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$ EVWUD FW� 7 KH SUHVHQ W Z RUN GLVFXVVHV YDULRXV W\SHV RI WXUEXOHQ FH JHQ HUDWRUV Z KLFK FDQ

EH XVHG WR JHQ HUDWH WKLFN WXUEXOHQ W ERXQ GDU\ OD\HUV� 7 KH H[SHULP HQ WDO DVVHVVP HQ W RI WKH

JHQ HUDWRUV Z DV FDUULHG RXW FRQ VLGHULQ J WKH LQ WHJUDO SURSHUWLHV RI WKH r RZ � VNLQ �IULFWLRQ �

P HDQ YHORFLW\ SURq OHV LQ LQ Q HU DQ G RXWHU FRRUGLQ DWHV DQ G WXUEXOHQ FH� ' HVLJQ V EDVHG RQ

WULDQ JXODU Z HGJH� HOOLSWLF Z HGJH DQ G F\OLQ GULFDO URG JHQ HUDWRUV DUH DQ DO\]HG� 7 KH SDSHU

GHVFULEHV LQ GHWDLO WKH H[SHULP HQ WDO DUUDQ JHP HQ W� LQ FOXGLQ J WKH IHDWXUHV RI WKH Z LQ G WXQ Q HO

DQ G RI WKH LQ VWUXP HQ WDWLRQ � 7 KH UHVXOWV DUH FRP SDUHG Z LWK Q DWXUDOO\ GHYHORSHG r RZ DQ G

Z LWK H[SHULP HQ WDO GDWD IURP RWKHU DXWKRUV�

. H\ Z R UG V� 7 XUEXOHQ FH� URXJKQ HVV� ERXQ GDU\ OD\HU� DWP RVSKHULF r RZ V
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7 K H r X LG P HFK DQ LFV R I Z LQ G V K D V E HHQ VWX G LHG LQ WK H S DVW E \ WZ R E D VLF DS S URD FK HV� S K \ V�

LFDO P R G HOOLQ J DQ G Q X P HULFD O P R G HOOLQ J� 7 K H S K \ VLFD O P R G HOOLQ J LQ Z LQ G WX Q Q HOV S UHVHQ WV�

LQ S DUWLFX ODU� D J UHDW r H[ LE LOLW\ IRU WK H VLP X ODWLRQ RI D WP R VS K HULF E R X Q G D U\ OD\ HUV �$ % / �

VX E MHFWHG WR UHD OLVWLF VX UID FH FRQ G LWLRQ V� 8 Q IR UWX Q DWHO\� WK H VLP X OD WLR Q R I $ % / Hp HFWV LQ

DQ FR Q WUROOHG HQ Y LUR Q P HQ W LV Q R UP D OO\ D Q H[ S HQ VLYH WD VN VLQ FH LW P D\ UHT X LUH WK H X VH RI

Z LQ G WX Q Q HOV Z LWK Y HU\ OR Q J WHVW�VHFWLR Q � $ X VHIX O Z D\ WR H[ WHQ G WK H UDQ J H RI R S HUDWLRQ

RI VK RUW Z LQ G WX Q Q HOV FRQ VLVWV LQ RE WDLQ LQ J� WK URX J K DUWLq FLD OO\ WK LFNHQ HG E R X Q G D U\ OD\ �

HUV� Y HOR FLW\ S UR q OHV WK D W UHVHP E OH $ % / S UR q OHV DIWHU VR P H G RZ Q VWUHD P G LVWD Q FH IUR P WK H

WK LFN HQ LQ J G HY LFH�

7 K LFN E R X Q G D U\ OD\ HUV FDQ E H FUHDWHG WK UR X J K VHY HUD O DUWLq FLHV� IRU LQ VWD Q FH� WK H S DS HU

RI + X Q W DQ G ) HUQ K R O]��� �� � OLVWV WHQ S RVVLE OH P HWK R G V RI VLP X OD WLR Q R I Q HX WUD O� VWDE OH D Q G

X Q VWDE OH D WP R VS K HULF FR Q G LWLR Q V LQ YD ULRX V W\ S HV R I Z LQ G WX Q Q HO� 7 K HVH P HWK R G V YD U\

JUHD WO\ LQ VRS K LVWLFDWLRQ D Q G LQ Z RUN LQ J S ULQ FLS LD VR WK DW WK HLU IX OO X Q G HVWD Q G LQ J D Q G

DS S OLFD E LOLW\ K DV Q RW D V \ HW E HHQ X Q YHLOHG �

$ Q D S S DUHQ WO\ VLP S OH Z D\ RI JHQ HUDWLQ J D WK LFN E R X Q G D U\ OD\HU LV WR IRUFH WK H r RZ WR

S DVV WK URX J K D FR P E LQ DWLR Q RI VS LUHV� Z HG JHV R U WULS V WRJ HWK HU Z LWK URX JK Q HVV HOHP HQ WV



G LVWULE X WHG R Q WK H Z DOO� ) UR P WK H �� Z LQ G WX Q Q HOV VFUX WLQ L]HG E \ + X Q W D Q G ) HUQ K R O]��� �� ��

�� UHVRUW WR Y RUWLFLW\ J HQ HUDWRUV� �� WR UR X J K Q HVV HOHP HQ WV DQ G �� WR IHQ FHV� ,Q ID FW� � ID �

FLOLWLHV UHVR UW WR D FRP E LQ DWLRQ R I D OO WK HVH WK UHH VLP X ODWLRQ P HWK R G V� WK LV R Q O\ HP S K DVL]HV

WK HLU LP S R UWD Q FH�

8 Q IR UWX Q DWHO\� VLQ FH WK HVH S R S X OD U VLP X ODWLR Q P HWK R G V DUH FRP S OLFD WHG HQ RX J K IURP

D r X LG P HFK DQ LFV S RLQ W R I Y LHZ � WK H\ K DY H HQ FR X UD JHG UHVHD UFK HUV WR FK R RVH D Q DG HT X DWH

JHRP HWU\ E \ WULD O DQ G HUUR U� 7 K H Z R UN V R I & RX Q LK DQ ��� �� � D Q G R I / LJ UD Q L HW D O��� �� ��

�� �� �� IR U H[ DP S OH� G HVFULE H WK LFNHQ LQ J G HY LFHV Z K LFK DUH Q HHWO\ E X LOW Z LWK D Y HU\ VR S K LV�

WLFDWHG JHR P HWU\ WK DW UHT X LUHV q Q H P HFK D Q LFV WR E H P D Q X ID FWX UHG � 7 K HLU FR Q VWUX FWLRQ �

WK HUHIRUH� LV WLP H FRQ VX P LQ J DQ G IUHT X HQ WO\ FR VWO\� 7 K LV ID FW LV P X FK D JJ UDYD WHG E \ WK H

X Q FHUWD LQ W\ UHOD WHG WR WK HLU DS S OLFD E LOLW\ LQ D G Lp HUHQ W Z LQ G WX Q Q HO HQ Y LURQ P HQ W IUR P WK D W

WR Z K LFK WK H\ Z HUH R ULJ LQ DULOO\ G HVLJQ HG �

,Q D S UHY LR X V Z RUN � * X LP DUD HV HW DO��� �� � � K DYH VK RZ Q K RZ D FRP E LQ DWLRQ R I VS LUHV

DQ G WULS V FDQ E H X VHG WR S UR G X FH WK LFN E R X Q G D U\ OD\ HUV Z LWK FK D UD FWHULVWLFV VLP LOD U WR

WK H D WP R VS K HULF E R X Q G D U\ OD\ HU� ) LYH G Lp HUHQ W JHR P HWULFD O D UUD Q JHP HQ WV Z HUH S UHVHQ WHG

WR S UR G X FH E R X Q G D U\ OD\ HUV R I WK LFN Q HVV YDU\ LQ J IUR P � WR �� FP � 7 K H J HRP HWULHV Z HUH

P X FK VLP S OHU WK DQ WK R VH S UHVHQ WHG E \ & R X Q LK DQ ��� �� � D Q G E \ / LJUDQ L HW D O���� �� � �� �� �

UHVX OWLQ J IUR P VLP S OH FR P S RVLWLR Q V S UHS DUHG IUR P UR G V DQ G E DUV� 7 K X V� DW WK D W WLP H�

WK H P DLQ R E MHFWLYH RI WK H Z R UN Z DV WR G HY HORS VLP S OH P HD Q V WR DUWLq FLDOO\ LQ FUHD VH WK H

E R X Q G D U\ OD\ HU WK LFN Q HVV� 7 K H E RX Q G DU\ OD\ HU Z D V T X DOLq HG E \ H[ DP LQ LQ J WK H IR OORZ LQ J

IHD WX UHV� J URZ WK � VWUX FWX UH� HT X LOLE ULX P D Q G WX UE X OHQ W WUDQ VS RUW RI P R P HQ WX P � 7 K HVH

S URS HUWLHV Z HUH FR P S D UHG Z LWK WK H S URS HUWLHV WK DW Z R X OG UHVX OW IURP D Q DWX UD OO\ G HY HORS HG

E R X Q G D U\ OD\HU R I WK H VD P H WK LFN Q HVV�

7 K H S X US R VH RI WK LV Z R UN LV WR H[ WHQ G WK H UHVX OWV R I * X LP D UDHV HW DO���� �� � WR D

IX UWK HU UDQ J H R I YD OLG LW\� ,Q R WK HU Z RUG V� WK H Z R UN D LP V DW S UR G X FLQ J D UWLq FLDO E R X Q G D U\

OD\ HUV Z LWK WK LFN Q HVV X S WR � � FP � 0 R UH WK D Q WK D W� WK H Z R UN D LP V DW S UR G X FLQ J E R X Q G D U\

OD\ HUV Z LWK D K LJK HU T X D OLW\ WK DQ WK R VH S UHVHQ WHG LQ * X LP D UD HV HW D O��� �� ��� E R X Q G D U\

OD\ HUV WK DW S UHVHQ W S UR S HUWLHV FORVHU WR D Q DWX UDOO\ G HYHOR S HG E R X Q G D U\ OD\ HU LQ UHODWLRQ

WR WK H T X D OLq FD WLRQ S D UD P HWHUV G HVFULE HG D E RY H D Q G DOVR LQ UHOD WLRQ WR WK H ORQ J LWX G LQ DO

VS HFWUX P �

,Q Z K D W IR OORZ V� D VK R UW UHY LHZ R Q WK H WHFK Q LT X HV X VHG WR WK LFNHQ WK H E R X Q G DU\ OD\HU

Z LOO E H S UHVHQ WHG � 1 H[ W� WK H H[ S HULP HQ WD O D S S DUDWX V D Q G S UR FHG X UH Z LOO E H G HVFULE HG �

7 K H H[ S HULP HQ WD O UHVX OWV D Q G FRP S D ULVR Q Z LWK R WK HU Z R UN V DUH J LYHQ LQ VHFWLRQ IRX U�
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$ V P HQ WLRQ HG LQ * X LP D UDHV HW D O� �� �� �� VHY HUD O WHFK Q LT X HV K DY H E HHQ X VHG WR D UWLq FLD OO\

WK LFN HQ E RX Q G DU\ OD\HUV� 7 \ S LFD O H[ DP S OHV DUH WK H X VH RI IHQ FHV� X Q LIRUP J ULG V� JUDG HG

RU VK HD UHG J ULG V� MHWV� S X OVDWLRQ � Z D OO UR X J K Q HVV� VWHS V� VFUHHQ V� Y RUWH[ J HQ HUD WRUV D Q G

WK HUP D O VWUDWLq FDWLRQ �+ X Q W D Q G ) HUQ K R O] ��� �� ���

1 R UP D OO\� WK HVH WHFK Q LT X HV DUH G LY LG HG LQ WR WK UHH FD WHJ RULHV�

� � $ OWHUD WLR Q RI WK H VX UIDFH FRQ G LWLRQ V E \ WK H X VH RI UR X JK Q HVV R U E RX Q G DU\ OD\ HU WULS V�

� � $ OWHUD WLR Q R I E R WK WK H LQ Q HU D Q G WK H R X WHU UHJLRQ V R I WK H E RX Q G DU\ OD\ HU E \ G LUHF�

WLR Q D O MHWV S ODFHG LQ WK H r R R U D W WK H HQ WUDQ FH R I WK H Z R UN LQ J VHFWLRQ RU E \ P X OWLS OH

K R UL]R Q WD O MHWV RI YDULD E OH VWUHQ J WK G LUHFWHG DW HD FK RWK HU IURP HLWK HU VLG H RI WK H

Z LQ G WX Q Q HO�



� � $ OWHUD WLR Q R I WK H H[ WHUQ DO LUUR WD WLR Q DO r RZ E \ VS LUHV H[ WHQ G LQ J DOO WK H Z D\ IURP

WK H Z D OO WR WK H RQ FR P LQ J r RZ � 7 K H WX UE X OHQ W Z DN HV IRUP HG E \ WK H VS LUHV FRQ YHFW

G RZ Q VWUHD P WR P HUJH Z LWK WK H H[ LVWLQ J E R X Q G D U\ OD\ HU UHVX OWLQ J LQ D Q HZ VWUX FWX UH

Z K LFK � LQ VRP H FD VHV� P D\ UHVHP E OH D WK LFN E R X Q G DU\ OD\ HU�

. OLQ H HW DO���� �� � K DY H VK RZ Q WK DW� LQ D WX UE X OHQ W E RX Q G DU\ OD\HU� S UR G X FWLR Q S OD\ V D

S ULP D U\ UR OH LQ G Hq Q LQ J WK H WX UE X OHQ FH VWUX FWX UH� ,Q D Q R UP D OO\ G HYHOR S HG E R X Q G D U\ OD\ HU�

WK H RY HUDOO VWUX FWX UH UHVX OWV IUR P OD UJ H VFDOH VWUX FWX UHV RULJLQ D WHG IURP WK H LQ WHUDFWLRQ

E HWZ HHQ HG G LHV IRUP HG E \ Q HD U�Z DOO WX UE X OHQ W E X UVWV DQ G E \ WK H LQ r RZ R I K LJ K �VS HHG r RZ

WRZ DUG V WK H Z DOO� 7 K H E X UVWV DUH Y HU\ OLNHO\ S URY RN HG E \ D VWUR Q J LQ VWD E LOLW\ P HFK DQ LVP

DQ G S OD\ D IX Q G D P HQ WDO UROH LQ WUDQ VS R UWLQ J WX UE X OHQ W N LQ HWLF HQ HUJ\ WR WK H RX WHU UHJ LRQ

RI WK H E RX Q G D U\ OD\ HU�

7 K X V� D FFR UG LQ J WR WK LV S LFWX UH� WK H VWUX FWX UH RI WK H r RZ G RZ Q VWUHDP RI WK H VS LUHV

Z LOO UHVX OW IURP WK H P L[ LQ J E HWZ HHQ WK H RUJ DQ L]HG OD UJ H HG G \ P RWLRQ J HQ HUDWHG E \ WK H

Z DN HV RI WK H VS LUHV D Q G WK H Y LROHQ W HMHFWLR Q RI ORZ �VS HHG r X LG IUR P WK H Y HU\ Q HD U Z DOO

UHJLR Q V� + HQ FH� E HIRUH WK H r RZ LV OLN HO\ WR FRQ IR UP WR WK H E R X Q G D U\ OD\ HU S UR S HUWLHV� D

VX s FLHQ W G HJUHH R I P L[ LQ J P X VW E H DVVX UHG WR LW VR WK D W WK H OLIHWLP H R I WK H ODUJ H HG G \

Z DN H VWUX FWX UHV LV H[ FHHG HG �

$ OO WK H D E RYH S X WV D ORW RI HP S K DVLV R Q WK H LG HD WK DW WK H Z DOO OD\HU VWUHDN IRUP DWLRQ

DQ G E UHD N X S S OD\ WK H FHQ WUD O UR OH LQ G HWHUP LQ LQ J WK H VWUX FWX UH RI WK H WX UE X OHQ W E R X Q G D U\

OD\ HU D Q G WK D W IR U WK LV UHD VRQ WK H G HWDLOV R I WK H Z D NH r RZ E HK LQ G WK H VS LUHV H[ HUW D P LQ R U

UROH R Q WK H S UR FHVV�

7 K H VS LUHV G HVLJQ HG LQ WK H P LG VL[ WLHV Z HUH E DVHG RQ G Lp HUHQ W S ULQ FLS LD � WK H\ LQ WHQ G HG

WR S UR G X FH D P R G HO r RZ E DVHG R Q WK H H[ LVWHQ FH RI VHWV RI ODUJH HG G LHV LQ E R WK WK H LQ Q HU

DQ G WK H R X WHU UHJLR Q V RI WK H E R X Q G DU\ OD\HU� 7 ULD Q JX OD U J HQ HUDWRUV Z LWK S DLUV R I VX UID FHV

DW DOWHUQ D WH LQ FLG HQ FHV Z HUH G HVLJ Q HG WR S UR G X FH OD UJH YR UWLFHV RI R S S R VLWH VLJQ RI WK H W\ S H

HQ Y LVDJ HG E \ 7 RZ Q VHQ G ��� �� �� 7 K HVH YR UWLFHV VK RX OG D FFHOHUDWH WK H R X WZ DUG G Lp X VLR Q RI

WK H K LJK LQ WHQ VLW\ WX UE X OHQ FH S UR G X FHG D W JUR X Q G OHY HO�

( [ S HULP HQ WV X VLQ J WULD Q J X ODU J HQ HUD WRUV LQ G LFD WHG D WHQ G HQ F\ IR U DQ H[ FHVVLYH P R �

P HQ WX P OR VV LQ WK H LQ Q HU UHJ LRQ R I WK H E R X Q G D U\ OD\HU D Q G DQ LQ VX s FLHQ W ORVV LQ WK H R X WHU

UHJLR Q � ,Q D Q D WWHP S W WR UHVR OYH WK LV� HOOLS WLF J HQ HUDWRUV Z HUH WULHG � ( OOLS WLF J HQ HUDWRUV

Z HUH G HVLJ Q HG WR NHHS WX UE X OHQ FH FRQ VWD Q W Z LWK K HLJ K W RU� P R UH D FFHS WD E OH� WR S UR G X FH

WX UE X OHQ FH OHYHOV WK DW G HFD\HG IUR P VRP H P D [ LP X P YD OX H Q HD U WK H Z D OO WR DS S UR[ LP D WHO\

]HUR DW WK H HG JH RI WK H VK HDU r RZ � 7 K H VLG H Y LHZ RI WK H HOOLS WLF Z HG J H J HQ HUD WRUV S UHVHQ WHG

E \ & RX Q LK DQ ��� �� � LV RI D T X D UWHU HOOLS VLV Z K R VH P D MRU D [ LV LV WZ LFH WK H OHQ J WK RI WK H P L�

Q RU D [ LV� 7 K H S OD Q Y LHZ RI WK H J HQ HUDWRU LV Z HG JH VK DS HG � WK H DS H[ R I WK H Z HG JHV ID FHV

WK H r RZ � 7 Z R W\ S HV R I Z HG J HV Z LWK FR Q VWD Q W D Q JOHV RI � R D Q G � R Z HUH WHVWHG � 7 K H q Q DO

DVVHVVP HQ W Z D V E D VHG RQ P HD VX UHP HQ WV RI WK H G LVWULE X WLRQ R I OR Q JLWX G LQ D O WX UE X OHQ FH LQ

WK H Z DN H RI VLQ JOH JHQ HUD WR UV� $ VS D Q Z LVH YD ULD WLRQ R I WX UE X OHQ FH R I WK H R UG HU R I � � Z D V

UHT X LUHG D W DQ \ JLY HQ K HLJK W LQ WK H E R X Q G D U\ OD\HU�

/ LJ UD Q L HW DO���� �� � � �� �� X VHG VWUHD P OLQ HG VS LUHV Z LWK VK D US �HG J HG X S VWUHD P D Q G

G RZ Q VWUHDP E OD G HV� 7 K H WR WD O D Q J OH R I WK H X S VWUHDP E OD G H Z DV FD UHIX OO\ D G MX VWHG IR U D

q Q H WX Q LQ J R I WK H r X FWX DWLRQ LQ WHQ VLWLHV� $ FURVV E DUULHU VHW G RZ Q VWUHD P R I WK H VS LUHV Z D V

X VHG WR LQ FUHVHV WK H P RP HQ WX P G Hq FLW RYHU WK DW UHVX OWHG IUR P WK H VS LUHV D ORQ H�
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,Q WK H S UHVHQ W Z R UN � LW Z DV G HFLG HG WK DW VLP S OH J HRP HWULFDO HOHP HQ WV Z R X OG E H VX P P R X Q HG

IR U WK H FRQ VWUX FWLR Q R I WK H WK LFNHQ LQ J G HY LFH� ) ROORZ LQ J WK H S UR FHG X UH R I * X LP DUD HV HW

DO��� � �� � WZ R E D VLF FR P S RQ HQ WV Z HUH X VHG � F\ OLQ G ULFD O UR G V DQ G UHFWD Q JX OD U E D UV� ' Lp HU�

HQ W FR P E LQ DWLR Q V R I WK HVH WZ R HOHP HQ WV Z HUH VWX G LHG WR S UR G X FH P DQ \ G Lp HUHQ W W\ S HV RI

JHRP HWULHV� ,Q D OO FR Q q JX UDWLRQ V� DQ D UUD\ RI UR G V Z K LFK H[ WHQ G HG D FUR VV WK H Z LG WK R I WK H

Z LQ G WX Q Q HO Z DV X VHG � $ UHFWD Q JX ODU E D U OR FDWHG R Q WK H G RZ Q VWUHD P VLG H RI WK H UR G V Z D V

DOVR X VHG WR DFK LHYH Q R UP D O WX UE X OHQ FH VWUX FWX UH� $ V WK H r RZ D S S UR DFK HG WK H UR G V� D WULS

Z DV S ODFHG RYHU WK H Z D OO�

7 K H P DLQ D G YDQ WDJ H RI WK H S UHVHQ W JHR P HWU\ Z DV UHDOO\ LWV VLP S OLFLW\� + RZ HY HU�

E HFD X VH WK H UR G V K DG D FR Q VWDQ W G LDP HWHU� FRQ WUR OOLQ J WK H OHY HO R I WX UE X OHQ FH Z D V Y HU\

G Ls FX OW� 7 K H J HQ HUD O IHDWX UHV RI WK H S UHVHQ W G HVLJ Q Z HUH WDN HQ IUR P / LJUDQ L HW DO���� �� ��

Z K R LQ WX UQ E DVHG WK HLU G HVLJ Q R Q DQ DS S D UD WX V G HYHOR S HG E \ & HUP D N �� �� ��� 3 HWHUND D Q G

& HUP DN �� �� �� D Q G & HUP DN �� �� �� WR VLP X ODWH WK H D WP R VS K HULF E R X Q G D U\ OD\HU�

7 K H VK DS H DQ G OR FD WLR Q R I WK H FRP S R Q HQ WV Z HUH G HWHUP LQ HG WK UR X JK WULDO DQ G HUUR U�

,Q ID FW� E HIR UH Z H D UULY HG DW WK H S UHVHQ W J HRP HWU\� VHY HUD O DWWHP S WV Z HUH P D G H� ,Q R X U

q UVW WU\� VFUHHQ V Z HUH X VHG � WK H\ UHVX OWHG � K RZ HY HU� LQ YHU\ G LVWRUWHG YHOR FLW\ S URq OHV�

% DVLFDOO\� WK H D HUR G \ Q DP LF G UD J R I WK H VFUHHQ V Z DV WR R K LJ K VR WK DW D VWUR Q J E OR FND JH

Hp HFW Z D V DFK LHY HG UHVX OWLQ J LQ D VWURQ J D FFHOHUDWLRQ RI WK H r RZ LQ WK H WR S S DUW R I WK H

WX Q Q HO� ( OOLS WLF Z HG J H JHQ HUDWR UV Z HUH D OVR WULHG � ) RU WK DW P D WWHU� Z H IROORZ HG WK H G HVLJQ

S URS R VHG E \ & RX K LQ DQ ��� �� �� & R Q WUD U\ WR WK LV DX WK RU� Z H WR R N RX U P HDVX UHP HQ WV � �� �

P P G RZ Q VWUHDP R I WK H JHQ HUDWR UV LQ VWHDG R I � �� P P � 7 R RX U G LVD S S RLQ WP HQ W� D r RZ

Z LWK DQ H[ DJ JHUD WHG Z D NH UHJ LRQ Z D V IR X Q G � 7 K HQ � E D VHG R Q WK H S UHY LRX V H[ S HULHQ FH RI

* X LP DUDHV HW D O��� �� ��� Z H G HFLG HG WR JR E D FN WK H WR FR P E LQ DWLR Q RI UR G V DQ G E D UV�

7 K H WZ R q Q DO J HRP HWULFDO FRQ q J X UD WLR Q V RI WK H WK LFN HQ LQ J DS S DUDWX V D UH VK RZ Q LQ

) LJ X UHV � D Q G ��

) LJ X UH �� 7 K LFN HQ LQ J G HY LFH IR U � � P P UR G V� ) LJX UH �� 7 K LFN HQ LQ J G HY LFH IRU �� � P P

UR G V�

,Q ) LJ X UHV � DQ G �� WK H WK LFN HQ LQ J G HY LFHV DUH VK RZ Q LQ S RVLWLR Q � 7 K H UR G V Z HUH P DG H

E \ FX WWLQ J F\ OLQ G ULFDO �  � � WK LFN E DUV LQ WZ R G Lp HUHQ W K HLJ K WV� � � P P DQ G � �� P P � ,Q WK H

q Q DO FRQ q J X UD WLR Q IRU WK H �� P P UR G V� D Q R S WLP D O D UUD Q JHP HQ W Z DV IRX Q G E \ S OD FLQ J HD FK

UR G � � P P D S DUW IURP HD FK RWK HU� ,Q RX U FD VH� �� UR G V Z HUH X VHG WR DFK LHYH WK H H[ S HFWHG

Hp HFW� $ UHFWD Q JX OD U �� � P P [ � P P � DOX P LQ LX P E DU �WULS �� WUDQ VY HUVDO WR WK H P HDQ

r RZ � D OVR Z D V X VHG � ) RU E R WK FRQ q JX UDWLRQ V� WK H WULS Z DV S ODFHG �� P P IDU X S VWUHDP
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7 K H P R P HQ WX P WK LFN Q HVV Z D V HYD OX D WHG G LUHFWO\ IUR P WK H P HD Q Y HOR FLW\ S URq OH WK UR X J K

D VLP S OH Q X P HULFD O T X DG UDWX UH� 7 K H UHVX OWV DUH VK RZ Q LQ ) LJX UH �� 7 K H Hp HFWLYH YHOR F�
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LV VK RZ Q LQ ) LJ X UHV � D Q G � �� ) RU P RVW R I WK H FR Q q JX UDWLRQ V� WK H H[ S HULP HQ WD O *

Z DV IR X Q G WR OLH DE R X W D Q HD U FR Q VWDQ W YD OX H� LQ G LFDWLQ J D Q HT X LOLE ULX P FR Q G LWLR Q IRU WK H
E R X Q G D U\ OD\HU�

: K HQ WK H q UVW Y HOR FLW\ S URq OHV Z HUH R E WD LQ HG IRU WK H � � P P UR G V� WK H G HIHFW UHJ LRQ
RI WK H E RX Q G DU\ OD\ HU S UHVHQ WHG D G Hq FLW LQ Y HOR FLW\ Z K LFK Z D V WK RX JK W E \ WK H S UHVHQ W
DX WK RUV WR E H H[ FHVVLY H� 7 R FR UUHFW WK LV Hp HFW� WK H WHVW VHFWLR Q RI WK H Z LQ G WX Q Q HO Z D V
H[ WHQ G HG IUR P � �� � P P WR �� �� P P � $ IWHU H[ S HULP HQ WD O YHULq FD WLR Q � LW Z D V LQ IDFW
FR Q q UP HG WK D W WK H DG G LWLRQ D O � P HWHUV Z HUH VX s FLHQ W IRU D IX UWK HU P L[ LQ J RI WK H r RZ WR
FR Q IRUP WK H E RX Q G D U\ OD\ HU WR WK H G HVLUHG S UR S HUWLHV�
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ORQ J LWX G LQ DO WX UE X OHQ FH VS HFWUX P IR U DOO VWD WLR Q V VHHP V WR E H LQ D J R R G D JUHHP HQ W Z LWK
WK H . ROP RJ RURY 
V HP S LULFD O N b�  � G HFD\ ODZ � ,W FDQ DOVR E H Q R WHG WK DW� D V WK H G RZ Q VWUHDP
G LVWDQ FH IUR P WK H WK LFNHQ LQ J G HY LFH LQ FUHDVHV� WK H HQ HUJ \ S HDN G HFUHDVHV� WK LV ID FW Z D V
q UVW RE VHUY HG E \ RWK HU D X WK RUV LQ D WX UE X OHQ W K R P RJ HQ HRX V r RZ �
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0.1 0.2 0.3 0.4

0.001

0.002

0.003

0.004

0.005

SLOPE k�5s3
SLOPE k�1
STATION 4 +x 2400 mm/

STATION 3 +x 2300 mm/

STATION 2 +x 2200 mm/

STATION 1 +x 2100 mm/

Downstream distance between

the entrance of the test section

and probe wire +x/
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