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µºÀ¯�¶§�v·u�¾º¯ ±Zº�³�¶´º]¹ zd�À]�¾§º��½YyYu�µv��vÀ«ºc�½Z·

¶d���µuz-�Z]�¾¬·Y�¶d���¾³Zº��Y�µuzº- ¶º] b^º�³�½zºd°§�±{¹
µuº]�¾¬·Yv³Y�î��o¹�¶³º-�¹ ±Z¯z§�®£y�¶d���²À]�¾£Èc�yu�¾

µuz-�¶§�v·u�¾¯�±Z�³�¶d�z-�ayºº� ZÀ«Yzdº�Y�yu�¶º§ Z¨Àºd³ÈcM
µZcº§�µuzº- ¶«ºº« Z¨Àºd³ÈcM±v��µZÀ��f�Z]�¹ µuº°³�vÀ«ºc�½zc

²À´k��¤��µzsÇZ]�¹ ±Yv°tc�µyYº¿u�¶º] ¦º°tc�©Zº�cY�ªºp¯
uºº�¾º¯�é��yZºgM� µºÀ¯�º°³�¹ v�y�zº] µuzº- ¶º³Yu�zd�À]�¶d�

b�Y�µv���yY|º- ZÀº³{Zd¯�¶º] �º]zº¯�±Y|À¯�uyYº¯�²¿Y�{Y�¾¨¿
¾º³Yv´sbº�Yv�Z]�¾¯�ZÀº³{Zd¯�yZºgM�{Y�¶º§��¿Yz��yu�¶d���yu

^¿zº¤c�¾º�À^�>Zìê�µºÀº¯¹ yx]�½YyYu�Z·çê�¶§�v�Z]�¾¯�¥º�
Z°doY�¾§º��b¬�>Ç¶d���yu�²À´k��¤��¹ ¾�yZ§º´cyZ��¶]��º]z¯�

b�Y��æ��í��{Y�¾¨¿¾§º��uZl¿Y�yu�®¸¯�ª¯Yº��µuz-�¶³Yu��º³�
¶³º-�{Y�¾��]�µuz-�¶§�vº�Z]�¾º¯²¿Y�v¿v�c�\^��¾�o¹�½Z·

¾º¯ µvº¿v�v³º��¶³Z-¹u�¾³Z��Y�µuz-�uyº¯�yu�¾�yY|-�±º´§Zc
�·Zº§ zº]yZºgMµuz-�¶³º-�½Z·¶d���yx]�bÀ À§�z]�¾�o¹�½Z·

b�Y�µv�³�¶WYyY�yu½¹y��·¹&��¦¿µuz-��º³�¹u�{Y�¶§�\À��
]¶©¹Y�µuz-��b�Y�µv��µuZ d�Y�z.¿v¨¿�{Y�{¹y�¹u�Z¿�¦¿�¶¬�Z�

\À��yu�yx]�¹ µºÀ¯�ªÀ¨�c�yu�­¹u�µuz-�zÀgPc�¾º¿MyZ§�\kºº¯
uº��¾º¯�ææ��Z]�±M�µuz-�¶§�¾¯Z.´·��Zd´¿Y�¦¯�®£y�\À��yu

²À]�{Y�\^���v¿uz-��º¬t¯�~�À«uuy�®º£y�\Àº� µuzº¯ µuzº-
v��±M�yu�½yZ-{Z�Z³�uºs�±uzº]�µv¿v��²¿Yµv¿u�¶d���uyº¯�yu

bº�Y�µvº�³�¾�yz]��·¹&��²¿Y�{Y��vº· ²¿Yzº]Z´]yZgMµuz-�
¹ ¾�o¹�¹ ¾¬·Y�¶d���µuz-�Zº] ½vºo¹Y�®º£y�¶º³Z-�¹u�¾³Zº��Y

®º·¶º�¿Z¤¯�²Àº´#yZgMµuz-yu�¾¬·Y�¶d���µuz-�Z]�¾�o¹�½Z·
¶d���yx]�¹ µºÀ¯�bÀ°§�¹ bÀ À§b�Y�

¯�¹y�¹ uYºZ·
æ�M©¹Y��¿Z¯{�u ¾³Z��Y�µuz-¶³Z-¹
º]¶¤�´¯�yu�½vo¹Y�®£y�{Y�bsyu�yZ¸#��¿Z¯{M�²¿Y�­Zl³Y�½Yz

yu�¡ºº³éåZl´��y�©Z°��½zd¯º¬À§�±¶d���¾cyZlc��Z]�¦¿�yu
Z^¿z¤c�²��¹ µ{Yv³Y��ª¨���Zp«�{Y�¶§�v³uº]�bsYº´¨¿�[Ztd³Y�

v³v��bsyu�z·�½¹yæå{Z]�{Y�ª^£�¹ v��¶d�z-�z�³�yu�¶sZ��
¶�ºs�ª¯Z§�±vº�¶sZ���ª-�½Z·¶�À§�¶¬À�¹�¶]�Z·¶¿Ç�¹u�½Z·

ªº°¬¯�v³v��µv³Zº�º�¶�ºs­Z°c�¶¬oz¯�yu�¶sZ��z·�ª-�½Z·
ª-�ª-�®��Y�b°�£�¶§�¾¯Z.´·�¶�ºs�½Z·¹ v³uº]�µv��{Z]�Z·

uº]�,³y�¾cyº��Zº¸³M�¶º«È§�b�t³¾³Z��Y�µuz-�©¹Y�µuz-�Z]�
¹ v³vº�çéayº��¾³Zº��Y�µuzº- ­¹u�µuzº- Zº] vº�]�b�Zº�
b�zº-�¹&��²º¿Y�yu¾¬·Y�¶d���¹ ¶´]��Z¨Àd³ÈcM�µuz-�¶³Yu�{Y��·

�¾³Z�¬º� ®º£y�º]¶v³v��µuz]�yZ§�¶]�yZ°Àc�µu�ayºº��Z·yZ°Àc
\À§zºc ª¯Zº�v³uºº] zº¿{�¶º³Z-¹u�½Zº·�æ�¾³Z�¬��©¹Y�µuz-�
�¶´]�­¹u�µuzº-¹ç��Z¨Àd³ÈcM�­¹u�µuz-�¹ ¾³Z�¬��©¹Y�µuz-�è�

�Z¨Àºd³ÈcM�­¹u�µuzº- ¹ ¶´º] ©¹Y�µuzº-é�©¹Y�µuz-�µ¹z-�¹ ¶´]�
�¾³Z�¬º� ­¹uê��¶´]�­¹u�µuz-�¹ Z¨Àd³ÈcM�©¹Y�µuzº-ë�µuz-�

�¾³Z�¬��­¹u�µuzº- ¹ Z¨Àºd³ÈcM�©¹Yì�¹u�z·�­¹u�¹ ©¹Y�µuz-�
�¶´º]í��Z¨Àd³ÈcM�¹u�zº· ­¹u�¹ ©¹Y�µuzº-î�­¹u�¹ ©¹Y�µuz-�

�¾³Z�¬º� ¹u�zº·æå�uY{M�¾³Zº��Y�µuzº-�¾º�À^��¶³º-�µuz-
º���®º£y�¹ Z¨Àºd³ÈcM¶]�¶d�]Y¹��¶¿zº�Z³�µZ.dº�¿Y�{Y�¾³Z�¬º� ¶d

yu�¶d���aZ¤Àº¤pc�¶º��R¯èå¶À¸c�±Zl´��y�[º´k�½zd¯º¬À§�
yu�|¿¹Yy�¶¤�´¯�{Y�¶´]�µuz-�¹ µv¿uz-éå¾£z��[º´k�½zd¯º¬À§�
¶Àº¸c�¾º�o¹�±Zdºsyu�{Y�±Zl´º��yv��]¶{Y�½zÀ-º¬k�yº�´¯

µuz-��¾³Z��Y�µuz-�­Z.´·�yu�b«º¸��¹ µuz-�¶º³Yu�¾º-uº«M½Z·
] z�³�uyºº¯¶,³z��¶¬À�¹êå¶�À§�±¹yu�¶] ¾��¾��µvÀ�Z��Z·

vº��¾³Z��Y�µuz-�z·�¶¬�Z��yu�¾³Z��Y�µuz-��¬dt¯�ªoYz¯�yu
¦À¬ÀcY�ª¨«Y�Z]�ª¿Z�¹�¹ b�uìå�¾³º �v�v�¾-uº«M�{Y�Zc�

¶³Yuuº��½zÀ-º¬k�¶d�YºsZ³�µuz-�½Z·�
Yº¿¥º¬]�mz��\º«Z£�yu��¿Zº¯{M�²µu�Z]�¾�uZ�c�ª¯Z§�½Z·
°Àºc¶]�j¿Zd³�¹ v��­Zl³Y�yYz¨c�yZ¸#�¹ yZZ]�²¨³Yu�±º¯{M�¦°§

v³v��¶�¿Z¤¯�®·�
]º�.´·�¾³Zº��Y�µuzº- {Y�v¯Zª-�¶«È§�¶§�¾µº¸£�Z·,³y�½Y

¶º�À§�v³vº�¶sZº� ½¹y�{Y�Zº·v³v��¶d�Yuz]�Z·�µuz-�±Z¯{�{Y
¶^cz¯�¶��yZ°Àc�z·�yu�µºÀº¯ uYvº�c�bº�Yuz]�­Z.´º· Zºc ¾³Zº��Y

¹ ²¿v]�Zc�v¿uzº- �yZ°º�¶¿º³Zg��¶À«¹Y�µºÀ¯�ªÀ¨�c�v�yu�¶¬À�
¹uº���t�¯�µºÀ¯��|¿y�±Y|ºÀ¯�²Àº´#�®º· ¹ ¾º¿Z¸³��v�yu

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
83

.8
.1

.4
.0

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
06

 ]
 

                               2 / 9

https://dor.isc.ac/dor/20.1001.1.22518517.1383.8.1.4.0
https://jcpp.iut.ac.ir/article-1-403-fa.html


yZgM¶³Z-¹u�¾³Z��Y�µuz-�¹ µuz-�¶³Yu��^´¯�]¹ µºÀ¯�ªÀ¨�c�z���

éæ

µºÀ¯�uYv�c�{Y�µuZ d�Y�Z]�µºÀº¯ ªÀ¨º�cª-�uYv�c�¹ µv³Z°À£Z]�½Z·
²ÀÀ�c�¶À«¹Yv��¹ v¿uz-��yZ°��¶�ºs�v��¦¿�yu�ª-�uYv�c

yu�ª-�uYv�c�±Yº´��¶]�Z¸³M�²À.³ZÀ¯z·�v��¶d�z-�z�³�yu�¶�ºs�
b�Yuz]�­Z.´·�yu�¶�ºs�v¿uz-�b�Yuz]�yZ°Àc�z·�yu�¶d���½Z·

�¾§º��v�yu��¾º¯z�v]�vº�yu��¾º¿Z¸³�µºÀº¯ ªÀ¨º�c�vº�yu�¹
¹ µºÀ¯�¦�s��z��¹ ©º���µºÀ¯�¦�s�±{¹��¾³Yv´s�vº�yu

v¿uz-�²ÀÀ�c�yx]�±{¹�

Ï�{M­¹u��¿Z¯�yZgMµuz-�¶³Yu��^´¯�
¿Y©Z��yu��¿Z¯{M�²æèìëyZgM�¹ Y|kYµuz-�¶³Yu�½Yz]�,³ºt¬§�

²Àdº�t³¶³Yu�z¿Z��Z]�µYz°·�yZº]µuz-�¹ ¾¬·Y��¾�o¹�_uz-�½Z·
uY{M�¾³Z��Y�¾�À^��¾�yz]�½vo¹Y�®£y�½¹yv��ªoYz¯�¶À¬§

v��­Zl³Y�©¹Y��¿Z¯{M��¹y�¢]Z�¯��¿Z¯{M�

d³j¿Z
æ�-¶³Z-¹u�¾³Z��Y�µuz

�«Y�uº]�¾¬·Y�¶d���¶³º-�{Y�©¹Y�µuz-�¶§�¾¿Z·yZ°Àc
Àcº§ ¾º¿Z·yZ°� µuz-��ºº³ {Y�­¹u�¹ ©¹Y�µuzº- ¶�¾¬·Y�¶d�®£y

¾³Z�¬º��v³uºº]�v¿uzº- ªº�Zo�¾º]º¬�¯�j¿Zdº³�µuz-�yZ°Àºc
¾³Z�¬º��§ ¾³Z�¬º�ºd°²¿zd�À]�¹ ¾¯z�v]�¹ ¾§º��±Y|ºÀ¯�²¿z

uº]�YyYu�¶³Z-¹u�¾³Z��Y�µuz-�½Z·yZ°Àc�²À]�yu�Yy�|�¯�±{¹�±Y|À¯
�©¹vºk½Zº·æ�ç��ª-�¶§�¾º¯Z.´·�¬��µuz-�Z]�©¹Y�Z·¾³Z�¹

z-�Z]�~��uv³v��¾³Z��Y�µuz-�Z¨Àd³ÈcM�µ�{Y�½yYv¤¯�yZgMb^h¯�
­¹u�µuz-��º�ºc�¾³Z�¬º� µuzº-�Z¨Àd³ÈcM�] v��¶d�Z§¶½yº�

yZ°Àc�Z]�¶�¿Z¤¯�yu�¾¯z�v]�±Y|À¯�¹ ¶d�Z§�¾º³Yv´s�±Y|ºÀ¯�{Y�¶º§
¾³Z�¬º��v��µu¹|�Y�¾³Z�¬º��©¹vk½Z·æ¹ç��¶§�¾¯Z.´·

Z]�¾³Z��Y�µuz-�{Y�v�]�v��µuZ d�Y�¶´]�µuz-�{Y�¾³Z�¬��µuz-�yZgM
½zºcuZ¿{�[ºº¬�¯Z³µvº¿uv���©Z��yu�yZ°Àc�²¿Y½Z·ìê¹ìë

�©¹vºk½Zº·æ¹ç�¾¯z�v]�¹ ¾³Yv´s�v�yu��yx]�±{¹�z�³�{Y
¾´�¯�a¹Zº c¾³Z�¬��yZ°Àc�Z]�½yYu�b�Yu�¾³Z�¬���yZ°Àc�²¿Y

x]�±{¹�±v��¶dº�Z§�fº�Z]yz�v]��¿Y|�Y�¹ ¾³Yv´s�v�yu��¾¯
¾³Z�¬��yZ°Àc�Z]�¶�¿Z¤¯�yu�v��¾³Z�¬���

[�uº]�¶´]�¾�o¹�¶³º-�{Y�©¹Y�µuz-�¶§�¾¿Z·yZ°Àc
´·¹u�z·�­¹u�¹ ©¹Y�µuz-�¶§�¾º¯Z.]¶´]²¿zd�À]�v³uºyZgM¾ ´¯�
yuµuz-�¹ ¶º³Z-�¹u�¾³Zº��Y�µuzº- ½Z·yZ°Àºc z¿Zº� Zº] ¶º�¿Z¤¯

v¿uz-�ª�Zo�uY{M�¾³Z��Y�©¹vk½Z·æ¹ç��u yZ°Àc�²¿Yz·�y
±{¹�¹ yx]�±{¹��¾³Yv´s�v�yu�²¿zd°§�½YyYu��¿Z¯{M�©Z��¹u

¹ ¾§º��±Y|À¯�²¿zd�À]�¹ µºÀº¯ ¦º�s]uº]�¾¯z�v�©¹vk½Z·
æ¹ç��©Zºº� yuìêµuzºº- {Y��¶´ºº] µuzºº- {Y�vºº�]�¶ºº§ ¾ºº¯Z.´·�

¶´º] yZ°Àºc Zº] ¶º�¿Z¤¯�yu��vº� µuZ dº�Y�Z¨Àºd³ÈcM�a¹Z c�¶´º]
¾ºº´�¯¹ �yxºº] ±{¹�v´ºº³Z¯�¾cZ ºº� yu�½yYuµºÀºº¯ ¦ºº�s�±{¹

] ¹ v¯M�v¿v��¾º¯z�v]¶{Y�¾¬§�yº�yZgM[º¬�¯Z³�]¶´c½u¹vo�Z
v��¶dº�Z§�©Z��yuìë¶´]�yZ°Àc��¶´]�yZ°Àc�¶]�b^�³�Z¨Àd³ÈcM��

] ¾¯z�v]�±Y|À¯�¶´]¶¾´�¯�yº�b�Z¿��·Z§�½yYu�©¹vkç��
§µuzº- uzº]yZ¬º�¾³Z�º]¶¶´]�{Y�v�]�­¹u�µuzº- ±Yº´º�yZgM

�Y�µuz-�[ºº¬�¯Z³Y ¾³Z�¹�·Z§�½uZ¿{�u¹vo�Zc�Yy�¶´]���ºc�©
º] �uYu¶½yºº� c�¾¯z�v]�¹ µºÀ¯�¦�s�±{¹��yx]�±{¹�¶º§¹Za
¾ºº´�¯¾³Zºº��Y�µuzºº- yZ°Àººc Zºº] ½yYuºº]¶´�bºº�Yu��¶´ºº]�yZ°Àººc
¶´º]�¶´]�yZ°Àc�Z]�¶�¿Z¤¯�yu��¾³Z�¬����Z¨Àd³ÈcM��©¹vk½Z·æ
¹ç�¾´�¯�a¹Z c�¾¯z�v]��Zp«�{Y�Z¸´cu ®·�Z]�½yYuv´d�Y�

i�cuº]�Z¨Àd³ÈcM�¾�o¹�¶³º-�{Y�©¹Y�µuz-�¶§�¾¿Z·yZ°À
´·yZ°Àºc ¶º§ ¾º¯Z.cMZ¨Àºd³È�Z¨Àºd³ÈcMº]yZ°Àc�ZcMZ¨Àd³È�¶´]�
¯¶º�¿Z¤v�aZ ��¶À¬§�yu��Yµ{Yv³¾´�¯�a¹Z c�µv��½zÀ-½yYu

µvº¿uvº�³��©¹vºk½Zº·æ¹ç��¾«¹µuz-�{Y�v�]�¶§�¾¯Z.´·�
cMZ¨Àºd³ÈYµuzº- {¬�¾³Z�Yv��µuZ d��©¹vkæ�Z]�¶�¿Z¤¯�yu

¹u�z·�­¹u�¹ ©¹Y�µuz-�¶§�½yZ°ÀccMZ¨Àd³È]º³uv�yu�z�³�{Y��v
¾´�¯�a¹Z c�µºÀ¯�¦�s�±{¹�¹ ¾º§º�½yYuµv¿u©Z��yu�¹ v��

ìë��©¹vºkç�a¹Zº c¾§º��±Y|À¯�¹ yx]�±{¹��Zºp«�{Y�¾º¿Z·
v¿uzºººº- v·Zºººº�¯�½Z·yZ°ÀººººcMZ¨Àººººd³Èc�¾³Z�¬ºººº�¹

M¨Àºd³ÈcZ�¶´ºº]u©Zºº� yìê��©¹vºkæ�¹ yxºº] ±{¹��Zººp«�{Y
©Z��yu�¹ ¾º§º��vº�yuìë��©¹vkç�±{¹��yx]�±{¹��Zp«�{Y

¾´�¯�a¹Z c�z.¿v¨¿�Z]�¾§º��v�yu�¹ µºÀ¯�¦�sv´d�Yu�½yYu�
]¶�º§ yºº]yZ§�¾¬ºµuz-�uz¬��º¾³Z]�ºµuz-�{Y�vcMd³ÈºZ¨Àuy
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¾�À^���]Z´¯�¹ ½{y¹Z�§�±º´��¹ ­º¬��©Z�®d�·��µyZ°�©¹Y��yZ¸]æèíÐ

éé

µuz-�uz]yZ§�Z]�¶�¿Z¤¯]¶´]µuz-�{Y�v�cMZ¨Àd³ÈyZgM[º¬�¯�½zc
]¶v¯M�b�u�

u�cv³uº]�±Z�¨¿�­¹u�¹ ©¹Y�µuz-�¶§�¾¿Z·yZ°À
Z.´·Z]�¶�¿Z¤¯�yu�uº]�¾¬·Y�¶d���®£y�­¹u�¹ ©¹Y�µuzº- ¶º§ ¾º¯

¶³ºº- µuzº- {Y�¶º§ ¾º¿Z·yZ°Àc�v��µuZ dº�Y�¾º�o¹�½Zº·yZgM
µ{Yv³Y�aZ ��z]�¾¬·Y�¶d���µuzº- [ºº¬�¯mº�¹�¶]�µv��½zÀ-

v¿uz-�yZ¨�M�yuc¶³º-�{Y�­¹u�¹ ©¹Y�µuz-�¶§�½yZ°À]¶´º]yu�u
¹u�¹ ©¹Y�µuzº- ¶º§ ½yZ°Àºc Zº] ¶º�¿Z¤¯¾¬·Y�¶dº���¶³ºº- {Y�­

�º�¾³Z�¬�ºº]¦�s�±{¹��yx]�±{¹�v´º³Z¯�¾cZÀº�º�s�yu�v³u
¾´�¯�a¹Z c�¾¯z�v]�¹ ¾§º��v�yu��¾³Yv´s�v�yu��µºÀº¯½yYu

v��µvº¿u���©¹vk½Z·æ¹ç��½Z·yZ°ÀccMZ¨Àd³È�d³ÈcMÀZ¨¹
º�¾³Z�¬º�¾³Z�¬º�Yv�yu��¾³Yv´s�v�yu��yxº] ±{¹��Zºp«�{

¨¿�Z]�¾¯z�v]�¹ �¾§º�v.¿¾´�¯�a¹Z c�zv´d�Yu�½yYu�½Z·yZ°Àc
cMZ¨Àºd³Èº�Z¨Àºd³ÈcM�º] ¹¶´�¶´]Y¦�s�±{¹��yx]�±{¹��Zp«�{

µuz-�¹ v´d�Yu�½yYu�¾´�¯�a¹Z c�zº.¿v¨¿�Zº] ¾º¯z�v]�¹ µºÀº¯
cMZ¨Àººd³ÈyZººgMººº¬�¯�[µuzºº- Zºº] ¶ºº�¿Z¤¯�yu�½zººcºº]¶´ubºº�Y
�©¹vk½Z·æ¹ç��
ç�c¶³Z-¹u�¾³Z��Y�µuz-�j¿Zd³�\À§z©Z��\À§zc½Z·ìê¹ìë
dº³©¹vk�yu�¶³Z-¹u�¾³Z��Y�µuz-�¾º^À§zc�j¿Zèµv��µuYu�±Z�³�

bº�Y�µuYu�²Àº.³ZÀ¯�©Zº� ½Zº·½Zº·ìê¹ìë¶§�v·u�¾¯�±Z�³�
yZ°Àºcº]¶´º�¶´º]³uY{M�¾³Z��Y�µuz-�¹ Z·yZ°Àºc z¿Zº� ¶º] b^º�

º]¶xº] ±{¹�ª£Yvºo ½YyYu�\Àczºcyv�yu��µºÀº¯ ¦º�s�±{¹��
z�v]�²¿zdº�À]�¹ ¾º³Yv´s¾¯b�Y��©¹vkè��yZ°Àc�¶�¿Z¤¯�yu

¾³Z�¬º�º�Z¨Àd³ÈcM�½Z·yZ°Àc�¶º] b^º�³�¾³Z�¬º�º�¹ Z¨Àd³ÈcM�
¶´º]º] �¶´]�¶¾´�¯�yº�v�yu�¹ µºÀ¯�¦�s�±{¹��yx]�±{¹�½yYu

¹ �¿Y|�Y�Yy�¾³Yv´s¯uYu��·Z§�Yy�¾§º��¹ ¾¯z�v]�±Y|À�uz]yZ§
µuzº-¾�o¹�½Zº·]¶´¹cMZ¨Àd³È]µuz-�{Y�v�¬�¾³Z�c½u¹vo�Z

{YyZºgMµuzº- [ºº¬�¯�¬º��µºÀ¯�¦�s�±{¹��yxº] ±{¹�zº] ¾³Z�
v³uYu��·Z§�Yy�¾¯z�v]�¹ ¾§º���¾³Yv´sv�yu�©¹vkè��

è�Y¶³º-�µuz-�zg¾�o¹�½Z·
yub°�£�²¿Y�yZgM¶³Yu�µuz-�½Z·]¶´�Md³ÈcºÀºZ¨�d��º·Y�¶º¬º¾

�¾³Z�¬º��Zº] ¾º�À^��¾³Zº��Y�µuzº- �z-±º´§Zc�¶§�,³ºt¬§�µu
|º-uºº] µvº�³��yY©Zº� ½Yzº]ÔÓ¶º³Z-Yvk�µvº� ¶º�¿Z¤¯�v³Y
�©¹vºké��¶]��º]z¯�¶À«¹Y�µºÀ¯�ªÀ¨�c�v�yu�±Y|À¯�²¿zdº�À]

Z]�¾³Z��Y�µuz-�¶]��º]z¯�±M�²¿zd°§�¹ uY{M�¾³Z��Y�µuzº- yZ°Àºc
µuzºº-,³ºººt¬§�ººs¦l´�uººº]�¶¿ººº³Zg�µºÀºº¯ ªÀ¨ºº�c�vºº�yu

¶³ºº- µuzº- Zº] ¾³Zº��Y�µuzº- ½Z·yZ°ÀºcZ c�¾º�o¹�½Zº·a¹
¾º´�¯µuzº- Zº] ½yYuº�¾³Z�¬¹®º·v´d�Yv³�z.¿v¨¿�Z]�²Àº´#�

uY{M�¾³Z��Y�µuz-�yu�¶¿º³Zg�µºÀ¯�ªÀ¨º�c�²¿zdº�À]µv¿uv���yu
µuzº- ²Àº]º] ½Zº·¶À¯�¦�s�¾¯z�v]�²¿zd�À]�µv��µuz]�yZº§ºµ

µuz-�Z]�¾³Z��Y�µuz-�{Y�±M�{Y�v�]�¹ ¶´]�µuz-�¶]��º]z¯,³ºt¬-
]¶v¯M�b�u�

º-z¶³ºº- µuMcÈ³Z¨Àºd³µuzº- z¿Zº� ¶º] b^º�¾�o¹�½Z·
vºº� \kººº¯ Yy�¾ºº¯z�v]�²¿zººd°§�¾³Zºº��Y�µuzºº- ½Z·yZ°Àººc

µuzºº- Zºº]½Zºº·ºº�¾³Z�¬¹Yy�¾ºº¯z�v]�±Y|ººÀ¯�²¿zººd°§�uY{M
a¹Zºº c�Z·yZ°Àººc z¿Zºº� ¶ºº] b^ºº�³�¹ v´dºº�Yu¯¾ºº´�±Zºº�³�½yYu

v³uYu�©¹vké��
uyµuzº- ²Àº]] ¾º�o¹�½Zº·¶v�yu��Zp«�{Y�µv��µuz]�yZ§

a¹Zºº c�¾ºº§º�½yYu�¾ºº´�¯�µvºº¿uZºº] ¶ºº�¿Z¤¯�yu�¾ºº«¹ vºº�³�
µuzº-¬º�¾³Z�c¾º´�¯�a¹Zº v��µv·Z�¯�½yYu�±Y|À¯�²¿zd�À]

uY{M�¾³Z��Y�µuz-�¶]�±M�²¿zd°§�¹ ¦l´s�yZ°Àc�¶]��º]z¯�¾§º�
uºº]�µuzº-- ½Z·º¶³] ¾�o¹�½Z·¶±Y|À¯��Zp«�{Y�µv��µuz]�yZ§

¾º´�¯�a¹Zº c�¾º³Yv´s¶�¿Z¤¯�yu�¾º«¹��v´dº�Yv³�½yYu]- Zµuz
®£y�Z]�¾³Z��Y¬�¾³Z�¹¾´�¯�a¹Z c�uY{M�v��µv·Z�¯�½yYu�yu

µuz-��¾³Z��Y�µuz-�½Z·yZ°Àc�²À]]¶´º¯yu��·Z§�²¿zd�À]�\k
v¿uzº- µºÀº¯ ¦º�s�±{¹�©¹vké��µuz-�Z]�¾³Z��Y�µuz-½Z·

¶³ºº-¾³Z�¬��®£y�µuz-�Z]�¾³Z��Y�µuz-�¶]�b^�³�¾º�o¹�½Zº·�
v³uYu��·Z§�Yy�yx]�±{¹�©¹vké��

p]f
æ�-¶³Z-�¹u�¾³Z��Y�µuz
z·z]�¶³Z-�¹u�¾³Z��Y�µuz-�½¹y�¾�·¹&��±º´§Zc�¶§�v´#v�yu

bº�Y�µvº�³�­Zºl³Y�¶dº���yu�µºÀº¯ ªÀ¨º�c¾º«¹�º�º¯�²º¿Y�
- uz]yZ§�¶§�b�Y�µv���t�¯zµu°³�¾�o¹�½Z·º¾zÀgPc�v³Yºc
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¾�À^���]Z´¯�¹ ½{y¹Z�§�±º´��¹ ­º¬��©Z�®d�·��µyZ°�©¹Y��yZ¸]æèíÐ

éë

v�Z]�¶d�Yu�µºÀ¯�ªÀ¨�c�v�yu�z]�¾º³Yv´#�î��¾³Z��Y�µuz-�yu
¹uzÀÀ�c�¹ uz¨³�¾�º�p¯�zÀÀ�c�µºÀ¯�ªÀ¨º�c�vº�yu�|ºÀ³�¶º³Z-

¾¯�uY{M�¹ ¶º³Z-¹u�½Z·yZ°Àºc {Y�ªº�Zo±v³Z�º��{Y�¾�Z³�v³Yºc
ªº-v�Z]�¶º³Z-¹u�¾³Zº��Y�µuzº- yu�Zº·�¶³Z-¹u�¾³Z��Y�µuz-�yu

>ÇZ°dºoY¹ µuz§�wº ³�¶¯Zs�yu�µuz-�¶«º«�©¹Y�µuz-�uz]yZ§�{Y�v�]�
¾¯�ayºº� mZº¤«�±M�©Z^º³u�¶º]yu�¾°§��¤³�­¹u�µuz-�¹ uzÀ-

¶³º-�µuz-�¶«º«�v�y�¶§�v´#�z· �uyYu�¦°tc�nÀ¤¬c¾�o¹�½Z·
b^�³�¶]�¾¬·Y�¶d���µuz-�¶«º«�v�y�Z]�¶�¿Z¤¯�yu�Z¨Àd³ÈcM�v´º³Z¯

°§ºdv�Z]�¾º¯ z�é�zcu¹{�uz]yZ§�¾«¹zd¸]��z¿x��¹ ©¹Y�µuz-
©¹Y�µuz-�¶§�uº��¾¯�f�Z]�¾³Zº��Y�µuzº- ±Zº¯{�yu�ªº- ¶º«È§

v�Z]�¶d�Yu�µºÀ¯�ªÀ¨�c�¹ nÀ¤¬c�yu�½zdº�À]��º¤³�±Zdsyu�yu
\§z¯�¶�ºs�ayº��¶]�Z¸³M�²¿wM�ª-�±ºº# ¶dº��b�Yª-��Z·

¾º¯ {Zº] j¿yvºc ¶º]v³º��ì��ÇZ°doY�­¹u�µuz-�²¿Yz]Z´]�f�Z]
º-Zº��Y�µuz³ªº- ¾Z·µv��{Z]�©¹Y�µuz-�{Y�v�]�¶§�µvº� ¾º¿v³Y�

¾¯��·¹&��²º¿Y�j¿Zdº³ {Y�²¿Yzº]Z´]bÀ À§�¶§�b�z-�¶lÀd³�±Yºc
�Zº] yu�¶dº��µuz-�zÀgPc�bpc�zd�À]�¾cyZlc�½Z·¶§�v�Z]�¾¯�½Y

¶«È§�n�º� ¶º] zºcu¹{¾¯�µuZ¯�ª-�½Z·µuz-�¹ v�y½v�]�½Z·
zÀgPc�z]�¾³Yv´#�zÀgPcb�Yu�v´·Yºt³�©¹Y�µuz-�½yYx-�

ç�-¶³º-�µuz-�Z]�¾³Z��Y�µuz¾�o¹�½Z·
Yu¶³ºº- µuzº- ¶º³�yu��·Z§�f�Z]�¾º�o¹�½Zº·vyu�¾³Yv´s

¾º¯ ¶dº��lÀºd³�yu�¶º§ v³ºº�`v�Z]�¾¯�µuz-�¶³Yu�½ZÀ³{Zd¯�zºgY�
��è�æå�º] j¿Zdº³ ¹¶aZ¤À¤pc�Z]�|À³��·¹&��²¿Y�{Y�µv¯M�b�u

®·�µv��­Zl³YMuyYu�¾.´·�®·¶³º-�µuz-�¶³Yu�²À´#Z·½¾�o¹�
¾º¯z�v]�±Y|ºÀ¯�²¿zdº�À]�fº�Z]¾cyºº� yu��v³vº�µuz-�yu�¶§

Z]�¶§�v��µv¿u�¾¯z�v]�±Y|À¯�²¿zd°§�¾¬·Y�¶d���µuz-�Z]�¾³Zº��Y
] j¿Zdº³¶®·�±Yz.¿u���ºc�µv¯M�b�uº�¿uyYu�¾�î��aZ�«Z�¯

µuYu�±Z�³�¾�º¨�¹z¨À¯ª-�±v��{Z]�{Y�v�]�¶d ·�¹u�Zc�¶§�v³YZ·
©º¬��ºº°³±¹yu�¶d�º��½Z·b�Y�½uZ��z]¾«¹yu�v�]�¶]�²¿Y�{Y�

©º¬º�uºk¹�¶]�½yZl´·Z³�bt��¶dº�º��¾°Àº�³YyZ��¶º¿Ç�½Zº·
¾º¯uyYu�¾º� yu�Yy�¾º¯z�v]�¶º§ vº¿M�¾¯Z.´·�¾¯z�v]�²¿zd�À]

]¶¾¯�uºk¹¾¯�±v��bt��¶]��¹z��z]�±¹yu�¶§�v¿Mv¿Z°³�ë��
uY¶º³¶d���yu�¾§º��v�yu��¿Y|º�Y�fº�Z]�¾º�o¹�µuzº- ½Zº·

v³vº� ½vºo¹Y�ÇZ°doY��¶³º-�²À]�½yZ-{Z�Z³uº��¾¯�f�Z]�½Y
¶³º-�µuzº- ¶«ºº« ¶º§] v´³Yºd³�¾�o¹�½Z·¶¶d���¶¯Zs�yu�¾]ºs

] ¹ v´¿Z°³�v�y�½vo¹Y¶¹ v�z]�¾´À´k�¶�À§�¶]�µuz-�¶«º«��£º¯
uzÀ-�ayº��mZº¤«�Z]��·¹&��²¿Y�j¿Zd³½Z·�¾�yz]µv��­Zl³Y

uyYu�bº¤]Z�¯�µuz-�Z]�¾¬·Y�¶dº���¾³Zº��Y�µuzº-Z¨Àd³ÈcM�¶³º-
] ¶§�b�Y�µuYu�±Zº�³¶¶¯Zs�yu�µuz-�¶«º«�[ºs�v�y�­v��b¬�

Yy�¾§º��±Y|À¯�¶lÀd³�yu�¹ µv���¤��yx]�¹ ¦°tc��¾¬·Y�¶dº��
®º· �bº�Y�µuYu��¿Y|º�Yf�Z]�²À´k�¹ �Z³v´]�±v��µZÀ��²À´#

uº��¾¯�yx]�v�y�­v��é��
º-z¶³ºº- µu] ¾º�o¹�½Zº·¶¾´�¯�yº�µuz-�¶]�b^�³�½yYu
¶dºº��¾ºº¬·Y�¾³Z�¬ºº��vºº�yusvºº³uYu��·Zºº§ Yy�¾ºº³Yv´�

�·¹&º�¾³Yv´s��·Z§�ª¯Z��¶§�v´·u�¾¯�±Z�³�µv��­Zl³Y�½Z·
yu�Z¨Àd³ÈcM�¶³º-�µuz-�Z]�¾³Z��Y�µuzº- {Y�vº�]�¾º¬·Y�¶dº���yu

¥{Zº³ ¶lÀºd³±¹yu�b¯Zt��±v��zc½yZ´§�½Z·{yu�ªp¯�yu�z]
º��®·�¹ ¶d+y|]�²À´#±¹yu�½Z·{yu�ªp¯�yu�¶¿¹Y{�±v��zcz]

vº�Z]�¾º¯�ê��Çºº�Y�µuz-�Z]�¾³Z��Y�µuzº-f�Z]�¾�o¹�½Z·
ÇZ°doY�¶§�uºº�¾º¯ ¶dº���yxº] ±vº� ¦#ºº§�­v��¶lÀd³�yu

yx]�yu�¾º�Z§�±ºº¯yº·�ªÀ¨º�c�] ¾¿Yx��uYº¯�b¿Yv·¶±M��z�
uºº�¾º¯ ®º§�ç���·Z§�f�Z]�b�Y�²¨°¯�yx]�vº�y��·Zº§

µv��¶d���½yZ´§�½Z·{yu�¶]�¾�Z§�¾º¨À³Z¨¯�yZº���©Zº°�Yyu�¹
¾¯��·Z§�¾³Yv´s�v�yu�¶lÀd³v]Z¿�

�]Z´¯µuZ d�Y�uyº¯
�� &UDQH��-��&��������3DUWKHQRFDUS\�D�IDFWRU�FRQWULEXWLQJ�WR�WKH�SURGXFWLRQ�RI�EODQN�SLVWDFKLR��+RUW��6FL�������������
�� &UDQH�� -��&��������3LVWDFKLR��&5&�+DQGERRN�RI�)UXLW�6HW�DQG�'HYHORSPHQW��%RFD�5DWLDQ��)ORULGD��&5&�3UHVV�� ,QF��

8�6�$��
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yZgM¶³Z-¹u�¾³Z��Y�µuz-�¹ µuz-�¶³Yu��^´¯�]¹ µºÀ¯�ªÀ¨�c�z���

éì

�� &UDQH��-��&��DQG�%��7��,ZDNLUL��������;HQLD�DQG�0HWD[HQLD�LQ�SLVWDFKLR�-��+RUW��6FL���������������
�� 'HKJKDQL�6KXUDNL��<��DQG�0��6HGJOH\��������(IIHFW�RI�SLVWLO�DJH�DQG�SROOHQ�SDUHQWV�RQ�SROOHQ�WXEH�JURZWK�DQG�IUXLW�

SURGXFWLRQ�RI�SLVWDFKLR��-��+RUW��6FL����������������
�� 'HKJKDQL�6KXUDNL��<��DQG�0��6HGJOH\��������6KHOO�VWUXFWXUH�DQG�HPEU\R�GHYHORSPHQW�RI�S��YHUD /��DQG�S��DWODQWLFD�

'HVI���$QDFDUGLDFHDF��IROORZLQJ�LQWHU� DQG�LQWHUVSHFLILF�SROOLQDWLRQ��,QWHU��3ODQW��6FL��������������
�� 0HWKHQH\�� 3��� /�� %DXJKQ� DQG� /�� )HUJXVRQ�� ������ &URS� ORDG� UHODWHG� GHIRUPLW\� RI� GHYHORSLQJ� 3LVWDFLD� YHUD /�� FY�

.HUPDQ�QXWV��&DO��3LVWDFKLR�,QGXVWU\��$QQ��5SW��SS���������
�� 1LNODV��.��-��DQG�6��/��%XFKPDQQ��������$HURELRORJ\�DQG�SROOHQ�FDSWXUH�RI�RUFKDUG�JURZQ�3��YHUD���$QDFDUGLDFHDH���

$P��-��%RW����������������
�� 3ROLWR��9��6��DQG�-��&��/X]D��������%ODQNLQJ�LQ�.HUPDQ�SLVWDFKLR��'HSDUWPHQW�RI�SRPRORJ\��8QLYHUVLW\�RI�&DOLIRUQLD��

'DYLV��&3&��)RXQGHG�5HVHDUFK��SS���������
�� 5LD]L��4��������7KH�HIIHFW�RI�9DULRXV�SROOHQ�JUDLQ�RQ�JURZWK�DQG�GHYHORSPHQW�RI�3��YHUD QXWV��06��7KHVLV��6KLUD]�

8QLYHUVLW\��6KLUD]��,UDQ�
��� 5LD]L��*���0��5DKHPL�DQG�6��.KDQL]DGHK��������(IIHFW�RI� VHOHFWHG�SLVWDFKLR�SROOHQV�RQ�GHYHORSPHQW�DQG�TXDOLW\�RI�

SLVWDFKLR�QXWV�RI�WKUHH�FRPPHUFLDOO\�JURZQ�FXOWLYDU��-��3ODQW��1XWU���������������
��� 9LVVHU��7��DQG�-��-��9HUKDHFK��������3ROOHQ�DQG�SROOLQDWLRQ�H[SHULPHQWV��,,��WKH�LQIOXHQFH�RI�WKH�ILUVW�SROOLQDWLRQ�RQ�WKH�

HIIHFWLYHQHVV�RI�WKH�VHFRQG�RQH�LQ�DSSOH��(XSK\WLFD������������
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