
ÎÐÕÏ °Z¸] ��¾Â¦�Á°Z°����®d ·�¾Z����¾�À^���]Z´¯ Â�Ä±°ÂZ�§ Àº´� Â�¿º¬�

ÑÔ

35=0�� ¾v¯�¾l´�¦Â�Â�¾d¬À� ²°�½Zs�¦¿ °®�²¿±¦zc¡�b�¬� ©¦zÀÀ�c�¾�°z]

Î¾¨¬¯�±Â°º³�Â�²À¯¦�=¦�À� �Ä®Z�º³�®º��¯

ÁvÀ¨#
�·Â&� �b�¦�Á®z§ ®Zl¿¦�¾´À¯±z¿±�ÄZ·§¡�Â�½Zs�¾-®º«¡�´º�s °®�¦°�¾¿Z·¾³¦z.³ �²¿±¦zc¡�v´³Z¯�¾¿Z·�§�¬� ±¦�ÀÂ|�¦±Â°�Á®Z d�¦
²º¿±¦zc¡�b§zo�Â�b�¬� ©¦zÀÀ�c�Â�¶d�z-�©°º��Áv¨�³¦®�Äz��½Zs�ÄÂ°�±¦zÀ��ÁZ.�³¦®�Ä±°ÂZ�§�Áv¨�³¦®�¾�¿Z¯±¡�¶�°|¯�°®�z�Zo
ÄZº·§¡�Â�½Zººs ¾-®º«¡�ªÀ�³Zd���²À´#®·��b�¦�Á®º°³ ¾�°z]�v�°�Á°Â®�¾º��°®�©ÂZ d¯�ÄZ·ÀZ¯±�°®�Â��½Zs��¬dt¯�ÄZ·¢°��°®�¦°
¶ºº� Z] ©°¯�¶�°|¯�¦¿�°®��¿Z¯±¡ �b�¦�Áv��¾]Z¿±°¦�²¿±¦zc¡�b�¬��Ä±Z�¶À^��Ä¦z]�35=0�� ¾v¯ Â��¾�°z]�²¿±¦zc¡�zg¦�°®�¾´À¯±z¿±
ÄzºÀ-Á±¦vºº³¦�Ä¦z]��b�¦�¶d�°�°Z§�¶]�Ð�Ò NJ�D�L��KD °¦v¤¯�¶]�²¿±¦zc¡�©È��z·�°®�Â�Áv� ¿Zl³¦���]z¯ zd¯�ÏÍÖ��zd¯�ÎÖuÎÎ ®Z�]¦�¶]�©È�
ÀZº¯±�bº ·�°®��Äzd¯¾d³Zº� ÎÍ ÄZ·¶ºº¿Ç�°® zd¯¾d³Z� ÎÍÍ�Í ÄZ·¢°��±¦�½Zs�ÄZ·¶³º°³��v�°�ª���¾º��°®�½Zs�°®�²¿±¦zc¡�b�¬�

�v¿®z-�Ä°Â¡�°k��¬dt¯
¶º§ ¾ºº¤°��zh§¦vo�¶§�Ä°º��¶]��v]Z¿�¾¯��·Z§�½Zs�ªÀ�Âz��°®�ÀZ¯±�b�x-�Z]�²¿±¦zc¡�b�¬��¶§�®¦®�ÀZ�³�Áv¯¡�b�®�¶] ÄZ·Á®¦®
Â�Áv��Áv·Z�¯�ÄZ·Á®¦®�¶�¿Z¤¯�Ä¦z]��&50 Â () �(06( �0( ª¯Z��Ä°Z¯¡�ÄZ·zd¯¦°Z���®º] zd¯¾d³Z��ÒÍ v¿®z-�¾]Z¿®°�À¡�°®�²¿±¦zc¡
�Ï�ÔÕ PJ�NJ�VRLO \ºÀczc�¶ºº] ½Zs�ÄZ·¢°��Â�Z·ÀZ¯±�¶°·�°®�Z·Á®¦®�¶À¬§�Ä¦z]�¶§��v¿®z- Á®Z d�¦�35=0�� ¾v¯���ºc�Áv��¾´À]�À�
À¦ººc¾¯��²¿¦z]Z´] �v�Z]¾¯�Áv��Áv·Z�¯�ÄZ·Á®¦®�Z]�¾]ºs�Zd^�³�¾³¦ºs®· Ä¦°¦®�Ä±Z�¶À^��j¿Zd³��b�¦ Í�ÏÒ Â Í�ÑÖ �ÎÏ�ÔÐ PJ�NJ�VRLO

�®z§ Á®Z d�¦�¾´À¯±z¿±�ÄZ·§¡�¾-®º«¡�Â�½Zs�°®�²¿±¦zc¡�b§zo�Ä±Z�¶À^��Ä¦z]�35=0�� ¾v¯�±¦
Ä±Z�¶À^���35=0�� ¾v¯��²¿±¦zc¡��ÄvÀ¬§�ÄZ·ÁÞ¦Â

±¦zÀ� ÁZ.�³¦®��¿º¬��Áv¨�³¦®�¾°À� °Z¿®Zd�¦ Â��Ä±°ÂZ�§�Áv¨�³¦®�Ä°ZÀ]¡�®Zd�¦�Â�°Z¿®Zd�¦�\Àczc�¶] �Î

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
82

.7
.1

.4
.8

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 js

tn
ar

.iu
t.a

c.
ir

 o
n 

20
24

-0
4-

24
 ]

 

                             1 / 12

https://dorl.net/dor/20.1001.1.24763594.1382.7.1.4.8
https://jstnar.iut.ac.ir/article-1-383-fa.html


ÎÐÕÏ °Z¸]���¾Â¦�Á°Z°����®d ·�¾Z����¾�À^���]Z´¯�Â�Ä±°ÂZ�§�Àº´��Â�¿º¬�

ÑÕ

¶¯v¤¯
vºº³Â°¾¯�°Z§�¶]�Ä±°ÂZ�§�°®�¶§�Z·�§b�¡�v´³Z¯ ¾¿ZÀ°À��®¦º¯
�ÏÏ �ÎÔ��v´ºº�Z]¾¯�¾´À¯±z¿±�ÄZ·§¡�Â�½Zs�¾-®º«¡��^´¯�¦¿
Á&º¿Â�¶º]��®¦ºº¯ ²º¿¦�ÀÂ|º�¦±Â°�»zºº�¯�¶]�¶kºc�Z] ��ÏÓ Â�ÏÒ
Ä°ZÀºº�] ÄZ·¾³¦z.³��v³º�¾¯�Á®Â|�¦ ½Zs�¶]�¶§�¾¿Z·�§b�¡
�bº�¦�Ávº¿®z-�®Zºl¿¦�Z¸º³¡�®z]°Zº§ ±¦�¾º�Z³�¾-®ººº«¡�®°º¯�°®
��FKORUR���HWK\ODPLQR���LVRSURS\ODPLQV�V���²ºººººº¿±¦zc¡
¾zdº´§�Ä¦zºº] �Çº°�¯�¶§�b�¦�¾]Ztd³¦��§�¬��¦¿��WULD]LQH
��Ï��®Â°¾º¯ °Zº§ ¶º] ©°¯�¸°¦|ºº¯ °®�áz]�²¸��±z·�ÄZ·�¬�
vººo °®�½Zºs �ºÀp¯�°®�Ä°¦v¿Zº� zº�³�±¦�²º¿±¦zc¡��º§�¬�
�ººÀp¯�¾-®º«¡�f�Z]�v³¦ºc¾¯��²¿¦z]Z´] ��ÏÑ Â�Ó��b�¦ ��ºd¯

�®®z-�b�¿±
b�Zº] v´³Zºº¯ ¾¬¯¦º���½Zs�°®�Z·�§b�¡�b§zo�²ÀÀ�c�°®
\ºº¿z���½Zs�§¡�°¦v¤¯��¾�¦°±�bÀ�z���½Zs�ÀZ°dsZ���½Zs
�½Zººs ¶] §¡�¯º ³�b�z����5HWDUGDWLRQ�IDFWRU Z¿�5)��zÀsPc
²¿¦�ÀZÀ¯�±¦�¶§��v´d�·�zgR¯ ½Zs�¾«¡�Á®Z¯ Â�¾¨À«Â°vÀ·�b¿¦v·
Z¸º³¡�²¿zc®¸º¯ ½Zºs ¾ºº«¡�Á®Z¯�Â�¾¨À«Â°vÀ·�b¿¦v· Z·zd¯¦°Z�

��ÎÏ��v´�Z]¾¯
°®�²º¿±¦zc¡�¶ºº§ ®¦®�ÀZ�³��Î��²¯º]�Äzd°À�¿Ç�ÄZ·�¿Z¯±¡
½Zs�°®�Àº#��v´§¾¯�¯º ³�¾´��½Zs�±¦�zd�À]�¾d¬À��¿º«�½Zs
|Àº³ ¯ººº ³�b�z��Â�Á®º]�zd�À]�§¡�Ä°¦v¸.³�bÀ�z��¾d¬À��¿º«
²Zº°c�°®�§¡�Zºº] Äzd�À]�ÀZ¯±�²¿±¦zc¡��²¿¦z]Z´]��v�Z]¾¯�zd°§
±¦°® °®�Â�Ávº� ½Zºs �¿Zº¯ ±Zºº� ®°¦Â�v³¦ºc¾¯�¶lÀd³�°®��b�¦

�v´§�b§zo�½Zs ¼Z°�¦�¶]�©v¯
°®�Zº·�§�¬��bº§zo�bÀ¬]Zº£ Ä¦zº] Ävº´]ÁÂz-�¦º¿ °®
¶ºº§ �v³¦Áv��®À�¤c�ÁÂz-�j´� ¶]�Z·�§�¬����¬dt¯�ÄZ·½Zs
½Zººs °®�b§zo�bÀ¬]Z£�²¿zd�À]�j´� ÁÂz-�Â�²¿zd°§�¦¿ ÁÂz-
bÀ¬]Zººº£��¶º� ÁÂz-�°®�²º¿±¦zc¡��Ävº´]ÁÂz-�²º¿¦�°®��vº³°¦®�¦°
`³Zºº�³ ¶§��§b�¡�b§zo�bÀ¬]Z£�Â�¶d�¦®�°¦z£����ºd¯�b§zo
°ºººº� ¶º] Â�Í�ÖÕ�Í�ÐÑ �bº�¦�½Zºs °®�À¡�bº§zo�b�zº�
�ÎÖ��zº]Â Â�zdÀ���·Â&� �²À´#®·���ÎÎ��v�Z]¾¯�Í�ÒÎ ²À.³ZÀ¯
�b�¦ Í�ÑÔ�Í�ÏÒ ¾´��½Zºs ¦¿�°®�²¿±¦zc¡�5) ¶§�®¦®�ÀZ�³

¶ºº¿|lc�½Zººs ¾¿ÇZººº] ÄZ·¶º¿Ç�°®�Zº·�§�¬��>Çºº°�¯
¶ºº¬t¯�½Zºs Zº] Zº·�§�¬��²º¿¦�¾ºº·Z-�¶lÀd³�°®��v³º�¾¯
ÄZº·§¡�¶º] ¿º°ºº� ²¿¦�b�³�z�s��¿¦|�¦�f�Z]�¶§��v³®z-¾¯
Á&ºº¿Â ¶] �¾´À¯±z¿±�ÄZ·§¡�¾-®º«¡�z�s���Ñ��®º�¾¯�¾´À¯±z¿±
ÄZºº·�§b�¡�Ä¦z]��b�¦ ®§�¾]Zd�¿¦�n���¢°��¶§�¾¤�Z´¯�°®
|À¿Zº� °®��ºº§b�¡�¶§�¾c°º��°®�z�s�²¿¦��b�¦�zd�À]�©Z^g�Z]
Á®º]�®§�½Zs�©°¦zo�¶k°®�Àº#��®º]�v·¦ºs�zd�À]�®Â°�°Z§ ¶]
Zº·�§b�¡�¶º¿|lc�¶ººlÀd³�°®��®º�¾¯�zd°§�|À³�ÀZ¯±�°Âz¯�¶]�Â
|Àº³ ¾-v³°Zº] �z.º¿®�Äººº� ±¦�Â��®zÀ-¾¯�©°º��Äv´§�¶] |À³

��Ö��v��v·¦ºs�Z¸³¡�b�³��¿¦|�¦�f�Z]

Z·³Â°�Â�®¦º¯
ÎÒ °®��º£¦Â�±¦zÀºº� ÁZ.�³¦®�Ä±°ÂZ�§�Áv¨�³¦®�°®��·Â&� ²¿¦
°®�Â�Zº¿°®�n�º� ±¦�zdºº¯ ÎÕÎÍ ¸Z c°¦�Z]�±¦zÀ��¾Z°��Äzd¯º¬À§
ÄZº·¾-&º¿Â �bºº�Z§�±¦��À� �b�z-�©°º��©°¯�¶�°|¯�¦¿
bºÀ�z����Ò���20� ¾º«¡�Á®Zºº¯ ��ÏÕ���S+� ¶d¿vÀ�¦�v´³Z¯�½Zs
��Äzdº¯Â°vÀ· ³Â°��½Zººs b�Z]���ÏÔ���&(&� ¾³ºÀcZ§�¾®Z^c
bº¿¦v·�Â��ÏÎ���(&� ½Zºs ¸Z^º�¦�Á°Zº���¾¨¿zdºº¨«¦�b¿¦v·
¶º§ �vº¿®z-�²ººÀÀ�c���¬-�³Â°���.V� ½Zs�¸Z^�¦�¾¨À«Â°vÀ·

�b�¦�Áv��Á®¦®�ÀZ�³�Î ¾Âvk�°®�À¡�j¿Zd³
r¿°Zººc °®�Â��v��¶d�Z§ ÎÐÔÕ b�¸^¿®°¦�ÏÕ r¿°Zc�°®�©°¯
ÎÕ r¿°Zºc °®�³Zº�®ºº� ¦¿�Z]�²¿±¦zc¡��v¿®z-�b�¦®z]�z¸¯�ÏÕ
�vº� ÁvÀº�Z��Ð�Ò NJ� D�L��KD °¦vº¤¯�¶º] ½Zºs n�ºº� ÄÂ°�zÀc
ÏÍÖ��zdº¯ ÎÖuÎÎ ®Zº�]¦�¶ºº] ¾¿Z·©È��°®�°¦z¨c�¶� Z]��¿Z¯±¡
$7� Â�$7� ��$7� Zº] °¦zºº¨c�¶��²¿¦��v¿®z-�¿Zl³¦���]z¯�zd¯
¾³¦°Zº] Ä°ZºÀ]¡�®dº�À��±¦�|Àºº³ Ä°ZÀ]¡�Ä¦z]��b�¦�Áv���t�¯
Î �®¦®zºs ÏÒ �®¦®zs�ÎÔ ÄZ·r¿°Zc�°®�Ä°ZÀ]¡��v��Á®Z d�¦�b]Zg
ÎÓ �°º¿z¸ºº� Õ �®¦®z¯�ÏÍ �®¦®z¯�Ö �zÀc�ÏÖ �zÀc�ÏÐ �zÀc�ÎÒ �zÀc
ÄZº·ÀZ¯±�°®�½Zºs ÄZ·¶ºº³º°³��b�z-�©°º�z¸¯�Î Â�°º¿z¸�
Í�Î ªº�¦º��Zº] Â��Äzdº¯ Î ¢°��Zc�v�°�ª���¾º��°®��¬dt¯
ÄzºÀ-Á°Zº���ÀZ¯±�Zc� �ÏÍ R& ©°¦zo�¶k°®�°®�Â��¶À¸c�Äzd¯

�v¿®z-�Ä°¦v¸.³

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
82

.7
.1

.4
.8

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 js

tn
ar

.iu
t.a

c.
ir

 o
n 

20
24

-0
4-

24
 ]

 

                             2 / 12

https://dorl.net/dor/20.1001.1.24763594.1382.7.1.4.8
https://jstnar.iut.ac.ir/article-1-383-fa.html


35=0�� ¾v¯�¾l´�¦Â�Â�¾d¬À��²°�½Zs�¦¿ °®�²¿±¦zc¡�b�¬��©¦zÀÀ�c�¾�°z]

ÑÖ

Î¾�°z] ®°º¯�¶�°|¯ °®�½Zs�©Z�t�¯ �Î ¾Âvk
U

�J�FP��
.V �FP�K�u���

Ï(&
�G6�P�

&(&
�FPRO�NJ� S+ 20

�J�NJ� 3:3 )& ²°
���

b¬À�
���

²�
���

b�Z] ¢°�
�FP�

Î�ÏÓ ÏÍÐ Í�ÔÓ ÏÍ�Õ Ô�ÓÍ ÎÑ�Ò Õ ÏÐ ÑÍ ÑÑ ÎÍ 6L& Í�ÎÍ
Î�ÑÐ ÏÍÐ Í�ÒÔ ÏÎ�Ð Ô�ÔÐ ÎÑ�Ó Õ ÏÐ ÑÍ ÑÏ�Ò ÎÍ�Ò 6L& ÎÍ�ÏÍ
Î�ÑÐ ÑÔ�Î Í�ÔÐ ÏÎ�Õ Ô�ÔÍ ÎÑ�Ó Õ ÏÐ ÑÍ ÑÎ ÎÎ 6L& ÏÍ�ÐÍ
Î�ÑÐ ÑÔ�Î Í�ÒÎ ÏÍ�Õ Ô�ÔÍ ÎÎ�Ô ÎÎ ÏÑ ÑÏ ÑÏ ÎÍ 6L& ÐÍ�ÑÍ
Î�ÑÐ ÏÍ�Ö Í�ÑÎ ÏÍ�ÕÏ Ô�ÖÍ ÎÍ�Ï ÎÎ ÏÑ ÑÐ ÑÍ ÎÍ 6L& ÑÍ�ÒÍ
Î�ÑÐ ÏÍ�Ö Í�ÒÎ ÏÍ�ÕÑ Ô�ÔÐ Õ�Ô ÎÎ ÏÑ ÑÑ ÐÕ ÎÍ 6L& ÒÍ�ÓÍ
Î�ÑÐ ÎÍ�Ï Í�ÑÒ ÏÍ�ÕÑ Ô�ÑÐ Ó�Ö ÎÎ ÏÑ ÐÓ ÑÍ ÎÑ 6L&/ ÓÍ�ÔÍ
Î�ÑÐ ÎÍ�Ï Í�ÑÒ ÏÍ�ÕÑ Ô�ÑÍ Õ�Ò ÎÎ ÏÑ ÐÐ ÑÐ ÎÑ 6L&/ ÔÍ�ÕÍ
Î�ÑÐ Ñ�ÕÕ � � � ÎÍ�Î ÎÎ ÏÑ ÐÍ ÑÓ ÎÑ 6L&/ ÕÍ�ÖÍ
Î�ÑÐ Ñ�ÕÕ � � � Ò�Ð ÎÎ ÏÔ ÐÑ ÑÍ ÎÓ 6L&/ ÖÍ�ÎÍÍ
� Ñ�ÕÕ � � � Ñ�Ó � � ÐÏ ÑÏ ÎÓ 6L&/ ÎÍÍ�ÎÎÍ
� Ñ�ÕÕ � � � Ð�Ö � � ÐÍ ÑÑ ÎÓ 6L&/ ÎÎÍ�ÎÏÍ

�v´d�·�°¦z¨c�¶��²À.³ZÀ¯ ¼º��ÄZ·zd¯¦°Z��¶°·��Î
�½Zs�¸Z^�¦�Á°Z���¾¨¿zd¨«¦�b¿¦v·��Ï

)& � ILHOG� FDSDFLW\ �JUDYLWDWLRQDO��� 3:3� �SHUPDQHQW�ZLOWLQJ�SRLQW��JUDYLWDWLRQDO���20� �RUJDQLF�PDWWHU���.V  �VDWXUDWHG�K\GUDXOLF
FRQGXFWLYLW\��U  �VRLO�DSSDUHQW�GHQVLW\���6L&� �VLOW\�FOD\��6L&/� �VLOW\�FOD\�ORDP �b�¦�Áv�³�ÄzÀ-Á±¦v³¦����

½Zs�±¦�²¿±¦zc¡�«¦ztd�¦
�®ºº] Ávºº� Ä°¦v¸.³��ÏÍ R& ÄZ¯® °®��È^£�¶§�½Zs�ÄZ·¶³º°³
Î�Ï ¦º«¦�±¦�~�º� Â�«°Zºs ®Zºº°l³¦�b«Zo�±¦�¾�À^��Ä¦º·�°®
Zº] ¦ºº«¦�±¦�Áv��®°�½Zs�±¦�¿z- ÒÍ Â�v��Á®¦®�°º^��Äzd¯¾¬À¯
©v¯�¶]�Â��¶º¬t¯ �ÖÖ�Õ ´º¬s�Z]�½z¯�¾º³Zd¯�zdÀ«¾¬À¯�ÎÒÍ
��¾d�-z]�Â�b�°�Áv´·®�ÀZ¨c���ºc��v��Á®¦®�ÀZ¨c�b�Z��¦¿
À¡�¾º³Zºd¯�~�ºº� Â��v��»Z� Äs��°��¶¬À�Â ¶] ¶º¬t¯�²¿¦
�vºº¿®z-�¦vºk �5RWDU\� HYDSRUDWRU� Ávº´´§ zÀºt^c�ÁZ.dº�®�°®
Zºº] ½z¯�À¦|.·�zdÀ«¾¬À¯�ÎÍ Z]�Áv³Z¯¾£Z]�¾¨À³Z-°¦�±Z���¿Zl³¦z�
Zº] ´ºº�t¯��¿Zºº¯±¡�ÄZ·¶«º«�°®�Â��¶º¬t¯��ÖÖ�Õ ´º¬s

�v¿®z-�Ä°¦v¸.³�¾Z$t¿�°®�¾¨Àd�È��§°®

�*DV�FKURPDWRJUDSK\ Z¿�*&� Ä±Z-�¾�¦z-ºcZ¯Âz§
¾ºº�¦z-ºcZ¯Âz§�ÁZ.d�®�±¦�Z·¶³º°³�°®�²¿±¦zc¡�z¿®Z¤¯�²ÀÀ�c�Ä¦z]
�¿Zº¯±¡�²¿¦�Ä¦z]�Â±®Z°À��¾v¯�*& ÁZ.d�®��v��Á®Z d�¦�Ä±Z-
Â® zº�£�Zº] 29��� ¸ºº³ ±¦�*& ²º¿¦�Àºdº� �vºº¿®z-�¾l´�¦Â

|Àºº³ �)ODPH�LRQLVDWLRQ�GHWHFWRU��),' §Z¿®°�Â��®º]�zd¯¾¬À¯
¢º¿°|c�°®�Zº¯®�²¿zc\º�Z´¯��bº�°�°Zºº§ ¶] ²¿±¦zc¡�²ÀÀ�c�Ä¦z]
Â�ÏÒÍ \ºÀczc ¶] �'HWHFWRU� Ávº´´§�²ººÀÀ�c�Â��,QMHFWRU� Áv´´§
Ä¦zº] Àºdºº� ÄZ¯®��b�t³ �v¿®z-�²ÀÀ�c�®¦z-¾d³Z��¶k°®�ÐÍÍ
¶ºº] ÎÍR&�PLQ b�z��Z]��~����v��®À�´c�ÎÒÍR& °®�¶¤À£®�ÎÒ
Ä°¦v¸.³�©°¦zo�¶k°®�²¿¦�°®�¶¤À£®�ÏÒ Ä¦z]�Â�Áv³Z�°�ÎÓÍR&
¶ºº] ÑÍR&�PLQ b�z��Z]�Àºd��ÄZ¯® �©v¯�²¿¦�±¦�~���v¿®z-
�v��Ä°¦v¸.³�©°¦zo�¶k°®�²¿¦�°®�¶¤À£®�j´� Â�Áv³Z�°�ÏÕÍR&
ÐÍÍ Â�ÐÍ �ÏÍ °®�\ºÀczc ¶º] ¦ººº· Â�ÀÞÂ°vÀ·��ÀÞÂzdÀ³�z¿®Z¤¯
¶ºk°®��¼ººº� �¿¦z��¶]�¶kºc�Z]��v¿®z-�®À�´c�¶¤À£®�°®�zdÀ«¾¬À¯
zººº]¦z]�*& ÁZ.dºº�®��ºº�ºc�²ºº¿±¦zc¡�ÄzººÀ-Á±¦vºº³¦�bºº£®

�b�¦ ¾]ºs�b£®�¶§��®º]�Í�ÍÎ PJ�NJ�VRLO

�3HVWLFLGH�5RRW�=RQH�0RGHO��35=0�� ¾v¯
¶º§ �bº�¦�¦À¯Zº´¿®�Â�Ävº�]�¦º¿ ¾vº¯ ¦ºº¿ 35=0�� ¾v¯
¸Z^º�¦ zÀºº� Â�¸Z^�¦�b«Zo�°®�¦°�½Zs�°®�¾¿ZÀ°À��®¦º¯�b§zo

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
82

.7
.1

.4
.8

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 js

tn
ar

.iu
t.a

c.
ir

 o
n 

20
24

-0
4-

24
 ]

 

                             3 / 12

https://dorl.net/dor/20.1001.1.24763594.1382.7.1.4.8
https://jstnar.iut.ac.ir/article-1-383-fa.html


ÎÐÕÏ °Z¸]���¾Â¦�Á°Z°����®d ·�¾Z����¾�À^���]Z´¯�Â�Ä±°ÂZ�§�Àº´��Â�¿º¬�

ÒÍ

¾vº¯ ²º¿¦���Ð��vºº´§¾¯�Ä±Z�¶À^��¶�¿°�¶¤�´¯�z¿±�Â�ªs¦®�°®
�¦° �Zº·�§b�¡�Á&º¿Â ¶ºº]��¾¿ZÀ°À��®¦º¯�±¦�¾�Z³�Áº¤«Z]�¾-®º«¡
Ä±Zºº�¶À^���b�¦�Áv��ÁvÀ�Z��ÀZ·ZÀ-�áz]�ÄÂ°�Z¿�½Zs�°®�¶§
®¦ºº¯ bº�¬��À¦ººc¾¯�¾vº¯ ²ºº¿¦�±¦�Á®Z d�¦�Z]��²¿¦z]Z´]��v´§¾¯
ÄzºÀ-Á±¦vº³¦ �ºº¬dt¯�ÄZ·ÀZ¯±�°®�¦°�½Zs�ªÀ�Âz��°®�¾¿ZÀ°À�
�$GYHFWLRQ� DQG ¾-vÀºº�t��Â�bººº�z°·�ÄZº·Áv¿v���®zº§
bºº�¬��35=0�� ¾v¯�°® �®°¦®�®ºkÂ�¾v¯�°®�|À³�GLVSHUVLRQ�
°®�±Z-�Â��¿Zº¯ �Ávº� ¾p�º� §xººk ÄZ·±Z��°®�¾¿ZÀ°À��®¦º¯
�ÁZºÀ-��ºº�ºc�§xk�ÄZ·v´¿¦z��ÀZ¯±®·�¶^�Zp¯�¶¬À�Â ¶] ½Zs
ÄÂ°�±¦�ºº�b����zÀºt^c��¶º¿|lc���¿Zºº�z���¾p���§Z³¦Â°
¶º] |Àº³ �ºº§b�¡�¶¿|lc��®®z-¾¯�²ÀÀ�c�¾-vÀ�t��Â�ÁZÀ-�áz]

�®º�¾¯ ¶^�Zp¯�¾Â¦�¶^cz¯�¾¿Z°³�¶«®Z�¯�¶¬À�Â
¶ºº¯Z³z]��bºº�¦�¾ºº¬�¦�¶ººº¯Z³z]�Â®�Ä¦°¦®�35=0�� ¾vº¯
Ä¦zº] ¾Â¦�¶º¯Z³z]��¾¿ZÀ°Àº� ®¦ºº¯ ¾Zº¤d³¦�¶ºº¯Z³z]�Â�ÄÞº«Â°vÀ·
½Zººs °®�§¡�b§zo��¼z�c�Â�zÀt^c���¿Z�z���§Z³¦Â°�¶^�Zp¯
¶^�Zp¯�Ä¦z]�¾¿ZÀ°À��®¦º¯�¾Z¤d³¦�¶¯Z³z]��®Â°¾¯�°Z§ ¶] Ä°ZÀ]¡�Â
�½Zººs °®�±Z-�Â�v¯Zºk ��¿Zº¯ ÄZº·±Z��°®�Zº·�§b�¡�bº�¬�
®¦ºº¯ ²ºº¿¦�b�¬� ­°®À³�²ÀÀ�c�Â�ÁZÀ-���ºc�Z·�§b�¡�§xk

�®º�¾¯�Á®Z d�¦��¬dt¯�ÄZ·ÀZ¯±�°®�Â�½Zs�°®

Ä°Z¯¡�ÄZ·ªÀ¬pc
ÄZºº·zd¯¦°Z���35=0�� ¾vº¯ ¾]Zº¿±°¦�Ä¦zº] ��º·Â&� ²º¿¦�°®

�b�¦�Áv¿®z-�¶^�Zp¯�z¿±�Ä°Z¯¡
>Î@Q

�LLL 60PD[0(  � 

>Ï@� � 0
���60Q

�506(
���Q

�L
�LL u»»¼
º

««¬
ª � ¦

 

>Ð@
� � � �

� �¦
¦¦

 

  
�

���
 Q

�L

�
L

Q

�L
�LL

Q

�L

�
L

00

6000
()

>Ñ@¦
¦ ¦

 

  
�

 Q

�L
L

Q

�L

Q

�L
LL

0

60
&50

�¶§
�½Zs�PJ�NJ� Áv��ÄzÀ-Á±¦v³¦�²¿±¦zc¡�b�¬�  �0L

�½Zs�PJ�NJ� Áv��Ä±Z�¶À^��²¿±¦zc¡�b�¬�� �6L
PJ�NJ� ½Zs�°®�Áv��ÄzÀ-Á±¦v³¦�²¿±¦zc¡���ºd¯�b�¬�� �

0
�½Zs

©¦v·Z�¯�®¦v�c� �Q
ÄZºº·Á®¦®�b£®�²ÀÀ�c�Ä¦z] �0RGHO�HIILFLHQF\� () zd¯¦°Z�
Â��bº�¦�¦º¿ À¡�°¦vº¤¯�zh§¦vo��®Â°¾¯�°Z§ ¶] Áv��Ä±Z�¶À^�
Ávºº� Ä±Z�¶À^��ÄZ·Á®¦®�¶§�v¿¡¾¯�b�® ¶] °¦v¤¯�²¿¦�¾¯Z.´·

�v´�Z]�z]¦z]�®·�Z]�Áv��Áv·Z�¯�Â
ÀZºº�³ �5HODWLYH�URRW�PHDQ�VTXDUH�HUURU� 506( zd¯¦°Z�
Ávººº� Áv·Zº�¯�Â�Ávº� Ä±Zº�¶À^��ÄZº·Á®¦®�»Èºds¦�¨vº´·®
­°�¾ºº¯Z.´· Â��bº�¦�zº ��506( °¦vº¤¯�ªº£¦vo��vº�Z]¾¯
Ávº� Ä±Zº�¶À^��Â�Ávº� Áv·Zºº�¯�Á®¦®�«Â±�z·�²À]�¶§�v·®¾¯
506( ¶º#zº· ¶º§ bºº�¦�°Z¨�¡ �v�Z]�¶d�¦v³�®ºkÂ�¾�Èds¦

�b�¦�¶d�z-�©°º��zc¢À£®�Ä±Z�¶À^���v�Z]�zc¦#º§
¨v´·®�ÀZ�³ �&RHIILFLHQW�RI�UHVLGXDO�PDVV� &50 zd¯¦°Z�
z¿®Zºº¤¯�¶°·�z]¦z]�°®�Áv��Ä±Z�¶À^��z¿®Z¤¯�¶°·��¿±ºc�°®�Z�s
�Zº·ÄzÀ-Á±¦vº³¦�\ºÀczc�²ººd�z-�z�³�°®�ÀÂv]��Áv��ÄzÀ-Á±¦v³¦
�ºº¿±ºc�°®�¾.«º#�®º^³�`³Z�³ zd¯¦°Z��²¿¦�Ä¦z]�z ��°¦v¤¯��b�¦
Ávº� ÄzºÀ-Á±¦vº³¦ ÄZºº·Á®¦®�¶]�b^�³�Áv��Ä±Z�¶À^��ÄZ·Á®¦®

�b�¦
Zº�s�zhºº§¦vo�¨v´·®�ÀZ�³ �0D[LPXP�HUURU��0( zd¯¦°Z�
ªº£¦vo��bºº�¦�Áv��Ä±Z�¶À^��Â�Áv��ÄzÀ-Á±¦v³¦�ÄZ·Á®¦®�²À]
«Â±�ÀZºÀ¯ »Èººds¦�®º^³�`³Z�³�¶§��b�¦ z ��zd¯¦°Z��²¿¦�°¦v¤¯

�v�Z]¾¯�Áv��Ä±Z�¶À^��Â�Áv��Áv·Z�¯�ÄZ·Á®¦®
fp]�Â�j¿Zd³

¢°���vº� ¾º]Zº¿®°�²¿±¦zc¡�¶§�¾¤°��zh§¦vo�Z·°¦z¨c�¶°·�°®

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
82

.7
.1

.4
.8

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 js

tn
ar

.iu
t.a

c.
ir

 o
n 

20
24

-0
4-

24
 ]

 

                             4 / 12

https://dorl.net/dor/20.1001.1.24763594.1382.7.1.4.8
https://jstnar.iut.ac.ir/article-1-383-fa.html


35=0�� ¾v¯�¾l´�¦Â�Â�¾d¬À��²°�½Zs�¦¿ °®�²¿±¦zc¡�b�¬��©¦zÀÀ�c�¾�°z]

ÒÎ

ÄZº¿º- \ºÀczc ¶º] Ï Â�Î ÄZ·ª¨º� �®ººº] Äzd¯¾d³Z��ÒÍ�ÑÍ
�v´º�Z]¾¯�½Zºs °®�²º¿±¦zc¡�bº�¬��¾³Zºº¯±�Â�¾³Z¨¯�©¦zÀÀ�c
²À.³ZºÀ¯��ÎÑ�ÐÏ PJ�NJ�VRLO À¦|Àºº¯ ¶]�²¿±¦zc¡�b�¬��zh§¦vo
�vº� Ávºº¿® ½Zs�¾¿ÇZ]�Äzd¯¾d³Z��ÎÍ�Í ¶¿Ç�°®�Â��°¦z¨c�¶�
�Á®zºº§ b�³�zd¯¾d³Z� ÒÍ ¢°��Zc�²¿±¦zc¡�¶§�®¦®�ÀZ�³��¿Z¯±¡ j¿Zd³
Í�ÐÐ PJ�NJ�VRLO ¢º°��²º¿¦�°®�Áv��Áv·Z�¯�b�¬��zh§¦vo�Â
ÒÔ ±¦�~º� ¶ºº§ ®¦®�ÀZ�³�²¿±¦zc¡�¶]�¶º]z¯�ÄZ·Á®¦®�ªÀ¬pc��®º]

�b�¦�Áv¿®z-�¶¿|lc�À¡�±¦��ÖÔ �²¿±¦zc¡�®z]°Z§�±¦�±Â°
ÏÍ ¢°��Zc�À¡�À®z]�°Z§ ¶] ±¦�~��±Â°�Â® ®Âvo�°®�²¿±¦zc¡
¶º] ¶ºº]z¯��¿zº� bºº�³�²¿¦�ªÀ«®��b�¦�Á®z§�¯º ³�Äzd¯¾d³Z�
°®�²º¿±¦zc¡�®z]°Zº§ ±¦�~º� ±Â°�¦ºº¿ °®�¶d�z-�©°º��Ä°ZÀ]¡
ÄÇZºº] ¼Z°�¦�°®�¾d¬À�²°�b�Z]�®ºkÂ�ªÀ«® ¶] �v�Z]¾¯�½Zs
Â�§¡�Zº] ²Zºº°c�Ä¦z]�¾�Z§�b�z��²¿±¦zc¡���ÍóÓÍ FP��½Zs
±Zºº� ²À]�¾®Z�c�Ä°¦z£z]�Â�½Zs�Àv��¾º¬p¯�±Z��®°¦Â�¶lÀd³�°®
ÏÍ ¢º°��Zºc b�zº� ¶º] ²¿¦z]Zº´] Â��¶dºº�¦®�¦° ¾º¬p¯�Â�v¯Zk

�b�¦�Á®z§ b�³�Äzd¯¾d³Z�

²¿±¦zc¡�¶¿|lc�Áv´´§�n¿z�c�©Ç®Z�¯
²¿zd�À]�¶§�®¦®�ÀZ�³�½Zs��¬dt¯�ÄZ·¢°��°®�²¿±¦zc¡�¾�°z]
Z¸º´c Â�Á®ºº] �Í�ÎÍ FP��½Zººs ¾p���¶¿Ç�°®�²¿±¦zc¡�b�¬�
®ººkÂ�Äzd¯¾d³Zº� ÒÍ�ÑÍ ¢ºº°��°®�À¡�±¦�Ä|À#Z³�ÄZ·b�¬�
ÄZ·¶º¿Ç�°®��Zºcv°��²º¿±¦zc¡�¶º§ bºº -�À¦ºc¾¯��²¿¦z]Z´]��®°¦®

�b�¦�Áv��¶¿|lc�½Zs�¾¿ÇZ]
�Zº¯®���º¬dt¯�ÄZº·¢°��°®�½Zººs ¾�Àp¯��¿¦z��¶]�¶d�]
�bº�¦�zÀºº�d¯�½Zs�°®�Z·�§b�¡�°Zd�°���½Zs�b�Z]�Â�b]º�°
¶º¿Ç�zºº· ±¦�Â��®À�¤c�Äzd¯¾d³Z��ÎÍ ÄZ·¶¿Ç�¶]�½Zs��²¿¦z]Z´]
²¿±¦zc¡�°Zd�°�À¦ºd]�Zc��v¿®z-�Ä°¦®z]¶³º°³��¬dt¯�ÄZ·ÀZ¯±�°®
¶dº�°�¦º¿ �Çºº°�¯��®ººº°³�¾�°z]�¢À£®�©°º��¶]�½Zs�°®�¦°
°®�ÀZºº¯±�Z]�Z·�§b�¡�©¦zÀÀ�c�n¿z�c�Ä¦z]�®°¦v³Zd�¦�©Ç®Z�¯
Zº] zº¿±�¬zº� ¶º] ®°¦v³Zdºº�¦�©Ç®Z�¯�²¿¦��®Â°¾¯�°Z§ ¶] ½Zs
Ä¦zº] �Àººº��¦°��²cºÀ³�³Â°�Z]�¾�s�zÀ��ÀºÀ�z-°�±¦�Á®Z d�¦
ÎÍ ÄZºº·¶ºº¿Ç�°®�ÀZºº¯±�Zº] ²º¿±¦zºc¡�b�¬��©¦zÀÀ�c�n¿z�c

�b�¦�¶d�°�°Z§ ¶] ½Zs�Äzd¯¾dcZ�

�)LUVW�RUGHU�NLQHWLFV� ¾Â¦�¶^cz¯�¾¿Z°³�¶«®Z�¯
ª¨º� ¶º] Ä¦¶ºº«®Z�¯�±¦�¾¬§�°º� ¶] ½Zs�°®�Z·�§b�¡�¶¿|lc

��ÎÕ��v´§¾¯�ÄÂzÀ� z¿±
>Ò@WN� H&& � 
�¶§

�½Zs�PJ�NJ��W ÀZ¯±�°®�²¿±¦zc¡�b�¬�� �&
�½Zs�PJ�NJ��z ��ÀZ¯±�°®�²¿±¦zc¡�b�¬�� �&�

bº�¦�²ºº¿±¦zc¡�¶¿|lc�b�z��¨v´·®�ÀZ�³ ¶§�¾d]Zg�\¿z�� �N
�G���

�G� ²¿±¦zc¡�®z]°Z§�±¦�~��ÀZ¯±� �W
�±¦�b�¦�©°Z^���¿Z¯±¡ ²¿¦�Ä¦z]�¼º��¶«®Z�¯�\¿¦z�

>Ó@Í�ÎÍFP ¢°�U� Í�ÖÒN �Í�ÍÖÏ&� ÎÒ�ÐÔ
>Ô@ÎÍ�ÏÍFP ¢°�U� Í�ÕÑN �Í�ÍÖÏ&� ÎÍ�ÎÐ
>Õ@ÏÍ�ÐÍFP ¢°�U� Í�ÒÍN �Í�ÍÎÓÔ&� Ï�ÒÍ

ªÀºº�³Zd��¶�¿Z¤¯�Â�Z·�§b�¡�¶¿|lc�ÀZÀ]�Ä¦z]�vÀ ¯�Á¦°�¦¿
¶º�]¦°�±¦ À¦ºc¾¯�¶§��b�¦��§b�¡�z°��¶°À³�²ÀÀ�c��Z¸³¡�¶¿|lc

��ÎÓ��®z§�¶^�Zp¯�¦°�À¡�z¿±
>Ö@N

�����
N
�OQW ���   

¶º°À³��Õ Â�Ô �Ó ©Ç®Zºº�¯�°®�N z¿®Z¤¯�¶]�¶kºc�Z]�Â��Ö ¶«®Z�¯�±¦
Äzd¯¾d³Z� ÐÍ��ÏÍ Â�ÏÍ�ÎÍ �ÎÍ�Í ÄZ·¢°��°®�²¿±¦zc¡�z°�
°º� ¶] �v¿¡¾¯�b�® ¶] ±Â° ÑÎ�Ò Â�Ô�Ò �Ô�Ò Z]�z]¦z]�\Àczc ¶]
Â�ÎÒ �ÎÐ��®ºº�¾¯�®Zºº¿±�Z¯®��¿¦|�¦�Z]�Z·�§b�¡�¶¿|lc��¾¬§
zºg¦�Ò ¶ºº«®Z�¯�°®�N z] ¾¿Z°³�¶«®Z�¯�°®�Z¯®��¿¦|�¦��£¦Â�°®���ÏÐ
vº³¦ºc¾¯�Zº¯®��º¿¦|�¦�¶ºº§ ®¦®�ÀZ�³��ÐÍ��z§¦Â�j¿Zd³��®°¦x-¾¯
�²¿¦z]Zº´]��v³Zº�z]�±Â°�ÎÓ ¶º] ÎÏÑ ±¦�¦°�Zºº·�§b�¡�z°��¶°À³
zºº]¦z]�Ô�Õ ®Âvo�Zc�¦°�Z·�§b�¡�z°��¶°À³�v³¦ºc¾¯�Z¯®��¿¦|�¦
ÎÕ ½Zºs °®�²º¿±¦zc¡�®z]°Zº§ r¿°Zººc ��¿Z¯±¡�²¿¦�°®��v´§ ®§
±¦�½Zs�ÄZ¯®�²À.³ZÀ¯ �v�Z]¾¯�ÀZd�]Zc�ª���°®�¶§��Á®º]�ÁZ¯zÀc
±Â°�²ºº¿zs¡��°º¿z¸��ÎÐ Zc��²¿±¦zc¡�®z]°Z§�±Â°��zÀc�ÎÕ r¿°Zc
\Àczc�¶º] zºd¯¾ºd³Zº� ÐÍ Â�ÎÍ �Ò ÄZ·¢°��°®��Ä°¦®z]¶³º°³

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
82

.7
.1

.4
.8

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 js

tn
ar

.iu
t.a

c.
ir

 o
n 

20
24

-0
4-

24
 ]

 

                             5 / 12

https://dorl.net/dor/20.1001.1.24763594.1382.7.1.4.8
https://jstnar.iut.ac.ir/article-1-383-fa.html


ÎÐÕÏ °Z¸]���¾Â¦�Á°Z°����®d ·�¾Z����¾�À^���]Z´¯�Â�Ä±°ÂZ�§�Àº´��Â�¿º¬�

ÒÏ

Ï �«��zÀc�ÏÕ �§��zÀc�ÏÏ ��«¦��ÎÐÔÕ ¾Z��°®�35=0�� ¾v¯�¶¬À�Â�¶]�Áv��Ä±Z�¶À^��Â�Áv��Áv·Z�¯�²¿±¦zc¡�ÄZ·b�¬���Î ª¨�
°º¿z¸��ÎÐ �±�Â�®¦®z¯�ÏÓ �Â��®¦®z¯�ÎÖ �· �®¦®z¯�ÎÏ �®��®¦®z¯

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
82

.7
.1

.4
.8

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 js

tn
ar

.iu
t.a

c.
ir

 o
n 

20
24

-0
4-

24
 ]

 

                             6 / 12

https://dorl.net/dor/20.1001.1.24763594.1382.7.1.4.8
https://jstnar.iut.ac.ir/article-1-383-fa.html


35=0�� ¾v¯�¾l´�¦Â�Â�¾d¬À��²°�½Zs�¦¿ °®�²¿±¦zc¡�b�¬��©¦zÀÀ�c�¾�°z]

ÒÐ

�35=0�� ¾v¯���ºc�Áv��Ä±Z�¶À^��z¿®Z¤¯�Z]��¬dt¯�ÄZ·°Z°Àc�°®�½Zs�ªÀ�Âz��°®�²¿±¦zc¡�ÄZ·b�¬��¶�¿Z¤¯��Ï ª¨�
ÑÍ�ÒÍ FP ¢°���· Â�ÐÍ�ÑÍ FP ¢°���®��ÏÍ�ÐÍ FP ¢°���«��ÎÍ�ÏÍ FP ¢°���§��Í�ÎÍ FP ¢°����«¦

ªºÀ«®�¦º¿ �²¿¦z]Zºº´] �®º] ®¦z-¾d³Z��¶k°®�ÏÓ�Ò Â�ÏÖ�Í �ÐÍ�Ñ
ÄZº¯®�À®ºº] ÇZºº] ��¿Z¯±¡ ²¿¦�°®�²¿±¦zc¡�z°��¶°À³�À®º]�²À¿Z�

�b�¦�½Zs

¾³¦ºc�¶«®Z�¯
��ÎÍ��b�¦ z¿±�ª¨��¶]�¾³¦ºc�¶«®Z�¯

>ÎÍ@� � Q�
�

Q��Q &Q�W.&&.GW
G& �� »¼º«¬ª ��� � 

�¶§
�½Zs�PJ�NJ��W ÀZ¯±�°®�²¿±¦zc¡�b�¬�� �&

�½Zs�PJ�NJ��z ��ÀZ¯±�°®�²¿±¦zc¡�b�¬�� �&�

�G� ²¿±¦zc¡�®z]°Z§�±¦�~��ÀZ¯±�� �W

�±Â°��²¿±¦zc¡�®z]°Z§�±¦�~��ÀZ¯±

�±Â°��²¿±¦zc¡�®z]°Z§�±¦�~��ÀZ¯±

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
82

.7
.1

.4
.8

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 js

tn
ar

.iu
t.a

c.
ir

 o
n 

20
24

-0
4-

24
 ]

 

                             7 / 12

https://dorl.net/dor/20.1001.1.24763594.1382.7.1.4.8
https://jstnar.iut.ac.ir/article-1-383-fa.html


ÎÐÕÏ °Z¸]���¾Â¦�Á°Z°����®d ·�¾Z����¾�À^���]Z´¯�Â�Ä±°ÂZ�§�Àº´��Â�¿º¬�

ÒÑ

�½Zs�G�� PJ�NJ���Q b]Zg� �.
b]Zg�®v�� �Q

�±¦�b�¦�©°Z^���¿Z¯±¡ ²¿¦�Ä¦z]�¼º��¶«®Z�¯�\¿¦z�
&� ÎÒ�ÐÔ��. Í�ÍÒÐÎ��Q Î�ÏÓÐ��U� Í�ÖÔ��Í�ÎÍ FP�¢°�

>ÎÎ@
&� ÎÍ�ÎÐ��. Í�ÍÔÐÔ��Q Î�ÐÎÖ��U� Í�ÖÐ��ÎÍ�ÏÍ FP ¢°�

>ÎÏ@
&� Ï�ÒÍ��. Í�ÍÐÑÒ��Q Î�ÒÕÍ��U� Í�ÕÖ��ÏÍ�ÐÍ FP�¢°�

>ÎÐ@

�%LH[SRQHQWLDO� ¾¿Z°³ Â®�¶«®Z�¯
��ÏÍ� ®®z-¾¯�ÀZÀ]�z¿±�©°º��¶]�¾¿Z°³�Â®�¶«®Z�¯

>ÎÑ@
��W.���

��
&.H�&..�

&.&
� �� 

�¶§
�½Zs�PJ�NJ��W ÀZ¯±�°®�²¿±¦zc¡�b�¬�� �&

�½Zs�PJ�NJ��z ��ÀZ¯±�°®�²¿±¦zc¡�b�¬�� �&�

�G� ²¿±¦zc¡�®z]°Z§�±¦�~��ÀZ¯±�� �W
�v�]�ÀÂv]�Â�G�� \Àczc ¶]��b]Zg� �.� Â�.�

�±¦�b�¦�©°Z^���¿Z¯±¡ ²¿¦�Ä¦z]�¼º��¶«®Z�¯�\¿¦z�
&� ÎÒ�ÐÔ��.� Í�ÍÓÎÏ��.� Í�ÍÍÐÑ��U� Í�ÖÓ�

>ÎÒ@Í�ÎÍ FP�¢°�
&� ÎÍ�ÎÐ��.� Í�ÐÏÎÒ��.� �Í�ÍÏÖÏ��U� Í�ÖÓ�

>ÎÓ@ÎÍ�ÏÍ FP�¢°�
°®�²¿±¦zc¡�b�¬��¶]�¶º]z¯�®¦v�¦ �zd¯¾d³Z� ÏÍ�ÐÍ ¢°��Ä¦z]
³±¦zº] Z¸ºº³¡�Z]�¦°�¶«®Z�¯�²¿¦�À¦ºc¾°³�¶§�b�¦�Ä¦¶³º-�¶]�½Zs
ÐÍ�ÏÍ ¢º°��Ä¦zº] ¼ººº� ¶«®Z�¯��·Â&� ²¿¦�°®��¶lÀd³�°®��®¦®
²º¿¦�Ä¦zº] ÎÑ ¶ºº«®Z�¯��²¿¦z]Z´]��b�¦�Áv¿®z.³�¦z.°· zd¯¾d³Z�

�v�Z]¾°³�\�Z´¯�¢°�

�+RUHO�IXQFWLRQ� ¾°º·��]Zc
��ÎÑ��b�¦ z¿±�©°º��¶]�¾°º·��]Zc

>ÎÔ@FWE WHD&  
�¶§

�½Zs�PJ�NJ��W� ÀZ¯±�°®�²¿±¦zc¡�b�¬�� �&
�G� ²¿±¦zc¡�®z]°Z§�±¦�~��ÀZ¯±� �W

�]Zc�ÄZ·b]Zg� �F Â�E �D
�±¦�b�¦�©°Z^���¿Z¯±¡ ²¿¦�Ä¦z]�¼º��¶«®Z�¯�\¿¦z�

D ÐÎ�ÖÍÔ��E �Í�ÍÎÖÖ��F �Í�ÔÍÍÕ��U� Í�ÖÖ�
>ÎÕ@Í�ÎÍ FP�¢°�

D ÒÖ�ÎÐ��E Í�ÍÏÒÕ��F �Î�ÑÏÕ��U� Í�ÖÕ��ÎÍ�ÏÍ FP�¢°�
>ÎÖ@

D Í�ÍÕÍ��E �Í�ÎÑÍ��F Ï�ÎÏ��U� Í�ÕÖ��ÏÍ�ÐÍ FP�¢°��
>ÏÍ@

z.¿®�©Ç®Z�¯
ÎÔ Â�ÎÑ �ÎÍ �Ò ©Ç®Zº�¯��vº� ¶ºd -�zºc�À� ¶º§ ¶ºº³º-�ÀZ°·
©¦zÀºÀ�c�n¿zº�c�Ä¦zºº] �Çº°�¯�¶§�v´d�·�Ä®°¦v³Zd�¦�©Ç®Z�¯
�º·Â&� ²º¿¦�°®��vº³Â°¾¯�°Zºº§ ¶] ½Zs�°®�Z·�§b�¡�b�¬�
zÀº� ÀºÀº�z-°�¢ºº¿z��±¦ |À³�z¿±��]¦Â° �©Ç®Z�¯�²¿¦�z]�ÁÂÈ�

�b�¦�Áv¯¡�b�®�¶]�Àº��¦°��²cºÀ³�³Â°�¶]�¾�s
Í�ÎÍ FP�¢°�U� Í�ÖÕÒ�W���������H& � 

>ÏÎ@
ÎÍ�ÏÍ FP�¢°�U� Í�ÖÖ�

W
���������& ¸̧¹

·¨̈©
§ � 

>ÏÏ@
ÏÍ�ÐÍ FP�¢°�U� Í�ÖÎ� ��W���������& � 

>ÏÐ@
±¦�Á®Z dº�¦�Zº] ²º¿±¦zc¡�¶º¿|lc�¶º«®Z�¯�²¿zd¸ºº] ²ÀÀ�c�Ä¦z]
¶^º�Zp¯�Ï ¾Âvºk ¬zºº� ¶]�Ä°Z¯¡�ÄZ·zd¯¦°Z���Ñ Zc Î ©Ç®Z�¯
Ä¦zº] Ávº� ²ºÀÀ^c�©Ç®Zº�¯�ÀZºÀ¯ ±¦��¾Âvººk ²¿¦�z]¦z] �v¿®z-
zº· ²Zº�¦ zº] Äzd¯¾d³Zº� ÎÍ�Í ¢ºº°��°®��Z·�§b�¡�¶¿|lc
±¦�vºº�]�Â��Á®º]�¶«®Z�¯�²¿zd¸]�¾°º·�¶«®Z�¯��Ä°Z¯¡�zd¯¦°Z��°Z¸#
ÏÍ�ÎÍ ¢ºº°��°®��®zºÀ-¾º¯ °¦zºº£ ¿Â®�¶^cz¯�°®�ÏÎ ¶«®Z�¯�À¡
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35=0�� ¾v¯�¾l´�¦Â�Â�¾d¬À��²°�½Zs�¦¿ °®�²¿±¦zc¡�b�¬��©¦zÀÀ�c�¾�°z]

ÒÒ

½Zs�°®�²¿±¦zc¡�¶¿|lc�©Ç®Z�¯�Ä°Z¯¡�ÄZ·zd¯¦°Z���Ï ¾Âvk
&50 () 506( 0( ¶«®Z�¯ �FP� ½Zs�¢°�
Í�ÍÓ Í�ÖÒ ÏÍ�ÕÑ Î�ÍÔ ¾Â¦�¶^cz¯�¾¿Z°³
Í�ÍÏ Í�ÖÔ ÎÔ�ÓÎ Î�ÍÎ ¾³¦ºc
Í�ÍÏ Í�ÖÓ ÎÕ�ÔÑ Î�ÍÐ ¾¿Z°³�Â® Í�ÎÍ
Í�Í Í�ÖÖ Ö�ÓÐ Í�ÒÕ ¾°º·
Í�ÍÎ Í�ÖÕ ÎÎ�ÕÑ Í�ÓÏ ÏÎ ¶«®Z�¯
Í�ÎÏ Í�ÕÑ ÑÑ�ÎÒ Ï�ÍÔ ¾Â¦�¶^cz¯�¾¿Z°³
Í�ÐÍ Í�ÔÓ ÒÑ�ÍÐ Ð�ÐÎ ¾³¦ºc
Í�ÏÔ Í�ÕÔ ÐÖ�ÑÔ Î�ÓÍ ¾¿Z°³�Â® ÎÍ�ÏÍ
Í�ÍÎ Í�ÖÕ ÎÐ�ÔÒ Í�ÔÑ ¾°º·
Í�ÍÎ Í�ÖÖ ÎÐ�ÍÑ Í�ÔÍ ÏÏ ¶«®Z�¯
Í�ÍÕ Í�ÒÍ ÐÓ�ÕÒ Î�ÎÎ ¾Â¦�¶^cz¯�¾¿Z°³
Í�ÒÐ �Í�ÏÔ ÒÕ�ÒÑ Î�ÕÐ ¾³¦ºc
� � � � ¾¿Z°³�Â® ÏÍ�ÐÍ

Í�ÑÑ ÎÏ�ÒÐ Í�ÖÑ Í�ÍÑ ¾°º·
Í�ÍÐ Í�ÖÎ ÎÒ�ÒÑ Í�ÑÖ ÏÐ ¶«®Z�¯

Ä°Zº¯¡�ÄZº·zd¯¦°Z��zº�³�±¦�ÏÏ Â�¾°ºº· ©Ç®Zºº�¯��Äzd¯¾d³Z�
zº] �Äzd¯¾d³Zºº� ÐÍ�ÏÍ ¢°��°®��v´�Z]¾¯�¦¿®|³�®·�¶]�°ZÀ�]
²Zº�¦ zº] Â��¾°ºº· ¶ºº«®Z�¯��506( Â�0( ÄZ·zd¯¦°Z��²Z�¦
°ººº� ¶] �²¿¦z]Z´]��b�¦ zd¸]�ÏÐ ¶«®Z�¯��&50 Â�() ÄZ·zd¯¦°Z�
¶�º°l¯�±¦�¶º«®Z�¯�²º¿zºd¸]�À¦ººc¾º¯ ¦°�¾°ºº· ¶º«®Zº�¯�¾º¬§
ÏÐ Â�ÏÏ �ÏÎ ©Ç®Z�¯�À¡�±¦�~��Â��b�³¦®�Áv��²ÀÀ^c�©Ç®Z�¯
¶º¿|lc�Ávº´´§�n¿zº�c�©Ç®Zº�¯�²¿zd¸ºº] Ð ª¨���v³°¦®�Äzcz]

�v·®¾¯�ÀZ�³�¦°�²¿±¦zc¡
35=0�� ¾v¯�¾l´�¦Â

Ä¦zººº] Ávº� Áv·Zº�¯�ÄZº·Á®¦®�±¦�Á®Z dº�¦�Zº] 35=0�� ¾vº¯
¾l´º�¦Â�²º¿±¦zc¡�bº�¬��¾³Zºº¨¯�Â�¾³Z¯±�©¦zÀÀ�c�Ä±Z�¶À^�
�ºº¿±ºc�\¿z��v´³Z¯ ¾¿Z·zd¯¦°Z��¾v¯�²¿¦�¾l´�¦Â�Ä¦z]��v¿®z-
��N� �º§b�¡�¶º¿|lc�b�zº� ¶ºº] ¶º]z¯�b]Zg���.G� �§b�¡

±¦�¾ºº�Z³�¶º¿|lc�b]Zºg ��.+� Äz´º· Àº³Zº£ ¶º] ¶ºº]z¯�b]Zºg
�¾-vÀº�t��Â�½Zºs ¾cZ^º�Zp¯�ÄZ·¶º¿Ç�b¯Zººt� �|À«Â°vÀ·
²º¿¦�¶ºº] ¶kºc�Z]��v¿®z-�®À�´c�Áv��Áv·Z�¯�ÄZ·Á®¦®�Z]�\�Z´d¯
Â��bº�À³ ®ºººkº¯�¶´À¯±�²¿¦�°®�±ZÀ³�®°º¯�©Z�È�¦�À¦z¿¦�°®�¶§
Ávº� ¿Zl³¦�ÄZ·°Z§�¶]�¶º]z¯�ÄZ·Á®¦®�¶]�²d�¦v³�¾�zd�®�Z]�|À³
©°º��¾v¯��9HULILFDWLRQ� vÀ¿Pc�¶lÀd³�°®��°º�§�±¦�«°Zs�°®
ÀZº�³�Ï Â�Î ÄZ·ª¨º� °®�¾vº¯ ²ºº¿¦�Ä±Z�¶À^��j¿Zd³ �b�z.³
Ávºº� Áv·Z�¯�²¿±¦zc¡�b�¬��²À.³ZÀ¯ ¶�¿Z¤¯�Z]��b�¦�Áv��Á®¦®
©Ç®Zºº�¯��&50 Â�() �506( �0( z¿®Z¤¯��Áv��¾´À]�À��Â
¿z-ºº¬À§�°®�¿z-¾º¬À¯�ÎÏ�ÔÐ Â�Ï�ÔÕ zº]¦z]�\ººÀczc ¶] �Ñ Zc�Î
ÄZº¿º- 506( Â�() �²¿¦z]Zº´] �vºº�Z]¾¯�Í�ÏÒ Â �Í�ÑÖ �½Zs
Â�0( Â�Á®ºº] §ººs�Zd^º�³�vºo °®�¾vº¯ Ä±Zºº�¶À^��¾¿Z³¦ºc
�bº�¦�Á®ºº] §ººs ¾vº¯ ¾º´À]�À��¶º§ vºº´·®¾¯�ÀZ�³�&50
¾vºº¯ |ºÀ³��ÏÖ��À¦°Zºº¨°·�Â�À¦|º¿Âzc�v´³Z¯�z.¿®�ÀZ-v´·Â&�
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ÒÓ

ÏÍ�ÐÍ FP ¢°���«�Â�ÎÍ�ÏÍ FP ¢°���§��Í�ÎÍ FP ¢°����«¦��½Zs�°®�²¿±¦zc¡�¶¿|lc�Áv´´§�n¿z�c�©Ç®Z�¯�¶�¿Z¤¯��Ð ª¨�

Â��(WKRSURSKRV� ²ºº�Âz�ººc¦�Ä±Zºº�¶À^��Ä¦z]�¦°�35=0��
zº�³�±¦�Â��v³®z]�°Z§ ¶] ¾´��½Zs�¦¿�°®��%HQWD]RQH� ÀÂ±Zd´]

�v³®°Â¡�b�® ¶] �·Â&� ²¿¦�¶]Z�¯�Ä¦¶lÀd³��¾v¯�¾¿¦°Z§

²¿±¦zc¡�b�³�ªÀ�³Zd�
°®�zº°��¶º°À³�²Zºº�¦ z]�¦°�Z·�§b�¡�b�³�ªÀ�³Zd���Õ��²Z-
Z¿�.RF��½Zs�¾«¡�²]z§�§xk�\¿z��Â��§¡�°®�bÀ«Èo��½Zs

®ººº°³�Ävº´]ÁÂz- �2UJDQLF� FDUERQ� DGVRUSWLRQ� FRHIILFLHQW
��Ð ¾Âvk�

��ÐÎ��b�¦ ¶^�Zp¯�ª]Z£�z¿±�¶�]¦°�±¦�.RF °¦v¤¯
>ÏÑ@

RF
GRF )

..  
�¶§

�v�]�ÀÂv]��§¡�Â�½Zs�²À]��§b�¡��¿±ºc�\¿z�� �.G

�±Â°��²¿±¦zc¡�®z]°Z§�±¦�~��ÀZ¯±
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35=0�� ¾v¯�¾l´�¦Â�Â�¾d¬À��²°�½Zs�¦¿ °®�²¿±¦zc¡�b�¬��©¦zÀÀ�c�¾�°z]

ÒÔ

�Õ��½Zs�°®�Z·�§b�¡�b�³�bÀ¬]Z£�z�s��Ð ¾Âvk
Äz¿x�b�³�ªÀ�³Zd� ¶�]Z�

/RJ��W�����>� ��/RJ�.RF@ ÎbÀ«Èo �W���� Îz°��¶°À³
®Z¿± t Ï�Õ � �
®§ � Î�Õ � �

®§�¾¬Às � Í Z¿ � Î Â dÎ
��ºd¯ z.¿®�b«Zo�z·

�v�Z]¾¯�zdÀ«�°®�¿z-¾¬À¯�\�o�z]�bÀ«Èo�Â�±Â°�\�o�z]�z°��¶°À³�W��� �Î

�°Z��¦��½Zs�¾«¡�²]z§�°¦v¤¯� �)RF
¶°À³��¾�°z] ®°º¯�½Zs�¾«¡�²]z§�Â�¾«¡�Á®Z¯�°¦v¤¯�²À.³ZÀ¯
Ð�Ï Â�±Â°�ÎÏ ��Í�ÒÒ ��Í�ÖÒ \ºººÀczc ¶] ²º¿±¦zc¡�.G Â�zº°�
²ºº¿±¦zc¡��b�³�ªÀ�³Zd��z�³�±¦��Ð ¾Âvk�¢^���²¿¦z]Z´]��v�Z]¾¯

�®zÀ-¾¯�°¦z£��®§�ªÀ�³Zd���ÁÂz-�°®
ÒÍ�ÑÍ Â�ÑÍ�ÐÍ ¼Zºº°�¦�°®�Ávº� ²ºÀÀ�c�bº�¬��zhº§¦vo
¿zº-º¬À§�°®�¿z-¾¬À¯ Í�ÑÔ Â�Í�ÓÔ \Àczc ¶] ½Zs�Äzd¯¾d³Z�
±¦�±Â°�ÒÔ ±¦�~ºº� |À³�½Zs�°®�Áv³Z¯¾£Z]�²¿±¦zc¡�Â��Á®º] ½Zs
vº´#zºº· ¶d^«¦��b�¦�½Zs�¿z-º¬À§�°®�¿z-¾¬À¯ Í�ÐÐ À¡�®z]°Z§

�vºº�°¾¯�|À#Z³�z�³ ¶] ½Zs�¿z-º¬À§�°®�¿z-¾¬À¯ Í�ÐÐ b�¬�
§¡�°®�²º¿±¦zc¡�±Zººl¯�b�¬��zh§¦vo�¶§�b�¦®�¶kºc�v¿Z]�¾«Â
±¦�\ºc¦z¯ ¶ºº] ¶§���Ô��Áv¿®z-�ÀZÀ]�Í�Î PJ�/�Z�Â°¦�°®�¾³vÀ¯Z�¡
�²¿¦z]Zº´]��bº�¦ zdº�À]��¿Zºº¯±¡ ²¿¦�°®�²¿±¦zc¡�b�¬��ª£¦vo
®Zºº¿±�¾]Zd�¿¦�n���¢°���¿Z¯±¡ ²¿¦�¿Zl³¦�ªp¯�°®�¶§�v´#z·
ÄZºº·§¡�¾-®ºººº«¡�zº�s�¶ºlÀd³ °®�Â��zdº¯ ÕÍ ®Âvºo��Á®ºº]
�®§�¾]Zd�¿¦�n���¢°��Z]�¾�¦°¦�°®�¾«Â��®°¦v³�®ºkÂ�¾´À¯±z¿±

�b�¦®�v·¦ºs�®ºkÂ�²¿±¦zc¡�±¦�¾�Z³�¾-®º«¡�ªÀ�³Zd�

Á®Z d�¦�®°º¯��]Z´¯
�� %RZPDQ��%��7��������0RELOLW\�DQG�SHUVLVWHQFH�RI�DODFKORU��DWUD]LQH�DQG�PHWRODFKORU�LQ�3ODLQILHOG�VDQG��DQG DWUD]LQH

DQG�LVD]RIRV�LQ�+RQH\ZRRG�VLOW�ORDP��XVLQJ�ILHOG�O\VLPHWHUV��(QYLURQ��7R[LFRO��&KHP�������������
�� %XUQVLGH�� 2��&���&��5��)HQVWHU�DQG�*��$��:LFNV��������'LVVLSDWLRQ�DQG�OHDFKLQJ�RI�PRQXURQ��VLPD]LQH��DQG�DWUD]LQH

LQ�1HEUDVND�VRLOV��:HHGV�������������
�� &DUVHO�� 5�� )��� /�� $�� 0XONH\�� 0�� 1�� /RUEHU�DQG�/��%��%DVNLQ��������7KH�3HVWLFLGH�5RRW�=RQH�0RGHO��35=0���D

SURFHGXUH�IRU�HYDOXDWLQJ�SHVWLFLGH�OHDFKLQJ�WKUHDWV�WR�JURXQG�ZDWHU��(FRORJLFDO�0RGHOLQJ�����������
�� &RKHQ�� 6��� &�� (LGHQ� DQG� 0�� 1�� /RUEHU�� ������ 0RQLWRULQJ� JURXQG�ZDWHU�IRU�SHVWLFLGHV��33�����������,Q��:��<�

*DUQHU��(G����(YDOXDWLRQ�RI�3HVWLFLGH�LQ�*URXQGZDWHU��$P��&KHP��6RF���:DVKLQJWRQ��'&�
�� 'DUUHOO�� :�� 1�� DQG� /�� (�� 1HOVRQ��������7RWDO�FDUERQ��RUJDQLF�FDUERQ��DQG�RUJDQLF�PDWWHU��33�����������,Q��'��/�

6SDUNV��(G����0HWKRGV�RI�6RLO�$QDO\VLV��666$�%RRN�6HULHV�1R�����0DGLVRQ��:,�
�� (ULFNVRQ��/��(��DQG�.��+��/HH��������'HJUDGDWLRQ�RI�DWUD]LQH�DQG�UHODWHG�V�WULD]LQHV��&ULW��5HY��(QYLURQ��&RQWURO����

�����
�� )HOGLQJ�� *��������/HDFKLQJ�RI�DWUD]LQH�DQG�KH[D]LQRQH IURP�DELHV�QRUGPDQQLDQD��VWHYHQ��VSDFK�SODQWDWLRQV��3HVWLF�

6FL��������������
�� *RVV�� '��:��������6FUHHQLQJ�SURFHGXUH�IRU�VRLOV�DQG�SHVWLFLGHV�IRU�SRWHQWLDO�ZDWHU�TXDOLW\�LPSDFWV��:HHG�7HFKQRO�

�����������
�� *XVWDIVRQ�� '�� ,�� ������*URXQGZDWHU�XELTXLW\�VFRUH��D�VLPSOH�PHWKRG�IRU�DVVHVVLQJ�SHVWLFLGH�OHDFKDELOLW\��(QYLURQ�

7R[LFRO��&KHP�������������
��� +DPDNHU�� -��:��DQG�-��0��7KRPSVRQ��������$GVRUSWLRQ��33����������,Q��&��$��,��*RULQJ�DQG�-��:��+DPDNHU��(GV���

2UJDQLF�&KHPLFDOV�LQ�WKH�(QYLURQPHQW��0DUFHO�'HNNHU��1HZ�<RUN�
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ÒÕ

��� +HOOLQJ� &�� 6�� ������ 3HVWLFLGH� PRELOLW\� LQ�VRLOV��,,��$SSOLFDWLRQV�RI�VRLO�WKLQ�OD\HU�FKURPDWRJUDSK\��6RLO�6FL��6RF�
$P��3URF��������������

��� +HOOLQJ�� &�� 6��DQG�7��-��*LVK��������3K\VLFDO�DQG�FKHPLFDO�SURFHVVHV�DIIHFWLQJ�SUHIHUHQWLDO�IORZ��,Q��7��*��*LVK�DQG
$��6KLUPRKDPPDGL���(GV����3UHIHUHQWLDO�)ORZ��3URF��6RF��$JULF��(QJ��&KLFDJR��,/�� 'HF��������

��� +HUQHU�� $�� (�� ������ 7KH� 86'$�$56� SHVWLFLGH� SURSHUWLHV GDWDEDVH�� D� FRQVHQVXV� GDWD�VHW�IRU�PRGHOHUV��:HHG
7HFKQRO�������������

��� +RUHO�� $�� (��������)LWWLQJ�FXUYHV�WR�GDWD��33���������,Q��-��+��3HUU\��(G����&KHPLFDO�%XVLQHVV�+DQGERRN��0F*UDZ�
+LOO��1HZ�<RUN�

��� +\]DN�� '�� /�� DQG� 5�� /��=LPGDKO��������5DWH�RI�GLVVLSDWLRQ�RI�PHWULEX]LQ�DQG�WKUHH�DQDORJV�LQ�VRLO��:HHG�6FL�����
������

��� .HDUQH\��3��&��DQG�7��5REHUWV��������3HVWLFLGH�5HPHGLDWLRQ�RQ�6RLOV�DQG�:DWHU��-RKQ�:LOH\�	�6RQV��1HZ�<RUN�
��� 0RQNH�� (�� -��� (�� -�� .ODGYLNR�� *�� (�� 9DQ� 6FR\RF�� 0�� $�� 0DUWLQH]� DQG� 5�� /��+DXIIPDQ��������0RYHPHQW�RI

SHVWLFLGHV� DQG� QXWULHQWV� LQ�GUDLQDJH�ZDWHU��3URF����WK�,QWHUQDWLRQDO�&RQJ��$JULF��(QJ���'XEOLQ��,UHODQG���������
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