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¾º·u�ªº-½Z·�¶$´º�yZ´§�Z]�±v��{Z]�{Y�ª^£�{¹y�¦¿�©º§M�ª-�
+z^º�Z§�±u{+zº^¬-�¹ Zº·¶dºsY�Zº·µvº�Z]�v�]�{¹y�n^º� ¹

Z]�¶§�Yyº��­º³Çº��µv��b�Yuz]�µ{Zc�½Z·�µuz-Z·�ª-�±uYu�±Z¨c�
½y¹M��º°k³Z��Y�µuzº- �v³uºº] µvº�¾±M�{Y�~��¹ v³v¿uz-�¾¯�

µv��¾³Z��Y�µuz-�½Z·�ª-½yYx-�b¨ÀcYv��¾¯��
Z·�µºÀ¯���¶d ·­z³�±Z¯{�Zc�¹ b�Yuz]�¾³Z��Y�µuz-�{Y�v�]�

Z]�~��� ¹ ½yYu�¶.³� µZ.�¿Z¯{M� yu�±v��z]y¹x]� ���¹� {Y�
iYztd�Y¾¯�v³v�

[�b�Z§y¹x]^À·v¿z)�­º³Çº��¾£Èc� {Y� ª�Zo�Yyº��
©º§M�­º³Çº�

yu©Zº� yZº¸]�íæÈc�{Y�ªº�Zo�y¹xº]²À«z^¿�©º¬p¯�Z]�Zº·¾º£
 ppmæêååavº¯ ¶º]çéb�Zº��ê�î¹æå�¹ yZ°Àc~�{Y�

v³v��b�§�uY{M�½Yº·�¶³Y|s�yu�v�]�¹ ¦�s�¾§v³Y�ºº�d���
v¿zº^À·�y¹xº] Zº] µYzº°·y¹x]©º§M�­º³Çº�±Z°·�¶]�|À³�¢¿z��

v��b�§�
¦¿v³v��ª¤d´¯�¾¬�Y�²À¯{�¶]�Z·Z�³ ��±v��|^��{Y�~��µZ¯�®À³�¹�

i�¾�yz]�½Z·v¿z^À·�¾¨¿%º«ºdÀ��½Z·)�

½Yzº]²ÀºÀ�cn�º�½vÀºWº¬��Z·v¿zº^À·Z]yZ´§±u{¥Zs½Z�
�Zº·¶cºº]{Y¥ºº³Zº·±º«ºdº�Y¶º]©º�FPç�æ{Y�~��¹ ��£�

ºº] �[M�Zºº] ººº�d��¶yZºº¸#�avºº¯ººº¬p¯�yu�b�Zºº�©í�
¾ººº�§¹yvÀ·yu�¹ yZ°Àºººc �Àººº� ²Àººº«º´À§�bÀººº^hc�©ºººº¬p¯

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
83

.8
.2

.4
.7

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 js

tn
ar

.iu
t.a

c.
ir

 o
n 

20
25

-1
1-

02
 ]

 

                               3 / 9

https://dor.isc.ac/dor/20.1001.1.24763594.1383.8.2.4.7
https://jstnar.iut.ac.ir/article-1-423-fa.html


¾�À^���]Z´¯�¹ ½{y¹Z�§�±º´��¹ ­º¬��©Z�®d�·��µyZ°�­¹u�±Zd�]ZcæèíÐ

��

º«¿¾¨º�d�b^º�³æ�æ¦À¯¹zº§ vÀº�Y�æ²À«Z¯z��¶]�v��yu�æå
vº�yu�º]¶avº¯èëb�Zº�v³v��bÀ^hc�¶À¸c¹�½|À¯M�,³y

½Z·v¿Èºº�Y�ºº¿Z£M�¦ºº¿ µyZ°ºº� �¹y�¢ºº]Z�¯�¾�º¨ºº�¹z¨À¯�
³Yºlb�zº-­Z��ç��Z]�|À«¹yvÀ·�ª¯Z��yZ�dsY�¶]�¶º§1D2+¦¿�

¯zºº³¶¤Àºº£u bºº�·�avºº¯¶ºº] ©Z�ºdºº�Y�Zºº] ½|ººÀ¯M�,ºº³y�²ºº·M�
av¯�¶] ²À¬À�§ºcZ°·æçc b�Z��P¹ {ZdÀ��±uYu�zÀgb¿Z¸³�yu¶«

±uz§¦Àd�Y�vÀ�Y�µz�£�¦¿�Z]�­Ç�½¹y�éê�uº]�

u��l´�½y¹yZ]�½Z·v¿z^À·�µuz-�½Z·�¶³Yu)�

½Yz]z³��l´��½y¹yZ]v�y�±Z·ZÀ-�{Y�µuz-�½Z·�¶³Yu��Z·v¿z^À·�
u ¶d�Z¿Z·�ª-� ±uYu� ±Z¨c� Z]� ¶�y|¯� yyu¾¨Àd�È��½Z·�©º��§�

v��¾¯�½y¹M��°k�©º¬p¯� µz�£� v´#�~���æ�²¯yZ§ºd�Yº
©¹z�À¬-�è�ê¹çå�b�Z��¦¿�ª£Yvo�{Y�~��¹ µu¹|�Y�±M�¶]

ª�Zo�©º¬p¯� {Y� µz�£�¦¿�©Z¤d³Y� Z]¶]±uYu�yYz£�¹ ­Ç�½¹y�
¾¿Z°³�b�yu�Z]�µuz-�½Z·�¶³Yu��±M�½¹y�ª¯Ç�¦¿éåå¾�yz]¹

ª£Yvo��yZ°�� Z]çååz³� v�yu� ��Àcº³%� z·� {Y� µuz-� ¶³Yu�
v��²ÀÀ�c�Z¸³M�½y¹yZ]�

v¿zººº^À·�¾ººº£Èc�Yyºººº� ­º³Çºººº��©ºººº§M�­º³Çºººº���
�­¹{¹z]ºc�­º³Çº��
{Y²À]�Z·v¿z^À·çå¹ [Ztd³Y��uZ�c�¶]��Àcº³%�¾£Ècyº�´¯�¶]�

­¹{¹zº]ºc�­º³Çºº� Zº]½¹y�¾º.³z��¶kºº-v³v��v³ºÀº��­Z£yY�
cº] ­¹{zº]º¶�º�Z¨À���y|¿Z§�ª¯Z��¾º£Èc�yu�¶dº�y�yZº§ÇºWM¹

}º°�Z§Z³&¿v³M�¶³º-�z¿{�{Y�±º¬§�v´#�¹v³uº]�b¸k�¹ uYv�c�
b�Y�µv¯M�¦¿�©¹vk�yu�¾£Èc�

d³Zj¿fp]�¹
¶³º-�²À]�¾£ÈcYyº��­º³Çº��½Y�©º§M�­º³Çº��

¶³º-�²À]�½zÀ-�+y¹u�­Zl³Y�yub�Yv³�uºk¹�¾�Zs�ª¨�¯�½Y
¹ÇZ]�v�yu�¿ª-�{Y�¾µuz-�Z]�¶§�©º§M�¶³º-�µv��¶dsY�½Z·Yyº�

¾¯�¾³Zº��Y�µuzº-v³v��¾¯�ª¿v^c�ª¯Z§�µºÀ¯�¶]�v´d�-�z�³�{Y�¹
µºÀ¯�Z]�¾c¹Z c�½z·Z��bÀ�º�¹uY{M�¾³Z��Y�µuz-�{Y�ª�Zo�½Z·

v´dº�Yv³�±Zº°·�¾¯�yZ�d³Y�¶§�¶³º-¶³º-�Z]�Yyº��¶³º-�¾£Èc�b�y

³ ½yYz£z]�ªÀ«u�¶º] ©ºº§MnÀp��b^�(%1¢�º¯�­z��¹v³M�yu
yu�¹ uºº]¾º�yz]¾£Èc�{Y�z�Zo�>Z^¿z¤c��¾�Z§�yYv¤¯�¢�º¯�½Z·

±Zºº��Y�µuzºº- uY{M�©uZºº�¯ºº] yxºº] ©ººº§M�½Zºº·¶vºº¯M�bºº�u
�µvº�³�¶ºWYyY�j¿Zdº³vº³Y�>È¯Zº§ ¶º§Z]�Yyº��¾£Èc�{Y�ª�Zo�j¿Zd³�Zº]

­¹{¹z]ºca¹Z d¯b�Y�±YyZ¨°·�¹ µv´·Z´��µv�³�z�d´¯�j¿Zd³���

½Z·v¿z^À·�½%º«ºdÀ��¹ ½%º«º�yº¯)�

y¹xº]v¿zº^À·�yZÀ�]¶¬�Zo�½Z·�¶$·ZÀ-�¹ v³v��|^��bsYº´¨¿�
½º£�YyZ¨º�M�¹ v´dº�Yu�¾�¿zº� vº�y{Y�zcv«Y¹v³uº]�©º§M��{Y

½%ºº«º�yº¯��Zºp«��ª-�¹ +z]�ª¨��¹ v�y�auZ��Z·v¿z^À·�
v³uº]�v«Y¹�¹u���Y¹�vºo�­º³Çº�©º§MuyYu�a{y�v�y�auZ��

¹¾º«½Z·v¿z^À·�¹ uyYu�½Y�¶d�Yz�Y�½Z·�¶£Z��Yyºº� ­º³Çºº�²À]
´d�Yu�a{y�¶°À³�v�y�auZº� ½Y�¶³ºº-v�²À]�v¿z^À·�½Z·�¶$-z]�

½Z·�¶$-z]�¶]Z�¯�½Y�¶³º-­º³Çº�uº]�ª¨��¾�z¯�®tc�¹ ©º§M�
±M�©Zov³|Àc�¥º³�Z·�¶$-z]�Yyº��­º³Çº��yu�¶§¾«¹½Z·�¶$-z]�

+y|]�v¿z^À·½Z·�¶$-z]�{Y�zc¶]Z�¯�¹ ©º§M-º¶³Yyº����z³�v«Y¹�
,º³y�½YyYu¾º³Yº�yYv³uºº]��ª¨º�æ��²¿Y�¶]�¶kºc�Zº]Y ¶§²¿

±%��º�ºc�b º��uº��¾º¯ ©zºd´§�\º«Z�æë�{Y�\Àczc�²¿v]�
¶cº]�±uº]�v¿z^À·v��ª�Zo�±Z´À°�Y�Z·�

v«Y¹©º§M½YyYu¾]M�,³y�¶]�¾�¬��j´��¦#º§�½Z·�ª-�
¹ ²�¹yYyº�b�yu�½Z·�ª-�½YyYuc¾³Yº�yY�¹ z,³y,³y�uº]�

uº]�²¿v«Y¹���Y¹�vo�v¿z^À·�½Z·�ª-�µ{Yv³Y�¹�ª¨�ç��
Z·v¿zº^À·½Z·�±º«ºdº�Y{Y�¾sz]�¶§�v´d�Yu�ª¿º��¹ ±Y¹Yz��

¥Zs�{Y�z��z.¿u��Zº¤³�yu�Zº·±º«ºdº�Yµuy¹Mz]+z]�¹ qZ��¹
½v´]�µvº� ¹ v³uzº§¾º¯ vÀº«ºc¾ À��v´d�Yu¾«¹�¶°·yu�Z¸³M�

µv��¶��ª£Yvºo ±Zº¿Z�v³uº]�µuz§�vÀ«ºc��¾«Zo�yu©º§M�v«Y¹�¶§
ªÀº«u�¶º]­vº�ªÀ«u�¶]�>ÇZ°doY�¹ ½v´¬]�{¹y��¿Yz��¶]�½yZ-{Zº�

µZcº§�v�y�µy¹u½Y�µv��"À·�zcv´d�Yv³�
¶cºº] bº�À]½Y¾¨¿%º«ºdÀ��|ºÀ«Z³M�½Yzº] �uZº�c�¶º] ¶º§

¹ [Ztdº³Y­¹{º¯zº§yZ°º�½vº��vÀWº¬�¿zc�¶º°·�èë [è [ç
v³uºº]��ª¨º�è��º¬�¿zc�yuZ³�yZÀ�]�¾�Yy{�¾´À¯{�\À��yu�½vÀW

²Àºº] yu�¾ºº«¹ bºº�Y½Zºº·¾ºº�Yy{¾ºº�o¹�½Zºº·¶³ººº- ¹ ¶Àºº«¹Y�
uº��¾¯�µv¿u�½vÀWº¬�¿zc�æë¹çæ��­¹{z]ºc�¾£Èc�YzdcºvÀWº¬
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{Y�µuZ d�Y�Z]�¾�Yy{�¾´À¯{�\À��¶]�©º§M�­º³Çº��®�È��­y%�©Z¤d³Y���

��

ª¨�æ�ª¨�+z]��#�¶]�b�Yy�{Y�\Àczc�¶]�v¿z^À·�¹ ²¿v«Y¹�yu�Z·�Yyº�v¿z^À·��Yyº�
�©º§M¹©º§M

ª¨�ç�ª¨�ª-��#�¶]�b�Yy�{Y�\Àczc�¶]�v¿z^À·�¹ ²¿v«Y¹�yu�Z·��Yyº�v¿z^À·Yyº��
©º§M¹©º§M�

ª¨�è�¶³º-�²À]�v¿z^À·�½{ºdÀ¯�{Z�Zd¯�½Yèë [è Qç
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^���]Z´¯�¹ ½{y¹Z�§�±º´��¹ ­º¬�¾�À�©Z�®d�·��µyZ°�­¹u��±Zd�]ZcæèíÐ

éå

Z·vÀºWº¬�¿u�Zº]º] ¾º�Yy{�½¶b^�³�½yYz£z]�­vº� ªÀº«uç�æuy
²Àº´k�­z�º�¹v³Mº] vÀWº¬�¿zºc ½Zº·¶vÀWº¬�¿zc�iZd³�¶º] ayvº³

¾¯v¯Zl³Y��ì�æç�æë�æí¹çæ��

½Y�¶³º-�²À]�½Z·v¿z^À·�½y¹yZ]
±Zº°·¶³ºº-¶º§½Yzº]u¹y�¾¯�yZ�d³Y�uz��½vÀºWº¬��Zº] uYzº�Y��z³�

Z·v¿z^À·�½y¹yZ]½¾�yz]µv��uº]�²À¿Z���µZl´��yu�½uz�z³�¶§�
º³y��¹y�Zº] Zº¸³M�½y¹yZº]½zº¿x��,µuzº- ¶º³Yu�v��µvÀl´���

½y¹yZº] zºh§Yvo¿uµv��µvææ�uº]�{Y��À]��Àcº³%�¶��Z¸´c�¹
æå�µuzº-y¹yZº]¶À¤]�½y¹yZ]�zº³ ¹ v´dº�Yu�yu¶´¯Yu�ì�ì�ç�å

uºº] vº�yu�½Z·�µuz-�½YyYu�¾�yz]�uyº¯�½Z·��Àºcº³%�zdº�À]
�zº¿x��,º³y�bº�yuzº·v³uº]�²À¿Z��¾³Y¹Yz��Z]�v´º#�ª¨�é��

bº�¿%º«ºdÀ�½Z·�µuz-�uººk¹�¾º´À¯{�\Àº� ½Zº·b�yu¶]�Yy�
´¯º«|º- ¶ºv´¿Z°³�¾¯�¾¤¬c�¶d�ZÀ³��·Z§�½Z·�µuz�ê�î�æå¹çç�

²¿Yzº]Z´]±Yºc�¾¯{Y��¿Z¯{M�uyº¯�vÀWº¬�¿zc�½Z·v¿z^À·�¶§�b -�
�·Z§�½Zº·bº¯Z-�vÀº«ºc�±Yººc¶d�ZÀ³v³yYuyºsz]��²ÀÀ�c�½Yz]

º�´¯P³ ª-�½Z·�¶$´��z¿x��,º³y�bº�yu�½Zº·µuzº-½Yz]�}yZ
|À«Z³Mv³v��b�Yuz]�{ºÀ¯�bpc�¶§¾�yz]v´�Z]�¾¯��

uºk¹½Z·�b¯Z-��·Z§¾�Z�Y�yY|]Y�{Y�¾´À¯{�\À��yu�¶d�ZÀ³�
½{y�¹b�u�¢¿zº� {Y��ºº�t]�©ºº�p¯�²º¿Y�mÈº�Y�½Yzº]

½vÀººWº¬�bºº�Y��í�æí¹çå��Zºº] ¶³ººº- ¹u�¾ºº£Èc�yu(%1
a¹Z dº¯b¯Z-�uºk¹�QçZ]�¶³º-�yu�(%1�²À¿Z��\^�¤�º¯�bÀ

uººº�¾ºº¯ ¾ºº£Èc�®ºº·bºº¯Z-�²Àºº´#Qçzººh§Yvo�©Z¤dºº³Y ½Yzºº]
¾�º.¿{¹zd·�í�æî¹çæ¹çç�uz]yZ§�©º�p¯�²¿Y�mÈ�Y�yu

uyYu�b¯Z-�¶]�zl´¯�¾¨¿%º«ºdÀ��½Zº·®º�À³Z¨¯�uººk¹�·Z§
¦Àd�Z´À��½Z·�¶d�Z¿��º¸k�|ºÀ³�¹ uzº� ½Zº·½vÀºWº¬��yu�¶dº�ZÀ³

ºº]¶½y¹yZºº] ½Zºº��Y�ªÀºº«u¾ºº�´k] bÀºº°·Y�{Y�Zºº¸³M�¶ºº]½zdºº�À
bº�Y�yYuyºszº]�mÈº�YbsZ´��Z]�¾´À¯{�\À��±Yzº-(%1¹

½Zºº·bºº¯Z-�{Y�¢Àºº£u ¹ ¶³YuZdºº�Y�½zººÀ-µzºº¸]�·Zºº§¹ ¶dºº�ZÀ³�
z�³�{Y�>È^£�¶§�¾¿Z·�¶³º-�{Y�v³Y�¶d�³Yºc�ªº� ½Zº·¶³ºº-kZ]�¾�´

¾´À¯{�\À�¾�Yy{v³uº]�yZ-{Z�Z³±%�½Z·�¾´À¯{�\À��¶]�Yy�¾¿Z·
v´¿Z°³�uyY¹�¾�Yy{�æ��é�ê�î¹æå��

¶³º-�²À]�½Z·v¿z^À·�½z¿x��¾£Èc­¹{¹z]ºc�Z]�½YZ·
Z]²¿Y�uºk¹�¶§½Z·v¿z^À·{Y�¾´À¿Z��v�yu�½YyYu�½Y�¶³º-�²À]�

¾£Èc�v³uº]�b�yu�z¿x��,³y�½Z·�b¯Z-²¿Y] Z·v¿z^À·�¶±Yº´�
uº^³�¢�º¯� Z·�­¹{z]ºc� Z]� z³� v«Y¹�©¹vkæ��²d�z-� z�³� yu� Z]

(%1v¿z^À·vÀWº¬�¿zc��(%1���[��{yY�¦¿�(%1{Yv«Y¹�
yº�Y�{yY�¦¿�¹{Y©º§M�v«Y¹���¾£Èc�²¿Y�¶§�uº��¾¯�¾´À]��À�

ayº��yu�Z¸´cQç±uº]yx]�v³Yºd]�Z·�µuz-�vÀ«ºcv¿Z°³��¾«¹{Y�
íë"À·�¶d�z-�­Zl³Y�¾£Èc�uº^³�¢�º¯�­Yv§�

ººcº�yZ§�ê�|ºÀ³{Y�ª�Zo�vÀWº¬�¿zc�½Z·v¿zº^À·�¾º£Èc�yu�
´��½Z·vÀWº¬�Yzºdc¦Àdd¾³º�z¯º§�­º³Çº���­¹{z]ºc�Z]�Z·¢�º¯�
½uººk¹�Zº] uº^º³¶º§v¿zº^À·|À³�±Z�¿Y�µuZ d�Y�uyº¯�vÀWº¬�¿zºc

(%1�½YyYu�¹µuz-Qçv³uº]��Z]�¢¤p¯�²¿Y¾�yz]¶«º«�v�y�
¶§�uYu�±Z�³�b´�yº¬���º¨�¹z¨À¯�Z]�¶¯Zs�yu�µuzº-wº ³¶«º«�

yu�µuzº-ç�æ©º��¶¯Zsuº��¾¯��£ºd¯�­¹{z]ºc��´]�­v���²¿Yz]Z
�Z³�¦¿�bÀ¤�º¯º°tc��À��½yZ-{Zº¾yY�¹ uº]�Z^cº¾¶]�(%1�

Yv³bº��ì��¾º«¹Z-È¿ºº¿uM�¹ ±¹Yzº]�è�¾£Èc�yu½Z·v¿z^À·
¬�¿u�Zºº] ©ººº§M�{Y�ªºº�Zo�vÀWº¬�¿zººcº�Yy{�½Z·vÀººWººººZºº] ¾

½Zº·­¹{zº]ºcvÀWº¬�Yzdcv³uº]�¢�º¯��½Z·�b¯Z-�¾³Y¹Yz��Qçyu�
uYºº¯±Z¤¤p¯�²º¿Y�µuZ dº�Y�uyºº¯½Yz]�²¿v«Y¹��´¿|-�ªÀ«u�¶]�

½Zº·bº¯Z-Qçuºº] ÇZº]�æ�ççóæí���²À´#�®º·Z-È¿º¿uM�¹
±¹Yzº]�æ�yu�¿Z¯{M¾²¿v´#�{Y�ª�Zo�½Z·vÀWº¬�¿zc�Z]�z.¿u�

-º³ººdc�{Y�¶ºÀWº¬�Yzººo¹�½Z·vº¨¯�¾�º¿|º¦�(%1��[�� �Z]
½Z·vÀºWº¬�¿u�yY|-��¾�Yy{�½Z·�­¹{z]ºc�Z]�¾£Èc�yu��¾º�Yy{�

v³uºº°³µuz-�¾³Y¹Yz��¾d£¹�¶§QçÇZ]zl´¯�¹ ¢�º¯�¾£Èc�v�Z]�
uº��¾¯�vÀWº¬�Zd´��¶º] ¦¿u|º³ Zº¿ vÀºWº¬�Zd´��iZdº³ ¶º]¾«¹¾d£¹�

µuz-�²À¿Z��vº�yu�Zº] ½Z·vÀWº¬�¿zºcQçµuYu�b§yZ�¯�¾£Èc�yu�
º�¾º¯ºv³�¾£Èc�¯£º�¾¢�º¯�b�Y¶§���Z�¯�¾³Z��Y�µuz-�Z]�

µv´·u�aZl³�Z¿�5HVFXH�RU�'RXEOH�SROOLQDWLRQ�©Z^³u�uº�²¿Y
ª¯Yºº��µuz-�¾³Y¹Yz��±uº]�²À¿Z�Qç¶«È§�¶¯Zs�½yZ-{Z�Z³�¹�

¾¯¾£Èc�bÀ¤�º¯�­v��yu�v´³Yºcyu�Z·¾�yz]v´�Z]�zgR¯�z�Zo��
¾º£Ècª]Z¤d¯��²¿v«Y¹�½Zk�zÀÀ�c�{Y�¹ uº]�¢�º¯�½vo�Zcèíå

-º�Y�µuzº�¾³Z�ææìv¯M�b�u�¶]�µºÀ¯��zh§Y�¯ºZ·�µºÀcyZ��ºº´�yZ§
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{Y�µuZ d�Y�Z]�¾�Yy{�¾´À¯{�\À��¶]�©º§M�­º³Çº��®�È��­y%�©Z¤d³Y���

��

ª¨�é�,³y�Z]�b�yu�µuz-�ª¯Z§�½z¿x��y¹yZ]��µuz-�>È¯Z§�Z¿�¦#º§�½Z·¾]�] Z¿�,³y¶¶d�z-�,³y�bsYº´¨¿�zÀ��ayº�v³Y�®À¤��

©¹vkæ�¶³º-�²À]�vÀWº¬�¿zc�v¿z^À·�¾£Èc�j¿Zd³�½YZ]�­¹{z]ºc
²¿v«Y¹ uYv�cµv��¾³Z��Y�µuz-�ª-� uYv�cµºÀ¯� �cuYvyx]
SKX�
[�WXE
�DFO ÐÕÍ ÎÎÔ ÔÏ

SKX�
�DFO
WXE ÕÓ � �

ÑÓÓ ÎÎÔ ÔÏ

WXE�­¹{¹z]ºc�SKXYyº��DF�©º§M
{Y��ººº°l¯�yu�¹ v³uººº]ææì�µºÀºº¯ìçvºº� ©Zºº�pd�Y�yxºº]�

²º¿Y�bÀº¤�º¯¾£Èc¶d�ZÀ³��·Z§�½Z·�¦°tc�vÀ«ºc�±Yºc�z.³ZÀ]�
º¬�¿zºc ½Z·v¿zº^À·�yubº�Y�vÀW�Yzº¿{Z¸´ºc°tc�uºk¹�¦½Z·

°tc�Z¿�¶d�ZÀ³��·Z§¦¶]�¦¿u|³�­¹{º¯¹z§�uYv�c�Z]�½Z·�èë¶§�
½YyYu�{yY(%1Zºº¿zººgR¯�½vÀººWº¬��çv´ºº�Z]�v´ºº³Yºc�¾ºº¯Zºº]

½Zº·bº¯Z-zº³­¹{z]ºc�(%1ç�¶§�v´¿Z°´]�¾¿Z·�²À´k�vÀ«ºc
b^º�³ç�æyYz£z]�­z��¹v³M�bº�Z]�yu�uuz-d³Y�¹yZ�¶§�u¹y�¾¯�

¹x]yµv¯M�b�u�¶]v´�Z]�±M�¶]�¦¿u|³�Z¿�vÀWº¬�Zd´���ê��

²º¿Y�¹y�¢º]Z�¯��¿Zº¯{M­¹u�uº]�±¹Yzº] ½uZ¸´º�À�¾«¹
�Z·vÀWº¬��¾¬��yu�¾¯¹{�¾¬��eyYººc aÈ¨º�¯�{Y�[Z´ºdkY�½Yzº]

¶§�uº��¾¯�uZ¸´�À�]¶n���yu�mÈ�Y�½Zk½vÀWº¬�Yzdc­Zl³Y�¹
Z·vÀººWº¬�Zd´��Zºº] }Yzºº§�bºº�t³uYY ¾ºº¿Z·vÀWº¬�Z·�½¢¿zºº� {

¾¯Z-¹uºº�Zº¸³M�{Y�¾oÈ�Y�½Z·�¶¯Z³z]�±Yºd]�Zc�uº��iYztdº�Y�
²º¯ ¶Àº«¹Y¶º¬°kº]n�º� yu�Yy�}Yzº§ ¦vÀºWº¬�¿u¾¿MyZ§�¶§�

uYu�­Zºl³Y�uyYu�½zdº�À]�²º¿Y�¶º] ¶kººc Zº]µv��b]Zg�¶º§b�Y
®º�À³Z¨¯½Zº¤«Y�º�ºc�½vÀºWº¬�Z·�±º¬§z-Z¤«Y�½Z·¶³º-�Yyº��
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¾�À^���]Z´¯�¹ ½{y¹Z�§�±º´��¹ ­º¬��©Z�®d�·��µyZ°�­¹u�±Zd�]ZcæèíÐ

��

±Z·ZÀº- iYztdº�Y�½Yzº]��(%1��[�º]¶ayº�¾]Ztd³Yª°��
v¿Z°³�¾º¯�æå��¾¯c±Yº¢¿z��²¿Y�{Y�¾kYztd�Y�½Z·vÀWº¬�Z·Yy�

º]¶Zº] ¾ºdoYy½Zº·¶³ºº-u Z¿�¾º�Yy{�vÀºWº¬�¿u�Y½Z·vÀWº¬�Z·�½
½Z·v¿zº^À·�¹ ­¹{zº]ºc³MZº¸uYu�¾£Èc�æî¹çç�{Y�¹²À]iZd³�
zºcz]�½Z·vÀºWº¬�¿u�Zº¸³M|ºWZo�½Z·vÀWº¬�Yzdc�[ºº¬�¯�aZ º�

±Yºc�¶§�¦À¯ºº�¿uvÀ«ºcv´�Z]�¶d�Yu�|À³�Yy�¶d�ZÀ³��·Z§�b¯Z-�
Z¿�vÀWº¬�Yzdc�½Z·yYºÀd«º§�Z]�vÀWº¬�Yzdc�iZd³�vÀ«ºc�½Yz]�¹ �´¿|-

Zº]½Z·vÀWº¬�¿u�b¯Z-�½YyYu�|À³�Z¸³M�¶§�½v³¹Z�¿ºs�zÀ�½Z·Q
çv´d�·¾£ÈcuYu��

½yY|.�Z��
±Z°«M� |d¿¹|Wº«� ±%� ¦³Z]� ¶³Z°À°�� ½yZ¨°·� {Y�*/.�¹

cZ¨�Y�f«º´¯Z§v´¬�&3&�] ®�È��­y%�©Z�yY�yu�¶yu�¶d�y�yZ§
�¿Z¯{M¹ z¨�cuº��¾¯�¾³Yuyv£�

�]Z´¯µuZ d�Y�uyº¯�
�� $GLZLODJD�� .�'�� DQG� &�5�� %URZQ�� ������ 8VH� RI� �Q� 3ROOHQ�3URGXFLQJ� WULSORLG� K\EULGV� WR� LQWURGXFH� WHWUDSORLG�

0H[LFDQ�ZLOG�VSHFLHV�JHUP�SODVP�WR�FXOWLYDWHG�WHWUDSORLG�SRWDWR�JHQH�SRRO��7KHRU��$SSO��*HQHW� ������������
�� $JD\HY��<�0��������$GYDQFHG�VTXDVK�PHWKRGV�IRU�LQYHVWLJDWLRQ�RI�SODQW�FKURPRVRPHV��3URF���WK ,UDQLDQ�&RQJUHVV�

LQ�FURS�3URGXFWLRQ�DQG�%UHHGLQJ��,VIDKDQ�8QLYHUVLW\�RI�7HFKQRORJ\�
�� %URZQ�� &�5�� ������ &KDUDFWHULVWLFV� RI� �Q� SROOHQ� SURGXFLQJ� WULSORLG� K\EULGV� EHWZHHQ� 6RODQXP� VWRORQLIHUXP DQG�

FXOWLYDWHG�GLSORLG�SRWDWRHV��$P��3RWDWR�-������������
�� %URZQ��&�5��DQG�.�'��$GLZLODJD��������,QWURJUHVVLRQ�RI�6RODQXP�DFDXOH JHUP�SODVP�IURP�WKH�(QGRVSHUP�%DODQFH�

1XPEHU� �� JHQH� SRRO� LQWR� WKH� FXOWLYDWHG� HQGRVSHUP� EDODQFH� QXPEHU� �� JHQH� SRRO� YLD� WULSODQGURLGV�� *HQRPH
������������

�� &DUSXWR��'�� ������3ORLG\� DQG� HQGRVSHUP�EDODQFH� QXPEHU� �(%1��PDQLSXODWLRQ� IRU�*HUPSODVP� LQWURJUHVVLRQ� IURP�
�(%1�6RODQXP�FRPPHUVRQLL LQWR��(%1�6��WXEHURVXP��,WDO��-��$JURQ����������������

�� &DUSXWR��'���$��%DURQH��7��&DUG��$��6HEDVWLDQR��/��)UXVFLDQWH�DQG�6�-��3HORTXLQ��������(QGRVSHUP�EDODQFH�QXPEHU�
PDQLSXODWLRQ� IRU� GLUHFW� LQ� YLYR� JHUPSODVP� LQWURJUHVVLRQ� WR� SRWDWR� IURP� D� VH[XDOO\� LVRODWHG� UHODWLYH� �6RODQXP�
FRPPHUVRQLL 'XQ���3URF��1DW��$FDG��6FL�����������������

�� &DUSXWR��'��� /��0RQWL�� -�(��:HUQHU� DQG�/�� )UXVFLDQWH�� ������8VHV� DQG�XVHIXOQHVV� RI� HQGRVSHUP�EDODQFH� QXPEHU��
7KHRU��$SSO��*HQHW��������������

�� &DUSXWR��'���$��%DURQH�DQG�/��)UXVFLDQWH���������Q�JDPHWHV� LQ� WKH�3RWDWR��(VVHQWLDO� LQJUHGLHQWV� IRU�EUHHGLQJ�DQG�
JHUP�SODVP�WUDQVIHU��7KHRU��$SSO��*HQHW���������������

�� (KOHQIHOGW�� 0�.�� DQG� 5�(�� +DQQHPDQ�� ������ 7KH� XVH� RI� HQGRVSHUP� EDODQFH� QXPEHU� DQG� �Q� JDPHWHV� WR� WUDQVIHU�
H[RWLF�JHUPSODVP�LQ�SRWDWR��7KHRU��$SSO��*HQHW��������������

���(KOHQIHOGW�� 0�.�� DQG� 5�(�� +DQQHPDQ�� ������ 7KH� WUDQVIHU� RI� WKH� V\QDSWLF� JHQH�V\���� IURP� �(%1� 6RODQXP�
FRPPHUVRQLL 'XQ��WR��(%1�JHUPSODVP��(XSK\WLFD��������������

��� (VWUDGD��5�1��������$FDSKX��$� WHWUDSORLG� IHUWLOH�EUHHGLQJ� OLQH�VHOHFWHG�IURP�DQ�6��DFDXOH�� 6��SKXUHMD FURVV��$P��
3RWDWR�-����������

��� +DQQHPDQ�� 5�(�� ������ $VVLJQPHQW� RI� HQGRVSHUP� EDODQFH� QXPEHU� WR� WKH� WXEHU�EHDULQJ� VRODQXPV� DQG� WKHLU� FORVH�
QRQ�WXEHU�EHDULQJ�UHODWLYHV��(XSK\WLFD�����������

��� +DZNHV��-�*��������7KH�%LRV\VWHPDWLF�RI�WKH�3RWDWR��SS��������,Q��3��+DUULV�(G����7KH�3RWDWR�&URS��&KDSPDQ�	�+DOO�
��� +DZNHV��-�*��������2ULJLQV�RI�FXOWLYDWHG�SRWDWRHV�DQG�VSHFLHV�UHODWLRQVKLSV��SS��������,Q��-�(��%UDGVKRZ�DQG�*�5��

0DFND\��(GV����3RWDWR�*HQHWLFV��&$%�,QWHUQDWLRQDO��&DPEULGJH�8N�
��� +HUPVHQ��-�*��7K��������,QWURJUHVVLRQ�RI�JHQHV�IURP�ZLOG�VSHFLHV�LQFOXGLQJ�PROHFXODU�DQG�FHOOXODU�DSSURDFKHV��SS��

���������,Q��-�(��%UDGVKRZ�DQG�*�5��0DFND\��(GV����3RWDWR�*HQHWLFV��&$%�,QWHUQDWLRQDO��&DPEULGJH�8N�
���-DFNVRQ��0�7��� 3�5�� 5RZH� DQG� -�*��+DZNHV�� ����� &URVVDELOLW\� UHODWLRQVKLSV� RI�$QGHDQ� SRWDWR� YDULHWLHV� RI� WKUHH�

SORLG\�OHYHOV��(XSK\WLFD�������������
���-RKQVWRQ��6�$���7�3�0��GHQ�1LMV���6�-��3HORTXLQDQG�DQG�5�(��-U��+DQQHPDQ��������7KH�VLJQLILFDQFH�RI�JHQLF�EDODQFH�

WR�HQGRVSHUP�GHYHORSPHQW�LQ�LQWHUVSHFLILF�FURVVHV��7KHRU��$SSO��*HQHW����������
���2UWL]�� 5�� DQG�0�.�� (KOHQIHOGW�� ������ 7KH� LPSRUWDQFH� RI� HQGRVSHUP� EDODQFH� QXPEHU� DQG� WKH� HYROXWLRQ� RI� WXEHU�

EHDULQJ�VRODQXPV�VSHFLHV��(XSK\WLFD�������������
���2UWL]��5��������3RWDWR�EUHHGLQJ�YLD�SORLG\�PDQLSXODWLRQ��SS��������,Q� -��-DQLFN��(G����3ODQW�%UHHGLQJ�5HYLHZV��YRO��

����-RKQ�:LOH\�DQG�6RQV��1HZ�<RUN��86$�
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{Y�µuZ d�Y�Z]�¾�Yy{�¾´À¯{�\À��¶]�©º§M�­º³Çº��®�È��­y%�©Z¤d³Y���

��

��� 5DPRQ�� 0�� DQG� 5�(�� +DQQHPDQ�� ������ ,QWURJQHVVLRQ� RI� UHVLVWDQFH� WR� ODWH� EOLJKW� �3K\WRSKWRUD� LQIHVWDQFH�� IURP�
6RODQXP�SLQQDWLVHFWXP LQWR�6��WXEHURVXP XVLQJ�HPEU\R�UHVFXH�DQG�GRXEOH�SROOLQDWLRQ��(XSK\WLFD���������������

��� 9RQ�6XFKWHOHQ��1��������7ULSORLGV�RI�WKH�FRPPRQ�SRWDWR��6RODQXP�WXEHURVXP /��3RWDWR�5HV��������������
��� <HUN�� *�� /�� DQG� 6�� -�� 3HORTXLQ�� ������ �Q� SROOHQ� LQ� HOHYHQ� �[�� �(%1� ZLOG� VSHFLHV� DQG� WKHLU� KDSORLG� 
 ZLOG� VSHFLHV

K\EULGV��3RWDWR�5HV��������������
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