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2YDM UDG L]JUDYyHQ MH QD OLQHUDOR&NR *+ SHWURJUDIVNRP
YRGVWYRP SURI GU VF 1HQDGD 7RPD&LuUD X VNORSX GLSC
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SRPRuUL VDYMHWLPD L VWUSOMHQMX SULOLNRP LJUDGH RYI
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6YHXpLOLAWH X =DJUHEX
SULURGRVORYQR * PDWHPDWLPNL IDNXOWHW
*HROR&GNL RGVMHN

'LSORPVNL UDG
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5DG MH L]JUDYyHQ OLQHUDOR&NR * SHWURJUDIVNL ]JDYRG *H
BULURGRVORYQR + PDWHPDWLpPNL IDNXOWHW 6YHX}|
+RUYDWRYDF =DJUHE

6DAHMWXYNDM UDG VH EDYL SURXPDYDQMHP ]DJOLQMHQLK VHG
SURILOD V WUL ORNDOLWHWD MXJRLVWRPQRJI SULJRUMD OHC
,] XIRUDND VX ODERUDWRULMVNLP SRVWXSFLPD ]D SRWUHEH
VX RUJDQVND WYDU L )H $0 0Q RNVLGL RNVLKLGURNVLGL OF
SURYHGHQD MH QD QHRULMHQWLUDQLP LRULMHQWLUDQLP S
VX FMHORNXSQL VDVWDY SULMH XNODQMDQMD RUJDQVNH WY
QD RULMHQWLUDQLP SUHSDUDWLPD LGHQWLILFLUDQL VDPR
ED]DOQLK PDNVLPXPD 8 QHRULMHQWLUDQLP SUHSDUDWL
SODJLRNODV YHUPLNXOLW NORULW L NDROLQLW D X RULMF
VPHNWLW NORULWD NORULWD GLRNWDHGULMVNRJ YHUPLN
VPHNWLWD GLRNWDHGULMVNRJLOOLWDLNDROLQLW VPHNMW
MH SRPRUX EDNURYRJ HWLOHQGLDPLQVNRJ NRPSOHNVD QD
SUHWKRGQR VSRPHQXWLK ID]D 9ULMHGQRVWL &(& D VX XJOD
JERJ QHAWR YHUHJ SRVWRWND EXEUHGLK JOLQD X X]JRUFLPEL

.OMXpQH5RILMHPDOL JOLQD WOR OHGYHGQLFD RUJDQVND V
RNVLGD RNVLKLGURNVLGL UHQGJHQVND GLIUDNFLMD &(&
5DG VDSWAIDQLFD , 9, VOLND WDEOLFD OLWHUDW:
“H]LN L]Y BRWQLDNW VN L

5DG MH SRKEFUGIGHOOMD JHRORAND NQMLAQLFD +RUYDWRY]
OHQWSRUVF 1HQDG 7RPD&LU UHGRYLWL SURIHVRU
2FMHQMLWYDWE 1HQDG 7RPD&LU UHGRYLWL SURIHVRU

5DG SULKSYDiUHQ



%%6,& '2&80(17%7,21 &%$5"

8QLYHUVLW\ Rl =DJUHE
)DEXOW\ RI 6FLHQFH
'HSDUWPHQW RI *HRORJ\

ODVWHUYYV WKHVLV
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7TKHVLVY FRPSOHWHG LQ 'LYLVLRQ RI OLQHUDORJ\ DQG 3HWIL
'"HSDUWPHQW RI *HRORJ\ )DFXOW\ Rl 6FLHQFH
+RUYDWRYDF =DJUHE

7KH DLP RI WKLY ODVWHUTV WKHVLY ZDV WR GHWHUPLQH PLQ
GHSRVLWYV I[URP WKH SURILOHVY RQ WKH WKUHH VLWHYV RI W
+RUYDWK 'RWU&pLQD 2SRURYHF 7KHVDPSOHV ZHUH VXEM
SXUSRVH RI PDNLQJ WKH RULHQWDWHG SUHSDUDWLRQV ZL\
R[\K\GUR[LGHV UHPRYHG ; UD\ GLIIUDFWLRQ DQDO\VLV ZD
RULHQWHG VDPSOHV 8QRULHQWHG SUHSDUDWLRQV VKRZHG
RUJDQLF PDWWHU DQG )H $0 0Q R[LGH R[\K\GUR[LGH ZKLO}
WKH RULHQWDWHG SUHSDUDWLRQV EDVHG RQ WKH FKDUDFW
SODJLRFODVH YHUPLFXOLWH FKORULWH DQG NDROLQLWH Z
DQRG LQ WKHRULHQWDWHG SUHSDUDWLRQV WKH PD[LPXP RI
YHUPLFXOLWH LOOLWH GLRFWDKHGUDO YHUPLFXOLWH VPH
ZHUH GHWHUPLQHG 7KH FDWLRQ H[FKDQJH FDSDFLW\ &(&
HWK\OHQHGLD BIQGHLMRPBWAHDVXUHG EHIRUHDQG DIWHU UHP
)H $O0 0Q RNVLGHBK&CTUORBWHNVGHQHUDOO\KLJKHU LQ VDPSOHYV
WR D VOLJKWO\ KLJKHU SHUFHQWDJH RI FOD\ PLQHUDOV LQ

.H\ZRUSWD\ PLQHUDOV VRLO OHGYHGQLFD RUJDQLF PDWVW
R[LGHV R[\K\GUR[LGHV :; UD\ GLIIUDFWLRQ &(&

7KHVLV F5SQWHIQ WO, ILIXUHV WDEOHYV UHIHUHQFHYV
2ULJLQRORQWLDQ

7KHVLV GHSRWOWUDQOQPHRORJILFDO /LEUDU\ +RUYDWRYDF
BXSHUBBKRUWHQDG 7RPDALI SURIHVVRU

5HYLHZAKUV1IHQDG 7RPD&LU SURIHVVRU

7KHVLV DBFHSWHG






892

OLQHUDOL JOLQD VX JUXSD KL G UDRWALNUDWQDLKWHWALQR
pHVWLFD PDQMD RG PP &' %DUWRAQ ,DNR X JHROR-
SUYRM SRORYLQL GYDGHVHWRJ VWROMHUD JERJ UD]JYRMD D
SR]IQDWD WLVXuDPD JRGLQD 3UYL QDURGL SUHSR]QDOL VX Q
NDR SUYLJUDYHYLQVNL PDWHULMDO D X]WR NUR] VWROMHIU
1DLPH JERJPDORJYROXPHQD pHVWLFD JOLQHLPDMX YHOLN X
LRQVNH ][DPMHQH EXEUHQMH L DGVRUSFLMVND VYRMVWYD

2YDM UH VH UDG IRNXVLUDWL QD |DJOLQMHQH VHGLPHQWH
ORNDOLWHWD MXJRLVWRPQRJ SULJRUMD OHGYHGQLFH +RUY
VH PLQHUDOQL VDVWDY VHGLPHQWD L QDOLMHA&XUHJ WOD |
PLQHUDOD JOLQD WH QMHJRYD PRJXUD YDULMDFLMD NUR] |

OHWRGH NRUL&WHQH X LVWUDALYDQMX VX X]JRUNRYDQMH N
GLIUDNFLMRP RULMHQWLUDQL L QHRULMHQWLUDQL SUHSD!
X]JRUFLPD WH NDWLRQVNL NDSDFLWHW L]PMHQH &(&
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SRGUXpMH LVWUDALYDQMD REXKYDUD MXJRLVWRpPpQX S
FMHORYLW SODQLQVNL PDVLY NRML VH SURWHA&H X VPMHUX V
ALURND NP XQDMA&LUHP GLMHOX 1DMYL&L YUK MH 60MHPH Y

NB 8 aLULP UD]JPMHULPD SODQLQD OHGYHGQLFD QDOD]L Vi
SDQRQVNRJ EDJHQD NRML VH QDOD]L L]JPHYyX $OSD QD ]DSDC
'LQDULGLPD QD MXJX L MXJR]DSDGX 6D VMHYHUD RPHyXMH .
/IRQMRP .UDSLQRP L 6DYRP

OHGYHGQLFD MH YUOR VORaAaHQH JHROR&NH JUDYH D QDOD]
PHIDMHGLQLFH 7LVLMH QD LVWRNX NRMD XJODYQRP LPD F
GLMHORYLPD L 'LQDULGD WH 3HOVR QD |IDSDGX NRMD LPD L\
PHIDMHGLQLFH SURYODpL VHO6UHGQMRWUDQVGDQXELMVND ]
UDVMHGQRP JRQRP QD VMHYHUR]DSDGX L =DJUHE =HPSOHQ L
VDGUAL DOSVNH L GLQDULGVNH WHNWRQRVWUDWLJUDIVNH N
$OSDL'LQDULGD 6 REJLURPGD VHVYRMLP MXJR]DSDGQLP GL
]JDJRUMD QD]JLYD VH L =DJRUVNR * VUHGQMRWUDQVGDQXE
VMHYHURLVWRND X |DSDGQX ODYyDUVNX 3DPLUO 7RPOMHQR®

3UHPD aLNLuX OHGYHGQLFD VH VDVWRML RG QLVNRPHW
RILROLWQRJ PHODQAD QHRJHQVNLK SOLR NYDUWDUQLK QDV
.RPSOHNV RILROLWQRJ PHODQA&D L]JUDYyXMX UD]JOLPLWH YUYV
IRUPL YHULK LPDQMLK EORNRYD NRML VX L]JPLMH&DQL L XNOR:
2ILROLWQX VHNYHQFLMX pLQH ED]DOWL 025% WLSD QDMpHA:
EDJLPQH HIX]JLYQH VWLMHQH X RILROLWQRP PHODQA&X SURQDY
X PDQMRM PMHUL L XOWUDED]LPQLK VWLMHQD



1ILVNRPHWDPRUIQLINPRIMMND]OLPpLWH YUVWH VWLMHQD NRN
SDUDPHWDPRUIQH VWLMHQH 2UWRPHWDPRUIQH VWLMHQH
3DUDPHWDPRUIQX JUXSX VWLMHQD pLQH VOHMWRYL ILOLWL
L] SLURNODVWLPQLK SURWROLWD

*RUQMRNUHGQR SDOHRFHQVNH QDVODJH OHGYHGQLFH
NRQJORPHUDWLPD V SURVORMFLPD SMHapHQMDND L FUYHQL
1D NRQJORPHUDWLPD OHAH GHEHOR XVORMHQL SMH&apHQM
ODPLQDFLMRP 1DNRQ WRJD SMHaApHQMDFL SUHOD]H X 4HMOR
NRMH VH NRQWLQXLUDQR QDVWDYOMDMX VLYL XVORMHQL EL
VWDURVWL 1DNRQ PLNULWD GROD]JH WXUELGLWQH VHNYHQF
GQX EDJHQD /LWRIDFLMHVQH ]JQDpDMNH SDOHRFHQVNLK QD\
L]IGDQFL VSRUDGLpQL DOL RQL GRND]DQR VDGU&H VLOWL
SMHApHQMDFLPD L NRQJORPHUDWLPD

7TULMDVNH QDVODJH -= OHGYHGQLFH L]JJUDYyHQH VX RG NDU
MXJR]DSDGQRM OHGYHGQLFL QDOD]JLPR WUL YUVWH WULMDVI
JRUQML WULMDV =D GRQML WULMDV VX NDUDNWHULVWLpPQH "
SMHa&pHQMDFL L VLOWLWL X L]PMHQL V RRLGQLP YDSQHQFLP
SORpDVWH YDSQHQFH L GRORPLWH 6UHGQML WULMDYV pLQF
GRORPLWL SUHWSRVWDYOMHQH DQL]JLpNH VWDURVWL

*RUQML WULMDV QRULN L UHW pLQH VWURPDWROLWQL GROC
FLNOXVX WDORAaL VH VXEWDMGDOQL PLNURNULVWDOQL GI
LQWHUWDMGDOQL //+ VWURPDWROLWQL GRORPLW L X WUHUOUH
VSRUDGLpPpQR GHVLNDFLMVNLP SXNRWLQDPD L JHRSHWDOQ
RSOLUDYDQMD

1HRJHQVNH SOLR NYDUWDUQH QDVODJH VX QDMPODYL VWU?>
1HRJHQVNH QDVODJH GLVNRUGDQWQR OH&H QD SDOHR]RMVN
NRQJORPHUDWD &aOMXQDND NUXSQRJUQDWRJ SLMHVND L S



ODSRURYLWH JOLQH 6DGUAaH HQGHPVNX IDXQX PHNX&DFD

6HGLPHQWL NDUSDWD VX |JHOHQNDVWR VPHYRVLYL SMHVNR’
QDVODJH UDVSURVWUDQMHQH GXa SDGLQD FLMHOH OHGYHG(
VWLMHQD NDR a&4WR VX NRQJORPHUDWLpPpQL SMH&G&pHQMDFL E
YDSQHQFL L ODSRUL 8 VDUPDWX VH SRMDYOMXMX SMHVNRYL
ODSRURYLWL YDSQHQFL D RVRELW MH IDFLMHV aXuNDVWLK
RVWDWNH ULED L &ANROMND&ab 6HGLPHQWL JRUQMHJ PLRFHQ
VWLMHQH L] SRGORJH QHRJHQD 5D]YLMHQL VX X IDFLMHVLI

5KRPERLGHD QDVODJD ,DNR VH SUHPD WUDGLFLRQDOQRM
+UYDWVNRM &URDWLFD L %DQDWLFD QDVODJH VYUVWDYDMX
SRQWVNL X QRYLMLP UDGRYLPD pLWDYR UD]GREIJMEBNMRY QM
7LEOMD& ' .RYDpLU O AaS5®MQRQVNL VHGLPHQW pLQH ODSI
5&URDWLFD WBEWOMLMHWORVLYL GRS $DIQNDV MWW B B MIDEBR U L
PR&H ELWL SURVORMDND LOL OHiUD WHULJHQLK NODVWLWD

1D SDQRQVNH QDVODJH QDOLMH&X GRQMRSRQWVNL RG
JRUQMRSDQRQVNL VLYL ODSRUL VB$E I DK R RODIMDRD ISEVHH W IR RIYL
SUHOD]H X VODER YH]DQH GR QHYH]D G5 KRRDRLYG MDF BL WG
30LRFHQVNH QDVODJH VDVWRMH VH RG L]PMHQH JOLQH \
30LRNYDUWDUQH QDVODJH SRND]JDWHOM VX SOLRFHQVNLK
GDQDEQMHJ JHRPRUIRORANRJ L]JOHGD OHGYHGQLFH D VD
SLMHVDND VLOWRYD L JOLQD IOXYLMDOQR MH]HUVNRJ
GHOXYLMDOQR SUROXYLMDOQL L RG SRVUHGQRJ VX ]QDpHQ
SRMDYOMXMX L SOHLVWRFHQVNL PRpYDUQL SUDSRU NRSQH
NRSQHQL OHV
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'"HILQLFLMD PLQHUDOD JOLQD

3RMDP AJOLQD?®* VH GHILQLUD QD UD]JOLPpLWH QDpPLQH OLQ
VLOLNDWQH PLQHUDOH ILORVLOLNDWH LOL GUXJH PLQHUD(C
VXa4HQMX SRVWDMX NUXW PDWHULMDO 3RMDP JOLQD WDI
9HULQD JHRORJD JOLQDPD QD]JLYD PLQHUDOQH pHVWLFH X WC
PLNURQD *XJJHQKHLP DQG ODUWLQ BHGLPHQWROR]L C
YHOLpPLQD pHVWLED PDQMLK RG PP GRN NHPLpDUL WDM QI
PP .HPLMVNL JOLQH VX XJODYQRP JUDYyHQH RG VLOLFLMC
NROLpPLQRP 8HOMH]D DONDOLMVNLK L JHPQRDONDOLMVNLK

1IDVWDQDN PLQHUDOD JOLQD

OLQHUDOL JOLQD VHRGQRVH QD VNXSLQX KLGUDWL]LUDC
pHVWLFH YHOLpLQH PDQMH RG PP 7L PLQHUDOL VX NHP|
PLQHUDOLPD =HPOMLQH NRUH 3URFHVLPD WUR&AHQMD L HUF
UDVSRUHGD DWRPD L LRQD X QMLKRYRM VWUXNWXUL 3ULPCLC
YULMHGQRVWLPD WHPSHUDWXUH L WODND WH RELPQR QDVYV
8QXWDU =HPOMLQH NRUH WDNYL PLQHUDOL VX UHODWLYQR
SRVWDWL QHVWDELOQL WH MH PRJXUH GD VH RG QMLK IRUPI
RWSRUQLMLK SULPDUQLK PLQHUDOD NYDUF WLQMFLL QHNL
RWSRUQL PLQHUDOL SLURNVHQL DPILEROL VX VNORQL WU
PLQHUDOL 6HNXQGDUQL PLQHUDOL NRML QDVWDMX QD WDM C
PLQHUDOD LOLQHRIRUPLUDQMD SURFHVLPD SUHFLSLWDFLMF
56 L WHWUDHGURP NDR RVQRYQRP JUDGEHQRP MHGLQLFRP



6WUXNWXUD PLQHUDOD JOLQD

6YRMVWYD PLQHUDOD JOLQD XYMHWRYDQD VX NHPLI
UDVSRUHGRP DWRPD L LRQD WH HOHNWULpPQLP VLODPD NRNMN
MHGLQLFH PLQHUDOD JOLQD VX SDNHWL WHWUDHGDUVNLK |
SRYH]XMX SUHNR I[DMHGQL p BBIWBHNI) L QHUKRDWIHWHWGR2HGDUD
KLGURNVLOQH VNXSLQH L] MHGQH UDYQLQH RNWDHGDUVNR

6LEWHWUDHGUH JUDGL FHQWUDOQL VLOLFLMHY DWRP RNUX3a
NXWX WHWUDBGUDNVUDH&ERUD PHYXVREQR SRYH]DQLK YRGRU
NLVLNRYLK DQLRQD WYRUH KHNVDJRQVNX PUHAX NRMX QD]LY
ELWL ]DPLMHQMHQ DOXPLQLMHP 8 RNWDHGDUVNRP VORMX D
NDR NRRUGLQLUDMXUL NDWLRQ L XS3LOHRH+RX RIROXNABQQ R/ WDD
YLAH RNWDHGDUD pLQL RNWDHGDUVNL VORM 2NWDHGUL V
EULGRYD GRN VH WHWUDHGUL VSDMDMX SUHNR ]JDMHGQLDPN

6WUXNWXUQL UDVSRUHG RSLVDQLK HOHPHQDWD VWYDUD SU
LIRPRUIQH |]DPMHQH LRQD XQXWDU NULVWDOQH UHAHWNH V



. kisik . mngm.-z:i;i ili oktaedarski sloj

aluminij

60LND D 3BLLWBWAIRDHGUD OLMHYR L WHWU DJHADVWHERU DV CORINVIH Y
RNWDHGDUVNRJ VORMD GHVQR 85/



.ODVLILNDFLMD PLQHUDOD JOLQD

OLQHUDOLJOLQD VHQD WHPHOMX EURMD L UDVSRUHGD W
QD WUL WLSD

” WLS 7 2 JOLQD
” WLS 7 2 7 JOLQD

” WLS 7 2 7 2 JOLQD

.RG JOLQH MHGDQ VORM X VWUXNWXUL MHVDVWDYOMHQ |
RNWDHGDUD 1DMSR]QDWLML pODQ RYH JUXSH MH NDROLQL
PHYXVREQR SRYH]DQH SUHNR NLVLNRYLK DWRPD NRMH GLMH
LIVYRMHUDYQLQH 60RMHYH VNXSD GUAQH YRGLNRYH YH]H .R
XYRGL JERJ MDNLK YRGLNRYLK YH]D .DWLRQLL YRGD QH PRJ
, JRPRUIQD |BPIMB®IRERP WLSX PLQHUDOD MH ]DQHPDULYD

tetraedarski
sloj

oktaedarski
sloj

@ cluminij @ silicij @ vodik O kisik

60OLND 6WUXNWXUD NDROLQLWD



.RG GUXJH JUXSH JOLQD JOLQH VORM MH VDVWDYOMHQ L]
VH QDOD]L UDYQLQD RNWDHGDUD 7UL JUXSH LPDMX RYX NU
EXEUH WH VPHNWLWL L YHUPLNXOLWL NRML EXEUH

kisik  vodik  silicij i aluminij aluminij

60OLND 6WUXNWXUD LOOLWD



*UXSD MR& VH QD]JLYD L NORULWQD JUXSD PLQHUDOD 8V
LIPMHQMXMX VH VORMHYL VD RNWDHGDUVNLP VORMHYLP
QDVWDMH WLS VORMD I1HIDWLYQL QDERM NORULWD MH [
QHIJDWLYQRJ QDERMD YHUPLNXOLWD LOL VPHNWLWD 9HOLF
WDNRVYHU VOLpQL RQLPD KLGURWLQMDFD L JERJ WRJD QLMH

. .-‘._-_
0= S,

AN

. ﬂ.\..

oktaedarski sloj

tetraedarski sloj

brucitni sloj
MgsOH12

@ hidroksilnianion @ silicij ili aluminij

O kisik o silicij, ponelad
aluminij

60LND 6WUXNWXUD NORULWD
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8]JRUFL VX SULNXSOMHQL VWUL UD]J]OLpLWD ORNDOLWHW
'RwuUapLQbD 2SRURYHF +RUYDWRYDF 1D VYDNRP ORNDOLWH
pLMH UH GXELQH ELWL QDEURMHQH SR ORNDOLWHWLPD 6 SUY

V GXELQD FP PL P 6 GUXJRJORNDOLWHWD 2SRURYHF
FP FP L FP 6 WUHUHJ ORNDOLWHWD QD +RUYDWRYFX X]R
FP FP FP FP FP L FP 3UYD GYD ORNDOLWHWD

VX PMHVWD LVNRSLQD ELOD SUHNULYHQD YHIHWDFLMRP 60
L]X]JHWL L] MH]JDUD GYLMH EX&RWLQH QD OLYDGL SUHG
SULURGRVORYQR PDWHPDWLPNRJ IDNXOWHWD 7RpQL SROR3A
NDUWL 6OLND L QD JHROR&GNLP NDUWDPD 6OLND

60LND , ]JGDQDN QD ORNDOLWHWX 2SRURYHF



60OLND SRORADM WRPDND X]RUNRYHFMDR32RWHRAPYL QW R Y2OF 2SR+

6OLND ,VMHpPDN L] RVQRYQH JHRORZNMN]RDNRWDY RDQ D p HRLB &YW
2SRURYHF 2*. /LVW ,YDQLU *UDG



60OLND ,VMHPDN L] RVQRYQH JHR ORE NHRUINRY B QM GRAUHDWRW R
2*. /ILVW =DJUHE



7TDEOLFD B3RSLV X]JRUNRYDQLK X]J]RUDND

2]QDND X]RUND

/IRNDOLWHW

'XELQD X]RUNRY

‘27 FP "RWU&PLQD FP
‘27 P 'RWU&PLQD P
‘27 P '"RWU&PLQD P

232 FP 2SRURYHF FP
232 FP 2SRURYHF FP
232 FP 2SRURYHF FP
+ FP +RUYDWRYDF FP
+ FP +RUYDWRYDF FP
+ FP +RUYDWRYDF FP
+ FP +RUYDWRYDF FP
+ FP +RUYDWRYDF FP
+ FP +RUYDWRYDF FP
+ FP +RUYDWRYDF FP
+ FP +RUYDWRYDF FP
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=D SRWUHEH RYRJUDGD ELOR MH SRWUHEQR GRELWL aW|
PLQHUDBUXNSUKLPMHYVD 7R MH SRVWLJQXWR XNODQMDQMHP R L
KLGURNVLGD L] X]JRUDND 8 X]JRUFLPD QLMH XWYUJyHQD NDU|

, ]JGYDMDQMH RUJDQVNH WYDUL L]YUAGHQR RSUH]QLP XOLMHYL
WH MH VYH VNXSD SRYUHPHQR SRPLMH&GDQR VWDNOHQLP aV
RUJDQVND PDWHULMD L] X]RUND

1DNRQ L]JGYRMHQH RUJDQVNH WYDUL L] X]JRUND MH ELO
RNVLGH RNVLKLGURNVLGH 7DPPRYLP UHDJHQVRP NRML VH ¢
RNVDO REPg 43 L JRNVDODWQHNLVHOBRQ HRRQ+ M RANMDHO D\
RNVDODWQD NLVHOLQD VH |IDVHEQR RWDSDMX X RGYRMHQLF
WLNYLFX X PO GHVWLOLUDQH YRGH =DWLP VH GR R]IQDNH
&LOM MH GRELWL KRPRJHQX RWRSLQX a4WR VH PRaH SRVWLIU
SURYMHULWL S+ RWRSLQH WH XNROLNR MH S+ PDQML RG GR
GRYHVWL GR 8 VXSURWQRP DNR MH S+ YHUL RG GRGDM

=D VYDNL RG X]RUDND QDSUDYOMHQH VX SR RGYDJH 8
SULEOLAQR J VX&4HQRJ X]JRUND L] NRMHJ MH SUHWKRGQR L
GRGDQR PO 7DPPRYRJUHDJHQVD WH VHVYHVNXSD WUHVOR
NDNR EL 7DPPRY UHDJHQV 4&WR EROMH LJUHDJLUDR V X]RUNRF
SRWUHEQR MH X]JRUNH FHQWULIXJLUDWL PLQ SUL USP 8)
MH SRWUHEQR UHVXVSHQGLUDWL GRGDWL NDSL 6XSHUIOR
L]QDG WDORJD VH GHNDQWLUD D WDORJVH LVSLUH SRPRiIX C
PLQ SUL USP 6YDNR LVSLUDQMH VH SRQDYOMD WUL SX)\
GHNDQWLUD 1DNRQLVSLUDQMD WDORJVH YDGL L] NLYHWD W
GDQD QD VXdHQMX 'LR VXKRJ X]JRUND WUHED RGYRMLWL ]D D
GUXJL GLR ]D LJUDGX RULMHQWLUDQLK SUHSDUDWD 'HNDQ}!



DQDOL]X GD EL VH XWYUGLOD NROLPLQD )H $O 0Q RNVLGD L |
RNVLGD RGUHYHQ MH VSHNWURPHWULMVNLP RGUHYLYDQMH
PHWRGRP LQGXNWLYQR VSUHJQXWH SOD]PH + DWRPVND HPI
QDNQDGQLP SUHUDPpXQDYDQMHP X RNVLGH QDYHGHQLK HOF
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OLQHUDOLJUXSHJOLQD LPDMXVYRMVWYRDGVRUELUDQM
]JDGUAH X WDNYRP REOLNX GD LK MH ODNR JDPLMHQLWL V QHN
QDOD]H X YRGHQRM RWRSLQL 5HDNFLMH ]DPMHQH RGJRYDUL
QH GROD]L GR SURPMHQH NULVWDOQH VWUXNWXUH PLQHUD
QDOD]H L]PHYyX L QD UXERYLPD VWUXNWXUQLK WHWUDHGDL
LIPLMHQMXMX % NBWER®LSI X &D

*OLQH PRJX LPDWL UD]OLpLWH HOHNWULpPpQH QDERMH R
RPMHUL WHWUDHGDUD L RNWDHGDUD 1HJDWLYQL QDERML QL
QDERML QHXWUDOL]JLUDQL VX pHVWLFDPD VXSURWQRJ QDEF

.DSDFLWHW NDWLRQVDWILRRMHBKD SU&EMF ESBRM - WDWLRQD X L]F
VH SR]QDWLP NDWLRQLPD OMHUL VH NROLNR UH QHNL PDWH!
RWRSLQL V QHNLP GUXJLP NDWLRQLPD ,]JuDabyYD VH X P(T

OLQHUDOL JOLQD RSUHQLWR LPDMX YHOLNX YULMHGQRVW &



7DEOLFD 9ULMHGQRVWL VSHFLILPQH SRYUSLQH L &(& D ]D Q

‘DUNHQWLDQ 9DQ 20SKHQ )ULSLDW
0,1(5%/ VYRMVWYR BVSHFLILPQD |&(& PHT J
%(7 P J

ORQWPRULO(GD

,OOLW QH a

.ORULW QH

9HUPLNXOLWGD

.DROLQLW |QH

.ROLPLQD LIPLMHQMHQLK NDWLRQD WDNRYHU RYLVLLRYUVW
VHOHNWLYQRVWL PLQHUDOD SUHPD RGUHYHQLP NDWLRQLPELC
&(& D REDYOMDMX VH SUL QHXWUDOQLP YULMHGQRVWLPD S-
UD]J]OLPLWLK NDWLRQD 6YL NDWLRQL QHPDMX LVWX®RU ]JDPM
.5 & 0@* 14 =D SRWUHEH RYRJUDGD NRULaAWHQ MH EDNUR
>&X g 6DVWDY EDNURYRJ HWLOHQ GLDPLQVNRJ NRPSOHNVI
RWRSLQDPD NRG S+ L SRVWRMDQ MH X JOLQDPD %HUJD\

.YDQWLWDWLYQD DQDOL]D SURYRGL VH VSHNWURIRWRPHWU
DSVRUEBBRORMURPDWVNH VYMHWORVWL NRMX DSVRUELUD K
$SVRUSFLMD MH SURFHV X NRMHP QHND NHPLMVND YUVWD ¢
LOWHQ]JLWHW QHNH IUHNYHQFLMH HOHNWURPDJQHWVNRJ ]
DSVRUEDQFLMD GLUHNWQR MH SURSRUFLRQDOQD NRQFHQ



.RQFHQWUDFLMD DQDOL]JLUDQH WYDUL WHPHOML VH QD %*#
IXQNFLMVNL RGQRV L]PHyX DSVRUEDQFLMH L NRQFHQWUDF|

$ ORJ , RF /

*GMB MHDSVRUEDQFLMD

, LQWHQJLWHW XSDGQRJ VYLMHWOD

, LOWHQ]JLWHW SURSX&WHQRJ VYLMHWOD
R DSVRUSFLMVNL NRHILFLMHQW

F NRQFHQWUDFLMD

/| GXOMLQD SXWD JUDPHQMD NUR] X]JRUDN

3uLMH VYDNRJ VSHNWURIRWRPHWULMVNRJ PMHUHQMD SF
NDOLEUDFLMVND NULYXOMD QD WHPHOMXGVWORQNGD UGID V
SULSDGDMXuLK YULMHGQRVWL DSVRUEDQFLMD

2GUHYyLYDQMH VH YUAL X GYLMH SDUDOHOQH SUREH D WHPHC
EDNURYRJ HWLOHQ GLDPLQVNRJ NRPSOHNVD SULMH L SRVO

NYDQWLWDWLYQD DQDOL]D SURYHGHQD MH SRPRUX VSHNWL



60OLND BULSUHPOMHQL VWNIHOSDUGXIDMH] YD GRW D 8 EBUSD(RLRIMH U

60OLND 6SHNVWSR+HRWRPHWDU



2WRSLQD EDNURYRJ HWLOHQ GLDPLQVNREJ NRRXSRMNRSEDL &RE L
GHVWLOLUDQRM YRGL L UDJULMHGL GR XNXSQRJ YROXPHQ
NRQFHQWUDFEMBWPROHP PO pPLVWRJIHWLOHQ GLBPLQD N
UDJULMHGL X GHVWLOLUDQRM 5Y0R G R FOLR' HYQRID RRHRSL QD ®IF
PROSGMWLP VH PO RWEBRBGOHK&X6P0 RWRSLQH HWLOHQ GLTC
GHVWLOLUDQRP YRGRP GREYRARPHMWR SEMD NRPSOHNVD NRQ
PROGP

3UYR &(& PMHUHQMH L]YHGHQR MH QD X]J]RUFLPD SULMH XNC
RNVLGD KLGURNVLGD D QDNRQ XNODQMDQMD QMLKRYD XNC(

=D SRWUHEH &(& DQDOL]H QD DQDOLWLpPNRM YDJL L]YDJDQR
YROXPHQD PO 8]RUFLVX SUHWKRGQR RVXaHQL QD f& VI
MH PO SUHWKRGQR SULSUHPOMHQH RWRSLQH EDNUHQRJ HW

PLQ SUL USP QD WUHVLOLFL 1DNRQ aWR VX VDGUAaDML X
V X PLQXWD SUL usPp PO ELVWUH RWRSLQH SRYUK LVWD
NLYHWX VSHNWURIRWRPHWUD WH VH PMHUL DSVRUEDQFLMI

8 TDEOLFL SULND]DQ SULND]DQH VX YULMHGQRVWL NRQFHQ'
NRQVWUXLUDQ EDAaGDUQL SUDYDF ]D X]RUNH SULMH XNOTE
RNVLGD KLGURNVLGD 6OLND



7TDEOLFD %DaGDUHQMH VSHNWURPHWUD VWDQGDUGQLP F
SRWUHEH PMHUROQOMXRMYRLED SULMH XNODQMDQMD RUJDQ
RNVLGD KLGURNVLGD

.RQFHQWUDFLMD $SVRUEDQFLMD

VWDQGDUGD PRO / SuUL QP

60LND .DOLEUDFLMVND NRQYXQMDRUBRHGOPD WMHBHDYWIDXFY ML MH C



8 7TDEOLFL SULND]DQ SULND]JDQH VX YULMHGQRVWL NRQ
NRMLEKRMWWUXLUDQ EDAaGDUQL SUDYDF ]D X]JRUNH QDNRQ XN
RNVLGD KLGURNVLGD 6OLND

7DEOLFD %DAGDUHQMH VSHNWURPHWUD QD VWDQGD
GLDPLQD |D SRWBHE D DWHRQMDPD QDNRQ XNODQMDQMD RU.
RNVLGD KLGURNVLGD

.RQFHQWUDFLMD $SVRUEDQFLMD

VWDQGDUGD PRO / SuUL QP

60LND .DOLEUDFLMVND N RIQWXNDUWXD. UBMZEG Q D QN HPUHIOWDXE YN LMH G
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5HQGJHQVND GLIUDNFLMD SUDKD MH DQDOLWLpPND PHW
NULVWDORJUDIVNLK NDUDNWHULVWLND =DVQLYD VH QD X«
GLIUDNFLML

5HQGJHQVNR JUDPHQMH YUVWD MHHOHNWURPDJQHWVNRJ JUE

JUDPHQMH LPD YLAH IUHNYHQFLMH 9DOQD GXOMLQD UHQG.
UHGD YHOLPLQH UD]JPDND PHYyX DWRPLPD X NULVWDOX 6WRJ
RSWLpND UHAHWND |]D UHQGJHQVNR JUDPHQMH $NR VH HOHI
YDOD RQELYD SREXyHQ QD YLEUDFLMHL VDP SRVWDMH L]YRL
L YDOQH GXOMLQH 8VOLMHG LQWHUDNFLMH RVQRYQRJ YDC
HOHNWURQRP NDR LVKRGLAWHP .D&HPR GD MH GRA0OR GR UD
VDVWRML L] YHUHJ EURMD HOHNWURQD NRML RNUX&XMX SR]L
UDVSU&XMX QD VYLP HOHNWURQLPD SD WDNR LQWHQJLWHW
DWRPX 1R QDV QH ]DQLPD UDVSU3GHQMH QD MHGQRP DWRPX
UDVSRUHVHQL X UHAHWNL QHNRJ NULVWDOD .DGD HOHNWUR
HOHPHQW UH&AHWNH GMHOXMH NDR L]YRU QRYRJ NXJODVWR.
UDVSUAHQMD 'RELYDPR GLIUDNFLMX ,QWHQJLWHW UDVSU
PDNVLPXP X VPMHUX XSDGQRJ VQRSD QR SRVWRMDW iiH
VPMHURYLPD JGMH UDJOLND KRGD PHYyX YDORYLPD QDVWDO
« Q YDOQLK GXOMLQD 7DNRJRYRULPRRVSHNWUX SUYRJ G
VPMHUX XSDGQRJ VQRSD MH QXOWRJ UHGD

8 RYRP UDGX ID]QD DQDOL]D X]JRUDND L]YUZHQD MHPHWRGRP
X]RUDN MH ELR SROLNULVWDOQL MHNRQVWDQWDQH L]QRVI
JUDPHQMX ]D PRQRNURPDWL]DFLMX NR U L\5W W /IHVFHFEOWR R UR R\l
SROLNULVWDOLPD LPDPR XYLMHN YUOR YHOLNL EURM NULV\



VYDNRP WUHQXWNX QHNL NULVWDOLWL J]DGRYROMDYDM X
NULVWDOQLK PUHAQLK UDYQLQD 6OLND

@ BYLRQ

*GMB QMHFLMHOL EURM NRML R]QDpDYD UHG GLIUDNFLMH
YDOQD GXOMLQD UHQGJHQVNRJ JUDPHQMD

G PHyXPUH&QL UD]JPDN RGUHYyHQRJ WLSD PUHAQLK UDYQLQE
58XW GLIUDNFLMH

3UHPD %UDJJRYRP |DNRQX GR GLIUDNFLMH QDEM®ONRP VN
PHYXPUHAQLP EBREOMNRE VDPR X5RM NRMIXMWH UDJOLND X KRG
JUDND UHIOHNWLUDQLK VGYLMX VXVMHGQLK UDYQLQD MHGQ
X]RUDN REDVMDPR PRQRNURPDWVNLP UHQGJHQVNLP JUDPHQ
GLIUDNFLMVNL PDNVLPXP X REOLNX NRQXVD

6O0OLND %UDJJRY ]DNRQ



6QLPDQMHP X]JRUND GRELMH VH GLUDNWRJUDP UHQGJHQRJU
GLIUDNWLUDQRJ JUDPHQMD RNXWX .DNRMHWDRYLVQRVW N
WR VOXAL ]D LGHQWLILFLUDQMH LVSLWLYDQLK WYDUL L RC
2GUHYLYDQMH QHSR]QDWH WYDUL YU&L VH XVSRUHVyLYDC
UHQGJHQRJUDPLPD SR]QDWLK PDWHULMDOD L] ED]JH SRGDW



BULSUHPD X]RUDND |]D UHQGJHQVNX GLIUDNFLM

=D SRWUHEH RYRJ UDGD GLIUDNFLMVND DQDOL]D VH UDG
SUHSDUDWLPD ,QVWUXPHQW NRML VH NRULVWLR ]D VQLPD(
3KLOLSV 3: ;ISHUW 3UR 6O0OLND

8NXSQL VDVWDY X]JRUND AEXONu GRELR VH VQLPDQMHP QHR
JOLQD RGUHYHQL DQDOL]RP RULMHQWLUDQLK SUHSDUDWD
X]JRUDND VX LIGYRMHQL RUJDQVND WYDUL L )H $O0 0Q RNVLGL
IUDNFLMD PLQHUDOD JOLQD

60LND SHQJHQVNL GLIUDNWRPUHW BURBKODQBVYBORANR;$BIMVURJIL



, JUDGD QHRULMHQWLUDQLK SUHSDUDWD

.RG QHRULMHQWLUDQLK SUHSDUDWD RULMHQWDFLMD ¢
LOQWHQJLWHWL UHSUH]JHQWDWLYQL ]JD VYH PUH&QH UDYQLQF
LQIRUPDFLMD R X]JRUNX L NDR WDNYL QH VOX&H ]D LQWHUSUH
PDNVLPXPL VODEL L SUHNULYHQL PDNVLPXPLPD GUXJLK PLC
JLSV SLULW ]JHROLW

SULSUHPD WDNYLK DSDUDWD YUaL VH QD QDpLQ GD VH X]J]RUD!I
RG RNR P VWDYOMD X DOXPLQLMVNL QRVDpPp NRML VH SRV

, JUDGD RULMHQWLUDQLK SUHSDUDWD

=D L]JUDGX RULMHQWLUDQLK SUHSDUDWD SUHWKRGQR V
RNVLGL KLGURNVLGL 8]RUNH JOLQD MH SRWUHEQR SUHWKR
XVLWQLOH L KRPRJHQL]JLUDOH X DKDWQRP WDULRQLNX 6WR
UD]J]OLpPpLWLK YHOLpLQD YyHVWLFH WRQX SRG XWMHFDMHP JU
WHNXULQL X NRMRM GROD]L GR VHGLPHQWDFLMH 9ULMHPH S
NRULVWHUL VOMHGHUOL L]JUD]

7 KJGSEGW'

*GMHWMMULMHPH SRWUHEQR GD SRWRQH pHVWLFD
YLVNR]JQRVW

K YLVLQD VWXSFD WHNXuULQH

J JUDYLWDFLMD



GS JXVWRUD pHVWLFH
GW JXVWRUD WHNXULQH

"SURPMHU pHVWLFH

8 ODERUDWRULMX VX SULURGQL XYMHWL XEU]DQL FHQWULI.
RYLVQRVWL R UDGLMXVX FHQWULIXJH L EU]JLQL RNUHWDMD

=D L]JUDGX RULMHQWLUDQLK SUHSDUDWD SRWUHEQH VX JOL
NRMHJD MH SUHWKRGQR L]JGYRMHQD RUJDQVND WYDU )H $0O
KRPRJHQLJLUD X DKDWQRP WDULRQLNX 8]RUDN VH GRGDMH »
VH SRVWXSQR GROLMHYD GHVWLOLUDQD YRGD WH VH VYH PLM
VH QD YLVLQL RG L FP 8]RUFL VX XOLYHQL X NLYHWH WH V>
VHNXQGL YULMHPH MH RGUHYHQR QD WHPHOMX 6WRFNHVR
7THFKWQLFD &HQWULF $ SUL USP RNUHWDMD X PLQXWL
PDQMD RG P L]YXpHQD SODVWLpPQRP SULFRP VWDYOMD VH
WH pD3H VH QDNDSDYD LVSRG ,& ODPSH QD SUHGPHWQD VWI
MHGQRM VWUDQL ]JERJ ODN&HJ SULDQMDQMD pHVWLFD 2G V
RG NRMLK VH MHGDQ VQLPD QD GLIUDNWRPHWUX EH] SUHW
HWLOHQ JOLNRORP UDGL SURYMHUH VYRMVWDYD EXEUHQMD
QD f& D ]DWLP QD fé&
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OMHUHQMHNDSDFLWHWD NDWLRQVNHL]PMHQH YUALOR VH GY
RUJDQVNH WYDUL L )H 0Q $O RNVLGD KLGURNVLGD
RUJDQVNH WYDUL L )H 0Q $O RNVLGD KLGURNVLGD 7DEOLF

TDEOLFD

7TDEOLF

5HIXOWDWL PMHUHQMD NDWLRQVNH L]IPMHQH «

NRPSOHNVRP QD X]RUFLPD SULMH XNODQMDQMD RUJDQVNH

PMHUHQH VX GYLMH SDUDOHOQH SUREH '27 FP '27
LWG
8]RUDN NRQFH( LIPMHQ| P(T P X]RU|l P(T S+
LMD PRORYI

27
FP

(

27
FP|

‘27 P

‘27 P

‘27 P

‘27 P
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232
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FP [
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7TDEOLFD SHIXOWDWL PMHUHQMD NDWLRQVNH L]JPMHQH
NRPSOHNVRP QD X]RUFLPD QDNRQ XNODQMDQMD RUJDQVNH
PMHUHQH VX GYLMH SDUDOHOQH SUREH '27 FP '27 FP [
LWG

8]RUDN $ NRQFH( LIPMH{Q P(T
FLMD R PROR

27 (

FP
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5HQWJHQVND GLIUDNFLMVND DQDOL]D SURYHGHQD MH V

SURXpDYDQLK X]JRUND 8 SUYRM ID]JL GLIUDNFLMVNH DQDOLI
UHQGJHQVNRP GLIUDNWRPHWUX 3KLOLSV 3: ;I3HUW
QHRULMHQWLUDQL X]JRUFL L D ]JDWLP VX QDNRQ WUHWPDQ
RNVLGL KLGURNVLGD SULUHYHQL RULMHQWLUDQL X]JRUFL N
I1HRULMHQWLUDQL SUHSDUDWL VX VQLPDQL YV FLOMHP XWYUY
RULMHQWLUDQL NDNR EL VH WRpQLMH RGUHGLOL PLQHUDOI



5H]XOWDWL UHQGHJHQVNRUEMMQOWEUDQNK BOQF

5HGQJHQRJUDPL QHRULMHQWLUDQLK X]JRUDND SULNXSC
SULND]DQL VX QD VOLNDPD

60LND 8VSRUHGQL SULND] UHQGJRIWRND D/PQDJEBPHYEHRD WLQBQ
KRULJRQDWD V ORNDOLWHWD 'RW LAWY L BID SOMINRBOBVLOV &K
9HU YHUPLNXOLW



6OLND 8VSRUHGQL SULND] UHQG JRWRND D/P Q DQE B i G HR WLQ B Q
KRULJRQDWD \B DRRINBIOAFVNHWRIF 0V PXVNRYLW 9HULYHUPLNXOLW



6OLND 8VSRUHGQL SULND] UHQG JRQRND D/PQDQE B pH @ HRD WLQYBQ
KRULJRQDWD V GRNPDUWRWWERYDUF OV PXVNRYLW 30 SODJLRNO|
.0Q NDROLQLW



6OLND 8VSRUHGQL SULND] UHQG JRIQIRND D/P Q DQE BpH QHR WLQ B Q
KRULJRQDWD V GRNIOUWSRMWBIYDUF OV PXVNRYLW 30 SODJLRNC
.0Q NDROLQLW



5H]XOWDWL UHQGJHQVNHVEQIWDMNE QMK NH D DU

2G X]JRUDND L] NRMLK VX XNORQMHQH RUJDQVNH WYDL
SULSUHPOMHQL VX RULMHQWLUDQL SUHSDUDWL NRML VX QD
VX NRUDNX VQLPDQL EH] LNDNYRJ WUHWPDQD X GUXJRP QTC
WUHUHP NRUDNX VX VQLPDQL QDNRQ 4DUHQMD QD f&L f&
SURJUDPX ;f3HUW +LJK6FRUH

SHQGJHQRJUDPL RULMHQWLUDQLK SUHSDUDWD JUDILpNL VX
60OLNH + QULMHGQRVWL PHSXPNBAMQK UP WDEOLEQR 7DE
]D RULMHQWLUDQH SUHSDUDWH OLQHUDOL JOLQD X VYDNRF
WHPHOMX REOLND GLIUDNFLMVNLK PDNVLPXPD WH QMLKRYF

7DEOLFD 3ULND] YULMHGQRVWL PHEBRQHSQUKHUD/®HDNO LR D X XK
FP SULMH L QDNRQ WUHWPDQD

G c¢c | EXEUH f& f& | PLQHUDO

NORULW

GLRNWDH(
YHUPLNXQ

LOOLW

NORULW




6OLND 5HQGJHQRJUDPL RULMHQWLUDQRJ X]JRANDHB7QDFP [&7 '2F
FP + 8DUHQ QD f& '27 FP E ©RRHWL UDRMR: HWMOHWIODNR X]R L



7DEOLFD 3ULND] YULMHGQRVWL PHYBPQHSQUKHUD|®DNO LR D X XK
P SULMH L QDNRQ WUHWPDQD

G c | EXEUH fé& f& | PLQHUDO

NORUW

YHUPLNXOQO

LOOLW

NORULW

60OLND 5HQGIJHQRJUDPL RULMHQWLUDQRJ X]JRUND '27 P

27 P + AaDUHQ QD f& '27 P + ADUAQ QM E WIBHW2ZUDQR HW
JOLNRORP '27 Pt QHWUHWLUDQL X]J]RUDN



7DEOLFD 3ULND] YULMHGQRVWL P H Yy XQRHUMA@H K DUDH PDN D I Xc X ] R IBNROM'R G L
QDNRQ WUHWPDQD

G c¢c | EXEUH f& f& | PLQHUDO

VPHNWLW

GLRNWDH ¢
LOOLW"

LOOLW

NDROLQLW

NDROLQLMW

60LND 5HQGJHQRJUDPL RULMHQWLUDQRY XDRUWINDQ'R7 P& "27 P *
ADUHQ QD f& '27 P E + WUHWLUDQRNWWIWOAHQ QD XNRORR '27 P+ QH



7DEOLFD 3ULND] YULMHGQRVWL P H#GLWH P L& HADOD B BINIED GQD KXDX$RWIN X
SULMH L QDNRQ WUHWPDQD

G c EXEUH f& f& PLQHUDO

VPHNWLW

! NORULW

'LRNWDHG
YHUPLNXO

'LRNWDHG
LOOLW

LOOLW

NORULW

60OLND 5HQGJHQRJUDPL RULMHQWLUDQRR X]RUNDUBERQDFP f&3232 F
FP + &DUHQ QD f& 232 FP E+PWQB2VL UDRERQHHWLLOHL DO QNRXOR U L



7DEOLFD 3ULND] YULMHGQRVWL P H§GLWQH P L& HADO B BINIED GQD KXDX$RWIN X
SULMH L QDNRQ WUHWPDQD

G c¢c | EXEUH f& f& | PLQHUDO

VPHNWLW

VPHNWLW

GLRNWDH (
YHUPLNXO

LOOLW

NORULW

60LND 5HQGJHQRJUDPL RULMHQWLUDQRP X]R&UBDU2ABQ QDFP f&R32232
FP + aDUHQ QD f& 232 FP E tPWRIRWLUFPQRROHWUGIMQ UDQNRXQRU I



7DEOLBBULND] YULMHGQRVWL PHYyXPUHAQLK UDHPIIDND B X X]R SRX HEBL Q H-
SULMH L QDNRQ WUHWPDQD

6OLND
FP

G c¢c | EXEUH

f&

f&

PLQHUDO

VPHNWLW

GLRNWDH |
YHUPLNXO

LOOLW

NORULW

5HQGJHQRJUDPL RULMHQWLUDQRP X]R&BDU2BQ QDFP f&32232

+ &DUHQ QD

f& 232

FP E

=+

wi3awLERDX R HHWUWLIOW QUDALN R JORRJFD |



7DEOLBBULND] YULMHGQRVWL PHYyXPUH&QLK UHDJ©DAD X% XJ RIDNORM H & PQSHUR
QDNRQ WUHWPDQD

G c EXEUH fé& f& PLQHUDO

VPHNWLW

GLRNWDH(
YHUPLNXQ

! GLRNWDH(
YHUPLNXO

GLRNDWH (
LOOLW

LOOLW

NORULW




BOLND 5HQGJHQRJUDPL RULMHQWLUDQRJADRNQ DB HFR + HFP
8DUHQ QD f& + FP E + WUHWLUDQBHWNIUDHQ XPRNBRRRP + F



7DEOLBDULND] YULMHGQRVWL PHYyXPUHA&QLK UHDJ©DQD % XJ RIDNSRM H G PQSUR
QDNRQ WUHWPDQD

G c¢c | EXEUH f& f& | PLQHUDO

NORULW

GLRNWDH ¢
YHUPLNXQO

GLRNWDH(
LOOLW

,O0LW

NORULW

NDROLQLW




6OLND 5SHQGJHQRJUDPL RULMHQWLUDQRJADIRNQ DB FR + HFP
8DUHQ QD f& + FP E + WUHWLUD GIR/ MW DBIDQILOXNRDRP + FPz Q



7DEOLBIULND] YULMHGQRVWL PHyXPUH&QLK UDPRDWIXX R YN ZRMH G PGSR |
QDNRQ WUHWPDQD

G c EXEUH f& f& PLQHUDO

NORULW

GLRNWDHC(
YHUPLNXO

LOOLW

NORULW

60LND 5HQGJHQRJUDPL RULMHQWLEPQR:EXRUNQ @D FP& ++ FP +
4aDUHQ QD f& + FP E + WUHWLUDQRWWWMWIH® QDXNROBR + FP+ C



7DEOLBIULND] YULMHGQRVWL PHyXPUH&QLK UDPRDWIXX]R YN ZRMH G PGSR |
QDNRQ WUHWPDQD

G c¢c | EXEUH f& f& | PLQHUDO

VPHNWLW

NORULW

GLRNWDH (
YHUPLNXO

GLRNWDH (
LOOLW

,O0LW

NORULW




60LND
ADUHQ QD

5HQGJHQRJUDPL RULMHQWLUP QR & % PRIHNDQD
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f& + FP E + WUHWLUDQRWHMWMWAIH@ QOLNROBR

+

FP

I+

FP+



7DEOLBDULND] YULMHGQRVWL PHYyXPUHA&QLK UHDJ©DQD % XJ RIDNSR-M H G PQSHUR
QDNRQ WUHWPDQD

G c¢c | EXEUH f& f& | PLQHUDO

NORULW

GLRNWDH ¢
YHUPLNXO

LOOLW

NORULW

6OLND 5HQGJHQRJUDPL RULMHQWLUDQRXBRIRLUNDRDE FR + FP +
ADUHQ QD f& + FP E + WUHWLUDGIR/ MW DBIRQILOXNRDRP + FPz Q



7DEOLBDULND] YULMHGQRVWL PHYyXPUH&QLK UHDJ©DAD % XJ RIDNSR-M H G PQSUR
QDNRQ WUHWPDQD

G ¢ | EXEUH fé& f& PLQHUDO

NORULW

GLRNWDH (
YHUPLNXO

GLRNWDH(
LOOLW

LOOLW

NORULW

I+

60LND 5HQGJHQRJUDPL RULMHQWLUDQRARIRUNDEG FR + FP
aDUHQ QD f& + FP E + WUHWLUDGR BIMWOBDQLOX NRRUDRP  + FP+ Q



7DEOLBIULND] YULMHGQRVWL PHYyXPUH&QLK UDPRDWIXX]R YN ZRMH G PGSR |
QDNRQ WUHWPDQD

G ¢ | EXEUH fé& f& PLQHUDO

VPHNWLW

! GLRNWDH (
YHUPLNXO

,O0LW

NORULW

I+

6OLND 5HQGJHQRJUDPL RULMHQWLUDQRH XPRIHDQD FR + FP
A4DUHQ QD f& + FP E = WUHW L UPDQ @ HHWMULFOMIQU DQLNR]RRID N + F



7DEOLBHULND] YULMHGQRVWL PHYXPUHA&QLK WD]®DYND G Xd RIDNSRMHGER 1S B
L QDNRQ WUHWPDQD

G c EXEUH f& f& PLQHUDO

VPHNWLW

! ! YHUPLNXQG

! ! GLRNWDH
YHUPLNXQG

LOOLW

NORULW




BOLND 5HQGJHQRJUDPL RULMHQWLPDQRJARHRMD F& + FP
ADUHQ QD f& + FP E + WUHWLUDQR/IHWLOBQLIJROIRNFOONRP  +
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SRGUXpMH LVWUDALYDQMD RYRJ UDGD REXKYDUD SRGUXpMF
ORNDOLWHWD +RUYDWRYDF 'RWUapLQD 2SRURYHF =D
ODERUDWRULMVNL SRVWXSFL NDNR EL VH XWYUGLR FMHORN
YHUWLNDOQD L KRUL]JRQWDOQD SRYH]DQRVW PLQHUDOQRJ
XVSRUHGH GRELYHQL UH]XOWDWL XQXWDU VYDNRJ SURILC
ORNDOLWHWLPD

8]JRUNRYDQMH NDR SRpHWQD ID]D LVWUDALYDQMD REXKYD!
LIX]JHWLK L] UD]OLPLWLK GXELQD VD VYDNRJ ORNDOLWHWD 1
IUDNFLMH V FLOMHP XNODQMDQMD GUXJLK PLQHUDOQLK SU
RNVLGD L KLGURNVLGD L] X]JRUDND 9DOMD QDJODVLWL Gl
NRPSRQHQWH 1DNRQ WRJD MH XWYUYyHQ NDSDFLWHW NDWLR (
PMHUHQMD QD X]RUFLPD SULMH L QDNRQ XNODQMDQMD RUJC
JUDILPNL VX REMHGLQMHQH 60LND ,] JUDID MH MDVQR YL
X]RUFLPD ]QDWQR YHiUH SULMH QHJR VX L] QMLK L]GYRMt
RNVLGL KLGURNVLGL 5D]JORJ WRPH MH YLVRN SRVWRWDN
PROHNXOH RGOLNXMH YHOLNL DILQLWHW YH]DQMD NDWLRQI
6LOYHLUD HW DO

S8NODQMDQMHP RUJDQVNH WYDUL L )H $0O0 0Q RNVLGD KLGUF
IUDNFLMD L YULMHGQRVWL &(& D VX XJODYQRP YHUH NRG X]I
EXEUHUH LPDMX YHuUX YULMHGQRVW &(& DX RGQRVX QD GUXJ
GD QD YHULP GXELQDPD LPDPR QHaAWR YHUL SRVWRWDN EXE



60LND +LVWRJUDP YULMHGQRVWL &(&RDIDQIVMIH WODMNIRQ XH C
RNVLGD KLGURNVLGD & (& Y WRWHGDRIWDWLUSHYXGW o & 11 OGNDM K MU H

OHWRGRP GLIUDNFLMVNH NYDOLWDWLYQH IDJQH DQDOL]H SU
]D SRWUHEH RYRJ UDGD GLIUDNFLMVND DQDOL]D VH UDGL¢
SUHSDUDWLPD 1HRULMHQWLUDQL SUHSDUDWL VX VQLPDQL
XWYUGLR FMHORNXSQL PLQHUDOQL VDVWDY SRMHGLQRJ X]R
XVSMHGQR VH LGHQWLILFLUDOR SRMHGLQH PLQHUDOH JOLC
UD]JOLNRYDQMX SUHPD NDUDNWHULBWLPpQLP PHYyXPUHAaQLP L

SBURXpDYDQMHP UHQGJHQRJUDPD QHRULMHQWLUDQLK SUHS
NYDUFD PXVNRYLWD SODJLRNODVD YHUPLNXOLWD NORUL



1D RULMHQWLUDQLP SUHSDUDWLPD XWYUYHQL VX PDNVLPXPI
YHUPLNXOLWD LOOLWD GLRNWDHGULMVNRJ YHUPLNXOLW
NDROLQLW VPHNWLWD

1D SUYRP ORNDOLWHWX 'RWU&pLQD SULNXSOMHQR MH WUL
GXELQH 1D SUYH GYLMH GXELQH SURQDJHQL VX NORULW GL
X]JRUNX V P GXELQH X] QMLK XPMHVWR YHUPLNXOLWD SURQ
NDROLQLW WDEOLFH 1D GUXJRP ORNDOLWHWX 2SRUR
GXELQD FP FPL FP OLQHUDOQL VDVWDY VYD WUL KRL
QDOD]JLPR VPHNWLW NORULW GLRNWDHGDUVNL YHUPLNXOL
KRUL]JRQW VDGU&L GLRNWDHGULMVNL LOOLW NRMHJ QH SURQ

1D WUHUGHP ORNDOLWHWX +RUYDWRYDF SULNXSOMHQR M
EX4RWLQH L]YDYyHQD VX pHWLUL X]JRUNDV GXELQD FP FP
VYLP KRULJRQWLPD YUOR MH VOLpPpDQ 8 VYLP KRUL]JRQWLPD
YHUPLNXOLW WLQMDF 6PHNWLW QDOD]JLPR X X]JRUFLPD V G XE
LIPHYyX WH GYLMH GXELQH QLMH SURQDYyHQ 'LRNWDHGULN
SURQDVHQL VX VDPR QD SUYH GYLMH GXELQH WDEOLFH
L]IYDYyHQD pHWLUL X]JRUND V GXELQD FP FP FP F
SURQDOD]LPR NORULW LOOLW L GLRNWDHGULMVNL YHUPLN>
MHGLQL SURQDYHQL PLQHUDOL GRN QD RVWDOLP GXELQDPI
GXELQL RG FP WR MH GLRNWDHGULMVNL LOOLW QD FP
WDEOLFH

8]JRUFL VD VYLK ORNDOLWHWD VX YUOR VOLPQRJ PLQHUDOC
KRULJRQWH WOD L VHGLPHQDWD L]PHYX LVWUDALYDQLK ORT
X]JRUFL VD VYLK ORNDOLWHWD VDGUAH LOOLW NORULW L
SRYHUDQMHP GXELQH SRMDYOMXMX VPHNWLW NDROLQLW

LIQLPND ORNDOLWHW 2SRURYHF JGMH VPHNWLW QDOD]LPR X



+RUYDWRYDF X SUYRM EXaRWLQL VPHNWLW VH SRMDYOMXMF
VORMHYLPD L]JPHYyX QLMH SULVXWDAQ

S3ULMHOD] LOOLWD X VPHNWLW MH JHRNHPLMVNL SURFHV NRI
IRUPLUDQMD PMHGDQRVORMQH JOLQH LOOLW VPHNWLW WH "
GXJRWUDMQLP VXKLP L NUDWNLP YODAaQLP SHULRGLPD PD!
7TKRUH] SULVXWQRVW VPHNWLWD WDNRYHU VH PRAH SL
SRYH]IDQRJV YXONDQVNRPDNWLYQR&UX WLMHNRP PLRFHQD C
GLR VPHNWLWD VH PRaH SRYH]DWL L VD VWDULMLP SUHWDOR
DO



=$./-8YS%.

&LOM RYRJ LVWUDALYDQMD ELR MH XWYUGLWL YHUWLN
KRUL]JRQWLPD WOD L SULSDGDMXuLP SOLRNYDUWDUQLP QDYV
QD WHPHOMX PLQHUDOQRJ VDVWDYD L NDSDFLWHWD NDWLRC
ORNDOLWHWD MXJRLVWRpPpQH OHGYHGQLFH 'RWUapLQD 2SR

OLQHUDOL JOLQD VX RGUHYHQL QD WHPHOMX QMLKRYLK NDULCL
X SRPHWQRM ID]JL PDNVLPXPL SUHNULYQL PDNVLPXPLPD GUXJ
RUJDQVND WYDU L )H $0 0Q RNVLGL KLGURNVLGL WH VX Sl
UHQGJHQVNX GLIUDNFLMVNX DQDOL]X OHWRGD UHQGJHQVN
QHRULMHQWLUDQLP SUHSDUDWLPD XNXSQLK X]J]RUDND 8 QH
NYDUF PXVNRYLW SODJLRNODV YHUPLNXOLW NORULW L
XWYUyHQL VX PDNVLPXPL VPHNWLW NORULWD NORULWD
GLRNWDHULMVNRJ YHUPLNXOLW WLQMFD VPHNWLWD GLRN

ULMHGQRVWL &(& D QDNRQ L] GYDMDQMD RUJDQVNH WYDUL
VX PDQMH X RGQRVX QD SULSDGDMXuH YULMHGQRVWL |]D QH\
GXEOMLK VORMHYD &aWR XND]XMH QD WR GD VH X WLP VORI
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$PPDQQ [/ %HUJD\D 5 /DIJDHONHYUPLQDWLRQ RI WKH FDWLR
FDSDFLW\ RI FOD\V ZLWK FRSSHU FRPSOH[HV UHYLVLWHG &

%DUWRQ & ' .DUDWKDQD&Q@B\ $LQHUDOV 5 /DO (G (QF
6RLO 6FLHQFH 1HZ <RUN 86% ODUFHO 'HNNHU
%DVFKs 2 2VQRYQD JHROR&ND NDUWD 6)5- ILVW ,YI

*HROR&NL |][DYRG =DJUHE 2285 ]D JHRORJLMX L SDOHRQWR:
JHRORA&GNL LQVWLWXW %HRJUDG

%HUJD\D ) 9D\HW0& RI FOD\V OHDVXUHPHQW E\ DGVRUSWL
HWK\OHQHGLDPLQH FRPSOH[ $SSOLHG &OD\ 6FLHQFH

*ULJHOM $ 7LEOMDA& ' .R¥WDpLiU 'DDJIAHSIHMLN RI OLRFHQH
VHGLPHQWDU\ URFNV LQ WKH 6DYD 'HSUHVVLRQ &URDWLD

*XJJHQKHLP 6 ODUWLQHSLQLWLRQRI&OD\DQG &OD\OLQHUD
WKH $,3($ LIRPHQFODWXUH DQG &06 1RPHQFODWXUH &RPPLWV
&O0D\ OLQHUDOW

+UYDWVNL JHRBORANL*HROWBEWDBIWDUWD 5HSXEOLNH +UYDWYV|
JHROR&GNL LQVWLWXW

/JRUHQ] 0 3 *XHQWHUHWHUPLQDWLRQ RI WKH FDWLRQ H[F
FOD\ PLQHUDOV XVLQJ FRPSOH[HV RI FRSSHU ,, LRQ ZLWK \
WHWUDHWK\OHQHSDQWDPLQH &OD\V DQG &OD\ OLQHUDOV

3DPLUO - .ULVWDOLQD SRGORJD MXaQLK GLMHORYD 3DQF
SRYUGLQVNLP L EXaRWLQVNLP SRGDFLPD 1DIWD

3DPLUO - TRPOMBQRYLU%BRBVLF JHRORJLFDO GDWD RQ WKF
OLG 7TUDQVGDQXELDQ =RQH $FWD *HRORJLFD +XQJDULFD



6LOYHLUD 0 /$ $OOHRQL / 5 ) &DPDUJB 2 $ &&RB3SBJIUDC
DGVRUSWLRQ LQ R[LGLF VRLOVDIWHU UHPRYDO RIRUJDQLFP
6RLO 6FLHQFH DQG 30DQW $QDO\VLV +

6ORYHQHF ' 2SuUD PLQHUDORJLMD 8GAEHQLFL 6YHXpLOLAWI

aLNLO . *HROR&NL YRGLp OHGYHGQLFH ,QVWLWXW ]D J
, QGXVWULMD QDIWH 1DIWDSOLQ =DJUHE

<RXQJ 5 1 'DUNHRIWLIBR#WO SURSHUWLHY DQG EHKDYLRXLU
$PVWHUGDP

9DQ 20SKHQ + DQ% )ULSDWW +D-QGERRN IRU &0OD\ ODWHULL
1RQ OHWDOOLF OLQHUDOV 3HUJDPRQ 3UHVV 2[IRUG






