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X-rays source
white beam

θ Μ

θ Α

Sample
inelastic scattering

Monochromator crystal
elastic scattering

Analyzer crystal
elastic scattering

Detector

θ S

Ei , ki

Ef , kf
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W _ OSRGSKGLM LT �`
GH LUKSGMIN U^ JFSM\GM\ KFI KIVYIRSKQRI LT KFI JR^HKSP WXM TSJK ] S JFSM\I ¤e GMNQJIH S RIPSKGOI OSRGSKGLM GM KFI PSKKGJI JLMHKSMK \GOIM U^ d¤ �� � f ae c¤e ag Whic

ZFIRI f ae c GH KFI JLI� JGIMK LT KFIRV SP IjYSMHGLM af � g Qkl , hmn9o np GM HGPGJLM SK gqi
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� �hq�c W _JJLRNGM\ KL KFI `RS\\ �H PSZ � � g�����ñ SK �jIN �ñ d¤ �� � ¤ LL � � ¤ �� � �f ae c¤e ag Whkc
EFGH HFLZ H KFSK S HJSM ¤ ��� GH SMSPL\LQH KL S HJSM ¤ L �L W EFIRITLRI ] KFI IMIR\^ HJSMHU IKZIIM VLMLJFRLVSKLR SMN SMSP^HIR SRI LUKSGMIN U^ JFSM\GM\ KFI KIVYIRSKQRI LT LMI LTKFI KZL JR^HKSPH ] GM LQR JSHI KFI VLMLJFRLV SKLR ] [IIYGM\ KFI LKFIR JR^HKSP aKFI SMSP^HIRc SKJLMHKSMK KIVYIRSKQRI W 2MNIR KFIHI IjYIRGV IMKSP JLMNGKGLMH KFI \ILVIKRGJSP JLMKRGUQKGLMHKL KFI IMIR\^ RIHLPQKGLM SRI JLMHKSMK U IJSQHI KFI HJSKKIRGM\ \ILV IKR^ LT KFI �RHK SMNKFGRN Sj GH GH KFI HSV I TLR SM^ IMIR\^ KRSMHTIRH W EL LUKSGM S HQ� JGIMKP^ HV SPP IMIR\^ HKIYHG�I TLR RI�IJKGLMH Z GKF S RIHLPO GM\ YLZIR ¤ L �L b hmnÝ Ð hmnÞ ] KFI KIVYIRSKQRI LT KFIV LMLJFRLVSKLR SMN SMSP^HIR JR^HKSPH FSH KL U I JLMKRLPPIN Z GKF �o YRIJGHGLM ] JLMHGNIRGM\KFSK f b hmn9 W _ HJFIV SKGJ HGNI O GIZ LT KFI V SGM LYKGJSP IPIV IMKH LT KFI U ISV PGMI SMNLT KFI FLRG�LMKSP HY IJKRLV IKIR GH HFLZM GM �G\QRI g Wi W�KSRKGM\ TLRV KFI HLQRJI SMN TLPPLZ GM\ KFI j�RS^H YSKF NLZM KL KFI NIKIJKLR ] KFI V SGMJFSRSJKIRGHKGJH LT ISJF IPIV IMK Z GPP U I NGHJQHHIN GM HLV I NIKSGP W EFI OIRKGJSP HJSPI GHIjYSMNIN Z GKF RIHY IJK KL KFI FLRG�LMKSP LMI KL U IKKIR HFLZ KFI NG�IRIMK JLVYLMIMKH W
��������� ������ d EFI j�RS^H HLQRJI GH JLVYLHIN LT KFRII PGMISR QMNQPSKLRH Z GKF SV S\MIKGJ Y IRGLN LT �k VV SMN PIM\KF hWl V ] ZFGJF SRI PL JSKIN LM S FG\F�£ HKRSG\FK�HIJKGLM LT KFI HKLRS\I RGM\ W _M QMNQPSKLR GH S Y IRGLNGJ SRRS^ LT V S\MIKH NGHYLHIN GM SZS^ KL GVYLHI V SM^ LHJGPPSKGLMH KL KFI VLKGLM LT KFI IPIJKRLMH U ISV �gm� W  RLHHGM\ KFGHV S\MIKGJ HKRQJKQRI ] KFI IPIJKRLM U ISV IV GKH RSNGSKGLM SK ISJF GMNGO GNQSP Z G\\PI W ZFGJFGMKIRTIRIH JLFIRIMKP^ Z GKF KFI LMIH IV GKKIN U^ KFI LKFIRH YRLNQJGM\ HFSRY Y IS[H GM KFIIMIR\^ HY IJKRQV ] JSPPIN FSRVLMGJH W EFI YFLKLM IMIR\^ LT KFIHI FSRVLMGJH JSM UI JFSM\INU^ OSR^ GM\ KFI NGHKSMJI U IKZIIM KFI QYY IR SMN KFI PLZIR V S\MIKH LT KFI QMNQPSKLR W �QJFS NGHKSMJI ] NIKIRV GMGM\ KFI V S\MIKGJ \SY ] JSM OSR^ TRLV hl KL �k VV W EFI QMNQPSKLRH SRIMLRV SPP^ QHIN TRLV KFI �RN KL KFI �KF FSRV LMGJ GM LRNIR KL JLOIR SM KFI IMIR\^ RSM\I TRLV� KL �m [I¡ W EFI SM\QPSR NGOIR\IMJI LT KFI JIMKRSP JLMI LT KFI ¢ �RS^ UISV JLV GM\ TRLVKFI QMNQPSKLRH GH RLQ\FP^ hk OIRKGJSP j im FLRG�LMKSP £¤7¥¦ a�§¨© c] Z GKF S USMNZ GNKFª« �« ¬ hmn¦ SMN SM GMKI\RSKIN YLZIR LT RLQ\FP^ gmm § W
��®��¯°�±���� ²��³����´��³���� d EFI ZFGKI j�RS^H U ISV JLV GM\ TRLV KFI QMNQPS�
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·{� ¸xw y ¹º ¹ �JFIV SKGJ PS^LQK LT KFI FLRG�LMKSP HY IJKRLV IKIR LT KFI GMIPSHKGJ j�RS^H HJSK�KIRGM\ U ISV PGMI SK »�¼� W EFI OIRKGJSP N GHYPSJIV IMKH ] NIKIRV GMIN U^ KFI NLQUPI�JR^HKSPYRI�VLMLJFRLV SKLR ] U^ KFI USJ[HJSKKIRGM\ SM\PI LT KFI VLMLJFRLV SKLR ] U^ KFI KLRLGNSPV GRRLR SMN U^ KFI SMSP^HIR JR^HKSP ] SRI MLK HFLZM LM KFI HSVI HJSPI SH KFLHI SPLM\ KFIU ISV YSKF W XM LRNIR KL \GOI SM GNIS ] SK KFI HSVYPI Y LHGKGLM ] KFI FIG\FK NG�IRIMJI U IKZIIMKFI ZFGKI SMN VLMLJFRLV SKGJ j�RS^H U ISV GH RLQ\FP^ hk JV W
KLRH GH YRIVLMLJFRLV SKG�IN U^ S �G ah]h]hc NLQUPI JR^HKSP VLMLJFRLV SKLR KL S USMNZ GNKFLT ª« �« ¬ g ½ hmn¦ W EFI YRIV LMLJFRLVSKLR GH JR^L\IMGJSPP^ JLLPIN Z GKF S JPLHIN�PL LYJGRJQGK LT MGKRL\IM GM LRNIR KL SUHLRU KFI QMZSMKIN YLZIR SMN KL RINQJI KFIRV SP NI�TLRV SKGLMH W EFI YRIV LMLJFRLVSKLR JR^HKSP ZLR[H GM MISRP^ �jIN�Ij GK JLMNGKGLMH GM KFI`RS\\�SM\PIH RSM\I LT i¾ Ð k¾ SMN NG�RSJKH KFI U ISV OIRKGJSPP^ gg VV SULOI KFI ZFGKIU ISV W XM KFI QHIN IMIR\^ RSM\I a� � g¶o ¿À c KFI SM\QPSR SJJIYKSMJI LT KFI �G ah]h]hcJR^HKSP GH IGKFIR PSR\IR LR YRIKK^ ZIPP V SKJFIN KL KFI OIRKGJSP N GOIR\IMJI LT KFI QMNQPSKLRHLQRJI W
Á ÂÃ´ Ä���Ã± Å������Â�� ��±���� Æ ����´��³���� d EFI YFLKLMH JLV GM\ TRLV KFIYRIV LMLJFRLVSKLR GVYGM\I LM KFI OIR^ FG\F RIHLPQKGLM VLMLJFRLV SKLR JLMHKGKQKIN U^ S
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�SK �G ah]h]hc JR^HKSP H^VVIKRGJSPP^ JQK SMN KIVYIRSKQRI JLMKRLPPIN Z GKF S YRIJGHGLM GM KFIV� RSM\I W EFI HY IJG�J �G aF ]F ]F c RI�IJKGLM GH JFLHIM U^ HGVYP^ KQMGM\ KFI YRIVLMLJFRL�V SKLR `RS\\ SM\PI SK KFI JLRRIJK IMIR\^ SMN SNÇ QHKGM\ KFI QMNQPSKLR \SY SJJLRNGM\P^W EFI`RS\\ SM\PI LT KFI �G ah]h]hc V SKJFGM\ KFI IMIR\^ LT S �G aF ]F ]F c RI�IJKGLM Z GKF Èñ ¬ qm¾GH \GOIM U^ KFI RIPSKGLM d

g¥ pÉÊËÈñ ¬ g¥Ì ¬ g¥pÍ Î ÉÊËÈñ ¬ hÍ ag Whlc
ZFIRI F GH KFI NIHGRIN RI�IJKGLM LRNIR W EFI VLMLJFRLVSKLR JR^HKSP FSH SM LYIRSKGOI `RS\\SM\PI LT ¶q Ïq¶¾ GM KFI OIRKGJSP Y PSMI SMN KFI NG� RSJKIN j�RS^ UISV GH V LMLJFRLVSKG�INKL S USMNZ GNKF Ð« �« b hmn9 Ñ hmnÒ W EFGH IjKRIV I USJ[HJSKKIRGM\ SM\PI ] SH SPRISN^IjYPSGMIN GM YRIOGLQH HIJKGLM ] GH JFLHIM KL GMHQRI KFSK KFI NGOIR\IMJI LT KFI GMJLV GM\U ISV GH SPZS^H VQJF HV SPPIR KFSM KFI ÓSRZ GM Z GNKF LT KFI JLMHGNIRIN RI�IJKGLM ] ZFGPIKFI NIOGSKGLM TRLV YIRTIJK USJ[HJSKKIRGM\ GH HKGPP PSR\I JLVYSRIN KL KFI U ISV NGOIR\IMJI WEFI NIHG\M SMN KFI Y IRTLRV SMJIH LT KFGH OIR^ FG\F IMIR\^ RIHLPQKGLM VLMLJFRLVSKLR SRINIHJRGU IN GM NIKSGPH GM RITIRIMJI �hk� W
Ô��� Â��� ³ Â���� d EFI OIR^ FG\F IMIR\^ RIHLPQKGLM j�RS^ U ISV GH TL JQHIN LM KFI HSVYPI U^S \RS�GM\ GMJGNIMJI a� V RSNc KLRLGNSP V GRRLR KL S HY LK HG�I LT hkm OIRKGJSP j �km FLRG�LMKSP£� ¦ a�§¨©cW EFI V GRRLR FSH S YPSKGMQV JLSKGM\ NIYLHGKIN LM KFI LYKGJSPP^ YLPGHFINHQRTSJI LUKSGMIN TRLV S ÕIRLNQR \PSHH HQUHKRSKI W EFI V GRRLR FSH SM IMKRSMJI SRV LT �¶ VSMN SM Ij GK SRV LT gi V W EFGH \GOIH SYYRLj GV SKIP^ � dh NIV S\MG�JSKGLM LT KFI HLQRJI GMKFI GV S\I YPSMI SK KFI HSVYPI YLHGKGLM W §I ZSMK KL QMNIRPGMI KFSK KFI KRSOIPIN NGHKSMJIU^ KFI ¢�RS^ UISV TRLV KFI QMNQPSKLR HLQRJI KL KFI HSVYPI GH hmg V W
Á ÂÃ´ Ä���Ã± Å������Â�� Ö×´��Â��� °�±���� ����±��� d EFI YFLKLMH HJSKKIRIN U^ KFIHSVYPI SRI JLPPIJKIN U^ S HYFIRGJSP HGPGJLM JR^HKSP SMSP^HIR YLHGKGLMIN SK KFI KGY LT SMSRV SUPI KL RLKSKI SRLQMN KFI HJSKKIRGM\ HSVYPI GM LRNIR KL HIPIJK KFI NIHGRIN Ø�OSPQI WEFGH SMSP^HIR JR^HKSP GH LY IRSKGM\ SK KFI HSV I �G aF ]F ]F c SH KFI V LMLJFRLVSKLR JR^HKSPSMN SK S `RS\\ SM\PI OIR^ JPLHI KL USJ[HJSKKIRGM\ aÈÙ ¬ ¶q Ïq¶¾ c W EFGH HYFIRGJSP SMSP^HIRJR^HKSP GH SPHL KIVYIRSKQRI JLMKRLPPIN Z GKF S YRIJGHGLM GM KFI V� RSM\I ] SMN GH NIHGRIN KLFSOI KFI HSVI IMIR\^ RIHLPQKGLM SH KFI V LMLJFRLVSKLR JR^HKSP UQK ZFGK S VQJF PSR\IRSM\QPSR SJJIYKSMJI W EFGH SM\QPSR SJJIYKSMJI GH JFLHIM U^ VLOGM\ S HIK LT SY IRKQRIH GM
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TRLMK LT KFI SMSP^HIR JR^HKSP ] SMN GK GH K^YGJSPP^ NIKIRV GMIN U^ KFI NIHGRIN Ø�RIHLPQKGLM W_M SM\QPSR SJJIYKSMJI QY KL iÚ hm � ¤Û¥¦ GH SM SNIÜQSKI JLVYRLV GHI LT Ø�RIHLPQKGLMaÐÝ b m ÏkË� � hc SMN HG\MSP V SjGV G�SKGLM W �QJF S PSR\I SM\QPSR SJJIYKSMJI ] PSR\IRKFSM KFI NIOGSKGLM Þ ¬ �km£¤Û¥ TRLV YIRTIJK USJ[HJSKKIRGM\ ] JSM UI LMP^ LUKSGMIN U^QHGM\ S TLJQHGM\ LYKGJH SMN U^ [IIYGM\ ] SK KFI HSV I KGV I ] KFI JFSRSJKIRGHKGJ LT S Y IRTIJKJR^HKSP SMSP^HIR W EFGH IjJPQNIH KFI Y LHHGU GPGK^ KL IPSHKGJSPP^ U IMN S JR^HKSP U IJSQHI HQJF SYRLJINQRI GMKRLNQJIH GVYLRKSMK NITLRV SKGLMH ZFGJF NI\RSNI KFI IMIR\^ RIHLPQKGLM �hk ] g h� W_ YLHHGUPI HLPQKGLM KL KFI YRLUPIV GH KL YLHGKGLM HV SPP �SK JR^HKSPH ] HÜQSRIH LT HGNI PIM\KFJ ] LM S TLJQHGM\ HQUHKRSKI LT RSNGQH ¼ ] ZFIRI ß à á W âRLO GNGM\ KFSK KFGH TL JQHGM\ HQUHKRSKIGH S HYFIRI GM hdh ¼LZ PSMN \ILV IKR^] KFI `RS\\ SM\PI OSRGSKGLM LM KFIHI HV SPP JR^HKSPH Z GPPU I ß�á W XT KFI HG�I J GH JFLHIM GM S ZS^ KFSK KFI RSKGL ß�á GH JLVYSRSUPI LR HV SPPIR KFSMKFI ÓSRZ GM Z GNKF ] KFI HYFIRGJSP SMSP^HIR Z GPP RI�IJK KFI ¢ �RS^H Z GKF SPVLHK KFI GMKRGMHGJIMIR\^ RIHLPQKGLM LT KFI JLMHGNIRIN RI�IJKGLM W �LPPLZ GM\ KFGH GNIS ] Z GKFGM KFI XMIPSHKGJ ¢ �RS^ �JSKKIRGM\ ãRLQY SK KFI »�¼� S MIZ VIKFLN FSH U IIM NIOIPLY IN KFSK SPPLZ H KL \PQIhgmmm GMNIY IMNIMK HGPGJLM JR^HKSPH LM S HYFIRGJSP HQUHKRSKI Z GKF RSNGQH ¼ W EFI HYFIRGJSPHQUHKRSKIH SRI LUKSGMIN TRLV HGPGJLM NGH[H Z GKF S NGSV IKIR LT hmm VV W EFI HG�I J LT KFIHIHV SPP JR^HKSPH GH ä m W� j m W� �� ¦ ] SMN KFIGR KFGJ[MIHH GH � VV �gg ] g�� W _K KFI V LV IMKSK KFI U ISV PGMI XÓ hl KFIRI SRI �OI SMSP^HIRH HGVQPKSMILQHP^ ZLR[GM\ NQRGM\ SM X¢ �IjYIRGV IMK W EFI^ SRI �jIN SK KFI IMN LT SM SRV SUPI KL RLKSKI GM KFI FLRG�LMKSP YPSMI SMNSRI PL JSKIN LMI MIjK KL KFI LKFIR Z GKF SM SM\QPSR L�HIK LT hÏkl¾ W EFGH SPPLZ H KL VISHQRI�OI X¢ � IMIR\^ HY IJKRS SK �OI NG�IRIMK Ø�OSPQIH HGVQPKSMILQHP^W EFI SRV ] l Wk V PLM\ ]GH SUPI KL JLOIR SM SM\QPSR RSM\I U IKZIIM m¾ SMN h�¾ W �QJF S JLMHGNIRSUPI PIM\KF ] L�IRHKL RINQJI KFI \ILVIKRGJSP JLMKRGUQKGLM KL KFI IMIR\^ RIHLPQKGLM W EFI HYFIRGJSP SMSP^HIRHZ GKF S RSNGQH ¼ ¬ lhkm VV SRI IÜQGYY IN Z GKF SMSP^HIR HPGKH W EFI VLHK QHIN RI�IJKGLMHSK KFI U ISV PGMI SRI KFI �G aF ]F ]Fc Z GKF F ¬ k ] � ] ¶ ] q ] hh] hg ] h� W ©LRI GMTLRV SKGLMH LMKFIGR JLMHKRQJKGLM JSM U I TLQMN GM RITIRIMJI �gh�
������� d EFI NIKIJKLR GH S HGPGJLM NGLNI LT IÜQGOSPIMK KFGJ[MIHH g Wk VV SMN Z GKF SUSJ[\RLQMN HG\MSP LT KFI LRNIR LT h ßåæËç�� ÊË W EFI NIKIJKLR GH HGKKGM\ LM KFI HSVI SRV LTKFI SMSP^HIR JR^HKSP W èM KFGH SRV SRI SPHL VLQMKIN SM IMKRSMJI YGMFLPI YPSJIN Ç QHK STKIRKFI HSVYPI SMN S NIKIJKLR YGMFLPI YPSJIN U ITLRI KFI NIKIJKLR aHII �G\QRI g Wic W ÓQI KL KFIIjKRIV I USJ[HJSKKIRGM\ \ILVIKR^ KFI NIKIJKLR GH USHGJSPP^ LM KLY LT KFI IMKRSMJI YGMFLPISK S NGHKSMJI RSM\GM\ UIKZIIM � Ñ i VV W
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Æ�³����³ �������Â�� d EFI VLV IMKQV RIHLPQKGLM GH USHGJSPP^ NIKIRV GMIN U^ KFI LYIM�GM\ LT KFI SMSP^HIR �H HPGKH SK KFI HIPIJKIN �G aF ]F ]F c RI�IJKGLM W _ H SM IjSVYPI QHGM\ KFIFLRG�LMKSP HY IJKRLV IKIR SMN KFI �G aq ]q ]qc RI�IJKGLM KFI V LV IMKQV RIHLPQKGLM JSM OSR^U IKZIIM m Ñ hÏg Ë� np ] ZFGPI QHGM\ KFI �G ahh]hh]hhc RI�IJKGLM KFI V LV IMKQV RIHLPQKGLMJSM OSR^ U IKZIIM m Ñ hÏl Ë� np W EFI VSjGVQV VLVIMKQV KRSMHTIR SPPLZIN U^ QHGM\KFI FLRG�LMKSP HY IJKRLV IKIR GH gl Ïk Ë� np SK KFI �G aq ]q ]qc RI�IJKGLM SMN �g Ë� np SK KFI�G ahh]hh]hhc RI�IJKGLM W EFI V GMGVQV VLVIMKQV KRSMHTIR GH RLQ\FP^ m Ïk Ë� np W EFGH OSPQIGH RIPSKIN KL KFI V GMGVQV HJSKKIRGM\ SM\PI KFSK SPPLZ H KL SOLGN KFSK KFI NGRIJK U ISV KRSMH�V GKKIN U^ KFI HSVYPI IMKIRH GM KFI HY IJKRLV IKIR OSJQQV JFSVUIR U^ KFI HY IJKRLV IKIRIMKRSMJI YGM�FLPI WÄ���Ã± �������Â�� d EFI IMIR\^ RIHLPQKGLM GH V ISHQRIN U^ PL L[GM\ SK KFI IPSHKGJ HJSKKIRGM\TRLV S k VV KFGJ[ YLP^V IKF^PV IKFSJR^PSKI aâ©©_c HSVYPI SK Ý ¬ hm Ë� np W _K KFGHØ OSPQI KFI HY IJKRQV LT â©©_ GH NLV GMSKIN U^ KFI IjKRIV IP^ MSRRLZ ÜQSHG�IPSHKGJJLVYLMIMK ] MSVIP^ KFI GMJGNIMK U ISV JSM U I SHHQVIN SH S NIPKS TQMJKGLM LT KFI IMIR\^WEFI GMIPSHKGJ HJSKKIRGM\ JLMKRGUQKGLM FSH U IIM TQRKFIR RINQJIN U^ [IIYGM\ KFI â©©_ SKhm � W _K KFGH KIVYIRSKQRI KFI GMIPSHKGJ HG\MSP GH NRSHKGJSPP^ RINQJIN GM KFI ZFLPI Ø RSM\I ]SPPLZ GM\ KL VISHQRI KFI IMIR\^ RIHLPQKGLM IOIM SK Ø OSPQIH PLZIR KFSM Ý ¬ hm Ë� npSMN IjJPQNGM\ KFI YRIHIMJI LT SM^ QMZSMKIN Ø�NIY IMNIMJI W EFI VISHQRIN IjYIRGV IMKSPRIHLPQKGLMH SRI YRIHIMKIN GM  FSYKIR k W öHGM\ KFI FLRG�LMKSP FSRV SMSP^HIR Z GKF á ¬
likm �� ZI VISHQRI SM IMIR\^ RIHLPQKGLM LT hÏk ÷ m Ïg � ¿À SK KFI �G ahh]hh]hhc RI�IJKGLMSMN � Ïm ÷ m Ïg � ¿À SK KFI �G aq ]q ]qc RI�IJKGLM Z GKF SM SM\QPSR SJJIYKSMJI LT hmm � ¤Û¥¦ W©LRI GMTLRV SKGLM LM KFI XÓ hl U ISV PGMI JLMHKRQJKGLM SMN LM GKH Y IRTLRV SMJIH JSM UITLQMN GM �gi ] gk ] hk ] g h� W



øùúûüýþÿ �

� ���� �� �� 	� 	
�� ��� ��� �� ���� �� �� � ��� � ���� �� ��� ��� � �� 	����� ��� ��	
 �� �
 ������ ���� � � ������ �� �� ����� ��� 	�� ��	�� � ��� ���� �� � �� � ��������� ��� ���� ��� �� ��������� ��� ��� �� � ��� ���� �  ! ��� 	� 	����" ��� �� � ��� ������ �� ���� �������� �� ��� �� ��������#
$ �� � ��� �� 
��������� ��� � �	��� 	�� �� �� � �� �� ���� �� � � ��� 	���� ��� �� 	�� � � ��� ��� � ����� � 	������
$ �� � ��� �� � ����� 	�� �� �� 	������ ������ �� �� � �� � � �� �����% ��� � ��� ����� �� � �������� � ������ � ��� ����� 	�� �������� �����
$ �� � ��� �� �� ����	��� � �� ���� � �� �� � ����� ��� �� �� ����	� �� ��� 	���� ��� �� 	�� � ����� ����� ���" 	�� �� ��� �� 		���� ��  

&� � �������� ����	�� �� �� � ��� � ��� ��� �� �� � ��� �� � ����� 	�� �� � � �� �� �� ���� � �������� ��� ������ ' ��� ����	�� �� ��� ��� 	��������� � ��� �"� ����� �� ����� �� � � 	��� 	�� �� � �� ��� �� 	� 	
�� ��� ��� ��� 	 �� ���� ���� ��� 	�� 	�� �� �� ��� ��������� �� ��� � ��� �������� ����� � ��� ������ �� �� ����� � ����� ��� ���� ���� �"� ���� ������� � � ��� ��� ���� ���� �� �
 ��� � ( � ��� ��� ��� �� 	�� � � ��� #���� �� ) �� * + � ��� ������� ��� ��� ������ ���� �������� �� � ��� � ��	��� �� ����� ������ , �	������� �� ����� �� ��� �� � ��� � �� 	����� ��� ��	
 �� �
 ������ �� � ��� ������� ������� ��� ���� �� �������� � ��� ��� �� � ��� #���� �� ) �� * * � ��� 	���� ������ � �
��������� �� � � �	��� 	�� �� � � �� �� �� �	��� �� , �	��-���� �� ����� �� ��� ��� � ��	�� �� ����� ��� ��������� 
��������� ���� �� . ����-/ ��0 ��1
ig



i�
���� �� ) �� * 2 � ��� 	���� ������ �� � ��� �� � ����� 	�� �� � � �� �� �� �	��� �� , �	������ ������� �� ��� � ��	�� ���� �� 	���� �� � �3 ��������� �� � 4 ��� ������ ��� 5���� �
 ����� ��� ��������� �"� ������ � ���� ��	
 � �� �� 6�� 	��� 7 ��� ��� �"� ��� ��� ���� �� ) �� * 8 4� 9�	� �� 	������� ��	
 �� �� ���� � �� � ��	��� �� % ��� �������� � ��� � ��	����� �� ����" ���� ���� �� ������� �� � ���� �� ��� � �� 	���" � �� �� ��� ���� ��� � ��� ������ �� � �� ���� ����  



øùúûýÿþ �
: ; <<= >? @A = B C DE F @>G ; H <@I J @B GC G? = F G

K LM NOPQR S T UPVR O
_W XYYXWZ[SP \[YZ[W]Z[^W SV ^W\ P[ÜQ [\Y ] \SYXY SW\ ]R^YZSPY [Y \RSZW Z [Z_ RXYY X]Z Z^ Z_XWSZQRX ^T Z_X V []R^Y]^Y [] V ^Z[^W ^ T Z_X SZ^V Y [W Z_X Y^YZXV W XW S ]R^ YZSP Z_X SZ^V Y SRX�jX\ [W S ZX PP \X�WX\ YZRQ]ZQRX Xj]XYZ T^R Z_X `[URSZ[^WS a V ^Z[^W SR^bW\ Z_X[R XÜb[a[U�R[bV Y^Y[Z[^WY c [W S \SY Z_X SZ^V Y SRX TRXX Z^ VS[X a^W\ ZRSWYaSZ[^WSa V ^`XV XWZY W _ a[Üb[\]^WYZ[ZbZXY SW [WZXRV X\[SZX Y[ZbSZ[^W d Z_X ZRSWYaSZ[^WSa V ^`XV XWZY SRX SW XYYXWZ[S a ]_SR�S]ZXR[YZ[] ^T Z_X SZ^V [] V ^Z[^W SW\ ] SZ Z_X YSV X Z[V X ] Y[W]X Z_X SZ^V Y SRX YbRR^bW\X\U^ WXSRU^ SZ^V Y ] Z_X[R V ^Z[^W [Y S aY^ YSRZ[Saa^ ^Y][aaSZ^R^W d_X ZeSWYaSZ[^WS a V ^Z[^W [Y ]U^ Z_X ZS^] Z_X Ye[W][YS a TXSZbeX ^ T Z_X a[Üb[\ SW\ [Y Yb]_ Z_SZ XS]_ SZ^V V ^`XY Z_e^b\_Z_X VSZXe[S a ]_SW\ [W\ ]^WZ[WbS aa^ WX[\_U ^beY W _ ÜbSWZ[ZSZ[`X V XSYbeX ^T Z_X ]^eeXaSZ[^WU XZZXXW SZ^V Y [W \[�XeXWZ Y^[WZY [W YYS]X SW\ Z[V X ] [Y Ye^`[\X\ U^ Z_X ������-������	��������� % �� 	��� Z_[]_ TbeW[Y_XY Z_X Ye^USU [a[Z^ Z^ �W\ S YSeZ[]aX [W S ]XeZS [W Y^[WZ¼ SW\ Z[V X Z \ [`XW Z_SZ Z_XeX ZSY SW^Z_Xe YSeZ[]aX [W Z_X ^e[\ [W SZ Z¬m W XWT^eVSZ[^W ^WZ_[Y TbW]Z[^W SW\ ^W Z_X V []e^Y]^Y [] \^WSV [] U X_S` [^be ^T S a[Üb[\ ]SW U X \S[WX\ Te^V[WXaSYZ[] Y]SZZXe[W\ XjY Xe[V XWZY W _ Y]SZZXe[W\ Ye^ ]XYY [Y VSe[X\ U^ Z_X YeXYXW]X ^T ZS`XYY]SZZXeX\ Z [Z_ TeXÜbXW][XY SW\ [W \[eX]Z[^WY \[�XeXWZ Te^V Z_X ^WXY ^T Z_X [W][\XWZ U XSV WÓ XY XW\[W\ ^W Z_X ZS`XaXW\Z_ SW\ TeXÜbXW]^ SZ Z_[]_ Z_X YZeb]ZbeX [Y XjY a^eX\ ] Z_X Y^ YZXVY_^Z Y Y X]ba[Se \^WSV [] U X_S`[^beY d

$ Z_X 
��������� 	 ��� � � [Y [W`XYZ[\SZX\ Z_XW f g h Z_XeX f [Y Z_X ZS`XaXW\Z_ ^TZ_X [W][\XWZ U XSV SW\ a [Y Z_X [WZXeSZ^V [] \ [YZSW]X W
ii
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$ Z_X � ���	� ��� ����� 	 ��� �� ^e � ���� 	�� 	 ��� � � [Y [W`XYZ[\nZX\ Z_XW f b h W
$ Z_X ��� ��-����	�� ��� �� [Y [W`XYZ[\nZX\ Z_XW f à h

d_X YZb\^ ^ T Z_X [WZXeV X\[nZX eX\ [^W ] WnV Xa^ Z_X V XY^Y]^Y [] eX\ [V X ] [W Z_[]_ Z_X V ^�V XWZbV ZenWYTXe U X]^V XY ]^VYnenU aX Z^ Z_X [W`XeYX ^T Z_X [WZXeYneZ[]aX \[YZnW]XY ] [Y V ^eX\[o ]baZ Z^ [WZXeYeXZ U X]nbYX Z_X Y^YZXV ]nWW^Z U X ZeXnZX\ WX[Z_Xe nY n ]^WZ[WbbV W^enY ]^VY^YX\ ^ T [W\XY XW\XWZ YneZ[]aXY W d_[Y [VY a[XY Z_X \X`Xa^YV XWZ ^T n Z_X^e^ Z_[]_[Y nW XjZXWY[^W ^ T Z_X _^\e^\^WnV [] ^WX nW\ Z_[]_ [Y ]naaX\ 4�� ����p �� 
��������� 	� W»jY Xe[V XWZnaa^] [WXanYZ[] j�en^Y aX¢ �c nW\ WXbZe^WY Y]nZZXe[W\ aXq�c neX YneZ[]banea^ ZXaaYb [ZX\ Z^ nYYXY Z_X V []e^Y]^Y [] \^WnV []Y nZ Z_X nZ^V [] Y]naX nW\ Z_XW Z^ [W`XYZ[\nZX Z_XV XY^Y]^Y [] eX\ [^W Wd_X n[V ^T Z_X T^aa^Z [W\ ]_nYZXe [Y Z^ eXV [W\ Z_X UnY[] ]^W]XYZY nW\ Z_X UnY[] XÜbnZ[^WYZ_[]_ ZX Z [aa XjY a^ [Z Z^ nWna^�X nW\ [WZXeYeXZ Z_X XjY Xe[V XWZna \nZn YeXYXWZX\ [W Z_[YZ_XY[Y W XZ [Y ^e\nW[�X\ nY T^aa^Z d[W Ö�� r s rt Z_X unY[] nWna^Z[]na Z^ ^aY bYX\ Z^ \XY]e[u X Z_X \^Wnv []Y ^w \XWY[Z^ �b]ZbnZ[^WYneX [WZe^\b]X\ x d_XW ZX YeXYXWZ n \[Y]bYY[^W ^W Z_X v n[W Z_X^eXZ[]na nYYe^n]_XY Z^ YZb\^Z_X \^Wnv []Y [W \[� XeXWZ eX\ [^WY ^w Z_X aÝ y � c Y anWX ] [W YneZ[]bane d[W Ö�� r s rs ZX ]^WY[\Xe Z_X v n]e^Y]^Y [] _^\e^\^Wnv [] eX\ [^W Z_XeX Z_X Y^YZXv [Y `[XZX\nY n ]^WZ[Wbbv [Y^Ze^Y [] v X\[bv nW\ Z_X Xj][ZnZ[^W YY X]Zebv [Y ZXaa \XY]e[u X\ Z [Z_ [WZ_X qn`[Xe��Z^[XY _^\e^\^Wnv [] XÜbnZ[^WY c[W Ö�� r s rz ZX \XY]e[u X Z_X v XY^Y]^Y [] eX\ [^W [W Z_[]_ Z_X v ^v XWZbv ZenWYwXe u X]^v XY]^vYnenuaX Z^ Z_X [WZXeYneZ[]aX \[YZnW]X x d_X YY X]Zebv ^w \XWY[Z^ �b]ZbnZ[^WY [Y \XY]e[u X\Z [Z_ [W Z_X wenv XZ^e[ ^w \XWXena[�X\ _^\e^\^Wnv []Y Z_^YX w^ev na eXYbaZY neX ^uZn[WX\ [WZXev Y ^w n v Xv ^e^ wbW]Z[^W nYYe^n]_ xÖ�� r s r{ [Y \X`^ZX\ Z^ Z_X |eXYXWZnZ[^W ^w Z_[Y }v Xv ^e^ wbW]Z[^W} unYX\ w^ev na[Yv x §X|e^`[\X u^Z_ n Übna[ZnZ[`X nW\ ÜbnWZ[ZnZ[`X \XY]e[|Z[^W ^w Z_X eXanjnZ[^W |e^]XYYXY [W na[Üb[\ [W ZXev Y ^w Z_X v Xv ^e^ wbW]Z[^WY ] Z_[Y naa^~ Y bY Z^ \Xe[`X Z_^YX v ^\Xa wbW]Z[^WYZ_nZ ~X ~ [aa bYX Z^ �Z Z_X �¢� \nZn x
K L� � � �VU S �� O VPVR O �
� �eXnZ \Xna ^w [Ww^ev nZ[^W nu^bZ YZnZ[] nW\ \�Wnv [] |e^| XeZ[XY ^w �b[\ Y�YZXv Y neX]^WZn[WX\ [W Z_X ]^eeXanZ[^W wbW]Z[^W ^w Z_X v []e^Y]^|[] ��� ��� ������ � �� y ç� nZ Z_X
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|^[WZ � \X�WX\ nY �

� �� y ç� ¬  ¡ ª �¤ ¢ ¤ �ç��[Z ]^bWZY Z_X WbvuXe ^w |neZ[]aXY [W Z_X WX[�_u^be_^^\ ^w Z_X | ^[WZ � nZ Z[v X Z x �ZY nbZ^£]^eeXanZ[^W wbW]Z[^W ¤ Z_X `nW ¨^`X ]^eeXanZ[^W wbW]Z[^W ¥ �� y ç� [Y �
¥ �� y ç� ¬¦ �§ �� y ¨�� �� y ç� ©d_[Y eX|eXYXWZY Z_X |e^unu[a[Z� ^w �W\[W� n |neZ[]aX nZ |^Y[Z[^W e nZ Z[v X Z �[`XW Z_nZ Z_XeX~nY n |neZ[]aX nZ Z_X ^e[�[W nZ Z[v X Z ¬ ¨ xd_X ª^be[Xe ZenWYw^ev ^w � �� y ç� [Y �

� �« y ç� ¬  ¡ ¿¡¬ ®¯ °± ² Ï �³ x´�
ö Y[W� Z_[Y Xµ|eXYY[^W ¤ Z_X ����� ����� ¶ 	������� · �� 	��� ª �Ø ¤Z � ¤ ~_[]_ [Y n v XnYbeX ^wZ_X ]^eeXanZ[^W uXZ~XXW Z_X ª^be[Xe ]^v |^WXWZY ^w Z_X WbvuXe \XWY[Z� nZ Z~^ \[¸XeXWZZ[v XY ¤ [Y �[`XW u� �

¹ �Ý y ç� ¬¦ � �« y ¨� y � �« y ç� © �³ xº�d_X Z[v X ª^be[Xe ZenWYw^ev ^w Z_X [WZXev X\[nZX Y]nZZXe[W� wbW]Z[^W ª �Ø ¤Z � ¤ [Y Z_X Y| X]ZenawbW]Z[^W
» �Ý y � � ¬ ¼¦½ ¾ ¿À¿ ¹ �Ý y ç�¿À¡Á Â¥ç ¤ �³ x³�

�XWXenaa� eXwXeeX\ Z^ nY ����� 	 ¶��� 	���� · �	���x d_[Y [Y Z_X wbW]Z[^W ^w v n[W [WZXeXYZu X]nbYX [Z ]nW u X v XnYbeX\ \[eX]Za� u� Y]nZZXe[W� Xµ|Xe[v XWZY x d_X Z[v X Xµ|nWY[^W ^wZ_X [WZXev X\[nZX Y]nZZXe[W� wbW]Z[^W ª �Ø ¤Z � naa^~ Y Z^ ^uZn[W n \XY]e[|Z[^W ^w Z_X \XWY[Z�]^eeXanZ[^W wbW]Z[^W x �W |neZ[]bane Z_X ÃW^~ aX\�X ^w Z_X \Xe[`nZ[`XY ^w YZnZ[] ]^eeXanZ[^WwbW]Z[^WY [Y bYXwba Z^ �XZ [Ww^ev nZ[^W ^W Z_X \�Wnv [] ]^eeXanZ[^W wbW]Z[^W ª �Ø ¤Z� nZ Y_^eZ£Z[v XY x
¹ �Ý y ç� ¬ ¹ �Ý y ¨� Ä Å ¹ �Ý y ç�Å ç ÆÂÇ¾ ç Ä º́ Å ¦¹ �Ý y ç�Å ç¦ ÆÂÇ¾ ç¦ Ä ½ ½ ½
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É[W]X ¹ �Ý y ç� ¬ Ê ¿À¿ » �Ý y � �¿¡Á Â¥� y^WX _nY �

¹ �Ý y ¨� ¬ Ê ¿À¿ » �Ý y � �¥� ¬ » �Ý �
Å ¹ �Ý y ç�Å ç ÆÂÇ¾ ¬ Ê Ê ¿À¿ � » �Ý y � �¥� ¬ ¨

Å ¦¹ �Ý y ç�Å ç¦ ÆÂÇ¾ ¬ ¢ Ê ¿À¿ � ¦» �Ý y � �¥� ¬ Ë Ù ÌÍ Ý¦
~_XeX ÎÏ ÐÑ ¬ ß¦¾ [Y Z_X Z_Xev na Y| XX\ x d_X [WZX�enaY [W Z_X |eX`[^bY Xµ|eXYY[^WY eX|eXYXWZZ_X · ���� �� 	� � �� ���¶ Ò ¦Ó �Ý � ^w » �Ý y � � \X�WX\ nY �

Ò ¦ÓÔ �Ý � ¬ �¢ ´�Ó Õ Ö× Ø °Ù ÚÂ²Õ ÂÖ× ÆÂÇ¾ ¬ ¾ ¿À¿ � ¦Ó» �Ý y � �¥� �³ x��
�W Z_X ]anYY[]na a[v [Z �Ì Î Û � naa ^\\ v ^v XWZY neX ÜXe^ u X]nbYX ^w Z_X X`XW ]_nen]ZXe [WweXÜbXW]� ^w » �Ý y � � �» �Ý y � � ¬ » �Ý y ¢� �� x d_bY

ÝÞÞÞÞÞÞÞßÞÞÞÞÞÞÞà

Ò ¾Ô �Ý � ¬ » �Ý �Ò ¼Ô �Ý � ¬ ¨ÒáÔ �Ý � ¬ ÎÏÐâ Ý áxxx
�³ xã�

d_XYX weXÜbXW]� v ^v XWZY ^e ¶�� ����¶ XWnuaX Z^ ~ e[ZX ª �Ø ¤Z� nY �
¹ �Ý y ç� ¬ » �Ý � ¢ º́ ÒáÔ �Ý �çá Ä �́ äÒåÔ �Ý �çå Ä ½ ½ ½nW\ Z^ \X�WX Z_X ���� ��p �� · ���� �� 	� � �� ���¶ � áÓ �Ý � �

� áÓÔ �Ý � ¬ æÖ×ç °Ù ²Ô °Ù ² �³ x��
d_X YbuY]e[|Z Ô [W\[]nZXY Z_nZ � áÓÔ �Ý � neX Z_X W^ev na[ÜX\ weXÜbXW]� v ^v XWZY ^w » �Ý y � � x�W WXµZ ]_n|ZXeY Z_X YX]^W\ weXÜbXW]� v ^v XWZ [Y [W\[]nZX\ nY w^aa^~ �
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� áÔ �Ý � ¬ � á¾ �Ý � ¬ Ë Ù ÌÍ » �Ý �Ý á
~_XeX Ë Ù [Y Z_X è^aZÜv nW ]^WYZnWZ nW\ v [Y Z_X v nYY ^w Z_X v ^aX]baX x ö Y[W� Z_[Y n||e^n]_ ¤Z_X Xµ|eXYY[^W ^w ¹ �Ý y ç� ZenWYw^ev Y [WZ^ �

¹ �Ý y ç� ¬ » �Ý � é´ ¢ º́ � á �Ý �çá Ä �́ ä� å �Ý �çå Ä ½ ½ ½ê
nW [v |^eZnWZ |e^| XeZ� ]nW uX XµZen]Z we^v Z_[Y Xµ|nWY[^W ¤ ~_[]_ XWnuaXY Z^ w^ev naa� ~ e[ZXª �Ø ¤Z � [W nW Xµ|^WXWZ[na w^ev nY �

¹ �Ý y ç� ë » �Ý �¿À ì Öí îï ðÖ ÂÖ Ïñ^WYXÜbXWZa�¤ [ZY ª^be[Xe ZenWYw^ev [W weXÜbXW]� » �Ý y � � ]nW uX Xµ|eXYYX\ nY �
» �Ý y � �» �Ý � ¬ ´òºó� á¾ �Ý � ¿À ì ÖÖì Öí îïð

~_[]_ naa^~ Y Z^ XµZen]Z nW n||e^µ [v nZ[`X v XnYbeX ^w Z_X Y| X]Zena ~ [\Z_ ^w » �Ý y � � we^v �
¹ ô õ ö ÷ �� á¾ �Ý ��¼øá ¬ Ýù Ë ÙÌÍ » �Ý � Ï�ªbaa ú [\Z_ nZ ûnaw ü nµ [vbv ýªú û ü � d_[Y u X_n`[^be [Y |neZ[]banea� [WZXeXYZ[W� [W Z_XYbee^bW\[W� ^w Z_X v nµ [v n ^w É �Ø � ¤ u X]nbYX [Z Xµ|an[WY Z_X ^uYXe`X\ ~ [\Z_ eX\b]Z[^WY^w » �Ý y � � ~_XW ^WX n||e^n]_XY Ý ë Ýâ ¤ Z_X v nµ [v n ^w Z_X YZnZ[] YZeb]ZbeX wn]Z^e ���4��� �¶ �����þ ����W^Z_Xe [v |^eZnWZ \�Wnv []na `ne[nuaX [Y Z_X 	������ ���¶���

ÿ �« y ç� ý  ¡ � ¡ �ç�¿¡¬ ®¯ °± ²
~_XeX

� ¡ �ç� [Y Z_X `Xa^ ][Z� ^w Z_X Z_X |neZ[]aX x d_[Y `ne[nuaX [Y eXanZX\ Z^ Z_X �XWXenav ^Z[^W ^w Z_X |neZ[]aXY nW\ Z_X nYY^][nZX\ ]^eeXanZ[^W wbW]Z[^W \XY]e[u [W� Z_X �^~ ^w Z_X|neZ[]aXY [W Z_X \[eX]Z[^W ^w Z_X ~n`X£`X]Z^e Ø ¤ [Y Z_X ���� ������ 	������ 	���������· �� 	��� \X�WX\ nY �
�� �« y ç� ý ¦ ÿ � �« y ¨�§ yÿ � �« y ç� © Ï
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d_[Y ÜbnWZ[Z� [Y ]^WWX]ZX\ Z^ Z_X \�Wnv [] YZeb]ZbeX wn]Z^e Z_e^b�_ Z_X eXanZ[^W �

» �Ý y � � ý Á ÖÙÖ �� �« y ç� �³ xÈ�
d_[Y [Y nW ^u`[^bY ]^WYXÜbXW]X ^w Z_X ]^WZ[Wb[Z� XÜbnZ[^W x d_X YZb\� ^w Z_X v nµ[v n ^w Z_[YwbW]Z[^W XWnuaXY Z^ �XZ [Ww^ev nZ[^W nu^bZ Z_X | ^Y[Z[^W ^w Z_X [WXanYZ[] | XnÃY ^w » �Ý y � � xd_X \�Wnv [] YZeb]ZbeX wn]Z^e » �Ý y � � ]^WY[\XeX\ bWZ[a W^~ ne[YXY we^v ª^be[Xe ZenWYw^ev Y^w Z_X ]^eeXanZ[^W wbW]Z[^W ^w n \�Wnv []na `ne[nuaX ¤ Z_X \XWY[Z�¤ ~_[]_ _nY u XXW ]^WY[\XeX\nY ]anYY[]na x ª^e Z_[Y eXnY^W ~X \X�WX Z_X YbuY]e[|Z ß h ¤ » �� �Ý y � � ¤ Z^ eXwXe Z^ Z_X ]anYY[]naa[v [Z ��Í�Ì Î ¨� x �W Z_[Y ]nYX » �� �Ý y � � YnZ[Y�XY Z_X eXanZ[^W éº�ê

» �� �Ý y � � ý » �� �¢Ý y ¢� �d_X �XWXena[ÜnZ[^W Z^ Z_X ÜbnWZbv v X]_nW[]na �Ü YbuY]e[|Z� ]nYX ¤ ~_[]_ [Y eXaX`nWZ ~_XW£X`Xe ^WX ]^WY[\XeY Xµ][ZnZ[^WY ]^v |nenuaX ^e ane�Xe Z_nW Z_X Ynv |aX ZXv |XenZbeX ¤ éºêeXÜb[eXY Z_nZ Z_X » 	 �Ý y � � wba� aaY Z_X unY[] ]^W\[Z[^W
» 	 �Ý y � � ý ¿À
ÌÁ� » 	 �Ý y ¢� � Ïd_[Y eXanZ[^W [Y eXwXeeX\ Z^ nY Z_X ������� ����� 	� ]^W\[Z[^W ¤ nW\ [Y eXY| ^WY[u aX w^e Z_XnY�v v XZe� [W � ^w » 	 �Ý y � � ~_XWX`Xe �Í� © Ë Ù Ì x É[W]X » 	 �Ý y � � [Y Z_X Y| X]Zena \[Y£Ze[ubZ[^W ^w Z_X Y]nZZXeX\ en\[nZ[^W ¤ | ^Y[Z[`X weXÜbXW][XY \XY]e[u X n |e^]XYY [W ~_[]_ Z_X[W][\XWZ u Xnv ZenWYwXeX\ XWXe�� Z^ Z_X �b[\ ~_[aX WX�nZ[`X weXÜbXW][XY \XY]e[u X n |e^]XYY[W ~_[]_ Z_X u Xnv |[]ÃX\ b| XWXe�� we^v Z_X Y�YZXv x d_X wba� aav XWZ ^w Z_[Y eXanZ[^W [Y n]_X]Ã Z^ ZXYZ Z_X `na[\ [Z� ^w Xµ| Xe[v XWZna \nZn ¤ Z_X nY�v v XZe� ^w Z_X Y]nZZXeX\ [WZXWY[Z�[Y |e^W^bW]X\ nZ a^~ ZXv |XenZbeX nW\ [Y WX�a[�[u aX w^e _�\e^\�Wnv [] v ^\XY � èe[aa^b[WY]nZZXe[W� � w^e ~_[]_ Z_X weXÜbXW][XY neX Y^ Yv naa Z_nZ Z_X wn]Z^e ¿À
ÌÁ� [Y nu^bZ bW[Z�xd_X ÜbnWZbv nW\ ]anYY[]na \�Wnv [] YZeb]ZbeX wn]Z^eY neX eXanZX\ Z_e^b�_ Z_X eXanZ[^W

» 	 �Ý y � � ý �Í� �´ ¢ ¿À
ÌÁ� » �� �Ý y � �d_[Y [Y Z_X Xµ|eXYY[^W ~X ~ [aa bYX [W Z_X w^aa^~ [W� ]_n|ZXeY Z^ �Z Xµ|Xe[v XWZna \nZn x
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K LK �S QR S�O �� VU�
�W n a[Üb[\ Z_X 
��������� 	 ��� �� [Y [W`XYZ[�nZX\ ~_XW Z_X ~n`XaXW�Z_ ^w Z_X [W][\XWZen\[nZ[^W [Y vb]_ ane�Xe Z_nW Z_X [WZXev ^aX]bane \[YZnW]X �f à h� nW\ ^W Z[v X Y]naXY Z_nZneX `Xe� a^W�Xe Z_nW Z_X [WZXenZ^v [] v ^Z[^W ¤ nW\ Z_XeXw^eX Ý Î ¨ y � Î ¨ x d_X \XZn[aY ^wZ_X v []e^Y]^|[] YZeb]ZbeX ]nW uX [�W^eX\ nW\ Z_X a[Üb[\ [Y eX�ne\X\ nY n ]^WZ[Wbbv x èWZ_[Y a^W�£~n`XaXW�Z_ Y]naX ¤ Z_X �b]ZbnZ[^WY [W`^a`X Z_X ]^aaX]Z[`X v ^Z[^W ^w ane�X WbvuXe^w v ^aX]baXY nW\ ]nW u X \XY]e[u X\ u� Z_X an~ Y ^w v n]e^Y]^|[] |_�Y[]Y x �W Z_[Y eX�[v XZ_X `ne[nZ[^W ^w \XWY[Z� �b]ZbnZ[^WY ^ ]]beY `Xe� Ya^~ a� [W Y|n]X nW\ [W Z[v X nW\ Z_Xa[Üb[\ [Y ]^WY[\XeX\ Z^ u X [W a^ ]na Z_Xev ^\�Wnv [] XÜb[a[ue[bv x d_[Y [Y Z_X ]XWZena [\Xn ^w_�\e^\�Wnv []Y nW\ naa^~ Y ~ e[Z[W� v n]e^Y]^|[] XÜbnZ[^WY w^e a^ ]na `ne[nuaXY x �W Z_X eX�[^W^w ` [Y[u aX a[�_Z � f ä ã¨¨¨� ^WX wba�aaY Z_X eXÜb[eXv XWZY w^e _�\e^\�Wnv []Y Z^ u X `na[\ ¤nW\ Z_XeXw^eX ¤ n `Xe� bYXwba ZX]_W[ÜbX Z^ |e^u X Z_X a^W�[Zb\[Wna n]^bYZ[] \�Wnv []Y [W Z_[Y_�\e^\�Wnv [] eX�[^W [Y èe[aa^b[W a[�_Z Y]nZZXe[W� x �W Z_X _�\e^\�Wnv [] n||e^µ [v nZ[^W ¤Z_X a[WX£Y_n|X ^w » �Ý y � � Y_^~ Y n ]_nen]ZXe[YZ[] Ze[|aXZ£ Z_X èe[aa^b[W Ze[|aXZ x d^ \Xe[`X [ZY^e[�[W ~X eXv [W\ Z_X ]anYY[]na ZeXnZv XWZ Z^ bW\XeYZnW\ Z_X Y| X]Zebv ^w Y]nZZXeX\ a[�_Z xd_X n[v [Y Z^ \XZXev [WX n Z_X^eXZ[]na Xµ|eXYY[^W w^e » �Ý y � � ¤ [ xX x ¦ �� �« y ç� y �� �¨ y ¨� © ¤~_[]_ [Y Z_X ÜbnWZ[Z� ^WX ^uZn[WY Xµ|Xe[v XWZnaa�x �W Z_X ]nYX ^w n a[Üb[\ [W Z_X _�\e^\�£Wnv [] eX�[v X ¤ n v n]e^Y]^|[] ZeXnZv XWZ naa^~ Z^ �XZ �� �� y ç� n||a�[W� Z_X ]^WYXe`nZ[^Wan~ Y ^w \XWY[Z� � ¤ v ^v XWZbv × nW\ XWXe�� ¿ �

�� �� y ç� Ä � ½ × �� y ç� ý ¨
�× �� y ç� Ä � ½ � �� y ç� ý ¨
�¿ �� y ç� Ä � ½ � �� y ç� ý ¨

~_XeX � [Y Z_X v ^v XWZbv ]beeXWZ ^e YZeXYY ZXWY^e nW\ � [Y Z_X XWXe�� ]beeXWZ x d_[Y XÜbn£Z[^WY neX Y^a`X\ u� Xµ|a^[Z[W� Z_X v n]e^Y]^|[] Xµ|eXYY[^WY w^e Z_X YZeXYY ZXWY^e �qn`[Xe£ÉZ^ÃXY� nW\ XWXe�� ]beeXWZ ��nW\nb nW\ � [wY_ [ZÜ ´��³� nW\ n||a�[W� Z_X �n|an]X£ª^be[XeZenWYw^ev ZX]_W[ÜbX Z^ Y^a`X n YXZ ^w ]^b|aX\ XÜbnZ[^WY x èWX n]_[X`XY éºÈê Z_X w^aa^~ [W�Xµ|eXYY[^W w^e Z_X \�Wnv [] YZeb]ZbeX wn]Z^e [W Z_X _�\e^\�Wnv [] eX�[v X �
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» �Ý y � � ý » �Ý �ºó é� ¢ ´
�

º� Ð Ý á� á Ä �� Ð Ý á �á Ä ´
�

� �Ý á�� Ä ß�Ý �á Ä ��Ý á �á Ä �Ý á�� ¢ ß�Ý �á Ä ��Ý á �á ��³ x¶�
Ä Ý
� ß� é� Ä �� ¢ ´�� Ð ê é� � ¢ ß�Ý�� Ä ß�Ý �á Ä ��Ý á �á Ä � Ä ß�Ý�� ¢ ß�Ý �á Ä ��Ý á �á �ê �³ x��~_XeX �

� [Y Z_X enZ[^ ^w Z_X Y| X][�] _XnZY nZ ]^WYZnWZ |eXYYbeX nW\ `^abv X
� ý ß�ß�

� Ð [Y Z_X Z_Xev na \[¸bY[` [Z�
� Ð ý f�ß� �f [Y Z_X Z_Xev na ]^W\b]Z[` [Z�¤ � [Y Z_X Y^bW\ nZZXWbnZ[^W ]^ Xo ][XWZ

� ý º́ó é� Â �� ¢ ´� Ä �� ê
�� [Y Z_X Ã[WXv nZ[] a^W�[Zb\[Wna ` [Y]^Y[Z�

�� ý ��� ý ��³�Ô Ä �Ù�ß� [Y Z_X n\[nunZ[] Y^bW\ `Xa^ ][Z�
ß� ý ù �� �Å�Å� �d_X \X`Xa^|v XWZ ^w Z_[Y Z_X^e� [Y unYX\ ^W Z~^ nYYbv |Z[^WY bYX\ Z^ Y[v |a[w� Z_X ]na]b£anZ[^WY �

$ Z_X �b]ZbnZ[^WY ^w Z_X \XWY[Z�¤ XWXe��¤ ZXv |XenZbeX nW\ `Xa^ ][Z� ne^bW\ Z_X XÜb[£a[ue[bv `nabXY neX Xµ| X]ZX\ Z^ u X `Xe� Yv naa Z^ naa^~ Z_X bYX ^w �� ���p �� �������¶�· �
 � , �� � �	
��	¶x d_[Y v XnWY Z_nZ ZXev Y _[�_Xe Z_nW Z_X �eYZ ^e\Xe ^WX �a[ÃX
��á � neX WX�aX]ZX\ [W Z_X Z_X^e�x

$ Z_X ÜbnWZ[Z[XY �� Ð Ý á nW\ �Ý á neX ]^WY[\XeX\ vb]_ Yv naaXe Z_nW ß�Ý x d_[Y v XnWYZ_nZ Z_X ~ [\Z_Y ^w Z_X �^eXWZÜ[nWY neX Yv naa ]^v |neX\ Z^ Z_X Y_[wZY x
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d_X Y| X]Zebv [Y ]^v |^YX\ u� Z_eXX �^eXWZÜ[nW a[WXY nW\ Z~^ W^W£�^eXWZÜ[nW ]^WZe[ubZ[^WY~_^YX nv |a[Zb\X [Y vb]_ Yv naaXe ]^v |neX\ Z^ Z_X ^Z_Xe ZXev Y x d_X �^eXWZÜ[nW |XnÃ]XWZXeX\ nZ � ý ¨ [Y ]naaX\  �����
 �� �¤ Z_X Z~^ ]XWZXeX\ nZ � ý ÷ß�Ý ]naaX\ ! �� ����-7 �����¶
 ��� �� �¶ d_XYX Z_eXX �^eXWZÜ[nW a[WXY eX�X]Z Z_X |eXYXW]X ^w Z_eXX a^W�[Zb\[Wnav ^\XY ¤ Z_X� eX|eXYXWZ Z~^ Ã[W\Y ^w �b]ZbnZ[^WY �

$ ������	 � ��¶¶��� , � 	������¶ ~_[]_ |e^|n�nZX [W Z_X a[Üb[\ a[ÃX Y^bW\ ~n`XY ~ [Z_n Y^bW\ `Xa^ ][Z� ß� �Z_X eXnY^W uX]nbYX ~X ]naa [Z n\[nunZ[] Y^bW\ `Xa^ ][Z� � ¤ Z^ Z_Xv[Y nYY^ ][nZX\ Z_X èe[aa^b[W£ü nW\XaY_Znv \^buaXZ x d_XYX neX |e^|n�nZ[W� v ^\XY ~ [Z_n a[wXZ[v X �[`XW u� ��Ý á �À¼ c
$ ¶ ���� ������ � , �	������¶ ~_[]_ \^ W^Z |e^|n�nZX [W Z_X a[Üb[\ ¤ ubZ neX \nv |X\uX]nbYX ^w Z_X Z_Xev na ]^W\b]Z[^W x d_X� neX \[¸bY[`X v ^\XY nW\ neX �[`X e[YX Z^Z_X ¼ n�aX[�_ a[WXY x

�W Z_X ]nYX ^w èe[aa^b[W£ü nW\XaY_Znv \^buaXZ ^e |eXYYbeX �b]ZbnZ[^WY ¤ Z~^ \[YY[|nZ[`X |e^£]XYYXY neX [W`^a`X\ \bX Z^ ` [Y]^Y[Z� nW\ Z_Xev na ]^W\b]Z[` [Z�x �W Z_X ]nYX ^w Z_X ¼ n�aX[�_a[WX ¤ Z_X n\[nunZ[] �b]ZbnZ[^WY nZ ]^WYZnWZ |eXYYbeX neX \nv |X\ ^Wa� u X]nbYX ^w Z_X Z_Xe£v na ]^W\b]Z[` [Z�x� aZ_^b�_ Z_X Z~^ W^W£�^eXWZÜ[nW ZXev Y [W\b]X n Ya[�_Z nY�v v XZe� [W Z_X èe[aa^b[W | XnÃYW^Z n||eX][nuaX Xµ| Xe[v XWZnaa�¤ Z_X� neX wbW\nv XWZna w^e Z_X |eXYXe`nZ[^W ^w Z_X Ybv ebaXÒ ¼ �Ý � ý ¨ ]na]banZX\ bY[W� Z_X eXanZ[^W ³ xã
K L" #� O � Q� $V%� S &�S QR S�O �� VU�
d_X _�\e^\�Wnv []Y \XY]e[|Z[^W ^w n �b[\ [Y |neZ[]banea� X¸X]Z[`X nZ Yv naa ~n`X£`X]Z^eYnW\ weXÜbXW][XY �Ý Î ¨ y � Î ¨� x �Z \X]eXnY[W� ~n`XaXW�Z_Y ¤ Wnv Xa�¤ ~_XW Z_X� uX]^v X]^v |nenuaX Z^ Z_X [WZXev ^aX]bane \[YZnW]XY ¤ Z_X _�\e^\�Wnv [] n||e^n]_ [Y W^ a^W�Xe `na[\ xd_[Y [Y n ]^WYXÜbXW]X ^w Z_X wn]Z Z_nZ Z_X \Xe[`nZ[^W ^w Z_X _�\e^\�Wnv [] Z_X^e� [Y unYX\^W Z_X nYYbv |Z[^W Z_nZ Z_X �b[\ [Y n ]^WZ[Wb^bY v X\[bv nW\ Xn]_ |^[WZ [W Y|n]X nW\Z[v X [Y [W Z_Xev ^\�Wnv [] XÜb[a[ue[bv x �W XµZXWY[^W ^w Z_X _�\e^\�Wnv [] Z_X^e� [Y Z_XeX£w^eX WX]XYYne� Z^ YZb\� Z_X �b]ZbnZ[^WY ^w _�\e^\�Wnv [] `ne[nuaXY [W n ~ [\Xe enW�X ^w~n`X£`X]Z^eY nW\ weXÜbXW][XY x �W |neZ[]bane ¤ [W Z_X aXW�Z_£Y]naX nW\ Z[v XY]naX eX�[^WY Z_nZneX ]_nen]ZXe[YZ[] ^w Z_X v ^Z[^W ^w n a[v [ZX\ WbvuXe ^w |neZ[]aXY ¤ Z_X unY[] nYYbv |Z[^WY
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^w Z_X _�\e^\�Wnv [] Z_X^e� YZneZY Z^ wn[a x �W nZZXv |Z Z^ XµZXW\ Z_X `na[\ [Z� ^w Z_X unY[]_�\e^\�Wnv []Y Z_X^e� nZ _[�_ weXÜbXW][XY nW\ ~n`X£`X]Z^e [Y |e^`[\X\ u� Z_X � �� ����-p �� 
��������� 	¶x d_X �XWXena[ÜX\ _�\e^\�Wnv []Y n||e^n]_ Xµ|a^[ZY Z_X YZeb]ZbeX ^w_�\e^\�Wnv [] XÜbnZ[^WY nW\ XµZXW\Y Z_Xv [WZe^\b][W� n Y|n]X nW\ Z[v X \X| XW\XW]X ^wZ_X ZenWY| ^eZ ]^ Xo ][XWZY ^e ¤ [W Z_X ª^be[Xe ZenWYw^ev X\ Y|n]X ¤ n ~n`X£`X]Z^e �Ø � nW\weXÜbXW]� �� � \X| XW\XW]X ^w Z_X ]^eeXY| ^W\[W� ª^be[Xe denWYw^ev X\ ÜbnWZ[Z[XY x d_[Y |_X£W^v XW^a^�[]na n||e^n]_ XWnuaXY Z^ n]_[X`X n �XWXena[ÜX\ Xµ|eXYY[^W w^e » �Ý y � � `na[\ [WZ_X _[�_ �Ø ¤ � � eX�[^W ¤ nW\ ~_[]_ eX\b]XY Z^ Z_X _�\e^\�Wnv []Y Z_X^e� Xµ|eXYY[^W [W Z_XÝ Î ¨ nW\ � Î ¨ a[v [ZY x ã [`XW Z_nZ Z_X Xµ| Xe[v XWZna ZX]_W[ÜbXY bYX\ Z^ [W`XYZ[�nZX Z_Xa^W�[Zb\[Wna n]^bYZ[] \�Wnv []Y [W Z_[Y eX�[^W neX [WXanYZ[] µ£en�Y Y]nZZXe[W� ��' É� nW\ [W£XanYZ[] WXbZe^W Y]nZZXe[W� ��q É� ¤ Z_[Y �XWXena[ÜX\ Z_X^e� [Y [v |^eZnWZ w^e bY u X]nbYX [Z ~ [aanaa^~ Z^ _n`X nWna�Z[]na Xµ|eXYY[^W w^e Z_X » �Ý y � � Z^ �Z ^be \nZn x d_[Y [W ZbeW |e^`[\XY nZXYZ w^e Z_X ã XWXena[ÜX\ _�\e^\�Wnv [] Z_X^e� nW\ n v XnW Z^ \Xe[`X Z_X _[�_ �Ý y � � a[v [Z^w ZenWY| ^eZ |e^| XeZ[XY ^w Z_X [W`XYZ[�nZX\ �b[\ x �W Xo ][XWZ n||e^n]_ Z^ Z_X �XWXena[Ün£Z[^W ^w Z_X _�\e^\�Wnv []Y [Y ^uZn[WX\ u� [WZe^\b][W� n v Xv ^e� X¸X]Z [W Z_X \nv |[W�v X]_nW[Yv Y ^w Z_X a^W�[Zb\[Wna v ^\XY [W Z_X a[Üb[\ x d_[Y eXÜb[eXY Z_X [WZe^\b]Z[^W ^w Z_X� �� ��� · �� 	��� · ��� ��¶� x
K L( ) �� R Q� *T O UPVR O *R Q� � $V��
d_X v Xv ^e� wbW]Z[^W n||e^n]_ ¤ [WZe^\b]X\ u� ¼ x Õ~nWÜ[� nW\ û x ü^e[ [W ´��¨ +Y ¤ [Y bYX\Z^ \XY]e[u X Z[v X \X|XW\XWZ |_XW^v XWn [W \XWYX �b[\Y x �Z _nY u XXW [W[Z[naa� [WZe^\b]X\Z^ XµZXW\ Z_X èe^~W[nW Z_X^e� ^w YXaw \[¸bY[^W x úX ~ [aa bYX [Z _XeX [W ^e\Xe Z^ Y_^~Z_X eXYbaZY ^w �XWXena[ÜX\ _�\e^\�Wnv []Y x d_X n[v [Y Z^ ]na]banZX Z_X Y| X]Zebv ^w Z_X]^eeXanZ[^W wbW]Z[^W ^w Z_X \XWY[Z� �b]ZbnZ[^WY x ª^e Z_[Y eXnY^W ~X YZneZ \Xe[` [W� Z_XY| X]Zebv ^w Z_X ]^eeXanZ[^W wbW]Z[^W ^w n �XWXe[] `ne[nuaX x �W n Y�YZXv ^w q [WZXen]Z[W�|neZ[]aXY Z_X Z[v X X`^abZ[^W ^w n �XWXe[] `ne[nuaX , �ç� [Y Xµ|eXYYX\ u� Z_X XÜbnZ[^W ^wv ^Z[^W éºÈê �

-, �ç�-ç ý ., y õ / �ç� ý Ê0, �ç� �³ x´¨�~_XeX û [Y Z_X ûnv [aZ^W[nW ^w Z_X Y�YZXv ¤ Z_X Y�vu^a . y / \XW^ZXY Z_X â^[YY^W uen]ÃXZnW\ � [Y Z_X � [^b` [aaX ^| XenZ^e nYY^ ][nZX\ Z^ Z_X ûnv [aZ^W[nW
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0 ý ¢Ê 34 ¡ �Å õ
Å� ¡ ÅÅ 5¡ ¢ Å õ

Å 5¡ ÅÅ� ¡ �~_XeX 5¡ nW\ � ¡ neX Z_X �XWXena[ÜX\ ]^^e\[WnZXY nW\ ]^WÇb�nZXY v ^v XWZn ^w Z_X q |neZ[]aXY xd_X w^ev na Y^abZ[^W ^w Z_X XÜbnZ[^W ³ x´¨ �[`XY Z_X Z[v X X`^abZ[^W ^w Z_X `ne[nuaX � �
, �ç� ý ¿¡� Â, �¨�d_X ^|XenZ^e ¿¡� Â [Y ]naaX\ � ����� �6��x d_X [WZe^\b]Z[^W ^w n |e^Ç X]Z[^W ^|XenZ^e â ~_[]_|e^Ç X]ZY nW neu[Zene� `X]Z^e ^WZ^ �

7 ý 8, �¨�§ y ÏÏÏ9
8, �¨�§ y, �¨�9, �¨�

nW\ Z_X n||a[]nZ[^W ^w Z_X |e^| XeZ[XY ^w Z_X |e^Ç X]Z[^W ^|XenZ^eY éºÈê ¤ naa^~ Z^ ~ e[ZX Z_XXµ|eXYY[^W ³ x´¨ nY �
:; °Â²:Â ý ÊÒ, �ç� ¢ ¾¾ ÂË �< �, �ç ¢ < �-< Ä ¹ �ç� �³ x´´�

ÃW^~W ~ [Z_ Z_X Wnv X ^w � �� ����p �� ���� ��� ����6�� � Z_X ZXev ÊÒ n]]^bWZY w^e | ^YY[u aXXµ [YZXW]X ^w n |e^|n�nZ[^W |e^]XYY nYY^][nZX\ ~ [Z_ Z_X Z[v X X`^abZ[^W ^w Z_X \�Wnv []na`ne[nuaX , �ç� ¤ ~_[aX Z_X [WZX�ena |an�Y Z_X e^aX ^w n Y�YZXv nZ[] w^e]X nW\ ¹ �ç� eX|eXYXWZY nenW\^v w^e]X x d_X wbW]Z[^WY Ò ¤ ¹ �< � ¤ Ë �< � neX \X�WX\ nY w^aa^~ �
Ò = 8, �¨�§ y 0, �¨�9

8, �¨�§ y, �¨�9 · ���� �� 	� · �� 	6�� �³ x´º�
¹ �ç� = ¿¡ °¼À> ²� Â Ê �´ ¢ 7 �0, �¨� ������ · ��	� �³ x´³�

Ë �ç� = 8¹ �¨�§ y ¹ �ç�9
8, �¨�§ y, �¨�9 � �� ��� · �� 	6�� �³ x´��´ ¢ 7 [Y n |e^Ç X]Z[^W ^| XenZ^e ~_[]_ |e^Ç X]ZY n �XWXe[] `ne[nuaX ^WZ^ n Y|n]X ^eZ_^�^WnaZ^ � nW\ Ê �´ ¢ 7 �0, = ¹ �¨� x �Z [Y | ^YY[u aX Z^ Y_^~ éºÈê Z_nZ Z_X enW\^v w^e]X ¹ �ç� [Y^eZ_^�^Wna Z^ , �¨� x d_[Y |e^| XeZ� v XnWY Z_nZ 8, �¨�§ y ¹ �ç�9 ý ¨ nW\ |^[WZY ^bZ n an]Ã ^w]^eeXanZ[^W uXZ~XXW , �¨� nW\ ¹ �ç� x
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èbe [WZXeXYZ _XeX [Y Z^ \Xe[`X nW XÜbnZ[^W \XY]e[u [W� Z_X Z[v X X`^abZ[^W ^w Z_X ]^eeXanZ[^WwbW]Z[^W ? �ç� ý 8, �¨�§ y, �ç�9 ^w Z_X \�Wnv []na `ne[nuaX , �ç� x d_[Y [Y XnY[a� ^uZn[WX\ we^vXÜbnZ[^W ³ x´´ Xµ|a^[Z[W� Z_X wn]Z Z_nZ 8, �¨�§ y ¹ �ç�9 ý ¨ �

:@ °Â²:Â ý ÊÒ? �ç� ¢ ¾A ÂË �< �? �ç ¢ < �-< �³ x´ã�
d_[Y [Y ]naaX\ � �� ��� · �� 	6�� ����6�� x è^Z_ ³ x´´ nW\ ³ x´ã neX \Xe[`X\ we^v ³ x´¨ ~ [Z_^bZnW� n||e^µ [v nZ[^W xd_XYX ]^WY[\XenZ[^WY v n\X w^e n Y[W�aX |e^| XeZ� ^w Z_X Y�YZXv ]nW u X �XWXena[ÜX\ Z^ Z_X]nYX ^w v ^eX `ne[nuaXY u� v XnWY ^w n `X]Z^e
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CCCCCCCCCYb]_ Z_nZ nZ XÜb[a[ue[bv 8D 9 ý ¨ nW\ [ZY ]^v |^WXWZY , ¡ ]nWW^Z u X Xµ|eXYYX\ nY a[WXne]^vu[WnZ[^W ^w Z_X ^Z_XeY ¤ Wnv Xa�¤ Z_X� neX a[WXnea� [W\X| XW\XWZ x �W Z_[Y v ^eX �XWXena]nYX Z_X Z_X^e� [Y eXw^evbanZX\ [W ZXev Y ^w ]^abv W `X]Z^eY nW\ v nZe[]XY x � w^ev na Y^abZ[^WZ^ XÜbnZ[^W ³ x´ã [Y ^uZn[WX\ u� bY[W� Z_X ]^WZ[WbX\ wen]Z[^W eX|eXYXWZnZ[^W x d_[Y bYXwbav XZ_^\ [Y |eXYXWZX\ [W WXµZ YX]Z[^W x
E FG FH IóïJ îïKêL òñëôJ îóï ñêðñêõêïJëJ îóï
d_X ]^WZ[WbX\ wen]Z[^W eX|eXYXWZnZ[^W [Y nW [v |^eZnWZ |e^| XeZ� ^w Z_X v Xv ^e� wbW]Z[^W~_[]_ XWnuaXY Z^ �XZ nW Xµ|eXYY[^W w^e Z_X ]^eeXanZ[^W wbW]Z[^W ? �ç� ^w n �XWXe[] \�Wnv []na`ne[nuaX , �ç� x � v ^eX n]]benZX nWna�Y[Y ^w Z_X v Xv ^e� wbW]Z[^W XÜbnZ[^W �
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? �M � ý ? �¨�M ¢ ÊÒ Ä Ë �M � �³ x´N�_XeX ? �M � nW\ Ë �M � neX eXY| X]Z[`Xa� Z_X �n|an]X ZenWYw^ev Y ^w ? �ç� nW\ Ë �ç� nW\ M ý Ê� x� Y n v nZZXe ^w wn]Z ¤ Z_X v Xv ^e� wbW]Z[^W Ë �M � [Y �XWXenaa� bWÃW^~W x �]]^e\[W� Z^ ³ x´� ¤Z_X v Xv ^e� wbW]Z[^W Ë �ç� = OØ °A²P ÚØ °Â²QO; °A²P Ú; °A²Q [Y [ZYXaw nW nbZ^ ]^eeXanZ[^W wbW]Z[^W ^w Z_X enW\^vw^e]X ¹ �ç� x d_[Y v XnWY Z_nZ Z_X Ynv X ZeXnZv XWZ n||a[X\ w^e ñ �Z� ]nW u X eX| XnZX\ w^e Ë �ç�Y[v |a� eX~ e[Z[W� n v Xv ^e� wbW]Z[^W XÜbnZ[^W w^e [Z �

-Ë �ç�-ç ý ÊÒ ¼Ë �ç� ¢ Ê
A
Â-<ö �< �? �ç ¢ < � �³ x´��~_XeX ö �ç� [Y Z_X ¶ �	��� ����� � �� ��� · �� 	6��x �W Z_[Y ~n� Z_X |e^uaXv [Y Y_[wZX\ Z^ Z_XeXYXne]_ ^w n WX~ bWÃW^~W v Xv ^e� wbW]Z[^W x d_X Y^abZ[^W [W ZXev Y ^w �n|an]X ZenWYw^ev[Y [\XWZ[]na Z^ XÜbnZ[^W ³ x´N �

Ë �M � ý Ë �¨�M ¢ ÊÒ ¼ Ä ö �M � �³ xº¨�d_X YbuYZ[ZbZ[^W ^w Z_[Y eXanZ[^W [W ³ x´N �[Xa\Y
? �M �? �¨� ý ´

M ¢ ÊÒ ¢ Î °A²RÀ¡æ SÀÑ °A² �³ xº ´�
d_X |e^]XYY ¤ [ZXenZ[`Xa� eX| XnZX\ ¤ �[`XY nW Xµ|eXYY[^W w^e ñ �Ü� [W ZXev Y ^w 5�� 6�� ��6��	6��  �� ��¶ �� 6�6�� �ñªT �

? �M �? �¨� ý ´
M ¢ UÒ ¢ Î °A²RÀ¡æ SÀ V îíðW XYZÖX[[[

�³ xºº�
Z_X ]^ Xo ][XWZY \ �¨� ¤ ü �¨� ]nW u X Xµ|eXYYX\ [W ZXev Y ^w Z_X W^ev na[ÜX\ weXÜbXW]� v ^v XWZY� áÓ@ ^w ? �� � �n|| XW\[µ � �

� áÓ@ ý ¾ ¿À¿ � áÓ? �� �-�¾ ¿À¿ ? �� �-� �³ xº³�
Ë �¨� ý ]? �¨�? �¨� ý � á@
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�Z [W]eXnY[W� ^w ^e\Xe [Z u X]^v XY v ^eX nW\ v ^eX ne\b^bY Z^ ]na]banZX Z_X weXÜbXW]�v ^v XWZY nW\ [W n\\[Z[^W Z_X |_�Y[]na v XnW[W� ^w Z_X ]^WY[\XeX\ ]^eeXanZ[^W wbW]Z[^WYZneZY Z^ u X a^YZ x �w ~X ]^WY[\Xe nbZ^]^eeXanZ[^W wbW]Z[^WY ? �ç� X`XW [W Z[v X éºÈê ¤ Z_XweXÜbXW]� wbW]Z[^WY ÒÓ `nW[Y_ u X]nbYX ^w Z[v X eX`XeYX Y�v v XZe� nW\ Z_X ³ xº ´ eX\b]XY Z^Z_X w^aa^~ [W� Y[v |a[�X\ Xµ|eXYY[^W �

^ _` a^ _ba c d` e f ghij k l ghijk mmm
�³ xºã�

d_nWÃY Z^ Z_X ñªT [Z [Y | ^YY[u aX Z^ ^uZn[W n \XY]e[|Z[^W ^w Z_X ]^eeXanZ[^W wbW]Z[^W ñ �Z�[WZe^\b][W� Y[v |aX v ^\XaY w^e Z_X v Xv ^e� wbW]Z[^W x d_X Y| X]Zebv ? �� �
? �� � ý º́ó Ê ¿À¿ nÀ¡Á Â? �ç�-ç �³ xº��[Y �Wnaa� ^uZn[WX\ we^v ? �M � Z_e^b�_ Z_X eXanZ[^W

? �� � ý ó́ á n? �M � �³ xºÈ�~_XeX á n eX|eXYXWZY Z_X eXna |neZ �YXX n||XW\[µ è �x �W WXµZ YX]Z[^W ~X ~ [aa YXX nW n||a[£]nZ[^W ^w Z_[Y w^ev na[Yv x
E FG Fo p êìóñq òKïôJ îóï ëïL LêïõîJq rKôJKëJ îóïõ
�XZ bY n||a� Z_X ]^WZ[WbX\ wen]Z[^W eX|eXYXWZnZ[^W Z^ \XY]e[u X Z_X \XWY[Z� �b]ZbnZ[^W\�Wnv []Y ^w a[Üb[\Y x úX ]^WY[\Xe nY \�Wnv []na `ne[nuaX Z_X \XWY[Z� � �s y ç� nW\ ~X n||a�Z_X v Xv ^e� wbW]Z[^W w^ev na[Yv Z^ [ZY nbZ^ ]^eeXanZ[^W wbW]Z[^W x d_X |eX`[^bY XÜbnZ[^WYneX eXZn[WX\ Y[v |a� \^[W� Z_X w^aa^~ [W� eX|an]Xv XWZY

, �ç� t � �Ý y ç�
? �ç� t ¹ �Ý y ç�
? �� � t » �Ý y � �ñ �Z� ]^eeXY| ^W\Y Z^ Z_X [WZXev X\[nZX Y]nZZXe[W� wbW]Z[^W ª �Ø ¤Z� \X�WX\ u� ³ xºN nW\ ? �� �]^eeXY|^W\Y Z^ Z_X \�Wnv [] YZeb]ZbeX wn]Z^e \X�WX\ u� ³ x³ x �W Z_[Y Y| X][�] ]nYX Z_X XÜbn£Z[^W ³ xºã u X]^v XY �



������ � i 1 �� ����� �j� �k ��� ��� �l ��m2 �� �k����� ãN
¹ �Ý y M �¹ �Ý y ç ý ¨� ý ´

M ¢ Î °A²RuÑ °Ù ÚR ² �³ xºN�
~_XeX Ë �¨� [Y Z_X W^ev na[ÜX\ YX]^W\ weXÜbXW]� v ^v XWZ ^w » �Ý y � � ¤ Wnv Xa� � áA �Ý � ý
éË ÙÌ �Í » �Ý �êÝ á ¤ Ë Ù [Y Z_X è^aZÜv nWW ]^WYZnWZ ¤ Í [Y Z_X v nYY ^w Z_X v ^aX]baX x ûXeX^Wa� Z_X YX]^W\ ^e\Xe v Xv ^e� wbW]Z[^W Xµ|nWY[^W _nY u XXW ]^WY[\XeX\ x d_X Y| X]Zebv ³ xºÈ^w ¹ �Ý y ç� ]^eeXY| ^W\Y Z^ Z_X \�Wnv [] YZeb]ZbeX wn]Z^e �

» �Ý y � � ý ó́ á n¹ �Ý y M � �³ xº��É[W]X ¹ �Ý y ç ý ¨� ý » �Ý � ¤ Z_X YbuYZ[ZbZ[^W ^w ³ xºN [W ³ xº� �[`XY Z_X Xµ|eXYY[^W ^w Z_X\�Wnv [] YZeb]ZbeX wn]Z^e nY n wbW]Z[^W ^w Z_X v Xv ^e� wbW]Z[^W ü �Ø ¤Ü �» �Ý y � �» �Ý � ý ó́ á n ´
M ¢ Á Öí °Ù ²RuÑ °Ù ÚR ² �³ x³¨�

~_[]_ �[Xa\Y �
» �Ý y � � ý ¼½ » �Ý � Á í °Ù ²ÖÑ v °Ù ÚÁ ²wÁ Ö ÀÁí °Ù ²Ö ÀÁÑ vv °Ù ÚÁ ²xÖu wÁÑ v °Ù ÚÁ ²xÖ �³ x³ ´�

~_XeX ö y �Ý y � � ¤ ö yy �Ý y � � neX eXY| X]Z[`Xa� Z_X eXna nW\ Z_X [v n�[Wne� |neZ ^w Z_X �n|an]XZenWYw^ev ^w Z_X v Xv ^e� wbW]Z[^W ö �Ý y ç�
ö �Ý y M � ý Ê ¿A ö �Ý y ç�nR Â-ç ý Ê ¿A ö �Ý y ç�ßåz �� ç�-ç ¢ U Ê ¿A ö �Ý y ç�zU{ �� ç�-ç

= ö y �Ý y � � ¢ Uö yy �Ý y � �d_X Xµ| Xe[v XWZna \XZXev [WnZ[^W ^w Z_X \�Wnv [] YZeb]ZbeX wn]Z^e �[`XY [Ww^ev nZ[^W ^W Z_Xv Xv ^e� wbW]Z[^W ]^WZe[ubZ[W� Z^ Z_X �XWXena bW\XeYZnW\[W� ^w Z_X \�Wnv []Y ^w \XWY[Z�
�b]ZbnZ[^WY x d_X ]_^[]X ^w Y[v |aX v ^\XaY w^e Z_X v Xv ^e� wbW]Z[^W [Y Z_X eXYbaZ ^w n]^v |e^v [YX u XZ~XXW |_�Y[]na [WZb[Z[^W nW\ v nZ_Xv nZ[]na Y[v |a[][Z� ^w Z_X ]na]banZ[^WY xd_X v n[W eXÜb[eXv XWZY nu^bZ Z_X v ^\Xa w^e Z_X v Xv ^e� wbW]Z[^W ö �Ý y ç� neX �

´x nWna�Z[]na Y[v |a[][Z� c
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º x aXnYZ ` [^anZ[^W ^w Z_X Ybv ebaXY ³ xã
³ x XnY� [WZXe|eXZnZ[^W ^w Z_X |_�Y[]na v XnW[W� ^w Z_X nWna�Z[]na eXYbaZY x

E FG FE p êìóñq òKïôJ îóï ëïL ñêíë|ëJ îóï ðñóôêõõêõ
� v neÃX\ ]_nen]ZXe[YZ[] ^w Z_X a[Üb[\ YZnZX [Y Z_nZ Z_X \�Wnv []Y ^w Z_X \XWY[Z� �b]Zb£nZ[^WY [Y ]^WZe^aaX\ u� eXanµnZ[^W |e^ ]XYYXY x ª^e Xµnv |aX ¤ [W a[Üb[\Y ¤ Z_X YZeb]Zbena eX£neenW�Xv XWZ ^w Z_X |neZ[]aXY ZnÃXY |an]X ~ [Z_ n ]_nen]ZXe[YZ[] Z[v X£Y]naX ¤ <} ¤ \ []ZnZX\ u�Z_X a^ ]na [WZXe£|neZ[]aXY [WZXen]Z[^W nW\ Z_X n]Zbna Z_Xev ^\�Wnv [] YZnZX x d_X |eXYXW]X ^wZ_XYX eX£neenW�Xv XWZY n¸X]ZY Z_X \�Wnv []Y ^w Z_X \XWY[Z� �b]ZbnZ[^WY nY [Z naa^~ Y XWXe��Xµ]_nW�XY u XZ~XXW \[¸XeXWZ \XWY[Z� �b]ZbnZ[^W v ^\XY x �W Z_[Y ]^WZXµZ ¤ ^WX ]naaY ����" �6��� ��	�¶¶ Z_X v X]_nW[Yv �^`XeW[W� Z_XYX XWXe�� �^~ Y ¤ nW\ ¤ [W Z_[Y Y| X][�] Xµnv |aX ¤ ~X _n`X\XY]e[u X\ Z_X ~Xaa ÃW^~W ¶ 6�� 	6����- �� ~ -����" �6�� � ��	�¶¶ éºNê ~X ~ [aa [aabYZenZX u XZZXe[W Z_X w^aa^~ [W� x è Z_Xe eXanµnZ[^W |e^ ]XYYXY v n� uX n]Z[`X ¤ Xn]_ ^WX ]_nen]ZXe[ÜX\ u� nY| X][�] bW\Xea� [W� |_�Y[]na v X]_nW[Yv x èWX ^w Z_X ^| XW |e^uaXv Y [W Z_X |_�Y[]Y ^w Z_Xa[Üb[\ YZnZX [Y Z^ bW\XeYZnW\ ^W n �XWXena �e^bW\ Z_X ]^v v ^W wXnZbeXY ^w Z_XYX eXanµnZ[^W|e^]XYYXY x �W Y[v |aX v ^WnZ^v [] a[Üb[\Y u ^Z_ Ã[WXZ[] nW\ v ^\X£]^b|a[W� Z_X^e[XY |eX\[]ZZ_X Xµ [YZXW]X ^w Z~^ \[YZ[W]Z eXanµnZ[^W |e^]XYYXY éºê nW\ ¤ Z_[Y |eX\[]Z[^W _nY u XXW \Xv ^W£YZenZX\ u^Z_ u� Wbv Xe[]na Y[vbanZ[^WY é³ ¤ �ê nW\ u� Xµ|Xe[v XWZY éãê x �W Z_XYX Z_X^e[XY ¤ ^WX^w Z_X Z~^ |e^ ]XYYXY [Y Z_X ~ £eXanµnZ[^W ¤ nW\ Z_X ^Z_Xe [Y n wnYZXe |e^ ]XYY �� 	��¶ 	�� 	 ^e�¶ 6�� 6�� ���¶ |e^ ]XYY� ~_[]_ [Y Z_^b�_Z Z^ u X nYY^ ][nZX\ ~ [Z_ Z_X [WZXen]Z[^WY u XZ~XXWnW nZ^v nW\ Z_X }]n�X} ^w [ZY WXneXYZ WX[�_u^beY x è Z_Xe eXanµnZ[^W |e^ ]XYYXY ¤ u X�^W\Z_X ~ nW\ Z_X [WYZnWZnWX^bY |e^]XYYXY ¤ nYY^ ][nZX\ ~ [Z_ Z_X [WZXeWna v ^aX]bane \X�eXXY ^wweXX\^v v n� u X ^uYXe`X\ [W v ^aX]bane a[Üb[\Y x �W �anYY£w^ev [W� Y�YZXv Y ¤ ^WX naY^ �W\Y Z_XYnv X eXanµnZ[^W |e^ ]XYYXY |nZZXeW x �W Z_[Y ]nYX ¤ u� \e[` [W� Z_X Y�YZXv Z^ Z_X �anYY� YZnZX ¤~_XeX Z_X YZeb]Zbena neeXYZ weXXÜXY Z_X ~ £|e^]XYY nW\ <} uX]^v XY XµZeXv Xa� ane�X ¤ [Y YZ[aa| ^YY[u aX Z^ ]aXnea� ^uYXe`X Z_X v []e^Y]^|[] |e^]XYY é�ê x �W X¸X]Z[`X Xµ|Xe[v XWZna v XZ_^\Z^ YZb\� nW\ [\XWZ[w� eXanµnZ[^W |e^ ]XYYXY [Y Z_X \XZXev [WnZ[^W ^w Z_X \�Wnv [] YZeb]ZbeXwn]Z^e ¤ » �Ý y � � ¤ nW\ ¤ [W |neZ[]bane [ZY [WXanYZ[] wXnZbeXY \bX Z^ ]^aaX]Z[`X Xµ][ZnZ[^WY ~_[]_ ¤nZ v ^v XWZbv ZenWYwXe Ý ¤ neX ^uYXe`X\ nZ XWXe�� ��Ò �Ý � x d_X \[Y| XeY[^W eXanZ[^W ^w Ò �Ý �naa^~ Y Z^ \X�WX nW }n||neXWZ} Y^bW\ `Xa^ ][Z�¤ ß �Ý � ý Ò �Ý ��Ý ¤ ~_[]_ [Y n ]^WYZnWZ [WZ_X a^~ Ø £a[v [Z ¤ nW\ \X]eXnYXY ~ [Z_ Ý n||e^n]_[W� Z_X [W`XeYX ^w Z_X [WZXe£|neZ[]aX \[Y£ZnW]X - x ú _XWX`Xe n eXanµnZ[^W |e^ ]XYY ~ [Z_ ]_nen]ZXe[YZ[] Z[v X < [Y n]Z[`X ¤ ß �Ý � _nY n
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wbeZ_Xe Ý £\X| XW\XW]X ~_[]_ Y_^~ Y b| nY n ZenWY[Z[^W we^v n a^~ weXÜbXW]� `nabX ¤ ß� ¤ Z^n _[�_ weXÜbXW]� ^WX ¤ ß¿ x d_[Y ZenWY[Z[^W ZnÃXY |an]X ~_XW Z_X ]^W\[Z[^W Ò �Ý � ë ´�< [Ywb a� aaX\ x d_X nv |a[Zb\X ^w Z_X �bv | uXZ~XXW ß¿ nW\ ß� [Y eXanZX\ Z^ Z_X YZeXW�Z_ ¤ � ¤ ^wZ_X ]^b|a[W� u XZ~XXW Z_X \XWY[Z� �b]ZbnZ[^WY nW\ Z_X \X�eXXY ^w weXX\^v [W`^a`X\ [W Z_XeXanµnZ[^W |e^]XYY x übaZ[| aX eXanµnZ[^W |e^]XYYXY ~ [aa �[`X e[YX Z^ vbaZ[| aX }�bv |Y} [W ß �Ý ��ª [�beX ³ x´ � x úX \XY]e[u X [W Z_X w^aa^~ [W� Z_X Z_Xev na ¤ Z_X YZeb]Zbena nW\ Z_X v []e^Y]^|[]eXanµnZ[^W |e^ ]XYYXY nW\ Z_X nWna�Z[]na ~n� Z^ ZnÃX Z_Xv [WZ^ n]]^bWZ [W Z_X \XY]e[|Z[^W^w Z_X \�Wnv [] YZeb]ZbeX wn]Z^e x
��êñìëí ñêíë|ëJ îóï
d_X |e^|n�nZ[^W ^w n ]^v |eXYY[^Wna ~n`X [W n a[Üb[\ �XWXenZXY n | Xe[^\[] `ne[nZ[^W ^w|eXYYbeX nZ nW� |^[WZ nW\ Z_bY `Xe� en|[\ ^Y][aanZ[^WY ^w Z_X a^ ]na ZXv |XenZbeX x d_[Y_n||XWY u X]nbYX [W naa |beX a[Üb[\Y ¤ Z_X Y| X][�] _XnZ nZ ]^WYZnWZ |eXYYbeX ß� Xµ]XX\Y Z_nZnZ ]^WYZnWZ `^abv X ß� �� ý ß� �ß� © ´� _XW]X _XnZ �^~ Y we^v nW _^ZZXe nW\ ]^v |eXYYX\eX�[^W Z^ n ]^^aXe nW\ aXYY \XWYX ^WX x d_X |nYYn�X ^w n ~n`X \XZXev [WXY Z_XeXw^eX nW XWXe��ZenWYwXe we^v Z_X ~n`X |n]ÃXZ Z^ Z_X XWXe�� ^w Z_X a[Üb[\ ¤  � Z_X ]^v |eXYY[^Wna ~n`X nZY^v X |^[WZ [Y nuY^eu X\ x d_X Z~^ |e^|XeZ[XY ^w Z_X a[Üb[\ �^`XeW[W� Z_[Y XWXe�� nuY^e|Z[^WneX Z_X ` [Y]^Y[Z� nW\ Z_X Z_Xev na ]^W\b]Z[` [Z�x � [Y]^bY a^YYXY ZnÃX |an]X u X]nbYX ^w Z_XY_Xne[W� v ^Z[^W ^w Z_X |e^|n�nZ[W� a^W�[Zb\[Wna |anWX ~n`X nW\ Z_Xev na nuY^e|Z[^W [Y\bX Z^ Z_X _XnZ �^~ Y[W]X naa a[Üb[\Y neX Z_Xev naa� ]^W\b]Z[`X x d_X ]^vu[WX\ X¸X]Z ^w` [Y]^Y[Z� nW\ _XnZ ]^W\b]Z[^W [Y �XWXenaa� eXwXeeX\ Z^ nY 	��¶¶	�� ��¶ ��� 6��x �µ]X|Z w^ea[Üb[\ v XZnaY ¤ ~_[]_ _n`X _[�_ _XnZ ]^W\b]Z[` [Z�¤ Z_X e^aX |an�X\ u� _XnZ ]^W\b]Z[` [Z�[Y Yv naa ]^v |neX\ Z^ Z_nZ |an�X\ u� `[Y]^Y[Z� é�ê x û^~X`Xe v XnYbeXv XWZY ^w Z_[Y Ã[W\^w nuY^e|Z[^W [W v nW� a[Üb[\Y Y_^~X\ Z_nZ Z_X Xµ|Xe[v XWZna `nabX [Y _[�_Xe Z_nW Z_X]anYY[]na nuY^e|Z[^W ¤ Z_X \[¸XeXW]X [Y ]naaX\ �" 	�¶¶ ��¶ ��� 6�� nW\ [Y eXanZX\ Z^ Z_X ubaÃ`[Y]^Y[Z� nYY^][nZX\ ~ [Z_ Z_X ]^v |eXYY[^W ^w Z_X a[Üb[\ x d_[Y Xµ]XYY nuY^e|Z[^W ^e �Ù[v |a[XY wbeZ_Xe v X]_nW[Yv Y ^w XWXe�� a^YYXY ~_[]_ _n`X u XXW Z_^b�_Z Z^ u X ^w eXanµnZ[^WnaWnZbeX x d_Xev na eXanµnZ[^W X¸X]ZY neX ^uYXe`X\ [W n a[Üb[\ [W ~_[]_ Xµ]_nW�XY u XZ~XXWXµZXeWna nW\ [WZXeWna \X�eXXY ^w weXX\^v eXÜb[eX n �W[ZX Z[v X ]_nen]ZXe[YZ[] ^w Z_X WnZbeX^w Z_X |e^]XYY x d_Xev na eXanµnZ[^W ^ ]]beY ~_XW Z_X n]^bYZ[] XWXe�� [Y ZnÃXW b| u� ^WX^w Z_X [WZXeWna v ^\XY x ª^e a[Üb[\Y [W ~_[]_ Z_Xev na eXanµnZ[^W |an�Y Z_X [v |^eZnWZ e^aXZ_XeX [Y W^ ^u`[^bY ]^eeXanZ[^W u XZ~XXW Z_X ZXv |XenZbeX \X| XW\XW]X ^w �Ù nW\ �Ô nW\ Z_X
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enZ[^ �Ù ��Ô [Y ^wZXW `Xe� _[�_ �© º¨� é�ê x �W n\\[Z[^W ¤ [W Z_X ]nYX ^w Z_Xev na eXanµnZ[^W n`Xa^ ][Z� \[Y| XeY[^W [Y ^uYXe`X\ [W Z_X eXanµnZ[^W eX�[^W ~ [Z_ n \[¸XeXW]X u XZ~XXW Z_X _[�_nW\ a^~£weXÜbXW]� Y^bW\ Y| XX\ ^w Z_X ^e\Xe ^w ã£ ´¨� éº�ê x É[W]X Z^ eX`Xna n eXanµnZ[^WZ_X weXÜbXW]� \^v n[W [W`XYZ[�nZX\ _nY Z^ u X ^w Z_X Ynv X ^e\Xe ^w v n�W[Zb\X ^w ´�< �u XYZ]^b|a[W�£YXX u Xa^~ � ¤ nW\ Y[W]X Z_X Z_Xev na eXanµnZ[^W Z[v X w^e YX`Xena a[Üb[\Y [Y ^w Z_X^e\Xe ^w ´¨À¼A z �ãûÜ enW�X [W Z_X weXÜbXW]� \^v n[W � ¤ Z_X a[�_Z Y]nZZXe[W� [Y |e^unua� Z_Xu XYZ |e^u X Z^ YZb\� Z_Xev na eXanµnZ[^WY x d_[Y eXanµnZ[^W v nW[wXYZY [W Z_X èe[aa^b[W a[�_ZY]nZZXe[W� Y| X]Zebv ~ [Z_ n wbeZ_Xe ]^WZe[ubZ[^W ]XWZXeX\ nZ ÜXe^ XWXe�� ZenWYwXe [W n\\[Z[^WZ^ Z_X ]XWZena XanYZ[] a[WX �Tn�aX[�_ � nW\ Z_X [WXanYZ[] \^buaXZ �èe[aa^b[W£ü nW\XaYZnv � x �Z[Y eXwXeeX\ Z^ nY ü ^bWZn[W | XnÃ uX]nbYX [Z ~nY [W [Z[naa� |eX\[]ZX\ u� ü ^bWZn[W é³¨ê �´����
�JñKôJKñëí ñêíë|ëJ îóï
d_X YZeb]ZbeX ^w Z_X a[Üb[\ YZnZX [Y ]_nen]ZXe[ÜX\ u� Z_X an]Ã ^w a^W�£enW�X ^e\Xe nW\]_nW�XY [W |eXYYbeX nW\ ZXv |XenZbeX ]^eeXY|^W\ Z^ ]_nW�XY [W [ZY a^ ]na ^w ^e\Xe x �w n `ne[£nZ[^W ^w Z_X YZeb]Zbena YZnZX ZnÃXY |an]X ¤ ]_nW�XY [W Z_X [WZXen]Z[^WY u XZ~XXW Z_X v ^aX]baXY ¤\bX Z^ YZeb]Zbena eXneenW�Xv XWZY ¤ [v |a[XY a^YZ ^e �n[W ^w XWXe��x � Y n ]^WYXÜbXW]X ¤ Z_XY| X][�] _XnZ ß� ^w Z_X a[Üb[\ [Y _[�_Xe ]^v |neX\ Z^ Z_X ^WX ^w Z_X Y^a[\ u X]nbYX ^w Z_X |eXY£XW]X ^w Z_XYX YZeb]Zbena ]^WZe[ubZ[^WY x d_X Ynv X _n||XWY w^e Z_X ]^v |eXYY[u[a[Z� � nW\Z_X Xµ|nWY[^W ]^Xo ][XWZ ~ x d^ YZb\� _^~ YZeb]Zbena X¸X]ZY [W�bXW]X Z_X |e^| XeZ[XY ^w na[Üb[\ ¤ [Z [Y WX]XYYne� Z^ |e^u X Z_X Y�YZXv [W n Z[v X Y]naX Ya^~Xe ]^v |neX\ Z^ Z_X eXanµnZ[^WZ[v X ^w Z_X YZeb]Zbena |e^ ]XYY x d_XeX neX Z~^ ^| XenZ[^Wna v XZ_^\Y Z^ |e^]XX\ � Z_X �eYZ]^eeXY|^W\Y Z^ v nÃX n Y�YZXv nZ[] YZb\� ^w Z_X Y�YZXv u� ]_nW�[W� Z_X ZXv |XenZbeX ¤ Z_XYX]^W\ [Y Z^ [W`XYZ[�nZX Z_X Y�YZXv eXY|^WYX [W \[¸XeXWZ weXÜbXW]� \^v n[WY nW\ Z_XeXw^eXbY[W� en\[nZ[^W |e^uXY ^w \[¸XeXWZ XWXe�[XY x �W Z_X �eYZ ]nYX [W wn]Z n \X]eXnYX [W ZXv |Xe£nZbeX [W\b]XY nW [W]eXnYX ^w Z_X eXanµnZ[^W Z[v X x d_X eXanµnZ[^W ]nW uX ]anYY[�X\ ^W Z_XunYX ^w Z_X eXanZ[^WY_[| u XZ~XXW Z_X | Xe[^\ �Ì � ^w Z_X Y^bW\ ~n`X nW\ Z_X eXanµnZ[^W Z[v X
< ]_nen]ZXe[YZ[] ^w Z_X |e^ ]XYY x d_X Y^£]naaX\ �¶ 	��¶ ��� � � [Y |e^u X\ ~_XWX`Xe Ì g < x �WZ_[Y eX�[v X ¤ Z_X eXneenW�Xv XWZY �eXanµnZ[^W � ]nW uX eX�ne\X\ nY [WYZnWZnWX^bY |e^ ]XYYXY xñ^WYXÜbXWZa� Z_X n]^bYZ[] |e^|n�nZ[^W ZnÃXY |an]X na^W� \[¸XeXWZ YZnZXY ^w XÜb[a[ue[bv�n\[nunZ[] n||e^µ [v nZ[^W � x �w ^W Z_X ]^WZene� Ì à < ¤ Z_X eXneenW�Xv XWZ |e^ ]XYY [Y `Xe�Ya^~ nW\ Z_X �b[\ eXY| ^WYX ZbeWY ^bZ Z^ u X }we^ÜXW} x ú [Z_[W Z_[Y Y_^eZ Z[v X Y]naX Z_X | Xe£ZbeunZ[^W [W\b]X\ u� Z_X Y^bW\ ~n`X |e^|n�nZXY XanYZ[]naa�x d_[Y [Y Z_X Y^£]naaX\ ���¶ 6	
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� �� 2 �� i �� � uX_n`[^be ^w Z_X Y^bW\ `Xa^ ][Z� nY n wbW]Z[^W ^w Ø Z_X \^ZX\ a[WXY neX Z_X ÜXe^nW\ [W�W[ZX weXÜbXW]� a[v [Z[W� `nabX x
��� � �x �W Z_X [WZXev X\[nZX eX�[^W Z_X \�Wnv []na u X_n`[^be [Y bYbnaa� ]naaX\ �¶ 	����¶ 6	x ûXeX Z_X \�Wnv []Y ^w Y^bW\ |e^|n�nZ[^W YZe^W�a� \X| XW\Y ^W Z_X �Ø ¤� � ^w Z_X |e^u X\\XWY[Z� ~n`X x �W n �b[\ | XeZbeu X\ u� nW n]^bYZ[] |e^|n�nZ[^W ¤ a^ ]na ]_nW�XY [W |eXYYbeXv nÃX Z_X |neZ[]aXY Z^ v ^`X we^v _[�_£\XWY[Z� eX�[^WY Z^ a^~ \XWY[Z� ^WXY Z^ eXYZ^eX nWXÜb[a[ue[bv ]^W��benZ[^W x d_X YZeb]Zbena eXanµnZ[^W [Y Z_XeXw^eX Z_X eXYbaZ ^w YZeb]ZbenaeXneenW�Xv XWZY ^w Z_X Y�YZXv uX]nbYX ^w a^ ]na ]_nW�XY [W \XWY[Z� nW\ ZXv |XenZbeX x �Z [YZ�|[]na ^w _ [�_a� `[Y]^bY �b[\Y nW\ [Y YZe^W�a� ZXv |XenZbeX \X| XW\XWZ x d_X }YZeb]Zbena}eXneenW�Xv XWZ ^w Z_X Y�YZXv [Y W^Z n]_[X`X\ [WYZnWZnWX^bYa� ubZ [W Z_X Y[v |aXYZ ]nYX ¤ [WnW Xµ|^WXWZ[na ~n�x
p îôñóõôóðîô ñêíë|ëJ îóï
d_X eXanµnZ[^W |e^ ]XYYXY [WZe^\b]X\ nu^`X neX eXY| X]Z[`Xa� ^w Z_Xev na nW\ `[Y]^bY WnZbeX �Z_X Z_Xev na eXanµnZ[^W [Y \bX Z^ Z_X ]^b|a[W� ^w \XWY[Z� �b]ZbnZ[^W ~ [Z_ Z_X [WZXeWna\X�eXXY ^w weXX\^v ¤ Z_X YZeb]Zbena eXanµnZ[^W [Y \bX Z^ YZeb]Zbena eXneenW�Xv XWZ ^w Z_X|neZ[]aXY x èXY[\XY Z_X YZeb]Zbena eXanµnZ[^W nW^Z_Xe ` [Y]^bY eXanµnZ[^W |e^]XYY _nY Z^ u X
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ZnÃXW [WZ^ n]]^bWZ x d_[Y [Y Z_X � 	��¶ 	�� 	 eXanµnZ[^W |e^ ]XYY ÃW^~W naY^ nY �¶ 6�� 6�� ���¶^e � -� ��	�¶¶x �Z [Y Z_^b�_Z Z^ u X nYY^][nZX\ ~ [Z_ Z_X [WZXen]Z[^W ^w nW nZ^v nW\ Z_X ]n�X^w [ZY WX[�_u^beY x �Z eX|eXYXWZY Z_X eXanµnZ[^W ^w Z_X ^Y][aanZ^e� v ^Z[^W ^w n Zn��X\ |neZ[]aX[W [ZY �eYZ Y^a`nZ[^W Y_Xaa x ú _XW Z_X ]n�X |neZ[]aXY v ^`X ¤ Z_X� naa^~ Z_X Zn��X\ �[W£]n�X�|neZ[]aX Z^ \[¸bYX x d_[Y n\\[Z[^Wna ` [Y]^Y[Z� eXanµnZ[^W [Y W^Z ]^^|XenZ[`X ¤ [Y ZXv |XenZbeX[W\X| XW\XWZ nW\ [Y wnYZXe ]^v |neX\ Z^ Z_X YZeb]Zbena ^WX x �Z a[XY [W Z_X ´¨À¼3 z Z[v X£Y]naX x� Y naeXn\� \XY]e[u X\ nZ Z_X u X�[WW[W� ^w Z_[Y YX]Z[^W ~X neX nuaX Z^ [\XWZ[w� n eXanµnZ[^W|e^]XYY a^^Ã[W� Z^ Z_X �bv |Y ^w Z_X Y^bW\ `Xa^ ][Z�x �W Z_X ]nYX ^w ~ £ nW\ � £ eXanµnZ[^W|e^]XYYXY ¤ ^WX Xµ|X]ZY Z_nZ ß �Ý � �^XY we^v ß� Z^ ß¿} uX]nbYX ^w Z_X ~ £|e^]XYY ¤ nW\ Z_XWwe^v ß�� ý ß¿} Z^ ß¿ uX]nbYX ^w Z_X �£|e^ ]XYY ¤ u X[W� Z_[Y ^e\Xe unYX\ ^W Z_X ^uYXe`nZ[^WZ_nZ <} [Y na~n�Y ane�Xe Z_nW <� �ª [�beX ³ x´� xd_X nWna�Z[]na ~n� Z^ ZnÃX [WZ^ n]]^bWZ n eXanµnZ[^W |e^]XYY [Y Z^ [WZe^\b]X v Xv ^e�wbW]Z[^W nWYnZÜY nuaX Z^ \XY]e[u X Z_X \[¸XeXWZ \X]n� ]_nWWXaY x �W |neZ[]bane Z_X Z_eXXeXanµnZ[^W |e^ ]XYYXY � Z_Xev na ¤ YZeb]Zbena nW\ v []e^Y]^|[] neX [WZe^\b]X\ [W Z_X Z_X^e�u� ]^WY[\Xe[W� Z_X v Xv ^e� wbW]Z[^W nY ]^v |^YX\ ^w Z_eXX ]^WZe[ubZ[^WY x úX [W\[]nZX Z_XZ_Xev na |neZ ~ [Z_ Z_X YbuY]e[|Z Ð � ¤ Z_X YZeb]Zbena |neZ ~ [Z_ ~ nW\ Z_X v []e^Y]^|[] |neZ~ [Z_ � nY w^aa^~ �

ö �Ý y ç� ý ö } �Ý y ç� Ä ö � �Ý y ç� Ä öÐ � �Ý y ç�d_XYX ]^WZe[ubZ[^WY ]nW uX wbeZ_Xe \[` [\X\ [WZ^ Z~^ Ybu�e^b|Y ~_[]_ Xv |_nY[ÜX Z~^ \[w£wXeXWZ eXanµnZ[^W v X]_nW[Yv Y � Z_X �eYZ ^w ` [Y]^bY WnZbeX ¤ [W]ab\[W� Z_X ~ nW\ Z_X � |e^]XYYnW\ Z_X YX]^W\ ^w Z_Xev na ]_nen]ZXe \XY]e[u [W� Z_X ]^b|a[W� ^w Z_X \XWY[Z� �b]ZbnZ[^W Z^Z_X Z_Xev na v ^\XY x d_[Y naa^~ Z^ ~ e[ZX Z_X |eX`[^bY v Xv ^e� wbW]Z[^W nY �
ö �Ý y ç� ý ö � �Ý y ç� Ä öÐ � �Ý y ç�~_XeX Z_X YbuY]e[|ZY � eXwXeY Z^ a^W�[Zb\[Wna nW\ ö � �Ý y ç� ý ö } �Ý y ç� Ä ö � �Ý y ç� x �WXµ|eXYY[^W w^e Z_X v Xv ^e� wbW]Z[^WY ]nW u X ^uZn[WX\ u� [v |^Y[W� Z_nZ [W Z_X a^~ Ø a[v [Z ¤Ý t ¨ ¤ ¹ �Ý y z� ^e » �Ý y � � [W ³ xºN nW\ ³ x³ ´ eX\b]XY Z^ Z_X _�\e^\�Wnv [] Xµ|eXYY[^WY xd_[Y � [Xa\Y w^e Z_X Z_Xev na ]^WZe[ubZ[^W öÐ � �Ý y ç�
öÐ � �Ý y ç� ý �� ¢ ´�� áA �Ý �nÀ�� ÙÖ
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ö �Ý y ç� ý ö } �Ý y ç� Ä ö � �Ý y ç� Ä �� ¢ ´�� áA �Ý �nÀ�� ÙÖ~_XeX � ý ß� �ß� [Y Z_X Y| X][�] _XnZ enZ[^ ¤ � áA �Ý � ý éË Ù Ì �Í » �Ý �êÝ á [Y Z_X W^ev na[ÜX\YX]^W\ weXÜbXW]� v ^v XWZ \X�WX\ [W ³ xã � Ð [Y Z_X Z_Xev na \[¸bY[` [Z�x �w � ë ´¤ ~_[]_ [YZ_X |_�Y[]na ]nYX ~X nWna�ÜX [W WXµZ ]_n|ZXeY ¤ Z_ [Y ZXev ]nW uX WX�aX]ZX\ x

E FG F� � ëìðêL � ëñìóïîô � õôîííëJóñ ����� ìóLêí
�W Z_X ^WX eXanµnZ[^W |e^ ]XYY Y]XWne[^ ¤ Z_X Y[v |aXYZ v ^\Xa w^e ö � �Ý y ç� [Y Z_X � £wbW]Z[^Wu X_n`[^be ^e 7 ��0 ���� ��� ��" � �6���

ö � �Ý y ç� ý º� �Ý �� �ç� �³ x³º��Z ZnÃXY [WZ^ n]]^bWZ naa Z_X wnYZ |e^]XYYXY ~_[]_ ]_nen]ZXe[ÜX Z_X \�Wnv []Y nZ Y_^eZ Z[v XY x�ZY �n|an]X ZenWYw^ev � ö � �Ý y M � ý � �Ý �naa^~ Y Z^ XµZen]Z Z_X eXna ö y� �Ý y � � ý � �Ý � nW\ Z_X [v n�[Wne� |neZ ö yy� �Ý y � � ý ¨ Z^ uX[WYXeZX\ [W Z_X XÜbnZ[^W ³ x³ ´ ~_[]_ ZenWYw^ev Y [W �
» �Ý y � � ý » �Ý �ó Òá �Ý �� �Ý �é� á ¢ Òá �Ý �êá Ä é� � �Ý �êá �³ x³³�Z_[Y Xµ|eXYY[^W [Y eXwXeeX\ Z^ nY Z_X \nv |X\ _nev ^W[] ^Y][aanZ^e �!3 �� w^e » �Ý y � � x �ZY_^~ Y [WXanYZ[] Y[\X | XnÃY nZ

�� ��� ý ÷� A ���  ´ ¢ � á �Ý �ºÒá �Ý �d^ bW\XeYZnW\ Z_X |_�Y[]na v XnW[W� ^w Z_X |nenv XZXeY Ò �Ý � nW\ � �Ý � XWZXe[W� [W Z_X
¡ûè v ^\Xa ¤ ~X ]^v |neX ³ x³³ ~ [Z_

» �Ý y � � ý » �Ý �ó º�Ý á é�ß�Ý �á Ä ��Ý á �á êé� á ¢ �ß�Ý �á ¢ ��Ý á �á êá Ä éº�Ý á� êá �³ x³��~_[]_ [Y Z_X [WXanYZ[] |neZ ^w Z_X _�\e^\�Wnv [] » �Ý y � � ³ x� ~ [Z_ � ë ´x �¢ x ³ x³³ nW\ ³ x³�v nZ]_ ^Wa� [w Z_X w^aa^~ [W� eX¢b[eXv XWZY neX YnZ[Y�X\ �Ýßà � �Ý � ý º�Ý á ý ��Ý áÒá �Ý � ý �ß�Ý �á Ä ��Ý á �á �³ x³ã�
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d_[Y Y_^~ Y Z_nZ Z_X |nenv XZXe � �Ý � |e^`[\XY [Ww^ev nZ[^WY ^W Z_X Ã[WXv nZ[] a^W�[Zb\[Wna` [Y]^Y[Z� �� nW\ Z_X |nenv XZXe Ò �Ý � |e^`[\XY [Ww^ev nZ[^WY ^W Z_X n\[nunZ[] Y^bW\ `Xa^ ][Z�[W Z_X a[v [Z

�Ý á à ß�Ý
d_[Y naY^ | ^[WZ ^bZ Z_nZ Z_X eXYbaZY ^w _�\e^\�Wnv []Y ]nW u X w^ev naa� \X\b]X\ u� nv []e^Y]^|[] v Xv ^e� wbW]Z[^W n||e^n]_ ~ [Z_ n v Xv ^e� wbW]Z[^W ö � �Ý y ç� Yb]_ Z_nZ �

ö � �Ý y ç� ý º��Ý á � �ç�d_[Y Y[v |aX v ^\Xa ¤ `na[\ [W Z_X a^~ £ a[v [Z ¤ ~ [aa u X bYX\ [W |neZ ¤ Z^ XµZen]Z Z_X `nabXY ^wZ_X |nenv XZXeY w^e Z_X Y| X]Zen |eXYXWZX\ [W WXµZ Z~^ ]_n|ZXeY x
E FG FG ¤ ¥¦§¨©ª«¦J ¥§ ¬¨L©ª
�[v [W� Z^ \XY]e[u X Z_X \�Wnv []Y ^w \XWY[Z� �b]ZbnZ[^WY nZ [W]eXnY[W� ~n`X£`X]Z^eY Z_XwbeZ_Xe YZX| [Y Z_X [WZe^\b]Z[^W ^w n v Xv ^e� wbW]Z[^W ~ [Z_ n �W[ZX ]_nen]ZXe[YZ[] \X]n�Z[v X x d_X Y[v |aXYZ n||e^µ [v nZ[^W [Y nW Xµ|^WXWZ[na \X]n� ^e ¡ Xu�X nWYnZÜ �

ö � � y ®� ý � á � �nÀÂø¯ °Ù ² �³ x³��~_XeX ¤ n]]^e\[W� Z^ eXanZ[^W ³ xº� ¤ � á � � [Y \X�WX\ u�
� á � � ý ö � y ® ý ¨� ý � åÔ � �� áA � � ¢ � áA � � = � á¿ � � ¢ � áA � �d_X X¢bnZ[^W ³ x³� [Y �XWXenaa� eXwXeeX\ Z^ nY �¶ 	����¶ 6	 � ���� w^e » � y � � x d_[Y Y[v |aXv ^\Xa n]]^bWZY w^e Z_X nWna[Z[]na YXv |a[][Z� [W Z_X ]na]banZ[^W ^w » � y � � nW\ |eXYXe`XYZ_X w^beZ_ weX¢bXW]� v ^v XWZ � åÔ ^w » � y � � x �Z [Y Xµ| X]ZX\ Z^ �[`X n eXY^WnuaX \XY]e[|Z[^W^w Z_X \�Wnv []na u X_n`[^be ^w Z_X Y�YZXv ~_XW £ n||e^n]_XY Z_X �eYZ v nµ[vbv â ^wZ_X YZnZ[] YZeb]ZbeX wn]Z^e » � � xd_X Xµ|eXYY[^W w^e Z_X \�Wnv [] YZeb]ZbeX wn]Z^e [Y n]_[X`X\ u� [WZe^\b][W� Z_X eXnaö y� � y � � nW\ Z_X [v n�[Wne� ö yy� � y � � |neZ ^w Z_X �n|an]X ZenWYw^ev ^w Z_X v Xv ^e�wbW]Z[^W ³ x³� [W ³ x³ ´�
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Â êÉÆ ÌÍyÈ yÈ Æ Ü yÉÅ ËyÅÉ¾Ð ¾Á¿ Â ÃËÉÍÜ ËÍâ ÃË ÉÆÐ¾Ç ¾yÃÍÁ â ÉÍËÆÜÜ â ÉÆÜ ÆÁ y ¾ÐÜ Í ÃÁ ÈÀ¿ÉÍÛ ÆÁ
ÌÍÁ¿Æ¿ ÐÃÝÅÃ¿ ÜÀÜ yÆÂÜ Ã

k #"� "�� (#) " *��% !#/�"  ' (!! "��*� (*1 ��"* � '��2'#'/ "�� �#/� +2�,-�'�& %&'() #�*
 + �&%2 /�' . '%�% !#,-#%* 6 @� @ #!! 12�*�'" #' '�0" ��(1"�2 "�� 37 5 �01�2#) �'"(! *"-%&
 + Bj ('% òó ô õö òó ÷ø õùúö * !-"# '* =
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ÊÆ ËÈ¾â ÃyÉÆ ÆÜ y ¿ ÊÆ¿Ã ÊÆ Ï¾ Ð¾ ¿ÆÜ ËÉÃâ yÃÍÁ ¿Æ yÍÅÜ ÐÆÜ ¾Üâ ÆËyÜ ÆÇâ ÊÆÉÃÂ ÆÁ y¾ÅÇ ÐÃ ÊÆÜ Ï¾ ÐÆÜ Â ÆÜÅÉÆÜ
¿Å æ ¾ËyÆÅÉ ¿Æ Ü yÉÅ ËyÅÉÆ ¿ÀÁ¾Â ÃÝÅ Æ � ò� � � õ ¿Æ Ð Þ¾ËÃ¿Æ ç ÅÍÉÈÀ¿ÉÃÝÅ Æ ÓðñÖ Æy ¿ÆÜ Ü ÍÐÅ yÃÍÁÜ
òó ô õö òó ÷ø õùúö Ù ê Ë¾ÅÜ Æ ¿Æ Ð¾ È¾Å yÆ É ÊÆ¾ËyÃáÃy ÊÆ ¿Æ ËÆÜ ÜÀÜ y ÏÆÂ ÆÜå ÐÆ ¿ ÊÆáÆÐÍââ ÆÂ ÆÁ y ¿Å
Â ÍÁ y¾Û Æ ÆÇâ ÊÆÉÃÂ ÆÁ y¾Ð ÆÜ y ¿ ÞÅÁ Æ ÃÂâ ÍÉy¾Á ËÆ â ÉÃÂ ÍÉ¿Ã¾ÐÆ â ÍÅÉ Ð¾ É ÊÆÅÜÜÃyÆ ¿Æ Ð ÞÆÇâ ÊÆÉÃÆÁ ËÆÙ
½Æ ËÈ¾â ÃyÉÆ ÆÜ y ÍÉÛ ¾ÁÃÜ ÊÆ ËÍÂÂ Æ ÆÁ ÜÅÃy à
Ø ¾ÁÜ ÐÆ ë ¾ÉÙ Ë Ùí Á ÍÅÜ ¿ÃÜ ËÅ yÍÁÜ ÐÆÜ â ÉÃÁ ËÃâ¾ÅÇ â ÉÍÌÐ ÏÆÂ ÆÜ ËÍÁ ËÆÉÁ¾Á y Ð ÞÐ¾ÌÍÉ¾yÃÍÁ ¿ ÞÅÁ Æ
ËÆÐ ÐÅ ÐÆ â ÍÅÉ Ð Þ ÊÆËÈ¾Á yÃÐ ÐÍÁå Æy ÁÍÅÜ ¾ÉÉÃáÍÁÜ Ï¾ Ð¾ ËÍÁ ËÐÅÜÃÍÁ ÝÅ ÞÅÁ Æ ËÆÐ ÐÅ ÐÆ Üâ ÊÆËÃé ÝÅÆ ÆÜ y
Á ÊÆËÆÜÜ¾ÃÉÆ â ÍÅÉ ËÈ¾ÝÅÆ ÊÆËÈ¾Á yÃÐ ÐÍÁÌ â ÅÃÜ Á ÍÅÜ ¿ ÊÆËÉÃáÍÁÜ ÆÁ ¿ ÊÆy¾ÃÐ ËÈ¾ÝÅÆ â¾ÉyÃÆ ¿Æ Ð Þ¾ÜÜ ÆÂ ÌÐ¾Û Æ
Æy Ð¾ â É ÊÆâ¾É¾yÃÍÁ ¿Æ Ð Þ ÊÆËÈ¾Á yÃÐ ÐÍÁ Ù
Ø ¾ÁÜ ÐÆ ë ¾ÉÙ Ë Ùî Ü ÍÁ y â É ÊÆÜ ÆÁ y ÊÆÆÜ ÐÆÜ Â ÆÜÅÉÆÜ ¿Æ Ð¾ É ÊÆÜ ÍÐÅ yÃÍÁ ÆÁ Á ÆÉÛ ÃÆ ¿ÆÜ ËÃÁÝ ¾Á¾ÐÀÜ ÆÅÉÜ Ù
ÊÆÜ É ÊÆÜ ÍÐÅ yÃÍÁÜ Ü ÆÉÍÁ y ËÍÁáÍÐÅ ÊÆÆÜ ¾áÆË ÐÆÜ Â Í¿ ÏÆÐÆÜ yÈ ÊÆÍÉÃÝÅ ÆÜ ¿¾ÁÜ ÐÆ â ÉÍËÈ¾ÃÁ ËÈ¾â ÃyÉÆ
¾é Á ¿Æ æ ¾ÃÉÆ ÐÆÜ ¾ï ÅÜ yÆÂ ÆÁ yÜ ¿ÆÜ ¿ÍÁÁ ÊÆÆÜ ÆÇâ ÊÆÉÃÂ ÆÁ y¾ÐÆÜ Ù
Ø ¾ÁÜ ÐÆ ë ¾ÉÙ Ë Ùì Á ÍÅÜ â É ÊÆÜ ÆÁ yÍÁÜ ÐÆÜ Â ÆÜÅÉÆÜ ¿Æ Ð¾ ËÆÐ ÐÅ ÐÆ áÃ¿Æå Ë ÞÆÜ yã Ï¾ã¿ÃÉÆ Ð¾ ËÍÁ yÉÃÌÅ yÃÍÁ
Ï¾ Ð ÞÃÁ yÆÁÜÃy ÊÆ yÍy¾ÐÆ ¿ÃÑ ÅÜ ÊÆÆ ¿ÅÆ Ï¾ Ð¾ ËÆÐ ÐÅ ÐÆà ÍÁ áÆÉÉ¾ ÝÅÆ ËÆyyÆ ËÍÁ yÉÃÌÅ yÃÍÁ â ÆÅ y yÉÆ Á ÊÆÛ ÐÃÛ ÊÆÆ
¿¾ÁÜ ÐÆ Ë¾Ü ¿Æ Ð Þðñ ¾ÐÍÉÜ ÝÅ ÞÆÐ ÐÆ ¿ÍÃy yÉÆ â ÉÃÜ Æ ÆÁ ËÍÁÜÃ¿ ÊÆÉ¾yÃÍÁ â ÍÅÉ Ð Þ¾Á¾ÐÀÜ Æ ¿ÆÜ Üâ ÆËyÉÆÜ
¿ÆÜ Ü ÍÐÅ yÃÍÁÜ òó ô õö òó ÷ø õùúö Ù
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Ò �� ������������
��#* ��(1"�2 #* %�$ "�% " "�� %�*�2#1"# '  + (!! "�� �01�2#) �'"(! (*1 ��"* 2�!("�% " 
"�� ) �(*-2�) �'"*  + "�� %&'() #� *"2-�"-2� +(�" 2  + 1-2� �&%2 /�' C- 2#%� òBj õ ('%
òó ô õö òó ÷ø õùúö * !-"# '* = <-� " "�� �#/� 2�(�"#$ #"&  + "��*� "@ *&*"�) * 6 #' +(�" 6 "��
%�*#/' ('% %�$�! 1) �'"  + (' (112 12#("� �01 �2#) �'"(! *�"8-1 #* ) ('%(" 2& " *-����%
#' "�� �01 �2#) �'" = ��� ��(1"�2 #*  2/('#D�% (* + !! @ F
#' GHI J Ó JL @� %#*�-** "�� ) (#' 12 .!�) * � '��2'#'/ "�� %�*#/' ('% %�$�! 1)�'"  + (
*()1!� ��!! �'%#'/ "�(" ( *1 ��#E� ��!! #* '���**(2& + 2 �(�� *()1!� � "��' @� %�*�2#. � #'
%�"(#!* �(�� 1(2"  + "�� (**�).!& ('% "�� *()1!� 12�1(2("# ' =
3' GHI J Ó JM "�� )�(*-2�) �'"*  + "�� �'�2/& 2�* !-"# '*  + "�� E$� ('(!&D�2* (2� *� @' =
��#* 2�* !-"# '* @ #!! . � � '$ !-"�% @ #"� "�� "�� 2�"#�(! )  %�!* #'  2%�2 " E" "�� �01 �2#8
) �'"(! %("( 6 (* @� @ #!! *�� #' '�0" ��(1"�2 =
3' GHI J Ó JK @� 2�1  2" "�� ~�)1"& ��!!~ ) �(*-2�) �'"* 6 '() �!&6 "�� � '"2#.-"# ' " "��
" "(! *�(""�2�% #'"�'*#"& %-� " "�� *()1!� ��!!* F @� @ #!! *�� "�(" "�#* � '"2#.-"# ' �(' .�
'�/!��"�% #' "�� �(*�  + Bj @��2�(* #" �(* " . � "(i�' #'" (�� -'" + 2 òó ô õö òó ÷ø õùúö
('(!&*#*  + "�� *1 ��"2( =

Ò �l Ô�s ¶�p p�Õ����s p��
k� 12�*�'" ��2� ( *1 ��#E� (11(2("-* %�$�! 1 �% " *"-%& "�� %&'() #� *"2-�"-2� +(�" 2  +
�&%2 /�' C- 2#%� òBj õ ('% òó ô õö òó ÷ø õùúö * !-"# '* .& #'�!(*"#� 082(&* *�(""�2#'/ = k�
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OPQRST U Ö W ×Q`RYT T_\ [UX _`T_S Q_] TØ RT U[`T_SQ Y aTSÙ eR fN

*"(2" %#*�-**#'/ * ) � (*1 ��"* "�(" �($� " . � "(i�' #'" (�� -'" + 2 "�� %�*#/' ('% "��
� '*"2-�"# '  + "�� ��!! =

Â u� #��  + ) ("�2#(!* = t'!& C- 2#%� � '"(#'#'/ 1!(*"#� 6 !#i� ��C ' ('% *"(#'!�** *"��!
2�*#*" " "�� ���) #�(! 2�(�"#$ #"&  + Bj @��2�(* "�� �� #�� #* !#) #"�% " "�� ��C '
#' "�� �(*�  + òó ô õö òó ÷ø õùúö = ��� .��($# -2  + ) �"(!* 6 (!! &* ('% 1!(*"#�* #' 12�*8
�'��  + �&%2 /�' C- 2#%� ('%  '� òó ô õö òó ÷ø õùúö * !-"# ' ò0¯g =|�õ #* 2�1 2"�% #'
j#/-2� � =v=

Metals 
and 

alloys 

Alluminium 
and 

its alloys 
Copper Nickel Monel Inconel Tantalum Titanium Tin Zinc Silver Platinum Gold 

HF D C 
A: 

T<1000 C A A D D D A A A A 

 

A    Good resistance                     B   Fairly good resistance         C  Fairly good resistance           D   Poor resistance 
           depending on service              in absence of oxygen 
                                                         conditions 
 

 Plastics  LDPE HDPE PP PMP PVC PC PS SAN ABS ACECRYLIQUE PTFE PFA 
E-

CTFE 

Temperature 0C 20 | 50 20 | 50 20 | 50 20 | 50 20 | 50 20 | 50 20 | 50 20 | 50 20 | 50 20 | 50 20 | 50 20 | 50 20 | 50 

 (HF)0.35 (H20)0.65              

  HF A 
T<600C 

 A  C  
A 

T<200C 
   

A 
T<2500C 

  

  

 Excellent resistance                 Good resistance                     Limited resistance                                                  Minor resistance  
 no corrosion                         minor corrosion          moderate corrosion              not recommended 

�[b eUT Ö �� � 9��($ # -2  + ) �"(!* 6 (!! &* ('% 1!(*"#�* #' 12�*�'��  + �&%2 /�' C- 2#%� ('%
 '� òó ô õö òó ÷ø õùúö * !-"# ' ò0¯g =|�õ =

Â u� #��  + "�� @ #'% @ * + 2 "�� 1(**(/�  + "�� #'�#%�'" ('% *�(""�2�% 082(&* . �() =
���& �($� " . � �� *�' #' *-�� ( @(& (* " ) #'#) #D� "��#2 � '"2#.-"# ' " "�� " "(!
*�(""�2#'/ ('% " .� 2�*#*"('" " "�� � 22 *# '  + Bj ('% òó ô õö òó ÷ø õùúö = 3'  2%�2
" *("#*+& . "� "��*� � '%#"# '* @�  1"�% + 2 *(11�#2� @ #'% @ * òÚ�÷ø � õ #' "�� �(*�  +
Bj = ���#2 ) �(*-2�% � '"2#.-"# ' " "�� " "(! *�(""�2�% #'"�'*#"& #* #' +(�" '�/!#/#. !� =
Û'+ 2"-'("�!& "�#* ) ("�2#(! �('' " . � -*�% + 2 òó ô õö òó ÷ø õùúö .��(-*� #" % �* ' "
2�*#*" " "�� ���) #�(! �"��#'/  + "�� * !-"# '* 6 @� �(% "��2�+ 2� " 2�* 2" " ��C '
(/(#' =
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Â 5()1!� !�'/"� = ��#* #* "�� %#*"('�� . �"@��' "�� @ #'% @ * + 2 "�� #'� ) #'/ ('%
*�(""�2�% . �()  + "�� ��!! = ��#* !�'/"� #* �*"(.!#*��% #'  2%�2 " �($� "�� . �""�2
� )12 ) #*� . �"@��' "�� (""�'-("# '  + "�� *#/'(! %-� " "�� (.* 21"# '  + "��
*()1!� ('% "�� *�(""�2#'/ $ !-) � =

9��(-*�  + @�(" ) �'"# '�% (. $� "@ %#?�2�'" ��!!* .(*�%  ' *#) #!(2 *���) �* .-" %�$�!8
 1 �% @ #"� %#?�2�'" ) ("�2#(!* ('% * )� *"2-�"-2(! $(2#("# '* �($� . ��' )(%� F  '� + 2 1-2�
Bj ('% (' "��2 + 2 òó ô õö òó ÷ø õùúö * !-"# '* =

ÜÝ ¼ÁÞ òó ô õö òó ÷ø õùúö ¸À½»¹¿ÀÁ¸ Èßà¸¿I¼½ ÈºÀÈHº¹¿H¸
k� 2�*-)� ��2� "�� ) (#' 1�&*#�(! 12 1 �2"#�* + 2 Bj ('% òó ô õö òó ÷ø õùúö * !-"# '* = 3'
j#/-2� � =w "�� ) �!"#'/ 1 #'" 6 "�� . #!#'/ 1 #'" ('% "�� %�'*#"&  + "�� òó ô õö òó ÷ø õùúö
* !-"# '* (2� 1! ""�% (* ( +-'�"# '  + � '��'"2("# ' 6 @�#!� "�� *() � 12 1�2"#�* + 2 "�� "@ 
!#) #"#'/ �(*� 6 Bj ('% ó÷ø (2� 2�1 2"�% #' �(.!� � =w
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* !-"# '* (* ( +-'�"# '  + � '��'"2("# ' =
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; !��-!(2 @�#/�" ë òì ��� � õ ;�!"#'/ 1  #'" 9 #!#'/ 1 #'" í ¯ �î ��ï
òð ¯ wf| � õ ò� õ ò� õ ò�¯wf|ñ õ

ó ô wg v=g� vN| wNw v=v�
ó÷ø vü v=ggw wf| |f| v=ggû

ÜÝ ¸¼ÇÈ½H IH½½
3" #* *- #"�% " *"-%& "�� *()1!� #' "�� !#,-#% 1�(*� 6 '()�!& #' ( "�)1�2("-2� 2('/� . �"@��'
vNòó ('% «ügòó =

3' j#/-2� = � =| "�� %2(@ #'/  + "�� ��!! #* 2�1 2"�% F "�� . %& �(* . ��' 2�(!#D�% #' *"(#'8
!�** *"��! � #"* !�'/"� 6 ô ¯ v�� 6 �(* . ��' �*"(.!#*��% � '*#%�2#'/ "�� !#'�(2 (""�'-("# '
� �� �#�'" °  + !#,-#% Bj (" wvf�ü �õ ('% ��  *#'/ ô ¯ v�° (* %#*�-**�% #' 5�� =v=ö =v �@ 
*(11�#2� @ #'% @ *  + w�g°� "�#�i'�** ('% û�� %#()�"�2 6 �($� . ��' (11!#�% " (!! @ "��
1(**(/�  + "�� #'�#%�'" ('% *�(""�2�% . �() = ���& �($� .��' /!-�%  ' ( � !%�2 1!("� @�#��
�(* "��' . ��' *�2�@�% " "�� .  %& ��!! = >'  82#'/  + 1(2 C- 2 �(* . ��' (11!#�% . �"@��'
"�� � !%�2 ('% "�� ��!! " /-(2('"�� ( /  % "#/�"'�**  + "�� @ #'% @ * = > *"(#'!�** *"��! ö vû
('/!� $(!$� (" "�� �'"2('��  + "�� ��!! �'(.!�* " +��! "�� ��!! ('% " � 'E'� "�� *()1!� =

stainless steel 
316 valve

body of the cell

windows holder

cooling tube

X-ray
s beam

�[b eUT Ö �ª � 5()1!� ��!! -*�% " )�(*-2� "�� %&'() #� *"2-�"-2� +(�" 2  + �&%2 /�' C- 2#%�
òBj õ .& #'�!(*"#� 082(& *�(""�2#'/ ('% 92#!! -#' !#/�" *�(""�2#'/ =
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connection to the vacuum line
chamber windows

�[b eUT Ö �V � 5"(#' !�** *"��! $(�--) ��().�2 " #* !("� "�� *()1!� ��!! +2 ) "�� �0"�2'(!
�'$#2 ')�'" {�û} =

�@ *"(#'!�** *"��! "-. �* 6 1(**#'/ "�2 -/� "�� . %&  + "�� ��!! 6 (!! @ "�� 1(**(/�  + "��
2�+2#/�2(" 2 !#,-#% -*�% " �  ! % @' "�� *()1!� = ��� ��!! �(* . ��' E0�%  ' ( *"(#' !�**
*"��! C('/� ò%#() �"�2 vv¢� �� õ òj#/-2� � =ûõ "�2 -/� (' #'*-!("#'/ ��C ' 1!("� " 2�%-��
"��2) (! �0��('/�* =

÷ÜÝ øö ÷Ü ÷ùøùúö ¸¼ÇÈ½H IH½½
��#* ��!! #* $�2& *#) #!(2 #' *�(1� " "��  '� -*�% + 2 1-2� Bj = òó ô úö òó ÷ø úùúö * !-"# '*
(2� !#,-#% (" 2  ) "�)1�2("-2� ('% "�#* +(�" *#)1!#E�* "��  1�2("# '* 2�!("�% " "�� E !!#'/
12 ��%-2� ($ #%#'/ "�� '���**#"&  + -*#'/ ('& $(!$� = ��� ��!! �(* . ��' %�*#/'�% " *"-%&
"�� *()1!� (" 2  ) 12�**-2� 6 (" E0�% "�)1�2("-2� ð ¯ ûüö ñ ('% #' ( ) ) �'"-) "2('*+�2
2('/�  + v � vü £� úù = 3' j#/-2� ü =ü "�� %2(@ #'/  + "�� ��!! #* 2�1 2"�% = ��� )(#' . %&
#* % '� #' � 11�2 #" �(* "@ (1�2"-2�* F "�� E2*" 6  ' "�� " 1 6  + �&!#'%2#�(! *�(1 � @ #"� (
%#() �"�2  + � v�� �). %#�* "�� *()1!� � '"(#'�2 � "�� *�� '% 6  ' "�� !("�2(! @(!!* 6 #*
'���**(2& " (!! @ "�� 082(&* . �() " 1(** "�2 -/� "�� *()1!� 6 #"* @ #%"� #* �(!�-!("�% * 
(* " ($ #% �-"* " "�� *�(""�2�% .�() (" "�� ('(!&D�% ('/!�* = ��� *()1!� � '"(#'�2 #*
( �&!#'%�2 #' ��C ' @ #"� ( %#() �"�2  + � v�� 6 !�'/"� � )1(2(.!� " "�� 082(&* 1� " 8
(.* 21"# '  + òó ô úö òó ÷ø úùúö * !-"# '* (" ý � ûv� �õ = 3' "�#* �(*� "�� @ #'% @ * (2� "��
@(!!*  + "�� ��!! "��) *�!$�* = j 2 "�#* 2�(* ' "��& �($� . ��' �� *�' (* "�#' (* 1  **#. !� ò
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main body

stainless steel l id

Teflon lid

sample container

X-rays beam

�[b eUT Ö �Ö � 5()1!� ��!! -*�% " *"-%& "�� %&'() #� *"2-�"-2� +(�" 2  + òó ô úö òó ÷ø úùúö
* !-"# '* .& #'�!(*"#� 082(& *�(""�2#'/ =

g ¢ü �� "�#�i ú " 2�%-�� "�� (.* 21"# '  + "�� #'� ) #'/ ('% *�(""�2�% 2(%#("# ' ('% " 
%��2�(*� "�� *�(""�2#'/ � '"2#.-"# ' %-� " "�� ��C ' = 3' "�� -11 �2 1(2"  + "�� �&!#'%�2 6 (
/2  $� + 2 "��  82#'/ #' 1(2 C- 2 #* 12�*�'" 6 #" /-(2('"��* "�� "#/�" @��' "�� !#% #' ��C '
#* *�2�@ �! *#'/ "�� � '"(#'�2 = � . �""�2 E0 "�� *�2�@ * 6 ( *�� '% !#% #' *"(#' !�** *"��! �(*
. ��' -*�% *#'�� "�� * +"'�**  + ��C ' % �* ' " (!! @ " *�-" "#/�"!& @ #"� -" .2�(i#'/
"�� ��!! = ��� "-.�* #' � 11�2 6 @�#�� 1(** "�2 -/� "�� . %&  + "�� ��!! 6 (2� -*�% " (!! @
"�� �  !#'/ !#,-#% " 1(** ('% " "��2) (!#D� @ #"� "�� *()1!� = ��� "�)1�2("-2� #* 2�(% .&
) �('*  + ( �þÿ� ñ "��2) � -1!� = ��� 2�*"  + "�� (**�).!&6 ��().�2 6 �  !#'/ *&*"�)
('% :8*�(1� � !%�2 6 #* "�� *() � + 2 Bj ('% òó ô úö òó ÷ø úùúö * !-"# '* =
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ìí îïðñòíñ ïóí ñôõö÷ òø îïùðøïðùí úöøïûù ü �ý þ ÿ ú ûú ��í ñò�íùíõï ÷ ò�ïðùíî ûú �öïíù öõñóôñùû�íõ �ðûùòñí �C D �E �C FG �HIE � òïó � � 	 
 	 �� 
 	 � 
 	 ��� 
 Þ � ìí �ûù�íñ öï ��íñïí÷ � íùöïðùí � � ��� � öõñ öï õûù÷ ö� �ùíîîðùí � �óí ü �ý þ ÿ � óöî � ííõ òõ�íîïò�öïíñöî ö úðõøïòûõ ûú �ö�í �íøïûù � òõ ïóí ùöõ�í Þ � Þ��� IH � �öøó îøöõ ïûû� ö�ûðï Þ�	 ÷òõöõñ íöøó î� íøïùð÷ öï ��íñ � �öî û�ïöòõíñ �ô îð÷÷ òõ� ð� ïû � îøöõî � �óí ñöïö óö�í � ííõõûù÷ ö �ò�íñ ïû ïóí òõïíõîòïô ûú ïóí òõøòñíõï � íö÷ � �óí í÷�ïô øí �� øûõïùò�ðïòûõ 
 ùí�ùíîíõïíñ�ô ïóí �í�ûõ � òõñû� î 
 óöî ö�ùíöñô � ííõ îð�ïùöøïíñ ïû ïóí ïûïö � îøöïïíùíñ òõïíõîòïô� �óí� ! î� íøïùö öùí ùí� ûùïíñ òõ " ò�ðùí � �Þ# � �óí ü $ý þ ÿ � îóö� í îóû� î ö îïùûõ� ñí� íõñíõøíúùû÷ ïóí øûõøíõïùöïòûõ �öîîòõ� �ùöñðö ��ô úùû÷ ö îòïðöïòûõ òõ �óòøó ö � íö� øíõïíùíñ öï�íùû íõíù�ô ïùöõîúíù òî �ùíîíõï $�ðùí %"� ïû ïóí øöîí ûú �ðùí �öïíù � òïó òõí�öîïòø � íö�îø �íöù�ô ñòîïòõ�ðòîóö��í � òïó ïóí õö�íñ íôí �
� �Ø �� �®¯ ��������& î ö �ùíöñô ñíîøùò� íñ òõ ïóí øöîí ûú �ðùí %" 
 ö �ùí�ò÷ òõöùô öõö �ôîòî ûú ïóí î� íøïùö óöî� ííõ öøøû÷��òîóíñ �ô �ïïòõ� ïóí ñöïö � òïó ïóí '%( ÷ûñí � � �õ " ò�ðùí � ��	 �í ùí�ûùï ïóíùíîð �ïòõ� �òõí)îóö� íî îð� íùò÷� ûîíñ ïû ïóí ñöïö � �óí øûõïùò�ðïòûõ ûú ïóí øíõïùö� � íö� öõñûú ïóí òõí �öîïòø îòñí � íö�î öùí òõñò� òñðö ��ô îóû�õ ��óí ÷öòõ �ï �öùö÷ íïíù 
 £ $ý � 
 �ùû� òñíî öõ íîïò÷ öïí ûú ïóí øðùùíõï ÷ ö� ò÷ ö � �ï óöî � ííõ
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 	 ��$öîïíùòî�� 
 	 � $îïöùî� 
 	 ��� $îEðöùíî� � �óíô öùí øû÷�öùíñ � òïó ïóí ûõí ûú �ðùí %" $øòùø �íî�öï � � ��� � �
ïòûõ ûú %" úö ��òõ� òõ ïóí ùí� òûõ ý I Þ�� IH úûù ïóí 	 J %" öõñ K	 J %" îû �ðïòûõî öõñúûù �ðùí �öïíù � �õ ïóíîí �öîï ïóùíí øöîíî ö �òõíöù �ï òõ ïóí Þ � L�� IH � ùöõ�í �ùû� òñíîö �ö �ðí ûú ïóí îûðõñ �í �ûøòïô îð�îïöõïòö ��ô óò�óíù ïóöõ ïóí öñòö�öïòø ûõí � �õ ïóí øöîí ûú�ðùí %" öõñ L� JC D îû �ðïòûõ 
 ïóí ñòî� íùîòûõ øðù�íî îóû� ö �òõíöù ñí� íõñíõøí úûù �� íï�ííõ  �� IH öõñ L �� IH � òïó ö î�û� í øûùùíî� ûõñòõ� ïû ö îûðõñ �í �û øòïô óò�óíù ûúïóí öñòö�öïòø ûõí � "ðùïóíù÷ûùí 
 òõ ïóí Þ � �� IH � ùí� òûõ 
 ïóí ñöïö îóû� ö ïùöõîòïòûõûú ïóí îûðõñ �í �ûøòïô M $ý � úùû÷ ïóí �û� úùíEðíõøô �ö �ðí ïû ïóí óò�óíù ûõí � �óòî ÷ íöõîïóöï 
 öî òõ ïóí øöîí ûú �ðùí %" öï ñò� íùíõï ïí÷� íùöïðùíî 
 ïóí îïùðøïðùö � ûù N ùí�ö�öïòûõñòîøðîîíñ òõ !íøïòûõ � �� �� òî �ùíîíõï öï óò�óíù øûõøíõïùöïòûõ ûú %" � %û�í�íù ûðù ùíîð �ïîûõ �ðùí �öïíù öï � � K�� � øöõõûï � í ñòùíøï �ô øû÷�öùíñ � òïó ïóí ûõíî ûú " ò�ðùí  �K ñðíïû ïóí ï�û ñò� íùíõï ðîíñ �ïïòõ� �ùû øíñðùíî � % íùí òõ úöøï �í �ïïíñ ïóí òõí �öîïòø �öùï ûúïóí î� íøïùö � òïó ö îò÷ ��í '%( ÷ûñí � �óò�í òõ ïóí ñöïö ûú " ò�ðùí  �K ö úðùïóíù òõí �öîïòø
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?:@ 40/ 1 ADD A ' òî� íùîòûõ øðù�íî úûù $C D �E $CFG �HIE îû �ðïòûõî öï ïóí òõñòøöïíñ øûõøíõïùö)ïòûõî öï � � K�� � � �óí ð�� íù úð �� �òõíî øûùùíî� ûõñî ïû ïóí �òõíöù �ïî òõ ö � ùöõ�íñíîøùò� íñ òõ ïóí ïí�ï � �óí î�û� í ûú ïóí �û�íù ñöîóíñ �òõíî øûùùíî� ûõñî ïû ïóí öñòö�öïòøîûðõñ �í �û øòïô FG �
øûõïùò�ðïòûõ óöî � ííõ òõïùûñðøíñ ïû ïö�í òõïû öøøûðõï ïóí ïùöõî�íùîí ÷ ûñíî �& øû÷�öùòîûõ � íï�ííõ ïóí óò�ó úùíEðíõøô îûðõñ �í �ûøòïô MOP 
 öî û�ïöòõíñ �ô � ! öõñïóí öñòö�öïòø îûðõñ �í�ûøòïô
 öî û�ïöòõíñ úùû÷ ùíúíùíõøí FG 
 òî ùí�ûùïíñ òõ " ò�ðùí � �K� $ö� �Qóöõ� òõ� ïóí øûõøíõïùöïòûõ 
 ïóí MOP HMR ùöïòû îóû�õ òõ " ò�ðùí � �K� $� � òî ö��öôî ø�ûîí ïû
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 ?:@ 40/ 1 ADU A $ö� V íóö� òûðù ûú ïóí îûðõñ �í�ûøòïô òõ $W X �S $W TY �Z[S îû �ðïòûõî öî ö úðõøïòûõûú ïóí øûõøíõïùöïòûõ öï � � K�� � \ MR $úð �� îEðöùíî� 
 MOP $úð �� øòùø �íî� � $�� !ûðõñ �í �û øòïòíîùöïòû MOP HMR �
ï�û öî úûù ïóí ï�û �ò÷ òï øû÷ �ûðõñî �öïíù öõñ %" ��õ ûùñíù ïû ðõñíùîïöõñ ïóí òõ�ðíõøí ûú ïóí ÷ öîî ûú ïóí óôñùöïíñ ø �ðîïíùî ûú ïóí %"÷û �íøð �íî ûõ ïóí �ûõ� òïðñòõö � ÷ûñíî öõñ ïû �õñ ïóíùíúûùí ö ÷ öîî îøö �òõ� ÷ûñí� úûù ïóíîûðõñ �í �û øòïô
 �í öõö �ôîí òõ ÷ûùí ñíïöò� ïóí �öô òõ �óòøó 
 ñí� íõñòõ� ûõ ïóí øûõøíõ)ïùöïòûõ 
 ïóí ÷ û �íøð �íî ûú �öïíù öõñ %" öùùöõ�í ïóí÷ îí ��íî ïû úûù÷ ñò� íùíõï ö��ùí�öïíî �' íïöò�íñ îïðñòíî ûõ öEðíûðî îû �ðïòûõî ûú óôñùû�íõ �ðûùòñí F�� 
 �L 
 �� 
 �# 
 �	 
 � ÞG ùí�íö �íñïóí �ùíîíõøí ûú ö îïùûõ��ô �ûðõñ øû÷��í� 
 ñôõö÷ òøö ��ô �ðøïðöïòõ� � íï�ííõ ï�û ÷öòõîïùðøïðùíî \

X W ] ] ] W TY _̂ X [ ] ] ] W `Y a�óíùí ïóí ñûïî $] ] ]� òõñòøöïí ïóí �ùíîíõøí ûú ö �òõ� ñðí ïû ö îïùûõ� óôñùû�íõ �ûõñ � �óòî� íóö� òûðù �öî û�îíù�íñ öï ñò�ðïí öEðíûðî îû �ðïòûõî öî �í�� öî öï óò�óíù øûõøíõïùöïòûõî$ �	J � � �óíîí òõúûù÷ öïòûõî �íöñ ðî ïû ò÷ ö�í ûðù îû �ðïòûõî öî øû÷ �ûîíñ �ô ø�ðîïíùî ûúW X öõñ WTY ÷û �íøð �íî �óûîí ÷ öîî òî íöîò�ô øö �øð �öïíñ � �û îò÷ ��òúô ïóí ñíîøùò�ïòûõ ûú



*+,-./ 0 1 2 3.456 7 m . +/ 87 99/8. :;/ 56 <,= :8> :< n? ,<5 on?pS onTqpZ[S >7 94. :7 <> ÞK	

0 20 40 60 80 100
0

1

2

3

4

T = 283 K

8

c   
α

c
0

x % of HF

 

 H
2
O + HF 

 

 

c 
(K

m
/s

)

?:@ 40/ 1 ADb A �õ�õòïí úùíEðíõøô îûðõñ �í �û øòïô MOP $úð �� ñòö÷ ûõñî� öî ÷ íöîðùíñ �ô � !öõñ öñòö�öïòø îûðõñ �í �û øòïô FG $úð �� øòùø �íî� òõ $W X �S $W TY �Z[S îû �ðïòûõî öî ö úðõøïòûõûú ïóí øûõøíõïùöïòûõ öï � � K�� � øû÷�öùíñ � òïó ïóí �ö �ðíî øö �øð �öïíñ öøøûùñòõ� ïû ïóí÷ öîî îøö �òõ� �ö� ñíîøùò� íñ òõ ïóí ïí�ï $úð �� �òõí� �
ûðù îôîïí÷ òï òî îðòïö��í ïû ñí�õí � òïó c Z ïóí õí� ö��ùí�öïí öõñ òõ �öùïòøð �öù ïû îíïc Z � X W ] ] ] W TY � �óíõ �í òõñòøöïí � òïó ¾ÔÕÖ 
 ¾Ô× 
 ¾d e 
 ïóí ÷ öîîíî ûú óôñùû�íõ�ðûùòñí 
 �öïíù öõñ ïóí õí� íõïòïô ùíî� íøïò�í �ô �óûîí �ö �ðíî öùí ¾ÔÕÖ � Þ� ¾Ô× � K	¾d e � ���û øö �øð �öïí ïóí îøö �òõ� ÷öîî �ö� úûù ïóí îûðõñ �í �ûøòïô
 òõñòøöïòõ� � òïó Ü ïóí øûõøíõïùö)ïòûõ ûú %" 
 �í øöõ ò÷ ö� òõí ïóöï òõ ïóí ùí� òûõ Ü f 	 g� ïóí c Z ö��ùí�öïíî öùí ��ðõ�íñ òõö îíí ûú W X ÷û �íøð �íî h �óò�í úûù Ü � 	 g� �í ñíö � � òïó ö �òEðòñ îôîïí÷ ÷öñí ð� ûú ûõ �ôc Z ø �ðîïíùî � �óí îû �ðïòûõ òî íEðò�ö �íõï ïû ö �òEðòñ øû÷� ûîíñ ûú �öùïòø �íî � òïó öõ ö�íùö�íöïû÷ òø ÷ öîî F�K 
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 ïóòî ÷ íöõî ïóöï òõ óôñùû�íõ �ðûùòñí ïóíîïùðøïðùö � ùí�ö�öïòûõ òî Eðòø�íù ïóöõ òõ �öïíù � �óòî øöõ � í öïïùò�ðïíñ ïû ïóí úöøï ïóöï
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x % HF (x)?:@ 40/ 1 ADq A ' í� íõñíõøí ûõ ïóí øûõøíõïùöïòûõ ûú %" ûú ïóí �öùö÷íïíù ¢ òõ $W X �S $W TY �Z[Sîû �ðïòûõî 
 öï � � K�� � �
� òõí÷ öïòø �ûõ� òïðñòõö � � òîøûîòïô öî ö úðõøïòûõ ûú øûõøíõïùöïòûõ ûú %" � �ï óöî � ííõ û�ïöòõíñ�ô í���ûòïòõ� ïóí �û� � �ö �ðíî ûú ïóí úûðù � òîøû í�öîïòø �ï �öùö÷ íïíùî MR $ý � 
 MOP $ý � 
 ¢É $ý �öõñ mP $ý � ùí �öïíñ ïóùûð�ó ïóí í��ùíîîòûõ � ��# \

}� � mP $	� $MTOP $	� ß MTR $	�� k ¢É $	�Ký T $� �Þ�
ö �ùíöñô ðîíñ òõ ïóí øöîí ûú �ðùí %" � �óòî ùí �öïòûõ óöî � ííõ ö���òíñ òõ ïóí óô�ûïóíîòîûú ö�îíõøí ûú ïóí øûõïùò�ðïòûõ ïû ïóí � òîøûîòïô ñðí ïû ïóí �ðøïðöïòûõî ûú øûõøíõïùöïòûõ 
óô�ûïóíîòî rðîïò�íñ �ô ïóí úöøï ïóöï ïóí ï�û �ðùí �òEðòñî óö�í ö �íùô îò÷ ò�öù ÷û �íøð �öù÷ öîî � �óí í�� íùò÷ íõïö � ñöïö óö�í � ííõ øû÷�öùíñ � òïó ïóí �ùíñòøïòûõî ûú ïóí s öûð �ï tî �ö�ûú ø �öîîòøö� �óôîòøö � øóí÷ òîïùô FG � & øøûùñòõ� ïû òï ö � ò�íõ �ùû� íùïô u òõ ö � òõöùô îû �ðïòûõ 
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 ��G \ ² � Ü Z² Z k Ü T² T�óíùí Ü ¼ v öùí ïóí ÷ û �í úùöøïòûõ öõñ ²¼î öùí ïóí �ö �ðíî ûú ïóí �ùû� íùïô u ûú ïóí �ðùí
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�òEðòñî � �óí ñöîóíñ �òõí ûõ " ò�ðùí � �K# $�� òî ïóí ùíîð �ï ûú ïóí s öûð �ï tî �ö� ö���òíñ ïû ïóí� òõí÷ öïòø �ûõ� òïðñòõö � � òîøûîòïô }� öøøûùñòõ� ïû \

}� $Ü � � Ü }�[Ô × k $Þ ß Ü � }�[ÔÕÖ $� �Þ���óíùí � òî ïóí øûõøíõïùöïòûõ ûú %" 
 }�[Ô × � 	 g		� M� T Hv öõñ }�[ÔÕÖ � 	 g	�� M� T Hv öùíïóí í�� íùò÷ íõïö � �ö �ðíî ûú �x� úûù ïóí ï�û �ðùí �òEðòñî � �óí øû÷�öùòîûõ ûú ïóí ïóíûùíïòøö ��ö� � òïó ïóí �òõíöù �ï ïû ïóí ñöïö $îû �òñ �òõí� îóû� î ö �ûûñ ö�ùíí÷ íõï � �óòî �õñòõ�ùíòõúûùøí ïóí óô� ûïóíîòî ïóöï 
 úûù ïóíîí îôîïí÷ î 
 ïóí �ðøïðöïòûõî ûú øûõøíõïùöïòûõ øöõ � íùíö ��ô õí��íøïíñ � òïóûðï òõïùûñðøòõ� öõô ñí� òöïòûõ ûú ïóí � òõí÷ öïòø �ûõ� òïðñòõö � � òîøûîòïôúùû÷ ïóí söûð �ï tî �ö� �
� �Ø �Ø Ù�����������õ ïóòî îíøïòûõ 
 �í óö�í øóöùöøïíùò�íñ ïóí îïùðøïðùö � ùí �ö�öïòûõ �ùû øíîî òõ $W X �S $W TY �Z[Sîû �ðïòûõî öî ö úðõøïòûõ ûú ïóí øûõøíõïùöïòûõ $�� 	 
 	 �K 
 	 � 
 	 �L� 
 Þ� öï ��íñ ïí÷� íùöïðùí
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?:@ 40/ 1 ADC A $ö� ' í� íõñíõøí ûõ ïóí øûõøíõïùöïòûõ ûú ïóí ùí�ö�öïòûõ ïò÷ í mP $	� òõ$W X �S $W TY �Z[S îû �ðïòûõî öï � � K�� � öî û�ïöòõíñ úùû÷ " ò�ðùí � �K� òõ ïóí �ò÷ òï ý y 	��óí �ö�ðí úûù �ðùí �öïíù $��	� úùû÷ ùíú FÞG òî ö �îû ùí� ûùïíñ � �óí ñöîóíñ �òõí òî ö �ðòñí úûùïóí íôí � $�� ' í� íõñíõøí ûõ ïóí øûõøíõïùöïòûõ ûú ïóí � òõí÷ öïòø �ûõ� òïðñòõö� � òîøûîòïô }�òõ $W X �S $W TY �Z[S îû �ðïòûõî öï � � K�� � öî û�ïöòõ úùû÷ �E � � �Þ $îEðöùíî� h �òõíöù �ï ïûïóí ñöïö $îû �òñ �òõí� h � òõí÷ öïòø �ûõ� òïðñòõö � � òîøûîòïô öî øö�øð �öïíñ úùû÷ ïóí s öûð �ï tî �ö�ûú �E � � �Þ� $ñöîóíñ �òõí� � �óí �ö �ðí úûù �ðùí �öïíù $��	� úùû÷ ùíú FÞG 
 òî ö �îû ùí� ûùïíñ �
$� � K�� z � � & î �ùí �ò÷ òõöùô öõö �ôîòî 
 �í �ïïíñ ïóí ñöïö � òïó ïóí '%( ÷ûñí � 
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