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�Vo?T|C~.CxV<?]>x>T|\CE}9 ,T\ ir�- t@vQH ���x W@{ �x ,T~C]x>��\�VE.Va?D W9Vx ���VP }M�� ��CE ���VP )CsI{�

Y@Du� }E@t�?}:|CxV<.E@VI].Y ��@)CY OeY }E@Dx tsI|x>��\VY?iVHCx� }E.x )�CkH>�TY�uCP ��>�VE }9.
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GuCP�R}Ip<>x��\ .CEz?�n_-�C]oz@E�C]oVpZyH�-Vp_qvex��>x+��H,��PwIZ@Y.C~�RGZ{�� .�� -�
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+��C:y~(beC?ada eE a=,2007)}Ez?����_GY�}9�TIE����CkxCsE��V~c@QxtP>x���\X3YcY�Hc?�V\�.�Vx

c@Qx'�Vd�-wZMtSvSIxCEw~#CFH��,���>xT{�\ .}E��d>v9D?Va)CsI{��.��BH>|kx>:?W@o>FYC|x.�VE}?�.C~

.�VxGQHc?�V\�R��}A���>y{T|~� .���C9��C{VE-+��C:y~�C@IP�}E,�CpIY���D?Va)CsI{�>EVNH>y{T\CE .z?�D?Va

�����Ckx.CsE*VM}hpQx�R-���Ckx)CsI{�>vR��wZM�tSvSIxcY�HwNPcY�Ix}E�C9>x�-�CH+��IEwZM
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tECr}hP�x.�VE.-�L?CI{>x���U<.mH CE Cx�@@VVa?DmH �C5� *VM )CsI{�@@��V�?�Cy{>��\H��_ ��>x ,T~C]x }9>��\

�V\ +Cy~ GQH?cmH wZM GE�d�@@Vx>T|9.Va }9 GY� ^S]x?D� CE *VM )CsI{�?}:|�Tj.�VE Cx� GY� 85�9._�H@n

�Vo?T|ZE@�CGY� w�x .�VE.Va?D ��CE ���VP )CsI{�}:|?� t@u� }ECxV<.E@VI].Y ��@)CY OeY }E@Dx tsI|x>��\ }M��

VY W9Vx ���VP?iVHCx� }E.x )�CkH>TY� . ��?8kx +Cx�@�z�VE.Va?D�Wo� Cx� �VH�CE ���VP )CsI{�?[x>?TECH��_ ��>

�Wo� }9?[Va?DVsH ���VP )CsI{�?CF~@4KCH@V.- VE?<7>C~.���T{ GE�d�.��V@@mH>x >uC=5T{��H.-V@{}9VQx��p{

>u�:u�x}E+��|j�CY-�C9)CsI{�*VMT\CE .)CsI{�*VM>\C{��z?���V@@mHG~CF\.�C?�}E)CsI{���VP��$�{[{CY����� .

}hP�x>x��V<>uC=5}{�y{8]R,T{�\[~C9 }E }M�H CEGE�d���M�x��}{�y{>x [~C9TEC? . 8]R .�VE *�� +Cx�

- �E �;{� �wkd fpP Gvj }E �}{�y{ +T\ ... ��~ GE�d� +�6y~ >?C~VIx��C2 }9 GY� >{�-�Vo G@y~� .����>x V@KCH +� .-� VE-

>x }hP�x }9 ���U<>x JjCE ��~ GE�d� [?�Wo� ��V<i?VY }{�y{ ��\��\ 8]R VH.

&�'"� ��.���t:\1}YT|~���x}kuCex-,�Q{)Cyj��C]o��+C]{>xT~� :

 t:\�.}kuCex ���x }YT|~ tP ,��P
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DD?Va[S2�CSE�����~KBaXCBa-Va}ED@HVHG?�T~.CxV<�>?CxV<,7?--}I?��:Z?-��~>xT|\CE .Le�TjX@?�u-

R��p{>?CxV<>xT\CE .

�C@_�`R>:?W@o�xVH-c?�V\8]R+�V9��}@F\.�CY��)-TM1,��-�,T\GY�:

 )-TM�..�CY }@F\ )Tx �� ,T\ ,�CpIY� .C~VIx��C2
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D?�Va���x,�CpIY���c?�V\�.�Vx��)-TM2,��-�,T\GY� :

 )-TM�..�Vx c?�V\ �� ,T\ ,�CpIY� D?�Va
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��� ��'�+� ���" gjYhikc
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�*�� ���" gjYhikc
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.�VE�CFIj�>N|Y�)TxCx�-GE�d�W9VxD@Y��CE,���.C~>~C=]?Cx��->v@vQH}Z?Csx,�V9}9}ED@HVH��t:\ -

.C~2-3+C]{,���,T\GY� .��e{Cy~}9}hP�x>x��\qECeHtECr>u�Frz@EL?CI{>EVNH->v@vQH-)Tx.�TjVaCP

,T~C]x>x��\.
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 t:\�.>v@vQH - >~C=]?Cx�� L?CI{ CE ,T\ >|@E [@2 GE�d�

��V@@mH�C\>xVM.��Fj��OeYwZMtSvSIxDZPVE+Cx���t:\4w@YVH,T\GY� .tECrV9�GY�}9T{-�

>]~C9)CsI{�*VM���OeY}Et@u�[~C9��TsxGE�d���OeY�CyHwZMtSvSIxCE)C@Y)��~ (>xT\CE .t:\5��V@@mH

�C\>H��VPwZMtSvSIx��DZPVE+Cx�+C]{>xT~� .z?�T{-�)CsI{����VP}EGvj[?�Wo�Cx���OeYGY�}9��R

}N@I{.��GY�+���}IY�@2GE�d�)V@SFH (>xT\CE .��e{Cy~}9}hP�x>x��\��8?}s@r��>?�TIE�.��~tR��}hpQx

cY�H1y2�R[:x>x��\ .z?�VEC|E+C?VM��~��M-}I\��-GjVY1y2GjVY+C?VM��~��^S]x>xT|9Cx����Co*-�

.��~tR��}hpQxcY�H1y2�R}@vSH,T\-+C?VM��~W@5C{,��E-txCjV@SFHGE�d�tR���wZMVH�CE+��E�C]oi?Cx

tR��wZMtSvSIx���C]o}hpQx�R>xT\CE  .
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}9CE��_�+�>x+��HL?CI{}EGY�,Tx���}EL?CI{>~C=]?Cx��
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>=IZE���� .V<�,��T{�D?Va)CsI{�*VMz@?C2�T\CE'UPGE�d���
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'UPT~��RT\ .CEz?��)CPGE�d���tR��D@Y>y{T{��Hi?VY

>:?��D?�Vaw�x

}9VEqFd}u�Ckx10}E
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VK�D?Va)CsI{�*VM
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�C?�z@EGE�d�>QeY->vR��,T\}9"CFs{�->ISY��D@Y��DFY>x��\ .z?�VEC|E'UPGE�d���OeY.������VK�

tECr>�M�H��z?�T{-�GY� .V@@mHwNP}{�y{-C?GjVY��~>xT{��HGQHV@KCH��TsxD?Va)CsI{�*VM)}u�Ckx9 (��Vr�V@< .

��e{Cy~}9��t:\8,T~C]x>x���\Cx�CEV@@mHD?Va)CsI{�*VM�C5���V@@mH�C?�>y{��\��>H��_}9,T~C]x>x��\

GQH+Cy~c?�V\GE�d�wZMV@@mH>xT|9 ..�VED?Va)CsI{�*VM�VH�CE�C]I{�CxV<��tR��D@Yi?VYVHGY� .}E��CFj

�V=?�D?Va��)CsI{�*VM�VH�CEGjVY8]R+T\VH�CET~��R��E .z@|6y~^S]xGY�}9D?Va)CsI{�*VMCE}:|?�

.�Tj85�9GY�Cx�.�VEn@_�HT|?�Vo�C@ZEw�xGY�.

 t:\	. .Cx� �� GE�d� �V{ .-� VE *VM )CsI{� D?Va VK�80>I{CY }M�� �C]o - ��V<1�CE

 t:\
. .Cx� �� W9Vx .Cx� .-� VE *VM )CsI{� D?Va VK�80>I{CY }M�� �C]o - ��V<1�CE

 t:\9Va VK�?Dx +C]{ �� ���VP )CsI{�>T~� .�TIE� ��.u� }E +�V9 8]R@t�V\?c�Vx.IoVy~> }M�� �OeY ��

�Wo� ���VP?[x>?TEC.�-� �� }9 GY� V9� }E *��?t��V< �*V< ,�-�?+C�Wo� ��h|x }E OeY �� Cx�?[0V{� )CsI{�.�T~?G }E
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}hP�x tECr ��d�.{ �CE@GZ .2 CE@GoV]��V< ����VP?+CPC{ �� ���VP }M��@}x �CE>�-�VZH ��R }E�{ }E }9?i0V{� )CsI{�.

�T~?GCM wZM }E OeY ��Tx���� )CF{� }E �� .�VE.Va?DVY W9Vx ���VP }M�� ��CE ���VP )CsI{�?iVHCx� }E.x )�CkH>TY�

CxV< }9�V5.E@VI].Y ��@)CY OeY }E@Dx tsI|x>��\ . ��?8kx +Cx�@�z�VE.Va?D�Wo� Cx� �VH�CE ���VP )CsI{�?[

x>?TECH��_ ��>�Wo� }9?[Va?DVsH ���VP )CsI{�?CF~@4KCH@V.- VE?<7>C~.���T{ GE�d�.

 t:\�..-� VE ���VP )CsI{� D?Va VK�nu�( - GE�d� �V{� ( .Cx� �� W9Vx .Cx�80>I{CY }M�� �C]o - ��V<1�CE

��V@@mH>p@9.�C?�wj���>?C@y@\�@E)}?WNH+CyIRCY.Wu�vY-)�:u�x.C~�>HC@P+�@Y�T@Z9�>EV5-(..�>?C@y@\)��

GY�zIo�G@uCko�>?C@y@\}?WNH>bkE����WM�>?C@y@\- (...->:?W@o)"CFs{��[~C9�>uC=5V@@mH�t:\�,��T{�tvR-

�Vo- (...��>dT|?�Vo8]R+T\(CpH�>xTIo� .��z?�}kuCex*Tj��M-"CFs{�-V@@mHt:\WM�C@aVo,�CY,T||9>x-

�T\CE>u->:?����V@@mH�>:?W@o[~C9>uC=5>xT\CE}9CE}M�H}E[~C9�C]o}hpQx��Rz?�V@@mH��,-�jVE}{�y{��

.��~}hpQx�RW@{w?��� .��V@@mH>uC=5��t:\.C~10-11,��-�,T\GY�  .z?���V@@mH>xT{��H.-V@{}9VQx��p{

>u�:u�x}E+��|j�CY-�C9)CsI{�*VMT\CE .)CsI{�*VM>\C{��z?���V@@mHG~CF\.�C?�}E)CsI{���VP��$�{[{CY����� .

��e{Cy~}9}hP�x>x��V<>uC=5}{�y{8]R,T{�\[~C9>xTEC?}9t@u�+�>\C{��[~C9GE�d���M�x��}{�y{>x-

����

��
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T\CE .>uC=5.��~}hpQx��R}Et@u��CN?��R���xVh{�TIE�}E���_>eR[~C9}IoC?-X2���CN?��C]o���x�C@{

GECK>rCE>xT{Cx.

 t:\�� . .Cx� �� ,T{�\ 8]R }{�y{ W9Vx �� >uC=5 ��V@@mH80>I{CY }M�� �C]o - ��V<40)C:YC2�v@9

 t:\��. .Cx� �� �R }hpQx .��~ >uC=5 ��V@@mH80>I{CY }M����V<

.C~T|?�Vo)CsI{����VP-)CsI{�*VM��z?VIy�x,T?T2.C~>:?W@oT|IZ~}9��)�d.�-�Vo-T@u�H���x>?�Ul��>x -

T|~� .z?�C~T|?�VoDFY>xT{�\}9V@mIx.C~>y9V@h{Cx�-GE�d�tR��,�Cx�>?�Ul,-�jVEG@kr�xtR��wIZ@Y>?�Ul

}E+Cx�W@{}IZE�-T|\CE .>:?��G@_CR.C~>:?W@o,�Cx}9���V{-��Tsx)CsI{����VP-*VMVK�x�GY�G@oVg>?CxV<

,�Cx8]R,T{�\>xT\CE .t:\12��V@@mHz?�G@_CR����>dT|?�Vo8]R+�V9+C]{>xT~� .��e{Cy~}9}hP�x>x-

��\��)�d+Cx�8]R�+T\}EGvj}:|?�}{�y{8]R,T{�\��)CP��GY�+���GE�d���R>x�T\CEG@oVg>?CxV<

Page 152Page 152

-١٩٩١-



,�CxW@{[~C9>xTEC? .z?�G@_CR>H��VP}9}EGE�d�,�Cx8]R,T{�\}IZE�-�GY�X2����GY�+���GE�d�GECK

>xT{Cx.

 t:\��. .Cx� �� }{�y{ >?CxV< G@oVg ��V@@mH80>I{CY }M����V<

>:?V=?���!��R+�x�V@2}{�y{}9VE.-��V{-��Tsx)CsI{����VP-*VMV@KCH>x���U<GE�d���~>xT\CE .t:\.C~

13-14VK�z?�VIx��C2��VE.-�Cx�-�V{GE�d�}{�y{+C]{>xT~� .���Co)-�8]R�+�V9.��~8]R-���CSE�M-

����-+C?VM��~cY�H1y2�R[:x>x��\-���Co*-�.��~8]R��M-���T{-+C?VM��~W@5C{GY�-GE�d���M�x

>\C{�����CSE>xT\CE .}hP�x>x��V<}9V@@mHGE�d�V@KCH+�>{C|5VE.-�.Cx�W9Vx}{�y{8]R,T{�\���T{>u-

,T~C]x>x��\}9CE[?�Wo��GE�d�>x+��H��+Cx�.VIy9}E�V{8]R+�V9.VH�CEGY�GoC? .

 t:\��. .Cx�  CE }hpQx .��~ ��  >kEVx ,�Cx W9Vx .Cx� .-� VE ��~ GE�d� VK�80>I{CY }M����V<
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t:\��. .Cx�  CE }hpQx .��~ ��  >kEVx ,�Cx W9Vx GE�d� �V{ .-� VE ��~ GE�d� VK�80>I{CY }M����V<

�(� �$�� ,!��*

��z?��}kuCextP.�Tj.�VEi?��HCx�-GE�d���W9Vx8?}<VED@YiEVxt:\��}hpQx�R}A���T\ .^S]x

T\}9Cx�}EGjVY��tP�Vx}@u-�8]R+�V9[?�Wo�>xTEC?-+C?��V<GE�d���t?�-�,�-�[?CxV<�CEGY� .T|?�Vo

8]R+�V9��-��Co�C]oV@mIx-�C]oGECK*CN{�T\-^S]xT\}9���Co[~C9>N?�TH�C]o}9Dvl���z?��Co'V_

Vh{>x���\+C?VM��~��M-}I\��-z?�+C?VM[s{>?�WZE���C\>H��VP����-���Co�C]oGECKVH�CE+��E�C]o�CSEi?Cx

tR��wZM���C]o}hpQx�RtxCjV@SFH>xT\CE .z@|6y~}Et@u�[~C9��TsxGE�d�)CsI{�*VM��OeY��V~-��Co

[~C9>xTEC? .��VK�Cx�-�C]oc@Qx}E+��|j.C~VIx��C2VK�x��D?Va[S2W@{>Y�VET\-*�vkxT?�V<}9[?�Wo�

.Cx�c@Qx-[~C9�C]o8y9.�C?�}E[~C9+Cx�8]R+�V9>xT|9.mH CE Cx�@@VVa?DmH �C5� *VM )CsI{�@@��V�?�C

y{>��\H��_ ��>x ,T~C]x }9>��\�V\ +Cy~ GQH?cmH wZM GE�d�@@Vx>T|9 .�VE.Va?D ��CE ���VP )CsI{� t@u� }E

}:|?�CxV<.E@VI].Y ��@)CY OeY }E@Dx tsI|x>��\VY W9Vx ���VP }M��?iVHCx� }E.x )�CkH>TY� . ��?8 +Cx�

kx@�z�VE.Va?D�Wo� Cx� �VH�CE ���VP )CsI{�?[x>?TECH��_ ��>�Wo� }9?[Va?DVsH ���VP )CsI{�?CF~@4KCH@V. VE

-?<7>C~.���T{ GE�d�.}hP�x>x��V<>uC=5}{�y{8]R,T{�\[~C9 }E }M�H CEGE�d���M�x��}{�y{>x [~C9TEC? .

- �E �;{� �wkd fpP Gvj }E �}{�y{ +T\ 8]R .�VE *�� +Cx� ... GE�d� +�6y~ >?C~VIx��C2 }9 GY� >{�-�Vo G@y~� .����

>x V@KCH +� .-� VE ��~>x }hP�x }9 ���U<JjCE ��~ GE�d� [?�Wo� ��V<>xi?VY }{�y{ ��\��\ 8]R VH.
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NF>eCica= DEFdI @f A@C@FD GacFF> dCIi?g AC@ceDD

Mi=ad A>iCi1* M@ha>>ad BagheC AIa?i 2

1- MSc SEFde?E, DeAaCE>e?E @f Mecha?ica= E?gi?eeCi?g, FeCd@HDi U?iGeCDiEI @f MaDhhad

Mi=ad_a>iCi1366@Iah@@.c@>

2- ADD@ciaEe PC@feDD@C, DeAaCE>e?E @f Mecha?ica= E?gi?eeCi?g, FeCd@HDi U?iGeCDiEI @f MaDhhad

����
����

DFe E@ Ehe dCIi?g AC@ceDD Hhich iD Di>F=Ea?e@FD heaE a?d >aDD ECa?DfeC, EheCef@C Ehe

g@GeC?i?g =Fik@G eBFaEi@?D aCe D@=Ged ?F>eCica==I f@C a? aAA=e. PCeDDFCe @f Ehe

DFCC@F?di?g aiC @f Ehe Da>A=eD decCeaDed =i?eaC=I @GeC a >i?FEe a?d Ehe? beca>e

c@?DEa?E. A=Eh@Fgh aE fiCDE iE Dee>D EhaE Ehe AeCi@d i? Hhich Ehe ACeDDFCe decCeaDeD

=i?eaC=I iD >i?i>a= c@>AaCed E@ Ehe E@Ea= dCIi?g Ei>e,bFE EhiD DEFdI Dh@HD EhaE Ehe

chaCacEeCiDEicD @f EhiD AhaDe aCe GeCI i>A@CEa?E. I? EhiD DEFdI, EH@-di>e?Di@?a= ECa?Die?E

D@=FEi@?D aCe AeCf@C>ed FDi?g FORTRAN a?d Ehe i>AacE @f DECeDD @? AhIDica= -

TheC>a= AC@AeCEieD @f aiC haD bee? i?GeDEigaEed a?d a=D@ Ehe diDECibFEi@? @f Ee>AeCaEFCe

a?d hF>idiEI @f Ehe DBFaCe Da>A=e i? acc@Cda?ce HiEh ACeDDFCe decCeaDe @f Ehe GacFF>

cha>beC iD @bEai?ed. EffecE @f heaE a?d  >aDD ECa?DfeC c@efficie?ED, Hhich aCe

deEeC>i?i?g AaCa>eEeCD i? heaEi?g AC@ceDD >@de=i?gD, haGe a=D@ bee? a?a=IJed a?d

Dh@HD EhaE f@C high heaE ECa?DfeC c@efficie?E, Ehe Ee>AeCaEFCe i? Ehe ce?EeC @f Ehe aAA=e

CeacheD E@ eBFi=ibCiF> faDEeC becaFDe >@Ce heaE iD ECa?DfeCCed fC@> Ehe f=Fid E@ Ehe

DFCface @f Ehe aAA=e, Whi=e F?deC Ehe Da>e c@?diEi@?D, ?@ Dig?ifica?E cha?geD haGe bee?

@bDeCGed i? Ehe CaEe @f >@iDEFCe. Te>AeCaEFCe Hi== ?@E cha?ge >Fch dFe E@ Ehe cha?ge

i? Ehe c@efficie?E @f >aDD ECa?DfeC Hhi=e F?deC Ehe Da>e c@?diEi@?D, Ehe @bjecEfD

hF>idiEI cha?geD. LaCge BFa=iEaEiGe cha?geD EhaE @ccFC dFCi?g Ehe dCIi?g AC@ceDD, DFch

aD Ehe de?DiEI cha?geD EhaE c@F=d be Ehe >@EiGaEiGe f@Cce @f Ehe >@=ecF=aC Ae?eECaEi@? aD

a HaI f@C >aDD ECa?DfeC a?d a=D@ Ehe heaE caAaciEI Hhich iD effecEiGe i? Ehe CaEe a?d

>ag?iEFde @f heaE ECa?DfeC, haGe bee? i?GeDEigaEed a?d Ehe effecE @f hF>idiEI f@C faDEeC

dCIi?g @f Ehe Da>A=e iD DEFdied.
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��� dCIi?g , LFik@G , ?F>eCica= D@=FEi@?, GacFF>
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