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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 fhT.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| OSKT0n�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,HfehgejiQc,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

�f� X�Gd�IP~cdN,J�c,P�m HQn�o,N&clp
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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_�ZFVN�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]^`bLmUWNrv�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
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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^ Rn�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 _�b6VNXT.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_OGn�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� � N>GF_�ZFV n 4Ka SKT�{2ORb O�n
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C[A] C[B] C[C]
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kinematyczna teoria dyfrakcji
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2H
00 xxhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhxx 1.000
11 xxhhhhhhhhhhhhhhhhhhhhhhhhhhhhhcchhcchhhhhhhhhhhhhhhhhhhhhhhhhhxx 0.933
22 xxhhhhhhcchhcchhhhhhhhhhhhhhhhhhhhcchhcchhhhhhhhhhhhhhhhhhhhhhhhhhxx 0.9
33 xxhhhhhhcchhcchhhhhhhhhhhhhhhhhhhhcchhcchhcchhhhhhhhhhhhhhhhhhhhhhhxx 0.867
44 xxhhhhhhcchhcchhhhhhhcchhcchhhhhhhhhhcchhcchhcchhhhhhhhhhhhhhhhhhhhhhhxx 0.833
55 xxhhhhhhcchhcchhhhhcchhhcchhhhhhhhhhcchhcchhcchhhhhhhhhhhhhhhhhhhhhhhxx 0.833
66 xxhhhhhhcchhcchhhhhcchhhcchhhhhhhhhhcchhcchhcchhhhhhhhhhhhhhhcchhcchhhhhxx 0.8
77 xxhhhhhhcchhcchhhhhcchhhcchhhhhhhhhhcchhcchhcchhhhhhhcchhcchhhhhcchhcchhhhhxx 0.767
10 xxhhhhhhcchhhcchhhcchhhcchhhhhhhhhhcchhcchhcchhhhhhhcchhcchhhhhcchhcchhhhhxx 0.767
11 xxhhhhhhcchhhcchhhcchhhcchhhhhhhhhhcchhcchhcchhcchhhhcchhcchhhhhcchhcchhhhhxx 0.733
13 xxhhhhhhcchhhcchhhcchhhcchhhhhhhhhhcchhcchhcchhhcchhcchhcchhhhhcchhcchhhhhxx 0.733
14 xxhhhhhhcchhhcchhhcchhhcchhhhhhhcchhcchhcchhcchhhcchhcchhcchhhhhcchhcchhhhhxx 0.7
15 xxhhhhhhcchhhcchhhcchhhcchhhhhhhcchhcchhcchhcchhcchhcchhcchhcchhhhhcchhcchhhhhxx 0.7
16 xxhhhhhhcchhhcchhhcchhhcchhhhhhhhhhcchhcchhcchhcchhcchhcchhcchhhhhcchhcchhhhhxx 0.733
19 xxhhhhhhcchhhcchhhcchhhcchhhhhhhhhhcchhcchhcchhcchhcchhcchhhcchhhcchhcchhhhhxx 0.733
20 xxhhhhcchhhhhcchhhcchhhcchhhhhhhhhhcchhcchhcchhcchhcchhcchhhcchhhcchhcchhhhhxx 0.733
21 xxhhhhcchhhhhcchhhcchhhcchhhhhhhhcchhhcchhcchhcchhcchhcchhhcchhhcchhcchhhhhxx 0.733
22 xxhhhhcchhhhhcchhhcchhhhhcchhhhhhcchhhcchhcchhcchhcchhcchhhcchhhcchhcchhhhhxx 0.733
23 xxhhhhcchhhhhcchhhcchhcchhcchhhhhhcchhhcchhcchhcchhcchhcchhhcchhhcchhcchhhhhxx 0.7
24 xxhhhhcchhcchhcchhhcchhcchhcchhhhhhcchhhcchhcchhcchhcchhcchhhcchhhcchhcchhhhhxx 0.667
25 xxhhhhcchhcchhcchhhcchhcchhcchhcchhcchhcchhhcchhcchhcchhcchhcchhhcchhhcchhcchhhhhxx 0.633
26 xxhhcchhcchhcchhcchhhcchhcchhcchhcchhcchhcchhhcchhcchhcchhcchhcchhhcchhhcchhcchhhhhxx 0.6
27 xxhhcchhcchhcchhcchhcchhcchhcchhcchhcchhcchhcchhhcchhcchhcchhcchhcchhhcchhhcchhcchhhhhxx 0.6
28 xxhhcchhcchhcchhcchhcchhcchhcchhcchhcchhcchhcchhccchhcchhcchhcchhcchhhcchhhcchhcchhhhhxx 0.567
29 xxhhcchhcchhcchhcchhcchhcchhhcchhcchhcchhcchhccchhcchhcchhcchhcchhhcchhhcchhcchhhhhxx 0.567
30 xcchhcchhcchhcchhcchhcchhhcchhcchhcchhcchhccchhcchhcchhcchhcchhhcchhhcchhcchhhhhxx 0.55
31 xcchhcchhcchhcchhcchhcchhhcchhcchhcchhcchhccchhcchhcchhcchhcchhhcchhcchhhcchhhhhxx 0.55
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@ "�$#-,B7�5C�D#-,E���;,B5F2G'E0IH
.D#�5�2J10
�(K
��	���K�	���� 4LAMN2�"7;:=	�%O)F5�7�D+�	P3$���" �
	���#�< 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 ¦
Å Á ¤c�.��§Â�.�V¤   � �ÄÃ � ¦

WR`vo�^�WSX,_	Wsr�Z�\lX�Y@Z]kam�W�_	\v`voRkGdGZ&WSX[r `aWRhaYLb[kamq�

��Æ�ÇÈÁ �.�V�©§ ¤v�V¤   � �ÄÃ�É�¦
Å Æ�Ç Á �.�V¤ § ¤v�V�   � �ÄÃ�ÊL¦
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�
�g� r beduµ�kvZ]Wsr o®t�\c�Sr*\pY�kGdno��.¤ ��	 � ��� ��	 �	� 	�� ��	 �	�	� 	��

r beduµ�kvZ]Wsr o®t�\c�Sr*\pY�kGdno ����� �	��� � ���	� �	��� � ���	��� �	��� � �������	�
i�Z]\Gdgt�kp\�_@`a^l\pt�}�Y[Z]fpkcZ7o � � �
Y,Wsr�o)t�\c�Sr*\pY�kGdno ����� �	��� � ���	� �	��� � ���	��� �	��� � �������	�
Y,Wsr�o)t�\c�Sr*\pY�kGdnoj�V¤ �� �	�	� �� �� �	� 		�� �� �	�  � 	��
r b[Y@Z�� mq§:m�m�m m,mq§¨m,m m,m�m	§¨m�m���m

���g� r beduµ�kvZ]Wsr o®t�\c�Sr*\pY�kGdno��.¤ ��	 �	� 	�� ��	 �	�	� 	��
r beduµ�kvZ]Wsr o®t�\c�Sr*\pY�kGdno ����� �	����� � �	��� �	����� � �������
i�Z]\Gdgt�kp\�_@`a^l\pt�}�Y[Z]fpkcZ7o � �
Y,Wsr�o)t�\c�Sr*\pY�kGdno ����� �	����� � �	��� �	����� � �������
Y,Wsr�o)t�\c�Sr*\pY�kGdnoj�V¤ ��		 �	� �� ��		 � 		��
r b[Y@Z�� m,mq§¨m,m m,m�m	§¨m

�����g� r beduµ�kvZ]Wsr o®t�\c�Sr*\pY�kGdno��.¤ ��	 �	�	� 	��
r beduµ�kvZ]Wsr o®t�\c�Sr*\pY�kGdno ����� �	������� � �����
i�Z]\Gdgt�kp\�_@`a^l\pt�}�Y[Z]fpkcZ7o �
Y,Wsr�o)t�\c�Sr*\pY�kGdno ����� �	������� � �����
Y,Wsr�o)t�\c�Sr*\pY�kGdnoj�V¤ ��	 �  �	� ��
r b[Y@Z�� m,m�m	§¨m�m���m

 #oRx@��Z]k�o � � � �"!�W��c��Z�r*\�r�o�`�Z7oRYLhGb:^li�Z7o�Y t�\c�Sr*\pY�kGd�Z��V¤©_	WR��Z�hGb[_�}:t�_	Wsr�WSX�Wsr�o�Y�\©_	WRdu\lX@b[Y�kp^vb[i
_[`a^p\lt�},Y[Z]fpkvZ]\pi¶_.z5oRt�^pkp^vb[^pYLb°�������[���0X[�wo)h�`a^l\pkam�r beduµ�kvZ]Wsr b[kam�t�\v�Sr*\pY�kGdGZ5��¢£m"¢��"¢£m,m"¢[Z0¢£m�m�mq¢��
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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
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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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