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KDYH� QRW� EHHQ� GHWHUPLQHG� \HW�� ,Q� WKH� SURSRVHG� FRPSXWDWLRQDO� PRGHO�� PD[LPXP� VWUHVV�
FRQFHQWUDWLRQ� IDFWRUV� DW� VWUXFWXUDO� GHWDLOV� RI� LQWHUVHFWLRQV� FDQ� EH� SUHGLFWHG� E\�D� VLPSOH� ILQLWH�
HOHPHQW�DQDO\VLV��7KH�UHVXOWV�RI�WKLV�PRGHO�LV�FRPSDUHG�WR�WKDW�RI�WKH�FRPSOHWH�ILQLWH�HOHPHQW�
DQDO\VLV�RI�D�PLG�VLGH�RI�D�VLQJOH�VLGH�WDQNHU��ZKLFK�KDYH�EHHQ�GRQH�XVLQJ�$16<6�FRGH��DQG�LW�
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.H\ZRUGV�� )LQLWH� HOHPHQW� DQDO\VLV�� /RFDO VWUHVVHV�� )DWLJXH� VWUHQJWK�� 6WUHVV� FRQFHQWUDWLRQ�
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�Z¤³� ²¿zc�¾³Yzp]� yu� ¾��º¯� ½Z·��´c� zh)Yvo

v´�Z]�¾¯@�è>¾«Y@ì��>zgZd¯��0��º¯�/Z·��´c�yYv¤¯
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¹ µvÀ$À��½Z·�ªÀ¬pc�Zl³Y���´c�|)z°c�\¿Yz��²ÀÀ�c

¶)� v�Z]�¾¯� �u¹vp¯� ±Z°«Y�(°*]� zÀ-�b£¹(¿� Yvd]Y
¹ Z·��´c�²ÀÀ�c�{Y�v�]�¹ µv��ªÀ¬pc�¾d�)�{Y�b°�£

uzÀ-�¾¯� Zl³Y�¾��º¯�½Z·�ªÀ¬pc� �Z·�ª*�� zÀÀ�c@í�>
¹ zÀ-�b£¹� v�� µyZ�Y� ¶$³Z´#� Z·�ªÀ¬pc� ²¿Y� Zl³Y
¶]� {ZÀ³�¾oYz�� ¶À«¹Y�ªoYz¯� yu� ¶)� v�Z]�¾¯� ¶´¿|·z�
�´c�|)z°c�\¿z��²ÀÀ�c�½Yz]�µuZ��¹ �¿z��½Z·��¹y

´]� ½y¹z�� ½z¯Yv�y�¾¯� z��¶¬oz¯� yu� ²À´$°·
²À°tc�½Yz]�µuZ��¾�¹y�¶]�{ZÀ³�¾d�)�µ{Z��½{Z�{Z]
½Y�µ{Z�� ½Z·�\À�M� uºk¹� Z]� ¾.d�s� Z*pd�Y� �¿z�

b�Y�bÀ°·Y�Z]�yZÀ�]�'zc�¹ ¾-uyºs�zÀ�³�
�¿z��uy¹Mz]�½Yz]�¾cZ^�Zp¯�©v¯�(¿�¶«Z¤¯�²¿Y�yu

�´c�|)z°c�\¿z��zh)Yvo¾��º¯�ªÀ¬pc�(¿�Zl³Y�Z]�
±Z°«Yb�Y�µv�� uZ¸´�À�� �µuZ�� u¹vp¯��uZ¸´�À��©v¯

uyºsz]�ªp¯�yu��´c�|)z°c�\¿z��²ÀÀ�c�½Yz]��µv�
µyYº¿u�b°�£� yu� ¾�z� ®¿z�� ¹ ¾«º�� ½Z·�¶#zÀc
Z·�b°�£�z¿Z��½Yz]�®À°�c�ª]Z£�¾doYy�¶]�¶)�v�Z]�¾¯

b�Y�|À³�¾d�)�¶�z��¹ �)�zÀ�³�²¿Y�¾]Z¿{yY�yº�´°]
yu��´c�|)z°c�\¿z��z¿uZ¤¯� �©v¯(¿�{Y�¶�¤³�v´#�

yY|�Y�z³�(°)�¶]�ª¯Z)�ªÀ¬pc��¹y�Z]�µyYº¿u$16<6
v³Y�µv��¶�¿Z¤¯�©v¯�j¿Zd³�Z]�¹ ²ÀÀ�c�

ç�²ÀÀ�c½Z·��´cµuZ d�Y� Z]� ¾��º¯�
µyYvk�ª¯Z)�ªÀ¬pc

{Y�¶�¤³�v´#�yu�¾��º¯�½Z·��´c�²ÀÀ�c�yº�´¯�¶]
�¾�z�� ®¿z�� Z]�¾«º��½Z·�µv´´)�b¿º¤c� uyºsz]�ªp¯

Z�� {Y�b°�£�(¿µyYvk�±Z°dsÎ(¿�¾³ZÀ¯�b°�£�yu�
��ºd¯� %Z´c� Z]��*d ³�ª*��æ�¹u�²À]�©º�� yu�¶)

yº�p¯� ¶�z�� ¹ �)�²À]� �Z cyY� yu� ¹ ¾�z�� µyYº¿u
b�Y�µv��¶d�z-�z�³yu��b�Y@í�>¶¬oz¯�¹u�yu�ªÀ¬pc

Z]� ¾d�)� µyYvk� �©¹Y� ¶¬oz¯� yu� ¶)� b�Y�µv�� Zl³Y
¶#yZ�*¿�yº�]�uº��¾¯�mz�¯�¶¯YuY�yu�¶)�¾cZÀ�z�©v¯�

�¹y� {Y� µuZ d�Y� Z]� ¹u� ¶¬oz¯� yu� ¹ µv�� ªÀ¬pc� ¹
½{Z�«v¯z¿{Ï@�î>r�Z�� {Y� �u¹vp¯� ±Z°«Y� (°*]

µuZ d�Y� ¾��º¯� ¾oYº³� ªÀ¬pc� ½Yz]� ª�Zo� ½Y�µ{Z�
b�Y�µv��z¿{�aZÀ�z���µyYvk�ª¯Z)�ªÀ¬pc�Zl³Y�½Yz]

b�Y�¶d�y�yZ*]�
Î��µ{Z��¾¬)�yZd�y�¾�yz]�yº�´¯�¶]�©¹Y�¶¬oz¯�yu

À�³� ¾cZÀW|kb)Yz]� �Z·�µz o� zZ·�Z·�¶°�c� �Ð¹
µzÀ�b�Y�µv�³�©v¯�

Ï�yºp¯[yºp¯� �©º�� uYvd¯Y� yu�\uYvd¯Y� yu�
yºp¯�¹ �z�]z�³yu�¾d�)��Z cyY�uYvd¯Y�yu�

b�Y�µv��¶d�z-�
Ð�yYuzÀ-�ayº�]��)� Z]� µyYvk�©Z�cY�ªp¯ª¯Z)�

b�Y�µv��¶d�z-�z�³yu�
Ñ�¶d�z-� z�³yu� µuZ�� µZ-�¶À*c� ayº�]� ¶�z�

b�Y�µv��
Ò�z�³yu�µuZ��µZ-�¶À*c�ayº�]�¾�z��µyYº¿u�ªp¯

b�Y�µv��¶d�z-�
Ó�¾�z�� ±ºd�� ªp¯Ñ¶À*c� ayº�]�µuZ�� µZ-

b�Y�µv��¶d�z-�z�³yu�
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Zºº¿yu�¾º�vºº´¸¯�¶¿z�³

Ô�¾*ÀcZd�Y¹yvÀ·�¾^³Zk�yZ���ayºº�]�½yYx-yZº]
uº��¾¯�©Z°�Y��ª¯Z)�yºt]M�yu�

Õ�,³Zººº¿ \¿zººº� Zººº] uÇºººº� ~´ºººk {Y�uYºººº¯
���( *3D ¹���Y  ¶dººº�z-�zººº�³yu�
b�Y�µv��

Ö�b�Y�µv��Zl³Y�¾�s�(Àd�ÇY�ayº�]�ªÀ¬pc�
ÎÍ�µuZ d�Y�uyºº¯ yY|º�Y�zº³$16<6Z¸³Z°«Y��º³�¹

±Z°«Y���LY|kY�¶À¬)�/Yz]6+(//���v�Z]�0¯��

ª*º� yu�çc ¾ºoYº³��®¿z��uyºsz]�ªºp¯�yu�Zº·ªÀº¬p
µyZ°�ìç�½YyYu�¶)²¿zd�À]�zÀÀ�cª*�¾�Z³�{Y�

v�Z]�¾¯�¾^³Zk�yZº���µv´´)�b¿º¤c�Z]�½Z·�¾«º��µyZ°��
í�æå�ææ�æç¹æëµuYu�±Zºººº�³��¾dººº�)�µyYvºººk

vº�µbº�Y��¿Yz��Z]�µ{Zº� ªº) Yvdº]Y�ªÀº¬pc�²º¿Y�yu
~���¹ µv��ªÀ¬pc��¡º��½yYx-yZº]�¹y�{Y�µuZ d�Y�Z]

µv´´)�b¿º¤c�(¿�ª¯Z��¾�º�º¯�©vº¯ �½{Zº�«v¯�zº¿{
aZÀW|k�²d�z-�zº�³yu�Zº] ¾º�z��®¿zº� (º¿ ¹ ¾º«º�
b�Y�µv��ªÀ¬pc�¹ |¿y�½v´]��¯�Y|l¯�yºº�]��½Y�µ{Zº��
¹ ª^£�¶¬oz¯�ªÀº¬pc�{Y�/{zº¯ �WYzº� bº«Zo�²º¿Y�yu

bº�Y�µvº� ¶dº�z-�zº�³�yu�0º�£Y¹�ayºº�]�½Z·��´c
{Y�¶�¤³�¹u�yu�¾�º�º¯±Z*¯ �±Yº´��bpc�¶°�c�¶¿Z��æ

±Zº*¯�¹çµv��iYztdº�Y���ª*��è�yu�z¿uZ¤¯�²¿Y�¶)
©¹vk�æb�Y�µv��¶WYyY���

ª*�Ï�ªÀ¬pc�uyº¯�¾oYº³�¹ µyYvk�µ{Z�
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Zºº¿yu�¾º�vºº´¸¯�¶¿z�³±Yz¿Y�¾¿Z¿yu�¾�v´¸¯�²°l³Y

ª*�è�¾�z��¹ ¾«º��½Z��Y�uyºsz]�ªp¯�¾��º¯�©v¯�
�´c�iYztd�Y�¢À£u�ªp¯�¹

�´c®°¿|)Z �̄©Z¯z³�.1�P��µyZ°�
µv´´)�b¿º¤c¾«º�� ±Z*¯æ ±Z*¯ç
6/� Ï�ÎÔ� Ó�ÎÐ�
6/�� Ô�ÐÑ� Í�ÏÓ�
6/�� Í�ÑÎ� Í�ÐÏ�
6/�� Ï�ÓÑ� Í�ÐÔ�
6/�� Í�ÕÕ� Ñ�ÓÕ�

©¹vkÎ�uyºsz]�ªp¯�yu�¾��º¯�½Z·��´c�j¿Zd³�
µyZ°��®¿z��Z] ¾«º��½Z·�µv´´)�b¿º¤cÔÏ

Ð�{Y�µuZ d�Y�Z]�¾��º¯�½Z·��´c�ªÀ¬pc
v¯½uZ¸´�À��©

½Yz]�¾³Yzp]��Z¤³� yu� Z·��´c�²ÀÀ�c�¶]� {ZÀ³�ªÀ«v]
²ÀÀ�c� ½Yz]� ¾«v¯� Zl´¿Y� yu� �¾.d�s� ½Z·�ªÀ¬pc
¾«º��½Z��Y�©Z�cY�ªp¯�yu�¾��º¯�½Z·��´c�zh)Yvo

b�Y�µv�� uZ¸´�À�� ¾�z�� ®¿z�� ¹�(¿� ª¯Z�� ©v¯
±yZ¤d¯���¤¯�Z]�¾«º��µv´´)�b¿º¤c7º���(¿�¹ ª*��

v�Z]�¾¯� ®¿z�� zÀ�³� ¾�z��ª*�� yu� ¶)� ¶³º.³Z°·Ñ
¶¬�Z�� Z]� z]Yz]� ©v¯� �z�� �b�Y� �t�¯
®¿z��¶¬�Z�� Z]�z]Yz]�±M�©º�� ¹ ¾«º��½Z·�µv´´)�b¿º¤c

v�Z]�¾¯�¾�z��{Y�½Y�µz o�¢¿z��{Y�¾«º��µv´´)�b¿º¤c

¶]� ¶°�c�(¿���ºc� ¹ µuz)� yº^��¾�z��®¿z��ªsYu
uº��¾¯�ª�d¯�¾�z��®¿z��yu�¶)�b�Y� z)w�¶]�{Ç

¶À¬)� ©v¯�²¿Yz�³yu� �uyºsz]�ªp¯�½Y�µ{Z��aZÀW|k�
¶°�c� v³Yºc�¾¯� aZÀW|k� ²¿Y� ¶)� uº��¾¯� ¶d�z-Ò�

µv³yYv¸.³�½Z·�b)Yz]Ó¾d��� µv³yYv¸.³�½Z·�b)Yz]� �Ô¹
v�Z]�µzÀ��¾^³Zk�yZ���ayº�]�©v¯�²¿Y�yu�½yYx-yZ]

v�Z]�¾¯�bsYº´*¿�µ{Yv³Y�²ÀÀ�c� �¾�yz]�²¿Y� {Y��v·
±Z�³� ½Z·¶^«� yu� ½{z¯� �¿Yz�� ¹ ©v¯�µv�� µuYu�

v�Z]�¾¯�
yu�¡º��¾��º¯�µ{Z��ª*��zÀÀ�c� µºp³� µv·Z�¯� Z]

�µyYvk�ª)�±Z°dsZ��ª*��ê�½Z·�¶^«�½{z¯��¿Yz���
¶)� µv�� uZ¸´�À�� ½Y�¶³º.]� ¡º�� ½Y|l¯� ©v¯

v�Z]�¶d�Yu� �bÀ�£Y¹� ¶]�(¿u|³� ¾¿Z·�ª*�zÀÀ�c�½Yz]
Z]�bsYº´*¿�¾^³Zk� yZ���bpc� ¡º�� ©v¯� yº�´¯�²¿Y

voY¹� yYv¤¯���N1 Pæå��¬dt¯� ½{z¯� �¿Yz�� ¹
b�Y�µv��ªÀ¬pc�¾�yz]�²¿Y�j¿Zd³Z·�¶)�v·u�¾¯�±Z�³�

©¹vk� yu� ¶)� ½{z¯� �¿Yz��çv³Yºc�¾¯� �µv�� ¶WYyY�
v´)�uZl¿Y�¾�£Y¹��¿Yz��¶]�¶À^��½yZd�y�ª*��yu�ë�

½{z¯� �¿Yz�� Z]� ©v¯� ¹ ¾�£Y¹� ©v¯� ª*�� zÀÀ�c
b�Y�µv��¶�¿Z¤¯��½uZ¸´�À��

ª*�Ñ�½{z¯��¿Yz��©Z°�Y�½Z·�¶^«�¹ ½uZ¸´�À��©v¯

� )ODW�%DU
� +HHOLQJ�%UDFNHW
� %DFN�+HHOLQJ�%UDFNHW

ÏÍ

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
57

60
8.

13
84

.2
.1

.2
.9

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

ar
in

e-
en

g.
ir

 o
n 

20
25

-0
6-

14
 ]

 

                             4 / 11

https://dor.isc.ac/dor/20.1001.1.17357608.1384.2.1.2.9
https://marine-eng.ir/article-1-18-en.html


�´c�ªÀ¬pc�½Yz]�½Y�µ{Z��©v¯�(¿�¶WYyY¾��º¯�½Z·�½Z��Y�uyºsz]�ªp¯�yu�������

©Z�¹u�µyZ°�©¹Y�±Zd�¯{ÎÐÕÑ

Zºº¿yu�¾º�vºº´¸¯�¶¿z�³

ª*�Ò�¹ ¾d�)�µyYvk�±Z°dsZ��{Y�¾d°�£�ª*��zÀÀ�c
µv��iYztd�Y�¾��º¯�©v¯�¶³º°³

½{z¯��z� ¶^«
±yZ¤d¯���[ \ ]8 527 527   � $

±yZ¤d¯��] [ \8 527 527   � %

�]8  &

�\8  '

©¹vkÏZ·�¶^«�½Yz]�½uZ¸´�À��½{z¯��¿Yz� º

Ð�Î�©v¯�½Yz]�½uZ¸´�À��aZÀ�z��¾�yz]
¾cZ^�Zp¯

Ð�Î�Î�½{z¯��¿Yz�
¶)� v�� µv·Z�¯� ª^£� b°�£� yu�¿Yz�� [Ztd³Y

¶^«�½Yz]�½{z¯'�v�Z]�¾¯�¾�z��º���¾³Z£º��¶^«�¶)�
�ª*��ì��´c� j¿Zd³� yu� �½Z·�¾��º¯�¾¿Y|�]� zÀgZc�

uyYu�½Yz]²¿Yyº�´¯¾¿Z·�ªÀ¬pcyu�¶)�¶d�z-�Zl³Y�

²°�� ±M�¿Yz�� �Z·�¶^«� z¿Z�� yu�½{z¯��¿Yz��� o
¶^«�yu�½{z¯��¬dt¯'b�Y�¶d�z-�yYz£�¾�yz]�uyº¯��

©¹vk�è\¿z��\«Z£�yu�Yy�¾�yz]�²¿Y�{Y�ª�Zo�j¿Zd³
u¾¯�±Z�³��©v¯�ª*��zÀÀ�c�¹ �´c�|)z°cv·�

ª*��Ó�b�Yy�b°���¾¬)�©v¯�{Y�µv��iYztd�Y�¾��º¯�©v¯�ª*��zÀÀ�c
�#�b°��Yz��Z]�½uZ¸´�À��©v¯�ª*��zÀÀ�c©¹vk�½{z¯��¿�Ï

ÏÎ

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
57

60
8.

13
84

.2
.1

.2
.9

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

ar
in

e-
en

g.
ir

 o
n 

20
25

-0
6-

14
 ]

 

                             5 / 11

https://dor.isc.ac/dor/20.1001.1.17357608.1384.2.1.2.9
https://marine-eng.ir/article-1-18-en.html


©Z�¹u�µyZ°�©¹Y�±Zd�¯{æèíÑ

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

ª*�Ô�½{z¯�¶^«�¹ ¾��º¯��´c�iYztd�Y�ªp¯'

�´c��¿z�c�¢^�� ��´c� |)z°c�\¿z�� ¶^�Zp¯�/Yz]
0°�Y��´c� z]�®°¿|)Z¯���ºd¯��´c�(°)� ¶]� ¶)

µv�� ®À�¤c�b�Y� ¶^�Zp¯� ª]Z£� µuZ���°s� /yºXc
b�Y�©¹vk�j¿Zd³�è¶)�v·u�¾¯�±Z�³���

Î�±Z*¯�yu��´c�|)z°c�\¿z�ç�c�¶]�b^�³��zÀÀ
¶^«�yu�½{z¯��¿Yz�'¶d�Yu�½zd°)�bÀ�Z�o�
v�Z]�¾¯�b]Zg�Z^¿z¤c�¹�

Ï�¶^«�yu�½yYuzÀ-��¿Y|�Y'|)z°c�\¿z��yYv¤¯�
±Z*¯��´cæb«Zo�yu�¶*¿yº�]�µuYu��¿Y|�Y�Yy��

�´c� |)z°c�\¿z�� ²¿zd�À]� �ª¯Z)� ½yYuzÀ-
v¿M�¾¯�b�v]�

Ð�Î�Ï�¹ ¾�z�� º��� ¶´À¸]� �Z cyY�²ÀÀ�c
¶°�c

u ª¯Yº��¶¬°k�{Y�Z cyY��j¿Zd³�z]�zgº¯�z.¿I+º��
¾�z��ª*��ì�v�Z]�¾¯�¾�yz]¶)�v´·u�¾¯�±Z�³�Z·

�Z cyY�zÀÀ�cI+�Z cyY�±uº]�b]Zg�²°�ZVGyu��¶°�c
uyYuzÀgZc�j¿Zd³�±Y|À¯�©¹vk�é��

©¹vk�j¿Zd³�év·u�¾¯�±Z�³��¶)��

Î��Z cyY��¿Y|�YI+ªp¯��´c� z]�½zd°)� zÀgZc
µyZ°�çb�Y�b]Zg�Z^¿z¤c�¹ ¶d�Yu���

Ï��Z cyY��¿Y|�Y� Z]I+�´c� |)z°c�\¿z�� yYv¤¯
µyZ°�� ªp¯� yuæ¶d�Z¿� ½zÀ.°�#� �·Z)� �

yZd�y� �v]Z¿��¿Y|�Y� �Z cyY� ¶#z·� ¶*¿yº�]�b�Y
¶]� ©v¯� ²¿Y©¹vk� yu� º�� ©v¯� yZd�y��è�
uº��¾¯�(¿u|³�

Ð��Z cyY�È°��¶)�Zl³M�{YI+½ÇZ]�yu�¾�z��º��
¶°�c� �Z cyY�¾cyZ^�]� ¹ uyYu�b¿u¹vp¯� �¶°�c
�v]Z¿�¾¯�¶¯YuY�¾�z��º����Z cyY�±Z°·�Zc�Çº°�¯
�¿Y|�Y�{Y�zd�À]�±Z´À°�Y�b¸k�±Yºc�¾¯�²¿Yz]Z´]

¾�z��º����Z cyY½ÇZ]�yu��

uº°³�½yYuuºs�¶°�c�vo�¶)�uº��¾¯�\kº¯�yZ)�²¿Y
v�Z]�zcÇZ]���´c�|)z°c�\¿z��j¿Zd³�¾´°¿Y

¶^«'

Ð�¶°�c�¾³Z£º��¶^«�±uz)�uY{Myu��·Z)�´c�
cZYz#�uyYu��¤³�½u¹vo¶°�c�ayº�´¿Y�yu�¶)

�¤³b�Yu�v·Yºt³�Yy�yZ]�ª¯Zo�º���¾¬)�yº�]
Yy� ¶°�c� ¶^«� ±Yºc�¾¯� zd�À]� ±Z´À°�Y� ½Yz]

¶^«�v´³Z°·'uz)�vÀ¤¯��

ÏÏ

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
57

60
8.

13
84

.2
.1

.2
.9

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

ar
in

e-
en

g.
ir

 o
n 

20
25

-0
6-

14
 ]

 

                             6 / 11

https://dor.isc.ac/dor/20.1001.1.17357608.1384.2.1.2.9
https://marine-eng.ir/article-1-18-en.html


�´c ªÀ¬pc�½Yz]�½Y�µ{Z��©v¯�(¿�¶WYyY¾��º¯�½Z·�½Z��Y�uyºsz]�ªp¯�yu�������

©Z�¹u�µyZ°�©¹Y�±Zd�¯{ÎÐÕÑ

Zºº¿yu ¾º�vºº´¸¯�¶¿z�³

���I+ P ¹����QRP 0SDV  

�´c�|)z°c�\¿z�*.
�¿u

y ¹ µ{Z��ª*��zÀÀ�c�µºp³
©Z¯z³�®°¿|)Z¯��´c��¿{ºc

½{z¯��z�
¶^«' ±Z*¯æ ±Z*¯ç

æ uY{M ���� ����

ç �\8  ���� ����

è

�\8  

�¾³Z£º��¶^«�¹
uY{M�¶°�c
b�Y�

���� ����

é yYuzÀ-�È¯Z) ���� ����

©¹vkÐ�¶^«�½{z¯��¿Yz��zÀgZc�'µ{Z��ª*�zÀÀ�c�µºp³�z]��´c�|)z°c�\¿Yz��¹aZ��YaZ·

ê

yYuzÀ-�È¯Z)
�¾³Z£º��¶^«�¹

uY{M�¶°�c
b�Y�

���� ����

ÏÐ

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
57

60
8.

13
84

.2
.1

.2
.9

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

ar
in

e-
en

g.
ir

 o
n 

20
25

-0
6-

14
 ]

 

                             7 / 11

https://dor.isc.ac/dor/20.1001.1.17357608.1384.2.1.2.9
https://marine-eng.ir/article-1-18-en.html


©Z�¹u�µyZ°�©¹Y�±Zd�¯{æèíÑ

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

½¹y� ¶°�c� Çº°�¯ �v�� µyZ�Y� È^£� ¶)� yº�³Z°·
¶¯YuY� ¾�z�� ®¿z�� ©Z]� ªp¯� Zc� ¾«º�� µv´´)�b¿º¤c

\�Z´¯��Z cyY�(¿�²ÀÀ�c��uºk¹�²¿Y�Z]�Z¯Y�¶d�YuZVG�
�ª*��ì�¾´°¿Y� Z]� Yy��´c� |)z°c� j¿Zd³� v³Yºd]� ¶)� �

z�´]�½y¹z���v·u�¶WYyY�¾¬)�b«Zo�(¿�½Yz]�½zd�À]
v�y�¾¯�¶)�¶d�z-�Zl³Y�¾¿Z·�ªÀ¬pc�yº�´¯�²¿Y�½Yz]

�Z cyY� µ{Yv³Y� ±M� yuZVG±Zk� �Z cyY� ¶]� b^�³�
v�� µuYu� zÀÀ�c�¾«º�� µv´´)�b¿º¤c|)z°c�\¿Yz�� ¹ µ

½Z·�±Z*¯� yu� �´cæ¹çb�Y�µv�� iYztd�Y�
�ª*��Õ��

ª*��yYuº°³�j¿Zd³�í¶)�v·u�¾¯�±Z�³���
Î��Z cyY��¿Y|�Y�Zº]ZVG�´c�|)z°c�\¿z��yYv¤¯��

±Zº*¯�yuæµyZ°º� ±Zº*¯�yu�¹ �·Zº) �ç�¿Y|�Y��
v]Z¿�¾¯�

Ï�½Zº·b^º�³�yu�ZVG
G !Ê�Z cyY��¿Y|º�Y�Zº] ��G

�´c�|)z°c�\¿z��yYv¤¯��¾«º��µv´´)�b¿º¤c�±Zºk
±Zºº*¯�yuæ±Zºº*¯�yu�¹ ¶dºº�Z¿��·Zºº) �ç�¿Y|ºº�Y��
v]Z¿�¾¯�

Ð�©v¯�yu�¶°�c�²°¿Y��Z cyY�¡º��j¿Zd³�¶]�¶ºkºc�Zº]
µu¹vººp¯�yu�Yy�½uZ¸´ºº�À�� �ZVG

Gd d[Ztdºº³Y�
b�Y�µv��

¶^«'v�Z]�¾¯�yYuzÀ-�ª¯Z)�yº�]� �´c�|)z°c�\¿z�*.

�¿u
y ¹ µ{Z��ª*��zÀÀ�c�µºp³®°¿|)Z¯��´c��¿{ºc�

©Z¯z³ I+ ±Z*¯æ ±Z*¯ç

æ ����P ���� ����

ç ���P ���� ����

è ���P ���� ����

©¹vkÑ��Z cyY�zÀgZc�I+¾�z��º���

ÏÑ

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
57

60
8.

13
84

.2
.1

.2
.9

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

ar
in

e-
en

g.
ir

 o
n 

20
25

-0
6-

14
 ]

 

                             8 / 11

https://dor.isc.ac/dor/20.1001.1.17357608.1384.2.1.2.9
https://marine-eng.ir/article-1-18-en.html


�´c�ªÀ¬pc�½Yz]�½Y�µ{Z��©v¯�(¿�¶WYyY¾��º¯�½Z·�½Z��Y�uyºsz]�ªp¯�yu�������

©Z�¹u�µyZ°�©¹Y�±Zd�¯{ÎÐÕÑ

Zºº¿yu�¾º�vºº´¸¯�¶¿z�³

Ð�Î�Ð�¾�yz]¾cZ^�Zp¯�©v¯�µ{Yv³Y
®¿z�� uYv�c� zÀgZc½Z·�µv´´)�b¿º¤c� ¹ ¾�z�� ½Z·�

¾«º��´c� z]�¾��º¯�©v¯¾��º¯�½Z·�¾�yz]� |À³�
b�Y�µv���¿Yz�� Z]� ¾��º¯� ©v¯� Z·�ªÀ¬pc� ²¿Y� yu

yYv¤°]�¾^³Zk�yZ���bpc��½uZ¸´�À��½{z¯��N1 Pæå
�v�� ¶d�z-� z�³yu�ª*��î�¹vk� yu� j¿Zd³� ¹ �©�ê�

b�Y� µv¯M�¾¯� ¶�oÈ¯� ¶$³Z´#{Y�ª�Zo�j¿Zd³� �uº�
®¿z��(¿� ¹ ¾«º�� µv´´)�b¿º¤c�(¿� Z]�¾��º¯� ©v¯
yu� ¶d�Yv³� Z·�b«Zo� z¿Z�� Z]� ¾�º�p¯� a¹Z c� ¾�z�
v�Z]�¾¯�zd°)�yZÀ�]�©v¯�²¿Y�yu�ªÀ¬pc�±Z¯{�¶*À«Zo�

©v¯�½Yz]�¾¿Z¸³�aZ�t�¯� �¡º��foZ^¯� ¶]� ¶kºc� Z]
Z��Y�uyºsz]�ªp¯�¾d^�Zp¯¢]Z�¯��¾�z��¹ ¾«º��½

©¹vk�ëuº��¾¯�uZ¸´�À����

©¹vkÒ��´c�z¿uZ¤¯�yu�©v¯�µ{Yv³Y�zÀgZc�¾��º¯�½Z·�

©¹vkÓ�½uZ¸´�À��©v¯�½Yz]�¾¿Z¸³�aZ�t�¯

Ñ�j¿Zd³�¶�¿Z¤¯
©v¯�¹ µyYvk�ª¯Z)�ªÀ¬pc��¹y�¹u�{Y�ª�Zo�j¿Zd³
¾�z�� ®¿z�� yu� yº^�� µz o� �º³� ¹u� ½Yz]� ¾cZ^�Zp¯

�� µz oyº^��µz o�¹ ±yZ¤d¯�½Z·�¶£º�� Z]�v´]MzÀ��yº^
v´]M�½Z¸¬*�� yuæåº¹ �«Yæåºµv�� ¶WYyY�[b�Y�

\«Z£� yu� ¹ v�]�¾]�ayº�]�j¿Zd³� �½z¿x��®À°�c� yº�´°]
yº�´¯� ²¿Y� ½Yz]� ¶)� µv�� ¶WYyY��´c� |)z°c� \¿z�
¾°�Y� ½Z·��´c� z¿uZ¤¯� z]� ¾��º¯� ½Z·��´c� z¿uZ¤¯

zÀc�(¿�¶]��º]z¯�¶�]Yy�{Y�ª�Zobpc�yYuzÀ-�z��¹u�
µv�� ®À�¤c� �bsYº´*¿� ¾^³Zk� yZ��v³Y�@æå�>¶]� {Ç

yYv¤¯�{Y��´c�|)z°c�\¿Yz��±uº]�zd°)�¶)�b�Y�z)w
¾³Yzp]��Z¤³�yu�¾��º¯�½Z·��´c��·Z)�¾´�°]�voY¹
±uz)� ®À�¤c� ªÀ«u� ¶]� �¤�� ¶lÀd³� ²¿Y� ¶*¬]� �µuº^³
¶�]Yy�(¿� {Y� ¶)� ¾°�Y��´c� z]� ¾��º¯� ½Z·��´c

¯M�b�v]�½yºXcyu�¾��º¯�½Z·��´c�¹ µv��ª�Zo��µv
�y¹Zl¯��Z¤³�½Z·��´c�z¿uZ¤¯�{Y�µyYº°·�z�³�uyº¯��Z¤³

v´�Z]�¾¯�zd-y|]�
�¬dt¯� �Z¤³� yu� �uº��¾¯� µv·Z�¯� ¶)� ¶³º.³Z°·�
½uZ¸´�À��©v¯�{Y�µuZ d�Y�Z]��´c�|)z°c�\¿z��z¿uZ¤¯
b�v]�½{Z�«v¯z¿{��¹y�{Y�¶)�b�Y�½z¿uZ¤¯�{Y�zd�À]

v¿M�¾¯�¯ z¯Y� ²¿Yµºp³� ªÀ«v]� �z�� (¿� {Y� v³Yºc�¾
yu� ¶)�¾cYvÀ¸°c�ªÀ«v]�¾�z�� {Y� ¹ µyYvk�½{Z��©v¯

v�Z]��b�y�yZ*]�¾´°¿Y�� o�½Yz]�½uZ¸´�À��©v¯�

uZ¸´�À� aZ�t�¯
±yZ¤d¯ $
±yZ¤d¯ %

�]8  &
yYuzÀ- '

yu�½{z¯��¿Yz�
¶^«

���I ZV+ G G  
¹ ¾�z��±Zk��Z cyY

¶°�c
� � � �WUDQV ZHE ORQJu ©v¯�µ{Yv³Y

µyZ°��ªp¯�yu��´cæ ¾��º¯�©v¯�µ{Yv³Y
���� 0SD � � �ZHE ORQJu

���� 0SD � � �ZHE ORQJu

���� 0SD � � �ZHE ORQJu

���� 0SD � � �ZHE ORQJu

(IIHFW�RI�:HE�6WLIIHQHU�KHLJKW�RQ�6&)

���

�

���

���

���

���

���

���

� � � � � � � �
GZV�G

6&
)

G ��� PP��/RF��
G ��� PP��/RF��
G ��� PP��/RF��
G ��� PP��/RF��
G ��� PP��/RF��
G ��� PP��/RF��

¶°�c ½Yz]�½uZ̧ ´�À���Z cyY

ª*�Õ�¶°�c��Z cyY�zÀgZc�´c�|)z°c�\¿z��z¿uZ¤¯�z]�

ÏÒ

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
57

60
8.

13
84

.2
.1

.2
.9

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

ar
in

e-
en

g.
ir

 o
n 

20
25

-0
6-

14
 ]

 

                             9 / 11

https://dor.isc.ac/dor/20.1001.1.17357608.1384.2.1.2.9
https://marine-eng.ir/article-1-18-en.html


©Z�¹u�µyZ°�©¹Y�±Zd�¯{æèíÑ

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

Ò�½zÀ-�¶lÀd³
½Yz]� v¿vk� ¾cZ^�Zp¯� ©v¯� (¿� ¶«Z¤¯� ²¿Y� yu
aZÀW|k� yu��´c�|)z°c�\¿z��zh)Yvo��¿z��²À°tc

Yµ{Z�®¿z�� Z]�¾«º��½Z·�µv´´)�b¿º¤c� uyºsz]�ªp¯�½
µv�� uZ¸´�À�� �µyYvk� yu�¾�z�b�Y��{Y�ª�Zo�j¿Zd³�

�*d ³�¾d�)�(¿�±Z°dsZ�� {Y�b°�£�(¿� ¶^�Zp¯
Êzh)Yvo�¶)�v·u�¾¯�±Z�³�½uZ¸´�À��©v¯�Z]�µyYvk�(c

±Z*¯�¹u�yu��´c�|)z°c�\¿Yz�æ¹ç²À]�æå�¾«Yæê
�uuz-�¾¯�uy¹Mz]�zd�À]�©v¯¸´�À�½uZyu�b°�£�

ª]Z£�¾doYz]�¶)�b�z-�yYz£�¾�yz]�uyº¯�½yZ´)�µyYº¿u
¶]�¾«¹�v�Z¿�¾¯� |À³�¾d�)� ¶�z�� Z¿��)�½Yz]�®À°�c
yºt]M��s�ay¹Zl¯�yu� Z�º�s�µyYº¿u� �¾.d�s��Zp«

uyYu� ½zd�À]� bÀ°·Y�uyº¯� ½yYx-yZ]� �º³� ²À´$°·
½Yz]�v³Yºc�¾¯�b«º¸��¶]�¶)�µuº]�¾�z��½Z·�yZ]��¾�yz]
�¶³v]�zÀd·Z���°s�{Y�¾�Z³�½yºp¯�½yYx-yZ]��¿Yz�
uº��¾�yz]��uuz.³�¾^³Zk�½yYv¿Z�Z³�¶]�zl´¯�¶$³Z´#�

ª*�Ö�©v¯�ª*��zÀÀ�c��¬dt¯�½Z·�µ{Yv³Y�Z]�¾��º¯

&RPSDULVRQ�RI�6&)�IURP�'LIIHUHQW�0RGHOV

0.50

0.70

0.90

1.10

1.30

SL 8 SL 10 SL 11 SL 12 SL 16

/RFDWLRQV�RI�$QDO\VHV

6&
)=

 V
�/
V

no
m

at Location 1 from
Submodeling

at Location 1 form New
Model

at Location 2 from
Submodeling

at Location 2 from New
Model

Symmetry Collar

æå��«Y&RPSDULVRQ�RI�6&)�IURP�'LIIHUHQW�0RGHOV

0.50

0.70

0.90

1.10

1.30

SL 8 SL 10 SL 11 SL 12 SL 16

/RFDWLRQV�RI�$QDO\VHV

6&
)=

 V
�/
V

no
m

at Location 1 from
Submodeling

at Location 1 form New
Model

at Location 2 from
Submodeling

at Location 2 from New
Model

Watertight Cut-out

æå�[

ª¨�ÎÍ�¿Z¤¯��¹y�¹u�{Y�ª�Zo�j¿Zd³�¶�

ÏÓ

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
57

60
8.

13
84

.2
.1

.2
.9

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

ar
in

e-
en

g.
ir

 o
n 

20
25

-0
6-

14
 ]

 

                            10 / 11

https://dor.isc.ac/dor/20.1001.1.17357608.1384.2.1.2.9
https://marine-eng.ir/article-1-18-en.html


�´c�ªÀ¬pc�½Yz]�½Y�µ{Z��©v¯�(¿�¶WYyY¾��º¯�½Z·�½Z��Y�uyºsz]�ªp¯�yu�������

©Z�¹u�µyZ°�©¹Y�±Zd�¯{ÎÐÕÑ

Zºº¿yu�¾º�vºº´¸¯�¶¿z�³

aZÀW|k�½Yz]�¾.d�s�½Z·�ªÀ¬pc� yu� ¶)� Zl³M� {Y
yYz£� ¶kºc� uyº¯� ¾��º¯� ½Z·��´c� zh)Yvo� �½Y�µ{Z�
yº�´°]��¬dt¯��Z¤³� yu� Z·�ªÀ¬pc� Zl³Y� Yx«� �uzÀ-�¾¯

|)z°c�\¿Yz�� zh)Yvo�²ÀÀ�c¹ zÀ-�b£¹� yZÀ�]��´c�
�¿z��²ÀÀ�c�½Yz]� µuZ��¾�¹y�¶]� {ZÀ³�¹ µuº]�¶´¿|·z�
Z*pd�Y� ¾�yz]� yu� Z�º�s� �´c� |)z°c� \¿Yz�
v�Z]�¾¯�bÀ°·Y�|WZo�¾oYz��¶À«¹Y�ªoYz¯�yu�¾.d�s�

\À�M�®À¯zc�¹ aYzÀ°�c�Z.´·�yu�¾�z��{Y½Z·�½Y�µ{Z��
¶]� �¿z��¾]Z¿{yY� �¾�z�� ¹ ¾«º��½Z��Y�aÇZ�cY� yu

º�´¯b�Y�bÀ°·Y� Z]�yZÀ�]�zÀ°�c�½Z·��¹y�wZtcY�y�{Y
¶�¿Z¤¯�½Yz]�±Yºc�¾¯�½uZ¸´�À��©v¯�{Y�µuZ d�Y�Z]�¹z´¿Y
�´c�|)z°c�\¿z��zh)Yvo� yYv¤¯�(¿��¿z��uy¹Mz]� ¹

uz)�µuZ d�Y��ªÀ¬pc�uyº¯�½Y�µ{Z��aZÀW|k�yu�

Ó��kYz¯
��+DQVHQ�� 3�)��� DQG� :LQWHUVWHLQ�� 6�5���
³)DWLJXH� 'DPDJH� LQ� WKH� 6LGH� 6KHOOV� RI�
6KLSV´�� -RXUQDO� RI� 0DULQH� 6WUXFWXUHV��
9RO�����������SS����������
��6WRUKDXJ�� *��� DQG� %HUVWDG�� $�-���
³)DWLJXH� LQ� WKH� 6LGH� 6KHOO� RI� 6KLS�
6KDSHG� 6WUXFWXUHV´�� 20$(� ������ 5LR�
GH�-DQHLUR��%UD]LO��$60(�
��/OR\G¶V� 5HJLVWHU� RI� 6KLSSLQJ�� ³6KLS�
5LJKW� )DWLJXH� 'HVLJQ� $VVHVVPHQW�
3URFHGXUH´�������
��$PHULFDQ�%XUHDX�RI�6KLSSLQJ��³*XLGH�
IRU� WKH� )DWLJXH� $VVHVVPHQW� RI� 2IIVKRUH�
6WUXFWXUHV´�������
��,$&6�� ³)DWLJXH� $VVHVVPHQW� RI� 6KLS�
6WUXFWXUHV´��5HFRP��1R������-XO\������
��+XJKHV�� 2�)��� ³6KLS 6WUXFWXUDO�
'HVLJQ� $�5DWLRQDOO\�%DVHG��&RPSXWHU�
$LGHG� 2SWLPL]DWLRQ� $SSURDFK´��
61$0(��1HZ�<RUN�������
��)ULFNH��:��� ³5HFRPPHQGHG� +RW� 6SRW�
$QDO\VLV�3URFHGXUH�IRU�6WUXFWXUDO�'HWDLOV�

RI� )362¶V� DQG� 6KLSV� %DVHG� RQ� 5RXQG�
5RELQ� )(� $QDO\VLV´�� 7HFKQLFDO�
8QLYHUVLW\ RI� +DPEXUJ�+DUEXUJ��
*HUPDQ\�
��6XPL�� <��� &HUHWWR�� '��� 'DV�� 3�.���
+DNDOD�� 0��� /RVHWK�� 5��� 3HJJ�� 1���
6HQMDQRYLF�� ,��� 6LHOVNL�� 5��� :DQJ�� :���
5LJR�� 3��� .XVKLPD�� 7��DQG� 6Q\GHU�� %���
³7ZR�SKDVH�)LQLWH�(OHPHQW�&RPSDUDWLYH�
6WXG\� RI� D� 6LGH� 6WUXFWXUH� RI� D� 0LGGOH�
6L]H� 7DQNHU´�� -RXUQDO� RI� 0DULQH�
6WUXFWXUHV��9RO�����������SS����������
��$16<6� 8VHU¶V� *XLGH�� 5HYLVLRQ� �����
6ZDQVRQ�$QDO\VLV�6\VWHPV�
���5DZVRQ�� .�-��� DQG� 7XSSHU�� (�&���
³%DVLF� 6KLS� 7KHRU\´�� �WK HG���
%XWWHUZRUWK�+HLQHPDQQ�������
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