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� f � u ZFV-,q\ f�fIf�f�f�f�fIf�f f�f�f�fIf�f�f�fIf�f�f�f�fIf�f�f�fIf�f�f�f�fIf�f�f�f f�fIf .
� f � M�T�/�^�UWNrv�ZrnPVPOjl v b OYbKT.c _yVrNXT�{ _"f�fIf�f�f�fIf�f�f�f�fIf�f�f�fIf�f�f�f�fIf�f�f�f f�fIf �10
� f32 p | O�NPO�UWVX_PNrv�ZFV v]U.O54 ORSkORb6v�QX| c�O�Vy_yNr^�O.l76�{ f�f�f�fIf�f�f�fIf�f�f�f�fIf�f�f�f f�fIf �18

� f32xf � u9,qi�/�^�U UWNXnq_�c�a$:6^ p f�fIf�f�f�fIf�f�f�f�fIf�f�f�fIf�f�f�f�fIf�f�f�f f�fIf �18
� f32xf � ; ^�OYc,_qb6V fIf�f f�f�f�fIf�f�f�fIf�f�f�f�fIf�f�f�fIf�f�f�f�fIf�f�f�f f�fIf � .
� f32xf32 }5n�TYVX_PU'i6O</`a>= O.~ f�f�fIf�f�f�fIf�f�f�f�fIf�f�f�fIf�f�f�f�fIf�f�f�f f�fIf �j�

� f@? M�T�/�^�V v�\�^�O fIf�f�f�f�fIf�f f�f�f�fIf�f�f�fIf�f�f�f�fIf�f�f�fIf�f�f�f�fIf�f�f�f f�fIf � �
� f@?]f � u�O�NXZFV {2v,\&T�/�^�V v�\&T�{ _ fIf�f�f�fIf�f�f�f�fIf�f�f�fIf�f�f�f�fIf�f�f�f f�fIf � �
� f@?]f � h l7,qS�v aklmTBAq_�b]^�O f�f�f�fIf�f�f�fIf�f�f�f�fIf�f�f�fIf�f�f�f�fIf�f�f�f f�fIf � 2

� f 0 C ^ U]NXTjZFVrNXa�UWVXa�NPO�\&T�/�^�UWNrv�ZrnyVPO.l76�{ b OYbKT.c _yVrNyT�{0v�QX|�f�f�f�fIf�f�f�f�fIf�f�f�f f�fIf � 2
� f 0 f � �5lmTBAq_�b]^`_�UWNrv�ZFVqOD/�^�V-6�{ { \]NXT.ZrnPU�a f�f�f�fIf�f�f�fIf�f�f�f�fIf�f�f�f f�fIf � ?

� f 8 C _yVXTWS�v S T.zF{2^�ORS Q�n�O</`b _�{E4kORS OYb�^`a�c9^�UWNXTjZFVoNXa]UWVXa�Nrv f�fIf�f�f�f�fIf�f�f�f f�fIf �F8
� f 8 f � ; vWe�NPO�UxQHGoO�\�NXTjZrnPU6T�{0O fIf�f�f�fIf�f�f�f�fIf�f�f�fIf�f�f�f�fIf�f�f�f f�fIf �FI
� f 8 f � J T.nq\�NPOYZon�OYb�^`_ b�^`ZFUxTYUBK�VXT�{*_MLONQP5NSR f�f�fIf�f�f�fIf�f�f�f�fIf�f�f�f f�fIf 2 �

T UV"W� �BXY�ZXS�[(*%[� �<\^]1��\ _&_
� f � ; _�` b]^`QOGF_ fIf�f�f�f�fIf�f f�f�f�fIf�f�f�fIf�f�f�f�fIf�f�f�fIf�f�f�f�fIf�f�f�f f�fIf 2ba

� f � f � �Ka b�U6QOGrO�NXT.nyUKl ORS a NPORS]^�O</`b _�ijT fIf�f�f�f�fIf�f�f�fIf�f�f�f�fIf�f�f�f f�fIf 2ba
� f � f � �Ka b�U6QOGrO�UxTYNX_c/�OYQOG ^)\kO�N fIf�f�f�fIf�f�f�f�fIf�f�f�fIf�f�f�f�fIf�f�f�f f�fIf ? �
� f � f32 ; v�ZFVrNrvd4KaKQHGoO U�ZonyVPO.l VXa fIf�f�f�fIf�f�f�f�fIf�f�f�fIf�f�f�f�fIf�f�f�f f�fIf ?b2
� f � f@? J T.nyUKl ORS�{0^�_c/�U6T.zrQy^)nP^ O�NX_qb f�f�fIf�f�f�f�fIf�f�f�fIf�f�f�f�fIf�f�f�f f�fIf ? I
� f � f 0 �Ka b�U6QOGrO�UxTYNX_c/�OYQOG ^�{2O�NXZFVg{ f�f�fIf�f�f�f�fIf�f�f�fIf�f�f�f�fIf�f�f�f f�fIf ?b.

� f � ~2aKc _yNrv QqnqbK_�TF4d/�^`Qqn�OYb�^`_ S]vWe�NPO�UWVyTjiRNPOYce6�{ \�NXT.ZrnyUxT�{2v�QX| f�f�f�f�fIf�f�f�f f�fIf 0 2
� f � f � C _yVXTWS Of4$_qnq\$TjzFNX_�S b�^�Ox��e aKb]UxQHGoOIUxTYNX_c/�OYQOG ^)\kO�N f�fIf�f�f�f�fIf�f�f�f f�fIf 0 2
� f � f � C TWS _c/)\]NXT.ZrnyU�a c,TjbKTWS]v�Zo\&_yNXZFv<G[bK_qijT[g Jh; ��^�S]v�ZFVoNrvd4 aKQHGoO�U�ZrnyVPO.l VXa fIf 0F0
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� f � f32 C TWS _c/)\]NXT.ZrnyU�a n�NXTjnPUKl OYSK_qc {2^`_�/�UxTjzrQP^)ny^�O�NX_qb fIf�f�f�f�fIf�f�f�f f�fIf 0F8
� f � f@? C TWS _c/)\]NXT.ZrnyU�a \&T�/�^`S]v�Zo\&_yNXZFv<G[bK_qijT
Sd/�OIUWNrv ZrnyVPO.l76�{ n 4 l7,qS OYc9^ a lmTFA�_qb�^�O 0 .

� f32 C O�VX_�c�O�Vgv�Qqn�b6v�T.\]^`Z2S�vWe�NPO�UxQHGg^�bkO
bkORbKTYUWNrv�ZrnPVPOjl ORQX| f�f�fIf�f�f�f�fIf�f�f�f f�fIf 8 �

� f32xf � M7NXT�` /^/�^`b�^�^�S]vWe�NPO�UxQyv<G[b _OG*Sd/�OIU]Nrv�ZrnyVPO.l76�{ { e TYNXc9^`_ iRNPOYb�^�OYZFVyTjZXlmaK\kO f�fIf 8 ?
� f32xf � J 6�{5b OYb�^`_5^�ZFVqOjl Oe:xQX|K_yNrNX_PNPO S /�O UWNrv�ZrnPVPOjl76�{ { emTRNXc"^`_�iYNPORb]^�ORZFVXT.ZXlma \ O�f 8F0
� f32xf32 M7NXT�` /^/�^`b�^�^�S]vWe�NPO�UxQyv<G[b _OG*Sd/�OIU]Nrv�ZrnyVPO.l76�{ U�ad/�^`ZFV v�QX| f�f�f�fIf�f�f�f f�fIf 8 a
� f32xf@? J 6�{5b OYb�^`_5^�ZFVqOjl Oe:xQX|K_yNrNX_PNPO S /�O UWNrv�ZrnPVPOjl76�{ U�a /�^`ZFVgv�QX| f�fIf�f�f�f f�fIf 8FI
� f32xf 0 M7NPOq{ T M)TYNXTWS O S /�O UWNrv�ZrnyVqOjl76�{ U a /�^`ZFVgv�QX|�f�f�f�fIf�f�f�f�fIf�f�f�f f�fIf a �
� f32xf 8 M7NXT�` /^/�^`b�^�^�S]vWe�NPO�UxQyv<G[b _OG*Sd/�O�\�NXT.ZrnyU 6�{ fIf�f�f�fIf�f�f�f�fIf�f�f�f f�fIf a 2
� f32xf a J 6�{5b OYb�^`_5^�ZFVqOjl Oe:xQX|K_yNrNX_PNPO S /�O
\]NyTjZrnPUb6�{ \$T /�^`S�v�Zr\&_yNXZ[v<GFb6v�QX| f�f f�fIf a I
� f32xf I C _yVXTWS O�������������� {2v�n�bkORQqn�OYb�^�O�NXTjnPUKl OYSKa�{2^`_�/�UxTjzrQP^Dny^�O�Ny_qb n9\�NXT `�/`a

\�NXT.ZrnyUxT�{*_OGV/�^`b�^ ^)S�vWe NPO�U6QPv<GFbK_HG fIf�f�f�f�fIf�f�f�fIf�f�f�f�fIf�f�f�f f�fIf I 2
� f32xf3. M7NPOq{ T M)TYNXTWS O S /�O
\]NXT.ZrnyU 6�{ \$T /�^`S�v�Zr\&_yNXZFv GFb6v�QX| f�f�f�f�fIf�f�f�f f�fIf IF8

� f@? M�TWSKZraKc T�{0OYb�^`_2NXTjn�S nP^�Ojlma f�f�fIf�f�f�fIf�f�f�f�fIf�f�f�fIf�f�f�f�fIf�f�f�f f�fIf . �
_ �f� ����� X*�Z� X"!^���$# ]#�&%'!^](% �<\ ������� !^�<\)#(*F]1��+�'�, +&_

2xf � ; v�ZFU�aKZ7GrO
c _PVXTWS]v9u�O�NrNX_�bkO�- }'.x_yN-4 ORQo| O f�f�f�f�fIf�f�f�fIf�f�f�f�fIf�f�f�f f�fIf . 0
2Wf � f � / Nrv�iY^`b O</�b O VX_qTRNr^�O f�f�fIf�f�f�fIf�f�f�f�fIf�f�f�fIf�f�f�f�fIf�f�f�f f�fIf . 0
2Wf � f � 0 b6VX_yNy\]NX_PVPOYQOGrO�{2^`_�/�UxTjzoQy^)TYVrNXnPv�c vW{2ORb6v�QX| n�ORbkO</�^`nyv�u�O�NoNX_qb O1- }).6_PN-4kORQX|kO .F.
2Wf � f32 u b�^`TjZFUW^ f�fIf�f f�f�f�fIf�f�f�fIf�f�f�f�fIf�f�f�fIf�f�f�f�fIf�f�f�f f�fIf ���F0

2xf � h*ORS OYb�^�OIZ[VrNXa]UWVya]Nrv9^�c"^�UWNXT.ZFVrNXa�UWVXa]Nov"b OYbKTRUWNrv�ZrnyVPO.l76�{ c _yVXTWS[K�2436587�5:9;5=< f�fIf ���F8
2Wf � f � }5b OD/�^`n�O"S OYb6v�QX|'S T.zF{2^�ORS Q�n�O</�bxv�Qo|'c _PVXTWS[K�TF4d/�^`Qqnq_�t>2?3@587�5:9;5=<�f�f f�fIf ��� a
2Wf � f � u�v�b�^�UW^*f�f�fIf�f f�f�f�fIf�f�f�fIf�f�f�f�fIf�f�f�fIf�f�f�f�fIf�f�f�f f�fIf ���FI
2Wf � f32 u b�^`TjZFUW^ f�fIf�f f�f�f�fIf�f�f�fIf�f�f�f�fIf�f�f�fIf�f�f�f�fIf�f�f�f f�fIf ��� .

2xf32 h*ORS OYb�^�O�c"^�UWNXT.ZFVrNXa]U]VXa]NrvwbkORb TRUWNrv�ZrnPVPOjl76�{sc _PVXTWS[K������� ���� � f u \ l vW{sc _A-
VXTWS�v�ZFv�b6Vy_qnyv4bkO c"^�UWNXT.ZFVrNXa�UWVXa�N-,Yf f�f�fIf�f�f�f�fIf�f�f�fIf�f�f�f�fIf�f�f�f f�fIf � � �

2Wf32xf � u�v�n�bkORQqn�OYb�^`_CB N	D f�fIf�f�f�fIf�f�f�f�fIf�f�f�fIf�f�f�f�fIf�f�f�f f�fIf � � �

2Wf32xf � u nqi�/ ,qSKb O�Zrn�_yNXTRU6T.zFECB NGD O�c _PVXTWS OIZ[v�b6VX_qnPv fIf�f�f�f�fIf�f�f�f f�fIf � � 2
2Wf32xf32 u b�^`TjZFUW^ f�fIf�f f�f�f�fIf�f�f�fIf�f�f�f�fIf�f�f�fIf�f�f�f�fIf�f�f�f f�fIf � �10

2xf@? ~*^`ZFUxTYUBK�VXT�{*_�\$Tjc"^�O�Nrv,c"^�UWNXTjZ[VrNXa]UWVya]Nrv9b OYbKTj\�NXT.ZrnyU 6�{ fIf�f�f�f�fIf�f�f�f f�fIf � �18
2Wf@?]f � C O�VX_PNr^�Ojl � _yU Zr\&_yNrv�c,_qb6VD^;OYb OD/�^`n�O
S OYb6v�QX| f�f�f�fIf�f�f�f�fIf�f�f�f f�fIf � �1I
2Wf@?]f � u�v�b�^�UW^*f�f�fIf�f f�f�f�fIf�f�f�fIf�f�f�f�fIf�f�f�fIf�f�f�f�fIf�f�f�f f�fIf � �j�
2Wf@?]f32 ; v�ZFU�aKZ7GrO {2v�b�^�Ub6�{ ^�{5b�^`TjZ[UW^ fIf�f�f�f�fIf�f�f�fIf�f�f�f�fIf�f�f�f f�fIf � � �

2xf 0 u \kl v]{ QP^�zob]^`_�b]^�O"b O
ZFVrNXa]U]VXa]N-,5b OYbKTRUWNrv�ZrnyVPO.l76�{HB@IKJ fIf�f�f�f�fIf�f�f�f f�fIf � � a
2Wf 0 f � u \�NXT�{2ORS n�_qb�^`_ f f�f�f�fIf�f�f�fIf�f�f�f�fIf�f�f�fIf�f�f�f�fIf�f�f�f f�fIf � � a
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2Wf 0 f � C O�VX_PNr^�Ojl7^�_yU Zr\&_yNrv�c,_qb6V9f�f�f�fIf�f�f�f�fIf�f�f�fIf�f�f�f�fIf�f�f�f f�fIf � �FI
2Wf 0 f32 C TWS _c/�{5\]NXT�{0OYSKn�OYb�^�O 4 l7,qS�6�{ a lmTFA�_qb�^�O,fIf�f�f�fIf�f�f�f�fIf�f�f�f f�fIf � �FI
2Wf 0 f@? / \&_yNPO�VXTRNrv�nqc9^�OYb6v�Zr_yUW{ _qbKQHGg^wfIf�f�f�f�fIf�f�f�fIf�f�f�f�fIf�f�f�f f�fIf � 2 8
2Wf 0 f 0 J T.nyUKl ORS4S lmaKijT.zrQy^�SKTjc,_qb f�f�fIf�f�f�f�fIf�f�f�fIf�f�f�f�fIf�f�f�f f�fIf � 2 I
2Wf 0 f 8 J T.nyUKl ORS4S lmaKijT.zrQy^�SKTjc,_qb UWNrv�ZrnPVPO.lma4b�^`_qaK\&TYNyn1KYS�UxT�{2ORb _�ijT'f�f�f�f f�fIf � ? �
2Wf 0 f a J T.nyUKl ORS4S lmaKijT.zrQy^�SKTjc,_qb { UWNrv�ZonyVPO.l OYQX|'bkORb T.c _PVrNXT�{2v�QX| f�f�f�f f�fIf � ? �

2Wf 0 f I J T.nyUKl ORS4S lmaKijT.zrQy^�SKTjc,_qb O
S]vWe�NPO�UxQHGoO fIf�f�f�fIf�f�f�f�fIf�f�f�f f�fIf � ? �

2Wf 0 f3. u�v�b�^�UW^ _yU�Zr\$_yNrv�c,_qb6VPO</`b _ f�f�fIf�f�f�f�fIf�f�f�fIf�f�f�f�fIf�f�f�f f�fIf � ?b2
2Wf 0 f ��� u b�^`TjZFUW^ f�fIf�f f�f�f�fIf�f�f�fIf�f�f�f�fIf�f�f�fIf�f�f�f�fIf�f�f�f f�fIf � ? 8

2xf 8 M�TWSKZraKc T�{0OYb�^`_2NXTjn�S nP^�Ojlma f�f�fIf�f�f�fIf�f�f�f�fIf�f�f�fIf�f�f�f�fIf�f�f�f f�fIf � ?Wa
� � � � #(%�����, ���QX*"$X ,M�QX*� # !�X ��� +

?]f � ~5O<G {0O A�b]^`_OGFZrn�_ {2v�b�^�UW^ f f�f�f�fIf�f�f�fIf�f�f�f�fIf�f�f�fIf�f�f�f�fIf�f�f�f f�fIf �D0 �
� � � ��� ] ! ��, " ,f\�������, � � * "W�QX*� �	� _

} f � u�v�nqb OYQ�n�ORb]^`_�NXT.nyUKl ORSKa {2^`_�/�U6T.zrQP^5ny^�O�NX_qb b O%\$TWS ZFVqOq{2^`_�S T.\kORZrT�{0OYb�^�O�emaKb]UxQHGg^
M�_�O�NXZoTjb)aISKT
\]NXT�` /`a	/�^`b�^�^�S�vWe NqO�UxQyv<G[b _OGBf�f�f�f�fIf�f�f�fIf�f�f�f�fIf�f�f�f f�fIf �D0 2
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; ny^ ,yU a G , \�NXTYegf C O�Nr^�^�� _yem_c/`S - :WT.Zrb T�{5Z[UW^`_HGy� \�NXTYegf C O�Nr^�^�� OYc"^`tKZFUW^`_OGy� S]N :.VqOYb�^`ZXl Oq{*T�{2^
=0^`_PN /`TYVXQ�_ TRNPOYn�\�NXTYegf�hDTji.SkORb T�{2^�M7O.lmTjZrn�T�{2^�n�O b�^�_�n�OR\&T.c b]^�ORbK_*{5Zr\ O�NXQP^�_5{ Qqn�OYZF^`_R� UW^`_�S]ve46vKlmT
c"^ b O<G 4 O�NXSKny^`_OG*\&TRVrNXn�_ 4Kb _Rf

:.UKl ORSkORc Zr_PNXS _�Qqn�b _ \&TWSKny^ ,PU6T�{0OYb�^�O�\kORb�^ �����&����� �d�BX7X��V"W� "d(8�����^�$#1����, # !�XY" ! n�O�b]^`_�n�O�-
{ TWS b[K \&Tjc,TWQ TRU.OYnPvW{2ORb[K { Qqn�ORZF^`_�Q�Ojl v�QX|�c,TY^`QX| ZFVXaKS]^ 6�{ SKTRUWVXTYNPORbKQ[UW^`QX| f

:.UKl ORSkORc N-6�{5b]^`_#A�Zr_PNXSK_qQqn�b _%\&TWSKny^ ,yUxT�{0OYb�^�O Vgv�c�{ Zrnyv�ZFVrUW^`c'�
UWV�6YNrv�QX|
Ayv�Q�n�/�^�{ TjzFE�^�SKT -
zF{2^�ORS Q�nq_�b]^`_�aKc TBA�/�^�{2^�l v \&T�{5Z[VPOYb�^`_0Vy_HG*\�NPORQyv6f;u Zrn�Qqn�_qiB6 /`bKTjzrQP^7SKny^ ,PU�a G ,

S]N���OYSK_qaKZrn�T�{2^ p |Wa SKTB4]^`_
\]NXTRe f��&4]^`i.b]^`_P{*T�{2^ ; OYa�VX_yNyT�{2^
\]NXTRe f��7T.c�OYZrn�T�{2^�=0^`_#4 a l VXT�{2^`Q�nqT�{2^
S]N :.VPORb�^�Zyl Oq{*T�{2^ =0^`_PN /`TYVXQ�_
\]NXTRe f! j_yNynq_qc
a =0NXT.b]UxT�{5ZFUW^`_qc
a
c iRN#"7{2^`_ =0NXn�OYbKQq_
\]NXTRe f C O�Nr^�^$� OYc9^`t ZFUW^`_OG
\]NXTRe f J v�Zrn�O�NXS T�{0^%� a�VXb _PNXT�{2^
\]NXTRe f C O�Nr^�^$� _Pem_�/`S�- :WTjZrbKT�{5ZFUW^`_HG
\]NXTRe f;u ^�VXT�/`S T�{0^'& T�G UxT�{5ZFUW^`_qc
a
S]N)(2_qb�NrvWU6T�{2^ C O�NXQP^�b�^�O�U6T�{2^
\]NXTRe f;u l ORS]v ZXl Oq{*T�{2^ C ^`b TRNXT�{2^
\]NXTRe f
h
T.ijS OYbKT�{2^�M7O.lmTjZonqT�{2^
S]N0}*S OYc T�{0^�M7NX_�ZrnqT�{2^
S]N :.{2^`_PVPl OYb�^`_ :6VX_�/`c�O�U�| f

*
~D^`b�^`_HG[Zrn�O*NXT.nq\�NPOq{0O
\&T�{5ZFVPO.l O
\�NXnyv5{5Zo\kO�NXQy^`a�� h*~
L iRNPOYb6Vgv a,+-� �FI }.+ � 2 8 + �DI ^ a,+-� �FI }.+ � 2 � + � .bRof
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~*^`b]^`_OGFZrn�O�NXT.nq\�NPOq{2O \&T.zF{2^ ,qQ�Tjb O GF_�ZFV2S�vWe NPO�U6QOG ^�\�NXT.c"^`_qb�^`T�{2ORb]^�O NX_�b6VXi._qbKT�{5ZFUW^`_qi.T
bkO�UWNrv�ZrnPVPO1-
l ORQo|%bkORbKTjc _PVrNXT�{2v�QX| f �kTjZFVqOjl v�{ b�^`_HG2T.c 6�{2^`T.b _ n�O�N-6�{5b T9TRNrv�iY^`b OD/`bK_ {2v�b�^�UW^�S T.zF{2^�ORS Q�n�O</`b _
GrO�U�Vy_ A"bKT�{ _"\&TWSK_HG[zrQy^`_
VX_qTRNX_PV v�Q�nqbK_�{2^YK�A1KRQq_9c"^�UWNXT.ZFVrNXa]U]VXa]N-,IbkORb TRUWNrv�ZrnPVPOjl76�{ n9bkO�V-, A�_qb�^`_qc
NXT.nq\�NPOYZrn�OYbK_qi.T \�NXTjc"^`_�b]^`T�{0OYb�^�O NX_�b6VXij_�b T�{ ZFUW^`_qi.T]f��&OR\�NXTj\&T.b T�{0ORb _2\�NXnq_�n�OYa�VXTRNPO c _PVXTWS]vM4 O1-
S Oq{*Q�nq_DZFVXTjZra�G K Z[^ ,DSKT�OYb OD/�^`nyvINXTjn�\]NPORZrn�OYb�^�ODNy_qb6VXi._qbKT�{5ZFUW^`_qi.T5bkO2\&T�/�^�UWNrv�ZrnPVPOjl ORQX| Zra 4Kc"^�UWNXT.bKT -
{2v�QX|�T SKT�{*T�/`b _OG ZFVrNXa�UWVXa]Nynq_*UWNrv�ZFVqOD/�^`Qqn�b _OGyf�u VX_HG \�NPOYQPv"{2vWUxTYNynyv�ZFVPORb T GF_�S TITj\�^`Zra ^^4 OYS OYb�^�O
b OYbKTYUWNrv ZrnyVPO.l76�{ T ZFVrNXa�UWVXa�NXnq_ bkO<G[iF,qZ[VXZrnq_�ijT�aK\ O�UxT�{2ORb]^�O�VqO�UW^`QX| GoO�U { ,qi�/�^�U4UWNXn�_qc
a �kS�^�OYc,_qb6V
TRNPOYnIOYn�TYVX_PU i6O</`a$f

� ��]-\', ����!#� � M)T /�^�UWNrv�ZrnPVPOjl v ^�Q�_yNPORc"^�UW^�b OYbKTjc,_yVrNXT�{ _�{2vWU6T.bkORbK_4n%c�O�Vy_yNr^�O.l76�{BZraK\&_yNF-
Vg{2O�NXS]v�QX| �KVPO�UW^`QX| GoO�U { ,qi�/�^�U�UWNXn�_qc
a�^;S]^�ORc _�b6V�l KYQ�n1K { ZrTB4]^`_ TWSK\&TRNXb T.zFE c,_qQX| OYb�^`Qqnqb[K�Vgv�QX|
Zra�4 ZFVqOYbKQHGg^�n SKTWSkO�UxT�{0v�c"^7n�OD/`_PVPOYc9^ ��4),qS[KYQPv�c"^�_Pem_PUWVX_qc bkORbKTjc _PVrNXT�{2v�QX|�NXT.nqc9^�O�N-6�{ ny^�O�Ny_qb f
~5OD/`_#A1K2SKT2b]^`QX|�SKa�A�O*|KTjc,Tji._qb�^`Qqn�b T.zFE L ZFU�a�VX_PU c�Ojlm_�ijTDNXTjn�c"^�O�NXa ny^�O�NX_qb)Ro�RnP{2^ ,yU�Zrn�Tjb O*\ /�ORZFVgv�Qqn -
bKTjzFE L ZFU�a�VX_yU'S�vWemaKnOG ^�b O iYNqOYb�^`Q�ORQo| nP^�O�NX_�b R*^�TWSK\&TRNXb T.zFE�b O \ ,PU.OYb�^`_�L Z[U�a]VX_PU�n�O�VrNynyv�c vW{0OYb�^�O
S�v�Z /`TYU.ORQHGg^�bkO�iRNPOYb�^`Q�ORQX| nP^�O�NX_�b RXf u p _�b6VrNXaKc h*ORSkORt uwv ZrTYUxTWQy^`zrb�^`_qb�^`T�{2v�QX| M&} ~ \]NXT�{0O1-
SKnqT.b _�Z�K�\�NPOYQ�_�b OYS'TYVrNXnPv�c�ORb]^`_�c b T�{2v�QX|'NXTWS n�ODG 6�{ Q�_yNPORc"^�U�^)c�O�VX_yNr^�O.l76�{ U6T.c \&T.nyvWVXT�{0v�Qo|
n 4KaKS T�{0OYb6v�QX| n�UWNrv�ZrnPVPOjl 6�{ b OYbKTjc,_yVrNXT�{2v�QX| f ~*^`_�n 4 ,�S b[K Qqn ,�zrQy^YK V v�QX| \�NPOYQhG[_qZFV��)T.\]^`ZXORbkO {
VX_OG0NXT.nq\�NPOq{2^`_R�&^ /`TjzrQP^`T�{2O QX|kO�NPO�U]VX_yNrv�n�OYQOGrO c9^ UWNyTjZFVrNXa�UWVXa�Nrv�n�O�N-6�{5bKT�{2v<G[zrQy^`T�{2v�QX|�b OYbKT.\]NXT.ZrnA-
U 6�{ GrO�U�^�^`QX|wZo\]^`_PUb6�{�f / 4&TRU c�O�VX_yNr^�O.l76�{ ZraK\&_PNrV {0O�NXS�v�QX| � p h#u M&}�~ NXT.ny{2^ GoO,VX_�QX| bKT /`T.iY^ ,
\ 6xlm\]NXn�_y{ TWSKb]^�UxT�{ K*T.\kO�NrVcK*b O2ORnqTYVoU�a�i6O</`a$f#~5OYbKTRUWNrv�ZrnyVPO.l v�^�Qq_PNPOYc9^ U]^WORnqTRVrU�a i6O</`a�Z-K2b O�VXa�NPOD/ -
b6v�c U.ORb S�v�S O�VX_�c b O c�O�VX_PNr^�Ojl \&TWS lmTFA�T�{2v
S /�O�\�NXTWSKa]UxT�{2ORb6v�QX|
\]NXn�_qn p h u M&}�~ b�^`_ 4�^`_qZFUW^`QX|
/�OYZo_yN-6�{�f
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� "d( ����� �B\ � p _c/`_qc \]NPORQyv 46vKlmT�Tj\�NPOYQ�T�{2ORb�^�_ c,_yVXTWS�v {0v�nqb OYQ�n�ORb]^�O2\&_�lmb _�ijT5NXTjnPUKl ORS a�{2^`_c/ -

UxTjzrQP^2ny^�O�NX_qb \$T /�^�UWNrv�ZrnPVPOjl76�{ b OYbKT.c _yVrNyT�{2v�QX|wb O�\&TWSKZFVPOq{2^`_�S�vWe NqO�UWVXT.iYNPORc 6�{ \]NXT.ZrnyUxT�{2v�QX| f
u�v�c�ORi6O.lmT�{ ZrnqQ�nq_�iF6�/`b T.zrQy^ �

! a ZFVPO</`_qb�^�O�iYNPORb]^`Q9ZFVXT.ZrT�{2O</`b T.zrQy^�^`Z[VXb]^`_OG KRQyv�QX|�c _yVyTWS$�&{ ZrnqQ�nq_�iF6�/`b T.zrQy^ c _PVXTWS�u�O�NrNy_qb O1-
}'.x_yN-4 OYQX| OI^ :WQX| _PNrNX_yNqOI{ T]S b�^`_qZF^`_�b]^`a%S T
bkORbKTj\�NXTjZonyUb6�{ \&T /�^`S�v�Zr\&_PNXZFv<GFbxv�Qo| �

! Tj\�NPOYQ�T�{2ORb]^�O c _PVXTWS�bWa c,_yNrv�Q�nqb6v�QX| \&T.ny{0OD/�O<G KRQyv�QX| TF4d/�^`Qqn�O E 243 587�5:9;5=<4S�vWe�NPO�UWVXT.iYNqOYc v
\]NXT.ZrnyUxT�{*_Ia6{5nqi�/ ,qSKb]^�O<G KRQq_�NXT.nyUKl ORS4{0^�_c/�U6T.zrQy^;ny^�O�NX_qb�^�G[_qSKb T�{2v�c9^�O�NXT�{ _ b�^`_qaK\&TRNXn1KRS]UxT -
{2ORb]^`_�{ bkORbKTYUWNrv�ZrnPVPO.l OYQX| T�NXT.nqc9^�O�NXn�_ SKT#"
$
$&% { Q�n�OYZ[^`_ \&T G[_qS�v�b Q�nyv�QX| Zr_PU�a bKS �

! \&TWSkORb�^�OwORbkO</�^�V v�Q�nqbK_qi.Tw{5n�TYNXa b O \�NXT�` / /�^`b�^�^ S�vWe�NPO�UxQyv<G[b _OG Sd/�Ow\�NXTjZonyU�a n4NXT.nyUKl ORSK_qc
{2^`_�/�UxTjzrQP^�nP^�O�NX_�b$�

! S T.zF{2^�OYSKQqn�OD/`bK_qi.T"\$TYVg{2^`_yNXSKnq_�b]^�O
ZFU�a�VX_qQ�nqbKTjzrQP^�Tj\�NPOYQ�T�{2ORb6v�QX| {5nqTRN-6�{ ^)c _yVyTWS$f
/ \�NPORQqT�{0OYb�^`_�bKT�{ _qi.T�\$TWS _OGFzrQP^�O VX_qTRNX_yVgv�Qqn�b _�ijT 46vKlmT UxTjb�^`_qQqn�bK_"nq_
{5n�i / ,qSKa b O,b�^`_qn�OYSKT�{0OD/�O�-
G KRQyv'{ \�NXnyv�\ OYS�U�a'\&T /�^�UWNrv�ZonyVPO.l76�{ b OYbKT.c _yVrNXT�{0v�QX|�T.\�^�Z�S�vWe NPO�U6QOG ^){ NPOYc�OYQX|4U]^�bK_qc�O�Vgv�Qqn�b _OG
VX_�TYNr^�^&S�vWe�NPO�UxQHGg^ {�G[_HG ZFVPORb S O�NyS T�{ _HG;\&TjZFVPORQy^ �]Zrnq_PNXTYUxT ZFVXT.ZrT�{2ORb _OG7{ 4kORSkORb�^�OYQX| \&T�/�^�UWNrv�ZrnPVPOjl76�{
c"^�UWNXT.c _PVrNXT�{2v�QX| f

��SKTjzF{2^�ORS Q�nq_�t�S]vWe�NPO�U6Qyv GFb6v�QX| \�NXT�{0OYSKnqT.b6v�QX| b O�bkORb TRUWNrv�ZrnPVPOjl ORQX|�{2^�ORS T.c T��WA�_5nqb OYbK_5TWS
\�NPOq{2^`_�ZFVXa /�O�V�c _PVXTWS�v'OYb OD/�^`nPv'SkORb6v�QX|�S�vWe NPO�U6QOG ^)\�NXTjZrnPU6T�{ _HG { {0^ ,yU�Zrn�TjzrQP^7b�^`_�ZFVXT.Zra G K"ZF^ ,R� O
{ b ODGO/`_q\KZrnyv c NPORny^`_ Z�K 4 O�NXSKnqT'b]^`_�\]Ny_qQyv�nPv<GFbK_
{ TWSKb]^`_qZ[^`_qb�^�a SKT4iRNPOYb�^`Qqn�b]^`_,c�Ojl v Qo| �;OD/`_9VX_ A
\�NXnq_�Qy^`_ A�' <
( 5*),+.-0/21(9 2&3�4&5 b OYbKTjc _PVrNXT�{2v�QX| fDM7N-6F46v4n�OYZ[VXTjZrT�{0OYb�^�O�N-6�{5b ORb]^�Oe:xQX|K_yNrNX_PNPO"SKT"TRUWNX_ -
z /`_qb�^�O*NXT.nqc"^�O�NXa UWNrv�ZrnPVPOjlmaIQqnPv�c _PVXTWS�v0u�O�NrNX_qb O1- }).6_PN-4 OYQX| O
SKT0n�b OD/`_qnP^`_qb�^�O NXT.nyUkl OYSKa {2^`_�/�UxTjzrQP^
ny^�O�NX_qb'{ \�NXTjZrnPU�a b]^`_�\�NXnPv�b T.Zrn1K NX_qn�a /�VPO�V-6�{ S O<G KRQyv�QX|�Z[^ ,I\&Tji.TWSKny^"E�ORb]^�nI\&TjZF^�ORSkORb6v�c c�O�VX_A-
Nr^�O.lm_qc SKTjzF{0^�OYSKQqn�OD/`b6v�c ORb]^ n2bWaKc _PNrv�Qqn�b6v�c"^�TB4 /�^`Q�nq_qb�^�OYc9^ NyTjnq\�NPORZrn�ORb]^�O bkO�bkORb TRUWNrv�ZrnPVPOjl ORQX|
T.\kO�NrV v�c9^&b O�\�NPOq{0OYQX| \]^`_PNr{5ZrnPv�Qo|�L 2?3@587�5:9;5=< Rof

M�T TYUWNX_�ZF^`_
S T.ZFU6T.b OD/`_qb�^�O�c _PVXTWS�SKTjzF{2^�ORSKQqn�O</`b6v�QX|�6y�${�l OYzrb�^`_
T�{*_87 \�NPOq{2O \�^`_yNr{ Zrnq_.9
ZFVPOjl v
ZF^ ,�c,TY^`c \Ka b�UWVX_�c TWSKb�^`_qZF^`_qb�^�OW�5O \&TWQqnDK�VrUxT�{*T VPO�UdAq_'\�NPO�UWVgv�Qqn�b&K�c,_yVXTWS[K>4kORS OYt b OYS c"^ -
UWNXT.ZFVrNXa�UWVXa]N K�b OYbKTj\�NXT.ZrnyU 6�{;: � � �,< f
M�T.ny{ T /�^�l v TjbK_�\$Tj\�NPOq{5b�^`_�TYUWNX_�z /�O E
ZFVrNXa�UWVXa�N-,Y�$SKTYUKl ORS bK_
NXT.nqc"^�O�Nrv"^�aK\&TRNXn1KRS]UxT�{2ORb�^�_�nP^�O�NX_�b4b OYbKTj\�NXT.ZrnyU 6�{�f�M7NPORQ�O
bkORS \&T.\]NPOq{ K {2v�S ODG[b T.zrQy^�OD/`ijTRNrvWVF-
c 6�{ TF4d/�^�Q�n�O<G KRQyv�QX| NXTjn�\]NPORZrn�ORb�^`_ bkO QqTRNPORn	4kO�NXSKny^`_HGIn�lmTBAqT.b6v�QX| Lm^�NX_�OD/�^`ZFVgv�Qqn�b6v�QX| R�c TWSK_�/�ORQX|
\�NXTjZrnPUb6�{ n�OYT�{ TWQqT�{0Ojl O�TWSKQqnqa6{0O</�bxv�c \�NXnyv�Zr\�^`_qZrn�_qb�^`_qc V v�QX|9TF4d/�^`Qqnq_�t>=��]OD/`_2\�NXnq_�SK_
{5ZrnPv�ZFVrUW^`c

?A@CBED�F�GIH�BKJELMJON0PQFRDSN,JTDVUWPYXZHZN0[]\]DSBONIG,[ ^`_�a�bdc,Hfehg
ejiQc,b2FkUlP.LMJEDSa�PQF�G,[ ^�m n.PSN0m]X a o0PQFRDYN0P�L	p JONqprm]UWHQ[s\]DYBONIG	o0n,ejD.c
c,P�cdGdtua�Dvn.[]\wJWF�U,a�b.xZN,J�yszf{vp}|~pE{f��FCm]UWb�eEU,a�D.[Zo.\]�.[ZG	�CF�G,m P.n.PYa�P.�Qc,��JTH�BT[2�ZG,L�cdG�tua�D.nIX�P.L�H�X a�HQL�U,a�P.m �Qn.PQF�G,L�F������
�I�C� �C���0@C� �I� p
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Zr\&T.ZFVrNXn�_ Aq_�b]^�ORc"^DT�c�O�VX_�c�O�V v�Q�nqbK_HG bkO�VXa�NXnq_
{2O�NXa b�U 6�{ 4]Nynq_qi.T�{2v�QX| �7UWV-6RNX_"Q�nyv�b�^YK�S�vWe NPO�U6QOG ,
b O4b OYbKTYUWNrv ZrnyVPO.l OYQX|�TWSKc"^`_qbKb&K�TWS 7 UW/�ORZFv�Qqn�b _OGZ9rf ��NXnq_#4kO \&T�{2^`_�S nP^`_ ER� Aq_	4$_qn b O�Vgv�QX|Kc"^�OYZFVyT -
{ _qi.T \&TRV {2^`_PNXS n�OYb�^�O /`a�4
TWS]NXn�a Q�OYb�^�O0NyTF4&TWQ�nyv�QX|9|]^`\&TRVX_qn c TBA�/�^�{*_�ijT \]Nynq_qn \&T6l KRQqn�_qb�^`_2TF4d/�^`Qqn�_qt
2436587�5:9;5=<
n c T]Q1K�SKny^`ZF^`_HG[Zrnyv�QX|'U6T.c \Ka]VX_PN-6�{��W\�NPORQ�O b OYS�ZFe TYNXc�OD/�^`nqT�{0ORb]^`_qcsT.\]^`Zra S�vWe NPO�U6QOG ^�b O
b OYbKTYUWNrv ZrnyVPO.l OYQX| b�^`_ c T.i6l O�46v	46v�E \&TWS�G ,PVPOxf

� "b]D� � \ # ]D�$#1��, ����" ��� ]-\ �����?*b� #,� ��NPORS]v�QPv<GFb OW� b�^`_qb ORb TRUWNrv�ZFVPO</�^`Qqnqb OW�&S�vWe NPO�U6QOGrO9\]NXT.ZrnA-
UxT�{0O Tj\�^`ZFvW{0OYb O GF_�ZFV*{ Tj\ O�NXQP^`a�T UW^`b _�c�O�V v�Q�nqb[K VX_qTRNr^ , S�vWe�NPO�UxQHGg^ ��ORaK_qi.T]f��&O�UKl OYS O Tjb O 4�NPO�U
aKiY^ , E
{2^`_�/`TRUWNXTRVXb6v�QX| TYNPORn
ZFVPOjlmT.zFE,O 4KZrTYNX\$QHG ^;{ UWNrv�ZonyVPO</`_Yf �&O.lmTFAq_�b�^ O VX_
Z-K�S TB4]Nynq_
Zr\&_�lmb�^`T.b _
Sd/�O%b ORb TRUWNrv�ZrnPVPOjl76�{��#c�O<G KRQyv�QX| n�Oq{5Zrnq_ e TYNXce, '�+ <0/21v)
4&57f  j_�S b O�UdAq_ n�ORZXORS b�^`Qqn�_Y� ^`b6VX_yNre _yNX_�b�-
Qyv<G[bK_�N-6�{5b OYb�^`_ VX_qTRNr^�^�UW^`b _�c�O�V v�Q�nqbK_HG L \ O�VrNyn b \ f
{2vWNPO A�_qb�^`_ L 2��@? I R { \]NqOYQPv�:32 < /`a�4 L 2Wf 8 R0{
\�NPOYQPv�:@? < R nqT.ZFVPO.lmT�{2v�\�NXT�{2ORS n�TjbK_9S /�O'bkO�V-, A�_qb�^�O�\]NXT.c"^`_�b]^`T�{0OYb�^�O,NyTjnq\�NXT.ZrnqT.b _�ijT%bkO	� < 7 <�

),+.-0/Q1(9 2
(�� O {2^ ,�Q"\�NXnyv n�O.lmTFA�_qb�^`a Lm^ R2\&_PNr^`TWS]v�Q�nqbK_HG ZFVrNXa�UWVXa�Nrv'O�VXT.c T�{ _HG�\�NXnyv<G[c�a�G KYQ \&T.bkORS]VyT
Lm^�^ R�\�NXTjZFVXT.\ OYS lmTjzrQP^`_qbKb6v�U�ZrnPVPOjl V�UWNrv ZrnyVPO.lma L7/`_P{2O�i6O.l KY�2S�^�ORiYNPORc�a \�NXn�_qSKZFVPOq{2^`TjbK_qi.T b O0Nov�Zqf � f �
b OIZFVoN�f � � Rof �7_ S T]SkO�VrU6T�{ _�n�OjlmTBAq_�b]^�O9Z-K�{ \]NXnPv�\ OYS�U�a�S]v]e NPO�U6QOG ^�\�NXTjZrnPU6T�{ _HG b]^`_�a n�OYZXORSKb]^`T.b _Rf
M�T.c"^`c T VX_�ijT�� N-6�{ bkORb]^`_�^`b6VX_yNre _yNX_�b QPv<GFbK_ G[_qZFV�\Ka b�UWVX_�c {2v GFzrQP^ O
VrNPOYS�v�QPv<GFb6v�QX|'c _PVXTWS'OYb OD/�^`nyv
\�NXTjZrnPU6T�{2v�QX| S OYb6v�QX| S]vWe�NPO�UxQyv<G[b6v�QX| �2VPO�U]^�QX|�GrO�U c _yVyTWSkO�u�O�NrNX_�bkO�- }'.x_yN�4kORQX|kO>/`a 4 c _PVXTWS O
:WQo|K_PNrNX_yNPOWf ~5O�Nrv Zqf � f � nq_qZ[VPOq{2^`TjbKT"b O<G {0O A�b]^`_OGFZrn�_�c _yVyTWS]v4OYb OD/�^`nPv S]vWe�NPO�UxQHGg^�\]NXT.c"^`_�b]^`T�{0OYb�^�O
NX_�b6VXij_�b T�{5ZFU]^�_�ijT�NyTjny{0^`b]^ ,yVy_0{ NPOYc�OYQX| UW^`bK_qc�O�Vgv�Qqn�b _OG�VX_qTRNr^�^&S�vWe NPO�U6QOG ^ �Kn�OYn�bkORQqn�ODG KYQ5^`QX|,{ n�O�-
GF_�c bK_ \$T�{2^YKYn�OYb�^�Oxf p n#,qzFE S]^�ORiYNqOYc
a n�ORc"U�b�^ ,yVPO /�^`b]^YK
\]NXn�_yNrv]{2ORb&K ZFVPORb T�{2^�TRNrv�iR^`bkO</`b6v {2UKl ORS
T.\kO�NrV v,bkO�n�OY\�NXT.\&TjbKT�{0OYb6v�c \�NXn�_qn OYa�VXTYNqO {5nqTRNXnq_ ; _ 46vx_�
 O
S /�O UWNrv�ZrnPVPO.l76�{ -�Q�n ,�zFE VPO�n�TjZFVPO.l O
T.c 6�{2^`Tjb O�{ NXT.nqSKny^�O</`_ � f

� "b]D� ���
�[( ]1"b����� ]-\), ����� � } /�VX_yNybkO�V vW{5bxv�c \$TWS _OGFzrQP^`_qc S T'T.\]^`Zra S�vWe NPO�U6QOG ^ \�NXT.c"^`_qb�^`T -
{0OYb�^�O NX_qb6VXi._qbKT�{5ZFUW^`_�ijThGF_�ZFV
N�6�{ bkORb]^`_ ; _ 46vx_�
 O : 0~< f J 6�{5b OYb�^`_2VXT aKc TFAc/�^�{2^�O�\&TWSkORb�^`_0S�vWe�NPO�UK-
VXT.iYNPORc
a \]NyTjZrnPU6T�{ _qi.T�{�n�O�UWNX_�ZF^`_4UBK�VPO�\&_�lmbK_qi.T GF_qS�v�b�^`_�{BTj\ O�NXQy^`a T nqb O<GFT.c Tjz E,NyTjnyUkl OYSKa
TWSd/`_qixlmTjzrQP^7c"^ ,�S nPvWO�VXTjc,T�{2v�QX|�{ NXTjn�\�NPOYZrn�ODG KYQ�_HG2S�NXTB4]^`b�^`_Yf �7_�TYNr^�O VPO�b�^`_ {2v�c�ORixOI\&_PNr^`TWS�v�Qqn -
bKTjzrQP^kZF^`_�Qy^&UWNov�ZFVPOD/�^`Q�nqbK_HGP�Wn�O�UKl OYS O n�OYzD\]Nynyv�\ OYS�U6T�{ K TRNr^`_qb6VPORQHG ,2S�NXTF4�^`b6v����W\$Tjb OYS�VXT \�NXnPv<GFc
a�GF_Y�
\&TWSKTF4Kb�^`_ GrO�U�VX_qTRNr^�O ��ORa _�ijT�� 4�NPO�U�aKiY^ , E�{2^`_�/`TYU]NXTYVXb6v�QX|�TYNPORn�ZFVPO.lmTjzFE'O�4 ZrTRNX\&QOG ^ f �&OjlmTBAq_�b]^`_
SKTYVgv�QqnDKYQ�_�\]NXnPv�\kORS�U6T�{ _HG�TRNr^`_qbxVPOYQOG ^ S]NXTB4]^`b
LmUWNrv�Z[VPOD/�^�V-6�{5R�\&TYUWNrvW{0O ZF^ ,�n `knPv�Qqn�b&K NXnq_�QqnPvW{2^ -
ZFVXT.zrQy^YK9S]vWe�NPO�UxQHGg^�\�NXT.ZrnyUxT�{*_OGy�[4 ,qS[KRQ n�O</`_yVcK9VX_qTRNr^�^�^�{ b�^`QqnPv�c�b�^`_�TjiRNPOYb�^`Qqn�ODG KYQ GF_OG2TjiB6 /`bKTjzoQy^ f
�2TYNynyv�ZFVPO<G KRQ2nq_ {5nqTRNXa ; _ 46vx_�
 O�SKTjZFVPO<GF_ ZF^ ,*{2^ ,qQ5b O�V�, Aq_�b]^`_0\]NXT.c"^`_qb�^`T�{0OYb�^�O0NXT.nq\�NXTjZrn�TjbK_qi.T�b O
\�NXTjZrnPU�a n�lmTBAqT.b6v�c�n�^�SK_qbxV v�Q�nqb6v�QX|'S]NXTB4�^�b T9S T�{ T�/�bxv�c U�ZrnPVPOjlmQP^`_Yf

~0O�\&TWQ�n1K�VrU�a�/�O�V�QqnyVy_yNXSKny^`_qZ[V v�QX| a 4�^`_qixlm_qi.T {0^�_PU�a9:.VyTYUx_qZ"^2u ^ /`ZrTjb \&T]SkO</�^5ny{2^YKRnq_PU \&T -
��� PSN,JTH�FRDvx	F X�H]\�U,a�D.[ZG���cda�PSg,JON0����gWiQc,�ZJEH	�QDQF m �QH�N0DYN0P.nIa G,m ��X�DIe]��gli2c,�ZJEHQL G o0x�GdFRD���X�H��IP�cda o,�.JEHZ��P P.nIa�H��

� BEHZN,JED~p @ Pdc,DYX�n.PQFRH`y ��U,o,NIX o F�JEc,�QHZN,JED X�H2PYa JOJ @�HZg�GIH�� D��M�QD�ejPvx2HZN,JEH�P�UWHZa JTP~cdG,[Q��N0P � [�JCm]JEHQ[�JCcda�PSg,JKN�G �2Pvm]X�DSN,JTH
F�G,n.PYa���G,m]X�DYN0H U,a��ZGVF�GdU,a�PQFRD.c,�QDSN,JOo�a�P.�Qm �QH�a��QPSN0H]\RFRHZa�mj\wJWFC�2PYa o�@�H�gIG�H�� D cdBTD nIa G,m �ZX�D�ejbQF�p
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Wyrażenie na rozproszenie na 
pojedynczym atomie

Równanie interferencyjne k.t.d.
Natężenie promieniowania ugiętego na  
prostopadłościennym monokrysztale o 

rozmiarach N
1
× N

2
× N

3 
komórek elementarnych

o bokach a
1
× a

2
× a

3
. 

periodyczność sieci +
prostopadłościenny

kryształ

Równanie Debye’ a.
Natężenie promieniowania rozproszonego na 

proszku złożonym z drobin o strukturze 
atomowej danej przez zbiór wszystkich 
odległości międzyatomowych drobiny.

I q, N, a

Równanie i stała Scherrera

’ Powder pattern power 
theorem’  B. E. Warren’ a

Metoda Warrena− Averbacha

Równania Lauego

Równanie Bragga

Równanie Bragga Profil  linii  dyfrakcyjnej

transformata
RDF(r)/r

transformata
SD(r,R)

Profil  linii  dla kryształu w 
formie graniastosłupa

Profil  linii  dla kryształu 
kulistego

Profil  linii  dla proszku z 
rozkładem wielkości ziaren

Metoda                

 wyznaczania rozkładu 
wielkości ziaren

Rozszerzony wzór Debye’ a dla kryształów. 
Natężenie dane jako transformata iloczynu 

RDF(r)/r  i  SD(r,R)
lub (alternatywnie) splot transformat

 RDF(r)/r  i  SD(r,R).

I q, RDF r ⋅SD r,R

Równanie i stała Scherrera dla 
kryształu w formie graniastosłupa

Równanie i stała Scherrera dla 
kryształu kulistego

Równanie i zależność stałej 
Scherrera od szerokości 

GSD(R)

Nachylenie krzywych SAS w 
funkcji względnej szerokości 

GSD(R)

GSD(R)

 Sposób wyprowadzenia:

Analitycznie, bez przybliżeń

Analitycznie z przybliżeniami

Analitycznie i numerycznie

uśrednienie po
wszystkich orientacjach
drobiny (Debye,1915)

FW
1
5

/ 4
5

M

I q, r i− r j

J v�ZraKb _PU � f � � �0^`bK_qc�O�V v Qqnqb O VX_qTRNr^�O�S]vWe�NPO�U6QOG ^hLmU&f V�f S f Rof  j_HG�NXSKnq_�b]^`_qc�G[_qZFV�N-6�{ bkORb]^`_ ^`b6VX_PNrem_ -
NX_�b QPv<GFbK_fL /�_P{2O
i6O.l KR�<Rof J T.ny{2^`b�^ ,qQP^`_ {5nqTRNXa ; _ 46vx_�
 O�L \]NPOq{0O i6O.l KY� R#\&T.ny{0OD/�O \&TWS O E5N-6�{5b OYb�^�O
{2^YK�A1KRQq_ c"^�UWNXT.ZFVrNXa�UWVXa]N�,$UWNrv�Z[VPOD/�^�V-6�{ ^Wb O�V-, Aq_�b�^�_7NyTjn�\]NXT.ZrnqT.b _�ijT0bkO*b�^`QX|�\�NXTjc"^`_�b]^`T�{0OYb�^�Oxf�uwvK-
\�NXT�{2ORS n�_qb�^�O�TWSK\&T�{2^�OYS O<G KRQq_ Q�n ,�zrQy^5S�^�OYiRNPOYc
a�n�O�UWNX_�z /`TjbK_HG /�^`b]^YK�\�NXn�_yNrvW{0OYb[K4\�NXnq_�S Z[VPOq{2^`TjbKT
{ NXT.nqSKny^�O</�_ � f / nqb OYQ�nq_�b]^�Oq���@D ������� - e a b�U6QOGrO�NXTjnPUKl OYSKa�NPOYS�^�OD/`bK_qi.T�� N	D����
	���� - S�v�ZFVrNrvd4Ka QOGrO
U�ZrnPVPOjl VXa ��B N	D��
��� - NXTjnPUKl OYS {0^�_c/�U6T.zrQy^)nP^ O�NX_�b$f





�u

��� ������� � 2

c"^ ,�S nPv�Zrn�_yNXTRU6T.zrQy^YK�^`b6VX_qiRNPO</�b[K /�^`b�^�^V4�NPORijT�{5ZFUW^`QX| O�\&_P{5b[K"emaKb]UxQHG Kx��TB4 /�^`Q�n�ORb&K GrO�U6T TB4 G ,yVXT.zFE
Qqn#,qzrQP^�{5Zr\ 6�/`b _OG�UWNrv�Z[VPOD/�^�VXa ^<G[_qi.T {�l ORZrbK_HG U6T.\�^ ^ L�7 S aKQX|kO,9 /`a 4�7 QP^`_qb�^�O~9 UWNrv�ZFVqOD/�^�VXa �.OYbKi]f�/��$2��4<05hR
\�NXnq_�Zra b�^ ,yVX_OG*{5n�i / ,qSK_�cBTYNrv�iR^`bkO.lma4{ UW^`_PNXa b�U�a NXTjn�\]NPORZrn�OYb�^�O : 8&< f)�2TYNXnPv�ZFVPO<G K"T.b]^;n {�l ORZrbKTjzrQP^
VX_OGIe aKb]UxQHGg^*QX|KTWQy^�O�AY��GrO�U \�^`Zrn1KW� 7 b]^`_ GF_qZ[V�l O�V { T�SKTjZFVrNXn�_qQ G[_HG `knPv�Qqn�b _ n�bkORQqn�_qb�^`_v9rf u /�O�VqOYQX|
\�^ , EqSKny^`_�ZF^YK�Vgv�QX| ^ Zrnq_�zFEqSKny^`_qZ[^YK�Vgv�QX|�����- ijT�{2^`_PU�a Tj\Ka 4d/�^�U6T�{0ORb T \�NPOYQ�_�{2^YK ADKYQ�_�VrNPORbKZFemTRNXc�O�V-,
ema�Nr^`_PNXT�{5ZFUBK \�NXT `�/`a /�^`b�^ ^#S]vWe�NPO�U6Qyv GFbK_HG5n�e a b�U6QOG K :6VXTRU6_qZyO"^�u ^ /`ZrTjb O�: ax� ZFVoN�f@? �.< : I � . < ff= a�^�b�^`_yN
\�^`Zrnq_�T�Vy_HG
emaKb]UxQHGg^ � A�_ 7 {2vWU.ORnqa�GF_ {�l ORZrb T.zrQy^ OYb OD/`T.iY^`Q�nqbK_�SKT�emaKb]UxQHGg^ 4 ,qS[KYQ�_HG
VrNPORb ZFe TYNXc�O�VcK
� T.a�Nr^`_yNPO
\]NXT�` /�^ /�^`b�^�^ ; _ 46vx_�
 O�- :xQX|K_yNrNy_yNPO \&T.Zrnq_PNXnqT.b6v�QX|4{ _Pem_PU6QP^`_�c�Ojlm_�ijT9NXTjn�c"^�O�NXa�UWNrv ZrnyVPO.lma
L h
_PNrVPORa]V#: ���&< RA9,TYNPORn	Aq_ 7 b�^`_�c�O�L Tjb ObR ^`b6VXa�^`Qyv GFbK_qi.T�ny{2^YKRnyU�a n�e TYNXc�K�S�NXTB4]^`b6vq9�: I � Z[VrN�f � �,< f
u /�O�VPOYQX| \ 6.�qb�^`_HG[Zrnyv�QX| � U6TRNXnyv�Z[VPODG KYQ�n�{�l ORZrbKTjzrQP^*VrNPORb ZFe TYNyc�O�Vgv�e a b�U6QOG ^ :.VXTRU6_�ZXO4^*u ^ /`ZrTjb OW�
TB4 /�^`Qqn�TjbKT \�NXT�` /`_h/�^`b]^�^)S]v]e NPO�U6QPv<GFb6v�QX|'S /�O UWNrv�ZFVPO</�^�V-6�{ T9b]^`_PUWV-6YNrv�QX|�U�ZrnPVPOjl VqOYQX|�L b \ fR: � � � � �,< Rof

� �K, �d�<]1�	��
 �������F\ � }0b O</�^�n�O c9^�UWNXTjZFVrNya]UWVXa�Nrv�b OYbKTj\�NXT.ZrnyU 6�{ { ,qi�/�^ U.O5UWNXnq_�c
a$�.ORnqTRVrU�a i6O</`a
^5S�^�OYc _�b6VXa T NXT.nqc"^�O�NPORQo| nP^�O�NX_�b TWS
� SKT�� $���� \�NXnq_�\]NXT�{0ORS n�Tjb O�{�b�^`b]^`_OGFZrn�_HG�\�NPORQyv6� {2vK-
c�ORi6O.l O4NXT.nqZrn�_yNXn�TjbK_qi.Tw\$TWS _OGFzrQP^�O%VX_�TYNy_yVgv�QqnqbK_qi.T�f u \�NPOYQPv aKSkO.lmT�ZF^ , NXTjnP{2^`b&K&E�VrNPORS]v�QPv<GFb[K
VX_�TYNr^ , ; _ 46vx_�
 O�TRNPOYn�\$T6l KRQqnyv�E G K�n�\&TWSK_HG[zrQy^`_�c :6VXTYUx_qZXO4^Du ^ /�ZoTjb O�TYNPORn h
_PNrVPORa]V ^ = a�^`b]^`_PN�f
J TjnP{2^ GrO<G KRQ
N-6�{5bkORb]^`_ ; _ 46vx_�
 O S /�O \&_PNr^`TWS]v�Q�nqbK_HG�ZF^`_�Qy^ UWNrv�ZFVPO</�^`QqnqbK_HG aKSkO.lmT ZF^ ,�{2v�\�NXT�{0OYSKny^"ER�
4&_�n GrO�UW^`QX|]UxT /�{2^`_PU SKTWS O�VrUxT�{2v�QX| n�OjlmTBAq_�t$� SKTYUKl ORS bK_�{2vWNqO Aq_�b�^ O�{2^YK ADKYQ�_�U�ZrnyVPO.l V ^ NyTjnqc9^�O�N
L b OYbKTWR U]Nrv�ZFVPOD/�^�V-6�{ n�\�NXT `�/`_qc /�^`b�^�^ S�vWe�NPO�UxQyv<G[b _OG�\�NXTjZrnPUb6�{ 4&_�nA-
^ \&T /�^`S�v�Zr\&_yNyZFv<GFb6v�QX| �5\�NXnyv
QqnPv�c NyT / , e aKb]UxQHGg^ :.VXTRU6_�ZXO�^ u ^ /`ZrT.bkO
\&_�lmb�^&{ Vgv�c \&TWSK_HGFzoQy^`a��&-0/ 9]+v-?3������(2 ),/21(9 2&3=9���UWNov�ZrnyVPO.lma$�
\&T.ZF^�OYS ODG KYQ�O�\�NXn�_HG Nynyv�ZFVcK�^`b6VX_PNX\]NX_PVPOYQOG , `knPv�Qqn�b&KWf

M)NPORQ�O�Z[UKl OYS O ZF^ ,�n5QqnyVy_yNX_qQX| NyTjn�S nP^ O.l76�{�f�u NXTjn�S nP^�OD/`_ � \]NXn�_qSKZFVPOq{2^`T.b T {0vd4]NPORb _D^`b]e TYNXc�O1-
QHG[_�b O�VX_�c�O�V0bkORbKTjc�O�VX_yNo^ O.l76�{ L b ORb T.c�O�VX_yNr^�O.l v6�Wc9^ U]NXTjZFVrNXa�UWVXa�NPOW�WQq_PNPOYc9^�UW^ R
n�Zrnq_PNXZrnPv�c�Tjce6 -
{2^`_qb�^`_qc N����I��B6IKJd^ �!� I��#"��%$'&$L ZFVrNXa�UWVXa]NqO0b O<GFiF,�ZFVXZrn�_qi.T a \ O�UxT�{2ORb�^�Ox�x\&T /�^�Vgv�\]^�O ^[4 l7,qS�v"a lmT&-
Aq_�b]^�O Rof / \�^`ZXOYbKT VX_ A a�UKl ORS]v%_yU�Zr\$_yNrv�c,_qb6VPO</`b _�a�Ayv]{2ORb _ { 4 OYS OYb�^`QX|�c"^�UWNXT.ZFVrNXa�UWVXa�Nrv�\�NXnq_�S -
ZFVPOq{2^`T.b6v�QX|�{ b]^`b�^`_HG[Zrnq_OG5\]NPORQyvxf

u NXTjn�S nP^�OD/`_ � \]NXn�_qSKZFVPOq{2^`T.b T�NXT.nqZonq_yNynqTjb[K�{ _yNXZ7G ,�N-6�{ bkORb]^�O ; _#46v6_�
 O L n�O�UWNX_�z /`Tjb O�Qqn#,qzFE
S�^�OYiRNPOYc
a�\�NXnq_�S ZFVPOq{0^�T.bK_qi.T"b OINrv�Z�f � f � { ZFU.OYn�a G[_ ZrQX|K_qc�O�Vgv�Qqn�b]^`_ b O NXT / , GrO�UBK"TjbKT
\&_�lmb�^�TYNqOYn
b O GF_�ijT
c TBA�/�^�{*_�n�OYZFVXT.ZrT�{2ORb�^�ObRof J T.nqZrn�_yNXn�_qb�^`_ \&T�/`_qixO�bkO a6{5n�i / ,�S b�^`_qb�^`a�\&_yNo^`TWS]v�Q�nqbKTjzrQP^ ZF^`_qQP^
UWNrv�ZFVPO</�^`Qqn�b _OG*b OYbKTYU]Nrv�ZrnyVPO.l76�{�f J 6�{ bkORb]^`_ ; _ 46vx_�
 O
S /�O UWNrv�ZrnPVPOjl76�{ NXTjn�S nP^`_�/�O
ZF^ , { bkO�VXa]NqOD/`b6v
Zr\&T.Z 6F4IbkO*S�{2^`_�b�^`_qn�O</`_ A�b _ Qqn#,qzrQP^s�;ZFVrNXa�UWVXa�NPOD/`b[K�^Wc"^�UWNXT.ZFVrNXa�UWVXa]NqOD/`b[Kxf�M)^`_PNr{5Zrn�O T.\�^`Zra G[_�UWNrv�ZrnA-
VPO.l)^`SK_�O</`b6v%QqnyvW/�^;b]^`_�ZFU6T.tKQqnqT.b[Kx�$\&_yNr^`TWS�v�Qqn�b&K9ZF^`_ E
O�VXTjce6�{�f ; NXaKi6O Q�n ,�zFEY��ny{0OYb O(�&-0/ 9]+.-43)������*
),/21(9 2&3 9��6��n�Oq{2^`_yNqO \&_�lmb[Kw^`b�emTRNXc�ORQHG , GoO�UBK S�vWe NqO�UxQHGoO b]^`_�ZF^`_ TwU�ZrnPVPOjl Qy^`_�^ NyTjn�c"^�O�NXn�_�NXT.nq\�NPO1-
Zrn�ODG KYQ�_qi.TIUWNrv ZFVPOD/�^�VXa f �&O�VX_qc S�v�ZFVrNrvd4Ka QOGrO5U�ZrnyVqOjl VXa�ZFVPORbKT�{2^ UW/`aKQqn�T�{2v�_c/`_qc _�b6V
NXT.nqZonq_yNynqTjbK_�ijT
N-6�{5b OYb�^�O ; _#46v6_�
 Oxf��kbkO<GFT.c T.zFE^GF_HG;\&T.ZFVPOYQP^KOYb OD/�^�Vgv�Qqn�b _OG�TRNPORn#NXT�/�^�GrO�UBK0\&_�lmb]^W{�T.\]^`ZF^`_*S�vWe�NPO�UxQHGg^
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\&T.ny{0OD/�O {2v�\]NyT�{2ORS nP^"E zrQP^`ZXlm_�{2vWNPO�Aq_�b]^�O bkO
\�NXT `�/`_ \�NXTjZonyUxT�{2v�QX|e/�^`b�^�^)S]vWe�NPO�UxQyv<G[b6v�QX|$f

u \]NPORQyv%b�^`b]^`_OGFZrn�_HG�{2v�\]NXT�{0ORS n�TjbKT"{5n�TYNrv%bkO,\]NXT�` /`_ /�^`b�^�^ S]vWe�NPO�UxQyv GFb6v�QX|�Sd/�O UWNrv�ZrnPVPOjl76�{
{Be TYNXc9^�_%iYNPORb�^�OYZFVXT.ZXlmaK\kO�^�U�a /�^�TRNPOYn%TWS \&T�{0^�_�S b�^`_�Z[VPOjlm_�:WQX| _PNrNX_PNPOxf / \]N-6WQ�n4VX_�ijT�\&TWSkORbKT
{5n#6YN Tj\�^`Zra G KYQPv�\�NXT `�/&c�O�U�ZF^`c
aKc S�vWe NPO�U6QPv<GFbK_qi.T NX_�O</`b]^`_5^`ZFVXb�^`_HG KYQyv Qo|�{ \]NXnPvWNXTWSKny^`_5\�NXTjZrnPUb6�{
n NyTjnPUKl OYSK_qc {2^`_�/�UxTjzrQP^7nP^�O�NX_�b$f

}0b O</�^�n�O {2v�nqb OYQ�nqT.b _�ijT�\]NXT�` /`a /�^`b]^�^�S�vWe NqO�UxQyv<G[b _OG5S /�O \�NXT.ZrnyU 6�{ \$TjnP{*T�/�^�l O,\$TWSkO&E�iRNPOYb�^`Qq_
ZFVXT.ZrT�{2O</`b T.zrQP^�c,_yVXTWS�v9Tjn�bkORQqn�OYb�^�OINXT.nqc9^�O�N-6�{ UWNrv�ZFVPO</�^�V-6�{ n�N-6�{5b OYb�^�O :xQX|K_yNrNX_PNPO GrO�U N-6�{5b�^`_ A
NXT.nyUKl ORS a
^`QX|"{2^`_�/�UxTjzrQP^ c _yVXTWS[K2u O�NrNX_�bkO�- }'.x_yN-4 OYQX| Oxf�u \]NqOYQyv
n�OY\�NXT.\&TjbKT�{2ORbKT c,_yVXTWS�,
TRUWNX_ -
z /�ORb]^�O"NXT.nyUKl ORS a {2^`_c/ UxT.zrQy^�nP^�O�NX_�b�b O"\&TWSKZFVPOq{2^`_�Zrn�_yNXTRU6T.zrQy^�/�^`b]^�^;S]vWe�NPO�UxQyv<G[bK_HG5c"^`_PNXnqT.b _OG2b O ��^ � � GF_HG�{2v�ZrTRU6T.zrQy^ f C _PVXTWSkO�VPOZL bkORnyvW{0ORbkO { \�NPORQyv�7(��� �� ���� � 9 R GF_�ZFV \�NXTjZ[VPO ^
S O<GF_
{2v�b]^�UW^
\&T.nqT.ZFVPODG KYQ�_ { SKTB4]NX_OG
n�ijTWSKbKTjzrQP^�n�TF4d/�^`Qqn�_qb�^�OYc9^ 2?3�5 7 5;9;5 <�f

/ \�NPOYQ�T�{2ORb _,c _yVyTWS]v n�OYZFVyTjZrT�{0OYbKT4{ NXT.nqSKny^�O</`_ 2�SKT�ORbkO</�^`nyv c"^�UWNXT.ZFVrNXa�UWVXa�N b OYbKT.\]NXT.ZrnA-
U 6�{ { ,qi�/�^�U.O%UWNynq_qc
a � ORnqTRVrU�a ixOD/`a ^2S�^�OYc,_qb6VXa T�ny^�O�NXb OYQX| TWS �%S T �
$ � �%f M7NXnq_�S Z[VPOq{2^`TjbKT
^`b6VX_PNX\]NX_PVPOYQOG ,5`knPv�Qqn�b&K"{2^`_c/�U6T.zrQy^�TRVrNXnPv�cIvW{0ORb6v�QX|�c,_yVXTWS[K u O�NrNX_qb O�- }'.x_yN-4 OYQX| O�Sd/�O \�NXTjZrnPUb6�{
4&_�nA- ^7\&T�/�^`S]v Zr\&_yNXZFv GFb6v�QX| f5M�T.bkORS�VXT�{2v�b�^�UW^;OYb OD/�^`nPv'c"^�UWNXTjZ[VrNXa]UWVya]Nrv,TYVrNynyv�c�ORbK_ n�NXT.nq\�NPOYZrn�O1-
b�^�O�Zrnq_PNXTYUxTYUBK�VXT�{ _qijT \]NXT.c"^`_�b]^ � \&TYN�6�{5bkORb T'n {2v�b�^�U.OYc9^V4 ORSkORt Vgv�QX| ZXORc v�QX|wc�O�VX_PNr^�Ojl76�{
4 OYS OYb6v�QX| S OYzF{0^ ORSKQqn�O</`b]^`_Ic _yVXT]S&K NXT.nq\�NPOYZon�ORb]^�O
b]^`ZFUxTYUBK�VXT�{*_�ijT LONQP5N Rof

u NXTjn�S nP^�OD/`_ ? n�_ 4�NPOYbKT�^ \&TWS Zoa c T�{0ORb T {2v�b�^ U]^*\�NPOYQ Vy_qTRNX_yVgv�Qqn�b6v�QX| ^2SKTjzF{0^ ORSKQqn�O</`b6v�QX|
aKnyv�ZFU.ORb _�{ NPORc�OYQX|�b�^`b]^`_OGFZrn�_HG2NXT.nq\�NPOq{2v6f

*
/ ZFVPO�VXb]^`T��&b�^`_qn�OD/`_#Aqb�^`_"TWS%b]^`b�^`_HG[Zrnq_OG \�NPOYQPv6� :xQ�O�NXS�^)^ � _qT.b]^ LQ: � 2W� 0 � f �.�j� �.< ^M: � ?]� 0F0F0 f �.�j� �~< R

TRNPOYn9M�T.\kO�^ h OD/`n�O�N#: �D0 ��� 0 f �.�j� �~< TRVrNXnPv�c�OD/�^){2vWNPO�Aq_�b]^�O bkO�\�NXT `�/�/ ^`b�^�^DS]vWe�NPO�U6Qyv GFbK_HG�\]NyTjZrnPU�a
n NXTjnPUKl OYSK_qc {2^`_�/�U6T.zrQP^�ny^�O�NX_qb f �&Oq{2^`_PNPODG K T.b _�e a b�U6QOGF_
Zr\&_�QHGoOD/`bK_����&UWV-6RNX_�{ \]NPO�UWVgv�Qq_ T.iYNPORb]^ -
Qqn�ODG K n�ORZFVXT.ZrT�{2ORb�^ O9\ a�4d/�^ UxT�{0OYb6v�QX| {5nqTRN-6�{ S T9SKTj\ OYZrT�{0OYt'bWaKc _yNov�Qqnqbxv�Qo| f }5a]VXTRN5VX_HG0\]NPORQyv
\�NPOYQ�T�{2O.l2bkORS V v�c ZXOYc v�c \]NXTB4d/�_�c _�c4�)n"Vgv�c4� Aq_ NXT.ny{2^YKRn�O.l2ijT4^D{2vWNPO�Aq_�b]^`_,bkO'\]NXT�` / /�^`b�^�^
S�vWe NPO�U6QPv<GFbK_HG)\�NXTjZrnPU�a�\&T�/�^`S]v�Zr\&_PNXZFv<G[b _�ijT5\�NX_qn�_qb6VXT�{0OYbK_ GF_qZ[V7{ \&T.ZFVPORQy^We a b�U6QOG ^�_c/`_qc,_qb6VPO�NXb6v�QX|$f
u l OYzrb�^`_2VX_qb9{5n 6RN*TRNPOYn*{0v�b]^�UW^ GF_�ijT S OD/`ZrnPv�QX|�\]NXn�_yU�ZrnPVPOjlmQ�_qt�Z�K UW/`a Q�nqT�{2v�c _c/`_qc _�b6VX_�c \]NPORQyv6f

J 6�{ b T�/`_qixl O \]NqOYQ�O�\�NXnyv�b ODG[c b�^`_HG�VrNXnq_�QX| iRNXa \9bkORS�Vgv�c ZXOYc v�c Vy_qc�O�VX_qc {5ZFU.ORnqa�GF_Y� Aq_QG[_qZFV
T.b�O�UWVXakO</`b6v ^ {0O A�b6v���f
�	�`GdN,JEnSD`X�P �	U~aZ�ZGS\]i2[ZJTD BEPY�.� N0PYa�L DYBON0HZ��P a�P.�Qn&euD.cdo F JEHZBEn.P � [�J �ZJEDSa�HZNqp�
�HZ��P [QDIejnSD`UlP8tua�DS��L�HZN0[�JTH�UWb�euP.m]J

a��QH2[Q�ZG~F JEm]X�H]\�N,JTH�c,D`m]JTi��QDSU,JTm D����2D`UlP.L�Pd[2�	tuo,N0n.[]\wJ HZBTH2L�HZN�X�DSa NIG,[ ^qp
� F JEn,ejDSN&H�F�Gda�D.xQHZN,JED � PYU0D`J �RDYBE�QDSa�D
cdBED`[QD�eun.PQFRDSBKN0H��IP�a�P.�Qn&euD.cdo F�G,n&euD.cdN,JT[2�QPS�*UWPSX�iZ��PQFRHZ��P�g,JEPYa��`m]JEi	�QD � ��[QD�ejnvP2FRDYN,JED���P�F�U,a��QH2m]X a��QHZN,JRU,a�P.m]X�H]\
yjX�D.nSD [2DIejnSDVa��QHQ[2�ZGdF�J � [ZJEH�N,JTH�JEm]X N,JEH]\]HVF�\]DQF�N0H]\ t*PSa�LMJEHf�Zp���D	m D.L�D	[QD�eunSD�F U,a��QHQm]X a��2HZN,J�P~c�F�a�PSX N0H]\CJEm]X N,JEH]\]HVJ
U,a�HQ�2HZNIX o.\sHQL G�\s� FkXZH]\rU,a�D.[ZGIp
� � X a�Dvn.[ZJEH UlPQF m]X�DQFRDSN,JED�N,JKN,JEH]\]m �2H]\ U,a�D.[ZG��,F�GdN,JTn�JqJKN,N�G,[ ^��va o,U	N,JEH g�G0e G \]HQm �2[Q�QH��ZN0DSN0Hvp @CBEDYX�H��IP,�,UWPv�2DMX��

oIF DY���,�SN,JTH�L D N0DQF�JE�v�2D�� c,PRJT[ ^ F G~N~JEn.bQF �&U,a�H2�QHZN�X o.\]HQL G�U,a�D.[Qi>F X�D.nIJTHs\lFRHZa�mj\wJ �SF	\]D.nIJEH]\lUlP2FCm]X�D�ejDCPSa Gd�.JKN0DSBKN,JEHvp
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�4U�ZF^YK�AyUW^ 7FM�|6v�ZF^`QqZ2TRe7bK_y{ c�O�VX_PNr^�OD/`ZQ9`: �D8~< �

7 u TjZFVqO�VXb�^`QX|�/�O�VPOYQX| �kc,_yVXTWS[K TWS \ O�NXT�{2ORb]^�O�^�U6T.b SK_�b ZXORQHGg^�{ z[NXTWS T�{2^`Z[U�a�4 O�NF-
S n�T Qqnyv ZFV v�QX| ixOYn#6�{�� O�bkORZFV-,�\ b�^`_�U6T.b ZrT�/�^`SkORQHGg^�587 / 5:9�� {sa /�VrNPOq{0v�ZrTYUW^`_OG \]N�6FAqb�^ �
nqT.ZFVPOjl v nqZFv�b6Vy_yV v nqT�{0OYbK_IU / ORZFVX_PNrv�O�VXTjce6�{ T�zFNX_qSKb]^`QX|�NXT.nqc9^ O�NPORQo| n�n�O�UWNy_qZra%$
&
$ $���� Sd/ O�{2^`_�/`a Vgv�\ 6�{ c�O�Vy_yNr^�O.l76�{I�2{�l KYQ�n�O<G KRQ�c _PVPO</�_'^ Qq_yNPORc"^�UW^ f �7_�bKT�{ _Y�
Zra \&_PNF- S�NXTF4KbKTjny^�O�NXb�^`ZFVX_�c�O�VX_yNr^�O.l v�{2vWU.OYn�a G K�{�l OYzrQP^�{*T.zrQy^�Q�n ,�ZFVXT ^�Z[VXTYVXb�^`_�N-6FA�b _ ^
nqb OYQ�nqb�^`_ /`_�\ Zonq_*{ \&TRN-6�{5bkORb�^�a SKT ^`QX| iRNXa�4&TjnP^�O�NXb�^`ZFVgv�Qo|
TWSK\&T�{2^`_�S b�^�Ub6�{�f!�kc"^�ORbkO
{�l OYZrbKT.zrQy^ 4�^�_PNXnq_ ZF^ ,�n4^`QX| c�Ojl v�QX| NXT.nqc"^�O�N-6�{��2SKa�Aq_OG Qqn#,qzrQP^ O�VXTjce6�{�ad/`TYUxT�{2O�-
b6v�QX|�{ TRVXTWQ�nq_qb�^`a�iRNPOYb�^`Q ny^�O�NX_qb�^;TWS SKny^�O.l vW{0OYt�c9^ ,�SKnyv'ny^�O�NXbkORc"^ fIM�T.b]^`_P{2O�A ^�QX|
{�l OYZrbKT.zrQy^ c T.ibK	46v�E U�ZrnPVPOjl VyT�{2ORb _
{ VrNPO�U6QP^`_"ZFv b6VX_qnPv�^ TF4�N-6B4]UW^ ��b OYbKTjc�O�VX_PNr^�Ojl v
n�lmTBAqT.b _2n*UW/�ORZFVX_PN-6�{ O�VXT.c T�{2v�QX| {2v�S ODG K0ZF^ ,2bKT.ZF^"E2nqb O�UxTjc9^�V v
\&TRVX_qbKQHGoOjlkVX_�QX| bKT /`T&-
iY^`Qqn�b6v6�.b�^`_#ce6�{2^YKYQ Th4�^�_#A1KRQyv�c n�O�^`b6VX_yNy_qZrT�{0OYb�^`a bkORa]U]^6^`QX|�n�OD/`_#Aqb6v�c9^WTWS�NXT.nqc"^�O�NXa
{�l OYZrbKT.zrQy^�OYc9^ f LFf�f�f R

J 6BAqbK_�NXTWSKn�O<GF_9c�O�VX_yNr^�O.l76�{ b ORb T.c _yVoNXT�{2v�QX|�l KYQ�n1K�VoNXnyv Q�_qQX|6v��
SKTjc,_qb6vwO�VXT&-
c T�{*_#\]NXn�_qZFVrNXn�_qbKb]^`_�n�OYc9U�b]^ ,PVX_7{ b]^`_�{2^ ,qQ�_HG�b�^ A('~$ $ �����Rnqb OYQ�n1KRQyv�aKSKny^�O.lkO�VyTjc 6�{
ny{2^YKRn�ORb6v�QX| n�iRNPOYb�^`Q�ORc"^;ny^�O�NX_qb TRNPOYn ^`ZFVXb�^`_qb�^`_�TWSKSKny^�O.l vW{2ORt�c"^ ,�S nPv4Vg{*TRNXn1KRQyv�c9^
GF_�SKTjc,_qb OYc9^ f$��O�U {2^ ,�Q�c�O�VX_yNr^�O.l v�b OYbKTjc,_yVrNXT�{ _5n�Oq{2^`_PNPODG K"n�_yNXT�{2v�c9^�O�NXT�{ _0UW/�O�-
ZFVX_yNrv9O�VXT.c 6�{��#GF_qSKbKT�{2v�c"^�O�NXT�{*T�c TWSKad/�T�{0ORb _ {2^`_�/`T�{0O�NXZFVg{2v9TYNPORn*^`QX|"VrN-6�Gg{2v�c"^�O1-
NXT�{*_9TWS \$T�{2^`_qSKb]^�UW^ f 0 QX| TKE
^`QX| ZFv�b6Vy_qn�O�\�NXnq_�n Q�n�lmT�{2^`_yU.O VXT'|]^`ZFVXTRNr^�O NPOYQ�nq_OG�b ODG -
b T�{5Zrn�Ox��TRU.OYn�a G[_"Z[^ ,Y��Aq_
c�O�VX_yNr^�O.l v�b ORb T.c _PVrNXT�{*_ 46vKl v�7 n9bkORc"^j9�b O�S lma i.T \]NXn�_qS
bkORc"^ f

h OYS OYb�^�O b O<GFZFVPO�NXZrnPv�Qo| c _yVX_�TYNrvWV�6�{�ZraKij_PNXa�G KW� Aq_%c�O�VX_yNr^�O.l v VPO�UW^`_�ZFVPORbKT�{2^�l v
Qqn ,�zFE { Zrnq_�Qo|KzF{2^�O�VPO�TWS GF_�ijT
n�O�NPORb]^�O ��\�NPOq{5S T.\&TWSKTF4Kb�^�_0\]^`_PNr{*TRVXbkO c�O�Vy_yNr^�O n�Oq{2^`_A-
NPODG KYQ�O ZFVrNXa�UWVXa�Nrv�{ ZFU.OD/�^$bkORb T.c _PVrNXT�{*_OG�UxTjbKS _�b ZoT�{2O.l O n5bkORZrnq_OG ZXlmTjbK_qQ�nqbK_HG c,i6l O�-
{2^`Qyv6f  ._qSKbkO�U SKT.\]^`_PNXT�VX_yNPORnY� c"^ /�^�O�NyS]v /�O�V�\)6j��b]^`_HGP�DNXTjn�\&TWQqn#,�l O ZF^ , ^`Qo| ZFv�b6Vy_qn�O
n�OR\ /�ORb T�{0OYb OI^ {0vWU6T.bkORbkO \�NXnq_�n Q�n�lmT�{2^`_yU.OWf LFf�f�f R

�h/�OYZFVX_PNrv�n�Oq{2^`_yNPO<G KYQq_
TWS%Zr_yVX_PU�SKT�SKny^`_qZ[^YK�VX_PU4Vgv�ZF^ ,qQPv O�VXTjce6�{ c T.ibK 46v�E�{2vK-
V {0O�NXn�OYbK_�{ {2v�ZFVPO�NXQqn�O<G KRQyv�QX|�^ /`TjzrQP^�OYQX|9S]NXT.i6ORc"^ `knPv�Qqn�b6v�c"^b/`a�4 QX| _�c"^`Qqn�b6v�c"^ �RVPO�U
{2^ ,qQ�c T.ibK 46v�E2e TYNXc,T�{2ORb _2{ \�N-6F4�UW^&b ORSkO<G KRQq_5ZF^ ,�S T 4 ORSkORb]^�O VrNPORS�v�Qyv<G[b6v�c"^Kc _ -
VXTWSkORc"^]_yU�Zr\&_PNrv�c _�b6VPOD/`b6v�c9^ f C O�VX_yNr^�O.l v�VX_*c�ODG K2\&TYVX_�b QOGrO.lka�NXa QX| OYc9^�OYb�^�O*^]{0vWU6T&-
NXnyv�ZFVgvW{0OYb�^�OM/�^`Q�nqb6v�QX| _ye _yUWV-6�{ NXT.nqc9^�O�NXa c�O�VX_PNr^�^�ZFUxTjbKS _�b ZrT�{0ORb _OG \&TWQ�n1Kq{5ZrnPv TWS
_�/`_yUWVoNXTjbKT�{2v�QX|	LmVXny{If�_Pem_PUWV-6�{ UW{0OYb6VyT�{0v�QX| R&\&T�{ TWS T�{0OYb6v�QX|I\]NXn�_qZFVrNynq_qbKb6v�c T.iYNPO�-
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b]^`Q�nq_qb�^`_qc�nqSK_�/`TRUjO</�^`nqT�{0OYb6v�QX|�_�/`_yUWVoNXTjb�6�{ {2O</`_qbKQyv<G[b6v�QX|w^Dn�c"^`_qb�^`Tjb6v�c9^�{�l OYZob T&-
zrQy^�ORc"^�U6TWT.\&_yNPO�VgvW{5b6v�c"^�O�VXTjce6�{���GrO�U'S]NXixOYb�^�O�Z[^`_qQy^;QqnPv4VXT.\Kb]^`_�b]^`_R�&O
U6T.t Q�n1KRQ bkO
_�/�^`c"^`b OYQOG ^ c _�QX|kORb�^�n�c 6�{ nqSK_ye _yUWVXT�{0OYbxv�QX| Z[^�_�Qy^ �)VPO�U]^�QX|	GoO�U%V { TYNXn�_qb�^`_
S]v�Z /`TRU.OYQOG ^
^ VrNPOYbKZr\&TRNrV*c�OYZFv9{ T.iYNPORb]^`Q�nqT.b6v�QX|�\�NXn�_qZFVrNXn�_qbKb]^`_ ny^�O�NXbkORQX|$f C TFAc/�^�{*T.zrQy^)U6T.bKZFVrNXa -
T�{2ORb]^�O bKT�{2v�QX| c�O�Vy_yNr^�O.l76�{�T�a b�^�U.OD/`b6v Qo| /`a�4 \&T.\]NPOq{2^`T.b6v�QX| {�l ORzrQy^�{ TjzrQP^�OYQX| n
UW/�OYZFVX_PN-6�{ O�VXT.c T�{2v�QX|�T�{2vd4�NPORb6v�QX|4NXT.nqc9^ O�NPORQo| \]NPOq{5SKT.\&TWS TB4Kb]^`_�nPNX_y{ T /`aKQHG[Tjb�^ -
nqa�G K b OYZrn�_ n�S T�/`b T.zrQy^�\�NXT�GF_PUWVXT�{2ORb]^�O�c�O�VX_PNr^�Ojl76�{ T U6T.b6VrNXT /`T�{0OYbxv�Qo|,{�l OYZrbKTjzoQy^�OYQX|
Tj\�V v�Q�nqb6v�QX| � _c/�_PUWVrNXT.b]^`Q�nqb6v�QX| � c�ORijbK_yVgv�Qqn�b6v�QX| � c _�Qo| ORb]^`Qqn�b6v�QX|�^;Qo|K_�c"^`Qqn�b6v�QX|�{
{2^`_�/`a'\]NXnPv�Zrn�l v�QX|%OR\ /�^�U.OYQOGrORQX|$f 9
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:6VrNXa]U]VXa]NPO O�VXTjc,T�{2O�{5ZrnPv�ZFVrUW^`QX|�4 OYS ORb6v�QX|4c�O�VX_PNr^�Ojl76�{�� O {2^ ,qQ { ,qi�/�^�U.O"UWNXnq_�c
a>N����I� ORnqTRVrU�a
ixOD/`a B6I J ^��!� I��#"��%$�& G[_qZFV9ZFVrNXa�UWVXa�NcK bkO<GFiB,qZFVXZonq_qi.T�aK\kO�U6T�{0OYb�^�OW��\&TWSKTF4Kb]^`_5GrO�Uw{ c,TWS _c/`T -
{ _HG5ZFVrNXa�UWVXa�NXnq_54 /`_�b S�v'Qyv�b�U6T�{ _HG L�
 ��NSRX�kNrv�Zqf � f � f5:6^`_ E�UWNrv�ZFVqOD/�^`Qqn�bkO�
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kinematyczna teoria dyfrakcji

�
	���
���������������� �!��"$#%��#'&)(+*,"$#-���.��#0/
�214365��,56587,	,9:"�;<�>=�	<1?���@14/A9B
����>=21@5�"$#-�!CD5E;<"$
�� "�	��?F�;<3G56F$
IHJ/
�?F$#-*���5E;%=$KL�-MNF$#0/O	�=)KQP�7�3E;R"$��ST������
U/WV�XLYAZ'[-\]5
*�"$#'C^5��!��5�#0/O;��,5E;`_badc�=e�0;<"$�T; Pf� "$#-*��>#0/g;%�h;
365��,5E;�i)�kjl".�.	<1mCn
�1�M�=%Ppoe�4*q#-���!��"$�!�e�,5��k;%*h;N"�;<F$
�"$#0/
�]/O	���#-�?5�Z8r�st������
���7�	u�-M<F$#0/
�vHw=!�e�."�/x#'�h; P
*�"$�!��"�	 /O;��T;^3G5���5E;>i$Pzy�{J|0/}�>	�CA=!��	����,56� 5��eC~������F�;'{:F.
%1)M%=�	�C~*�"$#���3l365��,565�7�	 9:"�;<�>=�	<1?���@1�7�3E;��.5E;N".�!�
C4��5��@1m���.	�=$K+# 7��e�Q��1?�e�?F�"$#-�!CD5E;<"�� ")	����.F�;-{J
�Hw=.5EM>y�{w;��.5��.3�#-�T;t365��,5E;�i)���}�!���B�$�<�%���k���n�h�<�%�����%���B�
�$� ���q�������n�������%�w�B�� q�.¡�� ��� � � �v¢�£�¤¦¥�§�¨�¤

/}��5�#'�?��
QP�o!�©3G5���5��]ª�"�;%y-#0/}�?� 5��©C�;N1)M]�����.F�;-{:F}y�;%
���#0/}�?� 5w�xjz#-�,5���/O;�o]CD5���"$�!#-���}/«*�"�;N� F2	�=e�b365��,5��
7�	 9:"�;<�>=�	<1?���]��5��¬�0;!/}���e�n�.MD� "$�.	 /O	�CD5®­�;%
����$; Pq*�"$�.	�ª,365�o0;¯�?5�°O1?�]F�;<��o!�]5����>	�CD5p9J
����>=@1);%C^5wPq��*��
±Q#%"$�e�>F$�0; P>²�#�5�y%F�;�=!��	4jl�0;<"$��#'�h; ��³´;bF$#��N;%��/O	�=!�N;N1��h;�=!�.3�
]1);N�µ�h;<1?7�#%��{w;�7���5��@1m���!��/O	��!�h;�=!�!�e�,5��
&?"$�e7���5��@1
/g;�o!#-���21O*,".#%��3�
�Ph=!��	 365f*q#-�.	�=21@5p"$��ST������
��b¶�/O5EM��!�.�tF2	�=$KR9B
����>=21@5l��F$�e#%"�5EM^7,	 9E"�;N��=@125l�,5��
1?�e�?F}ªq�e�!*q#-&?"$�!7���5�·¹¸%º�»w�

¼ ".ª,56F�"�;<3���#-&�(u/O	�ª�#%"$
�� "$��	 /
�21�#'*�5���
�1�M�=!�21t*,"$#���3}365���565]7�	 9:"�;<�>=�	<1?���@181?�e�?FR��"$#-�!
�CD5E;'{w;LF�;N�
7h{J
�y-#,P)1�;<��7h{J
�y-#½F$�e��*�"$#���3�1?�e�?Fp�����.F�;-{:F$#0/g;%�>	�ªh;N"$7��.5��21Q*,"$�e�!��;�*h;N"�;<F$
,".°f*q#'C^5E;N"$#0/gM¾��5�o�ªh;%7h;%���
� "�	�����F�;'{:	���� �!��"$#%��#'&�(}"$��ST������|0/¿ª�"�;�y'#0/}�?� 5�=$K�*�# =)K�# 7��0M�=.	�=$K�# 7�*�#%3656� "�	�����F�;'{J|0/ÀCD56� "$#-��#0/g	�=)K
1?�e�?F¬C¯�,5��@1m���N;k��5�oD"$#-�!7��.5��.3�=e�!#-&�(�7�	 9:"�;<� F$#'C¯�.F�"$|0/]�¯jf"$��	<1?Cµ
�1�M�=%Plo!�¯*q#'���e�."$�e�!��5���;�*T;<"�;NF$
�"$#0/x�
/O	���#��>#�"$#'�e7��.5��.3�=e�!�ey'#�7�	 9:"�;<� F$#-C4�.F�".
4*,".#'�����>#0/x�!y-#n/O	���#-�?5Q� 5636�';^���.��
���7¯�-M<F$#0/O	�=$K�Á.P��?F�;N1m�]�?5�°
#-��#¬y�{J|0/}�>	�CÂ=e�.	����,56� 5��eCÃ���)�.F�;-{:F$
%1)M%=�	�CÂ*�"$#%��3T"$��Sh�.����
47�3E;�� "�	�����F�;'{J|0/�/O5�°������.	�=$Kt��5�o8�NÄ����
�0;�&O�N;%ª�
,"$�N;8F$�e�R*�"$#���3,1?
�o�# 7´Zbr�s'�Q�ÅHJ"�	��!�h�����%i)�

¶U7,".
�y�5��@1��?F�"$#-�>	>Pq�¬"�	��!�z�����¬/O5�7h;%(�PQo!�µ365��,5��µ7�	 9:"�;<�>=�	<1?���¬� "�	����.F!;'{J|0/Æ��
�ª�CD56� ".#'��#0/O	�=$K�P�;

ÇBÈlÉ.ÊmË<Ê@Ì¹Í@Î¹Ï?Ê?É�ÐwÑfÒ�É�Ó
Í@Ô�Ï2Õ$Ö:×!Õ%ÏBØOÎ¹Ù$Ú>É$Ô�Ù$Û�É)ÔwÕ$ÖE×!Õ<ÏwØ�Ë0ÕeÜGÔ�Ù�Ò!Û�É�Ó
Í@Û�Ô�Ý?Þ4ß<Ô�É�àwÊ?Ò�É?ÞdÕ%ÏBØgÞdÕ0×�É�àJÌ�Û:Õ0ß�É?ÞQÉ�ÒeÌáÎ¹Ò$Ù¾Ó�Ìá×eâ<Û
Ò$ã$Û�É?ÞdÕ%ÏBØ ä�ÈzÉ�Ê?Ë<Ê2Ì�Í2Î�Ï?ÊmÉ.ÐwÏ2ÌTàwÍmÒ!â<×�Ë<É?ÞQÍ�Ó
É�å@×�Ù
â�Ê2Õ<àwÒ$Ù.Ñ®×%ÙgàJÕ0×�ÏwØ<Ô�É)ÛwÔ�É$×�É?ÞpÕ<ÏwØ�ÞpÕ<àwÉ�Ò.É$Ô�É�Ê?Ë<Ê@Ì¹Í@Î¹Ï?Ê2Õ<ÏwØ¬Ë0ÕeÜGÔ�Ù�Ò!Û�É$æ
Ó
Í2ÛwÔ�Ù.ÏwØ�ß<Ô�É.àwÊmÒ.ÉmÞdÕ<ÏwØ^ç6ÞdÕ%Ó
Ù$è!Ù�Û�É½â�å2Õ<Ï@Ì¹Ù
ÓxÉ)×�É0ÏwØ<Ô�ÓxÉ.Ù$Û�É$Ô�Ý?ÞéÒ!ÔwÕ%àJÛ�Ù)ÎêÌ�ÏmÊ@×!Õ%ÏBØ-ë@ä



4��

9<bcINbN?c`F�DzE=6ZE?[=�OD=>XUA�]<8:9<bBQBO�R��_^ay�9Lf���Og]LT@bcX�9<bc?�]LXDA�ZE?aZlV:]LbN?cbaQLX�^�XUzE=>?�X�TÈ^�V�R|8�^�;ªbN=:ZE?�A:9<bBQBOFR�Ic?NÇ
ODV�Og]BO'QL;:]LX_^
8:ILK/C,h±� QL?���V6]BODI�8ªb_Og�¡M�;D�e?cM�8i9eZE��=�OD=@XDA�]<8:9<bBQBOFRSODM2Z�X2]�XFbcM2Z\O']Lbc?�T@XP�F¢��Y��C�oW0�O
V:]LXU»>z3z{ZE=:Z{Z�T68�¦\]BOgAuI�8U�e=>?��
QBOgA(MPOFR|8:ILK(A�]�8:9eQBO'z{Z{QL�_^ ^�V�R|8�^ MWO2^
8>RSfDINbc=6ZE?�M2Z{A�]LX�9eQ<]L;:A�QL;:]BOdMPO's
QL?B]<Z\OFR�;/y>INbB8�z{ZwA@9<b�QBO�R|Q_y:]LXFbcM2Z\Og]#Z�=�OUV:]L�N�c?N=:Z\O�b�Z\O']L?c=/C�7%8:9NC �JCE5-T@X_^�X�T>b�ZSy>�N?-9eAJXFÇ>INbNX�=u8�]�XFbNM[Z\O']
hS=�OU=>X�o�A6]<8:9<b�QBO�R�;�MWO�9¡^%XD�e?
=:ZE?Nb'OU�>;6]�bNX�=@?
X�T>�:Z�IBZE?%^ÉXF�>9<?�]�^%X_^�OU=u8:ILK[V6]LXD»>z\OUILK2z{ZE=:Z{ZYT:8�¦|]BOgAuIB8g��s
=u8:ILK/CªÂ�XDA>RSODT@=u8:ILKnA:9<b�QBO�R|QL�_^�z{ZE=:Z{Z%T:8�¦|]NO'AJI�8g�¡=u8:ILK QL?cXU]<Z\OiA�ZE=@?cMWOgQ�8:IcbN=�Oa�e?NT>=�O'An=:ZE?�VYX�T�Og�e?Uy
b_OD��z{ZE=6ZE?i=�OU=>XFV:]LXF9�b�AJ�_^�M2ZE?�]�bNXF=>?�T>X��e^
Z\OUT>INb'O'zE=:ZE?i=6ZE?W9<VY?'R�=6Z\Og�<fª`uOD;>9<X_^�9eA�ZE?N`�X�V:]Lb�8:�:z{ZE�N?N=:Z\O
A:9<bBQBOFR|QL;iMPO'A:9eZEM�;>M�T68�¦\]BO'AJI�8g�¡=@?c`FX:C

�
� =:ZE=6ZE?*�e9<bc?���V:]BODI�8nVYX�T�OU=>XWZ�V6]Lbc?NT:8:9eA:;:QLX_^
OD=@XiT>XUA�RSOUT>=@?�^
8�]BOD�N?N=:Z\Oi=�Oª=�OgQL�N�c?N=:ZE?�V:]LXUs

M2ZE?c=6ZEX_^�OU=:Z\OP;>`DZ��BQL?N`�Xª=�OWVYXDz{Z{A�]<8:9<b�QNOFRSODI�Kn=�OU=>XFM�?�Q<]LX_^
8@I�K b�]LX�b�A>RSODT@?cM ^
ZE?�z{AuX��<I�Z�bBZ\O']L?c=�^
¦�;>=:AuI*��Z/A�fgQBOd]LX�bNV:]BOD9<b_OD=6Z\O�C�HuA>RSOUT�O'��f�9¡Z��-XF=>?�^�8>RSfUIcbN=:ZE?ab�¦±;@=:AuI*��Z1?Bz�?cM�?c=uQBO']<8:=J8:I�K/C

�
 �;>=:A�QL?NM ^
8g�¡�<I�Z\O}]LXFbB^
OD�_ODÇ�=6ZE=:ZE?��¡9<bN?c`FXÆ]�XFbNT>bBZ|O�R�;}�e?c9eQW^�bN�D]iÂ�?N�u8J?���O�y
A�QL�D]<8 ;>b_OgzE?N�c=6Z\O

=�O'QL�c�N?c=6ZE?ªV6]LX�M2ZE?c=6ZEX_^�OU=:Z\OÈ]LX�bNV:]LXF9<bcXF=>?N`�X�=�O(A�z\OU9eQL?B]LbN?�O'Q�XFM��_^Ä;>�e]L?cT@=:ZEXF=>?iVYX(^�9<bB8:9eQ<A�ZEILK
V:]LbN?c9eQ<]LbN?c=@=u8@I�KÃXU]�Z�?c=uQBODI��<ODILK�QL?c`FX�A�z\OU9eQL?B]BOJy1^�¦�;>=:AuI*��Z�^%?BA�QLXU]BOW]LX�bNV:]BOU9�b_OU=:Z\O�� 8 C��ÃbN�U][Â�?Bs
�u8J?���O�M�XF�c=�OaQ<]BOgA�QLX_^�OU���<OgAuX[X�T>VYX_^
ZE?NT>=6Z{A[^
8�]BOD�N?N=:Z\Oih �JCE5Uo¨T:z\O�V:]LXF9<bBAu�_^¿VYXUz{Z{A�]<8:9¡QBO'z{ZEINbc=u8:ILK
M2ZE?B]LbNX�=u8:ILK�^ `�?NX�M�?BQ<]<Z{Z�Â�?N�u8J?���Ogs¡HJILK>?�]<]L?B]BOJC	�>XU]LM�;�RSOWÂ�?c�u8u?���Od�¡?N9eQd9eQLX�9<X_^
OD=�OWX�T(z\OgQ�V:ZE�N�Bs
T>b�ZE?N9¡Z|fgQ*8:I�K �*�Ã^
ZE?�A:;dT@X�XF�:z{ZEINb_OD=:Z|O�

� ¸��>¸±¶�¸�� T:8�¦|]BOgA�QLX�`U]BODM��_^�V:]LX�9<b�AJX_^
8:ILK,MWO�R|8:ILK,;:A>RSODT@�_^
OgQLXFM��_^dy%b'O']L�_^�=>XÃ;@VYXD]Lb_fDT6AJX_^�OU=u8:ILK h�A�]<8:9�b�QBO�R|8�o���O'A°Z$=:ZE?N;>VYXU]Lb'fUT:AuX_^�OD=u8:ILK¿hSIBZ\OFRSOºOUM�XD]<s
»�INbN=>?Uo�C�� ����� ���������! �"$#�%&�'%!�(�) �"+*,%�-.�/%�01"2���$34�'"/56"7������8	 �9: �;��'"7���=<����>8?"(����"!@4A(B&�C�
D B! E3�5F��B�G28H���=��IJ8K9�"L<C���=MN#�%,<C���$3'��O/�>8���B�G2#P �9: P Q�R��S���">O/B��!@T9U��B�G�C�¾�M��_^
ZEXF=>XaQL?N�-9<bNIcbN?Bs
`��uR�X_^�X2M�?BQLX�T:8�X��6z{ZEIcbN?NÇ�T686¦|]BOgAuIB8g�e=u8:ILKV
�� ¸��>¸�¶�¸6� C
7�X�bNT>b�Z\O�R#9eA>RSODT�O�9eZE�2b�Q<]Lbc?NILK�IcbN�N��I�ZSC�� V6ZE?B]<^�9<bc?��$INbc�N�<IBZ�hXW ��CE5go
^
8g�<OD�<=:Z�X�=>XWVYXU�¡�NIBZ\OW=6ZE?Bs

bN�w�NT>=@?-T@X�bB]LXFbc;@M2ZE?c=6Z\O�Z/]LXFbB^
ZE=:Z��cI�Z\O�QL?NXD]<Z{ZlÂ�?N�J8u?���O�G

Y2Z>[�\C]�^U_'`&aUb:c�]ed�f�gh[7a.fCgeiFfej!\�k�lhb &nm@>2¼6ou½�y
Y2Z>[�\C]�^U_'`&]�bea�k�j�f�^U_Tiqprfea&s?t >2¼�oJ½�Z
Yug/vNw'x�a�vey�[�^U_'`z]ewrc)x�fed�x�[ j:m(¼6o
{ &a½�C

Â
^
ZE?�V6ZE?B]<^�9<bN?
¦±;@=:AuI*�e?�X�V6ZE9<;D��f,9eQBO'Q*8:9eQ*8�Au�
X6T6zE?c`uR�X��<I�ZYM[ZE�NT>b�86O'QLX�M�X_^
8:ILK�ZY9Lf,=:ZE?�]�b_ODT6AJX�;6QLX���s
9LODM2Z\OU=>?UC!0�Og�e9<bc?�]LbN?*�09eQLX�9<X_^
OD=�O &|m@>2¼�oJ½wX�bN=�OUIcb_O$�e]L?NT>=:Z\f�`��N9eQLX��<�%?BzE?�A�Q<]LX�=>X_^
f�^%XDAu�JR@^
8:�:]BO's
}�Í>Ï_×eÛ¡îeÕ1âSÛ�Ü
Ï'ë%Ö�Ò�~cÏ¨Ó�ÚäÒ±á�âS×eÞ�Ó%ÔeÕ�Ú�î�×C�EÕ/Ò¡êNÖ�ÏLÎ�Î�ÏBÛ�ÝgÎ�ÞBâSÛeÞLÙgÚäÞ��3ÐJåeëgÛ*ÚäÒeÓ�ÚuÓ�ÚäÒ*Ñ Ú�ÙDÞ#Ó0Ügã�ÑìÚFÙgÚ�Ò3Ö\Ü_Ñ�ÒlâSÞ�ÓnÕ/ÒeêcÖ�Ï�Î

���� Ú Ñ�Ò�á�Ò�~cÏaÓ�Ï_ë_é�è � æ��NÒeâ±Ö¨Ö�Ï-âSêNÎ�ÔLÖ#Ó0Ügã�Ñ�ÏeÕ�Ü�ÝgÎ�Û�ÜLá�å*Ö|Ü�Õºë_ÜT��Î�ÞBê�×±á|ÚYÝgÎ�ÏBâSÛeêBÏeÕ/Ò�á��$~NëgÛ*ÚäÒ
Õ/ÏLÐJÒe×%éDã�Î�Òeë_ÙgÚ�ÏLÙNÜg×SØÏLÎSÚäÒ*ÙNÖ�ÞB×�á|Ú>êNÎSÜgâSÛ*Ö�ÞNè{ÔeÕ�ÏLÝuÒ�ÎSéBá±Ò0â�ÚäålÙgÚ�ÒlÕ(ÖSÎ�ÔLá��>Ñ�Òe×eÛ0Õ�á�Òeë_ÙDÏeÕ�ÜgÓ�ÚäÞLÎ�ÏeÕ/Ò�á/ÝgÎ�ÛeÒ¡â�ÖSÎ�ÛeÒ�ÙgÚ:Ï'ë_Õ¯Î�ÏLÖSÙDÒ�á(�|Õ/Ò¡êNÖ�Ï�Î�Þ�� � æ



4�� +,	��Y�,�Y������� � �0��	%+���� �¨�����a	%+�

���º


=>?N`�X�V>;@=:A�QL;,ZU�e?N9¡Q0b_OgzE?N�c=�O$X�T ³B¶����u·D¶�����µ MWOgQL?�]<Z\O�R�;Wh�QLbN=/C>�e?c9eQl]L���N=�O�T:z\O
]L�F�c=u8:ILK�9eQ<]L;:A�QL;6]�A�]<8�s
9eQBOgz{ZEINbN=J8:I�K/y�IBZ|O�R
ODM�XU]�»�IcbN=u8:ILKÈZ�]LXFbcI�ZE?cÇ@IcbNX�=u8:ILK�`JOUbc�_^-o�C[¾�V6ZE9<;D�e?�X�=�O�9¡Q<]L;6A�Q�;6]<8i=:ZE?NX�`U]BOD=:Z{s
INbcXF=>?�V:]LbN?N9¡Q<]LbN?c=@=:ZE?ahS=>VwC1A�]<8:9<bBQBOFRYZET>?_O'zE=u8Yo�CQ�@;>=:AuI*�<O�AJXU]L?Bz\OUI*��ZwV�Og] s t >2¼�oJ½@�e?c9eQ�XF`D]BOU=:ZEINbcXF=�f
V:]LbN?c9eQ<]LbN?c=@=:ZE?2X6T@M2Z\OD=�f4&nm@>[¼�ou½LC�¾�T>=@X�9eZ09eZE��XF=�OWT@X�� ´Bµ�	L´4��¹�
��L� � ¸�¹�·F¶�� hS=>V/C�A�]<8:9eQBOgz{Z{QL;Yo�O
=:ZE?2T>X��¡?N`�XÈ9eQ�]L;6A�QL;:]<8ªZ�bN=:Z{A�OPT:z\OiX�T6zE?c`uR�X��<I�Z oW^
ZE��A:9�b�8:ILKnX�T�]LXFbcM2Z\O']�;�QL?N`�XÈX��6ZE?BA�QL;/Ci¾��6ZE?
^
ZE?�z{AJXF��I�Z�RSfUIcb�8ªT:8:9eQ<]<8:�>;@I*�<O,A:9<bBQBOFR|QL;ªX��6ZE?BA�QL;�j:m�¼�o
{ &a½�y@�Y�NT�fUI'OdA�zE;>INbcX_^
8:M VwXU�¡�NIBZ�?cM ^¿QL?��
V:]BOUIB8ÈZ�9eQBOD=@X_^
Z\fDI_O�MPO'QL?cMWO'Q*8:INbc=u8iX�V6ZE9$M2Z{A�]LX�9eQ<]L;:A�QL;6]�8W=�OD=>XUA�]<8:9<bBQBO�R��_^qM2ZE?�]LbcXF=>?���T:8�¦\]BO'A�s
I�8g�¡=:ZE?UCW� 9<bNIcbN?c`F�DzE=u8:M V:]Lb�8:V�OUT:A:;�X��6ZE?BA�QL�_^�Xi]LXFbcM2Z\O']NOUILKnMWOgA�]LXF9eAJXFVwX_^
8:ILKwy/=>V/CWT>;@�B8:ILK
A�]<8:9eQBOgz{Z{QL�_^ay�T:8:9eQ<]<8:�>;@I*�<OiA:9<b�QBO�R|QL;(�¡?N9eQ[^ V6]LbB8:�:z�ZE�c?N=:ZE; 9eQBO�RSO(Z%]L�_^�=�O2�¡?NT>=@X��<I�ZSy�IcX ;>b'OU9LODT6s
=:Z\Od;:QLX��N9LODM2Z\OU=:ZE? &nm@>[¼�ou½3Z s?t >2¼�oJ½�G�A�]<8:9<b�QBO�R3;>bN=�O'�¡?NM�8�^
QL?cT68�b_O�=6ZE?c9eAuX�Ç@IcbNX�=u8uy>O�VYXD�e�cI�Z\O
� A�]<8:9<bBQBOFR�
�Z � 9eQ<]L;:A�QL;:]BO,A�]<8:9eQBOgz{Z�IcbN=�O�
-9eQBOg�<f�9eZE�a9¡8:=@X�=6ZEMPOUM2ZSC
� V:ZE?�]<^�9�bN?��-INbc�N�<IBZ%=:ZE=:Z�?*�e9<bc?N`�XÈ]LX�bNT>b�Z\O�R�;�^�V:]LX_^�OUT>bNX�=@X�QBO'A:�c?�VYXD�e�cI�Z\O Z>[�\C]�^U_4i|]�bea�k��

j�f�^U_4i�� f:aRw'x���� t > Z aUb:c�]ed�f�gh[��,i�k$j!]Rb��r^$i c)iPfea�k�\�� jhm(¼�oJ½0VYXFbB^
Ogz\O'��fUIc?a=�Od;u^�bN`Dz��cT:s
=:ZE?N=:ZE?�^�V�R|8�^�;È�e?cT>=@X_^
8:M[Z\O']LX_^�?N`�X(=:ZE?N;>VYXU]Lb'fUT:AJX_^
OD=6Z\OWZ%]LX�b�]Lbc;6QL;}^
ZE?Bz{AuX��<I�Z
A�]<8@9eQBO'z{Z{QL�_^�^
X��6z{ZEINb'OU=u8:ILK 
�� ¸E�@¸±¶�¸�� T:8�¦|]NO'A�QLX�`U]BODMWODILK�V:]LXF9<bBAuX_^
8:ILK/C
� V�O']NOU`D]BO'»�? �JC ��yuV:]LbB8aXDA�OUb��*Z>V6]�?NbN?c=uQLX_^�OU=:Z\O�VwX�T@9eQNON^ÆX��6z{ZEIcbN?cÇL
�� ¸E�@¸±¶�¸�� T686¦|]BOgA�QLXF`D]BOUM��_^

V:]LXF9<bBAuX_^
8:ILK/y1T@XDAuX�=�OU=>XÈV:]LbN?BA:9<bBQBOFR�Ic?NÇn^�bNXD]L;ÆÂ�?c�u8u?��äO�C� 3XDA�OUb'OU=>X6y��N?-�e?c9eQ�XF=}]L�_^�=>X_^
OD�N=u8
¦�;:]<ZE?B]LX_^�9eA�ZE?��-Q<]BOU=>9e¦±XU]LMWODI�ZE?�¦�;>=:AuI*��Z�AuXD]L?�z\ODI��*Z%V�O']�A6]<8:9eQBO'z{Z{QL;/C�0�OD9eQL�NV>=6ZE?WbcXF9¡QBOFR
b_ODV:ZE9LOU=u8}^
VYX�9eQBOUIBZlQ<]BOD=@9¡¦�XD]LMWO'Q*8WZ{zEX�INbB8:=�;}¦�;>=6AJI��*Z���� �"!$#&%

#
Z�jhm(¼�o!{ &d½�C�Â�bBZ��BA�Z�QBO'A�ZE?cM�;�V6]Lbc?�A:9<bBQBO�R�IN?N=:ZE;

M�X��N=�O%V:]Lb�8:9<V:ZE?N9<bB8:��XF�:z{ZEINbc?N=:Z\O 
�� ¸E�@¸±¶�¸�� X
A�Z{z{A�O
]LbN�cT@�_^Ã^
ZE?�z{AJXF�<IBZ�Z:9eQLX�9<X_^
OD�/�e?�T@X
A�]<8@9eQBO'z{Z{QL�_^
X�]LXFbcM2Z\O']NOUILK�A�Z{z{A:;@9<?BQ0£aC�'#X�^
OD�N=:ZE?��¡9<bN?Dy�=>X_^
O
¦�XD]LMWO%^�bcXU]L;[Â�?N�u8J?���O,VYX�b�^�Ogz|O�=�O�OD=�O'z{Z{Q�8@INbN=u8
b_ODV:Z�9�b�^
Z\fDb�AJ�_^qVYX�M2ZE�NT>b�8�M2Z{A�]LX�9eQ<]L;:A�QL;6]Nf�V:]LXF9<bBA:;W=�OU=>XUA�]<8:9¡QBO'z{ZEINbc=>?N`FX[OaA:9<bBQBOFR|QL?cMÄM2ZE?�]LbcXUs
=u8:ILKiz{Z�=:Z{Z1T68�¦\]BOgAuI�8U�e=u8:ILK/C

 lO']BOD`U]NO'¦ ��C�4�^
8:VY?'R�=6ZEX�=u8��e?c9eQ�^©I'OFR�X��<IBZYT:8:9eA:;@9���f�MPO'QL?cMWOgQ�8:IcbN=u8:ILK�b�^
Z\fDb�AJ�_^ÉM2ZE�NT>b�8[M2Z{s
A�]LX�9eQ<]L;:A�QL;6]Nf,=�OD=>XFV:]LXF9<bBA:;WO�=�OgQL�N�c?N=:ZE?NM�]LX�bNV:]BOU9<b'OU=u8@I�Ki=�O�=6ZEMÄV:]LXFM2ZE?c=6Zd��C�Â�bBZE��A�Z1VYXD�e�cI�ZE;
T:8:9eQ<]<8:�>;@I*��ZlA@9<b�QBO�R|QL;�Z�9eQ�^
ZE?B]LT@bc?N=:ZE;�h�^
8:=6Z{A�Og�<fDI�8:M b�]LX�bN9<bN?B]LbNX�=>?N`�XÈ]L�_^�=�OU=:Z\OiÂ�?c�u8u?���Ouo�y¨�N?
V:]LXU»>z�V6]LX�9<b�AJX_^%?*�Yz{ZE=6Z{ZJT686¦|]BOgAuIB8g�e=>?����¡?N9eQ�Q<]BOD=@9e¦±XU]�MWO'QBfQ�>XF;:]<ZE?�]BO�T68:9eQ�]<8:�@;>I��*ZgA:9<b�QNOFR|QL;�j:m�¼�o
{ &a½
]LX�bNV:]BOU9<b'O'��fUIc?N`�XPA6]<8:9<b�QBO�R�;wy�^
8�]NOU�c?N=:ZE?�=�Oi=�O'QL�c�N?c=6ZE?�;>`DZE��QL?N`�XªV6]LX�M2ZE?c=6ZEX_^�OU=:Z\O�^ =�OgQL;6]NO'zE=u8
9<VYX�9<�F�i]LX�bNT>b�ZE?Bz|O�9eZE��=�O2T:^
ZE?aIcbN�c�<I�ZSG�9eQ<]L;6A6QL;6]BOgzE=�faZ1M2Z{A�]LX�9eQ<]L;:A�QL;:]BO'zE=�fJC('#bc�N�<�d9eQ<]L;:A�QL;6]NO'zE=�O
;>V6]BOD9<bNIcb_OW9eZE�[T@XW^�O']L;>=:A:;}x¨]BOD`F`JO2Z�=:ZE?��¡?N9eQaT�OgzE?��-T68:9eA:;:QLX_^�OU=�OJC)'#bN�c�<�2M[Z{A�]LXF9eQ<]�;6A�QL;:]BOgzE=�O
QLXW^�bc�U]�=�OWVYXF9�bN?�]Lbc?N=:ZE?2z{ZE=:Z{Z�T68�¦\]BO'AJI�8g�¡=u8:ILK�^
8:=:Z{A�O'��fUIc?2b�]LXFbcM2Z\O']�;�Z0A:9<b�QBO�R|QL;�]LXFbcV:]BOU9<b'O'��f's
IN?c`FX[A�]<8:9<b�QNOFR�;/C �¨O�IcbN�N���
�e?N9¡Q�Q�?NMWOgQL?NM V:]BOUIB8uy>T6z\OgQL?N`�X�X�M��_^
ZEX�=@?-bNX�9eQBOFR|8ª?BzE?NM�?c=uQBO']L=>?$Q�8:Vu8
M2Z{A�]LX�9eQ<]L;:A�QL;:]#bBZ\O']L?c=iZ¯X6T@VYX_^
Z\ODT�Og��fUIN?$ZEM V:]LXD»@zE?$z{Z�=:Z{Z1T68�¦\]BO'AJI�8U�e=u8:ILK/C
Å�=�Og�<fDI}OU=�Ogz�Z{Q*8:INbc=�f VYXF9eQBOD�(Z$^$RSOU9�=@X��<I�Z-X�T>VYX_^
ZE?NT>=6ZEILK T68:9eQ�]<8:�@;>I��*Z�A:9<b�QBO�R|QL;¿j:m�¼�o
{ &a½�y



� ����� �$� �l�����B���F� 4��
^
8:V:]LX_^
ODT>bNX�=@X��<IBZE9LR�?%^�bNXD]<8�=�O�V:]LXD»@z�z{ZE=:Z{Z�T:8�¦\]BO'AJI�8g�¡=@?*�3A�]<8:9<bBQBOFR±;a^°A:9<b�QBO�R�I�ZE?%`D]BOD=6Z\OD9eQLXF9�R�;@V�O
ZYA:;:z{ZSC10�OdZEILKiVYX�T>9eQBON^
ZE?�bcXF9eQBO�R|82^
8@bN=�OUIcbNXF=>?$9eQBO�R�?aH�ILK@?B]<]L?�]BOaT:z\O�XF�>;�]LX�T>b_Og�e�_^ÉA�]<8:9<bBQBOFR��_^aC
� Ic?�zE;n;@Icb�8:=:ZE?N=:Z\O�Q�^�XU]LbcXF=>?N`�XWXFV:ZE9<;�V:]BOgA�Q�8:IcbN=:ZE?�9eQ�XF9<X_^�O'zE=u8:MªyYVYX�T�OD=@?abcXF9eQNOFR�XW^
8�]BOD�N?c=6ZE?
=�OPV:]LXU»>zlz{ZE=:Z{Z%T:8�¦|]NO'AJI�8g�¡=@?*�,V:]LXF9�b�A:;}b2]LX�b�A>RSODT>?NM ^
ZE?�z{AJXF�<IBZ#bBZ\O']L?c=©hS�w?Nb$�e?N`�X(;u^�bN`Dz��cT>=6ZE?N=:Z\O
=:ZE?aM�X��N=�O�XDQ<]Lb�8:MPOU�-T@X��6]�?��%bc`FX�T>=>XF�<IBZ¯Q�?NXD]<Z{ZlbaT�OU=u8@M2Z/T>XF�e^
Z\ODT@Icb_OgzE=u8:M2Z±o�C�ÅYOUV:]LX�VYXF=>X_^
OD=>X
QBOgA:�N?
V:]LXF9¡QBf�M�?�QLX�T>�¨^�8:bN=�OUIcb_OD=6Z\O,Vw?_R�=>?N`�X,]LXFbBA>RSOUT>;�^
ZE?�z{AJXF�<IBZYbBZ\O']L?c=(h �e?c`FX-^
Og]<QLXF��I�Z>�e]L?NT>=:ZE?��
Z1T68:9�VY?�]L9��*Z±o¨=�O�VYX�T>9eQBON^
ZE?$VYX�M2Z\O']L;P9<bN?B]LXUAJXF�<IBZ3z{ZE=:Z{Z3T:8�¦|]NO'AJI�8g�¡=@?*�#^qT:^%�6I�KiM[Z�?*�e9<I'OUILK/G�=�O ¥� Z� � �e?*�%^
8:9<XDAuX��<I�Z�hSM�?�QLX�T�O � >�� ¥�	� � ��
 
¡o�C

2�XD]LbB8:9eQBO'��fUI�bN?���I�ZE9LR�?N`�XÈ^�8�]BOU�c?N=:Z\OP=�OÈV:]LXD»@zlz{ZE=:Z{Z%T:8�¦|]NO'AJI�8g�¡=@?*��y�^
8�A�ODb_OD=@X:yl�c?2]L�_^�=�OU=:ZE?
H�I�K>?B]<]L?�]BOÃT6z\OÆV:]LX�9<b�AJ�_^�b(]LXFbBA>RSOUT>?NM ^�ZE?�z{AuX��<I�Zdb�Z\Og]L?N= V:]Lbc?N9eQBOg�e?��J8:�(z{ZE=6ZEX_^�? h±QLbN=/C�9eQBO�RSO
H�I�K>?B]<]L?�]BO�=:ZE?P^�8:9eQBO']LIcb_O�T>X}bN=�O'zE?cb�ZE?c=6Z\On�e]L?NT>=6ZE?c`FX}]LX�bNM2Z\Og]L; bBZ\O']L=�O�bÈ9<bc?�]LXDAJXF�<IBZ�VwXuR��_^
AJXUs
^�?���z{ZE=6Z{Z±o�CC l]Lbc?NT:8:9eA:;:QLX_^
OD=@X�b_OgzE?N�c=@X��<�P^�Og]<QLXF�<IBZ%9eQNOFR�?*�[HJILK>?�]<]L?B]BO(X�TÆ^�bN`Dz��cT>=@?*��9<bN?B]LXUAJXF�<IBZ
]LX�b�A>RSODT@;W^
ZE?Bz{AuX��<I�Z�b�Z\O']�?N=/C0��8@bN=�OUIcb_O�XF=�O�b'O'A�]�?N9
9eQLX�9<X_^
OgzE=>XF�<IBZ¯QL?c`FX[V:]BON^
O�C
�Æ9<bB8:9eQ<A�ZE?$^
8:V6]LX_^�ODT@bc?N=:Z\Odb'ON^
Og]<QL?�^ ]LXFbcT>b�Z\O'zE? ��bNX�9eQBO�R|8W^
8�AJXF=�OU=>?,V:]LbN?cbaOD;6Q�XU]BO�C

��
�� ���������������

�! #"$ %" &('()+*-,/.103254$67*(8�0$9(':2;0$9(<=0$>?)+@7A�4
BDCFE+G�HJI�KMLJN�O;G!P1K!Q-CRL$K!Q-STKFU5E!V7W+N h=X 
�Y ¸ 
[Z;\ ¸\³B¶���¸ � �:¶�¸����^] �!�"	_¶�¸����`_ &nm@>2¼�oJ½<oY�e?c9eQ�bNT>?Bs
»�=6ZEX_^�OU=�OP=�OD9eQL�NV>;U��fUIcX6G4&nm@>2¼�oJ½#a)oa�e?N9¡Q�QLXÈV:]BON^�T>XFVYX6T@X��6ZE?cÇ@9eQ*^%Xibc=�OgzE?NbBZE?N=:Z\O�O'QLX�M�;�^ÄX�T6s
zE?N`JR�XF��I�Z�b�V:]LbN?cT@bBZ\OFR�;°¼�o V ocbda�oJ½
X�T�T>X_^%XDzE=@?c`FXiOgQLX�M�;�X�T@=:ZE?N9eZE?c=6Z\O(h±^
8:�6]BOD=>?N`�X�b_O�VYX6INb_fgQL?�A;:A>RSOUT>;W^�9<VY�JR|]LbN�cT@=u8:ILKwo�G

&nm >2¼�oJ½#a�o-®©Ë/e.o Agf ¼�oJ½#a�o V h ��C �uo

`�T@bBZ�? f ¼�oJ½@�e?N9¡Q¨z{ZEIcbN��f�O'QLX�M��_^ ^n�¡?NT>=@X�9eQLIN?�XF�:�e�BQLXF�<IBZ�^�X�T:zE?N`JR�XF��I�ZUo[hSX�T[T@X_^�XUzE=:ZE?%^
8:�:]BOU=>?N`�X
OgQLXFM�;WX�T>=6ZE?c9eZE?N=:Z\Ouo�C �>;@=:AJI��e�$]LX�b�A>RSODT@;W]BODT6Z\OgzE=@?c`FX[V6]Lbc?NT>9eQBON^
ZEX�=@X�=�Od]<8:9NC ��C �JC

�¯ZEb�8:IcbN=>?2bc=�ODINbc?N=:ZE?@&nm@>[¼�oJ½�VwXUzE?N`JOi=�OWX�V6ZE9eZE?�h �<¹ Y �>¸�¹�

� XDQLX�INbc?N=:Z\OiY �U² � Z ��¹�
�� OgQLXFM�;(^
]LX�b�^�OU�'OU=>?���9eQ<]L;:A�QL;:]LbN?�hS=>VwCJA�]<8:9eQBOgz{ZEINbN=>?���o�C �>;@=:AuI*�<O,]LX�b�A>RSODT@;W]BODT:Z\O'zE=>?N`�X�X�T>=>XF9<bcXF=�OaT@X[OgQLXUs
M��_^À]LX�bN;>M2Z\OD=u8:ILK���O'AJX V>;@=:A�Q*8°^�V6]Lbc?N9eQ<]�bN?N=:Z��e?c9eQªT68:9eA�]L?BQL=�OJCkjF?��P=6ZE?c9eAuX�Ç@IcbN?c=6ZE?}^
fD9eA�ZE?
MWOgA:9eZEMWO�X�T>VYX_^
Z\ODT�Og�<f�AJXUzE?*�e=u8:M X�T6zE?c`uR�X��<I�ZEX�M M2ZE�cT@bB8�OgQLX�M�X_^
8:MÈC�� V:]BO'A�Q*8:IN?�]L;>I�Ku8 QL?�]<s
M2ZEIcbN=>?aOgQLXFM��_^ VYX_^�X�T@;D�<f�y>�N?d9<bN?�]�XUAJXF�<�aMPO'A:9¡Z�M��_^ &|m@>2¼�oJ½��¡?N9eQ$9eAJXFÇ>INbcXF=�OPh±]<8:9NC �JC �Jo�C  3XDs
9eQBOD� &nm@>2¼�oJ½%b_OgzE?N�B8�QL?N�[X�T�9eQLX�V>=6Z\OW;>VYXU]Lb'fUT:AuX_^�OD=6Z\O29eQ�]L;6A�Q�;6]<8YG¨�e?N9¡Q,]L���N=�O[^ A�]<8:9�b�QBO�RSOUILK/y
I�Z\O�RSOUILK OUM�XU]<»�INbc=u8:ILKWZ¯IBZE?NIcb_ODI�K/C



4�� +,	��Y�,�Y������� � �0��	%+���� �¨�����a	%+�

���º


7%8:9<;>=@?BA �JC ��G HJILK>?NMPO'Q*8:INbc=u8�V:]LbN?c�6ZE?c`�� [�\C]�^U_4i,aUb:c�]ed�f�gh[ a.f�geiPf:j!\Ck�lhb &nm@>[¼�ou½2T:z\O
T:^�;u^
8:M2Z\Og]LX_^%?*�a9eZE?cI�Z�^��Nb_R��_^ ]LX�bNM2ZE?c9<bNIcbNX�=u8:ILKº^ X�T:zE?N`JR�XF�<IBZ\OUILK}�e?cT@=>XF9¡Q<AuX_^
8:ILK/C &|m@>2¼�oJ½
^
8�]BOD�_Oiz{Z�IcbN�w��^%�cb_R��_^ÄzE?N�'fUIB8:I�KÃ^ÄX�T6zE?c`uR�X��<I�Z oªX�T�^��Nb'RSOÈ^
8:�:]BOU=>?N`�XÈb'OÈV>;@=:A�Q�X�T>=:ZE?N9eZE?N=:Z\O
¼�¢ V ¢J½�Cl� V6]�b�8:V�OUT:A:;2^��Nb'R��_^�h�OgQLXFM��_^-o1V>;>=6A�Q�Xc^�8:ILK�MWOgA:9eZEMWO,�u8>R|8@�u8W=:Z�?c9eAJXFÇ>INbc?N=:Z�?$^
fD9eA�ZE?Z-=6ZE?c9eAuX�Ç@IcbN?c=6ZE?}^
8:9<XDA�ZE?UC � ]LbN?cINbB8�^
ZE9eQLX��<I�ZSy$]L;@ILKu8°Q�?�]LM2ZEIcbN=>?}OgQLXFM��_^dy%^
8:M2Z\Og]<8�`�?NX�M�?�s
Q<]<8:IcbN=>?�ZEILK(VwX_^$R�XUAP?�zE?�A�Q<]�XF=>X_^
8:ILKwyD��O'Ai]L�_^�=:ZE?N�$]LXFbcM�8:I�ZE?�A6^
OD=uQLX_^%X�M�?cILK�OD=6ZEIcbN=>?�VYX_^�X�T>;U��f
9eAJXFÇ>INbcXF=�f�9<bN?B]LXUAJXF���aZ3^
8:9<XDAuX��<�aMPO'A:9eZEM��_^dC#� A�]�8:9<b�QBOgzE?,AuXDzE?��¡=@?�MPO'A:9eZEMWO-&|m@>2¼�oJ½#X�T>VYXUs
^
Z\ODT�Og�<f�VYXJR�XF�c?N=:ZEXFM AJXDz�?*�e=u8:ILKª9e¦±?�]�AuX�XD]LT:8:=�ODI�8g�¡=u8:ILK/C



� ����� �$� �l�����B���F� 4��
BDCFE+G�HJI�KMLJN�O;G!P1K!Q-CML$K!Q-S K!U5E!V7W N �:#�"LO.�r��3'��� "/56IJ8

 3?B]<ZEX�T68:IcbN=u8ºV:]LbN?N9¡Q<]LbN?c=@=u8n]LX�b�A>RSODT�O'QLX�M��_^�^ÄA�]<8:9<bBQBO'zE?iVYX_^�X�T>;U�¡? � `U]LX�MWODT@bc?N=:ZE?i9eZE��
ªOgQLXUs
M��_^ =�O�9eQLX�9<;@=:AuX_^�XW=:ZE?�z{ZEINbc=u8:ILK}9e¦�?B]BOUILK/y�=�OUb�86^
OD=u8:ILK�9e¦�?B]BOUM[Z3AJX�XU]�T68:=�OUIB8g�e=u8:M[Z�h�]<8:9NC �JC �Jo�C
Hu¦�?B]<82AJX�XU]LT:8:=�OUIB8g�e=>?�9eQBOU=>X_^
Z\f,AJXUzE?��¡=>?�^�O']L9eQ*^
8�O'QLX�M��_^ X�T6zE?c`uR|8:ILKiXaZET>?N=uQ*8:INbc=u8WT:8:9eQBOU=>9�X�T
^
8:�:]BOU=>?N`�X�IN?c=uQ<]L;>MÈC1Â
z\O�A�]<8:9<bBQBOFR��_^ &nm@>2¼6ou½YMWO
VYX�9eQBOD�#9<bc?�]L?c`F;���O']LT>bNX$XF9¡Q<]<8:ILK�MWOgA:9eZEM��_^
^
8:V�OUT�Og�<fDI�8:ILK2^ÉX�T:zE?N`JR�XF�<IBZ\OUILKW^$RSOD�<I�Z{^
8:ILKWT:z\O,AuXDzE?��¡=u8:ILKW9e¦�?B]#AJX�XU]LT:8:=�OUIB8g�e=u8:ILK[ZY=�;>M�?�]L;D��f's
I�8:ILKiQL?-9e¦�?B]<8}h�]<8:9NC ��C�4FOJo�C
Â�bBZE��A�ZlZE9eQL=:ZE?N=:ZE;i^qA�]<8:9<b�QBOgzE?a;>VYXU]Lb'fUT:AJX_^
OD=6Z\O�T�OgzE?�A�ZE?c`FX�b'OU9¡Z��c`F;�^
8�]BO��c=@?-MWOgA:9eZEMWO�M2ZE?�s

]LbcXF=u8:ILK�T>X��e^
Z\OUT>INb'O'zE=:ZE?
¦�;>=6AJI��*Z &nm >2¼�oJ½39Lf�^
ZET>X�INbc=@?�T:z\O,9eQLX�9<;@=:AuX_^�XaT>;@�B8:ILK o[h�^ÉV6]BOgA�Q�8:Ic?
^
ZET�OU��=�ON^%?BQaV:ZE?�]<^�9�b�8:ILK(A�Z{z{A�OU=�OD�<I�ZE?[MWO'A@9eZEM��_^-o�CdÅYOD`F�N9�bNINbc?N=:ZE?�T�O'zE9<bB8:ILK}9e¦�?B]�AJX�XU]�T68:=�OUIB8g��s
=u8:ILK ^ VYXJRSfUINbc?N=:ZE;�bi=6ZE9eA�f(]LX�bNT>b�ZE?BzEINbNX��<I�Z\fÃT�OD=u8:ILK T:8�¦|]BOgAuIB8g�e=u8:ILK��2VwX_^%X�T>;D�e?Uy#�N?ªT6z\O���O']<s
T>bNX�T@;>��8@I�K oWh�]Lbc�NT>;�A�Z{z{A:;@T>b�ZE?c9eZE�NIBZE;�9e¦�?B]%AJX�XU]LT:8:=�OUIB8g�e=u8:ILKwo�X�T:zE?N`JR�XF���,9LfD9eZE?NT>=6ZEILKªMWOgA:9eZEM��_^
&nm >2¼�oJ½�9eQBO'�¡?�9eZE�¨M�=6ZE?*�e9<b'O
=6ZE�0ZEILK�9<bN?B]LXUAJXF���#VYXJR��_^
AuX_^�O#Z�MPO'A:9eZEMPO¨QL?�b�zE?B^
Og�<f
9eZE�DC�¾�`D]BOD=6ZEIcb_O
QLX-;@�B8�QL?NIcbN=>XF�<�
M[ZE?�]LbcXF=u8:ILK[T@X��e^
Z\ODT@Icb_Ogz�=:ZE?%¦±;@=:AuI*��Z`&nm@>[¼�ou½�T@X-XFV:ZE9<;2=�Og�e�:z{ZE�N9<bc?N`�X�XUQLX�IcbN?N=:Z\O
OgQLXFM�;/C

�@;>=6AJI���O[]�XFbBA>RSOUT>; ]NOUT:Z\O'zE=>?N`�XP^ 9eQ<]L;6A6QL;6]BODILK(A�]<8:9eQBOgz{ZEINbc=u8:ILK�Xª9e8:M�?BQ<]<Z{ZlQ<]��U�*^
8:M2Z\Og]LX_^%?*�
hSIcb�8�z{Z3^¿QBO'A�ZEILK/y�^ A�QL�D]<8:ILKiZE9eQL=6ZE?*�e?aAJXFM��U]<A�O�?�zE?cM�?c=uQBO']L=�O��_o�M�XF�c=�O�]LX�b_R�XF�B8:�a=�O29eA>RSODT@X_^�?Uy�b
A�QL�D]<8:ILKWA�OU�cT�O2X6T@VYX_^
Z\ODT�O�XDQLX�INbc?N=:ZE;��¡?NT>=>?N`FXPO'QLX�M�;WAuX�M��U]�A�Z/?�zE?cM�?N=uQBOg]L=>?��	�>XUQLX�IcbN?c=6Z\O�QL?-9Lf
^qX�`F�DzE=@X��<I�Z/]L���N=>?�Z1VYX�;>�e]L?NT>=6ZE?c=6ZE;WQ*^%XD]Lb_f &nm@>[¼�oJ½�I'OFR�?*�
9eQ<]L;:A�QL;:]<8YG

&|m@>2¼�oJ½l®�

�Q&nm > � ¼�oJ½ V h ��C�4uo

`�T@bBZ�?-ZE=@T>?�A:9���V:]Lbc?N�:ZE?N`JOd^�9<bB8:9eQ<A�ZE?aOgQLX�Md8�AuX�M��D]<A�ZY?Bz�?cM�?c=uQBO']L=>?��BC
BDCFE+G�HJI�KMLJN�O;G!P1K!Q-CML$K!Q-S K!U5E!V7W N �:#�"zB! E"U5 "=�&�=�rM:B��
9$��B�G7 QB! �%!B
���

� IBZ\OFRSODI�K�ODM�XD]<»�INbN=u8@I�K�Z�IBZE?NIcb_ODI�K�=:ZE?�MWO�;@VYXD]Lb_fDT:AuX_^�OU=:Z\O#T�O'zE?BA�ZE?N`�X�b'OU9eZE�c`F;-sF�¡?NT:8:=6ZE?�OgQLXFM�8
V:ZE?�]<^�9<bB8:ILKiT6^���ILKwyJQ<]LbN?cILKi9LfU9eZ\ODT@�_^¿bN=�O'�¡T@;D�<fa9¡Z���^ X�T6zE?c`uR�X��<I�Z\ODILKÈ9eAJXU]�?�zEX_^
OD=u8:ILKW^
8:9eQBOg]LINb'O's
�<fDINX�T@Xi^
8�Q*^%XD]LbN?c=:Z|OiMWOgA:9eZEM��_^ ¦�;>=:AuI*��Z &nm@>[¼�ou½LCWvYZEINbc��OÈ^�8�]BO��c=u8:ILK�MPO'A:9eZEM��_^ &|m@>2¼�oJ½

�
� Õ�è{Þ�â�ÙDÏBãS×�Ú>ÖSÎ�ÞLÙDâE��ÏLÎ�Ó%ÞLÖ|Ü��DÏLégÎSÚäÒ*Î�Þ�Õ�Ü_ÙgÚ�êLÞ�ê�ÏLÙgÚäÒ¡×eÛ�ÙDÏBã��#ÝJÏBâ�ÚäÞBëgÞLÙ'Ú�Þ-ëgÞ�ÙcÜg×SØ2ë_Ü'��Î�Þ�êB×�Ü�á|ÙNÜg×SØ�ÕnâSÛeÒ*Î�Ï�êcÚäÓ
ÛeÞBêNÎ�Ò¡â�ÚäÒ�Õ/ÒeêNÖ�ÏLÎ�Þ%Î�ÏBÛ�ÝgÎ�ÞBâSÛeÞLÙgÚäÞ � ë_Ñ�Þ
éDÛ�ÜgâSêLÞLÙgÚ�Þ������ÆÏ%Õ�ÜgâSÏBêNÚ�Ò�á/Î�ÏBÛeëgÛ�Ú�Ò�Ñ�×eÛeÏBãS×�Ú������! #"�$%'& æ � Î�ÞB×�á|Ú�â�ÚìÑ ÙDÒ�~cÏÛeÞLÙgÚ�ê�ÞLÙgÚ�Þ#×¡Û�Ü_ÙgÙgÚ�êLÞ¨ÞLÖ�ÏBÓ%ÏeÕ/ÒX~NÏ0Õ ��égÙDêB×�á|ÚJêLî�Ö�Þr�Bé)(�Üg×*ÚäÒ�ÝgÎ�Ï�Ó�ÚäÒ*ÙgÚ+*(ëgÏ�ÏLÖSÎ�Û�ÜgÓ�Þ�ÙgÚ�Þ�ë_ÜT��Î�ÞBêNÖ�Ï�~�Î�ÞBÓ%ÔeÕÈÏ �!,.-0/
á�Òeâ�Ö�ÐDÞLÎ�ëgÛeÏ�ÖSÎSéDëcÙDÒ �DÛeÞBã ��,1-32 ÝgÎ�ÞBêNÖ\Üg×eÛ*ÙgÚäÒlÙgÚ�ÒeÓ�Ï4(*Ñ ÚìÕ/Ò�æ576/Ï#á±Òeâ�Ö�â�ÝuÒ�è�ÙgÚ�ÏLÙDÒ
ë_ÑäÞ$Õ¯Ú�åeê'âSÛeÏBãS×�Ú(�|ÙDÏLÎ�Ó%ÞLÑ ÙcÜg×SØr�
êNÎSÜgâSÛ*Ö�ÞNè{ÔeÕ�æ�8lÎSÜUâSÛ�Ö�Þcè�Ü-ÝuÏLÑìÚ Ö\Ü_ÝuÏeÕ¯Ò�Ó%ÞLá�î$ê�ÏBÓ%ÔLÎ�êNÚwÒ�Ñ�Ò��
Ó%Ò*ÙNÖ�ÞLÎSÙDÒlÎ�Ï�Û¡×�Ú�î4~'è�Ò1Õ(êNÚ�Ò�ÎSégÙDêNé:9�Ú�×eÛ¡åeâ�Ö�Ï�ÐDÞ�Î�ëgÛeÏ�ë_é)(eÒ�æ�;ÄêNÎSÜUâSÛ�Ö�Þcè�ÞB×SØ,Û1Ð�è�å¡ëgÞ�Ó�Úué�è{Ï4(¡Ò�ÙgÚ�Þ#ÙgÚäÒ0Ó�Þ#êBÏBÓ%ÔLÎ�êNÚ
Ò�Ñ�ÒeÓ�Ò�ÙNÖ�ÞLÎSÙDÒ�á*æ



��� +����������
	�����
������%+���	���	������%+��������

H�Q<]L;:A�QL;:]BO

����� �"!�#
�
	���
������W���¹¸ � � =$K��!C�;<F@	�=e�!��� *q#�"$|0/}�h;%��5�� 9J
����>=21@5$����� ��!%#L7,3E;Â;�i =.5E;-{`� "�	��?F�;N365�=e�!�>	�=$KQP
ª�i8;�C4#�"��T=e�!�>	�=$KQP�=%i�"$#-�!=�5��'&�=!�e#'���!y-#Uy�;%�e
�� ¶q;��?5�°!yL#'��=�	 3E;%=21@5������ �"!�#�# 7��./O5��.".=.5��!7�3E;é�0;��?5�°!y

�*q#%"$�NM%7��>#0/g;��,5E;¬�?F�"$
�� F$
�"�	>�)(O3E;n� "�	��)�.F�;-{J|0/�1?�e�?F}#'�´�,5��e#'y�"�;%��5�=!�e#'�>	�P��!�."$#0/g	R7�3E;µy>;��!|0/]�+*O�',
� � �<�.-%/��J�e���+02¥%13234���� � ¤�5764�98q§-¤

�?F�;���#0/O5x=!�e°!�?F.#é
�o�	 /O;����4� "�	 F$�.")5¦
�CÅ;�C4#�"��h=!�!��#-&�=.5©HJ"�	��!�®���¹¸�ªqi�5l1?�e�?F4�?F.#'��#0/g;%�h;n1);N��#éCD5E;<"�;

�*q#%"$�NM%7��>#0/g;��,5E;¬=.5E;-{�*,"$��	�#-*,5��?5���/}�mF$°!*��>	�=$Kt�?F�;%7�5�|0/¿� "�	��mF�;N365��0;�=@125w�
: �h�.	�=e�
�h;%��#'Ck;NF$��"�5E;'{J|0/������ �"!�#�C4#-o!�h;O�?F$#-��#0/O;�(
Cv� 5��Q�l7�#�ªh;%7h;%��5E;}�?F�;%� 
¬*�#0/O5��."$�e=)K���5

�h;%��#%� "�	����.F�;-{J|0/Å·¹¸7;<»w�W¶T�h;N1)M%=+*q#-�?F�;�(<�����=�"!�#n7,3E;���5��!�?��#>&�=e�!#-���21��?F�"$
�� F$
�"�	>POC¯#'oe�T;LCD5��@?
"$��	�(�# 7�=$K>	 3��!��5E;D*q#�{J#'oe�'&v*,5���"�/}���.	�=$Kv�?9B�."}�># #�"$7�	��T;�=.	<1m�>	�=$Kt�T;���#%� "�	�����F�;'{J
k# 7k/g;N"�F.#'&�=�5BA�5¦7��C?
;<3¦��	�=)KED�P�/}��5�#'�?��
�1�M�=bF2	�CW�$;%C¬	�C #D�h;�*,"$°eo!�e�,5E;�=)Kt3�
�ªR��"$�.3E;<����#0/O;���5¦
v�?5��e=.5l�T;µy%"�;���5�=.	t�.5E;<"$�!�Q�

F+GIH�J)KMLONQPMR)STJVUWNVXYGQP�NVXYZ"NV[EHV\^]�R`_<acbed%fhgi_Eakj^aOlnmod7pq_�r
s

jz#-�?F�;�(�tEuwv9xzy�{}|�~B�M�%xM�%�9��u�~^�w�M|��M�Wv9����������� �"!�#}�47��.�h�,5�=21@5x�,5��4�N;N3��eo.	L# 7L/O	�ªq#�"$
+*q#.?
=!�NMNF���
 
���{w;�7�
�/}��*�|>{:"$�e°!7��>	�=$K�Pxy-7,	�ov#'*�5���
�1?�v�?F�"$
�� F$
�"$°��,5��e�?�>#>&�=e�!�e�,5��u".#'�e=.5EM>y>{wM PO��*Q���,5��C?
#-y%"�;��,5�=e�!#-�TM¬�?5��!(©� "�	��?F�;<365¦=e�!�hM���: *�"�;<� F@	�=e�b*�#'�${J
�y'
�1?�eC¬	4�?5�°©�,5EM]/ # 7���5��!�?5��!��5�
v7�#µ=.5E;-{@P�� F$|.?
"�	�=$KR/g	�CD5E;N")	ty'�e#'C4��F�"�	�=e�!���]�$MD�?��#7&�=!�e#'���%Pd;N3��µ7�
�oe#D/O5�°������!�¬��5�o¬�0;<� "$�!�}# 7�3��!y�{J#'&�=�5�! P��,F$|%"�	
=$K�=�5��.365�ª>	�&�C¬	 ;%�h;<3G5��e#0/O;�(+Hw�0;��./O	�=e�0;<1]� 5636�-;%7��.5��e�?5EMNF��©i)��(O3E;u=�5E;'{�#u�?��#7&�=!�e#'�>	�=$K "$#-�!C^5E;N"�;�=$K
�?F�;<F@	��?F2	 �-;µ# 7,3��ey>{J#-&�=.5lCD5�°e7���	 ;<F$#'C¯#0/O	�=$K��0;<3��!o�	u# 7t/O	�ªq#�"$
4/
°e�0{w;^*q# =!�NMNF���#0/
�ey'#=?Q1?�e�?F}5����h;
7�3E;n/
°e�0{w;4�e�T;<1m7�
�1�M�=!�ey'#4�m5¦°]/ *q#'ª�365�o!
´*q#0/O5��."$�e=$K���5l=.5E;'{w; Pp;n5����h;D7�3:;µ/
°e�0{w;D/�1m�!y-#4/}��°.F�"$�e
��
� 563��b*�"�;!/}7�#'*�# 7�#-ª,5��}&��?F2/x#b�e�T;<3��!��5��!��5:;^;<F$#'Cµ
D*�"$��	�*q#0/O5��."$�e=$K���5�#0/
�ey'#]/�� "�	��)�.F�;<3��gC^56� "$#'C¯�@?
F�"$#0/O	�C�3�
�ªé/O5�°.������	�C 1m�!�?Fn�,5��!�e�h;%=!�e���D5�C4#-o!�eC8	¯1?�^�0;��,5��e7�ªh;%(�Pf#�F2	 3��47�3E;k�h;%��#�� "�	����.F�;-{J|0/



�E
��>
 �����M���������7� �
	

�
���
���������
������	��
���! �"�#$�%�'&�(*)+�-,�"/.0�
�� 0��1
�
��1��2 43�56����798:32;<"=�6&>��?$5@#=16 A�B32&�3*)+1�"BCD���E���
�F3HG@"$#�3H�@�$723I��J<1��<#��� H8:KMLN"$#�1����

&nm >>O�oFP<QR�S�� 0�2 T�B /&U V�
�� 0��1��
�%1��2 W��#�3���3*)X ��@�$723��! ��@3��6J<1��<#=�� 28:KU)ZY�JB(H[��6�'�B3\���
�@�^]_K
���F"��
�/.!Y`3�a
5@3H�@�
��)Z#A A��JB���
���b&U 28c1�"BC,o> 0���d#�K
Y`�A8:���E�eJB(H[��
�e56�- \5
K@[�1�"fC'�

g 5h 0���<#=1�&i"=�-,972KU�`?�5
#����$&V1>�<J$ A���B3*)X �j+]_K
���9"%�
?Dk|mUl>O�oFPh�< 0�93V)D8N /;<"=��)m3H;<j\n�o ���Fp o � ��q "��- H8N 
 ��6���S�
�%� p)���6p �fr o �!r:s �<r 
[Zut�vr
 	:s tE.2�@Yw�R)xY`3H�
�� /"=���! /�
3/��J<1��<#=�$ H8:K'�zy{3H&M��&�36.�[$�|)}�����B�=J� 0�BK�JB#$�4�<Y`32#* 
5@#=���$5@#=���91T�h /�
3/�B�$"BC@�@3���327����9�B��5�)+ IYw3��~?$"��- m�916)+ 0�<,IK��B32[$�B /&>�- ��@��.HY`3�5bY`3/�
?�"=���$&�k|mUl>O�oFPhJB3H#�K6a
&>����jI�`?�5
#����$&V1 Z>[�\C]�^U_'` aUbec
]ed�f�gh[&a/f�geiPfz�!\Ck!�hb n�o � �9p o � ��qV� t r n p2���"	 v r$� t r �=� v 	 t�� 
��Nr_s ���+�- 
K��@8N �5@(*)�3\�
�F3HG@"$#�3H�91�"BC�J=3H#$&M�- AJ� /"BCw.
�
Y'�{��#�3���3*)X ��91�"BC���J<1��<#��� H8:(*)��h /�@3H&����<JB3*)+1�"BC'.$�f A�F3\3�56a
Y`3*)+����5
�����2 >k|mUl>O�oFP��`?�5
#����$&V1UK@[=1�)X �j ZJ[C\�]R^U_Tiq]�bea�kh��f�^U_Tiqprfea L
�X��t-�>� � ��� r Z��2o:t ��� ]w���!�$�
o:t �/�`_��V� lMON�9P<QB�

�I�
����� �����+�4�/ �¡¢��£�¤�¥S¦�¡��/ �§T¨D¡©¤

ª�«{¬R­�®`¯�°�­�±©²S³ � °S®`¯$´eµA°z²¶L
�X��tc�·� � �=� r*¸ �Ho:t ���º¹w���!� o:t �/�6»4�T� l>ON�FP<Q+�h /#=1�)X ��! V�
���
�bJB(*)������$[
ª�«{¬R­�®`¯�¼¾½'¿�À*ÁS²H¿zÂ�«R®`¯$´�µA°z²ÃL
�X��t-�+Ädt-n�o:�=t�Å � o:t �/�U¹'���h� o:t ��� . �bÆ lMON�9P<QS�EK@�·ª�«{¬R­�®`¯�¼Ç±{½ � ³
È
��É ±©Ê0®`´�Ëe´NÌ
½�Í/¿@°6ÁS±RËb±`ÎU¿�®'ÏÐL
Ñ � o r �B�Ho �/Ò t � Äetcn�oÓ� �!�Br=»'ÔFÆ Qf�

Õ^ÖI×+Ø�Ù©Ú0ÛÜØ�Ý�Þ�ß'à�Û�Ù©Ú/áeâHÛmÞã�~�$�
��72?$�~�B3H;<"��-,TY�J� $)�5@3HY`3�5@3H�����$G@�
�%)+ �.9[��d5�)+ \ 0�B3H&V1Mä�3�J$ �#
å 3�5����$7F8:�b3�5æ�~���$���E�W3>�Tçéèëêì ��í ê êì �mîHè��! A����[*,>5@3T�=�$723>�B /&��$723T�6J<1��
�� A�����BK'�©g Y�J� A���%1�"$�4�
���
���B3
C����
�B3H7/J� �&é3656���$7F8:32;<"=�'Y`32&>��?�5
#�1T)��f#=1��
�<����&M�`Y! AJ� /&>�w A�B32&�(*)ï)ï��J<1��
�� 0����"=���Tðuñ2òAóN�zg �B���43H�~�� A�<a
���������
1��BK! /"����wô�«{¬R­S®`¯$°}­�±z²�³ � °S®`¯$´zµA°z²T�~�$�
��K@�
3/JB&�3*)X ��! +�����+5
34�
��5
�@3H;<"��@�E��"$#�5@3d"A H8c�F3*)+���B���
����"$#��91·Yh 0J� 0�B3H&õ(*)�)¶5�JB32�6�������>LAö�÷�ö�ø
ùÓúû ü 725@#=���Výi�
�$�~�+����"$#$�!,� 0�B3H&õ(*)Ð)Z5�JB32�6�������0Qf�

þ` A���$[��6���W3�5��B�$7236.�"�#=1U�<J$ A���BK/�
��&V1\&U A�=�=J<��?��< 0�93\"=�-,97F8N,\ A���`3\#=�- 0JB�����
��,F. �T� l>ON�FP�Y6JB#�1��6����J� 
Y`32�
�� �j/.@3�5
Yw3*)+���$5@�6��3�.�"=�-,97F8N,>�!,�5@ÿd5�1��
��JB���B�!,F�

	��^�m1��
�6JB�=�B�! \ô6«R¬{­S®`¯$°ï­S±©²S³ � °S®!¯�´4µA°z²ÇLNYh 0�<JB#+J<1��$����� �9 FQw�~�$�
���
�� 0�%1��
��1��2,b3�5����$7F8:3H;<"��RY`3�a
&>��?$5@#=1  A�B32&U /&>��Y`3/�
��561��@"�#$�$723 ��J<1��
�� 0�����BKw� �+1��<Y`32��K��f,�"·ô�«{¬R­S®`¯$¼é­S±©²S³ � °S®`¯�´\µA°z²
 A�B32&�(*) �6J<1��
�� A�����BK'.V&õ3H[��h Ç32�6����"$#�1�j¾5�1�]cJ� 0���B327�J� /& Y6JB32�<#=�
K �
�@8N /5! A�f,�"��$723Ð�
��?¾#}�� Aa
����"fC'.�Y�JB#=1�Y! /56�F3*)I3ã#$3/J<���$�9�B3*)X ��91�"BC'.���J<1��
�$ A�����B(*)b�ãg¶8N /;<�6����5�1��
��JB���B�h �Y`32�
�� �jõ]:K@�6�F"��%�
�V� l>ON�FPf.F)¶#* 0��JB���
���d&U 28c1�"BC��ULN3�5
#�)+���=JB"����$5��- A�f,�"A b�E�~�B�6�����6���eK
Y`3/JB#*,/5��93*)X ����- b�6�����
������7H3
#* /�
��?$72K`Q©�`5@K
[�1�"BCU�>LNK@Y`3/JB#*,/56�F3*)+ /���E�X5h 0���=������7H3V#* /�
��?$72K��*Qf.6Y`3�"=�-,97F b#* b�<32�!,dY`3*)��
�� $)X Aa
�6���e&U A���~��&�(*)Ð���9�B��J<]_�=JB�$�@"�10�
�91�"BC L:�B#=)b�zJB���!�=���f(*)Z�6J� /7H3*)^�
����"BC`Qf�

�F�����-,9798N xô6«R¬{­S®`¯$° ­S±©²S³ � °S®`¯$´ µA°z² L�Yh 0�<JB# Jf1��$����� �H�wQ^�~�$�
�·�
�� 0��1��
�%1��2, 3�56����798:32;<"=�WY`3�a
&>��?$5@#=1 )��<#�1��
�<����&>�X�=���$&õ�$�9�� /&>�m3H���
?��B3H;f"=�
	�� �! A����[*,/"=1�&>�X5
3 Y`3/�~�$5�1��
"�#$��7H3 �2 $)X H8c�2 


 ;������������������! �"����#�%$����'&)(+*,"'$#�,-.�0/21436587:9)�!;����!��<. �-�=>74&?��"'$@(+�%���A*!�! B-�C.��*,D�EF"'�A�G-.�IH



��� �����������	��

�����������������������������������

 FQ 0 10 20 30 40 50
r [Å]

0

5e+04

1e+05

2e+05

Li
cz

ba
 P

ar
 A

to
m

ow
yc

h

Si−SI
Si−C
C−C

 "! 0 10 20 30 40 50
r [Å]

0e+00

1e−02

2e−02

3e−02

4e−02

Li
cz

ba
 P

ar
 E

le
m

en
tó

w
 d

V

#�$&%('*),+.-0/2143�576 !98 $&%:-2;<+.=<)>6@?�Awv9xny�{'��xn�CBn���%�ny�{'|7DO�CBFE&GH6�-2;($&%:=.6IGKJL=<'NMPORQTSU-&%(V.=.6XWZY.J[+\-&'&GLJ
]F^ ;<+_E,)&J[Y`$�acb.�ed�',) ] ;<f ] S�6g)>60E ] Yh6XWi- ] S�JL=<+kjlGLJ[YmV  $
no6h;p6I= ] f ] S�$&Y<qr-�;($&%:=.6hGLJL=<' !tsu �! Y`JHvxwyWz6?�Awv9xzy�{}� xn�CBn�����nye{}|�DO�uB{E&GH6|-,'�GLJ ]p^ ;<+mE*)�J[Y.$}aXbc�~dz'*) ] ;<f ] S�6�)o6�E ] jR+mE*) ]c^ Y`J ! 1

Y`JHvxwyWZ+kj�f06I=<+`;(JLJz1��*)o6Ij(vgY�=<���Z'*)&-xY�j:�l)*n"1�E�GH6�6�wgG ] f�+.;.6I=<'�V  '*E ] S�6g),+_w ] Vl'&-*Wz6gE,'�-2JLGL-&'E?
-2JLGL-&',E*V`J[+_%:J[�mY`J['lV.JH6h;<+_)�f ]c� )o6�S�$2GLJ[Y_V`$&��n&; ]�� Gg; ] V_n�;.6g%(V�6g)&JH69)�J[%R- ] -cvh= ] S�+mw ] =.6h-2J[+_w ] '&-*Wz6gE,'�1
# ] Vmn&;.6g%(V�6g)�J[+�)&J[%:- ] -cvh= ] S�+�d	��� � ! ] E*V`S�J[+.;<Y`J[+mE&GH6�%:=(;<'&-2=<'�;`� ]  J[+`-2=`��S ] S�$&fpJi6I;.6gYtq
��� ������T� ��YmV.$2GKJ�V_)>6gYmV_)�J[+�S�J[�`-&%(V.$&Y<q�)&J ��] E�G[+_wxW ]c^ Y`J�f�J[�_E,V.$26I= ] f ] S�+g1���JHvxwyWz6 n ] %:=.6g�
�Z'*)�-yYkj�J�¡ Q�¢�£ �y¤ j:+_%:=7V`S�JHvgV�6g)>6�V�n ] %:=(;<V_+mwy6�)&J[+mf¥=m6h-2J[Y<q ]  J[+.-2=<��S�j(6I- ] Y.JHvxwxWZ+�j�f06I=<+`;(JLJ ]
',%:=.6IG ] )*+kj�wX�_%:= ]X^ Y.J>V�Vh6�)&J[+mE  6g)&J[+mf¦%(V_YmV_+mwc�xWZ��S§j:+�j�%:=(;<'&-2=<'�;t$@6h= ] f ] S�+kj.1�¨  GLJ[Y_V ] ),+�n&; ] ?
� G[+�; ] V_n�;.6g%(V�6g)�JH6})�J[%:- ] -cvI= ] S�+mw ] n&; ] %(V.-x��S©fª6hjtvªn ] %:=.6g��wyWz6�E&-2J[Y<q«�¬',)&-xY�jkJ s )o6Ij:Y_Vm� ^ Y`J[+kj
 +mV�S�$2;.6�­_)x$&Y<q�f06I-&%:J[f���S®J¯)y=<+`;(�¬+`;<+_),Y.$Ij:)x$&Y<q�1

F+GIH�J)KMLONQJ)R)Pu°z[�N)KMLcZ|±7NVP�¡ Q�¢ _hF�GVH�J)KMLONQP�R�STJVUWNIX GQP�NIX Z"NI[�H�°^]�R�²�³0¢
´x6I-µn ] S�J[+mE*V.Ji6g) ] s S  6gE>6g)�JH6gY<q¶)&J[+mV.S�JHv�Vh6�)x$&Y<q·VF)>6g) ] =<+_Ytq*) ] G ] w�JHv��Z'*)�-yYkjR+N- ] ;<+`GH6gYkj�J�no6I;0J
; ] V`-*Wz6gE,'
;.6gE&Ji6IG[)*+mw ] %<v�'&= ]X� %<6�fpJH6�)*+�1®¸�= ]c� %<6gf�J[+_)�J[+�= ] j:+m%R=�YmV`$,)�J ] ),+})>6�n ] E*%:=.6mS�J[+�dzY_Vm�C?
%:= ] )&J[+kjt6.S\),+_w ] ! Vh6XW ]c� +m)&JH6 s J � f06�%:J[�pE ] YmV.$&)&J¯+_)&Ji6�V@'�->Wz6�E*+mf~j:+_E,) ] ; ] E,)x$,f s dzn&;.6I-2=k$&Y_Vm)&J[+ !
)&J[+ ] wg;.6g)�J[Y_V ] )x$&f¹Sºn�;`Vm+m%:=t;<Vm+_)�J�dz)*n�1�E,' � $,f»-2;t$&%(V`=.6cWZ+mf s ]X^ ; ] E&-2J[+mf¼Y.JHvxwxWi$&f ! 1�´X+mE*)o6h-FE&GH6
'&-*Wz6�E*��S ] w�;.6g)�J[Y_V ] )x$&Y<q�n&;<Vm+_%:=(;<V_+m)*)�J[+ s jt6h-2J[fpJ*)�J[+.S�vI=<n�GLJLS�J[+�%<v�-2;($&%(V.=.6cWi$l)>6g) ] f�+.=(; ] S�+ s V�6cW ] ?
� +_)�J[+�= ] )&J[+�j:+m%R=C%(n�+hWZ)�J ] ),+�d�n>6I=(;<V�V�6g)&JK-c6g)&J¯+7¡lQ½¢�£ �y¤ S ]  +mY�)&J[+m%:- ]X¾ YmV ] )*+mw ] S�V`; ] %:=<'l²½³0¢�£ �y¤
)o6|;($&%m1o/21À¿ ! 1

Á szj�r�_*Â9_,ÃgÄ boÅ ac_*ÆMgiÃ�d%b>Æ�l�ÃgÄ�ÇwacdxÈWm}p'acdxÈ2ÆPÆMgHÈ�É
sÊÆnj�Ã`Ë_È�¡lQ½¢�£ �y¤ b ac_Td0²½³0¢�£ �y¤ dyÌkgiÍ&Î
ÏxÐ ÆÊÈÒÑ�ÍFÎ�ÓPÔiÕÊÃ ÏxÖ ÌlÍFÂCÔ Ð{× ÈmËlÇÊØ Ð ÃXÙ�Î ÏxÐ ÔiÈ2ÚyÆ Ö>Û Ã2ÜiÍ�Ý�ØIÙ�ÑXÞ7ß�ÞHào5

¡lQ�¢�£ �x¤uá ²�³0¢�£ �y¤ãâ M�³N£ �yä ² ¤tå d	/2143 !

wcE,V.J¯+{M�³N£ �2ä ² ¤ jR+m%:=�= ]�æ"ç�è�é B çCê APë�ìmí~î èIïXé íuð é A·-2;($,%:=.6hGLJL=<' ] ; ] Vmf�JH6I;<Vm+}²pñUò*',)&-xY�j:�0=<�



�&���c�µ�����C���������X� 	9ñ

0 10 20 30 40 50

r [Å]

0

20

40

60

0
0.2
0.4
0.6
0.8

0

20

40

60

80

100

120

140

160

RDF

SD

PCF


���
�������� ���uò������ Õ�� ª�«R¬{­S®`¯$°�²`±zÍ9­ É °R½�«¶²'°{½z´:° � ¬R³ � ±Zn�o:� �9p o � � q! ä �#" $&%(' ½'¿�À*Á�²2¿©È
ÂS«{®`¯�°}­©À0ÍHÁ9° É ÁS«)���+*-,&.#/102�43��+,65��87:9<; "�=?>A@B' ô6«R¬{­S®`¯$° ­�±z²�³ � °S®`¯$´�µ0°z² p � q n�oÓ� ¸ t:o �C ä �ED��
�F�G�H:IJ5�,6�A����*-,K.L/10M�43��+,65��N7:9<;O�QP�,6�4.SRT04HT��,654F4�U�+,6�?02.S
��WV<5XHZY ÆL[]\ �+,6.S
2VT5^H_,6�+`a.T02bcHT5ed1�#.)f�o:� �9p0�
o � �fv r �Ho �/Òõ�Tg�r:s�hi"�j . D ��b_��.:kU�4��,6� j 02FU�4F  �Æl\ ��,6.:
2V<5XVm,6��`J.<02bLH<5�dn�O. p f
v*oÓ� �N� t r v$tN�/� � � hi"oj 02F4��p52q�.+3�F�, D��V�r[ p � q f�oÓ� ¸ t_o � p�
2IJ��k^VT5^Vm3�.s.:t�*-,654F4�UuÇ�FÅet � t_o:t � 3+��`v0�Hw��G2.:R<0�HTb8x DEj 02.S
�FM��. D ��52q&�

.Sb_x D ,6b#�_3�.T��IyH<3��+,6� D �WH<
1G2z j �{��b j H^0�H<RT04H^|o�T�

�I�
���~} �����{��¤����D�X�/ �¡¢���{����¡��M���
�8���:�zÞ+���©ÖIÙ©Ú0Û Ø����+��Û����©Ö \1��� �i� r Äet�f��:��tNÅ � �:t ����"A �Æ�� ���2YA� h d1�U
1G�
1G�HwG���
1Ge��54FU�{��b . j ,�
i�4b
��
�F�G�H:I�G2�ZG�02x<d D ��bs,vH^02. D ��d�t�0���I��{��� j ,6
��Tdn�O.S�WH?��
�FMG�HSI�G j . j 02FU�4F j .�3WH<�+,6��02.:F���IyHT3�� j 0�H D 3�. j .Tp
3�.:t�,6�4u�
1G D H j H^0�H<b_�MGi02� " t�z43oVT5U�4RS.#`J���+��5�diV D 
 j x{I�02FUz43��{��52q_*6.:
i. D . D ��t+04HT�{��52q j ������G2x D �oH^*6��p
kXV<5M��52q(3�.#G2�ed�t�0���I��)�uñ{ *ó " � j �

¡£¢�¤¦¥�§�¨ª©~¢W«^¬�­W®�¢W¯°­�±�¤³²:´(¤¶µ#¢o¯!·c¥�¢W¸X¢�µ#¢Lµ?´�¹¶º<·�»�´Q¯°­�®½¼¶»Q¾�¿X·�¯°­&µÀ¢�¹ªÁU±{¿^¢W«X¬�­W¾Q¼½¥J­~Â

¡ �SV^G�H?�+G D .T02FU.:���4RS. j 02FU�4F�Gi02FM�L*6.S
�. D . D ��t�0�HT��� j ���+��Ge�L�oH j . D ,6�M02FU52q���, D Hw*65XH "

¡ .�3+*6�UR{IJ.S/�5M, j .Sb�,6z43�FM�c/102.�3���,6�4bÃ���+*-,³H#*6.:
�. D . D ��t�0�H<�{��b j ���+�+G2�4bÀ�oH�dn��d j . D ,6�M02F452q���, "

¡ j ,6��0 D ,vHT
1G��SH#� D HT3�0�H^G2. D �4RS.?F j . D ,6��02F452q��+,QG�02x<d��SVwG�HO02.:F j ,�z�G2�4RS.��oH<3cG�02FU�4bcH�*6.S
�. D � D ��p
t+0�H<�{��b�, j ������G�HTbs,�
1`a�M0�� " ,-G j �

����
1G�0���t���5ed1����
�FMG�HSI�G2�sb�,6�M02F^VT5U� j 0�H D 3�. j .�3�.:t�,6�4u�
1G D H�.�3�*6�4R�IJ.:/�5�, j .Sb�,6z43�FM�m3 D .:bcH�*6.S
�. D ��b�,
j ������G�H<b�, j . D ,���02F452q���,&�+,�*-��� j 02.:
1Ge��52qL|WRS��0 j 0MF4�43�
1G�H D ,6.S����
2V?�WHO0���
4�����ÅÄ��



	S	 �����������	��

�����������������������������������


���
�������� ���ÅÄ��|����
1Gi0���t���5�dn� ��
�FMG�HSI�G2�Lb�,6��02FXV<54� j 0�H D 3�. j .�3�.:t�,6�4u�
1G D . ��� ���¦F4�oHw*6�4FM,6�U�+,vHs3 D x�52q
j ������G2x D .�3�*��UR{I���5iq .ï� " H£�oHw*6�4kXV<5M��52q 3�. j . D ,6�M02FU52q���,#.�3 j . D ,6�43���,65iq |WRS�+0X� H h .+3�5�,6�+�SH "t h .T�+02z4RS� " 5 h G�02xTde�SV^G4H " 3 h 
�F4�U/�5M,vH<��� " � hmD H^*65^H \ t&�4F j .�3�
1G4H D�hi" ` h 
1`J��0�� " R h 3 D x�52q 
1Ge���SHwp
d�V<5M��52qL
n,�zB
1`a�M0³d1�U3���.:
1Gi�{. D ��52q " q h 3 D x�52qL
1`J��0¶dn�43���.:
1G���. D ��52q_.�3�*6�4R�I���52qZ. � " � " ñ�,&	�d1�U3���.:
nG���,y������`� �������/�:s �dv��`�=� �
	���
�������� �:� �M� t ����
 Ä � ��� � ¸ f g ta� �_��� �i���^Äet�f��:��t�Å � �:t �/� f���� ��� �2��� � ��� � ¸ t ���
Ñ � ���$� � �S�:t �/� � ¸! �"�"$#&%('��@��Ò �Tf�� ¹'�����^�@��� f)�$��* �Tv0�Vv �9��� �U� � � � �=��+



�&���c�µ�����C���������X� 	9ò

% ´Q¸4¿4ºw´�¹½¼¶¬�Á4·N¾Q¸X²S¿X·&©a¿X¼ ·�� Öm×+Ø�Ù©Ú0ÛéØ�Ý�Þ�ß'à�Û�Ù©Ú/áeâHÛmÞ������	� '
þ�HT
MHT3��+,65UF4��F4�oHT5UF4�4��,6�r3�*vH#.:t�*-,654FU�4uZ3+��`v0�Hw�{5ed�, j 02.:
iFM�{. D ��d�bLHOFU�WHwdn.:b_.S/�
�`J�����{5ed�,���.T02��*vHT5ed�, j H^0
�V�r[s� ���i�
��������5�d1zOGMz#b_.:kU�4b#� j 0MF4�43�
1G�H D ,�
 d�Hw��._,-*�.+54FM��� 3���
1G�0���t���5ed�,Q��
�F�G�H:I�G2�(,¶`a�����{5ed�,¦0M.:F�p
��IyH<3��#0�H<3+,vHw*6���UR:. \ ��� 	 h ���¦02F���54F����WH " 3�*vH���GMxT02�ed¶3�.T��.:�+�Tdn�4b#�O02.SF43�FM,6�M*6�U�+,vHB`J���+��5�de,��{.<02�M*vH<5�d�, j H^0
�oH�G2�#3 D ,��#
n��IyHT3�. D � �T�r[�� ���|ç  zÆ(� ���MYO���<Y Æc[�� ��� *6�4k�� D 3���|W��,65�de, j 0�H D 3�. j .�3�.St+,6�4u�
1G D H
D H^02���+��. D �4R:.��

RSz4
1G2.S/�
 j 0�H D 3�. j .�3�.St+,6�Uu�
1G D HrG2�UR:. " k4� j Hw0�H j ���+��GMx D .�3�*6�4R�IyH�.M�#�WHw*6�4kM��3�.?FM,vHw02�WH
�

j 0�H D 3�. j .�3�.St�,��Uu�
nG D . D H^02���+��. D � " k4� j Hw0�H j ���+��G2x D �oH^*6�UkM��3�.?F�,vH^02�oHm.?02.SF4b�,vHw02F4�AY
j .�3 D Hw02������,6�Ub " k4��.�3�*��UR{IJ.S/�
Obs,6z43�FM�L��,6b�, D ����.:
n,'�

�
R:zU
1G2.:/�
 j 04H D 3�. j .�3�.:t�,6�4u�
1G D H " k4�A.�3+*6�UR{IJ.S/�
O3 D x�52q j ������G2x D d1�4
nG^���

���������O�Q.S
1G�H^GM�+,K5UFXIJ.S�Ld1�U
1GORSz4
1G2.S/�5M,vV j 0�H D 3�. j .�3�.:t�,6�4u�
1G D H�t&�4F D Hw02�����{. D �4RS. " HLFXH^GM�4b
3�.TGe��54F��Z�+,6�U.:R<0�HT��,654FU.:���4RS.m��0i��
�FMG�HSIJ� " 5UFM��*-,³.�3 j . D ,vHT3oH?Y ÆL[�� �{�K
1G�02����G2��0��{�

����
1Gi0���t���5�diHA��
iFMG�HSI�G2�c��0i��
1G�H^*-,-G2��FXHw*6�4k���.�5UFM� D ,6/�5�,6�?.�3c��
�F�G�H:I�GM�c��0���
nG�H^*-,-G2� " H?G2�4��FXH<F D �+p
54F^H^d½�+,6�³d1�U
1G�3�.<��IyH<3���,6��F4�oH<�{�{����FU54FU�4RSxT*6��,�� D j 02F�� j HT3����#�WH<��.<��0���
�F�G�H:IJx DO" ��
1G�Hw*6�4��,6� D ��R<*vVT3��
FM,vHw02�oHCb_��G2.�3oHTb�,½b�,-��02.S
1�{. j . D ��bs, j 04H^��Ge��54FU�+,6�s�+,6� D 52q�.�3�F�, D RT02z<�ºþ�0M�4
�F�G�VC�oH D ��G#F4�oHwd1.<p
b_.S/�
L��
�FMG4H:I�G2�£F�,vH^02�oH)��,6� j 02F4�U
2VT3�FXH���
iFMG�HSI�G2�£��0���
1G�Hw*-,-G2� " RS3���kc5UF4zU
1G2. bLH<bA�°3�.)54F����+,6�U�+,vH
FsFM,vH^0M�WH<b�,Kt�zU3WV<5M��bs,�H<RT*6.:b8�M0�HwG�HTbs, D ,6��*6� ��0i��
1G�H^*-,-G2x D � þ t�0�Hw���N
�F45UF4�4RSx{IJ. D ��52q!,6��`J.<02bLH<5�d�,
.N��
�FMG�HSIJ5M,6����0���
1G�Hw*-,-G2� 54FUz4
1G2.°FXHw��IyHT3oHN
1,6z " k4��dn�4
1Gc.:� ,6F4.<G�02. j . D � , j 02F���t+*-,6k^H!RS. ½'¿�À�ÁS²2¿©È
ÂS«{®`¯�¼Z­©À0ÍHÁF° É ÁS«¶­z« �9´��"!:��d j .S
1G�H#
Bd1�U
1G?FM02�U
�FMG�V?d1�U3��oVZF_��,���*-,654FU�{��52q£3+��
1G�0���t���5ed�,¦��
iFMG�HSI�G2�
F4�oH<�{��52q�H<�WHw*-,-G���5UF4��,6�T��� �WHmGM�4krt&z43�FM,6�O��kM� D HT�oH#3�.s.:t�*-,654F^HT��,vHm`a�����{5ed�,Q�{.<02��*�H<5�de, j Hw0�,³3WHw*6��d�p
3���`�0�Hw��G2.:R<0�H<b_x D j 02.S
�F��{. D ��52q��

þW� D F4R<*6z43�� �oH F^H^��0M�4
NFXH<
1G2.S
�. D H<u b_.:kU�WH D ��02xSk4��,�
 3 D ,6�£�oH^d D H<k4��,6��dn
�F4� 3+��
1Gi0���t���5�dn�
��
�F�G�H:I�G2� \yj H^Gi02F�0���
4������  h �

� ��$c,6�M02F^VT5^V j 04H D 3�. j .�3�.:t�,6�4u�
1G D .�.�3�*6�4R�IJ.:/�5�, j .:b�,6zU3�F��#3 D .SbLH�*6.:
�. D . D ��t�0�HT�{��b�, j ���+��p
G�HTbs, D .St�d1zMGM.:/�5�,����+*-,y�%!S�4
1G .S�oHA��kM��G2�U54FU�WH#3�. D ��*-,654FXH<��,�H j 02.T|�*-,�3���`�0�Hw�{5��wd1�{��52q'&)(N�/�+*w�
(,&.- ¸ - g �#* � � - » 5UFM��*-,Bq�, j .TGM�MGe��54F4���4RS. j 02.:
�F���� 
 j .<02FXV<3�FU.:���4RS.NFc,63��4�{Ge��5UF4�{��52q ���+*-,6
1Ge��52q
FM,vH^0M�4� " ��0���
1G4H^*6.SRT0�Hw|W5UF4��,6��F4.<0�,6�4��G2. D H<�{��52q D F4R<*6z43��4b 
1,6�Ut+,6�(5XHSI��{. D ,65�,6� j 02F�� j HT3��{. D .
\yj 02.S
�FU�M�L,63��XHw*��{� h �

����$c,6�M02F^VT5^V j 04H D 3�. j .�3�.:t�,6�4u�
1G D .�.�3�*6�4R�IJ.:/�5�, j .:b�,6zU3�F��#3 D .SbLH�*6.:
�. D . D ��t�0�HT�{��b�, j ���+��p



	�Ä �����������	��

�����������������������������������

H h 50Å
0 10 20 30 40 50

r [Å]

0

0.2

0.4

0.6

0.8

1

   
   

 S
D

(r
) 

   
  

��� 50Å 50Å
0 20 40 60 80 100

r [Å]

0

0.2

0.4

0.6

0.8

1

   
   

 S
D

(r
) 

   
  

�����	��

�������������������	�	� � �
� ���!���	"#��$&%'�(��)+*,$-��$ � ���+*/.1032��(�4)�
+.5����687:9<; �=� )�>�?+�A@��(B:��.,$C)��:�	B:�#���(@
����*D0E2��(�F)

�.5�G$:�(@H6&7C9

��$CI�.J
K$L*5�4MGB:�#��I�.N)�0O)�>P?-�(@Q�(B:��.,$C)��:�	B:�#���(@Q����*R�TS8�4���U0&
V$��
M��-�(�4�F"4
K$O)�0 � ��)
0G>W$C
�.,$
IX0-)��#*/.YI�./�-�(08���A�(�+�-�(���	�[Z+�(0&�	"#��?G>\
K$:

0&IX�#�A�(0G>����(@[.]����I!�+*,$:�^� .YZ��(0C_�*/.a`�bdc�eV`gfdhLc8fYiDjkf
iljRhLmDbYmon+pDb�qUrVs]but vowxv � �

y )K$z*5�	"���I{�#.,B�|&�}Z�0-)~Z�0:���4��.5�4I{�g�ahGpD`8�d�D�����Ff�mYhLc&p�fY��pl�u�(0&"4��IE.,$:
V$ � �4)�"#.5��Z�.5�#�	>��A"G$H"
� ���(@�)������	�	� � �
� �^.R�

���]�k�'�����
�d�'�������&�Y�����Y�P�Y :¡N¢���£��-¤P¥-�Y�

y���0 � ��$:¦4I§���	0 � .¨�d>©Z��("F�4���	�("F�4
�.�"�.,$z�(
�0NtR0:�-�(���(@NI�$L�(�#�A.�. � 01�(08"FIE.,$z�#"4��tR2��(�F)

�.5�#� �Kª �]«W"F
V$:�4"FI¬�
Z��("4�F"O­® w )�0G>�0:*5
��¯Z��

��-�X>°�±�4|&0}0 � �±�#�(0&2	�#.R�T²�$C���(�FZ�
+.5�³��IE.5�42A´4I§�}>µ*508�	0G>W��I IE.5� ���	�F�Q>
Z��("4�F���	�("4�F
+.1)��(��|C.¶Z��

��-� ­® · �¹¸W�]hGºD`8�Y�D�o�K�Ff¼»�hLc&º�fY��ºD�½vd¾H¿ÁÀ�Â ª<Ã "#.,$z�#
V$!���F���§�(0�Z���$4>�)�0CÄ
Z�0-)�0 � .5�4Å���� >�0~ÆE¿RÀ Ã ;WM4�³Z��

��-� ­® · 
K$z*5�4M��Ç)
0~"#.,$L�(
V$-;�|&)
"�.5�¯È ÀKÈ�É È ­® · ­ ­® w~ÈÊ�T«W�F"#�->�.52	��.5�C;
va¾H¿RÀËÉ 7-Â ª<Ã É Ì¹.§va¾H¿�È ÀKÈNÍ ª Â ª<Ã É 7-;��	���4���-�ÏÎ��ÑÐ�08
�.5�#>W$CMÇÈ ÀKÈxÉ È ­® · ­ ­® wÒÈÊ;�>�.5�4�
À¬ÉÔÓXÈ ­® · ­ ­® w}ÈÊ;��4"��-*/.]vd¾H¿RÀ-Â ª<Ã ���F���ÕZV$L�("#�����4$ÖtR�±��IX�#�	�A���4"4
K$N>�"F|C*5�F)
�FIÑ08�±.Y×ÕØ � �

�P�����A�	� � ���^�±�����A"#��$&%'�(��Z+�(0&��� ���(@3_K|&�+�¬|8�F08IX���	�	���F"4
����(@�IX0&M4
K$�08Z�.5�($C´�>��-��$:M4�4
�.5�4IÙ$:
V$L*/./Ä
� ���4"4
���I��¹�P���±�	�	� � ���^�A$[���	"���$&%'�(�Úva¾H¿RÀ-Â ª¬Ã ����*/.Û03�(08"FIE.,$z�#"4�4Ü�tR2��(�F)�
+.5�#� �Nª ���F���!Z+�#08Z�0:�(�^�±0CÄ

Ý	Þ4ßLàaá�âAãKä}â�å^æ:ç�è�å�ç�é�è±ç4ê/ëkì�íLîïç�è^ßxð5îïâ#å±àÛñÏçAîRòïó¶ôoâ#å±àÛñÊç(îïë�àËõ4öLã÷ñ�ìkë±økùDìkëkìYúkîïë±ûGæLñÊè±çzó1ü�ãÏç(ùïë^ýFâJäÒâ#å æ:ç#è±å�ç�é



�&���c�µ�����C���������X� 	� 

H h

r 

R/2

 r

��� 0 10 20 30 40 50
r [Å]

0

0.2

0.4

0.6

0.8

1

   
   

 S
D

(r
) 

   
  

�����	��

�������ÏÎ-�a$ ��� ���(0-)V$x|8�F08IX���	�	���F"4
K$W0 � */.5�F"G$:
+.,$<)������	�	� � �
� �^.����	"���$8%'�#�E)�*,$W����*/.V0x�(08"FIE.,$z�("F�
tR2��(�F)

�.5�#� �¶ª Éu6&7C9°tk�(����$L�aZ��("4���-�(?C�P�&� � ��ÐY��$4>�)�0&Z�0-)
0 � .5�4Å����^>P0+;+M4�Õ)+>W$§0-)+*5�F|�%k�x0!À§Z
��
+�-� �

K$z*5�4MzBE)�0§���+*/.o0E2±�(�4)�
+.5��� ª �±�4���JZ+�(0&Z�0:�(�^�±08
K$z*5
��J)�0�0 � �����(082	��.D�4"F�42	��.�>��	Z�?:*5
��^��)�>P?-�(@Ö�4$z�-.5�(@
����*D0E2��(0-)��&$:�A@�0-)�*5�4|�%'���(@H0�À-� ��� �P�
���	�	� � �
� �	$<���	"#�4$8%'�(�U)+*,$§����*/.l0�2��(�F)

�.5�#�U6&7C9°tk>�"F?C�N����� �


K$z*5
K$�)�0E0 � ���#�#082	��.��F"4�F2	�#.o>��	Z�?:*5

� ��)�>�?-�(@����+*D0!�(0&"4IE.,$L�("4� ª ;��-�(?:�	���(@�2��#0-)+�-.g�#BE0-)�*¨�F|�%k�¬0-)
��.5� � .5�§0�ÀUtRZV$L�	�("Õ�	���4�g�-�ÏÎ � �N« � �����(082A´§0-)
��.5
+�&$!���+*/.R;g�F"#�-*/.dZ�0�%k0G>W$E�F"4�42A�#.Y>��	Z=?C*5
��^��)�>�?-�(@�����*
0�Z+�(0&IE.5�4
�.5��� ��>���
�08��.���	&Î�
R�

R/2

h

��
��������������������gÉ! "$#&%
� ¿�' ª)(+* ­ % Ã

, ��B+-=;o>��-��$:M4�F
+.5�Ö
V$.-+�����	�A� � ���^�±�����	"���$&%'�(�/-�*,$[����*/.�0U�(08"FIE.,$z�#"4�HtR2±�(�0-�
+.5��� �Nª tk�	�
�4�Y�-�ÏÎ �
>���
�08��.R�

va¾H¿RÀ-Â ª¬Ã É
12223 2224

7 À65Ë77 �98;:�<>=�? 7 � �A@B:�<� �DC 7FEQÀ6E ª
7 ª 5QÀ

tï�-��� �

�������	�	� � �
� �������	"���$8%'�(��0 � .¨���-�(?G>Ô
�.5�4��G �#�	�
�4"4
��
�A@UIX0&|�B � �
´J0 � */.5�F"40&

�xIX�#�(0H-V$:IE. � 0&
��(�6I�$L�	*50
��	��$
R�ay 
+.5
�.5�^�±�	"4� ��Z+�4$C�#� � �0-�"#.5�FI¬�Ö��0:�("#������$:´N|�%k?G>�
�.5�<"J-������	�	� � ���^�^.=���	"#��$&%'�(������*�.R�

âGûGæLñÏë�økñÏë^æLñ÷ö§ûLâ�õ4öLã÷ñ�úkîïë�ûGæLñÏè�KMLLæLñÊë�NLîïâ�àÛñÏëPO-ó



	�� ����������	�

��������������	�
�	�

������������ !�"�#%$�#'& (�)K�+*��-,�.0/!1�243�*�)�5�671s�418,:9;24<
�>=��@?���ACB�DFEHG+I;?�=�JLK�EO�MEHA�N�G+O \QP�RTS ( * � (,& �VU (�f�� R (HWYX�� ( -#* "�ZO �[��H\ �2YO� h G2.ZRSz4
1G2.S/�
 j 0�H D p

3�. j .�3�.:t�,6�4u�
1G D H�FU�WHw*6�4F�,6�4��,�HZF�,�Hw02�oH_._02.SF4b�,vHw02F4� \ F D ����*6�T�B/10M�43��+,65�� h Y#� � F^H^*6�Uk4��.:/�5�,
.�3 �{.S�{G2����
1G2� ZA ][ .�3���.S
1,�
1,6zZ3�._^ (a` &bW 	 *6��tdc�ef` &)* �hg"-LW'g-iX� -kjl`)(OFM,vHw02�4� .�02.:FUb�,vH^0MF4�LF
j 02FU�43�FM,vHSIJ� � YnmMYdoqp{YA�i�
� b�,-��02.S
1�{. j ,-, " R:3�FM,6� ZO �[ D ��F4�oHT5UFXHL
1,6z#*-,�5UFXV<5_�oH_F43<d1zU5M,6�
FM,vH^0M�WH_02xSk4�{��52q)02.SF4b�,vHw02x D b_. D H�d1�U
1G#FXH D 
�F4�?. ZO �[ D D ��02
Jde,]r~*-,�5UF4t�. D ��dts�� � b_��G2.Tp
3WH<52qO02�4�{G2RS�4��. D 
1��,652q " RS3�FM,6��b�,6�M02FU.:�{�A�M`a�M��G�dn�4
1G j 02. j .<025�dn.:�oH^*6�{��3�.�.St+dnzMG2.S/�5M,+bLHwG2�M0�,vHSIJ�
02.:F j 0�H<
�FXHwdiVT54�UR:. ��k�� D H�
1,6zL. D �M02
Jde,�re.:t�d1z�G2.:/�5�,6. D �ed8s \vu -w^xXzy �|{ RTS `X� ( - * h�ZA ][ �"� G2��d
j 0�H<5M� D 
iF4z43�F�,��A��k�� D H<b#�_3�02��R<,6��d j .S
1G�HT5�,y�ZO �[��H\ �2YA��d1�U
1G¶dn�43��oVrF j .�3�
1G�H D . D ��52q D ,6�M*-��.:/�5�,�52qoH^0�Hw��G2�M0���FU�TdiVT5���52q_b�,-��0M.:
1G�02����G2��02z j 02.S
�FMp

��x D ��}�Hw*6�4k4��,6� .�3�b8�MG2.�3��#.<G�02FM��b#� D HT��,vH ZO �[��H\ �2YO� j 02F��wd1b?�<d1��02x:kU�WV j .:
1G4H#
<��~�*vH j 02.:
�F��{x D
�oHT��.:b8�MG�02. D ��52qOdn�4
1G�GM.��oH^dn54FUz4/�5�,6��d�02.SFM��IyH<3Z*�.SR<p ��.<02bLHw*6�{��� � Äb�y�

ZO �[�� YA�MY��YmT�M����� �� � Yn� �����T�M� �������������n��� �l�h�'��w� �� � m ���z�¡ L¢
£f¤@¥l¦¨§ � ��© §-ª%«­¬�®b¯°«T±w²v³Y¦'´µ²%¯T§¶¤@·;¦'´µ¥Q®k² �@� ¤�¸@ª°¹�§Y¯Tª © ´�¯T±w¥lºM»H®k¤@¼�·M±k¯T½>®�¾�·M§-£f±µ¥¶½¿¦�§-·M·@§ © ¾�±wª°±Q¬C§ ©��ÀwÁÂ��� � � ·;¦�§�ªY®�½V§¶£w± � ¢%Ã��¡ÄwÅ��HÆ ¯v¸;ª �b�z�¡Å��ÈÇ ®�¯°«T±f²°É�±z³-¥¶§Yºz¦Ê¬�®�·Â®�¯T±f¥YºM»H®k¤@¼�¾�±f£�Ë�·M±�¯Y½>®�¾�·M§-£f±Ì¬�¸;·M±fª%¦HÍ

Î �ÐÏ � ÑÒ Ó �� � � � ����Ô �@� ��� ���������n��� �l��� ��f� �� � � p � �dÕbÖ;×�Ø�Ù8Ú×Ú m ���z�ÜÛw¢
½V±f½V§¶·L«Ì¯T¥¶Ý-¤M¼Þ¤�¯T¼M£k¦¨§¶£w±;Í

Î � � Ï � ÑÒ Ó �� � � � �b�ÞÔ �M� � � � ���ß�H�n��� �l������w� � � � � p � �dÕ �°à Ö;×�Ø�á Ú×%â m ���z�¡�L¢
¥Q®k²�¤;¸;ª°¹�§Y¯Yª © ®kã-Í ��� � Î � � Ï � Î ��Ï � ��ä Õ �và Ö × Ø�á Ú× â � Õ Ö × Ø Ù Ú×Ú ���z�¡ÅL¢å ±Q¬�ª°¥¶§-³TæM·�¦�§C¼@çl¸z¬�®�ª%¦�Ýè½V±z¤;¸zéMºf®�³ © ¦w¯Y±w¥lºM»H®�¤M¼�¾�±w£kË�·@±k¯T½>®b¾�·@§¶£w±�±z¤;¬�±�»a¼ © ´k³-§ © ª%¦�ÝC·�¦�§�¤M± � � � ½V§YËê8ë'ìkíbî%ïQð�ñbò�ó8ôÞðaôbõ�ö�÷vøúùûíQôbðañLîtò�ðÊüþý�ÿ�� ñ�÷Qíbï-ò�î��aø����	� î�÷QíQìk÷lðaý�ðaý�
ß÷Tì��­í�÷­ò�÷Yó ï�
��YíQùÞìk÷Tò�õ��Tø ìkî��-÷ ó%õÌý¡î8ìbìkîhü
����������� ���û÷QíQò�� �8ìbýxîtìbý ùníb÷�íQôbðañ�î8ò�ðÊüþý;ÿ�ò�÷ló%ï!
"�líQù�øx÷#� $¨ìk÷Tò�õ��Tøúìkî%�¶÷�ó%õÌý¡î8ìbìkîaü �'&

(%) �vø¡î��tô*�4ôQò�� +8ìbýxîè÷QíQò�� �8ìbý�,Ìó õÌý¡î8ìbìkî.-Hò��YíQô�/tôTüþìbý¡îÌ÷Tñbýxðaùlü102/ îÌò�÷ló%ï�
��Yí
ø¡÷�� $�ìk÷vò�õ3�vøúì-ô54 � �:ý ÿ���64÷Qí*�7�Tò8-�÷ �8/8ý÷�/ ó%î%ï-ý9�7�Tìkîaü�: �<; ý+íQô�ðañLî8ò�ðÊü'ý�ÿ5-�î%�¶÷
ò�÷Yó ï�
"�líQù & ) ý¡î%ï=-��vò�î�ò�÷ló%ï!
"�líQô>�zìbñ & ìk÷Tò�õ��Tøúì-ô>�?�Fì���-Hùbò��Tøúì-ô­ðañL÷lð8�Töñ��Tò��YõCî%-HòHôbó ÷��7�vìkîCð80@� ý¡î8ø¡ïl÷2�8/tý��lõÌýA: �B; ý ÿ?�büaî íQì��Yï
ìbýxî]üaî%ðC-D-��lïE� ñbò�ótôQñ��Yíbï¶ù�ò�÷Yó ï�
��YíQùßø¡÷#�2$�ìk÷Tò�õ��Tø ìkî%�¶÷
4�õ��.�F-�î%íQô�ö��Tò�íbó%÷�ðHïl÷lõÌñbø ý¡ïl÷��7�Tì�0Cñ�÷lðC-��2,�6 &



�;���f���
���:	���		��
w� �LÅ

0 500 1000 1500
R [Å]

0

0.001

0.002

0.003

0.004

0.005

G
S

D
lo

gn
or

m
(R

, 5
0,

 1
)

10 100 1000 10000
R [Å]��
��������	���������! #"%$	
���&('*),+.-0/*12��-3"%45'6+.���7/0-98;:=<?>A@?B#CEDGFIH(JLK�>M:AN6O;HP<0HQB=8RJTSU-WVT'X"7'34Y�	Z�"	'*[]\^2_a`Abdc0e%f�g	haij^2kml�eXn6h �poq'5�r�m'6+tsA+ts.�us.-wvx��y{zQva
���"%�|�qV;-Y+.�}vx��y}~�vas.)L'*��'*�r
�4Y�	Z�"�
�[|$7��-0���p"%-0$	��&('3)����V�"	'7vq)�-mV;-�)�-0��s.�7���rZ�va'�$|�L'6+.�7$	s.�7��s�'Y$}s�'6"%�7��- _�i�nwl -3"	'*$ _�i��mlml �%�qyr�|)��T'X��-wv��*��V;-04�s.4Y-����7�45'6���rs.4{��4�"%-0$	��&('*)���va
�VL'*)L'{)�+�' _�i�k0l �q��
���"}�7�av��r�m'X+ts�V;�?&�1(+.-m/?'6"�
�Z%4�s.[|$7����y�z�V;-YV�"	'7v���y%~va
6y]'3����s�'�V�-wvas.��-wv�'3[	Z�vx-{)�-{"%-0$	��&('3)��I��-*"%45'6+.���|/0-��

)�s�'3�?
�"%-0$	��&('3)��Y��-3"}45'X+.���7/m-�$74�s.�7������yE�.�0� ^�_�h ~]��+.�7[7$�)�-5 Y¡6¢6£%¤� {¥� §¦%¨w©}¢6ª�¡?«3¥P¬t¨%­3®�¯�¨3¦	 °¡0¬±¯T²�­?¨X�_a`Abrc � ³�´Eµ ^2_·¶%_a`Abrcme%f�g7hEi nf g _¹¸ º6»I¼%½�¾ ¿AÀ9Á �.Â ^2_¹Ã3_a`=brc*h À f;Äg}Å Äºmf Äg Æ z2���.ÇXÈ?~
� Z%��y�V�"	'3[	
ÊÉ�"%-m$}��&('*)W+.-0/*12��-*"%45'6+.�?
�Ë5�;Ì|)�$}s.��-0$7�T'*[7$w'm&�yr�|/0-Ívx�}"%�QydÌÎ$|4Y-�)�
�Ï���-wva'*�T��z2���ÐÇXÈ�~]�[%\?
��T'��#�7�°$7-m�rZ	'3��s.��v�
�"	'3Ñ|�us.��$w'*�r
�/0�T'6+�s.$|-wva'*���Y���	
�[}s.��v��	"%�Qy�sÒV;-�)��rZ	'7vx-wv���y{z2����Ó�~]����s.�}+.-m4Y-*1)�-wva
Y"%-m$}��&('*)P+.-m/312��-3"}45'X+.�?
 ³�´Eµ `#`q^2_�h yr�|�rZ�����4P��"%-0$	��&('3)��wvÔyr�|)���-m4Y-�)�-wva
�[%\��

³¹´=µ `Õ` ^2_¹hEi nÖ ×ØÙ�ÚLÛ ³�´Eµ ^2_¹¶}_ `=brc�Ü e}f g(Ü h]e/m)�$	sÐ�x����4Y-wva'*��sÐ��V�"%$7�|�us.�|/?'qV;-qvq��$	
��rZ���s.[%\�4°-�)L'*[%\�"%-0$	��&('3)��Ý�#Þ��d
�4Y�}Z�"]
�[7$7��-m����"%-m$}��&('*)���+Ð-m/*1��-3"%4P'X+.���7/m-5zQ"�
��7�������?~�-�)�$	vas.�}"%[	s.�7)�+�'���s.�7$|�}"%-wvx��V�"	'7vq)�-0V;-�)�-0��s.�7���rZ�v�-p$7�T'X+.�|$}s.�7��s�'¹vßVu"}-0��$	���$}s�'6"%�7�9)����|-Pvas.Ì	����$}
�[%\Ê��sÐ�°�r"%�7)���s.�àzQs.�rZ%��s.��yd�Y��$X'3���%'à�T'Yva
���"�
��rZ	'6+ts.$7-wv�'3��s.�Y)����	
�[%\á�u"�
��rZ	'X+tst1Z%�wvp~]��V�"%$	
I-0�rZ�"]
�4j-m/3"7'3��s.[7$7�|��sÐ�Ivas.�	+���-m��[}s=$}s�'X"}�7��-�)à)�-?&Q�Ý�
â�ãräEã�å æqçqèaéÒê*ë�ìíé�îEï�ðMñ�ìEê*ë�ò�óÊìAï�ô?õmó�a-0$	va'*�74·
{$|�7��V;��&R�rZ	'6Z�
��rZ�
�[|$7�?
{�r��&('*)T'Xy]�3[	
��dsÐÌq$q)����|��yA+ts.[|$7�?
PÖö�us.�|�r�?-m��[7$7-m�?
�[%\Ý����"�
���$	Z	'0&Q�wv-q�rZ�"%����Z%��"%$7�A�T'6yr/mÌ7�rZ%��$|�7/m-q��VT'X��-wva'*��s�'3÷Òz(VL'6Z�"%$Õ"�
��|��Ç3��Ó�~]�=øa4�s.�7���|4·
��m'*�7)�
�$���s.[]\�v!-0�]-0���?
�4à�ù�úüû(ýrþrýdÿ��������	��
(þ���
��������������������������������! Ýÿ�û"�$#$%	&��$%�#$�'����ÿ�%��(��#2ý!��)�&��! +*��*ÿ-,



��� �����	���	
���
�������������
���
������������ ��!"�ºf®�¯v«T§-¥ © ®$#@ª%ºz¦�½ Æ ¹�¯l®-¬C±fª%ºz¯TÝY«T·L¸@½ ¼;ºM»H®k¤@¥l¦¨§
¬�ª°¹	%�»þ¯T¥-Ý¶¤@·L¸@³væ>¬Ð·Â®kª%«TÝ-¹M¼ © ´�³l¸>ª°¹�±fª&%�'7Í
( �*) ¦¨§¶³TæV¹Â»H®�ª°¥¶³-¥l¸;¥-·L¸ßºz¯°¸;ª «l®�¾Ê¦�³-¥¶·@§ ��+,+�+�-�¢ ºz¯°¸;ªv¥Y«l®f»a¼.'7Ý-¤Â´C¯/%Q¬ ·@±k¾�§-£�»a§Ì¤M±�¹Â»H®�ª°¥¶³-¥l¸;¥-·L¸10 �
2 ¼�ºM»H®k¤@¼ ����*3 §-¤M·M±wª%«°ºf´ß±fª%¦40 ¦ 2 ·�¦�§¶³Tæ5'�Ý¶¤@¥l¦�§�ª%«l®f»H® ª%¦�§¶³Y¦76 �Ä��*3 §-¤M·M±wª%«°ºf´�±wª ¦	8 ·;¦�§-³Tæ9'7Ý-¤M¥Y¦�§�±z¤;¾�§-£�»a±w²vÉ�½¿¦�Ý-¤M¥Y¸ ªT´�ª%¦�§¶¤@·;¦�½¿¦;¬�®�¯Tª%«t¬�®k½¿¦ ��: '�Ý¶¤@¥l¦�§Ì¬�«T§¶¤�¸·z¼@½ §Y¯T±Q¬�®�É�¬�®b¯Tª%«t¬�¸ ¢v����*) ¦¨§¶³Tæ © §-¤M§-·ß¥è®b«T±w½;%Q¬ ¬�®b¯Tª%«8¬�¸ :=<>+ '�Ý-¤M¥Y¦�§è¼M½¿¦�§-ª°¥¶³-¥¶±w·L¸
¬�¹M¼M·�º�³Y¦�§ � +@?/+@?/+ � � Ç ®b¯Tª%«8¬CÝ«l´ ·Â®�¥l¬�¦ © ½ß¸BADC�E � «T¥-· � ¥¶· ® © ¤@¼ © ´k³Q´�¬Ð¹�±f¥Y¸;³ © ¦FE ¢v�

� �*) ¦¨§¶³Tæ © §¶£w±­±z¤M¹�±Q¬�¦�§-¤M·�¦Êº ¬ ¬�®b¯Tª%«t¬�¦�§ :=<�- '�Ý-¤M¥Y¦�§GAHA�¼M½¿¦�§-ª°¥¶³-¥¶±w·L¸>¬Ð¹M¼M·�º�³Y¦�§JI �K ?@LK ?M-ONÂ�Ç ®b¯Tª%«t¬�Ý�«l´ · ®k¥Y¬�¦ © ½n¸QP � «T¥-· � ¥¶· ® © ¤M¼ © ´k³Q´ß¬Ð¹�±w¥l¸;³ © ¦FP ¢v�
R ¹;¦�ª°¥¶½n¸�ª°§lºz¬�§¶·@³ © Ý ¹�±k¾Ê¦Ê«8¸;¹�±Q¬�´¿¹�± © §¶¤�¸@·@³¶¥-§-£f±¿ºz¯°¸@ª°¥Y«l®f»a¼�³l¦þ´�£�¦�§-½ ¾Ê¦Ê«T§l¯1S	T
±z¤@¹7±Q¬�¦'®�¤Â® © ´�³l¸;³Tæ¹�±f¥Y¸;³ © ±f½ ¬�®b¯Tª%«8¬ Æ ·@¹ �VUWUWU SYX K SYX � SYX L S Ó S L S � S K UWUWUF<ZUWUWU E*P=[�E�P=[*E�P U\UWUÊ�>Ç ®b¯T¼@·;ºz¦ � ¦ � ½ ±�Ëç-§¶½ß¸>«T§Y¯l®k¥�¥�®�¹;¦�ªT®�É|· ®kª%«TÝ¶¹@¼ © ´k³-±;Í

S	T^]
Ó
< E ? SBT^] L < P ����� (�( ¢Ç «T§-·Þª°¹�±fª&%,'�¤M§YéÂ·�¦�¼ © §¶½ß¸V¹�±f¥Y¸;³ © Ý�¦4ª%ºz¯YÝY«T·M±w²°É
ºz¯°¸;ª°¥l«l®w»a¼ �_*`�a b�cedgfhb�i�j�kml@n�ced$o4p=nqj�r,s4p �utwv$x,y{z�|~}Gz�z&y��Wv����D}G�����@�B�����D}$��Æ�� [�� ¢�� [��FT&� � Æ�� [��wT&� � Æ� [��wT�� � ·Â®k¥Y¸z¬�®�½ß¸ ¹;¯l®-¬�¤@±f¹�±z¤M±,';¦�§{#Mª%«t¬�±�A���«T§¶£w± Æ ç-§ : ËH«-® ¬�®�¯Tª%«t¬�®�ºz¯°¸;ª°¥Y«l®f»a¼�'�Ý-¤M¥Y¦�§Þ±z¤M¹�±�Ë¬�¦�§-¤M·;¦�± ¬Ð¹�±f¥Y¸;³ © ¦YE ? P ¾�¼�'�[nÍ

� [��w��� T < -� ��� ] L�� ���  $¡¢
? ����� ( �L¢

£f¤@¥l¦¨§ :�© §-ª%«�·z¼M½V§l¯T§-½ ¬�®�¯Tª%«t¬�¸	£�¤�¦�·M¤@§lº;ª°¼ © §�¹7±w¥l¸;³ © §Ì¬�®b¯Tª%«t¬ � E ? P ¾�¼�';[ ¢ £f¦�·@¤M§Yº;ª�¥ß·z¼M½V§Y¯Y¼ © §ºz¯°¸;ª°¥l«l®w»þ¸	£ � ±f¥-·Â®�³¶¥Q®�¤M§Y¾Ê«TÝ�¦�¯T±f·@§¶³°ºL§l¯l® Æ ¥Q®k² U�UWU S �T � < E ? P ? [ � UWUWU ±f¹�¦�ª°¼ © §Cª°§Yºz¬C§-·M³ © Ý�¹�±k¾Ê¦Ü«t¸;¹�±Q¬�´¥LËH«T§-£f±¿ºz¯°¸;ªv¥Y«l®f»a¼ �
§©¨Hª õ����4ý��lõ�ô
ðaý�
�ì��ló8ô��7� ,	� �vò�ðC- � ô�ñbò�ó î%ðaùbìbý�
%-�î�÷ �W«g¬D«g¬D­=��®°¯�±³²�´µG¬G¶µ$¬D­�·/®¹¸ ±³²O¶µ,¬�´µG¬�­O·7®�º &§D§H» ïl÷vò�÷
ì��Yó��7�Tø ý��Hõ�ô �7�vò�ðC- �7
 ­�¼½«1¾ ¯�¾ � �7�Tò�ðC- �7� ­�¼h¿ õ�ùkðaýÂö-ô�, ¾À¸q¾ øúùbö ¾Áº~¾�&ÃÂ ôbõ3���=�Yõ�ô -�î8ò��ló2� � î8ö-ôö-ô 
"�ß÷Tì��*� 
��2�aìbý¡î ¾À¸q¾�&�Ä ÷2�tì�� -�÷ � ôbõ�ùkðaý�,�÷vöbò�� /��Tü�Å / ��ò��ló8ý¡î�ñ�÷#-Hò�ó%î8ö¶ôVï-òHô�ðHó%-��=
 �+÷lï �>
:÷lðaýFÆ�÷ ¿^ÇO«ÉÈ 4�/%÷ñbò�ó%îtñbò�÷��7�líbó����ÈðHó8ôbðC-�ï¶ýxî	� �vò�ðC- � ô ¾Àº~¾ ì�� ¾À¸q¾ ýz÷Qí��4ò�÷#-Hìbýxî�6 &§©Ê&Ë /8ý��aø¡î�ò�ó î�/%ó�öbý¡÷Tò�Å2/èüaî ðC-�-�÷|ñbò���� íb÷Tñ�÷Qíb÷vöbý¡îHÌkðC- �+÷ �7�TòHùbìkïY÷�� î�ñbò�ótô �7�vòHùbìkï#� /DÍ¿ùkðC-��Tøx÷Tì¶ô�/DÍ � ñkï>- &ÏÎ ýFÐ��

-�ó8ì & �%î � ­Ã¼Ñ« ó����ÈðHó î�ó8ì��TüaíQùlüaî�ðaý�
D�7�vò�ðC- �7� ¯ �kó�� �7� ­�¼Ò¿ ó ��� ðHó î�ó8ì��TüaíQùlüaî�ðaý�
A�7�Tò�ðC- �7� ¸@&



� � � � ��� � 
 � 
 ��
 � ��(
� ¾'®¿¹7±wª°¥¶³-¥¶§-£,%k¾�·L¸;³Tæ ¬�®�¯Yª%«8¬ ¬�¸z¯l®�ç¶§-·;¦�§ ���z� ( ��¢ ¹;¯T¥Y¸ © ½ ¼ © §�·Â®kª%«TÝ-¹M¼ © ´�³¶§�¹�±fª%«l®k³Y¦�§�Í

� [��w�B� T < -� ��� ] L@� �³�  $¡¢
����� ( ÄL¢

� [��e��� T < -� ��� ] L@� �	�   ¡¢
����� ( �z¢

� [��F��� T < -� ��� ] L@� ���   ¡¢
����� (M� ¢

3 ®bº ¬�¦¨¤Â®kÉ Æ ¬ ¹;¯T¥Y¸;¹Â®k¤�º;¼ £w¤;¸ : < +�� ¼M·�º�³ © § ºL±k¯T§Y¾'®k³ © ¦n¬�®b¯Tª%«t¬ ¯T§¶¤@¼;º;¼ © ´ ª%¦�Ý ¤M± ¹�±wª «l®�³l¦� [�� �B� T^]
Ó
<�-kÆ�� [�� �	� T^] Ó <>+zÆB� [�� ��� T^] Ó <>+z�

�����
	���
���	�������������
���������� ��� ±f¹;¦�ª°¼ © §�ª%«T±f¹�¦�§É# © §¶¤@·M±Q¬�¸;½¿¦'®b¯T±Q¬�§¶£w±|·�¦�§¶¼@¹�±k¯T¥�´�¤;ºL±Q¬�®�·;¦'®ª%«°¯T¼;ºz«T¼;¯°¸�· ® © £fÝ-ª%«Yª°¥-§¶£w±Þ¼M¹ ®bºL±Q¬�®�·;¦'® Æ ¯°¸;ª �¡��� (M� �!� ¾'®Þª%«°¯T¼;ºz«T¼�¯
¼M¹�±�¯Y¥Q´k¤�º�±Q¬�®k·L¸;³Tæ � ¹�§l¯°¦�±z¤�¸;³¶¥YË·L¸;³Tæ�¬Ðºz¦�§l¯T¼@·;º;¼ ºz¯v¸;ª%«l®�¾�±f£�¯l®béÂ³-¥-·L¸@½#" ¢�� [�� © §-ª%«|¹�§Y¯v¦¨±�¤�¸;³¶¥-·Â® ¦]½>®¿±kºz¯T§-ª�¯/%Q¬�·L¸�±kºz¯T§-ªv±Q¬�¦ª%«°¯T¼;ºz«T¼;¯°¸ �$� ¾'® ª%«°¯T¼;ºz«T¼;¯Þ·�¦�§¶¼@¹7±�¯T¥�´�¤;ºL±Q¬�®�·L¸;³Tæ � [�� A&% © §-ª%«û¥{';¦�§-ç¶· ®�¤M± ª%«l®f»a§ © ¬�®�¯°«T±f²°³Y¦ LK� ¯°¸;ª �¡�z� (�� ' Æ ³ ¢v� Ç «t¸;½ ¹;¯T¥Y¸;¹Â®�¤;º;¼ ¥{';¦�§-ç¶·@±f²°É © §-ª%«­ªT»H®$' ® � ±wª%¦'´L£�®�·Â® © §-ª%«­¤;¾'®(' : '*),+ +L¢v�-� ¾'®ª%«°¯T¼;ºz«T¼;¯
ª%¦Ê¾�·�¦�§­·�¦�§¶¼@¹�±k¯T¥Q´k¤;ºL±Q¬�®�·L¸;³Tæ � £f¤@¥l¦�§/. v$z/v10 y���z32 y5476Év 8�}$�	v�� �	}:9��{�<; �>= �@? � + UBADC>+@UFE � ¢
� [���¥É';¦¨§¶£L®ß¤M± LK 'Â®b¯T¤@¥¶±ßª°¥Y¸ ';ºL±�Ë © ¼Mç ¤;¾'®�¬�®b¯Tª%«t¬G' : ' ÎIH '�Ý¶¤ ´k³Y¸;³Tæ>·Â® © '�¾Ê¦�ç¶ª°¥Y¸;½­¦+ªT´�ª ¦þ®k¤Â®�½¿¦¬�®�¯Tª%«t¬�¸>±z¤M·;¦�§-ª%¦�§-·;¦'® :=< +��

§KJ ) ��òHôbð &ML�&ONQP ðHï¶ò���-�÷�� î�÷ló8ì�� /%ó%îtìbý��DR � ¯A�H¬ R ��¸ ��S R � ºD� ÷ló8ì�� /%ó��Tü�ÅDR � ¯A�F¼UT�º�VMWQX Y �ZR � ¸'�w¼[T	º�V\WQX ] ý
R � ºD��¼^T	º�VMWQX _7&



� � �����	���	
���
�������������
���
������������ ��!"�

® ¢ −18 −15 −12 −9 −6 −3 0 3 6 9 12 15 18
Numer warstwy

0
0.2
0.4
0.6
0.8

1

P
(A

)

0
0.2
0.4
0.6
0.8

1

P
(B

)

0
0.2
0.4
0.6
0.8

1

P
(C

)

A−A

A−B

A−C

' ¢ −18 −15 −12 −9 −6 −3 0 3 6 9 12 15 18
Numer warstwy

0
0.2
0.4
0.6
0.8

1

P
(A

)

0
0.2
0.4
0.6
0.8

1

P
(B

)

0
0.2
0.4
0.6
0.8

1

P
(C

)

A−A

A−B

A−C

³ ¢ −18 −15 −12 −9 −6 −3 0 3 6 9 12 15 18
Numer warstwy

0
0.2
0.4
0.6
0.8

1

P
(A

)

0
0.2
0.4
0.6
0.8

1

P
(B

)

0
0.2
0.4
0.6
0.8

1

P
(C

)

A−A

A−B

A−C

¤ ¢ −18 −15 −12 −9 −6 −3 0 3 6 9 12 15 18
Numer warstwy

0
0.2
0.4
0.6
0.8

1

P
(A

)

0
0.2
0.4
0.6
0.8

1

P
(B

)

0
0.2
0.4
0.6
0.8

1
P

(C
)

A−A

A−B

A−C

� ¸;ª°¼M·@§lº �z� (�� Í � �
��	���
 � 	������ ������
�� ������� ��� �utwv$x,yÉz*|~}Gz�z&y��Wv����D}G�.���@�B������}G�;Æ@� [�� ¢ Í å ¯l®-¬�Ë¤M±w¹�±z¤M±�'�¦�§{#Mª%«t¬�± ; � E � ?5; � P ��� ; � [ � Æ ç¶§ß±z¤;¾¨§¶£L»H® ¬�®b¯Tª%«t¬�®='�Ý-¤M¥Y¦�§ß±z¤M¹�±Q¬�¦�§¶¤@·;¦�± ¬ ¹�±f¥Y¸;³ © ¦FE ÆP ¾�¼ ' [ Æ £f¤�¸ ¬�®b¯Tª%«8¬�® ±z¤M·;¦�§-ª%¦�§¶·�¦'® : < +Þ© §¶ª%«Þ¬ ¹�±w¥l¸;³ © ¦�E �Z� [�� ¤;¾'® ¯/%fç-·L¸;³Tæ ¯T±z¤@¥�®�Ë© %Q¬ ·;¦�§-¼M¹�±�¯Y¥Q´�¤;º�±Q¬�®k·�¦'®zÍC® ¢ ³-¥l¸;ª%«8¸�¹�±k¾Ê¦Ê«8¸;¹ A [ßÍ ; �>= � < + £4' ¢ ·;¦�§-¼M¹�±�¯T¥�´�¤;º�±¶¬�®k· ® ª%«°¯T¼;ºz«T¼�¯-®A [nÍ ; �>= � < + U - £:³ ¢ ·;¦�§-¼M¹�±k¯T¥Q´k¤�º�±Q¬�®k· ® ª%«°¯T¼�º�«T¼�¯l® +�� Í ; �>= � < + U�� £È¤ ¢ ³-¥Y¸@ª%«8¸ ¹�±�¾Ê¦Ê«t¸;¹[+�� Í; �>= � <Z-k� � ¾'®>ª%«°¯T¼;ºz«T¼;¯�·�¦�§¶¹�±k¯T¥Q´k¤�º�±Q¬�®k·L¸;³Tæ � ' Æ ³ ¢ ¦:±�¤�¾�§-£�»þ¸;³Tæµ¬�®�¯Tª%«t¬ÐºL±k¯T§Y¾'®k³ © § ¥�®�·;¦Êºf® © ´>®� [�� ¤Â´�çl¸Þ¤M±n¬�®�¯°«Y±w²°³l¦4²%¯T§-¤M·�¦�§ © LK �



� �À� � ��� !5����� � � � � �����Y
 � �³� � 
u� �1� � � ���9� ��� � ��!��	� 
������ �
� �	� � ��� � Ä
����� ����� �������� �!��#"	$&%(')�* �+,!�')�#-.��/0�1+	2�3�"54	�6+5� 798 :;�1",<= >2?"98@����A

Ç ¯T±�º;¼ ( Å (M� � §É'L¸�§�¹�±�ºf®k¥Q®f» Æ ç¶§�·Â®�«TÝ¶ç-§¶·�¦�§�¹;¯T±f½¿¦�§-·;¦�±Q¬�®k·�¦'®ß¯T±w¥¶¹;¯T±wª°¥¶±w·M§-£f±¿¹;¯T¥-§¶¥�¤M±Q¬�±k¾�·L¸ ACB¼;ºM»H®�¤�®b«T±w½;%Q¬ Æ ¤ ®k·M§ ¬ © §-¤M·@±fª%«°ºf®k³Tæ §l¾�§Yºz«°¯T±f·@±Q¬�¸;³væ Æ ¬�¸;·M±wª%¦�D �FE Í
G �IH � < ��J ] L �

�
K ] L

L J L KNMPO � �IH�Q)R J � K �H�QSR J � K ? ����� (  L¢
£f¤@¥l¦¨§ L J ¦ L K ªY´>®�«T±f½V±Q¬�¸;½­¦ ³¶¥Y¸;·M·�¦Êºf®k½¿¦È¯T±w¥¶¹�¯l®kª°¥�®�·;¦'®V±z¤@¹7±¶¬�¦�§-¤M·�¦�³Tæ ®b«T±w½;%Q¬ � ±�¯l®k¥�T £ H <UWVYX[Z]\_^` © §¶ª%«�¬C§Yºz«T±k¯T§-½ ¯T±f¥-¹;¯l®kª°¥Q®k·�¦'® Æ ¥Q®k² R J � K ±z¤;¾¨§¶£L»a±f²°³Y¦'´ ¹�±f½¿¦�Ý-¤M¥Y¸­«8¸@½¿¦+®b«T±w½ ®�½­¦ ��) ®�«YÝ-ç-§¶·�¦�§G �IH � © §-ª «�¼M²%¯T§-¤M·;¦¨±f·M§ß¹�±>¬�ª°¥Y¸;ª%«vºz¦�³væ ±k¯°¦�§-·L«-®�³ © ®�³Tæ ¹;¯T¥-§¶ª%«°¯T¥¶§-·M·L¸;³Tæ �ßÇ ¥É%�¯ � §É'L¸L§ba¡® ¼MçY¸z«t¸�¤;¾'®¼;ºM»H®�¤M¼�®b«T±w½;%Q¬µ«8¬C±k¯T¥Q´k³Y¸;³Tæ�¹�± © §¶¤�¸@·@³¶¥Y¸
ºz¯°¸;ª%«l®b¾Ê¦Ê« Æ ¤M±wª%«l®b¯T³-¥�®�¬F§ � §Yº�³Y¦�§è¤�¸ � ¯l®�ºz«Y±w£k¯l®�½ ¹�¯Y±wª°¥lº;¼¥Q»a±fç-±f·M§-£w± ¥ «l®bºz¦�³Tæ ¬
»�®�²°·;¦�§ Æ ¹�¯Y¥Y¸;¹Â®�¤;ºL±Q¬C±ß¥-±k¯°¦�§-·L«T±Q¬�®k·L¸;³Tæ ºz¯°¸;ª «l®�¾Ê¦Ê«/%Q¬ �å ±�«T§¶·@³ © ®b¾�·�¦�§ Æ ½V§Y«T±z¤Â´�¹;¯/%,'>¦Y'Â»aÝ-¤�%Q¬ Æ ½V±fç-·Â®ß¤@±f¹ ®kª°±Q¬�®�É�ºz¯T¥Y¸z¬�´ß±,';¾Ê¦�³-¥¶±w·Â´¿¹;¯T¥Y¸ ¹�±w½ ±z³Y¸���z� (  �¢ ¤M±>¤M±w²%¬�¦'®k¤@³¶¥Q®b¾�·L¸;³Tæµ¤Â®�·L¸;³Tæµ¤;¸ � ¯l®bº�³Y¸ © ·�¸;³TæcD � �bE ��) ¦�§¶ª%«T§Y«t¸ Æ ³¶¥Q®kª�±�'�¾Ê¦�³-¥�®�·;¦'®>¤�¸ � ¯l®bºz«T±�Ë£k¯l®�½ ¼�¤�¾'® © §-¤M·M§-£w± ¥Y¦'®b¯T· ® © §¶ª%«
¹�¯T±f¹�±k¯T³ © ±w·Â®�¾�·L¸Þ¤M±¿ªv¥{%wª «T§ © ¹�±k«TÝ-£k¦ © §-£f±¿¯T±f¥-½­¦'®�¯T¼ � R ';¾Ê¦¨³¶¥-§¶·�¦'®
'�§¶¥-¹�±f²%¯T§-¤M·;¦�§ � «l®bº © ®bº � ±k¯T½ ¼ »H® � §{'L¸�§da¡®Vª%«l®k·M±Q¬�¦ ¢ ªT´ ¹�¯T¥¶§-¥�«T±­³Q®f»þº�±¶¬�¦�³Y¦�§ß·�¦�§¶§ � §Yºz«t¸z¬�·M§ Afe ¤;¾'®¥Y¦'®b¯T§-·µ¬�¦�Ýlº;ª°¥Y¸@³væ ±z¤û±�º ��-�+bg
hµ��Ç «Y§ © ¹;¯l®�³l¸�¹;¯T¥-§¶¤@ª «l®-¬�¦�±w·M§ß¥-±fª%«l®k· ´Vª°¹�±fª°±�'L¸�·Â®V±f½¿¦�·�¦�Ý¶³Y¦�§«T§¶£w±
±w£k¯l®�·;¦�³-¥¶§-·;¦'® �>i ±wª%«-®�·;¦�§�«T§¶çÌ¹�±kºf®�¥�®�·M§ © ®bº�½V±fç-·Â®�¬�±�'�¾Ê¦�³¶¥-§¶·�¦'®k³Tæ¿¤;¸ � ¯l®bºL³ © ¦;¹;¯T±Q¬�®�¤M¥-±f·L¸;³TævNj�� � �����D}ß� ½V§l«T±z¤ ´ � §É'L¸L§ba¡® ¢ ¼L¬�¥¶£�¾�Ý¶¤@·;¦'®�Éè¯T±w¥lºM»H®�¤�¬�¦�§l¾ÊºL±f²°³Y¦M±k¯l®�¥è¼@² ¯T§-¤M·�¦�±f·@§ © §-¤M·@±Q¬�¸;½­¦'®�¯T±Q¬C§·;¦�§-¼M¹�±�¯T¥�´�¤;ºL±Q¬�®k·�¦�§
· ®k·@±kºz¯°¸;ª°¥l«l®w»�%Q¬ �
k�lfk�l $ monqpsr*tvuxw	nqyqz	r|{N}~n=tv�v��u��?���v�9���b�su��|r�}�n=��u��b�s��z�u6}
� ±w¥l¬�®kç-½ß¸ ª°¼ 'Mª%«l®k·@³ © Ý
ª%ºM»H®k¤ ® © ´k³Q´ßª%¦�Ý|¥ � ¯T±z¤M¥Q® © %Q¬Ð®�«Y±w½¹%Q¬ Æ ·@¹ � S � ¦e[ ¬d¹;¯T¥l¸;¹ ®k¤�º@¼JS � [ Æ��� < + ¢v��i '�¦ %k¯�¬�ª°¥Y¸;ª «°ºz¦�³Tæ�½V±fçY¾Ê¦Ê¬�¸;³Tæ�¹ ®b¯
®b«T±w½¹%Q¬ ½V±fç-·Â® ¹�±z¤M¥Y¦�§l¾Ê¦�Éß· ® � � ¹�±z¤@¥É'�¦�±k¯/%Q¬Ð¹Â®�¯«T§¶£w±�ªT®�½ §-£f± «t¸;¹@¼ Af� Æ ·@¹ � � S � � S � � Æ � [ � [ � Æ � S � � [ � ¦ � [ � S � � �;� ±wç¶§-½ß¸µ¦�·M¤@§lº;ª°±Q¬�®�É¬�ª°¥l¸;ª%«°ºz¦�§�«t¸;¹L¸ ¹ ®b¯ © ®bºL± � h;g � Æ £f¤@¥l¦�§ hÒ?�g ? � -�C5� � ±w¹;¦�ª°¼ © §�ª%ºM»H®k¤V¹Â®�¯v¸ Æ ·M¹ � � -�- �6� S � � S � Æ� + + �6� [ � [ Æ � - + �6� S � � [ ¦ � + - �6� [ � S � �
§�� ó��Tò����4ìk÷�ï-òHô�ðC-��vøúý�/%ó8ì¶ô�üC�lï@�lõ�÷Tòf��/%ótì-ô§���� ò��Tìbý�/ ��ò�÷Yó õÌý��vòHù�ì��Tü � ý�
%ïQðHó î%�¶÷�ó8ý��vòHì���÷Töbø ý�/%ó �vøúìkî%�¶÷E�µñbò�ó î�/8ý Å>�lù�ñ�÷Tüaî%íQôQì�/ ó8ô�/DÍ*�¶÷Qíbótý ì -�÷ ¿�������«~�N� �üC�lï�ì���íbó8ý¡îHÌ|íbó8ý¡ðaýxîhüaðHó8ô &§���� /%ótô��4ý��8/týxî �-ñ��TòHô ���v� � ý ���_�*� �¶ìbñ &7�C�ZSd��ºD� ý � º�� �ZSC� ðDÅ�ò����4ìk÷��7� �8ìkî:ó+ñbùbìkï>-Hù �4ý¡í�ó î8ìbý����Èó��Tüaî õÌì¶ô�/DÍ÷QíQø¡î%� 
Ü÷ �8/8ýMõèý�
 íbó8ô=��-�÷lõ�÷��4ô�/DÍ*�ûñ��Tò�ó%î2��-��lï@�4ý�
�/�ó��lõÌý��lðC- T ´ ñL÷�íbó8öbýx÷Tò���� õC÷2�tì��Ìö-ô
ù�- �+÷vò�ótô�,A-þô�øxïl÷�¡b¢£¡S¤ ¶�¥´ &¦ î íQì��Yï�íQø��Ìñbò�÷lðC-�÷#-þô
ó%÷lðC-��Tìbýxî%õ�ô
ñbò�ó8ô T ´ &



� � �����	���	
���
�������������
���
������������ ��!"�

® ¢ 0 10 20 30 40 50
r [Å]

0

50000

1e+05

1.5e+05

Li
cz

ba
 P

ar
 A

to
m

ow
yc

h

Si−Si
Si−C
C−C

' ¢��
��������	�Ê���.ÇmÇ3�°'�~���D#SÕ>MO��7B���:A8MJLK?BMO��|H��ÝBA8�-0��+ts.[7$|-0�T'Î)�+�'Êz(��~ ���Q�	"�
�[7$|���|/0-á$}s�'X"}�L' ´
	�� �V;-*+tstZ�
�V�� � � �T-Y�r"}�7)��us.[	
 k0l�
 � n��0l���n 'XZ}-04Y�wv¹�� As.�}"�vq��$|��-�)�+.�7/�&Q-0��[	sÕ-�)�V;-wvas�'*)L'6y��·V�s.�}"�vq�]$}
�4��� �}"%-m4ö�?-�-*"%)�
��L'*[}
6yd�?
�4à��-m�rZ	'XZ%��s.��1xVL'6"%-m4 'XZ}-04Y�wv +.�|�w�*[}
�[%\Í�T'�V�"%$7�|[}stva+.�7/�&�
�[%\ÍV;-wvas.�}"}$7[%\�1��s�'3[%\�$}s�'X"}�L'��
�A�}"	'*$q"%�wvq�L'*��sÐ���q�7�?
�����'àz2���.ÇwÓ�~ 4Y-m�7�T'·Vu"%$|�7V�s.�%'3�*�

� ^��*h�i �Ø` ÚLÛ �Ø� ÚLÛ × �Ø�tÚTÛ × �ØÙ�ÚTÛ � ` � �� !.Â ^��#"%$ �'& Ù h�("%$ �'& Ù
� ^��*h�i n� �Ø` ÚLÛ �Ø� ÚLÛ � ` � � × �Ø�ÐÚLÛ × �ØÙ�ÚLÛ  !.Â ^��)"�$�* ` �,+ �-& Ù h$�* ` ��+ �'& Ù e z2���.Ç�.0~

/m)�$	sÐ��V�s.�}"�vq�]$7��)uv�sÐ������4·
��%�aV;-�vq��$	
��rZ���s.[%\�Z�
�VT'*[]\¹VL'6"w�6)�vas.��-0�rZ	'6Z%��s.�A1;V;-�vq��$	
��rZ���s.[%\·VT'X"	'*[%\Z%�|/0-Y�%'*4Y�|/0-�Z�
�V����� Õ-m�us.�	va'*��vas.�	+.��/�0 VT'X"%-m4 	 e21 v�vx�}v ��Ì	Z�"%$7����y�����4�sÐ�p-�)�V;-wvas�'3)T'¹Z7'��%'34P'-�)�+.�7/�&Q-0����4�s.Ì7)�$}
u'XZ%-m4Y-wv�' $ * ` �,+ �-& Ù ��va
�/0-�)���s.� yr�|�rZ��r��-0����-3+ts.)�-wva'*��vq��$	
��rZ���s.��-�)�+.�7/�&Q-m��[}s=Vu"%$|�7$vqV�"%-wva'*)�$7�7��s.�{\us.�rZ%-m/3"7'34{� -�)�+.�7/�&Q-0��[	s 4�s.Ì7)�$}
u'XZ%-m4Y-wva
�[%\Ý�Ý[|$}
�+ts3��DÕS#>RO��|H4��:=8RJTK?BMO��7H5��B=8z�6�¡3¤�¦87�¨*¦}¦]²w¬t¡:9Q¤�¨3¯<;�¥�¯>=%9Q¤�¨3¯u�@? �5A ~]��"�
��7�T���.Ç0Ç*�
? �BA * ` �,+ ^C$�hEi × �Ø�tÚTÛ × �ØÙ�ÚLÛ D ^C$ À $�* ` �,+ �-& Ù h]e z2���.Ç�E?~

/m)�$	sÐ� D yr�|�rZ�)��	+tZ	�8�ast"	'3[X'��3FL4°-�)u
�Ï���-wva'*���a"%�wvq�T'*�us.�����|�?
?����'àz2���ÐÇ�.0~ÒVu"%$	
6yr4{�*yr��V;-m�rZ	'3�*�
� ^��*h�i n� �Ø` ÚTÛ �Ø� ÚTÛ � ` � �

GH I ? �BA * ` �,+ ^C$�h  !.Â ^��J"%$�h$ K $
L'Mrû(ýrþdýrÿ������ ����ÿ  &�#$�3û(ý���*ON *	þCP



� �À� ��� � !5������������� �����Y
����³����
u� �1���e� ���9� ��� � ��!��	� 
������ �
� �	� ��� � �,�	�
 '
�
G�������< -� ��� ] L ��� ] L � � � � �� � ; [���� ����� � R �R MPO� ��� QSR �"! R ? #�$&% (('*)

+-,/.�02143�5"176"8:9�0�1 	<;&=?>A@ 0CB # >"D 1E,�FG0 @ B )IH = ,�1 	�
 % R:J 1 DK
 5LB @ � 
 F ;&@ 5LB ;*=�D 1 	CM�@ 5N0 JOM(D:
 F =PD F = 9 M FOBQ, =5"17,�F =->A@ 0 # J�=�D % DAR 6 %�$&%TS M 0Ã' )LU F M�	 1EV R #�$&% (('*) , = , M 8 ;*= 9 =WJ�= H F = V RGX4JGD .E1 @ . @(M?YZ;&= 9�0<8�B 	 0 @ .{'�[JOM(D:M 8 = H %\9]9 ;^DAR 6"8 M�	 0 @ 0�1 %`_ = FG021�9 M VP� ab�cd � � � � � ; [�� � R �e< + ?@\M-YZ;-M 9 #�$^% (\'&) 5e1E6"8f8 DEM F�6 � =�D H M 8�B � 
gD 0�1 Dh= 9:6 ; B U M , =P;�YiM ,/FG0�1j5��k8 D�M F�6 � =�D H M 8�Bl6"0�F 
 6&%\9 � 
 F ;&@ 5N0
; [�� � R �Am R %on JgDEM(; 8 RG@ 1 
 V R 9 M 6"0�[p6A. R ' ; 021N5q8 D�M F�6 � =�D H M 8 Rsr�=?
GD 0�1 D�M #u�Fv16�� �F}G�@z���y{zQt�z/v$� 6CuÉ}Gz�v U
���xw )LU = , D . 
/@(M 5LB @ 5e1j5 @ .E[ >AXkD .E1 @ . R 9�0�6"8�B # @7= 6e02F 
 6 = 9yB ) �

G�������< -� ��� ] L ��� ] L � � � � Q ���xw{z ; [�� � ����� � R �R | #�$&%}$ �*)
¦ =�D . R 6"8 M 5LB @ . #�$&%}$ �*)~H = VEF Ml= ' 	 0 @ . RGX , R � D�M�; 8 = + D�M H JGDh= 6A. ;&= 9 R�� }P�Ã}�� �³y 8�} ;^	CM 6"8K1 D�M�M 8 =P�H %\9 '�1E.49:.E+ 	 [E, 
 F M 5e1E+ = 6"8 Dh
G; 8 
GD [ U 
�J�=�D .\B�, ;&= 9 M FG0�1 @ . R 6 ;�YiM , U . M(D %\9:F = 9�. M(;^D 176"0�1 DK= . �JGD�M 6A. M FG0 M FG026 ;*=�; B(8 = 9`1E+ = # SFE�S ) 5 M(; 0�, R � D�M�;*@ 5j0�' D�M + = 9:6 ; 0�1N5 U DAR 6 %o$^% ( $^%4� .7[ >AX FG0�6 ;*=�; B(8 = 9 M;^D . R 9~1N5x. M 9�0�1 D�M�@h�OM(D�M�; 8h1 DAR 6"8 RG@ .EF�1 = 6 @�R^	CMP@ 5"1 =W=P;^D 176"0�1�� �V< -Pm 3 U +?,�.K0�1�3�5"176"8k9�0�1 	<;*=->A@ 0CB.K0 M�D F M %�� 0 =PD Bf6"0�[ = F/1�.:F M , D 1 JGD 1E.71EF*8 M�@ 5N0 = , 	 1E+ Y�=?>A@ 0 = , J�= 9y0 M , M 5LB @�RG@h� 9�0�1 	<;&=?>A@ 0q.K0 M�D F M U JGD . R@\M-YZ;*= 9y0<8 R H ' D�M(;G
�= , 	 1E+ Y�=?>L@ 0o9�0�[ ; 6L. RG@h� 0 H FG0�1j5"6L. RG@h� %|� M H R 8 
 , =4@ . R Fg0�17Fg0 M .E1�6A.K8 
�@ .7F R HH = ,�1 	 1 H JgDh= 6A. ;G
 6 ;�YiM , M 5LB @ 1E+ = 6"0�[�.�.K0 M�D 1EF�0�,/17F*8 RG@ .EF�1j5�9�0�1 	<;&=?>A@ 0 # JGDh= 6A.E1 ; H = F = , R 6 J 1 DA�6 R 5eF R )LU J�= , @ . M 64+-, R 9 D .71 @ . R 9�0�6"8 =->A@ 0y. M 9:6A.71 H M H R , =�@ . R FG0�1EFG0 M .�, R 6 J 1 D 6�5LB Dh= . H 0 M(D %\9.K0 M�D 1EF # =�@ . R H�H = 9 M 9�, M(	 6A.71j5 @ .E[ >L@ 0 ) %� 1E. J�=?>eD 1E,�Fg0�1 = ' 	 0 @ .71EFG0�1�, R � D�M(; 8 = + D�M H 
�JGDh= 6A. ;*= 9`1E+ =�JGD . R{J�= H =^@KR�=-J 0�6 M F�1j5 H 1K8 = , R;&= 6A.�8 
 5e1���3�� =?J 1 D�M�@ 5N0 U +?, R V 	 0 @ .{' M�M 8 = H %\9�9 H = ,/1 	�
 � ��3 K U 9�0�[ @Q= ' 	 0 @ .E17Fg0�1 ; [�� � R �9 R H M + M � ����<�� 3 K � � < 3 � ;gDh=P; %\9 %<; [�� � R � H = VEF MQ= ' 	 0 @ . RGX 6A. R ' @ 0�1j5 
 V R 9 M 5AB @fJ�= 5"[ @ 0 M� �
��	���
 � � ����	������*�(� � ��� ���M�
��¡*� 3k¢V� � R � 0¤£y¥ � ��� ¥�¦ ����
��`§ ��� ����������%

k�lfk�l k mor*t9n=�>zv}~r�¨Nyq�9�ª©�r|�9r�t�«y¨Nz	nq}�¨*«q�s�vno¬|r�­�®°¯�±@�|t�«�¨Nps}G«~²��v�b�su��y¨Nyqp~u�³ p~�r/
 F ;*@ 5 M 3s¢�´ � R � 5e1E6"8`.K9 R^;^	 1~0�,�1EF*8 R^µ�;*= 9 M F M .�¶¸·k´ � R � U J
= FG0�1K9 M V�¶¸·s´ � Rs¹�º¼»½ R J » »½ R K º � 5e1E6"8¾�
 F ;*@ 5AB ��¿hÀ?ÁÃÂ ��Ä�Å�Æ�= , 	 1E+ Y�=->A@ 0 JOM(DLR�M 8 = HÈÇ 9 #NÉK$^%�ÊP%}$&ËL%:n 
G;�YiM , MP@h� Fg0�176 ;*=-Ì/@ . = F RG@h� # F J % , 	CM, 
 V RG@h��;^DAR 6A.�8 M?Y Ç 9 Ë 5e1E6"8�8 =�JGD�M 9:, M U 5"17,/F M�; 9 = + Ç 	 F =->A@ 0�9�0�1 	<;&=?>A@ 0�8h1f9�0CB�VE1�£y¥�Í\ÎqÏ?¥�¦qÐ�Ñ�ÒEÓ



��� �����	���	
���
�������������
���
������������ ��!"�

M Ë 0.01 0.10 1.00 10.00 100.00
q [Å

−1
]

10
0

101

102

103

104

105

106

107

108

   
 I 

[a
.u

.] 
   

# Ë 1 2 3 4 5 6
q [Å

−1
]

0

   
 I 

[a
.u

.] 
   

$�%'&)(+*-,/.�021435026879%2:<;/=>.2?A@CBD;/=FEHG�;A@�&)IJ.K@5L %M@CN'OQP4RSIS@�*T%VU'O<= EW@2U+,JO4(�GX@F.�=DI5=D*-,YBC@�*Z=�;)%'&S1[0K143�3�\�]_^`�aFbMc G�;JIJ%d(+eJ%'R/P4(f:g@F;AEh(Zij%k7�,YNT%T,Dl[=K1�= c9m ,5in*Z=o.2;AI/%2L =h(TL�IYBFO4pYU-*'P<=rqtsFRr=vuxwMuyLz&{.�=rOQP|O4@CBD}~O4@CB'1� I5=r.�;A,S&{P4,��V�y� a2�4�Z���F�[`T��b��+� L P4U�=D��P4*T?A,/;):n,/;A,S*+R�q�, @�@D.2;A,S&�P4,����M^ �>� ]z^ a2�[aC� &)G	@5L9@2U-@5L�=F*+,G';AIS,YI�EW@�*-@�U�%'&)G	,/;A&{%>q�*-@��)��EW@2U+,JO4(dG';A@C&)I/.'(X1�N c9� ISpY�)��N';/=FB�@5L�&{.�=VU�%�:j;/=>.2?A@CBD;/=FEh(
�h�>�C�T�8�T�|��;A@CI/L =De5=D*+,SB�@�@�N�P4,/.2?A(�\~*-G�1�*Z=F*+@D.2;)%'&)IJ?/=�in( ct  ;)%'&S1+021[¡K6

¢V£�¤���¥ � ^¦]�§v¤��~¥ �©¨ u�§ª�~¥K«J] �t¬
B�U-I/P­,®u�§ª�~¥2«A] � q{,Y&{?V¯�°��5�|±C°8²|�´³	µY¶�·8�>�C�T�8�T�|�¸@�N�P4,/.2?A(   I5=D�V]zq{,YBC@®;J@CIYE�P<=r;A,YE®1 m @®L¹&{?/=r}L P4,S*'P4(kG	@5L %'eS&tIS,SB�@o;Jº5L�*�=D*�P<=VU+@®\�021[0C» ct  L�ISºD;�7�,SNT%K,Fl[=�E¼@CeY,¹NT%'�MG';AIS,SG'P4&A=D*T%dU-@½G	@�&{?/=FR/P~6

¾-��� � ^ �� ¿ÀÁ�ÂZ� ¿ÀÃ>ÂZ�'Ä Á Ä Ã ¨ ¤�¤¹Å�Æ ]M§v¤�Ç Á´ÃFÈ �~¥ �©¨ u�§ª�~¥2«A] �¥ É ¬ \�0K1[0'3 c
B�U-I/P­,¼]_q{,Y&{?�;A@�ISE½P<=r;A,YEÊE¼@2U-,/O4(X1 m @�*�P4,JL�=DeoL %2OQP4RYIS,S*'P4,v]M§v¤��~¥ � .T@�&)IJ?A(Dq�,o?�%2OQ.T@ÌËÎÍ®Ï�@�G	,/};/=DR�q�P   Ir=F��q�,�q�?);/=D*-&{:g@F;AEf=FR�q)=�LÐ¢V£�¤��~¥ � G	@DO­,YBT=v*Z=vG�;J@C&{?�%'EÑG	@CE¼*-@�eS,Y*�P4(�G';AIS,YIhU�%'&{?t;)%'N-(+R�q�p.'&)I/?/=Cij?A(   @CN'OQP4RSIY,S*'P4,vU�%2:<;/=r.KR�q�P�U'Oj=dEW@2U+,JO4(�L P4,/OQ.T@��)RJPÒ.2PQOQ.'(+U-I/P­,Y&{P4pSR/P4(yÓ	Ô G';AIJ%Õ(-e/%'RJP4(Ö\�0K1[0'3 c?);)L�=�&),/.'(-*+U�%K1x×�NT%¼@F?);AI/%'Ev=D� EW@2U+,JO+ØZIJ%'RYIS*+,SB�@oG';A@�&)IJ.'(�.K@C*'P4,SRYIS*+,�q{,S&�?�L�G';A@5L�=FU+IS,Y*�P4,MÙ�Úx�CÛ·x�T�Ü¯���ÝßÞ~à�á2·|Úxâ>³	Þ�ã|Þn�8±©àZä81
å�æ~å�æ�ç èêé9ë ì|í�î�ï'é�ðTñ�ò óôñ¦ï'é�ñ�ò¹õSö�ë ì|÷ ø�ù�ì|í�ò�é�ú2û�ùWñ|ù�öxï'ì|ü
m @�&{?/=D� ±	Úx�K·x�T�´¯��ÌýdÞ�à�á2·|Úxâ>³	Þ8�CÞn�8±©àZä�\�þ�u�§ª�~¥2«J] �t �ÿ 02143F1�� c *�=D*-@�G�;J@C&)I/.'(VI5=>O4,SeJ%¼@2U½EW,SR��Z=r}*'P4ISEh(®q�,SB�@�&{%'*T?A,SI/%T1���=>q{RSIYpS�)R/P4,�q¼G�;AI/%>q{Eh(Dq{,W@�*y:g@F;AE¼pW;A@CI/.+i~=FU+( O­@�BD}�*-@D;AEv=>O4*-,YBC@ \n;)%'&S1�021�� c



�'� �'�����Ü!ª�������������ß�����|
	�����
��
��Ö�V���x� �

�� �M� � ��!���� �������-��
½��� ����� ���5"17,�F = H = , = 9~17+ =��
��� ¢�� �"!#��$&%('*)#+-,/. ¹ 0+1,#�32 46587#91: z »<;>=@? � � m ��$A%('B. » + �,DC �4*+ �, |

E@F+#HG�I@J	E@KML�KON1KPGQJ/R*KS�
��� ¢3$T$U�V��. ¹ 0WYX(Z ����[ � �"!#��$&%\'^] Z )#+1,`_	.a)

R*N-b	IcJedfF1L�KPG�gBh�IcJji�k#b/JY#SI@J^R�glimKHGndfb	o�d(pfqOI@r#stL�KONugvr#swk#K*bDq1x`gBN-Fzy8{�#�owGni�k#KPG�gvN1bDI@|ehSI@J^b/JDk#KPG�}N�o�dfi�JDk#d�~(��k#K*b/LjI�g6k Ç G�b	I�g�k#J^h�iSkDKMdfb	q�F U hug�E@J/�	ojb/L�KON�o^µ1q�KPG�gv|QNSo�d(pakfo'#-F1rV~\��q�dfb	p	gMx�pDF�b	I�g6k#hugUp	g6q UgD#�o"KMi�I@d(oOG�gMx`g�k#KMb^L�I�g6k&h�I@J�~(J^N1h-J^RMK U q�KMh�qOk#J	p#h-J^RMKnE@J/r^b��#�AÅ	��Ä-� Å À�� b	I�g�k#hugniSk#K*dfbDq�FzyA�&k#b/J�~(�fr	I@J�KONN�o�d(pfkfo'#1F-r�~VIzq�dfb	p	gMx�p#F�bDI�g6k#h�gl�A[ ����!D��. N-K�F1�(k#J^N-h�I@KMh1JV~QNSo�d\pfkfo'#-F1rV~�I�q�dfbDp	g*x�p#F�b	I�g�k#hugH����[��L�K*�/hug"bPgBiSI@d#gB| U kfo�d/yu�Oy ÊP� �
����[�� �`�O!#��$&%\'M)#+1,	. ¹  ¡ ¢ �A[ ����!D��.�£ ����[ � �3!D�Q$A%('M)D+-,	.�¤��

E@J/r^b�G¥i�k	g�qOp�o�r^Jv�
����[�� �`�O!#��$A%('M)D+-,	. ¹§¦u¨

¢a© ª�«1¬�­(®	¯
¡ ¢ ��[ �`�O!#�3.°£ ����[ � �"!#��$&%\'M)#+1,	.�¤��

��K*hSI@J	G�gB��k#K*bDq1x`gBNlE@K*Rv± h1Kvk#LHg�E@h�o�~\J/d(p
h�I@J/b^JDk#KPG�o²N�E�g³Gndfb	o�d(pfqOI@r#s²N-KONug�p#h�I@r#s�g�k#R*F-LeJ/h�p Ç G U q�KB±h�I@J/r/b^h-JQ~(J^d(png6kA#SI´pfk	g6E@h-J
F1d(p	gvh1KPG�I@J^hSI@Jµh�g6~VG�I@�	q�dfb/J�~�F1�DoOp#J^r/b^h-J�~�G�I@J	E´q�K*�frDITbDI�g6k#hug�y�¶·g�q*}"Rvk/gvh�I@rP}L�K*�/J #�o-|�h-izy �¹¸¹ 0Pº £a�Q$A%('�+-, U RMN1bDI@J ��$&%(' ~\J/d(p»KOr/b^JDqOI´G�gvh�o�L¼LHg�q�d(I@L½F1L¾�3�A[ �`��!D��. b�gv� +-,~(J^RMK�NSo�dfi�J	k#d¿~a}�yAÀ�o�d(pfkfo'#1F-r�~(J�q-dfbDp	g*x�p#F�Á`h1izyzkfo�d/y6�Oy � IS��y ÊP� g�Âud#}�GQKBEch1K*b/L�I@J^h-h1J�I�rPg*x�q�KPG�g�E@h1JÃhOFS±L�J	kfo�r/b^hSI@J�G�bPgBhSI@J^N-#�oOG�g6Ech�o�L¼r/bPgBd(I@JvyÃÄ<i�k#KPG�gBN-b^J/h�I@J�k#K*bDq1x`gBN-F�G�IcJ	E´q�K*�frDI�b	I�g�k#J^h�iSk/g�qOp�o�r/b^hSI@Jh�I@J"bDG�I@�Dq�dabPg�r^bPgvdaF�K�#SE´I@r/b^JEÌÅK*iSI@d#gBh1J/RMKjGÆi�g6k	gvRBk	g�µ�J3��yÇ�OyÇ��yµÈ�gBd(p#KMdaKPG�gBhSI@J"R*K�GÆKC#�E´I@r/b^J/h�I�gvr#sN�o^¾�k	g6q�r�~VITi�k#b/J/i�k#KPG�gvN1bPgjh�g6p#KMLjI�gvd(pni�k#K*dfb/J	qlLeKMh1KON�o�dfi�JDk#d\o6~(h�ojGÆi�KvE´I@N�o�dfi�J	k#d(o6~(h�o U qOp Ç kfo²N1Kv±#�k#b/JQKMi�I@dfFv~\J·k#b^J/r^bDoOG�I@d(p#K*�f|~µubDo�r^b/hu}�yTÄÉIcNugB|�p#K
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K x¿�/N�o8Fux¿KM�^J/h�I�g�L�g6~f}"hug�p#F�k#�
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^
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34 xcchhcchhcchhcchhcchhcchhhcchhcchhcchhcchhccchhcchhcchhcchhcchhhcchhcchhhcchhcchhcx 0.517
35 xcchhcchhcchhcchhcchhcchhhcchhcchhcchhcchhccchhcchhcchhcchhcchhhcchhcchhcchhcchhcx 0.483
36 xcchhcchhcchhcchhcchhcchhhcchhcchhcchhcchhccchhcchhcchhcchhcchhhcchhcchhcchhcchhcx 0.483
37 xchhhcchhcchhcchhcchhcchhhcchhcchhcchhcchhccchhcchhcchhcchhcchhhcchhcchhcchhcchhcx 0.517
39 xchhhcchhcchhcchhcchhcchhhcchhcchhcchhcchhccchhcchhcchhcchhcchhhcchhcchhhhhcchhcx 0.55
40 xchhhcchhcchhcchhcchhcchhhcchhcchhcchhcchhccchhcchhcchhcchhcchhhcchhhcchhhcchhcx 0.55
41 xchhcchhhhcchhcchhcchhcchhhcchhcchhcchhcchhccchhcchhcchhcchhcchhhcchhhcchhhcchhcx 0.55
42 xchhcchhhhcchhcchhcchhcchhcchhcchhcchhcchhcchhccchhcchhcchhcchhcchhhcchhhcchhhcchhcx 0.55
44 xchhcchhhhhhhhhcchhcchhcchhcchhcchhcchhcchhccchhcchhcchhcchhcchhhcchhhcchhhcchhcx 0.583
45 xchhcchhhhhhhhhcchhcchhcchhcchhcchhcchhcchhccchhcchhcchhcchhcchhhhhcchhcchhhcchhcx 0.583
48 xchhcchhhhhhhhhcchhcchhcchhcchhcchhcchhcchhccchhcchhcchhcchhcchhcchhcchhcchhcchhhcchhcx 0.55
49 xchhcchhhhhhhhhcchhcchhcchhcchhcchhcchhcchhccchhcchhhcchhcchhcchhcchhcchhcchhhcchhcx 0.55
51 xchhcchhhhhhhhhcchhcchhcchhcchhcchhcchhcchhccchhcchhhcchhcchhcchhhhhcchhhcchhcx 0.583
52 xchhcchhhhhhhhhcchhcchhcchhcchhcchhcchhcchhccchhcchhhcchhcchhcchhhcchhhhhcchhcx 0.583
53 xchhcchhhhhhhhhcchhcchhcchhcchhcchhcchhcchhccchhcchhhcchhcchhhcchhcchhhhhcchhcx 0.583
54 xchhcchhhhhhhhhhhhhhcchhcchhcchhcchhcchhccchhcchhhcchhcchhhcchhcchhhhhcchhcx 0.617
55 xchhcchhhhhcchhcchhhhhhcchhcchhcchhcchhcchhccchhcchhhcchhcchhhcchhcchhhhhcchhcx 0.583
56 xchhcchhhhhcchhcchhhhhhcchhcchhcchhcchhcchhccchhcchhhcchhcchhhcchhcchhcchhccchhcx 0.55
59 xchhcchhhhhcchhcchhhhhhcchhcchhcchhcchhcchhccchhcchhhcchhcchhhcchhcchhcchhccchhcx 0.55
60 xchhcchhhhhcchhcchhhcchhcchhcchhcchhcchhcchhccchhcchhhcchhcchhhcchhcchhcchhccchhcx 0.517
61 xchhcchhhhhcchhcchhhcchhcchhcchhcchhcchhcchhccchhcchhhcchhcchhhcchhcchhhccchhcx 0.517
64 xchhcchhhhhcchhcchhcchhhcchhcchhcchhcchhcchhccchhcchhhcchhcchhhcchhcchhhccchhcx 0.517
65 xchhcchhhhhcchhcchhcchhhcchhcchhcchhcchhcchhccchhcchhhcchhcchhhcchhcchhhcchhhxx 0.55
68 xchhcchhhhhcchhcchhcchhhcchhcchhcchhcchhcchhccchhcchhcchhcchhcchhhcchhcchhhcchhhxx 0.55
69 xchhcchhhhhhhhhcchhhcchhcchhcchhcchhcchhccchhcchhcchhcchhcchhhcchhcchhhcchhhxx 0.583
70 xchhcchhhhhhhhhcchhhcchhcchhcchhcchhcchhccchhcchhcchhcchhhhcchhcchhcchhhcchhhxx 0.583
71 xchhcchhhhhhhhhcchhhcchhcchhcchhcchhcchhccchhcchhcchhcchhhhcchhcchhcchhhcchhcchhxx 0.583
72 xchhcchhhhhhhhhcchhhcchhcchhcchhcchhcchhccchhhcchhcchhhhcchhcchhcchhhcchhcchhxx 0.583
74 xchhcchhhhhhhhhcchhhcchhcchhhhhhcchhccchhhcchhcchhhhcchhcchhcchhhcchhcchhxx 0.617
77 xchhcchhhhhhhhhcchhhcchhcchhhhhhcchhccchhhcchhhhhhhcchhcchhcchhhcchhcchhxx 0.65

�����
	���
������������������ 
"!$#�
"%&�('�)*	�+-,/.�01#�243���5�26,/7���,8�$#-,9!;:=<"7�>�2?	;:=5A@ 
"�$#-,B7�5C�D#-,E���;,B5F2G'E0IH
.D#�5�2J
10
�(K
��	���K�	���� 
4LAMN2�
"7;:=	�%O)F5�7�
D+�	P3$���"
 �
	���#�< Q42G,E���(K12SRUTATVT�W/XY�[Z�
D��2J
 ��.10Y,*\V]^26,_���(K�2`5�7�3a5�2G#-,/7b,
���
'��(K�,E+c#cK�5V)d5FH(��
"7���#�.D'e5/�f5f:=5�W�gAT/hi�kja
�2G,l�f5/+�	�)F�b,m26'�7$��	���	CK�5l����58�n�('�)*	$+-,8.101#poaH(��5�7��q5�26,f�
.�rq2G#c+�5�2G,P�(K
��	$�$K�	$��,i3a5/+c#cK1'�3s5�2G,nt=2G,E���(K�2G'Cuv�_,/.�#w
"��#w5A��
ExYoy3���, 26,f�zr�
D����,8%V5A�;,E+���5VH
Q^���Y'��
�DK�,A:=	a�
{|��,E��	80
}8. 
~����5/��#��('�)*	�+-,/.�01#�5�7�3s5�2G#-,/7b,E0
}Btp��,8!�+�5/�f5�2G,8�q'�)Cx|3���>A!s5V)�7�5/�f5V�b,/��#-,O�$#�
��;��'�. �"��
"%V5
3���� 
"�
	���#�< .�#-,f�



���[w �����������	��

���������������	��������������� �"!#�$��!#��%������&�'����%(�)�*�+��
-,�.

00 xccccccccccccccccccccccccccccccccccccccccccccccccccccccccccx 0.0000
30 xxhhcccccccccccccccccccccccccccccccccccccccccccccccccccccccccx 0.0167
59 xxhhcccccccccccccccccccccccccccccccccccccccccccccccccccccccccx 0.0167
95 xxhhcccccccccccccccccccccccccccccccccccccccccccccccccccccccccx 0.0167
130 xxhhcccccccccccccccccccccccccccccccccccccccccccccccccccccccchhxx 0.0333
137 xxhhccccccccccccccccccccccccccccccccccccccccccccccccccccccchhxx 0.05
158 xxhhcccccccccccccccccccccccccccccccccccccccccccccccccccccchhxx 0.0667
168 xxhhccccccccccccccccccccccccccccccccccccccccccccccccccccchhcx 0.0667
184 xxhhcccccccccccccccccccccccccccccccccccccccccccccccccccccchhxx 0.0667
185 xxhhccccccccccccccccccccccccccccccccccccccccccccccccccccchhcx 0.0667
187 xxhhcccccccccccccccccccccccccccccccccccccccccccccccccccchhccx 0.0667
192 xxhhccccccccccccccccccccccccccccccccccccccccccccccccccchhcccx 0.0667
205 xxhhccccccccccccccccccccccccccccccccccccccccccccccccccchhcchhxx 0.0833
207 xxhhcccccccccccccccccccccccccccccccccccccccccccccccccchhccchhxx 0.0833
212 xxhhccccccccccccccccccccccccccccccccccccccccccccccccchhcccchhxx 0.0833
217 xxhhcccccccccccccccccccccccccccccccccccccccccccccccccchhcccchhxx 0.0667
247 xxhhcccccccccccccccccccccccccccccccccccccccccccccccccchhccchhxx 0.0833
250 xxhhcccccccccccccccccccccccccccccccccccccccccccccccccchhccchhxx 0.0833
257 xxhhccccccccccccccccccccccccccccccccccccccccccccccccccchhcchhxx 0.0833
258 xcccccccccccccccccccccccccccccccccccccccccccccccccccchhcchhxx 0.0667
280 xccccccccccccccccccccccccccccccccccccccccccccccccccchhccchhxx 0.0667
282 xcccccccccccccccccccccccccccccccccccccccccccccccccchhcccchhxx 0.0667
289 xcccccccccccccccccccccccccccccccccccccccccccccccccchhcccchhxx 0.0667
306 xxhhccccccccccccccccccccccccccccccccccccccccccccccccchhcccchhxx 0.0833
316 xxhhccccccccccccccccccccccccccccccccccccccccccccccccchhccccchhxx 0.0667
323 xxhhccccccccccccccccccccccccccccccccccccccccccccccccchhcccchhxx 0.0833
346 xxhhcccccccccccccccccccccccccccccccccccccccccccccccchhcccchhxx 0.1
349 xxhhcccccccccccccccccccccccccccccccccccccccccccccccchhccccchhxx 0.0833
352 xxhhccccccccccccccccccccccccccccccccccccccccccccccccchhcccchhxx 0.0833
358 xxhhccccccccccccccccccccccccccccccccccccccccccccccccchhcccccx 0.0667
385 xxhhcccccccccccccccccccccccccccccccccccccccccccccccccchhccccx 0.0667
387 xxhhccccccccccccccccccccccccccccccccccccccccccccccccccchhccccx 0.05
391 xxhhccccccccccccccccccccccccccccccccccccccccccccccccccchhccccx 0.05
395 xxhhcccccccccccccccccccccccccccccccccccccccccccccccccchhccccx 0.0667
408 xxhhccccccccccccccccccccccccccccccccccccccccccccccccchhcccccx 0.0667
410 xxhhcccccccccccccccccccccccccccccccccccccccccccccccccchhcccccx 0.05
413 xxhhccccccccccccccccccccccccccccccccccccccccccccccccchhcccccx 0.0667
415 xxhhcccccccccccccccccccccccccccccccccccccccccccccccccchhccccx 0.0667
417 xxhhccccccccccccccccccccccccccccccccccccccccccccccccchhcccccx 0.0667
430 xxhhccccccccccccccccccccccccccccccccccccccccccccccccchhcccccx 0.0667
432 xxhhccccccccccccccccccccccccccccccccccccccccccccccccchhcccccx 0.0667
439 xxhhcccccccccccccccccccccccccccccccccccccccccccccccccchhcccccx 0.05
440 xxhhccccccccccccccccccccccccccccccccccccccccccccccccchhccccccx 0.05
456 xxhhccccccccccccccccccccccccccccccccccccccccccccccccchhccccccx 0.05
458 xxhhcccccccccccccccccccccccccccccccccccccccccccccccchhccccccx 0.0667
464 xxhhccccccccccccccccccccccccccccccccccccccccccccccchhcccccccx 0.0667
488 xchhccccccccccccccccccccccccccccccccccccccccccccccchhcccccccx 0.05
494 xchhccccccccccccccccccccccccccccccccccccccccccccccchhcccccchhxx 0.0667
495 xchhcccccccccccccccccccccccccccccccccccccccccccccccchhccccchhxx 0.0667
497 xchhcccccccccccccccccccccccccccccccccccccccccccccccchhccccccx 0.05
505 xchhccccccccccccccccccccccccccccccccccccccccccccccchhcccccccx 0.05
513 xchhcccccccccccccccccccccccccccccccccccccccccccccchhccccccccx 0.05
527 xchhcccccccccccccccccccccccccccccccccccccccccccccchhccccccccx 0.05
538 xchhcccccccccccccccccccccccccccccccccccccccccccccchhccccccccx 0.05
542 xchhccccccccccccccccccccccccccccccccccccccccccccchhcccccccccx 0.05
543 xchhcccccccccccccccccccccccccccccccccccccccccccchhccccccccccx 0.05
545 xxhhhccccccccccccccccccccccccccccccccccccccccccchhccccccccccx 0.0833
555 xxhhcchhcccccccccccccccccccccccccccccccccccccccccchhccccccccccx 0.0833
557 xxhhcchhccccccccccccccccccccccccccccccccccccccccchhcccccccccccx 0.0833
563 xxhhcchhccccccccccccccccccccccccccccccccccccccccchhcccccccccccx 0.0833
592 xxhhcchhcccccccccccccccccccccccccccccccccccccccchhccccccccccccx 0.0833
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TVU�W@X,Y[Z]\%^'_[`a^cbedgfch�b[iKij\lknm.oRY@Z]^lij\piK_qWsr�tuhvopr oRY[ZwoyxVz{flX,|sr~}Vz{W��p\lY@Z7oS�&\c�{\v�Sh�_[`a^l\pt�}�Y@Z]flkcZ7o�_	W��
du\lX[b[Y,kl^p\Gd*r oe`atuh�r bO�������@����^�o��]\p�vb�W@X�_	W�^cb[k�dGZ&W�x,}�r oe`atuh�r�^�Y[Z7��ta�RtuZ7o�X�}�dn��kvb[kamq�I� hvo�xq\c��Z � � �
r b[i'Z�\lY@Z7oRi)b�r�t�^cb[tuhn�SZ]\-r oe`�Z7o�YLh�b�tn\c�Sr*\pY�kGd�ZS_	WR��Z�h�b[_	Wsr b[kam�iyW�U���kvb[kam�_	Wsr�tuhvoR�-Y.o�tu�[}[ha\c��_[`a^p\v�
t�}�Y@Z]flkcZ7o�_qW�dg\pX[b[Y,kl^p\�d�r�o�`atuh�r b���X[�7o�h�`a^l\pkam���W�Y@�.U�}[`voRkGdGZ@du\Gd�W�haWSkl^p\lY@Z7oS�

� _@`a^l\pt�}Lr�o�i)b�tao�ijWRhaY.��r oe`atuh�r�f��¡ u¢£m"¢�W�haWSkl^pW�Y,\�r oe`atuh�r oRi�ZVh�b[_�}¥¤p¦n�
r b[Y@Z��	�0kam,k�§¨m,m�mq�[�S`a\�o�k�d�o'X@r*|Skam�X,WSX.o�hn�LWsr b[kam©r�o�`atuh�rª�

� _@`a^l\pt�}Lr�o�i)b�_Voe`af�r�oe`atuhGr«hGb[_�}¥�¡ u¢£m�mq¢�WRhaWSkl^pW�Y�\�r oe`atuhGr�oRi�Z	h�b[_,}¥¤l¦n�
r b[Y@Z��	�0kam,mq§¨m,m�k��@��Z]kl^px.o%r�o�`atuh�r¬��Y[Z]\p^li�Z]\pY[Z]W�Y.o��]\lkp^�r�b[Y@Z���Wsr o�_.o�`po*dg\ptuh�_[`a^l\pt�}�Y@Z]fvhvo
W­dg\pX�YV�®_	W�^vb[kGdgf

� _@`a^l\pt�}Lr�o�i)byh�`a|�d��Lf�r�o�`atuh�r¯h�b[_�}��° u¢£m,m�m"¢[W�haW@kp^pW�Y�\�r oe`atuh�r oRi�ZVh�b[_�}¥¤p¦n�
r b[Y@Z��	�Ekam�m�m	§¨m�m,kam"�s�]}�xq�Em�m,m�ke§¨m�kam,m"�s�]}�xq�Em�m�m	§¨kam�k��er h�`v�Rkp\lY@Z]\-r�oe`atuhGr b�¤Er±t�\v�Sr�\lY[�
kGdgfjxV�RX�²joRY@Z]m[Z��7o�k�d�o�X@r*|SkamOr oe`atuhGr³�q�&^soe�]\p�lY@Z]\©WSXOi'Z]\Gdgt�kso¥_@`a^vb�z{W��lW�Y�\pU�W�_[`a^l\pt�}�Y@Z]flkcZ7o

´Eo�h�r�W'^soR}Lr�o��cb,���.�p\�h�`a^p\lkcZEr b[Y[Z���du\ltuh�^sz{W��p\lY@Z]\liKX@r*|Skam�_@Z]\v`�r�t�^vb[knm"�.i�Z7oRY,Wsr Z]kvZ]\��

� _@`a^l\Gdgµ�kcZ]\R��m�m�m	§¨kam�k�dg\ptuh�_[`a^p\�duµ�kvZ]\pi¶W@X@r `aWRhaYLb[i�rªtuhaW�t�}�Y@�[}©X�W®r b[Y@Z��[}�_[Z]\c`�r�tn^p\pU�W

� _@`a^l\Gdgµ�kcZ]\R�·kam�m,mq§¨m,m�kam¸ijW��lYVo¥`aW�^�z{W��vb[��Y.o��¹_[`a^p\lt�},Y[Z]fpkvZ]\�kam,mq§¨m�m,kO {r b[Y[Z��¨X[`a}�U�Zº¦�Z
^soRknm�Wsr�o�Y[Z]\�tu�S`voeduY�\Gd+r�o�`atuh�r b��¥Y@Z]\l^pi�Z]\lY@Z]W�Y,\�d mq§¨m

» Y.o��]W�URZ]kp^lYVo'o�Y.oe��Z�^�o%klW�`voR^�XVz{}��pt�^vb[kam�t�\c�Sr*\pY�kGd�Z"r oe`atuh�r¼h�b[_,}��½ 5_.oeh�`a^�Y,_"�-`�b[tl� � � ��¾ o�¦0_	WR��o��
^so�z5o�x�bL���p\���oR�pX.�%_[`a^l\pi�Z7oRY,f�t�\c�Sr*\pY�kGd�Z&_	W���Z�h�b[_	Wsr*\Gd��S`nb[t�^chvo�z{}�_	Wsr�tuhvo�z5��r¿W�_.o�`akvZ]}�W'_[`a\p^p\lY[�
haWsr�o�YLbyijWSX�\c�q_@`a^l\pt�}�Y[Z�fl��_Vz5oRt�^pkl^cb[^lY½�G�����@���ÀiyW��pY.o�^�o�_[Z]tao��+d�oe�LW®^�z{W��l\pY[Z�\�X[r�|Skam�_	WSX�tuhvopr*W��
r b[kam¥W�_	\v`vo�k�dGZ5�

� Á ¤c�.¤ §Â�.�V�   � �ÄÃ ¾ ¦
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�-r�WR�]},k�duf¥`aW�^v��z5o�X�} XVz{}�U�W�µ�kcZ�X�W�iy\pY�Y.o�dgX�W�U�WSX,Y[Z]\Gd�du\ltuh�_[`a^p\lµu�]\pX�^cZ]�·Y.o¡_[`a^cb@��z5o�X�^cZ]\¹xVoe`aX,^lW
X.z{},URZ]\Gd*t�\c�Sr*\pY�kGd�Z kl^cb[tuhc\pU�Wj_	WR��Z�h�b[_�}����½�[`�b,tp� � � � Ê��

��� Å����:�����c���Ä���@���À� _	WSkl^s�eh��LWsr*\Gd+�5oR^cZ]\�_@`cWSkp\ptn}©W�_	\v`vo�hcW�` � Æ,Ç X,^vZ]\c��Z"��o��lXV�)X.z{},U���r bedG�
µ�kcZ]Wsr��%X�W�iy\pY�f���� Y.o)X@r Z]\�ijY[Z]\Gdutn^p\� ºr�kvZw�R��X�}��p\�¦n�[hGr*W�`a^���kIdu\lX,Y.��Z]^pWR��Wsr�oRYV�%r�oe`atuhGr*f
�¡ {r�^v`aW�tuh*��Z]kp^p\lx�Y,W�µ�kcZÀX,W�ij\lY©W�X.z{},U�W�µnkcZI�e¦#Z X[r Z]\­r�o�`ctuhGr b�¤s�

��� Å����K�����Ä���[���c���Ä�[�e��� _	\cr�YLb[i ijW�ij\lY,kvZ]\�URr o�zwhaWsr�Y[Z]\�r�^v`vo�tuhvoO_[`vopr�X�W�_	WSX�W�x[Z]\� [�
tuhGr*Wj^lYVoe�]\p^vZ�\lY@Z7o��@`a|�h��SZ]\�d"!#!�X,W�ij\lYLb�m,\v�[tao�U�W�Y.oe�]Y,\�d�ZEhaWj_[`vo��Sh�b[kp^lY@Z]\�Y@Z]\l^soe�]\p�pY[Z]\®WSX�dg\Gd
XVz{}�U�W�µ�kcZ5�%$�Z]\pklW·x.o�`aX�^cZ]\�d�_[`vopr�X,W�_	WSX�W�x�Y,\)tc��X�W�ij\lYLbOY.o�d��S`a|Rhat�^p\�!'&p�)(�`�b[t�^chvo�z W�tgZw��ULo
_@`a^l\Gdgµ�kcZ]Wsr b¹tuhvoRY�Y[Z]\p}�_	W�`a^���X[�LWsr�oRY@Z7oS�Vrª�Sha|R`�b[i `aW�^c��z5oRX·X.z{},U�W�µ�kvZ&X,W�ij\pY'du\ltuh�*Gx@Z7o�zwb�+
 5_@`vopr­X,W�_	WSX�W�x[Z]\� �tuhGr*W�^lYVoe�]\p^cZ]\lY@Z7o���oR�pX�\Gd*XVz{}�U�W�µ�kvZ,dg\ptuh­_	WSX,W�x�Y,\�¦n�

��� Å��,�¨�G���Ä�@�-�s����� X.oe�]t�^cb[i¶kvZ7�LU�}¹YVoRtuhafl_,}Rdu\�`aW�^lx@Z]kvZ]\)X,W�ij\lY�W'x.o�`aX�^pW'^c`a|��pY[Z]kpWsr�o�Y�\Gd
XVz{}�U�W�µ�kcZ�YVo¥�S`a|�hat�^l\��+W½_	WSX,W�x�YLb[kam±X.z{},U�W�µnkcZ7o�kam"��.�\pX�Y�WSkp^l\pµ�Y[Z]\�W�_	\v`vo�haWR` � Æ�Ç h�r�WR`a^cb
_@`a^vb·��o��lX@b,i _	WSX�^cZ7oe�]\�X�W�ij\pYLbydu\lX,Y.�yZ]^lW��]Wsr�o�Y.��r�o�`ctuhGr*f'�q�&Z�kam°��Z]kp^lxVo®du\ptgh�r Z]fpkyY@Z]\v�
_	W�i'Z]\c`aY[Z]\jr Z]fc�[t�^�o·WSX¨X�W�ij\lY¨W�r Z]fv�[t�^cb,knm¸X.z{},U�W�µ�kcZ7o�kam"�+`�b[tp� � � � Ê�x"�0/-`a^vb°ha\Gd®W���oR^Gd�Z
o�Y�W�i�o��]Y[Z]\�r�^c`voRtuhvo�ha\l� ��Z]kl^px.o)X,W�ij\pYyW)XVz{}�U�W�µ�kvZ21��@^�`voRkGd�ZVr�z5oRt�Y�W�µ�kvZ"W�_q\c`voehaW�`vo � ��( WR�
�]\GduY.�©ijW��c��Z�r��'��W�Y�r�\v`at{d���dg\ptuh�*GX,WR�S�]\Gdg\pY[Z]\3+)r*fpX[`a}Rd��Rkcb[kamOX,W�ij\lY¡¢£m�mq¢ X,W©_	Wsr­tuhvo�dn��kvb[kam
r�X�},�vb[kamjZ��]W�µ�kvZwoRkam�X�W�iy\pY©W®X.z{},U�W�µ�kvZ7o�kamO��Z21�� T,r Z]fc�[t�^�o�haW)_[`vopr�X�W�_	WSX�W�x@Z]\4 ,tuh�r�W�_	W��
r�tuhvo�Y[Z7o­X�W�ij\pY51�Z76® 5i©oe�[tuZ]i©o Y.o�`�b[tp� � � � ÊRx	¦n�98�W���W�YS}Rdu\�tuZ]f�Z]YLr�\v`at{dno�W�x�taoRX,^l\� 'X,W�ij\pY
W�X.z{},U�W�µnkcZ7o�kam)��:,1��<;�:�6S�,Z�haX"�#Y.o���W�`c^cb[µ���hGb[kam¥Y@Z]\l_Voe`a^cb[tghGb[kam"�

��� Å��=�¨�����]�����s���
> |lr­Y,WR�]\pUR�]\�W�_	\v`vo�k�du\®Å Z#Å Æ�Ç * `aW�^l_[`aWsr oRX,^�o�dn�?+�Y[Z]\c`a|sr�Y�Wsr oRU�Wsr*\�X�W��
ij\pYLb W±Y[Z]\p_.oe`a^cb[tuh�b[kam¸XVz{}�U�W�µ�kcZ7oRkamq�«� ha\pY¸t�_	W�t�|�x�`a|sr�Y�WR��\lU��]\¹X,W°_	WSX�^cZ7o�z{}¸X,W�ij\pY
XVz{}��pt�^vb[kam�YVo��S`a|Rhat�^l\�Y.oRtuhafp_�}�dg\ �LW�YLr*\c`at{dno�YVoRX@`c\p_[`a\p^l\pYLhaWsr�o�YLb[kamyYVoedG�S`a|Rhat�^vb[kam©X,W�ij\pY
r��S`�b[t�^vhvo��]\R� !�oe�[tuZ]i©o®^­`�b[tp� � � � ÊRx¥^so�Y[Z���oed��S�

��� Å��A@ª���5$�o�tuhafl_,}Rdg\�}[�{WR`aijWsr�o�Y[Z]\�W�tuhvoeha\pkl^pY�\pU�W%`aW�^c��z5oRX�}yr�Z�\v���LW�µ�kcZ&X�W�iy\pY©kam.o�`voe�Sha\c�
`�b[tuhGb,kp^pY�\pU�W�X[�7o)�S`�b[t�^chvo�z{}�kso�zw�LWsr Z]kvZ]\)Y@Z]\l},_	WR`a^s�RX[�LWsr�o�Y�\pU�W@�

/-`aWSkp\lt­r�_[`aWsr�o�X�^soRY@Z7ojx.z{fpX�|sr }Vz{W��p\lY@Z7o�X�WjZ]Y,YLb[kamO_	WR��Z�hGb[_	|sr  B;��½�2C��½�ED��·¦�_@`a^l\px[Z]\pU�o©_	W��
X�W�x�Y@Z]\) {`�b[tl� � � �GF ¦0^ hGb,i ^soRtuh�`a^p\l�p\lY@Z]\li��[�p\�x.o�`aX�^pW�XVz{}�U�Z]\�X�W�ij\lYLb®m�\c�[taoRU�W�YVoe�]Y,\�Y[Z]\�Z]tuhcY@Z]\�d��
rKY[Z]kam¸WSX�tao�iy\pU�W¡_	W@kp^s�eh��[}"�+r Z]fpk�_[`a^l\pX�i�Z]W�hc\pi X�^cZ]\c�]\lY@Z7o°ta�·`vo�kl^p\GdyWSX�_	Wsr Z]\pX�Y@Z]\R��X.z{}�U�Z]\
HBHJILKNM"ONP�QSRUTWV�X�Y"KNMZV\[-]"[^Q`_ba^Yca-de_^f4Y3gBh#Qia^Y3jkRl[4mnV2m"TUgJhlQoYpVqRUTlr^OsTltua-de_^f�YvgBhlQ�KNwZxZaG_�P�Q`yoP�_-a^w#QoRpzUQoxphlQ`_bVq]"KNzUO{V�t
H{|~} V�d�]3zBwphZwZ]�V�X^KNw#mGX-]va^P�_�[-]"[-YvP�KBm^zBw#ON]�d�MZV��^a^YvP^d�]3aG[^QSRUTUzBwp]
aGm^zBP�_-z�TU]ka^]�ySRUTlt
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X�W�ij\lYLb0;��½��C�� Z�D �O� T	oRkam,Wsr�}Rdn�±YVoehaW�i�Z7o�tuhyr oR�pY�W�µn��}Lr�o�URZ�Y.o½hc\pi©oehj��W�YLr*\c`at{d�Z�YVoRX@�
`a\l_@`a\l^p\lYLhaWsr oRYLb[kam�Y.o�d��S`a|Rhat�^cb[kam¹X,W�ij\pY¥m�\c�[taoRU�W�Y.o��]YLb[kam�Z&hGr*WR`a^p\lY@Z7ojW�tuhvo�ha\lkp^lY,\lU�Wj`cW�^c�Vz5o�X�}
X�W�ij\lY�tuh�`a}[�Sha}[`�b±Y[Z]\p}�_	WR`a^s�RX@��Wsr oRY�\Gdv� /-`aWSkp\lt�`aW�^p_	WR`a^s�RX[�LWsr bSr�o�Y[Z7o·tuh�`a}[�Sha}[`�b 1 � dg\ptuh©r
`voRi©o�kam°_[`a\p^l\pYLhaWsr�o�Y�\pU�W�iyWSX,\v�]}±k�o�zw��Wsr Z]kcZ]\�Y@Z]\l\c�º\c�Sh�bSr�YLb¸ {`�b[tp���S� �GF ����� ¦n� !¥W��lYVo�iy|sr Z]�jW
kso�zw�LWsr�Z�ha\Gd `a\l^cb[tuh�bSr�Y�W�µ�kvZEXVz{}�U�Z]kam¹X,W�ij\pY 1 � YVo)r�_[`aWsr oRX�^so�Y[Z]\�x.z{fpX�|sr }.z{W��l\pY[Z7o�W�_[Z]tubSr�o�Y.�
ij\vhaWSX.���

>*|sr­Y,WR�]\pUR��\IX�W `aW�^l_	W�`a^���X[��Wlr�bSr oRY@Z7o X�W�iy\pY�m�\c�[tco�U�W�Y.o��]YLb[kam®Y.o�tuhafl_,}Rdu\#h�r�WR`a^p\lY@Z]\� 5tuh�`a}[�S�
ha}[`vo0� �½¦y�]}�x¿_[`a^l\c�[t�^vhvo�z{kl\pY[Z]\¼ 5tuh�`c}@�Sha}[`�b ; �O� C��½� D �½¦y`aW�^c��z5oRX,}�r Z]\v���LW�µ�kcZ'X,W�ij\lY 1 � �
`�b[tp���S� �GF �-��W��]}�ijY.o ���g�"� _@`a^vb[_.o�X[�[}·tuh�`a}[�Sha}[`�b ���È��oR�pX[b:o��Sh)_qWSX,^vZ7o�z{}°X�W�ij\lYLb·_[`a^cb¡_	W��
ijWSkvb°W�_	\v`voehaW�`vo
	 Æ�Ç h�r�WR`a^cb°X[r Z]\jX�W�iy\pYLbA1 � W·X.z{},U�W�µ�kvZ��½ {r oe`atuh�r b·hGb,_,}:¤l¦n�  #oe�Or Z]fpk
WSX�tco�ij\lU�W©_qWSkp^���h��[}¹_@`aWSkl\pt�}¹YVoRtuhafl_,}Rdu\)_[`a^cbS`cW�tuh�Z]kam���Z]kp^lxLbL��� Z]Y�YLb[kam·_	W���Z�h�b[_VoRkam·X�W�iy\pYLb
1 � r b[tuhafl_,}Rd��·Y.oehGbSr�Y[Z]\��*Y�_q�¸r�;�� i©o�dn�·W�Y�\¥XVz{}�U�W�µ��°���*Z�YVoRtuhafl_,}Rdu\�hGb@����WOZ]knm¸��W�YLr*\c`��
t{dnoyX�W©Z]Y,Y�b[knm½XVz{}�U�W�µ�kcZÀr�WR�LWR��Z]kp^pY�W�µ�kcZ7oRknm°_	WSX�W�x,YLb[kam·X�W©W�_@Z]taoRYLb[kamO_	W�_[`a^l\pX�Y@Z]W©X[�7o©X,W�ij\pY
m�\c�[taoRU�W�YVoe�]YLb[kamq�

/ WSX%��W�Y[Z]\pk�_[`aWSkl\pt�}®`aW�^l_	W�`a^���X[��Wsr bSr oRY@Z7o®  � Åb� @ª���L¦ hGr*WR`a^cb®tuZ]f ��W  �kpWsr b)`aW�^c��z5oRX�r Z]\v���
��W�µ�kvZ�X�W�iy\pY 1 � W@X,_	Wsr Z7oRXVoedn��kcb�tuh�`a}[�Sha}@`c^p\¥kso�zw�LWsr Z]kvZ�\°Y[Z]\p}�_	W�`c^s�RX@��Wsr oRY,\�dc�*Z]X,\lYLhGb[kl^pYLb ^
`aW�^c��z5oRX,\li X�W�iy\pY ���½�
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> W�^v��z5o�X®X.z{},U�W�µ�kcZ�X�W�ij\lY)kso�zw�LWsr Z]kvZ]\�Y@Z]\p}�_	WR`a^s�RX@��Wsr�o�Y�\pU�W��S`�b,t�^chvo�z{}�dg\ptuhÀ`aW�^v��z5o�X�\pi r bS��z5oRX@�
Y[Z]kp^cb[i¥�	klW�X,W�x@`a^l\�r Z]X.o��)Y.o�`�b[tp����� �?F  5_@`cW�tuhvo®��Z�Y[Z7oj`aW�^v��z5oRX,}¹X@�7o � Åb� @������'r tu��oe��Z-�]W�U�oe�
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ta�RX,^vZ]i�b:��dg\pX�YLb[i ^¥_@`vopr�X�W�_	WSX,W�x,Y�b[kam±ij\lkamVoRY@Z]^lij|sr `a\c�7oe�[tao�k�dGZ�Y.oR_@`afl�p\4 ¨r¶tuh�`c}@�Sha}[`voRknm
���½� /-`a^l\pi�opr Z7o�dn�¡^�o¡hGb[i X[r oO�5oe�ShGb	�:Y.o�dgijY[Z]\Gdgt�^so°\pY�\c`aURZ7o±_[`a^p\�duµ�kvZwo X@b[tu�]WR��o�k�dGZ�r�z5o�µnY@Z]\
r�^lXVz{}���_.z5oRt�^pkl^cb[^pY �������[�e�®W�`voR^�W�x	\pklY�W�µ��¥rKX,W�µur Z7oRX,kl^soe�]YLb[kam�X.oRYLb[kam�X[bS�7`vo���kcbedgYLb[kam¸knm.oe�
`voe�Sha\c`�b[tghGb[kl^pYLb[kam¥^pi�Z7oRY�_qWsr�WSX�Wsr oRYLb[kam¥_@`a^l\p^�x.z{fpX[b¥}.z{W��l\pY[ZwoS�Vh�r*W�`a^���kl\�tuZ]f)YVo®tu�[}[ha\c�©h�b[kam
X[b[tu�]W���oRkGd�Z5�)$�o¥_@`c^cbS��z5oRX,^vZ]\jY.o�Y�W��S`�b[tn^chvo�z{|sr 	 � � _	WR��oR^soRY�W@�À�p\jW�x�t�\c`�r*Wsr oRY,\®r�r b[tnW��SZ]kam
kcZ]µ�Y[Z]\pY[Z7o�kam°URr o�zwhaWsr�Y�\%^li�Z7o�Y�b�r�z5oRt�Y,W�µ�kcZ0X@bS�7`vo���kcbedgYLb[kamOi©oeha\c`�Z7o�z{}·ijW��pY.o�r bedno�µ�Y[Z]�®^so�_	W��
ijWSk��O_@`a\l^p\lYLhaWsr oRY,\lU�W°ijWSX�\v��}"� !�oed��Rk·_	\�z{YV�Oµur Z7oRX,W�ijW�µ����*�p\¹ijWSX�\c� ha\lY�Y[Z]\�}Lr­^pUR��flX,Y[Z7o
t�^l\c`a\lU�}O^Gdnopr Z]tu�	�"�Sha|R`a\)^®_	\cr�Y�W�µ�kcZ7�j^soRkam,W@X,^��'`c|sr�Y,WR�]\pUR�]\%X�Wjr b[�l\Gd�W�_[Z]taoRYLb[kam�  d�oe��Y�_"��µ�kvZ��
Y.o�Y[Z]\ �S`�b[t�^chvo�z{|sr r�^pX.z{},��r�oe`atuhGr �������[�e��¦n��ijW��pY.o�_	Wsr Z]\lX,^vZ]\p�R�,�l\�_@`a^l\pt�}�Y@Z]flkcZ7o)_	WRdu\lX@b[Y�kp^vb[kam
r�o�`atuh�r �������@����ta�­dg\pX�YLb[iK^)ij\lkamVoRY@Z]^lij|sr�`a\v�7o��[taoRkGd�Z#Y.o�_[`afp�l\� ¥r¿Y.oRY,WR�S`�b[t�^vhvo�z5oRkam�Wjtuhn`a}@�S�
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ha}[`a^p\����CZ"_qW��S`a\vr�YLb[kam� 5Y�_"�-tuh�`a}[�Sha}[`voRknmyYVoeduU�fptuhct�^p\lU�W®},_.oe�LWsr�o�Y[Z7o�^­x.z{fpX.oRi�Z	}.z{W��l\pY[Z7o��edno��
�
� � kl^cb! � �#"%$'&)(+*"¦n��/ WR��o�^�o�Y�W@�*�p\�W�_@Z]tubSr�o�Y�\©r _@`voRkcb« -,cÃS�ÄÃL¦)ij\vhaWSX@b°W�x[��Z]kl^p\4 �#. � ��� ! � �
r X[bS�w`voe��kGdGZI_[`aW�tn^c��Wsr�\�d�_	W�^cr�o��7oed���µu�]\pX�^cZ]�©_[`a^p\li�Z7oRYLb·X�Wsr�WR�]Y@Z]\j^�z{W��lW�YLb,knm:tuh�`a}[�Sha}[`)oehaW�iyW��
r b[kam"�Sr¯h�b[i \cr*W��]}�kGdgf�du\lX,Y�Wsr b[i�Z7oe`aWsr*\pU�W)Y[Z]\p}�_	WR`a^s�RX@��Wsr oRY[Z7o�YVoRY,WR�S`�b[t�^vhvo�z{|sr��[Y[Z]\piyW��v��Z�r�\
X�W�}�kamLr b[kp\lY@Z7o)h�`voRX@b[kvbeduYLb[i'ZVha\lknm�Y[Z���o�i�Z5�

/10+2 3547698;:9< 4>=@?BA9CEDGFH4BI	69I�CE?KJL:
M NPO�QERSQUTWVYX[Z>Q'VL\]NUZEQEZ_^#`PO'a�Vb^SOBcd\�O�cdOfe#g�hSiUgkjUTWV�O�\]NlVLjEO'a�Vb^#gmjPnpo1ZU`UO�RqRSOrVL^)VYXsT[QUg7\mNlVut�`-gmjEQ_^#gmjPn
Q'VLv#VLRS^]T[Z4 xw

y (>ObNPQlgmcz`lVu{}|bj~QHT�^m��ObNPo�VLj�{-T�Q'VEa�VuNd`-gmjPn�a�jEQ_�E�djlT#`PZ_ObNPZl`�gmj_QE^SZ�{�\�OLt�VbQuVb^SO]�fiEZ~o1Zl`PO�R�VHM�VuNdNUZE^�Vu�
�;� ZUNPe�VbjPn�Vqa�\mNPQUgm\�VbRmtmh%\]NPO�cdQUt��'a�QrcdQ_ZUNPOLt�T[oKT�NPOfQltS��VbR�Vbo7T�a>T[ZUXst�Of�djlT~QUTWVYNPZE^�\]NPO'a�VbRSQUT
RkO%e)���_RS^#gmjPn�a>gm^mTst��'aB��^�VEa�ZU`�a�\]NPQlgm\�VbRmtmhx��v�Rmg�R)VL^kZ7^mT[ZKcP|9Ofe�VuNUjEQEO�^SZKe����ERSZEo�\�Ob�
oKTWVuNPO'a�gmo�w

y ��emXsT[jEQEZ_^]TWV �#. ��� � ! � ��\xO#��|LjEQEO�^SZ1QKRSO�\)VLcdO'a>VL^mT�Z_o�R)VL^#gmjPn�RkO��za>TWVbRSj_Q'VuX[^#gkj}n���^S\xwp\mNPQUg
\�OfopO�jUg�VuX[v�ObNdg�`Uoqh�vfZ_^kZl`�gmj_QE^SZEv�O� �\�OfQla>VYXWVu{}|�Ob`dNPQlgmo�VL¡r\�Z'��^#g�Of\mT[c�c+`dNPh]t�`Uh]Ndg�VY`POfopOb�
a	Z-{�T¢oKTst�NPO�cz`dNPhmt�`Ph]Ndg�o�VY`PZUNdTWV����'a£^�Vb^SO�o1ZU`dNUO'a>gmjPnxw�¤~VYt�|�VL^)VYXsT[QE�7o1Ofi_^)V1c+`POfcdO'a�Vb¡�RSO
\]NPO�cdQUt��'aB�¥t�`P�LNPZ�\xO�RkR�VEa>VL^kZ�cP|¦R)VYX[cdQUgmo e�VbR�Vb^mT[Ofo%�¥^k\�w�cd\mT[ZUt�VL^]T[h�e�|bRS§9Obt�NPZ_�zXWVb^mT[h
a�\)�¨g�a©hpa�T�ZlXst#O��djUT�QlT¨VYNP^�Vq^�Vªa���Vbcd^SOf�djlT�«)QlgmjEQ_^kZ�^)VL^SOfo�VY`PZUN}T¨V����'aBw

y­¬ O!Vb^�VuXsT[QUg®RShSiUgmjPn5TsX[O��djUTªR)VL^#gmjPn5RSO��za>TWVbRSjEQuVuX[^#gmjPn®o1O�iE^�V¯cz`PO�cdO'a>VL¡¦\mNPOfc+`l|�opZU`PO�RS�
°_±ª²´³µL¶k·µL¸º¹ w�M�gmQE^�Vbj_Q'V�Of^�V¯\�Zu��^#g­NPO�QUtS��VLR!a>T[ZlXst#O��djUTªQUTWVuNUZE^���VuX[Z1{+ZEcz`�a>NEVbiUXsTsa�V�^�VQE^mT[ZUtmcdQl`lVf��j_ZE^mTWV1X�T[^mTsT~Rmg��¨NlVYt#jlgY{z^#gkj}n�\�O�jPnSO�RkQu|bjlgmjPn»^S\xw�O�R�e)���_Rk�'a�h���Ofi_ZE^mTWV»��a�VbRmg9`PZ�{
^]T[Z�o�VY{d|rOfemXsT[jEQ_ZE^mTWV �#. ��� � ! � �u�St�`P�LNPZ¢{+ZERS^�Vut9cP|r`dNPhSRk^mT[Z�{+cdQEZ�OfemXsT[jEQ_ZE^mT�O'a�O] }w

y � ^)VYXsT�QuV�NPO�QE\mNlVbc}Q'Vb^mTWV�^mT[czt�Obt�|Y`PO'a	Z_vfO¼�-½
¾�½¥ ©\xOfQla>VYXWV�^�V�e�VbR�Vb^mT[Z1h���Ofi_ZE^mTWV»QUTWVYNPZE^��
a
`�gmo¿�¨NlVYt�`lVuXsT���a�^)VL^kO�\]NUOfcdQltmhxw�À�X[Of�djlT[O'a	ZrT[^m��OLNPo�Vbj-{zZ�O�\mNPO�jEZ_czT[ZB\��Ut�VL^mT¨VpczT[�r��VbÁSjEhSjPnk�'a
�¨NlVYt�`lVuXsT�a�^�Vb^SOf\mNPOfc}QUtmh9o�VY{d|�\�O�RScz`lVEa	O'a�Z�Q_^�VbjEQ_ZE^mT[Zra�\]NPOL{+ZUt�`PO'a�Vb^mT[h�\mNPO�j_ZEcd�'a�\mNPOb�
Rkhmt#j-{�T�cdhS\�ZlNd`�a�VuNPRmgmjPn�jEZlNlVLoKTst9^)VL^SOfo1Zl`dNPO'a>gmjPn�w

y ��emXsT[jEQEZ_^]TWVK`UZEObNUZU`-gmjEQE^SZBRmg��¨NEVut�j�{-T�\�O�QUa�VuXWVY{d|7�zX[ZERSQUT[¡ro1Zl`PO�R�Vbo7T�Rmg��¨NlVYt#jlgY{z^#gmo7T�Q'��O�iEO�^kZ
\]NPO�j_ZEczg¼aÂQuVbjPnSO�RSQ'|bj_Z9aÂQlT¨VYNP^�VbjPn�^�Vb^SOfopZU`dNPO'a>gmjPn�w�Ã�Obt�VLQ'VL^kO�^�V¦\]NPQlg�tS��VLRx�Äi_Z�^�Vu�
^kOLt�NdgmcdQl`lVf�¨g 	 � � aÅa>gmcdOLt�T[oÂjlT[�d^]T[Z_^]T[h¦^mT[ZEn�gmR]NPO�cz`lVY`�gmj_QE^#gmoÆh]X[ZEv�VY{d|1O�RmtmcdQU`EVf��j_ZE^mT�O�o
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\]XWVLcz`�gmj_QE^#gmoÆ\�O'a	O]RkO'a�Vb^#gmo¿\mNPQEZEQ�NPZUXWVYtmcPVbj-{z�r^�Vb\mNP�_iEZEÁ9T[jPn¦czT[ZEjlT�t�N}gmcz`lVuXsT[j_QE^SZ�{lw��#gmoqhm�
XWVbj�{}V�`PZEv�O�\mNPO�jEZ_cdh�Of\�VYNd`lV1^�Vp\mNPO�cz`�gmo´opO�RkZlX[h¦\]NUQEZEcdhS^mT[�E¡�a>VYNPcz`�aC�����������	a \�O���|bj_QEZl�
^]T[h1Q�O�e]XsT[j_QEZ_^]TWVLoKT ��. ��� � ! � �BR]g��WNlVYt#j-{�T�^)V�opO�R]g�«St�O'a>VL^#gmjPnKcz`dNUh]t�`PhmNlVYX[^]T[Z	^�VL^kO�QUTWVYNP^)VLjPn
\�OfQla>VYXWVªa>T[ZlNP^]T[Z�O�Rm`�a�ObNPQlgm¡©O�eScdZUNda�O'a>VL^SZ�RSOf�za>TWVLRkj_Q'VYX[^]T[ZL�)czTsX[^mT[ZBQE^mT[ZUtkcdQU`lV���jEO�^kZ�a�gmcdOb�
t#O�jlT[�d^]T[Z_^]T[O'a�Z�t�NPQlg�a	Z�R]g��WNlVut�jUgY{+^SZbw
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NlVbj_�r^]T[^mT[Z�{+cdQ'|�\�O��za>T[�Ej_Of^SO�Rmg��¨NlVYt#j-{�TH^)Vp\�ObXsTst�NdgmcdQl`lVf��VLjPn¦^�Vb^SOfopZU`dNPO'a>gmjPn�w �#tS��VbR�VY{d|KczT[��^�V
^mTW|Ä`}NPQUgªv#���'a�^SZ j_QE�_�djUT��HOfemXsT[jEQ_ZE^mT¨V�^�hSo1ZUNdgkjEQE^SZ~Rmg��¨NlVYt#j-{�T]\]NPO�cdQUt�O'a	Z-{U�LNPO�QUa�VbiuVb^mTWV�`UZEObNUZU`-gmjEQ_^kZ
OLNlVbQ�ZUtmcd\�ZlNdgmo1Z_^#`lVuX[^�V�a�ZUNdg�«St�Vbj-{dVra>gm^]Tst��'a�OL`dNPQUgmo�Vb^#gmjPn1a�Rma�h9\mT�ZlNda�cdQlgmjPn�j_QE�_�djUTWVLj}n�w

 �OLNPQlgmcz`lVu{}|bj¥Q¥T[^]��ObNPo�Vbj-{�T�Q'VEa�VuNd`-gmjPnBa j_QE�_�djUTm`PZEOLNPZl`�gmj_QE^SZ�{�\mNlVbjlg�a>g�t�VLQ'VL^kOm�LiEZ¥`dNlVLR]gmjlgY{z^SZ
o1Zl`PO�Rmg�VL^)VYXsT[QUg%\]NUOfcdQlt#O'a>gmjPn9R�Vb^#gmjPn%R]g]�¨NlVYt#jlgY{z^#gmjPn���M�VuNdNUZE^�Vu� ��� ZlNPe)VLjPn)V�T ��jPnkZlNdNPZUNEV# }�ma>g��
a�O�RkQu|bj_Z	czT[�>Q t]T�^SZ_o�Vu`-gmjEQ_^kZ-{�`PZEOLNdTsTkRmg��WNlVut�j�{-T]a¯{zZ�{Hcz`lVL^kR�VuNPRSO'a�Z�{�\�Ofcz`EVbjUT���cP|�e)VYNPRkQ_O�a>NlVbilXsTsa	Z
^�VqcdQ_ZUNPOLt#O��d¡�NPO�QUtS��VLRkh�a>T[ZlXst#O��djUTHQUTWVYNPZE^�w ¬ VY{d|�Of^SZ�\]NlVEa>T[R���O'a>g�O�e]NEVbQ�o7Tst�NPOfc+`dNPh]t�`Uh]Ndg7^�Vb^SOb�
\mNPOfcdQltmh�`�g�Xst�Oqa�c}QEjEQ_ZEv��bX[^#gmjPn�\]NPQlgm\�VbRmt�VbjPn�w

! ZUX[ZEo�\mNlVLjUg�e#gS��O	a>gm\mNPO'a>VLRSQEZE^mT[Z
Q_ZHa©QEOLNPh ¬ ZEe#g�Z#" V	`lVut]T�jPnªo1ZU`PO�RªVb^�VYX�T[QlgBR�Vb^#gkj}n�NPZE^#`UvfZl�
^SO'a�czt�T[jPnx��t�`P�bNUZ>\�OfQla	OLXsTW�¨gme#g7^)V�\mNPZ_jUgmQlgY{z^�|�jPn)VYNlVYt�`PZUNdgmQuVbj-{z��oKTst�NPO�cz`dNPhmt�`PhmNdgB\�OLXsTst�NdgmcdQl`lVf���'a
^�Vb^SOfopZU`dNPO'a>gmjPn�TScz`EVb^SO'a>TW�¨gme#gB��hk^mt#j-{zO�^)VYX[^#grO�RS\�O'a>T[ZERS^mTstBQ'��O�iEO�^#gmjPnKO�emX�T[j_QEZ_ÁK^�hSo1ZlNdgmjEQ_^#gmjPn
$ .&%(')%+*,%�-uw/.)Ofcz`lV���O�`UO�QlNPZ'VYXsT[QEO'a�Vb^SZ�^)V9RmNPO�RkQ_ZK\mNPQ_ZUtmcdQl`lVf��j_ZEÁ�Vb^�VuXsTs`-gmjEQ_^#gmjPn�a�Q_ObNPh ¬ ZEe#g�Z#" V
��\�OLN'w�N}gmcEw�0bw10B^�Vrcz`dN'w1032# }w

4�V�N}gmcEw65mw10B��cz`dN'w103798� 
\]NPQ_ZERScz`lVEa>T[O�^kO�R]TWVLvbNlVLo£a>gY{}Vb�d^mTWVY{d|LjUg7\�O'a>TW|LQ'Vb^mTWV©T[cz`P^mT[Z�{}|bjlgmjPn1T�^SOb�
a>gmjPn7ZUX[ZEopZE^#`P�'a­t�T[^SZEo�Vu`-gmjEQ_^kZ-{�`PZ_ObNdTsT�R]g��WNlVYt#j-{�TSOf\�VYNd`�gmjPn7^)V�NP�'a�^�Vb^mT[h ¬ ZEe�g#Z#" V�w;:>`dNPQUgmo�Vb^SZ
<>=@? ' $ ')%+ACBDAY.FEGAIH $KJMLN$�O#< E@PRQS* $#TU=@? \xOfQUa�OLX�TW��O%QUT[^#`UZUNP\mNPZU`PO'a�Vb¡7Rmg��¨NlVYt�`POfvLNlVLo \]NPO�cdQUt�O'a>gp{dVYt#O
cd\mX[Ob`�\�O#��O�iEZ_Á�XsT[^mTsT�R]g��WNlVut�jUgY{+^#gmjPn���R]g�t]`PO'a>VL^#gmjPn�\]NUQEZEQ�cz`dNPhmt�`PhmNP��Vu`PO�o1O'a�|# ~ObNlVLQ�\]NPOL«kXsT�XsT[^mTsT
��hSQ'VYX[ZEiE^mT[O�^#gmjPn�O�RqtmcdQl`lVf�¨`UhKt�Ndgmcz`lVYXsTs`P�'a� }wV:�RSRSQUT[ZUX[O�^kOBa>T[�_jWPX* <FY6O * YZ<\[ Vu`PO�o1O'a�|©o�VY`PZlNdTWVf��h7O�R
] % O^< -#PX* <XY6O * YZ< E1QUTWVYNPZE^9`-a	OLNPQ'|LjUgmjPn%\]NUOfcdQ_ZUt���NPO�QEv�Vf���_QUT[Z_^]T[ZrRmTWVbvLNlVbo�h�Q�NdgmcEw_5]w10b }w

4�VY{-a>VLiE^mT[Z�{+cdQUgmo a>gm^mTst�T[ZEo \mNlVbj�`PZ_ObNPZl`�gmj_QE^#gmjPn­e#gS��O�\�O]R)VL^]T[Z1a>g�NEVbi_ZE^mTWV�^�V¦\mNPOb«SX XsT[^mTsT
Rmg��¨NlVYt#jlgY{z^SZ�{�\mNPO�cdQUtmhBQ~NPO�QUtS��VLRSZEoºa>T[ZlX�t�O��djUTmQlT¨VYNPZ_^xw¢Ã�O�R�Vb^SO�{+ZHa¼��OLNPoKT[Z¢Vb^�VuXsTs`-gmjEQ_^kZ-{;T�c+tS��VbR�V
czT[��O�^kO%a>gS��|bj_QE^mT[Z�Q1��hS^mt#j-{�T�ZUX[ZEopZE^#`lVYNP^#gmjPn�w/4�VK{+ZEv�O¦\�O�RScz`lVEa>T[Z1O�\mNlVbj_O'a>VL^kOm�
o%w T[^xw�^kO'a�|
o1Zl`PO�RS� °_±D` ³µ ¶ · µ ¸º¹ wba�ZEcz`�`PO�^mT[Zq`-g�Xst�Oc' $edUfg< -@PX*,PhQ $ VYX[ZK�	a�ZER���hkv%^�VbcdQ_Z�{�^)VY{�X[Z_\kc}QEZ�{�a>T[ZERSQUg

0i5kj
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oddziaływanie
promieni X
z materią

wielkości mierzalne
w eksperymencie
dyfrakcyjnym

   (dyfraktogram proszkowy drobiny)

  równanie Debye’a

  Wilson (1949)

   (dystrybucja kształtu krystali tu SD(r ,R) )( RDF(r)/r  )   

   (profil  linii  proszku polidyspersyjnego)

rozszerzone równanie Debye’a dla kryształów

   (profil  linii  proszku monodyspersyjnego)

   (rozproszenie na pojedynczym atomie)

  

   (rozproszenie na pojedynczym elektronie)

FW
1

5
M , FW

4

5
M   (                              linii  proszku

                                  polidyspersyjnego)

  
fizyczna
idealizacja
(wielkości
abstrakcyjne)

(zbiór  położeń linii )   
równanie Bragga 
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