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:lZgZk�:��Bjbdh\
Ieh\^b\kdb�mgb\_jkbl_l �IZbkbc�Obe_g^Zjkdb�

DZl_^jZ��?dheh]by�b HHK��me��³PZj�:k_g´� ���������Ieh\^b\

$EVWUDFW��$QDWRPLFDO�VWXGLHV�RI�9LWUHD�QHJOHFWD�'DPMDQRY�	�3LQWHU�DQG�9LWUHD�EXOJDULFD
'DPMDQRY� 	� 3LQWHU� ZHUH� FDUULHG� RXW�� 7KHUH� ZHUH� QRW� REVHUYHG� DQ\� GLIIHUHQFHV� EHWZHHQ� WKH�
VWUXFWXUH�RI�WKH�JHQLWDO�V\VWHPV�RI�WKHVH�WZR�VSHFLHV��)RU�WKLV�UHDVRQ��ZH�FRQVLGHU�9LWUHD�EXOJDULFD D�
V\Q��Q� RI�9LWUHD�QHJOHFWD�

.H\�ZRUGV��=RQLWLGDH� 9LWUHD�EXOJDULFD��9LWUHD�QHJOHFWD��DQDWRP\��WD[RQRP\��%XOJDULD�

<T<?>?GB?
'$0-$129 	�3,17(5 �������hibk\Zl�^\Z�gh\b�\b^Z�hl�j��9LWUHD hl�^hebgZlZ�

gZ�j��Q_i_eZjkdZ�\ AZiZ^gb�Jh^hib�
9LWUHD�QHJOHFWD 'DPMDQRY�	�3LQWHU������

'DPMDQRY�	�3LQWHU������� ����ILJ�������3LQWHU������� �����ILJ���������WDI�����ILJ��
�������

/RFXV� W\SLFXV�� ;te]Zjby�� Jh^hibl_�� gZ� _^bg dbehf_ltj� x]hbalhqgh� hl�
;Zqdh\kdby� fZgZklbj�� \ _^bg� ltf_g� mqZkltd� hl� ^hebgZlZ� gZ� j_dZ� QZy�
�Q_i_eZjkdZ�j_dZ��

9LWUHD�EXOJDULFD 'DPMDQRY�	�3LQWHU������
'DPMDQRY�	�3LQWHU������������ILJ�������3LQWHU������� �����ILJ�������� WDI�����ILJ��

�������
/RFXV�W\SLFXV��;te]Zjby��Jh^hibl_��\ ^hebgZlZ�gZ�j_dZ�Q_i_eZjkdZ � QZy���

ey\�ijblhd�f_`^m�:k_gh\]jZ^�b ;Zqdh\h�
Kihj_^� l_ab� Z\lhjb� lhqgh� ^_l_jfbgbjZg_� gZ� feZ^b� _da_fieyjb� fgh]h�

ljm^gh�fh`_� ^Z� [t^_� ba\tjr_gh�� Z aZ� jZa]jZgbqZ\Zg_� gZ� \tajZklgb� hl� ^\ZlZ�
\b^Z� bfZl� agZq_gb_� jZaebqbylZ� \ gZjZkl\Zg_lh� gZ� ba\b\dbl_�� rbjbgZlZ� gZ�
ihke_^gZlZ� kijyfh� ij_^ihke_^gZlZ� gZ\b\dZ�� nhjfZlZ� gZ� ^hegZlZ� kljZgZ� gZ�
q_jmidZlZ�b gZ�itiZ��kdmeilmjZlZ�gZ�q_jmidZlZ�

< ^hebgZlZ�gZ�j��Q_i_eZjkdZ�^\ZlZ�\b^Z�k_ kj_sZl�kt\f_klgh��Z Zj_Zetl�gZ�
QHJOHFWD ^h�]heyfZ�kl_i_g�k_ ijbihdjb\Z�k lhab�gZ�EXOJDULFD �\b`�>:FYGH<�	�
EBO:J?<��������

'('29 ������� badZa\Z� g_h[oh^bfhkllZ� hl� ZgZlhfbqgb� bake_^\Zgby� aZ�
ij_jZa]e_`^Zg_�gZ�klZlmktl�bf�



F:L?JB:E�BF?LH>B
FZl_jbZe��Jh^hib��k��;Zqdh\h��/RFXV�W\SLFXV gZ�9��QHJOHFWD��OHJ��:��BJBDH<�

����������]������_da���Jh^hib��f_`^m�:k_gh\]jZ^�b ;Zqdh\h��/RFXV�W\SLFXV gZ�9��
EXOJDULFD�� OHJ�� :�� BJBDH<� ���������� ]��� ��� _da��� Jh^hib�� >h[jhklZgkdb� ^ye��
^hebgZlZ� gZ� j_dZ�Fhklh\kdZ�KmrbpZ��Keb\h\� ^he� b hl�:k_gh\]jZ^� ^h� ob`Z�
�;_ah\h��� OHJ��:��BJBDH<�\ i_jbh^Z� ���� � ��������������������]��� ����_da���j_dZ�
Emdh\blkdZ��ijblhd�gZ�Q_i_eZjkdZ�j_dZ�[ebah�^h�:k_gh\]jZ^�� OHJ��:��BJBDH<�
�����������]������_da�

FZl_jbZetl�_ ihklZ\yg�aZ�ktojZg_gb_�\ ����_lbeh\�Zedhohe��:gZlhfbylZ�
_ ijhmq\ZgZ�qj_a�^bk_dpby�k ihfhslZ�gZ [bghdmeyjgZ�emiZ��IjZagbl_�q_jmidb�
b bglZdlgb�iheh\b�kbkl_fb�k_ ktojZgy\Zl�\ dhe_dpbylZ�gZ�Z\lhjZ�

>BKDMKBY
< ijhmq\Zgbyl� hl� gZk� fZl_jbZe� hl� /RFXV� W\SLFXV gZ� ^\ZlZ� \b^Z� b hl�

jZaebqgb� jZchgb� gZ� >h[jhklZgkdb� ^ye� mklZgh\bof_� ]he_fb� \ZjbZpbb� \
mkljhckl\hlh�gZ�q_jmidZlZ��F_`^m�lbibqgbl_�QHJOHFWD b EXOJDULFD kts_kl\m\Zl�
fgh]h�ij_oh^gb�nhjfb��dhblh�nhjfbjZl�ieZ\gZ�k_jby�

Ijb� kjZ\gbl_eghlh� ZgZlhfbqgh� ijhmq\Zg_� gZ� QHJOHFWD b EXOJDULFD hl�
/RFXV�W\SLFXV k lbibqgZ�q_jmidZ�b ij_oh^gb�nhjfb��mklZgh\bof_�b^_glbqghkl�\
mkljhckl\hlh�gZ�iheh\ZlZ�kbkl_fZ�

:gZlhfby gZ� iheh\ZlZ� kbkl_fZ�� :gZlhfbqgh� kZ ijhmq_gb� ���
_da_fieyjZ��

I_gbktl �J�� H�pbebg^jbq_g��Nb]�����:���k g_ijZ\begZ�nhjfZ��\ ^bklZegby�
djZc�ba^ml��Z dtf�ZljbmfZ� �:��ieZ\gh�baltgy\Zs��< aZ^gby�djZc�gZ�i_gbkZ�k_
hldjb\Z� k_f_ijh\h^Z� �9'� ± 9DV� 'HIHUHQV��� [ebah� ^h� ZibdZegh� jZaiheh`_gby�
j_ljZdlhj�gZ�i_gbkZ��53���K_f_ijh\h^Z�gbrdh\b^_g�dtf�i_gbkZ�b ihkl_i_ggh�
m^_[_e_g� dtf� k\h[h^gby� ycp_ijh\h^�� <eZ]Zebs_lh� �9DJ�� ^te]h��
I_jb\Z]bgZegZlZ� `e_aZ� �*�� ^h[j_� jZa\blZ�� \t\� \b^� gZ fmnZ�� h[djt`Z\Z�
\eZ]Zebs_lh�b hkgh\ZlZ�gZ�k\h[h^gby�ycp_ijh\h^��K_f_ijb_fgbd�hlktkl\Z��

<tlj_r_g�kljh_`�gZ�i_gbkZ� <tlj_rgbl_�kl_gb�gZ�i_gbkZ��\ [ZaZegZlZ�
qZkl�kZ k ]heyf�b VDUFREHOXP �klbfmeZlhj� ktk�keh`gh�mkljhckl\h��>te`bgZlZ�
fm�_ hdheh ����hl�pyeZlZ ^te`bgZ�gZ�i_gbkZ��< hkgh\ZlZ�kb�lhc�_ ktklZ\_g�hl�
ljb�^yeZ�± _^bg�fZetd�b ^\Z�ih�]he_fb��k\tjaZgb�k h[sZ�hkgh\Z��Nb]�����<���Hl�
l_ab�^yeh\_�k_ bal_]eyl�gZ]tgZlb�bajZkltpb�k rbih\b^gZ�nhjfZ��>te`bgZlZ�gZ�
bajZkltpbl_� kthl\_lkl\Z� gZ� ]he_fbgZlZ� gZ� hl^_egbl_� ^yeh\_� \ hkgh\ZlZ� gZ�
VDUFREHOXP� I_gbk�iZibeZ�ebik\Z�

<tlj_rghlh�mkljhckl\h�gZ�i_gbkZ�_ _^gZd\h�ijb�QHJOHFWD b EXOJDULFD�
A:DEXQ?GB?
KfylZf_��q_�QHJOHFWD b EXOJDULFD kZ b^_glbqgb��b q_�9LWUHD�EXOJDULFD _ V\Q��

Q� gZ�9LWUHD�QHJOHFWD�
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Nb]���� :� Iheh\Z�kbkl_fZ�gZ�9LWUHD�QHJOHFWD 'DPMDQRY�	�3LQWHU��hjb]����hijhkl_gZ���<�
<tlj_rgh�mkljhckl\h�gZ�i_gbkZ��hjb]��

)LJ� ���:� *HQLWDO� V\VWHP� RI�9LWUHD� QHJOHFWD 'DPMDQRY� 	� 3LQWHU� �RULJ��� �VLPSOLILHG���%�
,QWHUQDO�VWUXFWXUH�RI�WKH�SHQLV��RULJ��

KtdjZs_gby� $�  � iheh\h� hl\tjklb_� �� *�  � i_jb\Z]bgZegZ� `e_aZ�� J  � i_gbk�� 53�  �
j_ljZdlhj�gZ�i_gbkZ��6  �kZjdh[_emf��klbfmeZlhj�� 9DJ� �\Z]bgZ��9'� �k_f_ijh\h �̂

$EEUHYLDWLRQ� $� �$WULXP��*� �3HULYDJLQDO *ODQGXOOD��J  �3HQLV��53� �5HWUDFWRU�3HQLV��6  �
VDUFREHOXP �VWLPXODWRU���9DJ� �9DJLQD��9'� �9DV�GHIHUHQV�

EBL?J:LMJ:
>:FYGH<�K���B��EBO:J?<�������NZmgZ�gZ�;te]Zjby��Lhf����Kmoha_fgb�hoex\b�

�*DVWURSRGD�WHUUHVWULD���Khnby��;te]Zjby��;:G������klj��
'$0-$129� 6��� /�� 3,17(5 ������ 1HXH 9LWUHLQL DXV %XOJDULHQ �*DVWURSRGD��

(XWK\QHXUD���� $UFK� 0ROO���������� ����
'('29 ,�� ������ $QQRWDWHG� FKHFN�OLVW� RI� WKH� %XOJDULD� WHUUHVWULDO� VQDLOV� �0ROOXVFD�

*DVWURSRGD���/LQ]HU�ERLO��%HLWU������������� �����
3,17(5 /�� ������ 'LH *DWWXQJ 9LWUHD )LW]LQJHU�� ����� LQ� GHQ� %DONDQOXQGHUQ�

�*DVWURSRGD��=RQLWLGDH���$QQ��]RRO���3ROVND $NDG��QDXN��,QVW��]RRO�������
����� ����
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$WDQDV�$��,ULNRY
8QHYHUVLW\�RI�3ORYGLY��3DLVLL�+LOHQGDUVNL���'HSDUWPHQW�RI�(FRORJ\�DQG�(QYLURQ�

PHQWDO�FRQVHUYDWLRQ��7VDU�$VVHQ����������3ORYGLY��%XOJDULD
�6XPPDU\�

7KH� VWXGLHG� PDWHULDO� ZDV� WDNHQ� IURP� WKH� 5RGRSL� 0RXQWDLQV�� %XOJDULD�� $�
VXEMHFW� RI� RXU� LQYHVWLJDWLRQV� ZDV� WKH� RUJDQL]DWLRQ� RI� WKH� JHQLWDO� V\VWHPV� R I� WZR�
VSHFLHV�RI�WKH�JHQXV�9LWUHD )LW]LQJHU��������L�H��9LWUHD�QHJOHFWD�'DPMDQRY�	�3LQWHU�
DQG�9LWUHD�EXOJDULFD�'DPMDQRY�	�3LQWHU��,W�ZDV�HVWDEOLVKHG�WKDW�WKH�JHQLWDO�V\VWHPV�
DQG�WKH�VSHFLILF�VWUXFWXUH�RI�WKH�SHQLV�LQ�WKHVH�WZR�VSHFLHV�ZHUH�LGHQWLFDO��:H�VX JJHVW�
WKDW��9��QHJOHFWD�'DPMDQRY�	�3LQWHU�DQG�9��EXOJDULFD�'DPMDQRY�	�3LQWHU�DUH� WZR�
LGHQWLFDO�VSHFLHV�ZKLFK�PDQLIHVW�JUHDW�YDULDELOLW\�LQ�WKH�IRUP�RI�WKHLU�VKHOOV��DQG�DOVR�
WKDW�9LWUHD�EXOJDULFD�LV�D�V\Q��Q� RI�9LWUHD�QHJOHFWD�
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