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cdefgh i jkli mieinofgke pcqrst uov w iie ge dvi vgeji fui ionxgivf ynkmnohhz
owxizvfkni jkhydfinv pge fui {|}~vt � �e fukvi lo�v � h ihkn� �ov fgmuf oel jxi�in
olzukj vix�zh klg�� gem jkli vi�diejiv �ini k�fie vh oxxin oel fudv �ovfin � �onmi
ynkmnoh v �ini nde w� k�inxo� gem h ihkn��

ruoemgem uonl�oni oel vk�f�oni fijuekxkmgiv h oli fui dvi k� cqrs xivv
ynk�fowxi oel fudv nildjil fui lih oel �kn gf � � ihkngiv mni� � nildjgem fui ���
jkhykeief k� h ihkn� ojjivv fgh iv � �ugju holi gf ykvvgwxi fk vfofgjoxx� mieinofi
h oe� vy ijgoxg�il oxfineofg�iv k� o mieinox ynkjildni � �knfowgxgf� w ijohi o ho� kn
gvvdi oel �ov ojugi�il dvgem ugmuzxi�ix xoemdomiv � h kvf k� �ugju xoj�il �o�v k�
i�ynivvgem fui l�eoh gj mieinofgke k� ei� jkli � �f �ov mnoldoxx� �knmkffie fuof
� �v lofo gv � �v jkli � oel fuof ekfugem �deloh iefoxx� yni�iefil � oel � �nkh
wigem fui vohi �

cijiefx�� uk�i�in � kezmkgem juoemiv ge uonl�oni fijuekxkm�� vk�f�oni fijuz
ekxkm� oel �kn�xkolv uo�i wnkdmuf ow kdf jgnjdh vfoejiv �ugju ho�i fui dvi k�
ndefgh i jkli mieinofgke hkni ynk�fowxi �

�e �ijfgke � �i livjngw i vkh i k� fui ivviefgox finh v k� fugv onio � oel ge
�ijfgke � �i vy ijdxofi ke fui dvi�dxeivv k� cqrs � �e �ijfgke } �i jk�in vkh i
k� fui nixofil fuikn�� �e �ijfgke � �i ynivief vkh i joviv ge �ugju cqrs uov
ojfdoxx� w iie dvil � �ijfgke � jkejxdliv �
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cdefgh i jkli mieinofgke gv o mieinox eohi �kn vfndjfdnil fijueg�div fuof juoemi
o ynkmnoh �v gevfndjfgke vyoji �ugxi fui ynkmnoh gv ndeegem � quini gv o �ongif�
k� kfuin jkhhke � k�inxoyygem eohiv �

��	
� �
 ������
���	 gv o xgffxi eonnk�in o finh fuoe ndefgh i jkli mieinoz
fgke � ov gf gv f�ygjoxx� viie fk iejkhyovv kex� mieinofgke k� jkli fuof lk iv
ekf h klg�� gfvix� �

��	
� �
 ��	��	� ollv jkli fk fui gevfndjfgke vyoji k� fui ynkmnoh � qui jkli
gv f�ygjoxx� mieinofil dvgem o jkli mieinofkn fuof gv kdfvgli k� fui ynkmnoh �
qui xge�il jkli h o� uo�i wiie mieinofil ke lihoel �kn fui oyyxgjofgke �

��	��� � ������
���	 gv o finh �ugju gv k�fie dvil fk livjngw i xk ky yonoxz
xixg�ofgke fuof gv lkei of ndefgh i oel �ugju yin�knh v ek jkli mieinofgke �
rinfoge xkkyzjonngil lofo liy ieliejgiv joeekf w i lgvjk�inil w� o vfofgj
jkhygxin � oel ndefgh i jkhygxofgke ho� wi w iei�jgox ge fuivi joviv �

�	����
���	���

� � ��� 

���	 gv o mieinox finh � oel gv dvil fk livjngw i
juoemgem wgfv ge oe gevfndjfgke vyoji � nimonlxivv k� �uifuin fui juoemi
jkh iv �nkh gevgli fui oyyxgjofgke kn �nkh kdfvgli �

���!�� ���!� �	� ���� gv o finh �ukvi h ioegem gv uonl fk yge lk�e � ov fuini
oni h oe� �o�v fk gefinynif fui �knl "vix� "� quini h o� wi oe gevfndjfgke
�ugju hklg�iv #

•

gfvix�
•

oe gevfndjfgke ge fui voh i wovgj wxk j�
•

oe gevfndjfgke ge fui voh i pvkdnji jklit hkldxi
•

oe gevfndjfgke ge fui voh i ollnivv vyoji
•

oe gevfndjfgke ge fui voh i ynkfijfgke lkhoge
�� "vix� " gv gefinynifil fk hioe fui gevfndjfgke vyoji � � dvf ollgem gevfndjz
fgkev fk fui gevfndjfgke vyoji � gfukdf nidvgem oe� nimgke k� h ihkn� jkdxl
oxvk w i jkevglinil ov vix�zh klg�jofgke �

��!����� ������
���	 gv o xgmuf�igmuf oyynkoju fk ndezfgh i jkli mieinofgke �
ge �ugju jkhygxizfgh i vy ijgoxg�ofgke gv ihyxk�il fk nildji fui jkvf k� kyz
fgh g�gem oel mieinofgem jkli of nde fgh i ${}% �
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qghiv oni juoemgem vk fuof cqrs gv w ijkh gem hkni dvi�dx � cqrs gv oe gejniovz
gemx� gefinivfgem kyfgke � w ijodvi ei� vgmeg�joef vfofgj kyfgh g�ofgkev oni uonl fk
�el � �e nijief �ionv r�� vy iil uov gejniovil �dgj�x� �ugxi h ihkn� ojjivv vy iil
uov ghynk�il kex� xgffxi � qugv lgh gegvuiv nixofg�i cqrs yieoxf�� �di fk mnk�z
gem jojui h gvv y ieoxfgiv � jkli vg�i gv omoge w ijkh gem oe ghyknfoef gvvdi � cqrs
joe oloyf fk fui jojui vg�i k� fui fonmif onjugfijfdni �kn i�ohyxi �uie denkxxgem
xkkyv � cqrs k�fie nildjiv fui vg�i k� fui jkli � qugv joe ho�i o jkli �nomh ief
vh oxx iekdmu fk �f ge fui jojui � � ofovifv ynk jivvil w� jkhydfinv w ijkh i xonmin
oel xonmin � qugv gejnioviv fui ynkwowgxgf� fuof fui jkvf k� ndefgh i jkhygxofgke gv
xivv fuoe fui moge oj�dgnil �nkh niy iofil dvi k� kyfgh g�il jkli �

� 	� � �� ���� �
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�yfgh g�gem � gfu cqrs joe w i �ndgf�dx � w ijodvi oxx ge�knh ofgke jkejinegem fui
kyinofgke k� o ynkmnoh joe w i dvil � �ex� yonf k� fugv ge�knh ofgke gv o�ogxowxi �kn
fnolgfgkeox vfofgj kyfgh g�inv � % gfu cqrs gf gv fuini�kni ykvvgwxi fk jniofi jkli
fuof w iofv oe� vfofgjoxx� jniofil jkli ${~% �

quini oni �o�v fk moge vgh gxon vy iildyv � gfu vfofgj jkhygxofgke � rkli joe
wi holi �dxx� &'( )*� �ugju h ioev fuof fuini gv o vy ijgoxg�il jkli �nomh ief �kn
i�in� ykvvgwxi geydf � �di fk i�jivvg�i vyoji lih oelv fugv gv nonix� vievgw xi oel
k�fie ghykvvgw xi � �ekfuin h ifukl gv jkhhke &'(+,- � �fofgvfgj oeox�vgv gv dvil
fk vykf fui h kvf jkhhke geydf �oxdiv � �kn �ugju vy ijgoxg�il jkli gv � ngffie �
.k�i�in � nixgowxi gliefg�jofgke k� jkhhke joviv joe wi o fkdmu ynkwxih � �e
fui kfuin uoel � cqrs joe ynkldji vy ijgoxg�il jkli �kn oe geydf �uie eiilil �
qugv jkvfv fui fgh i vy ief l�eoh gjoxx� jkhygxgem fui jkli � �ugju gv ge h oe� joviv
ojjiyfowxi �

q�ygjox kyfgh g�ofgkev dvil � gfu cqrs jkdxl wi xkky denkxxgem � liol jkli
ixgh geofgke � jkevfoef �kxl gem oel jkevfoef ge xge gem � �f ndefgh i � jojui vg�i joe
wi dvil �uie lijglgem �uifuin fk denkxx o xk ky kn ekf � �khi liol jkli joe wi
�kdel kex� of ndefgh i � cdefgh i jkevfoefv joe w i dvil ge jkevfoef �kxlgem oel
fui� joe w i gexgeil fk gevfndjfgke ghhilgofiv � qudv oxx fuivi kyfgh g�ofgkev joe
wi lkei w iffin of ndefgh i �

�y ijgoxg�il jkli oj�dgnil � gfu cqrs uov oxvk f�ygjoxx� xivv lijgvgkev oel
fuini�kni oxvk xivv wnoejuiv fuoe fui vfofgjoxx� kyfgh g�il jkli � vk gevfndjfgke
yni�ifju joe �kn� hkni i/ jgiefx��
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�ojugei geliy ielieji gv uonl fk nioju � oel liwdmmgem l�eoh gjoxx� juoemgem
jkli joe wi jdhwinvkh i � qui yin�knh oeji moge joe �on� mniofx� i�ie ke vgh gxon
onjugfijfdniv � rojui onjugfijfdniv lg� in � vk �gvgw gxgf� k� juoemiv ge gevfndjfgke
vyoji �on� wif�iie uonl�oni ghyxih iefofgkev � �f gv oxvk ghyknfoef fk �ek�
�uie fk vfky �ugxi yonfgoxx� i�oxdofgem o ynkmnoh pvii �ijfgke } �{t � �fuin� gvi
fui ynkmnoh h gmuf w i i�oxdofil �dxx� oel ekfugem gv mogeil � �onfgox i�oxdofgke
vukdxl jkevdh i vkh i �ixx jukvie geydf oel ynkldji w iffin jkli � gfu xgffxi �kn� �
� o�w i fui hkvf ynivvgem gvvdi gv fui xoj� k� mdglixgeiv �ugju jkdxl w i dvil fk
lildji �uifuin gf gv ynk�fowxi fk dvi cqrs ge o jinfoge jovi kn ekf � quini�kni
fui hkvf lg/ jdxf � of xiovf yonfx� ky ie gvvdiv oni wkfu h ojugeizliy ielief oel
hojugeizgeliy ielief ynk�fowgxgf� oeox�vgv � odfkh ofgj lgvjk�in� k� yxojiv fuini
cqrs jkdxl wi dvil �kn kyfgh g�ofgke oel hoedox lgnijfgke k� cqrs ge xoemdomiv
w� ynkmnohhinv � qui xovf kei gv k� jkdnvi o xivv fihyfgem oxfineofg�i fk odfkh ofgj
lgvjk�in��

�dfkhofgj cqrs ho� delinz kn k�invy ijgoxg�i jkli ${�% � �e fui kfuin uoel �
gf gv ekf yxiovoef �kn fui ynkmnohhin fk h oedoxx� lijgli ge �ugju yonfv k� fui ynkz
mnoh fk oyyx� cqrs � �nkmnohhinzlgnijfil cqrs gv f�ygjoxx� oxvk xivv mieinox �
�iffin ghyxih iefofgkev k� odfkh ofgj lgvjk�in� k� ynkh gvgem fonmifv �kn cqrs
�kdxl fuini�kni w i fui w ivf vkxdfgke �

� 	� ��� � �� ���$��� �� ������� �

�ojugeizgeliy ielieji jkdxl w i ojugi�il w� dvgem o mieingj jkhygxin oel l�z
eoh gj xge�gem � wdf fui vfonfdy jkvf �kdxl wi i�jivvg�i � quini oni jkhyifgfg�i
nifonmifowxi jkli mieinofknv fuof joe i/ jgiefx� ynkldji jkli k� mkkl �doxgf�
�nkh gefinh ilgofi niyniviefofgke � qui gefinh ilgofi niyniviefofgke kn �c gv ynkz
ldjil w� oe oyyxgjofgkezvy ijg�j jkhygxin fuof joe w i igfuin � ngffie w� uoel
kn mieinofil odfkh ofgjoxx� �go yonfgox i�oxdofgke pvii �ijfgke } �{t � qugv �o�
hojugei geliy ielieji gv mdonoefiil � � g�iniejiv ge jojui onjugfijfdniv joe wi
ugllie wiugel fui jkhygxin gefin�oji oel liwdmmgem joe w i h oeomil w� h o�z
gem cqrs �ixxzvfndjfdnil iekdmu fuof fui liwdmmin joe juoemi niyniviefofgke
l�eoh gjoxx��

� 	� � ���� ! ��� � 	�� ����

�ei �o� fk hklix fgh i jkvf k� cqrs gv fk dvi o vgh yxi xgeion h klix � �f jkdxl
w i vkh ifugem xg�i # jkvf

=
vfonfdy

+m×N
$|% � �fonfdy h ioev fui fgh i vy ief �kn

l�eoh gj jkhygxofgke � 
 gv fgh i dvil �uie ndeegem fui kyfgh g�il jkli �nomh ief
keji � oel � fixxv uk� h oe� fgh iv fui jkli �nomh ief gv noe � �fofgjox jkvf jkdxl

}



wi # jkvf
= ms × N

� �uini 
 ( gv fgh i eiilil �kn kei ge�k jofgke k� vfofgjoxx�
jkhygxil jkli �nomhief � �� jkdnvi fui jkvf k� cqrs vukdxl w i xk�in fuoe fui
jkvf ojugi�il w� vfofgjox h ioev � �ijodvi vfofgjoxx� jkhygxil jkli uov ek vfonfdy
jkvf � wdf 
 ( gv w gmmin fuoe 
 � cqrs � gxx w ijkh i hkni ynk�fowxi ov � wijkh iv
xonmin � qui �oxdi k� � of �ugju fui jkvfv oni voh i � gv joxxil fui wnio�i�ie ykgef �

% ugxi kyfgh g�ofgke xi�ix gejnioviv � vfonfdy jkvf oel wnio�i�ie ykgef oni gez
jniovil wdf 
 gv lijniovil � qugv ghyxgiv fuof �kn xonmi lofovifv gf gv �knfu�ugxi
fk dvi jkhyxi� kyfgh g�ofgkev � �� jkdnvi � g� oe kyfgh g�ofgke fo�iv o xkem fgh i
oel vfgxx ynk�gliv kex� hklivf vy iildy � oe ieknhkdv lofo vif gv eiilil wi�kni
fugv �gel k� kyfgh g�ofgke gv vievgw xi �

� 	� �� "�
�� ��

� ��� �� gv o nkdfgei fuof uov w iie kyfgh g�il � gfu cqrs w� hoe�� �f gv o mnoyuz
gjox w gfzfnoev�in ky inofgke �ugju hinmiv o vkdnji nijfoemxi � gfu o livfgeofgke
nijfoemxi � dvgem vkh i xkmgj ky inofgke vdju ov �	
 � �� � 
�� � �f gv mieinox � uoelxgem
lg� inief oxgmehiefv � vg�iv oel k�inxoyygem nijfoemxiv �

qui kdfin xk ky i�ijdfiv keji y in ukng�kefox xgei ge vkdnji nijfoemxi � qui
geein xkky niolv fui vkdnji kei h ojugei �knl of o fgh i � �di fk mieinoxgf�� fui
geein xkky gv jkhyxgjofil oel liy ielv ke edh inkdv yonohifinv � � oe� k� fuih
juoemi nonix�� ��� ���&'( )* � ��� �� joe wi i�fnih ix� xkem � i�ie {�� � ��

 �, �
&'(+,- gv uonl fk ghyxih ief � w ijodvi juoemi ge kei yonohifin joe o�ijf h oe�
kyfgh g�ofgkev �

% gfu cqrs � o jdvfkh geein xk ky gv mieinofil ke lih oel � kei �kn i�in� joxx
fk � ��� �� � �kh i kyfgh g�ofgkev � fuof oni ekf y kvvgw xi vfofgjoxx�� joe wi h oli
oxvk � �ejxdlil wixk� gv o ynkfkf�ygjox w gfwxf geein xk ky $|% � �� gv jkevfoef k�in
iefgni joxx �ugxi �� oel � � oni jkevfoefv k�in fui geein xkky �

� � 
�� ����� �
���� � ����� �
� � �� !�� �����" �
��� #� � ��  �����$ % � � & ��  �� �'(� � �$$ ) *

� � �� !�" �
� � #� + ��) , #� - ��) �
�. ��  ( #�� ) *

 ��� /01 2

�� !�"�
�� !�"3 ##4�5
 �� !�" )5� ��� ) �
����� �

 ��� 0�6 2
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�onfgox i�oxdofgke hioev i�oxdofgke k� o ynkmnoh � gfu nivy ijf fk vkh i yonf k�
fui ynkmnoh �v geydf � � v fui nivdxf � o nivgldox ynkmnoh gv kwfogeil � qugv nivgldox
ynkmnoh i�ijdfiv fui jkhydfofgkev �ugju liyiel ke fui geydf ekf dvil ge yonfgox
i�oxdofgke � qui yonfgox i�oxdofkn gv fnolgfgkeoxx� k�fie joxxil � �
 � qui i�dofgke
!�" #
 % 	 

) � !!� �
" #� 	 
 %)" 

 ${�% hioev fuof fui nivdxf k� i�oxdofgke k�
ynkmnoh y � gfu onmdh iefv l { oel l� hdvf w i fui vohi ov fui nivdxf kwfogeil �nkh
�nvf oyyx�gem yonfgox i�oxdofgke fk onmdhief l { oel fuie mg� gem fui onmdh ief
l� fk fui nivgldox ynkmnoh �

qui hkvf gefinivfgem ovy ijf gv fuof � �
 joe wi oyyxgil fk gfvix� � qui nivdxf
gv o ynkmnoh fuof � gxx mieinofi fui nivgldox ynkmnoh �uie noe � �yke �dnfuin
vix�zoyyxgjofgke o vfoelzoxkei jkli mieinofkn gv kwfogeil � qugv jkdxl w i dvil fk
kyfgh g�i oe� ynkmnoh ge nivy ijf fk oe� geydf � .k�i�in � cqrs gv k�fie �dgfi
vy ijgoxg�il oel h gmuf fuini�kni ekf lgnijfx� nix� ke fuikn� k� yonfgox i�oxdofgke �
�dni yonfgox i�oxdofgke joe oxvk w i �dgfi vxk� � quini�kni jkli mieinofknv oni
dvdoxx� h oli w� uoel � qugv uoelz� ngffie jkli mieinofkn joe fuie wi dvil fk
vy ijgoxg�i gfvix� fk o jinfoge ynkjildni fk kwfoge o vy ijgox ndefgh i jkli mieinofkn
�kn fui ynkjildni �

� 	� ����$� � ���� $����

�ijodvi ndefgh i jkhygxinv oni oyyxgjofgkezvy ijg�j � fui� joe w i hdju �ovfin fuoe
mieingj jkhygxinv � �f h o� �ixx w i fuof iefgni jkhygxofgke yuoviv joe wi xi�f kdf
�ugxi kfuin yuoviv oni kyfgh g�il �kn fui oyyxgjofgke � � v o nivdxf � vfonfdy jkvf
lijnioviv � �f gv gh yknfoef fuof kex� fukvi kyfgh g�ofgkev oni i�ijdfil � �ugju
yo� woj� fui fgh i vy ief � �y iildyv mogeil � gfu cqrs oni lofozliy ielief � wdf
�ongofgkev oni f�ygjoxx� vh oxx ge ynojfgvi �

% ugxi h ojugeizgeliy ielieji gv dvdoxx� vfnkemx� nijkhhielil � vkh ifgh iv gf

�



ho� wi vdgfowxi fk vy ijgoxg�i cqrs ekf kex� �kn o jinfoge oyyxgjofgke wdf oxvk �kn
o jinfoge h ojugei �kn h o�ghdh vy iil � �e fuivi joviv � o �)
� �'�) &�
� +�)� joe wi
dvil � qihyxofiv oni h ojugei jkli vi�diejiv � gfu ukxiv � qui fihyxofi jkhygxin
� xxv fuivi ukxiv � gfu ndefgh i �oxdiv oel jkejofieofiv fihyxofiv ojjknlgemx�� qugv
nivdxfv fk �in� �ovf keizyovv jkhygxofgke fuof joe k�fie ng�ox i�ie kyfgh g�il �
uoelzjno�fil ovvihwx�� .k�i�in � fui dvi k� fihyxofi jkhygxinv gv o �in� xowkngkdv
ynk jivv � � ifogxil kyfgh g�ofgkev hdvf w i lkei w� uoel � �e fui yovf � cqrs uov
hkvfx� w iie dvil fugv �o��

� hkni nijkhhielowxi �o� gv fk dvi o jkhygxin �ugju ynkldjiv jkli ge
h ojugeizgeliy ielief gefinh ilgofi niyniviefofgke p�c t � �e �c jkhygxin gv vfgxx
oyyxgjofgkezvy ijg�j � � nifonmifowxi jkli mieinofkn joe wi dvil fk fnoev�knh
fui �c gefk eofg�i h ojugei xoemdomi k� fui fonmif h ojugei � �efinh ilgofi niyz
niviefofgke joe wi iovgx� kyfgh g�il odfkh ofgjoxx�� � xvk � fui ynkmnohhin gv �nii
�nkh �ngfgem h ojugei jkli � qihyxofiv joe wi dvil fk vy iil dy �c jkhygxoz
fgke � w ijodvi fui jkli ynkldjil uov o �in� vgh gxon vfndjfdni ge i�in� ge�k jofgke �
�khifgh iv i�ie jkli ynkldjil � go h ojugeizgeliy ielief cqrs joe w i wiffin
fuoe uoelzjno�fil ovvihwx��

�� jkdnvi � oe �c jkhygxin gv vxk�in fuoe o fihyxofi jkhygxin ldi fk gfv hkni
mieingj eofdni � � fihyxofi jkhygxin joe ho�i of jkhygxi fgh i vkh i kyfgh g�oz
fgkev �ugju oe �c jkhygxin hdvf h o�i of ndefgh i � �e �c jkhygxin joe h oz
egydxofi xonmin wxk j�v fuoe o fihyxofi jkhygxin �ugxi kyfgh g�gem � wdf fugv joe
ynkldji kex� o h gekn vy iildy � qui nifonmifowxi jkli mieinofkn joe w i �dgfi vgh z
yxi � w ijodvi h kvf dvi�d x kyfgh g�ofgkev oni h oli ge �c jkhygxin o�fin ynkh kfgem
fui ndefgh i jkevfoefv fk ghhilgofiv �

� ojugeizliy ielief cqrs lkive �f eijivvongx� dvi fihyxofiv � qugv joe ho�i
cqrs hkni mieinox � cqrs joe mieinofi h ojugei jkli fuof � gxx ge fdne ynkldji
kyfgh g�il jkli of ndefgh i � cqrs holi fugv �o� joe oxvk w i �ovfin � w ijodvi
ih gffgem gevfndjfgkev gv �ovfin fuoe uoelxgem fihyxofiv � .k�i�in � kei yovv jkli
mieinofgke joe w i uonl fk lk �ixx �

� 	� ���� ��
 ���$�

�ei oeox�vgv h ifukl gv fk lg� gli fui jkhydfofgke h oli w� o ynkmnoh gefk
vfomiv ${�% � �oxdiv jkhydfil ge ionxgin vfomiv juoemi hkni vxk� x� fuoe fukvi
jkhydfil ge xofin vfomiv � �fomiv oni oeox��il fk lifinh gei �ugju k� fuih vukdxl
wi kyfgh g�il � �� o vdw i�ynivvgke jkefogev kex� �oxdiv fuof w ixkem fk fui jdnnief
vfomi kn oe ionxgin vfomi � fui nivdxf � gxx w ixkem fk fui jdnnief vfomi � �e ynojz
fgvi � fu gv ynk jivv hdvf w i oyynk� gh ofil ldi fk nijdnvgke � qugv h o�iv cqrs
xivv kyfgh g�il oel fuini�kni h o�gem fui oeox�vgv hkni ojjdnofi gv o fov� k� ugmu
yngkngf��

% ugxi ionx� jkhydfofgkev oni jkhygxil eknh oxx�� fui gevfndjfgkev jkejinegem

�



fui xofi jkhydfofgkev � �ugju liy iel kex� ke �oxdiv li�eil ge o ionxgin vfomi �
oni ih gffil of ndefgh i � �ex� ih gffil gevfndjfgkev � gxx w ixkem fk �eox ndefgh iz
kyfgh g�il ynkmnoh � quini joe wi hoe� xgffxi jkli mieinofknv ge fui jkli fuof
mieinofiv ndefgh izkyfgh g�il jkli � ioju ynkldjgem jkli �kn o vh oxx yonf k� fui
vkdnji ynkmnoh � �jfdoxx�� g� h kni fuoe f�k vfomiv oni nijkmeg�il � fui xgffxi
jkli mieinofknv � gxx ynkldji kfuin jkli mieinofknv oel vk ke � qugv gv livgnowxi �
w ijodvi ynkmnoh v dvdoxx� jkefoge h oe� vfomiv � % gfu jofoxkmdgem fui xgffxi jkli
mieinofknv � mieinofgke k� ldyxgjofi jkli joe wi o�kglil �

�e mieinox � �uie kyfgh g�gem cqrs gf gv jndjgox fk ge�ivfgmofi �ugju kyfgh g�oz
fgkev � gxx ynkwowx� �kn� vk hdju hkni i/ jgiefx� of ndefgh i fuof fui� � gxx yo�
woj� fui fgh i ge�ivfil �

� �� b�\b[� ���\�� �

%i uo�i vixijfil vkh i i� gvfgem oyyxgjofgkev �kn yniviefofgke ge fugv juoyfin � oel
offihyf fk livjngw i fuih ge vkhi lifogx �

� 	
 �$�

 ' $�% gv o v�vfih fuof oxxk� v jxgiefv fk vy ijg�� l�eoh gjoxx� mieinofil jkli
ge o hojugeizgeliy ielief h oeein � rkli mieinofgke jkvfv oyynk� gh ofix� ��~
gevfndjfgkev y in mieinofil gevfndjfgke �


 ' jxgief ynkmnoh v oni � ge ivvieji � vh oxx jkhygxin �nkefzielv � w ijodvi fui�
vy ijg�� l�eoh gjoxx� mieinofil jkli dvgem fui h ojugeizgeliy ielief gefinh ilgofi
niyniviefofgke p�c t k� fui �  jkhygxin $�% � qui �c � �ugxi vh oxxin oel vgh yxin
fuoe '   �v � �kn i�ohyxi � vy ijg�iv o ngju iekdmu vif k� ky inofknv fuof oxx r xoez
mdomi jkevfndjfv joe w i i�ynivvil �


 ' jkevgvfv k� o vh oxx xgwnon� k� gefin�oji nkdfgeiv �ugju vghyxg�� fui jniofgke
k� oe �  �c � �eji fui jxgief uov � dvgem fuivi nkdfgeiv � jniofil oe �c vyijg�jofgke
�kn o vgemxi ynk jildni p�ugju gv fui degf k� jkli mieinofgke �kn 
 ' t � fui vy ijz
g�jofgke joe w i yovvil ke fk 
 ' �kn jkhygxofgke � 
 ' jkhygxiv fui ynk jildni
oel nifdnev o ykgefin fk fui i�ijdfowxi jkli � qui jxgief ge�k�iv fuof jkli ov oe
gelgnijf joxx fk o r ynk jildni �


 ' lkiv wgeon� jkli vixijfgke dvgem ���' $�% � �ugju dviv ���� �� ��� ��.� ���
	
���� p���	t fijuekxkm� fk kyfgh oxx� fnoevxofi oe �c fnii gefk h ojugei gevfndjz
fgkev ${�% �

c ifonmifgem 
 ' �kn o ei� fonmif h ojugei gv lkei ge funii yonfv � � gnvf � o
h oyygem �nkh �c yoffinev fk h ojugei gevfndjfgkev gv jniofil � �ijkel � h ojugei
gevfndjfgkev oni h oyyil fk wgeon� fihyxofiv � qugnl � od� gxgon� jkli �kn kwvin�gem

�



joxxgem jke�iefgkev � lofo xo�kdf nivfngjfgkev � nimgvfin oxxk jofgke � ifj � gv li�eil �
�h oxx xoemdomiv �kn i�ynivvgem fui h oyygemv oni ynk� glil �

�kn hkni ge�knh ofgke owkdf fui xgwnon� nkdfgeiv � ifj �� vii $�% � � gmdniv { oel
� � oxvk fo�ie �nkh $�% � vuk� o ygiji k� jkli fuof wdgxlv o �dejfgke dvgem 
 ' � oel
fui jkli mieinofil w� 
 ' � nivy ijfg�ix��
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�nkh fui �kn� � gfu 
  ' mni� kdf !r pq gj� rt $�% � o vdy invif k� �"�� r � �ugju
k�inv vi�inox ghynk�ihiefv k�in 
 ' � �inuoyv fui h kvf vgmeg�joef ghynk�ih ief
gv fui gefin�oji �kn jkli vy ijg�jofgke � �ugju gv ugmuzxi�ix gevfiol k� w igem wovil
ke oe gefinh ilgofi niyniviefofgke k� o jkhygxin � !r � xg�i 
 ' � oxxk� v h ojugeiz
geliy ielief vy ijg�jofgke k� l�eoh gjoxx� mieinofil jkli �
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�e !r l�eoh gj jkli gv vy ijg�il of ndefgh i � oel fuivi vy ijg�jofgkev joe fuie
igfuin w i jkhykvil fk wdgxl xonmin vy ijg�jofgkev � kn gevfoefgofil fk ynkldji i�iz
jdfowxi jkli � qk ynk�gli vdyyknf �kn vy ijg�� gem l�eoh gj jkli � !r ollv f�k f�yi
jkevfndjfknv oel funii deon� ky inofknv fk �"�� r � qui f�k ei� f�y i jkevfndjz
fknv �  ��� oel � ��� � oni w kfu ykvf��zlijxonil f�yiv pvgh gxon fk ykgefinvt � qui
funii ei� deon� kyinofknv � �� � � oel � � uo�i fui voh i ynijilieji ov fui vfoelonl
deon� yni�� ky inofknv �

qui � kyinofkn vy ijg�iv fuof gfv ky inoel poe i�ynivvgke kn o jkhykdel vfofiz
h ieft gv fk w i l�eoh gjoxx� mieinofil � " ivfil woj��dkfi i�ynivvgkev oni �knwglz
lie � vk gf gv ekf ykvvgw xi fk vy ijg�� l�eoh gj jkli �ugju vy ijg�iv l�eoh gj jkli �
qui dvi k� vkh i k� fui r jkevfndjfv � vdju ov ����� �  �	� �	�� �  ��� � kn '��� �
gv nivfngjfil � �e yonfgjdxon � fui h iefgkeil vfofih iefv joeekf w i dvil fk fnoev�in
jkefnkx kdfvgli fui jkefogegem woj��dkfi i�ynivvgke �

qui f�y i k� o l�eoh gj jkli vy ijg�jofgke gv  ��� pjkli vy ijg�jofgke t � qui
i�oxdofgke f�y i k� fui jkli vy ijg�jofgke gv fui f�y i k� fui l�eoh gj �oxdi k� fui
jkli � �kn i�ohyxi � fui f�y i k� fui i�ynivvgke �� gv �	�  ��� � �yyx�gem � fk o
jkhykdel vfofih ief �gixlv o nivdxf k� f�y i ���
  ��� � qui vfofgjox f�ygem k�
l�eoh gj jkli vy ijg�jofgkev oxxk� v fui jkhygxin fk f�y izjuij� jkli jkhykvgfgke
vfofgjoxx��

�ongowxiv � gfu o � ��� p�ongowxi vy ijg�jofgke t f�y i oni l�eoh gjoxx� mieinz
ofil x�oxdiv � � ��� v oxxk� fui jkevfndjfgke k� �dejfgkev fuof fo�i o ndefgh iz
lifinh geil edhwin k� onmdhiefv �

qui � kyinofkn oxxk� v l�eoh gj jkli vy ijg�jofgkev fk w i jkhwgeil gefk xonmin
vy ijg�jofgkev � �fv ximox ky inoelv oni  ��� v oel � ��� v � oel gf hdvf w i oyyxgil
gevgli o woj��dkfi i�ynivvgke �

qui � ky inofkn jodviv gfv ky inoel fk wi i�oxdofil of vy ijg�jofgke fgh i � �f
h o� kex� w i oyyxgil fk oe i�ynivvgke � gfuge l�eoh gj jkli � oel fui i�ynivvgke
hdvf ekf uo�i  ��� kn � ��� f�y i � qui nivdxfgem �oxdi gv gejknyknofil ov o
ndefgh i jkevfoef gefk fui jkefogegem  ��� �

qui �dejfgkev ynk�glil w� fui !r vfoelonl xgwnon� gejxdli #

 ��� ��� rkhygxiv  ��� v �
����� rniofiv o yonohifin �kn fui �dejfgke delin jkevfndjfgke �
�� �� � vil fk nivin�i vyoji ge o �dejfgke �v ojfg�ofgke nijknl �

. ini gv oe i�ohyxi � o ygiji k� !r jkli �ugju jkhygxiv oel joxxv o �dejfgke
fuof yngefv ". ixxk �knxl "�
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!r oxvk vdyyknfv yonfgox i�oxdofgke � qugv lkive �f ojfdoxx� juoemi fui yk�in
k� fui xoemdomi � wdf gf h o� wi dvi�dx � �ijodvi jkli mieinofgke k� oxx fihyxofiv
uoyy iev of jkhygxi fgh i � yonfgox vgmeofdniv oni dvil fk gelgjofi �ugju onmdhiefv
joe w i vy ijgoxg�il ge o �dejfgke � fugv gv lkei fk o�kgl jkli i�yxkvgke � � yonfgox
vgmeofdni gv o �dejfgke ynkfkf�y i yni��il � gfu fui ���� ��� �i��knl � q�yi
vy ijg�in � ��	
 gv dvil fk gelgjofi w kdel onmdh iefv � �onfgox i�oxdofgke k� o
�dejfgke gv y in�knh il dvgem fui deon� yni�� kyinofkn ���� � � i��knl �	� ��	
 gv
dvil ge yxoji k� onmdhiefv �ugju oni ekf w igem ynk�glil ldngem yonfgox i�oxdofgke �

% ugxi fui !r jkhygxin ynkfkf�y i �ov wovil ke 
 ' � o hkni nijief ghyxih iez
fofgke � joxxil �   � i� gvfv ${�% � �f dviv fihyxofiv oel gv wovil ke ���1� � �ugju gv
o l�eoh gj jkli mieinofgke v�vfih $} % � �e fuof ghyxih iefofgke � woj��dkfil jkli
gv jkhygxil gefk r jkli fuof ge�k�iv ���1� hojnkv fk ih gf jkli lgnijfx�� � gfukdf
ynk jivvgem oe� gefinh ilgofi niyniviefofgke of nde fgh i �

� 	� ��� "'*
�g�i fui !r jkhygxin h iefgkeil ionxgin � ��� �� � oxvk gv o jkhygxin �ugju joe wi
dvil fk ynkldji jkli �ugju � gxx mieinofi jkli of nde fgh i ${{% � qui h o� kn lg�inz
ieji w if�iie fui f�k jkhygxinv gv fuof ��� �� � odfkhofgjoxx� jkhygxiv knlgeon�
ynkmnoh v � � ngffie ge o vdwvif k� �� � gefk jkli fuof lkiv cqrs � �f lgvjk�inv oel
i�yxkgfv kyyknfdegfgiv �kn l�eoh gj kyfgh g�ofgke w� gfvix� �

�ei k� fui hkvf gh yknfoef mkoxv ge li�ixkygem ��� �� � uov w iie fui nildjfgke
k� fui ndezfgh i jkvf k� jkli mieinofgke fk h geghdh � qui oyynkoju fk jkhygxofgke
fuof ��� �� � dviv gv joxxil li�innil jkhygxofgke � ��� �� � kyfgh g�iv fui jkli fuof
l�eoh gjoxx� mieinofiv jkli w� dvgem yonfgox i�oxdofgke fijueg�div � jkhyxifix�
ixgh geofgem fui eiil fk h oegydxofi oe� gefinh ilgofi niyniviefofgke k� jkli of
nde fgh i � qui jniofknv k� ��� �� � niyknf fuof fui o�inomi jkvf k� cqrs gv ov
xk� ov ow kdf vg� gevfndjfgkev i�ijdfil y in mieinofil gevfndjfgke � qui yonfgox
i�oxdofgke fijueg�div oel uidngvfgjv dvil gejxdli hihkg�ofgke k� vy ijgoxg�ofgke �
de�kxl gem k� vfofi jkelgfgkeoxv � oel fui nivgldoxg�ofgke k� vfofgj �oxdiv ge l�eoh gj
jkefi�fv �

% uie ��� �� � wimgev jkhygxofgke � gf hdvf �nvf gliefg�� fui "ionx� " jkhydz

{{



fofgkev fuof joe w i y in�knh il w� fui vfofgjoxx� mieinofil jkli oel fui "xofi "
jkhydfofgkev fuof hdvf oyyion ge fui l�eoh gjoxx� mieinofil jkli � fugv gve �f
iov�� % uie o jukvie �dejfgke gv oyyxgil fk oe ionx� onmdh ief � o jkli mieinofkn
gv ge�k�il fk jniofi o vy ijgoxg�il �dejfgke fuof gv yonohifing�il w� fui nih ogegem
"xofi " onmdh iefv � qui �dejfgke gv �nvf oeekfofil � gfu ionx� oel xofi oeekfoz
fgkev � �f gv fuie jkhygxil gefk o nimgvfinzfnoev�in xoemdomi � �ugju oxvk jkefogev
fui oeekfofgkev � qui nivdxf � ge fdne � gv fnoevxofil gefk oeekfofil � ��� ovvihwx�
jkli � "k� � fui oeekfofgkev gelgjofi �uifuin fui gevfndjfgkev vukdxl vghyx� w i
i�ijdfil pionx� t � kn ih gffil gefk o l�eoh gj jkli vimh ief pxofit �

��� �� � ollv gegfgoxg�ofgke jkli fk fui jkhygxil ynkmnoh fk oxxk jofi o l�eoh gj
jkli vimhief � kei nimgvfin � joxxil fui jkli ykgefin � gv lilgjofil fk �iiygem fnoj�
k� fui ykvgfgke �uini fui ei�f gevfndjfgke fk w i ih gffil gv yxojil �

��� �� � dviv ndezfgh i gevfndjfgke vixijfgke � oe kyfgh g�ofgke fuof h o� ge vkhi
joviv w i �in� w iei�jgox � �kn hkni ge�knh ofgke owkdf ��� �� � � vii ${{% �

� 	� �

� vgh gxon oyynkoju �kn ndezfgh i vy ijgoxg�ofgke uov oxvk w iie oyyxgil fk fui r
ynkmnohh gem xoemdomi $�% � �ijodvi k� denivfngjfil oxgovgem oel hdfowxi lofo
vfndjfdniv � r gv y inuoyv ekf ov �ixx vd gfil �kn fugv oyynkoju ov �� � �nkmnoh
oeox�viv uo�i fk w i k�inx� jkevin�ofg�i � oel kyyknfdegfgiv �kn kyfgh g�ofgke oni
fudv xgh gfil � !r � �kn i�ohyxi � lkive �f uo�i vdju o ynkwxih � w ijodvi k� fui ynkz
mnohhin �v nivy kevgw gxgf� fk vy ijg�� h oedoxx� �uini oel uk� fk lk vy ijgoxg�ofgke �

� r xoemdomi ghyxih iefofgke uov w iie lkei � dvgem '  � oel gv gefimnofil ge
o yonfgox i�oxdofgke v�vfih fuof vy ijgoxg�iv ynkmnoh v of jkhygxi fgh i ov �ixx ov
nde fgh i � �f jkhygxi fgh i fui v�vfih ynkldjiv fihyxofiv oel fnoev�knh v fuih
vk fuof fui� joe wi ynk jivvil w� o vfoelonl jkhygxin � �f nde fgh i kex� h gekn
ky inofgkev � vdju ov vixijfgem oel jky�gem fihyxofiv � eiil fk w i y in�knh il � qugv
xiolv fk mkkl y in�knh oeji �

� 	� �� ��

� �� �� �	�����
���	

sieinox ky inofgem v�vfih v k�fie �kn� �in� y kknx� � gfu jinfoge f�y iv k� oyyxgz
jofgkev � w ijodvi fui� hdvf w i joyowxi fk nde oxx oyyxgjofgkev � � vdoxx�� fui�
oni ekf h kldxon iekdmu fk oxxk� jkh �knfowxi vy ijgoxg�ofgke oel i�fievgke � ��
fui� oni � y in�knh oeji h gmuf w i vingkdvx� jkhynkh gvil �uie dvgem i�fievgkev �
�y ijgoxg�ofgke h gmuf oxvk udnf kfuin oyyxgjofgkev �

�nkfijfil jnkvvzlkh oge jkhhdegjofgke gv �in� i�y ievg�i ke h oe� v�vfih v �

{�



qugv joe wi k�injkhi w� oxxk� gem l�eoh gj xge�gem k� jkli gefk fui �ineix � ��
ynkfijfgke gv ekf ollnivvil ynkyinx�� ndefgh i jkni i�fievgke joe wi �in� ngv���
w ijodvi gf o� ijfv oxx oyyxgjofgkev � quini�kni i�fievgkev vukdxl w i holi oyyxgjoz
fgke vy ijg�j �

	� �0 k� inv i�fievgw gxgf� � gfu w kfu vo�if� oel mkkl y in�knh oeji ${% � ��fiez
vgkev oni l�eoh gjoxx� xge�il gefk fui �ineix �v ollnivv vyoji � �ugju oxxk� v �ovf
jkhhdegjofgke wif�iie �ineix oel i�fievgkev � qui xge�in gv oxvk ge fui jkni �
��fievgkev joe w i xkolil of oe� fgh i � ��fievgkev oel �ineix jkli gv � ngffie
� gfu �kldxoz� �ugju mdonoefiiv hkldxi gvkxofgke oel fuini�kni vijdngf��

� �� �� �������	�
���	

�e i�fievgke ynk�gliv o jkxxijfgke k� uoelxinv oel hoyv fuih fk i�iefv � �kfu
i�iefv oel uoelxinv oni ynk jildniv � i�ief ynkjildniv oni i�yknfil �nkh vkhi
gefin�oji oel uoelxin ynkjildniv k� oe i�ief ynk jildni oni fukvi �ugju uo�i fui
voh i f�y i ov fui i�ief ynk jildni � qui ngmuf fk nogvi oe i�ief gv i�dg�oxief fk
fui ngmuf fk joxx fui i�ief ynkjildni �ugju ge fdne gv i�dg�oxief fk fui ngmuf fk
ni�inieji fui f�y i eohi k� fui i�ief ynkjildni � ��ief ynk jildni jkefogev li�odxf
uoelxin �kn fui i�ief � �� fuini oni ek kfuin uoelxinv �kn fui i�ief � i�ief nogvgem
gv i�dg�oxief fk joxxgem fui i�ief ynk jildni � �fuin� gvi fui i�ief gv joyfdnil w�
fui lgvyofjuin �ugju l�eoh gjoxx� kyfgh g�iv fui joxxgem k� uoelxinv �

	� �0 ynk� gliv o vif k� �eizmnogeil vin�gjiv �kn h ihkn� oel ynkjivvkn nivkdnjiv
h oeomih ief � quivi oni dvil w� fui gejkni i�fievgkev � �ijodvi fui i�fievgkev
joe dvi jkni vin�gjiv i/ jgiefx�� �in� xk�zxi�ix vin� gjiv joe wi ynk�glil � gfukdf
udnfgem y in�knh oeji � �e �ojf � fuini gv ek niovke fk jniofi ugmuin xi�ix owvfnojfgkev
�go jkejofieofgke k� xk�zxi�ix vin� gjiv � fui� joe wi jke�iegiefx� jkevfndjfil w�
vgh yx� joxxgem fui xk�zxi�ix vin� gjiv �

� 	� �&���
� �� �� �	�����
���	

� fnojgem fkkx vukdxl wi geliy ielief �nkh xoemdomi oel jkhygxin � �f vukdxl
w i owxi fk fnoji oxvk fukvi oyyxgjofgkev fuof ihyxk� vgmeoxv � i�jiyfgkev oel
l�eoh gjoxx�zxge�il xgwnongiv � qkkx vukdxl w i vk �ovf fuof nioxgvfgj �kn�xkolv joe
wi vfdlgil � �f vukdxl oxvk w i i�fievgwxi vk fuof gf joe wi dvil fk jkxxijf oe�
nifngi�owxi ge�knh ofgke � �ghdxofgke k� ekezi� gvfief h ojugeiv vukdxl oxvk w i ykvz
vgw xi �

�� jkdnvi � fuivi oni yonfx� jke� gjfgem �iofdniv � �kn i�ohyxi ollil �i� gwgxgf�
f�ygjoxx� udnfv y in�knh oeji � 	(�
� dviv vi�inox h ifuklv fk k�injkh i fugv �ojf $�% �
qnojil i�ijdfiowxi jkli gv l�eoh gjoxx� jnkvvzjkhygxil gefk i�ijdfiowxi jkli �kn

{�



fui ukvf h ojugei � rkhygxil jkli gv jojuil fk h o�i l�eoh gj jkhygxofgke fk yo�
k� � �ghdxofgke oel fnojgem gv gefimnofil vk fuof fnoji ge�knh ofgke joe wi vo�il
lgnijfx� ldngem vghdxofgkev � 	(�
� joe oloyf fk lg�inief fnojgem ni�dgnih iefv
jkxxijfgem kex� fui ni�divfil ge�knh ofgke � qugv ieuoejiv y in�knh oeji � � jxgief
joe vdyyx� vy ijgox ydnykvi jkli fk ieowxi jkxxijfgke k� lofo ekf vdyyknfil lgnijfx�
w� 	(�
� �

� �� �� �������	�
���	

� vhoxx h oge xk ky hoyv ioju vghdxofil fonmif gevfndjfgke fk o jknnivykelgem
�nomh ief k� ukvf jkli � joxxil o fnoevxofgke � �oju fonmif gevfndjfgke gv l�eoh z
gjoxx� jnkvvzjkhygxil gefk o fnoevxofgke �ugju � gxx vghdxofi fui gevfndjfgke oel
vo�i oe� ni�divfil fnoji ge�knh ofgke � qonmif oyyxgjofgkev h ihkn� oel nimgvz
fin ni�iniejiv oni h oyyil fk ukvf h ihkn� oel nimgvfinv � �ei fnoevxofgke k�fie
vghdxofiv vi�inox fonmif gevfndjfgkev � �khi vy ijgox gevfndjfgkev vdju ov wnoeju
oel fnoyv �knji 	(�
� fk h k�i fk ei�f fnoevxofgke � rkhygxil fnoevxofgkev oni
jojuil oel fnoevxofgkev joe wi juogeil vk fuof nifdnegem fk h oge xk ky w if�iie
fnoevxofgkev gv ekf dvdoxx� eijivvon��

� �^[a �`�b^[

�f viih v xg�ix� fuof fui ol�oejiv ge uonl�oni oel vk�f�oni � gxx jkefgedi fui
fnielv kdfxgeil ge fugv onfgjxi � qugv � gxx vfniemfuie cqrs ov oe kyfgke �kn hkni
ydwxgj dvi � �f � gxx w i o xkem fgh i w i�kni cqrs gv jkhhkex� dvil � uk�i�in �

qui %iw gv ugmux� lgvfngwdfil oel fuini�kni h ifuklv fk jnkvvzjkhygxi h ojuz
geizgeliy ielief vkdnji jkli oni eiilil � cqrs jkdxl wi dvil fk o�kgl deeijz
ivvon� jkli mieinofgke � go lg� gl gem hkekxgfugj oyyxgjofgkev � % uie jkhygxgem
vkdnji jkli fk h ojugeizgeliy ielief jkli � vfomgem oeox�vgv kn vgh gxon h ifuklv
jkdxl w i dvil fk yniyoni fui oyyxgjofgke �kn fui dvi k� cqrs � qugv �o� kex�
yonf k� fui jkli hdvf w i jkhygxil gefk eofg�i jkli w i�kni vfonfgem fui oyyxgjoz
fgke � qui nivf k� fui jkli jkdxl w i jkhygxil ke lih oel of ndefgh i � qugv �kdxl
ieuoeji nivykevi fgh i �

� �a�[^� ��_����[\�

$|% ynk�il hkvf uixy�dx �uie jkevfndjfgem fugv yoyin � fuoe�v fk gfv odfuknv �
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