
�13
97

u=DU
@=D�

'h}
QWu

=Qta
|U

Ovyt
33

�25
"X

'2/
2|

xQ=t
W'

34
�2

|xQ
wO

O
ri

gi
na

lA
rt

ic
le|=yxR=U QF-wt |}=Q}t w ?w=vD |xQwO u}}aD

uwiOt ?rY |Q=wv |=y|B QO |mDt
sm =QDtQ}e l =N |xOwD QO `k=w

�Q=}O=DU=� Ck}kL |tqU= T=@a
x}twQ= x=oWv=O '|UOvyt |vi |xOmWv=O

Q_vQO =@ |Q=wv |=y|B Q@ |mDt |=yxR=U QF-wt |}=Q}t w |@ w=vD |xQwO 'Q[=L Q=DWwv QO
Ov=wD|t xm sm =QDtQ}e l =N |xOwD "CU= xOW |UQQ@ xR=U w l =N VvmQOv= QF= uDiQo

'CU= C}=yv|@xt}v |}xOwD 'OW=@ xOWv|WmyR Cr=L QO `=@W= TQ l =N Q=DiQ hQat
\}Lt uOQm ZQi sm =QDtQ}e Cra x@ "CU= xOQm x]=L= =Q uwiOt |Q=wv |B xm

CaQU 'Cr=L u}= QO w CU= 0 5 Q@=Q@ |]}Lt u}vJ |=Q@ uwU=wB ?} Q[ 'l}B wQDwR}=
u=tr= VwQ QO |OOa CqmWt R= |Q}owrH |=Q@ u}=Q@=v@ "OwW|t C}=yv|@ |Q=Wi Gwt

|xRwL QO |L]U VvD w |}=Hx@=H |U=U= |=ypL CU= sRq 'xO=iDU=OQwt |RQt
=@ "OQm u=}@ |Q=Wi Gwt CaQU R= pkDUt CQwYx@ '|RQ=sy \@=wQ R= xO=iDU= =@ =Q Ot=U@
=@ w x@U=Lt uwiOt |Q=wv |=y|B Tv=OBt= `@=wD 'xOWK}LYD |U=U= |=ypL |Q}oQ=mx@
CLD |O=R; xHQO l} |xR=U 'xt=O= QO "CU= xOW xU}=kt QwmPt Cr=L QO OwHwt G}=Dv

w ?w=vD |xQwO 'C}=yvQO w u} Ro}=H pO=at Q=OQ}o |xR=U =@ xR=U w l =N VvmQOv= QF=
"Ov=xOW xU}=kt sy =@ w x@U=Lt Qeq w \UwDt 'uyB |=yxR=U QF-wt |}=Q}t

a.eslami@urmia.ac.ir

`@=wD 'uwiOt |Q=wv |B 'xR=U w l =N VvmQOv= '|RQt u=tr= VwQ %|O}rm u=oS=w
"QF-wt |}=Q}t '?w=vD |xQwO 'Tv=OBt=

xtOkt "1
l =N C}=yv|@ xt}v |xOwD |x}k@ w |R=UpOt OwOLt u=tr= =@ w l}ORv |xOwOLt
u} Ro}=H |}=yQo =Q}t w Qvi |QU l} =@ w xOW xDiQo Q_v QO QwO |xOwOLt u=wvax@
Tv=OBt= `@=wD \rDNt w |k}kL Q}O=kt '=yu; |}=Q}t w |DNU Q}O=kt xm CU= xOW
|OOa VwQ QO "OvwW|t x@U=Lt 2|}=U=vW sDU}U VwQ =@ w OvDUy QwO |xOwOLt
|B x@ \w@ Qt [1]'1972 p=U QO|WywSB|r}rLD G}=Dv xmCU= xOW sqa= [4]'QwmPt
OyO|tv |@U=vt ?=wH q=@ |=yOt=U@ |=Q@ '=[is}v |xOwD Q@ `k=w |L]U |Q=wv
=@ "OvOQm xU}=kt [2]'1971 p=U QO |Qo}O VywSB |r}rLD G}=Dv =@ =Q OwN G}=Dv w
G}=Dv =@ |@ wN |v=wNsy q=@ |=yOt=U@ QO R}v =yu; |xOt;CUOx@ G}=Dv 'p=L u}=
xOWs=Hv= VywSB |r}rLD G}=Dv xm CU= QmP p@=k "CW=Ov [2]'Q}N= VywSB |r}rLD
'CU= xOW j}kO ?=wH x@ QHvt 0 5 uwU=wB ?} Q[ Q=Okt |=Q@ [1]'1972 p=U QO
=y?=wH 'u}}=B |=yOt=U@ |xOwOLt QO \ki uwU=wB ?} Q[ Q}O=kt Qo}O |=Q@ |rw
xO=iDU= =@ w |RQt u=tr= VwQ =@ R}v [6]'u=QoWywSB |NQ@ [5]"Ov=xDW=O =Q sRq CkO
|xOwD Q@ `k=w |L]U |Q=wv |=y|B 3|tQv `@=wD OvDUv=wD 'xDUUo |=yu=tr= R=
QO u}vJty "Ovvm x@U=Lt 0 25 uwU=wB ?} Q[ |=Q@ =Q u=UWmwmU} w w u=UWm
MU=B QO Q}PBh=]av= QDU@ l} u=wvax@ l =N Q}F-=D |xwLv [8w7]'|Qo}O |=yVywSB
|xQwO |x@U=Lt QO |B |oOWuwiOt jta R}v w u} Q} R l =N |x}q QF= R}v w xR=U

[9]"CU= xOW |UQQ@ 'u=QoWywSB Qo}O \UwD xR=U QF-wt |}=Q}t w ?w=vD

VvmQOv= |xr�Ut QO |}=v@ Q} R w syt ?r=]t R= 1Tv=OBt= `@=wD =} |m}t=v}O |DNU
=Q u; Q} R l =N |xOwD u=wD|t |B Tv=OBt= `@=wD |iQat =@ "CU= xR=U w l =N
Q@ `k=w |xR=U w u} Ro}=H Ot=U@ R= pkDUt =} w xDU@=w Qo =Q}t w Qvi |QU l} =@
u=wD|t =Q |r}rLD w |OOa hrDNt |=yVwQ "OQm p}rLD |DL=Qx@ =Q l =N |xOwD
|=Q@ |r}rLD G}=Dv xDUO wO 'xYqN Qw]x@ "OQ@ Q=mx@ Tv=OBt= `@=wD |x@U=Lt |=Q@
xrtH R= [2w1]"CU= OwHwt =[is}v K]U Q@ `k=w |Q=wv |=y|B Tv=OBt= `@=wD u}}aD
OQm xQ=W= [3]'1977 p=U QO |}xOWx�=Q= VwQ x@ u=wD|t R}v |r}rLDxt}v |=yVwQ
l}vwtQ=y VvD Q=@ Qy w s}UkD |]N u=tr= |O=OaD x@ |B Q} R |x}L=v u; QO xm
h=Q]= QO xQo Qy |}=Hx@=H w p=ta= QwmPt |=yu=tr= R= l} Qy x@ |DN=wvm} w
seQ|ra "CU= xOt; CUOx@ |r}rLD OvwQ l} =@ QwmPt |xOW|Q=PoQ=@ |=ypv=B
Q_vQO uwO@ w |OOa CQwYx@ xOWQmP VwQ QO pY=L OQivt |=yp=QoDv= xmv}=
|r}rLD xt}v VwQ R= |@U=vt |=y?=wH 'OvwW|t x@U=Lt =yu; uOw@ OQivt uDiQo

"O};|t CUOx@ xOWxQ=W=
u=wvax@ u; Q} R l =N R= |DtUk w |B [4]'�1981� |Qo}O |OOa VwQ QO

"1395 8 10 VQ}PB '1395 8 1 x}LqY= '1395 2 29 Ci=} QO %M} Q=D
DOI:10.24200/J30.2018.1367



"""|
=yxR

=UQ
Fwt

|}=Q
}tw

?w
=vD|

xQwO
u}}a

D|DWoQ@ |Qw�D R= xO=iDU= =@ |Oa@ wO uoty w u=UWm \}Lt l} QO |RQt u=tr=
%OwW|t u=}@ 1 |x]@=Q CQwYx@ 6|D@

cij(�)uj(�) = �
Z
L

P �ij(�; �)uj(�)dL(�)

+
Z
L

pj(�)U�ij(�; �)dL(�) (1)

|x]kv hQat � w �OL=w Q=@ |r=ta= |x]kv� xtWJ |x]kv hQat � 'u; QO xm
VvD w |}=Hx@=H ?}DQD x@ pj w uj "CU= �OL=w Q=@ Q}F-=D CLD |x]kv� xOy=Wt
CU= RQt |wQ Q@ pw] wtv dL(�) "OvDUy j |=DU=Q QO RQt |wQ \=kv |L]U
7Q=wty |=yRQt |=Q@ xm CU= VyH sQD cij "OwW|t xOwt}B |D=FrFt CQwYx@ xm
R}v P �ij(�; �) w U�ij(�; �) "CU= 8QmvwQm |=DrO hQat �ij xm CU= 1

2�ij Q@=Q@
|}=Hx@=H hQat xm OvDUy |L]U VvD w |}=Hx@=H |U=U= |=ypL ?}DQD x@
|r=ta= OL=w Q=@ <=R= x@ j |=DU=Q QO w � |xOy=Wt |x]kv QO |L]U VvD w
|x]kv Qy |=Q@ xm =Q 1 |x]@=Q "OvDUy i |=DU=Q QO w � |xtWJ |x]kv QO
x@ 'u(�) |va} 'x]kv Qy |}=Hx@=H MU=B xm OyO|t u=Wv 'CWwv u=wD|t � x=wNrO
|U=U= |=ypL "CU= xOW xDU@=w |RQt \=kv |L]U VvD w =y|}=Hx@=H |x}rm
hrDNt `H=Qt QO Ot=U@ |xRwL QO w |Oa@ wO p�=Ut QO |L]U VvD w |}=Hx@=H

[25�23]"CU= xOW x�=Q=
w sm =QDtQ}e l =N |xOwD Q=DiQ hQat xm 0 5 Q@=Q@ uwU=wB ?} Q[ Cr=L QO
'CU= xOWv |WmyR Cr=L QO `=@W= TQ Q=DiQ |m}vmDw�S Q_vx]kv R= ,=YwYNt
Cr=L QO =Pr "Ovm|t p}t C}=yv|@ x@ |Q=Wi Gwt CaQU Q=Okt '2 |x]@=Q j@]
w |}=Hx@=H |U=U= |=ypL hrDNt |=ysQD |x@U=Lt '0 5 Q@=Q@ uwU=wB ?} Q[
'OvwW|t u=}@ |WQ@ Gwt CaQU w |Q=Wi Gwt CaQU ?UL Q@ xm |L]U VvD
OvDUv=wD |RQt u=tr= VwQ R= xO=iDU= =@ [26]'u=QoWywSB |NQ@ u}=Q@=v@ "CU}v umtt
0 49 |xv}W}@ Q=Okt =D =Q Tv=OBt= `@=wD Q}O=kt QO uwU=wB ?} Q[ C=Q}}eD Q}F-=D

%Ovvm x@U=Lt
CP
CS

=
r2� 2�

1� 2� (2)

|}=Hx@=H |U=U= |=ypL '|Oa@ xU Cr=L QO |RQ= sy \@=wQ R= xO=iDU= =@
`@=wD u; T=U=Q@ w K}LYD 0 5 Q@=Q@ uwU=wB ?} Q[ Cr=L |=Q@ |L]U VvD w
|=y|RQ=sy R= xO=iDU= =@ R}v =Hv}= QO w [28w27]"OvOW x@U=Lt |a@ Qt |B Tv=OBt=
|U=U= |=ypL 'sRq |=y|R=UxO=U w s=y@= `iQ w 9pU@ `@=wD |=Q@ xOWs=Hv=
CQwYx@ |Q=Wi GwtCaQU R=pkDUt CQwYx@ |Oa@ wO|L]UVvD w|}=Hx@=H

%OvwW|t |U} wvR=@ 9 |r= 3 \@=wQ8>>>><>>>>:
lim
z!0K1(z) � lim

z!0(ln(z))

lim
z!0K1(z) � lim

z!0
1
z

lim
z!0K2(z) � lim

z!0
2
z2

(3)

U�ij = 1
2��C2

S
[ �ij � �r;ir;j ] (4)

P �ij = 1
2� =

2666664
(� 1

r )r;inj + ( @ @r � �
r )

(�ij @r@n + r;jni)

�2�r (njr;i � 2r;ir;j @r@n )

�2 @�@r r;ir;j @r@n

3777775 (5)

l} =@ uwiOt|Q=wv|B 'Ov=xOQm xO=iDU= R}v u=QoWywSB|NQ@ xm|Qo}O|xw}W QO
[10]"CU=xOW x@U=Lt |B Tv=OBt= `@=wD TBU w u} Ro}=H pO=at uoty \}Lt
R}v s}kDUtQ}e |RQt u=tr= VwQ =@ l}B wQDwDQw= |L=wv Tv=OBt= `@=wD u}vJty
|xar=]t l} '|]wQNt pOt ltm x@ R}v [12]'2008 p=U QO [11]"OvOW x@U=Lt
"CU= xOW x�=Q= u; OQwt QO |]@=wQ w xDiQo CQwY |B |oOWuwiOt jta |QDt=Q=B
l} =@ |B |OwQw CmQL CLD uwiOt |O=R; xHQO l} |xR=U |v} Ro}=H u}vJty
|R=UxO=U Ea=@ 'O=R; CmQL CLD w pO=at |m}t=v}O X=wN =@ |L]U |xR=U
R}v w |R=UxO=U u}vJ ltm x@ [13]"CU= xOW xR=U w l =N VvmQOv= |xr�Ut
|UQQ@ u=wD|t R}v =Q |]NQ}e |=ysDU}U MU=B '4pO=at |tQv QDt=Q=B |iQat
?w=vD |xQwO R}v w xR=U MU=B QO |r}=Q w |WQ@ '|Q=Wi G=wt= `=wv= Q}F-=D [14]"OQm
|UQv}= VvmQOv= u=tRsy Q}F-=D w [15]'|UQQ@ u=QoWywSB |NQ@ \UwD QF-wt |}=Q}t w
|xR=U |}=Q}t w ?w=vD |xQwO "CU= xOW xDiQo Q_v QO xR=U w l =N l}D=tv}U w
|UQQ@ u=QoWywSB |NQ@ \UwD `tW xwQo R}v w |mD `tW Q@ `k=w |O=R; xHQO l}
|xQwO |x@U=Lt OQ=w =Q Tv=OBt= T} QD=t pB wm |=ysQD OvDUv=wD =yu; w [17w16]'OW
G}=Dv 'xR=U |m}t=v}O X=wN |@=} RQ= |=Q@ u}vJty "Ovvm QF-wt |}=Q}t w ?w=vD
[19]"CU= xOW xO=iDU= |y=oW}=tR; |=yV}=tR; R}v w [18]'|}=QLY |R}NxRQr
QO xR=U |}=Q}t w ?w=vD |xQwO Q}}eD ?r=k QO xR=U w l =N VvmQOv= QF= R}v w
xOy=Wt [22] ASCE w [21] FEMA '[20] ATC uwJty |irDNt |=yxt=vu}};

"OwW|t
|}=Q}t w ?w=vD |xQwO |x@U=Lt |=Q@ xJN} Q=D QO xDiQoCQwY |=yp}rLD
"CU= |m =N C}=yv|@xt}v |xOwD Q@ `k=w QwOt |=y|B x@ \w@ Qt ,=DOta =yxR=U QF-wt
l =N |xOwD Q@ `k=w uwiOt |Q=wv |=y|B Tv=OBt= `@=wD =OD@= 'Q[=L Q=DWwv QO
|}=Hx@=H |U=U= |=ypL Qw_vt u}O@ w x@U=Lt |RQt u=tr= VwQ =@ sm =QDtQ}e
=@ TBU "Ov=xOW K}LYD sm =QDtQ}e l =N |xOwD |R=UpOt |=Q@ |L]U VvD w
'C}=yvQO w xOW K}LYD xR=U |DNU =@ ?U=vDt Tv=OBt= `@=wD 'Q=QmD OvwQ l}
|=yh=Qo |x�=Q= Qw_vtx@ ,=vt[ "CU= xOt;CUOx@ xR=U QF-wt |}=Q}t w ?w=vD |xQwO
"Ov=xOW h} QaD Cr=L u}= QO ?U=vt Oa@|@ |=yQDt=Q=B '|Q=wv |=y|B |=Q@ |L=Q]

|RQt u=tr= VwQ "2
w u=UWm |=y\}Lt p}rLD |=Q@ OvtDQOk |=yVwQ R= |m} '|RQt u=tr= VwQ
u=tr= VwQ syt |=yC} Rt xrtH R= "CU= |m}t=v}O w |m}D=DU= Cq=L QO uoty
u}vJty "OQm xQ=W=C}=yv|@xt}v wC}=yv|@ |=y\}Lt |R=UpOt x@ u=wD|t |RQt
=} w OwOLt u=tr= VwQ Q}_v 'OwHwt |}xvt=O |=yVwQ hqNQ@ |RQt u=tr= VwQ
u}= 'Qo}O CQ=@a x@ w OwW|t ?wULt |RQt |=yVwQ <RH 'OwOLt p[=iD VwQ
RQt |wQ Q@ \ki |RQt u=tr= VwQ QO R=}vOQwt C=@U=Lt |x}rm xm OQ=O =Q C} Rt
CU= |i=m \ki '\}Lt |xvt=O |R=U=RHt |=H x@ =Pr "OQ}o|t CQwY \}Lt
"O@=} Vy=m xHQO l} xr�Ut |Ov@u=tr= Oa@ xH}DvQO w OwW |R=U=RHt \}Lt RQt
\}Lt |xvt=O |R=U=RHt x@ R=}v '\}Lt Q=DiQ uOw@ |]NQ}e Q}_v |]}=QW QO xD@r=
QO |RQt u=tr= VwQ R= xO=iDU= '|rta |=yOQ@ Q=m QO p=L u}= =@ "OwW|t =O}B R}v

"OwW|t |rw@k p@=k ,qt=m |=y?=wH x@ QHvt l}t=v}OwDUq= Cr=L
|xrO=at h}a[ sQi R= |RQt u=tr= VwQ QO xO=iDU=OQwt |r=QoDv= CqO=at
`@=D |xO=iDU= OQwt uRw `@=D xm |Qw]x@ 'O};|t CUOx@ \}Lt Q@ sm =L p}Uv=Qi}O
VwQ QO sm =L |r=QoDv= |xrO=at 'sUH |wQ}v R= Q_vhQY =@ "OW=@ 5l =Q}O |=DrO

26



2/
2|

xQ=t
W'

34
�2

|xQ
wO'

�13
97

u=DU
@=D�

h}
QW

u=Qt
a|

UOv
yt

l}vwtQ=y |=ywQ}v CLD l =N u=UWm |xOwD Q@ `k=w uwiOt |Q=wv |B "1 pmW
"|WNQJ w s�=k '|ki=

ZQi � uwU=wB ?} Q[ wG |WQ@ pwOt � |r=oJ =@ l =N |xOwD "Ovm|t V=aDQ=
"OwW|t

%R= Ov=CQ=@a xm CU= QwYDt |B |=Q@ |O=R; xHQO 3 '|Oa@ wO Cr=L QO
|=ywQ}v |=yxvt=O "�R |B VNQJ w '�H |ki= |}=Hx@=H '�V s�=k |}=Hx@=H
"OvwW|t xDiQo Q_vQOR wH 'V ?}DQD x@ QwmPt |=y|}=Hx@=H =@ Q_=vDtl}vwtQ=y

%CU= Q=QkQ@ =y|}=Hx@=H w =ywQ}v |xvt=O u}@ '12 |x]@=Q8>><>>:
V

H

R=B

9>>=>>; = �G

2664KV V (a0) 0 0
0 KHH(a0) KHR(a0)
0 KRH(a0) KRR(a0)

3775| {z }
K

8>><>>:
�V

�H

�RB

9>>=>>;
(12)

T} QD=t |=yxir-wt "CU= |m}t=v}O |DNU =} Tv=OBt= `@=wD T} QD=t K 'u; QO xm
CQwYx@ a0 QDt=Q=B "OvDUy a0 Oa@|@ QDt=Q=B x@ xDU@=w xm CU= Tv=OBt= `@=wD

%OwW|t h} QaD 13 |x]@=Q
a0 = !B

CS
(13)

Oa@|@ QDt=Q=B '13 |x]@=Q T=U=Q@ =Pr w CU= |B V=aDQ= ! Ot=U@ 'u; QO xm
12 |x]@=Q QO xm Qw]u=ty "CU= xDU@=w l =N X=wN R}v w |B |xUOvy x@ a0
'OwW|t s�=k |=DU=Q QO �V |}=Hx@=HEa=@\ki V s�=k |wQ}v 'OwW|t xOy=Wt
R}v Qo}O |=y=DU=Q QO |}=Hx@=H O=H}= Ea=@ u=tt w |ki= |=ywQ}v xm |r=L QO
|rm Cr=L QO w OvDUy pB wm |=ysQD KRH w KHR |=ysQD u}=Q@=v@ "OvwW|t
14 |x]@=Q '|DNU T} QD=t QO uQ=kD OwHw Cra x@ u}vJty "OvDUy QiY hr=Nt

%CW=O s}y=wN =Q
KHR = KRH (14)

%CWwv u=wD|t R}v 15 |x]@=Q CQwYx@ =Q 12 |x]@=Q8>><>>:
�V

�H

�R

9>>=>>; =

2664CV V (a0) 0 0
0 CHH(a0) CHR(a0)
0 CRH(a0) CRR(a0)

3775| {z }
C

8>><>>:
V

H

R

9>>=>>; (15)

Tv=OBt=T} QD=t uwQ=w R=|@} Q[ xm OQ=O s=v 13|tQvT} QD=tCT} QD=t 'u; QO xm
"OvDUy |tQv `@=wD u; |=yxir-wt w CU= K

ZQil}B wQDwR}= w uoty 'u=UWm sm =QDtQ}e\}Ltl} l =N |xOwD =Hv}= QO
xDW=Ov OwHw l =N w |B u}@ |WRer I}y xm CU= xOW ZQi u}vJty "OwW|t

 = K0(
i!r
CS

) + CS
i!r
� [K1(

i!r
CS

) + iCS
!r

] (6)

� = K2(
i!r
CS

) + 2 C2
S

!2r2 (7)

@ 
@r

= � i!
CS

K1(
i!r
CS

)� 2
r
K2(

i!r
CS

)� 2
r
C2
S

!2r2 (8)

@�
@r

= � i!
CS

K1(
i!r
CS

)� 1
r
K2(

i!r
CS

)� 2
r
C2
S

!2r2 (9)

xHQO R= swO ẁv pU@ x@W `@=wD ?}DQD x@ K2 w K1 'K0 '|r=oJ � '=yu; QO xm
x@ CS w ! w xOy=Wt w xtWJ |x]kv |xrY=i r u}vJty "OvDUy 2 w 1 '0

"OvDUy |WQ@ Gwt CaQU w |}x} w=R Ot=U@ ?}DQD
x@ =Q \}Lt RQt =OD@= CU= sRq '1 |xrO=at QO |r=QoDv= |x]@=Q |x@U=Lt |=Q@
|xv=}t QO xQo l} =@ |]N |=yu=tr= =Pr "OQm |R=U=RHt |RQt |=yu=tr= |QU l}
10 |x]@=Q CQwYx@ 10|r=QoDv= |x]@=Q |xOW=RHt sQi w xOW xDiQo Q_vQO u;

%CU= xOt; CUOx@

[cq]

(
u2q�1
u2q

)
+

neX
e=1

8<:Z
Le

[P �][N ] dLe

9=; fueg
=

neX
e=1

8<:Z
Le

[U�][N ] dLe

9=; fpeg (10)

u=tr= pw] Le '|RQt |=yu=tr= O=OaD ne 'xQo Qy |O=R; xHQO |xQ=tW q 'u; QO xm
s)=q |xQo VyH sQD |=yxir-wt |w=L T} QD=t [cq] 'pmW `@=wD T} QD=t [N ] 's)=e
VvD w |}=Hx@=H |}xQo Q}O=kt pt=W ?}DQD x@ fpeg w fueg |=yQ=OQ@ "CU=

"OvDUy s)=e u=tr= |L]U
Two \=kv ltm x@ w |rLt C=YDNt QO |RQt u=tr= Qy |wQ Q@ p=QoDv=
|]N |Q@H CqO=at '|RQt |xQo Qy QO 10 |x]@=Q uOQ@ Q=mx@ =@ "OQ}o|t CQwY

%O};|t CUOx@ 11 |x]@=Q CQwYx@
[F ]fug = [G]fpg (11)

?}DQD x@ fpg w fug |=yQ=OQ@ w Q}F-=D ?}=Q[ |=yT} QD=t [G] w [F ] 'u; QO xm
Q}O=kt uOQm ?DQt =@ "OvDUy |RQt \=kv |x}rm |L]U VvD w |}=Hx@=H |=yQ=OQ@
Q}O=kt C}=yvQO w pY=L |]N CqO=at x=oDUO '11 |x]@=Q QO pwyHt w swrat

"OvwW|t x@U=Lt u; ltm x@ |}xQo pwyHt |L]U VvD w |}=Hx@=H
Qw_vt x@ u; QO w u} wOD xOWx�=Q= |Qw�D T=U=Q@ MATLAB |xt=vQ@
Q}F-=D ?} Q[ T} QD=t '|Q]k |=yxir-wt ,=Q_=vDt w VyH T} QD=t |=ysQD |x@U=Lt
|=yRQt |xO}= "CU= xOW xO=iDU= �12|R=Ht |=yRQt� 11xDU@ |=yRQt R= '[F ]

u=QoWywSB |NQ@ \UwD C}=yv|@xt}v =} w C}=yv|@ |=yRQt |R=UpOt |=Q@ xDU@
p�=Ut QO u=QoWywSB Qo}O \UwD xDU@ |=yRQt "CU= xOW x�=Q= [29]'�1988�
jQiD u}vJty w [31]'SH |WQ@ G=wt= jQiD |xr�Ut R}v w [30]'|m}t=v}O |Q=PoQ=@

"CU= xOW xO=iDU= C}kiwt =@ [32w25]'|r}=Q w '|WQ@ '|Q=Wi G=wt=

|xOwD Q@ `k=w |Q=wv |B Tv=OBt= `@=wD |x@U=Lt "3
|RQt u=tr= VwQ =@ sm =QDtQ}e l =N

|oOWuwiOtjta w 2BZQa =@ uwiOt|Q=wv?rY|Bl}|[Qa `]kt '1pmW
l}B wQDwR}= w uoty 'u=UWm C}=yv|@ xt}v |xOwD |wQ Q@ xm OyO|t u=Wv =Q E

27



"""|
=yxR

=UQ
Fwt

|}=Q
}tw

?w
=vD|

xQwO
u}}a

D

QO xOWp=ta= OvwQ CLY Qou=}@ xmv}= ut[ 'CiQ|t Q=_Dv= R}v Tv=OBt= T} QD=t
pmW QO u}vJty "Ow@ Oy=wN R}v xOt; CUOx@ |=y?=wH CkO hQat 'CU= xt=vQ@
xm CU= QmP p@=k "CU= xOW x�=Q= KRH w KHR pB wm |=yxir-wt u}ov=}t '6
hQat =yu; |k}kL Q=Okt "OvDUy \rDNt |Q}O=kt '|tQv =} w Tv=OBt= `@=wD |x}rm
hqDN= l} |xOvyOu=Wv =yu; \rDNt Q=Okt w CU= |}=Hx@=H w wQ}v uOw@ R=isy

|=[is}v Q@ `k=w uwiOt|Q=wv|B |=Q@KRR s�=kTv=OBt= `@=D |xU}=kt "4pmW
"sm =QDtQ}e C}=yv|@

|=[is}v Q@ uwiOt |Q=wv |B |=Q@ KHR w KRH pBwm |=ysQD "5 pmW
"sm =QDt Q}e C}=yv|@

|=[is}v Q@ uwiOt|Q=wv|B |=Q@KHR wKRH pBwm|=ysQDu}ov=}t "6pmW
"sm =QDt Q}e C}=yv|@

Q} R QO l =N R= x]kv l} |}=Hx@=H w CU= Q@ R ,qt=m |B hm 'Qo}O CQ=@a x@ "OW=@
|@=}CUO Qw_vtx@ "OW=@ u=Um} ,qt=m |B |wQ Q@ u; Qw=Ht |x]kv |}=Hx@=H =@ |B
l} CU= |i=m '|RQt QY=va VwQ ltm x@ ?rY |Q=wv |B Tv=OBt= `@=wD x@
|=ywQ}v w OwW p=ta= |B |O=R; C=HQO |=y=DU=Q R= l} Qy QO OL=w |}=Hx@=H
\@=wQ ltm x@ w |B Q} R QO xOWO=H}= |L]U VvD |wQ R= u=tt w |ki= 's�=k

"O}; CUOx@ pO=aD
R}v w E = 0 5B |oOWuwiOt u=R}t =@ |Q=wv |B RQt |R=UpOt Qw_vt x@
|Qw]x@ 'OW xO=iDU= u=tr= 184 '\w@ Qt |RQt QY=va |xt=vQ@ QO 'u; h=Q]=\}Lt
u}vJty "OW P=ND= QDW}@ j]=vt Q}=U x@C@Uv |B |=yx@r QO =yu=tr= O=OaD sm =QD xm
h=Q]= R= |yHwD p@=k |xOwOLt OW sRq 'pY=L |=y?=wH CkO uOQ@ q=@ |=Q@
Q@=Q@ 20 OwOL |R=UpOt xm OW XNWt =]N w |aU =@ "OwW OQ=w x@U=Lt QO |B

"CU= ?U=vt Qw_vt u}= |=Q@ |B hQ] Qy QO |B ZQa hYv
Cr=L |=Q@ =Q Tv=OBt= `@=wD \rDNt w |k}kL Q}O=kt '5 =D 2 |=ypmW
|=ypmW QO u}vJty "OyO|t u=Wv 'CU= sm =QDtQ}e |xOwD hQat xm � = 0 5
QO xm CU= xOW xU}=kt [10]'1988 p=U QO |WywSB G}=Dv =@ pY=L G}=Dv 'QwmPt
|@ wN |v=wNsy p=L u}= =@ "CU= xOW x�=Q= 2 |w=Ut Oa@|@ Ot=U@ =D \ki u;
pB wm |=ysQD xv=o =OH Qw]x@ '5 pmW "OQ=O OwHw QwmPt |xOwOLt QO G}=Dv u}@
(KHR) OL=w VNQJ p=ta= R= QB wD |=yQ=Owtv "OyO|t u=Wv =QKHR wKRH

"CU= xOt;CUOx@ (KRH) OL=w |ki= |}=Hx@=H p=ta= R= u}Jx]kv |=yQ=Owtv w
uQ=kD R= xm KRH w KHR pB wm |=yxir-wt x@ \w@ Qt |=ys=Qo =}O ?U=vt j=@]v=

|=[is}v Q@ `k=w uwiOt|Q=wv|B|=Q@KV V s�=kTv=OBt= `@=D|xU}=kt "2pmW
"sm =QDtQ}e C}=yv|@

Q@ `k=w uwiOt |Q=wv |B |=Q@ KHH s�=k Tv=OBt= `@=D |xU}=kt "3 pmW
"sm =QDtQ}e C}=yv|@ |=[is}v

28



2/
2|

xQ=t
W'

34
�2

|xQ
wO'

�13
97

u=DU
@=D�

h}
QW

u=Qt
a|

UOv
yt

l} |xR=U =@ |Q=wv |B Q@ `k=w Q=w}O =} w p}w] |xR=U l} |R=UpOt "7 pmW
"|O=R; xHQO

"Q}PBh=]av= QDU@ |wQ Q@ |O=R; xHQO l} sDU}U "8 pmW
%�17 |x]@=Q� QwmPt |xR=U8>>>><>>>>:

!fix =
q

Ke
M

!x =
q

Kx
M

!� =
q

K�
M h2

(17)

'xR=U |=B QO `k=w o |x]kv |Qovr w |} wQ}v pO=aD uDiQo Q_vQO R}v w
[34]%OwW|t pY=L 20 |r= 18 \@=wQ

1
!2
t

= 1
!2
fix

+ 1
!2
x

+ 1
!2
�

(18)

!fix = 2�
Tfix

; !t = 2�
Tt

(19)

Tt = Tfix

r
1 + Ke

Kx
(1 + Kx

K�
h2) (20)

l =N VvmQOv= QF= =@ xR=U ?r=e Ot=U@ w ?w=vD |xQwO ?}DQDx@ Tt w !t 'u; QO xm
VvmQOv= QF= =@ xR=U ?r=e ?w=vD |xQwO xm OvyO|t u=Wv QwmPt \@=wQ "CU=

"Ow@ Oy=wN QDW}@ ?rY |=B =@ xR=U ?w=vD |xQwO R= xQ=wty
Cr=L QO |O=R; xHQO l} |xR=U QF-wt |}=Q}t w ?w=vD |xQwO |UQQ@ OvwQ
QO |Q=wv |B Cr=L QO 
 Oa@|@ QDt=Q=B [35]"CU= QwOt |B x@=Wt uwiOt |Q=wv |B

'Tv=OBt= `@=wD |k}kL Q}O=kt u}=Q@=v@ "CU= |}=Hx@=H w wQ}v u}@ 900 u=R}t x@ R=i
=yu; \rDNt Q}O=kt w OwW|t |R=Ux}@W Qvi =@ xm CU= sDU}U |DNU hQat
VvmQOv= |xr�Ut QO "OwW|t |R=UpOt Qo =Q}t =@ w CU= sDU}U |}=Q}t hQat
w Qvi |QU l} =@ =Q l =N |xOwD u=wD|t Tv=OBt= `@=wD ltm x@ 'xR=U w l =N
|}=Q}t w |DNU Q}O=kt xm |Qw]x@ 'OQm u} Ro}=H |WNQJ w s�=k '|ki= |=yQo =Q}t
`@=D pO=at Qw]x@ =} w ! Ot=U@ `@=D xmr@ 'OvW=@v C@=F QwmPt |=yQo =Q}t w =yQvi

"OvW=@ a0 Oa@|@ Ot=U@

l} |xR=U QF-wt |}=Q}t w |a}@] ?w=vD |xQwO "4
sm =QDtQ}e l =N |xOwD |tQv Q}F-=D =@ |O=R; xHQO

p�=Ut QO u=wD|t =Q sm =QDt Q}e |=yxOwD |=Q@ xOt; CUOx@ |tQv w Tv=OBt= `@=wD
l =N VvmQOv= |xr�Ut 'xOWpY=L G}=Dv R= |OQ@ Q=m u=wvax@ "OQm |UQQ@ hrDNt
|=yp}rLD "CU= xOW |UQQ@ xR=U QF-wt |}=Q}t w ?w=vD |xQwO ?r=k QO xR=U w
,=DOta =yxR=U QF-wt |}=Q}t w ?w=vD |xQwO |x@U=Lt Qw_vtx@ xJN} Q=D QO OwHwt
'CU= l =NC}=yv|@ xt}v |xOwD Q@ `k=w uwiOtQ}e w uwiOt QwOt |=y|B x@ \w@ Qt
C}=yv|@ xt}v |xOwD |wQ Q@ uwiOt |Q=wv |B |wQ Q@ RmQtD 'Q[=L VywSB QO =t=

"CU= xDiQo CQwY l =N sm =QDtQ}e w
|m}t=v}O |Q=PoQ=@ Q@=Q@ QO Q}PBh=]av= QDU@l} u=wvax@ l =N|wQ Q@ xR=U Q=DiQ
|=Q@ u}=Q@=v@ "OQ=O |oDU@ |}xRQr |Q=PoQ=@ u}vJty w l =N 'xR=U C=}YwYN x@
w l =N u}@ VvmQOv= |=ywQ}v O}=@ 'xR=U C=}YwYN Q@ xwqa xR=U Q=DiQ |UQQ@
QF-=Dt xR=U QFwt |}=Q}t w ?w=vD |xQwO =Pr "CW=O ^wLrt C=@U=Lt QO R}v =Q xR=U

"Ow@ Oy=wN xR=U w l =N VvmQOv= R=
QO Q}}eD xS} wx@ w xR=U w l =N VvmQOv= Q}F-=D u} QDW}@ xm O=O u=Wv u=wD|t
l} =@ xR=U =Pr [33]"OQ}o|t CQwY xR=U |W=aDQ= pw= Owt QO xR=U ?w=vD |xQwO
=@ |R=UpOt h=Oy= xrtH R= ,=vt[ "OwW|t |R=UpOt |O=R; xHQO l} sDU}U
xO=U pOt l} ?r=k QO xO}J}B ,=[a@ |=yxO}OB |xOy=Wt '|O=R; xHQO l} |xR=U
|B Q@ `k=w Q=w}O =} w p} w] |xR=U l} |R=UpOt |ovwoJ '7 pmW "CU= xOW
CQwYx@ p}rLD Cr=L u}= QO "OyO|t u=Wv |O=R; xHQO l} |xR=U =@ =Q |Q=wv
w xR=U p} w] |=DU=Q QO xOWP=ND= |xa]k Ct=N[ w xOW s=Hv= |}xLiY VvQm

"CU= OL=w Q@=Q@ Q=w}O =}
xR=U sQH x@ C@Uv |B sQH R= 'QDxO=U \@=wQ x@ |@=}CUO Qw_vtx@ u}vJty
sQH u=ty QO |B sQH Q}F-=D xm OQm u=wva xvwou}= u=wD|t =} w CU= xOW Q_vhQY
OQ=Ov OwHw |B pLt QO |tQH =Hv}= QO u}=Q@=v@ "CU= xOW xOy=Wt xR=U RmQtDt pm
w Kx |=y|DNU =@ |WNQJ w |ki= |O=R; xHQO wO =@ u; QDU@ w ?rY |B w
Ke |DNU w M RmQtDt pm sQH =@ xR=U ?}DQD u}O@ "CU= xOW xDiQo Q_vQO K�

Q_vOt u; |ki= CmQL \ki =Pr w CU= |O=R; xHQO l} =@ xR=U u}vJty "CU=
CQwYx@ u}tR CmQL QF= QO M sQH |ki= |}=Hx@=H pm 'T=U= u}= Q@ "CU=

%Ow@ Oy=wN 16 |x]@=Q

ut = ug + ux + h� + ue (16)

VNQJ � '|B |ki= |}=Hx@=H ux 'u}tR CmQL R= |W=v |}=Hx@=H ug 'u; QO xm
"�8 pmW� CU= xR=U u=UWm pmWQ}}eD ue w xR=U `=iDQ= h '|B

|WNQJ w |ki= |=yOt=U@ u}vJty '?rY QDU@ =@ xR=U |=yOt=U@ |iQat =@

29



"""|
=yxR

=UQ
Fwt

|}=Q
}tw

?w
=vD|

xQwO
u}}a

D

"hrDNt |=yh=B |=Q@VvmQOv= QF= QO xR=U |xOWK}LYD ?w=vD |xQwO "9 pmW

"hrDNt |=yh=B |=Q@ VvmQOv= QF= QO xR=U |xOWK}LYD |}=Q}t "10 pmW

"hrDNt |=yh=B |=Q@ VvmQOv= QF= QO xR=U pm QFwt |}=Q}t "11 pmW

%OwW|t h} QaD 21 |x]@=Q CQwYx@ Q[=L VywSB

 = M

�Bh
(21)

|B pw] OL=w QO u; sHL sy l =N sQH x@ xR=U sQH hQat `k=w QO 
 'u; QO xm
xOt; QwOt |B |=Q@ xJN} Q=D QO xJv; Ovv=ty (�0) Qo}O Oa@|@ QDt=Q=B "CU= |Q=wv

%OwW|t u=}@ 22 |x]@=Q CQwYx@ [35]'CU=
�0 = CSTfix

h
(22)

`@]r=@ w l =N |xOwD uOw@ QDsQv R}v w xR=U `=iDQ= V}=Ri= =@ xm =Hv; R= u}vJty
=@ 'O@=}|t V}=Ri= xR=U w l =N VvmQOv= QF= 'u; QO |WQ@ Gwt CaQU uOw@sm
T=U=Q@ "Ow@ Oy=wN xR=Uw l =N VvmQOv= QF= u=R}t Qou=}@ 1

�0 '22 |x]@=Q x@ xHwD
[36]"OQm |U} wvR=@ u=wD|t 23 |x]@=Q CQwYx@ =Q 20 |x]@=Q '22 w 21 \@=wQ

'VvmQOv= QF= =@ xR=U sDU}U ?w=vD |xQwO xm OyO|t u=Wv 23|DWoQ@ |x]@=Q
|DNU xm =Hv; R= "CU= uwiOt |Q=wv |B Tv=OBt= `@=wD w xR=U |DNU x@ xDU@=w
'CU= ?w=vD |xQwO x@ xDU@=w ,=Q_=vDt w Ot=U@ x@ xDU@=w OwN |x@ wv x@ R}v |Q=wv |B
?w=vD |xQwO u=wD|t Q=QmD OvwQ l} =@ Tfix ?w=vD |xQwO =@ xR=U l} |=Q@ u}=Q@=v@

"OQm x@U=Lt =Q (Tt) VvmQOv= QF= QO u; |xOWK}LYD
?w=vD |xQwO w Ot=U@ 'CU= \rDNt Q}O=kt `@=D 23 |x]@=Q xm =Hv; R=
25 w 24\@=wQ R= sDU}U |ak=w |}=Q}t w Ot=U@ "Ow@ Oy=wN\rDNt R}v xOt;CUOx@

[37]%Ov};|t CUOx@
!real = real(!) (24)

�0 = imag(!)
abs(!)

(25)

u=UWm |xOwD |wQ Q@ uwiOt |Q=wv |B 'QwmPt \@=wQ R= |OQ@ Q=m u=wvax@
'OW x@U=Lt 3 VN@ QO u; Tv=OBt= `@=wD xm � = 0 5 uwU=wB ?} Q[ =@
|B hYv x@ ZQa C@Uv =@ |}=yxR=U |=Q@ C=@U=Lt w OwW|t xDiQo Q_vQO
0 1 u}@ ,qwtat xm 
 Oa@|@ QDt=Q=B Q=Okt "OQ}o|t CQwY ( hB = 1; 2; 5; 10)

'10 w 9 |=ypmW "CU= xOW ZQi 0 15 Q@=Q@ =Hv}= QO [35]'CU= Q}eDt 0 2 =D
xm Qw]u=ty "OvyO|t u=Wv 1

�0 ?UL Q@ =Q xDi=}K}LYD |}=Q}t w ?w=vD |xQwO
QDQeq |=yxR=U ?w=vD |xQwOV}=Ri= QO |B QDU@ |Q}PBh=]av= Q}F-=D 'CiQ|t Q=_Dv=
V}=Ri= =@ 'QwmPt |=ypmW j@=]t u}vJty "CU= QDW}@ QDuyB |=yxR=U x@ C@Uv
"OQ=O =Q p}rLD QO uO=O Cr=NO VRQ= w CU= xHwD p@=k VvmQOv= QF= ' 1

�0 QDt=Q=B
xR=U w l =N VvmQOv= QF= uOQm ^=Lr Qw_vtx@ 1

�0 |OL Q=Okt 'u=QoWywSB |NQ@
P=ND= =@ |Q=wv |B Cr=L QO [8]"Ov=xOQm |iQat 0 05 =@ Q@=Q@ =Q QwOt |B p}rLD QO
h
B = 10 =@ Qeq |xR=U QO ?w=vD |xQwO V}=Ri= u=R}t |xv}W}@ ' 1

�0 = 0 13
'Ov=xOW ZQi u=UWm l =N |xOwD w xR=U xm =Hv; R= u}vJty "CU= �10 OwOL
R= |W=v |UOvy =} |aWaWD |}=Q}t hQat '11 pmW QO xOt; CUOx@ �0 |}=Q}t
|=Q@ '?w=vD |xQwO hqNQ@ QwmPt QF= xm CU= l =N |xOwD uOw@ C}=yv|@ xt}v QF=
|rN=OD '10 pmW QO p=L u}= =@ "CU= QDQeq |=yxR=U R= QDW}@ QDuyB |=yxR=U

Tf = Tfix =
r

1 + 

�20( hB )

4�2
(real(kHH )+i imag(kHH ) � (1 + (real(kHH )+i imag(kHH )

(real(kRR)+i imag(kRR)) ( hB )2)

(23)

30



2/
2|

xQ=t
W'

34
�2

|xQ
wO'

�13
97

u=DU
@=D�

h}
QW

u=Qt
a|

UOv
yt "OvyO|t Vy=m =Q xR=U |}=Q}t syU xR=U w l =N VvmQOv= QF= w OvwW|tv `tH

V}=Ri= xQ=wty Tt
Tfix

w �0 'xR=U w l =N VvmQOv= QF= V}=Ri= =@ 'Qo}O CQ=@ax@
|}=Q}t QF= xm OW=@ |QOkx@CU= umtt Tt

Tfix
V}=Ri= 'Ovr@ |=yxR=U QO =t= "Ov@=}|t

?rY |=B =@ xR=U |}=Q}t R= xR=U w l =N sDU}U pm |}=Q}t w OyO Vy=m =Q xR=U
QO |B VNQJ xHwD p@=k Q}F-=D x@ QwmPt |xO}OB '|m} R}i ^=Lr R= "OwW QDtm R}v

"OwW|t \w@ Qt QDx=Dwm |=yxR=U x@ C@Uv QDOvr@ |=yxR=U |ki= |}=Hx@=H

|Q}oxH}Dv "5
|xRwL QO |Oa@ wO |L]U VvD w |}=Hx@=H |U=U= |=ypL 'Q[=L Q=DWwv QO
\@=wQ 'Qw_vt u}= |=Q@ "OW K}LYD 0 5 Q@=Q@ uwU=wB ?} Q[ Cr=L |=Q@ Ot=U@
|U=U= |=ypL R= xO=iDU= =@ "OW xO=iDU= sRq |=y|R=UxO=U R}v w |RQ=sy
`=@W= TQ l =N X=N Qw]x@ w sm =QDtQ}e |=yxOwD |m}t=v}O Q=DiQ 'xOt; CUOx@
|OQ@ Q=m u=wvax@ "OQm |UQQ@ |RQt u=tr= VwQ =@ u=wD|t =Q xOWv|WmyR Cr=L QO
`@=wD |x@U=Lt QO |RQt u=tr= VwQ C}r@=k 'xOt; CUOx@ |U=U= |=ypL R=
sm =QDtQ}e l =N C}=yv|@xt}v |xOwD |wQ Q@ `k=w uwiOt |Q=wv |B l} Tv=OBt=
'|Q=wv |B Cr=L QO ?U=vt Oa@ |@ |=yQDt=Q=B |iQat =@ u}vJty "OW |UQQ@
|=B =@ xR=U ?w=vD |xQwO ?UL Q@ xR=U QF-wt |}=Q}t w ?w=vD |xQwO |=Q@ |}x]@=Q
QO xm =Hv; R= "Ot; CUOx@ Tv=OBt= `@=wD \rDNt w |k}kL Q}O=kt R}v w ?rY
|x@ wv x@ R}v Tv=OBt= `@=wD w Tv=OBt= `@=wD x@ ?w=vD |xQwO 'xOt; CUOx@ |x]@=Q
OvwQ l} =@ u}=Q@=v@ 'CU= xDU@=w ?w=vD |xQwO x@ ,=Q_=vDt w Oa@|@ Ot=U@ x@ OwN
|=Q@ 1

�0 QDt=Q=B |OL Q=Okt "OvOt; CUOx@ xR=U QF-wt |}=Q}t w ?w=vD |xQwO 'Q=QmD
QF= uDiQo Q_vQO Qw_vt x@ '|B ZQa sQ=yJ l} Q@=Q@ |oOWuwiOt =@ |Q=wv |=y|B
=@ xR=U |}=Q}t j}irD =@ u}vJty "OW x@U=Lt 0 13 OwOL xR=U w l =N VvmQOv=
R}v xDiQo Q_vQO X=N Cr=L QO "OW x@U=Lt xR=U pm QF-wt |}=Q}t 'QF-wt |}=Q}t
Qeq |=yxR=U |=Q@ xm CU= |}xvwox@ xR=U w l =N VvmQOv= QF= xm OW xOy=Wt
"OwW ?rY |=B =@ xR=U |}=Q}t x@ C@Uv xR=U pm QF-wt |}=Q}t Vy=m Ea=@ Ov=wD|t
VNQJ QDW}@ Q}F-=D x@ w CU= QwOt |B Ovv=ty |i}m Q_v R= xOt; CUOx@ |xH}Dv

"OwW|t \w@ Qt QDx=Dwm |=yxR=U x@ C@Uv QDOvr@ |=yxR=U QO |B

`@=wD |]NQ}e OvwQ x@ xm OwW|t xOy=Wt h
B = 1; 2 x@ \w@ Qt |=yh=Qo u}@

"OwW|t \w@ Qt uwiOt |Q=wv |B Tv=OBt=
l =QDW= |xwLv O}=@ =OD@= 'pm QF-wt |}=Q}t QO xR=U |}=Q}t uDiQo Q_vQO |=Q@
=y|DNU uDiQo Q_vQO =@ "OwW XNWt pm |}=Q}t QO hrDNt |=y|}=Q}t syU
|=Q@ 26 |x]@=Q 'p@k Ovv=ty wQ}v w Qovr pO=aD \@=wQ R= xO=iDU= w \rDNt CQwYx@

[34]%O};|t CUOx@ xR=U w l =N sDU}U pm |}=Q}t

�t = �s(
!2
t

!2
s

) + �h(!
2
t

!2
s

) + ��(
!2
t

!2
s

) + �soil(1� !2
t

!2
s

) (26)

|WNQJ w |ki= |UOvy =} |aWaWD |}=Q}t hQat ?}DQD x@ �� w �h 'u; QO xm
xR=U |}=Q}t hQat �s w l =N |xOwD Kr=Yt |}=Q}t hQat �soil 'l =N |xOwD
w uDN=U lryDUt Cra x@ 'OW=@ R}v u=UWm l =N |xOwD xm |DQwY QO "CU=
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xOWx@U=Lt �0 |}=Q}t jwi C=L}[wD T=U=Q@ "OwW|t QDDUt Tv=OBt= `@=wD QO R}v
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[38]%CU= xOW O=yvW}B xR=U w l =N pm QF-wt|}=Q}t |=Q@ 28 |x]@=Q p=L u}= =@
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xR=U w l =N sDU}U pm QF-wt |}=Q}t 'xR=U |=Q@ �s = �5 |}=Q}t ZQi =@
11 pmW QO |tD} Q=or C=YDNt QO 1

�0 QDt=Q=B x@ C@Uv 28 |x]@=Q T=U=Q@
sDU}U pm |}=Q}t q=@ hB Q}O=kt |=Q@ OwW|t x_Lqt xm Qw]u=ty "OwW|t xOy=Wt
x}HwD u=wD|t 28 =} w 27 |x]@=Q =@ =Q Vy=m u}= "O@=} Vy=mOv=wD|t xR=U w l =N
sy =@ ,=t}kDUt l =N w xR=U |}=Q}t xm OvyO|t u=Wv QwmPt \@=wQ u}vJty "OQm

=yCWwv=B
1. impedance functions
2. system identi�cation
3. compliance functions
4. e�ective ductility
5. dirac delta function
6. Betti's reciprocal theorem
7. smooth boundaries
8. Kronecker delta
9. Bessel functions
10. convoluted form
11. enclosing boundaries
12. virtual boundaries
13. compliance matrix
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