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èå¹éêv³uº]�µvº� ººk ²¿|º.¿Zk�vº�yu��z]�Z·�µzÀk}Z�Y�

zÀ��yYv¤¯�¹ ¾·uzÀ��µy¹u��±{¹�}Z�Y�z]�µuzÀ��¹Z-�aZkZÀdoY

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
83

.8
.1

.1
2.

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 js

tn
ar

.iu
t.a

c.
ir

 o
n 

20
25

-0
7-

02
 ]

 

                             2 / 11

https://dorl.net/dor/20.1001.1.24763594.1383.8.1.12.3
https://jstnar.iut.ac.ir/article-1-411-fa.html


cPzÀ��\À§zc�¹ vÀ«ºc�z]�¾³¹yZ§Z¯�aZ�¿Z��Z]�ºk�¾´¿|.¿Zk�zÀgyu���

æéì

¾¬¯�¶dÀ°§�©¹Yvk�¹ ¾·Z.�¿Z¯{M�|ºÀ«Z³M�{Y�µuZ dº�Y�Zº] ½vÀº«ºc
aZ¤À¤pc�æè�v³v��¶À¸c�

yº�´¯�¶º]¾¿Yx��¶³º°³�z·�¦�s�µuZ¯�²ÀÀ�c�èz·�{Y�yYz¨c�
±¹M�yu�¶³ºº°³êêav¯�¶]��uYzº-¾d³Zº� ¶ºkyu�çéyYz£�b�Z��

º· b�zº-Xc¹z��²Àº´#�®À¹ ©Yv¬§��¹y�¢¿z��{Y�Z·�¶³º°³�­Zs�²
¶º]v��²ÀÀ�c�y|À«Z³MºcY�¦d¬§�µZ.dº�u�¶¬Àº�¹�ª]Z£�½%z³Y�±Y|À¯

¶^�Zp¯�z¿{�½Z·�©º¯z��¶]�¶kºc�Z]�¾³¹yZ§Z¯�aZ�¿Z��®º�À«º]Zd¯
v��çæ��
@Î>�'((åèéç�å�'&3åæêç�Í�0M�NJ� 0(

'1)(åæêî�å�'&)æçí�åå
M yu�¶º§±'&3 �­z-�\º�o�zº] ®º�·�ªº]Z£�­Zºs ²ÀXc¹zº�
'(( �­z-�\�oz]�®º�·�ªº]Z£�­Zºs ¾º]z#�'&) ­Zsz^À��

¹ ­zº- \º�oz]�®º�·�ªº]Z£'1)( µyZº����ª]Z£�a{Y�v£Z
uº]��­z-�\�oz]�®�·�

z¿{�½Zº·©º¯zº� ²Àº.³ZÀ¯�{Y�|ºÀ³�¾·uzÀº� �«Zºs ½%zº³Y
b�Y�µv��ª�Zo�æé��

$5&��1(/ ëç�å 0(�¹ 15&��1(/� íé�å 0(� éé�å >Ï@
yº�´¯�¶]²ÀXc¹z��v�yu��¦�s�µuZ¯��¾�¿Z¯{M�½Z·�µzÀk�®À�´c�

z ºº���¹ ®Àºº�¬§��|«º¬ºº�¾ºº°·�±¹vºº] ¾«º¬ºº� µyYººº¿u ¹ ­Zººs
�«Zººs ½%zºº³Y ¹ ¶¿|ººlc�µZ.ºº�¿Z¯{M�yu�¥Yyºººs ½Zºº·¶³ººº°³

©¹vk�{Y�¾·uzÀ�15&��æê�v¿uz-�iYztd�Y�©¹vkæ��
z·�yu�¹Z-�z·�zÀº� vÀº«ºcè{Yv³Y�¾�¹uzÀ��µv�¹�¹ ½zÀ-�µ

v¿uzº- ¶^º�Zp¯�Zº¸³M�¶º³Y{¹y�vÀº«ºc�~�º��zÀ��nÀp�c�½Yz]
\�oz]ç�èv¿uz-�µuZ d�Y�z¿{�©º¯z��{Y�¾]z#�v�yu��í��

)&0 éêé�å 0��� åë�æì ) >Ð@
©º¯zº� ²º¿Y�yu0¹ ½vÀ«ºc�zÀ��­zº-º¬À§��)¾]z#�­z-º¬À§��

v�Z]�¾¯�¶³Y{¹y�½vÀ«ºc�
¶³ºº°³¶³Y{¹y��{¹y�j´��¾��µzd³Z�´§��º¬t¯�¹ ¶�º¬��{Y�½yYuzº]

º¿¦b�z-�­Zl³Y�¹Z-�z·�½Yz]�yZº]�b�Z��yu�{¹y�z·�²À´#�®·�
æå­ºd§y�{Y�½yYuz]�¶³ºº°³�¢¿zº� {Y��ºº�v¯�½Zº·¶³ºº°³�n^º�
�©Zd§y��ºc�½yYx-v§�{Y�~��Z·�¶³º°³�¶°·�~���¹ v��¶d�z-

y|¿z��¶]�®�·�bÀº¬]Z£�²ÀºÀ�c�­Z.´º· Zºcæì�kyu�uYz-�¾d³Z��¶

bº�Z¿�©Z¤dº³Y�b�Z��yu�yYyuY�¶³º°³��µy¹u�z·�{¹y�²¿zsM�yuè
¹êiz��¾d�u�¦¿zpc�¢¿z��{Y��n^��¶¿x�c�{Y�~º���9XOYD�

¹ v��¶d�z-S+v¿uz-�²ÀÀ�c�¶¬�Z�È]�±M��é��
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v³uºº]�¯{M�½Z·�µuYu{Y�µuZ d�Y�Z]�²ÀcÇ��]z¯�mz��\«Z£�yu��¿Z

�]zº¯ ¹uéyu�é¶¿¹y�{Y�µuZ d�Y�Z]�¹*/0yY|�Y�­z³�6$6��æì�
v³v��¶¿|ºlc�iYztd�Y��®¨��¹ yZ°Àc�zgYv�zgY�²À.³ZÀ¯�²À]�¹

½vÀ«ºc�b ��z·�z]�®¨��¹ yZ°Àc�ª]Z¤dº¯ zºgY�¹ ®¨º��¶�¿Z¤¯�
b�zº- ayºº��²º¨³Yu�±ºº¯{M�{Yyº�´¯�¶]ZÀ¯�¶�¿Z¤¯�Z·�²À.³

±uº]�yYu�¾´�¯�¹ v¿uz-�µuZ d�YyZgM©Z°doY�n���yu��åê�å�3�
�t�¯�v�

fp]�¹ j¿Zd³
®¨��½Z·¹Z-�²À]�¥Yyºs��z�¯�yu�½yYu�¾´�¯��ÈdºsY�"Àº·

º� v´º# �©¹Yº§ ¹ ®¨ºZ·¹Z-�ªµv¿uv�³��©¹Yvkç¹è��¶d^«Y
µzÀk�©¹�Y ®¨��½Z·¹Z-�yué¨��v´#�½Z·¹Z-�yu�¹º½Yz]�¹ ®
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¯ ¹ ½{y¹Z�§�±º´��¹ ­º¬�¾�À^���]Z´�©Z�®d�·��µyZ°�©¹Y��yZ¸]æèíÐ

æéí

©¹vkæ�¾�¿Z¯{M�½Z·�µzÀk�\À§zc�¦�s�µuZ¯�}Z�Y�z]�
¾�¿Z¯{M�½Z·�µzÀk


é è ç æ
�v�yu� ¾¿Yx��½Z·�µzÀk�\À§zc

çì�éê èæ�éë ìæ�éê åå�éë ¿¦�s�¶l³º
ëå�ê ëæ�ê ëç�ê éì�ê ­v´-�}º^�
êå�æé çî�æí ìé�çç éí�çë ºk
ìå�ææ ìì�ì íë�è å ¾³¹yZ§Z¯�aZ�¿Z�
èæ�æì éå�æì çè�æì èé�æì ¶³Yu�¶^´��¶«Zl´§
èé�è éî�è éì�è êî�è ¾]z#
íè�å ìê�å ìë�å ëì�å ®¿v��aZ´]z¨À]
èæ�å çí�å èç�å çí�å ¦·M�,´�
çé�å çí�å çî�å çí�å µy¹Y
æé�å æê�å æé�å æê�å ¦°³

½x�¯�uYº¯�\À§zc
æí�îè çå�îè çì�îè èç�îè ¦�s�µuZ¯�v�yu�
ëå�æë êî�æë êê�æë êé�æë ²ÀXc¹z�­Zs��v�yu�
íê�çé ìé�çé éê�çé éê�çé |«º¬��¾°·�±¹v]�¾«º¬��µyYº¿u�v�yu�
ëë�æ ëê�æ ëê�æ ëê�æ ¾·uzÀ���«Zs�½%z³Y�0FDO�NJ�
êî�æ êì�æ êì�æ êë�æ z ���¶]�®À�¬§�b^�³


�mº���½¹Zo�½Z·�µzÀk�¹ v·Z��µzÀk�{Y�ayZ^��µyZ°��\Àczc�¶]�¾�¿Z¯{M�½Z·�µzÀk�æê�èå¹éê� v�yu�b�Y�ºk�²¿|.¿Zk�¾³¹yZ§Z¯�aZ�¿Z�

µyZ°��µzÀk��Z·¹Z-�¶º°·æ��v·Z��{Y��À]�yYu�¾´�¯zÀ��yº��¶]
v´d�z-�yYz£�µuZ d�Y�uyº¯�Z·�µzÀk�z¿Zº��aZ�¿Z���z�¯�±Y|À¯

¾´¿|.¿Zk�n���²¿zd�À]�yu�¹Z-�}Oy�z·�½Yzº] ¾º³¹yZ§Z¯ì�ç
uº]�¦�s�µuZ¯�­z-º¬À§�

·¹Z-�yu�¶º³Y{¹y�¥Yyººs �zº�¯�²Àº.³ZÀ¯¹ ©¹Y�®¨��½Z
Z]�z]Yz]�\Àczc�¶]�®¨��v´º#í�æì¹î�çèuº]�{¹y�yu�­z-º¬À§�

©Z°doY�n���yu��ÈdºsY�¶º§êuº]�yYu�¾´�¯�v�yu��©¹vkè�
c Z]�¶§ºkººsY�¶]�¶º] ±{¹�yu��ÈdºÀ³��±vº·{Zº¹ ½yYu�¶.³�½Z

b�Y�¶Àkºc�ª]Z£�µ¹z-�¹u�yu�½vÀ«ºc�
vÀ«ºc�z�³�{Y��Z·�µzºÀk�²Àº] ½yZº¯M��ÈdºsYzÀ��|À³�¹ zÀ��

uº^³�yYu�¾´�¯�µvº� nÀpº�c�zÀ��¹ zÀ��vÀ«ºc�²À.³ZÀ¯�²¿zd�À]
µyZ°��µzÀk�¶]��º]zº¯ µvº� nÀpº�cè¾´¿|.¿Zk�n���¾´�¿��

èåuº]�ºk�½Zk�¶]�¾³¹yZ§Z¯�aZ�¿Z��v�yu��©¹vkç��

¶]�®¨��v´#�¹ ©¹Y�®¨º� ½Zº·¹Z-�½Yzº] zÀº� vÀº«ºc�²Àº.³ZÀ¯
Zº] zº]Yz]�\Àczºcå�çæ¹æ�çé­z-º¬À§�nÀp�c�zÀ��²À.³ZÀ¯�¹

Z]�z]Yz]�µv�è�çæ¹ç�çê½yZ¯M�z�³�{Y�¶§�uº]�{¹y�yu�­z-º¬À§�
uº]�yYu�¾´�¯��ÈdsY�²º¿Y�åæ�åS����©¹vkè��zd�À]��z�¯

¶Àkºc�Yy�vÀ«ºc��¿Y|º�Y�²º¿Y�®¨º� v´º# ½Zº·¹Z-�yu�¥Yyººs
v´§�¾¯�µv�³�ª¯Z§�¾°�k�v�y�©¹Y�®¨��½Z·¹Z-�yu�²À´#�®·�

u ¾ºd�Z¿yu�½%zº³Y�¹zÀ��vÀ«ºc�¹ ±{¹��¿Y|�Y��v·�¹u�b¸k�y
�º¬]�ªÀ«u�¶]�®¨��v´#�½Z·¹Z-�yu�¶§�¾«Zo�yu�uº��¾¯��z�¯
j¿Zd³�¹ uº��¾¯�zÀ��vÀ«ºc��z��zd�À]�¾d�Z¿yu�½%z³Y��¾^�³¶]

µv¯M�b�uuº^³�yZ�d³Y�{Y�y¹u��
½Z·�µzÀk�yu�¶³Y{¹y�zÀ��¾]z#�v�yu�²À.³ZÀ¯æZc�éª§�yu�

Z]�z]Yz]�\Àczºc ¶º] Zº·¹Z-é�è�é�è��è�è¹è�èyYv¤¯�¹ v�yu�
«ºcº# vÀºÀ��¾]zºZ]�z]Yz]�¶³Y{¹y�zìë�å�ìì�å¹ìë�å¹ìê�å

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
83

.8
.1

.1
2.

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 js

tn
ar

.iu
t.a

c.
ir

 o
n 

20
25

-0
7-

02
 ]

 

                             4 / 11

https://dorl.net/dor/20.1001.1.24763594.1383.8.1.12.3
https://jstnar.iut.ac.ir/article-1-411-fa.html


 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
83

.8
.1

.1
2.

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 js

tn
ar

.iu
t.a

c.
ir

 o
n 

20
25

-0
7-

02
 ]

 

                             5 / 11

https://dorl.net/dor/20.1001.1.24763594.1383.8.1.12.3
https://jstnar.iut.ac.ir/article-1-411-fa.html


 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
83

.8
.1

.1
2.

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 js

tn
ar

.iu
t.a

c.
ir

 o
n 

20
25

-0
7-

02
 ]

 

                             6 / 11

https://dorl.net/dor/20.1001.1.24763594.1383.8.1.12.3
https://jstnar.iut.ac.ir/article-1-411-fa.html


cPzÀ��\À§zc�¹ vÀ«ºc�z]�¾³¹yZ§Z¯�aZ�¿Z��Z]�ºk�¾´¿|.¿Zk�zÀgyu���

æêæ

uº]�­z-º¬À§�©¹vkç�¹ �¹ v�yu�²À]�½yYu�¾´�¯�a¹Z c�"À·�
vÀº«ºc�yYvº¤¯v�³�µv¿u�Z·¹Z-�ª§�yu�zÀ��¾º]z#�©º¬��µyYº¿u

yu�¥Yyºs�bÀ�z��¶³Z�³�²¿zºd¸]�¥Yyººs |«º¬º�¾º°·�±¹vº]
ª£Yvo�¹ bº�Y�zÀº� ¾º]z#��·Zº§ {Y�½zºÀ-��Àº�æîv�yu�

yu�zÀ��¾]z#�½yYu�¶.³�½Yz]�|«º¬��¾º°·�±¹vº] ©º¬º� µyYºº¿u
bº�Y�­{Ç�\º�Z´¯�n�º��½Z·¹Z-�¶¿x�c�{Y�µv¯M�b�u�¶] yZ¯M

Zº] ½zÀº�yu�¥Yyºs�½Y�¶�º¬���t]�±Yº´��¶º] ¦º�s�¶l³ºº¿
½Zº·¶dº ·æë�æå½Z·�µzÀk�¶§�b�Y�µuYu�±Z�³�±Z°¿Y{�{Y�vº�]�

½¹Zo�¾¿Yx�æìZc�çæ¹ |«º¬��¾°·�±¹v]�©º¬��µyYº¿u�v�yu�
çéZºcçëyYv¤¯�²¿zd�À]�¦�s�µuZ¯�yu�¾«º¬��µyYºº¿u�vº�yu�

v³º��¾¯�\kº¯�Yy�µv��nÀp�c�zÀ��vÀº«ºc�æè��yYº¿u�yYv¤¯µ
¾�¿Z¯{M�½Z·�µzÀk�|«º¬��¾°·�±¹vº] ©º¬º�çê�çèuº]�v�yu�

uy¹M�ª°��¶]�½zÀ-º¬k�zÀ��¾]z#��·Z§�{Y�¶§�
®¨��½Z·¹Z-�yu�¶³Y{¹y�zÀ��¾]z#�vÀ«ºc�¹ v�yu�²Àº.³ZÀ¯

Z]�z]Yz]�\Àczc�¶]�©¹Yè�è¹ v�yu�ëî�å½Z·¹Z-�yu�¹ ­z-º¬À§�
Z]�z]Yz]�®¨º� v´º#ê�è¹ v�yu�íé�å²À]�¶§�uº]�­z-º¬À§�²¿Y

©Z°dºoY�n�º� yu�½yZº¯M�zº�³�{Y�Zº·¹Z-�{Y�µ¹zº- ¹uêv�yu�
½yYu�¾º´�¯��ÈdºsYµv¿uv���©¹vkè��¾]z#�yYv¤¯��¿Y|�Y�

®¨��v´#�½Z·¹Z-�yu�zÀ��vÀº«ºc��¿Y|º�Y�¾º¤�´¯�¶lÀºd³�zÀº�
b�Y�

®¨��v´#�½Z·¹Z-�¾·uzÀ��½Z·{¹y�uYv�c�¶§�²¿Y�ªÀº«u�¶º]
u¹vºoæuºº] zdº�À]�µZº¯�M yu�½%z³Y�©uZ�c�½Z·¹Z-�{Y�zd¸]�Z¸³

¾·uzÀ��±Z¿Z��¶]�±v��¦¿u|³�ªÀ«u�¶]�Z¸³M�zÀ��vÀ«ºc�¹ ©¹Y�®¨�
Y{Y�yu½­zº-º¬À§�zº· bº�Z¿yu�uº]�zd°§�¾�z�¯�¥Yyºs�æè��

yºº�¶º]¾¬¯Yº��¾¬§v´³Z¯µZ.d�u�{Y�yº^��b�z���aYyw�µ{Yv³Y�
¾�z�¯�¦�s�µuZ¯�yYvº¤¯��®º�·�bÀº¬]Z£���yYºº-�bÀ��¹�

&ºº³ �bºº�Yv¸]��¾d¯Èºº�aZºº��u�¹ ¶ºº¿x�c��ººº³ �uYMuYvºº�c��±
z¿Z��¹ b¿z¿v¯��vÀ«ºc�±Y|À¯��¾·uzÀ��µy¹u���¶³Y{¹y�¾�¹uzÀ�

v·u�¾¯�yYz£�zÀgPc�bpc�Yy�¾¿Yx��µu{Zº] v³Yººc¾º¯ ª¯Yºº��ë��
µzÀk�yu�µv��nÀp�c�zÀ��\�oz]�¥Yyºs�vÀ«ºc�µu{Z]�²À.³ZÀ¯

æZºcéZ]�z]Yz]�\Àczc�¶]�Zº·¹Z-�ªº§ yu�ææ�æ��æì�æ��æê�æ¹
æç�æ�Z]�z]Yz]�©¹Y�®¨��½Zº·¹Z-�yu�æë�æ�çç�æ�çç�æ¹æë�æ

Z]�z]Yz]�®¨º� v´º# ½Zº·¹Z-�yu�¹åê�æ��æç�æ��åí�æ¹åì�æ
uºº]��Z·¹Z-�ª§�yu�Z·�µzÀk�²À]�¾�ÈdsY�"Àº· ½yZº¯M��Zºp«�{Y

v�³�µv¿u�®¨��v#�¹ ©¹Y�®¨��½Z·¹Z-�©¹Yvkç¹è��
- ª§�yu�zÀ��²ÀXc¹z��v�yu�z]�µzÀk�zgY®¨��½Z·¹Z-��Z·¹Z

v�³�yYu�¾´�¯�®¨º� vº# ¹ ©¹Y�©¹Yvkç¹è��v�yu�²¿zd°§
µzÀk�¶]��º]zº¯ Zº·¹Z-�ªº§ yu�zÀº� ²ÀXc¹zº�é²¿zd�À]�¹ uº]�
µzÀk�¶]��º]z¯�®¨��v´#�½Zº·¹Z-�yu�yYvº¤¯ç©¹Y�®¨��yu�¹

µzÀk�¶]��º]zº¯èuº]��zÀ��²ÀXc¹z��v�yu�¾¬§�yº��¶]�{Y�¾¨¿�
>Z^¿zº¤c�½Z·yºdº§Z�b]Zg��º³�¶]�¾°§�yZÀ�]��´§Y¹�¹ b�Y�zÀ��

v·u�¾º¯ ±Zº�³�±YºÀºo �º�ºc�¾�zº�¯�¾º¿Yx��uYºº¯�æ¹ì��
aYyvÀ·º]z§�yYv¤¯��¿Y|�Y�²Àº´#�®º·\kº¯�½%z³Y�¹ Yx��½Z·

�·Z§�Yy�²ÀXc¹z��yYv¤¯��Z¸³M�uº^°§�¹ ²ÀXc¹z��yu�¾°§��¿Y|º�Y
vº·u�¾º¯�ì��¾]z#�Z]�¶�¿Z¤¯�yu�zÀ��²ÀXc¹z��yYv¤¯�¶d^«Y±MZ]��

v·u�¾¯�±Z�³�Yy�½zd°§�zÀÀ�c�¾§Yyºs�uYº¯��º³�zºÀÀ�c�æ�Z]�¶§
uyYu�b¤]Z�¯��¿Z¯{M�²¿Y�{Y�ª�Zo�j¿Zd³�

yu�zÀ��²ÀXc¹z��vÀ«ºc���ºd¯�²À]�½yYu�¾´�¯��ÈdºsY�"Àº·
v�³�µv¿u�®¨��v´#�¹ ©¹Y�®¨��½Z·¹Z-��Zº·¹Z-�ªº§�²¿zd�À]�

µzÀk�¶]��º]z¯�Zº·�º¿Y{�¾º¯Z°c�yu�zÀº� ²ÀXc¹zº� yYvº¤¯è¹
§yYv¤¯�²¿zºd°�uº]�v·Z��µzÀk�¶]��º]z¯��yu�zÀ��vÀ«ºc��¿Y|�Y

µyZ°º� µzºÀkèµyZ°��µzÀk�yu�zÀ��vÀº«ºc��·Zº§ ¹æ��v·Z��
c Yy�½Y�¶lÀd³�²À´#Pv´§�¾¯�vÀ¿�

v´#�¹ ©¹Y�®¨��½Z·¹Z-�yu�zÀ��²ÀXc¹zº� vº�yu�²Àº.³ZÀ¯
Z]�z]Yz]�\Àczc�¶]�®¨º�éí�ç¹îî�çz]Yz]�zÀ��²ÀXc¹z��yYv¤¯�¹

Zº]êî�å¹ìç�åuYu�±Z�³�½yYu�¾´�¯��ÈdsY�¶§�uºº] ­zº-º¬À§�
�åê�å3����©¹vkè��

®¨��½Z·¹Z-��Z·¹Z-�ª§�yu�{ºd§Ç�v�yu�²Àº.³ZÀ¯�a¹Zº c
uºº] yYu�¾º´�¯zÀ��®¨º� v´º# ¹ ©¹Y�©¹vkç¹è��Z·�¾�yz]

zÀ��yu�uºkº¯�{ºd§Ç�¶§�vº³Y�µuYu�±Zº�³b^�³�±Z-v´´§yYºt�³
¶]��zÀ��²ÀXc¹z��¹ ¾]z#�¶º]À¯YvÀ��zÀÀ�c�µzÀk��º³�Z]�½zd°§�±Y|

v´º§¾º¯�²¿Yzº]Z´]>Z^¿z¤c�zÀ��{ºd§Ç�±Y|À¯�¶§�v�y�¾º¯ zº�³�¶º]
�º£zÀºÀ�c�ª]Zºb�Y�zÀ�æ��.³ZÀ¯º�yu�²Àº§Ç�vºÀ��{ºdºÀ]�zº²

·¹Z-ºZ]�z]Yz]�\Àczc�¶]�®¨��v´#�¹ ©¹Y�®¨��½Zìç�é¹êì�é
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¯ ¹ ½{y¹Z�§�±º´��¹ ­º¬�¾�À^���]Z´�©Z�®d�·��µyZ°�©¹Y��yZ¸]æèíÐ

æêç

n�º�yu�¶º§ uºº]©Z°dºoYæ³ Yy�½yYu�¾´�¯��ÈdsY�v�yu�±Z�
v·u�¾¯�

®¨��½Z·¹Z-��Z·¹Z-�ª§�yu�zÀ��v¯Zk�uYº¯�ª§�z]�µzÀk�zºgY
zºÀ��®¨º� v´º# ¹ ©¹Yuº]�yYu�¾º´�¯�©¹Yvkç¹è�²¿zd�À]

yYvº¤¯µvº¿u½Z·�µzÀk�¶]��º]z¯�Z·¹Z-�ª§�yu�µv��æ¹çyu�¹
µzÀk�©¹Y�®¨��½Zº·¹Z-ç½Z·�µzÀk�®¨��v´#�½Z·¹Z-�yu�¹æ

¹çuºº]�uYº¯�ª§�vº�yu�²Àº.³ZÀ¯®¨��½Z·¹Z-�yu�zÀ��v¯Zk�
Z]�z]Yz]�\Àczc�¶º] ®¨º� v´º# ¹ ©¹Yçê�ææ¹éç�ææuº]�v�yu�

©Z°dººoY�n�º� yu�¶º§ê±Zºº�³�Yy�½yYu�¾º´�¯��ÈdººsY�vº�yu�
v·u�¾¯�©¹vkè��

®¨��½Z·¹Z-�yu�¦�s�µuZ¯�½z·Z��®�·�bÀ¬]Z£�²Àº.³ZÀ¯
uº]�yYu�¾´�¯zÀ��Z·¹Z-�ªº§ ¹ ®¨º� v´º# �©¹Y�©¹Yvké¹ê��

£ ²¿zd�À]�º]z¯�©¹Y�®¨��½Z·¹Z-�¹ Z·¹Z-�ª§�yu�®�·�bÀ¬]Z
µzºÀk�¶º]éµzÀk�¶]��º]z¯�®¨º� v´º# ½Zº·¹Z-�yu�¹è¹ uº]�

®¨��v´#�½Z·¹Z-�yu�¦�s�µuZ¯�®�·�bÀ¬]Z£�yYvº¤¯�²¿zºd°§
µzÀk�¶]��º]z¯�Zº·¹Z-�ªº§ ¹ç�º]z¯�©¹Y�®¨��½Z·¹Z-�yu�¹

µzºÀk�¶º]æuº]��µuZ¯�½z·Z��®�·�bÀ¬]Z£�½¹y�¾ ¬dt¯�ª¯Yº�
s�¾�yYº-�aÇÈdºsY�{Y�ayZ^º� ¶º§ vº³yYx-�¾º¯ zºÀgPc�¦º�

yº^��b�z���¾�z�¯�¦�s�µuZ¯�yYv¤¯��½x�¯�uYº¯�½Z·uº^°§
¶�º¬���º¬]��¾¿Yx��uYºº¯ ½y¹M�ªº°����yYºº- µZ.dº�u�{Y�Yxº�

¹ �Àp¯�ayYzºo ¶ºkyu��¾�zº�¯S+b�Y�¶^°¨���æ¹æå��
zgY�yu�Yz¿{�v��v·Yºs�®�·�bÀ¬]Z£��¿Y|�Y�fº�Z]�±uzº§ bº¬�

º�Y¹ ÇZ]�yZº���¹ }Zº°c�zºgY�yu�\º«Z£�yu�µvº� uZºl¿Y�¥Z¨�
{Y�¾d°�£�uº��¾¯�©Zº°�Y�\º«Z£�¶º] u¹y¹�{Y�ª^º£ ¶º§ ¾ºd]º�y

uº��¾¯�¶´ÀcÇ%�¶³Yu�yu�uºkº¯�¶dº�Z�³�æë��¾³¹yZ§Z¯�aZ�¿Z�
ayº��¶]�yu¹zd�§Y�µZ.d�u�¶]�u¹y¹�{Y�ª^£�¶§�²¿Y�ªÀ«u�¶º] |ºÀ³

Z]�½zÀ°sèå¹ v´¿M�¾¯yu�b]º�y�v�yu�ÇZ]�yZ���bpc�~��
¶d�Z�³�{Y�½v�yu��v³zÀ-�¾¯�yYz£�}Z°c�{Y�¾º�Z³�¥Z¨�º�Y�¹

uºº�¾º¯ ¶´ºÀcÇ%�±M�{Y�v´¿Yz��©º��yu�¶§�v´#zº·Z¯u��¿Y|�Y
vºº¿M�¾ºº¯ ªºº°��¶ºº] ½zººÀ-º¬k��¿Y|ºº�Y�±M�®ºº�·�bÀºº¬]Z£�¹

v]Z¿�¾¯�

µzÀk�¶]��º]zº¯ ²ÀXc¹zº� ½zº·Z��®º�·�bÀº¬]Z£�²¿zºd°§æ¹
Z·¹Z-�ª§�yu�±M�²¿zdº�À]µzÀk�¶]��º]z¯�®¨��v´#�½Z·¹Z-�¹

èµzÀk�¶]��º]z¯�©¹Y�®¨��½Z·¹Z-�yu�¹çuº]��©¹vké¹ê��
½Z·�½y¹M�ª°�­z��¹v³Y�²ÀXc¹z��½¹y�v´³Yºc�¾¯�[º�z¯�¹ ­z-

|ººÀ³�¹ vºº³y¹Myu�©ººº¬p¯�ayººº� ¶ºº] Yy�±M�¹ ¶dºº�Yx-�zººgY
v³Z^�#�¾¯�®·�¶]�Yy�¶d�Z�³�½Z·�©º³Yz-�¶§�¾´ÀcÇ%�½Z·�²ÀXc¹z�

¿zºtc�Yy¹ ²ÀXc¹z��®º�·�bÀº¬]Z£��¿Y|º�Y�fº�Z]�¶º§ v´º´§�\
uuz-�¾¯�±M�yu�µv���Zp¯�¶dº�Z�³�æî��®�·�bÀ¬]Z£�²À.³ZÀ¯

¶]�®¨��v´#�¹ ©¹Y�®¨º� ½Zº·¹Z-�yu�­Zºs ²ÀXc¹zº� ½zº·Z�
{Y�ayZ^º� \Àczºcçë�ëè¹íæ�êí�ÈdsY�¶º§ bº�Y�vº�yu�

©Z°doY�n���yu�Yy�½yYu�¾´�¯êv·u�¾¯�±Z�³�v�yu��©¹vkê��
Y "À·²À.³ZÀ¯�yu�½yYu�¾´�¯��ÈdsS+�Z·¹Z-�ª§�yu�yYyuY�

v�³�µv¿u�®¨��v´#�¹ ©¹Y�®¨��½Z·¹Z-�©¹Y�®¨��½Z·¹Z-�yu
�¿Y|ºº�Y�®¨ºº� v´ºº# ½Zºº·¹Z-�yu�¹ yYu�¾ºº´�¯�zººÀ���·Zºº§

yu�½yYu�¾º´�¯zÀ�S+yu�yYyuY�è¹êµv¿u�¶¿x�c�{Y�~��b�Z��
v��©¹vké¹ê��

²Àº.³ZÀ¯S+©¹Y�®¨��½Z·¹Z-�²À]�yYyuY�yu�®¨��v´#�¹è
Z]�z]Yz]�\Àczc�¶º] ¶º¿x�c�{Y�~º� b�Zº�åè�í¹æë�íyu�¹ê

Z]�z]Yz]�¶º¿x�c�{Y�~º� b�Zº�åí�í¹æè�ín���yu�¶§�b�Y�
©Z°dºoYêv³uYu�±Z�³�Yy�½yYu�¾´�¯��ÈdºsY�vº�yu��aZ�«Z�¯

+y|]�¾£Y|]�uv���«Z]�aZ³YºÀºo ¶º§ vº³uYu�±Zº�³¶]�b^�³�½zc
|À³�¹ v³yYu��«Z]Z³�aZ³YºÀºo±Yºk�aZ³YºÀo�yu�¶§�µv���t�¯

¡Y|]�vÀ«ºc�yYv¤¯�¹ uyYu�¶�]Yy�¶^°¨��µ{Yv³Y�Z]�¡Y|]�n�zc�±Y|À¯
zdºº�À]�+y|ºº] ½zÀºº� aZ³YºÀººo yu�¾ºº�º�p¯�yººº� ¶ºº]

b�Y�æå��
½Z·�µzÀk�¹ ºk�½Z·�µzºÀk�²Àº] ¶º§ vº·u�¾º¯ ±Zº�³�j¿Zdº³
�ÈdsY�±v]�±{¹�aYzÀÀ�c�zº�³�{Y�¾º³¹yZ§Z¯�aZ�¿Zº� ½¹Zºo

uºk¹�½yYu�¾´�¯uyYv³�©¹Yvkê¹ë��±v]�±{¹�zÀÀ�c�²À.³ZÀ¯
Zºº] zºº]Yz]�\Àczººc ¶ºº] ®¨ºº� v´ºº# ¹ ©¹Y�®¨ºº� ½Zºº·¹Z-�½Yzºº]

êç�å¹éê�åYy�½yYu�¾´�¯��ÈdºsY�¶º§ uºº] {¹y�yu�­zº-º¬À§�
uYv³�±Z�³�
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¯ ¹ ½{y¹Z�§�±º´��¹ ­º¬�¾�À^���]Z´�©Z�®d�·��µyZ°�©¹Y��yZ¸]æèíÐ

æêé

lÀd³½zÀ-�¶
²¿Y�{Y�ª�Zo�½Z·�¶dº�Z¿�¶º] ¶kººc Zº]�·¹&��yY|-�±Yºc�¾¯�

¶º§ uºº°³��«Zs�½%z³Y�ºk�Z]�¶�¿Z¤¯�yu�¾º³¹yZ§Z¯�aZ�¿Zº�
º�À]�yZÀº�]�¾·uzÀº�ºp«�{Y�¹ v³yYu�±M�Z]�z]Yz]�²ÀXc¹z��¹ zdº�Z

½%zº³Yªº]Z£v³yYu�yYz£�ayw�{Y�zcÇZ]�¾p���yu�|À³�®�À«º]Zd¯�
aÈº� ²º¿Y�¾º´¿|.¿Zk�²¿Yzº]Z´]½%z³Y�¾º³¹yZ§Z¯�aZ�¿Zº� Zº]

u{Zº�¾º¯ ®·Yzº� ¹Zº- ½Yzº] Yy�½zdº�À]�{Y�µuZ d�Y�²Àº´#�®º·
zÀ��vÀ«ºc�z�³�{Y�¾´¿|.¿Zk�mº���¾¯Z°c�yu�¾³¹yZ§Z¯�aZ�¿Z�

¥Yyºs�ª¿v^ºc µu{Zº] ¹�µzÀk�¶]�b^�³�Yy�½yYu�¾´�¯zÀ��½zcz]�

v¯Zk�uYº¯�ª§�¹ zÀ��¾]z#�v�yu�z�³�{Y�¾«¹�v³uYu�±Z�³�v·Z�
·Zºº§ zÀºº�yu�½yYu�¾ºº´�¯�zººÀ���mº�ºº�èå¹éêvºº�yu�
¾º´¿|.¿Zkvº� µvº¿u¹bº¿Z¸³�yu{Y�µuZ d�Y�¶§�²¿Y�¶]�¶kºc�Z]�

mº���Zc�¾º³¹yZ§Z¯�aZ�¿Zº�éê¾¨À«º]Zd¯�ª¨�¯�"À·�v�yu�
�uYv³�{¹z]��¿Z¯{M�©º��yu�Yy�¾º´À«Z]¾�yz]mº���µuZ d�Y�zgY�

uº��¾¯�¶À�ºc�ºk�½Zk�¶]�¾´¿|.¿Zk�zcÇZ]�

�]Z´¯µuZ d�Y�uyº¯�
Î�¾k�bÀ°º�Y�!Y�©Y���½u�¦º« ¹ ±¹�­Y�¹��Y�²lcZº·�æèìæ�½zÀº� ½Zº·¹Z-��y¹zº� ©ºº�Y��� ¶°kzc�¾³Z]z£��aYyZ�d³Y

zÀ^§zÀ¯Y�±Z¸ �Y��
Ï�­ �½zÀ°��i�æèìê�½zÀ��¹Z-��y¹z��{YzÀ��µZ.�³Yu�aYyZ�d³Y��
Ð�} �¾ºº¿Z^�Z^��±�æèìé�z]�yu�±{yY�¶ºº¿x�c�zººÀgPc�¶ºº�¿Z¤¯½zÀºº�¹Z-�uzºº¨¬°��¹ zÀºº� aZ^À§zººc ½¹y�zºº] ºººk zºº]Y�¶ºº¯Z³�±Zºº¿Z�

±Z¸ �Y�¾d�´��µZ.�³Yu��½{y¹Z�§�µv¨�³Yu��v�yY�¾�Z´�yZ§�
Ñ�� �µv´sz��æèìå�±M�½Z·�µuy¹Mz��¹ zÀ���¿Z¯{M�½Z·��¹y�±Yz¸c�µZ.�³Yu�aYyZ�d³Y�
Ò�©Z��[Zd§�æèìî�uYº¯�¹ ½{y¹Z�§��¿Z´��¾¬¬°«Y�²À]�µZ.�¿Z°³�²À°d ·�¶¿z�³�¾¿Yx��±Yz¸c���
Ó��º«Y��¾º³Zl¿yv¸£�½uYzº¯�æèìì�½zÀ��¹Z-�uz¨¬°��z]�ºk�¶³Yu�aYyw�µ{Yv³Y�zÀgPc��½{y¹Z�§�µv¨�³Yu��v�yY�¾�Z´�yZ§�¶¯Z³�±Z¿Z�

±Z¸ �Y�¾d�´��µZ.�³Yu�
Ô�� ��zº�¯�æèìë�� \À§zc�¹ vÀ«ºc�½¹y�z]�±M�aYzgY�¹ ½zÀ��½Z·¹Z-�µzÀk�yu�ºk�½Zºk ¶º] ½Y�¶º³Yu�­º-yºº� ¾º´¿|.¿ZkzÀ�

±Z¸ �Y�¾d�´��µZ.�³Yu��½{y¹Z�§�µv¨�³Yu��v�yY�¾�Z´�yZ§�¶¯Z³�±Z¿Z��
Õ�� �v«Z³¹u�¦¯��yY�Y�{uyY¹uY¹i��Y�u�©Z·�²¿z-�æèëî�­Yu�¶¿x�c��y ¶°kzc��¹ZÀ��¾�º���½vÀ°��aYyZ�d³Y|¿z^c����

�� %URZQ��/��'���-��:��7KRPDV��5��6��(PHU\��/��'��0F�*LOOLDUG��'��9��$UPVWURQJ DQG�&��$��/DVVLWHU��������(IIHFW�RI�
KLJK�OHYHO�JUDLQ�IHHGLQJ�RQ�PLON�SURGXFWLRQ�UHVSRQVH�RI�ODFWDWLQJ�GDLU\�FRZV��-��'DLU\�6FL���������������

��� (QVPLQJHU��0��(��������7KH�6WRFNPDQ¶V�+DQGERRN��7KH�,QWHUVWDWH�3ULQWHUV�DQG�3XEOLVKHUV��,QF���86$��
��� (UGPDQ��5��$� ������'LHWDU\�EXIIHULQJ�UHTXLUHPHQWV�RI�WKH�ODFWDWLQJ�GDLU\�FRZV��$�5HYLHZ��-��'DLU\�6FL�����������
��� 0F&DIIUHH��'�� DQG�:��*��0HUULOO�� ������(IIHFW� RI� IHHGLQJ� FRQFHQWUDWHV� WR�PDLQWDLQ� ERG\�ZHLJKW� RI� GDLU\� FRZ� LQ�

HDUO\�ODFWDWLRQ��-��'DLU\�6FL���������
��� 1DWLRQDO�5HVHDUFK�&RXQFLO��������1XWULHQW��UHTXLUHPHQWV�RI�GDLU\�FDWWOH���WK UHY��HG���1DWO��$FDG��6FL��:DVKLQJWRQ�

'��&��
��� 2UVNRY��(��5��������)HHG�6FLHQFH��(OVHYLHU�6FHLQFH�3XEOLVKHUV��%��9���$PVWHUGDP��
��� 2ZHQV��)��1���5��$��=LQQ�DQG�<��.��.LP��������/LPLWV�WR�VWDUFK�GLJHVWLRQ�LQ�WKH�UXPLQDQW�VPDOO�LQWHVWLQH��-��$QLP��

6FL����������������
��� 6DPVRQ��0��)��DQG�0��+��0RUHO��������+HDW�GHQDWXUDWLRQ�RI�GXUXP�ZKHDW�VHPROLQD�E�DP\ODVH��HIIHFWV�RI�FKHPLFDO�

IDFWRUV�DQG�SDVWD�SURFHVVLQJ�FRQGLWLRQV��-��)RRG�6FL����������������
��� 6$6�8VHU¶V�*XLGH��6WDWLVWLFV���������WK HG���6$6�,QVW���,QF���&DU\��1&�
��� 6KDUDUD��+��+���+��<��(O�+DPPDG\� DQG�+��$EG�(O�)DWWDK�� ������1XWULWLYH� YDOXH� RI� VRPH� QRQH�FRQYHQWLRQDO� E\�

SURGXFWV�DV�SRXOWU\�IHHG�LQJUHGLHQWV��,��&KHPLFDO�HYDOXDWLRQ��$VVLXW�-��$JULF��6FL��������������
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cPzÀ��\À§zc�¹ vÀ«ºc�z]�¾³¹yZ§Z¯�aZ�¿Z��Z]�ºk�¾´¿|.¿Zk�zÀgyu���

æêê

��� 9DQ�.HXOHQ��-��DQG�%��$��<RXQJ��������(YDOXDWLRQ�RI�DFLG�LQVROXEOH�DVK�DV�D�QDWXUDO�PDUNHU�LQ�UXPLQDQW�GLJHVWLELOW\�
VWXGLHV��-��$QLP��6FL�������������

��� :LOOLDPV�� -�� (���5�� /��%HO\HD�� )��+��+VLHK� DQG� -��'�� )LUPDQ�� ������5HVSRQVHV� RI� JURZLQJ� WXUNH\V� WR� WKH� GLHWDU\�
LQFOXVLRQ� RI� LQHGLEOH� SDVWD� DQG� XQH[WUXGHG� DQG� H[WUXGHG� ELRVROLGV� IURP� PLON� SURFHVVLQJ�� $QLP�� )HHG� 6FL��
7HFKQRO�������������

��� :LVHPDQ��-��DQG�'��<��$��&ROH��������)HHGVWXII�(YDOXDWLRQ��%XWWHUZRUWKV��%RVWRQ�
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