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Sdl mmekc�B` kq̀ o�R̀ ml oq�� � � �
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Sdl mmekc�B` kq̀ o�R̀ ml oq�� � � �
�À�@r pc[ ] `

H` o[ r pc` ] ` oÂ�
FID�O] p̀ os[ ql eò �k[ qel k[ h�_` p�PMD
�� �Rr ` �Do[ pj ` �ç�Lç�� � � �Lr ù j ] l r oc

F` pq[ hqr kcÂ�
Sl kf[ �Ehr duÃ�FID�O] p̀ os[ ql eò �k[ qel k[ h�_` p�PMD

Pol f` gqh̀ eqr kcÂ
Pdehemm�H` kc` oÃ�Kl l o_ek[ ql oÃ�FID�O] p̀ os[ ql eò �k[ qel k[ h�_` p�PMD

@r ql ò kÂ
Pdehemm�H` kc` o�¯FID�O] p̀ os[ ql eò �k[ qel k[ h�_` p�PMD°Ã
Jl ` �Fr ` ogekc` o� L̄r ù j ] l r oc�Bl kà _` o[ qel k°À

V` opel kÂ�S` mq̀ j ] ` o�� � � �

� �� � � � �F ID�O] p` os[ ql eò �k[ qel k[ h�_` p�PMD
@hh̀ �R̀ ^dq̀ �sl o] ` d[ hq̀ kÀ�Cè p̀ p�Cl gr j ` kq�t r o_` �sl k�` ek` o�KI�ì ] ` op̀ qxq�r k_�t eo�_` pd[ h]
g` ek` �F` t ?do�[ r ^d�Rê dqecg` eq�c` ] ` k�gÁkk` kÀ

V` osè ha?hqecr kc�l _` o�Cr mheg[ qel k�[ r a�m[ mè o] [ pè oq̀ k�r k_�` h̀ gqol kep̂ d` k�C[ q̀ kqo?c` ok
pl t è �Nr qxr kc�xr o�Dekpm̀ epr kc�ek�C[ q̀ kk` qx` �kr o�j eq�F` k` dj ecr kc�_` p�H` o[ r pc` ] ` op
` oh[ r ] qÀ

@hh̀ �Ikal oj [ qel k` k�t r o_` k�j eq�coÁáq̀ o�Sl oca[ hq�] ` [ o] ` eq̀ q�r k_�xr p[ j j ` kc` pq̀ hhqÀ
C` o�FID�O] p̀ os[ ql eò �k[ qel k[ h�_` p�PMD�ì ] ` okej j q�g` ek` �H[ aqr kc�aì o�_è �F` k[ r ecg` eq
r k_�Vl hhpq?k_ecg` eq�_` o�Ikd[ hq̀ �pl t è �aì o�` qt [ ec` �xt ep̂ d` kx` eqhê d�sl oc` kl j j ` k`
—k_` or kc` kÀ

Cè �Kl kq[ gq_[ q̀ k�] ` aek_` k�pê d�[ j �Dk_` �_` p�Cl gr j ` kqpÀ

https://www.observatoirepme.lu/
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Sdl mmekc�B` kq̀ o�R̀ ml oq�� � � �
ç�� �

Vl ot l oq � �

Tvml hlce k̀�r k_�C` aekeqelk` k � �

� ] ` o] heĝ�ì ] ` o�_` k�hru` j ] r ocep̂d` k�M[ ogq ��

Zr p[ j j ` ka[ ppr kc�r k_�A` l ][ ^dqr kc` k � �

Kl kq[ gq_[ q̀ k � �

Sqor gqr ot [ k_` h�r k_�Ao[ k^d` kj ep̂ dr kc � �
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Sdl mmekc�B` kq̀ o�R̀ ml oq�� � � � ������ �
K[ meq̀ h��Â�Vl ot l oq

Dp�epq�j eo�` ek` �Eò r _` Ã�_` k�` opq̀ k�qd` j [ qep̂ d` k
A` oê dq� _` p� O] p̀ os[ ql eò � k[ qel k[ h� _` p� PMD
sl oxr pq̀ hh̀ kÀ� Cè p̀ � ` opq̀ � @r pc[ ] ` � epq� _` o
@k[ hvp̀ � _` o� Dekg[ r apx` kqò k� c` t e_j ` q� ê� ` ek
Td` j [ Ã� _[ p� pl t l dh� _è � Cvk[ j eg� [ hp� [ r ^d� _è
To[ kpal oj [ qel k� r kp̀ ò o� H[ k_` hph[ k_p̂ d[ aq
s` o[ kp̂ d[ r hê dqÀ

Meq� � � � Dekg[ r apx` kqò kÃ� � � R̀ q[ eh� P[ ogp� r k_� � �
N[ ds` opl ocr kcpx` kqò k� ò mo?p̀ kqè ò k� _è
[ k[ hvpè oq̀ k� Ikao[ pqor gqr ò k� j ` do� [ hp� � � � « � _` o
k[ qel k[ h̀ k� V` og[ r apah?^d` � r k_� s` ò ek` k
Hr k_` oq̀ �sl k�Ukq̀ ok` dj ` k�ê�sl j �Dekx` hd[ k_` h
ì ] ` o� _è � F[ pqol kl j è � ] ep� dek� xr
Cè kpqh̀ epqr kc` kÀ

Sè �pq̀ hh̀ k�_[ oì ] ` o�dek[ r p�kê dq�kr o�t ` p̀ kqhê d`
Kl kpr j x` kqò k�_[ oÃ�pl k_` ok�pek_�[ r ^d� t ê dqec`
Pà eh̀ o� ò cel k[ h̀ o� @qqo[ gqeseq?q� r k_
A` p̂ d?aqecr kcÀ� Cè � kè _oec` � L` ` opq[ k_pnr l q̀ Ã
_è � ej � Cr ô dp̂ dkeqq� xt ep̂ d` k� � � r k_� � � « � hè cqÃ
x` ecqÃ�_[ pp�_è p̀ �El oj [ q̀ � ` aaexè kq� r k_� [ qqo[ gqes
pek_À

Cè � C[ q̀ k[ k[ hvp̀ � s` o_` r qhê dq� gh[ o� _è
Dkqt ê ghr kc� _` p� S` gql opÂ� Ces` opeaexè or kc� _` o
@kc` ] l q̀ Ã� Zr t [ ^dp� ej � A` ò ê d� F[ pqol kl j è
r k_� Cè kpqh̀ epqr kc` k� pl t è � ` ek� W[ k_` h� ej
K[ r as` od[ hq̀ kÀ

Cè p̀ �Tò k_p�] ` pq?qec` k�_è �@km[ ppr kcpa?decg` eq
_` p�hr ù j ] r ocep̂ d` k�H[ k_` hpÃ�j [ ^d` k�[ ] ` o�[ r ^d
_è � H` o[ r pal o_` or kc` k� _` r qhê dÃ� _è � xr
] ` t ?hqec` k�pek_À

Cè �_eceq[ h̀ �To[ kpal oj [ qel kÃ�_è �N[ ^dd[ hqecg` eq�sl k
F` p̂ d?aqpj l _` hh̀ k� r k_� _è � Nl qt ` k_ecg` eqÃ� _è
@qqo[ gqeseq?q� _` o� Ikk` kpq?_q̀ � r k_� R̀ cel k` k� xr
pq?og` kÃ� pek_� Poel oeq?q̀ kÃ� _è � r kp̀ o� ml heqep̂ d` p
H[ k_` hk� ek� _` k� gl j j ` k_` k� J[ dò k� h̀ eq̀ k
t ` o_` kÀ

A` oê dq̀ � t è � _è p̀ o� pek_� r ks` oxê dq] [ oÃ� r j
pqo[ q̀ cep̂ d` �Dkqp̂ d` e_r kc` k�xr �r kq̀ opqì qx` kÃ�_` k
Ce[ hl c� xt ep̂ d` k� Áaà kqhê d` k� r k_� moes[ q̀ k
@gq̀ r ò k�xr �aÁo_` ok�r k_�_è �Zr gr kaq�_` p�H[ k_` hp
ek�Lr ù j ] r oc�sl oxr ] ` ò eq̀ kÀ

M` ek� C[ kg� cehq� _` j � O] p̀ os[ ql eò � k[ qel k[ h� _` p
PMD�r k_�p̀ ek` k�P[ oqk` ok�aì o�edo�Dkc[ c` j ` kq�r k_
aì o� _è � Qr [ heq?q� _è p̀ o� @o] ` eqÃ� _è � ` ek` � pl he_`
For k_h[ c` � aì o� r kp̀ ò � � ] ` oh̀ cr kc` k� r k_
Dkqp̂ d` e_r kc` k�_[ opq̀ hhqÀ

I^d� t ì kp̂ d` � [ hh̀ k� ` ek` � ] ` ò ê d` ok_` � L` gqì ò
_è p̀ p� A` oê dqpÃ� _` o� kê dq� kr o� _è � t eoqp̂ d[ aqhê d`
A` _` r qr kc� _` o� Dekg[ r apx` kqò k� t e_` opmè c` hqÃ
pl k_` ok� [ r ^d� edò � Rl hh̀ � ej � q?chê d` k� L` ] ` k
r kp̀ ò o� Meq] ì oc` oekk` k� r k_� Meq] ì oc` o� pl t è
] ` ej � @r a] [ r � ` ek` o� j l _` ok` kÃ� ò cel k[ h
s` o[ kg` oq̀ k�Weoqp̂ d[ aqÀ

L` u�C` hh̀ p

Mekepq̀ o�aì o�Weoqp̂ d[ aqÃ�KMUÃ�
Dk` ocè �r k_�Tl r oepj r p

j̄ eq�KI�ì ] ` op̀ qxq̀ �V` opel k°
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Dekg[ r apx` kqò k� pek_� d` r q̀ � ` ek� à pq̀ o� A` pq[ k_q̀ eh� _` p� Sq[ _q] eh_` pÀ� Sè
s` ò ek` k� r kq̀ o� ` ek` j � C[ ^d� _è � r kq̀ op̂ dè _hê dpq̀ k� @kc` ] l q̀ � _` p
Dekx` hd[ k_` hp� r k_� _è k` k� kê dq� kr o� _` j � W[ ò kg[ r aÃ� pl k_` ok
xr k` dj ` k_�[ r ^d�[ hp�Ooq̀ �_` o�Eò ex` eqc` pq[ hqr kc�r k_�_` p�Doh̀ ] ` kpÀ�Tol qx
edò o� @hhc` c` kt ?oqecg` eq� epq� _` o� A` coeaa� ÝDekg[ r apx` kqor j ×� f̀ _l ^d� kê dq
` ek_` r qec� r k_� t eo_� ej � @hhq[ c� d?r aec� j eq� [ k_` ò k� H[ k_` hpal oj ` k� t è
N[ ds` opl ocr kcpx` kqò kÃ� R̀ q[ eh� P[ ogp� l _` o� ekk` opq?_qep̂ d` k
Dekg[ r apc[ h̀ oè k�s` ot ` ^dp̀ hqÀ�Dek` �mo?xep̀ �@] cò kxr kc�_` p�Kl kx` mqp�epq
_[ d` o� r k` oh?pphê dÃ� r j � _[ p� Pd?kl j ` k� _` o� ÝDekg[ r apx` kqò k×� gl oò gq
[ k[ hvpè ò k� xr � gÁkk` kÀ� Nr o� ` ek` � gh[ ò � C` aekeqel k� ` oj Áchê dq� ` pÃ� _è
Tò k_p� r k_�V` o?k_` or kc` k�ek�_` o�Sq[ k_l oqpqor gqr o�_` p�L[ k_` p� j eq�_` o
kl qt ` k_ec` k�Ceaà ò kxè or kc�xr �r kq̀ opr ^d` k�r k_�_[ oxr pq̀ hh̀ kÀ

@r p� _è p̀ j � For k_� h̀ cq� _` o� sl ohè c` k_` � A` oê dq� ] ` pl k_` ò k� W` oq� [ r a
` ek` �gh[ ò �T̀ oj ekl hl cè �r k_�cò kxq�_[ p�gh[ ppep̂ d` �Dekg[ r apx` kqor j �sl k
s` ot [ k_q̀ k�H[ k_` hpal oj ` k�[ ] À�

C` o�sl ohè c` k_` �A` oê dq�r kq̀ op̂ d` e_` q�ej �W` p̀ kqhê d` k�_ò e
s` op̂ dè _` k` �H[ k_` hpal oj ` kÂ

[ °�Dekg[ r apx` kqor j ��
] °�R̀ q[ eh�P[ og��
^°�N[ ds` opl ocr kcpx` kqor j
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Sdl mmekc�B` kq̀ o�R̀ ml oq�� � � � ������ �
K[ meq̀ h�� Â�Tvml hl cè k�r k_�C` aekeqel k` k



Dek� ` ekd` eqhê d� gl kxeme òq̀ o� F` ] ?r _` gl j mh̀ uÃ� ek� _` j � j ` dò ò
Dekx` hd[ k_` hpr kq̀ ok` dj ` kÃ� F[ pqol kl j e ]̀ ` qoe ]̀ ` � r k_� Ce k̀pqh èpq̀ o
xr p[ j j ` kc` a[ ppq�pek_À� Ij �V` och è d̂� xr �N[ ds` opl ocr kcpx` kqò kÃ� ] ` e�_` k` k
_` o� El gr p� gh[ o� [ r a� _` o� hlg[ h̀ k� For k_s` opl ocr kc� he c̀qÃ� x` e d̂k` k� pe d̂
Dekg[ r apx` kqò k�sl o�[ hh̀ j �_r ô d�edò �Mep̂ dar kgqelk�[ r pÀ

Tvmep̂ d` �M` ogj [ h̀ �pek_Â

Dek` � col á` � @kx[ dh� pm̀ xe[hepè oq̀ o� F` p̂ d?aq̀ � [ r p� r kq̀ op̂ de _̀hêd` k
Ao[ k^d` kÃ� j ` epq� ek� Kl j ] ek[ qel k� j eq� ` ek̀ j � l _` o� j ` dò ò k� _l j ek[ kq̀ k
@k] è q̀ ok� x̄À AÀ� Hvm̀ oj [ ô duÃ� col á` p� T̀ uqehg[ r ad[ r pÃ� E[ ^dc` p̂ d?aq� aì o
Dh̀ gqol keg°
Dek�col áxì cec` p�@kc` ] l q�[ k�Pgt çSq̀ hhmh?qx` k
Cè � @r pì ] r kc� ] ` pqej j q̀ o� Er kgqelk` k� _r ô d� [ hh�̀ Me q̀̀ o� x̄À AÀ
M[ og` qekcj [ ák[ dj ` k°

Zr o� @] cò kxr kc� sl k� [ k_` ò k� H[ k_` hp[ cchl j ` o[ qelk` k� t r o_` k� k` ] ` k� _` k
l ] ` k�c` k[ kkq̀ k�M` ogj [ h̀ k�xt ` e�nr [ kqeq[ qes̀ �Koeq̀oè k�d` o[ kc` xl c` kÂ

Cè � F` p[ j qs` og[ r apah?^d` � aì o� _` k� Dekx` hd[ k_` h� ] ` qo?cq� j ek_` pq̀ kp
� À� � �  j MÀ
C[ p� Z` kqor j � ] ` d` o] ` ocq� j ek_` pq̀ kp� � � � ke d̂qh̀ ] ` kpj eqq̀ h] ` xl c` k`
Dekx` hd[ k_` hpc` p̂ d?aq̀ À

Ukq̀ o� A` oì ^gpê dqecr kc� _è p̀ o� Koeq̀oe k̀� x?dhq� _[ p� Fol ád` oxl cqr j � _` ox` eq
ekpc` p[ j q�� � �Dekg[ r apx` kqò kÀ

A` epmè h̀ Â�Bhl ^d` �_ÛOoÄ�Tl m[ x` �Sdl mmekc�B` kq̀ oÄ�Kk[ r aa�Pl j j ` ohl^dÀ
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Sdl mmekc�B` kq̀ o�R̀ ml oq�� � � � ������ �
K[ meq̀ h�� Â�Tvml hl cè k�r k_�C` aekeqel k` k



Dek` � ] ` pl k_` ò � El oj � _` p� Dekg[ r apx` kqor j pÀ� Se �̀ x` e d̂k` q� pe d̂
t ` p̀ kqhê d� _[ _r ô d� [ r pÃ� _[ pp� _è � ` ekx` hk̀ k� F` p̂ d?aqp̀ ekd` eq̀ k� r j
` ek` k� c` j ` ekp[ j ` k� P[ ogmh[ qx� cor mme òq� pek_� r k_� _[ p� Z` kqor j � ke d̂q
ekq̀ ok� ] ` qoè ] ` k� t eo_À� Ij � F` c` kp[ qx� xr � ` ek` j � gh[ppep̂d` k
Dekg[ r apx` kqor j � s` oaì cq� ` ek� R̀ q[ eh�P[ og� ek� _` o� R̀ c` h�kê dq� ì ] ` o� ` ek`
x` kqo[ h̀ � V` ot [ hqr kcÃ� _è � aì o� _[ p� M[ og` qekc� r k_� _[ p
Eh?^d` kj [ k[ c` j ` kq�xr pq?k_ec�epqÀ

Dek� R̀ q[ eh� P[ og� ] ` d` o] ` ocq� _` aekeqelkpc` j ?á� j ek_` pq̀ kp� �
Dekx` hd[ k_` hpc` p̂ d?aq̀ � j̄ ` epq�col áah?̂dec` �A` qoe ]̀ ` °À

A` epmè h̀ Â�R̀ q[ eh�P[ og�A` qq̀ j ] l r ocÄ�R̀ q[ eh�P[ og�S[ k_t ` eh̀oÀ
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Sdl mmekc�B` kq̀ o�R̀ ml oq�� � � � ������ �

� �Sdl mmekc�P[ og�A` qq̀ j ] l r oc�

K[ meq̀ h�� Â�Tvml hl cè k�r k_�C` aekeqel k` k



Dek�l _` o�j ` dò ò �coÁá` ò �@k] e q̀̀ o�ej �L` ] ` kpj eqq̀ h]` ò e d̂�j eq�t ` eq̀ò k
` oc?kx` k_` k� Nr qxr kc` k� ¯Cè kpqh èpqr kc` kÃ� Dekx` hd[ k_` hÃ� F[ pqol kl j e °̀
ej � r kj eqq̀ h] [ ò k� Uj à h_À� Ij � F` c` kp[ qx� xr � ` ek` j � Dekg[ r apx` kqor j � epq
_è � V` og[ r apah?^d` � ` ek` p� N[ ds` opl ocr kcpx` kqor j p� gh[ o� [ r a
L` ] ` kpj eqq̀ hmol _r gq̀ �[ r pc` oê dq̀ qÀ

Uj � [ hp� N[ ds` opl ocr kcpx` kqor j � ` ekc` pqr aq� xr � t ` o_` kÃ� j ì pp̀ k
j ek_` pq̀ kp� � �POI�sl od[ k_` k� p̀ ekÃ�_[ or kq̀ o� ` ek�Hvm̀ oj [ ô du� l _` o� ` ek
Sr m̀ oj [ ogq� j eq� ` ek` o� V` og[ r apah?^d` � sl k� ì ] ` o� � � �  j MÃ� t l ] ` e�_e`
F` p[ j qs` og[ r apah?^d` � _` p� Z` kqor j p� j ek_` pq̀ kp� �À� � �  j M� ] ` qo[ c` k
j r ppÀ

Ukq̀ o� A` oì ^gpê dqecr kc� _e p̀̀ o� Koeq̀ oe k̀� x?dhq� _[ p� Fol ád` oxl cqr j
_` ox` eq�ekpc` p[ j q�� � �N[ ds` opl ocr kcpx` kqò kÀ

A` epmè h̀ Â�B[ ^qr p�A[ p̂ d[ o[ c` Ä�@h_e�B[ m̀ hh k̀Ä�Bl hor vq�W` ept [ j m[ ^dÀ
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Sdl mmekc�B` kq̀ o�R̀ ml oq�� � � � ������ �
K[ meq̀ h�� Â�Tvml hl cè k�r k_�C` aekeqel k` k

B[ ^qr pÃ�A[ p̂ d[ o[ c`



Pl ekqp� l a� Ikq̀ ò pq� ¯POI°Â� Dek� POI� ] ` x` ê dk` q� ` ek` k� OoqÃ� _` o� [ r acor k_
p̀ ek` o� [ gqes` k� Nr qxr kc� r k_� R̀ h̀ s[ kx� sl k� Áaà kqhê d` j � Ikq̀ ò pp̀ � epqÀ
C[ xr �x?dh̀ k�r kq̀ o�[ k_` ò j �Dekx` hd[ k_` hpc` p̂ d?aq̀ Ã�A` qoè ] ` �_` p�Hl q̀ hç
r k_� F[ pqpq?qq̀ kc` t ` o] ` p� ¯Hl R̀ B[ °Ã� d[ k_t ` oghê d` � l _` o� ek_r pqoè hh̀
Ukq̀ ok` dj ` k� pl t è � Cè kpqh̀ epqr kcp[ k] è q̀ oÀ� C[ c` c` k� c` hq̀ k
h̀ ` opq̀ d` k_` �l _` o�r kc` kr qxq̀ �F` t ` o] ` ah?^d` k�kê dq�[ hp�POIÀ

V` og[ r appq̀ hh̀ � ¯Pl S°Â� ` ek� POI� aì o� Dekx` hd[ k_` hpç� l _` o� d[ k_t ` oghê d`
L` ] ` kpj eqq̀ h] ` qoè ] ` À

Hvm̀ oj [ ogqÂ� Dekx` hd[ k_` hpc` p̂ d?aq� j eq� ` ek` o� V` og[ r apah?^d` � sl k
j ek_` pq̀ kp� � À� � �  j MÃ� _[ p� pl t l dh� Pol _r gq̀ � aì o� _è � hl g[ h̀
For k_s` opl ocr kc�[ hp�[ r ^d�` ek�r j a[ pp̀ k_` p�Sl oqej ` kq�[ k� j eqq̀ haoepqec` k
r k_�h[ kcaoepqec` k�A` _[ oapcì q̀ ok�[ k] è q̀ q� x̄À AÀÂ�@r ^d[ kÃ�B[ ^qr pÃ�L` ^h̀ ô °À

Sr m̀ oj [ ogqÂ� Dekx` hd[ k_` hpc` p̂ d?aq� j eq� ` ek` o� V` og[ r apah?^d` � xt ep̂ d` k
� � � � r k_� � À� � �  j MÃ� _[ p� ` ek� Sl oqej ` kq� aì o� _è � hl g[ h̀ � For k_s` opl ocr kc
] è q̀ qÃ�` oc?kxq�_r ô d�j eqq̀ hç�r k_�h[ kcaoepqec` �A` _[ oapcì q̀ oÀ
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Sdl mmekc�B` kq̀ o�R̀ ml oq�� � � � ������ �
K[ meq̀ h�� Â�Tvml hl cè k�r k_�C` aekeqel k` k



Eehe[ h̀ Â� Ukq̀ ok` dj ` k� j eq� j ` dò ò k� o?r j hê d� c` qò kkq̀ k
Nè _` oh[ ppr kc` k� ¯Eehe[ h̀ k°À� Dp� x` ê dk` q� pê d� _r ô d� ` ek` � x` kqo[ h̀
Ukq̀ ok` dj ` kpml heqeg� [ r p� ¯̀ ekd` eqhê d` � Pò epml heqegÃ� W` o] r kcÃ
L[ _` kc` pq[ hqr kc°Ã� ` ek� x` kqo[ h̀ p� L[ c` o� pl t è � ` ek` � ` ekd` eqhê d`
A` hè à or kcÃ�Ar ^dd[ hqr kc�r k_�Kl kqol hh̀ À

A` qoè ] pal oj Â� A` x` ê dk` q� _è � Zr p[ j j ` ka[ ppr kc� ò [ h̀ o
Dop̂ d` ekr kcpal oj ` k� _` p� H[ k_` hpÃ� _è � pê d� _r ô d� ` ek� l _` o� j ` dò ò
M` ogj [ h̀ � ?dk` hk� r k_� pê d� _[ _r ô d� gh[ o� sl k� [ k_` ò k� A` qoè ] ` k
r kq̀ op̂ d` e_` kÀ

Eo[ k^dep` Â� Dek� V` oqoè ] ppvpq̀ j � [ r a� P[ oqk` op̂ d[ aqp] [ pepÃ� ] ` e� _` j � k` r `
Ukq̀ ok` dj ` o� c` c` k� Dkqc` hq� ` ek� ` q[ ] hè oq̀ p� F` p̂ d?aqpgl kx` mq� kr qx` k
_ì oà kÀ� C` o� Eo[ k^dep̀ k` dj ` o� epq� ] ` ò ^dqecqÃ� N[ j ` Ã� F` pq[ hqr kc� r k_
F` p̂ d?aqpe_` ` � xr � s` ot ` k_` kÃ� r j � t ?dò k_� _è p̀ o� Z` eq� W[ ò k� xr
s` og[ r à k�l _` o�Cè kpqh̀ epqr kc` k�xr �` o] oekc` kÀ

S` h] pqpq?k_ecÂ� A` x` ê dk` q� [ hh̀ � V` og[ r appq̀ hh̀ kÃ� _è � m̀ opÁkhê d� sl j
Ukq̀ ok` dj ` kpekd[ ] ` o� c` aì doq� t ` o_` k� r k_� ] ` e� _` k` k� ` p� kr o� ` ek`
` ekxec` �V` og[ r appq̀ hh̀ �ce] q�ê�_À dÀ�` p�` uepqè ò k�g` ek` �t ` eq̀ ò k�Eehe[ h̀ kÀ

V` og[ r apah?^d` � ¯S_V°Â� Cè � C` aekeqel k� _` o� V` og[ r apah?^d` Ã� [ r a� _` o� _è
Z[ dh̀ k�_` p�R̀ q[ eh�R̀ ml oq�] [ pè ò kÃ�al hcq�_` o�cea»çRê dqhekè �sl k�� � � � Ã�_è
` ek` k�ekq̀ ok[ qel k[ h̀ k�V` och̀ ê d�xt ep̂ d` k�Mè qah?^d` �r k_�V` og[ r apah?^d`
` oj Áchê dq� ḡ` ek` � C` aekeqel kÃ� _è � sl j � Mek_` pqgl kp̀ kp� [ ] t ` ê dq°À� L[ r q
ceaçRê dqhekè �pek_�V` og[ r apah?^d` k�s` ò eka[ ^dq�c` p[ cq�Ý[ hh̀ �A` ò ê d` Ã�_è
aì o� Kr k_` k� xr c?kchê d� pek_� r k_� ek� _` k` k� ` ek� V` og[ r apsl oc[ kc
[ ] c` p̂ dhl pp̀ k�t ` o_` k�g[ kk×À
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K[ meq̀ h�� Â�Tvml hl cè k�r k_�C` aekeqel k` k



C` aekeqel kpc` j ?á�r j a[ ppq�_è �S_VÂ
V` og[ r apo?r j ` ��
@r ppq̀ hhr kcpç�r k_�Po?p̀ kq[ qel kpo?r j ` ��
Uj gh̀ e_` g[ ] ek` k�aì o�Kr k_` k��
@gqel kpah?^d` k�r k_�Kr k_` kp̀ osê ` ] ` ò ê d` ��
K[ pp̀ kç�r k_�V` om[ ^gr kcp] ` ò ê d` ��
Veqoek` kÁaakr kc` k�r k_�V` og[ r ap_r ô dc?kc`

Nr o�ekk` od[ h] �_` o�V` og[ r apxl k` kÂ��
F[ pqol kl j è çÃ�Smè hç�r k_�Rr d` ] ` ò ê d` � x̄À AÀ�ek�Ar ^dd[ k_hr kc` k°��
Dekg[ r apt [ c` kpq[ qel k` k��
Rl hhqò mm̀ k��

@r á` k] ` ò ê d` Ã� sl k� _` k` k� [ r p� _[ r ` od[ aq� V` og?r à � l _` o
s` og[ r ap] ` xl c` k` �@gqeseq?q̀ k�_r ô dc` aì doq�t ` o_` kÃ�t è �xÀ AÀÂ��

V` og[ r appq?k_`
Eò ehr aqs` og[ r apah?^d` k

@r p� mo[ gqep̂ d` k� Foì k_` k� t r o_` � ] eph[ kc� g` ek` � V` og[ r apah?^d` � aì o� _` k
Hl ò ^[ çS` gql o� ` oa[ ppqÃ�pl k_` ok� h̀ _echê d�_è �@_ò pp̀ k�_` o�A` qoè ] ` � j eq
` kqpmò ^d` k_` o�Ao[ k^d` kxr l o_kr kcÀ
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Sdl mmekc�B` kq̀ o�R̀ ml oq�� � � � ������ �
K[ meq̀ h�� Â�� ] ` o] hê g�ì ] ` o�_` k�hr ù j ] r ocep̂ d` k�M[ ogq
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ekq̀ o[ gqes` �K[ oq̀
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@kx[ dh�_` o�Z` kqò k �� � � �

F` p[ j q[ kx[ dh�_` o
POI

� � � �POI � � �POI � � � �POI

_[ sl k

« �Dekx` hd[ k_` h � � Ã� �« � � Ã� �« � �Ã� �«

« �Hl ò ^[ � � Ã� �« � Ã� �« � � Ã� �«

« �Cè kpqh̀ epqr kc` k����
���H[ k_t ` og

� � Ã� �« � � Ã� �« � � Ã� �«

F` p[ j q̀
V` og[ r apah?^d`

� � � À�� � �j � � � À�� � �j � � � � À� � � �j �

L` ` opq[ k_pnr l q̀ � Ã� �« � Ã� �« � Ã� �«

�k�º�� �� �•�•�Ý�ü�º�� ���•�V�@���Ð�Î �Ð�Ó

Sdl mmekc�B` kq̀ o�R̀ ml oq�� � � � ������ �
K[ meq̀ h�� Â�� ] ` o] hê g�ì ] ` o�_` k�hr ù j ] r ocep̂ d` k�M[ ogq

Dekg[ r apx` kqor j R̀ q[ eh�P[ og
N[ ds` opl ocr kcpç

x` kqor j
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Sdl mmekc�B` kq̀ o�R̀ ml oq�� � � � ������ �
K[ meq̀ h�� Â�Sqor gqr ot [ k_` h�r k_�Ao[ k^d` kj ep̂ dr kc

»A` ej �Ikq̀ omò qè ò k�_` o�C[ q̀ k�epq�xr �] ` [ ^dq̀ kÃ�_[ pp�_` o�c` p[ j q̀ �R̀ à ò kx_[ q̀ kp[ qx�[ r p�_` j �_oeqq̀ k�Qr [ oq[ h�_` p�J[ dò p�� � � � �] ` ò eqp�p?j qhê d`
A` qoè ] ` �r k_�V` og[ r apah?^d` k�_` p�Dekg[ r apx` kqor j p�ÝBhl ^d` �_ÛOo×�r j a[ ppqÃ�_[ p�ej �Ogql ] ` o�� � � � �` oÁaak` q�t r o_` À

Dekg[ r apx` kqò k
R̀ q[ eh�P[ ogp�r k_�[ k_` ò

Z` kqò k
N[ ds` opl ocr kcpx` kqò k

� � � � �» � � � � � � � � �» � � � � � � � � �» � � � �

@kx[ dh �� � � � � � � � �

F` p[ j q̀ �@kx[ dh

_[ sl k
� � � � � � � � � � � � � � � �

@kx[ dh
V` og[ r appq̀ hh̀ k
¯Dekx` hd[ k_` h°

� � � � � � � � � � � � � � � �

@kx[ dh
F[ pqol kl j è ç

] ` qoè ] `
� � � � � � � � � � � �

@kx[ dh
Cè kpqh̀ epq̀ o�H[ k

_t ` og
�� � � � � � � � � � � �

« �_` o�POI�[ k
_` ò k

h[ k_` pt ` eq̀ k
F` p[ j qx[ dh

�� Ã� �« � Ã��« � Ã� �« � Ã� �« � Ã� �« � Ã� �«

F` p[ j qs` oç
g[ r apah?^d`

¯S_V°
� � � À� � � �j � � � � À�� � �j � � � À� � � �j � � � À�� � �j � � � � À� � � �j � � � � À� � � �j �

« �_` o�VKE�[ k�_` o
h[ k_` pt ` eq̀ k

F` p[ j qs` og[ r apç
ah?^d`

� �Ã� �« � � Ã� �« � Ã� �« � Ã� �« � � Ã��« � � Ã� �«
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ekq̀ o[ gqes` �K[ oq̀
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Sdl mmekc�B` kq̀ o�R̀ ml oq�� � � � ������ �
K[ meq̀ h�� Â�Sqor gqr ot [ k_` h�r k_�Ao[ k^d` kj ep̂ dr kc
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Dkq_` ^g` k�Sè �_è ��
ekq̀ o[ gqes` �K[ oq̀
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�Î �«�º�8�«�ü�ã�¬�ø���\ �«�º�8���³ �ã�º���Ï�Î ���Õ�8�� �L�N�º�� ���( �ã�º�� �@�N�ü�º�ã�@�N�V�� �Õ�@�«�8�•�� �¬�Ý�º�� ���� �•�¬�Ý
�� �� �•�•�Ý�ü���³ �º�8���¨ �…�X���ã�� ���³ �º�� ���0�ã�� �ø�•�V�Ô�@�•�º�� �N�8�º��

�à�º�8�N�º�ã�ü�V�� �Õ���³ �º�8���Õ�•�@�N�8�� �� �� �� �ã�@�¬�Ý�º�� ���¨ �…�X���b�R�� �8�º�¬�•�c���� �•�¬�Ý��� �8�•�� �¬�Ý�º���ã��
�³ �º�� ���0�ã�� �ø�•�V�Ô�@�•�º�� �N�8�º��

�Ò�P�Ï�P���I �� �ø�V�@���•�V�Ô���³ �ã�º���0�ã�� �ø�•�V�Ô�@�•�º�� �N�8�º��



�k�•�5�ã�N�º�ü���Ò�P�Ð�P

�J�º�� �Õ�8�•�Ô�ã�@�¬�Ý�º
�à�º�8�N�º�ã�ü�V�� �Õ���³ �º�8

�0�ã�� �ø�•�V�Ô�@�•�º�� �N�8�º��



�Ò�P�Ð�P���J�º�� �Õ�8�•�Ô�ã�@�¬�Ý�º���à�º�8�N�º�ã�ü�V�� �Õ���³ �º�8
�0�ã�� �ø�•�V�Ô�@�•�º�� �N�8�º��

Sdl mmekc�B` kq̀ o�R̀ ml oq�� � � � ������ �
K[ meq̀ h�� Â�Sqor gqr ot [ k_` h�r k_�Ao[ k^d` kj ep̂ dr kc
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Cè p̀ o�@] p̂ dkeqq� [ k[ hvpè oq�_è �V` oq̀ ehr kc�_` o�Pl ekqp� l a� Ikq̀ ò pq� ¯POI°�k[ ^d�K[ kql k
pl t è �_` o�V` og[ r apah?^d` k�j eqdehà �sl k�Ce[ co[ j j ` k�r k_�ekq̀ o[ gqes` k�K[ oq̀ kÀ�Cè p̀
Vepr [ hepè or kc` k� ` oh̀ ê dq̀ ok� _[ p� V` opq?k_kep� _` o� H[ k_` hp_ê dq̀ � r k_� ò cel k[ h̀ k
Ukq̀ op̂ dè _` � r k_� ] è q̀ k� ` ek` k� t ` oqsl hh̀ k� F` p[ j qì ] ` o] hê g� xr o� A` t ` oqr kc� _` o
q̀ ooeql oe[ h̀ k�H[ k_` hp_vk[ j eg�ek�Lr ù j ] r ocÀ
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ekq̀ o[ gqes` �K[ oq̀
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A` epmè h[ kpê dq�_` o�ekq̀ o[ gqes` k�K[ oq̀
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Sdl mmekc�B` kq̀ o�R̀ ml oq�� � � � ������ �

Ce �̀@k[ hvp̀ �_` o�hrù j ] r ocep̂d` k�H[ k_` hph[k_p̂ d[ aq�d` ] q�_e �̀x` kqo[ h �̀Rl hh`
_` o� Dekg[ r apx` kqò kÃ� R̀ q[ eh�P[ ogp� r k_� N[ ds` opl ocr kcpx` kqò k� d` osl oÀ
Zr p[ j j ` k� j [ ^d` k� pe �̀ gk[ mm� � �  « � _` o� c` p[ j q̀ k� V` og[ r apah?^d` � _` p
L[ k_` p� [ r p� r k_� d[ ] ` k� pe d̂� p̀ eq� A` cekk� _` o� C[ q̀ k` od` ] r kc� ej � J[ do� � � � �
ml peqes� ` kqt e ĝ` hqÀ� Sl t l dh� _e �̀ @kx[ dh� _` o� F` p̂ d?aq̀ � [ hp� [ r ^d� _e`
V` og[ r apah?̂d` k� s` ox` e d̂k` q̀ k� ` ek� N` qql çW[ ^dpqr j À� @r ^d� _e`
L` ` opq[ k_pnr l q̀ �pmoe d̂q�aì o�_e �̀Sq[ ] eheq?q�_e p̀̀ o�El oj [ q̀ Â�Meq�_r ô dp̂ dkeqqhed̂
� �] ep��  « �hec̀q�pe �̀_` r qhed̂�r kq̀ o�f` k` o�_` o�Ikk` kpq?_q̀ Ã�_e �̀[ gqr ` hh�]` e�� � Ã�  «
hec̀qÀ�Ce �̀ _` q[ ehhe`oq̀ k�Uop[ ^d` k� aì o� _e p̀̀ �Dkqt e ĝhrkc` k� t r o_` k� ] ` ò eqp�ej
R̀ q[ eh�R̀ ml oq�� � � � �` oh?r q̀ oqÀ

j̄ eq�KI�ì ] ` op̀ qxq̀ �V` opel k°
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Meq� � � � Sq[ k_l oq̀ kÃ� � � � � F` p^d?aq̀ k� r k_� or k_� � � � À� � �  j M
V` og[ r apah?^d` �pmè h̀ k�gh[ ppep^d` �Dekg[ r apx` kqò k�` ek` �S^dhì pp` hol hh̀
ek� _` o� hru` j ] r ocep̂d` k� H[ k_` hph[k_p^d[ aqÀ� Se �̀ s` ò ek̀ k� k[ d` xr � ` ek
Vè oq̀ h� _` o� k[ qel k[ h̀ k� V` og[ r apah?^d` � r k_� pek_� xr ch è d̂� Ooq̀ � _` p
Kl kpr j p�r k_�_` o�A` c` ckr kcÀ�

Ij � Dekg[ r apx` kqor j � ] h è]q� _` o� Dekx` hd[ k_` h� _l j eke ò̀ k_Ã� [ r ^d� t ` kk
p̀ ek� @kq̀ eh�sl k� � �  « � ej � J[ do� � � � � � [ r a� ` qt [ � � �  « � ej � J[ do� � � � �
xr oì ^gc` c[ kc` k� epqÀ� Zr j � V` och è d̂Â� Ik� _` k� Ikk` kpq?_q̀ k� j [ ^dq� _` o
Dekx` hd[ k_` h�kr o� kl ^d� ` qt [ � � �  « � [ r pÃ� t ?dò k_� F[ pqol kl j è � r k_
Cè kpqh̀ epqr kc` k�xr k` dj ` k_�[ k�A` _` r qr kc�c` t ekk` kÀ�C[ p�@kc` ]l q�ek
_` k� Dekg[ r apx` kqò k� t eo_� _r ô d� � � � � Cè kpqh̀ epqr kcp] ` qoè ] ` � r k_� � ��
F [ pqol kl j è ] ` qoè ] ` � ` oc?kxq� ê� h q̀xq̀ ò � s` ox` e d̂k` k� p̀ eq� � � � � � _` k
dÁ^dpq̀ k�N` qql t [ ^dpqr j � #̄� � �A` qoe ]̀ ` °À�

Ukq̀ o�_` k�aì ka�[ k[ hvpe òq̀ k�Dekx` hd[ k_` hpg[ q̀ cl oe k̀� s̄chÀ�SÀ � �°�_l j eke òq
gh[o� _e �̀ K[ q̀ cl oe �̀ ÝMl _` � ¦ � S^dÁkd` eq×� j eq� � � � � F` p̂ d?aq̀ k
d̄[ r mqp?^dhed̂�A` gh è_r kc�r k_�S^dr d` °Ã�c` al hcq�sl k�ÝL` ] ` kpj eqq̀ h×� �̄ � °
r k_�ÝEò ex` eq�¦ �Kr hqr o×� �̄ � °À�ÝMl _` �¦ �S^dÁkd` eq×�pq̀ hhq�_e �̀coÁáq̀ �@kx[ dh
[ k� F` p̂ d?aq̀ k� �̄ �  « °� r k_� _e �̀ coÁáq̀ � Eh?^d` � ¯� �  « °Ã� epq� [ ] ` o� ê� j eq
@r pk[ dj ` � sl k� ÝWl dk` k� ¦ � H[ r pd[ hq×� ê� _e �̀ ` ekxec̀ � K[ q̀ cl oe �̀ j eq
h è d̂q̀ j �Rì ^gc[ kc� ç̄��V` og[ r appq̀ hhk̀°À�

Ij �Ce k̀pqh èpqr kcp] ` ò e d̂�_l j eke ò̀ k�Eoep` r op[ hl kp�r k_�R` ep` ] ì ol pÀ�Ij
Hl ò ^[ çÀ ò e d̂� aì dò k� R` pq[ r o[ kqp� �̄ � � A` qoe ]̀ ` °Ã� c` al hcq� sl k� Aepqol pÃ
B[ aup�r k_�Dep_è h̀ k� �̄ � °�pl t e �̀E[ pqçEl l _çÀ qoè ] ` k� �̄ � °À��

Dek� t ` eq̀ò p� j [ og[ kq̀ p� M` ogj [ h�_` o� Dekg[ r apx` kqò k� epq� edo� dl d` o
Eehe[ hepè or kcpco[ _Â�Meq�� � Ã�  « �hec̀q�_e p̀̀ o�j ` do�[ hp�_l mm̀ hq�pl �dl ^d�t e`
ek�_` k�Ikk` kpq?_q̀ kÀ

Sdl mmekc�B` kq̀ o�R̀ ml oq�� � � � ������ �
K[ meq̀ h�� Â�Zr p[ j j ` ka[ ppr kc�r k_�A` l ] [ ^dqr kc` k
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Sdl mmekc�B` kq̀ o�R̀ ml oq�� � � � ������ �

R` q[ eh� P[ ogp� r k_� [ k_` ò � pq̀ hhk̀� ` ek̀ � ] ` pl k_` ò � El oj � _` p
Dekg[ r apx` kqor j p� _[ oÀ� Se �̀ x` e d̂k` k� pe d̂� _r ô d� _è � @kl o_kr kc� _` o
F` p̂ d?aqp̀ ekd` eq̀k�r j �` ek̀ k�c` j ` ekp[ j ` k�P[ ogmh[ qx�r k_�_[ _r ô d�[ r pÃ
_[ pp�_[ p�Z` kqor j �ke d̂q�ekq̀ ok�]` qoe ]̀ ` k�t eo_À�P` o�C` aekeqelk�r j a[ ppq�` ek
R̀ q[ eh�P[ og�j ek_` pq̀ kp�aì ka�col áah?^dec` �Dekx` hd[ k_` hpc` p^d?aq̀ À�

Ce �̀ aì ka� R` q[ eh� P[ ogp� j eq� xr p[ j j ` k� ì ] ` o� � � À� � �  j M� V` og[ r apah?^d`
` oc?kx` k� _e �̀ H[ k_` hph[k_p̂ d[ aq� j eq� ` ek̀ j � ` d` o� [ r ql l oè kqè oq̀ k� r k_
col áah?^dec` k� @kc` ] l qÀ� Meq� _r ô dp^dkeqqhê d� � À� � �  j M� mol � F` p^d?aq
pek_� _e �̀ L[ _` kah?̂d` k� j ` do� [ hp� _l mm̀ hq� pl � col á� t e �̀ ek� gh[ppep̂d` k
Dekg[ r apx` kqò kÀ� Zr p[ j j ` k� j eq� _e p̀̀ k� qo[ c` k� pe �̀ xr � ì ] ` o� � �  « � _` o
c` p[ j q̀ k�V` og[ r apah?^d` �_` p�L[ k_` p�] ` eÀ�

C[ p�@kc` ] l q� t eo_�gh[o�sl j �Dekx` hd[ k_` h�_l j ekè oqÃ�_` o� ì ] ` o� � �  « �_` o
A` qoe ]̀ ` �[ r pj [ ^dqÀ�

K[ meq̀ h�� Â�Zr p[ j j ` ka[ ppr kc�r k_�A` l ] [ ^dqr kc` k
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Sdl mmekc�B` kq̀ o�R̀ ml oq�� � � � ������ �

Ce �̀ � � � N[ ds` opl ocr kcpx` kqò k� s` oaì c` k� ì ]` o� or k_� � � � À� � �  j M
V` og[ r apah?^d` � j̄ ` do�[ hp�� �  « �_` o�h[k_` pt ` eq̀k�F` p[ j qs` og[ r apah?̂d` °Ã
sl k� _` k` k� ` qt [ p� j ` do� [ hp� ` ek� Coeqq̀ h� aì o� L` ] ` kpj eqq̀ hc` p^d?aq̀ � t è
Hvm̀ oj ?ogq̀ �l _` o�Sr m̀ oj ?ogq̀ �c` kr qxq�t eo_À�

Ce �̀ @kc` ] l qppqor gqr o� ek� _` k� N[ ds` opl ocr kcpx` kqò k� r kq̀ op̂ d` e_̀ q
pe d̂Ã� t e �̀ _e �̀ Z[ dh k̀� x` ec̀ kÃ� _` r qhed̂� sl k� f` k` o� gh[ppep̂d` o
Dekg[ r apx` kqò kÂ� C` o� @kq̀ eh�_` p� Dekx` hd[ k_` hp� hec̀q� j eq� ^[ À� � �  « � r kq̀ o
_` j � _` o� Dekg[ r apx` kqò kÃ� t ?dò k_� _` o� @kq̀ eh� _` o
Cè kpqh̀ epqr kcp] ` qoè ] ` �j eq�� �  « �_` r qhed̂�dÁd` o�epqÀ�C` o�Hl ò ^[ çS̀ gql o
j [ ^dq�or k_�� �  « �_` o�A` qoè ] ` �[ r pÀ�

�

Ce �̀ N[ ds` opl ocr kcpx` kqò k� ì ] ` ok` dj ` k� _[ j eq� ` ek̀ � ` oc?kx` k_`
Er kgqel kÃ� ek_` j � pe �̀ _e �̀ t l dkl oqk[ d` � V` opl ocr kc� j eq� Fì q̀ ok� r k_
Cè kpqh̀ epqr kc` k� _` p� q?ched̂` k� A` _[ oap� pe d̂` opq̀ hhk̀� r k_� ch è d̂x` eqec
xr o�C` x` kqo[ hepè or kc�_` p�H[ k_` hp�] ` eqo[ c` kÀ

K[ meq̀ h�� Â�Zr p[ j j ` ka[ ppr kc�r k_�A` l ] [ ^dqr kc` k
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Sdl mmekc�B` kq̀ o�R̀ ml oq�� � � � ������ �
K[ meq̀ h�� Â�Zr p[ j j ` ka[ ppr kc�r k_�A` l ] [ ^dqr kc` k
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Pdehemm�H` kc` o

Jl ` �Fr ` ogekc` o

Kl l o_ek[ ql oÃ�FID�O] p̀ os[ ql eò�k[ qelk[ h�_` p�PMD
DçM[ eh�Â�mdehemmÀd` kc` oª l ] p̀ os[ ql eòmj ` Àhr
TuhÀ�Â� #̄� � � °�� � � �� � � �� � �

Pol f` ^q�Bl l o_ek[ ql o�¦ �C[ q[ �@k[ hvpqÃ�Lr ù j ] l r oc
Bl kà _` o[ qelk
DçM[ eh�Â�fl ` Àcr ` ogekc` oª ^l kà _` o[ qelkÀhr
TuhÀ�Â� #̄� � � °�� � � �� � � �� � �

Sdl mmekc�B` kq̀ o�R̀ ml oq�� � � �
ç�� �
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