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u}= w OW |UQQ@ pB |rw] |=yMU=B pQDvm |wQ Q@ Qo =Q}t O=OaD w S=Drw hrDNt
u=R}t V}=Ri= =@ pB u=mtQ}}eD |=yMU=B Vy=m OYQO xm CU= xOt; CUOx@ xH}Dv
COW QO MU=B Vy=m OYQO u} QDW}@ w O@=}|t V}=Ri= =yQo =Q}t =OaD w u=} QH
u=} QH COW QDW}@ V}=Ri= =@ 'xOWQmP Q=Okt R= Oa@ w ODi=|t j=iD= QBt; 0 5 u=} QH
w OwW|tv xOy=Wt xR=U u=mtQ}}eD MU=B Vy=m OYQO QO |}x_Lqt p@=k Q}}eD
u=QoWywSB |NQ@ "CU= xOw@ QBt; 2 QwmPt Qo =Q}t x@ xOWp=ta= u=} QH u} QDW}@
CyH l} Swrw�QwDvot Qo =Q}t R= |O}OH pOt [20]'2011 p=U QO |WywSB QO R}v

Ov=xDi=} QO T=}ktlJwm l} Swrw�QwDvot Qo =Q}t l} |wQ Q@ xar=]t =@ �1997�
x@ =Q l} Swrw�QwDvot Qo =Q}t |=y|oS} w CU= QO=k uw � lw@ T} RQDU}y pOt xm
|xO=U pOt T=U=Q@ �1997� |Qo}O u=QoWywSB u}vJty [8]"OyO u=Wv |@ wN
QO w xOQm x�=Q= OwHwt |=ypOt Q}=U x@ C@Uv q=@ Q=}U@ CkO =@ |rOt 'uw � lw@
w '|}xrB '|Uwv}UhrDNt |=ypmW =@ |}=yu=mtQ}}eD O=H}= =@hrDNt |=yV}=tR;
Ov=xO=O u=Wv xrY=L |@ QHD G}=Dv |UQQ@ w l} Swrw�QwDvot Qo =Q}t l} QO |iO=YD
u}}aD =@ u=tRsy [6]"OQ=O =ypOt Q}=U =@ xU}=kt QO =Q =]N u} QDtm xOWx�=Q= pOt xm
|Ovtv=wD x@ xHwD =@ [8]'u=Q=mty w QUvBU= |O=yvW}B pOt R= x}rw= |tUQQ}e G}=Dv
'l} Swrw�QwDvot Qo =Q}t |ak=w Q=DiQ h}YwD QO uw � lw@ T} RQDU}y pOt |q=@
sD} Qwor= x@ swUwt p=aixt}v pQDvm sD} Qwor= l} [9]'�1996� |Qo}O |xar=]t QO
x�=Q= =yQo =Q}t u}= |xr}Uwx@ =yxR=U |}xRQr C=W=aDQ= Vy=m |=Q@ 1|iPL |xv}y@

"CU= xOW
|WywSB QO 'p=aixt}v pQDvm QF-wt |=ysD} Qwor= |x�=Q= |=Q@ C=ar=]t |xt=O= QO
x�=Q= xR=U u=mtQ}}eD MU=B pQDvm T=U=Q@ p=aixt}v sD} Qwor= wO [10]'2000 p=U QO
u=Wv w xU}=kt [9]'Vv=Q=mty w l}=O |O=yvW}B |rQDvm sD} Qwor= =@ =yu; OQmrta w
pQDvm |=ysD} Qwor= R= l} Qy |=Q@ XNWt |xR=U l} QO xm CU= xOW xO=O
s}_vD =@ xm OQ=O OwHw p=}U |vDw}v |wQv=Qo w s}rUDVvD R= |}xv}y@ Q}O=kt 'p=aixt}v
u=Wv G}=Dv "Ci=} CUO |}xRQr C=W=aDQ= Vy=m OYQO u} QDW}@ x@ u=wD|t =yu;
xR=U p@=kDt QF= xm 'u=mtQ}}eD pQDvm T=U=Q@ p=aixt}v pQDvm sD} Qwor= xm CU= xO=O
xOWxU}=kt sD} Qwor= 3 u=}t QO =Q OQmrta u} QDy@ 'OQw;|t ?=ULx@ R}v =Q Qo =Q}t w
OL =D |iPL |xv}y@ sD} Qwor= OQmrta C}i}m u}vJty w 'OyO|t u=Wv OwN R=
|=Q@ s=yov}@ pOt R= QwmPtVywSB QO "CU= xDU@=w xrRrR |Ot=U@ |=wDLt x@ |O=} R
|=ypOt x@ C@Uv |QDtm CkO xm 'CU= xOW xO=iDU= l} Swrw�QwDvot |=yQo =Q}t

"OQ=O QDO}OH
\UwD p=aixt}v pQDvm |=ysDU}U ?U=vtxO=ar=jwi OQmrta |xOy=Wt =@
QO C=R}yHD u}= OQmrta |UQQ@ CtU x@ C=ar=]t 'l} Swrw�QwDvot |=yQo =Q}t
[11]'2001 p=U QO|WywSB QOu}vJty "CU= xDiQV}B QD|ak=wpmW x@|}=yxR=U
|ak=w pmW =@ |}=yxR=U QO p=aixt}v pQDvm |=ysD} Qwor= |@=} RQ= |=Q@ |}=yV}=tR;
lJwm T=}kt =@ xk@] 6 |xR=U l} |wQ Q@ 'l} Swrw�QwDvot Qo =Q}t u}OvJ =@ w
wO u; QO xm 'CU= xOW s=Hv= uDovW=w x=oWv=O |xrRrR |UOvyt x=oW}=tR; QO
"CU= xDiQoQ=Qk xO=iDU= OQwt |iPL |xv}y@ w 2hwv=B=}r p=aixt}v pQDvm sD} Qwor=
R= |irDNt Kw]U w OQ=O |]NQ}e C}Y=N l} Swrw�QwDvot Qo =Q}t xm |}=Hv; R=
3 QF= CLD xR=U 'OyO|t u=Wv OwN R= hrDNt |W=aDQ= |=yxvt=O QO =Q |}=Q=m
Cr=L wO |=Q@ xOt;CUOx@ G}=Dv "CU= xDiQo Q=Qk wQDvUp= |xrRrR R= Cw=iDt T=}kt
=@ p=aixt}v pQDvm Cr=L wO u}vJty w xv}W}@ S=Drw w QiY S=Drw =@ p=aiQ}e pQDvm
pQDvm 'wQDvUp= |xrRrR Kw]U |t=tD QO xm CU= xOW xO=O u=Wv w xU}=kt Qo}Om}
QiY S=Drw =@ p=aiQ}e pQDvm R= |QD?U=vt OQmrta ẁtHt QO xv}W}@ S=Drw =@ p=aiQ}e
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u=Wv =Q pB OwOLt u=tr= '?1 pmW "OwW |Ov@s}UkD hrDNt |=yu=tr= x@
�Qovy =}� s�=k R} w; wO smCUO w '|rY= p@=m u=tr= 'Q}D u=tr= pt=W xm OyO|t
OQwt |=yu=tr= O=OaD "CU= xOW xDiQo Q_v QO pB |m}t=v}O p}rLD QO xm CU=
|v=}t |xv=yO QO w OOa 11 pB u}= |Q=vm |=yxv=yO R= s=Om Qy QO xO=iDU=
xOW u}}aD w |@=}xv}y@ Q=ier=O@a \UwD xm OOa 50 pB pm QO w OOa 28 u;
QU wO |=yQ}D CQwYx@ pB |xWQa pm 'VwQ u}= QO "�hr=1 pmW� [22]CU=
|rY= p@=m x@ jrat R} w; |O=OaD \UwD xm OwW|t xDiQo Q_v QO xO=U pYit
|SQv= Q=Okt u}}aD =@ "Ov=xOW xO=O x}mD |mDre CQwYx@ =yGQ@ pLt QO w u=R} w;
'1 |x]@=Q j@=]t uwDr}t=y pY= |Q}oQ=mx@ w u=tr= Qy QO |W@vH w p}Uv=DB
=yu; |Ov@syQU R= TB xm 'O};|t CUOx@ u=tr= Qy sQH w |DNU |=yT} QD=t
sRq [23w22]"OwW|t u}}aD pB pm sQH w |DNU |=yT} QD=t '=yu=tr= pm |=Q@
CU= xOW s=Hv= |}xt=vQ@ ltm x@ C=@U=Lt R= VN@ u}= xm CU= |Qw;O=} x@
pOt =yx}=B OwN 'x]w@ Qt C=@U=Lt QO "CU= xOW x�=Q= [23]|r@k C=k}kLD QO xm
=yv; sQH xm |}O=R; C=HQO 'C=@U=Lt sHL Vy=m CyH 'u}vJty [24]"Ov=xOWv
QmPD u}= [25]"Ov=xOW hPL sDU}U R= |R=UxOQWi pwY= R= xO=iDU= =@ 'CU= QiY
|m}t=v}O C=@U=Lt R= =yu; hPL |=vat x@ |O=R; C=HQO uOQmxOQWi xmCU= sRq

[21]"CU}v

|xar=]t x@ |@ QHD CQwYx@ w Ov=xO=O O=yvW}B =Q jrat |=ypB |}xRQr MU=B Vy=m
=yu; OQmrta |xwLv |@ QHD C=ar=]t T=U= 'u=tR u; R= p@k =D "Ov=xDN=OQB u;
6 xm 'Ov=xO=O Q=Qk |UQQ@ OQwt =Q Cr=L u}OvJ =yv; "=ypB xv 'Ow@ =yu=tDN=U QO
\w@ Qt =yu; R= =DwO w hrDNt |=yu=} QH x@ \w@ Qt QwmPt |=yCr=L R= Cr=L
� nv}B pB 'QwmPt |xar=]t QO "CU= xOw@ 10nv+@ � nv+@ |rQDvm sD} Qwor= wO x@
'pB |rw] CyH QO =yMU=B pQDvm Qw_vtx@ w ?=NDv= |OOa p=Ft u=wvax@ 11nv*W
R= |m =L G}=Dv w xOW ?Yv pBGQ@ w xWQa u}@ |ki= CQwYx@ QwmPt |=yQo =Q}t
|QDtm |SQv= R= '|rQDvm sD} Qwor= R= xO=iDU= Cr=L QO OvJ Qy xm CU= xOw@ u;
MU=B Vy=m QO xar=]t OQwt Qo =Q}t |}=v=wD =t= &OwW|t xO=iDU= wQ}v O}rwD CyH

"CU= QDW}@ p=aiQ}e pQDvm Cr=L QO u=mtQ}}eD
|WywSB uwvm =D xm OwW|t xOy=WtVywSB u}= |xtOkt QO xOWu=wvaEL@ R=
Q@=Q@ QO |rQDvm |=ysDU}U \UwD |r@=m |=ypB s�=k |=yMU=B Vy=m OQwt QO
xOWvCi=} OQwt u}= QO|WQ=RohrDNt `H=Qt QO w xDiQov CQwY xrRrR s�=k |=ywQ}v
|=yxrRrR QF=CLD jrat |=ypB s�=k |=yu=mtQ}}eD pQDvm 'VywSB u}= QO '=Pr "CU=
s=Hv= l} Swrw�QwDvot |=yQo =Q}t w p=aixt}v |rQDvm sDU}U R= xO=iDU= =@ w hrDNt
|=yQo =Q}t |OwQw S=Drw u}}aD |=Q@ |R=i j]vt R= 'Qw_vt u}= |=Q@ "CU= xOW
xOW u=}@ uw � lw@ pOt \UwD R}v Qo =Q}t |]NQ}e Q=DiQ w xO=iDU= l} Swrw�QwDvot
u=wD|t xvwoJ xmCU= u}=VywSB u}= QO xOt;V}B|U=U= CqmWt R=|m} "CU=
pB |xWQa Q} R QO 'pB |=yx}=B R= QwO |x]kv l} QO =Q l} Swrw�QwDvot Qo =Q}t l}
QO =Q pB s�=k V=aDQ= w Ovm pta s�=k CyH QO OW=@ QO=k xm |Qw]x@ 'OQm ?Yv
xOW O=yvW}B ?rY |=B QN R= xO=iDU= VwQ 'Qw_vt u}= |=Q@ #OyO Vy=m xrRrR Q@=Q@
=m} Qt; TrHv;Twr QO `k=w T=twD CvUv} w pB 'VywSB u}= QO u}vJty "CU=
R= CW=ov?=DW 15 Q}F-=D CLD u; |=yMU=B w xOW ?=NDv= |OOa p=Ft u=wvax@
|=yQo =Q}t ?Yv C}akwt w O=OaD "CU= xDiQo Q=Qk xar=]t OQwt hrDNt |=yxrRrR
R= |m =L xOt;CUOx@ G}=Dv "CU= xOW |@=}xv}y@ R}v pB pw] QO l} Swrw�QwDvot
pB s�=k |=yMU=B Vy=m QO |O=yvW}B p=aixt}v |rQDvm sDU}U ?U=vt OQmrta

"CU=

xrRrR s�=k ?=DW QF= CLD pB CmQL CqO=at "2
"OvDUy pB xR=U |m}t=v}O u=mtQ}}eD Q@ sm =L |[=} Q \@=wQ 'pB CmQL CqO=at
CUOx@ =Q Q_vOQwt |xR=U MU=B |v=tR |xJN} Q=D u=wD|t QwmPt CqO=at pL =@
CqO=at "CU= u; u=mtQ}}eD '|m}t=v}O p}rLDl} QO xR=U MU=B u} QD|U=U= "OQw;
CyH QO xm |}xrRrR |wQ}v QF= CLD |O=R; xHQO OvJ sDU}U l} CmQL |m}t=v}O

[21]%OwW|t xDWwv 1 |x]@=Q CQwYx@ 'OwW|t p=ta= u; x@ s�=k
[M ] f�u(t)g+ [C] f _u(t)g+ [K] fu(t)g = � [M ] frg �ug(t) (1)

&xR=U |DNU w '|}=Q}t 'sQH |=yT} QD=t ?}DQD x@ [K] w [C] '[M ] 'u; QO xm
w 'CaQU 'u=mtQ}}eD |=yQ=OQ@ ?}DQDx@ f�u(t)g w f _u(t)g 'fu(t)g |=yQ=OQ@
x@ \w@ Qt Q}F-=D Q=OQ@ frg Q=OQ@ w &u}tR CmQL s�=k ?=DW �ug(t) &xR=U ?=DW
xrRrR CmQL CyH QO |O=R; C=HQO Q}_v <=[a= u; QO xm CU= xrRrR s�=k ?=DW
|Ov}=Qi 'jrat |=ypB |m}t=v}O CmQL |xrO=at u}}aD "OvDUy QiY |k@=t w 1
w OwW x�=Q= u; R= |QYDNt \ki CU= xOW |aU =Hv}= QO w xOw@ xO}J}B Q=}U@
|m}t=v}O p}rLD QO [23w22]"CU= GQ=N Q=DWwv u}= |xrYwL R= u; C=}�RH |x�=Q=
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=aDQ=
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pQDv
m

"T=twD jrat pB |Ov@u=tr= "1 pmW

"VywSB u}= QO xO=iDU= OQwt |=yCW=ov?=DW C=}�RH "1 pwOH
`HQt PGA R= xrY=i u} QDtm xrRrR |oQR@ ẁkw M} Q=D xrRrR C@F x=oDU}= xrRrR s=v xQ=tWxrRrR (g) (km) pUo (Ms) xrRrR

NEIC 0 139 20 5 8 1382=10=5 h=@ro u=Q}= � s@ 1
NEIC 0 217 13 7 4 1369=03=31 Q=@OwQ u=Q}= � p}Hvt 2
NEIC 0 186 - 5 8 1389=05=8 x} QO}L C@ QD u=Q}= � pwmOQ= 3
EMSC 0 237 - 6 3 1383=03=8 Q@@; u=Q}= � O=@; RwQ}i 4
NEIC 0 191 55 6 1 1375=12=05 =Q=DU; u=Q}= � u} QU 5
IIEES 0 295 56 6 2 1384=09=6 T=@aQOv@ u=Q}=� sWk 6
CWB 0 125 19 96 7 6 1999=09=20 CHY010 u=w}=D � |J |J 7
USGS 0 216 - 7 1 1989=10=18 Hollister City Hall =D} QB =twr 8
USGS 0 056 15 5 6 9 1979=10=15 Centro Array #1 |rw p=} QBt}= 9

KOERI 0 128 64 5 7 8 1999=08=17 Fatih x}mQD � |r=Jwm 10
- 0 248 2 6 9 1992=03=13 Erzincan x}mQD � umv} RQ= 11

USGS 0 136 21 2 6 6 1971=02=09 Hollywood Stor Lot wOv=vQivU 12
- 0 688 - 7 7 1978=09=16 Tabas u=Q}= � T@] 13

CDMG 1 229 8 6 7 1994=01=17 Pacoima Dam |Or=v} Q � G} QDQwv 14
CUE 0 433 1 2 6 9 1995=01=16 Takarazuka x@ wm 15

[26w25]%CU= 4 |x]@=Q CQwYx@ Cr=L |=[i |xrO=at |rm pmW "Ov=xOW pL
f _xg = [A]fxg+ [B]fzg
fyg = [C] fxg+ [D] fzg (4)

[D] w &|HwQN T} QD=t [C] &|OwQw T} QD=t [B] &sDU}U T} QD=t [A] 'u; QO xm
w &Cr=L |=[i Q=OQ@ fxg &|OwQw Q=OQ@ fzg "OvQ=O s=v s}kDUt p}O@D T} QD=t

[26w25]"OvDUy |HwQN Q=OQ@ fyg
CW=ov?=DW 15 s�=k |xir-wt QF= CLD Q_vOQwt pB Q=DiQ 'VywSB u}= QO
QwmPt |=yCW=ov?=DW x@ \w@ Qt C=aq]= "CU= xDiQo Q=Qk xar=]t OQwt hrDNt

"CU= xOW x�=Q= 1 pwOH QO
|=wDLt R= |a}Uw h}] xm Ov=xOW ?=NDv= |}xvwo x@ QwmPt |=yCW=ov?=DW
|=yxrRrR Q=vm QO u}vJty "OvW=@ xDW=O =Q u}tR CmQL ?=DW |xv}W}@ w |Ot=U@
|}=Hv; R= "Ov=xOW xDiQo Q_v QO R}vpUo x@ l}ORv |=yxrRrR R= |O=OaD 'pUo R= QwO

|wQ}v QF= 'xOWpQDvm Cr=L QO xR=U |m}t=v}O CmQL |xrO=at uDWwv |=Q@
=Pr "OwW|t p=ta= xrO=at CU=Q CtU QO |HQ=N |wQ}v l} CQwYx@ |rQDvm

%CWwv 3 |x]@=Q CQwYx@ u=wD|t =Q xOWpQDvm Cr=L QO CmQL |xrO=at

[M ] f�u(t)g+[C] f _u(t)g+ [K] fu(t)g = [D] ffg
� [M ] frg �ug(t) (3)

p=kDv= x]w@ Qt |O=R; C=HQO x@ =Q |rQDvm |=ywQ}v xm CU= |U} QD=t [D] 'u; QO xm
"CU=l} Swrw�QwDvot |=yQo =Q}t\UwD xOWO}rwD sw=kt |=ywQ}v R}v ffg w OyO|t
xOWpQDvm |=yMU=B w OvwW|t pLCr=L |=[i x@ p=kDv= R= TB xOWx�=Q= CqO=at
'Q[=L VywSB QO xm CU= |Qw;O=} x@ sRq "Ov};|t CUOx@ xR=U |xOWvpQDvm w
=@ xJ w �xOWvpQDvm |=yMU=B� pQDvm Q=R@= uwO@ xJ 'pB |m}t=v}O CqO=at |x}rm
lv}rw}t}U Q=R@= x@aH w ?rDt Q=Ri=sQv R= xO=iDU= =@ �xOWpQDvm |=yMU=B� pQDvm Q=R@=
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3 2
|xQ
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'32

�2
|xQ

wO-
�13

95
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�'h
}QW

u=Qt
a|

UOv
yt |x]@=Q R= xH}Dv QO w OW=@ x@U=Lt p@=k xm 'CU}v |m} R}i Q}eDtl}w(t) "OvDUy

'6 w 5 \@=wQ QO OwHwt |=yQ}eDt Q}=U "OwW|t xO=iDU= u; uOQw; CUOx@ |=Q@ 6
%Ov};|t CUOx@ 7 |x]@=Q R=

Kx(�) = Kx (hr= 7)

K _x = K _xa +K _xb� (? 7)

�(�) = �a + �b exp(�13�) (A 7)

�(�) = �a + �b exp(�14�) (C 7)

�(�) = �a + �b exp(�14�) (C 7)

Kw(v) =8>>>><>>>>:
kw1 + kw2v

1 15; v � 0 3
kw3 +kw4 sin(�(v�0 3)

0 8 )+kw5 sin( 3�(v�0 3)
0 8 ); 0 3�v�0 7

kw6 + kw7v + kw8v
3 + kw9v

5; 0 7 � v
(G 7)

S=Drw Q=Okt u}}aD QO |R=i j]vt OQ@ Q=m "4
Vy=m QO u; OQmrta 'OW=@ Q}eDt l} Swrw�QwDvot Qo =Q}t x@ |OwQw S=Drw xJv=vJ
|m} QDmr= u=} QH 'p=aixt}v pQDvm QO "OwW|t xO}t=v p=aixt}v pQDvm 'xR=U MU=B
u=} QH u=R}t u}}aD "OwW|t p=ta= Qo =Q}t x@ u=tR =@ Q}eDt w xOWpQDvm CQwYx@
QopQDvml}|L=Q] wQ u}= R= "CU= QopQDvm |xOya x@ Qo =Q}t x@ xOWp=ta=|m} QDmr=
"OQ=O l} Swrw�QwDvot Qo =Q}t \UwD xR=U |=yMU=B Vy=m QO |}=RUx@ Vkv ?U=vt
QO u; OQmrta w xOW ?=NDv= sDU}U QopQDvm u=wvax@ |R=i j]vt 'VywSB u}= QO

"CU= xDiQo Q=Qk p}rLD w |UQQ@ OQwt sDU}U
=y|HwQN x@ =y|OwQw R= CW=ov pta u; |] xm CU= |Ov}=Qi |R=i G=DvDU=
p@=k |R=i G=DvDU= sDU}U ẁv 2 "OwW|t Ovtx]@=[ |R=i j]vt R= xO=iDU= =@
Q=}U@ VwQ 'VywSB u}= QO [28]"wvowU w |v=Ott R= Ov=CQ=@a xm 'CU= |R=UxO=}B

"CU= xOW xO=iDU= |v=Ott |R=i G=DvDU= G}=Q
CQ=@a R=U|R=i "CU= R=U|R=i '|R=i QopQDvm sDU}U |L=Q] QO xrLQt u}rw=
|xrLQt "CU= C} w[a `@=wD \UwD |R=i |=yxO=O x@ |OOa |=yxO=O p}O@D R=
|R=i QopQDvm OQmrta |wQ Q@ xrLQt u}= "CU= |R=i QopQDvm u}v=wk |L=Q] '|Oa@
�x=ov; � Qo =� u}v=wk R= |ywQo '|R=i QopQDvm u}v=wk `k=w QO "OQ=O |}=RUx@ Vkv
QO "OvwQ|t Q=mx@ |HwQN w |OwQw |=yxO=O u}@ \=@DQ= |Q=QkQ@ |=Q@ xm 'OvDUy
l} x@ 'R=U|R=iQ}e C=}rta \UwD 'CU= |R=i Q=Okt l} xm |HwQN 'C}=yv
|=Q@ |R=i j]vt QopQDvm OQmrta |xwLv "OwW|t p}O@D |R=iQ}e |xDUUo |xO=O
QopQDvm u}= xm CU= CQwY u}O@ l} Swrw�QwDvot Qo =Q}t =@ p=aixt}v pQDvm sDU}U
'OvDUy ?Yv xR=U |wQ Q@ xm |}=yQoTL \UwD '=Q xR=U MU=B Q}O=kt x_Lr Qy QO
|R=i |=yxO=O x@ =Q Q}O=kt u}= 'C} w[a `@=wD \UwD w Ci=} QO |OOa CQwYx@
|HwQN '|R=i u}v=wk pwOH R= xO=iDU= =@ w G=DvDU= QwDwt\UwDTBU "Ovm|t p}O@D
|R=Ux}@W R= xO=iDU= =@ xR=U |=yMU=B 'Q[=L VywSB QO xD@r= "OwW|t u}}aD
"CU= xOW x�=Q= |Oa@ |=yVN@ QO |R=i |=yQopQDvm u}= |L=Q] "Ov=xOW u}}aD

R= \ki 'CU= s�=k CyH QO \ki xR=U MU=B 'VywSB u}= QO xar=]t hOy xm
R= hOy xm =Hv; R= R}v w CU= xOW xO=iDU= xOWQmP |=yCW=ov?=DW s�=k |xir-wt
|=yMU=B Vy=m QO MR p=aixt}v Qo =Q}t OQmrta |xar=]t 'Q[=L VywSB s=Hv=
=yCW=ov?=DW uOQmT=}kt x@ |R=}v =Pr &pB |L=Q] xvCU= xOw@ jrat |=ypB s�=k
p=ta= pB x@ OwN |ak=w T=}kt QO =yCW=ov?=DW |x}rm w 'CU= xOWv T=UL=

"Ov=xOW

MR Qo =Q}t R= xO=iDU= =@ pB p=ai xt}v pQDvm "3
Ovv=t u; |m} Swrw�Q C=}YwYN xm CU= |a}=t 'l} Swrw�QwDvot |xO=t l}
=yQo =Q}t R= ẁv u}= "CU= xDU@=w |U}]=vet u=O}t x@ |wQv=Qo w s}rUD VvD
ptar=Tma p=}U u=} QH Q=DiQ QO Q}}eD =@ '|U}]=vet u=O}t p=ta= x@ C@Uv
x@ |R=}v|@ w 'xOQDUo pta |xOwOLt '|oO=U %p}qO x@ w OvyO|t u=Wv
`@=vt x@ |R=}v|@ u}vJty "Ov=xDiQo Q=Qk xHwD OQwt CQOkQB |HQ=N |SQv= `@=vt
xOW =yu; QO O=tDa= C}r@=k V}=Ri= ?@U QwmPt |=yQo =Q}t QO |SQv= nQR@

"CU=
p}O@D RwmU} w Qo =Q}t x@ |SQv= `@vt Ow@v CQwY QO l} Swrw�QwDvot |=yQo =Q}t
O=yvW}Bl} Swrw�QwDvot Qo =Q}th}YwDCyH |Q=}U@ |m}v=mt |=ypOt "OvwW|t
Q=DiQ uOQmpOt |=Q@ VywSB u}= QO xm CU= uw � lw@ pOt '=yv; |xrtH R= "Ov=xOW
l}D=tW |=tv "CU= xDiQo Q=Qk xO=iDU= OQwt l} Swrw�QwDvot Qo =Q}t T} RQDU}y

"CU= xOW x�=Q= 2 pmW QO pOt u}=
2200 T=}ktnQR@l} Swrw�QwDvot Qo =Q}t |xOWxR}r=tQv pOt R=VywSB u}= QO
VywSB u}= QO 'CU= xOW QmP R}v ,q@k xm Qw]u=ty "CU= xOW xO=iDU= |vDw}vwr}m
xO=iDU= lv}rw}t}U Q=R@= x@aH w ?rDt Q=Ri=sQv R= pB CmQL CqO=at pL |=Q@
\w@ Qt `HQt lwr@ R= lv}rw}t}U \}Lt QO xr�Ut |R=Ux}@W s=ovy "CU= xOW
w 'CaQU 'u=mtQ}}eD Q}O=kt lwr@ u}= "CU= xOW xO=iDU= l} Swrw�QwDvot Qo =Q}t x@
|wQ}v [27]"OyO|t x�=Q= |HwQN u=wvax@ =Q Qo =Q}t |wQ}v w Ovm|t Ci=} QO =Q S=Drw

%OwW|t x@U=Lt 6 w 5 \@=wQ R= xO=iDU= =@ sDU}U u}= QO Qo =Q}t
f(x(t); _x(t); w(t)) = kx(�)x(t) + k _x(�) _x(t) + kww(t) (5)

_w(t) =�(�)f _x(t)� �(�) j _x(t)j jw(t)j�(�)�1 w(t)

+ (�(�)� 1) _x(t) jw(t)j�(�) (6)

w ' _x(t) 'x(t) w &MR Qo =Q}t \UwD xOWO}rwD |wQ}v f(x; _x;w) '=yu; QO xm
MR Qo =Q}t |=y|OwQw u=wvax@ xm 'OvDUy S=Drw w 'CaQU 'u=mtQ}}eD ?}DQD x@ v

"VywSB u}= QO xO=iDU= OQwt l} Swrw�QwDvot Qo =Q}t |m}v=mt pOt "2 pmW
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m%OQm pta u=wD|t VwQ wO x@ pB |wQ Q@ Qo =Q}t ?Yv |=Q@ 'u}=Q@=v@ "CU=

|xWQa x@ Qo}O hQ] R= w x}=B x@ hQ]l} R= Qo =Q}t VwQ u}= QO %pw= VwQ �hr=
"CU= ?Yv p@=k =yx}=B Q=vm QO \ki Qo =Q}t Cr=L u}= QO =Pr "OwW|t pYDt pB
xOW O=yvW}B Qo =Q}t ?Yv |=Q@ ?rY |=B QN l} VwQ u}= QO %swO VwQ �?
"OQm ?Yv =Q Qo =Q}t pB R= |}x]kv Qy QO u=wD|t u; R= xO=iDU= =@ xm 'CU=

"CU= xOW K} QWD QDW}@ |Oa@ |=yVN@ QO =B QN u}= C=}�RH
?Yv |xv}y@ pOt l} x@ |@=}CUO CyH |Q=}U@ |=ypOt VywSB u}= QO
u=mtQ}}eD MU=B Vy=m |=Q@ '�?Yv C}akwt Q_v R= xJ w O=OaD Q_v R= xJ� =yQo =Q}t
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Cr=L u}= QO |R=i u}v=wk uOQw;CUOx@ |=Q@ xm |k]vt "CU= xOW x�=Q= 11 pmW
=@ "CU= |OwQw 1 =@ QopQDvm QO xOWxDiQo Q=mx@ j]vt Ovv=ty 'CU= xOW xO=iDU=
x@ xm |WwQ R= 'CU= u=W ẁkw u=mt= xm |}=yCr=L |v}@V}B |=Q@ xm Cw=iD u}=
|m} x@ \w@ Qt u=mtQ}}eD R= |Uwv}U Gwt l} w xO=iDU= 'CU= QDl}ORv C}ak=w
w CaQU 'u; |v=tR |xR=@ x@ xHwD =@ xm 'CU= xOW ?=NDv= =yCW=ov?=DW R=
hrDNt |=yCtUk x@ |[Qa CyH QO =yQ=Owtv TBU w sUQ R}v u; pO=at ?=DW
R= C} w[a `@=wD QO xm CU= |DQwY x@ xOWs=Hv= |Ov@s}UkD "Ov=xOW |Ov@s}UkD
uOQm =O}B w u=mtQ}}eD Q=Owtv |wQ Q@ \=kv R= |O=OaD ?=NDv= =@ "OwW|t xO=iDU= =yv;
QO |QDj}kO C=aq]= x@ u=wD|t '?=DW w CaQU |=yQ=Owtv |wQ Q@ =yu; pO=at
uwv=k w O}UQ 'ODi=|t j=iD= QwmPt |xR=U |=Q@ xrRrR l} QO xm |}=yCr=L OQwt

"CU= xOW x�=Q= 11 pmW QO pY=L G}=Dv xm OQm G=QNDU= =Q \w@ Qt |R=i

Vy=m QO |O=yvW}B pQDvm |=ysDU}U OQmrta |xU}=kt "3"5
pB |=yMU=B

12 pmW QO 1 pOt QO l} Swrw�QwDvot Qo =Q}t \UwD MU=B Vy=m x@ \w@ Qt G}=Dv
|=yCtUk QO xOW|iQat |R=i |=yQopQDvm OQmrta u; QO xm 'CU= xOW x�=Q=
OQmrta xm CU= u; R= |m =L MU=B Vy=m Q=Owtv "CU= xOW xU}=kt sy =@ u}W}B
Vy=m u=R}t w OvDUy u=Um} |Q=vm |=yxv=yO QO 1 pOt QO |R=i QopQDvm xU Qy
|]Uw |xv=yO QO =t= "CU= OYQO 60 =D 40 u}@ |Q=vm |=yxv=yO QO MU=B
=D 25 u}@ ,=OwOL w xOw@ Qo}O QopQDvm wO R= QDy@ |OwQw 1 =@ |R=i QopQDvm OQmrta
|]Uw |xv=yO QO |OwQw 3 w 2 =@ |R=i |=yQopQDvm OQmrta "CU= OYQO 40
MU=B Vy=m x@ \w@ Qt G}=Dv "CU= OYQO 40 =D 13 u}@ ,=OwOL w CU= u=Um}
'CU= xOW xO=iDU= Qo =Q}t 6 R= u; QO xm '1-2 pOt QO l} Swrw�QwDvot Qo =Q}t \UwD

"CU= xOW x�=Q= 13 pmW QO
'CU= 1 pOt OQmrta R= QDy@ |]Uw |xv=yO QO 1-2 pOt OQmrta |rm Qw]x@
"CU= u=Um} ,=@} QkD 1-2 w 1 pOt wO QO MU=B Vy=m u=R}t |Q=vm |=yxv=yO QO =t=
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xm '2-2 pOt QO l} Swrw�QwDvot Qo =Q}t \UwD MU=B Vy=m x@ \w@ Qt G}=Dv
|=yQopQDvm "CU= xOW x�=Q= 14 pmW QO 'CU= xOW xO=iDU= Qo =Q}t 8 R= u; QO
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"OQ=O Q[=L VywSB QO xOW|UQQ@ |=yCr=L

52



3 2
|xQ

=tW
'32

�2
|xQ

wO-
�13

95
R}}=B

�'h
}QW

u=Qt
a|

UOv
yt xOW xO=iDU= u; |=yMU=B pQDvm |=Q@ |vDw}vwr}m 2200 T=}ktnQR@ Qo =Q}t R= w

CU= xOW x�=Q= =yQo =Q}t C}akwt w O=OaD Q_v R= xv}y@ pOt 2 'VywSB u}= QO "CU=
pOt QO "�2-2 w 1-2 |=ypOt� OQ=O pOtQ} R wO OwN 2 pOt xm '�2 w 1 |=ypOt�
xO=iDU= Qo =Q}t CWy '2-2 pOt QO w &Qo =Q}t VW '1-2 pOt QO &Qo =Q}t Q=yJ '1
'OvDUy =yx}=B R= QwO xm pB |=yxv=yO R= |]=kv QO Qo =Q}t ?Yv CyH "CU= xOW
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"OQ=O |QDy@ MU=B Vy=m
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"CU= |OwQw 1 =@ l} ẁv |R=i QopQDvm =@ 2-2 pOt 'pB u=mtQ}}eD |=yMU=B
x@ xHwD =@ 1 pOt xmr@ 'CU}v 1 pOt uOw@Ot;Q=m =v |=vat x@ xr�Ut u}= xD@r=
u; |=QH= u}vJty w OQ=O =ypOt Q}=U x@ C@Uv =Q Qo =Q}t O=OaD u} QDtm xmv;
pOt 'CU= R}v QDxv} Ry sm u; `@D x@ w '�CU}v =B QN ?Yv x@ R=}v� CU= QDu=U;

"OwW|t ?wULt |@U=vt
xO=iDU= s�=kCyH QO pB MU=BVy=mCyH =yQo =Q}t R= |OOa |xar=]t u}= QO "3
45 |x} w=R =@ |O=yvW}B |=ypOt QO =yQo =Q}t xmv; x@ xHwD =@ |rw 'CU= xOW
Vy=m R}v =Q pB |rw] |=yMU=B OvDUy QO=k 'OvQ=O Q=Qk ji= x@ C@Uv xHQO
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15 QF= CLD pB u=mtQ}}eD MU=B |xv}W}@ u}ov=}t Vy=m u=R}t "14 pmW
hrDNt |=y|OwQw =@ |R=i j]vt w l} Swrw�QwDvot Qo =Q}t \UwD CW=ov?=DW

"2-2 pOt QO

|Q}oxH}Dv "6
|=yQo =Q}t R= xO=iDU= =@ jrat |=ypB s�=k V=aDQ= p=aixt}v pQDvm 'VywSB u}= QO
'|OOa C=ar=]t |=Q@ "CU= xDiQo Q=Qk xar=]t OQwt |R=i j]vt w l} Swrw�QwDvot
?=NDv= |OOa p=Ft u=wvax@ =m} Qt; TrHv;Twr QO `k=w T=twD CvUv} w jrat pB

=yCWwv=B
1. clipped optimal
2. Lyapunov
3. Bill Emerson memorial
4. resetting semi-active sti�ness damper
5. switching semi-active sti�ness damper
6. semi-active friction damper
7. sliding mode control
8. Roll-N-Cage
9. benchmark
10. Bang-Bang
11. Ping-Sheng
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