.JDSPCJBM 3FNFEJBUJPO PG $SVEF 0JM $POUBN
8BTUF $I1JDLFO %SPQQJOHT BOE $PX %VOH XJU

(GLPD 6 ,QLHANADQXHO , OLBRGHEID\HQ * %HQ

'"HSDUWPHQW RI $SSOLHG OLFURELRORJ\ 8QLYHUVLW\ RI 8\R $NZD ,ERP 6WDWH 1LJHULD

‘"HSDUWPHQW RI $SSOLHG OLFURELRORJ\ DQG %UHZLQJ 1QDPGL $]LNLZH 8QLYHUVLW\ $ZND $QDPEUD 6WDW!|
‘HSDUWPHQW RI 6FLHQFH /DERUDWRU\ 7THFKQRORJ\ $NZD ,ERP 6WDWH 3RO\WHFKQLF ,NRW 2VXUD ,NRW (NS|

&RUUHVSRQGLQJPPOWKRO , OLFKDHO 'HSDUWPHQW RI $SSOLHG OLFURELRORJ\ DQG %UHZLQJ 1QDPGL $]LN
1LJHULD HPPDOQXHOPLFKDHO #\DKRR FRP

SHFHLYHG @TDUWH $FFHSWHG 0®W H 3XEOLVKHGSSDWH

&RS\ULXKW ,QLHNH (6 HW DO 7KLV LV DQ RSHQ DFFHVV DUWLFOH GLVWULEXWHG XQGHU WKH WHUPV RI WK
XVH GLVWULEXWLRQ DQG UHSURGXFWLRQ LQ DQ\ PHGLXP SURYLGHG WKH RULJLQDO DXWKRU DQG VRXUFH

$EVWUDFW

7KH PLFURELRORJLFDO DQG SK\VWLRORJLFDO DQDO\VLV RI FUXGH RLO FRQWDPLQL
&KLFNHQ GURSSLQJV DQG &RZ GXQJ ZHUH LQYHVWLJDWHG XVLQJ VWDQGDUG |
FRQFHQWUDWLRQV Rl QXWULHQWY DPHQGPHQWYV DQG 7KH SUHVHQW VWXG
PLFURRUJDQLVPV IURP DQLPDO ZDVWHV ZLWK WKH SRWHQWLDO RI GHJUDGLQJ XWLOI
5HVXOW REWDLQHG UHYHDOHG LQFUHDVHG VRLO RUJDQLF PDWWHU DQG UHGXFHG V.
FRQGLWLRQ WKDW LPSDLUHG RLO GHJUDGDWLRQ LQ WKH VRLO 7UHDWPHQW RI WKH \

RLO GHJUDGDWLRQ UDWH RI 7KH EDFWHULDO LVRODWWXHBGIRPRGLDWKGH RLO GHJ
OLFURFFRFXV %®FLOOXV VOHEVIDHEBBDDWLBDDBESWKH ORZHVW SHUFHQWDJH RFFXU
R DQG UHVSHFWLYHO\ $QLPDO ZDVWH FDQ WKHUHIRUH EH DQ RSWLRQ IRU FUXC

.H\ZRUGV+\GURFDUERQ %LRGHJUDGDWLRQ $QLPDO ZDVWH
+\GURFDUERQRFODVWLF &RQWDPLQDWHG 6RLO

,QWURGXFWLRQ
+\GURFDUERQV DUH UHJDUGHG DV WKH PRVW SULPDU\ HQHUJ\ DQG IXHO



PLQHUDO VDOW DQG J $JDU DJDU WR GOI0N H RRMYOWAKDH $ 0 R ZDW HAR QW DIPX. Q\U WUHHE
SODWHV DFFRUGLQJ WR /XL HW DO > @RIEXOVWDXUEH RHSWDIRVHWZIRQ LVREBBWVYRG@ FEIC
EDFWHULD ZDV 1XWULHQW DJDU 2[RLG GWUWRSELIPIVQGQ® FRANENRHBELY RYBSBLHG D
DXWRFODYH DW r& IRU PLAH X@REeBBRYVLWLRD BBHWMPHRWDO VDPSOH ZDV VHW XS
Rl WKH PLQHUDO VDOW PHGLXR ZDV J PIPHIGHG2VRLO DQG FRQWURO ZDV LQFXED
&D&O J RI32 J RH32 J RI 12+ GURSW&RIDQG RBWHHUIYHEG\ WZR ZHHNDNVIHER O O XMHLT

JH&O H S+ ZDV DGMXVWHG WR $ Q DHQQGU MR W QWK HF XO0PW RQGHH B QIERHIDOVRHLMDW KREQ W €
D VLQJOH FRORQ\ LVRODWLRQ WHFKQLTXBVZHVMW IHFFDBWOIRGH G KIPQG M UL R IE® AR I WLHDQ W
LVRODWLRQ UHODWLYH WR WKH RLO FRQWHQW LQ WKH

3XUH FXOWXUH zZzDV SUHSDUHG E\ SODWLQJ
,QFRUSRUDWLRQ RI DPHQGHG P DW HURDOUL Hi Qi UDRE DWMLBRSHHULRG WR DVFH!

7ZR WKRXVDQG JUDPV RI VRLO ZDVSB\IIQVFV WHLQDI-|OC§}/ DR(lchDNFHWSR{NUII_DE)NOULRVRRPODWHV -Q

WHPSHUDWXUH s r& LQ WKH PLFURELRORJ\ ODERUDWRU\ IRU RQH ZHHN LQ

6 12 &21',7,21 '(6&5,%7,21 2) &21',721

3& &KLFNHQ GURSSLQJ DGGHG # J RI SROOXWLRQ VRLO J RI FKLFNHQ GURSSLQJV

3& &KLFNHQ GURSSLQJ DGGHG # J Rl SROOXWLRQ VRLO J RI FKLFNHQ GURSSLQJV

3& &KLFNHQ DGGHG J RI SROOXWLRQ VRLO J RI FKLFNHQ GURSSLQJV

3& &RZ GXQJ DGGHG # J RI SROOXWLRQ VRLO J RI FRZ GURSSLQJV

3& &RZ GXQJ DGGHG # J RI SROOXWLRQ VRLO J RI FRZ GURSSLQJV

3& &RZ GXQJ DGGHG # J RI SROOXWLRQ VRLO J RI FRZ '"URSSLQJV



7RWDO 1LWURJHQ

$YDLODEOH SKRVSKRUXV PJ NJ
([FKDQJHDEOH &D &PRO .J
([FKDQJHDEOH 0J &PRO .J
([FKDQJHDEOH 1D &PRO .J
([FKDQJHDEOH N

([FKDQJH DFLGLW\

(IIHFWLYH &DWLRQ

([FKDQJH &DSDFLW\ &PRO NJ
%DVH VDWXUDWLRQ
3DUWLFOHV VL]H DQDO\VLV
6DQG

6LOW

&0D\

7H[WXUDO &0DVV 6DQG\ ORDP VRLEDQG\ ORDP VRLO

OLFURELRORJLFDO $QDO\VLV
%DFWHULDO 3RSXODWLRQV

7TRWDO +HWHURWXIRSKYV

BHWUROHXP +\GURFDUERQ
XWLOL]JHUX J
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