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a ~ 3.82 A

b ~ 3.88 A

Plan CuO 2

Plan CuO 2

Structure générique
des cuprates

Dopage 
en trous

Plan CuO2

Plan CuO2 d~
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c ~ 11.85 A
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Déplacement d’un trou dans la matrice AF
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Déplacement de deux trous dans la matrice AF
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Couplage AF fort
coute portée

Répulsion coulombienne
longue portée

Apparition d’un ordre
de stripes
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Mode d’onde de spin optiqe : précession des spins en opposition de phase
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Mode d’onde de spin acoustiqe : précession des spins en phase
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Pic Creux Bosse
en fonction du dopage

Evolution de la position du creux
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Lignes de diffusion lièesSurface de Fermi dans BSCO
Norman (2001) sans interaction 

Partie réelle de la susceptibilité
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Ouverture du continuum d’excitations électron − trou dans l’état supraconducteur
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table échantillon

Goniomètres

Détecteur

Polarisation
incidente (bender)

Analyseur
Heusler

filtre graphite

neutrons

Spectromètre 3 axes 4f1 du LLB en configuration neutrons polarisés

Environnement échantillon
Displex (12K−300K)

Aimants
permanents

Dé magnétique H(H x,Hy,Hz)
(rotation indépendante de
l’échantillon)
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Méthode de Laue : montage en amont

Faisceau de rayons X
Polychromatique

Directions de déplacement

50mm

Support

Trou

du support

Plaque
photo Bloc de cuivre +

plaque aluminium +
échantillon

une plaque d’aluminium
fixée sur un bloc de cuivre

Echantillons collés sur

: caches fixes devant
la photo

Photo Laue typique

(100)

devant le photo
:entoure les points noirs liès aux caches

(110)

YBCO(V=40kV, I=30mA, t=1mn)

O R1O

������
������
������
������
������

������
������
������
������
������

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

��
��
��
��
��

��
��
��
��
��

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


��������

�
�
��� ��������*

�������U��� �U� �od " �_-��,/G/2� � 
 " ��� � 'i* " �.� 1��� " ��*,'�� W`��� 	�� *R1�3����'K/2��� 1�,/U�
�S��� 	 � W�k ��W � 
e'i������'K/ 	 ��� 1�!- � ��'i/ � WlW`*,'��F>� ' 1�!- � ��'K/ � WlW`*,'����!/S-�*,WlW 1��� " � " 'K�_� W^� P " � 	 k ��W " � � ' � " � P " �&W3k *,' ��� �&� " � " '�� " ���S*��!/L�,/i� W`��- 1�B��'�� " � /2�� " � " ' ��*,'i/U��
 ��� � " � 	�� /�����' ����*,'i/��!>�� �<��'K/ P " �hW^��-�*,W^W`�h��g�!- � � � 'i* " � 	�� �2�S*,�3*,' � 	 k " 'i�W� � 'O
 /U� � 'K�	 �A� � ' " /2���h�S* " �8�.����' 	 ��� 	 ���A-4W � - ��1���A�,/�*�� � ��'i/2�3�oW3k 1�!- � ��'i/ � W^W`*,'0�L�,�R�3�
���S*��!/h� " ��� ��g�3��� �$� � 	 �AW`�����- ��� 'K� � ��� �.� 1���3��'K/ 1�5�6�,��W`���#��*,' 	 �#��* " 
 ���F>

<A5!B16+PG@?Ef2AD IKPb2 Iw� 2LIW� � �

�X87PG87<LI�-2APb@HEK8¦IK@H57D 3F2 >H8 IK2LB/6'-2LPK8;IG:+PG2 <LPG@OIK@H��:+2 6+87P B/2LEG:+Pb2 �
<�� 'sG #

/�I\8;D�I=3+5!D+D'-2L2m>N8�i�8;@7&+>?2�6+P9-2A<A@?EG@?5!D 3+2m>H8�B12AEG:FPG2 /�GH� 2V@?>42AEJIM@HB16
5!PbIK87D I=3A+Y861!5!@?P=:+D+2
B -2[I3�+5�3+2e3+2�<A87PK8;<LI�-2LPG@?EK8;IG@H5!Dc<L5!B16+>�-2LB/2LD�IK87@HPb2V3+2LEY-2A<���8;D�IG@H>?>H5!D+E:� �k5!:+El861!57D+Ek87>H5!PbE`P9-2"87>?@HE9-2g3+2AE
B/2LEG:+Pb2AE`3F2gEb:+EG<L2A6FIG@7&+@?>H@?I�-2f2AD/:FIK@?>H@HEG87D I :+D1BW8�%7DZ-2LIG5!B�=2[IKPb2J=8���< � 'sG P ��:+6
2APb<A5!D+3F:+<LIG@HD�%(<�:+87D��
IK:+B�E�EJI\87D+3+87PG3A���g57:+E�P9-2A87>H@?EG5!DFE�D+57E4B12AEG:FPG2AE43+2cEG:FEG<A2L6FIK@D&+@H>?@?I�-2/6�8;P4>N8�B -2[I3�+5�3+2 * 
A2LPG5 Z+2A>H3
<A5�5!>H2L3�* #F57D^3+2AEb<A2ADF3n>H8�IK2LB/6'-2LPK8;IG:+PG2V3+2�>3+F-2A<���8;D�IG@H>?>H5!D12ADS3+2LEGEG57:+El3+2 � ¬ P I -�6+@?��:F2AB12AD I T � � E
6+:+@HE:2�5!D�876+6+>?@H��:+2^:+D�6	2[IK@OI(<���87B16�EJI\8;IG@H��:+2^6�87PG87>H>3=2A>?2 =8M>3+Y8�)�2 4X 3+2 I6� �e2^2LI12AD Z+D�5!D�B12��
EG:+Pb2�>H84EG:FEG<A2L6FIK@D&+@H>?@?I�-2&G � 6�87PX6+87>H@?2AP`3F2 I �J� �kD+2�B/2LEG:+Pb2�<A5!DFEG@HEJIK2�=8�3'-2L6+>N8;<A2AP`:+D -2A<���87D IG@H>H>?5!D
3�87D+Ef3+2LE &	5U&F@HD+2LEX<"876�IKPG@?<A2LE P %!PG873+@H2LD IKB�=2LIKPb2 EN2 =8�:+D+2eIG2AB16'-2APG8;IK:FPG2e3+57D+D'-2A2d2[If3�87D+Ef:FD�<��+87B/6
BW8�%7DZ-2LIG@H��:+2��+5!B15U%�=2ADF2��MC�5!PGEb��:A+Y57D�@HD IKPb5�3F:+@?I�:+D -2A<���87D IG@H>H>?5!Dd3�87D+E)>H2*%!PG873+@H2LD IKB�=2LIKPb2�2w>?2}<��+87B/6
BW8�%7DZ-2LIG@H��:+2d2AEJIV6
2APJIK:+P &Z-2�2[IV6FPG5�3+:+@?Il:FD+2 1;87Pb@N8;IG@H5!D^3F2���:9)�BW8�%7DZ-2LIG@H��:+2�2���:+@�@?D+3+:+@OIl:+Dn<L5!:��
PK87D I�3�87D+Ed>?2AE5&
5U&+@HDF2AEd3+: %!PK873F@H2AD IGB�=2[IKPG2;� �eDrP9-2"8;>H@HEb2(87@HDFEG@�2LDZ3'-2L6+>N8 �<"87D Id>3+�-2A<��+87D IK@H>?>H5!DM3,+Y:+D
&	5!:�I�=81>3+Y87:FIKPb2d3+: %!PG873+@?2AD IKB�=2LIGPG2�2�:+DF2�@?D�I�-2�%!PG8;IK@?5!D�3+2��+:�)"���kDnIKPG87D+EJi$5!PGB/8;IK2L:+Pl3+2��+:�)n6	2LP��
B/2[I`3+2lIKPG87D+EbB/2[IGIKPb2g>?2gEb@7%!D+87>�@HEbEG:W3F:Y%!PK8;3+@H2LD�IGB�=2[IKPb2g8;: ��< � 'sG(�9C�2!��< � 'sG 2LEbIj>H2k3Z-2LIG2A<LIG2A:+P
3+2e<���87B16^B/8�%!D'-2[IK@H��:+2g>H2g6+>H:+EjEG2LD+EG@D&+>H2e��:+@	2�)�@HEJIK2 P I�� � H :F2AB ��I �)2AEG>H8RE�� �W+Q2AEbIX:+D^<A5!DR172APbIG@HEbEG2A:FP
��:�)"�]IG2AD+Eb@H5!DA��C[+�8;B/6+>?@?IG:+3+2f3+:cEb@7%!D+87>�B/2LEG:+P9-2V2LEbIX6FPG5!6
5!PbIG@H5!DFD+2A>?>H2l87:/B/5!B12AD I}B/8�%!D'-2[IK@H��:+2k3+2
>3+F-2A<���87D IG@H>H>?5!DA�

I�� �



−1

−0.8

−0.6

−0.4

−0.2

0

0.2

52 56 60 64 68 72 76 80 84 88 92 96 100

χ
/χ

d
ia

Temperature(K)

Tc pour différentes conditions de recuit − YBCOCa10%

Echant. 89 prog:B
Echant. 90 prog:A
Echant. 97 prog:C

Echant. 100 prog:D

40

50

60

70

80

90

100

0 5 10 15 20 25

T
e

m
p

é
ra

tu
re

 c
ri
ti
q

u
e

 (
K

)

Taux de calcium (y en %)

Température critique en fonction du taux de Calcium 
 dans Y1−yCayBa2Cu3Oδ avec δ maximum

Bernhard 1996

Böttgert 1996

Tcopt

Nous

a) b)

�D���h��������� � d " � W^� � 
 " �<�&� ��� 'i* " �_��� �S*��!/2*,' �a��'�-�* " � � ���_��* " 
 ���aW`��� ����� " ����� 	 �]� " �
-�� �S/ � �I� W � / 1� 	 0 �3��*� ��W 	 -�* *,W`� 	�� 
 Z $ � �B	 ��� 1�!- � ��'K/ � WlW`*,' � 	 k " 'K�&(Q* " �4' 1�
� 	 �@� u"v � � � uwv ~  � y ��" z $ : � � >�� " �O/Q��� 1�!- � ��'K/ � WlW`*,' �
	 �B-��j�L� P " �,/L��* " 
 �5*,'K/ 1�,/ 1�N/Q�3� � / 1��� 	 � P " �O/Q����(\���-�*,'�� 	�� *R1�3����'K/2��� 	 �!* � �h/2� � /2� � �,/ 'i* " �j��*,'i/Q�<*,'��jW\� " �-�* " � � � 	 �8� " �<-�� �S/ � �I� W � / 1�h�
�.��g���R/Q�3� � /2������'i/G>.d " ��W^� � 
 " �<� 	 � 	 ��* � /2� � 'i* " ����� �.�<��'i*,'��5W`�  _� 
 > � > 
 Y 	����'����
* " /U��'K/5W^� T ª:b�
	 ���
����� 	 �R'K*,� 1�!- � ��'K/ � WlW\*,'�� � -��3�
-4W\���B� W`� � '�� � W`� " � � * � /2��' " �N�
�.��g���N���!- " � /B�M�!�!-oW`��.��*!
��3���A��� " 	 �!* � �N/2� � /2� �

T %����
*�������*F0 ')��� ����71)�+*F0|��%�%$�
*&�t�)�+� ����4021)� ')� > ����� WS�!�
*)�j0w�¦�)�50|���
* ')� �&�A���)')�"R
���
*����!�¦���b0w��% ���	���^%$���(� ���9����¦����*)�!���('�� N��A�

�gDF2ni$5!@?E/>?2AE -2A<���87D IG@H>H>?5!D+E1<"87PG87<LI�-2APb@HE9-2LEW6�8;P/>H8�B -2LI	�+5�3F2�3+2 /�G�� 2LIc6+87P �
<�� 'sG(2jDF5!:+E
-2L>H@HB1@HDF5!D+E�>H2AE.-2L<���87D IK@?>H>?5!D+E4��:+@f6FP9-2AEb2AD IK2LD IW:+D -2L<"87PJI9IKPG576m@HB16	5!PJI\87D I42AD � ¬ 57:�2LDmI\87:�)q3+2
�X87>?<A@?:+B 6+87PlPK876+6
5!PJI(=8(>H89B/5 -!2LD+D+2;� B -2LDZ-2APG87>H2LB/2LD�I�2�>H2LEf3+2A:�) 175!D Ik3+2d6�87@HP:�
�k5!:+ES87>?@7%!D+57D+E^87>?5!PGEc>?2AE -2L<���87D IK@?>H>H57D+Ec2ADFEG2AB &+>H2r6�87P^>H8qB -2[I3�+5�3+2M3+2 C�87:+2M��:+@�6
2APbB/2[IS3+2
3'-2[IK2LPGB1@HD+2LP`>H2LEX3+@?PG2A<[IK@?5!D+EX3+2LE 1!2L<LIK2L:+PGEl3+:^P9-2AEb2"87:SP9-2L<A@?6+PG5���:+2 P B/87@HE}6�87Ef>?2A:+PjB/5�3+:+>?2 EN� �k5!:+E
:FIG@H>?@HEG57D+E :+D�B/57D�IK8�%!2*C�87:+2 2AD487B15!D I�<A5!B1B/2�Pb2A6+P9-2AEb2AD I�-2XEb:+P�>N8��a@D%����9���U�X8UE�� � 172A<j:+D�B15!D I\8;%!2
2LD�87B15!D I62	D+5!:+EdIKPG86178;@H>H>?5!D+Ek2AD�P9-2���2�)�@H57DA2�<A21��:+@�6	2LPGB12LId3A+�-2LIG:+3+@?2APd>H2LE�B/5!DF5�<LPG@HEJI\87:9) -2A6+87@HE:�
C�2AEkPK8 -75!D+EH��Eb5!D Igi$5!:FPGD+@?Ek6+87Pl:+DnIG:�&	2Y=81PK8 -!5!DFE ��EbIK87D+3�87Pb3A� �eD�>?:+@�876+6+>?@H��:+2�:+DF2�IG2AD+Eb@H5!D
87<L<8-2L>�-2APG8;IKPb@H<L2e3A+Q2ADR1�@HPG57D S ��� ��2LIf:FD�<L5!:+PG87D Il3+29Z�>H87B/2LD If3+2�� � B�� 2�<A2���:+@�6	2LPGB12LIf3A+Q5U&FIG2AD+@?P
3+2LEl<A>H@?<��'-2AEl<L5!PGPb2A<LIGEg3+87D+EXR I ���(2LD GJI B/@?D�:�IK2��
�`@ �p3+2LEGEG57:+ElD+5!:+E -2AD�:+B -2APb5!D+El>H2LEf3+2A:�) -2[I\876
2AEl3+2�>3+Y87>?@7%!D+2LB/2LD IX3+2LE -2L<���87D IK@?>H>?5!D+E #

@ �`57>H>N8;%!2f3+2V>b+F-2L<���87D IK@?>H>?5!D/Eb:+P`>H8�6F>N87��:+2g2AD^87>?:+B1@HD+@?:+B����g5!:FE`:FIG@H>H@?EG5!DFE}:FD�1!2LPGD+@?EX87<��+2[I�-2
=8/>N8 B 2ADF2APK8;> /�>H2L<LIKPb@H<LE P B /*Ek3+57D�Ie>N81i$57PGB�:+>?2�2N)F87<LI�3F:M6	5!>
-�B�=2LPG24Pb2AEJIK2�:+DMEb2A<LPG2LI�� �`2
172APbD+@�2AEbI`:+DW>?@H��:+@?3+2Y-2A6�8;@HE B/@?2A>?>H2A:9)93+2k<A5!:F>H2A:FP �G8;:+D+2li$5!D+<8-2k��:+@�3+:+Pb<A@?I5=8�>3+Y87@HP�8;B(&+@N8;D�IG2
2[I���:F@jEb2/3+@?EGEb5!:FI�6�87P�>3+Y87<8-2[IK5!D+2;��G�87D+E�:+D�6
2LIG@?I�P9-2L<A@?6+@H2LD�I�2�5!D�6FP9-2A6+87PG21:+D+2�%!5!:FIbIK213+2
<L251!2APbD+@HEl2LD�8 �b57:FI\87D Ik3+2d>3+Y87<8-2LIK57D+2���C[+Y8 �b5!:FIl3A+Y87<8-2LIK57D+2�6
2APbB/2[Il3A+Q5U&FIK2LD+@HPf:FD+2d<A2APJI\87@?D+2
IG2�)�IK:FPG2S3+: 1!2APbD+@HE P 6�8;E(IGPG5!63Z�>H87D+3+Pb2A:�)"2�D+@XIGPG5!6_>?@H��:+@H3F2c2A<[I6� ��E�6+Pb5!6+@H<L2S87:_<A5!>?>N8�%72c3+2
>b+F-2L<���87D IK@?>H>?5!DA� 'a8;Pe2�)�6'-2LPG@H2LD+<A2;2�5!D=Pb2A<A57D+D�8M\ �OI�>N8(IK2�)�IG:+PG29@?3Z-2"87>)3+: 172APGDF@HE�� <�:F2A>H��:+2�i$5!@HE:2
57D�3+57@?I(P9-2L6'-2LIG2AP/6+>H:+Eb@H2L:+PGE9i$5!@?E9>H2SB -2L>N87D
%!2S8JZ�D�3A+Y5�&FIK2LD+@HP(<A2[IGIG2�IG2�)�IK:+Pb2�� �gD+2Si$5!@?E1>H8
IG2�)�IK:FPG2l5U&FIG2AD�:+2�2 57D13'-2A6
5!EG2;2 2AD(PG2:% 87PG3+87D I}87:(B/@?<APG57EG<A576	2;2!:+D+2 %!57:FIGIG2A>H2[IGIG2f3+2f<A5!>?>H2XEb:+P

I6� �



>N896+>H87��:+2�3A+Y87>H:+B1@HDF@H:+B�5 =:^D+5!:FEg86175!D+Ek6+P9-2A87>N8�&F>H2AB12AD I %7PK861 -2�>H8�6+>N8;<A2�3+2d>3+�-2A<��+87D IK@H>?>H5!D,�'�:+@HEl5!DS3'-2L6	5!Eb2�>b+F-2L<���87D IK@?>H>?5!DA�
@?@ �g5!:+E(86175!D+E/87>H5!PbE�2AD IGPG2 I�� B1Dm2LI � � B/Dm6
5!:+P(87>?@7%!DF2AP4>b+F-2L<���87D IK@?>H>?5!Dq6�87P9PG876+6
5!PbI18;:�)
87:FIGPG2AEdEb:+Pd>N8c6+>H87��:+2(3A+�8;>H:+B1@HD+@?:+BB� �`2(��:+@�<L5!PGPb2AEG6
5!D+3�2AD�B15 -72AD+DF2 =8^:+DF2/��:+@?D�
"87@?D+2
3+2�<A>?@H<��'-2LEX3+2HC�87:+2 P >H2g6+PG@ )c3A+Q:+D+2�6 �+57IK592LEbIl3A+Q2ADR1�@HPb5!D I 2A:FPG5�EN��'p>)-c8�3+2A:�)c<A5!PbPG2L<LIK@?5!D+E
=8=i�87@HPb2 #�>N8=6+>?:+E(EG@?B/6+>?2c2AEJI1>N8=PG5;I\8;IG@H5!Dm3+2^>b+F-2L<���87D IK@?>H>?5!Dm3�87D+E(>?2c6+>N8;D�3F2�>H8=6+>N8;��:F2�2
X I Eb:+Pe>H8 �a@7%
����� �U�(< E�2	2LI�>H8WEG2L<A5!DF3+29<A5!PbPG2LEG6
5!D+3�87:�)�@HD+<L>H@?D�87@HEb5!D+Ek3+2�>b+F-2L<���87D IK@?>H>H57D�2AD
3+2 �F5!PGEd3+29>H8c6+>N87��:+29>?@�-2L2AE�87:9)M3'-2[i�87:FIKE�3F21Eb:+Pbi�8;<A293+2(>3+�-2A<��+87D IK@H>?>H5!D,2
��:�8;D+3 � �� � � EG:+P
>N8 �a@7%
����� �U��< EN� B -2AD'-2APK8;>H2AB12AD I�2
57D=87PbPG@D172 =81>3+Q5�2L@H> P 5!:�2LD�>?:+B/@3=2APb2�6
5!>H87PG@?E9-2A2�����E =8/D+2�6�87E
5U&FIG2AD+@?Pk:FD}X I IGPG5!6�@HB16	57PbI\8;D�I�� �eD�<L5!B1B/2LD+<A2d3+5!DF<�6�8;Pk<L5!PGPb@7%!2LPl>H2eIK@?>?Il2LDn3+2��+5!PbEV3+2
>N8=6+>H87��:+2��('&5!:+P9<L2A>H8
2a5!D_:FIG@H>?@HEG2/3+2AE(6
2LIG@?IK2LE(&
5!:+>H2[IGIG2AE93+2^6�8;6+@H2LP�3A+Y87>H:+B1@HDF@H:+B 6
5!:+P
<"87>?2APl>3+�-2A<��+87D IK@H>?>H5!D,� �eDn3'-2LIK2LPGB1@HD+2�>b+Y@?D+<A>?@HD�8;@HEG57D P 2LDc3+2�%7P9-2AEaE 172APJIK@H<A87>H2d2[I �F5!PG@ 
A5!D I\8;>H2�2AD
i$5!D+<[IK@H57Dq3+2AE93F@HEbIK87D+<L2AE 172APbIG@H<A87>H2/2LI �+57PG@ 
L5!D I\87>?2/3F2c3�� � �	� P 2ADmB1B�EdB12AEb:+P9-2L2AE9EG:FP�>N8
6��+57IG5 # I � � ��T�
|8;I\87D P 3�� � �	� � T � E�2!5 =:�T � B1B�2LEbIj>N8�3+@?EbI\8;D+<A2k6��+57IG5 ��-2L<���87D IK@?>H>?5!DA� �eD1E�+Y87:��
IK5!Pb@HEb2X:+D+2f3'-2�1�@N8;IG@H5!D�3F2 I B/B =8 �7B1B <A5!PbPG2AEb6	57D+3�87D I]=8e:+D@-2A<A87PbI�3+2f>3+Q5!PG3FPG2X3+:96
5!:+Pb<A2LD�I
EG:+Pl>?2�6�87PK8;B�=2[IKPG2�<d3+:�<APb@HEJI\87>b�

��:FP�>N8 �a@D%�� �������B&�EN2�D+5!:+E9B15!D IKPb5!D+E�>H8�6��+5;IK5 C�87:+2^3A+Q:+D -2A<��+87D IK@H>?>H5!D�<A5!D+Eb@H3'-2LP9-2^<L5!B/B12
87>H@D%!D'-2��AC�2LE�IGPK87@OIKE5&+>H87D+<LE �b57@7%!D+2LD I�>?2AEd6
5!@HD IKEdD+57@HPGE�3F2/P9-2Li6-2APb2AD+<L2W3+2(>b+�876F6�87PG2L@H> P 2AD IK57:+P9-2LE42AD
PG5!:�%72 E�� �eD15U&+Eb2AP 172g��:+2k>H2LE >H@7%7D+2AE�3F2k3F@��	:+EG@?5!D IUI�� 2LI I � I�� EG2kEG:+6
2APb6	57EG2AD I`87:�)9IGPK87@OIKE[&+>H87D+<LE��

.4�
*)'&� 0|�$�
*&�('����|��� �&� 0 Rd�&�|����
	�=')�M%
� ��� �90/')�t�!��%�� ���)�
�$1!2A<V>3+Y87@H3+2k3+2 �&< �	����*�2[I � < -9%���*)�71)�+�¦'����a2�DF5!:+EX86175!D+EfB12AD'-2g3+2AEj2�)�6'-2APb@H2LD+<A2LEfEG@HB16+>?2AE

EG:+PlD+5!E�-2L<���87D IK@?>H>?5!D+EX3+2eReuwv ���X87u"v ~�0X8!y �`:+z!�;: � � 8��+D�3F2�EG861!5!@?P #+@ EUEG@�DF5!E -2A<���87D IG@H>H>?5!D+E -2[I\87@?2AD I
&+@H2LDqEG:+Pb3+5!6'-2LE�2�@?@ EU2AEbIG@HB12APd>N8SIK2LB/6'-2LPK8;IG:+PG2/5!6FIG@HB�:+B 2[I9@H@?@ EU5U&FIK2LD+@HP�>?2AE�<A5!D+3F@?IK@?5!D+E�3+2WPb2A<L:+@?I
��:F@)6
2APbB/2[IGIG2AD Ik:+D+2d56)�-9%0-2LD�8;IG@H5!D�BW8M)F@?BW8;>H2��'&5!:+Pj<A2L>N8
2�D+5!:FE`861!57D+E`6+P9-2A>?2:1 -2 S -2A<���87D IG@H>H>?5!D+E 3A+Q:+D+2ki$5!:+PGD'-2A2���C�2AE3� ¬ 3+2kIK5!:+E}>H2LE^-2L<���87D IK@?>H>?5!D+E3+2m<A2[IGIK2qi$57:+PGD'-2L2 P - <A5!B16+PG@?E�>?2AE -2A<��+87D IK@H>?>H5!DFE�6+P9-2A>H2�1 -2AE�E�i$5!PbB/2LD I=>H2�6�87��:+2LIrPb5!:�%!2m3F2q>N8
�a@7%�� ��� ���
� �k5!:+E�861!5!D+E�87>?5!PGE�876+6F>H@H��:'-2 S IKPG87@?IG2AB12AD IKE�3+@
�$-2LPG2LD�IGE4P9-2AEG:FB -2LE�3�8;D+E�>?29I\8�&+>?2"87:r<L@ �
3+2AEbEG5!:+E #

' Pb5U%�� � P EG:+Pb3+5!6'-26E � � ��� 	 � � , &�� / ���V�V � �UT ��� �W28� � � ��� / ���V9V � � I���� �W28� � � ��� / ���V�V � � � ��� 	 � � , &'�PG5U%�� G P Eb:+PG3F5!6'-2 E � � ��� 	 � � , & � / ���V�V �  UT ��� �W28T � � � � / ���V9V � S � ��� �W28� � � � � / ���V�V � � � ��� 	 � � , &'�PG5U%���/ P Eb:+PG3+576Z-2 E � � ��� 	 � � , & � / ���V�V �  UT � � �W28T � � � � / ���V9V � � � � � �W28T � � � � / ���V�V � � � ��� 	 � � , &'�PG5U%
� 0 P EG5!:FEG3+5!6'-2 E � � �!� 	 � � , & % / ���V�V � T � � � �W2 S  �� � � , *,& � « &V3V�V V2� � � ��� 	 � � , &'�PG5�%��
� P EG5!:FEG3+5!6'-2 E � � �!� 	 � � , & % / ���V�V �  RT ��� �W2 S  �� � � , *,& � « &V3V�V V2� � � ��� 	 � � , &
�k5!:+Ej8 175!D+Ej2AD+Eb:+@?IG2VB12AEG:FP9-2k>N8d<A5!:+P &	2k3+2gEG:+Eb<A2A6�IK@7&F@H>H@OI�-2f3+2LE -2A<��+87D IK@H>?>H5!DFE 876+P�=2LE`>?2AE IKPK8;@?IK2 �

B/2LD�IGE�2 �&@7%�� ��� ���48RE P >H8�<A57PGPG2LEG6
5!D+3�8;D+<A2�2LD�IGPG2�>?2AEX<L5!:+P &
2AE`3+2eEG:FEG<A2L6FIK@D&+@H>?@?I�-2V2LIX>H2AEjIKPK8;@?IK2LB/2LD IKE
"$#&% �bk�n�c _ cxg7q�d �k�lKk�a�mjce_blKd tDok�kj��^2mjg7tApDd t i~dx^('bg2mj^7t�a7_wl*) _wdxiKk�qrk�^hiAcxk�t�qr_jnscek�t�pDk�c,+ ok�nvu7_b^ji~dxcecemb^9��-�mjg7t�a�mjg2�bmj^7t

_bdx^�t d�) _bdxl~k�g2^&a2l2ok
. _wced/'j^2k�qrk�^ji�p�+ g2^ ok�nvu7_b^hiKdecxcemb^ _wg q�d nsl~mjt~nsmja�k�k�^;t&+ _bcxd0'b^�_w^hi�tKg2l�cek�t�p2mbq�_wde^2k�t�q21_jnscsok�t
"3"�4/��5bk�_w^M_Soksi2okAk�^Ma5mjt i~pDmDn�p7_w^7t�cxk6'bl~mbg2a5k�pDk�n�lKd t i~_wcecem7'7�k�^�ok�t k�pDk 8:9 ;�<>=?=A@?B _bgDCEC z���-��+z/ce_b^7nvu7_bl~p k�t i

a5k�l~q�_w^2k�^hiKk�p2_b^7t�cxk�qF1k�q�kG'jlKmjg2a�kj�

I���S



0.16

0.17

0.18

0.19

0.2

0.21

0.22

0.23

0.24

0.25

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

D
o

p
a

g
e

 d
e

s
 p

la
n

s
 C

u
O

2
 (

δ
)

Dopage en calcium (y en %)

Evolution du dopage maximum en fonction du taux de Calcium 
 dans Y1−yCayBa2Cu3Oδ avec δ maximum

Berhnard + Böttgert

Nous

Poudres

nos monocristaux

�D���h�$��� � S � � � -�* " � � �C��* " 
 � ��� �.� 1���3��'K/2�)W`� 	 *<�L��
 � �A� ��� � " � ��-
-����?� � � W`� 	 ���o� W^��'�� �#" $ � ��'
(Q*,' -!/ � *,' 	 " /U� " � 	 ��-3��WQ- � " � > � �)-�* " � � �o� 1�,/ 1��* � /2��' " � g���L�,�!/ � � 	 �RW^� (Q*��4� " W`� 	 � M ��WlW`*,'i7:9 - =8��'-�*,'�� �Q	�1�3����'i/jW`����(+*,'.-!/ � *,'�� T ªcb� 	�� �
����� ��"�P > � > ;�9 � �,/ T ªH«

,
¬ �
����� �+"#P > � > ; - > � ��-�* " � � � � W`� " �8���F/&* � /2��' " �	 ���A��' � g�3����� � � � W^� � ��� g� W^� -�* " � � �A��* " 
 �����!�!-�W3k 1���!*,W " / � *,' 	 � T ªcb� 	�� �
����� * � /2��' " � g���L�,�!/ � � 	 ��'K*,�

1�!- � ��'K/ � WlW`*,' �

2LD�56)��9%�=2ADF2n2LEbI1@HD+3F@H��:'-2A2^3+87D+E9>N8=>�-2�%!2LD+3+2^3+2S>H8�� %!:+Pb2 E�� C�2LE(6+PG57IG5�<L5!>H2LE��C2LI�G³5!D I(6	57:+P
&+:�I43A+Q56)���%0-2AD+2LP92AD+<L5!PG2/6+>H:+E�>H2LE -2A<��+87D IK@H>?>H5!DFE�2[I�3+57D+<W3A+Y87:�%7B/2LD�IG2AP�>H2A:FP�3+576�8�%!2;�'�`2LE�3+2L:�)
Pb2A<A2[IGIG2AE�D+5!:+E�5!D I -2LI�-2(3+57D+D'-2A2LE�6+87P � < .��
%�%���* P '�Pb5U%�� �5EV2[I .S< -����¦*�1)�+�¦' P '�PG5U%��/GHE�� �eD
5U&FEG2AP 1!2=��:+2�>H2 ' Pb5U%�� ��6
2APbB/2[Ic3A+Q5U&FIG2AD+@?P/:+DF2=B/2L@H>?>H2A:FP95 )��9%0-2LD�8;IK@?5!D 3+2nD+5!E -2L<���87D IK@?>H>?5!D+E�2
�a@D%�� ��������8UE�� C�2 '�PG5�%���G�6	57EGE�=2L3+2c:+DF2 -2LIK876
2 =8SIKP�=2LE ��8;:FIK2(IK2LB/6'-2LPK8;IG:+PG2/3+5!D I�>H2�&+:FI�2AEbI43+2
&+Pb@HEb2AP 3A+F-2:1!2LD IK:+2L>H>H2LEZ&�8;PGPG@3=2APb2AE 3+2k6	57IG2AD IK@?2A>�2LB/6A\2L<���87D Ij>N8�3+@��	:+Eb@H5!D(3+2k>3+Q56)��9%�=2LD+2k3�87D+E}>H2f<LPG@HE �
IK87>3� �`2[IGIK2 -2LIK876	2�D+5!:FEVEG2LB(&+>?2�:FIG@H>?2��
�g57:+EV86175!D+Ee3+57D+< -2[I\8�&+>?@�:+D�6FPG5U%!PG87B1B/2dB1@ )�IK2d2AD IGPG24>?2
� 2[If>H2 G 6	5!:FPf8;IGIG2A@?D+3+PG2g>3+Q56)��9%0-2LD�8;IG@H5!DcB/8�)�@HB4:+B�2 '�PG5�%�� / � C�2 '�Pb5U%�� /�8 -2[I�-2�876F6+>H@?��:'-2e6	57:+P
>?2kIGPK87@OIK2AB12AD I}3+2LE�-2A<���8;D�IG@H>?>H5!D+E}3+2lR�u"v x
	��X87u"v ~�	
�X8!y �`:+z!�;: � � � �k5!:+EX861�@H57D+E ��i$5!:+PGD'-2A2AE`2LIXDF5!:+E861!57D+EVPb2A<A:F@?IV8 172A<�>?2 ' Pb5U%�� / :+D+2�6�87PbIG@H2�3�87D+Ek:+D�i$57:+PV8;: C?C���2LIg:+D+2487:FIGPG2�6�87PbIG@H2d3�87DFEV:+D
i$5!:FP�87:�o '����?C�2AE�B12AEb:+PG2LE�3F2�� ¬ 5!D IdB15!D IKP9-2���:+2(>H2AE�-2A<���87D IG@H>H>?5!D+Ee3F2AE�3+2L:�)Mi$5!:+PbD'-2A2LEdEG5!D I
3+576Z-2AE}3+2li�8��<A5!D -2A��:+@ 178;>H2AD IG2�� �g5!:FEj6
2AD+Eb5!D+Ej3+5!D+<k��:+2g>?2�' Pb5U%�� /q6	2LPGB12LIj3A+Y8;IGIG2A@HDF3+PG2l>N8d>H@?B/@OIK2
Eb:+6'-2APb@H2L:+PG2�3A+Q5 )��9%0-2LD�8;IK@?5!D�3F24D+5!E -2A<��+87D IK@H>?>H5!DFE����p>�PG2LEbIK2�D�8;IG:+PG2L>H>?2AB12AD IJ=815!6�IK@HB1@HEb2APf>?2dIG2AB16+E
3+2dPb2A<A:F@?I6�
C�2AE46+PG5U%7PK87B1B/2LE���2LI � 5!D I46	5!:FP &+:FI�3+2c3'-2LEG56)���%0-2AD+2LP1>b+F-2L<���87D IK@?>H>?5!DA�?C�2 '�PG5�%���� B15!D IKPb2
��:+2c>b+Y57D�6
2A:FI(8;:�%!B12AD IK2LP�>N8�� ¬ 3+2AE.-2L<���87D IK@?>H>H57D+E�2LDm>H2LE43+2LEG56)���%0-2AD�87D I�2�<A2c��:+@j6+PG5!:�1!2c��:+2
>?2AE�-2L<���87D IK@?>H>?5!D+E}EG5!D If@?D+@?IG@N87>?>H2AB12AD I�Eb:+PG3F5!6'-2AE:2 �a@D%����9������� �k5!:+EXB15!D IKPb5!D+E�-2�% 87>?2AB12AD IX��:+2V>N8�� ¬5!6�IK@HB4:+B�2LEbI`87:(B/@?D+@HB4:+B�3F2���� ��6
5!:+P�<L2AE^-2A<���87D IG@H>H>?5!D+E:�R/�D ��DA2�>H2LE(-2A<���8;D�IG@H>?>H5!D+E�3F2:1�@H2LD+D+2AD I
Eb5!:+EG3F5!6'-2�8 172A<�>H2 '�PG5�%�� �W�

��6�87PJIK@HPf3F2AEgi$57D+<LIG@H5!D+E � ªcb�
	�� P ¶ µ � EN2�/ ��� ��� T���2�2LI � ªN« ,¬ P ¶ µ � E�2�/���� ����T S 2�D+5!:+Ek6	57:
1!5!DFEkIGPK87<L2AP>b+F-2�1!5!>?:FIK@?5!DZ3F:m6+>H:+E�i$5!PbI43+5!6�8;%!2c87<L<A2LEGEG@D&+>H2W3�87D+E�>?2WP9-2�%!@?B/21EG:+Pb3+5!6'-2;2�� � � J 2a2LDqi$5!D+<[IK@H57D�3+:
IK87:�)93F2k<A87>H<L@H:+BB� �k5!:+E}861!5!DFE}6
5!:+P�<L2A>H8d:�IK@H>?@HE9-2X>N8e>?5!@F6��'-2AD+5!BO-2ADF5!>H5U%7@H��:+2f3+2��&87>H>?5!D K � S L � �k5!:+E
B15!D IKPb5!D+E9<A2[IGIG2 -2�1!5!>?:FIK@?5!D_EG:+P9>H8 �a@7%�� ��� � S 2)<A5!:FP &
2�Pb5!:�%!2;� �`5!D IKPG87@HPb2AB12AD I187:�)m3+5!D+D'-2L2AE13+2

I6� T



−100

−50

0

50

100

25 30 35 40 45 50

In
te

n
s
it
y
(c

ts
/2

0
m

n
)

Energy(meV)

Différence 10K−100K des coupes en énergie 
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Coupes en énergie au point (0.5,0.5,5.4) à 10K et 100K
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Scan en énergie au point (0.5,0.5,5.2) à 100K 
 sur le pseudomonocristal de YBCOCa10%

à la colle
Bruit de fond lié
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1.4°

(10Oe "zero field cooled")
Mosaïcité du pseudo−monocristal
sur le pic de Bragg 006

Courbes de susceptibilité
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Approche itinérante

Structures incommensurables

résonance

Approche localisée
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Stripes à deux echelles dans YBCO
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Uhrig et al. (2004)

Onufrieva et Pfeuty (2002)

dans YBCO maclé pour
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point selle des ODS 
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La résonance
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���G· �íµ&�
��Ì
Äjµ&�
�$	�� �
	5µ �
�����(µ��
��Æ
����� �����$�
�fòj´��	�� �3·�� ��³ µ��
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���í·W´�>�
���-�
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	5î5�.³����
�
��½ ���������
�5µ�� ö��
� �����
� ���#��� ���!�
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�|îUµ!³/�������!´� ���
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�(³�� ��·���Æ
�����f·W´�
��µ!³/����� ��·��Ñµ&���
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Positions des incommensurabilités du spectre optique obtenues 
 par  les ajustements par deux gaussiennes
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Coupes en vecteur d’onde à 38meV
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L=7
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’../../diffSQH6.asc’ u ($1*sqrt(2.0)*cos((tilt+45.)*pi/180)):($6−500):7
BG37t(x)−500

’../../diffSQH13.asc’ u ($1*sqrt(2.0)*cos((tilt+45.)*pi/180)):6:7
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’../../diffSQH3.ascm’ u 2:($6−500):7
’../../diffSQH2.ascm’ u 2:6:7

BG34(x)
BG37(x)−500
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b)a) Dopage optimum Sur dopé

Canal acoustique

= 89K6.85 TYBCO =75KcT15%YBCO−Ca
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Evolution du poids spectral en fonction du dopage

b) acoustique + optiquec)optiquea) acoustique
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0.5*Résonance pour 2 plans, J  = 0 

Résonance acoustique : Jq+J

Résonance optique : Jq−J

Continuum
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différentes énergies de transfert de part et d’autre la résonance

Carte de l’intensité magnétique dans le plan de base pour
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Echantillonnage de la zone de Brillouin
dans le plan de base

(0.05)π /a[ ]2
Volume d’un état :
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Point de calcul de

Ellipsoïde de résolution
 (thèse)expérience sur YBCO6.85
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résolution instrumentale

Calul numérique sans la convolution avec la résolution instrumentale
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6.85Résultats expérimentaux sur le système YBCO

(bandes muettes)
Rencontre avec le continuum

d’onde AF

Coupe en énergie au vecteur a) b) Susceptibilité locale
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6.5 c cYBCO6.85 TT = 89K= 59K

Sous dopé Dopage optimum Sur dopéa) b) c)

YBCO−Ca15% Tc=75KYBCO
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dans Y123 en fonction du dopage
Gap supraonconducteur et modes résonnants magnétique

0

10

20

30

40

50

60

70

80

0 0.05 0.1 0.15 0.2 0.25 0.3
0

50

100

150

200

B
1
g
 p

ic
 2

∆
 (

m
e
V

)

S
u
p
e
rc

o
n
d
u
c
ti
n
g
 t
e
m

p
e
ra

tu
re

(K
)

Dopage

Raman

Mesure de DIN :

résonance acoustique

ω
résonance optique

estimation de c

2 max∆

0

10

20

30

40

50

60

70

80

0 0.05 0.1 0.15 0.2 0.25 0.3

2
∆

m
a
x
 (

m
e
V

)

Dopage

dans Y123mesuré par Ramanmax∆2 et Y123−Ca

de Y123−Ca
Nos cristaux

Films Bock et al.(99)

Chen et al.(93)
Bock et al.(99)
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Spectre Raman dans le canal
B2g pour un échantillon de 

B2g
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Mesure de DIN :

au vecteur d’onde AF
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�Ð���d� » � ¯ �¥��§ £ � ��� ��! ( � å Å�ÎR�r� ¹Ê£ �.� ¯ ���g�`�T�dç �T�T� Â ���T���T�
� �T�d� à � , �¬Å"�{�T�>� � ��� ��! ( � ² � ���d�"�{¤N��� �"¨ £ �¬¤r�T�"§>�"¤N� �T� �N�gÆb¨>� �{�>� £ � ~ Û0£ �¬¡©���>� ��£ �{§ £ ¡{x £ �¬� Â �P�T�����
� �>�r� ¹ � � � �®£ t � £ � £ � » � ¹ � ¼ �T� �����g� ± �T�"§Ü� » �d� �r� å Å ÎR�N� � � �`ÏT�>� Â �P�T�T���
� ���n� ­ �T�¦¤ÀÅ"� ­ ���F�d� £ ��� ��! ( � å Å�ÎR� �{¤N� ¹Ê£ ¨.�T�¬� 
�� � �'� ~ �rç�� Â �����TÏ��
� �TÏd� à � à �¦�y�"� �k£ � ¯ ���Þ�`ÆR�¥�d� �r� ¹®£ ¨g� å � �T�>� å Å ÎR�N�
� � �F�>� ~ �a�T� Â �P�T�T���
� ��ç��¸Æ·� �Þ�2�'�a� £ � £ ÎT� ÃTà Å £ ���¬Î ��u ¼®£ �>� � �T�ÔÆb¤��d�¬� £ � �{�>�cul� ��� ± �T�"§ £ �"� £ § » �d� � £ � Ã � Â�² vRul�T� §Æb¤N� £ �"¤ £¸å �"x"¡{�¦¤��d� �{�T�Ü�·�P����ç �
� ���n� å �.Æb¤ÀÅ � £ �{� � ��� ��! ( � å Å�Îb�N� ¹®£ �·� ¯ ��� �'�PÏT��� Â �P�T��ç �
� �T�d� » � � ± �R�T¨ £ � £ � ¹ � ¼ �d�¥Å"���"�r�Fâ�¤N�¥� ± ��ÎR�¬���Y� � ��� �'���T� ~ ���T� Â ���T���T�
� ���n� ¯ � s �T�¬� £ �N��â�¤N�À� ± �¬ÎR�����Y� � � �g�FÏ>��� Â �P���T���
� �T�d� » � å �T¨.�a�R�¦¤r���>â�¤N�¥� ± ��ÎR�¬���Y� � 
 � �F����� Â �P�T�T�T�
� �T�d� ¯ � ��£ �"�"�¦�T� £ � å � ¯ �T�"�¬� £ �N�F¤r�T�
�y�"�"�¦¤��d� �{�T�k¨"� �Y�0¢£N£
�Ð���d� �>�Fâ�� �T�"�h���"§ �>� Ä �"¡¦§F�>�"Å�� � ¨ � � �d��� £ ���>�Ð� ã uB��¤r���r�Ð¤rÌ �d� £ �¬� �¥�nv �
�Ð�b�r� s �Ðâ<� à$£ �>�F���������"§ s �F�6� » ¤ » �T�¬� � � �FÅ�� � ¨ � � �avb� �PÎ���¨>Å ÎR�¬�{¤r�N����v·����¤��Ð� � �d� £ � ¤r��¡ �d� £ �¬¤���¡+��Å��¥�
�Ð�T�n� æ � » � » ¤ ± ��� �¬�T� , , , ��� ��! ( � �>�FÆb�T¡¦�{§kÆR�À�n� £°± Å £ ���¦�¬�r� � �g�Ü�P��� Â �P�T������� æ � » � » ¤ ± ���¬� �T�

,], , ��� ��! ( ���>�.Æb��¡{�{§äÆ �À�d� £D± Å £ �
�{����� ��
g�'�P��� Â �P�T�T�T�

���T�



����Ïn� � � ± ���¥�d¡¦�À� ��� ��! ( � å Å�Îb�¬�{¤r� ± � � � �`ÏTÏ>� Â �P�T�TÏ��
���dçd���>�`��� à ��¡¦¡{�T� ��� ��! ( � å Å�ÎR�r� ¹Ê£ �.� ¯ 
 � �'�a���b�T� Â �P�����T�
���T�a� à � � �T�"��� ��� ��! ( �"¤N�T�"§ ~ �k�n� ���TÏ��T������� Â ���T�dç �
�����n���>� s �����T� � £ �"� £ � ��� ��! ( � å Å�ÎR�r� ¹Ê£ �.� ¯ �G� �g�P���TÏ
���T�a� ± � ¯E£ � �>ÅF��� § ��� ��! ( � å Å�ÎR�r� ¹®£ �.� ¯ 
 � �'�P�����b� Â �P�T�����
�����n�yÆ.� , �.Æb¤ÀÅ"¡©�d¤ÀÅ � £ � ��� ��! ( � å Å�ÎR� �¦¤�� ± 
 � �g�'� Â �P�T�T�T�
�����n� Û � å �.Æ·�>â � ���F� ���-��! ( � å Å ÎR�N� ¹Ê£ �.� ¯ � � �F��Ï���Ï Â �P����ç �
�Ð�T�n� � �.Æ·���c� ��� ��! ( � å Å�Îb�¬�{¤r� ± 
�� � �.�T� Â ���T�T���
�Ð�>�N� ± �`� £ �T� �T� ~ ��¡w¢£ § £ ¡ ��� ��! ( � å Å�ÎR� �{¤r� ± ��� 
g�.�T��� Â �P�T�>�P�
�Ð���a���Ë� ¯ ��d� �¥� £ �¬� ��� ��! ( ���>� å Å�ÎR�r� ± �T�"§ £ �"�r� » �d�¬� £ � �g�`�T���T� Â �P���T���
�Ð�TÏn�¸â¸� » �����¥Å>�{�¥�d� ��� ��! ( � �>�.Æb��¡{�{§äÆ �À�d� £D± Å £ �
�{����� � 
g�`�T��� Â ���T�T���
�Ð��çd� ± ����� £ ��� £ � ��� ��! ( �`Æb�"¨ £ �¬¤r�T�"§Ü�ÜÆR¤r��� à4£ ¤ÀÅ"�g� � �F� Â �P�T�T���
�Ð���a� ¯ �`���{�¬Å £ � ��� ��! ( � å Å�ÎR�r� ¹Ê£ �.� ¯ �
� �`�T���nç Â �P�T��Ï��
�Ð�T�n� Ä � � �¦§"§ £ � ��� ��! ( � å Å�ÎR� �{¤r� ± � � � �`�T�nç Â �P�T�T�T�
�Ð���a� » � »h£ �¬Ì ��� ��! ( � å Å�ÎR�r� ¹Ê£ �.�`� £ � �r�����J�F�b�P��� Â ���T�T���
�Ð�T�n� ¯ �`�J�{���"� ��� ��! ( �pÆR�"¨ £ � ¤N�T�"§g�·Æb¤N��� à$£ ¤ÀÅ"�>�T¡�� � � �.��Ï>� Â ���T��ç �
�Ð�T�n� ± � à �`�'�¦�g� ¯ �`�'�©�d�"� £ � � � ± � ± Å £ �g���>� ± ��Îb����� ��� � � �¥Å � 
 � �`����� Â ���T�T�T�
�Ð�T�n���>� ¹ �T�¬�¥�d� ~ » �¦�T�"�R§ ��� ��! �Y� å Å�ÎR� �¦¤�� ± � ��
 �b� � � �`�T� Â �P�T�>�a�}�
�Ð�>�N���>� ¹ �T�¬�¥�d� ~ » �¦�T�"�R§ ��� ��! �Y� å Å�ÎR� �¦¤�� ¯ � ��
g�Fç Â �P�T�T�T� £ � å Å�ÎR� �¦¤�� ¯ � � � �.��� Â �P�T�b�a�
�Ð���a���>� ¹ �T�¬�¥�d� ~ » �¦�T�"�R§ ��� ��! �Y��Æ £ ¡ £ ¤w� £ § à �T¨"�¦¤r�Ë�¦� Æb�"¨ £ � ¤N�T�"§"�>¤N�¥�b�b�Y�µÎZ�
�F�¬�T���¥� £ � �y�¦� Æb�T¡¦�{§

Æ �À�d� £ Æb¤r� £ �"¤ £ � Û �T¡¸�T�¦� £ §"�Y� £ § x�ÎÔ�0� ± �	���"¨>�À� £ � » �ÊÆ.� » �"¡Y�¥�{�>� Â �^�T�¬¡{§ ÆR¤r� £ ���¥�¦É"¤��ÆR�{�"���d¨·�T� £ �g���T�TÏ��
�Ð�TÏn� å Åg� ¯ �T�"� � £ � ��� ��! �Y� å Å�Îb�N� ¹®£ �·� ¯ � 
g�`�T�T�T� Â �P�T�>�a�
�Ð��çd� å Åg� ¯ �T�"� � £ � ��� ��! �Y� æ �>� �T¨"Å�ÎR� �¦¤r��� £ � �r��
��'�`Ïb�PÏ Â ���T�����w�
�Ð���a� å � ¯ �T�"�¬� £ �N� ��� ��! ( � å Å�Îb�¬�{¤r� ¯ �f� 
g�`ÏT� Â �P�T���T�}�
�Ð�T�n� å Åg� ¯ �T�"� � £ � ��� ��! �Y� å Å�Îb�N� ¹®£ �·� ¯ 
�
g�`����� Â �P���T���
�Ð���a� å Åg� ¯ �T�"� � £ � ��� ��! �Y� å Å�Îb�N� ¹®£ �·� ¯ 
��g�'�T��ç�ÏT� Â �P�T�����
�Ð�T�n� å Åg� ¯ ���"� � £ � ��� ��! �¦� à Å £ ����¨oÆRÎR��� £ � �¬Î8�d�"§o��¡¦�"¤N� �F�d� �{�T�"�°�¦� � �{�TÅ à$£ �
¨ £ �¥�d� �"� £ Æb� ~¨ £ �¬¤r�T�>§"�"¤N� �T� �N� å ¡ £ � �"� å � £ � � 
 ��� Â �P���T���
�Ð�T�n� å � ¯ �T�>� � £ �r����� ���)��% "����0�,��� ���,��� �	� $�
�� $ ���
����� "�� � � ��� �����`ß "�$&%�����
 ��� � $�
�� ��� " � å ¡ £ � �"�

å � £ � �N� ¼�£ � ­ �T� �pÂ �P�T�����w�"¤N�T�"§ £ � ~ ���d� ���T�T�>��ÏTÏTÏ
� �P���d� å � ¯ �T�>� � £ �r� ��� ��! ( ��¤N�T�"§ ~ �k�d� ���T�T�T�T����� Â �P�T�T�T�w� ��à Æ>�T� å � �R¤ £r£ §"�{�>�T� » �©���
��� � �¦�TÅ à$£ � ~¨ £ � �d�¥�>� £ Æb�"¨ £ �¬¤r�T�"§>�"¤N� �¦�R�¦�µÎ	� £ §"�¦� £ §äx�ÎäÆ·� æ � ¯ ��� � £ �
� �P�b�r� å ÅÜ� ¯ �T�"�¬� £ � ��� ��! �¦�VÆb¤r� £ �"¤ £ � ���g�'�a��Ïdç Â ���T�T�T�w�
� �P�T�n� å � ¯ ���"� � £ �r� ��� ��! ( � �>�JÆb�"¨ £ �¬¤r�T�"§>�"¤N� �¦�R�¦�µÎ , �>¤r�T�¬¨·�T� �d�¥�¦�"� ¼ �P� £ ¡ » ���T� £ �¥�¦� � � 
g�J��Ï��

Â ���T�T�T�w�
� �P��Ïd� å ÅÜ� ¯ �T�"�¬� £ � ��� ��! �¦� æ �"� �T¨>Å ÎR�¬�{¤r��� £ �¬����
��g�`Ï>�PÏ Â �����T���w�
� �P�dç�� å � ¯ �T�>� � £ � ��� ��! ( � å Å�ÎR�r� ¹Ê£ �.�`� £ �¬��� � �'�'��ç �T���T� Â ���T��Ï��

�T���



� �P���n� å � ¯ �T�"�¬� £ �N� � ��x>�{¡{�Y�À�d� �{�T�ZÈ�	§"�{�¬�{� £ �y¡ £ �Ë� £ ¤ÀÅ £ �¬¤ÀÅ £ �N�?Ò��>�¦� £ � �¬�¦�b¢£ § £ªå ��� �¦� ~ Æb�"§g� ±6£ � � � £
² � � ��Î Â ���T��Ï��

� �P�T�d� å Åg� ¯ �T�"� � £ � ��� ��! �F�¬�"x"�
�¦�¬� £ §7� ��� à ��Ï å � �R¤ £r£ §"�{�>�T� Â ¤r�T�>§ ~ ���d� �d���b�T�a���T�T�
� �P���n� � �Fâ<� » �b� � ��� ��! ( � å Å ÎR�N� ¹Ê£ �.�.� £ �¬��� � �'�`Ï�ç��T� Â �P�T�TÏ��
� �P�T�d� � �Fâ<� » �b� � ��� ��! ( � ¼ �d� �"� £ 
 � 
g�`���T� Â ���T�T���}�
� �P�T�d� � �Fâ<� » �b� � ��� ��! ( � ¼ �d� �"� £ � � � �`�T��� Â �d�T�T���}�
� �T�P�d� å � s ��� ��� ��! �¦�FÆb¤r� £ �"¤ £ � � � �g�PÏ�çTç Â �P�T�T���
� �T�T�r� å � s ��� ��� ��! ( � å Å�ÎR�r� ¹Ê£ �.�`� £ � �r� ��� �.�nç �T� Â ���T�T���
� �T�a�n� å � s ��� ��� ��! ( � å Å�ÎR�r� ¹Ê£ �.�`� £ � �r�����J�'�P��ÏT� Â ���T�T���
� �T�PÏd� å � s ��� ��� ��! ( � ¼ �d�¥�>� £ 
 � 
'�.�d�T� Â �P�T�����w�
� �T��ç�� å � s ��� ��� ��! �¦�FÆb¤r� £ �"¤ £ � � � �g�PÏ�çTç Â �P�T�T���
� �T�a�n� å � s ��� ��� ��! ( � å Å�ÎR�r� ¹Ê£ �.� ¯ ��
g�F���nç �T�T� Â �d�T�>�a�}�
� �T�P�d�¸Æ.� » � � ��ÎR§ £ � ��� ��! ( � å Å�Îb�N� ¹®£ �·�`� £ � ��� � �g�'�PÏ�ç�ç Â �P�T�����
� �T�a�n�¸Æ.� » � � ��ÎR§ £ � ��� ��! ( � å Å�Îb�N� ¹®£ �·� ¯ ��
 � �`�T����� Â �P���T���
� �T�P�d�¸Æ.� » � � ��ÎR§ £ � ��� ��! �Y� ¼ �d� �"� £ �U��� �F��Ï>� Â ������ç �w�
� �T�P�d� » �Fâ��¥�d� ��� ��! ( � å Å�Îb�N� ¹Ê£ �.�`� £ �¬������
g�F�T�T� Â �P�T�T���
� �a���d� �>� » � à � ��� z �F��§F� ��� ��! ( � å Å�ÎR�r� ¹®£ �.� ¯ � � �J�Fç����TÏ Â ���T�T���
� �a�b�r� �>� » � à � ��� z �F��§F� ��� ��! �¦� å Å ÎR�N� ¹Ê£ �.� ¯ � �'�.�����>� Â ���T���T�
� �a�T�n� �>� » � à � ��� z �F��§F� ��� ��! �¦� å Å�ÎR�r� ¹®£ �.� ¯ � � �g�a�dç������ Â �d�T��ç �
� �a��Ïd� �>� » � à � ��� z �F��§F� ��� ��! ( � ¼ �d�¥�"� £ 
 � 
g�`���b� Â �P�T�����
� �a�dç�� �>� » � à � ��� z �F��§F� ��� ��! �¦� å Å�ÎR�r� ¹®£ �.�`� £ � �r� � 
g�'�P���TÏ Â �P����ç �
� �a�T�n� �>� » � à � ��� z �F��§F� ��� ��! �¦� å Å ÎR�N� ¹Ê£ �.� ¯ � �'�.�����>� Â ���T���T�
� �a���d� �>� » � à � ��� z �F��§F� ��� ��! �¦� ¼ �d� �"� £ �U��� �`��Ï�ç Â �d�T��ç �}�
� �a�T�n� � �`�6�F�F�T�"� ��� ��! �¦� å Å�ÎR�r� ¹Ê£ �.� ¯ 
�
g�F���d� Â �P�T�T�T�
� �a���d� � �`�6�F�F�T�"� ��� ��! �¦� å Å�ÎR�r� ¹Ê£ �.� ¯ � � �g��ç��T��Ï Â �����T���
� �a���d� � �`�6�F�F�T�"� ��� ��! ( � å Å�ÎR�r� ¹Ê£ �.�`� £ � � � 
g�`Ï>�P� Â �P�T���T�
� �PÏT�d� � � �E�F�F�T�"� ��� ��! �Y� ¼ �d� �"� £ 
 � �'�.�d�T� Â �P�T�����
� �PÏ>�r� ­ �F� �¦§"�{� ��� ��! ( � å Å�ÎR�r� ¹Ê£ �.�`� £ � �r��� � �.�d�T�T� Â �d�T�T���
� �PÏ��n� ­ �.Æb�{§>�{� ��� ��! �¦� å Å�ÎR�r�·ÆR�¥�d���.Æb��¡�� ¯ � �G� �'�P����ç Â �d�T��ç �
� �PÏTÏd� ­ �.Æb�{§>�{� ��� ��! ( � å Å�ÎR�r� ¹®£ �.�`� £ � �r����
g�`�d�T�T� Â �P���T���
� �PÏ�ç�� Û � � �¦� � �P� ��� ��! �¦� ¼ �n�¥�"� £ � 
��'�`����� Â ���T��ç �}�
� �PÏ��n� Û � � �¦� � �P�.� à Å'È£ � £ § £ §"�R¤N� �T�¥�d�J§>� » �nv ~ å ¡{���"¤ � ~ , �>�¬�¥�Y�¥�>�Ju ��"�'� £ �¬� � ��T�¬¨ £ �¬ul�T�¬� Å �"�"�>�TÆR� �>� � ~���d�¬� ÂL£ �h¤N�T�"�¬�À�
� �PÏT�d�D��� å � ¹®£ �T�F���>¡¦� ��� ��! �¦� å Å�ÎR� �{¤r� ± � 
�
g�.��� Â �P�T���T�
� �PÏ��n� � � » � ¹ �T�"�"� � ��� ��! �Y�"â��"� �F�d¡$� £ ¨.�T�¬�Ê�du , �J�^Å"�¦�TÅ"¡¦�{�TÅ��?�����T� £ �¥�¦� � Â ���T�����
� �PÏT�d�¸Æ.�.ÆbÅF���
���¥� ��� ��! ( � å Å�ÎR�r� ¹Ê£ �.� ¯ � � �g�'�PÏT�>�P� Â �P�T��Ï��
� �PÏT�d�°â¸� à � ¯ �R���¥Å"�¬�PÎb§ ��� ��! �¦� å Å�ÎR�r� ¹Ê£ �.� ¯ � � �'�P�T�dç���� Â �d�T�TÏ��

�����



� ��çT�d� � ���6� ��£ � ��� ��! ( � å Å�Îb�N� ¹Ê£ �.�`� £ �¬�������g�g�P�>��� Â ���T�>�P�w�
� ��ç>�r� � ���6� ��£ ��� ��! �¦�VÆb¤N� £ �>¤ £ � � 
g�g�P�dç � Â ���T�T�T�w�
� ��ç��n�<Æ·� å ���¦¡{ÅgÈ£ � ��� ��! ( � å Å�Îb�N� ¹®£ �·�`� £ � ��� �f� �.��Ï��d�T��� Â �d�T�TÏ��
� ��çTÏd�<Æ·� å ���¦¡{ÅgÈ£ � ��� ��! ( � å Å�Îb�N� ¹®£ �·�`� £ � ��� � 
g�'�P���d�T�>� Â �d�T��ç �
� ��ç�ç�� �º�"â £ ¨"¨>¡{� ��� ��! �¦�VÆb¤r� £ �"¤ £ ��� �g�'��ç�ÏT� Â �P�T�T�T�
� ��ç��n� à � æ � » ��� �T� ��� ��! ( � å Å�ÎR�r� ¹®£ �.�`� £ � �r� ��� �'�P����ç Â �P�T�����
� ��çT�d�<Æ·���o� � �¦���d�¥� ��� ��! �¦� å Å�ÎR�r� ¹Ê£ �.� ¯ � � �`ÏT�T��� Â ���T�T�T�
� ��ç��n� ± �.ÆR�¥�R¤ � ��� ��! �¦� å Å ÎR�N� ¹Ê£ �.� ¯ � � �`�b��ç ����� Â ���T��ç��
� ��çT�d� ± �.ÆR�¥�R¤ � ��� ��! �¦�F¤N�T�"§ ~ �k�d� ����ç����T���b� Â ���T�dç �
� ��çT�d�Dâ<� Û � ¯ ��¡©�n�¥� � Î ��� ��! ( � å Å�ÎR�r� ¹Ê£ �.�`� £ �¬����� � �.��ÏTÏ�� Â �P�T�T���
� �a�d�d� s � ¹Ê£ ÌN�"� � ��� ��! � å Å ÎR�N� ¹Ê£ �.�.� £ �¬��� � 
g�`���������TÏ Â ������ç �
� �a�R�r� s � ¹®£ Ìr�"� � ��� ��! �¦� å Å�ÎR�r� ¹®£ �.� ¯ 
�
g�'��ç �nç"� Â �P�T�����
� �a���n�<Æ·� ¯ ��ÎR�¥��¤ � � ��� ��! �Y�"�"�>¨"�"x"¡¦�{� Å £ §g�
� �a�dÏd� ± Åg� ¼ � £ § £ � ���PÎ £ � ��� ��! ( � å Å�ÎR�r� ¹®£ �.�`� £ � �r�����'�`ÏT�dç�Ï Â �P�T�����
� �a�nç�� s �`�0�.� £ �>� ���-��! ( � å Å�ÎR�r� ¹®£ �.�Ü� £ �¬��� ���g�Ü�nç Â ���T�>�a� £ � s �.���`� £ �"� ���-��! ( � å Å�Îb�N� ¹Ê£ �.�

¯ ��
g�`�T�����d�>�
� �a���n�Dâ<� Ä ���
�{�"� � ��� å Å ÎR�N� ¹Ê£ �.�.� £ �¬��� � �'�.��� Â �����TÏ��
� �a�d�d� à � Ä � Ä �¦� ��� ��! ( � å Å�ÎR�r� ¹Ê£ �.�`� £ � �r� �f� �'�������T��� Â ���T�TÏT�
� �a���n�Dâ<�"â¸� Ä ��� §>ÎR� � ��� ��! ( � å Å�ÎR�r� ¹Ê£ �.� ¯ � � �F�T�dç ����ç Â �d�T�TÏ��
� �a�d�d� » � æ � ¤ÀÅ"�¬�{� £ � » � ¼ ��� �����g� å Å ÎR�N� ¹Ê£ �.� ¯ � � �'�rçTç ���TÏ Â ���T�>�P�
� �a�d�d� ² � Ä �Fâ��"§ £ � � £ � ��� ��! ( � �>� å Å�ÎR�r� ± Å £ �h�.Æb��¡{�{§>�	
��'�'�P�T��Ï Â �P�����T�
� �P���d�Dâ<���>� » �¦¡{¡¦�{�r� å Å�ÎR�r� ¹Ê£ �.� ¯ 
 � �'�P�>�P�T� Â �P���T���
� �P�b�r� à �`�J� å Å�Îb�N� ¹®£ �·� ¯ � � �`�>�a�T����Ï Â ���T�b�a�
� �P�T�n� à �`�J� £ ��� � �°��� å Å�ÎR�r� ¹Ê£ �.� ¯ ���'�FÏT����� Â �P�T�����
� �P��Ïd� à �`�J�¦� ��� ��! ( � å Å�Îb�N� ¹Ê£ �.�`� £ �¬��� � � �Fç"�PÏT� Â �P�T�����
� �P�dç�� ¼ � ¯ �>¡{�>� £ � s ���>�.Æb¤���¡{��¨"�¦�"�"� å Å ÎR�N� ¹Ê£ �.� ¯ 
�
'�.�R��ç�� Â ���T�T���
� �P�T�n� » �`Ò¸�FÒ®x"x £ �"� £ � å �Fâ¸�`� £r£ � å Å�Îb�N� ¹Ê£ �.� ¯ 
��J�>ç�ÏT� Â �P����ç �
� �P���d� �>�F�6���g��� ��§"Ìr�¦�"� � �+� ��� ��! ( � å Å�Îb�N� ¹®£ �·�`� £ � ����� � �`�T���d�T��� Â �d�T�>�a�}�
� �P�T�n� ¼ � » �YÎ�� � � � � ��� ��! ( � å Å�ÎR�r� ¹®£ �.�`� £ � �r����
g�'�P�b�P� Â �P���T���w�
� �P���d� ¼ � » �YÎ�� � � � � ��� ��! ( � å Å�ÎR�r� ¹®£ �.�`� £ � �r�����'�'�a��� Â �P�T�����w�
� �P���d� à � ± � £ � ��� ��! ( �F¤r�T�"§ ~ ���d� �����T�T�T��ç�ç Â �d�T�T���
� �a�d�d� ¯ � �`��� z � £ �r���¥��¨>¨·�T���0§ £ �¬�¥��� £ § £ s æ â å Å�ÎR� � z � £ § £ �?Æb��¡{�{§ £ � £ � » �¦¡{� £ �bvy§ £ �"� £ � Â ������ç �
� �a�R�r� ­ ���°��¡¦¡©���¦�r� à ÅgÈ£ � £ § £ §"�R¤N� �T�¥�n�?§ £ ¡+| Ò®�"�¦� £ � �¬�¦�b¢£&å �d� �{�?�>� æ ¤r��¡ £ Æb�>¨6¢£ �¬� £ �>� £ § £�å Å�ÎR� � z � £

£ �®§ £¸± Å"�{�
� £ , �>§"�"�¬� � � £ ¡{¡ £ºÂ+æ Æ å2± , � Â �����TÏ��
� �a���n� » �F� £�à �d¤r�T�g� à Å'È£ � £ § £ §"�b¤w�¥�T� �d��§ £ ¡+| Ò®�"�¦� £ �¬� �¦�b¢£�å �d� �{� � , � æ ¤r�T¡ £ Æb�"¨E¢£ � � £ �"� £ § £°å Å�Î ~�¬� z � £°£ �®§ £¸± Å"�¦��� £ , �"§"�>�¬�¥�¬� £ ¡{¡ £
ÂLæ Æ å2± , � Âl£ �ä¤r�T�"�¬�À�
� �a�dÏd� » �`� £Dà ��¤N�T�g�F¤r�����y�>�"�{¤r�d�¥�¦�T�@¨"�¬�¦�0¢£r£ �

���T�



� �a�dç��°â¸�4Æ>��¤r�b�¥�"� � ��x>�{¡{�Y�À�d� �{�T� È�ä§"�¦� �¦� £ �°§ £ �<� £ ¤ÀÅ £ �¬¤ÀÅ £ �Ë§ £ ¡+|��"�>�¦� £ � �¬�¦�b¢£ § £kå � £ �¬� £
£ � » ��� � £
± �"�¬� £�Â+å ��� �¦� Û , � Â �d�T�T���

� �a�T�n� ± �TÒ�¡{�¬�{¤ÀÅg� à Å'È£ � £ § £ §>�b¤w�¥�T� �d��§"� » �nv å ¡{���"¤ � ~ , �>�¬�¥�Y�¥�>� Â+»Vå , ��u���>��� £ �¬� � ��T� ¨ £ ��ul�T� �¬ÅR�>�"�"����¥�>�¬�¥������� Â �P�T�T�T�
� �a���d��� ��� � ����
 ��� � ��� � ��� � ���
��! � � "���� �4Æb¨"�¬�{�"� £ � ~ Û0£ �¬¡©��� Â ���T�TÏ��p¢£ §"�Y�b¢£ ¨F��� » � ± ��� §"���F� £ � �Ë�

�1��"���¥Å £ � �R§>�
� �a�T�n� � %�� 
�� � �	" 
 � % � � *
	 ��� �����`ß "�$&%�����
 ��� � $�
�� ��� " � à ��ÎR¡{��� £ ���`� ���"¤N�{� Â ���T��Ï��7¢£ §"�¦�b¢£ ¨F��� ¼ � » �

å ¡©� � �¦§F�
� �a���d� å � �Þ�Fâ��"§ £ � � ���g� å Å�ÎR�r� ¹Ê£ �.� � � �Ü�T�P� Â �P�T����� £ � å Å�ÎR�r� ¹®£ �.� �o�.� �'�P�T��� Â �P�����T�
� �a���d� à � å s £ � £ � ���bv £ � s � æ �¦�"Ì £ ¡�� å Å ÎR�N� ¹Ê£ �.� ¯ 
 � �'���TÏTÏT� Â �P�T���T�}�
� �P�T�d� s ���>�.Æb�{�"��Åg� ��� ��! ( � å Å�ÎR�r� ¹®£ �.� ¯ � �g�`Ï��T�b� Â �P�T�TÏT�w�
� �P�>�r� ¯ �`�`�¬� £ §"¡�� ���-��! ( � å Å�Îb�N� ¹Ê£ �.�`� £ �¬������
g�F�>�a� Â �P�T�T���}�
� �P���n� ¹ � � ��¤ � ¡�� ��� ��! ( � å Å�ÎR�r� ¹®£ �.� ¯ 
��g�.�b�PÏTÏ Â �P�T�T���}�
� �P�TÏd� � � Ä � ± Å £ �Ü� ��� ��! ( � å Å�ÎR�r� ¹Ê£ �.� ¯ � �g�'�P�T��ÏT� Â ���T�TÏ��}�
� �P��ç�� ­ ���D�d¡{¡©�d�{�r� ��� ��! ( � å Å�ÎR�r� ¹Ê£ �.�.� £ � �r�����'�'�P�T�dç��>� Â ���T�����w�
� �P���n�°â¸� ¯ �R¤ � �Fâ��"�g� å Å�ÎR�r� �g�FçTç"� Â �P�T�T���
� �P�T�d� æ �Fâ�¡¦� £ �"§"�T��uB� ��� ��! ( � å Å�ÎR�r� ¹®£ �.� ¯ �
� �`�>��ç�� Â �P�T�TÏT�w�
� �P���n� à � » ��� �"�+� ��� ��! ( �>¤r�T�"§ ~ ���d� ����ÏT�T�>�PÏ�� Â �����TÏ��
� �P�T�d� � � Ä � ± Å £ �Ü� ��� ��! ( � å Å�ÎR�r� ¹Ê£ �.� ¯ 
��g� ¹ �b�PÏ Â �P�T���T�}�
� �P�T�d� » � ² ¨ £ ¡+� ��� ��! ( � å Å�ÎR�r� ¹®£ �.� ¯ � � �`���T�T� Â ���T�T�T�w�
� �P�T�d� ­ ���D�d¡{¡©�d�{�r� ��� ��! ( � ± �T�"§ ~ ���d� ���dç��TÏ��T�dÏ Â ������ç �w�
� �P�>�r� ­ ���D�d¡{¡©�d�{�r� ��� ��! ( � ± �T�"§ ~ ���d� ���b�P�T�T�>�P� Â ������ç �w�
� �P���n� » �`�6�F�'�{�
�T�"�P�.� ��� ��! ( � å Å�ÎR�r� ¹®£ �.� ¯ � � �g�a�dç>�a� Â ���T�����w�
� �P�TÏd� ² � Û � » �{�¬�b¤ÀÅ � �"� ��� ��! ( � å Å�ÎR�r� ¹®£ �.� ¯ 
 � �g�T�T���TÏ Â �P�T�����w�
� �P��ç�� ¹ � � ��¤ � ¡��	��� ���)��% "�� �0�,��� � � ��� � � $�
�� $���� ����� " � � � ��� �����`ß "�$	%�����
 ��� � $�
�� ��� " � å ¡ £ �R�>�

å � £ � �N� ¼®£ � ­ ��� �8Â �P�T�T���
� �P���n� à � å � s £ � £ �¥�d�bv·� å Å�Îb�N� ¹Ê£ �.�`� £ �¬��� �3� �`ÏT�T� Â �P�T��ç �}�
� �P�T�d� » �`�J�¦�����"�P�·� ���-��! ( � å Å�Îb�N� ¹Ê£ �.� ¯ ���'�"���dç ����� Â ���T�T�T�w�
� �P���n�D��� Û ���D�d� ¨F���¬�P�·� ��� ��! ( � å Å�ÎR�r� ¹Ê£ �.� ¯ 
�
g�'�a����Ï Â �P�T�T�T�w�
� �P�T�d� � � Ä � ± Å £ �Ü� ��� ��! ( � å Å�ÎR� �¦¤�� ± ��� 
g�`�T� Â �P�T�����w�
� �P�T�d� Û ���º� � ��§ ã � £ �.� ��� ��! ( � å Å�ÎR�r� ¹®£ �.� ¯ 
��g�'�P��çTÏ Â �P�T�T�T�w�
�Ð���T�d�°â¸�.Æ>��¤N�>�¥�"� ��� ��! ( � å Å ÎR�N� ¹Ê£ �.� ¯ 
��g�g���a�T�b� Â ���T�T���}�
�Ð���>�r� å ���º� Ä ¡ £ � £ �"� å Å�ÎR�r� ¹®£ �R� £ � � � �g�F�dç � Â �P�T�����
�Ð�����n� » � ± ��� §"���"�F� £ � à � ¹ �>uB�.Æb��¡{�{§7ÆR�À�d� £¸± �T�h� �o� � �.���>� Â ���T�>�a�
�Ð���TÏd�D�E� � �{§"�>¡{¡ £ ��� ��! ( �`ÆR�T¡{�¦§äÆR�À�d� £¸± �T�h� �o� �g�'� Â �����>�a�w�
�Ð����ç�� ¹ ��� £ ÎbÅ £ � £ ���º��� � �{¤ � �F���T¡+�`Æb�T¡¦�{§ªÆ �À�d� £<± ���h�����g�`�>�a� Â �P�T�T���}�
�Ð�����n� ¹ ��� £ ÎbÅ £ � £ �®â<����� £ ¤r�"�F¤N�T�"§ ~ �k�n� �����R�P�>�T�P�b� Â �d�T���T�
�Ð���T�d� s � å �¦� £ �N� å Å ÎR�¬�{¤�� ± � � � �`�T��Ï Â ���T���T�

�d�>�



�����T�n�<Æ·� ± ÅF� � �¥���d�����µÎ ���-��! ( � å Å�Îb�N� ¹Ê£ �.� ¯ ��
'�"�T��ç �T�d�TÏ Â �����>�a�w�
�������d� à � å � s £ � £ � ���bv ��� ��! ( � å Å�ÎR�r� ¹®£ �.� ¯ 
 � �g�a�T����Ï Â �P�T�����w�
�������d� à � Ä � Ä �¦�h� ��� ��! ( � å Å�Îb�N� ¹®£ �·�.� £ �¬��� �f� �'�P���d�T��� Â �d�T�TÏ��}�
���b���d�Dâ<� Ä ���
�{�"� � ��� ��� ��! ( � å Å�ÎR�r� ¹Ê£ �.�`� £ � �r� � �J�
���b���r� �º�`Æ � £ �
�����"�g�>� ÅgÈ£ � £ § £ ¡+|��>�"�¦� £ � �¬�¦�b¢£ ���T� £ ¨"ÅV�F�T�>� � £ �r����� £ �"�Tx"¡ £ , Â �P�T��ç �
���b�P�n�<Æ·� ± ÅF����É ~ Ä ��§"§>�T�"�r�b�¥ÅgÈ£ � £ § £ ¡�|Ð�"�"�¦� £ �¬� �¦�b¢£ §g| ² �¬�¥��Î Â ���T�T���
���b��Ïd� �>�F�J��x"x £D£ ���>� ¯ � � � æ �"�¬�"� å Å�Îb�N�.� £ � �r��
'�'�P�T�T� Â �P�����T�
���b�rç�� » �`�J�P�d�����F� £ ���º�FÆR� £ �������g� å Å�Îb�N� ¹®£ �·� ¯ ��� �Fç ��Ï�� Â ���T��ç �
���b�P�n� å � ¯6£ �F��� § ��� ��! ( � å Å�ÎR�r� ¹®£ �.� ¯ �
� �`���T� Â �P�T�TÏ��
���b���d� à � � �R¤ z � £ � ��� ��! ( ���>�"§ £Då Å�Îb�¬� z � £ 
'�F�b�a� Â �P�����T�w�
���b�P�n� s � » �T�¬� £ � s � å �{� £ �r� å Å�ÎR�r� ¹Ê£ �.�.� £ � �r��� � �'�P�T�T� Â ���T�T���
���b���d� » � ¹ ¼ �T� ����� å Å�ÎR�r� ¹Ê£ �.� ¯ ��
g�`�T�T�T���T� Â ���T�>�a�
���b���d� » � ¹ � ¼ �T�¬�k��� å Å ÎR�N� ¹Ê£ �.� ¯ � � �g�rç �T�b� Â �d�T�T���
���T�d�d�Dâ<� �>� » �{¡¦¡{�{�N� � � » �T�>� £ �Ü� s � å �{� £ �r� å Å�Îb�N� ¹Ê£ �.� ¯ �U� �'�P��� Â �P���T���
���T�R�r�Dâ<���>� » �¦¡{¡¦�{�r� å Å�ÎR�r� ¹Ê£ �.� ¯ 
 � �'�P�>�P�T� Â �P���T���
���T���n�Dâ<� Û � ± Å �"x"� � �P�.� à Å £�å Å ÎR�¬�{¤r�0��u ± ��� � £ ���¥�¦�T�F��¡"���"§ºÒ��>¤r�T��� £ ���¥�{���F��¡.Æb�"¨ £ �¬¤r�T�>§"�"¤N� �T� �

£ §"�¦� £ §äx�Î Ä � � � ¯6£ �"� £ �����"�h���"§ �>� ¯ � Ä�£ � � £ � �¬�T� Â Æb¨"�¬�{�"� £ � ~ Û0£ � ¡{��� �
���T�dÏd�¸�6� ² � �>ul� � £ �d�º���"§ �>� ¹ �T�¬�¥�d� ~ » �¦�T�"���r� å Å�ÎR�r� ¹Ê£ �.� ¯ 
 � �.�T���T� Â �P�����T�
���T�nç��¸�6� ² � �>ul� � £ �d� ��� ��! ( � å Å ÎR�N� ¹Ê£ �.�.� £ �¬����� � �.��Ï���� Â �P�T�T���
���T���n�¸�6� ² � �>ul� � £ �d�º���"§ å � å u £ �>�µÎ�� å Å�ÎR�r� ¹®£ �·� ¯ ��
g�`���dç �R�a� Â �������T�
���T�d�d�¸�6� ² � �>ul� � £ �d�>� å Å�ÎR� �¦¤�� ¯ �f� 
g�Fç"� Â �P�����T�
���T���n� �>� ¯ � �¦�"¤ � �k�d�"� £ �®â<�F� £r£ å Å�ÎR�r� ¹Ê£ �.� ¯ ��
g�`�>�rç �T����� Â ���T�����
���T�d�d�¸�6� ² � �>ul� � £ �d�>� å � å u £ �>�µÎ £ � » � Ä �¦� � £ � £ ¡ £ �.� �>� å Å�ÎR�r� ± Å £ �ä�.Æb�T¡¦�{§"�	
 � �'�P���dÏ Â �P�T�����
���T�d�d� à �`�J� å Å�Îb�N� ¹®£ �·� ¯ � � �`�>�a�T����Ï Â ���T�b�a�
����Ï��d� à �`�J� £ ��� � �°��� å Å�ÎR�r� ¹Ê£ �.� ¯ ���'�FÏT����� Â �P�T�����
����Ïb�r� à �`�J�¦� ��� ��! ( � å Å�Îb�N� ¹Ê£ �.�`� £ �¬��� � � �Fç"�PÏT� Â �P�T�����
����ÏT�n� ¼ � ¯ �>¡{�>� £ � s ���>�.Æb¤���¡{��¨"�¦�"�"� å Å ÎR�N� ¹Ê£ �.� ¯ 
�
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