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` ab cdefg h ijkl mnmopqjr ksqtpkju v wxtym zmnl r jlmn v lmsmumqtpm { nnmu|}txu~
}txu|� knnktql m��tpkju v �j�qpx jqlmq lmsmumqtpm wtqt� jnko m��tpkju v zukpm mnmr mupy v oju�
imqsmuom tutn�yky v r tpoxml ty�rwpjpko m�wtuykjuy
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ªrtnn ijkly pxtp �jqr ku kupmqojuumop nkumy ku r koqj mnmopqjuko okqo�kpy otu oxtusm pxmkq
yxtw m l�m pj lk«�ykju j� tpjr y tnjus pxm ijkl y�q�tom ¬ ­xky y�q�tom lk«�ykju ky lqkimu
�� t lk«�ykju wjpmupktn ®xkox ojuptkuy pmqr y ypmrr kus �qjr otwknntq� m«mopy v �qjr tu
mnmopqkotn wjpmupktn tul �qjr mntypko ypqmyymy ¬ � ntypko m«mopy tqm umsnmopml ku pxky wtwmq
��p otu �m kuojqw jqtpml ¯ymm °�±² ¬ ­xm mnmopqko zmnl otu ot�ym t yj otnnml ³mnmopqju ® kul´
�jqom tul pxky nmtly pj pxm pqtuywjqp j� tpjr y ®xkox qmy�npy ku pxm r ksqtpkju j� ijkly ¬ µu
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wtqpko�ntq kp otu xtwwmu pxtp ijkly ®xkox tqm ku kpktnn� ojuptkuml ku jum sqtku ¯k ¬m ¬ t qmskju
® kpx t omqptku jqkmuptpkju j� pxm oq�yptn ntppkom² j� pxm kupmqojuumop otu ojrm kupj ojuptop
® kpx tujpxmq sqtku ¯k ¬m ¬ t qmskju ® kpx t lk«mqmup ntppkom jqkmuptpkju ² ¬ ­xm rjlmnnkus tul
ojrw�ptpkju j� pxm kupmqtopkju �mp®mmu ijkly tul sqtku � j�ultqkmy ky pxm y��� mop j� pxky
wtwmq ¬

­xmqm tqm p®j twwqjtoxmy pj rjlmn pxm mijn�pkju j� oj�wnml sqtku �j�ultq�~ijkl
y�ypmr y ¬ µu pxm ontyykotn twwqjtox kupmq�tomy ¯k ¬m ¬ pxm sqtku �j�ultqkmy tul pxm ijkl
y�q�tomy² tqm rjlmnnml �� t yxtqw kupmq�tom v k ¬m ¬ t x�w mqy�q�tom ¬ { ymojul rjqm qmomup
twwqjtox rjlmny kupmq�tomy �� t lk«�ykim kupmq�toktn nt�mq ¬ �mp �y zqyp lkyo�yy qj�sxn� pxm
yxtqw kupmq�tom twwqjtox ¯�jq r jqm lmptkny ymm °�± tul pxm qm�mqmuomy pxmqmku² ¬ �mqm t ��kpm
ojrwnkotpml y�ypmr xty pj � m yp�lkml ¬ { njus pxm ijkl y�q�tom t �j�qpx jqlmq wtqt�jnko
m��tpkju xty pj � m yjniml ®xmqmty tp sqtku �j�ultqkmy t ymojul jqlmq wtqt�jnko m��tpkju
xjnly ¬ ­xmym m��tpkjuy tqm pxmu oj�wnml tp pqkw nm ��uopkjuy v ®xmqm � j�ultq� ojulkpkjuy
y�ox ty tusnm ojulkpkjuy tul ��� �tntuomy xtim pj xjnl ¬ ­j twwqj� kr tpm pxky wqj�nmr
u�rmqkotnn� ky ��kpm lk� o�np ykuom pxm pjwjnjs� j� pxm kupmq�tomy otu oxtusm lqtypkotnn�
¯m ¬s ¬ ijkly otu tpptox pj tul lmptox �qjr t sqtku �j�ultq� ² tul uj ytpky�topjq� twwqjtox
ky �uj®u pj �y ¬ �jq m�trwnm v ku pxm wtw mq °�± ��kpm ymimqm y�rrmpq� ojulkpkjuy tqm
tyy�rml ¬
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� ks�qm � � ­xm ¯� � � ² ywtom � � ���
 ¬ � mqm � qmwqmymupy pxm ijkl wxtym v � sqtku µ v tul

 sqtku µµ ¬

µu pxky wtwmq ®m pxmqm�jqm kupqjl�om t um® rjlmn �tyml ju pxm klmt j� rjlmnnkus pxm
kupmq�tom �� t lk«�ykim kupmq�toktn nt�mq ¯j�q rjlmn ® knn � m t yj otnnml wxtym zmnl rjlmn² ¬
�m �jqr�ntpm t rjlmn �jq t y�ypmr j� p®j sqtkuy ¯®m otnn pxmr sqtku µ tul sqtku µµ² v ��p
utp�qtn smumqtnk�tpkjuy tqm w jyyk� nm ¯ymm m ¬s ¬ °� �±² ¬ �tox wjkup ku ywtom mkpxmq � mnjusy pj
sqtku µ v sqtku µµ jq pj pxm ijkl ¬ �m uj® kupqjl�om t imopjq jqlmq wtqtr mpmq ¯jq wxtym
zmnl ² ¯� � � ² v ®xmqm pxm jqlmq wtqtr mpmq � lmyoqk� my ®xmpxmq ®m tqm ku pxm ijkl ¯� � � �²
jq ujp ¯� � �² ¬ µ� � � � ¯k ¬m ¬ ku pxm r tpmqktn² v pxmu pxm jqlmq wtqtrmpmq � lmyoqk� my
®xmpxmq ®m tqm ku sqtku µ ¯� � 	
� ² jq ku sqtku µµ ¯� � � 	
� ² ¬ µ� � � � � kp r t�my uj ymuym
pj lkypkus�kyx � mp®mmu pxm sqtkuy tul ®m ymp � � � ¬ ­xky r mtuy pxtp pxm pxqmm w jkupy
� � ¯� � � �² v � � ¯� � � 	
� ² tul 
 � ¯� � 	
� ² �jq ¯� � � ² tqm qmnmitup pj lkypkus�kyx � mp®mmu
ijkl v sqtku µ tul sqtku µµ ¯ymm � ks�qm �² ¬ �m oxjjym � 	
� ty itn�my �jq � ku pxm sqtkuy
� mot�ym pxky r t�my pxm onjyml pqktus�ntq ljr tku � ® kpx imqpkomy � � � tul 
 v ymm � ks�qm
�v m��kntpmqtn ¬ � pxmq itn�my j� � pj lkypkus�kyx pxm sqtkuy tqm w jyyk� nm v ��p pxmym ®j�nl
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ojrwnkotpm r tppmqy ynksxpn�¬ ��q klmt uj® ky pj smumqtnk�m t wxtym zmnl rjlmn kupqjl�oml
ku °��± v tul yp�lkml ntpmq ku °� v �± v pj kuon�lm sqtku � j�ultqkmy ¬ �m r t�m �ym tnyj j� klmty
ku °�� v �� v ��± v ®xmqm t lmsmumqtpm { nnmu|}txu~}txu|� knnktql m��tpkju ®ty yp�lkml ¬

­xm zqyp ypmw ky pj kupqjl�om pxm ojqqmop �qmm mumqs�¬ µp ky �� uj® ®mnn mypt�nkyxml pxtp
t � ku���qs|�tult� mumqs�� ¯� � � ² �� �� ° �

	 ��� �	 � �
	 �� � �	 � 	 
�� ¯� � � ² ± l
 �

lmw mulmup ju t imopjq�itn�ml jqlmq wtqtrmpmq ¯� � � ² � �jq t ljrtku � v t wtqtrmpmq 	 �
� v ®xkox ky qmntpml pj pxm kupmq�toktn px ko�umyy v tul t ujuojuim� �qmm mumqs� lmuykp� �
otu rjlmn pxm kupmq�toktn mumqs� j� y�ypmr y xti kus lk«mqmup p�w my j� kupmq�tomy v ymm m ¬s ¬
°� v �� v ��± tul pxm qm�mqmuomy pxmqmku ¬ ­j rjlmn pxm kupmq�toktn mumqs� j� j�q kupmqsqtu�ntq
ijkl y�ypmr ®m umml pj tyy�rm pxtp � xty pxqmm snj�tn r kukr t tp pxm wjkupy � � � tul

 ¬ { y r mupkjuml t�jim 	 ky qmntpml pj pxm kupmq�toktn px ko�umyy ¬ µp otu � m yxj®u ® kpx pxm
xmnw j� �jqr tnn� r tpoxml ty�rwpjpko m�wtuykjuy jq ® kpx �|ojuimqsmuom r mpxjly pxtp v ty	 � � v � nmtly pj t yxtqw kupmq�tom �qmm mumqs� ® kpx y�q�tom mumqs� lmuykpkmy ¯yjr mpkr my
tnyj otnnml y�q�tom pmuykjuy²

� �� � � ku�� � �
� �� � ¯�² �� �
	
� ¯� ¯�²² l� � � � � � �� � � � 
 � � ¯�¬�²

®xmqm pxm kuzr�r ky jimq tnn � � 
 � ¯°� � � �± �� 	 ² ® kpx � ¯� �² � � tul � ¯�² � � ¬ { stku ®m
qm�mq pj °� v �� v ��± �jq rjqm lmptkny ¬

­j �jqr�ntpm m��tpkjuy �jq pxm pkr m mijn�pkju j� pxm kupmq�tomy ®m kupqjl�om pxm wj�
pmupktny  

� !"!# � �	 $� � 	 
� � %# ¯� � � ² tul & � !"!' � �	 $ � � 	 
� � %' ¯� � � ² �
®xmqm !"!# tul !"!' tqm pxm ( 	 �qmwqmymuptpkjuy j� pxm itqktpkjutn lmqkitpkimy j� � ® kpx qmyw mop
pj � tul � qmyw mopkimn�¬ ­xm m��tpkjuy �jq

 
tul & tqm yptpml xmqm �jq t yrjjpx � ¬ �tpmq v

®m ® knn �ym t uju�lk«mqmupkt�nm � tul pxmu ®m xtim pj yjnim t itqktpkjutn kum��tnkp� pj
ojrw�pm

 
tul & v ymm ¯�¬�o² � mnj® ¬ ­xm wjpmupktn

 
ky pxm oxmr kotn wjpmupktn �jq pxm

lk«�ykju j� tpjr y ku pxm ijkl�r tpmqktn kupmq�toktn nt�mq tul & topy ty pxm lqki kus �jqom �jq
pxm sqtku �j�ultq� rjpkju ¬ ­t� kus kupj tooj�up pxtp lk«�ykju j� tpjr y ky tnyj ot�yml ��
pxm mnmopqkotn zmnl ��) ¯ymm m ¬s ¬ °��±² v ®m wqjwjym pxtp pxm r tyy ��� * �jq pxm lk«�ykju
j� tpjr y ky skimu ty * � �	 
� + ¯� ² � °

 � , )± �
®xmqm , ky t ojuyptup v + ¯� ² �� �� �	 ky t lmsmumqtpm rj�knkp� tul pxm �topjq 	 
� pt�my kupj
tooj�up pxtp pxm lk«�ykju ky muxtuoml ku pxm kupmq�tom v �� � - �¬ ­xm mijn�pkju m��tpkju
�jq � uj® �jnnj® y �qjr pxm rtyy �tntuom nt® .#. / � � 0 * � � ¬ ­xm �u�uj®u � rjlmny
pxm sqtku �j�ultq� tul ty �y�tn ®m pt�m t sqtlkmup �j® l�utr koy v k ¬m ¬ . '. / wjkupy ku pxm
lkqmopkju j� pxm umstpkim sqtlkmup j� � ® kpx qmyw mop pj � ¯ymm m ¬s ¬ °� �v ��±² ¬ { npjsmpxmq ®m
j�ptku pxm �jnnj® kus ymp j� mijn�pkju m��tpkjuy	 .#. / � � 0 ¯+ ¯� ² � °

 � , )±² � � � ¯�¬�t²1 ¯	 ² . '. / � & � � 2 ¯�¬�� ²
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®xkox tqm oj�wnml pj pxm m��tpkju �jq pxm mnmopqko wjpmupktn )� 0 ¯� ¯� ² �) ² � � 0 ¯�¬�o²
�mqm 1 ¯	 ² ky t ujuumstpkim ojm� okmup v tul ntpmq ®m ® knn �ym pxm yotnkusy 1 ¯	 ² �� � 	
tul 1 ¯	 ² �� � 	 	 v ®xmqm � � � �� ¬ ���tpkju ¯�¬�o² qml�omy pj �twntom �y m��tpkju ku pxm
r tpmqktn v tul ky t�ymup ku pxm ijkl k� ®m pt�m � ¯� ² �� � � � ¬ { y zqyp yxj®u ku °��± v ®m
m�wmop v ku pxm otym pxtp pxmqm ky uj oj�wnkus pj t � �m��tpkju tul , � � v pxtp ¯�¬�t² ® knn
r jlmn y�q�tom lk«�ykju ku pxm yxtqw kupmq�tom nkr kp ¬

­xm qmy�npkus y�ypmr oj�wnmy pxm lmsmumqtpm }txu|�knnktql m��tpkju ¯�¬�t² pj t uju�
lmsmumqtpm { nnmu|}txu m��tpkju ¯�¬�� ² ¬ �m ujpm pxtp pxky ky lk«mqmup �qjr t ykr kntq ymp
j� m��tpkjuy kupqjl�oml �� }txu tul �jiko��}jxmu °��± v ®xmqm pxm { nnmu|}txu m��tpkju
®ty tnyj lmsmumqtpm ¬ �jq pxky y�ypmr v ®xkox ky t r jlmn �jq ykr�nptumj�y jqlmq�lkyjqlmq
tul wxtym ymwtqtpkju v kp ®ty yxj®u ku °� �v ��± pxtp v �ulmq tu twwqjwqktpm yotnkus tul
�ulmq omqptku tyy�rwpkjuy ju pxm kupmq�tom smjrmpq�v jum j�ptkuy r mtu o�qitp�qm �j®
tul y�q�tom lk«�ykju oj�wnml tp pqkw nm ��uopkjuy ku pxm yxtqw kupmq�tom nkr kp ¬ �m j�ptku
t ykr kntq yxtqw kupmq�tom nkr kp tnyj �jq j�q y�ypmr ® kpx t uju�lmsmumqtpm { nnmu|}txu
m��tpkju ¬ �j®mimq v j�q yxtqw kupmq�tom nkr kp ky l k«mqmup ku yjr m tyw mopy v tul nmtly pj
yjr m kupmqmypkus um® m«mopy ¬ �jq m�trwnm v ®m lmqkim t rjlmn ®xmqm pxm sqtku � j�ultq�
rjpkju ky ��tyk�yptpko v tul tujpxmq rjlmn ®xmqm ikyoj�y m«mopy twwmtq ku pxm y�q�tom
lk«�ykju m��tpkju ¬ {utnjsj�y qmy�npy ®j�nl �jnnj® �jq pxm lj��n� lmsmumqtpm y�ypmr
lmqkiml ku °��± v k� jum ®j�nl ®jq� ® kpx pxm yotnkus �yml ku pxky wtwmq ¬ �m ® knn lkyo�yy
pxm yxtqw kupmq�tom r jlmn ku pxm {ww mulk� v �{ ¬ �mqm ®m ® knn jun� j�pnkum pxm qmy�npy ¬
­xm ljrtku � ® knn yw nkp kupj qmskjuy ®xmqm ¯� � � ² tpptkuy pxm itn�my � � � tul 
 v tul kupj
kupmq�toktn nt�mqy ymwtqtpkus pxmym qmskjuy ®xkox xtim t pxko�umyy pxtp ky wqjwjqpkjutn pj	 ¬ �j® v lmw mulkus ju pxm yotnkus v ®m lmqkim lk«mqmup smjr mpqko mijn�pkju nt® y �jq pxm
kupmq�tomy ¬ �mqm ®m lkyo�yy v �jq mtym j� m�wjykpkju v jun� pxm otym ®xmu uj oj�wnkus pj pxm
mnmopqko zmnl ky wqmymup ¬

�jq pxm yotnkus 1 ¯	 ² �� � 	 	 ®m j�ptku pxtp pxm kupmq�tomy ®xkox �j�ul pxm ijkl rjim
�� y�q�tom lk«�ykju v k ¬m ¬

� � � � 	
 $ �� �
®xmqm � ky pxm ujqr tn imnj okp� j� pxm kupmq�tom v � ky pxm ¯r mtu² o�qitp�qm j� pxm kupmq�tom v$ � ky pxm y�q�tom �twntoktu v tul 
 tul � tqm ojuyptupy v ®xjym wqmokym lmzukpkjuy otu
�m �j�ul ku pxm {wwmulk� ¬ �jq t sqtku �j�ultq�v ®m j�ptku pxtp kpy r mtu o�qitp�qm ky
�mqj ¬ ­xmym mijn�pkju nt® y tqm oj�wnml tp pqkw nm ��uopkjuy v ®xmqm tusnm ojulkpkjuy v ���
ojulkpkjuy tul ojupku�kp� ojulkpkjuy xtim pj xjnl ¬

µ� ®m yotnm pxm � �m��tpkju ® kpx 1 ¯	 ² �� � 	 v ®m j�ptku �jq ijkl � j�ultqkmy tu mijn�pkju
nt® ®xkox ojr�kumy y�q�tom lk«�ykju tul y�q�tom tpptoxrmup nkr kpml � kumpkoy ¯ª{��²¬
­xm mijn�pkju m��tpkju ky

� � �
 $ � ¯�� � � � � � ² � ¯�¬�²
®xmqm � ky t ojuyptup ¬ ­xky nt® xty � mmu lmqkiml ku °��± v tul xty � mmu yp�lkml ku °��± ¬ µp
nku�y pxm �j�qpx jqlmq y�q�tom lk«�ykju �j® pj t ymojul jqlmq �j® v ®xkox ky otnnml rjpkju
�� timqtsml rmtu o�qitp�qm ¯ymm °�� v ��± �jq lmptkny² ¬ µu pxky ojupm�p ®m qm�mq tnyj pj
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®jq� ku °��± ju pxm i kyoj�y }txu|� knnktql m��tpkju v �jq ®xkox t lmsmumqtpm itqktup ®j�nl
nmtl pj ¯�¬�² ku pxm yxtqw kupmq�tom nkr kp ¬ �jq pxky ymojul yotnkus jum j�ptkuy pxm r mtu
o�qitp�qm �j®

� � � � � � �
ty pxm mijn�pkju nt® �jq sqtku �j�ultqkmy ¬ �m qmr tq� pxtp ku °� �v ��± t ykus�ntq nkr kp j�
tu { nnmu|}txu~}txu|� knnktql y�ypmr xty tnyj � mmu tutn��ml �ykus lk«mqmup yotnkusy ¬
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� ks�qm � � ­xm jqlmq wtqtr mpmqy �jq t p�wkotn kupmqsqtu�ntq ijkl ¬ �jpm pxtp � � ¯� � � �² v
� � ¯� � � 	
� ² tul 
 � ¯� � 	
� ² ¬
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