
¾�À^���]Z´¯�¹ ½{y¹Z�§�±º´��¹ º¬��©Z�®d�·��µyZ°�º��|À¿Z�æèíÐ

���

µuzÀ��½Z·¹Z-�½y¹yZ]�¹ zÀ��½Y�µy¹Y�±%¹zdÀ³ �±ºs�½Y�µy¹Y�±%¹zdÀ³�¾.d�]�®·

¾·Z�Z]Z]�²�p¯�¾³Z]z£�Z�z¯È�¹¾³Z°oy�Z�y�vÀ°oÎ

µvÀ¨#
²¿Y�{Y��vº·¾�yz]¶¿x�c�bÀ��¹�¾]Z¿{yY�½yYu¹Z-�½YÀ��µy¹Y�±%¹zdÀ³�²À]�¶�]Yy�uºk¹�v��Z¿�uºk¹�¾�yz]�²À´#�®·�¹ ±Z¸ �Y�½Z·¹ z
yu�½y¹yZº]²Àdº�t³uº]�±Z°¿Y{�{Y�~º� nÀº¤¬c��¶³º°³�yº�´¯�²¿v]{Y�\Àczc�¶]�±ºs¹�zÀ��½Z·çîå¹æìå{Y�²¿Zd�¬·�½zÀ��¹Z-�}Oy�î

v��½y¹M��°k�¾d�´��½yYu¹Z-�|À³�¾¿Yx��uYº¯�½Z·�¶³º°³½Yz]µzÀk�¾´À°tc�½%z³Y�¹ ²ÀXc¹z��v�yu�¹ zÀ��µy¹Y�±%¹zdÀ³�²À]�¶�]Yy�²ÀÀ�c�
�°k½y¹Mv��²¿Y�²À]�¾¨¿u|³�yZÀ�]�¶�]Yy�¦¿�¶§�uYu�±Z�³�¾�s�µuZ��±ºÀ�z-y�{Y�µuZ d�Y�Z]�zÀ��¹ ±ºs�µy¹Y�±%¹zdÀ³�²À]�¶�]Yy�¶^�Zp¯

uyYu�uºk¹�¹u�¾¯�±Z�³�¾³ºÀ�z-y��]Y¹y �²À´#�®·Z¸´c�\Àczc�¶]�µzÀk�¾´À°tc�½%z³Y�¶]�²ÀXc¹z��b^�³�¹ µzÀk�²ÀXc¹z��v�yu�¶§�v·uì¹
æåvº�yu�{YºÀÀ�cz½Z·¾¯�¶Àkºc�Yy�zÀº� µy¹Y�±%¹zºdÀ³�v´§�²ÀÀ^c�\¿z��±uº]�²À¿Z��b¬��>ÇZ°doY�]¶¹ [º¬�¯Z³�½Y�¶¿x�c�b¿z¿v¯�ªÀ«u

\À§zc�aZ³Z�º³½Z·�b�Y�µuº]��¬dt¯�½Z·{¹y�yu�µzÀk��v��µuZ d�Y�¦Àd�l«�±ºÀ�z-y�{Y�½y¹yZ]�¹ zÀ��µy¹Y�±%¹zdÀ³�¶�]Yy�²ÀÀ�c�½Yz]�
¾¬¨��¾´p´¯�¾º ´¯�¶º�]Yy�¦º¿] �b�Yu�uºk¹�nÀ¤¬c�²À«¹Y�yu�¾´d�]M�©Z°doY�¹ zÀ��µy¹Y�±%¹zdÀ³�²À]¶½yº�Z]�Z·¹Z-�¾´d�]M�©Z°doY�¶§

zÀ��µy¹Y�±%¹zdÀ³�bº�¬�ê�æëZc�æî¾¬À¯�{Y�zd°§�zÀ��µy¹Y�±%¹zdÀ³�Z]�Z·¹Z-�{Y�zd�À]�zdÀ«�¾�u�yu�z-ê�æë{Y�zd�À]�Z¿�¹æîyu�z-�¾¬À¯�
uº]�zdÀ«�¾�u�¾´d�]M�©Z°doYzÀ��µy¹Y�±%¹zdÀ³�Z]�½Z·¹Z-ê�æëZc�æî¾¬À¯�zdÀ«�¾�u�yu�z-îé�æ{Y�zd°§�zÀ��µy¹Y�±%¹zdÀ³�Z]�½Z·¹Z-�z]Yz]�

æé¾¬À¯�¹ zdÀ«�¾�u�yu�z-ëè�æzÀ��µy¹Y�±%¹zdÀ³�Z]�½Z·¹Z-�z]Yz]�æéZc�ê�æë¾¬À¯�uº]�zdÀ«�¾�u�yu�z-�
²¿Y�j¿Zd³�·¹&�µy¹Y�±%¹zdÀ³�¶#z-Y�¶§�v·u�¾¯�±Z�³�¾^�Z´¯�yY|]Y�zÀ�½Yz]] ¾«¹��b�Y�½zÀ��½Z·¹Z-�½Y�¶¿x�c�b¿z¿v¯�¶¦¿�±Yº´�

©zd´§�½Yz]�yY|]Yµu{Z]v�Z]�¾°³�\�Z´¯�¾¬h¯�vÀ«ºc��
½vÀ¬§�½Z·�µ%Y¹�½zÀ��¹Z-��½Y�¶¿x�c�b¿z¿v¯��½y¹yZ]��zÀ��µy¹Y�±%¹zdÀ³��±ºs�µy¹Y�±%¹zdÀ³�

¶¯v¤¯
®ºº¸¯ µy¹Y¹zºº� {Zºº� ¹ bsººº� ¾ºº�z��©ººº�p¯�²¿zººcyu�²ÀXc

bº�Y�±YyYv³Zdº���¹Z-�¶¬À�¹�¶]�µv���z�¯�¾�Zº�Y�²ÀXc¹zº�
¾¯�¶¿|lc�¥ZÀ³º¯M�¶]�>Çºº°�¯uº��¹ µv��±ºs�[xk�¥ZÀ³º¯M

bº�Y�¾°º� ±YºÀºo ½Yzº] ±ºº#b�z��¶]µy¹Y�¶]�v^§���ºc�
uºº�¾º¯ ª¿v^ºc��¿z��¶§�b�Y�¾¨#º§�©º¨«º¯�µy¹Y>ZZ°c�yu�

y¾¯�©uZ�c�vo�¶º] zÀº� ¶º¬°k{Y �±vº] aZº�¿Z¯v��¾.d�]�®·
uyYu�uºk¹�zÀ��¹ ±ºs�µy¹Y�±%¹zdÀ³�²À]�½uZ¿{�è¹æé��

½uZ¿{�½Z·��·¹&�µy¹Y�±%¹zdÀ³�b�¬��¶§�b�Y�µuYu�±Z�³��
µzÀk�Zs�²ÀXc¹z���z�¯�Z]�zÀ�yu�z¿x��¶¿|lc�²ÀXc¹z��v�yu���

²ÀXc¹zºº� b^ºº�³�¹ ½yº^ºº� ²ÀXc¹zºº� ¹ ¶^°¨ºº��µzººÀk ½%zºº³Y
d¯º�Z´ºb�Y�\�ç�è¹æî��´·º¯Z.§¾º- ¶º·¹Zº] Zº�Y�zºº}Z

Î�±Z¸ �Y�¾d�´��µZ.�³Yu��½{y¹Z�§�µv¨�³Yu��¾¯Yu�º¬��yZ¿uZd�Y�¹ uZd�Y��v�yY�¾�Z´�yZ§�¢]Z��½ºl�³Yu�\Àczc�¶]

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
83

.8
.3

.1
4.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 js

tn
ar

.iu
t.a

c.
ir

 o
n 

20
25

-0
2-

20
 ]

 

                               1 / 8

https://dorl.net/dor/20.1001.1.24763594.1383.8.3.14.9
https://jstnar.iut.ac.ir/article-1-330-fa.html


¾�À^���]Z´¯�¹ ½{y¹Z�§�±º´��¹ º¬��©Z�®d�·��µyZ°�º���|À¿Z�æèíÐ

æìç

¾¿Yx��uyYv³Zd�Y�©¹Yvk�½Z·�¶Àº�ºc�æí�v³º��¾¯�¶¿x�c�yZ�d³Y�
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yY|-�½y¹yZ]�¹ zÀº�v³Y�µuz§����yY|-�¾��]�yu�¶§�¾«Zo�yuZ·�
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b�Y�µv���yY|-�|ºÀ³�©Zº� zº.¿u�½Zº·ªº���²¿Y�·¹&�¶]
º¯yº�´Z]�±Z¸ º�Y�½Zº·½yYu¹Zº- ½Y�¶º¿x�c�bÀ�º�¹�¾º]Z¿{yY�

µy¹Y�±%¹zdÀ³�²À]�¶�]Yy�uºk¹�v��Z¿�uººk¹�²ÀºÀ�c�{Y�µuZ dº�Y
b�Y�¶d�z-�Zl³Y�½y¹yZ]�¹ zÀ��
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zÀ��¹ ±ºs�½Z·�¶³º°³��½y¹yZ]{Yî±Z¸ �Y�±Zd�z¸��½yYu¹Z-�

{Yçå²°¸]�æèíåZc�èå²¿uy¹z��æèíæ¶��Zc�¹u�¹ ½y¹M��°k�
j¿Zd³�v�]�µZ¯²Àd�t³v¿uz-�b^g�Z·¹Z-�nÀ¤¬c��
u¹vºoæå¾¬À¯�{Y�zÀ��¶³º°³�zdÀ«çîåuY&³�½zÀ��¹Z-�}Oy�

v¿uzº- ½y¹M��º°k�²¿Zdº�¬·�¶d�z-�n^��nÀ¤¬c�Z.´·�Z·�¶³º°³
§ \Àczc�²¿Y�¶]��vº�¾º¯¹ µv��¶dt¿y�y¹u�¶À«¹Y���¹u�v´#�¶

¶.³�µuZ¯�½¹Zºo ½Zº·¾º�º£�±¹yu�½vº�]�½Zº·�º�¹uµv³yYu
v��¾¯�½y¹M��°k�aZ¯¹z§�¾]�½Z·�¶³º°³�¶§�µv��µuYu�±Z�³�>È^£

yYv¤¯�z�³�{Y�¹Z-�zÀ��ª§�¹ ¾¿Z¸d³Y�Z¿�¾¿Yvd]Y�½Z·��º�¹u�zÀº�
vºº³yYv³�¾ºº�ÈdsY�µy¹Y�é¹æè��¶ºº] rºº¿ yZ´ºº§ yu�Zºº·¶³ººº°³

Z¯{M¶³Zsuz��yu�¾º¿Z¸³�|ºÀ«Z³M�Zºl³Y�Zºc ¹ µvº� ª¤dº´¯�µZ.º�¿
æå�v³v��½yYu�¶.³�v°l´¯�ayº��¶] uYz-�¾d³Z��¶kyu���uZ°l³Y

uyYv³�zÀ��µy¹Y�b�¬��z]�½zÀgPc�é¹çå��
Äs�½¹Zo�½Z·�¶«º«�{Y�µuZ d�Y�Zº]��9HQRMHFW�µuZ¯�½ºdp¯

uZº¤�³Y�vº�('7${Y��æìå¹Zº- }Oy�ê±ºs�¶³º°³�zdÀ«�¾º¬À¯�
º·®v¿uz-�½y¹M��°k�zÀ��¶³º°³�¶À¸c�Zº] ±Zº¯{�yZ´§�yu�Z·�¶³º°³

µZ.�¿Z¯{M�¶]�rº¿µuz]av¯�¶] ¹ µv��çåb�z��Z]�¶¤À£u�èååå
v³v¿uzº- %º ¿zd³Zº� ¶¤Àº£u�yu�y¹u�zdÀ«�¾¬À¯�¦¿�¶³º°³�zº· {Y

v��½yYu�¶.³�v°l´¯�ayº��¶] ¾º¿Z¸³�|ºÀ«Z³M�½Yzº] Z°º�È��yu
�avº¯ ²Àº°·yº�´º¯ ¶º]v�yu�²ÀÀ�c�¹ ²ÀXc¹z�$')¶³º°³��

¶]��º]z¯�aZ�È�Y�¹ ½y¹M��°k�|À³�Z·�½yYu¹Zº- ¾º¿Yx��µzºÀk
²¿Y�½Yz]�¶§�½Y�µ&¿¹�½Z·�z��¢¿z��{Y�|À³�¶�«Z�¯�uyº¯�½Zº·¹Z-

�°k�uº]�µv��¶À¸c�yº�´¯½y¹Mv¿uz-�

Z·�¶³º°³�|À«Z³M
½u��¹y�¶]�zÀ��¹ ±ººs ½Zº·¶³ºº°³�yu�µy¹Y�±%¹zºdÀ³�yYvº¤¯

®Àº�§º³º¯�ªÀdº�Y�§±Yz¿Y�bsZ���¹Z§�±Z¯yu�bÀ�{Y�µuZ d�Y�Z]
iºº¯ ©ºº� Zº] ½zd¯ºd�¹zd¨�º�Yèçåv��²ÀÀ�c�zºd¯º³Z³��²¿v]

zÀ��½Zº·¶³ºº°³��yº�´º¯b�t³r¿�µZ.�¿Z¯{M�½Z¯u�yu�¾¿Z�-
½{Z�Yvk�b¸k��Z·�¶³º°³�ª¯Z§�±uzº§ �ºº¬t¯�{Y�~º� ¹ µvº�

½Z¯u�yu��¾º]z#éav¯�¶]�uYz-�¾d³Z��¶kyu�æêb�z��Z]�¶¤À£u�
æêååv��%º ¿zd³Z��¶¤À£u�yu�y¹u��Z]�Z·�¶³º°³�¾]z#��±M�{Y�~�

Äs��°��{Y�µuZ dº�Yv��½y¹M��°k�¶«º«�n���{Y��[º�y�½Yz]
�Z·�¶³º°³�²ÀXc¹z��±uYuç�å¾¬À¯�Z]�¾]z#�±¹v]�zÀ��¶³º°³�{Y�zdÀ«

í�æ¾º¬À¯�©ºº¬p¯�zºdÀ«è�vÀ�Y�¦Àd�Y�¹z¬§�½zc�7&$�uz�
avº¯¶º] ¹ �ºº¬t¯êuYu�µ{ZºkY�¶¤Àº£u�b]Zg�©º¬p¯�Zc�v��¾¯�µ

vº³Z°]�b�zº� Zº] ©ºº¬p¯�~�º�çååå½Z¯u�¹ ¶¤À£u�yu�y¹u�
é] �uYzº-¾d³Zº� ¶ºkyu�¶av¯æê±M�¹ %º ¿zd³Z��¶¤À£u�µZ-ç�å

¾º¬À¯�¾¿ÇZ]�©Ç{��¿Z¯�{Y�zºdÀ«½Yz]�¹y�¶]�µy¹Y�±%¹zdÀ³�|À«Z³M�
v��¶d�Yuz]�®À�§º³º¯�ªÀd�Y�½u�çê��
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§ �¹y�¶]�Z·�µzÀk�²ÀXc¹zº� vº�yu¾«º¬��µyYº¿u�v�yu�¹ ©Yv¬
±YyZ¨°·�¹ b�º��±¹��¹y�¶]�|«º¬��¾º°·�±¹vº]�çé�²ÀÀ�c

v¿uzº-�±¹v]�¾«º¬��µyYº¿u�v�yu�¶]�¶kºc�Z]�Zº·µzºÀk�½%zº³Y
v��µu{�²À°tc�|«º¬��¾°·�æ��

½yZ¯M�ªÀ¬pc
yY|�Y�z³�{Y�µuZ d�Y�Z]�Z·�µuYu�½yZº¯M�¶¿|ºlc6$6b�z-�Zl³Y��

º�z-yº� ±ºÀº�s�µuZº¾�SURF�*/0�½Yz]À�c�º�]Yy�²Àº²À]�¶
±ººs µy¹Y�±%¹zºdÀ³�ª¤dº�¯�zºÀ�d¯�zÀ��µy¹Y�±%¹zdÀ³�¹�zÀ�d¯

¶d�]Y¹�v��µuZ d�Y�zÀ��µy¹Y�±%¹zdÀ³�²À]�¶�]Yy�¶d�]Y¹�zÀ�d¯�
½Y�µzÀk�ª¯Yº��¹�ª¤d�¯�zÀ�d¯�µuZ��±ºÀ�z-y�{Y�µuZ d�Y�Z]�|À³

v¿uzº- ¶^º�Zp¯�¾º�s�v¯�¶]�µv��uyY¹�½Y�µzÀk�ª¯Yº�ª¯Z��©
½%z³Y�bº�¬���Zºs ²ÀXc¹zº� vº�yu�¾´À°tc�b^�³�¹ µzÀk

½%z³Y�¶]�²ÀXc¹z��¾´À°tc�uº]�
zÀ��µy¹Y�±%¹zdÀ³�²À]�¶º�]Yy�²ÀºÀ�c�½Yzº]�ª¤d�¯�zÀ�d¯�¹

¾´dº�]M�vº�yu�¶dº�]Y¹�zºÀ�d¯�±ºÀ�z-y�{Y�nÀº¤¬c�²Àº«¹Y�yu
l«ººÀdº�º¦��/RJLVWLF� UHJUHVVLRQ�dº�Y�º ºº� µuZºv�¿Y�yuº²
¯ºº©vrº�Z��zºÀ�d¯�¾´d�]M�Zk�²º¿Y�yu�¾´�¿��uyYu�b«Zo�¹u

uz¿x�]�Yy�yYvº¤¯�¹u��º¤��v³Yººc¾º¯�¦¿�¶d�]Y¹�zÀ�d¯��²¿Yz]Z´]
yYv¤¯�¹u�Z]�½z·Z��zºÀ�d¯æ��¾´d�]M�¹å��¾´d�]M�v��b�Y�

b�Y�nÀ¤¬c�{¹y�yu�zÀ��µy¹Y�±%¹zdÀ³�b�¬��|À³�ª¤dº�¯�zºÀ�d¯�
k¹�z]�¾´^¯�¾¿Z·��yY|-�uºk¹�ªÀº«u�¶º]²À]�¾�s�zÀ��¶�]Yy�uº

¶kyu�ayZ^���½y¹yZ]�¹ zÀ��µy¹Y�±%¹zºdÀ³çzÀ��µy¹Y�±%¹zdÀ³�
v��uyY¹�¾¿Z¸³�©v¯�yu�|ºÀ³�¦Àd�l«��¹y�{Y�µuZ d�Y�Z]�Z·�µuYu

�3URF� ORJLVWLF�³ ¶¬À�¹�¶º]º�Y�zºyY|6$6«Z³M�ºv¿uz-�|À�çè��
nÀ¤¬c�²À«¹Y�yu�¶§�¾¿Z·¹Z-�zÀº� µy¹Y�±%¹zºdÀ³�bº�¬��¶º�¿Z¤¯

º�]M±º¯{M�¢¿z��{Y�v³v��¾°³�²d�]M�¶§�¾¿Z¸³M�Z]�v³v��¾¯�²dW
b�z-�Zl³Y�

fp]�¹ j¿Zd³
zÀ��¹ ±ºs�µy¹Y�±%¹zdÀ³�¶�]Yy

{Y�\Àczc�¶]�±ºs�¹ zÀ��½Z·�¶³º°³çîå¹æìå½zÀ��¹Z-�}Oy�

�°k�±Z°¿Y{�{Y�~��nÀ¤¬c�²À«¹Y�{¹y�yuv��½y¹M��xo�ªÀ«u�¶]
£Zº³ Zº¿ ¹ ¾´dº�]M��Àtº�c�{Y�ª^º£ Zº·¹Z-aZ�È�Y�±uºº] �

�Z·�½yYu¹Zº- �º�ºc�µvº� ½y¹M��º°kçå¹ zÀ��¶³º°³�ç¶³º°³�
v�³�uyY¹�¾¿Z¸³�|À«Z³M�yu�±ºs�uyº¯�½Z·¹Z-�±ºs�µy¹Y�±%¹zdÀ³

¾ºº�yz]µu¹vººp¯�yu�ì�ìZººcì�çì¾ºº¬À¯�¹ zººdÀ«�¾ºº�u�yu�zºº-
µu¹vp¯�yu�zÀ��µy¹Y�±%¹zdÀ³ëZc�çí¾¬À¯�yYz£�zdÀ«�¾�u�yu�z-

bº�Yu�dÀ³�²À.³ZÀ¯uyº¯�½Z·¹Z-�ª§�yu�zÀ��¹ ±ºs�µy¹Y�±%¹z
©uZº�¯�¹ zº]Yz]�fºp]ç�æë¾º¬À¯�uº]�zdÀ«�¾�u�yu�z-�²À.³ZÀ¯

{Y�|À³��¬dt¯�½Z·�½yYu¹Z-�zÀ��¹ ±ººs µy¹Y�±%¹zºdÀ³ë�æçZc�
í�æî¾¬À¯�uº]�zÀ�d¯�zdÀ«�¾�u�yu�z-�ª¨�æ��

¹ ¦¿yu¹z]���ºc�µv���yY|º- j¿Zdº³ Zº] Zº·µuYu��´§Yzº�
±ºdºº¿È§�è�µu¹vººp¯�yu�Yy�±ºººs µy¹Y�±%¹zººdÀ³�¶ºº§êZººcéå

¾¬À¯µu¹vp¯�yu�Yy�zÀ��µy¹Y�±%¹zdÀ³�¹ zdÀ«�¾�u�yu�z-èZc�çí
¾º¬À¯uyYu�¾³Yºs�®·�v³uz§��yY|-�zdÀ«�¾�u�yu�z-�¶§�¾¯Z.´·

¾¿Yx��©¹Yvk�½Z·�¶Àº�ºc�}Zº�Y�zº] Zº·¹Z-�æí�v³º��¶¿x�c
vº¿Z]�zÀº� µy¹Y�±%¹zºdÀ³�bº�¬�íZc�æçz-�¾¬À¯�¾�u�yu�zdÀ«

vº�Z]�æê��¶À�ºc�mº���{Y�zÀ��µy¹Y�±%¹zdÀ³�±Y|À¯�±uº]�ÇZº]
uyYu�½Y�¶¿x�c�[ºº¬�¯Z³�bÀ�º�¹�{Y�±Zº�³�µvº��¶§�yº��±Z°·

uººº�¾ºº¯ ¶ºº�oÈ¯�ª¨ºº�æ�bÀ�ºº�¹�{Y�½yYu¹Zºº- ¹u�Z¸´ººc
>Zd^�³�½Y�¶¿x�cv³uº]�yYuyºsz]�¾^�Z´¯��

¶]�zÀ��¹ ±ºs�µy¹Y�±%¹zdÀ³�²À]�µv��¶^º�Zp¯�¶º�]Yy�¹y�
¾º�s�µuZº� ±ºÀº�z-y�ª¨º�ç�¶º]b�Y�z¿{�¶«uZ�¯�ayº�

�zÀ��¹ ±ºs�µy¹Y�±%¹zdÀ³�zdÀ«�¾�u�yu�z-�¾¬À¯��

���íê�å��îç�é zÀ��µy¹Y�±%¹zdÀ³
êç�å Ï5±ºs�µy¹Y�±%¹zdÀ³��åê�å��ëí�å

«uZ�¯º¶¬À�¹�¶]�µv��¶^�Zp¯�¶«uZ�¯�Z]�½uZ¿{�yZÀ�]�b·Z^��ÇZ]�¶
§ ¹ ¦¿yu¹zº]±ºd¿È�è�uyYu�yu½Z·�¾�yz]z.¿u��è�é¹æé�

µvº� �yY|º- Ov^º¯ {Y��zº��{Y�ìë�è�Zºcè�ë�b�Y�zºÀ�d¯�
zºÀ��b´º� ¹ ²°�Zº§�æé�¶º] ¶kººc Zº]¾�yz]¹ ±º��Zd�º-�

¨°«Z�ºb�ÀWº�æè� c�Yy��ÈdsY�²¿Y�ªÀ«uº¶³º°³�±Z¯{�a¹Z½yYuz]
yu½Zº·¾�yzº]t¯�º¬dº´���ºº§ ±Yººv³Y�µuz�-º�ººZd��º¹ ±º
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¾�À^���]Z´¯�¹ ½{y¹Z�§�±º´��¹ º¬��©Z�®d�·��µyZ°�º���|À¿Z�æèíÐ

æìé

ª¨�æ�yu�zÀ��¹ ±ºs�µy¹Y�±%¹zdÀ³�²À.³ZÀ¯�î¶�«Z�¯�uyº¯�½yYu¹Z-�

ª¨�ç�b�Y�µv��¶^�Zp¯�¾�s�µuZ��±ºÀ�z-y��¹y�¶]�¶§�zÀ��¹ ±ºs�µy¹Y�±%¹zdÀ³�²À]�¶�]Yy��

bº�ÀWº¨°«Z��æè�¶§�¾¯Z.´·�¹ ¶¿x�c�{Y�~��v³uzº§ �yY|º-
zdÀ³��b�Y��¿Y|º�Y�©Zºo yu�±ººs µy¹Y�±%¹zºdÀ³zÀ��µy¹Y�±%¹

�b�Y��·Z§�©Zo�yu�±ººs µy¹Y�±%¹zºdÀ³�¶º§¾º¯Z.´·�¹ zºd°§
b�Y�±ºs�{Y�zd�À]�zÀ��µy¹Y�±%¹zdÀ³�

zÀ��b´��¹ ²°�Z§�¶Àkºc�¶§�v�y�¾º¯ zº�³�¶º]�æé�nÀp�
>Èh¯�¶§�Yz#��v�Z]�¾º°³yu�¾�yz]±YyZ¨°·�¹ z¬cZ]��é�²¿Y�Z]¶§

¾´�¯��ÈdºsYk¹�zÀ��¹ ±ºs�µy¹Y�±%¹zdÀ³�²À]�½yYu¶d�Yv³�uº
b�Y�µv���yY|-�Ov^¯�{Y��z��²¿zd�À]��bº�Y�yu¾�yz]Z¯�

v�³�b�Z¿�zÀ��¹ ±ººs µy¹Y�±%¹zºdÀ³�²Àº.³ZÀ¯�yu�¾ºc¹Z c�|ºÀ³
�zÀ��¹ ±ºs�µy¹Y�±%¹zdÀ³�²Àº.³ZÀ¯ç�æë¾¬À¯�¾�u�yu�z-zdÀ«�

>Zd^�³�Ov^¯�{Y��z��¾«¹v¯M�b�u�¶]�¾-y|]��
Zp¯�Z.´·��¶§�b�Yu�¶kººc vº¿Z]�uyºº¯ ²º¿Y�yu¶«uZ�¯�¶^�

±ºÀº�z-yb�t³Z·�µuYu�¶�º°l¯�¶]�¶kºc�Z]�±ºÀ�z-y�\¿z��
�Ov^¯�{Y��z��{Y�ª¤d�¯�¹�{Y��z��±M�{Y�~��¹ µv��¶^�Zp¯

uº��¾¯�¶^�Zp¯�±ºÀ�z-y�\¿z��¶]�¶kººc Zº] Ov^º¯�ayZ^��¶]
uº��¾¯�¶^�Zp¯�Ov^¯�{Y��z��{Y�ª¤d�¯�±ºÀ�z-y�\¿z��z.¿u

����
���� ����

����
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���� ����
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µy¹Y
a{Y

� � � � � � � � �½yYu¹Z-
zÀ��µy¹Y�a{Y ±ºs�µy¹Y�a{Y
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®·¹ zÀ��½Y�µy¹Y�±%¹zdÀ³��±ºs�½Y�µy¹Y�±%¹zdÀ³�¾.d�]µuzÀ��½Z·¹Z-�½y¹yZ]

æìê

] ¶kººc Zº] Ov^º¯ {Y��zº� ¶^º�Zp¯�¾º«¹¹ ±ºÀ�z-y�\¿z��¶
uzÀ-�¾¯�Zl³Y�zÀ��¹ ±ºs�µy¹Y�±%¹zdÀ³�²À.³ZÀ¯[E\E �� � 

>Ç¹Y�Ov^¯�{Y��z��²ÀÀ�c�yu��z.¿u�ayZ^��¶º]±ºÀ�z-y�\¿z��
>ZÀº³Zg�¹ µvº� ¶^º�Zp¯zÀ��¹ ±ºs�µy¹Y�±%¹zdÀ³�b�¬��²À.³ZÀ¯�

�½yYuz]�¶³º°³�±Z¯{�¶³�v´d�·�µv´´§�²ÀÀ�c�ª¯Z��

µy¹Y�±%¹zdÀ³�¶�]YyµzÀk�aZ^À§zc�¹ zÀ��
²ÀXc¹z��v�yu�Z]�zÀ��µy¹Y�±%¹zdÀ³�¾³ºÀ�z-y�¶�]Yy�zº¿{�aÇuZº�¯

v·u�¾¯�±Z�³�Yy�µzÀk�¾´À°tc�½%z³Y�¶]�²ÀXc¹z��b^�³�¹ µzÀk�

 zÀ��µy¹Y�±%¹zdÀ³�¾¬À̄zdÀ«�¾�u�yu�z-�
åìç�å Ï5²ÀXc¹z��v�yu�ì�å��èê�é

 zÀ��µy¹Y�±%¹zdÀ³�¾¬À¯À«�¾�u�yu�z-zd�
�½z«Z§Z.¯�v�yu�½%z³Y�²ÀXc¹z��èç�æ��ìë�æ

æåê�å Ï5

Z¸´c�µzÀk�²ÀXc¹z��v�yu�uºº�¾º¯ ¶º�oÈ¯�¶º§ yºº�±Zº°·ì
v�yu�åìç�å Ï5�Z¸´c�½%z³Y�¶]�²ÀXc¹z��b^�³�¹ê�æåv�yu�

�æåê�å �Ï5�zºÀÀ�c½Z·¾¯�¶Àkºc�Yy�zÀ��µy¹Y�±%¹zdÀ³v´§�yu
¾º¿Z·�¾º�yz]½u¹vp¯�uYvº�c�Zº] ¶º§�{Y�zd°§çåå�Zl³Y�¹Z-

uºk¹�zÀ��µy¹Y�±%¹zdÀ³�¹ µzÀk�²ÀXc¹z��²À]�½º£�¶º�]Yy�¶d�zº-
bº�Y�¶dº�Yu�ç�è¹ê��±YyZ¨°·�¹ ±uº-�æå�¦¿�yu¾�yz]

v�yu�²À]�½ºº£ ¶º�]Yy�|ºÀ³�¹Zº- ½zdº�À]�uYvº�c�Zº] ½Y�¶�y|º¯
yu��v³uz§��yY|-�zÀ��µy¹Y�±%¹zºdÀ³�¹ µzºÀk�²ÀXc¹zº�¾�yz]

¶§�½zº.¿u�½Y�¶�y|º¯n���yu�îå¹ z.«���ºc�½zÀ��¹Z-�¶¬-�
¶]�²ÀXc¹z��b^�³�¹ µzÀk�²ÀXc¹z��v�yu�¶d�z-�Zl³Y�±YyZº¨°·

Z¸´c�\Àczc�¶º] µzºÀk�½%zº³Yê¹î�êzÀÀ�c�v�yu�½Z·±%¹zdÀ³�
¾ºº¯ ¶Àººkºc�Yy�zÀºº� µy¹Yv´ºº§�æë��²Àºº¤¤p¯�²ºº¿Y�zºº�³�¶ºº]

�æë�¹ zÀ��µy¹Y�±%¹zºdÀ³�²Àº] ¶º�]Yy��¾d�´º� �¿Yzº� bºpc
µzºÀk�½Y|ºkYzc��À���¾�¿Z¯{M�µv��©zd´§��¿Yz��¶º] b^º�³

½Z·�©zd´§�{Y�iyZºs ¾º¬¯Yº��zºÀgPc�bºpc�¶º�]Yy�²º¿Y�¹ bº�Y
v³zÀ-�¾¯�yYz£�½uZ��½Y�¶º¿x�c�¦¿�yu¾�yz]��çæ�¶d�z-�Zl³Y

yuêµzÀk�\À§zc�yu�½yYu�¾´�¯��ÈdsY�½zÀ��¹Z-�¶º¬-�yu�Z·�
¾º«Yºd¯�½Zº·{¹yµv¿uv���¬¯Yº��¶]�v³Yºc�¾¯��ÈdsY�²¿Yªh¯�¾

uYº¯�\À§zc�yu�zÀÀ�c��¾¿Yx��uYºº¯ b]ºº�y�¶^º�Zp¯�yu�µZ^dº�Y
¹ ½z-yZ§�aZ·Z^d�Y��¾¿Yx��uYº¯�±uz§�±{¹�yu�µZ^dº�Y��¾º¿Yx�

>È¯Z§�½Z·�µzÀk�\�Z´¯Z³�±uz§��ºº¬t¯v�Z]��º]z¯��º¬t¯��¶]
²ÀÀ^c�\¿z��±uº]�²À¿Z��ª¿Çu�{Y�¾¨¿�z¯Y�²¿Y�¶§�v�y�¾¯�zº�³

�Ï�5yu�¾�yz]¶�«Z�¯�¹ Z¯�±YyZ¨°·�¹ z.«��æë�b�Y�

½y¹yZ]�¹ zÀ��µy¹Y�±%¹zdÀ³
uyº¯�½Zº·¹Z-�ªº§ ½y¹yZº] ²Àº.³ZÀ¯¾�yz]î�éåuº]�v�yu��

¾¿Z¸´c�¶]�Z·zÀ�d¯�{Y�¦¿�z·�¶§�¾¯Z.´·�uYu�±Z�³�¦Àdº�l«�±ºÀº�z-y
±Z°¿Y{�uYvº�c�Z¸´ºc uºº� ©vº¯ uyY¹�åì�å �S�¶¬-�¹�åê�åS��zgY�

¾º´�¯b�Yu�½y¹yZ]�z]�½yYu�¹y�¦¿¾´�¯�½Yz]�|À³�v³±v��yYu
¾ºº�s�¶ºº�]Yy�æì�å S�¹u�¶ººkyu�¶ºº�]Yy�¹�æ�å S�²Àºº]

½y¹yZº] ¹ zÀº� µy¹Y�±%¹zºdÀ³µvº¿uv���²ÀÀ�c�½Yz]¶�]Yy�zd¸]
z]�Zº·µuYu��½y¹yZº] ¹ zÀº� µy¹Y�±%¹zºdÀ³Y¶]�¾³Y¹Yz���¿{ºc�}Z�é

µuy�æ æé��ç é�æë�ÎÑ��Ð î�æí�ê�æë¹é æî!�®Àººººº�¤c�
v¿uzºº-�¶ºº�¿Z¤¯±ºÀºº�z-y�¢¿zºº� {Y�Zºº·µuy�²ºº¿Y ²Àºº] ª]Z¤dºº¯

b�zº- Zºl³Y�¦Àdº�l«�©¹vºkæ½Z·�µ¹z-�²À]�ª]Z¤d¯�|À«Z³M��
zÀº� µy¹Y�±%¹zºdÀ³��¬dºt¯¹ª¨º�èyu�½y¹yZ]�±Y|À¯�éµuy�

vº·u�¾º¯ ±Zº�³�Yy�zÀº� µy¹Y�±%¹zºdÀ³�b�¬��²À.³ZÀ¯�²À´#�®·
Z¿�µv��²d�]M�nÀ¤¬c�²À«¹Y�yu�¶º§ ¾º¿Z·¹Z-�zÀº� µy¹Y�±%¹zºdÀ³

±º¯{M�¢¿z��{Y�v³Y�µv�³W¶�¿Z¤¯�b³uºÀd�Y�v³v��ª¨�é��
ª¨��yu�¶§�yº��±Zº°·èyu�½y¹yZ]�±Y|À¯�uº��¾¯�¶�oÈ¯�

±%¹zdÀ³�Z]�½Z·¹Z-�{Y�zd°§��²À¿Z��zÀ��µy¹Y�±%¹zdÀ³�Zº] ½Zº·¹Z-
bºº�ÇZ]�zÀºº� µy¹Y�{Y�zd°§zÀºº� µy¹Y�±%¹zººdÀ³�Zºº] ½Zºº·¹Z-æé

¾º¬À¯zdÀ«�¾º�u�yu�zº-�Yu�¾´�¯�yº��¶]½y�åêí�å S�½y¹yZ]
zÀ��µy¹Y�±%¹zdÀ³�Z]�½Z·¹Z-�Z]�¶�¿Z¤¯�yu�½zºd°§ê�æëZc�î�æí

v´dº�Yu�zºdÀ«�¾º�u�yu�zº- ¾º¬À¯�Z]�½Zº·¹Z-�¾´dº�]M�©Z°dºoY
zÀº� µy¹Y�±%¹zºdÀ³ê�æëZc�î�æíÀ¯�º¾¬zdÀ«�¾�u�yu�z-çz]Yz]�

�îç�æ 2GGV�UDWLR�{Y�zd°§�zÀ��µy¹Y�±%¹zdÀ³�Zº] ½Zº·¹Z-æé
¯º¬Àºº¾-º�u�yu�zºº«¾º¹ zdÀë�æ]º]Yzºz�ëç�æ 2GGV�UDWLR�

zÀ��µy¹Y�±%¹zdÀ³�Z]�½Zº·¹Z-æéZc�é�æëzdÀ«�¾�u�yu�z-�¾¬À¯�
uº]�©¹vkæ��
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¾�À^���]Z´¯�¹ ½{y¹Z�§�±º´��¹ º¬��©Z�®d�·��µyZ°�º���|À¿Z�æèíÐ

æìë

©¹vkÎ�µ¹z-�²À]�ª]Z¤d¯�|À«Z³M�j¿Zd³±Z°¿Y{�{Y�~��nÀ¤¬c�²À«¹Y�yu�½y¹yZ]�±Y|À¯�¹ zÀ��µy¹Y�±%¹zdÀ³��¬dt¯�½Z·
¶d�]Y¹�zÀ�d¯��c ¶lÀd³nÀ¤¬

©Z°doY�S� Odds ratio yZÀ�¯��Yzp³Y ²À°tc� �kz¯�ª]Z¤¯�µ¹z- �kz¯�µ¹z-
ëé�å æî�æ èì�å æìé�å� ç æ
åêí�å îé�æ æíí�å èêì�å� è æ
èç�å éë�æ æèç�å æè�å� é æ
æëì�å ëè�æ èëé�å êåé�å� è ç
êì�å çè�æ æîè�å æåî�å� é ç
éëê�å ìê�å èî�å çíê�å� é è

ª¨�é�nÀ¤¬c�²À«¹Y�yu�²d�]M�zÀ��¹ ²d�]M�½Z·¹Z-�zÀ��µy¹Y�±%¹zdÀ³�b�¬��²À.³ZÀ¯�¶�¿Z¤¯��åî�å S�
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²d�]M� ²d�]M�zÀ�

��!��������������� ��������� !��
zÀ��µy¹Y�a{Y�¬À¯zdÀ«�¾�u�yu�z-�¾�

ª¨�Ð�zÀ��µy¹Y�±%¹zdÀ³��¬dt¯�½Z·�µuy�yu�½y¹yZ]�±Y|À¯

½y¹
yZ]v
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®·¹ zÀ��½Y�µy¹Y�±%¹zdÀ³��±ºs�½Y�µy¹Y�±%¹zdÀ³�¾.d�]µuzÀ��½Z·¹Z-�½y¹yZ]

æìì

²¿Y�yu�µv¯M�b�u�¶º] j¿Zdº³¾�yz]z.¿u�²À¤¤p¯��yY|-�Z]��é�Ó�
Õ¹çç�uyYu�a¹Zº c��¾´�¯�¾ ´¯�¶�]Yy�¦¿�Z¸³M�yY|-�Yy�½yYu

©Z°doY�¶§�½yº��¶] �v³Y�µuz§zÀ��µy¹Y�±%¹zdÀ³�Z]�½Z·¹Z-�¾´d�]M
{Y�zd�À]æî¾¬À¯zdÀ«�¾�u�yu�z-�é�{Y�zd�À]�Z¿é�æê¾¬À¯�yu�z-
zdÀ«�¾�u�çç�¾´�¯�yº��¶]µy¹Y�±%¹zdÀ³�Z]�½Z·¹Z-�{Y�zd°§�½yYu

b�Y�µuº]�²À¿Z��zÀ��±YyZ¨°·�¹ ±uº-�î�zÀ��¾ ´¯�¶�]Yy�¦¿
z§��yY|º- ½y¹yZº] ¹ zÀº� µy¹Y�±%¹zºdÀ³�²Àº] ¾º�s] v³Y�µu¶

zÀººº� µy¹Y�±%¹zºººdÀ³�bººº�¬��Zººº] ½Zººº·¹Z-��¶ººº§ ½Y�¶³ºººº-
ë�æçZc�ç�æí¾¬À¯�yu�Yy�½zd°§�½y¹yZ]�±Y|À¯��zdÀ«�¾�u�yu�z-

{Y�zd°§�zÀ��µy¹Y�±%¹zdÀ³�Z]�½Z·¹Z-�Z]�¶º�¿Z¤¯ë�æç{Y�zd�À]�Z¿�
ç�æí¾¬À¯�v´d�Yu�zdÀ«�¾�u�yu�z-�±º�«yZ§�¹ ±º��Zd�º-�æç�

¾�s�zÀ��¾º ´¯�¶º�]Yy�¦º¿½y¹yZ]�±Y|À¯�¶§�v³Y�µuy¹M�b�u�¶]
¾³ZÀ¯�mº�º� yu�¶º¬-�ë�æçZc�æé¾¬À¯�zdÀ«�¾�u�z]�z-�zd�À]

bº�¬��{Yb�Y�µuº]�zÀ��µy¹Y�±%¹zdÀ³�½ÇZº] ¹ ²Àº¿Z��½Zº·�yu
¾º�yz]±YyZº¨°·�¹ ºº-�ææ�¾´d�]M�©Z°dºoY�yZº¸]�ªº���yu

yu�¹ uº]�zcÇZ]�v´d�Yu�½zd�À]�zÀ��µy¹Y�±%¹zºdÀ³�¶º§ ¾º¿Z·¹Z-
±YyZº¨°·�¹ {v´º¬¯�¶º�«Z�¯�æì�yu�zÀ��µy¹Y�±%¹zdÀ³��¿Y|º�Y

b�Yu�©Z^³u�¶º] Yy�½y¹yZº] �·Zº§ ±Zdº�]Zc�ªº���¹u�²¿Y�yu
¶º�«Z�¯�ææ¹æì�¶�]Yy�©º���¶À¤]�yuzÀ��µy¹Y�±%¹zdÀ³�²À]�½Y

b�Yv³�uºk¹�½y¹yZ]�¹�
yu�¶�]Yy�²¿Y�uºk¹�½Yz]�¾�Zs�¶Àkºc�¶º# zº-Y¾�yz]Z¯�

ºc¾º¯ ¾º«¹��uyYvº³ uººk¹¶§�¾¿Z·¹Z-�¶§�uz§�±Yº´��²Àº´#�±Yº
²Àº¿Z��zÀº� µy¹Y�±%¹zºdÀ³>ÇZ°doY��vº³Y�µuYu�±Zº�³�Yy�½zºcz·�¶]�

¹ ¶d�Yu�½zd°§�½%z³Y��z�¯�Z¿�¦º�s�µuZº¯ �zº�¯��¾º¬À«u
±%¹zdÀ³�±Y|À¯�¶d^«Y�¹ v³uº]�¶d�z-�yYz£�½%z³Y�¾ ´¯�©uZ�c�bºpc

v³Y�¶d�Yu�|À³�½zc�²À¿Z��zÀ��µy¹Y�c¹z��¹ ½%z³Y�±ZÀ¯�{Y©uZ�c��²ÀX

z]�Yy�zÀgPc�²¿zd�À]�½%zº³Y�¾º ´¯µu{Z]uyYu�¾¬h¯�vÀ«ºc��{Y�¾¨¿
±uYu�b�u�{Y�Z¯�yº�§�¾d�´��½Z·�½yYu¹Z-�yu�j¿Yy�aYv·Z�¯

©ºº� yu�uZº¿{�±{¹æååªÀ«u�¶§�vº�Z]�¾º¯ ¾·uzÀº� ©¹Y�{¹y�
¹ ½Y�¶�ººº¬��uYººº¯ ²Àºº¿Z��bÀºº À§�¹ ½%zºº³Y uº^ºº°§�±M�¾¬ºº�Y

b�Y�½Y�µzd³Z�´§�
d¨¿¹�¹ z´d«Y±º�yº�æî�zÀ��µy¹Y�b�¬��¶§�v³uz§��yY|-

¶¨¬]�b�À³�µzÀk�½%z³Y�Z¿�²ÀXc¹z��¢º¬�¯�bº�¬��ªº�Zo�Z¸´ºc
b�Y�®¸¯�|À³�½%z³Y�¶]�²ÀXc¹z��b^�³�¶��yu�µy¹Y�²À¿Z��b�¬�

vd À]�¡Z cY�v³Yºc�¾¯�b«Zo��«Y�¹ ²ÀXc¹z� mº���¶§�¾¯Z.´·
v�Z]�®§�¹u�z·�½Y�¶º¿x�c�½%zº³Y[�c¹z�X%z³Y�¹ ®§�²ÀuZ¿{�½

¹ v�Z]�«Y�v�Z]���ºd¯�½%z³Y�¹ ®§�²ÀXc¹z���¾«Zo�yu�²¿Y�¹
b«Zo�¶��z·�yu�Yy�¾³Z�¨¿�½y¹yZ]�±Yººc¾º°³�¶º§ bº�Y�>Èh¯

�«Y¹[�b�Yu�yZ�d³Y�
ª¯Yº��¶§�b -�vº¿Z]��ºº°l¯�yu½yZÀ�]½%z³Y��²��v´³Z¯�

®oy�¾d¯È��¹ zÀ��vÀ«ºc��z¿x��¶¿|lc�²ÀXc¹z���z�¯��¾�z�¯
¯ vÀ«ºc�zº]v´d�·�zgR¯�ªh�ì�z]�ª¯Yº��²¿Y�zgY�¦À¨ c�±Z¨¯Y�¹

bº�À³�y¹vº¤¯�ªº°��yu�ªhº¯ vÀº«ºc�±Z�³�½z·Z��¾�yz]�¦¿
zºh§Y�¶º§ vº·u�¾º¯¾¿Z·�¾º�yz]�yY|¯�yu�¹ �À�¹�n���yu�¶§�

¶�]Yy�¹ v³Y�µuz§��yY|-�Yy�¾�£Z´d¯�j¿Zd³�¶d�z-�Zºl³Y��¬dºt¯
u¹vp¯�aZ�«Z�¯�yu�Z¸´c�½º£�¾ ´¯�{Y�zd°§çåå¹Z-��©zd´§�¹

b�Y�µv��ªº�Zo�µvº��zÀ��µy¹Y�±%¹zdÀ³�¶#�z-Y��©Zo�z·�¶]
½Yz]�¾^�Z´¯��sZ��¾«¹�b�Y�½Y�¶¿x�c�[ººs �sZº� ¦º¿

©zd´§µu{Z]v�Z]�v³Yºc�¾°³�Z·¹Z-�¾¬h¯�vÀ«ºc��î��

�]Z´¯µuZ d�Y�uyº¯�
Î�� �¾³Z]z£�æèìæ�½zÀ� ½Z·¹Z-��y¹z��©º�Y�¸ �Y��zÀ^§zÀ¯Y�aYyZ�d³Y��©¹Y��¿Yz¿¹�±Z�

�� %DNHU��/��'���-��'��)HUJXVRQ�DQG�:��&KDOXSD��������5HVSRQVHV�LQ�XUHD�DQG�WUXH�SURWHLQ�RI�PLON�WR�GLIIHUHQW�SURWHLQ�
IHHGLQJ�VFKHPHV�IRU�GDLU\�FRZV��-��'DLU\�6FL����������������

�� %URGHULFN�� *�� $�� DQG� 0�� .�� &O\WRQ�� ������ $� VWDWLVWLFDO� HYDOXDWLRQ� RI� DQLPDO� DQG� QXWULWLRQDO� IDFWRUV� LQIOXHQFLQJ�
FRQFHQWUDWLRQV�RI�PLON�XUHD�QLWURJHQ��-��'DLU\�6FL����������������

�� %XWOHU��:��5���-��-��&DODPDQ�DQG�6��:��%HDP��������3ODVPD�DQG�PLON�XUHD�QLWURJHQ�LQ�UHODWLRQ�WR�SUHJQDQF\�UDWH�LQ�
ODFWDWLQJ�GDLU\�FDWWOH��-��$QLP��6FL�������������
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¾�À^���]Z´¯�¹ ½{y¹Z�§�±º´��¹ º¬��©Z�®d�·��µyZ°�º���|À¿Z�æèíÐ

æìí

�� &DQQDV��$���$��3HV��5��0DQFXVR��%��9RGUHW�DQG�$��1XGGD��������(IIHFW�RI�GLHWDU\�SURWHLQ�DQG�HQHUJ\�FRQFHQWUDWLRQ�
RQ�WKH�FRQFHQWUDWLRQ�RI�PLON�XUHD�QLWURJHQ�LQ�GDLU\�HZHV��-��'DLU\�6FL��������������

�� (OURG��&��&��DQG�:��5��%XWOHU��������5HGXFWLRQ�RI�IHUWLOLW\�DQG�DOWHUDWLRQ�RI�XWHULQ�S+�LQ�KHLIHUV�IHG�H[FHVV�UXPLQDOO\�
GHJUDGDEOH�SURWHLQ��-��$QLP��6FL�������������

�� )HUJXVRQ��-��'���:��&KDOXSD��������,PSDFW�RI�SURWHLQ�QXWULWLRQ�RQ�UHSURGXFWLRQ�LQ�GDLU\�FRZV��-��'DLU\�6FL��������������
�� )HUJXVRQ�� -��'�� '�7��*DOOLJDQ��7��%ODQFKDUG�DQG�0��5HFYHV��������6HUXP�XUHD�QLWURJHQ�DQG�FRQFHSWLRQ� UDWH�� WKH�

XVHIXOQHVV�RI�WHVW�LQIRUPDWLRQ��-��'DLU\�6FL���������������
�� *RGGHQ��6��0��'��)��.HOWRQ��.��'��/LVVHPRUH��-��6��:DOWRQ��.��(��/HVOLH�DQG�-��+��/XPVGHQ��������0LON XUHD�WHVWLQJ�

DV�D�WRRO�WR�PRQLWRUH�UHSURGXFWLYH�SHUIRUPDQFH�LQ�2QWDULR�GDLU\�KHUGV��-��'DLU\�6FL����������������
��� *RGGHQ��6��0��.��'��/LVVHPRUH��'��)��.HOWRQ��.��(��/HVOLH�� -��6��:DOWRQ�DQG�-��+��/XPVGHQ��������5HODWLRQVKLSV�

EHWZHHQ� PLON� XUHD� FRQFHQWUDWLRQV� DQG� QXWULWLRQDO� PDQDJHPHQW�� SURGXFWLRQ� DQG� HFRQRPLF� YDULDEOHV� LQ� 2QWDULR�
GDLU\�KHUGV��-��'DLU\�6FL����������������

��� *XR�� .��� 5�� .RKQ�� (�� 5XVVHN�FRKHQ�� DQG�0�� 9DUQHU�� ������ (IIHFW� RI� PLON� XUHD� QLWURJHQ� OHYHO� RQ� SUREDELOLW\� RI�
FRQFHSWLRQ�RI�GDLU\�FRZV��-��'DLU\�6FL�����6XSSO�����������$EVWU��

��� *XVWDIVVRQ��$��+���-��&DUOVVRQ��������(IIHFWV�RI�VLODJH�TXDOLW\��SURWHLQ�HYDOXDWLRQ�V\VWHPV�DQG�PLON�XUHD�FRQWHQW�RQ�
PLON�\LHOG�DQG�UHSURGXFWLRQ�LQ�GDLU\�FRZV��/LYHVW��3URG��6FL������������

��� *XVWDIVVRQ��$��+�� DQG�'��/�� 3DOPTXLVW�� ������'LXUQDO� YDULDWLRQ� RI� UXPHQ� DPPRQLD�� VHUXP�XUHD� DQG�PLON� XUHD� LQ�
GDLU\�FRZV�DW�KLJK�DQG�ORZ�\LHOGV��-��'DLU\�6FL�������������

��� .DXIPDQ�� $�� -�� DQG� 1�� 5�� 6W�3LHUUH�� ������ 7KH� UHODWLRQVKLS� RI�PLON� XUHD� QLWURJHQ� WR� XULQH� QLWURJHQ� H[FUHWLRQ� LQ�
KROVWHLQ�DQG�MHUVH\�FRZV��-��'DLU\�6FL����������������

��� .RKQ�� 5�� $��� .�� )�� .DOVFKHXU� DQG� (�� 5XVVHN�&RKHQ�� ������ (YDOXDWLRQ� RI� PRGHOV� WR� HVWLPDWH� XULQDU\� QLWURJHQ�
H[FUHWLRQ�DQG�H[SHFWHG�PLON�XUHD�QLWURJHQ��-��'DLU\�6FL��������������

��� /HJHU��(���,��'RKRR��*��.HHIH��-��:LFKWHO��3��$UXQYLSDV�DQG�-��9DQOHHXZHQ��������2EVHUYDWLRQDO�VWXG\�DVVHVVLQJ�WKH�
VLJQLILFDQFH� RI� QXWULWLRQDO� DQG� PDQDJHPHQW� IDFWRUV� DVVRFLDWHG� ZLWK� PLON� XUHD� QLWURJHQ� OHYHOV� GXULQJ� WKH� QRQ�
JUD]LQJ�VHDVRQ��-��'DLU\�6FL�����6XSSO���������$EVWU���

��� 0HOHQH]��3���$��'RQRYDQ�DQG�-��+HUQDQGH]��������0LON�XUHD�QLWURJHQ�DQG�IHUWLOLW\�LQ�)ORULGD�+ROVWHLQ�FRZV��-��'DLU\�
6FL��������������

��� 1DWLRQDO� 5HVHDUFK� &RXQFLO� �15&��� ������ 1XWULHQW� 5HTXLUHPHQWV� RI� 'DLU\� &DWWOH�� �WK UHY�� HG��� 1DWO�� $FDG�� 6FL��
:DVKLQJWRQ��'�&�

��� 2OWQHU�� 5�� DQG� +�� :LNWRUVVRQ�� ������ 8UHD� FRQFHQWUDWLRQV� LQ� PLON� DQG� EORRG� DV� LQIOXHQFHG� E\� IHHGLQJ� YDU\LQJ�
DPRXQWV�RI�SURWHLQ�DQG�HQHUJ\�WR�GDLU\�FRZV��/LYHVW��3URG��6FL��������±����

��� 3RODQ��&�� (���:��$��:DUN���0��0LOOHU� DQG�&�1��0LOOHU�� ������'LHWDU\�<XFFD� H[WDFW� RQ�381�DQG�081� LQ�SUHVHUYHG� DQG�
QRQSUHVHUYHG�PLON�VDPSOHV�IURP�FRZV�JUD]LQJ�LPPDWXUH�RUFKDGJUDVV�DQG�FORYHU��-��'DLU\�6FL������6XSSO������������$EVWU��

��� 3UHGJHQ��$���/��(��&KDVH��������8QLIRUPLW\�RI�PL[LQJ�DQ�GHOLYHU\�RI�WRWDO�PL[HG�UDWLRQV��-��'DLU\ 6FL�����VSSO����������$EVWU���
��� 5DMDOD�6FKXOW]��3��-���:��-��$��6DYLOOH��*��6��)UD]HU�DQG�7��(��:LWWXP��������$VVRFLDWLRQ�EHWZHHQ�PLON�XUHD�QLWURJHQ�

DQG�IHUWLOLW\�LQ�2KLR�GDLU\�FRZV��-��'DLU\�6FL�������������
��� 6$6�,QVWLWXWH�,QF��������6$6�7HFKQLFDO�5HSRUW��6$6�67$7�VRIWZDUH��FKDQJHV�DQG�HQKDQFHPHQWV��UHOHDVH�������6$6�

,QVWLWXWH�,QF��&DU\��1&��
��� 9DQ� VRHVW�� 3�� -��� -�� %�� 5REHUWVRQ� DQG� %�� $�� /HZLV�� ������0HWKRGV� IRU� GLHWDU\� ILEHU�� QHXWUDO� GHWHUJHQW� ILEHU� DQG�

QRQVWDUFK�SRO\VDFFKDULGHV�LQ�UHODWLRQ�WR�DQLPDO�QXWULWLRQ��-��'DLU\�6FL���������������
��� :LOVRQ�� 5�� &��� 7�� 5�� 2YHUWRQ� DQG� -�� +�� &ODUN�� ������ (IIHFWV� RI� <XFFD� VKLGLJHUD� H[WUDFW� DQG� VROXEOH� SURWHLQ� RQ�

SHUIRUPDQFH�RI�FRZV�DQG�FRQFHWUDWLRQV�RI�XUHD�QLWURJHQ�LQ�SODVPD�DQG�PLON��-��'DLU\�6FL����������������
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