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Oy=wN Q_vOQwt |OQmrta K]U |=Q@ |oOvvmW |vLvt G=QNDU= x@ QHvt 'hrDNt

"OW
u=wD|t R}v 'OW=@ C@=F Q]N K]U xm |Dr=L |=Q@ =Q |oOvvmW |=y|vLvt
s=@ sQH RmQt |}=Hx@=H C@Uv |W}=Ri= |m}t=v}O p}rLD QO 'Qw_vt u}O@ "OQm sUQ
'18 pmW j@=]t "CU= xOW xDiQo Q_v QO MU=B QDt=Q=B u=wva x@ u=tDN=U `=iDQ= x@
R= TB "OwW|t CW=OQ@ =y|vLvt |wQ R= MU=B Q}O=kt 'COW R= K]U l} |=Q@
?=NDv= =@ 'p@kCr=L j@=]t COW R= K]U u}ty |=Q@ p=tDL=|r=oJ `@=D G=QNDU=
QO u=tDN=U `=iDQ= x@ s=@ sQH RmQt |}=Hx@=H C@Uv u=wva x@ X0 |=Q@ |Q=Okt
CtqU p=tDL= 'X0 =D �1 R= Q=Owtv Q} R K]U 'XNWt |OQmrta K]U l}
p=tDL= x@ 'COW R= K]U u}= QO xm CU=vat u}O@ w OyO|t u=Wv =Q u=tDN=U
QO w OUQ|tv X0 Q=Okt x@ u=tDN=U `=iDQ= x@ s=@ sQH RmQt |}=Hx@=H C@Uv 'P
Q=QmD "OQm Oy=wNv x@ QHD =Q QwmPt |OQmrta K]U 'P p=tDL= =@ u=tDN=U xH}Dv
sQH RmQt |}=Hx@=H hrDNt |=yC@Uv <=R= x@ p=tDL= Q}O=kt G=QNDU= w OvwQ u}=
Q_vOQwt Q]N K]U |=Q@ |vLvt l} G=QNDU= x@ QHvt 'u=tDN=U `=iDQ= x@ s=@

"OW Oy=wN
|=Q@ 'hrDNt |=yC} RmQt R= GwQN <=R= x@ w xar=]t OQwt |=yu=tDN=U |=Q@
j@=]t =y|vLvt u}= 'p=U 2475 w p=U 475 CWoR=@ |=yxQwO =@ Q]N K]U 2
QmP u=}=W "Ov=xOW xO=O V}=tv 20 w 19 |=ypmW QO w G=QNDU= 'xOWK} QWD OvwQ
uwRi=Q=@ p}rLD G}=Dv R= QwmPt |=y|vLvt |wQ xOWXNWt |OL Cq=L xm CU=
xm |v=tR 'CU= u=tDN=U `=iDQ= x@ s=@ sQH RmQt |}=Hx@=H C@Uv u=ty w CU=
w xikw|@ xO=iDU= C}r@=k |OQmrta Kw]U x@ \@=Q |=yQ}D w =yQ=w}O Q=@ u}rw= |=Q@

"OvUQ|t |v=H |vt}=
|=yQ}D uO}UQ p=tDL= xm OR=U|t XNWt |oOvvmW |=y|vLvt |UQQ@
GwQN V}=Ri= "CU=yQ=w}O R= QDW}@ xQ=wty |OQmrta Kw]U x@ u=tDN=U \@=Q
x@ =Q |OQmrta Kw]U x@ \@=Q |=yQ}D w =yQ=w}O uO}UQ p=tDL= 'sQH C} RmQt R=
=yu=tr= uO}UQ p=tDL= 'u=tDN=U `=iDQ= V}=Ri= =@ "OyO|t V}=Ri= |�RH CQwY
V}=Ri= x@ C@Uv `=iDQ= V}=Ri= "O@=}|t V}=Ri= R}v hrDNt |OQmrta Kw]U x@
Qy QO "OQ=O Cq=tDL= Q}O=kt V}=Ri= QO |QDW}@ Q}F-=D 'sQH RmQt C} RmQt R= GwQN
Kw]U QO =yQ=w}O w \@=Q |=yQ}D '=yC} RmQt R= GwQN |t=tD <=R= x@ w u=tDN=U wO
C}r@=k |OQmrta K]U x@ 'p=U 2475 w p=U 475 CWoR=@ |=yxQwO =@ Q]N

"OvyO|t ?=wH xikw|@ xO=iDU=

"xOQ@s=v |=yu=tr= |=Q@ VQ}PB |=yQ=}at pQDvm "5 pwOH
R=}v C@Uv Q=w}O R=}v C@Uv \@=Q Q}D xk@] 5 u=tDN=UC}iQ_ x@ C}iQ_ x@

0 4 152 0 1 5 1 (ton) |QwLt |wQ}v
375 52 5 (ton) |QwLt C}iQ_

0 37 460 0 42 10 4 (ton.m) |WtN Qovr
1260 25 (ton.m) |WtN C}iQ_

0 12 0 0007 0 23 0 0014 (rad) pmW Q}}eD
0 006 0 006 (rad) pmW Q}}eD C}iQ_

R=}v C@Uv Q=w}O R=}v C@Uv \@=Q Q}D xk@] 10 u=tDN=UC}iQ_ x@ C}iQ_ x@
0 97 364 2 0 38 20 (ton) |QwLt |wQ}v

375 52 5 (ton) |QwLt C}iQ_

0 54 900 0 78 29 6 (ton.m) |WtN Qovr
1660 38 (ton.m) |WtN C}iQ_

0 2 0 0012 0 25 0 0015 (rad) pmW Q}}eD
0 006 0 006 (rad) pmW Q}}eD C}iQ_

[28]"Ovvm|t u=}@ =Q CQ=UN R= |atHD p=tDL= `} RwD |oOvvmW |=y|vLvt '`k=w QO
|Q}PB?}U; u}}aD |=Q@ |}xr}Uw u=wvax@ |oOvvmW |=yp}rLD R= 'Q}N= |=yp=U QO
CrmU= |=yu=tDN=U QO =y?=ku=}t w =y`tW '=ypB |x}=B '|vD@ |=yOU |}xRQr
|x}yD 'CU= xOW u=}@ xm xvwou=ty [30w29]"CU= xOW xO=iDU= |Oqwi w |vD@
CkO ?UL Q@ w CU= |Dq=tDL= p}rLD l} OvtR=}v |oOvvmW |=y|vLvt
'u=U=vWQ=m Cw=[k Q@ |vD@t VwQ %Ovv=t |irDNt |=yVwQ R= u=wD|t Q_vOQwt
=yv; x@ |@}mQD VwQ w '|r}rLD VwQ '|y=oW}=tR; VwQ '|Q=t; |@ QHD VwQ
xO=iDU= =@ w |r}rLD VwQ x@ |oOvvmW |=y|vLvt 'Q[=L |xar=]t QO [31]"O}UQ
swyit R= |W}=Ri= |m}t=v}O p}rLD QO "Ov=xOW x}yD |W}=Ri= |m}t=v}O p}rLD R=
u=wD@ xm |WwQ x@ u; |xaUwD w u}tR CmQL |=yCW=ov uOQmT=}kt |xv} Q}O
R= |a}Uw |xOwOLt QO =Q u=tDN=U C}iQ_ w ?r] Q=Okt ?U=vt CkO =@
QO [33w32]"CU= xOW xO=iDU= 'O=O VWwB u=tDN=U s=Oyv= =D |a=HDQ= Q=DiQ
<RH xm CW=ov?=DW 7 '|W}=Ri= |m}t=v}O p}rLD s=Hv= |=Q@ 'Q[=L VywSB
PEER C}=U?w |=yxO=O x=o}=B R= 'OvwQ|t Q=tW x@ pUo R= QwO |=yCW=ov
Twmat Q=mwR=U |=Q=O |=ypUo R= |@=NDv= |=yCW=ov [34]"Ov=xOW CW=OQ@
R= B ẁv� pLt l =N \}=QW =@ w OvDUy QDW} Q 7 5 =D 6 u}@ |=oQR@ w
Qy |i}] MU=B sUQ R= TB "�6 pwOH� OvQ=O |v=wNsy �USGS |Ov@xk@]
|i}] Q}O=kt T=U=Q@ |rY= OQwmQ |xir-wt '=yv; |xU}=kt w CW=ov?=DW GwR
?=NDv= p}rLD s=Hv=CyH w u}}aD u=tDN=U |W=aDQ= |Ot=U@ |xOwOLt QO QDnQR@

"CU= xOW
?=NDv= COW QDt=Q=B h} QaD CyH u}tR ?=DW |xv}W}@ 'Q[=L |xar=]t QO
?}DQD x@ |QDw VNQJ w |@Uv |@v=H u=mtQ}}eD u=R}t uDiQoQ_vQO =@ "CU= xOW
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QQ@

"�IDA� |W}=Ri= |m}t=v}O p}rLD s=Hv= CyH |@=NDv= |=yCW=ov "6 pwOH
CW=ov C@F x=oDU}= xir-wt ẁkw M} Q=D (g) ?=DW |xv}W}@ (Ms) =oQR@ s=v

89509 Eureka - Myrtle & West 90 1992/04/25 0 1782 7 1 Cape Mendocino

90018 Hollywood - Willoughby Ave 180 1994/01/17 0 2455 6 7 Northridge

24523 Lake Hughes #4B - Camp Mend 90 1994/01/17 0 0629 6 7 Northridge

89486 Fortuna - Fortuna Blvd 0 1992/04/25 0 1161 7 1 Cape Mendocino

90061 Big Tujunga, Angeles Nat F 352 1994/01/17 0 2451 6 7 Northridge

23559 Barstow 90 1992/06/28 0 1352 7 4 Landers

80053 Pasadena - CIT Athenaeum 90 1971/02/09 0 1103 6 6 San Fernando

"�l}D=tW� |[Qi |Q]N K]U QO C@=F |OQmrta K]U l} R= uDWPo p=tDL= "15 pmW

"�xk@] 5 u=tDN=U� \@=Q |=yQ}D w =yQ=w}O QO |OQmrta hrDNt Kw]U |=Q@ |oOvvmW |=y|vLvt "16 pmW

"�xk@] 10 u=tDN=U� \@=Q |=yQ}D w =yQ=w}O QO |OQmrta hrDNt Kw]U |=Q@ |oOvvmW |=y|vLvt "17 pmW
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"�xk@] 5 u=tDN=U� hrDNt Q]N Kw]U QO =yu=tr= x@ O=tDa= C}r@=k u=R}t "19 pmW

"�xk@] 10 u=tDN=U� hrDNt Q]N Kw]U QO =yu=tr= x@ O=tDa= C}r@=k u=R}t "20 pmW

M w |@v=H |DNU K '|tQH |UQv}= u=tt IM '|WJ}B |DNU K� 'u; QO xm
|UQv}= u=tt w |DNU RmQt QO |WJ}B |DNU '4 x]@=Q j@=]t "CU= sDU}U sQH

[35]"Ov=xOW x@U=Lt sQH RmQt QO |tQH


2 = K�;CS �M
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M
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�M w |DNU RmQt pwL xOWx}=Bsy |DNU uw}U=Q} S `=aW �K 'Q}N= |x]@=Q QO

=yu=tDN=U |a}@] |=yOt=U@ |UQQ@ "6
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sDU}U pw@k p@=k |}xRQr OQmrta Qou=}@ G}=Dv '|UQQ@ OQwt |=ypOt |xOwOLt QO
p}rLD "CU= uqB QO sQH uQ=kDt=v `} RwD R= |W=v |=yVJ}B CLD |rvwD?r=k

%xm CU= xO=O u=Wv uwRi=Q=@
C} RmQt R= GwQN V}=Ri= 'Ov=xO}UQv |OQmrta Kw]U x@ =yQ=w}O xm |v=tR =D "1
|=Q@ ,=YwYNt OQwt u}= "OwW|t u=tDN=U C}iQ_ |vLvt QO Ci= ?@U

"CU= QDOwyWt 'QDOvr@ u=tDN=U
OwW|tv OQmrtaK]U uOt;u}}=B?@UC} RmQt R= GwQN O=H}= 'u=tDN=U Qy QO "2
x@ xm |}=yu=tr= "Ovm|t Q}}eD =yu=tDN=U |=yu=tr= QO |@=QN |wor= \ki w

"OvUQ|t |OQmrta Kw]U x@ QDOwR 'OvQDl}ORv sQH RmQt
|=yC} RmQt R= GwQN =@ xar=]t OQwt|=yu=tDN=U|=yu=tr=|t=tD 'KQ] xrRrR QO "3

"OvQ}o|t Q=Qk xikw|@ |xO=iDU= C}r@=k |OQmrta K]U QO hrDNt
|=yQ=w}O x@ C@Uv \@=Q |=yQ}D QDtm |WQ@ |=yQwD=tQ; OYQO w QDlJwm O=a@= "4
w OvwW|t =yQ=w}O x@ C@Uv =yu=tr= u}= QDtm |WQ@ Ctw=kt x@ QHvt '|WQ@

"OvDUy u=tDN=U Q}PB?}U; |=yCtUk u}rw= 'QwmPt |=yu=tr= =Pr
|vLvt QO O}OW |=yCi= 'OvUQ|t |OQmrta Kw]U x@ =yQ=w}O xm |v=tR "5
<=R= x@ ,=@} QkD =yC} RmQt R= GwQN s=tD <=R= x@ w OyO|t MQ =yu=tDN=U C}iQ_
|v=H |vt}= |OQmrta K]U x@ =yu=tDN=U Q=w}O u}rw= 'u=Um} |x}=B VQ@
Q}otWJ CQwY x@ |UQQ@ OQwt |=yu=tDN=U |}=yv C}iQ_ `k=w QO "OUQ|t

"CU}v T=UL sQH C} RmQt R= GwQN x@
|v=tR |xJN} Q=D p}rLD G}=Dv x@ O=vDU= w =ypOt |a}@] |=yOt=U@ |UQQ@ =@

%xm CU= xOW XNWt |]NQ}e
|DNU R= xQ=wty |WJ}B |DNU =yv; QO w OvQ=O sQv |WJ}B Q=DiQ '=yu=tDN=U "1

"CU= QDtm |@v=H
x@ C@Uv p=kDv= 'xk@] Qy QO w C} RmQt R= GwQN V}=Ri= =@ u=tDN=U Qy QO "2
QDOwyWt 'QDx=Dwm u=tDN=U |=Q@ XwYN x@ OQwt u}= "OwW|t QDW}@ VJ}B

"CU=
xOwRi= xk@] VJ}B w so =Qi=}O VNQJ u=R}t Q@ q=@ x@ u}}=B R= pOt Qy QO "3

"OwW|t O}OWD R}v OQwt u}= u=tDN=U `=iDQ= V}=Ri= =@ =Pr 'OwW|t
sDU}U |WJ}B w |r=kDv= Ot wO Qy R= |W=v C=QF= `@=D 'hkU so =Qi=}O |}=Hx@=H "4

"CU= QDW}@ CNU |x@r x@ C@Uv sQv |x@r u=mtQ}}eD xQ=wty w CU=
Q=Okt x@ =yu=tDN=U C=k@] sQH RmQt w 'CNU |x@r 'sQv |x@r |=yu=mtQ}}eD "5
C} RmQt R= GwQNV}=Ri= =@ w Ov=T=UL |OwQw |xrRrR R}v w =yC} RmQt R= GwQN

"Ov@=}|t V}=Ri= xrRrR uOWQDO}OW w
w AJ |=yx@r x@ C@Uv sQH RmQt 'pOt Qy |}=yDv= C=k@] QO xmv}= x@ xHwD =@ "6
|v=mtQ}}eD\@=w[ |=Q@ 'Ovm|t x@ QHD =Q |QDtm|@Uv u=mtQ}}eD so =Qi=}OCU=Q
|@U=vt pQDvm |x]kv 'sQH RmQt 'CU= O=} R u=tDN=U `=iDQ= xm|v=tR ,=YwYNt

"OUQ|tv Q_v x@
%xm OR=U|t XNWt |oOvvmW |=y|vLvt QO CkO

'=yC} RmQt R= GwQN|t=tD <=R= x@ 1 Q]NK]U |xrRrR QO w xk@] 5 u=tDN=U QO "1
|xO=iDU= C}r@=k |OQmrta K]U x@ \@=Q |=yQ}D w =yQ=w}O uO}UQ p=tDL=

"xDU@tyQ}e |=yOt=U@ C@Uv "21 pmW

5 |x]@=Q CQwY x@ w OvDUy sQH RmQt pwL xOWx}=Bsy sQH uw}U=Q} S `=aW
%OvwW|t x@U=Lt

�K = 1
b

r
K�;CS

K
; �M = 1

b

r
IM;CM

M
(5)

xO=iDU= =@ w CU= |Q=wWO Q=m �K QDt=Q=B |x@U=Lt 'xk@] OvJ |=yu=tDN=U |=Q@
XN=W R= pmWt u}= Q@ x@re |=Q@ "CU}v Q}PBu=mt= |oO=U x@ '5 |x]@=Q R=
w AJ |=yx@r |=y|}=Hx@=H C@Uv CQwY x@ xm 'CU= xOW xO=iDU= � |WJ}B
CLD w CU= u=UWm |xOwOLt QO u=tDN=U xm |Dr=L QO C=k@] so =Qi=}O CU=Q
xDiQo Q=Qk C=k@] sQH RmQt QO |FrFt CQwY x@ |Q=PoQ=@ |=tW =@ uwRi=Q=@ p}rLD
VywSB QO [36]"O}UQ �K x@ u=wD|t 6 |x]@=Q R= xO=iDU= =@ "OwW|t h} QaD 'CU=

%CU= xOW x@U=Lt 6 |x]@=Q R= xk@] Qy |=Q@ �K 'Q[=L

� = �min

�max
= 1�

�
e
�2
K

��
1 +

�
e
�2
K

�
(0 5 + �)

��1
(6)

|xv}W}@ �max &sQH RmQt QO |Q=PoQ=@ =@ x@r |}=Hx@=H |xv}tm �min 'u; QO xm
RmQt QO |Q=PoQ=@ =@ =y|}=Hx@=H C@Uv � &sQH RmQt QO |Q=PoQ=@ =@ x@r |}=Hx@=H
� &�uqB ZQa x@ xOWx}=Bsy� xk@] QO |DNU w sQH Rm =Qt u}@ |xrY=i e &sQH

"�uqB ZQa x@ xOWx}=Bsy� xk@] QO |DNU RmQt w |UOvy RmQt u}@ |xrY=i
C}akwt w =yu=tr= `]=kt C=YNWt 'xUOvy Q_v R= =yu=tDN=U xmv}= x@ xHwD =@
QDt=Q=B u}= Q=Okt '6 |x]@=Q QO 'OvDUy uQ=kDt w s_vt ,qt=m 'uqB QO =yv; |Q}oQ=Qk

"CU= xOW ^=Lr QiY (�)

QO xar=]t OQwt |=ypOt R= xk@] Qy |=Q@ 
 QDt=Q=B |xOWx@U=Lt |:tm Q}O=kt
"CU= xOW x�=Q= 21 pmW

CU= 1 R= QDtm xQ=wty 
 '=yC} RmQt R= GwQN |t=tD <=R= x@ xm CU= XNWt
QDt=Q=B Q=Okt 'xk@] |xQ=tW V}=Ri= =@ "OvQ=O sQv ẁv R= |WJ}B Q=DiQ =yu=tDN=U w
Qy QO "CU= QDq=@ C=k@] QO QDW}@ VJ}B |xOvyOu=Wv xm 'O@=}|t Vy=m 


OwW|t xOwRi= 
 Q}O=kt Q@ 'xk@] Qy QO 'sQH C} RmQt R= GwQN V}=Ri= =@ u=tDN=U
'QDx=Dwm u=tDN=U QO "CU= xk@] QO VJ}B x@ C@Uv p=kDv= V}=Ri= |xOvyOu=Wv xm
R= pY=L G}=Dv =@ VN@ u}= G}=Dv "CU= xOw@ QDT=UL sQH uQ=kDt=v `} RwD x@ 
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=@ =yu=tDN=U pm QO w O@=}|t V}=Ri= |�RH CQwY x@ |OQmrta Kw]U x@

"OvQDut}= 'QDtm |=yC} RmQt R= GwQN
Kw]U x@ u=WvO}UQ w =yu=tr= |@=QN p=tDL= 'u=tDN=U `=iDQ= V}=Ri= =@ "4
QO C} RmQt R= GwQN u=R}t R= QDW}@ `=iDQ= QDt=Q=B "O@=}|t V}=Ri= R}v |OQmrta

"CU= QF-wt Cq=tDL= Q}O=kt V}=Ri=

|=Q@ p=tDL= u}= '2 Q]N K]U |=Q@ "CU= QiY ,=@} QkD w �1 R= QDtm 'xikw|@
"CU= �3 R= QDtm =yQ=w}O |=Q@ w �10 R= QDtm \@=Q |=yQ}D

R= GwQN |t=tD <=R= x@ 1 Q]N K]U |xrRrR QO w xk@] 10 u=tDN=U QO "2
C}r@=k |OQmrta K]U x@ \@=Q |=yQ}D w =yQ=w}O uO}UQ p=tDL= '=yC} RmQt
'2 Q]N K]U |=Q@ "CU= OYQO 10 w 2 R= QDtm ?}DQD x@ 'xikw|@ |xO=iDU=

"OvDUy OYQO 30w 15 R= QDtm ?}DQD x@ Cq=tDL= u}=
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