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&DOFXODWLRQ�RI�2SWLPXP�'LPHQVLRQV�DQG�$UUD\�RI�6XEPHUJHG�9DQHV
DW ,QWDNHV�8VLQJ�WKH�)HDVLEOH�'LUHFWLRQ�0HWKRG

*��$��%DUDQL��0��-��.KDQMDQL DQG�-��$KPDG�$XOL
'HSDUWPHQW�RI�&LYLO�(QJLQHHULQJ��6KDKLG %DKRQDU 8QLYHUVLW\��.HUPDQ

$EVWUDFW�� ,Q� UHFHQW� \HDUV�� LQVWDOODWLRQ� RI� SODWHV�LQ�FDQDO�EHGV�KDYH EHHQ�FRQVLGHUHG�IRU�VHGLPHQWDWLRQ�FRQWURO�DQG�EHG�ORDG
UHGXFWLRQ� DW� FDQDO� LQWDNH�� 7KHVH� SODQHV�� FDOOHG� VXEPHUJHG�YDQHV��DUH�GLIIHUHQW�LQ�GLPHQVLRQV��7KH\�DUH�LQVWDOOHG�DW�LQWDNHV LQ�
JURXS� ZLWK� UHDVRQDEOH� GLVWDQFH� IURP� HDFK�RWKHU��3UHVHQFH�RI�WKHVH�YDQHV�DW�LQWDNHV�LQLWLDWH�WUDQVYHUVH�VKHDU�VWUHVV�RQ�ULYHU�EHG
DQG� FDXVHV� VHGLPHQW� WUDQVSRUW� LQ� WKH� WUDQVYHUVH� GLUHFWLRQ�� ,QYHVWLJDWLRQ�RI�IORZ�DQG�VHGLPHQW�WUDQVSRUW�HTXDWLRQV��DORQJ�ZLWK
GLIIHUHQW� H[SHULPHQWV� RQ� SK\VLFDO� PRGHOV�� KDYH UHVXOWHG�LQ�D�VXLWDEOH�UDQJH�RI�VL]HV�DQG�GLVWDQFHV�IRU�YDQH�LQVWDOODWLRQ��%XW��WKH
GHWHUPLQDWLRQ� RI� RSWLPXP� VL]HV� DQG� GLVWDQFHV� IRU� YDQH� LQVWDOODWLRQ� VR� DV� WR� PLQLPL]H� VHGLPHQWDWLRQ� UHTXLUHV� WKH� XVH� RI
RSWLPL]DWLRQ�WHFKQLTXHV�
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,Q� WKLV� VWXG\�� WKH� K\GURG\QDPLF� DQG� RSWLPL]DWLRQ� PRGHOV�RI�WKH�YDQH�V\VWHP�DUH�ILUVW�LQWURGXFHG��$V�WKH�IORZ�DQG�VHGLPHQW
WUDQVSRUW� JRYHUQLQJ� HTXDWLRQV� DW� LQWDNHV�ZDV�QRQOLQHDU��WKH IHDVLEOH�GLUHFWLRQ�PHWKRG�LV�XVHG��2SWLPXP�VL]H�RI�YDQHV��GLVWDQFHV
EHWZHHQ� WKHP� DW� ORQJLWXGLQDO� DQG� WUDQVYHUVH� GLUHFWLRQV� DQG� WKH� DQJOH� RI� IORZ� LQFOLQDWLRQ� KDYH� DOVR�EHHQ�GHWHUPLQHG��7KH
RSWLPXP� TXDQWLWLHV� RI� YDQH� SDUDPHWHUV� ZHUH� XVHG� WR� FDOFXODWH� WKH� ULYHU� EHG�SURILOH�DW�LQWDNHV�E\�:DQJ�HW��DO� >�@�SURFHGXUH�
&RPSDULVRQ� RI� WKH� REWDLQHG� UHVXOWV� ZLWK� :DQJ� HO�� DO�� >�@� UHFRPPHQGDWLRQV� FRQILUPV� WKH� DGYDQWDJH� RI�YDQHV LQVWDODWLRQ DW
RSWLPXP�FRQGLWLRQV�WR�FRQWURO�VHGLPHQWDWLRQ�
.H\ZRUGV��6XEPHUJHG�9DQHV��)HDVLEOH�'LUHFWLRQ��,QWDNH�DQG�6HGLPHQWDWLRQ
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 [
 D

O
R

: 2
0.

10
01

.1
.2

22
87

69
8.

13
80

.2
0.

2.
15

.2
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

24
-0

7-
23

 ]
 

                             2 / 10

https://dorl.net/dor/20.1001.1.22287698.1380.20.2.15.2
https://iutjournals.iut.ac.ir/jcme/article-1-238-en.html


ÎÐÕÍ v´ �¦ �Ï ¨°Z°� �ÏÍ ¾Z���¾È¤d�¦ÏÍÖ

¶¯v¤¯ �Î
¸Zº c°¦�¾zdº´§ ¶º³Zs®Â° ¾º�v´¸¯�°®�®¸º¯ ªWZºº�¯�±¦ ¾¨¿
Ä¦zº] Â�bº�¦ zÀ.]¡ ¶³Z·®�°®�À¡�b�Z^³¦ ±¦ ÄzÀ-º¬k Â�§º�°
¾ºº]Âz¿Ç ª¯Z��Z¸�Â° ²¿¦ �b�¦ Áv��¶W¦°¦ ¾ ¬dt¯�ÄZ¸�Â° À¡
�®ºº�¾¯ ¾d�Zº o ÄZ¸º´À#,´º� Â�Zº·|¿z§Zs ²dsZºº� �À®z§
¶º¿Z� ¦º¿ ²dº�¦v³��Z¸º�Â° ²º¿¦ ®°ººº¯ °®�Áv°��ª¨�¯�>Çº°�¯
±¦ Á®Z dºº�¦ �>Î@ bº�Z¸³¡ `º´¿|· À®ºº] ÇZº] Â�§ººs ¾ºo¦z�
Z·¶º³Zs®Â° "ºÀ��°®�Â�zºÀ.]¡ ÄZ·¶º³Z·® °®�¼z�dºº�¯�©Zp �
¶ººkºc�®°º¯�§º�°�¾zd´§ Ä¦z] Äz.¿® `´¿|-�À¦º´��¶]�v³¦ºc¾¯
�Z·¶ºº³Zs®Â° ªoZ��b�Z o Ä¦z] >Z�Z�¦ ©Zp ��²¿¦ �®zÀ-�°¦z£
`º³Z·® °®�Ä°¦x-�§ºº�°�±¦ ÄzºÀ-ºº¬k Â�Z¸ºº«Z³Z§ À®z§ ¢À°�
�ºº¿±ºc�zÀÀ�c�°®�©Zp ��²¿¦ ²À´#�®·��v³Â°¾¯ °Z§�¶]�Z·zÀ.]¡
©Zºp ��²º¿¦�ºº¤³��v³zgR¯ Z·¶³Zs®Â° "À��°®�¢°��Â�b�z�
�ºsz# ²º¿¦ \ºÀ§zc��bº�¦ ÀZºº¿zk�°®�Ð¶¿º³Zg��sz# ®Zl¿¦
bºº§zo�¦¿ ®Zl¿¦ \^���ÀZ¿zk�b¸k °®�b�z� Z] Áv��®Zl¿¦
bºº§zo�²º¿¦ �®ºº�¾¯ ©Zºp ��bº�®�²À¿Zº� °®�Ñ¾º$À�°Zº¯
¶§ v´§¾¯ Z¤«¦ ¶³Zs®Â° zd�]�¶]�¾�z��¾�z]��´c�¦¿ ¾$À�°Z¯
¦º¿ ¶º§ ¾ººd£Â��®º�¾¯ µz��b¸k °®�§º�°�¾Z¤d³¦�¶]�jd´¯
b¸ººk Z] ¦#º§ ¶¿Â¦± ¦¿ Z] ¶³Zs®Â° zd�]�°®�¼z�d�¯�¶p �
¶dº�¦®z] ¶ºp ��¾ºº�¨¯ b°�£�±¦ ©Z]º�°��®º� \�³�ÀZ¿zk
\º�³�Z] ¦x«��v³º� ¾¯�²À�³¶c ¶p ��Ä°Z���b°�£ °®�Â�Áv�
ÄÂ°�zº] ¦° ©Z]ººº�° À¦ºc¾¯ ¶³Zs®Â° zd�]�°®�©Zp ���¿®°
¼z�dº�¯�©Zºp ��®z]°Zº§ �>ÐÂÏ@ ®zºº§ �¿±ºc�Äzd-°|] n��
�Ò¦ººº¿¡�¦À«Â°vÀ· ©Z¤À¤pc�|§z¯�°®�>Ñ@ Äv´§�Â�®°Z-®¦ ��ºc
�bºº�¦ Ávº� ®Z¸´º�À� Z·¶º³Zs®Â° "ºÀ��ªoZº� b�Zº o Ä¦zº]
±¦ Á®Z dºº�¦ Zº] Zº·zÀ.]¡ ÄZ·¶º³Z·® °®�§ºº�°�¾zdº´§ ²ºÀ´$°·
¾vºº¯ ¦ºº¿ �ºº�ºc�>Ò@ ºcZººº§Z³ �º�ºc��¼z�dº�¯�©Zºp �
ÄzºÀ-ººº¬k Ä¦z] �>Ó@ ¾«�Â�®°Z-®¦ �b�z-�©°º��¾·Z.�¿Z¯±¡
ÄZ´cº]Z´ººº�À³ ¶º³Zs®Â° ¾k°Zºs ªoZº� �¿Zº�z� ÄÂzº�À� ±¦
©Zºp ��®dº�À���®zºº§¾¯ v¿v¸c�¦° À¡�°Z´§�Á¦z·Z��¶§ �Ó¾£z�
�ºº°lc�¾zdº´§ Ä¦zº] �>Ò@ ºcZº§Z³ �vº³®z§ ®Z¸´º�À� ¦° ¼z�dº�¯
�º£¦Â��Ô~ºº�È]�ªÀ�³Z§ ÁZ-ÂzÀ³ ÞZ�°� ÁZ.d�¿¦ zÀ.]¡ °®�©Z]º�°

©Zºp ��¾·Z.º�¿Z¯±¡ ¾vº¯ ¦ºº¿ �ÕÄ°º�À¯�¶³Zs®Â° ÄÂ°�z]
©¦zºººg¦ �>Ô@ ¦¿°Zl«º�º�¦ Â®°Z-®¦ �®zº§ �¿Zº¯±¡ ¦° ¼z�dº�¯
¦ºº¿ °®�zd�]�¾�¦z-º�ºc Â�ÀZ¿zk�ÄÂ°�z]�¦° ¼z�d�¯�©Zp �
bº�®�¶ºº] �Z¸³¡ °Z§�±¦ ª�Zo�j¿Zd³ �v³®z§ ¾�°z] ®À¤d�¯�¾Z³Z§
¾º�z���¿±ºc�²À´$°· Â��ÀZ¿zk�¢°��©¦zÀÀ�c�©Ç®Z�¯�À®°Â¡
�bº�¦ Á®ºº] ¼z�dº�¯�©Zºp ��zººg¦�¶]�¶kºc�Z] ÀZ¿zk�b�z�
ÄÂ°�zº] �¿Zº¯±¡ ²ºÀ´$°· Â�Äzºº�³�v�]�±¦ Ä®v�d¯�ÄZ¸À�°z]
¼z�d�¯�©Zp ��Ä°¦x-°Z§ ¾.³º.# ®°º¯�°®�¾¨¿|À� ÄZ¸«v¯
¿Zºl³¦�º¬dt¯�ÀZº¤¤p¯��ºº�ºc�Z·¶³Zs®Â° zÀ.]¡ ÄZ·¶³Z·® °®
¿Zºººl³¦ Zº] ÀZº¤¤p¯�±¦ Ä¦Ávº� ²ºÀ´$°· �>ÎÒ�Õ@ bº�¦ Ávº�
À®zº§ ¦vººÀ��°® ¾����¾¨¿|À� ÄZ¸«v¯ ÄÂ°�z]�®v�d¯�©Z�¿Z¯±¡
±¦ Z¸º³¡ ÄzÀ-°¦z£ \�Z´¯�ª�¦º���©Zp ��\�Z´¯�®Z�]¦ Â�ª¨�
¶º¿Â¦±��zºÀ.]¡ `º³Z·® ±¦ ¶ºp ���º¿®°�²ºÀ«Â¦ ¶ºº¬�Z���z.¿v¨¿
�>ÎÕ�ÎÓÂÎ@ vº³®z§ « Â�¶ºp ��Zº] ÀZº¿zk�®°ºººsz] \�Z´¯
¶º´À¸] ¢º¿z��±¦ ©Zºp ��Ä¦zº] \º�Z´¯��ºº¿¦°¡ ²ÀÀ�c�¦«x�¯
°®��bº�¦ Ä°Âzº� §ºº�°�Â�ÀZº¿zk�z]�®§Zo�©Ç®Z�¯�Ä±Z�
Â�Ávº� ¶´Àº�À] zººÀ.]¡ `³Z·® Äº¬k °®�ÀZ¿zk�¢°��©°º��²¿¦

�®º� ¾¯�¶´À°§ zÀ.]¡ ¾Z³Z§ ªs¦®�¶]�zd�]�°Z]�©Z]º�° ®Â°Â
¾�szÀº� Zºº¿ Â�À®º] ¾�s�¶] ¶kºc�Z]��Ä±Z�¶´À¸] ÄZ¸�Â°
°®��vº³¦¸º´d¯ °ZÀº�]�¶¬Xºº�¯ z·�ÄZ¸d¿®Âvp¯ Â�»v·��]Zc�À®º]
©Zº�oÈ¯�¶ºº] ¶kºc�Z] ®d�À� z]�®§Zo�¾�Z¿°�¾v¯�¶�«Z�¯�²¿¦
ÄZ¸º�]Zc Â�»vº· �]Zºc ©°ººº� ¶]�ÁzÀ��Â�¾¨À«Â°vÀ·��¾¨¿|À�
»vº· �]Zºc ¶º¨´¿¦ ¶º] ¶ºkºc�Zºº] �b�¦ Áv���¿z�c�b¿®Âvp¯
Ä¦zº] z¿x�³Zºº¨¯¦ ©Z¸k�Ä±Z�¶´À¸]³Â°�±¦ ¦x« �b�¦ ¾�szÀ�
¶ºº]z¯�ÄZºº·Á®¦® �b�¦ Áv��Á®Z d�¦ Ä®Z¸´�À� ¾v¯�À®z§ ¶´À¸]
Ä¦zº] >Î@ °¦vº� ¶ºº³Zs®Â° z]��£¦Â�Ö¾��Ä¦�¡�Ä® zÀ.]¡ `³Z·® ¶]
¶º´À¸] j¿Zºd³ �bºº�¦ Áv��Á®Z d�¦ ¾v¯�Ä®Â°Â�ÄZ·zd¯¦°Z� ²À¯Pc

�b�¦ Áv��¶�¿Z¤¯ Áv��¶À�ºc�j¿Zd³ Z] Áv�

ÀZ¿zk�z]�®§Zo�©Ç®Z�¯��Ï
À¡�µzº� Zºº] ¶�¿Z¤¯ °®�ÀZ¿zk�¢°���¾�À^��ÄZ·¶·¦z]¡ °®
À¡�µzº� ±¦ zºd-°|º] ¶º³Zs®Â° ÄZºº´p³¦ ¸Z���Â�b�¦¦#º§

 [
 D

O
R

: 2
0.

10
01

.1
.2

22
87

69
8.

13
80

.2
0.

2.
15

.2
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

24
-0

7-
23

 ]
 

                             3 / 10

https://dorl.net/dor/20.1001.1.22287698.1380.20.2.15.2
https://iutjournals.iut.ac.ir/jcme/article-1-238-en.html


ÎÐÕÍ v´ �¦ �Ï ¨°Z°� �ÏÍ ¾Z���¾È¤d�¦ ÏÎÍ

Ä®ºº°��`º «R¯�¾Zº³Z§ �º�¤¯�Ä|º§z¯�b°�£�°®�²¿¦z]Z´] �b�¦
Â�bº§zo�¨±¦vº³¦ ©Ç®Zº�¯�¦xº« �bº�¦¦º#º§ ÀZ¿zk�b�z�
zºº¿±�©°º��¶]�¶³Zs®Â° ¦¿ Ä¦z] ¦° §º�°�Â�ÀZ¿zk�¾.d�ºÀ�

>Î@ b�º³ À¦ºc¾¯
�Î��U

Y
]
Z

Q
Y

V
X

(
�  �G

G�G
G�G

G

�Ï��Q
�UT�

U
�

V
T

(
� QV  G

G�G
G

�Ð�]
�

(
J6

U
XY

]
XZQ

XYV
X

(
X V

G
GW

U� �G
G�G

G�G
G

�Ñ�
]

�J6U
X

]
YZQ

YYV
Y

(
X QU

�

G
GW

U� �G
G�G

G�G
G

\Àczc�¶]�b�z� ÄZ·¶ «R¯ z]¦z] Z Â�Y ��X ÇZ]�©Ç®Z�¯�°®�¶§
°®�Â�¾Zºº³Z§ Ä|§z¯�°ºp¯�¾º��°®�V ¶§��] Â�Q ��V ÄZ¸d¸k °®
zº] ®ººº°��Â�¾Z³Z§µz��b¸k °®�Q �b�¦ b^h¯�ÀZ¿zk�b¸k
®ººº°��b¸k °®�] Â�b�¦ b^h¯�¾Z³Z§ z�¤¯�b°��¶]�Â�V °ºp¯
¸Z�º� zº]¦z] U ���Î��ª¨º� �bºº�¦ zÀ�¯��§�±¦ ÇZ]�b°��¶]�Â
U �\Àº� zºº]¦z] 6 �ª¤g�§Zd� z]¦z]�J �¶³Zs®Â° ÄZ´p³¦ ¾��º¯
UF ����Q�UF� zºº]¦z] ¦¿zd¯ \¿z� ( �§¡�´º�t¯�¿zk�z]¦z]
Â�TQ �¾º�z]��ºº´c�z]¦z]�W �¶³Zs®Â° Ä|§z¯�ÄZ´p³¦ ¸Z���z]¦z]
Â�Q ©Z¸ººk °®�zd�]�°Z]�¾°lo�¾Z¤d³¦�©v��z]¦z] \Àczc�¶]�TV
Â�§¡�n�º� °®�¾¨ÀcZ°´À� Ä±z¯ �¿¦z� À®z]�°Z§�¶]�Z] �b�¦ V
�Ð��Â��Ï����Î��©Ç®Zºº�¯��ÀZ¿zk���ºd¯�¢°��Ä¦z] ¶·¦z]¡ zd�]

�v³º�¾¯ ª¿v^c�z¿±�ÄZ¸¬¨� ¶]
�Ò�� � � � �U

GY
Q
GY

V
GX

(
�  �G

G�G
G

U
YX�

Q
�GYX�

G
�

V
�GXX�

(G
�

U
YX

Q
XYV

X
(
X

BBBBBBBBBBBBBBBB cc�G
ccG�G

ccG��G
G�G

G

�Ó�G(
J6 EV

U
W� 

�G
ccG�G

ccG��G
G�G

G
Q

�GYY�
G
�

V
�GYX�

(G
�

U
X

Q
YYV

Y
(
X

BBBBBBBBBBBB�

�Ô�
EJ6U

YYXX EQU

BBBBBBBB

U
W� cc�cc

�vº´´§¾¯ Á°Zº�¦ �º�ºd¯�z¿®Zº¤¯�¶ºº] Z·°Z]��ÇZ]�©Ç®Z�¯�°®
�
YYYY EEBBBBB cc cc � � ��PP

XXX
�BBBBB
� cc Â YYY � c � XXX � c

Â�Q Â�V ©Z¸ºk °®�zdº�]�¾ºº�z]��´c�z]¦z] \Àczc�¶]�WEV Â�WEQ
¶º¿º³Zg ÀZº¿zk�zºg¦�°®�zdºº�]�¦¿®|³ ÀZ¿zk�¾�z��b�z� EYc

�b�¦
ÀÂvº] Z·¶º³Zs®Â° ÄZº´p³¦ °®�ÀZº¿zk�Ä¦zº] ©Ç®Zºº�¯�²¿¦
®°¦Â�¼z�dºº�¯�©Zp ��¶§ ¾¯Z.´· �v³¦¼®Z� ¼z�d�¯�©Zp �
ÀZº¿zk�zº] ©Zººp ����ºc�¾k°Zs�ÄZ·ÂzÀ³��v³º�¾¯ ÀZ¿zk
�ºº�ºc�Áv��®Zl¿¦ ¾�z]�ÄZ¸�´c Z] Z·ÂzÀ³ ²¿¦ �v³º� ¾¯�¾Z°�¦
°®�¾º�z]��º´c�zd¯¦°Zº� ²¿¦z]Zºº´] �v³º�¾¯ Á®¦® ÀZ�³�©Zp �
b°º�£�¦ºº¿ �®z§�®À�¤c�b°�£�Â® ¶]�À¦ºc¾¯ ¦° ÇZ]�©Ç®Z�¯
°®�z.º¿® b°º�£�Â� � �EVEQ � WW zd�]�b¯ÂZ¤¯ Z] ¶Z^c°¦�°®
� �YVYQ � WW ©Zp ����ºc�Áv��®Zl¿¦ ¾�z]�ÄZ¸�´c Z] ¶Z^c°¦
EQW b¸ººk »Ès�°®� YQW Â� EVW b¸k °®� YVW Àº#��b�¦

ÄZºk ¶º] � �YQEQ W�W Â� � �YVEV W�W ¾´¿|.¿Zººk Z] ¦x«�b�¦
>ÎÎ@ ®º�¾¯ ª�Zo�z¿±�j¿Zd³ ÇZ]�©Ç®Z�¯�°®� EQW Â� EVW

G��P��
�

V
GX

(G��P�P
�

U
YX

Q
XYV

X
(
X

�

��G
¹̧·©̈§G

���G
G��G

G

�Õ�� �
G(

J6
U
YX

�P�
�

Q
GYX YVEVEE

U
W�W� c

��G
cG

(G��P��
�

U
X

P
�P�

V
Y

(
X

P
�P

V
Y

(
X

P
� �

�
E

����G
cG��G

G

� � � � � �  G
Gcc

G
ccG�G

cG�G
cG

Q
G

G�
YY

Q
YY

�
�

Q
YY

V
GYX EEEEEE

�Ö�YX�P
N�

G��P�.
��P�.P� �YQEQ�

��U
W�W

�
��

I�N zº]¦z]��b�z� ¾³¦ºc�Àº³Z£��sZ��P ÇZ]�©Ç®Z�¯�°®
½Zº¨��¦�\ºº¿z� I Â�Í�Ñ z]¦z] Â�²¯°Z§ÀÂ b]Zg�\¿z� N ¶§

�®º�¾¯ ²ÀÀ�c�Z·Á®¦® ��ºc�. Â���v�Z]¾¯
��G ��Y ��X ¾º¸l¯�j´��Ä¦°¦®��Ö��Â��Õ����Ñ����Ð��©Ç®Z�¯
Â�ªºº¤g��ÎÎZºº����ÎÍ¦zººº] ÄZº·ÂzÀ³ `º «R¯�±¦ �v´dº�· TQ Â� EYc
¾Zº³Z§ ¾ºº�z��\À��ÄÂ°�z]�zd�]�§º�°�©¦°¯�Ä¦z] ½Z¨��¦

>Ö@ v¿¡¾¯ b�®�¶]�z¿±�`«®Z�¯
�ÎÍ�Q

GJ'%T
T

EVEV
EQ

V
Q

G
G

W
'TU�W

W 
ÀZ¿zk�´º�t¯�¿zk�z]¦z]�U �±v¬À� zd¯¦°Z� ¦z]¦z] T À¡�°®�¶§

 [
 D

O
R

: 2
0.

10
01

.1
.2

22
87

69
8.

13
80

.2
0.

2.
15

.2
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

24
-0

7-
23

 ]
 

                             4 / 10

https://dorl.net/dor/20.1001.1.22287698.1380.20.2.15.2
https://iutjournals.iut.ac.ir/jcme/article-1-238-en.html


ÎÐÕÍ v´ �¦ �Ï ¨°Z°� �ÏÍ ¾Z���¾È¤d�¦ÏÎÎ

] Â�Q ��V ÄZ¸d¸k °®�¾Z³Z§ "À� °®�§¡�ÀZ¿zk zÀ�¯��Î ª¨�

©¦°¯�´ººº�t¯�¿zk�z]¦z] UV � U
U�U ' V �¢¬�¯�©Z]º�° Z]

�]Zººc zº]¦z] % �§ºº�°�©¦°¯��º�ºd¯�zº�£�zº]¦z] ' �§ºº�°
Ä¦z] Z�� ÄÂzÀ³ ¶]�¦z]�ÄÂzÀ³ b^�³�ÄÂZ�¯�Â�\°«º§ ½Z¨��¦
Ávº�³°¦|- Ó Â�Ð ²ºÀ]�% °¦vºº¤¯��b�¦ zd�]�§º�°�¨°¯�¦¿
�b�¦ Áv��¶d�z-�z�³�°®�Ñ z]¦z] % °¦v¤¯�¶�«Z�¯�²¿¦ °®��b�¦

ÀÂvº] ©Ç®Zº�¯�±¦ �ÇZºº] ©Ç®Z�¯�®d�À� ªo�b«º¸� Ä¦z]
Z¸ºº³¡ z¿®Z¤¯�Z] X Â�G ÀZ¿zk�b�z� Â�¢°���®º�¾¯ Á®Z d�¦ v�]
µzº� Zº] Q Â�V ©Zº�dt¯�Â�X� Â�G� ©Zººp ��\�³�±¦ ª^£
Â�Ä±Zº�Á®Z� ±¦~º� ¦° ÇZº] ©Ç®Zºº�¯��v³¦Áv� °Zl´¸] E ¾Z³Z§
¶º] Â�¶º³Zs®Â° ®dºº�À� z]�®§Zo��¿¦z� ¶]�¶kºc�Z] À®z§ v�]¾]
>ÎÎ@ b�º³ À¦ºc¾¯ z¿±�©°º��¶]�¼z�d�¯�©Zp ��ÄzÀ-°Z§

� � °̄
°® «¬

ª ����� K K Ga�))(�
Ga$$�GaIG

GaG �''��

�ÎÎ�
°¿
°¾
½

�»»¼
º
¸̧¹
·

¨̈©
§ K� EF

F
YaU

E�

�ÎÏ��'' /X+&�
�)

$
U 

�ÎÐ��' &/+�
/&

$
S 

�ÎÑ�
$

+/�
�&/ �
SD 

�ÎÒ�� �� �
F��� U
G

��P�.P�N
�P�P�$ $

»¼º«¬ª ��
�� 

�ÎÓ�
$

G
E

%P
.N)$ S

� 'T 
� �GG zº]¦z] Â�ÀZºº¿zk�v�]¾] ¢ºº°��»zººº�¯� Ga À¡�°®�¶ºº§
zºgR¯�µzºº� E Â�¶³Zs®Â° ¾�z��©Z�dt¯�z]¦z] Q�� EQ K

J'
X� zº]¦z] Â�§ºº�°�©¦°¯�®Âzº� ®vº� )S Â��bºº�¦ ÀZ¿zk

¶º§ Ávº� Á®Z dº�¦ °ºº¬Àc Äzºº� ±¦ �ÎÎ��`«®Z�¯�ªo�Ä¦z] �b�¦
>ÎÎ@ v¿¡¾¯ °®�z¿±�©°º��¶]�¾¿Z¸³ `«®Z�¯

�ÎÔ�� ��LLL�L II�GaGa �� �K'� 

 [
 D

O
R

: 2
0.

10
01

.1
.2

22
87

69
8.

13
80

.2
0.

2.
15

.2
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

24
-0

7-
23

 ]
 

                             5 / 10

https://dorl.net/dor/20.1001.1.22287698.1380.20.2.15.2
https://iutjournals.iut.ac.ir/jcme/article-1-238-en.html


ÎÐÕÍ v´ �¦ �Ï ¨°Z°� �ÏÍ ¾Z���¾È¤d�¦ ÏÎÏ

¶ºº] ¶º]z¯�z¿®Z¤¯�¶]��\Àczc�¶]�� �LGa � Â� LGa� ÇZ]�`«®Z�¯�°®�¶§
¨±¦v³¦ 'K Â��v´§¾¯ Á°Z�¦ L�� Â�L ¶Z¤³�°®�ÀZ¿zk�v�]�¾]�¢°�

�b�¦ ¿Z-
¸Âzº� bº�¦ zºc°Â® ©Zºp ��±¦ ¶ºº§ ¾¬oZ��±¦ ©Z^�Zp¯
À¡�°¦vºº¤¯�Z] ÄÂZ�¯�ÀZ¿zk�¢°��©Z^�Zp¯�¸Âz��Ä¦z] �®º�¾¯
¢º°��>Çº°�¯�¢°��²¿¦��®º�¾¯ Á®¦® °¦z£�©Zp ��\�³�±¦ ª^£
¾Zº³Z§ zºgR¯�µzº� °®�©Z^ºº�Zp¯�~�� ��b�¦ ÀZ¿zk���ºd¯
z-¦ �v]Zº¿¾¯ ¶ºº¯¦®¦ �G� ÀZ¿zk�¢°���¿±ºc�À®°Â¡ b�®�¶]�Ä¦z]
Ä¦zº] Ävº¿vk�°¦vº¤¯��vº´¨³ Zº�°¦ ¦° ®ºÀ£�Áv¯¡ b�®�¶]�j¿Zd³
¶º§ ¾³Z¯±�Zc v³º�¾¯ °¦z¨c�©Z^�Zp¯�Â�Áv��§Ztd³¦�¶À«Â¦ ¢°�

�v³º� Z�°¦ ®ºÀ£

z¿x�³Z¨¯¦ ©Z¸k�Ä±Z�¶´À¸] ³Â°��Ð
\ºÀ§zc�¨vºº� ¬È�¦ ³Â°��£¦Â�°®�z¿x�³Z¨¯¦ ©Z¸k�³Â°
¾º¬�¦�©È¨ºº�¯�±¦ ¾¨¿ ¦z.°· \À§zc�³Â°�°®��b�ÎÏ¦z.°·
§¦ººk ¶º§ vºº¿¡¾¯ ®ºkÂ�¶]�¾¯Z.´· z¿x�³Z¨¯¦ ©Z¸k�²ÀÀ�c�°®
�®zººÀ-�°¦z£�¾�szÀ� Ä±z¯ b¿®Âvp¯ `¤�´¯ °®��¶¬X�¯ ¾¿¦vd]¦
Ä¦z] b¿®Âvp¯ �]¦ºc�¾�s�®°Â¦z] Z]³Â°�²¿¦ °®�¶§ ¾«Zo�°®
ÄZ¸ºd¿®Âvp¯ b°º� ¶º] ¾cZ¸ººk §Ztd³¦�~�� Â�¶¬X�¯ §¦ºk
»zº� zº] ª¨º�¯�²ºº¿¦ ®zÀ-z] °®�¦° ¶¬X�¯ §¦ºk�¶§ ¾�szÀ�

�>ÎÖ@ ®º�¾¯
�vººÀ ¯�z¿x�³Z¨¯¦ ©Z¸k�±¦ Ä¦¶«Z^³® °®�ºld�k Z]³Â°�²¿¦
¦º¿ù��vº´§¾¯ vºÀ«ºc�¦° [L z¿x�³Zº¨¯¦ ÄZºº·°¦®z] ±¦ Ä¦¶�º°l¯
¦ºº¿ ª£¦vo À¦ºd]�À¡ ®¦vd¯¦�°®�¶§ b�¦ ¾d¸k�øz¿x�³Z¨¯¦ b¸k
¦º¿ �®zº§ §Zºtd³¦�z¿x�³Zº¨¯¦ `ºº´¯¦® ½zc�ÀÂv]�¦° ¦#º§ ¿Z-
®¦vºd¯¦�°®�¶º§ bºº�¦ Äz¿x�³Z¨¯¦ b¸k �ùvÀ ¯�z¿x�³Z¨¯¦ b¸kù
zÀºÀ�c�¦ºº#º§ °¦v¤¯�¦¿ ¨±¦v³¦ ¶]�ª£¦vo v³¦ºd] �»v·��]Zc�À¡
¾Â¦ `º¬oz¯��b�¦ ¶¬oz¯�Â® ª¯Z��°¦z¨c�z·��³Â°�²¿¦ °®��v]Z¿
`¬oz¯�Â���t�¯�`�¤³�¦¿ °®�vÀ ¯�z¿x�³Z¨¯¦ b¸k ¦¿ ²d�Z¿
¦vºÀ��vºÀ ¯�z¿x�³Zºº¨¯¦ b¸k ®¦vd¯¦�°®�¿Z- ¨±¦v³¦¦¿ ²ÀÀ�c�¿Â®

�b�¦ ¾Â¦ `¬oz¯�°®�Áv�
§Zºtd³¦�±¦ bº�¦ ©°Zº^� z¿x�³Z¨¯¦ ©Z¸k�ÄZ¸�Â° ÄZ´^¯

zº] Â�Á®zº§ ¼vº� ¶¬Xº�¯ ÄZºº·vÀ£ ¶À¬§�°®�¶§ ¸Âz��`�¤³�¦¿
�v´§�ªÀ¯�zd¸] `�¤³�Äº��¶]�z¿±�`«®Z�¯�²Z�¦

�ÎÕ�LL�L 6;; K'� �b¸ººk 6L � L °¦z¨c�°®�¸Âz��`�¤³�±¦ b�¦ ©°Z^� ;L À¡�°®�¶§
°®�Ávº¯¡ bº�®�¶º] ¾¿Z¸ºº³ `�¤³�;L�� Â�¿Z- ¨±¦v³¦ 'K �b§zo
§Zººtd³¦�Ä¦¶º³º- ¶º] �'K� ¿Z- ¨±¦vº³¦ �bº�¦ L °¦zº¨c�ÄZ¸ºd³¦
Äºld�k b¸k �®zÀ-�°¦z£�z¿x�³Z¨¯¦ ¶ÀoZ³ °®;L�� ¶§ ®º�¾¯
À¡�°®�¦º#ºº§ bºº§zo�¦¿ Z] >ÇÂ¦ ¶§ ®º�¾¯ ²ÀÀ�c�Ä°º��6L

À¡�°®�»vº· �]Zºc °¦vº¤¯�>ZººÀ³Zg�Â�Áv�³��¤³�ÄvÀ£�"À·�b¸k
°¦zº¨c�°®�¸Âzº� `º�¤³�À¦ººº´��¶];L�� `�¤³��v]Z¿ �·Z§ b¸k
Zººc ªo¦z¯�²¿¦ �v³º�¾¯ °¦z¨c�ÇZ]�ªo¦z¯�Â�Áv��§Ztd³¦�Äv�]
Â® ¶ºº§ ¾d¸k À®z§ ¦vÀ��ÀZ¨¯¦ ¶�¤³�À¡�°®�¶§ Ä¦¶�¤³ ¶]�ÀvÀ�°
±¦ �v´]Zº¿¾¯ ¶ºº¯¦®¦ v�Z] ¶d�¦v³ ®ºkÂ�v´§�Á®°Â¦z] ¦° ¼º��¶z�
Á®Z dº�¦ z¿x�³Zº¨¯¦ ©Z¸ºk Ä±Zºº� ¶´À¸] Ä¦z] �'27� °¦|�¦ ¿z³

�b�¦ Áv�

Ä±Z�¶´À¸] ¾v¯��Ñ
¶º§ Ä±Zº�¶´À¸] ¾�szÀºº� ¾v¯�¦¿ �ÎÎ��`«®Z�¯�¶]�¶kºc�Z]
¢º°��Zºc vº·® ¶ºW¦°¦ Äºººp³�¶]�¦° ¼z�d�¯�©Zp ��±¦ ¾�¿¦°¡
¦° ¿±Ç ÄZ¸d¿®Âvp¯ Â�Áv��¶´À�À] zÀ.]¡ ¶³Z·®�Äº¬k °®�ÀZ¿zk

�v�Z] z¿±�¬z��¶]�v³¦ºc¾¯ v´§�� o
�»v·��]Zc

�ÎÖ�� �K K �GaIGGaG�PD[
Z¸d¿®Âvp¯

�ÏÍ����� &G+& dd
�ÏÎ���� &/+& dd
�ÏÏ���� &GV& dGd
�ÏÐ���� &GQ& dGd
�ÏÑ���� && dDd

¢º°��¶]�©Zp ��zd�]�±¦ «°Zs�¸Z c°¦�b^�³� +��G� À¡�°®�¶§

 [
 D

O
R

: 2
0.

10
01

.1
.2

22
87

69
8.

13
80

.2
0.

2.
15

.2
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 iu
tjo

ur
na

ls
.iu

t.a
c.

ir
 o

n 
20

24
-0

7-
23

 ]
 

                             6 / 10

https://dorl.net/dor/20.1001.1.22287698.1380.20.2.15.2
https://iutjournals.iut.ac.ir/jcme/article-1-238-en.html


ÎÐÕÍ v´ �¦ �Ï ¨°Z°� �ÏÍ ¾Z���¾È¤d�¦ÏÎÐ

¶]�©Zp ��zd�]�±¦ «°Zs�¸Z c°¦�b^�³�z]¦z] +��/ �ÀZ¿zk�¶À«Â¦
¶º] ©Zºp ���º¿®°�²ººÀ]�¾«º��¶¬�Z��b^�³�GV�G� �Z¸³¡ ¾º�
¶º] ©Zººp ��²À]�¾�z��¶¬�Z��b^�³�GQ�G� ÀZ¿zk�¶À«Â¦ ¢°�
Zºc &� Â�©Zºp ��Zº] ÀZºº¿zk�¾£Èc�¶¿Â¦± D �ÀZ¿zk�¶À«Â¦ ¢°�

�v´d�· Z·vÀ£�©¦zÀÀ�c�¶´¯¦® &��

©Zp ���¿¦°¡ Â�®Z�]¦ Ä±Z�¶´À¸] �Ò
�ÎÖ��`º«®Z�¯�»vºº· �]Zc�¶¨´¿¦ ¶]�¶kºc�Z] �z�Zo�`�«Z�¯�°®
Ä±Zº�¶´À¸] ¶º] ¶ºº]z¯�°¦|º�¦ ¿zº³ ±¦ bº�¦ ¾�szÀºº� �]Zc�¦¿
²º¿¦ °®��bºº�¦ Áv��Á®Z d�¦ z¿x�³Z¨¯¦ ©Z¸k�³Â°�Z] ¾�szÀ�
�v³º�¾¯ Á®Z d�¦ ¿º¬�¯�ÄZ·zd¯¦°Z� À¦º´��¶]�zd¯¦°Z� b ·�³Â°
zººÀ.]¡ `ºº³Z·® ¶ºº] ¶ººº]z¯�ÄZººº·Á®¦® ²Zº�¦z] Z¸º³¡ z¿®Zº¤¯
Â�,º³¦Â��º�ºc�>Èºº^£�¶§ °¦v� ¶³Zs®Â° z]��£¦Â��¾��Ä¦�¡�Ä®�

±¦ v³¦©°Z^� b�¦ ¶d�z-�°¦z£�Á®Z d�¦ ®°º¯�>Î@ À¦°Z¨°·
����GE����G7��1��GE��P ���  c   G 

��)����� S   T
¶º¬�Z��zº]¦z] Ec b�zºº� ¾³¦ºc�Àº³Z£��sZ��P ¶§ Ä°º��¶]
zº· °®�©Zºp ��®¦vº�c�1 �ªoZº� ±¦ ©Zºp ���ºº¿®°�²À«Â¦
zd¯¦°Zº� T ¶ºp ��¾¿ÇZºº] `^« Zc §¡�n���¶¬�Z��z]¦z] 7 ��¿®°

�b�¦ §º�°�©¦°¯�®Âz� ®v��)S Â�±v¬À�
³Â°�²º¿¦ °®�¾o¦z� ÄZ·zÀ�d¯ Z¿�¾º¸l¯ ÄZ·zd¯¦°Z� ®¦v�c

±¦ v³¦©°Z^� ¶§ b�¦ ®v��Ò
�GQ��[�GV��[�/+��[�G+[ ��������� G G   

D �[ ®º]�v·¦ºs z¿±�©°º��¶]�¾o¦z� °¦®z] ©°º��²¿¦ °®
> @����� ��[���[���[���[�[;  

Â�®°Z-®¦ �º�ºc�Ávºº� ¶À�ºc�®Âvo�¶]�¶kºc�Z] ¦° ¶¬X�¯ ®ºÀ£�Â
§Zººtd³¦�À¦ºc¾¯ z¿±�¬z��¶]�>ÏÎ@ ®°Z-®¦Â,³¦Â�Â�>ÏÍ@ ,³¦Â

®z§
���[��� � dd
���[��� � dd

��[� � dd

���[��� � dd
��[�� � dd

¿Zººl³¦ ÄZ¸À�°z] ¶]�¶kºc�Z] ¾v¯�¾o¦z� ÄZ·zÀ�d¯ ¶À«Â¦ z¿®Z¤¯
>Î@ b�¦ z¿±�¬z��¶]�Áv�

> @��������������������;  
z¿x�³Zº¨¯¦ ©Z¸ººk³Â°�±¦ Á®Z d�¦ Â�ÇZ]�\«Z�¯�¶]�¶kºc�Z]
°®�¼z�dºº�¯�©Zp ��®d�À� �¿¦°¡ Â�®Z�]¦ Ä±Z�¶´À¸] ¶]�¿¦v£¦
`º´À¸]�z¿®Zº¤¯��bº�¦ Ávº� �¾º��Ä¦�¡�Ä® zºÀ.]¡ `ºº³Z·® Äº¬k

±¦ v³¦©°Z^� Áv��ª�Zo�¾o¦z� ÄZ·zÀ�d¯
> @�������������������;  

À¦ºº´��¶º] z¿x�³Zº¨¯¦ ©Z¸ºk Ä±Zºº� ¶´À¸]³Â°�¶�«Z�¯�²¿¦ °®
À¦ºººº´��¶º] >Î@ À¦°Zº¨°· Â�,º³¦Â�©Z^º�Zp¯�Â�¾º¬�¦�¶º¯Z³z]
¶º´À¸]³Â°�±¦ Á®Z dº�¦ Zºº] ¦vd]¦ �v³¦Áv� ¶d�z-�z�³�°®�¶¯Z³z]z¿±
»vº· �]Zºc ¶ºº§ Äºp³�¶]�¾o¦z� ÄZ·zÀ�d¯ `´À¸]�z¿®Z¤¯��Ä±Z�
²º¿¦ ÄzºÀ-°Zº§ ¶º] Zº] ~�º� �bº�¦ Ávºº� ²ÀÀ�c�®º� zh§¦vo
�>Î@ À¦°Zº¨°· Â�,º³¦Â�©Z^º�Zp¯�°®�¶ºº´À¸] ¾o¦z� ÄZ·zÀ�d¯
°®�¶º³Zs®Â° zdº�]�¾º�z��ªºÀ�Âz� ²ººÀÀ�c�Ä¦z] ¿±Ç ©Z�È�¦

��Î��¾Âvk �b�¦ Áv��¶^�Zp¯�zÀ.]¡ `³Z·® Äº¬k

ÄzÀ-�¶lÀd³ �Ó
©Zp ��®Z�]¦ Â��¿¦°¡ Ä±Z� ¶´À¸] °º�´¯�¶]�¶�«Z�¯�²¿¦ °®
\º�Z´¯ ®Zºº�]¦ Â�ª�¦º��¶´À¸] ¶^�Zp¯�Â�zÀ.]¡ `³Z·® °®�¼z�d�¯
Á®Z dº�¦ ®°ººº¯ z¿x�³Z¨¯¦ ©Z¸k�³Â°�©Zp ��²¿¦ \�³�Ä¦z]

�b�z-�°¦z£
©Zºp ��¸Zº c°¦��vº�]�ÀÂvºº] Â�¶´À¸] z¿®Z¤¯�³Â°�²¿¦ °®
©Zººp ���ººº¿®°�²ºÀ]�¾º«º��`º¬�Z� � � �/+� � � ��� G+
¾£Èc�¶¿Â¦± Â� � ��GQG ©Zp ��²À]�¾�z��`¬�Z��� � ��GVG
Ávº� ¶^º�Zp¯�¾ººo¦z� ÄZ·zÀ�d¯ À¦º´��¶]��D� ¶p ��Z] ÀZ¿zk
°®�¾ºo¦z� ÄZº·zÀ�d¯ ¶º´À¸] z¿®Zº¤¯�²º¿¦ ÄzººÀ-°Z§ ¶]�Z] �b�¦
j¿Zd³ �v��°¦z¨c�©Z^�Zp¯�²¿¦ �>Î@ À¦°Z¨°· Â�,³¦Â�©Z^�Zp¯
±¦ Á®Z dº�¦ b«Zºo Â® zº· °®�©Z^º�Zp¯�²º¿¦ ±¦ Ávºº¯¡ b�®�¶]
¶´À¸] ÄZ·zÀ�d¯ ±¦ Á®Z d�¦ Â�À¦°Z¨°· Â�,³¦Â�¾o¦z� ÄZ·zÀ�d¯
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³Â°�Z] Áv��¶´À¸] ¾o¦z� ÄZ·zÀ�d¯ Â��G�G��Y À¦°Z¨°· Â�,³¦Â�¾o¦z� ÄZ·zÀ�d¯ ±¦ Á®Z d�¦ Ä¦±¦ ¶] ¾v¯�±¦ ª�Zo�j¿Zd³ �Î ¾Âvk
�G�G��� z¿x�³Z¨¯¦ ©Z¸k

ÀZ¿zk�v�]¾] ¢°�
zÀ.]¡ `³Z·® °®

�G�G���

ÀZ¿zk�v�]¾] ¢°�
zÀ.]¡ `³Z·® °®

�G�G��Y

¾�z��©Z�dt¯
ÀZ¿zk�v�]¾]

Q�E

ÀZ¿zk�v�]¾] ¢°�
zÀ.]¡ `³Z·® °®

�G�G���

ÀZ¿zk�v�]¾] ¢°�
zÀ.]¡ `³Z·® °®

�G�G��Y

¾�z��©Z�dt¯
ÀZ¿zk�v�]¾]

Q�E
Í�ÓÐÎÖ
Í�ÓÏÍÐ
Í�ÓÎÍÒ
Í�ÓÍÏÎ
Í�ÒÖÑÕ
Í�ÒÕÕÏ
Í�ÒÕÏÐ
Í�ÒÔÓÕ
Í�ÒÔÎÔ
Í�ÒÓÓÖ
Í�ÒÓÏÑ
Í�ÒÒÕÎ
Í�ÒÒÐÖ
Í�ÒÒÍÍ
Í�ÒÑÓÏ
Í�ÒÑÏÒ
Í�ÒÐÖÍ
Í�ÒÐÒÓ
Í�ÒÐÏÐ
Í�ÒÏÖÎ
Í�ÒÏÓÍ
Í�ÒÏÐÍ
Í�ÒÏÍÏ
Í�ÒÎÔÑ
Í�ÒÎÑÓ
Î�ÔÔÒÍ

Í�ÕÓÕÖ
Í�ÕÒÓÕ
Í�ÕÑÓÐ
Í�ÕÐÒÕ
Í�ÕÏÑÏ
Í�ÕÎÎÔ
Í�ÔÖÖÔ
Í�ÔÕÖÖ
Í�ÔÕÏÓ
Í�ÔÔÔÒ
Í�ÔÔÐÔ
Í�ÔÔÍÓ
Í�ÔÓÔÕ
Í�ÔÓÒÏ
Í�ÔÓÏÒ
Í�ÔÒÖÔ
Í�ÔÒÓÖ
Í�ÔÒÑÐ
Í�ÔÒÏÎ
Í�ÔÒÍÏ
Í�ÔÑÕÒ
Í�ÔÑÔÍ
Í�ÔÑÒÓ
Í�ÔÑÑÐ
Í�ÔÑÐÍ
Î�ÏÖÍÓ

Í�ÍÏÍÍ
Í�ÍÑÍÍ
Í�ÍÓÍÍ
Í�ÍÕÍÍ
Í�ÎÍÍÍ
Í�ÎÏÍÍ
Í�ÎÑÍÍ
Í�ÎÓÍÍ
Í�ÎÕÍÍ
Í�ÏÍÍÍ
Í�ÏÏÍÍ
Í�ÏÑÍÍ
Í�ÏÓÍÍ
Í�ÏÕÍÍ
Í�ÐÍÍÍ
Í�ÐÏÍÍ
Í�ÐÑÍÍ
Í�ÐÓÍÍ
Í�ÐÕÍÍ
Í�ÑÍÍÍ
Í�ÑÏÍÍ
Í�ÑÑÍÍ
Í�ÑÓÍÍ
Í�ÑÕÍÍ
Í�ÒÍÍÍ
�Í�ÒÍÍÍ

Î�ÔÓÖÐ
Î�ÔÓÐÍ
Î�ÔÒÓÎ
Î�ÔÑÕÏ
Î�ÔÐÖÏ
Î�ÔÏÕÒ
Î�ÔÎÒÔ
Î�ÔÍÍÍ
Î�ÓÕÍÎ
Î�ÓÒÑÓ
Î�ÓÏÎÎ
Î�ÒÔÓÏ
Î�ÒÔÒÎ
Î�ÑÐÑÔ
Î�ÐÐÍÒ
Î�ÏÍÕÍ
Î�ÍÕÎÐ
Í�ÖÓÔÎ
Í�ÕÔÒÍ
Í�ÕÍÒÏ
Í�ÔÒÐÑ
Í�ÔÎÑÖ
Í�ÓÕÒÖ
Í�ÓÓÐÒ
Í�ÓÑÓÍ

Î�ÏÕÖÎ
Î�ÏÕÔÑ
Î�ÏÕÒÔ
Î�ÏÕÐÖ
Î�ÏÕÎÖ
Î�ÏÔÖÕ
Î�ÏÔÔÒ
Î�ÏÔÒÍ
Î�ÏÔÏÏ
Î�ÏÓÕÖ
Î�ÏÓÒÎ
Î�ÏÓÍÐ
Î�ÏÒÑÑ
Î�ÏÑÓÓ
Î�ÏÐÓÏ
Î�ÏÏÎÒ
Î�ÏÍÍÓ
Î�ÎÔÍÕ
Î�ÎÐÍÑ
Î�ÍÕÍÔ
Î�ÍÏÔÏ
Í�ÖÔÔÐ
Í�ÖÐÓÒ
Í�ÖÍÓÏ
Í�ÕÕÑÓ

�Í�ÑÕÍÍ
�Í�ÑÓÍÍ
�Í�ÑÑÍÍ
�Í�ÑÏÍÍ
�Í�ÑÍÍÍ
�Í�ÐÕÍÍ
�Í�ÐÓÍÍ
�Í�ÐÑÍÍ
�Í�ÐÏÍÍ
�Í�ÐÍÍÍ
�Í�ÏÕÍÍ
�Í�ÏÓÍÍ
�Í�ÏÑÍÍ
�Í�ÏÏÍÍ
�Í�ÏÍÍÍ
�Í�ÎÕÍÍ
�Í�ÎÓÍÍ
�Í�ÎÑÍÍ
�Í�ÎÏÍÍ
�Í�ÎÍÍÍ
�Í�ÍÕÍÍ
�Í�ÍÓÍÍ
�Í�ÍÑÍÍ
�Í�ÍÏÍÍ
Í�ÍÍÍ
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¾o¦z� ÄZ·zÀ�d¯ z¿®Z¤¯�±¦ Á®Z d�¦ b«Zo�Â® °®�¾��Ä¦�¡�Ä® zÀ.]¡ `³Z·® Äº¬k ¶³Zs®Â° zd�]�ªÀ�Âz� �Ï ª¨�
Áv��¶´À¸] Â�À¦°Z¨°· Â�,³¦Â

Ávº¯¡ �Î��¾Âvºk °®�z¿x�³Zº¨¯¦ ©Z¸ººk³Â°�±¦ Áv¯¡ b�®�¶]
Â�,º³¦Â�¾ººo¦z� ÄZ·zÀ�d¯ ±¦ Á®Z d�¦ Z] »v·��]Zc�°¦v¤¯��b�¦
ÄZº·zÀ�d¯ `º´À¸]�z¿®Zº¤¯�±¦ Á®Z dºº�¦ Z] Â Î�ÏÖÍÓ z]¦z] À¦°Z¨°·
Ávº¯¡ bº�®�¶]�Î�ÔÔÒ z]¦z] ¶�«Z�¯�²¿¦ °®�Áv��ª�Zo�¾o¦z�
¶ºº] �]Zc�²¿¦�¿¦|�¦ ¨v´·® ÀZ�³�»v·��]Zc�z¿®Z¤¯�`�¿Z¤¯��b�¦
�b�¦ ¶´À¸] ¾o¦z� ÄZ·zÀ�d¯ ±¦ Á®Z d�¦ ¿Z.´· Í�ÑÕÑÑ °¦v¤¯

�Î��¾Âvºººk °®�«°vº´¯�©Zº�È�¦ ±¦ Á®Z dº�¦ Zº] ²ºÀ´$°·
b«Zºo Â® °®�zºÀ.]¡ ¶º³Z·®�°®�¶º³Zs®Â° zdº�]�¾ºº�z��ªÀ�Âz�
Áv��®À�zc �Ï��ª¨��°®�Â�¶^�Zp¯�¾o¦z� ÄZ·zÀ�d¯ ±¦ Á®Z d�¦

±¦ Á®Z dºº�¦ b«Zo�°®�zd�]�±¦zc ¶§ v·®¾¯ ÀZ�³�ª¨��²¿¦ �b�¦
zº¿±�zdº¯ Í�ÓÑ ®Âvººo >Î@ À¦°Z¨°· Â�,³¦Â�¾o¦z� ÄZ·zÀ�d¯
b«Zºo °®�zdº�]�±¦zºc ²ºº¿¦ ¶§ ¾«Zo�°®��b�¦ zÀ.]¡ `³Zd�¡�±¦zc
Î�ÔÎ ¶]�¶�«Z�¯�²¿¦ °®�Áv¯¡ b�®�¶]�`´À¸]�ÄZ·zd¯¦°Z� ±¦ Á®Z d�¦
¶º³Z·®�Äºº¬k ÀZºº¿zk�¢°���¿¦|�¦ ²¿¦ �b�¦ ¶d�Z¿ �¿¦|�¦ zd¯
ªºs¦®�¶º] zdº�]�°Zº] ©Z]ººº�° ®Â°Â�±¦ ¶§ ®º�¾¯ f�Z]�zÀ.]¡
¢ºº¬�¯�°Z]�©Z]º�° ®Â°Â�²À´$°· Â�Áv��ÄzÀ-º¬k zÀ.]¡ `³Z·®

�v]Z¿ �·Z§ z¿,]¡ `³Z·® ªs¦®�¶]

¶¯Z³ ÁÞ¦Â
�� IHDVLEOH�GLUHFWLRQV�PHWKRG
�� VXEPHUJHG�YDQHV
�� VHFRQGDU\�FLUFXODWLRQ
�� KHOLFDO�PRWLRQ

�� ,RZD� ,QVWLWXWH� RI� +\GUDXOLF
5HVHDUFK

�� (DVW�1LVKQDERWQD ULYHU
�� FRXQFLO�EOXIIV
�� 0LVVRXUL�ULYHU

�� 'XDQH�$UQROG�HQHUJ\�FHQWHU
��� OLIW
��� GUDJ
��� FRQYH[�FRPELQDWLRQV
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ÎÐÕÍ v´ �¦ �Ï ¨°Z°� �ÏÍ ¾Z���¾È¤d�¦ ÏÎÓ

�k¦z¯
�� :DQJ�� <���2GJDDUG��$��-���0HOYLOOH��%��:���DQG�-DLQ�

6�� &���³6HGLPHQW�&RQWURO�DW�:DWHU�,QWDNHV�´�-RXUQDO
RI� +\G (QJ�� $6&(� 9RO�� �����1R�����SS����������
�����

�� 2GJDDUG�� $�� -��� DQG� :DQJ�� <��� ³6HGLPHQW
0DQDJHPHQW� ZLWK� 6XEPHUJHG� 9DQHV�� ,�� 7KHRU\�´
-RXUQDO� RI�+\GUDXOLF�(QJLQHHULQJ��$6&(��9RO������
1R�����SS����������������

�� 2GJDDUG�� $�� -��� DQG� :DQJ�� <��� ³6HGLPHQW
0DQDJHPHQW� ZLWK� 6XEPHUJHG� 9DQHV�� ,,�
$SSOLFDWLRQV��´� -RXUQDO� RI� +\GUDXOLF�(QJLQHHULQJ�
$6&(��9RO�������1R�����SS����������������

�� 2GJDDUG�� $�� -�� DQG� .HQQHG\�� -�� )���³5LYHU�%HQG
%DQN� 3URWHFWLRQ� E\� 6XEPHUJHG�9DQHV�´�-RXUQDO�RI
+\GUDXOLF� (QJLQHHULQJ�� $6&(� 9RO�� ����� 1R�� ��
SS������������������

�� 1DNDWR�� 7���³0RGHO�,QYHVWLJDWLRQ�RI�,QWDNH�6KRDOLQJ
DQG� 3XPS�9LEUDWLRQ� 3UREOHPV�� ORZD *HQHUDWLRQ
&RXQFLO� %OXIIV� 8QLW� � &LUFXODWLRQ� :DWHU� ,QWDNH�´
,,+5� 5HSRUW� 1R�� ����� ,RZD� LQVWLWXWH�RI�+\GUDXOLF
5HVHDUFK��,RZD�&LW\��,RZD�������

�� 2GJDDUG�� $�� -��� DQG� /HH�� +�� <�� (��� ³6XEPHUJHG
9DQHV� IRU� )ORZ� &RQWURO� DQG� %DQN� 3URWHFWLRQ� LQ
6WUHDPV�´� ,,+5� 5HSRUW�� 1R�� �����,RZD�LQVWLWXWH�RI
+\GUDXOLF� 5HVHDUFK��8QLYHUVLW\�RI�,RZD��,RZD�&LW\�
,RZD�������

�� 2GJDDUG��$��-���DQG�6SROMDULF��$���³6HGLPHQW�&RQWURO
E\� 6XEPHUJHG� 9DQHV�´� -RXUQDO� RI� +\GUDXOLF
(QJLQHHULQJ�� $6&(�� 9RO�� ����� 1R�� ���� SS�������
�����������

�� 2GJDDUG�� $�� -��� DQG� 0RVFRQL�� &��(���³6WUHDPEDQN
3URWHFWLRQ� E\� 6XEPHUJHG� 9DQHV�´� -RXUQDO� RI
+\GUDXOLF� (QJLQHHULQJ�� $6&(� 9RO�� ����� 1R�� ��
SS����������������

�� 2GJDDUG�� $��-��DQG�6SROMDULF��$���³6HGLPHQW�&RQWURO
E\� 6XEPHUJHG� 9DQHV�´� 5LYHU� 0HDQGHULQJ�� :DWHU
5HVRXUFHV� 0RQRJUDSK� 1R�� ���� $PHULFDQ
*HRSK\VLFDO�8QLRQ��SS����������������

��� 1DNDWR�� 7���.HQQHG\��-��)���DQG�%DXHUO\��'���³3XPS�
1WDWLRQ ,QWDNH�6KRDOLQJ� FRQWURO� ZLWK� 6XEPHUJHG
9DQHV�´� -RXUQDO� RI� +\GUDXOLF�(QJLQHHULQJ��$6&(�
9RO�������1R�����SS����������������

��� :DQJ�� <��� ³6HGLPHQW� &RQWURO� ZLWK� 6XEPHUJHG
9DQHV�´� 3K' WKHVLV�� 8QLYHUVLW\� RI� ,RZD�� DW� ,RZD
FLW\� ,RZD�������

��� )XNXRND�� 6��� ³)ORZ� DQG�%HG�7RSRJUDSK\�LQ�5LYHUV
ZLWK� +\GUDXOLF� 6WUXFWXUHV�´� 7HFKQLFDO� 5HSRUW�
1R�� ���� 'HSDUWPHQW� RI� &LYLO� (QJLQHHULQJ�� 7RN\R
,QVWLWXWH�RI�7HFKQRORJ\��SS��������������

��� 1HDU\�� 9�� 6��� DQG� 2GJDDUG�� $�� -��� ³7KUHH�
'LPHQVLRQDO� )ORZ� VWUXFWXUH� DW� 2SHQ� &KDQQHO
'LYHUVLRQV�´� -RXUQDO� RI� +\GUDXOLF� (QJLQHHULQJ�
$6&(� 9RO�������1R������SS������������������

��� 1HDU\�� 9�� 6��� %DUNGROO�� %�� '���DQG�2GJDDUG��$��-��
³6DQGEDU� )RUPDWLRQ� DW� 6LGH�'LYHUVLRQ� &KDQQHOV�´
3URFHHGLQJV� +\GUDXOLF� (QJLQHHULQJ�� ���
&RQIHUHQFH�� $6&(� 1HZ� <RUN�� 1�� <��� SS�� �����
�����������

��� %DUNGROO�� %�� '��� ³6HGLPHQW� &RQWURO� DW� ODWHUDO
'LYHUVLRQV�´� 3K' WKHVLV�� 8QLYHUVLW\� RI�,RZD��&LW\�
,RZD�������

��� 0DUHOLXV�� )��� DQG� 6LQKD�� 6�� .��� ³([SHULPHQWDO
,QYHVWLJDWLRQ� RI� )ORZ� SDVW� 6XEPHUJHG� 9DQHV�´
-RXUQDO� RI�+\GUDXOLF�(QJLQHHULQJ��$6&(� 9RO������
1R�����SS����������������

��� 1DNDWR�� 7��� DQG�2GJHQ��)��/���³6HGLPHQW�&RQWURO�DW
:DWHU� ,QWDNH� $ORQJ� 6DQG�%HG� 5LYHUV�´�-RXUQDO�RI
+\GUDXOLF� (QJLQHHULQJ� $6&(�� 9RO�� ����� 1R�� ��
SS����������������©Zºp ��®z]°Zº§ ¾¨À¯Zº´¿®Â°vÀ· ¾ºº�°z]ù���¿��ÀZÀ³Z°o° �ÎÕ

¾º�z��ªºº�¦º��©¦zÀÀ�c�zÀgPc�Â�Z·zÀ.]¡ `³Z·® °®�¼z�d�¯
ÄZ·Á±Zº� ¶dº�°�vº�°¦�¾º�Z´�°Z§ ¶º¯Z³ ÀZºº¿Z� ø©Zp �
�ÀZº¯z§�z´·Zº] vÀ¸º� ÁZ.º�³¦® �¾ºº´��Áv¨�³¦® �¾¨À«Â°vÀ·

�ÎÐÔÔ
��� :DJQHU�� +�� 0��� 3ULQFLSOHV�RI�2SHUDWLRQ�5HVHDUFK�

�QG�HG���3�������0F*UDZ�+LOO��1��*��������
��� 2GJDDUG�� $�� -��DQG�:DQJ��<���³6HGLPHQW�&RQWURO�LQ

%ULGJH� :DWHUZD\V�´� ,,+5� 5HSRUW� 1R�� ����� ,RZD
,QVWLWXWH�RI�+\GUDXOLF�(QJLQHHULQJ��$6&(��9RO������
1R�����SS����������������

��� :DQJ�� <��� DQG� 2GJDDUG��$��-���³)ORZ�&RQWURO�ZLWK
9RUWLFLW\�´� -RXUQDO�RI�+\GUDXOLF�5HVHDUFK��9RO�����
1R�����SS����������������
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