
ÎÐÕÎ |À¿Z� ��¿º� Á°Z°����®���v¬k���¾�À^���]Z´¯ Â�Ä±°ÂZ�§ Àº´��Â�¿º¬�

ÏÑÎ

>&KURPDSKLV�MXJODQGLFROD �.DOW��@ Â®z-�¶d��z°� ¾º��Â�v�°�Á°Â®�¾º� �Ä°Â°Z]�¶�¿Z¤¯
>7ULR[\V�SDOOLGXV �+DO��@ À¡�vÀ¿ºd¿±¦°Z��°º^³±�Â

Î°º�¾pd� §º¤�¿�Â�Ð¾£®Z��®À·¦z]¦�vÀ���Ï¾³Z�s°�ÀZ�o¦��Î¾^«Z��z��¦¾¬�
ÁvÀ¨#

À¡�vÀ¿ºd¿±¦°Zº� °ºº^³±�Â�>&KURPDSKLV� MXJODQGLFROD �.DOW��@ Â®z-�¶dº� ª¯Zº§ ©¦zº�o�zº°� ¾ºº� Â�vºº�°�Á°Â®�¾º� �Ä°Â°Z]
Õ�ÎÓ Ä°ººº³ ¨°Â®�Â�vº�°®�ÓÍrÒ ¾^º�³�bº]º�°��®¦z-¾d³Zº� `ºk°®�ÏÓrÏ ÄZº¯®�Zº] vº�°�¼Zº�¦�°®�>7ULR[\V� SDOOLGXV� �+DO��@
Zºº] �v³v� Á®¦®�³°Âz��Â®z-�ÄZ·¾Z¸³�ÄÂ°�v�°�¼Zc¦�°®�À¡�vÀ¿ºd¿±¦°Z��°º^³±�Â�Â®z-�`d��ÄZ·bÀ�°k��v¿®z-�¾�°z] �¾¨¿°Zc�¾¿Z´�Â°�
¾º�À^��,º´·¡��Ä°Â°Zº] Á&º¿Â�¾-vºº³±�¾Âvk�ªÀ¨�c�Â�vÀ¿ºd¿±¦°Z��°º^³±�Â�¶d��¾�´k�b^�³�Â�¶³¦±Â°�Ä°Â°Z]��v�°�¨°Â®�¾º��`^�Zp¯

�v��¶^�Zp¯��7&� ±Â°�\�o�z]�ª�³�z· ©v¯�¾º��²À.³ZÀ¯�Â��5�� �«Zs�ªh¯�vÀ«ºc�À¦|À¯���UP� bÀ�°k��¿¦|�¦
Â®z-�¶dºº� °®�bÀ�°k��¿¦|�¦�¾�À^��,´·¡�Â��ª�³�z·�°®�Á®Z¯�z·���ºc�Áv��vÀ«ºc�Á®Z¯ «Zd³�®¦v�c�²À.³ZÀ¯���«Zs�ªh¯�vÀ«ºc�À¦|À¯
Â®z-�¶dº� °®�ªº�³�zº· ©vº¯ ¾ºº� ²À.³ZÀ¯��®º]�Í�ÐÕÒ Â�®v��ÒÐ�ÕÒ \Àczc�¶]�vÀ¿ºd¿±¦°Z��°º^³±�°®�Â��Í�ÏÔÕ Â�®v��ÐÑ�ÓÖ \Àczc�¶]
Ô�ÍÍÎ \Àczc�¶]��UZ� ¶d ·�¦¿�©v¯�°®�vÀ¿ºd¿±¦°Z��°º^³±�Â�Â®z-�¶d��bÀ�°k��v��®°Â¡z]�±Â°�ÎÍ�ÐÒ vÀ¿ºd¿±¦°Z��°º^³±�°®�Â�±Â°�ÎÏ�ÔÒ
¹º¬]�±¦��À��¨°Â®�¾º���b�¦�±Â°�Î�Õ Â�Ï�ÑÖ \Àczc�¶]��GW� bÀ�°k�Àv��z]¦z]�Â®�Ä¦z]�¿±Ç ÀZ¯±�©v¯�Â��v]Z¿¾¯��¿¦|�¦�z]¦z]�ÎÑ�ÕÎ Â
Â��±Â°�Ö�ÎÓrÍ�ÏÎ Z·Á®Z¯�°®�Â�±Â°�Ö�ÎÑrÍ�ÐÑ Z·z³�°®�¶d���¬dt¯�²À´��ÄZ·Á°º��±¦�¾^À§zc�°®��¾-zÀ ��Â�ÄÂ°Ç �¾´À´k�Á°Â®��°º^³±
²º� �ºº¿¦|�¦�Z]�vÀ¿ºd¿±¦°Z��°º^³±�¹º¬]�±¦��À��¨°Â®�¾º���®º]�±Â°�Ö�ÐÍrÍ�ÎÍ �¾-°º��Á°Â®��Â®z-�¶d��¹º¬]�±¦��À��v�°�Á°Â®�²À.³ZÀ¯
°®�Â��±Â°�Ó�ÕÔrÍ�ÏÐ Zº·Á®Z¯�°®�Â�±Â°�Ó�ÎÔrÍ�ÏÏ Zºº·z³�°®�vÀ¿ºd¿±¦°Z��°º^³±��«Z]�©¦z�o z°��¾º���v]Z¿¾¯��·Z§�ÀZ]|À¯�`d��¾-°º�

�v¿®z-�®°Â¡z]�±Â°�ÎÏ�ÏÑrÍ�ÖÑ Â®z-�¶d�
¾-v³±�¾Âvk��vÀ¿ºd¿±¦°Z��°º^³±��Â®z-�`d� �ÄvÀ¬§�ÄZ·ÁÞ¦Â

À¦z¸c �²°v¯�bÀ]zc ÁZ.�³¦®��Ä±°ÂZ�§�Áv¨�³¦®��¾�Z´�Áz�o�°Z¿®Zd�¦ �Î
ª]¦±�ÁZ.�³¦®��Ä±°ÂZ�§�Áv¨�³¦®��¾¨�|�ÁZÀ-�v�°¦�¾�Z´�°Z§�¢]Z��Äºl�³¦® �Ï

À¦z¸c���c¦z¯�Â�Z·ª.´k ©Z¤À¤pc�¶��R¯�¾�·Â&��°Z¿®Zd�¦ �Ð

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
81

.6
.3

.2
0.

6 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

24
-0

4-
24

 ]
 

                             1 / 13

https://dorl.net/dor/20.1001.1.22518517.1381.6.3.20.6
https://jcpp.iut.ac.ir/article-1-229-fa.html


ÎÐÕÎ |À¿Z����¿º��Á°Z°����®���v¬k���¾�À^���]Z´¯�Â�Ä±°ÂZ�§�Àº´��Â�¿º¬�

ÏÑÏ

¶¯v¤¯
&KURPDSKLV� MXJODQGLFROD �.DOW���+RP��@�Â®z-�¶dºº�
²¿¦���ÎÓ��b�¦�Áv´§¦z��ÀZ¸k ¶Z¤³�±¦�Ä°ZÀ�]�°®�>$SKLGLGDH�
b�¦��-XJODQV�UHJLD /�� ¾³¦z¿¦�ÄÂ®z-�®¸¯�©Z�¡�±¦�¾¨¿�¶d�
¦ºº#z§�ÁZÀ-�Â�Â®z-�ÀZds°®�ÄÂ°�±¦�¦°�À¡��Ï���t^oz����Î�
�bººº�¦�Á®zº§ ³°¦|-�°ºº�§�¾«Z°º� Â�Ä|º§z¯�ÄZ·ÀZdº�¦�°®
Â®z-�ÁºººÀ¯�bÀ À§�Â�Á±¦v³¦��·Z§�©°º��¶]�b�¡�²¿¦�©°Z�s
À¦ºº´��¶]�Â®z-�¦#º§�¶d��±¦��Î��¾¬À�Z°�¦���ÐÎ��v´§¾¯�±Âz]
Â�Zº·z-°Z¨º� �º�ºc�À¦zºº¿¦�°®�À¡�bÀ�°k�¶§�®z]¾¯ ¿Z³�¾d�¡
7ULR[\V� SDOOLGXV vÀ¿ºd¿±¦°Zº� °ºº^³±�Á&º¿Â�¶ºº] �Z·vÀ¿ºd¿±¦°Z�
°®�¾zdºº´§�bºpc���+DO��� �+\P�� %UDFRQLGDH�� $SKLGLQDH�

�b�¦�Áv¯¡
±¦�~ºº� �ÎÖÓÍ Â�ÎÖÒÖ ÄZ·¾Zº� ¾º� �ÐÍ��³ºº] À®�ÀÂ
¿º°ººº� \º�Z´¯�zÀgPºc ¿vº� Â�ZºÀ³z À«Z§�°®�Â®z-�¶dº� ÀZºÀ��
ÀZ¸ºk n�ºº� °®�¶d��²¿¦�¾�À^��ÀZ´°�®�Äºld�k�¶]��¾¿ZÀ°À�
²°ºº�®�À¦º´��¶]�¦°�7��SDOOLGXV vÀ¿ºd¿±¦°Z��°º^³±�ÄÂ��bs¦®z�
À¡�±¦�Ä°Z°º� Â�Ä°Â¡�ºº°k�¶�³¦z� §º´k�±¦�Â®z-�¶d��¾�À^�
Â�zÀººh¨c�±¦�~º� ¾ºc¦®°¦Â�°ºº^³±��®zº§ ¾Zº�°¦�ZºÀ³z À«Z§�¶º] ¦°
¾ºº]º´k�ÄZ·b°º�£�°®�Â�z¤dº�¯�vº¿vk��ºÀp¯�°®�Ä±Zº�Z·°
ÄZ·b°º�£�°®�¾º]ºs�¶º] bºº�³¦ºd³�¾«Â��v��Áv´§¦z��ZÀ³z À«Z§
±¦�~º� ��ÐÍ Â�ÏÒ �ÏÍ��v]Z¿�°¦z¤d�¦�b«Z¿¦�²¿¦�¾«Z°��Â�Ä|§z¯
ºldº�k��¶ºº�³¦z��°®�°º^³±�²¿¦�®ºkÂ�®°º¯�°®�³°¦|-�²Àd�t³
²ºº¿¦�¾���b�Z¿�¶¯¦®¦�À¦z¿¦�Â�Z�Â°¦�§z��±¦�Ä¦Á®zd�-�¾o¦º³�°®
¾�À^��²°�®�À¦º´��¶]�Ä°,¿®�vÀ¿ºd¿±¦°Z��°º^³±�"À·�Z·¾�°z]
§zº� ¾ºo¦º³�¶ºº°·�°®�7��3DOOLGXV ¾«Â��v�³�¶dsZ´��¶d��²¿¦
°º^³±�¶³º-�²¿¦�±¦�Ä°Z°��ÎÖÓÍ ¾Z��°®��v��Áv¿®�À¦z¿¦�Â�Z�Â°¦
²ºº¿¦�¾«Z°��ÄZ·b°�£�°®�b�z��¶]�Â�Á®z]�ZÀ³z À«Z§�¶]�À¦z¿¦�±¦
¦°�Â®z-�¶dº� bºº�³¦ºc�¾·Zcº§�©v¯�±¦�~��Â�v��z¤d�¯�b«Z¿¦

��ÐÍ Â�ÎÔ��®°Â¡°®�¾zd´§�bpc�¾¬§�¶]
°®�7�� SDOOLGXV ¾¿¦°Zºº§ ¶´À¯±�°®�¦°�¾¿Z·¾�°z]��ÏÕ��±°vc
j¿Zd³��®¦®�¿Zl³¦�3K\OODSKLGLQL Àº$°·�Z·¶d��±¦�Ä°Z°��¾zd´§
¾·Z.º�¿Z¯±¡��¿¦zº� °®�°ºº^³±�²ºº¿¦�¶§�®¦®�ÀZ�³�Z·¾�°z]�²¿¦

ÁzÀ ºº� �®°¦®�Z·¶d��²¿¦�±¦�Ä°Z°��¾zd´§�°®�¾]ºs�°ZÀ�]�¾¿¦°Z§
©°ººº� Á®zººº¯ ÀZº]|À¯�bº�º��ªºs¦®�°®�7�� SDOOLGXV Àvº�
�Áv¯¡°®�Ä¦Áº¸£�Z¿�vÀ ��,³°�¶]�Áv��¾¿ZÀ¯º¯�ÄZ·¶d���®zÀ-¾¯
Â�¦º#ºº§ ÄZ·¶sZº� �ázº]¿®��ázº] ²ºº¿z¿±�n���°®�>Z¯º°�
¶º§ vº�°¾¯�zº�³�¶ºº] �v³º�¾¯�b�Z¿�bs°®�¶´c�¾do�Â��á°|]
ªºº°��¾�Z�ds¦�°ZÀ�]�®ºs�ÀZ]|À¯�¶]�b^�³�7��SDOOLGXV °º^³±
&�� MXJODQGLFROD ¶dº� ÄÂ°�Z¸º´c Å¦z·Zº� ZºÀ³z À«Z§�°®��vº´§¾¯
¶d��Â�0RQHOLD�FRVWDOLV��)LWFK� ¶d��¾do��®°¦®�¾¬.³¦�bÀ«Z��
°ZÀº�]�ÄZ·¶ºº³º-�¶§��>0��FDU\DH �0RQHOO�@ ¾¿Z¨¿z¯¡�ÄÂ®z-
°¦zºº£ °º^³±�²¿¦�¶¬°o�®°º¯��v´d�·�&��MXJODQGLFROD ¶]�¦¿®|³

��ÐÎ��v³zÀ-¾°³
�bº�¦�À¦zº¿¦�¾º¯º]�7�� SDOOLGXV °ººº^³±�¶§�²¿¦�¶]�¶kºc�Z]
bºÀ�°k�¾zdº´§�°®�À¡��º¤³�Â�¦ºº¿Þº«ºÀ]�ÄZ·¾-&¿Â�bsZ´�
bº¿z¿v¯�°®�À¦ººd]�Zºc �bº�¦�Ä°Âzº� &�� MXJODQGLFROD ¶d�
¶ºº] Â®z-��,QWHJUDWHG� 3HVW� 0DQDJHPHQW� ©Zººº�¡�¾º¤À ¬c
À¡�Ä±Zº�Z·°�Â�zÀºh¨c�¿Â|º« ©°ººº� °®�Â��b¿Z°o�Â�b�Z o
®°º¯�°®�¾�Z§��·Â&��À¦z¿¦�°®�Àº´§Zc��®ºkÂ�²¿¦�Z]��®º°³�¿¦v£¦

�b�¦�Áv�³�¿Zl³¦�vÀ¿ºd¿±¦°Z��°º^³±�²¿¦�¾¿¦°Z§�Â�ÄÞº«ºÀ]

Z·³Â°�Â�®¦º¯
À¡�vÀ¿ºd¿±¦°Zººº� °ºººº^³±�Â��&�� MXJODQGLFROD� Â®z-�¶dººº�
Ä°Â¡�º°k�À¦z¸c�ÀZd�¦�°®�Â®z-�ÀZds°®�ÄÂ°�±¦��7��SDOOLGXV�
ÄÂ®z-�À¦ººk ÄZ·¾Z¸º³ ÄÂ°�Â�v³vº� ªº¤d´¯�vºº�°�¼Zc¦�¶]�Â
¾¨Àdºº�È��ÄZº·À¦v¬-�ÀÂ°®�¶º§ ��-XJODQV� UHJLD� /�� ¾º³¦z¿¦
zd¯¾d³Zº� ÑÍ ¶º³Z·®�zº�£�Â�zd¯¾d³Zº� ÒÍ ¸Zºº c°¦�¶]�Ä¦¶³¦ºd�¦
°®�Zº·�¿Z¯±¡�¶ºÀ¬§��v´d�Zºº¿ zÀh¨c�Â�³°Âz���v³®º]�Áv��¶d�Z§
ÓÍrÒ ¾^�³�b]º�°��®¦z-¾d³Z��¶k°®�ÏÓrÏ ÄZ¯®�Z]�v�°�¼Zc¦
¾¨¿°Zºc b�Zº� Õ Â�¾¿Z´ºº�Â°�b�Z��ÎÓ Ä°º³ Á°Â®�Â�v�°®
ÄÂ°�vÀ¿ºd¿±¦°Zºº� °ººº^³±�Â�Â®z-�¶dººº� bºÀ�°k��vº� ¿Zºl³¦
¶º] Â�Ávºº� zÀh¨c�Ä¦¶#°Z��Ä°ºc�°®�°º�p¯�Â�¦|l¯�ÄZ·À¦v¬-
Â�ªº¤³��v³vº� Á®Z dºº�¦��¬dt¯�ÄZ·�¿Z¯±¡�Ä¦z]�À|t¯�À¦º´�

�b�z-¾¯�©°º��°ºc¦zÀ��¡���ºc�Z·°º^³±�¾Z¤d³¦

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
81

.6
.3

.2
0.

6 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

pp
.iu

t.a
c.

ir
 o

n 
20

24
-0

4-
24

 ]
 

                             2 / 13

https://dorl.net/dor/20.1001.1.22518517.1381.6.3.20.6
https://jcpp.iut.ac.ir/article-1-229-fa.html


�����Â�>&KURPDSKLV�MXJODQGLFROD �.DOW��@ Â®z-�¶d��z°��¾º��Â�v�°�Á°Â®�¾º���Ä°Â°Z]�¶�¿Z¤¯

ÏÑÐ

�±Â°�°®�Á®Zºº¯ z·�°®�¶d��®¦±º³�®¦v�c��Ä°Â°Z]�¾�°z]�Ä¦z]
Â�¹º¬]�±¦�b�Z��ÏÑ zh§¦vo�¶§�Á®Z¯�¶d��ÏÎ �&��MXJODQGLFROD
Z]�¶§�Â®z-�áz]�¦¿�ÄÂ°�¶³Z-¦vk��®º]�¶d�x-�Z¸³¡�Àv��°¦®¾Z]
�v³vº� Á®¦®�°¦zº£ ®ºº] Ávº� °ººº�p¯��&OLS�FDJH� ¾-z]�~ £
¿Zºl³¦�ÁZºÀ-�ÄÂ°��¿Zºº¯±¡�Â�Áv�³�¦vk�¾Z¸³�±¦�Â®z-�ÄZ·áz]
»Z º� ¦Àd�È��~´k�±¦�Äzd��»z��Â®�ª¯Z��¾-z]�~ £��v�
¶¬Àº�Â�¶º] ¶ºº§ �®º]�zd¯¾d³Z��Ï�Ò ¸Z c°¦�Â�zd¯¾d³Z��ÎÍ z�£�¶]
ázº] Àvºº¿®�¶¯v��±¦�ÄzÀ-º¬k�Ä¦z]�Â��ª�d¯�®·�¶]�ÁzÀ-�¦¿
¶«®Z^¯�Ä¦z]��®º]�Áv��Áv³Z^�#�Z¸³¡�¶^«�¶]�¾l´ �¦�°¦º³�¦¿��ÁZÀ-
ÁvÀ³Zºº�º��Ä°ºc�Z]�Â�¶d�¦®z]�Äzd��»Âz���§�®��¦��t]�¦º·
³°Z°ºº� ¶³¦±Â°�©°º��¶]�¶d��z·�±¦�Áv��vÀ«ºc «Zd³��®º]�Áv�
vºÀ«ºc�«Zºd³�³°Z°º� °®�ÁZ^dº�¦�±¦�ÄzººÀ-º¬k�Ä¦z]��v��b^g�Â
²ºº¿¦��v�¾¯�»xo��Àp¯�±¦�³°Z°��±¦�~��¶d��z·�«Zd³��Áv�
Ä¦zº] �b�Zº¿ ¶º¯¦®¦�°Â°Zº] ¶dº� ²º¿zs¡�ázº¯ ¿Z.ºº´·�Zc�ª°�
±¦�°®Zº¯ ÄZ·¶dº� Àvºº¿®�¶¯v��Â ¾�¿Z¯±¡�ÄZ�s�±¦�ÄzÀ-º¬k

�v��§Z´dk¦�Z¸³¡�Ä°Z§b�®�Â�¾¿Zk¶]Zk
®¦vº�c�bº�t³��7�� SDOOLGXV °ºº^³±�Ä°Â°Zº] ²ºÀ°tc�Ä¦z]
¶ºd¿±¦°Z��b�Zºº� ÏÑ ©v¯�°®�Â�ÀZ¯±®·�¶§�¾¿ZÀ¯º¯�¶d��Ä®Z¿±
á°|º] Äzdº� ¦º¿ ªºs¦®�¶ºº] Â®z-�ÄZ·áz]�ÄÂ°��v³®º]�Áv�
ÄZ·¶dº� �v³ºº� «°Zºs Z¸º³¡�±¦��«Zºº] ÄZ·°º^³±�Zc�v³v��ª¤d´¯
°º¸º� ±¦�~º� �v³vº� »xºo �¿Zºº¯±¡��Àp¯�±¦�Áv�³�¶d¿±¦°Z�
ÏÑ zhº§¦vo�¶º§ �zº³ °ººº^³±�ÏÍ Â�Á®Z¯�°º^³±�ÏÍ �ª¯Z§�©¦z�o
Â�zºº³ ÄZ·°º^³±��v³v��§Ztd³¦��®º]�¶d�x-�Z¸³¡�°º¸��±¦�b�Z�
°®�¶ºº§ �®¨��ª¨��Á&¿Â�¶]�Â�Àv]�Á±¦v³¦�¢¿z��±¦�¾do¦°�¶]�Á®Z¯
®º· ±¦��®ºº] ÁvÀº�§�Â�¦¿°Zºº] Z·z³�°®�Â ®Àlo�Â�¿°ºd¯�Z·Á®Z¯
ªºs¦®�zº³ °ºº^³±�¦º¿ Á¦zº°·�¶ºº] Á®Z¯�°º^³±�z·��v³v�¾¯�¦vk
²º� Á°ººº� ®v��ÒÍ ª£¦vo�¶§�¾¿Z·áz]�ÄÂ°��¾-z]�ÄZ·~ £
ÄZº·Á°º���vº� Zº·°��bº�¦®�®ºººkÂ�Z¸³¡�ÄÂ°�¶d��°Z¸#�Â�¶�
¶ºº] Â®�Â�¦¿�²À´��ÄZ·Á°º��Z]�¶�¿Z¤¯�°®�¶d��°Z¸#�Â�¶��²À´�
°ººº� ¶]�Z·°º^³±��v³v�¾¯�¦vk�®·�±¦�Àv]�Á±¦v³¦�¢¿z� ±¦�¾³Z�¡
¶dº� Ä¦°¦®�vº¿vk�ÄZº·ázº] ÄÂ°�°ºc¦zÀ�ºº�¡�¶¬À�Â�¶]�¶³¦±Â°
¶¯¦®¦�Á®Z¯�°º^³±�²¿zs¡�áz¯�¿Z.´·�Zc�ª°��²¿¦��v³v�¾¯�ª¤d´¯

ªºs¦®�Â�ázº] ÄÂ°��±Â°�zºº· ¶]�¶º]z¯�¶d¿±¦°Z��ÄZ·¶d���b�Z¿
Zº] Â�vº³v³¦°¯á�¦°�®ººs ÄZºº°³�Â�º�³�ªo¦z¯��¾-z]�ÄZ·~ £
Á®Z dº�¦�Z]��v��²ÀÀ�c�Z¸³¡�bÀ�´k�Â�®¦v�c��ª¯Z§�©¦z�o�°º¸�
¶dºº� Ä¦z]�Ä°Â°Z]�Á&¿Â�¾-v³±�¾Â¦vk��¶³¦±Â°�Ä°Â°Z]�j¿Zd³�±¦
±¦�Á®Z dºº�¦�Zººº] Â��vº� ªÀ¨º�c�À¡�vÀ¿ºd¿±¦°Zº� °ºº^³±�Â�Â®z-
À¦|Àº¯ �ÏÖ Â�Ð ±¦�ªº¤³�¶º]��zºº«Â¦�Z¨cº«�Â��Ó��ÝzÀ]�ÄZ·¾º¯z�
¾ººc¦¯�,´·¡��5� Z¿��1HW�UHSURGXFWLYH�UDWH� �«Zs�ªh¯�vÀ«ºc
Z¿��,QWULQVLF�QDWXUDO�UDWH�RI�LQFUHDVH� bÀ�°k�¾�À^���¿¦|�¦
Zº¿ �0HDQ� JHQHUDWLRQ� WLPH� ª�³�z·�©v¯�¾º��²À.³ZÀ¯��UP
¶ºººd ·�¦ºººº¿ ©vºº¯ °®�bººÀ�°k�Àvºº� zºº]¦z]�vºº´#��7F

Ä¦zº] ¿±Ç ÀZºº¯±�©v¯�Â�UZ Z¿��:HHNO\�PXOWLSOLFDWLRQ�UDWH�
À¦ºº´��¶º] ¶ºº§ ��GW Z¿��'RXEOLQJ�WLPH� bÀ�°k�Àv� z]¦z]�Â®
ÀZº]|À¯�Â�¾º�À^��²°º�®�Ä°Z-±Zº� Â�bºÀ�°k�vºº�°��sZ�
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�ÎÕ��À¦°Z¨°·�Â�Äv³Z��Â��Ñ��,´À��Â�©Z]�¶§�¾«Zo�°®��v³®z§
ÄZºº·°º^³±�«Zºd³�¾º�´k�b^º�³�®°ºº¯ °®�Ä®Zº¿±�ÄZº·©ÂZ c
�·Â&��j¿Zd³�²Z�¦�z]��v³®º°³�³°¦|-�$SKLGLQDH Á®¦º³Zsz¿±
Á®Zº¯ ¶º] zº³ «Zºd³�¾ºº�´k�b^�³�7��SDOOLGXV °º^³±�°®��z�Zo
«Zºd³�vºº�°®�¶§�v·®¾¯�ÀZ�³�Ð ª¨���v¯¡�b�®�¶]�Î ¶]�Î�ÍÓ
©ÂZº d¯�°®Zº¯ ÄZº·°º^³±�²º� ¶ºº] ¶d�]�7��SDOOLGXV Á®Z¯�Â�z³
� ³�¶]�v�°®�ÒÍ ±¦��À]�b^�³�²¿¦�b�t³�±Â°�°Z¸#�°®��b�¦
�·Zº§ jº¿°vc�¶º] Á®Zº¯ «Zºd³�vºº�°®�À¡�±¦�~��Â�b�Z·Á®Z¯
Â�Äv³Zº� Â��Ö��zl´ºº�¯�Â�²°º��ÄZ·¾�°z]�²Z�¦�z]��v]Z¿¾¯
�Á®Zº¯ vÀ¿ºd¿±¦°Zº� ÄZº·°º^³±�²ºº� �¿¦|�¦�Z]�|À³��ÎÕ��À¦°Z¨°·
vº�°®�²À.³ZººÀ¯��v´§¾¯�¦vÀ��Ä°¦®¾´�¯��·Z§�Á®Z¯�«Zd³�b^�³
ÑÕ�ÓÏ ª¯Zº§ ©¦zºº�o�z°��ª§�°®�7��SDOOLGXV °º^³±�Á®Z¯�«Zd³
zºº³ °º^³±�²¿¦�«Zd³�v�°®�ÒÍ ±¦��À]��z.¿®�²t��¶]��®º]�v�°®
vº�]�ªº�³�bºÀ�°k��º¿¦|�¦�°®�¾°¸ºº� ®À¤d�¯ °º��¶]�Â�Á®º]
±¦�zdº�À]�°ºº^³±�Á®Zº¯ «Zººd³�°Z°��²À.³ZÀ¯��®ºkÂ�²¿¦�Z]��v³°¦v³
b�zº� ÄZº¿º-�¸ºº�º¯�²º¿¦�¶ºº§ �®º]�¶d��«Zd³�°Z°��²À.³ZÀ¯
Â®z-�¶dº� Zº] ¶ºº�¿Z¤¯�°®�vÀ¿ºd¿±¦°Z��°º^³±�bÀ�°k�v�°�zd�À]

�b�¦
²º¿¦�¾ººº� Â�Â®zº- `d��¹º¬]�±¦��À��v�°�¨°Â®�¾º��²À]
¾-°º��¿¢ºc�²À´��ÄÂ°�vÀ¿ºd¿±¦°Z��Á®Z¯�Â�z³�ÄZ·°º^³±�°®�Á°Â®
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ÏÒÎ

¾.´·Zºº°·�¨v´·®�ÀZ�³�¶§��®°¦v³�®ºkÂ�Ä°¦®¾´�¯�»Èds¦�¶d�
Á°Â®�²ºº¿¦�¾º���b�¦�À¡�ÀZ]|À¯�Â�vÀ¿ºd¿±¦°Z��°º^³±�²À]�¾d�¿±
7ULR[\V� DQJHOLFDH °ºº^³±�Zºº] ¶�¿Z¤¯�°®�7��SDOOLGXV °º^³±�°®
��Ô��bºº�¦�zd°§��±Â°�ÏÐ Zc�ÎÔ ®¦z-¾d³Z��¶k°®�ÏÍ ÄZ¯®�°®�
¾-°ºº� ²À´º� ±¦�¦ºº¿ z·�ÄÂ°�°º^³±�¶§�¾¯Z.´·��¾Zo�²À��°®
Zº] À¡�Ävº�°�¨°Â®�¾ºº� ®ºº�¾¯�zÀººh¨c�¶³Z-¦vk�°º��¶]�¶d�
²º¨°¯�¸ºº�º¯�²º¿¦��v]Zº¿¾¯��·Zºº§ ¶d��¾-°º��²���¿¦|�¦
°®�zc\�Z´¯�Â�¾�Z§�Ä¦x��¶]�°º^³±�Â°Ç ¾�zd�®�ªÀ«®�¶]�b�¦
©ÂZººº c�|Àº³ b«Zºo ²º¿¦�°®��vº�Z]�ÀZº]|À¯�zc²º�¯�ÄZº·Á°º�
®ººkÂ�Á®Zº¯ Â�zº³ ÄZºº·°º^³±�Äv�°�¨°Â®�¾º��²À]�Ä°¦®¾´�¯

�®°¦v³
°ººº^³±�±¦�±Â°�Ò ±¦��À]�Â®z-�`d��ª¯Z§�©¦z�o�z°��¾º�
z-¦��®ºº] zd�À]��Â®z-�¶d���ÀZ]|À¯�ÄÂ°�7��SDOOLGXV vÀ¿ºd¿±¦°Z�
¶º] �vº�Z]�°ººº^³±�¶]�¦¿®|³�Z¿�ÄÂZ�¯�¶d��¶³¦±Â°�À¦®¦±º³�°Z°�
bººÀ�°k�v�°�b�z���¶d��ª¯Z§�©¦z�o�zd�À]�z°��¾º��ªÀ«®
®ººtc�°Z°���Ä°Â°Z]�ªÀ«®�¶]�¾«Â��®º]�v·¦ºs�°º^³±�±¦�zd�À]�À¡
zº°��¾ºº� �vº·®¾°³ ­°�¼Zºº c¦�²¿¦�°º^³±�®Z¿±�°ZÀ�]��±Â°�°®
ªº���Â�§¡�±¦�Z¸º´c�¶º§ ¾º¯Z.´·�7�� SDOOLGXV �«Zºº] ÄZ·°º^³±
±¦�Â�Á®ºº] ÀZº]|À¯�Zº] Á¦zºº°·�¶§ ¾d«Zo�¶]�b^�³��v´´§¾¯�¶¿x�c
�bº�¦�zcÁZºcº§�vº´´§¾¯�¶ºº¿x�c�ÀZ]|À¯�¦¿�²��¨°º��Z¿�¦¬��
¾ººº� v³º�¾¯�Ä°¦v¸.³�¦x��Â�ÀZ]|À¯�ÀÂv]�Z·°º^³±�¶§�¾¯Z.´·

ÏÑ °®�Z º̧³¡�v�°®�ÖÍ ±¦��À]�Â�¶d�Z¿��·Z§�ª¯Z§�©¦z�o�z°�
©¦zºº�o�z°��¾º���Ô��Z¨�ºÀ³zÀ���v³º�¾¯��¬c�¶À«Â¦�b�Z�
|^º� `d��ÄÂ°�¦°�7ULR[\V�DQJHOLFDH Á®Z¯�Â�z³�ÄZ·°º^³±�ª¯Z§
¶ºk°®�ÏÍ ÄZºº¯®�°®�ª���Â�§¡�Á¦z°·�¶]��$SKLV�SRPL� \À�
¶ºººk°®�ÎÒ ÄZºº¯®�°®�Â��±Â°�Õ Â�Ô \ººÀczc�¶ºº] ®¦z-¾d³Zºº�
¶�¿Z¤¯�°®�¶§��®°Â¡�b�®�¶]�±Â°�ÎÏ Â�ÎÍ \Àczc�¶]�®¦z-¾d³Z�
®¦z-¾d³Z��¶k°®�ÏÓrÏ ÄZ¯®�°®�7��SDOOLGXV °º^³±�z°��¾º��Z]

�v´d�¦®�Äzd�À]�z°��¾º���±Â°�Ò�ÒÑ Z·Á®Z¯�Â�Ð�ÏÏ Z·z³�
vº�°�ÄZ·�sZºº� ®°º¯�°®�Áv��¿Zl³¦�ÄZ·¾�°z]�¸º°l¯
ÀZº�³�7�� SDOOLGXV °ºº^³±�¦º¿Þºº«ºÀ]�ÄZºº·¾-&¿Â�Â�bÀ�°k
ª¯Z��¦¿�&��MXJODQGLFROD ¶d��¾zd´§�°®�°º^³±�²¿¦�¶§�v·®¾¯

�b�¦�§º¬�¯�¾¿¦°Z§�Z]�¦¿Þº«ºÀ]

Ä°¦|.�Z��
¾º�Z´�Áz�o�ÁÂz-�zº¿v¯��¾«Zº°§�®º¿z§�zdº§®�ÄZºº£¡�§Z´k�±¦
²À«ºX�¯�Â�²°v¯�bÀ]zc�ÁZ.�³¦®�Ä±°ÂZ�§�Áv¨�³¦®�Ä±°ÂZ�§
©Zº¤À¤pc�¶º��R¯�¾·ZººÀ-�ÄZ·Ä°Z°À]�Â�©Z�¡�©Z¤À¤pc��t]
¿Zººl³¦�ÀZ¨¯¦�®ºs��¿°®¾]�ÄZ·©v�Z�¯�Z]�¶§���c¦z¯�Â�Z·ª.´k

�®®z-¾¯�Ä°¦|.�Z����v³®º°³�®·¦z��¦°��·Â&��²¿¦

Á®Z d�¦�®°º¯��]Z´¯
�À¦z¸c��z¸���z�³�|§z¯��ÁºÀ¯ ÀZds°®�®¸¯ ©Z�¡ �ÎÐÓÏ �¿��¾¬À�Z°�¦ �Î

�©ZcZ^³�� o�ÀZ¯±Z���À¦z¿¦�Ä±°ÂZ�§�ÄZ·Á®°Â¦z��Â�©ZcZ^³�®¸¯�©Z�¡�b�z¸���ÎÐÑÍ �¼���t^oz� �Ï
�� $NFDND\D�� +��5���0��$��%XUJPDQ�DQG�/��5��*LQ]EXUJ��������$SSOLHG�3RSXODWLRQ�(FRORJ\��3ULQFLSOH�DQG�&RPSXWHU

([HUFLVHV�8VLQJ �VHFRQG�HGLWLRQ���6LQDXHU�$VVRFLDWHG��,QF���3XEOLVKHUV��6XGHUODQG��0DVVDFKXVHWW�
�� %KDWW�� 1�� DQG� 5�� 6LQJK�� ������ %LRQRPLFV� RI� DQ� DSKLGLGDH� SDUDVLWRLG� 7ULR[\V� LQGLFXV��(IIHFW�RI�KRVW�SODQWV�RQ

UHSURGXFWLYH�DQG�GHYHORSPHQWDO�IDFWRUV��%LRO��$JULF��+RUW�������������
�� %LJOHU�� )�� ������ 4XDOLW\� DVVHVVPHQW� DQG� FRQWURO� LQ� HQWRPRSKDJXV� LQVHFWV� XVHG� IRU�ELRORJLFDO�FRQWURO��-��$SSO�

(QWRPRO���������������
�� %LUFK� /��&��������7KH�LQWULQVLF�UDWH�RI�QDWXUDO�LQFUHDVH�RI�DQ�LQVHFW�SRSXODWLRQ��-��$QLP��(FRO������������
�� &LHUQLHZVND�� %�� ������6WXGLHV�RQ�WKH�HFRORJ\�RI�7ULR[\V�DQJHOLFDH �+DO����+\PHQRSWHUD��$SKLGLGDH���D�SDUDVLWH�RI

WKH�JUHHQ�DSSOH�DSKLG��$SKLV�SRPL �+RPRSWHUD��$SKLGLGDH���5RF]QLNL�1DQN�5ROQL]\FK�����������
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ÏÒÏ

�� )OLQW�� 0�� /�� ����� *HRJUDSKLF� YDULDWLRQ� LQ� 7ULR[\V� FRPSODQDWXV� D� SDUDVLWH�RI�WKH�VSRWWHG�DOIDOID�DSKLG��3K��'�
WKHVLV��8QLYHUVLW\�RI�&DOLIRUQLD�

�� )RUFH�� '�� &�� DQG� 3�� 6�� 0HVVHQJHU�� ������ )HFXQGLW\��UHSURGXFWLYH�UDWHV�DQG�LQQDWH�FDSDFLW\�IRU�LQFUHDVH�RI�WKUHH
SDUDVLWH�RI�7KHULRDSKLV�PDFXODWD �%XFNWRQ���(FRO��������������

��� +DPLOWRQ�� 3�� $�� ������ 7KH� ELRORJ\� RI�0RQRFWRQXV�SVHXGRSODWDQL��7ULR[\V�FLUVOL�DQG�'\VFULWXOXV�SODQLFHSV� ZLWK
QRWHV�RQ�WKHLU�HIIHFWLYHQHVV�DV�SDUDVLWHV�RI�V\FDPRUH�DSKLG��'UHSDQRVLSKXP�SODWDQRLGHV��$QQ��(QWRPRO��6RF��)U�
������������

��� +RIVYDQJ�� 7�� DQG� (�� %�� +DJYDU�� ������ )HFXQGLW\� DQG�LQWULQVLF�UDWH�RI�LQFUHDVH�RI�WKH�DSKLG�SDUDVLWRLG�(SKHGUXV
FHUDVLFROD�6WDU\��+\PHQRSWHUD��$SKLGLGDH���-��$SSO��(QWRPRO���������������

��� +XIIDNHU�� &�� %��� )�� -�� 6LPPRQGV� DQG�-��(��/DLQJ��������7KH�WKHRUHWLFDO�DQG�HPSLULFDO�EDVLV�RI�ELRORJLFDO�FRQWURO�
33�� �������,Q� &��%��+XIIDNHU�DQG�3��6��0HVVHQJHU��(GV����7KHRU\�DQG�3UDFWLFH�RI�%LRORJLFDO�&RQWURO��$FDGHPLF
3UHVV� 1HZ�<RUN�

��� -DFNVRQ�� +�� %��� &�� (�� 5RJHUV�� 5�� '�� (LNHQEDU\�� .�� -�� 6WDUNV� DQG� 5�� :�� 0F1HZ��������ELRORJ\ RI�(SKHGUXV
SODJLDWRU RQ�GLIIHUHQW�DSKLG�KRVW�DQG�YDULRXV�WHPSHUDWXUH��(QYLURQ��(QWRPRO�������������

��� .XPDU�� $���6��6KDQNHU��.��3��3DQGH\��7��%��6LQKD�DQG�&��3��0��7ULSDWKL��������3DUDVLWRLG�KRVW�UHODWLRQVKLS�EHWZHHQ
7ULR[\V� �%LQRGR[\V�� LQGLFXV >+\PHQRSWHUD��$SKLGLGDH@�DQG�$SKLV�FUDFFLYRUD >+RPRSWHUD��$SKLGLGDH@��,PSDFW
RI�PDOHV�RQ�WKH�QXPEHU�RI�SURJHQ\�RI�WKH�SDUDVLWRLG�UHDUHG�RQ�FHUWDLQ�KRVW�SODQV��(QWRPRSKDJD�����������

��� 0DFNDXHU�� 0�� ������ 4XDQWLWDWLYH� DVVHVVPHQW� RI� $SKLGLXV�VPLWKL �+\PHQRSWHUD��$SKLGLGDH���IHFXQGLW\��LQWULQVLF
UDWH�RI�LQFUHDVH�DQG�IXQFWLRQDO�UHVSRQVH��&DQ��(QWRPRO���������������

��� 0DFSKHH�� $�� :��� /�� (��&DOWDJULRQ��0��9DQ�GH�9ULH�DQG�(��&ROO\HU��������%LRORJLFDO�FRQWURO�RI�SHVWV�RI�WHPSHUDWH
IUXLWV� DQG� QXWV�� 33� ���������,Q��&��%��+XIIDNHU�DQG�3��6��0HVVHQJHU��(GV����7KHRU\�DQG�3UDFWLFH�RI�%LRORJLFDO
&RQWURO��$FDGHPLF�3UHVV��1HZ�<RUN�

��� 0HVVLQJ��5��+��DQG�0��7��$OLQLD]HH��������,QWURGXFWLRQ�DQG�HVWDEOLVKPHQW�RI�7ULR[\V�SDOOLGXV �+\P�� $SKLGLGDH��LQ
2UHJRQ��8��6��$� IRU�FRQWURO�RI�ILOEHUW�DSKLG�0\VRFDOOLV�FRU\OL��(QWRPRSKDJD�������������

��� 3DQGH\�� 5��.���5��6LQJK�DQG�7��%��6LQKD��������%LRQRPLFV�RI�7ULR[\V��%LQRGR[\V��LQGLFXV��DQ�DSKLGLG�SDUDVLWRLG�RI
$SKLV� FUDFFLYRUD�� )HFXQGLW\�� RYLSRVLWLRQ� SHULRG�� GXUDWLRQ� RI� GHYHORSPHQW�� ORQJHYLW\� DQG� VH[� UDWLR� RI� WKH
SDUDVLWRLG��(QWRPRO�������������

��� 6FKOLQJHU�� (�� ,�� DQG� -�� &�� +DOO�� ������ 7KH� ELRORJ\�EHKDYLRU�DQG�PRUSKRORJ\�RI�3UDRQ�SDOOLWDQV 0XHVHEHFN��DQ
LQWHUQDO� SDUDVLWH� RI� WKH� VSRWWHG� DOIDOID� DSKLG�� 7KHULRDSKLV� PDFXODWD �%XFNWRQ� >+\PHQRSWHUD��%UDFRQLGDH�
$SKLGLQDH@��$QQ��(QWRPRO��6RF��$P��������������

��� 6FKOLQJHU�� (�� ,�� DQG� -�� &�� +DOO�� ������ 7KH� ELRORJ\�� EHKDYLRU� DQG�PRUSKRORJ\�RI�7ULR[\V��%LQRGR[\V��XWLOLV��DQ
LQWHUQDO� SDUDVLWH� RI� WKH� VSRWWHG� DOIDOID� DSKLG�� 7KHULRDSKLV� PDFXODWD �%XFNWRQ�� >+\PHQRSWHUD��%UDFRQLGDH�
$SKLGLQDH@��$QQ��(QWRPRO��6RF��$P������������

��� 6LQJK�� 5�� DQG� 7��%��6LQKD��������%LRQRPLFV�RI�7ULR[\V�LQGLFXV��DQ�DSKLGLG�SDUDVLWRLG�RI�$SKLV�FUDFFLYRUD��)DFWRUV
UHVSRQVLEOH�IRU�VXSHUSDUDVLWLVP��,QG��-��3DUDVLWRO����������

��� 6LQJK�� 5�� DQG� 7�� %�� 6LQKD�� ����D�� )DFWRUV� UHVSRQVLEOH� IRU� VXSHUSDUDVLWLF�DELOLW\�RI�WKH�SDUDVLWRLG�ZDVS�7ULR[\V
LQGLFXV �+\PHQRSWHUD��$SKLGLGDH���(QWRPRO��*HQ�������������

��� 6LQJK�� 5�� DQG� 7�� %�� 6LQKD�� ����E�� %LRQRPLFV� RI� 7ULR[\V� �%LQRGR[\V��LQGLFXV 6XED�5DR�	 6KDUPD��DQ�DSKLGLG
SDUDVLWRLG�RI�$SKLV�FUDFFLYRUD .RFK��KRVW�VHOHFWLRQ�E\�SDUDVLWRLG��=��$QJHZ��(QWRPRO������������

��� 6LQKD�� 7�� %�� DQG� 5�� 6LQJK�� ������ 6WXGLHV� RQ� WKH� ELRQRPLFV� RI� 7ULR[\V� �%LQRGR[\V�� LQGLFXV >+\PHQRSWHUD�
$SKLGLGDH@��HIIHFW�RI�SRSXODWLRQ�GHQVLWLHV�RQ�WKH�VH[�UDWLR��(QWRPRSKDJD�������������

��� 6OXVV�� 5�� 5�� ������ 3RSXODWLRQ� G\QDPLFV� RI� WKH� ZDOQXW� DSKLG�� &KURPDSKLV� MXJODQGLFROD �.DOW��� LQ� QRUWKHUQ
&DOLIRUQLD��(FRO������������
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ÏÒÐ

��� 6ULYDVWDYD�� 0�� DQG� 5�� 6LQJK�� ������ %LRQRPLFV� RI� 7ULR[\V��%LQRGR[\V��LQGLFXV 6XED�5DR�	�6KDUPD��DQ�DSKLGLG
SDUDVLWRLG� RI� $SKLV� FUDFFLYRUD .RFK��,PSDFW�RI�KRVW�H[WUDFW�RQ�WKH�RYLSRVLWLRQ�UHVSRQVH�RI�WKH�SDUDVLWRLG��%LRO�
$JULF��+RUW�������������

��� 6WDU\�� 3�� ������ 3DUDVLWRLG� VSHFWUXP� RI� WKH� DUERULFROXV�FDOODSKLGLG�DSKLGV�LQ�(XURSH��+\PHQRSWHUD��$SKLGLGDH��
$FWD�(QWRPRO��%RKHP��������������

��� 7HGGHUV� :�� /�� ������ 7ULR[\V� SDOOLGXV DQG� 7ULR[\V� FRPSODQDWXV DV�SDUDVLWHV�RI�0RQHOOLD�FRVWDOLV��0RQHOOLRSVLV
QLJURSXQFWDWD DQG�7LQRFDOOLV�FDU\DHIROLDH��$QQ��(QWRPRO��6RF��$P��������������

��� 7ULSDWKL�� 5�� 1��DQG�5��6LQJK��������)HFXQGLW\��UHSURGXFWLYH�UDWH��ORQJHYLW\��DQG�LQWULQVLF�UDWH�RI�QDWXUDO�LQFUHDVH�RI
DQ�DSKLGLG�SDUDVLWRLG�/\VLSKOHELD�PLU]DL��(QWRPRSKDJD�������������

��� 9DQ� GHQ� %RVFK�� 5��� %�� '��)UD]HU��&��6��'DYLV��3��6��0HVVHQJHU�DQG�5��+RP��������7ULR[\V�SDOOLGXV��$Q�HIIHFWLYH
QHZ�ZDOQXW�DSKLG�SDUDVLWH�IURP�,UDQ��&DOLI��$JULF�����������

��� 9DQ� GHQ� %RVFK�� 5��� (�� /�� 6FKOLQJHU� DQG� .�� 6�� +DJHQ�� ������ ,QLWLDO�ILHOG�REVHUYDWLRQ�LQ�&DOLIRUQLD�RQ�7ULR[\V
SDOOLGXV �+ROOLGD\���D�UHFHQWO\�LQWURGXFHG�SDUDVLWH�RI�ZDOQXP�DSKLG��-��(FRQ��(QWRPRO��������������
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