
�13
94

Q=y@
�'h

}QW
u=Qt

a|U
Ovyt

32
�21

"X
'1/

2|
xQ=t

W'
31

�2
|xQ

wO

O
ri

gi
na

lA
rt

ic
lep=ai |xOWs}_vD |tQH Qo =Q}t =@ xR=U pQDvm

2 ẁv |R=i j]vt |xOvvmpQDvm R= xO=iDU= =@
|}xRQr l} QLD |=Q@ |}xR=@

�Q=}Wv=O� Q=OtDa} QW sW=y
�|QDmO |wHWv=O� �|UoQvpo lt=}U
OyWt |UwOQi x=oWv=O 'u=Qta |UOvyt xwQo

Vy=m |=Q@ p=ai |tQH Qo =Q}t QO |}xR=@ 2 ẁv |R=i |xOvvmpQDvm OQ@ Q=m x@ VywSB u}=
QO =yu; |v=wD=v '1 ẁv |R=i |=ysDU}U |=y|DU=m R= |m} "OR=OQB|t xR=U MU=B

|=ysDU}U "CU= |R=i u}v=wk x=o}=B |xOvyOp}mWD C=aq]= QO C}a]k sOa uOQm^=Lr
|Q=PoQ=@ w xR=U Q=DiQ QO C}a]k sOa w CU= |DU=m u}= uOQmhQ]Q@ x@ QO=k '2 ẁv |R=i
|xk@] 11 |xR=U l} R= '|O=yvW}B |rQDvm VwQ |}=Q=m |UQQ@ |=Q@ "Ovvm|t ^=Lr =Q

w QwO u=O}t |xrRrR 4 x@ \w@ Qt |x}=B ?=DW QF= CLD xR=U u}= w xOW xO=iDU= |WQ@
Qo =Q}t =@ xOWpQDvm |xR=U G}=Dv =@ |O=yvW}B |rQDvm VwQ G}=Dv "CU= xDiQo Q=Qk l}ORv

1 ẁv |R=i |xOvvmpQDvm =@ p=ai |tQH Qo =Q}t =@ xOWpQDvm |xR=U w p=aiQ}e |tQH
|=ywQ}v <=R= x@ QDW}@ |tm '|O=yvW}B |xOvvmpQDvm xm CU= xO=O u=Wv G}=Dv w xOW xU}=kt

"OwW|t xR=U QO QDW}@ MU=B Vy=m Ea=@ '1 ẁv |R=i |xOvvmpQDvm x@ C@Uv |rQDvm

shariatmadar@um.ac.ir
golnargesi.siamak@gmail.com

2 ẁv |R=i j]vt |xOvvmpQDvm 'p=ai |xOWs}_vD |tQH Qo =Q}t %|O}rm u=oS=w
"MU=B Vy=m 'xrRrR l} QLD '1 ẁv |R=i j]vt |xOvvmpQDvm '|}xR=@

xtOkt "1
"OvOW KQ]t =yxR=U QO p=ai pQDvm |=ysDU}U 'TMD xrtH R= p=aiQ}e pQDvm
QO |}xR=U p=ai pQDvm swyit w uQOt pQDvm \@=wQ '1972 p=U QO Q=@ u}DUNv
x@ pQDvm |wQ}v p=ta= |=Q@ p=ai pQDvm |=ysDU}U [13]"OW KQ]t u=Qta |UOvyt
'|rQDvm |=ysDU}U R= ẁv u}= |=}=Rt R= |m} "OvQ=O R=}v |SQv= |HQ=N `@vt l}
|rQDvm |=ysDU}U 'p=L u}a QO "CU= pQDvm |wQ}v O=H}= QO =yu; |q=@ C}iQ_
Q}N-=D |xO}OB 'p=ai pQDvm sDU}U C=R}yHD |q=@ Ct}k p}@k R= |@}=at |=Q=O p=ai
�ATMD� xOWs}_vD |tQH Qo =Q}t "OvDUy R}v |HQ=N u=wD x@ uOw@xDU@=w w |v=tR
u; |wQ Q@ uwvm =D |a}Uw C=ar=]t xm CU= |}xR=U p=ai pQDvm |=yQ=R@= R= |m}
|=ysD} Qwor= x@ \w@ Qt C=ar=]t u}= R= |}xOQDUo VN@ "CU= xDiQ}PB CQwY
"CU= pQDvm |wQ}v O=H}= |=Q@ ATMD QO xOvvmpQDvm QO xO=iDU= OQwt p=ai pQDvm
|x}=B Q@ p=ai pQDvm |=ysD} Qwor= =@ \=@DQ= QO |v=w=Qi |=yVqD 'Q}N= |=yp=U QO
w [15]' ?]k X=YDN= VwQ [14]'LQR |xv}y@ pQDvm VwQ p}@k R= 'C=}[=} Q
=@ |rw "CU= xDiQ}PB CQwY =yxR=U C=W=aDQ= Vy=m |=Q@ [16]'nv@ � nv@ VwQ
Q=}U@ 'Q}N= |=yp=U QO |R=i Q}_v OvtWwy |rQDvm |=ysDU}U OQ@ Q=m 'u}= OwHw
QYLvt |=y|oS} w 'Qt= u}= Cra "CU= VQDUo x@ wQ u=m =tm w xOw@ xHwD OQwt
sDU}U KQ] |=Q@ |[=} Q pOt x@ R=}v sOa %p}@k R= |R=i |xOvvmpQDvm OQi x@
Q=DiQ QDy@ lQO C}r@=k w pQDvm |wQ}v p=ta= |=Q@ |v=Uv= |x@ QHD R= xO=iDU= '|rQDvm
R= xO=iDU= OQ=wt u}DUNv R= |m} "CU= nQR@ |=ypmWQ}}eD QO xR=U |]NQ}e

|irDNt C=m} QLD QF= CLD Ovv=wD|t OwN Qta pw] QO u=Qta |UOvyt |=yxR=U
xR=U `=iDQ= R}v w xOQ=w |=yQ=@ COW Qo = "OvQ}o Q=Qk O=@ w xrRrR |wQ}v p}@k R=
|@v=H |=yQ=@ ptLD C}r@=k 'sw=kt |=ysDU}U |}=Q}t w |DNU Qo}O 'O@=} V}=Ri=
w =yMU=B Vy=m |=Q@ xR=U pQDvm |=yVwQ R= xO=iDU= u}=Q@=v@ "OQ=Ov =Q xOQ=w
p=ai |rm |xDUO wO x@ xR=U pQDvm |=yVwQ "CU= |t=Rr= xR=U Q@ OQ=w CQ=UN
?@U x@ p=aiQ}e pQDvm |=yVwQ xmv}= seQ|ra "OvwW|t |Ov@s}UkD p=aiQ}e w
|=Q=O |rw 'OvQ}o|t Q=Qk xO=iDU= OQwt Q=}U@ q=@ O=tDa= C}r@=k w xO=U OQ@ Q=m
=@ |Q}PBj}@]D sOa w pQDvm |wQ}v C}iQ_ uOw@OwOLt p}@k R= |}=yC}OwOLt
|m} 1�TMD� xOWs}_vD |tQH Qo =Q}t "OvDUy hrDNt |=y|Q=PoQ=@ w C=m} QLD
u}DUNv xm 'CU= p=aiQ}e pQDvm |=yQ=R@= u} QDG}=Q 'p=L u}a QO w u} QD|t}Ok R=
R= Oa@ [1]"CU= xOW xO=iDU= =y|DWm s]qDt CmQL Vy=m |=Q@ 1909 p=U QO Q=@
|=Q@ TMD |xv}y@ |=yQDt=Q=B u}}aD |xv}tR QO |v=w=Qi |=yVqD 'QwmPt VywSB
[12�2]"CiQ}PB s=Hv= hrDNt |=y|Q=PoQ=@ CLD =yxR=U MU=B QDW}@ xJ Qy Vy=m
R= |[a@ CLD 'xR=U MU=B Vy=m QO TMD OwOLt C}iQ_ '=yVywSB u}= QDW}@
|=ysDU}U x@ \w@ Qt |=yC}OwOLt x@ xHwD =@ "OvO=O u=Wv =Q X=N |=y|Q=PoQ=@

pw�Ut xOvU} wv �
"1392 7 1 VQ}PB '1392 6 24 x}LqY= '1391 9 27 Ci=} QO %M} Q=D
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"|}xR=@ 2 ẁv |R=i sDU}U Q=DN=U "1 pmW

"|}xR=@ 2 ẁv C}w[a `@=wD "2 pmW

xO=iDU= |OOa p=Ft l} R= '|O=yvW}B |rQDvm VwQ uOw@ QF-wt |UQQ@ |=Q@ 'Q=DWwv
QO CWQ QyW QO `k=w |WQ@ |xk@] 11 |xR=U l} 'p=Ft u}= QO "CU= xOW
O}rwD |=Q@ 2 ẁv |R=i j]vt |xOvvmpQDvm l} R= w xDiQo Q=Qk xar=]t OQwt [23]'u=Q}=
|xR=U "CU= xOW xO=iDU= 'OQ=O Q=Qk s=@ R=QD QO QO xm 'ATMD QO pQDvm |wQ}v
|xrRrR 2 w �xywv}J=y w wQDvUr=� QwO u=O}t |xrRrR 2 l} QLD QF= CLD QwmPt
=@ xOWpQDvm |xR=U R= xOt;CUOx@ G}=Dv "CiQo Q=Qk �G} QFQwv w x@ wm � l}ORv u=O}t
=@ xOWpQDvm |xR=U R= pY=L G}=Dv =@ '2 ẁv |R=i j]vt |xOvvmpQDvm =@ ATMD

xU}=kt TMD =@ xOWpQDvm |xR=U w 1 ẁv |R=i j]vt |xOvvmpQDvm =@ ATMD

QDW}@ xJ Qy Vy=m QO |O=yvW}B |xOvvmpQDvm R= xO=iDU= uOw@ QF-wt w |}=Q=m w xOW
"CU= xO}UQ C=@F= x@ 'xR=U MU=B

|}xR=U pOt "2
'OQ=O Q=Qk u; s=@ R=QD QO p=ai |tQH Qo =Q}t l} xm '=Q |WQ@ |xk@] n |xR=U l}
|xrO=at "CiQo Q_v QO |O=R; |xHQO (n + 1) sDU}U l} CQwY x@ u=wD|t
=@ u=wD|t 'OQ=O Q=Qk ag |x}=B ?=DW QF= CLD xm =Q sDU}U u}= x@ \w@ Qt CmQL

%OQm u=}@ 1 |xrO=at
M: �U(t) + C: _U(t) +K:U(t) = �M:E:ag + Ef :F (1)

sDU}U |DNU w |}=Q}t 'sQH |=yT} QD=t Qov=}@ ?}DQD x@ C w K 'M 'u; QO xm
Q=OQ@ E "CU= u}tR x@ C@Uv |O=R; C=HQO |ki= u=mtQ}}eD Q=OQ@ U(t) "OvDUy
u}tR OL=w u=mtQ}}eD <=R= x@ |O=R; |xHQO Qy u=mtQ}}eD Qov=}@ xm CU= |Q}F-=D

xm CU= |WywSB 'ATMD QO pQDvm |wQ}v O=H}= |=Q@ |R=i j]vt |xOvvmpQDvm
x@ xk@] 3 Q=}at |xR=U l} R= VywSB u}= QO [17]"CU= xOW s=Hv= 1998 p=U QO
?=DW CLD xR=U u}= w xOW xO=iDU= |R=i j]vt |xOvvmpQDvm =@ ATMD x=Qty
%p}@k R= |rQDvm sDU}U |OQmrta |=yQ=}at u; QO w CU= xDiQo Q=Qk xrRrR |x}=B
xQ}e w s=@ |xk@] u=mtQ}}eD Vy=m 's=@ |xk@] ?=DW RMS Vy=m QO u; |}=v=wD
wO R= hrDNt VywSB OvJ QO u; R= Oa@ "CU= xOW |UQQ@ �J10 =D J1 |=yQ=}at�
O=@ 'hrDNt |=yxrRrR CLD =yxR=U u}= w xOW xO=iDU= xk@] 76 w 5 Q=}at |xR=U
j]vt |xOvvmpQDvm =@ ATMD R= xR=U pQDvm |=Q@ w Ov=xDiQo Q=Qk|[Qa O=@ w|rw]
|=yxOvvmpQDvm =@ =yu; |O=yvW}B |xOvvmpQDvm [21�18]"CU= xOW xO=iDU= |R=i
OQmrta '|R=i j]vt |xOvvmpQDvm xm O=O u=Wv G}=Dv w OW xU}=kt LQG w LQR

R= R}v 2004 p=U QO |WywSB QO "OQ=O xOWO=} |=yxOvvmpQDvm x@ C@Uv |QDy@
=@ |R=i j]vt |xOvvmpQDvm =@ ATMD w OW xO=iDU= xk@] 76 Q=}at |xR=U
|=yXN=W w 'OW xO=O Q=Qk u; |wQ Q@ l}DvS sD} Qwor= \UwD xOWxv}y@ X=wN
QO l}DvS sD} Qwor= OQ@ Q=m R= |Qo}O |xvwtv [22]"OvOW xv}tm u=mtQ}}eD w ?=DW
j]vt |xOvvmpQDvm =@ ATMD w s=Hv= 2007 p=U QO '|R=i j]vt |xOvvmpQDvm
|=Q@ l}DvS sD} Qwor= R= w OW xO=O Q=Qk xk@] 11 |WQ@ |xR=U l} |wQ Q@ |R=i
|tQH Qo =Q}t |xv}y@ C=YNWt u}}aD w |R=i Oa=wk x=o}=B |vRw ?}=Q[ s}_vD
'xywv}J=y 'x@ wm 'wQDUvr= |xrRrR 4 CLD QwmPt |xR=U u}vJty w [23]"OW xO=iDU=
=@ xOWpQDvm |xR=U R= pY=L |=yMU=B =@ xR=U MU=B w OW xO=O Q=Qk G} QFQwv w
xO=O u=Wv w xU}=kt LQR |xOvvmpQDvm =@ ATMD =@ xOWpQDvm |xR=U w TMD

x@ C@Uv xR=U MU=B Vy=m QO |QDy@ OQmrta 'l}DvS � |R=i |xOvvmpQDvm xm OW
|rQDvm sD} Qwor= x=Qty x@ |R=i sD} Qwor= 'u}vJty "OQ=O LQR |xv}y@ pQDvm VwQ
|WRer |R=i |xOvvmpQDvm R= R}v |Qo}O VywSB QO "CU= xDiQ Q=mx@ R}v |WRer
|xOvvmpQDvm xm OW xO=O u=Wv w xO=iDU= ATMD QO pQDvm |wQ}v O=H}= |=Q@
|=yVywSB u} QN; R= |m} QO [24]"CU= QF-wt xR=U MU=B Vy=m QO '|O=yvW}B
QO pQDvm |wQ}v O=H}= |=Q@ |R=i j]vt |xOvvmpQDvm OQ@ Q=m |xv}tR QO xOWs=Hv=
xk@] 15 |WQ@ |xR=U l} |wQ |R=i j]vt |xOvvmpQDvm =@ ATMD 'ATMD

CLD '|R=i j]vt |xOvvmpQDvm ?wN |}=Q=m Qov=}@ 'xOt;CUOx@ G}=Dv "OW xO=O Q=Qk
QO xOWxDiQo Q=mx@ |R=i |=ysDU}U |UQQ@ =@ [25]"Ow@ hrDNt |=yxrRrR w =yQ=@
'OwHwt C=aq]= xm Ci=} QO u=wD|t '�1 ẁv |R=i |=ysDU}U� u}W}B |=yVywSB
C}a]k sOa Ovv=wD|t OwN 'OvwQ|t Q=mx@ |R=i |=ysDU}U u}v=wk O=H}= |=Q@ xm
|=Q@ "OwW|tv ^=Lr 1 ẁv |R=i |=ysDU}U QO C}a]k sOa u}= xm &OvW=@ xDW=O
O=yvW}B 1975 p=U QO Q=@ u}DUNv |=Q@ '2 ẁv |R=i |=ysDU}U '|DU=m u}= `iQ
xOy=Wt 1 pmW QO u=wD|t =Q =ysDU}U R= ẁv u}= x@ \w@ Qt Q=DN=U [26]"OW
|=ysDU}U QO OwHwt u}v=wk C}a]ksOa uDiQoQ_vQO C}r@=k =ysDU}U u}= "OQm
OvDUy 1 ẁv |R=i |=yxawtHt R= |}xDi=} pt=mD ẁv '`k=w QO [28w27]"OQ=O =Q |R=i
G} QODx@ 2 ẁv |R=i |=yxawtHt w =ysDU}U x@ \w@ Qt |}x}=B s}y=it "�2 pmW�
|R=i |=ysDU}U w =yxawtHt |xv}tR QO |tyt |=yCiQW}B w [32�28]"OvDi=} Ow@y@
KQ] QO 2 ẁv |R=i |=ysDU}U R= xO=iDU= OwHw =@ [33]"OW x�=Q= |}xR=@ 2 ẁv
[36�34]'?wr]t G}=Dv ?Um w |UOvyt hrDNt |=yV}=Qo QO |R=i |=yxOvvmpQDvm
V}=Qo l} u=wva x@ 'ATMD |xr}Uwx@ =yxR=U p=ai pQDvm |xv}tR QO u; OQ@ Q=m
u; R= xO=iDU= Q@ |v@t '|WQ=Ro xvwoI}y uwvm =D w xOW |krD u=Qta |UOvyt QO wv
\=@DQ= QO EL@ x@ 'xar=]t u}= "CU= xOWv x�=Q= ATMD QO pQDvm |wQ}v O=H}= QO
QO p=ai pQDvm |wQ}v O=H}= |=Q@ |}xR=@ 2 ẁv |R=i j]vt |xOvvmpQDvm OQ@ Q=m =@
u}= QO "CU= xDN=OQB |}xR=U MU=B Vy=m |xv}W}@ x@ uO}UQ CyH QO ATMD
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�IT2FLC� |}xR=@ 2 ẁv |R=i j]vt |=ysDU}U "3
u=wD|t w xO=O u=Wv ~A =@ =Q X `t=H |xawtHt QO 2 ẁv |R=i |xawtHt l}

%O=O u=Wv 13 |x]@=Q CQwYx@ =Q u;
~A =

Z
x2X

�
� ~A(x)
x

�
(13)

%OwW|t h} QaD 14 |x]@=Q =@ w xOw@ x} wv=F C} w[a `@=D Qov=}@ � ~A(x)

� ~A(x) =
Z

u2Jx

�
fx(u)
u

�
; Jx 2 [0; 1] (14)

�x}rw= C} w[a� x} wv=F C} w[a `@=D |xOwOLt Jx 'x} wv=F |xHQO fx(u) 'u; QO xm
'15 |x]@=Q |Q=QkQ@ CQwY QO "OvDUy [0 w 1] |xR=@ QO |R=i |xawtHt u w
xrY=L |R=i sDU}U w OvDUy |}xR=@ |=yxawtHt CQwYx@ x} wv=F C} w[a `@=wD
xO=O u=Wv 16 |x]@=Q CQwY x@ xm O}t=v |}xR=@ 2 ẁv |R=i |xawtHt u=wD|t =Q

%OwW|t
fx(u) = 1 for 8 u 2 Jx (15)

~A =
Z

x2X

�
� ~A(x)
x

�
=
Z

x2X

0B@
R

u2Jx

� 1
U

�
x

1CA; Jx 2 [0; 1] (16)

|=ysDU}U |=Q@ 'C} w[a `@=wD QO =Q CN=wvm} C}a]k sOa l} '16 |xrO=at
`@=wD \UwD |}xR=@ 2 ẁv |R=i sDU}U l} "OvyO|t u=Wv |}xR=@ 2 ẁv |R=i
Q@ C}a]ksOa |=BOQ xm |Qw] x@ "OwW|t h} QaD u; |}q=@ w |v}}=B C} w[a

%OwW|t u=}@ 17 |x]@=Q x@ xHwD =@ |}q=@ w |v}}=B C} w[a `@=wD ?UL
FOU( ~A) = [x2X

�
�� ~A(x);� ~A

(x)
�

(17)

OQ Q}O=kt x=Qty x@ =Q 2 ẁv |R=i sDU}U l} |v}}=B w |}q=@ C} w[a `@=wD '2 pmW
|=Q=O|}xR=@ 2 ẁv |R=i sDU}Ul} '|rm Qw]x@ "OyO|t u=Wv u;C}a]k sOa |=B
|xOvy=m '|R=i G=DvDU= QwDwt '|R=i Oa=wk x=o}=B 'R=U|R=i R= pmWDt |Q=DN=U

"CU= R=U|R=iQ}e w x@DQt

R=U|R=i "1"3
u}= "Ovm|t CW=ov |R=i |=yxawtHt QO =Q |k}kL Q=Okt =@ Q}eDt l} 'R=U|R=i
OQivt R=U|R=i R= 'VywSB u}= QO "OvW=@ 2 ẁv =} 1 ẁv Ovv=wD|t |R=i |=yxawtHt
xOW xO=iDU= 'CU= OL=w C} w[a |xHQO l} R= OQivt |x]kv l} u; |HwQN xm

"CU=

u}v=wk x=o}=B "2"3
xQ@N O=Qi= C=aq]= 'CU= |R=i x=ov; � Qo = u}v=wk R= |}xawtHt xm VN@ u}= QO

"OW Oy=wN xO=O Q=Qk
18 |x]@=Q CQwY x@ u=wD|t =Q 2 ẁv |R=i j]vt sDU}U QO s)=j uwv=k

%CWwv
Rj : If x1 is ~F j1 and x2 is ~F j2 and :::xn is ~F jn then y is ~Gj

(18)

|=yT} QD=t "Ovm|t XNWt =Q pQDvm |wQ}v u=mt xm CU= |Q=OQ@ R}v EF "CU=
%Ov=xOW x�=Q= 7 |r= 2 \@=wQ QO EF w E 'U(t) |=yQ=OQ@ R}v w C w K 'M

U(t) = fu1(t); u2(t); : : : ; un(t); ud(t)gT (2)

M = diag[m1;m2; : : : ;mn;md] (3)

K =

2666666666664

(k1 + k2) �k2 0
�k2 (k2 + k3) �k3

�k3
. . .

�kn
kn (kn + kd) �kd

0 �kd kd

3777777777775
(4)

C =

2666666666664

(c1 + c2) �c2 0
�c2 (c2 + c3) �c3

�c3
. . .

�cn
cn (cn + cd) �cd

0 �cd cd

3777777777775
(5)

E = f1; 1; : : : ; 1gT (6)

Ef =

8>><>>:
[0]

�1
+1

9>>=>>; (7)

%OQm u=}@ 8 |xrO=at CQwY x@ Cr=L |=[i sQi x@ =Q 1 |xrO=at u=wD|t
:
X = A:X +Bf :F +Bg:ag (8)

'A ?}=Q[ w �9 |xrO=at� CU= 2 � (n+ 1) |x@DQt R= |Q=OQ@ X xm |}xvwo x@
u=wD|t '8 |xrO=at pL =@ "Ov=xOW h} QaD 12 |r= 10 CqO=at QO Bg w BF

%OQm u}}aD =Q hrDNt |O=R; C=HQO QO sDU}U MU=B

X =

( fug
f _ug

)
(9)

A =

"
[0] [I]��M�1:K

� ��M�1:C
� # (10)

Bf =

( f0g�
M�1:Ef

	 ) (11)

Bg =

( f0g
f�Eg

)
(12)

|x@DQt R= wO Qy w OL=w T} QD=t [1] w QiY T} QD=t [0] 'CqO=at u}= QO
"OvDUy (n+ 1) � (n+ 1)
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QDvmu=Wv 25 w 24 \@=wQ CQwY x@ u=wD|t =Q yr w yl 'cos |x@DQt |xOvy=m
%O=O

yl =

 PM
j=1 f

j
l :�

j
lPM

j=1 f
j
l

!
(24)

yr =

 PM
j=1 f

j
r :�jrPM

j=1 f
j
r

!
(25)

|}=yDv= w AJ |}=yDv= |x]kv x@ \w@ Qt ?}DQD x@ '�rj w �jl xm |}xvwo x@
w yr R= |Q}ou}ov=}t =@ u=wD|t =yDv= QO "CU= s)= j |r=D |xawtHt CU=Q
|R=iQ}e 26 |x]@=Q j@=]t =Q x@DQt |xOvy=m R= xOt;CUOx@ |xawtHt 'yl

%OQm
y =

hyl + yr
2

i
(26)

|}xR=@ 2 ẁv |R=i j]vt |xOvvmpQDvm |L=Q] "4
R= ,=t}kDUt xm |a]k |=yxO=O T=U=Q@ '|}xR=@ 2 ẁv |R=i j]vt |xOvvmpQDvm
|wQ Q@ '|R=U |R=i Ov}=Qi |] =yxO=O u}= "OwW|t |L=Q] 'OwW|t Ci=} QO xR=U
ẁv |R=i j]vt |xOvvmpQDvm 'VywSB u}= QO "OvwW|t CW=ov|R=i |=yxawtHt

|=Q=O l} Qy 'xR=U s=@ CaQU w u=mtQ}}eD |OwQw Q}eDt wO R= xO=iDU= =@ '|}xR=@ 2
|HwQN Q}eDt l} w |v}}=B |FrFt C} w[a `@=D 3 w |}q=@ |FrFt C} w[a `@=D 3
|FrFt C} w[a `@=D 7 w |}q=@ |FrFt C} w[a `@=D 7 =@ p=ai pQDvm |wQ}v x@ \w@ Qt
|xR=@ QO xm |HwQN w |OwQw |=yQ}eDt C} w[a `@=wD "CU= xOW |L=Q] |v}}=B
=@ w xOy=Wt p@=k 4 w 3 |=ypmW QO ?}DQD x@ 'Ov=xOW h} QaD [�1 w 1] pwtat
'4 w 3 |=ypmW x@ xHwD =@ "Ov=xOW |Q=Pos=v 1 pwOH QO xOWx�=Q= hiNt hwQL
|=yQ}eDt QO |v}}=B C} w[a `@=wD |=yQDt=Q=B Qov=}@ '(i = N;Z; P ) w Li 'Hi
|HwQN Q}eDt QO |v}}=B C} w[a `@=wD |=yQDt=Q=B Qov=}@ 'm w Hm w '|OwQw
w |OwQw |=yQ}eDt |v}}=B w |}q=@ C} w[a `@=wD Qov=}@ '29 =D 27 \@=wQ "OvDUy
"OvDUy |HwQN |=yQ}eDt |v}}=B w |}q=@ C} w[a `@=wD Qov=}@ '31 =D 30 \@=wQ

"|R=i |=yQ}eDt "1 pwOH
h} QaD Q}eDt C}w[a `@=D

Positive P

Zero Z |OwQw
Negative N

Positive Big PB

Positive Medium PM

Positive Small PS

Zero Z |HwQN
Negative Small NS

Negative Medium NM

Negative Big NB

w |OwQw ?}DQD x@ y w j = 1; 2; :::;M 'xi (i = 1; 2; :::; n) xm |}xvwo x@
"OvDUy 2 ẁv |R=i j]vt sDU}U |HwQN

G=DvDU= QwDwt "3"3
xOya Q@ =Q u}v=wk ?}mQD Vkv 'G=DvDU= QwDwt '|}xR=@ 2 ẁv |R=i |=ysDU}U QO
=@ "Ovm|t x�=Q= |HwQN x@ |OwQw |}xR=@ 2 ẁv |R=i |=ysDU}U R= |DW=ov w OQ=O
|xawtHt� xOWVD; |R=i |xawtHt 'sOktVN@ |=yQorta w =y|OwQw |Q}oQ=mx@

%O};|t CUO x@ 19 |x]@=Q CQwY x@ �G=DvDU= QwDwt |HwQN

F j(X) =
nY
i=1

� ~Fij (xj) (19)

QO uwJ u}vJty "OwW|t ZQi ?Q[pY=L CQwYx@ 'sQ)v �t 'x]@=Q u}= QO xm
=@ 'CU= xOW xDN=OQB 2 ẁv |R=i |=ysDU}U =@ \=@DQ= QO EL@ x@ Q=DWwv u}=
|}q=@ C} w[a `@=wD T=U= Q@ xOWVD; |OwQw |=yxawtHt '20 |x]@=Q x@ xHwD

%OvwW|t h} QaD |v}}=B w
F j(X) =

�
f j (X); f j (X)

�
(20)

`@=wD =@ Q@=Q@ ?}DQD x@ '22 w 21 \@=wQ x@ xHwD =@ f j (X) w f j (X) xm |}xvwo x@
%CU= sQv �t Qov=}@ '� Ctqa w xOw@ |v}}=B w |}q=@ C} w[a

f j (X) = � ~F 1j � � ~F 2j � ::: � � ~Fnj
(21)

f j (X) = � ~F 1j � � ~F 2j � ::: � � ~Fnj (22)

R=U|R=i Q}e w x@DQt |xOvy=m "4"3
l} x@ R=}v 'CU= 2 ẁv |R=i |xawtHt l} 'G=DvDU= QwDwt |HwQN uwJ
p}O@D 1 ẁv |R=i |xawtHt x@ =Q 2 ẁv |R=i xawtHt =D CU= x@DQt |xOvy=m
'x@DQt |xOvy=m "OwW s=Hv= u; |wQ Q@ |R=U |R=iQ}e C=}rta TBU w Ovm
[31w27]"CU= xOW x�=Q= 1999 w 1998 |=yp=UQO |}=yVywSB QO Q=@ u}DUNv
QO "CU= xOW xQ=W= x@DQt Vy=m hrDNt VwQ 5 x@ [31]'=yv; R= |m} QO xm
x@ xO=U Q=}U@ |x@U=Lt ?@U x@ '�cos� =yxawtHt RmQt VwQ '=yVwQ u}= u}@
"CU= xDiQo Q=Qk xO=iDU= OQwt Q=}U@ [27]'pOvt w l}vQ=m |Q=QmD sD} Qwor= ltm
u=Wv 23 |xrO=at CQwY x@ u=wD|t =Q �cos� =yxawtHt RmQt |x@DQt |xOvy=m
2 ẁv |R=i |xawtHt l} Ycos '|}xR=@ 2 ẁv |R=i |=ysDU}U QO xm O=O
u}}aD u; (yr) CU=Q |}=yDv= w (yl) AJ |}=yDv= \=kv \UwD xm CU= |}xR=@

%OwW|t

Ycos[yl; yr] =
Z
�1
:::
Z
�M

Z
f1
:::
Z
fM

0BB@ 1�PM
j=1 fj :�jPM
j=1 fj

�
1CCA (23)

|r=D |xawtHt RmQt '�j w fj 2 Fj =
�
f
j
(X); f j(X)

� xm |}xvwo x@
yr w yl |x@U=Lt |=Q@ |k}kO |x]@=Q xvwoI}y '|rm Cr=L QO "CU= s)=i
|x@U=Lt |=Q@ sD} Qwor= ẁv wO 'pOvt w l}vQ=m 'u}= OwHw =@ "OQ=Ov OwHw
hwQat KM |Q=QmD |=ysD} Qwor= x@ xm [32]'Ov=xO=O x�=Q= |}=yDv= |x]kv wO
w ?Q[pY=L G=DvDU= QwDwt 'OQivt R=U|R=i R= xO=iDU= CQwY QO "CU=
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|U
oQvp
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OtDa

}QW
sW=

y

C = f�0 75;�0 5;�0 25; 0; 0 25; 0 5; 0 75g (30)

�(Xi) =

8><>:Hm:
n
1�

��� Xi�C0 25�m
��� o (C � c1)< Xi< (C + c1)

0 other

C = f�0 75;�0 5;�0 25; 0; 0 25; 0 5; 0 75g ;
c1 = (0 25�m) (31)

G}=Dv w |R=UpOt "5
xrRrR Q=@ CLD =yxR=U MU=B Vy=m QO |O=yvW}B |rQDvm VwQ |}=Q=m |UQQ@ CyH
l} x=Qty x@ '2 pwOH QO xOWx�=Q= C=YNWt =@ |WQ@ |xk@] 11 |xR=U l} R=

"�5 pmW� CU= xOW xO=iDU= s=@ R=QD QO ATMD

x@U=Lt pw= Owt wO uDiQoQ_vQO =@ w |r}=Q VwQ R= sDU}U |}=Q}t 'u}vJty
x@ ATMD |Ot=U@ C@Uv w |}=Q}t C@Uv 'sQH C@Uv |=yQDt=Q=B "CU= xOW
O=H}= |=Q@ VywSB u}= QO [23]"OvDUy 1 w 0 07 '0 03 Q}O=kt |=Q=O ?}DQD
xOW xO=iDU= 2 w 1 ẁv |R=i j]vt |xOvvmpQDvm R= ATMD QO pQDvm |wQ}v
Q}F-=D u=R}t |UQQ@ |=Q@ "CU= xOW p=ta= xR=U x@ lH j} Q] R= 'pQDvm |wQ}v w
'2wQDvUr= CW=ov?=DW 4 R= 'hrDNt |=y|Q=PoQ=@ QO |O=yvW}B |rQDvm sDU}U
|xv}W}@ "CU= xOW xO=iDU= xR=U l} QLD |=Q@ 5x@ wm w 4G} QFQwv '3xywv}J=y
w 0 8267 g '0 225 g '0 3417 g ?}DQD x@ =yCW=ov?=DW u}= jr]t ?=DW
u=mtQ}}eD MU=B ẁv wO Qy =@ \=@DQ= QO EL@ x@ VywSB u}= QO "OvDUy 0 8178 g

'Qt= u}= Cra "CU= xOW xDN=OQB hrDNt |rQDvm |=ysDU}U QO xR=U ?=DW w
xm 'CU= xR=U ?=DW w u=mtQ}}eD x@ |Q}PBT} wQU w Ctw=kt |=yQ=}at |oDU@=w
11 |xR=U C=k@] u=mtQ}}eD |xv}W}@ x@ \w@ Qt G}=Dv "OQ=O |}q=@ Q=}U@ C}ty=
j]vt |xOvvmpQDvm =@ xOWpQDvm 'TMD =@ xOWpQDvm 'xOWvpQDvm Cq=L QO xk@]
|=yxrRrR QO '|}xR=@ 2 ẁv |R=i j]vt |xOvvmpQDvm =@ xOWpQDvm w 1 ẁv |R=i

"�6 pmW� Ov=xOW xU}=kt Qo}Om} =@ hrDNt

"ATMD =@ x=Qty |}xR=U sDU}U R= |rOt "5 pmW

"�CaQU w u=mtQ}}eD� |OwQw |=yQ}eDt x@ \w@ Qt C}w[a `@=wD "3 pmW

"�pQDvm |wQ}v� |HwQN Q}eDt x@ \w@ Qt C}w[a `@=wD "4 pmW

�(Z) =

8<:(1� jxj) �1 � x � 1
0 other

(27)

�(Z) =

8><>:HZ :
�
1�

��� xLZ ���� �LZ � x � LZ
0 other

�(P ) =

8>>>><>>>>:
0 x < 0
x 0 � x � 1
1 x > 1

(28)

�(P ) =

8>>>><>>>>:
0 x < LP

HP :
�
1 +

�
x�1

1�LP
��

LP � x � 1
HP x > 1

�(N) =

8>>>><>>>>:
0 x < �1
�x �1 � x � 0
1 x > 0

(29)

�(N) =

8>>>><>>>>:
Hn x < �1
Hn:

�
1� � x+1

1�Ln
�� �1 � x � �Ln

0 x>� Ln

�(Xi) =

8><>:1�
���Xi�C0 25

��� (C � 0 25)< Xi< (C + 0 25)

0 other
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"""p
=ai

|xO
Ws}

_vD
|tQ

HQ
o=Q}t

=@xR
=Up

QDvm"xk@] 11 |WQ@ |xR=U |=yQDt=Q=B "2 pwOH
11 10 9 8 7 6 5 4 3 2 1 xk@]

66230 176100 202910 202910 203180 200930 200930 200930 201750 201750 215370 (Kg) sQH
3 12e8 4 37e8 4 37e8 4 37e8 4 50e8 4 50e8 4 50e8 4 50e8 4 68e8 4 76e8 4 68e8 (N/M) |DNU

"|rQDvm hrDNt Cq=L QO C=k@] u=mtQ}}eD |xv}W}@ "6 pmW

VN@ 'uwv=k l} QO �IF-Part� u=Um} sOkt VN@ <=R= x@ |va} "OvDUy x@=Wt
`@=wD <=R= x@ 'p=Ft u=wva x@ "CW=O Oy=wN OwHw Cw=iDt �THEN-Part� |r=D
x@ xHwD =@ hrDNt |xQ@N O=Qi= 'xR=U CaQU w u=mtQ}}eD |=Q@ u=Um} C} w[a
|Dw=iDt C} w[a `@=wD 'OvQ=O |}xR=U Q=DiQ =@ \=@DQ= QO xm |Dw=iDt |=yx=oO}O
pQDvm |wQ}v p=ta= |=Q@ =Q �Q=}at h=QLv= =} |oOWR=@ u=R}t w ẁv 'O=OaD QO Cw=iD�
'OwW|t |R=i u}v=wk QO C}a]k sOa O=H}= Ea=@ R}v Qt= u}= "Ovvm|t O=yvW}B
=yC}a]k sOa R= ẁv u}= uDiQoQ_vQO x@ QO=k '2 ẁv |R=i |=ysDU}U \ki xm
O=H}= Ov=wD|t R}v xrRrR l} QLD Q}_v |Qo}O pt=wa \UwD 'C}a]k sOa "OvDUy
x@ xm 'xR=U CaQU w u=mtQ}}eD Q}_v xOW|Q}oxR=Ov= |=yQ}eDt 'Qo}O CQ=@ax@ "OwW
l} QLD QF= CLD Ovv=wD|t 'OvwW|t u; uOWp=ai Ea=@ |R=i sDU}U |OwQw u=wva
|Q}oxR=Ov= |=Q@ xm |}=yQoTL CU= umtt u}vJty "OvwW �|R} wv� pDNt 'xrRrR
w OvW=@ =]N |=Q=O 'MU=B |Q}oxR=Ov= QO 'Ov=xOW x}@aD xR=U CaQU w u=mtQ}}eD
"OvwW pqDN= Q=JO X=N |v=tR |xR=@ l} QO xrRrR |v; |=yl} QLD QF= CLD
Vy=m Ea=@ =yC}a]k sOa R= ẁv u}= uDiQoQ_vQO =@ 2 ẁv |R=i |=ysDU}U
'3 pwOH x@ xHwD =@ "OvwW|t hrDNt |=yxrRrR QO =yxR=U MU=B QDW}@ xJ Qy
|=yxrRrR QF= CLD �OYQO ?UL Q@� s=@ |xk@] u=mtQ}}eD MU=B Vy=m |xv}W}@
?}DQD x@ 1 ẁv |R=i j]vt |xOvvmpQDvm R= xO=iDU= Cr=L QO 'x@ wm w xywv}J=y
'|}xR=@ 2 ẁv |R=i j]vt |xOvvmpQDvm R= xO=iDU= Cr=L QO w �22 5 w �38 6
Vy=m x@ \w@ Qt Q}O=kt R}v w Q}O=kt u}= |xU}=kt =@ "CU= �25 8 w �61 6

=yMU=B Vy=m OYQO w C=k@] ?=DW x@ \w@ Qt G}=Dv x=Qty x@ u=mtQ}}eD G}=Dv
G}=Dv x@=WD?@U x@ "CU= xOW x�=Q= 4 w 3 |=ypwOH QO '|rQDvmhrDNt Cq=L QO
QO 'Qo}Om} =@ l}ORv u=O}t |=yxrRrR R}v w Qo}Om} =@ QwO u=O}t |=yxrRrR x@ \w@ Qt
|xJN} Q=D 'C=k@] jr]t ?=DW |xv}W}@ x@ \w@ Qt |=yQ=Owtv\ki 'Q=DWwv |xt=O=
QwO u=O}t |xrRrR l} QO s=@ |xk@] ?=DW MU=B |xJN} Q=D R}v w u=mtQ}}eD MU=B
"�11 =D 7 |=ypmW� Ov=xOW x�=Q= �x@ wm � l}ORv u=O}t |xrRrR l} w �xywv}J=y�
hrDNt Cq=L QO C=k@] jr]t ?=DW w u=mtQ}}eD |xv}W}@ |xU}=kt =@
|xOvvmpQDvm =@ xOWpQDvm |xR=U xm Ci=} QO u=wD|t �7 w 6 |=ypmW� |rQDvm
xOWpQDvm |xR=U =@ xU}=kt QO |QDtm ?=DW w u=mtQ}}eD |=Q=O 2 ẁv |R=i j]vt
R= |m} "CU= hrDNt |=yxrRrR QO TMD w 1 ẁv |R=i j]vt |xOvvmpQDvm =@
QO u=wD |t =Q xR=U MU=B Vy=m QO 2 ẁv |R=i j]vt |xOvvmpQDvm O=} R Q}F-=D pra
|=ysDU}U QO xr�Ut u}= xm 'CUv=O |R=i u}v=wk QO =yC}a]k sOa uOQmQw_vt
u}v=wk QO C}a]k sOa O=H}= QO |irDNt pt=wa "OwW|tv Qw_vt 1 ẁv |R=i
=@ \=@DQ= QO |r=-wU 'hrDNt |xQ@N O=Qi= R= Qo = 'p=Ft u=wva x@ "OvQ=O Vkv |R=i
w �CaQU w u=mtQ}}eD� |OwQw |=yQ}eDt C} w[a `@=wD |=yQDt=Q=B ?=NDv= |xwLv
Oy=wN Cw=iDt Qo}Om} =@ O=Qi= u}= MU=B 'OwW xO}UQB �pQDvm |wQ}v� |HwQN Q}eDt
|HwQN w |OwQw |=yQ}eDt |R=i |=yxawtHt C}a]k sOa Qov=Wv Qt= u}= "Ow@
O=Qi= u}vJty "OwW|t xDiQo Q_v QO 2 ẁv |R=i |=ysDU}U QO \ki xm CU=
uwv=k l} =@ \=@DQ= QO 'p=-wU l} x@ Cw=iDt |=y?=wH |=Q=O 'hrDNt |xQ@N
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"|rQDvm hrDNt Cq=L QO C=k@] MU=B Vy=m |xv}W}@ w u=mtQ}}eD MU=B |xv}W}@ "3 pwOH
��� xv}W}@ MU=B Vy=m OYQO (m) u=mtQ}}eD MU=B |xv}W}@ xk@]

Type2FLC Type1FLC TMD Type FLC Type1FLC TMD xOWvpQDvm
wQDvUr= |xrRrR

38 5 35 4 22 1 0 012 0 013 0 015 0 020 1
39 3 35 9 22 2 0 023 0 024 0 030 0 038 2
40 4 36 6 22 8 0 033 0 035 0 043 0 055 3
41 8 37 5 22 7 0 042 0 045 0 056 0 072 4
44 7 39 8 23 7 0 049 0 054 0 068 0 089 5
47 4 42 0 24 6 0 055 0 061 0 079 0 105 6
49 5 43 9 24 7 0 060 0 067 0 089 0 119 7
51 0 45 3 25 0 0 064 0 071 0 098 0 130 8
52 3 46 3 25 1 0 066 0 074 0 104 0 139 9
53 4 46 8 25 1 0 067 0 076 0 107 0 143 10
54 7 46 8 25 1 0 066 0 077 0 108 0 145 11

xywv}J=y |xrRrR
48 7 40 0 13 3 0 008 0 009 0 013 0 015 1
50 3 40 8 13 6 0 015 0 017 0 025 0 029 2
52 2 42 0 14 0 0 021 0 025 0 037 0 043 3
54 8 43 4 14 5 0 025 0 032 0 048 0 056 4
57 5 44 7 15 0 0 029 0 037 0 057 0 068 5
60 2 44 4 15 2 0 031 0 044 0 066 0 078 6
60 8 43 9 15 3 0 035 0 049 0 075 0 088 7
61 6 43 2 15 1 0 037 0 055 0 082 0 097 8
62 1 42 6 14 8 0 039 0 059 0 088 0 103 9
62 2 41 3 14 5 0 041 0 063 0 092 0 107 10
61 6 38 6 14 1 0 042 0 067 0 093 0 109 11

x@ wm |xrRrR
35 9 29 0 16 1 0 041 0 045 0 053 0 064 1
35 9 28 9 16 0 0 081 0 090 0 106 0 127 2
36 0 28 8 16 0 0 120 0 134 0 158 0 188 3
35 9 28 6 15 8 0 159 0 177 0 209 0 248 4
35 8 28 5 15 8 0 195 0 218 0 256 0 304 5
35 8 28 4 15 7 0 227 0 254 0 299 0 354 6
35 9 28 3 15 6 0 255 0 285 0 336 0 398 7
35 9 28 3 15 5 0 278 0 311 0 366 0 433 8
36 1 28 1 15 3 0 293 0 330 0 389 0 459 9
35 9 27 9 15 2 0 304 0 341 0 402 0 473 10
35 6 27 6 14 9 0 308 0 347 0 407 0 479 11

G} QFQwv |xrRrR
27 1 23 3 8 3 0 031 0 032 0 039 0 042 1
27 9 24 1 8 6 0 057 0 060 0 072 0 079 2
28 9 25 2 8 9 0 078 0 082 0 100 0 110 3
27 2 24 7 9 3 0 099 0 102 0 123 0 136 4
23 4 20 9 9 8 0 119 0 123 0 140 0 155 5
19 6 17 3 10 5 0 136 0 140 0 151 0 169 6
20 1 17 9 9 8 0 150 0 154 0 169 0 187 7
23 2 20 8 9 4 0 160 0 166 0 189 0 209 8
24 2 20 9 9 2 0 171 0 178 0 204 0 225 9
24 7 21 4 9 4 0 176 0 184 0 212 0 232 10
25 8 22 5 9 7 0 177 0 184 0 215 0 238 11
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QDvm"|rQDvm hrDNt Cq=L QO C=k@] MU=B Vy=m |xv}W}@ w jr]t ?=DW MU=B |xv}W}@ "4 pwOH
��� MU=B Vy=m OYQO (m/s2) jr]t ?=DW MU=B |xv}W}@ xk@]

Type2FLC Type1FLC TMD Type2 FLC Type1FLC TMD xOWvpQDvm
wQDvUr= |xrRrR

0 4 1 7 3 3 3 107 3 068 3 017 3 120 1
2 8 1 5 4 8 3 887 3 939 3 805 3 999 2
9 9 8 6 12 0 3 940 3 997 3 850 4 374 3
9 1 14 7 12 8 4 267 4 006 4 093 4 695 4
2 5 8 5 13 9 4 802 4 505 4 242 4 924 5
5 7 6 7 17 9 4 786 4 734 4 165 5 076 6
12 0 14 6 17 2 5 420 5 256 5 096 6 158 7
21 5 25 4 18 3 5 722 5 435 5 954 7 285 8
30 3 26 9 22 4 5 526 5 797 6 150 7 928 9
30 4 24 8 19 0 5 671 6 123 6 597 8 147 10
37 7 31 1 17 3 5 123 5 657 6 798 8 216 11

xywv}J=y |xrRrR
2 4 6 3 0 9 2 648 2 542 2 690 2 713 1
10 2 13 9 2 6 3 000 2 878 3 253 3 341 2
17 1 18 0 4 6 3 348 3 313 3 854 4 040 3
21 2 20 2 6 0 3 626 3 676 4 329 4 605 4
24 0 21 8 6 9 3 680 3 785 4 507 4 842 5
27 7 25 0 8 8 3 417 3 544 4 307 4 723 6
34 5 31 2 12 0 2 830 2 973 3 800 4 320 7
48 9 46 8 15 9 2 688 2 798 4 427 5 262 8
55 0 45 3 14 3 2 864 3 478 5 448 6 360 9
56 9 44 7 13 6 3 019 3 878 6 056 7 009 10
57 0 45 5 13 5 3 129 3 960 6 288 7 272 11

x@ wm |xrRrR
8 5 8 1 8 8 8 425 8 464 8 402 9 213 1
26 7 26 0 26 2 8 775 8 866 8 841 11 974 2
33 5 32 4 31 7 9 199 9 348 9 448 13 825 3
32 1 32 2 29 3 10 038 10 013 10 446 14 774 4
22 5 21 4 16 0 11 508 11 671 12 475 14 858 5
21 7 19 8 12 3 13 417 13 734 15 021 17 129 6
25 9 22 3 12 9 14 692 15 410 17 276 19 830 7
32 0 25 0 14 0 15 103 16 672 19 104 22 218 8
34 3 26 9 14 9 15 988 17 789 20 694 24 331 9
34 8 27 7 15 7 16 765 18 598 21 666 25 711 10
35 5 28 7 15 9 16 998 18 781 22 136 26 335 11

G} QFQwv |xrRrR
11 4 7 6 2 5 10 147 10 591 11 176 11 457 1
17 9 12 6 4 5 11 330 12 052 13 178 13 792 2
21 8 16 4 5 9 11 736 12 545 14 123 15 007 3
25 4 20 4 7 5 11 185 11 931 13 862 14 987 4
29 1 24 8 9 4 9 948 10 557 12 717 14 037 5
34 9 31 1 12 2 7 823 8 284 10 557 12 022 6
1 4 1 4 3 8 9 819 9 614 9 643 10 027 7
12 6 8 6 3 9 11 766 12 293 12 932 13 456 8
14 7 10 6 5 0 13 432 14 087 14 963 15 752 9
15 5 12 0 5 5 14 304 14 895 15 986 16 920 10
16 7 14 0 6 2 14 425 14 894 16 247 17 318 11
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|xOvvmpQDvm |oS} w u}= "CU= QF-wt Q=}U@ 1 ẁv |R=i j]vt |xOvvmpQDvm x@ C@Uv
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QDvm

"x@wm w xywv}J=y |=yxrRrR QO 2 w 1 ẁv |R=i |=yxOvvmpQDvm QO ATMD MU=B |v=tR |xJN} Q=D |xU}=kt "12 pmW

"xywv}J=y |xrRrR |=Q@ 2 w 1 ẁv |R=i j]vt |=yxOvvmpQDvm QO |rQDvm |=ywQ}v |xU}=kt "13 pmW

"x@wm |xrRrR |=Q@ 2 w 1 ẁv |R=i j]vt |=yxOvvmpQDvm QO |rQDvm |=ywQ}v |xU}=kt "14 pmW

"xk@] 11 |xR=U C=k@] u=mtQ}}eD RMS |=yQ=Owtv "15 pmW
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Type1FLC Type2FLC
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"OyO|t Vy=m QDW}@ ' �10 w �15 OwOL QO u}ov=}t Qw]x@ =Q xR=U s=@ ?=DW
xm Ci=} QO u=wD|t u=mtQ}}eD RMS x@ \w@ Qt |=yQ=Owtv |xU}=kt =@ u}vJty
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'|}xR=@ 2 ẁv |R=i j]vt |xOvvmpQDvm xmCiQo xH}Dv u=wD|t u=tR pw] QO |rQDvm
j]vt |xOvvmpQDvm x@ C@Uv |QDnQR@ ,=D@Uv p=ai pQDvm |wQ}v |xv}W}@ OvtR=}v
p=ai pQDvm |wQ}v |xv}W}@ QO Cw=iD xm CU= sRq QmPD u}= "CU= 1 ẁv |R=i
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1. tuned mass dampers
2. ElCentro
3. Hachinohe
4. Northridge
5. Kobe
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