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=DKYDOMXMHP VYRMRM PHQWRULFL SURI GU VF (OYLUL 9
L SRPRiUL WLMHNRP LJUDGH RYRJ UDGD

7TDNRYHU VH |DKYDOMXMHP Q&DRQRLYMR DQ &DWE B I/I)JHB\OMWRK R B M
VXVUHWOMLYRVWL

IDSRVOMHWNX KYDOD RVREDPD NRMH VX PRMLRHVKIRYQ IS
QRQL I HWSULMDWHOMLPD pLMD PJIQ MKHD SIRDWNSIRNUDD WL B NRG YL
UDGODNR L ]D YULMHPH pLWDYRJ VWXGLMD

, ]D NUDM SRVHEQPR RHUNOELMRIRMXID]IXPMHYDQMX L EH]XYM
W H



6%a(7%$.

7URGLPHQ]LRQDOQH XRUGER QH®RE H RN WX USH L UIGRRCELLYKD B R O L
VYH YHiUX SRJRVUDRWM JERPMHQH X SRGUXpPpMX ELRPDWHULM
NDR &WR VX RELOMH L]YRUD QHWRNVLPQRVW &HGMERIDELR
QDMUDVSURVWUDQMHQLML SRBLYIDHKD UV® XD SXRWRI®WDUR S |
PDWHUR MDYORPH UDGX VLQWHWLJLWUBRDLYX QKOG RRDQ B RIQ L
YLQLOMWMWIUFRDO DJUDIWLUD PRIWRORPHORORPX UL \DIFG& MNHD YD R |
+LGURJHORYL VH LSOUL FBH] P B RIXHE/H VWDEDBQU L O BRMLEON W X U Q H
NDUDNWKUGVYWRING@RYWDLYDQHDFXYYHQRP VSWNWIRUNBRYMR
WUDQVIRURDFXMUKR B D R JHORWHG HQ D V% RIS IWIWREELXM D

PMHUHQMHP NRQWDNRYOIRI VMX®DRYHGHQD MHROWEDRAQIRWPS L
HOHNW URQMNRMN RBEMRPQD PRUIRORJLMD 'RELWHQL HIH]XO
XGLRROLYLQLOBLKNR®UBRIRYLPD NRML VX VH WE®WHWL]L
SRYHUDQBMMODQLO NMNIUOBORPHWQRM VP NHWOD WLY\OW H X G
SROYLQLONMIMOKRGURBYHOKLGURIJHORYL SRND]XMX YLVNRI
VOLPQR HEBDXX KLGIRRURPMRVW X QHNRM PMHUL L LPDMX KUL

.OMXpQHHRHDODMARI®WURIHORYL BRRAWLQLOSDSBRQGNWDP



6800%5<

7KUBHPHQVLRQDO QHWZRUN VWUXFWXUHV K\GURJHOV GH!
DWWHQWLRQ IRU WKHLU DSSOLFDWLRQ LQ WKH ILHOG RI E
DEXQGDQW VW RLFAHEMN GQRHQW ELRGHJUDGDELOLW\ DQG ELR
WKH PRVW DEXQGDQW SRO\WDFFKDULGH LQ QDWXUH DQG
SUHSDUDWLRQ RI QHZ W\SHV RI PDWHULDOV ,Q WKLV V\
SRO\YLQ\OS\UURDYGR\@HFRSURODFWDP JUDIWHG RQWR FHO
SRO\PHUL]DWLRQ PHWKRG +\GURJHOV ZHUH SUHSDUHG
11PHWK\DEHMFH\ODRPKBH/WUXFWXUDO FKDUDFWHULVWLFV RI
XVLQJHBMUDQVIRUP LQIUDUHG VSHFWURVFRS\ 6XUIDFH SUR
LQYHVWLIDWHG E\ PHDVXULQJ WKH FRQW D FWFBXEG HW KK H R
PRUSKRORJ\ ZDV H[DPLQHG E\ VFDQKQH QUHN X & WK RREW P ILH
KLIKHWODWLYHRIFRROANQPANOS\UUROLGRQH LQ WKH K\GURJt
FURVVOLQNHU DQG WKDW DQL QO UMNBD/SU RQ DNFRAHD 8 ULR)S R/UK\M |
UHVXOWHG LQ D KLJKHU1WHQDWWADSHLRRPWEW XRGRIRSRO\ $00 |
H[KLELWHG YLVFRHODVWLF EHKDYLRU VLPLODU WR D JHO

DQG D URXJK VXUIDFH

.H\ ZRUBHWO O XO RV HS KOGYLRJHOGY IFRRO® LICRXFDSURODFWDP
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7URGLPHQ]JLRQDOQD PUHAaD SROLPHUD LJUDYHQD MHGQRVW
PDWHULMDOD NRMD X YRGL @ X|BWGLQ @ DKL QB NVRHO KN B URH YA IDW (
KLGURJHOQL PDWHULMDOLNIDIQWHUNX YH®RUNVY\RWMUEK &SR O
IXQNFLRQDOQRVWL NDR L MHGQRVWDYQLK PHWRGD SULSUH
ELRPHGLFLQVNLP L LQaHEGVHUVRQR AW PP XIHMDBDWDP D VSRV
YHOLNX NROLBDLRXRARGK WHINXULQD L NDUDNWHUL]JLUD LK P
aLYLP WNLYLPD &4WR LK pLQL LGHDOQRP WYDUL ]D UD]OLDL
VYRMVWYLPD NDR @aWR VX AaHOMHQD IXQNFLRQDO @®R'WW UH
VWHULOL]DFLMH L ELRNRPSDWLELOQRVW LVSXQMDYDMX L
]JDPMHQX WNLYD L RUJDQD LOL IXQNFLMX ALYLK WMNLYD NI
+LGURIJHOPRYX WWLPLMHQLWL QD KIOMRHOQVNYWUHHGNHRIXIFRRBW
SUHKUDPEHQH DGLWLYH VXVWDYH ]J]D LVSRUXNX OLMHNRY
SULPMHQH LQAHQMHUVWYR WNLYD L UHJHQHUDWLYQH OLM
ELRPROHNXOD LOL VWDQLFD

3ULURGQDR WRALSIKYHQVWYHQR FHOXOR]D L QMH]LQL GHULY

LK NDR RGU &IDYOL \LL LDRNYALLGHD QR\GAHR W ® R LINDDVOHL MIIHM DO L 1D Y
SRWHQFLMD GQ H SSRJIQIVWAHID M HW § K LFKDAE MADLNQIVARI VMY LRNNLR O L &
SRWHQFLMDO X UD]YRMX PDWHULMDOD ]D QRYH LQGXVWUL
GRGDWQLP VDVWRMFLPD

SURGQL SROLVDKDWBRIIHNDELOMWRWLYMVYNLK L]YRUD SRND]:
PROHNXODUQRM L VX3SUDHRDMHNEROIMXURRIMVYDGRYWXSQRVW L
VWUXNWXUQH NDUDNWHULVWLNH SRYH]DQH VX V QMLKRYI
UHDNWLYQRAUX ERPQLK VNXSLQD NRMH VH PRJX PRGLILF
HQJLPDWVNRP UDJUDD®REABRXWBKDULG FHOXOR]D NDR QI
NRPSRQHQWD ELOMDND JRWRYR MH QHLVFUSQD SROLPHUC
2YDM OLQHDUQL KRPRSROLPHU NUXWRJ ODQFD NDUDNW]
ELRUD]MMP GL¥IRURND VSRVREQRVW NHPLMVNH PRGLILNDFLM

+LGURJHORYL L]YHGHQL L] SULURGQLK SROLPHUD SRVHEQF
]JERJ VYRMH SULPMHQH X SRGUXpMX ELRPDWHULMDOD ]JER.
L]IYRUD QHWRNWOD EVWUD]JUDGLYRYW L ELRNRPSDWLELOGC



&LBMRJ UDGD MH SULSUHPLWL KLGURJHORWRH AN DSSRUR.O/D QW
JUDIWLUDQRJ QDJBHDXQRMX&/ &IPEBEWRGRP SROLPHUL]DFLM
UDGLNDOD WM NHFALMVYRRAORVQWWHRSULSUHPDRMEKWM.- QBQ EH

ELNULODPLGD 'RELYHQLP KLGURJHORYLPD LVSLWDQL VX
NDR L PRUIRORJLMD



230, ',2
+LGURJHORYL

+LGURYHI® X SULDJRGRWONDINR SRVWRML &8LYRW QD WMPOML
KGUDWL & UMD RPNV WD QL p QR LI OMMNHI PMMDRNEWXWIHP MHUD VW U )
QDEXEKXHDRGISUL BRI®IDWLQD L DJDU WDNRYHU VX ELOL SR]
SULPMHQH UDQR X CPMURGVNRVRSRYHMSIMRP KLGURJHO SU"
JODQVWYHQRM OLWHUDWXUL NDGD VH NRULVWLR> D RSL\
'LFKWHUOQK L /LPJRGIIXWYYLMHVWLOL R KLSR]JRIHOHRPYR. FED @ D M
VYRP J]QDpDMQRP KIDGXRRVSR®/ILI (B WIHOLRL\OLP® JODXSRWUHL
PHNH NRQWDRBWRBQDEHQMH YULMHPH KLGURJHORYL SULYOI
JODQVWYHQLND X UD]JOLpPpLW BR BRIGRIBPHRIIPDMQMNV KO RIXDXQ M|
SULPMHQDPD NDR &WR VX VXVWDYL ]D LVSR®XWXJQRMWNR DL

+LGURJHORYL VX XPUHA&H®ML NSARWL FPHRUG L | PG WHWRIE B ®IIOK N X
RWDSDOD L ELRORANLK W/HNXDRUDE X\DHK YQDWLDY.R MWK PVIL]LL
REOLFLPD XNROMXBHMRMEKUBQHURALNURJHORYH PLNURYHHUH

QDQRIFHVWD QDNRQ O/LXREIHIOQ MEDFH WINHU L @VIL K Q G P RIH-NDHRW L PBR V
NULRYBGQRVQR DBURUEBWRYIL KLGURJHOD PRJX VH NRULVYV
SROLPHMUDIGLFLRQDOQL VLQWHWVIRD LK HGILRAFRQD RYR(® XN O M X b
LIRSURSBNOLODPLG 31,3$$P DOANRXRRIL YL3®BO 3ULURGOQL
VLQWHWL]LWBHQLNEOD RDR 4WR VX NRODJHMOXB®LDAXWM D
.DR 3WR VH L RpHNLYDOR SULURGQL KLGURJHORYL SRVWX
QMLKRYH YHiH VSRVREQRVWL XSLMDQMD YRGHK NGDPIRVIVKLLM
LIYRWYDD VOLFL VKHPDWVNL MH SULNBPDQ®R®REMHQRPKY O
PRJX VH SRGIKWRRABWRGILRS® GIL PKOW L SRAOUP KUQHAR IJHORY
LQWHUSHQHWULUDMXR PR SPRIHADHPWDQ L, 3KLL &H RIUHDG RINDEHGRIGIP U H
YUWRWDYOMDMXiH KLGURILOQH PRQRPHUQH MHGLQLFH Gl
XPUHADYDQMHP ODQDFD NRML VN QDWWR QM HR G HGYIR P Q|
NRPSRQHQWRP UDVSRUHVHQLK X QDVRP@ILIQYR®EF LBLR I& XI30 |
SROLPHUQGXPWHSHROLPHUQL KLGURJHORYL VDVWRMH VH R(
MHGL@LEDRYKED PRJX NDWHJIJRULJLUDWL X pPHWLULL®NXSLQ
RGVXWERMMWMULPQRJ QDERMD NBMQLPHOQRERF PD XMPW LR
DPIROLWQL NRML VDGUAL L NLVH®H L ED]JLPQH VNXSLQH Wt



Klasifikacija hidrogelova

Prema polimernom sastavu Prema velicini Prema vrsti umrezavanja Prema ionskom naboju

o

Homopolimerni Makrogelovi Kemijsko — Anionski

Kopolimerni Mikrogelovi Fizikalno — Kationski

Multipolimerni Nanogelovi — Neutralni

— Amfolitni

6OLNBKHPDWVNL SULND] NODVLILNDFLMH KLGUF

X G X Ui LHIGIDGW R JH O R GIR K LR \DMIKY X P UMI@ D V DVQbH IBBDMX NDW H JR L
ILNDOQR L NHPLMVNL XAUNABQR KIPGWWRHOL KLGURJHORYL L
GRELOL VX QD ]QDpDMXQM RSRIRH] P G Y QIH O BNRIGIQRVWL QH
]D XPUHADYDQMH WLMHNRP QMLKRYH VIY®WXNHI JXITRMD BQDV 8
X SUHKUDPEHQRM IDUPDFHXWVNRM L ELRPHGLFLQVNRM SU
VUHGVWDYD ]D XPUH&DYDQMH 5D]OLpLWH PHWRGH ]D GREL
IUHMJKDZLQJ SRQDYOMDMXIiiLRBIPNQXYD QWL | IRWIDUMMPHKD QL
VWYDUDQMH PLNURNULVWDOD IRUPLUDQMH VWHUHRNRP S
VDJULMHYDQMH YDQBJDWRSOLQRP] 0HMWHRRALH PERIRIARND.GM D
KLGRUJHORYD VX XB® MWVNEIK RRIQAE SNDROLPHUL]DFLMD U
NRQGHQ]DFLMH HQIUPYNDNIHH DNFSRINDUHQXOR NHPLMVNR XPU
MH X UHDNFLMVNX VPMHVX XQLMHWL VUHGDWMMHDB QR WH &
SROLPHURPPLMUNBH(PLP KLGURJHORYLPD SRVWR®MLH INVRLYK O |
SROLPHUQLK ODWBFDWBEROQLRUMH PRIJX VH RWRSLWL QL X
QH SRFLMHSDMX WRpPNH NRYDOHQWQRJ XPUHADYDQMD .H
UHODWLX®R PH&DQLpPNRP pYUVWRURP L RYLVQR R YUVWL
EORNRYLPD L XPUHADYDQMX PRA&H GRiUL GR UHODWLYQR SU

BOLNH L SULND]XMX PUH&H KLGURJHORYD QD NRMLPD VX
X P UHBQMD



Kovalentna veza
(kemijskeo)

o Petljn

60OLNDNUXNWXUDOKLGURIHOD

(fizikalno)

(A) (B)

RS

(€)

6OLND ,GHDOQD PDNURPROHNXOBPQBAPUH ¥L HKHLGLRMHQ B

PYRURY&PLJLNDOQR XPUHA&HQ MM LY KHHBEYIRNIM® M VX X SLQH
KLGURJHOMDMQPDQH SHWORH X KLGURJHOX



3UYH SULPMHQH VLQWHWVNLK KLGURJHORYD QDNRQ QMLKR
VX RSWLPpNH OIHRIMIHQH KLGURJHORYD VX RJURPQH L VWDOQ
OLMHNRLYIDSODQWDELOQL PHGLFLQMNLIHXUWYY P MORDIVE W IHWHQ]HD |
LQAHQMHULQJ NRaAWDQRJ @]XWR/N DD QDRRY WNIRWYNH PHPE
PLNURIOXLGQL YHQWLOL L DSVRUEDQWL WHNXiULQH VDPR
WUHQXWQR UD]YLMDM XWX ILM\DNAHPP O D ER UD WERAXWILPD GLOM
VYRMVWDYD QDALURNR VX VH NRULVWLOL L X IDUPDFLML ¢
ED]L KLGURJHOD QDO LYWDEMXREUE URK QIRM MW ISIUVIH [ERVWH VL
QMLKRYWRNRJ VDGUADMD YRGH L SULOD®IJRGOMLYLK NHPLMYV

5DJKX 'DV L]YUAQH F&I LDH NIDRAY H QLF MMGRQ SHQEE-EI R QYRHO B YU M H p
5D]PDWUDMXiL YHULQX SRGUXpMD SULPMHQH SRND]DOR
KLGURWHQQ]X]HWQR YDAQL |D EXGXUQRVW +LGURJHORYL VH
PHPRULMX REOLND KYDWDQMH WRNYV LD KRRDINAWIDL K H 1P W I
LNRULVWLWL X QRYRM VWUXNWXUQRM HOHNMWURKBREULIQFQ
NDQGLGDWL VX ]D GHVDOLQL]DFLMX IOHNVLELOQH VXSH!
HNVWUDNWRUH XUDQD L] YRGH L GUXJH XUHYDMH 6PDWUDPF
L HOHNWURQLND PHyX S&RIVANWELPRD KWE BRQEBED MM SD YULMHG
WUSLAQRJ SRWHQFLMDOD SUHPD ,'7THFK([X SULND]DQD MH Q



Energy, Electrical,
Soft Robotics

7%

Chemical, Engineering,
Construction

3%

60OLND

&HOXOR]D

Value Market Shares

o 2022

Consumer, Cosmetics,
Personal Care

23%

Medical Including
Contact Lenses

56%

S

Agriculture, Veterinary,
Water Management

1%

QULMHGQRYW WUALAQLK XGMHOD

&HOXOR]D MH SR/ VDK IRRGER RARVQL K M HG ISRLYFD) DIDDKN R |

JOLNR]YGIQRP6OLND

SULND]XMH VWUXNWXUX FNMPMDRH W

VDVWRMGYD DQKLGURJIJOENR]|QDIGMMWH®NXLVL R L]YRUQRP
PDWHUL9BGXKNRYD YH]D L]PHYyX KLGURNVLOQLK VNXSLQD
PROHNXOD VWDELOL]JLUD YH]X L UH]XOWLUD OLQHDUQRP
YRGLNRYLK YH]D XQXWDU L PHyX ODQFLPD pLQI®FHOXOR]X |

~ o _
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= ol
0
HO OH o
OH ]

6OLNBWUXNWXUD FHOXOR]H



&HOXOR]D LML SNDHRGOWR VX ELRNRPSDWLELOQRGWE EDRRUD
PHKDQLPND PENRWRIRIIRANL B U2Q@BDYQOM]DYWXSOMHQLML SU
EXGXiUL GD VH QDODJL X ELRPDWHULMDOLPD SRSX& GUYH
%DNWHULMVN D MYHONOMR JPH OXO R]H NRMX VL QVEHHWX P D IMIX QQ
QDQRILE UL O DADQV SRHIFW MRMDNNAIDR A WIR/RX VWXSDQM SROLPHUL
XGLR NULVWDOQH VWUDONWRUBIHDQWLYQWRERYIWEHNVLELOQR
PYUVWRGD WH YUOR YHOLND VSRVREQRVW |DGU&DYDQMD Y

&HOXOR]QH RWRSLQH

&HOX®R]BLGURILOEGURWMMWHURINODPROHNXOVNLPNMIERGLNRY
9DQ GHIOMRYLP VLODPD NRM I RRW B WIRRY DM XG RDEFDES BRI M O R ] D
YRGUNRYIL KLGURIREQH LQWHUDNFLMHQHMW R$XY REDDLORHQ L R
RUJDQVNLK RWRED®B UD]J]YLMHQR YLAH UD]®MpD SDHENMK VW D
RG SURXpDYDQXKLRRUWONMBYIRGLF /LTXLGRHWLOPRUIROLQ
RNVLG 1ODRP E L QDPN MR BRUIGGLPHWLODFHWDPLIGYRAKQL' 0$
VXVWXEXQB D LOL&MLRXRHD W UHEDOWDL R BRBYMIE NDNR EL
QMHQD SGBDPMHQWL VXVWDYL RWDSDOD GDMX UBPOLpPLWX
XSRWUHEX FHOXOR]H NOMXpPpQR MH LPDWL KRPRJHQX RWRS

/IL&O '0$BRIEHHUR SR]QDW QHYRGHQL VXVWDWRWDGMBA DJNRM.I
WLSRYD FHOXOR]H EH] ]QDpDMQH GHJUDGDFLMH ]D PRGLILN
XYMHWLPD 7RSOMLYRVW FHOXOR]H X /L&O '0$F VXVWDYX
XYMHWLPD RWDSDQMD WH R P REIMANRRIM GRADH/Q H SFFRI®WXIOVRH W O3
MH GD /L&O '0$F PR4H RWRSLWL FHOXOR]X YHOLNH PROHNHX
GHIJUDGIFRIMHMLYRVW FHOXOR]H ]QDWQR VH VPDOMXMH V
OHYyXWLP YLVRND FLMUWHBIDN D LSFOVQHEN RLIGIIERIS ) NRMIIRSTHO Q L V
KODSOMLYRVWL WDNRYHU RJUDQLpPDYDMX QMBEIRY GDOMQNM

SULOLNRP NRULAWHQMD DONDOLMVNRJ YRGHQRJ VXVWDYD
WHPSHUDWXUH XV HNeFDQWMWD QWQRRLMHY KLGURNVLG XUHD 1D
RWDSDOD NRML SULYODpH SDaQMX ]ERJ UWHRGIHR N WY REARMWS
WRNVLPQRVWL “L°P&HONGRALMWHHQ P RAH RWRSKWNRRVESRD+ XU
NRQFAOWND XYMHWLPD QLVNH WHPSHUDWXUH



,IVVH VPDWUDMX HNROR&ANL SULKYDWOMLYLP RWDSDOLPD
UHFLNOLUDQMD VWDELOQRVWL SRODUQRVWL QH]DSDOMI
RUJDQVNLP RWDIROIMKRDAL YNBRWOVWRYL VXVWDY LJUDYQRJ R
FHOXOR]X ]JERJ VYRMLK L]YDQUMGGLXRWWRBRMY W DW BK Q WNDHS |
FHOXOR]RP PRIXERRWWSEBPQYOMMWER] GHULYDWL]DFLMH ,/ RW
VWYDUDQMHP YRGIUNRWH OYGIJR MLKILNRP L HWHUVNLP NLVLI
WRSOMLYRVW FHOXOR]H

&HOXOR]QL KLGURJHORYL

&HOXOR]|PRRULVWLWL ]D MHGQRVWDYQX SULSUHPX KLGURJ
VYRMVADWNPRIVWWEBML SRWUHED JDRSHARYDYQI) BB PL KLH3O X OR ]|
LVWUD&LYDQMLPD L LQGXVWULMVNRM SULPMHQL &HOXOR]
FHOXOR]H IL]LPNLP X®XHABYOD @ MO RO E|DG URN VRQRIK VNXSL
PRJX ODNR IRUPLUDWRGRYRRPIFEY H]D Q X

&HOX®RDL]YUVQD VLURYLQD DOL ]JERJ ]JDKWMHYQRVWL S
RIJUDQLVM@EXY UHPHQR YRGLNRYH YH]JH X FHOXOR]L VX L]YD
KLGURGBORGUADYD VYRBMKYRWHIQM M MIHODX O RWHH BEPH WILYNDRAPH

UHDNFLRIRFH SURALUHQMX @HMHQD VBU IERNDEK@HR]H XNOMXp XM
0& KLGURNVLSURSLO FHOXOR]X +3& KLGURNVLSURSLOF
FHOXOR]X &0& NRULVWH RYD ]RQDL]ED]EXFKDXORJHOIL]LPNLTF
XPUHADYDQMHP +30& 4LURNR MH NRULZWHQ GHULYDW FH
RWSXAWDQMHP ]JERJ VYRMLK VYRMVWDYD ]JX4QMDYDQMD J
SURL]YRGQMX KLGURNHORLIDP YH @i GLIFR W R VX ILOPRYL L
GHULYDW FHOXOR]H WRSLY X YRGL NRML VH NRULVWL X LC
SRWHQFLMDOQR VH NRULVWL X LPRELOLNSRWXFMHQLRMBN
DGVRUEB@A&VDNRVHU MHD QGOGEW QD SURL]YRGQMX KLGURJH
EXGXiL GD RGUHYyHQH EDNWHULMVNH YUVWH SRVMHGXMX
KLGURJHOD

'HULYDWL FHOXOR]JH WRSOMLYL X YR®IR X J\OHD YNRUL WXL \E L
XJIXAYDpPL YH]LYD HPXOJDWRUL VUHGVWWYDG Y8 WMEYIDYIXQ M
VXVSBQYHWPOILYD L VWDELOL]DWRUL SRVHEQR NDR DGLWL
NR]PHWLPpNRM@ QGXVWULML



ORGLILFHORQRH)LK KLGURJHORYD GRGDWNRP GUXJLK ¢

.RPELQLUD®MHLWLK SROLPHUD L]QLPQR MH DWUDNWLYQD
QRYLK VWUXNW XaNQRINKY WY\ HRHONOWRD QLK KLGURJHORYD NDR
PRUIRORJLNIPREGUX.NLUDWL GRGDWINNRHPE O B BIXHKREPIR QMAHH U@L
GHUDYDWULURGQLP SROLPHUINPWRNIOR AWRREX XQWIQD WL
NLVHGRE@DYDMX VH (RYRVHHEWHRM MO S WPLLAVMVH-ADIONIRG R/P
NRULVIWLXYWO®DQMDQMH WHaNLKHPHMWIHSDH DD B KR RRIPILQ G

DOJL QD W L RDQDHWKMRIQ

SROLQDMNRKBRHVH SRND]ODREVDR NDQGLGDW ]D SWLSUHPX
FHOXOR]RHA PRIX XPUHaARWHNXBRUWNRHPRWRGD HXNB BDXHhIWMKX U
VQRISOHNWWUWUDRE E QWD OWMRSIQLIQVNL FLNOXV =D ELRVPHGQRLQV
XPUHADYDQMH MAL YWHIG QIRRART B ORI VKPQHKRLYDOD 7DNR:!
WDNR SULSUGPRNHHORLY LK IBERNDAKNKMBQLPpNX pYKYFEBBEBR YRDG 3¢
GRELYHQLK NHPLMVNLP XPUHADYDQMHP L JUDPHQMHP

L QWHUSHQSRQURIHDWXHI PUHAH ,31 GHILQLUDQH VX NDR NRP]
X PUHAUH®PD) X QD UR GIRMp X\DWAMIM HRUMH Q R UNHHIRIWVMKXPHY XV RE Q R
NRYDOHQWQR CBLRWHPRQK REHRSEVERNLGDMX NHDPRWHNH MYHH |
ELWQR |QRWADE®DQP GYLMX LOL YL3H SUHWKRGQR REOLNR
7LMHNRP VWYDQDRFMDDERAMBRBOLPHUD VH VKQWSRWRYHGD) L |
SULVXWQRVWL GUXJRJ EH] LNDWIGKHK MR PEGRHRQW U K SYO-H IV H.
ODQFD ,31 KLGURJHORWYW UDPNDWIXU ¥ WRIGE LSRMHIXL QRBQH X P L
KLGURJHORFBOXD ERPYLHB GLMHOH QD GYLMH YRYEMVSIR X NYH
,31RYH=D VHNYHQFLMDOQL ,31 FHOXOR]D VH NRULVWL NDF
SROLPHUL]DFLMRP GUXJLK PRQRPHUD WO K P D VEMBREOMWE FHO
XM G QX ¥ SRD ISRIHRELUH HD GHKX NHGIQQ H D URMOIHNX ®PD]JUD Q D W

3DWHQWQD OLWHUDWXUD RWNULYD GD SRVWRMRFMQRJIL S
VXVWDYLPD XNOMXpXMXiL OMHSOMLYH JR&MMIpQ M HDQ DWAPNRHD
LRQVNX L]JPHHK@M. P LVSR UXNDY QRMHNNGWHUYBWRXiGD L [DC
SROMD X NRMLPBVHLBRNRSRRXLVWH 6YH YHUL LQWHUHV ]C
SRVOMHGLFD PRJXUQRVWL SRERUWHAHYOQOM ISR FHIGD Q DpMLLKK

NRPELQLUDQMHP UD]JOLPLWLK YUVWD SULURGQLK L VLQWHYV
JERJ WRSOLQVNH VWDELOQREMWYV BYIXK LFPFD WIHW BI P D X IXG X)\RS F



SROLYLQLOSLUROLGRAQ

3ROLYLQLOBIIRMHORQ@WHWVNL SROLPHU GREUBI9BLRNRPSE
SURWRQ DNFHSWRU DPILILOQL L OLQHDUQL QHLRQVNL SR
HOHNWUROLWLPD 7R MH |IL]DRORANL LYW DU RPMIDQL MO
SUR®DXQVWMHSOMLILIYOIPNBRR HBJUYDRGL MH KLJURVNRSDQ L QLMF
REUDGRSOMLY MH X YRGL L GUXJLP SRODUQLP RWDSDOLPI
NHWRQLPD L XJORMLNRYRGLFLPD

(Ao

n

6OLND 6WOXNWXUMSSUROLGRQ

3RG GMHORYDQMHP UD]OLPpLWLK SRGUDA&DMD JUDpHQMH W
NUR] XPUHADRMIIGIRI YW DUDQMD 'R 9G DKQULIBW R/ XH ER R MMM H C
LVWU DRV QAWMN D UD NFAEM) KLGURIBERRYDYRMH WNLYQH NRPSC
NRQJLVWHQFLMH SRSXW WNLYD 393 KLGURJHORYL VX YUQ
SULPMHQH OHYyXWLP ]J]ERJ VODELMHJ NDSDFLWHWD EXEUHC
PLVWLK@&G@WRIKIORYD MH RJUDQLpHQD .DNR EL VH SUHYODG
UD]OLpPpLWLP SROLVDKDULG|FPDMXOUDGQROUMN B ROOFALHIH BDLP N
ELRPHGLFLQVNRP SRGUXpMX NDR 4WR VX |DPMHQ@QMBMXGYV
GHUPDOQLK UDQD SROXRNOX]LYQL ]J]DYRML ]D UDQH LPS
UHPLQHWDPLNCALOH QDB |[KIERPBGLWGQVNRM SULPMHQL KLGUI
SRVMHGXMX VOMHGHUD YDaQD VYRMVVBYRWSEY REDWWRMIN MD
SULDQMDQMH ODNR UXNRYDQMH SURSXVQRVW NLVLND

VSUMHpDYDQMH JXELWND WMHOHVQLK WHNXULQD

=ERJ VYRMLK ILJLPNLK NHPLMVNLK KHPERR®RBDMKL KLYRDY WI
QHDNWLIDIDOI®|L SULPMHQX X QL]X WHKQRORANLK SURFH\
WRNVLPQRVWL |]D RUIJDQL]PH VSRM VH XJODYQRP NRULVWL
NRULVWL VH X GRGDFLPD SUHKU®QL SLOXODPD L ]|DVODYLY



SROLQLONMNMTUROD

-HGDQ RROAPRVYM HWXDM WYHP S HWD WRYEXLIRNRPSDWLELODQ SROL
SURXPDYDQ X WHUDSHXMWMMNHN PSURD IMHVBROLS2RDQ SROLYL
NRML LPD L KLGURILOQH DP LG QH OMHSILIOH Y KR EMHRIRFED H X
RVQRYQD MHGNVGRGDVNMOVWRRHIODQRJ FLNOLpPNRJ DPLGD V
NDUERNVLOQRP VNXSLQRP L DPLGQRP VNXSLQRP L]JUDYQR
ODQFHPLNB39&/ MH NHPLMVNL DQD@®RJ SROLYLQLOSLUROLGHT

6OLND 6WUXNWXUD 39&/

8 39&/ ODNWDPVNL SUVWHXJD]\WDNRFOBEBREBRB |DOLEQH YH]H
JD pLQL YUOR VWDELO@LVPOXP CKM)G GOV HXK yGNMROL]D RGYLM
NLWHOULQMRIVWLPD 39&/ QH VWY DPDGRHN VIS RN FYRIN VAYoR) W Y R
39&/ SR&AHOMQLMLP SROLPHURP |D ELROR&NH SULPMHQH

3RSXW PRQRPHUD 39&/ WDNRJyHU SRND]XMH GREUX WRSOM
NDR 4WR VX DURPDWWNREKRIDMNNWRRGLFALRINO/DQ NORULUL
XJOMLNRR&GMEYRVW X WLP RUJDQVNLP RWDSDOLPD VPDQM
6 GUXJH VWUDQH 39&/ VH WDNRYVHUf ROHPRWR VIHVERX W RiGL
NRQFHQWUDPDMH7REMLYRVW X YRGL WDNRJHU SRND]XMH |
VX IUDNFLMH YHOLNH PRODUQPH @HVHDEEOX RG.R B RI® AVDA
RUJDQVNLP RIWNDFSEDULHYUVQD VYRMVWYD VWY D WRMWDV YIDO P
NRPSOHNVLUDQMD V RUJDQVNLP PRGRE@NQQPONLD & QR DBINJDL
VLQWHWL]LUDQ VDPR SROLPHUL]DFLMRP VORERGBEXMUDD L
DPILILOQD WYDU WRSLYD X SRODUQLPQW HHBISREDERGEE® LR W
UDGLSDBFRGL WB]OLPpLWLPX PRABLWRPRBEHKQXHORSURSDQRO
GLPHWLOX X0OBIRNME@RSGLRNXUDQGLPHWLOKR'OPDPE G



'R VDGD VX PDWHULMDOL NRML VDGURKHPINU RBBDERMLR. VW PII
]D LPRELOL]DFLMR L\QW B\QYWFRY SWNKX@E OLMHNRY DRGURWDLF M
SURWHE®ROLPMD NVEHBRRLMWL X QMH]L NRVH L NRYPHWLFL
SRGUXpMX ELRPHGLFLQVY®LKDFPDWIHS NR RERDSERUNYRINMIX 4 W D Q M
OLMHMNRYD

OHWRGH NDUDNWHUL]DFLMH
,QIUDFUYHQD VSHNWURVNRSLMD V )RXULHURYLP WUDQYV

,QIUDFUYHQD VSHNWURVNRSLMD V )RPRXUWLHUHRI)Y £ B DWWV DRWR R, @
6SMWMRURVFARSSYH QDMYLaAaH SULPMHQMXMH SUL DQDOL]L RUJD
DQDOL]X SROLPHUD SROLDWRPQLK DQRUJDQVNRKMMHROHN
LQVWUXPHQWDOQD PHWRGD NRMD VH NRULVWLW@LKGHQW
PROHNX®RHRYRUQIRDFUYYMRWWURVNRSLMLE BK G X DPNXPV SIH N\
HOHNWURPDJQHWVNRJ JUDWPHQMD X UDVSRQX

,5]UDPHQMH HPQMNXUDH XERJ VY RIWRUELBDRRIMHPD L @IWDFUYH
PROHNWNH YLEUDFLWMRDH NRE X ySARPL Q M & UKD piHV OREDRIGIDLW L
DWR QH HPLWLUDMX LQWHDNUNGIRIRM PUBPHQWMRHMRM GROD]L G
JUDPpHQMD RYLVL R HQHUJLML YH]H UHODW.L YSQ RW [PMQRWPH/ N
XJURNXMH HNVFLWDFLMX YLEUDFMWB \M B DEORHMAUQUIH] B ® VIH X
HQV\PPHWULFDO DQG DQWLVYPNWHWEREDMG\\WY UHBRH@®F L M H
VDYLMDQMD VN DG DNUGMZHFL D\DRQ M Q K BIQMMR F N LRDIK D GHVQH)
ZDJJL QXY L MHIDQ@WEZH. V W IMGBJ



Transmitancija (%)

1760.01

12906.71

1373.63 609.07

3391.23 — 1061.65

- . . r - - - ¥ : ' N . + v y T
100 I 2000 1 5040 100 500

Valni broj (cm™)

60LNINLPMHU LQIUDFY%,8 QFRHWYSHDNWNRPPHUFLMDOQH FH(

'RELYHQL LQIUDFUYH@ERNOMNNVDMDYONMWMHULVWLPQB YUSFH
RVL DSVFLVD XYLMHN MHQVDRWIL FUWRM)DAPD DSVRUEDQFLM]
3UHPD NDUDNWHULVWLPQLP PDNVLPXPLPD IXQNFLMVNLK VN
LVWRM IUHNYHQFLML PRJXUH MH RGUHGLWL WLS PROHNX
PROHNSXQHNLP VH VOXpDMHYLPD EH] GREBRPRLK IGQURILRKD I
DQDOLRMHWRGK I FRENXURWREDXWL RRSBULHAXVOGIR NODNTFLLQH/ N H
2YD WHKQLND G OB\NRHN PJR YYMOUMEMX UH VSRMD QDV SHHNPW O RIX X
SR]QDWRJ X]JRUND

)5 VSHNWUL WRRHDMHRWLR §BWNID QNIGQWAHHURPHWURP |D G
VSHNWIDD 3ULQFLS UDGD )7,5 VSHNWURPHWUD WHPHOML VH
RG L]YRUD GR UD]JGMHOQLND 'LR V@RISDHSORBWLUB SR A B UG
SRWRP VHYWDRI®SRNL VD JUFDOD L VSDMDMX X UD]GMHOQLNX
UD]JOLpPLW SXW RG VQRSD V QHSRNUHWQRJ JUFDOD SD GYD
LQWHUIHURJUDP NRML LVWRGREQR VDGU&)RDDAYH GRONDVH (
GHWHNWRUD 6WDQGDUGQL UDpXQDOQL DOJRULWDP ]YDQ )

GRPHQX X ITUHNYHQFLMVNX GRPHQX pLPH VSHNWDU SULN
I[UHNYHQFLMH



nepomicno zrcalo

& izvor IR zracenja
\% E:
\

He-Ne laser

pomiéno zrcalo razdjeljnik

snop zraka za
kalibriranje lasera

uzorak

detektor

6OLNEXKHPD )7,5 VSHN®WURPHWUD

3ULJROHWRWD O QHDQYWMIHG X DMWB G 7R W5( HHWIRH ¥ W XS PR X M H
VSHNWURPHWURP ]JERJ V YRRV U'QHRY MNH PIUHHGHIRWDV BEL U RN R J
WHNXGLK X]JRUDND L WR EH] NRP S GHN WHK G UN B WIHQSR\DVER®D
)7,5 WHKQLND pLMH VX WODKXQRUSBMBQRWWEH] SULSUHPH
LVSLWLYDQMDR &WWXBI®D D Q W DRS|HWERDNKRADAQ P

.RQWDNWQL NXW

.ROQWDNWQMHNRWHUD SULYODpPQLK LOAHRGEPRNGINKK @ Q WHU M

QDMpHAUH WHNXUIHHWRGBRPWHMRODYBNWQRIJ NXWD PMHUL V
NYDAaHQMD CPNDAMHHQNMIDR NRQWDNWQRJIJD NXWD L]JPHYyX YRGH
RGUHGLWL UHODWLYQD K&  GURIREQRVW pYUVWH ID]H

SUMBRPRIX NRMHJ NRHQR®WHEM N XW QDpL VIR NHGCERRON\R P M O/ K
VKHPDWVNYLGOLNILBMHUHQMH VH SURYRGL LVSLWQLP NI
YULMHGQRVWL VORERGQH HQHUJLMH SRYU&L QHW LOMDLQIRIG Q
X]JRUND GRELYD VH QD RVQRYL NRQWDNWQRJ NXWD NDSL
VORERGQH HQHUJLMH SRYUALQH LVSLWQLK NDSOMHYLQD L !
IMHJRYL VDVWDYQL GQD HRRAWH W VSIRD/NADRVEIN b WRYRLL R D
LQMHNFLMD NUR] NRMXLY¥HREXEWDM NS RMHNIX iINQPHUH WH Gl
SRVWROMH L NDPHUH .DPHUD MH VSRMHQD QD UDpXQDOR
NDSOWH RIGUHYXMH RQWDNWQL NXW



SUSTAV

DOZIRANIA ——

KAMERA UZORAK ﬁ
I IZVOR
! I SVIJETLOSTI
= - '.

RACUNALO

6OLNBKHPDWVNL SULND] JRQLRPHWUD

BORERGQD HQHUJLMD PHYXSRYU&ALQH PR&H VH SUHMSLVDWL
VROLMG NDSOMHYDQHEXDGE QMHQLKQYDSRXU VWRJID SRVWRME
PHYXSRYUAZ&L QHD SNOUNXMY ILIQIDXIDLLUGED L ND S SDR®L QoY H WUL ID]H
VDVWDMX VH X MHGQRM WRpPNL L] NRMH PRAHPR SRYXiL WD
NXWOLND

Kap kapljevine

60OLNRGUHYLYDQMH NRQWDNWQRJ NXWD L]PHyX NRQWD

.RQWDNWQL NXW PDQML RG 7 XND]JXMH QD KLGURILOQX SR)
QD KLGURIREQX SRYUELQX 3RWSXQR YOD&HQMH SRYUELQH
WH MH X WRP VOXpDMX NDS WHNXiiLQ B NMPDRWLLY NWREWDRWY R
VEKNROLNR MH NRQWDNW®MDL NRKMD MH FREEBIRN RIENESIUEIL N/ N D

QDSHWRVW



7TKRPDV <RXQJ NREEQWDR W@L NXW NDSL WHNXULQRMD MBEHD
GHILQLUDQD PHKDQLpPpNRPGUGN RERWHBRMHND®IWULMX VLOD QD

Gha..'al Lk Qg

JGNGR]QDPIRMUELQVNX QDSHWR YV VS @D Ky @/NRELA IL QR MN W HNDXSIH-
QD JUDQLFL $O]DQRBWUSHMEREVWDYOMD SRYUEDQVURK KPDB HW RV
WHNXMW]Y <RXQJRY NROBWDNWQL NXW

SHRORJLMD

5HRORJJIQLDI®MWWH EDYL WHPHQMHP PDWHULMH WM QMH]LQ
GMHORYDQMHP QDSUH]DQMD V YUHPH@RE BHH]| RUHHAL DGR
SRGUD]XPLMHYD SURPMHQD REOLND L GLPHQ]JLMD QHNRJ V
WHPHQMD NRQWLQXLUDQD SURPMHQD GHIRUPDFLMH V YUH
PDWHULMDOD VX HODVWLPQRVW L SOBVWLPQRVW D WHNXI

8 SLURGL VESREWHEOBBWLPQLP YLVNR]JQLP L SODVWLPQLP
VLQHUJLMDPD SUL pHPX QHNH RG WLK RVRELQD PRJX ELWL
7D VYRMVWYD VH SFD® I3 WMWLGKR WD WA MR L \L\WR YWWHHG QR |D G
6WYDUQR SRQ DIBRWHINPTBWHU LWD]LWR NRPSOHNVQR SD V)
QDSUH]DQMMDWREBHQDEHVH LGHDOQR HODVWLpPDQ NDGD VI
GMHORYD QM NP DHDXH S U Y RER S\DIM) SEIRNRPD QND G MHWEBRDD QML
+RRNHRYRP ]DNRQX

eL' ®

LGHDOQX HODVWLpPQRVW SRND]XMX PDOLHIHNMDOR SIRESRE M
QDVWDORM GH2RQUPSBBHMYWDYOMD PRGXO HODOV.WGBORVWL |
YLVNR]QL PDWHULMDOL SRGYUJQX RGUWSHRHRRPD BID\EIU H RIS
OLQHDUQR VHYGUHRHNGREDR]XRVW VH MHGQRVWDYQR PRA&H G
WUHQMH NRMH GMHOXMH XQ XV DWN IFOHXQ BOWHMPMM. DD R RRWSVRHX
WD VYRMVWYD L NDG VX SRGYUJQXWL QDSUH]DQMLPD NDUI
9LVNRHODWYRMMNVW VDWHULMDOD GD QD QMHPX QDNRQ S
XVSRUHQDVWLPpQRJI SRY UDGH RIUPID FGMHO ROMMVBULWBIO MH

SRGY UWDXWH]DQMX NR MH HWH % RIFREIGICOMHLIRQR 85 W IRRFU # DX D VM X
GHIRUPDFLMD MH QHSRYUDWQD



SUHWUDA&aQD HOHNWURQVND PLNURVNRSLMD

3UHWUD&QD HOHNW U R QAFNDED B HXDBR WNRREL A D F MREMWRIK QLN D N
VH NRULMD DQDOL]X SRYBEHED XD)RBQMNBD NY DHOWHNW BR®@D
SRVMHGXMH YDOQD VYRMVWYD L YDOQX GXOMLQX NRMD M
HOHNWURQL XEU]DSBRX X HOMRMNRUI LQDRPQD SRVMHGXMX YI
RG QP A4WR RPRJXUXMH YHOLNDLNYRIDDIMDDL VINH]@LX
HOHNWURQV N RWFIRNJHRQN RI$SIDX] SRRRISBOHNWURQVNRJ

. RULVWH VH XENRMLL SSROHNVGXRIXL Y BIDH NDQ N B OLLN H QNKR IMLDQ YA M
X REOLNX UD]OSpRWILYKLGOMDQDONMFLMDPD L]PHV8 MDHNOUR Q
VSDGUDHIWX QGDUQL HQOHNRQGRIDL HQHF/RYRQ@W QRDNRFISQEHQ!L
HOHR@L BODFINVFDWWHURKG (HQHEWUWRQW L USUGR QAW RQBIN Q R
HQGILUDFWHG EDFNVFD®&HUHGV RQHFWURDQEOMLYD VYMHW:!
6(RY\WLH LVNNRNR VEH VODLIR WERG U D Y4 WFOM XI} RELBYDN®! UD]PMHUD Q
VYMHWOLQL SLNYVYHODNQBU R ®RERMNILYMHWOLMHP SLNVHO
WDPQLMHP GRRGEBY®D B QHERVWRMDQMX L]JELMHQLK HOHN
QDUDYQR RWLQAJRRINSRYRG QGROURM IRQWMUDNFLML V SULPDU
VQRSBBRYYH WDNRWHI JRRWWY D UDQ KPR VHO VMH DD DERBU IN R C
YLAHID]QLP VXVWDYLPD

=D LVSLWLYDXQRHVXDSKRWUHEQH VO RXHQH M K IPNRH XS ¥ HSNRI
UD]JPMMHQRNL X]JRUFL 3R&HOMQD MH MEMHN W WXSIIR WRER O MQ
GRELWL GREUD UD]JOXpLYRVW IRWRJUDSRWMDLDESIBIBIDWIOLQK) B F
PHWDOD NDR &WR MH QP DQMDRS KBHEXNMPXQK]BUND W DIIRN X X P X
GHEOMLQH QMO X IMMWHRPHV QOHWD® MD SRYUAELQH



katoda

elektronski
snop

elektromagnetske
le¢e

detektor
zakocenih

lektron
SIOna detektor

sekundarnih
elektrona

uzorak \\ \/‘/'L.% postolje

6OLNDSRMHGQRVWDYOMHQL>VKHPDWVNL SULND]

1D VOLFL QDOD]L VH VKHPDWVNL SULND] 6(0 XUHYyDMD 8
HOHNWURQVNL VQRSRYL YARWX NPRVR®& PV NRBRYRRDQNRMRM V
NRML VHVH SRVWD Y O B QXA HGRRMSREDD/NHHN\RWXR B BIW@R S H [P 1 Q R
XEU]DYD HOHNW U R QHRUSEP PDIQR PHRAUHNWURQL SUYRWQR QDV
NRML VH IRNY®DUQHVHOMHRRY ORIGRP /HiD JD X REOLNX WDQ
SRYUELQX KMHNWRNWURQD SRYH]DQQD HX @D] X DRPOQBRRWY
SRILWLYQR Qi¥ EN.FENIEDEXOPUNHX GIOBII@QMH RQH L YRGL LK QD QMH



(.63(5,0(17$/1,2
ODWHULMDOL

8 UDGX MH NRULAWHQD—PRLNWBRFMD $ORBDL F K L QRFQRRFHIGER Q
7KHUPR )LVKHULI6FLEQAOWDISA ROBNWDP $OGXRBEKALYIDOR
PHWIEQRRULODPLG 084A¥PD $0GQLRKMDUIN JR Q REX V8 BAHRINW L
HWLOKHNVD GRDRV IRIRMAOD SDOR &\UHQHRD $0 RULIFKDIO R
GLPHWLODFHWDPLG '0$F %'+ 3UROZDEM® QL FOYLWILRWHR UN SR Q
%'+ 3URODER HWDQRO HMWLEGRR DONRKRO

BULSUHPD X]J]RUDND
3ULSUDYD KLGURJHOD QD ED]JL FHOXOR]H

=D SULSUHPX VXRWDXWHRMDSBOD N DV0$RWRGBYLDID QL& ® DXV X
/L&O SRWUHEQR MH VX 3L&R MHMRL WUH-EMH@DQMDP D DQ AW SN R M
VRE@/RIMSHUDWXUL GR SRWSXEGRJ RAYPEPRDRWDSDQMD SURF

OLNURFHOXORHP MH SULMH RWDSDQMD VX&aHQD X VXaLRQL
SULVXVWYX IRVIRY S3HRQWWBRWDIQGD P BV HS ULLISNRIP O/ME B & MDX R

PDV FHOXOR]H X VXVWDYX RWDSDOD '0$F /L&O 5HDNFEFLM"
WHPSHUDWXWL]R®LP Y& PLMHAD MRYS HQPLMEREHP&E EDFXMH
L] XOMQH NXSHOML QD WHH @HDW WIDX @M@ HEIDMHFXW L SUL VRE
GRN RWRSLQD QH SRVWDQH SURJLUQD

2GYDJDQL VX PRUIRFHIR 03B RQRPMH U X L X RGQRVX
WHYLQLONDSORODNWPRMHUX3RpPHWQD PDVD FHOPORYK JELOD
UHDNWDQWL UDpXQDWEDVIUXY R FOIRNF LMD/ MMX¥PMHVX XSRW
LQLFLMDWRU 7ULJRQR] 3ULSUHPD VH PDV RWRSLQD L¢
PRQRPHUD 'RGDMH VADNRP G R\SHRPOMHRDD RWRSH X RWRSL
FHOXOR]JH =D GUXJX UHDNFLMVNX VPMHVX RGYDJDQD MH
RGQRVX QD PRQRPHU 3ULSUHPD VH PDV RWRSLQD LQLF
PRQRPHUD L XPUHAL&DGMDBH VIRHOKREBMMRSLQX FHOXORI]H
SROLPHUL]DFLMH PRQRPHUD X SULVXVWYX FH@XOWRVD GQRY |
PLMHaADQMH K

3R ][ DYUGHWNX UHDNFLMH VPMHVD MH RKODYyHQD QD VREQX
GYLMH 3HWWAMHYDAINRMBKWID LK MH SRWUHE&LQD KWBENFWWE X ]



VH ]DJULMH QD VREQKKK WHNGXV VWX RQOYOMD RYLVQR R X]R
PRaH VH YLGMHWL X WDEOLFL

7TDEOLFD 6LQWHWL]LUDQL KEGNNRXVYDRYL L EURM
8]RUD| % URM F 8]RUD %YURM FL

393 39&/ 8

393 39&/ 8

393

393

393

393

*HOLUDQMH

SHWDLMHWHOLFD §RVWIWHRWRHPQIX SRVXGX 8 YDQMVAX SRVX
]JGMHOLFDPD XOLYHQR MH RGJRYDUDMXiH QHRWDSDOR NDN
SD]HUL GD RQR QH GRVSLMH GEtD WXW®Q B ¥KGR®RREQ MKW B S/IPO
VX RGDEUDQH SDUDBVARERIRHODX QERIEUDQH BRHSIRQD 1DNF
IRUPLUDQMD GRELYHQL KLGH\RW HYORERERSD HEHD [PH ®IIH @ M DX V D
REURNRP QDNRQNR EL VHKXMIMDRQLOR |DRVWDOR RWNBROR /I
MHGQRJ GDQD SRW WHERLRVM FRIRGYHX KEBRIRJHORYL GDOMH pX

2EOLNRYDQMH SRUR]JQRJ KLGURJHOD

SRYHUDQMH SRUR]QRVWL KLGURIJHOB*MHOSUR)Y NOHARBR X NUL
8 ERpLFX VH RGYRML KLGURJHO L RGVWUDQL YL&G&DN YRGH ¢
XHWDQRO NRML MH SUHW&RGOQRURXKYOXDYMR RDGURJHOD WUD
WRJD VH KLGURJHO VWDYOMD X ]DPU]JLYDp .DGD SURYVH V
REURN KODGQRJ HWDQROD PO +LGUMRRBOMHIG B Q VGUDHE CBH
VH HWDQRO GHNDQWLUD L KLGURJHO VH BR&L QD JUDNX SU]I



60LND .ULRVWDW -XOPDER 0$*,2 06

.DUDNWHUL]DFLMD KLGURJHOD
)7.,5

BWUXNWXUQH K DG WDRIMDERNOMY. I QI$T7 BAXS KN,/ U R VONWR-ELLQIR F/ X
X]RUFL SUHWKRGQR RVXABRWUBR \NWR © § WAEGNDHIR-L FROC/WHX p M X
FP GR FBRPRUX XBHYNM®P (OPHU 6SHFWUXPVOQND6SHFW
NRULAVGHQMMHP 5HIOHFWLRBQLSUMBROWRIXPXOLUDQ WNHQB]XOW
NDNR EL VH VPDQMLR XWMHFDM &XPD

60LND ,5 VBHNWURPHWDU 3HUNLQ (OPHU 6SHFWUXP



OMHUHQMH NRQWDNWQRJ NXWD

3RYUSLQVNH NDUDNWHULVWLNH SULSUHMN®RDMPLWHNGD PR Y D
XUHYDMO3K\VLFV 2&$ ,QVWRMP HHNYULANEDE D QR Q D HWQ Y PLQ M
NRQWDNWQRJ NXPHIVR G D L% RGIREH/MM \NDDSA FGHMBS NDR NDSOM
NRULAWHIMHYRGDMD VX SURYHGHQD QRRRQ KXW B RWW D ¥ O MIHQ
QDNRQ QDQRAHQMD NDSL @D UDJPLHDWLKD R M EKYRADD NV S LWL
GRELYHQLK YULMHGQRVWL X\RQUWHNOWQWRHE NN W®BQ ¥R OWKWPLHVOH K
MH / .RQWDNWMH NRGUHyHQ SRPRSI®RDFRRRYH MHGQD

NRMD MH XNOMXpHQD X UDpXQDOQRP SURJUDPX 6&$% 9H
*PE+

6OLNDPRQLRPHWDU 'DWD3K\VLFV 2&$



SHRNM®RVYRMVWYD

5HRORAND LVSLWLYDQMD SURYHGHDDV$V XQ 8 RRIKIPYH EWEU LLG/]
+5 VOLNRSUHPOMHQRJ VXVWDYRP JULMDQMD KODJyHQMD
WHPSHUDWXUL fRGDNR* EL VH VPDQMLOR WLWSHNRP DL/ HWYF
XSRWUHEDRMHIR P RWDSDORP .RULBWHSYDRDM SHRPMWUDRMDP F
JRUQMX SORpPX MH RERVWUDQR FE OXNHGIO BID B BOQ IV SvDHN RIFVIHEED
QRUPDOQD MILODNRGEL VH L]IEMHJOR VWD IS|DRRMHRHR DRSO L\
$PSOLWXGH VM H HRS/ RLHIVBYR MWV R N L VSIRRAU/DIQ B RFBRXGEXD0 DF JX E LW N L
LVSLWLYDQRJ VXVWDYD R VPLpPpQRM\GM IR UYP EXRM HGB@RSND L
IUHNYHQFEMLURFSRQX PESOGR/XGRAHVW SURPMHQH IUHNYHC
JUHTXHQF\ WZMHH RWAHWDFLMVNL WHVW RYLFRBX WD PREDVONL
R NXWQRM I& HNMW®FM MXS WRMHGIHF L MRER P UTRY OGO L
GHIPWFR ML

6OLNBHRPHWDU 'LVFRYHU\ +5



6(0

6(0 RP MH.VIBRSRUIRORJL MIDK FHABXURRHORNILK PHWRGRP HNV
]JDPU]DY DBQUMIMMUD &QL P LN XRRNARRS UNIRMHE BNGHOP! J D E H( INR\IS U RV H

SULND]DQ QX KIO XFRHIFR] QLK KL ®UWBIHORYDVX V ®IONDIGLRD ]O
NDNR EL ELOBQRPOMWMH XYRUDND SURYHGIWQR MH SUL QDSRQ

60LNB(O0O 7THVFDQ 9HJD (DV\SUREH



5(=8/7$7, , 5$635%$9%
2GUHYLYDQMH UHODWLYQRJ XGMHOD SROLPHUD )7,5

)7,5VSHNWDI93SULND]DQL VX QD $®DNWPYQL RPMHU FHOXOR
KLGURJHOMIEX W7, 8 MBHNWIHUDD GB AWM SROLPHUD X SULSUHPC
PLMHQMDR V SURPMHQRP PRODMIBRI RPMHUD FHOXORI]H SU}

60OLND7,5 VSHNW39BKIHRRHY® H O X3®R] D EH] LOL V
XPUHaADYDORP 8



60OLND7,5 VSHNW3I9BKILHARYIM B O X3BR] D EH] LOL V
XPUHADYDORP 8 XYHUDQR

3ULVXWQRVW MEB YUCOWMHYD QW LRR YUSWB VH PR&H SULSL
UDVWH]DQMX NDBERQE® GH MNNVEQ DR BMHHYH SWFIDN&KYHU NDUDNYV
]D 39B8USFD QD SUEBDGMOLERYDFLML £] GINRFUH3SIRPDWUDMX
V 0%$ XRpPpDYDDVH YERRMD MH NDUDNWHURWUWDFEQD YD 1

ALURNL VLIJQPF® KB YUSFD RGGYRINMLELQH WNX SUGHHXQMH O X
SULEOL&QR FPIWDNRYHU VX NDUDNWHULVW LYLGEHDIPEL MH O X (
VNXSLQD &% FIHOXOR]L .DUDNMHU L FRERNIDU B WIFHUDFLML
JOLNR]JLGQH 9H]H

] )7,5 VSHNWDUD RpPpLWDQH VX YLVLQH ]D YUSFL NDUDNWHL
SURPDWUD VH LQWHQ]JLWHW & USFEGR JRH )XW i S\WLIPH. 8 RHL G Q H
YH]JH 3RGDFL VX SULND]DQL X WDEOLFL



7TDEOLFQUMWHWL NDUDNWHULVWLPQLK YUSFL ]D 393 L F

8]RUDN , , C
393

393 8

393

393 8

393

393 8

,] RPMHUD LQWHQ]LWHWIL §H PRGH SRWREJDWNDKN MRYHUDQMH
OR&AH VHMHIWPWL YHUL XGLR 393 X KLGURJHORYLPD NRML VX
VH XVSRUHYyXMX LVWL RPMHUL FHOXOR]H L 393 QDMYHUUD
393 8 3UBQDPGUH]XOWDWLPD KLGURJHORYL GRELYHQL
LPDMX YHuUL XGLR 393

)7,5VSHNWD3IV&/SULND]DQL VX QD 8QERDRPXMX VH RPMHUL |
39&/ L 8 RED VOXpDMD NRULVWLOR VH XPUH&ADYDOR



60OLND7,5 VSHNW3I9KL/KHGCGURVIBMOPRYD BH&XOR]DYV
XPUHaDYDORP 8



6OLND7,5 VSHNW3I9K/KHGCGURIBMOPRYD BH&OXOR]DYV
XPUHADYDORP 8 XYHUDQR

DR L NR&I303BDO QD SULSPGD GHHRMPDABBMYDOD 9USFH RSI
L FBRVOMWHRRGL FDEUDFLMBULLY W H FCRGNDIWIHY YUSFD DNVLNM
GHIRUPDFUMRQLA®DE YBI]HUL YUFPH NDUDNWHWHIWLPQH ]D
ALUD YUSFD SUL BEPRBORYQR ML KEWGARNVLOQH VNXSLQH F
YLEUDFLMDOLNR]LGERHDXBR{H YLGL QD FP

,] VOLNH RpLOWD BW LV $ RVQWHEQL ]D L]JUDpXQ UHODWLYQR
SULND]DQL X WDEOLFL 8 RPMHU VX VWDYOMHQL LQWHQ]I
NDUDNWHULVWLpPQD YUSFD JOLNR]JLGQH YH]H FHOXOR]H

7TDEOLFEDYyHWHWL NDUDNWHULVWLPQLK YUSFL ]D 39&/ L F

8]RUDN , , .

39&/ 8

39&/ 8




3URPDWUDMXiUL LQWHQ]LWHWH NDUDNWHULVWLpIPE YUSFL
L FHONORWH L UHODWLYQL XGLR 39&/ X KLGURJHOX 2PMHU
YHULRQMRG 393

2GUHYLNRQWBNWQRJ NXWD

OMHUHQMHP NRQWDNWQRJ NXWD RGUHYXMH VH KDGURIED Q|

L SULND]DQL V>P D@ M WM R K QW GRORY MDYXU MMDHE®Q RV WL NR
NXWHYD

60OLND .DS YRGH3®D X]BEIBNX DL F93 8



60LND.DS YRGH @BD&IRUBX

TDEOLFPMHUHQH YULMHGQRVWL NRQWDNQLK NX\

8]RUDI f 8]RUD f
393

393 8

393

393 8 39&/ 8
393

393 8 39&/ 8

9HULQD X]RUD N DR SWSNKID] B ONDY DMEPIHE MM MS RNYRBGMGIBNW @ L DN XWWIRR P
MH VOXpDMXQDDEYWRG SRYUALQV VBIE®IS MKRQULDNYDQ V XN X W R
PDQML?RWR ]QDKIL GRVRORWIH KOG UWRIXDAHQMH MERPERQH
LINS VH 4LUL QD &WsRVR HVIXYIRMBEQRVW NRQWDNWQRJ NXW
PRIXUQRVW XVSRVWDYOMDQMD ]QDpDMQLK LQWHUDNFLMD
SRYUAUQMF HUL LIPMHUHQL NRGWDNWEDL QDXNMPBPM X]RUD N

2GUHYLYDQMHVWDRMR&ANLK VYRM

7HVW SURPMHQH DPSOLWXGH L I[UHNYHQFLMH SWDWRHGHQ M
X]JRUNH 398&/ 8 L 38&]XOVEDBURRIMNCEDLWXBGHEH. VX SUHNR
PRGXOD SRKWUDQELWKIDGURIJHOD X UDVWX i HPMRDG BB QW GR IR
XYLG X RLYHDNRHODVWLPQR SR@UIOINHYV WPRMHLMWMDOIR B



KLGURJHORYD MDYOMD VH SUL QUVY.NNRMMHH WEKGRBRRGEXWQP DQ |
UDVWXUHP CGDANGRIYHLI®H) MMDNR UDVWH B NDR U PNDUFLLYWXOO MADR § N Bl GBV
WUHQXWDN X NRMHP VH KLGURJHO BRp2EQMH SRQDADWL NDF

1D VOLNDRDPODUDILpNL VX SULND]DQL USURG WHEEAQL WRIMVOIR DLIPRSL
393FHOXOR]DFHGB&®R]D

6OLNRYLVQRYW LVWHIDQMX JMPHOXOWDPDY 393



BOLNRYLVORYWLVWH]DQMX ]D FHKO/X\DRY] (39 &/

1D VOLNDP®RULND]DQL VXVKLGDREERIRWLL P X PRPN R LVWH]DC
SRMDNOMMK VDPR PLNURSXNRWLQH SULMH QHJRS aWRP VH G
SRGUXPMX MHMMRWMYMMENKYLMHN SUHYODGDYD HODVWLPQ
bYUVWRAWWRDELMK DpL OO BPOWRE ®MBBRW R G U KMIHRL P. DINNRD 4 ¢
VH SRYHUDYD LVWH]DQMH GROD]L GRL SIBIDNRRU B PRACNKD VRD A
PLNSJRNRWHQ®BROD]L GR WRpNH *SUHMR B N\VURNW HE XOW D M H

SUHYODGDR YLVNR]QL GLR Y L®|RRIDEGDIOVA b ® R JYS$IRI ® DYEDIQMHX

PRGXOD X XVSRUHGEL V 393 AWR XND]XMH QD EROMX X
NULYXOMD GROD]JL SUL LVWH]DQM®B9RG WH ]D X]JRUWORUDN
393 8.RG 39&/ NULYXOMH VHXVLOBPNRXMRADE QD X

VOXBDEKX 8 $NR VH XVSRUHYyXMX KLGURJHORYL UD]JOLpLWL
YULMHGQRVS\DLVH PRaH UHUL GD MH EROMH XPUHAaHQ

1D VOLNDPSULNDPO QH ] X O %/UDRWPLMWHINAWHED F L



6OLNRYLVOARYWR NXWQRM IUHNYBRHOQMOQRPDVXVWDY



6OLNRYLVOARYWR NXWQRM IUHNYBHLOMLOI®]|¥XVWDY 3

8 FLMHORP IUHNYH BRIBVMMOKXP RDVISRIEIRIDRIHNDRXMS R HUL
* RGAWR XND]XMH QD YLVNRHODVWWLEPOR. K KQ B HMRJIME RYDL BE
VODEX OLQHDUQX RYLVQRVW R IUHNYHQFLMLE B WROWH M DAH
WLSLPQR GOR*VX* PRGXRXY¥LVQRVWL R NXWQRM IUHNNHQFLML
NRQWODRW]QRVL RBD@®ERGR? 6PDQMHQMH /YXWIMKEBD RYDIV L
SRYHUDQMH HO DNSWLH@RW VY. OMHDURWPB® U UDV S U &HDGIL N DRI L
L SULND]DQD MH RYLVQRVW NRRSIOXWEPRM $8N N R MDA L
YULMHGQRVWLXQOPG DR HRUIL DIRHP O M H Q INKJ K WEWRII MR RMD X U
RG GR 4WR XND]XMH QD SRQPDMNHWEL NEMOLFQR MKUSWRD ]
SRGDFL R UHRMIRPEN KP &/ERIMNO RPN aH RPSRUWHNEBH YLVNR]QR
/IVYLK KLGURJHORYD SULND]DQL/VX SUL NXWQRM EU]JLQL RG



6OLNRYLVQRVW NRPSOHNYV GRHAWRLR/M RUGIRIWW Q F LAVHO OO R XY W D

6OLNRYLVQRVW NRPSOHNV@®HNYIWQRYQIRMWL HQFHX QR [\DX V



7TDEOLFD 5HRORA&ANL SRGDFL ]D PMHUHQH KLGL

8]RUD SUMWM F L .RPSOHNW®RDQRLY WDQ
* Lo Uubvc 3D/ U DG
393
393 8
39&/ 8
39&/ 8

IDMYHUH PRGXOH JXELWND L SRKUDQH WH3W®/RRDXORRPS
KLGHW@BRYLpHIJD VH PR&H ]DNOMXpLWL GD MH NRG WLK KLGL
XPUHADYDQMD SR GRAHHEDIRK V0D QWD NQXR X]RUDN 39&/ ;
NRPSOHNVQX &L WRR ]JJWRWRUDN ELOR SRWUHB®REGRWGIRD Q M
GR UDVSDGDRGN VXNV WHY W L UDMH K. PPIIRPOND WR FLMHORP \
SRGUXpMX IUHNYHQFLMD &WR XND]XMH QD185 RI®DDD/OMH LAY
X]R U3DI8

6(0

6(0 RPVHGREXRLG X SRURIHFROBBWIMAIWINDPDSULND]DQL VX 6(0
PLNURJUDILA HPRYDNLR P D WIYDWMIKKILGH RIFHOBRYD L 393 8
PRaH VH YLGMHWL KUDSDYLMD SWRQYUNIDADRE RXRYRIWN Q E H V WHRUPHX
VH PRaH S WIDAONGNYERNRUQIMH L GRQMH*RR QW B INGRURY WIGIDG H E
P GRN MH ®RVYOMIDND +LEURJHO 393 LPD SRUR]JQLMX VWU
L] VOLND SRSUHpPQLK SUHVMHND



60OLND ORUIRORJLMD KLGURIWED RBP 3H NIVRRYDXMBONRHH P D
SRYUEGLQD SRYHUIPRMIHHPQL SBHVMHN SRYHUDQMH | L |
SRYHUDQMH |



F

60LNDORUIRORJLMD KLGRRXHOGDRBIFP HWRGRP UHNDW\L Q MK PL MDF
SRYDAISRYHUDQMBRSUHpPBL SUHVMHNL SRERSMGIMEAL SUHYV
SRYHUDQMH [



1D VOLNDPBULKDLR]X 6(0 PLNURJYBIDBIOXJBODN D D SULND]X
JODWNX SRYUALQX 39&/ 8 KLGURJHOD WaIQMD VIBLEH L B Yl
KLGURJHOD

F

BOLNDORUIRORJIJLMIN&LGBRYNAPQRJ PHWR GRP WHNDW\D Q BIKPL M
DSRYUALQD SRYHUI®PRMHPQL SEHVMHNL SRERSDGMEA L[ SUH\
SRYHUDQMH |



+LGURJHO 3®&MPMRPRIJHQX JODWNXOIRYWXILRIERSUHPQRJ SUF
=D UD]JOLNX RG QMHPD SREBR]QX8XQXWUDAQMRVW

D E

60LNDORUIRORIJLMIVELGBRYK@BQRJ PHWRGBRP UHNDW\D Q DIMPL M
DSRYUALQD BRYHERPRMHPpQL SUHVMHN SRYHUDQMH [ L
SRYHUDQMH [



=$./-8y9%.

8 RYRP UDGX XVSMHaAOQKRLFXRVUHQRMIXIGRUDD QUDIWLUDQH V
SROLPHUYPQL®ORBQU RAICEFRBQBR ERIOQL ON D RUPR & HIT8 /&/P
2PMHUL FHOKOBQHURDL WRI@QNFLMVNRM VPWHVL EGEN VX RPM
FHOXORYHQLONDDURODNWBR RIHORYL VBLOULEHHKXPMMKAVL YL
11PHWIEQRFQULODPLGD

,QIUDFUYHQRMR YSMRRMWRBWHYHQ MH UHODWLYQL XGLR IXQN
)7,5 UH]XOWDWL SRND]XMX GD MH YHUOL XGLR 393 X KLGUF
XPUHAaDYDODLsRAMHURYBEWHROD 9&/ X SR pHWHROND W B WGV X G DR/ \& ¢
KLGURJIHO

6YL X]JRUFL SRND]XMX YHOLNX KLGURILOQRVW WDNR GD
UD]JOLMHYDQMD NDSL YRGH D NRG X]RUDND JGMH MH ELOR
YULMHGQRVW QLBM YSHIHOLPIMOHDUHAOL NRQ% DN V8 Q LONDXAP D © B LX
393

5HROR&ND PMHUHQMD L SUHWUD&QD HOWDRR PV KDURLND
SRVWRMDQLMLP KLGURJHORYXPDVSHRBHGEL3Y339EROMMSRNI
XPUHAHQRVW SNRLEH RJIHSRU H § X MDX] &L IGLURLIK GSROILPHUD 398
YHUH YULMHIG @RRWEL ]QDEROM H6 X6MWIH KHGURJHORYL X LVSI
SRND]XMX YLVNRHODVWLPQR SRQDADQMH VOLPQR JHOX 8]R
YLVNR]QNY¥WOWHSRWUEBEBORRGVWIJDEL GR4A0OR GR UDVSDGD
IDMHODVWLpP®IML MH X]RUDN

$NR VH SURPDWUD PRUIRORJLMD & YERWRKRMXIRXFQHRRIMP P33 K |
KUDSDYX SRYUaALQX 1DMKUDSDYLMD SRYU&GLQD MH RG KLGL



323,6 6,0%2/%

+ <R X Q NRYQ WD XH QL
vESRY U3DROSKMWFMMD QL | DYB b X B W R
vSRYUZDOBSNMWRVW QD JUDMULFRIPDWIR pY UV WR
o#SRYUADOBSNWRVW QD JUD@LERIYPDWR W HN X i H
1+QDSUH]TQMH
(tPRGXO HODVWLPQRVWL
0+GHIRUPBBLMD
* +tPRGXO SREBUDQH
* tPRGXO JXDLWND
+VPLPQD GHIRWPDFLMD
&+NXWQD I|UHWNXYG YFLMD

NRPSOHNVQD YLVNR]QRVW 3D V



10.

11.

12.

[,7(5%$758

8OODK ) 2WKPDQ O % + -DYHG ) $KP®WGD\EVLILFDMOL
SURFHVVLQJ DQG DSSOLFDWLRQ RI K\GURJHOV $ UHYLHZ
+ GRL M PVHF
$KPHG ( O BGWRDHDWLRQ FKDUDFWHUL]DWLRQ D
-RXUQDO RI $GYDQFHG*5H VMW FKM MDUH
1LVKLR < ODWHULDO )XQFWLRQDOL]DWLRQ RI &HOO
'LYHUVH OLFURFRPBRVHWLR®R BEHU 6GRHQFHB
.OHPP ' +HXEOHLQ 3% YARKQ +$ &HOOXORVH
%LRSRO\PHU DQG 6XVWDLQDEOH 5DZ ODWHULDO $QJHZEC
+ GRL DQLH
&LRODFX ' ( BXIOHW '&HO OXMDWRYVGE +\GURJHOV
OHGLFDO 3KDUPDFHXWLFDO $SSOLFDWLRQV %LRPDVV D\
%LRSURGXFWAFRIOPIOKH GRL E
-0 9DQ %HPRHOMBGURIHO XQG GDV NULVWDOOLQLVFKH
$QRUJ &KHP GRL ]DDF
‘LFKWHUOH 2\GMRSKLOLF *HOV IRU %LRORJLFDO 8VH 1D
GRL D
ODKLQURRVWDDUVDBRBHK= $OODKYHUGL $+\GHRDNRR ULV
LQWHOOLJHQW PDWHULDOV $ EULHI UHYLHZ RI VI\QWKHV
7RGD\ & KHPL¥WUWRL M PWFKHP
9DUDSUDVDG . 5DJKIDUHIPXEBIX *7 0<D-@WODSX 0 0 6DGL
$ PLQL UHYLHZ RQ K\GURJHOV FODVVLILFDWLRQ DQG U
DSSOLFDWLRQV ODWHULDOV 6FLHQFH DQ@G (QJLQI
GRL M PVHF
3HSSDV 1 $ $R6IPDQ +\GURJHOV %LRPDWHULDOV 6F
GRL E
5XEHQ 0 6RIW &RQWDFW /HQVHV &FIURKL FISK W& B BBBO H (
GRL DUFKRSKW
O0DQGDO $ &OBHUVHOBR $ & OLWUDJRWUL G6LRBQRJIHO
7UDQVO OHGH GRL EWP



13

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

'DQJ ' ;X < /L 4 7XUQJ /'8 DPHWHUFVLDRRBEHBIOVHOV
)DEULFDWLRQ 6XUIDFH OR GRS HEMWYHR/Q DOMHGF RoD @ DFFDVA. BH ) |
ODWHU &KHP % = GRL FWE E

7UDQ + '1 3DUN .' &KLQJ <& +X\QK & 1JX\HQ ' +
RQ 3RO\PHULF +\GURJHO DQG ,WV&RPSRVDRQG &DOMMLICFH
7LVVXH (QJLQHIUL@J &KHP + GRL M MLHF

/JLDQJ < +H - *XR % )XQFWLRQDO +\GURJHOV DV :RX
+HDO$&KELD QR + GRL DFVQBQR
5DOMHU % ' +RIIPDQ $ 6 (GV +\GURJHOV IRU OHGLFDO

6\PSRVLXP 6HULHV $PHULFDQ &KHPLFDO 6RFLHW\ :DVKLC
KWWSV ZZZ LGWH FK D[URMRF B¢ QRE-EBYFELFDWLRQV
RSSRUWXQLWUHWVWXS

$]L]L 6DPLU 0 $ 6 $OORLQ ) S5HXLHZVRH5BFHQW 5HVH
&HOOXORVLF :KLVNHUV 7KHLU 3URSHUWLHV DQG 7KHLU
%LRPDFURPROHFXOH®RL EP

ORRQ 5 - ODUWLQL $ 1DLUQ - 6LPRQVH&HOOXORRXM
QDQRPDWHULDOV UHYLHZ VWUXFWXUH SURSHUWLHV I
SHYLHZV GRL FFV E

=DLQDO 6 + ORKG 1 +DK §XKDIUDLPL $$QX 2WKDPDQ
SUHSDUDWLRQERVKGEORAGORYHO $ 5HYLHZ -RXUQDO RI O
7HFKQRORJ\ GMIMPUW

*RUJLHYD  7UpHN %DFWHULDO &HO O XGRIVFM LYUHR/G X
LQ %LRPHGLFDO $SSOLFDWLRQVGRDQRPDWRULDOV
$OYHV / OHGURQKR % $QWXQHV ) ( 7RSJIDDUG /

VWDWH RI FHOOXORVH LQ DTXHRXV V\VWHPWV $FLGLF VF
GRL M FDUESRO

5DXV 9 AaWXUFRYi $ ‘\EDO - A0ORXd 9OpPHWO®FRRYI 7 ¢

$SFWLYDWLRQ RI FHICRQRQRVIHRE\GLVVREXWLR QDIF@I WDIPLGF

&HOOXORVH * GRL Vv

ODWVXPRWR 7 7TDWVXPL TDPDL&HOOXTIRWMANL 7
GRL D
'XSRQW $ &HOOXORVH LQ OGWKHWK\RPOFRIWH- GH RS

RI D GLVVROZWA\R@ PIBWERU VXEVWUDWHY DQG VWDELOI
+ GRL Vv



26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

'DQJ 6 /X $ =KDQJ / 5HFHQW DGYDQFHV LQ UH

3URJUHVV LQ 3RO\PHU 6FLRIQFHM SURJSRO\PVFL

ILX * /L : &KHQ / =KDQJ ; « EKX '4 &KHQ OROHFXOI

G\QDPLFV VWXGLHV RQ WKH DJJUHJDWLQJ EHKDYLRUV |

DTXHRXV VROXWLRQ &ROORLGVFD@GDEXA (QRHY HH B KQUILFR
GRL M FROVXUID

&KDQJ & =KDQJ&HOPBOORMHK\GURIJHOV 3UHVHQW VWD
SURVSHFWV &DUERK\GUBWHBRO\PMHBBDUESRO
&KRH .LP < O 1DP - ( 1DP . 6KLQ & 66\QVBRHKVEKVRI

KLMWUHQJWK PLFURFU\WWDOOLQH FHOOXORVH K\GURJH(

3RO\PHUV # GRL M FDUESRO

3DQ < :DQJ 3- &DDR + 'XDBIVSRQVLYH ,31 K\GURJHO

VXJDUFDQH EDJDVVH FHOOXORVH DV GUXJ EFEDUULHU

ODFURPROHFX@HV GRL M LMELRPDF

=RUDWWR 1 ODWULFDILGQDB 3, EDVHGEKPAURJHOV 3RO\PtH

+ GRL E

$ZDVWKL 5 ODQFKDQGD 6 'DV 3 9HOX« 9XDODOLSHG
3RO\ YLQ\OS\UUROLGRQH (QJLQHHULQJ RI %LRPDW#E

+ GRL E [

5R\ 1 DQG 6DKD 38BDVHG K\GURJHOV V\QWKHVLV SURSFH

,Q +\GURJHOV 6\QWKHVLV &KDUDFWHUL]DWLRQ DQG $

JHUUHLWD

7HRWLD &DPL + . XPDU7KHUPRVSRQVLYH SRO\PHUV 6ZL

5HVSRQVLYH 6XUIDFHVY DQG ODWHULBOVGRRU %ERPHGLEDC

&RUWHPIXV 1 $ &OFHUPULH $SBRO\ YLQ\OFPWDRODD
FRPSUHKHQVLYH UHYLHZ RQ D WKHUPRUHVSRQVLYH SRC
3RO\PHU 6FLHQBHRL M SURJSRO\PVFL

/LX - 'HEXLJQH $ 'HWUHPEOHX®RG\YLQYPWRPBURODFWD
7KHUPRQWWSHR ODFURPROHFEXOH ZLWK 3URPLVLQJ )XWXUH
+HDOWKFDUH 0DW HU L D®R/L DGKP

9LKROD + /DXNNDQHQ $ 9DOWROD / & W RAXRI[+FLWALR
WKHUPRVHQVLWRWDNLISROURBSUODEU\O VP REOIFD SRROOLFWDP
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DPSKLSKLOLFDOO\ PRLOADSUBROFWDP %LRPDODWHULD
GRL M ELRPDWHULDOV

$EGHUUDKLP %HQDUELD $EGHUUDKPDQ (OLGUDVVL $

7TDEDJKW $EGHVVHODP 7DKDQL .ULP 2XDVVLQL

&HOOXORVH 3RO\EXW\OHQH 6XFFLQDWH DQG BRAUHHQ

ZMHH

/I[HUR\ * :DGH -U ,QIUDUHG 6SHFWURMVWFROQ LIFQEKBBPYVVBGH |

HGLWLRQ

WUXNHU 2SWLFV ,QF $WWHQXDWH G HRWD/OL G H BEOVHRAR/DOL R

VSHFWURVFRS\ $SSO 1RWH $1

KWWS VWWXQMDLYKNWIOWDNWEPYLYWXS

9ROSH & ' %UXJQDUD 0 ODQLJOLR ' 6LERQL 6 :DQ

H[SHULPHQWDOO\ PHDVXULQJ DQ HTXLOLEULXP FRQWDEV

FRQVHTXHQFW $QRQMWD:HWWDELOLW\ DQG* $GKEHRILRQ
RIVW

9UVDOMNR ' B6WXGLM IHQRPHQD PHYyXSRYUALQD X NRPS

GRNWRUVND GLVHUWDFLMD )DNXOWHW NHPLMVNRJ LQA&H

<XDQ < 5DQGDOO /HH 7 &RQWDFW $QJOH DQG :HWWLQ
(GV  6XUIDFH 6FLHQFH IHBRQUTXHYV O & ULHQLIGIWOEH U J

KWWZ3XZ HQFLNORSHGLMD KU QDBWXKWNWXESD DVS["LG

3DQ]DORYLU 9 5HROR&ANH NDUDNWHULVWLNH VDODWQH
SUHSHOLFH 'LSORPVNL UDG 2VLMHN

,QNVRQ % - ODWHULDOV &KDUDFW HYLDDPDMWMRRAVLILQJ ARW
'RRGKHDG 3XEOLVKLQJVWNZVWRQ

KWWSV VHUF FDUOHWRQ HGX UHVHDUFKBHG)XSAWWERQ JH

KWWSV 7Z7ZZ EULWDQQLFD FHROHWPRNMBER@NRERBVWRKEBQQLQJ

KWWSV FGQ EULWDQQLED FRMSSULVWXS

KWWSV 7Z7ZZ MXODER FRP HK ERWREEXF W MK B BM ILEINVHDGV H G

FLUFXODWRWY PBULRWXS
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KWWSV 7Z7Z7Z WDLOVWGBXRMQYWS FRP KU
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6DURM $ / 6LQJK 5 . &KDQGUD W HOHFWINROGWHHV RC
SRO\ YLQ\O S\WUUROLGRQH 393 FRPSOH[HG ZLWK LRQLF !
WKHUPDO VWDELOLW\ FRQGXFWLYLW\ DQG UHOD[DWLRQ

(QILQHHULQJ % GRL M PVHE

'"KXPDOH 9D®RJZDU 5 . ‘DWDU 6 6 6KDUPD 5 %
$JJUHIDWLRQ &RQWURO RI 3RO\ YLQ\OS\UUROLGRQH &DSS
S+ ODWHULDOV ([SUHWRL PHI

%OD&LF 5 .XpLiU *URINRYLGUDO N KBBBOLSROM

GLPHWK\BB/KLQRHWKDFU\GD@WK H VE Y R &H OHADNF MEHDUF W Bl WIL E

7HVWLQJ DQ®BRWUROUWH $SSOLFDWIRRQ *HOYHOV

&KHQ : +H + =KX +/L &KHQ@IQD 65ANSHEPRLYH &HOOXOR

%DVHG ODWHULDO ZLWK IRAL &R R WVEJIRHD CHD/EW Bl EALGDL WDW H U 6

3RO\PHUYV GRL SRO\P

'XODQGDUL : 7 B5RFKOLDGL $ $UFDQDDUYHG E\ DFU®Q

K\GURO\VLV RI LVRODWHG FHOOXORVH IURP VXJDUFDQH E

6FLHQFH DQG (QJLQHHULQJ [ GRL

5RPHUR - W%DWUDLRV $ *RQ]JDOH] * WHRASRRBWOLWHEDH WK

YLQ\OFDSURODFWDP EDVHG K\GURJHOV IRU FRQWUROOHG
+ GRL 5 %

ODFFKLRQH 0 $%HEWWUGU&RK 5RVVR $ 3 (XWL ( 0 0D

BWUXPLD 0 & JHUQXQRJH] 0 E3ROALQ\OFDSURODFWDP 1D

ZLWK $QWLYLUDO %HKRYHRW LIRXD LORMWM GWLILF 5SHSRUWYV

GRL Y

OHQGR]D / %DWFKHORU : 7DERU 5) *DUQLHU * *HOD

QDQRILEUH JHOND® GRQOWHUIDFLDO SHUVSHFWLYH - &RC

+ GRL M MFLV

KWWSYV ZE§NDWEOREREBRPPBSIOLWXEGEGWWXS

%HVWDO 'RGHUR $ $OORLVLR O O9LFLQL 6 O5LHGR &
&DVWHOODQR 0 $JDRRUHMN GW/WHRQWKY X3\ EHWZHHQ &KHP
DQRG 5 KHRORJLFDO 3URSHUWLHV (XU 3RO\P -

GRL M HXUSRO\PM



