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Ea=@ ẁ[wt u}= "OwW |Ov@Vt xr�Ut \}Lt pm CU= sRq 'CU= 11�FDM�
|xOWp=eW= |x_i=L sHL w O@=} xHwD p@=k V}=Ri= p}rLD u=tR COt xm OwW|t
QO xvt=O O}=@ 'p}rLD |=]N R= |Q}owrH Qw_vtx@ 'u}vJty "OwW p}rLD s=O=t xv=}=Q
?P=H |=yRQt R= w xDU@ x[Q=a |Q}oQ=Qk C}akwt x@ C@Uv O=} R Q=}U@ |xrY=i
[32�29]'u=QoWywSB |NQ@ 'h}YwD u}= =@ "OwW xO=iDU= u; uwt=Q}B QO G=wt= |SQv=
OvDUv=wD [34w33]'|Qo}O u=QoWywSB 'Oa@ =yr=U "Ov=xDiQo xQy@ |tHL |=yVwQ R=
|@}mQD OQm} wQ R= xO=iDU= =@ =Q QBxt}v w |wQ}=Os}v |DiQ@; |=yxQO K]U |}xRQr MU=B
"Ovvm x@U=Lt ?tr |=y|QU � OwOLt <=RH= w =y|QU |xaUwD � OwOLt <=RH=
SH |}xRQr sH=yt G=wt= Q@=Q@ QO |DiQ@; |xQO |Oa)@ wO |}xRQr MU=B uwt=Q}B ',=Q}N=
Q@ |vD@t |}=yVywSB u}vJty [36w35]'CU= xOW xO=iDU= OwOLt <=RH= VwQ R=

[42�37]"CU= xOW s=Hv= OwOLt p[=iD VwQ
|vD@t |r}rLD CQwY x@ xr�Ut pL Ov}=Qi R= |t}v R= V}@ '|RQt |=yVwQ QO
xOW pY=L MU=B u}=Q@=v@ "CU= xOW Q=wDU= u} Qo `@=wD/|U=U= |=ypL G=QNDU= Q@
Vt RmQtD =@ 12�BEM� |RQt <=RH= VwQ "OvQ=O |@ wr]tCkO '|RQt |=yVwQ R=
Q}otWJVy=m 'u=Qm}@ QO G=wt= `WaWD |RQt\}=QW`=vk= w x[Q=a RQt|wQ Q@\ki
uwt=Q}B ?P=H |=yRQt Q@ xHwD uwO@ =Q |R=UpOt QO CrwyU w |OwQw |=yxO=O
|RQt |=yVwQ u=wD|t |rm |Ov@xDUO l} QO [44w43]"CU= xOQw; u=etQ= x@ pOt
s}UkD 14�IBEM� s}kDUtQ}e w 13�DBEM� s}kDUt |RQt <=RH= VwQ x@ =Q
?D=Qt x@ VQDUo w u=QoWywSB Q}otWJ p=@kDU= =@ s}kDUt VwQ u=}t u}= QO "OQm
15pt=m \}Lt Cr=L QO |Ov@pwtQi C}r@=k s}kDUt VwQ "CU= xOw@ x=Qty QDW}@
"CU= 18u=tR w 17xDi=}p}O@D |=yxRwL QO xaUwD x@ QO=k w OQ=O =Q 16xLiYs}v w
u}vJty w s}kDUt |=yVwQ QO |R=UpOt w |Ov@pwtQi |xwLv |xOy=Wt |=Q@
[45]'�2012� Vv=Q=mty w 19|HvB VywSB x@ u=wD|t VywSB |xv}W}B p}tmD
|}xRQr |HvUQ=DiQ QO xOW s=Hv= C=ar=]t u} QDtyt R= |NQ@ u=}t QO "OQm O=vDU=
u=wD|t Ot=U@ |xRwL QO xLiYs}v |RQt <=RH= VwQ R= xO=iDU= =@ |DiQ@; |=yxQO
Vvm =QB [52w51]|Qo}O |=yVywSB ',=Q}N= "OQm xQ=W= '[50�46]Qo}O C=ar=]t |NQ@ x@
x}qOvJ |DiQ@; |xQO l} Q=QkDU= C}akwt QO |}=tvnQR@ w |}xRQr G=wt= |Oa)@xU
Vv=Q=mty w 20|*@ "Ov=xOQm xar=]t s}kDUtQ}e |RQt <=RH= VwQ R= xO=iDU= =@ =Q
Qw[L QO SH G=wt= Vvm =QB |@=} RQ= x@ 'Q}N= VwQ R= |Q}oxQy@ =@ [53]'�2020�
<=RH= VwQ |xaUwD =@ "Ov=xDN=OQB x}qOvJ |=[is}v QO |Oa)@xU |DiQ@; |=yxQO
u=mt= [56�54]'u=QoWywSB R= Qo}O |NQ@ \UwD u=tR |xRwL QO xLiYs}v |RQt
"CU= xOW =}yt xOW xQ=W= |=yVwQ =@ uwo =vwo |i=QowB wD ZQ=wa |}xRQr p}rLD
|xLiYuwQ@ |}xRQr MU=B OvDUv=wD [57]'�2019� Vv=Q=mty w |HvB '=DU=Q u}= QO
u}vJty "Ovvm u}}aD Qw@ Rt VwQ ltm x@ =Q |Uwv}Us}v ?w=vDt |r=N |=yxQO
QO xLiYs}v |RQt <=RH= VwQ |xaUwD =@ [58]'�2020� |Qo}O VywSB QO u=W}=
Q@=Q@ QO =Q |DiQ@; |=yxQO |}xRQr p}rLD 'uoty=v |=y\}Lt |=Q@ u=tR |xRwL

"Ov=xDN=U sy=Qi SH sH=yt G=wt=
MU=B QO pmW|Uwo |DiQ@; |xQO Q}F-=D uwvm =D xm O=O u=Wv |vi C=}@O= QwQt
"CU= xOWv |@=} RQ= `t=H Qw] x@ pY=L |}=tvoQR@ |wor= w u}tR K]U |}xRQr
|wQ Q@ |QyW |=yCi=@ E=OL= w u=tR QPo QO =yxQO xvwov}= |Q}opmW C}ty=
R= ZQ=wa sUk u}= QDy@ CN=vW x@ |}xRQr |=yxt=vu}}; swRr w wU l} R= =yv;
K]U |}=tvnQR@ |wor= u}}aD Q@ Q[=L VywSB u=ir-wt =D OW ?Hwt 'Qo}O |wU
|RQt <=RH= VwQ R= xO=iDU= =@ SH sH=yt G=wt= Q@=Q@ QO |Uwo |DiQ@; |=yxQO
p�=Ut x@ =y|R=UpOt 'u}W}B C=ar=]t QO "OvwW hw]at u=tR |xRwL QO xLiYs}v

116

Archive of SID

www.SID.ir

http://www.SId.ir


2/
2|

xQ=t
W'

37
�2

|xQ
wO'

�14
00

u=DU
@=D�

h}
QW

u=Qt
a|

UOv
yt Gwt |xrO=at "OvwW|t xOy=Wt 1 pmW QO Q}N= |x]@=Q |=yQDt=Q=B |xty

[64]:CU= 6 |x]@=Q CQwY x@ u=Uty w uoty |]N \}Lt l} Q@ sm =L Qr=mU*=
@2u(x; y; t)

@x2 + @2u(x; y; t)
@y2 + b(x; y; t) = 1

c2
@2u(x; y; t)

@t2 (6)

uwQ@ |tHL |wQ}v w u=mtQ}}eD Qov=}@ ?}DQD x@ b(x; y; t) w u(x; y; t) 'u; QO xm
|x]@=Q R= (c) |WQ@ Gwt CaQU "CU= u=tR hQat t w (x; y) |x]kv QO xLiY
\}Lt l} QO "CU= |r=oJ � w |WQ@ pwOt � u; QO xm OwW|t u}}aD p�=�
h} QaD 7 |x]@=Q j@=]t |RQt \}=QW CU= sRq �xLiYs}v� |Oa)@ wO OwOLt=v xt}v

:OwW
@u(x; y; t)

@n
jy=0 = 0 (7)

[54]"OwW|t xLiY s}v u} Qo `@=wD u}}aD x@ GDvt 7 w 6 |=yxrO=at u=tRty pL

25�BIE� |RQt p=QoDv= |xrO=at "1"2
|tHL p=QoDv= CqtH hPL w 6 |xrO=at x@ Q=OuRw |=yxOv=t}k=@ p=QoDv= p=ta= R=
xHwD uwO@ u=tR |xRwL QO |RQt p=QoDv= |xrO=at '|RQt pL |=yVwQ ltm x@

[66w65]:O};|t CUO x@ 8 |x]@=Q j@=]t '|tHL |=ywQ}v w x}rw= \}=QW x@
c(�)u(�; t) =

Z
�

�Z t

0

�
u�(x; t:; �; �):q(x; t)� q�(x; t:; �; �)

:u(x; t)
�
d�
�
d�(x) + uff (�; t) (8)

"OvyO|t u=Wv =Q MU=B |xOvvmCi=} QO w `@vt C=YDNt ?}DQD x@ x w � 'u; QO xm
x@ q� w u� '=yv; QO xm OvDUy u=t} Q uWwrwv=m |=yp=QoDv= q�:u w u�:q CqtH
w u=mtQ}}eD |=yxir-wt |=Q@ u=tR |xRwL QO xLiY s}v u} Qo `@=wD hQat ?}DQD
"OvDUy |RQt VvD w u=mtQ}}eD Qov=}@ ?}DQD x@ R}v q w u "OvDUy �VvD� uWmQD
|}x} w=R c(�) w x[Q=a uwO@ h=Y u}tR K]U |wQ Q@ O=R; u=O}t u=mtQ}}eD uff
|x}rm QO u=mtQ}}eD '8 |x]@=Q |OOa pL R= "OR=U|t u}@t =Q |RQt CUmW
Q@=Q@ c(�) |iQat =@ "CU= |@=}DUO p@=k |DiQ@; |xQO |v=}t xHw |RQt |=yxQo
w (
) xvt=O uwQO R= x]kv Qy QO u=mtQ}}eD u}}aD u=mt= 'Q}N= |x]@=Q QO OL=w

"CU= sy=Qi (y = 0) u}tR K]U

|R=U|OOa "3
p=ta= w swO |xHQO |}xQoxU |=yu=tr= \UwD xQO |v=}t xHw RQt |R=UxDUUo =@
|U} QD=t sQi 'u=mt w u=tR |=yQwLt Q@ ?}DQD x@ |OOa w |r}rLD |Q}op=QoDv=

%O};|t CUOx@ 9 |x]@=Q CQwY x@ �8 |x]@=Q� |RQt p=QoDv= xrO=at
NX
n=1

HN�n+1fung =
NX
n=1

GN�n+1fqng+ fuff:Ng (9)

u; QY=va xm OvDUy |}=yT} QD=t GN�n+1 w HN�n+1 CqtH 'u; QO xm
"Ov};|t CUO x@ |RQt |=yu=tr= |=Q@ xLiYs}v |=yxDUy |v=mt |Q}op=QoDv= R=
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|OwQw |=yR=i uDiQo Q_vQO =@ u=wD|t =Q (uff ) O=R; u=O}t u=mtQ}}eD 'OwW `=vk=

[46]:OQm x@U=Lt 2 |x]@=Q ltm x@ Gwt |U=mav= w
uff (x; y; t) = amax:

��
1� 2

�
�fp
c
ainc:

�2 �
e�
��fp

c ainc:
�2

H
�
t� rref:

c

�
+
�
1� 2

�
�fp
c
aref:

�2 �
e�
��fp

c aref:
�2

H
�
t� rref:

c

��
(2)

=@ rref w rinc 'aref: 'ainc: w Qm} Q lHwt |xv}W}@ |xvt=O amax 'u; QO xm
:OvDUy |@=}DUO p@=k 4 w 3 CqO=at R= xO=iDU=

ainc: = c(t� t0) + rinc:;

rinc: = �sin(�):x+ cos(�):y (3)

aref: = c(t� t0) + rref::

rref: = �sin(�):x� cos(�):y (4)

xm CU= xOW ZQi |Uwo pmW x@ Q_vOt |DiQ@; |=yxQO '1 pmW j@=]t
:CU= 5 |x]@=Q CQwY x@ u; |xrO=at

y = d
�

1� �x
b

�2�
e�3( xb )2

(5)
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|xQwO u}@t (T = 1

� = �
2b )Oa)@|@ Ot=U@ Tma "CU= |WQ@ Gwt CaQU c w

CiQ@; pm |=vyB =@ Q@=Q@ |}xRQr Gwt pw] u; |m} R}i Q}@aD xm CU= Oa)@|@ ?w=vD
w 1 5 '1 0 '0 5 =@ Q@=Q@ ?}DQD x@ �SR� xQO pmW C@Uv 'xOW x}yD pOt QO "CU=

CUOx@ 10 |xrO=at '|DiQ@; |xQO |v=}t xHw Q@ sm =L |RQt \}=QW p=ta= =@ '9
:O};|t

[A11]fXNg = [B11 ]fY Ng+ fRNg+ fuff:Ng (10)
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:Ow@ Oy=wN 11 |x]@=Q j@=]t s)=N |v=tR s=o QO
H112uN12 = G112qN12 +RN12 + uff:N12 (11)

(�12) lQDWt xHw QO �VvD� uWmQD w u=mtQ}}eD ?}DQD x@ qN12 w uN12 'u; QO xm
u}W}B |m}t=v}O |xJN} Q=D u}@t RN12 'u}vJty "CU= 1 |xQ=tW |x}L=v |=Q@
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:OwW|t u}}aD 12 |x]@=Q R= RN12

RN12 =
N�1X
n=1

(GN�n+1
12 qn12 �HN�n+1

12 un12) (12)

|U} QD=t sQi xm CU= Q_vOt pmW|Uwo |xDU@ \}Lt l} R}v '2 VN@ |=Q@
O=R; u=O}t u=mtQ}}eD Ok=i xm Cw=iD u}= =@ &CU= 1 VN@ x@=Wt u; CqO=at
u=}@ 21 T} wvQ} R =@ |Ov@Vt Q}Ut R= |wQ}B =@ u; CqtH w CU= (uff:N )
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CUO x@ 13 |x]@=Q CQwYx@ Q}N= CqO=at |xOW syQU |U} QD=t sQi u}=Q@=v@
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H112 � 1
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�2G
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=
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)
+

(
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0
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0 66 w 0 50 '0 40 '0 33 Q}O=kt Tv=OBt= C@Uv |=Q@ w xOW xDiQo Q_v QO 2 0
|xLiYuwQ@ |}xRQr sH=yt G=wt= |xy@H 'Q[=L |xar=]t QO "CU= xOW ^=Lr

"CU= xOW p=ta= pOt x@ xHQO 90 w 60 '30 '0 |=}=wR =@ ?}DQD x@SH

|HvUCLY "1"6
|DiQ@; |=yxQO p}rLD QO �s@U=O� xOW x}yD sD} Qwor= OQmrta |HvUQ=@Da= Qw_vt x@
x@ [9]'�1974� VQ=mty w 29nvw Q=DWwv G}=Dv R= 'SH sH=yt G=wt= CLD QwOt
|}xRQr Q=DiQ u}}aD |=Q@ |r}rLD VwQ R= u=W}= "CU= xOW xO=iDU= lQ=tIv*@ u=wva
|[}@ s}v |xQOl} 'Qw_vt u}O@ "Ov=xOQm xO=iDU= OQivt |w[}@ s}v |DiQ@; |=yxQO
C=}@O= QO O}kt |=yQDt=Q=B =@ j@=]t ZwQit |xUOvy w 0 33 Tv=OBt= C@Uv =@
x@ |DiQ@; |xQO |r=oJ w |WQ@ Gwt CaQU 'QwmPt pOt QO "CU= xOW x}yD |vi
800m:s�1 |ovU QDU@ |=Q@ 0=66 ton:m�3 w 400m:s�1 Q}O=kt ?}DQD
|xv}W}@ |xvt=O w u=tR j} waD u=R}t '?r=e Ot=U@ "CU= xOW ZQi 1 ton:m�3

w xOW Qw_vt QDt 0 001 w x}v=F 1 5 'RDQy 3 Q}O=kt ?}DQD x@ R}v Qm} Q lHwt
"CU= xOW p}rLD x}v=F 0 01 |v=tR s=o 1000 =@ xOW x}yD pOt

xOW xDiQo Q_v QO QDt 800 w 400 Q@=Q@ ?}DQD x@ u; jta w xQO |ki= `=aW
|v=}t xHw RQt "CU= xOW GDvt �SR) 2 pmW C@Uv =@ xQO l} x@ xm CU=
|x]kv 77 w |Ov@Vt wO |xHQO u=tr= 97 =@ uwt=Q}B \}Lt =@ |DiQ@; |xQO

"OQwNQ@ |x} w=R =@ SH sH=yt G=wt= Q@=Q@ QO pmW|Uwo |DiQ@; |xQO |=Q@ x=b p@=kt QO u}tR K]U |xOW R}q=tQ)v u=mtQ}}eD |xvt=O "3 pmW

119

Archive of SID

www.SID.ir

http://www.SId.ir


"""|
xQO

|xL
iYu

wQ@|
}xRQr

MU
=B

"OQwNQ@ |x} w=R =@ SH G=wt= swHy Q@=Q@ QO 1=0 (SR) pmW C@Uv =@ |Uwo|DiQ@; |xQO Qw[L QO u}tR K]U |v=tR |xJN} Q=D MU=B |rm |wor= "4 pmW

Gwt |xy@H |x} w=R xJ Qy '?}DQD u}O@ "CU= xDW=O TwULt Vy=m �C� |WRN
Pwiv u=mt= w xDi=} Vy=m xy@H Q@=Q@ QO T=mav= u=R}t 'CU= xOW l}ORv ji= x@
xHwD =@ 'Qo}O |wU R= "CU= xOW sy=Qi x[Q=a RQt =@ |} wQ=} wQ QO Gwt QDW}@ sHL
=@ R}v G=wt= VRN 'pmW|Uwo |=yxQO |xvwoQ=:wO w OQi x@ QYLvt |xUOvy x@
w ?4� |=ypmW |xU}=kt =@ "CU= xDiQ}PB CQwY u; RQt |wQ Q@ QDW}@ CrwyU
Gwt V@=D |x} w=R |=Q@ MU=B QO xOW C@F V=aDQ= u=R}t xm OwW |t xOy=Wt �G4
QO =Q} R 'CU= xOw@ �?4 pmW� xHQO 30 Cr=L R= QDW}@ �G4 pmW� xHQO 60
xr�Ut \}Lt CaQU x@ T=mav=R=@ ?r=k QO Gwt R= |yHwD p@=k sHL '?4 pmW
Gwt OwQw |xy@H uOW |ki= =@ "CU= xOW QDtm |oOWQwYLt u=mt= w xOQm lQD =Q
|x@r R= T=mav= u}rw= pLt QO xvt=O u=R}t 'u}W}B |=yCr=L hqNQ@ �O4 pmW�
R= =t= "CU= xOW C} wkD xHwD p@=k CQwY x@ Gwt |xy@H hr=Nt |wU QO xQO
QO "CU= xOW xDU=m |Q}otWJ CQwYx@ u; R= TB |=yu=tR QO V=aDQ= |xvt=O
G=wt= |WRN |xvt=O R= QDh}a[ Q=}U@ �R� |U=mav= G=wt= |xvt=O 'Cr=L u}=

"CU= xOw@ �C�

u=tR QO |}x_Lr Q}w=YD "3"6
sRq 'xar=]t OQwt |x[Q=a K]U Q} R QO G=wt= jQiD w Vvm =QB V}=tv Qw_vt x@
G}=Dv x@ |@=}DUO |=Q@ "OwW x}yD ?U=vt |=yu=tR QO |}x_Lr Q} w=YD CU=
u}@t 5 pmW '=DU=Q u}= QO "OwW |Ov@Vt |vwQO \=kv =@ \}Lt pm O}=@ Q_vOQwt
Tv=OBt= w 1=0 (SR) pmW C@Uv =@ pmW |Uwo |DiQ@; |xQO |}x_Lr Q} w=YD
O=OaD "CU= xHQO 90 w 60 '30 '0 Gwt OQwNQ@ |=}=wR |=Q@ ?}DQD x@ 0=33 (I)

QwYLt G=wt= QF= u}rw= 'xOW x�=Q= G}=Dv QO "OwW|t x}rw= sH=yt G=wt= u=U; GwQN
|xOt; OwHw x@ C=W=aDQ= |x}rm &CU= xOW xO=O u=Wv �T� x=oDU}= \UwD xOW
|=[i QO QQmt Q=Umv= w T=mav= Q@ |vD@t sH=yt G=wt= QF= R= |W=v u; R= TB

"CU= CiQ@; uwQO
Q@ xwqa '�hr=4 pmW� CU= s�=k CQwYx@ Gwt V@=D |x} w=R xm |t=ovy
'�D� s}kDUt Gwt OwQw R= TB xOW C@F x=oDU}= u}rw= 'pY=L MU=B QO uQ=kD
Q@ "CU= QDtm |xvt=O =@ �C� |WRN G=wt= TBU w '�R� |U=mav= G=wt= x=oDU}=
u=}t |v=tR Q}N-=D 'O@=} V}=Ri= xQO jta xJ Qy 'OQm |v}@V}B u=wD|t T=U= u}=
RQt |wQ Q@ |WRN G=wt= CmQL x@ xHwD =@ "O@=}|t V}=Ri= R}v Qw@ Rt |=yx=oDU}=
=@ xm OwW|t sy=Qi R}v xQO Kr=Yt uwQO x@ G=wt= R= |WN@ ?PH u=mt= 'x[Q=a
'u}tR K]U x@ Gwt |xy@H OQwNQ@ =@ "CU= OwyWt |WRN R=i |xvt=O Vy=m
"OwW|t sDN �T� x=oDU}= x@ C}=yvQO xm OwW|t Q=O}OB T=mav= R=i l} ,=OOHt
G=wt= QF= =t= 'Ov=xOQm lQD =Q xr�Ut \}Lt '|}xRQr |=QPo G=wt= xJQo = xrLQt u}= QO
u=tR QPo =@ V=aDQ= O=ODt= w xOv=t |k=@ Q=O}=B u=vJty xQO uwQO QO xOW QwYLt

"CU= xOw@ x=Qty
QO T=mav= QF= '�?4 pmW� xHQO 30 x@ |OwQw Gwt |x} w=R uOW p}=t =@
u=}=tv |@ wN x@ xQO |x@r C}akwt QO xS} w x@ Gwt |xy@H x@ l}ORv RQt xwHw
uOQm p=@vO =@ "CU= xOW Q=O}OB xy@H CWB QO \ki Gwt VRN QF= =t= &CU=
R=i `tHD R= Gwt |oOWQwYLt Ci=} QO u=wD|t �?4� pmW QO T x=oDU}= Q}Ut
s�=k V@=D |x} w=R |=Q@ xm CU= |r=L QO u}= &CU= xOW Q=O}OB u; VRN w T=mav=
|xy@H |x} w=R V}=Ri= =@ "CU= xOw@ QF-wt K]U T=mav= R=@ \ki �hr=4 pmW�
G=wt= =@ xU}=kt QO �R� |U=mav= G=wt= |xvt=O '�G4 pmW� xHQO 60 x@ Gwt

120

Archive of SID

www.SID.ir

http://www.SId.ir


2/
2|

xQ=t
W'

37
�2

|xQ
wO'

�14
00

u=DU
@=D�

h}
QW

u=Qt
a|

UOv
yt |QDO}OW |=yCQ=UN '|@ wUQ |x[wL |x@r Q@ `k=w |L]U |=yxR=U 'OQ}o pmW

"OQm Ovy=wN x@ QHD =Q

pmW w Tv=OBt= C@Uv QF= "5"6
p@=kt QO `HQt |x]kv QO CiQ@; K]U |}=tvnQR@ u}@t '10 |r= 7 |=ypmW
RmQt QO w u}tR K]U |wQ Q@ QwmPt `HQt |x]kv "OvDUy Oa)@|@ ?w=vD |yQwO
Tv=OBt= C@Uv ?UL Q@ ?}DQD x@ G}=Dv "CU= xOW h} QaD �C=YDNt RmQt� xQO
V@=D |x} w=R w 2 0 w '1 5 '1 0 '0 5 pmW C@Uv 0 66 w 0 50 '0 40 '0 33
|xv}tm Q=Okt xm CU= QmP x@ sRq "CU= xOW x�=Q= xHQO 90 w 60 '30 '0 Gwt
xOW P=ND= u}W}B C=ar=]t =@ j@=]t w |vi C=}@O= Q@ |vD@t Tv=OBt= |=Q@ 0 33

"OQm xQ=W= [33w8'7'5]'C=ar=]t x@ u=wD|t u; |xrtH R= xm CU=
|}=tvoQR@ '0 33Tv=OBt=C@Uv QO 'OwW|t xOy=Wt �hr=7�pmW QO xJv=vJ
pY=L 2 Q@=Q@ smDUO |}=tvnQR@ '0 66 Tv=OBt= C@Uv QO w 5 5 Q@=Q@ xv}W}@
u=mt= w OwW|t QDsQv CiQ@; Kr=Yt 'OW=@ QDtm Tv=OBt= C@Uv xJ Qy "CU= xOW
xOW QwYLt G=wt= "O};|t sy=Qi u; uwQO QO G=wt= QDW}@ sHL uOW QwYLt
Q=Umv= w T=mav= Q=JO C=aiO x@ xQO uwt=Q}B |=yRQt w u}tR K]U =@ OQwNQ@ QO
QO "OwW|t u=}=tv u}tR K]U QO |}=tvnQR@ Q}O=kt V}=Ri= =@ u; QF= xm OvwW|t
T=mav= x@ xHwD =@ "CU= xOW p}=t xHQO 30 x@ Gwt |xy@H |x} w=R '�?7� pmW
=@ xU}=kt QO |}=tvnQR@ Q}O=kt 'CiQ@; uwQO x@ Pwiv R= V}B G=wt= ?r=e VN@
|=Q@ O7 w G7 |=ypmW QO "CU= xDW=O Vy=m OL=w 0 5 u=R}t x@ �hr=7� pmW
QO "OQwN|t sWJ x@ 4 2 u=R}t =D |}=tvnQR@ TwULt Vy=m '?Qwt G=wt= swHy
|oOWQwYLt ?@U Gwt |xy@H s�=k p=ta= '7 pmW =@ Q@=Q@ xQO 0 5 pmW C@Uv
|xUOvy uOw@ l} Q=@ 'Cr=L u}= QO "OwW|t CiQ@; uwQO QO G=wt= R= |O=} R sHL

"Ovm|t ltm |}=tvoQR@ Q}O=kt V}=Ri= w G=wt= |r=wDt T=mav= x@ xQO
xDi=}V}=Ri= G}=Dv QO V=aDQ= u=R}t '8 pmW 1 0 x@ xQO pmWC@UvV}=Ri= =@
V}=Ri= =@ "CU= xOQm OWQ 7 pmW x@ C@Uv |OL =D R}v xv}W}@ |}=tvnQR@ Q}O=kt w
,=@k=aDt w V}=Ri= MU=B QO V=WDe= w |oDiW; 'G=wt= |r=wDt T=mav= C=aiO O=OaD
|xU}=kt =@ "O@=}|t xaUwD |}=Qoty O=H}= Qw_vt x@ G=wt= lQD |=Q@ sRq u=tR COt
QO QDoQR@ pmW C@Uv QO xQO |oOW`v=t QF= Kw[w x@ '�O8 w w O7� |=ypmW
x=Qty |}=tvnQR@ Q}O=kt V}=Ri= =@ xm OwW|t xOy=Wt |}xRQr G=wt= Qw@a Q}Ut Q@=Q@
|}=tvnQR@ xHwD p@=k OWQ u=wD|t '�9 pmW� 1 5 |w=Ut pmW C@Uv QO "CU=
xOy=Wt u}W}B |=yCr=L =@ xU}=kt QO =Q �G9 pmW� xHQO 60 V@=D |x} w=R |=Q@
G=wt= Q}Ut QO x[Q=a QDW}@ Cav=tt x@ QHvt xQO pmW C@Uv V}=Ri= xJQo = "OQm
xDW=O xr�Ut u}= Q@ |yHwD p@=kVkv Ov=wD|t R}v x[Q=a |xUOvy =t= 'OwW|t =QPo

"OW=@
w xDi=} Q=Umv= G=wt= QF= `}tHD 'xHQO 60 Gwt |xy@H |=Q@ 'G9 pmW QO
5 7 Q=Okt =D Gwt |xy@H CWB QO |}=tvnQR@ xHwD p@=k V}=Ri= ?@Ut '|WRN
V=aDQ= u=R}t '�O9 pmW� G=wt= |ki= V@=D QO xm CU= |r=L QO u}= "CU= xOW
R}v �O8 pmW� 1 0 pmW C@Uv R= |DL |}=tvoQR@ =t= 'CU= xDi=} V}=Ri= MU=B QO
OQ=O|t u=}@ |@ wN x@ G}=Dv |xU}=kt "CU= xDi=} Vy=m 5 R= QDu}}=B x@ w xOW QDtm
G}=Dv QO V=aDQ= w VRQr u=R}t |xv}W}@ '�10 pmW� 2 0 pmW C@Uv QO xm
xHQO 90 OQwNQ@ |x} w=R QO |}=tvnQR@ |xv}W}@ 'Qo}O |wU R= "CU= xOW pY=L
|xUOvy \ki xv xm CU= u; R= |m =L xO}OB u}= "OQwN|t sWJ x@ �O10 pmW�
x@ 'CU= xOw@ QF-wt ,qt=m CiQ@; |}=tvnQR@ |wor= QO R}v Gwt swHy xmr@ 'x[Q=a

|Uwo |@wUQ |xRwL uwQO SH |}xRQr sH=yt G=wt= Vvm =QB |wor= "5 pmW
"1=0 (SR) pmW C@Uv w hrDNt OQwNQ@ |=}=wR CLD u; uwt=Q}B w pmW

"CU= xOw@ x]kv 5151 |DiQ@; |xRwL QO w 45451 =@ Q@=Q@ xvt=O QO |vwQO \=kv
�3b =D 0 jta w 3b =D �3b u}@ u}tR K]U |xOwOLt 'xOW x�=Q= G}=Dv QO
|x}v=F =D G}=Dv V}=tv u=tR COt xm CU= QmP x@ sRq "CU= xOW xDiQo Q_v QO
Qy MU=B |x�=Q= QO u=tR u} QD?U=vt =D CU= xOW VqD w xOw@ G=wt= jQiD R= syO
l} Qy Vkv u=wD|t |@ wN x@ xOW x�=Q= |=ypmW QO "OwW ?=NDv= =ypOt R= l}
=Q �T� xOW QwYLt w �C� xDi=} VRN '�R� xDi=}T=mav= '�D� s}kDUt G=wt= R=
|=yMU=B Q=vm QO ptmt CQwY x@ |}x_Lr Q} w=YD V}=tv 'u}=Q@=v@ "O=O X}NWD
x@ =Q hrDNt |=yCr=L QO u; |=y|oS} w w G}=Dv QDy@ lQO Ov=wD|t 'u=tR |xRwL

"OQw; u=etQ=

Ot=U@ |xRwL QO p}rLD "4"6
K]U hrDNt \=kv QO pY=L |}=tvnQR@ u=R}t 'Ot=U@ |xRwL G}=Dv R= xO=iDU= =@
|=Q@ Ot=U@ |xRwL |Oa)@xU G}=Dv '6 pmW QO Qw_vt u}O@ "CU= xOy=Wt p@=k u}tR
xOy=Wt 0=33 (I) Tv=OBt= w 1=0 (SR) pmW C@Uv =@ |Uwo |DiQ@; |xQO
|}=tvnQR@ u} QDW}@ 'Gwt s�=k |xy@H swHy =@ '�hr=6� pmW j@=]t "OwW|t
s=ovy QO xm OwW|t xDiQo xH}Dv =Pr "CU= xOW pY=L 6 u=R}t x@ xQO RmQt QO
p}=tDt RmQt |x}L=v |wU x@ G=wt= '|DiQ@; |xRwL uwQO x@ Pwiv w G=wt= s�=k OQwNQ@
"Ovvm|t x@ QHD =Q Q=Umv= w T=mav= |r=wDt CQwY x@ C}akwt u=ty QO w OvwW|t
s�=k x@ wQ CmQL x@ p}=tD w u}tR K]U l}ORv l =N |=yx}q |tQv x@ xHwD =@
|L]U |=yxR=U x@ ?}U; =} Q]N u=R}t u} QDW}@ '|DiQ@; Kr=Yt QO |}xRQr G=wt=
30 x@ Gwt |xy@H uOW Q=Ox} w=R =@ "OwW|t RmQtDt |Uwo |DiQ@; |xRwL RmQt QO
hr=Nt xHw |wU QO xv}W}@ |}=tvnQR@ RmQtD Q}Ut h=QLv= '�?6 pmW� xHQO
CQwY x@ |}=tvnQR@ |xrk \=kv u=}t |xikw =t= "OwW|t xOy=Wt V@=D |xy@H
Q=Okt x@ R}v xv}W}@ |}=tvnQR@ u=R}t w Vy=m �hr=6� pmW x@ C@Uv TwULt
RmQtD '�G6 pmW� xHQO 60 x@ Gwt |xy@H ?}W p}=tD =@ "CU= xDi=} pwRv 5 5
Q=mW; Gwt |xy@H hr=Nt CtU QO 6 4 x@ xv}W}@ Q=Okt O}OWD =@ |}=tvnQR@
|wU R= w CiQ@; Kr=Yt uwQO x@ |Pwiv G=wt= QF= 'wU l} R= Cr=L u}= QO "OwW|t
|}=OH ?Hwt xm CU= |}xvwo x@ xQO |x@r |m}ORv QO |WRN G=wt= Q}F-=D 'Qo}O
pmW� |}xRQr G=wt= |ki= swHy =@ "OwW|t Qw@ Rt |x}L=v QO |}=tvnQR@ |xrk
CU= x_Lqt p@=k QDQ=mW; CQwY x@ |DiQ@; |xQO |x@r QO G=wt= `tHD '�O 6
u=}@ syt u}= "CU= xDW=O p=@vO x@ =Q 11 Q=Okt =D |}=tvnQR@ |xv}W}@ V}=Ri= xm
Q]NQB |L=wv u=wva x@ xQO K]U |RmQt |L=wv p@k |=yCr=L QO xJQo = 'OQ=O|t
xm |DQwY QO OyO|t u=Wv �O6� pmW =t= 'OW|t |krD |L]U |=yxR=U |=Q@
|DiQ@; |xQO Q=QkDU= pLt |m}ORv QO |ki= Gwt V@=D =@ l}ORv u=O}t |xrRrR l}

121

Archive of SID

www.SID.ir

http://www.SId.ir


""" |
xQO

|xL
iYu

wQ@|
}xRQr

MU
=B

"OQwNQ@ |x}w=R =@ SH G=wt= swHy Q@=Q@ QO 1=0 (S=R) pmW C@Uv =@ |Uwo |DiQ@; |xQO Qw[L QO u}tR K]U |}=tvnQR@ |wor= "6 pmW

"OQwNQ@ |x} w=R =@ SH G=wt= swHy CLD 0=5(SR) pmW C@Uv =@ |Uwo |DiQ@; |xQO Qw[L QO u}tR K]U |}=tvnQR@ QO (I) Tv=OBt= C@Uv Q}F-=D "7 pmW

122

Archive of SID

www.SID.ir

http://www.SId.ir


2/
2 |

xQ=t
W'

37
�2

|xQ
wO'

�14
00

u=DU
@=D�

h}
QW

u=Qt
a|

UOv
yt

"OQwNQ@ |x}w=R =@ SH G=wt= swHy CLD 1=0 (SR) pmW C@Uv =@ |Uwo |DiQ@; |xQO Qw[L QO u}tR K]U |}=tvnQR@ QO (I) Tv=OBt= C@Uv Q}F-=D "8 pmW

"OQwNQ@ |x}w=R =@ SH G=wt= swHy CLD 1=5 (SR) pmW C@Uv =@ |Uwo |DiQ@; |xQO Qw[L QO u}tR K]U |}=tvnQR@ QO (I) Tv=OBt= C@Uv Q}F-=D "9 pmW

123

Archive of SID

www.SID.ir

http://www.SId.ir


"""|
xQO

|xL
iYu

wQ@|
}xRQr

MU
=B

"OQwNQ@ |x} w=R =@ SH G=wt= swHy CLD 2=0 (SR) pmW C@Uv =@ |Uwo |DiQ@; |xQO Qw[L QO u}tR K]U |}=tvnQR@ QO (I) Tv=OBt= C@Uv Q}F-=D "10 pmW

|}xRQr sH=yt G=wt= V@=D |x} w=R w pmW C@Uv 'Tv=OBt= C@Uv C=Q}}eD uDiQo
QF= 'u; Q@ |]N VR=Q@ p=ta= =@ TBU w xDiQo CQwY |Ov@xDUO =RHt CQwY x@
OQ@ Q=m x@ xHwD =@ "CU= xOW |HvUQ=DiQ |@ wN x@ Qw@ Rt |=yQDt=Q=B R= l} Qy
u=wD|t Q[=L VN@ G}=Dv R= '|D=}rta |=yKQ] QO xOW x�=Q= |=y|vLvt |UOvyt
"OQm xO=iDU= OwHwt |}xRQr |=yOQ=Ov=DU= w =yxt=vu}}; j}kOD w p}tmD |=DU=Q QO

Tv=OBt= C@Uv ?UL Q@ xv}W}@ |}=tvoQR@ "1"6"6
Tv=OBt= C@Uv Q}}eD ?UL Q@ |}=tvnQR@ |xv}W}@ R= |]N VR=Q@ '11 pmW QO
T=U=Q@ =y|vLvt w xOw@ 0 1 =D 0 33 |xR=@ QO Tv=OBt= C@Uv "OwW|t xOy=Wt
'OwW|t xOy=Wt �hr=11� pmW QO xJv=vJ "Ov=xOW l}miD xQO pmW C@Uv
Tv=OBt= C@Uv V}=Ri= OyO|t u=Wv xm OvQ=O |rwRv Q}U xDi=}VR=Q@ \w]N |x}rm

"CU= QF-wt u}tR K]U |}=tvnQR@ Vy=m QO
uoty ,qt=m |ovU QDU@ w |DiQ@; |xQO Kr=Yt '1 0 Tv=OBt= C@Uv QO
|xrY=i =y|vLvt 'u}= Q@ xwqa "CU= xDi=} C=@F OL=w Q=Okt QO |}=tvnQR@ w xOw@
w 0 5 pmW |=yC@Uv QO \w]N |rwRv ?}W w OvQ=O Qo}Om} x@ C@Uv lOv=
w 1 5 pmW C@Uv |=Q@ |rwRv ?}W |xv}W}@ xm |r=L QO "CU= Q@=Q@ ,=@} QkD 1 0
s�=k |}xRQr G=wt= swHy R= "CU= xOt; CUO x@ 2 0 pmW C@Uv QO u; |xv}tm
u} QDW}@ 'xv}W}@ pR=v ?}W =@ 1 5 pmW C@Uv =@ |DiQ@; |xQO xm OwW|t u}@t
30 x@ Gwt V@=D |xy@H uOW p}=t =@ "OQ=O =Q 0 33 Tv=OBt= QO |}=tvnQR@
|rwRv OvwQ w |}=tvnQR@ |xv}W}@ Q}O=kt xm OwW|t x_Lqt �?11 pmW� xHQO
'0 5 pmW C@Uv u}vJty "CU= xDi=} Vy=m �hr=11� pmW x@ C@Uv =y|vLvt
QO "CU= xO=O X=YDN= OwN x@ u}}=B |=yTv=OBt= QO =Q |}=tvnQR@ |xv}W}@

QDts}HL |xQO =@ xy@H |ki= OQwNQ@ QO QwmPt C@Uv u=R}t u} QDW}@ xm |Qw]
?w=vD |=yxQwO x=Qty x@ |}=tvnQR@ |xv}W}@ Q}O=kt Qov=}@ '1 pwOH "OQ}o|t pmW
Gwt |xy@H |x} w=R w Tv=OBt= 'pmW C@Uv ?UL Q@ xm CU= Q}_v Oa)@|@ ?r=e

"CU= xOW |Ov@xk@]
s�=k swHy Cr=L QO xS} w x@� =yCr=L QDW}@ QO 'OwW|t xOy=Wt xJv=vJ
x@ xm CU= xOW uwtvNQ 'OL=w R= QDtm ?w=vD |=yxQwO QO xv}W}@ |}=tvnQR@ '�Gwt
O=O} wQ ?@Ut q=@ |Ot=U@ |=wDLt =@ x[Q=a |=vyB R= QDtm |=yGwt pw] |awv
=@ ?r=e ?w=vD |xQwO u=R}t 'xHQO 30 x@ Gwt |xy@H uOW p}=tDt =@ "CU= Q}N=
pw] 'u}=Q@=v@ "CU= xOQm Qw@a R}v 2 7 Q=Okt R= w xDi=} OWQ xQO pmW C@Uv V}=Ri=
|}=tvnQR@ u} QDW}@ O=ONQ |rY= pt=a 'x[Q=a |=vyB Q@=Q@ 2 5 R= QD=Qi |=yGwt
1 5 |=ypmW C@Uv QO 0 4 Tv=OBt= C@Uv nvQQB Vkv 'u=}t u}= QO "Ov=xOw@
V}=Ri= ?Hwt xHQO 60 |x} w=R =@ Gwt |xy@H V@=D "CU= xHwD p@=k 2 0 w
1 0 w 0 5 |=ypmW C@Uv QO 2 4 w 1 6 Q=Okt R= ?}DQD x@ Oa)@|@ ?w=vD |yQwO
Vy=m 0 5 R= QDtm x@ Q=Okt u}= '=ypmW C@Uv Q}=U |=Q@ xm |r=L QO "CU= xOW
|=ypmW C@Uv QO x[Q=a |=vyB Q@=Q@ 2 R= QD=Qi |=yGwt pw] '=Pr "CU= xDi=}
nQR@ |=ypmW C@Uv QO x[Q=a |=vyB hYv R= QDmJwm |=yGwt pw] w lJwm

"CU= xDN=U QF-=Dt xv}W}@ |}=tvnQR@ RwQ@ QO =Q

xv}W}@ |}=tvnQR@ "6"6
K]U |xv}W}@ |}=tvnQR@ |=y|vLvt |x�=Q= x@ sHUvt CQwY x@ |vwvm VN@ QO
Q_vQO =@ xv}W}@ Q}O=kt '=OD@= "CU= xOW xDN=OQB hrDNt |=yCr=L |=Q@ u}tR

124

Archive of SID

www.SID.ir

http://www.SId.ir


2/
2|

xQ=t
W'

37
�2

|xQ
wO'

�14
00

u=DU
@=D�

h}
QW

u=Qt
a|

UOv
yt hrDNt |=}=wR Q@=Q@ QO pmW/Tv=OBt= C@Uv Q}}eD T=U=Q@ `HQt |x]kv QO Oa)@|@ ?w=vD |xQwO ?UL Q@ |Uwo |DiQ@; |xQO K]U |xv}W}@ |}=tvnQR@ "1 pwOH

"SH G=wt= swHy
xHQO 90 xHQO 60 xHQO 30 xHQO 0 OQwNQ@ |x} w=R

|}=tvnQR@ ?w=vD |xQwO |}=tvnQR@ ?w=vD |xQwO |}=tvnQR@ ?w=vD |xQwO |}=tvnQR@ ?w=vD |xQwO C@Uv Gwt
xv}W}@ ?r=e xv}W}@ ?r=e xv}W}@ ?r=e xv}W}@ ?r=e Tv=OBt= pmW
4 2182 1 6419 4 1741 1 6220 5 1014 0 3852 5 5522 0 6062 0 33

0 52 7667 0 4082 3 0359 1 3807 3 0997 1 3459 4 2523 0 3133 0 40
1 8338 0 2941 2 0594 1 1285 2 2608 1 0767 2 9182 0 2534 0 50
1 2433 0 4509 1 3305 1 3081 1 5337 0 8275 2 1393 0 3082 0 66

5 2692 0 5934 4 4654 2 4373 4 5155 2 4129 5 7088 0 2567 0 33

1 03 8437 0 3441 3 3104 2 0310 3 3561 2 0239 3 9526 0 4430 0 40
2 3699 1 6111 2 4894 0 4261 2 3269 1 6384 2 3583 0 2749 0 50
1 5832 1 2142 1 7994 0 3251 1 6609 0 5182 1 5045 1 2412 0 66

4 8474 0 3318 5 6959 0 3280 4 4652 0 3038 5 5869 0 3841 0 33

1 53 5874 0 2770 3 9831 2 2740 3 1604 2 4402 4 5148 0 2554 0 40
2 4590 0 7168 2 6119 0 2677 2 1506 1 9805 3 2466 0 2503 0 50
1 9285 0 3298 1 6337 0 2592 1 7461 0 2543 1 3680 0 3954 0 66

9 2047 0 2596 5 2669 0 3435 4 1513 0 4583 4 7609 0 2584 0 33

2 04 9332 0 4321 3 7147 0 4320 2 9175 2 7026 3 5585 0 3549 0 40
2 9508 0 4761 2 2416 0 3657 1 9385 2 2528 3 1690 0 2709 0 50
2 6080 0 2613 1 6207 0 3631 1 3880 0 5949 1 3781 0 3645 0 66

xJv=vJ "CU= xDW=O |B QO =Q xv}W}@ |}=tvnQR@ |H} QOD OWQ 'xQO jta V}=Ri=
RH x@ '�?12 pmW� OwW p}=t xHQO 30 x@ |}xRQr sH=yt Gwt V@=D |x} w=R
"CU= OwyWt R}J=v Q=}U@ ?}W '=yCr=L Q}=U QO '|rwRv ?}W =@ 0 33 Tv=OBt=
G12� |=ypmW QO xm Qw]v=ty '|ki= Cr=L x@ Gwt swHy |x} w=R uOW l}ORv =@
=@ pmW C@Uv V}=Ri= w xDW=O |OwaY Q}U =yQ=Owtv 'OwW|t xOy=Wt �O w
|=}=wR |x}rm QO |vLvt u} QDq=@ 'xwqa x@ "CU= xOW wUty |}=tvoQR@ |xv}W}@
|DiQ@; |xRwL |=Q@ Kr=Yt u} QDsQv hQat xm CU= 0 33 Tv=OBt= |=Q@ V@=D
|v=tR xQO K]U QO Q]N u} QDW}@ 'Cio u=wD|t ?}DQDu}O@ "�Tmar=@� w CU=
'CU= srUt xJv; "OW=@ xv}W}@ pmW C@Uv w xv}tm Tv=OBt= C@Uv xm CU=
xO=O u=Wv =Q 0 26 u=R}t Qw@ Rt Cr=L QO ?r=e ?w=vD |xQwO '1 pwOH =@ j@=]t
xv}W}@ |}=tvnQR@ RwQ@ QO xQO |=vyB `@ Q Q@=Q@ |=yGwt pw] Q}F-=D Qov=}@ xm CU=

"CU=

QO 'CU= xOW p}=tDt xHQO 60 x@ Gwt |xy@H V@=D |x} w=R xm '�G11� pmW
|xUOvy QF= xm OvDUy O=} R Qo}Om} R= =y|vLvt |xrY=i 'u}}=BTv=OBt= |=yC@Uv
|xy@H |ki= p=ta= =@ "CU= xDN=U Q=mW; Twtrt CQwY x@ =Q |}=tvnQR@ QO xQO
'0 5 pmW |=yC@Uv x@ \w@ Qt |vLvt xm OwW|t x_Lqt R}v �O11 pmW� Gwt
xm |r=L QO 'OvDUy Qo}Om} x@ C@Uv sm |xrY=i w RmQtDt CQwY x@ 1 5 w 1 0
Q}=U =@ xU}=kt QO xHwD p@=k |rwRv ?}W w O=} R |xrY=i '2 0 pmW C@Uv QO

"OwW|t xOy=Wt =yCr=L

pmW C@Uv ?UL Q@ xv}W}@ |}=tvnQR@ "2"6"6
xJv=vJ "CU= xOW x�=Q= pmW C@Uv Q}}eD ?ULQ@ xv}W}@ |}=tvnQR@ '12 pmW QO
|}=tvnQR@ Q}O=kt 'xQO pmW C@Uv V}=Ri= =@ 'OwW|t xOy=Wt �hr=12� pmW QO
'0 50 Tv=OBt= QO =t= "CU= xOW |rwRv 0 66 w 0 40 '0 33 Tv=OBt= xU QO

125

Archive of SID

www.SID.ir

http://www.SId.ir


"""|
xQO

|xL
iYu

wQ@|
}xRQr

MU
=B

"OQwNQ@ |x}w=R =@ SH G=wt= swHy Q@=Q@ QO (I) Tv=OBt= C@Uv ?UL Q@ `HQt |x]kv QO u}tR K]U |xv}W}@ |}=tvnQR@ "11 pmW

"OW |HvUC}U=UL 'Gwt OQwNQ@ hrDNt |=}=wR QO u}tR K]U |}=tvnQR@
s=Ok= |UOvyt |=y|vLvt |QU l} ?r=k QO =yMU=B |Ov@`tH x@ 'C}=yvQO
"O}; sy=Qi |D=}rta |=yxSwQB QO Q[=L VywSB G}=Dv R= xO=iDU= u=mt= =D 'OW
xOW xQ=W= Q[=L VywSB |=yOQw=DUO u} QDtyt R= |NQ@ x@ 'Q=YDN= x@ =Hv}= QO

%CU=
|=}=wR QO?}DQD x@ u}tR K]U|}=tvnQR@ w G=wt=|oOWQwYLt sHL u} QDW}@ "1
QO ?}DQD x@ |v=QL@ |L=wv 'u=}t u}= QO "OwW|t xOy=Wt |ki= w s�=k OQwNQ@

"CU= xDi=} RmQtD QwmPt |=}=wR CLD CiQ@; |x@r w RmQt
pmW C@Uv V}=Ri= =@ Oa)@|@ ?w=vD |xQwO ?UL Q@ |}=tvnQR@ u=Uwv O=}OR= "2
QwYLt G=wt= Q=Umv= w T=mav= QFmD |B QO ẁ[wt u}= "CU= xDi=} V}=Ri= xQO
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x@ xm CU= xOW ji= x@ l}ORv OQwNQ@ |=yxy@H QO |}=tvnQR@ OWQ
xOW u}@t xHQO 90 w 60 swHy |x} w=R QO 9 2 w 5 7 Q}O=kt ?}DQD

"CU=
|xv}W}@ xm |Qw] x@ 'OW srUtTv=OBt=C@UvVy=m|B QO|}=tvnQR@V}=Ri= "4

=yCWwv=B
1. ampli�cation/de- ampli�cation
2. analytical methods
3. semi-analytical methods
4. numerical methods
5. experimental methods
6. wave function expansion method
7. Chang
8. volumetric methods
9. boundary methods
10. �nite element method (FEM)

11. Finite Di�erence Method (FDM)
12. boundary element method (BEN)
13. direct boundary element method (DBEM)
14. indirect boundary element method (IBEM)
15. full-plane BEM
16. half-plane BEM
17. transformed-domain
18. time-domain
19. Panji
20. Ba
21. dynamic analysis of structures by boundary element method

(DASBEM)
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22. sub-structure method
23. wave source image technique
24. Ricker Wavelet
25. Boundary Integral Equation
26. MATLABv.9/8 (2020)
27. normalized displacement amplitude (NDA)
28. shape ratio
29. Wong
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