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tOgih>VUh

N j
Q`RzxUgih {eTH{��vq \|xUQ`THj Nih>jiRUQ x „ QSj n>} ¡ 3 TJ€[Q`THjiR†tOQSxyg h>q`h>n>xyVWTHjiR QSj xygih*�i{i{ehYV qSQ`jih

q`h PHhYq

j
\JjiN

A j i
Q`R xUgih~{iVUT�9p\�9iQSq`Q x „ Q`j R ¡ 1 TJ€.\�xyVU\JjiRUQ xyQSTHj xyT<xUgih~q`TGtfhYV:qSh>PHh>q

i
xUgiVUTQ�v‰Hg

RU{eTJj xo\|jihYTQ�vR hY}~Q`RURWQ`THj TJ€ \ {igvTJxyTHj b � gih qSh>PHh>q {eTH{��iq`\|xyQSTHj Nih>jiRUQ xyQShYR.QSj�\ {iq`\JRU}ˆ\2n^\Jj 9eh

€ TQ�ijvN 9 „�RWTHqSP_Q`jv‰~\ RUh>x•TJ€ Vy\|xUh:h�64�p\ xyQ`TJjiROTJ€ xygih € THVW}

dNj

dt
=

X

h<j

NhneShj +
X

k>j

Nk(Akj + neS1
kj ) + Nz+1 ne®r

j + Nz¡ 1ne¯ I I
j

¡ N j

"
X

h<j

(A j h + neS1
j h) +

X

k>j

neSj k + neSi
j
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KHL

C

j�xygiQSR VU\|xygvhYV QSj xyQS}~QSNi\|xyQ ji‰ h�64�p\|xUQ`THj�k

Shj
Q`Rwxygih�VU\|xyh�nYT_h �~n>Q`hYjCx € THV h>q`h>n>xyVWTHj QS}ˆ{p\|n>x

Q`TJjiQ  Y\|xyQ THjc€ VWTH} q`h PHhYq

h
xyTzq`h PHhYq

j
k

S1
kj

Q`R xygvh.VU\|xyh nYT_h �ˆn>Q`h>j x‚€ THV nYTHqSq`QSRWQSTHjp\|q NvhL� h$�EnYQ xo\|xUQ`THj�k

Nz
VWhY{iVWhYRUh>j xUROxUgih {eTJ{��iq \ xyQ`TJj NihYjiRWQSx „ TJ€ Q`TJjiR.T|€ nogp\JVU‰Jh

z
ki\JjiN

®r
j

\JjiN

¯ I I
j

\JVUhzxUgih]Vy\|xUh

nYT_h �~nYQShYj xUR[€ TJVƒVUh>nYTJ}&9vQ`jp\|xUQ`TJj \JjiN~nYTHqSq`QSRWQSTHjp\|qvQ`jvjihYV�� RUgih>q`qiQSTHjiQ  Y\|xUQSTHj�kHVWhYRW{ehYn>xUQSPHh>qS„Jb

C

€ t h

\JRWR=�i}~hz\cR xyh^\|Nv„?� RWxy\|xyh

?

dNj =dt = 0
L

k_h�64�p\|xyQSTHj
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VUhYN,�inYh>RfxUTw\cRUh xfTJ€�q`QSjihY\JVƒ\Jq`‰Hh�9iVy\|Q`n

h�64�p\ xyQ`TJjiROxygp\ x†nY\Jj 9mhcRUTJqSPHh>N�€ THV xUgihcq`h PHhYq {eTH{��iq`\|xUQ`THjiR>b'� gih2RWxUh^\JNv„?� RWxo\ xyhw\JRWR=�i}~{vxyQSTHj

Q`R0TJ€ xUhYj~\JnYn��iVy\ xyhOh PHhYjˆQSj~\]n gi\Jji‰HQSji‰:{vq \JRW} \vk�9ehYnY\��iRWh•hL�EnYQ xyhYN~qSh>PHh>qp{eTJ{��iq \ xyQSTHjiR��iR=�p\|q`qS„

nYTJ}ˆh Q`jCxyT h�64�iQ`qSQ�9vVUQ:�i})hL�_xyVWhY}~hYq „ 64�iQ`n7� qS„Jb
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\JVUh \ nYTJ}ˆ{vq`hL� }~hYRUR�T|€:P \JVUQ`\�9iqShYR \JjiN"R=��9iRWnYVUQS{vxyR tOgiQSn g VWh�64�iQSVUh

� jiTut q`hYNv‰Hh•TJ€�\cq`\JVU‰Jh j��i}*9ehYVƒTJ€�\|xUTH}ˆQSn.{p\JVy\|}ˆh xyhYVWR xyTcRUTHq PHhJb �pTHV x��iji\|xyh>qS„Jk_\|x[VWhYq`\|xyQ PHhYq „

q`TGt Nih>jiRUQ xyQShYRYkEtfh nY\Jj<TJ€ xUhYj�RUQS}ˆ{iqSQ € „ xUgiQ`jv‰HR29C„�\JRWR=�i}~Q`jv‰ xUgp\|x.xygvh {iq`\JRU}ˆ\wQSR.QSj
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bH� gvQ`R }~T_NihYq kftOgiQSn g \Jn�64�iQ`VWhYN"QSxURˆjp\J}~h 9ehYnY\��iRUh QSx~t.\JR@VpVUR x�\J{i{iqSQ`h>N xyT

xygvh:RWTHq \JVfnYTJVUTHjp\Ekp\JRUR5�i}~hYR xygi\|x•\|q`q �i{ tf\JVUN�\ xyTH}~Q`n•xyVy\JjvRUQSxUQ`TJjiR \|VUh nY\��iRUh>N 9C„�n>THq`qSQSRUQSTJjiR

9eh>x tfh>hYj<h>q`h>n>xyVWTHjiR.\JjvN�Q`THjiR>kv\|jiN�\JqSqeNvTutOjCt.\JVUN xyVy\|jiRUQ xyQ`TJjiR[T_nYn��iV xygiVUT��i‰Hg RU{eTHjCxo\Jjih>TQ�iR

hY}~Q`RWRUQSTHj�b

C

€.tfh�\JRUR5�i}~hˆ€/�iV xygih>V2xUgp\|xwh$�EnYQSxUhYN RWxy\|xyhˆq`Q € h>xUQS}~h>R2\JVWhˆq`TGt hYjvTQ�i‰Hg xUgp\|xw\Jq`q

hL�En>QSxo\ xyQ`TJjiR‚T_nYn��vV TQ�vx TJ€ xUgih ‰JVUTQ�ijvN R xo\|xUhO\JjvN h>q`hYn xyVWTHj n^\JRWn^\JNih>R € VUTH} q`h PHhYqSR \�9eTuPHh.q`h>PHh>q
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0 = NgneSgj ¡ N j

X
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A j h
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tOgih>VUh

Ng
Q`R†xygih {eTH{��iq`\|xyQSTHj Nih>jiRUQ x „ TJ€ƒxUgih ‰HVUTQ�vjiN RWxo\ xyhJb � giQ`R]h�6��i\|xyQSTHj Q`R]\�R5�iQSxy\�9iqSh

\J{i{vVUT	�EQS} \ xyQSTHj € TJV:}ˆ\Jj „ nYTJVUTHjp\|q {iq \|RU}ˆ\JRYk 9��vxcQSx:nY\Jj 9eh~VWhYjiNvhYVUh>N Q`jp\|nYn��vVy\|xUhM9 „ xygih

{iVWhYRUh>jinYh2TJ€ }~h>xo\|RWxo\�9iq`h \|xyTH}~QSn]RWxy\|xyh>R•THV39C„�giQ`‰Hg<h>jiTQ�v‰Hg�NvhYjiRWQSxyQShYR>b

MzR {iq \|RU}ˆ\ NihYjiRWQSx „ Q`jin>VUhY\JRUh>R~\JjiN n>THq`qSQSRUQSTJjiR 9eh>x tfhYh>j hYq`h>n>xUVUTHjvR~\|jiN Q`THjiR*9eh>nYTH}~h

}~THVUhw€ VUh�64�ihYjCx^k xUgih n>THVUTHji\Jq0h�6��vQ`q`Q:9iVUQ:�v}�}ˆT_NvhYq 9eh>‰HQSjiR xUT 9iVWh^\�� NiTutOj b~dfTHqSq`QSRUQSTJjiRzn^\Jj

hL�En>QSxyhzTHVfQ`TJjiQ  >h†hYqShYn xyVUTJjiR.TQ�Ex T|€ hL�EnYQ xyh>N<R xo\|xUhYRYki\JjiN�nYTHqSq`QSRWQSTHjp\|q Nih$� hL�En>QSxo\ xyQ`TJj

?

Q`jˆtOgiQSn g

xygvh h$�EnYhYRWR h>jihYVW‰J„6€ VWTH}�\Jj \ xyTH}~QSn xyVU\JjiRUQ xyQSTHj6Q`Rcn>THj PHh>VWxUhYN�QSj xUT � Q`jvh>xyQSn~hYjih>VU‰J„6TJ€fxygih

nYTJq`qSQSNiQSji‰�hYqShYn>xUVUTHj

L

\JqSRUT 9eh>nYTH}~hYRcQS}ˆ{eTJVWxo\|j xYb M.x:PHhYV „ giQ`‰Jg NihYjiRWQSxUQ`hYR>k�xygih RWxy\|xyh TJ€[xygih

{iq`\JRU}ˆ\ QSR Nih>RUn>VUQ�9eh>N>9C„

� �	� 

� ����� 	 � � � ��
 

� ��� � ������� ��� 	 � � �

�

� �����

k‚\ RWxy\|xyh�Q`j tOgiQSn g

h>PHh>VW„ \|xyTH}~QSn•{iVWT_nYh>RUR.Q`R \JR € VWh�64�ih>j xO\|RfQ xyR QSj PHh>VURUhz{iVWT_nYh>RURYb-�pTHV[hL�v\J}~{iqShJk_nYTHqSq`QSRWQSTHjp\|qphL�4�

nYQ xo\|xUQ`TJj \JjiN Nih$� hL�En>QSxo\ xyQ`TJj \JVUhfQ`j PHh>VURWh {iVUT_n>hYRWRUhYRYk_\JR \JVUhfRU{eTHjCxo\Jjih>TQ�iR hY}~Q`RWRUQSTHj \|jiN {igiT��

xyT_h$�EnYQSxy\|xyQSTHj�b�� giQSR n>THjiNiQ xyQ`TJj�Q`R(�_jvTutOj�\JR.xUgih
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M.xˆQSj xUhYVW}ˆh>NiQ \|xUh�NvhYjiRWQSxyQShYR>kf{vq \JRW} \ nYTHjiNvQSxyQSTHjiR qSQ`h�RUTH}~h>tOgvhYVUh 9eh>x tfhYh>j�xUgih�RWQ`}~{iq`QOVphYN

nYTJVUTHjp\|q \JjiN "!�#�&RWxo\ xyhYR>kƒ\|jiN h>}ˆQSRURWQ`THj�qSQ`jih RWxyVWhYji‰|xygiRw}*�iRWx 9eh nY\Jq`n��iq \ xyhYN 9C„�RUTJqSP_Q`ji‰

xygvh:€/�vq`q Vy\|xUh:h�6��i\|xyQSTHjiR € THV.xUgihc\|xyTJ}ˆQSn]qSh>PHhYq�{mTJ{��iq`\|xyQSTHjiR \JjiN�QSTHjiQ  ^\|xUQSTHj�9p\Jq`\JjinYh>RYb
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l�hY\JR=�iVWhY}~hYjCxyRˆTJ€†Q`}~{��iVUQ x „ h>}ˆQSRURUQSTHj qSQ`jih�RU{eh>n>xyVU\ „EQShYqSN \ tfh^\|qSxyg TJ€zQ`jE€ THVU}ˆ\|xUQSTJj

\�9eTQ�Exz{vq \JRW} \ {vVUTH{eh>VWxyQShYR•R=�inog \JROxyhY}~{ehYVU\|x��vVUhJk NihYjiRWQSx „HkenYTJ}ˆ{eTHRWQSxUQ`TJj�k \JjvN �pTGt&PHh>q`T_n>Q �

xyQShYR>b 4]jihw{p\JVy\|}ˆh xyhYV†TJ€ {p\JV xyQ`n��iq \|V•Q`jCxyh>VUhYR x]Q`j
‡i‡��

QSR†xUgih h>q`h>n>xUVUTHj xUhY}~{ehYVy\ x��iVWh

Te
bzM

�iRWh>€/�iq NiQ`\J‰HjiTJRWxyQSncT|€ƒh>q`h>n>xUVUTHj�xyh>}ˆ{eh>Vy\|x=�iVUh2Q`ROxygih2q`QSjihcQSj xUhYjiRWQSx „�VU\|xyQSTˆTJ€‚x tfT q`QSjihYRO€ VWTH}

NiQ�# h>VUhYjCx QSTHjiRzTJ€ xygih Ry\|}ˆhwhYqShY}~hYjCx^bcdfTH}*9iQ`jvQ`ji‰ˆh�64�p\|xUQ`THjvR
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Pj i = N j A j i = NgneSgj BRj i
?
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tOgih>VUh

BRj i = A j i =
P

h<J A j h
QSR‚xygih VU\JNiQ`\|xyQ PHh(9iVy\|jinogiQ`ji‰ Vy\ xyQSTztOQSxUg VWhYRU{eh>n>xƒxyT:\JqSqEq`Tut hYV

q`h PHhYqSRYb�Zzh�VijiQ`ji‰

Az = Nz=NH
?

xygvh<\�9��vjiNp\Jjin>h<TJ€•h>q`hY}~hYjCx

Z
VUhYq`\|xyQ PHhˆxyT gC„ENvVUTH‰Hh>j

L

k

´ Z;z = NZ;z=NZ ¼ Ng=NZ
?

xUgihz€ Vy\Jn xyQSTHj�TJ€ Q`THjiR € VWTH})hYqShY}~hYj x

Z
QSj�Q`THjiQ  ^\|xUQSTJj RWxo\|‰Hh

z
L

k

\JjiN

Gj i (T) = ´ Z;z(T)Sgj (T)
kvxygiQSR n^\Jj 9eh:VUh>t VUQSxWxyhYj

Pj i = neNH AZ BRj i Gj i (T)
?
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� gihO€/�ijin xyQ`TJj

Gj i (T)
VUh>{iVUh>RUhYjCxyR xUgih•h>q`h>n>xyVWTHj xyhY}~{ehYVU\|x��vVUhONihY{eh>jiNih>jinYhzN��ihOxyT:xUgih•n>TH}&�

9iQSjp\|xyQSTHj�T|€‚QSTHjiQ  Y\|xyQ THj<\|jiN�hL�En>QSxo\ xyQ`TJj�b

C

j<xUgih:n>THVUTHji\Jq�\J{v{iVUT<�vQS}ˆ\|xyQSTJj�kEnYTJq`q`QSRWQSTHjp\|qmQSTHjiQ  Y\|xyQ THj�\JjiN<Vy\|NiQ \|xUQ PHh]VUh>nYTH}*9iQSjp\|xUQ`TJj

9eTJxUg�RUnY\JqSh:tOQ xyg<xygvhcR=64�p\|VUh2T|€‚xUgihc{iq`\JRU}ˆ\ NvhYjiRWQSx „Hk RUT xygih:TuPHh>Vy\JqSq�QSTHjiQ  Y\|xyQ THj 9p\Jq`\Jjin>h:Q`R

Nih>jiRUQ x „ Q`jvNihY{eh>jiNihYjCxc\JjiN

Gj i (T)
NihY{eh>jiNiR:THjiq „�THj

T
b � gih>VUh>€ TJVUh QSx]QSR]R xyVU\JQ`‰HgCxU€ TJVWt.\JVWN

xyTK�vRUh†h�64�p\|xUQ`THj
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b

JJI

xUT2n^\|q`n��vq \|xUhOhYq`h>n>xUVUTHj~xyh>}ˆ{eh>Vy\|x=�iVUh>R[€ VUTH}�q`QSjihOVy\ xyQ`TJRYb‚M.x giQ`‰JgˆNih>j!�

RUQ xyQShYRYk_giTut h>PHh>VYkiTJxUgihYV.\|xUTH}~Q`n•{iVWT_nYh>RURUh>R#9eh>nYTH}~hzQ`}~{eTHVWxy\Jj xYk_\JjiN

Pj i
jiT q`TJji‰HhYV[NihY{eh>jiNiR

RUTJq`hYq „ THj

T
b �pTJVWx��vjp\|xyh>qS„Jk.tfh nY\Jj TJ€ xUhYj"RWxUQ`q`qOnY\Jq`n��iq \ xyh�xUgih {iq`\JRU}ˆ\6xUhY}~{ehYVU\|x��iVWh 9 „

nYTJjiRUQSNihYVWQ`ji‰~xygih2Vy\|xUQ`TˆT|€0x t T�qSQ`jih>R•€ VWTH}�xygihwRU\J}~h2Q`THjvQ  ^\ xyQSTJj�RWxo\|‰Hh2tOQ xyg NiQ�# h>VUh>j x†xyh>}&�

{ehYVU\|x��vVUh2Nih>{ehYjiNih>jinYhYRYb•M†qSxyh>VUjp\ xyhYq „HkpQS€ tfh2gp\^PHh \|nYn��iVy\|xUh2}ˆhY\JR=�vVUhY}~hYjCxyR†T|€0xUgih2{vq \JRW} \

Nih>jiRUQ x „JkCtfhO}ˆ\G„K9eh•\�9vq`hfxyT NihYVWQSPHh hYqShYn xyVUTJj xUhY}~{ehYVU\|x��iVWhYR0€ VUTH}*qSQ`jihfVy\|xUQ`TJR0Q`jCPHTHqSP_QSji‰zx tfT

NiQ�# h>VUhYjCx•QSjiTHQ  ^\|xUQSTHj�RWxo\|‰HhYROh>PHh>j Q € xygvhc{vq \JRW} \ QSROjvTJx•QSj<nYTJVUTHjp\|q�h�6��vQ`qSQ�9iVWQ:�i}�b
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� gih {iVUT<�vQS}ˆQ x „cTJ€eq \�9eTJVy\|xyTJVW„c{iq \|RU}ˆ\JR‚} \��|hYR0xygvhY}�hY\JRUQShYV‚xyT RWx=�iNv„wxygp\|j~\JR xyVUTJ{ig „_RR�

Q`nY\Jq {iq`\JRU}ˆ\JR>k,9��vx xygvh:gvQ`‰Hg�hYjvhYVU‰JQ`h>RYkpqSTut NihYjvRUQSxUQ`h>RYkp\JjiN<RWgiTHVWx xUQ`}~h]RWn^\JqShYR Q`jCPHTHqSPHh>N<R xyQ`qSq

{iVWTuP_Q`Nih~\ �ijiQ�64�ih RUh x2TJ€fnogp\Jq`qShYjv‰HhYR € TJV:h$�v{eh>VUQS}ˆh>j xy\Jq`QSRWxyR>b 4]jih NiQ \|‰HjiTHR xyQ`n \J{i{vVUTC\Jnog6Q`R

xyT2Q`jiRWhYVWxf{vVUTQ9eh>RfQ`j xUTcxygvhz{iq`\JRU}ˆ\:xUTwNiQSVUhYn xyq „ }ˆhY\JR=�vVUh 6��i\Jj xUQSxyQShYR[R=�vn g�\JR } \J‰Jjih>xUQ`n3VphYqSN

RWxUVUh>ji‰JxygvRf\JjvN@9,�iq�� �pTut PHhYqSTEn>QSxUQ`h>RYb�� gihYRWhzQSj xUhYVUji\Jqi}ˆhY\JR=�vVUhY}~hYjCxyRƒn^\Jj~{iVUTGP_Q`Nih P \Jq��i\�9iq`h

Q`jE€ THVU}ˆ\|xUQSTJj�\�9eTQ�vx2q`T_n^\|qƒ{iq`\JRU}ˆ\�{iVWTH{ehYV xyQShYRYk�9,�vxwxUgih>„6Q`jih P_QSxo\�9iqS„ {eh>VWx��vV=9 xUgih {vq \JRW} \

Q`j�xygih {iVUT_n>hYRUR>b �
�iVWxUgihYVW}ˆTHVWhJkv{iVUT�9mh>ROn^\Jj�TJjiqS„ˆxo\��Jh:Np\|xy\ Q`j<\ RW} \|q`qmj��i}*9ehYV TJ€ VWhY‰HQSTHjiR

\JjiN xygih>VUh>€ TJVUh VUQSR=�2}~Q`RUVWhY{iVWhYRWhYj xUQ`ji‰]xUgih q \|VU‰Hh$� RUnY\Jq`h RWxUV=�in x��iVUh Q`j QSjigiTH}~TH‰Hh>jiTQ�iR‚{iq`\JRU}ˆ\JRYb

M RWhYnYTJjiN \|{i{iVUTH\Jnog xyT RWx��vNv„_Q`ji‰ {iq`\JRU}ˆ\JR:xo\��Jh>R \JNEP|\JjCxo\J‰HhˆTJ€ xUgih hY}~Q`RWRUQSTHj�RU{ehYn$�

xyVU\�{iVWT_N��in>hYN 9C„ Q`}~{��iVUQ x „ QSTHjiRYbˆMzR2TQ�Exyq`QSjih>N6Q`j dfgp\J{ExyhYV

Š

k xUgih € h^\|x=�iVUh>Rw\J{i{p\|VUhYjCx2Q`j

xygvhYRUh�RU{ehYn xyVy\ \JVUh�Nih xyh>VU}~Q`jih>N 9C„ \6j��i}*9eh>VˆTJ€]Q`}~{eTHV xo\JjCx {iq \|RU}ˆ\ {iVUTH{eh xyQShYRˆR5�inog \JR

xyh>}ˆ{eh>Vy\|x=�iVUh|k[Nih>jiRUQ x „Jk QS}ˆ{,�iVUQ x „�nYTJjinYh>j xUVy\|xyQSTHjiR>k \JjiN �pTGt PHhYqST_nYQ xyQ`h>RYb

0

jvq`Q��Jh�QSj xUhYVUji\Jq

NiQ`\J‰HjiTJRWxyQSnYRˆq`Q:�Jh�} \|‰Hjih>xUQ`n�{vVUTQ9eh>RYk•RU{eh>n>xyVWTH}~h>xyh>VUR�\JjiN T|xygih>V�h$�ExUhYVWjp\JqzNiQ \|‰HjiTHR xyQ`n>RˆNiT

jiTJxz\|qSxyh>V xygihc{iq \|RU}ˆ\ {iVUTJ{ehYVWxUQ`h>R 9eh>Q`ji‰ˆ}~h^\|R=�iVWhYN Q`j�\JjC„<tf\G„JbOa†Tut h>PHh>VYkexygih „�n^\|j THjiq „

xo\��JhcNp\ xo\ \GPHhYVU\J‰Hh>N \JqSTHji‰ \ q`QSjih]TJ€‚RWQ`‰HgCx^kp\JjvN�h PHhYj�xygih:hL�_xUVy\Jn xyQ`TJj�TJ€ PHTHq��i}~hL� \GPHh>Vy\J‰JhYN

{iq`\JRU}ˆ\†{iVUTJ{ehYVWxUQ`h>R‚€ VUTH} RW{ehYn xyVy\|qiNp\|xy\]VWh�64�iQSVUhYR0RUQS‰HjiQ:Vin^\JjCx0n>TH}~{��vxo\ xyQ`TJjp\Jq_\Jjp\Jq „ERWQ`R>b�� gih

nYTJ}ˆ{��Exo\|xUQ`THji\JqmxUhYnogijiQ:6��vhYR)�iRUh>N QSj�xygiQSR RWx��iNE„�tOQ`qSq 9eh xygih:R=�,9!AWh>n>x†TJ€0dfgp\J{vxUhYV#Sib

C

j�{iVU\Jn>xUQ`nYh|kpVUhYRWh^\JVWnog \|x
‡i‡��

�vxyQSq`Q  >hYR39eTJxyg�Q`jCxyhYVWjp\Jq�\JjiN�hL�_xyh>VUjp\Jq {iq`\JRU}ˆ\ NiQ`\J‰HjvTHRR�

xyQSnYR xyT�{vVUT_N��in>h \�nYTJ}ˆ{iqSh>xUh {iQ`n x��iVWh~TJ€.}ˆ\J‰Hjvh>xyQSn VWhYn>THjijih>n>xUQ`THj�Nv„_jp\J}~Q`nYR>b � giQ`R:xUgihYRWQ`R

€ T_n��vRUhYR.THj�Np\|xo\2xy\��Jh>j �vRUQ`jv‰wx t T NiQ`\J‰HjiTJRWxyQSnYR>X \2P \Jn��,�i} �iqSxUVy\GP_QSTHqSh x

? .10#.:L

}ˆTJjiT_n gvVUT��

}ˆ\|xyTHV>kH\JjiN \ qSTut2� VUh>RUTHq:�vxyQSTHjwRWTJ€ x���� Vy\^„wNih>xUhYn>xUTHV

?

‡��
r

L

bHsfTJxUg TH{eh>Vy\|xUh TQ�ExyRUQSNihfxygih.} \JQSj

P|\|n����i}*n gi\J}*9ehYV

?

RUh>h �‚QS‰Q�iVUh

JHL

kHnYTJq`qShYn>xUQ`ji‰†hY}~Q xUxyh>N {igvTJxyTHjvR0tOQ xyg hL�_xUVUhY}~h>qS„2giQ`‰Hg2xyQ`}~hL�

VUh>RUTHq:�vxyQSTHj

? D^I

jiR € THV.xUgih

.10#.

}~THjiT_nogiVUTJ} \|xUTHV.\JjiN

J

jiR € THV
‡��

r

L

b
� gvhc{iVWQ`}ˆ\JVW„ˆ‰HTH\Jq

TJ€ xUgihYRWh2}ˆhY\JR5�iVUh>}ˆh>j xyROQ`R xUT~Nih>PHh>q`TH{�\~}~h>xUgiT_N<€ THV n^\JqSn��iq`\|xyQSji‰ \|nYn��iVy\|xUhchYqShYn>xUVUTHj<xyh>}&�
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{ehYVU\|x��vVUh�{vVUT�VpqShYR2€ TJV ‡i‡�� RUgiTJxURYb ‡ QS}*�iq xo\JjvhYTQ�vR2VUh>RUhY\JVUnog \|x ‡i‡�� € T_n��vRUhYN�THj QSj xUhYVUji\Jq

}~h^\JR5�iVUh>}ˆh>j xUR TJ€ }ˆ\J‰Hjih xyQSn3VihYqSNˆRWxUV=�in x��iVWhYRf\JjiN@9��iq:� �pTutOR�;EVUhYR5�iqSxUR[TJ€mxygih>RUh†RWx=�iNiQ`h>R[n^\Jj

9eh € TQ�ijiN�QSj

? DuKJL

b

#�� ��� �����

�

'

�����	�2� �<�!�

'

�

� gih

. 0).

}ˆTJjiT_n gvVUTH}ˆ\|xyTJVwt.\|RU�iRUh>N xUT6TQ9vRUhYV PHh�QSjiNiQSP_QSN��p\Jqfh>}~Q`RURWQ`THj�q`QSjihYR € VWTH}

n^\|V=9eTHj�k T	�_„_‰HhYj k‚\JjiN6jiQSxUVUTH‰Hh>j Q`THjiR>b~s „ n>TH}~{p\JVWQ`ji‰<\GPHh>Vy\J‰Jh~q`QSjih QSj xUhYjiRWQSx „ Vy\|xyQSTHR TGPHhYV

\�j4�i}*9ehYV]T|€[RUgvTJxyR]xUT�xUgihYTHVWh>xUQ`n^\|q P \Jq��vhYRz€ VUTH}�n>TH}~{��vxyh>V]RUQS}*�iq \ xyQ THjiR>ketfh tfh>VUh \�9vq`h2xyT

Nih xyhYVW}ˆQSjih~x „_{iQSn^\JqƒP|\Jq:�ihYR2€ THVcxygvh�h>q`h>n>xyVWTHj xyh>}ˆ{eh>Vy\|x=�iVUh N��vVUQ`jv‰ RWQ`ji‰Jq`hL� RU{igvhYVUTJ} \��ek nYT��

gih>q`Q`n>QSx „ }ˆh>VU‰HQSji‰ik[\JjiN nYT��ij xUhYVR� gihYqSQ`n>QSx „ }~hYVW‰HQ`jv‰ RWgiTJxyR>b

C

jv€ THVU}ˆ\|xUQ`TJj QSj xUgih<€ THqSqSTutOQSji‰

RUh>n>xUQ`THjiR t.\|R•NiVU\GtOj<€ VUTH}

?

Š

�

L

b

� ��������� ����� � ��������� � ��

�	� ��	 ����

� � 	

� gih P \Jn����v} �iqSxUVy\^PEQSTHqSh x2}~THjiT_nogiVUTJ} \|xUTHV �iRUh>N \ x
‡v‡��

gp\JR \�€ T_nY\Jq[q`hYjv‰Jxyg TJ€

I

b

Š

}�b • giTJxyTJjiR.hYjCxyh>VfxygihzNih>P_QSnYhzxygiVWTQ�i‰Hg�\wRWq`QSx TJ€ \|NBA5�iRWxy\�9iqSh†tOQ`NvxUg�\JjiN�RWxUVUQ��Jh]\wVWh �ph>n>xyQ PHh

NiQ�# VU\Jn>xUQ`THj]‰HVU\|xyQSji‰ik^tOgiQSnogcRUh>q`h>n>xyR \JjiN:VUh>€ T_n��iRUh>R \Oji\JVUVWTut 9i\JjiNvtOQSNvxygc\JVUT��ijiN:xUgihƒNvhYRUQSVUh>N

nYh>j xUVy\Jq‚tf\GPHh>q`hYjv‰Jxyg�bK� gih t.\^PHhYq`h>ji‰JxUg!� RWhYq`h>n>xUQ`THj NiQ`\Jq n^\Jj 9eh }ˆ\Jj4�p\JqSq „�\JNBA5�iR xyhYN tOQSxUg \

{iVWhYnYQSRUQSTHj6TJ€.\�9eTQ�vx

I

b

Š

ji}'TJV1Vpjih$� x��vjihYN }~hYnogp\JjvQ`nY\Jq`q „ QS€ ‰HVUhY\|xyh>Vc{vVUhYn>Q`RWQ`THj6QSR:NihYRWQ`VWhYN�b

"�Q`‰HgCxz€ VUTH}�xUgih NiQ�# VU\Jn>xUQ`THj ‰HVy\ xyQ`jv‰�Q`R]VWhYNiQSVUh>n>xyh>N xUgiVUTQ�v‰Hg6\|j hL�EQ x:RWq`QSx]\JjiN QSj xyT�\Jj �

IHI

.

{igvTJxyTJ}&�vqSxyQ {iqSQSh>Vfx=��9eh

?

•[l �

L

b

M NBA5�iRWxUQ`ji‰2xUgih†t Q`NvxUg�T|€�xygih†hL�EQSxfRWq`Q x nogp\Jjv‰HhYR xygih†RU{eh>n>xyVU\JqmVUh>RUTHq:�vxyQSTHj�kCtOQSxUg�\

D

}~}

hL�EQ x2RWq`QSx]tOQ`NvxUg�nYTJVUVUh>RU{eTHjvNiQ`ji‰�xUT S�ji}'QSj t.\GPJhYq`h>ji‰JxUg RU{i\JnYh|b�M NBA5�iRWxUQ`ji‰<xygih~h>j xUVy\Jjin>h

RUqSQSxztOQ`NvxUg�k�THj xUgih TJxUgihYV gp\JjvN�k Q`jvnYVUhY\JRUh>R:xUgih xUTJxo\Jq‚j��v}&9eh>V:T|€ {igiTJxUTHjiR xUgp\|x:hYjCxyh>V xygih

}~THjiT_nogiVUTJ} \|xUTHVYb

�

h hL�E{ehYVWQ`}~hYjCxyhYN tOQSxUg P|\|VUQ`T��iR2nYTH}*9iQSjp\|xUQ`TJjiRcTJ€ hYjCxyVy\|jinYh�\|jiN hL�EQSx
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b�� • giT|xyT�TJ€fxUgih
‡i‡��

.10).

}~THjiT_nogiVUTJ} \ xyTHV>bU� gihˆ} \|Q`j P|\Jn����i}�nogp\J}*9eh>VcQ`R

xygvhcTJVy\Jji‰Jh:T�9!AWh>n>x•Q`j�xUgih 9p\Jn7� ‰HVUT��ijiN�b

RUqSQSx�tOQSNvxygvR�\JjiN h PHhYj x=�p\JqSqS„ RUh xUxUq`hYN TJj \

D

}~} hYjCxyVU\JjinYh6RUq`Q x�tOQ`NExyg \|jiN \

JJIHI

¹
}

hL�EQ xˆRWq`Q x tOQSNvxyg�b>� giQSR~hL�EQ x~RUq`Q x tOQSNvxyg nYTHVWVUh>RU{eTHjiNvRˆxUT�\6RW{ehYn xyVy\|q•VWhYRUTJq��vxUQ`THj T|€

Š

ji}�k

tOgiQSn g tfh�TQ9iRWhYV PHhYN�xUT 9eh�Q`Nvh^\Jq.€ TJV n^\J{vx=�iVUQSji‰6hYRWRUh>j xyQ`\Jq`q „�\Jq`q.TJ€†xygih�h>}ˆQSRURUQSTHj�€ VUTH} \

RUQSji‰HqSh 9iVWTC\JNih>jihYN Q`}~{��iVWQ x „ q`Q`jvh tOQ xygiTQ�Ex†n>THj xy\J}~Q`jp\|xUQSji‰ xUgihcRUQ`‰Jjp\Jq�tOQSxUg�hY}~QSRURUQSTHj<€ VWTH}

\JNiNvQSxyQSTHjp\|q qSQ`jih>RYb

‡
QS‰Hjp\JqSR € VWTH}�xygih†•[l � {p\JRWR[xygiVWTQ�i‰Hg \

‡
xo\JjE€ THVUN rOhYRWh^\JVWn g

‡
„_RWxUhY}~R

‡
r

JHK|I

n��iVUVWhYjCx

\J}~{iq`QOVphYVf\JjiN<\JVUh]VWhY‰HQSRWxyh>VUh>N�\|x

DGI

jiR Q`jCxyh>VWP|\|q`R(9 „�\Jj�THRUn>Q`q`qSTHRWnYTH{eh]\JjvN�xUVy\JjiR € hYVWVUhYN�xyT \

nYTJ}ˆ{��ExyhYV �iRWQ`ji‰�" \�9

.

Q`h t:b �ƒqShYn xyVUQSn^\|q € h>hYN�9p\|n$� 9eh x t hYh>j xygihw}ˆ\JQSj�n^\|{p\Jn>QSxyTJV†NiQSRUnogp\JVW‰Hh

\JjiN xygihO\J}~{iqSQ VphYV q`h>N xUTc\]RUQS‰HjiQ Vpn^\|j x 9p\Jn7� ‰HVUTQ�vjiN~RUQS‰Hjp\|q b � giQ`R‚t.\JR }~h^\JR5�iVUh>NU9C„wxo\�� QSji‰
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.10).

}~THjvTEnogiVWTH}ˆ\|xyTHV†t.\^PHhYqShYji‰|xyg6n^\JqSQ�9iVU\|xyQ THj n��iVWPHh|bˆZ]\|xy\<{eTHQSj xUR € TJV]xygih

4 I �

@

b

I

jv}�k d DGDFD

FHK

b

K

ji}�k a D

D

Š

D

b ��ji}�k � I

D

Š

@

b

F

jv}�k d D�I

D�JQJ

ji}�k�\JjiN�d DGDFD

ŠHŠ

F

b

K

ji}�q`QSjihYRO\JVWh:RUgiTGtOj�b � gihcVUhYq`\|xUQ`THjiRWgiQS{ 9eh x t hYh>j \Jn x��p\|q qSQ`jihzt.\^PHhYqShYji‰JxUgiR†\JjiN<xygih

}~THjiT_nogiVUTJ} \|xUTHV•RWh>xUxUQ`ji‰JR]jvhYnYh>RURy\|VW„ xyT�TQ9vRUhYV PHh xygvhY} \|{i{eh^\|VURzxyT�9ehwq`QSjih^\JVOxUgiVUTQ�v‰HgiTQ�vx

xygvh

JJI

�

Š

JJI

ji} t.\GPHh>q`h>ji‰Jxyg�VU\Jji‰Hh|b � gvhcq`\JVU‰Hh>RWx Nih>P_Q`\|xyQSTHj�€ VUTH})xygih q`QSjih^\JV VixOT_nYn��iVUR € THV

xygvh~{eTHQSj x:\|x2\|j�\Jn>x=�p\Jq0tf\GPHhYqShYjv‰Jxyg�T|€

D

Š

@

b

F

ji}�X QSxUR:{vVUhYNvQ`n>xUhYN

.10).

}~THjiT_nogiVWTH} \ xyTHV

RUh xUxUQ`ji‰

? D

Š

D

b

D

ji}

L

NiQ #mhYVWR € VUTJ} xygih:TH{ExyQ`}ˆ\JqmRUh xUxUQ`ji‰ tfh € TQ�ijiN

? D

Š

D

b S ji}

L

9 „

I

b

@

ji}�b

RUh PHhYVU\Jq RUgiT|xyR tOQSxyg�xygvh:}ˆTJjiT_n gvVUTH}ˆ\|xyTJVfhYj xUVy\JjvnYhcRWq`QSx.nYqSTHRUh>N \|jiN<xygvhYj�R=��9vxUVy\Jn xyh>N�€ VWTH}

xygvhcNi\|xo\vb

Mzj�QS}~{mTJVWxo\|j x {iVU\Jn>xUQ`nY\JqmQSRUR=�vhz€ THV xUgihYRWh hL�E{ehYVWQ`}~hYjCxyR.QSR xygihztf\GPHh>q`h>ji‰Jxyg�nY\Jq`Q:9iVy\|xUQSTJj

TJ€vxygih }~THjvT_n giVWTH}ˆ\|xyTHV>b
‡

QSjinYhƒxygih }~THjiT_nogiVUTJ} \ xyTHV�QSR �iRUh>N xUT†TQ9iRUh>VWPHhfhY}~Q`RWRUQSTHjcq`QSjihYR THjih

\|x \wxyQS}~hJk_xUgiQ`Rfn^\|q`Q:9iVy\|xUQSTJj Q`R P_QSxo\|qe€ THV xygihzP|\|q`QSNiQSx „ TJ€ TQ�vV.VUh>R=�iq xyRYb M {iVWTH{ehYV.nY\Jq`Q:9iVy\|xUQSTJj

nYT��iq`N 9eh�\|n giQSh>PHh>NH9 „ }~h^\JR5�iVUQSji‰�xygvh6RW{ehYn xyV=�i} TJ€w\+� jiTut j {iq`\JRU}ˆ\ RUTQ�vVUnYh6qST_n^\|xUhYN

hYQ xygih>VcQ`j6xygvh~P|\Jn����i} nogp\J}*9eh>V2THV 9ehYgvQ`jiN \<tOQ`jvNiTut THj6xygihˆTH{v{eTHRUQ xyh~RUQSNihJb<a†TGtfh>PJhYVYk

xygvh�6��i\JVWx  tOQ`jiNiTGtOR Q`j
‡i‡��

THjvqS„�{i\JRUR {igiT|xyTHjiRwtOQ xyg t.\^PHhYqShYji‰|xygiR \�9eTuPHh

D

�

I

ji}�k0RUT
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R=�vn g�\2n^\JqSQ�9iVU\|xyQ THj~nY\JjijiTJx(9ehznY\JVUVWQ`h>N TQ�vx € TJV }*�inog TJ€�xygvh†t.\^PHhYqShYji‰JxUg�Vy\|ji‰Hh†nYTJj xo\|Q`jiQSji‰

xygvh<h>}ˆQSRURUQSTHj q`Q`jvhYR TJ€•Q`j xUhYVWhYRWx

?

»
JJI

�

Š

JJI

ji}

L

b ZzhYRW{iQSxUh�xygih�QS}ˆ{eTHRWRUQ:9iQSqSQ x „6TJ€z\ € TJVU}ˆ\Jq

n^\|q`Q:9iVy\|xUQSTJj�k�t h~tfhYVWh�\�9iq`h xyT�nYTHjvRWxyV5�in>x \ �vRUh>€/�vq[n^\JqSQ�9iVU\|xyQ THj n��iVWPHh

?

RUh>h �‚Q`‰��iVUh

DJDuL

9 „

VpjiNvQ`ji‰ xygih:tf\GPHhYqShYjv‰Jxyg�TJ€0{ehY\���Q`j xUhYjiRWQSx „�€ THV•\ j��i}*9eh>V•TJ€0QS}~{��iVUQ x „�qSQ`jih>R#� jiTGtOj xUT@9eh

P_Q`RWQ�9iqSh[Q`j2xygvh ‡i‡�� {iq \|RU}ˆ\

?

€ THV h$�v\J}ˆ{vq`h|kJq`QSjihYR xygp\|x‚gp\JN*9eh>hYj T�9iRUh>VWPHhYN tOQSxygwQ`TJj ZzTH{v{iq`h>V

RU{eh>n>xUVUTHRWnYTH{C„

L

b

M 9vRUTHq:�vxyh•Q`jCxyhYjvRUQSx „ nY\Jq`Q:9iVy\ xyQSTJj~T|€�xUgih

. 0).

}~THjiT_nogiVUTJ} \ xyTHVƒ\JqSRUTc{eTHRUh>R.\c{iVUTQ9vq`h>}�k

\JR hL�En>hYRURUQ PHh�n>THRWxUR {iVUTJgiQ�9iQ x2xygih��iRWh<T|€†\JjC„�\|nYn��iVy\|xUh�n^\|q`Q:9iVy\|xUQSTJj }~h xygiT_NiR>b ‡ QSjinYh�TQ�iV

VUh>R=�iq xyR Nih>{ehYjiN6THj q`QSjihwRWxyVWhYji‰|xyg Vy\|xUQ`THR>k xUgih Q`jCxyh>jiRUQ x „ nY\JqSQ�9iVU\|xyQ THj QSR]THjiq „ \|j Q`RWR=�ih Q €[QSx

Q`R†t.\^PHhYqShYji‰|xyg!� NihY{eh>jiNihYjCx^b a•Tut h>PHh>VYk�xUgiQ`RzQ`RznYh>VWxy\JQ`jiq „ \�{eTJRURUQ:9iQ`qSQ x „Hk \JjvN t h }*�iRWx �JhYhY{

Q`j�}~Q`jiN xygp\ x xygih q \|n$� TJ€:\Jj"Q`j xUhYjiRWQSx „ n^\JqSQ�9iVU\|xyQ THj {iVWTuP_QSNihYR�\Jj \JNiNiQ xyQSTHjp\Jq RUTQ�vVUnYh T|€

�ijin>hYV xo\JQSj x „�QSj<TQ�iVO}~hY\JR=�iVWhY}~hYjCxyROTJ€‚h>q`h>n>xyVWTHj<xUhY}~{ehYVU\|x��iVWhJb

� ������� � � 	 � � ��� � ��� ���	� 	 ��

� ����
�� ��������� � � 

� �

d.\JqSn��iq`\|xyQSTHjvR:T|€.hYqShYn xyVUTJj6xyhY}~{ehYVU\|x��vVUhˆ\JjiN�Nih>jiRUQ x „ QSj
‡i‡��

tfhYVWhUVpVUR xwnY\JVUVWQ`h>N�TQ�vx

9 „

.

b
‡

b," ��� QSj�\JjvN<l�bvr:bEsfVUTGtOj

?

Š

�

L

Q`j

DGFHFHF

�

Š

IHIJI

b�� Q`}~h$� VUh>RUTHq PHhYN T�9iRUh>VWP|\|xUQ`THjvR tfh>VUh

}ˆ\JNih.T|€ € TQ�iV0nY\JV=9eTHj q`QSjihYR>X‚d>DGDFD

FCK

b

K

ji}�k d>DFDFD

D

Š

Svb

K

ji}�k d>DGDFD

ŠHŠ

F

b

K

ji}�kC\JjiN~d>D�I

D�JQJ

ji} � \Jn x��p\|q`qS„ \�NiT���9iqSh>x�� b � tfT {ehY\�� R2tfh>VUh ‰Hh>jihYVU\Jq`q „ TQ9iRWhYVWPHh>N�QSj6xygihˆqSQ`jih QSj xyh>jiRUQ xyQShYR�;

THjihˆ\|x

t ¼ 33 ¹
R

? @?J

¹
Rc€ TJV:xUgih�d D�I q`QSjih

L

\JjiN�THjihˆ\|x

t ¼ 49¹
RYb � gvh NvhYq \^„ QSj6xUgih

xyQS}ˆQ ji‰zT|€ xygvh2VpVWRWx {eh^\��wTJ€pxygihOd

C

.

q`QSjih RUhYV PHhYNˆ\JR0h P_Q`Nih>jinYh.xygp\ x0xUgih.q`Q`jvhYR t hYVUh n>THVUVWhYn xyqS„

Q`NvhYjCxyQ:VihYN�kpRUQSjinYhcQSx xo\��Jh>R†q`TJji‰Hh>V xyT~RWxyVWQ`{�\Jj \|xUTH}�TJ€ xygiVWhYhchYq`h>n>xUVUTHjiR†\JjvN�{iVUT_N��vnYh d D�I

xygi\Jj�QSx NiT_hYR xyT RWxUVUQ`{<T
# x tfT~h>q`h>n>xyVWTHjiR•\JjiN�}ˆ\��JhcdEDFDGD b

M

I

� Z xUQ`}~hL� NihY{eh>jiNih>j x nYTHVWTHjp\Jq[h�64�iQSq`Q:9iVUQ:�i}'RWQ`}*�iq`\|xUQSTJj�nYT_Nih tf\JR*�iRWhYN�xUT \JQSN Q`j

\Jjp\|qS„_RUQSR~T|€zxygih�Np\|xo\Eb �

I

� Z !�}~h^\JjvR~xUgp\|x~xUgih�n>T_Nih \JRWR=�i}~hYN"\Jj QSRUTJxyVWTH{iQSn<{iq`\JRW} \

�

jiT

P|\|VUQ \ xyQ`TJj:Q`jc{iq \|RU}ˆ\O{p\JVU\J}~h>xyh>VUR t.\|R‚\JqSq`TGtfhYNcQSjw\|j „:NiQSVUhYn xyQSTHj�b�"�Q`jvh[QSj xyh>jiRUQ xyQShYR Vy\ xyQ`TJR�€ THV
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@HF

�

\~P|\|VUQ`h x „<TJ€ nYTJ}*9iQ`jp\ xyQSTHjiROTJ€ h>q`h>n>xyVWTHj�xyhY}~{ehYVU\|x��vVUhw\JjiN NihYjvRUQSx „<tfhYVWh nY\Jq`n��iq \ xyh>N �iRWQ`ji‰

xygvh�}~T_NihYq \JjvN n>TH}~{p\JVUh>N xyT hL�E{ehYVWQ`}~hYj xy\JqSqS„ }~h^\JR5�iVUh>N Vy\ xyQ`TJR Q`j TJVUNih>V xUT6Nih xyh>VU}~Q`jih

9ehYR x5�GVixƒP|\Jq:�ih>R € THV

Te
\JjvN

ne
b l�T_NihYqSQ`ji‰]xUhYnogijiQ:64�ihYR \JjvN xygvhYQ`V0VUh>q`h P|\Jjin>h xyT:n��vVUVUh>j xƒtfTJV=�

\|x ‡i‡�� tOQSq`q 9eh:NiQ`RWn��iRWRUh>N�€/�iVWxUgihYVOQSj�dfgp\J{vxUhYV#Sib

M nYnYTJVUNiQSji‰cxUTw\|jp\Jq „ERWQ`R 9C„U" ��� Q`jˆ\JjiN sfVWTutOj�k xygih†\J{v{eh^\JVU\Jjin>h†TJ€mx t T2NiQSRWxyQSjin>xƒ{eh^\�� R

Q`jˆdNDFDFDmq`QSjih hY}~Q`RWRUQSTHj t.\JR[q`Q:�JhYq „ h$�E{iq \|Q`jih>N@9C„ xygvh•h>PHTHq:�vxyQSTHj TJ€mxygih•{vq \JRW} \]xUhY}~{ehYVU\|x��iVWh

N��iVWQ`ji‰ \�x „_{iQ`nY\Jq]RUgiT|x^b � gih VpVURWx�{ehY\�� \J{v{eh^\JVWhYN \|jiN xygvhYj NihYnY\G„Hh>N \JR�xygih {vq \JRW} \

��9,�iVUjih>N xygiVUT��i‰Hg�!:xygih d DGDFD0QSTHjiQ  Y\|xyQ THj�q`h PHhYq

?

RWxyVWQ`{i{vQ`ji‰ˆ}~THVUhchYq`h>n>xUVUTHjiRzT$#6xygih \ xyTH}~R

L

k

tOgiQSq`h•xygih]RWhYn>THjiN<{eh^\�� \J{i{ehY\JVUh>N�\JR xygihz{iq \JRW} \ 9ehY‰C\Jj xyT nYT_THqmNiTGtOj<\JjiN�hYq`h>n>xUVUTHjiR.\JjiN

\|xUTH}ˆR†VUh>nYTH}*9iQSjihYN b1� gih NihYnY\G„ TJ€ xygih VpVWRWx {ehY\���TJ€ xygih d D�I q`Q`jvhJkmTHj xygihwTJxygih>V]gp\|jiN�k

t.\|Rw{iVWTQ9p\�9vqS„ N��ih~xyT�xUgihˆgiTJxWxyhYR xw{p\JV x2TJ€.xUgihˆ{iq`\JRU}ˆ\<qSh^\^PEQSji‰<xygih~q`Q`jvh TJ€.RUQS‰Hg xcTJ€fxygih

}~THjiT_nogiVUTJ} \|xUTHVYb

dfTH}~{p\JVWQ`RUTJj~TJ€�h$�v{eh>VUQS}ˆh>j xo\|qe\JjiNˆRWQ`}*�iq \ xyQ THj VWhYR5�iqSxUR }ˆ\JNihOQSxƒ{eTHRURUQ:9iqShOxyTcnYTHjvRWxyVU\JQ`j

xygvhw{eTHRWRUQ:9iq`h:P|\Jq:�ihYR†TJ€‚xygih
‡i‡��

hYqShYn xyVUTJj�xyhY}~{ehYVU\|x��vVUhw\JjiN Nih>jiRUQ x „<xyT \Jj \JqS}ˆTJRWx•qSQ`jihY\JV

VUh>q \|xUQ`TJjiRUgiQS{2QSjw{p\JVy\|}ˆh xyhYV RW{p\Jn>hJb a†TGtfh PHhYV>k n>THjin>q��iRWQSPHhfVUh>R=�iq xyR € THV xUgihfhYq`h>n>xUVUTHjwxUhY}~{ehYVU\B�

x��vVUh.{iVUT�Viq`hft hYVUh jiT|xƒ\JnogiQ`h PHhYN�b
‡

QS}*�iq`\|xUQSTJj VWhYR5�iqSxUR R=�v‰H‰HhYR xyh>Nˆ\

ŠHŠ

F

b

K

ji}

B]FCK

b

K

ji}*qSQ`jih

Vy\ xyQ`T TJ€0\J{i{iVWT	�EQS} \|xUhYq „

DuB

S

I

€ THVO\Jq`q�{iq`\��iRWQ�9iqSh h>q`h>n>xUVUTHj�NihYjiRWQSxUQ`hYR>k 9,�vx•xygvhchL�E{eh>VUQ`}~hYjCxo\|q

Np\|xy\ R5�i‰H‰Hh>RWxUhYN \ Vy\ xyQ`T n>q`THRWhYV.xyT

DuB

Sib

# � ���

� � �F����� ��
�� , �4� �!���2� ���

l�hY\JR=�iVWhY}~hYjCxyR]T|€

0).

q`Q`jvhcR xyVWhYji‰JxUg Vy\ xyQSTHROt hYVUh2nYTH}~{iq`h>}~hYj xUhYN 9 „�Ni\|xo\ xo\��Jh>j%�iR��

Q`jv‰�\ RUTJ€ x&�4� Vy\^„�Nih>xUhYn>xUTHV

?

‡��
r

L

nYTH}~{eTHRWhYN TJ€z{igiTJxUT_NiQ`T_Nih>RMViqSxyh>VUh>N�9 „�xUgiQ`j+Viq`}~R T|€

\Jq:�i}ˆQ j��i}

?

M†q

L

k � QSxo\|jiQ��i}

?

� Q

L

k � Q`j

?

‡
j

L

k \JjiN�� QSVUnYTJjiQ��i}

?

� V

L

b �
‡

TJ€ x#�4� Vy\^„�!2VUh € hYVUR†xyT

hL�_xUVUhY}~hU�iq xyVy\^P_Q`THqSh x q`Q`‰Jg x�;
‡4�

r�Q`R:NvhYRUQS‰Hjih>N�xUT�Nih>xUhYn xw{igiT|xyTHjiR tOQSxyg6h>jihYVW‰HQ`h>R 9eh>x tfh>hYj

DGI

\JjiN

D	JJI

h

.

b,�ƒ\Jnog
‡4�

rPVpqSxUhYV gp\JR.\2NiQ #mhYVWhYjCx.VWhYRU{eTJjiRUh]€/�vjin>xUQ`THj QSjˆxygiQSRfh>jih>VU‰J„ˆVy\Jji‰Jh
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rEVpq xyh>VOVUh>RU{eTHjvRUQSP_Q xyQ`h>RYb'� gvh2n>THq`TJVUhYN<q`Q`jvhYR RUgvTut xUgihcVWhYRW{eTHjiRUhc€/�ijvn>xyQSTHj�T|€

xygvh3Vpq xyhYVWhYN NiQ`T_Nih>R Q`j xUgih

DGI

h

.

xyT

D	JJI

h

.

Vy\Jjv‰HhJk \JjiN xygih#9vq \Jn7�wqSQ`jihfRUgiTGtORƒxygih VUh>RU{eTHjiRWh

€/�ijin xyQSTHj<TJ€ xUgih �ij,Vpq xyh>VUhYN�NiQST_NihJb

?

RWhYh � Q`‰Q�vVUh

D

Š

L

k RUT�xUgih~Vy\ xyQ`TJR:T|€.RWQ`‰Hji\Jq R xyVUh>ji‰JxygvR2VUh>‰HQ`R xyhYVWhYN 9C„ h^\Jnog�{igiTJxUT_NiQ`T_Nih n^\Jj

„_Q`h>q`N<QSjv€ THVU}ˆ\|xUQSTJj<\�9eT��vxOxUgih:TuPHh>Vy\JqSq�{iVWTH{ehYV xyQ`h>ROTJ€ xygih:h>}ˆQSRURUQSTHj�RU{ehYn xyV5�i}�b

M#RUQS‰HjiQ Vpn^\JjCxc\JNEP|\JjCxo\J‰Hh TJ€
‡��

r�TuPHh>V:xygvh

. 0).

}ˆTJjiT_n gvVUTH}ˆ\|xUTHV]QSR xUgp\|x xygih �
�!�

xygvVUTQ�i‰Jg \Jq`q�€ TQ�iV#Vpq xyh>VUR†nY\Jj 9mh2}~h^\JR5�iVUh>N RWQ`}*�iqSxy\JjvhYTQ�iRWqS„Jb3� gvhYVUh € THVUh|kmt hwn^\|j%�iRWh
‡��

r

Np\|xy\�xyT n^\|q`n��iq \|xUhˆ\Jj hYq`h>n>xUVUTHj�xyh>}ˆ{eh>Vy\|x��vVUhˆ{iVUT�Viq`h~€ TJVw\�{p\JV xyQ`n��iq \|VcRWgiTJxYk0Vy\|xUgihYVcxygi\Jj

gp\^PEQSji‰cxyTw\GPHh>Vy\J‰Hh†TGPHhYV }ˆ\Jj „ h$�E{ehYVUQS}ˆh>j xy\JqeV5�ijiRYb � gvhzTQ9 P_QSTQ�iR NvQ`Ry\|NvP|\JjCxo\J‰Jh†TJ€ xygih†Nih$�

P_Q`n>h†Q`R[Q xyR[qSTut"RW{ehYn>xUVy\JqeVUh>RUTHq:�vxyQSTHj

�

tOQ xyg THjiqS„ € TQ�iV ViqSxyh>VUR>k_t hznY\JjijiT|xfTQ9vxy\JQ`j~Q`jE€ THVU}ˆ\|xUQSTJj

\�9eTQ�Ex†QSjiNiQ P_Q`N��p\|q�h>}ˆQSRURWQ`THj<qSQ`jih>RYb[a†TGtfh>PHh>VYkeQ`jvRWxo\|q`qSQSjv‰ \ xUV=�ih ��� Vy\^„�RU{ehYn xyVWTH}ˆh xyh>V†QSROjiTJx

\Jj TH{vxUQ`THj \|x
‡i‡4�

N��ih xyT<{iVWTHgiQ:9iQSxUQ PHh nYTJRWxyR>k RUT�tfh }&�vRWx:RUh xUxyqSh € THV:\�VUh>q \|xUQSPHh>qS„�RUQS}ˆ{iqSh
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�‚QS‰ib
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b � "�T_n^\|xUQ`THj TJ€
‡��

r*THj xygih
‡i‡��

} \JnogiQSjihJb � gvh € T��iV]tOQSVUhYR:\|x]xygih xyTH{ TJ€ƒxygih

Q`}ˆ\J‰Jh[n^\|VUVW„cn��iVWVUh>j x‚€ VUTH}&xUgih
‡��

r {igvTJxyT_NiQST_NihYR>b dfqST_n$�CtOQSRUh € VUTH} �i{i{ehYV‚q`h € x^k xygihfNvQ`T_Nih>R

\JVWh1Vpq xyhYVWhYN 9 „�€ THQSqSR.} \|Nih TJ€ Mzq k � VYk
‡

j�k \JjvN � Q b � gih

.10#.

}ˆTHjvT_n giVWTH}ˆ\|xyTJVfP_QSh>tOR xygih

{iq`\JRU}ˆ\w€ VUTH} xUgih:TH{i{eTHRWQSxUh:RWQ`Nih TJ€ xUgih:} \|Q`j�P|\|n����v} n gi\J}*9ehYV>b

{iQSn>x��vVUh<T|€†xygvh�gvQ`‰Hg!� hYjih>VU‰J„ h>}ˆQSRURWQ`THj�RU{ehYn xyV5�i}�b �pTHVWx=�ijp\|xUhYq „Hkƒt h�nY\Jj R xyQSq`qfNih xyh>VU}~Q`jih

{iq`\JRU}ˆ\w{iVWTH{ehYV xyQ`h>R R5�inog�\JRfxygih h>q`h>n>xUVUTHj�xyh>}ˆ{eh>Vy\|x=�iVUhztOQSxyg xygih:\|Q`N�TJ€ nYTH}~{��vxUhYV.}~T_NihYqSR

?

RWhYh2dfgp\J{vxUhYV#S

L

kp\|qSxygvTQ�i‰Hg�xygvh:n^\JqSn��vq \|xUQ`TJjiR \JVWh:jvhYn>hYRURy\|VUQ`q „�}ˆTHVWh n>TH}~{iq`h$�

?

\|jiN�{eT|xyhYj��

xyQ`\JqSq „<q`h>RUR \Jn>n��iVU\|xyh

L

xUgp\Jj xUgiTHRWh&�iRWhYN xyT�QSj xyh>VU{iVWh>x]}~THjiT_nogiVUTH}ˆ\|xUTHV•Np\|xy\vb 4 �iV]gvTH{eh Q`R

TQ9vxy\JQ`jwQ`jiNvhY{ehYjvNihYjCx[}~hY\JR=�iVWhY}~hYjCxyR0TJ€

Te
tOQ xygwxygih

.10#.

}ˆTHjvT_n gvVUTH}ˆ\|xyTJV‚\JjvN
‡��

r xygp\|x

n^\|j�xUgihYj 9eh:nYTH}~{p\JVWhYN<€ TJV nYTHVWVUTQ9eTHVU\|xyQSTHj�b�� gih:€ THqSq`TGtOQSji‰ RUh>n>xUQ`THjiRONiVU\Gt € VUTH}

?AFCL

b
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�p\JjCx��i}�h �~nYQShYjin „ TJ€ xUgih M
�

0).

{vgiTJxyT_NvQ`T_Nih>RYb

C

j xygih RWTJ€ x �4� Vy\^„�{eTHVWxUQ`THj

TJ€ xUgihcRW{ehYn xyV=�v}

? D^I

h

. 8

�

8�D�JJI

h

.:L

kpxUgih 64�p\|j x��v} h �~nYQShYjin „�QSROgvQ`‰Hgiq „ q`QSjih^\JV>kEtOQSxyg

Electrons ¼ Ephoton =3:63
b �‚Q`‰��iVUhzxo\��Jh>j�€ VUTJ}

C

r†Z q`Q xyh>Vy\|x=�iVUh|b

� ��� ����� � � ��� ��
 ��� ��� �

� gihU9p\JRWQ`n nYTHjin>hY{Ex2€ THV
‡��

r�gp\JR 9ehYh>j�Q`}~{iqShY}~hYjCxyh>N R=�in>nYh>RURW€/�iq`q „6\ xcRUh PHhYVU\JqƒTJxygih>V

{iq`\JRU}ˆ\ Nih PEQSnYh>R

?

€ THV�hL�v\J}~{iq`h|kz\|x�xygih6d.Z
�

�

0

RU{igih>VUQSn^\JqzxyTHV5�iR�\|x�• VWQ`jin>h>xyTJj • q \JRW} \

• g „_RUQSnYR2" \�9eTHVU\|xyTHV „

?

S

IHL

\JjvNˆxygih]l \JNvQ`RUTJj RW„_}~}ˆh xyVWQ`nOxUTHV=�vR VUh PHhYVURWhYN!�GVphYqSN�{vQ`jinog

? D	JJLUL

b

• giTJxUTHjiRfhYj xUhYV xygihzNih xyhYn xyTHV.\JjiN�R xyVUQ:�JhzTHjihzT|€�xygvhz€ T��iV ViqSxyh>VUh>N�{igiTJxUT_NiQ`T_NvhYR�;_xygiTJRUh†xygp\|x

{p\JRWR[xygiVWTQ�i‰Hg~xygvh)VpqSxUhYVWR[RWxyVWQ��JhOxygih•NiQ`T_Nih•\JjiNˆn^\��vRUhzh>q`h>n>xUVUTHjiRƒxyTK9eh†VUh>q`hY\JRUh>N�kE{vVUT_N��in>Q`ji‰

\~{igiTJxUT_n��iVWVUh>j x^b3� gvQ`R•n��iVWVUhYjCxz‰HT_hYR†QSj xUT \|j h>q`h>n>xyVWQ`nY\Jq`q „�QSRUTHq`\|xyh>N�RUn>VUh>hYj VUT_TH}�kitOgihYVWhwQSx

}~h^\JR5�iVUh>N 9C„<\Jj�THRWnYQSq`qSTHRUn>TH{ehJb
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j xUhYVWjp\|xyQSTHjp\|qer•\JNiQ`\|xyQSTJjˆZ†h>xyh>n>xUTHVUR �

?
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r†Z

L
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0).

RUQ`qSQ`n>THj {!� j1A5�ijin$�

xyQSTHj�{igiTJxUT_NiQ`T_NvhYRYb � gih�}~T_NihYqƒn��iVWVUhYjCxyq „�QSj �iRUh Q`RcxUgih M �

0).

� a ‡

J

k‚tOgvQ`nog gp\JR \�n>THq �

q`h>n>xUQ`THj"\JVWh^\ TJ€

D

}~} 2 \JjiN \ VWQ`RWh�xyQ`}~h�T|€

K|IHI

{iR tOgih>j €/�iqSqS„+9iQ \|RUhYN \|x

JJI .

b � gih

{igiT|xyT_NiQST_NihYR2jih>hYN�jvTJx 9eh 9iQ`\JRUh>N xUT�€/�ijin xyQ`TJj {iVUTJ{ehYVUq „Hk‚giTGtfh PHhYVYkƒ\|jiN�\ x ‡i‡�� t h n^\Jj

\JnogiQSh>PHh xygvh Nih>RUQ`VWhYN"xUQ`}~h�VUh>RUTHq:�vxyQSTHj

?

9eh>xUxUhYV xUgp\Jj

D

¹
R

L

tOQSxUgiTQ�vx 9iQ \|Rˆxyh>hYR�Q`j�{iq \|nYhJb

�

gih>jˆ{igiT|xyTHjiR TJ€mhYjih>VU‰J„

D

b

D

Š

h

.

THV ‰HVUhY\|xUhYV RWxyVWQ��Jh.xygihO{vgiTJxyT_NvQ`T_Nih>RYkChYq`h>n>xUVUTHj�� giTHqSh.{p\JQSVUR

\JVWh�nYVWh^\|xUhYN�bT� gvh�j��i}*9eh>V TJ€•nY\JVUVWQ`h>VURw{iVUT_N��vnYhYN {eh>V {igvTJxyTHj�QSjin>VUh^\|RUhYR \|{i{iVUT<�EQ`}ˆ\|xyh>qS„

q`QSjih^\|VUq „ \JRw{igiT|xyTHj h>jihYVW‰J„ QSjin>VUh^\|RUhYR>b

C

j TJxygvhYV2tfTJVUNiR>k0xygih

����
�
�� �����

�

����� 

� �

TJ€.xygih

NiQST_NihYROQSR q`QSjih^\|V

?

RWhYh��‚QS‰Q�iVWh

D

S

L

b

C

j THVUNvhYV]xUT<nY\J{vx=�iVUh xygvh NvhYRUQSVUh>N6QSjv€ THVW} \ xyQ THj \�9eTQ�vx]xygih RUTJ€ x ��� Vy\^„ {eTJVWxyQSTHj TJ€ƒxygih

{iq`\JRU}ˆ\2h>}ˆQSRURWQ`THjˆRU{ehYn xyV=�v}�kExygvh]{igvTJxyT_NiQST_NihYR.\|VUh Vpq xyhYVWhYN�9C„ˆxUgiQ`j }ˆh xo\Jq € THQSqSR T|€ Mzq

? D^IHI

ji} xygiQSn$�

L

k � V

? DGIHI

ji}!xUgiQ`n7�

L

k
‡

j

? DGIHI

jv}!xygvQ`n7�

L

k \JjiNT� Q

?GJJI

ji} xygvQ`n7�

L

b �‚QSqSxUhYV]VUhL�

RU{eTJjiRUhO€/�ijin>xUQ`TJjiR tfh>VUh•n^\|q`n��iq \|xUhYN € THVƒ\ j��i}*9ehYV TJ€ {eTHRWRUQ�9vq`h } \ xyhYVWQ \Jq R �iRUQSji‰2\ n^\JqSn��iq`\|xyTJV

{iVWTuP_Q`Nih>N 9C„ xygvhM" \GtOVWhYjin>h~sfhYV5�JhYqSh>„ " \�9eTHVy\ xyTHV „
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FCK

b

K

ji}

B�D�J�J

ji} qSQ`jih�VU\|xyQST xyT xygih

RUQS}*�iq \ xyh>N q`QSjih VU\|xyQSTHR]n^\JqSn��vq \|xUhYN 9 „ • VWQ`RU}
‡

• �[d(� b�MzRUR5�i}~Q`ji‰�\�qSTut*QSTHj NihYjiRWQSx „ qSh^\JNvR

xyT<\�gvQ`‰Hg xyh>}ˆ{eh>Vy\|x=�iVUh hYR xyQ`}ˆ\|xUh \JjiN PEQSnYhwPHhYVWRy\vk \JRztfh tfTQ�iqSN hL�E{eh>n>x:€ VUTH} �‚QS‰Q�iVUh

Š

�vb

a†h �†hzQSj xyh>VW€ h>VUTH}~h>xUhYV[}~h^\JR5�iVUh>}ˆh>j xURfR=�i‰J‰HhYR xfxygp\|x[xygih•x „_{iQSn^\|qeNihYjvRUQSx „~Q`j
‡i‡��

Q`R \JVUTQ�vjiN

4¡ 5£ 1014 Q`THjiR

B

nY} 3 kCRUT xygvh#�i{v{ehYVƒ{iqSTJx QSj xygih2Vp‰Q�vVUh {iVUT�9p\�9iq „w‰HQSPHh>R0xygih }~THRWxƒ\Jn>n��iVU\|xyh

\GPJhYVy\|‰Hh•xUhY}~{ehYVU\|x��iVWh•{iVUT�Vpq`h|b " \JVW‰Hh•RWgiTJx5� xyT�� RUgiT|xƒP|\JVWQ \|xUQ`THj }~hY\JjiRƒxygi\|x TQ�vV'�ijin>hYV xo\JQSj x „

Vy\|ji‰Hh

?

nY\Jq`n��iq \ xyhYNM9C„&VpjvNiQ`jv‰:xygihORWxo\|jiNp\JVWNˆNih>P_Q`\|xyQSTHj TJ€mxUgih•RWQ`‰Hjp\|q \ x[h^\|n g~xyQS}ˆh.RWxUhY{~€ THV

h^\|n g6q`QSjih \JjvN xygih>j6{iVUTH{eTJ‰C\|xyQSji‰�h>VUVUTJV

L

Q`Rz€A\JQ`VWqS„�q`\JVU‰Jh

�

tfh n^\Jj6Nvh>xyh>VU}~Q`jih

Te
xyT�tOQ xygiQSj

THjiq „�\�9eT��vx

J

THV

DGI

h

.

b

C

jin>VUhY\JRUQSji‰ xygih:Ry\|}ˆ{iqSh RWQ  Yh19 „�xo\��_QSji‰ }~THVUh Ni\|xo\ tOQ`qSq 9eh �vRUh>€/�vq

€ THV39iVWQ`ji‰JQ`ji‰wxygiQSR#�vjinYh>VWxo\|Q`j x „�NvTutOj�b
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hYqShYn xyVWTHj xUhY}~{ehYVy\ x��iVWh N��iVWQ`ji‰�nYTQ�vj xyh>V:gihYqSQ`nYQ x „ }~hYVW‰HQ`jv‰ib ZzTJxWxyh>N�qSQ`jih>R

‰HQ PHhˆxUgih��vjinYh>VWxo\|Q`jCx „�VU\Jji‰Hh|b � h>}ˆ{eh>Vy\|x=�iVUh {iVUT�Vpq`h>R2tfhYVWh�NihYVWQSPHh>N € VUTH}'xUgih

FCK

b

K

ji}

B

D�JQJ

jv} q`QSjih Vy\|xUQ`T~\^PHhYVU\J‰Hh>N TuPHh>V

Š

J

RUgiTJxUR•€ THVOhY\Jnog q`QSjih|k \JRWR=�i}~Q`jv‰ˆ\~{vq \JRW} \ Nih>jiRUQ x „<T|€

5£ 1014 Q`THjvR

B

n>} 3
?

xyTH{

L

k

1£ 1014 QSTHjiR

B

nY} 3
?

qSTut hYV.q`h € x

L

ki\JjvN

2£ 1015 QSTHjiR

B

nY} 3
?

qSTut hYV

VUQS‰Hg x

L

b�� gih†\|n>x=�p\JqpQSTHj Nih>jiRUQ x „ QSj
‡i‡��

gp\JR 9eh>hYjˆ{iVUh P_Q`TQ�iRWqS„ }ˆhY\JR5�iVUh>N~xyT 9eh

4¡ 5£ 1014

Q`TJjiR

B

n>} 3 b
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hYqShYn>xUVUTHj xUhY}~{ehYVU\|x��iVWh�N��iVWQ`ji‰ RUQSji‰HqSh RU{vgihYVWTH}ˆ\���RUgiT|xyRYb�Z†TJxUxyh>N qSQ`jih>R

‰HQ PHhˆxUgih��vjinYh>VWxo\|Q`jCx „�VU\Jji‰Hh|b � h>}ˆ{eh>Vy\|x=�iVUh {iVUT�Vpq`h>R2tfhYVWh�NihYVWQSPHh>N € VUTH}'xUgih

FCK

b

K

ji}

B

D�JQJ

jv} q`QSjih Vy\|xUQ`T~\^PHhYVU\J‰Hh>N TuPHh>V

Š

J

RUgiTJxUR•€ THVOhY\Jnog q`QSjih|k \JRWR=�i}~Q`jv‰ˆ\~{vq \JRW} \ Nih>jiRUQ x „<T|€

5 £ 1014 Q`THjiR

B

nY} 3
?

xyTH{

L

k

1 £ 1014 Q`TJjiR

B

n>} 3
?

qSTutfh>VOqSh>€ x

L

\JjiN

2 £ 1015 QSTHjiR

B

nY} 3
?

qSTut hYV

VUQS‰Hg x

L

b
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.10#.

}~THjiT_nogiVUTH}ˆ\|xUTHV:}~h^\JR5�iVUh>}ˆh>j xURwTJ€.xygih�d D�I

D�JQJ

ji}�q`Q`jvh € VUTH}!€ TQ�iV

nYTJjiRUh>n��vxUQSPHh n>TQ�ij xUhYV�� gih>q`Q`n>QSx „<}ˆh>VU‰HQSji‰ RWgiTJxUR]THj M �i‰Q�iR x

Š

k

Š

IHI

�vb � gih>VUh QSR]\ n>THjiRUQSRWxUhYj x

{eh^\�� \|x�\JVWTQ�ijiN x �

JJI

¹
RYk 9,�vx<xUgih TJxUgihYV 64�p\JqSQSxo\ xyQ PHh € hY\|x��vVUhYR<T|€2xUgih RWQ`‰Hjp\|q]NvQ #mhYV

R=�,9iRWxy\Jj xUQ \JqSqS„ € VUTH}�RUgiT|x†xyTˆRUgvTJx^b3� gvhYRUhwNiQ�# h>VUhYjvnYhYR†{iVUTQ9i\�9iqS„�nYTJVUVUh>RU{eTHjvN xyT~P|\|VUQ \ xyQ`TJjiR

Q`j xygvh xyQS}~QSji‰<\JjvN�QSj xyh>jiRUQ x „ TJ€f}ˆ\J‰Jjih>xUQ`n VUhYn>THjijih>n>xUQ`THj�bU� gih>VUh € THVUh|k QSx:QSR:{eTHRWRUQ:9iq`h xygp\|x

9 „<\^PHhYVU\J‰HQSji‰ xygvhcNi\|xo\ TuPHh>V•}ˆ\JjC„�RUgiTJxURYkitfhc}ˆ\G„ gp\GPHh:RU}~T_TJxygvhYN�TQ�ExOxygvh:xUhY}~{ehYVU\|x��iVWh

{iVWT�Vpq`h:\|jiN�q`THR xOh PEQSNihYjvnYhcTJ€0\ RWxUVUTHjv‰ xyhY}~{eh>Vy\|x��vVUh:{ehY\���\JRURWT_nYQ`\|xyh>N<tOQSxyg<VUh>nYTHjvjihYn xyQ`TJj�b
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�

�pTHV RUgvTJxyRƒQ`j tOgiQSn g x t TcnYTQ�vj xyh>VR� gihYqSQ`nYQ x „wRU{igih>VUTH}ˆ\�� R[}~hYVW‰HhJkHtfhOt TQ�iq`N hL�E{ehYn xfgihY\|x

xyT 9eh•VWhYq`hY\JRUh>N \JjiN~xUhY}~{ehYVy\ x��iVWhYRƒxyTcVUQSRUhON��iVWQ`ji‰:} \|‰Hjih xyQ`n VWhYn>THjijih>n>xyQSTHj�b

C

jiNih>hYN�k_t h†RWhYh

Q`j)�‚Q`‰Q�vVUh

Š

F

xygp\|x2xUgih�\GPHh>Vy\J‰Jh hYq`h>n>xUVUTHj xUhY}~{ehYVU\|x��iVWh ‰HVU\JN��p\|q`q „ n>q`QS}*9iR:€ VUTH}�\J{i{iVWT	�EQ �

}ˆ\|xyh>qS„

Š

I

h

.

hY\JVUq „ Q`j6xUgihˆRWgiTJxcxyT

@HI

�

@?J

h

.

\|xcx � �

I

�

KJI

¹
R>b<a†TGtfh PHhYVYk‚QSxcQSR2\|xcxUgiQ`R

{eTHQSj x QSj~xygihz\Jji\JqS„_RUQSRƒxygp\ x xUgih†jihYh>N�xUT \^PHhYVU\J‰Hh†TuPHh>V } \JjC„ RUgvTJxyR t gihYj�n^\JqSn��vq \|xUQ`jv‰:xyh>}&�

{ehYVU\|x��vVUhYR �iRWQ`ji‰ xUgih

.10).

}~THjiT_nogiVUTJ} \|xUTHV=9eh>nYTH}~h>R†{iVUT�9iq`h>} \ xyQSnJb†M†R]RWgiTutOj Q`j �‚QS‰Q�iVUh

@vD

k xygvh†xyQS}ˆQSjv‰cTJ€ VWhYn>THjijih>n>xUQ`THj P|\|VUQ`h>RfRWTH}~h>tOgp\|x € VUTH} RUgiT|xfxyTwRUgvTJx.N��vhzxUT2xygihzn>TH}~{iq`h$�

{iq`\JRU}ˆ\ Nv„_jp\J}~Q`n>R]Q`j ‡i‡4� b � gih>VUh>€ TJVUh|k Q €ƒxUgihYVWh t hYVUh \�}~THVWh NiVU\JRWxyQSnwxyh>}ˆ{eh>Vy\|x=�iVUh {eh^\��

\JRWRUT_nYQ`\|xyh>N6tOQSxUg�VWhYn>THjihYn xyQSTHj�k Q xc}ˆ\G„ gp\GPJh@9ehYh>j RU}~T_TJxygvhYN�TGPHhYVcQ`j6T��iV Vijp\Jq xUhY}~{ehYVU\B�

x��vVUh {iVWT�VpqShYRYb
‡��

r }ˆhY\JR=�vVUhY}~hYjCxyR RWgiTQ�iqSN<gih>q`{�xyT VUh>RUTHq PHh]xygvh Q`RWR=�ih�;pTHjvnYh]xygih]RW„_RWxyh>}�Q`R

TH{vxUQ`}~Q  >hYN�kEtfh tOQ`q`q 9ehc\�9vq`h]xUT~nY\Jq`n��iq \ xyh h>q`h>n>xUVUTHj<xUhY}~{ehYVU\|x��iVWhYR € THV Q`jvNiQSP_Q`N,�p\JqmRUgiTJxURYb

�

hˆ\Jq`RWT�nY\Jq`n��iq`\|xyh>N xygvhˆ\GPHh>Vy\J‰Jh xyh>}ˆ{eh>Vy\|x=�iVUh € THV:RWQ`ji‰Jq`h RU{vgihYVWTH}ˆ\�� RWgiTJxUR�; xygiQSR:Q`R

RUgvTutOj Q`j �‚Q`‰��iVUh

@HI

b

C

€‚xUgihcVUQSRUh:Q`j<xUhY}~{ehYVU\|x��iVWhcN��iVWQ`ji‰~n>TQ�ijCxyh>V†gih>q`QSnYQ x „ RUgiTJxUR•t hYVUhcQ`j!�

Nih>hYN2N,�ih xyT xUgihƒVWhYq`hY\JRWhƒTJ€E}ˆ\J‰Hjvh>xyQSn0h>jihYVW‰J„Hk t h tfTQ�iqSN:hL�E{ehYn x R=�inogw\.€ hY\|x��iVWh xUT#9eh[\�9iRWhYjCx

Q`j xygvh<RUQSji‰HqSh�RU{igvhYVUTJ} \�� xUhY}~{ehYVU\|x��iVWh�{iVUT�Viq`hJkƒRUQSjinYh�jiT }ˆ\J‰Hjih xyQ`n VUh>nYTHjijvhYn xyQ`TJj xo\��Jh>R

{iq`\JnYh�N��iVUQSji‰6xygih>RUh RWgiTJxyR>b

0

jv€ THVWx=�ijp\|xUhYq „Hkfxygvh �ijin>hYV xo\JQSj x „ THj xygih�RUQSji‰Hq`h$� RW{igihYVWTH}ˆ\��

xyh>}ˆ{eh>Vy\|x=�iVUh•{iVUT�Viq`h•Q`R[h>jiTHVU}~TQ�iR>kERWTwQSx[Q`R[NiQ �ˆn��iqSxƒxyT2NiVy\^t \JjC„~R xyVUTJji‰wnYTHjvnYq:�iRUQSTHjiR[€ VWTH}

xygvhˆNp\ xo\vb

C

x2NiT_h>Rw\J{i{ehY\JV:xygp\ xcxygvh~xUhY}~{ehYVy\ x��iVWh~Q`R:VUhYq`\|xyQ PHhYq „ nYTJjiRWxy\Jj xw\|x

T ¼ 20
h

.

9eh>x tfh>hYj�x �

@?J

¹
R•\JjiN<x �

JQJ

¹
R>b

� gih q \JVW‰HhK�ijvnYhYV xo\JQSj x „�Q`j�xygihwRUQ`jv‰Hq`h2RW{igihYVWTH}ˆ\���}ˆhY\JR=�vVUhY}~hYjCx]} \^„ 9eh \ VUhYR5�iqSx]T|€

q \|VU‰Hh†RUgiTJxR� xUT�� RWgiTJxfP|\JVWQ \|xUQ`TJjiRfnY\��iRWhYN 9C„�{eh>VWx=�iV=9p\ xyQ`TJjiRf€ VUTJ} \ l�\Jnog<{iVUTQ9eh]hL�E{eh>VUQ`}~hYjCx

V=�vjijiQ`jv‰ THj�xygih2Ry\J}~h2Np\^„HkmQ`j�tOgiQSn g n^\JRWhwxy\�� Q`ji‰ˆ}~THVUhcNp\|xy\ˆRUgiT��iq`N RUTJqSPHhcxygih2{iVUTQ9vq`h>}�b

a†TGtfh PHhYVYk�� \Jq��

? FHL

{eTHQSj xUR TQ�Ex xygp\ x0\Jj �0r dzkuxUgihfn>THj,Vp‰��iVy\|xUQ`THjc€ TJVU}~hYNctOgihYjwx t T]RW{igihYVWT��

}ˆ\�� R]}~hYVU‰JhJk Q`R]\�}~THVWhwRWxo\�9iq`hwnYTHj!Vp‰Q�iVU\|xyQSTHj xygi\Jj \�RW{igihYVWTH}ˆ\�� k�RWT�QSxzQ`Rz{eTHRURWQ�9iqSh2xygp\|x

xygvhˆRWQ`ji‰Jq`h RU{igih>VUTH}ˆ\�� QSRc\Jq`VWh^\JNE„ 9ehY‰HQSjijiQSji‰<xUT�Nih>n^\^„�\|x:x �

J�J

¹
RYb �†T|xyQ`n>h Q`j �‚QS‰Q�iVUh

Š

F

xygp\|xwxygih xyhY}~{ehYVU\|x��vVUh��ijin>hYVWxy\JQ`jCx „�€ TJV n>TQ�ij xUhYV�� gih>q`QSnYQSx „6RUgiT|xyR R=�C„_VUT_n7�Jh>xyR~\JVUTQ�vjiN x
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b � "�h € x^X ‡ \|}ˆ{vq`h ‡�� r�Vy\^t Ni\|xo\ xo\��Jh>j�N��iVWQ`ji‰�\ RUgiT|x~tOQSxyg nYT��ij xUhYVR� gihYqSQ`n>QSx „

}~hYVU‰JQ`ji‰vb rOQ`‰HgCx^X
‡��

rEVpq xyhYV VWhYRW{eTHjiRUh:€/�ijin xyQ`TJjiRYb

� �

J

¹
Rz\|R•xUgih

.10).

}~THjiT_nogiVUTJ} \|xUTHV.RUQ`‰Jjp\Jq 9ehYn>TH}~hYR•tfhY\�� ;m{ehYVWgp\J{iR•xUgiQ`RO{igih>jiTH}~hYjp\

9ehYn>TH}~hYR•QS}ˆ{eTJVWxo\|j x \J{i{iVWT	�EQ`}ˆ\|xUhYq „

@HI

¹s
h^\JVWq`Q`h>V.Q`j�xUgih:RUQSji‰Hq`h]RU{vgihYVWTH} \���n^\JRWhJb

C

€ xUgiQ`R

g „_{eTJxUgihYRWQ`RƒQSR0nYTJVUVUh>n>xYkCxygvh

.10).

}~THjvT_n giVWTH}ˆ\|xyTHV }ˆ\^„wjiTJx 9ehO\]PJhYVW„*�iRUh €/�iqixUhY}~{ehYVU\|x��iVWh

NiQ`\J‰HjiTJRWxyQSnc€ THVzRUQ`jv‰Hq`h2RU{igih>VUTJ} \���RUgiTJxURYk�RWQ`jin>h QSx]TJjiqS„�RWhYh>R xygih {iq`\JRU}ˆ\~€ THV]\�9eTQ�vx

Š

I

¹
R

9eh>€ TJVUh xygih:RWQ`‰Hjp\|q 9ehYn>TH}~hYROxUT_T tfh^\�� xyTM9eh �vRUh>€/�vq bƒM jvh>t n��iVWVUh>j xz\|}ˆ{iqSQ Vph>V.nYTQ�vq`N<gihYqS{

xyT~\JqSq`h PEQ`\|xUhzxygvQ`R {iVUT�9iq`h>}�b

�

� ���

����� 
�*/��� � �2��( � � �

Mzji\JqS„_RUQSR T|€
‡��

r�Np\|xy\�gp\|R:qShYN xyT<{vVUTH‰HVWhYRWR:Q`j RWh>PHhYVU\Jq Q`}~{eTHVWxy\Jj x]\JVWh^\JR>k 9,�vx:}ˆTHVWh

tfTJV=�wVWhY}ˆ\JQ`jvR‚xUT19eh NiTHjih|b0MzR }~h>j xyQSTHjih>N {iVWh>P_Q`TQ�vRUqS„Jk
‡��

r nYTQ�vq`N {eTJxUhYj xUQ \JqSq „2\JqSq`TGt+�iR0xyT

}~h^\JR5�iVUhfxygvh h>q`h>n>xyVWTHj xyh>}ˆ{eh>Vy\|x=�iVUhf€ TJV0QSjiNiQ PEQSN��p\Jq RUgiT|xyRYkHtOgiQSq`h.\|q`RUT]{vVUTuP_QSNiQ`jv‰ \ 9i\JRUQSR‚€ THV

nYTJ}ˆ{p\|VUQSRUTHj tOQ xyg xUgih†\^PHhYVU\J‰Hh xyhY}~{ehYVU\|x��vVUhO{iVUT�Vpq`h>RƒNihYVWQSPHhYN € VUTH}

.10#.

}~THjiT_nogiVWTH} \ xyTHV

Np\|xy\vb � gihzjih t Vpq xyh>VUR Q`jvRWxo\|q`qShYN~q \JR x[„Hh^\JV

?

Mzq k�� Q k
‡

j�kv\JjiN � V

L

\Jq`qp{iVUT_N��vnYhYN�}ˆhY\JR5�iVy\�9vq`h

RUQS‰Hjp\JqSR

�

\|j�Q`}~{iVUTGPHhY}~hYjCx3�v{eTHj<{iVUh PEQSTQ�iR Q`jvn^\JVWjp\|xUQ`THjiRfTJ€
‡��

r € THVftOgvQ`nog�Ni\|xo\w€ VUTJ} THjih

THV }~THVUh ViqSxyh>VUR gp\JN<xyTM9eh xygiVWTutOj�TQ�vxON��ih xyT q`TGt RWQ`‰Hji\Jq � xyTB� jiTHQ RUh]Vy\ xyQ`TJR

?AFCL

k

?

S

DGL

b
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r � q`THqSq QS{eTJ{�![Nih P_Q`n>hJb � gih.q \JVW‰Hh[tOQ`jiNiTGt Q`R‚}ˆ\JNihfTJ€

0).

� €/�iRWhYN RWQ`qSQ`nY\

?

xyVy\|jiRR�

}~Q`RURWQ`THj n��vxUR T
#~\�9iV5�i{vxUqS„:\�9eTGPHh

K

b

@

h

.

k|\|jiNcxygih[RW} \|q`qJtOQ`jvNiTut QSR RU\J{i{igvQ`VUh

?

xyVU\JjiRW}ˆQSRURUQSTHj

n��ExyR T$#�\�9eTuPHh��vb

@

h

.:L

b 4]jinYhˆxygih Nih P_Q`n>h t.\|R QSjiRWxo\|q`qSh>N QSj�xygvh } \JnogiQSjihJk xygihˆtOQ`jvNiTutOR

tfh>VUh TJVUQ`h>j xUhYN \|x

FHI

Nih>‰HVUh>hYR2tOQSxUg�VUhYRW{ehYn x xUT TJjih \JjvTJxygih>VYb<rOTJxo\ xyQ`jv‰<xygvhˆNih>P_QSnYh~xygih>j

\JqSq`TGtfh>N �iR xyT {eTHRUQ xyQ`TJj�hYQ xygih>V tOQ`jvNiTut QSj�xygih
‡��

r qSQ`jih]TJ€ RUQS‰Hg xYb

����� ����� � 

��� 

��� ��� � � 
 � ��� � � 	 ��� ��
 

� �

� hY}~{ehYVy\ x��iVWhL� VvxUxyQSji‰ nY\Jq`n��iq \ xyQSTHjiR�t hYVUh gvQ`jiNih>VUh>N 9C„ Q`jih$�E{iq`QSn^\�9vqS„"RWxyVWTHji‰�RWQ`‰Hji\Jq`R
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J

b

D

b

@

nYT��iq`N 9eh�VWhYq`h P|\JjCx Q`j 9eTJxUg�nY\JRUh>RYb

C
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‡��

r tOQ`qSq
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}ˆ\|xynog�xygihc\Jn x��p\|q�hY}~Q`RWRUQSTHj 9 „�xygvhc{vq \JRW} \Eb



�

�

Š

�

�

�

��
�( ( 
����>
+��� ����� ��* 
 � �����

� gih

.10#.
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ŠHŠ

F

b

K

jv}!q`QSjihwt.\JR
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xyQSTHjiR>b ‡ Q`}~QSq`\|V‚VUhYR5�iqSxURƒgp\GPHh#9mh>hYjˆTQ9vRUhYV PHhYN {iVWh>P_Q`T��iRUq „ QSj ‡i‡�� \JjiN~Q`j T|xygih>VƒRU{igvhYVUTJ} \�� R>b
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�
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Š
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{iq`\JRU}ˆ\vb.MzR†TQ�iV)�_jvTutOqShYNi‰Hh2TJ€0xUgihYRWhwP \JVUQ`\�9iqShYR•QS}ˆ{vVUTuPHh|k RUTˆtOQ`qSq�TQ�iV†\�9iQ`qSQ x „�xUT �iRWh
‡i‡��

\JRc\�xUT_THq‚xyT<‰C\JQSj Q`jvRUQ`‰Jg x Q`jCxyT<jp\ x��iVU\Jq {vgihYjiTJ}ˆh>jp\�TJj xygih R=�vj�k Q`j xygih h^\|VWxyg
� R:} \J‰JjihL�

xyTJRU{igih>VUh|k \JjvN�hYq`RWh>tOgih>VUh2Q`j<xygvhK�ijvQSPHh>VURUh|b 
:Q PHhYj<xygihcNiQ �ˆn��iqSxUQ`h>ROQ`jCPHTHq PHhYN�QSj�}ˆhY\JR5�iVUQSji‰

\ RUh>hY}~Q`ji‰JqS„T9i\JRUQSn {iVUTH{eh>VWx „ R5�in g \JRwxUhY}~{ehYVU\|x��iVWhJk Q xwQ`R2jiT tfTHjiNih>Vwxygp\|xw} \JjC„�T|€ xygih

Nih xo\JQSq`R0T|€m{iq \JRW} \ 9ehYgi\GP_Q`THV0VUhY}ˆ\JQSj&�ij�� jiTGtOj�bƒa•Tutfh PHhYV>k xygih Q`ji‰Hh>j��vQSx „wVUh�6��vQ`VUh>N xyT]xo\J}~h

xygvQ`R•}~THRWx•hYjih>VU‰Hh xyQ`ncRWxy\|xyh2T|€ }ˆ\|xWxyhYV•\JjiN�xygih2{eT|xyhYjCxyQ`\Jq�€ THV•jih t NiQ`RWnYTGPHhYV „ \|VUhc{iVUh>nYQ`RWhYq „

tOgp\|x }ˆ\��Jh�{iq \|RU}ˆ\ {igC„ERWQ`n>R~R5�in g \Jj hL�EnYQ xyQ`jv‰ Vph>q`N b � gih
‡i‡��

xUh^\J} tOQSq`q nYTHjCxyQSj��ih�xyT
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tfTJV=� xyT&VpqSq xygih PHTJQ`NiR Q`j<TQ�iV3�ijiNvhYVUR xo\JjvNiQ`ji‰~TJ€ xygiQSR Q`}~{eTHVWxy\Jj xfxyTJ{iQ`n|b
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C

� N q`Q:�JhOxyT2xUgp\Jj�� }w„~\JNvP_Q`RWTHVUR>kil�QSn gp\|hYqmsfVWTutOj�kvZ]\^P_Q`N�dfTHgih>j�ki\JjvN<dfgvVUQ`R.dfTJxUgiVy\|j�k

€ THV ‰HQ P_Q`ji‰ }~h xUgih TH{i{eTHV x��ijiQ x „ xUT tfTJV=� THj"xUgiQ`R hL�En>QSxyQSji‰ {iVUTBAWh>n>x<\JjiN"€ THV {iVWTuP_Q`NvQ`ji‰

Q`jCP|\Jq:�p\�9iqSh ‰Q�vQ`Np\|jinYh|k‚R=�i{v{eTHVWxYk \JjvN QSjiRUQS‰Hg x:xUgiVUTQ�v‰HgiTQ�vxcxygvh VWhYRUhY\JVUnog {iVUT_n>hYRUR>b ‡ {ehYn>Q \|q

xygi\Jj�� R]\JqSRUTˆ‰HTˆTQ�vx•xyT

�

T_h l \Jn � \|VUq \|jih2\|xz• VUQ`RW} dfTJ}ˆ{,�vxo\|xUQ`THji\Jq ‡ n>Q`h>jinYh>Rz€ THV•gvQ`R•‰HhYj!�

hYVWTQ�iRw\JRURWQ`RWxy\Jjin>hˆtOQSxUg j4�i}ˆh>VUTQ�vR \|RU{ehYn xyRwTJ€.xUgihˆnYTH}~{��vxUhYV2RWQ`}*�iq`\|xyQ THjvRYb

C

� }�QSjiNih�9ExyhYN

xyT�\|q`q�xUgihwRWx=�iNih>j xyRztOgiT�gi\GPHh 9ehYh>j {p\JV xzTJ€0xygih ‡i‡�� xyhY\J} 9eh>€ THVWhw}~h�;exygvhYQ`V•gp\JVWN tfTJV=�

\JjiN%9vVUh^\�� xUgiVUT��i‰HgiR]}ˆ\JNih2}w„�{iVWT�AWh>n>x]{eTJRURUQ:9iq`h|b

C

gi\GPHh �iRUh>N6\ˆj��i}*9eh>VzTJ€ Vp‰Q�iVWhYRz€ VWTH}

{iVWh>P_Q`TQ�vR
‡i‡��

xUgihYRWhYR�; giTGtfh>PJhYVYk \Jq`q�xUgiTHRWh2xUgp\|xz\JVWh2jvTJx†nYQSxUhYN \JVUhc}w„<TGtOj�b

C

� PHhw‰JVy\|xUh>€/�iq

xyT�xygvh�•ƒVWTuPHTJRWx � R T �~nYh�\|x
‡

tf\JVWxUgi}ˆTJVUh�dfTHq`qShY‰Jh~€ TJVc€/�ijiNiQSji‰ }w„6VUh>RUhY\JVUnog xygiVUT��i‰Hg�xygih

� \JV=9vq`h
‡

�i}~}ˆh>VOrOhYRUhY\JVUnog �phYqSq`TGtORUgiQS{�b
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� giQSR \J{i{ehYjvNiQ �cn>THj xy\JQ`jvR RUQS}ˆ{vq`QOVphYN 
:VWTJxyVWQ \Jj NiQ \J‰JVy\J}~R�€ THV RWh>PHhYVU\Jq_n^\JV59eTHj�k|jiQ xyVWTH‰HhYj k

\JjiN6T<�E„_‰Hh>j�Q`THjvRYb M†q`q‚tf\GPHh>q`hYjv‰JxygiR2\|VUh ‰HQ PHhYj6QSj6ji\JjiTH}~h>xUhYVWRYb �pTJV q`Q`jvhYR]tOQ xyg6}*�iq xyQS{iq h

nYTJ}ˆ{eTHjvhYjCxyRYk xygih \^PHhYVy\|‰Hhˆtf\GPHh>q`h>ji‰Jxyg TJ€.xygvh n>TH}~{mTJjihYjCxyR2Q`Rc‰HQSPJhYj�b "�Q`jih>RctOQSxUg�t.\^PHhL�

q`h>ji‰JxUgiR gvQ`‰HgiqSQS‰HgCxyh>N�Q`j 9eTHqSN�tfh>VUh:qST_TQ�JhYN�€ THVftOQ xyg�xygih

. 0).

}~THjiT_nogiVWTH}ˆ\|xyTHVf\|R {p\JVWx T|€

xygvQ`R.xygih>RUQSR•{vVUTBAWhYn x^b � gihcNvQ \J‰JVy\J}~Rftfh>VUhcn>TH}~{iQ`qShYN �iRWQ`ji‰

?

Š

L

\|jiN

?

Š

JJL

b
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vA ���

� gih~PHh>q`T_n>QSx „ \ x:tOgiQ`nog�q`\JVU‰JhL� RWn^\JqShJk�qSTut*€ VWh�64�ih>jin>„6THRUn>Q`qSq \��

xyQSTHjiR �_jvTutOj6\|R]Mzq € P��Yj t.\^PHhYR]xyVU\GPHh>q‚Q`j \�{vq \JRW} \Eb � gih M†qS€ P��>j RW{ehYhYN6\Jn xyR \JR]\ RUTHV x T|€

RU{eh>hYN�q`Q`} Q x.Q`j�xUgih:{iq \|RU}ˆ\vb

� * � ��� ��� �
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��� �2��( �
	 �2������� � ��� ��	 *�


% ���

��� �
��(

�
�

C

j Q`NihY\Jqvl a†Zwk|xygvhf} \J‰Jjih>xUQ`n

�
�!�ˆxUgiVUT��i‰Hg�\wn>q`TJRUhYN�qST_TH{ˆ}~TuP_Q`ji‰:tOQSxygˆxUgihz{iq`\JRU}ˆ\cQ`R[nYTHjiR xo\JjCx.Q`j~xyQ`}~h

?

xygih)VphYqSN�qSQ`jih>R

\JVWh�� € VWT! Yh>j Q`jCxyT$![xygih {iq \|RU}ˆ\

L

b � giQ`R0xUgihYTJVUhY}�QSR0P_Q`TJq \|xUhYN N��iVWQ`ji‰ }ˆ\J‰Hjih xyQSn.VWhYnYTJjijihYn xyQSTHj�b

��� *�* �!����� ���
�

�
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�

• q`\JRU}ˆ\�Nv„_jp\J}~Q`n>R \JVUh NiTJ}ˆQSjp\|xyh>N 9 „ hYqShYn>xUVUTH}ˆ\J‰Jjih>xUQ`n

€ THVWnYhYROVy\ xygih>V xygp\|j 9 „�n>THq`qSQSRUQSTJjiR29eh>x tfh>hYj jih��vxyVU\Jq�{p\JV xyQSnYq`h>RYb
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�

M RWxy\|xyhfQSj2tOgiQSn gwxUgihfh>q`hYn xyVWTHj Nih>jiRUQ x „cQ`R xUT_Tzq`TGt € THV�"��#�Ok

RUT xygp\|x*�i{ t.\|VUN \|xyTJ}ˆQSnˆxUVy\JjvRUQSxUQ`THjvR \JVUh�\JRWR=�i}~hYN�xUT 9eh�n^\��iRWhYN>9C„ nYTJq`q`Q RUQSTHjvR 9eh>x tfh>hYj

hYqShYn xyVUTJjiR•\JjiN�QSTHjiRYkp\|jiN�NiTGtOj t.\JVWN�xyVU\JjiRWQSxyQSTHjiR.T_nYn��iV#9 „�RW{mTJj xy\JjihYT��iR•hY}~Q`RWRUQ`TJj�b

, ��� ��� �

�

����*�� ����/

�

� gih>VUh \JVUh~jvT�q \JVW‰HhL� RUn^\|q`h hYqShYn xyVUTJ} \J‰Jjih>xUQ`n*VphYqSNiRcQ`j6{iq`\JRU}ˆ\JRYk

9ehYnY\��iRWh�hYq`h>n>xUVUTHjiR2xyh>jiN xyT NiVWQS€ x \|VUTQ�ijvN�{eTJRUQSxUQSPHhˆQ`TJjiRYk \|jiN xUgih>„�RUgiQShYq`N THjih�\JjiTJxUgihYV � R

hYqShYn xyVUQSn^\|q�Q`j��
�ihYjvnYh:€ VWTH} xygih:VWhYR x†TJ€ xygih:{iq`\JRU}ˆ\vb
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�

l�hY\JR=�iVWhY}~hYjCxyR]}ˆ\JNih 9 „�Nih>xUhYn xyQ`jv‰�{igvTJxyTHjvR]\JjiN hYj��

hYVW‰HQ  >hYN QSTHjiRzh>}ˆQ xUxyh>N%9C„�xygih {iq`\JRU}ˆ\vb � gihYRWh n^\Jj TJjiqS„�{vVUT_N��in>h PHTHq:�i}~hwTJ€ƒq`QSjihL� TJ€ � RUQS‰Jg x

\GPJhYVy\|‰HhYN<P|\Jq:�ihYR>kpRUT xygih „�Q`j xUhY‰HVU\|xyh]TuPHh>V†\|j „�qST_n^\JqSQ  >hYN<{vq \JRW} \ R xyV=�vn>x��vVUhYR>b

	 � � *�� � �������4�B� ��� ������� /�
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	 ���

���

M {iq`\JRU}ˆ\ nYTJj,Vp‰Q�iVU\|xyQSTHj xUgp\|x VUh>R=�iq xyR

€ VUTJ}#xygih]}~hYVU‰JQ`ji‰wTJ€�x t T RW{igih>VUTH}ˆ\�� R.tOQ xyg�TJ{i{eTHRUQSji‰ gihYqSQ`n>QSxyQ hYR>b � gih]xUTHVUTJQ`Np\Jq } \J‰Jjih>xUQ`n

Vph>q`NiR†T|€0xUgih2RU{igih>VUTH}ˆ\�� R]\|jijiQSgiQ`q`\ xyh:N,�iVUQSji‰ˆVUh>nYTHjvjihYn xyQ`TJj�kmRWT�\Jj QSNih^\Jq1�0r d gp\JR†THjvqS„<\

{eTHqSTHQ`Ni\Jq VphYqSN�b

	 *�


%
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�

d „_q`QSjiNiVWQ`nY\JqEn>TH{i{ehYV nYTJj xo\|Q`jih>VUR‚tOQSxUgiQ`jwxygih
‡i‡��

P|\Jn����i}�nogp\J}&�

9ehYV xUgp\|x•\Jn>x•\JROnYTJjiN��in xyQ`jv‰U9eTQ�ijiNi\JVUQShYR xyT n>THj xy\JQ`j�xUgih:{iq \|RU}ˆ\vb
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l�h^\JR5�iVUh>}ˆh>j xUR�}ˆ\JNih 9 „ {vVUTQ9eh>R {iq \|nYh>N tOQSxygvQ`j xygih

{iq`\JRU}ˆ\vb � gih>RUh {iVWT_N��inYh {iVWhYn>Q`RWh }ˆhY\JR=�vVUhY}~hYjCxyR 9��vx]THjiqS„�VWhY{iVWhYRWhYj x:\ RU}ˆ\Jq`q�€ Vy\|n>xyQSTHj T|€

xygvh xyTJxy\Jq PHTHq:�i}~h TJ€ƒxygvh QSjigiTJ}ˆTH‰JhYjih>TQ�iR]{iq`\JRU}ˆ\vb � gih>„ } \^„ \JqSRUT�{eh>VWx=�iV=9 xygih {vq \JRW} \

\JjiN�QSj xUhYV € hYVUh]tOQSxUg�Q xyR {iVWTH{ehYV xyQ`h>RYb
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Mzj h$�_xyhYVWjp\Jq kC{igiTJxUTHj!� 9p\JRUh>N NiQ \J‰JjiTHRWxUQ`n[xygp\|x

\JqSq`TGtOR THjih xyT�QSjv€ hYV Q`THj �pTGt�PHhYqST_nYQSx „ € VUTH} hY}~Q`RWRUQ`TJj q`QSjih ZzTJ{i{iq`h>V:RUgiQ € xyRc\JjiN6Q`THj xyh>}&�

{ehYVU\|x��vVUh € VUTH} h>}ˆQSRURWQ`THj�q`QSjih ZzTH{i{vq`hYV39iVUTH\JNih>jiQ`ji‰vb

�
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�

M {vgihYjiTJ}ˆh>jiTHj xUgp\|xfT_n>n��iVWRftOgvhYj�xUgih†} \J‰Jjih>xUQ`n3VphYqSN

q`QSjihYRO€ VUTJ} x tfT�n>THq`qSQSNiQSjv‰~{iq \JRW} \ RWxyV5�in>x=�iVUh>R]n gp\|ji‰Hh2xygih>Q`VOxyTH{eTHqSTH‰J„�Vy\J{vQ`Niq „�\|jiN }~hYVW‰HhJk

VUh>q`hY\JRUQSji‰ R xyTHVWhYN�} \J‰Jjih>xUQ`n]hYjih>VU‰|„<Q`j�xUgih € THVU} TJ€‚gihY\|x•THV39��vq�� }ˆT|xyQ`TJj�b
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M R xo\|xUhzQSj~tOgiQ`nog�n>THq`qSQSRUQSTJjp\JqihL�4�

nYQ xo\|xUQ`TJj \JjiN Nih$� hL�En>QSxy\|xyQSTHj \JVUhwxygih NiTH}~Q`ji\Jj x \ xyTH}~Q`n2{iVUT_n>hYRURWhYRYb&� gih h>q`hYn xyVWTHj NihYjvRUQSx „

}*�iRWx'9eh•giQ`‰Jg~hYjiT��i‰Hg~xygp\|x \Jj~Q`THj Q`jˆ\Jj~hL�EnYQ xyhYNˆRWxo\ xyh•gp\JR \:‰HVUhY\|xyh>V[nogp\JjvnYh†TJ€ VUh>x=�iVUjvQ`ji‰

xyTcxygih†‰HVUT��ijiN RWxo\ xyh•xygiVUT��i‰Hg nYTJq`qSQSRUQSTHji\JqpNvhL� h$�EnYQSxy\|xyQSTHj~xygi\JjˆxygiVWTQ�i‰Hg RU{eTJj xo\|jihYT��iR.h>}ˆQSRR�

RUQSTHj�b "!�#� Q`RfNiQSRWxyQSji‰Q�vQ`RUgvhYN € VUTH}#xUgihYVW}ˆT_Nv„_jp\|}ˆQSnzh�6��vQ`q`Q:9iVUQ:�v}#Q`j xygi\|x.xUgih]xUhY}~{ehYVU\|x��iVWh

jih>hYN~jiT|x 9mhfxygih RU\J}~h h PHhYV „ t•gihYVWhJkE\JjiN xygih h>}ˆQSRURWQ`THj RW{ehYn xyV=�i}�Q`R0jvTJxƒ\ {,�iVUh39iq`\Jn7��9eT_NE„Hb
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M�RU{ehYn>Q \|q‚nY\JRWh T|€ xygvh rOh>„_jiTHqSNiRzj��i}*9eh>V†xygp\|x]\J{i{iqSQ`h>R

tOgih>j xygvhfPHh>q`T_nYQ x „cQSjwxUgihf€ TJVU}*�iq \ € THV

RM
QSR‚h�6��i\JqExyTzxUgih.M†qS€ P��>j RW{ehYh>N�b

C

x0}~h^\JR5�iVUh>R0giTGt

tfh>q`q xygih:}ˆ\J‰Hjih xyQSn VihYqSN�q`QSjihYR \JVUh]€ VUT! >hYj�Q`jCxyT xUgih:{iq`\JRU}ˆ\

?

Q`j�Q`NihY\Jq l a†Zwk
‡

QSROQSj,VpjiQ xyh

L

b

�
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M NiQS}ˆh>jiRUQSTHjiqShYRWR'64�p\JjCxyQ x „ xygi\|x NihYRWnYVWQ�9ehYR

xygvh VWhYq \ xyQSPHhcQ`}~{eTHVWxy\Jjin>h2TJ€0xygihwh #mhYn xyR T|€ƒnYTJj PHhYn xyQSTHj PHh>VUR=�vR NiQ # �iRUQSTHj THj xUgihw} \J‰Jjih>xUQ`n

Vph>q`N�QSj�\ {vq \JRW} \vb

�
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M&xUgihYTJVW„�xUgp\|x#�iRWhYR†\ nYTH}*9iQSjp\|xUQ`TJj�TJ€ �
�iQ`N

}~hYnogp\JjiQSnYRf\JjiN nYq`\JRURWQ`n^\|qeh>q`hYn xyVWT_Nv„_jp\J}~Q`n>R[xyTwNih>RUnYVWQ�9ehz{iq`\JRU}ˆ\ 9eh>gp\GP_Q`TJVYb

C

j�Q`Nvh^\Jqml a†Zwk
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xygvhc{vq \JRW} \ QSRO\JRUR=�v}ˆh>N�xyTM9ehc\ {eh>VW€ hYn xyq „�nYTHjvN��in xyQ`jv‰ �
�iQSN�b

���

�
����( 
 * ���

'

*�� �4�

�


 � � �

� � �

�
�

M Nih P_Q`n>hcxygi\|x•nYTHjCPHhYV xyR•xygihch>jih>VU‰J„<TJ€0\~RW} \JqSq

j��v}*9mh>V TJ€i{igiT|xyTHjvR‚QSj xUTz\•}ˆhY\JR=�vVy\�9iqSh[RUQS‰Hjp\|q b

C

jinYTJ}ˆQSji‰†{vgiTJxyTJjiR RWxyVWQ��Jh \†{igvTJxyT_nY\|xygiT_NvhJk

n^\��iRUQSji‰~hYqShYn xyVUTJjiROxUTU9eh:hY}~QSxUxUhYN�xUgiVUTQ�v‰Hg<xygih:{igiT|xyT_hYqShYn xyVUQSn h #mhYn x^b'� gihYRWh2hYq`h>n>xUVUTHjiR•\JVWh

\Jn>nYh>q`hYVU\|xyh>N xygiVWTQ�i‰Hg�\6{eTJxyh>j xUQ \Jq NiQ�# h>VUhYjvnYh \JjiN RWxyVWQ��Jh�\6}ˆh xo\Jq R=�iV €A\JnYh|k.tOgvQ`nog�hY}~QSxUR

}~THVUh~hYqShYn>xUVUTHjvRYb � gih VUh>{eh>xyQ xyQSTHj�TJ€.xygiQSR2{iVWT_nYhYRWR q`hY\JNiRcxyT \�q \|VU‰Hhˆ\|}ˆ{iqSQ VpnY\|xyQSTJj�T|€.xygih

THVWQ`‰HQSjp\|q RWQ`‰Hji\Jq b

�

*/
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�
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