
7XUJXW g]DO 7ÕS 0HUNH]L 'HUJLVL 8+5/ 6, 4<<;

$//(5-ø. +$67$/,./$5,1 7$1,6,1'$ 63(6ø)ø.
,J( 7$<ø1ø1ø1 g1(0ø

'U1 6HUGDU $/7,1g=-
'U1 =HOLKD $UÕNDQ -
'U1 %HW�O (UVR\ -
'U1 6HOoXN 6LQDQ dHOLN-
'U1 $\VHO $\GR÷DQ -

- 'U1 %HKoHW 8]
dRFXN +DVWDQHVL 3HGLDWUL
.OLQL÷L
ø=0ø5

<D]ÕúPD $GUHVL=
'U1 6HUGDU $OWÕQ|]
4:;324 VRNDN 1R=4;2;
.DUúÕ\DND0ø=0ø5
7HO=3565 69;335;
)D[= 35657;78<7:

$OOHUMLN KDVWDOÕN G�ú�Q�OG�÷�QGH WDQÕQÕQ ED]Õ |]HO WHVWOHU NXOODQÕODUDN NHVLQOHúWLULOPHVL
JHUHNPHNWHGLU1 dDOÕúPDGD ø]PLU 'U1 %HKoHW 8] dRFXN +DVWDQHVL $OOHUML SROLNOLQL÷LQFH
L]OHQHQ :< KDVWD YH NRQWURO JUXEX RODUDN 53 VD÷OÕNOÕ oRFXN LQFHOHQGL1 %X oDOÕúPDGD
DOOHUMLN \DNÕQPDVÕ RODQ KDVWDODUGD (,$ +(Q]LP LPP�QRDVVD\, \|QWHPL LOH |Oo�OHQ
VSHVLILN ,J ( G�]H\LQL/ WRWDO ,J ( G�]H\L YH GHUL WHVWOHUL LOH NDUúÕODúWÕUDUDN WDQÕGDNL
|QHPLQL VDSWDPD\Õ DPDoODGÕN1 +DVWD JUXEXQXQ 7:+(8<,¶VL HUNHN/ 65+(74,¶VL NÕ]
ROXS/ \Dú RUWDODPDVÕ 43:188 ±5:1;5 D\ RODUDN EXOXQGX1 .RQWURO JUXEXQXQ LVH
46+(98,¶� HUNHN/ :+(68,¶VL NÕ] ROXS/ RUWDODPD \DúODUÕ 43;18 ±5718 D\ LGL1 +DVWDODU/
$VWPD %URQúL\DOH +$%,/ $%.DOOHUMLN ULQLW/ �UWLNHU/ DOOHUMLN NRQMXQNWLYLW WDQÕODUÕ
DOPÕúODUGÕ1 +DVWD JUXEXQD VFUDWFK YH LQWUDGHUPDO GHUL WHVWL X\JXODQGÕ/ D\UÕFD WRWDO YH
VSHVLILN ,J( G�]H\OHUL EHOLUOHQGL1 .RQWURO JUXEXQXQ GD WRWDO YH VSHVLILN ,J( G�]H\OHUL
EHOLUOHQGL1 7RWDO YH VSHVLILN ,J( G�]H\OHUL (/ø6$ \|QWHPL LOH EHOLUOHQGL1 +DVWD
JUXEXQGD WDQÕ\Õ GHVWHNOHPHN DPDFÕ\OD \DSÕODQ ODERUDWXYDU LQFHOHPHOHULQGH VHUXP
WRWDO ,J( G�]H\OHUL (8< RUDQÕQGD \�NVHN EXOXQXUNHQ/ VFUDWFK GHUL WHVWL (85
RUDQÕQGD/ LQWUDGHUPDO GHUL WHVWL (;8 RUDQÕQGD ROXPOX VDSWDQPÕúWÕU1 6SHVLILN ,J(
G�]H\L LVH (:4 RUDQÕQGD \�NVHN EXOXQPXúWXU1 dDOÕúPDPÕ]GD LQWUDGHUPDO GHUL WHVWOHUL
LOH NDUúÕODúWÕUÕOGÕ÷ÕQGD WRWDO ,J( VHQVLWLYLWHVL (8;15/ VSHVLYLWHVL (6616 JLEL G�ú�N
RUDQODUGD EXOXQXUNHQ/ VSHVLILN ,J( LoLQ VHQVLWLYLWH (;318/ VSHVLYLWH (;616 RODUDN
EXOXQPXúWXU1 (/ø6$ \|QWHPL LOH G�]H\LQL VDSWDPÕú ROGX÷XPX] VSHVLILN ,J(¶QLQ
\�NVHN VHQVLWLYLWH YH HWNLQOL÷LQLQ EXOXQPDVÕ QHGHQL\OH DOOHUMLN KDVWDOÕNODUÕQ WDQÕVÕQGD
NXOODQÕODELOHFHN J�YHQLOLU ELU WDQÕ \|QWHPL ROGX÷XQX V|\OH\HELOLUL]1
$QDKWDU NHOLPHOHU= (/ø6$/WRWDO ,J (/ VSHVLILN ,J (/GHUL WHVWL/ DOOHUML

7KH LPSRUWDQFH RI VSHFLILF ,J( LQYHVWLJDWLRQ RQ GLDJQRVLV RI DOOHUJLF
GLVHDVHV
:KHQ VXVSHFWLQJ DQ DOOHUJLF GLVHDVH/ LW VKRXOG EH FRQILUPHG XVLQJ VSHFLDO WHVWV1 ,Q
WKLV VWXG\/ :< SDWLHQWV ZKR ZHUH IROORZHG XS E\ RXWSDWLHQWV RI $OOHUJ\ RI 'U1 %HKoHW
8] &KLOGUHQ¶V +RVSLWDO ZDV H[DPLQHG1 7ZHQW\ KHDOWK\ FKLOGUHQ VHUYHG DV WKH FRQWURO
JURXS1 :H DLPHG WR GHWHUPLQH WKH LPSRUWDQFH RI VNLQ WHVWV E\ FRPSDULQJ VSHFLILF
,J( DQG WRWDO ,J( OHYHOV E\ (,$ RI SDWLHQWV KDYLQJ DOOHUJLF FRPSODLQWV1 7KH 8<( +7:,
RI WKH SDWLHQWV ZDV PDOH DQG 74 (+65, IHPDOH1 $YHUDJH DJH ZDV 43:188 ±5:1;5
PRQWKV17KH 98(+46, RI WKH FRQWURO JURXS ZDV PDOH/ 68(+:, IHPDOH DQG WKH
DYHUDJH DJH ZDV 43;18 ±5718 PRQWKV13DWLHQWV ZHUH GLVSHUVHG LQ D EURDG UDQJH
GLDJQRVLV VSHFWUXP IURP $VWKPD %URQFKLDOH +$%, WR $%.DOOHUJLF ULQLW/ XUWLFDULD/
DOOHUJLF FRQMXQFWLYLWLV1 /HYHOV RI WRWDO DQG VSHFLILF ,J( ZHUH GHWHUPLQHG/ VFUDWFK DQG
LQWUDGHUPDO VNLQ WHVWV ZHUH SHUIRUPHG WR WKH SDWLHQWV1 7RWDO DQG VSHFLILF ,J( OHYHOV
RI WKH FRQWURO JURXS ZHUH VWXGLHG1 ,Q ODERUDWRU\ ILQGLQJV ZKLFK ZHUH PDGH IRU
VXSSRUWLQJ WKH GLDJQRVLV/ 8<( ZDV SRVLWLYH IRU WRWDO ,J(/ 85( DQG ;8( ZDV SRVLWLYH
IRU VFUDWFK DQG LQWUDGHUPDO VNLQ WHVWV UHVSHFWLYHO\1 6SHFLILF ,J( OHYHOV ZHUH IRXQG
:4( SRVLWLYH1 ,Q RXU VWXG\/ ZKLOH WKH VHQVLWLYLW\ DQG VSHFLILW\ RI WRWDO ,J( ZHUH IRXQG
8;15( DQG 6616( UHVSHFWLYHO\/ IRU VSHFLILF ,J(/ WKH\ ZHUH IRXQG ;318( DQG ;616(1
6LQFH VSHFLILF ,J( ZKLFK ZDV GHWHUPLQHG E\ (/,6$ PHWKRG ZDV IRXQG KLJKO\ VSHFLILF
DQG HIIHFWLYH/ ZH FDQ HDVLO\ FODLP WKDW LW LV D UHOLDEOH GLDJQRVWLF WHFKQLTXH ZKLFK FDQ
EH XVHG LQ WKH GLDJQRVLV RI DOOHUJLF GLVHDVHV1
.H\ ZRUGV= (/,6$/ WRWDO ,J(/ VSHFLILF ,J(/ VNLQ WHVWV/ DOOHUJ\
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$OOHUML +DOORV GL÷HU/ HUJRQ Lú,/ EHOOL ELU DOOOHUMHQH
NDUúÕ Y�FXGXQ GX\DUOÕODúPDVÕ YH EX DOOHUMHQOH
WHNUDU NDUúÕODúPDVÕ VRQXFX ROXúDQ/ ]DUDUOÕ
LPPXQRORMLN UHDNVL\RQODUOD VRQODQDELOHQ ELU
GXUXPX LIDGH HWPHNWHGLU4 1 $OOHUMLN UHDNVL\RQODUÕQ
ROXúXP PHNDQL]PDODUÕQÕQ D\GÕQODWÕOPDVÕ LOH LOJLOL
oDOÕúPDODU 4<53¶OL \ÕOODUGDQ VRQUD KÕ]ODQGÕUÕOPÕú/
4<58 \ÕOÕQGD VDSWDQDQ GHUL GX\DUOÕOÕN DQWLNRUODUÕ
³DWRSLN UHDJLQ´ RODUDN LVLPOHQGLULOPLúWLU1 %X
DQWLNRU/ 4<9: \ÕOÕQGD ,J( RODUDN WDQÕPODQPÕúWÕU5 1
dHYUHPL]GH \D\JÕQ KDOGH EXOXQDQ DOOHUMHQOHUH
NDUúÕ Y�FXGXQ ,J( DQWLNRUODUÕ DUDFÕOÕ÷Õ LOH LPPXQ
ELU \DQÕW ROXúWXUPDVÕ GXUXPXQD ³DWRSL´
GHQPHNWHGLU1 $WRSLGHQ VRUXPOX WHN ELU JHQ
J|VWHULOHPHPLú / DQFDN 441 NURPR]RPXQ NÕVD
NROXQGD ORNDOL]H ELUNÕVÕP JHQOHULQ DWRSLGHQ
VRUXPOX ROGX÷X ED]Õ oDOÕúPDODUGD J|VWHULOPLúWLU6/7

1 $\UÕFD/ DOOHUMLN LQIODPDV\RQGDQ VRUXPOX
VLWRNLQOHULQ/ β DGUHQHUMLN YH VWHURLG
UHVHSW|UOHULQLQ VHQWH]LQL NRGOD\DQ JHQOHULQ 81
NURPR]RPXQ X]XQ NROXQGD EXOXQGX÷X
J|VWHULOPLú/ EXUDGDNL JHQHWLN ER]XNOXNODUÕQ
DWRSL\H \RO DoDELOHFH÷L G�ú�Q�OP�úW�U8 1 $QFDN
DWRSLN E�Q\HOLOHULQ KDQJLVL YH QLoLQ ULVN
JUXEXQGDGÕU/ QHGHQ KHGHI RUJDQ DNFL÷HUOHUGLU EX
NRQX DoÕNOÕN ND]DQPDPÕúWÕU1

$OOHUMLN KDVWDOÕNODUGD WHGDYLQLQ HWNLQ RODELOPHVL
LoLQ HUNHQ YH GR÷UX WDQÕ VRQ GHUHFH |QHPOLGLU1
'HUL WHVWOHUL/ WDQÕGD J�YHQLOLU YH GX\DUOÕ ELU
\|QWHP ROPDVÕQD NDUúÕQ X\JXODPD ]RUOX÷X YH
DQDIODNVL ROXúWXUPD ULVNL EXOXQPDVÕ QHGHQL\OH
KHU]DPDQ WHUFLK HGLOPHPHNWHGLU9/:/; 1 %DúODQJÕoWD
VHUXP WRWDO ,J( G�]H\LQLQ DWRSLN KDVWDOÕNODUÕQ
WDQÕVÕQGD ID\GDOÕ ELU J|VWHUJH ROGX÷X NDEXO
HGLOPLú/ DQFDN \Dú/ PHYVLP/ FR÷UDIL \|UH/
JHQHWLN |]HOOLNOHUH ED÷OÕ RODUDN DOOHUMLN ROPD\DQ
ED]Õ KDVWDOÕNODUGD GD GH÷LúHELOHFH÷L
J|VWHULOPLúWLU;/</43 1

$OOHUMHQ VSHVLILN ,J(¶QLQ WDQÕPODQPDVÕQGDQ
VRQUD/ J�Q�P�]GH VSHVLILN ,J( G�]H\OHULQL
EHOLUOHPHN LoLQ )$67 +)ORUHVDQV DOOHUJRVRUEHQW
WHVW,/ 0$67+0XOWLSOH DOOUJRVRUEHQW WHVW,/ 5$67
+5DGLRDOOHUJRVRUEHQW DVVD\, YH (/ø6$ +(Q]\PH
OLQNHG LPPXQRVRUEDQG DVVD\, JLEL GH÷LúLN
\|QWHPOHU NXOODQÕOPDNWDGÕU1 (Q GX\DUOÕ WHVW RODUDN
NDEXO HGLOHQ 5$67 \|QWHPLQGH VSHVLYLWH
G�ú�U�OPHGHQ VHQVLWLYLWH DUWWÕUÕOPÕúWÕU +9,1 (/ø6$
\|QWHPL LVH J�YHQLOLU NDQWLWDWLI ELU \|QWHP ROXS/
NXOODQÕODQ LODoODUGDQ HWNLOHQPHPHVL/ NROD\
X\JXODQDELOLU YH HNRQRPLN ROPDVÕ/ NXOODQÕP

V�UHVLQLQ X]XQ ROPDVÕ/ UDG\RDNWLI PDWHU\HO
NXOODQÕOPDPDVÕ QHGHQL\OH WHUFLK HGLOPHNWHGLU: 1
%L] GH oDOÕúPDPÕ]GD ,J( G�]H\OHUL LOH/
'HUPDWRSKDJRLGHV IDULQHD/ 'HUPDWRSKDJRLGHV
SWHURQ\VVLQXV YH HY WR]X JLEL DOOHUMHQOHUGHQ ELUL
YH\D ELUNDoÕQD GHUL WHVWL GX\DUOÕOÕ÷Õ VDSWDQPÕú
KDVWDODUÕQ VSHVLILN ,J( G�]H\OHULQL NLQHWLN (/ø6$
LOH |OoHUHN/ GHUL WHVWOHUL LOH DUDVÕQGDNL X\XPX YH
LOLúNL\L DUDúWÕUGÕN1

*(5(d 9( <g17(0

dDOÕúPDGD ø]PLU 'U1 %HKoHW 8] dRFXN +DVWDQHVL
$OOHUML SROLNOLQL÷LQGH L]OHQHQ :< KDVWD LQFHOHQGL1
.RQWURO JUXEX RODUDN |] YH VR\ JHoPLúLQGH DWRSL
|\N�V� EXOXQPD\DQ/ VROXQXP VLVWHPL SDWRORMLVL
J|VWHUPH\HQ/ QRUPDO VÕQÕUODUGD E�\�PH YH
JHOLúPH J|VWHUHQ 53 VD÷OÕNOÕ oRFXN HOH DOÕQGÕ1
+DVWD JUXEXQXQ 7:+(8<,¶VL HUNHN/ 65+(74,¶VL
NÕ] ROXS/ \Dú RUWDODPDVÕ 43:188 ±5:1;5 D\ RODUDN
EXOXQGX1 .RQWURO JUXEXQXQ LVH 46+(98,¶� HUNHN/
:+(68,¶VL NÕ] ROXS/ RUWDODPD \DúODUÕ 43;18 ±5718
D\ LGL1

+DVWD JUXEXQD VFUDWFK YH LQWUDGHUPDO GHUL WHVWL
X\JXODQDUDN/ WRWDO YH VSHVLILN ,J( G�]H\OHUL
EHOLUOHQGL1 .RQWURO JUXEXQXQ GD WRWDO YH VSHVLILN
,J( G�]H\OHUL EHOLUOHQGL1 $QFDN NRQWURO
JUXEXQGDNL ROJXODUÕQ KLoELULQGH VSHVLILN ,J(
G�]H\OHULQGH EHOLUJLQ \�NVHNOLN VDSWDQPDGÕ÷Õ
LoLQ GHUL WHVWL X\JXODQPDGÕ1

6FUDWFK GHUL WHVWLQGH KDVWDQÕQ |QNRO |Q \�]�QH
ODQVHWOH 506 PP X]XQOX÷XQGD FLOW NDQDWÕOPDGDQ
\�]H\HO oL]JLOHU oL]LOHUHN/ EHOLUOHQHQ DOOHUMHQOHU LOH
QHJDWLI YH SR]LWLI NRQWURO VRO�V\RQX D\UÕ D\UÕ
GDPODWÕOÕU1 2WX] GDNLND VRQUD NROGDNL UHDNVL\RQ
GH÷HUOHQGLULOLU1 &LOW UHDNVL\RQX KLo \RNVD YH\D
QHJDWLI NRQWURO LOH D\QÕ LVH QHJDWLI/ HULWHP 54 PP
µQLQ DOWÕQGD LVH ./ HULWHP 54 PP¶QLQ �]HULQGH/
NDEDUÕNOÕN \RNVD ../ NDEDUÕNOÕNOD ELUOLNWH
oHYUHVLQGH HULWHP EXOXQX\RUVD .../ NDEDUÕNOÕN
LOH ELUOLNWH oHYUHVLQGH SV|GRSRGODU YH HULWHP
YDUVD .... NDEXO HGLOLU1 .. �]HULQGHNL
UHDNVL\RQODU GX\DUOÕOÕ÷Õ J|VWHULU9 1

øQWUDGHUPDO WHVWWH LVH X\JXQ DOOHUMHQ HNVWUHOHUL
YH NRQWURO VRO�V\RQX \LQH |QNROXQ |Q \�]�QH
GHUL LoLQH YHULOHUHN 63 GDNLND VRQUD
GH÷HUOHQGLULOLU1 5HDNVL\RQ NRQWURO LOH D\QÕ LVH 0/
HULWHP 54 PP DOWÕQGD YH NRQWUROGHQ E�\�N LVH
./ HULWHP 54 PP �]HULQGH LVH ../ SV|GRSRG
JHOLúPHNVL]LQ HULWHP YH NDEDUÕNOÕN YDU LVH .../
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HULWHP/ NDEDUÕNOÕN YH SV|GRSRG ROXúXPX YDU LVH
.... NDEXO HGLOLU1 .. �]HULQGHNL UHDNVL\RQODU
GX\DUOÕOÕ÷Õ J|VWHULU1 +HU LNL WHVWWHGH 9045 VDDW
VRQUD JHOLúHELOHFHN JHo GX\DUOÕOÕN UHDNVL\RQODUÕ
QRW HGLOLU9 1

'HUL WHVWOHUL *UHHU ILUPDVÕQÕQ DOOHUMHQ HNVWUDNWODUÕ
NXOODQÕODUDN \DSÕOPÕúWÕU1 6FUDWFK WHVW LoLQ
'HUPDWRSKDJRLGOHULQ 43333 $X2PO/ HY WR]XQXQ
ò Z2Y J�F�QGHNL DOOHUMHQ HNVWUDNWODUÕ/
øQWUDGHUPDO WHVW LoLQ D\QÕ DOOHUMHQOHULQ 424333
GLOXV\RQODUÕ 59 JDXJH HQMHNW|U LOH FLOW LoLQH 3135
PO YHULOHUHN X\JXODQÕU1 1HJDWLI NRQWURO RODUDN
DOOHUMHQOHULQ WDPSRQODPD VROXV\RQX RODQ (3/7
IHQRO LoHUHQ VHUXP IL]\RORMLN/ SR]LWLI NRQWURO LoLQ
4 PJ2PO KLVWDPLQ NXOODQÕOÕU1

+DVWDODUÕQ YH NRQWURO JUXEXQXQ WRWDO YH VSHVLILN
,J( G�]H\OHUL '3& +'LDJQRVWLF 3URGXFWV
&RUSRUDWLRQ, ILUPDVÕQÕQ NLWOHUL NXOODQÕODUDN (/ø6$
\|QWHPL\OH oDOÕúÕOPÕúWÕU1 7RWDO ,J( VRQXoODUÕ (JH
%|OJHVLQGH VDSWDQDQ \DúD J|UH QRUPDO ,J(
VRQXoODUÕQD J|UH GH÷HUOHQGLULOPLúWLU44 +7DEOR
41,.LQHWLN (/ø6$ \|QWHPLQGH/ OLNLG IRUPGDNL
DOOHUMHQOHU PRQRNORQDO DQWLNRUODU LOH PLFURSODWH¶LQ
OLJDQG NDSOÕ oXNXUFXNODUÕQGD UHDNVL\RQD
JLUPHNWHGLU1 'DKD VRQUD UHDNVL\RQ oXNXUFX÷XQD
UHDNWLI NURPRJHQLN ELU PDGGH HNOHQLU/ NLQHWLN
DQDOL]|U NXOODQÕODUDN UHQN JHOLúLP KÕ]Õ PRQLW|UL]H
HGLOLU1 5HDNVL\RQ KÕ]Õ DOOHUMHQ VSHVLILN ,J(
NRQVDQWUDV\RQX LOH GLUHNW LOLúNLOLGLU1 6LVWHPLQ
NDOLEUDV\RQX '�Q\D 6D÷OÕN gUJ�W� 51 8OXVODUDUDVÕ
LQVDQ 6HUXP ,J( UHIHUDQV SUHSDUDV\RQXQD J|UH
VWDQGDUGL]H HGLOPLúWLU1 dDOÕúÕODQ VHUXPODUGDNL
VSHVLILN ,J( G�]H\L NX2O RODUDN |Oo�O�S/ 3168 NX2O
UHIHUDQV GH÷HU RODUDN NDEXO HGLOPLúWLU1 %X
GH÷HULQ �VW�QGH oÕNDQ VRQXoODU SR]LWLI RODUDN
GH÷HUOHQGLULOPLúWLU1

6RQXoODUÕQ GH÷HUOHQGLULOPHVLQGH 6WXGHQW¶V W WHVWL/
FKL0VTXDUH WHVWL/ NRUHODV\RQ DQDOL]L YH ELQRPLQDO
WHVW \|QWHPOHUL NXOODQÕOPÕúWÕU1 $\UÕFD VRQXoODUÕQ
VHQVLWLYLWH +WHVWLQ GX\DUOÕOÕ÷Õ/ JHUoHNWHQ KDVWD
RODQ NLúLOHUL EXOPD \HWHQH÷L,/ VSHVLYLWH
+JHUoHNWHQ KDVWD ROPD\DQODUÕ EXOPD \HWHQH÷L,/
SR]LWLI WDKPLQ \HWHQH÷L +JHUoHN KDVWD \�]GHVLQLQ
WDKPLQL,/ QHJDWLI WDKPLQ \HWHQH÷L +JHUoHN KDVWD
ROPD\DQODUÕQ \�]GHVLQLQ WDKPLQL, YH HWNLQOL÷L
VDSWDQPÕúWÕU1

%8/*8/$5

+DVWDODU DQDPQH] YH IL]LN EDNÕODUÕQD J|UH DVWPD

EURQúL\DOH / DOOHUMLN ULQLW/ NURQLN �UWLNHU YH DOOHUMLN
NRQMXQNWLYLW WDQÕODUÕ DOPÕúODUGÕU1 $OGÕNODUÕ WDQÕODUD
J|UH :< KDVWDQÕQ GD÷ÕOÕPÕ 7DEOR 51¶GH
J|VWHULOPLúWLU1

+DVWD JUXEXQGD WDQÕ\Õ GHVWHNOHPHN DPDFÕ\OD
\DSÕODQ ODERUDWXYDU LQFHOHPHOHULQGH VHUXP WRWDO
,J( G�]H\OHUL (8< RUDQÕQGD \�NVHN EXOXQXUNHQ/
VFUDWFK GHUL WHVWL (85 RUDQÕQGD/ LQWUDGHUPDO GHUL
WHVWL (;8 RUDQÕQGD ROXPOX VDSWDQPÕúWÕU1 6SHVLILN
,J( G�]H\L LVH (:4 RUDQÕQGD \�NVHN
EXOXQPXúWXU +7DEOR 61,1 +DVWDODUÕQ WRWDO ,J(/
VSHVLILN ,J( G�]H\OHUL NRQWURO JUXEXQD J|UH
DQODPOÕ RODUDN \�NVHN EXOXQGX +S?3138,+7DEOR 7,1

øQWUDGHUPDO GHUL WHVWL SR]LWLI RODQ KDVWDODUÕQ
VSHVLILN ,J ( GH÷HUOHULQLQ VSHVLYLWH/ VHQVLWLYLWH YH
HWNLQOL÷L \�NVHN RODUDN VDSWDQPÕúWÕU +7DEOR 8,1
øQWUDGHUPDO GHUL WHVWL SR]LWLI RODQ KDVWDODUÕQ WRWDO
,J( GH÷HUOHULQLQ VSHVLYLWH/ VHQVLWLYLWH YH HWNLQOL÷L
GDKD G�ú�N RODUDN EXOXQPXúWXU1

7$57,ù0$

dRFXNODUGD DOOHUMLN KDVWDOÕNODUÕQ HUNHQ YH GR÷UX
WDQÕVÕ JHUHN DOOHUMHQOHUGHQ NRUXQPD JHUHNVH
X]XQ V�UHQ VD÷DOWÕPÕQ HWNLOL RODELOPHVL LoLQ VRQ
GHUHFH |QHP WDúÕPDNWDGÕU1 $WRSLN KDVWDOÕNODUÕQ
WDQÕVÕQGD QD]DO VPHDU/ NDQ HR]LQRILO VD\ÕPÕ/ GHUL
GX\DUOÕOÕN WHVWOHUL/ VHUXP WRWDO ,J( G�]H\LQLQ
|Oo�OPHVLQGHQ \DUDUODQÕOPDNWDGÕU1 $QFDN/ DWRSLN
KDVWDOÕNODUÕQ WDQÕVÕQGD VÕN NXOODQÕOPDNWD RODQ EX
ODERUDWXYDU WHVWOHULQLQ VHQVLWLYLWH YH VSHVLYLWHVL
GH \HWHUOL G�]H\GH GH÷LOGLU45 16RQ \ÕOODUGD
ODERUDWXYDU WHNQLNOHULQLQ JHOLúPHVL LOH ELUOLNWH WDQÕ
GDKD HUNHQ NRQXODELOPHNWH/ EX QHGHQOH DWRSLN
KDVWDOÕN SUHYDODQVÕ JLGHUHN DUWPDNWDGÕU46 1

'HUL WHVWOHUL HVNL ELU WDQÕ \|QWHPL ROPDVÕQD NDUúÕQ
DOOHUMLN KDVWDOÕNODUÕQ WDQÕVÕQGD KDOHQ
NXOODQÕOPDNWDGÕU1$QFDN/ N�o�N oRFXNODUD
X\JXODPD ]RUOX÷X/ DQDIODNVL ROXúWXUPD ULVNL/ ED]Õ
LODoODUÕQ DOÕQÕPÕQGDQ VRQUD X\JXODQDPDPD/ \DQOÕú
QHJDWLI YH SR]LWLI \DQÕW YHUPH JLEL ROXPVX]
\|QOHUL YDUGÕU9/:/; 16HUXPGD WRWDO ,J( G�]H\OHULQLQ
\�NVHNOL÷LQLQ EHOLUOHQPHVL GH WDQÕ\Õ GHVWHNOHPHN
DPDFÕ\OD NXOODQÕOPDNWDGÕU46/47 1 $QFDN/ \Dú/ FLQV/
ÕUN/ PHYVLP/ HQIHNVL\RQODU/ QHRSOD]PODU/ LPPXQ
\HWPH]OLN/ GHUL KDVWDOÕNODUÕ JLEL GXUXPODUGD GD
WRWDO ,J(¶QLQ \�NVHOHELOGL÷L J|VWHULOPLúWLU43/46/47/48 1
%LU oDOÕúPDGD DOOHUMLN ULQLWWH (95/ DVWPDGD (:9
RUDQÕQGD WRWDO ,J( \�NVHNOL÷L
VDSWDQPÕúWÕU+49,17XUDO YH DUNDGDúODUÕGD
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7DEOR 41 (JH %|OJHVL VD÷OÕNOÕ oRFXNODUÕQGD \DúD J|UH
QRUPDO VHUXP WRWDO ,J( GH÷HUOHUL

<Dú
*UXEX

<Dú
+2UWDODPD/\ÕO,

,J(
+2UWDODPD,

304 31895 ±313:3 4:1:; ±317:
507 51:93 ±31489 :7173 ±49173
80: 81<53 ±314<4 46513± 55163
;043 ;189 ±31487 <615 ±4:148
44048 45177 ±31689 44717 ±5819

7DEOR 51 +DVWD JUXEXQXQ WDQÕODUÕQD J|UH GD÷ÕOÕPÕ

7$1,/$5 +$67$
6$<,6,

+$67$
<h='(6,
+(,

$VWPD EURQúL\DOH 97 ;4
$VWPD EURQúL\DOH.DOOHUMLN ULQLW 44 46

hUWLNHU 5 6
$OOHUMLN NRQMXQNWLYLW 5 6

7DEOR 61 +DVWDODUÕQ WRWDO/ VSHVLILN ,J( YH GHUL WHVWOHUL
VRQXoODUÕQÕQ GD÷ÕOÕPÕ

%XOJXODU 6SHVLILN
,J(

,J( 6FUDWFK øQWUDGHUPDO

6RQXoODU . 0 . 0 . 0 . 0
+DVWD
VD\ÕVÕ+Q,

89 56 7: 65 74 6; 9: 45

( :4 5< 8< 74 85 7; ;8 48

7DEOR 71 +DVWD YH NRQWURO JUXEXQXQ WRWDO YH VSHVLILN
,J( GH÷HUOHUL

%XOJXODU +DVWD
JUXEX

.RQWURO
*UXEX

S

7RWDO ,J( +,X2O, 6;;139 ;31<8 S?3138
6SHVLILN ,J( +NX2O, 441;8 315; S?3138

7DEOR 81 +DVWD JUXEXQD DLW LQYLWUR WDQÕ \|QWHPOHULQLQ
LQWUDGHUPDO GHUL WHVWOHULQH J|UH SHUIRUPDQVÕ

6SHVLILN ,J( ,J(
6HQVLWLYLWH +(, ;318 8;15
6SHVLYLWH +(, ;616 6616
+., 7DKPLQ \HWHQH÷L +(, <917 ;51<
+0, 7DKPLQ <HWHQH÷L +(, 7617 4518
(WNLQOLN +(, ;413 8717

$WRSLN KDVWDOÕNODUGD NHVLQ YH VSHVLILN WDQÕ
NR\PDN LoLQ VRQ \ÕOODUGD NXOODQÕODQ HQ |QHPO
\|QWHPOHUGHQ ELUL VSHVLILN ,J( WD\LQLGLU1
dDOÕúPDPÕ]GD VSHVLILN ,J( SR]LWLIOL÷L (:4
RUDQÕQGD EXOXQPXúWXU1 %X RUDQÕQ LQWUDGHUPDO
GHUL WHVWL SR]LWLIOL÷LQH J|UH G�ú�N ROGX÷X
J|U�OP�úW�U1 <DSÕODQ ED]Õ oDOÕúPDODUGD LVH
VSHVLILN ,J( SR]LWLIOL÷L / GHUL WHVWL SR]LWLIOL÷LQH
J|UH GDKD \�NVHN G�]H\OHUGH VDSWDQPÕúWÕU<

1øWDO\DGD DOOHUMLN KDVWDOÕNODUÕQ WDQÕVÕQGD
NXOODQÕODQ \|QWHPOHULQ J�YHQLOLUOL÷LQL EHOLUOHPHN
LoLQ \DSÕODQ ELU oDOÕúPDGD/ )$67 \|QWHPL LOH
GH÷HUOHQGLULOHQ VSHVLILN ,J( YH GHUL WHVWL
SR]LWLIOL÷L DUDVÕQGD KHU KDVWDGD L\L ELU X\XP
J|VWHULOHPHPLúWLU1 dDOÕúPDGD J�YHQLOLU VRQXoODU
RUWD\D NRQPDVÕ LoLQ GDKD ID]OD VD\ÕGD oDOÕúPD\D
JHUHNVLQLP ROGX÷X YXUJXODQPÕúWÕU4; 1 $OOHUMLN
ULQLWOL KDVWDODUGD \DSÕODQ ELU oDOÕúPDGD KDVWDODUÕQ
(<5¶VLQGH HQ D] ELU DOOHUMHQH NDUúÕ VSHVLILN ,J(
\�NVHNOL÷L VDSWDQPÕúWÕU1 (Y WR]ODUÕQGDQ |QHPOL
LNL DOOHUMHQ RODQ '1 SWHURQ\VVLQXV YH '1
IDULQDH¶QÕQ LNLVLQH ELUGHQ \�NVHN VSHVLILN ,J(
G�]H\OHULGH KDVWDODUÕQ (;9¶VÕQGD VDSWDQPÕúWÕU1
%X oDOÕúPD GD VSHVLILN ,J( G�]H\OHUL (/ø6$
\|QWHPL LOH EHOLUOHQPLúWLU4<1

dDOÕúPDPÕ]GD WRWDO ,J( VHQVLWLYLWHVL LQWUDGHUPDO
GHUL WHVWOHULQH J|UH (8;15/ VSHVLYLWHVL (6616
JLEL G�ú�N RUDQODUGD VDSWDQPÕúWÕU1 6SHVLILN ,J(
LoLQ VHQVLWLYLWH (;318/ VSHVLYLWH (;616 RODUDN
EXOXQPXúWXU1 6DSDQ YH DUNDGDúODUÕ GD DOOHUMLN
KDVWDODUGD 6SHVLILN ,J( LoLQ VSHVLYLWH\L (;9/
VHQVLYLWH\L (<5/ HWNLQOL÷L LVH (<8 RODUDN
EXOPXúODUGÕU53 1 %D]Õ oDOÕúPDODUGD/ )$67 \|QWHPL
LOH GH÷HUOHQGLULOHQ VSHVLILN ,J( G�]H\OHUL GHUL
WHVWOHUL LOH G�]HQOL ELU X\XP J|VWHUPH]NHQ4; /
(/ø6$ \|QWHPL LOH VSHVLILN ,J( G�]H\L VDSWDQDQ
oDOÕúPDGD4</ GHUL WHVWOHUL LOH \DNÕQ X\XP
VDSWDQPÕúWÕU1 $PHULND GD \DSÕODQ ELU oDOÕúPDGD
40;5 \Dú DUDVÕQGDNL 533 NLúLGH ODWHNV0VSHVLILN
,J( G�]H\OHULQH EDNÕOPÕú (45 RUDQÕQGD SR]LWLIOLN
VDSWDQPÕúWÕU1 3R]LWLIOLN VDSWDQDQ ROJXODUÕQ
(:3¶LQLQ 4; \DúÕQ DOWÕQGD ROGX÷X/ EXQODUÕQ
(<419¶VÕQGD GD DWRSL KLND\HVLQLQ ROGX÷X
EHOLUOHQPLúWLU1 %X VRQXoODUOD DWRSLQLQ
EHOLUOHQPHVLQGH |]HOOLNOH oRFXNODUGD LQYLWUR
WHVWOHULQ J�YHQLOLU ROGX÷X YXUJXODQPÕúWÕU54 1

$WRSLQLQ WDQÕVÕQGD NXOODQÕODQ GHUL WHVWOHULQH J|UH
J�YHQLOLU YH WHKOLNHVL] \|QWHP DUDUNHQ NXOODQÕODQ
WRWDO ,J( GH÷HUOHQGLUPHVLQLQ WDQÕGD oRN
J�YHQLOLU ROPDGÕ÷Õ VDSWDQPÕúWÕU1 6SHVLILN ,J(

5046 \Dú DUDVÕ oRFXNODUGD GHUL WHVWLQL (95/ WRWDO
,J(¶\L GH (9; RUDQÕQGD SR]LWLI EXOPXúODUGÕU4:

1%L]LP oDOÕúPDPÕ]GD oR÷XQOX÷X DVWPDOÕ RODQ
KDVWDODUÕQ VHUXP WRWDO ,J( G�]H\OHUL (8<
RUDQÕQGD \�NVHN EXOXQXUNHQ/ VFUDWFK GHUL WHVWL
(85/ LQWUDGHUPDO GHUL WHVWL (;8 RUDQÕQGD ROXPOX
VDSWDQPÕúWÕU1 %X VRQXoODU/ DWRSLN KDVWDOÕNODUGD
GHUL WHVWL SR]LWLIOL÷LQLQ WRWDO ,J( SR]LWLIOL÷LQH J|UH
GDKD \�NVHN ROGX÷XQX J|VWHUPHNWHGLU1
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WD\LQL LVH \�NVHN RUDQGD VSHVLYLWH/ VHQVLWLYLWH YH
HWNLQOLN J|VWHUPLúWLU1 $QFDN oHúLWOL \|QWHPOHUOH
\DSÕODQ EX WD\LQGH/ )$67 \|QWHPLQLQ HWNLQOL÷L
GDKD D] RODUDN VDSWDQPÕúWÕU1 (/ø6$ \|QWHPL LOH
\DSÕODQ ELUoRN oDOÕúPDGD EX \|QWHPLQ
J�YHQLOLUOL÷L EHOLUOHQPLúWLU1

6RQXo RODUDN (/ø6$ \|QWHPL LOH G�]H\LQL
VDSWDPÕú ROGX÷XPX] VSHVLILN ,J(¶QLQ \�NVHN
VHQVLWLYLWH YH HWNLQOL÷LQLQ EXOXQPDVÕ/ UDG\RDNWLI
PDWHU\DO LOH oDOÕúPD JHUHNVLQLPLQLQ
EXOXQPDPDVÕ/ XFX]/ NROD\ X\JXODQDELOLU/ KÕ]OÕ YH
oDEXN VRQXo YHUHQ NDQWLWDWLI ELU \|QWHP ROPDVÕ
JLEL DYDQWDMODUÕGD J|] |Q�QH DOÕQGÕ÷ÕQGD DOOHUMLN
KDVWDOÕNODUÕQ WDQÕVÕQGD NXOODQÕODELOHFHN J�YHQLOLU
LQYLWUR ELU WDQÕ \|QWHPL ROGX÷XQX V|\OH\HELOLUL]1

.$<1$./$5

41 %XFNOH\ 5+1 $OOHUJ\1 5XGROSK¶V SHGLDWULFV1 (G= 5XGROSK $01 $SSOHWRQ )
/DQJH &RPS/ 4<WK HGLWLRQ 4<<4=7<:084<1

51 =HLVV &5/ 3UX]DQVN\ --1 ,PPXQRORJ\ RI ,J( PHGLDWHG DQG RWKHU
K\SHUVHQVLWLYLW\ VWDWHV1 $OOHUJLF GLDJQRVLV DQG PDQDJHPHQW1+(G,=
3DWWHUVRQ 5/ *UDPPHU /&/ *UHHQEHUJHU 3$/ =HLVV 5&1 -% /LSSLQFRWW &RPS/
3KLODGHOSKLD/ 7WK HGLWLRQ 4<<6=660791

3. &RRNVRQ :2&0/ 6KDUS 3$/ )DXNV -$/ +RSNLQ -01 /LQNDJH EHWZHHQ
LPPXQJOREXOLQ ( UHVSRQVHV XQGHUO\LQJ DVWKPD DQG ULQLWLV RQ FKURPRVRPH
44T1 /DQFHW 4<;<>4=45<5045<81

71 &RRNVRQ :2&0/ +RSNLQ -01 0DWHUQDO LQKHULWDQFH RI DWRSLF ,J(
UHVSRQVLYHQHVV RQ FKURPRVRPH 44T1 /DQFHW 4<<5>673=6;406;71

81 YDQ /HHXYHQ %+ HW DO1 0ROHFXODU RUJDQLVDWLRQ RI WKH F\WRNLQ JHQH FOXVWHU/
LQYROYLQJ WKH KXPDQ ,/06/ ,/07/ ,/08 DQG *00&6) JHQHV RQ KXPDQ
FKURPRVRPH 81 %ORRG 4<;<>:6=44750447;1

91 %RRWK %+1 'LDJQRVLV RI LPPHGLDWH K\SHUVHQVLWLYLW\1 $OOHUJLF GLVHDVH
GLDJQRVLV DQG PDQDJHPHQW 1 (G= 3DWWHUVRQ 5/ *UDPPHU /&/ *UHHQEHUJHU
3$/ =HLVV 5&1 -% /LSSLQFRWW &RPS/ 3KLODGHOSKLD/ 7WK HGLWLRQ 4<<6=4<805571

:1 1HWKDUODQGV 6RFLHW\ RI $OOHUJRORJ\15HSRUW VNLQ WHVW VWDQGDUGL]DWLRQ 1 &OLQ
$OOHUJ\ 4<;;/4;=638

;1 6DPSVRQ +$/ (JJOHVWRQ 3$1 $OOHUJ\1 3ULQFLSOHV DQG SUDFWLFH RI SHGLDWULFV1
(G= 2VNL )$/ 'H$QJHOLV &'/ )HLJLQ 5'1 -% /LSSLQFRWW &RPS/ 3KLOHGHLSKLD/
)LUVW (GLWLRQ4<<3=4<805341

<1 'XF -/ 3HLWUHTXLQ 51 9DOXH RI D QHZ VFUHHQLQJ WHVW IRU UHVSLUDWRU\ DOOHUJ\1
$OOHUJ\1 4<;;>76=6651

431 /RK 5./ 7KRQJ <+1 'HILFLHQF\ RI ,J* VXEFODVVHV DQG ,J$/ DQG HOHYDWLRQ RI
,J( LQ FKÕOGUHQ ZLWK D SDVW KLVWRU\ RI EDFWHULDO PHQLQJLWLV1 $FWD 3DHGLDWU
6FDQG 4<<4>;3=9871

441 $\GR÷GX 61 (JH %|OJHVL VD÷OÕNOÕ oRFXNODUÕQÕQ VHUXP WRWDO ,J( G�]H\OHUL1
8]PDQOÕN 7H]L/ ø]PLU/ 4<;;

451 %RXVTXHW 6/ .HVVHOOPDQ 11 3UHGLFWLYH YDOXH RI WHVWV LQ FKLOGKRRG DOOHUJ\1-
$OOHUJ\ &OLQ øPPXQRO4<;9>:;=43<91

461 0HUUHW 6/ 0HUUHW 7*1 3KDGLDWRS0D QRYHO ,J( DQWLERG\ VFUHHQLQJ WHVW/ &OLQ
$OOHUJ\ 4<;:>4:=73<1

471 0DWULFDUGL 30/ )DWWRURVVL $1 $ QHZ WHVW IRU VSHVLILF ,J( WR LQKDODQW
DOOHUJHQV +3KDGLRWRS, LQ WKH VFUHHQLQJ RI LPPHGLDWH UHVSLUDWRU\
K\SHUVHQVLWLYLW\ VWDWHV1 $QQ $OOHUJ\ 4<;;>7;=8651

481 /HYR <1 6KDOÕW 01 6HUXP ,J( OHYHOV LQ SDWLHQWV ZLWK LQIODPDWRU\ ERZHO
GLVHDVH1 $QQ $OOHUJ\ 4<;9>89=;81

491 <XQJLQJHU 6:1 &OLQLFDO VLJQLILFDQFH RI ,J(1 $OOHUJ\ 3ULQFLSOHV DQG 3UDFWLFH1
(G= 0LGGHOWRQ (/ 5HHG &1 0RVE\ &RPS1 7KLUG (GLWLRQ 4<;;=;7<

4:1 7XUDO /1 $WRSLQLQ GH÷HUOHQGLULOPHVLQGH 3KDGLRWRS/ 71 $OOHUML .RQJUHVL/ :0;
PD\ÕV/ $GDQD %LOGLUL .LWDEÕ/ 4<<31

4;1 0LJOLDFFLR 3/ 6DPXHOL 6/ 2UVROLQL */ %DOGLQL */ 3DFL $1 &RUUHODWLRQV RI WKH
UHVSRQVH WR WKH SULFN WHVW DQG EORRG OHYHOV RI VSHFLILF ,J( LQ FKLOGUHQ1
3HGLDWU 0HG &KLU 4<<8>4:+8,=7560758

4<1 &KRRQ0.RRN 6> 7HFN06RRQJ 6/1 6SHFLILF ,J( LQ WKH LGHQWLILFDWLRQ RI
DOOHUJHQV LQ DOOHUJLF UKLQLWLV 0DOD\VLDQ SDWLHQWV1 $VLDQ 3DF - $OOHUJ\
,PPXQRO 4<<8>46 +4,=5605:1

531 6DSDQ 1/ 7XQDOÕ ù1 $WRSLQLQ LQYLWUR WDQÕVÕQGD 3KDGLRWRS1 8OXGD÷
hQLYHUVLWHVL 7ÕS IDN�OWHVL 'HUJLVL 4<<4>4;+4,=840871

541 5HLQKHLPHU */ 2ZQ\ '51 3UHYDOHQFH RI ODWH[0VSHFLILF ,J( DQWLERGLHV LQ
SDWLHQWV EHLQJ HYDOXDWHG IRU DOOHUJ\1 $QQ $OOHUJ\ $VWKPD ,PPXQRO
4<<8>:7+5,=4;704;:1


