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$EVWUDFW
7KH�PRWLRQ�RI�IOXLGV�ZLWKLQ�SDUWLDOO\�ILOOHG�FRQWDLQHUV�KDV�EHHQ�WKH�VXEMHFW�RI�PXFK�VWXG\�E\�VFLHQWLVWV�

DQG� HQJLQHHUV� GXH�� LQ� ODUJH� SDUW�� WR� LWV� LPSRUWDQFH� LQ� PDQ\� SUDFWLFDO� DSSOLFDWLRQV�� )RU� H[DPSOH�� FLYLO�
HQJLQHHUV�DQG�VHLVPRORJLVWV�KDYH�DFWLYHO\�VWXGLHG�WKH�HIIHFWV�RI�HDUWKTXDNH�LQGXFHG�IOXLG�PRWLRQV�RQ�RLO�
WDQNV�DQG ZDWHU�WRZHUV��,Q�UHFHQW�\HDUV��DHURVSDFH�HQJLQHHUV�KDYH�EHHQ�FRQFHUQHG�ZLWK�WKH�HIIHFW�RI�IOXLG�
VORVKLQJ� ZLWKLQ� SURSHOODQW� WDQNV� RQ� WKH� VWDELOLW\� RI� DLUFUDIW�� URFNHWV�� DQG� VDWHOOLWHV�� $OO� RI� WKHVH�
DSSOLFDWLRQV� VHHN� FRQWDLQHU� GHVLJQV�ZKLFK�PLQLPL]H� WKH� DPSOLWXGH� RI� IOXLG� IRUFHV� RYHU� D� JDLQ� UDQJH� RI�
RSHUDWLQJ�FRQGLWLRQV��,Q�WKLV�SDSHU��DQ�LQFRPSUHVVLEOH�VPRRWKHG�SDUWLFOH�K\GURG\QDPLFV��63+��PHWKRG�LV�
GHYHORSHG� WR� QXPHULFDOO\� VLPXODWH� YLVFRXV� IUHH� VXUIDFH� IORZV� LQ� SDUWLDOO\� ILOOHG� FRQWDLQHUV�� 7KH� PDVV�
FRQVHUYDWLRQ�DQG�1DYLHU�6WRNHV�HTXDWLRQV�DUH�VROYHG�DV�EDVLF�HTXDWLRQV��7KH�PHWKRG�XVHV�D�SUHGLFWLRQ±
FRUUHFWLRQ�IUDFWLRQDO�VWHS�WHFKQLTXH��,Q�WKH�SUHGLFWLRQ�VWHS��WKH�WHPSRUDO�YHORFLW\�ILHOG�LV�LQWHJUDWHG�LQ�WLPH�
ZLWKRXW�HQIRUFLQJ�LQFRPSUHVVLELOLW\�DQG�LQ�WKH�FRUUHFWLRQ�VWHS�WKH�UHVXOWLQJ�GHYLDWLRQ�RI�SDUWLFOH�GHQVLW\�LV�
LPSOLFLWO\�SURMHFWHG�RQWR�D�GLYHUJHQFH�IUHH�VSDFH�WR�VDWLVI\�LQFRPSUHVVLELOLW\�WKURXJK�D�SUHVVXUH�3RLVVRQ�
HTXDWLRQ�GHULYHG�IU DQ�DSSUR[LPDWH�SUHVVXUH�SURMHFWLRQ��7KH�SURSRVHG�63+�PHWKRG�LV�XVHG�WR�VLPXODWH�WKH�
VORVKLQJ� RI� D� RPOLTXLG� ZDYH� ZLWK� ORZ� DPSOLWXGH� XQGHU� WKH� LQIOXHQFH� RI� JUDYLW\�� ,QLWLDO� VKDSH� RI� IUHH�
VXUIDFH�LV�GHILQHG�E\�RQH�KDOI�RI�D�FRVLQH�ZDYH�ZLWK�ORZ�DPSOLWXGH��7KH�UHVXOWV�RI�VLPXODWLRQ�DUH�LQ�JRRG�
DJUHHPHQW�ZLWK�H[SHULPHQWDO�DQG�RWKHU�PRGHOLQJ�GDWD�

.H\ZRUGV�� 6PRRWKHG� 3DUWLFOH� +\GURG\QDPLFV� �63+�� PHWKRG�� VORVKLQJ�� IUHH� VXUIDFH��
LQFRPSUHVVLEOHIORZ
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GLIIXVLRQ�z¿º³�¶«uZ�¯�yu�0WZl]Zk�/Z·�­zc�b¬��¶]�

yu� �º�t]� ¶¬X�¯� ²¿Y� �v³º�� 0¯� uZl¿Y� ~)ºd�Y
Yv¿v�� v�Z]� uZ¿{� uY{M� n��� ª*�� zÀÀ�c� ¶*¿uyYº¯
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v´�Z]�0¯�b)zo� ¶]� yuZ£��µv�� ¶d -�aYyw� �£Y¹� yu

�Yºs� ¶)� v´�Z]�0¯�0)zpd¯�0]Z¿�±ZÀ¯��Z¤³� >Z�z�
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��´c� v´³Yºc� 0¯� 0do��Yºs� ²¿Y� �v´´)� 0¯� ª°o
v´�Z]�aYyw�0*¿%º«ºWy��Yºs�¹ �³z)��¹y63+yu�

yº�]� �¶À«¹Y�©º�Y�²¿¹vc�{Y�~�� �¶d�x-�¶·u�¹u�©º�
(¿|À�� ¶]� �º]z¯� ªWZ�¯� /{Z�� ¶À^�� /Yz]� µuzd�-
¶]�b^�³�0³Z°�M�­YzkY�b)zo�/{Z�«v¯�¹ 0�Z´�zdsY

Y µv��µuZ d�Y�z.¿v*¿b���­{Ç�aZoÈ�Y�­Zl³Y�{Y�~�
yu�z¿x�Z³�®)Yzc�/Z·�±Z¿zk�/{Z�«v¯�/Yz]��¹y�²¿Y�{Y

v��µuZ d�Y�|À³�¶d�]�/Z·�¶� p¯��¹y�µv°��/Z¿Y|¯
63+yu� ­zk� ¹ ayYzo� ©Z¤d³Y� /{Z�«v¯� /Yz]�

{Y�v´cyZ^��0d�´��/Z·uz]yZ)@ê>�
xyZd�y� ¹ µvÀ$À�� yZÀ�]� ©Z*�Y� Z]� uY{M� n��

º�]� �uYº¯�'zd�¯�n��0doYz]� ¹ 0�À^�� y
v³º��0¯�/{Z�«v¯�

x�xo�0´�¯�¶]�/&³Yz-Ç�[º#yZ#�{Y�µuZ d�Y
�b�Y�­ºd´¯º¯�¶«uZ�¯�yu�0�s�zÀ��/Z·�­zc
µv¿v�� ¶)� uz)�0´À]��À��±Yºc�0¯�²¿Yz]Z´]
\«Z��­ºd´¯º¯�ªWZ�¯�/v´]�¶¤^��yu�¶)�/Z·
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¶´¯Yu�Z]�0�º´À��¶À«¹Y�ª*��/YyYu��z��yu��¿Z¯�uY{M

)v�Z]� 0¯� (#º���¹y� ²¿Y� yu� ¶)� b�Y� 0¸¿v]
¹ ­zk�/Z¤]�¶«uZ�¯�ªÀ^£� {Y� ¶¬X�¯� z]�®)Zo�aÇuZ�¯
aÇuZ�¯� {Y��Zs� /zÀ^�c� ayº�� ¶]� ­ºd´¯º¯� /Z¤]
µv�� µuy¹M�ªÀ� c� ¶]� ¶)� v³Y� µv�� µuZ d�Y�/&³Yz-Ç
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/Z·¹zÀ³�¶�º°l¯�zgY�yu�µyw�z·�¶À«¹Y�0´À]��À��¶¬oz¯
¹ v´)�0¯�b)zo�0«Z.#�aYzÀÀ�c�¶]�¶kºc�±¹v]��µuyY¹
±v³Yuz-{Z]�/Yz]�­{Ç��¹z��¶¿º³Zg�nÀp�c� ¶¬oz¯� yu
©ZÀ��b¿Z¸³�yu�Zc��uº��0¯�©Z°�Y�¶À«¹Y�yYv¤¯�¶]�0«Z.#

uuz-�©v¯�z¿x�Z³�®)Yzc�ayº��¶]�¬X�¯�ªo�j¿Zd³�yu�¶
uº¯©¹Y±M�¹y�(°)�¶]�92)¹63+z.¿v*¿� Z]�

v³Y�µv��¶�¿Z¤¯�j¿Zd³¶¬�Zo{Y�0)ZoyZÀ�]�/yZ-{Z��
j¿Zd³� Z]�±Z�*¿�/Z¸³Z¯{� yu� µv¯M�b�v]�©Z*�Y�[ºs

¶]Z�¯92)�Z]�0¯v

0�Z¿y�©v¯
uY{M�n��� Z]� zÀ-yu�ªWZ�¯�0cYw�0-vÀ$À��b¬�]

�z-�yZ*]�/{Z��µuZ��aZÀ�z��{Y�0sz]� �©ZÀ�v³v��¶d
{Y�v´cyZ^��¶)�/z¿x�Z³�®)Yzc��b]Zg�¶d¿{º*�¿¹�¹ 0«Z.#

0p�����)�{Y�z�´�z���©ZÀ��±YvÀ¯�±uº]�Z¯v°·�¹
0p���­zk�©Z¤d³Y�¹�

uY{M�n���±Z¿zk�/{Z��¶À^��/Yz]�®)Zo�aÇuZ�¯
0¯� ­ºd´¯º¯� ¹ ­zk� LZ¤]�aÇuZ�¯� �v�]� ¹u� yu� ©ZÀ�

�¯�²¿Y� �©ZÀ��aYyw�²d�z-�z�³� yu� Z]�¶)� �v´�Z]aÇuZ
v³Y�µv��¶d�º³�/&³Yz-Ç�­z��¶]@é>�

ÇZ]��]Y¹y� yuU��©ZÀ��aYyw�0«Z.#�W�±Z¯{�Xρ

�aYyw�b�z�3�yZ���Jρ¹ ¶]wZk�[Zd��Wyº�´c�
v�Z]�0¯�0�z]��´c�¶«uZ�¯�æ�®)Yzc�©ZÀ��­z��¶]

b�Y� µv�� ¶d�º³� z¿x��/Z¸³Z¿zk�/{Z�«v¯� /Yz]� Z¯Y

yYv¤¯�b�¿Z]�0¯�¶«uZ�¯�²¿Y�ªo� {Y�~�� z¿x�Z³�®)Yzc
Zc�uº��µvÀl´��¶À«¹Y�0«Z.#�¶]�b^�³�0«Z.#��Yzp³Y

0³Z¯{�­Z-�z·�0oÈ�Y�¶¬oz¯�yu�yYv¤¯�¶]�0«Z.#�¶À«¹Y
uuz-�nÀp�c�®)Yzc�aZ³Z¿zk�/{Z�«v¯�/Yz]��£Y¹� yu

���  �� X'W
' ρU

U �æ�

WUU ��� ����� J3'W
X' ρρ

�ç�

Ð

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
57

60
8.

13
83

.1
.2

.1
.3

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

ar
in

e-
en

g.
ir

 o
n 

20
25

-1
0-

28
 ]

 

                             3 / 12

https://dor.isc.ac/dor/20.1001.1.17357608.1383.1.2.1.3
https://marine-eng.ir/article-1-10-en.html


©¹Y�©Z��­¹u�µyZ°��±Zd�¯{æèíè

Zºº¿yu�¾º�vºº´¸¯�¶¿z�³±Yz¿Y�¾¿Z¿yu�¾�v´¸¯�²°l³Y
¶¬oz¯�¹ ¶À«¹Y�0´À]��À��¶¬oz¯�¹u�{Y�ªo�¶�¹z��z¿x�Z³

b�Y�µv��ªÀ*�c�¶¿º³Zg�0oÈ�Y�0´À]��À��¶¬oz¯�yu
¶]�¶kºc�Z]�¹ µuyY¹�/Z·¹zÀ³�¶�º°l¯�zgY�yu�µyw�z·�¶À«¹Y
Z¯Y�uº��0¯�¶d�YuY¹�b)zo�¶]�µv��µuZ d�Y�0³Z¯{�µ{Z]

��¤��¶*¬]�uº��0°³��Zp«�©ZÀ��/z¿x�Z³�®)Yzc��z
z¿º³� ¶«uZ�¯� yu� 0�³Yz-� /Z·� ­zc� ¹ �´c� yº�´c�

¹ b�z��¶lÀd³�yu�¹ v³º��0¯�¶d�z-�z�³�yu�~)ºd�Y
uuz-� 0¯� ¶^�Zp¯� µyw� z·� /Yz]� 0d£º¯� bÀ�£º¯�

{Y�v´cyZ^��¶¬oz¯�²¿Y�yu�¶d�y�yZ*]�/Z¸«º¯z�@é>��

WJX '�� ' ����
 WU
ρρ �è�



 XXX W
ρρρ '� �é�
WXUU W '� 



ρρρ �ê�

aÇuZ�¯�²¿Y�yuWX¹WUyu�µyw�bÀ�£º¯�¹ b�z��
¶�p«W��
X¹
U0¯ µyw�0d£º¯�bÀ�£º¯�¹ b�z��
v´�Z]�
Xρ'�À��¶�¹z��©º��yu�µyw�z·�b�z��zÀÀ�c�

¹ ¶À«¹Y�0´À]W'v�Z]�0¯�0³Z¯{�­Z-�z·�µ{Z]�©º���yu
®)Yzc� �z�� Çº°�¯� �0´À]� �À�� ©¹Y� ¶¬oz¯� ©º�

uº��0°³�LZ�yY�/z¿x�Z³�/zÀ-�µ{Yv³Y�¶¬À�º]��z��²¿Y
µyw�z·�0d£º¯�0«Z.#��Yzp³Y�±Y|À¯
U0«Z.#�{Y�

¶À«¹Y� b]Zg�Uuuz-� 0¯� µvÀl´���
U}Z�Yz]�
µyw�0d£º¯�bÀ�£º¯
Uρuuz-�0¯�¶^�Zp¯��

uº��LYzkY�b�¿Z]�0¯�­¹u�0oÈ�Y�¶¬oz¯�²¿Yz]Z´]
# z.¿v*¿�¶]�b^�³�aYyw�bÀ�£º¯�mÈ�Y�Z]�Zcb]Zg�0«Z.

uº��� o� Z¸³M�¶À«¹Y�yu/yZ���¶¬°k�0oÈ�Y�¶¬oz¯�
¶¬oz¯�yu�¶)�aYyw�0d£º¯�b�z��yYv¤¯�nÀp�c�/Yz]

u¹y�0¯�yZ*]��uº]�µv¯M�b�v]�¶À«¹Y�z)w�0oÈ�Y�v³¹y
uº��0¯�/{Z��µuZÀ��z¿{��]Y¹y�(°)�¶]�µv�@é>�

W3X WW '�� ' '�U
�




ρ �ë�




 XXX WW
ρρρ '� '� �ì�

ÇZ]��]Y¹y� yu

Xρ'0�� yu�aYyw�b�z�� zÀÀ�c�
¹ ­¹u�0oÈ�Y� ¶¬oz¯
UaYyw�0d£º¯�0«Z.#�b�Y�

µv��¶^�Zp¯�¶À«¹Y�0´À]��À��¶¬oz¯�±Z¿Z��yu�¶)uº]�

WW3 '�¹WWX '�
ρ±Z¯{�yu� µyw�b�z��¹ yZ���WW '�

v�Z]�0¯�aYyw�¾¿Z¸³�bÀ�£º¯�­Zl³Yz�{Y�b�cyZ^�@é>�

WXXUU WW
WW '�� �

� �
�� �

�

ρρ
ρρ �í�

Ñ

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
57

60
8.

13
83

.1
.2

.1
.3

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

ar
in

e-
en

g.
ir

 o
n 

20
25

-1
0-

28
 ]

 

                             4 / 12

https://dor.isc.ac/dor/20.1001.1.17357608.1383.1.2.1.3
https://marine-eng.ir/article-1-10-en.html


�¹y�{Y�µuZ d�Y63+/Yz]�/{Z�«v¯�6ORVKLQJz��¶°À³�±|t¯�(¿�yu�

©¹Y�©Z��­¹u�µyZ°��±Zd�¯{æèíè

Zºº¿yu�¾º�vºº´¸¯�¶¿z�³

¡º��¶�]Yy�yuWUρ¹WWU '�
ρµyw�¾¿Z¸³�/Z·�bÀ�£º¯�

aZ�p«� yuW¹WW '�] 0¯v�Z�¶d�y� yZ*]� ¶«uZ�¯
®)Yzc��z��LZ�yY�b¸k�­{Ç�yZ���±uy¹M�b�v]�/Yz]

¶«uZ�¯��­zk�/Z¤]�¶«uZ�¯�©ZÀ��/z¿x�Z³�æ�v�Z]�0¯��
v�Z]�0¯�z¿{�ª*��¶]�¶«uZ�¯�²¿Y�¶d��-�­z��¶)@é>�

�����





�

�
 '��'

� XW
ρUU

U �î�

¡º��¶«uZ�¯� yu
U©ZÀ��0d£º¯�0«Z.#�±Z¿Z�� yu�
¹ ¶À«¹Y�0´À]��À��¶¬oz¯�Ub�Y�©ZÀ��b]Zg�0«Z.#��

µyw� z·� 0«Z.#� b�¿Z]� 0¯� 0³Z¯{� ­Z-� z·� ±Z¿Z�� yu

uuz-�¶À«¹Y�b]Zg�yYv¤¯�/¹Z�¯�aÇuZ�¯�­Z�uY�Z]�ë�¹
�î�uº]�v·Yºs�z¿{�¢]Z�¯�yZ���±º�Mº��¶«uZ�¯@é>�

�
�


����� W3 WW '
� �� '� U
UU

U �æå�

�¹y�©º�Y63+
�¹y�aYw�yu63+uyYu�yYz£�0]Z¿�±ZÀ¯��¹y�(¿�

yu�uºs�z¿uZ¤¯�}Z�Yz]�v·u�0¯�µ{ZkY�0�]Zc�z·�¶]�¶)
�Z¤³�²¿Y�¶)��uuz-��¿z�c��Z¤³�{Y�®�´¯Z³�¶�º°l¯�(¿

�¹y� yu63+aYyw��SDUWLFOHV�uº�� 0¯� µvÀ¯Z³�

�¿z�c� z¿{� ayº�� ¶]� �]Zc� z·� 0«Yz.d³Y� [Z¿� ±ZÀ¯
uº��0¯@ê>�

� � � � � � 
GK
Z

9

K UUUU$U$ �� ³ �ææ�

¶)Zv�Z]�0¯�YyYu�Yy�z¿{�0�Z�Y�bÀ�Zs�¹u�¶)�b�Y�[Z¿�±ZÀ¯�ª³z)��]Zc�@ê>�

� � � � � �XXXX G  o³ KZGKZ
K9

�OLP��
� �æç�

Ò

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
57

60
8.

13
83

.1
.2

.1
.3

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

ar
in

e-
en

g.
ir

 o
n 

20
25

-1
0-

28
 ]

 

                             5 / 12

https://dor.isc.ac/dor/20.1001.1.17357608.1383.1.2.1.3
https://marine-eng.ir/article-1-10-en.html


©¹Y�©Z��­¹u�µyZ°��±Zd�¯{æèíè

Zºº¿yu�¾º�vºº´¸¯�¶¿z�³±Yz¿Y�¾¿Z¿yu�¾�v´¸¯�²°l³Y
uº��0¯�µu{�\¿z¤c�[Z¿�±ZÀ¯��º°l¯�(¿�Z]�>Çº°�¯�0«Yz.d³Y�[Z¿�±ZÀ¯�/uv��/Z¸�¹y�yu@ê>�

� � � �¦ � 
M

M
M

M
M6 KZP �UU$U$ U �æè�

¡º��¶�]Yy� yuMP¹MUµyw�0«Z.#� ¹ ­zk�M
ªsYu�yu��£Y¹�aYyw�0¯Z°c�/¹y�z]��°k�ª°��¶)�b�Y

0.¿Z�°·��Z��K�0³Z*¯�bÀ�£º¯�{Y�Uµv���¿z�c�
b�Y�

¶�]Yy�²¿Y� yu:�U�K�(¿�aZÀ�º�s� Z]�0�]Zc�&� �
VSOLQHª³z)�/{Z�yYº°·��Z���/YyYu�¶)�v�Z]�0¯�K�

v�Z]�0¯��]Zc�±Z¿uYz-$±ZÀ¯��]Zc�{Y�/zÀ-�¢d�¯�Z]�
[Z¿�æè�v¿M�0¯�b�v]�z¿{�ayº�]�

� � � �¦ �� �
M

M
M

M
M KZP �UU$U$ U �æé�

ª³z)��]Zc
�¹y� yu� a¹Z d¯� /Z·� ª³z)� {Y� µuZ d�Y63+

yu�/{Z�� ¶d��-�a¹Z d¯�/Z¸�¹y�/zÀ-yZ*]� v´³Z°·
v�Z]� 0¯� u¹vp¯� ª�Z c� �¹y�²¿zd«¹Yvd¯� {Y� 0*¿

�¹y�yu�¶)�¾¿Z¸¬³z)63+}Z�Yz]�uº��0¯�µuZ d�Y�
b�Y�µv���¿z�c�²¿È��Y��]Zc@ê>�

KV
V
VV

VVV

KKUZ U 

°°
°
¯

°°
°
®

­

d
�d�
�d��

u 
��

������
�

���
�

�
��

��� �

��

Q
V �æê�

¡º�� ¶«uZ�¯� yuQ¹ ¶¬X�¯� uZ�]Y� uYv�c�V(¿�
z¿uZ¤¯� Z]� µv�� ©Z¯z³�b]Zg��¹S���¹S�¶]�

v�Z]�0¯�v�]�¶��¹ ¹u��(¿�/Yz]�\Àczc�²¿Y�­¹u�¢d�¯

�ºÀ��ª³z)[Z¿�±ZÀ¯� yu�®)Zo�/Z�s� ­zc� ¹ b�Y� ¶d
©Yz.d³Y�� �K2v�Z]�0¯�ª³z)�²¿Y�/{Z�yYº°·��Z��

K�{Y�zcy¹u�¶¬�Z��yu�aYyw�¶)�0´�¯�²¿Y�¶]�v�Z]�0¯�
K�v³yYv³�z.¿v*¿�Z]�0�´)�®·z]�"À·��

0.d�ºÀ��¶«uZ�¯
.d�ºÀ��¶«uZ�¯uº��0¯�¶d�º³�z¿{�ª*��¶]�0@ê>�

� � LM
M

MLM
L ZPGW

G ¦ �� YYU �æë�

Ó

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
57

60
8.

13
83

.1
.2

.1
.3

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

ar
in

e-
en

g.
ir

 o
n 

20
25

-1
0-

28
 ]

 

                             6 / 12

https://dor.isc.ac/dor/20.1001.1.17357608.1383.1.2.1.3
https://marine-eng.ir/article-1-10-en.html


�¹y�{Y�µuZ d�Y63+/Yz]�/{Z�«v¯�6ORVKLQJz��¶°À³�±|t¯�(¿�yu�

©¹Y�©Z��­¹u�µyZ°��±Zd�¯{æèíè

Zºº¿yu�¾º�vºº´¸¯�¶¿z�³

¡º�� ¶«uZ�¯� yuLUµyw�0«Z.#�Lb�z�� Z]�LY
¹ µuº]MPµyw�­zk�Mv�Z]�0¯�bÀ�£º¯�yYuz]µyw�{Y

Mµyw� Zc�Layº�]�MLLM UUU � 0¯� µuYu� ±Z�³
¹ uº���� KZZ LMLM U v�Z]�0¯��¶]�µyw�¹u�¶)�0d£¹

µuº]�0 ´¯�Z¸³M�0^�³�b�z��v³º��0¯�(¿u|³�z.¿v*¿
�ª³z)� �]Zc� ±Z¿uYz-� ±uº]�0 ´¯�b¬�]� ¹GW

G LU¶)�
v�� v·Yºs� b^h¯� b�Y� yYv¤¯� ¹u� ²¿Y� [z�¬�Zo�

z.¿u�ayZ^�]LUb�Z¿�v·Yºs��¿Y|�Y��f�Z]�ª¯Z��²¿Y
{Y� Yy�aYyw�b¿Z¸³� yu� ¶)� µv��b^h¯� yZ���(¿� uZl¿Y

uz)�v·Yºs�y¹u�z.¿v*¿�{Y�µyw�¹u�z-Y�¶]Z�¯�¢¿z��¶]
�·Z)�Z¸³M�0«Z.#��v³zÀ.]�¶¬�Z��z.¿v*¿¹ b�Z¿�v·Yºs

0¯�z.¿v*¿�b°��¶]� Yy�µyw�¹u�µv��uZl¿Y�0 ´¯�yZ��
v³Z�)�b�z��\�oz]�yZ���¹ 0«Z.#�ª]Z¤d¯�yZd�y�²¿Y

Yy� ©ZÀ�� yZd�y� ±Yºd]� ¶)� uº��0¯�\^��aYyw�0^�³
¶¬oz¯� ¹u� ­Zl³Y� Z]� ¶)� Yz#� uz)��z�� z¿x�Z³� ®)Yzc
¶¬�Z���0³Z¯{�­Z-z·�yu�¶¿º³Zg�nÀp�c�¹ ¶À«¹Y�¾¿º.�À�

�³�aYywb]Zg�ªo�¶�¹z��ª)�yu� >Z^¿z¤c�z.¿v*¿�¶]�b^
v³Z¯�0¯�

~³Y%yº¿u�¹ ±Z¿uYz-�±ºÀ�Çº¯z�
¶d�y�yZ*]�/Z·�­z��²¿zd«¹Yvd¯�{Y�0*¿�z¿{�±yZ¤d¯�ª*�

v�Z]�0¯�±Z¿uYz-�±ºÀ�Çº¯z��/Yz]�0¯�Yy�z¯Y�²¿Y�b¬�
/Y� ¶¿¹Y{� ¹ 0�s� ­ºd´°¯� ¢À£u� 0.d�¿Z�� yu� ±Yºc

Z¿uYz-� ©Zh¯� yº�]� �uz)� ºld�kz¿{� ayº�]� yZ��� ±
uº��0¯�µuYu��¿Z°³@é>�

:33P3 D
E

E

D

D

E
ED �� � ¦ ����� �� UUU �æì�

¡º��¶�]Yy� yuDEDZ�z�³� yu� Z]�ª³z)��]Zc�±Z¿uYz-�
µyw�bÀ�£º¯�²d�z-Dv�Z]�0¯��¶)�0cYyw��¤��ª°��yu
{Y�zd°)�¶¬�Z�� yuK�Yz£�uº]�v´·Yºs� yYx-zÀgZc�v³yYu� y�

yYuz]�~³Y%yº¿u�¶]Z�¯�¢¿z��¶]Xρµyw�¶]�¢¬�d¯�D�
uuz-�¶«º¯z��z¿{�ª*��¶]�±yZ¤d¯�ayº�]�v³Yºc�0¯@é>�

DED
E

E

D

D
E

EDD :XXPX �� � ¦ ���� �� UUU
ρρ

ρ �æí�

²À�È�Ç�±ºÀ�Çº¯z�
º�Mº��¶«uZ�¯�yu�²À�È�Ç¶«uZ�¯��yZ���±�æå�Yy��

±Z¿uYz-�¹ ~³Y%yº¿u�/Z·z.¬°��\À)zc�¶¬À�º]�±Yºc�0¯
uy¹M� b�v]�}Z�Yz]� ²À�È�Ç� z.¬°�� �¿z�c� Z¯Y

/Y� ¶¿Z���¿yZ�c� {Y�0^À)zc63+\¿z¤c� {Y� µuZ d�Y� ¹

±ºÀ�Çº¯z�� f�Z]� �©¹Y� ¶^cz¯� ¢d�¯� u¹vp¯� ª�Z c
±uº]�®�´¯Z³�ª]Z¤¯�yu�zd�À]�/yYv¿Z���Zp«�¶]�/zd¸]

uº�� 0¯� �Z¤³�z.¬°�� ±Yº´�]� z¿{� ¶�]Yy� b¿Z¸³� yu
b�Y�µv��uZ¸´�À��²À�È�Ç@é>�

���
�

��
�����

KUUU �
�

� �� ¦
DE

DEDDEDE

E ED
ED U

ZU3P3 ρ

ρ
�æî�

Ô

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
57

60
8.

13
83

.1
.2

.1
.3

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

ar
in

e-
en

g.
ir

 o
n 

20
25

-1
0-

28
 ]

 

                             7 / 12

https://dor.isc.ac/dor/20.1001.1.17357608.1383.1.2.1.3
https://marine-eng.ir/article-1-10-en.html


©¹Y�©Z��­¹u�µyZ°��±Zd�¯{æèíè

Zºº¿yu�¾º�vºº´¸¯�¶¿z�³±Yz¿Y�¾¿Z¿yu�¾�v´¸¯�²°l³Y
¡º��¶�]Yy�yuEDDE 333 � ¹EDDE UUU � ρ¹

Kz �� {Y� /zÀ-º¬k� /Yz]� ¶)�b�Y�(#º)� /uv��
yu�ayZ^��izt¯�±v�b�Y�µv��¶WYyY�ªo�¶�¹z��²Ào�

z]Yz]�Çº°�¯�¹K���uº��0¯�¶d�z-�z�³�yu��

¶d¿{º*�¿¹
¶«uZ�¯�yu�¶d¿{º*�¿¹�¶¬°k�ç�{Y�0^À)zc�ayº�]

63+¢d�¯�/Yz]� u¹vp¯�ª�Z c�\¿z¤c� ¹ uyYv³Zd�Y�
uº��0¯��¿z�c�©¹Y�¶^cz¯�~³Y%yº¿u��¿z�c�©Z°�Y� Z]

¶«uZ�¯� yu�æí�zcz¿{� ª*�� ¶]� ¶d¿{º*�¿¹� ª¯Z�� ­
v¿M�0¯�b�v]@é>�

DED
E E

E

D

D
E

D
ZP �¸̧¹

·
¨̈©
§ � ¸̧¹

·¨̈©
§ � ¦ ���

�� U
W

U
WWU �çå�

�´c�yº�´c�¡º��¶«uZ�¯�yuW�³z)�yº�´c�¹'v´´)�0¯�YvÀ���Z^cyY�z.¿v*¿�Z]��º°l¯�ª*��¶]�@é>�

LMHIIMLLM '  PWW �çæ�

�]Yy� yu¡º��¶HIIPuyYu�b]Zg�zÀ��/yYv¤¯�0´cºÀ³�zÀ��aÇZÀ�yu�¶)�b�Y�/zÀ�d¯�¶d¿{º*�¿¹��LM'z¿{�ayº��¶]�
uº��0¯��¿z�c@é>�

L

M

M

L
LM [

X
[
X

w
w�w

w ' �çç�

¶)�v�y�0¯�z�³�¶]�/y¹z��¶d*³�²¿Y�z)w�Zl´¿Y�yu
yw�¶]�¡º���]Y¹y�©Z°�Y�/Yz]aY63+b�¿Z]�0¯�È^£���

ª�Z c��¿z�c� {Y� µuZ d�Y� Z]� µyw� ¹u�²À]�ª¯Z)�¢d�¯
v�Z]�µv¯M�b�v]�u¹vp¯�b�Yu�®À·Yºs�²¿Yz]Z´]@é>�

� � � � � � � �
DE

EMDM

DE

ELDL

M

DE

DE

L

DM

L
U

[[
U

XX
[
U

U
X

[
X �� ¸̧¹

·
¨̈©
§
w
w¸̧¹

·
¨̈©
§
w
w ¸̧¹

·
¨̈©
§
w
w ��

�çè�

\¿z��[M� zÀ�³�0´cºÀ³�aÇZÀ��²d�z-� z�³� yu� Z]
b]Zg� yYv¤¯� z]Yz]� zgº¯� ¶d¿{º*�¿¹P·Yºs�uº]� v�

aÇuZ�¯�\À)zc�Z]�²¿Yz]Z´]�çå�¹�çè��z��©Z°�Y�¹

yu� ¶d¿{º*�¿¹� ­zc� ¶]� �º]z¯� ¶�]Yy� �/z¿x�Z³� ®)Yzc
±ºÀ�Çº¯z�63+v��v·Yºs�z¿{�ayº�]�@é>�

��
����

����
���

�
ED

E DEED

DEDDEEDE

D
XX

U
:UPX ρρ

ρ
ρρ ���

�� ¸̧¹
·¨̈©

§ � ¦ KUU
PP

U
P �çé�

Õ

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
57

60
8.

13
83

.1
.2

.1
.3

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

ar
in

e-
en

g.
ir

 o
n 

20
25

-1
0-

28
 ]

 

                             8 / 12

https://dor.isc.ac/dor/20.1001.1.17357608.1383.1.2.1.3
https://marine-eng.ir/article-1-10-en.html


�¹y�{Y�µuZ d�Y63+/Yz]�/{Z�«v¯�6ORVKLQJz��¶°À³�±|t¯�(¿�yu�

©¹Y�©Z��­¹u�µyZ°��±Zd�¯{æèíè

Zºº¿yu�¾º�vºº´¸¯�¶¿z�³

v¯Zk�/Z·{z¯�/{Z�«v¯
/{z¯�aYyw� ¶¬À�º]� v¯Zk�/Z·� µyYº¿u�0¬)� yº�]

0¯�/{Z��¶À^�0¬sYu�aYyw�yZ���®À�´c� Z]�¶)�v³º��
uº��0¯�v¯Zk�/Z·� µyYº¿u�ªsYu�¶]� Z¸³M�wº ³� {Y��³Z¯�
aYyw� ¶¬À�º]� v¯Zk� µyYº¿u�/{Z�«v¯�/Yz]� z.¿u��¹y
aYyw� /¹yz]� ¶��Yu� /¹zÀ³� ±YvÀ¯� (¿� ©Z°�Y� /{z¯

uuz-�0¬sYu�aYyw�wº ³��³Z¯�¶)�v�Z]�0¯�/{z¯@ë>�µYy
µuZ d�Y�v¯Zk�/Z·{z¯�/{Z�«v¯�z.¿u/{Zl¯�z¿º�c�{Y

/Z·{z¯�/Y�¶´¿M� uz*¬°���z�� Z]� �©ZÀ��0¬sYu�aYyw
v�Z]� 0¯� v¯Zk�aYyw� ±v��(¿u|³� Z]� ayº�´¿Y� yu

(¿u|³�µyYº¿u�¶]�|À³�aYyw�²¿Y�z¿º�c�µyYº¿u�¶]�0¬sYu
/Z·{z¯� ¶]�aYyw� wº ³� {Y��³Z¯� ¶lÀd³� yu� ¶)� uº��0¯

uuz-�0¯�v¯Zk@ì>�
¶¬À�º]�v¯Zk�/Z·�µyYº¿u�¶«Z¤¯�²¿Y�yu/{z¯�aYyw

¶]Z�¯�0�Yºs�z�³�z·�{Y�¶)�0cYyw�v³Y� µv��/{Z�«v¯
{Y�~�� ¶)� a¹Z c� ²¿Y� Z]� v³yYu� ©ZÀ�� 0¬sYu� aYyw
aYyw�/Yz]�yYv¤¯�²¿Y�0³Z¯{�­Z-�z·�yu�b�z��¶^�Zp¯

uº��0¯�µuYu�yYz£�z ��/¹Z�¯�/{z¯�bÀ�£º¯�²¿Yz]Z´]
v³Z¯�0¯�b]Zg�ªo�¶�¹z��²Ào�yu�aYyw�²¿Y�0�z��{Y

¯ aYyw��YºsªsYu�yu�uºkº¯�±Z¿zk�¶]�¶d�]Y¹�/{z

v�Z]�0¯�0cZ^�Zp¯�±YvÀ¯�aYyw�b)zo�©Zh¯�±Yº´��¶]
yu� ¹ Z¸³M�0«Z.#��¿Y|�Y�f�Z]� µyYº¿u��z�� ¶]�/{z¯
¶)�uuz-�0¯�/{z¯�aYyw� yu�b^h¯� yZ���vÀ«ºc�¶lÀd³
0¯�0cZ^�Zp¯�±YvÀ¯�ªsYu�¶]�0¬sYu�aYyw�wº ³��³Z¯

uuz-�

¾¿Yz.°·�ªÀ¬pc
w ¶*´¿Y�ªÀ«v]¶d��-�0cYyw� >ZcYw�©ZÀ��0¬sYu�aYy

ª*��zÀÀ�c�0�£Y¹�aÇZÀ��v´³Z¯�v´³Yºc�0°³�v´�Z]�0¯
v´´)� YvÀ��¶]�b�¿Z]� 0¯�aYyw� ²¿Y� uYv�c� ²¿Y� z]Z´]

¶À^��©ZÀ��0�£Y¹�±Z¿zk� Zc� uº��[Ztd³Y�0�Z)� µ{Yv³Y
b�v]�|À³�­{Ç�/uv��¾¿Yz.°·�0�z��{Y�¹ uº��/{Z�

v¿M�uº��0¯�ª�Zo�0¯Z.´·�¾¿Yz.°·z]Yz]� ¹u� Z]�¶)
µv¯M� b�v]� j¿Zd³� ©ZÀ�� 0¬sYu� aYyw� uYv�c� ±uz)

v´*³�/zÀÀ�c�0³Z¯{� µ{Z]� ¶)�b�À«Zo� yu�²¿YûW|À³�
Zc�uº����³� �aYyw�uYv�c�±v��z]Yz]�¹u� Z]�b�¿Z]�0¯

/yZ-{Z��FRQVLVWHQF\�uuz-� LZ�yY� ªo� ¶º�¹z��
b�¿Z]�0¯�aZº^�Zp¯� yu�0³Z¯{� ­Z-� z·� µ{Zº] ©ºº�

bº³Yyº)��zº��&RXUDQW�FRQGLWLRQ�LZ�yY�|À³� Yy�z¿{
v¿Z°³@é>�

PD[

���� 9
OW d' �çê�

¡º�� ¶�]Yy� yuPD[9¶´À�À]�b�z��À�¾´À]
µv�yu{Y� 0³Z¯{� ­Z-z·�aZ^�Zp¯¾¯�Z]v�

\¿z����²À°�c¾¯v´§¶§aYywyuz·­Z-¾³Z¯{
Z¸´c¶]v³Yµ{Y¾W|k{Y¶¬�Z�¶À«¹YaYyw��yuZl´¿Y��

���b§zo¾¯v´´§�µ¹È�]©º�z·µ{Z]¾³Z¯{¾¯
b�¿Z]¶]¶³º-½Y[Ztd³Yuuz-¶§½Z¸¯zc�t��
0dk|«Yy©zd´§�v´§ayZ^�]z.¿uz·yu­Z-¾³Z¯{
�z�z¿{v¿Z]LZ�yYuuz-@é� >

UPD �
�

�

HII

OW d' �çë�

¡º��¶�]Yy�yuD¾^¿z�b�Y¶§¶][Ztd³Y�º³
ª³z§¹�¿YyM¶À«¹YaYyw¾.d�]uyYu¶§Çº°�¯{Y
¶^cz¯����Yb�yu½Z¸�¹yª�Z cu¹vp¯n¿z�|À³
Çº°�¯¾�¹z�zÀ�³¶«uZ�¯�çë�¶]±Yº´��z�
½yYv¿Z�uºk¹uyYu�

b�À«aYyw�^cz¯Z]z.¿v¨¿
yu�¹y63+�®§Yzcz¿x�Z³z·µyw{ZÀ³¶]¾d�À«{Y
aYywy¹Zºl¯uyYu¶º§yu�Z�º�¾.¿Zº�°·zd¨#º§Z¿

½¹Zº�¯µu¹vºp¯½zº¿x�zgYª³zº§yYzº£¶d�Yuv´�Z]��
bº�À«ª¯Z§²¿Y�aYyw¶§yuz·­Z-¾³Z¯{¾¯b�¿Z]
>Yuvl¯�uº��vÀ«ºc{ZÀ³¶]�1À¬°�Za¾cZ^�Zp¯uyYuZc

Ö

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
57

60
8.

13
83

.1
.2

.1
.3

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

ar
in

e-
en

g.
ir

 o
n 

20
25

-1
0-

28
 ]

 

                             9 / 12

https://dor.isc.ac/dor/20.1001.1.17357608.1383.1.2.1.3
https://marine-eng.ir/article-1-10-en.html


©¹Y�©Z��­¹u�µyZ°��±Zd�¯{æèíè

Zºº¿yu�¾º�vºº´¸¯�¶¿z�³±Yz¿Y�¾¿Z¿yu�¾�v´¸¯�²°l³Y
¶¬�Z�²À]¾¯Z°c�aYyw¶^�Zp¯uuz-1��uYv�cª§
aYywbº�Y��y½Z¸º�¹¶´ºÀ¸]½{Zº�¾ºc¹Z d¯½Yzº]

¶^�Zp¯²¿Yb�À«aYyw¶WYyYµv�b�Y�
yu²¿Y¶«Z¤¯®À�¤c� {Y¶´¯Yu¾cZ^�Zp¯¶]

¾¿Z¸«º¬�¶]�Z��K�¹vÀ«ºc¾d�À«�{YaYyw¢¬�d¯
¶]z·©º¬�yuz·­Z-¾³Z¯{µv��µuZ d�Y�ªo�¶�¹z��{Y

b�Y��z�¶]yZ§¶d�yyuuyº¯z·µyw²¿Yb�Y¶§
�¤�Z]aYyw�£Y¹yu½Z¸«º¬�y¹Zl¯�´§yv³YuyYu�Z]

�¹y� ²¿Y� /zÀ-yZ*]µu{Z]¾cZ^�Zp¯ª]Z£� vo� Zc
b�Z¿�v·Yºs��¿Y|�Y�/Y�¶�oÈ¯@é>�

¶À^�½{Z�6ORVKLQJ��Z]¶´¯Yu¦#º§
bpc½¹zÀ³¾�³Yz-

n���Z]�±Z¿zk�{Y�¶³º°³�¶¬X�¯�(¿�±Yº´�]�Zl´¿Y�yu
[M�0³{�¶]z��¶¬X�¯��µvÀ$À��uY{M�:DWHU�VORVKLQJ��

÷û<1uzÀ.À¯�yYz£�¶�«Z�¯��Y 0³{�¶]z�uZl¿µv�yu¦¿
�z��¿Z¯Z]¶´¯Yuiº¯¦#º§¹bpczgY½¹zÀ³

¾�³Yz-Z]½zÀ-yZ¨]Z·yY|]Y½¾�Z¿y]uyº¯�ª� ¯�yº�
]¾�yzyYz£b�Y� ¶d�z-�©Z�� yuæîîêuYy¹

¶¬X�¯� /Yz]� 0^�Z´¯� 0·Z.�¿Z¯{M� ©v¯� �³YyZ*°·

¶�«Z�¯� uyº¯� Yy�±Z¿zk��¬dt¯�/Z·� µv¿v�� ¹ v´dsZ�
v³uYu� yYz£@í>�yu½Z¸«Z�zÀsY|À³�½Z¸�¹y&)'

½Yz]¶À^�½{Z�²À´#¾¿Z¸³Z¿zkuyº¯¶kºc
¶d�z-yYz£b�Y�Ç­{¶]z§wb�Y¶§½Z¸�¹yuyº¯
µuZ d�Y¾¯b�¿Z]bÀ¬]Z£v¯«/{Z�¢À£uaZ³Z¿zk
¾p��¹²À´$°·� o½yZd�¿Z�©Z¤d³Y½%z³Y{Y­z�
ªÀ�³Zd�¶]¾�^´k¹~¨�z]YyYyYu�Z]´vµ¹È�]� ¹
�t�½uv�Z³v�Z]�|À#Z³�Z¸³M�/{Z��¶d��-�{Y�0��

uZ�]Y¶¬X�¯uyº¯�¶�«Z�¯yuª¨�æ±Z�³uµuY
µv�b�Y�²¿YuZ�]Y>Z¤À£uZ]©v¯¾·Z.�¿Z¯{MyZ¨]¶d�y
�ºc�uYy�³YyZ*°·�¹b¤]Z�¯yYuu�¢°���ºd¯¶À«¹Y
©ZÀ�����zd¯µuº]¹n��¶À«¹Y±M¶¬À�º]¦¿®À³
iº¯¾�º´À�§Z]¶´¯Yu������¿z�cµv�b�Y�
�z�½YyYuuZ�]Y�������� uzd¯¾¯v�Z]�±Z¿zk
©ZÀ�zÀ�«|i�z�µv�b�Y¹ª§©ZÀ�bpczgY¦¿
±YvÀ¯¾�³Yz-Z][Zd�b]Zg����� VPJ  yYz£
uyYu�uº¿z��½yºXc6ORVKLQJ�yuuº¯©¹Y±M{Y¶�]Yy
z¿{¶^�Zp¯¾¯uuz-�

� � VNKJN ������WDQK�   SW �çì�

yu¶�]YyÇZ]Nuv��iº¯¹K¢°���ºd¯
©ZÀ�¾¯v�Z]�j¿Zd³ªo�¯X¶¬yuuº¿z�©¹Yyuª¨�

ç±Z�³µuYuµv�b�Y�ª¨�j¿Zd³ªo¶]¦°§�¹y

63+��¹y� {Y�ª�Zo�j¿Zd³� Z]�0]ºs�b¤]Z�¯�92)
±Z�³¾¯´·u�v�

*�ªæB/uv��/{Z�«v¯�yu�¶d�y�yZ*]�uZ�]Y�¹ ¶¬X�¯�¶À«¹Y��¿Yz��(ÀcZ°��@í>

��� P
NJ U

������ P
NJ U

ÎÍ

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
57

60
8.

13
83

.1
.2

.1
.3

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

ar
in

e-
en

g.
ir

 o
n 

20
25

-1
0-

28
 ]

 

                            10 / 12

https://dor.isc.ac/dor/20.1001.1.17357608.1383.1.2.1.3
https://marine-eng.ir/article-1-10-en.html


�¹y�{Y�µuZ d�Y63+/Yz]�/{Z�«v¯�6ORVKLQJz��¶°À³�±|t¯�(¿�yu�

©¹Y�©Z��­¹u�µyZ°��±Zd�¯{æèíè

Zºº¿yu�¾º�vºº´¸¯�¶¿z�³

±Z¯{ j¿Zd³92)@í> j¿Zd³63+

FRQGLWLRQ,QLWLDO

3HULRG���

3HULRG���

3HULRG���

3HULRG�

ª*�ç��¹y�¶]�/{Z�«v¯�{Y�ª�Zo�j¿Zd³�63+�³Yz-�zgY�bpc�¹ 0�º´À��¶À«¹Y�ª*��Z]�i|«�zÀ��©ZÀ��a¹Z d¯�/Z¸dÀ��¹�/Yz]�

ÎÎ

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
57

60
8.

13
83

.1
.2

.1
.3

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

ar
in

e-
en

g.
ir

 o
n 

20
25

-1
0-

28
 ]

 

                            11 / 12

https://dor.isc.ac/dor/20.1001.1.17357608.1383.1.2.1.3
https://marine-eng.ir/article-1-10-en.html


©¹Y�©Z��­¹u�µyZ°��±Zd�¯{æèíè

Zºº¿yu�¾º�vºº´¸¯�¶¿z�³±Yz¿Y�¾¿Z¿yu�¾�v´¸¯�²°l³Y
/zÀ-�¶lÀd³

�¹y� ¶)� v�� µuYu� ±Z�³� Zl´¿Y� yu63+0�¹y�
Z]� ¾¿Z¸³Z¿zk� /{Z�� ¶À^�� /Yz]� ¢À£u� ¹ zgº¯� yZÀ�]

v�Z]�0¯� uY{M� mº���^¯� ¶WYyY� {Y�~�� ¶«Z¤¯�¹y�0³Z
[M� 0³{� ¶]z�� µv¿v�� /{Z�«v¯� yº�´°]� �yº)x¯�

6ORVKLQJ��yu�¿Z¯� z�� ¶°À³� ±|t¯�(¿�Z]ª*��
¹ 0�º´À��¶À«¹Y�uY{M�n��¶´¯Yuiº¯�¦#º§µuZ d�Y

b�Y� µv��zÀgZc�bpc� �©ZÀ��0]¹Z´c�b)zo�ª)¦¿

±YvÀ¯¾�³Yz-Z][Zd�b]Zg����� VPJ  yYz£
uyYu�¶¬X�¯�ªo�j¿Zd³�yu�uº¯©¹Y±M�¹y�(°)�¶]�

92)¹63+v³Y�µv��¶�¿Z¤¯�z.¿v*¿� Z]��j¿Zd³63+
{Y�0)Zoyu� µv¯M�b�v]�©Z*�Y�[ºs� yZÀ�]�/yZ-{Z��

¶]Z�¯�j¿Zd³�Z]�±Z�*¿�/Z¸³Z¯{92)�Z]�0¯v�

�kYz¯
��� 6KH� N��� *UHDWHG� &�� $�� DQG� (DVVRQ� :�� -��� '(9(/230(17� 2)� $� 7:2�',0(16,21$/�
180(5,&$/� :$9(� 7$1.�� 3URFHHGLQJ� RI� WKH� 6HFRQG� ������� ,QWHUQDWLRQDO� 2IIVKRUH� DQG� 3RODU�
(QJLQHHULQJ�&RQIHUHQFH�6DQ�)UDQFLVFR��86$��������-XQH�����
���+DUORZ�)+��:HOFK�-(��1XPHULFDO�FDOFXODWLRQ�RI�WLPH�GHSHQGHQW�YLVFRXV�LQFRPSUHVVLEOH�IORZ�RI�IOXLG�
ZLWK�IUHH�VXUIDFH��3K\V�)OXLGV���������������±��
����+LUW�&:��1LFKROV�%'��9ROXPH�RI�IOXLG��92)��PHWKRG�IRU�WKH�G\QDPLFV�RI�IUHH�ERXQGDULHV��-�&RPSXW�
3K\V������ ������±���
���6RQJGRQJ�6KDR���(GPRQG�<�0��/R���,QFRPSUHVVLEOH�63+�PHWKRG�IRU�VLPXODWLQJ�1HZWRQLDQ�DQG�QRQ�
1HZWRQLDQ�IORZV�ZLWK�D�IUHH�VXUIDFH��$GYDQFHV�LQ�:DWHU�5HVRXUFHV��������������±���
��� 0RQDJKDQ� -�-��� ³6PRRWKHG� 3DUWLFOH� +\GURG\QDPLFV´�� $QQXDO� 5HYLHZV� $VWURQ��
$VWURSK\V��������������
���0RQDJKDQ�--��.RV�$��6ROLWDU\�ZDYHV�RQ�D�&UHWDQ�EHDFK��-�:WUZ\�3RUW��&RDVWDO�DQG�2FHDQ�(QJ�
���������������±���
���0RQDJKDQ�-�-���³,PSURYHG�PRGHOOLQJ�RI�ERXQGDULHV´��63+�7HFKQLFDO�1RWH����0RQDVK�8QLY���$SSOLHG�
PDWKHPDWLFV�UHSRUWV�	�SUHSULQWV�������
���8EELQN�2QQR� 1XPHULFDO�SUHGLFWLRQ�RI�WZR�IOXLG�V\VWHPV�ZLWK�VKDUS�LQWHUIDFHV�7KHVLV�VXEPLWWHG�IRU�WKH�
'HJUHH� RI� 'RFWRU� RI� 3KLORVRSK\� RI� WKH� 8QLYHUVLW\� RI� /RQGRQ� DQG� 'LSORPD� RI� ,PSHULDO� &ROOHJH��
'HSDUWPHQW� RI�0HFKDQLFDO� (QJLQHHULQJ� ,PSHULDO� &ROOHJH� RI� 6FLHQFH�� 7HFKQRORJ\�	�0HGLFLQH� -DQXDU\�
�����

ÎÏ

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
57

60
8.

13
83

.1
.2

.1
.3

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

ar
in

e-
en

g.
ir

 o
n 

20
25

-1
0-

28
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            12 / 12

https://dor.isc.ac/dor/20.1001.1.17357608.1383.1.2.1.3
https://marine-eng.ir/article-1-10-en.html
http://www.tcpdf.org

