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±ºÀ�Yz^À«Z§�¹ ¾l´�Y¹�Z·�½zÀ-�µ{Yv³Y½uv��½Z¸«v¯�
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b�Y�uºkº¯�¹ ±Yz¿Y�yu�ª¿º��ªoYº��uºk¹�¶]�¶kºc�Z]
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yYvÀ«�/LGDU�yZ³º�� ¹�6RQDU�v�� �Yv]Y��
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yZ¸#�{Y�zd°)�Z·�µyYº·Z¯�²À«¹Y�[Zcz��{Y�¹ b�Y�½v¿vk
uyx-�¾¯�¶·u�¢°��iYztd�Y�¶´À¯{�yu�aZ¤À¤pc�²À«¹Y

©Z�� ¶]� ½Y� µyYº·Z¯� ½Z·� µuYu� {YæîìæZ�Z³� yu�Ð

uuz-�¾¯�z]��Z¿�-XSS�������º·Zc�`#Z¿yu�¢°��Ñ

uz)�¾�yz]� Yy�Z*¿z¯M�yu�½Y�µyYº·Z¯�¾]Z¿Z�y%�j¿Zd³�½¹
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z]�¹Y¾�Z�Y�¶À�z��¶�z¿{�mz��¶]uº]�¾´d^¯��

�«Y�b�Y�¢°��{Y�¾¿Z°³�¾�]Zc�yº³�[Zc{Z]�±Y|À¯�
[�±Z�¨¿� ¶�«Z�¯� uyº¯� ¶¤�´¯� Z°c� yu�[M�bÀ À§
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b�Y�b]Zg�¶�«Z�¯�

©Z�� yu�çååæºÀ«� ¹ z°¿Z�¬¯�
�0HOVKLHPHU� DQG� /LHZ�� �����yu� ½yv´]�

�Yz�YaZ��Y� _yYº·Z¯� z¿¹Z�c� {Y� µuZ d�Y� Z]� Yy�½|«Z¯
v³uz)� ¾�yz]�½¹Z�¯Z³� _{Z]� b�·� yu� Yy� ¢°�� Z¸³M

u{�²À°tc�Zc�©¹Y� _{Z]�j´�ê(¿�½Z·�Z-� yu�½zd¯�
Zc�¹u�_{Z]�¶��¹ ½zd¯çê½Z·�Z-�yu�½zd¯�ê½zd¯�
v³uº]�µv��½v´]�®À�¤c�

µyYº·Z¯�½Z·� µuYu� {Y�¢°��iYztd�Y�½Yz]�¾¬)� yº��¶]
YuyYu� uºk¹� �¹y� ¹u� ½�½zâ- b^�³� ©¹Y� �¹y

¾ À�ÓyM�Z¿�[Zc{Z]�©Z¤d³Y�©v¯�¹u��¹y�¹�¾c�YÔZ³�
uyYu�¾�È�Y�¶)�¾d«Zo�½Yz]�¾ À��½v´]�b^�³��¹y

zd¸]��b�À³�b�u�yu�z¿º�c�b^g�±Z¯{�½ºk��¿Yz��{Y
b�Y�Z.³|À«� yZ]�²Àd�t³� Yy�¾ À��½v´]�b^�³��¹y

�/\]HQJD�������uº°³�¶WYyY���¯½¹�½uZ¸´�À��`«uZ
ayº�� ¶]� ¢°�� `^�Zp¯� ½Yz]

�
����ORJ� [D[DD] �� uº]��¶«uZ�¯� ²¿Y� yu

��� �� DDD¹ µv�� �{Yz]� \¿Yz��]�¹ ¢°��
������
�����ORJ� QP5

QP5[  b�Y��5¾¯º£y�uv��uZ°³�
b�Y�¾ À��v³Z]�¾�� ¹ 'yÈ)�&ODUN� DQG�)D\��

�����¯ �¹y�yu�[M�bÀ À)�±uYu�b«Zsu� Z]�¾¸]Z�
v³uYu� ¶WYyY� aÇuZ�¯�¶¯¹zk� ¹ ZcZ)º]� aZ¤À¤pc� j¿Zd³

� 'HSWK�RI�3HQHWUDWLRQ
� 6SHFWUDO�5DWLRLQJ
� 5DGLDWLYH�7UDQVIHU�0RGHO��570

�%XNDWD� DQG� -HURPH�� �����v´#� {Y� µuZ d�Y�
uYu�¾¯�±Z�³�Yy�¢°��`«uZ�¯�yu��À��±Z�¿Y�`«uZ�¯�yu

QQ [D[DD] ��� �������]�¹ ¢°���DZc�QD
¹ µv���{Yz]�\¿Yz��[Zc�Q[{Y�~��¾¯º£y�uYv�Y�

v´d�·�aZpÀp�c�
ºWYy� ¹ ²#�&KHQ�DQG�5DX�������v³uYu�±Z�³�

b°À£�±Y{yY�aZ�È�Y�{Y�µuZ d�Y�Z]�±Yºc�¾¯�¶³º.#�¶§
�s�aYzÀÀ�c� µºp³���§� ¹ ¾]Z¿� v³¹y� ¶]�½Y� µyYº·Z¯

b¿z¿v¯� ¹ ¾¬oZ�¹ y|k� ¶¤�´¯� yu�ªoYº�� ¶d�ºÀ��
bsYuz�� ½v¯�±YyZ¨°·� ¹ ¾«�/L�� 5��� HW� DO���

�����b�v´«� z]� µ¹È���/DQGVDW�z¿¹Z�c� {Y�
}º³º*¿M�_yYº·Z¯�,.2126�aYzÀÀ�c�¾�yz]�½Yz]�

uz§�µuZ d�Y�v¯�¹ y|k�zgY�z]�¾¬oZ���s�
iYztd�Y� ½Yz]� ¾¯Yv£Y� yº�§� ªsYu� yu� ±º´§� Zc

z-¹yvÀ·� ½Z·� ¶�¤³½Y� µyYº·Z¯� z¿¹Z�c� ½¹y� {Y� ¾�Y
b�Y� ¶d�z.³�ayº��²¿Y� yu�b�Y�¾¯Z-� ¢À¤pc� ²¿Y

Zd�Yy�
Z·�µuYu

yu�¶§�b��v´«�µyYº·Z¯�z¿º�c�{Y� �¢À¤pc�²¿Y�yu
©Z�çååæ�µv�� ¶À¸c� |�� ¹ yZ¸]Z#�jÀ¬s� ¶¤�´¯� {Y�

uuz-�¾¯�µuZ d�Y���ª¨�æ�
ª¨�æ�b�v´«�µyYº·Z¯�z¿º�c�

¶�¤³� iYztd�Y� yº�´¯� ¶]{Y� ½Y� µzl´�� �¾�Yz-¹yvÀ·
¶�Z¯u�µv³zÀ-�z]�yu�¶§�yZ¸]Z#�jÀ¬s�¾]z��[º´k��t]

|��|�� jÀ¬s� ¹ jÀ¬s� ²¿Y� ²À]Z¯� ¶¤�´¯�{Y�b�Y
uuz-�¾¯�¶À¸c�¾¬�Y�z¿º�c�ª¨��yu�z�³�uyº¯�¶¤�´¯

çb�Y�µv��µuYu�±Z�³��

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
57

60
8.

13
83

.1
.1

.7
.7

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

ar
in

e-
en

g.
ir

 o
n 

20
25

-0
7-

06
 ]

 

                               3 / 8

https://dor.isc.ac/dor/20.1001.1.17357608.1383.1.1.7.7
https://marine-eng.ir/article-1-7-en.html


©¹Y�©Z��©¹Y�µyZ°��±Zd�]ZcÎÐÕÐ

Zºº¿yu�¾º�vºº´¸¯�¶¿z�³
±Yz¿Y�¾¿Z¿yu�¾�v´¸¯�²°l³Y

ª*�ç�¶�«Z�¯�b¸k�µv��¶À¸c�µzl´��

�{Yuz�� z¿¹Z�c�±uº°³� µz^À«Z§� yº�´¯� ¶]yu� ¶§� µv��
uºk¹��v��v·Yºs�fp]�Z¸³M�uyº¯�yu�½v�]�½Z·��t]

b�Y� ½y¹z��[M� ¢°�� ¾¬p¯� ½Z·� ½zÀ-� µ{Yv³Y�¶]
yYz£�½zÀ-�µ{Yv³Y�uyº¯�¾�Z¤³�yu�[M�¢°���ªÀ«u�²À°·

b�z-�ª¨��yu�Yy��Z¤³�²¿Y�¾^¿z¤c�ªp¯èvÀ´À^]��

ª*�è�µv��½zÀ-�µ{Yv³Y��Z¤³�¾^¿z¤c�±Z*¯��

v·Z�¯�¶§�¶³º.³Z°·½¹y�z]�¾«zd´§��Z¤³� �uuz-�¾¯� µ
v³Y� µv�� [Ztd³Y� ªoZ�� z]� uº°�� ½Z·zÀ�¯�²¿Y� ¶]

¡Z°�Y� yu� {ZÀ³� uyº¯��Z¤³� uYv�c�²À¯Zc�²°�� �\Àczc
ª§�uYv�c�¹ |À·z��uyº¯�¾]�½Z·�½zÀ-�µ{Yv³Y�{Y���¬dt¯

b�Y�µv��¶´À¸]�Z·�½zÀ-�µ{Yv³Y�½Z·�b�Yuz][M�¢°�
¾«zd´§��Z¤³�yur¿yZc�yuçì�æ�æèíç{Y�v�]�Zc�n^��{Y
v��Zl³Y�z¸��

µZ.d�u� {Y� µuZ d�Y� Z]� �Z¤³� ¾]ZÀ³Z¨¯[ZÀ³Z*¯¾d�u�
³HWUH[´b§z��©º�p¯�³JDUPLQ´v��Zl³Y��b£u

µZ.d�u�²¿Yµv¯M�±M�½Z°´·Yy�¶#zd�u�yu�¶)�¶$³M�¢^�
b�Yæçb�Y�aº���µZ.d�u���ºc�¢°��½zÀ-�µ{Yv³Y

©v¯� yv³Z�º§Y³+RQGH[� +(����,,´©º�p¯�

b§z�³+RQGD´b�z-�ayº���²¿Y�b£uj´��¢°�Õ

vo� yuæ�åb�Y� zd¯��{Y�[ZÀ³Z*¯�±uz)� µz^À«Z)�½Yz]�
º¬�¯�aZ�dt¯�Z]�¶�¤³�²¿v´#Ö±uz)�µz^À«Z)�½Yz]�¹

®·�¹ Z¿yu�yu�®·�º¬�¯�¢°��Z]�¶�¤³�v´#�{Y�j´��¢°�
v¿uz-� µuZ d�Y�²¿zÀ��[M� yu�aZ�È�Y½zÀ-� µ{Yv³Y

µv�¾«¹Yvk�yuZ�¯¶]©¹vkæ^gv¿uz-�b�

©¹vkæ�¾¿Z¿yu�½Z¸¿zÀ-�µ{Yv³Y�yu�µv��b^g��Z¤³�¶³º°³
©º�

¾¿ZÀ�Yz�k
¢À£u
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µv�
@>P
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¢À£u
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ååê�ëå�æè íææ�çê�æí è�æå í�åå

uYv�cµv��b^g��Z¤³æåív�Z]�¾¯�¶�¤³��

½v¯� ¹ y|k� nÀp�c� v¿Z]� µv�� b^g� ½Z¸¤°�� ½¹y
uzÀ-�ayº��{Y�v�]� Zc�n^�� {Y�¢°��½zÀ-�µ{Yv³Y� Yz¿{�

±Z¯{�²¿Y�©º��yu�¹ vÀ�§�©º��z¸�{YzcjÀ¬s�yu�[M�
zÀÀ�c¾¯uz§�¹ y|k�¾�£Y¹�½Z·�¶ «º¯�{Y�µuZ d�Y�v��

uuz-�¾¯�j¿Zd³�b£u��·Z§�\kº¯�¾¯ºl³�v¯�²¿Y�yu
�¢À¤pcyY|�Y�z³�{Y�µuZ d�Y� Z]�½v¯�¹ y|k�aZpÀp�c

�¯Z)v¿ZcÎÍb§z��©º�p¯�²À«º.³Z��ÎÎb�z¿x��ayº���
¶]�b^�³�¢°��uYv�Y¢°��¾¬¬°«Y�²À]�½Z´^¯ÎÏnÀp�c

v��yYuº°³�µuZ d�Y� uyº¯�½v¯� ¹ y|k�aYzÀÀ�c½Yz]�
nÀp�ccz{Y[MYyyuª*�évÀ´§�µv·Z�¯�
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½Z·�µuYu�{Y�µuZ d�Y�Z]�¾�Yz-¹yvÀ·�¶�¤³�iYztd�Y�����

©¹Y�©Z��©¹Y�µyZ°��±Zd�]ZcÎÐÕÐÕÎ

¾º�vºº´¸¯�¶¿z�³Zºº¿yu

ª*�é�Yuº°³�yµv��µuZ d�Yb¸knÀp�c½v¯�¹ y|k�
�7LGH�&KDUW��{¹y�½Yz]�çì�æ��æèíç

z¿¹Z�c��{Yuz��v³¹y�
¢À¤pc� ²¿Y� yu� ¶§� ¾�¹y�b�Y� µv�� ¶WYyY�
\¬d¯�½Z·yY|�Y�z³� Z]�z¿¹Z�c��{Yuz�ÎÐ�0DWODE��¹

}YuyYÎÑ�(5'$6�½Y¹��yM�z�¯ÎÒ�(5��0DSSHU��
b�Y�¹ (¿zd¯º¿uYy�nÀp�c� �¾�v´·�nÀp�c� {Y�~�

uº��0¯�¶À¸c�¾�Yz-¹yvÀ·�`�¤³��Z¸À*�s��xo�
�¿{ºc� ¹ �{Yuz�� �b�Z¿yu� ` À�¹� z�Zo� ©Zo� yu
|§z¯� _v¸�� z]�±Yz¿Y� yu�½Y�µyYº·Z¯� z¿¹Z�c� ¹ aZ�È�Y

b�Y�±Yz¿Y�y¹u�{Y��l´��ºÀ�yM�yº¯Y�¾«ºd¯�|§z¯�²¿Y
¶§� ¾cZ�È�Y� `À¬§� ¹ b�Y� ½Y�µyYº·Z¯� aZ�È�Y� ¾¬¯

µv��½yYv¿zs� Z¿�b�Z¿yu�±º´§Zc|§z¯�²¿Y� ºÀ�yM� yu�
±Z-v´´§�µuZ d�Y�yZÀdsY�yu� {ZÀ³�\�o�z]�¹ �½yYv¸.³

uº��¾¯�µuYu�yYz£�

yY|�Y�z³�yu�z¿¹Z�c�±v³Yºs�ÎÓ

Z-� ²À«¹Yª¿v^cz�� ¶]� z¿¹Z�c� ±uz§�
½Y�yM�}YÎÔb�Y�uº��¾¯�Zl³Y�ªÀ«u�²¿Y�¶]�yZ§�²¿Y

yY|�Y�z³� yu� �{Yuz�� bÀ¬]Z£� z¿¹Z�c� ¶§½Y�yM�z�¯
�(5�0DSSHU�v´�Z]�¶d�Yu�Yy��

�� 0DWODE���������� 5HOHDVH�����
�� (5'$6������
�� (5�0DSSHU����
�� LPSRUW
�� HUV

(¿zd¯º¿uYy�nÀp�c
yY|�Y�z³� {Y�¦¿zd¯º¿uYy�nÀp�c�½Yz]}YuyY�

�(5'$6�µuZ d�Y¾¯�ºu�z-Y½Z¸�Z�d�Y�
] ¾¤�Y�z¿º�c�yu� >È¯Z§�½yº�´��Z¶]�Z¸³M�zgY��xo�v´

Zl³Y�yY|�Y�z³���ºc�¾doYy¾¯�ºu�yY|�Y�z³�²¿Y�yu
yº�´¯�²À°·�¶]�©Y¹y�¦¿ÎÕºk¹�uyYu�u�¶)�¾cyº��yu

] [yº¯�½yº�´���Z�d�Y��º�s�Z²¿Y�v´yuz]yZ§�©Y¹
Yv³uy��xo� ½Yz][yº¯� �Z�d�Y� �º�s�¹y� {Y�

�¿z��¶¿yº��ª¿v^cÎÖv��µuZ d�Y�

¾�v´·�nÀp�c�
¶]� b^�³� ¶¤�´¯� {Y� yº^�� Z.´·� µyYº·Z¯
z¿º�c�ªÀ«u�²À°·�¶]�¹ b�Y�¶d�Yu�¶¿¹Y{�yZ¸´«Y���³

p�c� ¹ �sz#� ¶]�iZÀdoYuyYu� ¶¿¹Y{�nÀ�¶]�¾�z�� {Y
z.�o�v¿u�{Y�¶)�¾�Z¤³�z¿º�c��²À¯{�±uº]�½¹z)�b¬�
b^g�¾-v���°k�¾�º³�Z]��v³Y�¶d�Yu�yYz£�Z·�¶�º-�yu

b�Y� µv��¶�¤³�½¹y�¾�Z¤³� �¾�v´·� nÀp�c�½Yz]
b]Zg� {Y� ¶)� uº��¾¯� ¶d�z-� z�³� yu� z¿º�c� ¹ ½x�Z)

®¿yYu� ±Z´À°�Y� ±M� ±uº]�©zd´)� �Z¤³� ��Z¤³� ²¿Y
´À¯{¾ÏÍv³º��¾¯� µvÀ¯Z³��¾¿ZÀ�Yz�k�aZ�dt¯�~��

uuz-� ¾¯� uyY¹� yY|�Y� z³� yu� z�Z´d¯� �Z¤³�nÀp�c
½Y� yY|�Y�z³���ºc�¾�v´·�yM�z�¯�(5�0DSSHU�

uº��¾¯�Zl³Y�

½ºk�nÀp�c�(¿z �°cY�
½¹y�yZ^��¹ uz-�¹ b]º�y�v´³Z¯�½ºk�ª¯Yº�
\¿z��yu�zÀÀ�c�¹ v³yYx-�¾¯�zÀgZc�ºk�¾·uyx-�\¿z�

¾·uyx-µyYº·Z¯�yu�µv��b^g�z¿º�c�½¹y�>Z°À¤d�¯�ºk�
uyYx-�¾¯�zgY�±Z�*¿�½ºk��¿Yz��yu�¶¤�´¯�(¿�{Y�z-Y

Z·z¿º�c�¾¯º£y� uYv�Y�Yz-ºd�À·� �uº��½yYuz]� z¿º�c
²¿Y� ayº�� ²¿Y� zÀ�� yu� ¹ ±Z�*¿� v³Z]� z·� yu

uº]� v´·Yºs� a¹Z d¯� Z¸¯Yz-ºd�À·��¿Yz�� ²d�³Yu� Z]
¯Y�½ºk�nÀp�c�z¿º�c�b^g�±Z¯{�½ºkb�Y�z¿x�³Z*�

��Z³�¶]�'HVWULSH�70�GDWD�
�� IIW�)DVW�)RXULHU�7UDQVIRUP
�� *&3�*URXQG�&RQWURO�3RLQWV

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
57

60
8.

13
83

.1
.1

.7
.7

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

ar
in

e-
en

g.
ir

 o
n 

20
25

-0
7-

06
 ]

 

                               5 / 8

https://dor.isc.ac/dor/20.1001.1.17357608.1383.1.1.7.7
https://marine-eng.ir/article-1-7-en.html


©¹Y�©Z��©¹Y�µyZ°��±Zd�]ZcÎÐÕÐ

Zºº¿yu�¾º�vºº´¸¯�¶¿z�³
±Yz¿Y�¾¿Z¿yu�¾�v´¸¯�²°l³Y

¶§�½Y�µyYº·Z¯�z¿¹Z�c��{Yuz��½Yz]�¡º��ªoYz¯�Zl³Y
�v³zÀ-�¾¯�yYz£�µuZ d�Y�uyº¯��¬dt¯�½Z·�uz]yZ§�½Yz]

b�Y�½y¹z��½Y�µyYº·Z¯�z¿¹Z�c�{Y�µuZ d�Y�½Yz]�²¨À«¹
��Zs� yº�� ¶]�bÀ«Z��� ¶�� Zl³Y�¾�Yz-¹yvÀ·� z¯Y� yu

b�Y�±Y¹Yz��bÀ°·Y�|WZo�¹ ®¸¯�yZ^��bÀ«Z���¶��²¿Ya
¹ �Àt�c� �Z·�¾¨�s��xo� ¹ �Àt�c� �{Y� v´d�·
®·��º�s�®�y�¹ z.¿v¨¿�{Y��¬dt¯�½Z·�¢°��¦À¨ c

¢°��½Z·� ¶�¤³� iYztd�Y� ±Z¨¯Y� �z.¿u� ayZ^�� ¶]
�bÀ¬]Z£� ¶]� ½Y� µyYº·Z¯� z¿¹Z�c� ½¹y� {Y� ¾�Yz-¹yvÀ·

uyYu�¾.d�]�bÀ«Z���¶��²¿Y�Zl³Y�bÀ À§�¹ ¾WZ³Yºc�
º��¶]�bÀ«Z���¶��²¿Y��¢À¤pc�²¿Y�yuuyº¯�yu�¶³º°³�ay

b�� v´«� µyYº·Z¯� z¿º�c� {Y� µv�� ¶À¸c� µzl´��yu� ¶§�
ª¨�çuuz-�¾¯�YzkY��b�Y�µv��µuYu�±Z�³��

{Y�Z¸À¨�s��xoz¿¹Z�c
yu� |^��v³Z]�¶]�b^�³�¾Wz¯��À�� |¯z£�v³Z]

°§�¾¬Às�[Mzdv´§�¾¯�wº ³���\¬�¯�²¿Y�{Y�µuZ d�Y�Z]
�Z¤³�¶§�b�z-�¶lÀd³�²À´#�±Yºc�¾¯yYv¤¯�¶§�¾uv�

Ê¾¯º£yÏÎ|¯z£� v³Z]Z¸³M� yuzd�À]{Y�¾¯º£y� uv�v³Z]�
�b�Y� |^��z�¯�v´d�·�¾¨�s���²¿Yz]Z´]�Àt�c�

Z]�±Yºc�¾¯� Yy�¾]M��Àp¯� {Y� Z¸³M�¦À¨ c� ¹ Z·�¾¨�s
aZ³Z¨¯Y�{Y�½zÀ-�µz¸]�Z]�¹ ¡º��yu�yº§x¯��Z¤³�¦À¨ c

½Y�yY|�Y�z³�yM�z�¯�(5�0DSSHU�uYu�Zl³Y��
¾¨�s��Àt�c� �ª°�� yu�Àp¯�{Y� Z¸³M�¦À¨ c�¹ Z·

v�Z]�¾¯�µYz°·�¾cÈ¨�¯� Z]�¹ µuº^³�µuZ��±Yv´#�¾]M�
�¶¬�Zo�j¿Zd³� ¹ aZÀ¬°��¢À£vc� ¹ Zl³Y� yº�´¯�¶]� �Yx«
b�Yuz]�Zl³Y� �¾«zd´§��Z¤³�²ÀÀ�c� Z]� Zc�b�Y�½y¹z�
z¿º�c�½¹y� z]� Z¸³M�¢À£u�ªp¯�²ÀÀ�c� ¹ ¾¬p¯�½Z·

£y�uYv�Y�±uº°³�µz^À«Z§�¶]�b^�³�½Y�µyYº·Z¯Yv£Y�¾¯º
uº°³�uZ�]Y �z¿¹Z�c�b£u� ¶]�j¿Zd³�b£u�b�Y�¾¸¿v]

uyYu�¾.d�]�¾¬p¯�½Z·�½zÀ-�µ{Yv³Y�b£u�¹ Z·�ª�¨À��

j¿Zd³�
¾¤°��aZ�È�Y�¶]�¾¯º£y�uYv�Y�ª¿v^c�

\�o� z]�¢°��¾�yz]¾¯º£y� uYv�Yv³Z]� ¶�� yu�

�� '1�'LJLWDO�1XPEHU

uzÀ-�¾¯�ayº��¾Wz¯�¢°�� ¶§�¾�Z¤³�½Yz]�²¿Yz]Z´]
v��½zÀ-�µ{Yv³Y�Z¸³Mb�¿Z]�¾¯�µ¾¯º£y�uYv�Yv³Z]�¶��yu�

uuz-� b^g� ¾Wz¯�yY|�Y�z³� ��ºc� yZ§� ²¿Y
(5�0DSSHU½Yz]�¹ b�z-�ayº��æåíb^g�`�¤³�

µv�¾¯º£y� uYv�Yv¿uz-�b^g��ªÀ«u� ¶]��Z¤³� {Y�¾¨¿
v���xo�b�À«�{Y�yZ¨�M�½Z�s¹aZ^�Zp¯�}Z�Y�z]�

æåì�Y�¶d�z-�Zl³Y�¶�¤³�ººb�d�^°·��~��²À]�¾.
b^g�¾¤°��½Z·� µuYu� Z]�¶³Z-Yvk�v³Z]�z·�¾¯º£y� uYv�Y
¶§� Yy�½Y�¶´À¸]�¶«uZ�¯�¹ ¶d�z-�yYz£�¾�yz]�uyº¯�µv�
¾�£Y¹�¢°�� ¹ ¾¯º£y� uYv�Y�²À]� ¶�]Yy�²¿zd¸]��z�¯

v¿uz-���§� �b�Y�ª¨�ê¾.d�^°·�¶³º°³� yº��¶]�
¶�]Yy� ¦¿� }Z�Y� z]� µv�� ¶^�Zp¯� ½Z·� ¢°�� ²À]

³Y� ½Z·� ¢°�� ¹ ¾°d¿yZ.«±Z�³� Yy� µv�� ½zÀ-� µ{Yv
v·u�¾¯�

ª¨�ê���ºc�µv��¶^�Zp¯�¢°��²À]�¾.d�^°·�yYuº°³�
/Q[ED\ u� ¹u�v³Z]�½Yz]�¾�£Y¹�¢°��¹

µv�� ¶WYyY� ¾.d�^°·�\¿z�}Z�Y� z]� ª¨�� ²¿Y� yu
²�zÀ��¾.d�^°·�\¿z�ÏÏp¯�Z�Y� µv��¶^b¶§¶]

ayº�¶«uZ�¯�æ�¾¯��¿z�cuuz-�
�æ�
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\\[[
\\[[U

±M�yu�¶§[\�z.³ZÀ]�\Àczc�¶]²À.³ZÀ¯[��¹ Z·�\Z·
v´d�·�

}Z�Y�z]��¬dt¯��Z¤³�¢°���¶´À¸]�¶«uZ�¯�²ÀÀ�c�{Y�~�
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½Z·�µuYu�{Y�µuZ d�Y�Z]�¾�Yz-¹yvÀ·�¶�¤³�iYztd�Y�����

©¹Y�©Z��©¹Y�µyZ°��±Zd�]ZcÎÐÕÐÕÐ

¾º�vºº´¸¯�¶¿z�³Zºº¿yu

¢°��®·��º�s�®�y�
±v�� µv¿u� zd¸]� ¶]� ¢°�� ®·� �º�s� ®�y

v´)�¾¯�¾³Z¿Z��(°)�¢°��½Z·� ¶�¤³�®�y� {Y�ª^£
¶)�¾¿Z¸¤¿Z£�v´³Z¯�¶d�YºsZ³�½Z·�¶*«��¢°��®·��º�s
�xo�v¿Z]�z¿º�c�{Y� �v³Y�µuº]�[M�yu�z¿º�c�b^g�±Z¯{

v³º��{Y�¶d�YºsZ³�½Z·�¶*«��xo�½Yz]�¢À¤pc�²¿Y�yu
²¿v¯� zd¬À��PHGLDQ��\¬d¯� yY|�Y�z³��0DWODE�

b�Y� µv�� µuZºººººº d�Y��º�s�®�y�½Yz]�²À´l°·
\¬d¯� yY|�Y� z³� �Àp¯� yu� ½Y� ¶¯Z³z]� �¢°�� ®·

�0DWODE�b�Y�¶d�z-�yYz£�µuZ d�Y�uyº¯�¹ ¶d�º³��

¢°��®·��º�s�¶]�z�Z´d¯�¢°��±uYu�b^�³�
®·� �º�s� ¶]� z�Z´d¯� ¢°�� ±uYu� b^�³� ½Yz]

Ç ¢°�¶�«Z�¯� uyº¯� `¤�´¯� {Y�¾�Z¤³� ¢°��b�Y� {
�¾«zd´)��Z¤³�v�Z]� º¬�¯�¶ÀoZ³� yu� �yº�´¯�²¿Y� ¶]

�s� z]� uº°�� uYvd¯Y� yu� ¹ ¶�«Z�¯� uyº¯� ¶¤�´¯�¾£z�
v¿uz-�¾]Z¿�¢°��aZÀ¬°��Zl³Y�¶]�Yv£Y�¾¬oZ��²¿Y�yu

¢°�� �aZÀ¬°�æåí{Y� µuZ d�Y� Z]�¶�¤³�µZ.d�u� ¹ j´«
À-�µ{Yv³Y�uyº¯�yv³Z�º§Yyu�±M�mz��¶§�b�z-�yYz£�½z

b�Y� µv�� ¶WYyY� Z·� µuYu��t]��Z¤³� ²¿Y� {Y� �~��
Z]�¹ nÀp��¾·u�b^�³�¹ ±uº°³�µz^À«Z§�½Yz]�¾«zd´§
µv��µuZ d�Y�¢°��®·��º�s�¶]�zÀ�³�½Z·�¢°��b£u

b�Y�
½zcºÀ�¯Z§�¶¯Z³z]�{Y�½zÀ-�µz¸]�¹ ¡º��ªoYz¯�Zl³Y� Z]
�y� b¸k� \¬d¯� yY|�Y� z³� �Àp¯� yu� µv�� ¶d�º³®
uyº¯� ¶¤�´¯� ¾�Yz-¹yvÀ·� ¶�¤³� �¢°�� ®·� �º�s

ª*��yu�¹ ¶À¸c�¶�«Z�¯ëb�Y�µv��¶WYyY��

ª¨��¶�¿Z¤¯ç¹ë¹ ª¨��¹u�\�Z´¯�¢À^�c�z.³ZÀ]�
¢À¤pc�²¿Y� yu� µv�� Zl³Y�±ºÀ�Yz^À«Z§�aZÀ¬°��b£u

¾¬oZ�� �s�¦À¨ c� ¹ ¾WZ�Z´��b¸k�¢°���s
z ��¾¨�s�{z¯�±Yº´��¶]b�Y�[M�¹�

¶¯Z³z]� ¾WYyZ§� �²À´$°·0DWODE²¿Y� yu� µv�� ¶À¸c�
aZ�È�Y�}Z�Y�z]�¢°��®·��º�s�®�y�yu�|À³�¢À¤pc

ª¨��yu�¾¯º£y�uYv�Y�µv��µz^À«Z§ë¾¯�µv·Z�¯�uuz-�

Z·uZ¸´�À��¹ ½v´]��°k
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©¹Y�©Z��©¹Y�µyZ°��±Zd�]ZcÎÐÕÐ

Zºº¿yu�¾º�vºº´¸¯�¶¿z�³
±Yz¿Y�¾¿Z¿yu�¾�v´¸¯�²°l³Y

�]Z´¯
�� %XNDWD��5��3��DQG�-HURPH��-��+����������³2SWLFDO�SURSHUWLHV�DQG�UHPRWH�VHQVLQJRI� LQODQG�DQG�FRDVWDO�
ZDWHUV´��%RFD�5DWLQ��&5&�3UHVV�

�� &KHQ��/��&��DQG�5DX��-��<����������³'HWHFWLRQ�RI�VKRUHOLQH�FKDQJH�IRU�WLGHODQG�DUHD�XVLQJ�PXOWL�
WHPSRUDO�VDWHOOLWH�LPDJHV´��,QWHUQDWLRQDO�-RXUQDO�RI�5HPRWH�6HQVLQJ��9RO������1R����������������

�� &ODUN��5��.��DQG�)D\��7��+����������³%DWK\PHWU\�FDOFXODWLRQV�ZLWK�/DQGVDW���70�LPDJHU\�XQGHU�D�
JHQHUDOL]HG�UDWLR�DVVXPSWLRQ´��$SSOLHG�2SWLFV�������������������

�� )RVWHU��%��&����������³'HULYDWLRQ�RI�DWPRVSKHULF�FRUUHFWLRQ�SURFHGXUHV�IRU�/DQGVDW�066�ZLWK�
SDUWLFXODU�UHIOHFWDQFH�WR�XUEDQ�GDWD´��,QWHUQDWLRQDO�MRXUQDO�RI�5HPRWH�6HQVLQJ����������������

�� ,EUDKLP��0���6HHQL��0���6DPVXGLQ��$��DQG�<HP��0���������´%DWK\PHWU\�LQ�FOHDU�ZDWHUV�IURP�/DQGVDW�
��6DWHOOLWH�'DWD´��$&56�3URFHHGLQJV��&HQWHU�5HPRWH�6HQVLQJ��)DFXOW\�RI�6XUYH\LQJ��8QLY��RI�
7HFKQRORJ\��0DOD\VLD�

�� -XSS��'��/����������³%DFNJURXQG�DQG�H[WHQVLRQV�WR�GHSWK�RI�SHQHWUDWLRQ��'23��PDSSLQJ�LQ�VKDOORZ�
FRDVWDO�ZDWHUV´��6\PSRVLXP�RQ�5HPRWH�6HQVLQJ�RI�&RDVWDO�]RQH��*ROG�&RDVW��4XHHQV�ODQG��VHVVLRQ����
SDSHU���

�� /L��5���0D��5��DQG�'L��.����������³'LJLWDO�7LGH�&RRUGLQDWHG�6KRUHOLQH´��-RXUQDO�RI�0DULQH�*HRGHV\��
9RO������1R�������SS��������������

�� /\]HQJD��'��5����������³5HPRWH�6HQVLQJ�RI�ERWWRP�UHIOHFWDQFH�DQG�ZDWHU�DWWHQXDWLRQ�SDUDPHWHUV�LQ�
VKDOORZ�ZDWHU��XVLQJ�DLUFUDIW�DQG�/DQGVDW�GDWD´��,QWHUQDWLRQDO�-RXUQDO�RI�5HPRWH�6HQVLQJ�������������

�� 0DUNKDP��%��/��DQG�%DUNHU��-��/����������³/DQGVDW�066�DQG�70�SRVW�FDOLEUDWLRQ�G\QDPLF�UDQJHV�
H[RDWPRVSKHULF�UHIOHFWDQFH�DQG�VDWHOOLWH�WHPSHUDWXUHV´��/DQGVDW�WHFKQLFDO�QRWHV��(26DW��/DQGVDW�
0DU\ODQG��$XJXVW������

��� 0HOVKLHPHU��&��DQG�/LHZ��&�6����������³([WUDFWLQJ�%DWK\PHWU\�IURP�0XOWL�WHPSRUDO�6327�LPDJHV´��
3DSHU�SUHVHQWHG�DW�WKH���QG $VLDQ�&RQIHUHQFH�RQ�5HPRWH�6HQVLQJ��6LQJDSRUH����± ��1RYHPEHU������

��� 6WXIIOH��/��'����������³%DWK\PHWU\�)URP�+\SHUVSHFWUDO�,PDJHU\´��7KHVLV�LQ�8QLYHUVLW\�RI�$UL]RQD�
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