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.DOS NDSDNODUÕQÕQ GH÷HUOHQGLULOPHVLQGH WUDQV|]HIDMLDO HNRNDUGL\RJUDILQLQ

�7((� WUDQVWRUDVLN HNRNDUGL\RJUDIL\H �77(� �VW�QO�÷� ELOLQPHNWHGLU� %X

oDOÕúPDGD DRUW NDSDN DODQÕ KHVDSODQPDVÕQGD GX\DUOÕOÕN DoÕVÕQGDQ 7(( LOH

77( DUDVÕQGD IDUN ROXS ROPDGÕ÷Õ WHVSLW HGLOPHN LVWHQGL� dDOÕúPD\D 77( LOH

NDOVLILN DRUW GDUOÕ÷Õ VDSWDQDQ � NDGÕQ �\Dú RUW� ��±� \ÕO�� �� HUNHN �\Dú

RUW���±� \ÕO� ROPDN �]HUH WRSODP �� KDVWD DOÕQGÕ� +DVWDODUÕQ DRUW NDSDN

DODQODUÕ 77( LOH KHVDSODQGÕ� 'DKD VRQUD SUHPHGLNDV\RQXQ DUGÕQGDQ 7(( LOH

VRO YHQWULN�O oÕNÕú WUDNW�V� |Oo�OG�� $UGÕQGDQ V�UHNOLOLN GHQNOHPL NXOODQÕODUDN

DRUW NDSDN DODQÕ WHNUDUGDQ GH÷HUOHQGLULOGL� 77(¶GH RUWDODPD JUDGLHQW ��

PP+J |Oo�OG�� 77( LOH VRO YHQWULN�O oÕNÕú WUDNW�V� �/927� ��� FP

|Oo�O�UNHQ� 7((¶GH ��� FP RODUDN GH÷HUOHQGLULOGL �S������� gOo�OHQ /927
GH÷HUOHULQH J|UH KHVDSODQDQ DRUW NDSDN DODQÕ 77(¶GH � FP

�
EXOXQXUNHQ

7((¶GH ��� FP
� RODUDN EXOXQGX �S������� 7(( LOH /927 |Oo�P� JHUoHN

GH÷HUH GDKD \DNÕQ RODUDN WHVSLW HGLOHELOGL÷LQGHQ GROD\Õ DRUW NDSDN DODQÕQÕQ
QRQLQYD]LY GH÷HUOHQGLULOPHVLQGH GDKD GR÷UX ELU \DNODúÕP RODFD÷Õ

NDQÕVÕQGD\Õ]�

$QDKWDU NHOLPHOHU� 7UDQV|]HIDMLDO HNRNDUGL\RJUDIL� WUDQVWRUDVLN

HNRNDUGL\RJUDIL� DRUW NDSDN DODQÕ

&RPSDULQJ ZLWK WUDQVWKRUDVLF HFKRFDUGLRJUDSK\ DQG
WUDQVHVRSKHDJLDO HFKRFDUGLRJUDSK\ PHWKRGV IRU PHDVXUHPHQW RI

DRUW YDOYH DUHD

,W LV ZHOO NQRZQ WKDW� H[DPLQDWLRQ RI KHDUW YDOYHV E\ WUDQVHVRSKDJHDO

HFKRFDUGLRJUDSK\ �7((� LV VXSHULRU WR WUDQVWKRUDVLF HFKRFDUGLRJUDSK\
�77(�� ,Q WKLV VWXG\ ZH DLPHG WR HYDOXDWH GLIIHUHQFHV EHWZHHQ 7(( DQG

77( IRU PHDVXUHPHQW RI DRUWLF YDOYH DUHD� � ZRPHQ �PHDQ DJH� ��±�� DQG
�� PHQ �PHDQ DJH� ��±�� WRWDO �� SDWLHQWV ZLWK FDOFLILF DRUW VWHQRVLV ZHUH

LQFOXGHG LQ WKH VWXG\� $RUWLF YDOYH DUHD PHDVXUHG E\ 77(� $IWHU

SUHPHGLFDWLRQ� OHIW YHQWULFXODU RXWIORZ WUDFWXV �/927� ZDV PHDVXUHG E\

7(( XVLQJ FRQWLQXLW\ HTXDWLRQ DRUW YDOYH DUHD PHDVXUHG DJDLQ�0HDQ

JUDGLHQW ZDV FDOFXODWHG �� PP+J E\ 77(� /927 ZDV PHDVXUHG ��� FP E\

77( ZKLOH ��� FP E\ 7(( �S������� 5HIHUHQF\ WR WKH /927 PHDVXUPHQWV

DRUW YDOYH DUHD ZDV PHDVXUHG � FP
� E\ 77( DQG ��� FP� E\ 7((� %HFDXVH

RI H[DPLQDWLRQ RI /927 LV PRUH DFFXUDWH E\ 7((� ZH EHOLYH WKDW DV D

QRQLQYDVLYH PHWKRG XVLQJ 7(( LV PRUH UHOLDEOH IRU PHDVXUHPHQW RI DRUWLF
YDOYH DUHD�

.H\ :RUGV� 7UDQVWKRUDVLF HFKRFDUGLRJUDSK\� WUDQVHVRSKHDJLDO

HFKRFDUGLRJUDSK\� DRUW YDOYH DUHD
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$RUW GDUOÕ÷Õ� NRQMHQLWDO� URPDWL]PDO DWHú YH\D

\DúOÕODUGD ROGX÷X JLEL GHMHQHUDWLI NDOVLILNDV\RQ

QHGHQL LOH RODELOLU
�� 2WX] \Dú DOWÕQGDNL KDVWDODUGD

HW\RORML JHQHOOLNOH NRQMHQLWDOGLU
�
� 2WX] LOD \HWPLú

\Dú DUDVÕ YDNDODUGD LVH E�\�N ELU E|O�P�QGH

URPDWL]PDO QHGHQOLGLU� <HWPLú \Dú �VW�QGHNL

YDNDODUGD LVH oR÷XQOXNOD VHEHS GHMHQHUDWLI

NDOVLILNDV\RQGXU
���� $RUW GDUOÕ÷ÕQGD NODVLN

VHPSWRPODU J|÷�V D÷UÕVÕ� NDOS \HWPH]OL÷L YH

VHQNRSWXU� %D]Õ YDNDODUGD DQL |O�P RODELOLU��

+DVWDODUGD VHPSWRPODU� JHQHOGH NDSDN DODQÕ ���

FP� YH\D GDKD D] LVH RUWD\D oÕNDU� .OLQLN

EXOJXODUOD ELUOLNWH \DSÕODQ HNRNDUGL\RJUDILN

GH÷HUOHQGLUPH LOH WDQÕ NRQXODELOLU� 7UDQVWRUDVLN

HNRNDUGL\RJUDIL �77(� LOH DRUW NDSDN \DSÕODUÕ YH

'RSSOHU HNRNDUGL\RJUDIL \DUGÕPÕ LOH DRUW NDSDN

DODQÕ �$.$� KHVDSODQDELOLU� $QFDN 77( KHU ]DPDQ

NDSDN \DSÕVÕQÕ QHW RODUDN GH÷HUOHQGLUPH LPNDQÕ

YHUPH\HELOLU� 7UDQV|]HIDMLDO HNRNDUGL\RJUDIL

�7((� LVH KHP NDSDN \DSÕVÕQÕ QHW GH÷HUOHQGLUPH�

KHP GH VRO YHQWULN�O oÕNÕú WUDNW�V�Q� QHW

GH÷HUOHQGLUPH LPNDQÕ VD÷ODGÕ÷Õ LoLQ $.$

KHVDSODQPDVÕQGD GDKD GR÷UX VRQXo YHUHELOHQ

VHPL LQYD]LY ELU LúOHPGLU� %X QHGHQOH

oDOÕúPDPÕ]� DRUW NDSDN DODQÕ KHVDSODQPDVÕQGD

7(( LOH 77( DUDVÕQGD IDUN ROXS ROPDGÕ÷ÕQÕ

GH÷HUOHQGLUPHN DPDFÕ\OD SODQODQGÕ�

0$7(5<$/ 9( 0(72'

dDOÕúPD\D 7XUJXW g]DO 7ÕS 0HUNH]L .DUGL\RORML

E|O�P�QGH DRUW GDUOÕ÷Õ WDQÕVÕ NRQDQ �� KDVWD

DOÕQGÕ� +DVWDODUGDQ �� WDQHVL HUNHN �\Dú RUW�

��±� \ÕO� YH � WDQHVL NDGÕQ �\Dú RUW� ��±� \ÕO� LGL�

+DVWDODUGDQ �� WDQHVLQGH oHúLWOL úLND\HWOHU

PHYFXW LNHQ� � KDVWDGD LVH KHUKDQJL ELU úLND\HW

\RNWX YH UXWLQ IL]LN PXD\HQH VÕUDVÕQGD DRUW

RGD÷ÕQGD �I�U�P GX\XOPDVÕ QHGHQL LOH

EDúYXUPXúWX� +DVWDODUÕQ NOLQLN |]HOOLNOHUL WDEOR

�¶GH YHULOPLúWLU�

%�W�Q KDVWDODUÕQ D\UÕQWÕOÕ DQDPQH]OHUL YH IL]LN

PXD\HQHOHUL \DSÕOGÕNWDQ VRQUD +HZOHWW 3DFNDUG

6RQRV ���� PDUND HNRNDUGL\RJUDIL FLKD]Õ LOH

77(¶OHUL \DSÕOGÕ� %X LúOHP VÕUDVÕQGD KDVWD VRO

ODWHUDO GHN�ELW�V SR]LV\RQXQGD LNHQ SDUDVWHUQDO
X]XQ DNV J|U�QW�V�QGHQ VRO YHQWULN�O oÕNÕú

WUDNW�V� �/927� |Oo�P� \DSÕOGÕ� gOo�OHQ EX
/927 GH÷HULQGHQ �π [ U�� I|UP�O�QH J|UH /927
DODQÕQÕ�$�� KHVDSODQGÕ� $\UÕFD DSLNDO SR]LV\RQGD
/927 E|OJHVLQGHQ SXOVHG 'RSSOHU

HNRNDUGL\RJUDIL LOH YH NDSDN KL]DVÕQGDQ LVH
FRQWLQXRXV ZDYH 'RSSOHU HNRNDUGL\RJUDIL LOH

DRUWLN SLN YHORVLWHOHU ND\ÕW HGLOGL� %X GH÷HUOHU

\DUGÕPÕ LOH V�UHNOLOLN GHQNOHPLQGHQ

��$�[9� $�[9�� $� /927 DODQÕ� 9� /927¶XQ SLN

YHOHRVLWHVL� $� $RUW NDSDN DODQÕ� 9� $RUW

NDSDN SLN YHORVLWHVL� \DUDUODQÕODUDN HIHNWLI DRUW
NDSDN DODQÕ KHVDSODQGÕ�� $UGÕQGDQ HQ D] � VDDWOLN

DoOÕNWDQ VRQUD D\QÕ PDUND FLKD]ÕQ ��� 0+]

WUDQV|]HIDMLDO SUREX LOH KDVWDODUD 7(( \DSÕOGÕ�

7(( |QFHVL KDVWD\D \DSÕODFDN LúOHP D\UÕQWÕOÕ

RODUDN DQODWÕOGÕNWDQ VRQUD LúOHP |QFHVL �� PJ

GLD]HSDP LP� \DSÕOGÕ� øúOHPGHQ KHPHQ |QFH

KDVWDQÕQ IDUHQNVLQH OLGRNDLQ VSUH\L LOH ORNDO
DQHVWH]L X\JXODQGÕ� 7(( VÕUDVÕQGD KDVWDODUÕQ

DRUW NDSDN \DSÕODUÕ WHNUDU D\UÕQWÕOÕ RODUDN

GH÷HUOHQGLULOGL YH /927 |Oo�POHUL WHNUDU DOÕQGÕ�

$\QÕ I|UP�OOHUOH \HQLGHQ DRUW NDSDN DODQODUÕ

KHVDSODQGÕ� $\UÕFD DOÕQDQ YLGHR ND\ÕWODUÕQGDQ

EDúND ELU J|]OHPFL WDUDIÕQGDQ W�P |Oo�POHU

\HQLGHQ DOÕQDUDN WHNUDUGDQ $.$ KHVDSODQGÕ�

øVWDWLVWLNOHU 6366 ELOJLVD\DU SURJUDPÕ LOH

JHUoHNOHúWLULOGL� %XOJXODUÕQ GH÷HUOHQGLULOPHVLQGH

VWXGHQW¶V�W WHVWL NXOODQÕOGÕ� ����¶WHQ N�o�N S

GH÷HUOHUL DQODPOÕ NDEXO HGLOGL�

%8/*8/$5

+DVWDODUÕQ WDPDPÕ 7(( LúOHPLQL NROD\ WROHUH

HWWLOHU YH LúOHP VÕUDVÕQGD YH VRQUDVÕQGD KHUKDQJL

ELU NRPSOLNDV\RQ ROPDGÕ� 7(( LOH DRUW NDSDN

\DSÕODUÕ GDKD QHW RODUDN GH÷HUOHQGLULOGL� 77(¶GH
DRUW \HWPH]OL÷L VDGHFH �� KDVWDGD GD WHVSLW

HGLOLUNHQ� 7((¶GH �� KDVWDGD DRUW \HWPH]OL÷L

7DEOR �� +DVWDODUÕQ NOLQLN |]HOOLNOHUL�

&LQVL\HW

(UNHN

.DGÕQ

��

�

<Dú RUWDODPDVÕ �\ÕO�

(UNHN

.DGÕQ

��±�
��±�

.DQ %DVÕQFÕ �PP+J�

6LVWROLN

'L\DVWROLN

���±��
��±�

.DOS +Õ]Õ ��GDN� ��

5RPDWL]PDO DWHú |\N�V� RODQODU �

6HPSWRPODU

'LVSQH

*|÷�V D÷UÕVÕ

6HQNRS

'L÷HU

6HPSWRP \RN

�

�
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HGLOLUNHQ� 7((¶GH �� KDVWDGD DRUW \HWPH]OL÷L

WHVSLW HGLOGL� 77(¶GH RUWDODPD JUDGLHQW �� PP+J

EXOXQGX� <DSÕODQ 77(¶GH �/927  ��� FP�

EXOXQXUNHQ� 7((¶GH LVH �/927 ��� FP� GH÷HUL

LVWDWLNVHO RODUDN DQODPOÕ RUDQGD E�\�N EXOXQGX

�S������ �7DEOR ��� 77(¶GH EXOXQDQ SLN
YHORVLWHOHUH J|UH 7((¶GH EXOXQDQ \HQL /927

GH÷HUL LOH \HQLGHQ KHVDSODQDQ $.$ 7((¶GH

77(¶\H J|UH LVWDWLNVHO RODUDN DQODPOÕ GHUHFHGH

E�\�N EXOXQGX �7((� $.$ ��� FP
�
� 77(�

$.$ ��� FP
�
�S������ �7DEOR ���

7$57,ù0$

$RUW GDUOÕ÷Õ QHGHQL LOH VRO YHQWULN�O HMHNVL\RQXQD

NDUúÕ ROXúDQ GLUHQFLQ WHGULFL RODUDN DUWPDVÕQD

ED÷OÕ RODUDN VRO YHQWULN�OGH NRQVDQWULN KLSHUWURIL

RUWD\D oÕNDU� %X NRPSHQVDWXDU KLSHUWURIL

KDVWDOÕ÷ÕQ JHo G|QHPOHULQH NDGDU VRO YHQWULN�O

VLVWROLN IRQNVL\RQXQXQ NRUXQPDVÕQÕ VD÷ODUNHQ�

GL\DVWROLN GLVIRQNVL\RQD QHGHQ RODELOLU� $QFDN

GL\DVWROLN GLVIRQNVL\RQD QHGHQ RODELOLU� $QFDN
LOHUL G|QHPGH NDOS GLODWH ROXU YH NDOS \HWPH]OL÷L

JHOLúLU
�����

� %X QHGHQOH VRQ HYUH\H JLUPHGHQ

|QFH PXWODND FHUUDKL WHGDYL \DSÕOPDOÕGÕU� *HQHO

RODUDN �� \Dú DOWÕ YDNDODUGD FHUUDKL |QFHVL

G|QHPGH NDSDN DODQÕQÕ EHOLUOHPHGH

HNRNDUGL\RJUDIL \HWHUOL LNHQ �� \Dú �VW� YDNDODUD

ELUOLNWH NRURQHU DQDWRPL\L GH÷HUOHQGLUPHN

DPDFÕ\OD NDWHWHUL]DV\RQ JHUHNPHNWHGLU
��

�

*HOHQHNVHO RODUDN DRUW GDUOÕ÷ÕQÕ GH÷HUOHQGLUPHN

LoLQ NDUGL\DN NDWHWHUL]DV\RQ JHUHNPHNWH YH

EXUDGDQ *RUOLQ IRUP�O� LOH DRUW NDSDN DODQÕ

KHVDS HGLOPHNWHGLU� %XQXQOD ELUOLNWH EX GXUXP

LQYD]LY ELU LúOHPGLU YH DRUW \HWPH]OL÷L YH\D G�ú�N

NDUGL\DN RXWSXW GXUXPODUÕ KDWDOÕ VRQXoODUD

QHGHQ RODELOLU
��
� <DOQÕ] EDúÕQD 77( LOH DOÕQDQ

DRUWLN NDSDN JUDGLHQWLQH J|UH NDUDU YHUPHN

KDWDOÕ RODELOLU� d�QN� oRN |QHPOL GDUOÕNODUGD GDKL

G�ú�N NDUGL\DN RXWSXWD ED÷OÕ G�ú�N JUDGLHQW

oÕNDELOLU���� %X QHGHQOH PXWODND NDSDN DODQÕ

KHVDSODQPDOÕGÕU� 6�UHNOLOLN GHQNOHPL

�$�[9� $�[9�� NXOODQÕODUDN |Oo�OHQ DRUW NDSDN
DODQÕ GH÷HUOHQGLUPH LúOHPL LVH� EDVLW� NÕVD V�UHOL

YH QRQLQYD]LY ELU LúOHPGLU� $\QÕ ]DPDQGD

NDUGL\DN NDWHWHUL]DV\RQ LOH P�NHPPHO ELU

NRUHODV\RQ J|VWHULU� %X LúOHPGH WHPHO SUHQVLS

GDUOÕ÷ÕQ SURNVLPDOLQGHNL NDQ DNÕPÕ LOH GLVWDOLQGHNL

NDQ DNÕPÕQÕQ ELUELULQH HúLWOL÷LGLU�������� &KHQ YH

DUNDGDúODUÕQÕQ �� NLúLOLN ELU KDVWD JUXEXQGD

\DSWÕNODUÕ oDOÕúPDGD� V�UHNOLOLN GHQNOHPL LOH

KHVDSODQDQ DRUW NDSDN DODQÕ� NDWHWHUL]DV\RQ LOH

EXOXQDQ GH÷HUOHU LOH WDP NRUHODV\RQ

J|VWHUPLúWLU
��

��$\UÕFD V�UHNOLOLN GHQNOHPL NDUGL\DN

RXWSXW |Oo�P�Q� JHUHNWLUPH] YH NDSDN DODQÕ

DRUW \HWPH]OL÷LQGHQ HWNLOHQPH]� $QFDN EX

LúOHPLQ GH GH]DYDQWDMODUÕ YDUGÕU� d�QN� /927

|Oo�P�QGHNL N�o�N KDWDODU NDSDN DODQÕ

KHVDSODQPDVÕQGD E�\�N KDWDODUD VHEHS

RODELOPHNWHGLU� 1LWHNLP oDOÕúPDPÕ]GD 77( LOH

|Oo�OHQ /927 GH÷HUOHULQH J|UH KHVDSODQDQ DRUW

NDSDN DODQÕ ��� FP� EXOXQXUNHQ� 7(( LOH GDKD

GR÷UX /927 GH÷HUL LOH GDKD \�NVHN GH÷HUGH

NDSDN DODQÕ EXOXQGX� 7(( KHP NDSDN \DSÕODUÕQÕQ

GH÷HUOHQGLULOPHVLQGH KHP GH /927 LoLQ JHUoH÷H

\DNÕQ |Oo�POHULQLQ DOÕQPDVÕQGD 77(¶\D J|UH

WDUWÕúÕOPD] �VW�QO�÷� PHYFXWWXU� g]HOOLNOH
SUHRSHUDWLI RODUDN 7(( LQFHOHPH DRUW NDSD÷ÕQÕ�

DRUWLN NDSDN NDOVLILNDV\RQXQX YH YHMHWDV\RQXQX�

VXEYDOYXOHU YH VXSUDYDOYXOHU GDUOÕ÷Õ� DRUWLN N|N

GLODWDV\RQXQX� DQHYUL]PD\Õ YH GLVVHNVL\RQX

EHOLUOHPHGH oRN GDKD L\L VRQXoODU YHUHELOLU
��

��7((

LOH SODQLPHWULN RODUDN GD DRUW NDSDN DODQÕ

KHVDSODQDELOLU�

7DEOR �� 77( YH 7(( LQFHOHPHGHNL /927 GH÷HUOHUL�

+DVWD 1R 77( �/927 FP� 7(( �/927 FP�

� ��� ���

� ��� ���

� ��� ���

� ��� ���

� ��� ���

� ��� ���

� ��� ���

� ��� ���

� ��� ���

�� ��� ���

�� ��� ���
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�� ��� ���

7DEOR �� 77( YH 7((¶GH EXOXQDQ /927 YH $.$

NDUúÕODúWÕUÕOPDVÕ�

77(

�Q ���

7((

�Q ���

3

/927 �FP� ��� ��� �����

$.$ �FP
�
� ��� ��� �����
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6RQXo RODUDN 7(( LOH /927 |Oo�P� JHUoHN

GH÷HUH GDKD \DNÕQ RODUDN WHVSLW HGLOHELOGL÷LQGHQ

GROD\Õ� DRUW NDSDN DODQÕQÕQ QRQLQYD]LY RODUDN
KHVDSODQPDVÕQGD 7((¶QLQ NXOODQÕOPDVÕQÕQ GDKD

GR÷UX ELU \DNODúÕP RODFD÷Õ NDQÕVÕQGD\Õ]�

5()(5$16/$5

�� 6KDKEXGLQ +5� $RUWLF YDOYH GLVHDVH� ,Q� 6FKODQW 5&� $OH[DQGHU 5: �HGV��

)XVWHU 9� +XUVW¶V 7KH +HDUW� �
WK
HG� 86$� 0F*UDZ�+LOO &RPSDQLHV�

�������������

�� *DQF\ '/� (SVWHLQ 6(� 'LIIHUHQWLDO GLDJQRVLV RI W\SH DQG VHYHULW\ RI

REVWXUDFWLRQ WR OHIW YHQWULFXODU RXWIORZ� 3URJ &DUGLRYDVF 'LV ������������

����

�� 5REHUWV :&� 7KH VWUXFWXUH RI WKH DRUWLF YDOYH LQ FOLQLFDOO\ LVRODWHG DRUWLF

VWHQRVLV� $Q DXWSV\ VWXG\ RI ��� SDWLHQWV RYHU �� \HDUV RI DJH� &LUFXODWLRQ

�������������

�� 5REHUWV :&� 3HUIORII -.� &RQVWDQWLQR 7� 6HYHUH YDOYXODU DRUWLF VWHQRVLV LQ

SDWLHQWV RYHU �� \HDUV RI DJH� $ FOLQLFRSDWKRORJLF VWXG\� $P - &DUGLRO

����������������

�� 5RVV - -U� %UDXQZDOG (� $RUWLF VWHQRVLV� &LUFXODWLRQ ��������VXSSO ��������

�� 7D\ORU 5� (YROXWLRQ RI WKH FRQWLQXLW\ HTXDWLRQ LQ WKH 'RSSOHU

HFKRFDUGLRJUDSKLF DVVHVVPHQW RI WKH VHYHULW\ RI YDOYXODU DRUWLF VWHQRVLV� -
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