
�14
01

u=DU
tR�

'h}
QWu

=Qta
|U

Ovyt
�|W

ywSB
�'3

6�2
5"

X
'4/

2|
xQ=t

W'
38

�2
|xQ

wO

O
ri

gi
na

lA
rt

ic
les}taD =@ R}wv x@ sw=kt |oS}w G=QNDU=

Ot=U@ |xRwL QO |oDU@ty |x]@=Q
�|QDmO |wHWv=O� |v=yiY= u}ULQ}t= O}U

�O=DU=� �Q=OtDa} QW sW=y
�|QDmO =UB |wHWv=O� |t=_Dv= =[Q}ra

OyWt |UwOQi x=oWv=O 'u=Qta |UOvyt w |vi |xOmWv=O

xm |DQwY QO "CU= Q@u=tR w xO}J}B Q=}U@ 'q=@ O=a@= =@ |=yp=vo}U QO ?}U; |}=U=vW
=yu; R= xO=iDU= 'OvW=@ xDiQo Q=Qk |HQ=N |R} wv C=m} QLD Q}F-=D CLD QwmPt |=yp=vo}U

'Q[=L Q=DWwv QO "OwW|t ?}U; R= xOW G=QNDU= |=y|oS} w QO C}a]k sOa RwQ@ ?Hwt
=@ TBU "CU= xOW x@U=Lt p=vo}U |xYNWt `@=D '|v=tR |QU p}rLD R= xO=iDU= =@
|Q=Okt xm ?}U; x@ T=UL |oS} w l} 'Ot=U@ |xRwL QO |oDU@ty |x]@=Q s}taD

xR=U ?}U; 'xOt; CUO x@ |oS} w |x} w=R |x@U=Lt =@ "CU= xOW G=QNDU= 'CU= \rDNt
|DL=Q x@ |oS} w |k}kL VN@ |xar=]t =@ ?}U; u=mt 'u}vJty "CU= X}NWD p@=k
|xR=U l} '?}U; |}=U=vW QO u} wv |oS} w |=y|}=v=wD |@=} RQ= Qw_vtx@ "OwW|t u}}aD

w X}NWD |=yVN@ QO xOt; CUO x@ G}=Dv "CU= xOW V}=tR; S101 pB uwJty |ak=w
CtqU V}=B |xRwL QO Q}N= |=yVywSB \UwD xOt; CUO x@ G}=Dv =@ ?}U; u=mt u}}aD
|=yVr=J pL QO =Q xOW G=QNDU= |oS} w |=y|}=v=wD 'xOt; CUO x@ G}=Dv "Ov=xOW xU}=kt

"OvyO|t u=Wv |HQ=N |R} wv |=yl} QLD w s}HL |=yxO=O |va} '?}U; |}=U=vW

esfehani@mail.um.ac.ir
shariatmadar@um.ac.ir
alireza.entezami@polimi.it

|xYNWt `@=D '?}U; x@ T=UL |oS} w '=yxR=U CtqU V}=B %|O}rm u=oS=w
"R} wv '|oDU@ty ?} Q[ '|Ot=U@

xtOkt "1
C}U=UL w|R=UxO=}B|oO=U "CU=V}=B OQwt |xR=U|m}t=v}O w|D=P |=y|oS} w
[12]"CU= QwmPt p=vo}U VR=OQB VwQ |=}=Rt R= '?}U; x@ pOt hrDNt |=yVN@
CUO x@ p=vo}U l} |=Q@ |irDNt |=ypOt '|v=tR |QU p}rLD VwQ j} Q] R=
pOt '(AR)1 Q=mOwN uw}UQoQ pOt %R= Ov=CQ=@a '=yu; u} QDOQ@ Q=mQB xm 'O};|t
u}ov=}t =@ Q=mOwN uw}UQoQ pOt '(ARX)2 |HwQN lQLt =@ Q=mOwN uw}UQoQ
|HwQN lQLt w lQLDt u}ov=}t =@ Q=mOwN uw}UQoQ pOt w (ARMA)3 lQLDt
|=yQDt=Q=B 'OW u}}aD p=vo}U l} |=Q@ ?U=vt pOt xmu; R= TB "(ARMAX)4
'OvDUy \@DQt p=vo}U |m}t=v}O |=y|oS} w |xOvQ=OQ@ QO xm u; |xOv=t}k=@ w pOt
p}rLD VwQ R= |Q}oxQy@ =@ '�2019� u=Q=mty w |t=_Dv= [13]"OvwW|t x@U=Lt
|=yxOv=t}k=@ R= xO=iDU= =@ w OvOQm VR=OQB =Q xR=U MU=B |=yp=vo}U '|v=tR |QU
=@ '�2018� Q=OtDa} QW w |t=_Dv= [14]"OvOQm x�=Q= ?}U; |}=U=vW VwQ l} 'pOt
=yu; |xU}=kt u}vJty w xO}O ?}U; w sr=U |=yxR=U R= pOt |=yQDt=Q=B G=QNDU=
[7]"OvOR u}tND =Q xOQ=w CQ=UN COW w OvOQm u}}aD =Q ?}U; u=mt 'Qo}Om} =@
u}}aD |=Q@ |WwQ 'QPou}}=B |=yQDr}i R= xO=iDU= =@ '�2018� u=Q=mty w OvSB|}=[Q
|=yQDr}i R= |Q}oxQy@ xm OvDi=} QO w OvOQm x�=Q= |v=tR |QU pOt ?D=Qt |xv}y@
O=a@= Vy=m ?Hwt u}= w OyO|t Vy=m =Q |v=tR |QU pOt |=yx@DQt 'QPou}}=B

[15]"OwW|t |v=tR |QU pOt

&CU=|v=Qta |=yxR=UCtqUC}a[w u}}aD QO OQ@ Q=mQB Ov}=Qil} 'CtqUV}=B
xR=U hrDNt |=yVN@ |=yV=aDQ= |Q}oxR=Ov= j} Q] R= ?}U; |}=U=vW 'u; QO xm
jq]= xR=U |Q=DN=U |=y|oS} w QO C=Q}}eD xvwoQy x@ ?}U; [1]"OQ}o|t s=Hv=
|}=U=vW |=yVwQ [3w2]"OW=@ xDW=O u; OQmrta QO ?wr]t=v |Q}F-=D xm 'OwW|t
|=yVwQ QO "OvwW|t |Ov@xDUO xO=O |x}=B w pOt |x}=B |rm VN@ wO x@ ?}U;
|r=L QO [4]"CU= |UQQ@ OQwt |xR=U R= OwOLt u=tr= pOt l} x@ R=}v 'pOt |x}=B
R= xOW |Q}oxR=Ov= |=yMU=B T=U= Q@ ?}U; |}=U=vW 'xO=O |x}=B |=yVwQ QO xm
|=yVwQ x@ |O=} R u=QoVywSB xHwD 'Q}N= |=yp=U QO [6w5]"OQ}PB|t s=Hv= xR=U

[10�7]"CU= xOW hw]at xO=O |x}=B
p=vo}U u; QO xm 'CU= xO=O |x}=B VwQ l} R= VN@ u}rw= 'p=vo}U VR=OQB
|D=P |=y|oS} w |xOvyOu=Wv xm 'OvtWRQ= |D=aq]= w OwW|t VR=OQB MU=B s=N
|=yp=vo}U VR=OQB QO QF-wt w OQ@ Q=mQB |=yVwQ R=|m} "O};|tCUO x@ 'CU= xR=U
l} '|v=tR |QU p}rLD R= xO=iDU= =@ [11]"CU= |v=tR |QU p}rLD VwQ 'xR=U
|xOvQ=OQ@ QO xm 'O};|t CUO x@ xR=U p=vo}U |=Q@ u=tR =@ Q}eDt=v w |]N pOt

pw�Ut xOvU} wv �
"1401 7 16 VQ}PB '1401 6 31 x}LqY= '1401 4 22 Ci=} QO %M} Q=D

DOI:10.24200/J30.2022.60471.3105



"""s
}taD

=@R}
wvx@

sw=k
t|

oS}w
G=QN

DU=CUO x@ |R} wv lQLt `@=vt Q}F-=D CLD xR=U |=yMU=B Qo = 'Qo}O |iQ] R=
u}= QO &OvQ=O |}q=@ C}a]k sOa '=yu; R= xOW G=QNDU= |=y|oS} w 'OvW=@ xOt;
|}=U=vW G}=Dv R= u=v}t]= Vy=m ?Hwt QwmPt |=yxO=O R= |Q}oxQy@ 'CQwY
CUO x@ |=y|oS} w xm CU= |D=}L Q=}U@ '|]}=QW u}vJ QO [36]"OwW|t ?}U;
OwHwt R} wv x@ u=tRsy Qw]x@ w OvW=@ T=UL ?}U; x@ xR=U |=yMU=B R= xOt;
|x}=B Q@ '�2012�18=QD=mQ=m w |Qw=Q "OvyOv u=Wv OwN R= |D}U=UL 'Q=@ QO
?}U; |}=U=vW |=Q@ u} wv sD} Qwor= l} 19'(HHT) nv;wy � CQ@r}y p}O@D
VwQ |xr}Uwx@ MU=B p=vo}U '=yu; |xw}W QO [37]"Ov=xO=O x�=Q= |R} wv \}=QW QO
u}}aD p=vo}U R= |Ot=U@ Owt u}rw= |UQQ@ =@ ?}U; u=mt w VR=OQB HHT

x@ T=UL |=y|oS} w G=QNDU= |=Q@ '�2019� Q=OtDa} QW w |t=_Dv= "OwW|t
w |v=tR |QU p}rLD |x}=B Q@ |@}mQD sD} Qwor= l} R= |R} wv \}=QW QO ?}U;
G=wt= |xr}Uwx@CtqUV}=B T=U= Q@ [8]"Ov=xOQm xO=iDU= |@ QHD |=yOwt |x} RHD
|L]UOvJ |@D=QtxrUrU VwQ l} '�2020� |O=@;|ra w 20w} 'xOvwW C}=Oy
Q=F; =D 'OvOQm x�=Q= C}a]k sOa w |R} wv \}=QW QO ?}U; |}=U=vW |=Q@ =Q
u}}aD R}v w =yQoUL u=mt |@=}xv}y@ =@ ?}U; |}=U=vW G}=Dv QO C}a]k sOa
|Q}owrH x=@DW= |=yX}NWD R= w hPL ?}U; |=yXN=W |=Q@ xv}y@ |=yxv=DU;

[38]"OwW
xm 'CU= xOW x�=Q= u} wv |oS} w G=QNDU= sD} Qwor= l} 'Q[=L Q=DWwv QO
'=OD@= QO "OQ=O =Q =yxR=U CtqU V}=B QO OwHwt |=yVr=J =@ xr@=kt |}=v=wD
u; |xOv=t}k=@ w pOt |=yQDt=Q=B '|v=tR |QU p}rLD QF-wt VwQ R= |Q}oxQy@ =@
xm 'pOt |xOv=t}k=@ uDW=PoQ=vm =@ "CU= xOt; CUOx@ MU=B p=vo}U Qy |=Q@
?}U; |}=U=vW G}=Dv R= |OwQw R} wv |ivt Q=F; 'CU= lQLt `@vt R} wv Q=F; |w=L
'MU=B p=vo}U R= pOt |=yQDt=Q=B G=QNDU= 'u=tRsy CQwYx@ "Ov=xOW hPL
R= xO=iDU= =@ "CU= xOW u}}=B O=a@= =@ |}=[i x@ x}rw= |=yxO=O p=kDv= ?Hwt
|xYNWt `@=D 'OvDUy xR=U |m}t=v}O w |D=P X=wN |w=L xm 'QwmPt |=yQDt=Q=B
|oDU@ty ?} Q[ |x]@=Q s}taD =@ "CU= xOt; CUO x@ Ot=U@ |xRwL QO p=vo}U
T=UL xR=U ?}U; x@ xm '|Oa)@ wO w \rDNt |oS} w l} 'Ot=U@ |xRwL QO
u}}aD w X}NWD QO xOW G=QNDU= |oS} w |=y|}=v=wD "CU= xOW G=QNDU= 'CU=
[39]'S101 pB |xR=U uwJty '|ak=w Q=}at |xR=U l} V}=tR; =@ ?}U; u=mt
R= 'QwmPt |xR=U x@ xOt; OQ=w |=yQ=@ xm CU= xHwD p@=k "CU= xOW |@=} RQ=
|=y|QDQ@ R= QDj}kO |W}=tv Qw_vtx@ "Ov=xOw@ |HQ=N |R} wv |=yl} QLD ẁv
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