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Ä±Z�Z·°�ÄZ·b^�³ÓÏÍÐÐÑÐÍÐÐÕÖÍÒÎÔÖÓ�ÓÏ


��¿Z¯±¡���Ä±Z�Z·°�b^�³��ª]Z¤d¯�zg¦ÓÎÍÒÎÏÔ�ÓÎÔÒÏÎ�ÏÔÖÏ�ÕÕ



Z�sÏÑÑÒÏÔ�ÏÎÕÕ�ÓÐÒ
²¨³¦®�Àº¯±¡�Z]�v�°®�¦¿�n���°®�Z·°Z°Àc�²À]�°¦®¾´�¯�»Èds¦���

�

Ñ�Ó  ��F�Y���©¦zÀÀ�c�\¿z�

bºÀ�°k�vº�°®�ÎÍÍ À¦|À¯�¶]�Â�ª¯Z§�°º��¶]��z-°Z¨���°Z¨��
Î�Î b^º�³�Z]�Î�Ò Ä±Z�Z·°�b^�³��°Z¸]�°®��®z§�¾zd´§�¦°�Z·¶d�
¾Âvººk �Ï Àºd���®º]�°¦®¾´�¯�»Èds¦�Ä¦°¦®��z-°Z¨���°Z¨��
¾Âvººk��b�¦®�®ºkÂ�°¦®¾´�¯�»Èds¦�|À³�z.¿®�ÄZ·°Z°Àc�²À]���Ï
°®��zº-°Z¨º� �°Z¨º���Î�Ò Â�Î�Î ÄZ·b^ºº�³��|À¿Z��°®�¾«Â���Ï
�Ï Àºdº���v´d�¦v³�°¦®¾´�¯�»Èds¦�¶³º-�"À·�v�°®�¦¿�n��

��Ï ¾Âvk
ÀZº�³�ªº���
�°Zºº°Àc�ª]Z¤d¯�zg¦�ÄZ·²À.³ZÀ¯�`�¿Z¤¯�¾�°z]
zº· °®�¶ºº�À§�ÀÂv]�v·Z��Â�¶�À§�Z]�v·Z��ÄZ·°Z°Àc�²À]�¶§�®¦®
�Î Àºdº���®°¦vº³ ®ººkÂ�°¦®¾ºº´�¯�»Èds¦�¶³º-�"À·�ª���Â®
±¦�°Z¸]�°®��z-°Z¨���°Z¨���Î�Ò Â�Î�Î ÄZ·°Z°Àc�²À]���Ï ¾Âvk
|À¿Zº� °®��z-°Z¨���°Z¨���Î�ÎÍÂ�Î�Ò �Î�Î ÄZ·°Z°Àc�Â��º��¦¿
Àºd���b�¦v³�®ºkÂ�°¦®¾´�¯�»Èds¦�¶³º-�"À·��z.¿®�Äº��±¦
¶º] ¶º§ vº� ¿ººº¬�¯�Áv¯¡�b�®�¶]�j¿Zd³ ²Z�¦�z]���Ï ¾Âvk��Î
Äzdº�À]�zºg¦�|À«Zºk `dºº� ¾zd´§�°®�|À¿Z��°®�Ä°ºc¾Z]��¾¬§�°º�
¶ºº] �b�¦�Áv��¶d��bÀ�°k��·Z§�f�Z]�zd¸]�ª�¦�°®�Â��¶d�¦®
°®�ÎÍ ¶º] Î v´³Zºº¯ °Z¨��¶]�z-°Z¨��zd°§�ÄZ·b^�³�¶§�Ä°º�
Ò ¶º] Î b^ºº�³�v´³Z¯�°Z¸]�°®�zc®Z¿±�ÄZ·b^�³�zÀgPc�ÀZ°·��|À¿Z�

��Ï ¾Âvk��Î Àºd���v´d�¦®�¦°
�¿¦zº� °®��ÎÓ ±¦�ªºº¤³��ÎÖÔÔ ¾Z��°®�À¦°Z¨°·�Â�º«¦|À«ºc
b^ºº�³�Z]�¦°�®ºkº¯�ÄZ·¶d��¶À¬��Ä°ºc¾Z]�Ä±Z�Z·°��Ä¦¶³Zt¬-
®ºtc�Ä±Zºº�Z·°��²À´#®·��v³¦Á®º°³�®Z¸´�À��¶d��Î�Ð ¶]�Â°Ç Î
ª ¬��ÁZÀ-�ÄÂ°�º¬·�|^��¶d��¶��¶]�®tc�¦¿�b^�³�¶]�Ä°ºc¾Z]

�ÎÎ ±¦�ªº¤³��ÎÖÔÖ ¾Zº� °®�ÀºººÀ« �v��b�¡�¾zd´§�f�Z]�|^�
$� `dº� ÎÍ ¶ºº] ¦°�Ä°ºc¾Z]�¿Â®�²��Â°Ç ¦¿�Ä±Z�Z·°�b^�³
Â°Ç b^º�³�|À³��ÎÎ��À¦°Z¨°·�Â�ºÀ´�¿Z¯��b�³¦®�\�Z´¯�IDEDH
¶ºº§ v³®z§�®Z¸´�À��Â��¶�¿Z¤¯�Ä±Z�Z·°�Ä¦z]�¦°�Ä°ºc¾Z]�®tc�Â
®ººtc�°Z¸º# �Ä±Zº�Z·°�°®�±ZºÀ³�®°ºº¯ Â°Ç ¦º¿ zº· Ä¦±¦�¶º]
�®ººº� Á®Z d�¦�Z¸³¡�Ä°¦ºs®·�zg¦�À®z]�²À] ±¦�Ä¦z]�v¿Z]�Ä°ºc¾Z]
Ï�Ò ¶ºº] ®tc�¦¿�Z¿�¶d��ÎÍ ¶]�®tc�°Z¸#�b^�³��z.¿®�²t��¶]
¶º] Z·b^ºº�³�²¿¦�¶§�b�¦®�¶kºc�v¿Z]��v³¦¶d�³¦®�\�Z´¯�¦°�¶d�
�¾Zººo z·�°®��®°¦®�¾.d�]�Ä±Z�Z·°�³Â°�¸º³�|À³�Â�°Z¨��¸º³
¾cZº ¬c��Ä±Zºº�Z·°�³Â°�z·�°®�¶§�b�¦�bÀ°·¦�|WZo�¶d¨³�²¿¦
b^º�³�zº] ¶º§ ®ºº�¾¯�®Zºl¿¦�¾º�À^��²°ºº�®�Â°Ç Â�®tc�°®

�®°¦x-¾¯�zÀgPc�Ä±Z�Z·°
zº�³�°®�Zº] �Ä°ºc¾Zº]��zº-°Z¨º� zºº· ¾¿¦°Z§��¾¬§�°º��¶]
°Z¨ºº� ®§¦zc��Î ��ÎÑ��®º�¾¯�¾�°z]�z¿±�®¸¯�ª¯Z��¶��²d�z-
Â�zº-°Z¨º� Äºldº�k�n�º� Â�°Z¨ºº� �´§¦z���Ï �z-°Z¨��Â
Ä°Z¨ºº� ²À�³Zk�ÄZ·¶³º-�Â�z-°Z¨��`¬À�Â�¶]�°Z¨��nÀkzc��Ð
�ÀZ]|À¯�ÁZÀ-�¸º³��ÁÂÈ��¶]��®zÀ-¾¯�°¦z£�z-°Z¨��²zd�®�°®�¶§
Zº¿ ¾ºº¯º¯�Â��áz]�n���ÄZ·½z§�®§¦zc�|À³�Â�À¡�Äz·Z��ª¨�
®°¦®�zÀgPººc Z·z-°Z¨��¾¿¦°Z§�z]�áz]�n���°ZdsZ��À®º]�¾¬¤À�
¶º] Ávº¯¡�bºº�®�¶]�ÄZ·b^�³�²À]�»Èds¦�ªÀ«®��²¿¦z]Z´]���ÎÒ�
©ÂZºº c�¶º] ¶ºº]zº¯ v³¦ºc¾¯�>ÇZ°do¦��¬dt¯�ÀZ-v´·Â&� `¬À�Â
zÀº�d¯�ªº¯¦º��±¦�Ä°ZÀºº�]�Â�°Z¨��¸º³��ÀZ]|À¯�ÀZ·ZÀ-�Ä°ZdsZ�
��¿Z¯±¡��¿¦z��¶]�¶kºc�Z]�|À³�z�Zo��·Â&��°®��v�Z]�¾�Àp¯

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
82

.7
.2

.1
8.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

26
-0

2-
26

 ]
 

                             5 / 10

https://dor.isc.ac/dor/20.1001.1.22518517.1382.7.2.18.9
https://jcpp.iut.ac.ir/article-1-477-en.html


ÎÐÕÏ ÀZd�]Zc���¿Â®�Á°Z°����®d · ¾Z����¾�À^���]Z´¯�Â�Ä±°ÂZ�§�Àº´��Â�¿º¬�

ÏÏÍ

¶³Z-¦vk�°º� ¶]��¿Z¯±¡�z· °®��Ä°ºc¾Z]�®tc�Ä±Z�Z·°�±¦�~� ±Â°�ÎÎ ¶d��bÀ�°k�®§¦zc�²À.³ZÀ¯�`�¿Z¤¯��Ï ¾Âvk
°Z¸] |À¿Z�

Ï Î Ï Î °Z°Àc
ÒÔÒ $ $ ÓÍÔ D $ ¾«Zs�`�À§�ÀÂv]�v·Z�
ÒÔÑ $ $ ÒÖÍ D $ ¾«Zs�¶�À§�Z]�v·Z�
ÑÔÕ % $% ÐÐÕ E & Î�ÏÍ Ä±Z�Z·°�b^�³
ÐÔÍ & %& ÎÔÏ F ' Î�ÎÒ Ä±Z�Z·°�b^�³
ÐÐÕ ' & ÎÍÒ G '( Î�ÎÍ Ä±Z�Z·°�b^�³
ÓÔ ( '( ÎÕ H ( Î�Ò Ä±Z�Z·°�b^�³
Í ) ( Í H ( Î�Î Ä±Z�Z·°�b^�³

�v³¦Áv��¶�¿Z¤¯�®·�Z]�|À¿Z��Â�°Z¸]�ª���Â®�z·�°®��ª���Â�°Z°Àc�ª]Z¤d¯�zg¦�²d�z-�z�³�°®�Z]�Áv³Z¯�¾£Z]�¶d��bÀ�°k�®§¦zc�ÄZ·²À.³ZÀ¯��Î
�v³¦Áv��¶�¿Z¤¯�¶³Z-¦vk�°º��¶]��|À¿Z��Â�°Z¸]��ª���z·�ÄZ·²À.³ZÀ¯ �Ï

ÄZ·b^º�³�²¿zc\º�Z´¯��°Z¨º� ®º§¦zc�Â�ÁZººÀ-�¨±¦v³¦��ÁZÀ-�¸º³
�zºº-°Z¨���°Z¨���Î�Ò Â�Î�Î b^�³�Â®��Áv¯¡�b�®�¶]�Ä±Z�Z·°
Ä±Zº�Z·°�Î�Î b^º�³�Zº] ¶º§ Ä°Z°Àc�°®�b�¡��ÎÍÍ ¾zd´§��®º]
¶º§ �bº�¦�ÁZºÀ-�À®ºº] ¦ºº#º§�¶]�¶º]z¯�>ÇZ°do¦�b�z-�¿Zl³¦
À¡�¾ºº� °®�Â��®º�¾¯�z-°Z¨��Äz-ºld�k�n����·Z§�f�Z]
°®�Â��®ºº�¾¯�zdº�À]�zº-°Z¨º�Â�°Z¨º� ²ºÀ]�®°ºººsz]�¾Z°do¦

��ÎÓ Â�ÎÑ��®º�¾¯�¶¿x�c�°Z¨��Äzd�À]�°Z°��±¦�b¤À¤o
±¦�¶º§ bº�¦�¾º¬¯¦º��±¦�~º £�®ººkÂ�¶º§ ²ºº¿¦�¶]�¶kºc�Z]
¦xº� ®º§¦zc�¶ºº§ ¾¯Z.´·���Ò��v´§¾¯�ÄzÀ-º¬k�Z·Â°Ç ©zkZ¸¯
ÀZº°·�±¦�Â��vº´´§�©zkZ¸º¯ vº´³¦ºc¾°³�Zºº·Â°Ç v]Z¿¾¯��·Z§
Àººº# b¿Z¸ººº³ °®��vº´´§¾¯�¶º¿x�c��ºÀp¯�°®�®ººkº¯�°Z¨º�
¶º¿x�c�|Àº³ zº.¿v¨¿�±¦��bº�¦�®Zº¿±�Zºº·Â°Ç ²¿¦�°®�Ä°¦ºs®·
zº ��¶d��bÀ�°k�®§¦zc��¿Z¯±¡�ÀZ¿Z��°®�¶§�Ä°º��¶]��v´´§¾¯
¦z¿±��v�³�Áv·Z�¯�~ £�°®�|À³�ÄÂ°Ç "À·�z.¿®�Äº��±¦�Â��®º]
Ávº� Á®°ººs zºº.¿®�ÄZ·Â°Ç ¶¬À�Â�¶]�¦x��À®º^³�zg¦�°®�Z·Â°Ç

�v³®º]�¶d�°�À¦v¬-�½Zs�ªs¦®�¶]�ÁZÀ-�ÄÂ°�±¦�Z¿ Â�v³®º]
»Èºds¦�f�Zº] vº³¦ºc¾¯�Zº¯®�»Èººds¦�>Z�Z�¦�¶§�Zk�À¡�±¦
`º´¯¦®�|Àº³ z�Zºo �ºº·Â&��°®���ÎÐ��®º��Ä°ºc¾Z]�®z¨¬°�°®
¾º´�¿��§ºº¬�¯�ÄZº¯®�zhº§¦vo�Â�ªº£¦vo�²ºÀ]�|À¿Zºº� °®�¾¿Z¯®

zÀgPc �²¿¦z]Z´]��®º]�Ä°ºc¾Z]�Ä¦z]��ÎÐ��®¦z-¾d³Z��`k°®�ÏÒ�ÎÒ
ÎÔ ²ºÀ]�Zºº¯®�°Z¸]�°®��b�¦�Á®º]�zd¸]�°Z¸]�ª���Z]�¶�¿Z¤¯�°®�À¡
ÄZºº¯®�zhº§¦vo�Â�ªº£¦vo�±¦��ºÀ]��®¦zº-¾d³Zº� `ºk°®�ÏÕ Zºc
¶º§ ��ÎÐ ±¦�ªº¤³��¦´À·�j¿Zd³�¶]�¶kºc�Z]��²¿¦z]Z´]��®º]��§º¬�¯
zÀº¯ Â�ázº¯ ®¦zº-¾d³Zº� `ºk°®�ÏÕ ¶º] ÏÒ ±¦�Zº¯®��ºº¿¦|�¦�Z]
²º¿¦�°®��v]Zº¿¾¯��º¿¦|�¦�vºº�°®�ÏÍ ¶]�Ò ±¦�Ä°ºc¾Z]�ÄZ·Â°Ç
¶º] b^º�³�°Z¸º] °®�Ä°ºc¾Zºº] ÄZ·Â°Ç zÀ¯�Â�áz¯�|À³��¿Z¯±¡
Â��®º]�zc®Z¿±�|À¿Z��¶]�b^�³�°Z¸]�°®�zd�À]�ÄZ¯®�¶]�¶kºc�Z]�|À¿Z�
²º¿¦�¶º] >ÇZº°do¦�|À¿Zºº� Â�°Z¸]�°®�Ä°ºc¾Z]�®z¨¬°��²À]�»Èds¦

�®º]�ªÀ«®
»Èds¦�°Z¸] °®��z-°Z¨���°Z¨���Î�Ò Â�Î�Î ÄZ·b^�³�²À]
�º¿¦|�¦�ªººÀ«®�¶]�>ÇZ°do¦�|À³�»Èds¦�²¿¦��b�¦®�®ºkÂ�°¦®¾´�¯
®¦zº�¦�°Z°º� ¦zº¿±��®ºº] zdº�À]�ÄZº¯®�°®�zº-°Z¨ºº� zÀ¯�Â�áz¯
°®�Î�Ò ¾ºº´�¿�°Z¨��¶]�z-°Z¨��zc²À¿Z��b^�³�°®�¶§�Äz-°Z¨�
zºº] z-°Z¨��zÀgPc�zd�À]��·Z§�\kº¯��v³¦¶d�°�²À]�±¦�®Z¿±�ÄZ¯®
�v��Î�Î ¾´�¿�°Z¨��¶]�z-°Z¨��zcÇZ]�b^�³ Z]�¶�¿Z¤¯�°®�°Z¨�
²º¿¦��¾Zºoz·�¶º] �vºº� Áv¿®�»Èds¦�b^�³�Â®�²À]�¶lÀd³�°®�Â
¾¿¦°Zº§ ÄÂ°�¶º§ ®ºº^³�vºo À¡�°®�Î�Î b^º�³�°®�zÀºº¯ Â�áz¯

�®°¦x.]�Ä®Z¿±�zÀgPc�z-°Z¨�
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����|^��`d��>&KU\VRSHUOD�FDUQHD��6WHSK��@ |^��Ä°ºc¾Z]�®tc�Ä±Z�Z·°�³Â°�Â®�`�¿Z¤¯

ÏÏÎ

°®��zºº-°Z¨���°Z¨���Î�Ò Â�Î�Î Ä±Z�Z·°�b^�³�Â®�`�¿Z¤¯
Á°¦�½Zs�Z]�¶º¬t¯�®tc�Â�,]Â|¿¦z§ ³Â°�Â®

Zº] ¾ºº¬^£�ÄZ·�¿Z¯±¡�°®�¶d��bÀ�°k��·Z§�¶§�²¿¦�¶]�¶kºc�Z]
ÎÍÍ À¦|Àº¯ ¶ºº] Î�Î b^�³�¶]�Â�Ä°ºc¾Z]�®tc�Ä±Z�Z·°�°Z]�¦¿
|Àº³ Â��®º]�v�°®�ÖÏ�Ô �z-°Z¨���°Z¨���Î�Ò b^�³�¶]�Â�v�°®
Â®�²À]�ª]Z¤d¯�zg¦�²d�z-�z�³�°®�Z]�°¦®¾´�¯�»Èds¦�®º^³�ªÀ«®�¶]
²ºº¿¦�°®���Ï ¾Âvºk�|À¿Zº� Â�°Z¸º] ªº���Â®�°®�Â�¼ºº� b^º�³
�vº� §Zºtd³¦��zº-°Z¨º� �°Z¨ºº���Î�Ò Â�Î�Îb^�³�Â®��¿Z¯±¡
±ZºÀ³�®°ºº¯ ¨°¦�½Zººs \�Z´¯�À¦|À¯�²ÀÀ�c�°®�¶§�®¦®�ÀZ�³�j¿Zd³
®ººtc�Z]�¶º¬t¯�Á°¦�½Zs�¿z-�Í�Î ®Âvo��ÁZÀ-�z·���º��Ä¦z]
ÎÍ ÄÂZºo >Zº^¿z¤c�°¦vºº¤¯�²¿¦�¶§��®|¿°¾¯�À¦v¬-�½Zs�n���z]
bºt¿°�½Zºs ÄÂ°�¶ºº§ ¾¿Z·®tc�À¦|À¯���Ð��®º]�Z·®tc�v�°®
�·Zº§ °®�¦zº¿±���Ô Â�Ò��vº� §ºº�p¯�Ä±Z�Z·°�©Z ¬c�Â|k
Ä±Z�Z·°�³Â°�°®��Ð��¾�À�°���Ô��b�¦v³�¾�¤³�b�¡�bÀ�°k
²ºº¿¦��®º°³�Áv·Z�¯�¦°�®tc�©Z ¬c�v�°®�ÎÓ Zc�Á°¦�½Zs�Z]�®tc
Ä±Zº�Á®Z¯¡�ªºo¦z¯�°®�®ººtc�©Z ¬c�²d�z-�z�³�°®�ÀÂv]�°¦v¤¯
®ººtc�Ä±Z�Z·°�³Â°�°®��®º]�Á°¦�½Zs�Z]�À¡�¶Èds¦�Ä¦z]�®tc
ÄÂZ�¯�®¦v�c�Z·¶�À§�`°·�°®�¶§²¿¦�¶]�¶kºc�Z]�|À³�,]Â|¿¦z§�Z]
¸ºº°l¯�°®�Â°Ç Â�®ºtc�©Zºº ¬c��v��Á®¦®�°¦z£��®v��ÒÍ��®tc
³Â°�°®�©Zº ¬c��º�³�±¦�zdº°§�>Zº^¿z¤c�¶º§ �®ººº] v�°®�b ·

�b�¦�Á°¦�½Zs�Z]�®tc�¶º¬t¯
¶º§ �$ °ºd§Zº� n�º� Â®�²ººÀ]�¶§�®¦®�ÀZ�³�Z·�¿Z¯±¡�j¿Zd³
°¦®¾º´�¯�»Èºds¦��Î n�ºº� °®��®º]�Ä±Z�Z·°�³Â°�Â®�ª¯Z�
°Zºº°Àc�¶º� ª¯Zº� ¶º§ % °ºd§Zº� n�º� ¶º� ²ºÀ]��®°¦®�®ººkÂ
®ºº] Ä±Zºº�Z·°�ÀÂv]�v·Z��Â�Î�Ò �Î�Î b^�³�Z]�®tc�Ä±Z�Z·°
zºg¦�¾º�°z]�²º¿¦�°®��vº� Ávºº¿®�°¦®¾´�¯�»Èds¦��Î n���°®
�Î n�º� °®�|Àº³ Ä±Zº�Z·°�b^º�³�Â Ä±Zºº�Z·°�³Â°�ª]Z¤d¯
zºº�³�°®�Z]�Z·²À.³ZÀ¯�`�¿Z¤¯���Î ª¨��Â�Ð ¾Âvk��®º]�°¦®¾´�¯
ÄZ·b^º�³�Â�Ä±Zºº�Z·°�ÄZ·³Â°��°ºd§Z��Â®�ª]Z¤d¯�zg¦�²d�z-
Â�³Â°�Â®�zºº· °®�Î�Î Ä±Z�Z·°�b^�³�¶§�®¦®�ÀZ�³��Ä±Z�Z·°
°¦zºº£ ÁÂz-�¦¿�°®�Á°¦�½Zs�Z]�®tc�¶º¬t¯�³Â°�Z]�Î�Ò b^�³
vºº³°¦v³�°¦®¾´�¯�»Èds¦�¶³º-�"À·�®·�Z]��Î n���°®�Â �¶d�¦®

®ºº· Zººº] �Î n�º� °®�³Â°�Â®�°®�Î�Ò ÄZ·b^º�³���Îª¨º��
Â�,º]Â|¿¦z§�Î�Ò °Zº°Àc�²ºÀ]�¾º«Â��v´dº�¦v³�°¦®¾ºº´�¯�»Èds¦
°¦®¾º´�¯�»Èººds¦��Î n���°®��³Â°�Â®�z·�°®�Î�Î ÄZ·°Z°Àc
bºÀ�°k�ÄZºº·®§¦zc�¶§�®º]�²¿¦�¶kºc�ÀZ¿Z��¶d¨³��b�¦®�®ºkÂ
»Èºds¦�Á°¦�½Zºs v·Zº� Â�,ºº]Â|¿¦z§�v·Z��°Z°Àc�Â®�°®�¶d�
®º§¦zc��¿Zº¯±¡�²ºº¿¦�°®�¶§�Ä°º��¶]���Îª¨���v´d�¦®�°¦®¾´�¯
°Zº°Àc�¶º] b^ºº�³���ÐÎ�Ö Á°¦�½Zs�v·Z��°Z°Àc�°®�¶d��bÀ�°k
¶º§ b�Zºº¿°®�²À´#�À¦ºc¾¯��²¿¦z]Z´]��®º]�zd°§�,]Â|¿¦z§�v·Z�
¶dº� bºÀ�°k�vº�° �·Zºº§ f�Z]�|À³�¾¿Z¸´c�¶]�®ºs�Á°¦�½Zs
³Â°�Ä¦zº] ¾º-&º¿Â�²º¿¦�bº�¦�²º¨°¯�¶º#zº-¦��bºº�¦�Áv�
bºº�¦�²¨°¯�¾«Â��v¿¡�§Z�o�¶]�Äzcz]�¦¿�Á°¦�½Zs�Ä±Z�Z·°
¶ººº³Zt¬-�°®�ázº] n�º� ÄÂ°�Á°¦�½Zºs �º�º��¾�¿¦zº� °®
Â�|d´ºº�ºd���~ ´c�zÀ�³�ÁZÀ-�¾cZÀo�ÄZ·bÀ«Z���Àv��®§�\kº¯
±¦�Ä®Z¿±�°Z°��ÄÂ°�|À³�¾�°z]�²¿¦�°®�¶§�Ä°º��¶]��®®z-�ÁzÀ�
Á±Âzº¨³�ÄZ·¶ºº¨«��®º]�Áv��ÁvÀ�Z��Á°¦�½Zs�¶§��°ZÀs�ÄZ·áz]

�v��Áv¿®
Á°¦�½Zººs Î�Î °Z°Àc�°®�v·Z��¶]�b^�³�¶d��bÀ�°k��·Z§
¶º] ¶ºkºc�Zºº] �®º]���ÖÖ�Õ��,]Â|¿¦z§�Î�Î °Z°Àc�°®�Â���ÖÖ�Ö�
Â���¿Zºº¯±¡�±Z�¡�°®�ÁZÀ-�z·�ÄÂ°�¶d��ÏÒÍ��¶d��`À«Â¦�bÀ�°k
Î�Ò °Zºº°Àc�°®��®ºººtc�Ä±Zº�Z·°�±¦�~º� ±Â°�ÎÎ ÀZº¯±�©vº¯
ÒÒÎ � ÎÐ�ÔÏ ²À.³ZºÀ¯�°ºº� ¶º] �,ºº]Â|¿¦z§��z-°Z¨���°Z¨��
|Àº³ Á°¦�½Zºs Zº] ¶ºº¬t¯�®ººtc�Ä±Z�Z·°�Î�Ò °Z°Àc�°®�Â��¶d�
ÀZº�³�²º¿¦�¶º§ �vºº³®º]�Áv³Z¯�¾£Z]�ÁZÀ-�ÄÂ°�¶d��ÐÐÖ � ÎÎ�Ö
¾º«Â��®ººº] �¿Z¯±¡�¸Âz��¶]�b^�³�¶d��bÀ�°k��¿¦|�¦�¨v´·®
¶ºº§ ®¦®�ÀZº�³�v·Zº� °®�¶dº� bºÀ�°k�Zº] ®¦vº�c�²º¿¦�`º�¿Z¤¯
f�Zºº] Î�Ò b^�³�Z]�,]Â|¿¦z§�³Â°�Z]�|^��Ä°ºc¾Z]�Ä±Z�Z·°
�·Zº§ vºº�°®�ÖÓ�ÐÎ f�Z]�Á°¦�½Zs�³Â°�Z]�Â��v�°®�ÖÑ�Ö
\Àczººc ¶º] ¶§��®º]�Áv��v·Z��ÄZ·°Z°Àc�¶]�b^�³�¶d��bÀ�°k
°®�¶º#z-��v³®º]�¶d��ÔÐÓÑ � ÎÍÖ�Õ Â�ÎÍÕÎÐ � ÑÏÏ�Ó ª¯Z�
©°ºº� °®�¾º«Â��vº�³�¶dºº�Z§�¶d��¶À«Â¦�bÀ�°k�±¦�Î�Ò b^�³
�ÁZºÀ-�ÄÂ°�¶dºº� bÀ�°k�zÀ-®�#��¿¦|�¦�®tc�Ä±Z�Z·°�¿v�

�®Zd�¦¾¯�¼Z c¦��v��Áv¿®�v·Z��°®�¶§�¶$³¡�v´³Z¯
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ÎÐÕÏ ÀZd�]Zc���¿Â®�Á°Z°����®d · ¾Z����¾�À^���]Z´¯�Â�Ä±°ÂZ�§�Àº´��Â�¿º¬�

ÏÏÏ

Á°¦�½Zs�Z]�®tc�¶º¬t¯�Â�,]Â|¿¦z§ ³Â°�Â®�Z]�Ä°ºc¾Z]�®tc�Ä±Z�Z·°�b^�³�Â®�`�¿Z¤¯��¿Z¯±¡�ÄZ·Á®¦®�~³Z¿°¦Â�¶¿|lc��Ð ¾Âvk
zÀÀ�c��^´¯Ä®¦±¡�`k°®©Z�]z¯�¸º°l¯©Z�]z¯�²À.³ZÀ¯)

½º¬]ÏÎÏÖÒÏÔ�ÎÎÓÑÔÓÐ�ÒÒÐÎ�ÑÒÖÐQV
�$ °ºd§Z���®tc�Ä±Z�Z·°�³Â°ÎÓÒÏÑÑÔÓ�ÍÒÓÓÒÏÑÑÔÓ�ÍÒÓÎÑÔ�ÍÎÍÖ
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³Â°�¦º¿ ±¦�Á®Z dº�¦�¶ºº§ b�¦�²¿¦�®zÀ-�°¦z£�¶kºc�®°º¯�v¿Z]
©¦v·Zº�¯�¾ºº«Â��v´§�®°¦Â�\À�¡�ÀZ]|À¯�ÁZÀ-�¶]�v¿Z^³�Ä±Z�Z·°
ÄÂ°�Á±Âzº¨³�ÄZ·¶ºº¨«�®Zl¿¦�f�Z]�Á°¦�½Zs�¶§�®¦®�ÀZ�³�¾´À�
f�Zºº] v¯Zk�Á¦z°·�Á®Z¯�®ºkÂ��z.¿®�Äº��±¦���Ð��®®z-¾¯�ÁZÀ-
��Ó��®ºº�¾¯�ÀZº]|À¯�ÁZºÀ-�ÄÂ°�¾ºº�À^��²°�®�ÀZ�¨¿��´§¦z�
®¦ºº¯ Å¦z·Zºº� ¶§�®¦®�ÀZ�³��Ô��À¦°Z¨°·�Â�À¦®�ÄZ·¾�°z] ¶#z-
¾]º¬�¯Zº³ À¦vº´#�zºg¦�ººº¯ ÁZÀ-�ÄÂ°�Z·ÀZd�§Zc�°®�v¯Zk�ª¯Zo
§º¬�¯Z³�zg¦��·Z§�Ä¦z]��Õ��"À«°v³Â�Â�|¬À-�¾«Â��b�¦�¶d�¦v³
® º̧¯ b¿|¯��v³¦Á®z§�Á®Z d�¦��¿Z¯�ª¯Zo�®¦º¯�±¦�v¯Zk�ª¯Zo�®¦º¯

Â��v´³Z^�#¾¯�ÁZÀ-�n���¶] zd¸]�¦°�®tc�¶§�b�¦�²¿¦�zÀs¦�®¦º¯
°®�Â�v³Zº¯¾°³�¾£Zº] ÁZºÀ-�ÄÂ°�®ºtc�ª¯Zººo �¿Z¯�¶§�À¡�zc®¸¯
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vº�°®�ÎÓ Á°¦�½Zºs Zº] ¶ºº¬t¯�®ººtc�Ä±Z�Z·°�³Â°�°®
�¿Zºº¯±¡�°®��Ò��À¦°Zº¨°·�Â�À¦®���Ð��vº� Ávº¿®�®ºtc�©Zº ¬c
²Zºº°c�zg¦�°®�®tc�`d�º��n���³¦zs�¶]�¦°�©Z ¬c�²¿¦�Äz.¿®
¶§�Z¸³¡�ÄZ·�·Â&��°®��v³¦Á®¦®�b^�³�v¯Zk�ª¯Zo�¨®Z¯�©¦°¯�Z]
©°º��¶]�°ºd§¦zc�¶¬À�Â�¶]�Â�Á|À³Z¨¯�©°º��¶]�®tc�Ä±Z�Z·°
Â�Ò��v´dºº�¦®�©Z ¬c��ÐÕ Z·®tc��®º]�©°¯�°®º��Z]�¶º¬t¯�®tc
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�ÀZ¸ �¦�¾d�´��ÁZ.�³¦®��Ä±°ÂZ�§�Áv¨�³¦®��¾�Z´�Áz�o�v�°¦�¾�Z´�°Z§�¶¯Z³ÀZ¿Z� �¶³Zt¬-�°®�JRVV\SLL *ORYHU�
&KU\VRSHUOD Ä°ºc¾Zº] Â +LSRGDPLD YDULHJDWD ½±Â®�ºº §�ÄÂ°Ç ¶d�°�À��ªo¦z¯ ¿¢ºc�Â�®z ´¯�Á®Z d�¦��ÎÐÔÕ �½��¾¿Z^¿± �Ñ
�Ä±°ÂZº�§�Áv¨º�³¦®��¾º�Z´�Áz�o�vº�°¦�¾ºº�Z´�°Z§�¶¯Z³ÀZ¿Z� ��$SKLV�JRVV\SLL� |À«Zk�¶d��¾¨¿Þº«ºÀ]�¾zd´§�°® FDUQHD

�ÀZ¸ �¦�¾d�´��ÁZ.�³¦®
�� 'DDQH�� .�� 0�� DQG� *�� <� <RNRWD�� ������ 5HOHDVH� VWUDWHJLHV� DIIHFW� VXUYLYDO� DQG� GLVWULEXWLRQ� RI�JUHHQ�ODFHZLQJ

�1HXURSWHUD��&KU\VRSLGDH���(QYLURQ��(QWRPRO������������±����
�� 'DDQH�� .�� 0��� *�� <�� <RNRWD��<��'��5DVPXVVHQ��<��'��=KHQJ�DQG�.��6��+DJHQ��������(IIHFWLYHQHVV�RI�OHDIKRSSHU

FRQWURO�YDULHV�ZLWK�ODFHZLQJ�UHOHDVH�PHWKRGV��&DOLI��$JULF�����������±���
�� 'DDQH�� .�� 0��� *�� <�� <RNRWD��<��'��=KHQJ�DQG�.��6��+DJHQ��������,QXQGDWLYH�UHOHDVH�RI�FRPPRQ�JUHHQ�ODFHZLQJ

�1HXURSWHUD�� &KU\VRSLGDH�� WR�VXSSUHVV�(U\WKURQHXUD�YDULDELOLV DQG�(��HOHJDQWXOD��+RPRSWHUD��&LFDGHOOLGDH��LQ
YLQH\DUGV��(QYLURQ��(QWRPRO�������������±�����

�� *LOHV�� '�� .�� DQG� /�� 5� :XQGHUOLFK�� ������(OHFWURQLFDOO\�FRQWUROOHG�GHOLYHU\�V\VWHP�IRU�EHQHILFLDO�LQVHFW�HJJV�LQ
OLTXLG�VXVSHQVLRQV��7UDQV��$6$(�����������±����

�� +DJOH\�� (��$��&��������5HOHDVH�RI�&KU\VRSHUOD�FDUQHD �6WHSK����1HXURSWHUD��&KU\VRSLGDH��IRU�FRQWURO�RI��WKH�JUHHQ
DSSOH�DSKLG��$SKLV�SRPL 'HJHHU��+RPRSWHUD��$SKLGLGDH����7KH�&DQ��(QWRPRORJLVW��������������±����

��� /HFODQW�� )�� DQG�-��3��'HJXLQH��������$SKLGV��+HP���$SKLGLGDH���33�����������,Q��*��$��0DWKHZV�DQG�-��3��7XQVWDOO
�(GV����,QVHFW�3HVWV�RI�&RWWRQ��&$%�,QWHUQDWLRQDO��7KH�8QLYHUVLW\�3UHVV��&DPEULGJH�

��� 0DLVRQQHXYH�� -�� &���,��&RXWXUH��&��0DUUHH��6��&RXUEHW�DQG�-��0��&ROOHW��������%LRORJLFDO�FRQWURO�ZLWK�&KU\VRSHUOD
OXFDVLQD DJDLQVW� $SKLV�IDEDH�RQ�DUWLFKRNH�LQ�%ULWDQ\��)UDQFH���ILUVW�UHVXOWV��0HG��)DF��/DQGERXZZ��8QLY��*HQW�
����E������±����
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��� 0RUULVRQ�� 5�� .��� 0�� 5RVH� DQG� 6��3HQQ��������7KH�HIIHFW�RI�H[WHQGHG�LPPHUVLRQ�LQ�DJLWDWHG�OLTXLG�FDUULHUV�RQ�WKH
YLDELOLW\�RI�WZR�HQWRPRSKDJRXV�LQVHFWV��6RXWKZHVWHUQ�(QWRPRORJLVW����������������

��� 3ULQFLSL��0��0��DQG�0��&DQDUG��������/LIH�KLVWRULHV�DQG�EHKDYLRU��33����������,Q��0��&DQDUG��<��6HPHULD�DQG�7��5�
1HZ��(GV����%LRORJ\�RI�&KU\VRSLGDH��6HULHV�(QWRPRORJLFD�����'U��:��-XQN��3XEO���7KH�+DJXH�

��� 5LGJZD\�� 5�� /�� DQG� :��/��0XUSK\��������%LRORJLFDO FRQWURO�LQ�WKH�ILHOG��33�����������,Q��0��&DQDUG��<��6HPHULD
DQG�7��5��1HZ��(GV����%LRORJ\�RI�&KU\VRSLGDH��6HULHV�(QWRPRORJLFD�����'U��:��-XQN��3XEO���7KH�+DJXH�

��� 7DXEHU�� 0�� -��� &�� $�� 7DXEHU��.��0��'DDQH�DQG�.��6��+DJHQ��������&RPPHUFLDOL]DWLRQ�RI�SUHGDWRUV�UHFHQW�OHVVRQV
IURP�JUHHQ�ODFHZLQJV��1HXURSWHUD��&KU\VRSLGDH��&KU\VRSHUOD���$P��(QWRPRORJLVW����������±���

��� 7XOLVDOR�� 8�� ������ %LRORJLFDO� FRQWURO� E\� &KU\VRSLGV�� PDVV� UHDULQJ� WHFKQLTXHV��33�����������,Q��0��&DQDUG��<�
6HPHULD� DQG� 7�� 5�� 1HZ� �(GV��� %LRORJ\� RI� &KU\VRSLGDH�� 6HULHV� (QWRPRORJLFD� ����'U��:��-XQN��3XEO���7KH
+DJXH�
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