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¾º¯ �ºº� ®º· Zº] Yy�È�Y�b^�³�Z]�Yy�±M�¹ ®Àº´)��Ò�Í DU�
¾º¯ ¾º�z�¯®À´)�yZ¸#�yu�b«Zo�²¿Y�½Yz]�±Z¿zk�¾«º��½º.«Y

��º�¤¯ÏÐ¹ÎÔ¹ÎÍ¹Ð .�ª*��yu��ÎÎ�b�Y�µv��µuYu�±Z�³�
ª*º� yu�ÎÏ�½Yz]�®s�¾k¹zs���¤¯�yu�±Z¿zk��ºº�s�|ºÀ³

µv��µuYu�±Z�³�b«Zo�²¿Yv³Y�²¿Y¾¯�±Z�³�ª*��·Z)�¶)�v·u
b�yu��º�¤¯��Èº�Y�b^º�³½¹y�ª^£�b«Zo�~*��b¸k�yu�

yu�±Z¿zºk ½ºº.«Y¾´�¿��b�Y�¶d�Yx-�zÀgPc�®s�¾k¹zs���¤¯�
b^º�³��·Zº)uº��¾¯�f�Z]���¤¯��Èº�Y�¾³ZÀ¯�`]Yuz-�¹u�¶)�

®s�¾ºk¹zs��º�¤¯¶]®·�¶]Yuz-�b��¹�¹ µv��zd*¿u|³�¶)�½Y
uyYu�yYz£�©Z³Z)�±yZ¤c�n���¹ ®s�¾kyZs�_yYº¿u�ay¹Zºl¯�yu

v]Z¿��¿Y|�Y�
±yZ¤c�yºp¯�½Zd�Yy�yu�yZº] ²º¿Y�±Z¿zºk µuººc ¶º) Zºl³M�{Y

k ½Z·º.«Y��z.¿u�uYvd¯Y�yu�Zc�b�Y�'zºpc�½YyYub«Zo�Z]�±Z¿z
yu�¶]Yuz-�¹u�ªÀ*�c�½Zk�¶]¹�v³Y�µuz)�ª�Zo�¾¬)�a¹Z c�ª^º£
uYvd¯Y�¶)�uº��¾¯�ªÀ*�c�¶]Yuz-�uv��¶��yZ]�²¿Y�¾º�z���º�¤¯

ª*���b�Y�±yZ¤c�n���b°��¶]�±M��zd�-�ÎÏ�vÀ´À^]�Yy�
ª*��yu�¶)�±Z¿zk�¾«º��½Z¸¬À�¹z��ÎÎ�v³Y�µv��µuYu�±Z�³

¹ µuºº] ½zºd°)�¾ºdsYº´*¿�½YyYu{Y�±Z¿zk�u¹y¹�v¿v��aYzºgY
±Z°·�¹ b�Y�¶d�Z¿��¿Y|�Y�yZÀ�]�¶p ��²¿Y�¶]�zº.¿u�aZp º�
±yZ¤c�yºp¯�b°��¶]�Zl´¿Y�yu�±Z¿zk�µuºc�v��¶dº -�¶º) ¶³ºº-

b�Y�µvº� µvº³Yy�Z]¾¯�¶lÀd³�¹u�²¿Y�`�¿Z¤¯�À��±Yºcuz)�¾´À]
¶]�¾¬�Y�`]Yuz-�¹u�b�Y�²*°¯�zºd-y|]��Èº�Y�b^º�³�yu�¶º)

`]Yuzº- (º¿ ayºº�v³º��ª¿v^c�µvÀ�)�¹ voY¹��Yz¿{¹u�²¿Y
µv��yºº�p¯�zºd-y|]�_u¹vºp¯�Zº] `]Yuzº- (º¿ yu�¶]Yuzº-v³Y�

½Z¸¬*º��ÎÍ�¹�ÎÏ�vÀ´À^]�Yy�ª¿Z�¯�¹ Z¸À-vÀ$À��¾�yz]�²¿Y�
®s�(¿�yu�­YyM�±Z¿zºk yu�mzº�¯�±ºº-Z³º-ÖÍ±Z�³�Yy�¶kyu�

v´)�¾¯�u|�º-�Yy�Z¸³M�¶]�zd�À]�¶#�z·�¶kºc�bÀ°·Y�¹ µuYu�
�b«Zo�¹u�¾�yz]�²¿Y�{Y�~¶�«Z�¯�uyº¯�®·�z.¿u�v¿vk

aÇZo�²¿Y� {Y�¾*¿� yu� ¶)�½yº�� ¶]� v´d�z-� yYz£�Ð DU�uº]
�­º��b«Zo�z.¿u�b«Zo�yu�¹ ��­yZ¸#�b«Zo���ÐÐÑ�Í DU�¶)

b�Y�±M�ª]Z¤¯�¶�¤³�|À³�aÇZo�²¿Y�{Y�(¿�z·�¾�yz]�¶]�È¿w
®¿{Yuz��¾¯�

­º��b«Zo�yuYy�±M�¶)�b«Zo�²¿YZ]�È�Y�b^�³�Ð DU�
yºp¯�½Zd�Yy�yu�Yy�©Z³Z)�½Z´¸���®À´)�¾¯�¾�z�¯]¹ µuYu��·Z)�

¾º¯ �¿Y|º�Y�½Y�¶³ºº- ¶º] Yy�©Zº³Z)��º�¤¯��Zº cyY®À·uz�£�¶)�
ª^º£ v´º³Z°·�±M�¾º*À«¹yvÀ·�¾�]z¯��º�¤¯�b]Zgv³Z°]��j¿Zd³

½Z·yYuz]�ayº��¶]�b«Zo�²¿Y�½Yz]�¶¯Z³zº] ½YzºkY�{Y�ªº�Zo
¾«º����¤¯�yu�b�zº�ª*��yu�©Z³Z)�ÎÐ�v³Y�µv��µuYu�±Z�³�

±Z¿zk�¾¬)�½º.«Y�¶)�uº��¾ºº¯ µvº¿u�Z¸¬*ºº� ²º¿Y�¾º�yz]�{Y
yu�±Z¿zk�±YvÀ¯�_u¹vp¯��¿Y|�Y�b¬��¶]�¾«¹�b�Y�ª^£�v´³Z°·

µvÀ�)�uºkº¯�¾³ZÀ¯�`]Yuz-��¾�z��½Zdº�Yyv�ª*���b�Y�µ�ÎÑ�
vÀº´À^]�Yy�_yYº¿u�ay¹Zl¯�yu�¶)�¾*#º)�`]Yuz-�b��¹�²°º� yu

b�Y�µv��zd*#º)�uyYu�yYz£�©Z³Z)�±yZ¤c�n���¹ ®s�¾kyZs�
­yZº¸#�b«Zo�yu�Èº�Y�bº^�³�Z]�Yy�±M�¶)�b«Zºo ²º¿Y

�ÐÐÑ��Í DU�yºp¯�½Zd�Yy�yu�Yy�©Z³Z)�½Z´¸���®À´)�¾¯�¾º�z�¯
]�·Zºº) ½Y�¶³ººº- ¶ºº] Yy�©Zºº³Z)��ºº�¤¯��Zºº cyY�¹ µuYu��¿Y|ºº�Y

¾º¯®Àº·uv´³Z°·�±M�¾º*À«¹yvÀ·�zº�£�Yuvºl¯�¶º)ª^£���¤¯
¾º�]z¯�v³Z¯�¾º¯ bº]Zg�²¿Y�½Yz]�¶¯Z³z]�½YzkY�{Y�ª�Zo�j¿Zd³

yu�©Z³Z)�¾«º����¤¯�yu�b�z��½Z·yYuzº] ayºº� ¶º] bº«Zo
ª*º��ÎÒ�bº�Y�µvº� µuYu�±Zº�³�µv¿u�Z¸¬*��²¿Y�¶�«Z�¯�{Y

�½Z¸º�º�¤º¯ nº���yu�¶)�±Z¿zºk ¾º¬)�½º.º«Y�¶)�uºº�¾ºº¯
ÎÖ¹ÎÏ¹Ð .£ vº´º³Z°·�µvºº� µuYu�±Zº�³�¶]�¾ºº«¹�bº�Y�ª^ºº

�¾«º��½Zd�Yy�yu�±Z¿zººk ±YvºÀº¯ _u¹vººp¯��¿Y|ºº�Y�bºº¬�
vºoY¹�¶º]Yuzº- (º¿ ¶]�¹ µv��µvÀ�)�uººkº¯�¾³ZºÀ¯�¶º]Yuzº-
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©Z���©È¤d�YÏÐ_yZ°���Ï�v´ �YÎÐÕÐÎÓÐ

k=13

k=8

k=3

ª*�Ö�®s�0«º����Z¤¯�yu�b�z��/Z¸¬À�¹z��ÖÍ¶kyu�Ï DU

ª*�ÎÍ�®s�0k¹zs���¤¯�yu�±Z¿zk��º�s�ÖÍ¶kyu�

k=23

k=17

k=10

k=3

ª*�ÎÎ�� /Z¸¬À�¹z��®s�0«º����Z¤¯�yu�b�zÖÍ¶kyu�Ò�Í� DU

X±yZ¤c�n��
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ÎÓÑ©Z���©È¤d�YÏÐ_yZ°���Ï�v´ �YÎÐÕÐ

ª*�ÎÏ�®s�0k¹zs���¤¯�yu�±Z¿zk��º�s�ÖÍ¶kyu�

k=23

k=17

k=10

k=3

ª*�ÎÐ�®s�0«º����Z¤¯�yu�b�z��/Z¸¬À�¹z��ÖÍ¶kyu�Ð DU

ª*�ÎÑ�®s�0k¹zs���¤¯�yu�±Z¿zk��º�s�ÖÍ¶kyu�

X
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©Z���©È¤d�YÏÐ_yZ°���Ï�v´ �YÎÐÕÐÎÓÒ

k=19

k=12

k=3

ª*�ÎÒ�®s�0«º����Z¤¯�yu�b�z��/Z¸¬À�¹z��ÖÍ¶kyuÐÐÑ��Í DU

ª*�ÎÓ�®s�0k¹zs���¤¯�yu�±Z¿zk��º�s�ÖÍ¶kyu�

ª*���uº��¾¯�ª¿v^ºc�ÎÓ�YyvÀ´À^]��¾*#º)�`]Yuz-{Y�²°��yu
©Z³Z)�±yZ¤c�n���(¿u|³�¹ ®s�¾kyZs�_yYº¿u�ay¹Zl¯�yu�¶)

b�À³�½z^s�v��¾¯�ªÀ*�c�

Ó�Ï½Z¸°s�yu�½%z³Y�'È¸d�Y�¹ yZ���b�Y�ÖÍ¶kyu�
~�'È¸d�Y�±Y|À¯�¾�yz]�¶]�(´¿Y�¡º��¾ À)¹�¾°)�¾�yz]�{Y

®s�{Y�yxº- yu�½%zº³YÖÍ®¿{Yuz��¾¯�¶kyu��b�Y�yZ)�²¿Y�½Yz]
®ºs ¾ºk¹zs�Zºc ½u¹y¹�{Y�Yy�yZº��ÖÍ¹ µuz)�¶^�Zp¯�¶kyu�

®¿y¹M�¾¯�b�u�¶]�z¿{�`«uZ�¯�{Y�Yy�v�]�¾]�yZ���b�Y�\¿z��

�8
S�

U
' [ �Ò�

©¹vººk yu�Ï�yZ¸#¹�¶À«¹Y�b«Zo�½Yz]�µv¯M�b�u�¶º] j¿Zdºº³
v³º��¾¯��¬dt¯�b«Zo�n´��Z�°k�¶)�¡º��bº«Zo�µv��¶WYyYv³Y�

¾º¯ ±Zº�³�©¹vk�²¿Y�jº¿Zºd³�¾º�yz]·uº¿ ½Yz]�¶)�vº� (ºuv
´¿yº�¯�{v«ºº�tvo�£Yºª¡Z cY�¾º�]z¯��º�º¤¯�yu�yZ���b�Y�

X
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Z ±yZ¤c�n��
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ÎÓÓ©Z���©È¤d�YÏÐ_yZ°���Ï�v´ �YÎÐÕÐ

©¹vkÏ�0] yZ���b�Y�\¿z��¹ yZ���b�Y�yu v�]�®s j´ÖÍ�¬dt¯�¶kyu�
Ð DU Ï DU Î DU Ò�Í DU ÐÐÑ�Í DU

ÑÍÎÎÖÓ�Í ÎÒÕÍÖÔ�Í ÎÍÐÖÓ�Í ÎÑÎÖÕÒ�Í ÏÍÍÏÑÓ�Í ES'
ÍÒÔ�Ï ÕÎÍÓÏ�Í ÒÐÐ�Í ÔÏÕ�Í ÍÏÓÔ�Î [
ÕÓ�Ð ÒÏ�Î Î ÐÓÒÕ�Î ÖÏÓ�Î

�DU [[

¾º¯Zº] ¹ vdº�Y±vº� y¹u^�³�©Z³Z)���¤¯��È�Y�b(¿�uv��{Y
�¾�]z¯���¤¯��®s�{Y�yx-�yu�yZ���b�YÖÍ¶kyu�¿Y|�YYvÀ���

¾¯v´)�
©¹vk�j¿Zd³�zºd¤À£u�¾º�yz]�Ï�¶]�¶)�b�Y�z¯Y�²¿Y�½Z¿º-
®s�(¿�{Y�±Z¿zk�yº^��­Z.´·ÖÍ¶]�±uz)�®s�b¸k�z-Y�¶kyu�

v´�Z]�zd*¿u|³�z.¿v*¿�¶]�®·�ª]Z¤¯�yYº¿u�¹u�¶)�vº�Z]�½Y�¶³ºº-
¾d¸k�yu�¾-vÀ°s�z-Y�~*��z]�¹ µuº]�zd�À]�yZ���b�Y�±Y|ºÀ¯
yZ���b�Y�±Y|À¯�v´�Z]�y¹u�®·�{Y�µv��®s�½Z·yYº¿u�¶º) vº�Z]
(¿�yu�µv��uZl¿Y�b�Y�ayº��z·�yu�¾º«¹�vº� v·Yººs zºd°)

b�Y�zd�À]�©uZ�¯�¾�]z¯���¤¯�(¿�{Y�¾¬À�d�¯���¤¯�

Ó�Ð��¬dt¯�½Z¸°s�Z]�¾�]z¯�©Z³Z)�(¿�yu�­YyM�±Z¿zk�
®ºs ¾º�yz]�{Y�~º�ÖÍuyº¯�z.¿u��¬dºt¯�®ºs j´º� ¶ºkyu�
v´d�z-�yYzº£ ¾º�yz]�®s�¹u�ª¯Z��Z¸°s�²¿YÐÍ¹ÓÍv³Y�¶kyu�

{Y�zd°)�¶º)ÖÍ½Z¿Y¹{�yu�z.¿u�®s�¶��±M�©Z^³u�¶]�¹ v³Y�¶kyu�
ÎÏÍ�ÎÒÍ¹ÎÕÍ{Y�zd�À]�¶)�v´d�z-�yYz£�¶�«Z�¯�uyºº¯ ¶ºkyu�
ÖÍv³uº]�¶kyu��°s�²¿Y�¾¯Z°c�yu�ª^£�v´³Z°·©Z³Z)���¤¯�|À³�Z¸

ª*��¾�]z¯���¤¯�(¿�¶d�y�yZ*]±yZ¤c�uºk¹�b¬��¶]�¶)�b�Y
¶À¬)�|À³�Zl´¿Y�yu�²¿Yz]Z´]�¹ b�Y�µv��ªo�±M���³��¤��±M�yu

Z]�¶)�v³Y�±yZ¤c�yºp¯�½YyYu�Z¸¬*�ÎÔ .v³º��¾¯��t�¯��
®s�¶]��º]z¯�½Z·yYuº°³�v´³Z°·�¾¿Z·yYuº°³ÖÍ½Yz]�¶kyu�

¶º) µvº� iYztdº�Y�bº«Zo�zº·½Z¸¬À�¹z��¶]��º]z¯�½Z·yYuz]
½Z¸¬*ºº� yu�b�zºº� ¾ºº«º��ÎÔ��ºº«Y�¾ºº«Y�ÎÔ�µ�®ºº�y

v³Y�µvº��¾¬)�½º.«Y�¶)�v·u�¾¯�±Z�³�Z·yYuº°³�²¿Y�¾¬)�¾�yz]
¢À£u�¾�yz]�¾«¹�v´)�¾¯�©Z^³u�Yy�¾¸]Z�¯�vº³¹y�¾º«º��±Z¿zºk
{Y�b¿Z*o�v³Y�µv�³�µuYu�±Zº�³�Zl´º¿Y�yu�¶º) ¾º�z��½Z·ºº.«Y

]Yuzº- uYvº�c��¿Y|º�Y¶)�½yº��¶]�uyYu�®s�¶¿¹Y{��¿Y|�Y�Z]�Z·�¶

½Zº¸°s�¾ºk¹zs�yu�Èhº¯ÐÍ¹ÓÍª]Z£�¶]Yuz-�(¿��¤��¶kyu�
®s�yu�¶)�¾«Zo�yu�bº�Y�¾¿Zº�Z´�ÎÏÍZ·�¶]Yuz-�uYv�c�¶kyu�

¶]ÐZc�Ñv]Z¿�¾¯��¿Y|�Y�uv���
zd¸]�v¿Z��zd-y|]�½Z¿Y¹{�yu�®ºs ¶º¿¹Y{�zºgY�¾º]Z¿{yY�½Yzº]

Y{�yu�Z·�®s�²¿Y�¶°·�¶)�v�Z]¶¿¹ÖÍv³º��¶�¿Z¤¯�®·�Z]�¶kyu��
½Z¸¬*��¶]�¶�kYzº¯ Zº] Yy��ºº�º¯�²º¿Y�ÎÕ��«Y�¾«Y�ÎÕ�u�

uz)�©Z^³u�±Yººc¾º¯��uº��¾¯�µv¿u�Z¸¬*��²¿Y�yu�¶)�¶³º-�±Z°·
�ºº�¤¯�yu�±Z¿zººk �ººº�sÖÍ®ºº�y��¬dººt¯�½Zºº¸°s�¶ººkyu�

{Y�®s�¶¿¹Y{��¿Y|�Y�Z]�uº��¾º¯ µvº¿u�¶*³Z´º# ¹ vº³Y�µvº�ÖÍ¶]�
ÎÕÍuYv�c�¶ºkyu�¶¿¹Y{�yu�Z·�¶]Yuz-�ÖÍ{Y�¶kyu�Ï¶]�Ñ�¿Y|�Y�

b�Y�¶d�Z¿�

Ó�Ñ��¬dt¯�½Z¸°s�yu�½%z³Y�'È¸d�Y�¹ yZ���b�Y�
�¬dt¯�½Z¸°s�yu�±Z¿zk�½Yz]�¾°)�¶º�¿Z¤¯�(º¿ `ºWYyY�½Yzº]
¹ µuz)�¶^�Zp¯�Z¸°s�²¿Y�¶À¬)�½Yzº] Yy�vº�]�¾º] bº�Y�\¿zº�

©¹vºk yu�Yy�±M�j¿Zdº³�Ð�®À´§�¾¯�`ºWYyY�©¹vk�²¿Y�yuyYv¤¯
¶�¿Z¤¯�yu�±M�¾^�³�yYv¤¯�¹ ª¤d�¯�yº��¶]�®s�z·�b�Y�\¿z�

®s�Z]ÖÍv³Y�µv��µuYu�±Z�³�¶kyu��
�¿Y|�Y�Z]�v·u�¾¯�±Z�³�©¹vk�²º¿Y�j¿Zdº³ ¶º) ¶³ºº- ±Zº°·

yYvº¤¯�{Y�®ºs ¶º¿¹Y{ÖÍ±Y|À¯�¶]�\Àczc�¶]�b�Y�\¿z��¶ºkyu�
Î�Î�Ô�ÏÑ¹ÒÎ½Zº¸°s�½Yzº] vº�yu�ÎÏÍ�ÎÒÍ¹ÎÕÍ¶kyu�

¾º¯ �¿Y|º�Y½Zº¸°s�½Yzº] ¶º) ¾º«Zo�yu�vº]Z¿ÓÍ¹ÐÍ¶kyu�
±Y|À¯�¶º] bº�Y�\¿zº�Î�Ï¹Ò�ÑÏv]Z¿�¾¯��·Z)�v�yu��j¿Zd³

¾¯�vÀ¿Pc�Yy�\¬�¯�²¿Y�®·�¾·Z.�¿Z¯{M�¹ ¾º]zlcv´´)@Î>½Yz]��
©¹vk�yº�´¯�²º¿Y�Ñ��kz¯�{Y�¶)�Yy@Î>±Yºc�¾¯�µv���Àt¬c

uy¹M�¶³ºº°³�±Yº´º� ¶º]�Z�³�©¹vk�²¿Y�j¿Zd³�¶)�¶³ºº- ±Zº°·±
¹ v]Z¿�¾º¯ �·Z)�®·�b�Y�\¿z��®s�¶¿¹Y{��º·Z)�Z]�v´·u�¾¯
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©Z���©È¤d�YÏÐ_yZ°���Ï�v´ �YÎÐÕÐÎÓÔ

k=12

k=17

k=8

k=3

ª*�ÎÔ��«Y��®s�0«º����Z¤¯�yu�b�z��/Z¸¬À�¹z��ÐÍ¶kyu�

k=17

k=12

k=8

k=3

ª*�ÎÔ�[�®s�0«º����Z¤¯�yu�b�z��/Z¸¬À�¹z��ÓÍ¶kyu�

k=17

k=12

k=8

k=3

ª*�ÎÔ�i�®s�0«º����Z¤¯�yu�b�z��/Z¸¬À�¹z��ÎÏÍ¶kyu�

k=17

k=12

k=8

k=3

ª*�ÎÔ�u��Z¤¯�yu�b�z��/Z¸¬À�¹z��®s�0«º���ÎÒÍ¶kyu�
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ÎÓÕ©Z���©È¤d�YÏÐ_yZ°���Ï�v´ �YÎÐÕÐ

k=17 k=12 k=8 k=3

ª*�ÎÔ�ë�®s�0«º����Z¤¯�yu�b�z��/Z¸¬À�¹z��ÎÕÍ¶kyu�

ª*�ÎÕ��«Y����¤¯�yu�±Z¿zk��º�s�ÖÍ®s�¶kyu�ÖÍ¶kyu�

ª*�ÎÕ�[���¤¯�yu�±Z¿zk��º�s�ÖÍ®s�¶kyu�ÎÏÍ¶kyu�

ª*�ÎÕ�i���¤¯�yu�±Z¿zk��º�s�ÖÍ®s�¶kyu�ÎÒÍkyu�¶

ª*�ÎÕ�u���¤¯�yu�±Z¿zk��º�s�ÖÍ®s�¶kyu�ÎÕÍ¶kyu�

±yZ¤c�n��

±yZ¤c�n��

±yZ¤c�n��

±yZ¤c�n��
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©¹vkÐ�0] yZ���b�Y�\¿z��yu v�]�¬dt¯�/Z¸°s�
ÎÕÍ ÎÒÍ ÎÏÍ ÖÍ ÓÍ ÐÍ T
ÕÍÒÓ�Í ÓÓÑÖ�Í ÒÐÕÖ�Í ÒÐÐÍ�Í ÒÏÏÎ�Í ÐÍÓÖ�Í� [

ÒÎÍ�Î ÏÑÔ�Î ÍÎÎ�Î Í�Î ÖÔÖ�Í ÒÔÒ�Í
� �

��[[

©¹vkÑ�0]�yZ���b�Y�\¿z��yu�v�]®s�ÖÍ�¬dt¯�/Z·Z´p³Y��Z���Z]�¶kyu���kz¯�{Y�}Z^d£Y@Î�>
ÖÍ ÓÍ ÑÒ ÏÏ�Ò ÎÒ Í T �¶kyu�

ÍÍÍ�Î ÖÍÑ�Í ÓÔÍ�Í ÐÏÏ�Í ÏÎ�Í Í U�G Î � �
��[[

ÍÍÍ�Î ÕÓÍ�Í ÓÑÍ�Í ÐÏÏ�Í ÏÎ�Í Í U�G Ï � �
��[[

ÍÍÍ�Î ÖÎÍ�Í ÔÏÔ�Í ÐÏÏ�Í ÏÎ�Í Í U�G Ð � �� ���[[

ÍÍÍ�Î ÍÍÍ�Î ÕÐÐ�Í ÐÏÏ�Í ÏÎ�Í Í U�G Ñ � �� ���[[

©¹vk�¶)�b�Y�½|À#�±Z°·�²¿Y�Ñ��kz¯�{Y�¶§�®·@Î>}Z^d£Y
v·u�¾¯�±Z�³� Yy�±M� µv��nº���¶�v´º· ±ºº# ¶d^«Y¹ �º�¤¯

®·�Z ]̧Yºk�¶)�u¹y�¾¯�yZ�d³Y��v´d�À³�±Z�*¿�b«Zo�¹u�yu�Z´ºp³Y��Z��
b�Y�±Z�*¿�Z ³̧M�v³¹y�¾«¹�v´�Z]�a¹Z d¯�¾°)�z�³�{Y�

Ô�½zÀ-�¶lÀd³�
²¿Y�¶)�uYu�±Z�³��¬dt¯�½Z¸°s�Z]�½Z¸«Z³Z)�yu�±Z¿zºk ¾º�yz]
¶¿¹Y{�±Y|À¯�¶]�¶d�]�¹ µuº]�¾�Zs�½Z¸Àº-vÀ$À��½YyYu�Z¸³Z¿zºk

v´·�¹ ®ºsyu�¾c¹Z d¯�È¯Z)�¶¿º³Zg�½Z¸³Z¿zk��©Z³Z)��º�¤¯�¶º�
yZ���b�Y�±Y|À¯�z]�¶)�uº��¾¯�ªÀ*�c���Z¤¯�²º¿Y�bº�u�²Àº¿Z�

uyYx-�¾¯�Yy�uºs��Zs�zºgY�ªº�Zo��¿Y|�Y�Z]�¶)�\Àczc�²¿v]
Z¸d�Y�aYzgY�¶¿º³Zg�½Z¸³Z¿zk�aYzgY�v¿v�c�bº¬��¶º] ®ºs ¶º¿¹Y{

|�Y�Z¸«Z³Z)�yu�½%z³Y�aZ ¬c�±Y|À¯�¹ µv��zd�À]²¿Y�¹ v]Z¿�¾¯��¿Y
½zd�À]�%Z�°��ayv£�{Y�v¿Z]�¶º) bº�Y�zº¯Y�²º¿Y�½Z¿ºº- uººs

uz§�µuZ dº�Y�{Y�¾k¹zs�±Z¿zk�½º.«Y�¶)�Zl³M�{Y�²¿Y�z]�µ¹È�

yYx-zgY�Z¸³M�b�u�²À¿Z��ª¿Z�¹�z]�¶)�bº�Y�²º*°¯�Zº¸°s�²º¿Y
vº�Z]�uº��¾¯�¡YzdoY�¡ZcY�(¿�uyY¹�¶)�¾³Z¿zk�yu�©Zh¯�½Yzº]

] yu�¶¿ºº³Zg�½Z¸³Z¿zºkv´³Yºc�¾¯�bsº�¹�Yº·��º¬t¯�±u{�®·�z
(¿�½u¹y¹�Z¿�µyº�À��(¿�yu�¶*Àcyº��yu�v´�Z]�µv´º´)�(º°)

uyYx-�½Zkzº] ¾º]zt¯�yZºgM�v³Yººc¾º¯ zº¯Y�²º¿Y�²Àº]yºc�v¿Z]
�·Z)�½Yz]�¾³Çº��¹ ®À¤d�¯�½Y�¶«º«�±uYu�yYz£�zÀ�³�¾ºcYvÀ¸°c
ª¿Z�¹�yu�Zc�uy¹M�ª°��¶]�¶¿º³Zg�½Z¸³Z¿zºk ±uzº] ²Àº] {Y�Zº¿ ¹

�Yy�Z¸³M�uzº*¬°��¹ µvº�³�\^º� Yy�½zdº�À]�bº�Y�bº�u�²Àº¿Z
v·u�yYz£�½zd°)��Z��«Y�bpc�Z¸°s�²¿Y�½zÀ-yZ)�¶]�yu�²¿Yz]Z´]

uz*¬°��z]�Z¸°s�²¿Y�¶)�¾cYzgY�¶]�¹ uz]�yZ)�¶]�Yy�­{Ç�b£u�v¿Z]
uz§�¶kºc�v³yYx-�¾¯�Z¸³M�b�u�²À¿Z��ª¿Z�¹�

¾³Yuyv£
\º�£�{Y�¶º«Z¤¯�µv´º�¿º³&)'aZ³Z¨¯Y�¶§yZÀdsY�yu�Yy�½Y�¶³Z¿Yy

v¿Z°³�¾¯�z¨�c�¹ ¾³Yuyv£�¶³Z°À°���uYu�yYz£�½¹�

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
16

00
.1

38
3.

23
.2

.1
1.

9 
] 

                            19 / 21

https://dor.isc.ac/dor/20.1001.1.2251600.1383.23.2.11.9


ÎÔÍ©Z���©È¤d�YÏÐ_yZ°���Ï�v´ �YÎÐÕÐ

¶¯Z³�µ%Y¹
�� &RPSXWDWLRQDO�)OXLG�'\QDPLFV
�� 1RQ�6WDJJHUHG�*ULG

�� +\EULG
�� 4XLFN

�kYz¯
�� )R[�� 5�:��� DQG� 0F'RQDOG�� $�7��� ³,QWURGXFWLRQ� WR�

)OXLG�0HFKDQLFV�´��UG�(GLWLRQ��-RKQ�:LOH\�	�6RQV��
SS����������������

�� +XFKR��:�+��� ³$HURG\QDPLFV� RI� 5RDG�9HKLFKOHV�´�
6RFLHW\�RI�$XWRPRWLYH�(QJLQHHUV�,QF��������

�� 6DPDJDLR�� $��� DQG� 9ODFKRV�� 1�6��� ³&DOFXODWLRQ� RI�
7KUHH�'LPHQVLRQDO� /DPLQDU� )ORZV� LQ� 7�6KDSHG�
-XQFWLRQV�´� &RPSXWHU� 0HWK�� ,Q� $SSO�� 0HFK�� DQG�
(QJ�������SS����������������

�� +XPSKUH\� -�$�&��� 7D\ORU� $�0�.��� DQG� :KLWHODZ�
-�+��� ³/DPLQDU� )ORZ� LQ� D� 6TXDUH� 'XFW� RI� 6WURQJ�
&XUYDWXUH�´�-��)OXLG�0HFK����������������������

�� (QD\DW�� 0�0��� *LEVRQ�� 0�0��� DQG� 7D\ORU��
$�0�.�3��´� /DVHU�'RSOHU�PHDVXUHPHQWV� RI�/DPLQDU�
DQG�7XUEXOHQW )ORZ�LQ�D�3LSH�%HQG�´�,QW��-��+HDW�	�
)OXLG�)ORZ��SS����������������

�� 6XGR�� .��� 6XPLGD�� 0��� DQG� +LEDUD�� +���
³([SHULPHQWDO�,QYHVWLJDWLRQ�RQ�7XUEXOHQW�)ORZ�LQ�D�
&LUFXODU�6HFWLRQHG� ���'HJUHH� %HQG�´� ([SHULPHQWV�
LQ�)OXLGV�����SS���������6SULQJHU�9HUODJ������

�� <HR�� 5�:��� :RRG�� 3�(��� DQG� +U\PDN�� $�1��� ³$�
1XPHULFDO� 6WXG\� RI� /DPLQDU� ���'HJUHH� � %HQG�'XFW�
)ORZ�ZLWK�'LIIHUHQW�'LVFUHWL]DWLRQ�6FKHPHV�´�-RXUQDO�
RI�)OXLGV�(QJLQHHULQJ��9RO������SS���������� �����

�� %HODLGL��$���-RKQVRQ��0�:���DQG�+XPSKUH\��-�$�&���
³)ORZ� ,QVWDELOLW\� LQ� D� &XUYHG� 'XFW� RI� 5HFWDQJXODU�
&URVV� 6HFWLRQ�´� -RXUQDO� RI� � )OXLGV� (QJLQHHULQJ��
9RO�����SS��������� �����

�� 7DPDPLGLV�� 3��� DQG� $VVDQLV�� '�1��� ³3HUGLFWLRQ� RI�
7KUHH�'LPHQVLRQDO� 6WHDG\� ,QFRPSUHVVLEOH� )ORZV�
8VLQJ� %RG\�)LWWHG� &RRUGLQDWHV�´� -RXUQDO� RI� )OXLGV�
(QJLQHHULQJ��9RO�����SS��������������

��� 0DMXPGDU�6��� 5RGL�� :��� DQG� =KX�� -��� ³7KUHH�
'LPHQVLRQDO� )LQLWH�9ROXPH�0HWKRG� IRU� ,QFRPSUHVVLEOH�

)ORZV� :LWK� &RPSOH[� %RXQGDULHV�´� -RXUQDO� RI� )OXLGV�
(QJLQHHULQJ��9RO�������SS����������������

��� 6XGR�� .��� 6XPLGD�� 0��� DQG� +LEDUD�� +���
³([SHULPHQWDO�,QYHVWLJDWLRQ�RQ�7XUEXOHQW�)ORZ�LQ�D�
&LUFXODU�6HFWLRQHG�����'HJUHH�%HQG�´�([SHULPHQWV�
LQ�)OXLGV�����SS���������6SULQJHU�9HUODJ������

��� ,DFRYLGHV��+���/DXQGHU��%�(���/RL]RX��3�$���DQG�$KDR��
+�� +��� ³7XUEXOHQW� %RXQGDU\�/D\HU� 'HYHORSPHQW
$URXQG� D�6TXDUH�6HFWLRQHG�8�%HQG��0HDVXUHPHQWV�
DQG� &RPSXWDWLRQ�´� -RXUQDO� RI� )OXLGV� (QJLQHHULQJ��
9RO������SS���������������

��� )ODFN��.�$���DQG�-RKQVWRQ��-��3���³1HDU�:DOO�)ORZ�LQ�
D� 7KUHH�'LPHQVLRQDO� %RXQGDU\� /D\HU� RQ� WKH�
(QGZDOO� RI� D� ���'HJUHH� %HQG�´� ([SHULPHQWV LQ�
)OXLGV�����SS�����������6SULQJHU�9HUODJ������

��� .ODXV� $�� +RIIPDQQ�� DQG� 6WHYH� 7�� &KLDQJ��
&RPSXWDWLRQDO )OXLG� '\QDPLFV� IRU� (QJLQHHULQJ��
:LFKLWD��.DQ���(QJLQHHULQJ�(GXFDWLRQ�6\VWHP��������
&KDS�����

��� 3DWDQNDU�� 6��� 1XPHULFDO� +HDW� 7UDQVIHU� DQG� )OXLG�
)ORZ��+HPLVSKHUH�3XEOLVKLQJ�&RUSRUDWLRQ��0F*UDZ�
+LOO�%RRN�&R���1HZ�<RUN�������

��� 5KLH��&��0���DQG�&KRZ��:��/���³1XPHULFDO�6WXG\�RI�
WKH� 7XUEXOHQW� )ORZ� 3DVW� DQ� $LUIRLO� ZLWK� 7UDLOLQJ�
(GJH�6HSDUDWLRQ´��$,$$�-���9RO������SS�������������
�����

��� .X�� +�� &�� �� +LUVK�� 5�� 6��� DQG� 7D\ORU�� 7�� '��� ³$�
3VHXGRVSHFWUDO� 0HWKRG� IRU� 6ROXWLRQ� RI� WKH� 7KUHH�
'LPHQVLRQDO� ,QFRPSUHVVLEOH�1DYLHU� 6WRNHV�(TXDWLRQV�´�
-��&RPS��3K\V���9RO������SS����������������

��� .RVHII�� .�5��� DQG� 6WUHHW�� 5�/��� ³7KH� /LG� ±'ULYHQ�
&DYLW\� )ORZ�� $� 6\QWKHVLV� RI� 4XDOLWDWLYH� DQG�
4DQWLWDWLYH�2EVHYDWLRQV�´�7UDQV��$60(���-RXUQDO�RI�
)OXLGV�(QJLQHHULQJ��9RO�����SS��������������
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