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R=Q}W |DavY x=oWv=O 'CU} R \}Lt w u=Qta |UOvyt VN@

�O=DU=� hD=y QO=v
�O=DU=� |v=tQyk uqUQ=

R=Q}W x=oWv=O 'u=tDN=U w x=Q |UOvyt VN@ '|UOvyt |=yxOmWv=O T}OQB

p}rLD |=Q@ �RPIM� 1|a=aW `@=wD =@ |}x]kv |@=}uwQO xOW C} wkD VwQ Q=DWwv u}= QO
xr}Uw@ VwQ C} wkD "CU= xDiQo Q=Qk xO=iDU= OQwt KrUt |=yl =N 2|Q}tN �|a=HDQ=

p}rLD QO "OwW |t VwQ 3O}rwDR=@ CQOk w pL CkO V}=Ri= Ea=@ =y|}xrtHr=Q}Fm
xOW l}miD 4x]U=w x}q w xOvvm KrUt 'l =N |=RHt CtUk xU x@ KrUt l =N Q[=L
|}=yv sDU}U "CU= xOW p}mWD RPIM VwQ T=U= Q@ |}=H@=H u=O}t CtUk Qy QO w
CUO@ xtm =L CqO=at 5h}a[ sQi QO xOW O}rwD |}=H@=H u=O}t |Q=Po}=H R= CqO=at

� |a=HDQ= CQwY x@ x]U=w x}q w =y xOvvm KrUt 'l =N Q=DiQ Q=DWwv u}= QO "O}; |t
u=mt= '\@=Q u=tr= swyit uOQ@ Q=m x@ =@ u}vJty "CU= xOW xDiQo Q_v QO pt=m |Q}tN
l} 'xOt; CUO@ \@=wQ T=U= Q@ "CU= xOW sy=Qi x]U=w x}q QO VRer |R=U x}@W
OQwt u; OQmrta 'Q=DWwv |=yDv= QO p=Ft OvJ pL =@ w CU= xOW x}yD |}xv=}=Q xt=vQ@

"CU= xDiQo Q=Qk |UQQ@
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ghahrama@shirazu.ac.ir "KrUt l =N '|}x]kv |@=} uwQO VwQ %|O}rm u=oS=w

xtOkt
|O}OH |xN=W '\=kv |wQ Q@ |a[wt u}tND |=Q@ 'uRw `@=wD w 7|U=U= `@=wD R=
|xv}tm ?} QkD VwQ |iQat =@ u}vJtyOvOQw; OwHwx@ =Q xm@W uwO@ |=yVwQ R=
[4]"OW xO}WN@ Ow@y@ 9u}mQr=o u=tr= uwO@ VwQ s=v =@ RrwQ}=v VwQ 8lQLDt C=a@ Qt
[5]'10OwOLt Q@= VwQ Q}_v =Q xm@W uwO@ hrDNt |=yVwQ |Q=}U@ u=QoWywSB
|iQat """w [7]12|}x]kv |@=}uwQO VwQ [6]'11xOvvmO}rwD R=@ |xDUy =@ |}xQP VwQ

"CU= swUQt CQwYx@ xm@W x@ |R=}v|@ =yVwQ u}= |rY= |oS} w "Ov=xOQm
hrDNt |=yxRwL QO xm@W uwO@ |=yVwQ OQ@ Q=m OQwt QO |Q=}U@ |=yVywSB
l}vmDw�S |UOvyt swra =@ =yu; R= |OwOLt O=OaD xm CU= xOW s=Hv= |tra
R= xO=iDU= =@ |NQ@ "OQm xQ=W= OvJ |D=k}kLD x@ u=wD|t xv}tR u}= QO "CU= \@DQt
[8]"Ov=xDN=OQB Q=OxRQO |=ynvU pOt |Oa)@ wO p}rLD x@ u}mQr=o u=tr= uwO@ VwQ
|Q}tN- |a=HDQ= Q=DiQ |=Q@ |Dr=vB VwQ R= xO=iDU= =@ =Q nv=S VwQ R}v |NQ@
|@=}uwQO VwQ R= %hrDNt |=yxar=]t QO u}vJty [9]"Ov=xO=O VQDUo =yxRQO
CWv p}rLD QO xm@W uwO@ VwQ R= [11w10]'s}mLD Ov}=Qi |R=UpOt |=Q@ |}x]kv
nQR@ |=ysQi Q}}eD =@ p�=Ut |UQQ@ QO 13|O=t |x]kv VwQ R= [12]'O=R; K]U =@
|=yl =N |a=HDQ= p}rLD QO |}x]kv |@=}uwQO VwQ R= w [13]'l =N l}v=mt QO

[14]"CU= xOW xO=iDU= KrUt
w KrUt |=yl =N |Q}tN- |a=HDQ= p}rLD VQDUo Q@ |aU Q=DWwv u}= QO
|@=}uwQO VwQ =OD@= Q=DWwv u}= |xt=O= QO "CU= 14x]U=w |x}q VRer |R=Ux}@W

|Q=O}=B w Ctw=kt Ow@y@ |=Q@ =yl}DDv}Uw�S Q}_v xOvvmKrUt Kr=Yt R= xO=iDU=
|=yxR=U Q=DiQ |UQQ@ xmv; p=L "CU= V}=Ri= p=L QO |m}vmDw�S |=yxR=U
,qwtat |y=oW}=tR; |=y|R=UpOt =} w |}=QLY |=yxar=]t j} Q] R= KrUt |m =N
|v}@V}B |=Q@ |OOa p}rLD |=yVwQ R= ?re= =Pr "CU= Q@u=tR w xv} RyQB |Ov}=Qi
u} QDpw=ODt R=|m} "OwW|t xO=iDU=KrUt|m =N|=yxR=UsQi Q}}eD- Q=@C=}YwYN
xm OvJ Qy "CU= OwOLt u=tr= VwQ 'KrUt |=yl =N |OOa p}rLD |=yVwQ
|v=wD=v Q}_v |Yk=wv |=Q=O =t= OwW|t xO=iDU= |a}Uw CQwYx@ OwOLt u=tr= VwQ
w nQR@ |=ysQi Q}}eD QO CUQO=v |Q}oxH}Dv '=yxOvvmKrUt |Oa)@ wO |R=UpOt QO
VwQ QO CqmWt u}= |xOta Cra "CU= =yu=tr= RQt QO =yVvD |oDUUo =}
|Qo}O |xDUO u}=Q@=v@ "CU= p}rLD s=Hv= |=Q@ |Ov@xm@W R= xO=iDU= OwOLt u=tr=
|=yl =N p}rLD |=Q@ 'OvQ=Ov |oDU@=w |Ov@xm@W x@ xm |OOa p}rLD |=yVwQ R=
|=yVwQ,q)m =Q |OOa |=yVwQ R= O}OH |xDUO u}= "CiQo Q=Qk xO=iDU= OQwtKrUt

"Ovt=v|t xm@W uwO@
|m}t=v}OwQO}y C=QP s=v =@ 1977 p=U QO Q=@ u}rw= xm@W uwO@ |=yVwQ
u}= u=QoWywSB R= |NQ@ [1]"OW xO=iDU= |}=[i |=yxO}OB |UQQ@ |=Q@ 6h=Y
xO=iDU= =@ R}v |NQ@ w [3w2]OvO=O \U@ C=Ot=H l}v=mt p�=Ut pL |=Q@ =Q VwQ
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=HDQ

=p}
rLDa = fa1 a2 a3 : : : angT (4)

PQ =

266666666664

1 x1 y1 x1y1 : : : pn(X1)
1 x2 y2 x2y2 : : : pn(X2)
1 x3 y3 x3y3 : : : pn(X3)
: : : : :

: : : : :

1 xn yn xnyn : : : pn(Xn)

377777777775
(5)

u=wD|t =Q aT} QD=t OQi x@ QYLvt |=y?=wH 'PQ T} QD=t |Q}PBuwQ=w ZQi =@
:OQw;CUOx@ 6 |x]@=Q R=

a = P�1
Q US (6)

:s} Q=O 1 |xrO=at QO 6 |xrO=at |Q=Po|=H R=

u(X) = PT (X)P�1
Q US =

nX
i=1

�iui = �T (X)US (7)

"CU= PIM VwQ pmW `@=wD Q=OQ@ �T (X) xm
�T (X) = f�1(X) �2(X):::�n(X)g (8)

p}yUD Ea=@ xm OvDUy 17Qmv=Qm |=DrO C}Y=N |=Q=O xOt; CUOx@ pmW `@=wD
"CU= u=tr= VwQ Ovv=ty 18|U=U= |RQt \}=QW p=ta*=

j}kO |WwQ '|}xrtHr=Q}Fm |U=U= `@=wD R= xO=iDU= =@ |}x]kv |@=}uwQO VwQ
OwHwt |=yxQo O@ V}=Q; =} w |U=U= `@=wD ?U=vt=v ?=NDv= =t= "CU= xO=U w
w OwW 19OQivt PQ T} QD=t xm OwW|t Ea=@ X |x]kv |y=ox}mD |xvt=O QO
|Dw=iDt |=yO=yvW}B pmWt u}= `iQ |=Q@ "OW=@v umtt P�1

Q T} QD=t |x@U=Lt
|a=aW |U=U= `@=wD R= xO=iDU= =ypLx=Q u} QDOt;Q=m R= |m} [15]"CU= xOW x�=Q=

"Ovm|t u}t[D =Q PQ T} QD=t |Q}PBuwQ=w `@=wD u}= OQ@ Q=m "CU=
'21u}Uw=o `@=wD '20l}D=QO=wm |Drwt `@=wD Ovv=t |a=aW `@=wD R= |irDNt `=wv=
|Drwt `@=D Q=DWwv u}= QO "OvwW|t xO=iDU= |U=U= `@=wD u=wvax@ """w |tD} Q=or `@=wD

:CU= xOW xO=iDU= �9 |x]@=Q� l}D=QO=wm
Ri(X) = [ri + c2]q (9)

10 |x]@=Q R= xm CU= Xi |v=O}t |xQo w X Q_v OQwt |xQo u}@ |xrY=i ri
:OwW|t u}}aD

ri = [(x� xi)2 + (y � yi)2]0 5 (10)

u}}aD |UQQ@OQwt |xr�Ut ẁv T=U=Q@ xm OvDUy |}=yC@=F q w c |=yQDt=Q=B
q w c |=Q@ ?}DQDx@ 0 98 w 1 42 Q}O=kt 'C=Ot=H l}v=mt p�=Ut QO "OvwW|t

"CU= xOW xO=iDU= QwmPt O=Oa= R= R}v Q=DWwv u}= QO [15]"CU= xOW O=yvW}B
Q@xwqa 'u}tND VwQ O}rwDR=@ CQOk V}=Ri= w 22|Q=oR=U \}=QW <=[Q= |=Q@
|xDUw}B `@=D u=wD|t wQu}= R= "OwW|t xO=iDU= R}v =y|}xrtHr=Q}Fm R= |a=aW `@=wD
11 |x]@=Q CQwYx@ |}xrtHr=Q}Fm w |a=aW |U=U= `@=wD R= xO=iDU= =@ =Q u(X)

:OR u}tND

u(X)=
nX
i

Ri(X)ai+
mX
j

pj(X)bj=RT (X)a+PT (X)b (11)

C} wkD |xwLv w OwW|t xO=O KQW |a=aW w |}xrtHr=Q}Fm |U=U= `@=wD =@ |}x]kv
pL |=Q@ sRq |=yxrO=at TBU "OwW|t u=}@ =yxrtHr=Q}Fm =@ |a=aW |U=U= `@=wD
|=y\}Lt C=Q}}eD pwY= w |Q}tN-|a=HDQ=Cr=L QOKrUt |=yl =N |=yxr�Ut
=@ u=}=B QO w x�=Q= C=}�RH =@ xr�Ut pL |xwLv TBU "CU= xOW KQ]t xDUUo
|UQQ@ xOWQmP |Qw�D T=U= Q@ xOWx}yD Q=Ri=sQv OQmrta CLY p=Ft OvJ pL

"CU= xOW

|}x]kv |@=}uwQO VwQ
=yxrtHr=Q}Fm R= |@=}uwQO |=Q@ 'OwOLt u=tr= Q}_v |OOa |=yVwQ R= |Q=}U@ QO
u=tr= VwQ QO "OwW|t xO=iDU= pmW `@=wD p}mWD |=Q@ |U=U= `@=wD |xrRvtx@
=} w |oDUUo xvwoI}y uwO@ xm CU= |}=yu=tr= T=U=Q@ |@=}uwQO u}= OwOLt
'|}x]kv |@=}uwQO VwQ QO xmv; p=L "Ov=xDiQo Q=Qk Qo}Om} =@ T=tD QO |v=WwBsy
u; |o}=Uty QO xm =yxQo R= |mJwm |xDUO T=U=Q@ x]kv l} |=Q@ |@=}uwQO
Q_vOQwt |x]kv 15|rLt |y=ox}mD |xvt=O pN=O QO ,=Lq]Y= w Ov=xDiQo Q=Qk x]kv
Qo}Om} =@ Ovv=wD|t |y=ox}mD |=yxvt=O u}= w OwW|t s=Hv= OvQ}o|t Q=Qk �1 pmW�

"OvW=@ xDW=O R}v |v=WwBsy
QO =Q `@=D u}= "s} Q}o|t Q_vQO =Q �|}=H@=H `@=D ,qFt� u(X)|xDUw}B `@=D

:OR u}tND 1 |x]@=Q CQwYx@ u=wD|t X |x]kv |xOwOLt

u(X) =
nX
i=1

pi(X)ai = PTa (1)

O=OaD n 'X = [x ; y]T |}=[i Q}eDt R= |}xrtHr=Q}Fm `@=D pi(X) 'u; QO xm
OvDUy |U=U= `@=D Qy Q}_v |=y?} Q[ ai w X |y=ox}mD |xvt=O QO |}xQo \=kv
|xvt=O QO OwHwt |}xQo \=kv QO u(X) `@=D Q@ |}xQo |=y|}=H@=H p=ta= =@ w

%CWwv u=wD|t |y=ox}mD

US = PQa (2)

16Qw=DWo T} QD=t PQ w pwyHt ?}=Q[ Q=OQ@ a '|}xQo |=y|}=H@=H Q=OQ@ US xm
"CU= |}xrtHr=Q}Fm

US = fu1 u2 u3 : : : ungT (3)

"X |x]kv |y=ox}mD |xvt=O "1 pmW
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"""w
hD=

yQ
O=v'

Vv
}@O

tLt
O}U :O};|tCUOx@ 25 |x]@=Q 22 |xrO=at R= =Pr

a0 =

(
a

b

)
= G�1US (25)

:O};|tCUOx@ 26 |x]@=Q 25 w 11 |=yxrO=at j}irD R= w
u(X) =

n
RT (X) PT (X)

o
G�1US = �T (X)US (26)

:O};|tCUOx@ 27 |x]@=Q R= 26 |x]@=Q QO �T xm
�T = f�1(X) �2(X) ::: �n(X) �n+1(X) ::: �n+m(X)g (27)

:CWwv 28 |x]@=Q CQwYx@ =Q pmW `@=wD Q=OQ@ u=wD|t w
�T = f�1(X) �2(X) ::: �n(X)g (28)

KrUt l =N p}rLD
h}YwD pw= x=oO}O "OQ=O OwHw KrUt |=yxR=U |OOa p}rLD OQwt QO x=oO}O wO
w uoty |}xO=t CQwYx@ xOWKrUt sDU}U u; QO xm CU= \}Lt 23|@}mQD
<=RH= C=}YwYN |@}mQD \}Lt Cr=L u}= QO "OwW|t |R=UpO=at 24u=UtyQ}e
25|=RHth}YwD swO x=oO}O "OyO|t T=mav= =Q =yu; u}@VvmQOv= w xOvyOp}mWD
|UQQ@ xv=o =OH CQwYx@ =yu; u}@VvmQOv= w <=RH= R=l} Qy u; QO xmCU=\}Lt
w xOvvmKrUt 'l =N |=RHt VN@ 3 x@ KrUt l =N sDU}U ?}DQD u}O@ "OwW|t
h}YwD |=Q@ swO x=oO}O R= Q=DWwv u}= QO "OwW|t s}UkD =yv; u}@ |x]U=w |x}q
|=Q@ |rm |=yxrO=at =OD@= EL@ |xt=O= QO "CU= xOW xO=iDU= KrUt l =N \}Lt
KrUt 'l =N� KrUt l =N |=RHt CtUk 3 |=Q@ |RQt Q}O=kt =@ |}xLiY p�=Ut
=@ xDUUo |=y\}Lt |=Q@ |D=Q}}eD pwY= TBU 'OwW|t u=}@ �x]U=w |x}q w xOvvm
l =N p}rLD |=Q@ =yxrO=at |=RHt sDU}U w OwW|t KQ]t p}Uv=DB `@=D R= xO=iDU=

"O};|t CUOx@ KrUt

|}xLiY p�=Ut |=Q@ |rm |=yxrO=at
|m}D=DU= pO=aD |=yxrO=at

|x]@=Q CQwYx@ |m}D=DU= pO=aD |xrO=at 'Ot=H sUH l} R= 
 |xOwOLt |=Q@
:OwW|t 29

LT� + b = 0 (29)

:O};|t CUOx@ 30 |x]@=Q R= VvD QwUv=D '|}xLiY VvQm \}=QW uDiQo Q_v QO =@
�T = f�x �y �z �xyg (30)

|x]@=Q CQwYx@ |tHL |wQ}v Q=OQ@ w 31 |x]@=Q CQwYx@ L Qopta u}vJty
:OwW|t u=}@ 32

LT =

2664 @
@x 0 0 @

@y

0 @
@y 0 @

@x

0 0 @
@z 0

3775 (31)

bT = f bx by bzg (32)

\=kv O=OaD n 'X R= |}xrtHr=Q}Fm w |a=aW |U=U= `@=wD ?}DQD x@ Pj w Ri
|}xrtHr=Q}Fm |=yCQ=@a O=OaD m 'X |x]kv |rLt |y=ox}mD |xvt=O QO |}xQo
Pj w Ri =@ \@DQt ?}=Q[ ?}DQD x@ bj w ai w |U=U= `@=wD u=wvax@ xO=iDU=OQwt

:OvDUy |Q=OQ@sQi |=Q@ 15 =D 12 |=yx]@=Q "OvDUy
R(X) = [R1(X) R2(X) R3(X) ::: Rn(X)]T (12)

P (X) = [P1 (X) P2 (X) P3 (X) ::: Pm (X)]T (13)

a = [a1 a2 a3 ::: an]T (14)

b = [b1 b2 b3 ::: bm]T (15)

p=ta= j} Q] R= xrO=atn "CU= xrO=at m+ n x@ R=}v bj w ai Q}O=kt u}}aD |=Q@
:OwW|t O}rwD 16 |x]@=Q CQwYx@ u(X) `@=D Q@ |}xQo Q}O=kt

uk = u(xk; yk) =
nX
i=1

Ri(xk; yk)ai +
mX
j=1

pj(xk; yk)bj

k = 1; 2; :::; n (16)

:s} Q=O 17 |x]@=Q |U} QD=t sQi QO =}
US = RQa+ Pmb (17)

RQ =

266666664
R1(r1) R2(r1) : : : Rn(r1)
R1(r2) R2(r2) : : : Rn(r2)
: : :

: : :

R1(rn) R2(rn) : : : Rn(rn)

377777775
n�n

(18)

Pm =

266666664
p1(x1; y1) p2(x1; y1) : : : pm(x1; y1)
p1(x2; y2) p2(x2; y2) : : : pm(x2; y2)

: : :

: : :

p1(xn; yn) p2(xn; yn) : : : pm(xn; yn)

377777775
n�m
(19)

:O};|t CUOx@ 20 |x]@=Q R= ?=wH |}=Dm} \}=QW p=ta*= =@ xOv=t|k=@ |xrO=atm
nX
i=1

pj(xi; yi) ai = 0 j = 1; 2; :::;m (20)

:s} Q=O 21 |x]@=Q |U} QD=t sQi QO =}
PTma = 0 (21)

:O};|t CUOx@ 22 |x]@=Q 21 w 17 |=yxrO=at j}irD R= w

US =

(
US
0
)"

RQ Pm
PTm 0

#
| {z }

G

(
a

b

)
= Ga0 (22)

:O};|t CUOx@ 24 w 23 |=yx]@=Q R= US w a0 Q=Okt 22 |x]@=Q QO
a0 = fa1 a2 ::: an b1 b2 ::: bmg (23)

US = fu1 u2 ::: un 0 0 ::: 0g (24)
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l=N

|Q}
tN-

|a
=HDQ

=p}
rLDCyH QO VvQm u=wD|t 'CU= R}J=v Q=}U@ �L� u; pw] x@ C@Uv �h� x]U=w |x}q

A \=kv |@Uv |}=H@=H T=U=Q@ =QP |x]kv |@Uv |}=H@=H w OQm ZQi C@=F =Q n
:O};|t CUOx@ 40 |x]@=Q u}=Q@=v@ "OQm h} QaD u}}=B w q=@ C=LiY |wQ Q@ B w
� = [�s �n]T = UB � UA (40)

'P |x]kv QO |WQ@ w |Owta |@Uv |=y|}=H@=H ?}DQD x@ �s w �n 'u; QO xm
n� s |rLt C=YDNt QO B w A \=kv |}=H@=H |=yQ=OQ@ ?}DQD x@ UB w UA
QO =Q |}=H@=H |=yQ=OQ@ u=wD|t C C=YDNt p=kDv= T} QD=t R= xO=iDU= =@ "OvDUy

:OQm h} QaD 41 |x]@=Q CQwYx@ |rm C=YDNt
U = CU (41)

\=kv |=y|}=H@=H x@ =Q B w A \=kv R= l} Qy |}=H@=H u=wD|t Qo}O hQ] R=
xOy=Wt xmQw]u=ty "�2 pmW� CN=U \@DQt =yv; |y=ox}mD |xvt=O QO OwHwt
u}=Q@=v@ "Ov=xOW `]k x]U=w |x}q pLt QO B w A\=kv |y=ox}mD |xvt=O OwW|t

:CWwv u=wD|t
UA = �AugA

UB = �BugB (42)

QO OwHwt \=kv |=Q@ pmW `@=wD |=yT} QD=t ?}DQD x@�B w�A '42 |x]@=Q QO
w Ov};|t CUOx@ RBPIM VwQ R= xm OvDUy B w A \=kv |y=ox}mD |xvt=O
Bw A \=kv |y=ox}mD |xvt=O QO =yxQo |}=H@=H |=yQ=OQ@ ?}DQD x@ ugB w ugA

:CWwv =Q 43 |x]@=Q u=wD|t 42 =D 40 |=yx]@=Q uDiQo Q_vQO =@ "OvDUy
� = BiUi (43)
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|v=tR "OwW VNB R=@ x}=Uty |=yxQo u}@ O}=@ �max w � u}@ Cw=iD w OyO p=kDv=
xO=iDU= =@ p}rLD w CU= p=YD= Cr=L 'OyOv MQ xOW QmP \}=QW R= l}I}y xm

"OwW|t s=Hv= xOW XNWt |DNU ?}=Q[
|U} wv xt=vQ@ u=@ R R= xO=iDU= =@ |}xv=}=Q |xt=vQ@ l} 'QwmPt pL=Qt T=U=Q@
"CU=xOW p}rLD xt=vQ@ u}= =@ Ov};|t xt=O= QO xm|}=yp=Ft w x}yD [17] MATLAB

|OOa |xar=]t
"OvwW|t |UQQ@ p=Ft 3 'MATLAB |}xv=}=Q |xt=vQ@ R= xO=iDU= =@CtUk u}= QO
|=Q@ �xOvwWxO=U |=yx}[Qi uwO@� j}kO |r}rLD pL |xOy=Wt sOa x@ xHwD =@
xOW xO=iDU= OwOLt u=tr= |xt=vQ@ G}=Dv R= xt=vQ@ O}}-=D |=Q@ 'xDUUo |=y\}Lt
xr�Ut ?=wH =yu=tr= O=OaD V}=Ri= =@ xm CU= xOw@ u; Q@ ZQi =yp=Ft u}= QO "CU=

"OwW|t QDl}ORv j}kO pL x@
RmQtDt Q=@ CLD xDUUo |a=HDQ= \}Lt "1 p=Ft

QO xOvvmKrUt |x}q xm xOW xDiQo Q_vQO KrUt \}Lt R= |vwDU p=Ft u}= QO
"OwW|t OQ=w uwDU |q=@ QO 50kN RmQtDt Q=@ "CU= xDiQo Q=Qk uwDU `=iDQ= \Uw
uwO@ '\}Lt "CU= xOW xO=O u=Wv 5 pmW QO |RQt \}=QW w xr�Ut |xUOvy
w ZQi 0 3 uwU=wB ?} Q[ w 30MPa |a=HDQ= pwOt =@ |a=HDQ= ,qt=m w uRw
uwU=wB ?} Q[ w 600MPa |a=HDQ= pwOt =@ w |a=HDQ= ,qt=m R}v xOvvmKrUt
OwHw x]U=w |x}q wO xOvvmKrUt u}}=B w q=@ QO "CU= xOW xDiQo Q_v QO 0 25
w �ks� |WQ@ |DNU ?} Q[ |=Q=O w CU= sy x@=Wt x}q wO u}= Q=DiQ xm OvQ=O

"OvDUy 106kN/m3 w 104kN/m3 =@ Q@=Q@ ?}DQDx@ �kn� |Owta
u=tr= VwQ R= 'OQ=Ov OwHw xr�Ut u}= |=Q@ |r}rLD j}kO pL xmv}= x@ xHwD =@
'=yu=tr= O=OaD V}=Ri= =@ ,=@DQt ?}DQD u}= x@ "CU= xOW xO=iDU= u; pL |=Q@ OwOLt

55

www.SID.ir

www.SID.ir


Arc
hive

 of
 S

ID

"""xO
=iDU

==@K
rUt

|=y
l=N

|Q}
tN-

|a
=HDQ

=p}
rLD

"CU= x=Qty =yxQo O=OaD V}=Ri= =@ xm xm@W uwO@ |=ypOt "8 pmW

OQmrta |xOvyOu=Wv p=Ft u}= G}=Dv "CU= �11 OwOL |rm |=]N |xv}W}@ w
"CU= |a=HDQ= |xDUUo |=y\}Lt QO xm@W uwO@ VwQ ?U=vt

xOvvmKrUt uO}WmuwQ}@ V}=tR; "2 p=Ft
u=tr= swyit T=U=Q@ x]U=w |x}q |Q}tN- |a=HDQ= Q=DiQ |UQQ@ p=Ft u}= R= hOy
uO}WmuwQ}@ |Oa)@ wO V}=tR; p=Ft u}= QO "CU= xm@W uwO@ VwQ QO utQy \@=Q
|x}q |R=UpOt CLY |UQQ@ |=Q@ xr�Ut u}= "CU= xOW |R=Ux}@W xOvvmKrUt

=yu=tr= O=OaD p@=kt QO � Q=Okt '7 pmW QO "Ot; CUOx@ � Q=Okt OQwt Qy QO x}rw=
u=tr= 992 =@ =Q OwOLt u=tr= pOt u=wD|t pmW u}= x@ xHwD =@ "CU= xOW s}UQD
|xrRvtx@ �x]U=w |x}q Qy R}v w xOvvmKrUt |=Q@ u=tr= 32 '\}Lt |=Q@ u=tr= 896�

"CiQo Q_v QO j}kO pL u} Ro}=H
pL |}=Qosy O}=@ 'j}kO pL u} Ro}=H |xrRvtx@ |@=wH uOQw;CUOx@ R= TB
xm@W uwO@ pOt xU '8 pmW j@=]t =Pr "OwW |UQQ@ xm@W uwO@ VwQ |=Q@ xr�Ut
w CU= xOW ZQi 1m =yxQo u}@ |xrY=i pw= pOt QO "OwW|t xDiQo Q_vQO
�xQo 18 ,=atH� xOvvmKrUt |=Q@ xQo 6 w \}Lt |=Q@ xQo 12 =@ xr�Ut |xUOvy
p}rkD 0 25m x@ ,=D}=yv w 0 5m x@ =yxQo u}@ |xrY=i TBU "OwW|t |R=Ux}@W
|xm@W R= =ypOt |xty QO "OvwW|t O}rwD xQo 100 w 40 ?}DQDx@ xm O@=}|t
�9 pmW� CU= Tw=o |x]kv 16 pt=W lwr@ Qy xm |mwr@ 4�4 |xv}tRTB
x@ "CU= Cw=iDt hrDNt |=ypOt QO |y=ox}mD |xvt=O `=aW "CU= xOW xO=iDU=
100 w 40 |=ypOt QO w 1 5m Q}F-=D `=aW R= |}xQo 18 pOt QO xm ?}DQD u}=
|@Uv |=]N Q=Okt "CU= xOW xO=iDU= 0 7m w 1m |=y`=aW R= ?}DQDx@ |}xQo
pL u} Ro}=H uwvm = xm OwOLt u=tr= pL x@ C@Uv xm@W uwO@ VwQ |=y|}=H@=H

:OwW|t u}}aD 73 |x]@=Q R= CU= xOW j}kO

ed =

NP
i=1
��uMFM
i � uFEMi

��
NP
i=1
juFEMi j

(73)

QO s)=i |xQo |}=H@=H uMFM
i '=y|}=H@=H |@Uv |=]N ed 'x]@=Q u}= QO

O=OaD N w OwOLt u=tr= VwQ QO s)=i |xQo |}=H@=H uFEMi 'xm@W uwO@ VwQ
=y|}=H@=H |@Uv |=]N Q}}eD |xwLv '10 pmW QO "CU= |UQQ@OQwt |=yxQo

"CU= xOW s}UQD Q}O=kt sD} Q=or ?UL Q@ =yxQo |xrY=i x@ C@Uv
w O@=}|t Vy=m |@Uv |=]N =yxQo |xrY=i uOWsm =@ xm OwW|t xOy=Wt
|=yxQo |xQ=tW x@ \w@ Qt G}=Dv '1 pwOH QO "Ovm|t O}}-=D =Q VwQ |}=Qosy Qt= u}=
=@ "CU= xOW xO=O u=Wv OwOLt u=tr= VwQ w |}xQo 90 pOt |=Q@ �hr=-8�pmW
QN; uwDU QO "CU= xOW x�=Q= =yxQo R= |t}v |=Q@ \ki G}=Dv 'pOt uQ=kD x@ xHwD
OwOLt u=tr= VwQ x@ C@Uv xm@W uwO@ VwQ |=y?=wH |rm |=]N pwOH u}=
OvQ=O |@ wN Q=}U@ Ck@=]t =y?=wH xm OwW|t xOy=Wt "CU= xOW xO=O u=Wv

"=yu=tr= O=OaD =@ � QDt=Q=B C=Q}}aD "7 pmW
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[20]"xOvvmKrUt uO}WmuwQ}@ V}=tR; |Oa)@ wO |R=UpOt "11 pmW

G}=Dv =@ xm@W uwO@ VwQ R= xOt; CUOx@ G}=Dv w [19]CU= xOW xO=iDU= x]U=w
"OwW|t xU}=kt jwi

|ar[Q=yJ u=tr= 48 =@ xr�Ut 'CU= xOW xO=O u=Wv 11 pmW QO xm Qw]u=ty
Ct=N[ =@ x]U=w |x}q u=tr= 12 w xOvvmKrUt |=Q@|}=B QN u=tr= 12 '\}Lt |=Q@
R= x]U=w |x}q|}q=@ |=yu=tr= "CU= xOW |R=Ux}@W xOvvmKrUt hQ] Qy QO QiY
Q_vQO |Q}tN- |a=HDQ= CQwYx@ x]U=w |x}q Q=DiQ "Ov=xOW |Q=PoxQ=tW 12 =D 1
l =m]Y= ?} Q[ w QiY |oOv@UJ =@ ?trwm-Qywt Q=}at R= xm CU= xOW xDiQo
?}DQD x@ x]U=w |x}q QO p=tQv w |WQ@ |DNU |=y?} Q[ "Ovm|t |wQ}B 0 5

"OvDUy1010kN/m3 w 106kN/m3

2MPa |a=HDQ= pwOt =@ |a=HDQ= |]}Lt '|}xLiY VvQm \}=QW ZQi =@
xmv}= x@ xHwD =@ "CU= xOW xDiQo Q_vQO xOvvmKrUt h=Q]= 0 25 uwU=wB ?} Q[ w
xOvvmKrUt "CU= xOW Q_vhQY \}Lt uRw R= 'CU= G}=Dv |OOa |xU}=kt hOy
0 1m2 `]kt K]U w 20MPa |a=HDQ= pwOt =@ |Oa)@l} |xr}t CQwYx@
CN=wvm} |xOQDUo Q=@ 'x]U=w |x}q Q=DiQ p}rLD |=Q@ "CU= xOW |R=UpOt
C@=F p}rLD |] xm OwW|t p=ta= \}Lt |wQ Q@ |Q=Wi CQwYx@ 10kN/m

60kN =D QiY Q=Okt R= G} QODx@ Fh |ki= Q=@ u}@ u}= QO "OwW|t xDW=O x=ov

"|Q}op=QoDv= |=Q@ xv}tRTB |xm@W "9 pmW

"=yxQo |xrY=i x@ C@Uv =y|}=H@=H |@Uv |=]N C=Q}}eD "10 pmW

"xQo 90 =@ xm@W uwO@ VwQ w u=tr= 992 =@ OwOLt u=tr= VwQ G}=Dv "1 pwOH

�|rm |=]N xm@W uwO@ VwQ OwOLt u=tr= VwQ xQo |xQ=tW
Y�mm� CyH QO |}=H@=H X�mm� CyH QO |}=H@=H Y�mm� CyH QO |}=H@=H X�mm� CyHQO |}=H@=H

7 482081 �4 78E�01 �1 35E�01 �4 91E�01 �1 71E�01 4
7 726165 �8 18E�01 0 �8 86E�01 0 5
10 35843 �5 65E�01 �4 26E�01 �5 26E�01 �4 89E�01 7
7 335788 �8 96E�01 0 �9 67E�01 0 8
2 804887 �5 34E�01 1 84E�01 �5 46E�01 1 95E�01 10
10 9589 �4 55 0 �5 11 0 11
1 468459 �5 13E�01 �6 58E�02 �5 06E�01 �6 69E�02 13
7 374702 8 54E�01 0 �9 22E�01 0 14
2 542262 �5 16E�01 �1 97E�02 �5 08E�01 �3 02E�02 16
7 345441 �8 61E�01 0 �9 29E�01 0 17
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"Fh=0 |=Q@ VvD `} RwD "13 pmW

"Fh=25kN |=Q@ VvD `} RwD "14 pmW

x]U=w |x}q QO |Owta w |WQ@ |=yVvD `} RwDhrDNt `]=kt QO w O@=}|tV}=Ri=
"OwW|t |UQQ@

w \}Lt |=Q@ xQo 78 =@ 'hr=12 pmW j@=]t \}Lt |xm@W uwO@ |R=UpOt
Ct=N[ =@ x}qQ} R 12 x@x]U=w |x}q Qy "CU= xOW s=Hv= xOvvmKrUt |=Q@ xQo 26
Qy xm [19]Q=DWwv QO p}rLD |xOWx�=Q= G}=Dv x@ xHwD =@ "CU= xOW s}UkD 0 005m

uwO@ VwQ QO x]U=w |x}q 'CU= xOW x�=Q= u=tr= RmQt QO u}ov=}t CQwYx@ u=tr=
xOW x�=Q= x}qQ} R Qy QO u}ov=}t CQwYx@ G}=Dv w s}UkD 42x}q Q} R 12 x@ xm@W
|x]kv 4 =@ |mwr@ 12�4 |}xm@W '?12 pmW j@=]t |Q}op=QoDv= |=Q@ "CU=
w 0 7m |y=ox}mD |xvt=O `=aW "CU= xOW xDiQo Q_v QO lwr@ Qy QO Tw=o

"CU= OwOLt u=tr= VwQ j@=]t Kr=Yt w xUOvy x@ \w@ Qt C=}YwYN
wO Qy |=Q@ |}q=@ |x]U=w |x}q QO p=tQv w |WQ@ |=yVvD `} RwD |xwLv
Qou=Wv xm CU= xOW x�=Q= 16 =D 13 |=ypmW QO xm@W uwO@ w OwOLt u=tr= VwQ
w OwOLt u=tr= VwQ wO |=Q@ =yVvD `} RwD |xwLv w Q}O=kt u}@ ?wN Q=}U@ Ck@=]t
|a=HDQ= Q=DiQ |R=UpOt QO =Q xt=vQ@ OQmrta CLY Qt= u}= w 'OvDUy xm@W uwO@
O}}-=D x]U=w |x}q QO VRer |R=Ux}@W QO =Q u; |}=v=wD R}v w x]U=w |x}q |Q}tN-

"Ovm|t
KrUt l =N |wQ Q@ Q}PBh=]av= |B \UwD Q=@ p=ta= "3 p=Ft

|wQ Q@ =Q CN=wvm} |Q=Wi 2m ZQa x@ Q}PBh=]av= |Q=wv |B l} p=Ft u}= QO
xU '17 pmW j@=]t "Ovm|t p=ta*= 10m�6m O=a@= x@ KrUt l =N R= |}x@aH

"xOvvm KrUt uO}Wm uwQ}@ V}=tR; |R=UpOt |rm |=tW "12 pmW
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=@ xm � OwOLt u=tr= VwQ wO |=Q@ |B Q} R QO |v=}t |x]kv QO sQiQ}}eD- Q=@ |vLvt
VwQ w �OwW|t xDiQo Q_vQO j}kO pL u} Ro}=H |xrRvtx@ =yu=tr= O=OaD V}=Ri=
|Q}oQ=Qk |xwLv w xr�Ut |xUOvy "OvwW xU}=kt Qo}Om} =@ w O};CUOx@ xm@W uwO@
=yxOvvmKrUt |xOvQ}oQ@ QO l =N "CU= xOW xO=O u=Wv 17 pmW QO =yxOvvmKrUt
Q=}at R= 'CU= xOW xDiQo Q_vQO uRw uwO@ w |Q}tN- |a=HDQ= Q=DiQ =@ |}xO=t xm

:CU= Q} R KQW x@ l =N u}= |=y|oS} w "Ovm|t |wQ}B ?trwm- Qwt p=wR
|x} w=R &20kPa |oOv@UJ &0 3 uwU=wB ?} Q[ &30MPa |a=HDQ= pwOt
`=UD= |x} w=R |Q}tN Cr=L QO x=Qty=v Q=DiQ ZQi =@ w 250|rN=O l =m]Y=

"CU= xOW xDiQo Q_v QO 50 l =N

"xOW xDiQo Q_v QO |=ywor= "17 pmW

"Fh=50kN |=Q@ VvD `} RwD "15 pmW

"Fh=57 5kN |=Q@ VvD `} RwD "16 pmW
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"KrUt l =N |wQ |B |R=UpOt |rm |=tW "18 pmW

w OwW|t xO}t=v 43|R=Ht Ct=N[ xm CU= x]U=w |x}q Ct=N[ ti "OvDUy
CUOx@ |@U=vt |DNU xm OwW|t ?=NDv= |}xvwo x@ Q=Ri=sQv =@ Q=mOwN CQwYx@

:s} Q=O 76 |x]@=Q w 56 =D 54 |=yx]@=Q x@ xHwD =@ "O};

Di =

"
ks 0
0 kn

#
=

"
Gi
ti

0
0 Eode;i

ti

#
(78)

w l =N |a=HDQ= |=yQDt=Q=B 'x]U=w |x}q Ct=N[ R= xO=iDU= =@ u=wD|t u}=Q@=v@
|x}q p=tQv w |WQ@ |=y|DNU 78 |x]@=Q =@ =Q Rinte '|xOvy=m ?} Q[ R}v

"OQm u}}aD xm@W uwO@ VwQ QO x]U=w
OwOLt u=tr= |=yVwQ R= xm sQiQ}}eD- Q=@ |=y|vLvt 20 w 19 |=ypmW QO
|wor= 3 |=Q@ =yxOvvmKrUt |Q}oQ=Qk 'Ov=xOt; CUOx@ xm@W uwO@ w �PLAXIS�
p=YD= 19 pmW QO xOWxO=Ou=Wv |=y|vLvt |=Q@ "CU= xOW xO=O u=Wv hrDNt
=y|vLvt 20 pmW QO "�Rinter=1� CU= Q=QkQ@ l =N w =yxOvvmKrUt pt=m
0 7 x]U=w |x}q QO |WQ@ Ctw=kt |=yQDt=Q=B xm Ov=xOt; CUOx@ |]}=QW |=Q@
=y|vLvt u}= |xU}=kt "�Rinter=0 7� OvDUy l =N QO Q_=vDt |=yQDt=Q=B Q=Okt
u=Wv j}kO pL u} Ro}=H w xm@W uwO@ VwQ |=y?=wH u}@ =Q |@ wN Q=}U@Ck@=]t
|a=HDQ= Q=DiQ =@ |rm Cr=L QO =Q xm@W uwO@ VwQ ?U=vt OQmrta xm OyO|t

"OyO|t u=Wv l =N |Q}tN-

w 600MPa |a=HDQ= pwOt =@ |a=HDQ= Kr=Yt CQwYx@ =yxOvvmKrUt
0 01m R}v xOvvmKrUt Qy Ct=N[ "Ov=xOW xDiQo Q_vQO 0 3 uwU=wB ?} Q[
Q=Qk 0 005m Ct=N[ x@ |}x]U=w |x}q xOvvmKrUt Qy u}}=B w q=@ "CU=

"OQ=O
|wk |Q=Ri=sQv xm PLAXIS[20] R= OwOLt u=tr= VwQ =@ |R=UpOt |=Q@
u; QO w CU= xOW xO=iDU= 'CU= |m}vmDw�S p�=Ut x@ \w@ Qt |=y|R=UpOt QO
Ov=wD|t \ki xrLQt Qy QO Q@ Q=m w OwW|t s=Hv= Q=mOwN CQwYx@ xm@W O}rwD
Cr=L u} QDR} Q G}=Dv R= wQu}= R= 'Ovm QDR} Q p@k |xrLQt x@ C@Uv =Q |Ov@xm@W
pL u} Ro}=H |=y?=wH |xrRvtx@ CU= u; s=Hv= x@ QO=k Q=Ri=sQv xm |Ov@xm@W
xOvvmKrUt xU w wO 'l} =@ |}=ywor= |=Q@ ?}DQD u}= x@ "CU= xOW xO=iDU= j}kO
xOW xO=iDU= u=tr= 2182 '2248 '2312 =@ OwOLt u=tr= |=ypOt R= ?}DQDx@
|R=Ux}@W|Oa)@l} |=yu=tr= CQwYx@ =yxOvvmKrUt PLAXIS Q=Ri=sQv QO "CU=
|R=Ux}@W |=Q@ u}vJty "OvQ=O =Q |QwLt |wQ}v p=kDv= C}r@=k \ki xm OvwW|t
?} Q[ Q@ Q=m VwQ u}= QO "OwW|t xO=iDU= xOvy=m ?} Q[ VwQ R= x]U=w |x}q
=} QDtm Rinter Q=Okt "Ovm|t u}}aD x]U=w |x}q |=Q@ =Q �Rinter� |xOvy=m
Ctw=kt |=yQDt=Q=B u}@ |x]@=Q ?trwm- Qywt Q=}at uDiQo Q_vQO =@ "CU= 1 |w=Ut
75 w 74 |=yx]@=Q CQwYx@ Rinter x@ xHwD =@ x]U=w |x}q w l =N |WQ@

:CU=
�i = Rinter�soil (74)

tan(�i) = Rintertan(�soil) � tan(�soil) (75)

w l =N w x]U=w |x}q QO |oOv@UJ ?}DQDx@ �soil w �i '=yx]@=Q u}= QO
l =N w x]U=w |x}q QO |rN=O l =m]Y= |x} w=R ?}DQD x@ �soil w �i

xOW s=Hv= Rinter Cw=iDt Q=Okt wO |=Q@ OwOLt u=tr= VwQ QO =yp}rLD "OvDUy
"CU=

'CU= xOW xO=O u=Wv 'hr=18 pmW QO xm Qw]u=ty xm@W uwO@ VwQ QO
Qy "CU= xOW xO=iDU= l =N \}Lt |R=UpOt |=Q@ s_vt V}=Q; =@ xQo 360 R=
\w]N |xrY=i xm � |R=wt \N wO |=DU=Q QO xQo 26 =@ R}v =yxOvvmKrUt R= l}
|xm@W R= |Q}op=QoDv= |=Q@ "Ov=xOW |R=Ux}@W �CU= xOvvmKrUt Ct=N[ Q@=Q@
"�?18 pmW� OQ=O Tw=o |x]kv 4 lwr@ Qy xm CU= xOW xO=iDU= |mwr@ 15�10

"CU= xOW Qw_vt 1m R}v |y=ox}mD |xvt=O `=aW
|R=UpOt =@ xm |Qw]x@CU= x]U=w |x}q |DNU?}=Q[ ?=NDv= syt |xDmv
|x]@=Q =D CU= sRq Qw_vt u}= |=Q@ "OW=@ xDW=O |v=wNty PLAXIS Q=Ri=sQv
w OwW |UQQ@ =yVvQm w =yVvD |x@U=Lt |=Q@ PLAXIS Q=Ri=sQv =@ xO=iDU= OQwt
?}=Q[ u=wD@ =D O=O \@ Q Q=DWwv u}= QO xOWKQ]t VwQ |R=UpOt |xwLvx@ =Q =yu;
|=y|}=H@=H u}@ |x]@=Q PLAXIS Q=Ri=sQv QO "OQm u}}aD =Q x]U=w |x}q |DNU

:CU= 76 |x]@=Q CQwYx@ =yVvD w x]U=w |x}q QO |@Uv
�s = � ti

Gi
; �n = � ti

Eode;i
(76)

:Ov};|t CUOx@ 77 |x]@=Q R= 76 |x]@=Q QO Gi w Eode;i w
Eode;i = 2Gi 1� �i

1� 2�i ; Gi = R2
interGsoil � Gsoil;

�i = 0 45 (77)

T=tt w Owta CyH QO |@Uv |}=H@=H ?}DQD x@ �s w �n '77 w 76 |=yx]@=Q QO
x]U=w |x}q QO |WQ@ VvD w |Owta VvD ?}DQD x@ � w � w x]U=w |x}q Q@
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OwOLt u=tr= |=yVwQ QO|B Q} R|v=}t |x]kv QO sQiQ}}eD- Q=@|vLvt "20 pmW
"Rinter=0 7 =@ xm@W uwO@ w

OwOLt u=tr= |=yVwQ QO|B Q} R|v=}t |x]kv QO sQiQ}}eD- Q=@|vLvt "19 pmW
"Rinter�1 =@ xm@W uwO@ w
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=HDQ

=p}
rLD|D@Ft |xDmv Ov=wD|t Qt= u}= "OvDW=O O=} R |=yu=tr= O=OaD =@ OwOLt u=tr= VwQ

u}= OwHw =@ "OwW |krD KrUt |=yl =N p}rLD |=Q@ =yVwQ u}= R= xO=iDU= QO
xO=iDU= KrUt |=yl =N p}rLD |=Q@ R}v xm@W uwO@ |=yVwQ Q}=U xm CU= sRq
OUQ|t Q_vx@ xJv; =t= "OvwW xU}=kt |y=oW}=tR; |=yCUD =@ |OOa G}=Dv w
Ow}k OQwt QO =yC}OwOLt uDW=Ovx@ xHwD =@ xm@W uwO@ |=yVwQ xm CU= u;
=yxOvvmKrUt |Oa)@ wO |R=UpOt|}=v=wD w �=yxOvvmKrUt smCt=N[ Q}_v�|UOvy
Ovv=wD|t '�Ovvm|t|R=Ux}@W|Oa)@l}CQwYx@ xm OwOLtu=tr=|=yVwQhqNQ@�
CUOx@ =yxOvvmKrUt |Q}tN- |a=HDQ= Q=DiQ QO XwYNx@ =Q |QDj}kO |=y?=wH

"OvyO

|Q}oxH}Dv
'|a=aW `@=wD T=U=Q@ |}x]kv |@=}uwQO u=wva =@ |}xm@W uwO@ VwQ 'Q=DWwv u}= QO
VwQ u}= QO "CU= xOW xO=iDU= KrUt |=yl =N |Q}tN-|a=HDQ= p}rLD |=Q@
|Q}op=QoDv= |=Q@ |Ov@xm@W R=\ki wCU=|Ov@xm@W R=|rkDUtpmW '`@=wDCN=U

"OwW|t xO=iDU= |OOa
xOWKQ]t VwQ =@ |=y?=wH u}@ |@ wN Q=}U@Ck@=]t xOWpL |=yp=Ft x@ xHwD =@
=@ xm|Qw]x@ 'OW xOy=Wt j}kO pL =@ u} Ro}=H |=ypL G}=Dv w Q=DWwv u}= QO
|=y?=wH =@ |@ wN Q=}U@ Ck@=]t 'xm@W uwO@ VwQ G}=Dv 'sm ,=D@Uv |=yxQo O=OaD

CWwv=B
1. radial basis point interpolation method
2. elasto-plastic
3. reproducibility
4. interface layer
5. weak form
6. smoothed particle hydrodynamics
7. basis functions
8. moving least square
9. element free galerkin
10. �nite cloud
11. reproducing kernel particle method
12. point interpolation method
13. material point method
14. interface layer
15. local compact support domain
16. moment matrix
17. kronecker delta
18. essential boundary conditions
19. singular
20. multi quadratic
21. Gaussian
22. consistency
23. composite description
24. anisotropic
25. discrete description
26. linkage elements
27. normal
28. Mohr-Coulomb
29. Lode angle
30. non-associated
31. functional
32. background mesh
33. Gauss
34. visibility criterion
35. compatibility
36. modi�ed newton-raphson method
37. unbalanced force
38. pull out test
39. slip

40. separation
41. herrmann linkage element
42. sub-interface
43. virtual thickness
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