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xm|t=ovy "OvwW|t G}U@ `tWhm w h=Q]= l =N hQ] R= |QwLt Q=@ p=ta= QF= QO
"Ow@ Oy=wN1pmW x@=Wt u=mtQ}}eD� Q=@|vLvt 'OQ}o|t Q=Qk |Q=Wi Q=@CLD|atW

CU= QDy@ '=y`tW |Q@ Q=@ C}iQ_ |v}@V}B QO OwHwt |=yC}a]k sOa x@ xHwD =@
u} QDy@ `tW |Q=PoQ=@ V}=tR; "OwW u}}aD =HQO CQwYx@ =yu; |Q@ Q=@ C}iQ_
|=yxSwQB ?re= QO R=}v x@ xDU@ w CU=y`tW |Q@ Q=@ u}}aD CyH s}kDUt VwQ
300 |r= 250 Qy |=R= x@ ,qwtat "OwW|t s=Hv= =yV}=tR; u}= R= |O=OaD 'nQR@

[1]"OwW|t s=Hv= V}=tR; l} `tW
|wQ Q@ `tW |}=yv |Q@ Q=@ u}}aD |xv}tR QO xOWs=Hv= |r@k C=k}kLD s=tD
|=yV}=tR; s=Hv= x@ R=}v|vLvt u}= uDW=O |=Q@ wCU= Q=wDU=|}=H@=H� Q=@|vLvt
R= xO=iDU= CyH sRq C=aq]= CU= xOW |aU VywSB u}= QO "CU= |}=QLY
?U=vt |=yVwQ R= xO=iDU= =@CU= |}=H@=H� Q=@ |vLvt u=ty xm Q}UiD |=yVwQ
u=wD|tv =Q |OOa |=yVwQ xm CU= |QwQ[ xDmv u}= QmP "OwW O=H}= |R=UpOt
O=OaD Vy=m Qw_vtx@ \ki xmr@ &OQm |krD |}=QLY |=yuwtR; u} Ro}=H |xrRvtx@
xrLQt u}= QO =yxv} Ry Vy=m w nQR@ |=yxSwQB |D=tOkt pL=Qt QO =yV}=tR; u}=

"OQm xO=iDU= VwQ u}= R= u=wD|t
`tW |Q=PoQ=@ V}=tR; |OOa |R=UpOt |xv}tR QO xOWs=Hv= C=k}kLD R=
|=yuwtR; G}=Dv =@ `tW |OOa |R=UpOt R= pY=L G}=Dv |xU}=kt x@ u=wD|t
p}@k R= |rt=wa Q}F-=D Qo}O |WywSB QO u}vJty [2]"OQm xQ=W= `tW Sw}i} QDv=U

pw�Ut xOvU} wv �
"1390 6 5 VQ}PB '1389 10 27 x}LqY= '1389 5 18 Ci=} QO %M} Q=D



"""|
=yp

}rLD
R=x

O=iD
U=

=@`t
W|

Q@Q=
@C

}iQ_
u}}a

D

[4]CQwm*O VwQ "3"3
R= xO=iDU= |=Q@ "CU= u}J VwQ x}@W |Q=DN=U ^=Lr R= �1998� CQwm*O VwQ
p@=kt QO xOt;CUOx@ Q=Okt Q=Owtv w s}UkD OwN Q}_v |}=H@=H Q@ Q=@ Qy 'VwQ u}=
QwLt w p}t p}=t \N l} CtU x@ xOWs}UQD |vLvt "OwW|t s}UQD u; Q}_v Q=@
s}UQD =Q |]N u=wD|t '|vLvt u}= Q@ |]N VR=Q@ =@ "Ovm|t `]k =Q �Q=@� |ki=
R= |}xvwtv "CU= |}=yv Q=@ Qou=Wv |ki= QwLt =@ \N u}= |kqD |x]kv xm OQm

"CU= xOW xO=O u=Wv 4 pmW QO VwQ u}= x@ |}=yv Q=@ u}}aD

[1]"uUv=y VwQ QO `tW |}=yv Q=@ u}}aD "2 pmW

[1]"u}J VwQ QO |}=yv Q=@ u}}aD |xvwtv "3 pmW

[4]"CQwmO VwQ QO |}=yv Q=@ u}}aD |xvwtv "4 pmW

"`tW |}=H@=H� Q=@ |vLvt "1 pmW

%OQm xO=iDU= |rm VwQ wO R= u=wD|t `tW |Q@ Q=@ C}iQ_ u}}aD Qw_vtx@
l}Uqm VwQ 1

"u; G}=Dv p}rLD w `tW |Q=PoQ=@ V}=tR; s=Hv= 2
`} RwD sR}v=mt T=U=Q@ xm hrDNt u=QoWywSB |m} Qw�D \@=wQ R= pw= VwQ QO
'Ov=xOW x�=Q= `tW lwv h=Q]= |x}L=v QO CUmW Kw]U p}mWD w '|}=H@=H 'VvD
"""w l}Uw 'hwyQ}=t '|k=RQD |xOWx�=Q= \@=wQ x@ u=wD|t ,qFt "OwW|t xO=iDU=
QO l =N \}Lt |v=Uty=v Q}_v |rt=wa QF= uOQmv^=Lr VwQ u}= QO "OQm xQ=W=
K}LY u}tND Ov=wD|t u; pmW w '`tWTvH '`tW |=QH= |xwLv '`tW |xOvQ}oQ@

"OR=U x=Qty pmWt =@ =Q |m} Qw�D \@=wQ R= xO=iDU= =@ `tW |Q@ Q=@ C}iQ_
w =yx}YwD R= xO=iDU= w sRq O=OaD x@ |Q=PoQ=@ V}=tR; s=Hv= =@ 'swO VwQ QO
x@U=Lt `tW |Q@ Q=@ C}iQ_ 'Ov=xOW x�=Q= G}=Dv Q}UiD |xv}tR QO xm |@ QHD \@=wQ
K}[wD 'xt=O= QO xm Ov=xDUO u}= R= uUv=y w CQwm*O 'u}J |=yVwQ "OwW|t

"CU= xOW x�=Q= =yu; R= l} Qy OQwt QO |QYDNt

`tW |Q=PoQ=@ V}=tR; G}=Dv Q}UiD "3
R= xO=iDU= =@ =y`tW |}=yv |Q@ Q=@ C}iQ_ u}}aD |=Q@ |awvDt w hrDNt |=yVwQ
u} QDsyt R= |O=OaD x@ xt=O= QO xm 'CU= xOW O=yvW}B `tW |Q=PoQ=@ V}=tR; G}=Dv

"OwW|t xQ=W= =yu;

[1]uUv=y VwQ "1"3
u=mtQ}}eD Q@=Q@ 4 'u=mtQ}}eD u=R}t u; QO xm CU= |Q=@ `tW |}=yv Q=@ VwQ u}= QO

"�2 pmW� OW=@ Q=@ u; �80 |=R= x@

[1]u}J VwQ "2"3
%OwW|t sUQ j} Q] u}= x@ xm CU= |]N ?}W |}=yv Q=@ �1983� u}J VwQ QO
?ULQ@ u=mtQ}}eD Q=OwtvTBU w s}UkD u; Q_=vDt Q=@ Q=Okt Q@ u=mtQ}}eD Q}O=kt =OD@=
|}=yv Q=@ u}}aD '3 pmW "OwW|t s}UQD �Q=@ Q@ u=mtQ}}eD s}UkD pY=L� Q=Okt u}=
\N l} |wQ ,=@} QkD VwQ u}= R= pY=L \=kv "OyO|t u=Wv |}=mD= `tW |=Q@ =Q

"OQm Oy=wN u}}aD =Q `tW |}=yv |Q@ Q=@ '\N ?}W w OvQ}o|t Q=Qk CU=Q

40



|J
kHv

t|
v=tQy

ku
=t}B

w|
v=OR}

OwtL
t ltm 'OvQ=O pQDvm x@ R=}v =yQwDm =i R= l} s=Om xmv}= u}}aD QO ANOVA pwOH

"Ovm|t |O=} R

=yV}=tR; |L=Q] |SD=QDU= "2"4
=Q p=vwowDQ= |=yx}=Q; R= |}xS} w |=yxwQo 'OwN |=yV}=tR; |x�=Q= |=Q@ |Jwo =D
R= |O}OH |QU 'C@=F |WwQ =@ p=vwowDQ= |=yx}=Q; ?}mQD =@ |w "OQm O=H}= w ?}mQD
|W}=tR; |=yC}akwt R= |O=OaD |=Q@ xm OQm sy=Qi =Q OQ=Ov=DU= p=vwowDQ= |=yx}=Q;
"OvWN@|t CrwyU =Q =yV}=tR; |L=Q] Ov}=Qi 'p=vwowDQ= |=yx}=Q; "OvwW|t xO=iDU=
=@ =yQwDm =i u}}aD 'p=vwowDQ= |x}=Q; u} QD?U=vt ?=NDv= pt=W V}=tR; l} |L=Q]
\}=QW x@ swUwt =RHt |=yV}=tR; R= |}=y?}mQD K}[wD ,=D}=yv w ?U=vt |=yuwDU
1 pwOH QO |L]U 2 |=yQwDm =i |=Q@ |rwtat p=vwowDQ= |x}=Q; l} "CU= V}=tR;
=yV}=tR; |L=Q] |=Q@ 'OwW|t xO=O u=Wv L8 =@ xm x}=Q; u}= "CU= xOW xO=O u=Wv
Qy "CU= uwDU 7 w h}OQ 8 |=Q=O w OwW|t xOQ@ Q=mx@ K]U 2 QO QwDm =i 7 pt=W
|}=yxQ=tW =@ QwDm =i Qy K]U u; QO xm OyO|t u=Wv =Q V}=tR; C}akwt l} h}OQ
\}=QW x@ \w@ Qt xm 1 h}OQ QO 'p=Ft |=Q@ "Ov=xOW xO=O u=Wv Q_vOQwt h}OQ QO
QO xmv; p=L 'Ov=xOW xO=iDU= 1 K]U QO QwDm =i 7 |t=tD 'CU= l} V}=tR;
Q}=U w OwN pw= K]U QO C w B 'A pw= QwDm =i 3 '�2 h}OQ� wO V}=tR; \}=QW
x@ \w@ Qt |Owta |=yuwDU "Ov=xOW xO=iDU= OwN swO K]U QO Qo}O QwDm =i 4
w 1 K]U R= Cr=L Q=yJ |w=L uwDU Qy "Ov=V}=tR; QO xOWXNWt |=yQwDm =i
,qFt "OvwW|t ?}mQD VwQ 4 =@ |L]U wO QwDm =i 2 "CU= 2 K]U R= Cr=L Q=yJ
QO =Q =y?}mQD u}= 'x}=Q; l} uwDU 2 |Dkw "�2 w 2� w �2 w 1� '�1 w 2� '�1 w 1�
xOWTvq=@ =} p=vwowDQ= '=yuwDU u}= xm OwW|t xDio 'OvyO p}mWD |v=Um} C=aiO
w �2 w 1� '�1 w 2� '�1 w 1� |=y?}mQD s=tD xm B w A |=yuwDU ',qFt "OvDUy
xm OQm xHwD O}=@ "OvDUy p=vwowDQ= uwDU 2 'OvDUy =Q=O Q=@ wO O=OaD x@ =Q �2 w 2�
�2 w 1� '�1 w 2� '�1 w 1� |=y?}mQD R= |v=Um} O=OaD |=Q=O 'L8 R= uwDU 2 Qy

"OvDUy p=vwowDQ= Qo}Om} =@ L8 l} uwDU 7 |t=tD 'u}=Q@=v@ "OvDUy �2 w 2� w
'B 'A =Q =yQwDm =i u}= "OW=@ |UQQ@ CLD |L]U wO QwDm =i 7 xm O}vm ZQi
L8 |x}=Q; R= 7 =D 1 |=yuwDU =@ ?}DQDx@ =Q =yu; w s}t=v|t G w F 'E 'D 'C
QO QwDm =i Qy K]U x=Qty x@ V}=tR; C}akwt CWy '1 pwOH "s}vm|t XNWt
xm 2 w 1 |=yxQ=tW uOv=wN =@ V}=tR; Qy \}=QW h}YwD "OyO|t u=Wv =Q =QH= Qy

[5]"L8 p=vwowDQ= |x}=Q; "1 pwOH
=yQwDm =i V}=tR; |xQ=tW

G F E D C B A

1 1 1 1 1 1 1 1
2 2 2 2 1 1 1 2
2 2 1 1 2 2 1 3
1 1 2 2 2 2 1 4
2 1 2 1 2 1 2 5
1 2 1 2 2 1 2 6
1 2 2 1 1 2 2 7
2 1 1 2 1 2 2 8

|Jwo =D VwQ "4
VwQ |iQat "1"4

1920 p=U QO Q=@ u}rw= |=Q@ hrDNt Kw]U w =yQwDm =i =@ =yV}=tR; |L=Q] VwQ
KQ] "CU= hwQat =yV}=tR; |r} QwDm =i |L=Q] |xrRvtx@ VwQ u}= [5]"OW KQ]t
=yQwDm =i R= |YNWt xwQo |=Q@ umtt |=y?}mQD |xty 'pt=m |r} QwDm =i V}=tR;
|UQQ@ CLD |=yQwDm =i O=OaD '=yV}=tR; ?re= QO xm =Hv; R= "OQm Oy=wN u}}aD =Q
x@ QHvt pt=m |r} QwDm =i |=yVwQ =@ =yV}=tR; |L=Q] R= xO=iDU= 'CU= O=} R
?}mQD O=OaD Vy=m QO swUQt VwQ "OwW|t =yV}=tR; R= |O=} R O=OaD s=Hv=
'1940 p=U QN=w= "CU= 2|} RH |r} QwDm =i |=yV}=tR; R= xO=iDU= '=yV}=tR;
|} RH |r} QwDm =i |=yV}=tR; |=Q@ |rm |=yKQ] R= |}xS} w |xawtHt |Jwo =D
|} RH 'p=vwowDQ= |=yx}=Q; "OyO|t VWwB =Q =yOQ@ Q=m ?re= xm CU= xOQm O=H}=
O=OaD u} QDtm u}}aD QO =Q =t =yx}=Q; u}= R= xO=iDU= "CU=y|L=Q] |xawtHt u}= R=
'xOWu}}aD OQmrta x@ xDU@ [5]"Ovm|t |Q=} =yQwDm =i R= |}xawtHt |=Q@ =yV}=tR;
'u} QDtm 'u} QDW}@ x@ �hOy `@=D� pwYLt xm OQ=O xQ=W= xDmv u}= Q@ \}=QW u} QDy@
pwYLt l} |L=Q] QO QDy@ \}=QW "CU= xO}UQ C}i}m |xYNWt Q=Okt =} w
CUOx@ G}=Dv u} QDy@ xm |wLvx@ 'CU= <=RH= R= CUQO |@}mQD u}}aD |=vat x@
"OwW|t |}=U=vW =yQwDm =i R= l} Qy |xOta Q=F; |xar=]t =@ \}=QW u}= [5]"O};
uOw@ swrat w uDUv=O =@ "OyO|t u=Wv =Q =yQwDm =i Q}F-=D |rm OvwQ 'xOta Q=F;
|v}@V}B 'Ovvm O=H}= =Q xH}Dv u} QDy@ OwQ|t Q=_Dv= xm |}=yQwDm =i Kw]U 'hOy

"OvwW|t
=i}= =Q |tyt Vkv |UOvyt |=yOv}=Qi |L=Q] QO |r}rLD |=y|R=Ux}@W
|UQQ@ O=OaD u} QDtm =@ x=Qty '=yQDt=Q=B u} QDy@ x@ |@=}CUO Qw_vtx@ "Ovvm|t
|=Q@ |irDNt |=yVwQ xmv}= OwHw =@ "OQm xO=iDU= |Jwo =D VwQ R= u=wD|t |r}rLD
u; QO xm CU= |WwQ xv=o} |Jwo =D VwQ 'OQ=O OwHw =y|L=Q] w Ov}=Qi |R=Uxv}y@
\}=QW |L=Q] QO VwQ u}= u}vJty "OvwW|t xO=iDU= |}=RHt Kw]U QO =yQwDm =i
QO |Q=t; VwQ u}= R= xO=iDU= "OyO|t Vy=m =Q =yV}=tR; u=tR w O=OaD 'V}=tR;
|UOvyt QO u; OQ@ Q=m u} QDW}@ "CU= VQDUo p=L QO RwQx@ RwQ |UOvyt p�=Ut
OQ@ Q=m "CU= xOw@ uD@ |SwrwvmD xS} wx@ '|y=oW}=tR; |=yxar=]t x@ \w@ Qt u=Qta
=@ =yV}=tR; s=Hv= O=OaD |R=Uxv}tm j} Q] R= xv} Ry w u=tR |R=Uxv}y@ 'VwQ u}=
u}= R= xO=iDU= xm CU= sRq QmPD u}= [11�6]"CU= xOw@ XNWt |Q=m OvwQ l}
,qFt "CU= xOw@ OwOLt Q=}U@ |OOa |=y|R=UpOt w |m}vmDw�S p�=Ut QO VwQ
s=Hv= QO xm [12]'OQm xQ=W= GvUPwivV}=tR; |OOa |R=UpOt |R=Uxv}y@ x@ u=wD|t
u}}aD w GvUPwiv |OOa |R=UpOt |=Q@ l}D=tDU}U C}U=UL p}rLD w x} RHD
|=Q@ 'VywSB u}= QO "CU= xOW xO=iDU= QwmPt VwQ R= l =N |xv}y@ |=yQDt=Q=B
|OOa |R=UpOt G}=Dv uOWl}ORv Qw_vtx@ l =N |=yQDt=Q=B ?}mQD u} QDy@ u}}aD
hrDNt |=yQwDm =i pN=OD w =yQwDm =i R= l} Qy Q}F-=D syU '|}=QLY |=yV}=tR; w

"CU= xOW xO=iDU= VwQ u}= R= |R=UpOt QO
VwQ� pw= VwQ QO %Ovm|t O=yvW}B =yp}rLD s=Hv= |=Q@ VwQ wO |Jwo =D
xOt;CUOx@ |xH}Dv u}ov=}t Q=Okt =} w V}=tR; C}akwt l} |xH}Dv '�OQ=Ov=DU=
VR=OQB Tv=} Q=w p}rLD pw=OH w xOta QF= CLD V}=tR; C}akwt l} Q=QmD R=
R= xO=iDU= 'OwW|t x}YwD Q=QmD =@ x=Qty |=yV}=tR; |=Q@ xm swO VwQ "OwW|t
xm CU= |Q=t; C=}rta '3Tv=} Q=w p}rLD "CU= �S/N� R} wv x@ p=vo}U C@Uv
|UQQ@ w xar=]t "OwW|t p=ta= G}=Dv |wQ Q@ QwDm =i Qy syU OYQO u}}aD |=Q@

41



"""|
=yp

}rLD
R=x

O=iD
U=

=@`t
W|

Q@Q=
@C

}iQ_
u}}a

D

"L4 |x}=Q; |=Q@ |]N h=Qo "5 pmW

"K]U 3 w 2 =@ |QwDm =i |rY= w xOta C=QF= "6 pmW

%�2 |x]@=Q� QDy@ 'QDlJwm xJ Qy |i}m |xYNWt |=Q@
MSD = (y21 + y22 + y23 + :::)

n
(2)

%�3 |x]@=Q� QDy@ 'QDl}ORv |tU= Q=Okt x@ xJ Qy |i}m |xYNWt |=Q@

MSD =
�
(y1 �m)2 + (y2 �m)2 + (y3 �m)2 + :::

�
n

(3)

%�4 |x]@=Q� QDy@ 'QDnQR@ xJ Qy |i}m |xYNWt |=Q@

MSD =
( 1
y21

+ 1
y22

+ 1
Y 23

+ :::)

n
(4)

|tU= Q=Okt m w pwYLt l} x@ uO}UQ |=Q@ =yV}=tR; O=OaD n '\@=wQ u}= QO
"CU= pwYLt l} |=Q@ Q_vOQwt

[5]�ANOVA� Tv=} Q=w p}rLD "6"4
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'sm CmQ=Wt u=R}t =@ A QwDm =i |=Q@ ,qFt "Ov} wo|t uOQms=eO= 'Qo}O |=yQwDm =i
CQwYx@ O}OH Tv=} Q=w 'OwW xi=[= =]N VN@ x@ QwDm =i u}= Tv=} Q=w Qo =

%OwW|t x@U=Lt 11 |x]@=Q

Ve = (SB + Se)
(fB + fe)

(11)

[5]G}=Dv 6u=v}t]= |xvt=O "7"4
|=Q@ u=v}t]= K]U 's}yO u=Wv E(m) Ctqa =@ =Q G}=Dv |xawtHt u}tND Qo =

%CU= 12 |x]@=Q CQwYx@ u}ov=}t Q=Okt
C:I:(m) = E(m)�

r
r�(f1; f2)� Ve

ne
(12)

|xHQO f1 &f2 w f1 |O=R; |xHQO |=Q@ Tv=} Q=w C@Uv r�(f1; f2) 'x]@=Q u}= QO
R= xm CU= pO=at |=yMU=B O=OaD ne &=]N |O=R; |xHQO f2 &u}ov=}t |O=R;

%O};|t CUOx@ 13 |x]@=Q
ne = n

fm + fA
(13)

`tW |Q=PoQ=@ V}=tR; |OOa |R=UpOt "5
l =N w `tW Q=DiQ p}rLD "1"5

|Ov@s}UkD |rm xwQo wO x@ u=wD|t =Q l =N w `tW Q=DiQ p}rLD |=yVwQ |rmQw]x@
%OQm

u=tr= w OwOLt u=tr= pt=W |OOa |=yVwQ R= xO=iDU= |=v@t Q@ pw= VwQ
^=Lr =ypwtQi QO w xOWxDiQo Q_vQO l =N |oDUw}B C}y=t u; QO xm CU= |RQt
xO=iDU= l =N Q=DiQ uDiQoQ_vQO |=Q@ xO}J}B |Q=DiQ |=ypOt u}vJty "CU= xOW

[13]"OwW|t

43



"""|
=yp

}rLD
R=x

O=iD
U=

=@`t
W|

Q@Q=
@C

}iQ_
u}}a

D

|OOa pOt |xH}Dv Q@ QF-wt |=yQwDm =i Q=OQ@ ~X = (x1; x2; :::; xn) 'x]@=Q u}= QO
|OOa pOt |wQ Q@ QF-wt QwDm =i 6 O=OaD 'xOWs=Hv= |x}rw= |=y|UQQ@ T=U=Q@ "CU=

%CU= OQ=wt u}= pt=W xm CU= xOW |}=U=vW
&uwU=wB C@Uv w |v=UWm pwOt pt=W l =N |a=HDQ= C=YNWt ��

w `=UD= |x} w=R '|rN=O l =m]Y= |x} w=R pt=W l =N |Dtw=kt C=YNWt ��
&l =N |oOv@UJ

"lQDWt pYi u=tr= |Dtw=kt pt=a ��

=yV}=tR; |L=Q] QO |Jwo =D VwQ "2"6
?U=vt CkO w sm ,=D@Uv |=yxO=O O=OaD =@ |Jwo =D OQ=Ov=DU= Ot=aDt |=yx}=Q; KQ]
?U=vt Q=my=Q |xrRvtx@ =yV}=tR; s=Hv= u=} QH QO hrDNt pt=wa C=QF= u}tND QO
hOy w Ov=|OOa |=ypOt u=ty =yV}=tR; 'VywSB u}= QO "CU= xOW xO=iDU=
`@=D |R=Uxv}tm Qw_vtx@ |OOa pOt Qy G}=Dv Q@ QF-wt hrDNt |=yQwDm =i j}kOD
|UQQ@ VywSB u}= QO R}v hrDNt |=yQwDm =i u}@ p@=kDt Q}F-=D u}vJty "CU= hOy
|=Q@ 'pw= VN@ QO "CU= xOW s=Hv= xv=o =OH VN@ wO QO =yV}=tR; |L=Q] w
u}vJty w G}=Dv |wQ Q@ =yQDt=Q=B R= l} Qy CmQ=Wt u=R}t '|@Uv C}ty= |UQQ@
uDiQoQ_vQO |=Q@ |rY= p}rO "Ov=xOW K]U wO QO =yQwDm =i |t=tD '=yQDt=Q=B pN=OD
,=twRr xm CU=yQwDm =i pN=OD |UQQ@ |=Q@ |Jwo =D |=yO=yvW}B 'pw= VN@ |L=Q]
xr�Ut QDj}kO |UQQ@ |=Q@ swO VN@ QO "OvW=@ |L]U 2 O}=@ Q_vOQwt |=yQwDm =i
^=Lr =yQwDm =i |=Q@ K]U 4 O=OaD '=yQDt=Q=B R= l} Qy |]NQ}e Q}F-=D |Q}oQ_vQO w

"CU= xOW

|L]U 2 |=yQwDm =i =@ =yV}=tR; |L=Q] "3"6
lqt "OyO|t u=Wv =Q \w@ Qt Kw]U x=Qtyx@ |UQQ@OQwt |=yQwDm =i '3 pwOH
CU= C=v�=k OqwiC}=U QO xOWs=Hv= l =N |=yxar=]t VQ=Ro '2 w 1 Kw]U u}}aD
|YNWt |=yxOwOLt l =N |Dtw=kt w |m}v=mt |=yQDt=Q=B R= l} Qy |=Q@ xm
|xOwOLt QO =yQDt=Q=B u}= R= l} Qy j}kOD hOy 'VywSB u}= QO "CU= xOW x�=Q=
L16 |x}=Q; w CU= |O=R; |xHQO 10 |=Q=O |UQQ@OQwt V}=tR; "CU= xOWx�=Q=
|L=Q] QO "OR=U xOQw;Q@ pw= VN@ |=yV}=tR; |L=Q] |=Q@ =Q =t R=}v Ov=wD|t
|=Q@ Qo = "CU= xOW ^=Lr pN=OD QwDm =i 4 w |rY= QwDm =i 6 pN=OD =@ V}=tR;
(210) 1024 x@ R=}v 'OwW xO=iDU= pt=m |r} QwDm =i VwQ R= Q[=L |xr�Ut |UQQ@
QO =yQwDm =i pN=OD Q=F; |UQQ@ |=Q@ |]N h=Qo "CW=O s}y=wN V}=tR; C}akwt
u}@ pN=OD Qou=}@ QB wD |=y\N 'pmW u}= QO "CU= xOW xO=O u=Wv 10 pmW
QwDm =i 1 Qou=}@ 'xQo Qy u}vJty "CU= pN=OD sOa |xv=Wv u}J\N w QwDm =i wO
QO |aQi w |rY= QwDm =i 10 O=OaD 'OwW|t xOy=Wt 3 pwOH QO xmQw]u=ty "CU=
'=yQwDm =i u}= R= l} Qy xm CU= xOW xDiQo Q_vQO |L]U 2 |=yV}=tR; |L=Q]

"CU= xO=O X=YDN= OwN x@ =Q xQo 1
QO =Q |}q=@ Q=}U@ syU 'xOWxDiQoQ_vQO Kw]U =@ F QwDm =i '4 pwOH j@=]t
V}=Ri= Qw_vtx@ w =yp}rLD |xt=O= QO 'u}=Q@=v@ "OyO|t X=YDN= OwNx@ G}=Dv Q}}eD
ANOVA pwOH"CU= xOW u} Ro}=H Rinter = 0 7 Q=Okt =@ 2 K]U 'CkO
Q@"CU= xOW x�=Q= xOW KqY= |L]U 2 |=y V}=tR; |=Q@ 5 pwOH j@=]t
QO F QwDm =i |=Q@ xOWxDiQoQ_vQO O}OH K]U =@ =yQwDm =i |xOta Q=F; T=U= u}=
pt=a K]U KqY= =@ =yQwDm =i |xOWj}kOD?}mQD "CU= xOW xO=O u=Wv 11 pmW

"CU= A1B1C1D1E2F2 ?}mQD 'lQDWt pYi |Dtw=kt

xOW xDiQo Q_vQO |H} QOD CUWv CQwYx@ |OOa pOt QO Q=@ p=ta=
O}kt s�=k w |ki= |=yCyH QO pOt |=yRQt u=mtQ}}eD u}vJty [16w15]"CU=

"CU= xOW
%pt=W 'Ov=xO=iDU= p@=k PLAXIS |xt=vQ@ QO xm |Q=DiQ |=ypOt u} QDsyt
'10xOvwWsQv l =N pOt '9?trwm� Qywt pOt '8Q=OxRQO nvU pOt '7u=UWm pOt
u}= QO [14]"CU= 12|WRN |xOvwWsQv l =NpOt w 11xOvwWCNU l =N pOt
u=UWm CQwYx@ u; Q=DiQ w pNrND uwO@ '=RHt Kr=Yt l} CQwYx@ `tW 'VywSB
xm ?trwm� Qywt pOt R= xO=iDU= =@ l =N Q=DiQ u}vJty "OwW|t pOt |]N
|Q}tN |=yQDt=Q=B w � w E |a=HDQ= |=yQDt=Q=B =@ pt=m |Q}tN� |a=HDQ= CQwYx@

"CU= xOW xDiQo Q_vQO 'CU= 	 w ' 'C

|Q=PoQ=@ V}=tR; |R=UpOt Q@ QF-wt |=yQDt=Q=B j}kOD "6
`tW

xr�Ut h} QaD "1"6
|R=UpOt w |}=QLY V}=tR; R= pY=L |}=H@=H� Q=@ Q=Owtv pt=W xr�Ut C=twrat
|=yQDt=Q=B Q}}eD =@ wCU}vC@=F swO Q=Owtv &CU= 80cm Q]k =@ |=y`tW|=Q@ |OOa
|m}v=mt |=yQDt=Q=B R=|}xawtHt uOQm =O}BVywSB u}= R= hOy "O@=}|t Q}}eD l =N
sy Q@ u=mt= OL =D |vLvt wO u}= OwW Ea=@ xm|Qw]x@ 'CU= l =N |Dtw=kt w
|xHQO |xOvyOu=Wv xm CU= |D}tm x@ G=}DL= xr�Ut pL |=Q@ "OvwW j@]vt
K]U xm hOy `@=D l} =@ u=wD|t =Q C}tm u}= "OW=@ sy Q@ |vLvt wO j=@]v=
9 pmW QO swyit u}= "�14 |x]@=Q� OQm h} QaD 'CU= |vLvt wO u}@ QwYLt

"CU= xOW xO=O u=Wv

Target Function = S1 + S2 =Z ���Y Experimental � Y Numerical��� dx (14)

hOy `@=D uOw@xv}tm |xrRvtx@ 'OwW xv}tm |vLvt wO u}@ CL=Ut ẁtHt x=oQy
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1. Taguchi
2. partial factorial experiments
3. analysis of variance (ANOVA)
4. degrees of freedom
5. percent contribution
6. con�dence interval
7. elastic model
8. jointed rock model
9. Mohr- Coulomb model
10. soft soil model
11. hardening soil model
12. soft soil creep model

�References� `@=vt
1. Fakharian, K., Axial Bearing Capacity of Piles, Iran,

Transportation Research Institute, (In Persian) (1382).

2. Broere, W. and Van Tol, A.F., Numerical Investigation
Into Stress and Stain Development Around a Displace-
ment Pile in Sand, Delft University of Technology, Delft,
The Netherlands (2004).

3. Johnson, K.; Lemcke, P.; Karunasena, W. and Sivaku-
gan, N., Modelling the Load-Deformation Response of
Deep Foundations Under Oblique Loading, School of En-
gineering, James Cook University, Townsville, Queens-
land, 4811, Australia (September 2005).

4. Fellenius, B.H., What Capacity Value to Choose from
the Results a Static Loading Test, Deep Foundation In-
stotute, Fulcrum, pp. 19-22 (2001).

5. Roy, R.K., A Primer on the Taguchi Method, United
States of America, New York (1990).

6. Chaulia, P.K. and Das, R. \Process parameter opti-
mization for y ash brick by Taguchi method", Central
Mechanical Engineering Research Institute, Durgapur-
713209, India (Jun 2008).

7. Tan, O. and Zaimoglu, A.S., Taguchi Approach for Opti-
mization of the Bleeding on Cement-Based Grouts, Civil
Engineering Department, Engineering Faculty, Ataturk
University, Turkey (October 2004).

8. Turkmen, I. and Celik, G., A Taguchi Approach for
Investigation of Some Physical Properties of Concrete
Produced from Mineral Admixtures, Civil Engineering
Department, Engineering Faculty, Ataturk University,
Turkey (February 2007).

9. Oztas, A., Investigation Mix Proportion of High Strength
Self Compacting Concrete by Using Taguchi Method,
University of Gaziantep, Department of Civil Engineer-
ing, Turkey (April 2008).

10. Tortum, A., Determination of the Optimum Conditions
for Tire Rubber in Asphalt Concrete, Civil Engineering
Department, Engineering Faculty, Ataturk University,
Turkey (November 2004).

11. Khoei, A.R., Design Optimization of Aluminium Recy-
cling Processes Using Taguchi Technique, Department
of Civil Engineering, Sharif University of Technology,
Tehran, Iran (May 2002).

12. Elmi, F. \Systematic sensitivity analysis, application in
CPT test modelling", Seventh Congress of Civil Engi-
neering, Tarbiat Modares University, Iran, (In Persian)
(1385).

13. Rowe, R.K. \Geotechnical and geoenvironm-ental engi-
neering handbook", Edition 2, Illustrated Published by
Springer (2001).

14. User's Manual of Plaxis Version 8.20; Editted by
Brinkgreve, R.B.J., Delft University of Technology,
Netherlands (2002).

15. Karthigeyan, S., Inuence of Vertical Load on the Lat-
eral Response of Piles in Sand, Department of Civil En-
gineering, Geotechnical Engineering Division, Indian In-
stitute of Technology Madras, Chennai 600 036, India
(May 2006).

16. Mora, L.I., \Load testing on piles from a coastal foun-
dation", Mexico (2007).

51





h}
QWu

=Qta
|U

Ovyt
64

�53
"X

'4|
xQ=t

W'
28

�2
|xQ

wO

O
ri

gi
na

lA
rt

ic
leCtw=kt |wQ Q@ |m =N OU CN=U QF= |R=UpOt

|}=Qov=wQ Q@=Q@ QO |DiQ@; |B
�Q=}O=DU=� �=DUwQu}yt =[Q

TQOt C}@ QD x=oWv=O '|UOvyt |xOmWv=O
�OWQ= T=vWQ� � wr|kv =[Q

u=HvR x=oWv=O '|UOvyt |xOmWv=O

'OvwW E=OL= |}=Qov=wQ OaDUt |DiQ@; Kr=Yt |wQ Q@ xJv=vJ |m}vmDw�S |=yxR=U
Crax@ xr�Ut u}= &Ovm|t Q}}eD xR=U CN=U R= Oa@ |B |}=Qov=wQ Q@=Q@ QO Ctw=kt

CiQ@; QO Kr=Yt sm =QD w xOQ=w Q=@ QU u=R}t '|DiQ@; |B Q@ OQ=w |}xRQr |=yQ=@ uOQmQ}}eD
Kr=Yt sm =QD Q}}eD |x@U=Lt |=Q@ O}OH |WwQ 'Q=DWwv u}= QO "CU= OU CN=U R= TB

|x@U=Lt =@ u=wD|t u; R= xO=iDU= =@ xm CU= xOW x�=Q= OU CN=U R= TB |DiQ@; |B
'xrRrR R= pY=L |WQ@ |=yVvD =@ u; |xU}=kt w |B QO |}=Qov=wQ Q@=Q@ QO Ctw=kt
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