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íë

>L@��´§Y¹�bº�¬��z.�W���±Z¯{�9��½zd¯ºÀ§ºd�Y�zd¯YyZ��>$@¹
>%@µv´º·u��´º§Y¹�bº�¬��½Zº·$¹%¹D¹E�´§Y¹�¶^cz¯�

Y|l¯�yº��¶]�µv³º��\À§zc�uYº¯�½Yz]��´§Y¹�¾¿|k�¶^cz¯��
¶]�¶�À°·�µv³{�½Z·�®d�À��yu�¹ ¥Zs�yu�Z·��´§Y¹�b�zº�

uyYu�¾.dºº�]�zººÀ�d¯�v´ºº#�µ{Yvºº³Y½zººÀ-¯{M�½Zºº·Zºº¿ ¾·Z.ºº�¿Z
¶�y|º¯±Z¨¯Y�¾¯Z.´·��º¤��½Y|k�¶]�Z·zÀ�d¯�­Z°c�¶§�b�Y�z¿x�

uº��¶d�Yu�¶.³�bº]Zg�¾º¨¿�²¿Y�b¬��¶]Z¿�¾¨¿�½Z·zgY��¤��¶§
µ{Yvº³Y�ªº]Z£�Z·zºÀ�d¯�{Y�¾º��]¶]��´§Y¹�b�z��v´d�·�½zÀ-

¶^cz¯�¶^���£Y¹�yu��´§Y¹�¶^cz¯�¹ µvº� �Àº�ºc��£Zº³ yºº�
bº�Y�d¯�¶^��µ%Y¹P¾´�¯�¶³Z �¾¯�Yy�²À�¹yu�Z¿��{yY�®§�v·u
¾º«¹²º¿Y�yu�½Yz]�¶�º]z¯�®d�À��¶§�b�Y�¾´�¯�²¿v]��¤��Zºk
µ{Yv³Yb�Y�µvÀ$À��yZÀ�]�ª¯Z§�½zÀ-�çç¹çé��
¯º«uZ�½Z·�¶ºº½yZÀ�]�ºc�½Yz]�º§Y¹�b�z���Àº·�´ºyu�Z

b�Y�µv��µuZ d�Y�¥Zs�¹ ¾�y�½Z·�¾³Z§�æ�é�ë�ì�Õ�î�ææ�
æè�ÎÕ�æî�çå�çæ¹çé��¶�]Yy�aÇuZ�¯�²¿Y�{Y�½yZÀ�]Yy�½Y

¾¯�uZ¸´º�À��b�zº� \¿Yzº� ¶^º�Zp¯�½Yzº]v´´§�\¿Yz��²¿Y
¾º¯©Z���½%z³Y�²ÀÀ�c�½Yz]�v´º³Yºcµv´´§��´§Y¹�½{Z�µuZ d�Y�Z·

v³ºº��©Z���½%zº³YYy�¾cZ�È�Y�uºs�¶]º³�¶]�½{Z�Z]��Z^cyY�yu
¾¯�yZ¨�M�b�z��µv´º´§�u¹vºp¯�¶¬ozº¯v´§�çç¹çé��ÇuZ�¯�a

ª¯Z��¾¿ZÀ°À��½Z·��´§Y¹��À�ºc�yu�µvº� µuZ dº�Y�¾¨Àd´Àº�
�µv��µuZ��"¿¹º«Y��"¿¹ºº«Y��z º� ¶^czº¯ �©¹Y�¶^czº¯ aÇuZº�¯

d³Yºº�ºyZ·º«xº½ºº«º�3DUDEROLF� GLIIXVLRQ�c ¹ºº]Zº³ �º¿Z°º¾
¾¯v´�Z]�

ÇuZ�¯a¹ ¥Zs�yu�Z·��´§Y¹�b�z���À�ºc�yu�©¹Y�¶^cz¯�
¤¤p¯���ºc�¾�y�½Z·�¾º³Z§Z±�]½yZÀb�Y�¶d�y�yZ§�¶]��ê�æé�

çå¹çê��yu½Z·�¾º�yz]~§yZ��Y�¹ ²ÀcyZ¯��æé�¹ uyZ°À��¹
±YyZº¨°·�çå�¶«uZ�¯�{Y�¥Zs�{Y�¾«uZ^c�zÀ��®Àº�Zd��±vº� uY{M

uz§�½¹zÀ��©¹Y�¶^czº¯ ¦Àd´Àº��yu�¾�yz]¶¬À�¹�¶]�µv��­Zl³Y�
±YyZº¨°·�¹ yºº� ²Àº�o�æ�¾�Z^¬§¹�yºº� ²Àº�o�¹�æå�uY{M

®À�Zd��±v�Y|kY�¹ ¥Zs�{Y�¾«uZ^c�zÀ�½©¹Y�¶^cz¯�¶«uZ�¯�{Y�±M�
uz§�½¹zºÀ��[xk�b�z���À�ºc�½Yz]�Yvd]Y�yu�"¿¹º«Y�¶«uZ�¯�

b�y�yZ§�¶]�v¯Zk�mº���½¹y�Z·{Z-�¾¿ZÀ°Àº��æè��½uYv�c�yu

pc�{Yº�¯�aZ¤À¤º¿¹º«Y�¶«uZº½Z·��´§Y¹�b�z���À�ºc�½Yz]�"
b�Y�µv��µuZ dº�Y�®Àº�Zd��é�ì�æç�æê��æì¹çå��yu�¾�yz]

z¨]�²¬·¹Y�¹ ª.´¯�¶¬À�¹�¶]�µvº� ­Zºl³Y�æê�®À�Zd��±v��uY{M
¶¿Ç�²À]¶«uZ�¯�{Y�±ºÀ�Yzd¬À�Yzd«¹Y�¹zd¨«Y�¦À´¨c�{Y�µuZ d�Y�Z]�½Y

uzº§ ½¹zºÀ��"¿¹ºº«Y�¹yY¹Z³�¹ |º�º«�æç�±v��uY{M�¶§�v´d�Z¿yu�
©ºº¬p¯�yu�¾º«uZ^c�®Àº�Zd�æ�åyÇº¯�¾¬À¯�¶«uZ�¯�{Y�®À�¬§�v¿z¬§

� "¿¹ºº«Yuzº§ ½¹zºÀ�±YyZ¨°·�¹ ²Àº«¹Z·�ì�±v��uY{M�¶�«Z�¯�yu�
zd°§�±Z¯{�yu�¶§�v´d�Z¿�yu�¾¨·M�½Z·�¥Zs�{Y�¾«uZ^c�zÀ��®À�Zd�

{Yæååå�¯�b�Z��º«uZºµuYu�z]�v³Yºc�¾¯�"¿¹º«Y�¶uº���{Yz]�Z·�
¾«uZ^c�zÀ��®À�Zd��±v��uY{M�¾.³º.#�"¿¹º«Y�¶«uZ�¯�²Àº´#�®º·

yu¾º�yz]§Z§�¶¬À�¹�¶]�µv��­Zl³Y�±yºk�¹ ~�è��À�ºc�Yy
uzº§�yu�¾º�yz]Y bº°oy����ª.´º¯ ¹�æì�±v��uY{M�¦Àd´À�

"¿¹º«Y�¶«uZ�¯�Z]�¾³ºÀcZ§�©uZ^c�²¿{y�¶¬À�¹�¶]�¾«uZ^c�zÀ��®À�Zd�
v���À�ºc�¯º«uZ�º�d³Y�¶ºyZ½º«º«x·�±v��uY{M��À�ºc�½Yz]�

}y�yu�¾«uZ^c�zÀ��®À�Zd��¹ ¾³Z°dsZ��½Zº·ª¨º�¶]�¥Zs�½Z·
b¿Z�y�yºº�b�Y�µv��µuZ d�Y�¾�t]�é�ì�æé�æê�çå¹çæ��

 dººº�Y�aÇZ¨ººº�Y�{Y�¾ººº¨¿º�¯�{Y�µuZº«uZºººº¶·º«xº«ººººº½ºyu�
zd¯YyZ��{Y�¾c¹Z d¯�½Z·zÀ� c�bº�Y�²º¨°¯�¥Zºs ½Zº·®dº�À�

v�Z]�\À��yu�Yy�¾¿Z°³��]Zc�¶«uZ�¯�²À¤¤p¯�{Y�½uYv�c�²À´#�®·
¶]�¥Zs�{Y�®À�Zd��±vº� uY{M��Àº�ºcµuz]�yZ§v³Y�æ�é�ì�æå�

æê¹çå��yu®À�Zd��±v��uY{M�b�z��uyºº¯ yu�zº�Zo�©Zºo
�«Z�¯�±Yv°·�½Zº·¥Zºs yu�¾º«uZ^c�zºÀ�½uZ¿{�aZµv�³�­Zl³Y�

b�Y�²¿Y�·¹&�v��­Zl³Y�z¿{��Yv·Y�Z]��
Î�zÀ��®À�Zd��±v��uY{M��À�ºc�yu�¾¨Àd´À��aÇuZº�¯�uzº]yZ§

¦¿zdÀ��vÀ�Y��¹y�¶]�¾«uZ^c
Ï�¾º�yz]�zº� \¿Yzº� ¾.dº�]�®º·aÇuZ�¯�±vº� uY{M�b

¥Zs�aZÀ�º�s�Z]�¾¨Àd´À�
Z·��¹y�¹ uYº¯

²º¿Y�·¹&�yu�æåv��­Zl³Y�±Yv°·�±Zd�Y�½Z·�¥Zs�{Y�¶³º°³��
¶³º°³¢°��{Y�Z·èåº�å¾d³Z��¶]�©Z¤d³Y�{Y�~��¶§�b�Yuz]�½zd¯

�¿Z¯{M�­Zºl³Y�½Yzº] ¹ ¦º�s�uY{M�½Yºº· yu�µZ.º�¿Z¯{M½Z·�
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c zÀ��®À�Zd��±v��uY{M�b�z���À�ºc�yu�¾¨Àd´À��aÇuZ�¯�uz]yZ§¾«uZ^���

íì

¦«Y�{Y�¾¿ZÀ°À��¹ ¾¨¿|À�ç¾¬À¯�¯v��µuYu�yº^��½zdv³�
b�À���¹y�Z]�¥Zs�bº�Z]�ª¯Zº� ¥Zºs aZÀº�º�s�ë��

S+µyZº���yu�½Zº·ç�æ¥Zs�¶]�©º¬p¯��®À�¬§�v¿z¬§�©º¬p¯
åæ�åyÇº¯���bÀ¬]Z£�µyZ���yu�¾¨¿zd¨«Y�b¿Yv·ç�æz�¤¯�[M�

¥Zºs ¶º]�æî�zc��¿Z�§Y��¹y�Zº] ¾º«M�µuZº¯ ���æë��¿Zl´-��
vººº� aZdººº�Y��¹y�Zººº] ¥Zºººs ¾ººº³ºÀcZ§�©uZ^ºººc®¿�çë�yu�

ìS+ ­ºÀ³º¯M�aZd�Y��¹y�Z]�¾«uZ^c�®À�Zd���æ®À�Zd��¹ yÇº¯�
µyZº���yu�©ºº¬p¯ç�æv¿uz-�²ÀÀ�c�¥Zºs ¶º] zº�¤¯�[M��î��

±Z�ºk�yÇº¯�¦¿zdÀ³�vÀº�Y�Zº] ¾º«uZ^c�zºÀ��®Àº�Zd��²Àº´#�®º·
µyZ��½zÀ-v��ç��

¾ºº�yz]�¹y�¶ºº] ¾ºº«uZ^c�zººÀ� ®Àºº�Zd��±vºº� uY{M�b�zºº�
µyZº��Z]�¾º«Yºd¯�½zºÀ-b�¬��Z]�¦¿zdÀ��vÀ�YæåyÇº¯�¾¬À¯�

vº� ­Zºl³Y�æ�æå�çå¹çæ��yº�´¯�²¿Y�¶]ê�ç¶³º°³�{Y�­z-�½Z·
®À�¬§�{Y��Z^�Y�yYz¨c�¹u�yu�±M�¶]�¹ ¶dt¿y�%ºÀ ¿zd³Z��¶«º«�yu

çêv¿uzº- ¶�Zº�Y�¦¿zdÀº� vÀº�Y�zºdÀ«�¾º¬À¯��¶³º°³½Yz]�Z·æZc�
çêååb]Zg�½Z¯u�yu�¹ yºcZ]º¨³Y�µZ.d�u�yu�b�Z���&Ò�Í�ÏÒ

vº� µuYu�±Zº¨c�b�¬��z-Y�¾¬§�yº��¶]�¶§�b�Y�zº§w�¶º] ­{Ç
u¹vo�{Y�©ºº¬p¯�yu�®Àº�Zd�æ�åuº��zd�À]�\�¨¯�zd¯�yu�©º¯�

uz§�v·Yºs�½zÀ-º¬k�¾º«uZ^c�zºÀ��®Àº�Zd��±vº� uY{M�{Y�çè��
²¿Yzº]Z´]µyZ���{Y�ªº°��²º¿Y�{Y�½zºÀ-º¬k�½Yzº]¾«Yºd¯�½zÀ-

¾³Z¯{�ªº�Yº��yu�¹ vº� µuZ dº�Yæ�ç�é�í�çé�éí�ìç�îë�
æçå�æéé�æëí�èèë�êåé�ëìç�íæì�îíê�ææêè�æèçæ�
æéíî�æëêì�æíçê�æîîè�çæëæ�çèçî¹çêîë�b�Zºººººº�

Zºº] ±ºÀºº�³Z��º�èåååavºº¯ ¶ºº] ¹ ¶¤Àºº£u�yu�y¹u�ê¶¤Àºº£u�
½y¹M��°k�¾¿¹y�©ºº¬p¯�¹ %ºÀ ¿zd³Zº�v¿uz-�~��çê¾¬À¯�

¹ ¶�Z�Y�z.¿u�¦¿zdÀ��vÀ�Y�zºdÀ«¶³º°³�±uYu�±Z¨cv��yYz¨c�Z·�
¶³º°³�®À�Zd��bº�¬��¹y�¶]�µv���Z��½Z·¾l´���À�z�³�
v¿uz-�²ÀºÀ�c�¾º°cY�©v¯�~��¶^cz¯��z ��¶^cz¯�¾¨Àd´À��½Z·

�¯��©¹Yº"¿¹º«Y�¶«uZ�¯�¹ ¾¿Z°³��]Zc�¶«uZ�¯��½º«º«x·��t��¶«uZ
¶]�¶kºc�Z]�¹ �{Yz]�µv��uY{M�¾«uZ^c�zºÀ��®Àº�Zd��yYvº¤¯�zº] Yy

\¿zº�¶§�¾cÇuZ�¯�Z¿�¶«uZ�¯��uy¹Mz]�uyYv³Zd�Y�µZ^d�Y�¹ ²ÀºÀ�c�
uy¹Mz]�uyYv³Z´d�Y�µZ^d�Y�²¿zd°§�¹ �Àtº�c�\¿zº� ²¿zdº�À]

bº]Zg�¹ [Ztdº³Y�v´dº�Yuv��¶^�Zp¯�Z¸³M�½Zº·�uyYv³Zd�Y�µZ^d�Y
z]Yuy¹�6(��v��¶^�Zp¯�z¿{�©º¯z��{Y�µuZ d�Y�Z]�

6( >��.W�.
�Ï�Q�Ï@ Ò�Í >Ï@
¶«uZ�¯�²º¿Y�yu.W�¹.
zÀ��®À�Zd��yYv¤¯�µv´·u�±Z�³�\Àczc�¶]�

±Z¯{�yu�©v¯�¶¬À�¹�¶]�µvº� �{Yzº] ¹ µvº� uY{M�¾º«uZ^cW¹Q
¾�¿Z¯{M��Z¤³�uYv�cb�Y�

{Y�~��µvº� uY{M�¾º«uZ^c�zºÀ��®Àº�Zd��²Àº] ±Zº¿Z��yuçêåå
bº]Zg�¹ b�Zº�±vº� uY{M�b�zº� ½Zº·Z]�¾«uZ^c�zÀ��®Àº�Zd��
¥Zs�aZÀ�º�s�v¿uz-��{Yz]�µuZ��±ºÀ�z-y�aÇuZ�¯��

fp]�¹ j¿Zd³
¾¯�j¿Zd³�}Z�Y�z]½Z·�¥Zs�b -�±Yºc¾�yz]½YyYu�µv��¶´¯Yu

µuzdº�-zº�³�{Y�½Y½Zº·¾º-&¿¹¾¯�¾¿ZÀ°Àº� ¹ ¾º¨¿|À��v´�Z]
�©¹vºkæ��Y|kY�v��yu�uyºº¯ yu½�}y�aYzÀÀ�c�¶´¯Yu�¥Zs�

¶]�²��¹ b¬Àº�\Àczcè�éë�î�çé��å�êç�î�ææ¹ç�ëè�å�ì
vº�yubº�Y�¾¯�µv��¶WYyY�¾¿ZÀ°À��j¿Zd³�}Z�Y�z]b -�±Yºc

uyººº¯ ½Zºº·¥Zººs¾ºº�yz]¾ºº¨·M�v´dºº�·�ºº¯Yu´aYzººÀÀ�c�¶
S+�ì�ì�å�ìaYzÀÀ�c�¶´º¯Yu�¹bÀ¬]Z£¾¨¿zd¨«Y�b¿Yv·�ç�æ�ê�å

¾¯�zd¯�zº] ~´º°¿{�¾º�uv�Z]�²À´#�®·aZ´]z§�aYzÀÀ�c�¶´¯Yu
º�¬§©uZ�¯�®Àçê�çë�çê�í¾«M�²]z§�aYzÀÀ�c�¶´¯Yu�¹æ�æ�éæ�å

vººº�yu¹¶´ººº¯Yu�¾ººº³ºÀcZ§�©uZ^ºººc �¿Zl´ººº- aYzºººÀÀ�c
ê�æë�å�æå®À�Zd��aYzÀÀ�c�¶´¯Yu�¹ ­z-º¬À§�yu�yZ]�©º¯�¾d³Zº�

¾«uZ^c�zÀ�í�é�è�ç¾d³Z�­z-º¬À§�yu�©º¯¾¯�v�Z]��©¹vkæ��
¶º¿Ç�²Àº] yu�¶º§ ¾º«uZ^c�zºÀ��®Àº�Zd�¾³Z§�½Zº·¾�y�½Z·

¶º.³�¾cZ¨À¬Àº�º¬À�¾¯�½yYu¾¯�uº�ª]Z£�®À�Zd��®¸¯��^´¯�v³Yºc
v�Z]�±Z·ZÀ-�½Yzº] [xºk�¶]�¾.d�]�¾«uZ^c�zÀ��®À�Zd��¾°·Yz�

¶]�v³Yºc�¾º¯ ®Àº�Zd���ºº³ ²º¿Y�¶º§ uyYu�¾d�zº�½Z·�ª¨�ª]Z£�
uºº� ª¿v^ºc [xºk�¶¬À�¹�¶º] µvº� uY{M�¾º«uZ^c�zºÀ��®Àº�Zd�

µyZº��À��vÀ�Y�Zº] ¾º«Yºd¯�½zºÀ-{Y�¾�]Zc�±Yº´��¶]�¢À£y�¦¿zd
µyZº���±Zº¯{ª¨��yu�½zÀ-æb�Y�µv��µuYu�±Z�³��uY{M�yYv¤¯

uZ¿{�¶À«¹Y�ªoYz¯�yu�Z·�¥Zs�²¿Y�yu�¾º«uZ^c�zºÀ��®Àº�Zd��±vº�
µuº]���¹º>Zd^�³�b�z��Z]�¹ µv��v´§�~Zc�¾d]Zg�çêååb�Z��

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
83

.8
.3

.7
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 js

tn
ar

.iu
t.a

c.
ir

 o
n 

20
25

-0
7-

02
 ]

 

                               3 / 9

https://dorl.net/dor/20.1001.1.24763594.1383.8.3.7.2
https://jstnar.iut.ac.ir/article-1-323-fa.html


 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
83

.8
.3

.7
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 js

tn
ar

.iu
t.a

c.
ir

 o
n 

20
25

-0
7-

02
 ]

 

                               4 / 9

https://dorl.net/dor/20.1001.1.24763594.1383.8.3.7.2
https://jstnar.iut.ac.ir/article-1-323-fa.html


c zÀ��®À�Zd��±v��uY{M�b�z���À�ºc�yu�¾¨Àd´À��aÇuZ�¯�uz]yZ§¾«uZ^���

íî

¨�ªÎ�µv��¶�«Z�¯�½Z·�¥Zs�yu�±Z¯{�{Y�¾�]Zc�±Yº´��¶]�µv��uY{M�¾«uZ^c�zÀ��®À�Zd�
¾¯�¶¯YuYv]Z¿�¶À«¹Y�ªoYz¯�yu�µv��uY{M�¾«uZ^c�zÀ��®À�Zd��yYv¤¯
µyZº��¾º¯ a¹Z dº¯ Zº·¥Zºs yu�½zºÀ-¶] �v�Z]½yº�¶§æëí

²¿zd�À]��¿Z¯{M��¹z��{Y�~��b�Zº�¾«uZ^c�zÀ��®À�Zd��yYv¤¯
º� ¥Zºs {YµyZ°æåµyZ°��¥Zºs {Y�±M�²¿zºd°§�¹çv��uY{M��

�¶À«¹Y�ªoYz¯�yu�µv��uY{M�¾«uZ^c�zÀ��®À�Zd��a¹Zº c�zº] µ¹Èº�
|À³�½v�]�v´§�ªoYz¯�yu�µvº� uY{M�¾º«uZ^c�zºÀ��®Àº�Zd��yYvº¤¯

½yº��¶]��b�Y�a¹Z d¯zÀ��®À�Zd��yYv¤¯�²¿zd°§�¹ ²¿zd�À]�¶§
{Y�~��¾º«uZ^cçêååµyZ°��¥Zs�{Y�b�Z��çZs�¹µyZ°��¥è

vº� uY{M�©¹vºkæ��¶¿|lc�j¿Zd³®À�Zd��¶§�uYu�±Z�³�½yZ¯M�½Z·
{Y�~��µv��uY{M�¾«uZ^c�zÀ�çêåå¾´�¯�¾.d�]�®·�b�Z��½yYu

Zº·¥Zºs ¾º«uZ^c�zºÀ��®Àº�Zd��Zº]�

îé�å �U�©uZ^c��¿Zl´º- �

§ºs ¾³ºÀcZºZ·�¥Z��
ëì�å �U��yu��º}y�v�
íë�å� �U���yu��
b¬À��v��
ëë�å� U�¹²��v��yu�

íè�å �U��uyYu��

Z]�Z·�¥Zs�yu�¾«uZ^c�zºÀ��®Àº�Zd��±vº� uY{M�¶]Zº�¯�½ºº.«Y
®¿v��±Yz]�ªÀ´�Yzºdc�v´º³Z¯�¾¿ZÀ°Àº� ½Zº·�¹y�{Y�µuZ dº�Y�é��

¾³ºÀcZ§�©uZ^c�²º¿{y�é�¾«M�½Z·vÀ�Y�¹ ��æ�æì�æî¹çå�µv¿u
bº�Y�µvº��±YyZ¨°·�¹ b«º]�è�®À�Zd��¶À«¹Y��¿z��±v��uY{M

M ¶º] Yy¶^«�®À�Zd��±v��uY{±v��uY{M�¶]�Yy�zcv´§�±v��uY{M�¹ ½Y
¶¿Ç�²À]�®À�Zd�v³uYu�b^�³�½Y�

ª¯Yºº�c ¾«uZ^c�zÀ��®À�Zd��±v��uY{M�zº] ½uZº¿{�Pv³yYu�zÀg�
uY{M�yu�¾°¸¯��¤³�¶§�®Àº�Zd��½¹Zºo ½Zº·¾º³Z§�aZÀº�º�s

À�Zd��±uz§º� v³yYu�¾«uZ^c�zÀ��®ºª¯Z�dsZ�º\À§zc�¹ yº¬]�±Z°
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¾�À^���]Z´¯�¹ ½{y¹Z�§�±º´��¹ ­º¬��©Z�®d�·��µyZ°�­º���|À¿Z�æèíÐ

îå

©¹vkç�µv��µuZ d�Y�¾¨Àd´À��aÇuZ�¯�


¶«uZ�¯ ©v¯
/Q�.R�.W� OQ�.R� .G�W ©¹Y�¶^cz¯
�.R�.W� �.R� .G�W z ��¶^cz¯
.W D��E�OQW µv��µuZ��"¿¹º«Y
.W�.R D���E�W��� ½º«º«x·�yZ�d³Y
OQ.W �D���E�OQW ¾¿Z°³��]Zc


�aÇuZ�¯�²¿Y�yu.W¹.R� uY{M�¾«uZ^c�zÀ��®À�Zd��\Àczc�¶]�±Z¯{�yu�µvW�¾«uZ^c�zÀ��®À�Zd��¹uº��¾¯�uY{M�©uZ�c�©Zo�yu�¶§�ÏÏ��

bº¸k��¾º³Z§�¾¿ZÀ°Àº�yZ]�Z�´¯��¾³Z°dsZ��ªÀ�§¹yvÀ·�½zºÀ-
¶º¿Ç¶¿Ç�yZº] zºÀÀ�c�¹ ®Àº�Zd��{Y�¾º³Z§�¶Àº¬tc�¶ºkyu��½Yyu�½Y

Z·�¾ºº³Z§bºº��çè��¹ b¬Àºº� ¹ }y�vºº�yu�a¹Zºº c�ªÀºº«u ¶ºº]
¾³Z§�yYv¤¯�¹ �º³�a¹Z c�²À´#�®º·¹ b¬À���t]�yu�¾�y�½Z·

½Z·�¥Zºs }y¾�yz]µv���µv��uY{M�¾«uZ^c�zÀ��®À�Zd��yYv¤¯�
d¯�Z·�¥Zs�yuº¯ a¹Z ºv�Z]�¾��]Yy�²¿Y�yuºÀÀ�c�½Yz]�¹ ¶º�º³�²

Z·�¥Zs�yu�¾�y�½Z·�¾³Z§�{ZÀ³�½zd�À]�aZ¤À¤pc�¶]�b�Y�

©v¯¾¨Àd´À��½Z·
�c�½Yz]�¾¨Àd´À��©v¯�j´º�º�z��n¿zº®À�Zd��±v��uY{M�bzÀ��

«uZ^cºº d�Y�¾º� µuZºv�©¹vkç���º�c�\¿Yzºs ¹ �Àtº½Z�
uY{M�b�z���À�ºc�yu�¾¨Àd´Àº� aÇuZº�¯�uy¹Mzº] uyYv³Zdº�Y

©¹vk�yu�¾«uZ^c�zÀ��®À�Zd��±v�è�b�Y�µv��µuy¹M��¾cÇuZ�¯
¾¯�nÀ�ºc�Yy�¾«uZ^c�zÀ��®À�Zd��±vº� uY{M�b�zº� ¶º§z]�v´·u

uyYv³Zdº�Y�µZ^dº�Y�¹ �Àtº�c�\¿Yzº� }Zº�Yuy¹Mz]��[Ztd³Y�
¾º¯v³ºº��¹ ÇZ]��Àt�c�\¿z��¶§�¾cÇuZ�¯�z.¿u�ayZ^��¶]

¶§�¾cÇuZ�¯�±Yº´��¶]�v´�Z]�¶d�Yu�®§�uy¹M�z]�uyYv³Zdº�Y�µZ^dº�Y
¾¯��À�ºc�zd¸]�Yy�¾«uZ^c�zºÀ��®Àº�Zd��±vº� uY{M�b�zº�v´´§

¾¯�[Ztd³Yv³º��
©¹vk�¶]�¶kºc�Z]è\¿z��±uº]�²À¿Z��ªÀ«u�¶]�"¿¹º«Y�¶«uZ�¯�

¾º¬��z º� ¶^czº¯ ¶º«uZ�¯�¹ �Àtº�c\¿z��±uºº] ÇZº] ®º�y
¾°³�uy¹Mz]�uyYv³Zd�Y�µZ^d�Y�±uº]�ÇZ]�ªÀº«u�¶º] �Àtº�cv´³Yºc

½Zº·¥Zºs {Y�¾º«uZ^c�zºÀ��®Àº�Zd��±vº� uY{M¾º�yz]µv��Yy�
¾«Zo�yu��v´´§��Àº�ºc¾¿Z°³��]Zc��½º«º«x·�yZ�d³Y�aÇuZ�¯�¶§

Àt�c�\¿Yz��±uºº] ÇZº] ªÀº«u�¶º] ©¹Y�¶^czº¯ ¹±uº]�®§�¹ �

¾¯�uy¹Mz]�uyYv³Zd�Y�µZ^d�YYy�¾«uZ^c�zÀ��®À�Zd��±v��uY{M�v´³Yºc
v´·u�nÀ�ºc�©¹vk�yu�aÇuZ�¯�²¿Y�\¿Yz�éb�Y�µv��µuy¹M��

¶^cz¯�¶«uZ�¯�{Y�¾«uZ^c�zÀ��®À�Zd��±vº� uY{M�b�zº� ±ºº#
¾º¯ ½¹zºÀ��½ºº«º«x·�yZº�d³Y�¹ ©¹Y�v´§MzÀ��®À�Zd��±v��uY{

vÀ�Y��¹y�¶]�¾º«uZ^c½Z·�¥Zs�yu�¦¿zdÀ�µv��¶�«Z�¯>ÇZ°doY�
¾¯�yZ�d³Y�v´¿Mzº� ¦º¿v�Z]�æé��®À�Zd��yZ�d³Y�z.¿u�ayZ^��¶]

uY{M�b�z��µv´´§�©zd´§�µv¿uYº·�¾oYº³�Z¿�¾³Z§�µuºc�iyZs�¶º]
¾¯�Z·�¥Zs�²¿Y�yu�¾«uZ^c�zÀ��®Àº�Zd��±vº�v�Z]�¾¸]Z�¯�j¿Zd³

¶¬À�¹�¶]±Z-v´·¹&�b�Y�µv¯M�b�u�¶]�|À³�z.¿u��æ�é¹î��
¶^cz¯�¶«uZ�¯�yu�¾«uZ^c�zÀ��®À�Zd��±v��uY{M�b�z��\¿z�

©¹Yé�æå�è�é�æå�æb�Zºº� zºº] ­zºº-º¬À§�yu�­zºº- ¾ºº¬À¯�¹
µyZ°��¥Zs�yu�b�zº� \¿zº� ²¿zdº�À]é²¿zd°§�Z]�&(&¹

µyZ°º� ¥Zºs yu�±M�²¿zºd°§æuºk¹�²��v��yu�²¿zd�À]�Zº]
uyYu�zÀÀ�c�¶´¯Yu½Z·Z^c�zÀ��®À�Zd��yZ�d³Y�\¿z��¯ yu�¾«uº¶«uZ�

½ºº«º«x·�yZº�d³Yé�æå�ì�æå�é�æå�å�é®À³�±Yºc�¶]�b�Z��z]�
v�Z]�¾¯��¯�²¿Y�uyº¯�yuº²¿zd�À]�©¹Y�¶^cz¯�¶«uZ�¯�¶À^��|À³�¶«uZ

yu�yZ�d³Y�\¿zº�µyZ°��¥ZséµyZ°��¥Zs�yu�±M�²¿zd°§�¹æ
uyYu�uººk¹�zÀ��®À�Zd��±v��uY{M�b�z��\¿z��aYzÀÀ�c�¶´¯Yu

º«uZ�¯�yu�¾º«uZ^c¾¿Z°³��]Zc�¶æ�æå�íë�é�æ�æå�ìê�ç¾¬À¯�­z-
v�Z]�¾¯�b�Z��z]�­z-º¬À§�yu�®À�Zd��±v��uY{M�b�z��\¿z�

«uZ�¯�yu�¾«uZ^c�zÀ�º°§�¾¿Z°³��]Zc�¶º{Y�zdæv�Z]�¾¯��¶lÀd³�²¿Y
®À�Zd��±v��uY{M�b�z��¶§�v·u�¾¯�±Zº�³b�x-�Z]�¾«uZ^c�zÀ�

¾¯��·Z§�±Z¯{v]Z¿�ê��yu�b�z��\¿Yz��¶�¿Z¤¯©v¯�¶��²¿Y�
�³º¯ ±Zº¯ yu�¶§�v·u�¾º«uZ�º²À]�¾¿Z°³��]Zc�¶�º� \¿Yzºb�z

·¥Zsºdt¯�½Zºk¹�¾�ÈdsY��¬ºuyYv³�uº�²¿Y�z.¿u�ayZ^��¶]�
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¾�À^���]Z´¯�¹ ½{y¹Z�§�±º´��¹ ­º¬��©Z�®d�·��µyZ°�­º���|À¿Z�æèíÐ

îç

©¹vké�Yz��¿¾¨Àd´À��aÇuZ�¯�b�z��\¥Zs�yu½Z·µv��¶�«Z�¯
¾¿Z°³ �]Zc�¶«uZ�¯ ½º«º«x·�yZ�d³Y�¶«uZ�¯ ©¹Y�¶^cz¯�¶«uZ�¯

æ�æå��E D è�æå��E� ç�æå�D é�æå�E D
¥Zs�µyZ°�

íæ�é îì�ç ì�æ íë�ç è êé�ì æ
íë�ç éí�è ì�ê îç�ë æ ëí�ë ç
æè�é îî�ç æ�í íî�å ç æç�ì è
íë�é èè�ç ç�æå ëè�ç è îë�ë é
åé�é ëé�è ë�æå çè�æ è éè�ì ê
èå�è éé�è í�ë ëç�ç ç åí�ì ë
èç�è êå�è è�í éî�ê ç íå�ë ì
èì�è îë�ç å�ì éæ�è ç êì�ë í
èç�è èç�è ì�ì éë�é ç ìè�ë î
ìê�ç éê�è æ�é êé�é æ îí�ë æå

v·u�±Z�³�Yy�Z·�¥Zs�²À]�a¹Z c�v³Yºc�¾°³�¶«uZ�¯�
²¿Y�j¿Zd³�·¹&�� \¿z��¶§�uYu�±Z�³�yu�±v��uY{M�b�z

«uZ�¯º^cz¯�¶ºd�]�®·�©¹Y�¶º´�¯�¾.º¾´-�Z]�½yYuº¿Zlº^c��º©uZ
¾³ºÀcZ§�
ìè�å U�}y� v�yu��
ìé�å� U�b¬À�� v�yu� �

�
ëè�å� U�²��v��yu���
ìë�å U�®À�¬§�aZ´]z§�v�yu�¹
b�Yu�½º«º«x·� yZ�d³Y� ¶«uZ�¯� yu� ±v�� uY{M�b�z��\¿z�
®·¾´�¯�¾.d�]¿Zl´-�Z]�½yYu¾³ºÀcZ§�©uZ^c���
ëæ�å� U��

}y�v��yu�
ìë�å� U��yu��ºb¬À��v�
ìî�å� U�v��yu��
²��

íí�å �U�©uZ�¯�®À�¬§�aZ´]z§�v�yu�¹�
íæ�å� U�

b�Yu�¾¿Z°³��]Zc�¶«uZ�¯�yu�±v��uY{M�b�z��\¿z��²À´#�®·
}y�v�yu� Z]�½yYu�¾´�¯�¾.d�]�®·�

íé�å� U�²��v�yu� �

�
ìì�å �U�©uZ�¯�®À�¬§�aZ´]z§�v�yu�¹�

ìè�å� U�b�Yu�

½zÀ-�¶lÀd³
�©¹Y�¶^cz¯�¦Àd´À��aÇuZ�¯�¶§�uYu�±Zº�³��·¹&º� ²º¿Y�j¿Zdº³
±v��uY{M��À�ºc�yu�v³Yºc�¾¯�¾¿Z°³��º]Zc�¹ ½ºº«º«x·�yZº�d³Y
uº��µuZ d�Y�¢À£y�¦¿zdÀ��vÀ�Y��y¹�¶º] ¾º«uZ^c�zºÀ��®Àº�Zd��

µv��uy¹Mz]�b�z��\¿Yz��²Àº´#�®º·Z]�aÇuZ�¯�²¿Y�¶¬À�¹�¶]

b�Yu�½yYu�¾´�¯�¾.d�]�®·�¥Zs�½Zº·¾º-&¿¹�{Y�½uYvº�c�yu
uº��¾¯�uZ¸´�À��±Z¿Z��

æ��¾cZ�«Z�¯�²À´#�µYz°·�¶]�½Z·�¾�yz]¾¬À°¨c�½Yz]�º³�²ÀÀ�c�
uº��­Zl³Y�¾�y�½Z·�¾³Z§�yYv¤¯�¹�

ç�©º¬p¯�Z]�¾cZ�«Z�¯�²Àº´#�b�z��\¿Yz��¹ ­Zl³Y�z.¿u�½Z·
Zd��±vº� uY{M©ºº¬p¯�yu�¾º«uZ^c�zºÀ��®Àº�¶�¿Z¤¯��¬dt¯�½Z·

uº��
è�½Z·��¹y�¶]�¶§�¾«uZ^c�zÀ��®À�Zd��±v��uY{M�b�z��\¿Yz��

¾¯�²ÀºÀ�c�µZ.º�¿Z¯{M�yu�¾¿ZÀ°Àº�®À�Zd��[xk�b�z��Z]�uº�
uº��¶�¿Z¤¯�µZÀ-���ºc�

½yY|.�Z��
²º¿Y�·¹&º�½YzkY�¶´¿|·�¶§�v�Z]�¾¯�¾¬¯�mz��¦¿�{Y�¾�t]�

³¹Z�¯�¶¬À�¹�¶º] ±M¹ aZ¤À¤pc��­º¬��ayY{¹�¾�·¹&��­zdp¯�b
c ½y¹Z´º�P¾¯�¾º³Yuyv£�¹ z¨º�c�¶¬Àº�¹�²¿vº] ¶º§ µvº� ²Àº¯uº��
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c zÀ��®À�Zd��±v��uY{M�b�z���À�ºc�yu�¾¨Àd´À��aÇuZ�¯�uz]yZ§¾«uZ^���

îè

�]Z´¯µuZ d�Y�uyº¯�
Î�� �yº��²À�o��­�Z^¬§m ¹ ¾��¾¯uZs�æèìî�¹ ¥Zs�{Y�¾«uZ^c�zÀ��®À�Zd��±v��uY{M�b�z�Y|kY½½Z·�¥Zs�{Y�½uYv�c�yu�±M�

±ÈÀ-�[M�¹ ¥Zs�­º¬��¶¬l¯æé�Ï��ÖÖ�ÎÎÐ�
�� $O�.DQDQL��7���$��)��0DFNHQ]L�DQG�*��-��5RVV��������3RWDVVLXP�VWDWXV�RI�VRPH�4XHEHF�VRLOV��.�UHOHDVH�E\�QLWULF�DFLG�

DQG�VRGLXP�WHWUDSKHQ\OERURQ�DV�UHODWHG�WR�SDUWLFOH�VL]H�DQG�PLQHUDORJ\��&DQ��-��6RLO�6FL������������
�� %ROW��*��$���0��(��6XPPHU�DQG�$��.DPSKRUW��������$�VWXG\�RI�WKH�HTXLOLEULD�EHWZHHQ�WKUHH�FDWHJRULHV�RI�SRWDVVLXP�

LQ�DQ�LOOLWLF�VRLOV��6RLO�6FL��6RF��$P��3URF�� �����������
�� &R[�� $�� (�� DQG� %�� &�� -RHUQ�� ������ 5HOHDVH� NLQHWLFV� RI� QRQH[FKDQJHDEOH� SRWDVVLXP� LQ� VRLOV� XVLQJ� VRGLXP�

7HWUDSKHQ\OERURQ��6RLO�6FL��������������
�� )HLJHQEDXP��6���5��(��(GHOVWHQ�DQG�,��6KDLQEHUJ��������5HOHDVH�UDWH�RI�SRWDVVLXP�DQG�VWUXFWXUDO�FDWLRQV�IURP�PLFDV�

WR�LRQ�H[FKDQJHU�LQ�GLOOXWH�VROXWLRQ��6RLO�6FL��6RF��$P��-�������������
�� *HH��*��+��DQG�M��:��%DXGHU��������3DUWLFOH�VL]H�DQDO\VLV��,Q��$��.OXWH�(G����0HWKRGV�RI�6RLO�$QDO\VLV��3DUW����666$��

0DGLVRQ��:,����
�� +DYOLQ�� -�� /�� DQG� '�� *��:HVWIDOO� DQG� 6� 5�� 2OVHQ�� ������ 0DWKHPDWLFDO� PRGHO� IRU� SRWDVVLXP� UHOHDVH� NLQHWLFV� LQ�

FDOFDUHRXV�VRLOV��6RLO�6FL��6RF��$P��-������������
�� +DYOLQ��-��/��DQG�'��*��:HVWIDOO��������3RWDVVLXP�UHOHDVH�NLQHWLFV�DQG�SODQW�UHVSRQVH�LQ�FDOFDUHRXV�VRLOV��6RLO�6FL��

6RF��$P��-�������������
�� +HOPNH�� 3�� $�� DQG� '�� /�� 6SDUNV�� ������ /LWKLXP�� 0DJQHVLXP�� 5XELGLXP� DQG� %DULXP�� ,Q�� '�� /�� 6SDUNV� �(G����

0HWKRGV�RI�6RLO�$QDO\VLV��3DUW����FKHPLFDO�PHWKRGV��666$��0DGLVRQ��:,�
��� +RVVHLQSXU��$��5��DQG�0��.DOEDVL��������.LQHWLFV�RI�QRQH[FKDQJHDEOH�SRWDVVLXP�IURP�VRLOV�DQG�VHSDUDWHV�LQ�VRPH�

FHQWUDO�UHJLRQ�VRLOV�RI�,UDQ���WK ZRUOG�FRQJUHVV�RI�VRLO�6FL��������$XJXVW��%DQJNRN��7KDLODQG�
��� /RHSSHUW��+��/��DQG�'��/��6XDUH]��������&DUERQDWH�DQG�*\SVXP�,Q��'��/��6SDUNV��(G����0HWKRGV�RI�6RLO�$QDO\VLV��

3DUW����FKHPLFDO�PHWKRGV��666$��0DGLVRQ��:,�
��� /RSH]�� 3�� DQG� $�� *�� 1DYDUR������� 3RWDVVLXP� UHOHDVH� NLQHWLFV� DQG� DYDLODELOLW\� LQ� XQIHUWLOL]HG� YHUWLVROV� RI�

VRXWKZHVWHUQ�6SDLQ��6RLO�6FL�������������
��� /RZ��0��-��'��������.LQHWLFV�RI�FKHPLVRUSWLRQ�RI�JDVVHV�RQ�VROLGV��&KHP�5HY�������������
���0DUWLQ��+��:��DQG�'��/��6SDUNV��������.LQHWLFV�RI�QRQ�H[FKDQJHDEOH�SRWDVVLXP�UHOHDVH�IURP�WZR�&RDVWDO�SODLQ�VRLOV��

6RLO�6FL��6RF��$P��-�������������
���0HQJHO��.��DQG�.��8KOHQEHFNHU��������'HWHUPLQDWLRQ�RI�DYDLODEOH�LQWHUOD\HU�SRWDVVLXP�DQG�LWV�XSWDNH�E\�U\HJUDVV��

6RLO�6FL��6RF��$P��-�������������
��� 1HOVRQ��'��:��DQG�/��(��6RPPHUV��������7RWDO�FDUERQ��RUJDQLF�FDUERQ�DQG�RUJDQLF�PDWWHU��,Q��'��/��6SDUNV��(G����

0HWKRGV�RI�6RLO�$QDO\VLV��3DUW����FKHPLFDO�PHWKRGV��666$��0DGLVRQ��:,�
��� 5DKPDWXOODK��.��0HQJHO��������3RWDVVLXP�UHOHDVH�IURP�PLQHUDO�VWUXFWXUHV�E\�+� LRQ�UHVLQ��*HRGHUPD��������������
��� 5DR��&K�6ULQLYDVD��$��6XEED�5DR�DQG�7��5��5XSD��������3ODQW�PRELOL]DWLRQ�RI�VRLO� UHVHUYH�SRWDVVLXP�IURP�ILIWHHQ�

VPHFWLWLF�VRLOV�LQ�UHODWLRQ�WR�VRLO�WHVW�SRWDVVLXP�DQG PLQHUDORJ\��6RLO�6FL��������������
��� 5KRGHV��-��'��������6DOLQLW\��(OHFWULFDO�FRQGXFWLYLW\�DQG�WRWDO�GLVVROYHG�VROLGV��,Q��'��/��6SDUNV��(G����0HWKRGV�RI�

6RLO�$QDO\VLV��3DUW����FKHPLFDO�PHWKRGV��666$��0DGLVRQ��:,�
��� 6LPDUG�� 5�� 5��� &�� 5�� 'HNLPSH� DQG� -�� =L]ND�� ������ 7KH� NLQHWLFV� RI� QRQ�H[FKDQJHDEOH� SRWDVVLXP� DQG�PDJQHVLXP�

UHOHDVH�IURP�4XHEHF�VRLO��&DQ��-��6RLO�6FL�������������
��� 6LPDUG��5��5���&��5��'HNLPSH�DQG�-��=L]ND��������5HOHDVH�RI�SRWDVVLXP�DQG�PDJQHVLXP�IURP�VRLO�IUDFWLRQV�DQG�LWV�

NLQHWLFV��6RLO�6FL��6RF��$P��-���������������
��� 6SDUNV��'��/��������.LQHWLFV�RI�LRQLF�LQ�UHDFWLRQ�LQ�FOD\�PLQHUDOV�DQG�VRLOV��$GY��$JURQ��������������
��� 6SDUNV��'��/��������3RWDVVLXP�G\QDPLFV�LQ�VRLOV��$GY��6RLO�6FL���������
��� 6SDUNV��'��/��������.LQHWLFV�RI�6RLO�&KHPLFDO�3URFHVV��$FDGHPLF�SURFHVV��6DQ�'LHJR��&$��86$�
��� 6SDUNV��'��/��DQG�3��0��-DUGLQH��������&RPSDULVRQ�RI�NLQHWLFV�HTXDWLRQ�WR�GHVFULEH�SRWDVVLXP�&DOFLXP�H[FKDQJH�LQ�

SXUH�DQG�LQ�PL[HG�V\VWHP��6RLO�6FL���������������
��� 6XPQHU��0��(��DQG�:��3��0LOOHU��������&DWLRQ�H[FKDQJH�FDSDFLW\�DQG�H[FKDQJH�FRHIILFLHQW��,Q��'��/��6SDUNV��(G����

0HWKRGV�RI�6RLO�$QDO\VLV��3DUW����FKHPLFDO�PHWKRGV��666$��0DGLVRQ��:,�
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