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=@ "CU= xH=wt |v=w=Qi |=yC}a]k sOa =@ =ypB x=ox}mD w x}=B |oDUW?; jta |x@U=Lt
C}r@=k R}r=v; R= xO=iDU= '=ypB l}rwQO}y QO OwHwt |=yC}a]k sOa uDiQo Q_vQO
pB l} |L=Q] w p}rLD QO |Q}PBO=tDa= w |vt}= u=R}t x@ |@=}CUO CyH u=v}t]=

u=v}t]= C}r@=k w lU} Q R}r=v; OQ@ Q=m |xaUwD Qw_vt x@ 'Q[=L VywSB QO "CU= |QwQ[
=@ =ypB x=ox}mD |oDUW?; \@=wQ u=v}t]= C}r@=k |x@U=Lt x@ =ypB |vt}= p}rLD QO
|t�=O u=} QH \}=QW QO QwmPt |xO}OB QO QF-wt |=yQDt=Q=B C}a]k sOa uDiQo Q_vQO

'?wUQ C=}YwYN 'x=ox}mD pmW 'p=v=m O=a@= %pt=W 'QF-wt |=yQDt=Q=B "CU= xOW xDN=OQB
R= hrDNt \@=wQ CUmW p=tDL= OQw;Q@ |=Q@ "CU= u=} QH C=YNWt w p=}U

Qo}Om} =@ hrDNt \@=wQ u=v}t]= C}r@=k XN=W w xO=iDU= wrQ=mCvwt |R=Ux}@WVwQ
x]@=Q 'C}=yvQO w |HvUCLY |y=oW}=tR; |=yxO=O =@ OwHwt \@=wQ "CU= xOW xU}=kt

|=yxO=O =@ j@=]D u} QDW}@ w QD?wr]t u=v}t]= XN=W w QDtm CUmW p=tDL= =@
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"wrQ=mCvwt

xtOkt "1
1 pmW QO =ypB x=ox}mD h=Q]= |a[wt |oDUW?; |xO}OB w u=} QH |wor=

[2]"OwW|t xOy=Wt
CaQU Q}F-=D |UQQ@ Qw_vt x@ '1999 p=U QO =yV}=tR; R= |a}Uw |xawtHt
pqR ?; |oDUW?; \}=QW QO =ypB x=ox}mD h=Q]= |oDUW?; jta QO u=} QH
QO |oDUW?; jta |xv}W}@ 'pY=L G}=Dv T=U=Q@ w OvOW s=Hv= xOvR QDU@ w
CmQL|v=QL@CaQU Q@=Q@ u=} QHCaQU xm OyO|tMQ|t=ovypqR?;|oDUW?;
'=yx=ox}mD QO CaQU `} RwD xm OvDi=} QO R}v u=QoWywSB |NQ@ [3]"OW=@ C=@ wUQ
T=U=Q@ [4]"OQ=O pB |=yx}=B h=Q]= QO CaQU `} RwD x@ C@Uv |QDtm |orwJ
pB x=ox}mD h=Q]= QO |oDUW?; OvwQ =@ \=@DQ= QO '2004 p=U QO |D=ar=]t
QO x}rw= |=yx@=OQo xm OW XNWt |}xQ}=Os}v w |}xkvRwP '|r}]DUt `]=kt =@
xm Ov@=}|t Vy=m x=ox}mD |=yxQ=vm QO w OvQ=O |QDW}@ COW 'x=ox}mD CUOq=@
|x}rw= |=yx@=OQo O=H}= Ea=@ w CU= x=ox}mD CUOq=@ QO |oDiW; O=H}= u; Cra

[5]"OwW|t |wk

l}rwQO}y sra syt C=aw[wt R= |m} 'pB x=ox}mD w x}=B |oDUW?; |UQQ@
=m} Qt; |xOLDt Cq=}= QO pB 383 CUmW |wQ Q@ xOWs=Hv= C=ar=]t "CU=
?} QND =yu; �72 QO w x}=B ?} QND R= |W=v =ypB CUmW �25 xm OyO|t u=Wv
xO}@UJ |=yx}=B 'pB |=yx=ox}mD [1]"CU= xOw@ pB CUmW pt=a 'pB x=ox}mD
u}O@ "Ovvm|t OwOLt =Q xv=NOwQ `]kt R= |WN@ xm OvDUy xv=NOwQ pL=U x@
xm O@=}|t V}=Ri= xR=U pLt QO ZQa OL=w Q@ |@O w \UwDt CaQU ?}DQD
|=y|oO}J}B Q@ xwqa "OwW|t xR=U h=Q]= QO u=} QH QDW}@ |oDiW; x@ QHvt
w |y=}oVWwB 'u=} QH |oDiW; '=ypB x=ox}mD h=Q]= QO u=} QH u=O}t |rm
|Q=wWO x@ QHvt xm OvDUy |}xDUHQ@ |=y|oS} w R= xv=NOwQ |Q@ R ?} Q[
"OvwW|t =ypB x=ox}mD h=Q]= QO |oDUW?; |xO}OB |m}rwQO}y |R=Ux}@W

pw�Ut xOvU} wv �
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CQwYx@|oDUW?;|xv}tR QOC=ar=]t QDW}@ 'CU= Q=wWO Q=}U@ =wy w '?; '?wUQ
|UQQ@ XwYN QO |at=H VywSB uwvm =D "CU= xOW s=Hv= |@ QHD w |y=oW}=tR;
|=yC}a]k sOa uDiQo Q_vQO =@ 'pB x=ox}mD |oDUW?; \@=wQ u=v}t]= C}r@=k
xJQo = "CU= xDiQov CQwY QwmPt |xO}OB QO Q}oQO |=yQDt=Q=B ?r=e =@ \@DQt
u=v}t]= C}r@=k p}rLD x@ [14]'2001 p=U QO |WywSB \UwD xOWs=Hv= VywSB
pw] w CUOq=@ OwQi OOa \ki |rw 'CU= xOw@ hw]at pB x=ox}mD |oDUW?;
QO T=U= u}= Q@ "Ov=xOW Qw_vt|oDUW?; QO QF-wt |=yQDt=Q=B u=wvax@ x=ox}mD|@Uv
uDiQo Q_vQO =@ pB x=ox}mD |oDUW?; \@=wQ u=v}t]= C}r@=k R}r=v; 'Q[=L VywSB
pmW 'C=QP |xR=Ov= 'CUOq=@ u=} QH CaQU w jta %Q}_v 'hrDNt |=yQDt=Q=B Q=F;
wrQ=mCvwt |R=Ux}@W VwQ R= xO=iDU= =@ Z=@kv= MQv w |v=QL@ ROr}W QDt=Q=B 'x}=B
|y=oW}=tR; |=yxO=O =@ OwHwt \@=wQ "CU= xOW s=Hv= |t�=O u=} QH \}=QW QO
u=v}t]= XN=W w QDtm CUmW p=tDL= =@ x]@=Q 'C}=yvQO w xOW |HvUCLY

"CU= xOW O=yvW}B |y=oW}=tR; |=yxO=O =@ j@=]D u} QDW}@ w QD?wr]t

sm =L CqO=at w |Qw�D |v=@t "2
|Dq=tDL= w |Q=t; s}y=it '|m}rwQO}y |=yxO}OB w =ysDU}U |Q}PBO=tDa=u}}aD |=Q@
u; QO xm CU= |]}=QW ẁkw u=wvax@ sDU}U l} CUmW "OwQ|t Q=mx@ |}xS} w
CUmW p=tDL= "OW=@v |L=Q] h=Oy= p@=kt QO ?U=vt Vkv |=i}= x@ QO=k sDU}U

[17]%OwW|t h} QaD 1 |x]@=Q CQwYx@ Ctw=kt R= Q=@ Rw=HD u=wvax@ sDU}U
Pf = P [L > R] (1)

|Q}PBO=tDa= "CU= Ctw=kt R w Q=@ L '�CUmW p=tDL=� lU} Q Pf 'u; QO xm
%OwW|t x@U=Lt 2 |x]@=Q \UwD R}v �Pr� sDU}U

Pr = 1� Pf = P [L � R] (2)

w Q=@ `@=wD x=ov; 'OvW=@ |iO=YD Q}eDt m w k R= |a@=wD ?}DQD x@ Ctw=kt w Q=@ Qo =
%OvwW|t h} QaD 4 w 3 \@=wQ R= xO=iDU= =@ Ctw=kt

L = gL(xi) i = 0; 1; 2; :::; k (3)

R = gR(xj) j = 0; 1; 2; :::;m (4)

p=tDL= =Pr "OvDUy pkDUt |Q=t; Q_v R= Ctw=kt w Q=@ xm OwW|t ZQi
%OwW|t h} QaD 5 |x]@=Q CQwYx@ `@=D CUmW

Pf =
1Z

0
fL(l)

� LZ
0
fR(r)dr

�
dl =

1Z
0
fL(l)FR(r)dl (5)

|atHD `@=D fR(r) w Ctw=kt w Q=@ |@}mQD p=tDL= `@=D fR;L(r; l) 'u; QO xm
6 |x]@=Q \UwD CUmW 'lU} Q R}r=v; =@ \=@DQ= QO [17]"CU= Ctw=kt p=tDL=

%OwW|t h} QaD
Pf = P [Z < 0] (6)

pO=at CUmW ?}DQD u}= x@ "CU= CUmW `@=D =} OQmrta `@=D Z 'u; QO xm
s=v x@ |QDt=Q=B 'u=v}t]= C}r@=k VHvU Q=}at "CU= OQmrta `@=D Q=Okt uOW |ivt

[2]"pB x=ox}mD h=Q]= |a[wt |oDUW?; |xO}OB w u=} QH |wor= "1 pmW
%xrtH R= '|irDNt p}qO x@ |oDUW?; |xO}OB 'xOWQmP ?r=]t x@ xHwD =@
"CU= xO}J}B Q=}U@ QDU@ \}=QW w x=ox}mD C}a[w 'u=} QH CaQU w jta QO Q}}eD
j]=vt w \}=QW QO xQ=W= OQwt |=yQDt=Q=B u}}aD |Q=wWO p}rO x@ 'Qo}O |wU R=
|=yC}a]k sOa QwmPt \@=wQ 'xOWs=Hv= C=ar=]t uOw@ lOv= u}vJty w hrDNt
Q_vQO =@ xm OyO|t u=QoWywSB x@ =Q CYQi u}= 'lU} Q |@=} RQ= "OvQ=O |v=w=Qi
|vt}= x@ \w@ Qt |=y|Q}os}tYD =@ \=@DQ= QO |a]kQ}e |=yxO=O R= |Q=}U@ uDiQo
R= Q=_Dv= p@=k |xH}Dv [6]"OvR=OQB@ pB |vt}= \}=QW |:tm w |i}m |@=} RQ= x@ '=ypB
sOa |=y|oS} w u}}aD 'pB x=ox}mD w x}=B |oDUW?; \@=wQ u=v}t]= C}r@=k p}rLD
w xO=iDU= OQwt \@=wQ |=yC}a]k sOa R= |a@=D CQwYx@ sDU}U |HwQN C}a]k
C}a]k sOa |=yR}r=v; x@ u=QoWywSB |NQ@ u}vJty "CU= OwHwt |Q=t; |=yQ}eDt
[12�7]"Ov=xOQm xHwD hrDNt OQ=wt QO u=Qta |UOvyt p�=Ut QO u=v}t]= C}r@=k w
'|y=oW}=tR; |xO=O 207 R= xO=iDU= =@ '2001 p=U QO |WywSB QO 'p=Ft |=Q@
lQLDt QDU@ Cr=L QO OQo |=yx}=B h=Q]= |oDUW?; |xO}OB u=v}t]= C}r@=k
xO=iDU= Ctw=kt w Q=@ p=tDL= |r=oJ `@=D u=wvax@ p=tQv nwr `} RwD R= w |UQQ@
w CU= QDW}@ Ctw=kt R= Q=@ u}ov=}t xm O=O u=Wv QwmPt VywSB G}=Dv "CU= xOW

[13]"CUq=@ CUmW p=tDL= xm O=O u=Wv u=v}t]= XN=W uOW |ivt
pB x=ox}mD |oDUW?; =@ \=@DQ= QO u=v}t]= C}r@=k p}rLD pOt l} u}vJty
|=Q@ u=v}t]= C}r@=k |m}D=DU= pOt l} R= u; QO w OW xO=O xaUwD 2004 p=U QO
xO=iDU= OwOLt pw] =@ =ypB x=ox}mD |a[wt |oDUW?; |Q}PBu=v}t]= |@=} RQ=
|@Uv R=QD u; QO w xOw@ Ctw=kt � Q=@ |H=DvDU= VwQ Q@ |mDt xOWx�=Q= pOt "OW
`@=D w Q=@ u=wvax@ CUOq=@ u=} QH OwQi OOa w |@Uv jta w Ctw=kt u=wvax@ |B
G}=Dv "CU= xOW Qw_vt wO Qy |=Q@ p=tDL= |r=oJ `@=D u=wvax@ p=tQvnwr `} RwD
VwQ w xOWx�=Q= pOt G}=Dv u}@ |@ wN ji=wD xm CU= xO=O u=Wv QwmPt VywSB

[14]"OQ=O OwHw wrQ=mCvwt |R=Ux}@W
QO u}W}B |=yVywSB QO xOWx�=Q=\@=wQ u=v}t]=C}r@=k R}v |Qo}OVywSB QO
VwQ wO x@ u=v}t]=C}r@=k R}r=v; 'u; QO w OW |UQQ@ =ypB |x}=B |oDUW?; u}tND
u}vJty [15]"CU= xOW s=Hv= pw= |x@DQt u=v}t]= C}r@=k w wrQ=mCvwt |R=Ux}@W
pB |x}=B CUmW p=tDL= hrDNt |=yVwQ R= xO=iDU= =@ \=@DQ= QO |at=H VywSB
s=Hv= =yQDt=Q=B QO OwHwt |=yC}a]k sOa uDiQo Q_vQO =@ |oDUW?; Q}F-=D CLD
|=yQDt=Q=B u}@|oDU@ty |Q=QkQ@ sOa CQwY QO 'pY=L G}=Dv T=U=Q@ "CU= xOW
xm CU= �14 OwOL 'u=v}t]= C}r@=k G}=Dv QO xOt; OwHwx@ |=]N Q=Okt 'sm =L

[16]"O@=}|t Vy=m �6 x@ xOWQmP |=]N '=yQDt=Q=B u}@ |oDU@ty CQwY QO
xQ=wty pB x=ox}mD w x}=B |oDUW?; xm OyO|t u=Wv u}W}B C=ar=]t |UQQ@
|OOa w |r}rLD |UQQ@ xm =Hv; R= w CU= xOw@ xHwD OQwt syt C=aw[wt u=wvax@
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K� w p=v=m |xUOvy ?} Q[ KG 'pmW ?} Q[ Ks '|UOvy Q=}at h=QLv= �g
x=ox}mD |oDUW?; OQmrta QO Q}oQO |=yQ}eDt ?}DQD u}= x@ "CU= p}OaD ?} Q[

%�12 w 11 \@=wQ� OvyO|t p}mWD =Q sDU}U OQmrta Q=}at `@=D '�=yxi� pB

Z = g(x1; x2; x3 : : : ; xi) (11)

Z = da � Ys (12)

h=Q]= |oDUW?; jta Ys w |B Q=QkDU= R=QD da 'jta wO hqDN= Z '=yu; QO xm
p=tDL= =Pr "OyO|t u=Wv =Q u=v}t]=\}=QW QO hOy `@=D Z > 0 "CU= pB x=ox}mD

[17]%OwW|t x@U=Lt 13 |x]@=Q R= xO=iDU= =@ CUmW
Pf =

ZZZ
g(x) < 0f(x)(x1; x2; x3; :::; xn)dx1:dx2:dx3; :::; dxn

(13)

|=yQ}eDt |=Q@ |@}mQD p=tDL= |r=oJ `@=D f(x)(x1; x2; x3; :::; xi) 'u; QO xm
CQwYx@ xm CU= �Pr� |Q}PBO=tDa= u; p@=kt swyit "CU= (x1; x2; x3; :::; xi)

%OwW|t h} QaD 14 |x]@=Q
Pr = P (da � Ys > 0) = P (da > Ys) (14)

"CU= pB x=ox}mD |oDUW?; \@=wQ u=v}t]= C}r@=k |U=U= |xrO=at '14 |x]@=Q
`@=D l} 'pB x=ox}mD |oDUW?; jta u}}aD \@=wQ QO Q}oQO |=yQDt=Q=B R= l} Qy
X=wN w �Q}=U w p=tQv nwr 'p=tQv� `} RwD |xwLv |xr}Uwx@ xm OQ=O p=tDL= |r=oJ

"OwW|t h} QaD �Q}=U w |orwJ 'Q=}at h=QLv= 'u}ov=}t� `} RwD
x=ox}mD pmW Q}_v |rt=wa 'pB x=ox}mD |oDUW?; u=v}t]= C}r@=k R}r=v; QO
|Q}PBV}=UQi w |oDUW?; |v=tR MQv Q}_v |rt=wa w CU= |a]k |=yQ}eDt
C=Q}}eD ?} Q[ w u}ov=}t u}}aD "OvDUy |a]kQ}e |xO}J}B Q=}U@ |=yQ}eDt 'O=wt
CyH 'Q[=L |xar=]t QO "CU= |y=oW}=tR; |=yxO=O OvtR=}v 'xOWQmP |=yQDt=Q=B
C=Q}}eD ?} Q[ w 'u}ov=}t 'p=tDL= |r=oJ `@=D %p}@k R= '|Q=t; |=yQDt=Q=B u}}aD
KQW x@ u}W}B u=QoWywSB C=}[Qi R=|}=]N w|aU |=yR}r=v; s=Hv= ut[ =yQDt=Q=B
\}=QW R}v |B Q=QkDU= R=QD |=Q@ '1 pwOH QO [20w16'15]"CU= xOW xO=iDU= 1 pwOH
x=ox}mD u=v}t]= C}r@=k p}rLD QO "CU= xOW xDiQo Q_v QO CN=U C}a]k sOa
C=YNWt 'u=} QH |m}rwQO}y C=YNWt %pt=W '|Q=t; C=YNWt u}}aD =@ pB

"OwW|t u}}aD CUmW K]U |xrO=at 'pB x=ox}mD C=YNWt w C=@ wUQ
x@ C@Uv =Q u=v}t]= ?} Q[ OQmrta `@=D MU=B 'wrQ=mCvwt |R=Ux}@W VwQ
'OvwW|t u} Ro}=H OQmrta `@=D QO w ?=NDv= |iO=YD Qw] x@ xm |OwQw |=yQ}eDt
QO |iO=YD Qw] x@ xm |OwQw QDt=Q=B Qy |=Q@ QwmPt VwQ QO "Ovm|t |R=Ux}@W
uDiQo Q_vQO =@ R}v w u; p=tDL= |r=oJ `@=D pmW x@ xHwD =@ 'CU= xOW xDiQo Q_v
|=Q@ Z OQmrta `@=D Q=Okt TBU "OwW|t O=H}= |iO=YD OOa n 'VD=Q}}eD |xvt=O
Qy |=Q@ MATLAB Q=Ri=sQv R= xO=iDU= =@ xO=O n C}=yvQO w x@U=Lt Q=QmD Qy
x=ox}mD |oDUW?; u=v}t]= C}r@=k R}r=v; s=Hv= |=Q@ "OwW|t O}rwD \@=wQ R= l}
"OQ}o CQwY |Q=QmD C=}rta |O=} R O=OaD O}=@ 'wrQ=mCvwt |R=Ux}@W VwQ x@ pB
OW Oy=wN QDW}@ C=@U=Lt CkO 'OW=@ QDW}@ Q=QmD O=OaD xJ Qy |Qw�D ^=Lr R=
xmv}= x@ xHwD =@ [21]"O@=}|t Vy=m CUmW p=tDL= Tv=} Q=wm w Tv=} Q=w u=R}t w
|wQ}B p=tQv `} RwD R= QF-wt |=yQDt=Q=B 'xOWs=Hv= |=]N w |aU |UQQ@ T=U=Q@
xOW xO=iDU= |oDUW?; OQmrta |r=tDL= R}r=v; |=Q@ p=tQv `} RwD R= =Pr 'Ovvm|t

"CU=

Q=Okt C@Uv u=wvax@ u=v}t]= C}r@=k XN=W "CU= ��� u=v}t]= C}r@=k XN=W
QO "OwW|t h} QaD ��x� OQmrta `@=D Q=}at h=QLv= x@ '��x� OQmrta `@=D u}ov=}t

[17]"CU= OQmrta `@=D C=Q}}eD ?} Q[ Tma u=v}t]= C}r@=k XN=W `k=w
� = �x

�x
(7)

|Q}PBO=tDa= 'u=v}t]=C}r@=kXN=WV}=Ri= =@ p=tDL= |=y`} RwD s=tD OQwt QO
xOW p}mWD R=}v w C}iQ_ p[=iD R= `@=D u}= Qo = p=L "O@=}|t V}=Ri= sDU}U
OQmrta `@=D 'OvW=@ p=tQv `} RwD =@ w xDU@ty=v |=yQ}eDt R=}v w C}iQ_ w OW=@
8 |x]@=Q R= xO=iDU= =@ CUmW p=tDL= ,=vt[ "OQ=O p=tQv `} RwD R}v Z = R�L

[17]%OwW|t x@U=Lt
Pf = ��1(��) = 1� �(�) (8)

[17]%O};|t CUOx@ 9 |x]@=Q R= xO=iDU= =@ u=v}t]= C}r@=k XN=W w

� =
�

�R � �Lp
�2
R + �2

L

�
(9)

'xOW xO=iDU= Q[=L VywSB QO xm wrQ=mCvwt |R=Ux}@W VwQ |v=@t 'xt=O= QO
O}rwD Qw_vt x@ |OOa |R=Ux}@W l} `k=w QO 'wrQ=mCvwt VwQ "CU= xOW |iQat
"CU= Q}eDt Qy x@ \w@ Qt X=N |Q=t; C=}YwYN T=U=Q@ |iO=YD |=yQ}eDt
=QH= =yu; =@ pOt w O}rwD |iO=YD O=Oa= |QU l} 'Q=QmD Qy QO QwmPt VwQ QO
?=wH x@ =QH= Qy R= TB Qo = xm OwW|t h} QaD |}xOvQ=tW Q}eDt TBU "OwW|t
R= lU} Q 'Q=QmD u} QN; u=}=B QO "O@=}|t V}=Ri= OL=w l} u; Q=Okt 'OUQv x=wNrO
lU} Q Ck}kL QO [18]"O};|t CUOx@ =yQ=QmD pm O=OaD x@ QwmPt |xOvQ=tW s}UkD
'C}=yvQO "O};|t CUOx@ =y=QH= pm O=OaD x@ |ivt |=y|HwQN O=OaD s}UkD R=
O}rwD "OwW|t u}}aD |OwQw |=yC}tm R= l} Qy �PDF� p=tDL= |r=oJ `@=D
O}rwD |=yVwQ xrtH R= "CU= wrQ=mCvwt |R=Ux}@W VwQ |x}=B '|iO=YD O=Oa=
Q=Okt l} x@ ẁQW |=Q@ Tv=HD VwQ QO [11]"CU=1Tv=HD VwQ '|iO=YD O=Oa=
O=Oa= R= |QU l} QwmPt VwQ =@ "OwW|t xDio 2QP@ u; x@ xm 'CU= R=}v x}=B
Q}eDt u; ltm x@ O}=@ '|iO=YD OOa O}rwD R= TB "OwW|t O}rwD l}Ow} QB |iO=YD
VwQ %Q}_v |iO=YD Q}eDt O}rwD |=ysD} Qwor= R= Qw_vt u}= |=Q@ "OwW O}rwD |iO=YD
QO [11]"OwW|t xO=iDU= Q}eDt p=kDv= VwQ w 3VQ}PB � OQ VwQ 'CDF Twmat
|Q}op=QoDv= x@ sDU}U |Q}PBO=tDa= =} lU} Q |x@U=Lt |=Q@ |Q}PBO=tDa= R}r=v;
w OQwNQ@ VwQ 'wrQ=mCvwt VwQ x@ |Q}op=QoDv= |=Q@ xO=U VwQ l} "CU= R=}v
|R=Ux}@W CyH xQ=W= OQwt pwY= w |v=@t |t=tD R= Q[=L VywSB QO "4CU=]N
\@=wQ |@=} RQ= |=Q@ xOWx�=Q= |=ypOt "CU= xOW xO=iDU= pB x=ox}mD |oDUW?;
|}=yQDt=Q=B x@ xH}Dv QO xm OvQ=O Cwk w ha[ \=kv s=OmQy 'pB x=ox}mD |oDUW?;

"OvwW|t QHvt Cw=iDt C}a]k sOa =@

VywSB s=Hv= VwQ w |R=UpOt "3
[19]%CU= xOWh} QaD 10 |xrO=at CQwYx@pB x=ox}mD|oDUW?;|twta |x]@=Q
Ys
d0

= f(Fr;
L
d50

; L
d0
; �g;KS ;KG;K�) (10)

u=} QH OwQi OOa Fr 'u=} QH jta d0 '|oDUW?; |xr=J jta Ys 'u; QO xm
'?wUQ C=QP \UwDt |xR=Ov= d50 'u=} QH CyH Q@ Owta x=ox}mD pw] L 'CUOq=@
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u}t
ND\

@=wQ
u=v}

t]=
C}r

@=kp
}rLD"pB x=ox}mD |oDUW?; |=yQDt=Q=B |Q=t; X=wN "1 pwOH

`HQt `} RwD `@=D C=Q}}eD ?} Q[ u}ov=}t QDt=Q=B
[15] p=tQv 0 23 2 d0(m)
[16] p=tQv 0 329 0 4 U(m=s)
[20] CN=wvm} 0 05 0 75 d50(mm)
[20] CN=wvm} 0 1 0 82 Ks
[20] CN=wvm} 0 1 1 K�
[20] p=tQv 0 1 1 KG
[15] p=tQv 0 25 0 045 �c
[15] |a]k � 0 981 
(gr=cm3)
[16] |a]k � 2 75 
s(gr=cm3)
[16] |a]k � 9 x=ox}mD pw] L(m)
[16] p=tQv 0 05 2 x=ox}mD ZQa b(m)
[20] p=tQv 0 2 1 8 Z=@kv= MQv �
[15] p=tQv 0 01 1 5 |B Q=QkDU= R=QD da(m)
[15] p=tQv nwr 0 25 0 0045 S

[22]"`HQt QO |Q}oxR=Ov= |=yxO=O |Q=t; |=yQDt=Q=B "2 pwOH
Q=}at h=QLv= u}ov=}t C=Q}}eD |xR=@ QDt=Q=B

141 42 210 95 [38� 600] d0(mm)

0 71 0 64 [0 17� 3 3] U(m=s)

0 062 0 89 [0 8� 1 02] d50(mm)

127 67 258 29 [43� 747] Ys(mm)

pB x=ox}mD |oDUW?; jta QO QF-wt |=yQDt=Q=B |oDU@ty uwtR; G}=Dv "3 pwOH
"|t�=O u=} QH \}=QW QO

Ys(mm) d50(mm) U(m=s) d0(m) QDt=Q=B
0 18 0 15 0 38 � d0(m)

�0 01 0 42 � 0 38 U(m=s)

�0 02 � 0 42 0 15 d50(mm)

� �0 02 �0 01 0 18 Ys(mm)

|vat x@ |ivt Tv=} Q=wwm "OyO|t u=Wv |t�=O u=} QH \}=QW QO =Q pB x=ox}mD
'3 pwOH G}=Dv x@ xHwD =@ "CU= Q}eDt wO C=Q}}eD |x]@=Q |Q=oR=U=v =} |}=DU=Qsy=v
=Pr "CU= lOv= |oDUW?; |xO}OB QO QF-wt |=yQDt=Q=B |oDU@ty ?} Q[ Q=Okt
u}O@ "CU= xOW xO=iDU= QF-wt |=yQDt=Q=B |x}rm R= u=v}t]= C}r@=k R}r=v; CyH
Qo}Om} R= =yQDt=Q=B w xOW xDiQo Q_v QO `} RwD `@=D l} 'QDt=Q=B Qy |=Q@ Qw_vt
u}tND x@ QHvt |iO=YD |=yQDt=Q=B u}@ pqkDU= uDiQo Q_vQO "Ov=xOW ZQi pkDUt

[16]"OwW|t CUmW p=tDL= |xv=Q=mx_i=Lt
Nf 'u; QO xm OwW|t x@U=Lt Pf = Nf=N |x]@=Q R= CUmW p=tDL=
N w �sDU}U CUmW� g(x) � 0 x@ |@=}CUO |=Q@ |R=Ux}@W |xNQJ O=OaD
|R=Ux}@W Q=QmD O=OaD |=Q@ 'Q[=L VywSB QO "CU= |R=Ux}@W |xNQJ pm O=OaD
QDtm w C@=F 'xO=iDU= OQwt \@=wQ QDW}@ |=Q@ Cov(Pf ) '1000 |w=Ut =} QDnQR@
2000 w 1500 '1000 '500 |=yQ=QmD O=OaD Qw_vt u}= |=Q@ "OW x@U=Lt �5 R=
xOWx@U=Lt |oDUW?; jta u}ov=}t xm O=O u=Wv =yR}r=v; G}=Dv "OvOW |@=} RQ=

x=ox}mD |oDUW?; |x]@=QC}a]k sOa Q@ |OwQw pt=a Qy syU O}=@C}=yvQO
OvwQ =} w pOt l} C}U=UL u}}aD |=Q@ ,qwtat C}U=UL R}r=v; "OwW u}}aD pB
x@ R}r=v; u}= "OwW|t s=Hv= Q}oQO |=yQDt=Q=B C}a]k sOa w C=Q}}eD x@ |HwQN
|oDUW?; C}a]k sOa QO |OwQw |iO=YD |=yQ}eDt R= l} Qy QF= u}}aD Qw_vt
|iO=YD Q}eDt QF= 'OW=@ QDtm aj xJ Qy "�15 |x]@=Q� CU= xOW s=Hv= pB x=ox}mD
'Ctw=kt QDt=Q=B |=Q@ w C@Ft 'Q=@ QDt=Q=B |=Q@ aj Q=Okt "CU= QDtm |Q}PBO=tDa= QO
Vy=m w |Q}PBO=tDa= Ow@y@ x@ QHvt aj V}=Ri= 'aj � 0 Q}O=kt |=Q@ "CU= |ivt
Twmat CQwYx@ OvwQ 'aj > 0 |=Q@ w OwW|t |Q}PBO=tDa= Vy=m x@ QHvt u;

"CU= �|oDUW?; jta� pOt |HwQN G '15 |x]@=Q QO [15]"CU=
�j =

( @G@Z )

[
nP
j=1

( @G@Z )2]0 5
(15)

G}=Dv p}rLD "4
'pB x=ox}mD h=Q]= |oDUW?; jta u}tND hrDNt \@=wQ u}@ R= Q[=L VywSB QO
'�1973� uwUr}v '�1963� uUQq '�1961� w}r '�1961� u=Q=mty w w}r \@=wQ
w �1998� s}r '�1997� s}r '�1997� p} wrt '�1992� p} wrt '�1989� I}rwQi
sOa EL@t QO "OvOW ?=NDv= u=v}t]= C}r@=k R}r=v; CyH �2000� utrm w p} wrt
ẁv w =yQDt=Q=B u}@ |oDU@ty p�=Ut 'QF-wt |=yQDt=Q=B `} RwD Q}_v |r�=Ut C}a]k

'|oDUW?;|xO}OB|UQQ@ QO "OQ=O|}xS} wC}ty= '|[QiCUmWK]U|xrO=at
j}kO u}tND |=Q@ |oDU@ty |=yuwtR; T=U=Q@ =yQDt=Q=B u}@ \=@DQ= |x@U=Lt
|Qw;`tH '=yQDt=Q=B u}@ |oDU@ty |x@U=Lt |=Q@ "CU= |QwQ[ u=v}t]= C}r@=k
|=yxO=O O=OaD "OQ=O |Q=}U@ C}ty= '=yxO=O u}@ |Q=t; p}rLD w ẁvDt |=yxO=O
xOw@ '1995 p=U QO |WywSB C=ar=]t R= pY=L |xO=O 109 'xO=iDU=OQwt
2 pwOH QO =yQDt=Q=B |oDU@ty ?} Q[ u}}aD CyH R=}vOQwt C=aq]= [22]"CU=

"CU= xOW x�=Q=
|oDUW?; jta u}tND QO QF-wt |=yQDt=Q=B |oDU@ty uwtR; G}=Dv '3 pwOH
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xQ=t
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34
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|xQ
wO'

�13
97
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�h

}QW
u=Qt

a|
UOv

yt "pB x=ox}mD |oDUW?; \@=wQ |oDUW?; jta u}ov=}t w u=v}t]= C}r@=k XN=W 'CUmW p=tDL= "4 pwOH
I}rwQi uwUr}v w}r s}r p}wrt utrm w p}wrt VwQ G}=Dv
�1989� �1973� �1961� �1997� �1992� �2000� wrQ=mCvwt
0 3211 0 16 0 3670 0 0001 0 3853 0 0018 Pf
�0 115 0 84 �0 027 5 001 �0 2892 3 54 �

1000 1000 1000 1000 1000 1000 N

4 0310 1 3633 4 5002 0 7584 8 1588 0 4308 Ys(m)

0 4907 0 7233 0 5592 2 1044 0 3833 2 7846 SF

Q=QkDU= R=QD O}=@ w OQ=Ov Q=Qk |@ wr]t |xOwOLt QO |Q}PBO=tDa= =yDvt 'CU= xOt=}v
��� u=v}t]= C}r@=k XN=W "O@=} V}=Ri= ?wr]t |Q}PBO=tDa= x@ uO}UQ |=Q@ |B
|B Q=QkDU= R=QD V}=Ri= =@ w Vy=m |iO=YD |=yQ}eDt C=Q}}eD ?} Q[ V}=Ri= =@
|QDtm |vt}=?} Q[ '|}x]@=QCU= umtt u=v}t]=C}r@=k R}r=v; QO "O@=}|tV}=Ri=
OW=@ xDW=Ov =Q u=v}t]= C}r@=k XN=W u} QDtm =t= 'OW=@ xO=O X=YDN= OwN x@ =Q
XN=W u} QDtm =t= 'OyO X=YDN= OwN x@ =Q |vt}= ?} Q[ u} QDW}@ '|}x]@=Q =} w
'xOWQmP \@=wQ u}@ R= '4 pwOH G}=Dv x@ xHwD =@ "OW=@ xDW=O =Q u=v}t]= C}r@=k
p} wrt |x]@=Q u=v}t]= XN=W R= �1997� s}r |x]@=Q u=v}t]= C}r@=k XN=W
?} Q[ R= �1997� s}r |x]@=Q |vt}= ?} Q[ =yDvt 'CU= QDW}@ �2000� utrm w
u=wD|t ?r]t u}= x}HwD QO "CU= xOW QDtm �2000� utrm w p} wrt |x]@=Q |vt}=
=yDvt 'CU= xOWv `k=w CUmW |xOwOLt QO xJQo = �1997� s}r |x]@=Q xm Cio
R= l}I}y QO x=oQy "CU= xOWv `k=w R}v u=v}t]= XN=W ?wr]t |xOwOLt QO
xO=Ov MQ |v=QL@ Cr=L 'OwWv 1 R= QDtm |vt}= ?} Q[ Q=Okt xOWs=Hv= |=yQ=QmD
�1989� I}rwQi '�1961� w}r '�1992� p} wrt \@=wQ 'OwHwt \@=wQ u}@ R= "CU=
utrm w p} wrt \@=wQ w OvQ=O |v=QL@ \}=QW QO |vt}= ?}=Q[ '�1973� p}v w
ẁtHt QO "OvQ=O Q=Qk |vt}= ?} Q[ ?wr]t |xOwOLt QO �1997� s}r w �2000�
XN=W w QDtm CUmW p=tDL= '�2000� utrm w p} wrt w �1997� s}r \@=wQ
\@=wQ Q}=U x@ C@Uv |QD?wr]t |xOwOLt QO |vt}= ?} Q[ w u=v}t]= C}r@=k
CUmW p=tDL= =@ w 2 1044 Q=Okt =@ |vt}= ?} Q[ 'Q[=L |xar=]t QO "OvQ=O
w 2 7846 Q=Okt =@ |vt}= ?} Q[ w �1997� s}r |x]@=Q |=Q@ 0 0001 p@=kDt
x@U=Lt �2000� utrm w p} wrt |x]@=Q |=Q@ 0 0018 p@=kDt CUmW p=tDL= =@
'u=QoWywSB Q}=U G}=Dv =@ Q[=L G}=Dv |xU}=kt CyH CU= QmP x@ sRq "OvOW
x@=Wt |OQwt |=Q@ 1 72 Q=Okt =@ |vt}= ?} Q[ �1992� uwUv=H C=ar=]t QO
?} Q[ '�2006� p}t=Rwt |xar=]t QO u}vJty w 0 0001 CUmW p=tDL= =@
|x}=B |oDUW?; |=Q@ 0 001 p@=kDt CUmW p=tDL= =@ 1 674 Q=Okt =@ |vt}=
u=v}t]= C}r@=k QDy@ |UQQ@ |=Q@ "CU= xOt; CUOx@ pqR ?; \}=QW CLD pB
|QwxQy@ XN=W [17]"�5 pwOH� OW xO=iDU= R}v (I) |QwxQy@ XN=W R= \@=wQ
=]N OYQO "O};|t CUOx@ =]N OYQO x@ u=v}t]= C}r@=k XN=W s}UkD R=
|D=Oy=Wt |ak=w |=yxO=O =@ (Ys(Sim:)) |R=Ux}@W G}=Dv |xU}=kt R= RMSE

XN=W xm 'OQ=O |QDW}@ |}=Q=m w CkO |}x]@=Q "CU= xOt; CUOx@ (Ys(Act:))

"OW=@ xDW=O |QDq=@ |QwxQy@

RMSE =

vuut1
n

nX
i=1

(Ys(Sim:) � Ys(Act))2 (16)

|x]@=Q \UwD |oDUW?; jta |xv}W}@ '5 pwOH QO xOWx�=Q= G}=Dv T=U=Q@
CUOx@ �1997� s}r|x]@=Q R= xO=iDU= =@ |oDUW?; jta |xv}tm w �1961� w}r

h=Yw= u}= =@ "Ovm|t p}t |D@=F OOa CtU x@ Q=QmD O=OaD V}=Ri= =@ x=ox}mD QO
Q_vQO Q[=L VywSB |R=Ux}@W QO =yxO=O pm |xOv}=tv u=wvax@ xO=O 1000 O=OaD
\@=wQ |x}rm |=Q@ =OD@= %OW s=Hv= pL=Qt u}= |] |R=Ux}@W 'xt=O= QO "OW xDiQo
O}rwD |iO=YD |=yQ}eDt s=tD pB x=ox}mD |oDUW?; jta u}}aD CyH xQ=W= OQwt
Qy x@ =yu; CDF w PDF ?ULQ@ =yQ}eDt |Dq=tDL= |=y|oS} w TBU "OvOW
x@ =yQDt=Q=B `} RwD `@=wD w C=Q}}eD ?} Q[ "OvOW xO=O C@Uv |OwQw |=yQ}eDt R= l}
|oDU@ |v=O}t C=aq]= =} |y=oW}=tR; pOt QO u=} QH |m}rwQO}y |=yxYNWt
R= |oDUW?; QO Q=PoQ}F-=D |=yQDt=Q=B |xvwtv |=[i 'Q[=L VywSB QO "OQ=O
CyH [20w16'15]"Ot; CUOx@ u}W}B u=QoWywSB ?Q=HD w xOW|Qw;`tH C=aq]=
C=Q}}eD ?} Q[ w u}ov=}t 'p=tDL= |r=oJ `@=D %p}@k R= '|Q=t; |=yQDt=Q=B u}}aD
TB "CU= xOW xO=iDU= 1 pwOH =@ j@=]t u}W}B u=QoWywSB C=}[Qi R= =yQDt=Q=B
x@DQt 1000 \@=wQ R= l} Qy '|OwQw |=yQ}eDt R= l} Qy |=Q@ xO=O 1000 O}rwD R=
=@ 'xt=O= QO "OW O}rwD x]@=Q Qy |=Q@ |oDUW?; jta 1000 C}=yvQO w x@U=Lt
`@=D x@DQt 1000 x]@=Q Qy |=Q@ 'pB x=ox}mD `=iDQ= |=Q@ |iO=YD |xO=O 1000 O}rwD
pm O=OaD x@ �Nf � =yCUmW O=OaD C@Uv |x@U=Lt =@ "OW x@U=Lt �Z� OQmrta
x@U=Lt Pf CUmW p=tDL= 'CU= Q=QmD 1000 QwmPt VywSB QO xm �N � =yxO=O
Q}O=kt "OW x@U=Lt 9 |x]@=Q R= xO=iDU= =@ R}v ��� u=v}t]= C}r@=k XN=W "OW
Ys 'u; QO xm CU= xOW x�=Q= 4 pwOH QO hrDNt \@=wQ |=Q@ xOWx@U=Lt � w Pf
C@Uv R= |vt}= ?} Q[ SF QDt=Q=B w xOW|R=Ux}@W |oDUW?; jta u}ov=}t

"O};|t CUOx@ |oDUW?; jta u}ov=}t x@ pB x=ox}mD |B `=iDQ=
w w}r \@=wQ |=Q@ |oDUW?; jta u}ov=}t =@ \=@DQ= QO |R=Ux}@W G}=Dv
CQwY x@ �1998� s}r w �1997� p} wrt '�1963� uUQq '�1961� u=Q=mty
jta pt=W QF-wt |=yQDt=Q=B C=Q}}eD |xR=@ xm =Hv; R= =Pr "Ot; CUOx@ \rDNt O=Oa=
'=y|R=Ux}@W |xt=O= QO 'CW=Ov Q=Qk ?wr]t |xOwOLt QO Q}=U w CaQU 'u=} QH
u=O}t QO x]kv u} QDxv}y@ � xm CU= QmP x@ sRq "OvOW xDW=Po Q=vm QwmPt \@=wQ
"CU= Z C=YDNt sDU}U QO RmQt R= CUmW K]U x@ xrY=i u} QDtm w pL
QDl}ORv 3 x@ xJ Qy u=v}t]= C}r@=k XN=W '=yxR=U C}vt= |xD}tm Q_v j@]
� Q=Okt xJv=vJ w &CU= QDQ@Dat |UQQ@ OQwt |xO}OB =} w QDQ=O}=B xR=U 'OW=@
xO=Ov MQ CUmW xJ Qo = xm CU= u; Qov=}@ 'OW=@ C@Ft |rw 3 R= QDtm Q=}U@
'u}= OwHw =@ 'CU= xOw@ |v}tND |oDUW?; jta R= QDW}@ |B Q=QkDU= R=QD w
XN=W x@ |@=}CUO Qw_vt x@ w CU= xOWv `k=w |@ wr]t K]U QO |Q}PBO=tDa=
u=v}t]= C}r@=k XN=W xm |t=ovy "O@=} V}=Ri= |B Q=QkDU= R=QD O}=@ 'pw@k p@=k
|r=tDL= |oDUW?; jta R= |B Q=QkDU= R=QD w xO=O MQ CUmW Cr=L 'OwW |ivt
'�1961� w}r \@=wQ |=Q@ xOt; CUOx@ G}=Dv x@ xHwD =@ "CU= xOW ?=NDv= QDtm
=@ \=@DQ= QO "CU= xO=O MQ CUmW Cr=L �1992� p} wrt w �1989� I}rwQi
CUOx@ |B Q=QkDU= R=QD R= QDW}@ |oDUW?; jta xJQo = '�1973� uwUr}v |x]@=Q
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u}t
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@=wQ
u=v}

t]=
C}r

@=kp
}rLD"hrDNt \@=wQ QO |QwxQy@ XN=W w =]N Q}O=kt "5 pwOH

utrm w p}wrt s}r p}wrt I}rwQi uwUr}v w}r \@=wQ�2000� �1997� �1992� �1989� �1973� �1961�
0 2502 0 2347 2 1083 1 6139 0 7667 2 4237 Ys

0 23 0 17 1 85 1 55 0 98 1 37 RMSE

20 82 21 74 �0 15 �0 07 0 85 �0 019 I = �=RMSE

?} Q[ V}=Ri= =@ pB x=ox}mD u=L=Q] "Ow@ Oy=wN 1 8141 =@ Q@=Q@ |vt}= ?} Q[
x@U=Lt =Q |vt}= K]U Ovv=wD|t 'CU= |B Q=QkDU= R=QD =@ \@DQt ,=t}kDUt xm |vt}=

"Ovvm
SF = 0=3950� + 0 6291 (17)

|x]@=Q w CiQo CQwY R}v �1997� s}r |x]@=Q =@ \=@DQ= QO |vw}UQoQ p}rLD
CUOx@ u=v}t]= C}r@=k XN=W w |vt}= ?} Q[ u}@ \=@DQ= |Q=QkQ@ Qw_vtx@ 18

"Ot;
SF = 0 4174� + 0 0157 (18)

?wr]t u=v}t]= XN=W x@ uO}UQ Qw_vtx@ �1997� s}r |x]@=Q =@ \=@DQ= QO
T=U=Q@ "Ow@ Oy=wN 1 2679 =@ Q@=Q@ |vt}= ?} Q[ '18 |x]@=Q T=U=Q@ �� = 3�
|=yQ=}at u=wvax@ R}v �1997� s}r |x]@=Q |=Q@ � w SF |=yQDt=Q=B R}r=v; u}= G}=Dv
|x]@=Q wO |=Q@ R}v C}U=UL R}r=v; 'Q[=L VywSB QO "OvQ=oR=U Qo}Om} =@ C}vt=
s}r w �2000� utrm w p} wrt \@=wQ |=Q@ xOWQmP R}r=v; G}=Dv "OW s=Hv= xQ=W=OQwt
�hr=2� pmW |ki= QwLt "CU= xOW x�=Q= �?2� w �hr=2� |=ypmW QO �1997�
|xR=Ov= \UwDt X2 'u=} QH |x} w=R pt=a X1 pt=W QF-wt |iO=YD |=yQDt=Q=B
x=ox}mD pmW pt=a X5 'u=} QH jta QDt=Q=B X4 'pB x=ox}mD ZQa X3 '?wUQ
\@=wQ C}U=UL R}r=v; QO "CU= C}U=UL pt=a |Owta QwLt w CaQU X6 w

"xOW s=Hv= C}U=UL R}r=v; Q=Owtv "2 pmW

|QwxQy@ XN=W |xv}W}@ w �1997� s}r VwQ x@ \w@ Qt =]N |xv}tm "CU= xOt;
�2000� utrm w p} wrt |x]@=Q "CU= x]@=Q u=ty x@ \w@ Qt R}v |oOvm =QB u} QDtm w
"OQ=O Q=Qk swO |x@DQ QO |QwxQy@ XN=W |xv}W}@ w =]N |xv}tm |x@vH wO R= R}v
VywSB QO xm |]@=wQ u=}t R= 'xDiQos=Hv= u=v}t]= C}r@=k |Q=t; p}rLD x@ xHwD =@
u} QDu�t]t �2000� utrm w p} wrt w �1997� s}r |x]@=Q 'Ov=xOW |@=} RQ= Q[=L
wQ u}= R= "OvDUy =ypB x=ox}mD h=Q]= |oDUW?; jta |v}@V}B Qw_vtx@ \@=wQ
XN=W w �SF � |vt}= ?} Q[ u}@ |x]@=Q |UQQ@ x@ VywSB |Oa@ |xrLQt QO
�1997� s}r |x]@=Q wO QO QF-wt |=yQDt=Q=B C}U=UL R}r=v; w ��� u=v}t]= C}r@=k

"CU= xOW xDN=OQB �2000� utrm w p} wrt w
w lU} Q |UQQ@ |=Q@ u=v}t]= C}r@=k p}rLD |=yVwQ xmv}= x@ xHwD =@
?U=vt =ypB x=ox}mD w x}=B |oDUW?; xS} wx@ |m}rwQO}y |=ysDU}U |Q}PBO=tDa=
|UQQ@ R}v �SF � |vt}= ?} Q[ u}}aD |DvUVwQ =@ =Q =yu; \=@DQ= u=wD|t 'OvDUy
R= =yQDt=Q=B C}a]k sOa uDiQoQ_vQO Qw_vtx@ =y|L=Q] QO ,qwtat u=UOvyt "OQm
|vt}= ?} Q[ R= xO=iDU= xm CU= QmP x@ sRq "Ovvm|t xO=iDU= |vt}= ?} Q[
sDU}U xm Ovm|tv XNWt w OyO|t Vy=m =Q =yQDt=Q=B C}a]k sOa QF= \ki
\=@DQ= |UQQ@ 'sDU}U |}=Q=m V}=Ri= Qw_vt x@ "OQ=O Q=Qk |vt}= K]U xJ QO
x@ sRq "OUQ|t Q_vx@ |QwQ[ u=v}t]= C}r@=k XN=W w |vt}= ?} Q[ u}@
=ypB x=ox}mD ut}= |L=Q] CyH |Q@Dat XN=W 'QwmPt |x]@=Q xm CU= QmP
QO "OwW|t h} QaD da=Ys C@Uv CQwYx@ �SF � |vt}= ?} Q[ "Ow@ Oy=wN
w 'CaQU 'Q=@ 'pB x=ox}mD w x}=B |oDUW?; |xO}OB Q}_v |a}@] |=ysDU}U
w Ovvm|t Q}}eD |]}Lt \}=QW x@ xHwD =@ xm CU= xv=NOwQ QO u=} QH jta
x@ �pB x=ox}mD |B jta� Ctw=kt |rw "CU= QW@ Q=}DN= QO QDtm =yu; Q}}eD
=@ |vt}= ?} Q[ R= |YNWt Q=Okt x@ uO}UQ |=Q@ "CU= Q}}eD p@=k |DL=Q
�SF � |vt}= ?} Q[ "OQw; CUOx@ u=wD|t =Q sDU}U Ctw=kt Q=Okt 'Q=@ uOw@C@=F
xv} Ry |xr�Ut =Q} R "OwW|tv O=yvW}B |rm ?r=k QO Q[=L VywSB QO xOWKQ]t
C}r@=k p}rLD x@ xHwD =@ "CU= xOWv O}k u; QO CUmW C=a@D w KQ] O=YDk= w
wO u}@ |]N |]=@DQ= '|vt}= ?} Q[ |x@U=Lt w xOWx�=Q= pB x=ox}mD u=v}t]=
utrm w p} wrt |x]@=Q |=Q@ 'Q[=L |xar=]t QO "O};|t CUOx@ QwmPt QDt=Q=B
u=v}t]= C}r@=k XN=W T=U=Q@ ẁvDt |=y|vt}= ?} Q[ '�1997� s}r w �2000�
xDUO 5 x@ xOW|R=Ux}@W OOa1000 "OW x@U=Lt |Q}PBO=tDa= R}r=v; s=Hv= =@
|Q}PBO=tDa= XN=W p@=kt QO |vt}= ?} Q[ 'xDUO Qy |=Q@ w OvOW |Ov@s}UkD
"Ot; CUOx@ � w SF u}@ |vw}UQoQ R}r=v; s=Hv= =@ \@=wQ u} QDy@ w OW CqB
?} Q[ V}=Ri= =@ "OvDUy Q=oR=U Qo}Om} =@ C}vt= |=yQ=}at u=wvax@ � w SF
R= xO=iDU= =@ "O@=}|t V}=Ri= � XN=W w Vy=m CUmW p=tDL= �SF � |vt}=
C}r@=k XN=W p}O@D |=Q@ 17 |x]@=Q '|vw}UQoQ p}rLD w xOt; CUOx@ C=aq]=
�2000� utrm w p} wrt |x]@=Q |=Q@ pB x=ox}mD QO |vt}= ?} Q[ x@ u=v}t]=
17 |x]@=Q R= �� = 3� ?wr]t u=v}t]= XN=W x@ uO}UQ |=Q@ "OW x�=Q=
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"�1997� s}r |x]@=Q QO u=v}t]= C}r@=k XN=W QO u=} QH jta Q}F-=D "4 pmW
"|OQ@ Q=m p=Ft x@ \w@ Qt |m}rwQO}y C=YNWt "6 pwOH

Q(m3=s) d0(m) U(m=s) Uc(m=s) Fr

121 45 2 156 1 408 2 306 0 306
230 43 3 226 1 786 2 457 0 317
388 53 4 510 2 154 2 582 0 324

w xO=O xDUO wO u}@ |oDU@ty ?}=Q[ Q}O=kt Qw_vt u}O@ [23]"OW xU}=kt �1995�
T=U=u}= Q@ "OvOW x@U=Lt �NRMSE wRMSE�|D=@U=LtG}=Dv |=]N `@=wD
CUOx@ NRMSE = 0 286 w RMSE = 0 372 'R2 = 0 894 Q}O=kt
OQ=w xOWs=Hv= |R=Ux}@W QO xQ=W= OQwt |v=O}t C=aq]= xmv}= x@ xHwD =@ "OvOt;
"OvQ=O|rw@k p@=kCkO 'QwmPt |R=Ux}@W R= pY=LG}=Dv xm OUQ|t Q_v x@ 'Ov=xOWv

|OQ@ Q=m p=Ft "5
OQwt u}= |=Q@ VywSB R= pY=L G}=Dv p}rLD w |OQ@ Q=m p=Ft l} QmP x@ =yDv= QO
pt=wa x@ |B Q=QkDU= R=QD XwYNx@ 'pB x=ox}mD C=YNWt "CU= xOW xDN=OQB
xDU@=w x}=B h=Q]= |oDUW?; jta u=R}t w u=} QH |=yxYNWt w |m}rwQO}y

"CU=
Q]k =@ Kr=Yt R= xO}WwB 0 001 |rw] ?}W w QDt 40 ZQa =@ |}xv=NOwQ
"CU= xOW xDiQo Q_v QO 0 035 nv}v=t |Q@ R ?} Q[ w QDt|r}t 25 \UwDt
xOt; [14]`HQt QO xOWx�=Q= C=aq]= =@ j@=]t u=} QH |m}rwQO}y C=YNWt Q}=U
T=U=Q@ "CU= xOW xO=O V}=tv 6 pwOH QO QwmPt C=aq]= R= |}xYqN xm CU=
C=}�RH "CU= xO=O MQ pqR ?; |oDUW?; '6 pwOH QO xOWx�=Q= C=aq]=
Q=QkDU= R=QD C=@U=Lt u}= QO "CU= xOW x�=Q= 7 pwOH QO u=v}t]=C}r@=k C=@U=Lt
xO=iDU= =@ |oDUW?; jta |xv}W}@ w xOW xDiQo Q_vQO hOy QDt=Q=B u=wvax@ |B
x@U=Lt u=v}t]= XN=W w u=v}t]= ?} Q[ '�2000� utrm w p} wrt |x]@=Q R=

"Ov=xOW
|@O |=Q@ w "O@=}|t Vy=m u=v}t]= ?} Q[ '|@O V}=Ri= =@ xm OwW|t x_Lqt
QO "OyO|t Vy=m COWx@ =Q |vt}= ?} Q[ QDt 3 R= QDtm |B Q=QkDU= R=QD 'xv}W}@
|B Q=QkDU= R=QD <=R= x@ ?wr]t \}=QW '|UQQ@ OQwt |=y|@O |xty <=R= x@ p=L Qy

"O};|t CUOx@ QDW}@ w QDt 4

"(�) u=v}t]= C}r@=k XN=W u}@ \=@DQ= "3 pmW

xm CU= |Dtw=kt pt=a 'pB x=ox}mD |B Q=QkDU= R=QD \ki 'pB x=ox}mD |oDUW?;
"OvDUy C@Ft |Q}O=kt w sDU}U Q@ OQ=w Q=@ '=yQDt=Q=B Q}=U w CU= |ivt

|oDUW?;jta QO Q}F-=Du} QDW}@ 'u=} QHCaQU QDt=Q=B �hr=2�pmW x@ xHwD =@
utrm w p} wrt |x]@=Q |HwQN QO Q}F-=D u} QDtm 'x=ox}mD pmW pt=a w pB x=ox}mD
utrm w p} wrt |x]@=Q QO xm OvyO|t u=Wv C}U=UL p}rLD G}=Dv "CU= �2000�
�2 1 OwOL x=ox}mD pmW pt=a syU w �66 8 OwOL CaQU syU '�2000�
'x=ox}mD pmW pt=a X1 |ki= QwLt x@ \w@ Qt |=yQDt=Q=B '�?2� pmW QO "CU=
w 'C=@ wUQ |xR=Ov= \UwDtX 5 'ROr}W QDt=Q=B X4 'u=} QH jta X3 'CaQU X2
w u=} QH jta QDt=Q=B �?2� pmW x@ xHwD =@ "CU= C}U=UL pt=a |Owta QwLt
R= pY=L |=y|HwQN QO QF= u} QDtm 'ROr}W QDt=Q=B w QF= u} QDW}@ ?}DQD x@ CaQU
|x]@=Q QO xm OvyO|t u=Wv C}U=UL p}rLD G}=Dv "OvDUy �1997� s}r |x]@=Q
�11 OwOL ROr}W QDt=Q=B syU w �55 OwOL u=} QH jta syU �1997� s}r

"CU=
CaQU =@?U=vDt|oDUW?;jta 'CU= pqR?; ẁv R= u=} QH xmv}= x@ xHwD =@
XN=W �hr=3� pmW j@] '�2000� utrm w p} wrt |xrO=at |=Q@ w CU= u=} QH
OwW C@=F w OUQ@ |v=QL@ CaQU x@ xm |v=tR =D 'O@=}|t Vy=m CaQU V}=Ri= =@ �
QO C=@ wUQ |xR=Ov= \UwDt C=Q}}eD QF= '�?3� pmW QO � = 1 01� 1 87 %xm
�XN=WV}=Ri= 'C=@ wUQ|xR=Ov=V}=Ri= =@ "CU= xOW xO=O u=Wv u=v}t]=XN=W
x_Lqt "CU= Q=PoQ}F-=D � QO QDt=Q=B u}= xH}Dv QO "OQ}o|t CQwY |QD`} QUnvy; =@
TB '�2000� utrm w p} wrt |x]@=Q |=yQDt=Q=B |=Q@C}U=UL pt=a u}}aD =@ xm OW
|xR=Ov= Q}F-=D "OQ=O Q=Qk C}ty= swO |x@DQt QO ?wUQ |xR=Ov= \UwDt 'CaQU R=
C}U=UL R}r=v; pt=a QO QwmPt QDt=Q=B QF= O} -wt 'u=v}t]=XN=W QO C=@ wUQ\UwDt
XN=W QO u=} QH jta Q}F-=D |xwLv w C}U=UL pt=a |Q=oR=U '4 pmW "CU=
=@ QDt=Q=B u}= xm CU= u; Qov=}@ w OyO|t u=Wv =Q �1997� s}r |x]@=Q QO u=v}t]=
R= pY=L G}=Dv 'xt=O= QO "OQ=Po|t Q}F-=D u=v}t]= C}r@=k XN=W QO |a} QU nvy;
u=Q=mty w uwUrQ=m |v=O}t C=ar=]t G}=Dv =@ Q[=LVywSB QO xOWs=Hv= |R=Ux}@W
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C}r

@=kp
}rLDVwQ x@ |iO=YD OOa 1000 O}rwD =@ 'Q[=L VywSB QO "CU= xOWv XNWt

p=tDL= 'Q=QmD Q=@ 1000 |=Q@ CUmW K]U `@=D pL w wrQ=mCvwt |R=Ux}@W
xOW x@U=Lt pqR ?; \}=QW CLD pB x=ox}mD |oDUW?; \@=wQ CUmW
pB x=ox}mD |oDUW?; \@=wQ u=v}t]= C}r@=k |UQQ@ x@ Qw_vt u}= |=Q@ "CU=
|R=Ux}@W VwQ |xr}Uwx@ pqR ?; |oDUW?; \}=QW QO |t�=O u=} QH CLD
'OwHwt hrDNt \@=wQ u=}t QO 'xOt; CUOx@ G}=Dv T=U=Q@ "OW xDN=OQB wrQ=mCvwt
u} QDW}@ w CUmW p=tDL= u} QDtm '�2000� utrm w p} wrt w �1997� s}r \@=wQ
�1989� I}rwQi '�1961� w}r \@=wQ |=Q@ "OvQ=O =Q u=v}t]= C}r@=k XN=W u=R}t
�1973� uwUr}v |x]@=Q |=Q@ "OyO|t MQ CUmW Cr=L �1992� p} wrt w
QO |Q}PBO=tDa= 'CU= xOw@v |B Q=QkDU= R=QD R= QDW}@ |oDUW?; jta xJQo =
utrm w p} wrt |x]@=Q |=Q@ |vw}UQoQ p}rLD "CU}v `k=w ?wr]t |xOwOLt
w |vt}= ?} Q[ u}@ \=@DQ= w CiQo CQwY �1997� s}r |x]@=Q w �2000�
?} Q[ QDt=Q=B xm CU= u; R= |m =L G}=Dv "Ot; CUOx@ u=v}t]= C}r@=k XN=W
w �2000� utrm w p} wrt |x]@=Q wO Qy |=Q@ u=v}t]= C}r@=k XN=W w |vt}=
x@ \w@ Qt |QwxQy@ XN=W u=R}t u} QDW}@ "OvDUy Q=oR=U Qo}Om} =@ �1997� s}r
s=Hv= =@ "CU= �1961� w}r |x]@=Q x@ \w@ Qt u; u} QDtm w �1997� s}r |x]@=Q
u=} QH jta QDt=Q=B xm OW XNWt �1997� s}r |x]@=Q |=Q@ C}U=UL R}r=v;
utrm w p} wrt |x]@=Q QO w OvQ=O =Q Q}F-=D u} QDtm ROr}W QDt=Q=B w Q}F-=D u} QDW}@
=Q Q}F-=D u} QDtm 'x=ox}mD pmW pt=a QDt=Q=B w Q}F-=D u} QDW}@ CaQU QDt=Q=B '�2000�

"OvQ=O

"|OQ@ Q=m p=Ft OQwt QO u=v}t]= C}r@=k C=@U=Lt C=}�RH "7 pwOH
Q(m3=s) Ys(m) da(m) � SF

121 45 1 074
2 3 122 1 862
3 5 479 2 793
4 7 836 3 724

230 43 1 843
2 1 155 1 085
3 2 528 1 628
4 3 902 2 170

388 53 2 661
2 0 310 0 752
3 1 262 1 127
4 2 213 1 503

|Q}oxH}Dv "6
x@ xHwD =@pB x=ox}mD |oDUW?; |xr�Ut QO u=v}t]= C}r@=k |=yp}rLD |Q}oQ=mx@
x@ |QwQ[ =yu; x=ox}mD h=Q]= QO |oDUW?; |oW}ty ẁkw w =ypB |D=}L Vkv
C}a]k sOa '|oDUW?; |xO}OB QO xOWs=Hv= C=ar=]t ?re= QO "OUQ|t Q_v
|oDUW?; Q=Okt |v}@V}B QO R}v lU} Q 'u; ?Hwt x@ w xOWv |UQQ@ =yQDt=Q=B

=yCWwv=B
1. congruential method
2. seed
3. acceptance-rejection method
4. hit and miss method
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