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� �&  ��2  ]11 [

 !��"� !�"W% 
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 ��� ��
� ������.  
�� j�3%� ��� �� �3=�+� R�����8� �� �    �/��< $�"/% :�/���� �� 

 ���9�+�� Y�3%���"&� ��> ]� 	� �J+�� �"�� 
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��G� �� ,�"� �-��0 ��"� ���  . �- ��)� � . ,�"� ��
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 ��=&53RAO    
 ��"/� ,
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���7�. �� �     ]U�/[ �'3/� ,�/ �- B/�%�% 4/4 ,�/ �- �   �'3/�
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���)� �T"0 ;�=M !����� . �
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A8� S�>bij ������  cij 
 ���+� B�QIij  ���
A8� $�&�Fi ��
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 �� �
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 �=�+� h�9�)�8 H� H6������� (�T�- �� �.��  ,O���� � 
��"� �� H- �
��� 	� �N9� � !��� . �- . _�9��� !����>��-

��>Px.5�� �Px� *��� 
Px�� � `�? �N9� � ������ 
),,( ppp zyxp �� H&5 �	 ,�"� ���"� ]1:[  
  
)3   (                              �� PPP zyxx ���  
  
)4           (                        �� ���� PPP zyxx ���   
  
)5          (                         �� �������� PPP zyxx ���  
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��/� ,�/ �- 
 ��/�8� 4�/��% �=�� P
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�)   ,O��/�� H/-
. �- (	� ��%��I5:  

� $��	 f	"- �� ����� 

� g�� �8 f	"- �� ����� 

$��	 .�G1 �� �$��	 f	"- !���
� ��t	    
 �/�
��� bI/��'� ��
��?���� �
��� �� ���
 !����&� �&  �� 
   ,O��/��   �/��F%  �	��/��  

. �- �N? 
 �
�	 .��["� !�     �/� �I/��'� �
��/� �/�>  "/� �
)H��3.(  

. �- �N? 
 �
�	 .��["� !�     �/� �I/��'� �
��/� �/�>  "/� �
)H��3.(      ,�I/��'� �/� 
 ��"/� �/% ���� g�� �8 f	"- !���
�

����� 	��� !��&  . �/� ���� !��"� !�"W% 	� ���
� 4� ����� �/��� 
 �   ��  H�I% !��� 
� E0�9� �� �
��� 
     4/� B��/Q 4�/��� ��

���� �� �E0�9����� !
� _�� ,O���� B��Q 
 ��?����    �� ./ �-
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C�D��B �?L �� ���� ��'�� )�  
  

  

�,�4.@��$
� �B?� �� ���� ��'�� )��
C) 2�(?� 	�� N��((

شناور تبديل
دو مقاطع به

 بعدي

شناور بدنه بعدي سه  مدل

ضرايب تعيين
مقاطع بعدي دو  

شدن مشخص
معادلات ضرايب
شناور  حركت

شامل شناور پاسخ
 دامنه

فاز تأخير  و

حل
معادلات
حركت

موقعيت محاسبه
شناورجديد  

نيروها محاسبه
بر وارد وممانهاي

 بدنه

ناوير معادلات بدنه-حل اطراف استوكس  

صلب جسم حركت معادلات  حل

شناورهابج جايي  

ttt 	��
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 ��/� ��/�"� g�� �8 f	"- :��� �� !��#% !���A8� S�� �����
	 f	"- �� ���I� !���
������ �%�9�9'% �I�> ����� $��.  

  
4. #�$
� )��
C 2�����P�  

!������� �,� �- �����   �� . �- _"I[  H��[  f�
�'� E[�
 ��
   ��/#� �
��/� ./�"�k� S�#��  !��� ���
�'� �    4�/��% ��/���   

����� .       S�/5 
 �/�&�  ;�/�< 4�&/m% �����
�/'� 4� :���
 �
��� �� ,��)?.��.  

� 	� �?��	� ��%��I5 ������� 4 :  
. �- n=N� �����  

- �Q�5 ;�=M �
�	  
- �T"0 ;�=M �
�	 

- ��>����5 !
� h�9� ]U�[ ��> 

n=N� *��� 
 .5��  
- �Q�5 ;�=M ���  
-  o��&=��(slamming) 

�I)� ,� �-  
- *< 	� ���  ���
�� (
�?  
- ���  �Q�5 ���8�1 *< 

 
5. 2�+J Q��'�  
��  4�  �  $�� �% 4�
� D�� �� .&)[     	�  ���3�/��  �/�  �p/'

 ��A8� S��SEAWAY )S�� �)�� �8 �	"- ��A8�(    ��/�"� �/����� 

 ���� �%�I��'�  ������/  �
��/� � !
� �� ��Hollandia   S�/#��
��8�1 
  a��� $<�� �U���.�� � ]13�14[.   ��A/8� S��SEAWAY 

 ,� �- bI��'� !�%"�\��  ������ ��� �
���  !��	< b>�� ;�
.��  � !�"W% ����� �� !��"� ���% .�� ��� .����� 4��   �/��I�

��  d�8H�)���� E��%  
 ��"/�       H/��[ A/�� *< �/=�+� n/&5 !��/�
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ABSTRACT  
In specified limits of weather and sea conditions, the term optimum transportation is used to 
address maximum safety and crew comfort, minimum fuel consumption, minimum time 
underway, or any desired combination of these factors. Before defining such a goal function 
to optimize the transportation, one has to know about the ship reaction in waves. In other 
words, ship motions evaluation in different sea conditions is the base of ship routing. 
 In this paper slamming rules as an important criterion in ship motions and its probability is 
investigated and predicted. By applying different motion’s constraints, evaluation of ship 
motions is also applicable. Limitations in maximum vertical acceleration of bridge and 
maximum roll angle are considered as the main criteria and speed polar diagram is plotted 
according to such restrictions. This yields the regions with minimum risk of damage and 
maximum safety. It must be remembered that the general method presented here, is also 
applicable for other sea keeping criteria and all types of floating bodies. 
 
 
Keywords: Ship routing, slamming, vertical acceleration, bridges, safety 

 


