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ORQLWRULQJ L DQDOL]D QDSODYOMHQRJRRWSDGL

JRGLQH

&LOM LVWUDALYDQMD NRMH MH SUR WHRBNDQ R HD [$ USIDIIHEQ MGD R
PDNUR RWSDGD YHUHJ RG FP 3ULRUNRW HSUDR ¥IHIG B H WL.R/G
NRMD MH QDVWDOD NDR UH]XOWDW MR &WNX W B J'IHW XV K*IDAL
MH RGDEUDQD NDR ORNDFLMD ]D S.(SR ¥ 8 & B\WKU EWW USIDSL&HD Q W
-DGUDQD ,VWUDALYDQMH MH SURYHGHQR XRBWXGHGRWLP
WHUPLQLPD MH SURRMGDETD N XGCYDM DRGIHER MD XG RME Bl VIH G
BULNXSOMHQL SRGDFL DQDOL]JLUDQL RAXX SRIMBDG N R QX DI
NDWHJRULMDPD L]R'GRORIHDH BBWA X MHQ BHNYX S HARP 1&Q |
PDWHULMDO X FMHROWVSNDIGIQ RM X RO H MG LVROIDA.IP HUBM.] @ Dp D M
RWSDGD VX OR4H JRVSRGDUHQMH RWSDGRP WXUL]DP L UH|

.OMXpQH PRMWKL RWSDG NROWDLYR\KISE®DODMRIUNDR VB SIDC
6DNDUXQ
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ORQLWRULQJ DQG DQDO\WVLYV RI IORRGHG OLWWHU
7KH DLP RI WKH UHVHDUFK FRQGXFWHGQ\R@ B DANFDQLYOR B HPDI
PDFUR ZDVWH ODUJHU WKDQ FP 7K/ PMVRK RIGIRKD RH) L& K
SURMHFW IRU WKH $GULDWLF ,RQLWRHUWKHVROQ WKV BN NDBUI
EHORQJV WR WKH W\SLFDO NDUVWDEMD FKHY VRAUW K H Z-DDN WR
LQ 1RYHPEHU DQG LQ )HEUXDU\ ULHB/WKW RQOMERY VR
QDPHO\ DXWXPQ DQG ZLQWHU 7KH FRO®HFW WR GIKMD DPHR
FRPSRVLWLRQ DQG VRXUFH RI ZDVWH PDMFRH G HQLV KR DW
PHWKRGRORJ\ 7KH EHDFK LV FOHDQ WKMHR G 8 PQQ DARN WPKDHN &
WKH HQWLUH DPRXQW RI ZDVWH DTKH CPIRVMW L\FILDQDL IS KO \PW Uy
ZDVWH DUH SRRU ZDVWH PDQDJHPHQW WRXULVP DQG UHFU

.H\ZRUGRDULQH ZDVWH DPRXQW RI ZDVWH HADVWYOGDVRRSEF
6DNDUXQ EHDFK
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ORUVNL HNRVXVWDYL VX YUOR RVMHWW B LR'W SPOG D NXJP X OOR
L]YRUD 8 PRUX VH DNXPXOLUD RWSDBORW® QRIV\WLpVWERYV
QDJODVNRP QD WXUL]DP L ULEDUVW.YWR Y QRE]LLSRP MPSULME
QDSODYOMXMX L WDRRX DY WV RKHRQS DG B & R@M K OSUHN L Y F
YRGHQLP PDVDPD VRWRIDGDHU K VXRWQRDWLRPF MR GHBD PL SRNU 4 L ¢
SUHGVWDYOMD ]QDpDMDQ SUREOHP QBGROHREDND RWP DND YL
RVMHWOMLYLP HNRVXVWDYRP ]JERJ VHYRRE QPWLY RWDHGRGW
-DGUDQVNRJ PRUD .RVW\ 8 -DGAIVD YN R HPNRHUIBRVH M DM
XOLMHYDMX X 7UZUDQVNL ]JDOMHY H®WHUIHKL NRQLPLQD PRI SN
XWMHpH L SURFHV OLWRUDOL]DFLMNMR M HRJ BIHQ MVJFDNFIH BIWM H L
JRVSRGDUVNLK L GUXAWYHQLK DNW L-YGERMNR [WBDNEM P RU Y\
MH XMHGQR L UHQRGWRGO DUHBGVHN YROWB D)G]D X @ DX WSIRWGQUNK I ML
SRYUZLQH NDR WR VX ULMHNH L NDQDOL %HQDF L VXU

2VLP WRJD -DGUDQVNR PRUH SRVWD®MLHEQRP 1Y 3EXWILDD IGRIF \
7XUL]DP MH ]QDpDMDQ JHQHUDWRU PRIDMIRG B SN GIR GRR
PRUVNLK HNRVXVWDYDRVWRERGOMRVSREWUVSRS SW HDDOWRRS |
ULEDUVWYD LOL P@&GX\EW WILMH URDGREMBDNEDP XOBRUM 6YL C
UD]JOR]L XND]XMX QD SRWUHEX VXV®MD YQPRIDBRQIQXRIU b Q HIB R
FLOMX UD]YRMD RGUALYRJ SULVWXSDE KRS U D MDRVCLLQINR X WRN R
HNRVXVWDYD ORUWNLY ORMDS BG LSIBIMGHEL HNGORAN R RJ UDR/DI
RVMHWOMLYRJ HNRVXXWDYD % HUHIBONQADY® WO PRUVNH RU.
QMLKRYX EURMQRVW L SULVXWQRVVRMHG E® H ONFDNKISIRU KM B
QDJODVNRP QD PLNURSODVWLNX L QRAUNNULKURMXDQH]RPKUD C
VXVWDYQR GHJUDGLUDMX OLNURSO/DWDALRR U WNL KQRWH DL
VX GRND]DOL &DPSDQDOH L VXU NH 2D BAUR PNRIWDX \RHV X1
-DGUDQVNR PRUH

9HOLNH NROLpPLQH RWSDGD ]DYUEDYBMMXDK.PRUYWE P GR X RROAL
PRULPD MH SUYHQVWYHQR UH]XOWDW KRHVPRMHIWQ U RSFOQIL
SOXWDMXiUL RWSDG RWSDG X YRGHQRPR VADXSIFIXY OMHDMR.J R
PRUVNLP SOD&DPD 7XWPDQ L VXU DQMD ®WRJMWHD 6DH GFYHR
JHQHULUDMX PRUVNL RWSDG VX EURMQLQWHNRSRQXVNRREH



NRQWHNVWX L]YRUDHPBRVNRQRRWBHGRH MY YW PR X NRV HRI®ISL
RWSDGRP SRPRUVNL SURPHW LQWXYVYNRULMWYWNK HGMVHOINWR D

1D GLVSHU]JLMX RWSDGD X -DGUDQVN®RPSRREBX MR HY P 6 MN-RRM
SULOLNH L KLGUROR&@NH SULOLNHU D7 SRPOLQYLWRKWPRUVNH §
DGHNYDWQRJ JEULQMDYD RWSDGD X DDFLUWHDWNR 6 UM B @ YHNARG
SRVWDMH NOMXpQR NRKR EGLPMMH WPYOLEKMWREBMBAD PRNUO/MREIXR X UL
QDSODYOMHQ QD SORODPDQHQDRHEAMRARD RWHBDBED Y SO
RWSDG L]JUDYQD VX SULMHWQMD EURMORPPPRWMNQP UKXNR
ELRUD]J]QROLNRVW QDYHGHQLK VXVWDYD

ORUVNL RWSDG VDVWRML VH RG W UNDUMKQWIKK BDR/IHY HGBQRK 1
PRJX GRVSMHWL X PRUH L]JUDYQLP LONDSRVUNMB@DLO L BXFA B
ROXMDPD LOL YMHWURYLPD 1HJDWLYRQWLS XS H/FD ML B NWR
VWDMDOLAWD R pIRADSR\GD UR/NMRYOHLGRJ MBY QR VEWNDRNY WY NI R
VWDMDOLAWD 1HSR XWHIGTFO M HROIMW MR J QFOWS B HWDD 8 B DIRWX P
REDOQLK VWD Q LNIRWDL LX HINFRNKXN XV U R BALIR i N RXQIRPY @ H. JMXEL
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ORUVNL RWSDG MH ]QDpDMDQ HN R ORNRXDWFEE ®DPRGS DG R EX
L RFHDQLPD UH]XGWDRW RIPQRVEY B RIGIQFDH W QL KNRREOURDI®FED S
L SRWUREQMH X VXYUHPHQRP GUX3&W R¥ HDI) ISRIR KOWHHPO R WS
XWMHpX ORaAH VWUDWHJLMH XSUD YQHDQ MID RWISRG\E R UHQME
JEULQMDYDQMD RWSDGD X EURMOQL R HHPOHIRA R DBW D 8 H R BOYH
QX&QR MH GRQLMHWL DGHNYDWQH RUDRQ$R G DORHIQLNMH. pRIW S
RVLIJXUDWL XVSMHBEXDRBOWRHQWR¥XUD %HUJPDQQ L

,] WRJ MH UD]J]ORJD NOMXpPpQR RGUAL Y HKGW DD MSIERM HY RGU
SRWURaAQMH NDNR ERYDHGDRIMIMLID D MXMEFODFDOUP XORRIR VL
SXWHP 8 SUHJOHG OLWHUDWXUH VXDXMWDMBpHOLROHpPX QW I
RWSDGD X |HROMUDPHDHE SRVHEQLP QDHIRUWDRV Y O VERDA
JHPOMDPD NRMH LPDMX L]OD] QD -DGUDQVNR PRUH

3UHYHQLRV L VXU SURYHOL VPL B DX ORSYMGE LM M WRE
XNXSQR pHWLUL SOD&H QD RWRNX .WSLW B®H WU QR B LR@MW
VWRSH QHWR DNXP$OGPBLMHDNR K VN R JICRWODQN NHPSAGDAH X
X REJLU SULURGQH AE HQWNHR SRH KW P W LS R M DIEL CIDQMH S
QHWR DNXPXODFLMD QD DQDOL]MIDRMRMIMADL SOD&H QD R
3UHYHQLRV L VXU 1D DNXPXOBFDR XJRRUSDGDN M Hs R
RULMHQWD F LMD ROR NYIUFH.AVHD YINML B XUYAWRH WA MDA F D MSHRR) OYIVYH W |
.DR QDM]QDpDMQLMISDREDR UX RRIWHIGRH GRVE LIV S\RJ R S DMHV W X |
SULREDOQRP SRMIIQWRX XS UDHDOGHNYNAY L GRPV SR GADYXUHLQNML pF
VUHGLAWLPD ,] WRJ L]YRUD GROD]L WRNVRRY R WSSOAERDY L RILCE
DNYDNXOWXUD JHQHULUDMX RW S DREWD S DGNDD @DJRLM B R GND
VHNWRUX EURGDUVWYD VH JHQHULUDRW SDBR ID\WNVRLYY RRSWG
RGODJDQMD RWSDGD L SROMRSULYUBGD %RXHGRD PRUR/ NIA
RWSDGD 5H]XOWDWL VWXGLMH SRND]XNGDGLNH pPRJX i
LGHQWLILFLUDWL MDVDQ L]YRU

*XQGRJGX L &HYLN VX XSR]JRULOL QDFISMREPHR W
PDNURSODVWLpPQRJ XRWSNMHG 2 X)) (RED QRQHZB RUVNBYNRWR SRV
RJELOMQR XJUR&SHQH XVOLMHG RQHMLH iLWG M\ DSICD MW O N RIPQ

REDOQLK SRGUXpRDB HU XDQO® B YRE DONM AX X MNUHN RWDRD & VY



NDNR EL VH XWYUGLR XGLR RQMRpPLAUBOYNGP BWDBSIQQR DM/H ¢
PHIR L PDNURSODVWLNH X SHW NDWG@WRUL MBH OGIMALL  BLIUGHPY
REOLN SODVWLNH MH ELOD WYUGD LSGBVRWUANDL DVYOR PO MG K

3HUDa& L VXU SURYHOL VX SQL ® ROWNRIMRWRS U 8 D WKD & b
WLMHNRP MHVHQL L JLPH WH SWSROOMPPD LJORMRWD.DPH
8NXSQD NROLDPLQD NRAV S D GIORIP|&RY LFOMSDGON VERDID IR SDGD
GD MH SODVWLND GRPLOQDQWDQ WLSMRWSDOW QRD PROEMH. D
VWUXNWXUL RWSDGD RGQRVLR VH ODWRPUHGPHWH RG WNDQL

3DODWLQXV L VXU VX LVWQRYM LOWLDNRMLYp PQX URDL ®
X VUHGLAQMHP -DGUDQVNRP PRUX QD SBRBGQRPMXWSHSOE QL
PRUVNRP GQX 3URVMHpPQD NRQFHQWURVALOD MHD X W B M M G Pk \
8 VWUXNWXUL PDNURMAPSOGE HO X UBGIUBQBY B DGDNDMMN R
SODVWLPQL NRPDGL WH DPEDODAD X%MNXXGWDRRURN R JR ASK
SULVXWDQ VDPR QD SOD&DPD YHi L XQWXRBG QRO H WE DINXX A
SOD&H NDR QDSODYOMHQL RWSDG

90DFKRJLDQQL L VYUVX LVWWDALRGHORWEODRIMHXQRMN L L]Y
RWSDGD DOL QD 4LUHP SRGUXpMX NRMNRMRRBEXBY X RO
LVWUDALYDQMD ELOR MH XNOMXpPpHQR MNRXBNH VA-DADUFR JHI
$OEDQLMD %RV QD+ W Y-HHUWNHD R ¥W NDD* R,WADD D LAVDIR Y RRQILMDD 8 N 3
WLMHNRP MHGQH JRGLQH NODVLILFRRDQRRL DDEWGS BIEBHQ RN
ORNDFLMH 3URVMBPQD]Q@RVMIRIDVRW S BUWIG PHADIVED UH (
YLVRNRP YULMHGQR&AUX ,VSLWLYDGKN SQWVAHR BRJE QNRR Y)DVOM |
YHULQD ORNDFLMDSRRXO D XWYEDQMD WRIGGH HREBEQR BN LVH Y U
SODAD PRJOR RNDUDNWHULJLUDWL XR8WRW SXUQRRE Q ALDE D Q
PRYMHNRYD XWMHEDMD X 9 BWULRYID S QREP HRMLSD BXH ED. ORG |
XPMHWQLK DQWURSRDMWGILK. 8 BODPKMRBIL K/ X KPYONXSREMRVW U
PDWHULMDOD RGSNR®DKHWH [RWB PEWEQ2IWSOBRUDSPLAER MH
SULNXSOMHQRJ RWSMDGD] L R/MRUpL QIO\RAREDU DJWDH\WIDWIDP JHP O |
GR V SURVMHNRP RG QDMYHIDRRRO QRN U PR
RWSDGD SURQDYyHQDR GIHX XN X D5YHRS XQEDD L NNHR PHUYID \B RINIH M H
QDMPDQMD NROLpPLQD PRUVNRJ RWSDGD%BRQRHW U X UpFHHN R
NRPDGD P



1IDVWDYQR QD UH]|QQWDRDWIXOYODFKRMEIRWHOEQYR BB VX =HU
WDNRYHU SRWWUGEDOSUGDLY MHEAS® D XX IMD]JFRDOQR/NLP GU

ORNRV L VXU SURYHOL VX PRGDGOURRPIRWRQEO,BADK R
9RGHQMDN NDNR EQLYHQ®W WID&MODY MR R/IREMLD R W 8 DESLIN QR C
WLMHNRP MHGQRJREDE&EQOGIM B AN REENRIPRRAMSIDGR D QDMY
NRQFHQWUDFLMD RWISDPIG®EHR® LUDRRPMM X JLPVNRP UD]GRE
PDWHULMDOL ELXOXNXS@RM Q@R QWIRIE LREWIINGD V XE&BHO
RWSDGD VX XWYUWMKQWXJULRDR LDUWEREMDELMWWNBD RENWIRV S
RWSDGRP

ORNRV L VXU XWYUVYLYDOL VR GDVOQMX YO M B QRYMR SIOP
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3DODWLQXV | y) YSURVWUD QD s HGPHWD NP
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SUHGPHWD P
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D

L PDWHULMI

.ROLPLQD VDVWNDY LI GRPLQDQWQL V XGMHORP RG
ORNRV L VXU L]JYRUL PR JV\% oMpNPMYLGD NRQFHQWUDFLMD JLPL
RWSDGD QD|R ROMPNGHQWLILFLUDQL LIYRUL WXUL]
UHNUHDFLMD OR&H JRVSRGDUHC
RWSDGRP
.ROLpPLQD NVDVYWDY SURVMHDPQR NRP P
L]YRpULQpR v ANRE ORISIDFQMMHWQL SROLPHUQ|L PDWHULME
ORNRV L VXU pwsbcbD obD|Vv Ggfgﬁ&%bFSPLQDQWQLVXGM-mRP RG
REDOL -DGUD" P BYHYODGDYDMXGL L]YRUL REDO

UHNUMHD®RSUJLYUHGD

|l ULEDUVWY
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&LOM LVWUDALYD@MPLEOX ROGVWGLW LW SRGIUH) P DSNOULRALR 6D |
ORQLWRULQJ MH SPRIVHGIBDOQWHGRDOVPHH R PWXIBWQR X MHEV X
YHOMDpPD JRGLQH

6YUKD LVWUDALYQR¥WDOMH SREBHEBHPEERO HPRIASRGWOpRW SD
AXSDQLMH L -DGUDQVNRJ PRUD X FMHOLQL

5H]XOWDWL LVWUDALYDQMD GRSUL QUMWHWM QINHX OSRRWDNDRQMRHVL HY
JRVSRGDUHQMD RWSDGRP
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SRGUXpMH LVWUDALYDQMD

ORQLWRULQJ L DQDOL]D QDSODYOMHBRRD RS DYED ' % URPY HRGWH
=DGDUVNRM &XSDQA&ML6DANDLIWDQ QDB®]DRS\DHG QRMW REMAL 'XJR
30D4D MH VPMHAWHQD X EOL]JLQL PMKXWDii6ROQKQHQ D B DDV
P WH MH GXELQD QD REIOMBQRY VREHRGHDWIB®DAD VH RC
YHOLNLP L SOLWNLPQSWR V&VRYROG L] B DNOIALR) LMWL BB R D M H
SRVWDYOMHQLP ERYDPD ]D YH] 30D&PRMH RNUXA&AHQD JXVW]
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8]JRUNRYDQMH L DQDOL]D RWSDGD

B3URFHV X]JRUNRYDQMD RWSDGD RGYLMDR VH B C\DDEL 6D
JRGLQH 3RWUHEQR M H) SOPDRADQ R UL VYR E@MQML SIARGL
RGQRVQR L PMHVHFL SULMH SURYXKGREH K YWONRY B@/N D GRD
VH X GX&4LQL RG PHWDUD QD P DU DWOGEDHOQMRPQ RV W LWI
YHOMDDpL JRGLQH 3URFHV X]RUNRFMEMBQR\Y S D] DI G\t
VXQpPDQRP YUHPHQX 8]JRUNRYDQMH L DOXD @D}V RO RO LW
SUDUHQMH PRUVNRJ RWSDGD QD SO D &RP®RORDN URRU RMR|D &/ |
ODULQH /LWWHU RQ %HDFKHV * ODFURI RWSDGY MH FBRIR Y8&¢
WHPHOMX (8 06)' 7* A6PMHUQLFH ]D SUD®RBYMHPPRRIWYNARD

P

(0]



s NRMRP VX VH NRULVWLOL =HDQMX \OOXWDM X i 5 USO
OHGLWHUDQX WH MH XVNODVHQR V 263K5 PRYIVMN BP MRMUSDLG
SODADPD X SRPRUVNRP SRGUXpMX 263$5 AODULQHSWHESRWY
ORQLWRULQJ DQG $VVHVVPHQW 5HFRPPHOQEDRWVRQQ WRKH OF
(QYLURQPHQW 3

8 SURFHVX SULNXSOMDQMD L X]JRUNRYDQM G XOWSDIDD RA VL.
QL]DN GR XPMHUHQL QDJLE MHU WK SJIRORG P RRU X UNCRRVI § GQLLVIVINAR A
SODAaL VH SURYRGXU h VN HINWHH VS & gD @MH. MR YN BHWOR VD
YUHPHQVNLP RGPDNRP RG |[DGQMHJ pDANNIHQMD SODaH L F

OHWRGRORJLMD ]D PRQLWRULQJ PRUWNMRR JMRASVNXD UPD LSOO &
SURSLVXMH GD VH SURFHV X]RUNRMPDRM D D]O QIMLOW] K RR\GSLEAC
X MHVHQ JLPX SUROMHUH L OMHXVE MHDRPAHQR NERWR UU M
NUHWDQMX VWDQRBEPAWMWD&RYQGM HUBUSIRVD MHWRREHV X]R
L DQDOL]JH REDYOMHQ X MHVHQ L ]JQRXM \WHIRQ@QH 2SXVBQR
SUHGVWDYOMDMX RJUDQLPHQMH X SURYHGEL LVWUD&LYDQ!

SULNXSOMHQL RWEBDGEXWHO DLGRR VNID WEHIRR XLMOPBKRDIYBIG®L

SUL pHPX MH VYDNL LGHQWLILFEIRYQUDNRKRRDXS NRMNWSHBDILERDU |
QHLGHQWLILFLUDQL RWSDG VYUVWDQGRUHPD2WISOIGp IMHL SR’
L]IYDJDQ L RGVWUDQMHQ V SODaH 6DRWEDG D XWROGRRY RO
8NROLNR WR QLMH ELR VOXpDM RWMDR X HcROMBPNHI) LNVDANW
DNXPXODFLML RWSDGD

*XVWRUD RWSDGD RLJRPDNM K Q DLWPH yiX! ENDE B DQ N RP®GHDY RQ/FEND S F
ALULQL L GXOMLQL )RUPXOD ]DLJXX¥WR ()XORS®EBGD JODVL

,QGHNV pLVWRUH RED]@H pX@D YLID) VHNNDRDIRRAWERBH R WY SV

NRHILFLMHQWRP . NRML L]JQRVL SVOHN O & PX AWADXN SO®
pbLVWD XNROLNR VH UH]XOWDW NUGRIN VX VWHDEQAMWHpPRVML
YULMHGQRA&AUX SUOMDYLP VH VPDW WDWMX BODAGIMD RI&R

UH]XOWDWRP &&, LQGHNVD L]QDG
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5H]XOWDWL LVWUD&ALYDQMD XNOMRPOMRKWSWLOND [QRPROQPEQ H
VWXGHQRP L YHOMDDpL 8 L VMW UNRHSIRE BRINL R B LMD N6 UYL
PDWHULMDOD WH VINXE @R VBR UV ¥ILDFO BV MBGH@N M W PR D RW
SRMHGLQRM YUNWSQRD SR VYMP O VWDPD PDWHULMDOD

.ROLpLQD VDNXSOMHQRJ PDWHULMDOD L pLVWRI

SPMHWQL SROLPHQLL LPPIDMOH VX QDMYXDPRVMWONRIL KWEER GO W
6DNDUXQ .ROLPLQOMHERRYIRWBDKXOSWHLOCGHNRIPLRWERDEB DR
UD]OLPpLWLP UDJ]GREOMLPD X]JRUNRYDQMD SULND]DQL VX X \

7TDEOLFD .ROLpLQD L PDVD SULNXSQMHGRHINRVYEVGER U BIXR

6WDYND 6WXGHQL 9H O MBDMXES QR 6UHGQMD YULMHG

%YURM NRPDGD 1

ODVD N1J

*XVWRuUuD o P

,QGHNV pUVWRUH
REDOH

%URM NRPDGD RWSDGD L PDVD RWSDGBG/XRVYH QPDYWX GH Q
JRGLQH 8NXSQR MH SURQDYHQR NURLAMDHEAMQ RIMISD BB V
NRPDGD 8NXSQD PDVD RWSDGD LIQRW.ODODOMMHPHROM XD SDUWH
JXVWRUH REDOH SRPRIRAHQWRPYVD NRMIEPX QDWW RMH LREDHO |
VWXGHQRP MH LQGHNV pLVWRUH REWRHYYUYRWLRD 6D NDD X XY
SODaH 6UHGQMD YULMHGQRVW &&, LIQOHMX DSR® a X W B ORIC

6DVWDY VDNXSOMHQRJ RWSDGD QD REDOL

2WSDG MH V REJLURP QD VDVWDY UDHULWLWWD® QU KPMNMAHWQE
JXPX PHWDO VWDNOR L NHUDPLNX DPPGEMODAX. WOINNVIWLO \
SULND]XMH VWUXNWXUX VDNXSOMHQRJ RWSDIMWD ISIR VDVWE



SRWRP LJ]UDAHQD NXPXODWLYQD YULMBGRRXNX XTGRPH YD VY
RWSDGD

60OLND SD]QRYUVQL RWSDG

,]JYRU SULYDWQD DUKLYD DXWRUD
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6OLND 6DVWDY RWSDGD SR JRGLAQMLP GRELPD 1

,JYRU UH]XOWDWL LVWUDALYDQMD



8 VDVWDYX RWSDGDLP® JRBRAD ML N XGEPREY BWRW QB8 DV DYDV S
6DNDUXQ MH SUHY (nijeBb Y@iRerRWhaRGal& GYLVRNLP XGMHORP 1
NXPXODWLYQR L]QRVLR 6YH RVUWP D NVDW WIRWU LD B HRPA
X RGQRVX QD XGLR QPP B\ @ HK LSVREDA. BW IDQILRrod¢d3itaRdg P X O D
dva L] QR VLRMeWlInHdtpad MH X XNXSQRM VWUXNWXUL RWSDC
]DVWXS OMH &aklo i keramika V 2W Ddjeie ReBstilapLQLR MH WHN

X XNXSQRP XGMHO XQRWM SID&IV X3 @diaiianmbidaze\L. ONDH N
XGMHOD X XNXSQRP VDVWDYX PRUVNRJ RWSDGD QD SODalL

6 REJLURP QD p Luin)dthi alietni@BteNjaiELOL GRPLQDQWQL X XNXS(
RWSDGD QD SODA&LH INXDUXD] DIV]\E X SVDHAD@R. M B ROIMPAAKLQIDIO D
VWXGHQRP YHOMDDpL L NXPXODWLYQR 6OLND
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6O0OLND 6DVWDY RWSDGD RG XPMHWQLIK MREOXLCBWD YSRR J |
,JYRU UH]XOWDWL LVWUDALYDQMD

IDMGRPLQDQWQLML XGLR X RWSDG X WGSODWHWOQK SREDBH
RG FP GR FP V XGMHORP RG DIP D@ B &iHG HDp S ISIRHY IN S 10
]JDVWXSOMHQL V NXPXODWLYQLP XGMHMDRRGER EPMHWXLIK NDA
PDWHULMDODWQR PIDAOHMHQPDVWXSOMHQ&H §BLRHPHSROD MBI



NXPXODWLYQR L]QRNQR/LILKGIIRQQK DS D\DOWUWPBDLKVINHKRFUH 3
'RPLODQWQH YUVWH RWSDGD RG XPMWYX GIUKL VXRNOQHP HU QVICK
NROLpLQDPD WLMHEBREBDBXLWXIRGCOMOREID RWLOLWOM D

6OLND SROLPHUQL PDWHULMDOL

,]JYRU SULYDWQD DUKLYD DXWRUD

,JYRUL PRUVNRJ RWSDGD

60OLND SUHGVWDYOMD VWUXNWXUXLKUXRMBOWPHRRIRRWR
PDWHULMDOD QD SODaL 6DNDUXQ SUHWR SXMREDGHN YD
XSUDYOMDQMH RWSDGRP WXUL]DP DNMXONUXDFLMD &DQ LU
NDQDOL]DFLMVNL RWSDG 66 RWS D GR GJE BBpHRPIH VROMSD G M
PHGLFLQVNL RWSDG O0f SROMRSULYOHGHUBWIINVEG/ DEXL RV
85/ BWUXNWXUD MH LJUDAHQD X NRPDGLPD RWSDGD
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60OLND ,]JYRUL RWSDGD SR JRGLaAaQMLP GRELPD L

,JYRU UH]XOWDWL LVWUDALYDQMD

.OMXpQL L]YRUL RWSDGD QD SODAL ®LDEDUX® WX LWRN DN
QHUD]YUVWDQL RWSDG *ODYQLQD PDWNLRBREDWML I$KH RMHO X
DNWLYQRVWL X REDOQRP SRMDVX 6MDpX VWXGHQERIFLR RWSI
L] VHNWRUD ULEDUVWYD L] DNYDNX@WXUH X H WDRG KMRXR/PV |
8GLR QHUD]YUVWDQRJ RWSDGD RG PIMMWXRBSIAXRPNVNLNH Q/IH VP
YHOMDDL JRGLQH
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2VQRYQL PDWHULMDOL NRML RQHpL &M MXHS @ PG B WD M DML
LVWRPQRM REDOL -DGUDQVNRJ PRUD8S®KXRX® DWMEHQRKRR OR\W H
QDMYHiIL V RE]LURWHQB QVR BURIMIXP NRPDER RVQID & KB X SROKL"
UH]XOWDWL VXNODBYW V& LK XN SEGHAIRD P ROLMWRIDEQNYD L DQI
X -DGUDQVNR MRQVNRM UHJLMLXBUHYHQIMYDWYRNXY L VX3
90DFKRJLDQQL L VRWSDGD R8GPRNURSKMDNRQNH LXRWSDG I
6DNDUXQ L]JQRVLR MH

,DNR MH L] GRVWXGQM LY RWGL VW XXUP ¥W\W Q L MERIOLL BHHP®O DG D
PRUVNRJ RWSDGD @I SORB&D BHOID YRAK YSRNDH © H WP M HR\G Q |
XVSRUHGQD LVWUDALYDQMD 90DFKRJUDQQL & MXWUDALY BV
90DFKRJLDQQL L VXU XGLR SRIOIRAHIMGEE PIIVRN URMMDKD
LVWUDALYDQMX 3HUDA&D L VXU QD 9ODRMD,ADORPHQRY
ORNRV L VXU YH]DQR X] NROLpL QW SLDG/MV YD LR W RMNRX
UH]XOWLUDOR MH QDMVOLPQLMLP RGEMHORP XWIMRHW Q VKV SR ¢
QD SODA&L 6DNDUXQ X VWXGHQRP 2SLIWVDQH SRGKGNDD|
LPSOLFLUDMX Q DDXW MWDK/ |PIDNDRMENA S R/ZDO/MEXY N RPRARWU V N R
.ROLPLQX PRUVNRJ RWSDGD QD SODALEAIRWD N R® DRGRD) XM RIb
UH]XOWDWLPD LVWUDALYDQMD 3HQDBXDSW NVXXYSOMHG@RWRP NI
QD SOD&L 6DNDUXQ MH X VWXGHQRPPDGDJR G QM S WQNLXS O R
.RPSDUDWLYQD D @XQY]DQE@DDMXNDYX\WID RGYWXED QM DP SV
PDVD RWSDGD RG SROLPHUQLK PDW KQ LELIDDD XNG R OXDVRVOXGM. IV
QD PDVX RWSDGD X LVWUD&ALYDQMX 3HUD&D L VXU
30DVWLND SUHGVWDYOMD ]QDpDMD QUIX] ARMR RXQNHDY IXMiHH GNDD G
LPSOHPHQWLUDQMD PMHUD RGUALYRJDNXRBUBL O/M DX MDX GBYQLL,
VPDQMLOD NROLPLQD PDNUR L PLNUMS&®WRWRWRE XWHRR XS R
LVWUDALYDQMH $QDVWDVRSRXORXD L VXU

ORQLWRULQJ L D GIDDLED FOMNPED XNALM M HR W B DIGNX RROMD M H
XJURNRYDQD DNWL YNRR \&WRDMH QEDDMWMNY BW QRRVSBGRPGL G N
YH]DQH X] WXUL]D$QDQHRBPHOFRMP RWSDGDNR YL O/IX ¥
ORNRV L VXU 6WXGLMD SURY HGH QDG Q D QAXXUN DARR N IV FALXGH!
9RGHQMDN QD RWRNX ,8X SRND]DOD QR K5 D RW)S RVCXUW HIAV H



NOMXpQL L]YRUL RQHpPLAGHQMD PRUMNRWIRNR®MWHOGEWR SIBi
SODA&L 6DNDUXQ QD 'XJRP RWRNX

8GLR RWSDGD L] WXULVWLPNRJI VHNMWHRQRY VH S8R WX VIR
JRGLQH &WR MH R [pH QIMH-DILFE IV SO I VE M HIODPWQRRR Y QR Q
WH MH L X YHOMDpPL ELR ]QDpDMDQ WHY RG UBENXRYOIRLIRG
RWSDGD V QDJODQNXRIP YQLEHNUDR\R Q& O B RUDEXDY O QWML NUH F |
SRYHUDQMH XpHVWDORVWL RGYR]D RWSDG®DL \QWAQHRY W HO
VWDQRYQLAWYD L WXULVWD R SRWUMHEIMRG USR Y R1]DRQUIDY (
LIPHYX HNRQRPVNLKYDHER®R®NLK] VR O &1 BREQHH |6 DAY VX U
VHNWRU DNYDNXOWXUH X ]QDWQR PP @OWHMAL RERM®X X RGQF
'D VX SULREDOQH DNWLYQRVWL 67] Q\DH]DMBQX] WKW LR Q P plL 3
SODA&L 6DNDUXQ GRND]XMH L pLQMHRGEAFPUGD M ORXPEKOME L
XNXSQR J X WURPMHVHPQRP UD]GREBRXLRGR VR YGRIR
GXJRURPQL XWMHEDM QD SULVXWQRPREHP B N URFLODHQN MNH GQ
QHRGU&ALYLP V HNROR&NRJ VWDMDQVU®WD JERJ ]QDpDMQLK V
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-DGUDQVNR MRQVND PDNURUHJLMDDW 8 MFDWDO RNCI @R/ VB Y H
RVMHWOMLY HNRVXVWDY MHU VH UBOL TR ]DW RRREQWR ARRAJ
-DGUDQVNR PRUH 3ULWLVFL NRML ) DMWDNMRY DXQRIL 8RGO DR
WXUL]PX ]QDpPDMQR SRYHUDYDMX SR WXDHSED YID MR Q RW RWLSE
]JD RGUALYLMLP SULVWXSRP XSUDYOMDQ&MXHGRYISRGRX VIS HP
SURYHGHQLK LVWUWDORUNYOODMD BQMROBSIRGPDIODGCUMOYRR R W
UHJLML XND]XMX QD SODVWLpPQL RWSDLG XN DR WHINRJDLINKX F
PRUVNLP VXVWDYLPD V REJLURP GD VR DI DijEX\WMXL KHP 5K
SODVWLNX L XOD]H X KUDQLGEHQX PUH&X X PRUVNLP HNRV)
5H]XOWDWL GRELYHQUQWRYWG®EHQABPY BNJIMAIM XWQD RESDV X R
]QDpDMQH XGMHOH RWSDGD RG XPMHEHWIQKMSRONBRO RN LD
SOD&D 6DNDUXQ QD 'XJRP RWRNX 7KQHWWMPRIUL YRNNSRRED UN/I
X 'DOPDFLML SUHSWR]@DMD MGILMD R QR W RPOXSQRIWNSWELD QD 6
D QMHJRY VH XWMHFDM PRA&H RFLMABQEWGIEXHRNRPQRPQ K HRF
MH QDVWDOD X WX WIPD/QWINREP R/G NWHROBHPRIJ JBBLQH

1D WHPHOMX GRELWYH®RKXUH]NXEOWWDLW B INMREY U /ILIVFH R XXPUL DY
RWSDGRP V SRVHEQLP QDJODVNRP QD PpMHGQ RFDY R$ RRWED
RUJDQL]DFLMRP DNF&AMDL pLRGIHWRMBMDSONDDRID]YSRWODMBR M-
UHFLNOLUDQMHP RWRIDZE L DNRWLP RHV MRV WHDN QX VWD DYWRM 6/
ORNDOQRJ VWDQRYQL&AWYD L WXULMWBD RNERWAHFE IQ PP HRIGIU
GXJRURpPQL SULRULWHW X RpXYDQMXVRDRQAEWMD L-IEGBDOQPQR !
MRQVNH PDNURUHJLMH
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$QDVWDVRSRXORX $ 9LUAHN O . RYDWHENXRQL % ‘RL
a aLomMLu - $VVHVVPHQW RIQVR DLQL QK HD 1$\8 W HIJV
1( ,RQLDQ 6HD PDFUR UHJU&KRie pOltGi WilkethtIZQ HD Q

%HQDF y 5X&Lu , aLF ( 50 Q¥DYRWMHEKR EDOD X
zbornik 44

%HUJPDQQ O *XWRZ / Mainé lnthroPogenic litter S
6SULQJHU 1DWXUH

%XOH . =DGUR . 7TROLUO $ 5DG X ODWRYARORAD. X|{
*uJLa ! OLNURSODVWLND X Kenwjd N BheusiRiNROL &aXx

yasopis kemfara i kemijskih inzenjera Hrvatsk&9

&DPSDQDOH & 6WRFN ) ODVVDUHOOL &HLIRAKOCHOHL
* BULFFKLR 9 ) OLFURSODVWIEMHW DTHKH WVAKBIR 8 OF
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.UaAaHOM 0 ,PSDFW RI FOLPDWH RKRBQdtHa RQ PD!
Croatica. Supplemenb4

ORNRV O ODUWLQH] , = =XEDN DQ $GULDWERHR QWD DX
SODVWLF DWWDFN" 3UHOLPLQDU\ URBRGXORXW RH \F RRP SHRDA
OLWWHU RQ REHKditbhH LiBceiDFclehz® Fisiche e Naturadl

ORNRV O SRNRY 7 =XEDN yLaPHN QDO\WLVORQIPWR U
OLWWHU LQ 9RGHQMDN FRYH RQ , &6 NE®oipati LIdéiQ WU D O
Scienze Fisiche e Naturali

3DODWLQXYV $ 9LUAHN 0 . LGRIEI p- 8 HWHUHD]
ODULQH OLWWHU LQ WKH &URDMNBED ShBWORMDW K



DVVHVVPHQW RI HIREHGLQRIDAMURG DWQG PLRPBER ODRWWH L
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TXWPDQ 3 %RMDQLU 9DUH]LO SUYDQLOMLLD ]OLBDO
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L, QWHUQHWVNL L]JYRUL

85/ OHWKRGRORJ\ IRU PRQLWRULQJ OBWVLOQPMLRLWW
HFVGH RUJ ZS FROQWHQW XSORDGYV W K RVGHRIDARKI \O$ B/IW H |




