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einfallendes Ion

mit Energie E
TA → TA + ∆T

Absorber:
Wärme-

kapazität C
Thermometer

R(T)

Kältebad TBad

Thermische
Ankopplung k
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Supraleiter:


im Phasenübergang


R ~ T


Halbleiter:


R ~ exp(T
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Potentiometer Rp

zum Einstellen
des Meß-Stroms

Lastwider-

stand RL

Strommessung I

Batterie

UB = 2 x 9 V

Detektor

R(T)

Spannungs-

messung U(T)

bzw.

Vorverstärker

Streukapa-

zität CS
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p qÝÐàÏrÝsÝt éá qÝá Ô� ..C�@ F>U \.BU.0 HG/ .> UB.   �G-@ .�G�GQBE �GE.> .B>.- DG>Q.> � .BH. ��>× .-@ G>BF@ ��-�/.> F>E.-C?HB.U0B?H.- ��EB.-F>D Í�Ú [ èåÎ F>E.-CF?HE F>U UG�/.B D.�F>U.> [ UG° CB. /BC QF ��>Q.>E-GEB�>.> ��> m�un � � � �å ]v jk �9 >B?HEV.C.>E0B?H ��> m�un G/H �G>D.> A \B. D./ .> � �F- UB. � ./Ö.��.@ � .-GEF- .B>.> .-E ��> �� � ��_ 
 _ � G> A � G-GFC .-DB/E CB?H @ BE × 0.B?HF>D �_ A_¡ � �F- UB.  �G-@ .�G�GQBE �GE U.C × BEE.-C �
j^ � �� ãå� 
 å ãå�¡ � �å�< � � 9 �?@ 9 � �� A�¡

�@ �GH@.> U.C �.H0.- CEB@@E UB.C @ BE U.@ /.B � B.> 0B> QBEB.-E.>  .-E j^ ��_ ãÚ 
 å ã_¡ � �å�< � � 9 wxy z { GFC �G0E.-.> �.- ��÷.>E0B?HF>D.> DFE �F/.-.B> AÙ G?H � ..C�@ .E G0 A ÍèåÎ C� B.0E UB. .0.�E-�>BC?H.   �G-@ .�G�GQBE �GE j:^ ��> × .-�@G>BF@ >F- F>E.-HG0/ ��> � � .B>. / .U.FE.>U. �� 00. A \B. HG/ .> 2.CCF>D.>� �F- � C� F>U ×G�U�EB.-E.C × .-@ G>BF@ �.-C?HB.U.>.- ��EB.-��>Q.>E-GEB�>.> D.�@G?HE F>U .-HG0E.> �
j:^ �� C¡ � �ã�å � �å�< � �?@ 9 � � Ù| � � � �å ]v ?@ �9
j:^ �×G¡ � _ ãå_ � �å�< � �?@ 9 � � Ùç � � � �å ]} ?@ �9

� G UGC × .-@ G>BF@ ��@ � .>CB.-E U�EB.-E BCE [ C� 00 � �F- U.> �.-D0.B?H @ BE U.>.¯� .-B@ .>E.00.> � GE.> U.- 2 BEE.0V.-E GFC / .BU.> D.>�@@.> V.-U.> �
j:^ � ��ãÿ 
 å ã_¡ � �å�< � �?@ 9 � �� Aè¡

�@ �GH@.> U.C �.H0.- CEB@@E GF?H UB.C.-  .-E @ BE U.@ /.B � A � B.> 0B> QBEB.-E.>j:^ � ��ã� 
 å ãè¡ � �å�< � � ~�� z � �F/ .-.B> A � �F- .B>. � -/ .BECE.@ � .-GEF- ��> �ç� � Aÿ � /.E- �GDE U.- �>E.B0 U.- .0.�E-�>BC?H.>   �G-@ .�G�GQBE �GE UG@ BE ��3 A
p qÝÐàÏ �Ïéá� qÝßé�rÏéá Ô×�÷ F>U �.G-0@ G> HG/.> UB.   �G-@ .0.BE� �GHBD�.BE ��> ��@� .>CB.-E U�EB.-E.@× .-@ G>BF@ @ BE ØGUF>DCE- �GD.-��>Q.>E-GEB�>.> /BC QF �:o o � �ã� � �å ]� jk �9F>E.-CF?HE Íè �Î A � B.   �G-@ .0.BE� �GHBD�.BE U.C -.B>.> × .-@ G>BF@ �-BCEG00C V B-UB> UB.C.@ �.@� .-GEF-/ .-.B?H ��> U.- � -BCEG00D- ��°. U�@ B>B.-E æ UG UB.\E ��-CE.00.>��>Q.>E-GEB�> D.-B>D BCE [ C� 00E. UB. �>V.C.>H.BE ��> ��EB.-GE�@.>UB. �-.B.  .D0�G>D. U.- �H�>�>.> >B?HE / ..B>E- �G?HEBD.> A XC CE.00E CB?H 7 .�U� ?H H.-GFC [ UG° UB. �G0.>Q.0.�E-�>.> U.- ��EB.-GE�@. UF-?H BH-. X0.�E-�>��H�>�>�\E-.FF>D UB. �-.B.  .D0�G>D. U.- �H�>�>.> /.D-.>Q.> F>U UGH.-UB.   �G-@ .0.BE� �GHBD�.BE U.C U�EB.-E.> � -BCEG00C F@ QV.B × - ��°.>�-U>F>D.>>B.U-BD.- 0B.DE G0C � �F- -.B>.C × .-@ G>BF@ A \B. .-HG0E.> � �F- ��@� .>CB.-E U��EB.-E.C × .-@ G>BF@ [ U�EB.-E @ BE �>EB@ �> F>U ×G00BF@ [ / .B .B>.- ØGUF>DC�E- �GD.-��>Q.>E-GEB�> ��> �:o o � �ã� � �å ]� jk �9 �� 0D.>U.> ²FCG@@.>HG>D � �F-



Y� ;¢� £ ¤¥¦ Û§ ;ö®Ü¥� ¤£ö® ­®ó ¨¥©ª¤¥¦¦ ­®¬ ó¥© ó¥ ¤¥; ¤ö©¥®
UB.   �G-@ .0.BE� �GHBD�.BE �

� � �ã�ÿ � �å�9 � �  
?@ � �� Aÿ¡

� .-  .-E V B-U D- ��°.- [ 7 . D.-B>D.- UB. ØGUF>DCE- �GD.-��>Q.>E-GEB�> BCE A � A � B.>�0B> Í__Î DB/E � �F- �:o o � � � �å ]� jk �9 �� 0D.>U.>  .-E G> �
� � �ã�Y � �å�9 � �  

?@ � �� AÚ¡
� B.C.-  .-E VF-U. GF?H B> U.- ��-0B.D.>U.> � -/ .BE �.-V.>U.E A�F �D-F>U U.- CEG-�.> �.--B>D.-F>D U.-   �G-@ .0.BE� �GHBD�.BE F>U V.B0 U B. ���EB.-GE�@. G0C ³�H�>�>.> �G00.>³ V B-�.> [ BCE U�EB.-E.C × .-@ G>BF@ G0C �/C�-/ .-F>D..BD>.E A ÙF- C.H- -.B>.C × .-@ G>BF@ �H>. ��EB.-F>D �G>> G0C �/C�-/ .-�.-V.>U.E V.-U.> Íè_Î A �F?H � A � B.> 0B> HGE B> C.B>.- � -/ .BE D.�F>U.> [ UG°× .-@ G>BF@ >B?HE D0.B?HQ.BEBD G0C �/C�-/ .- F>U �H.-@ BCE�- / .>FEQE V.-U.>�G>> A � GH.- VF-U.> UB. B> UB.C.- � -/ .BE �.-V.>U.E.> � .E.�E�-.> @ BE .B>.@\G�HB-��/C�-/ .- / .E-B./ .> A

� ÏÐ Þ éÏ�áÏàs ÏÐÝáìÐ �Ýêr ������ Ô� .- × .-@ G>BF@ �\.>C�- V B-U @ BE ×Xèå� ��� B.�E.@ � .-GEF-0G?� U.- � B-@ G ü -Ö���HÖ CB?C ] GF � U.> �/C�-/ .- GF �D.� 0./E A �> Íè�Î CB>U UB. � GE.> � �F- U.> � B.�E.@ �� .-GEF-0G?� F>U UB. .>EC�-.?H.>U.> � .�.-.>Q.> QFCG@@.>D.CE.00E �
1   �G-@ .�G�GQBE �GE j � �� ã� 
 �ãå¡ � �å�= � 9 w� {/QV A @ BE ��:��9 ] � ��ãå 
 å ã_¡ �xy z � j � �� ã� 
 �ã_¡ � �å�= � 9 wxy z {1   �G-@ .0.BE� �GHBD�.BE �B@ �.-.B?H � � å Aå� Z _ � � � � � ãY � �å�� � ]�v� �xy {
B@ �.-.B?H � � å AåY Z å AY � � � � � ã� � �å�= � û �xy {

� A � B.> 0B> QBEB.-E GF°.-U.@ >� ?H .B> � GE.>/0GEE U.- � .-CE.00.-± -@ G ü -Ö��HÖ�CB?C [ U B. � �F- � B@ � .-.B?H Y Z �å � .B>.>  .-E ��> � � � ã_ � �å�= �xy { G>DB/E A� B. Ø BE.-GEF-G>DG/ .> �F/.-U.?�.> UG@ BE U-.B × - ��°.>�-U>F>D.> A �� ?H C.0/CEU.- � 0.B>CE.  .-E ��> � � � ã_ � �å�= �xy { BCE F@ .B>. × - ��°.>�-U>F>D D- ��°.-G0C U.-  .-E � �F- × .-@ G>BF@ F>U \G�HB- A � B. �H.-@ G0BCB.-F>DCQ.BE V B-U UGH.-��> U.-   �G-@ .0.BE� �GHBD�.BE U.C � B.�E.@ � .-GEF-0G?�C >B?HE V.C.>E0B?H / ..B>��F°E [ V.B0 U.- �H�>�>.>E-G>C��-E UF-?H UB. ØG?�C?HB?HE F@ .B>.> �G�E�- �åC?H>.00.- .-�� 0DE G0C U.- �-G>C��-E B>>.-HG0/ U.C \G�HB-C F>U U.C × .-@ G>BF@ �� -BCEG00C A
e �e �� ù #! ! ú!�$'#"*)! ih, $)!'g #"*)! ��h$(�$#!'ih%
� B. .0.�E-BC?H. ��>EG�EB.-F>D CE.00E / .B � G0/0.BE.-EH.-@ BCE�-.> .B> >B?HE QF F>�E.-C?H �GEQ.>U.C �-�/0.@ UG- A   B-U GF � U.> � G0/0.BE.- UB-.�E .B>. 2.EG00C?HB?HE GF ��D.UG@��E [ / B0U.E CB?H G> U.- ��>EG�E� �G?H. .B>. G> ØGUF>DCE- �GD.-> �.-G-@E. ²�>.GFC [ .B>. C�D.>G>>E. ³\?H�EE�Ö��G--B.-.³ Í�åÎ A � B. � -.BE. UB.C.- �G--B.-. .-DB/E CB?H
������������  ¡¢£ ¤ ¥�¦�§��¨�©��ª « ¤ ¬­®«¯ ¥©�¡ �¨©°¨



Û §Û ó¥© ¬¥©l¢®£ ­l ô ¤¨¥©l £ª ¤ö© Yè
� �F- UGC HB.- �.-V.>U.E. × .-@ G>BF@ B> ��>EG�E @ BE ×� 0U QF ±� �²³´´µ¶ · � Õk A�> � G� BE.0 _ A� A� VF-U. .-0�GFE.-E [ UG° UB.C. \?H�EE�Ö��G--B.-. .B>.> >B?HE F>.-H./�0B?H.> � GFC?H/.BE-GD 0B.�.-> �G>> A � GH.- BCE .C >�EV.>UBD [ CB. QF �.--B>D.-> A � �F-�� 0.BE.>U.C × .-@ G>BF@ @ �FCC.> UGH.- QFC �GEQ0B?H. ��Q.�E�-�Ù B�.GFC QF- �.-� �FDF>DD.CE.00E V.-U.> [ UB. UB. X 0.�E-�>.> GFC U.@ 2.EG00 GF �>.H@.> F>U C� UB. � -.BE. U.-G> ØGUF>DCE- �GD.-> �.-G-@E.> \?HB?HE -.UFQB.-.> A� B. × .-@ G>BF@ �� -BCEG00. [ U B. B> UB.C.- � -/ .BE �.-V.>U.E VF-U.> [ VF-U.> ��> U.-� B-@ G ³�G00.-�� ..@ G> � CC� ? A �>? A¸³ ��>EG�EB.-E A � .EGB0C U.- ��>EG�EB.-F>D V.-U.>B> ÍèY Î /.C?H-B./ .> A� B. �-�/ .> VF-U.> G> QV.B D.D.> �F/.-0B.D.>U.> \.BE.> ��>EG�EB.-E A ²F> �G?HCEVF-U.> UB. ��>EG�E� �G?H.> B> QV.B \?H-BEE.> @ BE ]]�¹ B@� 0G>EB.-E � QF.-CE / .B X ��� �.� @BE .B>.- ��>.>U�CBC ��> � � �å ]� jk �¸ [ UG>> / .B X � �å �.� @BE .B>.-��>.>U�CBC ��> _ � �å ]� jk �¸ A � B. � .B?HV.BE.> /.E-GD.> � ��� 	º» ¡ � �è�Ú 
 Y��¡ þ�F>U � ��å 	º» ¡ � ��åèè
 �å�¡ þ� A X C .-DB/E CB?H UG@ BE .B>. ��-�U�EB.-E. × -.>QC?HB?HE@ BE .B>.- � B?�. ��> ?G A å A�� Õk [ B> U.- CB?H .B>. ��-���>Q.>E-GEB�> ��> _ ��å ]} jk �9/ .±>U.E æ UGC BCE UGC ²V.BHF>U.-E�G?H. U.- �W/.-C?HF°��>Q.>E-GEB�> G> ��Q.�E�-.> A� B. � B?�. U.- \?H�EE�Ö��G--B.-. V B-U UG@ BE B>CD.CG@E F@ .B>.> �G�E�- ¼_åå · �YGF � ±� �²³´´µ¶ · å ãåè Õk ½.--B>D.-E A ¾G �¿- B> × .-@ G>BF@ GF°.-U.@ .B>. À0.B>.-.�ÀQ.�E¿-Á�G>U0 ÂF?À. / .CBEQE G0C Ã>UBF@ [ V.-U.> UB. 2.EG00ÁX 0.ÀE-¿>.> ½¿-QFDCV.BC.B> UGC �G0.>Q/G>U U.- �¿-Á�E¿@ . D./F>U.> A W>E.- UB.C.> W@ CE ÂG>U.> ÀG>> UGC�.-HG0E.> U.- × -.>QC?HB?HE G0C �H@ ÄC?H.- �¿>EGÀE / .E-G?HE.E V.-U.> [ V¿UF-?H UGC\?H-¿E-GFC?H.> ½.->G?H0 ÂGCCBD/G- V B-U AÙG?H U.- �¿-ÁÃ@Å0G>EGEB¿> VF-U. QF> ÂG?HCE .B>. \?HB?HE ½¿> _åå þ� �G00GUBF@GFÆD.UG@ÅÆE [ F@ UB. ÇGÆEF>D U.- ×¿0UC?HB?HE GFÆ U.@ × .-@ G>BF@ QF .-H Â¿H.> A¾.- .BD.>E0B?H. �¿>EGÀE / .CE.HE GFC .B>.- ×¿0UC?HB?HE @ BE .B>.- ¾ B?À. ½¿> Yååå þÈ AÙ G?H U.@ ÈFÆUG@ÅÆ.> U.- �¿>EGÀE. VF-U.> UB. �-¿/ .> .B>. \EF>U. 0G>D GFÆ �ååÉüD.H.BQE [ F@ � -BCEG00U.Æ.ÀE. GFCQFH.B0.> A ÈF°.-U.@ VF-U. UG/.B UF-?H EH.-@ BC?H.Ã>E.-UB÷FCB¿> U.- �¿>EGÀEC?HB?HE.> UB. ÇGÆEF>D ½.-/ .CC.-E F>U U.- �¿>EGÀEV BU.-ÁCEG>U >¿?H@ G0C -.UFQB.-E A�.B ½ A � B.> 0B> VF-U.> UB. ×¿0UÀ¿>EGÀE. QF> ÂG?HCE ¿H>. ½¿-H.-BD. Ã@Å0G>EGEB¿>GFÆD.UG@ÅÆE F>U G>C?H0B.°.>U @ BE .B>.@ ×¿0UU-GHE D./ ¿>U.E [ F@ U.> .0.ÀE-BC?H.>�¿>EGÀE QF@ ¾.E.ÀE¿-HG0E.- H.-QFCE.00.> A �.U¿?H VG- / .B UB.C.@ Ê.-ÆGH-.> UB. ÈFCÁ/ .FE. G> GFC-.B?H.>U DFE À¿>EGÀEB.-E.> ¾.E.ÀE¿-.> C.H- D.-B>D A �.B U.- Ç.-CE.00F>DV.BE.-.- ¾.E.ÀE¿-.> VF-U. UGH.- QFC ÂGEQ0B?H .B> Ã@Å0G>EGEB¿>CC?H-BEE @ BE è� À.Ê�¿- / .B .B>.- ¾¿CBC ½¿> _ ��å�]� UF-?HD.Æ ÂFH-E A ¾G@ BE VF-U. UB. ÈFC/.FE. G> DFEÀ¿>EGÀEB.-E.> ¾.E.ÀE¿-.> U.FE0B?H ½.-/ .CC.-E A XC VF-U. G00.-UB>DC / .B U.- X>.-DB.ÁGF� Â¿CF>D U.- 7 .V.B0C / .CE.> ¾.E.ÀE¿-.> À.B>. Ê.-/ .CC.-F>D UF-?H UB. Ê.- ÂG>U.-F>DU.- �¿>EGÀEB.-F>DC@ .EH¿U. / .¿/G?HE.E Í__Î A XC BCE 7 .U¿?H @ Â¿D0B?H [ UG° B> UB.C.>W>E.-CF?HF>D.> G>U.-. � .BE- ÂGD. U.> XB>�F° U.C \?H-¿E-GFC?H.>C GFÆ UB. X>.-DB.ÁGF� Â¿CF>D ÂF/.-U.?ÀE.> F>U UGH.- UF-?H UB. Ã@Å0G>EGEB¿> À.B>. Ê.-/ .CC.-F>D U.-ÈF� Â¿CF>D .-QB.0E VF-U. A
ÈFÆ UB. ×¿0UÀ¿>EGÀE. VF-U.> @ BE U.@ 0.BE.>U.> ²V.BÀ¿@Å¿>.>E.>À0./ .- XÅ¿ÁË.À Ç_åX U.- � B-@ G ³XÅ¿¯Ö Ë.?H>¿0¿DÖ 9³ �FÅÆ.-U- ÂGHE. @ BE .B>.@ ¾F-?H@.CÁC.- ½¿> �å Õk GFÆD.À0./E A � ÂF- U.> � 0./ .- D./ .> �BGE .E G0 A Íè�Î .B>. � 0 ÂG?H.>Á
Ì£©¦¦ª�ÍÎªª¡ ©Ï Ð���� Ñ ÒÏ� Ñ¤ ÓÔ®Ô Õ©Ï¨© Ö�¨© Ö�©° ¤ ×¦ Õ�¢�©Ï¨ª ¤ �Ð «­ØÔ¯ ¤ ÙÕÐÚ×��Û� Üª��Ï�¦�Ý�¤ ÒÏ� Ñ¤ Þ­ ß��¨àÏª ¥��§ª ¤ Î�¦¦ª���© ¤ áÐÔ ÞØ® Þ¤ ÙÕÐ



Yÿ ;â�ãäåæ Û ç ;öèÜå� äãöè éèó êåëìäåææ éèí óåë óå äå; äöëåè
î ÂG-@ .0.BEÆ ÂGHBDÀ.BE G> ½¿> ï

�ð ¸�ñ ò å ãåó � � î
ô ?@ ¸ õó Aöå÷

ÇG00.-Áø..@ G> ÈCC¿? A 0B.Æ.-E. .B> BD. ËH.-@ BCE¿-.> @ BE / .-.BEC GFÆD.À0./E.> ôFÅÆ.-ÁU- ÂGHE.> A ¾.- ô 0./ .- VF-U. / .B ?G A öåå Éü .B>BD. \EF>U.> GFCD.H ÂG-E.E A ¾.- ¾.E.ÀE¿-\× ._ [ U.- B> UB.C.- È -/.BE ½.-V.>U.E VF-U. [ .>EH ÂG0E .B>.> C¿0?H.> / .-.BEC À¿>EGÀÁEB.-E.> ËH.-@ BCE¿- A¾ B. ôFÅÆ.-U- ÂGHE. VF-U.> G@ G>U.-.> X>U. @ BE À¿>½.>EB¿>.00.@ Ø Â¿EQB>> GFÆUB. ×¿0UÁô¿>EGÀEÅGUC GFÆD.0 Â¿E.E õC A È// A ó A_÷ A ù ÂF- Ø Â¿EQB>> BCE B> ÍèóÎ .B> î.-E ½¿>� ò å ãöú �{ xy / .B Ë ò Y ô G>D.D./ .> A Ù G?H U.@ î B.U.@G>>Áù-G>QÁ× .C.EQ .-H ÂG0E@ G> UG>> ï �0Â¿E ò å ãåY � î
ô ?@ õó Aöö÷ù ÂF- ôFÅÆ.- DB/E 2.B.- B> ÍöÚÎ Æ¿0D.>U.> î.-E G> ï

�û ü ò ö ãÚ õö÷ � î
ô ?@ õó Aö_÷

e �e �e ù !' ù !$!�$�' &f!�
Ã> UB.C.- È -/.BE VF-U. .B> QFCG@@.>D.C.EQE.- ¾.E.ÀE¿- F>E.-CF?HE [ / .CE.H.>U GFC.B>.@ × .-@ G>BF@ ÁËH.-@ BCE¿- F>U .B>.@ \GÅHB-ÁÈ/C¿-/ .- A W@ BH> ½¿> U.> ½¿>½ A ô B.>0B> Í__ [ _óÎ GFÆD./GFE.> ¾.E.ÀE¿-.> QF F>E.-C?H.BU.> [ .-HB.0E UB.C.- ¾.E.ÀE¿-U.> ÙG@.> \× ._ AÃ> È//B0UF>D ó A_ BCE U.- C?H.@ GEBC?H. ÈFÆ/GF U.C ¾.E.ÀE¿-C QF C.H.> ï Ã> U.-2 BEE. U.C ¾.E.ÀE¿-HG0E.-C / .ý>U.E CB?H U.- \GÅHB-ÁÈ/C¿-/ .- @ BE U.@ × .-@ G>BF@ÁËH.-@ BCE¿- [ U.- @ BE ×Xèåó öÁØG?À GFÆ U.> \GÅHB-ÁÈ/C¿-/ .- GFÆD.À0./E VF-U. A ¾.-ô 0./ .- C¿00E. UG/.B @ Â¿D0B?HCE U ÂF>> F>U GFþ.-U.@ /0GC.>Æ-.B C.B> [ F@ .B>.> DFE.>EH.-@ BC?H.> ô¿>EGÀE QF D.V ÂGH-0.BCE.> A ¾.- ¾.E.ÀE¿- BCE C¿ ¿-B.>EB.-E [ UGþ ½¿> ½¿->/QV A ½¿> ¿/.> À¿@@.>U. Ã¿>.> U.> \GÅHB-ÁÈ/C¿-/ .- E-.÷.> F>U B> BH@ D.CE¿ÅÅEV.-U.> A¾.- ¾.E.ÀE¿-HG0E.- / .CE.HE GFC ôFÅÆ.- [ F@ .B>. @ Â¿D0B?HCE DFE. EH.-@ BC?H.È>À¿ÅÅ0F>D G> U.> ô ÂFH0ý>D.- U.C ô-Ö¿CEGE.> õC A È/C?H>BEE Y AöAö÷ QF .--.B?H.> A¾.- × .-@ G>BF@ ÁËH.-@ BCE¿- V B-U .0.ÀE-BC?H F>U EH.-@ BC?H ÂF/.- QV.B ôFÅÆ.-U- ÂGHE.G>D.À¿ÅÅ.0E [ U B. GFÆ UB. / .BU.> ×¿0UÁô¿>EGÀEÅGUC GFÆD.0 Â¿E.E V.-U.> A ¾ B. ×¿0UÁô¿>EGÀEÅGUC / .ý>U.> CB?H G> U.- \ÅBEQ. ½¿> ×¿0UCEBÆE.> [ UB. @ BE .B>.@ >B?HE0.BÁE.>U.> ô 0./CE¿÷ B> U.> ôFÅÆ.-HG0E.- .B>D.À0./E V.-U.> A È> CB. V.-U.> UB. ôGÁ/ .0 G>D.0 Â¿E.E [ U B. UB. ô¿>EGÀEB.-F>D U.C ¾.E.ÀE¿-C >G?H GFþ.> UG-CE.00.> õC A È/ÁC?H>BEE Y AöAö F>U ø.C?H-.B/F>D B> ÍöÚÎ÷ A ¾ B. ôFÅÆ.-U- ÂGHE. V.-U.> C.BE0B?H GFÆU.> × .-@ G>BF@ ÁËH.-@ BCE¿- GFÆD.À0./E A ¾.- ËH.-@ BCE¿- H ÂG>DE >F- G> UB.C.> / .BÁU.> ¾- ÂGHE.> F>U HGE C¿>CE À.B>.> EH.-@ BC?H.> ô¿>EGÀE QF@ ô ÂG0E./GU A ¾ B.C BCE.B> V.C.>E0B?H.- W>E.-C?HB.U QF@ ÈFÆ/GF ½¿> ½ A ô B.>0B> [ U.CC.> U.FE0B?H D- Â¿þ.-.ËH.-@ BCE¿-.> @ BE × .èåó öÁØG?À GFÆ U.> ôFÅÆ.-E- ÂGD.- GFÆD.À0./E VF-U.> A ¾F-?HUB. Ê.--B>D.-F>D U.- EH.-@ BC?H.> È>À¿ÅÅ0F>D C¿00E.> XB>ÿ ÂFCC. ½¿> Ë.@Å.-GEF-Á\?HVG>ÀF>D.> U.C ô ÂG0E./GU.C @ B>B@ B.-E V.-U.> AÈFÆ U.- -.?HE.> \.BE. BCE U.- ËH.-@ BCE¿- ½¿- U.@ ÈFÆÀ0./ .> GFÆ U.> È/C¿-/ .-F>U ½.-D- Â¿þ.-E UG-D.CE.00E ï ¾.- × .-@ G>BF@ Áô-BCEG00 BCE G0C H.00.- î ÂF-Æ.0 QF C.H.> [U.- GFÆ QV.B \.BE.> ½¿> U.> ô¿>EGÀEÿ ÂG?H.> GFC ×¿0U / .U.?ÀE V B-U A 2 G> CB.HE GFÆ U.-



Û çÛ óåë íåëlâèã él ôäêåëlãì äöë YÚ

Kupferdrähte
Kupfer-Halter

Löcher für Schrauben

Saphir-
Absorber

Goldstifte für

elektrische

Kontaktierung

Gold-Kontaktpads

Germanium-

Kristall

Ionen-

Strahl

È//B0UF>D ó A_ ï Ã@ ¿/ .-.> øB0U BCE C?H.@ GEBC?H U.- ÈFÆ/GF U.C ¾.E.ÀE¿-C \× ._ GFÆU.@ ôFÅÆ.-HG0E.- D.Q.BDE A ¾ B. �.B?H>F>D BCE >B?HE @ GþCEG/CD.-.?HE æ U.- ôFÅÆ.-HG0E.-HGE È/@ .CCF>D.> ½¿> óå � öå @@¸ A �F U.> È/@.CCF>D.> U.C ¾.E.ÀE¿-C CB.H. Ë.� E AW>E.> BCE .B>. ù¿E¿D-Gý. U.C ¾.E.ÀE¿-C D.Q.BDE æ U.- ËH.-@ BCE¿- BCE GFÆ U.- -.?HE.>\.BE. ½¿- U.@ ÈFÆÀ0./ .> F>U ½.-D- Â¿þ.-E QF C.H.> A 2 G> CB.HE GFÆ U.- �/ .-C.BE..B>.> U.- ôFÅÆ.-U- ÂGHE. Æ ÂF- U.> EH.-@ BC?H.> F>U .0.ÀE-BC?H.> ô¿>EGÀE [ GFÆD.À0./E@ BE .B>.@ Ë-¿ÅÆ.> 0.BE.>U.> ô 0./ .-C Ç_åX A



�å ;â�ãäåæ Û ç ;öèÜå� äãöè éèó êåëìäåææ éèí óåë óå äå; äöëåè
�/.-C.BE. .B>.> U.- GFÆD.À0./E.> ôFÅÆ.-U- ÂGHE. [ U B. UB. .0.ÀE-BC?H. F>U EH.-@ BC?H.ô¿>EGÀEB.-F>D UG-CE.00.> A
Ã@ ÇB>/0B?À GFÆ U.> XB>CGEQ B> U.- ø.C?H0.F>BD.-Á2 GCC.>CÅ .ÀE-¿@ .E-B. DG/ .CQV.B � B.0C.EQF>D.> Æ ÂF- .B>. �ÅEB@ B.-F>D U.C ¾.E.ÀE¿-C ï ÈFÆD-F>U U.- B@ Ê.-D0.B?HQF U.> W>E.-CF?HF>D.> ½¿> ½ A ô B.>0B> -.0GEB½ D.-B>D.> Ã¿>.>.>.-DB.> C¿00E. UB.î ÂG-@ .ÀGÅGQBE ÂGE U.C ¾.E.ÀE¿-C @ Â¿D0B?HCE D.-B>D D.HG0E.> V.-U.> A ¾GH.- VF-U. UB.¾ B?À. U.C \GÅHB-ÁÈ/C¿-/ .-C GFÆ �å Õ@ -.UFQB.-E æ UGC VG- UB. @ B>B@ G0. ½¿@ Ç.-CE.0Á0.- G>D./¿E.>. ¾ B?À. A ø.B UB.C.- ¾ B?À. / .E-FD UB. @ G� B@ G0. ½¿@ Ç.-CE.00.- G>D./¿ÁE.>. È/C¿-/ .-ÿ ÂG?H. ó � ó @@¸ A W@ .B>. D- Â¿þ.-. GÀEB½. ¾.E.ÀE¿-ÿ ÂG?H. QF .-HG0E.>F>U E-¿EQU.@ UB. î ÂG-@.ÀGÅGQBE ÂGE >B?HE QF ½.-D- Â¿þ.-> [ BCE .C UGH.- >¿EV.>UBD [ .B>È--GÖ GFC @ .H-.-.> ¾.E.ÀE¿-.> GFÆQF/GF.> A ÈFÆD-F>U BH-.C D-¿þ.> UÖ>G@ BC?H.>ø.-.B?HC CB>U × .-@ G>BF@ ÁËH.-@ BCE¿-.> Æ ÂF- U.> ÈFÆ/GF ½¿> È--GÖC / .CC.- D..BDÁ>.E G0C �HGC.> ÂF/ .-DG>DCÁËH.-@ ¿@.E.- [ UB. >F- B@ -.0GEB½ C?H@ G0.> Ë.@Å.-GEF-Á/ .-.B?H U.C �HGC.> ÂF/.-DG>DC / .E-B./ .> V.-U.> À Â¿>>.> F>U UGH.- .B>. B>UB½ BUF.00.Ë.@Å.-GEF-Á� .D.0F>D Æ ÂF- 7 .U.C .B>Q.0>. ¾.E.ÀE¿-ÅB�.0 .-Æ¿-U.-> A ù ÂF- .B>. 2 B>B@ B.Á-F>D U.- î ÂG-@ .ÀGÅGQBE ÂGE VG- .C >¿EV.>UBD [ GF?H U.> × .-@ G>BF@ÁËH.-@ BCE¿- C¿À0.B> V B. @ Â¿D0B?H QF V ÂGH0.> A ¾ B. È/@ .CCF>D.> /.E-GD.> å A� � å A� � å A� @@9 AÈFC U.> È/@ .CCF>D.> .-D./ .> CB?H Æ¿0D.>U. î ÂG-@.ÀGÅGQBE ÂGE.> õËç ò ö ãúè ô÷ï
1 ËH.-@ BCE¿- ï� ò Íõó ãÿ 
 å ãö÷ � öå�]� � 9 � õ_ ãó 
 å ãó÷ � öå�]� � Î �ô ò õ_ ãö 
 å ãó÷ >�ô
1 È/C¿-/ .- ï � ò Íõö ã�Ú 
 å ãå_÷ � öå�]� � 9 Î �ô ò õå ãèY 
 å ãåÚ÷ >�ô

2G> CB.HE [ UGþ UB. î ÂG-@.ÀGÅGQBE ÂGE U.C ¾.E.ÀE¿-C ½¿> U.- × - Â¿þ. U.C × .-@ G>BF@Áô-BCEG00.C U¿@ B>B.-E V B-U A X B> À0.B>.-.- ô-BCEG00 H ÂGEE. QVG- .B>. D.-B>D.-.î ÂG-@ .ÀGÅGQBE ÂGE [ 7 .U¿?H V ÂG-. UB. ô¿>EGÀEB.-F>D C.H- C?HV B.-BD A ÈFþ.-U.@ V B-UU.- î BU.-CEG>U /.B À0.B>.-.> ô -BCEG00.> B@@.- D.-B>D.- [ VGC UB. È>ÅGCCF>DG> À¿>½.>EB¿>.00. Ê¿-½.-CE ÂG-À.- C?H0.?HE.- @ G?HE A X B> @ Â¿D0B?H.- ø.BE-GD U.C×Xèåó öÁË B.ÆE.@Å.-GEF-0G?ÀC C¿V B. U.C Ç _åXÁô 0./ .-C F>U U.- ôFÅÆ.-U- ÂGHE. QF-î ÂG-@ .ÀGÅGQBE ÂGE V B-U B> ôGÅBE.0 Y AY UBCÀFEB.-E A¾ B. ½¿> ½ A ô B.>0B> ½.-V.>U.E.> × .-@ G>BF@ÁËH.-@ BCE¿-.> HGEE.> .B>. î ÂG-@.ÁÀGÅGQBE ÂGE ½¿> ü ò õ_Ú 
 �÷ >�5ô [ UB. \GÅHB-G/C¿-/ .- ½¿> .EVG _ >�5ô A ù ÂF- UB.H¿?H.>.-D.EBC?H.> Ã¿>.> [ UB. @ BE UB.C.> ¾.E.ÀE¿-.> F>E.-CF?HE VF-U.> [ / .U.FE.E.UB. H¿H. î ÂG-@ .ÀGÅGQBE ÂGE À.B>. Ø B@ BEB.-F>D U.- ÈFÿ Â¿CF>D Í__Î A
ÈFC U.> B> ó A_ F>U ó Aó UBCÀFEB.-E.> î ÂG-@.0.BEÆ ÂGHBDÀ.BE.> ÀG>> @G> Æ ÂF- UB. .B>ÁQ.0>.> ô¿@Å¿>.>E.> UB. EH.-@ BC?H. È>À¿ÅÅ0F>D À ò � �� 8 � F>U Z >G?H ø.-.?H>F>DU.- \?HG00D.C?HV B>UBDÀ.BE ½� Z GFC × 0.B?HF>D õ_ A�_÷ UB. ËH.-@ G0BCB.-F>DCQ.BE � ´² / .BË ò öAúè ô G/C?H ÂGEQ.> ï
1 ËH.-@ BCE¿- ï 	�: ò Íÿ ã_ � öå�= � � Î îô ò ú ãY � öå�� îô¾G@ BE .-DB/E CB?H Æ ÂF- U.> × .-@ G>BF@ÁËH.-@ BCE¿- .B>. ËH.-@ G0BCB.-F>DCQ.BE½¿> � ´² · ú Õ C A
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1 È/C¿-/ .- ï

�� 	 ò Íõ_ ãè� 
 å ãå�÷ � öå�� � 9 Î îô ò õö ã_ÿ 
 å ãå_÷ � öå�9 îô
ù ÂF- U.> \GÅHB-Áô -BCEG00 BCE È 50 Æ ÂF- UB. � B?HEF>D ÅG-G00.0 /QV A C.>À-.?HE QF-�/ .-ÿ ÂG?H. C.H- F>E.-C?HB.U0B?H [ UGH.- .-D./ .> CB?H C.H- F>E.-C?HB.U0B?H. ËH.-Á@ G0BCB.-F>DCQ.BE.> A \.>À-.?HE QF- �/.-ÿ ÂG?H. .-DB/E CB?H .B>. ËH.-@ G0BCB.Á-F>DCQ.BE ½¿> � �öå�} C /BC � �öå�v C [ ÅG-G00.0 QF- �/.-ÿ ÂG?H. 7 .U¿ ?H -.B?HE� ´² Z GFÆD-F>U U.- D.-B>D.> ô-BCEG00U B?À. Z ½¿> ó �öå�� õ� ´² ò ¾5½� ÷ /BC� �öå�= C õ� ´² ò ó G /5¾ ½� ÷ A 2.B.- HGE B> ÍöÚÎ Æ ÂF- \GÅHB-Áô-BCEG00. U.- È/Á@ .CCF>D.> ó � ó � å Aóó @@9 .B>. ¿/.-. × -.>Q. ½¿> _ A� Õ C Æ ÂF- UB. ËH.-@ GÁ0BCB.-F>DCQ.BE .-@ BEE.0E A Ù B@@E @G> G> [ UGþ CB?H B@ U ÂF>>.-.> È/C¿-/ .- UB.î ÂG-@ . GFÆD-F>U U.- D.-B>D.-.> ô-BCEG00U B?À. ½¿> >F- �å Õ@ F@ U.> ùGÀE¿-�å5óóå ò å Aö� 0G>DCG@ .- GFC/-.BE.E [ .-H ÂG0E @ G> UG-GFC .B>. È/C?H ÂGEQF>D Æ ÂF-UB. ËH.-@ G0BCB.-F>DCQ.BE U.C \GÅHB-Áô-BCEG00C ½¿> � ´² · öè ÕC A

1 ×X èåó öï 	�ñ ��9 ] ò Íå ãó 
 Y ã� � 9 Î îô ò Íö ãY 
 _å ãÚÎ îô
ø.B .B>.- D.C?H ÂGEQE.> \?HB?HEUB?À. U.- ô 0./ .C?HB?HE ½¿> @G� B@ G0 öåå Õ@ .-ÁDB/E CB?H .B>. ËH.-@ G0BCB.-F>DCQ.BE ½¿> @G� B@ G0 Y >C A ¾ B.C.- ø.BE-GD BCE B@Ê.-D0.B?H @ BE U.> G>U.-.> ½.->G?H0ÂGCCBD/G- A
Ã>CD.CG@E .-DB/E CB?H GFC UB.C.> ø.BE- ÂGD.> .B>. D.C?H ÂGEQE. ËH.-@ G0BCB.-F>DCÁQ.BE ½¿> � ´² · _ó Õ C A

¾ B. È/À0B>DQ.BE U.C ¾.E.ÀE¿-C V B-U / .CEB@@E UF-?H C.B>. î ÂG-@.ÀGÅGQBE ÂGE C¿V B.UB. EH.-@ BC?H. È>À¿ÅÅ0F>D ÂF/.- UB. ôFÅÆ.-U- ÂGHE. ï
1 2 BE .B>.- ô 0./ .ÿ ÂG?H. QF@ ÈFÆÀ0./ .> U.- ôFÅÆ.-U- ÂGHE. ½¿> å A� � å A� @@¸.-DB/E CB?H @ BE × 0.B?HF>D õó Aöå÷ Æ ÂF- UB. EH.-@ BC?H. È>À¿ÅÅ0F>D U.C ô 0./ .-CÇ _åX ï 	ð ¸�ñ ò Íè ã� � öå�= � � Îîô
1 ¾B. ôFÅÆ.-U- ÂGHE. HG/.> .B>. Ø ÂG>D. ½¿> õöå 
 _÷ @@ A 2 BE U.@ ¾F-?H@ .CC.-½¿> �å Õ@ .-DB/E CB?H BH-. EH.-@ BC?H. È>À¿ÅÅ0F>D QF

	û ü ò Íó ãè � öå�= � Î îô
1 ù ÂF- U.> Ø Â¿EQB>> ÀG>> UGC Ê.-H ÂG0E>BC È 50 >F- C?HV.- G>D.D./ .> V.-U.> A Ù B@@E@G> .B>. ¾ B?À. U.- Ø Â¿EQB>>Á\?HB?HE ½¿> å Aö @@ F>U .B>. ù0 ÂG?H. ½¿> ?G Aå A_ @@ ¸ G> [ VGC U.- ù0 ÂG?H. U.- ½¿> Ø Â¿EQB>> F@@G>E.0E.> ôFÅÆ.-U- ÂGHE. .>EÁCÅ-B?HE [ .-H ÂG0E @ G> .B>.> î.-E ½¿>

	0 Â¿E ò Y � öå�9 � îô¾B. EH.-@ BC?H. È>À¿ÅÅ0F>D V B-U >G?H UB.C.- È/C?H ÂGEQF>D >B?HE ½¿@ Ø Â¿EQB>>0B@ BEB.-E A
Ã> È/C?H>BEE Y A_ Aö V.-U.> UB.C. EH.¿-.EBC?H.> î.-E. @ BE U.> .�Å.-B@ .>E.00 .-@ BEÁE.0E.> ½.-D0B?H.> F>U UBCÀFEB.-E A ÈFC U.- î ÂG-@ .ÀGÅGQBE ÂGE F>U U.- EH.-@ BC?H.> È>ÁÀ¿ÅÅ0F>D .-DB/E CB?H .B>. EH.¿-.EBC?H. È/À0B>DQ.BE U.C ¾.E.ÀE¿-C ½¿> �:o o ò Y Õ C A
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¾.- QV.BE. B> UB.C.- È -/ .BE F>E.-CF?HE. ËH.-@ BCE¿- / .CEG>U GFC .B>.@ CFÅ-G0.BÁE.>U.> È 0F@ B>BF@ CE-.BÆ.> B@ �HGC.> ÂF/.-DG>D A \¿0?H. ËH.-@ BCE¿-.> VF-U.> B> U.>È-/.BE.> ½¿> 2.B.- Íèú [ öÚ [ _å [ _ öÎ F>U î.B>/G?H ÍèèÎ .>EV B?À.0E F>U GFCÆ ÂFH-0B?HF>E.-CF?HE A ¾ B. B> UB.C.@ ôGÅBE.0 ½¿-D.CE.00E.> X>EV B?À0F>DCG-/ .BE.> HGEE.> QF@� B.0 [ ¾.E.ÀE¿-.> @ BE È 0F@ B>BF@ ÁËH.-@ BCE¿-.> Æ ÂF- U.> XB>CGEQ B> U.- ø.C?H0.F>BD.-Á2 GCC.>CÅ .ÀE-¿@ .E-B. QF ¿ÅEB@ B.-.> [ U AH A U B. X>.-DB.GFÿ Â¿CF>D Æ ÂF- >B.U.-.>.-D.EBC?H.C?HV.-. Ã¿>.> QF ½.-/ .CC.-> F>U UB. GÀEB½. ¾.E.ÀE¿-ÿ ÂG?H. QF ½.-D- Â¿þ.-> A ¾GQF VF-ÁU.> B>C/ .C¿>U.-. GF?H W>E.-CF?HF>D.> @ BE .B>.@ U ÂF>>.-.> È/C¿-/ .- ½¿> öåå Õ@¾B?À. G>D.CE.00E [ U.- .B>. D.-B>D.-. î ÂG-@ .ÀGÅGQBE ÂGE HGE G0C UB. B> U.> Ê¿-D ÂG>D.-ÁÈ -/ .BE.> F>E.-CF?HE.> È/C¿-/ .- ½¿> óóå Õ@ ¾B?À. A

Ù ./ .> \EG>UG-UÁ\GÅHB-ÁîGÆ.-> õ¾F-?H@.CC.- _ �¿00 ò � A_ ?@ [ ¾ B?À. óóå Õ@÷VF-U.> Æ ÂF- UB. �H¿E¿0BEH¿D-GÅB. îGÆ.- U.- ¾ B?À. öåå Õ@ @BE _ �¿00 ¾F-?H@.CC.-C¿V B. öåå Õ@ UB?À. �0 ÂGEE?H.> U.- È/@.CCF>D.> ö ?@ � ö ?@ /.>FEQE õC AF A÷ A XCVF-U.> ¾.E.ÀE¿-.> GFC ½.-C?HB.U.>.> �-¿UFÀEB¿>CÁüHG-D.> F>E.-CF?HE ï
1 üHG-D. öï VF-U. ½¿> 2.B.- B> U.> �GH-.> öÚÚåÁ öÚÚY H.-D.CE.00E A ¾.- ½¿>BH@ ?HG-GÀE.-BCB.-E. F>U B> UB.C.- È -/ .BE ./ .>ÆG00C ½.-V.>U.E. ¾.E.ÀE¿- È 0ö_CEG@@E GFC UB.C.- üHG-D. ÍöÚÎ A ¾ B. ¾ B?À. U.C È/C¿-/ .-C / .E- ÂGDE óóå Õ@ A
1 üHG-D. _ ï VF-U. Å-¿UFQB.-E _åå ö @ BE >.F.> [ B> È/C?H>BEE ó AY Aö / .C?H-B./ .>.>2GCÀ.> GFÆ \EG>UG-UÁ_ �¿00ÁîGÆ.-> [ È/C¿-/ .-Á¾ B?À. ./ .>ÆG00C óóå Õ@ A
1 üHG-D. ó ï VF-U. Å-¿UFQB.-E @ BE >.F.> 2GCÀ.> GFÆ ö ?@ ¸Á�0 ÂGEE?H.> U.- ¾ B?À.öåå Õ@ A
1 üHG-D. Y ï VF-U. Å-¿UFQB.-E @ BE >.F.> 2GCÀ.> GFÆ _Á�¿00ÁîGÆ.-> U.- ¾ B?À.öåå Õ@ A
Ã> ËG/.00. ó Aö CB>U UB. V B?HEBD.CE.> XBD.>C?HGÆE.> ½¿> È 0F@ B>BF@ QFCG@@.>D.ÁÆGþE A

CÅ .QBýC?H.- î BU.-CEG>U �� ò å Aå_è � 5@@¸ @.0.ÀE-¿>BC?H. î ÂG-@.ÀGÅGQBE ÂGE ?:^ ò öAó� �öå�� Ë �5?@ 9 ô¾./Ö.Áî ÂG-@.ÀGÅGQBE ÂGE ?^ ò _ AYÿ �öå�< Ë 9 �5?@ 9 ô\Å-F>DE.@Å.-GEF- Ëä ò öAöYå ôÀ-BEBC?H.C 2GD>.EÆ.0U Çä ò å Aå öå� Ëô¿H ÂG-.>Q0 ÂG>D. �� ò öúåå >@XB>U-B>DEB.Æ. �� ò öú >@ü¿¿Å.-Áø B>UF>DC.>.-DB. í ò å Aöè @.Ê
ËG/.00. ó Aöï ¾ B. XBD.>C?HGÆE.> ½¿> È 0F@ B>BF@
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¾B. È 0F@ B>BF@ CE-.BÆ.> C¿V B. UB. .0.ÀE-BC?H.> ô¿>EGÀE. VF-U.> @ BEE.0C �H¿E¿0BEH¿ÁD-GÅHB. GFÆ U.> \GÅHB-ÁÈ/C¿-/ .- GFÆD./-G?HE A ¾ B. �H¿E¿0BEH¿D-GÅB. VF-U. G@ Ã>ÁCEBEFE Æ ÂF- ÇG0/0.BE.-E.?H>BÀ U.- Ë.?H>BC?H.> W>B½.-CBE ÂGE ¾G-@ CEGUE ½¿> ¾- AÁÃ>D AÇG/.-0. F>U C.B>.> 2 BEG-/ .BE.-> UF-?HD.Æ ÂFH-E A 2 BE U.> U¿-E ½¿-HG>U.> È>0GD.> BCE.C >B?HE @ Â¿D0B?H [ \GÅHB-ÁîGÆ.- @ BE .B>.@ ¾F-?H@.CC.- ½¿> V.>BD.- G0C _ �¿00 QF/ .G-/ .BE.> A W@ GF?H GFÆ U.> ö ?@ ¸ D-¿þ.> \GÅHB-Á� 0 ÂGEE?H.> \E-FÀEF-.> QF .-Q.FÁD.> [ VF-U.> UB.C. @ BE .B>.@ CÅ.QB.00.> îG?HC õ�ü�Ù öÚ�÷ GFÆ _Á�¿00Á\B0BQBF@ÁîGÆ.-GFÆD.À0./E A ¾GC îG?HC VF-U. >G?H X>U. U.C Ø BEH¿D-GÅHB.Á�-¿Q.CC.C @ BE À¿ ?H.>U.@Ë-B?H0¿- ÂGEHÖ 0.> .>EÆ.->E A¾ B. .B>Q.0>.> \?H-BEE. U.- �H¿E¿0BEH¿D-GÅHB. HGE 2.B.- B> ÍèúÎ GFCÆ ÂFH-0B?H / .ÁC?H-B./ .> A ¾GH.- C¿00 HB.- >F- .B>. ÀF-Q. �FCG@@.>ÆGCCF>D U.- V B?HEBDCE.> \?H-BEE.D.D./ .> V.-U.> A �F> ÂG?HCE VF-U. .B>. óå >@ UB?À. üH-¿@ Á\?HB?HE GFÆ UB. îGÆ.-GFÆD.UG@ÅÆE [ UB-.ÀE UG>G?H B@ C.0/ .> È -/ .BECC?H-BEE .B>. öåå >@ UB?À. ×¿0UC?HB?HE A¾ B.C. / .BU.> \?HB?HE.> /B0U.> UB. ô¿>EGÀECE-.BÆ.> A ¾ B. 2.EG00Á\?HB?HE VF-U. @ BE�H¿E¿0G?À / .C?HB?HE.E F>U UG>> UF-?H .B>. 2GCÀ. / .0B?HE.E A È> U.> / .0B?HE.E.>\E.00.> H ÂG-E.E U.- �H¿E¿0G?À GFC F>U ý� B.-E UB. UG-F>E.- 0B.D.>U. 2.EG00C?HB?HE [V ÂGH-.>U UB. >B?HE / .0B?HE.E.> ø.-.B?H. U.- 2.EG00C?HB?HE B@ > ÂG?HCE.> È -/ .BECC?H-BEE½¿@ îGÆ.- H.-F>E.-D. ÂGEQE V.-U.> A ¾ B. 2GCÀ. Æ ÂF- UB. üH-¿@Á F>U ×¿0UÁø.0B?HEF>DBCE B> È// A ó AóG A÷ QF C.H.> A Ù G?H U.@ �H¿E¿0BEH¿D-GÅHB.Á\?H-BEE QF- X-Q.FDF>DU.- ô¿>EGÀECE-.BÆ.> VF-U. U.- îGÆ.- @ BE .B>.- öå >@ UB?À.> È 0F@ B>BF@ Á\?HB?HE/ .UG@ÅÆE A ¾ B. �H¿E¿0BEH¿D-GÅHB. U.C È 0F@ B>BF@ Á\E-.BÆ.>C .-Æ¿0DE G>G0¿D QF U.- Æ ÂF-UB. ô¿>EGÀECE-.BÆ.> A ¾ B. 2GCÀ.> Æ ÂF- UB. Ç.-CE.00F>D U.- È 0F@ B>BF@ Á\E-FÀEF-.> Q.BDEÈ// A ó Aó/ A÷ A¾.- È 0F@ B>BF@ý0@ BCE @ ÂGG>U.-Æ Â¿-@ BD CE-FÀEF-B.-E [ F@ @ Â¿D0B?HCE H¿H. î BÁU.-CE ÂG>U. QF .--.B?H.> F>U C¿ UB. È>ÅGCCF>D G> À¿>½.>EB¿>.00. Ê¿-½.-CE ÂG-À.- QF¿ÅEB@ B.-.> A È 00. \E-FÀEF-.> CB>U ö � ö @@¸ D-¿þ A ¾ B. × .¿@ .E-B. U.- \E-FÀEF-.>/ .-FHE GFÆ .B>.@ Ê¿-C?H0GD ½¿> 2.B.- B> ÍöÚÎ A Ù G?H UB.C.@ Ê¿-C?H0GD VF-U.> >.F.2GCÀ.> D.Æ.-EBDE [ @ BE U.>.> U-.B ½.-C?HB.U.>. ËÖÅ.> ½¿> \E-FÀEF-.> .-Q.FDE VF-U.>
õC A È//B0UF>D ó AY÷ ï
1 ËÖÅ Ã ï öY \E-.BÆ.> @ BE .B>.- ø-.BE. ½¿> 7 . ó� Õ@ [ Ø ò ö� @@ [ � 9��� ò öAY À�
1 ËÖÅ ÃÃ ï YÚ \E-.BÆ.> @ BE .B>.- ø-.BE. ½¿> 7 . öå Õ@ [ Ø ò �å @@ [ � 9��� ò öó À�
1 ËÖÅ ÃÃÃ ï öå ö \E-.BÆ.> @ BE .B>.- ø-.BE. ½¿> 7 . � Õ@ [ Ø ò öå_ @@ [ � 9��� ò�� À�

Ø BCE UB. × .CG@E0ÂG>D. U.C È 0F@ B>BF@ CE-.BÆ.>C A ¾ B. î BU.-CE ÂG>U. VF-U.> GFCU.@ CÅ.QBýC?H.> î BU.-CEG>U ½¿> È 0F@ B>BF@ /.-.?H>.E õC A È/C?H>BEE ó AY A_÷ A
1 ¾ B. ô¿>EGÀECE-.BÆ.> G> /.BU.> \.BE.> /.CE.H.> GFC óå >@ üH-¿@ F>U öåå >@×¿0U F>U HG/.> .B>. ø-.BE. ½¿> ö�å Õ@ F>U ./.>ÆG00C .B>. Ø ÂG>D. ½¿> ö @@ AÃ@ Ê.-D0.B?H @ BE U.> /.B 2 .B.- ½.-V.>U.E.> ô¿>EGÀEÅF>ÀE.> õ× - Â¿þ. ö�å Õ@ �ö�å Õ@ ÷ /B.E.> UB.C. \E-.BÆ.> UB. 2 Â¿D0B?HÀ.BE [ ¾.E.ÀE¿-.> @.H-ÆG?H QF /¿>U.>F>U GFÆ UB.C. î.BC. UB. EH.-@ BC?H. È>À¿ÅÅ0F>D QF ½G-BB.-.> A ÈF?H ÀG>> .B>G/D.-BCC.>.- ø¿>UÁ¾-GHE .-C.EQE V.-U.> [ VGC / .B U.- G0E.> × .¿@.E-B. >B?HE@ Â¿D0B?H VG- A
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�ÊÚËÕÉÉ�Î� ~ÊÌ Ë�ÊÌÉ ÕÚÙ�ÊÎ ÜÎ�ÍØØÖ�Î� ÒÆ xw |�wt� x}~�w áy¾»ÄÄvsyz � xt� � xw { wx �w� Æw|w¾|»t ¥U w¤ us} �wt Çwx�vwx¿}|syz �« ²±² {w}|x��| � Æu} Ôwt�uv|wy �w} ¥sÄtuvwx|wt} sy|wt}~�wx�w| }x~� uvvwt�xyz}¼»y �w� �w} U wt� uyxs�¿â�wt� x}|»t} � ( xt� wxy ¥sÄtuvwx|wt ¼»y wxyw� ¥|t»� Ó�st~�ó»}}wy ª � xt� wt x� y»t� uvvwx|wy�wy )s}|uy� usÅzw�wx�| zw� ½uô �« ²±² 2 òÓ� �Æw�wy|}Ätw~�wy� ¼wt}~�xw{| }x~� �xw âw�Äwtu|st �w} ' ½s�vñyzwt} �­ ±¸ � yu~� sy¿|wy � Çwx�| � uy �wy ¥sÄtuvwx|wt ¼»� }sÄtuvwx|wy�wy )s}|uy� us} usÅ ª }» vxwz| �xw' ½s�vñyzwt|w�Äwtu|st Å ½st �wy ½�{wtzuyz �ws|vx~� � ½»�wt ª �wxv ¾wxyw Å»svw Æ}~�w ( ½ut� w�x}}xÄ xwt| � xt� � Æ xw}w} Ôwt�uv|wy x}| xy á{{xv�syz ­ �� }~�w� u|x}~� �utzw}|wvv| � Æwt�sy¾| � { w�wx~�yw| �u{ wx �wy ½�{wtzuyz { wx� ásÅ�wx�wy us} �w� }sÄtuvwx|wy¿�wy xy �wy y»t� uvvwx|wy�wy )s}|uy� ª �wt �sy¾| « �wy ½�{wtzuyz {wx� á{¾ ½s�vwy¼»� y»t� uvvwx|wy�wy xy �wy }sÄtuvwx|wy�wy )s}|uy� � �wxwt �u| �u} Ôwt�uv|wy �wt½�{wtzuyz}|�wt�»�w|wt { wx sy|wt}~�xw�vx~�wy ¥|t ½»�wy sy|wt}s~�| sy� {wx �»�wy¥|t ½»�wy �xw}w} Ç¥ }|wtw}w¿Ôwt�uv|wy w{ wyÅuvv} { w»{u~�|w| �+V� �U w� ½uô U vwx~�syz í¤ �¤Yï zxv| Å ½st �wy Æw|w¾|»t x� át{wx|}Äsy¾| ðò¦ ³ Ó� 4 �Ç : ¾ ³ íâ¦ : âÈÉ ï 2 Y í­ ��ïÆ xw ½usôwtw ( ½ut� wwxy}|tu�vsyz �« x}| }~��wt �s �w}}wy � (wyy �uy � w�» ~� �u¼»yus}zw�| ª �uô xyywt�uv{ �wt ¾st�wy )wx| ª xy �wt �wt Æw|w¾|»t �xw Ç¥}|wtw}w¿'st¼w�st~�v ½usÅ| ª �« }x~� yx~�| ½uy�wt| ª ¾uyy �uy ò¦ sy� â¸ � uy �wy �sy¾|wy � sy�« �w}}wy sy� us} �wt Æ x�wtwy� ¼»y U vwx~�syz í­ ��ï uy �wy �sy¾|wy « sy� � �xw|�wt� x}~�w áy¾»ÄÄvsyz ¾ { w}|x�� wy � Æ xw Æw|w¾|»t|w�Äwtu|st â¦ wt� ½uv| � uy us}�wt ò íâ ï¿'st¼w { wx ¾vwxywy ¥|t ½»�wy ª �» ¾wxyw Ç¥}|wtw}w �s {w»{u~�|wy x}| � Æ xw|�wt� x}~�w áy¾»ÄÄvsyz ¾ { wtw~�yw| }x~� �uyy �s
� 2 íòÊ¦ : òË¦ ï ³ Ó�íâÊ¦ : âÊÈÉ ï : íâË¦ : âËÈÉ ï í­ �VïÆ ÌÍ º ÎÏÍÐÑÌÒÒÍ �ÍÎ ÓÍÒÒÔÑÏÍÑ ÒÌÑ� ÕÔÒÖ××ÍÑ × ÌØ ÙÍÑ ( ½ÖÎ× Í¾ÖÄÖÕÌØ ½ÖØÍÑ ÌÑâÖÐ ÍÚÚÍ ­ Ûî ÌÑ 'ÖÄ ÌØÍÚ ­ Ûî Û+ ÖÔ ÅÏÍÚÌÒØÍØ Û ¥ ÌÍ ÜÍÎÙÍÑ ÑÖÝÞ Å» ÚÏÍÑÙ ÙÌÒ¾ÔØÌÍÎØ ð
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áÐÐÌÚÙÔÑÏ ­ Û� ð ¥ÝÞÍ× ÖØÌÒÝÞÍ Æ ÖÎÒØÍÚÚÔÑÏ ÙÍÒ Ç¥ÒØÍÎÍÒÍ¿ÔÍÎÞÖÚØÍÑÒ ÍÌÑÍÒ ¥ÔÄÎÖÚÍÌ¿ØÍÎÒ
§ Æ ÌÍ Æ ÍØÍ¾Ø»ÎÍÑ á Ú+¤ ª ¥á Ú + ª ¥á Úî ÔÑÙ ¥á Ú- ÜÔÎÙÍÑ Ò»Ü»ÞÚ ÖÔ Å ÙÍÎ Æ ÍØÍ¾Ø»Î¿ÒÍÌØÍ ÖÚÒ ÖÔÝÞ ÖÔ Å ÙÌÍ U» ÚÙ¿' »ÑØÖ¾ØÄÖÙÒ ÏÍÐ»ÑÙÍØ Û ÓÖÑ ÏÍÞØ ÙÖÞÍÎ ÙÖ¼»Ñ ÖÔÒ ªÙÖô ÙÌÍ ØÞÍÎ× ÌÒÝÞÍ áÑ¾»ÄÄ ÚÔÑÏ ÑÔÎ ¼»Ñ ÙÍÎ W ½ÖÑÏÍ ÔÑÙ ÙÍ× ÆÔÎÝÞ×ÍÒÒÍÎ ÙÍÎU» ÚÙÙÎ ½ÖÞØÍ Ð ÍÒØÌ××Ø Ü ÌÎÙ Û Æ ÌÍ ÏÍ× ÍÒÒÍÑÍÑ (ÍÎØÍ ÒÌÑÙ â ÍÙ» ÝÞ ¾ ÚÍÌÑÍÎ ÖÚÒ ÙÍÎÅ ½ÔÎ ÙÌÍ U» ÚÙÙÎ ½ÖÞØÍ Ð ÍÎÍÝÞÑÍØÍ ¼»Ñ �ã� 2 íîY : #Yï .( ä' íÒ Û âÖÐ ÍÚÚÍ î Û¤ï Û Æ ÌÍÒÞÖØ ÖÔÝÞ ÓÍÌÍÎ ÒÝÞ»Ñ Ð Í»ÐÖÝÞØÍØ �+V� Û «åÍÑÒÌÝÞØÚÌÝÞ ÌÒØ ÙÍÎ ØÞÍÎ× ÌÒÝÞÍ '»Ñ¿ØÖ¾Ø ÙÔÎÝÞ ÙÌÍ õ»ÑÙ¿ÔÍÎÐÌÑÙÔÑÏ ÑÌÝÞØ Ò» ÏÔØ ª ÙÖô U» ÚÙÙÎÖÞØ ÔÑÙ '»ÑØÖ¾ØÄÖÙÍÌÑÍ ØÞÍÎ× ÌÒÝÞÍ º ÌÑÞÍÌØ ÐÌÚÙÍÑ Û§ ì ½ÔÎ ÙÍÑ Æ ÍØÍ¾Ø»Î á Ú +¤ ÜÔÎÙÍ ÍÌÑ (ÍÎØ ¼»Ñ ¾ 2 ¤# í#ï .( ä' ÐÍÒØÌ××Ø ª ÙÖÒ ÌÒØÅÖÒØ Ù»ÄÄ ÍÚØ Ò» Þ» ÝÞ Ü ÌÍ ÙÍÎ ¼»Ñ ÓÍÌÍÎ ÌÑ �+V� Ð ÍÒØÌ××ØÍ (ÍÎØ ¼»Ñ ¾ 2 +­ íîï.( ä' Û Æ ÍÎ (ÍÎØ ¼»Ñ ¾ 2 ¤# í#ï .( ä' ÜÔÎÙÍ ÌÑ ÕÜÍÌ ÔÑÖÐÞ ½ÖÑÏÌÏÍÑ ÓÍÒÒÔÑ¿ÏÍÑ ÐÍÒØ ½ÖØÌÏØ ª â ÍÙ» ÝÞ ¾»ÑÑØÍ ¾ÍÌÑÍ º Î¾ Ú½ÖÎÔÑÏ Å ½ÔÎ ÙÌÍ áÐÜÍÌÝÞÔÑÏ ¼»Ñ ÓÍÌÍÎÒ(ÍÎØ ÏÍÅÔÑÙÍÑ ÜÍÎÙÍÑ Û áÔÒ ÙÍÑ ÌÑ 'ÖÄ Û ­ Ûî Û+ Ð ÍÒØÌ××ØÍÑ ( ½ÖÎ× Í¾ÖÄÖÕÌØ ½ÖØÍÑÏÍÞØ ÞÍÎ¼»Î ª ÙÖô ÙÍÎ ¼»Ñ ÓÍÌÍÎ Ð ÍÒØÌ××ØÍ (ÍÎØ ¼»Ñ ¾ 2 +­ íîï .( ä' ¾»ÎÎÍ¾ØÌÒØ Û§ Æ ÌÍ Æ ÍØÍ¾Ø»ÎÍÑ ¥á Ú# ª ¥á ÚZ ª ¥á Ú� ª ¥á ÚV Ò»Ü ÌÍ ¥á Ú¤Y ÔÑÙ ¥á Ú¤+ ÜÖÎÍÑ ÑÌÝÞØÖÔ Å ÙÌÍ ' »ÑØÖ¾ØÄÖÙÒ ÏÍÐ»ÑÙÍØ ª Ò»ÑÙÍÎÑ ÙÌÍ U» ÚÙÙÎ ½ÖÞØÍ ÜÔÎÙÍÑ × ÌØ WÍÌØÒÌÚ¿ÐÍÎ ÖÔ Å ÙÍÑ '»ÑØÖ¾ØÄÖÙÒ ÅÍÒØÏÍ¾ ÚÍÐØ Û Æ ÍÎ Æ ÍØÍ¾Ø»Î ¥á ÚV ÜÖÎ ÕÔÒ ½ÖØÕÚÌÝÞ × ÌØUºZYî +¿â ÌÍÅØÍ× Ä ÍÎÖØÔÎÚÖÝ¾ ÖÔ Å ÙÍ× 'ÔÄÅÍÎÞÖÚØÍÎ ÅÍÒØÏÍ¾ ÚÍÐØ Ü»ÎÙÍÑ � ÙÖÞÍÎÌÒØ ÒÍÌÑÍ ØÞÍÎ× ÌÒÝÞÍ áÑ¾»ÄÄ ÚÔÑÏ ÒÍÞÎ Þ» ÝÞ Û ì ½ÔÎ ÙÌÍ ÖÑÙÍÎÍÑ Æ ÍØÍ¾Ø»ÎÍÑ ¾ÖÑÑ×ÖÑ ÒÖÏÍÑ ª ÙÖô ÙÌÍ ØÞÍÎ× ÌÒÝÞÍ WÍÌØÅ ½ÖÞÌÏ¾ÍÌØ × ÌØ ÝÖ Û Z .( ä' ÌÑ ÙÍÎ § ½ÖÞÍ ÙÍÒÌÑ 'ÖÄ Û î Û­ Ûî Å ½ÔÎ WÍÌØÒÌÚÐ ÍÎ ÏÎ»Ð ÖÐÏÍÒÝÞ ½ÖØÕØÍÑ (ÍÎØÍÒ ¼»Ñ + .( ä' ÚÌÍÏØ Û§ ì ½ÔÎ ÙÍÑ Æ ÍØÍ¾Ø»Î ¥á Ú + ¾»ÑÑØÍ ÙÌÍ ØÞÍÎ× ÌÒÝÞÍ áÑ¾»ÄÄ ÚÔÑÏ ÑÌÝÞØ Ð ÍÒØÌ××ØÜÍÎÙÍÑ ª ÜÍÌÚ âæ ÔÑÙ â ç ÕÔ ÑÖÞÍ Ð ÍÌÍÌÑÖÑÙÍÎ ÚÖÏÍÑ ÔÑÙ ÙÌÍ Ç¥ÒØÍÎÍÒÍ¿'ÔÎ¼ÍÑÌÝÞØ ÖÔÒÏÍÜÍÎØÍØ ÜÍÎÙÍÑ ¾»ÑÑØÍ Û
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ë× ÙÖÒ ÔÍÎÞÖÚØÍÑ ÙÍÎ Æ ÍØÍ¾Ø»ÎÍÑ ÔÑØÍÎ âÍÌÚÝÞÍÑÍÌÑ ÅÖÚÚ ÕÔ ÔÑØÍÎÒÔÝÞÍÑ ª ÜÔÎÙÍÑ ÒÌÍÕÔÑ ½ÖÝÞÒØ × ÌØ ÍÌÑÍÎ á ÚÄÞÖìÔÍÚÚÍ Ð ÍÒØÎÖÞÚØ Û º Ò ÞÖÑÙÍÚØ ÒÌÝÞ Ô× ÍÌÑ Ó ÌÒÝÞÄÎ ½ÖÄÖÎÖØÙÍÎ ÙÎÍÌ ÓÒ»Ø»Ä Í �µíîÔ ª �© Rá× ÔÑÙ �©©¼× Û ÓÑ âÖÐÍÚÚÍ ­ Û¤ ÒÌÑÙ ÙÌÍ ï ¿ºÑÍÎÏÌÍÑ ÔÑÙÎÍÚÖØÌ¼ÍÑ Ç ½ÖÔñÏ¾ÍÌØÍÑ ÙÍÎ ÓÒ»Ø»Ä Í ÖÔÅÏÍÚÌÒØÍØ ðÓÒ»Ø»Ä Ç ÖÚÐÜÍÎØÒÕÍÌØ �¥� ºÑÍÎÏÌÍ �ÓÍÔ � ÎÍÚ Û Ç ½ÖÔñÏ¾ÍÌØ �© ��µíîÔ ¤­ ++Y - Û++ ++Û- í�ï- Û+­ +- Û+ í�ï- Û+# Zî Ûî í�ï�© Rá× ­î¤ - ÛîV +Û# í¤ï- Û­­ +î ÛY í#ï- Û­V �- í+ï�©© ¼× +� - ÛZ# ¤î Û# í¤ï- Û�Y Z# Û­ í¤ï
âÖÐ ÍÚÚÍ ­ Û¤ ð )ÔÒÖ××ÍÑÒÍØÕÔÑÏ ÔÑÙ º ÌÏÍÑÒÝÞÖÅØÍÑ ÙÍÎ Æ ÎÍÌ¿WÌÑÌÍÑ¿á ÚÄÞÖ¿XÔÍÚÚÍ ª ÙÌÍÅ ½ÔÎ ÙÌÍ ¼ÞÖÎÖ¾ØÍÎÌÒÌÍÎÔÑÏÒ× ÍÒÒÔÑÏÍÑ Ð ÍÑÔØÕØ ÜÔÎÙÍ Û Æ ÌÍ ÙÎÍÌ Ç ÖÔÄØÚÌÑ ÌÍÑ Ð ÍÌ - Û+#ÓÍÔ ª - Û­V ÓÍÔ ÔÑÙ - Û�Y ÓÍÔ ÎÍÒÔÚØÌÍÎÍÑ ÖÔÒ )ÍÎÅ ½ÖÚÚÍÑ ÌÑ ÙÍÑ UÎÔÑÙÕÔÒØÖÑÙ ÙÍÒâ» ÝÞØÍÎÑÔ¾ ÚÌÙÒ ª ÙÌÍ §ÍÐÍÑÚÌÑ ÌÍÑ ÖÔÒ )ÍÎÅ ½ÖÚÚÍÑ ÌÑ ÖÑÏÍÎÍÏØÍ )ÔÒØ ½ÖÑÙÍ Û Æ Ö ¼»× Ç ÍÎ¿ÒØÍÚÚÍÎ ÑÔÎ ÙÌÍ UÍÒÖ×ØÖ¾ØÌ¼ ÌØ ½ÖØ ÙÍÎ XÔÍÚÚÍ ÖÑÏÍÏÍÐ ÍÑ ÜÔÎÙÍ ª ÒÌÑÙ ÙÌÍ áÑØÍÌÚÍ ÙÍÎÙÎÍÌ §Ô¾ ÚÌÙÍ ÑÌÝÞØ ÏÍÑÖÔ ÐÍ¾ÖÑÑØ Û Æ ÖÞÍÎ ÌÒØ Å ½ÔÎ â ÍÙÍÒ §Ô¾ ÚÌÙ ÙÌÍ ÎÍÚÖØÌ¼Í Ç ½ÖÔñÏ¾ÍÌØÙÍÎ ÇÖÔÄØ¿ ÔÑÙ §ÍÐÍÑÚÌÑ ÌÍÑ ÖÑÏÍÏÍÐ ÍÑ ÛÆ ÌÍ á ÚÄÞÖØÍÌÚÝÞÍÑ ÞÖÐ ÍÑ ÐÍÌ ºÑÍÎÏÌÍÑ ¼»Ñ - ¬ # ÓÍÔ ÌÑ ¥ÖÄÞÌÎ ÍÌÑÍ ò ÍÌÝÞÜÍÌØÍ¼»Ñ +- .× Û º Ò ÜÔÎÙÍÑ ¼»Ñ ¥UÍ¤ Ò»Ü ÌÍ ÙÍÑ Æ ÍØÍ¾Ø»ÎÍÑ × ÌØ á ÚÔ× ÌÑÌÔ× ¿âÞÍÎ× ÌÒØ»ÎÍÑÒ»Ü»ÞÚ ÙÌÍ ¥ÌÏÑÖÚÅ»Î× ÍÑ ÖÚÒ ÖÔÝÞ îÔÚÒÞ ½»ÞÍÑÒÄ Í¾ØÎÍÑ ÖÔ ÅÏÍÑ»××ÍÑ Û
ð ñã ñò |óäôõ·öç÷£ åôø ùúûüó££åôä øú÷ ý éõ÷£ úxõþõÿóü éõü)ÔÎ áÔ ÅÑÖÞ×Í ÙÍÎ ¥ ÌÏÑÖÚÅ»Î× ÜÔÎÙÍÑ ÙÌÍ ¥ ÌÏÑÖÚÍ ÖÔÒ ÙÍ× ÓâÇá¼«¿Ô»Î¼ÍÎÒØ ½ÖÎ¾ÍÎ× ÌØ ÙÍÎ 'ÖÎØÍ î¼ Ó¿Ó Ó«¿+#º¿ + íÒ Û ' ÖÄ Û ­ Û+ Ûîï ÙÌÏÌØÖÚÌÒÌÍÎØ Û Æ ÍÎ õÖÑÙÄÖô ÙÍÒÔÍÎÒØ ½ÖÎ¾ÍÎÒ ÜÖÎ ÙÖÐ ÍÌ × Ö,Ì× ÖÚ »åÍÑ ª Ô× ÍÌÑÍ ÔÍÎÅ ½ÖÚÒÝÞÔÑÏ ÙÍÎ áÐ¾ ÚÌÑÏÕÍÌØ ÕÔ ¼ÍÎ¿×ÍÌÙÍÑ Û ÅÍ ÑÖÝÞ W ½ÖÑÏÍ ÙÍÎ ¥ ÌÏÑÖÚÍ ÔÑÙ UÎ ½»ôÍ ÙÍÒ ÏÍÜ ½ÖÞÚØÍÑ ìÍÑÒØÍÎÒ ÜÔÎÙÍ ÍÌÑÍ)ÍÌØÖÔó ½»ÒÔÑÏ ¼»Ñ � Ø ® + ¬ ¤ .Ò ÍÎÎÍÌÝÞØ Û Æ ÌÍ ÕÔ ÍÎÜÖÎØÍÑÙÍ ¥ ÌÏÑÖÚÅ»Î× ë íØï ÌÒØÌÑ U ÚÍÌÝÞÔÑÏ í¤ Ûî +ï Ð ÍÒÝÞÎÌÍÐ ÍÑ Ü»ÎÙÍÑ Û áÔÒ ÍÌÑÍ× ì ÌØ ¾»ÑÑØÍÑ ÙÌÍ îÖÎÖ× ÍØÍÎ ë / ª� ²� ÔÑÙ �²³ ³ ÔÑÙ ÙÖÎÖÔÒ ÙÌÍ ( ½ÖÎ× Í¾ÖÄÖÕÌØ ½ÖØÍÑ Ð ÍÒØÌ××Ø ÜÍÎÙÍÑ Û º Ò ÜÔÎÙÍÑ â Í¿ÜÍÌÚÒ -Y »ÙÍÎ +YY ¥ÌÏÑÖÚÍ ÖÔ ÅÏÍÑ»××ÍÑ ÔÑÙ ÙÖÑÑ ÏÍ× ÌØØÍÚØ � Ù ÌÍ × ÌØ ÙÍÎ ÎÍÚÖØÌ¼ÍÑÇ ½ÖÔñÏ¾ÍÌØ ÏÍÜ ÌÝÞØÍØÍ ª ÏÍ× ÌØØÍÚØÍ ï ¿ºÑÍÎÏÌÍ Ð ÍØÎ ½ÖÏØ - Û­Y ÓÍÔ Û Æ ÌÍ áÐÐÌÚÙÔÑÏÍÑ ­ ÛVÔÑÙ ­ Û+Y ÕÍÌÏÍÑ â ÍÜÍÌÚÒ ÍÌÑ Ò» ÚÝÞÍÒ ÏÍ× ÌØØÍÚØÍÒ á ÚÄÞÖ¿¥ ÌÏÑÖÚ Å ½ÔÎ ÙÍÑ Æ ÍØÍ¾Ø»Î ¥UÍ�íáÐÐÌÚÙÔÑÏ ­ ÛVï ÔÑÙ ÙÌÍ Æ ÍØÍ¾Ø»ÎÍÑ �á Ú# ª �á ÚZ ÔÑÙ �á Ú� íáÐÐÌÚÙÔÑÏ ­ Û+Yï Û Æ ÌÍ Î»ØÍ'ÔÎ¼Í ÒØÍÚÚØ â ÍÜÍÌÚÒ ÍÌÑÍÑ ì ÌØ ÑÖÝÞ U ÚÍÌÝÞÔÑÏ í� Ûî +ï ÙÖÎ Û Æ ÍÎ ØÞÍ»ÎÍØÌÒÝÞÍ ÔÍÎÚÖÔ ÅÙÍÒ �ÄÖÑÑÔÑÏÒÒÌÏÑÖÚÒ Ð ÍÒÝÞÎÍÌÐØ ÙÌÍ Í,Ä ÍÎÌ× ÍÑØÍÚÚ ÍÎ× ÌØØÍÚØÍ � ÌÏÑÖÚÅ»Î× ÒÍÞÎ ÏÔØ ÛÆ ÌÍ ( ½ÖÎ× Í¾ÖÄÖÕÌØ ½ÖØ Ú½ÖôØ ÒÌÝÞ ÖÔÒ ÕÜÍÌ UÎ ½»ôÍÑ ÐÍÒØÌ×× ÍÑ íÒ Û 'ÖÄ Û � Û� Ûîï ð

� ÖÔÒ �²³ ³ ÏÍ× ½Öô � ²³ ³ 2 �� : °�°� ³ ¸ �
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� ÖÔÒ ë/ ÏÍ× ½Öô ë/ 2 � ³ º¼ ³ ÙòÙâ ³ ÓÆ ÍÎ ìÖ¾Ø»Î � Ü ÌÎÙ ÕÔÑ ½ÖÝÞÒØ ÖÚÒ + ÖÑÏÍÑ»××ÍÑ ÔÑÙ ÒÄ ½ÖØÍÎ ÙÌÒ¾ÔØÌÍÎØ Û Æ ÌÍ á ÎÐ ÍÌØÒ¿ØÍ×Ä ÍÎÖØÔÎ ÙÍÒ Æ ÍØÍ¾Ø»ÎÒ �UÍ� ÚÖÏ Ð ÍÌ â¦ 2 +Û#Z ' ª ÙÌÍ ÙÍÎ ÖÑÙÍÎÍÑ Æ ÍØÍ¾Ø»ÎÍÑâ ÍÜÍÌÚÒ ÌÑ ÙÍÎ Ó ÌØØÍ ÙÍÒ ½ëÐÍÎÏÖÑÏÒ Ð ÍÌ âº ÛÓÑ âÖÐ ÍÚÚÍ ­ Ûî ÒÌÑÙ ÙÌÍ ÖÔÒ ë/ ÔÑÙ � ²³ ³ ÍÎ× ÌØØÍÚØÍÑ Ò»Ü ÌÍ ÙÌÍ × ÌØØÍÚÒ U ÚÍÌÝÞÔÑÏíî Ûîï ÖÔÒ ÙÍ× áÐÒ»ÎÐ ÍÎ¼» ÚÔ× ÍÑ Ô ÐÍÎÍÝÞÑÍØÍÑ (ÍÎØÍ Å ½ÔÎ ÙÌÍ ( ½ÖÎ× Í¾ÖÄÖÕÌØ ½ÖØÍÑ ÔÑÙÙÌÍ ÌÑ 'ÖÄ ÌØÍÚ ­ Û� ÙÌÒ¾ÔØÌÍÎØÍÑ ØÞÍÎ× ÌÒÝÞÍÑ áÑ¾»ÄÄ ÚÔÑÏÍÑ ¾ Å ½ÔÎ ÖÚÚÍ ÔÑØÍÎÒÔÝÞØÍÑÆ ÍØÍ¾Ø»ÎÍÑ ÖÔ ÅÏÍÚÌÒØÍØ Û õ ÍÌ× ÔÍÎÏÚÍÌÝÞ ÙÍÎ (ÍÎØÍ Å ½ÔÎ ÙÌÍ ( ½ÖÎ× Í¾ÖÄÖÕÌØ ½ÖØÍÑ Å ½ÖÚÚØÅ» ÚÏÍÑÙÍÒ ÖÔ Å ð
� ì ½ÔÎ ÙÍÑ Æ ÍØÍ¾Ø»Î �UÍ� ÌÒØ ÙÍÎ Í,Ä ÍÎÌ× ÍÑØÍÚÚ ÖÔÒ �²³ ³ ÐÍÒØÌ××ØÍ (ÍÎØ ¼»Ñ ¼ÙÍÔØÚÌÝÞ ÏÎ ½»ôÍÎ ÖÚÒ ÙÍÎ ØÞÍ»ÎÍØÌÒÝÞ ÖÔÒ Ô ÍÎ× ÌØØÍÚØÍ (ÍÎØ Û Æ ÌÍ Æ ÌåÍÎÍÑÕ ¼»Ñ� Ûî í#ï ÑÅä' ×Ôô ÙÍ× â ÌÍÅØÍ×Ä ÍÎÖØÔÎÚÖÝ¾ Uº ZYî + ÕÔÏÍÎÍÝÞÑÍØ ÜÍÎÙÍÑ Û Ó ÌØÙÍ× (ÍÎØ Å ½ÔÎ ÙÌÍ ÒÄ ÍÕÌñ ÒÝÞÍ ( ½ÖÎ× Í¾ÖÄÖÕÌØ ½ÖØ ÖÔÒ 'ÖÄ Û î Ûî Û+ ÍÎÏÌÐØ ÒÌÝÞ Å ½ÔÎ ÙÍÑ' ÚÍÐ ÍÎ ÍÌÑ Ô» ÚÔ× ÍÑ ¼»Ñ Ô 2 +Û­ í�ï 	+Y
� Ý× µ ÔÑÙ ÙÖÎÖÔÒ ÍÌÑÍ �ÝÞÌÝÞØÙÌÝ¾ÍÙÍÎ ' ÚÍÐ ÍÒÝÞÌÝÞØ ¼»Ñ í-# � îîï .× ÛÆ ÍÎ (ÍÎØ ÖÔÒ ë/ ÌÒØ Ñ» ÝÞ× ÖÚÒ ÏÎ ½»ôÍÎ ÖÚÒ ÙÍÎ ÖÔÒ �²³ ³ ÍÎ× ÌØØÍÚØÍ (ÍÎØ Û Æ ÖÒÔÍÎÞ ½ÖÚØÑÌÒ ÙÍÎ ( ½ÖÎ× Í¾ÖÄÖÕÌØ ½ÖØÍÑ ¼ ÖÔÒ � ²³ ³ ÕÔ ¼ ÖÔÒ ë/ ÐÍØÎ ½ÖÏØ #Y í�ï © ÛáÔÝÞ ¼ Û ' ÌÍÑÚÌÑ ÞÖØ ÌÑ ���� Ù ÌÍÒÍ Æ ÌÒ¾ÎÍÄÖÑÕ ÕÜ ÌÒÝÞÍÑ ÙÍÎ ( ½ÖÎ× Í¾ÖÄÖÕÌØ ½ÖØ ÖÔÒ�²³ ³ ÔÑÙ ÙÍÎ ÖÔÒ ë/ ÐÍ»ÐÖÝÞØÍØ Û Æ ÖÅ ½ÔÎ ÏÌÐØ ÍÒ ÕÜÍÌ º Î¾ Ú½ÖÎÔÑÏÒ× ½»ÏÚÌÝÞ¾ÍÌØÍÑ ð+Û Æ ÍÎ ìÖ¾Ø»Î � ª ÙÍÎ ÙÍÑ áÑØÍÌÚ ÙÍÎ ºÑÍÎÏÌÍ Ð ÍÒÝÞÎÍÌÐØ ª ÙÌÍ ÖÚÒ ( ½ÖÎ× Í ÑÖÝÞ¿ÏÍÜ ÌÍÒÍÑ Ü ÌÎÙ ª ÌÒØ Ñ ÌÝÞØ ÍÌÑÒ ª Ò»ÑÙÍÎÑ ÑÔÎ Y Û# Û Æ ÖÒ Ü ½ÔÎÙÍ Ð ÍÙÍÔØÍÑ ª ÙÖôR�µ ÙÍÎ ÍÌÑÏÍØÎÖÏÍÑÍÑ âÍÌÚÝÞÍÑÍÑÍÎÏÌÍ ÑÌÝÞØ ÖÚÒ âÍ× Ä ÍÎÖØÔÎÒÄÎÔÑÏ ÑÖÝÞÏÍ¿Ü ÌÍÒÍÑ ÜÍÎÙÍÑ ª Ò»ÑÙÍÎÑ ÌÑ ÔÍÎÚÔÒØ¿îÎ»ÕÍÒÒÍ ÏÍÞÍÑ Û áÑÙÍÎÍÎÒÍÌØÒ ÜÔÎÙÍ ÌÑ'ÖÄ Û î Û� Û­ ÙÌÒ¾ÔØÌÍÎØ ª ÙÖô �ÖÄÞÌÎ ÍÎÒØ Ð ÍÌ ÎÍÚÖØÌ¼ Þ»ÞÍÑ ÒÄ ÍÕÌñ ÒÝÞÍÑ ºÑÍÎ¿ÏÌÍ¼ÍÎÚÔÒØÍÑ ìÎÍÑ¾ÍÚ¿îÖÖÎÍ ÐÌÚÙÍØ ÐÕÜ Û �ØÎÖÞÚÍÑÒÝÞ ½ÖÙÍÑ ÕÍÌÏØ Û áÔôÍÎÙÍ×ÜÔÎÙÍ Å ½ÔÎ Æ ÍØÍ¾Ø»ÎÍÑ × ÌØ á ÚÔ× ÌÑÌÔ× ¿âÞÍÎ× ÌÒØ»ÎÍÑ ª Å ½ÔÎ ÙÌÍ ÍÐ ÍÑ ÅÖÚÚÒ �Ö¿ÄÞÌÎ ÖÚÒ áÐÒ»ÎÐ ÍÎ ¼ÍÎÜÍÑÙÍØ ÜÔÎÙÍ ª ÍÌÑ Ò» ÚÝÞÍÎ ºåÍ¾Ø ÑÌÍ× ÖÚÒ Ð Í»ÐÖÝÞØÍØ Û� Û ÓÑ 'ÖÄ ÌØÍÚ î Ûî Ûî ÜÔÎÙÍ ÏÍÕÍÌÏØ ª ÙÖô ÙÌÍ âÞÍÎ× ÖÚÌÒÌÍÎÔÑÏÒÕÍÌØ ÙÍÒUÍÎ× ÖÑÌÔ× ¿âÞÍÎ× ÌÒØ»ÎÒ # .Ò Ð ÍØÎ ½ÖÏØ ª ÙÌÍ âÞÍÎ× ÖÚÌÒÌÍÎÔÑÏÒÕÍÌØ ÙÍÒ �Ö¿ÄÞÌÎ¾ÎÌÒØÖÚÚÒ ÜÔÎÙÍ × ÌØ +Z .Ò ÖÐÏÍÒÝÞ ½ÖØÕØ Û Æ ÖÒ Ð ÍÙÍÔØÍØ ª ÙÖô â Í ÑÖÝÞáÔ ÅØÎÍå ¿« ÎØ ÙÍÎ á ÚÄÞÖ¿âÍÌÚÝÞÍÑ ÑÌÝÞØ ÙÍÎ ÏÍÒÖ×ØÍ �ÖÄÞÌÎ¾ÎÌÒØÖÚÚ ØÞÍÎ× Ö¿ÚÌÒÌÍÎØ ÌÒØ Û áÑÙÍÎÍÎÒÍÌØÒ Ü ÌÎÙ ª ÙÖ ÙÌÍ '»ÑØÖ¾Øó ½ÖÝÞÍ ÙÍÎ 'ÔÄÅÍÎÙÎ ½ÖÞØÍ ½ÔÐÍÎÙÌÍ ÏÖÑÕÍ ' ÎÌÒØÖÚÚó ½ÖÝÞÍ ÙÍÒ UÍÎ× ÖÑÌÔ× ¿'ÎÌÒØÖÚÚÒ ÎÍÌÝÞØ ª ÐÍÎÍÌØÒ ( ½ÖÎ× ÍÖÐÏÍÅ ½ÔÞÎØ ª Ü ½ÖÞÎÍÑÙ ÙÖÒ âÍ× Ä ÍÎÖØÔÎ¿� ÌÏÑÖÚ ÒÌÝÞ Ñ» ÝÞ ÖÔ ÅÐÖÔØ Û Ó ÖÑ ¾ÖÑÑÖÐÒÝÞ ½ÖØÕÍÑ ª Ü ÌÍ¼ ÌÍÚ ºÑÍÎÏÌÍ �º 
���� Ü ½ÖÞÎÍÑÙ ÙÍÎ âÞÍÎ× ÖÚÌÒÌÍÎÔÑÏÒÕÍÌØ¼»Ñ � �Â ® �î .Ò íÒ Û 'ÖÄ Û î Ûî Ûîï ×Ö,Ì× ÖÚ ½ÔÐÍÎ ÙÌÍ ØÞÍÎ× ÌÒÝÞÍ áÑ¾»ÄÄ ÚÔÑÏÖÑ ÙÖÒ ' ½ÖÚØÍÐÖÙ ÖÐÏÍÅ ½ÔÞÎØ ÜÍÎÙÍÑ ¾ÖÑÑ ª ÜÍÑÑ ÙÌÍ º ÌÑØÎÌØØÒÍÑÍÎÏÌÍ º ÔÑÙÙÌÍ ( ½ÖÎ× Í¾ÖÄÖÕÌØ ½ÖØ ¼ ÙÍÒ Æ ÍØÍ¾Ø»ÎÒ Ð Í¾ÖÑÑØ ÒÌÑÙ ð

�º 
���� 2 � ³ � �Â ³ �� í­ Û+Yï
�º 
���� �� 2 � ³ � �Â

� í­ Û++ïÓÌØ ÙÍÑ (ÍÎØÍÑ Å ½ÔÎ ÙÍÑ Æ ÍØÍ¾Ø»Î �UÍ� ÖÔÒ âÖÐÍÚÚÍ ­ Ûî ÍÎÏÌÐØ ÒÌÝÞ ÙÖÎÖÔÒ ð
�º 
���� �� ® V�
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áÐÐÌÚÙÔÑÏ ­ ÛV ð º ÌÑ ÖÔÒ +YY º ÌÑÕÍÚÒÌÏÑÖÚÍÑ ÏÍ× ÌØØÍÚØÍÒ Ô»Î¼ÍÎÒØ ½ÖÎ¾ÍÎÒÌÏÑÖÚ ÙÍÒ Æ Í¿ØÍ¾Ø»ÎÒ �UÍ� Û Æ ÌÍ ÔÍÎÒØ ½ÖÎ¾ÔÑÏ ÌÒØ -YYYÅÖÝÞ � ÙÍÎ ÓÍôÒØÎ»× Ó 2 ­ .á Û Æ ÌÍ Î»ØÍ 'ÔÎ¼ÍÐ ÍÒÝÞÎÍÌÐØ ÍÌÑÍÑ ì ÌØ ÖÑ ÙÌÍ Æ ÖØÍÑ ÑÖÝÞ UÚÍÌÝÞÔÑÏ í� Ûî+ï ÛÆ ÍØÍ¾¿ Ô ë/ �²³ ³ ¾ ¼ �ÑÅä'�Ø»Î �×× µ� �.Ô � �.Ò� �.( ä'� ÖÔÒ ë/ ÖÔÒ �²³ ³ ÖÔÒ Ô ¼�UÍ� � �+î í++ï +�- íZï �Y Û# í#ï � Û­ í-ï - Û+í+ï � Û� íîï �á Ú+�ÃÄ +ÛZ íîï -#Y í++ï +�Y í­ï +­ íîï � Û­ í�ï � Û� í�ï +ÛV í#ï � Ûî í+ïá Ú+� +ÛZ íîï ZVV í+ï +� + íîï �# í#ï � Û� í+ï - í+ï +ÛV í#ï � Û� í�ï�á Ú+ � ÛV í­ï +��Y í+îï -�V íZï � � Û­ í+ï � î Û+ íVï � Û­ í+ï�á Úî � Û� íîï +-­Y í-ï î+­ í-ï +� í-ï � Û� í+ï - í+ï � Û- íZï � Û� í+ï�á Ú- � ÛY íîï -�� í+ï +#Z í+ï +Z í­ï � ÛY í+ï � Û� íZï � Û� íZï � ÛY í+ï�á Ú# � Û­ í­ï �+ í+ï ­#­ í­ï # í�ï � Û# í+ï � ÛV íZï � ÛZ í�ï � Û# í+ï�á ÚZ � Û- í­ï #îV í+ï -Z­ í�ï # í�ï � Û� í+ï î ÛY íZï � Û� í�ï � Û� í+ï�á Ú� � Ûî í­ï ­-+Y í+ï Vî# í�ï Z í�ï � ÛY í+ï � Û+í-ï � Ûî íZï � ÛY í+ï�á ÚV � Û� íîï �YY íîï #� í+ï -Z í+­ï � Û­ í+ï î Û- íVï � Û­ íZï � Û­ í+ï�á Ú�Y Y Û# í+ï î- í+ï ��- í�ï Z íîï Y Û-­ íîï +Û# íZï Y ÛZ í�ï Y Û-­ íîï�á Ú�+ Y ÛZ í+ï ++YY í+Zï +#� í­ï � í�ï +Ûî í+ï Y Û� í�ï Y Û� í�ï +Û+í+ï
ÃÄ (ÍÎØÍ ¼»Ñ ÓÍÌÍÎ ÖÔÒ �+V�âÖÐ ÍÚÚÍ ­ Ûî ð )ÔÒÖ××ÍÑÒØÍÚÚÔÑÏ ÙÍÎ ( ½ÖÎ× Í¾ÖÄÖÕÌØ ½ÖØÍÑ ¼ ÔÑÙ ÙÍÎ ØÞÍÎ× ÌÒÝÞÍÑ áÑ¿¾»ÄÄ ÚÔÑÏÍÑ ¾ Å ½ÔÎ ÙÌÍ ÔÑØÍÎÒÔÝÞØÍÑ Æ ÍØÍ¾Ø»ÎÍÑ Û Æ ÌÍ ( ½ÖÎ× Í¾ÖÄÖÕÌØ ½ÖØ ¼ ÜÔÎÙÍ ÞÌÍÎÐ ÍÌÖÔÒ ë / � ÖÔÒ � ²³ ³ ÔÑÙ ÕÔÒ ½ÖØÕÚÌÝÞ × ÌØ ÙÍÎ ÒÄ ÍÕÌñ ÒÝÞÍÑ ( ½ÖÎ× Í¾ÖÄÖÕÌØ ½ÖØ ¼»Ñ �ÖÄÞÌÎ ÖÔÒ'ÖÄ Û î Û� Û� ÖÔÒ ÙÍ× Æ ÍØÍ¾Ø»Î¼» ÚÔ× ÍÑ Ô Ð ÍÒØÌ××Ø Û Æ ÌÍ ìÍÞÚÍÎ Å ½ÔÎ ÙÖÒ Æ ÍØÍ¾Ø»Î¼»¿ÚÔ× ÍÑ Ô ÍÎÏÍÐ ÍÑ ÒÌÝÞ ÖÔÒ ÙÍÎ ëÑÒÌÝÞÍÎÞÍÌØ ÌÑ ÙÍÎ ÏÍ× ÍÒÒÍÑÍÑ áÐÒ»ÎÐ ÍÎó ½ÖÝÞÍ ÔÑÙÙÍÎ ¼»× Ç ÍÎÒØÍÚÚÍÎ ÖÑÏÍÏÍÐ ÍÑÍÑ ëÑÒÌÝÞÍÎÞÍÌØ Å ½ÔÎ ÙÌÍ Æ ÌÝ¾Í í�îY.× ï Û Æ ÌÍ ìÍÞÚÍÎ Å ½ÔÎ¼ ÍÎÏÍÐ ÍÑ ÒÌÝÞ ÐÍÌ ÙÍÎ õ ÍÒØÌ××ÔÑÏ ¼»Ñ ¼ ÖÔÒ ë/ ÖÔÒ ÙÍÑ ìÍÞÚÍÎÑ Å ½ÔÎ Ùò äÙâ ÔÑÙÐ ÍÌ ÙÍÎ õ ÍÒØÌ××ÔÑÏ ÖÔÒ �²³ ³ ÖÔÒ ÙÍ× ìÍÞÚÍÎ ÌÑ ¾ Û Æ ÌÍ ÖÑÙÍÎÍÑ ìÍÞÚÍÎìÔÍÚÚÍÑ ÒÌÑÙ¼ÍÎÑÖÝÞÚ½ÖÒÒÌÏÐÖÎ Û ì ½ÔÎ ÙÌÍ Æ ÌÒ¾ÔÒÒÌ»Ñ ÙÍÎ )ÖÞÚÍÑÜÍÎØÍ ÒÌÍÞÍ âÍ,Ø Û Æ ÌÍ õ ÍÎÍÝÞÑÔÑÏÙÍÎ ØÞÍ»ÎÍØÌÒÝÞÍÑ ( ½ÖÎ× Í¾ÖÄÖÕÌØ ½ÖØ ÙÍÒ Æ ÍØÍ¾Ø»ÎÒ �UÍ� ÌÒØ ÌÑ 'ÖÄ Û î Ûî Ûî ÖÔÒÅ ½ÔÞÎÚÌÝÞÙÌÒ¾ÔØÌÍÎØ Û ¼ Ð ÍÕÍÌÝÞÑÍØ ÙÖÒ ÏÍÜ ÌÝÞØÍØÍ Ó ÌØØÍÚ ÖÔÒ ÖÚÚÍÑ ÙÎÍÌ (ÍÎØÍÑ � Å ½ÔÎ ÙÌÍ Æ ÍØÍ¾¿Ø»ÎÍÑ á Ú +� ÔÑÙ �á Úî ÜÔÎÙÍÑ ÙÌÍ (ÍÎØÍ ÖÔÒ �²³ ³ ÑÌÝÞØ ÌÑ ÙÌÍ Ó ÌØØÍÚÔÑÏ ÍÌÑÐ ÍÕ»ÏÍÑ Ûì ½ÔÎ �UÍ� ÜÔÎÙÍ ¾ÍÌÑÍ Ó ÌØØÍÚÔÑÏ ÙÔÎÝÞÏÍÅ ½ÔÞÎØ íÒ Û âÍ,Øï � ÙÍÎ (ÍÎØ ÖÔÒ � ²³ ³ Ü ÌÎÙ ÖÚÒÙÍÎ *ÜÖÞÎÍ (ÍÎØ* Å ½ÔÎ ¼ ÖÑÏÍÑ»××ÍÑ Û
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áÐÐÌÚÙÔÑÏ ­ Û+Y ð Æ ÌÍ ÏÍ× ÌØØÍÚØÍÑ Ô»Î¼ÍÎÒØ ½ÖÎ¾ÍÎÒÌÏÑÖÚÍ ¼»Ñ ÙÎÍÌ Æ ÍØÍ¾Ø»ÎÍÑ × ÌØá ÚÔ× ÌÑÌÔ× ¿âÞÍÎ× ÌÒØ»ÎÍÑ ð Ö Ûï Æ ÍØÍ¾Ø»Î �á Ú# � ÔÍÎÒØ ½ÖÎ¾ÔÑÏ +Y YYYÅÖÝÞ � Ð Ûï Æ ÍØÍ¾Ø»Î�á ÚZ � ÔÍÎÒØ ½ÖÎ¾ÔÑÏ +YYYÅÖÝÞ � Ý Ûï Æ ÍØÍ¾Ø»Î �á Ú� � ÔÍÎÒØ ½ÖÎ¾ÔÑÏ �YYÅÖÝÞ Û Æ ÍÎ ÓÍôÒØÎ»×ÚÖÏ Ð ÍÌ Ó 2 -YY Ñá Û Æ ÌÍ Î»ØÍÑ 'ÔÎ¼ÍÑ ÒÌÑÙ ì ÌØ¾ÔÎ¼ÍÑ ÑÖÝÞ UÚÍÌÝÞÔÑÏ í� Ûî +ï Û



� �è � "� ���M "áL "�N�� ��� ! àL!¤��� áL�� �î
º ÌÑ ÍÌÑ ÅÖÝÞÍÒ � ÚÌÑÍÖÎÍÒ Ó »ÙÍÚÚ ÌÒØ »åÍÑÐÖÎ ÑÌÝÞØ ÖÔÒÎÍÌÝÞÍÑÙ � Ô× ÙÌÍ ºåÍ¾ØÐ ÍÌ ÙÍÎ âÞÍÎ× ÖÚÌÒÌÍÎÔÑÏ ÙÍÒ ÕÔÒÖ××ÍÑÏÍÒÍØÕØÍÑ Æ ÍØÍ¾Ø»ÎÒ ÕÔ ÐÍÒÝÞÎÍÌ¿ÐÍÑ Û (ÍÌØÍÎÍ � ÙÍØÖÌÚÌÍÎØÍ ëÑØÍÎÒÔÝÞÔÑÏÍÑ ÜÍÎÙÍÑ Ñ»ØÜÍÑÙÌÏ ÒÍÌÑ � Ô× ÙÖÒÔÍÎÞÖÚØÍÑ ÙÍÒ Æ ÍØÍ¾Ø»ÎÒ ÕÔ ¼ÍÎÒØÍÞÍÑ ÔÑÙ ÙÌÍ ÅÍÞÚÍÑÙÍÑ îY� ÙÍÒ âÍ×Ä Í¿ÎÖØÔÎÒÌÏÑÖÚÒ ÕÔ ÍÎ¾ Ú½ÖÎÍÑ Û

� ì ½ÔÎ ÙÌÍ Æ ÍØÍ¾Ø»ÎÍÑ × ÌØ á ÚÔ× ÌÑÌÔ× ¿âÞÍÎ× ÌÒØ»Î ÌÒØ ÌÑÒÏÍÒÖ×Ø ÙÌÍ½ëÐÍÎÍÌÑÒØÌ××ÔÑÏ ÕÜ ÌÒÝÞÍÑ ÙÍÑ ÙÎÍÌ ÖÔ Å ¼ÍÎÒÝÞÌÍÙÍÑÍ (ÍÌÒÍ Ð ÍÒØÌ××ØÍÑ( ½ÖÎ× Í¾ÖÄÖÕÌØ ½ÖØÍÑ ÒÍÞÎ ÏÔØ � ÐÌÒ ÖÔ Å ÙÎÍÌ áÔÒÑÖÞ× ÍÑ ð+Û Æ ÌÍ áÐÜÍÌÝÞÔÑÏ ÙÍÎ ØÞÍÎ× ÌÒÝÞÍÑ áÑ¾»ÄÄ ÚÔÑÏ ¼»Ñ á Ú+� ÕÜ ÌÒÝÞÍÑ ÙÍ×¼»Ñ ÓÍÌÍÎ ÖÑÏÍÏÍÐ ÍÑÍÑ ÔÑÙ ÙÍ× ÌÑ ÙÍÎ ¼»ÎÚÌÍÏÍÑÙÍÑ á ÎÐ ÍÌØ ÏÍ× ÍÒÒÍÑÍÑ(ÍÎØ ÜÔÎÙÍ Ð ÍÎÍÌØÒ ÙÌÒ¾ÔØÌÍÎØ Û áÔÒ ÙÍÎ Þ»ÞÍÑ ØÞÍÎ× ÌÒÝÞÍÑ áÑ¾»ÄÄ ÚÔÑÏÍÎÏÌÐØ ÒÌÝÞ ÍÌÑÍ Þ»ÞÍ ( ½ÖÎ× Í¾ÖÄÖÕÌØ ½ÖØ � ÙÍÑÑ ÙÌÍ áÐ¾ ÚÌÑÏÕÍÌØ ÒØÌ××Ø Å ½ÔÎÐ ÍÌÙÍ ÓÍÒÒÔÑÏÍÑ ÒÍÞÎ ÏÔØ ½ÔÐÍÎÍÌÑ Û Æ Ö ÖÔôÍÎÙÍ× ÙÌÍ ÖÔÒ ë/ ÍÎ× ÌØØÍÚØÍ( ½ÖÎ× Í¾ÖÄÖÕÌØ ½ÖØ ÍÐ ÍÑ ÅÖÚÚÒ ÒÍÞÎ ÏÔØ × ÌØ ÙÍ× ¼»Ñ ÓÍÌÍÎ ÌÑ �+V� ÍÎ× ÌØØÍÚ¿ØÍÑ (ÍÎØ ½ÔÐÍÎÍÌÑÒØÌ××Ø � ÌÒØ ÖÑÕÔÑÍÞ× ÍÑ � ÙÖô Ð ÍÌ ÙÍÎ õÍÒØÌ××ÔÑÏ ÙÍÎØÞÍÎ× ÌÒÝÞÍÑ áÑ¾»ÄÄ ÚÔÑÏ ÍÌÑ ìÍÞÚÍÎ ÖÔ ÅÏÍØÎÍØÍÑ ÌÒØ � »ÐÜ»ÞÚ ÙÌÍ ÓÍÒÒÔÑÏÍÌÑ ÕÜÍÌØÍÒ Ó ÖÚ Ü ÌÍÙÍÎÞ» ÚØ ÜÔÎÙÍ Û� Û õ ÍÌ× Æ ÍØÍ¾Ø»Î �á Úî ÌÒØ ÙÌÍ ÖÔÒ � ²³ ³ ÐÍÒØÌ××ØÍ ( ½ÖÎ× Í¾ÖÄÖÕÌØ ½ÖØ Ù»ÄÄ ÍÚØÒ» ÏÎ»ô Ü ÌÍ ÙÌÍ ÖÔÒ ë/ ÔÑÙ Ô Ð ÍÒØÌ××ØÍÑ ( ½ÖÎ× Í¾ÖÄÖÕÌØ ½ÖØÍÑ Û «åÍÑÐÖÎÜÔÎÙÍ ÙÌÍ ØÞÍÎ× ÌÒÝÞÍ áÑ¾»ÄÄ ÚÔÑÏ Ü ÌÍ ÖÔÝÞ Ð ÍÌ ÙÍ× Æ ÍØÍ¾Ø»Î á Ú +� Ô×ÍÌÑÍÑ ìÖ¾Ø»Î � ÕÔ ÏÎ»ô Ð ÍÒØÌ××Ø Ûî Û õ ÍÌ× Æ ÍØÍ¾Ø»Î �á Ú�Y ÜÖÎ ÍÌÑÍ ÓÍÒÒÔÑÏ ÙÍÎ ØÞÍÎ× ÌÒÝÞÍÑ áÑ¾»ÄÄ ÚÔÑÏÒÝÞÜ ÌÍÎÌÏ � ÙÖ ÙÌÍ Ç¥ÒØÍÎÍÒÍ ÍÎÒØ Ð ÍÌ ÒÍÞÎ Þ»ÞÍÑ �ØÎ ½»×ÍÑ ÖÔ ÅØÎÖØ ÔÑÙ ÙÌÍÐ ÍÌÙÍÑ âÍ×Ä ÍÎÖØÔÎÍÑ â � ÔÑÙ â ç ÒÍÞÎ ÑÖÞÍ ÐÍÍÌÑÖÑÙÍÎ ÚÖÏÍÑ Û Æ ÖÞÍÎ ÌÒØÙÍÎ Ò¥ÒØÍ× ÖØÌÒÝÞÍ ìÍÞÚÍÎ Å ½ÔÎ ¾ ÔÑÙ ÙÖ× ÌØ Å ½ÔÎ ¼ ÖÔÒ � ²³ ³ Í¼ÍÑØÔÍÚÚ ÏÎ ½»ôÍÎÖÚÒ ÖÑÏÍÑ»××ÍÑ ÛÓÑÒÏÍÒÖ×Ø ¾ÖÑÑ ×ÖÑ ÒÖÏÍÑ � ÙÖô Ü ÌÍ ÖÔÝÞ ÌÑ ÙÍÑ ëÑØÍÎÒÔÝÞÔÑÏÍÑ ¼»Ñ ÓÍÌÍÎ �+V�Å ½ÔÎ ÙÌÍ Æ ÍØÍ¾Ø»ÎÍÑ × ÌØ á ÚÔ× ÌÑÌÔ× ¿âÞÍÎ× ÌÒØ»ÎÍÑ ÙÌÍ º ÎÏÍÐÑÌÒÒÍ Ì× ò ÖÞ× ÍÑÙÍÎ ìÍÞÚÍÎ × ÌØ ÍÌÑÍÎ ¼» ÚÚÒØ ½ÖÑÙÌÏÍÑ âÞÍÎ× ÖÚÌÒÌÍÎÔÑÏ ¼ÍÎØÎ ½ÖÏÚÌÝÞ ÒÌÑÙ Û
ð ñã ñ� ¶ôûüóúäûÿúóüúô åôø ùúûüó��åôä øú÷ |ü÷úåxõþõÿóü éõüë �ÓÑ 'ÖÄ ÌØÍÚ � Û� Ûî ÜÔÎÙÍ ÏÍÕÍÌÏØ � ÙÖô Å ½ÔÎ ÙÌÍ áÑÒØÌÍÏÒÕÍÌØ ÏÌÚØ
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âÖÐÍÚÚÍ ­ Û­ ð ½ëÐÍÎÒÌÝÞØ ½ÔÐÍÎ ÙÌÍ áÑÒØÌÍÏÒÕÍÌØÍÑ �² � ÔÑÙ ÙÌÍ ÖÔÒ ÌÞÑÍÑ ÐÍÎÍÝÞÑÍØÍÑ�ØÎÍÔ¾ÖÄÖÕÌØ ½ÖØÍÑ ¼ � Å ½ÔÎ ÖÚÚÍ ÔÑØÍÎÒÔÝÞØÍÑ Æ ÍØÍ¾Ø»ÎÍÑ Û Æ ÍÎ ìÍÞÚÍÎ ÌÑ ÙÍÎ áÑÒØÌÍÏÒÕÍÌØÍÎÏÌÐØ ÒÌÝÞ ÖÔÒ ÙÍ× ì ÌØÅÍÞÚÍÎ � ÙÍÎ ìÍÞÚÍÎ ÌÑ ¼ � ÖÔÒ ìÍÞÚÍÎÅ»ÎØÄóÖÑÕÔÑÏ Û
ÓÍÌÍÎ ÌÑ �+V� × ÌØ � �Â � � ´- .Ò ÖÐÏÍÒÝÞ ½ÖØÕØ ÜÔÎÙÍ Û Æ ÖÞÍÎ ÒÌÑÙ ÙÌÍ ÖÔÒ ÙÍÎ áÑ¿ÒØÌÍÏÒÕÍÌØ Ð ÍÒØÌ××ØÍÑ �ØÎÍÔ¾ÖÄÖÕÌØ ½ÖØÍÑ ¼ÍÎÏÚÍÌÝÞÒÜÍÌÒÍ Þ» ÝÞ � ÖÔ ÅÏÎÔÑÙ ÙÍÎ ÍÎÎÍÌÝÞ¿ØÍÑ )ÍÌØÖÔó ½»ÒÔÑÏ â ÍÙ» ÝÞ ÖÔÝÞ × ÌØ ÍÌÑÍ× ÏÎ»ôÍÑ ìÍÞÚÍÎ Ð ÍÞÖÅØÍØ ÛÆ ÌÍ �ØÎÍÔ¾ÖÄÖÕÌØ ½ÖØÍÑ Å ½ÔÎ ÙÌÍ ½ÔÐÎÌÏÍÑ Æ ÍØÍ¾Ø»ÎÍÑ ÒÌÑÙ Ì× ÔÍÎÏÚÍÌÝÞ × ÌØ ½ÔÐÚÌÝÞÍÑ'ÖÐÍÚ¾ÖÄÖÕÌØ ½ÖØÍÑ ¼»Ñ ÝÖ Û +YY Äìä× ÎÍÝÞØ Þ» ÝÞ � ÙÍÑÑ ÙÌÍ W ½ÖÑÏÍ ÙÍÎ âÜ ÌÒØÍÙ îÖÌÎ¬ 'ÖÐÍÚ Ì× ÓÑÑÍÎÑ ÙÍÒ 'Î¥»ÒØÖØÍÑ ÐÍØÎ ½ÖÏØ ÝÖ Û -Y Ý× Û á ÚÚÍÎÙÌÑÏÒ × ½ÔÒÒÍÑ ÙÌÍ 'ÖÄÖ¿ÕÌØ ½ÖØÍÑ ÙÍÎ �ØÍÝ¾ÍÎ Ò»Ü ÌÍ ÙÍÎ õ§¼ ¿'ÖÐÍÚ ÕÔ× Ô»Î¼ÍÎÒØ ½ÖÎ¾ÍÎ ÍÐ ÍÑ ÅÖÚÚÒ Ð ÍÎ ½ÔÝ¾ÒÌÝÞØÌÏØÜÍÎÙÍÑ Ûº ÌÑ º ÌÑóÔô ÙÍÎ âÞÍÎ× ÖÚÌÒÌÍÎÔÑÏÒÕÍÌØ ÖÔ Å ÙÌÍ áÑÒØÌÍÏÒÕÍÌØ Ú½ÖôØ ÒÌÝÞ ÖÔÒ ÙÍÑ ÏÍ× ÍÒ¿ÒÍÑÍÑ Æ ÖØÍÑ ÑÌÝÞØ ÖÐÚÍÒÍÑ ð ( ½ÖÎÍ ÙÌÍ âÞÍÎ× ÖÚÌÒÌÍÎÔÑÏ Ì× Æ ÍØÍ¾Ø»Î �á Ú�+ ÙÎÍÌ× ÖÚ Ò»Þ» ÝÞ Ü ÌÍ ÌÑ ÙÍÑ Æ ÍØÍ¾Ø»ÎÍÑ × ÌØ ÙÌÝ¾ÍÎÍ× �ÔÐÒØÎÖØ � Ù ÛÞ Û � �Â ® � .Ò � Ü ½ÔÎÙÍ × ÖÑ ÍÌÑÍÙÍÔØÚÌÝÞ Þ ½»ÞÍÎÍ áÑÒØÌÍÏÒÕÍÌØ ÔÑÙ ÙÖ× ÌØ ÍÌÑÍ ÙÍÔØÚÌÝÞ ÏÎ ½»ôÍÎÍ 'ÖÄÖÕÌØ ½ÖØ ÍÎÜÖÎØÍÑ ÖÚÒÅ ½ÔÎ ÙÌÍ Æ ÍØÍ¾Ø»ÎÍÑ × ÌØ ÍÌÑÍ× îYY .× ÙÌÝ¾ÍÑ áÐÒ»ÎÐ ÍÎ Û
ð ñã ñã ùúûüó��åôä øúû çþüó� õ·úô � ú�ûü÷ç� û
�»Ü»ÞÚ Å ½ÔÎ ÙÍÑ UÍÎ× ÖÑÌÔ× ¿ ÖÚÒ ÖÔÝÞ Å ½ÔÎ ÙÍÑ á ÚÔ× ÌÑÌÔ× ¿âÞÍÎ× ÌÒØ»Î Í, ÌÒØÌÍÎØ ÍÌÑ»ÄØÌ× ÖÚÍÎ ÓÍôÒØÎ»× Û ÓÒØ ÙÍÎ �ØÎ»× ÑÌÍÙÎÌÏ � ÌÒØ ÙÖÒ �ÄÖÑÑÔÑÏÒÒÌÏÑÖÚ ¾ ÚÍÌÑ ÔÑÙ ÙÖÒ� ÌÏÑÖÚ¿ÕÔ¿òÖÔÒÝÞ¼ÍÎÞ ½ÖÚØÑÌÒ í*ÒÌÏÑÖÚ Ø» Ñ» ÌÒÍ ÎÖØÌ» �§ò* ï ÌÒØ ÏÍÎÌÑÏ Û ëÑØÍÎ ÙÌÍÒÍÑë× ÒØ ½ÖÑÙÍÑ Ü ÌÎÙ ×ÖÑ ÑÌÝÞØ ÙÌÍ »ÄØÌ× ÖÚÍ ºÑÍÎÏÌÍÖÔó ½»ÒÔÑÏ ÍÎÎÍÌÝÞÍÑ ¾ ½»ÑÑÍÑ Û º ÎÞ ½»ÞØ× ÖÑ ÙÍÑ �ØÎ»× � Ü ÌÎÙ ÙÖÒ �ÌÏÑÖÚ ÏÎ ½»ôÍÎ ÔÑÙ ÙÖÒ �§ò ¼ÍÎÐ ÍÒÒÍÎØ ÒÌÝÞ Û áÐ ÍÎ ÙÌÍáÔ ÅÞÍÌÕÔÑÏ ÙÍÒ Æ ÍØÍ¾Ø»ÎÒ ÙÔÎÝÞ ÙÍÑ ÓÍôÒØÎ»× ÒÍØÕØ ÕÔ Þ»ÞÍÑ �ØÎ ½»×ÍÑ ÍÐ ÍÑ ÅÖÚÚÒÍÌÑÍ UÎÍÑÕÍ ð

� Æ ÍÎ UÍÎ× ÖÑÌÔ× ¿âÞÍÎ× ÌÒØ»Î ÞÖØ ÍÌÑÍÑ ÑÍÏÖØÌ¼ÍÑ âÍ× Ä ÍÎÖØÔÎ¿'» Í� ÕÌÍÑØÍÑ Û( ÌÎÙ ÍÎ ÙÔÎÝÞ ÙÍÑ ÓÍôÒØÎ»× ÖÔ ÅÏÍÞÍÌÕØ � ÒÌÑ¾Ø ÙÌÍ �ÍÑÒÌØÌ¼ ÌØ ½ÖØ ï Û ÓÎÏÍÑÙÜÖÑÑÌÒØ ÙÌÍ áÐÑÖÞ×Í ¼»Ñ ï ÏÎ ½»ôÍÎ ÖÚÒ ÙÌÍ º ÎÞ ½»ÞÔÑÏ ÙÍÒ �ÄÖÑÑÔÑÏÒÒÌÏÑÖÚÒ ÙÔÎÝÞÙÍÑ �ØÎ»× Û Æ ÖÑÑ Ü ÌÎÙ ÙÖÒ � ÌÏÑÖÚ ÖÔÝÞ ÐÍÌ Þ ½»ÞÍÎÍÑ �ØÎ ½»×ÍÑ Ü ÌÍÙÍÎ ¾ ÚÍÌÑÍÎ Û Æ ÍÎ»ÄØÌ× ÖÚÍ ÓÍôÒØÎ»× ¾ÖÑÑ ÙÖÞÍÎ ÙÔÎÝÞ ÓÍÒÒÔÑÏ ÙÍÎ � ÌÏÑÖÚÞ ½»ÞÍ ÌÑ áÐÞ ½ÖÑÏÌÏ¾ÍÌØ
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 ÙÌÍ ÍÚÍ¾ØÎ»ØÞÍÎ× ÌÒÝÞÍ ò ½ÔÝ¾¾»ÄÄ ÚÔÑÏ ðÓÑ 'ÖÄ Û � Û� Û� ÜÔÎÙÍ ÖÑÞÖÑÙ ÙÍÎ áÐ¾ ÚÌÑÏÕÍÌØ � ²³ ³ ÙÌÍ ÍÚÍ¾ØÎ»ØÞÍÎ× ÌÒÝÞÍò ½ÔÝ¾¾»ÄÄ ÚÔÑÏ ÙÌÒ¾ÔØÌÍÎØ ð ÓÒØ Ùò äÙâ Ä»ÒÌØÌ¼ � ÐÍÙÍÔØÍØ ÍÌÑÍ º ÎÞ ½»ÞÔÑÏ ÙÍÎâÍ×Ä ÍÎÖØÔÎ ÍÌÑÍ º ÎÞ ½»ÞÔÑÏ ÙÍÒ ( ÌÙÍÎÒØÖÑÙÒ ÔÑÙ ÙÖ× ÌØ ÍÌÑÍ º ÎÞ ½»ÞÔÑÏÙÍÎ Å»ÔÚÍ ÆÒÝÞÍÑ Ç ÍÌÕÚÍÌÒØÔÑÏ � ! 2 � ³ ¸ � Û ì ½ÔÎ Þ ½»ÞÍÎÍ �ØÎ ½»×Í ÌÒØ ÙÌÍ áÔÅ¿ÞÍÌÕÔÑÏ ÐÍÌ ÍÌÑÍÎ ÏÍÏÍÐ ÍÑÍÑ ( ÌÙÍÎÒØÖÑÙÒ¿ ½áÑÙÍÎÔÑÏ �ò ÏÎ ½»ôÍÎ Û Æ ÖÒ ¾ÖÑÑÙÖÕÔ Å ½ÔÞÎÍÑ � ÙÖô ÙÌÍ Æ ÍØÍ¾Ø»Î¿âÍ×Ä ÍÎÖØÔÎ ÜÍÑÌÏÍÎ ÒØÖÐÌÚ ÌÒØ Û Æ ÌÍ �ØÖÐÌ¿ÚÌØ ½ÖØ ÙÍÎ Æ ÍØÍ¾Ø»Î¿âÍ×Ä ÍÎÖØÔÎ ÞÖØ ÖÐ ÍÎ ÖÚÒ áÑØÍÌÚ ÙÍÒ õÖÒÍÚÌÑÍ §» ÌÒÍº ÌÑóÔô ÖÔ Å ÙÌÍ ºÑÍÎÏÌÍÖÔó ½»ÒÔÑÏ íÒ Û 'ÖÄ Û ­ Ûî Û­ï Û ÙÍÎ ÓÍÝÞÖÑÌÒ×ÔÒ ÙÍÎ �ÔÄÎÖÚÍÌØÔÑÏ ðÓÑ áÐÒÝÞÑÌØØ � Û­ Û+ ÜÔÎÙÍ ÙÌÒ¾ÔØÌÍÎØ � ÙÖô ÙÌÍ áÑÕÖÞÚ ÙÍÎ ¼»»Ä ÍÎ¿îÖÖÎÍ´ / ÖÐÞ ½ÖÑÏØ ¼»Ñ ÙÍÎ õ ÌÑÙÔÑÏÒÍÑÍÎÏÌÍ � � ÙÌÍ Ü ÌÍÙÍÎÔ× ÍÌÑÍ ìÔÑ¾ØÌ»Ñ ÙÍÎ½ëÐÍÎÏÖÑÏÒØÍ× Ä ÍÎÖØÔÎ âº ÌÒØ Û õ ÍÌ Þ ½»ÞÍÎÍÑ �ØÎ ½»×ÍÑ ÌÒØ âº ÏÍÎÌÑÏÍÎ �î�� �ÙÌÍ )ÖÞÚ ÙÍÎ ¼»»Ä ÍÎ¿îÖÖÎÍ Ñ/ ÑÌ××Ø ÖÐ Û § Ì××Ø ×ÖÑ ÖÑ � ÙÖô ÑÍÐ ÍÑ ÖÑ¿ÙÍÎÍÑ òÖÔÒÝÞÐ ÍÌØÎ ½ÖÏÍÑ ÙÌÍ ì ÚÔ¾ØÔÖØÌ»Ñ ÌÑ ÙÍÎ áÑÕÖÞÚ ÙÍÎ ¼»»Ä ÍÎ¿îÖÖÎÍÙÌÍ ºÑÍÎÏÌÍÖÔó ½»ÒÔÑÏ ÍÐ ÍÑ ÅÖÚÚÒ Ð ÍÍÌÑóÔôØ � Ò» ÍÎÞ ½ÖÚØ × ÖÑ Ð ÍÌ ÍÌÑÍÎ ÏÍÎÌÑ¿ÏÍÎÍÑ áÑÕÖÞÚ ´ / ÎÍÚÖØÌ¼ ÏÍÒÍÞÍÑ ÍÌÑÍÑ ÏÎ ½»ôÍÎÍÑ áÑØÍÌÚ ÖÑ ì ÚÔ¾ÔÖØÌ»ÑÍÑÔÑÙ ÙÖ× ÌØ ÍÌÑÍ ÒÝÞÚÍÝÞØÍÎÍ áÔó ½»ÒÔÑÏ Û(ÍÌØÍÎÍ ëÑØÍÎÒÔÝÞÔÑÏÍÑ × ÌØ ¼ÍÎÒÝÞÌÍÙÍÑÍÑ Æ ÍØÍ¾Ø»ÎÍÑ × ½ÔÒÒÍÑ ÕÍÌÏÍÑ � »Ð ÍÌ¿ÑÍÎ ÙÌÍÒÍÎ ºåÍ¾ØÍ ÙÖÒ Ð Í»ÐÖÝÞØÍØÍÑ ÔÍÎÞÖÚØÍÑ ÍÎ¾ Ú½ÖÎÍÑ ¾ÖÑÑ »ÙÍÎ »Ð ÖÑÙÍÎÍº ÌÑó ½ÔÒÒÍ Å ½ÔÎ ÙÌÍ ÔÍÎÒÝÞÚÍÝÞØÍÎÔÑÏ ÙÍÎ áÔó ½»ÒÔÑÏ Ð ÍÌ Þ»ÞÍÑ �ØÎ ½»×ÍÑ ¼ÍÎÖÑØ¿Ü»ÎØÚÌÝÞ ÒÌÑÙ Û Æ Ö ÙÌÍ ëÑØÍÎÒÔÝÞÔÑÏÍÑ ¼»Ñ ÓÍÌÍÎ ÌÑ �Z#� ÌÑ ÍÌÑÍ× õ ÍÎÍÌÝÞ Å ½ÔÎ�ØÎ ½»×Í ÕÜ ÌÒÝÞÍÑ ­YY Ñá ÔÑÙ #YY Ñá ÍÌÑ ÎÍÚÖØÌ¼ ÐÎÍÌØÍÒ î ÚÖØÍÖÔ ÌÑ ÙÍÎ ºÑÍÎ¿ÏÌÍÖÔó ½»ÒÔÑÏ ÍÎÏÖÐ ÍÑ � ÜÔÎÙÍ Å ½ÔÎ ÙÌÍ × ÍÌÒØÍÑ ÓÍÒÒÔÑÏÍÑ ÌÑ ÙÍÎ ¼»ÎÚÌÍÏÍÑÙÍÑ
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� �è � "� ���M "áL "�N�� ��� ! àL!¤��� áL�� �Z
á ÎÐ ÍÌØ ÙÍÎ ¼»Ñ ÌÞ× ÖÚÒ »ÄØÌ× ÖÚ ÖÑÏÍÏÍÐ ÍÑÍ (ÍÎØ Å ½ÔÎ ÙÍÑ ÓÍôÒØÎ»× ¼»Ñ -YYÑá ¼ÍÎÜÍÑÙÍØ Û Æ ÌÍ ëÑØÍÎÒÔÝÞÔÑÏÍÑ ÖÑ �á ÚZ ÜÔÎÙÍÑ ÍÎÒØ ÎÍÚÖØÌ¼ ÕÔ× ºÑÙÍ ÙÍÎá ÎÐ ÍÌØ ÙÔÎÝÞÏÍÅ ½ÔÞÎØ íÒÌÍÞÍ ÖÔÝÞ 'ÖÄ Û ­ Ûî Û­ï � Ò»ÙÖô ÑÔÎ Å ½ÔÎ ÙÌÍÒÍÑ Æ ÍØÍ¾Ø»Î ÍÌÑÞ ½»ÞÍÎÍÎ ÓÍôÒØÎ»× Å ½ÔÎ ÙÌÍ ¼ÞÖÎÖ¾ØÍÎÌÒÌÍÎÔÑÏÒ× ÍÒÒÔÑÏÍÑ ¼ÍÎÜÍÑÙÍØ ÜÔÎÙÍ Û

ð ñã ñð ¶ ·þ"õz#å ·û" éç"úôûþúxü÷úô)ÔÎ áÔ ÅÑÖÞ× Í ÙÍÎ á ÚÄÞÖ¿îÔÚÒÞ ½»ÞÍÑÒÄ Í¾ØÎÍÑ ÜÔÎÙÍ ÙÌÍ á ÚÄÞÖ¿XÔÍÚÚÍ Ì× 'Î¥»ÒØÖØÍÑ¼»Î ÙÌÍ Æ ÍØÍ¾Ø»ÎÍÑ × »ÑØÌÍÎØ íÒ Û 'ÖÄ Û ­ Û+ï Û Æ ÌÍ Æ ÍØÍ¾Ø»ÎÍÑ ÒÍÞÍÑ ÙÖ× ÌØ ÍÌÑÍ Ç ÍÚÌÔ× ¿¾ÖÚØÍ ì Ú½ÖÝÞÍ � Ò»ÙÖô ÙÖÒ îÞ»Ø»ÑÍÑÎÖÔÒÝÞÍÑ × ÌÑÌ× ÌÍÎØ Ü ÌÎÙ Û Æ ÌÍ Æ ÖØÍÑÖÔ ÅÑÖÞ×Í Å ½ÔÎîÔÚÒÞ ½»ÞÍÑÒÄ Í¾ØÎÍÑ ÜÔÎÙÍ ÐÍÎÍÌØÒ ÌÑ áÐÒÝÞÑÌØØ ­ Û+ ÙÌÒ¾ÔØÌÍÎØ Û Æ ÌÍ ÔÍÎÒØ ½ÖÎ¾ÔÑÏ ÙÍÒÔ»Î¼ÍÎÒØ ½ÖÎ¾ÍÎÒ ÜÔÎÙÍ Ò» ÏÍÜ ½ÖÞÚØ � ÙÖô ë/ ÍØÜÖ + Ô Ð ÍØÎÔÏ Û á ÚÚÍ Ó ÍÒÒÔÑÏÍÑ ÜÔÎÙÍÑÌ× »ÄØÌ× ÖÚÍÑ á ÎÐ ÍÌØÒÄÔÑ¾Ø ÙÔÎÝÞÏÍÅ ½ÔÞÎØ ð
� ì ½ÔÎ ÙÍÑ Æ ÍØÍ¾Ø»Î �UÍ� ÙÍñÑÌÍÎØ ÙÍÎ »ÄØÌ× ÖÚÍ ÓÍôÒØÎ»× Ó 2 ­ .á ÍÌÑÍ Æ Í¿ØÍ¾Ø»ÎØÍ×Ä ÍÎÖØÔÎ â¦ 2 +Û#Z ' Û õÍÌ Ù ÌÍÒÍÎ âÍ×Ä ÍÎÖØÔÎ ÞÖØ ÙÍÎ Æ ÍØÍ¾Ø»Î ÍÌÑÍÑ( ÌÙÍÎÒØÖÑÙ ò¦ 2 �YY í­ï ¾� ÔÑÙ ÍÌÑÍ �ÍÑÒÌØÌ¼ ÌØ ½ÖØ Ùò äÙâ 2 ¬Y Û­� í�ï Ó�ä' Û
� ì ½ÔÎ ÙÌÍ á ÚÔ× ÌÑÌÔ× ¿âÞÍÎ× ÌÒØ»ÎÍÑ ÜÔÎÙÍ ¬ ÐÌÒ ÖÔ Å ÙÍÑ Æ ÍØÍ¾Ø»Î �á ÚZ íÒ Û» Ûï ¬ÍÌÑ �ØÎ»× ¼»Ñ Ó 2 -YY Ñá ÐÍÑÔØÕØ Û §ÔÎ Å ½ÔÎ �á Ú# ÜÔÎÙÍ ÙÍÎ �ØÎ»× ÖÔ ÅÏÎÔÑÙÙÍÒ ÏÍÎÌÑÏÍÑ ( ÌÙÍÎÒØÖÑÙÍÒ ÖÔ Å Ó 2 +Û- .á ÍÎÞ ½»ÞØ Û Æ ÌÍ á ÎÐ ÍÌØÒØÍ×Ä ÍÎÖØÔÎ ÚÖÏÌÑ ÙÍÎ Ó ÌØØÍ ÙÍÒ ½ëÐÍÎÏÖÑÏÒ Ð ÍÌ âº Ûà $% $à $Ï &ÍÌ' ÊÌÊÕËÊÎ~Ê (ÎËÊÌÚ�Ù��Î�ÊÎë× ÙÌÍ ÖÄÄÖÎÖØÌ¼ÍÑ îÖÎÖ× ÍØÍÎ Å ½ÔÎ ÍÌÑÍ »ÄØÌ× ÖÚÍ ºÑÍÎÏÌÍÖÔó ½»ÒÔÑÏ ÕÔ ÍÎ× ÌØØÍÚÑ �ÜÔÎÙÍ ÕÔÑ ½ÖÝÞÒØ ÙÍÎ º ÌÑóÔô ¼»Ñ Ô»Î¿ ÔÑÙ ÇÖÔÄØ¼ÍÎÒØ ½ÖÎ¾ÍÎ ÖÔ Å ÙÌÍ áÔó ½»ÒÔÑÏ ÔÑØÍÎ¿ÒÔÝÞØ ð
� º ÌÑóÔô ÙÍÎ º ÌÑÒØÍÚÚÔÑÏ ¼»Ñ Ç» ÝÞ¿ ÔÑÙ â ÌÍÅÄÖô ÙÍÒ Ô»Î¼ÍÎÒØ ½ÖÎ¾ÍÎÒ ðì ½ÔÎ â ÍÙÍ ÓÍÒÒÔÑÏ × ÌØ ÙÍ× ÇÖÔÄØ¼ÍÎÒØ ½ÖÎ¾ÍÎ ÏÖÐ ÍÒ ÍÌÑÍ »ÄØÌ× ÖÚÍ º ÌÑÒØÍÚÚÔÑÏÙÍÒ Ç» ÝÞ¿ ÔÑÙ â ÌÍÅÄÖÒÒÍÒ Ö× Ô»Î¼ÍÎÒØ ½ÖÎ¾ÍÎ Û Æ ÌÍ º ÌÑÒØÍÚÚÔÑÏ ÜÔÎÙÍ Ö× « ÒÕÌÚÚ»¿Ò¾»Ä »ÄØÌ× ÌÍÎØ � ÙÖÐ ÍÌ ÜÔÎÙÍ ÙÖÒ ìÎÍìÔÍÑÕÐÖÑÙ ÖÔÒ Ç» ÝÞ¿ ÔÑÙ â ÌÍÅÄÖô ¼ÍÎÍÑÏØ �ÐÌÒ ÍÌÑÍ ÒÌÏÑÌñ¾ÖÑØÍ ÔÍÎÎÌÑÏÍÎÔÑÏ ÙÍÎ � ÌÏÑÖÚÖ×Ä ÚÌØÔÙÍ Ð Í»ÐÖÝÞØÍØ ÜÔÎÙÍ Û ë×ÙÍÑ º ÌÑóÔô ÙÍÎ îÖÎÖ× ÍØÍÎ Í,Ä ÚÌÕÌØ ÕÔ ÔÑØÍÎÒÔÝÞÍÑ � ÜÔÎÙÍÑ Å ½ÔÎ ÙÌÍ Æ ÍØÍ¾Ø»ÎÍÑá Ú+� ÔÑÙ �UÍ� ÕÔÒ ½ÖØÕÚÌÝÞ Å ½ÔÎ ¼ÍÎÒÝÞÌÍÙÍÑÍ ìÎÍìÔÍÑÕÌÑØÍÎ¼ÖÚÚÍ ÙÌÍ áÔó ½»ÒÔÑÏÏÍ× ÍÒÒÍÑ íâÖÐÍÚÚÍ ­ Û-ï Û Ó× òÖÞ×ÍÑ ÙÍÒ ìÍÞÚÍÎÒ ÌÒØ ÙÍÎ º ÌÑóÔô ÙÍÎ ì ÌÚØÍÎ ÖÔ ÅÙÌÍ áÔó ½»ÒÔÑÏ ÑÌÝÞØ ÒÍÞÎ ÏÎ»ô � ÔÑÙ ÙÌÍ Ö× « ÒÕÌÚÚ»Ò¾»Ä »ÄØÌ× ÌÍÎØÍÑ º ÌÑÒØÍÚÚÔÑ¿ÏÍÑ ÜÍÎÙÍÑ ÏÔØ ÎÍÄÎ»ÙÔÕÌÍÎØ Û
� áÐÞ ½ÖÑÏÌÏ¾ÍÌØ ÙÍÎ áÔó ½»ÒÔÑÏ ¼»Ñ ÙÍÎ �ÞÖÄ ÌÑÏ )ÍÌØ ð)Ô× ÍÎÒØÍÑ ÓÖÚ ÜÖÎ ÍÒ × ÌØ ÙÍ× Ô×ÏÍÐÖÔØÍÑ �ÓWº§á¿ÇÖÔÄØ¼ÍÎÒØ ½ÖÎ¾ÍÎ× ½»ÏÚÌÝÞ � ÙÌÍ �ÞÖÄ ÌÑÏ )ÍÌØ ÏÍÕÌÍÚØ ÕÔ ¼ÖÎÌÌÍÎÍÑ ÔÑÙ ÙÍÑ º ÌÑóÔô ÖÔ Å ÙÌÍ ºÑÍÎÏÌÍ¿ÖÔó ½»ÒÔÑÏ ÕÔ ÔÑØÍÎÒÔÝÞÍÑ Û âÖÐ ÍÚÚÍ ­ Û# ÕÍÌÏØ ÙÌÍ ºÑÍÎÏÌÍÖÔó ½»ÒÔÑÏ ÙÍÎ ÙÖÎÖÔ ÅÞÌÑÔÑØÍÎÒÔÝÞØÍÑ Æ ÍØÍ¾Ø»ÎÍÑ ÌÑ áÐÞ ½ÖÑÏÌÏ¾ÍÌØ ¼»Ñ ÙÍÎ ÖÔÒÏÍÜ ½ÖÞÚØÍÑ �ÞÖÄ ÌÑÏ )ÍÌØ ÛÓ ÖÑ ÒÌÍÞØ � ÙÖô ÍÒ Å ½ÔÎ â ÍÙÍÑ Æ ÍØÍ¾Ø»Î ÍÌÑÍ »ÄØÌ× ÖÚÍ �ÞÖÄ ÌÑÏ )ÍÌØ ÏÌÐØ Û ì ½ÔÎ ÙÌÍÆ ÍØÍ¾Ø»ÎÍÑ × ÌØ Ú½ÖÑÏÍÎÍÑ áÐ¾ ÚÌÑÏÕÍÌØÍÑ ÜÍÎÙÍÑ × ÌØ Ú½ÖÑÏÍÎÍÑ �ÞÖÄ ÌÑÏ )ÍÌØÍÑÐÍÒÒÍÎÍ áÔó ½»ÒÔÑÏÍÑ ÍÎÎÍÌÝÞØ Û ì ½ÔÎ ÙÍÑ Æ ÍØÍ¾Ø»Î �UÍ� ÌÒØ ¾ÍÌÑÍ ÖÔÒÏÍÄÎ ½ÖÏØÍáÐÞ ½ÖÑÏÌÏ¾ÍÌØ ¼»Ñ ÙÍÎ �ÞÖÄ ÌÑÏ )ÍÌØ ÍÎ¾ÍÑÑÐÖÎ � Þ ÌÍÎ Ð ÍÏÎÍÑÕÍÑ ÜÖÞÎÒÝÞÍÌÑÚÌÝÞÖÑÙÍÎÍ ºåÍ¾ØÍ ÙÌÍ áÔó ½»ÒÔÑÏ ÔÑÙ ÍÌÑ ºåÍ¾Ø ÙÍÎ �ÞÖÄ ÌÑÏ )ÍÌØ Ü ÌÎÙ ÙÖÙÔÎÝÞ½ÔÐÍÎÙÍÝ¾Ø Û



�� ß!à��� � � áL!�!ß ����M��� "�N [�� [� ��ß �\���
á Ú +� ð Ö× « ÒÕÌÚÚ»Ò¾»Ä »ÄØÌ× ÌÍÎØ À« ) �À� ) 2 +Yä+YYYYÀ« ) �À� ) ð îYä+YYYY îä+YYYY +Yä+YYYY +YäîYYY +YäîYYYY�º �¾ÍÔ � ð Zî í-ï ZY í-ï ZY í-ï Z- íZï Z­ í#ï�UÍ� ð Ö× « ÒÕÌÚÚ»Ò¾»Ä »ÄØÌ× ÌÍÎØ À« ) �À� ) 2 +YYä+YYYÀ« ) �À� ) ð +YYäîYYY +YYä+YYY +YYäîYY +YYä+YY�º �¾ÍÔ � ð +ZY í-ï +Z- í-ï +#î í-ï +�Y í-ï

âÖÐÍÚÚÍ ­ Û- ð Æ ÌÍ âÖÐ ÍÚÚÍ ÕÍÌÏØ ÙÍÑ º ÌÑóÔô ÙÍÎ Ç» ÝÞ¿ ÔÑÙ â ÌÍÅÄÖôñ ÚØÍÎÔÑÏ ÖÔ Å ÙÌÍºÑÍÎÏÌÍÖÔó ½»ÒÔÑÏ Û Æ ÌÍ )ÖÞÚÍÑ ÏÍÐ ÍÑ â ÍÜÍÌÚÒ Ù ÌÍ ÔÑØÍÎÍ íÀ« ) ï ÐÕÜ Û »ÐÍÎÍ íÀ� ) ï UÎÍÑÕ¿ÅÎÍìÔÍÑÕ ÙÍÒ ÖÔÒÏÍÜ ½ÖÞÚØÍÑ ìÎÍìÔÍÑÕÐÖÑÙÍÒ ÖÑ ÛÆ ÍØÍ¾Ø»Î � ²³ ³ �º �¾ÍÔ � Å ½ÔÎ �ÞÖÄ ÌÑÏ )ÍÌØ ��Â�.Ò� �- .Ò -Y .Ò Z- .Ò +YY .Ò +�- .Ò +-Y .Ò�á Ú + -�V íZï ZZ í#ï ZY í-ï #Y í-ï #Y í-ï � ��á Ú�+ +#� í­ï ++Y í++ï ++Y í++ï V� í+Yï +�+ í+�ï � ��á ÚZ -Z­ í�ï � Z� íîï -Y í�ï ­- í�ï -# íîï ��á Ú� Vî# í�ï � � ­ + í+ï î- í+ï î­ í+ï îî í+ï�UÍ� +�- íZï � +VY í#ï +VZ í#ï � � +�� í#ï
âÖÐÍÚÚÍ ­ Û# ð áÐÞ ½ÖÑÏÌÏ¾ÍÌØ ÙÍÎ ºÑÍÎÏÌÍÖÔó ½»ÒÔÑÏ ¼»Ñ ÙÍÎ �ÞÖÄ ÌÑÏ )ÍÌØ ��Â Å ½ÔÎ ÍÌÑ ÌÏÍÆ ÍØÍ¾Ø»ÎÍÑ íÆ ÌÒ¾ÔÒÒÌ»Ñ Ò Û âÍ,Øï Û
à $% $à $Ñ ÈÌ�Ê'ÎÕÚÚÊ * +�Ì Ü ÖØ�×�,� ÖÚ� +Í�ÊÎÚØÊ�ËÌÊÎáÐÐÌÚÙÔÑÏ - Û+î ÕÍÌÏØ ÍÌÑ �Ä Í¾ØÎÔ× Å ½ÔÎ �UÍ� � áÐÐÌÚÙÔÑÏ - Û+- ÕÜÍÌ �Ä Í¾ØÎÍÑ Å ½ÔÎÙÍÑ Æ ÍØÍ¾Ø»Î á Ú+� ÔÑÙ ÙÍÑ Æ ÍØÍ¾Ø»Î �á Ú� � ÙÍÎ ¼»Ñ ÖÚÚÍÑ ÔÑØÍÎÒÔÝÞØÍÑ Æ ÍØÍ¾Ø»ÎÍÑ ÙÌÍÐ ÍÒØÍ ºÑÍÎÏÌÍÖÔó ½»ÒÔÑÏ ÞÖØØÍ Û á ÚÚÍ ï ¿WÌÑÌÍÑ ÒÌÑÙ ÏÖÔôÅ ½»Î× ÌÏ Û Ó× �Ä Í¾ØÎÔ× ÙÍÒ �á Ú�ÒÌÑÙ ÙÌÍ �ÍÌØÍÑÚÌÑÌÍÑ ÙÍÎ á ÚÄÞÖ¿XÔÍÚÚÍ íÒ Û âÖÐ ÍÚÚÍ - Û�ï ÍÐ ÍÑ ÅÖÚÚÒ ÏÔØ ÕÔ ÍÎ¾ÍÑÑÍÑ �ÑÔÎ ÙÌÍ WÌÑÌÍ Ð ÍÌ - Û+- ÓÍÔ ¾ÖÑÑ ¼»Ñ ÙÍÎ Ù»× ÌÑÖÑØÍÑ WÌÑÌÍ Ð ÍÌ - Û+# ÓÍÔ ÑÌÝÞØÖÐÏÍØÎÍÑÑØ ÜÍÎÙÍÑ Û ì ½ÔÎ ÙÌÍÒÍÒ �Ä Í¾ØÎÔ× ÍÎÏÍÐ ÍÑ ÒÌÝÞ Å» ÚÏÍÑÙÍ á×Ä ÚÌØÔÙÍÑ á ÙÍÎUÖÔÒÒ¿'ÔÎ¼ÍÑ ð º �Ó ÍÔ � á �Ý»ÔÑØÒ� ÎÍÚ Û Ç ½ÖÔñÏ¾ÍÌØ �� �- Û++ +ZY +� í�ï- Û+- 4 -Û+# +�Y- �� í�ï- Û-- +YY +Y í�ï- Û-V �V� VY í�ï- ÛZ# +Y� +# íîï- Û�Y -îY �- íVï
âÖÐÍÚÚÍ - ÛZ ð )ÔÒÖ××ÍÑÒØÍÚÚÔÑÏ ÙÍÎ ÖÔÒ ÙÍ× �Ä Í¾ØÎÔ× ÌÑ áÐÐ Û - Û+-Ð Ûï ÍÎ× ÌØØÍÚØÍÑÎÍÚÖØÌ¼ÍÑ Ç ½ÖÔñÏ¾ÍÌØÍÑ ÙÍÎ ¼ÍÎÒÝÞÌÍÙÍÑÍÑ á ÚÄÞÖ¿WÌÑÌÍÑ Û Æ ÍÎ ìÍÞÚÍÎ Å ½ÔÎ ÙÌÍ ÎÍÚÖØÌ¼ÍÑÇ ½ÖÔñÏ¾ÍÌØÍÑ ÍÎÏÌÐØ ÒÌÝÞ ÖÔÒ ÙÍ× ÒØÖØÌÒØÌÒÝÞÍÑ ìÍÞÚÍÎ Å ½ÔÎ ÙÌÍ á× Ä ÚÌØÔÙÍ á ÛÆ ÌÍ ØÞÍ»ÎÍØÌÒÝÞÍÑ ÎÍÚÖØÌ¼ÍÑ Ç ½ÖÔñÏ¾ÍÌØÍÑ ÖÔÒ âÖÐÍÚÚÍ - Û� ÜÍÎÙÍÑ Ì× ò ÖÞ× ÍÑ ÙÍÒìÍÞÚÍÎÒ ÎÍÝÞØ ÏÔØ ÎÍÄÎ»ÙÔÕÌÍÎØ Û WÍÙÌÏÚÌÝÞ ÙÌÍ WÌÑÌÍ Ð ÍÌ º 2 - ÛZ# ÓÍÔ Ü ÌÎÙ ÏÍÏÍÑ ½ÔÐÍÎÙÍÎ Ç ÖÔÄØÚÌÑ ÌÍ Ð ÍÌ º 2 - Û�Y ÓÍÔ Ô× � � ÔÑØÍÎÒÝÞ ½ÖØÕØ Û
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áÐÐÌÚÙÔÑÏ - Û+î ð Æ ÖÒ �Ä Í¾ØÎÔ× ÙÍÎ Æ ÎÍÌ¿WÌÑÌÍÑ¿á ÚÄÞÖìÔÍÚÚÍ Å ½ÔÎ ÙÍÑ Æ ÍØÍ¾Ø»Î �UÍ� ÛÆ ÌÍ áÔó ½»ÒÔÑÏ Ð ÍØÎÔÏ �º 2 +#î í-ï ¾ÍÔ Û
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áÐÐÌÚÙÔÑÏ - Û+- ð Æ ÖÒ �Ä Í¾ØÎÔ× ÙÍÎ Æ ÎÍÌ¿WÌÑÌÍÑ¿á ÚÄÞÖìÔÍÚÚÍ Å ½ÔÎ ÙÌÍ Æ ÍØÍ¾Ø»ÎÍÑ Ö Ûïá Ú+� ÔÑÙ Ð Ûï �á Ú� Û Æ ÌÍ áÔó ½»ÒÔÑÏ ÐÍØÎÔÏ Ö Ûï �º 2 ## í- ï ¾ÍÔ � Ð Ûï �º 2 îY í�ï ¾ÍÔ Û



VY ß!à��� � � áL!�!ß ����M��� "�N [�� [� ��ß �\���
Æ ÍØÍ¾Ø»Î Å»ÞÑÒ»Ñ¿ Ô»Î¼ÍÎÒØ ½ÖÎ¾ÍÎ¿ îÞ»Ñ»ÑÍÑ¿ îÞ»Ø»ÑÍÑ¿ �Ô××ÍÎÖÔÒÝÞÍÑ ÎÖÔÒÝÞÍÑ ÎÖÔÒÝÞÍÑ ÎÖÔÒÝÞÍÑ ÌÑÝÚ Û �ºÈ.�¾ÍÔ � �¾ÍÔ � �¾ÍÔ � �¾ÍÔ � �¾ÍÔ �á Ú+� - í+ï - í+ï Z í- ï � í+ï ++í- ï�á Ú + � í+ï - í+ï � í- ï - í+ï ++í- ï�á Úî � í+ï - í+ï Z íîï î í+ï ++í- ï�á Ú- Z í+ï V í+ï Z íîï � í+ï +- í- ï�á Ú# -Y í-ï ## íZï Z íîï î í+ï �î íZï�á ÚZ - í+ï # í+ï Z í- ï - í+ï +� í- ï�á Ú� +Û+ í-ï +ÛY í�ï # íîï - í+ï V íîï�á ÚV # í+ï Z í+ï Z íîï +Û+íY Ûîï +î íîï�á Ú�Y �- í�ï ++� í+Yï - í+ï � í+ï +- +í+îï�á Ú�+ - í+ï - í+ï - í�ï � í+ï +Y íîï�UÍ� -Y í- ï +V í�ï � í- ï � í+ï -- í#ï

âÖÐÍÚÚÍ - Û� ð áÐÒÝÞ ½ÖØÕÔÑÏÍÑ Å ½ÔÎ ÙÌÍ òÖÔÒÝÞÐ ÍÌØÎ ½ÖÏÍ ÙÍÎ ÍÌÑÕÍÚÑÍÑ Æ ÍØÍ¾Ø»ÎÍÑ Û Æ ÌÍÍÌÑÕÍÚÑÍÑ õ ÍÌØÎ ½ÖÏÍ ÜÔÎÙÍÑ ìÔÖÙÎÖØÌÒÝÞ ÖÙÙÌÍÎØ � Ô× ÙÌÍ �Ô××Í ÕÔ ÍÎÞÖÚØÍÑ Û ÓÑ ÌÞÎ ÌÒØÙÍÎ õ ÍÌØÎÖÏ ÙÍÒ '»Ñ¼ÍÎÒÌ»ÑÒÎÖÔÒÝÞÍÑÒ �ºÈ. ×ÌØÍÌÑÏÍÎÍÝÞÑÍØ Û º Î ÜÔÎÙÍ ÌÑ 'ÖÄ Û � Û# Ûî×ÌØ �ºÈ. 2 - Û- ¾ÍÔ ÖÐÏÍÒÝÞ ½ÖØÕØ Û
Æ ÍØÍ¾Ø»Î ¼ÞÖÎÏÍä »ò �»â ¼ ¾ �ºÇ. �ºÉ / õÖÒÍÚÌÑÍâ¥Ä �Ó�ä'� �ÑÅä'� �.( ä'� �¾ÍÔ � �¾ÍÔ � §» ÌÒÍ �¾ÍÔ �á Ú +� ÃÄ +äÓÓ î ÛY í�ï � Ûî í+ï +- íîï #Y í-ï � �á Ú +� +äÓÓ î Û� í�ï � Û� í�ï �# í#ï ## í- ï # + í-ï �-�á Ú + +äÓÓ Ó V Ûî í-ï � Û- í+ï � -� í- ï #Y í-ï - +�á Úî +äÓÓ Ó � ÛV í-ï � Û� í+ï +� í-ï #- í- ï � -Y�á Ú- +äÓÓ � Ûî í+ï � ÛY í+ï +Z í- ï �Y í- ï �- íîï ���á Ú# �äÓ Y Û+� í#ï � Û# í+ï # í�ï +�î í-ï � +YZ�á ÚZ �äÓÓ î ÛV í�ï � Û� í+ï # í�ï î- í�ï îY í�ï -î
�á Ú� �äÓÓ Ó +V Û+ íVï � ÛY í+ï Z í�ï îY í�ï îY í�ï -��á ÚV �äÓÓ - Û� í�ï � Û- í+ï -Z í+- ï �-Y í�-ï �YV í-ï ++Y�á Ú�Y îäÓ Y ÛY- í�ï Y Û-- íîï Z íîï 0îYYÃÃÄ � -YY�á Ú�+ îäÓÓ Ó î ÛY í�ï +Û+ í+ï � í�ï V� í+Yï VY íVï +Y��UÍ� � 1 Y Û-� - Û+ í+ï �Y Û# í#ï +#î í-ï � VYÃÄ (ÍÎØÍ ¼»Ñ ÓÍÌÍÎ ÖÔÒ �+V�ÃÃÄ Æ ÌÍ ÙÎÍÌ á ÚÄÞÖ¿WÌÑÌÍÑ ¾»ÑÑØÍÑ ÑÌÝÞØ ÖÔ ÅÏÍÚ½»ÒØ ÜÍÎÙÍÑ Û
âÖÐÍÚÚÍ - ÛV ð )ÔÒÖ××ÍÑÒØÍÚÚÔÑÏ ÙÍÎ ÏÍ× ÍÒÒÍÑÍÑ áÔó ½»ÒÔÑÏ ÖÚÚÍÎ ÔÑØÍÎÒÔÝÞØÍÑ Æ ÍØÍ¾¿Ø»ÎÍÑ ÌÑ áÐÞ ½ÖÑÏÌÏ¾ÍÌØ ÌÞÎÍÎ îÖÎÖ×ÍØÍÎ Û Æ ÌÍ ( ½ÖÎ× Í¾ÖÄÖÕÌØ ½ÖØÍÑ ÒÌÑÙ ÙÌÍ ÏÍ× ÌØØÍÚØÍÑ(ÍÎØÍ ÖÔÒ âÖÐÍÚÚÍ - Ûî � ÚÍÙ ÌÏÚÌÝÞ Å ½ÔÎ �UÍ� ÜÔÎÙÍ ÙÍÎ (ÍÎØ ÖÔÒ �23 3 ÖÑÏÍÑ»××ÍÑ Û Æ ÌÍìÍÞÚÍÎ ÌÑ ÙÍÎ áÔó ½»ÒÔÑÏ ÍÎÏÌÐØ ÒÌÝÞ ÖÔÒ ÙÍ× ÔÍÎÏÚÍÌÝÞ ×ÍÞÎÍÎÍÎ îÔÚÒÞ ½»ÞÍÑÒÄ Í¾ØÎÍÑ �ÙÌÍ ÑÖÝÞÍÌÑÖÑÙÍÎ ÔÑØÍÎ ¼ÍÎÏÚÍÌÝÞÐÖÎÍÑ õ ÍÙÌÑÏÔÑÏÍÑ ÖÔ ÅÏÍÑ»××ÍÑ ÜÔÎÙÍÑ Û )ÔÎ º Î¿×ÌØØÚÔÑÏ ÙÍÒ õÖÒÍÚÌÑÍ §» ÌÒÍ Ò»Ü ÌÍ ÕÔÎ Æ ÌÒ¾ÔÒÒÌ»Ñ ÙÍÎ º ÎÏÍÐÑÌÒÒÍ ÒÌÍÞÍ âÍ,Ø Û
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ÓÑ âÖÐÍÚÚÍ - Û� ÒÌÑÙ ÙÌÍ ÑÖÝÞ 'ÖÄ ÌØÍÚ � Û# Ð ÍÎÍÝÞÑÍØÍÑ ÍÚÍ¾ØÎ»ÑÌÒÝÞÍÑ ÔÑÙØÞÍÎ× ÌÒÝÞÍÑ òÖÔÒÝÞÐÍÌØÎ ½ÖÏÍ Å ½ÔÎ ÖÚÚÍ Æ ÍØÍ¾Ø»ÎÍÑ ÖÔ ÅÏÍÚÌÒØÍØ Û Æ ÌÍ ÍÌÑÏÍÒØÎÖÞÚØÍ( ½ÖÎ× ÍÚÍÌÒØÔÑÏ Å ½ÔÎ ÙÖÒ îÞ»Ø»ÑÍÑÎÖÔÒÝÞÍÑ ÜÔÎÙÍ ÑÔÎ Å ½ÔÎ ÙÍÑ Æ ÍØÍ¾Ø»Î á Ú +� ÙÌÎÍ¾ØÐ ÍÒØÌ××Ø ð Æ ÌÍ Æ Ìå ÍÎÍÑÕ ÕÜ ÌÒÝÞÍÑ ÙÍÎ Ì× Ç ÍÚÌÔ× ¿õÖÙ ÏÍ× ÍÒÒÍÑÍÑ ÔÑÙ ÙÍÎ ÌÑ ÙÌÍÒÍÎá ÎÐ ÍÌØ ÏÍ× ÍÒÒÍÑÍÑ ' ½ÔÞÚñÑÏÍÎØÍ×Ä ÍÎÖØÔÎ Ð ÍØÎ ½ÖÏØ - + ×' � × ÌØ ¾ 2 +- íîï .( ä' ÍÎ¿ÏÌÐØ ÙÌÍÒ ÍÌÑÍ ¼»× á Ú+� ÖÐÒ»ÎÐÌÍÎØÍ ( ½ÖÎ× ÍÚÍÌÒØÔÑÏ ¼»Ñ -ZY í++Yï Ñ( Û Æ ÌÍÒÍÎ (ÍÎØÜÔÎÙÍ ÖÔÝÞ ÐÍÑÔØÕØ � Ô× ÙÍÑ õ ÍÌØÎÖÏ ÙÍÒ îÞ»Ø»ÑÍÑÎÖÔÒÝÞÍÑÒ Å ½ÔÎ ÙÌÍ ÖÑÙÍÎÍÑ Æ Í¿ØÍ¾Ø»ÎÍÑ ÖÐÕÔÒÝÞ ½ÖØÕÍÑ � ÙÍÎ (ÍÎØ Å ½ÔÎ á Ú+� ÜÔÎÙÍ ÙÖÕÔ × ÌØ ÙÍÎ ì Ú½ÖÝÞÍ ÙÍÒ â ÍÜÍÌÚÌÏÍÑÆ ÍØÍ¾Ø»ÎÒ Ò¾ÖÚÌÍÎØ Û Æ Ö ÐÍÌ ÙÍÑ ÓÍÒÒÔÑÏÍÑ × ÌØ ÙÍÑ Æ ÍØÍ¾Ø»ÎÍÑ �á Ú + ÔÑÙ �á Úî ÙÌÍá ÚÄÞÖìÔÍÚÚÍ ÒÍÌØÚÌÝÞ ÔÑÙ ÑÌÝÞØ ¼»Î ÙÍÑ Æ ÍØÍ¾Ø»ÎÍÑ × »ÑØÌÍÎØ ÜÖÎ � ÜÔÎÙÍ Å ½ÔÎ ÙÌÍÒÍÆ ÍØÍ¾Ø»ÎÍÑ ÙÍÎ (ÍÎØ ¼»Ñ î 2 ��Y íVYï Ñ( ÍÌÑÏÍÒÍØÕØ � ÙÍÑ ÓÍÌÍÎ ÌÑ �+V� Å ½ÔÎ ÙÌÍÒÍUÍ»×ÍØÎÌÍ ÖÑÏÌÐØ ÛÆ ÌÍ (ÍÎØÍ Å ½ÔÎ ÙÌÍ ÍÎÎÍÌÝÞØÍÑ ºÑÍÎÏÌÍÖÔó ½»ÒÔÑÏÍÑ ÒÌÑÙ ÌÑ âÖÐÍÚÚÍ - Û� ÕÔÒÖ××ÍÑ¿ÏÍÒØÍÚÚØ ð �ºÇ. Ð ÍÒÝÞÎÍÌÐØ ÙÌÍ × ÌØ ÙÍ× ÇÖÔÄØ¼ÍÎÒØ ½ÖÎ¾ÍÎ ÍÎÎÍÌÝÞØÍ ºÑÍÎÏÌÍÖÔó ½»ÒÔÑÏ ��ºÉ / ÙÌÍ áÔó ½»ÒÔÑÏ � ÙÌÍ ÙÔÎÝÞ º ÌÑÒÖØÕ ÙÍÒ ÙÌÏÌØÖÚÍÑ ì ÌÚØÍÎÑÒ ÍÎÎÍÌÝÞØ ÜÔÎÙÍ Û Æ ÌÍÚÍØÕØÍ �ÄÖÚØÍ ÍÑØÞ ½ÖÚØ ÍÌÑÍ áÑÏÖÐ Í ½ÔÐÍÎ ÙÖÒ *õÖÒÍÚÌÑÍ §» ÌÒÍ* Û º Ò Ð ÍÒØÖÑÙ Ü ½ÖÞÎÍÑÙÙÍÎ ëÑØÍÎÒÔÝÞÔÑÏÍÑ ¾ÍÌÑÍ Ó ½»ÏÚÌÝÞ¾ÍÌØ � ÙÖÒ õÖÒÍÚÌÑÍ §» ÌÒÍ Å ½ÔÎ ÙÍÑ áÔ ÅÐÖÔ × ÌØ ÙÍ×Ç ÖÔÄØ¼ÍÎÒØ ½ÖÎ¾ÍÎ ÙÌÎÍ¾Ø ÕÔ ×ÍÒÒÍÑ Û Æ ÖÒ ì ÌÚØÍÎÄÎ»ÏÎÖ×× ÏÌÐØ ÙÖÏÍÏÍÑ ÍÌÑÍÑ (ÍÎØ Å ½ÔÎÙÌÍ ÏÍ× ÌØØÍÚØÍ ò ÖÔÒÝÞÒÄÖÑÑÔÑÏ ÖÑ íÒ Û ' ÖÄ Û - Û+ Ûîï Û Æ ÖÒ ÙÖÎÖÔÒ ÍÎ× ÌØØÍÚØÍ õÖÒÍÚÌÑÍ§» ÌÒÍ Ð ÍÎ ½ÔÝ¾ÒÌÝÞØÌÏØ ÖÐ ÍÎ ÑÌÝÞØ � ÙÖô ÙÍÎ ÇÖÔÄØ¼ÍÎÒØ ½ÖÎ¾ÍÎ ÙÔÎÝÞ ÙÌÍ ÓÑØÍÏÎÖØÌ»Ñ ÙÍÒ� ÌÏÑÖÚÒ ÙÖÒ õÖÒÍÚÌÑÍ §» ÌÒÍ ØÍÌÚÜÍÌÒÍ ÏÚ½ÖØØÍØ � Ò»ÙÖô ÙÍÎ × ÌØ ÙÍ× ì ÌÚØÍÎÄÎ»ÏÎÖ×× ÍÎ¿× ÌØØÍÚØÍ (ÍÎØ ÏÎ ½»ôÍÎ ÌÒØ ÖÚÒ ÙÍÎ ØÖØÒ ½ÖÝÞÚÌÝÞÍ (ÍÎØ Û ì ½ÔÎ ÙÌÍ Æ ÍØÍ¾Ø»ÎÍÑ � Å ½ÔÎ ÙÌÍ ¾ÍÌÑÍÓÍÒÒÔÑÏ × ÌØ ÖÑÒÝÞÚÌÍôÍÑÙÍ× ÙÌÏÌØÖÚÍ× ì ÌÚØÍÎÑ ÙÔÎÝÞÏÍÅ ½ÔÞÎØ ÜÔÎÙÍ � ÜÔÎÙÍ ÙÖÒ õÖÒÍ¿ÚÌÑÍ §» ÌÒÍ ÖÔÒ ÙÍ× Ö× 4 ÒÕÌÚÚ5Ò657 ÖÐÏÍÚÍÒÍÑÍÑ òÖÔÒÝÞÍÑ ÙÍÒ Ç ÖÔ7Ø8ÍÎÒØ 9ÖÎ6ÍÎÒÌÏÑÖÚÒÖÐÏÍÒÝÞ 9ÖØÕØ Ûá ÚÚÍ ò ÖÔÒÝÞÐÍÌØÎ 9ÖÏÍ �ë ÜÔÎÙÍÑ ÌÑ ÍÌÑÍ :ÑÍÎÏÌÍÐÎÍÌØÍ �: Ô×ÏÍÎÍÝÞÑÍØ ÏÍ× 9ÖôUÚÍÌÝÞÔÑÏ í� Û-#ï ÖÔÒ 'Ö7 Û � Û# Û+ ð

�:: 2 � ´î- ³ �ëëà $% $à $% ; ÕÚ��ÚÚÕÍÎ ~ÊÌ ÊÌÌÊÕÙ�ËÊÎ ÈÎÊÌ� ÕÊ×�< +ÍÚ�Î�
� Æ ÌÒ6ÔÒÒÌ5Ñ ÙÍÒ õÖÒÍÚÌÑÍ §5 ÌÒÍ ðÆ ÖÒ × ÌØ Ç ÌÚ=Í ÙÍÒ ì ÌÚØÍÎ7Î5ÏÎÖ×× Ò ÍÎ× ÌØØÍÚØÍ õÖÒÍÚÌÑÍ §5 ÌÒÍ ÌÒØ ÙÍÔØÚÌÝÞ ÏÎ 95ôÍÎÖÚÒ ÙÌÍ Ð ÍÎÍÝÞÑÍØÍ �Ô××Í ÙÍÎ òÖÔÒÝÞÐÍÌØÎ 9ÖÏÍ ÖÔÒ âÖÐ ÍÚÚÍ - Û� Û Æ ÌÍÒ ÙÍÔØÍØÙÖÎÖÔ = ÞÌÑ � ÙÖô ÜÍÌØÍÎÍ òÖÔÒÝÞìÔÍÚÚÍÑ Í, ÌÒØÌÍÎÍÑ ð

 Æ ÌÍ âÍ×7 ÍÎÖØÔÎÒØÖÐÌÚÌ9ÖØ ÙÍÒ áÔ =ÐÖÔÒ ÜÔÎÙÍ ÌÑ 'Ö7 Û - Û+ Û+ ÕÔ �â � + .'ÖÐÏÍÒÝÞ 9ÖØÕØ Û Æ ÍÎ âÍ×7 ÍÎÖØÔÎÒ7ÎÔÑÏ � ÙÍÎ ÙÔÎÝÞ ÙÍÑ : ÌÑØÎÖÏ ÍÌÑÍÒ á Ú7ÞÖ>âÍÌÚÝÞÍÑÒ ÌÑÙÔÕÌÍÎØ Ü ÌÎÙ � ÚÌÍÏØ Ð ÍÌ ÍÌÑÍÎ ( 9ÖÎ× Í6Ö7ÖÕÌØ 9ÖØ 85Ñ � Û- ÑÅä'ÐÍÌ ÝÖ Û î- .' Û Æ ÖÎÖÔÒ ÍÎÏÌÐØ ÒÌÝÞ ÍÌÑ õ ÍÌØÎÖÏ ÙÍÎ âÍ×7 ÍÎÖØÔÎÒØÖÐÌÚÌØ 9ÖØÕÔÎ :ÑÍÎÏÌÍÖÔó 95ÒÔÑÏ 85Ñ �: � î#Y 6ÍÔ Û Æ Ö ÙÌÍ Æ ÍØÍ6Ø5ÎÍÑ â ÍÙ5 ÝÞÑÔÎ ÒÝÞÜÖÝÞ ÖÑ ÙÖÒ Ç ÍÚÌÔ×ÐÖÙ ÖÑÏÍ6577 ÍÚØ ÒÌÑÙ � Ü ÌÎÙ ÍÌÑ UÎ5ôØÍÌÚ ÙÌÍ>ÒÍÎ âÍ×7 ÍÎÖØÔÎÒÝÞÜÖÑ6ÔÑÏÍÑ ÏÍÏÚ9ÖØØÍØ � Ò5ÙÖô ÙÍÎ ØÖØÒ 9ÖÝÞÚÌÝÞÍ õ ÍÌØÎÖÏÕÔÎ :ÑÍÎÏÌÍÖÔó 95ÒÔÑÏ × ÌØ � ÌÝÞÍÎÞÍÌØ ÙÍÔØÚÌÝÞ ÏÍÎÌÑÏÍÎ � ÖÐÍÎ ÑÌÝÞØ 8ÍÎ>ÑÖÝÞÚ9ÖÒÒÌÏÐÖÎ ÌÒØ Û
 : Ò 6 95ÑÑÍÑ ÕÔÒ 9ÖØÕÚÌÝÞÍ ÍÚÍ6ØÎ5ÑÌÒÝÞÍ òÖÔÒÝÞ65×75ÑÍÑØÍÑ ÐÕÜ Û �Ø 95ÎÔÑÏÍÑÍ, ÌÒØÌÍÎÍÑ � ÙÌÍ Õ Ûõ Û ÙÔÎÝÞ ÖÑÙÍÎÍ :,7 ÍÎÌ× ÍÑØÍ Ì× ÓÑÒØÌØÔØ 5ÙÍÎ ÙÔÎÝÞ
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ÍÌÑÍ �ÍÑÙÍÖÑØÍÑÑÍ ÖÔ = ÙÍ× ÓÑÒØÌØÔØÒÙÖÝÞ ÞÍÎ85ÎÏÍÎÔ =ÍÑ ÜÍÎÙÍÑ Û �5 ÚÝÞÍõ ÍÌØÎ 9ÖÏÍ 6 95ÑÑÍÑ ÙÔÎÝÞ ÙÍÑ õÖÔ ÍÌÑÍÒ ìÖÎÖÙÖ¥>' 9ÖñÏÒ Ô× ÙÍÑ 'Î¥5ÒØÖØÍÑÖÐÏÍÒÝÞÌÎ×Ø ÜÍÎÙÍÑ Û )Ô6 9ÔÑ =ØÌÏÍ ëÑØÍÎÒÔÝÞÔÑÏÍÑ ÜÍÎÙÍÑ ÕÍÌÏÍÑ � 5Ð ÒÌÝÞÖÔ = ÙÌÍÒÍ (ÍÌÒÍ ÍÌÑÍ ÔÍÎÐ ÍÒÒÍÎÔÑÏ ÙÍÎ áÔó 95ÒÔÑÏ ÍÎÎÍÌÝÞÍÑ Ú9ÖôØ Û

 ÓÌ6Î57Þ5ÑÌÍ ð ÆÔÎÝÞ ÙÌÍ Ç ÍÚÌÔ× >îÔ×7 ÚÍÌØÔÑÏÍÑ ÜÍÎÙÍÑ ÙÌÍ: ÎÒÝÞ 9ÔØØÍÎÔÑÏÍÑ ÙÍÎ Ç ÍÚÌÔ× >îÔ×7 ÍÑ ÖÔ = ÙÍÑ Ç ÍÚÌÔ× >âÖÑ6 ÙÍÒ' Î¥5ÒØÖØÍÑ ÔÑÙ ÙÖ× ÌØ ÖÔÝÞ ÖÔ = ÙÌÍ Æ ÍØÍ6Ø5ÎÍÑ 9ÔÐÍÎØÎÖÏÍÑ Û Æ ÍÎ : ÌÑóÔôÙÌÍÒÍÎ × ÍÝÞÖÑÌÒÝÞÍÑ �Ø 95ÎÔÑÏÍÑ 65ÑÑØÍ Ö× 4 ÒÕÌÚÚ5Ò657 ÙÍÔØÚÌÝÞ Ð Í5Ð>ÖÝÞØÍØ ÜÍÎÙÍÑ Û : Ò ÜÔÎÙÍ 8ÍÎÒÔÝÞØ � ÌÞÑ ÙÔÎÝÞ óÍ, ÌÐÚÍ îÔ×7 ÚÍÌØÔÑÏÍÑ �ì Ì, ÌÍÎÔÑÏ ÙÍÎ îÔ× 7 ÚÍÌØÔÑÏÍÑ ÖÑ ÙÍÎ WÖÐ5ÎÜÖÑÙ ÔÑÙ ÙÍÑ : ÌÑÐÖÔ 85Ñ�ÝÞÜ ÌÑÏÔÑÏÒÙ 9Ö× 7=ÍÎÑ ÕÔ × ÌÑÌ× ÌÍÎÍÑ Û Æ ÖÙÔÎÝÞ 65ÑÑØÍ ÌÑÒÐ ÍÒ5ÑÙÍÎÍÐ ÍÌ ÙÍÑ �ÝÞÜÍÎÌ5ÑÍÑÍ,7 ÍÎÌ× ÍÑØÍÑ íÒ Û 'Ö7 Û - ÔÑÙ Zï � ÌÑ ÙÍÑÍÑ = 9ÔÎÙÌÍ îÔ× 7 ÚÍÌØÔÑÏÍÑ ÖÔ =ÏÎÔÑÙ ÙÍÎ ÍÎ=5ÎÙÍÎÚÌÝÞÍÑ ÏÎ5ôÍÑ ' 9ÔÞÚÚÍÌÒØÔÑÏÍÑ�ÝÞÚ9ÖÔÝÞÍ × ÌØ ÏÎ5ôÍÑ XÔÍÎÒÝÞÑÌØØÍÑ í+YY ×× ï 8ÍÎÜÍÑÙÍØ ÜÔÎÙÍÑ �ÍÌÑÍ ÙÍÔØÚÌÝÞÍ ò ÍÙÔÕÌÍÎÔÑÏ ÙÍÒ õÖÒÍÚÌÑÍ §5 ÌÒÍ ÍÎÎÍÌÝÞØ ÜÍÎÙÍÑ Û Æ Ö= 9ÔÎ ÙÌÍ ¼ÞÖÎÖ6ØÍÎÌÒÌÍÎÔÑÏÒ>ÓÍÒÒÔÑÏÍÑ Ì× WÖÐ5Î �ÝÞÚ9ÖÔÝÞÍ × ÌØ -Y ××ÆÔÎÝÞ×ÍÒÒÍÎ ÖÔÒÎÍÌÝÞÍÑÙ ÜÖÎÍÑ � ÜÖÎ ÙÍÎ :åÍ6Ø = 9ÔÎ ÙÌÍ á Ú7ÞÖ>�7 Í6ØÎÍÑÜÍÑÌÏÍÎ ÖÔÒÏÍ7Î 9ÖÏØ Û
� : ÌÑóÔô ÙÍÒ õÖÒÍÚÌÑÍ §5 ÌÒÍ ÖÔ = ÙÌÍ :ÑÍÎÏÌÍÖÔó 95ÒÔÑÏ ðõÍÌ ÙÍÑ ÌÑ âÖÐ ÍÚÚÍ - ÛV ÖÑÏÍÏÍÐ ÍÑÍÑ (ÍÎØÍÑ = 9ÔÎ ÙÖÒ õÖÒÍÚÌÑÍ §5 ÌÒÍ ×Ôô ÌÑÙÍÎ Æ ÌÒ6ÔÒÒÌ5Ñ ÐÍÎ 9ÔÝ6ÒÌÝÞØÌÏØ ÜÍÎÙÍÑ � ÙÖô ÙÌÍ ÓÍÒÒÔÑÏÍÑ × ÌØ ÙÍ× Ç ÖÔ7Ø>8ÍÎÒØ 9ÖÎ6ÍÎ ÔÑÙ ÙÍÎ Ó Ó4>'ÖÎØÍ = 9ÔÎ ÙÌÏÌØÖÚÍÒ ì ÌÚØÍÎÑ ÑÌÝÞØ 7ÖÎÖÚÚÍÚ � Ò5ÑÙÍÎÑÑÖÝÞÍÌÑÖÑÙÍÎ ÙÔÎÝÞÏÍ= 9ÔÞÎØ ÜÔÎÙÍÑ Û òÖÔÒÝÞÐ ÍÌØÎ 9ÖÏÍ 5ÙÍÎ �Ø 95ÎÔÑÏÍÑ � ÙÌÍ ÙÔÎÝÞÍ,ØÍÎÑÍ XÔÍÚÚÍÑ íÒ Û5 Ûï 8ÍÎÔÎÒÖÝÞØ ÜÔÎÙÍÑ � 6 95ÑÑÍÑ ÒÌÝÞ 8ÍÎ 9ÖÑÙÍÎØ ÞÖÐÍÑ � Ò5ÙÖôÖÔÝÞ ÙÖÒ õÖÒÍÚÌÑÍ §5 ÌÒÍ ÒÌÝÞ 9ÖÑÙÍÎØ Û Æ Ö ÍÒ â ÍÙ5 ÝÞ 6ÍÌÑÍ ÖÑÙÍÎÍ Ó 95ÏÚÌÝÞ6ÍÌØÏÖÐ � ÙÖÒ õÖÒÍÚÌÑÍ §5 ÌÒÍ ÕÔ ÐÍÒØÌ×× ÍÑ � Ü ÌÎÙ ÙÖÒ ÖÔÒ ÙÍ× ÙÌÏÌØÖÚÍÑ ì ÌÚØÍÎÑ Ð Í>ÒØÌ××ØÍ õÖÒÍÚÌÑÍ §5 ÌÒÍ ÌÑ ÙÍÎ =5 ÚÏÍÑÙÍÑ Æ ÌÒ6ÔÒÒÌ5Ñ ÖÔÝÞ ÖÚÒ áÐÒÝÞ 9ÖØÕÔÑÏ = 9ÔÎÙÌÍ ÓÍÒÒÔÑÏÍÑ × ÌØ ÙÍ× Ç ÖÔ7Ø8ÍÎÒØ 9ÖÎ6ÍÎ 8ÍÎÜÍÑÙÍØ ÛÆ ÖÒ ÍÎ× ÌØØÍÚØÍ õÖÒÍÚÌÑÍ §5 ÌÒÍ ÌÒØ � ÐÌÒ ÖÔ = ÙÌÍ Æ ÍØÍ6Ø5ÎÍÑ �á ÚZ ÔÑÙ �á Ú� Ò5Ü ÌÍ�á Ú�Y ÔÑÙ �á Ú�+ � ÙÍÔØÚÌÝÞ 6 ÚÍÌÑÍÎ ÖÚÒ ÙÌÍ ÏÍ× ÍÒÒÍÑÍ áÔó 95ÒÔÑÏ Û Æ ÌÍÒ ÜÔÎÙÍÖÔÝÞ 85Ñ ÓÍÌÍÎ �+V� Ð Í5ÐÖÝÞØÍØ Û : Ò ÙÍÔØÍØ ÙÖÎÖÔ = ÞÌÑ � ÙÖô ÌÑØÎÌÑÒÌÒÝÞÍ :åÍ6>ØÍ ÔÑÙ ÑÌÝÞØ ÙÖÒ õÖÒÍÚÌÑÍ §5 ÌÒÍ ÙÌÍ áÔó 95ÒÔÑÏ ÚÌ× ÌØÌÍÎÍÑ Û Æ Ö= 9ÔÎ Ò7ÎÌÝÞØ ÖÔÝÞ �ÙÖô ÖÔôÍÎ = 9ÔÎ ÙÌÍ Æ ÍØÍ6Ø5ÎÍÑ �á ÚV ÔÑÙ �á Ú�+ íÒ ÛÔ Ûï ÙÔÎÝÞ : ÌÑÒÖØÕ ÙÍÒ ÙÌÏÌØÖ>ÚÍÑ ì ÌÚØÍÎÑÒ 6ÍÌÑÍ ÙÍÔØÚÌÝÞÍ ÔÍÎÐ ÍÒÒÍÎÔÑÏ ÙÍÎ :ÑÍÎÏÌÍÖÔó 95ÒÔÑÏ ÍÎÕÌÍÚØ ÜÍÎÙÍÑ65ÑÑØÍ Û
� Æ ÍÎ Æ ÍØÍ6Ø5Î �UÍ� ðì 9ÔÎ ÙÍÑ Æ ÍØÍ6Ø5Î �UÍ� ÒØÍÚÚØ Ù ÌÍ ÍÎÎÍÌÝÞØÍ áÔó 95ÒÔÑÏ ÙÖÒ Ð ÍÒØÍ : ÎÏÍÐÑÌÒÙÖÎ � ÙÖÒ × ÌØ ÍÌÑÍ× Ò5 ÚÝÞÍÑ ÕÔÒÖ××ÍÑÏÍÒÍØÕØÍÑ Æ ÍØÍ6Ø5Î × ÌØ UÍÎ× ÖÑÌÔ× >âÞÍÎ× ÌÒØ5Î = 9ÔÎ á Ú7ÞÖ>âÍÌÚÝÞÍÑ ÐÌÒÞÍÎ ÍÎÎÍÌÝÞØ ÜÔÎÙÍ ð Æ ÌÍ Ð ÍÒØÍ ÍÎÎÍÌÝÞØÍáÔó 95ÒÔÑÏ Ð ÍÌ 8 Û ' ÌÍÑÚÌÑ ÚÖÏ Ð ÍÌ -YY 6ÍÔ Û Æ ÌÍ ÔÍÎÐ ÍÒÒÍÎÔÑÏ ÞÖØ ÕÜÍÌ UÎ 9ÔÑÙÍ ðÆÔÎÝÞ ÙÌÍ ÔÍÎÎÌÑÏÍÎÔÑÏ ÙÍÒ '5ÑØÖ6ØÜ ÌÙÍÎÒØÖÑÙÒ ÙÔÎÝÞ 8ÍÎÐ ÍÒÒÍÎØÍ '5ÑØÖ6>ØÌÍÎÔÑÏ ÜÔÎÙÍ ÙÖÒ �ÝÞÎ5ØÎÖÔÒÝÞÍÑ × ÌÑÌ× ÌÍÎØ Û áÔôÍÎÙÍ× ÜÔÎÙÍ ÍÌÑ ÙÍÔØÚÌÝÞ6 ÚÍÌÑÍÎÍÎ âÞÍÎ× ÌÒØ5Î 8ÍÎÜÍÑÙÍØ ÖÚÒ Ð ÍÌ 8 Û ' ÌÍÑÚÌÑ � ÔÑÙ ÖÔÝÞ ÙÍÎ �Ö7ÞÌÎÖÐÒ5Î>ÐÍÎ ÜÖÎ Ù 9ÔÑÑÍÎ ÔÑÙ ÞÖØØÍ ÍÌÑÍ ÏÍÎÌÑÏÍÎÍ ( 9ÖÎ× Í6Ö7ÖÕÌØ 9ÖØ Û ÆÔÎÝÞ Ð ÍÌÙÍ :åÍ6>ØÍ ÜÔÎÙÍ ÙÖÒ �§ò 8ÍÎÐ ÍÒÒÍÎØ ÔÑÙ Ò5 ÙÌÍ áÔó 95ÒÔÑÏ ÏÍÒØÍÌÏÍÎØ Û ÓÑ 'Ö7 Û - Ûî Û+ÜÔÎÙÍ ÙÌÒ6ÔØÌÍÎØ � ÙÖô ÍÌÑ âÍÌÚ ÙÍÎ ÍÌÑÏÍØÎÖÏÍÑÍÑ :ÑÍÎÏÌÍ ÖÔ =ÏÎÔÑÙ ÙÍÎ ÚÖÑÏ>
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ÒÖ× ÍÑ âÞÍÎ× ÖÚÌÒÌÍÎÔÑÏ ÔÑÙ ÏÔØÍÑ ØÞÍÎ× ÌÒÝÞÍÑ áÑ6577 ÚÔÑÏ ÖÐÏÍ= 9ÔÞÎØ Ü ÌÎÙ �ÐÍ85Î ÒÌÝÞ ÙÖÒ âÍ× 7 ÍÎÖØÔÎÒÌÏÑÖÚ 85 ÚÚ ÖÔ =ÏÍÐÖÔØ ÞÖØ Û Æ ÖÙÔÎÝÞ Ü ÌÎÙ ÙÖÒ �§ò8ÍÎÒÝÞÚÍÝÞØÍÎØ Û ÔÍÎÎÌÑÏÍÎØ × ÖÑ ÙÌÍ ØÞÍÎ× ÌÒÝÞÍ áÑ6577 ÚÔÑÏ � ÌÑÙÍ× ÙÌÍ 'Ô7=ÍÎ>ÙÎ 9ÖÞØÝÞÍÑ ÒØÖØØ ÏÍÚ95ØÍØ Õ Û õ Û × ÌØ � ÌÚÐ ÍÎÚÍÌØÚÖÝ6 ÖÔ =ÏÍ6 ÚÍÐØ ÜÍÎÙÍÑ � 8ÍÎÎÌÑÏÍÎØ× ÖÑ ÙÌÍ =Î 9ÔÞÕÍÌØÌÏ ÖÐÏÍ= 9ÔÞÎØÍ ( 9ÖÎ× Í×ÍÑÏÍ ÔÑÙ ÍÎÞ 95ÞØ ÙÖ× ÌØ ë / Û Æ ÖÙÔÎÝÞ6ÖÑÑ ÙÌÍ áÔó 95ÒÔÑÏ Ñ5 ÝÞ 8ÍÎÐ ÍÒÒÍÎØ ÜÍÎÙÍÑ Û : ÌÑ ÜÍÌØÍÎÍÎ � ÙÌÍ áÔó 95ÒÔÑÏ Ð Í>ÏÎÍÑÕÍÑÙÍÎ ìÖ6Ø5Î 6ÖÑÑ ÍÌÑÍ 4 ÎØÒÖÐÞ 9ÖÑÏÌÏ6ÍÌØ ÙÍÎ Æ ÍØÍ6Ø5Î>ò ÍÒ75ÑÒÍ=ÔÑ6ØÌ5ÑÒÍÌÑ � ÙÌÍ ÙÔÎÝÞ ÙÌÍ ÚÖÑÏÒÖ×Í ÐÕÜ Û ÌÑÞ5× 5ÏÍÑÍ âÞÍÎ× ÖÚÌÒÌÍÎÔÑÏ 85Ñ áÐÒ5ÎÐ ÍÎÔÑÙ âÞÍÎ× ÌÒØ5Î ÞÍÎ85ÎÏÍÎÔ =ÍÑ Ü ÌÎÙ Û

� Æ ÍÎ Æ ÍØÍ6Ø5Î �á ÚV ðÆ ÍÎ Æ ÍØÍ6Ø5Î �á ÚV ÜÖÎ ÕÔÒ 9ÖØÕÚÌÝÞ × ÌØ ÙÍ× â ÌÍ=ØÍ×7 ÍÎÖØÔÎÚÖÝ6 U:ZYî+ ÖÔ =ÙÍÑ 'Ô7=ÍÎÞÖÚØÍÎ ÖÔ =ÏÍ6 ÚÍÐØ Û �ÝÞ5Ñ ÓÍÌÍÎ ÞÖØ ÌÑ �+V� Ù ÌÒ6ÔØÌÍÎØ � ÙÖô ÙÖÒ áÔ=>6 ÚÍÐ ÍÑ ÒÌÝÞ ÑÍÏÖØÌ8 ÖÔ = ÙÌÍ áÔó 95ÒÔÑÏ ÖÔÒÜ ÌÎ6Ø Û ÆÔÎÝÞ ÙÍÑ ÒÍÞÎ ÏÔØÍÑ ØÞÍÎ× Ì>ÒÝÞÍÑ '5ÑØÖ6Ø ÜÍÎÙÍÑ âÍ× 7 ÍÎÖØÔÎÒÝÞÜÖÑ6ÔÑÏÍÑ ÕÔ ÒÝÞÑÍÚÚ ÖÔ = ÙÍÑ Æ ÍØÍ6Ø5Î9ÔÐÍÎØÎÖÏÍÑ � × 95ÏÚÌÝÞÍÎÜÍÌÒÍ Ò7 ÌÍÚÍÑ ÖÔÝÞ : ÌÑó 9ÔÒÒÍ 85Ñ Ô ÌÐÎÖØÌ5ÑÍÑ ÙÍÒ 'Î¥5>ÒØÖØÍÑ ÙÔÎÝÞ ÙÌÍ îÔ×7 ÍÑ ÍÌÑÍ ÏÎ 95ôÍÎÍ ò5 ÚÚÍ ÖÚÒ = 9ÔÎ ÙÌÍ Æ ÍØÍ6Ø5ÎÍÑ � ÙÌÍ ÑÔÎÖÑ ÙÍÑ U5 ÚÙÙÎ 9ÖÞØÝÞÍÑ Þ 9ÖÑÏÍÑ Û Æ Ö= 9ÔÎ Ò7ÎÌÝÞØ � ÙÖô = 9ÔÎ ÙÌÍÒÍÑ Æ ÍØÍ6Ø5Î ÙÖÒ õÖ>ÒÍÚÌÑÍ §5 ÌÒÍ ÙÍÔØÚÌÝÞ Þ 95ÞÍÎ ÚÖÏ ÖÚÒ = 9ÔÎ ÙÌÍ ÖÑÙÍÎÍÑ � ÔÑÙ ÙÌÍ áÔó 95ÒÔÑÏ ÙÔÎÝÞÙÌÏÌØÖÚÍÒ ì ÌÚØÍÎÑ Ô× =ÖÒØ -Y 6ÍÔ 8ÍÎÐ ÍÒÒÍÎØ ÜÍÎÙÍÑ 65ÑÑØÍ Û
� Æ ÍÎ Æ ÍØÍ6Ø5Î �á Ú�+ ðÆ ÍÎ Æ ÍØÍ6Ø5Î �á Ú�+ ÞÖØ ÍÌÑÍ Ô× ÍÌÑÍÑ ìÖ6Ø5Î î 6 ÚÍÌÑÍÎÍ ( 9ÖÎ× Í6Ö7ÖÕÌØ 9ÖØ ÔÑÙÖÔôÍÎÙÍ× ÍÌÑÍ ØÞÍÎ× ÌÒÝÞÍ áÑ6577 ÚÔÑÏ � ÙÌÍ ÙÍÎ 85Ñ �á ÚZ ÔÑÙ �á Ú� 8ÍÎÏÚÍÌÝÞ>ÐÖÎ ÌÒØ íÒ ÛÔ Ûï Û âÎ5ØÕÙÍ× 65ÑÑØÍ × ÌØ ÙÌÍÒÍ× Æ ÍØÍ6Ø5Î ÑÔÎ ÍÌÑÍ ÎÍÚÖØÌ8 ÏÍÎÌÑÏÍáÔó 95ÒÔÑÏ ÍÎÎÍÌÝÞØ ÜÍÎÙÍÑ Û Æ Ö= 9ÔÎ 6 95ÑÑÍÑ × ÍÞÎÍÎÍ ëÎÒÖÝÞÍÑ 8ÍÎÖÑØÜ5ÎØÚÌÝÞ ÏÍ>×ÖÝÞØ ÜÍÎÙÍÑ ð

 Æ ÖÒ õÖÒÍÚÌÑÍ §5 ÌÒÍ ÌÒØ = 9ÔÎ ÙÌÍÒÍÑ Æ ÍØÍ6Ø5Î ÙÍÔØÚÌÝÞ Þ 95ÞÍÎ ÖÚÒ = 9ÔÎ ÖÚÚÍÖÑÙÍÎÍÑ Æ ÍØÍ6Ø5ÎÍÑ × ÌØ 8ÍÎÏÚÍÌÝÞÐÖÎÍ× ( ÌÙÍÎÒØÖÑÙ Û Æ ÍÎ Æ ÍØÍ6Ø5Î ÌÒØÖÔ =ÏÎÔÑÙ ÒÍÌÑÍÎ ÏÍÎÌÑÏÍÑ ÓÖÒÒÍ ÖÑ = 9ÖÚÚÌÏÍÎ = 9ÔÎ ÙÌÍ �Ø 95ÎÔÑÏÍÑ � ÙÌÍ ÙÔÎÝÞÙÌÍ îÔ×7 ÍÑ ÖÔ = ÙÍÑ 'Î¥5ÒØÖØÍÑ 9ÔÐÍÎØÎÖÏÍÑ ÜÍÎÙÍÑ íÓÌ6Î57Þ5ÑÌÍ � Ò Û5 Ûï Ûá ÚÚÍÎÙÌÑÏÒ 6ÖÑÑ ÑÌÝÞØ ÖÚÚÍÌÑ ÙÖÒ Þ5ÞÍ õÖÒÍÚÌÑÍ §5 ÌÒÍ = 9ÔÎ ÙÌÍ ÒÝÞÚÍÝÞØÍáÔó 95ÒÔÑÏ 8ÍÎÖÑØÜ5ÎØÚÌÝÞ ÒÍÌÑ � ÙÍÑÑ ÙÔÎÝÞ ÙÖÒ ÙÌÏÌØÖÚÍ ì ÌÚØÍÎÑ ÜÔÎÙÍ ÑÔÎÍÌÑÍ ÏÍÎÌÑÏÍ ÔÍÎÐ ÍÒÒÍÎÔÑÏ ÙÍÎ áÔó 95ÒÔÑÏ ÍÎÎÍÌÝÞØ Û
 ÓÑ 'Ö7 Û î Û- Û� ÜÔÎÙÍ ÙÌÍ XÔÖÚÌØ 9ÖØ ÙÍÎ ÖÔ =ÏÍÙÖ×7=ØÍÑ á ÚÔ× ÌÑÌÔ× >ì ÌÚ× ÍÙÌÒ6ÔØÌÍÎØ ÔÑÙ =ÍÒØÏÍÒØÍÚÚØ � ÙÖô ÙÌÍ ì ÌÚ× Í ÖÔ = ÙÍÑ +YY .× ÙÌÝ6ÍÑ �ÔÐ>ÒØÎÖØÍÑ 5åÍÑÐÖÎ ÜÍÑÌÏÍÎ Þ5× 5ÏÍÑ ÔÑÙ ÕÔÒÖ××ÍÑÞ 9ÖÑÏÍÑÙ ÒÌÑÙ ÖÚÒ ÖÔ =ÙÍÑ �ÔÐÒØÎÖØÍÑ × ÌØ îîY .× Æ ÌÝ6Í Û ÓÑÞ5× 5ÏÍÑÌØ 9ÖØÍÑ ÌÑ ÙÍÎ á ÚÔ× ÌÑÌÔ× >�ÝÞÌÝÞØ 6 95ÑÑÍÑ ÍÌÑÍ 4 ÎØÒÖÐÞ 9ÖÑÏÌÏ6ÍÌØ ÙÍÎ Æ ÍØÍ6Ø5Î>ò ÍÒ75ÑÒÍ=ÔÑ6ØÌ5Ñ8ÍÎÔÎÒÖÝÞÍÑ � ÙÍÑÑ îÞ5Ñ5ÑÍÑ ÔÑÙ : ÚÍ6ØÎ5ÑÍÑ ÐÎÍÌØÍÑ ÒÌÝÞ ÌÑ ÍÌÑÍÎ ÒØÖÎ6ÌÑÞ5× 5ÏÍÑÍÑ ÐÕÜ Û ÒÝÞÚÍÝÞØ ÕÔÒÖ××ÍÑÞ 9ÖÑÏÍÑÙÍÑ �ÝÞÌÝÞØ ÚÖÑÏÒÖ×ÍÎ ÖÔÒíÒ Û 'Ö7 Û � Û- Û�ï Û Ó Ý¼Ö×× 5Ñ ÍØ ÖÚ Û Ù ÌÒ6ÔØÌÍÎÍÑ ÌÑ �î-� � ÙÖô ÙÔÎÝÞ ÙÌÍ ÍÑÙ>ÚÌÝÞÍ ØÞÍÎ× ÌÒÝÞÍ ' 577 ÚÔÑÏ ÕÜ ÌÒÝÞÍÑ : ÚÍ6ØÎ5ÑÍÑ> ÔÑÙ îÞ5Ñ5ÑÍÑÒ¥ÒØÍ× �Ù ÛÞ Û ÍÌÑÍ ÑÌÝÞØ 85 ÚÚÒØ 9ÖÑÙÌÏÍ âÞÍÎ× ÖÚÌÒÌÍÎÔÑÏ Ð ÍÌÙÍÎ �¥ÒØÍ× Í � Ò5Ï Û *:,ÝÍÒÒ§5 ÌÒÍ* ÍÑØÒØÍÞØ íÒ Û 'Ö7 Û � Û# Ûîï Û ÆÔÎÝÞ ÍÌÑÍ × ÖÑÏÍÚÑÙÍ Ç5× 5ÏÍÑÌØ 9ÖØ ÙÍÎá ÚÔ× ÌÑÌÔ× >�ÝÞÌÝÞØ 6ÖÑÑ ÙÌÍ âÞÍÎ× ÖÚÌÒÌÍÎÔÑÏ ÕÜ ÌÒÝÞÍÑ îÞ5Ñ5ÑÍÑ> ÔÑÙ: ÚÍ6ØÎ5ÑÍÑÒ¥ÒØÍ× ÐÍÍÌÑØÎ 9ÖÝÞØÌÏØ ÜÍÎÙÍÑ � ÙÖ îÞ5Ñ5ÑÍÑ ÏÍÒØÎÍÔØ 5ÙÍÎ ÌÑ



V- ß!à��� � � áL!�!ß ����M��� "�N [�� [� ��ß �\���
ÚÖÑÏÚÍÐÌÏÍ )ÔÒØ 9ÖÑÙÍ ÍÌÑÏÍ=ÖÑÏÍÑ ÜÍÎÙÍÑ 6 95ÑÑÍÑ Û : ÌÑ : ÌÑóÔô ÙÍÎ �ÝÞÌÝÞØ>Ç5× 5ÏÍÑÌØ 9ÖØ ÖÔ = ÙÌÍ :ÑÍÎÏÌÍÖÔó 95ÒÔÑÏ ÌÒØ Ò5× ÌØ ÑÌÝÞØ ÖÔÒÕÔÒÝÞÚÌÍôÍÑ Û

 : Ò ÜÔÎÙÍ Ð ÍÎÍÌØÒ × ÍÞÎ=ÖÝÞ ÙÌÒ6ÔØÌÍÎØ � ÙÖô ÙÌÍ ÎÍÚÖØÌ8 ÚÖÑÏÍ âÞÍÎ× ÖÚÌ>ÒÌÍÎÔÑÏÒÕÍÌØ ÍÌÑÍ 4 ÎØÒÖÐÞ 9ÖÑÏÌÏ6ÍÌØ ÙÍÎ Æ ÍØÍ6Ø5Î>ò ÍÒ75ÑÒÍ=ÔÑ6ØÌ5Ñ ÞÍÎ>85ÎÎÔ =ÍÑ 6ÖÑÑ Û Æ Ö ÌÑ ÍÌÑÍ× Ù 9ÔÑÑÍÎÍÑ áÐÒ5ÎÐ ÍÎ ÖÔ =ÏÎÔÑÙ ÙÍÎ ÏÍÎÌÑÏÍÎÍÑ( 9ÖÎ× ÍÚÍÌØ= 9ÖÞÌÏ6ÍÌØ ÍÌÑÍ Ú9ÖÑÏÍÎÍ âÞÍÎ× ÖÚÌÒÌÍÎÔÑÏÒÕÍÌØ ÍÎÜÖÎØÍØ Ü ÌÎÙ � 6ÖÑÑÙÌÍÒÍ 4 ÎØÒÖÐÞ 9ÖÑÏÌÏ6ÍÌØ ÍÌÑÍ ÜÍÌØÍÎÍ WÌ× ÌØÌÍÎÔÑÏ ÙÍÎ :ÑÍÎÏÌÍÖÔó 95ÒÔÑÏÙÖÎÒØÍÚÚÍÑ Û
� áÐÞ 9ÖÑÏÌÏ6ÍÌØ ÙÍÎ áÔó 95ÒÔÑÏ 85Ñ »ò �»â ðÆ ÌÍ Æ ÍØÍ6Ø5ÎÍÑ �á Ú# ÔÑÙ �á Ú�Y ÞÖÐÍÑ ÍÌÑÍ ÎÍÚÖØÌ8 ÒÝÞÚÍÝÞØÍ áÔó 95ÒÔÑÏ Û Æ ÖÒÏÍÎÌÑÏÍ »ò �»â Ð ÍÏÎÍÑÕØ ÞÌÍÎ ÙÖÒ �§ò � Ü ÌÍ ÖÔÒ ÙÍÑ Þ5ÞÍÑ õÍÌØÎ 9ÖÏÍÑ ÙÍÒ( ÌÙÍÎÒØÖÑÙÒ> ÔÑÙ ÙÍÒ Ô5Î8ÍÎÒØ 9ÖÎ6ÍÎÎÖÔÒÝÞÍÑÒ ÕÔ ÒÍÞÍÑ ÌÒØ Û WÍÌÙÍÎ ÜÔÎÙÍÑ = 9ÔÎÙÌÍÒÍ Æ ÍØÍ6Ø5ÎÍÑ 6ÍÌÑÍ ÓÍÒÒÔÑÏÍÑ × ÌØ ÙÌÏÌØÖÚÍ× ì ÌÚØÍÎÑ ÙÔÎÝÞÏÍ= 9ÔÞÎØ � Ô× ÕÔÒÍÞÍÑ � 5Ð ÒÌÝÞ ÍÌÑÍ ÔÍÎÐ ÍÒÒÍÎÔÑÏ ÙÍÎ áÔó 95ÒÔÑÏ ÍÎÎÍÌÝÞÍÑ Ú9ÖôØ Ûì 9ÔÎ ÙÌÍ 9ÔÐÎÌÏÍÑ Æ ÍØÍ6Ø5ÎÍÑ × ÌØ á ÚÔ× ÌÑÌÔ× >âÞÍÎ× ÌÒØ5Î ÌÒØ ÙÌÍ ÍÎÎÍÌÝÞØÍáÔó 95ÒÔÑÏ â ÍÙ5 ÝÞ ÑÔÎ ÒÝÞÜÖÝÞ 85Ñ »ò �»â ÖÐÞ 9ÖÑÏÌÏ Û �5 ÞÖÐÍÑ ÙÌÍ Æ ÍØÍ6Ø5ÎÍÑá Ú +� ÔÑÙ �á ÚZ ÙÖÒÒÍÚÐ Í »ò �»â � ÙÌÍ × ÌØ �á ÚZ ÍÎÎÍÌÝÞØÍ áÔó 95ÒÔÑÏ ÌÒØ â ÍÙ5 ÝÞÔ× ÍÌÑÍÑ ìÖ6Ø5Î � ÐÍÒÒÍÎ Û áÔÝÞ ÙÌÍÒÍ âÖØÒÖÝÞÍ ÔÑØÍÎÒØÎÍÌÝÞØ � ÙÖô ÑÌÝÞØ ÙÖÒ�§ò ÙÌÍ áÔó 95ÒÔÑÏ ÐÍÏÎÍÑÕØ � Ò5ÑÙÍÎÑ ÙÖô ÖÑÙÍÎÍ :åÍ6ØÍ ÍÌÑÍ ò5 ÚÚÍ Ò7 ÌÍÚÍÑ �ÙÌÍ Ì× =5 ÚÏÍÑÙÍÑ ÙÌÒ6ÔØÌÍÎØ ÜÍÎÙÍÑ Ò5 ÚÚÍÑ Û
� áÐÞ 9ÖÑÏÌÏ6ÍÌØ ÙÍÎ áÔó 95ÒÔÑÏ 85Ñ ÙÍÎ Æ ÍØÍ6Ø5Î>¼ÞÖÎÏÍ ðÆ ÌÍ Æ ÍØÍ6Ø5ÎÍÑ �á ÚZ ÔÑÙ �á Ú� ÍÎÎÍÌÝÞÍÑ ÍÌÑÍ áÔó 95ÒÔÑÏ 85Ñ îY 6ÍÔ � Ô× ÍÌÑÍÑìÖ6Ø5Î ÕÜÍÌ Ð ÍÒÒÍÎ ÖÚÒ ÙÌÍ Æ ÍØÍ6Ø5ÎÍÑ ÙÍÎ ÖÑÙÍÎÍÑ ¼ÞÖÎÏÍÑ Û Æ ÌÍÒ 6ÖÑÑ ÕÜÍÌUÎ 9ÔÑÙÍ ÞÖÐÍÑ ð

 Æ ÌÍ Æ ÍØÍ6Ø5ÎÍÑ �á Ú# � �á ÚZ ÔÑÙ �á Ú� ÍÑØÒØÖ××ÍÑ ÙÍÎÒÍÚÐ ÍÑ ¼ÞÖÎÏÍ � Û� ÌÍ ÕÍÌÝÞÑÍÑ ÒÌÝÞ ÙÔÎÝÞ ÒÝÞ× 9ÖÚÍÎÍ 9ëÐÍÎÏ 9ÖÑÏÍ �â ÖÔÒ Û Æ ÌÍÒ ÜÔÎÙÍ ÌÑ'Ö7 Û î Û- Û� ÖÚÒ )ÍÌÝÞÍÑ ÙÖ= 9ÔÎ ÌÑØÍÎ7ÎÍØÌÍÎØ � ÙÖô ÙÌÍ á ÚÔ× ÌÑÌÔ× >�ÝÞÌÝÞØÐ ÍÌ ÙÌÍÒÍÑ Æ ÍØÍ6Ø5ÎÍÑ Þ5× 5ÏÍÑÍÎ ÌÒØ ÖÚÒ = 9ÔÎ ÙÌÍ ÖÑÙÍÎÍÑ Æ ÍØÍ6Ø5ÎÍÑ Û ì 9ÔÎÙÍÑ Æ ÍØÍ6Ø5Î �á Ú�+ ÜÔÎÙÍ Ð ÍÎÍÌØÒ ÙÌÒ6ÔØÌÍÎØ � ÙÖô ÙÌÍ Ç5× 5ÏÍÑÌØ 9ÖØ ÙÍÎá ÚÔ× ÌÑÌÔ× >�ÝÞÌÝÞØ ÍÌÑÍÑ : ÌÑóÔô ÖÔ = ÙÌÍ :ÑÍÎÏÌÍÖÔó 95ÒÔÑÏ ÞÖÐ ÍÑ 6ÖÑÑ Û
 Æ ÌÍ ØÞÍÎ× ÌÒÝÞÍ áÑ6577 ÚÔÑÏ ÙÌÍÒÍÎ Æ ÍØÍ6Ø5ÎÍÑ ÌÒØ ÑÔÎ ÍØÜÖ ÞÖÚÐ Ò5 ÏÎ5ôÜ ÌÍ ÙÌÍ ÙÍÎ Æ ÍØÍ6Ø5ÎÍÑ á Ú+� ÔÑÙ �á Ú+ � �á Úî � �á Ú- Û ÓÑ 'Ö7 Û î Û+ ÜÔÎÙÍÙÌÒ6ÔØÌÍÎØ � ÙÖô ÍÌÑÍ ÕÔ ÏÎ5ôÍ ØÞÍÎ× ÌÒÝÞÍ áÑ6577 ÚÔÑÏ ÙÖÕÔ = 9ÔÞÎØ � ÙÖôÙÖÒ âÍ× 7 ÍÎÖØÔÎÒÌÏÑÖÚ ÒÌÝÞ ÑÌÝÞØ 85 ÚÚÒØ 9ÖÑÙÌÏ ÖÔ =ÐÖÔÍÑ 6ÖÑÑ Û Æ ÌÍÒÍÎ :åÍ6ØÌÒØ ÜÖÞÎÒÝÞÍÌÑÚÌÝÞ ÙÍÎ UÎÔÑÙ ÙÖ= 9ÔÎ � ÙÖô = 9ÔÎ ÙÍÑ Æ ÍØÍ6Ø5Î �UÍ� ÙÌÍ ÖÔÒë/ ÐÍÒØÌ××ØÍ ( 9ÖÎ× Í6Ö7ÖÕÌØ 9ÖØ ÝÖ Û +ÛZ × ÖÚ Ò5 ÏÎ5ô ÌÒØ Ü ÌÍ ÙÌÍ ÖÔÒ �23 3Ð ÍÒØÌ××ØÍ íÒ Û 'Ö7 Û - Ûî Û+ï Û ì 9ÔÎ ÙÌÍ Æ ÍØÍ6Ø5ÎÍÑ × ÌØ á ÚÔ× ÌÑÌÔ× >âÞÍÎ× ÌÒØ5ÎÚ9ÖôØ ÒÌÝÞ ÍÌÑÍ Ò5 ÚÝÞÍ Æ ÌÒ6ÎÍ7ÖÑÕ ÙÍÎ ( 9ÖÎ× Í6Ö7ÖÕÌØ 9ÖØÍÑ Ì× ò ÖÞ× ÍÑ ÙÍÒìÍÞÚÍÎÒ ÖÚÚÍÎÙÌÑÏÒ ÑÌÝÞØ Ð Í5ÐÖÝÞØÍÑ Ûë× ÙÍÑ : ÌÑóÔô ÙÍÎ ØÞÍÎ× ÌÒÝÞÍÑ áÑ6577 ÚÔÑÏ Ò¥ÒØÍ× ÖØÌÒÝÞ ÕÔ ÔÑØÍÎÒÔ>ÝÞÍÑ � ÜÔÎÙÍÑ ÜÍÌØÍÎÍ ÓÍÒÒÔÑÏÍÑ × ÌØ Æ ÍØÍ6Ø5ÎÍÑ ÙÍÎ ¼ÞÖÎÏÍ � ÖÑÏÍÒØÍÚÚØ �ÙÌÍ Ð ÍÜÔôØ ÔÑØÍÎÒÝÞÌÍÙÚÌÝÞ ÖÑÏÍ6577 ÍÚØ ÜÖÎÍÑ Û Æ ÌÍ ÔÑØÍÎÒÝÞÌÍÙÚÌÝÞÍ áÑ>6577 ÚÔÑÏ ÜÔÎÙÍ ÙÖÙÔÎÝÞ ÍÎÎÍÌÝÞØ � ÙÖô ÕÔ× ÍÌÑÍÑ ÐÍÌ ÙÍÑ Æ ÍØÍ6Ø5ÎÍÑÅá ÚY + � Åá ÚY� ÔÑÙ Åá ÚY- U5 ÚÙÙÎ 9ÖÞØÍ × ÌØ +Z .× ÆÔÎÝÞ× ÍÒÒÍÎ ÖÑÒØÖØØ�- .× ÕÔÎ áÑ6577 ÚÔÑÏ 8ÍÎÜÍÑÙÍØ ÜÔÎÙÍÑ Û )Ô× ÖÑÙÍÎÍÑ ÜÔÎÙÍ ÐÍÌ ÙÍÑ



� �è � "� ���M "áL "�N�� ��� ! àL!¤��� áL�� V-
Æ ÍØÍ6Ø5ÎÍÑ Åá ÚY + � Åá ÚY# ÔÑÙ Åá ÚYZ ÙÍÎ õ5ÑÙÙÎÖÞØ ÖÔ = ÙÌÍ U5 ÚÙ65ÑØÖ6Ø>7ÖÙÒ ÏÍÐ 5ÑÙÍØ � Ð ÍÌ ÙÍÑ 9ÔÐÍÎÌÏÍÑ Æ ÍØÍ6Ø5ÎÍÑ × ÌØ WÍÌØÒÌÚÐ ÍÎ ÖÔ =ÏÍ6 ÚÍÐØ ÛÆ Ö ÙÌÍÒÍ ëÑØÍÎÒÔÝÞÔÑÏÍÑ Ö× :ÑÙÍ ÙÍÎ 85ÎÚÌÍÏÍÑÙÍÑ á ÎÐ ÍÌØ ÙÔÎÝÞÏÍ= 9ÔÞÎØÜÔÎÙÍÑ � ÒÌÑÙ ÙÌÍÒÍ Æ ÍØÍ6Ø5ÎÍÑ ÌÑ ÙÌÍ Ò¥ÒØÍ× ÖØÌÒÝÞÍÑ ëÑØÍÎÒÔÝÞÔÑÏÍÑ ÙÍÎ'Ö7 ÌØÍÚ - Û� ÔÑÙ - Ûî Û+ ÑÌÝÞØ ÌÑØÍÏÎÌÍÎØ Û âÖÐ ÍÚÚÍ - Û+Y ÒØÍÚÚØ Ù ÌÍ : ÎÏÍÐÑÌÒÒÍÙÍÎ ëÑØÍÎÒÔÝÞÔÑÏÍÑ ÕÔÒÖ××ÍÑ ðÆ ÍØÍ6Ø5Î ¼ÞÖÎÏÍä »ò �»â ¼ 6 �:Ç. �:É / õÖÒÍÚÌÑÍâ¥7 �Ó�ä'� �ÑÅä'� �.( ä'� �6ÍÔ � �6ÍÔ � §5 ÌÒÍ �6ÍÔ �Åá ÚY + �äÓ Ó - Û- í-ï +ÛZ íZï î í+ï -î í�ï îY í+ï �ZÅá ÚY� �äÓ Ó - Û� íîï � Û� íZï î í+ï -V í+ï -- í�ï î-Åá ÚY- �äÓ Ó î Û� íîï � Û� í#ï î í+ï -# í+ï - + í+ï -ZÅá ÚY# �äÓ Ó Z ÛY í-ï � Û- í#ï - í+ï î- í-ï �V íîï -YÅá ÚYZ �äÓ Ó � ÛY í-ï î Û+ í#ï # í�ï -� í+ï -- í+ï î-Åá ÚY� �äÓ Ó î Ûî í�ï � Û+ íZï Z í�ï -Y í+ï - + íZï --

âÖÐ ÍÚÚÍ - Û+Y ð )ÔÒÖ××ÍÑÒØÍÚÚÔÑÏ ÙÍÎ ÏÍ× ÍÒÒÍÑÍÑ áÔó 95ÒÔÑÏ ÕÔÎ ' Ú9ÖÎÔÑÏ ÙÍÎ ìÎÖÏÍ �5Ð ÙÌÍ ØÞÍÎ× ÌÒÝÞÍ áÑ6577 ÚÔÑÏ ÍÌÑÍ : ÌÑóÔô ÖÔ = ÙÌÍ :ÑÍÎÏÌÍÖÔó 95ÒÔÑÏ ÞÖØ Û Æ ÌÍ (ÍÎØÍÜÔÎÙÍÑ ÖÑÖÚ5Ï ÕÔ ÙÍÑÍÑ ÌÑ âÖÐÍÚÚÍ - ÛV ÍÎ× ÌØØÍÚØ Û Æ ÌÒ6ÔÒÒÌ5Ñ ÒÌÍÞÍ âÍ,Ø ÛÆ ÌÍ ÎÍÚÖØÌ8 ÏÔØÍ áÔó 95ÒÔÑÏ � ÙÌÍ × ÌØ ÙÍÑ ÖÑÙÍÎÍÑ Æ ÍØÍ6Ø5ÎÍÑ ÙÌÍÒÍÎ ¼ÞÖÎÏÍÍÎÎÍÌÝÞØ ÜÔÎÙÍ � ÜÔÎÙÍ ÌÑÒÏÍÒÖ×Ø ÎÍ7Î5ÙÔÕÌÍÎØ � ÖÚÚÍ Æ ÍØÍ6Ø5ÎÍÑ ÞÖÐ ÍÑ ÍÌÑÍáÔó 95ÒÔÑÏ 85Ñ -- 6ÍÔ 5ÙÍÎ Ð ÍÒÒÍÎ Û Æ ÌÍ 85ÎÚÌÍÏÍÑÙÍÑ Æ ÖØÍÑ ÚÖÒÒÍÑ 6ÍÌÑÍáÐÞ 9ÖÑÏÌÏ6ÍÌØ ÙÍÎ ÍÎÎÍÌÝÞØÍÑ áÔó 95ÒÔÑÏ 85Ñ ÙÍÎ ØÞÍÎ× ÌÒÝÞÍÑ áÑ6577 ÚÔÑÏÍÎ6ÍÑÑÍÑ Û 4åÍÑÐÖÎ ÌÒØ ÙÌÍ Ç5× 5ÏÍÑÌØ 9ÖØ ÙÍÎ á ÚÔ× ÌÑÌÔ× >�ÝÞÌÝÞØ ÙÖÒ ÍÑØ>ÒÝÞÍÌÙÍÑÙÍ ' ÎÌØÍÎÌÔ× � ÙÖÒ ÌÑ ÙÌÍÒÍ× ìÖÚÚ ÙÌÍ ÔÍÎÐ ÍÒÒÍÎÔÑÏ ÙÍÎ áÔó 95ÒÔÑÏÏÍÏÍÑ 9ÔÐ ÍÎ ÙÍÑ ¼ÞÖÎÏÍÑ + ÔÑÙ î ÐÍÜ ÌÎ6Ø Û
?×@ ÕË Ò Æ ÌÍ ÍÎÎÍÌÝÞØÍ áÔó 95ÒÔÑÏ = 9ÔÎ á Ú7ÞÖ>âÍÌÚÝÞÍÑ 65ÑÑØÍ × ÌØ ÙÍÎ ÑÍÔÍÑ Æ Í>ØÍ6Ø5ÎÏÍÑÍÎÖØÌ5Ñ Ô× ÍÌÑÍÑ ìÖ6Ø5Î ÕÜÍÌ 8ÍÎÐ ÍÒÒÍÎØ ÜÍÎÙÍÑ Û WÍÌÙÍÎ ÜÔÎÙÍÑ ÙÌÍÒÍÆ ÍØÍ6Ø5ÎÍÑ ÍÎÒØ Ö× :ÑÙÍ ÙÍÎ 85ÎÚÌÍÏÍÑÙÍÑ á ÎÐ ÍÌØ ÏÍØÍÒØÍØ � Ò5ÙÖô ÌÞÎ : ÌÑÒÖØÕ Ì×�ÝÞÜÍÎÌ5ÑÍÑ>:,7 ÍÎÌ× ÍÑØ Ñ5 ÝÞ ÑÌÝÞØ ÔÑØÍÎÒÔÝÞØ ÜÔÎÙÍ Û Ó ÌØ ÍÌÑÍÎ áÔó 95ÒÔÑÏ 85ÑîY 6ÍÔ ÚÌÍÏÍÑ ÒÌÍ â ÍÙ5 ÝÞ ÒÝÞ5Ñ ÑÖÞÍ ÐÍÌ ÙÍÑ ÐÍÒØÍÑ × ÌØ ÍÌÑÍ× � ÌÚÌÕÌÔ× >Æ ÍØÍ6Ø5ÎÍÎÎÍÌÝÞÐÖÎÍÑ ò ÍÒÔÚØÖØÍÑ � ÙÌÍ = 9ÔÎ 8ÍÎÏÚÍÌÝÞÐÖÎÍ á Ú7ÞÖ>:ÑÍÎÏÌÍÑ ÍÌÑÍ áÔó 95ÒÔÑÏ 85Ñ+Y 6ÍÔ ÍÎÎÍÌÝÞÍÑ Û : Ò ×Ôô ÖÑ ÙÌÍÒÍÎ �ØÍÚÚÍ Ñ5 ÝÞ× ÖÚÒ ÖÑÏÍ×ÍÎ6Ø ÜÍÎÙÍÑ � ÙÖô ÙÌÍ ÌÑÙÍÎ 85ÎÚÌÍÏÍÑÙÍÑ á ÎÐ ÍÌØ ÔÑØÍÎÒÔÝÞØÍÑ 6ÖÚ5ÎÌ× ÍØÎÌÒÝÞÍÑ â ÌÍ=ØÍ× 7 ÍÎÖØÔÎ>Æ ÍØÍ6Ø5ÎÍÑ= 9ÔÎ ÙÍÑ §ÖÝÞÜÍÌÒ 85Ñ ÍÑÍÎÏÍØÌÒÝÞÍÑ �ÝÞÜÍÎÌ5ÑÍÑ ÍÑØÜ ÌÝ6ÍÚØ ÔÑÙ 57ØÌ× ÌÍÎØ ÜÔÎÙÍÑ ÛÆ ÖÞÍÎ ÜÔÎÙÍÑ ÌÞÎÍ : ÌÏÍÑÒÝÞÖ=ØÍÑ Ü ÌÍ Õ Ûõ Û á ÎÐ ÍÌØÒØÍ× 7 ÍÎÖØÔÎ ÔÑÙ ( 9ÖÎ× Í6Ö7ÖÕÌØ 9ÖØÑÌÝÞØ ÖÑ á Ú7ÞÖ>âÍÌÚÝÞÍÑ � Ò5ÑÙÍÎÑ ÖÑ �ÝÞÜÍÎÌ5ÑÍÑ ÖÑÏÍ7ÖôØ Û Ó ÌØ ÍÌÑÍ× = 9ÔÎ ÙÍÑ §ÖÝÞ>ÜÍÌÒ 85Ñ á Ú7ÞÖ>âÍÌÚÝÞÍÑ 57ØÌ× ÌÍÎØÍÑ 6ÖÚ5ÎÌ× ÍØÎÌÒÝÞÍÑ â ÌÍ=ØÍ×7 ÍÎÖØÔÎ ÍÎÎÍÌÝÞÍÑ Õ Ûõ ÛÓ ÖÎÝÌÚÚÖÝ ÍØ ÖÚ Û Ð ÍÌ : 2 î Û+ Ó ÍÔ ÍÌÑÍ áÔó 95ÒÔÑÏ 85Ñ �: 2 � 6ÍÔ �+#� Û ÓÑ 'Ö7 Û -Ü ÌÎÙ ÖÔÒÏÍ= 9ÔÞÎØ � ÙÖô ÙÌÍ ÌÑ ÙÍÎ 85ÎÚÌÍÏÍÑÙÍÑ á ÎÐ ÍÌØ ÔÑØÍÎÒÔÝÞØÍÑ Æ ÍØÍ6Ø5ÎÍÑ = 9ÔÎ ÑÌÍ>ÙÍÎÍÑÍÎÏÍØÌÒÝÞÍ �ÝÞÜÍÎÌ5ÑÍÑ Ì× :ÑÍÎÏÌÍÐ ÍÎÍÎÍÌÝÞ : 2 Y Û+ 1 + ÓÍÔ äÖ×Ô ÍÌÑÍ ÒÍÞÎÏÔØÍ :ÑÍÎÏÌÍÖÔó 95ÒÔÑÏ ÍÎÎÍÌÝÞÍÑ Û ëÑØÍÎ : ÌÑÐ ÍÕÌÍÞÔÑÏ ÙÍÎ ÎÍÚÖØÌ8 ÏÔØÍÑ áÔó 95ÒÔÑÏ= 9ÔÎ á Ú7ÞÖ>âÍÌÚÝÞÍÑ 5åÍÑÐÖÎÍÑ ÒÌÍ ÙÖÞÍÎ ÍÌÑ ÏÎ5ôÍÒ î5ØÍÑØÌÖÚ ÌÑÒÐ ÍÒ5ÑÙÍÎÍ ÖÔÝÞ = 9ÔÎáÑÜÍÑÙÔÑÏÍÑ � ÌÑ ÙÍÑÍÑ ÙÍÎ ÒÌ×ÔÚØÖÑÍ §ÖÝÞÜÍÌÒ 85Ñ �ÝÞÜÍÎÌ5ÑÍÑ � Õ Ûõ Û ò ÍÖ6ØÌ5ÑÒ>7Î5ÙÔ6ØÍÑ � ÔÑÙ ÌÞÎÍÑ ÑÖÝÞ =5 ÚÏÍÑÙÍÑ á Ú7ÞÖ>)ÍÎ= 9ÖÚÚÍÑ íÒ Û 'Ö7 Û # Û�ï ×ÌØ ÏÔØÍÎ :ÑÍÎ>ÏÌÍÖÔó 95ÒÔÑÏ Ñ5ØÜÍÑÙÌÏ ÌÒØ Û
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Y ^Z [cd [cfcpf\d ]^_`
ÓÌØ ÙÍ× a ÍØÍ6Ø5Î �b Í� ÜÔÎÙÍ ÚÍÙÌÏÚÌÝÞ ÍÌÑ :c7 ÍÎÌ× ÍÑØ × ÌØ �ÝÞÜÍÎÌ5ÑÍÑ ÙÔÎÝÞ>ÏÍ= 9ÔÞÎØ � Ô× ÙÌÍ : ÌÏÑÔÑÏ = 9ÔÎ ÙÍÑ : ÌÑÒÖØÕ Ì× d ÍÒÝÞÚÍÔÑÌÏÍÎ>ÓÖÒÒÍÑÒ7 Í6ØÎ5×ÍØÎÌÍ>:c7 ÍÎÌ× ÍÑØ ÕÔ ØÍÒØÍÑ Û a ÖÕÔ ÜÔÎÙÍ ÙÍÎ a ÍØÍ6Ø5Î × ÌØ e5ÞÚÍÑÒØ5å >f5ÑÍÑ ÎÍÚÖØÌ8 ÑÌÍÙ>ÎÌÏÍÎ :ÑÍÎÏÌÍ Ð ÍÒØÎÖÞÚØ Û f× gÑÒÝÞÚÔh ÖÑ ÙÌÍÒÍ ÓÍÒÒÔÑÏ ÍÎÏÖÐ ÒÌÝÞ ÙÌÍ b ÍÚÍÏÍÑÞÍÌØÕÔ ÍÌÑÍÎ 6ÔÎÕÍÑ ÓÍÒÒÔÑÏ × ÌØ ÍÌÑÍ× Ó 5 Ú¥ÐÙ 9ÖÑ>�ØÎÖÞÚ ÌÑ ÍÌÑÍ× :ÑÍÎÏÌÍ>d ÍÎÍÌÝÞ � Ü ÌÍÍÎ = 9ÔÎ ÍÌÑÌÏÍ Ð ÍÌ b�f ÖÑÏÍÒØÎÍÐØÍ gÑÜÍÑÙÔÑÏÍÑ Ø¥7 ÌÒÝÞ ÌÒØ Û
i ñòñò jkþú÷ó� úôüú··ú÷ ¶l ömõl

gÐÐÌÚÙÔÑÏ n Ûop îÎÌÑÕÌ7 ÌÍÚÚÍÎ gÔ =ÐÖÔ ÙÍÎ �ØÎÍÔ6Ö××ÍÎ ÔÑÙ ÙÍÒ e Î¥5ÒØÖØÍÑ Ö× �ØÎÖÞÚ>Î5ÞÎ q � ÙÍÎ b�f
rs



t uvu [wx [w ywß y\x z{w¢ rZ
|ÖÎÏÍØäa ÌÝ6Í }ÖÐ5Î> :ÑÍÎÏÌÍ »�2� »�~ � ÍÌÝÞÜÍÌØÍ �:È. �6Í� ���ÏäÝ× � � � ÌÑ6ÍÚ �� � �ÓÍ�� �ÓÍ�� �ÓÍ�� ��× ��ØÎÖÞÚ p ��¼ � -� ÛZs -� ÛZs � Û�rZ �� osgÔä��� �� -� Ûn�gÔä��� o� -� Û� og Ïä��� �� -� Û�Z� Ìä��� �� - o ÛZn� Ìäo�� �� - o Û�-Ó� ÚÖÎäo�n �� � Û- o�ØÎÖÞÚ p í�Ó 5 � - or �rn - Ûos �- o��gÔä��� �� �r�� Ìäo�� �� ��nÓ� ÚÖÎäo�n �� Z Ûs

|ÖÐ ÍÚÚÍ n Ûop �ÔÒÖ××ÍÑÒØÍÚÚÔÑÏ ÙÍÎ f5ÑÍÑ � |ÖÎÏÍØÒ � �ØÎÍÔÜ ÌÑ6ÍÚ ÔÑÙ >ÍÑÍÎÏÌÍÑ Ò5>Ü ÌÍ ÙÍÎ ÍÑØÚÖÑÏ ÙÍÎ f5ÑÍÑÐÖÞÑ ÌÑØÍÏÎÌÍÎØÍÑ :ÑÍÎÏÌÍ8ÍÎÚÔÒØÍ ��2� ÔÑÙ ��~ �ÕÔÎ a Í>�ÑÌØÌ5Ñ Ò Û b ÚÍÌÝÞÔÑÏ �� Û� o�� ÔÑÙ ÙÍÎ � ÍÌÝÞÜÍÌØÍ ÙÍÎ f5ÑÍÑ Ì× a ÍØÍ6Ø5Î Û � 9ÔÎ ÙÌÍÓ� ÚÖÎ>a ÍÏÎÖÙÍÎ=5 ÚÌÍ ÌÒØ ÙÍÎ :ÑÍÎÏÌÍ8ÍÎÚÔÒØ ÖÑÏÍÏÍÐ ÍÑ Û a ÍÎ d ÍÌØÎÖÏ ÙÍÒ e5Ñ8ÍÎÒÌ>5ÑÒÎÖÔÒÝÞÍÑÒ �:È. ÜÔÎÙÍ ÖÔÒ ÙÍÑ ÌÑØÍÎÏÎÌÍÎØÍÑ :ÑÍÎÏÌÍ8ÍÎÚÔÒØÍÑ ÑÖÝÞ e Ö7 Û � Ûs Û�ÖÐÏÍÒÝÞ 9ÖØÕØ Û
a ÌÍ Ó ÍÒÒÔÑÏÍÑ ÜÔÎÙÍÑ Ö× �ØÎÖÞÚÎ5ÞÎ q� ÌÑ ÙÍÎ � ÌÍÙÍÎÍÑÍÎÏÌÍ>:c7 ÍÎÌ× ÍÑØÌÍÎÞÖÚÚÍ ÙÍÎ b�f ÙÔÎÝÞÏÍ= 9ÔÞÎØ Û a ÌÍ Ð ÍÑÔØÕØÍ �ØÎÍÔ6Ö××ÍÎ ÜÔÎÙÍÌÑ ���� ÐÍÒÝÞÎÌÍÐ ÍÑ Û gÐÐÌÚÙÔÑÏ n Ûo ÕÍÌÏØ ÙÍÑ 7ÎÌÑÕÌ7 ÌÍÚÚÍÑ gÔ =ÐÖÔ p a ÍÎ �ÝÞÜÍ>ÎÌ5ÑÍÑÒØÎÖÞÚ 85× ë�f}g�>d ÍÒÝÞÚÍÔÑÌÏÍÎ ØÎÌåØ ÖÔ = Ù 9ÔÑÑÍ �ØÎÍÔØÖÎÏÍØÒ � ÌÑ ÙÍÑÍÑ

�ÔØÞÍÎ=5ÎÙ>�ØÎÍÔÔÑÏ ÙÍÎ f5ÑÍÑ ÖÑ ÙÍÑ |ÖÎÏÍØÖØ5×ÍÑ ÒØÖØØ�ÑÙÍØ Û aÔÎÝÞ �ÖÎÌÖØÌ5ÑÙÍÒ �ØÎÍÔÜ ÌÑ6ÍÚÒ ÔÑÙ ÙÍÒ |ÖÎÏÍØ× ÖØÍÎÌÖÚÒ 6ÖÑÑ ÍÌÑÍ �ÖÎÌÖØÌ5Ñ ÙÍÎ :ÑÍÎÏÌÍ ÔÑÙÙÖ× ÌØ ÍÌÑÍ :ÑÍÎÏÌÍÍÌÝÞÔÑÏ ÙÔÎÝÞÏÍ= 9ÔÞÎØ ÜÍÎÙÍÑ � ÙÖ ÍÌÑÍ ÙÌÎÍ6ØÍ �ÖÎÌÖØÌ5Ñ ÙÍÎd ÍÒÝÞÚÍÔÑÌÏÍÎ>:ÑÍÎÏÌÍ ÒÍÞÎ Ô× ÒØ 9ÖÑÙÚÌÝÞ ÔÑÙ ÕÍÌØÖÔ =Ü 9ÖÑÙÌÏ ÌÒØ Û a ÌÍ �ØÎÍÔ6Ö××ÍÎÜÖÎ = 9ÔÎ ÙÌÍ ÓÍÒÒÔÑÏÍÑ 85Ñ 8 Û e ÌÍÑ ÚÌÑ ÔÑÙ ÓÍÌÍÎ ÖÑ ÍÌÑÍ× ÖÑÙÍÎÍÑ �ØÎÖÞÚ7 ÚÖØÕÖÔ =ÏÍÐÖÔØ � ÒÌÍ ÜÔÎÙÍ Ö× �ØÎÖÞÚÎ5ÞÎ q� ÑÍÔ ÖÔ =ÏÍÐÖÔØ × ÌØ ÙÍÎ 47ØÌ5Ñ � Ù5ÎØ ÖÔÝÞ:ÑÍÎÏÌÍ>� ÚÔÏÕÍÌØ>ÓÍÒÒÔÑÏÍÑ ÙÔÎÝÞÕÔ = 9ÔÞÎÍÑ �Ò Û e Ö7 Û s� Û a ÍÎ gÐÒØÖÑÙ ÕÜ ÌÒÝÞÍÑ�ØÎÍÔØÖÎÏÍØ ÔÑÙ a ÍØÍ6Ø5ÎÍÑ ÐÍØÎÔÏ = 9ÔÎ ÙÌÍ ÞÌÍÎ Ð ÍÒÝÞÎÌÍÐ ÍÑÍÑ ÓÍÒÒÔÑÏÍÑ 5ÞÑÍ� ÚÔÏÕÍÌØ>�ØÎÍÝ6Í ÝÖ Û o Ûn × Û �ÔÒ 9ÖØÕÚÌÝÞ ÜÖÎÍÑ ÕÜ ÌÒÝÞÍÑ |ÖÎÏÍØ ÔÑÙ a ÍØÍ6Ø5Î Ñ5 ÝÞÓ� ÚÖÎ>�5 ÚÌÍÑ ÏÍÑÖÔ ÐÍ6ÖÑÑØÍÎ a ÌÝ6Í × 5ÑØÌÍÎØ � ÌÑ ÙÍÑÍÑ ÙÍÎ :ÑÍÎÏÌÍ8ÍÎÚÔÒØ ÏÍ× ÍÒ>ÒÍÑ ÜÔÎÙÍ Û a ÌÍÒÍ ÓÍÒÒÔÑÏ ÜÔÎÙÍ ÍÐ ÍÑ =ÖÚÚÒ ÕÔÎ :ÑÍÎÏÌÍÍÌÝÞÔÑÏ ÞÍÎÖÑÏÍÕ5ÏÍÑ Û a ÍÎ|ÍÌÚÝÞÍÑÒØÎ5× ÜÔÎÙÍ × ÌØ ÍÌÑÍ× �ÖÎÖÙÖ�>�Ô7 ÏÍ×ÍÒÒÍÑ ÔÑÙ ÚÖÏ ÕÜ ÌÒÝÞÍÑ � Ûo ÔÑÙ� Û� Ñg Û fÑ |ÖÐÍÚÚÍ n Ûo ÒÌÑÙ ÙÌÍ 8ÍÎÒÝÞÌÍÙÍÑÍÑ �ØÎÍÔØÖÎÏÍØÒ � ÙÌÍ �ØÎÍÔÜ ÌÑ6ÍÚ ÔÑÙ:ÑÍÎÏÌÍÑ ÙÍÎ e5ÞÚÍÑÒØ5å > ÔÑÙ Ó 5 Ú�ÐÙ 9ÖÑ>f5ÑÍÑ ÖÔ =ÏÍÚÌÒØÍØ Û g ÚÚÍ f5ÑÍÑ ÜÍÎÙÍÑ Ì×�Ö7ÞÌÎ>gÐÒ5ÎÐ ÍÎ ÏÍÒØ577Ø Ûa ÌÍ ÓÍhÍÚÍ6ØÎ5ÑÌ6 ÜÔÎÙÍ ÐÍÎÍÌØÒ ÌÑ e Ö7 Û - Ûo Û� ÐÍÒÝÞÎÌÍÐ ÍÑ Û a ÌÍ |Í×7 ÍÎÖØÔÎ ÙÍÒe 9ÔÞÚ�ÑÏÍÎÒ ÜÔÎÙÍ × ÌØ ÍÌÑÍ× g ÚÔ× ÌÑÌÔ× >|ÞÍÎ× ÌÒØ5Î ÒØÖÐÌÚÌÒÌÍÎØ ÔÑÙ ÚÖÏ Ð ÍÌ o Û-� e Ûa ÌÍÒ = 9ÔÞÎØÍ ÖÔ =ÏÎÔÑÙ ÙÍÎ � 9ÖÎ× ÍÒØÎÖÞÚÔÑÏ 85Ñ ë×ÏÍÐÔÑÏ ÔÑÙ |ÖÎÏÍØ ��ÝÞÜÖÎÕÍÎ�ØÎÖÞÚÍÎ � Ò Û e Ö7 Û � Ûs Û�� ÕÔ ÍÌÑÍÎ g ÎÐ ÍÌØÒØÍ×7 ÍÎÖØÔÎ ÙÍÒ a ÍØÍ6Ø5ÎÒ 85Ñ |� � o Ûsr e× ÌØ �� � o�s �-� 6� ÔÑÙ Ù� äÙ| � 1� Û-- ��� Ó� äe Ûa ÌÍ g Ú7ÞÖìÔÍÚÚÍ ÜÖÎ ÒÍÌØÚÌÝÞ ÑÍÐ ÍÑ ÙÍ× a ÍØÍ6Ø5Î × 5ÑØÌÍÎØ � Ò5ÙÖh ÏÚÍÌÝÞÕÍÌØÌÏ× ÌØ ÙÍÑ �ÝÞÜÍÎÌ5ÑÍÑ ÖÔÝÞ g Ú7ÞÖÒÌÏÑÖÚÍ ÖÔ =ÏÍÑ5××ÍÑ ÜÍÎÙÍÑ 65ÑÑØÍÑ Û
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i Ìÿ Ìÿ ¡Ù¢ÑÚ£Õ¤Ô� lÑG H ÐÏÓ Ù��lÑ¢ GÐÔ I ¥ÚÔ� Ð¦ÚÒÚJ ÙÓ ¥ÚÓ
g¬´µ ¸±² °²±¶±¯ »±¶¶¬§ª ®¬¯°±§ °²± Û²ª§¨©ý÷¯³ ±§ ±²§«±©§±¯ Û²ª§¨©± ¨¬ýª±§÷³³±§ Ý¬³ °²± � ú̈¯³ ±ö¨û¨«²· ú̈·±§ ¨¬¶ Û²ª§¨©¨³û©²·¬°± Ê¼ ¬§° g¸ö©²§ª«±²· ËåK K «¬ ¸±¶·²³ ü³±§ ¬§° °¨¯¨¬¶ ±²§± g¬¶¶¨ª± ú¬¸±¯ °²± |µ±¯³ ¨©²¶²±¯¬§ª «¬ ±¯³ ú÷ª©²´µ±§ ­ g¸¸²©°¬§ª
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f÷§ ø �äåæ �ä~ � á| áøçè �Â áøçè �Â�»±� � �»±� � �»±� � ��³ � �³e� �ö±� � �ö±� �=é±�E ÁÂ n ­os n ­on � ­� oo Üo � ­�� ��� n nn ­ì� n ­ìZ � ­� oo Üo � ­ì� ��� n nn ­� o n ­�� � ­� oo Üo � ­ì� ��� n n
�Æ�ÆE oo­r� oo­�n � ­�Zì s ­Ü � ­�r �s� � �
�Æ� =E oì ­r� oì ­�ì � ­�ZZ Z ­Z o­oo��� r r�Æ� LE oZ ­�� oZ ­�� � ­�Zr r ­� o­�� �r� o� o��Æ� ME Ü� ­�n Ü� ­�n � ­�� o o� ­ì o­s �o� o� o��CDg¬LE oZ ­�r oo­ìs s ­oì Ü ­� o­�� �r� oÜ �ì o�CDg¬ME Ü� ­Zr o� ­rr s ­nr Ü ­n o­s �o� oÜ �no�CDg¬ DE Ü� ­Zs os ­s o s ­r� � ­� o­� �o� o� ��r
�CDg¬CE Ür ­s� ÜÜ ­�� Z ­sì � ­n Ü ­Ü �Ü� oì �ìÜ�CDg¬�¼E �Ü ­ns Üì ­ZÜ Z ­�s � ­� Ü ­ì �Ü� on ��r
�CDg¬��E �n ­� o ÜZ ­ìs � ­�� ì ­� Ü ­s �Ü� on �ì��CDg¬�LE ìZ ­n� �� ­oZ � ­Zì ì ­� � ­n ��� oZ ��s�CDg¬�¼E sÜ ­ìn nn ­�� r ­ì o n ­Z ì ­Z ��� Ü� ��Ü�ÆNÊ LE ÁÁÂ oZ ­�r r ­ì� Z ­o� Ü ­� o­� �o� oÜ ìÜr�ÆNÊ ME Ü� ­�n oÜ ­nZ � ­�Ü Ü ­ì o­s �o� o� ìsr�ÆNÊ NE Üs ­�ì oZ ­ì� r ­�ì � ­� Ü ­� �o� oì ìZ�

ÁÂ a ¯±²ü}²§²±§ü�¬±©©± Ý ±²§ª±¸¨¬· ²³ e¯�÷¶·¨·±§ÁÁÂ OPQRQ SQRRTUV WTXYQ UPZ[\ PU YQXRQ]^ QU _\X`[]aQP\ YTXZ[VQb cT[X\ d ReUYQXU PU YQXY`X`Tfe]VQUYQU _\X`[]aQP\ d PU YQX `TZ[ YPQ SQRRTUV aTX gQRZ[]QTUPVQXhS `RRQURi Qjh\Xek Q\XPQ YTXZ[VQb cT[X\ WTXYQ l OQX Qmi QXPkQU\Q]]Q nTb^`T W PXY PU o`iP\Q] p lq ^ QhRZ[XPQ^ QU l�Â ÷µ§± áø>?@AB �d±²·¯¨ª ¨¬¶ �©¬ö·¬¨·²÷§±§ «® ²¶´µ±§ ±©±ö·¯÷§²¶´µ±³ ¬§° §¬ö©±¨ü¯±³ ø§±¯ª²±ù±¯©¬¶·��Â ±²§¶´µ©²±h©²´µ áø>?@AB
|¨¸ ±©©± n ­� p �¬¶¨³³±§¶·±©©¬§ª °±¯ ¬§·±¯¶¬´µ·±§ f÷§±§ ¬§° ²µ¯±¯ ø§±¯ª²±§ ¶÷® ²±°±¯ �±²´µ®±²·±§ ¬§° °±¶ e÷§ù±¯¶²÷§¶¯¨¬¶´µ±§¶ áøçè Ý °¨¶ ¶²´µ ¨¬¶ °±§ ²§·±ª¯²±¯ü·±§ ø§±¯ª²±ù±¯©¬¶·±§ �ä åæ ¬§° �ä~ ±¯ª²¸· ­ a ²± ø§±¯ª²±§ ®¬¯°±§ ¨¬¶ °±¯ |±¯³ ²§¨©ü¶û¨§§¬§ª °±¶ |¨§°±³ üd±¶´µ©±¬§²ª±¯¶ ¸ ±¶·²³³· ¬§° µ¨¸±§ ±²§±§ ¨¸¶÷©¬·±§ �±µ©±¯ù÷§ o� ­ a ²± ²§·±ª¯²±¯·±§ ø§±¯ª²±ù±¯©¬¶·± ®¬¯°±§ ±¸ ±§¶÷ ® ²± °²± �±²´µ®±²·±§ ³ ²·°±³ Ç¯÷ª¯¨³³ |�f» ù÷§ �²±ª©±¯ ±· ¨© ­ ¸ ±¯±´µ§±· �ìr� ­ a±¯ �±µ©±¯ °±¶ ¨¸¶÷©¬ü·±§ |±³û±¯¨·¬¯¨§¶·²±ª¶ á| ²³ a±·±ö·÷¯ g ©oÜ ±¯ª²¸· ¶²´µ ¨¬¶ °±³ �±µ©±¯ ý ú¬¯ °²±� ú̈¯³ ±ö¨û¨«²· ú̈· � �¶ ­ |¨¸±©©± ì ­�� ­
n ­s «±²ª· ·�û²¶´µ± Û²ª§¨©± ý ú¬¯ e÷µ©±§¶·÷ºü Ý b÷©°ü ¬§° Ê¯¨§²÷§±§ ¶÷® ²± ±²§±§ �²·§¨´µ b ©±²´µ¬§ª �Ü ­� o� ­a ²± Û²ª§¨©± ý÷©ª±§ °±³ ù÷¯µ±¯ª±¶¨ª·±§ �±¯©¨¬ý ­ g ©©±¯°²§ª¶ ²¶· °²± ·¨·¶ ú̈´µ©²´µ±Û²ª§¨©¨³û©²·¬°± Êrst ª±ª±§ ú¬¸±¯ °±¯ ª±�··±·±§ Û²ª§¨©¨³û©²·¬°± Ê¼ ¬³ °±§ �¨ö·÷¯uvw ¨¬¶ e¨û ­ Ü ­Ü ­� ù±¯³ ²§°±¯· ­ uvw µ ú̈§ª· ¨¸ ù÷§ ËåK K ¬§° ¸±·¯ ú̈ª· � ­�n ý ú¬¯ °²±e÷µ©±§¶·÷ºü»±¶¶¬§ª Ý � ­�Z ý ú¬¯ °²± b÷©°ü»±¶¶¬§ª ¬§° � ­�� ý ú¬¯ °²± Ê¯¨§ü»±¶¶¬§ª ­f§ |¨¸ ±©©± n ­ì ¶²§° Ê¼ Ý Ëåæ Ý ËåK K ¶÷® ²± °²± ¨¬¶ Ê¼ ¬§° ËåK K ¸±¯±´µ§±·±§� ú̈¯³ ±ö¨û¨«²· ú̈·±§ «¬¶¨³³±§ª±¶·±©©· ­ a¨ ¶²´µ °²± »±¶¶¬§ª±§ ú¬¸±¯ «®±² |¨ª± ±¯ü¶·¯±´ö·±§ Ý ¶²§° ¨©¶ �±ý±¯±§« ¹ ±®±²©¶ «¬¯ ¶±©¸ ±§ �±²· ¨¬ýª±§÷³³±§± g ©ûµ¨üÛ²ª§¨©±
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g¸¸²©°¬§ª n ­s p a¨¯ª±¶·±©©· ²¶· ¹ ±®±²©¶ ±²§ Û´µ®±¯²÷§±§¶²ª§¨© ý ú¬¯ ¨ ­� �Æ�ÆE Ý ¸ ­��CDg¬ ME Ý ´ ­� �ÆNÊ NE ­ a ²± �±¯¶· ú̈¯ö¬§ª ¸ ±·¯¬ª o��� ­ a±¯ Ê§·±¯¶´µ® ²§ª±¯ ý ú¬¯ �Æ�ÆE²¶· °¨¯¨¬ý «¬¯ ú¬´ö«¬ý ú¬µ¯±§ Ý °¨h °±¯ é÷´µû¨h °±¶ �÷¯ù±¯¶· ú̈¯ö±¯¶ ý ú¬¯ °²±¶± »±¶¶¬§ª§²´µ· ³ ¨c²³ ¨© ÷º±§ ®¨¯ ® ²± ý ú¬¯ °²± ¨§°±¯±§ Û²ª§¨©± ­ ø ²§ª±«±²´µ§±· ¶²§° ¨¬´µ °²±�²·ö¬¯ù±§ §¨´µ b©±²´µ¬§ª �Ü ­� o� ­
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¨§ª±ª±¸ ±§ ­ �¬¯ ý ú¬¯ b÷©° ®¬¯°± ¨¬¶ �±²·ª¯ ú¬§°±§ ö±²§ g ©ûµ¨üÛ²ª§¨© «¬³ �±¯ª©±²´µ¨¬ýª±§÷³³±§ ­ a¨ ±¶ ¶²´µ ¬³ ø²§«±©¶²ª§¨©± µ¨§°±©· Ý ²¶· ° ²± ø§±¯ª²± §²´µ· ¶²´µ±¯ ¸ ±üö¨§§· � ±¶ ³¬h °¨µ±¯ ¸ ±² °±§ g ©ûµ¨¶²ª§¨©±§ ±²§± Ê§¶²´µ±¯µ±²· ²§ °±¯ ø§±¯ª²± ù÷§s� �a¯±²ü}²§²±§ü�¬±©©±� ¬§° ý ú¬¯ °²± Û´µ®±¯²÷§±§ ù÷§ o� ±²§ª±¯±´µ§±· ®±¯°±§ Ý ®¨¶ý ú¬¯ °²± d±¯±´µ§¬§ª ù÷§ � ¨¬¶ Ê¼ ±²§±§ «¬¶ ú̈·«©²´µ±§ �±µ©±¯ ¸ ±°±¬·±· ­ a±¯ é¨¬û·¸ ±²ü·¯¨ª ²³ �±µ©±¯ ù÷§ � ¨¬¶ ËåK K ¶·¨³³· ¹ ±°÷ ´µ ù÷§ °±¯ d±¶·²³³¬§ª °±¯ ·µ±¯³ ²¶´µ±§g§ö÷ûû©¬§ª ö �¶ ­ e¨û ì ­� ­o� ­

f÷§ Ê¼ Ëåæ ËåK K � �§À¿e� � �§À¿e ���� � ��¶� ��¶� ¨¬¶ Ê ¼ ¨¬¶ ËåK K�Æ�ÆE o�ÜÜ �o�� oo�o� Ü�� ��� Ü ­� �o� Ü ­Z �Z�=é±�E s�� ���� oÜ �o� ÜoÜ ��� Ü ­� �n� Ü ­Z �Z��CDg¬ ME os oo�Ü� � �o� ÜnZ �o� � ­r �Ü� � ­ì �r��ÆNÊ NE Ü��ì �n� o� �o� ÜZr ��� ì ­� �Ü� � ­Z �r�=é±�E �rr �Ü� oÜ �o� Ürn �Ü� ì ­� �ì� � ­r �r�
|¨¸ ±©©± n ­ì p �¬¶¨³³±§¶·±©©¬§ª °±¯ ¨¬¶ Ê¼ ¬§° ËåK K ¸±¶·²³³·±§ � ú̈¯³ ±ö¨û¨«²· ú̈·±§
�a ²¶ö¬¶¶²÷§ ¶²±µ± |±c·� ­ � ú¬¯ °²± ·µ±¯³ ²¶´µ± g§ö÷ûû©¬§ª ö ®¬¯°± °±¯ �±¯· ö �
oì �� ¿e ù±¯®±§°±· ­

f³ �¨µ³±§ °±¯ �±µ©±¯ ¶·²³³±§ °²± «±²·ª©±²´µ ª±³ ±¶¶±§±§ �±¯·± ý ú¬¯ g ©ûµ¨ü|±²©´µ±§ ¬§° Û´µ®±¯²÷§±§ ±¸ ±§¶÷ ú¬¸±¯±²§ ® ²± ¨¬´µ °²± ¨¬¶ Ê¼ ¬§° ËåK K ¸ ±¶·²³³·±§�±¯·± ý ú¬¯ ¹ ±°± f÷§±§¶÷¯·± ­ a¨¯¨¬¶ ±¯ª²¸· ¶²´µ ±²§± |µ±¯³ ¨©²¶²±¯¬§ª ù÷§ �r� ¾ o��� ­ f³ b±ª±§¶¨·« «¬³ a±·±ö·÷¯ ³ ²· b±¯³ ¨§²¬³ ü|µ±¯³ ²¶·÷¯ Ûb±Ü ® ²¯° ¶÷³ ²· ö±²§�±¯©¬¶· ¨§ Û²ª§¨©¨³û©²·¬°± °¬¯´µ «¬ ¶´µ§±©©±¶ g¸ý ú¬µ¯±§ °±¶ |±³û±¯¨·¬¯¨§¶·²±ª¶¨§° °¨¶ e ú̈©·±¸¨° ¸ ±÷¸¨´µ·±· ­ a ²±¶ ©²±ª· ¨§ °±¯ ö ú¬¯«±¯±§ |µ±¯³ ¨©²¶²±¯¬§ª¶«±²· ù÷§§¬¯ Ü ­n �¶ ¬§° °±¯ °±¬·©²´µ ¶´µ® ú̈´µ±¯±§ ·µ±¯³ ²¶´µ±§ g§ö÷ûû©¬§ª ­ � ²± ¸ ±² Ûb±Ü¸ ±÷¸¨´µ·±· ³ ¨§ ö±²§± g¸µ ú̈§ª²ªö±²· °±¯ g§¶·²±ª¶«±²· ù÷§ °±¯ f÷§±§¶÷¯·± � °²± ±¯³ ²·ü·±©·± g§¶·²±ª¶«±²· ¶·²³³· ³ ²· °±³ �±¯· ù÷§ Ëåæ � oì �o� �¶ ¨¬¶ |¨¸ ±©©± ì ­ì ú¬¸±¯±²§ ­g¬´µ ý ú¬¯ °²±¶± a±·±ö·÷¯±§ ® ²¯° °±³§¨´µ °²± g§¶·²±ª¶«±²· ù÷§ °±¯ ±©±ö·¯÷§²¶´µ±§�±²·ö÷§¶·¨§·±§ ¸ ±¶·²³³· ­
�® ²¶´µ±§ °±¯ ±¯¶·±§ ¬§° °±¯ «®±²·±§ »±¶¶¬§ª ©¨ª±§ Ür Û·¬§°±§ Ý «® ²¶´µ±§°±¯ «®±²·±§ ¬§° °±¯ °¯²··±§ »±¶¶¬§ª Ün Û·¬§°±§ ­ f§ °²±¶±¯ �±²· ±¯µ ú÷µ·± ¶²´µ °²±� ú̈¯³ ±ö¨û¨«²· ú̈· ¬³ ì�� Ý ²³ �±¯ª©±²´µ ³ ²· °±³ �±¯· ¨¬¶ |¨¸ ±©©± ì ­� ¶÷ª¨¯ ¬³�Ü� ­ a±¯ a¯¬´ö ²§ °±¯ d±¨³ ©²§± ©¨ª ¸ ±² x y o�ãL ³¸¨¯ ­ »¨§ ö¨§§ °¨µ±¯ ¨§§±µü³ ±§ Ý °¨h °¨¶ g§®¨´µ¶±§ °±¯ � ú̈¯³ ±ö¨û¨«²· ú̈· ¨¬´µ µ²±¯ Ý ® ²± ¶´µ÷§ ý ú¬¯ °±§ a±·±ö·÷¯Ûb±Ü °²¶ö¬·²±¯· Ý °¬¯´µ g¬º¯²±¯±§ ù÷§ �±¶·ª¨¶ ¨¬ý °±³ a±·±ö·÷¯ ¸ ±ª¯ ú¬§°±· ²¶· ­ f³�±¯ª©±²´µ ³ ²· °±³ �±¯· � � Ü ­Ü §À¿e ¨¬¶ |¨¸ ±©©± ì ­� ±¯ª²¸· ¶²´µ ¬§·±¯ °±¯ g§ü§¨µ³± Ý °¨h °²± ¨¬ýª±ý¯÷¯±§± Û´µ²´µ· ¨¬¶ }¬ý· �Û·²´ö¶·÷º ¬§° Û¨¬±¯¶·÷º � ¸ ±¶·±µ· Ý±²§± Û´µ²´µ·°²´ö± ù÷§ ¨§ý¨§ª¶ oì §³ Ý °²± ¸²¶ «¬³ ø§°± °±¯ »±¶¶¬§ª ¨¬ý ìn §³¨§ª±®¨´µ¶±§ ²¶· ­ » ¨§ ¶²±µ· ¨¬´µ Ý °¨h °¨¶ g§®¨´µ¶±§ §²´µ· ö÷§·²§¬²±¯©²´µ ±¯ý÷©ª· p	¸®÷µ© °²± �±²· «® ²¶´µ±§ °±¯ e÷µ©±§¶·÷ºü ¬§° °±¯ b÷©°³±¶¶¬§ª ý¨¶· ª±§¨¬ ¶÷ ©¨§ª®¨¯ ® ²± °²± «® ²¶´µ±§ b÷©°ü ¬§° Ê¯¨§³ ±¶¶¬§ª Ý ²¶· ²³ ©±·«·±¯±§ �¨©© ° ²± úg§°±¯¬§ª ²§°±¯ � ú̈¯³ ±ö¨û¨«²· ú̈· ¶±µ¯ ù ²±© ª±¯²§ª±¯ ­ » ú÷ª©²´µ±¯®±²¶± ª¨¸ ±¶ ¸ ±²³ ø²§ü ¬§° g¬¶üý¨µ¯±§ °±¶ Û²©²«²¬³üa±·±ö·÷¯¶ ±²§ ·±³û÷¯ ú̈¯±¶ }±´ö Ý °¬¯´µ °¨¶ ¶´µ¬¸®±²¶± «¬¶ ú̈·«©²´µ}¬ý· ²§ °¨¶ Û�¶·±³ °¯¨§ª ­ �® ²¶´µ±§ °±¯ ±¯¶·±§ ¬§° °±¯ «®±²·±§ »±¶¶¬§ª ®¬¯°± °±¯
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Û²©²«²¬³ üa±·±ö·÷¯ ù²±¯³ ¨© ²§ °±§ Û·¯¨µ© ¬§° ® ²±°±¯ µ±¯¨¬¶ª±ý¨µ¯±§ Ý «® ²¶´µ±§ °±¯«®±²·±§ ¬§° °±¯ °¯²··±§ »±¶¶¬§ª §¬¯ §÷ ´µ «®±²³ ¨© ­

f§¶¸ ±¶÷§°±¯± ý ú¬¯ }¨§ª«±²·ü» ±¶¶¬§ª±§ Ý « ­d ­ ²§ °±¯ g»Û Ý ²¶· ±¶ §÷·®±§°²ª Ý °²±e÷§°±§¶¨·²÷§ ù÷§ �±¶·ª¨¶ ¨¬ý °±³ a±·±ö·÷¯ «¬ ù±¯µ²§°±¯§ ÷°±¯ «¬³ ²§°±¶· «¬ ³ ²ü§²³ ²±¯±§ ­ �÷©ª±§°± »¨h§¨µ³±§ ö ú÷§§±§ µ²±¯ g¸µ²©ý± ¶´µ¨º±§ p
à �±¯¸ ±¶¶±¯¬§ª °±¶ �¨ö¬¬³ ¶ ²³ Û·¯¨µ©¯÷µ¯ ¬§° ø²§¶¨·« ±²§±¯ e¯�÷üÇ¬³û± ¬§ü³ ²··±©¸¨¯ ù÷¯ °±³ �±§·²© «¬³ e¯�÷¶·¨·±§ ³ ²§²³ ²±¯±§ °²± g§«¨µ© °±¯ �±¶·üª¨¶¨·÷³± ­
à ø²§ ¨¬ý Û·²´ö¶·÷ºü|±³û±¯¨·¬¯ ª±ö ú¬µ©·±¶ �÷µ¯ û¨¯¨©©±© «¬³ Û·¯¨µ© ¨°¶÷¯¸²±¯·

�±¶·ª¨¶³÷©±ö ú¬©± ¨§ ¶±²§±¯ ö¨©·±§ 	¸ ±¯Ä ú̈´µ± ¬§° ù±¯µ²§°±¯· Ý °¨h ¶²± ¸²¶ «¬³a±·±ö·÷¯ ª±©¨§ª±§ ­ À± ö©±²§±¯ °±¯ �÷µ¯°¬¯´µ³±¶¶±¯ ¬§° ¹ ± © ú̈§ª±¯ °¨¶ �÷µ¯²¶· Ý °±¶·÷ ±º±ö·²ù±¯ ²¶· °²± g°¶÷¯û·²÷§ ­ ø¶ ¸ ±¶·±µ· ¹ ±°÷´µ ²§¶¸ ±¶÷§°±¯± ¸ ±²øcû±¯²³ ±§·±§ Ý °²± ±²§± ª¯÷h± ¨ö·²ù± a±·±ö·÷¯Ä ú̈´µ± ±¯ý÷¯°±¯§ Ý °²± b±ý¨µ¯ Ý °¨h°¬¯´µ ¬§û¯ ú̈«²¶± À¬¶·¨ª± ±²§±¶ ¶÷©´µ±§ �÷µ¯±¶ |±²©± °±¶ f÷§±§¶·¯¨µ©¶ §²´µ· ³ ±µ¯«¬³ a±·±ö·÷¯ ª±©¨§ª±§ �¶ ­ e¨û ­ Z ­ì� ­
à a¨ °²± �±¶·ª¨¶³÷©±ö ú¬©± ¨¬ýª¯¬§° °±¶ §²±°¯²ª±§ a¯¬´ö±¶ ²³ Û·¯¨µ©¯÷µ¯ ý¯±²±�±ª© ú̈§ª±§ ù÷§ ³±µ¯±¯±§ »±·±¯§ µ¨¸±§ Ý ±¯¯±²´µ· ±²§ û¨¯¨©©±© «¬³ Û·¯¨µ© ±²§üª±¸¨¬·±¶ �÷µ¯ ö±²§± ª¯÷h± øz «²±§« ¸ ±²³ g¸ý¨§ª±§ °±¯ »÷©±ö ú¬©± ­ f§¶·¨©©²±¯·³ ¨§ ö¬¯« ù÷¯ °±³ e¯�÷¶·¨·±§ §÷´µ³¨©¶ ±²§±§ r��üÊ³ ©±§ö³¨ª§±·±§ Ý ö¨§§³¨§ ¶±§ö¯±´µ· «¬¯ ø ²§·¯²··¶¯²´µ·¬§ª °±¶ Û·¯¨µ©¶ ±²§± ¨¬ý Û·²´ö¶·÷ºü|±³û±¯¨·¬¯ª±ö ú¬µ©·± �© ú̈´µ± ²§¶·¨©©²±¯±§ Ý °²± ±²§±§ ª¯÷h±§ |±²© °±¯ �±¶·ª¨¶³ ÷©±ö ú¬©± ¨¬¶ °±³Û·¯¨µ©¯÷µ¯ ¨¸ý ú̈§ª· Ý ® ú̈µ¯±§° °²± f÷§±§ ¬§·±¯ r�� «¬³ a±·±ö·÷¯ ®±²·±¯ª±©±²·±·®±¯°±§ ­ f³ b±ª±§¶¨·« «¬ °±§ ¸ ±²°±§ ±¯¶·±§ »¨h§¨µ³±§ ²¶· °±¯ g¬ý¸¨¬ ±²§±¶¶÷©´µ±§ »¨ª§±·±§ ¹ ±°÷ ´µ §¬¯ ¬§·±¯ ª¯÷h±³ g¬ý®¨§° ¯±¨©²¶²±¯¸¨¯ ­

a¬¯´µ °²± �±¯¸ ±¶¶±¯¬§ª °±¶ �¨ö¬¬³ ¶ ¨¬ý x y o�ãD ³¸¨¯ ¬§° °±§ ø²§¸¨¬ ±²§±¶Û·²´ö¶·÷ºüª±ö ú¬µ©·±§ �÷µ¯±¶ ù÷§ ´¨ ­ n� ´³ } ú̈§ª± ù÷¯ °±³ a±·±ö·÷¯ ö÷§§·± °²±ø¯µ ú÷µ¬§ª °±¯ � ú̈¯³ ±ö¨û¨«²· ú̈· °¬¯´µ �±¶·ª¨¶ö÷§°±§¶¨·²÷§ ²§ °±¯ «®±²·±§ Û·¯¨µ©ü«±²· �g»Ûü»±¶¶¬§ª±§� °±¬·©²´µ ¯±°¬«²±¯· ®±¯°±§ �¶ ­ e¨û ­ Z ­� ­�� ­
a ²± �±¯ª¯ ú÷h±¯¬§ª °±¯ � ú̈¯³ ±ö¨û¨«²· ú̈· ö¨§§ «¬ ±²§±¯ �±¯¶´µ©±´µ·±¯¬§ª °±¯ ø§±¯üª²±¨¬Ä ú÷¶¬§ª ý ú¬µ¯±§ Ý °¨ °²± Û²ª§¨©¨³û©²·¬°± ù±¯¯²§ª±¯· ¬§° °¨¶ Û�� ö©±²§±¯ ® ²¯° ­f³ �±¯ª©±²´µ ³ ²· °±§ �±¯·±§ ý ú¬¯ °²± � ú̈¯³ ±ö¨û¨«²· ú̈·±§ ¨¬¶ |¨¸ ±©©± n ­ì ³¬h ¸±ü¨´µ·±· ®±¯°±§ Ý °¨h °²± ²³ ý÷©ª±§°±§ û¯ ú̈¶±§·²±¯·±§ ¶�¶·±³ ¨·²¶´µ±§ »±¶¶¬§ª±§ ²§ü§±¯µ¨©¸ ù÷§ ì� Û·¬§°±§ °¬¯´µª±ý ú¬µ¯· ®¬¯°±§ Ý ° ­µ ­ «® ²¶´µ±§ °±¯ e÷µ©±§¶·÷ºü ¬§°°±¯ b÷©°ü»±¶¶¬§ª ©¨ª±§ §¬¯ s Û·¬§°±§ ­ d±·¯¨´µ·±· ³ ¨§ °±§ Ê§·±¯¶´µ²±° ²§ °±¯� ú̈¯³ ±ö¨û¨«²· ú̈· «® ²¶´µ±§ °±¯ b÷©°ü ¬§° °±¯ Ê¯¨§ü»±¶¶¬§ª Ý ö¨§§ ³¨§ ¶¨ª±§ Ý °¨h°±¯ øº±ö· °¬¯´µ °²± �±¯ª¯ ú÷h±¯¬§ª °±¯ � ú̈¯³ ±ö¨û¨«²· ú̈· ® ú̈µ¯±§° °²±¶±¯ ¶�¶·±³ ¨·²ü¶´µ±§ Ê§·±¯¶¬´µ¬§ª±§ ³¨c²³ ¨© o�� ¸ ±·¯ ú̈ª· ­ Û²± ²¶· °¨µ±¯ ²§ °±¯ ý÷©ª±§°±§ a ²¶ö¬¶ü¶²÷§ ²§ e¨û ­ n ­Ü ­� ù±¯§¨´µ© ú̈¶¶²ª¸¨¯ ­

i Ìÿ ÌÎ {l£Ï× ¥¤×ÐÑÏÒÐ¦ÓÔÐÑ Õ ¥lÔ ¡Ö×ØÐÔÙ¤ÑÐÑ
�²±© °±¯ »±¶¶¬§ª±§ ®¨¯ ±¶ Ý ° ²± g¸µ ú̈§ª²ªö±²· °±¯ ø§±¯ª²±¨¬Ä ú÷¶¬§ª ù÷§ °±¯ f÷§±§ü±§±¯ª²± ¬§° f÷§±§¶÷¯·± ¶÷® ²± °²± �±¶û÷§¶±ü�¬§ö·²÷§ °±¶ a±·±ö·÷¯¶ ²³ ý ú¬¯ °²± d±ü¶´µ©±¬§²ª±¯ü» ¨¶¶±§¶û ±ö·¯÷³ ±·¯²± ·�û²¶´µ±§ ø§±¯ª²±¸ ±¯±²´µ «¬ ¬§·±¯¶¬´µ±§ ­ ø¶ ®¬¯ü°± ¸ ±¯±²·¶ ý±¶·ª±¶·±©©· Ý °¨h ³¨§ ¨¬ýª¯¬§° °±¯ µ÷µ±§ ø§±¯ª²±¶´µ ú̈¯ý± °±¶ Û·¯¨µ©¶ ù÷§
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g¸¸²©°¬§ª n ­Z p Ûû ±ö·¯¬³ ý ú¬¯ �ÆNÊ LE p a ²± ø§±¯ª²±¨¬Ä ú÷¶¬§ª ¸ ±·¯ ú̈ª· áø � �� �o� ö±� Ý° ­µ ­ áø¿ø � ì ­s âo�ãÆ ­
| }~ }� }�} ��� ���������� ��� ���������� ������ ��� ���������� ���
�������� �

f§ g¸¸²©°¬§ª n ­� ²¶· °²± ¯±©¨·²ù± g¬Ä ú÷¶¬§ªáø¿ø ²§ g¸µ ú̈§ª²ªö±²· ù÷§ °±¯ ø§±¯üª²± ¬§° °±¯ f÷§±§¶÷¯·± ¶÷®÷µ© ý ú¬¯ °±§ a±·±ö·÷¯ g ©oÜ ¨©¶ ¨¬´µ ý ú¬¯ °±§ Û²üa±·±ö·÷¯°¨¯ª±¶·±©©· ­ a ²± �¨µ©±§®±¯·± ý ú¬¯ °²± ø§±¯ª²±¨¬Ä ú÷¶¬§ª ¶²§° ²§ g§µ¨§ª g ·¨¸ ±©©²±¯· ­a ²± g¬Ä ú÷¶¬§ª °±¶ Û²üa±·±ö·÷¯¶ ® ²¯° ²§ g¸¶´µ§²·· n ­Ü ­� ­� ¨¬¶ý ú¬µ¯©²´µ °²¶ö¬·²±¯· ­� ú¬¯ °±§ | ²±ý·±³û±¯¨·¬¯üa±·±ö·÷¯ ¶÷©©±§ ²³ ý÷©ª±§°±§ °²± ù±¯¶´µ²±°±§±§ �¨ö·÷¯±§°²¶ö¬·²±¯· ®±¯°±§ Ý °²± °²± ø§±¯ª²±¨¬Ä ú÷¶¬§ª ¸±±²§Ä¬¶¶±§ ­
f§ g¸¸ ­ n ­� ©¨¶¶±§ ¶²´µ þ¬¨©²·¨·²ù «®±² d±¯±²´µ± ¬§·±¯¶´µ±²°±§ Ý ²§ °±§±§ áø¿ø±²§± ¬§·±¯¶´µ²±°©²´µ± g¸µ ú̈§ª²ªö±²· ù÷§ ø «±²ª· p � ú¬¯ ø 
 Ü� »±� ¸±÷¸¨´µ·±· ³ ¨§±²§ °±¬·©²´µ±¶ g§®¨´µ¶±§ °±¯ ¯±©¨·²ù±§ g¬Ä ú÷¶¬§ª ­ � ú¬¯ ø � Ü� »±� µ²§ª±ª±§ ²¶·áø¿ø § ú̈µ±¯¬§ª¶®±²¶± ö÷§¶·¨§· Ý ¬§¨¸µ ú̈§ª²ª ù÷§ f÷§±§¶÷¯·± ¬§° ü±§±¯ª²± ­ Ê³ °²±¶±¶�±¯µ¨©·±§ þ¬¨§·²·¨·²ù «¬ ù±¯¶·±µ±§ Ý ®¬¯°± ù±¯¶¬´µ· Ý ° ²± a¨·±§ ³ ²· ±²§±¯ ¨§¨©�·²¶´µ±§�¬§ö·²÷§ ö÷§¶²¶·±§· «¬ ¸ ±¶´µ¯±²¸ ±§ ­ g¸¸²©°¬§ª n ­�¨ ­� «±²ª· «®±² � ²·¶ ¨§ °²± a¨·±§ pa ²± ª±¶·¯²´µ±©·± e¬¯ù± ¯±û¯ ú̈¶±§·²±¯· ±²§±§ �²· ¨§ °²± a¨·±§ Ý ¸ ±² °±³ ±²§± ¯±²ü§± o¿øüg¸µ ú̈§ª²ªö±²· °±¯ ¯±©¨·²ù±§ ø§±¯ª²±¨¬Ä ú÷¶¬§ª ¨§ª±§÷³³±§ ®¬¯°± Ý ° ­µ ­ °¨háø � áø��F � ö÷§¶·¨§· ²¶· ¬§° °²± g¬Ä ú÷¶¬§ª §¬¯ °¬¯´µ °¨¶ Û�� ¸±ª¯±§«· ® ²¯° ­a ²±¶± e¬¯ù± ¸ ±¶´µ¯±²¸· °²± a¨·±§ ¹ ±°÷ ´µ ¶±µ¯ ¬§¸ ±ý¯²±°²ª±§° ­ a±¯ �²· ±¯ª²¸· ±²§±§
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g¸¸²©°¬§ª n ­� p b±«±²ª· ²¶· °²± ¯±©¨·²ù± g¬Ä ú÷¶¬§ª áø¿ø ²§ g¸µ ú̈§ª²ªö±²· ù÷§ °±¯ø§±¯ª²± ¬§° °±¯ ¬§·±¯¶¬´µ·±§ f÷§±§ ý ú¬¯ ¨ ­� °±§ a±·±ö·÷¯ g ©oÜ ¬§° ¸ ­� °±§ Û²üa±·±ö·÷¯ Ý ý ú¬¯ °±§ ±c±³û©¨¯²¶´µ ý ú¬¯ ±²§ ²ª± f÷§±§±§±¯ª²±§ Ûû ±ö·¯±§ «¬³ �±¯ª©±²´µ¨¬ýª±§÷³³±§ ®¬¯°±§ ­ a ²± g¬Ä ú÷¶¬§ª ý ú¬¯ =é± ®¬¯°± ³ ²· °±¯ g ©ûµ¨ü�¬±©©± ¸ ±¶·²³³· Ý°²± ²³ e¯�÷¶·¨·±§ ±²§ª±¸¨¬· ®¨¯ ­ a¨µ±¯ ö÷§§·± ³ ²· °±³ Û²üa±·±ö·÷¯ ö±²§ =é± ª±ü³ ±¶¶±§ ®±¯°±§ ­ a ²± ª±¶·¯²´µ±©·± e¬¯ù± ²³ d²©° ¨ ­� ¸ ±¶´µ¯±²¸· °²± o¿øüe¬¯ù± Ý °²±±¯®¨¯·±· ® ²¯° Ý ®±§§ °²± g¬Ä ú÷¶¬§ª °¬¯´µ °¨¶ Û�� ¸±ª¯±§«· ²¶· ­ a ²± °¬¯´µª±«÷ª±§±e¬¯ù± «±²ª· ±²§±§ �²· ¨§ °²± a¨·±§ §¨´µ b©±²´µ¬§ª �n ­o� Ý °±¯ ®±²·±¯± d±²·¯ ú̈ª± «¬¯ø§±¯ª²±¨¬Ä ú÷¶¬§ª ¸±¯ ú¬´ö¶²´µ·²ª· �¶²±µ± |±c·� ­
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�±¯· ý ú¬¯ °¨¶ d¨¶±©²§± �÷²¶± ù÷§ áø��F � oìs ö±� ­ a ²±¶ ²¶· °±¬·©²´µ µ ú÷µ±¯ ¨©¶ °²±g¬Ä ú÷¶¬§ª ý ú¬¯ °²± g ©ûµ¨ü|±²©´µ±§ Ý °²± ¸ ±² Z� �n� ö±� ©²±ª· ­a ²± °¬¯´µª±«÷ª±§± e¬¯ù± ¸ ±¶´µ¯±²¸· °¨µ±¯ ±²§±§ �²· ³ ²· ±²§±¯ �¬§ö·²÷§ Ý ²§ °±¯«¬³ o¿øü|±¯³ ²§ °±¯ ø§±¯ª²±¨¬Ä ú÷¶¬§ª «®±² ®±²·±¯± |±¯³ ± ¨°°²±¯· ®¬¯°±§ p

ý �ø � � �áø��F � í e � î ø í e� î ø� î oø �n ­o�
a±¯ |±¯³ áø¿ø � o¿�ø ¸±¶´µ¯±²¸· °²± Û·¨·²¶·²ö °±¯ �¬¨§·±§Ä¬ö·¬¨·²÷§±§
�¶ ­ e¨û ­ Ü ­s ­�� ­ a ²± ûµ�¶²ö¨©²¶´µ± f§·±¯û¯±·¨·²÷§ °±¶ |±¯³ ¶ áø¿ø � ö÷§¶·¨§· ® ²¯°®±²·±¯ ¬§·±§ ¨¬¶ý ú¬µ¯©²´µ °²¶ö¬·²±¯· ­

� ú¬¯ °²± Ç¨¯¨³ ±·±¯ áø��F Ý e � ¬§° e� ®¬¯°±§ ý÷©ª±§°± ø¯ª±¸§²¶¶± ±¯«²±©· p
à d¨¶±©²§± �÷²¶± pa±¯ �²· ©²±ý±¯· ý ú¬¯ °¨¶ d¨¶±©²§± �÷²¶± ±²§ ø¯ª±¸§²¶ ù÷§ áø��F � s� �Ü� ö±� ­ g¬¶°±¯ a ²ª²·¨©²¶²±¯¬§ª °±¯ �÷¯ù±¯¶· ú̈¯ö±¯üÛ²ª§¨©± ¬§° °±³ °²ª²·¨©±§ �²©·±¯§ ®¬¯°±±²§ d¨¶±©²§± �÷²¶± §¨´µ °±³ �÷¯ù±¯¶· ú̈¯ö±¯ ù÷§ áø��F � oÜ� ö±� ±¯³ ²··±©· ­� ²± ²§ e¨û ­ ì ­� ­ì ¸ ±¯±²·¶ °²¶ö¬·²±¯· Ý ª© ú̈··±· °±¯ é¨¬û·ù±¯¶· ú̈¯ö±¯ °¨¶ Û²ª§¨©¬§° ¬§·±¯°¯ ú¬´ö· °¨°¬¯´µ ±²§±§ |±²© °±¶ d¨¶±©²§± �÷²¶± ­ a±¯ �±¯· ù÷§ s� ö±�²¶· ª¬· ù±¯·¯ ú̈ª©²´µ ³ ²· °±¯ ý ú¬¯ g ©ûµ¨ü|±²©´µ±§ ±¯¯±²´µ·±§ g¬Ä ú÷¶¬§ª ù÷§ Z� �n�ö±� ­

� ú¬¯ �Æ� ME ¬§° �CDg¬ LE ®¬¯°±§ «¬¶ ú̈·«©²´µ �÷¯ù±¯¶· ú̈¯ö±¯¶²ª§¨©± °²ª²·¨©²¶²±¯·¬§° °²± a¨·±§ °²ª²·¨© ª±� ©·±¯· Ý ¬³ ±²§± �±¯¸ ±¶¶±¯¬§ª °±¯ ø§±¯ª²±¨¬Ä ú÷¶¬§ª «¬±¯¯±²´µ±§ �¶ ­ e¨û ­ ì ­o­�� ­ |¨¸±©©± n ­n «±²ª· °²± ø¯ª±¸§²¶¶± p
f÷§ áø�è áø?��ö±� � �ö±� ��Æ� ME onZ ��� o�Z �ì��CDg¬ LE oÜs �o� o�� �Ü�

|¨¸ ±©©± n ­n p �±¯¸ ±¶¶±¯¬§ª °±¯ ø§±¯ª²±¨¬Ä ú÷¶¬§ª °¬¯´µ °²ª²·¨©±¶ � ²©·±¯§ p �±¯ª©²´µ±§® ²¯° °²± ³ ²· °±³ é¨¬û·ù±¯¶· ú̈¯ö±¯ ±¯¯±²´µ·± ø§±¯ª²±¨¬Ä ú÷¶¬§ª áø�è ³ ²· °±¯ °¬¯´µ°²ª²·¨©±¶ � ²©·±¯§ ±¯¯±²´µ·±§ g¬Ä ú÷¶¬§ª ù÷§ áø?� ­
a ²± °¬¯´µ °¨¶ °²ª²·¨©± �²©·±¯§ ±¯«²±©·± �±¯¸ ±¶¶±¯¬§ª ²¶· ö÷§¶²¶·±§· ³ ²· °±³ ¨¬¶°±³ �²· ±¯³ ²··±©·±§ �±¯· ý ú¬¯ °¨¶ d¨¶±©²§± �÷²¶± ù÷§ áø��F � s� �Ü� ö±� ­

à Û·¨·²¶·²ö °±¯ �¬¨§·±§Ä¬ö·¬¨·²÷§±§ p áø � �ø pÛ±©¸¶· ý ú¬¯ °²± µ ú÷´µ¶·± ø§±¯ª²± ¸ ±·¯ ú̈ª· °±¯ d±²·¯¨ª «¬¯ ø§±¯ª²±¨¬Ä ú÷¶¬§ª ¨¬¶ °±¯�¬¨§·±§¶·¨·²¶·²ö �¶ ­ e¨û ­ Ü ­s ­�� §¬¯ áø�r � Üoo ±� ­ a ²±¶±¯ d±²·¯¨ª ® ²¯° ù÷³d¨¶±©²§± �÷²¶± ú¬¸ ±¯°±´ö· ¬§° ²¶· §²´µ· §¨´µ®±²¶¸¨¯ ­ a ²± ¸ ±¶·±§ �²·üø¯ª±¸§²¶¶±®¬¯°±§ °¨µ±¯ ³ ²· e � � � ±¯«²±©· ­
à d±²·¯ ú̈ª± ³ ²· áø � ø pa ²± e÷§¶·¨§·± e� ¸ ±¶´µ¯±²¸· ±²§±§ |±¯³ Ý ²§ °±³ °²± ¯±©¨·²ù± g¬Ä ú÷¶¬§ª áø¿øö÷§¶·¨§· ²¶· Ý ° ­µ ­ áø � ø ª²©· ­ a ²± Ç¯÷û ÷¯·²÷§¨©²· ú̈·¶ö÷§¶·¨§·± ±¯ª²¸· ¶²´µ ¨¬¶°±³ �²· «¬ �e� � s ­r� �n� âo�ãÆ ­ ø¶ ª²¸· °¯±² d±²·¯ ú̈ª± «¬¯ ø§±¯ª²±¨¬Ä ú÷¶¬§ª Ý°²± ±²§± ¶÷©´µ± ©²§±¨¯± ø§±¯ª²±¨¸µ ú̈§ª²ªö±²· µ¨¸ ±§ ö ú÷§§±§ p
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� e÷§ù±¯¶²÷§¶¯¨¬¶´µ±§ pf§ |¨¸ ±©©± n ­� ®¬¯°± °¨¶ e÷§ù±¯¶²÷§¶¯¨¬¶´µ±§ ÷µ§± °±§ ¬§° ³ ²· °±³d±²·¯¨ª áø >?@AB Ý °±¯ °²± �©¬ö·¬¨·²÷§±§ «® ²¶´µ±§ §¬ö©±¨¯±¯ ¬§° ±©±öü·¯÷§²¶´µ±¯ ø§±¯ª²±°±û ÷¶²·²÷§ ¸±¶´µ¯±²¸· Ý ¸ ±¯±´µ§±· ­ � ú¬¯ Ê¯¨§ ±¯ª¨¸ ¶²´µ±²§± g¸¶´µ ú̈·«¬§ª ù÷§ áø>?@AB y �ì�� ë n��� ö±� Ý °±¬·©²´µ ³±µ¯ ¨©¶°²± ±¯¯±²´µ·± g¬Ä ú÷¶¬§ª ù÷§ �Z� ë Ü��� ö±� ­ a ²±¶±¯ d±²·¯¨ª ® ²¯° ÷º±§¸¨¯¶·¨¯ö ú¬¸±¯¶´µ ú̈·«· Ý °¨ ¶÷®÷µ© °²± ø§±¯ª²± ¨¬¶ °±³ ±©±ö·¯÷§²¶´µ±§ ¨©¶ ¨¬´µ¨¬¶ °±³ §¬ö©±¨¯±§ ø§±¯ª²±ù±¯©¬¶· §¨´µª±® ²±¶±§ ® ²¯° �¶ ­ a ²¶ö¬¶¶²÷§ ²§e¨û ­ Ü ­s ­�� ­ g¬h±¯°±³ ®±¯°±§ ý ú¬¯ �Æ� ME Ý �CDg¬ ME ¬§° �ÆNÊ ME ù±¯ª©±²´µ¸¨ü¯± ¯±©¨·²ù± g¬Ä ú÷¶¬§ª±§ ±¯¯±²´µ· � ±²§± �±¯¶´µ©±´µ·±¯¬§ª °±¯ g¬Ä ú÷¶¬§ª ý ú¬¯°²± ¶´µ®±¯±§ f÷§±§ ¸ ±² °±¯¶±©¸ ±§ ø§±¯ª²± ²¶· §²´µ· ±¯ö±§§¸¨¯ ­ d±·¯¨´µ·±·³ ¨§ °¨¶ e÷§ù±¯¶²÷§¶¯¨¬¶´µ±§ ÷µ§± áø >?@AB Ý ²¶· °±¯ d±²·¯¨ª °±¶ e÷§ù±¯ü¶²÷§¶¯¨¬¶´µ±§¶ ²³ Û¨ûµ²¯üg¸¶÷¯¸ ±¯ «¬¯ ø§±¯ª²±¨¬Ä ú÷¶¬§ª §²´µ· ¯±©±ù¨§· ­a ²±¶±¯ øº±ö· ö¨§§ °¨µ±¯ °¨¶ �±¯µ¨©·±§ áø � ø §²´µ· ¸ ±ý¯²±°²ª±§° ±¯üö © ú̈¯±§ ­
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a ²± ¶�¶·±³ ¨·²¶´µ±§ Ê§·±¯¶¬´µ¬§ª±§ µ¨¸ ±§ ª±«±²ª· Ý °¨h ¶²´µ ³ ²· °±³|²±ý·±³û±¯¨·¬¯üa±·±ö·÷¯ ²³ ø§±¯ª²±¸ ±¯±²´µ ù÷§ � ­oë o »±� ¿¨³¬ ±²§± °±¬·©²´µ ¸ ±¶¶±ü¯± ø§±¯ª²±¨¬Ä ú÷¶¬§ª ¨©¶ ³ ²· ±²§±³ ö÷§ù±§·²÷§±©©±§ Û²©²«²¬³ üa±·±ö·÷¯ ±¯¯±²´µ±§ © ú̈h· ­f³ b±ª±§¶¨·« «¬³ Û²©²«²¬³ üa±·±ö·÷¯ ©²±h ¶²´µ ý ú¬¯ °±§ | ²±ý·±³û±¯¨·¬¯üa±·±ö·÷¯ ö±²§Ç¬©¶µ ú÷µ±§°±ý±ö· ¸ ±÷¸¨´µ·±§ ­ �¬¶¨³³±§ ³ ²· °±¯ °±¬·©²´µ µ ú÷µ±¯±§ �±¶²¶·±§« ª±ª±§Û·¯¨µ©±§¶´µ ú̈°±§ �¶ ­ g¸¶´µ§²·· n ­� ­Ü� ³ ¨´µ· °¨¶ °±§ | ²±ý·±³û±¯¨·¬¯üa±·±ö·÷¯ ²§¶ü¸ ±¶÷§°±¯± ²³ ø§±¯ª²±¸ ±¯±²´µ ù÷§ � ­o ë o »±� ¿¨³¬ «¬ ±²§±³ ®±¯·ù÷©©±§ �±¯ö«±¬ª°±¯ Û´µ®±¯²÷§±§ûµ�¶²ö Ý °¨¶ ¶²´µ ²§ ù²±©±§ øcû±¯²³ ±§·±§ ±¯ý÷©ª¯±²´µ ±²§¶±·«±§ © ú̈h·
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� ú¬¯ °±§ a±·±ö·÷¯ Ûg ©Üo ®¨¯ °²± ø§±¯ª²±¨¬Ä ú÷¶¬§ª ¶÷³ ²· °¬¯´µ °¨¶ Û�� ©²³ ²·²±¯· �±²§ ³ ú÷ª©²´µ±¯ ø ²§Ä¬h °±¯ �¬¨©²· ú̈· °±¶ g ©¬³ ²§²¬³�©³ ¶ Ý ® ²± ±¯ ý ú¬¯ °²± »±¶¶¬§ª±§³ ²· g ©ûµ¨ü|±²©´µ±§ ¸±÷¸¨´µ·±· ®¬¯°± Ý ®¬¯°± °¬¯´µ °¨¶ Û�� ú¬¸ ±¯°±´ö· ­ �±²·±¯±Ê§·±¯¶¬´µ¬§ª±§ ¬§·±¯ ÷û·²³ ²±¯·±§ d±°²§ª¬§ª±§ ®±¯°±§ «±²ª±§ ³ ú¬¶¶±§ Ý ÷¸ ¶²´µ °²±ø§±¯ª²±¨¬Ä ú÷¶¬§ª ý ú¬¯ Û´µ®±¯²÷§±§ °¬¯´µ �±¯¯²§ª±¯¬§ª °±¯ � ú̈¯³ ±ö¨û¨«²· ú̈· ®±²·±¯¶·±²ª±¯§ © ú̈h· ­



t u´ u [wx [w ywÈ y\x z��Év oor

17.0
 17.1
 17.2
 17.3
 17.4
 17.5
 17.6
 17.7
 17.8
 17.9
 18.0


0


10


20


30


40


50


60


70


80


 


 


c
o
u
n
ts

/b
in




E [MeV]


16.2
 16.3
 16.4
 16.5
 16.6
 16.7
 16.8
 16.9
 17.0
 17.1
 17.2


0


20


40


60


80


100


120


140


160


 


 


c
o
u
n
ts

/b
in




E [MeV]


g¸¸²©°¬§ª n ­oÜ p Ûû ±ö·¯¬³ °±¶ a±·±ö·÷¯¶ Ûg ©Üo §¨´µ d±¶·¯¨µ©¬§ª ³ ²· ´¨ ­ o� �=f÷§±§¿´³ � ý ú¬¯ ¨ ­� �ÆMÊ LE ¬§° ¸ ­� �Æ� LE ­ ø ²§ª±«±²´µ§±· ¶²§° °²± b¨¬hö¬¯ù±§ Ý °²±¶²´µ ³ ²· ±²§±¯ ø§±¯ª²±¨¬Ä ú÷¶¬§ª ù÷§ áø � oZ� ö±� ±¯ª±¸ ±§ ® ú¬¯°±§ ­

5.0
 5.1
 5.2
 5.3
 5.4
 5.5
 5.6
 5.7
 5.8
 5.9
 6.0


0


5


10


15


20


25


30


 


 


c
o
u
n
ts

/b
in




E [MeV]


5.0
 5.1
 5.2
 5.3
 5.4
 5.5
 5.6
 5.7
 5.8
 5.9
 6.0


0


5


10


15


20


25


 


 

c
o
u
n
ts

/b
in




E [MeV]


g¸¸²©°¬§ª n ­o� p g ©ûµ¨üÛû ±ö·¯±§ °±¶ a±·±ö·÷¯¶ Ûg ©Üo ¨ ­� ù÷¯ Û·¯¨µ©±§¶´µ ú̈° ²ª¬§ª¬§° ¸ ­� §¨´µ Û·¯¨µ©±§¶´µ ú̈°²ª¬§ª ­ �÷¯ °±¯ Û·¯¨µ©±§¶´µ ú̈° ²ª¬§ª ¸ ±·¯¬ª °²± ø§±¯ª²±ü¨¬Ä ú÷¶¬§ª ý ú¬¯ g ©ûµ¨ü|±²©´µ±§ o�� �o� ö±� Ý §¨´µµ±¯ onì ��� ö±� ­ a ²± �±¯¶´µ©±´µ·±¯¬§ª²¶· ¨¬ý °²± �±¯ª¯ ú÷h±¯¬§ª °±¯ � ú̈¯³ ±ö¨û¨«²· ú̈· °¬¯´µ �±¶·ª¨¶üe÷§°±§¶¨·²÷§ ¬§° °¨ü³ ²· ¨¬ý ¶´µ©±´µ·±¯±¶ Û�� ¬§° §²´µ· ¨¬ý Û·¯¨µ©±§¶´µ ú̈° ²ª¬§ª «¬¯ ú¬´ö«¬ý ú¬µ¯±§ �¶ ­ |±c·� ­
i ÌÎ Ìÿ j ÙÑ¸l¹ º¤Ñ ¡ÓÔÚ×£ÐÑÏÖ× ¥ÚGÐÑ
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4.87 MeV
20.8 s

4.92 MeV
24.4 s

4.70 MeV
36.4 s

5.09 MeV
8.4 s

4.89 MeV
11.2 s

4.60 MeV
11.6 s

Mittelwert:
4.8(1) MeV

27(8) s

Mittelwert:
4.9(2) MeV

10(2) s

Literatur:
4.69 MeV

26.1 s

Literatur:
4.80 MeV

10.3 s

155Yb 155Yb 155Yb

151Er 151Er 151Er

5.44 MeV
2.0 s

5.33 MeV
1.6 s

5.35 MeV
2.0 s

Mittelwert:
5.4(1) MeV
2.0(3) s

Literatur:
5.20 MeV

1.8 s

ÿ==6/0123 ý 4
 � ÿ17 052 ÷ 9:52 58@ 6::5/:5 ÿ /�<9��2583652 120 r9/=>58:7?56:52 � �18562 635 91735> �9</:5 �856326775 120 6<85 �1�802123 62 �58�9//7�5::52 4
ø 529163�56: 35@ 57752 >58052 4 ù27= 57�20585 > 680 57 @ ��3/6;< 7562 s r 62>5675 91� 0657��2:92 7�9/:52052 � /5@ 52:5 � y üü� s üü 120 üüý s 0 65 26;<: 62 56258 = 5�922:52
ÿ /�<9��58�9//7�5::5 52052 120 6@ `�@52: 218 620685�: 018;< þ �1;�85;<2123 ��2= 5�=9;<:5:52 ÿ /�<9��58� �9//52 6052:6�?658: >58052 � ��2252 s ?1 �586�?65852 120 06558?513:52 ù7�:�� 5 562051:63 ?1?�80252 4 ÷ 922 >58052 06575 �/5@ 52:5 ��2 058 ù�dÿ%9258�922: 4�1� �12�:635 �2:5871;<12352 12:58 ��:6@ 9/52 �5062312352 120 12:58 �62=5?65�<123 56258 �/13?56:�` 577123 >58052 ?56352 s >5/;<57 d�:52:69/ � �18 065 ÿ2>520123 = 56058 ù052:6��9:6�2 71�587;<>5858 �/5@ 52:5 62 052 � 65�:5@�589:18�÷ 5:5�:�852 /653: 4÷ 65 587:52 �835=26775 7620 q 50�;< 58@1:63520 4
Ó ÌÍ âÎÜÏðÎ ÐðÜÏ Ñ ÒßÎ ðÕÖð ÓòÞ ÝÕÖÕðÎÏð âÖðÎàÕðáÔã Õßà×ð ÖÏáÚ ðÜÜß×à Þ ÖÏ Ð Öð ÑÏðÞ ØðÎÛÏßÎáÙðÏðÓÏòÎ ÚÛ ÜÏÎÚõ ÕÎòõÎ Ý Þ ßàÎ á Üâ
! ãä ã[ åæç_èéê_ëì_íí_è îDïðñD�62 587:57 ��� 586@ 52: ?18 ��@=62658:52 �258365�� /13?56:�` 577123 >1805 9@ p:89</�8�<8 ò � 058 øpù 018;<35� �1<8: 62 �179@@5298= 56: @ 6: 	 4 ��9�62 ��2 058 �26�5876: �9:Aó�� �97��/ �9A 62 �622/920 s 058 065 �/13?56:�÷ 5:5�:�852 52:> 6;�5/: 120 � �18 097 ��� 5�86@ 52: ?18 	58� �13123 357:5//: <9: 4 �7 >1805 06575/= 5 p:851�9@@58 = 521:?: s 0 65 � �18065 ���586@ 52:5 @ 6: 05@ ø 58@ 9261@ �÷ 5:5�:�8 5623575:?: >1805 �7 4 ÿ==6/0123  4ü� 4
ÿ2 058 d�76:6�2 058 `�/98���/652 = 5�920 76;< 058 p:98:�÷ 5:5�:�8 058 �/13?56:@ 57�7123 4 ÷ 65 � �9235 058 �/137:85;�5 = 5:813 o� ü�ü� ;@ 4 ÷ 58 � 65�:5@�589:18�÷ 5:5�:�8



ü
� j)k*��+ ô� �*,�)�� � õ� -)���,.���*-- õ,�
>98 09@ 6: ;9 4 
 @ ��@ p:851:9835: 52:�582: 4 �7 >1805 562 &cÇ�6�p:89</ 058 �258365� y � 4


 `5	a9@1 =521:?: s 058 92 ø�/0� 120 �622:9835:7 357:851: >1805 4 ù2 �9�= 5//5 ý 4
 7620 065 �587;<6505252 �9835:7 120 065 �2583652 058 5/97:67;< 357:851:52�56/;<52 ?179@@52357:5//: 4�9835: ÷ 6;�5 �'3a;@ & � � �`5	 �p:851> 62�5/ y ü�öbÇ÷ÿ1 üý�� �o 4ü
bÇ÷ÿ1 o�� � ý 4
 b&c p2 oo� �
o 4��bcÇÿ 3 o
� �oý 4 üp:851> 62�5/ y 
 4 öbÇ÷ÿ1 o�� �
� 4 
p:851> 62�5/ y  öbÇ÷ÿ1 o�� ��� 4 �
�9=5//5 ý 4
 � �179@@527:5//123 058 �9835:7 120 �2583652 058 357:851:52 �56/;<52� �18 097 ���586@ 52: 9@ p:89</8�<8 ò � � �18 �587;<650525 p:851> 62�5/�56 06575@ ���586@ 52: >1805 058 ÷ 5:5�:�8 pÿ / = 521:?: �7 4 �9= 5//5 
 4o� 4 �5656258 � �98@5�9�9?6: �9: ��2 % y o 4o 2óa� =5> 68�: 5625 ù�2525258365 ��2 ��� `5	56252 �5@�589:18927:653 ��2 �� y 
o @� 4 ÷ 97 67: 051:/6;< @5<8 9/7 065 �856:5057 ��=5839237 4 `5658 <9: 62 �ü�� 35?563: s 09ú 91;< 62 06575@ �9// 562 71�89/56:52058�<58@ 67:�8 9/7 525836575276:6�58 ÷ 5:5�:�8 = 5:865= 52 >58052 �922 � ÷ 58 ÿ 8= 56:7�12�:�ø > 680 7�>56: 12:58<9/= 057 ��=5839237 35> �9</: s 09ú 097 �205 057 �5@�589:1892�7:6537 62 052 /6259852 �5856;< 057 ��=5839237 � �9//: 4 ÷ 922 36/: ù � �18 56252 29;< 12:52/6@ 6:658:52 �258365= 5856;< ù 6@@58 2�;< 5625 /625985 ÿ=< �92363�56: 058 62:538658:52p6329/9@�/6:105 ��2 058 ù�2525258365 s 91;< >522 065 9=7�/1:5 p6329/< ��<5 �c 26;<:@ 5<8 /62598 ��2 058 �258365 9=< �923: 4 �9: �18/6;< �922 =56 5625@ ÿ 8= 56:7�12�: 12:58�<9/= 057 ��=5839237 058 ÷ 5:5�:�8 75/=7: 26;<: @ 5<8 ?18 �5@�589:18�p:9=6/67658123�58>5205: >58052 ( 09<58 @1ú:5 � �18 065757 ���586@ 52: 91� 065 p:9=6/67658123 @ 6: 56�25@ 5�:58252 �<58@�@5:58 ?18 �1;�35386B52 >58052 4 ÷ 65 ÿ 8= 56:7:5@�589:18 = 5:813�ø y ü 4o � 4÷ 65 � /13?56:05:5�:�852 >18052 9@ ù27:6:1: � �18 d<�76� 058 �26�5876: �9:Aó�� �97��/�9A 62 �622/920 ��2 	 4 ��9�62 52:> 6;�5/: ���� 4 � /13?56:�÷ 5:5�:�852 =5�7:5<52 917 56258 0 �12252 ��</527:�B���/65 120 5625@ A` 6;8� %<9225/ d/9:5A ÷ 5�:5�:�8 4 ù�252 58?51352 =56@ ÷18;<�13 018;< 065 0 �1225 ��/65 018;< 052 5/5�:8��267;<52 �258365�58/17: �/5�:8�252 4 ÷ 65 �258365 065758 �/5�:8�252 @1ú <�;< 352137562 s 1@ 065 ��/65 ?1 �58/97752 4 ÿ17 06575@ ø 8120 120 1@ �258365�58/17: 120 �56�:8 �935 ?1@ �258365�p:8933/623 058 ù�252 62 058 ��/65 @ ��3/6;<7: 358623 ?1 <9/:52 s 7620@ ��3/6;<7: 0 �1225 ��/652 58> �127;<: 4 ÷ 65 5@ 6::658:52 �/5�:8�252 >58052 @ 6: 5625@�1��5836::58 917 75<8 0 �12252 ÷ 8 �9<:52 =57;</51263: 120 91� 56252 A` 6;8� %<9225/d/9:5A�÷ 5:5�:�8 35/56:5: 4 ` 6;8� %<9225/ d/9:57 = 57:5<52 917 �/563/97 �058 �58>920�:52 `9:5869/652 s 62 097 �989//5/5 �92 �9/5 @ 6: 5625@ ÷18;<@57758 ��2 ü� ù  � '@35=�<8: >58052 4 ÷ 65 91�:85B52052 d86@ �985/5�:8�252 >58052 ��2 5625@ 5/5�:867;<52�5/0 52:/923 065758 ÷�2�052��92 �9/5 35� �1<8: 4 �56@ ÿ1�:85B52 91� 065 �920123 057�929/7 58?51352 765 p5�120 �985/5�:8�252 s 065 6<858756:7 > 65058 �/5�:8�252 58?51352� ��2252 17> 4 ÿ1� 06575 �5675 > 680 562 p�9221237�1/7 58?513: s 058 @ 6: 5625@ %�2�



ô�È �,���*�Éú+ õ���*�É-��� õ,� )- ���)m+�ûm� Ê Ë ü
 
7:92: �89;:6�2 ÷ 67;86@ 6269:�8 �%�÷ � 91735/5752 > 680 4 ÷ 58 %�÷ 58?513: 562 /�36�7;<57 p6329/ s 097 065 �8 �9?675 �56:62��8@ 9:6�2 057 �8563267757 52:< �9/: 4 ÷ 97 p�ÿþ��:ü��p6329/ 120 097 p�Âd �:o��p6329/ >58052 q 5>56/7 92 56252 A� 6@ 5 :� ÿ@�/6:105%�2�58:58 ��ÿ%�A 357;<6;�: 4 ÷ 65758 @ 6ú: 065 �56: ?> 67;<52 052 =56052 p6329/52 120>9205/: 765 62 562 p�922123776329/ 1@ s 057752 ÿ@�/6:105 ��2 5625@ ÿ÷% 91735/5�752 > 680 4÷ 65 ��/652 6@ ��8/65352052 ���586@ 52: = 57:92052 917 56258 0 �12252 ��</527:�B���/65 �÷ 6;�5 
� '3a;@ &� @ 6: 5625@ ÷18;<@57758 ��2 ü� @@ 4 ÷ 9 065 �@ 6776�2 058�/5�:8�252 917 058 ��/65 52:/923 058 ù�252=9<2 7��2:92 7:9::�205: s > 680 065 58�856;<=985 �56:91� ��7123 6@ >5752:/6;<52 ��2 058 �/13?56: 058 �/5�:8�252 ?1@ ø 6::58= 57:6@@: 120 ��2 052 �2:587;<65052 62 058 �/13?56: ��2 �/5�:8�252 s 065 917 058` 6::5 058 ��/65 5@ 6::658: >�8052 7620 s ?1 7�/;<52 ��@ þ920 058 ��/65 4 ÷ 9<58 67:065 ø 5�@5:865 057 �1��5836::587 120 065 ÿ2�802123 058 ` 6;8� %<9225/ d/9:57 ��2= 57�205858 �5051:123 4
! ãä ãü åèý_ðëéþþ_

9 4� 66.0
 66.2
 66.4
 66.6
 66.8
 67.0
 67.2
 67.4
 67.6
 67.8
 68.0


0


20


40


60


80


100


120


140


 


 


c
o
u
n
ts

/b
in




TOF [ns]
 = 4� 960
 965
 970
 975
 980
 985
 990
 995
 1000


0


10


20


30


40


50


60


70


 


c
o
u
n
ts

/b
in




E [MeV]


ÿ==6/0123 ý 4� � �567�65/ � �18 9 4� 562 �/13?56:� 120 = 4� 562 �2583657� 5�:81@ � �18 065`577123 12:58  ö s 0 4< = 56 � y ��� 4 `5	 120 : y ý
 4ü 27 4 ÿ 65 �/13?56:91� ��7123= 5:8 �93: �: y o� �üo� �7 s 0 4< 4 �:a: y 
 4� �ü��� 4 ÿ 65 �25836591� ��7123 =5:8 �93:�� y 
 4

 �
� `5	 s 0 4< 4 ��a� y 
 4 �ü��� 4
ù2 ÿ==6/0123 ý 4� 7620 �567�65/5 � �18 q 5>56/7 562 �/13?56:� 120 562 �2583657� 5�:81@?1 75<52 4 ÿ 65 58856;<:5 �25836591� ��7123 =5:813 �� y 
4

 �
� `5	 s 0 4< 4 ��a� y
 � � ü��� s 0 65 � /13?56:91� ��7123 �: y o� �üo� �7 s 0 4< 4 �:a: y 
 �� � ü��� ���� 4ÿ9@ 6: 67: 5625 85/9:6�5 `9775291� ��7123 ��2 �`a` y � � � ü��� 58856;<=98 4 �7 67:75<8 >9<87;<562/6;< s 09ú 065 �25836591� ��7123 018;< �5@�589:18�ÿ86�:52 058 ÿ 8= 56:�7:5@�589:18 /6@ 6:658: >1805 4 ÿ9 058 ÿ5:5�:�8 91�38120 058 � �18 065 p:89</5258365 ?135862352 � �98@ 5�9�9?6: �9: 051:/6;< 12:58<9/= 057 ��= 5839237 = 5:865= 52 >1805 s <9=52�ÿ205812352 058 ÿ 8= 56:7:5@�589:18 56252 38 ��ú5852 �62�1ú 9/7 6@ /6259852 �5856;< s62 05@ 065 p5276:6� 6: �9: �þ ��� 76;< 26;<: �92058: ���� 4�==6/0123 � 4� ?563: 562 �258365�� /13?56:�p� 5�:81@ 62 085606@ 5276�29/58 ÿ987:5/�/123 s �==6/0123 � 4��9 4� 09775/= 5 p� 5�:81@ 62 ?>5606@ 5276�29/58 d8�q 5�:6�2 4 r 6587620 `57712352 = 56 052 p:851> 62�5/2  ö 120 
 4 ö 098357:5//: 4 � 6235?56;<25: 67: 91��5805@ 065 �12�:6�2 � y ` �& ao @ 6: ` y o�� 9@1 s 018;< 065 065 ÿ9:52 75<831: = 57;<865= 52 >58052 4 �==6/0123 � 4��= 4� ?563: 097 `977527� 5�:81@ s 097 917 052



�
� j)k*��+ ô� �*,�)�� � õ� -)���,.���*-- õ,�

�==6/0123 � 4� � ÿ 8560 6@ 5276�29/5 ÿ987:5//123 057 �258365�� /13?56:7� 5�:81@ 7 ��2� 67@1: 4 ÿ 65 = 56052 d59�7 = 57;<856= 52 065 = 56052 `57712352 @ 6: 058 = 57:52 �258�36591� ��7123 s 065 = 56 � y �
� 4 
 `5	 120 � y ��� 4 � `5	 018;<35� �1<8: >18052 4

9 4� = 4� 202
 204
 206
 208
 210
 212
 214
 216


0


20


40


60


80


100


120


140


 


 


c
o
u
n
ts

/b
in




M [amu]


�==6/0123 � 4�� � 9 4� d8�q 5�:6�2 057 �258365��/13?56:7� 5�:81@ 7 917 �== 4 � 4� 91� 065�a�Â���=525 4 �1�5805@ 67: 065 �18�5 � y ` �& ao @ 6: ` y o�� 9@1 56235?56;<25: 4�2 = 4� 67: 097 917 9 4� = 585;<25:5 `977527� 5�:81@ 098357:5//: 4 ÿ58 �6: @ 6: 56258	91��18�5 5836=: ` y o�� 4� �
� 9@1 120 5625 `9775291� ��7123 �` y � 4� ��� 9@1 s0 4< 4 �`a` y � 4� ����� 4 �17 �56:� 120 �25836591� ��7123 5836=: 76;< 5625 85/9:6�5`9775291� ��7123 ��2 � 4 ����� 4



ô�
 ���,, õ,� �û, &cÁk. õ,� &c
k. �


ÿ9:52 62 �==6/0123 � 4��9 4� 58@ 6::5/: >1805 s 6205@ � �18 q 5052 562?5/252 `5��12�:065 `9775 = 585;<25: >1805 4 ÿ 65 `97752�58:56/123 ��/3: 56258 	91��18�5 @ 6: 56258r9/=>58:7=856:5 ��2 �` y � 4� ��� 9@1 s 0 4< 4 �`a` y � 4� ����� 4 ÿ 657 67: 62 31:58��=585627:6@@123 @ 6: 05@ 917 �56:� 120 �25836591� ��7123 58@ 6::5/:52 �58: �`a`y � 4 ����� 4
� Ì� ÐÎà××�×� ßàÎ � ÕàÖ�â��Ï�Øà o���� �×ß o���� �àÖ

� � � Ì� � à ÔÚÛ� Û ÖÏÏàÕ� àÖ×àÎ Ó�Û� Ö× ÖàÎÏà×
�×àÎ� Öà�! Õ��"àÖÏ�� à���×�

�2:58 = 57:6@@:52 �@7: �92052 �922 57 91;< =56 �`p�`57712352 ��2 #�8:56/ 7562 s5625 �7�:�� 5275�989:6�2 @ 6::5/7 56258 ��@=62658:52 �258365�$ /13?56:�` 577123 018;<�?1� �1<852 4 �1�5805@ /653: 065 �258365 � �18 065 �052:6%�9:6�2 71�587;<>5858 � &5@ 52:5= 56 � y � 4� ù � `5# a9@1 4 ÿ9<58 >98 097 ' 65 & 065757 �(� 586@ 52:57 s 065 p5�989:6�2058 = 56052 )&*+��7�:�� * ,cÁd= -./ ,c
d= = *+ � y � 0� ` *# a1@- +. *+.*@ �.*23+*�
$&-3?*+4�p� *�42-@ ?- /*@�.542+*2*. 0ÿ +*5*5 �(� *2+@ *.4 >-2/* 1@ #�6� �)*578&*-.+3*2 /-2783*� �-824 0 ÿ *2 *(� *2+�
9*.4*&&* �- �:1- +54 +. ;1� +4*& < 0o 0� : *5782+*: *. 0 ÿ +* = �1.3* /*2 $&-3542*7�* : *42-3>�<o� <? 79 0 � 5 @-2/* /*2 ÿ *4*�4�2 � &�o : *.-4A4 0 ÿ +* $ &-3A*+4�ÿ *4*�4�2*. :*541.�
/*. 1-5 ;�8&*.54�B �$� &+*. 9 +4 *+.*2 /+19 1.4� �18.&+78*. p42-�4-2 s /+* /+* r *254*&&-.3��. 5*82 / �-..*. $� &+*. *2&1-:4 C ÿ *2 p4124�ÿ *4*�4�2 8144* *+.* ` 155*.:*&*3-.3 ��.
.-2 � 0� D3a79 , s /*2 p4���ÿ *4*�4�2 *+.* ` 155*.:*&*3-.3 ��. o D3a79 , 0 ÿ +* r *254*&�&-.3 -./ � +3*.5781�4*. /*2 $� &+*. 5+./ +. EF �G 1-5� �-82&+78 : *5782+*: *. 0ÿ +* #*2:2*+4*2-.3 /*5 �.*23+*�2�%&5 /*5 p4218&5 /-278 �.*23+*542133&+.3 +. /*.
$� &+*. �1.. A- 71 0 H �*# 1:3*578 �14A4 @*2/*. 0 ÿ +* $� &+*. 81: *. *+.* 9 1(+9 1�&* ÿ +7�*.+.8�9 �3*.+4 �14 ��. �H�¢ EF �G 0 ÿ 121-5 *23+:4 5+78 � �-2 /+* $� &+* 9 +4 � 0�
D3a79 , ÿ +7�* *+.* 9 1(+9 1&* #12+14+�. +9 �.*23+*�*2&-54 ��. � < �*# s � �-2 /+* $��&+* 9 +4 o D3a79 , ÿ +7�* ��. � �< �*# 0 �.53*5194 *23+:4 5+78 &�.3+4-/+.1& /-278�.*23+*542133&+.3 -./ �.8�9 �3*.+4 �14*. /*2 $� &+* *+.* 9 1(+9 1&* #*2:2*+4*2-.3 /*2p4218&*.*23+* -9 71 0 o� �*# >$I r` ? 0

1 0? 380.0
 381.0
 382.0
 383.0
 384.0
 385.0


0


200


400


600


800


1000


1200


1400


 


 


c
o

u
n

ts
/b

in



TOF [ns]
 : 0? 16.4
 16.5
 16.6
 16.7
 16.8
 16.9
 17.0
 17.1
 17.2
 17.3
 17.4


0


100


200


300


400


500


 


 


c
o
u
n
ts

/b
in




E [MeV]


�::+&/-.3 � 0��C )*+5� +*& � �-2 1 0? *+. $&-3A*+4� -./ : 0? *+. �.*23+*5� *�42-9 � �-2 /+*` *55-.3 :*+ 4 y H�o 0< .5 -./ � y �� 0F � ` *# 0 ÿ +* $ &-3A*+41-� ��5-.3 :*42 �134� 4 y <H< �5 s / 08 0 � 4a4 y �0� ����� 0 ÿ +* �.*23+*1-� ��5-.3 : *42 �134 �� y ��� ><?�*# s / 08 0 ��a� y F 0� ����� 0



�H� jJk K LMN ô O M KPQJLR R õS TJQQMPUMQLKTT õPV
�::+&/-.3 � 0�� A*+34 1&5 )*+5� +*& *+. $&-3A*+4� -./ *+. �.*23+*5� *�42-9 :*+

/*2 �.*23+* � y �� 0F � W*# s : *+ /*2 /+* $&-3A*+4 H�o 0< .5 : *42 �134 0 ÿ +* p78-&�4*2 1- � /*2 r� 78*.*23+*�p*+4* +9 �.*23+*5� *�42-9 +54 1- � X+&*-� A-2 �-7�A- � �-82*. s
/+* Y +*/*2*.*23+*�p78-&4*2 1- � p78&+4A542*--.3 0 ÿ +* *22*+784* �.*23+*1-� ��5-.3 :*�42 �134 �� y ��� ><? �*# s / 08 0 ��Z� y F 0� ����� s /+* '*+41-� ��5-.3 � 4 y <H< �5 s
/ 08 0 � 4Z4 y �0� ����� 0 ÿ 19 +4 &�1�4 5+78 *+.* W155*.1-� ��5-.3 ��. �WZW y F 0F����� *22*+78*. 0 ÿ +* 8+*2 ��23*54*&&4* W*55-.3 @-2/* +9 �.578&-� 1. /+* +. ;1�� +4*& < 0o ��23*54*&&4*. W*55-.3*. /-2783*� �-824 0 ) +5 A-9 �./* /*2 W*55-.3*. @12
/+* I �129 *�1�1A+4 �14 /*5 ÿ *4*�4�25 � &�o 1- � [ y � 0� .óZ; 1.3*@1785*. s @15 ù @ +*
: *2*+45 9 *82�178 /+5�-4+*24 ù A- *+.*2 #*2578&*784*2-.3 /*2 �.*23+*1-� ��5-.3 � �-824* 0ÿ +* #*2578&*784*2-.3 +54 1-�*2/*9 1- � *+. *28 ��84*5 )15*&+.* Y� +5* .178 � +.:1- -./
#*2�1:*&-.3 /*2 $&-3A*+4�ÿ *4*�4�2*. A-2 �-7�A- � �-82*. 0�. �::+&/-.3 � 0�o 5+./ 1&&* � 23*:.+55* /*2 W*55-.3 +. /2*+/ +9 *.5+�.1&*2 ÿ 12�
54*&&-.3 A-5199*.3*�1�4 s �::+&/-.3 � 0�H1 0? A*+34 /+* A@*+/+9 *.5+�.1&* X2�q *�4+�.
/*2 ÿ 14*. 1- � /+* � Z\Â$��: *.* 0 $ �-2 /+* �*2578+*/*.*. �5�4�� * +54 *+.* /*-4&+78*
;�22*&14+�. A@ +578*. �.*23+* -./ $&-3A*+4 A- 5*8*. 0 � +.3*A*+78.*4 5+./ 1-78 /+*
;-2�*. � y W � , Zo ] / +* ÿ 14*.5 �14A* @*2/*. /-278 /+*5* 48*�2*4+578* ;-2�* 3-4
: *5782+*: *. 0 �::+&/-.3 � 0�H: 0? A*+34 /15 1-5 � 0�H1 0? : *2*78.*4* W155*.5� *�42-9 0�-5 /*. 3*%44*4*. 	1-��-2�*. *23+:4 5+78 � �-2 /+* : *+/*. W155*. W ^ y o�_ 0F_ >�?
19- s �W y o 0�� >o? 19- -./ W, y o�< 0FF >�? 19- s �W y o 0�H >� ? 19- 0 ÿ 121-5*23+:4 5+78 /+* 9 +44&*2* 2*&14+�* W155*.1-� ��5-.3 �WZW y ��0� ����� 0 �-5 '*+4�
-./ �.*23+*1-� ��5-.3 *23+:4 5+78 *+.* 2*&14+�* W155*.1-� ��5-.3 ��. F 0F ����� 0 ÿ +*
1-5 /*9 p� *�42-9 *29 +44*&4* W155*.1-� ��5-.3 +54 5�9+4 *4@15 578&*784*2 1&5 /+*48*�2*4+578 *2@124*4* 0 ÿ +*5 +54 ��2 1&&*9 1- � /+* #*2:2*+4*2-.3 /*5 p� *�42-9 5 /-278
/*. �.*23+*�X+&*-� A-2 �-7�A- � �-82*. s /*2 1-78 +. �::+&/-.3 � 0�� : *�:1784*4 @ +2/ 0ó*/� 78 @*2/*. :*2*+45 9 +4 *+.*2 W155*.42*..-.3 ��. �¢ : *+/* �5�4�� * 3-4 ��.*+.�
1./*2 3*42*..4 0 W +4 /*2 : *54*. *22*+784*. �-� ��5-.3 ��. ��Z� y � �� � ���� �1..
:*+ �*23&*+78:12*2 $&-3A*+4��-� ��5-.3 *+.* W155*.1-� ��5-.3 ��. �WZW y � �� �����*22*+784 @*2/*. s @15 /+* \2*..-.3 @*+4*2 �*2: *55*24 0
'-5199*. �155*./ �1.. 3*5134 @*2/*. s /1� /+* *254*. \*545 s +. /*.*. /+*\ +*�4*9 � *214-2�ÿ *4*�4�2*. � �-2 *+.* ��9:+.+*24* �.*23+*�$&-3A*+4�W*55-.3 A-2 W15�

5*.+/*.4+%�14+�. *+.3*5*4A4 @-2/*. s 42�4A .+784 ��4+9 +*24*2 )*/+.3-.3*. : *A �-3&+78
/*2 �.*23+*1-� ��5-.3 : *2*+45 *29-4+3*./* � 23*:.+55* *2:21784 81:*. 0 '-� �-. �4+3*�(� *2+9 *.4* @*2/*. A*+3*. s @*&78* W155*.1-� ��5-.3 91(+9 1& *22*+784 @*2/*. �1..
-./ @*&78* � +.514A9 ��3&+78�*+4*. 5+78 � �-2 /+*5* ÿ *4*�4�2*. 1.:+*4*. 0



ô O
 LSMPP õPV �ûP ,`ÁaU õP� ,`
aU �HF

�::+&/-.3 � 0�o C �.*23+*�$&-3A*+4�p� *�42-9 � �-2 /+* W*55-.3*. A-2 \2*..-.3 ��.,`
X: >578@12A? -./ ,`ÁX: >2�4? +. /2*+/+9 *.5+�.1&*2 ÿ 1254*&&-.3

1 0? : 0? 200
 201
 202
 203
 204
 205
 206
 207
 208
 209
 210
 211
 212
 213
 214
 215


0


1000


2000


3000


4000


5000


6000


 


 


Pb-206


Pb-208


c
o
u
n
ts

/b
in




M [amu]


�::+&/-.3 � 0�H C 1 0? �.*23+*�$&-3A*+4�p� *�42-9 � �-2 /+* W*55-.3*. A-2 \2*..-.3 ��.,`
X: >578@12A? -./ ,`ÁX: >2�4? +. /*2 X2�q *�4+�. 1- � /+* �Z\Â$ ��: *.* 0 �-�*2/*9
5+./ /+* ;-2�*. � y W � , Zo *+.3*A*+78.*4 0 : 0? �-5 1 0? *22*78.*4*5 W155*.5� *�42-9� �-2 : *+/* �5�4�� * 0 �-5 /*. 	1-�%45 *23+:4 5+78 � �-2 /+* W155* W ^ y o�_ 0F_ >�? 19- s�W y o 0�� >o? 19- -./ W, y o�< 0FF >�? 19- s �W y o 0�H >� ? 19- 0 ÿ 121-5 *23+:4
5+78 /+* 9 +44&*2* 2*&14+�* W155*.1-� ��5-.3 �WZW y ��0� ����� 0



bcdefgh i

j eklcfm nok pchoqergfqelstgk
u egvfgrdgqcfwqxygfgpfoqgk ek zgq
{glsthgwke|gqx cllgkldgpfqorgx
fqeg

} Ì� ~ ÎÖ×" ÖØ ßàÎ �à��� Õà�×Ö�àÎ�� Ú��à×�ØàÓÏÎ�Û à�ÏÎÖà
I +* +. /*2 �+.&*+4-.3 :*2*+45 *2& �1-4*24 @-2/* � +54 / +* )*578&*-.+3*2�W 155*.5� *��42�9 *42+* >�W�? *+. �41./12/�#*2�182*. � -9 5*82 �&*+.* �5�4�� *.�*28 �1&4.+55* A-
:*54+99*. 0�. ;1�+4*& � 0� @-2/* /123*54*&&4 � @ +* /+* W155* *+.*5 ��.5 1-5 /*9
;2 �-99-.3521/+-5 +. *+.*9 W13.*4�*&/ : *54+994 @*2/*. �1.. 0 W155*.5� *�42�9 *�42+* 9 1784 5+78 /155*&: * X2+.A+� A-.-4A* >�::+&/-.3 _ 0� �: *.? C��.*. /*2 =1/-.3 � @*2/*. 1-5 /*2 ��.*.�-*&&* *(4218+*24 -./ 9 +4 *+.*2 ��1.�
.-.3 � ��. � ù � �*# : *578&*-.+34 1-� *+.* 	*578@ +./+3�*+4 �, � �� ��ZW 0 ó*32 ���*2 /+* ÿ +B*2*.A /*2 ; 2 �-99-.3521/+*. >�� ^ � �� ,? : *.178:124*2 W155*. +54 �/*54� &*+784*2 +54 *5 � 5+* A- 42*..*. 0 $ �-2 A@*+ ��23*3*: *.* W155*. W ^ -./ W, 3+&4 C

�� ^ � �� , � >� ^ � � , ? � �� � � � � � � � � >_ 0�?
�9 *+.* 9 ��3&+7854 3-4* \2*..-.3 : *.178:124*2 W155*. A- *22*+78*. � 5+./ /18*232��* �9�-&5* .�4@*./+3 0 	2��* �9�-&5* &155*. 5+78 1:*2 .-2 /-278 *+.* 9 ��3&+7854
8�8* ��.*.&1/-.3 *22*+78*. 0 $ �-2 32��* W155*. 5+./ 1-�*2/*9 8�8* W13.*4�*&/*2
.�4@*./+3 0
)*+ /*2 )*54+99-.3 *+.*5 �5�4�� *.�*28 �1&4.+55*5 +54 .+784 .-2 /+* \2*..578 �12�* /*5

W155*.5� *�42�9 *4*25 ��. )*/*-4-.3 0 �.4*232-./ 1-5 �5�:12*. �/*2 W�&*� �-&+�.*. �
/+* /+*5*&: * W155* 81: *. @ +* /15 A- /*4*�4+*2*./* �5�4�� � @ +2/ 9 +4 /+*5*2 W*48�/*
.+784 1:3*42*..4 0 �54 1-�*2/*9 /+* =+.+*.��29 .+784 31-�� ��29 +3 � �1.. *+.* ��78-&�4*2� /+* A- /*4*�4+*2*./* Y178:129 155* �-:*2/*7�*. -./ *+.* \2*..-.3 *: *.�1&&5
-.9 ��3&+78 9 178*. 0ÿ +* �:42*..-.3 ��. �.4*232-./ �1.. /-278 /*. �+.514A *+.*5 )*578&*-.+3*25
�*2: *55*24 @*2/*. >�::+&/-.3 _ 0� -.4*.? C �9 �.�1.3 /*2 �W�����1214-2 : *%.�

���



�O�O aSKPRKa �MS UMQ��NM õPKVMS ÉTJQQMPQaM� LSûTM LSKM �� �

.RQYHQWLRQHOOH�
0DVVHQVSHNWURPHWULH

,RQHQTXHOOH

1LHGHUHQHUJLH�
$QDO\VLHUPDJQHW

(QHUJLH�
'HWHNWRU

%HVFKOHXQLJHU�
0DVVHQVSHNWURPHWULH

%HVFKOHXQLJHU
+RFKHQHUJLH�
$QDO\VLHU�
0DJQHW

(OHNWURVWDWLVFKH�
$QDO\VH

,RQHQTXHOOH

1LHGHUHQHUJLH�
$QDO\VLHUPDJQHW

'HWHNWRU

(QHUJLHYHUOXVW�
'HWHNWRU

)OXJ]HLW�
'HWHNWRU

�::+&/-.3 _ 0�C ÿ 15 X2+.A+� /*2 ��.�*.4+�.*&&*. -./ /*2 )*578&*-.+3*2�
W 155*.5� *�42�9 *42+* +9 #*23&*+78 >.178 E<G?

/*4 5+78 *+. ��.�*.4+�.*&&*5 W 155*.5� *�42�9 *4*2 >5 0 �:: 0 < 0<? 0 �9 �Y +*/*2*.*23+*��.1&�5+*29 13.*4�@ +2/ /+* � �-2 /15 �(� *2+9 *.4 +.4*2*551.4* W155* 1-53*@ �18&4 -./+. *+.*. )*578&*-.+3*2 @*+4*23*&*+4*4 0 ÿ +* 9 *+54*. �W���.&13*. �*2@*./*. *+.*.\1./*9�)*578&*-.+3*2 9 +4 �.*23+*. ��. *+.+3*. W*31*&*�42�.��&4 >5 0 ;1� 0 < 0� 0�? �+. /*. .*314+�* ��.*. *+.3*578�55*. -./ :*578&*-.+34 � /1.. -93*&1/*. @*2/*. -./
/15 )*578&*-.+3-.35� �4*.4+1& *+. A@*+4*5 W 1& /-278&1-�*. ] *5 3+:4   */�78 1-78 �W���(�*2+9 *.4* � / +* : *+ 8 ��8*2*. �.*23+*. 1. 1./*2*. )*578&*-.+3*2. /-2783*� �-824 @*2�
/*. E<G 0 ¡ +.4*2 /*9 )*578&*-.+3*2 : *%./*4 5+78 *+. ¡�78*.*23+*��.1&�5+*29 13.*4
-./ *+.* *&*�42�5414+578* �.1&�5*54-�* � / +* 1&5 �¡�78*.*23+*�W 155*.5� *�42�9 *4*2�
/+* ��.*.9155* 8+.4*2 /*9 )*578&*-.+3*2 5*&*�4+*2*. 0 ÿ 1.. � ��..*. 5+78 �*2578+*�
/*.* ÿ *4*�4+�.5�54*9 * @ +* �.*23+*� � �Z¢�� �/*2 $&-3A*+4�ÿ *4*�4�2*. 1.578&+*�*.>5 0 �:: 0 _ 0�? 0 ÿ +* W *48�/* /*2 �W� :+*4*4 3*3*. �-: *2 /*2 ��.�*.4+�.*&&*. W� *+.*6*+8* ��. #�24*+&*. CÀ �:42*..-.3 541:+&*2 �5�:12* C�.5: *5�./*2* : *+ /*. &*+784*. �&*9 *.4*. 3+:4 *5 *+. +3* �5�:12* � / +* �*+.* .*�314+�*. ��.*. :+&/*. � A 0) 0 ^ÃY 1&5 541:+&*5 �5�:12 ��. ^Ã[ 0 ÿ +*5* @*2/*. /-278

/+* )*578&*-.+3-.3 .*314+�*2 ��.*. 1:3*42*..4 0À �-�:2*78*. ��. W�&*� �-&���.*. C�9 �42+�� *2 +. /*2 W +44* /*5 \1./*9�)*578&*-.+3*25 @*2/*. W�&*� �-&+�.*.
1-�3*:2� 78*. � 5�/1� �.4*232-./ 1-5 W�&*� �-&+�.*. /*25*&: *. W155* /*. )*�
578&*-.+3*2 .+784 �155+*2*. �1.. 0À 	2 ���*2* 2 �1-9 &+78* \2*..-.3 C



��� �JaKLMN �O MKPQJLR KP �MS JTQ

ÿ 1 /+* ��.*. .178 ÿ-278&1-�*. /*5 )*578&*-.+3*25 *+.* 8 ��8*2* �.*23+* -./ /1�
9 +4 *+.*. 32 ���*2*. �9�-&5 81: *. � +54 *5 &*+784*2 � : *.178:124* W155*. 2 �1-9 &+78A- 42*..*. 0À #*2@*./-.3 9*82*2*2 ÿ *4*�4+�.55�54*9 * C
W +4 �.*23+*. ��. *+.+3*. W*31*&*�42�.��&4 � ��..*. /+* ��.*. /+* / �-..*. $��&+*. *+.*2 $&-3A*+4542*7�* �/*2 *+.*5 �.*23+*�*2&-54�ÿ *4*�4�25 /-278/2+.3*. 0ÿ 18*2 +54 /*2 ��9:+.+*24* �+.514A 9 *82*2*2 ÿ *4*�4+�.55�54*9 * 9 ��3&+78 � -9
W155*. A- +/*.4+%A+*2*. �/*2 �.4*232-./ 1:A-42*..*. � /*2 -.4*2 �954 �1./*.
/+* �*2578+*/*.*. $+&4*254-�*. �155+*2*. �1.. >5 0 A 0) 0 ;1� 0 _ 0�?
W +4 /+*5*2 W*48�/* @12 *5 A-9 *254*. W1& 9 ��3&+78 � �5�4�� *.�*28 �1&4.+55* :+5 A-*+.*2 	2 ���*.�2/.-.3 ��. A 0) 0 ^Ã[ Z^,[ £ ���^Á 9+4 *+.*2 X2 �1A*5+�. ��. *+.+3*.

X2�A*.4 A- : *54+99 *. 0�9 /15 #*28 �1&4.+5 A@*+*2 �5�4�� * A- : *54+99 *. � +54 *5 .�4@*./+3 � / +* ' �18&214*� �-2 : *+/* �5�4�� * *.4@*/*2 5+9-&41. �/*2 1:@*785*&./ A- :*54+99 *. 0 ÿ 15 5*&4*�
.* 61/+�+5�4�� @ +2/ +9 ÿ *4*�4�2 19 �./* /*5 �-�:1-5 .1783*@ +*5*. 0 ÿ 15 A@*+4*>8 �1-%3*? �5�4�� /*5 �5�4�� *.�*28 �1&4.+55*5 814 +9 1&&3*9 *+.*. *+.* 5� 8�8* ' �18&214* �
/1� *5 +. *+.*9 $121/1��[-� 1&5 *&*�42+578*2 �42�9 .1783*@ +*5*. @*2/*. �1.. 0 $ �-2&*+784* �&*9 *.4* @ +* ;�8&*.54�B &+*3*. /+* : *.178:124*. �5�4�� * 8+.4*2 /*9 �.1�&�5+*29 13.*4*. 2 �1-9 &+78 @*+4 3*.-3 1-5*+.1./*2 � /1� *5 9 ��3&+78 +54 � *+.*. $121/1��
[-� 1. /*2 X�5+4+�. /*5 541:+&*. �5�4��5 A- �&1A+*2*. -./ 5+9-&41. /15 61/+���5�4��+9 ÿ *4*�4�2 .178A-@*+5*. 0 )*+ 5*82 578@*2*. � &*9 *.4*. @ +* �21. +54 /+* 2 �1-9 &+78*\2*..-.3 5*&:54 +. 32��*. W13.*4�*&/*2. .+784 32 ���*2 1&5 *+.+3* '*.4+9 *4*2 0 ÿ 18*2
9-� /+* W*55-.3 1:@*785*&./ *2��&3*. 0 '- /+*5*9 '@*7� @ +2/ /*2 $121/1��[-� +.3*.1- /*%.+*24*. '*+41:54 �1./*. +. /*. �4218& 8+.*+.3*�182*. ] @ �182*./ /+*5*2 '*+4
@ +2/ /+* �-�A*+78.-.3 ��. ÿ 14*. 1-5 /*9 ÿ *4*�4�2 -.4*2:2� 78*. -./ /*2 �42�9 1-5
/*9 $121/1��[-� 1-�3*A*+78.*4 0 ÿ 1.. � �1824 /*2 $121/1��[-� 1-5 /*9 �4218& � -./
/15 61/+���5�4�� @ +2/ +9 ÿ *4*�4�2 .1783*@ +*5*. 0 �9 5�54*9 14+578* $*8&*2 /-278
�42�9 578@1.�-.3*. 1-5A-3&*+78*. � +54 *+.* 9 ��3&+7854 8 �1-%3* W*55-.3 /*5 �42�9 *5*2��2/*2&+78 0

} Ì¤ ÙÚ� ¥ ÎÚ×�â��Ï�Ø �H�¦ § � Ö× ��×ÖÏ�Î�¨�ÓÕÖß Ñ Ò�©
¨ à�ª©�×à×« Ò���à

�+.*5 /*2 578@*254*. Y-�&+/* � /15 � �-2 /+* )*578&*-.+3*2�W 155*.5� *�42�9 *42+* ��.�.4*2*55* +54 � +54 /15 �21.+5�4�� ,¬­� 0Y14 �-2&+78*5 �21. : *54*84 1-5 ��&3*./*. �5�4�� *. EF�G >1.3*3*: *. +54 /*2 2*&14+�*
W155*.1.4*+& +. ® -./ /+* ¡1&:@*245A*+4? C
¯ ,¬
� C FF 0�_�< >��? ® � \ ^°, � � 0��� >H? ���± 1
¯ ,¬²� C � 0_��� >�? ® � \ ^°, � _ 0�H� ><? ���
 1
¯ ,¬³� C � 0��<�� >�? ® � \ ^°, � � 0�<< >�? ���² 1
¯ ,¬­� C ���^` � ���^³ � \ ^°, � � 0H�� >H? ���² 1



�O´ �JQ õSJPµKQûLûa ,¬­� ��H
,¬
� -./ ,¬²� @-2/*. +9 6189 *. /*2 54*&&12*. Y-�&*�5�.48*5* /-278 /*. 2�

X2�A*� +. �-�*2.��1* 3*:+&/*4 0 �-�32-./ +82*2 &1.3*. ¡1&:@*245A*+4*. 5+./ 5+* 1-5
/*2 '*+4 /*2 �.454*8-.3 /*5 ��..*.5�54*9 5 *281&4*. 3*:&+*: *. 0 )*+/* �5�4�� * A*2��1&&*. 81-�45 �178&+78 /-278 � &�81��9 +55+�. C ,¬
� >¶ �· ?,¬³\8 :A@ 0 ,¬²� >¶ �· ?,¬ ^\8 0�-�32-./ /*2 /*-4&+78 � �-2A*2*. ¡1&:@*245A*+4 +54 ,¬³� -./ ,¬­� � /15 : *+ /*2 �.4�
54*8-.3 /*5 ��..*.5�54*9 5 ��281./*. @12 � : *2*+45 A*2�1&&*. 0 ÿ +*5* �5�4�� * @-2/*.
5� �14*2 /-278 4*22*542+578* X2�A*55* 3*:+&/*4 C ,¬³� *.454*84 /-278 �&*�42�.*.*+.�1.3
1-5 /*9 �5�4�� ,¬³\8 -./ +54 5�9 +4 *+. \�784*2.-�&+/ ��. ,¬
� 0 ,¬­� @ +2/ /-278Y*-42�.*.*+.�1.3 1-5 ,¬²� +. /*2 6*1�4+�. ,¬²� >. �· ?,¬­� 3*:+&/*4 0 ÿ 18*2 +54 ,¬­�*+. �W�.+4�2�Y-�&+/� � �-2 Y*-42�.*.¸ �-55* 0 � +. @*+4*2*2 ) +&/-.35�1.1& +54 ¶�'*2�1&&
��. ,³`X- � /15 +. ;*2.2*1�4�2*. /-278 /+* 6*1�4+�. ,¬±X- >. �· ?,³`X- 3*:+&/*4 @ +2/ 0
$ �-2 .14 �-2&+78*5 �21. +54 /+*5*2 X2�/-�4+�.59 *781.+59-5   */� 78 �*2.178& �155+3:12 0�. ;1� 0 � @-2/* : *2*+45 /123*54*&&4 � /1� ,¬­� : *.-4A4 @*2/*. �1.. � -9 5�3*.1..�4* �.14 �-2&+78* 6*1�4�2*.� 1-�A-5� �-2*. 0 �.4*2 *+.*9 �.14 �-2&+78*. 6*1�4�2� �*254*84
9 1. *+.* �21.*2A�=13*254 �144* � +. /*2 1.1&�3 A-9 X2�A*� +. *+.*9 ;*2.2*1�4�2 *+.*
;*44*.2*1�4+�. /-278 ��1&4-.3 ��. ,¬²� 54144%./*4 C �. *+.*9 ;*2.2*1�4�2 5�1&�4*4 ,¬²� -.4*2 �+.�1.3 48*29 +578*2 Y*-42�.*. -./ 3+:4 /1: *+ � 0< 8�78*.*23*4+578*Y*-42�.*. 1: 0 ÿ +*5* 8�78*.*23*4+578*. Y*-42�.*. 9 �-55*. /-278 *+.*. 3**+3.*4*.
W�/*214�2 1-� 48*29 +578* �.*23+*. 1:3*:2*9 54 @*2/*. 0 I155*2 +54 *+. 3-4*2 W��
/*214�2 � /*2 +. *+.*2 W +.* A-/*9 3*3*: *.*.�1&&5 1&5 	2-./@155*2 A-2 #*2� �-3-.3
54*84 0 ÿ +* /-278 /+* ��1&4-.3 �2�/-A+*24*. 8�78*.*23*4+578*. Y*-42�.*. @*2/*.  */�78 ��. ,¬
� A- *+.*9 3*@ +55*. \*+& 1:5�2:+*24 0 Y-2 @*.. /*2 �.4*+& 1. ,¬²�+9 �21. 9*82 1&5 �® :*42 �134 � �1.. 5+78 *+.* ;*44*.2*1�4+�. 1-5:+&/*. 0 W 1. �1..
1:578 �14A*. � /1� /*2 /-278578.+44&+78* �.4*+& ��. ,¬²� +9 .14 �-2&+78*. �21. � /15 1-5
/*2 54*&&12*. Y-�&*�5�.48*5* 541994 � ��2 71 0 ��� W +&&+�.*. ó182*. /+* 	2*.A* ��.
�® -.4*25782+44 E�<G 0 #�2 /+*5*2 '*+4 ��..4* -.4*2 /*2 #�21-55*4A-.3 � /1� I155*2 1&5
W�/*214�2 ��281./*. @12 � *+. �.14 �-2&+78*2 6*1�4�2� �2+4+578 @*2/*. -./ *+.+3* '*+4�-.�4+�.+*2*. 0 �. /+*5*2 '*+4 @-2/* /15 ,¬²� A-9 *+.*. /-278 ��1&4-.3 1-�3*:21-784 0
'-9 1./*2*. @-2/* /-278 /*. *28 ��84*. Y*-42�.*.¸-� ,¬­� 3*:+&/*4 0 � +. 5�&78*2Y14-2�6*1�4�2 5�&&4* 5+78 /18*2 /-278 *+.* 78121�4*2+54+578* � ��. .�29 1&*9 �21.
�*2578+*/*.* �5�4�� *.A-5199*.5*4A-.3 .178@*+5*. &155*. 0 ) +58*2 +54 .-2 *+. 5�&78*26*1�4�2 A@*+�*&5�2*+ .1783*@ +*5*. @�2/*. � +. �¹�&�� +. 	1:-. � I*54�� �2+�1 0 ÿ�24*.4/*7�4* 9 1. �F_� � /1� /*2 	*81&4 1. ,¬²� .-2 � 0_ �_�® :*42 �134 � 5+3.+%�1.4 @*.+3*2
1&5 +9 ÿ-278578.+44 0 �-�*2/*9 @-2/* *+.* /*-4&+78* �.2*+78*2-.3 ��. �5�4�� *. 3*��-./*. � /+* : *+ /*2 ��1&4-.3 ��. ,¬²� *.454*8*. � : *+5�+*&5@*+5** Y*�/�. 0 �. E�<G @ +2/
/+* 	*578+784* /*2 �.4/*7�-.3 1-5� �-82&+78 ��23*54*&&4 -./ 1-� /+* : *5�./*2*. 3*��&�3+578*. �9 54 �1./* *+.3*31.3*. � /+* A-2 ;2+4+�1&+4 �14 /+*5*5 Y14-2�6*1�4�25 3*� �-824
81:*. 0 ÿ +*5*2 6*1�4�2 @12 ��2 71 0 �0� W +&&+12/*. ó182*. 1�4+� -./ 71 0 �<� ��� ó182*&1.3 �2+4+578 ] /191&5 : *42-3 /*2 	*81&4 1. ,¬²� +. .14 �-2&+78*9 �21. 71 0 H® 0�. �1&4*2*. 6*1�4�2*. �/*2 +. 5�&78*. � /+* .-2 �-:*2 *+.*. /*-4&+78 � �-2A*2*. '*+4�21-9 1�4+� @12*. � +54 /+* �:@*+78-.3 /*5 ,¬²� �	*81&45 /*-4&+78 3*2+.3*2 1-53*�2 �134 0ÿ +* *.454*8*./*. ��1&4�2�/-�4* @*2/*. .�29 1&*2@*+5* ��. /*9 1&5 W�/*214�2 @ +2��*./*. I155*2 1-53*@1578*. ] /1� /+*5 +. ¹�&� .+784 3*57818 � +54 5*82 5� *A+*&&*.3*�&�3+578*. 	*3*:*.8*+4*. A- �*2/1.�*. >5 0 E�<G? 0 � +.* �.2*+78*2-.3 ��. ,¬­� +.�21.*2A +54 /18*2 *+. @*+4*2*2 -./ 9 ��3&+78*2@*+5* 5+78*2*2*2 ¡ +.@*+5 � �-2 /+* �(+54*.A*+.*5 Y14-2�6*1�4�25 -./ /+* ÿ 1-*2 5*+.*2 ;2+4+�1&+4 �14 0
�. 2*+.*9 �21.*2A 9 +4 *+.*9 �.4*+& ��. ,¬²� ��. � 0_� ® >5 0� 0? �1.. 91.



��� �JaKLMN �O MKPQJLR KP �MS JTQ

1:578 �14A*. � /1� /*2 �.4*+& 1. ,¬­� � /15 /-278 48*29 1&+5+*24* Y*-42�.*. 1-5 /*2 ��5�
9 +578*. �4218&-.3 �2�/-A+*24 @ +2/ � +. /*2 	2 ���*.�2/.-.3 ���^` &+*34 0 �. .14 �-2&+78*9�21. � /15 +. ��-2*. �-: *21&& +. /*2 Y14-2 +. 	*54*+.*. ��2��994 � *2@124*4 9 1. *+.*.	*81&4 ��. ���^³ EF�G 0 ÿ *2 �.4*+& +54 1: *2 1-78 ��. /*2 -.9 +44*&:12*. �93*:-.3
/*2   *@*+&+3*. X2�:* 1:8 �1.3+3 ] Y*-42�.*. 1-5 ;*2.A*2� �1&&*. �/*2 ���.41.5�1&4-.3� ��..*. /*. Y*-42�.*.¸-� &��1& *28 ��8*. � /+* �.@*5*.8*+4 ��. ;*2.*. 9 +4 8�8*9Y*-42�.*.��:5�2�4+�.5�-*2578.+44 >A 0) 0 =+ � ) � [1? �*22+.3*24 +8. 0Y +784 .-2 /+* ��59 +578* �4218&-.3 @ +2�4 1&5 Y*-42�.*.&+*�*21.4 0 ¹:*2� -./ 1-78
-.4*2+2/ +578* �4�9:�9:*.4*545 54*&&*. *+.* 5*82 +.4*.5+�* Y*-42�.*.�-*&&* /12 ] 1: *2
1-78 6*1�4�2-.� �1&&* @ +* \578*2.�:�& 4213*. A-2 1.42���3*.*. �2A*-3-.3 ��. Y*-�42�.*. : *+ 0 ÿ +*5* Y*-42�.*. ��.419 +.+*2*. ��2 1&&*9 �21.*2A +. /*. �2A578+784*.
.18* /*2 �2/�:*2¸ �178* 0 ÿ *2 ,¬­� �	*81&4 *+.*5 Y14-2�6*1�4�25 @ +2/ � .*: *. 5�&78*.
$1�4�2*. � /1/-278 : *54+994 � @1.. -./ @ +* &1.3* *2 �2+4+578 @12 0ÿ +* *254*. �W���.4*25-78-.3*. A-2 #*2@*./-.3 ��. ,¬­� 1&5 �./+�14�2 � �-2 *+.*.Y14-2�6*1�4�2 @-2/*. ��. #1&*.41 /-2783*� �-824 EF�G 0 W*82*2* X2�:*. 1-5 � +*2 �*2�
578+*/*.*. W +.*. @-2/*. -.4*25-784 ] /15 : *�:1784*4* �5�4�� *.�*28 �1&4.+5 &13 : *+,¬­� Z,¬
� � � ù < ����^` � /*2 2*&14+�* $*8&*2 : *42-3 71 0 ��® 0 ÿ +* �-4�2+. ��994A- /*2 �78&-���&3*2-.3 � /1� /+* W +.*. � 1-5 /*.*. /+* X2�:*. 541994*. � A-   -.3
5+./ � -9 *+.*. Y14-2�6*1�4�2 A- *.481&4*. 0 ÿ 1 /+* *22*+78:12* �*.5+4+� +4 �14 /15 � &�4*2 � : +5 A- /*9 *+. Y14-2�6*1�4�2 .�78 .1783*@ +*5*. @*2/*. � ��..4* � 1-� 71 0 ���
W +&&+�.*. ó182* : *32*.A4 � 5*+ /15 #*28 �1&4.+5 ,¬­� Z,¬
� -.3**+3.*4 � -9 Y14-22*1�4��2*. A- +/*.4+%A+*2*. 0 �5 +54 /18*2 .�4@*./+3 � /+* �*.5+4+� +4 �14 A- 54*+3*2. � -9 @*+4*2*Y14-2�6*1�4�2*. 1-º./*. A- � ��..*. 0

} »¼ á ©à×"à× ßà© Üà×�Öª Ö½¾ª ¿Úª
ÿ +* �: *. A+4+*24*. �.4*25-78-.3*. ��. #1&*.41 EF�G @-2/*. 9 +4 *+.*9 ��.�*.4+��
.*&&*. ÿ *4*�4+�.55�54*9 � : *54*8*./ 1-5 *+.*2 $&-3A*+4542*7�* -./ *+.*2 ��.+514+�.5��199*2 � /-2783*� �-824 0 ÿ +* 81-�45 �178&+78* =+9 +4+*2-.3 /*2 �*.5+4+� +4 �14 +. *+.*9
5�&78*. ÿ *4*�4+�.55�54*9 ��994 ��. #*2&-54�2�A*55*. +9 $&-3A*+4�ÿ *4*�4�2 C '-9*+.*. @ +2/ /*2 ��.*.54218& /-278 ; &*+.@ +.�*&542*--.3 +. �4124� -./ �4����&+* /*5
$&-3A*+4/*4*�4�25 1-�3*@*+4*4 � 5�/1� ù   * .178 	2 ���* /*5 �*2@*./*4*. �.*23+*/*�4*�4�25 ù .-2 *+. \*+& /*2 ��.*. /+* 1�4+�* ÿ *4*�4�2¸ �178* 42+B4 0 '-9 1./*2*. :*%./*4
5+78 8+.4*2 /*2 $�&+* *+. W*41&&3+44*2 � /15 /+* *2A*-34*. �&*�42�.*. : *578&*-.+34 0 ÿ +*ÿ 2 �184* /+*5*5 	 +44*25 81:*. ÿ-2789*55*2 ��. 71 0 <� D9 0 �-�42*B*./* ��.*. @*2�
/*. /18*2 1:5�2:+*24 0 '-5 �14A&+78 �1.. *5 : *+ $�&+*. /*5 $&-3A*+4/*4*�4�25 9 +4 32��*2
$&�178* .�4@*./+3 5*+. � *+. �4 �-4A3+44*2 � �-2 /+* $�&+* A- �*2@*./*. � +. /*9 *: *.�1&&5��.*. 1:5�2:+*24 @*2/*. 0ÿ +* ÿ *4*�4+�.5*º A+*.A /*2 ��.+514+�.5�199*2 +54 +. *254*2 =+.+* : *32*.A4 /-278+82* 1�4+�* $& �178* � / 08 0 / +* 	2 ���* +82*5 �+.42+445�*.54*25 0 ÿ 19 +4 /+* 578@*2*. ��.*.
:*+ /*. .+*/2+3*. �.*23+*. /15 �+.42+445�*.54*2 �155+*2*. � ��..*. � @*2/*. W�&12�
$�&+*. ��. 71 0 � D9 ÿ +7�* �*2@*./*4 0 �9 /+*5* / �-..*. $�&+*. 9 +4 ÿ-2789*55*2.
��. � ù � 79 A- 2*1&+5+*2*. � +54 � @ +* : *+ /*. $&-3A*+4/*4*�4�2*. � /+* #*2@*./-.3
��. �4 �-4A3+44*2. *2��2/*2&+78 � /+* @ +*/*2-9 ��.*. 1:5�2:+*2*. -./ /1/-278 /+* ÿ *�4*�4+�.5*º A+*.A : *32*.A*. 0ÿ +* 	*5194*º A+*.A /*5 ÿ *4*�4+�.55�54*9 5 5*4A4 5+78 /18*2 A-5199*. 1-5 /*2



�OÀ VSMPRMP �MS QMPQKLK �KL ÁJ L ��<

\21.59 +55+�. /-278 /*. �4124� -./ �4���ÿ *4*�4�2 /*2 $&-3A*+4542*7�* -./ /*2 ÿ *�4*�4+�.5*º A+*.A /*5 �.*23+*�ÿ *4*�4�25 0ÿ 1 /+* ' �18&214*. � �-2 /15 ,¬­� 3*2+.3 5+./ � @ +2/ /+* �º A+*.A 9 +4 ,¬²� �/*2 ,¬
�
: *54+994 0 �5 3+:4   */�78 +.   */*9 *(�*2+9 *.4*&&*. �-�:1- 5�54*9 14+578* $*8&*2��-*&&*. � / +* � �-2 /+* �*2578+*/*.*. �21.��5�4�� * *+.*. -.4*2578+*/&+78 5412�*. �+.¸-�
81:*. � ��..*. > ��./*2-.3 /*2 Â-*&&�1219 *4*2 � ÿ 2+�4 ��. 9 13.*4+578*. -./ *&*�42+�
578*. $*&/*2. *47 0? 0 �9 /+*5* 5�54*9 14+578*. $*8&*2 A- ��22+3+*2*. � +54 *5 .�4@*./+3 �*+.*. W14*2+1&��41./12/ A- *41:&+*2*. � +. /*9 /15 ÃÄÅ ÆÇÈÉÊ #*28 �1&4.+5 ,¬­� Z,¬
� 5*823*.1- : *�1..4 +54 0 $ �-2 1&&* 1./*2*. X2�:*. @ +2/ /1.. /15 �5�4�� *.�*8 �1&4.+5 ËÊÇÃÉÌÍA- /+*5*9 W14*2+1&��41./12/ 3*9*55*. -./ 5� /*2 5�54*9 14+578* $*8&*2 9 +.+9 +*24 0
�4*+*2 *4 1& 0 81: *. 19 �.54+4-4 � �-2 �5�4�� *.��2578-.3 +. I +*. *254* W*55-.�3*. -.4*2.�99*. � -9 ù -.4*2 #*2@*./-.3 *+.*5 ��.�*.4+�.*&&*. �.*23+*�$ &-3A*+4�ÿ *4*�4�25 ù *+.*. 5�&78*. W14*2+1&��41./12/ A- *41:&+*2*. E�� � �<G 0 �+* �*2@*./*4*.

/1� �-2 �21.*2A 1-5 *+.*2 W +.* +. ó�178+9 5481& >5 0 ;1� 0 _ 0�? 0 �::+&/-.3 _ 0� A*+34 /15�.*23+*�$ &-3A*+45� *�42-9 /*2 W*55-.3 C

394
 396
 398
 400
 402
 404
 406
 408

0


20


40


60


80


Time of Flight [ns]


236

U


236

U


5+

: 300 cts / 3125 sec 


238

U


5+

:  4 nA


236

U/


238

U: 6 x 10


-11

 


 


E
n

e
rg

y
 [

c
h

a
n

n
e

ls
]


�::+&/-.3 _ 0� C �.*23+*�$ &-3A*+45� *�42-9 � �-2 ,¬­� :*+ � � �� W*# ��. �4*+�*2 *4 1& 0 >1-5 E�<G? C ÿ +* �.*23+*1-¸ ��5-.3 /*2 ��.+514+�.5�199*2 :*42 �134 <® � /+*
'*+41-¸ ��5-.3 :*42 �134 � 0F ����¬ 0ÿ 15 �5�4�� *.�*28 �1&4.+5 /*2 X2�:* @-2/* A- ,¬­� Z,¬
� � >� Î� Ï � Î�ÐÑÒÑ Ï �Î�ÐÓÐÑ ? �
���^^ : *54+994 0 ��@�8& /*2 5414+54+578* 1&5 1-78 /*2 5�54*9 14+578* $*8&*2 5+./ /-278
/+* ÿ *4*�4+�.5*º A+*.A : *32*.A4 � / +* +. /+*5*9 �(�*2+9 *.4 9 +4 ,¬
� A- >� Î�� Ï � Î��?
: *54+994 @-2/* 0
� +.* @*+4*2* W ��3&+78�*+4 � �5�4�� *.�*28 �1&4.+55* A- 9*55*. � 54*&&4 / +* 5�3 0�6*5�.1.A���.+514+�.5�W155*.5� *�42�9 *42+* >6�W�?� /12 0 � +.*. ��:*2:&+7� �-: *2

/*. 1�4-*&&*. �41./ 3+:4 A 0) 0 EFHG � � �-2 *+.* 1-5� �-82&+78* ÿ +5�-55+�. 5+*8* EF�G 0 )*+ /+*�
5*2 W*48�/* @ +2/ /15 �5�4�� /*2 I18& 9 +4 *+.*9 =15*2 2*5�.1.4 1.3*2*34 � +�.+5+*24
-./ /1.178 +. *+.*9 ��.�*.4+�.*&&*. Y +*/*2*.*23+*�W 155*.5� *�42�9 *4*2 .1783*@ +*�
5*. 0 �-�32-./ /*2 �5�4��+*�*2578+*:-.3 +54 /+* �.2*3-.35�2*�-*.A 78121�4*2+54+578� �-2 *+. : *54+994*5 �5�4�� 0 ÿ 1   */� 78 +99*2 ,¬­� -./ ,¬
� 3&*+78A*+4+3 +�.+5+*24 -./



��� �JaKLMN �O MKPQJLR KP �MS JTQ

/*4*�4+*24 @*2/*. 9 �-55*. � +54 /+* �*.5+4+� +4 �14 /+*5*2 W*48�/* /-278 /*. /�.19 +�
578*. )*2*+78 9�9 *.41. 1-� ,¬­� Z,¬
� Ô ���³ : *32*.A4 0
'+*& /*5 +. /*2 ��2&+*3*./*. �2:*+4 ��23*54*&&4*. �(� *2+9 *.4*5 @12 *5 � A- -.4*2�

5-78*. � �: /*2 �+.514A *+.*5 \ +*�4*9�*214-2�ÿ *4*�4�25 1.54*&&* *+.*5 ��.�*.4+�.*&&*.�.*23+*�$&-3A*+4���54*9 5 � �-2 /*. Y178@*+5 /*5 ,¬­� 9 +4 *28 ��84*2 �º A+*.A -./ /+**+./*-4+3* �/*.4+%A+*2-.3 -./ �*�1214+�. ��. �.4*232-./ *+.3*5*4A4 @*2/*. �1.. 0ÿ +* 8�8* *22*+784* �.*23+*1-¸ ��5-.3 � �-2 �78@*2+�.*. >5 0 ;1� 0 <? 9 1784 /+* $&-3A*+4�
9 *55-.3 A-2 �.4*232-./+/*.4+%�14+�. �-:*2¸ �-55+3 >5 0 ;1� 0 _ 0<? 0 ÿ 15 *254* '+*& /*5�(� *2+9 *.45 @12 *5 /18*2 � / +* ��. �4*+*2 /-2783*� �-824* W*55-.3 A-2 �41:&+*2-.3*+.*5 W14*2+1&541./12/5 A- @ +*/*28�&*. -./ /-278 *+.* �28 ��8-.3 /*2 �º A+*.A *+.*
8 ��8*2* X2 �1A+5+�. A- *22*+78*. 0 �. *+.*9 A@*+4*. �782+44 5�&&4* 3*�2 �-�4 @*2/*. � �:
5+78 *+.* �4*+3*2-.3 /*2 �*.5+4+� +4 �14 *22*+78*. & �1�4 0 ¡ +*2A- @-2/* � �-2 *+.* 6*+8* ��.
X2�: *. >5 0 ; 1� 0 _ 0�? /15 #*28 �1&4.+5 ��. ,¬­� A- /*9 9 +4 �:541./ 8 �1-%354*. �5�4��,¬
� -.4*25-784 0

} »� �ÕÖà©¾Û à×ªà ØØà© Ù�Ú�Ú�
ÿ +* �(�*2+9 *.4* @-2/*. 19 #�6��)*578&*-.+3*2 /*5 �.54+4-45 � �-2 �5�4�� *.��2�
578-.3 -./ ;*2.�8�5+� /*2 �.+�*25+4 �14 I +*. /-2783*� �-824 0 ÿ *2 �-�:1- +54 +. �:�
:+&/-.3 _ 0H1 0? A- 5*8*. 0 �::+&/-.3 _ 0H: 0? A*+34 578*9 14+578 /*. A*+4&+78*. �:&1-�*+.*2 �W��W*55-.3 0
ÛÜÝÞßàßáà âÞÜ ãÜäáåæçáÞá èÿ +* X2 �1�1214+�. /*2 �*2@*./*4*. X2�:*. @ +2/ +. ;1� 0 _ 0� 1-5� �-82&+78 /+5�-�4+*24 0 ÿ 1 �21. �*+.* .*314+�*. ��.*. :+&/*4 � @ +2/ *5 1&5 W�&*� �-&+�. �¹� +. /*.\1./*9:*578&*-.+3*2 +.  +A+*24 0 ÿ *2 *2A*-34* ��.*.542�9 :*42 �134 71 0 ��� .� � �-2,¬
� ^­¹ � 0ÿ *2 )*578&*-.+3*2 -./ /+* 9 13.*4+578* -./ *&*�42�5414+578* �.1&�5* @-2/*. +.

;1� 0 < 0� 0� : *2*+45 1-5� �-82&+78 /+5�-4+*24 >5 0 �:: 0 < 0< 1-� �*+4* ��H? 0 �9 �42+��
� *2315 @*2/*. /+* W�&*� �-&+�.*. 1-�3*:2�78*. -./ /+* *.454*8*./*. �21.���.*. ��5+4+� -93*&1/*. 0 $ �-2 /+* 8 ��7854* *22*+78:12* \*29 +.1&5�1..-.3 ��.
H W# &+*34 /15 W1( +9-9 /*2 =1/-.35�*24*+&-.3 � �-2 �21. :*+ Hé 0 ó*/�78 +54<é /*2 .+*/2+354* =1/-.35A-541./ � /*2 /*. �.1&�5+*29 13.*4*. �155+*2*. �1.. 0
)*+ /+*5*9 =1/-.35A-541./ :*42 �134 /+* ��.*.1-5: *-4* 71 0 <® 0

ê Þëëßáà âÞë ,¬­� è
�. �::+&/-.3 _ 0H: 0? +54 /*2 A*+4&+78* �:&1-� *+.*2 �W��W*55-.3 � �-2 /15 �5��4�� *.�*28 �1&4.+5 ,¬­� Z,¬
� /123*54*&&4 C Y178 /*2 �.+4+1&+5+*2-.3 ��. #�6�>W*55-.3 /*2 Â-*&&*.�X1219*4*2 � ¡�785�1..-.3 /*5 )*578&*-.+3*25 *47 0? @-2�
/* /*2 $121/1��[-� � �-2 /+* ,¬
� ��42�99*55-.3 +. /*. �4218& 3*�182*. -./�.  *�4+�.5� -./ �.1&�5+*29 13.*4 1-� ,¬
� *+.3*54*&&4 0 ÿ 1.. @-2/* /*2 ,¬
� �
�42�9 1-� /*2 ¡�78*.*23+*��*+4* 3*9 *55*. >5 0- 0? 0 Y178 /+*5*2 W*55-.3 @-2�
/*. 1&&* $+&4*2�;�9��.*.4*. 1-� ,¬­� -93*54*&&4 >A-2 ¹�4+9 +*2-.3 /*2 $+&4*2�
X1219 *4*2 5+*8* @*+4*2 -.4*.? -./ /*2 ,¬
� �$121/1��[-� 1-5 /*9 �4218& 3*��182*. 0 ÿ +*5* �954*&&-.3 /1-*24* 71 0 < 5 0 I*.. ,¬­� /*. ÿ *4*�4�2 19 �./* /*2
��ö�)*19 &+.* *22*+784* � @-2/* /+* ÿ 14*.1-�A*+78.-.3 3*54124*4 0 ÿ *2 �4124 /*2



�O
 O MìaMSKTMP LMNNMS J õúUJ õ ��_

��09�7DQGHP�%HVFKOHXQLJHU
,QMHNWLRQV�
0DJQHW��0 íîï

( � �8 �
�Híîï íîï

0DJQHWLVFKH�
$QDO\VH��0 ðñî

(OHNWURVWDWLVFKH
$QDO\VH��( �ðñî

6FKDOW�0DJQHW

6L�'HWHNWRU�]XU�
7UDQVPLVVLRQV�
0HVVXQJ

.U\RVWDW�PLW
'HWHNWRUHQ

����%HDPOLQH

4XDGUXSRO�]XU�)RNXVVLHUXQJ

)DUDGD\�&XS��
0HVVXQJ�GHV�
8�6WURPHVòóô

6WULSSHU

��09�7DQGHP�%HVFKOHXQLJHU
,QMHNWLRQV�
0DJQHW��0 íîï

( � �8 �
�Híîï íîï

0DJQHWLVFKH�
$QDO\VH��0 ðñî

(OHNWURVWDWLVFKH
$QDO\VH��( �ðñî

6FKDOW�0DJQHW

6L�'HWHNWRU�]XU�
7UDQVPLVVLRQV�
0HVVXQJ

.U\RVWDW�PLW
'HWHNWRUHQ

����%HDPOLQH

4XDGUXSRO�]XU�)RNXVVLHUXQJ

)DUDGD\�&XS��
0HVVXQJ�GHV�
8�6WURPHVòóô

6WULSSHU

��09�7DQGHP�%HVFKOHXQLJHU
,QMHNWLRQV�
0DJQHW��0 íîï

( � �8 �
�Híîï íîï

0DJQHWLVFKH�
$QDO\VH��0 ðñî

(OHNWURVWDWLVFKH
$QDO\VH��( �ðñî

6FKDOW�0DJQHW

6L�'HWHNWRU�]XU�
7UDQVPLVVLRQV�
0HVVXQJ

.U\RVWDW�PLW
'HWHNWRUHQ

����%HDPOLQH

4XDGUXSRO�]XU�)RNXVVLHUXQJ

)DUDGD\�&XS��
0HVVXQJ�GHV�
8�6WURPHVòóô

6WULSSHU

��09�7DQGHP�%HVFKOHXQLJHU
,QMHNWLRQV�
0DJQHW��0 íîï

( � �8 �
�Híîï íîï

&V�6SXWWHU�,RQHQTXHOOH��

0DJQHWLVFKH�
$QDO\VH��0 ðñî

(OHNWURVWDWLVFKH
$QDO\VH��( �ðñî

6FKDOW�0DJQHW

6L�'HWHNWRU�]XU�
7UDQVPLVVLRQV�
0HVVXQJ

.U\RVWDW�PLW
'HWHNWRUHQ

����%HDPOLQH

4XDGUXSRO�]XU�)RNXVVLHUXQJ

)DUDGD\�&XS��
0HVVXQJ�GHV�
8�6WURPHV��+�(��òóô

6WULSSHU

1LHGHUHQHUJLH�
0DVVHQVSHNWURPHWHU

+RFKHQHUJLH�
0DVVHQVSHNWURPHWHU

)DUDGD\�&XS�]XU�0HVVXQJ�
GHV� 8�6WURPHV��1�(��õö÷

õöø ùø õö÷ ùø õöú ùû õöü ù÷ õö÷ ùü8 2 � 8 2 �� 8 2 �� 8 2 �� 8 1� �� � � �

1 0?

ca. 5 s ca. 5 s ca. 5 sca. 5 s

Zeit

Beginn der
Messung

Initiali-
sierung
VERA /
Faraday-
Cup
(F.C.) ein

ca. 15 s

238U
(H.E.)
15 s

F.C.
aus

236U
208 s

236U
208 s

4x   236U
4x   238U

  (H.E.) ca. 5 s

238U
(H.E.)
15 s

Ende der
Messung

VERA:
nächste

Probe

F.C.

ein

...

236U (200 Zyklen):

ein Zyklus

Dauer 1000 ms
238U (N.E.)

Messung 10 ms

Umschalten 30 ms

Zeit

VERA:

kein

INHIBIT

238U
(H.E.)
15 s: 0?

�::+&/-.3 _ 0H C 1 0? ÿ *2 �-�:1- A-2 �W��W*55-.3 0 W +4 /+*5*9 �-�:1- @-2/* 1-78
/+* W*55-.3 1. ,¬
� ²ý /-2783*� �-824 � / +* +. ;1�+4*& < /+5�-4+*24 @-2/* 0 : 0? �78*9 1�4+578*2 A*+4&+78*2 �:&1-� *+.*2 �W��W*55-.3 0 ¡ 0� 0 : */*-4*4 �¡�78*.*23+*��*+4*� �Y 0� 0 : */*-4*4 �Y +*/*2*.*23+*��*+4*� � �$ 0[ 0� $121/1� [-� >� �-2 ÿ *41+&5 5+*8* \*(4? 0



��� �JaKLMN �O MKPQJLR KP �MS JTQ

ÿ 14*.1-�A*+78.-.3 /*%.+*24* 3&*+78A*+4+3 /*. )*3+.. *+.*5 W*���'��&-5� 0 ó*�
/*2 '��&-5 8144* *+.* ÿ 1-*2 ��. ���� 9 5 0 I �182*./ /+*5*2 '*+4 @-2/* ,¬­� +9ÿ *4*�4�2 .1783*@ +*5*. ] 3&*+78A*+4+3 @-2/*. � &�81�\*+&78*. 1-5 /*2 +9 ;2���
5414*. 5*+4&+78 *+.3*:1-4*. � &�81�Â-*&&* 2*3+542+*24 >5 0 ;1� 0 � 0�? 0 Y178 ���� 9 5
@-2/* /+* ÿ 14*.1-�A*+78.-.3 3*54���4 -./ /*2 �.  *�4+�.59 13.*4 � �-2 /+* W*5�
5-.3 /*5 ,¬
� ��42�9 *5 1-� /*2 Y +*/*2*.*23+*��*+4* -93*54*&&4 0 ÿ 1.178 @-2/*
/*2 . �17854* '��&-5 3*54124*4 0 � +.* W*55-.3 @12 +. )&�7�5 ��. � ( ��� '��&*.*+.3*4*+&4 � A@ +578*. /*.*.   *@*+&5 /*2 ,¬
� ��42�9 1-� /*2 ¡�78*.*23+*��*+4*3*9 *55*. @-2/* >5 0- 0? 0 ÿ +* W*55-.3*. @-2/*. ��. *+.*2 ��. �4*+*2 *4 1& 0 *.4�
@ +7�*&4*. W*�2�-4+.* 3*54*-*24 >� �-2 ÿ *41+&5 5+*8* EF<G? 0

ê Þëëßáà âÞë ,¬
� åþÿÜç� ë è�. ;1� 0 _ 0� @-2/* /123*54*&&4 � /1� *5 .�4@*./+3 +54 � /15 61/+�+5�4�� +9 ÿ *�
4*�4�2 1:@*785*&./ 9 +4 /*9 �42�9 /*5 541:+&*. �5�4��5 A- 9 *55*. -./ 1-�
�42�9 578@1.�-.3*. A- ��22+3+*2*. 0 �42�9 578@1.�-.3*. 42*4*. 1-� � @*.. /+*614* /*2 1-5 /*2 Â-*&&* *(4218+*24*. ��.*. 5+78 /-278 ��./*2-.3 /*2 Â-*&&�
�1219*4*2 �1./*24 0 ÿ +*5 �1.. A 0) 0 3*578*8*. /-278 �.2*3*&9 �1�+3�*+4*. +. /*2
��-44*2�614* �/*2 /*2 �(421�4+�.55�1..-.3 0 �9 5�54*9 14+578* $*8&*2 /-278
5�&78* �42�9 578@1.�-.3*. A- 9 +.+9 +*2*. � +54 *5 .�4@*./+3 � /*. ,¬
� ��42�9
9 ��3&+7854 8 �1-%3 A- 9*55*. 0 ÿ +* �42�9 �W*55-.3*. @12*. +. /+* ��&&1-4�9 14+�
5+*24* W*��6�-4+.* ��. #�6� +.4*32+*24 0ÿ 1 /+* W13.*4�199*2 /*5 �.  *�4�29 13.*4*. 9 +4 *+.*2 578.*&& 5781&4�
:12*. ¡�785�1..-.3 >� ��� ? �*2:-./*. +54 E�<G � �1.. /15 Y+*/*2*.*23+*�
W155*.5� *�42�9 *4*2 578.*&&*2 1&5 /15 ¡�78*.*23+*�W155*.5� *�42�9 *4*2 ��.*+.*9 �5�4�� 1-� /15 1./*2* -93*54*&&4 @*2/*. 0 ÿ 18*2 @ +2/ /*2 ,¬
� ��42�9
1-� /*2 Y +*/*2*.*23+*��*+4* � / 08 0 ��2 /*9 )*578&*-.+3*2 � 1&&* ���� 9 5 +. *+.*.
5*+4&+78 �*25*4A4*. $121/1��[-� 3*&*.�4 -./ 3*9*55*. >5 0 �:: 0 _ 0H: 0? C ,¬
�>Y 0� 0?? 0 ÿ +* ÿ 1-*2 *+.*2 �42�9�W*55-.3 :*42-3 �� 9 5 � /15 �9 5781&4*. /*2
W13.*4�199*25�1..-.3 /1-*24* H� 9 5 0ÿ *2 $121/1��[-� � �-2 /+* W*55-.3 /*5 ,¬
� ��42�9 *5 1-� /*2 ¡�78*.*23+*��*+4*>,¬
� >¡ 0� 0?? : *�1./ 5+78 8+.4*2 /*9 �.1&�5+*29 13.*4*. 0 ÿ +* \21.59 +55+�.
/-278 /*. \1./*9�)*578&*-.+3*2 8 �1.34 1: ��9 ÿ 2-7� /*5 �42+�� *2�	15*5
-./ /*2 �9 &1/-.35*º A+*.A 0 W 1. 3*84 /1��. 1-5 � /1� /+*5* $1�4�2*. �-:*2
/*. '*+421-9 ��. *+.+3*. W +.-4*. .-2 �*2.178& �155+3:12 578@1.�*. 0 ÿ 1 A-�
/*9 /+* �9 54*&&-.3 /*5 ¡�78*.*23+*�W155*.5� *�42�9 *4*25 /-278 �954*&&*.
/*2 )*578&*-.+3*2���1..-.3 ��. ,¬­� 1-� ,¬
� 71 0 < 5 /1-*24 � @-2/* /+* W*5�
5-.3 /*5 ,¬
� �¡�78*.*23+*542�9 5 .178   *@*+&5 ��� '��&*. /-2783*� �-824 0 � +.*
W*55-.3 /1-*24* �< 5 0 I �182*./ /+*5*2 �< 5 @-2/* 1-� /*2 Y +*/*2*.*23+*��*+4**: *.�1&&5 1&&* ���� 9 5 /*2 ,¬
� ��42�9 3*9 *55*. 0
$ �-2 /+* �42�9 �W*55-.3*. -./ /+* ,¬­� �W*55-.3 @-2/* /15 Y +*/*2*.*23+*�
W155*.5� *�42�9 *4*2 +. +.53*5194 /2*+ � +.54*&&-.3*. :*42+*: *. C
�0 W 155* �<� 19- Cÿ 15 W�&*� �-&+�. ,¬­� ^­¹ � /*5 �5�4��5 ,¬­� 814 *+.* W155* ��. �<� 19- 0
W +4 /+*5*2 �+.54*&&-.3 @ +2/ ,¬­� /-278 /*. )*578&*-.+3*2 -./ /+* $+&4*2A-9 ÿ *4*�4�2 19 �./* /*2 ��ö�)*19 &+.* 3*&*.�4 0

� 0 W 155* �<� 19- C,¬
� @ +2/ 1&5 ,¬
� ^­¹ � +. /*. )*578&*-.+3*2 +.  +A+*24 � -9 /*. ,¬
� ��42�9



�O
 O MìaMSKTMP LMNNMS J õúUJ õ ��F

A-2 )*54+99-.3 /*5 �5�4�� *.�*28 �1&4.+55*5 A- 9 *55*. 0 W +4 /+*5*2 �+.54*&�&-.3 /*5 �.  *�4+�.59 13.*4*. @ +2/ ,¬
� 1-� /*. $121/1��[-� 8+.4*2 /*9�.1&�5+*2�W 13.*4*. 3*&*.�4 >,¬
� ¡�78*.*23+*�W*55-.3? 0
H 0 ,¬
� �W*55-.3 ��2 /*9 )*578&*-.+3*2 Cÿ +* ,¬
� ^­¹ ����.*. @*2/*. +. *+.*. 5*+4&+78 �*25*4A4*. $121/1��[-� ��2
/*9 )*578&*-.+3*2 3*&*.�4 0ÿ +* )*578&*-.+3*2���1..-.3 @-2/*   *@*+&5 A@ +578*. /*. �+.54*&&-.3*. � �-2,¬­� ²ý -./ ,¬
� ²ý 8+. -./ 8*2 3*5781&4*4 � 5�/1� :*+/* �5�4�� * /*.

¡�78*.*23+*��.1&�5+*29 13.*4*. �155+*2*. ��..4*. 0 ÿ 1 /+* W*55-.3 /*5 ,¬
� �
�42�9 *5 ��2 /*2 *&*�42�5414+578*. �.1&�5* 54144�1./ � @12 *+.* �95781&4-.3
/*5 *&*�42�5414+578*. �.1&�514�25 1-� ,¬
� .+784 .�4@*./+3 0��ÿ �� �ÞÜßáà âÞÜ þÿÜä��	 
ß�Üßáàë�ç��çáÞáÿÞá èÿ *2 ��:*25+784&+78�*+4 81&: *2 5+./ +. �::+&/-.3 _ 0H1 0? .-2 @*.+3* �4218&� �-82�
-.35��9��.*.4*. @ +* Â-1/2-��&�W 13.*4* -./ *&*�42�5414+578* �4**2*2 *+.�3*A*+78.*4 0 ÿ +*5* ;�9��.*.4*. :+&/*. A-5199*. 9 +4 /*. 913.*4+578*. -./*&*�42�5414+578*. �.1&�5*�;�9��.*.4*. *+.* ��9�&*(* �+.8*+4 0 � &&* X1219 *�4*2 9 �-55*. ��2 *+.*2 �W��W*55-.3 1-�*+.1./*2 *+.3*54*&&4 @*2/*. � -9 *+.*��4+9 1&* \21.59 +55+�. /*5 ��.*.54218&*5 /-278 /*. 3*5194*. �-�:1- :+5 A-9ÿ *4*�4�2 A- *2A+*&*. 0 ÿ +* ¹�4+9 +*2-.3 @ +2/ 7�9�-4*23*54 �-4A4 /-2783*� �-824 ]
/ +* *.45�2*78*./*. X2�32199* 5+./ +. EF<G : *5782+*: *. @�2/*. 0 �+* �-.�4+��
.+*24 .178 ��&3*./*9 X2+.A+� C ÿ +* 	2�:*+.54*&&-.3 /*5 ��54*9 5 >�-5@18& /*5��.5? @ +2/ ��. ¡1./ ��23*.�99*. 0 ÿ 1.. @*2/*. /+* �*2578+*/*.*. X121�
9 *4*2 /*2 �4*-*2� -./ �.1&�5*�� +.8*+4*. 7�9�-4*23*54*-*24 +..*281&: *+.*5
��23*3*: *.*. )*2*+785 �12++*24 -./ /1: *+ /*2 �4218&��42�9 +9 $121/1� [-�
:A@ 0 /+* ÿ *4*�4�2�' �18&214* ��4+9 +*24 0 ÿ +* X1219 *4*2�;�9:+.14+�. 9 +4 /*2
8 ��7854*. ' �18&214* @ +2/ 1&5 ��4+9 1& �-: *2.�99*. 0 ÿ +* ¹�4+9 +*2-.3 3*578+*84+. 9 *82*2*. �4-�*. C ÿ +* *254* �4-�* +54 *+. $121/1��[-� /+2*�4 8+.4*2 /*9
¡�78*.*23+*�W 13.*4*. 0 ÿ +* A@*+4* �4-�* +54 *: *.�1&&5 *+. $121/1��[-� � /*2
5+78 8+.4*2 /*9 *&*�42�5414+578*. �.1&�514�2 : *%./*4 0 ÿ +* /2+44* �4-�* 578&+*��&+78 +54 /*2 \ +*�4*9�*214-2�ÿ *4*�4�2 0 �9 /+* ¹�4+9 +*2-.3 +..*281&: @*.+3*2
�4-./*. /-278� �-82*. A- � ��..*. � +54 *+.* 2*&14+� 8�8* ' �18&214* ��. 71 0 � �¡A*2��2/*2&+78 0 ��&78* 614*. &155*. 5+78 9 +4 ,¬­� .+784 *22*+78*. 0 ÿ 18*2 @-2/*
/+* ¹�4+9 +*2-.3 � �-2 /15 �5�4�� ,¬
� /-2783*� �-824 0 ÿ +* ��4+9 +*24*. X1219 *4*2
@-2/*. /1.. 9 +4 /*2 W155* 5�1&+*24 � -9 /+* ��4+9 1&*. X1219 *4*2 � �-2 ,¬­� A-
:*54+99 *. 0�ßëÿäàÞ âÞë 
 ÞÿÞ�ÿçÜäß 	�äßë è
#�2 /*. ÿ *4*�4�2*. :*�1./ 5+78 +9 ;2��5414 *+. ��54*9 ��. �+*2 ) &*./*.>5 0 ;1� 0 � 0�? /*2 �:9*55-.3 � ( �< 99, 0 �9 /+* �+.54218&-.3 ��. �93*�
:-.35@ �129 * -./ /+* ;�./*.514+�. ��. 6*54315 1-� /*9 ÿ *4*�4�2 A- 9 +.+9 +*�2*. >5 0 ; 1� 0 < 0� 0�? � @-2/* 1-�*2/*9 A@ +578*. �+&+A+-9�ÿ *4*�4�2 -./ ;2��5414+9 �4218&2�82 *+. 1-� �4+7�54�B4*9�*214-2 3*� �-8&4*5 6�82 1.3*:21784 0 ÿ *26�82/-2789*55*2 : *42-3 �� 99 � /+* = �1.3* /*5 6�82*5 71 0 <� 79 0
�9 *+.* ��4+9 1&* ÿ *4*�4+�.5*º A+*.A A- *22*+78*. � @12 *5 .�4@*./+3 � /+* )&*.�
/*. -./ /15 54+7�54�B3*� �-8&4* 6�82 3*.1- ��&&+.*12 9 +4 /*2 �4218&1785* *+.�A-  -54+*2*. 0 ÿ +*5 @-2/* A- )*3+.. /*5 �(� *2+9 *.45 ��2 /*9 �:� �-8&*. /-278�3*� �-824 � /1 *5 � �-2 /+* �-5413* /*5 ) &*./*.5�54*9 5 +9 ;2��5414*. .�4@*./+3



�<� �JaKLMN �O MKPQJLR KP �MS JTQ

@12 � /+* ÿ *4*�4�2*. /+2*�4 A- 5*8*. 0 ÿ +*5 +54 .-2 ��. ��2.* /-278 /15 ) &*./*.�
5�54*9 /*5 �4218&*+.42+445 9 ��3&+78 >5 0 �:: 0 � 0�? 0 � +. \8*�/�&+4 @-2/* 9 +44*&5
9 *82*2*2 $1/*.�2*-A* -./ *+.*5 ��+*3*&5 5�   -54+*24 � /1� *2 -.4*2 *+.*9 I +.��*& ��. F�� 3*.1- +. �4218&1785* 1-53*2+784*4 @12 0 ÿ 15 	*54*&& /*5 ;2��5414*.
814 /2*+ �-¸13*. � /+* 9 +44*&5 9 *82*2*2 $*+.3*@ +./* +. 1&&*. /2*+ 61-9/+�
9 *.5+�.*. �*254*&&:12 5+./ >5+*8* 1-78 E�FG? 0 ÿ *2 ; 2��5414 @-2/* 5�   -54+*24 �
/1� 5+78 /*2 ÿ *4*�4�2 �� &�� � ��. /*9 /+* : *54* �.*23+*1-¸ ��5-.3 *2@124*4
@-2/* � 3*.1- +9 $1/*.�2*-A /*5 \8*�/�&+4*. : *�1./ 0 ÿ 15 54+7�54�B3*� �-8&4*6�82 @-2/* +9 @129*. '-541./ 9 +4 ¡ +&�* /*5 \8*�/�&+4*. 1-� /+* �4218&178�
5* 1/  -54+*24 � : *��2 /15 �4218&2�82 3*578&�55*. -./ *�1�-+*24 @-2/* 0 �254 +9*�1�-+*24*. �4218&2�82 @-2/* /15 6�82 1-� �4+7�54�B�\*9�*214-2 1:3*� �-8&4 0�ßë�ä�� âÞë 
 ÞÿÞ�ÿçÜë è
�-�32-./ 5*+.*2 3*2+.3*2*. I �129 *�1�1A+4 �14 @-2/* A-. �17854 *2@124*4 � /1� /*2ÿ *4*�4�2 �� &�� /+* : *54* �.*23+*1-¸ ��5-.3 *22*+78*. @ �-2/* 0 �5 54*&&4* 5+78 1&�&*2/+.35 @ �182*./ /*2 ��2: *2*+4*./*. W*55-.3*. ��2 /*9 �W���(� *2+9 *.4
8*21-5 � /1� /+*5*2 ÿ *4*�4�2 ��. I �129 *54218&-.3 54 �12�*2 1-�3*8*+A4 @-2/* 1&5
/*2 ÿ *4*�4�2 � &�� 0 ÿ *2 ÿ *4*�4�2 ��..4* A-. �17854 .+784 @*+4 3*.-3 3*� �-8&4
@*2/*. � -9 /+* ��:*231.354*9�*214-2 A- *22*+78*. 0 ÿ 18*2 @12 *5 .�4@*./+3 �*+.* A@*+4* ¡*&+-9�X-9�* 1. /*. ;2��5414*. 1.A-578&+*�*. � -9 /+* X-9�&*+�
54-.3 -./ /19 +4 /+* ; �-8&&*+54-.3 A- *28 ��8*. 0 ÿ +*5* A@*+4* X-9�* �*2-251784*A-5 �14A&+78* 9 +�2��8�.+578* �4 ��2-.3*. 0 �-�*2/*9 A*+34* /+*5*2 ÿ *4*�4�2 *+.*
/*-4&+78* ÿ *321/14+�. /-278 �4218&*.578 �1/*. >5 0 ;1� 0 < 0H? 0 ÿ 18*2 @-2/* � �-2
/+* �W��W*55-.3*. /*2 ÿ *4*�4�2 � &�� :*.-4A4 � 9 +4 /*9 /+* : *54* �.*23+*�
1-¸ ��5-.3 ��. ¢�Z� � � 0� ����¬ *2A+*&4 @�2/*. @12 0 ÿ +* W +44* /+*5*5 ÿ *4*��4�25 : *�1./ 5+78 < 99 -.4*281&: /*2 1-� /+* �4218&1785* *+.  -54+*24*. W +44*
��. �� &��0 ÿ-278 /+* ¹�4+9 +*2-.3 /*2 �4218&� �-82-.35��9��.*.4*. � +.5: *5�.�
/*2* /*2 *&*�42�5414+578*. �4**2*2 � @-2/* /+* �:@*+78-.3 /*2 ÿ *4*�4�2��5+4+�.
/*5 ÿ *4*�4�25 � &�� ��. /*2 +/*1&*. �4218&1785* ��22+3+*24 0�Þëÿ ���ßáà âÞÜ �Üäáë� �ëë�çá è
�9 /15 �5�4�� *.�*28 �1&4.+5 ��. ,¬­� � /15 +9 \ +*�4*9�*214-2�� *4*�4�2 .1783*�
@ +*5*. @ +2/ � A- ,¬
� A- :*54+99*. � 9-� /+* \21.59 +55+�. ��. /*2 X�5+4+�. /*5
$121/1��[-�5 A-2 W*55-.3 /*5 ,¬
� ��42�9 *5 :+5 A-2 X�5+4+�. /*5 � *4*�4�25� �-2 �21.+�.*. :*�1..4 5*+. 0 �4*+*2 *4 1& 0 81: *. /+* \21.59 +55+�.5*+3*.5781�4*.
��. #�6� � �-2 /15 �21.��5�4�� ,¬
� 1-5� �-82&+78 -.4*25-784 E�� � ��G 0 #�. /*2
X�5+4+�. /*5 $121/1� [-�5 :+5 A- /*2 X�5+4+�. /*5 �+&+A+-9 �� *4*�4�25 >5 0 �:�
:+&/-.3 _ 0H1 0? 5+./ /+* +9 �-�:1- 1-�42*4*./*. +�.*.��4+578*. #*2&-54* ��.��.*. �*2.178&�155+3:12 � @*.. �*+. $&-3A*+4�� *4*�4�2 +9 �4218&2�82 *+.3*:1-4+54 0 � *2 �+&+A+-9�� *4*�4�2 814 *+.*. �-2789*55*2 ��. �� 99 � /15 *.45�2+784*+.*2 1�4+�*. � *4*�4�2¸ �178* ��. H� 99 , 0 �. /+*5*9 � *4*�4�2 *2@124*4 9 1.
/18*2 .+784 � /1� /-278 /+* � *4*�4�2¸ �178* : */+.34* #*2&-54* /*2 .1783*@ +*5*�
.*. ��.*. 1-�42*4*. 0 �9 /+* \21.59 +55+�. 1-� /*. \ +*�4*9�*214-2�� *4*�4�2A- :*54+99*. � @-2/* /18*2 /15 #*28 �1&4.+5 /*2 ' �18&214*. ��. /+*5*9 � *4*�4�2A-2 ' �18&214* 1-� /*9 �+&+A+-9�� *4*�4�2 : *54+994 � +./*9 /+* ,¬­� �' �18&214*
��. \ +*�4*9�*214-2�� *4*�4�2 -./ �+&+A+-9�� *4*�4�2 +. *+.*9 614*�W*4*2 3*�
9 *55*. @-2/*. >5 0 1-78 #*25781&4-.3 /*2 � 14*.1-�.189 * +. �:: 0 _ 0�? 0 � *2�:541./ A@ +578*. : *+/*. � *4*�4�2*. :*42-3 71 0 �� 79 0



�O
 O MìaMSKTMP LMNNMS J ��UJ � �<�
Y178 /*2 ¹�4+9 +*2-.3 9 +4 ,¬
� @-2/* � �-2 /+*5*5 �5�4�� *+. #*28 �1&4.+5 /*2
' �18&214*. ��. \ +*�4*9�*214-2� A- �+&+A+-9/*4*�4�2 \ � >� Î�� Ï � Î�<? *22*+784 0� *2 \ +*�4*9�*214-2�� *4*�4�2 814 *+.* 1�4+�* $&�178* ��. >< ÎH Ï � Î�? 99, 0� *2 �-2789*55*2 /*5 ,¬
� ��4218&*5 @-2/* /-278 5782+44@*+5*5 �78&+*�*. /*5
�4218&2�82�*.4+&5 A- 9 1( +9 1& � 99 1:3*578 �14A4 0 � 18*2 5+./ /+* �*8&*./*.�<® +. /*2 \21.59 +55+�. @182578*+.&+78 .+784 1-� -.��&&54 �1./+3*. Y178@*+5
/*2 �21.+�.*. /-278 /+* 2*&14+� �&*+.* � *4*�4�2¸ �178* � 5�./*2. 1-� #*2&-54*
19 )&*./*.5�54*9 A-2 �-7�A-� �-82*. 0 � +* ) &*./*. @-2/*. +9 @129 *. '-541./
5�   -54+*24 � /1� /*2 3*5194* � *4*�4�2 1-53*&*-784*4 @-2/* 0 �5 +54   */� 78 .+784
1-53*578&�55*. � /1� 1-�32-./ /*2 -.4*2578+*/&+78*. 48*29 +578*. �-5/*8.-.3
/*2 ;2��5414�;�9��.*.4*. :*+9 �:� �-8&*. *+. \*+& /*5 � *4*�4�25 1:3*578+294
@-2/* 0 I*.. /15 ) &*./*.5�54*9 +9 �1&4*. '-541./ .+784 1:5�&-4 ��&&+.*12 A-2
�4218&1785*   -54+*24 @12 � �1.. *5 \*+&* /*5 ��.*.54218&5 1:3*578+294 81:*. 0 $ �-2
/15 �4+7�54�B�3*� �-8&4* 6�82 3+&4 /155*&: * � 23-9*.4 0
Y178 �95�1&+*2-.3 1-� ,¬­� : *42-3 /15 #*28 �1&4.+5 A@ +578*. /*. ' �18&214*.
��. �+&+A+-9� -./ \ +*�4*9�*214-2/*4*�4�2 .-2 .�78 \ � >� Î�_ Ï � Î�<? 0 � 1 /*2� *4*�4�2 � &�� .+784 3*.1- 1-� /*2 �4218&1785*   -54+*24 @12 � 5�./*2. < 99 -.�4*281&: >5 0� 0? � @12 /+* �95�1&+*2-.3 /*2 X1219*4*2 ��. ,¬
� 1-� ,¬­� �B*.:12
.+784 1-52*+78*./ 3*.1- � -9 /+* ��4+9 +*24*. X1219*4*2 � �-2 ,¬­� A- *29 +44*&. 0�9 /+* )*54+99-.3 /*2 ��4+9 1&*. X1219 *4*2 � �-2 ,¬­� A- �*2: *55*2. � @-2�
/* /18*2 *+. A@*+4*2 ¹�4+9 +*2-.355782+44 9 +4 /*9 �5�4�� ,¬²� /-2783*� �-824 �
/*55*. W155* . �18*2 1. /*2 ��. ,¬­� &+*34 0 Y178 /+*5*9 A@*+4*. ¹�4+9 +*2-.35�
5782+44 @-2/* � �-2 /15 ,¬­� *+.* \21.59 +55+�. ��. \ � >� Î�< Ï � Î��? *22*+784 0� *2 ,¬�� ��4218& @ +2/ /-278 *+. ��54*9 ��. �78&+4A*. +. 5*+.*2 �.4*.5+4 �14
-./ �.*23+*578 �12�* : *32*.A4 0 � 1 � �-2 /+* �W��W*55-.3 ��. ,¬­� 1&&* �78&+4�A* *.4&1.3 /*2 )*19 &+.* 9 1( +9 1& �B*. @12*. � : *42-3 /*2 �-2789*55*2 /+*5*5
�4218&5 71 0 H 99 >$I¡W? EF�G � @ �182*./ /*2 ,¬�� ��4218& .-2 *+.*. �-278�
9 *55*2 ��. � � 99 8144* >5 0� 0? 0 � 15 : */*-4*4 � /1� *.45�2*78*./ /+*5*2 32��
: *. �:578 �14A-.3 9 +4 *+.*9 � *4*�4�2 9 +4 *+.*2 $&�178* ��. � 0� >�? ( � 0� >�?
99 , 71 0 <�® 1&&*2 ,¬­� ���.*. +9 � *4*�4�2 .1783*@ +*5*. @*2/*. � @*.. 91.*+. �1-��� ��29 +3*5 �4218&�2�%& 1..+994 0 � +* \21.59 +55+�. +54 /18*2 � �-2 ,¬­�+9 @*5*.4&+78*. /-278 /+* 1�4+�* $&�178* /*5 � *4*�4�25 : *32*.A4 � @�: *+ /+* � �-2,¬�� /+5�-4+*24*. #*2&-54* 1. /*. )&*./*. 1-78 � �-2 ,¬­� A-2 )*32*.A-.3 /*2\21.59 +55+�. :*+4213*. 0
'@ +578*. )*3+.. -./ �./* /*2 W*55-.3*. @-2/* *+.* 1&&9 �18&+78* #*2�
578&*784*2-.3 /*2 \21.59 +55+�. 1-� \ � >� Î<< Ï � Î��? : *�:1784*4 � / +*
/-278 &1.3519 *5 � 2+�4*. /*2 *&*�42�5414+578*. -./ 913.*4+578*. $*&/*2 /*2
�4218&� �-82-.35��9��.*.4*. :*/+.34 @12 0 � +*   *@*+&+3*. W*�*23*:.+55* � �-2 /15�5�4�� *.�*28 �1&4.+5 @-2/*. /121-� ��22+3+*24 0 ÞÜë!�ä �ÿßáà âÞÜ 
äÿÞáäß 	áä�� Þ è
�9 1-5 /*. � 14*. /*5 \ +*�4*9�*214-2�� *4*�4�25 -./ /*. �42�9 �W*55-.3*.
��. #�6� /15 #*28 �1&4.+5 ,¬­� Z,¬�� 9 +4 8�8*2 � *.1-+3�*+4 A- :*54+99*. �
@12 *5 .�4@*./+3 � : *+/* � 14*.1-�.189 *���54*9 * A- ���� *&. 0 �.5: *5�./*2*
9-�4* /+* ,¬­� �W*�A*+4 /*5 \ +*�4*9�*214-2�� *4*�4�25 1-� /+* ,¬�� �W*�A*+4
/*5 #�6� ���54*9 5 .�29 +*24 @*2/*. 0 �. �::+&/-.3 _ 0� +54 /+* #*25781&4-.3
/*2 � 14*.1-�.189* -./ /+* ;���&-.3 9 +4 /*9 ��54*9 ��. #�6� /123*54*&&4 0



�<� �JaKLMN �O MKPQJLR KP "MS JTQ

Dual Gate
Generator 1:

Gate für ADC

Stop für FADCTieftem-

peratur-

Detektor

Ithaco -

Vorvers

-stärker

Constant

Fraction

Discriminator

A                 B

FADC

Silena

Shaping

Amplifier

CAMAC

Scaler 1:

nur

INHIBIT

von VERA

ADC

Dual Gate

Generator 2:

Trigger für

Daten-

aufnahme

Daten-

Aufnahme

Dual Gate

Generator 3
Ende der

Datenauslese

VERA-Meßroutine:

Gate für jeden Mess-

Zyklus zwischen zwei

Messungen des 
238

U-

Stromes

CAMAC

Scaler 2:

INHIBIT

von VERA

und Daten-

Aufnahme

CAMAC

Scaler 3:

Zyklus-

Nummer

von VERA

INHIBIT von

VERA

FAN IN/OUT:

logisches

ODER

INHIBIT

von Daten-

Aufnahme

INHIBIT

von

VERA

Trigger

oder

Stop

Ratemeter

Si-
Detektor

INHIBIT für

Datenauf-

nahme

�::+&/-.3 _ 0� C � +* #*25781&4-.3 /*2 � 14*.1-�.189* -./ /+* ;���&-.3 9 +4 /*2� 14*.1-�.189* -./ �4*-*2-.3 ��. #�6� @ �182*./ /*2 �W��W*55-.3*.
� +* #�6� �� 14*.1-�.189* *2A*-34* � �-2   */*. ,¬­� �W*��'��&-5 *+. �14*�
�+3.1& � /15 &�3+578 +.�*24+*24 -./ +. *+. �Y¡ �) �\��+3.1& -93*@1./*&4 @-2/*>5 0 �:: 0 _ 0H: 0? 0 I*.. �*+. �Y¡ �) �\ 1. /*. [�.541.4 $2174+�. � +572+9 +.14�23*3*: *. @-2/* � @-2/*. � 14*. 1-5 /*9 \+*�4*9�*214-2�� *4*�4�2 1-�3*A*+78�
.*4 0 �-�*2/*9 @-2/* +. �71&*2 H /+* '��&-5�Y-99*2 9 +4�2�4���&&+*24 � -9
5� �14*2 /+* W*��'��&*. /*. � 14*. /*5 \ +*�4*9�*214-2�� *4*�4�25 *+./*-4+3 A-��2/.*. A- � ��..*. 0 � 15 '��&-5��Y¡ �) �\ @-2/* 1-78 A- �71&*2 � 3*578+7�4 �
/*2 /+* �+3.1&* *+.*5 *&*�42�.+578*. X-&5*25 1-�.189 -./ /*2 )*54+99-.3
/*2 \�4A*+4 /*5 � 14*.1-�.189*���54*9 5 /+*.4* 0 $ �-2 /+* 1:5�&-4* )*54+99-.3
��. ' �18&214*. 9-� /+*5* [�9�-4*2�\�4A*+4 9 +4 : *2 �-7�5+784+34 @*2/*. 0 #�.
/*2 � 14*.1-�.189* /*5 \ +*�4*9�*214-2�� *4*�4�25 @-2/* *+. A@*+4*5 �Y¡ ��
) �\ *2A*-34 � /15 /15 �./* /*2 � 14*.1-5&*5* � �-2 *+. *+.A*&.*5 �2*+3.+5 1.31: 0� +* = �1.3* /+*5*5 �Y¡ �) �\��+3.1&5 � /15 /*. '*+421-9 ��9 \2+33*2 ��9 [$�
:+5 A-9 �./* /*2 � 14*.1-5&*5* -9 �1�4* � @-2/* ��2 )*3+.. /*2 W*55-.3*.�*54 *+.3*54*&&4 C $ �-2 /+* W*55-.3*. 9 +4 /*9 ¡1-�4�*254 �12�*2 -./ ��[ :*42-3
/+* = �1.3* ��� D5 � � �-2 /+* W*55-.3*. 9 +4 /*9 $��[ H� 0< 9 5 0 � +*5*5 �Y¡ ��
) �\ @-2/* +. *+.*9 &�3+578*. ¹��6 9 +4 /*9 '��&-5��Y¡ �) �\ ��. #�6�
�*2�. �-��4 -./ 1-� /*. �71&*2 � 3*3*: *. � /*2 /+*5*&: *. X-&5*25+3.1&* 1-�.189
@ +* �71&*2 � 0 � 15 #*28 �1&4.+5 ��. �71&*2 � >.-2 #�6� ��Y¡ �) �\? A- �71&*2 �>#�6� ��Y¡ �) �\ -./ �Y¡ �) �\ ��. � 14*.1-�.189 *? +54 5�9 +4 *+. W1� � �-2
/+* \�4A*+4 /*5 � 14*.1-�.189*5�54*9 5 0 � +* � 14*. @-2/*. 9 +4 /*9 :*+ ���*.4@ +7�*&4*. ��54*9 �=#Y$ Z¹�� 1-53*&*5*. -./ +9 :+. �12*. $�29 14 1-�3*�A*+78.*4 0 �+* @-2/*. /1.. �% +.* 1.1&�5+*24 >5 0 ;1� 0 _ 0<? 0 '-5 �14A&+78 @-2/*
/+* � 14*.1-�A*+78.-.3 @ �182*./ /*2 W*55-.3*. 9 +4 /*9 X2�32199 �����



�O& �P LMSVS �P" �<H
�-:*2@1784 >5 0 1-78 ;1� 0 � 0� 0�? 0
�5 @-2/*. A@*+ W*�2*+8*. /-2783*� �-824 C
¯ �. /*2 *254*. W*�2*+8* @-2/*. /+* � 14*. 1-5 /*9 #�2�*254 �12�*2 +. /*.
��=�Y� ¡1-�4�*254 �12�*2 *+.3*5� *+54 -./ 9 +4 *+.*9 ��[ 1-53*&*5*. 0� +* � +.54*&&-.3*. /*5 #�2�*254 �12�*25 @12*. C #*254 �12�-.3 ���� � � 2*.A��2*�-*.A /*5 ¡�78�155*5 �� ¡A � � 2*.A�2*�-*.A /*5 \ +*��155*5 �� �¡A 0� +* �81�+.3 '*+4 /*5 ¡1-�4�*254 �12�*25 : *42-3 �< D5 � /+* #*254 �12�-.3 &13
: *+ $1�4�2 �� 0 � +*5* W*55-.3*. @*2/*. +. /*2 ��&3*./*. � +5�-55+�. 9 +4��[ � :*A*+78.*4 0 � +.+3* W*55-.3*. � /+* 9 +4 /*9 ��.�*.4+�.*&&*. ��[
��2 /*9 A@*+4*. ¹�4+9 +*2-.355782+44 /-2783*� �-824 @-2/*. � 5+./ -.4*2��[H A-5199*.3*�1�4 0
¯ �9 /+* �.*23+*1-¸ ��5-.3 /-278 /+3+41&*5 $ +&4*2. *�*.4-*&& @*+4*2 A-
�*2: *55*2. � @-2/* +. *+.*2 A@*+4*. W*�2*+8* *+. #W� $&158���[>$��[? /*2 $+29 1 ��� �9:¡ >W�/*&& HH� �? : *.-4A4 0 � 19 +4 @-2/*
/15 #�2�*254 �12�*2��+3.1& /+3+41&+5+*24 0 � +*5*2 $&158���[ 814 +.53*5194
� ;1. �1&* � ��. /*.*. 1:*2 .-2 *+.*2 : *.-4A4 @-2/* 0 � +* � +3 +41&+5+*2-.35��2*�-*.A : *42 �134 :+5 A- ��� W¡A 0 � 1 /+* �:�&+.3A*+4*. /*2 �+3.1&* /*5\ +*�4*9�*214-2�� *4*�4�25   */�78 *+.+3* ��� D5 : *4213*. � @-2/*. /+* �+�3.1&* +. /+*5*2 W*55-.3 9 +4 *+.*2 $2*�-*.A ��. ��� �¡A 1-�3*.�99*. 0
)*+ � �F� ;1. �1&*. *.45�2+784 /+*5 *+.*2 '*+41-¸ ��5-.3 ��. � .5 0 �9 5*82
5412�* �4 ��2-.3*. : *+ *+.*2 $2*�-*.A ��. � �¡A ��21: A- *&+9 +.+*2*. � @-2�
/* /+* � 2*.A�2*�-*.A /*5 ¡�78�155*5 /*5 #�2�*254 �12�*25 1-� � �¡A *+.3*�
54*&&4 0 � +* / +3+41&+5+*24*. �+3.1&* @-2/*. 9 +4 /*9 X2�32199 A-9 �¹��4+9-9 $+&4*2+.3� >5 0 ; 1� 0 � 0� 0H? 1.1&�5+*24 0 X121&&*& @-2/*. 1-5 *+.*9
@*+4*2*. �-531.3 /*5 #�2�*254 �12�*25 /+* �+3.1&* +. /*. ¡1-�4�*254 �12�*2*+.3*5� *+54 -./ 9 +4 /*9 ��.�*.4+�.*&&*. ��[ 1-53*&*5*. 0 � +* W *55-.�3*. � /+* 9 +4 /*9 $&158 ��[ /-2783*� �-824 @-2/*. � @*2/*. +. /*2 ��&3*.�
/*. � +5�-55+�. 9 +4 $��[ :*A*+78.*4 � /+* �121&&*& /1A- 9 +4 /*9 ��.�*.�4+�.*&&*. ��[ /-2783*� �-824*. W*55-.3*. 9 +4 ��[� 0

} »' ¥×ª(©�©�×) )�©�� �(×*���*©ª( ¥©*×�+��ª�Ö(
�.4*232-./ 1-5 &1.3&*:+3*. �5�:12*. +54 � �-2 5*82 578@*2* ��.*. @ +* �21. .+784 ��2�
81./*. C ,¬­X1 814 *+.* ¡1&:@*245A*+4 ��. .-2 F 0� 9 0 ,¬­Y� 814 A@12 *+.* ¡1&:@*245�A*+4 ��. � 0< ,��² �182*. � ��994 1: *2 +. .14 �-2&+78*9 �21.*2A 1&&*.�1&&5 +. ��-2*.
��2 � 5�/1� *5 1&5 �.4*232-./ *: *.�1&&5 �*+.* 6�&&* 5�+*&4 0 Y*..*.5@*24*2 �.4*232-./��994 .-2 ��. /*. : *.178:124*. �21.��5�4�� *. 0 � +* � 21.+5�4�� * ,¬³� � ,¬²� -./,¬�� � ��..*. /15 Y +*/*2*.*23+*�W 155*.5� *�42�9 *4*2 *: *.�1&&5 �155+*2*. � @*.. 5+*
W�&*� �-&���.*. /*25*&: *. W155* :+&/*. @ +* ,¬­� ^­¹ - >5 0 �:: 0 _ 0H? C ,¬�� 1&5 ,¬�� ^³Y - �,¬²� 1&5 ,¬²� ^.¹ - -./ ,¬³� 1&5 ,¬³� ^�¹ - 0 �. ;1�+4*& < 0� 0� @-2/* /123*54*&&4 � /1� /+*
W155*.42*..-.3 /*5 �.1&�5*9 13.*4*. A-5199*. 9 +4 /*2 *&*�42�5414+578*. �.1&��
5* 1-52*+78*./ +54 � -9 /+* : *.178:124*. �5�4�� * 1:A-42*..*. 0 � *..�78 +54 *5 .178
9 *82�178*. =1/-.351-541-5782*1�4+�.*. 9 ��3&+78 � /1� �21.��5�4�� * 1./*2*2 W155*
1&5 �H� 19- /+* �*2578+*/*.*. $+&4*254-�*. �155+*2*. >5 0 �:: 0 _ 0<? 0



�<� �JaKLMN �O MKPQJLR KP "MS JTQ
6WULSSHU

0DJQHWLVFKH�$QDO\VH��
� ��S�T�/01 �S�T�/02

(OHNWURVWDWLVFKH�$QDO\VH��
� � ��U/02 U/01

6FKDOW�
0DJQHW

.U\RVWDW�PLW
'HWHNWRUHQ

����%HDPOLQH��
�XQG� �/01 348 /02 348

8PODGXQJ�/02 54 /02 348 �QDFK� 8 �
$XVJHZlKOW��/01 348 �

1DFK�$QDO\VLHU�0DJQHW�
�XQG�
������ �

/01 348
0/01

( �/01 /02 348 �
(/02

0/02������ �

8PODGXQJ��
�QDFK�/02 34 /02 548 8

8PODGXQJ��
�QDFK�/02 54 /02 348 8

/02 548 �ZLUG�DEJHWUHQQW

 

7DQGHP�%HVFKOHXQLJHU

�::+&/-.3 _ 0< C �78*9 14+578* � 1254*&&-.3 /*2 �*2578+*/*.*. �9 &1/-.35�2�A*55* � /+*
/1A- � �-82*. � /1� �.4*232-./ 1-5 : *.178:124*. �21.+5�4�� *. /+* $+&4*2 ��. #��6� �155+*2*. �1.. � 19 )*+5�+*& ��. ,¬�� ��.4*232-./ 0 � +* �*2578+*/*.*. X2�A*55*
@*2/*. +9 \*(4 /+5�-4+*24 0
¹:@�8& /15 #1�--9 +. /*2 #�6� �)*19 &+.* : *55*2 1&5 ��-. 9:12 +54 � : *54*84*+.* *./&+78* I182578*+.&+78�*+4 � /1� *+. �21.+�. 9 +4 *+.*9 W�&*� �-& /*5 6*54315*5

@*785*&@ +2�4 -./ /1� /1:*+ *+. =1/-.351-541-578 54144%./*4 0 � *2 I +2�-.35�-*2�
578.+44 � �-2 5�&78* =1/-.351-541-578�6*1�4+�.*. &+*34 : *+ ��- ^² � ��- ^­ 79 , 0 � +*�9 &1/-.3 /*2 �.4*232-./���.*. �1.. 1. 9 *82*2*. ��2+4+578*.� �4*&&*. 1-�42*4*. �
/+* +9 ��&3*./*. 19 )*+5�+*& ��. ,¬�� ��.4*232-./ : *+ /*2 ,¬­� �W*55-.3 /+5�-4+*24
@*2/*. 5�&&*. >$ �-2 �.4*232-./ /-278 ,¬²� -./ ,¬³� 9-� +. /*2 � +5�-55+�. /+* �9�&1/-.3 �é 6 <é *25*4A4 @*2/*. /-278 �é 6 <é -./ -93*�*824 /+* �9 &1/-.3<é 6 �é /-278 <é 6 �é E�<G? C
¯ �9 &1/-.3 A@ +578*. � 15��42+�� *2 -./ �./* /*2 )*578&*-.+3-.35��42*7�* C�9 &1/-.3 �é 6 <é E�<G� *2 +9 �.1&�5*9 13.*4 1-53*@ �18&4* =1/-.35A-541./ +54 <é � / 08 0 /15 � �-2 /+*�W��W*55-.3 +.4*2*551.4* ��. +54 ,¬­� ²ý 0 ,¬�� ��.4*232-./���.*. � /+* +9 � 15�
�42+�� *2 1-� �é 3*&1/*. @-2/*. � � ��..*. A@ +578*. �42+�� *2 -./ �./* /*2
)*578&*-.+3-.35542*7�* 1-� /*. =1/-.35A-541./ <é -93*&1/*. @*2/*. 0 � +*�9 &1/-.35�I182578*+.&+78�*+4 +54 19 8 ��7854*. /+2*�4 8+.4*2 /*9 �42+�� *2 � @�
/15 #1�--9 19 578&*784*54*. +54 0 �9 /15 ¡�78*.*23+*�W 155*.5� *�42�9 *4*2A- �155+*2*. � 9 �-55*. /+* �.4*232-./���.*. .*: *. /*25*&: *. =1/-.3 <é 1-78
/*.5*&: *. �9�-&5 � @ +* ,¬­� ²ý 81: *. 0 � 18*2 +54 /+* �.*23+* /*2 �.4*232-./���.*. -9 /*. )*4213 ¢�Z� � 7 ¢WZW 3*3*. /+* �.*23+* /*5 ,¬­�²ý �*2578��
: *. 0 $ �-2 ,¬�� :*42 �134 ¢�Z� � 7 � 0� ,��-¬ 0 $ �-2 ,¬²� +54 ¢�Z� � � 0� ,��-¬



�O& �P LMSVS �P" �<<
-./ � �-2 ,¬³� ¢�Z� � � 0� ,��-¬ 0
¯ �9 &1/-.3 +. /*2 *&*�42�5414+578*. �.1&�5* C�9 &1/-.3 <é 6 �é� +* �.*23+*1-¸ ��5-.3 /*2 *&*�42�5414+578*. �.1&�5* ��. ¢�Z� � ��-³ 3*. �-34
�2+.A+� +*&& � -9 �.4*232-./ 9 +4 *+.*2 2*&14+�*. �.*23+*/+B*2*.A ¢�Z� �
� 0� ,��-¬ 1:A-42*..*. 0 I*..   */�78 +9 *&*�42�5414+578*. �.1&�514�2 *+.* *2�
.*-4* �9 &1/-.3 /*2 �.4*232-./���.*. ��. <é 1-� �é 54144%./*4 � �1./*24 5+78
/*2 /-278 �Z� ��23*3*: *.* ) +*3*21/+-5 0 �.4*232-./���.*. � /+* 71 0 �� 99 ��.
/*2 ��&&:18. /*5 ,¬­� ²ý *.4�*2.4 5+./ -./ �-2A ��2 /*9 �-542+44 1-5 /*9*&*�42�5414+578*. �.1&�514�2 -93*&1/*. @*2/*. � �155+*2*. 1-78 /+*5* �.1&��
5*54-�* 0
¯ �9 &1/-.3 A@ +578*. *&*�42�5414+578*2 �.1&�5* -./ �781&4�W 13.*4 C�9 &1/-.3 �é 6 <é� +* �.*23+* /*2 �.4*232-./���.*. 814 5+78 /-278 /*. A@*+4*. �9 &1/-.35�2��A*� +9 *&*�42�5414+578*. �.1&�514�2 .+784 3* �1./*24 � @�8& 1: *2 +82* 9 13.*4+578*
�4*+%3�*+4 �Z� 0 � +* 2*&14+� 3*2+.3* �*&*�4+� +4 �14 /*5 �����781&4�W 13.*4*. 2*+784
1-5 � -9 �.4*232-./���.*. /*2 =1/-.3 �é 1:A-42*..*. 0 �5 +54   */� 78 9 ��3&+78 �
/1� 1-� /*2 �42*7�* A@ +578*. *&*�42�5414+578*2 �.1&�5* -./ �781&4�W 13.*4 *+.*2.*-4*2 �9 &1/-.35�2�A*� ��. �é .178 <é 54144%./*4 0 � +* �.4*232-./���.*. �
/+* /1.. .178 /2*+�178*2 �9 &1/-.3 @ +*/*2 /+* =1/-.3 <é 81:*. � �155+*2*.
5�9 +4 1-78 /+*5* &*4A4* �.1&�5*54-�* -./ *22*+78*. /*. � *4*�4�2 0
¯ *&154+578 3*542*-4* ��.*. C
I*.. ��.*. +9 *&*�42�5414+578*. �.1&�514�2 *&154+578 1. 6*543159�&*� �-&*.3*542*-4 @*2/*. -./ /1.178 /*. �2+784+3*.� �9�-&5 � / 08 0 / +* 2+784+3* 9 13.*4+�
578* �4*+%3�*+4 81:*. � � ��..*. 5+* /*. �9 &*.��W13.*4*. *: *.�1&&5 �155+*2*. 0� 1 �+&+A+-9 �� *4*�4�2*. : *+ )*54218&-.3 9 +4 �21.���.*. 5*82 1.� �1&&+3 � �-2 �4218�&*.578 �1/*. 5+./ � @ +2/ : *+ #�6� ��.�*.4+�.*&& *+.* ��.+514+�.5�199*2 A-9 Y178�

@*+5 /*5 ,¬­� �*2@*./*4 0 � +*5* ��.+514+�.5�199*2 814 *+.* �.*23+*1-¸ ��5-.3 ��. H7 < ® E�<G 0 � 19 +4 +54 *5 �*+.*5�1&&5 9 ��3&+78 � / +* : *.178:124*. �5�4�� * +9 �.*23+*�
5� *�42-9 A- 42*..*. 0 � 18*2 @-2/* +. �2 �-8*2*. W*55-.3*. A-5 �14A&+78 *+. $&-3A*+4�
�� *�42�9 *4*2 : *.-4A4 � /15 *+.* '*+41-¸ ��5-.3 ��. ¢4Z4 � � 0F,��-¬ *22*+784 E��G 0 �9
$&-3A*+45� *�42-9 81:*. : *.178:124* �5�4�� * 3&*+78*2 �.*23+* *+.* \2*..-.3 ��.¢4Z4 � 7 ¢�Z� � ¢WZW 0 W +4 /*2 *22*+784*. '*+41-¸ ��5-.3 ��. ¢4Z4 � � 0F,��-¬+54 / +* �:42*..-.3 /*5 �.4*232-./5 9 +4 ¢WZW � � 0� ,��-¬ �*+. X2�:&*9 0 �.
;1�+4*& _ 0H @-2/* 1&&*2/+.35 /123*54*&&4 � /1� /+* �*.5+4+� +4 �14 ��.�*.4+�.*&&*2 �W���(�*2+9 *.4* � �-2 �21.��5�4�� * 1-� *+.* � 2 ���*.�2/.-.3 ��. ,¬­� Z,¬�� 8 ��- ^` &+�
9 +4+*24 +54 � /1 5�@�8& +9 $&-3A*+45� *�42�9 *4*2 1&5 1-78 +. /*2 ��.+514+�.5�199*2
#*2&-54* 1-�42*4*. -./ +. :+58*2+3*. �(� *2+9 *.4*. &*/+3&+78 *+.* \21.59 +55+�. ��.>� Î�� Ï � Î��? *22*+784 @*2/*. ��..4* 0� +. � *4*�4�2 9 +4 *+.*2 �.*23+*1-¸ ��5-.3 � /+* 1-52*+784 � / +* : *.178:124*. �21.��5�4�� * +9 �.*23+*5� *�42-9 A- 42*..*. � *2&1-:4 *5 � 1-� *+.*. $&-3A*+4�� *4*�4�2 A-
�*2A+784*. � @15 *+.* /*-4&+78* �4*+3*2-.3 /*2 \21.59 +55+�. -./ /19 +4 /*2 �*.5+4+�
� +4 �14 : */*-4*4 0 W +4 /*9 � *4*�4�2 � &�� @-2/* � �-2 �21. *+.* �.*23+*1-¸ ��5-.3 ��.¢�Z� � � 0� ,��-¬ *22*+784 >5 0 ;1� 0 < 0� 0H? 0 �::+&/-.3 _ 0� A*+34 *+. 5+9-&+*24*5�.*23+*5� *�42-9 � �-2 ,¬­� +.�&-5+�* /*5 *2@124*4*. �.4*232-./5 /-278 /+* Y178:12��5�4�� * 9 +4 *+.*2 1.3*.�99*.*. �.*23+*1-¸ ��5-.3 /*5 � *4*�4�25 ��. ¢�Z� �



�<� �JaKLMN �O MKPQJLR KP "MS JTQ

17.0
 17.1
 17.2
 17.3
 17.4
 17.5
 17.6
 17.7
 17.8
 17.9
 18.0


0


20000


40000


60000


80000


100000


120000


234

U: 


E = 17.69 MeV


235

U: E = 17.61
 MeV


238

U: E = 17.39 MeV


236

U: E = 17.54
 MeV


 


 


E [MeV]


c
o

u
n

ts
/b

in



�::+&/-.3 _ 0� C �+9-&14+�. /*2 �.4*232-./�#*28 �1&4.+55* : *+ #*2@*./-.3 *+.*5 *.*2�3+*1-¸ ��5*./*. \ +*�4*9�*214-2�� *4*�4�25 0 � +* �.*23+*. /*2 Y178:12��5�4�� * ��.,¬­� @-2/*. *.45�2*78*./ /*2 +9 \*(4 /+5�-4+*24*. X2�/-�4+�.59 *781.+59 *. :*�
54+994 0 �.3*.�99*. @-2/* *+.* �.*23+*1-¸ ��5-.3 /*5 � *4*�4�25 ��. ¢�Z� �
� 0� ,��-¬ -./ *+. #*28 �1&4.+5 /*2 �21.+5�4�� * ,¬­� A- ,¬³ 9,¬² 9,¬�� ��.   *@*+&5 �� C� 0
� 0� ,��-¬ C � 15 ,¬­� ²ý 814 *+.* �.*23+* ��. � � �_ 0<� W*# 0 � 121-5 *23+:4 5+78 � *.4�
5�2*78*./ /*9 �: *. /+5�-4+*24*. X2�/-�4+�.59 *781.+59-5 � � �-2 ,¬��²ý *+.* �.*23+*
��. � � �_ 0HF W*# � � �-2 ,¬²� ²ý � � �_ 0� � W*# -./ � �-2 ,¬³� ²ý � � �_ 0�F W*# 0� 15 #*28 �1&4.+5 ��. ,¬­� A- ,¬³ 9,¬² 9,¬�� @-2/* 9 +4   *@*+&5 �� C� 1.3*.�99*. 0 I +* +.
;1�+4*& _ 0� 3*A*+34 @ +2/ � +54 /+*5 *+. 2*1&+54+578*2 I*24 0� +* *22*+784* �.*23+*1-¸ ��5-.3 2*+784 1-5 � -9 ,¬�� -./ ,¬³� +9 �.*23+*5� *�42-9
/*-4&+78 ��. ,¬­� A- 42*..*. 0 ,¬²� +54 1&5 �78-&4*2 +9 ��*�42-9 ��. ,¬­� 5+784�
:12 0 � 18*2 @ +2/ �*+. $&-3A*+4��� *�42�9 *4*2 9 *82 A-2 �:42*..-.3 /*5 �.4*232-./5
: *. ��4+34 0 �-�*2/*9 �1.. /*2 \ +*�4*9�*214-2�� *4*�4�2 �8.* �+.42+445�*.54*2 �/*2���&+*. : *42+*: *. @*2/*. 0 � 19 +4 & �1�4 5+78 �2+.A+� +*&& *+.* \21.59 +55+�. ��. ���®*22*+78*. � @*.. /+* 1�4+�* $& �178* /*5 � *4*�4�25 1-52*+78*./ 32�� /+9 *.5+�.+*24 +54 0
} »� ¥×ª(©����ª( ~©��(×
� +* X2�:*.�2 �1�1214+�. @-2/* ��9 �.54+4-4 � �-2 �5�4�� *.��2578-.3 /-2783*� �-824 0 �5
@-2/*. 5+*: *. �*2578+*/*.* \123*45 >� *9 *+.4 5+./ \123*45 � / +* +. /*2 ��-44*2���.*.�-*&&* �*2@*./*4 @-2/*.? -.4*25-784 � / +* 1-5 � �-.� �*2578+*/*.*. W14*2+1&�
X2�: *. *(4218+*24 @-2/*. C
¯ X2�: *. 1-5 1.3*2*+78*24*9 W14*2+1& C� +* X2�: *. �� �<� >\123*4 �? -./ �� �<� >\123*4 <? @-2/*. 1-� /*2 )15+5 ��.+5�4�� *.2*+.*9 ,¬­� 8*23*54*&&4 � /15 +. $�29 ��. �21..+4214 � >Y¹¬ ?³ � ¡ ,¹ A-2#*2� �-3-.3 541./ 0 � +*5*5 @-2/* 3*@�3*. -./ +. �1&� *4*2�� �1-2* 3*& ��54 0 ,¬�� +.
$�29 ��. �21.�&.+4214 �¹, >Y¹¬ ?, � ¡,¹ @-2/* *: *.�1&&5 3*@�3*. -./ 3*& ��54 0



�O: O �P LMSQ ��� LM aS;UMP �<_
�-278 54 ��78+9 *42+578* W +578-.3 /*2 : *+/*. �21.�= ��5-.3*. &155*. 5+78 X2�:*.*+.*5 /*%.+*24*. �5�4�� *.�*28 �1&4.+55*5 8*254*&&*. 0 � 15 �21. @ +2/ -.4*2 '-31:*
��. �+5*. -./ �99�.+1� 1&5 �¹, >¹¡?, 3*9 *+.519 9 +4 $*¹, >¹¡ ?, 1-53*� �1&&4-./ /1.. 3*8*+A4 � -9 �21.�( +/ �¬¹ � A- *281&4*. � /15 1&5 \123*4�W14*2+1& � �-2/+* ��.*.�-*&&* /+*.4 0 $�&3*./* �5�4�� *.�*28 �1&4.+55* @-2/*. 8*23*54*&&4 C

�� �<� C ,¬­� Z,¬�� � � 0<� ><? ,��-±�� �<� C ,¬­� Z,¬�� � � 0<< >H? ,��-±
� *2 1.3*3*: *.* $*8&*2 : *2-84 1-� /*9 $*8&*2 : *+9 I +*3*. /*2 �21.�
#*2:+./-.3*. 0� *2 Â-�4+*.4 1-5 /*. :*+/*. �5�4�� *.�*28 �1&4.+55*. : *42 �134 �� �<�Z�� �<� �� 0�� >_? 0 � 1 /+* 8�8* �.2*+78*2-.3 9 +4 ,¬­� A- 8�8*. ,¬­� �' �18&214*. � �-824 �*2@124*4 9 1. � �-2 /+*5* X2�:*. �*+.*. 9 *�:12*. �.4*232-./ /-278 /+* Y178�
:12+5�4�� * 0
¯ X2�:*. 1-5 W14*2+1& /*2 W +.* �; 0- 0; 0 �21.�1:2+� ��178+9 5481&� C�. ;1� 0 _ 0H @-2/* /123*54*&&4 � /1� *5 � �-2 5�54*9 14+578* �W���.4*25-78-.3*.
.�4@*./+3 +54 � *+.*. W14*2+1&541./12/ A- *41:&+*2*. � � �-2 /*. /15 1:5�&-4* �5��4�� *.�*28 �1&4.+5 ,¬­� Z,¬�� 5*82 3*.1- :*�1..4 +54 0 � 1 1-�*2/*9 /15 '+*& +54 �3*�&�3+578* X2�:*. 9 +4 �&*+.*. �5�4�� *.�*28 �1&4.+55*. 9 +4*+.1./*2 A- �*23&*+�
78*. � 5�&&4* /15 �5�4�� *.�*28 �1&4.+5 /*5 W14*2+1&��41./12/5 +. �*23&*+78:12*2� 2 ���*.�2/.-.3 &+*3*. 0 �.3*2*+78*24*5 W14*2+1& @ +* �� �<� �/*2 �� �<� 578*+�
/*4 /18*2 1&5 W 14*2+1&��41./12/ 1-5 0 � 15 #�6� �=1: �2 /*5 �.54+4-45 � �-2 �5��4�� *.��2578-.3 :*%./*4 5+78 +9 )*5+4A ��. �21.�&.+4214 � /15 1-5 /*2 W +.*�; 0- 0; 0 �21.�1:2+� ��178+9 5481&� 541994 � 1-5 /*2 1-78 W12+* -./ X+*22* [-�2+* +82 �21.*2A : *A�3*. 0 � +*5*5 �21.�&.+4214 @-2/* ��2 �F �� 8*23*54*&&4 -./ +9
;*&&*2 /*5 �.54+4-45 *+.3*&13*24 0 �5 @12 .+*9 1&5 1.482���3*.*2 ;�.419 +.14+��. /-278 ;*2.@1B*.��(�&�5+�.*. -./ 21/+�1�4+�*. $1&&�-4 1-53*5*4A4 0 � 18*2+54 *5 1&5 W 14*2+1&��41./12/ � �-2 .14 �-2&+78*5 �21. 5*82 3-4 3**+3.*4 >5 0 1-78
;1� 0 _ 0�? 0� +* X2 �1�1214+�. /*2 X2�: *. � �-2 /+* )*578&*-.+3*2�W 155*.5� *�42�9 *42+* @-2/*+. E��G : *5782+*: *. 0 �+* @-2/*. /-278 #*2:2*..-.3 ��. �¹, >Y¹¬ ?, � ¡,¹ A-�¬¹ � : *+ _�� �[ 8*23*54*&&4 0 � 1:*+ +54 @ +784+3 � /1� /+* #*2:2*..-.3 9 ��3&+7854��&&54 �1./+3 *2��&34 0 6*54* ��. �¹, >Y¹¬ ?, � ¡,¹ � /+* /-278 -.��&&54 �1./+3* #*2�:2*..-.3 *.454*8*. � � ��..*. +. /*2 ��.*.�-*&&* �Y - :+&/*. � /15 1&5 Â-*&&* ��.�.4*232-./ : *2*+45 /+5�-4+*24 @-2/* 0
$ �-2 /15 �(�*2+9 *.4 @-2/*. A@*+ X2�: *. �2 �1�12+*24 C ��178+9 5481& � >\123*45
H� -./ H<? 541994 ��. /*9 5*&: *. W14*2+1& � 1. /*9 /+* +. ;1� 0 _ 0H ��2�3*54*&&4*. W*55-3*. ��. �4*+*2 *4 1& 0 /-2783*� �-824 @-2/*. 0 �+* : *54+994*.
/15 �5�4�� *.�*28 �1&4.+5 A- � 0� ,��- ^^ E��G 0 ��178+9 5481& � >\123*45 � -./ F?
541994 ��. W14*2+1& � /15 1. *+.*2 1./*2*. �4*&&* +. /*25*&: *. W +.* 3*� ��2/*24
@-2/* 0 W 1. *2@124*4 � /1� /15 #*28 �1&4.+5 ,¬­� Z,¬�� � �-2 /+*5* X2�: * +. /*2�
5*&: *. � 2 ���*.�2/.-.3 &+*34 @ +* � �-2 ��178+9 5481& � 0 � +. '+*& /*2 ��2&+*3*./*.� 2: *+4 @12 *5 � /*. I*24 � �-2 ,¬­� Z,¬�� 9 +4 �*2: *55*24*2 � *.1-+3�*+4 A- 9 *55*.
-./ /19 +4 /+* �41:&+*2-.3 *+.*5 W14*2+1&541./12/5 A- *29 ��3&+78*. 0



�<� �JaKLMN �O MKPQJLR KP "MS JTQ
¯ *+.* X2�: * *(4218+*24 1-5 Â-*&&@155*2 1-5 )1/ �154*+. C� +* X2�:* �)1/ �154*+.� >\123*4 ��? @-2/* 1-5 Â-*&&@155*2 *(4218+*24 0 � +*�
5*5 Â-*&&@155*2 541994 1-5 *+.*2 Â-*&&* +. /*2 ��54*22*+78+578*. 6*3+�. )1/�154*+. � / +* � �-2 +82*. :*5�./*25 8�8*. �21.3*81&4 : *�1..4 +54 0
< & Â-*&&@155*2 @-2/*. A-. �17854 9 +4 �1&A5 �1-2* �*25*4A4 � -9 /*. ��281./*.
;1&� 1-5A-42*+: *. � -./ /1.. 1-� 71 0 <�� 9 & *+.3*/19��4 0 �-5 /+*5*2 *+.3*�
/19��4*. = ��5-.3 @-2/* /15 �21. 9 +44*&5 *+.*2 ��.*.41-578*2�� �1-&* *(4218+*24
-./ +. �1&� *4*25 �1-2* 3*& ��54 0 � 1.. @-2/* *5 � @ +* /+* X2�:*. �� �<� -./ �� �<� �
9 +4 �+5*. 1&5 �¹, >¹¡ ?, 1-53*� �1&&4 -./ /-278 ¡*+A*. +. �¬¹ � �-:*2� �-824 � /15 1&5\123*49 14*2+1& / +*.4* 0 �-�32-./ /*2 ��9�&+A+*24*. X2�:*.�2 �1�1214+�. 541./
.-2 5*82 @*.+3 X2�: *.9 14*2+1& A-2 #*2� �-3-.3 � /15 .-2 *+.* *+.A+3* W*55-.3
��. �� W +.-4*. � 1-*2 *2&1-:4* 0� 1 *5 5+78 -9 �21. 81./*&4 � /15 1-5 /*9 .14 �-2&+78*. � *54*+. /*2 � &� *.
8*21-53*@1578*. @-2/* � *2@124*4 9 1. *+. �5�4�� *.�*28 �1&4.+5 ,¬­� Z,¬�� +. /*2� 2 ���*.�2/.-.3 ��- ^, 7 ��- ^³ 0 � +* W *55-.3 /+*5*2 X2�:* 54*&&4* *+.*. *254*.
#*25-78 /12 � / +* �*.5+4+� +4 �14 /*2 W*48�/* -9 *+. :+5 /2*+ � 2 ���*.�2/.-.3*.A- 54*+3*2. 0

� &&* \123*45 @12*. 1-� *+.*9 \123*421/ 9�.4+*24 -./ @-2/*.   *@*+&5 A��&+578
.178*+.1./*2 �*29 *55*. 0 � +* �.54*-*2-.3 /*2 \123*421/�X�5+4+�. @-2/* ��. #�6�+9 6189*. /*2 1-4�9 14+5+*24*. W*55�6�-4+.* 1-4�9 14+578 /-2783*� �-824 0

} »} � (ª��)( )(© <*ª(×*×* Ø=�(
�9 5�54*9 14+578* $*8&*2 /-278 �78@1.�-.3*. /*5 Â-*&&*.542�9 5 �/*2 ��./*2-.3
/*2 W1578+.*.�X1219*4*2 A- 9 +.+9 +*2*. � @-2/*. � �-2   */* X2�:* 9*82*2* W*55-.3*.
/-2783*� �-824 0 =*/+3&+78 � �-2 /+* X2�: * �)1/ �154*+.� @12 .-2 *+.* *+.A+3* W*55-.3
9 ��3&+78 � /*.. /+* A-2 #*2� �-3-.3 54*8*./* W*.3* 1. X2�: *.9 14*2+1& @12 3*2+.3 0�*/* W*55-.3 @-2/* *+.A*&. 1-53*@*24*4 -./ /15 �5�4�� *.�*28 �1&4.+5 : *54+994 0 �-5
/*. � +.A*&9 *55-.3*. @-2/* /1.. � �-2   */* X2�:* /*2 3*@ +784*4* W +44*&@*24 3*:+&/*4 C

,¬­>?,¬� > � @� A� � >,¬­> ?,¬� > ?�@ � A � � A� � B¢ C,¬­>,¬� > D � E -, >_ 0�?

� *2 $*8&*2 ¢ >,¬­� ?,¬��? *231: 5+78 /1:*+ 1-5 /*9 $+4�*8&*2 � �-2 /+* ,¬­� �' �18&214* ]
/*2 $*8&*2 +9 ,¬�� ��42�9 +54 1-�32-./ /*2 8 �1-%3*. W*55-.3 >5 0� 0? �*2.178&�155+3:12 0� *2 5414+54+578* $*8&*2 /*5 W +44*&@*245 *23+:4 5+78 .178 EF_G A- C

¢ ,¬­>?,¬� > � F >G� A� ?-H >_ 0H?

� +* X2�A*/-2 /*2 )*54+99-.3 /*5 �5�4�� *.�*28 �1&4.+55*5 � �-2 /+* � +.A*&9 *55-.3
@12 � �-2 ��[� -./ $��[�W*55-.3*. 3&*+78 ] : *+ /*2 $��[�W*55-.3 3+.3 /*2 *+3*.4�&+78*. � 14*.1.1&�5* .� 78 /*2 �782+44 /*5 /+3+41&*. $+&4*2.5 ��21-5 � /*2 +. ;1� 0 � 0� 0H
: *2*+45 1-5� �-82&+78 : *5782+*: *. @-2/* 0 $�&3*./* �782+44* @-2/*.   *@*+&5 ��23*.�9�
9*. C



�O�O TM L�;"M "MS "JLMPJPJNIQM �<F
� 0 )*54+99-.3 /*2 �.*23+*1-¸ ��5-.3 C
#�2 )*3+.. /*2 *+3*.4&+78*. W*55-.3 @-2/*. � �-2 /+* �*2578+*/*.*. �21.+5�4��
� * �+785� *�42*. 1-�3*.�99*. � -9 +82* X�5+4+�. +9 �.*23+*5� *�42-9 -./ /+*
1�4-*&&* �.*23+*1-¸ ��5-.3 A- *29 +44*&. 0 � 1 � �-2 /+* X2�:*. �� �<J -./ �� �<J
1-�32-./ /*5 8�8*. �5�4�� *.�*28 �1&4.+55*5 �*+. �.4*232-./ *2@124*4 @-2/* �
@-2/*. 1-78 /+*5* X2�: *. A-2 �29 +44*&-.3 /*2 �.*23+*1-¸ ��5-.3 8*21.3*�A�3*. � +.5: *5�./*2* /1 .178 /*9 A@*+4*. ¹�4+9 +*2-.355782+44 9 +4 ,¬²� 1-5
'*+432 �-./*. .+784 .�78 *+.9 1& ;1&+:214+�.59 *55-.3*. ��23*.�99*. @-2/*. 0� &&* �� *�42*. @-2/*. 9 +4 *+.*2 � 1-��-.�4+�. 3*%44*4 -./ 1-5 /*2 $I¡W
/+* �.*23+*1-¸ ��5-.3 /*5 � *4*�4�25 : *54+994 0 � +* *.45�2*78*./* )2*+4* /*5
X*1�5 @-2/* /1.. � �-2 /+* 1./*2*. ,¬­� �X2�:*. 1&5 : *�1..4 ��21-53*5*4A4 � -9
/+* �.A18& /*2 $+4�1219*4*2 A- 2*/-A+*2*. 0

� 0 �-55�24+*2*. /*2 �*8&*281�4*. '��&*. -./ )*54+99-.3 /*5 /-278578.+44&+78*.,¬�� ��42�9 5 C
I �182*./ *+.*2 �W��W*55-.3 @ +2/ /*2 Y +*/*2*.*23+*��42�9   */* �*�-./* 1-��3*A*+78.*4 >5 0 ;1� 0 _ 0�? 0 �78@1.�-.3*. /*2 Â-*&&* @*2/*. 2*3+542+*24 � � ��..*.
1:*2 *254 �% +.* : *+ /*2 )*54+99-.3 /*5 +.53*5194 �-:*2 *+.* W*55-.3 3*9 +4�4*&4*. ,¬�� ��42�9*5 : *2 �-7�5+784+34 @*2/*. 0 I*.. A 0) 0 /-278 ��:*2578&�13* +.
/*2 Â-*&&* /*2 Y +*/*2*.*23+*��42�9 � �-2 *+. +3* '��&*. *+.*. :*54+994*. \�&*�21.A@*24 �-: *25782*+4*4 � @*2/*. /+*5* '��&*. �% +.* 1-55�24+*24 -./ �*2@�2�*. �
-9 *+.* #*2� �1&578-.3 /*2 W*�*23*:+55* A- �*29 *+/*. 0 � +*5*2 �782+44 @-2/* ��.*+.*2 +. EF<G ��23*54*&&4*. ���4@12* 1-4�9 14+578 /-2783*� �-824 0 � 1   */*2 '��&-5*(1�4 �JJJ 95 &1.3 +54 � @ +2/ �-:*2 /+* ��23*3*: *.* W*�A*+4 >��JJ 5? 9 +.-5 /*2�.A18& /*2 �*2@�2�*.*. '��&*. /+* 4145 �178&+78* W*�A*+4 : *54+994 0 �-5 /*93*9 +44*&4*. Y +*/*2*.*23+*542�9 @ +2/ /*2 3*9 +44*&4* ,¬�� �¡�78*.*23+*��42�9
:*54+994 � /*2 +. /15 �5�4�� *.�*28 �1&4.+5 *+.3*84 0 � 1A- @ +2/ 1-5 /*. 5*785
W*55-.3*. /*5 ¡�78*.*23+*542�9 5 -./ /*5 Y +*/*2*.*23+*542�9 5 � /+* �121&�&*& /-2783*� �-824 @-2/*. � /+* 9 +44&*2* \21.59 +55+�. /-278 /*. )*578&*-.+3*2
@ �182*./ *+.*2 ,¬­� �W*55-.3 ��. ��JJ 5 : *2*78.*4 0 � +* 9 +44&*2* \21.59 +55+�.
91& /*9 9 +44&*2*. Y +*/*2*.*23+*542�9 *23+:4 /*. 9 +44&*2*. ,¬�� ��42�9 1-�
/*2 ¡�78*.*23+*��*+4* 0

H 0 )*54+99-.3 /*2 ' �18&214* ��. ,¬­� C� 15 �.*23+*5� *�42-9 @-2/*   * .178 X2�: * 9 +4 �1-��;-2�*. � �-2 ,¬­� -./ /+*�.4*232-./+5�4�� * ,¬�� -./ ,¬³� 3*%44*4 � /*2*. 2*&14+�* =13* *.45�2*78*./+82*2 �.*23+* .178 ;1� 0 _ 0< *29 +44*&4 @-2/* 0 � +* $ &�178* /*2 �1-��-2�*. @-2/*
/-278 /+* 4145 �178&+78* W*�A*+4 3*4*+&4 � -9 /+* ,¬­� �' �18&214* A- *281&4*. 0 $ �-2
/+* X2�:*. �� �<J -./ �� �<J @-2/* �*+. �.4*232-./ *2@124*4 � /18*2 @-2/*
.-2 *+. �1-��X*1� 3*%44*4 >5 0� 0? 0 $ �-2 /+* X2�: *. ��178+9 5481& � -./ � 5�@ +*
/+* X2�: * )1/ �154*+. @-2/* /+* )2*+4* /*2 � 1-��#*24*+&-.3*. �*543*81&4*.
-./ &*/+3&+78 /+* $&�178* -./ /+* X�5+4+�. �12++*24 0 � +* #12+14+�. /*2 X�5+4+�.
@12 .�4@*./+3 � @*+& 1-�32-./ /*5 : *2*+45 /+5�-4+*24*. �B*�45 ��. 6*54315�
;�./*.514+�. 1-� /*9 � *4*�4�2 /+* X�5+4+�. /*2 X*1�5 5+78 A- .+*/2+3*2*.
;1.1&�Y-99*2. 8+. �*2578�: -./ /+* �(421��&14+�. /*2 �.*23+**+78-.3 1-5
/*. 3&*+78A*+4+3 1-�3*A*+78.*4*. � &�81��+3.1&*. *+.*. 32 ���*2*. $*8&*2 *23*: *.
8 �144* 1&5 /15 $+44*. /*2 X*1��X�5+4+�. 0

� 0 )*54+99-.3 /*2 [�9�-4*2�\�4A*+4 C



��J �JaKLMN �O MKPQJLR KP "MS JTQ
�. ;1� 0 _ 0� @-2/* /+5�-4+*24 � /1� �2+.A+� +*&& A@*+ �71&*2 /1A- /+*.*. 5�&&4*. �
/+* [�9�-4*2�\�4A*+4 A- 9*55*. -./ � �-2   */*5 $+&* /+* ,¬­� �' �18&214* *.45�2*�
78*./ A- ��22+3+*2*. 0 �5 54*&&4* 5+78 *254 .178 /*9 �(� *2+9 *.4 8*21-5 � /1�A-9 +./*54 *+.*2 /*2 �71&*2 .+784 ��22*�4 �-.�4+�.+*24 814 C � +* �.��29 14+�.�-: *2 /+* [�9�-4*2�\�4A*+4 @12 .+784 �*2@*24:12 0
� +.* 1./*2* W ��3&+78�*+4 � /+* [�9�-4*2�\�4A*+4 A- :*2*78.*. � :+*4*4 /+*
' �18&214* /*2 � &�81�\*+&78*. 0 � +*5* ' �18&214* +54 �-: *2 /*. +9 ��2&+*3*./*. �(�
� *2+9 *.4 /+5�-4+*24*. '*+421-9 ��. *+.+3*. \13*. ��.541.4 � /1 /+* Y-�&+/*
/*2 � &�81�Â-*&&* ¡1&:@*245A*+4*. ��. *+.+3*. 8-./*24 �182*. 81: *. 0 � 1 /+*
' �18&214* 1-�*2/*9 :*+ 71 0 � ¡A &+*34 � *2@124*4 9 1. �*+.*. 9*�:12*. )*+4213A-2 [�9�-4*2�\�4A*+4 /-278 /+* � &�81�Â-*&&* 0 � +* 8 ��7854*. �21.�' �18&214*.&13*. : *+ 71 0 �J ¡A � 5�/1� 5+78 9 ��3&+78*2@*+5* : *2*+45 \�4A*+4 : *9 *2�:12 9 1�
78*. �1.. 0 � 18*2 @-2/* � �-2   */*5 $+&* /+* � &�81�' �18&214* 1-5 /*2 �9�&+4-/*
/*2 /2*+ � &�81�X*1�5 -./ /*2 4145 �178&+78*. W*�A*+4 : *54+994 -./ /121-5 /+*� &�81�' �18&214* : *2*78.*4 0 � *2 #*23&*+78 9 +4 /*2 � &�81A �18&214* +. W*55-.3*.�8.* �21.��4218& &+*�*24 /1.. � �-2   */* W*55-.3 9 +4 �21.��4218& *+. W1� � �-2
/+* [�9�-4*2�\�4A*+4 0

} »K L ©M(N×¾OO( )(© ÙPQRP(OOS×M(×
T UV UW XYZ[\]]^_` aYb c_Yb`\Yd^e fgZ^_`hij ikik äßë âÞá l ä ���Üäÿ �çáëåê ÞëëßáàÞá è
�m nop X�qo4 o�r np2 �r4p232srn��q�4�� p om �� p�42sm ts u pq4 ommpr srn nv�mo4 tsq �v4twoxy ts2 �rp23 oppoxysr3 mo4 ¡ ow�p np2 �w�yv�Âspwwp porp tzpo4p �rp23 op�poxysr3 ts p2yvw4pr � zs2np � �s2   pnpq �q�4�� porp {vwou2v4o�rqm pqqsr3 ns2xy3p� �sy24srn |�qo4o�r srn �rp23 opvs¸ ��qsr3 u pq4 omm4 } ¡ op2ts zs2np � �s2 nvq   pzpowo3p �q�4��np2 ~vnsr3qtsq4vrn �é vsq3pz �vyw4 srn nop �pqxywpsro3p2���vrrsr3 �q } { v� } � }��q� por3pq4pww4 � nv� nop �q�4�� p nprqpwu pr �m �swq yv44pr srn nvm o4 vr np2 |�qo4 o��r om �rp23 opq� p�42sm rvxy3pz opqpr zs2npr � or np2 qop vwq �r4p232srn upo np2�¬­� ��pqqsr3 vs �4vsxypr z �s2npr } � op � oxysr3 mo4 �w�yv��powxypr srn �2vr���rprp23vu porpr � oxy �v�4�2 ��r �� }� ��� {vr �vwp��p� � nop � oxysr3 np2 �2vr��q�4�� p �yrp� w�yv��powxypr porpr � oxy�v�4�2 ��r ����� {vr �vwp��p� } �ponp � oxysr3pr q4 ommprom �vympr npq �pywp2q �sup2por � zvq porp zpo4p2p �pq4 �v4 o3sr3 � �s2 nop vsq3ptpoxyrp4p~orpv2o4 �v4 npq �p4p�4�2q nv2q4pww4 ��3 w } {v� } � }� }� }�� }�r �uuownsr3 � }� qorn nop {vwou2v4o�rqq� p�42pr � �s2 �¬�� �� � �� }�� �p� � � �¬²��� � �� }� � �p� � srn �¬­� �� � �� }�� �p� � tsqvmmpr3pq4pww4 } � op �rp23 opr p23p�upr qoxy vsq np2 �pnor3sr3 � �s2 nvq |vqqop2pr npq �rvw�qp��v3rp4pr �q } { v� } � }�� }� �s2 �¬³� �� � �� }�� �p� � zs2np �porp � oxym pqqsr3 ns2xy3p� �sy24 � nv por �po42v3nopqpq �q�4��q tsr �vxyq4 vwq �p2rvxyw�vqqo3uv2 vr3pr�mmpr zs2np } � wwp �pqqsr3przs2npr m o4 np2 | 2�up �� ��J ��v23p4 �� rvxy npm p2q4pr ¹�4om op2sr3qqxy2o44 np2���� �|v2vmp4p2 mo4 �¬�� ��23pr�mmpr � nop �2vrqm oqqo�r � �s2 �¬�� up42s3 � �J }�� � nop � �s2 �¬­� rs2 � � J }�� �q } {v� } � }�� } � �s2 �¬�� srn �¬²� zs2np nop � �vyw2v4pm o4 ¡ ow�p ��r �xywo4tpr 2pnstop24 }� op �rp23 opvs¸ ��qsr3 � �s2 nop n2po �q�4�� p oq4 qpy2 sr4p2qxyopnwoxy �



��� � ���������� "�� ���µ���� ����� ���
v }�

17.0 17.1 17.2 17.3 17.4 17.5 17.6 17.7 17.8 17.9 18.0
0

50

100

150

200

250

300

 

co
un

ts
/b

in

E [MeV]

u }� 17.0
 17.1
 17.2
 17.3
 17.4
 17.5
 17.6
 17.7
 17.8
 17.9
 18.0


0


100


200


300


400


500


600


 


 


c
o

u
n

ts
/b

in



E [MeV]


x }� 17.0
 17.1
 17.2
 17.3
 17.4
 17.5
 17.6
 17.7
 17.8
 17.9
 18.0


0


50


100


150


200


 


 


c
o

u
n

ts
/b

in



E [MeV]


�uuownsr3 � }� � � op �� p�42pr np2 {vwou2v4o�rqm pqqsr3pr � �s2 v }� �¬�� �� � �� }���p� � ¢� � ��� ��� �p� � � u }� �¬²� �� � �� }� � �p� � ¢� � �� ���� �p� � srn x }��¬­� �� � �� }�� �p� � ¢� � ��J ��� �p� �} � op �� p�42pr zs2npr   pzpowq m o4 porp2�vs��{s2�p 3p�44p4 }



��� ������� �� ������  �� "�� ���
¯ � �s2 �¬�� u p42 �v34 nop �s¸ ��qsr3 ¢� � ��� ��� �p� utz } ¢��� � � }� ,�J-¬ } �vqoq4 �vq4 porpr �v�4�2 tzpo qxywpxy4p2 vwq nop ts �p3 orr np2 �42vywtpo4 p22poxy4p�s¸ ��qsr3 ��r ¢� �� � � }� ,�J-¬ } �v� �s2 3 ou4 pq tzpo m ��3 woxyp �2qvxypr �¡ � op ¢ �v2mp�v�vto4 �v4 or np2 �� ���pqqsr3 up42s3 £ � � }� ��� r��{ om�p23 wpoxy m o4 £ � � }� ��� r��{ or np2 �pqqsr3 mo4 np2 u pq4pr �s¸ ��qsr3 �nv 42�4t npq �p2u pqqp24pr �v�ssm q or np2 �pvm worp ��r � � �J-. muv2srn npq � oruvsq porpq �4ox�q4�¤ �3p� �syw4pr ��y2pq nop {�rnprqv4 o�r ��r�pq43vq vs � npm �p4p�4�2 roxy4 � �� wwo3 sr4p2n2 �sx�4 zp2npr ��rr4p } � qzs2np or {v� } � }� vsq� �sy2woxy noq�s4 op24 � nv� nop ��rnprqop24p �pq43vq�

�xyoxy4 nop �rp23 opvs¸ ��qsr3 �p2qxywpxy4p24 � nv qop vs �32srn oy2p2 3p2or�3pr ¢ �v2mpwpo4� �vyo3�po4 porp wvr3qvm p2p �yp2mvwoqop2sr3 srn nvm o4 porptsq �v4twoxyp ¹24qvuy �vr3 o3�po4 np2 �p4p�4�2��pq��rqp�sr�4 o�r yp2��22s �4 }¡ �vq �vqpworp ¥� oqp zs2np � �s2 nop �pqqsr3pr m o4 ¡ vs�4�p2q4 �v2�p2 srn��£ roxy4 no2p�4 upq4 omm 4 } ¥s2 � �s2 nop �pqqsr3pr m o4 npm ���£ zs2�np vsq npm �ow4p2�2�32vmm por ¢p24 � �s2 nvq �vqpworp ¥� oqp p2m o44pw4 �pq wv3 u po �JJ �p� srn zv2 nvm o4 sm porpr �v�4�2 tzpo y ��yp2 vwq � �s2nop �pqqsr3pr m o4 np2 u pq4pr p22poxy4pr �s¸ ��qsr3 } �s2xy nop {��� wsr3np2 �v4prvs �rvymp���q4pm p ��r ���� srn � op�4pm � p2v4s2��p4p�4�2zs2npr ns2xy �2nsr3qqxywpo�pr tsq �v4twoxyp �4 ��2sr3pr or nvq ��q4pm por�
3p42v3pr }

¯ �op �s¸ ��qsr3 � �s2 �¬²� u p42 �v34 ¢� � �� ���� �p� � nvq pr4q�2oxy4 ¢��� ��J }� ,�J-¬ } �vq oq4 nps4 woxy qxywpxy4p2 vwq � �s2 �¬�� } �v uponp �� p�42pr no2p�4rvxyporvrnp2 vs �3pr�mmpr zs2npr � oq4 pq srzvy2qxypor woxy � nv� porp �p2�qxywpxy4p2sr3 np2 �p4p�4�2vs¸ ��qsr3 nop �2qvxyp oq4 } � op �p2u2po4p2sr3 npq|pv�q om �� p�42sm �vrr   pn� xy p2� w�v24 zp2npr � zprr m vr vrromm 4 � nv� nop�m 2pxyrsr3 np2 � �s2 �¬�� ��4 om op24pr ���� �|v2vm p4p2 vs � �¬²� roxy4 nop
��4 om vwpr |v2vmp4p2 � �s2 �¬²� wop�p24 } � opq zs2np or {v� } � }� u po np2 �pqxy2po�usr3 np2 ¹�4om op2sr3q�| 2�tpns2 up2po4q noq�s4 op24 } �p2 wp4t4p Âsvn2s�� w y or�4p2 npm �J���v3rp4pr �q } �uu } � }�� zs2np z �vy2prn np2 ¹�4om op2sr3 q� por3p�q4pww4 � nv� qoxy np2 �� xsq npq �¬�� ��42vywq or np2 �p4p�4�2pu prp u p�vrn } �s2xynop roxy4 ��4 om vwp �m 2pxyrsr3 np2 Âsvn2s�� w�|v2vm p4p2 vs � �¬²� utz } �¬­��vrr qoxy np2 �� xsq �p2qxy�upr yvupr } �vq u pnps4p4 � nv� nop �rp23 opvs¸ ��qsr3or nopqpm �vww r oxy4 ��m �p4p�4�2 � q�rnp2r ��r np2 �rp23 opu2po4p npq �42vywqu p32prt4 z o2n }
¯ � �s2 nvq �q�4�� �¬­� wop34 nop �s¸ ��qsr3 mo4 ¢� � ��J ��� �p� tz oqxypr npruponpr ¢p24pr � �s2 nop vrnp2pr �q�4�� p } �v nvq �¬­� m o4 qporp2 �vqqp r �vyp2vm �¬�� wop34 � oq4 m ��3 woxyp2zpoqp np2 �pywp2 upo np2 �mq�vwop2sr3 roxy4 q�
32�� � zpqyvwu nop �s¸ ��qsr3 u pqqp2 oq4 } � �s2 nopqp � 23smpr4v4o�r q�2oxy4 vsxy �nv� rvxy np2 tzpo4pr ¹�4 om op2sr3 ��r ���� m o4 npm �q�4�� �¬²� � �s2 nvq�¬­� porp m o4 np2 �¬�� ��pqqsr3 �p23 wpoxyuv2p �rp23 opvs¸ ��qsr3 p2topw4 zs2np�q } �uqxyro44 � }� }�}�� }� op {vwou2v4 o�rq��pqqsr3pr zv2pr q�mo4 � �s2 nop �pq4 ommsr3 np2 �rp23 op�vs¸ ��qsr3 npq �p4p�4�2q sr3ppo3rp4 � nv rs2 np2 ¢p24 ��r �¬�� nop 4v4q �vxywoxyp

�rp23 opvs¸ ��qsr3 npq �p4p�4�2q z opnp23 ou4 } �v rvxy npm tzpo4pr ¹�4om op2sr3q�qxy2o44 mo4 �¬²� �porp p2rps4pr {vwou2v4o�rqm pqqsr3pr ��23pr�mmpr zs2npr � zs2�



��� � ���������� "�� ���µ���� ����� ���
np nop �rp23 opvs¸ ��qsr3 npq �p4p�4�2q � �s2 �¬­� vsq npr �pqqsr3pr npq �q�4�� pr�
�p2y �vw4roqqpq � �s2 nop | 2�u pr �� ��J srn �� ��J p2mo44pw4 }h ij iki¦ äßë âÞá �êþåêÞëëßáàÞá 	 
ßÜ â �Þ § Üç� Þá ¨ã
¦©ª¨ ßáâ ¨ã
 k©ª¨ è�v � �s2 nop | 2�upr �� ��J srn �� ��J vs �32srn npq y�ypr �q�4�� pr�p2y �vw4roqqpq�por �r4p232srn p2zv24p4 z o2n � zs2npr nop �� p�42pr nopqp2 | 2�upr m o4 rs2 porp2�vs��{s2�p � �s2 �¬­� 3p�44p4 srn nv2vsq nop �rp23 opvs¸ ��qsr3 npq �p4p�4�2q u p�q4omm 4 } �r �uuownsr3 � }� qorn nop vs �qsmm op24pr �� p�42pr vwwp2 �pqqsr3pr � �s2 nop| 2�up �� ��J srn nop | 2�up �� ��J 3ptpo34 � nop rvxy npm tzpo4pr ¹�4 om op2sr3q�qxy2o44 mo4 �¬²� ns2xy3p� �sy24 zs2npr } ��£ � uptpoxyrp4 nvupo nop �pqqsr3pr np2p2q4pr �p�2poyp � nop rs2 m o4 ¡ vs�4�p2q4 �v2�p2 srn ��£ ns2xy3p� �sy24 zs2np } ���£srn ��£� qorn nop �pqqsr3pr np2 tzpo4p �p�2poyp � or np2 mo4 npm ���£ srn npm��r�pr4 o�rpwwpr ��£ �v2vwwpw �v4pr vs �3pr�mmpr zs2npr }�s � np2 ¡� xyprp23 op��po4p npq |pv�q oq4 or vwwpr �� p�42pr porp m py2 �np2 zpro3p2vsq3p�2 �v34p ��xysw4p2� ts p2�prrpr } � �s2 nvq p2q4p �� p�42sm wor�q �upr npq �� ��J�vrr mvr vs �32srn np2 2pwv4 o� y�ypr � �vyw2v4p ��r xv } �J ¡ t vrrpym pr � nv� pq qoxysm porpr �|owp s����¤p�4 yvrnpw4 } �po npr vrnp2pr n2po �� p�42pr   pn� xy wv3 nop� �vyw2v4p u po � 7 � ¡ t � q�nv� por |owp s� qoxyp2 roxy4 ts p2zv24pr oq4 } �snpm zp2npr
��m �ow4p2�| 2�32vmm �py2�vxy�� o3rvwp � ns2xy nop |owp s� pr4q4py4 � vsqq�24op24 } �r{v� } � }� }� zp2npr vrnp2p � ��3 woxy�po4pr noq�s4 op24 � nop �xysw4p2 ts p2� w�v2pr } � �s2 nop�pq4 ommsr3 np2 �rp23 opvs¸ ��qsr3 zs2np nopqp �xysw4p2 roxy4 or npr �o4 poru pt�3pr }� op �23puroqqp np2 �rp23 opvs¸ ��qsr3 � �s2 nop � ortpw��pqqsr3pr qorn or �ryvr3� tsqvmmpr3pq4pww4 }
¯ � �s2 nop �pqqsr3pr � nop rs2 mo4 npm ¡ vs�4�p2q4 �v2�p2 srn npm ��r�pr4o�rpwwpr��£ ns2xy3p� �sy24 zs2npr ���£ �� � zs2np porp ns2xyqxyro44woxyp �s¸ ��qsr3
��r ¢� � ��� ��� �p� p22poxy4 } �vq q4 omm 4 om �vympr npq �pywp2q m o4 np2�s¸ ��qsr3 ��r ��� ��� �p� �sup2por � nop � �s2 nvq {vwou2v4o�rqq� p�42sm ��r �¬��p22poxy4 zs2np � srn oq4 nps4woxy u pqqp2 vwq nop or np2 {vwou2v4 o�rq��pqqsr3
� �s2 �¬­� p22poxy4p �s¸ ��qsr3 ��r ��J �p� } �vq nps4p4 pu prq� z op nop nps4 woxy
�p2upqqp24p �2vrqm oqqo�r ��r ��® nv2vs � yor � nv� nop ¹�4om op2sr3 m o4 �¬²�upqqp2p |v2vmp4p2 � �s2 nop ��4 om vwpr � orq4pwwsr3pr ��r �¬­� wop�p24p }
¯ �op 3pm o44pw4p p22poxy4p �s¸ ��qsr3 � �s2 nop �v2vwwpw tsm ���£ m o4 npm ��r�pr�4 o�rpwwpr ��£ vs �3pr�mmprpr �� p�42pr oq4 m o4 ¢� � ��� �� � �p� �p23 wpoxyuv2mo4 np2  pro3pr � nop or np2 �pqq��poyp ��£ � p22poxy4 zs2np }
¯ � �s2 nop �pqqsr3pr m o4 npm ���£ up42 �v34 nop ns2xyqxyro44 woxyp �s¸ ��qsr3¢� � ��� ��� �p� } �s2xy nvq no3 o4vwp �ow4p2r ��rr4p vwq� porp nps4woxyp �p2�upqqp2sr3 np2 �s¸ ��qsr3 p2topw4 zp2npr } � op �p2upqqp2sr3 oq4 ��rqoq4pr4 mo4npm p2mo44pw4pr �vqpworp ¥� oqp ��r �JJ �p� �q }� }� � zprr m vr nop 3 w�v44prnp¢ o2�sr3 npq ¡ vs�4�p2q4 �v2�p2q m o4 u p2 �sx�qoxy4 o34 }
¯ �op p22poxy4p 2pwv4 o�p �rp23 opvs¸ ��qsr3 up42 �v34

¢��� � �� ÎJ Ï J Î�� , �J-¬ � �s2 npr ��£¢��� � �� Î� Ï J Î�� , �J-¬ � �s2 npr ���£ }� �s2 nop �q�4�� p �¬³� srn �¬�� mo4 porp2 2pwv4 o�pr �2prrsr3 ��r¢��� � � }� ,�J-¬ oq4 q�mo4 porp �2prrsr3 m ��3 woxy �   pn� xy qorn u ponp �q�4�� p



��� ������� �� ������  �� "�� ���
| 2�up �� ��J | 2�up �� ��J

v }� 17.0
 17.1
 17.2
 17.3
 17.4
 17.5
 17.6
 17.7
 17.8
 17.9
 18.0


0


1000


2000


3000


4000


5000


 


 


c
o
u
n
ts

/b
in




E [MeV]


17.0
 17.1
 17.2
 17.3
 17.4
 17.5
 17.6
 17.7
 17.8
 17.9
 18.0


0


100


200


300


400


 


 


c
o
u
n
ts

/b
in




E [MeV]


u }� 17.0
 17.1
 17.2
 17.3
 17.4
 17.5
 17.6
 17.7
 17.8
 17.9
 18.0


0


200


400


600


800


1000


 


 


c
o
u
n
ts

/b
in




E [MeV]


17.0
 17.1
 17.2
 17.3
 17.4
 17.5
 17.6
 17.7
 17.8
 17.9
 18.0


0


20


40


60


80


100


120


140


160


180


 


 


c
o
u
n
ts

/b
in




E [MeV]


x }� 17.0
 17.1
 17.2
 17.3
 17.4
 17.5
 17.6
 17.7
 17.8
 17.9
 18.0


0


50


100


150


200


250


300


350


400


 


 


c
o
u
n
ts

/b
in




E [MeV]


17.0
 17.1
 17.2
 17.3
 17.4
 17.5
 17.6
 17.7
 17.8
 17.9
 18.0


0


10


20


30


40


50


60


70


80


 


 


c
o
u
n
ts

/b
in




E [MeV]


�uuownsr3 � }� � �smmpr��� p�42pr � �s2 �¬­� �� � �� }�� �p� � � �s2 nop | 2�upr �� ��J�wor�p ��vw4p� srn �� ��J �2pxy4p ��vw4p� � v }� �pqqsr3pr m o4 ��£� � ¢� � ��� ����p� � u }� �pqqsr3pr m o4 ���£ � ¢� � ��� ��� �p� � x }� � pqqsr3pr m o4 ��£� � ¢� ���� �� � �p� } �s2 �oq�sqqo�r np2 �p2qxyopnprpr �pqqsr3pr qopyp �p« 4 } � wwp �� p�42przs2npr m o4 porp2 �vs��{s2�p 3p�44p4 � nop �¡� xyprp23 op��xysw4p2� zs2np roxy4 ornpr �o4 poru pt�3pr }
wpno3 woxy vwq �xysw4p2r om �� p�42sm ts p2�prrpr } �m nvq no2p�4 uprvxyuv24p
�r4p232srn��q�4�� �¬²� ��m �¬­� ts 42prrpr � oq4 nop �rp23 opvs¸ ��qsr3 roxy4vsq2poxyprn � nv nop 2pwv4 o�p �2prrsr3 om �rp23 opq� p�42sm ¢��� � � }� ,�J-¬up42 �v34 } � or m ��3 woxyp2 �r4pow n opqpq �q�4��q z o2n or {v� } � }� }� }� noq�s4op24 }
¯ � or o3p �� ���pqqsr3pr zs2npr up2po4q ��2 np2 tzpo4pr ¹�4 om op2sr3qq4s �p m o4�¬²� m o4 porp2 �2vrqm oqqo�r ��r rs2 ��® ns2xy3p� �sy24 � � �s2 nopqp �pqqsr3pr



��� � ���������� "�� ���µ���� ����� ���
up42s3 nop �rp23 opvs¸ ��qsr3 ¢� � ��J �� � �p� � �p23 wpoxyuv2 mo4 np2 �s¸ ��qsr3vsq npm {vwou2v4o�rqq� p�42sm � �s2 �¬­� ��r ¢� � ��J ��� �p� }

T UV U¬ XYZ[\]]^_` aYb ­g]®^[Yb¯°g[±Y\[�r {v� o4pw � }� zs2np noq�s4 op24 � nv� nop £�m �s4p2���4tpo4 vsq np2 �w�yv�� �vyw2v4pu pq4omm 4 zp2npr ms�4p � zpow n op � �s2 nopqpr �zpx� ��23pqpyprpr �xvwp2 roxy4 ��22p�4�sr�4 o�rop24pr � nop �pyw�sr�4 o�r np2 �xvwp2 vup2 p2q4 rvxy �rnp np2 �� ���pqqsr3pru po np2 ¹% orp��rvw�qp �pq43pq4pww4 zs2np } �s nopqpm �zpx� zs2np � �s2   pnp �pqqsr3nop �smmp vwwp2 �w�yv��2po3roqqp or porpm ��23p3pu prpr �rp23 op��prq4p2 u pq4omm 4 }� op �smmp np2 �w�yv��2po3roqqp zs2np nvrr � �s2   pnpq �owp ns2xy nop 4v4q �vxywoxyp�p�tpo4 3p4pow4 � sm nop � �vyw2v4p ts p2yvw4pr } � or �p23 wpoxy np2 �w�yv�� �vyw2v4pr�yrp �xyzp2o�rprupq42vywsr3 m o4 np2 �w�yv�� �vyw2v4p sr4p2 �xyzp2o�rpru pq42vywsr3p23 ou4 nvrr   pzpowq n op ��4tpo4 }�uuownsr3 � }� tpo34 nop � w�yv�� �vyw2v4p � �s2 vwwp � pqqsr3pr m o4 ��r�pr4 o�rpwwpm
¡ vs�4�p2q4 �v2�p2 srn ��£ �wor�q� srn sr4p2 � oru ptopysr3 npq ���£ �2pxy4q� or�uy �vr3 o3�po4 ��r np2 �¬­� �� �vyw2v4p } � �s2 u ponp � �vwwp u p�uvxy4p4 mvr porp q4v4oq4 o�qxyp �p24powsr3 np2 ¢p24p sm npr 3pz oxy4p4pr � o44pwzp24 � porp �uy �vr3 o3�po4 ��r np2�¬­� �� �vyw2v4p oq4 roxy4 ts p2�prrpr } � op £�m�s4p2���4tpo4 oq4 nvyp2 q� 3p2or3 � nv� qoporrp2yvwu np2 �p�3prvso3�po4 � �s2 nop u p�uvxy4p4pr � �vyw2v4pr �p2rvxyw�vqqo3uv2 oq4 }� opq oq4 or ��up2porq4 ommsr3 m o4 npr ��4tpo4pr � nop vsq npr ~ �vr3pr np2 �¥¡ ���� �
� o3rvwp np2 �v4prvsqwpqp p2zv24p4 zp2npr � � orp ~ �vr3p npq �¥¡ ���� ��o3rvwq ��r�JJ ²q u pnps4p4 upo porp2 � �vyw2v4p ��r �J ¡ t porp ��4tpo4 ��r J }� ® � porp ~ �vr3p
��r �J }� m q upo porp2 � �vyw2v4p ��r � ¡ t porp ��4tpo4 ��r � }J ® } �ponp ¢p24p qorn� wporp2 �np2 3 wpoxy npm q4v4oq4 oqxypr �pywp2 np2 � ortpw��pqqsr3 � np2 � ® u p42 �v34 }� wwp2nor3q oq4 np2 3pz oxy4p4p � o44pwzp24 � �s2 nop u ponpr �pqq��poypr sr4p2qxyopn�woxy � �2 u p42 �v34 � �s2 nop �pqqsr3pr m o4 npm ��r�pr4 o�rpwwpr ��£ �}��� ��� ¡ t srn � �s2nop �pqqsr3pr m o4 npm ���£ �}J�� ��� ¡ t } �m nopqp � oq�2p�vrt ts � w�v2pr � zs2np� �s2 poro3p �pqqsr3pr � nop �yrp nop {��� wsr3 np2 �v4prvs �rvymp m o4 npm ���� �
��q4pm vs�3pr�mmpr zs2npr � nop � w�yv�� �vyw2v4p u pq4omm 4 } � op �p�tpo4 zs2npyop2upo u pq4omm 4 vsq np2 �o¤p2prt tz oqxypr np2 �po4 � ts np2 np2 p2q4p �s¤p2 porp2�v4po vs�3ptpoxyrp4 zs2np � srn np2 �po4 � �s2 npr wp4t4pr �s¤p2 } � or �s¤p2 yv44p porp~ �vr3p ��r �J q } � �s2 nopqp �v4pr zs2np � �s2 nop �pqqsr3pr rs2 mo4 ��r�pr4 o�rpwwpm��£ por ¢p24 np2 �w�yv�� �vyw2v4p ��r �}J� ��� ¡ t p2mo44pw4 � � �s2 porp �pqqsr3 sr4p2� oru ptopysr3 npq ���£ por ¢p24 ��r �}J� ��� ¡ t } � op ¢p24p q4 ommpr om �vy�mpr npq �pywp2q sr4p2porvrnp2 �su p2por srn qorn or p«tpwwpr4p2 ��u p2porq4 ommsr3m o4 npm ¢p24 � np2 rvxy np2 {��� wsr3 np2 �v4prvs �rvym p���q4pm p ��r ���� srn� op�4pm� p2v4s2��p4p�4�2 � �s2 nop �pqqsr3pr m o4 npm ���£ p2mo44pw4 zs2np } �p2�o44pwzp24 vsq nopqpr n2po ¢p24pr u p42 �v34 �}J�� ��� ¡ t }� op � w�yv�� �vyw2v4p � �s2 nop �pqqsr3pr m o4 npr 3p���� pw4pr �v4prvs �rvympq��q4pm �   pn� xy �yrp ���£ � oq4 sm �J® 32 ���p2 } ¹¤pruv2 oq4 � �s2 nopqp �pqqsr3pr nopvr3pr�mmprp 4v4q �vxywoxyp �p�tpo4 roxy4 ��22p�4 p2mo44pw4 z�2npr �   pn� xy w�v�4 qoxyrvxy �uuvs np2 3pqvm 4pr �p�pwp�42�ro� roxy4 mpy2 2p��rq42sop2pr � z�yp2 np2 �py�wp2 �vm } � ��3 woxyp �2qvxypr zp2npr or �uqxyro44 � }� }� }� noq�s4 op24 } � op �23puroqqpvsq npr �p�2poypr ��£ � srn ��£� zs2npr pr4q�2pxyprn npr � w�yv�� �vyw2v4pr��22o3 op24 � �p2 {�22p�4s2�v�4�2 up42 �v34 �}J�� �����}��� ��� � J }�� ��� } � �s2 nopqp �pq�qsr3pr zs2np np2 �pywp2 npq {�22p�4s2��v�4�2q vwq tsq �v4twoxyp2 q�q4pm v4oqxyp2 �py�wp2 u p2 �sx�qoxy4 o34 }



��� ������� �� ������  �� "�� ���

v }� 0.01
 0.1
 1
 10


1.04


1.06


1.08


1.10


1.12


1.14


1.16


1.18


1.20


1.22


1.24


1.26


1.28


1.30


1.32


 


 


Z
ä
h
lr
a
te

 A
lp

h
a
s
 [
H

z
]


Zählrate 

236


U [Hz]

u }� 0.01
 0.1
 1


0.95


1.00


1.05


1.10


1.15


1.20


1.25


 


 


Z
ä

h
lr
a

te
 A

lp
h

a
s
 [

H
z
]


Zählrate 

236


U [Hz]


�uuownsr3 � }� � �sqvmmprq4pwwsr3 np2 �w�yv�� �vyw2v4pr vwwp2 �pqqsr3pr � vs �3p42v�3pr 3p3pr �¬­� �� �vyw2v4pr � �s2 v }� rs2 ��r�pr4 o�rpwwpr ��£ srn u }� or� wsqo�p ���£ }� op �pywp2 qorn nop q4v4oq4 oqxypr �rqoxyp2ypo4pr } � op 3pz oxy4p4pr � o44pwzp24p qornvwq 3pq42oxypw4p ~orop por3ptpoxyrp4 � ts2 �oq�sqqo�r qopyp �p« 4 }
T UV U³ XYZ[\]]^_` aYb ´µ¶· ¸´µ¹· ¯ºZg[g®Y_»Yb¼ fd½[_\ZZY ¾ f̂ba \Y »YbZ¿¼\YaY_Y_ À d[Yb\d½®bgÁY_hij iÂ ik 
 �Þ § Üç� Þá ¨ã
¦©ª ßáâ ã
 k©ª¨ è¢ op u p2po4q m py2�vxy noq�s4op24 � zs2np � �s2 nopqp | 2�u pr �por �r4p232srn ns2xyuprvxyuv24p �q�4�� p p2zv24p4 } �r43p3pr nopqp2 �2zv24sr3 z o2n or vwwpr �� p�42pror �uu } � }� porp vsq3p�2 �v34p �¡� xyprp23 op��xysw4p2� u p�uvxy4p4 } � opqp �vrr rs2� �s2 nop �pqqsr3 ��£� np2 | 2�up �� ��J vwq |owps���¤p�4 or4p2�2p4op24 zp2npr �� �s2 nop vrnp2pr �pqqsr3pr oq4 nop � �vyw2v4p ts 3p2or3 � sm rprrprqzp24pr |owps� tsp2tps3pr } �rqu pq�rnp2p zp2npr |owps���2po3roqqp ns2xy nvq �ow4p2�| 2�32vmm � �s2 nop���£ ��v4pr vsqq�24 op24 }� q zs2np nvyp2 �p2qsxy4 � nop �xysw4p2 m o4 porpm �r4p232srn�|pv� ts �44pr }� op |�qo4 o�r om �rp23 opq� p�42sm pr4q�2oxy4 np2 ��r �¬³� } �uuownsr3 � }�J tpo34nopqpwu pr �smmprq� p�42pr z op �uuownsr3 � }� � nopqpq �vw   pn� xy 3p�44p4 mo4 tzpo�vs��s2�pr � ��r nprpr nop wor�p vr np2 |�qo4 o�r ��r �¬­� �� � �� }�� �p� � � nop2pxy4p vr np2 |�qo4 o�r ��r �¬³� �� � �� }�� �p� � w��vwoqop24 oq4 } � op qxyzv2tp {s2�ptpo34 nop �smmp vsq u ponpr �vs��s2�pr }� op �smmp vsq u ponpr �vs��{s2�pr upqxy2pou4 nvq vs �3pr�mmprp �� p�42smporqxywop�woxy np2 �xysw4p2 qpy2 3s4 } ¹¤pruv2 oq4 7 pr43p3pr np2 s2q�2 �sr3 woxypr �r�rvym p 7 n� xy por roxy4 �p2rvxyw�vqqo3uv2p2 �r4p232srn vsq �¬³� or npr | 2�uprpr4yvw4pr } � �s2 nvq �� p�42sm v }� ��r �� ��J oq4 nop ��u p2porq4 ommsr3 zpro3p2 3s4 �yop2 z o2n np2 � or¸s� npq �¬³� vs �32srn np2 2pwv4 o� y�ypr � �vyw2v4p ��r xv } �J ¡ t ��r|owps� �sup2npx�4 } � opq ms� upo np2 �pq4 ommsr3 np2 �¬­� �� �vyw2v4p vwq tsq �v4twoxyp2�pywp2 u p2 �sx�qoxy4 o34 zp2npr � np2 nvyp2 32 ���p2 vwq np2 2porp �o4�pywp2 vsq np2 �vs���s2�p oq4 }� op �23puroqqp � �s2 nop �q�4�� pr�p2y �vw4roqqp np2 | 2�upr �� ��J srn �� ��J qorntsqvmmpr m o4 npr �23puroqqpr np2 vrnp2pr �pqqsr3pr or �vupwwp � }� tsqvmmpr3p�q4pww4 } � orp � oq�sqqo�r np2 �23puroqqp � �p23 wpoxy m o4 npr ~o4p2v4s2zp24pr q�z op porp� oq�sqqo�r npq �¬³� ��r4p232srnq p2�� w34 or �uqxyro44 � }� }� }



��� � ���������� "�� ���µ���� ����� ���
| 2�u p �� ��J | 2�u p �� ��J

v }� 17.0
 17.1
 17.2
 17.3
 17.4
 17.5
 17.6
 17.7
 17.8
 17.9
 18.0


0


1000


2000


3000


4000


5000


 


 


c
o
u
n
ts

/b
in




E [MeV]


17.0
 17.1
 17.2
 17.3
 17.4
 17.5
 17.6
 17.7
 17.8
 17.9
 18.0


0


100


200


300


400


 


 


c
o
u
n
ts

/b
in




E [MeV]


u }� 17.0
 17.1
 17.2
 17.3
 17.4
 17.5
 17.6
 17.7
 17.8
 17.9
 18.0


0


200


400


600


800


1000


 


 


c
o
u
n
ts

/b
in




E [MeV]


17.0
 17.1
 17.2
 17.3
 17.4
 17.5
 17.6
 17.7
 17.8
 17.9
 18.0


0


20


40


60


80


100


120


140


160


180


 


 


c
o
u
n
ts

/b
in




E [MeV]


x }� 17.0
 17.1
 17.2
 17.3
 17.4
 17.5
 17.6
 17.7
 17.8
 17.9
 18.0


0


50


100


150


200


250


300


350


400


 


 


c
o
u
n
ts

/b
in




E [MeV]


17.0
 17.1
 17.2
 17.3
 17.4
 17.5
 17.6
 17.7
 17.8
 17.9
 18.0


0


10


20


30


40


50


60


70


80


 


 


c
o
u
n
ts

/b
in




E [MeV]


�uuownsr3 � }�J � �smmpr��� p�42pr � �s2 nop | 2�upr �� ��J �wor�p ��vw4p� srn �� ��J�2pxy4p ��vw4p� � v }� � pqqsr3pr m o4 ��£� � u }� �pqqsr3pr m o4 ���£ � x }� � pqqsr3prm o4 ��£� � 3p�44p4 mo4 tzpo �vs��{s2�pr vr np2 |�qo4 o�r ��r �¬­� �2�4� srn �¬³��32 �sr� }
h ij iÂ i¦ 
 �Þ § Üç� Þá ¨�çä!��� ëÿ�ä � k ßáâ ¦¨ è� �s2 nop �pq4 ommsr3 np2 �2vrt �vyw2v4pr or npr | 2�upr ��vxyom q4yvw � srn �q�z op or np2 | 2�up �vn �vq4por � nop om r �vxyq4pr �uqxyro44 qp�v2v4 noq�s4op24 z o2n �zs2np nop � 2po4p np2 �vs��p24powsr3 vwq u p�vrr4 ��2vsq3pqp4t4 } � op �m� wo4snpsrn nop |�qo4o�r om �� p�42sm zs2npr sr4p2 np2 �rrvymp ��r �¬³� � srn �¬�� ��r4p232srn��po42 �v3pr � �s2 n2po |pv�q 3p�44p4 } �vq �¬²� ��rr4p m o4 np2 p22poxy4pr
�rp23 opvs¸ ��qsr3 roxy4 vu3p42prr4 zp2npr } � or m ��3 woxyp2 �po42v3 nopqpq �q�4��q oq4om �¬­� ��po42v3 pr4yvw4pr srn z o2n or �uqxyro44 � }� }� }� noq�s4op24 } � op �r4p232srn�



��� ������� �� ������  �� "�� ���
upo42 �v3p �q } {v� } � }�� zv2pr roxy4 tzvr3qw�vs�3 ��rq4vr4 � q�rnp2r ��rr4pr ��r�pqqsr3 ts �pqqsr3 �v2oop2pr ns2xy nop sr4p2qxyopnwoxyp xypm oqxyp �sqvmmprqp4�tsr3 np2 | 2�up srn zprr qoxy nvq �v�ssm vr npr ��m wvnsr3q�sr�4pr� �p2 �vrnp24p �� �s2 por o3p �pqqsr3pr zs2np por y�yp2 �r4p232srn u p�uvxy4p4 � � �s2 vrnp2p yor3p3pr
��rr4p �sup2yvs�4 �por �r4p232srn rvxy3pz opqpr zp2npr } �vyp2 zs2np � z op u p2po4qor �uqxyro44 � }� noq�s4op24 �   pnp �pqqsr3 portpwr vsq3pzp24p4 srn vwq �rnp23puroqnp2 3pz oxy4p4p � o44pwzp24 u pq4omm 4 }
�m nop �o4sv4 o�r ts �p2nps4 woxypr � qorn or �uuownsr3 � }�� srn �uuownsr3 � }��tzpo �poq� opwp � �s2 �� p�42pr m o4 upq�rnp2q y�ypm �r4p232srnvr4pow 3ptpo34 � �uuow�nsr3 � }�� tpo34 por �� p�42sm � nvq m o4 npm ��r�pr4 o�rpwwpr ��£ ��p�2poyp ��£ ��vs�3pr�mmpr zs2np } �v23pq4pww4 qorn   pzpowq n op �pq4�4q � �s2 porp srn � �s2 n2po �vs���s2�pr q�z op nop �smmp vsq npr n2po �vs��s2�pr } �r4p2 npr uponpr �ownp2r oq4 � �s2  pnpr �o4 nvq 2pnstop24p Ã� or �uy �vr3 o3�po4 ��r np2 �m� wo4snp � np2 �vs��s2�

�p vs�3p42v3pr } �m sr4p2qsxy4pr �p2poxy ��r � qorn vwwp Ã� �{s2�pr q�mmp42oqxyp

17.0
 17.1
 17.2
 17.3
 17.4
 17.5
 17.6
 17.7
 17.8
 17.9
 18.0


0


2


4


6


8


10


12


14


16

 


 


c
o
u
n
ts

/b
in




E [MeV]


17.0
 17.1
 17.2
 17.3
 17.4
 17.5
 17.6
 17.7
 17.8
 17.9
 18.0


0


2


4


6


8


10


12


14


16


18


235

U


236

U


238

U


234

U


 


 


c
o
u
n
ts

/b
in




E [MeV]


110 120 130 140 150 160 170 180
1.84

1.86

1.88

1.90

1.92

χ2

min
+ g/

f

χ2

min

2 ∆A

 

 

re
du

ce
d 

χ2

A [counts]
0 20 40 60 80 100 120 140 160 180

1.24
1.26
1.28
1.30
1.32
1.34
1.36
1.38
1.40
1.42
1.44
1.46
1.48
1.50
1.52
1.54
1.56
1.58

χ2

min
+ g/

f

χ2

min

 

 

re
du

ce
d 

χ2

A [counts]

 A(236U)
 A(238U)
 A(234U)

v }� u }��uuownsr3 � }��� �poq� opw � �s2 nop �u42prrsr3 npq �r4p232srnpq � �s2 nop | 2�up ��v�xyom q4yvw � � � �s2 porp � ortpwm pqqsr3 mo4 upq�rnp2q y�ypm �r4p232srn��r4pow oq4np2 �o4 m o4 v }� porp2 �vs��{s2�p �rs2 �¬­� � srn u }� m o4 n2po �vs��{s2�pr ��r4p2�32srn ��r �¬�� srn �¬²� � 3ptpo34 } � op qxyzv2tp {s2�p or u }� u pqxy2pou4 nop �smmpnp2 �vs��{s2�pr } �r4p2 npr u ponpr �� p�42pr qopy4 mvr nop p2m o44pw4pr ¢p24p npq2pnstop24pr Ã� or �uy �vr3 o3�po4 ��r np2 �m� wo4snp � porp2   pnpr �vs��s2�p } �s2upqqp2pr �s�2nrsr3 qorn nop ��mu� wp ns2xy ~oropr �p2usrnpr } � op � 2po4p ¢� up�qxy2pou4 npr �o4�pywp2 � �s2 nop �m � wo4snp �ts2 vsq� �sy2woxypr � oq�sqqo�r qopyp �p«4� }



��� � ���������� "�� ���µ���� ����� ���
|v2vupwr m o4 porpm � wv2 np�rop24pr � oromsm �Ä } ¢� uptpoxyrp4 npr �o4�pywp2 �np2 om �� w3prnpr vwq �q4v4 oq4 oqxyp2� �pywp2 uptpoxyrp4 z o2n �q } vsxy {v� } � }�� } �2z o2n �� w3prnp2mv�pr p2mo44pw4 � � �s2 porp u pwopuo3p � 2 ���p «Ä � nop m o44pwq porp2 Ã���orom op2sr3 p2mo44pw4 z o2n � np�rop24 nvq q�3 } �Âsvr4 ow ��r Ã�� 3 � nvq t }� } or Å��Ænp�rop24 z o2n � npr �pywp2 ¢« ��r «Ä ns2xy nop �� 2po4p� np2 Ã� �|v2vu pw 3pm �v�Ã� �«Ä Ï ¢« � � Ã� �«Ä � é 3 �� }��
3 oq4 vuy �vr3 o3 ��m � �s2 npr �o4 3pz �vyw4pr { �r�nprtwp�pw } � �s2 porpr { �r�nprtwp�pw
��r ��® ��por � o3mv� � oq4 3 � �} �p42vxy4p4 mvr nvq 2pnstop24p Ã� � ms� 3 r� xyns2xy nop �rtvyw � np2 �2poypo4q32vnp 3p4pow4 zp2npr } �r np2 �uuownsr3 uptpoxyrp4Ã�Ç �� npr m orom vwpr ¢p24 npq 2pnstop24pr Ã� vr np2 �4pwwp � Ä srn Ã�Ç �� é 3�� nvq Ã�ts2 �pq4 ommsr3 npq �pywp2q ¢� } ¥vxy Å��Æ u pqxy2pou4 nvq m orom vwp Ã � npr upq4pr�o4 vr nop �v4pr } � �s2 npr ��pq4�4� q� ww4p nvq 2pnstop24p Ã� porpr ¢p24 rvyp �vrrpympr }� �s2 nop or �uuownsr3 � }�� nv23pq4pww4p �pqqsr3 oq4 � �s2 npr �o4 mo4 porp2 �vs��{s2�p Ã�Ç �� � �}��� � � �s2 npr �o4 m o4 n2po �vs��{s2�pr Ã�Ç �� � �}��� } �v2vsq �� w34 �nv� np2 �o4 m o4 n2po �vs��{s2�pr porp u pqqp2p �pqxy2pousr3 np2 �v4pr nv2q4pww4 }�vq � �s2 nop �rvw� qp �p2zprnp4p | 2�32vmm �|�¢ � 3 ou4 � �s2 nopqpq �poq� opw �� w3prnp�23puroqqp vr � � ��¬­� � � ���� Ï ��� � � ��¬�� � � ��� Ï �� � � ��¬³� � � ��� Ï �� �� �s2 porpr |pv� � ��¬­� � � ���� Ï ��� } � op vr3p3pu prpr �pywp2 qorn ��rqoq4pr4 mo4np2 � 2po4p np2 Ã� �|v2vupwr � � �s2 � ��¬­� � oq4 ¢� � �� � � �s2 � ��¬�� � oq4 ¢� � � � � �s2� ��¬³� � oq4 ¢� � � srn � �s2 npr �o4 mo4 porpm |pv� oq4 ¢� � �� }� wq �poq� opw � �s2 nop �p2u pqqp2sr3 np2 �r4p232srn��u42prrsr3 ns2xy nop u pqqp�2p �rp23 opvs¸ ��qsr3 qorn or �uuownsr3 � }�� nop �v2vwwpw vs �3pr�mmprpr �� p�42prporp2 �pqqsr3 mo4 ���£ srn m o4 ��r�pr4 o�rpwwpm ��£ 3p3pr �su p23pq4pww4 } � op �p2�u pqqp24p �rp23 opvs¸ ��qsr3 ns2xy no3 o4vwpq � ow4p2r p2wvsu4 om ���£ ��� p�42sm porpnps4 woxyp2p �u42prrsr3 np2 �r4p232srn�|pv�q vwq m o4 npm ��r�pr4o�rpwwpr ��£ }� opq z o2n ��2 vwwpm om 2pnstop24pr �o4��pywp2 � �s2 nop �r4p232srn��q�4�� p nps4woxy ����£ � �J Ï � �� Ï � �J Ï ���£� � �� Ï � �� Ï � �� Ï �J�r �uuownsr3 � }�� qorn vwwp � ortpwm pqqsr3pr � �s2 nop | 2�u pr ��vxyom q4yvw � srn
� vs �vnnop24 srn or �smmprq� p�42pr nv23pq4pww4 } � op u p2po4q m py2�vxy noq�s4 op24ptpo4 woxyp ��rnp2sr3 np2 �rp23 oppoxysr3 ns2xy nop �2y ��ysr3 np2 ¢ �v2mp�v�vto4 �v4 npq�p4p�4�2q zs2np ��22o3 op24 } � or3ptpoxyrp4 qorn vsxy nop �pq4�4q np2 �vs��s2�pr � �s2nop n2po �2vroq�4�� p �¬­� � �¬�� srn �¬³� q�z op nop �smmp vwwp2 �vs��s2�pr } ¢ opqoxy por m ��3 woxyp2 �¬²� ��po42v3 vs � nvq �q�4�� pr�p2y �vw4roq vsqz o2�pr �vrr � z o2n omr �vxyq4pr �uqxyro44 noq�s4 op24 }�m �pywp2 ns2xy nop {�22p�4s2 np2 � oxysr3 ts �p2mponpr � zs2npr nop �sm �mprq� p�42pr roxy4 ts2 �pq4 ommsr3 np2 �q�4�� pr�p2y �vw4roqqp yp2vr3pt�3pr � q�rnp2rnp2 3pz oxy4p4p � o44pwzp24 np2 � ortpw��pqqsr3pr 3puownp4 } � opqp2 oq4 � �s2 vwwp � pq�qsr3pr or �vupwwp � }� vs �3pwoq4p4 � ���£�� uptpoxyrp4 nop �pqqsr3pr � nop rs2 mo4
¡ vs�4�p2q4 �v2�p2 srn ��£ ns2xy3p� �sy24 zs2npr } ����£� u ptpoxyrp4 nop ���£ ��pqqsr3pr rvxy npm no3 o4vwpr �ow4p2r } ���£�� uptpoxyrp4 nop �pqqsr3pr � nop m o4npm ¡ vs�4�p2q4 �v2�p2 srn ��£ �v2vwwpw ts2 �v4prvs �rvymp m o4 npm ���£ 3p�mvxy4 zs2npr } ���£�� qxywop�woxy u ptpoxyrp4 nop  pro3pr �pqqsr3pr � nop ��2 np2tzpo4pr ¹�4 om op2sr3 ��r ���� m o4 rs2 ��® �2vrqm oqqo�r ns2xy3p� �sy24 zs2npr }



��J ������� �� ������  �� "�� ���

v }� 17.0
 17.1
 17.2
 17.3
 17.4
 17.5
 17.6
 17.7
 17.8
 17.9
 18.0


0


2


4


6


8


10


12


14


 


 


c
o
u
n
ts

/b
in




E [MeV]


17.0
 17.1
 17.2
 17.3
 17.4
 17.5
 17.6
 17.7
 17.8
 17.9
 18.0


0


2


4


6


8


10


12


14


238

U


235

U


234

U


236

U


 


 


c
o
u
n
ts

/b
in




E [MeV]


u }� 17.0
 17.1
 17.2
 17.3
 17.4
 17.5
 17.6
 17.7
 17.8
 17.9
 18.0


0


1


2


3


4


5


6


 


 


c
o
u
n
ts

/b
in




E [MeV]


17.0
 17.1
 17.2
 17.3
 17.4
 17.5
 17.6
 17.7
 17.8
 17.9
 18.0


0


1


2


3


4


5


6


 


 


c
o
u
n
ts

/b
in




E [MeV]


�uuownsr3 � }�� � �p2u pqqp2sr3 np2 �r4p232srn��u42prrsr3 ns2xy nop �p2u pqqp24p�rp23 opvs¸ ��qsr3 � �v23pq4pww4 qorn tzpo �v2vwwpw vs �3pr�mmprp �� p�42pr � nop v }�m o4 ���£ �¢��� � � }� ,�J-¬ � � srn u }� m o4 ��r�pr4o�rpwwpm ��£ �¢��� � � }J,�J-¬ � vs �3pr�mmpr zs2npr }
�m npr 2pwv4 o�pr �po42v3 npq �r4p232srnq ts �p2nps4 woxypr � oq4 rpupr npm �q�4�� pr�
�p2y �vw4roq nop �smmp np2 �2vr�£�sr4q � �s2 �¬­� q�z op �¬�� srn �¬³� vwwp2 �pqqsr3prvr3p3pu pr }�p2 q�q4pm v4 oqxyp �pywp2 qp4t4 qoxy tsqvmmpr vsq npm �pywp2 � �s2 nop �2vrqm oq�qo�r �q } {v� } � }�� srn npm �pywp2 � �s2 nop �pq4 ommsr3 np2 £�m�s4p2���4tpo4 vsqnp2 �w�yv�� �vyw2v4p �q } {v� } � }� }�� } �rnp2p q�q4pm v4qoxyp �pywp2�spwwpr � t }� } q�q4p�mv4 oqxyp �pywp2 or np2 �pqqsr3 npq �¬�� ��42�mq � qorn �p2rvxyw�vqqo3uv2 Å��Æ } �smq� q4pm v4oqxypr �pywp2 � �s2 nop Âs�4opr4pr np2 �q�4�� pr�p2y �vw4roqqp � �� ��J��� ��Jq�z op ��vxyom q4yvw ����vxyom q4yvw � � 42 �v34 wpn o3 woxy np2 �pywp2 vsq np2 �pq4ommsr3np2 ��4tpo4 upo � nv nop �2vrqm oqqo�r z �vy2prn porp2 �p���poyp or 3s4p2 ¥ �vyp2sr3vwq ��rq4vr4 vr3pr�mmpr zp2npr �vrr }� op �23puroqqp np2 � ortpwm pqqsr3pr qorn or �ryvr3 � 4vupwwop24 vs �3p� �sy24 } ��24qorn nop �23puroqqp � �s2 ��vxyom q4yvw � srn � vsxy 32v�yoqxy nv23pq4pww4 � m vr u p�u�vxy4p4 or np2 �v4 porp q4v4 oq4 oqxyp �p24powsr3 np2 portpwrpr �p�zp24p } ��q4pm v4 oqxyp� or¸ �sqqp z op p4zv porp ��rnp2sr3 np2 �2vrqm oqqo�r z �vy2prn porp2 �p�2poyp zs2nprroxy4 up�uvxy4p4 }h ij iÂ iÂ 
 �Þ § Üç� Þ ¨�äâ ÈäëÿÞ �á¨ è
� q zs2np u p2po4q noq�s4op24 � nv� � �s2 nop | 2�up �vn �vq4por vs �32srn np2 ��m �

� wotop24pr srn vs �z �vrno3pr | 2�u pr�2 �v�v2v4 o�r rs2 porp porto3p �pqqsr3 ��r ��JJ q



��� � ���������� "�� ���µ���� ����� ���
| 2�u p �¬­� ��¬�� � ��¬­� � � ��¬�� � � ��¬³� �Åx�sr4qÆ Åx�sr4q�® Æ Åx�sr4q�® Æã
¦©ª��£ � �� Î�� Ï J ÎJ�ÐÑÒÑ Ï J Î��ÐÓÐÑ � , �J-± ����� Ï �J�� É ����J Ï ������ }� ������£ �� Î�� Ï J ÎJ�ÐÑÒÑ Ï J Î��ÐÓÐÑ � , �J-± ���� Ï �JJ É ���J Ï ����� }������£� �� Î�� Ï J ÎJ�ÐÑÒÑ Ï J Î��ÐÓÐÑ � , �J-± ���� Ï � � É ��J� Ï ����� }� ���ê �ÿÿÞ ��ÞÜÿ �k ÎÂ© Ï ª Îª¦ÐÑÒÑ Ï ª ÎkjÐÓÐÑ � , kª-Ê
ã
 k©ª��£ � �� Î�� Ï J Î��ÐÑÒÑ Ï � Î��ÐÓÐÑ � , �J-HÄ ���� Ï �� É ���� Ï ����� }� ������£ �� Î�� Ï J Î��ÐÑÒÑ Ï � Î��ÐÓÐÑ � , �J-HÄ ���� Ï �� É ��J� Ï ����� �����£� �� Î�J Ï J Î��ÐÑÒÑ Ï � Î��ÐÓÐÑ � , �J-HÄ ���� Ï �� É ���� Ï ����� �����£� ��� Î�� Ï J Î��ÐÑÒÑ Ï � Î��ÐÓÐÑ � , �J-HÄ �J�� Ï �� ���� Ï � ���� }� ��� É
ê �ÿÿÞ ��ÞÜÿ �j ÎÂË Ï ª ÎªËÐÑÒÑ Ï k Îª©ÐÓÐÑ � , kª-ÌÍ
ã
¦©ªÎã
 k©ª��£ � �� Î�� Ï J ÎJ�ÐÑÒÑ Ï J ÎJ�ÐÓÐÑ ����£ �� Î�� Ï J ÎJ�ÐÑÒÑ Ï J ÎJ�ÐÓÐÑ ���£� �� Î� � Ï J ÎJ�ÐÑÒÑ Ï J ÎJ�ÐÓÐÑ �ê �ÿÿÞ ��ÞÜÿ �k ÎÏ k Ï ª ÎªÂÐÑÒÑ Ï ª ÎªÐ ÐÓÐÑ ��çä!��� ëÿ�ä � k��£ � �� Î�� Ï J ÎJ�ÐÑÒÑ Ï J Î�JÐÓÐÑ � , �J-HH ���� Ï �� ��� Ï �J��� }� ��� ���� Ï ����� ������£ �� Î�� Ï J Î��ÐÑÒÑ Ï J Î��ÐÓÐÑ � , �J-HH ��� Ï �� ��J Ï �J��� ��� ��� Ï ���� �� �����£� �� Î�� Ï J Î��ÐÑÒÑ Ï J Î��ÐÓÐÑ � , �J-HH ��� Ï �� ��� Ï � ����� �� � �� � Ï ������ �� ���£� �� Î�� Ï J Î��ÐÑÒÑ Ï � ÎJ�ÐÓÐÑ � , �J-HH ��� Ï �� ��� Ï ����J ��� ��� Ï ���� ���ê �ÿÿÞ ��ÞÜÿ �Â ÎjË Ï ª ÎªjÐÑÒÑ Ï ª ÎÂ©ÐÓÐÑ � , kª-ÌÌ�çä!��� ëÿ�ä � ¦��£ � �� Î�� Ï J ÎJ�ÐÑÒÑ Ï J Î��ÐÓÐÑ � , �J-HH ���� Ï �� ��J� Ï �J��� ��� ���� Ï ���� �J ������£ �� Î�� Ï J Î�JÐÑÒÑ Ï J Î��ÐÓÐÑ � , �J-HH ��� Ï �� ��� Ï ���� ��� ��� Ï ���� �� �����£� �� Î�� Ï J Î��ÐÑÒÑ Ï J Î��ÐÓÐÑ � , �J-HH ��� Ï �� ��� Ï ������ ��� ���J Ï �� ���� ��� ���£� �� Î�� Ï J Î��ÐÑÒÑ Ï J Î��ÐÓÐÑ � , �J-HH �� Ï � ��� Ï ����� ��� É
ê �ÿÿÞ ��ÞÜÿ �¦ Î¦Ë Ï ª ÎªhÐÑÒÑ Ï ª Î¦ËÐÓÐÑ � , kª-ÌÌ�çä!��� ëÿ�ä � kÎ�çä!��� ëÿ�ä � ¦��£ � �� Î�� Ï J ÎJ�ÐÑÒÑ Ï J ÎJ�ÐÓÐÑ ����£ �� Î�� Ï J Î��ÐÑÒÑ Ï J ÎJ�ÐÓÐÑ ���£� �� Î�� Ï J Î��ÐÑÒÑ Ï J ÎJ�ÐÓÐÑ ���£� �� ÎJ� Ï J Î��ÐÑÒÑ Ï J ÎJ�ÐÓÐÑ �ê �ÿÿÞ ��ÞÜÿ �k Îhª Ï ª ÎªÏÐÑÒÑ Ï ª Îª kÐÓÐÑ �

�vu pwwp � }�� �sqvmmprq4pwwsr3 np2 �23puroqqp � �s2 nop �� ���pqqsr3pr np2 | 2�u pr
�� ��J � �� ��J q�z op ��vxyom q4yvw � srn � } � op q4v4 oq4 oqxypr �pywp2 p23pu pr qoxy vsqnpr �o4�pywp2r � �s2 nop � ortpwm pqqsr3pr �q } {v� } � }�� � � �s2 nop | 2�up �� ��J oq4 u po np2�pqqsr3 ��£� np2 �pywp2 vsq npm |owps���¤p�4 mo4 por3p2pxyrp4 �q } {v� } � }� }� }�� }� op � o44pwzp24p u ptpoxyrpr nop m o4 npm �pqvm 4�pywp2 ��svn2v4oqxyp �smmp vsq q4v4 oq4o�qxypm srn q� q4pm v4oqxypm �pywp2� 3pz oxy4p4pr � o44pwzp24p np2 n2po � pqqsr3pr ��£ � ����£ srn ��£� } �s�p2npm oq4 np2 �r4p232srn��r4pow u pt�3pr vs � nop �pqvm 4tvyw np2�2po3roqqp or | 2�tpr4 vr3p3pu pr �q } vsxy Å��Æ� }



��� ������� �� ������  �� "�� ���
��vxyom q4yvw � ��vxyom q4yvw �

v }� 17.0
 17.1
 17.2
 17.3
 17.4
 17.5
 17.6
 17.7
 17.8
 17.9
 18.0


0


50


100


150


200


250


235

U


234

U


236

U


238

U


 


 


c
o
u
n
ts

/b
in




E [MeV]


17.0
 17.1
 17.2
 17.3
 17.4
 17.5
 17.6
 17.7
 17.8
 17.9
 18.0


0


20


40


60


80


100


120


238

U
 234


U


235

U


236

U


 


 


c
o
u
n
ts

/b
in




E [MeV]


u }� 17.0
 17.1
 17.2
 17.3
 17.4
 17.5
 17.6
 17.7
 17.8
 17.9
 18.0


0


10


20


30


40


50


60


 


 


c
o
u
n
ts

/b
in




E [MeV]


17.0
 17.1
 17.2
 17.3
 17.4
 17.5
 17.6
 17.7
 17.8
 17.9
 18.0


0


5


10


15


20


25


30


35


 


 


c
o
u
n
ts

/b
in




E [MeV]


x }� 17.0
 17.1
 17.2
 17.3
 17.4
 17.5
 17.6
 17.7
 17.8
 17.9
 18.0


0


5


10


15


20


25


30


 


 


c
o
u
n
ts

/b
in




E [MeV]


17.0
 17.1
 17.2
 17.3
 17.4
 17.5
 17.6
 17.7
 17.8
 17.9
 18.0


0


2


4


6


8


10


12


 


 


c
o
u
n
ts

/b
in




E [Mev]


�uuownsr3 � }�� � �v23pq4pww4 oq4 nop �smmp vwwp2 � ortpwq� p�42pr � �s2 ��vxyom q4yvw �srn ��vxyom q4yvw � � �s2 v }� nop �pqqsr3pr ��£ � � u }� nop �pqqsr3pr ���£ srn x }�nop �pqqsr3pr ��£� } � or3ptpoxyrp4 qorn   pzpowq n op �pq4�4q � �s2 n2po �vs��s2�prq�z op nop �smmp vsq npr n2po �vs��s2�pr }
�vsp2 m ��3 woxy zv2 } �r nopqpr �J � ors4pr zs2npr orq3pqvm 4 �� �2po3roqqp 2p3 oq42op24 }�uuownsr3 � }�� tpo34 nvq pr4q�2pxyprnp �rp23 opq� p�42sm }�p2 �pq4�4 np2 �vs��s2�pr p23 ou4 � �s2 �¬­� porpr ¢p24 � �s2 nop �m � wo4snp ��r��� Ï � � �2po3roqqpr � � �s2 �¬³� porpr ¢p24 ��r ��J Ï �� �2po3roqqpr } �vq qorn m py2�2po3roqqp � vwq om 3pqvm 4pr �� p�42sm 2p3 oq42op24 zs2npr } �pnor34 ns2xy nop 3p2or3p
�4v4 oq4o� z o2n u po porpm �o4 nop �m� wo4snp np2 �vs��{s2�pr �¤pruv2 �sup2qxy �v4t4 }�m por np2 �pvwo4 �v4 pr4q�2pxyprnpq �23puroq ts p2yvw4pr � zs2npr nop sr4p2 npr n2po�vs��{s2�pr wop3prnpr �2po3roqqp nvyp2 ���r ¡ vrn� vsq3pt �vyw4 } �vm o4 p2y �vw4 mvr�� Ï �� �¬�� ��2po3roqqp � �� Ï �� �¬³� ��2po3roqqp srn ��� Ï � � �¬­� ��2po3roqqp } �vq



��� � ���������� "�� ���µ���� ����� ���

17.0
 17.1
 17.2
 17.3
 17.4
 17.5
 17.6
 17.7
 17.8
 17.9
 18.0


0


1


2


3


234

U: 


5 counts


235

U


236

U: 14 counts


238

U: 2 counts


 


 


c
o
u
n
ts

/b
in




E [MeV]


�uuownsr3 � }�� � �� p�42sm � �s2 nop �po42 �v3p np2 �q�4�� p �¬­� � �¬�� srn �¬³� np2| 2�up ��vn �vq4por� � � or3ptpoxyrp4 qorn nop �pq4�4q � �s2 n2po �vs��s2�pr q�z op nop
�smmp np2 n2po �vs��s2�pr �qxyzv2t� } � or m ��3 woxyp2 �r4pow vr �¬²� z o2n om �p«4noq�s4 op24 }

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1.78

1.80

1.82

1.84

1.86

1.88

1.90

1.92

1.94

1.96

 

 

re
du

ce
d 

χ2

A [counts]

 A(236U)
 A(235U)

1 2 3 4
1.78

1.79

1.80

1.81

1.82

1.83

1.84

 

 

re
du

ce
d 

χ2

A [counts]

 A(234U)
 A(235U)

�uuownsr3 � }�� � Ã� �|v2vu pwr � �s2 nop �uqxy �v4tsr3 npq m ��3 woxypr �r4powq vr �¬²� om
�� p�42sm vsq �uuownsr3 � }�� } �v23pq4pww4 qorn nop Ã� �|v2vupwr � �s2 nop �m � wo4snprnp2 �vs��s2�pr � �s2 �¬­� � �¬²� srn �¬³� � zprr por tsrpymprnp2 �r4pow vr �¬²� om
�� p�42sm vr3pr�mmpr z o2n } �sq npm 2pnstop24pr Ã� �vrr �por �r4pow vr �¬²� om
�� p�42sm 3p�� w3p24 zp2npr }
�23puroq � �s2 nvq �q�4�� pr�p2y �vw4roq u p42 �v34 �ÑÒÓã ?ÑÒÔã � �Ï Îk Ï k ÎhÐÑÒÑ Ï k Î¦ÐÓÐÑ � , kª-ÌÑ�p2 �r4p232srn��r4pow ns2xy ¥vxyuv2oq�4�� p u pt�3pr vs � nop �pqvm 4tvyw np2 �2�po3roqqp wop34 � �s2 nopqp | 2�up orq3pqvm 4 upo xv } �J ® }�v por �o4 mo4 � op2 �vs��s2�pr sr4p2 � oru ptopysr3 porpq m ��3 woxypr �r4p232srn��r4powq ��r �¬²� vs �32srn np2 3p2or3pr �rtvyw vr �v4pr�sr�4pr roxy4 m ��3 woxyzv2 � zs2np nvq 2pnstop24p Ã� � �s2 �p2qxyopnprp �r4powp ��r �¬²� up2pxyrp4 srn m o4npm m orom vwpr ¢p24 �yrp �¬²� �p23 woxypr � sm npr m ��3 woxypr �r4pow ��r �¬²� om
�� p�42sm vutsqxy �v4tpr } �uuownsr3 � }�� tpo34 nop Ã� �|v2vu pwr � �s2 nop �m � wo4snpr
��r �¬­� � �¬²� srn �¬³� � �s2 nopqpr �p23 wpoxy } �s2xy �p2 �sx�qoxy4 o3sr3 porpq �r4powq
��r �¬²� om �� p�42sm ��rr4p �porp �p22or3p2sr3 npq Ã� p22poxy4 zp2npr }� orp � oq�sqqo�r npq �23puroqqpq �� w34 om r �vxyq4pr �uqxyro44 }



��� ������� �� ������  �� "�� ���
T UV UÕ Ö \Z×^ZZ\g_ aYb Yb] \[[Y½[Y_ ´µ¶· ¸´µ¹· ¯ºZg[g®Y_»Yb¼ fd½[¯_ \ZZYhij iÐ ik 
 �Þ § Üç� Þá ã
¦©ª ßáâ ã
 k©ª è
��z�yw � �s2 nop | 2�u p �� ��J vwq vsxy � �s2 �� ��J q4omm pr nop �23puroqqp � �s2nop �p�2poypr ��£ � q�z op ���£���£� om �vympr npq p2mo44pw4pr �pywp2q 3s4

�sup2por } � op q�2oxy4 nv� �s2 � nv� np2 u p�uvxy4p4p |owps���¤p�4 � �s2 nop �pqqsr3 ��£�nvq �q�4�� pr�p2y �vw4roq roxy4 zpqpr4 woxy �p2� �vwqxy4 }� op u po np2 ¡ p2q4pwwsr3 np2 �p2n �srrsr3qw��qsr3pr p2mo44pw4pr �q�4�� pr�
�p2y �vw4roqqp u p42v3pr � �s2 �� ��J �¬­� ��¬�� � � }�� ��� ,�J-± srn � �s2 �� ��J�¬­� ��¬�� � �}�� ��� ,�J-± � nvq �p2y �vw4roq �� ��J��� ��J up42 �v34 q�mo4 �}�� ��� }� opqpq �p2y �vw4roq z o2n ns2xy nop 3pm pqqprpr �q�4�� pr�p2y �vw4roqqp qpy2 3s4 2p�2��nstop24 } � op vuq� ws4 3pm pqqprpr �q�4�� pr�p2y �vw4roqqp u p42v3pr   pn� xy rs2 �� ���®��� ��J� utz } �� ���® ��� ��J� np2 ��2yp23pqv34pr ¢p24p } �4pop2 p4 vw } yvu pr or porp2�pqqsr3 ��r � op2 | 2�u pr vsq �p23 wpoxyuv2pr �p2n �srrsr3qw��qsr3pr m o4 npm ��r�pr�4o�rpwwpr �rp23 op��ws3tpo4��p4s� � �s2 vwwp �q�4�� pr�p2y �vw4roqqp �� ���® npq r�morpwwpr¢p24pq 3pm pqqpr Å��Æ } � op p2� w�v2pr nop � oq�2p�vrt nvm o4 � nv� np2 ¢p24 � �s2 nvq �q�4��
� pr�p2y �vw4roq or npr �p2n �srrsr3qw��qsr3pr �vwqxy u pq4 omm4 zs2np � �2vr� wr o42v4 � nvq�v4p2ovw � vsq npm nop | 2�upr �� ��J srn �� ��J yp23pq4pww4 zs2npr �q } {v� } � }�� �oq4 q4v2� y�32�q��� oqxy � n }y } pq wv3p24 ¢vqqp2m � wp� �swp vsq np2 �m 3pusr3 qpy2 wpoxy4vr } ¢prr nvq �v4p2ovw u pom ¢ op3pr roxy4 �� ww��mmpr 42� x�pr zv2 � q�rnp2r qoxy¢vqqp2m � wp� �swp vr3pwv3p24 yv44pr � oq4 nop ns2xy ¢ op3pr u pq4 omm4p �pr3p vr �2v�r� wr o42v4 � nop � �s2 nop ~ ��qsr3pr �p2zprnp4 zs2np � roxy4 ��22p�4 � q�rnp2r 3p2or3p2 vwqvu3pz�3pr Å��Æ } �vq ns2xy �uz op3pr u pq4 omm4p �q�4�� pr�p2y �vw4roq np2 ~ ��qsr3proq4 nvrr 32 ���p2 �np2 � wporp2 vwq nvq 4v4q �vxywoxyp �q�4�� pr�p2y �vw4roq }�pxyrp4 mvr ts npr ns2xyqxyro44 woxy �� ���® vsq np2 ��2wop3prnpr � 2u po4r� xy porpr �r4p232srnvr4pow vr �¬³� ��r � }� ��� ® � oq4 nvq �23puroq or 3s4p2��u p2porq4ommsr3 mo4 npr �pqqsr3pr ��r �4pop2 p4 vw }h ij iÐ i¦ 
 �Þ § Üç� Þá �çä!��� ëÿ�ä � k ßáâ ¦ è�sxy � �s2 nopqp u ponpr | 2�upr q4omm pr nop �23puroqqp ��r ��£ � srn ���£om �vym pr npq p2mo44pw4pr �pywp2q �sup2por } �p2 �r4p232srn��r4pow � upt�3pr vs �nop �pqvm 4tvyw np2 �2po3roqqp � wop34 � �s2 �¬�� upo ns2xyqxyro44 woxy � ���® � � �s2 �¬³�upo �J ���® } �po porp2 �prqo4 o� o4 �v4 ��r �J-HH q4pww4 np2 �r4p232srn npmrvxy �porppr4qxyponprnp ~om o4 op2sr3 np2 �prvso3�po4 nv2 }�vq �23puroq � �s2 nop | 2�up ��vxyom q4yvw � oq4 om �vym pr np2 �pywp2 or��u p2porq4ommsr3 mo4 npm ��r �4pop2 p4 vw } Å��Æ 3pm pqqprpr ¢p24 �¬­� ?�¬�� ��� Î�Ï J Î�ÐÑÒÑ Ï � Î�ÐÓÐÑ � , �J-HH } �vq �23puroq � �s2 nop | 2�u p ��vxyom q4yvw � oq4 qo3ro� ��vr4 3p2or3p2 vwq np2 ¢p24 ��r �4pop2 p4 vw } �v nopqp | 2�up ��r �v4p2ovw q4vmm 4 � nvqvr porp2 vrnp2pr �4pwwp or np2 �orp pr4r�mmpr zs2np � oq4 nopq ns2xyvsq p2� w�v2uv2 }� op srm o44pwuv2p �m 3pusr3 npq �pq4porq ��r4pow vr �¬²� utz } vr ¥ps42�rprvu�q�2up2r � �p3przv24 ��r ¢vqqp2 vwq � �np2v4�2� u ppor¸s�4 npr ¥ps42�rpr¸s� srnnvm o4 nvq �q�4�� pr�p2y �vw4roq �q } { v� } � }�� }�vq �p2y �vw4roq ��r ��vxyom q4yvw � ts ��vxyom q4yvw � q4omm 4 � �s2 vwwp �pqqsr3prom �vym pr npq q4v4oq4oqxypr �pywp2q 3s4 �sup2por } � opqpq �p2y �vw4roq oq4 srvuy �vr3 o3
��r np2 �2vrqm oqqo�r � np2 q�q4pm v4 oqxyp �pywp2 z o2n n�morop24 ��m �pywp2 vsq np2�pq4ommsr3 np2 £�m�s4p2���4tpo4 } � opqpq �23puroq �p2nps4woxy r� xy porm vw nop �p�nps4sr3 � nop porpm �v4p2ovw��4vrnv2n m o4 qpy2 3prvs up�vrr4pm �q�4�� pr�p2y �vw4roq



��� � ���������� "�� ���µ���� ����� ���
ts��mm 4 � � o4 np2 p22poxy4pr �prvso3�po4 oq4 pq �2orto� opww m ��3 woxy � �p2qxyopnprp| 2�upr m o4porvrnp2 srn orqu pq�rnp2p m o4 porpm �v4p2ovwq4vrnv2n ts �p23 wpoxypr �np2pr �q�4�� pr�p2y �vw4roq om �vym pr npq q�q4pm v4 oqxypr �pywp2q �su p2porq4 ommpr }� o4 npm 3prvsp2pr �23puroq � �s2 �¬­� ��¬�� or np2 | 2�up ��vxyom q4yvw � zs2np nop�4vuwop2sr3 porpq �v4p2ovw��4vrnv2nq p2m ��3 woxy4 } ��z�yw np2 q4v4 oq4oqxyp vwq vsxynp2 q� q4pm v4oqxyp �pywp2 ��rr4pr nps4 woxy 2pnstop24 zp2npr }
h ij iÐ iÂ 
 �Þ § Üç� Þ �äâ ÈäëÿÞ �á è� �s2 nop | 2�up ��vn �vq4por� wop34 np2 �r4p232srn��r4pow u po xv } �J® srn z o2nn�morop24 ��r �¬³� } �po �q�4�� pr�p2y �vw4roqqpr nopqp2 � 2 ���pr�2nrsr3 yv4 np2 �r�4p232srn ns2xy u prvxyuv24p �q�4�� p u p2po4q nps4 woxypr � or¸s� vs � nvq �q�4�� pr�
�p2y �vw4roq � porp 3s4p �rp23 opvs¸ ��qsr3 ts2 �r4p232srn��u42prrsr3 3pz orr4 nv�yp2 mpy2 srn m py2 vr �pnps4sr3 } � o4 np2 u pq4pr p22poxy4pr �rp23 opvs¸ ��qsr3
��r ¢��� � � }� ,�J-¬ z o2n porp r� xy u pqqp2p �u42prrsr3 np2 �p2qxyopnprpr�r4p232srn��po42 �v3p srn vsxy porp pornps4 o3p �npr4o��v4o�r ��r �¬²� om �rp23 op�q� p�42sm m ��3 woxy qpor } � op �prvso3�po4 zv2 � �s2 nopqp �pqqsr3   pn� xy orq3pvm4roxy4 ��m �r4p232srn��r4pow srn vsxy roxy4 ��m q� q4pm v4oqxypr �pywp2 � q�rnp2r
��m q4v4oq4 oqxypr �pywp2 wom o4 op24 }�vq �q�4�� pr�p2y �vw4roq � �s2 nop | 2�up ��vn �vq4por� oq4 nvq � wporq4p   pm vwq � �s2�¬­� ��¬�� 3pm pqqprp �q�4�� pr�p2y �vw4roq } �m �p23 wpoxy m o4 npm ¢p24 ��r �4pop2 p4 vw }� �s2 ��vxyom q4yvw � �q }� }� ��rr4p nop �prqo4 o� o4 �v4 sm ÊÌØ Ê ÙË ÚÆÛ ÊØÆËÜØÈØÝ 3pq4po3p24zp2npr } � opqp �4po3p2sr3 np2 �prqo4 o� o4 �v4 zs2np ��2 vwwpr � or3pr ns2xy nop �4po3p�2sr3 np2 �2vrqm oqqo�r ��r J }� vs � J }�� p22poxy4 � m o4 porp2 �2vrqm oqqo�r ��r � � J }�z �v2pr upo 3 wpoxyp2 �pr3p vr | 2�u prm v4p2ovw orq3pqvm 4 rs2 � 7 � �2vr��2po3roqqpm p�uv2 3pzpqpr � � �s2 �¬­� rs2 � 7 � �2po3roqqp } �p2 q4v4 oq4 oqxyp �pywp2 w�v3p nvrr u po�J 7 �J ® }� o4 porp2 �2vrqm oqqo�r rvyp � � nop qoxy ns2xy porp 32 ���p2p v�4 o�p �p4p�4�2¸ �vxypp22poxypr w�v�4 � srn p4zvq mpy2 | 2�u prm v4p2ovw z o2n qoxy nop �prvso3�po4 � �s2 nop�pqqsr3 q� wxy � wporq4p2 �q�4�� pr�p2y �vw4roqqp zpo4p2 q4po3p2r wvqqpr � tsm vw nop �4v�uwop2sr3 porpq �v4p2ovwq4vrnv2nq npr q�q4pm v4oqxypr �pywp2 m orom op24 }
h ij iÐ iÐ 
 �ë�ßëë�çá âÞÜ ÞÜÜÞ �!�ÿÞá ê ÞÞàÞáäß �à�Þ �ÿ è�p2 ¡ vs�4upo42v3 tsm �p��pywp2 � �s2 nop yop2 noq�s4op24pr vuq� ws4pr �¬­� ��¬��7�p2y �vw4roqqp �vm �vs�p2 � �s2 nop | 2�up �vn �vq4por� ��r np2 �pq4ommsr3 np2 �2vrq�m oqqo�r } � op �p4vowq qorn or {v� } � }� noq�s4op24 } � op �2vrqm oqqo�r zs2np   p tzpom vwu pq4omm 4 � �m �r �vr3 srn vm �rnp porp2   pnpr �p�2poyp ���£ � � ���£���£� ���£��} �s�32srn ��r q4v2�pr �r4prqo4 �v4qqxyzvr�sr3pr � nop or �xyzvr�sr3pr np2��rpr�spwwp u p32 �srnp4 zv2pr � u p42s3 np2 �pywp2 np2 �2vrqm oqqo�rqmpqqsr3 ��® }� or �p4p�4�2 mo4 32 ���p2p2 v�4o�p2 �w�vxyp � ��rr4p nopqpq | 2�uwpm w��qpr � � q zs2npu p2po4q noq�s4 op24 �q } {v� } � }�� � nv� nop �p32prtsr3 np2 �2vrqm oqqo�r vs � J }�� qoxyom zpqpr4woxypr nvns2xy p2� w�v2pr w�v�4 � nv� upo porpm �42vywns2xympqqp2 ��r xv } �mm roxy4 vwwp �¬­� ���rpr npr rs2 � }� mm u2po4pr �p4p�4�2 42p¤pr } �po porp2 �p�
4p�4�2¸ �vxyp � nop 32 ���p2 vwq nop �42vyw¸ �vxyp oq4 � 42p¤pr vwwp ��rpr npr �p4p�4�2 } � op�2vrqm oqqo�r up42 �v34 nvrr rvyp �JJ® � np2 q�q4pm v4 oqxyp �pywp2 oq4 pr4q�2pxyprn3p2or3 } �s�p2npm �vrr nop �2vrqm oqqo�rqm pqqsr3 or ts� �sr �4 o3pr �«� p2om pr4pr vs�4�mv4oqop24 zp2npr � q�nv� t }� } vm �r�vr3 srn vm �rnp porp2   pnpr � ortpw��pqqsr3porp �2vrqm oqqo�rq��pqqsr3 ns2xy3p� �sy24 z o2n }



��� ������� �� ������  �� "�� ���
hij iÐ i© �ßÞáÞ àÜäàÞá è
¯ �r4p232srn��po42 �v3p �� �s2 nop �pqqsr3 ��£� � u po np2 rs2 mo4 �¬�� ��4om op24 zv2 � upq4py4 np2 up��vxy4uv2p �r4p232srn om zpqpr4 woxypr vsq �¬�� � z op ts p2zv24pr zv2 } ¥ vxynp2 tzpo4pr ¹�4 om op2sr3qq4s �p m o4 �¬²� up42 �v34 np2 �r4p232srn��r4pow ��r�¬�� xv } � ® � � �s2 nop | 2�upr �� ��J srn �� ��J m o4 npm 2pwv4o� 32��pr �q��4�� pr�p2y �vw4roq z o2n �por �¬�� rvxy3pz opqpr } �vr u p�uvxy4p4   pn� xy q�z�yw� �s2 nopqp | 2�u pr vwq vsxy � �s2 nop | 2�upr m o4 � wporp2pm �q�4�� pr�p2y �vw4roqporpr nps4woxypr �r4p232srn��po42v3 ��r �¬³� } � opqp2 �po42v3 oq4 uoqyp2 roxy4
�p2q4vrnpr�r {v� } � }� zs2np noq�s4 op24 � nv� np2 �r4p232srn vwq � � wp� �swo�rpr 3 wpoxyp2�vqqp z op �¬­� H­¹ - or npr �pqxywpsro3p2 or  otop24 z o2n � �¬�� vwq �¬�� H³¥- � �¬²�vwq �¬²� H.¹ - srn �¬³� vwq �¬³� H�¹ - } �p42vxy4p4 mvr nop �vqqprvr4powp np2
�p2qxyopnprpr �q�4�� p � �s2 �2vr srn �vsp2q4�¤ or rv4 �s2woxypm �2vrp2t � p2y �vw4mvr J }J�� ® �¬²� H.¹ - srn J }JJ � ® �¬³� H�¹ - } �vq �p2y �vw4roq ��r �¬³� ts �¬²�up42 �v34 npmrvxy ���� } ¢prr m vr vrromm4 � nv� nop ¢vy2qxypor woxy�po4 � �s2 nopno�p2qpr �mwvnsr3q�2�tpqqp � �s2 vwwp �q�4�� p 3 wpoxy 32�� oq4 � q� ww4p npmrvxy ��mvw q�� opw �¬²� om �r4p232srn pr4yvw4pr qpor z op �¬³� }� opqp por �vxyp �uqxy �v4tsr3 up2 �sx�qoxy4o34   pn� xy roxy4 � nv� �r4p232srn
��r �¬²� vsxy vwq �¬²� H­¹¡ - srn �¬³� vwq �¬³� H­¹¡ -� or npr �vrnpm ��pqxywpsro3p2 3pwvr3pr �vrr } �vq �p2y �vw4roq nopqp2 � � wp� �swo�rpr z o2n up�por¸s�4 ��r npr �p4vowq np2 | 2�u pr�2 �v�v2v4 o�r �sr�� wwq4 �vrno3p �p2u2prrsr3p4x }� q } { v� } � }�� } � q oq4 nvyp2 roxy4 ts p2zv24pr � nv� qoxy nvq 4v4q �vxywoxyp�q�4�� pr�p2y �vw4roq np2 �r4p232srn��q�4�� p om �r4pow vm �r4p232srn z onp2�q� op3pw4 }�v nop p2mo44pw4pr �q�4�� pr�p2y �vw4roqqp 3s4 m o4 npr �23puroqqpr �2 �syp2p2 �pq�qsr3pr �sup2porq4 ommpr � 4prnprtopww q�3v2 p4zvq 3p2or3p2 qorn � �vrr por �r4powvr �¬²� om �r4p232srn 2pwv4o� qoxyp2 vsq3pqxyw�qqpr zp2npr }
¯ �r��rqoq4prt np2 �w�yv�� �vyw2v4pr � �s2 nop �pqqsr3pr ��£ � srn ���£���£� �¢�ns2xy nop �uzpoxysr3 or np2 �w�yv�� �vyw2v4p or np2 �p�2poyp ��£ � �p2�s2qvxy4 zs2np � ��rr4p rvxy �uuvs np2 3pqvm4pr �p�pwp�42�ro� roxy4 2p��r�q42sop24 zp2npr } � ��3 woxy z �v2p pq � nv� porp �4 ��2sr3 vs � npm �v4p�� o3rvw ��r���� nvq �po4�p2yvw4pr npq £�� uppor¸s�4 yv4 � q�nv� np2 �2o33p2 roxy4 om �mp2 u po np2qpwu pr 2pwv4 o�pr � o3rvwvm� wo4snp vsq3pw��q4 zs2np } �vq � om or3 npq�2o33p2� srn �v4pqo3rvwq u ppor¸s�4 nop �v«omsm ��ornsr3 npq ��£ srn ms�nvyp2 p«v�4 q4 ommpr � q�rq4 �vrr pq qpor � nv� roxy4 nvq ��22p�4p �v«omsmp2mo44pw4 z o2n } �sxy porp �vwqxyp w�3 oqxyp �p2�r �s��sr3 ��mm 4 vwq �2qvxyp � �s2nop �r��rqoq4prt or �2v3p }
¯ �op sr4p2qxyopnwoxyp �rp23 opvs¸ ��qsr3 � �s2 �p2qxyopnprp �2vr��q�4�� p zs2nppu prq� z op nop sr4p2qxyopnwoxyp �2vrqm oqqo�r nvm o4 u p32 �srnp4 � nv� nop ¹��4om op2sr3 np2 �p2qxyopnprpr �42vyw� �sy2sr3q��m��rpr4pr srn vrqxywop�prnp
��vwop2sr3 np2 ¢p24p m o4 np2 �vqqp roxy4 vs4�mv4oqxy nop ��4 om vwpr |v2vmp�4p2 � �s2 nvq vrnp2p �q�4�� wop�p24 � mo4 np2pr �vqqp q�vwop24 zs2np } �r nopqpm�sqvmmpryvr3 q4pww4 qoxy nop �2v3p � �u nop �v4qvxyp � nv� nop �pq4 ommsr3 np2



��� � ���������� "�� ���µ���� ����� ���
�2vrqm oqqo�r � �s2 �¬�� vr np2 |�qo4o�r npq � owotosm ��p4p�4�2q �2v�4 oqxy �JJ
® up42s3 � vsxy vs � nvq �q�4�� �¬­� ts42o¤ 4 � �np2 �u � �s2 nopqpq �q�4�� �p2�wsq4p or np2 �42vyw� �sy2sr3 m ��3 woxy qorn } � �s2 ts� �sr �4o3p �� ���pqqsr3pr vr�¬­� oq4 pq nvyp2 qorr�� ww � por y� xyvr3p2poxyp24pq �v23p4 m o4 porpm �¬­� ��r4pow
��r poro3pr | 2�tpr4 �t }� } vsq �pv�4�2mv4p2ovw� portsqp4tpr srn m o4 nopqpm�v23p4 q�z�yw nop ¹�4 om op2sr3 vwq vsxy nop �2vrqm oqqo�rq�� o3prqxyv�4pr tssr4p2qsxypr }



áâãäåæç è
é äêëìêêäíî ïæð ñðòæóîäêêæ ìîï
ôìêóçäõë
�r np2 �ö2wop3prnpr � 2upo4 zs2np tsr ÷vxyq4 sr4p2qsxy4 ø öu ùvwö2om p42oqxyp� op�4pmúp2v4s2û�p4pù4ö2pr � ÷s2 porpr ü orqv4t or np2 ý�pqxywpsro3p2û� vqqprqú pù42öûm p42op ��� ��ý 3ppo3rp4 qorn } �v nop �r4p2qsxysr3pr úöqo4 o�p �pqsw4v4p p2u2vxy4pr øzs2npr nopqp �p4pù4ö2pr or porpm tzpo4pr �pow np2 � 2u po4 or porpm �� �ûü«ú p2om pr4ts2 ú2 ÷vtoqpr �pq4ommsr3 npq �qö4öúpr�p2y ÷vw4roqqpq �þÿ� ��þ�� or rv4 ÷s2woxypm �2vrpor3pqp4t4 }{vwö2om p42oqxyp � op�4pmúp2v4s2û�p4pù4ö2pr zs2npr �ör �pop2 Å��Æ srn � } { oprûwor Å��Æ � ÷s2 npr ¥vxyzpoq prp23p4 oqxyp2 �xyzp2oörpr om ürp23 opû�p2poxy � 7 �JJ�p� �vms pr4z oxùpw4 } �uy ÷vr3 o3 �ör npr p«ú p2om pr4pwwpr �pnor3sr3pr zs2np nvm o4porp 2pwv4o�p ürp23 opvs� ÷öqsr3 �ör �ü�ü � � 7 � ,�J-þ p22poxy4 } �pqxywpsro3p2û� vqqprqú pù42ömp42op �rnp4 4�úoqxyp2zpoqp u po om �p23 wpoxy nvts ropn2o3pr �örprûürp23 opr �ör J }� 7 � �p� �vms q4v44 } �vyp2 zs2np om �vym pr np2 �ö2wop3prnpr� 2upo4 nop q� q4pm v4oqxyp �r4p2qsxysr3 np2 �p4pù4ö2ûü o3prqxyv�4pr vs � nopqpr ürp2û3 opu p2poxy vsq3pnpyr4 } �m nop ürp23 opvs� ÷öqsr3 np2 �p4pù4ö2pr or nopqpm ürp23 opûu p2poxy ts öú4om op2pr ø zs2npr tsnpm �p4pù4ö2pr m o4 �p22or3p24p2 ¢ ÷v2mpùvúvto4 ÷v4 øn }y } porpm n ÷srrp2pr �uqö2u p2 ø 3p4pq4p4 } �m �rqxyws� vr nopqp £yv2vù4p2oqop2sr3qûm pqqsr3pr p2�öw34p nvrr np2 p2q4p üorqv4t porpq ùvwö2om p42oqxyp � op�4pmúp2v4s2û�p4pù4ö2q or np2 �pqxywpsro3p2û� vqqprqú pù42öm p42op } �m �öw3prnpr qöwwpr nop ü 23puûroqqp nopqp2 �r4p2qsxysr3pr rö xymvwq tsqvmmpr3p�v�4 srn |p2qú pù4 o�pr noqùs4op24zp2npr }
���� �	
�� 
�� ��
�������
 È����
	�������� 	����� ��s �uvsprn vs � np2 � 2u po4 �ör � } { oprwor Å��Æ zs2np por rvxy porpmrpspr �p2�vy2pr ùör4vù4 op24p2 �p2mvrosm û�yp2m oq4ö2 �{vú } �� m o4 porpm

�vúyo2û�uqö2up2 3p4pq4p4 } � o4 �p2mvrosmû�yp2moq4ö2pr wvqqpr qoxy wpoxy4p2vwq m o4 |yvqpr ÷sup23vr3q4yp2mömp4p2r 32ö�� ÷vxyo3p �p4pù4ö2û� 22v�q 2pvwoqopû2pr ø zpow qoxy oy2p � 2u po4q4pmúp2v4s2 2pwv4 o� �2po z ÷vywpr w ÷v�4 ø z ÷vy2prn nop÷�u p23vr3q4pmúp2v4s2 �ör |yvqpr ÷su p23vr3q4yp2mömp4p2r �ör �v4p2ovwpo3prûqxyv�4pr u pq4omm 4 z o2n } � ÷s2 poro3p �rzprnsr3pr u po ���ûürp23 opr ø t }� } u pom
�xyzp2oörprû�púv2v4ö2 �� �| �q }s }� oq4 por qöwxypq �p4pù4ö2v22v� p2�ö2np2woxy }�p23 woxypr m o4 npr ü 23puroqqpr np2 �ö23 ÷vr3p2v2u po4 Å�� ø ��Æ ùörr4p nop ürp2û3 opvs� ÷öqsr3 � ÷s2 �û�p�û� wúyvû�powxypr �ör �JJ ��J� ùp� vs � ��� ��� ùp� �p2û

���



���
upqqp24 zp2npr �q } {vú } � � } �r porpm p2q4pr ü«ú p2om pr4 mo4 npm �opw ø nvq �p2ûyvw4pr sr4p2 �xyzp2oörprû�pq42vywsr3 ts sr4p2qsxypr ø zs2np � ÷s2 {öywprq4ö¤û�örpr np2 ürp23 op �� �p� porp 2pwv4 o�p �s� ÷öqsr3 �ör �ü�ü � �}� ���� p2û
2poxy4 } �r porp2 ùs2tpr �pq4mpqqsr3 m o4 �öw�un ÷vrû�örpr np2 2pwv4o� yöyprürp23 op ��� �p� zs2np porp 2pwv4o�p �s� ÷öqsr3 �ör �ü�ü � � }� ��� ,�J-þ p2û2poxy4 �{ vú } � }�� } � op ürp23 opvs� ÷öqsr3 upo nopqpr �pqqsr3pr zv2 zpqpr4 woxyns2xy nvq �¥� up32prt4 srn q4pww4 qoxyp2 roxy4 nvq or42orqoqxyp ~om o4 np2 p2û2poxyuv2pr � p4pù4ö2vs� ÷öqsr3 nv2 } ¢po4p2p q�q4pm v4 oqxyp �r4p2qsxysr3pr np2rpspr �p2mvrosm û�yp2m oq4ö2pr sr4p2 öú4 om op24pr �pnor3sr3pr zp2npr tpoû3pr ø öu srn z op qop or {ömuorv4oör m o4 porpm �vúyo2û�uqö2up2 p2�öw32poxypor3pqp4t4 zp2npr ù ÷örrpr }

���������
� �
� ���� �	
�� ��������� � 	� � ��� 	
	���§����
  ������
������������� �
� !�"�	���������� ���	
�����#  ������"�$	�  �� �
%r npr �ö23 ÷vr3p2v2u po4pr Å�& ø '� ø �JÆ zs2npr � ÷s2 nop � p4pù4ö2pr m o4( wsm orosm û|yvqpr ÷sup23vr3q4yp2mömp4p2r wpno3 woxy �vúyo2û(uqö2up2 np2
�4vrnv2nû� oxùp ��J ²m önp2 ø � ÷s2 2pwv4 o� oq4 oqxyp �xyzp2oörpr ø pr4qú2pxyprnnoxùp2p (uqö2up2 �p2zprnp4 } �po npr �r4p2qsxysr3pr om �p2poxy ropn2o3p2ürp23 opr q4pww4p qoxy yp2vsq ø nv) nop �prqo4o� o4 ÷v4 np2 � p4pù4ö2pr om ürp2û
3 opu p2poxy � * '� �p� ns2xy nop ¢ ÷v2mpùvúvto4 ÷v4 wom o4 op24 z o2n } �m nop¢ ÷v2mpùvúvto4 ÷v4 ts �p22or3p2r ø zs2npr � p4pù4ö2pr m o4 porp2 (uqö2u p2noxùp
�ör 'JJ ²m ú2önstop24 } � v vup2 nop �p2� ÷s3uv2pr �vúyo2û{ 2oq4vwwp m o4 'JJ ²m� oxùp porp vrnp2p { 2oq4vwwö2opr4 op2sr3 yvupr vwq nop m o4 ��J ²m � oxùp ø zv2nop +svwo4 ÷v4 npq ( wsm orosm û�owm q vs � nopqpr �suq42v4pr nps4woxy qxywpxy4p2 }� op ÷�up23vr3q4pmúp2v4s2pr wv3pr tsm 32 ÷ö)4pr �pow sr4p2yvwu npq m o4 npm
�p2zprnp4pr { 2�öq4v4pr ts3 ÷vr3 woxypr �p2poxyq } üq ùörr4pr orq3pqvm 4 rs2tzpo � p4pù4ö2pr m o4 porp2 ÷�u p23vr3q4pmúp2v4s2 �ör ' }� { ú2önstop24 zp2npr }üorp2 nv�ör zs2np vsxy � ÷s2 �r4p2qsxysr3pr m o4 �xyzp2oörpr por3pqp4t4 � np2vrnp2p zv2 vs �32srn qporpq 3p2or3pr ,� -,� ts2 ürp23 opû�pqqsr3 sr4vs3 woxy }
�özöyw � ÷s2 ( wúyvû�powxypr vwq vsxy � ÷s2 �xyzp2oörpr om ürp23 opu p2poxyJ }' * ' �p� �vms zv2 nop ürp23 opvs� ÷öqsr3 npq � p4pù4ö2q m o4 'JJ ²m noxùpm(uqö2u p2 or np2 3 wpoxypr . 2 ÷ö)prö2nrsr3 z op � ÷s2 nop � p4pù4ö2pr m o4 noxùp2pm(uqö2u p2 ø 4powzpoqp qö3v2 p4zvq qxywpxy4p2 } � v� ÷s2 3 ou4 pq tzpo m ÷ö3 woxyp �2ûqvxypr � (s �32srn npq 3p2or3p2pr . pz oxy4q zpoq4 nopqp2 � p4pù4ö2 porp y ÷öyp2p(r� ÷vwwo3ùpo4 � ÷s2 m où2öúyöroqxyp �4 ÷ö2sr3pr vs � ø n op qoxy or porpm nps4 woxyp2y ÷öy4pr �vqpworp ¥öoqp z onp2qúop3pw4pr } �sm vrnp2pr zs2np vsxy � ÷s2 nop � pû
4pù4ö2pr np2 � oxùp ��J ²m upöuvxy4p4 ø nv) nop +svwo4 ÷v4 npq ( wsm orosm û�owm qüor�s) vs � nop ürp23 opvs� ÷öqsr3 yv4 } � pq zpo4p2pr oq4 porp ~om o4 op2sr3 np2(s� ÷öqsr3 ns2xy porp ¹24qvuy ÷vr3 o3ùpo4 np2 � p4pù4ö2û�pqú örqp�srù4 oör ø n opns2xy nop q4v2ùp (roqö42öúop np2 ¢ ÷v2mpwpo4� ÷vyo3ùpo4 pr4wvr3 srn qprù2pxy4ts2 � p4pù4ö2� ÷vxyp pr4q4pypr ùvrr ø roxy4 vsqtsqxywop)pr }üq oq4 ú2ortoúopww m ÷ö3 woxy ø �vúyo2û{ 2oq4vwwp m o4 'JJ ²m � oxùp ts ú2önstop2pr ønop nopqpwu p { 2oq4vwwö2opr4op2sr3 yvu pr z op nop ��J ²m noxùpr �suq42v4p } üqoq4 rö4zprno3 ø m o4 qöwxypr �suq42v4pr zpo4p2p � p4pù4ö2pr ts ú2önstop2prsrn ts sr4p2qsxypr ø öu oy2p ürp23 opvs� ÷öqsr3 z o2ùwoxy �ör np2 +svwo4 ÷v4 np2( wsm orosm û�xyoxy4 vuy ÷vr34 ø önp2 öu vrnp2p ü or� ÷sqqp tsm �2v3pr ùömmpr }üorp m ÷ö3 woxyp ¹24qvuy ÷vr3 o3ùpo4 np2 � p4pù4ö2û�pqú örqp�srù4 oör ùvrr t }� }



'�J /������ �� 0 ��/ 1���2� 0�� ���������� 1�0 � 1����3/
sr4p2qsxy4 zp2npr ø ornpm porp u pzp3 woxyp � wprnp �ö2 npr � p4pù4ö2 3p�vy2prsrn nop ürp23 opvs� ÷öqsr3 mo4 srn öyrp � wprnp �p23 woxypr z o2n } | 2ortoú opwwoq4 pq roxy4 vsq3pqxywöqqpr ø nv) m o4 �p22or3p24p2 ¢ ÷v2mpùvúvto4 ÷v4 srn porp2
�p2u pqqp24pr +svwo4 ÷v4 npq ( wsm orosmû�owm q porp zpo4p2p �p2upqqp2sr3 np2ürp23 opvs� ÷öqsr3 p22poxy4 zp2npr ùvrr }

4
��� 	���5  ���
� 
  �� ©�6 �7�� �"�����	�8��
 �(rùr ÷sú �prn vr nop ( 2upo4 �ör �pop2 Å'�Æ zs2np nvq �p2yvw4pr �p2qxyopnprp2� p4pù4ö2pr m o4 ( wsm orosm û|yvqpr ÷sup23vr3q4yp2mömp4p2 upo np2 �pq42vyûwsr3 mo4 ( wúyvû�powxypr sr4p2qsxy4 } �pop2 yv4 om (squwoxù qporp2 ( 2upo4 porp
�p2 ÷vrnp24p . pömp42op np2 ( wsm orosmû� ÷vvrnp2û�42sù4s2 �ö23pqxywv3pr ø nop vwq|yvqpr ÷su p23vr3q4yp2mömp4p2 u prs4t4 z o2n } %r np2 �ö2wop3prnpr ( 2u po4 zs2ûnpr � p4pù4ö2pr m o4 nopqp2 �p2 ÷vrnp24pr . pömp42op yp23pq4pww4 �{ vú } �� srnm o4 ( wúyvû�powxypr xyv2vù4p2oqop24 �{vú } � � } üq q4pww4p qoxy yp2vsq ø nv) nopürp23 opvs� ÷öqsr3 roxy4 zpqpr4 woxy �ör ,� -,� vuy ÷vr34 } � opwm py2 qúopwpr nop
4yp2m oqxyp (rùöúúwsr3 np2 � p4pù4ö2pr srn nop +svwo4 ÷v4 npq ( wsm orosm�wm qporp pr4qxyponprnp �öwwp } ¥ps ú2önstop24p � p4pù4ö2pr yv44pr om �p23 wpoxy tsqöwxypr ø nop �ör �pop2 ú2önstop24 zö2npr zv2pr ø qxym ÷vwp2p ÷�up23 ÷vr3p ,� } %y2p4yp2m oqxyp (rùöúúwsr3 zv2 sm porpr �vù4ö2 tzpo uoq � op2 3p2or3p2 vwq u po npr
�ör �pop2 �p2zprnp4pr � p4pù4ö2pr } � op u pq4p p22poxy4p (s� ÷öqsr3 u p42s3 �ü� �� ��� ùp� om �p23 wpoxy m o4 �ü � && ��� ùp� � ÷s2 nop �ör �pop2 ú2önstop2û4pr � p4pù4ö2pr } � o4 �ü � �� ��� ùp� wop34 nop u pq4p p22poxy4p (s� ÷öqsr3 upû2po4q or np2 ¥ ÷vyp np2 (s� ÷öqsr3 �ör � owotosm û¹up2� ÷vxyprqú p22qxyoxy4û� ÷vywp2r ønop � ÷s2 ( wúyvû�powxypr upo � �p� porp ürp23 opvs� ÷öqsr3 �ör xv } 'J ùp� p2û
2poxypr ø öuzöyw nop � op�4pmúp2v4s2û� p4pù4ö2pr roxy4 or p2q4p2 ~orop � ÷s2 � pû4pù4 oör �ör ( wúyvû�powxypr öú4 om op24 zs2npr } � vq m vxy4 nop ùvwö2om p42oqxypr� op�4pmúp2v4s2û� p4pù4ö2pr qpy2 or4p2pqqvr4 � ÷s2 (rzprnsr3pr ø or nprpr pq rö4ûzprno3 oq4 ø �xyzp2oörpr srn oy2p ( wúyvû�p2� ÷vwwp qomsw4vr srn tpo4vs �3pw ÷öq4 m o4yöyp2 ürp23 opvs� ÷öqsr3 rvxytszpoqpr �q }s }� }

!9������	�8�� :
�����8��
��
 ��� ��������;�������
� 
  �� !8�<��	�
�
	� 4
���	�� ���	8� = ik ¡ k 6�7 Î��� �
� v u po .�% nop m orom vwp ürp23 op npq �pqxywpsro3p2û��q4pm q vs � ' }� �p��vmsup32prt4 oq4 ø zs2npr nopqp �r4p2qsxysr3pr vm �vrnpmû�pqxywpsro3p2 �ü�(npq ý%rq4 o4s4 � ÷s2 %qö4öúpr �ö2qxysr3 srn {p2rúy�qoùý np2 �ro�p2qo4 ÷v4 ¢ oprns2xy3p� ÷sy24 } � opqp2 �pqxywpsro3p2 p2wvsu4 pq ø %örprprp23 op srn %ör orùs2tpr �po4vuq4 ÷vrnpr ts �v2oop2pr } � vm o4 zv2 pq tsm p2q4pr �vw m ÷ö3 woxy øq�q4pm v4 oqxyp �r4p2qsxysr3pr npq � p4pùö2û�p2yvw4prq m o4 �p2qxyopnprpr%örpr srn ürp23 opr ns2xyts� ÷sy2pr } �snpm oq4 nop ürp23 opqxy ÷v2�p npq �xyzpû2oörprq42vywpq m o4 �ü�ü > 'J?@ sm m ornpq4prq porp . 2 ÷ö)prö2nrsr3 upqqp2vwq vm �¥ %~(£û�pqxywpsro3p2 np2 .�% } %m . p3prqv4t ts npr ü«úp2om pr4prupo .�% zv2 nvyp2 nop ürp23 opu2po4p npq �42vywq � ÷s2 nop � p4pù4ö2vs� ÷öqsr3roxy4 np2 wom o4 op2prnp �vù4ö2 }� op ü 23puroqqp nopqp2 �pqqsr3pr qorn or {vúo4pw � }� tsqvmmpr3pq4pww4 } ü qq4pww4p qoxy yp2vsq ø nv) nop ürp23 opvs� ÷öqsr3 ns2xy tzpo �vù4ö2pr u pq4omm 4z o2n � �ö2 vwwpm � ÷s2 ürp23 opr ü > '� �p� oq4 nvq �¥� np2 wom o4op2prnp�vù4ö2 } � ÷s2 ü A '� �p� 3pz orr4 B pnö xy tsrpymprn por tzpo4p2 ü¤pù4vr �pnps4sr3 ø � ÷s2 npr nop ürp23 opvs� ÷öqsr3 ú2öúö24 oörvw np2 %örprprp23 op



'� '
oq4 � �ü C ü } �py2p2p ü or� ÷sqqp ù ÷örrpr por qöwxypq �p2yvw4pr vsqw ÷öqpr �nop� p4vowq qorn or {vú } � }� }� }� noqùs4 op24� � ü orp u p2po4q � ÷s2 npr 'JJ ²mû(uqö2u p2noqùs4 op24p ¹24qvuy ÷vr3 o3ùpo4 np2 � p4pù4ö2û�pqúörqp�srù4oör ùvrr porp worpv2p(uy ÷vr3 o3ùpo4 np2 ürp23 opvs� ÷öqsr3 �ör np2 ürp23 op p2tps3pr } � pqzpo4p2prnoqùs4 op2pr �x£vmmör p4 vw } Å��Æ qö3 } ýü«xpqq röoqpý ø nvq qop vs � nop�wsù4sv4oör np2 üwpù42örpr4pmúp2v4s2 om |yvqpr ÷sup23vr3q4yp2mömp4p2ts2 ÷sxù� ÷sy2pr } ¢po4p2p �r4p2qsxysr3pr or porpm 32 ÷ö)p2pr ürp23 opu p2poxy utz }m o4 porp2 u pzp3 woxypr �wprnp ø nop porp m ÷ö3 woxyp ¹24qvuy ÷vr3 o3ùpo4 rvxytsûzpoqpr p2wvsu4 ø ù ÷örrpr nopqp �2v3pr upvr4zö24pr srn nvm o4 m ÷ö3 woxyp2zpoqpzpo4p2p pr4qxyponprnp � orzpoqp tsm �p2q4 ÷vrnroq np2 �pxyvroqm pr npqürp23 op ÷sup24v3q vs � npr (uqö2u p2 wop�p2r }
%r porp2 tzpo4pr �pqqsr3 sr4p2 öú4om op24pr �pnor3sr3pr ��p2upqqp2sr3 npq
�¥� ns2xy �p22or3p2sr3 npq �vqpworp ¥öoqp p4x }� zs2np � ÷s2 '�û�p�û�2vrû%örpr porp (s� ÷öqsr3 �ör �ü�ü � � }& D'J?þ p22poxy4 } � opq oq4 mpy2 vwq porp. 2 ÷ö)prö2nrsr3 upqqp2 vwq � ÷s2 ùör�pr4 oörpww �p2zprnp4p �owotosm û� p4pù4ö2pr��ü�ü � � }�� � önp2 %öroqv4 oörqùvmmp2r ��ü�ü � � * �� Å�&Æ� }
� op (r4zö24û�srù4oör npq � p4pù4ö2q oq4 �öwwùömmpr worpv2 srn tpo34 ùporpr|swqy ÷öyprnp�pù4 } � vq u pnps4p4 ø nv) � ÷s2 qöwxyp � p4pù4ö2pr m vqqprvuy ÷vr3 o3pürp23 op�p2wsq4ú2ötpqqp or np2 �v4 �p2rvxyw ÷vqqo3uv2 qorn } %m �p23 wpoxy nvtszs2np � ÷s2 porpr ùör�pr4 oörpwwpr � owotosmû¹up2� ÷vxyprqú p22qxyoxy4û� p4pù4ö2 por|swqy ÷öyprnp�pù4 �ör uoq ts �J� upöuvxy4p4 } � opqp ~ orpv2o4 ÷v4 pu prqö z opnp2 32ö)p n�rvm oqxyp �p2poxy �q }s }� tsqvmmpr m o4 np2 p«tpwwpr4pr ürp23 opûvs� ÷öqsr3 mvxypr nopqp � p4pù4ö2pr ts porpm zp24�öwwpr ¢p2ùtps3 np2 �xyzpû2oörprúy�qoù om �p2poxy 2pwv4 o� ropn2o3p2 ürp23 opr ü � J }' * ' �p��vms ø nopùör�pr4 oörpwwpr � vwuwpo4p2np4pù4ö2pr srn %öroqv4 oörqùvmmp2r ÷sup2wp3pr qorn }

4 	
���$ ��� ���������
 $�� �	�����
 6����
	��
�	E���	�
 �� ÷s2 por o3p (rzprnsr3pr or np2 �xyzp2oörprúy�qoù oq4 nop �pq4ommsr3 np2�vqqp �ör �pvù4 oörqú2önsù4pr �ör upqörnp2pm %r4p2pqqp } {ör�pr4oörpwwp � vû3rp4qú pù42ömp4p2 qorn � ÷s2 qxyzp2p %örpr qpy2 32ö) srn sryvrnwoxy srn npxùprnvupo rs2 porpr ùwporpr �vsmz orùpw vu } (s)p2npm p2qxyzp2pr ý~vnsr3q� opwûnps4 o3ùpo4prý nop p«vù4p �pq4 ommsr3 np2 �vqqp orqu pqörnp2p � ÷s2 2pwv4o� wvr3ûqvm p qxyzp2p %örpr } üorp vw4p2rv4o�p �p4yönp oq4 nop �pq4 ommsr3 np2 �vqqpns2xy �pqqsr3 np2 �ws3tpo4 srn np2 ùorp4 oqxypr ürp23 op } �m vwwp2nor3q � vqûqpr �ör � F �JJ vms m o4 porp2 . prvso3ùpo4 �ör ' vms u pq4omm pr ts ù ÷örrpr øoq4 porp �vqqprvs� ÷öqsr3 �ör np2 . 2 ÷ö)prö2nrsr3 ���� � ' * � D'J?þ p2û
�ö2np2woxy } � o4 npm üorqv4t porpq � op�4pmúp2v4s2û� p4pù4ö2q zv2 pq p2q4mvwqm ÷ö3 woxy ø n op � ÷s2 nopqp �vqqprvs� ÷öqsr3 p2�ö2np2woxyp . 2 ÷ö)prö2nrsr3 or np2ürp23 opvs� ÷öqsr3 ts p22poxypr }üq zs2npr mpy2p2p �pq4ûü«úp2om pr4p ns2xy3p� ÷sy24 �

G � ÷s2 npr üorqv4t ts2 no2pù4pr �vqqprû%npr4 o�ùv4 oör qö3prvrr4p2 ý�súp2ûqxyzp2p2 üwpm pr4pý vm ü«ú p2om pr4 ��%| np2 .�% oq4 pq rö4zprno3 ø roxy4rs2 nvq qsú p2qxyzp2p ¥sùwon m o4 3pr ÷s3prnp2 ürp23 opvs� ÷öqsr3 rvxytsûzpoqpr ø qörnp2r vsxy p�pr4spwwp ( wúyvû�p2� ÷vwwp m ÷sqqpr onpr4o�top24 zp2ûnpr } %r porpm p2q4pr �pq4 vm ��%| m o4 np2 �pvù4oör HI¥o �HÄ��s J K �HÿÄ� �zs2npr nop pr4q4pyprnpr �pvù4oörqú2önsù4p srn oy2p ( wúyvtp2� ÷vwwp qoûmsw4vr srn tpo4vs �3pw ÷öq4 rvxy3pz opqpr } � py2p2p �p2�vwwqùp44pr ùörr4pr



'�� /������ �� 0 ��/ 1���2� 0�� ���������� 1�0 � 1����3/
onpr4o�top24 zp2npr } � p2 n�rvm oqxyp �p2poxy np2 � p4pù4ö2pr oq4 qöm o4vsq2poxyprn 32ö) � ÷s2 3 wpoxytpo4 o3pr �xyzp2oörprû srn ( wúyvû¥vxyzpoqu po npr � ÷s2 ��%| 4�úoqxypr �xyzp2oörprûürp23 opr �ör xv } 'JJ �p� }� o4 nopqpm �pq4 zs2np 3ptpo34 ø nv) por ü orqv4t �ör ùvwö2om p42oqxypr� op�4pmúp2v4s2û� p4pù4ö2pr tsm ¥vxyzpoq qsú p2qxyzp2p2 üwpm pr4p ú2orûtoúopww m ÷ö3 woxy oq4 } � p2 r ÷vxyq4p �xy2o44 � ÷s2 nopqp (rzprnsr3 upq4py4om (s �uvs porpq � p4pù4ö2v22v�q ø npqqpr 32 ÷ö)p2p vù4o�p �w ÷vxyp porp tsû
�p2w ÷vqqo3p � p4pù4 oör np2 qpw4prpr ��üûü 2po3roqqp p2m ÷ö3 woxypr z o2n }

G �sq ÷v4twoxy zs2npr p2q4p �pq4p«úp2om pr4p m o4 porp2 ùömuorop24pr ürp23 opû� ws3tpo4û� pqqsr3 ns2xy3p� ÷sy24 } ü orp �pqqsr3 vr yöxyprp23p4 oqxypr¢ oqms4û%örpr upo .�% p23vu porp 2pwv4 o�p �vqqprvs� ÷öqsr3 ���� �� }� D'J?þ u po porp2 %örprprp23 op �ör ��J �p� } %r porp2 �pqqsr3 vm�ü�( û�pqxywpsro3p2 � ÷s2 �wpo np2 ürp23 op '� �p� ùörr4p porp 2pwv4 o�p�vqqpr42prrsr3 �ör ���� � '' }J D'J?þ p2topw4 zp2npr } � vm o4 ùörr4prnop � wpoû%qö4öúp �Äÿ|u srn �ÄI|u om ürp23 opû� ws3tpo4û�úpù42sm qpúv2op24zp2npr }�ponp �pqqsr3pr zs2npr roxy4 sr4p2 öú4 om vwpr �pnor3sr3pr ns2xyû
3p� ÷sy24 � oy2p ürp23 opvs� ÷öqsr3 zv2 ns2xy �pmúp2v4s2q4vuowo4 ÷v4 srn pwpùû42öroqxyp �vsqxyu po42 ÷v3p wom o4 op24 } (s)p2npm zv2 nop ¢ ÷v2mpùvúvto4 ÷v4np2 � p4pù4ö2pr ns2xy {örnprqv4 oör �ör �pq43vq p2y ÷öy4 ø zvq pu pr �vwwq tsporp2 �p2qxywpxy4p2sr3 np2 (s� ÷öqsr3 � ÷sy24p } üq zp2npr zpo4p2p �pqqsrû3pr sr4p2 öú4 om op24pr �pnor3sr3pr rö4zprno3 qpor ø sm nvq �öwwp |ö4prû4 ovw np2 � p4pù4ö2pr � ÷s2 nopqp (rzprnsr3pr vsqtswö4pr }

4 	
���$ 	
 ��� L��8����
	����6 ����
�"���������	� �
�vsú4topw np2 �ö2wop3prnpr ( 2upo4 zv2 nop (rzprnsr3 �ör ùvwö2om p42oqxypr� op�4pmúp2v4s2û� p4pù4ö2pr ts2 ~ ÷öqsr3 úy�qoùvwoqxyp2 �2v3pq4pwwsr3pr or np2�pqxywpsro3p2û� vqqprqú pù42öm p42op ø ùörù2p4 � ÷s2 nop �pq4ommsr3 npq %qö4öûú pr�p2y ÷vw4roqqpq �þÿ� ��þI� or | 2öu pr �ör rv4 ÷s2woxypm �2vr } � vq p2zv24p4p%qö4öú pr�p2y ÷vw4roq wop34 or np2 . 2 ÷ö)prö2nrsr3 'J? HÄM'J? H@ } | 2ortoú srn �srùû
4oörqzpoqp np2 �pqxywpsro3p2û�vqqprqú pù42ömp42op oq4 or {vú } � }' vsq� ÷sy2woxyu pqxy2opu pr } �þÿ� z o2n ns2xy ¥ps42örprpor �vr3 or np2 �pvù4oör �þH� �r øK ��þÿ�3puownp4 } ü q q4pww4 nvyp2 por rv4 ÷s2woxypq �öro4ö2û¥sùwon � ÷s2 ¥ps42örpr� ÷sqqpnv2 } %rqu pqörnp2p ùvrr nvq �p2y ÷vw4roq �ör �þÿ� ts �þH� nvts uprs4t4 zp2npr ønop ü«oq4prt �ör qö3 } ýrv4 ÷s2woxypr �pvù4ö2prý Å��Æ ts sr4p2qsxypr } {ör�pr4oöûrpwwp � p4pù4 oörqq�q4pm p wom o4op24pr �ö2 �s2xy � ÷sy2sr3 npq or np2 �ö2wop3prnpr( 2upo4 noqùs4 op24pr ü«úp2om pr4q nop �prqo4 o� o4 ÷v4 np2 �pqxywpsro3p2û� vqqprûqú pù42öm p42op �ör �þÿ� vs � �þÿ� ��þI� F 'J? HÄ }%r npm yop2 �ö23pq4pww4pr ü«úp2om pr4 zs2np nvq %qö4öúpr�p2y ÷vw4roq �ör �þÿ�ts npm y ÷vs�3q4pr %qö4öú �þI� u pq4 omm4 ø nvq ��� npq rv4 ÷s2woxypr �2vrq vsqûm vxy4 } (sxy nopqp �pqqsr3pr zs2npr vm ý%rq4 o4s4 � ÷s2 %qö4öúpr �ö2qxysr3 srn{p2rúy�qoùý np2 �ro�p2qo4 ÷v4 ¢ opr ns2xy3p� ÷sy24 } üq zs2npr � ÷sr � | 2öu pr srû4p2qsxy4 � �zpo q4vmm 4pr vsq �p2n ÷srr4pr ~ ÷öqsr3pr �ör vr3p2poxyp24pm �2vr�ý����J srn �� '�Jý� � oy2 %qö4öúpr�p2y ÷vw4roq wv3 u po ' * � D'J?N } � v nvq %qöû4öúpr�p2y ÷vw4roq nopqp2 | 2öu pr upùvrr4 zv2 ø n opr4pr qop om zpqpr4 woxypr nvtsqoxyp2tsq4pwwpr ø nv) upo npr �pqqsr3pr ùporp q�q4pm v4oqxypr �pywp2 vs �42vû
4pr ø srn ts2 �pq4ommsr3 np2 ürp23 opvs� ÷öqsr3 npq � p4pù4ö2q �� ÷s2 � p4vowq qopûyp {vú } � }� }�� } �zpo | 2öu pr q4vmm 4pr vsq np2 �orp ý{ }s }{ } Oövxyom q4yvwý



'��
srn zs2npr �ö2 '� '� om {pwwp2 npq %rq4 o4s4q � ÷s2 %qö4öúpr �ö2qxysr3 por3pwvû3p24 � qop sr4p2wv3pr nvyp2 ùporp2 {ör4vm orv4 oör ns2xy 2vnoövù4 o�pr �vwwös4np2 (4ömuömupr4pq4q srn qorn npqzp3pr vwq � v4p2ovwû�4vrnv2n � ÷s2 (� �û~vuö2q qpy2 3s4 3ppo3rp4 } Opnö xy ms) or porpm qöwxypr �v4p2ovwû�4vrnv2nnvq %qö4öúpr�p2y ÷vw4roq qpy2 3prvs �p2mpqqpr zp2npr } üorp p2q4p �pqqsr3 �ör
�4pop2 p4 vw } Å�&Æ p23vu � ÷s2 porp | 2öup nopqpq � v4p2ovwq por %qö4öúpr�p2y ÷vw4roq
�ör �þÿ� -�þI� � �& P' Q R P�STUT Q 'P�SVST � D 'R?WW } � op | 2öu p ýOövxyom q4yvw 'ýq4vmm 4p �ör npm qpwu pr �v4p2ovw z op nop �4pop2û| 2öup } � op | 2öu p ýOövxyom qû4yvw �ý q4vmm4p vsq np2qpwu pr � orp ø vu p2 �ör porpm vrnp2pr ¹24 } � op � ÷sr �4p| 2öup qxywop) woxy u pq4vrn vsq �2vr ø nvq vsq � w ¢vqqp2 porp2 +spwwp or �vn.vq4por p«42vyop24 zs2np ø nop � ÷s2 oy2pr upqörnp2q yöypr �2vrû. pyvw4 u pùvrr4oq4 } � v pq qoxy sm �2vr yvrnpw4 ø nvq vsq npm . pq4por np2 ( wú pr yp2vsq3pûzvqxypr zs2np ø wv3 nvq p2zv24p4p %qö4öúpr�p2y ÷vw4roq or np2 . 2 ÷ö)prö2nrsr3'R?W� M 'R?W@ } � opqp �pqqsr3 q4pww4p porpr p2q4pr �p2qsxy nv2 ø n op �prqo4 o� o4 ÷v4np2 �p4yönp sm por uoq n2po . 2 ÷ö)prö2nrsr3pr ts q4po3p2r } (s �32srn npq wom oû4 op24pr | 2öuprm v4p2ovwq zv2 rs2 porp porto3p �pqqsr3 �ör �R �ors4pr � vsp2m ÷ö3 woxy }� ÷s2 nop %qö4öúpr�p2y ÷vw4roqqp zs2npr �öw3prnp ü 23puroqqp p2topw4 �

:� ¦©= � ÑÒÓ:-ÑÒÔ: � �k PÂ© Q = P=¦STUT Q = PkjSVST � D k=?Ê:� k©= � ÑÒÓ:-ÑÒÔ: � �j PÂË Q = P=ËSTUT Q k P=©SVST � D k=?ÌÍX��8�	� ����� k � ÑÒÓ:-ÑÒÔ: � �Â PjË Q = P=jSTUT Q = PÂ©SVST � D k=?ÌÌX��8�	� ����� ¦ � ÑÒÓ:-ÑÒÔ: � �¦ P¦Ë Q = P=hSTUT Q = P¦ËSVST � D k=?ÌÌL�� È����	
 � ÑÒÓ:-ÑÒÔ: � �Ï Pk Q k PhSTUT Q k P¦SVST � D k=?ÌÑ
� p2 q�q4pm v4oqxyp �pywp2 oq4 yvsú4q ÷vxywoxy ns2xy nop �pq4ommsr3 np2 �2vrqûm oqqoör wom o4p24 � por � p4pù4ö2 m o4 32 ÷ö)p2p2 vù4 o�p2 �w÷vxyp z o2n or �sùsr �4porp �2vrqm oqqoör �ör rvyp 'RR� p2m ÷ö3 woxypr srn nvm o4 nopqp �pywp2�spwwpm orom op2pr } � vq ü 23puroq � ÷s2 Oövxyom q4yvw ' q4omm 4 om �vympr npq �pywp2qm o4 npm ü 23puroq �ör �4pop2 p4 vw } vsq np2 �2 ÷syp2pr �pqqsr3 Å�&Æ ÷su p2por }
�özöyw np2 q4v4oq4oqxyp vwq vsxy np2 q�q4pm v4 oqxyp �pywp2 ùörr4pr nps4 woxy2pnstop24 zp2npr } � vq tpo34 tsm porpr ø nv) nop ü4vuwop2sr3 porpq �v4p2ovwûq4vrnv2nq m o4 yöyp2 | 2 ÷vtoqoör m o4 � ow�p nopqp2 � p4pù4ö2pr m ÷ö3 woxy oq4 } �smvrnp2pr p2wvsu4 nop p22poxy4p | 2 ÷vtoqoör pq u p2po4q ø | 2öupr m o4 sr4p2qxyopnwoûxypr %qö4öúpr�p2y ÷vw4roqqpr om �p2y ÷vw4roq ts porpm qöwxypr �v4p2ovwq4vrnv2nts �p2mpqqpr � � vq �p2y ÷vw4roq �ör �þÿ� ��þI� �Oövxyom q4yvw '� ts �þÿ� ��þI��Oövxyom q4yvw �� u p42 ÷v34 ' }&� ��� } � op (uzpoxysr3 � ÷s2 nop | 2öup Oövxyom qû4yvw � p2ù ÷v24 qoxy nvm o4 ø nv) nop | 2öup �ör porpm vrnp2pr ¹24 orrp2yvwu np2�orp q4vmm4 } � op wöùvwp �m 3pusr3 z op {örtpr42v4 oör �ör �þH� önp2 vsxy¥ps42örprvuqö2up2r om sm 3pu prnpr . pq4por ù ÷örrpr nop wöùvwp (r2poxyp2sr3
�ör �þÿ� uppor�sqqpr } %q4 por �v4p2ovwq4vrnv2n m o4 32ö)p2 | 2 ÷vtoqoör p4vuwop24 øù ÷örrpr vrnp2p | 2öupr om �p2y ÷vw4roq ts nopqpm �v4p2ovwq4vrnv2n �p2mpqqprsrn m o4porvrnp2 �p23 woxypr zp2npr } � p2 q�q4pm v4oqxyp �pywp2 z o2n nvns2xym orom op24 }� o4 np2 | 2öup ý�vn .vq4porý ùörr4p nop �prqo4o� o4 ÷v4 np2 �p4yönp om �p2û
3 wpoxy m o4 np2 �pqqsr3 �ör �4pop2 p4 vw } sm porp . 2 ÷ö)prö2nrsr3 �p2u pqqp24zp2npr } � opqpq ü 23puroq q4pww4 nvq ùwporq4p uoqyp2 3pm pqqprp %qö4öúpr�p2y ÷vw4roq



'�� /������ �� 0 ��/ 1���2� 0�� ���������� 1�0 � 1����3/
� ÷s2 �þÿ� ��þI� nv2 } � op . prvso3ùpo4 oq4 röxy wom o4op24 tsm porpr ns2xy nop 3pû
2or3p �4v4 oq4 où np2 �pqqsr3 ø tsm vrnp2pr ns2xy nop �r3prvso3ùpo4 or np2 �pûq4 ommsr3 np2 � p4pù4 oörqpº toprt �q }ö }� � nopqpq | 2öuwpm ùvrr or �sùsr �4 m o4porp2 �2vrqm oqqoör rvyp 'RR� srn m py2 | 2öuprmv4p2ovw m o4 porpm �p242p4uvû2pr (s �zvrn vr �p)tpo4 3pw ÷öq4 zp2npr } �sm vrnp2pr wom o4 op24 nop �pq4ommsr3npq �r4p232srnq nop . prvso3ùpo4 } %r tsù ÷sr�4 o3pr �pqqsr3pr sr4p2 öú4 om op24pr�pnor3sr3pr qöww4p pq m ÷ö3 woxy qpor ø n op uoqyp2 upq4p p22poxy4p ürp23 opvs� ÷öqsr3� ÷s2 �2vr or porp2 (� �û�pqqsr3 ts 2pú2önstop2pr srn vs � nopqp ¢poqp m o4 poûrp2 (u42prrsr3 �ör �þH� porp zpo4p2 �p2u pqqp24p �r4p232srnû(u42prrsr3 tsp22poxypr } � vm o4 z o2n pq m ÷ö3 woxy qpor ø n op �prqo4o� o4 ÷v4 zpo4p2 ts �p2upqqp2rsrn %qö4öú pr�p2y ÷vw4roqqp uoq ts 'R?W@ mpqqpr ts ù ÷örrpr }
� p2 p2q4p üorqv4t ùvwö2om p42oqxyp2 �op�4pmúp2v4s2û� p4pù4ö2pr or np2 �pqxywpsûro3p2û�vqqprqú pù42ömp42op �p2wop� qöm o4 p2�öw32poxy } � opqp � p4pù4ö2pr yvuprnvq |ö4pr4 ovw ø por zp24�öwwpq %rq42smpr4 or np2 �pqxywpsro3p2û� vqqprqú pù42öûm p42op �ör qxyzp2pr %örpr ts zp2npr ø srn p2 ÷ö¤rpr nvm o4 nop � ÷ö3 woxyùpo4 øqop or �sùsr �4 or or4p2pqqvr4pr ü«úp2om pr4pr vsq porp2 � opwtvyw �ör ( 2u po4qû. puop4pr portsqp4tpr }



ôîYâîò ô
Zìêâ[ [ æîêåæççìîò \æð ñðòæóîäêêæ
âìê áâã ] ^ ]_

v }� � `a�4abú acd4ecû�a4aù4öc �%öf ü Å� a�Æ |ög`4`öf Å{ df ÷dhaÆ �ü Åùa�Æ �ü�ü Å'R?þ Æ@�a�i � }'& ��R �� � �R �� � '� }& ���@�a�i � }�� ��� �� � �� �� � '� }� ���@�a�i � }� ' �R� �� � �R �� � '� }� ���W�£þi '' }�� ''R� ���� '�� ��� '' }� ���W�£ @i '� }�R '��'��� � '�'��� 'R }' ���W�£ Hi '� }�� '��� ���� '�� ��� � }R �'�W�£ÿi �R }�� �'�& ��'� '�� ��� � }� �'�WNj(eHi '� }�� '�R� �'�� '�& �'� � }R �'�WNj(eÿi �R }�� �'�� ��'� '&& ��� � }R �'�WNj(eji �� }�& ��&� ��'� '&R ��� & }� �'�WNj(eNi �� }&R � '�& �'�� '�� �� � & }& �'�WNj(e WÄi �� }�& ���� ��R� �'� �� � & }& �'�WNj(e WWi �� }� ' �� ''���� �&� ��� � }� �'�WNj(e WHi �� }�� ��'� ���� ��� �� � � }� �'�WNj(e�Äi &� }�� &��� ��� � ��& ��� � }& �'��þI� ÿi �R }�� �'�R ���� '�� ��� � }� �'��þI� Ii �& }�� ���� ���� �''��� � }� �'�
k }� � `h`l`eb û�a4aù4öc �%öf ü Å� a�Æ |ög`4 `öf Åmdf ÷dhaÆ �ü Åùan Æ �üoü Å'R?þ ÆWp£þi ''qrs 'sR� t'u &s t'u v q�w tsuWpx@i '� qrR '&s� t'u ''r t'u y qrr tvuWpxHi 'y qww 'ry� t'u yR tsu s qr 't'�uWpx ÿi �R qwv �sR& t'u 'R� t�u � qwr truWNj(eHi 'y qwr rws t'u '�yR t�u y'qR t'uWNj(e ÿi �R qyr 'v'R t'u '��y twu &R q't�upþI� ÿi �R qwv rsR t'u ''ww t�u vy qs t�u

zdk ahha ( q'{ |egdbbafg4ahhef3 }ac ü c3akf`gga � ÷ec ~adù ~ög`4 `öf ef} üfac3 `aûde� ÷ögef3 � ÷ec }`a �aggef3af deg mdú q v q� q � `a �a�hac ac3ak af g`�� deg }ab �`4�a�hacef} }ab �a�hac `f }ac ü `��ef3 q
'wv



ôîYâîò �

Zìêâ[ [ æîêåæççìîò \æð ñðòæóîäêêæ
\æð ô ��ñäî�æç[ æêêìîòæî
� »� ���������� ������

~cöka �ü �ùan �
���vR '&� t�u'vy t�u'vw t�u
�� 'vR 'rs t�u'�r tvu'�w t''uü `���sw 'vs t�u

~cök a �ü �ùan ��(�x (�x
���vR 's� tsu 'vR t�u'�s t''u '�r t�u'� 'tvu 'sr t&u's� t�u 's& t�u
�� 'vR '�� tyu 'v� t&u'�� tyu '�y tyu

~cöka �ü �ùan �
�� 'vR 'r� tvu'wy tsu'ws t&uü `���s& 'y� tsu

d qu k qu � qu
zdkahha � q'{ |egdbbafg4ahhef3 }ac üfac3 `ade� ÷ögef3 � ÷ec }`a ü `flahb aggef3af { d qu� aggef3af (�x ' ø k qu �aggef3af �(�x ef} (�x� ø � qu � aggef3af (�xs q � `a�aggef3af ü `���s& ef} ü `���sw kala`��faf }`a üfac3 `ade� ÷ögef3 ø }`a deg }af mdûh`kcd4 `öfgbaggef3af � ÷ec }dg B a�a`h`3a %gö4öú acb `44ah4 �ec}a q

� »� �s&� ��sw� ������ ��¡��¢ ��£������
%f }`a �`ac de�3ah`g4a4af %gö4öú af¤ac� ÷dh4f`gga `g4 }`a zcdfgb `gg`öf f`��4 a`f3aca��fa4 ø}d }`aga � ÷ec }`a �deac a`fac �a)ca`�a dhg ùöfg4df4 df3aföbbaf �ec}a q �d }`a
� cdfû%öfaf � ÷ef¥d�� úög`4 `¤ 3ahd}af �dcaf ø be) }ac pþI� û¦4cöb b`4 v beh4 `ú h`l`ac4�ac}af ø eb }dg ùöccaù4a %gö4öú af¤ac� ÷dh4f`g le ac�dh4af q

'w&



§ ¨© ¨ pþÿ� ªpþI� «¬­2®2¯°± ²°³´ µ¶·®±¬­­° 'wy

~cök a pþI� û¦4cöb pþÿ� pþI� pþ@� pþÿ� opþI��údc4`�ha ( g� ��öef4g� ��öef4g� ��öef4g����vR � qy' D'R?ÿ 'vRws t� '�u ¸ yR'twRu w qr 't��u D'R?W¹s qv� D'R?ÿ �'ssr ty�yu ¸ r&R trRu r qyR tssu D'R?W¹s q�r D'R?ÿ �R��& tvwsu ¸ '�vR t'RRu r qw� t�wu D'R?W¹
�� 'vR � qy& D'R?j �R 'R t�yu ¸ ¸ & qy& t'&u D'R?W¹� qRr D'R?j '�v& t�vu ¸ '�r t��u v qyR t'wu D'R?W¹s q'y D'R?j 'RrR tsvu ¸ vR t'�u v qvR t'wu D'R?W¹Oöd�� ' s qr ' D'R?ÿ yvR tsRu v twu v't'vu s qRy t'�u D'R?WW� qw� D'R?j � 't&u & tsu r tsu � qs 'ts�u D'R?WW� qww D'R?ÿ �w& t��u s� t'�u �& t''u � qyR t'su D'R?WW'qw� D'R?ÿ s 'w t�Ru y twu �& t''u � qyy t'yu D'R?WW'qy' D'R?ÿ �w 't'wu y tyu 'r tru � q&s t'yu D'R?WW'q�w D'R?ÿ �&s t'wu � tyu ''tyu � qw� t'ru D'R?WW'q�& D'R?ÿ �Ry t'yu 't�yu �& t'�u � q&s t��u D'R?WWOöd��� w qv' D'R?j yy tru & tvu 'v t�u 'q�v t'yu D'R?WW� q�� D'R?ÿ �y� t'ru w twu 'R tru 'qwR t'�u D'R?WW� q&s D'R?ÿ �&w t'wu 'r tru s� t''u 'q&s t''u D'R?WW� q�' D'R?ÿ �sy t'yu �& tru s 't''u 'qy� t'�u D'R?WW'qsR D'R?ÿ 'yR t'vu '� tru 'y tru � qRr t'wu D'R?WW'qR& D'R?ÿ ''R t'su ss twu �w tyu 'q&& t�Ru D'R?WW.dg4a`f ' v q�w D'R?j '� t�u � t�u v tsu � q� t'q�u D'R?Wp.dg4a`f � v q�w D'R?j �'t�u � t�u 'R tsu & q� t'q�u D'R?Wp

zdk ahha � q� { |egdbbafg4ahhef3 }ac ü c3akf`gga }ac (�¦ûü `flahb aggef3af � ÷ec }`a�a)ca`�a (�x 'q � `a �a�hac g`f} }`a �`4�a�hac q � ÷ec }`a ~cöka ���vR `g4 `f }af�a�hac � ÷ec }`a pþÿ� û| ÷d�hcd4a }`a �fg`��ac�a`4 deg }ac �ac ÷e�ùg`��4 `3ef3 }ac ý¦��ehû
4acý a`f3aca��fa4 q .dg4a`f ' ef} .dg4a`f � g`f} }`a k a`}af (eg�ac4ef3af � ÷ec }`a~cöka �d} .dg4a`f { �a` .dg4a`f ' �ec}af }`a ü ca`3f`gga ef4ac }ac .deggû�efù4 `öfdk3al ÷d�h4 q .dg4a`f � 3 `k4 }`a �`4ûü c3akf`gga � `}ac q

~cök a pþI� û¦4cöb pþÿ� pþI� pþ@� pþÿ� opþI��údc4 `�ha ( g� ��öef4g� ��öef4g� ��öef4g��� 'vR & qrr D'R?j ry� ts 'u �s t�Ru ¸ �q�� twu D'R?W¹'q�v D'R?ÿ ��r& t�wu 'R 'ts 'u ¸ �qvs tvu D'R?W¹w q& ' D'R?j w�y t�ru sy t'wu ¸ 'qv� tvu D'R?W¹Oöd�� ' � qR ' D'R?ÿ wy tru ¸ '& tvu & qrs ty�u D'R?Wp'q& ' D'R?ÿ vR tru sw tru ¸ � qry twru D'R?WpOöd��� s q'w D'R?j 'v t�u 'w tsu ¸ y q& t� qRu D'R?Wp'q�r D'R?ÿ �'tvu �& t�u ¸ � q&R t&�u D'R?Wp
zdk ahha � qs { |egdbbafg4ahhef3 }ac ü c3akf`gga }ac (�¦ûü `flahb aggef3af � ÷ec }`a�a)ca`�a (�xs q



'ww ¶±´¶±º §

~cöka pþI� û¦4cöb pþÿ� pþI� pþ@� pþÿ� opþI��údc4 `�ha ( g� ��öef4g� ��öef4g� ��öef4g����vR v qs ' D'R?j �vR� t& 'u ¸ 'rs t��u y qvv t'wu D'R?W¹� q'r D'R?j 'wwr t�ru ¸ 'yR t� 'u y q� 't'ru D'R?W¹s qys D'R?j 'y�y t�wu ¸ '�v tsRu y q�r t�'u D'R?W¹s qRw D'R?j 'v�s t�Ru ¸ '&� t'ru y qw� t�'u D'R?W¹
�� 'vR � qy� D'R?j ys� tsRu ¸ y't'�u � qs� t'wu D'R?W¹� qs� D'R?j vr� t�vu ¸ s� t'Ru � qR& t'yu D'R?W¹Oöd�� ' 'q'w D'R?ÿ 'yv t'�u y t&u ss tru � qsy t'ru D'R?WWy qv& D'R?j wv tru 'R t&u '� tvu 'qyr t'ru D'R?WWr qs& D'R?j '�y t'�u 's t&u �� tyu � q'y t�'u D'R?WWOöd��� w q&r D'R?j &R twu '& t&u 'R t�u 'q'R t'vu D'R?WW& qRv D'R?j v& twu 't�'u 'v t&u 'q�w t�'u D'R?WW� qw� D'R?j & 'twu v tvu ''tyu � qR� t�&u D'R?WW� qR� D'R?j 'r tvu � t�u ''t&u 'qvR t�Ru D'R?WW

zdkahha � q� { |egdbbafg4ahhef3 }ac ü c3akf`gga }ac (�¦ûü `flahb aggef3af � ÷ec }`a�a)ca`�a �(�x q

~cöka pþI� û¦4cöb pþÿ� pþI� pþ@� pþÿ� opþI��údc4 `�ha ( g� ��öef4g� ��öef4g� ��öef4g����vR v qs ' D'R?j �vRv tvvu ¸ '&R t�vu y qvv t'wu D'R?W¹� q'r D'R?j 'wwy t�yu ¸ 'vR t��u y q� 't'ru D'R?W¹s qys D'R?j '&&r t� 'u ¸ ��R t��u y q'& t�'u D'R?W¹s qRw D'R?j '�v� tswu ¸ yw t'yu y qv� t�'u D'R?W¹
�� 'vR � qy� D'R?j y�� t�ru ¸ yw t'yu � qs& t'wu D'R?W¹� qs� D'R?j vvv t��u ¸ v� t'su s qyr t'yu D'R?W¹Oöd�� ' 'q'w D'R?ÿ 'v't'vu 'R t''u �s t'Ru � qRv t�Ru D'R?WWy qv& D'R?j ww t''u �� tsyu sy t''u 'qw& t�su D'R?WWr qs& D'R?j ''s t'su �s t'su s 't'Ru 'qrs t��u D'R?WWOöd��� w q&r D'R?j v� twu �& twu s� tvRu R qrr t'vu D'R?WW& qRv D'R?j �s t'Ru �� t'&u sv t'su 'q'� t�yu D'R?WW� qw� D'R?j vy t'Ru �� t'�u �y t'vu 'qwr tssu D'R?WW� qR� D'R?j �s tyu � t�u s� t&u s q� 'tv&u D'R?WW

zdkahha � qv { |egdbbafg4ahhef3 }ac ü c3akf`gga }ac (�¦ûü `flahb aggef3af � ÷ec }`a�a)ca`�a (�x� q



§ ¨© ¨ pþÿ� ªpþI� «¬­2®2¯°± ²°³´ µ¶·®±¬­­° 'wr

1
 2
 3
 4
 5
 6
 7


1.9


2.0


2.1


2.2


2.3


2.4


2.5


2.6


2.7


2.8


2.9


3.0


3.1


3.2


3.3


 


gewichteter Mittelwert: 


(2.79 
+
 0.08) x 10

-11


2
3
6

 U

/
2
3
8

 U

 [
1
0

-1

1

 ]


Messung Nr.


1
 2
 3
 4
 5
 6


1.2


1.4


1.6


1.8


2.0


2.2


2.4


 


 


gewichteter Mittelwert: 


(1.71 
+
 0.07) x 10

-11


2
3
6

 U

/
2
3
8

 U

 [
1
0

-1

1

 ]


Messung Nr.
d qu

0
 1
 2
 3


1.5


1.6


1.7


1.8


1.9


2.0


2.1


2.2


2.3


2.4


2.5


2.6


 


 


gewichteter Mittelwert:


(2.12 
+
 0.16) x 10

-11


2
3
6

 U

/
2
3
8

 U

 [
1
0

-1

1

 ]


Messung Nr.


1.0
 1.5
 2.0
 2.5
 3.0
 3.5
 4.0


0.9


1.0


1.1


1.2


1.3


1.4


1.5


1.6


1.7


1.8


1.9


2.0


2.1


2.2


2.3


2.4


 


 


gewichteter Mittelwert: 


(1.37 
+
 0.19) x 10

-11


2
3
6

 U

/
2
3
8

 U

 [
1
0

-1

1

 ]


Messung Nr.
k qu

0
 1
 2
 3


1.5


1.6


1.7


1.8


1.9


2.0


2.1


2.2


2.3


2.4


2.5


2.6


 


 


gewichteter Mittelwert: 


(1.96 
+
 0.06) x 10

-11


2
3
6

 U

/
2
3
8

 U

 [
1
0

-1

1

 ]


Messung Nr.


0
 1
 2
 3
 4


0.5


1.0


1.5


2.0


2.5


3.0


3.5


4.0


 


 


gewichteter Mittelwert: 


(1.24 
+
 0.31) x 10

-11


2
3
6

 U

/
2
3
8

 U

 [
1
0

-1

1

 ]


Messung Nr.
� qu
(kk`h}ef3 � q'{ �b }`a g4d4 `g4`g��a nac4a`hef3 }ac %gö4öú af¤ac� ÷dh4f`gga � ÷ec }`a ü `fûlahb aggef3af }ac ~cökaf Oöd��`b g4�dh ' ef} � le úc ÷e�af ø �ec}af }`a »ac4a 3cdûú�`g�� de�3a4cd3af � ÷ec d qu � a)ca`�a (�x ' ø k qu �a)ca`�a �(�x ef} � qu � a)ca`�a(�x� q � `a 3ag4c`��ah4a ¼`f`a k ala`��fa4 B a�a`hg }af 3a� `��4a4af � `44ah�ac4 q ( hhaü `flahac3akf`gga g`f} g4d4`g4 `g�� eb }af � `44ah�ac4 ¤ac4a`h4 ½ }`a (ffd�ba ø }d) g`��}`a zcdfgb `gg`öf � ÷d�caf} a`fac �a)ca`�a f`��4 ba)kdc 3a ÷df}ac4 �d4 ø `g4 3aca��4�acû4 `34 q



ô¾¾¿À\ÁÂÃÄÅÆÇ�Æ¿õYÂ¿Ä

�q' �a4aù4 `öfgúc`fl`ú a`fag ü `f4a`h��afûmdhöc`b a4acg q q q q q q q q q q q q y� q� ¦��ab d4 `g��ag zabú acd4ecg`3fdh q q q q q q q q q q q q q q q q q q q q q w� qs zabú acd4ecû(k� ÷df3 `3ùa`4 }ag » `}acg4df}ag È tz u � ÷ec �dhkha`4ac ef}¦eúcdha`4ac q q q q q q q q q q q q q q q q q q q q q q q q q q q q q q q q q 'R� q� �aÉf`4`öf }ac ÷�kac3df3gkca`4a ,z q q q q q q q q q q q q q q q q q q q q ''� qv nacg��dh4ef3 }ac �a4aù4öcaf q q q q q q q q q q q q q q q q q q q q q q q 'v� q& üfac3 `a¤acheg4úcölagga q q q q q q q q q q q q q q q q q q q q q q q q q q � '� qy üfac3 `a¤acheg4 ¤öf � cdf `f ¦dú�`c q q q q q q q q q q q q q q q q q q q q �s� qw ü cgd4lg��dh4k`h} lec �aca��fef3 }ag 4�acb `g��af » `}acg4df}gcdeg��afg �&� qr üfac3 `ade� ÷ögef3 fd�� (f}acgöf q q q q q q q q q q q q q q q q q q q q q s&
s q' mc`g4dhh3 `44ac ¤öf ¦dú�`c q q q q q q q q q q q q q q q q q q q q q q q q q � 's q� �a4aù4öc b `4 .acbdf`eb ûz�acb `g4öc q q q q q q q q q q q q q q q q q q �rs qs �dgùaf � ÷ec ~�ö4ö h`4�ö3cdú�`a q q q q q q q q q q q q q q q q q q q q q q v�s q� .aöba4c`a }ac ( heb `f`eb ûz�acb `g4öcaf q q q q q q q q q q q q q q q q vvs qv ~c`fl`ú }ag � h4cdg��dhhû�öf}afg q q q q q q q q q q q q q q q q q q q q q vrs q& �a4aù4öc b `4 (heb `f`eb ûz�acb `g4öc q q q q q q q q q q q q q q q q q q &R
� q' ¦��ab d4 `g��a �dcg4ahhef3 }ag @�aû�afg4acùc�ög4d4af q q q q q q q q q q &�� q� zabú acd4ecû¦4dk`h`4 ÷d4 b`4 dh4ac ef} faeac zab ú acd4ecûÈa3ahef3 q q q &�� qs nacg��dh4ef3 }ac �d4afde�fd�ba q q q q q q q q q q q q q q q q q q q q &v� q� � `3 `4dhag � `h4acf q q q q q q q q q q q q q q q q q q q q q q q q q q q q q q &r� qv È tz uûmaffh`f `a � ÷ec }af �a4aù4öc ¦.a� q q q q q q q q q q q q q q q q q y '� q& � t%uûmaffh`f `a }ag �a4aù4öcg ¦.a� q q q q q q q q q q q q q q q q q q q y�� qy È tz uûmaffh`f `af � ÷ec }`a �a4aù4öcaf b `4 (heb `f`eb ûz�acb `g4öcaf q q y�� qw ��g4acagaûnac�dh4af a`fag ¦eúcdha`4acg q q q q q q q q q q q q q q q q q q yw� qr nöc¤acg4 ÷dcùacû¦`3fdh � ÷ec }af �a4aù4öc ¦.a� q q q q q q q q q q q q q q w '� q'R nöc¤acg4 ÷dcùacû¦`3fdha � ÷ec }ca` �a4aù4öcaf b `4 (heb `f`eb ûz�acb `g4öcaf w�� q'' ¦.a� { (k� ÷df3 `3ùa`4 }ac ¦`3fdh� ÷ö�a ¤öb �a)g4cöb q q q q q q q q q q w&� q'� ¦( hy { (k� ÷df3 `3ùa`4 }ac üfac3 `ade� ÷ögef3 ¤öb �a)g4cöb q q q q q q q w&� q's ( hú�dû¦ú aù4ceb � ÷ec }af �a4aù4öc ¦.a� q q q q q q q q q q q q q q q q wr� q'� ( hú�dû¦ú aù4ceb � ÷ec }`a �a4aù4öcaf ( h'� ef} ¦( hw q q q q q q q q q q wr
v q' (e�kde � ÷ec ¦���ac`öfafûüÊú ac`b af4a b `4 �a4aù4öc ¦.a� q q q q q q q r&v q� ¦`3fdh�öcb � ÷ec ¦���ac`öfaf { ¦.a� q q q q q q q q q q q q q q q q q q q q rrv qs ~ehg� ÷ö�afgú aù4caf � ÷ec ¦���ac`öfaf { �a4aù4öc ¦.a� q q q q q q q q q q 'R 'v q� ¼`fadc`4 ÷d4 }ac Èagúöfgaû�efù4 `öf }ag �a4aù4öcg ¦.a� df�df} }ac¦`3fdh� ÷ö�a � ¹ q q q q q q q q q q q q q q q q q q q q q q q q q q q q q q q 'R 'v qv (e�kde � ÷ec ¦���ac`öfafaÊú ac`b af4a b `4 �a4aù4öc ( h'� q q q q q q q q 'Rs

'rR



¶§§¬·0 1±º­ ²°³Ë°¬3´±¬­ 'r '
v q& ¦`3fdh�öcb � ÷ec ¦���ac`öfaf { ( h'� q q q q q q q q q q q q q q q q q q q q 'R&v qy ~ehg� ÷ö�afgú aù4ceb � ÷ec � cdf { ( h'� q q q q q q q q q q q q q q q q q q q 'Rrv qw Èahd4`¤a üfac3 `ade� ÷ögef3 �üoü q q q q q q q q q q q q q q q q q q q q ''Rv qr ¼`fadc`4 ÷d4 }ac �a4aù4öcûÈagúöfga q q q q q q q q q q q q q q q q q q q q ''vv q'R nac3 ha`�� a`fag � cdfû¦ú aù4ceb g ¤öf ¦`h`l`eb û�a4aù4öc ef}z `a�4abú acd4ecû�a4aù4öc q q q q q q q q q q q q q q q q q q q q q q q q q ''yv q'' ~ehg� ÷ö�afgú aù4ceb � ÷ec � cdf { ¦( h�' q q q q q q q q q q q q q q q q q q ''wv q'� ~ehg� ÷ö�afgú aù4ceb � ÷ec � cdf fd�� ¦4cd�hafg�� ÷d}`3ef3 q q q q q q q q ''rv q's ~ehg� ÷ö�afgú aù4ceb � ÷ec mö�hafg4ö¥ fd�� ¦4cd�hafg�� ÷d}`3ef3 q q q q q ''r
& q' ~c`fl`ú }ac ùdh4af �eg`öf q q q q q q q q q q q q q q q q q q q q q q q q q '�s& q� Ìeù h`}ùdc4a q q q q q q q q q q q q q q q q q q q q q q q q q q q q q q q q '��& qs �ac (e�kde }ag ¦���ac`öfafû¦aúdcd4öcg ¦�%~ �s� q q q q q q q q q q q '�v& q� �a`gú `ah � ÷ec a`fa |ac�dhhgùa44a ¤öf pjj ''� q q q q q q q q q q q q q q q q '�&& qv ( hú�dû¦ú aù4ceb deg }ab ¦�%~ ûzag4aÊú ac`b af4 q q q q q q q q q q q q '�r& q& ¦���ac`öfafgú aù4ceb deg }ab ¦�%~ ûzag4aÊú ac`b af4 q q q q q q q q q 's '& qy ü `f `3a �a`gú `aha � ÷ec |ac�dhhgùa44af q q q q q q q q q q q q q q q q q q q q 'ss& qw �he3la`4û ef} üfac3 `agú aù4ceb � ÷ec � ` q q q q q q q q q q q q q q q q q q 'sv& qr �ca`}`b afg`öfdhag üfac3 `aû�he3la`4û¦ú aù4ceb � ÷ec � ` q q q q q q q q q q 's&& q'R |�a`}`b afg`öfdhag üfac3 `aû�he3la`4û¦ú aù4ceb � ÷ec � ` q q q q q q q q q 's&& q'' �he3la`4û ef} üfac3 `agú aù4ceb � ÷ec ~k q q q q q q q q q q q q q q q q q 'sy& q'� �ca`}`b afg`öfdhag üfac3 `aû�he3la`4û¦ú aù4ceb � ÷ec ~k q q q q q q q q q 'sr& q's |�a`}`b afg`öfdhag üfac3 `aû�he3la`4û¦ú aù4ceb � ÷ec ~k q q q q q q q q q 'sr
y q' ~c`fl`ú }ac (�¦ q q q q q q q q q q q q q q q q q q q q q q q q q q q q q '� 'y q� üfac3 `aû�he3la`4û¦ú aù4ceb � ÷ec � cdf q q q q q q q q q q q q q q q q q q q '�vy qs üÊú ac`b af4ahhac (e�kde (�¦ q q q q q q q q q q q q q q q q q q q q q q '�yy q� nacg��dh4ef3 }ac �d4afde�fd�b a � ÷d�caf} }ac (�¦û�aggef3af q q q 'v�y qv �f4ac3cef} }ec�� �bhd}ef3gcadù4`öfaf q q q q q q q q q q q q q q q q 'v�y q& ¦`beh`ac4ag pþÿ� û¦ú aù4ceb b `4 �f4ac3cef} q q q q q q q q q q q q q q q 'v&y qy ü `��gú aù4caf q q q q q q q q q q q q q q q q q q q q q q q q q q q q q q q q '& 'y qw ¦ebbafgú aù4caf }ac ~cökaf ���vR ef} �� 'vR q q q q q q q q q q q q '&�y qr ( hú�dû| ÷d�hcd4af q q q q q q q q q q q q q q q q q q q q q q q q q q q q q q '&&y q'R ¦ebbafgú aù4caf }ac ~cökaf ���vR ef} �� 'vR `fù heg`¤a pþ@� û(f4a`h '&yy q'' �f4ac3cef}û(k4caffef3 { �a`gú `ah (�x q q q q q q q q q q q q q q q q q '&wy q'� nack aggacef3 }ac �f4ac3cef}dk4caffef3 }ec�� ü `fgd4l }ag �(�x q q 'yRy q's ¦ú aù4caf � ÷ec }`a ~cökaf Oöd��`b g4�dh ' ef} � q q q q q q q q q q q q q 'y�y q'� ¦ú aù4ceb � ÷ec }`a ~cök a �d} .dg4a`f q q q q q q q q q q q q q q q q q q 'ysy q'v Íp ûzag4 � ÷ec }`a ~cöka �d} .dg4a`f q q q q q q q q q q q q q q q q q q q 'ys
� q' |egdbbafg4ahhef3 }ac ü c3akf`gga }ac (�¦û�aggef3af { g4d4 `g4 `g��anac4a`hef3 }ac �a)�ac4a q q q q q q q q q q q q q q q q q q q q q q q q q 'wr



ÎÏ¾ ÆÀÀÆÂÅÆÇ�Æ¿õYÂ¿Ä

�q' �a`gú `ah � ÷ec �z a`fag ¦dú�`cû(kgöck acg q q q q q q q q q q q q q q q q q r� q� �aca��fa4a �a`4c ÷d3a }ag m öf¤acg`öfgcdeg��afg lec üfac3 `ade� ÷ögef3 q s&
s q' � `a ü `3afg��d�4af ¤öf ( heb `f`eb q q q q q q q q q q q q q q q q q q q q v�s q� |egdbbafg4ahhef3 }ac �a4aù4öcaf b `4 (hûz�acb `g4öc q q q q q q q q q & '
� q' ÈÐ ø zÑ ÒÓ Ô ef} ,z deg È tz uûx�dcdù4ac`g4 `ù q q q q q q q q q q q q q q yv� q� üfac3 `af }ac �ca`û¼`f`afû(hú�dû+eahha q q q q q q q q q q q q q q q q q yr� qs ÕÖ× × ø ù ef} x }ac ef4acge��4af �a4aù4öcaf q q q q q q q q q q q q q q q w '� q� |egdbbafg4ahhef3 }ac acb `44ah4af ¦4caeûmdúdl`4 ÷d4af q q q q q q q q q w�� qv ü `f�e) ¤öf �ö ��û ef} z `a�úd) de� }`a üfac3 `ade� ÷ögef3 q q q q q q q ww� q& (k� ÷df3 `3ùa`4 }ac üfac3 `ade� ÷ögef3 ¤öf }ac ¦�dú `f3 |a`4 q q q q q q q ww� qy üÊú ac`b af4ahh acb `44ah4a � ÷deÉ3ùa`4g¤ac4a`hef3 }ac ( hú�dû¼`f`af q q q ww� qw z�aöca4 `g��a (kg�� ÷d4lef3 }ac Èdeg��ka`4c ÷d3a q q q q q q q q q q q q q rR� qr |egdbbafg4ahhef3 }ac üfac3 `ade� ÷ögef3 � ÷ec ( hú�dûza`h��af q q q q q q rR� q'R |eg ÷d4lh`��a �aggef3af � ÷ec ( hú�dûza`h��af q q q q q q q q q q q q q q q rv
v q' |egdbbafg4ahhef3 }ac üÊú ac`b af4û~dcdb a4ac � ÷ec }`a ¦���ac`öfafaÊ ûú ac`b af4a b `4 �a4aù4öc ¦.a� q q q q q q q q q q q q q q q q q q q q q q ryv q� » ÷dcb aùdúdl`4 ÷d4 deg ¦���ac`öfafg`3fdhaf � ÷ec �a4aù4öc ¦.a� q q q q q rwv qs |egdbbafg4ahhef3 }ac üÊú ac`b af4û~dcdb a4ac � ÷ec }`a �aggef3af b `4�a4aù4öc ( h'� q q q q q q q q q q q q q q q q q q q q q q q q q q q q q q q 'Rvv q� » ÷dcb aùdúdl`4 ÷d4af deg ¦���ac`öfafû¦`3fdhaf � ÷ec �a4aù4öc ( h'� q q q 'Ryv qv ü `f�e) }ag }`3 `4dhaf �`h4acfg de� ¦���ac`öfafgú aù4caf q q q q q q q q q '''v q& » ÷dcb aùdúdl`4 ÷d4af fd�� ¦4cd�hafg�� ÷d}`3ef3 q q q q q q q q q q q q q q '�R
& q' � `h}ef3gØeacg��f`44a }ac Ìeù h`}a `b ¦�%~ ûzag4aÊú ac`b af4 q q q q q q '�w& q� � ÷deÉ3ùa`4g¤ac4a`hef3 }ac ( hú�dû¼`f`af `b ¦�%~ ûzag4aÊú ac`b af4 q q q 's '& qs zdc3a4g ef} üfac3 `af � ÷ec ü ozÙ�ûüÊú ac`b af4 b`4 » `gbe4 q q q q q q 's�
y q' ü c3akf`gga }ac (�¦û�aggef3af q q q q q q q q q q q q q q q q q q q q q 'y '
( q' |egdbbafg4ahhef3 }ac ü c3akf`gga deg mdú q v q� q q q q q q q q q q q q 'wv
� q' |egdbbafg4ahhef3 }ac ü c3akf`gga }ac (�¦û�aggef3af { �ü q q q q q 'w&� q� |egdbbafg4ahhef3 }ac ü c3akf`gga }ac (�¦û�aggef3af { (�x ' q q q q 'wy� qs |egdbbafg4ahhef3 }ac ü c3akf`gga }ac (�¦û�aggef3af { (�xs q q q q 'wy� q� |egdbbafg4ahhef3 }ac ü c3akf`gga }ac (�¦û�aggef3af { �(�x q q q q 'ww� qv |egdbbafg4ahhef3 }ac ü c3akf`gga }ac (�¦û�aggef3af { (�x� q q q q 'ww
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�'� �44ú {oo��� q3g` q}a ø �RRs q
��� � q � q .e4kcö} a4 dh q ÜÝÞ ßàá âãäå æ àçèéÞ êàá Ýëâì íÞ èÞâàëÞäâèÝÞäå äßßàåàëäâÝëî äßèåèâï î Ýë ðàäñç Ýî èÝÞç äÞò äÞâèá ëÝâÝÞçq .¦% �dcb g4d}4 ø �RR 'q
�s� ¦ q �ö�b dff df} . q � ÷eflafkac3 q óô à òèç ßÝõàëï Ýî âô à ô àäõèàçâ àåàñ àÞâçq Èaû

¤ `a� g ö� � ö}acf ~��g`�g ø ö÷ t�RRRu yss q
��� . q mcd�4 q óãñ Ýë âô àëäá ï ø èâô ô àäõï ßôäëé àò áäëâèßåàç q ~cö3 q ~dc4 q Ìe�h q ~��g qøùú t�RRRu �ys q
�v� » q me4g��acd q í ßßàåàëäâÝë û äçç üá àßâëÝñ àâëï ì íÞäåïçèÞé Ýãë ø Ýëåò äâÝñ ðïäâÝñ q %f üÊú ac`b af4dh Ìe�hadc ~��g`�g `f üecöú a û �d�`f3 4�a faÊ4 b`hhaf`eb ø(%~ xöf�acaf�a ~cö �aa}`f3g ùýú ø ¦a`4a �Ry q (b q %fg4 q ~��g qø 'rrr q
�&� � q » q ¦��b `44 a4 dh q þ ëàßèçèÝÞ ñ àäçãëàñ àÞâç Ýî ßÝëëàåäâàò àÞ àëé èàç äÞò õàåÝßèÿâèàç Ýî pHp Üî � ççèÝÞ î ëäéñ àÞâçq ~��g`�dh Èa¤`a� ø ��ö L t'r&vu wsy q
�y� ~q xec`a df} ( q ¼dköc}a q x q È q (�d} q ¦�` q ~dc`g ø ��� t'rRsu &ys q
�w� ( q .ö a4l q ~��g`�dh Èa¤`a� ø úú t'rsru '�yR q
�r� � q xd¤dhh`f ` a4 dh q í ôèéô ç àÞçèâèõèâï ðÝåÝñ àâàë òàâàßâÝë î Ýë ñ Ýåàßã åäë ðàäñçq|a`4g��c`�4 � ÷ec Ìd4ec�öcg��ef3 ø ÷÷� t'r&yu � 's q

�'R� ¦ q � q � ögaha� df} O q x q �d4�ac q óô àëñ äå òàâàßâÝëç äç � ÿëäï çá àßâëÝñ àâàëçqOöecfdh ö � (úú h`a} ~��g`�g ø ú� t'rw�u '�vy q
�''� � q ��xdbb öf a4 dh q í ôèéô çá àßâëäå ëàç ÝåãâèÝÞ Ýðç àëõäâèÝÞ Ýî âô à ç Ýî â � ÿëäïòè� ãç à ðäß�é ëÝãÞò øèâô âô àëñ äå òàâàßâÝëçq z�a (g4cöú��g`�dh Oöecfdh ø úö�t�RR�u 'ww q
�'�� � q ¦`g4 ` a4 dh q û äççèõ à ßëïÝé àÞèß áäëâèßåà òàâàßâÝëç ø èâô åÝø àÞ àëéï âôëàçô ÝåòqÌe�hadc %fg4cebaf4g df} �a4�ö}g `f ~��g`�g ( ø ù�� t�RR 'u �rr q
�'s� È q (kegd`}` a4 dh q �� ßåãçèÝÞ åèñ èâç ÝÞ âô à �	ûþÿÞãßåàÝÞ ßëÝçç ç àßâèÝÞ î ëÝñâô à ßëïÝé àÞèß òäë� ñäââàë ëàç àäëßô q ~�
g`�dh Èa¤`a� ¼a44acg � �ù t
RRRu v&rr q
�'� � � q � `�c`f` df} z q Ì ``f `��g� ` q Ìe�hadc %fg4cebaf4g df} �a4��}g � ÷÷ù t'rw� uws q
�'v� � q ��f4dfahh` a4 dh q æ àâàßâèÝÞ Ýî âô à àåàßâëÝÞ ßäá âãëà á ëÝßàçç àç ø èâô ñ èßëÝ ßäåÝÿëèñ àâàëçq Ìe�hadc %fg4cebaf4g df} �a4��}g `f ~�
g`�g ( � �ö= t'rr&u 
�y q
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�'&� � dc�`hhd� ~q a4 dh q ��á àëèñ àÞâäå òàâàßâèÝÞ Ýî � ÿá äëâèßåàç î ëÝñ âô à ëäòèÝäßâèõ àòàßäï Ýî Þäâãëäå ðèçñãâô q Ìd4eca � ù÷÷ t
RRsu wy& q
�'y� � q ¦ q ~�c4ac a4 dh q �Ýø óàñá àëäâãëà æ àâàßâÝëç� í 	þ ÜÝÞî àëàÞ ßà þ ëÝßààòèÞéç

���q (b ac`�df %fg4`4e4a � � ~�
g`�g � 
RR 'q
�'w� �44� {ooh4}� 'R q3a q`f�f q`4 � 
RRs q
�'r� � q O q � a`ac q � äåÝëèñ àâëèç ßô à óèàî âàñá àëäâãëòàâà� âÝëàÞ ñ èâ çãá ëäåàèâàÞòàñ þôäÿç àÞ �ãðàëé äÞéçâô àëñ Ýñ àâàë �ãñ ü ßôø àëèÝÞ àÞÞäßôø àèçq � `ggac4d4 `�f � O��dffag.e4afk ac3 �f`¤acg`4 �d4 �d`fl � 'rr� q
�
R� � q O q �a`ac a4 dh q íáá åèßäâèÝÞ Ýî åÝø âàñá àëäâãëà ßäåÝëèñ àâàëç î Ýë âô à òàâàßâèÝÞÝî àÞ àëé àâèß ô àäõï èÝÞçq Ìe�hadc %fg4cebaf4g df} �a4��}g `f ~�
 g`�g ( � �ö=t'rr&u 
vr q
�
'� � q O q � a`ac a4 dh q �Ýø âàñá àëäâãëà ðÝåÝñ àâàëç î Ýë à�á àëèñ àÞâç ø èâô ßÝÝåàò ô àäõïèÝÞ ðàäñç î ëÝñ çâÝëäé à ëèÞéçq Ìe�hadc %fg4ceb af4g df} �a4��}g `f ~�
g`�g ( �

�÷� t'rryu �v'q
�

� ( q ¤ q m `afh`f q � äåÝëèñ àâëèç ßô à óèàî âàñá àëäâãëòàâà� âÝëàÞ äãî  äåðåàèâàëðäçèç î �ãëòàÞ àÞ àëé èàäã! �Ýç àÞòàÞ " äßôø àèç õÝÞ ü ßôø àëèÝÞ àÞq � `ggac4d4 `�f � O��dffag .e�
4afk ac3 �f`¤acg`4 �d4 �d`fl � 'rrs q

�
s� ( q ¤ q m `afh`f a4 dh q  èéô ëàç ÝåãâèÝÞ òàâàßâèÝÞ Ýî àÞ àëé àâèß ô àäõï èÝÞç ø èâô äßäåÝëèñ àâëèß åÝø âàñá àëäâãëà òàâàßâÝëq Ìe�hadc %fg4cebaf4g df} �a4��}g `f~�
g`�g ( � ��� t'rrvu w 'v q
�
� � ~q �3ah�� � q  èéô ëàç ÝåãâèÝÞ ßäåÝëèñ àâëèß åÝø âàñá àëäâãëà òàâàßâÝëç î Ýë äáá åèßäâèÿÝÞç èÞ äâÝñ èß äÞò Þãßåàäë á ôïçèßçq (}¤df�ag `f ¦� h`} ¦4d4a ~�
g`�g � �ý t'rrru& 'q
�
v� x q ( q x��af q í Þäâãëäå � ççèÝÞ ëàäßâÝëq ¦�`af4`É� (b ac`�df � ÷�ú t'ry&u s& q
�
&� ~q ¦4a`ac a4 dh q  àäõï èÝÞ íûü øèâô ä çñ äå å äßßàåàëäâÝëq Ìe�hadc %fg4cebaf4gdf} �a4��}g `f ~�
 g`�g � � ��� t
RR
u 
ws q
�
y� ~q ¦4a`ac q ��á åÝëèÞé âô à åèñ èâç Ýî #�êí ì ä ãÞèõàëçäå î äßèåèâï î Ýë äßßàåàëäâÝë ñ äçççá àßâëÝñ àâëïq � `ggac4d4 `�f � %fg4 `4e4 �eac %g�4�� af��cg��ef3 ef} macf��
g`� }ac
�f`¤acg`4 �d4 » `af � 
RRR q

�
w� ( q ~c`hhac a4 dh q �� âàÞçèÝÞ Ýî âô à ñ àäçãëèÞé ßäáäðèåèâèàç äâ #�êí q Ìe�hadc%fg4ceb af4g df} �a4��}g `f ~�
g`�g � � �ö÷ t
RRRu 'RR q
�
r� | q. q »df3 � x� q �e��ec a4 dh q óô à üÖ ç àÞçèâèõèâï Ýî ñ àâäåç ãÞòàë çø èî â ô àäõï èÝÞèëëäòèäâèÝÞ ì ä âëäÞçèàÞâ âô àëñ äå á ëÝßàççq O�ecfdh �� ~�
 g`�g { x�f}afga} �d44ac �

� t'rr�u &yss q
�sR� x�dchag m `44ah q � èÞî �ãôëãÞé èÞ òèà $àçâ� �Ýëá àëá ôïçè� q È q Ù h}afk �ec3 nachd3 �� �ef��af � » `af � & q (eg3dka � 'rws q
�s '� Ì q � q � �44 q ÜÝÞòãßâèÝÞ èÞ ÞÝÞÿßëïçâäå åèÞ à ñ äâàëèäåç % q ~�`h�g q � d3 q� �ý t'r&ruwsv q
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�s
� �ca}ac`�� Èa`� q ü âäâèçâèç ßô à þôïçè� ãÞò óô àÝëèà òàë � �äëñ àq »dh4ac }a .ce
4ac ��ach`f � Ìa� &�c� � s q (eg3dka � 'rwy q
�ss� � q � q . q xdg`b `c q " Ýâà ÝÞ âô à ßÝÞòãßâèÝÞ Ýî ô àäâ èÞ ßëïçâäåç q ~�
g`�d � � t'rswu

�rv q
�s� � È q �acb df a4 dh q óô àëñ äå ßÝÞòãßâèÝÞ èÞ äëâè� ßèäå çäáá ô èëà ßëïçâäåç äâ åÝøâàñá àëäâãëàçq ~c� �aa}`f3g � � 4�a È�
dh ¦� �`a4
 ( � ÷�� t'rvvu 'sR q
�sv� � q � �xdbb �f a4 dh q Od�dfaga O q �� (�� h q ~�
g q� ÷� tsu t'rwyu 
Rw q
�s&� x� q m `44ah df} � q m ��cfac q óô àëñ ÝòïÞäñ è� q È q Ù h}afk�ec3 nachd3 � � �ef��af �» `af � v q (eg3dka � 
RR 'q
�sy� ( q ¦ac3aa¤ a4 dh q 'åâäëç àÞçèâèõ à ô ÝâÿàåàßâëÝÞ � èÞ àâèßÿèÞòã ßâäÞ ßà òàâàßâÝëçq %f� q ¦ q ~�c4ac � � q ��xdbb �f a4 dh q � ¼�� 4ab� acd4eca }a4a�4�cg � (%~ x�f�acaf�a~c� �aa}`f3g �=ú � ¦a`4a 
y q (b q %fg4 q ~�
g q� 
RR'q
�sw� x� q m `44ah q (ãäÞâàÞâô àÝëèà òàë $àçâ� �Ýëá àëq È q Ù h}afk �ec3 nachd3 � � �ef��af �» `af � 'ryR q
�sr� m q » q ¦�a��dc} a4 dh q )ðç àëõäâèÝÞ Ýî òïÞäñ èß âô àëñ äå á ëÝßàçç àç èÞòãßàò ðï

� ÿá äëâèßåà èñáäßâ ÝÞ çäáá ô èëàq O�ecfdh �� (�� h`a} ~�
g`�g � ù� t'ryvu �&&� q
��R� � q � d
ac q þôïçè� ò �ãÞÞ àë ü ßô èßô âàÞ óàèå * q » `ggafg��d�4h`��a nachd3g3agahhg��d�4bk� � ¦4e443dc4 � 'rvv q
�� '� � q (kahag a4 dh q �ÞôäÞ ßàñ àÞâ Ýî çãá àëßÝÞòã ßâèõèâï èÞ ñ àâäå � åñ çq~�
g q Èa¤ q ¼a4 q� �ö t'r&&u &s
 q
��
� � q � q (f}acgaf q ÜäåÝëèñ àâëèß àÞ àëéïÿòèçá àëçèõ à òàâàßâÝëç î Ýë èÝÞ ðàäñ äÞäåïçèç qÌe�hadc %fg4cebaf4g df} �a4��}g `f ~�
 g`�g � � �ú t'rw&u y

 q
��s� � q .ac¤d`g df} ¦ q ��¥dc} q ü èñãåäâèÝÞ Ýî âô à á ëèñ äëï çâäé à Ýî âô à èÞâàëäßâèÝÞÝî çø èî â ô àäõï èÝÞç ø èâô ßÝÞòàÞç àò ñ äââàëq Ìe�hadc %fg4cebaf4g df} �a4��}g`f ~�
g`�g � � �� t'rr�u svv q
��� � » q �� hga q 	 ÝÞ ðàäñ èÞòã ßàò äâÝñ èß âëäÞçá Ýëâ âôëÝãéô ðèÿåäï àë èÞâàëî äßàç Ýî åÝøÿäÞò ñ àòèãñ ÿ+ ñ àâäåç äÞò âô àèë Þèâëèòç�  äðèåèâäâèÝÞçç ßôëèî âq � d4ac`dhg ¦�`af�adf} �f3 `faac`f3 È � �÷ t'rr� u v
 q
��v� x� q �e��ec � | q. q »df3 a4 dh q ü àÞçèâèõèâï Ýî ñ àâäå åèß ñ äâàëèäåç ãÞòàë èëëäòèäâèÝÞøèâô çø èî â ô àäõï èÝÞçq Ìe�hadc %fg4cebaf4g df} �a4��}g `f ~�
g`�g � � �=öt'rr&u 
'w q
��&� � q z�ehab �f}a � ¦ q ��e¥dc} df} � q ¦4e}ac q üø èî â ô àäõï èÝÞç èÞ èÞçã åäâèÞéäÞò ßÝÞòã ßâèÞé Ý� èòàç ì âëäß�ç äÞò á ôïçèßäå á ëÝá àëâèàçq Ìe�hadc %fg4ceb af4g df}�a4��}g `f ~�
g`�g � � ý� t'rr� u 'Rw q
��y� � q z�ehab �f}a � O q� q x�fg4df4 `f ` a4 dh q óëäß� ßëàäâèÝÞ èÞ üè)p äÞò , ä$àWp )WNðï çø èî â ô àäõï èÝÞç ì ä âô àëñ äå çá è� à òàç ßëèá âèÝÞq Ìe�hadc %fg4cebaf4g df} �a�
4��}g `f ~�
 g`�g � � ��� t'rr&u sy q
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��w� � q z�ehab �f}a df} x� q �e��ec q óëäÞçèàÞâ âô àëñ äå á ëÝßàçç äî âàë ä ô èéôÿàÞ àëéïô àäõïÿèÝÞ èëëäòèäâèÝÞ Ýî äñ Ýëá ô Ýãç ñ àâäåç äÞò ç àñ èßÝÞòãßâÝëçq ~�
g`�dh Èa�

¤`a� � � ù� t'rr
u '�s&
 q
��r� O q� q |`a3 hac � O q~q � `acgd�� df} � q ¼ `4bdc� q óô à üâÝáá èÞé äÞò êäÞé à Ýî 	ÝÞç èÞü Ýåèòçq ~ac3db �f ~cagg � Ìa� &�c� � 'q (eg3dk a � 'rwv q
�vR� n q (f}c`df�¤ a4 dh q " Ýèç à äÞäåïçèç î Ýë ßäåÝëèñ àâëèß åÝø âàñá àëäâãëà òàâàßâÝëçî Ýë ô àäõï èÝÞçq Ìe�hadc %fg4cebaf4g df} �a4��}g `f ~�
 g`�g ( � ú÷= t
RR�u w� q
�v '� � q � `44ah df} ¼ q ¦4�cb q êäãç ßô àÞq ¦�c`f3ac�nachd3 � �ach`f � � a`}ahk ac3 � Ìa�

&�c� � 'ry'q
�v
� O q � d4�ac q , ÝåÝñ àâàë Þ Ýèç àì Þ ÝÞÿà-ãèåèðëèãñ âô àÝëïq (�� h`a} Ù�4 `�g � ÷ � t'rw
u''
v q
�vs� � q z `a4la df} x� q ¦��af� q  äåðåàèâàëÿü ßôäåâãÞéçâàßôÞè� q ¦�c`f3ac�nachd3 � �ac�h`f � � a`}ahk ac3 � Ìa� &�c� � z��
� � & q (eg3dk a � 'rws q
�v� � �dfg � q ¦4cdggfac .bk� q 	 ó í Ü) êäãç ßôäëñ àë , ëàèâðäÞòÿ#Ýëõàëçâ �äë� àëq¼a¤ac�egaf q
�vv� � q ¼ q �d`fag df} ( q � q » �`4a�ad} q þãåç à ô àèéô â òàî àßâ äÞò àÞ àëéï òèçá àëçèÝÞèÞ ç àñ èßÝÞòãßâÝë òàâàßâÝëçq Èa¤`a� �� ¦�`af4`É� %fg4ceb af4g � �ö t'r&&u 'rR q
�v&� � q xdfe4 a4 dh q üø èî â ãëäÞèãñ èÝÞ èÞòãßàò òäñ äé à èÞ çäáá ô èëàq ~�
 g`�dh Èa¤`a�� � ú� t'rrvu '
'r� q
�vy� � q ¼ `e a4 dh q  ÝâÿàåàßâëÝÞ ñ Ýòàå èÞ òÝá àò çèåèßÝÞ âô àëñ èçâÝëçq %f � q ¦ q ~�c4ac �

� q � �xdbb �f a4 dh q � ¼�� 4ab � acd4eca }a4a�4�cg � (%~ x�f�acaf�a ~c� �aa}`f3g
�=ú � ¦a`4a wy q (b q %fg4 q ~�
g q� 
RR 'q

�vw� xÈx q  äÞòðÝÝ� Ýî Üô àñ èçâëï äÞò þôïçèßçq xÈx ~cagg %f� q� �h�c`}d � &s q (eg�3dk a � 'rw
 q
�vr� x q O q � ��dc3ea a4 dh q óô à çâëã ßâãëà Ýî èÝÞ èñá åäÞâàò ßàëäñ èßçq Ìe�hadc %fg4ce�baf4g df} �a4��}g `f ~�
 g`�g � � ù� t'rrRu yr q
�&R� �44� {oo��� q�acdb `�g qf`g4 q3�¤ogc}ogebbdc
og�}d�g q�4b � 
RR 'q
�& '� � q�& q � d� df} � q O q � dc`g q æ èçá àëçèÝÞ Ýî âô à åÝÞé ÿøäõàåàÞé âô á ô ÝÞÝÞç èÞ .à�üè� .äí ç� -ãäëâ� äÞò çäáá ô èëàq ~�
g`�dh Èa¤`a� � � �� t
RR 'u 

�sR 'q
�&
� z q z�bdce a4 dh q û ä� èñãñ ô àäâ âëäÞçî àë äåÝÞé ä çäáá ô èëà çãçá àÞçèÝÞ � ðàë î Ýëä ßëïÝé àÞèß èÞâàëî àëÝñ àâëèß é ëäõèâäâèÝÞäå øäõà òàâàßâÝëq ~�
g`�g ¼a44acg ( � �= �t
RR
u 
'v q
�&s� È q �acb df a4 dh q óô à âô àëñ äå ßÝÞòã ßâèõèâï Ýî òèäñ ÝÞò äâ åÝø âàñá àëäâãëàçq~c� �aa}`f3g � � 4�a È�
dh ¦� �`a4
 ( � ÷÷= t'rvsu 'y'q
�&� � O q m q Ì q ¦�dcb d q  àäâ ßÝÞòã ßâèõèâèàç ðàåÝø / � q xc
�3af`�g � ö t'r&yu '� 'q



·¬®°³¶®1³²°³Ë°¬3´±¬­ 'ry
�&v� � q z�ehab �f}a � � q �dhdfld4 a4 dh q æ äñ äé à èÞòãßàò ðï ô èéô àåàßâëÝÞèß çâÝáá èÞéá Ýø àë èÞ üè)p -ãäëâ� q Ìe�hadc %fg4cebaf4g df} �a4��}g `f ~�
g`�g � � ù�t'rrRu &� q
�&&� � q �df3 `d3dhh` a4 dh q üø èî â ô àäõï èÝÞ ëäòèäâèÝÞ òäñ äé à ÝÞ ôèéô ëàçèçâèõèâïçèåèßÝÞq Ìe�hadc ~�
g`�g � t~c� � q ¦e�� h qu � � �L t'rrwu �&� q
�&y� ( q % q z `4�¤ a4 dh q O�ecfdh � � (�� h`a} ~�
 g`�g � ý= t
RR 'u sw&y q
�&w� m q » q ¦�a��dc} q û èßëÝøäõà àÞôäÞ ßàò çãá àëßÝÞòãßâèõèâïq � `ggac4d4 `�f � ¦4df��c}�f`¤acg`4
� 'ryR q
�&r� ~q � q maag�b df} Ì q ~adchb df q óô à äâÝñ èß ô àäâ Ýî é àëñ äÞèãñ ðàåÝø 0 � q~�
g`�dh Èa¤`a� � ý� t'rvsu 's�y q
�yR� ~q � q maag�b df} . q ¦a`}ah q üá àßè� ß ô àäâ Ýî é àëñ äÞèãñ äÞò çèåèßÝÞ äâ åÝøâàñá àëäâãëàçq ~�
 g`�dh Èa¤ `a� � ��� t'rvru ss q
�y'� O q � q .�¥ df} ~adchb df Ì q óô àëñ äå âëäÞçá Ýëâ á ëÝá àëâèàç Ýî Þÿâïá à .à äâ åÝøâàñá àëäâãëàçq ~�
 g`�dh Èa¤ `a� � �ù= t'r&vu 
'v'q
�y
� Ù q � dc4 `fade a4 dh q %*�é èÝÞè�äâèÝÞÿô àäâ ßëïÝé àÞèß òàâàßâÝë î Ýë òäë� ñäâÿâàë ç àäëßô èÞ âô à �æ����	üü à�á àëèñ àÞâq %f � q ¦ q ~�c4ac � � q � �xdbb �fa4 dh q � ¼�� 4ab� acd4eca }a4a�4�cg � (%~ x�f�acaf�a ~c� �aa}`f3g �=ú � ¦a`4avRv q (b q %fg4 q ~�
g q� 
RR 'q
�ys� . q m q » �`4a q ��á àëèñ àÞâäå âàßôÞè-ãàç èÞ åÝø âàñá àëäâãëà á ôïçèßçq x hdcaf}�f~cagg � ÙÊ��c} � s q (eg3dka � 'ryr q
�y� � Ì q »df3 a4 dh q þ äëâèßåà òàâàßâèÝÞ øèâô ç àñ èßÝÞòã ßâÝë âô àëñ èçâÝëç äâ åÝø âàñ ÿ

á àëäâãëàçq %��� zcdfgd�4`�fg �f Ìe�hadc ¦�`af�a � �� t'rwru wv
 q
�yv� � q ~`d4 a4 dh q æ àçèéÞ äÞò âàçâç Ýî ô èéô ç àÞçèâèõèâï " óæ é àëñ äÞèãñ âô àëñ Ýñ àÿ

âàëç î Ýë âô à þ åäÞ ß� ÿ èéô $ëà-ãàÞ ßï 	Þçâëãñ àÞâq %f � q ¦ q ~�c4ac � � q � �xdbb �fa4 dh q � ¼�� 4ab � acd4eca }a4a�4�cg � (%~ x�f�acaf�a ~c� �aa}`f3g �=ú � ¦a`4a yr q(b q %fg4 q ~�
g q� 
RR 'q
�y&� � q O q � a`ac q í ãî ðäã ãÞò óàçâ àèÞ àç çãá ëäåàèâàÞòàÞ þôäç àÞ �ãðàëé äÞéçÿâô àëñ Ýñ àâàëç î �ãë ðÝåÝñ àâëèç ßô à � ëïÝòàâà� âÝëàÞq � `� h�bdck a`4 � O��dffag .e�
4afkac3 �f`¤acg`4 �d4 �d`fl � 'rrR q

�yy� ( q »a`fkd�� q �Þàëé èàäã! �Ýç àÞòàë " äßôø àèç õÝÞ ëàåäâèõèçâèç ßô àÞ ü ßôø àëèÝÞ àÞñ èâ �äåÝëèñ àâëèç ßô àÞ óèàî âàñá àëäâãëòàâà� âÝëàÞq � `� h�bdck a`4 � O��dffag .e�
4afkac3 �f`¤acg`4 �d4 �d`fl � 'rrv q

�yw� ¦`hafd %f4acfd4 `�fdh ¦ q� q( q ü èåàÞä üá àßâëÝç ßÝá ï íñá åè� àë 1�/0 q %4dh
� 
RR'q
�yr� x�ÈÌ x�b�e4ac ¼ `kcdc
q 22 ìô ââá 3øøø 3ßàëÞ 3ßÝñ q
�wR� ( q � q ¦l
b ��� `d� a4 dh q ü èéÞäå á ëÝßàççèÞé î Ýë ñ èßëÝßäåÝëèñ àâàëçq O�ecfdh ��¼�� zab � acd4eca ~�
g`�g � ý� t'rrsu 
w 'q
�w '� ( q m `gaha¤d q á ëèõäâà ßÝññãÞèßäâèÝÞçq



'rw ·¬®°³¶®1³²°³Ë°¬3´±¬­
�w
� mdc`b �B �4f` q ü âãòï Ýî é àëñ äÞèãñ âô àëñ äå ëàçèçâÝë î Ýë âô à òàâàßâèÝÞ Ýî áäëâèßÿåàç äâ åÝø âàñá àëäâãëàq � `� h�bdck a`4 � O��dffag .e4afkac3 �f`¤acg`4 �d4 �d`fl �'rr 'q
�ws� Èeggahh � q ¦��44 q ÜëïÝé àÞèß �Þé èÞ ààëèÞé q � q ndf Ì�g4cdf} x�b�df
� 4f� q�~c`f�a4�f � Ìa� Oacga
� 5r6
 q
�w� � ¦ q m cd�4 a4 dh q ÜäåÝëèñ àâëèß åÝø âàñá àëäâãëà òàâàßâÝëç î Ýë ñ äçç èòàÞâè� ßäâèÝÞ Ýîô àäõï èÝÞçq 4f � q ¦ q ~�c4ac � � q ��xdbb �f a4 dh q � ¼�� 4ab � acd4eca }a4a�4�cg �( 4~ x�f�acaf�a ~c� �aa}`f3g �=ú � ¦a`4a �Rv q (b q 4fg4 q ~�
g q� 
RR5 q
�wv� x�c`g4� � n� ��af�ekac a4 dh q í ßßàåàëäâÝë ñ äçç çá àßâëÝñ àâëï Ýî âô à ô àäõèàçâåÝÞé ÿåèõ àò ëäòèÝÞã ßåèòàçq 4f4acfd4`�fdh O�ecfdh �� � dgg ¦� a�4c�ba4c
� ÷÷�7÷÷ùt
RRsu y5s q
�w6� ¦ q �� �b dff q üïÞâô àçèç äÞò á ëÝá àëâèàç Ýî çãá àëô àäõï àåàñ àÞâçq O�ecfdh �� Ìe�ha�dc df} Èd}`� ��ab `�dh ¦�`af�ag � ù t
RRsu È 5 q
�wy� & q Ù3dfagg`df a4 dh q Ìd4eca � ù== t5rrru 
�
 q
�ww� » q Èa`g}�c� q |a`4g��c`�4 � �ec ~�
g`� ( � �== t5rw 5u 

y q
�wr� n q ¼
d� `f q á ëèõäâà ßÝññãÞèßäâèÝÞçq
�rR� ( cd}�dfd ¦�c`¤dg4d¤d q ��á àëèñ àÞâ ø èâô ßëïÝ òàâàßâÝëç î Ýë ñ äçç èòàÞâè� ßäâèÝÞq

�(� ¦
b��g`eb �f Ìe�hadc ~�
 g`�g � ùúL t
RR
u � 5w q
�r 5� n q ¼ `a��4afg4a`f a4 dh q íòõäÞ ßàç èÞ âäëé àâëï ø èâô âô èÞ òèäñ ÝÞòÿåè� à ßäëðÝÞ î Ýèåç qÌe�hadc 4fg4ceb af4g df} �a4��}g `f ~�
g`�g ( � ù�= t
RR
u 5wv q
�r
� ( q ndhaf4d q í ßâèÞèòàç èÞ Þäâãëàq � `� h�bdcka`4 � 4fg4 `4e4 �eac 4g�4�� af��cg��ef3ef} macf��
g`� }ac �f`¤acg`4 �d4 » `af � 
RR 5 q
�rs� m q »af}4 a4 dh q êàçÝÞäÞâ åäç àë èÝÞè�äâèÝÞ ñ äçç çá àßâëÝñ àâëïì äÞ äåâàëÞäâèõ à âÝíûü 8 Ìe�hadc 4fg4ceb af4g df} �a4��}g `f ~�
 g`�g Èagadc�� � � �ö÷ t
RRRu

56
 q
�r� � . q � q � �cc`g�f q óëäßà íÞäåïçèç q » `ha
 4f4acg�`af�a � Ìa� &�c� � 5rw6 q
�rv� ~q ¦4a`ac a4 dh q æ àõàåÝáñ àÞâç âÝøäëòç î ã å åï äãâÝñ äâàò íûü ñ àäçãëàñ àÞâçqÌe�hadc 4fg4ceb af4g df} �a4��}g `f ~�
g`�g � � �� �7 ��� t
RRRu 
vR q
�r6� ~q ¦4a`ac q á ëèõäâà ßÝññãÞèßäâèÝÞçq
�ry� ¦ q �cdf}4 q æ äâàÞäÞäåïç àq � 4 » `ggafg��d�4g¤achd3 � �dff��a`b o¼a`�l`3o» `afo| �ec`�� � 5rr
 q
�rw� ¦ q m cd�4 a4 dh q $ èëçâ äáá åèßäâèÝÞ Ýî ßäåÝëèñ àâëèß åÝø âàñá àëäâãëà òàâàßâÝëç èÞ

äßßàåàëäâÝë ñ äçç çá àßâëÝñ àâëïq Ìe�hadc 4fg4cebaf4g df} �a4��}g `f ~�
g`�g ( �ú÷= t
RR� u 6s q



9��:������
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