFDQMD YRGH YLM
YHNWRU EUJLQH
YUHPHQVNL RVUHGQMHQD YULMHGQRVW NR
SXOVLUDMXiD IOXNWXLUDMXiD NRPSRQH
YROXPHQ LVWLVQLQH
YROXPHQ WHNXUGLQH NRML SURWMHpPH NUR] C
NRHILFLMHQW VXVWUXMDQMD
NRHILFLMHQW HIHNWLYQRJ VXVWUXMDQMD
NRHILFLMHQW VXVWUXMDQMD WUHQMD
NRUHNFLMD NRHILFLMHQWD VXVWUXMDQMD

NRHILFLMHQW QRPLQDOQRJ VXVWUXMDQMD

NRHILFLMHQW QRPLQDOQRJ VXVWUXMDQMD C
HNVSHUL

NRHILFLMHQW QRPLQDOQRJ VXVWUXMDQMD C
VLPXO|

NRHILFLMHQW SRWHQFLMDOQRJ VXVWUXMD C(
NRHILFLMHQW VXVWUXMDQMD YDORYD

NRHILFLMHQW VUHGQMHJ QRPLQDOQRJ VXVV
NRHILFLMHQW VUHGQMHJ QRPLQDOQRJ VXVW
UDG
XGDOMHQRVW WHALAWD PDVH RG VUHGL&AQMHI
VPN

XGDOMHQRVW RG VWLMHQNH

XGDOMHQRVW WHAaLaAWD PDVH RG VUHGLaAQM}
VPN

EHJGLPHQ]JLMVND XGDOMHQRVW RG VWLMHQ

XGDOMHQRVW WHaLdWD PDVH RG VUHGLaAQM&
VPN

.URQHFNHURY VLPERO
GLQDPLpPNL NRHILFLMHQW YLVNR]QRVWL
GLQDPLPNL NRHILFLMHQW WXUEXOHQWQH
NLQHPDWLPNL NRHILFLMHQW YLVNR]J]QRVWL
YRQ .DUPDQRYD NRQVWDQWD
NRHILFLMHQW JHRPHWULMVNH VOLpQRVWL
JXVWRUD
GHYLMDWRUVNL GLR WHQ]JRUD QDSUH]DQMD
WHQ]JRU QDSUH]DQMD
WDQJHQFLMDOQR QDSUH]DQMH

J)DNXOWHW VWURMDUVWYD L EURGRJUDGQMH
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2 1P WDQJHQFLMDOQR QDSUH]DQMH QD VWLMHQN
E YULMHGQRVW UH]XOWDWD QXPHULPNH VLPX
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8 RYRP UDGX SURYHGHQH VX QXPHULPNH VLPX®DELMKOSIRNXV
&DUULPIE SULPMHQRP UDpXQDOQH GLQDPLNH IOXLGD 5') X V
VXVWUXMDQMD RGQRVQR NRHILFLMHQWD QRPLQDOQRJ VXVWU
SULPMHQRP NRPHUFLMDOQRJ SURJUDPVNRJ SDNHWD 67$5 &&0

VLPXODFLMD QXPHULPNH VLPXODFLMH V PRGHORP EURGD VI
VLPXODFLMH V XGYRMBGRXE @R EHRER/OREREQH SRYUSLQH WH
VLPXODFLMH V XGYRMHQLP PRGHORP EH] VORERGQH SRYUALQH
X SRGUXpMX JGMH iH ELWL VPMHAWHQ EURGVNL YLMDN 6YDND
WUL VLPXODFLMH UD]O INp B8/ ZKP RGHORIPD WXIHBOOMQFLMH WH \
SULPMHQX IINQ® PP@HIAE WXUEXOHQFLMH =D SUYX JUXSX VLPXO
QHVWDFLRQDUQRJ WURGLPHQJLMVNRJ YLVNR]QRJ VWUXMDQMD
VWDFLRQDUQL PRGHO WURGLPHQJLMVNRJ YLVNR]QRJ VWUXMLE
VORERGQRP SRYUALQRP SULPLMHQMHQD M®RPXWR GO XGWHOD |
92) ]D SUDUHQMH L ORFLUDQMH VORERGQH SRYU&LQH 1XF
VXVWUXMDQMD SURYHGHQR MH SUL MHGQRP )URXGHRYRP EUF
UH]XOWDWD WH MH L]JUDpXQDWD QXPHULPND QHVLIXUQRVW

SULPMHQRP PHWRGH LQGHNYV D*NR® &RQNMHURIHOH &0 GH [ P E W K F
'RELYHQL QXPHULPNL UH]XOWDWL XVSRUHYHQL VX V HNVSHL
OLWHUDWXUL 3RND]J]DQR MH NDNR UDpXQDOQD GLQDPLND IOXL
PR4H ELWL YUOR NRULVWDQ DODW ]D RGUHYLYDQMH QRPLQDO

.OMXpQH ULMHpPL UDPpXQDOQD GINQE BT NDR GEHOL GVOXNI @GXED HEFL M +
PRGHO WXUEXOHQFLMH PHWRGD XGMHOD IOXLGD X YROXPHQX

J)DNXOWHW VWURMDUVWYD L EURGRJUDGQMH
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,Q WKLV VWXG\ QXPHULFDO VLPXODWLRQV RI WKH UHVLVWDQ
PRGHO DUH SHUIRUPHG XVLQJ &RPSXWDWLRQDO )OXLG '"\QDPL
QRPLQDO ZDNH L H WKH QRPLQDO ZDNH IUDFWLRQ 1XPHULFD
FRPPHUFLDO VRIWZDUH SDFNDJH 67%5 &&0 7KUHH JURXSV RI Q
RXW QXPHULFDO VLPXODWLRQV ZLWK D VKLS PRGHO ZLWK IUF
GRXEOH ERG\ PRGHO ZLWKRXW IUHH VXUIDFH DQG QXPHULFDO
ZLWKRXW IUHH VXUIDFH ZLWK WKH UHILQHG PHVK LQ WKH DUH
JURXS RI QXPHULFDO VLPXODWLRQV LV FRQVLVWHG RI WKUHH
DONG& 67 WXUEXOHQFH PRGHO DQG RQH MLWXOEWQQRQFH WKGOMIO
JRU WKH ILUVW JURXS RI VLPXODWLRQV WKH PRGHO EDVHG RQ
LV XVHG ZKLOH IRU WKH UHPDLQLQJ RQHV WKH PRGHO EDVH
IORZ LV XVHG LWKLQ QXPHULFDO VLPXODWLRQV ZLWK IUHH
PHWKRG LV DSSOLHG IRU WUDFNLQJ DQG ORFDWLQJ IUHH VXI
QRPLQDO ZDNH LV SHUIRUPHG DW RQH )URXGH QXPEHU 7KH RE
DQG WKH QXPHULFDO XQFHUWDLQW\ LQ WKH SUHGLFWLRQ RI (
&RQYHUJHQFH ,QGH[ *&, PHWKRG 7KH REWDLQHG QXPHULFD
H[SHULPHQWDO GDWD DYDLODEOH LQ WKH OLWHUDWXUH W |
UHVXOWY DQG WKDW LW FDQ EH D YDOXDEOH WRRO LQ WKH DV

.H\ ZRUGV &RPSXWDWLRQDO )OXLN &\6¥D P/IXRME X R ® RGHO
WXUEXOHQFH PRGHO 9ROXPH RI )OXLG PHWKRG QRPLQDO ZDN

J)DNXOWHW VWURMDUVWYD L EURGRJUDGQMH
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2GUHYLYDQMH SROMD QRPLQDOQRJ VXVWUXMDQMD NRMH VH

QMHJRYD SULVXVWYD RG L]QLPQH MH YD&QRVWL |D SURMHN
EURGVNRJ YLMND YD&QR MH SR]QDYDWL YULMHGQRVWL VUHGQC
UDGLMXVX 3ROMH VXVWUXMDQMD LJUDYQR XWMHpH QD GLPHQ]
NULOD 8 RYRP UDGX RGUHYHQR MH QRPLQDOQR-DSDWUXMDQM
% XON &D-G4RLHU

SRVWRML QHNROLNR PHWRGD ]D RGUHYLYDQMH KLGURGLQDPLPp
X HPSLULpNR VWDWLVWLpPpNH PHWRGH
X HNVSHULPHQWDOQH PHWRGH LVSLWLYDQMH QD PRGHOLPEL
X QXPHULpNH PHWRGH UDpXQDOQD GLQDPLND IOXLGD

(PSLULPpNR VWDWLVWLpNH PHWRGH VX QDMMHGQRVWDYQLMH
VWDWLVWLpNL REUDYyHQLP SRGDFLPD L]PMHUHQLPD X QDUDYL
GXJRWUDMQD 3UREOHP NRG WDNYLK LVSLWLYDQMD MH awR
VOLPQRVWL SRMDYD QD PRGHOX EURGD L EURGX X QDUDYL SI
EURMD D YULMHGQRVW 5H\QROGVRYRJ EURMD GUAL L]QDG N
PQRJR VX EUAH L MHIWLQLMH RG HNVSHULPHQWDOQLK D UD]Y
LVWUDALYDQMX KLGURGLQDPLpPNLK ]QDpDMNL EURGD (NVSHUL
QDGRSXQMXMX WH UH]XOWDWL GRELYHQL QMLKRYRP SULPMHC
GDMX QDMNYDOLWHWQLMD UMH&GHQMD NRG RVQLYDQMD EURGD
EURGD

8 RYRP UDGX |]D SURYHGEX QXPHULpPpNLK VLPXODFLMD NRULa&W
67%$5 &&0 ,JUDYyHQD VX WUL WLSD PUH&H UD]OLPpLWLK JXVW
YHULILNDFLMH SUL MHGQRP )URXGHRYRP EURMX D X VYUKX
5HIXOWDWL VX XVSRUHYHQL V HNVSHULPHQWDOQLP SRGDFLPD
VX UH]XOWDWL SURYHGHQLK VLPXODFLMD |DGRYROMDYDMXUH

3UHJOHG OLWHUDWXUH

5DpXQDOQD GLQDPLND IOXLGD LPD ZLURNX SULPMHQX X ]QDC
LVWUDALYDQMLPD X SRGUXPpMX EURGVNH KLGURGLQDPLNH )I
NYDQWLILNDFLMX QXPHULpPNH QHVLJXUQRVWL SUL RGUHYyLYDQ

J)DNXOWHW VWURMDUVWYD L EURGRJUDGQMH
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EURGD X QDUDY%,622&8RBWDLQHEURIGLPD SULMHYR] UDVXWRJ WH
MH SURYHGHQD ]D VWDQMH JODWNH SRYU&ZLQH WUXSD L ]D WU
GYLMH YUVWH QXPHULpPNLK VLPXODFLMD VD VORERGQRP SRY
XNOMXpXMH VORERGQX SRYUALQX 1XPHULPNH QHVLJIXUQRV\
SULPMHQRP PHWRGH LQGHNVD*NR® CHRQIHHUFILHEH RIXNERH IH Q J

VX SRND]DOL GD pDN L PDOR REUDAWDQMH WUXSD ELRILOPRP
]OQDPDMNL RWSRUD L QRPLQDOQRJ VXVWUXMDQMD )DUNDV HW
]OQDPDMNH SURSXO]JLMH ]D NRQWHMQHUVNL EURG 'RELYHQL UF
XJURNXMH VPDQMHQMH/NRISIR¥FHMBIQWH NSRRI IENHRQ @/PY RSR.H Q W
GR |]QDPDMQRJ VPDQMHQMD VWXSQMD GMBRRYDDD MHMND \MH
REUDAWDQMH ELRILOPRP QH VPLMH |DQHPDULWL L GD RQR PR
QD KLGURGLQDPLPNH ]QDpDMNH EURGD 7DNR REUDZWDQMH |
SRUDVW VQDJH BUWGEDSRY @MMIEGXpQR SRYHUDQMH SRWURAQMH .
EURGD %DNLFD HW DO > @ VX DQDOL]LUDO LQRISWHEBYHQ@QMD X |
'HYLE6 X PLUQRM YRGL L QD YDORYLPD SULPMHQRP QX
SRMHGQRVWDYOMHQLP PRGHORP EURGVNRJ YLMND 5H]XOWD
]JDGRYROMDYDMXiH VODIJDQMH V HNVSHULPHQWDOQLP LVSLWL®
XAWHGX HQHUJLMH $XWRUL VX X] SULPMHQX QXPHULpPNLK VLP
WODND QD XUHyDMX ]D X3WHGX HQHUJLMH WH ]DNOMXpLOL G
NDGD MH XUHYyDM ]D X3WHGX HQHUJLMH SULVXWDQ X RGQRVX
SRND]DOL NDNR QRPLQDOQR VXVWUXMDQMH RYLVL R JHRPHV
NRQWHMQHUVNRJD EURGD RG 7(8 3URYHGHQH VX QXPHULDPN
EURGD EH] XWMHFDMD VORERGQH SRYUSLQH ]D PRGHOH UD]OL}
UH]XOWDWD DXWRUL VX SUHGORALOL QRYX PHWRGX HNVWUDS|
HW DO > @ VX SURFLMHQLOL GRMIC) EDRE D/ XN VEWXMBIYRH WDV
WHUHWD 3URYHGHQH VX QXPHULpPNH VLPXODFLMH YLVNR]JQRJ \
IXQNFLMD WH QXPHULPNH VLPXODFLMH ]D EURG X QDUDYL VD
SRVWXSDN YHULILNDFLMH JHRPHWULMVNH PUH&H WH LVSLWD
NRQDPQR UMHAHQMH =D NDHARROER/ M W BHR\GH ORBERDE X OHQFLMH
QDMEROMH UH]XOWDWH OLNNHOVHQ HW DO > @ VX SURX]
NRQWHMQHUVNRJ EURGD .&6 QD SUDYLOQLP YDORYLPD ]D SHW
YDOQRP GXOMLQRP MHGQDNRP GXOMLQL EURGD $XWRUL VX SF
LVNOMXpXMXiL YDORYH X SUDPDF L]QRV VUHGQMHJ QRPLQDO
X RGQRVX QD JLEDQMH X PLUQRM YRGL /L HW DO > @ VX R
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NRQWHMQHUVNRJD EURGD L EURGD |D SULMHYR] UDVXWR.
HNVSHULPHQWDOQLP UH]XOWDWLPD DXWRUL VX ][DNOMXpLOL
SULYMHVDND QLMH SRWUHEQD JHRPHWULMVND PUH&D V SUHY]
5H 1IRUPDOLVDWALIRQ ORREBOD WXUEXOHQFLMH L GRGDYDQMHF
JUDQLPQRP VORMX PRAH SRVWLiUL UD]XPQD L WRpPQD UDVSR(
*DJJHUR HW DO > @ VX SRND]DOL GD VH |]D RGUHYLYDQMH Q
QXPHULPNH VLPXODFLMH V XGYRMHQLP PRGHORP $XWRUL VX
WXUEXOHQFLMH QD GRELYHQH UH]XOWDWH QRPLQDOQRJ VXVW
SUHGQRVWL DQL]JRWURSQLK PRGHOD WXUEXOHQFLMH *XR HW
QRPLQDOQRJ VXVWUXMDQMD SURPMHQRP REOLND NUPHQRJ GL
UD]OLPLWLP VKHPDPD GHIRUPDFLMH JHRPHWULMH DXWRUL VX
JHRPHWULMH ]D NRUHNFLMX XWMHFDMD PMHULOD QD QRPLQD
]JODpDMNH RWSRUD L SURSXO]LMH QD SULPMHUX QHNROLNR WU
VWUXMQLED NRG LVSLWDQLK EURGRYD JQDPDMNH VXVWDYD YL
X UDYQLQL GLVND YLMND :X HW DO > @ VX LVWUDA&LOL XWN
YDORYLPD L QRPLQDOQR VXVWUXMDQMH PRGHOD WDQNHUD
SRUDVWDR XVOLMHG SORYLGEH EURGD X EDODVWQRP VWDQM X
EURGD NDR WR VX |DOLMHWDQMH SRQLUDQMH L SRVUWDQMH
GD LapH]DYDMX ]D YUOR NUDWNH YDORYH *XR HW DO > (
HNVSHULPHQWDOQH L QXPHULPNH QHVLJXUQRVWL SUL RGUHYL
SUHGYLYDQMX XURQD L NXWD WULPD $XWRUL VX LVSLWDOL bp
WXUEXOHE&BIMHEXKHDU 6WUH YV WHOICALIR $§WDIHEUDEGFO6WUHVYV N
PRGHO WXUEXOHQFLMH =DNOMXpLOL VX GD VX QRPLQDOQR VX
SULPMHQRP ($60 PRGHOD WXUEXOHQFLMH 3HUHLUD HW DO
QHVLIJXUQRVW NDR L SRJUH4ANH PRGHOLUDQMD ]D UH]XOWDWH
QDUDYL &LOM UDGD ELR MH XND]DWL GD MH XWMHFDM PMHU
IDNWRU IRUPH YHiL RG QXPHULpPNH QHVLJIJXUQRVWL RGUHYLY
.RUQHY HW DO > @ VX SULPLMHQLOL NRPELQDFLMX QHVWDELF
BWRNHVRYLK MBQQWEHEL 5HHIQROGV $Y HAEBIHG L PHIWHRIGRW R N H
VLPXODFLMH YHOLNUKHY(UWGO BLIXEDRBNREL LVWUDALOL SROMH
L]D EURGD .9/&&,6MHQ@HU\ /DUJH &UXGHXSDRULLNY JDNOMXpLOL
QHVWDELOQRVW X YUWORAQRP WUDJX L]D EURGRYD SXQH IRUF
SURSXO]J]LMH L QHVWDFLRQDUQLK RSWHUHGHQMD /LQ L .RXK >
QRPLQDOQRJ VXVWUXMDQMD L NRHILFLMHQWD XSLMDQMD SU
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YODVWLWRJ SRIRQD =DNOMXpLOL VX NDNR MH V SUDNWLpPQH !

XSLMDQMD ]JDQHPDULY GRN MH XWMHFDM PMHULOD QD QRPLQ

> @ VX SRND]DOL ]QDpDMQX UDJOLNX L]PHYyX QRPLQDOQRJ L
SXQRP IRUPRP
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686758-$1-(

2SUHQLWR

5DJOLND L]PHYyX EU]JLQH EURGD L EU]JLQH SULWMHFDQMD YRG
VXVWUXMDQMD 8NROLNR VH WD EU]JLQD SRGLMHOL V EU]JLQR
NRHILFLMHQWD VXVWUXMDQMD SUHPD 7D\ORUX > @

z % 3
-HGQDGAED VH QDMpHauUH SULPMHQMXMH ]D RGUHYLYDQMH
SUHPD )URXGHX QR RQ VH ULMHWNR SULPMHQMXMH

s
5 NN

.RHILFLMHQW VXVWUXMDQMD PRIJXUH MH SRGLMHOLWL QD WUL

Z 4 4 Z
JGMHZZMMRHILFLMHQW SRWHQ4LNRBIQR I MHOAMW U/XXNAMUMM D Q M D
NRHILFLMHQW VXVWUXMDQMD YDORYD

SRWHQFLMDOQR VXVWUXMDQMH QDVWDOR EL SULOLNRP JLEDQ
YDORYD 2YR VXVWUXMDQMH VH PRaH PDWHPDWLpPNL L]JUDpPpXQD
EUJLQL EURGD

6XVWUXMDQMH WUHQMD MH UD]JOLND L]JPHYyX XNXSQRJ VXVWU X
VXVWUXMDQMD YDORYD 2YD NRPSRQHQWD VXVWUXMDQMD SRV

6XVWUXMDQMH YDORYD RGQRVL VH QD JLEDQMH pHVWLFD WH
SXWDQMDPD *LEDQMH pHVWLFD X YDOX GREUR RSLVXMH WUR
NDNR MH RYD NRPSRQHQWD VXVWUXMDQMD NRG EURGRYD I
JURXGHRYRJ EURMD JRWRYR ]JDQHPDULYD

.RHILFLMHQW VXVWUXMDQMD WDNRyHU MH PRJXUH SRGLMHOL\

Z Zz Zy Z  Znru
JGMIB, MNRPSRQHQWD VXVWUXMDQMD XYHGHQD JERJ SURPMHQL
GMHORPLPQR JERJ URWDFLMH X POD]X YLMND D GMHORPLPQR ]
YLMNX 2YRP VX NRPSRQHQWRP GHILQLUDQH SURPMHQH VXVWU
awR MH SULPMHULFH SORYLGED EURGD NUPRP
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.DGD VH NRHILFLMHQW VXVWUXMDQMD RGUHYXMH SRPRUX EURC
VXVWUXMDQMD NRHILFLMHQW VXVWUXMDQED VH QD]JLYD NRHII

8 VOXpDMX RGUHYLYDQMD NRHILFLMHQWD VXVWUXMDQMD QD
VXVWUXMDQMD VH QD]JLYD NRHIZzFLMHQW QRPLQDOQRJ VXVWUX

.RPSRQHQWD VXVWUXMDQMD XYHGHQD JERJ SURPMHQD X SROM
Inru £ 4

SRELPDMIHQR MH

6XVWUXMDQMH QDVWDMH JERJ GYD UD]ORJD

X %URG SORYHuUL UD]JPLpH YRGX LVSUHG VHEH L JXUD MH X
LVSXQMDYD SURVWRU JGMH VH UDQLMH QDOD]JLR EURG

x =ERJ YLVNR]JQRVWL YRGH EURG SULOLNRP JLEDQMD VD VF
NRMD pLQL JUDQLpPQL VORM

.RHILELMHQW QRPLQDOQRJ VXVWUXMDQMD
.DNR MH YHi QDYHGHQR NRHILFLMHQW VXVWUXMDQMD RGUHYF
VH NRHILFLMHQW QRPLQDOQRJ VXVWUXMDQMD > @
BULOLNRP PRGHOVNLK LVSLWLYDQMD NRHILFLMHQW QRPLQDO
SRPRIiX
X 3UDQGWO 3LWRWRYH FLMHYL V MHGQRP LOL SHW UXSLFD
X ODVHUD
x NULODFD
X SUVWHQRYD
,JUD] ]D RGUHYLYDQMH NRHILFLMHQWD QRPLQDOQRJ VXVWUXMI

\ \ \

7, —8 s

3ULOLNRP SURMHNWLUDQMD EURGVNRJ YLMND YDAQR MH ]G
VXVWUXMDQMD SR BBRMHGLQRP UDGLMXVX
I A c: S I
Zis ( (
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%XGXUL GD IXQNFLRQD® @D MR LISRJRDWD SRYUALQD LVSRG NUL

QXPHULpNRP LQWHJUDFLMRP VOLND > @

" \F y
\:_:” H —_-—-\——\\—-‘: r=consi!
” P
R f
mili 2r
60LND 2GUHYLYDQMH VUHGQMHJ QRPLQDOQRJ NRHILFLMHQWD V

> @

BUHGQMH QRPLQDOQR VX WW BRGNBI@ XM HS RHGQ @ NW HPLHMONMDX Y R O X |
NRML SURWMHpPH NUR] GLVN VOLND > @

60LND 2GUHYLYDQMH VUHGQMHJ QRPLQDOQRJ NRHILFLMHQWD

9ROXPHQ WHNXuULQH NRML SURWMHpPpH NUR] GLVN YLMND
E o

9 ++Y%U JAB kK5 Yoo®k

<

JGMHOBROXPMHU JGBRAXP MEWEW]LVMND SULWMHRBPQMD YRGH YLN
VUHGQMD EU]LQD SULWMHFDQMD YRGH YLMNX
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6UHGQOMD EUJLQD SULWMHFDQMD YRGH YLMNX RGUHYyXMH VH NI
151 0% U BaUG
X% Uo
5 Y(E
6UHGQMH QRPLQDOQR VXVWUXMDQMH SR GLVNX YLMND UDpPXQTE

Z, =
8YUAWDYDQMHP MHGQDGAEH X MHGQDGA&EX WH VUHVLYD(
e«
Ll Z, UGG
Y s Y (@&

.RHILFLMHQW VXVWUXMDQMD MH QDMpH&auH PDQML ]D EURG C(
5H\QROGVRYLK EURMHYD 1DLPH UHODWLYQL XWMHFDM WUHQ
PRGHOD EURGD WH MH WLPH L UHODWLYQD GHEOMLQD JUDQLDp
PRGHOD EURGD 6WRJD HNVWUDSRODFLMD VUHGQMHJ QRPLQDC
NRUHNFLMX YULMHGQRVWL JERJ XWMHFDMD PMHULOD
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OHKDQLND IOXLGD MH WHRULMVNR HNVSHULPHQWDOQD JQDQR'
UMHADYDQMHP PDWHPDWLPpNLK PRGHOD VWUXMDQMD IOXLGD

IOXLGD UMH4ADYDOD VH PRGHOVNLP LVSLWLYDQMLPD NRML VX
SRQDMYL&AH ]DWR awWR MH VWUXMDQMH IOXLGD RSLVDQR QI
MHGQDGAEDPD ]D NRMH QH SRVWRML RSUH DQDOLWLPNR UMHAEL

5D]YRMHP UDpXQDOD L SRMDYRP UDpXQDOQH GLQDPLNH IOXLG
PLMHQMDWL 5') MH XWHPHOMHQD QD WHRULMVNRP SULVWXS
QXPHULpNR UMHAHQMH QH PRJX GRQRVLWL |[DNOMXpPpFL R XWM
HNVSHULPHQWDOQRJ SULVWXSD 9DaQR MH QDSRPHQXWL NDN
PHYXVREQR QDGRSXQMXMX WH GD MH 5') MHIWLQLMD WH EUA&D

1XPHULpNH VLPXODFLMH

1D VDPRP SRpHWNX SURYHGEH QXPHULpNH VLPXODFLMH SRWU
RGJRYDUDMXiL PDWHPDWLPpNL PRGHO > @ .RPHUFLMDOQL SUR
X VHEL VDGU&H PDWHPDWLpPpNH PRGHOH ]D UMHEDYDQMH SUREC
PRGHO ]D SURYHGEX QXPHULpNH VLPXODFLMH 2GDELURP PDW]
QXPHULpNLK VLPXODFLMD NRML VH VDVWRML RG WUL GLMHOD
PDWHPDWLpPpNRJ PRGHOD 3UYLP NRUDNRP GLVNUHWL]LUD VH S|
JHRPHWULMVND PUH&D 1DGDOMH X GUXJRP NRUDNX GLVNUE
MHGQDGAEH PDWHPDWLpPNRJ PRGHOD QD JHQHULUDQRM JHRPH'
UXEQLK XYMHWD B5H]XOWDW GLVNUHWL]DFLMH MHGQDGAEL NI
NRQDpPpQLK YROXPHQD PHWRGD NRQDpQLK HOHPHQDWD PHWF
DOJHEDUVNLK MHGQDGAEL .RQDpPQR X WUHUHP NRUDNX SURYF

BURYHGED QXPHULpPpNH VLPXODFLMH

1XPHULPpND VLPXODFLMD VH SURYRGL NUR] WUL SURJUDPD
SRVWSURFHVRU > @

SBUHGSURFHVRU MH UDpXQDOQL SURJUDP NRMLP VH JHQHULUD
QLMH WULYLMDODQ SRVDR QHJR VXSURWQR VDPR JHQHULUD
SURYHGEX QXPHULpNH VLPXODFLMH JGMH MH ELWQR YRGLWL
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SRGUXpMLPD JGMH VH SRMDYOMXMX YHOLNL JUDGLMHQWL IL]L
PDQMLP UHOLMDPD 'DQDV VH LQWHQ]JLYQR UDGL QD UD]JYRMX I

SURFHVRU MH SURJUDP NRML QXPHULpNL UMH&DYD RGUHYyHQ
SRpPHWQLK L UXEQLK XYMHWD 3RVWRMH GYD SULQFLSD UDGD
ILNVQR XJUDYHQL PDWHPDWLPNL PRGHO GRN X GUXJRP VO
PDWHPDWLpPpNL PRGHO XWHPHOMHQ QD REMHNWQRP SURJUDPLL

3RVWSURFHVRU MH SURJUDP NRML VOX&L ]D YL]XDOL]DFLMX UF
LQWHJUDOQLK YHOLpPLQD

NUMERICKA SIMULACIJA

DEFINICIJA NUMERICKO ANALIZA RJESENJA
PROBLEMA 1 RJESAVANIJE
MATEMATICKOG [ MATEMATICKOG B
MODELA MODELA

' DISKRETIZACIUA

; PROSTORA

: (GEOMETRIJSKA

i MREZA)

; DISKRETIZACIJA
JEDNADZBI

(NUMERICKA SHEMA)

RJESAVANIJE SUSTAVA
DISKRETIZIRANIH

frmmm——————————

JEDNADZBI
PREDPROCESOR PROCESOR POSTPROCESOR
60LND 6KHPDWVNL SULND] SURYRYHQMD QXPHULpPNLK VL

ODWHPDWLpPNL PRGHO

7THPHOM VYDNH QXPHULpNH VLPXODFLMH MH PDWHPDWLpPNL
ILILNDOQRJ PRGHOD > @ )L]JLNDOQL PRGHO SULOLNRP RSLVLY
SUHWSRVWDYNH

x NRQWLQXXP
x KRPRJHQRVW L LIRWURSQRVW
X MHGQRNRPSRQHQWDQ LOL YLAHNRPSRQHQWDQ IOXLG
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X MHGQRGLPHQJLMVNR GYRGLPHQ]JLMVNR LOL WURGLPHQ]LM
x VWDFLRQDUQR LOL QHVWDFLRQDUQR VWUXMDQMH
X QHYLVNR]QR ODPLQDUQR LOL WXUEXOHQWQR VWUXMDQMH

SBUHWSRVWDYOMD VH GD MH IOXLG NRQWLQXXP a@aWR ]QDpL GD
ILILNDOQD VYRMVWYD pDN L X VOXpDMX LQILQLWH]LPDOQRJ YR

+RPRJHQRVW MH NDUDNWHULVWLND IOXLGD GD X VYLP WRpPpNDF
NRG LIRWURSQRVWL SUHWSRVWDYOMD GD VX ILILNDOQD VYRM\

=UDN VH SURPDWUD NDR KRPRJHQD VPMHVD WH MH ]DPL&OMH
VOXpDMHYLPD NDGD MH NRQFHQWUDFLMD HOHPHQDWD UD]OLp]
YLAHNRPSRQHQWQLP IOXLGRP

,DNR MH VWUXMDQMH WURGLPHQ]JLMVNRJ NDUDNWHUD X PQR
ILILNDOQH SURPMHQH X MHGQRP VPMHUX &WR ]QDpL GD VH '
GYRGLPHQ]J]LMVND 3RVWRMH SULPMHUL V LJUDAHQLP VWUXMDQ
MH WDNYD VWUXMDQMD PRJXUH UD]PDWUDWL NDR MHGQRGLPH

8 YHULQL SUREOHPD SRWUHEQR MH UD]PDWUDWL QHVWDFLRQD
NRG QHNLK VOXpDMHYD PRJXuUH UD]PDWUDWL VWDFLRQDUQR V'

SRMDYD ODPLQDUQRJ VWUXMDQMD X SULURGL MH ULMHWND D
EURMD 6 GUXJH VWUDQH SRMDYH WXUEXOHQWQRJ VWUXMDQM
VH SRMDYOMXMX RED VOXpDMD SULPMHULFH NRG RSWMHFDQM

=DNOMXpQR ELWQR MH LJ]UDGLWL WDNDY ILILNDOQL PRGHO NR
D L] QMHJD SURL]OD]L PDWHPDWLpPpNL PRGHO NRML MH RGUH
MHGQDGAEL NRMH RSLVXMX VWUXMDQMH IOXLGD

2VQRYQH MHGQDGAEH GLQDPLNH IOXLGD

=D SUREOHP SURUDPXQD QHVWODpPLYRJ YLVNR]JQRJ VWUXMDOQ N
1DYLHU 6WRNHVRYH MHGQDGAEH NRMH VH L]YRGH L] RVQRYQL

-HGQDGA&AED NRQWLQXLWHWD ]DNRQ RpXYDQMD PDVH ]D QHVW

(% G«\K\%[M
=DNRQ RGUADQMD NROLpPLQH JLEDQMD (XOHURYD MHGQDGAED

[ ~\ ~N

L L

W W

W"TL
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JGMH MHVWRUDY I'OKNEB U BBXMWRUD PD].MLH\Q-II-Q]\RLLOIEDD,—%UH]DQMD L

RSHUDWRU PDWHULMDOQH GHULYDFLMH

=DNRQ SRVHEQLK SRQDADQMD IOXLGD NRQVWLWXWLYQH MHGC

Iv Sim™y

S - Iyun

™y v nfw
LM % ;\(/&

T
JGMEBWOLNURQHFNHURY, GHFERDWRUVNL GLR WHQDPRPUPN@DSUH
NRHILFLMHQW YWHNARRUREW|ILQH GHIRUPDFLMH

.RPELQDFLMRP MHGQDGAEL X] IDQHPDULYDQMH NRHIL
VOLMHGH 1DYLHU 6WRNHVRYH MHGQDGAEH

= !MTL N ~—[IS— NS ~—[l'LM

8YRGL VH VXSVWLWXFLMD

—1 e

JGMB MHQHPDWLpPNL NRHILFLMHQW YLVNR]JQRVWL
8] XYHGHQX VXSVWLWXFLMX FRGRWHRMER QWO Y¥BDMH Q MM PV L

N‘L N‘L N: m

8YRYHQMHP NRQVWLWXWLYQLK MHGQDGAEL GRELYD VH |DWYF
QHSR]QDQLFD NRMLPD MH PRJXUH RSLVDWL VWUXMDQMH YLVNEF

5H\QROGVRYH RVUHGQMHQH 1DYLHU 6WRNHVRYH MHGQDGa

5H\QROGVRYH RVUHGQMHQH 1DYLHU 6WRNHVRYH MHGQDGAEH
RSLVLYDQMH WXUEXOHQWQRJ VWUXMDQMD > @ 8] SUHWSRYV'
VWUXMDQMH PR&H VH RSLVDWL MHGQDGAERP NRQWLQXLWHWD
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JGMH VX GRELYHQH QHSR]QDQYEHSRRRMSRREGOWEH QROIMD E
SROMDYPWRLQH MH SULND]DWL JEURMHP RVUHGQMHQH YULMHC
LA A
JGMHEMNMUHGQMHQD YULMHGQRVW Y FSXSRQWOQW M (SR QOION B/X]LLY
NRPSRQHQWD EU]JLQH
3ROMHSWOBNRPHU MH PRJIXi{iH SULND]DWL
S ss
JGMBRMUHGQMHQD YULM$ ERBVMWUBREWMD WOXDINDX LDIDM X GL WOTL

8YUAWDYDQMHP MHGQDGA&EL L X MHGQDGAEX NRQWLQXL
Nlm YM(
[
2VUHGQMDYDQMHP MHGQDGAEH VOLMHGL MHGQDGAED RpXY
th
T
5D]JOLND MHGQDGAEL L GDMH MHGQDGAEX NRQWLQXLWH!'

v,
"l

=D VOXpDM MHGQDGA&EH NRQWLQXLWHWD YULMHGL SULQFLS

LVWRYMHWQH MHGQDGAEL

8] ]IDQHPDULYDQMH PDVHQH VLOH WH YUHPHQVNLP RVUHGQ

XYUGWHQMHP X MHGQDGAEX GDMX 5H\QROGVRYH RVUHGQM
Y YOS T Y e
l— | -— —F = 'YM(
W [ [ [ [

JGMHB¥H5H\QROGVRY WHQ]JRU WXUEXOHQWQRJ QDSUH]DQMD

2YDNYLP SULVWXSRP RVUHGQMDYDQMD SRNXab¥YD VH VWRKD
GHILQLUDWL YUHPHQVNL RVUHGQMHQLP SROMLPD EU]JLQH L W
EHVNRQDpQR PQRJR NRUHODFLMD EU]JLQH L WODND ,SDN LV
SURUDpXQDYDQMH NDUDNWHULVWLND SROMD EU]JLQH L WODND
> @
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ORGHOL WXUEXOHQFLMH

8ORJD PRGHOD WXUEXOHQFLMD MH GD XVNODyXMX EURM MHG
WDNR GD VH ]DXVWDYH QD RGUHYyHQRM NRUHODFLML WH GD
XQLYHU]DOQRVW WRPQRVW PRJIXUQRVW HNRQRPLpPQRJ UMHAED
UHG NRUHODFLMH EU]JLQD ]D NRMX VH UMHADYD WUDQVSRUWGQTL
PRGHOH SUYRJ GUXJRJ L WUHiUHJ UHGD 1DMMHGQRVWDYQLML
QMLPD VH PRGHOLUD GYRMQD NRUHODFLMD EU]JLQD WHQ]RU 5
%RXVVLQHVTD

- Y
R VJT?( ~—[N& - INLm

JGMH,MRIHILFLMHQW WXUEXOHQWQH YLVNR]JQRVWL

8YUAWHQMHP %RXVVLQHVTRYH KLSRWH]H X 5H\QROGVRYH MHG
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=D SRWUHEH L]JUDGH RYRJ UDGD NRU INAANH B VN PRGIHO® RGHOD
WXUEXOHQFLMH VH VDVWRML RG GYLMHNGN GDW.®HERDUIDQV SR L
WXUEXOHQWQX NLQHOY VPN WWREDLMXVILBDQMD GLVLSDFLMH

> @ & 67HQH6KHDU 6WUHVVMHUDGGORUWG QDMpH&EUH SULPLMH
WXUEXOHQFLMH V GYLMH GRGDWQH WUDQVSRUWQH MHGQDGAE
X RGQRWXOPRIBHO XPMHVWR YUHPHQVNH NRPSRQH&®WH UD]PD\
SUHGVWDYOMD VSHFLILPQX GLVLSDFLMX HQHUJLMH > @

6WUXMDQMH X EOL]LQL NUXWH VWLMHQNH JLGQH IXQNFLM

3UL JLEDQMX EURGD X YRGL RNR QMHJID VH VWYDUD WXUEXO!
UD]PDWUDWL SRMHGQRVWDYOMHQR QD SULPMHUX VWUXMDQM
SRMDYOMXMH VH VDPR ODPLQDUQR VWUXMDQMH QDNRQ pHJID \
L WXUEXOHQWQRJ VWUXMDQMD RGQRVQR SULMHOD]QR SRGUX
SRWSXQRVWL WXUEXOHQWQR > @
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60OLND 5D]YRM JUDQLpPQRJ VORMD SULOLNRP VWUXMDQMD

%H]GLPHQ]JLMVNL SURILO EUJLQH VWUXMDQMD PRaH VH ]DSLVD
8 I\

JGMH MEH]GLPHQ]JLMVND EU]JLQD \X BHEBQPHIRPMYORPMXGDOMH Q
VWLMHQNH D PRJX VH L]JUD]JLWL NDR
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82 .._I
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JGMI8 MBHHGQMD EU]8,EU M\QDRMBBRYBDQFLMDOQR QDSUH]DQMH
MH XGDOMHQRVW RG VWLMHQNH

1D VOLFL SULND]DQD MH RYLS& QR \EW]EH PG HQ VINVRM B ERIQ IMH
RGQRVQR GDQ MH SURILO EUJLQH VWUXMDQMD X WXUEXOHQWQ

=D OLQHDUQL SRGVORM YULMHGL

8 \
8 ORJDULWDPVNRP SRGUXpMX EU]JLQH YULMHGL
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JGMHWRQ .DUPDQR Y DYNROMWWD@RMWD DQWHJIJUDFLMH
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60OLND BURILO EU]JLQH VWUXMDQMD X WXUEXOHQWQRP JU

OHWRGD NRQDpPQLK YROXPHQD

OHWRGRP NRQDpPQLK YROXPHQD SRGUXpMH SURUDpPXQD SRGL
YROXPHQD SRPRiUX PUH&H NRMD GHILQLUD JUDQLFH NRQWURDO
PHWRGD NRMD VH WHPHOML QD LQWHJULUDQMX NRQJHUYDW
NRQDpPQLP YROXPHQLPD QD NRMH MH SRGLMHOMHQR SRGUXpN
MHGQDGAEH SR NRQDPQRP YROXPHQX JODVL

G ~3

— + 133@ + F! +—G * 63D

o st
JGMH MH V OLMHYH VWUDQH MHGQDGAEH EVK QG RBNRWPHINQH VI
GHVQH VWUDQH MHGQDGAEH SUYL pODQ NRQYHNFLMVNL L GL

JUDQLFH D GUXJL pODQ SUHGVWDYOMD L]JYRU IL]ILNDOQRJ VYR

-HGQDGAED SRND]XMH GD MH EUJLQD SURPMHQH VDGU&DMLI
YROXPHQD SURSRUFLRQDOQD EU]JLQL SURWRND WRJ IL]LNDO
YROXPHQD L EUJLQL QDVWDMDQMD LOL QHVWDMDQMD WRJ IL]L
3URWRN ILILNDOQRJ VYRMVWYD SRSULPD SRJLWLYQH YULMHGQ
SUHPD RNROLQL D PLQXV LVSUHG LQWHJUDOD XND]XMH GD VH
XQXWDU NRQDPQRJ YROXPHQD VPDQMXMH
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glavni ¢vor

60LND 'LR GLVNUHWL]LUDQRJ SRGUXpMD SURUDpPXQD

OHWRGD XGMHOD IOXLGD X YROXPHQX

OHWRGD XGMHOD 10 XLIRDO X PR RXPBOASCHQRVWDYDQ MH YLAHID]
SRIJRGDQ ]D VLPXOLUDQMH VWUXMDQMD IOXLGD NRML VH QH P/
EURGD WR VX YRGD L JUDN L]PHYyX NRMLK VH SRMDYOMXMH VO
QHPD SRWUHEH ]D GRGDWQLP PRGHOLUDQMHP PHYXID]QLK LQYV
YHUO SUHWSRVWDYND GD VYH ID]JH LPDMX LVWR SROMH EU]LQ!
GLVNUHWL]DFLMH > @ 1D VOLFL GDQ MH SULND] QHSULNOD
PRGHO VWUXMDQMD NRULVWHUOL PHWRGX XGMHOD IOXLGD X YR
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60LND BULND] GYRID]QRJ IOXLGD X tHOLML > @
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O9HULILNDFLMD UH]XOWDWD

3RVWXSNRP YHULILNDFLMH RGUHYXMH VH QHVLIJXUQRVW UH]XC
YHULILNDFLMH MH SRWUHEQR LPDWL PLQLPDOQR WUL UMHEH(
SDUDPHWDUD 6WRJD VX ]D SRWUHEH RYRJ UDGD JHQHULUDQ
UH]XOWDWD NRML VX GRELYHIQQ I PLLARMGHRRR/R) ¥ WHRMWGLEMGEHD M H
PUH&H GDQH VX L]JUD]LPD > @

0 E E

0 E E

JGMA WDHHOLND UH]XOWDWD 5DBPMHGLNRQ¥F¥HUJHQFLMH

(
SLF

.RQYHUJHQFLMX MH PRJXiUH SRGLMHOLWL QD
X PRQRWRQD NRQYSHUJHQFLMD
x RVELODWRUQD NRRYHUJHQFLMD
X GLYHUJHBQELMD

8 RYRPH UDGX QHVLJIXUQR\BW GIQPHRMN .G N IWK R QPQOOMHUWIMADO XQF
RGUHYyXMH VH PHWRGRP LQGHNVDL\GR QR @ YHQRQMHN RNGDAH HQ
VH RVODQMD QD 5LFKDUGVRQRYX HNVWUDSRODFLMX > @ 2YD |
NRMH VH SRMDYOMXMX L] JUH&DayDMH HEHD & QB D@V NRJ NRUL

861 8 8 &
JGMB, MMHUDWLY QB QHWILIXWQRBY\WYHVMILE XM QRVW YUHPHQVNRJ N
RYRP UDGX SUHWSRVWDYOMHQR MH

861 8*

9DAQR MH QDJODVLWL NDNR MH LWHUDWLYQD QHVLJIJXUQRVW
QHVLIXUQRVWL PUH&H L YUHPHQVNRJ NRUDND WH VH XpHV
VWDFLRQDUQLP QXPHULPpNLP VLPXODFLMDPD QHVLIJXUQRVW YU
GD QLMH SURYHGHQD YUHPHQVND GLVNUHWL]DFLMD

=D SRVWXSDN YHULILNDFLMH V JXVWRURP PUH&H NDR XOD]LF
PRJXUH MH LJUDpXQDWL QD VOMHGHUL QDpLQ
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JGMHg MVBEURM UHOLMP EQRIMPWHAHMD Y4 HG@WMHIPOHM®D IUXEH PU
2VWDOL SDUDPHWUL GHILQLUDQL VX NDNR VOLMHGL
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(NVWUDSROLUDQR UMHAHQMH UDpXQD VH VOMHGHURP MHGQDG
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SULEOLAQH L HNVWUDSROLUDQH SRJUHANH VX GRELYHQH QD V
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8 NRQDPQLFL QXPHULpPpND QHVLIXUQRVW QXPHULPpNH VLPXODFI

H .
*&1ILQHT A

O9DOLGDFLMD UH]XOWDWD GRELYHQLK QXPHULpPNRP VLPXOD

SRVWXSNRP YDOLGDFLMH XVSRUHYyXMX VH UH]XOWDWL GRELY
GRELYHQLP HNVSHULPHQWDOQR 'UXJLP ULMHpLPD YDOLGDFL
PRGHO RSLVXMH QHNX SRMDYX 8 RYRP UDGX UH]XOWDWL VX X
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JGMHS'MLH-IHODWLYQR35I%GNM/I9K$I-D@I‘WIHH GRELYHQR QXP3(-|'gJLbNRP VLP
UMHAHQMH GRELYHQR HNVSHULPHQWDOQLP LVSLWLYDQMHP
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80OD] X 67$5 &&0

8 RYRP UDGX VX SURYHGHQH QXPHULpNH VLPXODFLMH X X NRP
PRGHOX EURGD -%& pLML MH ' PRGHO MDYQR GRVWXSDQ NDR
> @ ORGHO VH X SURJUDPVNRP SDNHWX 67%$5 &&0 XQRVL Q
GLVNUHWL]L U DIQMHS RPUMA &K UH R WWHD E DV Ik L SULND]DQH VX JODYQ!
EURGD X QDUDYL L PRGHOD EURGD > @

7TDEOLFD *ODYQH ]1QDpDMNH EURGD L PRGHOD > @

=QDpDMND % URG ORGHO
/33 P P
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. 5 >
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8 WDEOMMH. PMHULOR JHR RHWGE&X G M N® DV D]PHHYRVBELUSHIOG LN X O D L
JDJ YROXPHQ B\RS D\DQIDRDE&S RY R B LD XGHMB@WQRVW WHALAWE
RG VUHGLAQMHJ $ NP MHYXIGNDIOMHPRY W WHALAWD PDVH RG VLP
VPMHBWXGDOMHQRVW WH&LAWDP R BWOR R &PRVHOR P RPH QWD WURPR
[ R\ SROXPMHU PRPHQWRWY BRRXWMHRNRRPHQWRVWURPRVW.L
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9DaAaQR MH QDJODVLWL NDNR VX VH QXPHULpNH VLPXODFLMH

ILNVQLP PRGHORP EURGD 2YR MH QDSUDYOMHQR NDNR EL VH
UH]XOWDWD QRPLQDOQRJ VXVWUXMDQMD GRELYHQLK SULPMH
SRYUGLQRP L QXPHULpPpNLK VLPXODFLMD V XGYRMHQRJ PRGHOD

60OLND -%& PRGHO EURGD

.UHLUDQMH SURUDpPXQVNH GRPHQH

=D SURYHGEX QXPHULpNH VLPXODFLMH SRWUHEQR MH RNR PRG
'RPHQD MH REOLND NYDGUD QD pLMLP VH JUDQLFDPD ]DGDM.

SRORYLQD GRPHQH EXGXiL GD MH PRGHO EURGD VLPHWULpPDQ
YUHPHQD SURUDpPXQD

60OLND 'LPHQ]JLMH SURUDPXQVNH GRPHQH
J)DNXOWHW VWURMDUVWYD L EURGRJUDGQMH
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'LPHQ]JLMH SURUDpPpXQVNH GRPHQH RGUHYHQH VX SUHPD OLWHL
IDNRQ JHQHULUDQMD/RROWBW PDRIDHYB FARMRHPQD RGX]LPDQMHF
NYDGUD

SXEQL XYMHWL

BURUDPXQVNX GRPHQX MH SRWUHE QRERK® IGNDW® HWH_ ]@ DV MDWNDE Q
JUDQLFX ]DGDMX RGUHYHQL UXEQL XYMHWL .DNR VX X RYRP
VLPXODFLMD RQL ]JDKWLMHYDMX RGUHYHQH UDJOLNH X SRVWI
QXPHULPNH VLPXODFLMH VD VORERGQRP SRYUZLQRP GRN VH
VLPXODFLMH V XGYRMHQLP PRGHORP EH] SULVXVWYD VORERC
ILNVDQ D YRGD QDVWUXMDYD QD QMHJD

5XEQL XYMHWL ]D VOXpDM SULVXVWYD VORERGQH SRYUA&L

ORGHO EURGD SRGLMH®& HFME& +QMMAUDMHIEE RMH MH SRVWDYO
LVWL UXEQL XYWMEOW REJDURRED PRGHO PLUXMH D YRGD QDV
VLPHWUDOQRM UDYQLQL PRGHOD73QN V6 DPYFCHWEE Q LNWPH X YUWIHQL R P
VLPHWULWMPAPH\WU\ SQPEHVH RPRIJXUHQR UD]PDWUDQMH VDPR S
JUD QADFQIN , ROIDGHW TARCSQ N % R WWBYOMHQ MH XYMHW NRML GHILQ
HQYHORFLWS INROHDWQLFL7 DIQNJ 2 BWDRWYOMHQ MH UXEQL XYMH\
WODNX QD LSOBYX XH e IRXWIOLHD P D L MH SULND]DQ SRSLV .
QMLKRY SRORADM

60LND *UDQLFH GRPHQH ]D SUYL WLS VLPXODFLMD
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60LND 3RORA&DM JUDQLFD GRPHQH ]D SUYL WLS VLPX

5XEQL XYMHWL ]D QXPHULpPpNH VLPXODFLMH V XGYRMHQLP

8 RYRPH VOXpDMR QM BROWDNFODMD QD PMHVWR JD]D PRGHOD |
VORERGQH SRYUALMGN FRIMBGLFXXEQL X YW PIFH WIUR HSADDLQWH  H
NRMLP VH SRVWL&H XGYRMHQL PRGHO ORGH®& %XOMH SRGL
-%& 6WMUWXEQLP XYMHIMRPBRDGREM PRGHOD VDGD MH L]YDQ SR
WH VH QH X]LPD X RE]L U7 QXN QR\DMEMHI QHIDURFEHMHQMHQ WH G
QD XOD]XHEBRBLWD LZOWRVY UL MAGQ N 2 0\@@BWLUFXMHGL XYMHW W
L]OD]X SHEY VXU HIRDXWOBER H M DWR BDGBMH WHOXYOOFW A

1D VOLNDPD L SULND]DQ MH SRSLV JUDQLFD GRPHQH WH

60OLND *UDQLFH GRPHQH ]D GUXJL WLS VLPXODFLML
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60OLND 3RORA&DM JUDQLFD GRPHQH ]D GUXJL WLS VLP X
1D VOLFL GDQ MH SULND] XGYRMHQRJ PRGHOD EURGD -%&
60LND BULND] XGYRMHQRJ PRGHOD

'LVNUHWL]DFLMD JHRPHWULMVNH PUHA&H

6YDND JHRPHWULMVND PUHAD VDVWDYOMHQD MAH®® RVQRYQL
iHOLMH VX VDVWDY O¥WHDMLBRBERY DRIHIDX H B JF YUWHYQLFD HQJ
IDFHWWUDQLFH VH QH VPLMX SUHNODSDWL DOL VH PRUDMX G
UDGD GLVNUHWL]DFLMD GRPHQH MH SURYHGHQD DODWRP ]D
DXWRPDWHGRRMWXSQLP X SURJUDPVNRP SDNHWX 67$5 &&0
GLVNUHWL]DFLMX PUHAH VOLMHGHiUL XSXWH SUHPD > @ VX
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x DODW |]D UHGLVNUHWGXDFDMKX SHRFFHNAKRQD HQJ

X DXWRPDWVNR SRSUDY®MWDRRMMHNE R YBXALIQBHHMISD LU

x DODW ]D RGVLMHFDQMH7UXPPHGL & HHRY 0 &LVEBI UH Q J

x DODW |]D GLVNUHWL]DFLMX SUR(UDRP XKDIJHD QHMXRRJVORMX |
8 WDEOLFL SULND]DQH VX SRVWDYNH GLVNUHWL]DFLMH

7TDEOLFD SRVWDYNH GLVNUHWL]DFLMH

6YRMVWYR 2SsFUYmD IULMHGQRVW
2VQRYQD YHOLpPLQD QULMHGQRVW
&LOMDQD YHOLpPLQD SRYUALQH 3RVWRWDN RVQRYQH YHOL

OLQLPDOQD YHOLPLQD SRYUALQH| 3RVWRWDN RVQRYQH YHOL

=DNULYOMHQRNVW SRYU&LQH %URM WRPDND |X NUXJX
$XWRPDWVNR S|RS0IDYIOMWDIDANMHQHSRVUHGQD
SRYUALQH EOL]LQD
%URM VORMHY|/D X SUL]JPL % URM
. RHILFLMHQW $RYHUDQMD
YDNWRU UDVWH]DQMD
VORMHYD X SUL]PL
8NXSQD GHEOMLQD VORMHYD X
$SVROXWQD YULMHGQRVW P
SULJPL
6WRSD UDVWD|YROXPHQD =DGDQD VWRSD {DVWD

ODNVLPDOQD HOLDL%D
3RVWRWDN RVQRYQH YHOLpPLQH
SRYUALQH

.DNR MH YHUO SULMH QDYHGHQR ]D SURYHGEX SRVWXSND YHI
QXPHULpND UMHEAHQMD VWRJD VX JHQHULUDQH WUL PUHaH UD]
VX VYL SDUDPHWUL GLVNUHWL]DFLMH |][DGDQL UHODWLYQR X R
MH JHQHULUDQD JUXED PUHAD VUHGQMD PUH&D Ml GRELYHQD

.RQDpQR ILQD PUHAD MH GRELYHQD SULPMHQRP GYRVWUXNR P
QD JUXEX PUHA&AX =D SRWUHEH RYRJ UDGD MH SURYHGHQR XNX
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f JUXED PNHRAB7VPRGHORP WXUEXOHQFLMH
f VUHGQMINPSBHAP RY'GHORP WXUEXOHQFLMH
f ILQD PWNH& B ¥ PRGHORP WXUEXOHQFLMH

f ILQD PUHPRE®HORP WXUEXOHQFLMH

=DYU&aQL uUD
pHWLUL QXPHULpNH VLPXODFLMH VD VORERGQRP SRYUALQI

pHWLUL QXPHULpNH VLPXODFLMH V XGYRMHQLP PRGHORF

AGUXJD JUXSD VLPXODFLMD?

f JUXED PNHRAB7VPRGHORP WXUEXOHQFLMH

f VUHGQMINPSBHAP R'GHORP WXUEXOHQFLMH

f ILQD PWNH&B ¥ PRGHORP WXUEXOHQFLMH

f ILQD PUHPRE®HORP WXUEXOHQFLMH

pHWLUL QXPHULpNH VLPXODFLMH V XGYRMHQLP PRGHORP
SURILQMHQMD X SRGUXpMX GRPHQH JGMH MH VPMHaWHQ

VLPXODFLMD?3

f SURILQMHQD JN X&E67 PRGHDORP WXUEXOHQFLMH
f SURILQMHQD V WMH& M P RAHEBEMPVW XUEXOHQFLMH
f SURILQMHQD NL&B7PPRIGBO/RP WXUEXOHQFLMH

f SURILQMHQD NL® R GPHIOHE® WXUEXOHQFLMH

7UL GRGDWQH N IFFRGIHDFRRIHIVXUEXOHQFLMH SURYHGHQH VX UD
UH]XOWDWD V RQLPD GIR&SBYHRFPHOWDLAWMHEROHQFLMH RGQRVQ
LJERUD PRGHOD WXUEXOHQFLMH QD UH]XOWDWH QRPLQDOQRJ
JUXSH VLPXODFLMD QDSUDYOMHQR MH ]D WUXS PRGHOD L SRG
XWMHFDMD QDpLQD GLVNUHWL]DFLMH QD WRpPQRVW UH]XOWDW

7TDEOLFD 2VQRYQH YHOLpLQH UHOLMD JHRPHWULMVNL

*XVWRUD PUHAH *UXED

BUHGQM

2VQRYQD YHOLpPLQD GHOLM|H

P
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60LND ORGHO EURGD GLVNUHWL]LUDQ JUXERP PUHAF
60LND ORGHO EURGD GLVNUHWL]LUDQ VUHGQMRP PU
60OLND ORGHO EURGD GLVNUHWL]LUDQ ILQRP PUHAaRI
1D VOLNDPD MH SULND]DQ PRGHO EURGD GLVNUHWL]JLUL

6PDQMHQMH RVQRYQH YHOLpPLQH GHOLMH L]JPHyX RVWDORJ U
PRGHOD EURGD

9ROXPHWULMVNH NRQWUROH

=D RGJRYDUDMXUX GLVNUHWL]DFLMX GRPHQH SRWUHEQR MH
GRPHQH JGMH MH SRWUHEQR L]YU&GLWL SURILQMHQMH PUHAH
SULPMHULFH QD PMHVWLPD V YHOLNLP JUDGLMHQWLPD IL]JLNDC
SURILQMHQMH X SRGUXpMX SUDPFD L NUPH WUXSD PRGHOD E
NXWD =D SUYX L GUXJX JUXSX VLPXODFLMD SURILQMHQMD VX |
LIRVWDYOMHQD SURILQMHQMD VORERGQH SRYU&GLQH L .HOYLQ
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UH]XOWDWD GRELYHQH SULPMHQRP SUYH L GUXJH JUXSH V1

SURILQMHQMD 2YR MH RPRJXULOR LVWUDALYDQMH XWMHFDM
NRHILFLMHQWD VXVWUXMDQMD YDORYD |]D NRMX VH RpHNXMH C
WUHUH JUXSH VLPXODFLMD GRGDWQR MH SURILQMHQD X SRGUX
NDR RVQRYQH YHOLpLQH WH QD SRGUXpMX WUXSD JGMH \
YHOLpPpLQH 1D VOLFL SULND]DQD VX SRGUXpMD GRGDWQLK
NUPH L SUDPFD

60LND 9ROXPHWULMVNH NRQWUROH SUDPFD L NUPI

'LVNUHWL]DFLMD JUDQLpPQRJ VORMD RNR WUXSD EURGD YUOR
JUDGLMHQW EU]JLQH L LQWHQ]JLWHW WXUEXOHQFLMH SRSULPD
SURILQMHQMH PUH&H ]D SRVWL]DQMH &WR WRPQLMLK UH]XOW
NRULAWHQ MH DODW ]D GLVNUHWL]DFLMX SUL]DPD pLMH VX Si
SRVWHSHQR UDVWL RG PDQMLK SUHPD YHULPD D ]JDGQMD iHO
SUYH VOMHGHUH NRMD VH QDVWDYOMD QD JUDQLpPQL VORM .I
IXQNFLMH SUHSRUXpPD VH SR YWDYICFWPDMH1HDW D RHWWILPR Q SU YL
iHOLMD X] WUXS PRGHOD EURGD QDOD]LW iUH VH XQXWDU ORJ
SULEOL&QR RGUHWLYDQMH SD@DPHWUD

@

JGMHSRWORYLQD YLVLQH SUYH/IEROMHQDODIPP@HPORR NGRDNXD G X
SHUSHQGsNAHODWEOBRHH\QRMGVRY EURM
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60LND 'LVNUHWL]DFLMD JUDQLpPpQRJ VORMD JUXED P

1DGDOMH ]D GLVNUHWL]DFLMX SRGUXpMD RNR WUXSD EURGD
pHWLUL YROXPHWULMVNH NRQWUROH X REOLNX NYDGUD L FlI
LIYUAHQD MH SRPRUX WUL NYDGUD NRML SRNULYDMX FLMHOX
VPMHUXREXIKYDUDMX RpHNLYDQL SRORA&DM VORERGQH SRYUAL
WRpDND VMHFL&G&WD SRSUHpPQLK L UD]JLOD]QLK YDORYD pLMD
YROXPHWULMVNH NRQWUROH X REOLNX NYDGUD L FLOLQGUD V
PRGHOD EURGD 6OLND SULND]XMH WORFUW GLVRUHWL]LUD
SUL pHPX NWWHQD RVQRYLFL

60LND 3RSUHpPpQL SUHVIMHN JUXESRROM&EH RER]JIR
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8 WDEOLFL MH GDQ SULND] EURMD GRELYHQLK GHOLMD ]D UD

7TDEOLFD %URM UHOLMD JHRPHWULMVNLK PUHA&D

*UXSD VLPXYODFLMD JUXED PUHAD 6UHGQMpP PUHAD

3UYD JUXSD
VLPXODFLMD

'UXJID JUXSD
VLPXODFLMD

7TUHUD JUKSD
VLPXODFLMD

SUHPD SRGDFLPD QDYHGHQLP X WDEOLFL PRaH VH |[DNOMXbplL
LPDMX YLA4H UHOLMD X RGQRVX QD GUXJX JUXSX VLPXODFLMD
JUXSH VLPXODFLMD ]QDWQR GXOMH 8] WR YULMHPH SURUDDpPX
NDNR MH ULMHp R QHVWDFLRQDUQLP VLPXODFLMDPD NRMH XNC
L] WDEOLFH PRJXUH MH XRpLWL NDNR SURILQMHQMH PUHAaH
SRYHUDYD EURM UHOLMD

8QRV ILILNDOQRJ PRGHOD
JLILNDOQL PRGHO QXPHULPNLK VLPXODFLMD VD VORERGQF

BULOLNRP SURYHGEH QXPHULPNH VLPXODFLMH SRNXVD RWSRL
IOXLGD YRGH L JUDND 6WRJD MH SULPLMEBWMIHIQ (BROOWR S KDLVA
WH PRGHO UDYQLK )Z2PW)DORMEINRML I[DKWLMHYD XQRV EUJLQH Y
QMLKRYH JXVWRiUH .DNR MH SULOLNRP SURYHGEH HNVSHULPH
QD XWMHFDM VWLMHQNL ED]JHQD QD PRGHOVND LVSLWLYDQMD
VPDQMLWL XWMHFDM UHIOHNVLMH YDORYD NRML VX X]JURNRY
QH&HOMHQD SRMDYD VSUMHpPDYD SULPMH@RMH SAORBEARIDMD 92)
RYRP UDGX SULPLMHQMHQD GXOMLQD SULJX&3HQMD MHGQDND N\
SULND] RGDEUDQRJ ILJLNDOQRJ PRGHOD ]D SUYX JUXSX VLPXO

J)DNXOWHW VWURMDUVWYD L EURGRJUDGQMH
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60OLND JLILNDOQL PRGHO QXPHULPNLK VLPXODFLMD VD VOF

JLILNDOQL PRGHO QXPHULpPNLK VLPXODFLMD V XGYRMHQLF

1XPHULPpNH VLPXODFLMH V XGYRMHQLP PRGHORP VLPXOLUDMX
SRWUHEQR DQDOL]JLUDWL LVNOMXpPLYR YLVNR]JQR VWUXMDQMI
ILILNDOQL PRGHO UD]J]OLNXMH RG RQLK VLPXODFLMD NRMH VX X
MH RQHPRJXUHQD L SRMDYD YDORYD SD QHPD SRWUHEH ]D NR
NDR X VOXpDMX SUYH JUXSH VLPXODFLMD 9D&4QR MH QDJODYV
RGQRVQR QLMH SRWUHEQR SURYHVWL YUHPHQVNX GLVNUHW
SURUDpPpXQD 6OLNRP GDQ MH SULND] RGDEUDQRJ IL]JLNDOC
VLPXODFLMD
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60OLND JLILNDOQL PRGHO QXPHULpPNLK VLPXODFLMD V XGY

SRVWDYOMDQMH SDUDPHWDUD UMHADYDpD
S3SDUDPHWUL UMH&DYDpPpD ]D QXPHULpPpNH VLPXODFLMH VD VC

=D RYX JUXSX QXPHULPNLK VLPXODFLMD NRUL&GWP®QOMHL®HYV WD
XQVWHDG\ WR®MYHMH SRJRGDQ ]D QXPHULpPpNH VLPXODFLMH
SRGUHODNVDFLMVNL IDNWRUL XSRWUMHEOMHQL VX ]D SRVSMH
SRVWDYOMHQD YULMHGQRVW SRGUHODNVDFLMVNRJ IDNWRUD
RGYRMHQL YROXPQL XGLR ODNVLPDOQL EURM XQXWDUQMLF
ILILNDOQR YULMHPH VLPXODFLMH MH SRVWDYOMHQR QD \%
MH YUHPHQVNL NRUDN L]JQRVD V a@WR RGJRYDUD SHULF
RPMHU GXOMLQH L EU]JLQH PRGHOD

3DUDPHWUL UMH&DYDpPpD ]D QXPHULpPpNH VLPXODFLMH V XGY

.DNR X RYLP QXPHULpPNLP VLPXODFLMDPD QHPD VORERGQH SR
LPSOLFLWQL UMH&ADYDpP YHi VH SULPWH QM YRREBUMMDEN R Q BIUM\LN
IDNWRU ]D WODN SRVWDYOMHQ MH QD D ]D EUJLQX QD 8
NRUDND LWHUDFLMH NDNR EL VH PLQLPL]LUDOD LWHUDWLYQD
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$1%$/,=% 5(=8/7%$7%

8QXWDU RYRJ SRJODYOMD GDQ MH SULND] UH]XOWDWD QXPt
UH]XOWDWLPD GRELYHQLP HNVSHULPHQWDOQLP LVSLWLYDQMI
YHULILNDFLMH PUH&AH NDR L DQDOL]D XWMHFDMD L]JERUD PR(
9DAQR MH QDSRPHQXWL NDNR VX VYD LVSLWLYDQMD SURYHGH

)Q

SULND] UH]XOWDWD

SURJUDPVNL SDNHW 67%$5 &&0 X] QXPHULpPpNH UH]XOWDWH RP
YL]XDOQL SULND] UH]XOWDWD 1D VOLNDPD \ GX& WAHXSDLND]
PRGHOD EURGD ]D VOXpDM QXPHULPpNLK VLPXODFLMD VD VORE
QXPHULpPpNLK VLPXODFLMD V XGYRMHQLP PRGHORP OR&H VH

IDGRYROMHQ QD RSODNDQRM SRYU&LQL

60LND 3DUBKXKHAWIRGHOD EURGD X QXPHULPNLP VLPXODFLMDPCL
SRYUALQRP

60LND 3DU BXHWOBY RMHQRJ PRGHOD EURGD

1D VOLFL MH SULND]DQ SURILO VORERGQH SRYU&LQH GXa
QXPHULPNLK VLPXODFLMD 6ORERGQD SRYUALQD MH SULND]DC
UHOLM2R®XRH J)UDFWURBQHRIMHL.YULMHGQRVWL SULGUXaHQD SC
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YRGX GRN MH YULMHGQRVWL SULGUXaHQD FUYHQD ERMD |

VWYDUDQMH YDOQRJ EULMHJID QD SUDPFX NDR L VWYDUDQMH

60LND BURILO VORERGQH SRYU&ALQH GXa&a WUXSD PRGH

SULND] VOLNH YDORYD L]D PRGHOD EURGD V MDVQR XRpOMLYL
ORJXUH MH XRpLWL NDNR VX YDOQH YLVLQH YUOR PDORJ L]QR\
MH QXPHULPpND VLPXODFLMD SURYHGHQD SUL QLVNRM YULMHG!

60LND 60LND YDORYD

1D VOLFL MH SULND]DQ XNXSQL RWSRU PRGHOD EURGD GREL
VLPXODFLMD JGMH MH NRUL&GAWHQ QHVWDFLRQDUQL LPSOLFLV

XNXSQRJ RWSRUD XGYRMHQRJ PRGHOD GRELYHQ SURYHGERF
JDNXOWHW VWURMDUVWYD L EURGRJUDGQMH
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VLPXODFLMD JGMH MH NRUL&WHQ VWDFLRQDUQL UMH&aADYDp
UH]XOWDWD

60OLND 6LOD XNXSQRJ RWSRUD SUYH JUXSH QXPHULpPpNLK
60LND 6LOD XNXSQRJ RWSRUD GUXJH L WUHUH JUXSH QXP
1D VOLNDPD MH SULND]DQR SROMH QRPLQD@QORI VXVWU.

SRVWDYOMHQD MH UDYQLQD WH VX QD QMRM SULND]DQH
YULMHGQRVWL EUJLQD NRMH VH MDYOMDMX X OHJHQGL SRVOL
EURGD PLUXMH D YRGD QDVWUXMDYD QD QMHJID .DNR MH X
QRPLQDOQR VXVWUXMDQMH GN @6 BIH FSRIGHNO JW R UE R ® HFQFHAKHXY Y

J)DNXOWHW VWURMDUVWYD L EURGRJUDGQMH



SHWDU *OXaplLu =DyuaQL ubD
VLPXODFLMD GD EL VH SRND]DOR NDNR UD]JOLpLWH SRVWDYNF

UH]XOWDW 1D VOLNDPD MH SULND]DQD L NUXaQLFD SURPMHUI
8VSRUHGERP VOLND L ODNR MH XRpOMLYR NDNR MH VXVYV
IDQHPDULYR EXGXuL GD VX GRELYHQD JRWRYR LGHQWLpPpQD
QXPHULPNLK VLPXODFLMD VD VORERGQRP SRYUAGLQRP L VLPXOL
PRGHOD 2YR SRWYUYyXMH YDOMDQRVW SULPMHQH QXPHULpPpNLI
RGUHYLYDQMD QRPLQDOQRJ VXVWUXMDQMD SUL QLALP YULMHC

60LND SROMH QRPLQDOQRJ VXVWUXMDQMD SUYH JUXSH Q>

6OLND 3ROMH QRPLQDOQRJ VXVWUXMDQMD GUXJH JUXSH Q
JDNXOWHW VWURMDUVWYD L EURGRJUDGQMH
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60LND 3ROMH QRPLQDOQRJ VXVWUXMDQMD WUHUH JUXSH (

60LND SULND]XMH XVSRUHGEX SROMD QRPLQDOQRJ VX\
VLPXODFLMDPD V ILQRP PUH&RP L] WUHiH JUXSH VLPXODFLMD
VXVWUXMDQMH GRMKEL&HJIRPRGHOMH QYRR EXOHQFLMH GRN MH Q
SULND]DQR QRPLQDOQR VXVW UNXNAREMHO 05 RAEXY EXQ®RH 8B L MMH QR
XRpLWL G @E6MH F/RGHORP WXUEXOHQFLMH GRELYHQR ]QDpPDMQ
UDYQLQL GLVND YLMND

60LND 8VSRUHGED QRPLQDOQRJ VXVWUXMDQMD WUHUH JUXSH V

J)DNXOWHW VWURMDUVWYD L EURGRJUDGQMH
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O9HULILNDFLMD UH]XOWDWD

8 WDEOLFDPD X RYRP SRWSRJODYOMX GDQL VX UH]XWDWL SRV
WUL JUXSH QXPHULPNLK VLPXODFLMD .DR @&WR MH YHUO L UD(
SRWUHEQD VX PLQLPDOQR WUL UH]XOWDWD WH VH VWRJD NRL
ILQRP PUHBR®6X]PRGHO WXUEXOHQFLMH 1XPHULPND QHVLJIXUC
YULMHGQRVW QRPLQDOQRJ VXVWUXMDQMD SR UDGLMXVX YLM
VXVWUXMDQMD

7TDEOLFD 1XPHULPpND QHVLIXUQRVW PUH&H SUYH JUXSH QXP

Us E E E E, *&yLQH *&pLgH

7TDEOLFD 1XPHULPpND QHVLIXUQRVW PUHAH GUXJH JUXSH QXF

Ub5s E Ig E/ EH * &L gH * &L QH
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7TDEOLFD 1XPHULpND QHVLIXUQRVW PUH&H WUHUH JUXSH QX

Us> E 3 E E, *&yLgH *&uLgH
Z
8 WDEOLFDPD GDQL VX UH]XOWDWL SURUDPXQD QXPHUL

LQGHNVD NRQYHUJHQFLMH PUHAH ORJXUH MH XRpLWL NDNR N
QRPLQDOQRJ VXVWUXMDQMD SR UDGLMXVX YLMND NDR L VUHGCG
%9 XJODYQRP LVSRG V ODMYHURP YULMHG RVWERUXGRMGREL
JUXSL QXPHULPpNLK VLPXODFLMD

O9DOLGDFLMD UH]XOWDWD

8 WDEOLFDPD MH GDQ SUHJOHG UH]XOWDWD GRVWXSQL!
QXPHULPNLP VLPXODFLMDPD 8QXWDU RYLK WDEOLFD SUHGYV
QRPLQDOQRJ VXVWUXMBQWMB BRLWVBGIQWRXNKL WLWHDQMHJ QRPLQ
VXVWUXMDQMDHSR GLVNX YLMND

7TDEOLFD .RHILFLMHQW QRPLQDOQRJ VXVWUXMDQMD SR UDGLMXYV
U 5| Zi(s
Z1 (6
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7TDEOLFD .RHILFLMHQW QRPLQDOQRJ VXVWUXMDQMD ]D SUYX J
*UXED PU 6UHGQMD )LQD PU (A
N &6 67 N &6 67 N &67 | )LQD PUHAD
U Z1 5" 5' Z1 5" 5 Z15°| B' Z1 5" 5'
Zi 5+
7TDEOLFD .RHILFLMHQW QRPLQDOQRJ VXVWUXMDQMD ]D GUXJX .
*UXED PUHABUHGQMD| PYH@D PU
N & 67 N & 67 N & 67 )LQD PWH(AD
U Z1 5 5 Z1 5 5 Z1 5| 5' Z1 5 5
Zi 5+
7TDEOLFD .RHILFLMHQW QRPLQDOQRJ VXVWUXMDQMD ]D WUHIUX
*UXED PUHA®BUHGQMD|PYH@D PU
N & 67 N & 67 N & 67 )LQD P WH@& D
U 5 14 5 Z syl 5' Z syl 5 Z syl 5'
Z 5
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,] WDEOLFD PRIJXUH MH XRpLWL ]JDGRYROMDYDMXiH VOTC
UH]XOWDWD 7DNR MH RGVWXSDQMH UH]XOWDWD XJODYQRP
SURXJURNRYDQR MH NYDOLWHWRP JHRPHWULMVNH PUH&H 7H
L]YXUL RGUHYHQH ]JDNOMXpNH 7DNR MH QXPHULpPND VLPXODF
SRIJRGQLMD ]D RGUHYLYDQMH NRHILFLMHQWD QRPLQDOQRJ VXV
SRVWDMX WRPQLML 7DNRYyHU MH XRpOMLY\RE&IONRRGHORPXOWD)
WXUEXOHQFLMHNVRD@H OIR FRE RUEDKOWQFLMH aWR MH X VNODGX
X OLWHUDWXUL > @

$QDOL]D VWUXMDQMD RNR PRGHOD EURGD

1D VOLNDPD MH SULND]DQD RYLVQRVW NRHILFLMHQWD C
WH UDVSRQ QXPHULPNH QHVLIJXUQRVWL X RGUHYLYDQMX QR
SULND]DQL UH]XOWDWISGY AKRGZHWORRK WXHEXVYHQFLMH VYDNH JI
ORJXUH MH XRpLWL NDMNR5MHUQD SGREIMHRILPDQHAWR YHUD QXF
QHVLIJXUQRVW GRN MH QD RVWDOLP SUHVMHFLPD QHVLJXUQR)

TUoeii

TUoii

iuoii
TUAti
N IUST
TUTTl
TUTTi
TUill
TUiti

iuo iUAR iué iuo iuo
Usb

' Epy mr"E vm&]|v

60LND 5DVSRQ QXPHULpPNH QHVLIXUQRVWL SUYH JUXSH QX

J)DNXOWHW VWURMDUVWYD L EURGRJUDGQMH



3HWDU *OXapLi =DYUaQL ubD

iuodii
TUobii
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N iU3ii |I|
TUTI
| |
[ACARN
TUII
iuo Tun iuo iuo iUo
U s5
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60LND 5DVSRQ QXPHULpNH QHVLIXUQRVWL GUXJH JUXSH Q>
TUodii
TUoii
TUoii
TUfii
N U8
TUTii
TUTI
TUfii
[ASARN
iua iun |Uo iuo iuo
n'Ey m"E v.&]v
60LND 5DVSRQ QXPHULpNH QHVLIXUQRVWL WUHUH JUXSH Q
1D VOLFL SULND]DQD MH RYLVQRVW NRHILFLMHQWD QRPLC

UH]XOWDWLPD GRELYHQLRRZ6IEQ PREPHUMHAMRUEKXKOHQFLMH ]D VY
VLPXODFLMD ORJXUH MH XRpLWL NDNR VX L]JQRVL NRHILFLMHCQC
VLPXODFLMH X] SULVXWQRVW VORERGQH SRYU&GLQH X RGQRV)
PRGHORP 5H]XOWDWL GUXJH L WUHUH JUXSH VLPXODFLMD JRW
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TUoGTi

iuoij =
iUGi?/M—\\

ius iun iuo iuo iuo ius i Ui Ui
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—o-WEA PEp%— EUP PEP%e—dE PEp%
60LND .RHILFLMHQW QRPLQDOQRJINV&BW P RIGB QWDX]UE MMHQF U M &
1D VOLFL MH SULND]DQD RYLVQRVW NRHILFLMHQWD QRPLC

UH]XOWDWLPD GRELYHQLPD ILRRB6PUMREGROY WXUEMBERELME
SULPMHB)XGHOD WXUEXOHQFLMH ]D WUHGX JUXSX VLPXODFLMD
NRHILFLMHQWD QRPLQDOQRJ VXVWUXMDQWRG6GBR PIROGHOIXV X Y
WXUEXOHQFLMH X RGQRVX QD N iF]XK GMWDIV W XCUREEXLY HQFL BIBIL P M H

iuo iU R iuo iuo iUod iuod i Ul iUt
U b5
—o—Irju P ""4 Ir %e]o}v

60LND .RHILFLMHQW QRPLQDOQRJ VXVWUXMDQMD ]D ILQH PU}
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6OLND SULND]XMH XVSRUHGEX SROMD QRPLQDOQRJ VX\

VLPXODFLMDPD X] SULR M&EYXPIRGHORPHMXWEXOHQFLMH X VNOF
VLPXODFLMD OLMHYD SRORYLFD L SROMD QRPLQDOQRJ VX)\
LVWUDALYDQMHP GHVQD SRORYLFD

60LND 8VSRUHGED SROMD QRPLQDOQRJ VXVWUXMD(

ORJXUH MH XRpLWL NDNR MH QXPHULpPpNLP VLPXODFLMDPD GREL
NDR L HNVSHULPHQWDOQLP LVWUDALYDQMHP

J)DNXOWHW VWURMDUVWYD L EURGRJUDGQMH
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=$./-8Y$.

8 RYRP UDGX SURYHGHQH VX QXPHULpNH VLPXODELMH YLVNR]
UDVXWL WHUHW SULPMHQRP SURJUDPVNRJ SDNHWD 67$5 &&0

EURGVNH KLGURGLQDPLNH V QDJODVNRP QD RGUHYLYDQMH QI
RVQRYD VXVWUXMDQMD NRMH VH SRMDYOMXMH SULOLNRP JLE
WHPHOMHQ QD 5H\QROGVRYLP RVUHGQMHQLP 1DYLHU 6WRNHV
]JD RGUHYLYDQMH QRPLQDOQRJ VXVWUXMDQMD 3URYHGHQH

QXPHULPNH VLPXODFLMH V PRGHORP EURGD X] SULVXVWYR VO
V XGYRMHQLP PRGHORP WH QXPHULpNH VLPXODFLMH V XGYRM
JHRPHWULMVNH PUH&H 2GUHYyHQL VX NRHILFLMHQWL QRPLQD
NRHILFLMHQW VUHGQMHJ QRPLQDOQRJ VXVWUXMDQMD SR Gl
RGUHYLYDQMX QRPLQDOQRJ VXVWUXMDQMD SURUDpPpXQDWD MH
XJODYQRP L]QRVL LVSRG BURYHGHQD MH XVSRUHGED GREL
UH]XOWDWLPD GRVWXSQLP X OLWHUDWXUL 3RND]JDQR MH C
VLPXODFLMDPD ]JDGRYROMDYDMXiUL X] RGUHYHQR RGVWXSDQI
XJODYQRP L]QRVL LVSRG 3RND]DQR MH GD VH SULPMHQ!
]JDGRYROMDYDMXiL UH]XOWDWL &4WR VH PR&H REMDVQLWL p!
LVSLWDQRJ PRGHOD SUL PDORM EUJLQL ]DQHPDULYR 7DNRY
SURILQMDYDQMHP PUHAH WRPQRVW SRYHiUDYD DOL WLPH VH W
8VSRUHGERP QXPHULpPNLK UH]XOW D WD&6BREN YARRIAHKO LIPQRP P U
WXUEXOHQFLMH MHSSRNDRBER WXNEXOHQFLMH GDMH WRpPpQLMH

8 GDOMQMLP LVWUDALYDQMLPD RG YHOLNH YDAaQRVWL ELOR
JHRPHWULMVNH PUHaH XWMHpH QD UH]XOWDWH QXPHULpPNLK

SRND]IDQR GD MH XWMHFDM PMHULOD QD SROMH QRPLQDOQRJ \
QXPHULpNH VLPXODFLMH YLVNR]JQRJ VWUXMDQMD RNR EURGD >

J)DNXOWHW VWURMDUVWYD L EURGRJUDGQMH
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/,7(5$785%

>

\

@)DUNDV $ 'HJLXOLP3SDFOD RWELRJLOP RQ WKH UHVLVWDQFH
QRPLQDO3URNMHGLQJYV RI WKH ,QVWLWXWLRQ Rl OHFKDQLF
RI (QILQHHULQJ IRU WKH ODULWLPH (QYLURQPHQW

@)DUNDV $ 6RQJ 6 'HJLXOL 1 (PHEDFW R] ELHRALOR®R X WK}
SURSXOVLRQ FKDUDFWHUVWLFYFPRG (QKHQWSHH®@JUHGXFEW|

@%DNLFD $ 9ODGLPLU 1 &)DWMPXDDWLAYIRN ORDGLQJIV RC
GXFW LQ FDOP ZDWKIUSD QX GDMHWKRUH 6WUXFWXUHYV

6

@:DQJ = = ;LRQJ < :DQJ 5 6KHOXPHELFKRYWXG\+RQ VF
HIIHFW RI QRPPLQDO ZDN R RHD/Q QQ0HQHHIHD ¥KLS

@)DUNDV $ 'HJLXOL 1 ODLXPIHULFD'GMQIOWSHILPHQWDO
RI QRPLQDO ZDNH IRUYRBUEXIDN FEDUNULHYPH 6FLHQFH DQG 7HF

@OLNNHOVHQ + 6KDR <4XPPOMFOHUVWXG\ RI QRPLQDO ZDN

FRQWDLQHU VKLS LQ REBGSTXH ® RFHDIUSAHYHDW F K

@L ; 'RQJ - 6GXPHWLFDO VLPXODWLRQ DQG DQDO\VLV R

GLVSODFHPHQWRWXKIQ®DO RI 3K\VLFV &RQIHUHQFH 6HULHYV
,23 3XEOLVKLQJ

@*DJJHUR 6 9LOOD '$Q9HWBQVLYH DQDO\VLV RI QXPHUL

SURSXOVLRQ SUHGLFWLRQ YLD D BRB3OQHG %RBBG15HD SHWI

@*XR & X 7 =KDQJ 4 /DX HULBRO<VLPXODWLRQ DQG HI.
VWXGLHVY RQ DIW KXOO ORFDO SDUDPHWUL]HG QRQ JHRVLP
RI QRPLQDO Z2bWRIGIRHOIBGQMD 7HRULMD L SUDNVD EURGRJL

@KRL - ( OLQ . 6 .LP - + [/HHHVEVWDEHRDO®G: SURSXC
FKDUDFWHULVWLFV RI YDULRXV FRPPHRUFFLIDPD (QK L W HEDLMHIG

@X 3 & 2NDZD + .LP + $NDPDWVX6WHUWB®GDW7RREDVHLQL
$GGHG UHVLVWDQFH DQG QRPLQDO ZDNH LQ ZDYHV RI .9/&&
,Q WS\PSRVLXP RQ 1DYDO +\GURG\QDPLFV SsS
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>

>

@XR % - 'HQJ * % HWWHFIWBRQ DQG YDOLGDWLRQ RI QX
RI VKLS UHVLVWDQFH DQG |0KZ $VHIDEGGR2 IDVRRUBIHE WD RN\ X |

@HUHLUD ) 6 (0®DHULIEBPWLRQ DQG 9DOLGDWLRQ H[HUFLV
WKH .9/&& WDQNHU DW PRGHO DQG DEGI® @ FA HQHH QIRWMIG

@QRUQHY 1 7DUDQRY $ G6KFKXHYQORSPPBPEWONRKVEHULG 85%
/(6 PHWKRGV IRU IORZ VLPXODWERDQ QQWIKHHHKILRVYWHUQ DU

@LQ 7 < .RRK WKH VFDOH HIIHEW Rl WUXVW GHGXFWLRQ L
SURFHGXUH IRU D PRGHUDWHRXSOD® RRQWMDIULMHHU \GKILS QF
7HFKQRORJ\

@iQFKH] &DMD $ ODUWLR - 26D WKHRHQKBQENREB® RI FR
SRWHQWLDO IORZ PRGHOV WR 5$16 VROYHUV IRU WKH SUH
-RXUQDO RI ODULQH 6FLHQFH DQG 7THFKQRORJ\

@HJLXOL 2WSRU L SURSXO]SRGOREIHRGID KMNDWSAD Y K
XFHQMH IVE KU FRXUVH YLHZ SKS"LG
@DUYDOG5HVISVWDQFH DQG SURSKOMLRQWRHUVKLSWQFH 3XEO
-RKQ :LOH\ 6RQV 1HZ <RUN &KLFKHVWHU %ULVEDQH 7RL
@DPXOLQWSRU L SURSXONUMPWIUREWRGDUVNL LQVWLWXW =]

@aLMDQ , SDBDXNRDOQD GLQURUNBWOXLEWHGDYDQMD )6% =
@HJLXOL 1 "HWGHKD QISND I0XERBO®O R |DKQWYBASWD YEK

XFHQMH IVE KU FRXUVH YLHZ SKS"LG

@FRWW 3RPHUDV@EW]N &SVLORQ PRGHO LQ WKRFWRHBRO\ RI

GLVVHUWDWLRQ 8QLYHUVLW\ RI 3LWWVEXUJK

@LQR 7 B6WHUQ ) /DUVVRQ / 9LVRQQIHPHUWLFBOUTKWB 1
+\GURG\QDPLFV $Q $VVHVVHPHQW RISWKEJHRNIPWXUHRUNVI
9RO

@HPLUHO < . .KRUDVDQFKL 0 7XUDQ$ &)' REGHONRSY 6KX
WKH IULFWLRQDO UHVLVWDQFH S2ZAHDLFWQAR®RHDQWILIRXOL

@HU]JLIJHU - + SBHULU &R P SXWHWBWBERQDO OHWKRGV IRU )C
%HUOLQ VSULQJHU 9RO SS
@7%$5 &&0 8VHU JXLGH
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@77& 5HFRPPHQGHG 3URFHGXUHV DQG *XLGHOLQHV B8QFH
9HULILFDWLRQ DQG 9BOR GG URH

@RN\R $ :RUNVKRS RQ &) LQ VKLS +\GURG\
KWWSV W QPUL JR MS MEF KWPO

@HULU 6BW 8S 5HFRPPHQGDWLRQV IRU 6LPXODQWHRQQBI )OF
NRPXQLNDFLMD

@7$5 &&0 7XWRULDOV 7XWRULDO *XLGH ORWLRQ ODULQH
+X00 ZLWK D 5XGGHU

@HQJ 5 +XDQJ ' % =KRX,0YHVWXQDWLRQ RQ 6RPH )DFWR!
6KLS 5SHVLVWDQFH &DOFXODWLRRXPDIQDIO K)I' BRLGBHOH B KITQ L FV
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