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“HQQLWIW DO 5DANRPPHUWRQ



2.2. 3523861267 /(4,47%

3UR S X \MIRWIWQ NDIRYBMSRAYR]QRJ PHGLMD GD RPRJXiL
IOXLGD X]JURNRYDQR UD]JOLNRP SRWHQFLMDOD L]PHyX G
PHGLMQDOL]LUDRQQMDHM QMD IOXLGD X SRURJQRM VUHGL(
LVWUDALYDQMLP DX VAHMQRYDRFRAUHYHQH |JDNRQLWRVWL W
VOLMHGL

Ro dx© )
JGMH VX

(b - UD]JOLND WODNRYD UD]JOLND YLVLQH VWXSDFD XOD]Q
g— YROXPHWULMVAN SURWRN YRGH P

As— SRYUELQD SRSUX|RURDSUHVMHND

| — GXOMRQ@M®D

k= SUR S XX RRNMNAVD

- YLVNRI|QRF&D

=DMHGQLpPND NDUDNWHULVWLND VYLP QHNRQYHQFLF
SURSXVQRVW NRMD MH JRWRY-R XNV MHNZ RQVMDYREH RG
VODERSURSXVQLK X]JRUDND MH]JDUD L]PMHULOL YULMFE
GR ~ P GRN6MHOR X VYRP UDGX QD X]RUDND Mt
SURSXVQRVW RGR " P WH SRUR]JQRVW RGHGQRGRG
QDMYD&QLMLK VYRMVWDYD KHWHURJHQLK OB &MHOIR YL B |
OHABSWRDMH SRVOMHGLFH JUDYV W RO LiFWED D YSLURIE\DGIR D ML D
RSLVDQD
5DVSRGMRODPVQRVWL |D SRGUHVBKMEELRPXID/MDREUMMX P MH |
QD YHOLNRP EURMX MH]JDUD GddfingY HEDN X DMUHD MNASARYGIMHVOHDP \
HNVWUDSROLUD L]PHyX EX4RWLQD XVNODVLYDQMHP V SR(
VHL]PLPNLP SRGDFLPD $KPIMHURB MBIERWBEIURSKY QRVW ]D
SULEXARWLARNLWBHRQX MHGQDGAEX SURWRND WH XYD
KRPRJHQRJ GUHQDA&AQRJ UDGLMXVD 7LP SRVWXSNRP V
SURL]YRG QR DWW &#QRMWHOBIN L SURWRN



PURSXVWOHRWRAH RVUHGQMDY DRNVIL VSR VRH GRREHRMIB D W M
JHRPHWULML DQL]RWHRENWRIJ JRHRRIMM BFRIR S RMIWRDR V X
VHULMVNH L SDUDOHOQH SURPMHQH SURSXVQRVWL

2.2.1. PARALELNE PROMJENE PROPUSNOSTI

2YDNDY REOLN UDVSRGMHOH SURSXVQRWYILAGDNI M D
) .RG VHGLPHQWQREXDWRMWADH RSDGH. VK B XHEW QREP

)

Slka2l. 3DUDOHOQD SURPMHQD SURSXVQRVWL

,JUD] ]|D SURVMHpPQRX SURSXVQRVW SDUDOHOQLK 83URVORM
a-KJODVL




8] XYMHW GD VX UD]OLpLR\HUH @ QWHXEB IQRNBHKLO X1 INDIN R] ¥ O L M
A aK

JGMH VX

k— SURSXVQRVWPSURVORMND L

K- GHEOMLQDRBURVORMND L

a- aLULQDPVORMD

a,— 4LULQD SURVORMND L P

A- SRYU4GLQD SRSUMP@RID SUHVMHND
A—- SRYUELQD SURVORMND L P

g SURVMHDPQD SURSXNQIRWVHA B UHR b6 RIMHADELIOQWYSHUPHDEL

2.2.2. SERIJSKE PROMJENE PROPUSNOSTI

FHULMVNH SURPMHQH SURSXVQRVWL QDMpHEUH VH ML
JGMH VH LIPMHQMXMX LVSOD pl@HRDORXWSL PR HRWLQV N D

Slika22. 6HULMVND SURPMHQD SURSXVQRVWL



1IDNRQ SURFHVD EX4HQMD FHPHQWLUDQMD WH SHU
VPDQMHQMD SURSXVQRVWL X]URNRCIQMRULSEXRRBWUD GNX P
2VQRYQL WLSRYL RAWHUHQMD NRML i{iH XJURNRYDWD QAR
HPXO]JLMHRPMHQH PRpPLYRVWL YRGHQH EORNDGH NDPH
RUJD@WNRRIJDQVNL WDOR]JL VLOWRYL L JOLQH

BNXSQROMLQX SVRBPWEDWIKLWLK SURSSVUERDWIR WHHpXIQ

JGMM

L- XNXSQD GXOMLQD SURVORMDND P
i - GXOMLQD SURVORMND L P
'XOMBQRVOREMGRELWL QD QDpLQ

Ii LiLil )

JGMM
Li—- XGDOMHRROURMND L RG EX4RWLQH P
L. - XGDOMHQRVVRG ERAG®R/NM QB L

,JUD] ]D SURVMHpPQX SURSXVQRVWJIGNIHISMRIS X WEHBRWH Q/LYKD
VORMD JODVL




2.3. MODELI FORMIRANJA PUKOTINE | MEHANIKA PUKOTINE

5DYQLQVNRGNMWN@MALMD GYRRVQR SUHWSRVWDYN
KLGUDXOLpPNRJ (FFDNRPXGIHYDQMRQPWID SURL]OD]L GD iH X
HODVWLpPQLP VWLMHQDPD X VYLP SDUDOHOQLP UDYQLQD
UDYQLGRDNS RUWMNGED X VOXpDMX UHODWLYQR GHEHOLK
RG GXOMLQH SXNRWLQH

PUHWSRVWDYND R MHGQROLNRP UDVSRUHGX WODND
SULKYDWOMLYD ]D SXNRWLQH YH iiLKNDLPLHVH DXWIM M W R JDDWY
bHJD VX UD]YLMHQL BSLFMHDIOND REXEAAQWLQL

3.1 PRGHOUNLQV L .HUQ 1RUGJUHQ
%' PRGHOJLVWLDQRYLF L =KHOWRY ) *HHUWVPD L
5DGLMDOQL PRGHO



2.3.1. PKN MODEL (PERKINS- KERN- NORDGREN)
SUHWSRVWDYNH NRMH VX RVQRYD 3.1 PRGHOD VX

3XNRWLQD LPD NRQYMMDQAWQX RLYMBMIRMD GXOMLQL

w(0,t)

BULEOL&
HOLSWLD
REOLN

Slka23. 3.1 PRGHO SXNRWLQH

7ODN I1OXLGDpX MXQARWDRQWDQ MH X SUHVMHFLPD
QDSUHGRYDQMD SXNRWLQH

8 YHUWLNDOQLP UDYQLQDPD RNRPLWLP QD VPMHU (
SXNRWLQH WODND IOXLGD L ORNDOQH &ALULQH pFHXBDR W L
SURL]OD]L GD WL SUHVMHFL LPDMX HOLSWLpDQ REOLN V

W 2 1 QK S _E? )
*f@

*GMH VX

w—aLuLQD SXNRWLQH P

z— GXHL SXNPWIHUHHQR RG SRYUSBRQH GR SXNRWLQH
- 3RLVVRQRY NRHILFLMHQW

K- YLVLQD SXNRWLQH P

r — GLIHUHWOG6PMMBRGLAWE SXNRWLQH
G- PRGXO VPLFDQMD Pa

11



*UDGLMHQW WODND I10XLGD X VPMHUX QDSUHGRYLEL
SURWMHFDQMD I10XLGD X XVNRP NDQDOX HOLSWLPQRJI
QHZWRQVNRJ YLVNR]JQRJ IOXLGD RGUHYHQ MH IDNWRURI

p d, kanst )
L, Y v 5H

*GMH VX

f- )DQQLQJRY IDNWRU WUHQMD
Li—- GXOMLQD SXNRWLQH P

die KLGUDXOLpPpNL SURPMHU P
Re— 5H\QROGVRY EURM

h— JXVWRXDGD NJ P

v—- VUHGQMD EU]LQD SURWMHFDQMD IOXLGD P V

*XELWDN ]JIGXINRIWLQH X OHALAWH NWHDQORBUDXMM C
XWMHFDM &LUHQMD 79K RVQ QBIQR I FSNU ROVARNG D XY ®IX 8N B RIN R
SRSUHpPQL SUHVMHN SXNRWLQH NRQVWDQWDQ

.RQDpBBPX QWD H G Q S&AEIDV W D YID MR | HWUWDQFLMDOQL WOD|

SXNRWLQH WM NRIG Y WIUDRH @D MEXERWLRHERWR QELRD\DW K
SHWRP NRULMHQX YUHPHQD XWLVNLYDQMD

*GMH VX

pr— WODN IOXLGD X SXNRWLQL Pa

.- KRUL]JRQWDOQD QDSUH]DQMD X VWLMHBQPaPD OHALAQLP
t— YULMHPH XWLVNLYDQMD s



2.3.2. KGDMODEL (KRISTIJANOVI y- GEERTSMA- DE KLARK)

SBUHWSRVWDYNH ]D .* PRGHO VX

9LVLQD SXNNRROQMWD XWQD MH L QH RYLVL R QMHQRM

ALULQD SXNQRWYQWQ® MH R YLVLQL RVLP |D UXEQL
GHILQLUDQ XWRN IOXLGD g NRG VWLMHQNL EXGaRWLQH 8
RPMAWIH MH NRQVWDQWQD X YHUWLNDOQRP VPMHUX VO

3ULEOLAQR,
HOLSWLPDQI
REOLN _

-
-

r 7
,"1' AF\ -
/ 1! -7

/4

Slika2.4..*" PRGHO SXNRWLQH

*UDGLMHQW WODND IOXLGD X VPMHUX QDSUHGRYDQ
SURWMHFDQMD IOXLGD X XVNRP NDQDOX SUDYRNXWOQRJ ¢
X VPMHUX QDXNMR®RYHOMD S

,JUD] ]|D GLIHUHQFLMDOQL WODN X LVKRGLaAWX SXNRWLQH

p't pt V¥ iw/_tt konst t )

Q

L] pHJD SURL]OD]L GD tH VH WODN VPDQMLYDWL SURSRUF
XWLVNLYDQMD

13



2.3.3. RADIJALNI MODEL

,] MHGQDGAEHODPLQDUQL SURWRN QHZWRQVNRJ YLVN
SDUDOSHIRKIX DQDQORDO®RRRGHOX VOLMHGL SDG WODND ]I
SXNRWLQH SURBMHQMLYH aLULQH

‘;UI

dp
dx w

'LIHUHQFLMDOQL WODN X YVBHBER®WX SXNRWLQH GHILQLUD

konst t )

~

p't pt
Q

JGMH MH
R-— UDGLMXV SXNRWLQH P

,] MHGQDGAEH SURL]ORM L&D LYMNDLQMHES @ R GWU WV&LDWND O Q R
SURSRUFLRQDOQR WUHMNIPRNRNRKEH®Q XPRIGHRHQ D



3. 35(*/(' .25,a7(1,+ 0(72'$

8 QDVWDYNX UH ELWL SULND]DQH RIBWHH ySHILHG © B &R GL
NRULAWHQMH SURUDPXQDYDQMD SURL]J]YRGQRVWL QDNRQ

3.1. METODA A

IXPHULPNLP VLPKXKPRRAHMD®DOL]LUDWL QDpLQ VWYDUD
VWUXNWXUDPD WH SUHGYLGMHWL EXGXUH $HUIROWPDQVH
SUREOHPD®DWHN@DNRMaUH UD]PDWUD XNOMXpXMH PHKDQLN
SRUR]QRM VUHGLQL WH SULMHQRYV WRSOLQH X SXNRWLQL
SUHGYLYD SURGLUHQM B XSONBWBLIQUDL QEOLCNERM X WYD SURSD
SXNRWLQH pLVWRUD SRYH]DQRVW SXNRWLQD L VYRM\
XYMHWLPD SURL]JYRGQMH

JLILNDOQH ]QDpDMNH NRMH VH QDMpHEUH ]DQHPDWXMIX X
3ULFH D )WR VX
1) RVMHWOMLYRVW OHA&L&WD QD SURPMHQH WODND
SURUDpPXQ GYRID]QRJ SURWRND
3) RYLVQRVW WODND R SURSXVQRVWL L WHPSHUDWXUL
VYRMVWYD IOXLGD |D IUDNWXULUDQMH UHRORJLMD

$ SULRUL SURUDDPXQ VSRV RPERERHOWL LULWDRQ Y W XYR \GW DV K
1) JUDQLPQR UHQWDELOQDPHUUQYND BRE REWLAIDU DHXDJI OO X
QD ED]L MFOAMDWEQMH YHOLPLQH Ssi®@@wd) HQJO P
PDVLYQR IUDNWXUL WPDYMHYSHMIRQRP UBDBZRUWHK ED]HQ X

8 RED \DOXEDWHGYLYHQD VYRMVWYD X VLPXODWRUX RG
SURGXNWDXNRRWMVRYDM PRGHO RSUHQLW L PRaH VH NRULV
VOXpDMX MH SUHGPHW L QWHDWHR\RMMS® FEHHY WIIDUWNIW X WbLDU D/ @

*HRPHWULMD PRGHOD3ISULND]DQD MH QD VOLFL



frakturirana

buSotina . N o .
utisne ifili proizvodne busSotine
A

Slika3.1. *HRPHWULMD PRGHOD NRUL&A&WHQRJ X PHWRGL $ SUHPD ¢

ORGHORP VH VLPXOLUD GYRGLPHQJLRQDOQL ' G
NRPSUHVLELOQRVW L SULMHQRYV WRSOLQH RNRPLWR QD S
JLILNBOREHVUXNRHMHWD UL IXROMXpLOL X DQDOL]X IUDNWXL

1) ,JUDPXQ SRSXAWDQMD QDVODJD L LFDUNHHGEMDD GOV H U
SWMHFDQDWODR®OXVQRVW L SRUR]JQRVW NRG SURFH
IUDNWX WY DQMD

3) OHKDQLND VWLMHQD NRMD XNOMXpXMH SURPMHQX SR
6SUMHpPDYDQMH |[DWYDUDQMD SXNRWLQD

6YRMVWYD SURSDQWD WUDQVSRUW ]DGUADYDQMH X

ORJXUQRVW VLP XO DELYWRH DLW DXL IGRE M

7) SHRORJLMD 10 XL GIDSWDRPMHNWXYLUPRMRVWL RYLVQR

8) 3URUDpPXQ WODND QD X&iX
2YLVQRVW VYRMVWDYD OH&LEQRJ IOXLGD R WHPSHUD
ORJXUQRVWL YUBNWXQDONROWRM EXBERWQS O H QUMD FW
MREV

11) )OHNVLELOQRVW X RGUHVYLYDQMX SURL]JYRGQMH L XV



=DNOMXpFL NRML VX L]YHGHQL L] RYRJ PRGHOD VX

1) ORGHORP VX REXKYDUHQL VYL YDaQL PHKDQL]PL ]D
OHaLawbD
*ODYQH J]QDpDMNH VLPXODWRUD XNOMX\XSDODUNPIRED
WODMHRORJLMX IOXLGD ]D I[IUDNWXULUDQMH WODN
LVSODpQRJ REORJD

3) ORGHO SRND]XMH GREUR SRGXGDUDQMH VD VWYDUC
GHWDOMQX DQDOL]X ]D YUHGQRYDQMH RSLVD OHAaLaW
ORJXUH MH HWWROLRWWQRL]DFLMX SULOLNRP VWLPXOD!
LIUDGD IOXLGD VYRMVWYD SURSDQWD

1DMQ@QDSUHGQLMH VLPXODFLMVNH WHKQLNH RYRJ WLSD
OHaAaL®xWDOH L +\GHROGLWFK WH VH NRULVWHUBFRSWLPL
SRYHUDQMD SURIO¢RGRIR VYWUDNWXULUDQMD WH NLVHOLQ\

17



3.2. METODA B

8 GDOMQMHP WHNVWH ELW UHRGSGMWLEFK QDH pKWIRIUHVKE
SURL]YRGQMD L WUR&GNRYL |D VYDNL WLS VWLPXODFLMH

1) IHVWLPXOLUDQD EXAaRWLQD
+RULIRQWDOQR IUDNWXULUDQD EX&GaRWLQD

BUHWSRMWIORWHRQWDOQX SXNRWLQX VX
D NRWLQH GXOMLQRL]UDWHBRHQWUDOQRP GLMHOX IRUPDF
E3URWRDPQL |DDIS®EFLVRIQW D O Q X I'XM R WNRKK MH

3) 9HUWLNDOQR IUDNWXULUDQD EXaRWLQD
BUHWSRVWDYNSXNRWUGX VO Q X
D NRWLQH GXOMLQR LIJUDFHQH X FHQWUDOQRP GLMHOX |
E3URWRDPQL JODISPELMRIQW DO QX SXRRWNAK MH

%XARWLQD VWLPXOLUDQD QXNOHDUQRP HNVSOR]LMRF

.RULAWHQMHP QXNOHDUQH HNVSOR]LMH @PDWWDMH :
IUDNWXULUDIQD :JRQD LIRGIPRINRMD VH 4LUL RG aXMBMLQH
SURSXVQRVW &X$SOMLRHD BHDAMR QBIDEERHH ]UDPpXQDWL SUH
IRUPXODPD UDDBXLBHNW DO 9HOLPLQD IUDNWXLUDQH JRQH M

SXWD YULMHGQRVWL &XSOMLQH DOL WDNRRULZRNHYD F
MH PDNVLPDOQRPMHUMHGK®RVILQH 1UDNWRKGE L WD GHH JJR Q H
SURL]OD]L GD VRQDDANWKWR XGDOMHQRVWL 8 P RG EXA&F

3UHWSRVWDY OWHS URW M ISIPRB XVQRVW IUDNMWRKGLUDQ!
QHNRQYHQFLRQDOQLKS OWRGRDRISK RMSULR S X VQ R VAW M\H & L & W
HW DO :DUG HW DDUG L $WNLQWDRG@ L /HPRQ@RDUGPDQ L
6NURYH /RPEDUG 9DOMD QDJODVLWL GD VX RYR PDNVLP
VH GRELR QDMSRYROMQLML VOXpDM

*HRPHWULMD L GL]IDMQ PRGHOD ]D VOXpDM KRUL]JRQW
WH EXGRWLQH @WNOXDUQRP HNVSOR]JLMRP SULND]DQH VX

18
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g

Slika3.2. 9HUWLNDOQR IUDNWXURWEQDLEKARWLQD SUHPD

Slika3.3. +RUL]JRQWDOQR IUDNWXULUDQD EXGaRWLQD SUHPD +ROG\

Slika3.4. % XaRWLQD IUDNWXULUDQD QXNOHDUQRP HNVSOR]LMRP !



.DNR EL VH GRELOL SRGDFL R SURL]YRGQRVWL L RFL
SULND]DQH NRULAWHQ MH GYRGLAFPRGEHRQDOQL GYRID]QL

5DpXQDOQD VLPXO REXAKDOIDURN Y IUP DIFHL M XY D®IAR & W D
EURMHP UH@UHOMD2YHQQP® R WLSX VWLPXODFLMH NRULAWHC
WDEOLFD

Tablica3.1. 2EOLFL JULGRYD ]D SRMAHGEQLAMLS VLPXODFLMH

stimulacija oblik

9 H U W LINNDOIQUREXLERMMQLIY D [
+R UL]R Q WDNOW EXLERMQE D [
%XERWLQH VWLPXOLUDQH QXNOHDUQRP HN\ [

7UL VLWXDFLMH VX VLPXOLUDQH ]D VYDNL WLS VWLP
SRGDFL L] WDEOLFH

Tablica3.1. /HALAQL SRGDFL NRUWIRAWHMQILFX PHWRGL %

OH&LAQL SRGDV R]QDNI LIQRV MHGLQI
BURSXVQRVW k €17 P
3RUR]QRVW - 11 %
'HEOMLQD OH&L&AWD K P
SURWRpPQL NDSDFLWH N A K ¢ PAP
3RpHWQR ]JDVLUHQMH S %
/HALEAQD WHPSHUDWX T, K
/H&LAQL WODN o EDU
S5HODWLYQD JXVWRIUD g -
70DN X EXAaRWLQL Pw EDU

8 GUXJRP VOXpPpDMX MH W CHDN] XPE XFHRQMHQ \R EDNURP RG
1D N UJDW XKMP X ODWX. MRULAWHQL VYL SRGDFL L] GUXJRJ VO
SRYHUDQD*P QD ~ P pLPH MH SRYHUDQ SURWRpPQL NDSI
P PNAKS VWDBULPMHULPD VYRMVWYD |0 Xta@@e tddu6 LM XV F|
L SRPHWQR ]DVLUHQMH SOLQRP ELOL LGHQWLpPQL .DNR E
SRGDFL WXENXDOWLHDH MH NRQVWDQWDQ L MHGQDN ]D VY



SRVOMHGLpPQR SURWRN VYDNRJ RG WUL VOXpDMD P
SURWRPQLP VYRMVI YIWPDi KM BARRRIW R NWRHXRXDDWLY QD
SURL]JYRGQMD SOLQD X RYLVQRVWL R YUHPHQX

SHIXOWDWL GRELYHQL RYDNYLP QDRUOQRMR WRPXODFLI
QXPHULPNRJ PRGHODLN HVHLYY SUPHPWDG HQ R NR®Q FH S WIXU DUDMNDV X U
QH PRUBSULPMHQMWWBWWOSRYH OHALEBWNDH RIEPXERRGY RMH
VODERSURSXVQD OHaLawD V LVWLP VYRMVWYLPD

=DNOMXpPFL LJYHGHQL ]D RYD pHWLUL VOXpDMD VX

1) 3URWRpPQL NDSDFLWHW WH SURL]YRGQRVW VODERS
NRULAWHQMHP MHGQH RG PHW R@®ON KH BW@O X GIN\NIRO RJ D
9HUD SREBRIRVW L EROMD SURWRDpQIDUNN WM YSMMIDOHIRIPX
QHJR QXNOHDUQRP HNVSOR]JLMRP

3) (NRQRPVND LVSODWLYRVW ]D FUSOMHQMHP L] VODEI
QHNRP PHWRGRP VWLPXODFLMH
7RPQLML UH]XOWDWL VLPX®@ LEXDRNWRY B HN B RIWANIDAMDE R U-

.RQDpPQL UH]XOWDWL NRULAWHQMD RY B SFRHWR 88 DS VK
VYH WUL PHWRGH L QHSWI PXPXUDRQ DDEXEHRWLADOQX L KR
LIUDYHQD GYD VOXpDMD WM IUPNWXUX RG P

SULND]DQIURWAMHPOMHGQRVWL SURL]JYHXH®PLK NROL]
SHWRJRGLAQMHP L GHVHWRWERICAQM KRR MY ERRVE OWHXU D Q M |
LIUDGRP KRUL]JRQWDOQH RUIDRW XMH REGXERVY W WLPXOLUDQF
EXZRWLQH ]QDpDM Q F HIPRGIMNRES RMDNVEIGIHD LVNRULEWD
OHALAWD



Tablica3.3. 3ULND] UH]XOWBWDGXNRPHWRGL %

METODA Q- SURV  QuWLPXOLU Qu— SURV  Qu(sWLPXQLUDQD

ID JRG Q,(¢vwLpPxy0 1D JRC  Q,(HVWLPXYOLUDQD
10°m®> GD« 10°m®> GD«
IHVWLPXOLUL 1 1
1XNOHDUQD t
PYHUWLN
PYHUWLN
PKRUL]JRQ
PKRUL]JRQ

3ULOLNRPUDQMIDAYE Q@ HNRQRP VN LX % I ¥ HRWE\OURLD WM L M
.DNR EL VH SRMHG Q RFMWDRKED. DWXFSFINRYGEDX 8HQMD SULSU
NDSLWDOQDHRS UHPWL WURANRYL RGU&ADYDQMD ]D VYH VO
UDPpXPQROHQAMKBQH SURL]YRGQMH SOLQD YRFLMH®RP SOL
SHULRGX RG JR®HQRONSE®REDYBQL X3WWHGERR MH QDJOL
VX VH WURGNRYL L GRELW RYH PHWRGH UDpXQDOL SUHPD
L] WH EL VDGD WH YOHWHRGPRYRMHEDQWM D SHRBRH]YRGQ
HNVSOR]LMRP L\XYODNBNY\W\RHRGR DQ@RRE OH &L PWDA K
D WODN X EX4RWRQLVH R\EWDOHY AHVER G H) DVMKHBWYROMQLI

Tablica3.4. 7UR&GNRYL L GRELW NRULAWHQMRE @PWMMWRGH % SR VOXpD

METODA 7URAN k-h=9,1-10"m*m  kh=9,1-10"°m*m k-h=9,1-10"* m*m
PHWFRC p, EDU p, EDl p, EDU
1XNOHDUQD
PYHUWL 78
PYHUWL
PKRUL]R
PKRUL]R 1 3317 8



3.3. METODA C

5D]QH YDULMDFLMHLXD®WMRQNRU LIAM NQKSWX V)R WHDLMPLX
EXZRWLQH SBRPRURKS EWSRGDW BNBINR EXARWLQD L]
JHRJUDIVNLK SRGUX\bMUDD NSHHRALQ RVE GODR XX WX JHRIL]LPN LK
SRGDWDND RGUHYLYDOD VX PHWRGD LHSRMRP THNRHV XJD N\
NRULAWHHOLNH.GLVNR]JQRVWL GLVSHUJLMH QDIWH X YRC
EDJL YHOLNRJ YROXPHQD YRGH WH RVWD® W B FOIQRED UG QL
SULND]DQ XRELpDMHQ VDVWDELIXQED |D IUDNWXULUDQM

Tablica3.5. 6DVWDY IOXLGD {DHUDNWX®LUDQMH

.20321(17% [%0]
; 9RGD 90,74
., Pijesak 8,82
,,, Ostalo 0,44

GHHPXOJDWRU
VUHGVWYR ]D VPDQMLYDQMH W|
NLVHOLQD

EDNWHULFLG

LQKLERWRYLMH

VWDELOL]DWRU &HOMH]D
SROLPHU ]D XPUHADYDQMH
VUHGVWYR ]D SRGHADYDQMH S+
VUHGVWYR ]D JHOLUDQMH SRYl
10 LQKLELWRU NDPHQFD

11 SRYU&LQVNL DNWLYQH WYDUL
12 .&O

© 00 N oo 0o b~ W N P

100,00



'YLMH PHWRGCHWHNRMHWRYHU NRULVWLOH |]D SURUDPXQ ¢
IUDNWXULUDQEKUQHENAW D V X

1) $QDOL]D SRGDWND WHVWRP LQWHUIHUHQFLMH

/HALAQL SRGDFL GRELYHQL WHVWRP LRMHIMWHRELMH
SURUDPXQ HIHNWLYQH GXOMLQH SXNRWLQH 'XOMLQ X
EURMQL GUXJL SDUDPHWUL YUVWD VWLMHQH OHAaLAaC

$QDCAHWRGRP YLAHVWUXNH NRYDULMDQFH

5D)PDWUDQ MH XWMHFDM IUDNWXULUDQMD V SHW UD
KLGUDXOLPpNRWHDSWRADWODRAIMHM QMLKRYD SURL]JYRGQI
DQDOL]LUDQL VWDWLVWLpPpNLP PHWRGDPD

=DNOMXpFL NRML VX L]YHGHQL NRUL&WHQMHP RYLK GYLM.

1LMH ELOR PHYXVREQH HEXQARMULIGID @AL @ BN B HRM H \
WHVWLUDQMD

'X4LQD SXNRWLQH MH UDpXQDWD L] WHVWD SRUD)
6YDNRP OHALAWX QH RGJRYDUD LVWL WLS IOXLGD



3.4. ANALIZA FRAKTURIRANIH SUSTAVA

=D SRWUHEH SRVWDYOMD@MPXPRGHQD UL REAMDIO D QN
&DQD :RRGIRUB L)y B®GDX RG) 7THPHOMHP UD]JUDGQLK L S
DNWLYQRVWL QD WRP SROMX QD@UDXYMONHOGD MWH @XQM-OLL |
KLGUDXOLPNRJ IUDNWXULUDQMD QD SURL]YRGQH NDUDNW

$QDOL]D MH REXKYDUDOD SHW KRUL]JRQWDOQLK EXAl
HQIXAWDRFWXUHG KRUNRQMWDVHQEWMO®MVOXLGD QD EDJL Y
NHPLNDOLM&ickDvatét QXY QRYQH LQIRUPDFLMWHH R RVGIMBVDH Q H
SRGDFLPD R RSUHPDQMX EX&RWLQH SRGDFL R SHUIRUL
IOXLBMHGQR VX GDQH RVQRYQH LQIRUPDFLMH R ORNDFL
IUDNWXULUDQMD YROXPHQ XWLVNXMXiHJ IOXLGD L EU]I
=DELOMH&HQL VX SURWRFL QDIWH L SOLQD WH SRYUDWQL

6LPXODFLMVND DQDOL]D MH REXKYDUDOD YLaH RG

SURUDBPIKXRPDWUDQL VX SURWRFL ELOMHAHQL GDQD L
SULND]DQR VOLNDPD WH
3URL]YRGQMD SOLQD
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Slika3.5.3URILO SURL]YRGQMH SOLQD V &DQD SROMD X SUYLK G
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Slka3.6. 3URILO SURL]YRGQMH YRGH V &DQD SROMD X SUYLK GL

8 WDEOLFISULND]JDQH VX YULMHGQRVWL SURSXVQR
ODERUDWRULMVNLP PHWRGDPD ]D 0 HUWD RGBLROR. WK K O IXNIR/
SRUR]LPQ-DMbMMREHUHYXMH SRUR]JQRVW VWLMHQH =DKWLMH
REOLNX SUDYLOQRJ YDOMNDNRWRPMHUDVLiGXMH GXaLNRP
2VQRYD RYR PHWRGH MH %R\OHRY |DNRQ SUL pHPX VH L]
MH SRIQBXEWD SOLQ X PMHUQX GHOLMX 3R]JQDWH VX YL
UHIHUHQWQRM (HOLWHELRYINPN ORVRXSHIRAMH HIHNWQX SR
Xa4DR VDPR X SRYH]DQH SRUH VWLMHQH



Tablica3.6. 9 ULMHGQRVWL SURSXVD®VWL L SRUR]QRVWL

UJRUC SRUR]JQRVW XWLVNH4Y DSVROXWQD [ F
1

-
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3URV

'"HEOMLQD LQWHUYDQ@P MUWHLHWMHYX 7DCGBRHUWR]IQRVW MH
JUDQLFDPBRPpHWQR ]JDVLUHQMH YRGRP MH RNR JUDGL
EDUGRRN MH SURSXVQRVW OHALRAVEGR X JBDQUHERPD R)G
HW DO YULMHGQRVW <RXQJRYD :RRGXRPWG HEKIDVONL MHR Y WWPLL
*PD L PD* 7DNRYyHU OHAaL&HQ B NRHP-SKHOUDWHKW DD & DOLQLWHW
IRUPDFLMVNH YRGH MH RG SSPOLSDBAWGR I SURUDpPXQ MH
REXKYDuUDR G YQXMHBHMRG M LPDXNORGNVWIRI O FLMVNR XV XJOL
KLVWRULMDW B GHRV WHREQMINMNV FY UHGQRYDQMH RSLVD OHal



3.4.1.180(5,y.$ 6,08/$&,-$

1XPHULPND VLPXODFLMD NRMD VH PARINR/MO XN RME X KX |
IUDNWXULUDQMWHL VRPURERR YV ONQMERHDd BHQ@EHHINg HQ JO
SWLPXQBRKLERORI\Y LMHOXR QDG& &N R @ K DUWXGRINI\RVD Y D
-HGQD RGLRFXMRDNMNPXODWRUD MH NRULAWHQMH SROLPH
XPMHVWR YLVNR]QH ID]JH NDRKIDXHLBOZFDQ IWDNNIX IDNY DB M H
XQDSUMHRROQMILlBB BB WL BRREDMHHBHQMLPD XJURNRYDQLP Il
PHKDQ P FSXMBWLQD L ]DGUADYDQMD IOXLGD 6DPR QHN
PRGHOLUDWL VX YLDEAEQDR]QLUB QRGN FHDMN WROU &BIYD QM H
SURSDQWD X OH&L&WX LWG 6LPXODWRURP VH OHALaAWD
SUHVMHPWDRRDW YRP VLPHWULPQRP IUDNWXURP VPMHaAWHQ

ORGHO SXNRWLQH NRML MH LPSOHPHQWLUDQ X VLPXC
SHUMLMUQX WRUGJUHQX.RULVWL VH X YHUWLNDOQR RJ
NRG NRMLK MH YLVLQD SXNRWLQH PDQMD RG GXOMLQH D
MH MHGQROLNR UDVSRUHJyHQ SR YLVLQL SXNRWLQH

8 GDOMQMHP GLMHOX UDGX ELW iH RSLVRQMHWNVRGR

1) (IHNWL JELMDQMD
2SLVDQL VX VOXpDMHYL JELMDQMD ]D IUDNWXUX L OH
SURSXVQRVWL ]D IUDNWXUX V SRYHUDQMHP WODND
&KDURHQZRQJVRYLVQRVW MH SULNRLDWD MMHD P\RGBLHQ L
QDVWDQND WM VSUMHPDYDQMH ]JDWYDUDQMD SXNRWI
k ” ~ 4

p c c

~ ~ V ~

*GMH VX

k,— SURSXVQRVW SURSIFQWDFUL |DWYDUDQMX P

1- WODN ]DWYDUDQMD GHIRa@4)UDQ MHGQDGAERP
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SBWMHFDM SURSXVQRVWL QD WODN ]DWYDUDQMD SXNR!

URSXVQRRW >
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Slika3.7. 8WMHFDM SURSXVQRVWL QOKWOMHQIDRYIDDD QMD SXNRWL!

5XEQL JUDQLpPQL HIHNW

5XEQL JUDQLPQL HIHNW MH RPRGHMNOIDWQL KGR ESQRFX V
NDSLODMQRND 2YGMH MH ELWDQ IDNWRU ]DVLUHQMH YR
JUDQLFH QH PR&H UDVWL WH QD OADINW LPDICLE@R | PSXIQUNHIDWLH
PRJ¥{ MH SRVWLiUL VPDQMLYDQMHP YULMHGQRVWL NDSLOI

SWMHFDMUB\MHY SURWRN

8 SOLQVNLP OHaLAWLPD MH SUHWSRVWDYND 'DUF\M
EXAaRWLQH EU]JLQD SOLQD PRA&H ELWL WDNYD WMDQYH SR
XWMHFDM QD SURFMHQX SURL]J]YRGQRVWL L SRQDPADQMD E
=HQJ L *ULJIGRGDQD MH NRPSRQHGWDS RXWIERPED HRERLLMH

JRUFKKHLPH4RX]p HW D®QJ L =KDR

dx Kk,
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342.86./% ,9$1-( 6 352,=92'1,0 32'$&,HE®XKXLVWRU\ PDWFKLQJ)

2GUHYHQD GRVOMHGQRVW PRaH VH GRELWL SUHNR V

NRMH EL WUHEDOH RGJRYDUDW L8 VWOYDU QLK X WEHRWHAQXVANDLLP
SRMHGLQL VWDGLM SULOLNRP IUDNWXULUDQMD @MHJR VD!
vV S&DQD WDEORRDPpQL FLOM MH XVNODYyLYDQMH SRGDW
VWYDUQLP SURL]J]YRGQLP SRND]DWHOMLPD

Tablica3.7. 3SRGDFL R RSUHPDQMX EXaRWLQD SUHPD SRGDFLPD L]

BXaRrRW BURM BURM SHUII RD]JPDN L]PHY PURVMHD

mooOw>

VWXSQN H®Jerforation VWXSQMEL SRWUHEDQ
H @Xstage clusterg H @Jdusterspacing YROXPHQ IOXLGD S
[A VW X $BIM X
8 31
37

*ODYQL XOD]QL SRGDFL QDYHGHQL VX X QDVWDYNX

1)

3)

3ULODJRYDYDQMH YHOLPLQH GUHOLMD

%URM L YHOLPLQD UHOLMD XQ®RIPUHBNKE Q@ RIPVIX RYULLQRP\
OHKDQL]PL RAWHUHQMD

(IHNWL JELMDQMD UXEQL JUDQLpPQL HIPRWWK \EHWIW M
SULVXWQL X VWYDUQRVWL WH WUHEDMX ELWL XNOMX
3RGDFL R OH&LaAWX

*UDGLMHQGWBALQDNDHAZHWE OHIQIOLFD® 'HSRUWKR]QRVW
PWULNVD SURSXVQRVW PDWULNVD <RXQJRY PRGXO
3RGDFL RRIUDNWXU

3RUR]JQRVW L SNVRSMMQRVW IUD

2SHUDWLYQL SRGDFL

3RGDFL R EX4RWLQL L YULMHPH SURL]YRGQMH SRGD]|
IOXLGD

3RGDFL R WODNX QD GQX EX3RWLQH
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.RULAWHQMHPQDY &DRHDNRFEAM X L]YHGHQL VX VOMHGHUL ]DI

. RULVWHIIL L]ODLE®N OITRGCOWDNISRVWLIQXWL VX SRGDFL N
VWDQMX 8GLR GQHYQH SURL]YRGQMH SOLQD QDMYHiUL MF

SRWUHEQR MH WDNRYyHU X]J]HWL X RE]JLU GDRMGUBUYHQERY'
XGLR IOXL&EDLDDIQYND N W

UYLK GDQD SURL]JYRGQMX SOLRPARBURHXNRMHI DEDM
SRUDVW SURL]JYRGQMH SOLQD L RpLWLML SDG QDNRQ SRL
JUDGLMHQWD WODND

6YD WUL PHKDQL]PD RAWHIBQMMHY XEWQRWRNNWHIGNW ]I
ELWL XNOMXpHQD X PRGHO (IHNW NDSLODUQRJ WODN
SURL]JYRGQMX SOLQD SUYLK GDQD

5DQR RGJDYDQMH SURL]YRGQMH SOLQD NRG SURPDWUD
MH VSBWRFHVRP ]DWYDUDQMD KLGUDXOLpPNLK IUDNWX
SULODJRYDYDQMHP VWRSH RSDGD @R DKW NS EHBBE XN E X ?
VLPXODWRUX

=D EX4RWLQH &DQD SROMD SUHGOR&H® UWH QIR BIHRY ESIRF
PRGH®DM VH PRGHO PRAH NRULVWLWL ]D XVXJOD&ADYDQM
NRML VX ]DELOMH&HQL WLMHNR P WRIDHSIR@IENDI) §1RY UDDANQ\F
XYMHWD X OHALAWX ,DNR VRIWZDUH ]DKWMU P KGNDHD NLQ
XSRWUHEX X SROMLPD SUHGODA&H VH NRULAWHQMH )$67 P



4. SIMULACIJA | PRIKAZ REZULTATA

4.1. ANALIZA PROIZVOD 1-( 3/,1% ,= 6/$%2 35238612%&/(&

5D]JPDWUDMXiL OH&LAWH NDR KHWHURJHQL VXVWDY !
WDNYRJ VXVWDYD -HGQD RG QDMpPHAGHDUD]|RDWURQVEK N
.RULVWLOL VX NRHILFLMHQW YDULMDFLMH WHPHOMHQ QD
ELWL SUHWSRWRWBPPORRRPLWORIRGMHORP =D SRWUHEH DQ
MH LQYHUJLMVND PHWRGD JHQHULUDQMD SRGDWDND R S
UDVSRGMHOH WH MH LJUDYyHQ VLQWHWVNL VLREWODBGNV N L
MH SR]@BWMPBQ-QRUPRIQX UDVSRGMHOX PRJXiUH MH L]
MHGQDGAED )

R O®HG )
JGMH VX

«— SDUDPHWQRUPDORR UDVSRGMHOX
k— SURSXVQRYW X]RUND P

,] PHIBUWHPD MHGQIDHpHEMNVDQGDUGQD GHYLMDFLMD SRW
QRYRJ VHWD SRGDWDND

J o V! )

JGMH VX
- VWDQGDUGQD GHYLMDFLMD

8 SURVMHDpPQDSURRORMRNVIW HQJO DIYHMDUHQSM S PP HIDEL
P

=DJHQHULUDQMH SRGDWD N BWRBXYRRVOULY WUHERFQOFR
SRGDWDND L] OLWHUDWXUH SUHWSR\SWBY®IMpBQDMHURS &V

P OLQLPDOQD YULMHGQRVW SURSXVQRVWD X PR
PDNVLPDOQD YULMHGR® RYWHMWISRVWDYOMHQR OHALAWH ]D\
L SOLQRP NRML VH SUHPD VYRMLP WHUPRGLQDPLPNLP V
2VWDOD VYRMVWYD VWLMHQD L IOXLGD UHODWRQWYQD SUTJ
WG SUHX]HWD VX L] OLWHUDWXUH
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4.2. OPIS MODELA

ORGHO VH VDVWRML HGJ L VIR®OMODD SURL]YRGQMX

JRGLQH 3UL WRPH MH VDPR UHOLR D SUYRS KIHQ R’
DQDOL]LUDQ PDOL YROXPHQ EOL]X EX&aRWLQH PHWDUD
YLGMHOL HIHNWL SRYHUDQMD SURSXVQRVWL I|IUDNWXU
SURSXVQRVWL

6LPXODFLMD MH L]YRYHQD SUHPD PRGQHOIX OHHMNRW D H
UDVSRGMHORP SURSXVQRVWL NDR a4WR MH SULND]DQR QD

Slika4.1. 5DVSRGMHOD SURSXVQRVWL X KHWHURJHQRPP QHNRQYHQ
FUYHQRP)

ORGHP2 QLS URV ORWENDLAWH SURVOIR R DISVSBBEOML QH
P %X4RWLQD MH WRH\OH AV HI®MH G D Q R - O IWNPIM Bl WXV WM H U X
L]UDYGR B XELQH P



=DVLUHQMH SOLQRP X QHNBRQNWRGHERIQEORNOLND
XNOMXpXM I BLIREXKARMMLOVNH JRQH GRN MH X RVWDWNX O
MHGQDNR RQRP X LQLFLMDOQLP XYMHWLPD SULEOLAQR

Slika4.2. 5DVSRGMHOD ]DVLUHQMD SOLQRP X QHNRQYHQFLRQDOQF
JRGLQH SODYR FUYHQR

7DRYHU X] PRGHO QHNRQYHQFLRQPUDYR O EKREMNH UR JH
PRGH® % EHWHURJHQRJ QHNRQYHQFLRQDOQRJ IUDNWXU
WUL UD]OLPLWD VIUR\DBRMFLIIDQH SHRSX VIQIRNWXULUD QLK
LPSOHPHQWLUDQL VX X PRGHO XLYRWN DVWHMDR WK YR FG pl ERDHM
QD SRYUALQL REXNRRMHY YRMIQRJ IOXLGD WM SOLQD



4.2.1. MODEL A

1D VOLFEULNPPE@SI®WRML VH VDVWRML RG SURVORMD
SURVORMDND L]QDG L LVISR|G GHEHRWMRMBAR RG SRYU:
SUROD]L EXGaRWLQD DG HEKEOMDQHOWRD PV OO RDHUD QH
SURSXWERRMWEU H G W W DBININ D XCIXIOMLQD IUDNWXUH ]D VYD
$ MH P GRN MRM MH YLVLQD P

Slika4.3. 3BURVORMDN V UHOLMD SRYHUDQH SURSXVQRVWL X PRG

7UL VOXpDMD PRGHOD $ V YULMHGQRVWLPD SURSXVQI
SULND]DQL VX X WDEOLFL

Tablica4.1. 3UHJOHG SRGDWDND PRGHOLUDQLK X VLPXODFLML - PR

MODEL BURSXVQRVW | 'XOMLQD IU %URM GHOLMD YHU
A [10%° P [ A SURSXVQRVWL



8 IUDNWXULUDQRP OHAL&WX NDNR V$OER YMId DI URNR
SRUWH MH GRELYHQD UDVSRGMHOD []DVLUHQMD SOLQRP N

Slika 44. 5DVSRGMHOD ]DVLiHQMD SOLQRP X QHNRQYHQFLRQDO
SURL]YRGQMH JRGLQH SODYR FUYHQR - PRGHO $,,

(NVSDQGLUDMXuUL X EXarRWLQX SOLQ MH ]DVLWLR Q
SRYHUDQH UHODWLYQH SURSXVQRVWL ]D SOLQ X SURS>
KHWHURJHQRVW GORSRGOQAVMELWIQPLMHK SUHGXYMHWD Sl
OHaLawX WM SOLQ UH SURQDUL QDMSRYROMQLML NDQCL
SRYHUDWL UHODWLYQD SURSXVQRVW |]D SOLQ

1D VOLNDPD L SRND]DQR MH GD VH IUDNWXULL
IOXLGD YRGD L SOLQ X LVWRPGCYOBRNRXKHQLN NRDI SR U
VOXpDMD PERRN®P ¥OXpDMX QHIQDWQR MH SRYHUDQMH RE
XYMHWRYDQR SULMH VYHJD EURMHP IUDNWXUD
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3URL]YRGQMD SOLQD

— 1HNRQYHQFLRC

— 1HNRQYHQFLR
IUDNWXULUDQR| OHAL&WH

1HNRQYHQFLR
IUDNWXULWDQR| OHALAWH

—— 1HNRQYHQFLRC
IUDNWXULWDQR| OHALAWH

SURL]YRGDND®@ P

YULMHPH >GDQ@

Slika45. '"QHYQD SURL]YRGQMD SORRBGHO SSHULRGX FUSOMHQMD

BURL]YRGQMD YRGH

— 1HNRQYHQFLRQDOQR OHA

— 1HNRQYHQFLRQDOQR
IUDNWXULUDQR| OHAL&WH
1HNRQYHQFLRQDOQR
IUDNWXULWD QR OHALAWH

—— 1HNRQYHQFLRC
IUDNWXULWD QR OHALAWH

SURL]YRGNP@ P
(0]

YULMHPH >GDQ@

Slika4.6. ' QHYQD SURL]JYRGQMD YRBRGHOHULRGX FUSOMHQMD

38



3RUQL WODN X VODER SURSXVQLP

IUDNWXULUDQLP C

XND]XMH QD YD&QRVW VPDQMH®ADNIU K SKXRQIRR/IV N R/N B QN
RG EX4RWLQH WM SRYHUDQMHP HTHMEGY QRO QMGIMNID QX
VYD WUL VOXpDMD PRGHOD $ MH JRWRYR LGHQWLpPDQ

PDG WODND

N\
N
AN
N
\

N

WODN >EDU@

YULMHPH >GDQ@

— 1HNRQYHQFLRC

— 1HNRQYHQFLR
IUDNWXULUDQR

1HNRQYHQFLR
I[UDNWXULWD QR

—— 1HNRQYHQFLRC
IUDNWXULWDQR

Slika4.7. 3DG WODND WLMHPREMHOWRL]YRGQMH

OHaLawH

OHAaLawH

OHAaLawWH



4.2.2. MODEL B

=D UD]OIPNRGHRGDR&EHP® % VO IREXKYWRIDCGRINRBNXVQRVWL
GHEOMLQH P NRML VHXMBSOYRMIXBMLQHIHOLMINRMH ¢
IUDNWXUX SRYHUDQH SURSXVQRVWL

Slika4.8. 3BURVORMDN SRYHUDQH SURSXVQRVWL X PRGHOX % R]QD

7DNR JDPR G %U X ]y B QDY PDXMID PONSH R S X VW\QR/WRAPR M H P
(iH O ISNRIDH) H S U R S/ 0OV DIRNDMR R G HONDRWS.U L N X] BDWDLE O L F L

Tablica4.2. 3UHJOHG SRGDWDND PRGHOLUDQLK X VLPXODFLML - PR

MODEL B 3URSXVQRVW 'XOMLQD IU %URM GHOLMD YHi
[10%° P] [ A SURSXVQRVWL
|
I



5DVSRGMHOD ]DVLUHQMD SOLQD X QHNRQYHQFLRQDO
QD NUDMX JRGLQHSGROQMEHMQ@ELGDMMEL X EXaRWLQX
SULEXARWLQWYMWR /RGIRNMWBDMDIWUHODWLYQHSBBREXQQR VW
GLMHORYLPD OHA&LAWD &LUHUL VH OLQLMRP PDQMHJ RW:
JUDNWXULUDQMHPQUREQSRYBGDRX§URUSOMHQMD &aWR MH
]JDVLUHQMHP SOLQD XQXWDU VDPRJ OH&LAWD

Slika49. 5DVSRGMHOD |DVLUHQMD SOLQRP X QHNRQYHQFLRQDOQR
SURL]JYRGQMH JRGLQH SODYR FUYHQR - PRGHO %,

1D VOLNDPD L SULND]DQH VX SURL]JYRGQMD S
ORGHORPWH%UYHQR MH SRYHUDQMH SURRBGH GHRGIQRR &L
QHIUDNWXULUDQR OHAL&WH DOL L QD PRGHO $



BURL]JYRGQMD SOLQD

— 1HNRQYHQFLRC

IHNRQYHQFLRQ
IUDNWXULWPQR

— 1HNRQYHQFLRQ
l IUDNWXULWPQR
N— —— 1HNRQYHQFLRQ
IUDNWXULWPQR

SURL]YRGNP@> P

s

YULMHPH >GDQ@

DOQR
OH&LAWH

DOQR
OH&LAWH

DOQR
OHALAWH

Slika4.10. 'QHYQD SURL]YRGQMD SOBPRODHOSHULRGX FUSOMHQMD

BURL]YRGQMD YRGH

— 1HNRQYHQFLRC

1HNRQYHQFLR
IUDNWXULWPQR

— 1HNRQYHQFLRQ
IUDNWXULWPQR

— 1HNRQYHQFLRQ
D IUDNWXULWPQR

SURL]YRGNP@ P

YULMHPH >GDQ@

OH&LAWH
DOQR

OH&LAWH
DOQR

OH&L&AWH

Slika4.11. 'QHYQD SURL]YRGQMD YRBRIGHOHWJLRGX FUSOMHQMD



8 NRQDpPQLFL YHUL LVFUSDN VORMQLK IOXLGD GRELY

SDGRP WODND VOLND GR 8VSRUHyXMXiuUL VOX
SURSXVQRVWL GRELYHQR MH QH]J]QDWQR SRYHUDQMH LVF
P QD P RYWYDUHQD MH YHUD NRQWDNWQD SRYU&L

UH]XOWLUDOR YHRIGR RVRUGD PRGHO $

PDG WODND

\ — 1HNRQYHQFLRC
\ 1IHNRQYHQFLR
IUDNWXULWPQR OHALAWH
\ — 1HNRQYHQFLR
IUDNWXULWPQR| OHALAWH
— 1HNRQYHQFLRC(
IUDNWXULWPQR OHALAWH

YULMHPH >GDQ@

WODN >EDU@

Slika4.12. 3DG W O [PNHUW L WHRNRFRRH/ICGH %



4.2.3. MODEL C

8 PRGHUOLND LPSOHPHOA MDD § BYMBGKOMLQH P
NRMH SUHGVWDYOMDMX IUDNWXUX XNXSQH GXOMLQH P

Slika4.13. 3BURVORMDN SRYHUDQH SURSXVQRVWL X PRGHOX & RI]QD

6LPXOLUDQOX\HL:® WU I DDPROIGHICP RWDU NRML VH PLMHQMI
SURSXVQRVW WDEOLFD GRN MH GXOMLQD IUDNWXUH
RVWDR LVWL ]D VYD WUL VOXpDMD PRGHOD &

Tablica4.3. 3UHJOHG SRGDWDND PRNGRERCGAHID @LK X VLPXOD

SURSXVQRVW 'XOMLQD 11U URM UHOLMD YH

MODEL C [10% P A SURSXVQRVWL



SRYHUBQIBRYH]DQIKVWRODDHQLK X PRGHOX & UH]XOW]
SOOWHD SXMD Y D&RWHHA MK 5H] XOWDWD WFRRIGMMEBD [|DVLUHQM
SULNDQDQVOLFD UD]JOLNX RG PRGHOD $ L % NRG PRGHOTL
]JDVLUHQMH SOLQRP X OHAL&WX L]QDG IUDNWXUH =QDWQR
RVWQRUMH JERJ SRYHUDQMD NRQWDNWQH SRYU&GLQH L]PH;

Slika 4.14. 5DVSRGMHOD ]DVLiUHQMD SOLQRP X QHNRQYHQFLRQDO
SURL]YRGQMH JRGLQH SODYR FUYHOQR — PRGHO &,,
6OLNDPDR SULNDMBQRL]Y NBBQDO R MIXIXB B G HXX
R G Q ROMIXH | U D N WOSHN B R @ IR VRO DGR HDV @DXIE , N R I8 R MNHH
SURSXVQRVW XSRPWRWXW DD LBHKQVEDS UR L]Y 8 G QQREIR 8 DG D
YUHPHPRPO MIMGIMDSRWHQ BMHRL]YREBBRIGIHRQD SXWBHR G
SURL]Y8GQQEH | UD N W GHWDR PRG H.O,IVR S R ¥IHQ MARLY BHLX
SRPWNKQR VIS X WDQ DN R QIR G LNPDP X O DSWLR'IQ ¥ R IBRORVEDE O
SURSXXQRBRWIRLGH ~ P MH SXWDQHNRG QHIUDNMAXYDLUDQRJ



SURL]YRGNDP@ P

3URL]YRGQMD SOLQD

YULMHPH >GDQ@

— 1HNRQYHQFLRQDOQR O

— 1HNRQYHQFLRQDOQR

I[UDNWXULUSBDQR

OHAaLaw

1HNRQYHQFLRQDOQR

I[UDNWXULUSD QR

OHAaLaW

— 1HNRQYHQFLRQDOQR

I[UDNWXULUSD QR

OHAaLaw
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BURL]YRGQMD YRGH

—

YULMHPH >GDQ@

— 1HNRQYHQFLRC

— 1HNRQYHQFLR
IUDNWXULUS QR

1HNRQYHQFLR
IUDNWXULUBD QR

— 1HNRQYHQFLR(
IUDNW X UL U, QR

OHAaLaw

OHAaLaw

OHAaLawW
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JUDNWXULUDQMHP OHZQBEWD WIDW NK WHD X/FFCDVQXM IORH & L & W

P RGQRVQR QD EDUD X VOXpDMX BURGXNMRVWL O

.RG QHIUDNWXULUDQRJ OHALAWD SURPMHQD WODND X UD
70DN VH VPDQMLRDV 8]URN WDEIRUYHOLNRP SDGX WODND N
MH X WRPH GD VH IUDNWXULUDQMHP SRYHUDOD HIHNWLYQ

PDG WODND

%
/
//

YULMHPH >GDQ@

— 1HNRQYHQFLRC

— 1HNRQYHQFLR
IUDNWXULUBD QR

1IHNRQYHQFLR
IUDNWXULUSD QR

— 1HNRQYHQFLR(
IUDNW X UL UD,QR
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OHAaLaw

OHAaLaw

OHAaLaw



4.3.USPOREDBA MODELA

SRYHUDQMHP SURSXVQRVWL WH GXOMLQH IUDNWXU
SURL]JYRGQMH VORMQRJ I0OXLGD X RGQRVX QDH@HWIUDN
VOXpDWMHIERDOL]RP VOLNH PRIJXUH MH XWYUGLWL VOLI

3UYL GDQ MH |DELOMHAHQD QDMYHUD SURL]YRGQMD NR

ORGHO QHIUDNWXULUDQRJ OHAaLaAWD ELOMHAL QDNRQ S
SOLQD

3 2GQRV SURL]JYRGQMH X UD]J]GREOMX GDQD RG SRpHWI
]D RPMHRGQRHINRG PRGHOD $,, $, GR NRG PRGHC

2PMHU SURDINRQ@ QMEBEBDOMRGHOD V GXOMLQRP IUDNWXUF
P &,,, L PRGHOD VQDMOR&ALMLP SDUDPHWULPD §,

5D]JOLND X SURL]YRG®RGHODHS$XMHOKXDPOMD RG GRN Ml
WD UD]JOLND L]PHYyX QDMSRYROMQLMHJ &,,, L RVWDOD G
SRpPHWND SURL]YRGQMH

SURL]YRGQMD SEStHINRQYHQFLRC

— 1HNRQYHQFLFR
IUDNWXULUDQR| OHAL&W

1IHNRQYHQFLR

\ IUDNWXULWDQR| OHAL&W
\ —— 1HNRQYHQFLRQDOQR

IUDNWXULUDQR|OHALAW

1IHNRQYHQFLR
IUDNWXULWPQR|OHALAW

— 1HNRQYHQFLR
IUDNWXULWPQR|OHALAW

— 1HNRQYHQFLRQDOQR
IUDNWXULWPQR|OHALAW

\\\\\\;:::::::::: — 1HNRQYHQFLR
. IUDNWXULWDQR| OHALAW
IHNRQYHQFLR
IUDNWXULWD QR OHALAW
— 1HNRQYHQFLR(

YULMHPH >GDQ@ IUDNWXULUSBDQR| OHALEW

SURL]Y RGNP@ P

1

Slika 4.18. 'QHYQD SURL]YRGQMD SOLQD X SHULRGX FUSOMHQMD ]D



IDMYEXPXODWLYQD SURL]JYRGQMD X UD]JGREOMX GDC

PRGHO %,,, QDNRQ pHJD ]D WDM PRGHO VOLMHGL QDJOL

GDQD
1DNRQ JRGLQH GDQD SURL]J]YRGQMH XWYUYyHQR MH
NRG PRGHOD % L &

7 (
LOIHNVLMH QD VOLFL

8 6YD WUL VOXpDMD PRGHOD $ ELOMHaH QDMYHUL SDG

QDJLE NULYXOMH SURL]JYRGQMH
2pHNXMH VH LIMHGQDpDYDQMH SURL]YRGQMHW@DNRQ

PRGHOD
XPXODWLYQD SURL]JYRGQMD SOLQD X SHWQDHVWRJRG

PRGHO &,,, NRG NRMHJLIQRDRMPDQMDP]D QHIUDNWXULUTL
P 2PMHU SRYHUDQMD LVFUSND NRG PRGHOD &,,, L QI

Tablica 4.4. 3UH NXPX O DSWURIQMBRGRHDSR PRGHOLPD

MODEL 1 DAN 1MIESEC 1GODINA 15GODINA

IHIUDNWXULU
Al
All
Alll
Bl
Bll
Bl
Cl
Cll
Clll



PRYHUD QWMH] YRR &€ R GIH VOLND XYMHWRYDQR MH
SDUDPHWULPD WH VH VXNODGQR SRYHUDQMHP SURSXVQR
YRGH X SURL]YHGRIRQHRWQD SR ]YRGQMD YRGH MH SULEOI
%,,, &,, L %,, WHMH ID$VYBRWUL VOXpDMD PRGHOD $ SUR
GDQD RAIR6YP® WUL PRGHOD ELOMHAH QDJOR VPDQMHQMH
GDQD

SBURL]YRGQMD YRGHNRQYHQFLRC

— 1HNRQYHQFLR
IUDNWXULUDQR|OHAL&W
1IHNRQYHQFLRQDOQR
IUDNWXULUWDQR|OHALEW

—— 1HNRQYHQFLRC
IUDNWXULWDQR|OHALEW
1HNRQYHQFLRQDOQR
IUDNWXULWPQR|OHALEW

— 1HNRQYHQFLR
IUDNWXULWPQR|OHALEW

— 1HNRQYHQFLRQDOQR
IUDNWXULWPQR|OHALEW

— 1HNRQYHQFLR
IUDNWXULUSDQR|OHALEW
1IHNRQYHQFLR
IUDNWXULUDQR|OHALEW

1 — 1HNRQYHQFLRQDOQR

IUDNWXULUDQR|OHALEW

SURL]YRGNP@ P

YULMHPH >GDQ@

Slika4.19. 'QHYQD SURL]JYRGQMD YRGH X SHULRGX FUSOMHQMD

. XPXODWLYQR SURL]YRGIWMBGHGGHK,MH GFOWVHID RVW
VPDQMXMH VD VPDQMHP SURL]YRGQMH SOLQD 1DMPDQM
VOXpDMX QHIUDNWXULUDQRJ OHALAWD 1DMPDQMH UL
SHWQDHVWRJRGLAQMH SURL]YRGQIMID NORY U @ B XD M XP §
NULYXOMH ]D VYD WUL VOXpDMD PRGHOD $ VH SRGXGL
NULYXOMH ]D VYD WUL PRGHOD VH SRNODSDMX X MHGQX



6LPXODFLMRP MH XWYUJyHQR GD SRUQL WODN X VODI
QDJOR SBREROMADQMHP OHALAQLK VYRMVWDYD SDG OHAL:

.RG PRGHOD $ UDJOLND L]PHyX SRpHWQRJ WODND L W
LIQRVL GBMDB PRGHDDIND WODNRYD L]QRV]IORBULEDN&Q
PDOH UD]JONRB WRGMODX$WRPH daWR OH&LAWH QLMH YH
GXOMLQD IUDNWXUH P WH MH RVWDR YHOLN EURM
SURWRN IOXLGD XQXWDU SRUQRJ VXVWDYD

3RYHUDQMHP SWRSKNRRVADND L]PHyX SRRQDPRRJ
NRG VYD WUL VO XpDIMIH XYW DRIGP RGHINNR MH QSU NRG VC

EDUD NRG &,, EDUD D NRG VOXpDMD &, EDUD

9HUL XWMHFDM QD UD]JOLNX WODNRYD XYMHWXMH G
JRGLQH X@WDHQWOOMHRG EDUD |D VOXpDM %,, NRQDpC
MH L]QRVLR EDUD GRN MH X PRGHOX &,, L]JQRVLR ED

PDG WODND —1HNRQYHQFLRC

— 1HNRQYHQFLRQDOQR
IUDNWXULUDQR| OHALA&W

\\ IHNRQYHQFLRQDOQR
IUDNWXULWOQR| OHALAV
—— 1HNRQYHQFLRC
\\\ N IUDNWXULUDQR| OHALAV
1IHNRQYHQFLR
\\\ IUDNWXULWBQR OHALAV
\\\ 1IHNRQYHQFLRQDOQR

WODN >EDU@

IUDNWXULWPQR| OHALAW

\ — 1HNRQYHQFLRQDOQR
IUDNWXULWPQR OHALAW
\\ — 1HNRQYHQFLR
IUDNWXULUSDQR OHALAYV
1IHNRQYHQFLR
IUDNWXULUSD QR OHALAYV

1 — 1HNRQYHQFLRQDOQR
IUDNWXULUSD QR OHALAW

YULMHPH >GDQ@

Slika 4.20.3DG WODND WLMHNRP SURL]YRGQMH ]D VYD WUL PRGHOLI



5.=%$./-8y8%.

PUHGLNFLMD SQRNR@®GHERAMRIQDOQLK OHALAWD YHULC
VLPXODFLMX VXVWDYD V GYRMQRP SRUR]JQRVWL VDYU&HC

OHYyXWLP NYDQWLILNDFLMD KHWHURJHQRVWL OHALA
SRGDWNH X] LVWX SURVMHHWWHEBRISRRY RVISW R XK/ RVWWKL
RG QDMBDWQPHMMB SDAR WRMODERSURSXVQRP OHALAWX 30
SRUHILULMLYVPMHUWBWRMHP VH VWYRULR SURWRpPQL NDQDO
HIHNWLYQH SURSXV@RIW]D KIMMHQMIE SSRYHUD ,] JUDILpPN
UD]D]QDWHIHQMH SOLQRP VH SUYR SRYHiUD X JRQL IUDNW
SUHPD PDQMRM GXPNQUHEDWHUEQRQMAN R WWHDWRD QWMKRIH P D
X WLP GLMSORRCONMRIVANGXWHPRYLPDLPHNEAWDNWXUH \
VH JRQD SRYHUDQRJ |DVLUHQMD SOLQD 7R XSXUXMH QD
LQWHUYDOD SOLULK RG LQWHUYDOD X NRMHP VH IUDN\
GUXJDPLMRPFNMBRRWDRDWMINBIQMD D QH YROXPQRP NDNR EL
WRpPQR NROLpPLQX X PRORYLPD LOL PDVHQR VDGUAL RGU

8 UDGX MH NRUL&AWHQ NRQFHSW SURFMHQH HIHNWL
X]LPDMX X REJLU QHVDWW 3B QRDW L SIWDWINERDL SDRBXVXR R
VOXpDMD SUL NRMHP VX PRGHOLUDQD WUL SDUDPHWUD E

1H SRRML MHGQRVWDYQD NRUHODFLMD L]PHyX SDUDF
GXOMLQD SURVWLUDQMD L WHPSD SURPMHQ@HLQRFEBSND
SRWUHEQR XVWDQRYLWL NOMXpQH PRPHQWH X YUHPHQX
RGQRV SURL]YRGQMH SULMH L QDNRQ VWLPXODFLMH VWI
YHULK GLPHQ]JLMD L SURSXVQRVWL QH PRUD GDYDWL SRY
SURWBIXQW ]D SOLQ WM LVNRULAWDYDQMX HIRNDMD R HO
NDNR QDMVODELML PRGHX |U BNWEBH LREEXGWR R/OD@RWID L&/FM B
QDMEROMKJIJSHWQHDHVWRJIJRGLAQMHP UD]GRE®QXO lp]DN
NXPXODWLYQH SURL]YRGQMH QDNRQ NOMXpQH K VPFRIFSHDQND W\
PDNVLPDERQRPABSIRYMIID SXWD X RGQRVX QD QHIWMNWX L
GLR X GUHQDAQRP UD®D\OAYN ¥ X SODFHHE®WQ RO/ \8 P

P L " P &WR VX QHGRYROMQH UBJRAMHDX XR|

SDUDPHWULPD SURL]YRGQMH
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=+$1* 7 (//,6 * ( 5833(/ 6 & 0,//,.(1 . [(:$1 O €

(IM"HFW RI 2UJDQLF ODWWHU 3URSHUWLHYVY &OD\ OLQt
on Gas Adsorption in OrganiLFK 6KDOH 8RQVROGPNQWLRQDO 5HYV
THFKQRORJ\ &3PR I HUHMSBFH



DODATAK

8 GRGDWNX MH SULND]DQ AGDWD3 ILOH NRMLP VX VLPXC
S UR P M H Qihcléds Hibkéteke u kojoj e PRGHBUWRMQIHOLMD SRYHUDQH
WH YULMHGQRVW SURSXVQRVWL ]D SRMHGLQH PRGHOH

RUNSPEC

TITLE

$QDOL]D XWMHFDMD MDNR SURSXVQLK SURVORMDND IUDNWXU |
SURSXVQRVWL OHAL&WD QD SURL]JYRGQMX SOLQD

DIMENS

- NXNY NZ

50 50 100/

GAS
WATER

METRIC

WELLDIMS
2201 3%/

START
1'OCT' 2015/

GRID
NOECHO

DX
250000*10/
DY
250000*10/
DZ
112500*0.198
25000%0.01
112500*0.198
/

TOPS
2500*1870
/

INCLUDE
permx- frac.inc /

COPY

PERMX PERMY /
PERMX PERMZ /
/



PORO
250000*0.1/

INIT
ECHO

PROPS

RVCONST
00/

SWFN

-- Sw Krw
0.25 0.0 0.0
0.70 1.0 0.0

/

SGFN

-- Sg krg
0.30 0.0 0.0
0.75 05 0.0

/

PVTW
- Pref Bref Cw
100 1.001 0.000045/

--PVDG
INCLUDE
'PVDG.inc'/

ROCK
--  Pref Cr
1.01324.38D- 5/

DENSITY

-- nafta YRGD SOLQ
818 1000 0.762751799 /
SOLUTION

EQUIL

SUMMARY
EXCEL
FGPT
FGIP
FGPR
WGPR
WWPR
WLPR
/
WBHP
/

FOE
FPR
FWCT
WWCT

Pc

Pc



/
FWSAT
FWIP
FWPR

SCHEDULE

RPTRST
BASIC=5 NORST=1 FREQ=1/

WELSPECS

--wname group i j Z(bhp) prefPhase
'WP1''G' 25 26 1* 'GAS' 10*/

/

COMPDAT

'WP1' 25 26 25 75 'OPEN' 2* 0.35 4* /
/

WCONPROD

'WP1''OPEN' 'BHP' 5* 30 /

/

DATES

2'0CT' 2015/

1'NOV' 2015/

1'DEC' 2015/

1'JAN' 2016/
1'FEB' 2016/
1'MAR' 2016/
1'APR' 2016/
1'MAY' 2016/
1'JUN' 2016/
1'JLY' 2016/

1'AUG' 2016/
1'SEP' 2016/
1'0CT' 2016/
1'NOV' 2016/
1'DEC' 2016/

1'JAN' 2017/
1'FEB' 2017/
1'MAR' 2017/
1'APR' 2017/
1'MAY' 2017/
1'JUN' 2017/
1'JLY' 2017/

1'AUG' 2017/
1'SEP' 2017/
1'0CT' 2017/
1'NOV' 2017/
1'DEC' 2017/

1'JAN' 2018/
1'FEB' 2018/
1'MAR' 2018/
1'APR' 2018/
1'MAY' 2018/



1'JUN' 2018/
1'JLY' 2018/

1'AUG' 2018/
1'SEP' 2018/
1'OCT' 2018/
1'NOV' 2018/
1'DEC' 2018/

1'JAN' 2019/
1'JAN' 2020/
1'JAN' 2021/
1'JAN' 2022/
1'JAN' 2023/
1'JAN' 2024/
1'JAN' 2025/
1'JAN' 2026 /
1 'JAN' 2027/
1'JAN' 2028 /
1'JAN' 2029/
1'JAN' 2030/

/

END



IZJAVA

, JMDYOMXMHP GD VDP RYDM UDG VDPRVWDOQR L]JUDGLR

OLKDHO ODWRA&HYLU
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