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G�]HQOHQHQ ,9� 8OXVDO

$QDWRPL .RQJUHVLQGH

SRVWHU RODUDN VXQXOPXúWXU�

(NVWUHPLWHOHU LQVDQ Y�FXGXQGD GHYDPOÕ KDUHNHW HGHQ YH ELU oRN J|UHYL
�VWOHQHQ RUJDQODUGÕU� 9�FXGXQ EX E|O�POHULQLQ E�\�PHVLQGH GL÷HU
E|O�POHUGH ROGX÷X JLEL ÕUN� FLQVL\HW YH VRV\R�HNRQRPLN IDNW|UOHULQ HWNLOHUL
YDUGÕU� %X oDOÕúPDGD� IL]LNL DQWURSRORMLQLQ NXOODQGÕ÷Õ VDELW DQWURSRORMLN
QRNWDODUÕQ |Oo�OPHVL \|QWHPL NXOODQÕODUDN� ���� \Dú JUXEXQGD� ���¶VL NÕ]�

���¶L HUNHN ROPDN �]HUH ��� NLúL �]HULQGH oDOÕúÕOGÕ� hVW HNVWUHPLWH
X]XQOXNODUÕ NDUúÕODúWÕUÕOGÕ÷ÕQGD �� �� �� YH �� \Dú JUXEXQGD NL NÕ] YH

HUNHNOHUGH LVWDWLVWLNVHO RODUDN DQODPOÕ ELU IDUNOÕOÕN EXOXQPDGÕ �S!������

'RNX] \Dú JUXEXQGD HUNHNOHULQ �VW HNWUHPLWHOHUL GDKD X]XQGX �S�������

%�W�Q \Dú YH FLQVL\HW JUXEX GHQHNOHUGH DOW HNVWUHPLWH X]XQOX÷X \DúD ED÷OÕ
RODUDN G�]HQOL ELU DUWÕú J|VWHUL\RUGX� .RO� |QNRO YH HO X]XQOXNODUÕ FLQVL\HWOHUH

J|UH NDUúÕODúWÕUÕOGÕ÷ÕQGD � \Dú JUXEX |÷UHQFLOHU GH |QNRO X]XQOX÷X� � \Dú

JUXEX |÷UHQFLOHU GH LVH NRO X]XQOX÷XQ GDKD ID]OD ROGX÷X J|U�OG�� .Õ]ODUOD
HUNHNOHU DUDVÕQGD E�\�PH RUDQODUÕ DoÕVÕQGDQ ELUH\VHO IDUNOÕOÕNODUÕQ ROGX÷X

J|U�OG��

$QDKWDU NHOLPHOHU�$QWURSRPHWUL� RNXO oD÷Õ oRFXNODU� �VW HNWUHPLWH
X]XQOX÷X� DOW HNWUHPLWH X]XQOX÷X� ER\ X]XQOX÷X�

&RPSDULVRQ RI H[WUHPLW\ OHQJWKV ZLWK VH[� DJH DQG KHLJKW� RI
SULPDU\ VFKRRO FKLOGUHQ LQ 0DODW\D

7KH H[WUHPLWLHV DUH WKH RUJDQV RI WKH KXPDQ ERG\ ZKLFK SRVVHV D QXPEHU

RI IXQFWLRQV DQG SURYLGH PRYHPHQW� 7KH JURZWK RI WKHVH SDUWV RI ERG\ OLNH

WKH RWKHU SDUWV RI WKH ERG\ GHSHQGV RQ WKH UDFH� VH[ DQG VRFLR�HFRQRPLF

IDFWRUV� ,Q WKLV VWXG\� WKH VDPH EDVLF DQWURSRORJLF UHJLRQV RI WKH KXPDQ

ERG\ ZHUH PHDVXUHG LQ ��� JLUOV DQG ��� ER\V DJLQJ EHWZHHQ � WR ��

\HDUV�7KHUH ZDV QR VWDWLVWLFDO GLIIHUHQFHV EHWZHHQ ER\V DQG JLUOV LQ WKH

OHQJWK RI WKH XSSHU H[WUHPLWLHV DW WKH DJHV RI �� �� �� DQG �� \HDUV�

+RZHYHU� D VOLJKW GLIIHUHQFH ZDV REVHUYHG � S����� � DW WKH DJH RI � \HDUV

� S����� ��7KH ORZHU H[WUHPLWLHV VKRZ D UHJXODU LQFUHDVH ZLWK DJH LQ ERWK

VH[HV� :KHQ WKH OHQJWKV RI DUP� IRUHDUP DQG KDQG ZHUH FRPSDUHG

DFFRUGLQJ WR VH[HV� LW KDV EHHQ REVHUYHG WKDW� DW � DJH JURXS

VWXGHQWV�WKH OHQJWK RI IRUHDUP� DQG DW � DJH JURXS VWXGHQWV WKH OHQJWK RI

DUP LV ODQJHU� ,QGLYLGXDO GLIIHUHQFHV ZHUH REVHUYHG EHWZHHQ ER\V DQG JLUOV

LQ WHUPV RI JURZWK UDWHV�

.H\ ZRUGV� $QWURSRPHWU\� VFKRRO�DJH FKLOGUHQ� XSSHU H[WUHPLW\ OHQJWKV�

ORZHU H[WUHPLW\ OHQJWKV� ERG\ KHLJKW
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%�\�PH YH JHOLúPHQLQ GH÷HUOHQGLULOPHVLQGH HQ

L\L NULWHU ER\ X]XQOX÷XGXU�� %R\ X]XQOX÷X

GÕúÕQGD ED]Õ DQWURSRPHWULN Y�FXW |Oo�POHUL GH

E�\�PHQLQ GH÷HUOHQGLULOPHVLQGH NXOODQÕOÕU�

$QWURSRPHWULN RUDQODU GDKD oRN HNVWUHPLWH

E�\�PHVL LOH J|YGH E�\�PHVL DUDVÕQGDNL

LOLúNLOHULQ GH÷HUOHQGLULOPHVLQGH \DUDUOÕ ROXU����

'R÷XPGD oRFX÷XQ EDúÕ� DOW��VW HNVWUHPLWH YH

J|YGHVL DUDVÕQGDNL RUDQ \HWLúNLQOHUH J|UH oRN

IDUNOÕGÕU� .Õ]ODUOD HUNHNOHU DUDVÕQGD GD IDUNOÕOÕN

YDUGÕU� .Õ] oRFXNODUÕQGD NHPLN ROJXQODúPDVÕ

HUNHNOHUGHQ LOHULGLU� *HQHOOLNOH NÕ]ODUÕQ EDFDNODUÕ�

\DúÕWODUÕ HUNHNOHUH J|UH GDKD NÕVDGÕU��

(NVWUHPLWHOHU LQVDQ Y�FXGXQGD GHYDPOÕ KDUHNHW

HGHQ YH ELUoRN J|UHYL �VWOHQHQ RUJDQODUGÕU�

9�FXGXQ EX E|O�POHULQLQ E�\�PHVLQGH GL÷HU

E|OJHOHUGH ROGX÷X JLEL ÕUN� FLQVL\HW� YH VRV\R�

HNRQRPLN |]HOOLNOHULQ HWNLOHUL YDUGÕU
���

�

)L]LNL DQWURSRORMLQLQ NXOODQGÕ÷Õ VDELW DQWURSRORMLN

QRNWDODUÕQ |Oo�OPHVL \|QWHPL NXOODQÕODUDN \DSÕODQ

EX oDOÕúPDGD� LOLPL] LONRNXO ����� \Dú JUXEX �

oRFXNODUÕQÕQ FLQV� \Dú� YH ER\D J|UH �VW YH DOW

HNVWUHPLWH X]XQOXNODUÕQÕ NDUúÕODúWÕUPD\Õ

DPDoODGÕN�
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$UDúWÕUPD� 0DODW\D PHUNH] LONRNXOODUÕQGDQ

UDVJHOH VHoLOHQ G|UW RNXOGDNL VD÷OÕNOÕ ���� \Dú

JUXEX |÷UHQFLOHU �]HULQGH \DSÕOGÕ� gOo�POHUL

\DSÕODQ |÷UHQFLOHU ���¶VL NÕ]� ���¶L HUNHN ROPDN
�]HUH WRSODP ��� |÷UHQFL LGL� gOo�POHU�
DQWURSRPHWULN \|QWHP LOH JHUoHNOHúWLULOGL� %X
\|QWHP X\JXODQÕUNHQ 0HVXW YH <ÕOGÕUÕP�� &DQNXU
YH (GL]

�
LOH $WWDOODK YH 0DUVKDOO¶ÕQ

�
EHOLUWWL÷L

\�]H\VHO EXOXú QRNWDODUÕ NXOODQÕOGÕ� 9HULOHU

ELOJLVD\DUGD DQDOL] HGLOGL YH LNL RUWDODPD

DUDVÕQGDNL IDUNÕQ |QHPOLOLN WHVWL LOH

GH÷HUOHQGLULOGL�

%8/*8/$5

hVW HNVWUHPLWH X]XQOXNODUÕ NDUúÕODúWÕUÕOGÕ÷ÕQGD
WDEOR � YH JUDILN � LOH �
GH |]HWOHQGL÷L JLEL� �� �

YH �� \Dú JUXEX HUNHNOHUGH NÕ]ODUD RUDQOD

RUWDODPD X]XQOX÷XQ ID]OD ROGX÷X J|U�OG�� )DNDW

�� �� �� YH �� \Dú JUXEXQGD NL IDUNOÕOÕNODU

LVWDWLVWLNVHO DQODPOÕ GH÷LONHQ �S!������ � \Dú GD

EX GH÷HUOHU DQODPOÕ IDUNOÕOÕN J|VWHUL\RUGX

�S�������

7DEOR � YH JUDILN � LOH � GH J|U�OG�÷� JLEL�

dDOÕúPDGD E�W�Q \Dú YH FLQVL\HW JUXEX

|÷UHQFLOHUGH DOW HNVWUHPLWH X]XQOX÷X \DúD ED÷OÕ

RODUDN G�]HQOL ELU DUWÕú J|VWHUPHNWHGLU� &LQVL\HWH

J|UH LVH �� �� � YH �� \Dú JUXEX HUNHN

|÷UHQFLOHULQ RUWDODPD DOW HNVWUHPLWH X]XQOXNODUÕ

NÕ]ODUGDQ GDKD X]XQ J|U�OVH GH LVWDWLVWLNL DoÕGDQ

|QHPOL ELU IDUN ROPDGÕ÷Õ J|U�OG� � S!���� ��

2QELU \Dú GD LVH HUNHNOHULQ DOW HNVWUHPLWH

X]XQOX÷X ����� ± ����� NÕ]ODUÕQ ����� ± ����

RODUDN WHVSLW HGLOGL� gOo�POHUGH NÕ]ODU OHKLQH ELU

IDUNOÕOÕN J|U�OVH GH� IDUNOÕOÕN LVWDWLVWLNVHO RODUDN

DQODPOÕ GH÷LOGL�

.RO X]XQOX÷X FLQVL\HWH J|UH NDUúÕODúWÕUÕOGÕ÷ÕQGD ��
�� �� YH �� \Dú JUXEXQGDNL IDUNOÕOÕNODU
LVWDWLVWLNVHO RODUDN DQODPOÕ GH÷LONHQ �S!������ �
\DúWD EX GH÷HUOHU DQODPOÕ IDUNOÕOÕN
J|VWHUPHNWH\GL �S������� gQNRO X]XQOX÷X

FLQVL\HWH J|UH NDUúÕODúWÕUÕOGÕ÷ÕQGD �� �� �� YH ��

\Dú JUXEXQGDNL IDUNOÕOÕNODU LVWDWLVWLNVHO RODUDN

DQODPOÕ GH÷LONHQ �S!������ � \DúWD EX GH÷HUOHU

DQODPOÕ IDUNOÕOÕN J|VWHUPHNWH\GL �S������� (O

X]XQOX÷X LVH KHU LNL FLQVL\HWWH YH E�W�Q \Dú

JUXSODUÕQGD LVWDWLVWLNVHO RODUDN DQODPOÕ GH÷LOGL
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7DEOR �� <Dú YH FLQVL\HWH J|UH �VW HNVWUHPLWH X]XQOXN �FP� YH VWDQGDUW VDSPD �6'� GH÷HUOHUL

<Dú .Õ] (UNHN

<ÕO Q x ± SD Q x ± SD W 3
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� <ÕO � Q x ± SD Q x ± SD W S
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�� �� ����� ���� �� ����� ���� ���� S!����

7DEOR �� <Dú YH FLQVL\HWH J|UH NRO� |QNRO YH HO X]XQOX÷X �FP� YH VWDQGDUW VDSPD �6'� GH÷HUOHULQLQ

NDUúÕODúWÕUÕOPDVÕ�

<Dú .Õ] (UNHN

�<ÕO� 1 X ± SD Q X ± SD W S
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�<ÕO� Q Q W S
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� gQNRO �� ���� ��� �� ���� ��� ���� S!����
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.RO �� ���� ��� �� ���� ��� ���� S!����

�� gQNRO �� ���� ��� �� ���� ��� ���� S�����

(O �� ���� ��� �� ���� ��� ���� S�����

.RO �� ���� ��� �� ���� ��� ���� S!����
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(O �� ���� ��� �� ���� ��� ���� S�����
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(NVWUHPLWH X]XQOXNODUÕQÕQ EHOLUOHQPHVL DPDFÕ LOH
\DSÕODQ DUDúWÕUPDPÕ]GD� KHU LNL FLQVWH \Dú YH ER\
LOH ELUOLNWH HNVWUHPLWH X]XQOXNODUÕQÕQ DUWWÕ÷Õ
J|U�OG�� hVW HNVWUHPLWH X]XQOXNODUÕ D\QÕ \Dú
|÷UHQFLOHULQ FLQVOHUH J|UH NDUúÕODúWÕUÕOPDVÕQGD ��
�� �� YH �� \DúGD S!���� LNHQ� � \Dú GD S�����

ROGX÷X VDSWDQGÕ� &DQNXU YH DUNDGDúODUÕQÕQ�

\DSWÕ÷Õ oDOÕúPDGD� HNVWUHPLWH X]XQOX÷XQXQ KHU

LNL FLQVL\HWWH \DúOD GR÷UX RUDQWÕOÕ RODUDN DUWWÕ÷ÕQÕ

VDSWDPÕúODUGÕU� <DSWÕ÷ÕPÕ] oDOÕúPDGD� DOW

HNVWUHPLWH X]XQOXNODUÕQÕQ KHU LNL FLQVWH \DúOD

ELUOLNWH DUWÕú J|VWHUGL÷L� EXQXQ \DQÕQGD

NDUúÕODúWÕUPD \DSWÕ÷ÕPÕ] RUWDODPD X]XQOXNODUGD ��

��� YH �� \Dú HUNHN |÷UHQFLOHULQ� �� \Dú GD LVH

NÕ] |÷UHQFLOHULQ GDKD X]XQ ROGX÷X J|U�OG��

øVWDWLVWLNVHO KHVDSODPDODU VRQXFXQGD LVH DUDGDNL

IDUN |QHPOLOLN J|VWHUPHPHNWHGLU�

7XQQHU� YH .DUOEHUJ YH DUNDGDúODUÕ�� SXEHUWHGHQ
|QFH DOW HNVWUHPLWH E�\�PHVLQLQ KÕ]ODQGÕ÷ÕQÕ�
GDKD VRQUD EXQX Y�FXGXQ WDNLS HWWL÷LQL
EHOLUWPLúOHUGLU� hVW HNVWUHPLWH X]DPDVÕ GD EXQD
EHQ]HU RODUDN E�\�PH J|VWHULU� (O YH D\DNODUÕQ
E�\�PHOHUL ELUELULQH EHQ]HU� g]HOOLNOH SXEHUWH
G|QHPLQGH E�\�PH GLVWDOGHQ SHULIHUH GR÷UXGXU�
&DQNXU YH DUNDGDúODUÕQÕQ� \DSWÕ÷Õ oDOÕúPDGD�
X\OXN YH EDFDN X]XQOX÷XQXQ ���� \Dú JUXEXQGD

NL HUNHN |÷UHQFLOHUGH GDKD E�\�N ROGX÷XQX

UDSRU HWPLúOHUGLU�

7DFDU YH DUNDGDúODUÕQÕQ��
\DSWÕ÷Õ oDOÕúPDGD� úHKLU

LONRNXOODUÕQGDNL HUNHNOHUGH DOW YH �VW HNVWUHPLWH

X]XQOXNODUÕ �� \Dú JUXEX GÕúÕQGD N|\ LONRNXOODUÕ

HUNHN |÷UHQFLOHULQGHQ X]XQ WHVSLW HGLOPLú� �� �

YH � \Dú GD EX IDUNÕQ S!���� ROGX÷X EHOLUWLOPLú�

�� \DúÕQGD LVH IDUN S����� RODUDN WHVSLW

HGLOPLúWLU� %L] oDOÕúPDPÕ]Õ VDGHFH úHKLU

PHUNH]LQGHNL oRFXNODU �]HULQGH \DSWÕN� 2

QHGHQOH ELU NÕ\DVODPD \DSDPDPDNWD\Õ]�

0DODW\D LOH %XUVD¶GDNL HUNHN |÷UHQFLOHULQ �VW

HNVWUHPLWH X]XQOXNODUÕ DUDVÕQGD ELU NDUúÕODúWÕUPD

\DSWÕ÷ÕPÕ]GD� \HGL \Dú HUNHNOHUGH NRO YH |QNRO

X]XQOX÷XQGD ELU IDUN ROPDGÕ÷Õ �S!������ |QNRO

YH HO X]XQOX÷XQGD LVWDWLVWLNVHO IDUNOÕOÕN ROGX÷X

J|U�OG� �S������� 'RNX]� �� YH �� \DúÕQGD NRO

X]XQOXNODUÕ DUDVÕQGD LVWDWLVWLNVHO IDUNOÕOÕ÷ÕQ

ROPDGÕ÷Õ �S!������ |QNRO X]XQOXNODUÕQGD DQODPOÕ

IDUNOÕOÕN ROGX÷X J|U�OG� �S������� %�W�Q \Dú

JUXSODUÕQGD HO X]XQOXNODUÕ DUDVÕQGD DQODPOÕ ELU

IDUNOÕOÕN WHVSLW HGLOGL �S������� 0DODW\D LONRNXO
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,ONRNXO |÷UHQFLOHULQH J|UH GDKD X]XQ ROGX÷X
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EXOXQGX �S�������
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