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"OvDUy xOvvmQwYLt VvD Q=Okt �xx w '|RQt C=QP O=OaD Nb 'i

|OOa |R=Ux}@W "3
R= xQwLtwO V}=tR; QO xO=iDU= OQwt |=yxvwtv |OOa CN=U |=Q@ Q=DWwv u}= QO
|=yxvwtv O}rwD u; |xOta C} Rt xm 'CU= xOW xO=iDU= x}q OvJ QO sm =QD VwQ
?=NDv= Q@ |vD@t VwQ |rm pwY= [16]"CU= p )W |=yxvwtv |=Q@ XwYNx@ uoty
hrDNt |=yx}q QO xvwtv O=H}= w hOy pNrND C@Uv ?=NDv= '=yxv=O Q]k w O=OaD

"CU= xOW xO=O KQW p}YiD x@ pL=Qt R= l} Qy 'xt=O= QO "CU=

=yxv=O Q]k w O=OaD ?=NDv= "1"3
<=RH= VwQ QO xOWp;xO}= Kr=Yt \UwD |}xv=O l =N \}Lt |R=Ux}@W |=Q@

"CU= xOW xDiQo Q_v QO 7 pmW j@=]t C=QP `} RwD |vLvt 'pYivt
VwQ QO Kr=Yt Q]k u} QDnQR@ '7 pmW QO xOWxOy=Wt |vLvt x@ xHwD =@
CU= |r=L QO u}= "CU= QDt|r}t 6 Q]k u} QDlJwm w QDt|r}t 9 pYivt <=RH=
"CU= 1 3 (Cu) Kr=Yt |DN=wvm} ?} Q[ w QDt|r}t 7 6 =yxv=O \UwDt Q]k xm
R= XNWt `=aW Qy |=Q@ pYivt <=RH= pOt QO xOWxOQ@ Q=mx@ |=yxv=O O=OaD

[16]%CU= xOW u}}aD 11 |x]@=Q

Ni = Pi
r2
iP

N (11)

u}= |vRw OYQO Pi w ri =@ Q@=Q@ |a=aW xm CU= |}=yxv=O pm O=OaD Ni 'u; QO xm
QO xm 'CU= hrDNt |=y`=aW =@ C=QP pm O=OaD R}v N "CU= xvwtv pm QO C=QP

"|m}DUq <=We =@ Q}PBh=]av= RQt x@ |ki= |wQ}v p=ta= "4 pmW

"|m}DUq <=We =@ Q}PBh=]av= RQt =@ p=tQv |wQ}v p=ta= "5 pmW

'5 pmW x@ xHwD =@ |RQt |xQP Qy Q@ |r=ta= |wQ}v |=yxir-wt Cr=L u}= QO "OQ=O
%Ov};|t CUOx@ 9 w 8 |=yx]@=Q R= xO=iDU= =@

Fx = �xx
y1 � y2p

(y1 � y2)2 + (x1 � x2)2 (8)

Fy = �xx
x1 � x2p

(y1 � y2)2 + (x1 � x2)2 (9)

�xx "OvDUy B w A \=kv C=YDNt ?}DQD x@ (x2; y2) w (x1; y1) '=yu; QO xm
"CU= |ki= CyH QO R=}vOQwt |x@v=Hxty VvD R}v
|m}DUq <=We uwO@ Q}PBh=]av= RQt "3"2"2

|HQ=N |wQ}v w OwW|tvh} QaD |RQt |xDWQ xvwoI}y 'RQt ẁv u}= |R=Ux}@W |=Q@
C=QP "OwW|t p=ta= 'Ovvm|t pta RQt u=wvax@ xm 'xvwtv R= |D=QP RmQt x@ ,=t}kDUt
"OvwW|t RwQx@ Kq]Y= x@ w OvwW|t xO=O X}NWD |D=@U=Lt OvwQ |] QO QwmPt
|x}rw= RQt u}iQ] QO xQP u} QDnQR@ Q]k Q@=Q@ 2 OwOL QO |}xOwOLt 'Qw_vt u}= |=Q@
'xOwOLt u}= QO xDiQoQ=Qk |=yxv=O "OwW|t xDiQo Q_v QO �|@v=H |=yRQt� xvwtv
l} Qy Q=vm QO |O=y \N l} TBU "OvQ=O =Q |RQt C=QP x@ uOWp}O@D p}Uv=DB
xvwtv xm OwW pY=L u=v}t]= =D OwW|t xDiQo Q_v QO |}xvwo x@ |@v=H |=yRQt R=
pw] =@ |D=a]k x@ Q_vOQwt \N "Ovm|tv OQwNQ@ \N u; =@ 'sQi Q}}eD R= TB |DL
R= l} Qy uO=OQ=Qk =v@t =@ "OwW|t |Ov@s}UkD xv=O u} QDlJwm |xR=Ov= R= QDtm
C=QP |t=tD |xrY=i '�|Ov@s}UkD R= pY=L� |O=y\N |wQ Q@ xOt;CUOx@ \=kv
|RQt |xv=O u=wvax@ =v@t |x]kv x@ xv=O u} QDl}ORv w xO}HvU x]kv u; x@ C@Uv
Q=QmD |O=y \N |wQ Q@ xOWO=H}= \=kv Q}=U |=Q@ OvwQ u}ty "OwW|t xDiQo Q_v QO
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U X=YDN= |rNrND C@Uv 2 |x}q x@ p=L "OW=@ Q=QkQ@ e1 > �ef \QW O}=@ 'O@=}
�ef R= QDnQR@ 'e(1+2) |va} 2 w 1 |=yx}q |=ypNrND C@Uv \UwDt xm O@=}|t
pNrND |=yC@Uv \UwDt C}=yvQO =D 'O@=}|t xt=O= pmW u}ty x@ OvwQ u}= "OW=@
s}y=wN =Q 13 |x]@=Q x}q 8 |=Q@ 'Qo}O u=}@ x@ "OwW hOy pNrND C@Uv u=ty

%CW=O
e1 > e(1+2) > e(1+2+3) > � � � > e(1+2+���+8) = �ef (13)

=]N w uwtR; VwQ R= xO=iDU= =@ e(1+2+���+8) = �ef ; :::; e(1+2); e1 `} RwD
"O};|t CUOx@

\}Lt QO 0 26 R= QDtm pNrND C@Uv [16]'2003 p=U QO |}xar=]t T=U=Q@
'|Ov@xv=O \}=QW x@ xHwD =@ T=U= u}= Q@ "CU= sm =QDt Cr=L pO=at |Oa)@ wO
pO=at =Q u; u=wD|t xOWO=H}= |}xv=O \}Lt |tm =QD \}=QW w 'wQm}t |=yQDt=Q=B
"CiQo Q_v QO xHQO 26 5 |rN=O l =m]Y= |x} w=R =@ sm =QDt |}xv=O l =N l}

G}=Dv |UQQ@ "4
=yxvwtv |WvQm � VvD Q=DiQ "1"4

QO VvD C=Q}}eD |xwLv 'wQm =t T=}kt QO Kr=Yt |Q=DiQ syt |=yxYN=W R= |m}
=yxvwtv |WvQm � VvD Q=DiQ |ovwoJ |UQQ@ |=Q@ "CU=yv; QO VvQm C=Q}}eD p@=kt
|=Q@ "OwW XNWt xvwtv Qy QO |rY= |=yVvQm w =yVvD Q}O=kt xm CU= sRq
|U=tD |=ywQ}v |=yxir-wt ẁtHt '=yRQt R= l} Qy |wQ Q@ |rY= |=yVvD u}}aD
'\w@ QtCL=Ut Q@ `tHpY=L u}= s}UkD =@ w OwW|t u}}aD RQt Q@ Owta |=DU=Q QO
'|rY= |=y=DU=Q R= l} Qy QO TBU "OwW|t u}}aD RQt |wQ Q@ p=tQv VvD \UwDt
QO |rY= VvD 'sy x@ p@=kt |=yRQt QO xOt;CUOx@ |=yVvD R= |Q}ou}ov=}t =@
|rY= |=yVvQm u}}aD OvwQ xm CU= |r=L QO u}= "OwW|t u}}aD Q_vOQwt |=DU=Q
VvQm xmv}= x@ xHwD =@ "CU= Cw=iDt Qo}Om} =@ xv}tm w xv}W}@ |rY= VvQm |=Q@
MQ �|i=QLv= VvD p=ta= |=DU=Q� ?rY |=yRQt Q@ Owta |=DU=Q QO xv}W}@ |rY=
ZQi C=LiY |}=Hx@=H Q@=Q@ w u=Um} ?rY RQt Q} R C=QP |}=Hx@=H w OyO|t
pw] x@ xvwtv pw] Q}}eD s}UkD R= |oO=U x@ u=wD|t =Q xv}W}@ |rY= VvQm 'OwW|t
|iQ] R= "OQw; CUOx@ 'CU= x@U=Lt p@=k C=LiY CaQU T=U=Q@ xm 'u; x}rw=
xv}tm |rY= VvQm |=DU=Q Q@ j@]vt u; Q@ Owta |=DU=Q xm � Q}PBh=]av= |=yRQt QO
l} =OD@= xm CU= sRq =Pr &OvQ=Ov Q=Qk |v=mt C}akwt l} QO C=QP |t=tD '�CU=
TBU w u}}aD |@v=H |=yRQt R= l} Qy |wQ C=QP |=Q@ \UwDt |v=mt C}akwt

"OwW u}}aD xv}tm |rY= VvQm 'x}rw= pw] x@ pw] Q}}eD C@Uv T=U=Q@
VvD Q}O=kt '|rY= |=yVvQm w =yVvD |=Q@ xOt;CUOx@ Q}O=kt x@ xHwD =@

%OvwW|t u}}aD 14 \@=wQ R= xO=iDU= =@ |tHL VvQm w |i=QLv=
q = �1 � �2; "v = "1 + "2 (14)

w "1 u}vJty "OvDUy |tHL VvQm w |i=QLv= VvD ?}DQDx@ "v w q '=yu; QO xm
xv}W}@ |rY= VvD ?}DQDx@ �2 w �1 w 'xv}tm w xv}W}@ |rY= VvQm ?}DQD x@ "2

"OvDUy xv}tm w
Q=Owtv 'hrDNt |RQt \}=QW =@ =yxvwtv |WvQm � VvD Q=DiQ |UQQ@ CyH
C=Q}}eD Q=Owtv w 9 pmW QO xvwtv Qy |QwLt VvQm p@=kt QO |i=QLv= VvD C=Q}}eD
xOW xO=O u=Wv 10 pmW QO R}v xvwtv Qy |QwLt VvQm p@=kt QO |tHL VvQm

%O};|t CUOx@ 12 |x]@=Q R= R}v P QDt=Q=B "CU= 24000 xar=]t u}=

P =
nTX
i=1

Pi
r2
i

(12)

"CU= C=QP |xawtHt |=Q@ xOWxDiQo Q_v QO |=y`=aW pm O=OaD nT 'u; QO xm
"CU= 10 OOa u}= '7 pmW x@ xHwD =@ xar=]t u}= QO

[16]x}qOvJ |tm =QD VwQ =@ xvwtv O=H}= "2"3
=@ Q@=Q@ |}xLiY pNrND C@Uv 'x}qOvJ |tm =QD VwQ =@ uoty |xvwtv O=H}= |=Q@
8 QO xvwtv CN=U w xOWxDiQo Q_v QO hOy pNrND C@Uv \UwDt u=wvax@ 0 24
pm sDWyl}� xQP 3000 O=OaD x}q Qy x@ Qw_vt u}= |=Q@ "CU= xDiQ}PB CQwY x}q
|YNWt \}Lt QO |iO=YD CQwYx@ xm 'CU= xOW xO=O X=YDN= �C=QP O=OaD
`} RwD u; T=U=Q@ xm |}x}rw= pNrND C@Uv "Ov=xOW `} RwD QDt|r}t 800 ZQa x@
hOy pNrND C@Uv Q@=Q@ 2 ,=@} QkD� 0 6 OwOL 'CU= xDiQo CQwY C=QP |iO=YD
w |@v=H C=LiY uDW=Oxov C@=F =@ '8 pmW j@=]t TBU "CU= �sm =QD R= TB
'x}v=F Q@ QDt 0 05 C@=F CaQU =@ u}}=B CtU x@ |v=kwi |xLiY CmQL w |v}}=B

"OwW|t sm =QDt Q_vOQwt |}xLiY pNrND C@Uv =D x}q Qy
C@Uv x@ 'CU=yx}q |t=tD R= pmWDt xm |rm |xvwtv xmv}= R= u=v}t]= |=Q@
x@ hOy |}xLiY pNrND C@Uv X=YDN= O}=@ 'OUQ@ �ef |}=yv \UwDt pNrND
QO "O@=} Vy=m |}q=@ |=yx}q CtU x@ |v}}=B |=yx}q R= u; Q=Okt xm OW=@ |wLv
X=YDN= e1 pNrND C@Uv 'CU= x}q u} QDu}}=B xm 1 |x}q |=Q@ Qo = '=DU=Q u}=

"=yxv=O Q]k `} RwD |vLvt "7 pmW

"x}qOvJ |tm =QD VwQ =@ =yxv=O O}rwD "8 pmW
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UQQ

@

"OwW|t Z=@kv= Q=JO ,=OOHt xvwtv w hkwDt �8 OwOL |QwLt VvQm QO OvwQ u}=
'OwW|t OQ=w ji= |=DU=Q QO xQ=wty xOvvmQwYLt |wQ}v u; QO xm |}xvwtv '|iQ] R=
xvwtv �12 OwOL |QwLt VvQm QO xmv}= =D 'CU= |[=@kv= xDUw}B CQwYx@ Q=DiQ
u=Wv OwN R= =Q Q=O}=B=v |Q=DiQ xvwtv w OwW|t |oO}W=Bsy R= Q=JO |rm CQwYx@
�3 OwOL |WvQm QO R}v |m}DUq <=We uwO@ Q}PBh=]av= RQt =@ xvwtv "OyO|t

"OyO|t u=Wv OwN R= Q=O}=B=v ,qt=m |Q=DiQ w OwW|t |oO}W=B sy R= Q=JO
\}=QW u}}aD R}v w |OOa |=yp}rLD R= xOt;CUOx@ G}=DvCLY |UQQ@CyH
|=yp}rLD G}=Dv xm CU= sRq xQwLtwO V}=tR; |R=Ux}@W QO pw@k p@=k |RQt
w |Q}opmW |xv}tR QO =yV}=tR; G}=Dv "OvwW xU}=kt |ak=w |=yV}=tR; =@ |OOa
xvwtv u=wvax@ &OvQ=O VvD Q}Ut w V}=tR; ẁv x@ |O=} R |oDU@=w |WQ@ Q=wv VQDUo
xQwLtxU V}=tR; QO |WQ@ Q=wv |Q}opmW [17]'xDiQoCQwY C=Oy=Wt T=U=Q@
Kw[w w OyO|t MQ VvQm � VvD |vLvt QO Ctw=kt Gw= |x]kv R= TB xQ=wty
Gw= |x]kv R= p@k xQ=wty |WQ@ Q=wv 'xQwLtwO V}=tR; QO |iQ] R= "OQ=Ov |v=OvJ
=@ p=L [19w18]"CU= Q=mW; ,qt=m w OQ}o|t pmW VvQm � VvD |vLvt QO Ctw=kt
sRq 'xOw@ xQwLtwO V}=tR; |=Q@ xDiQoCQwY |OOa |=y|R=Ux}@W xmv}= x@ xHwD
|r=L QO u}= "OvwW xU}=kt xQwLtwO V}=tR; G}=Dv =@ xOt;CUOx@ G}=Dv xm CU=
Ovv=t lU}O C=QP |va} xOWp;xO}= Kr=Yt |=Q@ |OOa |=y|R=Ux}@W xm CU=
s=Hv= xU=t |wQ Q@ xm |ak=w |xQwLtwO |=yV}=tR; xm |r=L QO 'CU= xOW s=Hv=
Qt= u}= w OvQ=O hrDNt |=y|Q=OxWwo w =ypmW xm CU= |D=QP pt=W 'OwW|t
wQ u}= R= "CU= Q=PoQ}F-=D wQm =t T=}kt QO =yxvwtv Q=DiQ w V}=tR; G}=Dv QO ,qt=m
u; |OOa |=y|R=Ux}@W R= xOt;CUOx@ G}=Dv |HvUCLY |=Q@ OviQD u} QDy@
xU}=kt pmW|mU}O Kr=Yt |wQ Q@ xOWs=Hv= |=yV}=tR; G}=Dv =@ =yv; xm CU=
\}Lt 'OvDUy hwQat [20]'|r@}vW= |=ypOt x@ xm =yV}=tR; xvwou}= QO "OvwW
w OwW|t |R=Ux}@W C=Rri =} w xOQWi l}DUqB R= |}=ylU}O \UwD |}xv=O
|=yRQt '=ypOt u}= R= |Q=}U@ QO "OQ}o|t CQwY xQwLtwO CQwYx@ |Q=PoQ=@
?rY C=LiY CQwYx@ xvwtv u}}=B w q=@ |=yRQt w OvDUy Q}PBh=]av= |@v=H
xmv}= x@ xHwD =@ "OQ=O |ovy=ty |OOa |=y|R=Ux}@W ,qt=m \}=QW u}= w OvDUy
CtUk u}= QO 'CU=yQDt=Q=B wQm}t uOQmxQ@}r=m OvtR=}v V}=tR; j}kO |R=Ux}@W
|OOa |=y|R=Ux}@W |=Q@ sHL C=Q}}eD R}v w VvQm � VvD C=Q}}eD OvwQ \ki
xU}=kt |=v@t u=wvax@ Q=DWwv u}= QO xm |WywSB "OvwW|t xU}=kt |y=oW}=tR; w
u; QO xm [21]'CU= u=Q=mty w u=w}rU= \UwD xOWs=Hv= V}=tR; 'CU= xDiQo Q=Qk
T=U=Q@ "CU= xDiQo Q=Qk |UQQ@ OQwt xQwLtwO V}=tR; CLD |}xr}t \}Lt Q=DiQ
|x]kv x@ =yxvwtv uO}UQ =@ =yxvwtv |WvQm � VvD Q=DiQ xDiQoCQwY C=Oy=Wt
w |WQ@ Q=wv p}mWD =@ Ctw=kt Vy=m TBU w O=} R |x}rw= |DNU =@ Ctw=kt Gw=
CU= |}x_Lr u}= w �11 pmW� CU= x=Qty QiY Q=Okt x@ =yxvwtv Ctw=kt uO}UQ
'O@=} xt=O= |Q=PoQ=@ Qo = p=L "CU= xOW `]k |Q=PoQ=@ C=LiY =@ C=QP T=tD xm
"O@=}|t xt=O= p@k\}=QW '|rm}U Q=DiQl} CQwYx@ w OwW|t Q=Qk Q@ T=tD ,=OOHt
w sm =QDt Q=}U@ xOWKQ]t V}=tR; QO xO=iDU= OQwt |xvwtv xm CU= sRq QmPD u}=
xOWu=}@ |=yCw=iD OwHw =@ "CU= xOw@ |ar[ 6 `]kt =@ CN=wvm} C=QP |xR=Ov=
w Ctw=kt Gw= |x]kv x@ uO}UQ CQwYx@ =Q VvQm � VvD Q=DiQ |rm OvwQ u=wD|t
|mOv= u=wD|t R}v |tHL Q}}eD |x@vH R= u}vJty "OQm Q}@aD Ctw=kt Vy=m TBU
,=OOHt Ov=wD|t `=UD= u}= xm CW=O Q=_Dv= =Q xvwtv `=UD= TBU w x}rw= |oOQWi
|=y|R=Ux}@W |=Q@ xOt;CUOx@ G}=Dv |xU}=kt R= "OwW p}O@D |[=@kv= Q=DiQ x@
Q@ |ki= w p=tQv |=ywQ}v =@ |}xDWQ |=yRQt xm OQm xOy=Wt u=wD|t xDiQoCQwY
w OvyO|t u=Wv |y=oW}=tR; |xvwtv x@=Wt |Q=DiQ '|Dtw=kt Q=DiQ ^=Lr R= RQt

"|QwLt VvQm p@=kt QO |WQ@ VvD Q=Owtv "9 pmW

"|QwLt VvQm p@=kt QO |tHL VvQm Q=Owtv "10 pmW

QO p=mU=B wr}m 200 =yV}=tR; |t=tD QO x@v=Hxty VvD xm CU= QmP u=}=W "CU=
x@ xHwD =@ "OvQ=O Q@=Q@ pNrND OYQO xOWxDN=U |=yxvwtv w CU= xOW xDiQo Q_v
'CU= xDiQo Q=Qk xQwLtwO V}=tR; CLD ?rY |RQt \}=QW =@ xm |}xvwtv '9 pmW
"OyO|t u=Wv Q}PBh=]av= RQt =@ |=yxvwtv =@ xU}=kt QO =Q |QDq=@ |WQ@ Ctw=kt
xOy=Wt Gw= |WQ@ Ctw=kt QO |UwULt Ci)= '?rY RQt =@ |=yxvwtv QO u}vJty
RQt xm |}=yxvwtv '|iQ] R= "OQ=O pt=m |Q=O}=B 'xvwtv |WvQm VvD Q=DiQ w OwW|tv
|r=L QO u}= "OvyO|t u=Wv OwN R= |QDu}}=B Ctw=kt 'OvQ=O |}xDWQ Q}PBh=]av=
x@ �3 OwOL QO |QwLt VvQm QO RQt Q@ p=tQv |wQ}v w |}xDWQ RQt =@ xvwtv xm CU=
=t= 'OwW|t |oOvwWsQv Q=JO s}qt ,=D@Uv |OvwQ =@ u; R= TB w OUQ|t Ctw=kt Gw=
VvQm QO 'OwW|t OQ=w |ki= |wQ}v CQwYx@ xOvvmQwYLt Q=Wi u; QO xm |}xvwtv
Q=JO CaQU x@ u; R= TB xrY=iq@ w OUQ|t Ctw=kt Gw= x@ �7 OwOL QO |QwLt
Gw= Q=Okt xm CU= QmP u=}=W "OyO|t CUO R= Ctw=kt w OwW|t |oOvwWsQv
<=We uwO@ Q}PBh=]av= RQt =@ xvwtv "CU= u=Um} ,=@} QkD xvwtv wO Qy |=Q@ Ctw=kt
QO xvwtv xm |Qw]x@ &OyO|t u=Wv =Q Q=O}=B=v w xOvwWsQv ,qt=m |Q=DiQ '|m}DUq
|tHL Q}}eD Q=DiQ |xOy=Wt "OwW|t |oDN}Uo Q=JO �6 OwOL QO |WvQm K]U
RQt =@ xvwtv |=Q@ |a=UD= � |[=@kv= Q=DiQ |awv Qou=Wv R}v '10 pmW QO =yxvwtv
u; Q=DiQ u=wD|t �9 pmW� xvwtv u}= |WvQm � VvD Q=DiQ x@ xHwD =@ xm CU= ?rY
Q_v QO \UwDt |@Uv sm =QD =@ |}xv=O l =N xvwtv l} |y=oW}=tR; Q=DiQ x@=Wt =Q
x@ xOvvmQwYLt |wQ}v p=ta= CyH '|}xDWQ Q}PBh=]av= RQt =@ xvwtv |=Q@ "CiQo
wQ}v xm |}xvwtv QO xm |wLv x@ 'CU= Q=PoQ}F-=D Q=}U@ xvwtv |tHL Q}}eD Q=DiQ QO RQt
u=Wv ?rY RQt =@ xvwtv x@=Wt |Q=DiQ =OD@= QO 'OwW|t OQ=w RQt Q@ p=tQv CQwYx@
=t= 'Ovm|t `=UD= x@ ẁQW �2 OwOL |QwLt VvQm QO 'Z=@kv= R= TB w OyO|t
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p=tQv Q=OQ@ |xir-wt rCi w xj |=DU=Q QO C T=tD |wQ}v |xir-wt fCj 'u; QO xm
|xS} w Q=Okt u} QDnQR@ "CU= xi |=DU=Q QO C T=tD |x]kv x@ xQP RmQt R= OL=w
u; |xS} w Q=OQ@ w |} wQ}v |xQ}HvR |xR=Ov= |DQ=@a x@ =} xv}W}@ VvD 'QwUv=D u}=
|xQ}HvR |=DU=Q =} xv}W}@ VvD |=DU=Q Qou=}@ 'OwW|t xO}t=v C=QP Q=@ Q=OQ@ xm
|RQt \}=QW =@ =yxvwtv |=Q@ 13 w 12 |=ypmW QO 'T=U= u}= Q@ "CU= |} wQ}v
xOW xO=O u=Wv xvwtv pN=O QO |} wQ}v |=yxQ}HvR w xDi=}sQi Q}}eD pmW 'hrDNt
|xvwtv |wQ Q@ |a@ Qt |xm@W l} '=yxvwtv pmWQ}}eD |xwLv |UQQ@ CyH "CU=
'O};|t OwHwx@ xvwtv QO xm |QwLt VvQm x@ xHwD =@ w xOW xDiQo Q_v QO x}rw=

"CU= xDiQo Q=Qk xar=]t OQwt |Ov@xm@W u}= pmWQ}}eD
|=yC}OwOLt p}rO x@ '?rY |=yRQt =@ xvwtv |=Q@ 'hr=12 pmW x@ xHwD =@
|R}J=v |WQ@ pmWQ}}eD |rN=O |=yu=tr= 'Ov=xOQm p=ta= xvwtv x@ =yRQt xm |DmQL
pmW u=m =tm �13 OwOL QO |}=yVvQm QO |DL |r}]DUt |=yu=tr= w xOQm =O}B
'u=tr= pN=O QO R}v |} wQ}v |=yxQ}HvR p}mWD OvwQ u}vJty "Ov=xOQm ^iL =Q OwN
`} RwD xvwtv pm QO uoty ,=@} QkD |rmW x@ =yxQ}HvR u}= w OQ=O |Y=N |DN=wvm}
u}= CUmW w Vv=tm R= |QF= �13 OwOL QO |}=yVvQm QO |DL w Ov=xOW

"OwW|tv xOy=Wt |} wQ}v |=yxQ}HvR
w sQi Q}}eD |xwLv 'G13 w ?13 u}vJty w G12 w ?12 |=ypmW QO
xO=O u=Wv |}xDWQ Q}PBh=]av= RQt =@ |=yxvwtv |=Q@ |} wQ}v |=yxQ}HvR p}mWD
xOvvmQwYLt |wQ}v xm |}=yxvwtv |=Q@ 'OwW|t xOy=Wt xm Qw]u=ty "CU= xOW
|Q=vm |=yu=tr= QO |WQ@ |=ysQi Q}}eD 'CU= xOW OQ=w RQt Q@ p=tQv CQwYx@
|xvwtv wCU}v x=Qty |Y=NCyHC}LHQ= =@ =ysQi Q}}eD u}= =t= 'CU= TwULt
|wQ}v |=DU=Q xm |}=yxvwtv QO "CU= xDiQo OwN x@ Ovv=t|}xQtN |rmW '|r}]DUt
xHwD p@=k u=OvJ xvwtv pN=O |WQ@ |=yVvQm 'CU= |ki= xQ=wty 'xOvvmQwYLt
|RQt |=yu=tr= QO |WWm |=ypmWQ}}eD CQwYx@ =ypmWQ}}eD |xOta w CU}v
|QwLt |=yVvQm QO xvwtv 2 QO |} wQ}v |=yxQ}HvR `} RwD |xwLv u}vJty "OvDUy
p=tQv CQwYx@ 'xOvvmQwYLt |wQ}v xm |}xvwtv QO "CU= Cw=iDt sy x@ C@Uv q=@
VvQm V}=Ri= =@ xm 'CU= CN=wvm} ,=@} QkD |} wQ}v |=yxQ}HvR `} RwD 'CU= RQt Q@
w Ov=xOQm Vv=tm x@ ẁQW s�=k |=yxQ}HvR 'xvwtv |RmQt |=yCtUk QO |QwLt
|=yxQ}HvR `} RwD xm CU= |]}=QW QO u}= w Ov=xOW p=wR Q=JO =DU=Q u}ty QO xvwtv
`} RwD |iQ] R= "Ov=xOQm^iL =Q OwN |DN=wvm} u=vJty R}v q=@ |=yVvQm QO |} wQ}v
'CU= |ki= CyH QO xQ=wty xOvvmQwYLt |wQ}v xm |}xvwtv QO |} wQ}v |=yxQ}HvR
R= |DN=wvm} |QwLt VvQm V}=Ri= =@ G} QODx@ =t= &OQ=O CN=wvm} |Dr=L =OD@= QO

"CU= xOt; QO xOvm =QB CQwYx@ w xDiQ u}@
w sQi Q}}eD pmW x@ QHvt |HQ=N |xDWQ uDiQoQ_vQO uwO@ |RQt \}=QW
"CU= xOW xO=O u=Wv O13 w O12 |=ypmW QO xm OwW|t |} wQ}v |=yxQ}HvR
O}OW |WQ@ |=ysQi Q}}eD '|QwLt VvQm V}=Ri= =@ 'QwmPt |=ypmW x@ xHwD =@
xvwtv |oDN}Uo x@ QHvt xm 'CU= xOW O=H}= xvwtv pm QO hQ] l} x@ p}=tDt w
R}v |} wQ}v |xQ}HvR `} RwD |xwLv "CU= xOW �6 5 OwOL QO |QwLt VvQm QO
u=Wv |QwLt VvQm V}=Ri= =@ =Q u; |voty sOa w |} wQ}v |=yxQ}HvR CUmW
'CU= xOW xO=O u=Wv wQm =t |=y|UQQ@ QO xm Qw]u=ty 'Qo}O CQ=@ax@ "OyO|t
\}=QW Ov=wD|tv w OwW|t xvwtv |Q=O}=B=v x@ QHvt ,qta |RQt \}=QW ẁv u}= h} QaD

"Ovm |R=Ux}@W =Q |y=oW}=tR;

[21]"|QwLt VvQm p@=kt QO xOWG}U@ l =m]Y= |x}w=R "11 pmW

|wQ}v =@ RQt QO Qt= u}= xm 'OvyO|t u=Wv Gw= |x]kv R= TB =Q Ctw=kt Ci= wO Qy
|ki= |wQ}v =@ |}xDWQ RQt |tHL Q}}eD Q=DiQ ^=Lr x@ =t= "CU= QDOwyWt |ki=
=yV}=tR; G}=Dv x@ |v=OvJ |Q=oR=U xm OyO|t u=Wv =Q |[=@kv= |Q=DiQ xQ=wty
Ck@=]t '|tHL Q}}eD Q=DiQ ^=Lr x@ RQt Q@ p=tQv |wQ}v =@ |}xDWQ RQt w OQ=Ov
Q=DiQ QO hrDNt |RQt \}=QW QF= |UQQ@ CyH "OQ=O =yV}=tR; G}=Dv =@ |QDW}@
wQm}t T=}kt QO =yxvwtv Q=DiQ |xU}=kt x@ |Oa@ VN@ QO '=yxvwtv pN=O |=yxv=O

"CU= xOW xDN=OQB

wQm}t T=}kt QO =yxvwtv Q=DiQ "2"4
Qo}Om} x@ C@Uv Cw=iDt |RQt \}=QW =@ |=yxvwtv Q=DiQ Cw=iD Ea=@ xm xJv;
xm |v=tR '|rmQw]x@ "CU= wQm}t T=}kt QO =yxvwtv u}= Cw=iDt OQmrta 'OwW|t
C=QP u=mtQ}}eD p}rO x@ 'OQ}o|t Q=Qk |Q=PoQ=@ \}=QW CLD |}xv=O l =N |xvwtv
'Q=DN=U QO |voty=v u}= xm 'O};|t OwHwx@ xvwtv Q=DN=U QO |voty=v |awv '\}Lt
|WQ@ Q=wv p}mWD wVvQm |a[wt `tHD xH}Dv QO wVvD `} RwD QO |voty=v x@ QHvt
|Ow}k '=yRQt u}= xm OwW|t Ea=@ ?rY |=yRQt R= xO=iDU= |iQ] R= "OwW|t
|Q}owrH \}Lt QO |voty=v VQDUo R= w Ovvm p=ta= \}Lt |=yxv=O x@ |i=[=
QO w VvQm `tHD =@ |k]=vt |Q}opmW sOa Ea=@ =yRQt u}= R= xO=iDU= =Pr &Ovvm
' ẁ[wt QDj}kO |UQQ@ |=Q@ '=DU=Q u}= QO "OwW|t |WQ@ Q=wv p}mWD sOa xH}Dv
|ovwoJ x@ TBU w |UQQ@ =yxvwtv QO |} wQ}v |=yxQ}HvR p}mWD |xwLv CUNv

"CU= xOW xDN=OQB |WQ@ Q=wv |Q}opmW
Q=Qk xQwLtxU w xQwLtwO V}=tR; CLD |}xv=O l =N R= xvwtv l} xm |v=tR
|xwLv u}= "Ovvm|t |Q}oCyH xv}W}@ |rY= VvD |=DU=Q QO C=QP 'OQ}o|t
x@ xm 'OwW|t xvwtv pN=O QO wQ}v p=kDv= |=yQ}Ut p}mWD x@ QHvt C=QP |Q}oQ=Qk
'O@=}|t V}=Ri= xvwtv QO VQ@ u=R}t xm |v=tR "OwW|t xDio |} wQ}v |=yxQ}HvR =yv;
Qt= u}= xm OvwW|t CUmW C}=yvQO w Vv=tm Q=JO |} wQ}v |=yxQ}HvR G} QODx@
p=wR C}=yv QO w |} wQ}v |=yxQ}HvR u}= Vv=tm pLt QO |WQ@ Q=wv p}mWD x@ QHvt
Ci= Ea=@ |} wQ}v |=yxQ}HvR CUmW w Vv=tm 'wQm =t T=}kt QO "OwW|t xvwtv
x�=Q= |irDNt |=ysD} Qwor= |} wQ}v |=yxQ}HvR X}NWD |=Q@ "OwW|t VvD C@Uv
X}NWD |=Q@ [23]'u=Q=mty w QD}B |xOWx�=Q= VwQ xar=]t u}= QO [23w22]"CU= xOW
QwUv=D 'xOWQmP VwQ T=U=Q@ "CU= xDiQo Q=Qk xO=iDU= OQwt |} wQ}v |=yxQ}HvR
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U Q}PBh=]av= RQt h} QaD "OwW h} QaD |HQ=N |xDWQ l} QO |WWm Ctw=kt
|Q=DiQ 'V}=tR;CLD |xvwtv xm OwW|tEa=@|HQ=N|xDWQuDiQoQ_vQO uwO@
"OwW |oO}W=Bsy R= Q=JO 'sm |=yVvQm K]U QO w OyO u=Wv OwN R= =Q Q=O}=B=v
x@ wQ}v p=ta= |xwLv '|HQ=N |xDWQ \UwD Q}PBh=]av= RQt |R=Ux}@W QO �G
|wLv x@ "OQ=O V}=tR; CLD |xvwtv Q=DiQ QO |O=} R Q=}U@ Q}F-=D |RQt |=yxv=O
Owta |va}� |ki= CQwY x@ xQ=wty |@v=H |xOvvmQwYLt |wQ}v |=DU=Q Qo = xm
Q=Okt ptLD R= TB xvwtv 'OW=@ �Q}PBh=]av= RQt |xO=OvsQi Q}}eD |=DU=Q Q@

"OwW|t |oO}W=Bsy R= Q=JO 'VvQm R= |YNWt
|=yQ=OQ@ |wQ Q@ xar=]t j} Q] R= u=wD|t Q}PBh=]av= |=yRQt R= xO=iDU= =@ �O
u=}=W "CN=OQB =yxvwtv QO |WQ@ Q=wv p}mWD OvwQ |UQQ@ x@ =yxv=O |}=Hx@=H
`tHD O=H}= 'VQ@ p=ta= QF= QO xvwtv QO |}=kr= |voty=v p}rO x@ xm CU= QmP

"CU= Q}PB=v?=vDH= xvwtv QO |WQ@ Q=wv 'Qo}O CQ=@ax@ =} w VvQm
OyO|t u=Wv |y=oW}=tR; uwtR; G}=Dv w |OOa |R=Ux}@W G}=Dv |xU}=kt ��y
Q=DiQ ^=Lr R= 'RQt Q@ p=tQv |wQ}v x=Qty x@ Q}PBh=]av= |}xDWQ RQt h} QaD xm
|y=oW}=tR; G}=Dv =@ |QDW}@ Ck@=]t |RQt \}=QW Q}=U x@ C@Uv xvwtv wQm =t

"OQ=O
s=ovy QO xm CU= xOW XNWt xvwtv pN=O QO |} wQ}v |=yxQ}HvR |xar=]t =@ �w
Ov};|t QO xOvm =QB w |r=N wD CQwYx@ |} wQ}v |=yxQ}HvR 'xvwtv |oO}W=Bsy R=
u=vJty xvwtv 'Ovvm ^iL =Q OwN `} RwD |DN=wvm} =yxQ}HvR u}= xm |DQwY QO w

"OQ=O |Q@ Q=@ CQOk
R= O}=@ xOW|R=Ux}@W |xQwLtwO |=yV}=tR; QO |WQ@ Q=wv |xar=]t |=Q@ �R
`} RwD |} wQ}v |=yxQ}HvR 'VQ@ p=ta= QF= QO =D 'OQm xO=iDU= |Q}PBh=]av= RQt
RQt Q@ p=tQv |wQ}v =@ |}xDWQ RQt Q=DWwv u}= QO w Ovvm ^iL =Q OwN CN=wvm}

"CU= xO=O u=Wv OwN R= =Q C}r@=k u}=

'hrDNt |RQt \}=QW =@ =yxvwtv QO |WQ@ Q=wv p}mWD |xwLv |UQQ@ |=Q@
xOW s}UQD xvwtv QO hrDNt |QwLt |=yVvQm |=Q@ C=QP |}=Hx@=H |=yQ=OQ@
'OvQ}o|t Q=Qk x}L=v u}= QO xm |D=QPCaQU Q=OQ@ '|WQ@ Q=wvC}y=t x@ xHwD =@ "CU=
QO Qo}Om} x@ C@Uv |WQ@ Q=wv u}}=B w q=@ |x}L=v wO 'Qo}O CQ=@ax@ "CU= QiY
xHwD =@ T=U= u}= Q@ "OvQ=O =DU}= |Dr=L |WQ@ Q=wv Q@ `k=w \=kv w OvDUy CmQL
=Q xvwtv QO |WQ@ Q=wv xvwoI}y p}mWD |xR=H= ?rY |=yRQt 'hr=14 pmW x@
CQwYx@ �QiY CaQU |x}L=v� x}L=v u}= '|QwLt VvQm V}=Ri= =@ w OvyO|tv
h} QaD 'O14 =D ?14 |=ypmW j@=]t xm CU= |r=L QO u}= "OwW|t wLt |rm
OvJ Qy 'O}; O}OB |WQ@ Q=wv p}mWD CYQi xm OwW|t Ea=@ Q}PBh=]av= |=yRQt
"CU= xvwtv |rm |Q=O}=B=v R= |W=v `k=w QO =We uwO@ RQt QO |WQ@ Q=wv p}mWD xm

|Q}oxH}Dv "5
l =N |wQ Q@ xQwLtwO V}=tR; 'pYivt <=RH= VwQ R= xO=iDU= =@ 'Q=DWwv u}= QO
w =yp}rLD x@ xHwD =@ "CU= xOW |R=Ux}@W hrDNt |RQt \}=QW |=Q@ |}xv=O
%OQm u=}@ VywSB u}= G}=Dv u=wva x@ =Q OQ=wt u}= u=wD|t 'xDiQoCQwY |=yxU}=kt
x@ xQwLtwO V}=tR; QO |@v=H |=yRQt |R=Ux}@W QO ?rY RQt R= xO=iDU= �hr=
|xvwtv QO |}=Hx@=H u=O}t |voty '|RQt |=yxv=O x@ |DmQL Ow}k p}tLD Cra
|xvwtv |=Q@ =Q |v=QL@ \}=QW x@ |@=}CUO C}r@=k =Pr w Ovm|t ^iL =Q l =N
p}mWD p=tDL= xm OvwW|t Ea=@ |DmQL Ow}k '|iQ] R= "OQw;|t sy=Qi l =N
Q=wv |wQ Q@ xar=]t |=Q@ RQt ẁv u}= R= u=wDv w OwQ@ u}@ R= xvwtv QO |WQ@ Q=wv

"OQm xO=iDU= |WQ@
p}@k R= |HQ=N Ow}k =@ O}=@ Q}PBh=]av= CQwYx@ |@v=H |=yRQt |R=Ux}@W �?
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