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1890 p=U R= |vwr@=W |=ywmU [1]"OvwW|t xO=iDU= QDt 100 R= QDtm jta =@
=yu; O}it Qta w Ov=xOW xO=iDU= |a}@] `@=vt h=WDm = |=Q@ |}xOQDUo CQwYx@
QO OwN O}it Qta pw] QO QwmPt |=yxR=U [2]"CU= xOw@ p=U 25 OwOL QO
xrRrR w |}=} QO u=} QH 'M} 'O=@ '=} QO Gwt %Ovv=t '|irDNt |]}Lt |=yQ=@ ZQat
|Q}F-=D Q@ xwqa Ovv=wD|t w OvQ=O |m}t=v}O C}y=t '|]}Lt |=yQ=@ [3]"OvQ=O Q=Qk
xDW=O x=Qty x@ R}v =Q |}xR=U <=RH= |@=QN 'wmU R= |Q=OQ@xQy@ OvwQ QO |ivt

[4]"OvW=@
'u; R= |W=v |=yV=aDQ= w G=wt= |wQ}v 'xOW QmP |m}t=v}O |=ywQ}v u}@ R=
u=OvJ xv j]=vt QO u}vJty "Ovvm|t =i}= wmU Qta w OQmrta QO |QF-wt Vkv

pw�Ut xOvU} wv �
"1399 7 5 VQ}PB '1399 6 2 x}LqY= '1399 2 27 Ci=} QO %M} Q=D

DOI:10.24200/J30.2020.55849.2784

Archive of SID

www.SID.ir

http://www.SId.ir


""" |
=yV

=aDQ=
CL

D|
vwr@=

W|
wmU

|xv
}y@

pQDv
mu=mt= 'pQDvm |wQ}v 19R} QQU QF= 18'Qorta `=@W= %Ovv=t |OQ=wt '|m}t=v}O |=yQ=@

'=yQoTL QO |iO=YD |=yR} wv O=H}= '=yxOvvmpQDvm w =yQoTL OwOLt O=OaD |=QH=
x@ R=}v 'xR=U x@ s}kDUt |wQ}v p=ta= QF= QO xR=U |Q=O}=B=v p=tDL= 20'|v=tR Q}N-=D

"CU= p=ai pQDvm sDU}U |}=QH= CqmWt R= uOw@ xv} Ry QB w QDW}@ |SQv= `@vt
|=ywmU |=yV=aDQ= Vy=m |=Q@ p=aixt}v pQDvm R= xO=iDU= |xO}= 'u}=Q@=v@
p=}U Qo =Q}t R= xO=iDU= =@ u=Q=mty w 21|r \UwD 2002 p=U QO Q=@ u}rw= '|Div
'p=aixt}v pQDvm |=ysDU}U =@ \=@DQ= QO [27]"OW |UQQ@ 22(MR) |U}]=vet
|Q=O}=B=v p=tDL= w QDW}@ |SQv= `@vt x@ R=}v RH x@ p=ai sDU}U CqmWt QDW}@ ,=@} QkD
|}=Q}t Q}}eD =@ w s}kDUtQ}e CQwYx@ p=aixt}v |=ysDU}U u}vJty "OQ=O OwHw
|=yQo =Q}t� p=aixt}v pQDvm |=yQorta =Pr 'OvwW|t xR=U pQDvm x@ QHvt |DNU =}
|]NQ}e |Da}@] �xQ}e w p=aixt}v |xOWnvy=ty |tQH Qo =Q}t '|U}]=vet p=}U
sDU}U u}vJ ?U=vt |=QH= |DL w |L=Q] p}rO u}ty x@ w OvQ=O T} RQDU}y w
|=yVywSB 'Q}N= |=yp=U pw] QO =Pr [28]"CU= pmWt Q=}U@C}ak=w QO R}v|rQDvm
'CU= xDiQo CQwY p=aixt}v w p=ai 'p=aiQ}e |=ypQDvm OQwt QO |}xOQDUo w |R=wt
|m}t=v}O |=yQ=@ CLD xOW QmP |rQDvm |=yVwQ OQmrta |UQQ@ =yu; R= hOy xm

"CU= xOw@ =yu; OQmrta Ow@y@ w hrDNt
pQDvm |=yVwQ `=wv= XwYN QO |Q=}U@ C=ar=]t R}v Q}N= p=U OvJ QO
|UQQ@ x@ |@ QHD CQwYx@ �2016� u=Q=mty w 23ww "CU= xOW s=Hv= =ywmU
l} |}xRQr OQmrta |xar=]t =@ w OvDN=OQB xOW nvy=ty |tQH Qo =Q}t OQmrta
uDN=U =Q}t x@ QO=k xOW nvy=ty |tQH Qo =Q}t xm OvDi=} QO xvwDU 4 |Div |wmU
QO u=W}= u}vJty [29]"Ovm u}t[D =Q wmU |Q=O}=B Ov=wD|t w CU=yV=aDQ=
Vy=m x@ QO=k xOW nvy=ty |tQH Qo =Q}t xm OvO}UQ xH}Dv u}= x@ |Qo}O VywSB
|t_=m u}vJty [30]"CU= R}v =yMU=B 24u=wD |i}] |r=oJ w ?=DW '|}=Hx@=H
x�=Q= =yC}a]k sOa Q@=Q@ QO wmU uDW=O xov Q=O}=B |=Q@ |}xOvvmpQDvm '�2017�
CLD wmU |=yV=aDQ= pQDvm x@ R}v �2019� u=Q=mty w |O=Qiv= [31]"CU= xOQm
u}vJty [17]"OvDN=OQB 25 �SMA� Q=Ox_i=L |=yS=}r; R= xO=iDU= =@ w Gwt Q=@
?U=vt Q}}eD x@ s=Ok= Q=Ox_i=L |=yS=}r; R= xO=iDU= =@ �2019� u=Q=mty w |tU=k
[32]"OvOQm =ywmU |=yV=aDQ= pQDvm |=Q@ xOW nvy=ty |tQH Qo =Q}t |=yQDt=Q=B
MR-TLCGD u=wva =@ |O}OH Qo =Q}t '�2019� u=Q=mty w |O=@;smL 'xt=O= QO
CLD u}@V}B |xOvvmpQDvm l} R}v '�2019� u=Q=mty w 27=t [33]"OvOQm x�=Q= 26
=@ xU}=kt QO xm 'OvOQm x�=Q= 29|t_v|@ w 28xDU@ hPL '|iO=YD |v=tR Q}N-=D
|yHwD p@=k Qw]x@ =Q |}=} QO |wmU |=yu=Uwv Ov=wD|t hrDNt |=yxOvvmpQDvm

[34]"OyO Vy=m
TQ=i G}rN QO `k=w Cr=UQ |Div |wmU Q=DiQ |UQQ@ x@ 'Q[=L VywSB QO
|=yV=aDQ= Vy=m |=Q@ "CU= xOW xDN=OQB =} QO G=wt= R= |W=v |=yV=aDQ= CLD
xOW xO=iDU= p=ai w p=aiQ}e CQwYx@ xOW nvy=ty |tQH Qo =Q}t R= R}v QwmPt
R= w pQDvm |wQ}v |x@U=Lt |=Q@ |R=i pQDvm sD} Qwor= R= p=ai pQDvm QO "CU=
C=mv R= "CU= xOW xO=iDU= Qorta u=wD |@=}xv}y@ |=Q@ |vwtQ=y |wHDUH sD} Qwor=
<RH 'Q[=L VywSB "1 %OQm xQ=W= OQ=wt u}= x@ u=wD|t 'Q[=L VywSB QO RQ=@
|=ywmU p=ai pQDvm |=Q@ |R=i sD} Qwor= R= xO=iDU= XwYN QO =yVywSB u}rw=
|=ysDU}U syt |}=QH= CqmWt R= |m} u=wvax@ Qorta `=@W= QF= "2 "CU= |Div
uwQO wmU V=aDQ= R= |W=v xOwRi= sQH QF= "3 "CU= xOW xDiQo Q_v QO p=ai pQDvm
G}=Dv uOW QD|ak=w |=Q@ wmU w p=}U u}@ VvmQOv= "4 "CU= xOW x@U=Lt p=}U
xO=iDU= G=wt= |wQ}v CLD wmU |Q=PoQ=@ |=Q@ O}OH |WwQ R= "5 "CU= xOW ^=Lr

"CU= xOW

2|r \UwD u=UWmwmU} w Qo =Q}t R= xO=iDU= x@ u=wD|t xrtH u; R= xm 'OvOQm xO=iDU=
\UwD |m =m]Y= Qo =Q}t [11]'�2001� 3nv}O \UwD RwmU} w Qo =Q}t [10]'�1997�
xQ=W= [6]'�2007� u=Q=mty w 5ww; \UwD R=U=OH w [12]'�2005� 4O}ov=H w p}D=B

"OQm
xOW nvy=ty |tQH Qo =Q}t 'p=aiQ}e pQDvm |=yQ=R@= u} QDxDi=} xaUwD R= |m}
=@ |}=} QO |=ywmU |=yV=aDQ= pQDvm XwYN QO |}xOQDUo C=ar=]t "CU=
hqD= '�2002� 6nv=w "CU= xOW s=Hv= xOW nvy=ty |tQH Qo =Q}t R= xO=iDU=
KQ] l} w |UQQ@ =Q xOW nvy=ty |tQH Qo =Q}t =@ x=Qty |Div |wmU |SQv=
x@ R}v '�2009� u=Q=mty w 7w} [13]"OQm x�=Q= xOW nvy=ty |tQH Qo =Q}t R= xv}y@
w OvDN=OQB M} Q=@ CLD =ywmU |=yV=aDQ= Vy=m QO |tQH Qo =Q}t Q}F-=D |xar=]t
w 8=t [14]"OvOQm xQ=W= O=@ Q=@ w M} |wQ}v CLD |tQH Qo =Q}t ?U=vt OQmrta x@
sw=kt |=Q@ xOWnvy=ty|tQH Qo =Q}t |x}=B Q@ |O}OH sDU}U R}v �2010� u=Q=mty
|O=yvW}B sDU}U OQmrta w OvOQm x�=Q= s�=k w |ki= |=yV=aDQ= CLD wmU uOQm
Vy=m QO |WN@ QF= uwJty |}=}=Rt p}rO x@ xH}Dv QO [15]"OvOQm xar=]t =Q OwN
Vy=m |=Q@ xOQDUo Qw]x@ xOW nvy=ty |tQH Qo =Q}t '=QH= QO CrwyU w =yV=aDQ=

[16]"OwW|t xO=iDU= |}=} QO |=ywmU V=aDQ=
^iL %uwJ |}=}=Rt uDW=O w p=aiQ}e |=yQo =Q}t OQ@ Q=m |oOQDUo OwHw =@
?U=vt=v |}=Q=m 'j=@]v= C}r@=k sOa p}rOx@ '=QH= |oO=U w u=v}t]= C}r@=k '|Q=O}=B
uDN=U=Q}t QO OwOLt |}=Q=m u}vJty w xOQDUo |Ot=U@ Ov=@ =@ |}=yl} QLD CLD
p=aiQ}e |=yQo =Q}t OQmrta Ow@y@ Qw_vtx@ R}v |Qo}O |=yVwQCU= sRq '=yV=aDQ=
|Ot=U@ Ov=@ =@ |iO=YD C}Y=N ,=@r=e |m}t=v}O |=ywQ}v xm =Hu; R= "OvwW |UQQ@
l} QLD lqyDU= QO |OwOLt |}=v=wD |rQDvm |=yQ=R@= R= xDUO u}= 'OvQ=O xOQDUo
|m}t=v}O |wQ}v Ovv=wD|tv p=aiQ}e |=yQo =Q}t 'OQ=wt |[a@ QO |DL w OvQ=O |OwQw
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=ywmU QO O=@OQo R= pY=L |wQ}v CLD p=ai pQDvm VwQ Q}F-=D |xar=]t x@
w [21]'Gwt |wQ}v CLD �2003� 13O}ov=H w l}O=yt u}vJty [20]"OvDN=OQB
R}v |irDNt |=ysD} Qwor= "OvO=O s=Hv= =Q |D=ar=]t [22]'xrRrR |wQ}v CLD 14s}m
Owt [24]'H1 [23]H2 [21]15'(LQR) l}Uqm |]N |xv}y@ pQDvm %uwJty
QwmPt C=ar=]t QO "CU= xOW |UQQ@ xQ}e w [26]17|@Ya |xm@W [25]16'|WRer
xQ=W= |R=i w |@Ya |xm@W Q}_v 'OvtWwy |=ysD} Qwor= |Ot;Q=m x@ CL=QY x@
|=yQ=DiQ uDiQo Q_v QO |}=v=wD uwJ |}=}=Rt p}rO x@ |Q}oxH}Dv u}= "CU= xOW
OvtWwy |=ysD} Qwor= QO OwHwt s}taD C}r@=k w =]N ptLD 'uOw@ sw=kt '|]NQ}e
Q_v QO x@ u=wD|t |R=i |rQDvm sD} Qwor= OQix@ QYLvt |=yC}r@=k R= [16]"CU=
xQ=W= u; |xO=U |=QH= w l}D=tDU}U |=yC}a]k sOa w =y|]NQ}e uDiQo

[16]"OQm
CLD =yxR=U MU=B Vy=m QO p=ai pQDvm |=ysDU}U xHwD p@=k |QDQ@ OwHw =@

108

Archive of SID

www.SID.ir

http://www.SId.ir


1/
2|

xQ=t
W'

37
�2

|xQ
wO'

�14
00

Q=y@
�h

}QW
u=Qt

a|
UOv

yt Qy '�CaQU w |}=Hx@=H� =y|OwQw C} w[a `@=wD |@=}xv}y@ '�2007� u=Q=mty w
`@=D 7 =@ '�p=ai pQDvm |wQ}v� |HwQN C} w[a `@=wD w |}xkvRwP `@=D 5 =@ s=Om
sD} Qwor= R= xO=iDU= =@ `@=wD u}@ |xrY=i '=yu; |xar=]t QO "OvOQm |UQQ@ =Q |FrFt
xOW s=@ |xk@] |}=Hx@=H QDW}@ Vy=m x@ QHvt xm 'CU= xOW |@=}xv}y@ l}DvS
|xv}y@ pLt |UQQ@ x@ �2016� Q=OtDa} QW w |w[Q C=mWt u}vJy [37]"CU=
x@ OwN |xt=vu=}=B QO �2012� 30|�wH 'xt=O= QO [38]"OvDN=OQB C} w[a `@=wD
=@ w CN=OQB xQ}e w |tyU '|}xkvRwP '|FrFt C} w[a `@=wD `=wv= |}=Q=m |UQQ@
Vy=m QO C} w[a `@=wD `=wv= |t=tD xm O}UQ xH}Dv u}= x@ =yCr=L |xty |UQQ@
'xR=U ?=DW MU=B Vy=m QO |rw &OvQ=O u=Um} ,=@} QkD |OQmrta '|}=Hx@=H MU=B
xHwD =@ u}vJty [39]"OQ=O |QD?wr]t OQmrta 'TwULt Qw]x@ |FrFtC} w[a `@=D
QO "CU= QD|O=YDk= 'u; R= xO=iDU= R}v |FrFt C} w[a `@=D QO C=}rta sm sHL x@
u=mtQ}}eD� |OwQw wO xm |Dr=L QO xR=U MU=B |UQQ@ =@ |�wH 'Q}N= VywSB |xt=O=
OQ=w |R=i |xOvvmpQDvm x@ �?=DW w CaQU 'u=mtQ}}eD� |OwQw xU =} w �CaQU w
'|mOv= Q=}U@ |=]N =@ Cr=L wO Qy QO xR=U u=mtQ}}eD MU=B xm O=O u=Wv 'OwW
w |oO=U x@ u=wD|t R}v |v=Ott G=DvDU= sDU}U ?=NDv= XwYN QO "CU= u=Um}
sDU}U "OQm xQ=W= wvowU � |o =m =D G=DvDU= sDU}U =@ xU}=kt QO u; uOw@ |OwyW
w sm u}v=wk =@ xO}J}B |]NQ}e |=ysDU}U |R=UpOt |=Q@ ,qwY= wvowU � |o =m =D

[40]"OwW|t xO=iDU= q=@ CkO

Gwt Q=@ "3
OwHw Gwt Q=@CLD|}=} QO |=ywmU OQmrta|@=} RQ= |=Q@|irDNt p}rLD |=yVwQ
=yp}rLD w O@=} Vy=m p}rLD u=tR =D CU= xOW |aU |awv x@ s=Om Qy QO xm 'OvQ=O
Qw;VwB '|i}] p}rLD xU 'API |xt=vu}}; QO "OvwW s=Hv= |}q=@ O=tDa= C}r@=k =@
|xJN} Q=D VwQ [41]"CU= xOW O=yvW}B =ywmU |@=} RQ= |=Q@ |v=tR |xJN} Q=D w
=t= 'CU= |@U=vt VwQ '=} QO G=wt= |]NQ}e w |m}t=v}O C}y=t p}rO x@ |v=tR
u}=Q@=v@ "CU= xDiQov Q=Qk u=QoVywSB p=@k= OQwt p}rLD u=tR uOW |vqw] Cra x@
'|v=tR |xJN} Q=D p}rLD R= |Dw=iDt |=yCr=L |wQ Q@ RmQtD ut[ u=QoVywSB
T}m}UD=wt=w 'p=Ft u=wvax@ "OvOQm x�=Q= G=wt= |=yOQwmQ O}rwD |=Q@ |O}OH|=yVwQ
x�=Q= 32 (IDA) |W}=Ri= |m}t=v}O p}rLD u=wva =@ |WwQ '�2002� 31pvQwm w
[42]"OW|t xO=iDU= |}xRQr |=yV=aDQ= CLD =yxR=U Q=DiQ |@=} RQ= |=Q@ xm 'OvOQm
|=yCOW =@ |}=yV=aDQ= CLD =yxR=U OQmrta |@=} RQ= uwJ |}=}=Rt 'VwQ u}=
VwQ =t= "OW|t pt=W =Q QwmPt |=y?=DW R= pY=L |=yC}a]k sOa w hrDNt
Q}}eD |=Q@ 'xvwtv u=wvax@ "CW=O x=Qty x@ R}v |@}=at |W}=Ri= |m}t=v}O p}rLD
|xvt=O QO Q}}eD Ea=@ \ki xm 'OW|t xO=iDU= T=}kt ?} Q[ R= '=y?=DW COW
w |v=Wi=po [43]"OW|tv ^=Lr |Ot=U@ |=wDLt x@ \w@ Qt Q=F; w OW|t ?=DW
33(IWA) |W}=Ri= Gwt p}rLD VwQ u=wva =@ |O}OH VwQ R}v �2011� u=Q=mty
u; x@ C@Uv R}v |}=y|QDQ@ '|r@k VwQ |=}=Rt uDW=O Q@ xwqa xm [44]'OvOQm x�=Q=
|xv}W}@ |wQ Q@ u=wD|t 'xDa=U 3 R}r=v; |=Hx@ OW O=yvW}B QwmPt VwQ QO "CW=O
u}= =t= &OW=@ xDW=O |UwULtVy=m |D=@U=Lt |=yxv} Ry =D 'OQm RmQtD G=wt= `=iDQ=
u}kkLt OwN Q=DWwv QO w OQ}o@ Q_v QO =Q Gwt |Q=PoQ=@ C}y=t Ov=wD|tv O=yvW}B
|Dw=iDt |=y?=wH '=ywmU Q}=U QO CU= umtt Q}N= VwQ xm CU= xOW xQ=W= R}v
p}rLD u=wva =@ |O}OH VwQ �2012� u=Q=mty w |v}Or=u} R u}=Q@=v@ [45]"OyO x�=Q=
VwQ R= xDiQoQ@ xm [46]'OvOQm x�=Q= |vwr@=W |=ywmU |=Q@ 34 (EWA) s=wO Gwt
Q=}U@ xOW O}rwD OQwmQ u=tR 's=wO Gwt VwQ QO [47]"Ow@ s=wO u=tR |xDi=}xaUwD

|R=i pQDvm sD} Qwor= "2
j]vt "CU= xOW xO=iDU= xR=U p=ai pQDvm |=Q@ |R=i j]vt R= 'Q[=L |xar=]t QO
|R=U|R=iQ}e w G=DvDU= QwDwt 'Oa=wk x=o}=B '|R=U|R=i |rY= VN@ 4 '|R=i
VN@ QO "CU= s=@ |xk@] CaQU w |}=Hx@=H '|R=i |xOvvmpQDvm |OwQw "OQ=O
xOW xO=iDU= =y|OwQw XDNt C} w[a `@=wD R= '=yxO=O |R=U|R=i Qw_vtx@ 'pw=
Q=mx@ [�1; 1] |xR=@ QO |FrFt C} w[a `@=D 3 '=y|OwQw R= l} Qy |=Q@ w CU=
|wQ}v |R=U|R=iQ}e |=Q@ w xOw@ pQDvm |wQ}v |HwQN QDt=Q=B "CU= xOW xOQ@
xOW h} QaD [�1; 1] |xR=@ QO |HwQN XDNt |FrFt C} w[a `@=D 7 'pQDvm
xOy=Wt 1 pmW QO |HwQN w |OwQw C} w[a `@=wD x@ \w@ Qt |=ypmW [35]"CU=

"OwW|t
1 pwOH QO xm 'CU= xOW xO=iDU= uwv=k 9 R= '|R=i Oa=wk x=o}=B VN@ QO
'OvQ=O OwHw |OwQw C} w[a `@=wD QO xm N w Z 'P |R=i |=yQ}eDt "Ov=xOW x�=Q=
|R=i |=yQ}eDt u}vJty "OvDUy |ivt w QiY 'C@Ft |=yxawtHt hQat ?}DQD x@
x@ 'OvQ=O OwHw |HwQN C} w[a `@=wD QO xm NB w NM 'NS 'Z 'PS 'PM 'PB

|ivt 'QiY 'lJwm C@Ft '\UwDt C@Ft 'nQR@ C@Ft |=yxawtHt hQat ?}DQD
G=DvDU= QwDwt VN@ QO 'C}=yv QO "OvDUy nQR@ |ivt w \UwDt |ivt 'lJwm
|v=Ott\UwD Q=@ u}rw= |=Q@ xm 'CU= xOW xO=iDU= |v=Ott G=DvDU= sDU}U R= '|R=i

[36]"CU= xOW |iQat �1975� u}r}U; w
w CU=]N w |aU CQwYx@ C} w[a `@=wD pmW w O=OaD u}}aD |rmQw]x@
u}}aD |=Q@ |Ww=m =Qi |=ysD} Qwor= R= C=ar=]t |NQ@ QO =Pr "OQ=O |@ QHD |}=v@t
|rv} RQwB p=Ft u=wvax@ "OwW|t xO=iDU= C} w[a `@=wD |=yQDt=Q=B |xv}y@ Q=Okt

"|HwQN w |OwQw C}w[a `@=wD "1 pmW
"|R=i u}v=wk "1 pwOH

CaQU
P Z N u=mt Q}}eD
PS PM PB N

NS Z PS Z

NB NM NS P

109

Archive of SID

www.SID.ir

http://www.SId.ir


"""|
=yV

=aDQ=
CL

D|
vwr@=

W|
wmU

|xv
}y@

pQDv
m[49]"�2017� u=Q=mty w ?UvQH=yt Q=DWwv w |R=UpOt R= pY=L G}=Dv u}@ hqDN= OYQO |xU}=kt "2 pwOH

hqDN= OYQO QDt=Q=B Q=Okt |r}tmD K}[wD QDt=Q=B��� xOW x@U=Lt u=Q=mty w ?UvQH=yt
0 42 2 34 2 35 pw= Owt �x}v=F� ?w=vD |xQwO

4 0 48 0 50 swO Owt �x}v=F� ?w=vD |xQwO

1 97 0 0598 0 061 p=U 50 Gwt CLD �QDt� xWQa |}=Hx@=H |xv}W}@
3 51 0 0743 0 077 p=U 100 Gwt CLD �QDt� xWQa |}=Hx@=H |xv}W}@

CmQL |=yxrO=at "4
u=wD|t =Q pQDvm w Gwt |=ywQ}v CLD |}=} QO |wmU CmQL p}Uv=Qi}O |xrO=at

%OQm u=}@ 1 |x]@=Q CQwYx@
M �x+ C _x+Kx = FI + FD + FC (1)

R}v �x ' _x 'x w |DNU w |}=Q}t 'sQH |=yT} QD=t ?}DQD x@ K w C 'M 'u; QO xm
FD w FI 'xwqax@ "OvDUy xR=U ?=DW w CaQU '|}=Hx@=H |=yQ=OQ@ ?}DQD x@
R= 3 w 2 \@=wQ j@=]t ?}DQD x@ xm 'OvDUy 37=UB w 36|UQv}= |wQ}v hQat R}v
xm 'CU= pQDvm |wQ}v R}v '1 |x]@=Q QO [48]"Ov};|t CUO x@ 38uwU} Qwt |xrO=at

"OwW|t x@U=Lt |R=i |rQDvm sD} Qwor= R=
FI = �CmV � _U (2)

FD = �CdA0 � (U � _X) �
���U � _X

��� (3)

|r=oJ R}v � w OvDUy Gwt ?=DW w CaQU Qov=Wv ?}DQD x@ _U w U '=yu; QO xm
Cm u}vJty "CU= xOW ZQi ?amtQDt Q@ sQowr}m 1024 =@ Q@=Q@ xm 'CU= ?;
1 2 Q@=Q@ ?}DQD x@ API |xt=vu}}; j@=]t xm 'OvDUy =UB w |UQv}= ?}=Q[ Cd w
CL=Ut w sHL Q=OQ@ ?}DQD x@ R}v A w V [41]"Ov=xOW xDiQo Q_v QO 1 05 w
Cr=UQ |Div |wmU |=Q@ 2 pwOH QO u; Q}O=kt xm 'OvDUy =[a= `]kt K]U
39|U} QD=t |x}=QO x@ x}=QO ?Q[ Qou=}@ ��� Ctqa u}vJty "CU= xOW x�=Q=

"CU=
xOwRi= sQH w M0 xR=U sQH `tHpY=L 'M sQH T} QD=t '1 |x]@=Q QO
�xR=U x@ xOW xOwRi= sQH� xOwRi= sQH "CU= xOW x�=Q= 4 |x]@=Q QO xm 'CU= Ma

p=}U uwQO wmU uDiQo ?=DW Cra x@ xm OwW|t xDio p=}U R= |tQH Q=Okt x@
OQ=w wmU x@ CmQL CyH hqN |} wQ}v w CmQL wmU =@ x=Qty 'Gwt |wQ}v CLD

"OwW|t x@U=Lt 5 |x]@=Q j@=]t xOwRi= sQH Q=Okt xm 'Ovm|t
M = M0 +Ma (4)

Ma = � (Cm � 1)V (5)

|OOa |xar=]t w |HvUCLY "5
|R=UpOt|HvUCLY x@ =OD@= 'xr�Ut pL OvwQ R= u=v}t]= Qw_vtx@|vwvmVN@ QO
Q[=L |xar=]t QO xDiQoCQwY |R=UpOt 'xt=O= QO w xOW xDN=OQB p}rLD VwQ w

"CU= xOW K} QWD

[45]"Gwt Q=@ CLD wmU hrDNt |=yR=QD Q@ OQ=w ?=DW w CaQU "2 pmW

"CU= xOW ^=Lr C@=F u=tR l} |}=} QO |=yCr=L |t=tD |=Q@ w xOQm =O}B Vy=m
3 OQ=Ov=DU= u=tR COt xm |r=L QO 'OW=@|t x}v=F 100 =yOQwmQ u=tR 'VwQ u}= QO
|=yxv} Ry 'OwW ZQi O=} R u=tR u}= Qo = 'x}v=F 100 Q=}at XwYN QO "CU=Ca=U
u=tR Qo = w CU= QwmPt VwQ C} Rt u} QDsyt =@ Q}=et w O@=}|t V}=Ri= |D=@U=Lt
?; K]U uOW =v=t w |v=QL@ MU=B uO=O CUO R= p=tDL= 'OwW ZQi x=Dwm Q=}at
w ?UvQH=yt u}=Q@=v@ "CU= KqY= OvtR=}v R}v s=wO Gwt VwQ =Pr [45]'OQ=O OwHw
|iQat =Q 35 (MEWA) xOW KqY= s=wO Gwt p}rLD VwQ �2014� u=Q=mty
?w=vD |xQwO T=U= Q@ p}rLD |xv}y@ u=tR |x@U=Lt |=Q@ O}OH |WwQ xm 'OvOQm
u=tR w OyO|t x�=Q= =yOQwmQ |=Q@ |rw@k p@=k |v=tR |xR=@ xm 'CU= h}] |xrk
|QDW}@ j=@]v= w CU= QDxO=U VwQ u}= OQ@ Q=m u}vJty "OwW|t xv}y@ C=@U=Lt

[45]"OQ=O G=wt= C}y=t =@
CLD Cr=UQ |wmU hrDNt |=yR=QD Q@ OQ=w ?=DW w CaQU 'Q[=L Q=DWwv QO
w x@U=Lt xOW KqY= s=wO Gwt p}rLD VwQ R= xO=iDU= =@ hrDNt |}=} QO \}=QW
u=wvax@ "CU= xOW |UQQ@ xr=U 100 w 50 CWoR=@ |=yxQwO =@ Gwt wO CLD
R= R=QD 3 Q@ OQ=w ?=DW w CaQU 'p=U 100 CWoR=@ |xQwO =@ |Hwt |=Q@ 'xvwtv

"OwW|t xOy=Wt 2 pmW QO wmU

110

Archive of SID

www.SID.ir

http://www.SId.ir


1/
2|

xQ=t
W'

37
�2

|xQ
wO'

�14
00

Q=y@
�h

}QW
u=Qt

a|
UOv

yt

|OOa |R=UpOt "2"5
TQ=i G}rN QO `k=w Cr=UQ |wmU |m}t=v}O Q=DiQ |UQQ@ x@ 'Q[=L |xar=]t QO
hrDNt |}=} QO |=yCr=L QO G=wt= Q=@ CLD u=wq |xQ} RH ?wvH |QDtwr}m 80 w

"OwW|t xOy=Wt 5 pmW QO u; |Q}oQ=Qk j}kO pLt w 'CU= xOW xDN=OQB
pO=at |O=R; xHQO 7 |xOW xO=U pOt R= 'Cr=UQ |wmU uOQm pOt |=Q@
QO Cr=UQ |wmU |Oa)@xU uOQm pOt R= pO=at |=yQDt=Q=B xm 'CU= xOW xO=iDU=
|xO}= [45]"CU= xOt; CUO x@ ?w=vD |=yxQwO |R=UpO=at w 40T}Uv= Q=Ri=sQv
Q=DiQ u}tND w C=@U=Lt |xv} Ry Vy=m Qw_vtx@ C=ar=]t R= |Q=}U@ QO xOW QmP
QO xar=]t OQwt pO=at |wmU w u; R= l}D=tW |}=tv w OwW|t xO=iDU= xR=U |rm
|=yQDt=Q=B u}vJty "CU= xOW `k=w 7 R=QD QO xWQa xm 'OwW|t xOy=Wt 6 pmW
|=yR=QD |=Q@ =[a= `]kt K]U CL=Ut w sHL '|DNU 'sQH %pt=W xm pO=at
|}=Q}t ltm =@ R}v |}=Q}t T} QD=t w Ov=xOW x�=Q= 3 pwOH QO 'OvDUy wmU hrDNt
|xQwO "CU= xOt; CUO x@ swO w pw= |=yOwt |=Q@ �2 |}=Q}t C@Uv w 41|r}=Q

"CU= xOw@ x}v=F 2 34 Q@=Q@ pO=at |wmU ?w=vD

"TQ=i G}rN QO Cr=UQ |wmU |Q}oQ=Qk C}akwt "5 pmW

"u; |xOW xO=U pOt w p=ai VwQ x@ xOW pQDvm |wmU "6 pmW

|HvUCLY "1"5
w ?UvQH=yt \UwD xar=]t OQwt |Div |wmU '|HvUCLY VN@ QO
7 =@ |}xR=U x@ wmU uOQm p}O@D =@ u=W}= "CU= xOW pOt [49]'�2017� u=Q=mty
xO=iDU= wmU OQmrta |UQQ@ |=Q@ xOW xQ=W= |Q=PoQ=@ O}OH VwQ R= '|O=R; xHQO
Q@=Q@ ?}DQD x@ '`HQt Q=DWwv QO xOW xQ=W= pw= Owt wO ?w=vD |xQwO "OvOw@ xOQm
pY=L x}v=F 0 48 w 2 34 Q}O=kt '|R=UpOt R= TB xm 'Ow@ x}v=F 0 50 w 2 35

"OW
|tQH |=yR=QD QO xWQa u=mtQ}}eD |xv}W}@ G}=Dv u}@ |}xU}=kt u}vJty
'p=U 100 w 50 CWoR=@ |=yxQwO =@ Gwt Q=@ wO CLD w Cr=UQ |wmU hrDNt
QO QwmPt G}=Dv xm 'CU= xOW s=Hv= 'xOw@ `HQt Q=DWwv w |R=UpOt R= pY=L xm
p=U 100 CWoR=@ |xQwO |=Q@ '4 pmW w p=U 50 CWoR=@ |xQwO |=Q@ 3 pmW
QmP Q}O=kt =@ xOW x@U=Lt Q}O=kt hqDN= OYQO '2 pwOH QO "OwW|t xOy=Wt
CUO x@ |=]N Q}O=kt 'CU= xOW x�=Q= xYqN CQwYx@ [49]'`HQt Q=DWwv QO xOW
QO xOW x�=Q= G}=Dv =@ |R=UpOt R= pY=L G}=Dv ?U=vt j@=]D |xOvyOu=Wv 'xOt;

"OQ=O QwmPt Q=DWwv

|xQwO =@ Gwt |Q=PoQ=@ CLD wmU |xWQa u=mtQ}}eD |xv}W}@ |xU}=kt "3 pmW
"p=U 50 CWoR=@

|xQwO =@ Gwt |Q=PoQ=@ CLD wmU |xWQa u=mtQ}}eD |xv}W}@ |xU}=kt "4 pmW
"p=U 100 CWoR=@

111

Archive of SID

www.SID.ir

http://www.SId.ir


"""|
=yV

=aDQ=
CL

D|
vwr@=

W|
wmU

|xv
}y@

pQDv
m"Cr=UQ |Div |wmU |vi C=YNWt "3 pwOH

7 R=QD 6 R=QD 5 R=QD 4 R=QD 3 R=QD 2 R=QD 1 R=QD Cr=UQ |wmU
1790 63 92 105 116 129 106 �uD� sQH
38 90 106 121 146 146 179 �QDt Q@ uDw}v=ot� |DNU
0 22 103 113 117 134 134 �?amtQDt� sHL
0 35 191 209 213 238 227 �`@ QtQDt� =[a= `]kt K]U CL=Ut

"lv}rwt}U Q=Ri=sQv QO xOW x}yD pOt "7 pmW

sD} Qwor= R= u}vJty "Ov=xOW x�=Q= 1 pwOH w 1 pmW QO ?}DQD x@ \@DQt
p=ta= w x_Lr Qy QO Qorta u=wD Q=Okt |@=}xv}y@ |=Q@ |vwtQ=y |wHDUH
'Q_vOQwt |@=}xv}y@ |xr�Ut 44hOy `@=D "CU= xOW xO=iDU= xv}y@ pQDvm |wQ}v
'xOW QmP sD} Qwor= w CU= V=aDQ= pw] QO wmU |xWQa u=mtQ}}eD |R=Uxv}tm
�Qorta C}iQ_ |xv}W}@� xOW XNWt |xR=@ QO =Q xv}y@ Qorta u=wD Q=Okt
O}k l} CQwYx@ Qorta `=@W= QF= 'xOW xQ=W= |@=}xv}y@ QO "Ovm|t x@U=Lt
|L=Q] |}xv}y@ |xOvvmpQDvm 'V=aDQ= Qy |=Q@ Ov}=Qi u}= =@ w CU= xOW ^=Lr

"OwW|t
[52]"CU= xOW x�=Q= �2005�45s}o w |r \UwD |vwtQ=y |wHDUH sD} Qwor=
|x_i=L |xR=Ov= pt=W xm ' sD} Qwor= u}= |x}rw= |=yQDt=Q=B 'Q[=L |xr�Ut QO
|x_i=L uDiQo Q_v QO MQv w 47 (PAR) s=o j}@]D MQv 46'(HMS) |vwtQ=y
"Ov=xOW xDiQo Q_v QO 0 5 w 0 1 '20 Q@=Q@?}DQD x@ 'OvDUy 48 (HMCR)|vwtQ=y
sQH Q}F-=D x=Qty x@ 49'xR=U w p=}U u}@ VvmQOv= 'Q[=L |xar=]t QO u}vJty
=@ =ywmU |@=}xv}y@ w pQDvm 'p}rLD '|Q=PoQ=@ '|R=UpOt "CU= xOW ^=Lr xOwRi=
l}D=tW |}=tv "CU= xOW s=Hv= 51lv}rwt}U \}Lt w 50?rDt Q=Ri=sQv R= xO=iDU=
j@=]t xm 'OwW|t xOy=Wt 7 pmW QO lv}rwt}U Q=Ri=sQv QO xOW x}yD pOt R=
wmU MU=B w xOW Structure *lwr@ OQ=w xOwRi= sQH w pQDvm 'Gwt |wQ}v xU u;
|x@U=Lt |=Q@ "O};|t CUO x@ =yR=QD |xty QO ?=DW w CaQU '|}=Hx@=H R= sa=
*lwr@ R= 'wmU w p=}U u}@ VvmQOv= u}vJty w 3 w 2 \@=wQ j@=]t Gwt |wQ}v
wmU CaQU 52OQwNR=@ OvtR=}v xm 'CU= xOW xO=iDU= Inertia & DragForce

w 4 \@=wQ j@=]t xOwRi= sQH |x@U=Lt x@ s=Ok= 'Added Mass *lwr@ "CU=
"CU= ?=DW OQwNR=@ OvtR=}v w Ovm|t p=ta= xR=U x@ =Q QF= u}= |wQ}v w Ovm|t 5
,q@k xm Qw]u=ty w x@U=Lt 'Control Fuzzy *lwr@ R= xO=iDU= =@ R}v pQDvm |wQ}v

"xOW nvy=ty |tQH Qo =Q}t |L=Q] |=yQDt=Q=B "4 pwOH
Q=Okt QDt=Q=B
�2 |}xR=U |}=Q}t C@Uv
�3 |tQH C@Uv

x}v=F Q@ u=}O=Q 2 68 xR=U |}x} w=R Ot=U@
0 9639 xv}y@ |Ot=U@ C@Uv
0 106 xv}y@ |}=Q}t C@Uv

xO=iDU= p=U 100 w 50 CWoR=@ |=yxQwO =@ Gwt wO R= wmU |Q=PoQ=@ |=Q@
|xrk ?w=vD |xQwO 'xYNWt Gwt `=iDQ= Q}O=kt 'p=U 100 Gwt |=Q@ "CU= xOW
50 Gwt |=Q@ w QDt 4 77 w x}v=F 7 10 'QDt 5 83 Q@=Q@ ?}DQD x@ xrk R=QD w h}]

[45]"CU= xOw@ QDt 4 36 w x}v=F 6 77 'QDt 5 33 Q@=Q@ ?}DQD x@ R}v p=U
|xOW nvy=ty |tQH Qo =Q}t R= 'xOQ=w G=wt= R= |W=v |=yV=aDQ= pQDvm |=Q@

"OwW|t xOy=Wt 6 pmW QO xm 'CU= xOW xO=iDU= p=ai w p=aiQ}e
uO |xOW x�=Q= hwQat \@=wQ R= xOW nvy=ty |tQH Qo =Q}t |L=Q] |=Q@
xO=iDU= [51]'�1978� 43=O}m = w =w}; |xOW KqY=\@=wQ w [50]'�1942� 42nwDQ=y
C@Uv u}vJty w (�opt) xv}y@ |Ot=U@ C@Uv 'nwDQ=y uO \@=wQ QO "CU= xOW

%OvwW|t x@U=Lt 7 w 6 |=yx]@=Q j@=]t ?}DQD x@ (�opt) xv}y@ |}=Q}t
�opt = 1

1 + �
(6)

�opt =

s
3�

8(1 + �)
(7)

6 \@=wQ xm |}=Hu; R= "CU= xR=U sQH x@ Qo =Q}t sQH C@Uv hQat � '=yu; QO xm
|=yxR=U |=Q@ QwmPt \@=wQ 'Ov=xOW x@U=Lt |D=P |}=Q}t uwO@ |=yxR=U |=Q@ 7 w
|iQat =O}m = w =w}; \UwD xm xOW KqY= \@=wQ "OvwW KqY= O}=@ |D=P |}=Q}t |=Q=O

"OvDUy 9 w 8 \@=wQ j@=]t 'Ov=xOW
��opt =

�opt � (0=241 + 1=7�� 2=6�2)�s � (1� 1=9�+ �2)�s2 (8)

��opt =

�opt � (0=13 + 0=12�� 0=4�2)�s � (0=01� 0=9�+ 3�2)�s2

(9)

x@U=Lt |=yQDt=Q=B Q}O=kt "CU= xR=U |D=P |}=Q}t C@Uv �s '=yu; QO xm
xOW nvy=ty |tQH Qo =Q}t p=ai pQDvm |=Q@ "CU= 4 pwOH j@=]t xOW
u}v=wk w C} w[a `@=wD xm 'CU= xOW xO=iDU= |R=i |rQDvm sD} Qwor= R= R}v

112

Archive of SID

www.SID.ir

http://www.SId.ir


1/
2|

xQ=t
W'

37
�2

|xQ
wO'

�14
00

Q=y@
�h

}QW
u=Qt

a|
UOv

yt

wmU |xOWv pQDvm |=yMU=B x@ xOWpQDvm |=yMU=B |xv}W}@ |xU}=kt "8 pmW
"p=U 100 w 50 CWoR=@ |=yxQwO =@ |}=yGwt CLD

|=yMU=B x@ xOW pQDvm |=yMU=B C=a@ Qt u}ov=}t |xW} Q |xU}=kt "9 pmW
"p=U 100 w 50 CWoR=@ |=yxQwO =@ |}=yGwt CLD wmU |xOWv pQDvm

u=wD |@=}xv}y@ w Qorta `=@W= "CU= CaQU w |}=Hx@=H OQwNR=@ OvtR=}v 'OW xQ=W=
"ODi=|t j=iD= Q}N= lwr@ QO R}v Qorta

G}=Dv |@=} RQ= "6
pQDvm �?=DW w CaQU '|}=Hx@=H� |=yMU=B u}@ |}xU}=kt =OD@= 'Q[=L VN@ QO
p=ai w p=aiQ}e |xOW nvy=ty |tQH |=yQo =Q}t =@ xOW pQDvm u}vJty w xOWv
Q@ xwqa "CU= xOW s=Hv= xr=U 100 w 50 CWoR=@ |=yxQwO =@ Gwt wO CLD
|UQQ@ R}v V=aDQ= u=tR pw] QO wmU OQmrta 'xR=U |=yMU=B |xv}W}@ |xU}=kt

"CU= xOW

xWQa R=QD QO wmU |=yMU=B |xv}W}@ |UQQ@ "1"6
R=QD QO wmU ?=DW w CaQU '|}=Hx@=H x@ \w@ Qt |xOW pQDvm |=yMU=B |xv}W}@
pmW QO Oa)@|@ CQwYx@ Gwt wO CLD xOWv pQDvm |=yMU=B |xv}W}@ x@ xWQa
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