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|xvt=O |m}t=v}O Cr=L QO w 'O=R; u=} QH CaQU w xrtL |x} w=R l}D=DU= Cr=L
l} pw] QO �\UwDt |x} w=R� p} wiQ}= |x}rw= |x} w=R 'xDi=}Vy=m Ot=U@ 'u=Uwv

"Ov=xOW xO=O Q}}eD xm 'OvOw@ s}_vD p@=k |=yQDt=Q=B u=Uwv xQwO
Q_v hQY x@ xHwD =@ R}v w |RQtx}q CaQU p}iwQB QO C}a]k sOa x@ xHwD =@

43

Archive of SID

www.SID.ir

http://www.sid.ir


"""|
v=QL

@j
wip

}wiQ
}=|

RQtx
}q|

@QH
D|

UQQ
@

hrDNt |=yCaQU QO xrtL |x} w=R Q}}eD?ULQ@ |RQtx}q Q]k C=Q}}eD "10 pmW
"QDw |OYQO 25 C}akwt QO

Ot=U@ pO=at� RDQy 1 65 Ot=U@ QO |}x_Lr xrtL |x} w=R C=Q}}eD "11 pmW
2 \UwDt |x}w=R pwL xHQO �10 |v=Uwv |xvt=O =@ �0 0313 |xDi=}Vy=m

"xHQO

=OD@= |m}t=v}O |=yV}=tR; G}=Dv |UQQ@ |=Q@ '|m}D=DU= G}=Dv |UQQ@ R= TB
"OwW|t xU}=kt =yCr=L |t=tD TBU xO=O KQW =Q |v=Uwv |=yCr=L R= xvwtv l}

|m}t=v}O V}=tR; G}=Dv "2"3
sDU}U\UwD xm xOw@nv}J}B CQwYx@ p} wiQ}= C=v=Uwv pt=W|m}t=v}O C=W}=tR;
Ot=U@ '\UwDt |xrtL |x} w=R xrtH R= |irDNt |=yQDt=Q=B w xOW O=H}= R=Uu=Uwv
xrtL |x} w=R C=Q}}eD R= xvwtv l} "CU= xOw@ Q}}eD p@=k u=Uwv |xvt=O w u=Uwv
|xvt=O w 0 0313 xDi=}Vy=m Ot=U@ x@ \w@ Qt 11 pmW QO I}B u=Uwv |x]U=wx@
x@ sRq "CU= xOW xO=O u=Wv xHQO 2 \UwDt xrtL |x} w=R pwL xHQO 10 u=Uwv
s=Hv= x}v=F Q@ QDt 50 C@=F CaQU QO |m}t=v}O |=yV}=tR; |t=tD xm CU= QmP
O=R; u=} QH sm |oDiW; Q=Okt R}v x}v=F Q@ QDt 50 CaQU ?=NDv= p}rO "CU= xOW

"CU= CaQU u}= QO
p} wiQ}= K]U R= `=iDQ= x@ C@Uv |}x_Lr CaQU C=Q}}eD OvwQ 12 pmW QO
C=Q}}eD 'OwW|t xOy=Wt xm u=vJ "CU= xOW xO=O u=Wv QwmPt |v=Uwv Cr=L QO
x@ |=Q@ "OQ=O xt=O= p} wiQ}= K]U R= |QDt|r}t 1 5 |xrY=i =D CaQU |v=Uwv
u=} QH u=O}t QO C=W=WDe= u} QDW}@ xm |RQtx}q QO |}x]kv u=mt uOQw; CUO
h=QLv= u} QDW}@ 13 pmW QO "CU= xOW xO=iDU= Q=}at h=QLv= QDt=Q=B R= 'OQ=O =Q

CaQU QO QDw |OYQO 25 C}akwt QO |RQtx}q Oa@|@ CaQU p}iwQB "7 pmW
"hrDNt xrtL |=}=wR QO x}v=F Q@ QDt 50

QDt 60 CaQU QO QDw |OYQO 25 C}akwt QO |RQtx}q Oa@|@ CaQU "8 pmW
"hrDNt xrtL |=}=wR QO x}v=F Q@

CaQU QO QDw |OYQO 25 C}akwt QO |RQtx}q Oa@|@ CaQU p}iwQB "9 pmW
"hrDNt xrtL |=}=wR QO x}v=F Q@ QDt 70

44

Archive of SID

www.SID.ir

http://www.sid.ir


2|
xQ=t

W'
32

�3
|xQ

wO-
�13

95
R}}=B

�'h
}QW

l}
v=mt

|U
Ovyt "CU= xOW xO=O u=Wv xHQO 2 \UwDt |x} w=R pwL xHQO 10 u=Uwv |xvt=O w

|QDW}@ ?}W =@ |RQtx}q 'p} wiQ}= |xOvwQq=@ CmQL QO OwW|t xOy=Wt xm u=vJ
CmQL QO xm OQ=O|t u=}@ Qt= u}= "CU= xOQm OWQ xOvwQu}}=B CmQL =@ xU}=kt QO

"CU= xOvwQ u}}=B CmQL R= QDs=Q; u=} QH s} SQ xOvwQq=@
|UQQ@ OQwt |v=Uwv Cr=L QO |RQtx}q Ct=N[ C=Q}}eD Q=Owtv 17 pmW QO
xOvwQq=@CmQL QO |RQtx}qCt=N[ u}@ xm OwW|t xOy=Wt "CU= xOW xO=O u=Wv
|xQwO l} pw] QO xm OQ=O OwHw |iqDN= |}x_Lr |x} w=R Qy QO xOvwQu}}=B w

|=Q@ Q=}at R= h=QLv= u} QDW}@ =@ |v=mt |=Q@ x} Qwi |QU p}O@D Q=Owtv "14 pmW
"(K = 0 0313; d = �10; �0 = 2) Cr=L

"T/8 |=yxR=@ x@ |v=Uwv Q=Owtv |Ov@s}UkD l}D=tW Q=Owtv "15 pmW

QO x}v=F Q@ QDt 50 O=R; u=} QH CaQU |=Q@ |RQtx}q CaQU p}iwQB "16 pmW
�10 xvt=O =@ |v=Uwv Cr=L |=Q@ pt=m xQwO l} pw] QO hrDNt |v=tR |=yxR=@

"0 0313 xDi=}Vy=m Ot=U@ w xHQO 2 \UwDt x}w=R pwL xHQO

p} wiQ}= K]U R= |QDt|r}t 0 7 |xrY=i QO '|UQQ@ OQwt |v=Uwv Cr=L QO Q=}at
|RQtx}q pN=O u=} QH |Q}PB Q}F-=D u=R}t uOQw; CUO x@ |=Q@ "CU= xOW xO=O u=Wv
u} QDW}@ xm |}x]kv QO x} Qwi p}rLD R= xO=iDU= =@ ?r=e Ot=U@ 'p} wiQ}= u=Uwv R=
|xvt=O u}vJty w?r=e |xO}OB Ot=U@ u=R}t =D xOt;CUO x@ 'xDW=O OwHw|oDiW;
'Q=}at R= h=QLv= R= xO=iDU= p}rO "OwW pY=L 'CU= xO}OB u; CQOk hQat xm u;
pt=a QF= w Pwiv u=mt hQat xm xOw@ p} wiQ}= K]U R= V=WDe= u} QDW}@ |x]kv uDi=}
x} Qwi |QU p}O@D Q=Owtv 14 pmW QO "CU= xOw@ �|Q=@H= C=v=Uwv� V=WDe= O=H}=
0 7 |xrY=i 'CU= Q=}at h=QLv= xv}W}@ |=Q=O xm |RQtx}q pN=O |D}akwt |=Q@
xvt=O u} QDW}@ OwW|t xOy=Wt xm u=vJ "CU= xOW OQw;Q@ p} wiQ}= =D |QDt|r}t
0 0313 |xDi=}Vy=m Ot=U@ =@ pO=at xm CU= RDQy 1 7 u=Uwv Ot=U@ x@ \w@ Qt
'QwmPt u=Uwv QO xm OyO|t u=Wv Qt= u}= "CU= p} wiQ}= u=Uwv Ot=U@ u=ty =}
|RQtx}q pN=O x@ 'p} wiQ}= |xvO@ CmQL R= |W=v u=} QH QO xOW O=H}= V=WDe=

"CU= xOQm Pwiv
xQwO l} '=yxO=O sHL R= ?=vDH= w |RQtx}q |}x_Lr p}iwQB |UQQ@ Qw_vtx@
=yQ=Owtv |t=tD "s}=xOQm s}UkD 15 pmW j@=]t |w=Ut CtUk CWy x@ =Q u=Uwv

"CU= xDiQo Q=Qk xar=]t OQwt |v=tR |=yxR=@ u}= QO
0 0313 |xDi=}Vy=m Ot=U@ QO |RQtx}q p}iwQB C=Q}}eD Q=Owtv 16 pmW QO

d = �10 'K = 0 0313)Cr=L |=Q@|}x_LrCaQU C=Q}}eD OvwQ "12 pmW
"(�0 = 2 w

w d = �10 'K = 0 0313) Cr=L |=Q@ Q=}at R= h=QLv= Q=Owtv "13 pmW
"(�0 = 2

45

Archive of SID

www.SID.ir

http://www.sid.ir


"""|
v=QL

@j
wip

}wiQ
}=|

RQtx
}q|

@QH
D|

UQQ
@

u=Wv �10 w �5 '�3 u=Uwv |xvt=O QO \UwDt |xrtL |x} w=R C=Q}}eD ?ULQ@
Qy QO u=Uwv |=yOt=U@ |t=tD QO 'OwW|t xOy=Wt xm u=vJ "CU= xOW xO=O
p}O@D QO xvt=O Q=Okt R= u=Uwv Ot=U@ uOW xi=[= =@ 'QiY R= QDW}@ xrtL |x} w=R
sm C=Q}}eD ?}W u=Uwv |xvt=O V}=Ri= =@ u}vJty &CU= xOW xDU=m x} Qwi |QU

"CU= xOW
x} Qwi |QU p}O@D QO ?r=e Ot=U@ |xvt=O C=Q}}eD 26 =D 23 |=ypmW QO
xHQO 6 w 2 'QiY '�3 \UwDt |xrtL |=}=wR QO u=Uwv |xvt=O C=Q}}eD ?ULQ@
V}=Ri= =@C@=F\UwDt |xrtL |x} w=R QO xm OwW|t xOy=Wt "CU= xOW xO=O u=Wv
x} Qwi |QU p}O@D |xvt=O Q=Okt xHQO 2 w QiY w �3 |=yCr=L QO u=Uwv |xvt=O
OQ=O|t u=}@ xDmv u}= &CU= xOWv xO}O |UwULt Q}}eD xHQO 6 QO w xDi=} V}=Ri=
xOWv |RQtx}q OQ=w xrtL |x@r R= xOW p}mWD |=yx@=OQo q=@ |xrtL |=}=wR QO xm
"O@=}|t Vy=m x} Qwi |QU p}O@D |xvt=O 'u=Uwv Ot=U@ V}=Ri= =@ Cr=L Qy QO w
|UQQ@ |m}t=v}O V}=tR; uwo =vwo |=yCr=L u}@ |RQtx}q Ct=N[ 'xt=O= QO

"OwW|t xU}=kt w
�3 |v=Uwv |xvt=O QO |RQtx}q Ct=N[ C=Q}}eD '30 =D 27 |=ypmW QO
xOWxU}=kt xDi=}Vy=m |=yOt=U@ u}@ Cw=iDt \UwDt |=yxrtL x} w=R QO xHQO
|xrtL |x} w=R x@ C@Uv |RQtx}q Ct=N[ C=Q}}eD Q=Owtv 27 pmW QO "CU=
|xrtL |x} w=R pwL xHQO 3 u=Uwv |xvt=O QO 'u=Uwv xQwO l} pw] QO |}x_Lr
xO=O u=Wv |m}D=DU=Cr=L whrDNt |xDi=}Vy=m |=yOt=U@ QO xHQO �3\UwDt
Cr=L u}= QO |RQtx}q Ct=N[ hqDN= 'OwW|t xOy=Wt xm u=vJ "CU= xOW
OWQ |RQtx}q \UwDt |xrtL |x} w=R w u=Uwv |xvt=O u}= QO w 'xOw@v TwULt
Q}Ut QDW}@ QO |ivt |xrtL |x} w=R uDW=O p}rO u}tyx@ "CU= xDW=Ov |v=OvJ
XNWt |xrY=i w xO=iDU= OQwt Q=R@= x@ xHwD =@ CU= umtt xD@r= "CU= u=Uwv
p@=k Cr=L u}= QO |RQtx}q Ct=N[ '|RQtx}q l} Q QO pm Q=Wi |=yxrwr u}@

"OW=@ xOw@v |Q}oxR=Ov=
|xrtL |x} w=R x@ C@Uv |RQtx}q Ct=N[ C=Q}}eD Q=Owtv 28 pmW QO
|xrtL |x} w=R pwL xHQO 3 u=Uwv |xvt=O QO 'u=Uwv xQwO l} pw] QO |}x_Lr

Q@ QDt 50 O=R; u=} QH CaQU |=Q@ |RQtx}q Ct=N[ C=Q}}eD Q=Owtv "17 pmW
QO xHQO 2 \UwDt x}w=R pwL xHQO�10 xvt=O =@ |v=Uwv xQwO l} pw] QO x}v=F

"0 0313 xDi=}Vy=m Ot=U@
CmQL |] xm CU= XNWt u}vJty "CU= T} RQDU}y |xkrL OHwt '|v=Uwv
Ct=N[ Q@ xOvwQu}}=B CmQL |] w 'xOW xDU=m |RQtx}q Ct=N[ R= xOvwQq=@

"CU= xOW xOwRi= |RQtx}q
|=yCr=L |t=tD u}@ G}=Dv xt=O= QO 'xvwtv u=wvax@ OQwt l} |UQQ@ R= Oa@
x} Qwi |QU p}O@D xU}=kt R= pY=L G}=Dv |UQQ@ =OD@= "CU= xOW xU}=kt V}=tR;
Q}eDt |=yQDt=Q=B R= l} Qy QF= w \UwDt |xrtL |=}=wR w =yxvt=O '=yOt=U@ s=tD u}@
=yxO=O |wQ =yV}=tR; QO �u=Uwv Ot=U@ w \UwDt |xrtL |x} w=R 'u=Uwv |xvt=O�

"CU= xOW u=}@
C=Q}}eD ?ULQ@ x} Qwi |QU p}O@D QO ?r=e Ot=U@ C=Q}}eD 18 pmW QO
xOW xO=O u=Wv xHQO �10 w �5 '�3 u=Uwv |xvt=O QO \UwDt xrtL |x} w=R
Ot=U@ |xvt=O QO |UwULt Q}}eD u=Uwv |xvt=O 'OwW|t xOy=Wt xm u=vJ "CU=

"CU= xOQmv O=H}= x} Qwi |QU p}O@D QO ?r=e
C=Q}}eD ?ULQ@ x} Qwi |QU p}O@D QO ?r=e Ot=U@ C=Q}}eD 19 pmW QO
&CU= xOW xO=O u=Wv xHQO 6 w QiY '�3 \UwDt |xrtL |=}=wR QO u=Uwv |xvt=O
Ot=U@ |xvt=O |xR=Ov= QO \UwDt |xrtL |x} w=R Q}F-=D sOa Qou=Wv C=Q}}eD u}=
Ot=U@ |xvt=O xR=Ov= QO |}=RUx@ Q}F-=D u=Uwv Ot=U@ Q=Okt xm |r=L QO "CU= ?r=e
"OyO|t RwQ@ |v=Uwv Ot=U@ x@ |QDW}@ C}U=UL |RQtx}q |DQ=@ax@ w OQ=O ?r=e
x} Qwi |QU p}O@D QO ?r=e Ot=U@ |xvt=O C=Q}}eD 22 =D 20 |=ypmW QO

"xHQO �10 w �5 '�3 |=yxvt=O QO \UwDt xrtL |x}w=R C=Q}}eD ?ULQ@ x} Qwi |QU p}O@D QO ?r=e Ot=U@ C=Q}}eD Q=Owtv "18 pmW

46

Archive of SID

www.SID.ir

http://www.sid.ir


2|
xQ=t

W'
32

�3
|xQ

wO-
�13

95
R}}=B

�'h
}QW

l}
v=mt

|U
Ovyt

"\UwDt xrtL |=yx} w=R QO u=Uwv |xvt=O C=Q}}eD ?ULQ@ x} Qwi |QU p}O@D QO ?r=e Ot=U@ C=Q}}eD Q=Owtv "19 pmW

?ULQ@ x} Qwi |QU p}O@D QO?r=e Ot=U@ x@ \w@ Qt xvt=O C=Q}}eD Q=Owtv "22 pmW
"xHQO �10 xvt=O QO \UwDt xrtL |x}w=R C=Q}}eD

?ULQ@ x} Qwi |QU p}O@D QO ?r=e Ot=U@ |xvt=O C=Q}}eD Q=Owtv "23 pmW
"xHQO �3 \UwDt xrtL |x}w=R QO u=Uwv |xvt=O C=Q}}eD

?ULQ@ x} Qwi |QU p}O@D QO?r=e Ot=U@ x@ \w@ Qt xvt=O C=Q}}eD Q=Owtv "20 pmW
"xHQO �3 xvt=O QO \UwDt xrtL |x} w=R C=Q}}eD

?ULQ@ x} Qwi |QU p}O@D QO?r=e Ot=U@ x@ \w@ Qt xvt=O C=Q}}eD Q=Owtv "21 pmW
"xHQO �5 xvt=O QO \UwDt xrtL |x} w=R C=Q}}eD

47

Archive of SID

www.SID.ir

http://www.sid.ir


"""|
v=QL

@j
wip

}wiQ
}=|

RQtx
}q|

@QH
D|

UQQ
@

Q@ QDt 50 O=R; u=} QH CaQU |=Q@ |RQtx}q Ct=N[ C=Q}}eD Q=Owtv "28 pmW
QO QiY \UwDt |x} w=R pwL xHQO�3 xvt=O =@ |v=Uwv |xQwO l} pw] QO x}v=F

"hrDNt xDi=} Vy=m |=yOt=U@

Q@ QDt 50 O=R; u=} QH CaQU |=Q@ |RQtx}q Ct=N[ C=Q}}eD Q=Owtv "29 pmW
QO xHQO 2 \UwDt x}w=R pwL xHQO �3 xvt=O =@ |v=Uwv xQwO l} pw] QO x}v=F

"hrDNt xDi=} Vy=m |=yOt=U@

Q@ QDt 50 O=R; u=} QH CaQU |=Q@ |RQtx}q Ct=N[ C=Q}}eD Q=Owtv "30 pmW
QO xHQO 6 \UwDt x}w=R pwL xHQO �3 xvt=O =@ |v=Uwv xQwO l} pw] QO x}v=F

"hrDNt xDi=} Vy=m |=yOt=U@

u=Wv |m}D=DU= Cr=L w hrDNt |xDi=}Vy=m |=yOt=U@ QO xHQO QiY \UwDt
Cr=L u}= QO |RQtx}qCt=N[ hqDN= OwW|t xOy=Wt xm u=vJ "CU= xOW xO=O
OWQ |RQtx}q \UwDt |xrtL |x} w=R w u=Uwv |xvt=O u}= QO w 'CU}v TwULt
C=Q}}eD Q=Owtv 29 pmW QO "CU= sm |x} w=R uDW=O R= |W=v xm xDW=Ov |v=OvJ
'u=Uwv xQwO l} pw] QO |}x_Lr |xrtL |x} w=R x@ C@Uv |RQtx}q Ct=N[
|=yOt=U@ QO xHQO 2 \UwDt |xrtL |x} w=R pwL xHQO 3 u=Uwv |xvt=O QO
xOy=Wt xm u=vJ "CU= xOW xO=O u=Wv |m}D=DU= Cr=L w hrDNt |xDi=}Vy=m
O=H}= Ea=@ 'xOvwQu}}=B w xOvwQq=@ CmQL QO |RQtx}q Ct=N[ hqDN= OwW|t
xOvwQq=@Cr=L QO|RQtx}qCt=N[Cr=Lu}= QO xm OwW|tT} RQDU}y|=yxkrL

?ULQ@ x} Qwi |QU p}O@D QO ?r=e Ot=U@ |xvt=O C=Q}}eD Q=Owtv "24 pmW
"QiY \UwDt |xrtL |x} w=R QO u=Uwv |xvt=O C=Q}}eD

?ULQ@ x} Qwi |QU p}O@D QO ?r=e Ot=U@ |xvt=O C=Q}}eD Q=Owtv "25 pmW
"xHQO 2 \UwDt |xrtL |x} w=R QO u=Uwv |xvt=O C=Q}}eD

?ULQ@ x} Qwi |QU p}O@D QO ?r=e Ot=U@ |xvt=O C=Q}}eD Q=Owtv "26 pmW
"xHQO 6 \UwDt |xrtL |x} w=R QO u=Uwv |xvt=O C=Q}}eD

Q@ QDt 50 O=R; u=} QH CaQU |=Q@ |RQtx}q Ct=N[ C=Q}}eD Q=Owtv "27 pmW
xHQO �3\UwDt |x}w=R pwL xHQO�3 xvt=O =@|v=Uwv |xQwOl} pw] QO x}v=F

"hrDNt xDi=}Vy=m |=yOt=U@ QO

48

Archive of SID

www.SID.ir

http://www.sid.ir


2|
xQ=t

W'
32

�3
|xQ

wO-
�13

95
R}}=B

�'h
}QW

l}
v=mt

|U
Ovyt

Q@ QDt 50 O=R; u=} QH CaQU |=Q@ |RQtx}q Ct=N[ C=Q}}eD Q=Owtv "32 pmW
QO QiY \UwDt |x} w=R pwL xHQO�5 |xvt=O =@ |v=Uwv xQwO l} pw] QO x}v=F

"hrDNt xDi=} Vy=m |=yOt=U@

Q@ QDt 50 O=R; u=} QH CaQU |=Q@ |RQtx}q Ct=N[ C=Q}}eD Q=Owtv "33 pmW
xHQO 2 \UwDt |x} w=R pwL xHQO�5 |xvt=O =@ |v=Uwv xQwO l} pw] QO x}v=F

"hrDNt xDi=}Vy=m |=yOt=U@ QO

Q@ QDt 50 O=R; u=} QH CaQU |=Q@ |RQtx}q Ct=N[ C=Q}}eD Q=Owtv "34 pmW
QO xHQO 6 \UwDt x}w=R pwL xHQO �5 xvt=O =@ |v=Uwv xQwO l} pw] QO x}v=F

"hrDNt xDi=} Vy=m |=yOt=U@
xO=O u=Wv |m}D=DU= Cr=L w hrDNt |xDi=}Vy=m |=yOt=U@ QO xHQO 6 \UwDt
|xrtL |x} w=R V}=Ri= =@ xOvwQq=@ CmQL QO OwW|t xOy=Wt xm u=vJ "CU= xOW
|RQtx}q Ct=N[ xOvwQu}}=B CmQL QO w xOW sm |RQtx}q Ct=N[ |}x_Lr
|xrtL |x} w=R V}=Ri= p}rOx@ 33 pmW =@ xU}=kt QO u}vJty "OwW|t xi=[=
xOw@ xOW =Hx@=H |Qy=_ sQH V}=Ri= R= |W=v u}= xm Ov=xOW QDR=@ =yxkrL |}x_Lr

"CU=

QDW}@ |RQtx}q Ct=N[ CmQL wO Qy QO xD@r= "CU= u}}=B hQ] x@ CmQL R= QDsm
|m}t=v}O Cr=L QO xOW =Hx@=H |Qy=_ sQH R= |W=v xm 'CU= |m}D=DU= Cr=L R=

"CU=
|xrtL |x} w=R x@ C@Uv |RQtx}q Ct=N[ C=Q}}eD Q=Owtv 30 pmW QO
|xrtL |x} w=R pwL xHQO 3 u=Uwv |xvt=O QO 'u=Uwv xQwO l} pw] QO |}x_Lr
xO=O u=Wv |m}D=DU= Cr=L w hrDNt xDi=}Vy=m |=yOt=U@ QO xHQO 6 \UwDt
xrtL |x} w=R V}=Ri= p}rOx@ 'p@k Cr=L x@ C@Uv Ct=N[ QO xD@r= "CU= xOW
w 0 007 |xDi=}Vy=m Ot=U@ wO QO "CU= xOW xO}O |QDW}@ hqDN= '|}x_Lr
xOvwQq=@ CmQL QO |RQtx}q Ct=N[ Cr=L u}= QO xHQO 8 |x} w=R QO 0 01
xOw@ |m}D=DU= Cr=L R= QDsm xOvwQu}}=B CmQL QO w |m}D=DU= Cr=L R= QDW}@
Cr=L x@ C@Uv |m}t=v}O Cr=L QO xOW =Hx@=H |Qy=_ sQH QF= R= |W=v xm CU=

"CU= |m}D=DU=
|xrtL |x} w=R x@ C@Uv |RQtx}q Ct=N[ C=Q}}eD Q=Owtv 31 pmW QO
xrtL |x} w=R pwL xHQO 5 u=Uwv |xvt=O QO 'u=Uwv xQwO l} pw] QO |}x_Lr
xO=O u=Wv |m}D=DU= Cr=L w hrDNt xDi=}Vy=m |=yOt=U@ QO xHQO �3 \UwDt
w xOvwQq=@ CmQL QO |RQtx}q Ct=N[ hqDN= 31 pmW QO u}vJty &CU= xOW
QO |i=m OWQ sOa w xrtL |x} w=R uOw@u}}=B R= |W=v u}= xm CU}v O=} R xOvwQu}}=B
|m}D=DU= Cr=L Ovv=ty ,=@} QkDw CU= Cr=L u}= QO QDw �25 C}akwt QO |RQtx}q

"CU=
CmQL QO |RQtx}q Ct=N[ hqDN= 'OwW|t xOy=Wt 32 pmW QO xm u=vJ
|=yxkrL O=H}= Ea=@ 'xHQO QiY \UwDt x} w=R pwL xHQO 5 xvt=O =@ |v=Uwv
|xrtL |x} w=R V}=Ri= =@ xOvwQq=@ CmQL QO w xOW CmQL pw] QO T} RQDU}y
Ot=U@ QO |RQtx}q Ct=N[ Vy=m u}= w xOW sm |RQtx}q Ct=N[ |}x_Lr

"CU= Qo}O |xDi=}Vy=m Ot=U@ xU R= QDW}@ 0 007 xDi=}Vy=m
xHQO 5 |xvt=O =@ |v=Uwv Cr=L QO |RQtx}q Ct=N[ hqDN= 33 pmW QO
|xrtL |x} w=R V}=Ri= =@ xOvwQq=@ CmQL QO w xHQO 2 \UwDt |x} w=R pwL
Ot=U@ QO |RQtx}q Ct=N[ Vy=m u}= w xOW sm |RQtx}q Ct=N[ |}x_Lr
QO u}vJty "CU= Qo}O |xDi=}Vy=m Ot=U@ xU R= QDW}@ 0 007 xDi=}Vy=m
"Ov=xOW QDR=@ =yxkrL |}x_Lr |xrtL |x} w=R V}=Ri= p}rOx@ 32 pmW =@ xU}=kt

|xrtL |x} w=R x@ C@Uv |RQtx}q Ct=N[ C=Q}}eD Q=Owtv 34 pmW QO
|xrtL |x} w=R pwL xHQO 5 u=Uwv |xvt=O QO 'u=Uwv xQwO l} pw] QO |}x_Lr

Q@ QDt 50 O=R; u=} QH CaQU |=Q@ |RQtx}q Ct=N[ C=Q}}eD Q=Owtv "31 pmW
QO xHQO �3 \UwDt x}w=R pwL xHQO�5 xvt=O =@ |v=Uwv xQwO l} pw] QO x}v=F

"hrDNt xDi=} Vy=m |=yOt=U@

49

Archive of SID

www.SID.ir

http://www.sid.ir


"""|
v=QL

@j
wip

}wiQ
}=|

RQtx
}q|

@QH
D|

UQQ
@

|Q}oxH}Dv "4
'|v=QL@jwi p} wiQ}= l} |wQ u=} QH |RQtx}q Q=DiQ w pmW |UQQ@ Qw_vtx@
Q=Wi |=ypO@t 'pm Q=Wi |=yxrwr |w=L l} Q R= xO=iDU= =@ O=@ pvwD |=yV}=tR;
QDw sQ=yJl} |xrY=i QO 'p} wiQ}= pOt |wQ |Q=OQ@xO=O C}akwt "CiQo s=Hv= """w
uOQw; CUO x@ Q@ xwqa "CW=O Q=Qk p} wiQ}= |}q=@ K]U |wQ w 'u; xrtL |x@r R=
'l}D=DU= Cr=L QO Q_v OQwt |x]kv QO |RQtx}q C=YNWt w CaQU p}iwQB
|=yCr=L w CiQo Q=Qk XNWt |v=Uwv |xOwOLt QO |Q=@H= u=Uwv CLD p} wiQ}=
xU}=kt =yv; Ot=U@ w C=v=Uwv |xvt=O 'xrtL |x} w=R |=yQDt=Q=B Q}}eD =@ u; hrDNt

"OW
QO |RQtx}q CaQU |}x_Lr |=yp}iwQB =y|Q}oxR=Ov= CLY R= u=v}t]= |=Q@
xrY=L G}=Dv "Ow@ =yV}=tR; CkO O} -wt xm OW xU}=kt |v=Uwv hrDNt |=yxNQJ
`@ Q C}akwt QO |RQtx}q Ct=N[ 'xOW xDiQo Q=mx@ Q=R@= =@ xm CU= u; R= |m =L
Q}}eD xHQO 4 =D �5 l}D=DU= |xrtL |=}=wR QO p} wiQ}= xrtL |x@r x@ C@Uv QDw
=D 4 x} w=R R= |RQtx}q Q]k V}=Ri= =t= &CU}v |Q}oxR=Ov= p@=k =} OQ=Ov |UwULt

"Ow@ |Q}oxR=Ov= p@=k w TwULt ,qt=m xHQO 14
pt=a V}=tR; u}= QO xm ROrwv} Q OOa C=Q}}eD |xOwOLt QO 'Q=_Dv= j@=]t
Ct=N[ C@=F |xrtL |x} w=R QO CaQU V}=Ri= =@ 'CU= xOw@ u=} QH CaQU u;
C=v=Uwv x@ |RQtx}q C}U=UL |UQQ@ Qw_vtx@ "CU= xDi=} Vy=m |RQtx}q
p}rLD =@ 'CU= |RQtx}q pN=O x@ C=W=WDe= lQLt pt=a xm 'p} wiQ}= |Q=@H=
R= xm O};|t CUO x@ pm Q=Wixrwr Qy R= xOt; CUO x@ |=yQ=Wi p=vo}U |Uv=mQi
|t=tD QO p} wiQ}= u=Uwv Ot=U@ 'K}[wD u}= =@ "Ovm|t C}a@D x} Qwi |QU sD} Qwor=
xOW xO}O QF-wt |xvt=O xR=Ov= ^=Lr R= ?r=e Ot=U@ u=wvax@ '|Uv=mQi |=yR}r=v;

"CU=
|=yQ=Owtv QO u; p=@vO x@ w u=Uwv Ot=U@ u}= |xvt=O OWQ Q@ uOW RmQtDt =@
%OQm G=QNDU= u}vJ u=wD|t =Q G}=Dv u=Uwv hrDNt |=yCr=L x} Qwi |QU R}r=v;

R= |a@=D QDW}@ |Uv=mQi p}rLD |=yQ=Owtv QO u=Uwv Ot=U@ |xvt=O C}U=UL �
|Q}oxR=Ov= |=yQ=Wi Q@ |O=} R Q}F-=D p} wiQ}= u=Uwv |xvt=O w CU= u=Uwv Ot=U@

"OQ=Ov |RQtx}q QO xOW
|Dr=L xH}Dv u}= xm OUQ|t Q_v x@ 'xOW s=Hv= |=yV}=tR; pwOH |xOwOLt QO �
|RQtx}q |xOvvm VwWet pt=a u=wvax@ p} wiQ}= u=Uwv Ot=U@ uOw@ ?r=e R=

"CU= p} wiQ}= u=Uwv |xvt=O x@ C@Uv
|RQtx}q |Q}PB Q}F-=D 'Ci=}|t V}=Ri= p} wiQ}= \UwDt |xrtL |x} w=R xJv=vJ �
|xkrL uOW QDnQR@ QO Qt= u}= xm 'OwW|t QDW}@ p} wiQ}= |v=Uwv CmQL R=
|@ wNx@ u=Uwv |xNQJ l} QO |RQtx}q Ct=N[ C=Q}}eD Q=Owtv T} RQDU}y

"OwW|t xO}O
=yOt=U@ |t=tD QO ,=@} QkD xHQO �3 w QiY |=}=wR QO |RQtx}q Ct=N[ C=Q}}eD �

"CU= xOw@ TwULt=v u=Uwv |=yxvt=O w
CmQL QO w u=Uwv |xNQJ l} QO |RQtx}q Ct=N[ '=yQ=Owtv |t=tD QO �
"CU= xDi=} V}=Ri= p} wiQ}= xOvwQu}}=B CmQL QO Tmar=@ w xDi=} Vy=m xOvwQq=@
�5 |=]N '=yV}=tR; pm QO =]N u=R}t x@ \w@ Qt C=@U=Lt w G}=Dv |xU}=kt �

"O=O u=Wv =Q
CyH QO |t=o =Q j}kLD u}= u=wD|t 'xDiQo CQwY |i}m |xU}=kt x@ xHwD =@ �

Q@ QDt 50 O=R; u=} QH CaQU |=Q@ |RQtx}q Ct=N[ C=Q}}eD Q=Owtv "35 pmW
\UwDt xrtL |x} w=R pwL xHQO �10 xvt=O =@ |v=Uwv xQwO l} pw] QO x}v=F

"hrDNt xDi=} Vy=m |=yOt=U@ QO QiY

Q@ QDt 50 O=R; u=} QH CaQU |=Q@ |RQtx}q Ct=N[ C=Q}}eD Q=Owtv "36 pmW
2 \UwDt xrtL |x}w=R pwL xHQO �10 xvt=O =@ |v=Uwv xQwO l} pw] QO x}v=F

"hrDNt xDi=}Vy=m |=yOt=U@ QO xHQO

|}x_Lr xrtL |x} w=R x@C@Uv |RQtx}qCt=N[ C=Q}}eD Q=Owtv 35 pmW QO
\UwDt xrtL |x} w=R pwL xHQO 10 u=Uwv |xvt=O QO 'u=Uwv xQwO l} pw] QO
u=Wv l}D=DU= Cr=L =@ xU}=kt QO hrDNt xDi=}Vy=m |=yOt=U@ QO xHQO QiY
|xkrL 0 007 |xDi=}Vy=m Ot=U@ QO w pmW u}= QO xm u=vJ "CU= xOW xO=O
=@ xm CU= u}= Qou=}@ u}= w OwW|t xOy=Wt Qo}O Ot=U@ xU x@ C@Uv |QDxDU@
|=yOt=U@ QO xm xOW QDW}@ xOW =Hx@=H |Qy=_ sQH sHL u=Uwv |xvt=O V}=Ri=

"Ovm|t QDR=@ =Q T} RQDU}y |xkrL w CU= ?r=e QDt=Q=B u}= QDW}@ xDi=}Vy=m
|xrtL |x} w=R x@ C@Uv |RQtx}q Ct=N[ C=Q}}eD Q=Owtv 36 pmW QO
|xrtL |x} w=R pwL xHQO 10 u=Uwv |xvt=O QO 'u=Uwv xQwO l} pw] QO |}x_Lr
xO=O u=Wv |m}D=DU= Cr=L w hrDNt xDi=}Vy=m |=yOt=U@ QO xHQO 2 \UwDt
|RQtx}qCt=N[|}x_Lr |xrtL |x} w=RV}=Ri= =@ xOvwQq=@CmQL QO "CU= xOW
xU R= QDW}@ 0 007 xDi=}Vy=m Ot=U@ QO |RQtx}q Ct=N[ Vy=m u}= w xOW sm
V}=Ri= p}rOx@ 35 pmW =@ xU}=kt QO u}vJty "CU= Qo}O |xDi=}Vy=m Ot=U@
|r@k Cr=L x@ C@Uv |Qy=_ sQH QF= "Ov=xOW QDR=@ =yxkrL |}x_Lr |xrtL |x} w=R
|v=OvJ Q}}eD u=Uwv |xvt=O uOw@ C@=F p}rOx@ CU= QiY |x} w=R pwL u=Uwv xm

"OQ=Ov

50

Archive of SID

www.SID.ir

http://www.sid.ir


2|
xQ=t

W'
32

�3
|xQ

wO-
�13

95
R}}=B

�'h
}QW

l}
v=mt

|U
Ovyt "OQ=O|t sqa= u=W}= R= =Q V} wN |v=OQOk w QmWD

s�qa CUQyi
&u=Uwv |xQwO %T

&\UwDt xrtL |x} w=R %�0
"xDi=}Vy=m Ot=U@ %k = �fc

U1

G}=Dv xm CUv=O xOW XNWt |v=QL@ jwi p} wiQ}= |m}t=v}OwQ}; Q=DiQ CN=vW
"CU= xOWv QWDvt u; R= |O=} R

QmWD w Q}OkD
u}UL TOvyt u=}=k; |v=@}DWB w |Q=mty uwO@ j}kLD u}= |=yV}=tR; s=Hv=
?D=Qt =Pr "Ow@v Q}PBu=mt= |tQm Ot=L TOvyt w xO=R=iY =[Q}ra TOvyt '|v=wQ}W

CWwv=B
1. reduced frequency

�References� `@=vt
1. Knoller, R. \Die gesetze des luftwiderstands", Flug-und

Motorechnik (Wien), 3(21), pp. 1-7 (1909).

2. Betz, A. \Ein beitrag 7ur Erklarung des segel
uges",
Z.f. Flugtechnik und Motorlutschi�ahrt, 3, pp. 269-272
(1912).

3. Katzmayr, R. \E�ects of periodic change of angle of at-
tack on behavior of airfoils", NACA Rept. 147 (OCT
1922).

4. Birnbaum, W. \Der schlag
�ugelpropeller und die
kleinen Schwingungen elastisch befestigter Trag
�ugel",
Zeitschriftf�ur Flugtechnik und Motorluftschi�ahrt, 15,
pp. 128-134 (1924).

5. Kramer, M. \Increase in the maximum lift of an airfoil
due to a sudden increase in its e�ective angle of attack
resulting from a gust", NASA TM-678 (1932).

6. Theodersen, T. \General theory of aerodynamic insta-
bility and mechanism of 
utter", NACA Rept. 496 (Oct
1935).

7. Von Karman, T. and Burgers, J.M., General Aero-
dynamic Theory Perfaet Fluid, Aerodynamic Theory,
edited by W. F. Durand, Division E, 2, Julius-Springer,
Berlin, p. 308 (1943).

8. Bratt, J.B., Flow Patterns in the Wake of an Oscillat-
ing Airfoil, Aeronautical Research Council, R&M 2773
(March 1950).

9. Lighthill, J., Aerodynamic Aspects of Animal Flight. In:
Swimming and Flying in Nature, eds. Wu,Y., Brokaw,
C., Brennen, C., II, pp. 423-491, New York: Plenum
Press (1970).

10. Telionis, D.P., Tsahalis, D.T. and Werle, M.J. \Nu-
merical investigation of unsteady boundary-layer sepa-
ration", Physics of Fluids, 16(8), pp. 968-973 (1973).

11. Sears, W.R. and Telionis, D.P. \Boundary-layer separa-
tion in unsteady 
ow", SIAM Journal on Applied Math-
ematics, 28(1), pp. 215-235 (Jan. 1975).

12. Mc Croskey, W.J. \Unsteady airfoils", Annual Review
Fluid Mechanics, 14, pp. 285-311 (1982).

13. Carr, W. and Cebeci, T. \Calculation of boundary layers
of oscillating airfoils", USAAVSCOM Technical Report
84-A-1 (1985).

14. Carr, L.W. \Progress in analysis and prediction of dy-
namic stall", Journal of Aircraft, 25(1), pp. 6-17 (1988).

15. Koochesfahani, M.M. \Vortical pattern in the wake of
an oscillating airfoil", AIAA Journal, 27, pp. 1200-1205
(Sep. 1989).

16. Jones, K.D., Dohring, C.M., and Platzer, M.F. \Exper-
imental and computational investigation of the knoller-
betz e�ect", AIAA Journal, 36(7), pp. 1240-1246 (July
1998).

17. Thomas, F.O., Liu, X., \An experimental investigation
of symmetric and asymmetric turbulent wake develop-
ment in pressure gradient" , physics of Fluid Journal,
16(5), pp.1725-1746, (in Persain) (2004).

51

Archive of SID

www.SID.ir

http://www.sid.ir


"""|
v=QL

@j
wip

}wiQ
}=|

RQtx
}q|

@QH
D|

UQQ
@

18. Schobeiri, M.T. and Wright, L. \Advances in unsteady
boundary layer transition research", Part II Experimen-
tal Veri�cation, International Journal of Rotating Ma-
chinery, 9(1), pp. 11-22 (2003).

19. Harish, G. \Numerical modeling of aerodynamics of air-
foils of micro air vehicles in gusty environment", PhD
Thesis, University of Akron (2008).

20. Kang, Ch.-K. and SikBaik, Y. \Fluid dynamics of
pitching and plunging airfoils of reynolds number be-
tween 1�104 and 6�104", 47th AIAA Aerospace Sci-
ences Meeting Including The New Horizons Forum and
Aerospace Exposition Orlando, Florida. (5-8 January
2009).

21. Alighanbari, H., Amiralaei, M.R. and Hashemi, S.M.
\An investigation into the e�ects of unsteady param-

eters on the aerodynamics of a low Reynolds number
pitching airfoil", Journal of Fluids and Structures, 26,
pp. 979-993 (2010).

22. Liang, Ch., Ou, K., Premasuthan, S., Jameson, A. and
Wang, Z.J. \High-order accurate simulations of unsteady

ow past plunging and pitching airfoils", Journal Com-
puters & Fluids, 40, pp. 236-248 (2011).

23. Ghorbanian, K., Soltani, M.R. and Manshadi, M.D. \Ex-
perimental investigation on turbulence intensity reduc-
tion in subsonic wind tunnels", Aerospace Science and
Technology, Elsevier (July 2010).

24. Beckwith, T.G., Maraugoni, R.D. and Lienhard V,
J.H., Mechanical Measurements, Fifth edition, Addison-
Wesley Publishing Company, pp. 45-115 (1993).

52

Archive of SID

www.SID.ir

http://www.sid.ir

