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b¬��¾¿Yx��z�Z´��¶]�µZÀ-�zd�À]�¾�zd�u�±M�\£Z�d¯�¹ ¾]Z£z�

¶º] ¶º§ bº�Y�½zº.¿u�¿Yz��yu�uz¨¬°���¿Y|�Y�ªº¯Z��±Yº´º�
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£yY�{Y�µZÀ��­u ¹±Z¸ �Y�­Z£yY�{Y�µuz-�¹ ¾-v³{Z���±Yz¿Y�©Z°��­Z

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
83

.8
.2

.1
0.

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 js

tn
ar

.iu
t.a

c.
ir

 o
n 

20
25

-1
1-

07
 ]

 

                             2 / 13

https://dor.isc.ac/dor/20.1001.1.24763594.1383.8.2.10.3
https://jstnar.iut.ac.ir/article-1-429-en.html


±Yz¿Y�¾�Yy{�½Z·�®£y�{Y�µuZ d�Y�Z]�¾]Z£z���¿Yz��yu�j³z]�zd¸]�uº°³�ª¯Yº��¾�yz]

���

yYz£� µuZ d�Y� uyº¯�}yZ�� ±Zd�Y� yu�j¿Yy� ®£y�½{¹zÀ�� ­Z§� ¹
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uYv�c��¿Z¯{M��¹z��½Yz]îå½Z·�µ{Yv³Y�¶]�±Yv¬-�çê��çì
�zº�£��Zº cyY�½¹Z�¯�yYv¤¯�¶]�¶�y|¯�¾d¬À��¾º�y�¥Zºs Zº]
�±{¹�}Z�Yz]�{Y�~��µZ.�¿Z¯{M�yu�µu{�¶³Yºk�y¹x]�¹ v³v��z�

v³v¿uz-�Z�³�Z·�±Yv¬-�yu�¶d ·�¦º¿�uYv�c�®£y�z·�¶]æê±Yv¬-�
uYv�c�±Yv¬-�z·�yu�¶§�v��µuYu��Z�dsYêv��b�§�¶$·ZÀ-��

bºº�x-�{Y�~ºº�æåºº§ Zºº�³�{Y�{¹y�yYz¤dºº�Y�{Y�±Z´ººÀ°�Y�¹ ½yZ
uYv�c�Z·�¶$·ZÀº-ê±Yv¬-��yYz¨c�¹ [Ztd³Y�¾�uZ�c�ayº��¶]

b�z-�yYz£�½yZÀ]M�yZ°Àc�z·�yu�z¿{�ayº��¶]�½yZÀ]M�½Z·�yZ°Àc
v��­Zl³Y�

�«Y�¦¿%º«º¿|À��¾-vÀ�y�Zc�v�y�µy¹u�©º��­Z°c�yu�[Z£z�
[�{¹y�yu�½yZÀ]M�yZ]�¹u�í¹ n^��í\���av¯�¶]é¶d ·�Z]

bÀ�z��vo�yu�¥Zs�[M�½yYu�¶.³�½Yzº] [M�¾º�t�¯�®ºlo
v�y�µy¹u�zsM�Zc�[Z£z���¿Yz��¶]�©Z¤d³Y�¹ ¾º�Yy{�yu�[Z£z�

v�y�¶¯YuY�
i�{¹y�yu�½yZÀ]M�yZº] ¹u�í¹ n^��í\����t�¯�®lo�Z]

v�y�µy¹u�zsM�Zc�[M�±Y¹y�ª£Yvo�Z]�[M
mz��ayº��¶]�¹ ¾�uZ�c�ª¯Z§�½Z·�¥º¬]�ayº��¶]��¿Zº¯{M

zº§½yZÀ]M�½Z·�yZ°Àc�±M�yu�¶§�v¯M�yu�YzkY�¶]�µv��uzs�½Zº·a
v³uº]�¾�z��aÈ��±Yº´��¶]�­Z£yY�¹ ¾¬�Y�½Z·�aÈ��±Yº´º� ¶º]�
µv¨�³Yu�¾�Z´��¥Zs�µZ.�¿Z¯{M�¶À�ºc�}Z�Yz]�±Z·ZÀº- ¶º¿x�c
uyº¯�¥Zs��¿Z¯{M�z]�¾´d^¯�±Z¸ �Y�¾d�´��µZ.�³Yu�½{y¹Zº�§

¾«M�uº§�±uz§��º¬t¯�ª¯Zº� µuZ dº�Y�¹Z-½�±Y|À¯�¶]�¥Zs�Z]
æê{Y�µuZ d�Y�¹ �¿Z¯{M��¹zº� {Y�ª^º£ µZº¯ ¹u�yZdº¨·�yu�²ºc

z·��z�¯�®§�¹ �z�¯z��¾¿Yx��z�Z´��½¹Zo�©ºº¬p¯æå¾«Y�
æêuºº] {¹y��½YyYu��z�¯z��¾¿Yx��zº�Z´��½¹Zºo ©ºº¬p¯è

�±%¹zºdÀ³�­zº-ç¹ z º���­zº-ç©º¬p¯�¹ zdÀ«�yu�®À�Zd��­z-�
yYu��z�¯�®§�¾¿Yx��z�Z´��½¹Zo½Yê�å�²·M�±¹zd�¨��­z-�

ê�å�½¹y�aZ «ºº� ­zº-çê�å�|´.´¯�aZ «º��­z-�æê�å­z-�

¹ ~º¯ aZ «ºº�åê�åuº]�zdÀ«�yu�¦¿v^ºÀ«º¯�vÀº�Y�­zº-�¶À¬§
yu�j³z]�v�y�±Z¯{�Z]��uZ�¯�¶§�µZº¯ uYuzº¯ ¶°Àº³ {Y�Zº·±Yvº¬-
y¹Zººl¯�uY{M��Àººp¯�yu�vºº�y�µy¹u�±Zºº¿Z��Zººc bºº�Y�±Z¸ ºº�Y

³Yu�¾ºcZ¤À¤pc�½Zº·¶º³Zt¬-¾d�´��µZ.º�³Yu�½{y¹Zº�§�µv¨º�
v³v��½yYu�¶.³�¾cZ¤À¤pc�¾�Z��¦¿�yu�±Z¸ º�Y�yu�[M��Z cyY

�[Z£z��yZ°Àc�½Zº·±Yvº¬-êuº]�zd¯�¾d³Z���¾�yz]�uyº¯�aZ �
�¶£Z��¦�s�±{¹��¶£Z��zc�±{¹��µZÀ-��Z cyY��¶l´��uYv�c�ª¯Zº�
ª§�¦�s�±{¹�¹ ¶�¿y�¦�s�±{¹��¶�¿y�zc�±{¹��¶�¿y�©ºº�

ºº¿Z��yu�µZÀºº-±Yvºº¬-�vººoY¹�}Zºº�Yz]�¶ºº§ �uººº] vºº�y�µy¹u�±Z
v¿uzº- ½zºÀ-�µ{Yvº³Y�±Z·ZÀ-�{Y�¾�º¨�¹z¨À¯�aYv·Z�¯�½Yzº]

®·�yº��¶]��¬dt¯�½Z·yZ°Àc�bpc�µv��bº�§bsYº´¨¿��±Z¯{
ªsYu�Y|l¯�ayº��¶]�¹ b�Yuz]��[Ztd³Y�½uYvº�c�¾�uZº�c�¹

v³v¿uz-�ª¤d´¯�µZ.�¿Z¯{M�¶]�¾º¿Z·�¦Àdº�È��±uz§�|À°c�{Y�~�
¶º�¿yº·±Z·ZÀ-��¬dt¯�½Zº·b°º�£�{Y�Z�+z]�¹ ¶£Z���¶�¿y�

yYu�[yu�½Z·�¶�À��ªsYu�Z·�¶³º°³�¹ v¯M�ª°��¶]�½yYuzº] ¶³ºº°³
¶º.³�©ºº¬p¯�½ºdºp¯µv³yYu��²¿zÀ�À¬-��ª¨«Y��[Mæ�æ�æ�yYz£

v��µuYu�¶À¸c�¾¿Z·��z]�¶¤¿�{Y�zc�²À¿Z��¾°§�¶ÀoZ³�yu�Z·�¶�¿y�{Y
v¿uz-�½|ºÀ¯M�,º³y�¹�� ��Z¤¯�²À´#�®·¹ �È���+z]�{Y�¾�z

��Zºº�¯�½|ººÀ¯M�,º³y��¹y�Zºº] ¹ ¶Àºº¸c�yºº§x¯�±Z·ZÀºº- ¶£Zº�
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©¹vkí��Z´��b�¬��²À.³ZÀ¯�z]�½yZÀ]M�yZ°Àc�zÀgPc�¶�¿Z¤¯¾¿Yx��z�­z-º¬À§�z]�­z-�¾¬À¯ \�oz]�¶d¿yY¹�ª]Z¤d¯�zgY�¶]��º]z¯�½yZÀ]M
�¾�¿¹y�v�y�±Z¿Z��yu�

&D 0J . )H
¶d¿yY¹î½yZÀ]M�

½yZÀ]M ¶d¿yY¹
Eåå�ëèîå EFåå�ìçåå Dåå�æåçê Eåå�çèíî ææ
EFåå�èèîå EFåå�ìèêå Dåå�æåæê Fåå�ëìç æç
EFåå�èëéå EFåå�ìèìå DEåå�îéå Fåå�ìèì æè
Fåå�èæåå Fåå�ëèëå DEåå�îæå Fåå�ëíç æé
Dåå�æîìîå Dåå�íîìå Eåå�ìëå Dåå�êéåå çæ
Fåå�çëêå Fåå�ëåîå Dåå�îêå Fåå�éåæ çç
Fåå�çëæå EFå�ëêíå Dåå�îêå Fåå�ëèé çè
EFåå�èêëå DEåå�íæçå Dåå�æåêå Fåå�ëëí çé

±º¯{M�¢^��¥zd�¯�zÀ���¹zo�½YyYu�½Z·�²À.³ZÀ¯�ê��/6'v´d�·�yYu�¾´�¯��ÈdsY�½YyYu��

©¹vkî�±º¯{M�{Y�µuZ d�Y�Z]�aZ ��²À.³ZÀ¯�¶�¿Z¤¯W½uY{M�¶kyu�Z]�æê��©Z°doY�n���yuêv�yu��¾�¿¹y�v�y�¶¬oz¯�±Z¿Z��yu
Wµv��¶^�Zp¯� yZ°Àc

¾·uYº·�±¹v] ¾·u�Yº·
b �

QVìéé�å ìéì�í îìî�ì ¶l´��ª§uYv�c
QVëíë�å îêæ�ëî éåè�ëí �Z cyY�zd¯�¾d³Z��
QVåèë�ç îìë�ì èèç�ì ¾¬�Y�¶£Z��+z]�uYv�c
QVéì�æ ëåí�æì æè�æé ¶£Z��zc�±{¹�­z-�
QVåéî�å çå�ææ æè�ææ ¶�¿y�zc�±{¹�­z-�
QVééë�å æé�ç îìç�æ ¶£Z��¦�s�±{¹�­z-�
QVçèè�æ èííæ�å êëçí�å s ±{¹¶�¿y�¦��­z-�

éè�í ëåæ�çæ îîì�èç ¶�¿y�©º��zd¯�¾d³Z��

a¹Z c�®À�¬§�¹ ²·M�yYvº¤¯�zº�³�{Y�¶º§ uYu�±Zº�³�|ºÀ³�zº�Zo
z�³�{Y�®·�­yZ��®£y�¹ b�Yu�uºk¹�¶d¿yY¹�¹u�²Àº] ½yYu�¾º´�¯
¾-v³{Z��®£y�¶]�b^�³�®À�¬§�yYv¤¯�z�³�{Y�®º· ¹ ²º·M�yYvº¤¯

b�Yu�½zcz]�½yZÀ]M�®¿%y�ª]Z¤d¯�zgY½Yz]�|À³�¾·ZÀ-��Àcº³%�Z]
v��yYu�¾´�¯�®À�Zd��¹ ®¿|À´¯ �®À�¬§��²º·M�yYvº¤¯�uºk¹�²¿Y�Z]

¹u�z·�yu�z�Z´��²¿Y�yYv¤¯�z]�[Z£z���¿Yz��b^ºh¯�yZºgM�{º´º·
b�Y�uº¸�¯�¶dº¿yY¹�©¹vkí��±M�z.³ZÀ]�aZ¤À¤pc�zd�À]b�Y

Y|�]�¹ µvº°��zºÀgPc�[Z£zº� �¿Yzº� ¶º§¿¹ [xk�bÀ¬]Z£�yu�¾
z�Z´��yYvº¤¯z�Zo��¿Z¯{M�j¿Zd³�¹ uyYu�j³z]�µZÀ-�yu��¬dt¯�

º¯ |ºÀ³Rv�Z]�¾¯�±M�v¿�±M�¾.d�]Y¹�¶]�¶kºc�Z]�²ÀXc¹z��bÀ��¹

bÀ��¹�Z]�\�Z´d¯�¹ µuº^³�½yZÀ]M�yZ°Àc�{Y�zgZd¯��a{Y�yYv¤¯�¶º]
a{Ybº�Y�[Z£z���¿Yz��yu�±Z·ZÀ-�v�y�a¹Z c�\Àczc�²¿v]

d¯��[Z£zº� ±¹vº] ¹Pµuº^³�a{Y�[xk�a¹Zº c�{Y�zºg{Y�¾�Z³�¹
uº]�v·Yºs��z�¯z��¹ �z�¯�®§�z�Z´��¾sz]�[xºk a¹Zº c

�é¹æë��

­º���¿Z¯{M
vÀ�§Y��¿Yz��±uz§Yvk��v·��­º���¿Z¯{M�yu��¿Yz��{Y�ZÀoY�

b�Y�µuº]�¾º]Z£z��uyº¯�aZ ��z]�½zÀgPc�¾·uYº·��©Zo�²¿Y�Z]
u¹vo��¾·uYº·��¿Yz��yu�¶�¿y�©º��Z¸´c�¹ b�Yv³�¾�yz]ææ
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¾�À^���]Z´¯�¹ ½{y¹Z�§�±º´��¹ ­º¬��©Z�®d�·��µyZ°�­¹u��±Zd�]ZcæèíÐ

æèç

{Y�zºd¯�¾d³Zº�uº]�zd�À]�¾·uYº·�±¹v]�yZ°Àc�±Z·ZÀ-��©¹vkî��
±YyZ¨°·�¹ z³yºc�çç�¾·uYº·��¿Yz��yu�Yy�¶�¿y�©º���¿Y|�Y

½Z·�©º¬��zd�À]�¹ zd¸]�~ ´c�ªÀ«u�¶]�>Yz·Z��¶§�v´º´§�¾º¯ vÀº¿Pc
¾°dº�¿z¯bº�YYvÀ��®À�³YzWM�®d�À��¶º] ¾º�Z§�¾º�zd�u�¶º§
vº³Y�µuzº¨³��s�±{¹�±M��^c�¶]�¹ ¶�¿y�©º���¿Y|�YZ]��¶�¿y�¦

²º¿Yb�À³�yYu�¾´�¯��ÈdsY�²º¿Y�¶º§�¹ zc�±{¹��·Z§�¶]�zl´¯�
b�Y�µv��¶£Z��¦�s�©¹vkî��aº´d³º��¹ ¦¿zcZ��æë�|À³

¾·uYº·�­v���¿Yz��yu�j³z]�¾�¿¹y�v�y�¶§�v³Y�µuzº§ �yY|º-
�¿Z¯{M�{Y�¶$³Z´#�¶§�b�Y�µuº]�zd�À]�¾·uYº·��¿Yz��¶]�b^�³

>ÇZ°doY�v¯Mz]�­¹u�v³Yºc�¾¯�z�Z´��¾sz]�zd�À]�[xk�¶]��º]z¯�
vºº�Z]�ZÀººoY��¿Yzºº� yu��zºº�¯z��¹ �zºº�¯�®ºº§�²Àºº´#®ºº·

�yY|º-¾º¿Z·�bÀ«Èo��·Z§�¶]�¾·uYº·�¶§�b�Y�±M�{Y�¾§Zo�
uuz-�¾¯�zl´¯�|´.´¯�¹ ²·M��z º���æë���¿Yz��¶#z-Y�²¿Yz]Z´]

z]�¾«¹�uuz-�¾¯�j³z]�µZÀ-�zd¸]�¶À«¹Y�yYz¤d�Y�¶º] zºl´¯�¾º·uYº·
ZÀ-�½v�]�v�yb�Yu�v·Yºs�Lº��yZgM�µ��¿Z¯{M�{Y�¶§�±Z´$°·

vº� ¶d�zº- ¶lÀºd³�©¹Y�©º���¿Y|�Y�¶§�b�Y�¾«Zo�yu�²º¿Y�¹
{ZÀ³�­v��¹ �¾]Z£z���¿Yz��¶]�¶kºc�Z]�®·�uZ¿{�yYvº¤¯�¶º] ¶º�¿y

YvÀ��ay¹z��±Yv´º# ¶º�¿y�¶�º�ºc�Zº] [M�¾�Zº�Y�[xºk ¶º]
v´§�¾°³�

�¿Z¯{M�¶]�¶kººc Zº]½Z·�uº°³��Z^´d�Y�±Yºc�¾¯�¡º��{ZÀ³�¶§�
[xk�yu�µZÀ-�bÀ¬]Z£�±uº]�ÇZ]�{Y�¾�Z³��¾]Z£z���¿Yz��¶]�j³zº]
¶]�j³z]�{ZÀ³�­v��¶]�¶kºc�Z]�¹ b�ZÀoY��¿Yz��yu�z�Z´��¾ºsz]

v�y�µy¹u�ª¿Y¹Y�yu�¾º]Z£z���¿Yzº��b¿z¿v¯�¶]�b^�³�±Yºc�¾¯�
uº°³�­Yv£Y�[M��]Z´¯�

½yY|.�Z��
²¿Y�½Z·�¶´¿|º· {Y�¾º�t]�·¹&�Yy¾�·¹&��b³¹Z�¯�µZ.�³Yu�

±M�{Y�½z.¿u��t]�¹ ±Z¸ º�Y�¾d�´º�Yyv§�¾¬¯�mz��¶kuº]�
çî0cP²Àº¯µuzº§¾³Yuyv£�¹ z¨º�c�¶¬Àº�¹�²¿vº] ¶º§ bº�Y�

uuzº-¾º¯��¾.¿y��±Z¿Z£M�¹ ²¿{z��¹ ¾´�o�Z·�®³Zs�{Y�²À´#�®·
½yZ¨°·�µ%¹z��­Zºl³Y�yu�¶º§ ½vº°p¯�¹ ±Zº¿yZ �v³uz§|À³�¹

¶¿|lc�bÀ«ºX�¯�¶§�¾¯ZoyYyv��}v´¸¯�½Zº£M¾¿ZÀ°À��z�Z´�
v³uº°³�ª^¤c�Yy�¾¯�½yY|.�Z���uº��

�]Z´¯µuZ d�Y�uyº¯�
�� $JXLODU��(��$���'��:��7XUQHU�DQG�.��6LYDVLWKDPSDUDP��������$HUHQFK\PD�IRUPDWLRQ�LQ�URRWV�RI�IRXU�EDQDQD��0XVD

VSS���FXOWLYDUV��6FLHQWLD�+RUW������������������
�� %ORP��&�:��3��0���/��$��&��-��9RHVHQHN��0��%DQJD��:��0��+��*��(QJHODDU��-��+��*��0�5LMQGHUV��+��0��9DQ�'HVWHHJ�

DQG� (�� -�� :�� 9LVVHU�� ������ 3K\VLRORJLFDO� HFRORJ\� RI� ULYHU� VLGH� VSHFLHV�� DGDSWLYH� UHVSRQVHV� RI� SODQWV� WR�
VXEPHUJHQFH��$QQ��%RW������������������

�� %RXPDQ��%��$��0��DQG�7��3� 7XRQJ��������)LHOG�ZDWHU�PDQDJHPHQW� WR�VDYH�ZDWHU�DQG� LQFUHDVH� LWV�SURGXFWLYLW\�LQ�
LUULJDWHG�ORZODQG�ULFH��$JULF��:DWHU�0DQDJ�����������

�� &KDXGKU\��0��6��DQG�(��2��0FOHDQ��������&RPSDUDWLYH�HIIHFWV�RI�IORRGHG�DQG�XQIORRGHG�VRLO�FRQGLWLRQV�DQG�QLWURJHQ�
DSSOLFDWLRQ�RQ�JURZWK�DQG�QXWULHQW�XSWDNH�E\�ULFH�SODQWV��$JURQ��-��������������

�� &KHULDQ�� (�� &��� *�� 0�� 3DXOVHQ� DQG� /�� 6�� 0XUSK\�� ������ 1XWULHQW� XSWDNH� E\� ORZODQG� ULFH� XQGHU� IORRGHG� DQG�
QRQIORRGHG�VRLO�FRQGLWLRQV��$JURQ��-��������������

�� &DVWLOOR��(��*���5��-��%XUHVK�DQG�0��W��,QJUDP��������/RZODQG�ULFH�\LHOG�DV�DIIHFWHG�E\�WLPLQJ�RI�ZDWHU�GHILFLW�DQG�
QLWURJHQ�IHUWLOL]DWLRQ��$JURQ��-�������������

�� &XWOHU��-��0���.�:��6KDKDP�DQG�3��/��6WHSRQNXV��������,QIOXHQFH�RI�ZDWHU�GHILFLWV�DQG�RVPRWLF�DGMXVWPHQW�RQ�OHDI�
HORQJDWLRQ�LQ�ULFH��&URS�6FL�������������

�� 'DV�� '�� .�� DQG� 5�� /�� -DW�� ������ ,QIOXHQFH� RI� WKUHH� VRLO�ZDWHU� UHJLPHV� RQ� URRW� SRURVLW\� DQG� JURZWK� RI� IRXU� ULFH�
YDULHWLHV��$JURQ��-������������

�� +RDJODQG��'��5��DQG�'��,��$UQRQ��������7KH�ZDWHU�FXOWXUH�PHWKRG�IRU�JURZLQJ�SODQWV�ZLWKRXW�VRLO��&DOLI��$JULF��([S��
6WD��&LUF������

��� ,WR�� 2��� (�� (OOD� DQG� 1�� .DZDQR�� ������ 3K\VLRORJLFDO� EDVLV� RI� VXEPHUJHQFH� WROHUDQFH� LQ� UDLQIHG� ORZODQG� ULFH�
HFRV\VWHP��)LHOG�&URSV�5HV�����������������

��� .ORVWHUERU��$��'��DQG�*��1��0F&DXOH\��������(DUO\ IORRG�ULFH�FXOWXUH��,Q��*��1RUPDQ��(G����7H[DV�5LFH�3URGXFWLRQ�
*XLGHOLQHV��7KH�7H[DV�8QLYHUVLW\��7H[DV�
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±Yz¿Y�¾�Yy{�½Z·�®£y�{Y�µuZ d�Y�Z]�¾]Z£z���¿Yz��yu�j³z]�zd¸]�uº°³�ª¯Yº��¾�yz]

���

��� /X[PRRUH��5��-��DQG�/��+��6WRO]\��������5RRW�SRURVLW\�DQG�JURZWK�UHVSRQVHV�RI�ULFH�DQG�PDL]H�WR�R[\JHQ�VXSSO\��
$JURQ��-����������± ����

��� 1JX\HQ��+��7���5��&��%DEX�DQG�$��%OXP��������%UHHGLQJ�IRU�GURXJKW�UHVLVWDQFH�LQ�ULFH��3K\VLRORJ\�DQG�PROHFXODU�
JHQHWLFV�FRQVLGHUDWLRQV��&URS�6FL���������������

��� 2¶7RROH��-��&��DQG�7��%��0R\D��������*HQRW\SLF�YDULDWLRQV�LQ�PDLQWHQDQFH�RI�OHDI�ZDWHU�SRWHQWLDO�LQ�ULFH��&URS�6FL��
�����������

��� 2FNHUE\��6��(��DQG�6��)XNDL��������7KH�PDQDJHPHQW�RI�ULFH�JURZQ�RQ�UDLVHG�EHGV�ZLWK�FRQWLQXRXV�IXUURZ�LUULJDWLRQ��
)LHOG�&URSV�5HV�����������������

��� 3DWULFN�-U��:��+��DQG�:��-��)RQWHQRW��������*URZWK�DQG�PLQHUDO�FRPSRVLWLRQ�RI�ULFH�DW�YDULRXV�VRLO�PRLVWXUH�WHQVLRQV�
DQG�R[\JHQ�OHYHOV��$JURQ��-��������������

��� 5DKLPLQH]KDG��0�� 5�� ������ 7D[RQRP\� DQG� ELRV\VWHPDWLFV� RI� WKH�&KHQRSRGLXP� DOEXP DJJUHJDWH�� 3K��'��7KHVLV��
8QLYHUVLW\�RI�/HLFHVWHU��/HLFHVWHU�

��� 6FKXVVOHU��(��(��DQG�'��-��/RQJVWUHWK��������&KDQJHV�LQ�FHOO�VWUXFWXUH�GXULQJ�WKH�IRUPDQWLRQ�RI�URRW�DHUHQFK\PD�LQ�
VDJLWWDULD�ODQFLIROLD �$OLVPDWLDFHDH���$P��-��%RW���������������

��� 6LERXQKHXDQJ��9���-��%DVQD\DNH��6��)XNDL�DQG�0��&RRSHU��������*HQRW\SLF�YDULDWLRQ�LQ�ZDWHU�SRWHQWLDO�DW��GLIIHUHQW�
SRVLWLRQV DQG�ZDWHU�FRQGXFWDQFH�LQ�ULFH��3URF����WK�$XVW��$JURQ��&RQI��+REDUW��$XVWUDOLD�

��� 7RPDU��9��6�� DQG� -��&��2¶7RROH��������$� ILHOG� VWXG\�RQ� OHDI�ZDWHU�SRWHQWLDO�� WUDQVSLUDWLRQ�DQG�SODQW� UHVLVWDQFH� WR�
ZDWHU�IORZ�LQ�ULFH��&URS�6FL�����������

��� 7RPDU��9��6��DQG�%��3��*KLOG\DO��������5HVLVWDQFH�WR�ZDWHU�WUDQVSRUW�LQ�ULFH�SODQWV��$JURQ��-�������������
��� 7XUQHU�� )�� 7��� &�� &�� &KHQ� DQG�*�� 1��0FFDXOH\�� ������0RUSKRORJLFDO� GHYHORSPHQW� RI� ULFH� VHHGOLQJV� LQ� ZDWHU� DW�

FRQWUROOHG�R[\JHQ�OHYHOV��$JURQ��-��������������
��� 9LQD\D�5DL��5��6��DQG�.��6��0XUW\��������1RWH�RQ�WKH�HIIHFW�RI�SDUWLDO�VXEPHUJHQFH�RI�SODQW�RQ�JURZWK�DQG�\LHOG�LQ�

HDUO\�KLJK�\LHOGLQJ�ULFH�YDULHWLHV��,QGLDQ�-��$JULF��5HV�����������������
���:DWNLQ�� (�� /�� -��� &�� � -�� 7KRPVRQ� DQG�+��*UHHQZD\�� ������ 5RRW� GHYHORSPHQW� DQG� DHUHQFK\PD� IRUPDWLRQ� LQ� WZR�

ZKHDW�FXOWLYDUV�DQG�RQH�7ULWLFDOH�FXOWLYDU�JURZQ�LQ�VWDJQDQW�DJDU�DQG�DHUDWHG�QXWULHQW�VROXWLRQ��$QQ��%RW������������
��� :HVWFRWW��0��3��DQG�+��:��9LQHV��������$�FRPSDULVRQ�RI�VSULQNOHU�DQG�IORRG�LUULJDWLRQ�IRU�ULFH��$JURQ��-�������������
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