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è�¾�Z´�}º³ZÀ£Y�¾¬¯�|§z¯�yZ¿uZd�Y

#µvÀ¨
b�¿{�¹ ¾¨À¯Z´¿u¹yvÀ·��¾�À^���Zs�½Z·�¾-&¿¹�½YyYu�¶À¯¹yY�¶#Z¿yu±M�¶§�b�Y�¾�Àp¯�±Z¸k�½Z·�¶#Z¿yu�z¿Z��{Y� Yy�

u{Z��¾¯�|¿Z°d¯�^��®¿%y�z]�¾¸kºc�ª]Z£�zÀgZc�v³Yºc�¾¯�¶#Z¿yu�²¿Y�yu�½zd³È§�vÀ¸��yx.³ZÀ¯�eYvoYv�Z]�¶d�Yu�±M�¾�À�zÀÀ�c
b�¿{��¿Yz��¾«Z°doY¹ [M�¾�À^���uz-� ¹ ¦À«¹yvÀ·� yu� zÀÀ�c� �¾�Àp¯���½Z·�¾-&¿¹�z]� yx.³ZÀ¯�bsZ��aYzgY�¶¬°k� {Y

v´d�·�¶#Z¿yu�¶]�v³Yºc�¾¯�½Y�¶�«Z�¯�²À´#� ¹ b�Y� yYuyºsz]�¾�Zs�bÀ°·Y� {Y�¶À¯¹yY�¶#Z¿yu� yu�±Z¿zk�½º.«Y�¶�«Z�¯±Yº´�
½Yz]�¾¿Z´^¯uº��¾¤¬c�¶d�]Y¹�aZ�«Z�¯�z¿Z���

­z³���ºc�¶#Z¿yu�¦À¯Z´¿u¹yvÀ·�½{Z��©v¯� �¢À¤pc�²¿Y�yuyY|�Y0,.(��¶]�½º.«Y�¹ µv��­Zl³Y�n���yu�½v�]�¹u ayº��
b�Y�µv��²ÀÀ�c�¾�Àp¯��yZ�d¯��¿Yz��yu��sZ��©Z��¦¿�yu�¶#Z¿yu�±Z¿zk�µv³y¹M�uºkº]�ª¯Yº��{Y�½uYv�c�¾^�³�zÀgZc�~��

yz]�±Z¿zkb�Y�µv��¾��{Yzc�¹ b�z��z¿uZ¤¯�bÀ�£Y¹�¶]�¦¿u|³�j¿Zd³�±uYu�b�v]��Zp«�¶]�½v�]¹u�©v¯��¶§�b�Y�µv��µv·Z�¯
b�Y�¶À¯¹yY�¶#Z¿yu�¦À¯Z´¿u¹yvÀ·�½Yz]�¾^�Z´¯�©v¯�¶#Z¿yu�µv³y¹M�uºkº]�ª¯Z��²¿zc�¾¬�Y�uZ]� ��yZ�d¯��¿Yz��yu�²À´$°·

¾oYz��½Z·zd¯YyZ��±uy¹M�b�v]�½Yz]�¹ b�Y�±Z¿zkb�Y�½y¹z��±M�¶]�¶kºc�¶#Z¿yu�yu�±Z¿zk�¶]�¶d�]Y¹��
½vÀ¬§ aZ°¬§�yY|�Y�­z³��¦À«¹yvÀ·��¦À¯Z´¿u¹yvÀ·��¶À¯¹yY�¶#Z¿yu�0,.(��

7ZR�GLPHQVLRQDO�VLPXODWLRQ�RI�8UPLD�/DNH�K\GURG\QDPLFV�IRU�
LQGLFDWLQJ�WKH�IORZ�UHJLPH

$EVWUDFW
7KH� 8UPLD� /DNH� KDV� GLVWLQFWLYH� QDWXUH�� K\GURG\QDPLF� DQG� HQYLURQPHQWDO� SURSHUWLHV� WKDW�

VLQJOH�RXW�WKDW�IURP�WKH�RWKHU�ODNHV�LQ�WKH�ZRUOG��&RQVWUXFWLRQ�RI�6KDKLG�.DODQWDUL�FDXVHZD\�FDQ�
FDXVH�VLJQLILFDQW�HIIHFWV�RQ�QDWXUDO�UHJLPH�RI�WKH�ODNH��,W�PD\�DIIHFW�RQ�HQYLURQPHQWDO�ELRORJ\��
K\GUDXOLF��ZDWHU�FLUFXODWLRQ�UHJLPH�DQG�«��
7KLV�SDSHU�GHDOV�ZLWK�K\GURG\QDPLFV�RI�WKH�ODNH��7ZR�GLPHQVLRQDO�VXUIDFH�VLPXODWLRQ�KDV�EHHQ�
GRQH�ZLWK�0,.(��� SURJUDP�� )ORZ� UHJLPH� DQG� UHODWLYH� HIIHFWV� RI� SDUDPHWHUV� LQIOXHQFLQJ� WKDW�
KDV� EHHQ� LQYHVWLJDWHG�� 5HVXOWV� IURP� WKLV� PRGHO� ZKHQ� VLPXODWLQJ� QRUPDO� FRQGLWLRQ�� KDV� EHHQ�
IRXQG�WR�SUHVHQW�D�JRRG�FRUUHODWLRQ�ZLWK�ILHOG�GDWD�DV�OHYHO�IOXFWXDWLRQV�DQG�YHORFLW\�UDQJH��)RU�
WKDW�LW�VHHPV�WKDW�XVLQJ��'�PRGHO�IRU�K\GURG\QDPLF�LV�VXLWDEOH�EXW�FDOLEUDWLRQ�ZLWK�ILHOG�GDWD�LV�
QHHGHG�IRU�LWV DSSURYDO��
7KLV�PRGHO�VKRZV�WKDW�WKH�ZLQG�LQSXW�DV�WKH�PDLQ�HQYLURQPHQWDO�SDUDPHWHU�LQIOXHQFLQJ�WKH�IORZ�
UHJLPH�LQ�WKH�/DNH�DQG�IRU�WKDW�LW�LV�LPSRUWDQW�REMHFW�IRU�GHILQLQJ�GHVLJQ�SDUDPHWHUV�
.H\ZRUGV�8UPLD� �RURRPLHK�RURPLHK�RUXP\HK�� /DNH� �� QXPHULFDO� PRGHOLQJ� �� K\GUDXOLF� ��
K\GURG\QDPLF���0,.(���VRIWZDUH
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©Z�­º��µyZ°�Ñ�±Zd�]ZcÎÐÕÒ

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

Îº¶¯v¤¯�
u¹vo�b��¹�Z]�¶À¯¹yY�¶#Z¿yuêêåå�]z¯zd¯º¬À§�

±M� |¿z]M� ¶�ºo� ¹ ¶d�z-� yYz£� yº�§�¾]z�� ©Z°�� yu
çæ�èuº��¾¯�ª¯Z��Yy�±Yz¿Y�n���v�yu��¶#Z¿yu�©º�

��ºd¯� yº�]æèê²À]�±M��z�� ¹ zd¯º¬À§�ê�æêZc�
ëå¬À§�¢À°��¢�Z´¯yu�±M���ºd¯�¢°��¹ zd¯ºëzd¯�

uº��¾¯� µu{�²À°tc�±M���ºd¯�®lo�}Z�Y�²¿Y� z]
²À]æç¾«Y�èèuyZÀ¬À¯�zd¯¶]� \�*¯yu� \Àczc�
±Z¯{®)� ½Z·¾]M¾]Mz�� ¹uº��¾¯� uy¹Mz]@æ>�²¿Y

©Z��{Y�¶#Z¿yuæèêí¾]z�¾£z��½yx.³ZÀ¯�eYvoY�Z]�
¾«Z°���t]�¹u�¶]�èív�yu��¾]º´k�¹�ëçv�yu��

yx.]M�¦¿ Z¸´c� z�Zo� ©Zoyu� ¹ µv�� ®À�¤cæçêå
¾¯� yYz£z]� Yy�²À�z���Z^cyY�½zd¯v´§�½º.«Y� ¶�«Z�¯

yYuyºsz]�¾�Zs�bÀ°·Y� {Y� ¶À¯¹yY� ¶#Z¿yu� yu� ±Z¿zk
¶]�v³Yºc�¾¯�½Y�¶�«Z�¯�²À´#�¹ b�Y½Yz]�½Y�¶¿Z��±Yº´�

¹ [M�bÀ À§�aZ�«Z�¯� v´³Z¯� �¶d�]Y¹�aZ�«Z�¯� z¿Z�
yu�b�¿{��Àp¯uº��¶d�z-�z�³�yu��¶#Z¿�yuæê©Z��

½º.«Y�z]�±M�zgY�¹ yx.³ZÀ¯�eYvoY�Z]�aZ�«Z�¯�²¿Y�zÀsY
b�Y�¶d�z-�yYz£�¶kºc�uyº¯�zd�À]�¶#Z¿yu�±Z¿zk�

çº¶d�x-�aZ�«Z�¯�z]�½y¹z¯�
¶´À¯{� yu� ¶d�z-� ayº�� aZ�«Z�¯� ¾¬§� yº��¶]
±Yºc�¾¯� Yy�¶À¯¹yY�¶#Z¿yu�¦À¯Z´¿u¹yvÀ·�¹ ¦À«¹yvÀ·

t]�¹u�¶]uº°³�®À�¤c�¾¬�Y���¶§�¾cZ�«Z�¯�µ¹z-�¦¿
¾gYvoY� yx.³ZÀ¯� ¾oYz�� ½Z·�¶^´k� ²ÀÀ�c� yº�´¯�¶]

©Z��{Y�¹ ¶d�z-�ayº�æèìæµv��¶kºc�±M�¶]�zd�À]�
b�Y@ç¹è¹é�>ayº��¶]� aZ¤À¤pc� z.¿u� �t]�
±Z¿Z�¹ aZ¿z�³�yu�¾°¬��aÇZ¤¯�Z¿�¾·Z.�³Yu�½Z·�¶¯Z³

µv��¶WYyY�Z·��¿Z°·v³Y@ê¹ë¹ì>�¶]p«uyºsz]��¹y��Z
>Çº°�¯�¶#Z¿yu�½{Z��¶À^�� ¹ ¦À¯Z´¿u¹yvÀ·�¶«Z�¯� Z]

b�Y�µuº]�mz�¯�¾¬§�v¿u�¹u��¤��¶§�¾¿Z·�©v¯�¾¨¿
ªÀ«u� ¶]� ¹ v³Y�µuYu� yYz£� z�³� v¯� Yy� ¶#Z¿yu�¾]M�±ÈÀ]
[º´k� ¶]� Z·�¶³Zsu¹y� [M� ½u¹y¹� µv°�� v�yu� u¹y¹

�u¹voíëv�yu��¶]�[º´k� {Y�[M� ¶�z��¦¿ yº^�� �
#Z¿yu� ©Z°�¾¿Z·�½zÀ-�¶lÀd³� ¹ ¶d�³Yu� ª°dp¯� Yy� ¶

¶§� ¾cZ�«Z�¯� ½z.¿u� ¹ v³Y�¶d�Yu� ±M� z]� ¾´d^¯
±Z¿zk�z]�®§Zo�½uZÀ´]�aÇuZ�¯�}Z�Y�z]�½{Z��©v¯

�®d´°¯�¹ ¾.d�ºÀ��v´³Z¯�yu�Z]�¶«Z�¯�½uv��ªÀ¬pc�¹
¶d�z-�ayº��¾¿Z·�½{Z��µuZ�� ¹ aZÀ�z��²d�z-� z�³

b�Y�{Y�½uYv�c�j¿Zd³�¹ aZÀ�z��Zl´¿Y�yuaZ�«Z�¯�²¿Y�
uº��¾¯�±ZÀ]�z�dt¯�yº��¶]�

½Z·�©Z�� ²À]� ¶§� ¾cZ�«Z�¯� ¶�º°l¯� yuæèìæZc�
æèìè¶^´k� µv�� ­Zl³Y�¹ (À«¹yvÀ·� �¬dt¯� ½Z·

¹ ¶d�z-� yYz£� ¾�yz]� uyº¯� ¶#Z¿yu� (À¯Z´¿u¹yvÀ·
�sZ��zÀÀ�c�z]�yx.³ZÀ¯�zÀgZc�¾.³º.#¹ ¾*¿|À��½Z·

�t]�yu�¶#Z¿yu�[M�¾¿ZÀ°À�¾]º´k�¹ ¾«Z°��½Z·±M�
b�Y�µv��¾]Z¿{yY�¶]�uZ]��{¹�aZ�«Z�¯�²¿Y�yu±Yº´�

ª*��yu�µv´´)�²ÀÀ�c�ª¯Z�¾¤¬c�±Z¿zk�½º.«Y�½zÀ-
¹ µv�b�-{Z]�µy¹u�Z]�zh§Yvo�uZ]�½Z·�µuYuêå¹ ¶«Z��

aÇZo� Z]� ®¸¯� ½Z·�¶³Zsu¹y� ¾]ÈÀ�� ¹ ��ºd¯� ¾]u
yY|�Y�­z³� Z]� µv�� ¶dsZ�� ©v¯� ¶]� ¾ ¬dt¯� ¾^À§zc

0,.(��µv��©Z°�Y�b�Y���ºc� µv��¶WYyY�j¿Zd³
±ZÀ]� Yy�yx.³ZÀ¯�¾oYz��½Z·�¶^´k�zd�À]�aZ�«Z�¯�²¿Y

v´§�¾¯@é>�
©Z�� yu� ¾¤À¤pc� yuæèíæ±Yº´��¶]� uZ]� �z�� Z]�

¦¿ yu� ½uv���¹y� {Y� �{Z��±Z¿zk� ª¯Z�� ²¿zc�¾¬�Y
¹ ¾.d�ºÀ��aÇuZ�¯�}Z�Y� z]�¾p���½v�]�¹u�©v¯

¾-&¿¹�²ÀÀ�c� yu� �®d´°¯�Z³�[M��uz-�½Z·uZ]� {Y�¾
b�Y� µv�� µuZ d�Y� ¶À¯¹yY� ¶#Z¿yu� yu�²¿Y� j¿Zd³� {Y

¾¯�¶�«Z�¯uZ]�¥Z¨��Y�\¿z��±uº]�zgY�®§�¶]�±Yºc�yu�
±Z¿zk�b�z�{Y�±Z¿zk�½º.«Y�bÀ�^c�¹uz§�µyZ�Y�uZ]

@ê>�
©Z��yu�½z.¿u�¢À¤pc�yuæèíè²d�z-�z�³�yu�Z]�yZ¯M

æå¶´¿y{�¹ u¹y�¶´À°À���½Z#�¾kM�½Z·�¶³Zsu¹y�¶«Z��¹yu
ayº��¶]�yZ¯M�iYztd�Y�¹ ¶#Z¿yu�{Yzc�aZ³Z�º³�²À´$°·
yZ¯M� {Y� ¾¬��� \«Z�� uZ]� iYztd�Y� ¹ ¾¬��� ²À.³ZÀ¯
yY|�Y�­z³� ¦°§� ¶]� ±Z¿zk� ¾¬��� ½º.«Y� �uZ]� ¶«Z��¾�

0,.(���+'�uºk¹�¹ yx.³ZÀ¯�±¹v]�b«Zo�¹u�yu�
¾£z��¾�z��yx.³ZÀ¯�¦¿²d�z-�z�³�yu�±¹v]�¹ ¾]z��
µv¯M�b�v]�¶#Z¿yu�z¿Y|kb�Y��¢À¤pc�²¿Y�¶lÀd³�yu

½º.«Y� ¹ µuº]� zgº¯� ±Z¿zk�½º.«Y� yu� yx.³ZÀ¯�eYvoY
yu� zd�À]�¾¬���±Z¿zkªÀ¨�c�\«Z�� uZ]��{¹�b¸k

b�Y�µv�@í>�
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±Z¿zk�½º.«Y�²ÀÀ�c�½Yz]�¶À¯¹yY�¶#Z¿yu�¦À¯Z´¿u¹yvÀ·�½v�]�¹u�½{Z��¶À^�

©Z�­º��µyZ°�Ñ�±Zd�]ZcÎÐÕÒ

Zºº¿yu�¾º�vºº´¸¯�¶¿z�³

yº�´¯� ¶]� zd�À]� ¶§� ½z.¿u� aZ�«Z�¯� ¶�º°l¯� yu
½Yz]�¾¿Z·��¹y�¾�yz]� ¹ ¾oYz��½Z·�zd¯YyZ�� ²ÀÀ�c

eYvoY�{Y�ª^£�¶]�¶#Z¿yu��¿Yz��±uº°³�¦¿u|³yx.³ZÀ¯�
b«Zo�²¿v´#�yu�¶#Z¿yu�¦À¯Z´¿u¹yvÀ·�¶d�z-�ayº�
¶d�z-�yYz£�¶�«Z�¯�uyº¯��yx.³ZÀ¯�½Yz]��¬dt¯�¾�v´·

b�Y�
¾-v��{Z]�uZl¿Y�­¹|«�¾�v´·�½Z·�©v¯�j¿Zd³�ªÀ¬pc�Z]
[º´k� ¹ ©Z°�� [M� ²À]� �Z^cyY� ²À¯Zc� ½Yz]� ¾�Z�Y
zÀ�³�¾oYz��½Z·zd¯YyZ��²À´$°·�µv��¾�yz]�¶#Z¿yu

[M� ½Z·{Yzcb�z�� ¹½vo� �¿Yz�� yu� ±Z¿zk� ½Z·
b�Y�µv��²ÀÀ�c�

�¦À¯Z´¿u¹yvÀ·�aZ�«Z�¯�yu�µv��µuZ d�Y�½uv��©v¯
©v¯+'­z³� {Y�yY|�Y0,.(��¾¯�v�Z]�²¿Y� yu

ªÀ¬pc�½Yz]� ¶d¸k�(¿ uZ]��¿Yz�� {Y� Z¸´c�½{Z��©v¯
º.«Y� ¶)� µv�� µuZ d�Y� ±Z¿zk¶]� ±Z¿zk� ½Z·ayº�

ªÀ*�c�uZ]��{¹�uYvd¯Y�yu�¹ ¾�z�b�Y�µv��@ç>�
èº½{Z��¶À^���Yv·Y�

²¿Y� ¶§� b�Y� ±M� z.³ZÀ]� ¾¬^£� aZ�«Z�¯� y¹z¯
>Zcv°��aZ�«Z�¯­Zl³Y�¾oYz���Zs��Yv·Y�}Z�Y� z]�

µv�Z·�±M�½u¹y¹�aZ�È�Y�ªÀ«u�²¿Y�¶]�¹ v³Y�uZ]�Èh¯�
>Zcv°�z�³�yu�¾�£Y¹��¿Yz��{Y�zcÇZ]�¾�¿Yz��}Z�Y�z]�

v³Y�µv��¶d�z-�À«u�¶]�¾¬^£�½Z·�©v¯aZ�È�Y�uº^°§�ª
¾l´��bp�� ¹ ¾l´�Y¹�¾�Z§�aYv´d�¯�v£Z��¾³YvÀ¯

v´d�·�±Z¿zk�bÀ��¹�¾�yz]�½Yz]� zÀsY�¢À¤pc� yu
>Z�º�s� ¹ ¶#Z¿yu� yuyx.³ZÀ¯� yu� uºkº¯� yx.]M� yu�

¶#Z¿yu�©º°�¯��¿Yz��¾�yz]�½Yz]�½{Z��¶À^��¶#Z¿yu
±M�¾�Àp¯�aZ�È�Y�½Z´^¯�z]�¹ �t�¯�±Z¯{�¦¿ yu

uº��¾¯� ­Zl³Y� ±Z¯{�z·� zÀgZc� ~��ª¯Yº�� {Y� ¦¿
yYz£�¾�yz]�uyº¯�±Z¿zk�½º.«Y�z]�±Z¿zk�µv´´§�uZl¿Y

uzÀ-�¾¯�yu�¾�yz]�²¿Y®À°�cbÀ°·Y�uyº¯�yu�½zÀ-
¹yu�½Yz]�Z·�zd¯YyZ��[Ztd³Y¾³Yzp]��¿Yz��²d�z-�z�³

uz]yZ§�±Z¿zk� z]�¾´d^¯�¾oYz��aZ^�Zp¯� ¹ ¶#Z¿yu
b�Yu�v·Yºs�

éºyZ§��¹y�
¹u�½{Z��©v¯¾¯�½v�]�yu�®·�¹ n���yu�®·�v³Yºc

uº��µuz]�yZ*]�¶#Z¿yu���¤¯�¶#Z¿yu�n���¾-uzd�-
¶³Zsu¹y� \�¯� ¾-v´)Yz�� ¹¹ ±M� ¶]� ½u¹y¹� ½Z·

¹ ¾³ZÀ¯�µu¹vp¯�yu�±Z¿zk�b�z��aYzÀÀ�c�²À´$°·
µyZ´)� ¶]�b^�³� º�{Z]�ay¹Zl¯¾sz]� uºk¹� |À³� ¹ Z·

µz¿|k¶]�¶#Z¿yu�yu�¾³ZÀ¯�½Z·(�s�½Z·{z¯�ayº��
yu�Z¸³M�±uº°³�yº�´¯�½Yz]�¶)�v´d�·�½uyYº¯�¾¬sYu

¾¯�¶�«Z�¯¹u�©v¯� {Y�b�¿Z]µuZ d�Y�n��� yu�½v�]
uº��¶]�b^�³�¶#Z¿yu�[M�¢°��±Y|À¯� ¶*´¿Y�²°�

¶]�±M�¾cZp��¯�uZ�]Yyu�¶)�b�Y�(#º)�¾�Z)�µ{Yv³Y
¶]� Yy� ¶#Z¿yu� yu� ±Z¿zk� ±Yºd]� ¾¬)� �¿Yz�ayº��

®)� [M� ±Z¿zk¹ uº°³� yº�´¯� ¢°�½º.«Y� µv·Z�¯
uº��¾¯�z¿x��±Z¨¯Y�©v¯�²¿Y�Z]�n���yu�±Z¿zk�
µy¹u� [Ztd³Y� ½Yz]� ±Yºc�¾¯� Yy� ¾ ¬dt¯� ½Z·�yZÀ�¯

b�z-�z�³�yu�½{Z��©v¯�¶³ÇZ��aYzÀÀ�c�µv·Z�¯�½Yz]
z�³�v¯��sZ��©Z��¦¿ ½{Z��©v¯�¶#Z¿yu�yu�±Z¿zk

uzÀ-�¾¯� yYz£�¾¿Zl³M� {Y¢À¤pc� ²¿Y� �v·� ¶§
yu�¶#Z¿yu�½{Z��¶À^�v�Z]�¾¯�¶#Z¿yu��yZ�d¯��¿Yz��

½Yz]� ¶³ÇZ�� uZ^¬-� b·Z^�� zh§Yvo� v´³Z¯� ¾¿Z·�yZÀ�¯
zh)Yvo� �½yZ¯M� µy¹u���ºd¯� uZ^¬-� ¶]��sZ�� ©Z�

¶³Zsu¹y�¶³ÇZ��½u¹y¹�²À]�b·Z^���ºd¯�½u¹y¹�¹ Z·
¶³Zsu¹y�zÀt^c�²À]�¾.´·Z°·�zh)Yvo� Z¿�¶#Z¿yu�¶]� Z·

½u¹y¹� ¹ ¾-v³yZ]¶³Zsu¹y�½Z·{Yzc� Z]� Z·¶#Z¿yu�[M�
v³zÀ-�¾¯�yYz£�¶kºc�uyº¯�zÀgZc�²ÀÀ�c�¶¨´¿Y�¶]�¶kºc�Z]

�yZ]�¹ zÀt^c�v´³Z¯�{Z��±Z¿zk�ª¯Yº��{Y�¦¿ z·�¾^�³
v¯�¢À¤pc�²¿Y�{Y�¾�t]�±Yº´��¶]�|À³�Z·�¶³Zsu¹y�¾]u�¹
¹ zÀt^c� yZ¯M�²À]�¾.´·Z°·� zh§Yvo� yZÀ�¯�b�Y� z�³

¶#Z¿yu�¾]M�{Yzc�Z]� Z·�¶³Zsu¹y�½u¹y¹�¹ ¾-v³yZ]¶]�¶§�
v·u�¾¯� ±Z�³� Yy� ¶#Z¿yu� ¾]M� ±ÈÀ]� ²¿zd¸]� ¾�º³

\�Z´¯v�y�¾¯�z�³�¶]�zc�©Z��²¿Yz]Z´]½Z·êí�æèêì
¹ëë�æèëê¹ìë�æèìêaZ�È�Y�½yZ¯M�¾�yz]�¶§�

v·u�¾¯� ±Z�³� Yy� Z·�µuYu�¾³Yºt°·� ²¿zd¸]� Z·�±M@è>
v³º��¶d�z-�z�³�yu�½{Z��¶À^��½Yz]�v´³Yºc�¾¯�

{Z��¶À^��¢À¤pc�²¿Y� yu¶]�¶#Z¿yu�½½v�]�¹u�ayº��
µZ¯z¸¯�{Y�¶«Z��¦¿ µy¹u�½Yz]�¹ n���yuæèëê±Z¿Z��Zc�

yº¿z¸�æèëëb�Y�µv��­Zl³Y��
éºæº¹u�©v¯�½v�]0,.(��

0,.(��¶��º¯���ºc� ¶§�'+,Îµv�� ¶À¸c�
­z³©v¯�½Yz]�b�Y�½yY|�Y±Z¿zk�½v�]¹u�½{Z�Z]�½Z·
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©Z�­º��µyZ°�Ñ�±Zd�]ZcÎÐÕÒ

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

¶À^��±Z*¯Y�¶)�uY{M�n���À��¹ (À«¹yvÀ·�½{Z�¾´À]
µv¿v�¶#Z¿yu�yu�Z·jÀ¬s��ªoYº���Z·¾¿Z¿yu�¾oYº³�¹ Z·

¶¿Ç� Z¸³M� yu� ¶)�z�� ª]Z£� ±Z¿zk� ½v´]z�³��z�
¢°�� yu�¾´.°·�v�Z]�¾¯� YyYu� Yy� �b�Y�²¿Y� yZdsZ�

}º³ZÀ£Y� ¹ ªoYº�� (À«¹yvÀ·� ½Yz]� ©v¯�¾�Z´�
µv��¾oYz��iYº¯Y�¹ [º�y�v´¿Yz���¾�Àp¯�(À«¹yvÀ·

b�Y�­z³� ²¿Y� yu|�Y¾¿Z¿yu� (À«¹yvÀ·� ©v¯� ¶�� yY
b�Y�µv���¿z�c�©v¯½Z·��+'�©v¯�¹�1+'�Z]�

©v¯� ¹ ®§Zo�aÇuZ�¯� ªo� yu� u¹vp¯� ª�Z c��¹y
�+'�)0�aÇuZ�¯�ªo�yu�u¹vp¯�±Z°«Y��¹y�{Y�¶§�

v´§�¾¯�µuZ d�Y�
©v¯�yu¾¯�(À¯Z´¿u¹yvÀ·�½{Z�yu�Yy�z¿{�ª¯Yº��±Yºc

b�z-�z�³��
æºµv�� uyY¹� ¹ uºkº¯� ®d´°¯��Àp¯� ¶]�çº�´c�

�)� ¾)Z*��Yèºn��� yu� uZ]� ¾)Z*��Y��´c�éº
±Z¿uYz-ºk�yZ���½Z·êº~À«º¿yº)�½Z·¹zÀ³�ëºbk|«�

ìº±Z¿zkiº¯� ��ºc� µv�� uZl¿Y� ½Z·íº¹ ¶°�#�
µZ#Z·�¶³Zsu¹y�v´³Z¯Z·�îº�yZ]� ¹ zÀt^c�æåº¹ zc�

Z·{z¯�±v��(�s
d�·�z¿{�ayº��¶]�yY|�Y�­z³�²¿Y�yu�®§Zo�aÇuZ�¯v´�
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K�[�\�W� ��G]zd¯� \�o� z]� � �¹ [M� ¢°�
G�[�\�W� ¹ ±Z¯{� Z]�¢°��aYzÀÀ�c��[�\�W�] {Yzc�

¹ [M�n��S�T�[�\�W� b¸k�yu�±Z¿zk�yZ��[¹\
\�o� z]�P��V�P� �XK�YK�±M� yu� ¶)X¹Y
b�z�½Z·b¸k�[¹\��ºd¯�¢°�� yu� µv��½zÀ-

¹ v´d�·& �½|��b¯¹Z¤¯�V��
�P�¹J [Zd�

¶]wZk�P�V��¹I ¹ uZ]� 'Z*��Y� \¿z�
9�9[�9\�[�\�W� ¶ «º¯� ¹ uZ]� b�z��yu� ±M� ½Z·

b¸k½Z·[�\�P�V�¹�[�\�: ~À«º¿yº)�zd¯YyZ�
� ¶]�¶d�]Y¹¾¿ZÀ�Yz�k��z�V���¹SD�[�\�W� yZ���

z �°cY�NJ�P�V��¹ZU [M�¶dÀ�³Yu��NJ�P��¹
[�\ aZ�dt¯��P�¹W ±Z¯{��V�¹\\W[\W[[W

 ¶ «º¯�v´�Z]�¾¯�¾�z]��´c�½Z·�
¾k¹zs¹ [M�{Yzc�ª¯Z��¶«Z�¯�ªo�±YvÀ¯�yu�©v¯�½Z·

¶]� ¶)�b�Y�¢°�� yu���ºd¯�b�z��aYzÀÀ�cayº��
b�Z¿yu�ª]Z£� z�³� uyº¯��Z¤³� yu�¾«¹Yvk� Z¿�¾*À�Yz-

¾¯v�Z]�z¿Z�� ½YzkY� ½Yz]� ­{Ç� aZ�È�Y� ²À´$°·
©¹v¯b�Y� ±M� }Z�Y� (À¯Z´¿u¹yvÀ·� ©v¯� ¶)� ¾¿Z·

¾¯�¶À¸cuº�@ææ¹æç>�

éºçº¹ ½{z¯��¿Yz��¶À«¹Y�
v´cyZ^��¶#Z¿yu�ªÀ¬pc�½Yz]�µv��¶d�z-�z�³�yu�ª¯Yº�

{Y�
ºz]Yz]��sZ��©Z��yu�¶#Z¿yu���ºd¯�{Yzc�ëæì�æçìê

zd¯�uY{M�½Z·Z¿yu� n��� {Y�¶§� ¶#Z¿yu� {Yzc� yZ¯M� {Y
¶WYyY� ¶³ZÀ·Z¯� ��ºd¯� ayº��¶]� ¹zÀ³� ayY{¹� ��ºc

uº��¾¯@î>�
ºayº��¶]� uZ]� ¾³Z¯{� aYzÀÀ�c�è.d�¿Y� {Y� ¶d�Z��µZ

¶À¯¹yY� ¦Àd�º´À�@æë>¶]� ±uº]� ¦¿u|³� ªÀ«u� ¶]�
z¿Z�� ¶]�b^�³�¾�À^���yYº�� ±uº]� zd°§� ¹ ¶#Z¿yu
v´³Z¯� ¾cZpÀp�c� {Y�~�� ¶#Z¿yu� �Yz�Y� ½Z·�µZ.d�¿Y
nÀp�c� ¹ ¶#Z¿yu� ¹ ½zÀ-�µ{Yv³Y� ªp¯� {Yzc� �ÈdsY
uºkº¯� ½Z·�¶À�ºc� ¢^�� Z¿yu� ¶]� ¾¨�s� {Y� aZ�È�Y

@æê>�¶§�b�Y�nÀ�ºc� ¶]� ­{Çyu�¾l´�uZ]� µZ.d�¿Y
b�À³� z¤d�¯� ¶#Z¿yu@ç¹è>½zÀ-�µ{Yv³Y� ¶�¿Z¤¯� ¹

­Zl³Y�½zÀ-�µ{Yv³Y� Z]�¶À¯¹yY�µZ.d�¿Y�uZ]�b¸k�¹ b�z�
yx.³ZÀ¯�¾¨¿u|³�yu�µv�@é>�ÈdsY��¶]Z�¯�aZ�Z��yu�

¹ v·u�¾¯�±Z�³�uZ]��{¹�b¸k�yu�Z�º�s�¾¸kºc�ª]Z£
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±Z¿zk�½º.«Y�²ÀÀ�c�½Yz]�¶À¯¹yY�¶#Z¿yu�¦À¯Z´¿u¹yvÀ·�½v�]�¹u�½{Z��¶À^�

©Z�­º��µyZ°�Ñ�±Zd�]ZcÎÐÕÒ

Zºº¿yu�¾º�vºº´¸¯�¶¿z�³

p¯� yu�½zÀ-�µ{Yv³Y� zc�¢À£u�½Z·yZ§�½Yz]�b�Y� ­{Çª
uzÀ-�ayº��¶#Z¿yu��¾cZ�È�Y�²À´#�±v¯M�b�v]� Zc

©¹Yvd¯�aZpÀp�c�¹ ¶À¯¹yY�µZ.d�¿Y�aZ�È�Y�{Y�µuZ d�Y
uZ]� ½º.«Y� {Y� ½Y�¶³º°³� z.³ZÀ]� ½u¹vo� Zc� v³Yºc�¾¯� ¶§

b�Y�z¿x�Z³�[Z´dkY�v�Z]�¶¤�´¯�
ºzgº¯��yZ]�¾³Z¯{�aYzÀÀ�c��zÀt^cº¾-v³yZ]��ayº��¶]

¶³ZÀ·Z¯� ��ºd¯�{Y� aZ�È�Y¹ zÀt^c� ½Z·�µZ.d�¿Y
±YyZ]¶#Z¿yu� y¹Zl¯� ¾l´��¶³Zt�z�� ¹ ¾¬ �ºkZ]M�

v³Y�µv��b�Yuz]@è>��
º¾]u� ¾³Z¯{� aYzÀÀ�c�çæ¶§� ¶#Z¿yu� ®¸¯� ¶³Zsu¹y�

²À¯Zc� Yy� ¶#Z¿yu� ¶]� ½u¹y¹� [M� ®lo� ²¿zd�À]
¶³ZÀ·Z¯���ºd¯� yZ¯M�ayº��¶]� v´¿Z°³�¾¯�{Y�aZ�È�Y
¹y� yu� z¤d�¯� ½Z·�µZ.d�¿Y� ½zÀ-�µ{Yv³YZ]� ¹ Z·�¶³Zsu
v³Y�µv��¶À¸c�½yZ¯M�¾.d�^°·�¹ nÀp�c@è>��

º�kz¯�½Z·�µuYu�{Y�¶#Z¿yu�¾�Yz-¹yvÀ·�½Yz]�@ç>¶§�
{Yzc� ¹ b�Y� ¶´À¯{�²¿Y� yu� uºkº¯�aZ�È�Y�²¿zc�ª¯Z§

z]Yz]� ±M� ½Z´^¯æçìêuY{M� ½Z·Z¿yu� n��� {Y� zd¯�
b�Y�µv��µuZ d�Y�v�Z]�¾¯�

º{Y� Z´^¯�©Z�� yu� yx.³ZÀ¯�º�{Z]�uZ�]Y�b�z�À�� yYuº°³�
z]Yz]� yx.³ZÀ¯� µ%¹z�� aZÀ¬°�çææåµv�� ²ÀÀ�c� zd¯�

b�Y�
º²d�z-� z�³� yu� Z]� ¶#Z¿yu�ª§� ¶«Z�¯�ªo�±YvÀ¯�é

¾]º´k�+y|]�µz¿|k�¹{yM�¹ zÀ��Y� �¦�Y� �±Yuº^§�¶§
v�]� Z]�¾�]z¯�½Z·�¶¨^�� {Y�½{Z��©v¯�½Yz]éêåzd¯�

b�Y�µv��µuZ d�Y�
ºv¯�b¿u¹vp¯�¶]�¶kºc�Z]�¶#Z¿yu�[M��z��².°·��©

b�Y� µv��¶dÀ�³Yu�½zÀ-�µ{Yv³Y� ¶§�b�Y� z§w� ¶]� ­{Ç
¶#Z¿yu� [M@æé>�t]� yu� Yy� ±M� yYv¤¯� �ÈdsY

µv°�½Y�{Y�zd°§�¶#Z¿yu�{Yåæ�å­z-�yu�zd°Àd³Z�\�¨¯
¾¯� ±Z�³v·u��� �¶#Z¿yu� ¾¯º°�� n��� yu� ¹ yZ¸]� yu

yYv¤¯�¶dÀ�³Yu�zh§Yvoæéë�æ¶]�±M�ª£Yvo�¹ ©Z°��yu�
yYv¤¯æèí�æ­z-�yu�zd°Àd³Z�¹ |§z¯� yu� \�¨¯
[º´kb�Y�µv��­È�Y�¡z��@æé>��

ºz�´�z��±Z¿zk� uZl¿Y� yu�iº¯� zgY� {Y�¶�«Z�¯�²¿Y� yu�
b�Y�µv��

º©v¯� ½YzkY� ¾³Z¯{� ­Z-�æçåuv�� \�Z´d¯� ¶À³Zg�
b³Yyº§èz·�aZ�È�Y�b�Yuz]�¾³Z¯{�­Z-�¹èè�æ{¹y�
v�Z]�¾¯�

ª¨�æº¶À¯¹yY�¶#Z¿yu�
éºèº�o�ªÀ¬pc�©v¯�bÀ�Z

>Çº°�¯bp�� ½Yz]�©v¯� �½uv�� ½Z·�©v¯� ¾l´�
µy¹u�¦¿ ½Yz]�uºkº¯�aZ�È�Y�¶]�¶kºc�Z]�µv��¶dsZ�
bÀ�Z�o� ªÀ¬pc� {Y�~�� ¹ µv�� YzkY� ¹ ¶À¸c� ¾³Z¯{
�bÀ�£Y¹�¶]�j¿Zd³�±v��¦¿u|³�¹ ±M��¬dt¯�½Z·�zd¯YyZ�
Z]�ª�Zo�j¿Zd³� ¹ YzkY�½z.¿u�¾³Z¯{� µy¹u�½Yz]�©v¯

ºkº¯�¾³YvÀ¯�aZ�È�YZ¿�b£u�¹ ¶�¿Z¤¯�µy¹u�±M�yu�u
uº��¾¯� ²ÀÀ�c� ©v¯� b£u� ­v�@æè¹æç>�²¿Y� yu

½Yz]�\�Z´¯�¾³YvÀ¯�aZ�È�Y�uº^°§�¶]�¶kºc�Z]�¢À¤pc
¶À¬§� {Y� µuZ d�Y� �µv�� ¶dsZ�� ©v¯� ±ºÀ�Yz^À«Z§
¹ µuº]�¶kºc�uyº¯�¶´À¯{�²¿Y� yu�}zd�u� yu�½Z·�µuYu
ªÀ¬pc� �bÀ�£Y¹�¶]� µv��¶dsZ��©v¯�±uz§�¦¿u|³� yu

­z³�{Zl¯�µu¹vp¯�yu�zgº¯�½Z·zd¯YyZ��bÀ�Z�o¹ yY|�Y
b�Y� ¶d�z-� yYz£� z�³v¯� Z�s� ¹ ¾����v·� �£Y¹� yu

½Yz]�­{Ç�½Z·zd¯YyZ��±uy¹M�b�v]��t]�²¿Y�yu�¾¬�Y
b�Y� µuº]� ©º^£� ª]Z£� uZ°d�Y� Z]� �½{Z��©v¯�b�z�

©v¯� yu� ¶#Z¿yu� �¬dt¯� �Z¤³� yu� ±Z¿zk
bÀ�Z�o� yZÀ�¯� �¦À¯Z´¿u¹yvÀ·� ¾l´�Z·zd¯YyZ

¶]� ¹ µv�� ¶d�z-� z�³yu¾³Z¯{� µy¹u�±uº]� µZcº§�ªÀ«u
¾]u�¹ zgº¯��yZ]�{Y�¾l´��bÀ�Z�o�½Yz]�µv��µuZ d�Y

b�Y�µv��z�´�z��Z·�¶³Zsu¹y�z]�µ¹È���¢À¤pc�²¿Y�yu
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©Z�­º��µyZ°�Ñ�±Zd�]ZcÎÐÕÒ

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

>Çº°�¯� ¶§� ¶d�x-�aZ�«Z�¯��¹y� {Y� µuZ d�YªÀ¬pc�
{Y� µuZ d�Y� �µv�� ­Zl³Y�b]Zg� uZ]�¦¿ ½Yz]�bÀ�Z�o

uZ]�b�z�¶ÀW¹%� µZ¯� zÀ�d¯��uYuzsµZ¯�z�³v¯� |À³
b�Y�¶d�z-� yYz£�¶]Z�¯� µZ¯�²¿Y� uZ]�½º.«Y�½º.«Y�²¿zc�

¶]� uZ]®À�zc� Z]� ¶§� v�Z]�¾¯� ½{Z��©v¯� µy¹u�
Z]� ¶�¿Z¤¯� ¹ ©Z�� ±M� ¶³Z·Z¯� ¶d¸k� b�·� uZ^¬-

b�Y�µv¯M�b�v]�±M�uZ]�¾¬§�uZ^¬-�½Yz]�Z·�ªÀ¬pc�²¿Y
b]Zg�uZ]èì�æê¯b¸k�Z]�¶À³Zg�z]�zdæìå¢]Z�¯�¶kyu�

½Y�¶d ·�¦¿ ½Z·�±Z¯{�yu�½{Z��©v¯�µy¹u�uZ]�®°¿|§Z¯
b�Y� ¶d�z-� ayº�� ¶·Z¯� ¹u� �zÀ�d¯� uZ]� ½Yz]� ¹�

yZ¯M�¾�yz]èå¶«Z�µZ.d�¿Y�yu�uZ]²À.³ZÀ¯�¶À¯¹yYuZ]
yZ¸]� yu� Yy� ¾¬��� \«Z�P�Vë�è�¾£z�� b¸k� Z]�

±Zd�]ZcP�Væ�é©Z°��b¸k� Z]�£z��¾|À¿Z�P�Vë�ç
[º´k�b¸k�Z]±Zd�¯{�¹ ¾]z�P�Væ�è¾]z��b¸k�Z]�

v·u�¾¯�±Z�³�uZ]�¦¿ ­¹Yvc�zh§Yvo�²À´$°·îb�Z��
b�Y�µv��²ÀÀ�c@ì>�av¯�¹ uZ]�b�z��yYv¤¯�²¿Yz]Z´]�

bÀ�Z�o�ªÀ¬pc�½Yz]�µv��¶d�z-�z�³�yu�½YzkY�±Z¯{
\�Z´¯�u¹vo�²¿Y�yu¶]�v�y�¾¯�z�³�b�Y�z§w�¶]�­{Ç

½ÇZ]�b]Zg�uZ]� Z]�½v�]�¹u�±Z¿zk�©v¯�²¿Yæêz]�zd¯�
{Y�~�� �¶À³Zgé{¹y��u¹voèååå¾³Z¯{� ­Z-�æçå

b³Yyº§� uv�� Z]�½Y�¶À³Zgè�aZ^g� ¶]� ¶À¯¹yY� ¶#Z¿yu� yu
¾¯�¾^�³{Y�ª�Zo�b�z�� z¿uZ¤¯�±M� {Y�~�� ¹ v�y

b�Yu�v·Yºs�¾W|k�aYzÀÀ�c�Z·�©v¯�
uZ¤¯ªÀ¬pc�©v¯�{Y�ª�Zo��¶#Z¿yu�yu�±Z¿zk�b�z��z¿

yu�{Y�¾�À�¹�µu¹vp¯�½Yz]��bÀ�Z�oµv��©zd´§�¶#Z¿
b�Y�ª¨��yYuº°³ç©v¯�bÀ�Z�o�©zd´§�{Y�½Y�¶³º°³�

°�� yu� ¶³º°³� ¶�¤³� yu�¾cZ^�Zp¯� ¶¨^�� uZ�]Y�½Yz]©Z
v·u�¾¯�±Z�³� Yy�¶#Z¿yu�©¹vkæªÀ¬pc�j¿Zd³�¶�Ès�

v·u�¾¯�±Z�³�Yy�bÀ�Z�o�

ª¨�çºb]Zg�uZ]�½Yz]�¶#Z¿yu�©Z°��yu�¶³º°³�¶�¤³�yu�¶¨^���¬dt¯�uZ�]Y�bÀ�Z�o�ªÀ¬pc��©v¯�yu�zd¯YyZ��²¿Y+'��¶¨^�éêå¹îåå
½zd¯�zgYæuyYu�b�z��zÀÀ�c�yu�½v�yu�v¿M�¾¯�b�v]�zd�À]�b�z��zd¨#º§�¶¨^��yu��©v¯�yu1+'��¾^À§zc�¶¨^�îåå¹èåå

yx.³ZÀ¯��Yz�Y�yu�zd¯�{Y�zd°§�|À³æ¶]�b^�³�v�yu�+'b�Y�±Z�¨¿�yYuº°³�¾¬§�½Z°��©Zo�z·�yu��v]Z¿�¾¯��·Z§�±Z¿zk�b�z����

©¹vkæºyZ��bÀ�Z�o�ªÀ¬pc�j¿Zd³�¶À¯¹yY�¶#Z¿yu�½v�]�¹u�©v¯�yu�±ºÀ�Yz^À«Z§�½Z·zd¯Y

d�����{�Ã|��Ã|ÅZ�»��ÌiZe��j¯Y|u
½ZË�m�|��{�

�Ì¤f»�{Z] d]Zi�{Z]�
¹�¿��{�cY�ÌÌ¤e�{Á|u�Y�§Y dÌ�Z�u�¶Ì¸ve��f»Y�Za

��� ��� ���� a�� Ê]Y{�³�dm�·��f»Y�Za�| ]�Ê]�
� � µ|»�É�Y|ËZa�Ä]�ÄmÂe�Z]�{Y�M  ]Y¾Ì]�ÊeZ^�Zv»�Ä°^��{Z���Ze��f»�����f»�
� � �� a �� ²ÀÌ¿Z»�{|��P����V�
�� �� �� a��� É���\Ë���P����V�
��� �� � a������ [M�Á�{Z]�­Z°��Y�\Ë���| ]�Ê]�

ÑÏ

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
57

60
8.

13
85

.3
.4

.4
.4

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

ar
in

e-
en

g.
ir

 o
n 

20
26

-0
5-

27
 ]

 

                             6 / 11

https://dor.isc.ac/dor/20.1001.1.17357608.1385.3.4.4.4
http://marine-eng.ir/article-1-27-en.html


±Z¿zk�½º.«Y�²ÀÀ�c�½Yz]�¶À¯¹yY�¶#Z¿yu�¦À¯Z´¿u¹yvÀ·�½v�]�¹u�½{Z��¶À^�

©Z�­º��µyZ°�Ñ�±Zd�]ZcÎÐÕÒ

Zºº¿yu�¾º�vºº´¸¯�¶¿z�³

µu¹vp¯� yu� uº��¾¯� µv¿u�©¹vk�²¿Y� yu� ¶§� yº�³Z°·
Z´^¯� ©Z�� yu� ¶#Z¿yu� ½Z·uZ]��{¹�zh§Yvoèì�æê

¶À³Zgz]zd¯�yu�¶§�uº��¾¯� µv·Z�¯��¬dt¯��Z¤³� yu� ¹
½Z·�©v¯+'¹1+'bk|«� \¿z�� �½v�]�¹u�

uZ�]Y� ¹ ,´À³Z¯� uv��ayº��¶]� zd�]�b¯¹Z¤¯� �¾]Yuz-
u �¯v³yYu�¾°§�zÀgZc�±Z¿zk�b�z��z¿uZ¤¯�y�Z·�©v¯

yZÀ�]� zd�]� b¯¹Z¤¯� ½Yz]� ½|�� \¿z�� ¶]� b^�³
v´�Z�o�yu�½Y�µv°���¤³� |À³� uZ]�¥Z¨��Y�\¿z�

uyYu�±Z¿zk�b�z�� zÀÀ�c�yYv¤¯� ¶d^«Yååê�å\¿z�� �
µv��¶À�ºc�µu¹vp¯�¹ b�Y�©v¯�¶]�©Z°�Y�ª]Z£�zh§Yvo

²À]�\¿z��²¿YåZc�ååçë�åZ·uZ]�½Yz]�b�z�� Z]�½
{Y� zd°§èå¾¯�¶À³Zgz]zd¯�Z]�v��zÀgZc� µu¹vp¯�²¿Y� yu

b]Zg�uZ]�b«Zo�yu� �±Z¿zk�b�z��yu�\¿z��²¿Y�zÀÀ�c
{Y�zd°§æZc�zÀ�d¯�uZ]�b«Zo�yu�¹ v�yu�æêåv�yu�

¾¯v�Z]�[M�¹ uZ]�¥Z¨��Y�\¿z��zÀgZc�j¿Zd³�¶�¿Z¤¯
�kz¯� yu� µv�� µyZ�Y�¢À¤pc� Z]�±Z¿zk�b�z�� yu@ê>

� yu�¶§¾³Yºt°·�µv��¾l´��bÀ�Z�o�b]Zg�uZ]��¿Yz
v·u�¾¯�±Z�³�Yy�j¿Zd³�

²¿Y� bÀ�£Y¹� ¶]� ¦¿u|³� z¿uZ¤¯� ²ÀÀ�c� ½Yz]� ²¿Yz]Z´]
½Z·�½zÀ-�µ{Yv³Y�¶�¿Z¤¯�Z]�©v¯�±ºÀ�Yz^À«Z§��Z·zd¯YyZ�
z�³� ¶]� ­{Ç� ¶#Z¿yu� yu�±Z¿zk� ¹ uZ]�b�z��±Z¯|°·

v�y�¾¯�zÀ�d¯�ayº��¶]�Z·zd¯YyZ��²¿Y�u¹y¹�¶¨´¿Y�²°�
¶#Z¿yu�ª§� yu�b]Zg� yYv¤¯�½Zk�¶]� ¶#Z¿yu� n��� yu

v�Z]� ¶d�Yu� zÀgZc� yZ§� j¿Zd³� yu� v³Yºc�¾¯�¶]� ¶kºc� Z]
½Yz]� �\�Z´¯�¾³YvÀ¯�aZ�È�Y� uº^°§� ¹ ¡º���¿Yz�
�±Z¿zk� ½{Z��©v¯yu� Z·zd¯YyZ�� ²¿Y� z¿uZ¤¯� [Ztd³Y

­z³�µv³{Z��½Z·�¶À�ºc�{Y�µuZ d�Y¹ yY|�Y�z¿uZ¤¯¶À�ºc�
µv�d�z-�z�³�yu�v��¶�

½Z·�©v¯�yu�¢À¤pc�²¿Y�yu�²¿Yz]Z´]+'¹1+'{Y��
,´À³Z¯�P����VHF�èçªÀ«u�¶] �zd�]�b¯¹Z¤¯�½Yz]�

�½|��\¿z��¶]�b^�³�©v¯�zd°§�bÀ�Z�o�¶]�­{Ç
¦°§� Z]� ¶]Z�¯� ©v¯� ±ºÀ�Yz^À«Z§� ¶§� b�Y� z§w

�kz¯� yu�±Z¿zk� ¹ uZ]�b�z��±Z¯|°·�aZ�È�Y@é>
yYv¤¯èîÀÀ�c�\¿z��²¿Y�½Yz]�Yy�©zd´§�Z]�¶§�µuº°³�²

²À]�±M�zÀÀ�c�zÀgZcèçZc�èî¹ z�Zo�¢À¤pc�©v¯�yu�
¶À�ºc� {Y� �±uº]� zÀgZc� ®§'+,v�� µuZ d�Y���¹

uZ]� b�z�� Z]� \�Z´d¯� aYzÀÀ�c@ææ>\¿z�� ½Yz]�

¶À�ºc�¢]Z�¯�¶§�[M�¹ uZ]�¥Z¨��YZ·�¾¤�´¯�{Y�zc�¦¿
¶]�b]Zg�\¿z�b�Y�µv��µuZ d�Y��v�y�¾¯�z�³�

êº^��j¿Zd³�½{Z��¶À
�Z¤³� ½Yz]��sZ�� ©Z�� ½Yz]� ©v¯� ½Z·�¾k¹zs

b�Y�µv��©zd´§�¶#Z¿yu��¬dt¯�{Y�µv¯M�b�v]�j¿Zd³
½Yvd]Y0D\½Z¸d³Y�Zc�$SULO��±v�� Yz.°·�±Z¯{�yu
Z·�©v¯�½Z·�ª¨��yu�¶³º°³�¶�¤³�¹u�½Yz]�èZc�ë±Z�³�

b�Y�µv��µuYu�
Yy�z¿{�j¿Zd³�¶#Z¿yu�z�Yz��yu�b�z��aYzÀÀ�c�¾�yz]

±Z�³v·u�¾¯�
æº��ºd¯�b�z��½Y�µv°���t]�yu�±Z¿zk�µv��½zÀ-

{Y�zd°§�¶#Z¿yu�{Yç�åv¿M�¾¯�b�v]�¶À³Zgz]�zd¯��²¿Y
u¹vo� ¶]� yx.³ZÀ¯� º�{Z]�¾¨¿u|³� yu� yYv¤¯æz]� zd¯�

²¿Y� yu� ¶#Z¿yu� yu�b�z�� ®°¿|§Z¯� ¹ v�y�¾¯� ¶À³Zg
uº��¾¯�µv¿u�¶�¤³�½Z·�b�z��µu¹vp¯�Z]�b�z��²¿Y

µ{Yv³Y�±Z¿zkÀ-©Z�� yu� yx.³ZÀ¯�¾¨¿u|³� yu� µv��½z
æîîæ@é>¶]Z�¯�¾d�z�� Z]� uZ]��{¹��¿Yz�� yu�¶§�

¾¯�±Z�³�¾«º^£�ª]Z£�¡Z^�³Y��µv¯M�b�v]v·u�
çº½Z·�µyZ´§� �ªoYº�� yu� |k� ±Z¿zk� ¾¯º°�� b¸k�

¹ ©Z°�� ayº��¶]� �¾]º´k� z¿Y|k� ¦¿u|³� ¹ yx.³ZÀ¯
v¿M�¾¯�b�v]�[º´k�

èº��Y¹Y� ¾³Z¯{� ¶¬�Z�� yu� ±Z¿zk�b�z��z^d§Y� µZ¯�
�µZ¯z¸¯�z^¯Z�u� µZ¯� ��Y¹Y� Zc�µZ¯ywM�²¿zd°§� ¶]

v�y�¾¯� uºs� z¿uZ¤¯�±Z¿zk�b�z��aYzÀÀ�c��£Y¹� yu
v¿M�¾¯�b�v]�uZ]�b�z��aYzÀÀ�c�Z]�\�Z´d¯�

éºª¨�� yYuº°³�ë½Z·�µZ¯� yu� v·u�¾¯� ±Z�³�0D\�
1RY�'HF�)HEzd�À]�yx.]M�yu�\«Z��±Z¿zk�b¸k�

µZ¯� z¿Z�� ¹ ©Z°��b°��¶]¾£z��[º´k�b°��¶]� Z·
b�Y�[º´k�¾¯º°��±Z¿zk� yº�c��Ès��º�º¯�²¿Y

¶#Z¿yu�[º´k�yu�zd�À]�½u¹y¹�¾]u�ªÀ«u�¶]�©Z°��¶]
b�Y�

êº{Yzc�aYzÀÀ�c�¶]Z�¯�aZ^�Zp¯�{Y�ª�Zo�{Yzc�aYzÀÀ�c�
¶#Z¿yu�yu�µv��½zÀ-�µ{Yv³Y@î���������>v¿M�¾¯�b�v]���ÈdsY

vo� yu�¶§� yYuº°³� ¹u�²À]� uºkº¯çåb�Y� zd¯�¾d³Z��
¶#Z¿yu� ��ºd¯� {Yzc��z�� ªÀ«u�¶]� zd�À]�¶À«¹Y� {Yzc

ëæì�æçìêzd¯��v�Z]�¾¯� aZ^�Zp¯� ½Yvd]Y� ½Yz]�
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©Z�­º��µyZ°�Ñ�±Zd�]ZcÎÐÕÒ

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

¹ ©Z°��²À]�½{Yzc��ÈdsY�©Z��{Y�¾�£Yº¯�yu�²À´$°·
uº��¾¯� µv¿u� ¶#Z¿yu�[º´k�yu� zh§Yvo��ÈdsY�²¿Y

av¯ézh§Yvo�yYv¤¯�¶]�¹ {¹y�çåb�Y�zd¯�¾d³Z���yu
º³�²¿Yzd�À]�{Yzc�Z·�µZ¯�zd�À]��{Yzc�aZ³Z�yu�¹ [º´k�

½Z·�µZ¯� yu-XQ�-DQ½Yvd]Y� ¹0D\©Z°�� {Yzc�
uº��¾¯�µv¿u�zd�À]�yu�¶#Z¿yu�[º´k�{Yzc�±uº]�zd�À]

¾]u�zd�À]�v�yu�u¹y¹�¶]�¶kºc�Z]�©Z��½Z·�±Z¯{�zh§Y
Y ¶]� Z·�¶³Zsu¹yz�³� ¶]� ¾¤�´¯� ¶#Z¿yu� b°�£� ²¿

v�y�¾¯�

ª¨�èº¹ b�z��yYuº°³�¶#Z¿yu�yx.]M�½º�{Z]�½|§z¯�¶�¤³�½Yz]�±Z¿zk�ª-�b�z��zh§Yvoí�å¾¯º°��b¸k�¹ ¶À³Zg�z]�zd¯�
[º´k�¹ ©Z°��±Z¿zk¾£z��v�Z]�¾¯���

ª¨�éº¶#Z¿yu�[º´k�yu�½|§z¯�¶�¤³�½Yz]�±Z¿zk�ª-�¹ b�z��yYuº°³��b�z��zh§Yvoæê�å¾¯º°��b¸k�¹ ¶À³Zg�z]�zd¯�
v�Z]�¾¯�[º´k�¹ ©Z°��±Z¿zk��

ª¨�êº©v¯�yu�[M�¢°��aYzÀÀ�c�yYuº°³�+'�¶À¯¹yY�¶#Z¿yu�yu�½zÀ-�µ{Yv³Y�{Y�Z´^¯�©Z��yu�{Yzc�aYzÀÀ�c�yYuº°³�½ÇZ]�b°�£�yu���
¶^�Zp¯�¹���b�Y�µv��¶�¿Z¤¯�uº��¾¯�µv¿u�[º´k�¹ ©Z°��²À]�¶#Z¿yu�{Yzc��ÈdsY�¾¿Z°´-y|]�b�Yy�b°��yu���[Ztd³Y��Z¤³

Y ¢°��Z]�¾�Z¤³�yu��µv�¶À«¹ë½Z´^¯�{Yzc�¶]�b^�³�zd¯�æçìêv³yYu�yYz£�uY{M�½Z·Z¿yu�n���{Y�zd¯��¶]u ayZ^��uv��z¨¿ëyºp¯�yu�
{Yzc�z�Z´d¯�®WZ£æçìêv�Z]�¾¯���

ÑÑ

 [
 D

O
R

: 2
0.

10
01

.1
.1

73
57

60
8.

13
85

.3
.4

.4
.4

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

ar
in

e-
en

g.
ir

 o
n 

20
26

-0
5-

27
 ]

 

                             8 / 11

https://dor.isc.ac/dor/20.1001.1.17357608.1385.3.4.4.4
http://marine-eng.ir/article-1-27-en.html


±Z¿zk�½º.«Y�²ÀÀ�c�½Yz]�¶À¯¹yY�¶#Z¿yu�¦À¯Z´¿u¹yvÀ·�½v�]�¹u�½{Z��¶À^�

©Z�­º��µyZ°�Ñ�±Zd�]ZcÎÐÕÒ

Zºº¿yu�¾º�vºº´¸¯�¶¿z�³

ëº±M�¾^�³�zÀgZc�¹ ±Z¿zk�z]�zgº¯�ª¯Yº��
¶À¯¹yY�¶#Z¿yu�yu

±Z¿zk�ª¯Yº�� ¶d�x-�aZ�«Z�¯� yu¶#Z¿yu� yu� {Z�
¶³Zsu¹y�[M� ¶À¬tc�ayº��¶]� ¶À¯¹yY¶kyu��ÈdsY� �Z·

½u¹y¹�½Z¸]M�½yº�� ¹ ayYzo�b�¬���uZ]� �zÀt^c� �
¶°�#�[M�±Z¿zkµv��±ZÀ]�¶#Z¿yu��)�½Z·v³Y@é¹î>�

¡º��ª¯Yº��{Y�¦¿ z·�zÀgZc�®À·Yºs�¾¯�b°�£�²¿Y�yu
¾�Àp¯��yZ�d¯��¿Yz��yu�Yy�yu�¶#Z¿yu�©º°�¯�b«Zo

Z´^¯�©Z��®À¿Z°³�¾�yz]�½v�]�¹u�©v¯�½¹y� z]� ��zgY
Z£�µv��¶dsZ��©v¯�yu�uZ]�¹ zÀt^c��Z·�¶³Zsu¹y�¾]uª]

�¾³YvÀ¯�¾�Z§�aZ�È�Y�uº^³�ªÀ«u�¶]�¹ v´d�·�ªÀ¬pc
½Z·�[M�ayYzo��ÈdsY� zgY�§�½Z·�¶°�#� ¹ ½u¹y¹�

Yy� ¶#Z¿yuºyu� Z¸³M�±uz§�©v¯�±Z¨¯Y� ¶¨´¿Y�®�zÀ¬�
0,.(��uyYu� uºk¹�ºyYz£�¾�yz]� uyº¯�±Yºc�¾°³�

uYu�zÀgZc�©v¯�²¿Y�yu�¾´.°·��z��ªÀ«u�¶]�²À´$°·
�¾°³�µv¿u�b�¬���ÈdsYuº�½Z·�©v¯�yº�´¯�²¿Y�¶]

v³v¿uz-�YzkY�¹ ¶À¸c�z¿{�ayº��¶]�½Y�µv��µuZ��

æºzgº¯��yZ]�¹ uZ]�zgY�Z]�Z·�¶³Zsu¹y�±¹v]�©v¯�

çºzgº¯��yZ]�¹ Z·�¶³Zsu¹y�zgY�Z]�uZ]�±¹v]�©v¯�
èºZ·�¶³Zsu¹y�¹ uZ]�zgY�Z]�zgº¯��yZ]�±¹v]�©v¯�

ª�Zo�b�z��j¿Zd³�¶�¿Z¤¯©Z�¨¿�½Yz]�Z·�©v¯�²¿Y�{Y�
¶³º°³�¶�¤³�¦¿ yu�¶#Z¿yu�¾�Àp¯��yZ�d¯�b«Zo� yu

ª¨�� yu�¶#Z¿yu�[º´k� yu½Z·�ì¹íµv�� µuYu�±Z�³�
b�Y�j¿Zd³� |À³� z.¿u��Z¤³� yu�b�z��aYzÀÀ�c� yYuº°³

uyYu�¾¸]Z�¯�
¾¯�±Z�³�Z·yYuº°³�²¿YuZl¿Y�ª¯Z��²¿zc�µv°��¶§�v´·u

Y uZ]�¶À¯¹yY�¶#Z¿yu�yu�±Z¿zkb���xo�Z]�¶§�¾cyº��¶]
¶�¤³�yu�±Z¿zk�b�z��zh§Yvo�z.¿u�ª¯Yº��uºk¹�¹ uZ]

¶]�¶³º°³æv�y�¾¯�¶À³Zg�z]�zd¯�¾¬À¯��zgY� yu�¾cZ³Z¿zk
±M�aZ³Z�º³�¶§�v³º��¾¯�uZl¿Y�Z·�¶³Zsu¹y�¾]u�¹ zÀt^c

b�Y� |À#Z³� uZ]� {Y� ¾�Z³� b�z�� ¶]� b^�³�¾]u� zgY
¶³Zsu¹y³ Yy� ¶#Z¿yu� yu� zgº¯��yZ]� ¹ Z·yº�]�±Yºc�¾°

uº^³� Z¿� uºk¹� Z]� yYuº°³�aYzÀÀ�c� ¹ uz§� µv·Z�¯�n�Y¹
zgY�Z]�¾�£Y¹�b«Zo�aYzÀÀ�c�yYuº°³�¶]�¦¿u|³�yZÀ�]�Z¸³M

±Z¿zk�ª¯Yº��ª§v¿M�¾¯�b�v]�{Z��

ª¨�ëº½v�]¹u�©v¯�{Y�Z´^¯�©Z��yu�º�{Z]�|§z¯�½Yz]�¶³Z·Z¯�±Z¿zk�ª-�yYuº°³�+'
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©Z�­º��µyZ°�Ñ�±Zd�]ZcÎÐÕÒ

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

]{Yzc�¹ aZ^�Zp¯�{Y�ª�Zo�{Yzc�aYzÀÀ�c�¶]Z�c�¶]�¶kºc�Z
¹ ©v¯�{Y�µv¯M�b�v]�b�z��µu¹vp¯�¹ ¶#Z¿yu�¾�£Y¹
©v¯�{Y�µuZ d�Y�v�y�¾¯�z�³�¶]�¶#Z¿yu�yu�½zÀ-�µ{Yv³Y
v³Yºd]�¶#Z¿yu�n���yu�±Z¿zk�½{Z��©v¯�½Yz]�½v�]¹u
bÀ�£Y¹�¶]�¦¿u|³�¹ \�Z´¯�j¿Zd³�b�z��yYv¤¯��Zp«�¶]

v´§�uZl¿Y�½Yz]�±Z¿zk�¹ uZ]�±Z¯|°·�½zÀ-�µ{Yv³Y�¶d^«Y�
b�Y�½y¹z��¾«v¯� ²À´#� ±ºÀ�Yz^À«Z§�¶]�²À´$°·

¶]�uZ]�¾^�³�zÀgZc�ªÀ«u±Z¿zk�uZl¿Y�¾¬�Y�ª¯Z��±Yº´�
²¿Y�¾³Yzp]�aÇZo��¶#Z¿yu�¾�Àp¯��yZ�d¯��¿Yz��yu

¾³Yzp]�µv´´§�uZl¿Y�v³Yºc�¾¯�zd¯YyZ�²¿zc�b«Zo±Z¿zk
yuv�Z]�¶#Z¿yu�

íº¾³Yuyv£�¹ z¨�c
mz��­zdp¯�½zl¯�½v¿º³�}v´¸¯�½Z£M�[Z´k�{Y
ª¯Z�z¿v¯�¾³Z·z]�}v´¸¯�½Z£M�[Z´k�¹ ½zd³È§�vÀ¸�
yZÀdsY�yu�Z]�¶§�±ZÀ³Yz¿Y�b¿z¿v¯�aZ¯vs�b§z��­zdp¯
yu� ¶d�z-� ayº�� ¾¬^£� aZ�«Z�¯� ¾sz]� j¿Zd³� ±uYu

yu� ¾³Z¿Z�� ¦°§� ¶À¯¹yY� ¶#Z¿yu¢À¤pc� ²¿Y� ­Zl³Y
¶³Z°À°��v³Y�¶d�Yu®À¿Z°³�¾¯�¾³Yuyv£�¹ z¨�c�

Öº�kYz¯
��-DEEDUORR� 6KDEHVWDUL� �������� 7KH�
8UPLD� /DNH�� 1DJKVK�H�PHKU�� �,Q�
3HUVLDQ��

ª¨�ìº¶³º°³�©Z��¦¿�yu�±Z¿zk�µv³y¹M�uºkº]��¬dt¯�ª¯Yº��½Yz]�b�z��aYzÀÀ�c�¶�¿Z¤¯��¾¤�Y�ayº��¶]�z¿{�yu�¶§�¾�s
b�Y�uZ]�b�z��±¹v]�©v¯�yu�±Z¿zk�b�z��aYzÀÀ�c�yYuº°³�uº��¾¯�µv·Z�¯�zh§Yvo�¹ uyYu�¾W|k�aYzÀÀ�c�yYuº°³�²¿Y

¶]�±M�yu�b�z�æv�y�¾¯�¶À³Zgz]�zd¯�¾¬À¯���

ìº½zÀ-�¶lÀd³�
æº{Y�ª�Zo�±Z¿zk�b�z��¾�Àp¯��yZ�d¯��¿Yz��yu�

uyYu� Yy�yYv¤¯�®°¿|§Z¯�yx.³ZÀ¯�º�{Z]�µu¹vp¯�yu�©v¯�
] µv¿v�� ²¿Y�]Y¹y� ¹ Yzl¯� ±v���z��®§� ¶]� ¶kºc� Z

uº��¾¯�¾¤¬c�z¿x��¶Àkºc�¾.d�ºÀ��
çº½v�]¹u�½{Z��©v¯�+'Yy�±Z¿zk�¾¯º°��b¸k�

¶#Z¿yu�{Y�½Y�µv°���t]�½Yz]�[º´k�¹ ©Z°��ayº��¶]
¾¯�±Z�³v·u�

èºº�{Z]� yu� ±Z¿zk�¾¯º°��b¸k� �½v�]¹u� ©v¯� yu�
[º´k�¹ ©Z°���yx.³ZÀ¯uº��¾¯�µv¿u�¾£z��

éºÀÀ�c�Z]�½v�]¹u�©v¯�{Y�µv¯M�b�v]�¶#Z¿yu�{Yzc�aYz
uyYu�¾^�Z´¯�¾³Yºt°·�¶#Z¿yu�¾�£Y¹�{Yzc�aYzÀÀ�c�

êº�yZ�d¯� �¿Yz�� yu� �½{Z��¶À^�� j¿Zd³� }Z�Y� z]�
uZ]� ¶À¯¹yY� ¶#Z¿yu� yu� ±Z¿zk� ±Z�º³� ª¯Z�� ²¿zc�µv°�
¾]u� ¹ zÀt^c� zÀgZc� bpc� |À³� ¾cZ³Z¿zk� ¶#z-� b�Y

º³� ¶§� v³º��¾¯� uZl¿Y� Z·�¶³Zsu¹y¶]� b^�³� ±M� aZ³Z�
b�Y�|À#Z³�uZ]�{Y�¾�Z³�b�z��

ëºµuZ d�Y� ©v¯� ±Z¨¯Y� ­v��ªÀ«u� ¶]� ¶�«Z�¯�²¿Y� yu�
[M� ¶dÀ�³Yu��ÈdsY� {Y� �±M� yu�¾´.°·��z�� ¹ µv�

´$°·� �¶#Z¿yu�[M� ¹ ¶#Z¿yu� ¶]�½u¹y¹À�ÈdsY� {Y�²
�³YuÀ±Z¿zk�²¿zÀ��[M�¶§�¾¤�Z´¯�yu�¶#Z¿yu�[M�¶d

k uZl¿Y�ª¯Z��v³Yºc�¾¯�¹ uyYu¾¿Z·�±Z¨¯�²À´#�yu�±Z¿z
b�Y� µv��z�´�z��v�Z]�±Z¿zk� yu�iº¯�zgY�²À´$°·

b�Y� µv�³�¾�yz]�yu��º�º¯� ¹u�²¿Y�²d�z-� z�³� yu
uuz-�¾¯�uZ¸´�À��½v�]�aZ�«Z�¯�
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±Z¿zk�½º.«Y�²ÀÀ�c�½Yz]�¶À¯¹yY�¶#Z¿yu�¦À¯Z´¿u¹yvÀ·�½v�]�¹u�½{Z��¶À^�

©Z�­º��µyZ°�Ñ�±Zd�]ZcÎÐÕÒ

Zºº¿yu�¾º�vºº´¸¯�¶¿z�³

��6DGUD� &RPSDQ\� ��������
+\GURG\QDPLF� 	� K\GUDXOLF� DQG�
HQYLURQPHQWDO� LQYHVWLJDWLRQ� UHSRUW�
�'HVLJQ�	� FRQVWUXFWLRQ� RI� WKH�2URPLHK�
/DNH�FDXVHZD\��5HY��
��7DUK�H�1RDQGLVKDQ� &RQVXOWLQJ�
&RPSDQ\� �)HE� ������� )RUPDO�
LQYHVWLJDWLRQV�RI�K\GUDXOLF� LQ� WKH�8UPLD�
/DNH���,Q�3HUVLDQ�
��$E�1LURR� &RQVXOWLQJ� &RPSDQ\�
�������� +\GUDXOLF� UHSRUW� �3ULPDU\�
LQYHVWLJDWLRQV� RI� 6KDKLG� .DODQWDUL�
KLJKZD\�LQ�WKH�8UPLD�/DNH���9RO������,Q�
3HUVLDQ�
��$EUDUL�5� ��������:DWHU�&LUFXODWLRQ� LQ�
WKH� 8UPLD� /DNH�� 06� WKHVLV�� 7DUELDW�
0RGDUHV�8QLYHUVLW\���,Q�3HUVLDQ�
��0RGDUHVL� 9� �������� &RQVLGHULQJ� WKH�
K\GURG\QDPLF� EHKDYLRU� RI� WKH� 8UPLD�
/DNH� UHODWHG� WR� WKH� 6KDKLG� .DODQWDUL�
+LJKZD\�� :DWHU� 	� 6HZHUDJH� MRXUQDO��
9RO������SS����������,Q�3HUVLDQ�
��)OODK� $� �������� ,QGLFDWLQJ� WKH� ZDYH�
UHJLPH� DQG� ZDWHU� IORZ� LQ� WKH� 8UPLD�
/DNH� E\� 0LNH��� PRGHO�� 06� WKHVLV��
7DUELDW� 0RGDUHV� 8QLYHUVLW\�� � �,Q�
3HUVLDQ�
��3DSHUV� RI� WKH� 8UPLD� /DNH� FDXVHZD\�
VHPLQDU� �������� 7HKUDQ� 8QLYHUVLW\�� �,Q�
3HUVLDQ�
��$OLNKDQL� 0� �������� )OXFWXDWLRQV� RI�
ZDWHU�OHYHO�	�VDOLQLW\�LQ�WKH�8UPLD�/DNH��
06� WKHVLV�� $PLUNDELU� 8QLYHUVLW\�� � �,Q�
3HUVLDQ�
���'+,� �������� 0,.(� ��� &RDVWDO�
+\GUDXOLFV� DQG� 2FHDQRJUDSK\�
+\GURG\QDPLF� 0RGXOH� 6FLHQWLILF�
'RFXPHQWDWLRQ�
���'+,� �������� 0,.(� ��� &RDVWDO�
+\GUDXOLFV� DQG� 2FHDQRJUDSK\� 1HVWHG�
+\GURG\QDPLF� 0RGXOH� 5HIHUHQFH�

0DQXDO� $GGHQGXP� WR� 0,.(� ��� +'�
5HIHUHQFH�0DQXDO�
���+DQVHQ� ,DQ� �6HSWHPEHU� �������
�'LPHQVLRQDO� K\GURG\QDPLF� PRGHOLQJ�
RI� 0DUDFDLER� V\VWHP�� 9HQH]XHOD��
3URFHHGLQJ� ;;,;� ,$+5� FRQJUHVV��
%HLMLQJ��&KLQD�
���02))$77� 	� 1,&+2/� (QJLQHHUV�
�-DQ� ������� +\GURG\QDPLF� PRGHOLQJ�
WRROV� DQG� WHFKQLTXHV�� 6RXWK� ED\� VDOW�
SRQG�UHVWRUDWLRQ�SURMHFW
���'DQHVKYDU� 	� $VKDVL� 6DUNKDEL�
�������� ,QYHVWLJDWLRQ� RI� SK\VLFDO� DQG�
FKHPLFDO� SURSHUWLHV� RI� ZDWHU� LQ� WKH�
8UPLD� /DNH�� (QYLURQPHQW� MRXUQDO�� 9RO��
����SS���������,Q�3HUVLDQ�
���86�� $UP\� ������� VKRUH� SURWHFWLRQ�
PDQXDO�
���ZZZ�ZKHDWKHU�LU �,UDQLDQ�PHWURORJLFDO�
RUJDQL]DWLRQ�ZHEVLWH�
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