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SUHOLPLQDU\ RXWFRPHV RI JHRPRUSKF
LQ WKH YLFLQLW\ RI WKH QRUWK.
RI WKH 3RaAaXPDYVNé =ORP IDXO\

OLFKDOD +RXVDURY:I

'"HSDUWPHQW RI 3K\WVLFDO *HRJUDSK\ DQGKHRHFRBGRLY HD¥XW WL
&= $OEHUWRY  &]HFK 5HSXEOLF
0+RXVDURYD#VH]QDP F]

U\ RXWFRPHV RKIHRPRIKMNK RO BWDIFID@ QHHA HQ LIRU P L
URI JHRPRUBSKRBRQLAD RISWRKHHYRUHWKDHWW S
OLWLHV BLMOHSDOWLEXQMWUQRD EQW B DIQGWR

DQDO\WLV RI WKHWHWHKMWHDYUWHORBHGQWR G

P

IDXOW GHWDLOHG YHIFGARPWRKNRO RMIRIFQW

,1752'8&7,21

7KH PDLQ JRDO RI WKLV DUWLFOH H \D FWARL RXWNOR QD W KAHK B
ORJLFDO SURFHVVHV ZKLFK IRUP WKW KFXUUW KD BREKPD M)
IDXOW DOVR SDUWLFLSDWHG L QR&XPDNRVNPD RARR IRIX\® W
LQ JHRORJLFDO DQG WHFWRRHG PLOX R WK} VR FDH/ DV GH B/W

Os/.296.¢ SE% (5% 23(&.¢ 2WKHU SXEOLFDWLRQV U}l
PDYVNé =ORP IDXOW DV D FRQWL QKIiMW NRQ iRH W K H WH. v/}
Sy+/,8+ 8208y .20EL @/fu6.é 7KH VWXG\ RI IDXOW DQG ¢VV

LPSRUWDQW IRU WKH %RKHPLD B URWHH W HEKW B ® D FO W/
SUHVHQWHG EHFDXVH IDXOWV SOD\ DQHLPSRUWDQW UR
JRU WKH SXUSRVHV RI WK ID\Q B URMLFR\O HH UD/RWLHRUID BXWW\S L B
RXWFURSV ZKLFK UHSUHVHQW SD UW LAXOHD VHGIRPE H 6K
7KH QRUWK ZHVWHUQ SDUW RI WK HQ3REXWY DWK/H ® BB B P
$2, WKURXJK WKH VDGGOH QHBIDGAMRQ §R®W L\FLIHG ¥ IVOR)
RI WKH 'HAHQLFNé& 3RWRN DQG ata @ KVLEN & SROWRNT X MQMW
$2, ZDV GHOLPLWHG DV WKH FDW F K RHGWW KPDIQW K HR'IH&H
VXUIDFH DUHD DQG 4t3Q WLFNA&\®RWR MW RAW® JPER-PD) DRI
K\GURORJLFDO SRLQW RI YLHZ WKH $0 KDWY RQIW UMD RV k
7KH $2, EHORQJVY WR WKUHH JHRPRO S KRR XIPODY@ X QALKA
PLDQ JRUHVW WKH aXPDYVNp 3ROUEKRRIRWK XS O U DG G/
.DOYRGD 7KH ORFDO UHOLHI RIPWIKN ®2, LAKLFK LQ
VWURQJ UHOLHI HQHUJ\
7KH UHOLHI PRUSKRPHWU\ FDQ EH FEKQW DFVAIDWRI]|VWGRB\
WLRQ LQ WKH UDQJH = f RI WKHUWX RIDWIKH VKD IDED
UDQJH RI + f ZKLFK RFFXSLHV RI WKH VXUIDFH RI W
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)L 7KH JHRORJLFDO FRQGLWLRQV LQ WKH VWXGLHG DUHD SURFI
HW DO
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7KH OLWKRORJLFDO FRQGLWLR®D\RPR\KRWWRWYRE VH G KMHU$
WR WKH JHRORJLFDO XQLW RI OROGNOBOLNXPH XQILW D
ULHV DQG WKH .UIiORYVNEé +YR]G 2EHORQJ WR WKH SDUW
7KH KLOOV RQ WKH ERXQGDU\ RI WKW EBNP @D BH WRR S
VLOOLPDQLWH ELRWLWLW HZXDF B JMHI WV WD ZQ WKR FRKIHG B
7KH EHOW RI WKH PXVFRY KWH @ OR WD QVILWH SDHDWE M L
WR WKH .UiIORYVNEé +YR]G RQ WKH FRARQY K FOVIERKQ+ COHDHN &
+ 0O$VWHN 9HMQDU HW DO
7KH .UIORYVNE@ +YR]G LV FK D UBDIFRWHLUA ] MG B\X WKRIY 1 D/
ZKLFK HIWHQG WR WKH VRXWKZH VWV IS\I LEW RRYV WKLHV Y V\PXXG
VEFKLVWYV IRUP WKH KLOOV RI 9HON& 3UHQHW . ta&RYé YL
7KH PRUH VLIQL:,FDQW DFFXP X0 D@ WR/@DWR QRFDTKHDGV I
VXUURXQGLQJV RI WKH ZDWHUFRN UMK\ DA DQG GE& CONL\
DUH IUHTXHQW LQ WKH VWXGLHG DUHD VEHFTLRDWHU QL
WKH\ DUH WKH PRVW LPSRUWD®WHVRNO EHS & b NGRIRIUNP\D V

0(7+2'6

,Q RUGHU WR GHVFULEH WKH FKDQI)HOSRW\AHE Wi GV IRWIQV
SUR¢OHV ZHUH FKRVHQ IURP WKH H U RLRLOFXFRQ \V QY WXF
WKLFNQHVVHV RI DOO WKH YDULRMM BHGKRAHQUWRROHOG 2}
EHG RQ WKH VLWH SDUWLFXOD UDALRQVLGH FRWRKQ ZHWH
JDQLF PDWHULDO W\SH RI WHMDR VADMLLR)G \LIRS-OHVWURF
SLFDOO\ GLIIHUHQW OD\HU R DVWKWHRS WRGHDWH./LP G Q AVSRH
VDPSOHV ZLOO EH HYDOXDWHG LI XD DD ERW D W RRIN W |
LQ WKH ¢HOG VXFKDV JUDLQ VL]H FRREDWH®W UDWLR RU R

,Q WKH FDVH RI RXWFURSV URFNV KH JKHILD KWK DDOL G WK
DQG RULHQWDWLRQ WR WKH BXWGE B RSIVOZWK BISPHH DR XQ\M &
ZDV XVHG IRU WKH ORFDOL]DWLRQ=RI RV K HL REKW OURFEED\O L2

RXWFURSV ZHUH GHVFULEHG LQ WKH VWXGLHG DUHD

7KH DQDO\VLYV RI WKH ¢VVXUH V\V\WMWPARA RAQML ¥ VAVXRIIHA
DQG RI WKH IUHTXHQF\ RI WKH ¢V VEKRIGR/JIL G MK FIRCPLSHDDY R |
IRU WDNLQJ WKH PHDVXUHPHQW VSRMRKHWKNXUH ¥ HDWVH
RI WKH ¢VVXUHGLUHFWLRQ ZHUHSHDFRUPHH % 0RE WRIH
¢VVXUH PHDVXUHPHQW

"(7$,/( $1$/<6(62) T+(&+26(1/2&%/,7,(6

'"HWDLOHG ¢HOG PDSSLQJZDV FDUUWLHGIRXG LQ YR Y MUKHCS
SRVHV RI WKLV VWXG\ WKH IR0 QRIODQIWAFORDD MN § HFDZH
FDO SURFHVVHV ZKLFK SDUWLFOSBWHIG DQVWR XS IQFH VRK
PHQWV LQ IRXU HURVLRQ FX\®W H @L@ HOMPIEWD\HD R G \M Kl R \ALX
DQ DOOXYLDO FRQH + DQ H[DPSOH R/I DW®E AXYLDQ RFWF
H[DPSOH Rl WKH SRO\JHQHWLF ODQGIRUPV

7KH HURVLRQ FXWV DQG WKH DO OXORW DYERQH @& DD W
FKDUDFWHU RI WKH AXYLDO SURFWWWH\D PAK Bl GHQURRZ/ WRK®H |



AXYLDO VHGLPHQWY WR EH UH FRJQ R]SHRHDQGRA RKHHT X HHY
EH DVVHVVHG

7KH DOOXYLDO IDQV FUHDWHG EVIRX @ KRZ YWH | DEWR
SDWLQJ LQ WKHLU IRUPDWLRQ DFFRUGL QO DWRVWK RDW M

7KH RXWFURSV PD\ H[SRXQG WUHF WHKQD\® LIRFRYGE MM, R B M
UHOLHI LQ WKH VWXGLHG DUHD 'BRHNFWLY H7IKH VPR DY/ Ut
VIVWHPVY LQAXHQFH RQ WKH PRUSKR @RV RRWKHICROHW B QB

7KH SDUWLDO JRDOV RI WKH UH V MPUGKWDIRFHE X H R PR
FDO PDSSLQJ Rl VHOHFWHG ORF B QIDW DH\G SIOLD QWR RA U OF
WR FKDUDFWHUL]H DQG GHVFULEHZ WHKH DHDRRR B 8RR O RLIY
FHVVHV ZRUN RQ WKHVH SDUWLFKI® NWHODWHRQ D EG WZ H
FRQGLWLRQV DQG WKH UHOLHI

(URVLRQ FXWV RI WKH VWUHDPYV

7KH GHYHORSPHQW RI WKH HURVLR®H ¥WWHUQY MWVKBIEDXYM
D YDVW DPRXQW RI LQIRUPDWHR ¢ RLWK & VKD WWRQ \DRJI GV
.8.8/

7KH HURVLRQ FXWV RI WKH a4taQ WLFNé 3RWRN VWUHDP

7KH HURVLRQ FXWV RI WKH ataRX\WGFNW 3RWRNWW®WUB®PHU
PIURP WKH FRQAXHQFH ZLWK WKH OXCGHIWD WWAKWHHDAPU HDJ P
ZLWKLQ LWV RZQ VHGLPHQWY %RQGHW RXWVRZHWKH IR N
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)LJ 0ODS VKRZLQJ WKH SRVLWLRQVARI SUR¢{¢OHV =




$IWHU UHPRYLQJ WKH XSSHU OD\HW DUR R/ MTKKHH @ X i VD ZEH!
EHG

7KH VHTXHQFH DQG WKH FKDUDFWWH RIKWKH $HEL PHG
VXEVHTXHQWO\ FKDUDFWHUL]HGP SSRR@BH+t BWOW P [P \D C
FP DQG SUR¢OH +DW PD VO FP

7KH SUHOLPLQDU\ RQ VLWH GHVEKH LV M[MRQ R D WK B WX\
WLFXODU OD\HUV Rl WKH PRQLWRUMHRBEHR ; DHHVAMSSV KR!
VLWLRQ RI WKH WKUHH SUR¢OHYV

BUR¢OH LV GLVWLQJIXLVKHG E\ R® BR®W K K R/HILG ROMCDDW
FDWLRQ FRXOG RULJLQDWH LQ WKH WGYPRHQAKDW DRIQ KR)
W\SH Rl WKH VWUDWL:FDWLRQLV FDXVHG E\UHFXUUHQV

3UR¢OHV DQG FRQWDLQ OHQVHVEI\ARDD VUH \IXDOW RH G
QDPLFV RI WKH AXYLDO SURFHVWRIVLV KK OB DWH. B X HIBUE
UHQFH RI LVRODWHG OHQVHV RIH\RMDIW H UILWDBDL Q7HKG \DH@XC
¢FDWLRQ FRXOG SUREDEO\ UHAHFWQRW DFMBILY DWAHZW\WK K B
VWLOOQHVYV

3UR¢OH IHDWXUHV SDUWLFXO D Ul BDWYXWHAL IWKURFRIRXRE
WKH VDPH OHYHOV QRU ZLWK WK KNPWIDRMH RV KA IKN RHND QLL!
DQG IUDJPHQWY RI WUHH EUDQFKHV ZLWK ZHOO SUHVH

)LJ 0DS VKRZLQJ WKH SRVLWLRQ RI SUR;OH DQG WKHDOOXYLDO



7KH HURVLRQ FXW Rl WKH '"HEHQLFNé 3RWRN VWUHDP

$QRWKHU HURVLRQ FXW ZDV GHVWRKHHURGA R H G B HPRIVWAHK
3RWRN VWUHDP ZLWK WKH ODW MRYLFNE 3RWRN BWIW R
HURVLRQ FXW LV FP

7KH SKRWR RI SUR¢OH )LJ FOHDWK DWKRZFNDKH ¥YLRD
PDWHO\ FP DW D GHSWK RID\HU FPX & LEVH JW R M HER Q V
HIWUHPH ARRG HYHQW ZKHQ WKH VWVH PP B\ DEO HURRP
SDUWV Rl WKH VWXGLHG DUHD 7 HKIK\D UD AW HK ORI MWKHG |
PHOQW &RQWUDU\ WR WKH SUR ¢ OHYRRIQ W KMHHQ S\Q/ WIL\WW N & §
RU DQ\ RWKHU PDFURVFRSLF RUJDQLF PDWWHU ZDV IRX

)LJ 3UR¢{OH 1R LQ WKHHURVLRQ FXW RI WKH '"HEHQLFNé& 3RWRN VW



)LJ 7UDQVIRUPHG DOOXYLDO FRQH MRV WANE BRQYRXNHDFEE RIZW R H FO
DPV

$OOXYLDO FRQH

7KH UHFHQW DFWLYLW\ RI WKH ADGYEDWKHIKREHVN 8 FH R DI
OXYLDO FRQH ZKLFK ZDV IRXQG DWFUHBPWHG @ W K\HK B G-C
WKH ODW MRYLFNé 3RWRN DQG WKHLIJH&HQJIKAN & B8 XW\RIND §
ORQJHU KDV WKH W\SLFDO AFRQEF WX HRRRPXY VW RIDW KGH 0 [
VWUHDP )LJ 'XH WR WKH AXYLDO DOFRMIWHKMWEFR QW KID V!
ZDVKHG DZD\ DQG VHGLPHQWHGT7X LN ZHRIRW HYUH/ WX UWKKHSW
GRFXPHQWYVY WKH JUHDW HQHUKLJIKI D\CKWAL WX GHD®L G KM H/
VRXUFH DQG WKH FRQH P

7KH FRQH LV DSSUR[LPDWHO\ P ORQJ )LP ZLGKHDESS
SDUW RI WKH DOOXYLDO FRQH LV FRORQUHE W\DJUDY HRXY ¢
WKH DFFXPXODWLRQ RI WKH FRDWRH, QUDILWMHG ABWUHDYE
DSSUR[LPDWHO\ FP ORQJ

$QDO\WLV RI D URFN RXWFURS

7TKH RXWFURSV EHORQJ WR WKH PRIQ VEKIR B HRIPQ W S\KKRID
VHDUFK 7KH SUHVHQFH RI WKH R XKWLIFRKRLSW DIROLAPRSRW YWD\
QHQW RI PRUSKRVWXFWXUDO DQDO\VLV

7KH VWXGLHG DUHD LV EXLOW XS HQMHWEPR RS KPLHWUDH
GLVWLQJXLVKHG E\ IROLDWLRQO/LW D WHWX K H \D VAKHNFKP HR;



)L 6FKHPDWLF PDS RI WKH RXWFURS DW WKH &@&HOLYVNé 9UFK KL

)L $ SURPLQHQW ZDOO RI WKH DQDO\]JHG RXWFURS DW WKH aHO



)L &ORRVHTV URVHWWH GLDJUDP RI WKH RXWFURSV DW WKH &aH«

RI WKH ¢VVXUH V\VWHPV

2Q WKH AHOLYVNE& 9UFK KLOO BW WKXGQR GWKHIDVW RR
IRXQG 7KH RXWFURSV DUH FRPSRBHRGVRW BLKRIWDIH BIQC
GLHULWH $ VLIQL,FDQW RXWFURBWDYV B DVV¥ FOY HIRRIG MW/
VHH )LJ

7KH RXWFURS FRQVLVWY Rl PDLQ WRFANEWHGIPRIFNN V HH
7KH UREN EORENV DUH UHVW QRN H 6 68\ DK HVO/DUHF W I RVH
UHVWULFWLRQ FRUUHODWHV ZLWK WKW GLUHFWLRQ RI

7KH ¢UVW URFN ZDOO LV UHVW U LFWHE \EHYQKMHRID FHR| O
0 FP KHLJKW )LJ 7KH FUDFN VAVWWHP WDRR Q& HU /S|
OLHV DSSUR[LPDWHO\ P IURP WKHG BV :WR/FKNED O OF ®
DQG FP KLJK 7KH GLUHFWLRQ RLWXH RPN @DS®D® QW L
DQG FP ORQJ 7KH URFN ZBDOOHFWHR®A RIDW HG7KO WF
GLVSOD\V WKH SRVLWLRQ Rl WKH WKUHH UREN ZDOOV

7KH IROORZLQJ &0RRVHPV URVHWRH RIDWKB P, GLXSH M
WKH GLUHFWLRQ RI WKH IRDYWNELBQFKLKLOO 2Q WHKB &t
SHUIRUPHG ,W LV HYLGHQW WKDW WKH FUDFN V\VWHPV

352326(')8785(*(20253+2/2*,&%/ 5(6($5&+

7KH FKRVHQ ORFDOLWLHV ZKLFHK PQW ULHWXRULREM GK HQ S+
IXUWKHU UHVHDUFK Rl WKH GHYHORSPHQW RI WKH UHO
BHUIRUPLQJ WKH IROORZLQJ W DVWNAK L VLV 0 DIFHR/WDHAGR ILR\L
WKH VHGLPHQWYV IURP WKH HURV IRV FXIWV U HH. EG D W E Rk
RFDUERQ &DWLIQJ YHUL,FDWLRQ RI WKH W & LG-MIZH QI RN G
GHWDLOHG SUR¢OHV LY DQDO\VAN RXWKHRSADS R ¢ R GWRI
WKHUH DUH RWKHU RXWFURSV ZKR®HEY MIKSHHWWRIKH W & B
RQV Y FRPSLODWLRQ Rl &ORRVHINVYRWRWQ\MVGRD JWVE
IURP DOO WKH RXWFURS ORFDOHWEZRWN YLY LRQ DQD/AW R\
RQ EHWZHHQ WKH VWUXFWXUDO FIRQ\®LWH®RIQM RYMHKH S
K\SRWKHVLY RQ WKH GHYHORS P H@WWRIHWSKHU DRUHTH B | ULHD
L[ WR DWWHPSW WR ORFDWH WKHEVWKH P HRD GR RX PR
SUR:,OLQJ



&21&1/86,216

7KURXJKRXW WKH DUWLFOH WKHPRBWKRDWR Y IDFP® FSKIRFD
PLQHG LQ WKH YLFLQLW)\ RI WKH QRQR\PK FIHX/OWSDW W HRY H/
ORFDOLWLHV ZKHUH WKH SQRFHE VB Y HRDL@ [EQID B D \RLXON R
VHDUFK KDYH EURXJKW EHWWHU &G GHLO/SHIEQW RQG LRIHW
VHDUFK

)OXYLDO JHRPRUSKRORJLFDO SURRNYRBVFRWN BH ERMA
DQG WKH DOOXYLDO FRQH EKOH HRIR GLRAF B X SW LRHURI| DAY
RI ERWK VWUHDPV

7KH 4t4Q WLFNé 3RWRN VWUHDPIVI WKR ARRGDHMHY W F
JXODULWLHYV LQ WKH SUHVHQFH RRWWKWHJIRDWH® & WQ\HHD
JLQJ YHU\ IDVW 7KH LQFLVLYH FRQDWQOBRY YW \G IE €& R\EZH H/Q
D KLDWXV LQ WKH VHGLPHQWRDQ RV SRIRW K M \H WRHL RIH I
SURFHVVHV DUH VLJQL:,FDQW IR UKMKHR &t 40X WD WN. R ®RONDRG
FWHU Rl WKH SUR¢;OH OD\HUV GRF X PRML\R @K KDSWHW HQ F H

7KH ORFDWLRQ DQG WKH GHVFULSWHLRLIE R WW K H SYLIRY.Q
SKRORJLFDO SURFHVVHV LQ WK H WRRIGSEKIL@Q HD (2\D M YGL
WKH ARRGSODLQ VHYHUDO WLPHVRWRNY\D/ODHHD R MBI &t
UDWKHU FRPSOLFDWHG JHRPRUSKRORJLFDO GHYHORSP]

7KH '"HAHQLFNé& 3RWRN VWUHDIRUIDOL RBE\@DFRY RHTKD G
ARRG HYHQW $OVR WKH VLJQL¢FDOQWHSW® BRR WKHZIXQ WK W
ARZV FD P DOORZVWUDQVSRUWRIFRDUVHU PDWHUL

,Q JHQHUDO WKH GLIIHUHQFH EHSRWMRK BUR 3 AV R L I/
VWUHDPV LV JLYHQ E\ WKH GLIIHUHQW RQWLWXGH VSDC

7KH SUHVHQFH RI WKH DOOXYLDO ARE@HJALRHW KH 106G MG
3RWRN VWUHDP ZKLFK W UD QSR G WA QM FKD\WKHIU 5O UW
7KH FRQH ZDV YHU\ OLNHO\ FUHDWHGS LQVY & HOQR O P DWDLL
ODWHU DOVR LQ DQ HYHQW RI KLJK GLVFKDUJH

7KH RXWFURSV DW WKH 4HOLYVN& PDRK.RQGRO FRWWRQ
GHQFH EHWZHHQ WKH JHRORJLFIMHO E® Q\GKIW $ R,Q V KOHD G RW
RQH RI WKH RXWFURSV DUH OLPLWRGZEK\L WK HV MLPYIDHD W\
RI WKH QHDUE\ 3R4XPDYVNEé =ORP DDUDW VRKRHE HG R/A\DH
VI\VWHPIV RULHQWDWLRQ DOVR FRUUHWIS® ©G R PWIR X\OK\M

7KH SUHOLPLQDU\ UHVHDUFHK Y QVWBW VAW XIGD.G § URIFHHDY \
OHDGLQJ JHRPRUSKRORJLF D OUHFRIRHY BN Q DFFRFVHDQGE Q D
DWLQJ FXUUHQW IRUPV RI WKH UDMOLRQ V EKHHNV Y HH QAW R W \
RORJLFDO FRQGLWLRQV DQG WKIE ENRMKMH W IBOIWHN \K RY
VWUXFWXUDO DQDO\VLV 7KH OORPRQUEKBRORILEO QW H\LIE
IRUPXODWLQJ D K\SRWKHVLY RQ WKH GHWBORSPHQW RI

$FNQRZOHGIJHKRHDYWWKRU WKDQNV ) +DUWYLFK DQG 3 +DO®H|BHN |
WR LPSURYH WKLV SDSHU 7 KHWXHNVNKREYISERO WRRD ANKHR ZORGIHFW 1
*UDQW $JHQF\ RI WKH &]HFK $FDGHP\ RI 6FLHQFHV

50(5(1&(6

%is7.5 %  $/92'$ - *HRPRUIRORJLFNp pOHXIQUIHRPRPIKRIORKILFDO FOL
WKH %RKHPLD WMRLHMD@H 3UDKD SS LQ&]JHFK

"(o(. - HG O0DQXDO RI GHWDLOHG JHR PSEDSKFPARJ LADIK BD S S ISGJ

+$579,8+) *HRPRUIRORJLFNE& Y&]NXP D RUKRQWILE NEFKi GQ W IQ DHR P



0 VWLAW >*HRPRUSKRORJLFDO PDSPRIDIKROR WK B X \GHD W ID GOLW LW/ HOHD (
oOv O0ODVWHU WKHVLV )DFXOW\ RISIDWXQ BOHFKLHQEBUBUDRAHHSDUYV
*HRJUDSK\ DQG *HRHFRORJ\ )DFXOM\ RI 1IDWXUDO 6FLHQFH 3UDJX
&+E% (556 HG -LKRpPHVNi YODVWLY GPKH QHRUVUIDSKURGBRXWK %RKHPI

QDWHUHKRpPHVNp QDNODGDWHOVWYt]HFHWNp %XG MRYLFH sSs L
.2<0 2 HG 9\VY WOLYN\ N S HKOHGIKHIBIRD-RIGAMR WIKS EDVLF JHROF
RVORYDNLD V@& H $IFD 6 WRIDIN RyBISBH3 UDK D SS LQ &]HFK
.23(8.¢ $ 9\VY WOLYN\ N PDS PODG&tFK WHRDWR® KFANG F KH\WQWEUW R WWKH
WKH \RXQJHU WHFWRQLF VW l@XFOAMW HI\G Rt WKW D& HFRORYIVANE 3UDH
8.8/ = =iNODG\ VHGLPOIWWRORBWH R Q @R ¥MHIEG P MIQDN RO X\D Ss
Os+( O @/.206.¢ 0 9\WYHWOLYN\ N WHNWRGLONBNQREDWIR ¥6H WHFWR
&HFKRV@R YIHRICCRJLFDO LQVWLWXWH RI 'LFPOQRDAW~U %UDWLVODYD
S¢a,y.20e( #3.y.50 (gs1 $  s(a - 4XDWHUQDU\ &ODVWLF 6HGLPHQWYV F

y*O 3UDKD SsS

8s/s516.6. HG *HRI\]JLNiOQt SRGNODG\ SUR PHWDPRVHXRWK PN P O] EBK
GDWD IRU WKH PHWDO JHQHWL® UHVRIDJWRID R% WER &]HS& P DY \&L]H Fk

9(-155 = 23(8.6$ 4Hi.y.50 *HRORJLH ~]JHPt OLVWS$ + De®N NR*BROR
JVRI WKH VKHHWY + 18UVNP@Q@EY YW GINOH]RIVIROGERUX JHRORJLFI
~pHORY&FK PDS S tURGQtFK ]GBRMNIQ® RFVRWNH VHW RI JHRORJLFDO
QDWXUDO UHVRXUFHV @Qn@VK8B VIEGOH*O 3UDKD SS LQ &]HFK

S5HFHLYHG '"HFHPEHU
$FFHSWHG  -XQH



