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ปริญญา  ทองเที่ยงด:ี การพังทลายความลาดเอียงของมวลหินเสนทางหลมสัก-ชุมแพ

จังหวัดเพชรบูรณ ประเทศไทย

(!"#$%&'()"*+%&("#,-&"#.!(/012*.$(%&2)-23(45

$2%612(7*,&$+#8),1%5&62()"(,9)  อาจารยที่ปรึกษา: รศ. ดร. กิตติเทพ

เฟองขจร, 163 หนา )!7,&XYZ0[\\0][X0\

หลวงสายหลมสัก-ชุมแพและเสน วัตถุประสงคของงานวิจัยเพื่อศึกษาการพังทลายของความ

ลาดเอียงของมวลหิน บนเสนทางอวิธีการปองกันการพังทลาย งานวิจัยเกี่ยวของกับการสํ ารวจภาค

สนามและการคํ านวณดวยแบบจํ าลองทางคอมพิวเตอรเพื่อศึกษาลักษณะการพังทลายความลาดเอียง

ของมวลหิน 11 แหงตามเสนทาง ขอมูลที่ไดจากการส ํารวจภาคสนามประกอบดวย รูปรางความลาด

เอียงของมวลหิน สภาพรอยแตก รอยแยกในหิน อุปกรณติดต้ังเพ่ือปองกันการพังทลาย รูปแบบการ

พังทลาย สภาพมวลหิน และนํ้ าใตดิน การประเมินคาความแข็งของมวลหิน ใชเกณฑการวิบัติของ

Hoek-Brown และ Mohr-Coulomb ผลการส ํารวจพบวา ความลาดเอียงของมวลหินในปจจุบัน มี

เสถียรภาพ 3 แหง และไมมีเสถียรภาพ 8 แหง ผลจากแบบจํ าลองทางคอมพิวเตอร ระบุวาความแข็ง

ของมวลหินจากวิธ ี Hoek-Brown มีคาใกลเคียงกับคาความแข็งของมวลหินที่ค ํานวณโดยวิธีของ

Mohr-Coulomb ในสภาวะอ่ิมตัวดวยน้ํ า การหาคาความแข็งแรงเฉือนของมวลดินและมวลหินโดย

วิธีการสอบเทียบคาจากโปรแกรมคอมพิวเตอร SLOPE/W เพื่อนํ าคาเหลานี้ไปคํ านวณหาคาปจจัย

ความปลอดภัยความลาดเอียงของมวลหิน พบวาคาแรงยึดเหนี่ยวและคามุมเสียดทานของดินมีคา

0.019 เมกกะปาสคาลและ 23 องศาตามล ําดับ คาแรงยึดเหนี่ยวและคามุมเสียดทานของหินผุมีคา

0.021 เมกกะปาสคาลและ 27 องศาตามล ําดับ โดยทั่วไปความลาดเอียงของมวลหินในพื้นที่ศึกษา



))

มีแนวโนมที่จะเกิดการพังทลายในชวงที่ฝนตก เนื่องจากหนาลาดเอียงมีความชันมาก งานวิจัยเสนอ

วิธีการปองกันการพังทลายจากสองแนวคิดคือ (1) แนวคดิด้ังเดิมและ (2) แนวคิดของ Bieniawski

การออกแบบวิธีการคํ ้ายันโดยแนวคิดด้ังเดิม พิจารณาลักษณะความลาดเอียงของมวลหินและรูป

แบบการพังทลาย ในขณะที่การออกแบบวิธีการคํ้ ายันโดยแนวคิดของ Bieniawski พิจารณาคา SMR

ซึ่งใชเปนเกณฑก ําหนดอุปกรณค้ํ ายันความลาดเอียงของมวลหิน จากการศึกษาพบวาการออกแบบ

วิธีการคํ้ ายันโดยแนวคิดด้ังเดิม เปนวิธีการปองกันการพังทลายที่สอดคลองกับหนางานจริง นอก

จากนี้ยังประหยัดและสะดวกติดตั้งอุปกรณคํ ้ายันมากกวาวิธีการคํ้ ายันโดยแนวคิดของ Bieniawski

สาขาวิชาเทคโนโลยีธรณี                          ลายมือชื่อนักศึกษา…………………………….

ปการศึกษา 2546                                         ลายมือช่ืออาจารยท่ีปรึกษา…………………….



)))

$(+),4(&62#,-62)(,-9%%^&!"#$%&'()"*+%&("#,-&"#.!(/0

12*.$(%&2)-23(45&$2%612(7*,&$+#8),1%5&62()"(,9

62%!)!&(98)!#+^&(!!#1P&$+#'P&/)66)6%$&'*%,/(_#+,5&$GP9P5&$P%P

`a\&$$P5&)!7,&XYZ0[\\0][X0\

+%.%9)("&.%(!*+%!b!"#$%&-%#.%6+4b+#1/&1#,9)6)#,!b!2%(+

!6+%,-62&$+#$%+6)%!b+#1/&!*$$#+6!

6G>&M<?=&DLV>FB?@>A&DE&BG?A&;>A><;FG&<;>&BD&?=@>AB?I<B>&BG>&AHDJ>&E<?H:;>&<=K&BD

J;DJDA>& ;>M>K?<H& M><A:;>A& BD& J;>@>=B& E:;BG>;& E<?H:;>& <HD=I& "DMA<T-1G:MJ<>

G?IGW<C5&6G<?H<=K.  6G>&;>A><;FG&?=@DH@>A&E?>HK&>Q<M?=<B?D=&<=K&FDMJ:B>;&MDK>H?=I

WG?FG&G<A&L>>=&J>;ED;M>K&BD&?K>=B?EC&BG>&E<?H:;>&FG<;<FB>;?AB?FA&DE&>H>@>=&;DFT&AHDJ>A

<HD=I& BG>& G?IGW<C.  6G>& FDHH>FB>K& K<B<& <;>& AHDJ>& I>DM>B;C5& VD?=B& FD=K?B?D=A& <=K

D;?>=B<B?D=5& J>;ED;M<=F>& DE& BG>& >Q?AB?=I& A:JJD;BA& (?E& <=C)5& MDK>A& DE& E<?H:;>5& ;DFT

FD=K?B?D=A5& <=K& I;D:=KW<B>;& FD=K?B?D=A.  6G>& 2D>T-7;DW=& F;?B>;?D=& <=K& BG>& .DG;-

1D:HDML& F;?B>;?D=& <;>& :A>K& ED;& >AB?M<B?=I& BG>& AG><;& AB;>=IBG& J;DJ>;B?>A& DE& BG>& ;DFT

M<AA.  6G>&;>A:HBA&DE&E?>HK&?=@>AB?I<B?D=&?=K?F<B>&BG;>>&AB<LH>&AHDJ>A&<=K&>?IGB&:=AB<LH>

AHDJ>A.  6G>& ;>A:HBA& E;DM&FDMJ:B>;&MDK>H?=I&J;D@?K>& BG>& AG><;& AB;>=IBG&>AB?M<B>A&DE

2D>T& <=K& 7;DW=& F;?B>;?D=5& WG?FG& <;>& ?=& IDDK& <I;>>M>=B& W?BG& BG>& L<FT-F<HF:H<B>K

AB;>=IBG& :=K>;& A<B:;<B>K& FD=K?B?D=.  1<H?L;<B>K& AG><;& AB;>=IBG& J<;<M>B>;A& ED;

F<HF:H<B?=I& BG>& A<E>BC& E<FBD;& DE& BG>& ;DFT& AHDJ>A& <;>& J>;ED;M>K& LC& BG>& !"#$%/3

FDMJ:B>;&J;DI;<MP&&'D;&AD?H5&BG>&DLB<?=>K&FDG>A?D=&<=K&E;?FB?D=&<=IH>&<;>&cPc`X&.$<



)8

<=K&]\&K>I;>>A.  'D;&G?IGHC&W><BG>;>K&;DFT5&BG>&DLB<?=>K&FDG>A?D=&<=K&E;?FB?D=&<=IH>

<;>&cPc]`&.$<&<=K&]Y&K>I;>>A.  .DAB& ;DFT& AHDJ>A& <HD=I&"DMA<T-1G:MJ<>& G?IGW<C

JDA>& BG>&JDAA?L?H?BC&DE& E<?H:;>&K:>& BD& BG>& AHDJ>& E<F>&<=IH>& ?A& I;><B&>=D:IG& BD& ?=?B?<B>

E<?H:;>A&K:;?=I&;<?=E<HH.  6WD&AB<L?H?d<B?D=&M>BGDKA&ED;&><FG&A?B>&<;>&;>FDMM>=K>K^&S`U

BG>& FD=@>=B?D=<H& <JJ;D<FG& <=K& S]U& BG>& 7?>=?<WAT?OA& <JJ;D<FGP& & 6G>& FD=@>=B?D=<H

K>A?I=& J;DF>AA& FD=A?K>;A& BG>& AHDJ>& FG<;<FB>;?AB?FA& <=K& MDK>A& DE& E<?H:;>P& & 6G>

7?>=?<WAT?OA& K>A?I=& J;DF>AA& :A>A& !.+& @<H:>A& BD& K>A?I=& ;DFT& A:JJD;BA& ED;& ><FG

AB<L?H?BC& FH<AAP  6G>& ;DFT& A:JJD;BA& DE& FD=@>=B?D=<H& <JJ;D<FG& <;>&MD;> AJ>F?E?F& :A>A5

FD=A>;@<B?@>5& <=K& FD=@>=?>=B& BD& ?=AB<HH& ;DFT& A:JJD;BA& BG<=& BGDA>& DE& 7?>=?<WAT?OA

<JJ;D<FGP

สาขาวิชาเทคโนโลยีธรณี                               ลายมือชื่อนักศึกษา..…………………………...

ปการศึกษา 2546                                    ลายมือช่ืออาจารยท่ีปรึกษา…………………….



8

(1/,#3"%9-%.%,5!

6G>&<:BGD;&?A&MDAB&I;<B>E:H&BD&BG>&-.6&1D;JD;<B?D=&"BK&ED;&J;D@?K?=I&E?=<=F?<H

A:JJD;B&BG;D:IGD:B&BG>&AB:KC&J;DI;<MP

6G>&<:BGD;&<HAD&WD:HK&H?T>&BD&BG<=T&(AABP&$;DEP&"<KK<&3<==<T<D5&9>J<;BM>=B

DE& ->DB>FG=DHDIC5& /GD=& /<>=& *=?@>;A?BC& <=K& .;P& !DMW<=I& 1G<=IA:W<=5

9>J<;BM>=B&DE&2?IGW<C5&WGD&J;D@?K>K&BG>&;>H>@<=B&;>JD;BAP

-;<B>E:H& BG<=TA& <=K& <JJ;>F?<B?D=& <;>& I?@>=& BD& (AADFP& $;DEP& 9;P& /?BB?B>J

':>=T<VD;=5& BG>A?A& <K@?AD;5&WGD& <HHDW>K& BG>& <:BGD;&WD;T& ?=K>J>=K>=BHC5& L:B& I<@>& <

F;?B?F<H& ;>@?>W& DE& BG?A& ;>A><;FGP& & .<=C& BG<=TA& <;>& <HAD& >QB>=K>K& BD& 9;P& 1GD=IJ<=

1GD=IH<TM<=?&<=K&.;P&7DD=T<;=&.D=ITD=T<;=5&WGD&A>;@>K&D=&BG>&BG>A?A&FDMM?BB>>

<=K&FDMM>=B>K&D=&BG>&M<=:AF;?JBP

'?=<HHC5&BG>&<:BGD;&>QB>=KA&G?A&G><;BE>HB&I;<B?B:K>&BD&G?A&J<;>=BA&WGD&J:B&G?M&?=

BG>&J<BG&DE&H><;=?=IP

.;P&$<;?=C<&6GD=IBG?<=IK>>



8)

5(6"%&#'&1#,5%,5!

$(-%

(7!6+(16&S62()UPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP)

(7!6+(16&S%,-")!2U PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP )))

(1/,#3"%9-%.%,6!PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP 8

6(7"%&#'&1#,6%,6!PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP 8)

")!6&#'&6(7"%!PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPe))

")!6&#'&')-*+%! PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP e)8

")!6&#'&!4.7#"!&(,9&(77+%8)(6)#,! PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPe8)))

12($5%+

)& ),5+#9*15)#,............................................................................................................`

`P`&&&&7<FTI;D:=K&DE&J;DLH>MA&<=K&A?I=?E?F<=F>&DE&BG>&AB:KCPPPPPPPPPPPPP `

`P]&&&&+>A><;FG&DLV>FB?@>A ...............................................................................................`

`P\&&&&+>A><;FG&GCJDBG>A?APPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP ]

`PZ&&&&+>A><;FG&M>BGDKDHDICPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP ]

`P[&&&&!FDJ>&<=K&H?M?B<B?D=A&DE&BG>&AB:KC PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP [

`Pa&&&&6G>A?A&FD=B>=BAPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP a

)) ")5%+(5*+%&+%7)%3 ...........................................................................................X

];`&&&&$;>@?D:A&AB:K?>A&DE&BG>&A?B>PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP X

]P`P`&&&&->DHDIC&DE&BG>&A?B> PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP X



8))

5(6"%&#'&1#,5%,5!&V1A>C=>GEDW

$(-%

]P`P]&&&&!HDJ>&G?ABD;C PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP `Z

]P`P\&&&&1H?M<B>PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP `a

]P`PZ&&&&6;<=AJD;B<B?D=PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP `a

]P]&&&&9?AF:AA?D=A&D=&AHDJ>&E<?H:;>A PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP `Y

]P\&&&&1H<AA?E?F<B?D=&DE&AHDJ>&E<?H:;>A PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP `f

]P\P` 1H<AA?E?F<B?D=&<FFD;K?=I&BD&<=&?=B>;>AB PPPPPPPPPPPPPPPPPPPPPPPPP `f

]P\P] 1H<AA?E?F<B?D=&<FFD;K?=I&BD&MDK>A&DE&E<?H:;>PPPPPPPPPPPPPPPP `X

]PZ&&&&'<FBD;&<EE>FB?=I&AHDJ>&AB<L?H?BCPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP]`

]PZP` !D?Hb;DFT&E<L;?FPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP]`

]PZP] ->DHDI?F<H&AB;:FB:;>APPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP ]]

]PZP\ -;D:=KW<B>;PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP ][

]PZPZ -;D:=K&AB;>AA>A PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP ][

]PZP[ 3><BG>;?=I PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP ]a

]PZPa !>?AM?F&>EE>FBA PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP ]Y

]P[&&&&->DHDI?F<H&>=I?=>>;?=I&<AJ>FBAPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP ]Y

]P[P`&&&&_D?=B&AG><;&AB;>=IBGPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP ]Y

]P[P] +DFT&M<AA&AB;>=IBG PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP ]X

]P[P\&&&&9>B>;M?=<B?D=&DE&BG>&AB;>=IBG&J<;<M>B>;APPPPPPPPPPPPPPPPPPPP \Z

]Pa! +>M>K?<H&M><A:;>A PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP \a



8)))

5(6"%&#'&1#,5%,5!&V1A>C=>GEDW

$(-%

]PaP` *=HD<K?=IPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP \Y

]PaP] +DFT&LDHB PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP \Y

]PaP\ 3?;>&M>AG PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP \f

]PaPZ !GDBF;>B>PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP \f

]PaP[ -<L?D=A PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP \f

]PaPa 9;<?=<I> PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP \X

))) ')%"9&),7%!5)-(5)#, .....................................................................................Z`

\P`&&&&)=B;DK:FB?D=PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP Z`

\P]&&&&.>BGDKAPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP Z`

\P\&&&&+>A:HBAPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP Z]

\PZ&&&&1<:A>&DE&M<AA?@>&E<?H:;> PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP a\

)7 1#.$*5%+&.#9%"),- ....................................................................................a[

Z;`&&&&#LV>FB?@> PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP a[

ZP]&&&&1DMJ:B>;&MDK>H?=I PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP a[

ZP]P`&&&&1DMJ:B>;&J;DI;<M PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP &a[

ZP]P]&&&&.DK>H&FD=AB;:FB?D= PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP aa

ZP\&&&&.<B>;?<H&J;DJ>;B?>A PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP &aY

ZP\P`&&&&!D?H&<=K&;DFT&J;DJ>;B?>A PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP &aY

ZP\P]&&&&-;D:=KW<B>;&FD=K?B?D=APPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP &af



)e

5(6"%&#'&1#,5%,5!&V1A>C=>GEDW

$(-%

ZP\P\    7<FT&<=<HCA?A&ED;&AG><;&AB;>=IBG&J<;<M>B>;A PPPPPPPPPPPPPPP &aX

ZP\PZ&&&&1<H?L;<B>K&AG><;&AB;>=IBG&J<;<M>B>;A PPPPPPPPPPPPPPPPPPPPPPPPPP &aX

7&&&&&(,("45)1("&+%!*"5!...................................................................................&Yc

[P`&&&&)=B;DK:FB?D=PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP &Yc

[P]&&&&'<?H:;>&FG<;<FB>;?AB?FA PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP &Yc

[P]P`&&&&/?=>M<B?FA&<=<HCA?APPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP &Y`

[P]P]&&&&+>A:HBA&DE&F<H?L;<B>K&AG><;&AB;>=IBG&J<;<M>B>;A PPPPPPPPPP &fa

[P]P\&&&&"?M?B&>N:?H?L;?:M&<=<HCA?A PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP &fa

[P]PZ&&&&)=B<FB&;DFT&AB;>=IBG&>AB?M<B>APPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP &X\

[P\&&&&+>A:HBA&DE&FDMJ:B>;&MDK>H?=I PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP &XZ

[P\P`&&&&/M&`agZ[c PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP &&XZ

[P\P]&&&&/M&`Ygccc PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP &&XZ

[P\P\&&&&/M&`fg]cc PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP `cc

[P\PZ&&&&/M&`fg[[c PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP `cc

[P\P[&&&&/M&]cg[Y[ PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP `c`

[P\Pa&&&&/M&]`g]][ PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP `c`

[P\PY&&&&/M&]]gZ][ PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP `c]

[P\Pf&&&&/M&\ag`]c PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP `c]

[P\PX&&&&/M&\agY[c PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP `c\



e

5(6"%&#'&1#,5%,5!&V1A>C=>GEDW

$(-%

[P\P`c&&/M&a]gX[c PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP `cZ

[P\P``&&/M&Yfgafc PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP `cZ

[PZ&&&&9?AF:AA?D=A PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP `cZ

[P[&&&&8>;?E?F<B?D=&DE&F<H?L;<B>K&J;DJ>;B?>A PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP `ca &&

7) +%1#..%,9%9&!5(6)")X(5)#, ......................................................`cY

aP`&&&&)=B;DK:FB?D=PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP `cY

aP]&&&&9>A?I=&<JJ;D<FG>A&ED;&;DFT&A:JJD;BAPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP `cY

aP]P` 1D=@>=B?D=<H&<JJ;D<FG PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP `cY

&aP]P`P` 9>A?I=&J;DF>AA PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP `cf

aP]P`P] 9>A?I=&;>FDMM>=K<B?D=A&ED;&><FG

HDF<B?D=PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP ``\

aP]P] 7?>=?<WAT?OA&<JJ;D<FG PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP ``[

aP]P]P`&&&9>A?I=&J;DF>AAPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP ``[

aP]P]P]&&&9>A?I=&;>FDMM>=K<B?D=A&ED;&><FG

HDF<B?D=PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP ``X

aP\ 9?AF:AA?D=A PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP `]`

7)) 1#,1"*!)#,!&(,9&+%1#..%,9(5)#,!&'#+

'*5*+%&!5*9)%!...................................................................................................`]]

YP`&&&&1D=FH:A?D=A PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP `]]



e)

5(6"%&#'&1#,5%,5!&V1A>C=>GEDW

$(-%

YP]&&&&9?AF:AA?D=A PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP `][

YP\&&&&+>FDMM>=K<B?D=A&ED;&E:B:;>&AB:K?>A PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP `]a

+%'%+%,1%! ..................................................................................................................................................`]Y

($$%,9)1%!

($$%,9)e&(P&&+(),'(""&9(6(PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP `\X

($$%,9)e&7P&&6+(,!$#+6(6)#,&9(6(PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP `ZZ

($$%,9)e&1P&&(,("4!)!&#'&+#1/&.(!!&!2%(+!6+%,-62

*!),-&+#1"(7PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP &`[`

6)#-+($24 .................................................................................................................................................... &`a\



e))

")!5&#'&5(6"%!

5(6"% $(-%

\P`&&&&&!HDJ>&FG<;<FB>;?AB?FA&DLB<?=>K&E;DM&E?>HK&?=@>AB?I<B?D=..............................................Z\

[P`&&&&&'<FBD;&DE&A<E>BC&DE&><FG&HDF<B?D=&S:A?=I&BG>&F<H?L;<B>K&AG><;&AB;>=IBG

J<;<M>B>;A&ED;&F<HF:H<B?D=U& PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP Xc

[P]&&&&&!G><;&AB;>=IBG&J<;<M>B>;A&DE&BG>&;DFT&M<AA>A&E;DM&2D>T&<=K&7;DW=

F;?B>;?D=................................................................................................................................................&&X[

[P\!&&&&!G><;&AB;>=IBG&J;DJ>;B?>A&E;DM&BG>&L<FT&<=<HCA?A&DE&K;C&AHDJ>&S'!h`U& PPPPPP &&Xa

[PZ&&&&&!G><;&AB;>=IBG&J;DJ>;B?>A&E;DM&BG>&L<FT&<=<HCA?A&DE&E:HHC&A<B:;<B>K&AHDJ>

S'!h`U& PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP &&XY

aP`!&&&&9>A?I=&J;DF>AA&ED;&;DFT&A:JJD;BA&DE&LHDFTCbL>KK>K&;DFT ......................................`cX

aP]!&&&&9>A?I=&J;DF>AA&ED;&;DFT&A:JJD;BA&DE&G><@?HC&VD?=B>K&;DFT ......................................``c

aP\!&&&&(KV:ABM>=BA&;<B?=I&ED;&VD?=BA&S7?>=?<WAT?5&`XfXU& PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP ``Y

aPZ&&&&&(KV:ABM>=BA&;<B?=I&ED;&M>BGDKA&DE&>QF<@<B?D=&DE&AHDJ>A........................................``Y

aP[&&&&&6G>&@<H:>A&<MD=I&i5&+.+5&<=K&!.+..............................................................................``f

aPa&&&&&6>=B<B?@>&K>AF;?JB?D=A&DE&!.+&FH<AA>A&S7?>=?<WAT?5&`XfXU&PPPPPPPPPPPPPPPPPPPPPPP ``f

aPY&&&&&+>FDMM>=K>K&A:JJD;B&M><A:;>A&ED;&><FG&AB<L?H?BC&FH<AA

S7?>=?<WAT?5&`XfXU& PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP ``X

7P` (@>;<I>&<==:<H&K<?HC&B;<EE?F&D=&G?IGW<C&`XX[ ........................................................... `Z[

7P] (@>;<I>&<==:<H&K<?HC&B;<EE?F&D=&G?IGW<C&`XXa ........................................................... `Za



e)))

")!5&#'&5(6"%!&V1A>C=>GEDW

5(6"% $(-%

7P\ (@>;<I>&<==:<H&K<?HC&B;<EE?F&D=&G?IGW<C&`XXY ............................................................`ZY

7PZ (@>;<I>&<==:<H&K<?HC&B;<EE?F&D=&G?IGW<C&`XXf ............................................................`Zf

7P[ (@>;<I>&<==:<H&K<?HC&B;<EE?F&D=&G?IGW<C&`XXX ............................................................`ZX

7Pa (@>;<I>&<==:<H&K<?HC&B;<EE?F&D=&G?IGW<C&]ccc ............................................................`[c



e)8

")!5&#'&')-*+%!

')-*+% $(-%

`P`&&&&&&&'HDW&FG<;B&DE&BG>&AB:KC&D=&AHDJ>&E<?H:;>A&<HD=I&"DMA<T01G:MJ<>&G?IGW<C5

6G<?H<=K PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPY

]P`&&&&&&&&"DF<B?D=&M<J&DE&BG>&AB:KC&<;><&<HD=I&"DMA<T01G:MJ<>&G?IGW<C5&6G<?H<=K........`c

]P]&&&&&&&->DHDI?F&M<J&DE&BG>&AB:KC&<;><PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP ``

\P`&&&&&&&+DFT&AHDJ>&<B&TM&`agZ[c&SHDDT?=I&><ABU& PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP Z[

\P]<&&&&&+DFT&AHDJ>&<B&TM&`Ygccc&SHDDT?=I&><ABU&PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP ZY

\P]L +DFT&AHDJ>&<B&TM&`Ygccc&SHDDT?=I&><ABU&PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP Zf

\P]F +DFT&E<HHA&<B&TM&`Ygccc&SHDDT?=I&><ABU&K:;?=I&;<?=C&A><AD=PPPPPPPPPPPPPPPPPPPPPPPPPPP ZX

\P\&&&&&&&6G>&;DFT&AHDJ>&W?BG&AGDBF;>B>&FD@>;?=I&BG>&AHDJ>&E<F>&<B&TM&`fg]cc PPPPPPPPPPPPP [c

\PZ&&&&&&&+DFT&AHDJ>&<B&TM&`fg[[c&SHDDT?=I&AD:BGU& PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP []

\P[<&&&&&+DFT&AHDJ>&<B&TM&]cg[Y[&SHDDT?=I&AD:BGU& PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP [\

\P[L&&&&&9;<?=>K&J?J>&?A&ED:=K&<B&TM&]cg[Y[5&?=&BG>&J?H>&DE&;DFT&K>L;?A PPPPPPPPPPPPPPPPPPPPPP [[

\Pa& +DFT&AHDJ>&<B&TM&]`g]][&SHDDT?=I&=D;BG><ABU& PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP [a

\PY&& +DFT&AHDJ>&<B&TM&]]gZ][&SHDDT?=I&><ABU& PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP [f

\Pf&&&& +DFT&AHDJ>&<B&TM&\ag`]c&SHDDT?=I&AD:BGW>ABU&PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP [X

\PX&&&& +DFT&AHDJ>&<B&TM&\agY[c&SHDDT?=I&AD:BGW>ABU&PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP a`

\P`c +DFT&AHDJ>&<B&TM&a]gX[c&SHDDT?=I&AD:BGU& PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP &a]

\P``&&&&&+DFT&AHDJ>&<B&TM&Yfgafc&SHDDT?=I&W>ABU& ...........................................................................&&aZ



e8

")!5&#'&')-*+%!&V1A>C=>GEDW

')-*+% $(-%

[P`&&&&&&&$DH>&JHDBA&<B&TM&`Ygccc.................................................................................................................Y]

[P]&&&&&&&+>J;>A>=B<B?@>&JH<=>&JHDBA&<B&TM&`Ygccc ............................................................................Y\

[P\&&&&&&&$DH>&JHDB&<B&TM&`fg[[c...................................................................................................................YZ

[PZ&&&&&&&+>J;>A>=B<B?@>&JH<=>&JHDBA&<B&TM&`fg[[c ............................................................................Y[

[P[&&&&&&&$DH>&JHDBA&<B&TM&]cg[Y[.................................................................................................................Ya

[Pa&&&&&&&+>J;>A>=B<B?@>&JH<=>&JHDBA&<B&TM&]cg[Y[ ............................................................................Yf

[PY&&&&&&&$DH>&JHDBA&<B&TM&]`g]][.................................................................................................................YX

[Pf&&&&&&&+>J;>A>=B<B?@>&JH<=>&JHDBA&<B&TM&]`g]][ ............................................................................fc

[PX&&&&&&&$DH>&JHDBA&<B&TM&]]gZ][.................................................................................................................f`

[P`c&&&&&+>J;>A>=B<B?@>&JH<=>&JHDBA&<B&TM&]]gZ][ ............................................................................f]

[P``&&&&&$DH>&JHDBA&<B&TM&\ag`]c.................................................................................................................f\

[P`]&&&&&+>J;>A>=B<B?@>&JH<=>&JHDBA&<B&TM&\ag`]c ............................................................................fZ

[P`\&&&&&$DH>&JHDBA&<B&TM&a]gX[c.................................................................................................................f[

[P`Z&&&&&+>J;>A>=B<B?@>&JH<=>&JHDBA&<B&TM&a]gX[c ............................................................................fY

[P`[&&&&&$DH>&JHDBA&<B&TM&Yfgafc.................................................................................................................ff

[P`a&&&&&+>J;>A>=B<B?@>&JH<=>&JHDBA&<B&TM&Yfgafc ............................................................................fX

[P`Y&&&&&!>N:>=F>&DE&BG>&AHDJ>&E<?H:;>&<B&TM&`fg[[c ......................................................................Xf

[P`f&&&& !>N:>=F>&DE&BG>&AHDJ>&E<?H:;>&<B&TM&]cg[Y[ .......................................................................Xf

[P`X&&&& !>N:>=F>&DE&BG>&AHDJ>&E<?H:;>&<B&TM&]`g]][ .......................................................................XX



e8)

")!5&#'&')-*+%!&V1A>C=>GEDW

')-*+% $(-%

[P]c&&&& !>N:>=F>&DE&BG>&AHDJ>&E<?H:;>&<B&TM&\ag`]c .......................................................................   XX

[P]`&&&& !>N:>=F>&DE&BG>&AHDJ>&E<?H:;>&<B&TM&\agY[c ......................................................................`cc

(P` +<?=E<HH&K<B<&?=&`XX[&DE&"DMA<T01G:MJ<>&G?IGW<C5&6G<?H<=K.............................`Zc

(P]&&& +<?=E<HH&K<B<&?=&`XXa&DE&"DMA<T01G:MJ<>&G?IGW<C5&6G<?H<=K.............................`Zc

(P\&&& +<?=E<HH&K<B<&?=&`XXY&DE&"DMA<T01G:MJ<>&G?IGW<C5&6G<?H<=K.............................`Z`

(PZ&&& +<?=E<HH&K<B<&?=&`XXf&DE&"DMA<T01G:MJ<>&G?IGW<C5&6G<?H<=K.............................`Z`

(P[&&& +<?=E<HH&K<B<&?=&`XXX&DE&"DMA<T01G:MJ<>&G?IGW<C5&6G<?H<=K.............................`Z]

(Pa&&& +<?=E<HH&K<B<&?=&]ccc&DE&"DMA<T01G:MJ<>&G?IGW<C5&6G<?H<=K.............................`Z]

(PY&&& +<?=E<HH&K<B<&?=&]cc`&DE&"DMA<T01G:MJ<>&G?IGW<C5&6G<?H<=K.............................`Z\

(Pf&&& +<?=E<HH&K<B<&?=&]cc]&DE&"DMA<T01G:MJ<>&G?IGW<C5&6G<?H<=K.............................`Z\

1P`&&& 6G>&>AB?M<B>A&DE&BG>&AG<H>&AG><;&AB;>=IBG&LC&:A?=I&+DF"<L&J;DI;<M&<B

TM&`agZ[c .............................................................................................................................................`[]

1P]&&& 6G>&>AB?M<B>A&DE&BG>&AG<H>&AG><;&AB;>=IBG&LC&:A?=I&+DF"<L&J;DI;<M&<B

TMZ`Ygccc ............................................................................................................................................`[\

1P\&&& 6G>&>AB?M<B>A&DE&BG>&AG<H>&AG><;&AB;>=IBG&LC&:A?=I&+DF"<L&J;DI;<M&<B&TM

TM&`fg]cc .............................................................................................................................................`[Z

1PZ&&& 6G>&>AB?M<B>A&DE&BG>&AH<BC&AG<H>&AG><;&AB;>=IBG&LC&:A?=I&+DF"<L&J;DI;<M&<B&TM

`fg[[c ......................................................................................................................................................`[[



e8))

")!5&#'&')-*+%!&V1A>C=>GEDW

')-*+% $(-%

1P[&&& 6G>&>AB?M<B>A&DE&BG>&AG<H>&AG><;&AB;>=IBG&LC&:A?=I&+DF"<L&J;DI;<M&<B

TM&]cg[Y[ .............................................................................................................................................`[a

1Pa&&& 6G>&>AB?M<B>A&DE&BG>&AG<H>&AG><;&AB;>=IBG&LC&:A?=I&+DF"<L&J;DI;<M&<B

TM&]`g]][ PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPP `[Y

1PY&&& 6G>&>AB?M<B>A&DE&BG>&A<=KABD=>&AG><;&AB;>=IBG&LC&:A?=I&+DF"<L&J;DI;<M&<B&TM

]]gZ][ ......................................................................................................................................................`[f

1Pf&&& 6G>&>AB?M<B>A&DE&BG>&AG<H>&AG><;&AB;>=IBG&LC&:A?=I&+DF"<L&J;DI;<M&<B

TM&\ag`]c .............................................................................................................................................`[X

1PX& 6G>&>AB?M<B>A&DE&BG>&AG<H>&AG><;&AB;>=IBG&LC&:A?=I&+DF"<L&J;DI;<M&<B

TM&\agY[c ............................................................................................................................................. `ac

1P`c& 6G>&>AB?M<B>A&DE&BG>&A<=KABD=>&?=B>;L>KK>K&W?BG&A?HBABD=>&AG><;&AB;>=IBG&LC&:A?=I

+DF"<L&J;DI;<M&<B&TM&a]gX[c .................................................................................................`a`

1P``&&& 6G>&>AB?M<B>A&DE&BG>&H?M>ABD=>&AG><;&AB;>=IBG&LC&:A?=I&+DF"<L&J;DI;<M&<B&TM

Yfgafc ......................................................................................................................................................`a]



e8)))

")!5&#'&!4.6#"!&(,9&(66+%7)(5)#,!

1 h 1DG>A?D=

9 h 9?AB:;L<=F>&E<FBD;

' h !<E>BC&E<FBD;

'` h $<;<HH>H?AM&L>BW>>=&VD?=BA&<=K&AHDJ>&E<F>&AB;?T>A

'] h _D?=B&K?J&<=IH>&?=&BG>&JH<=<;&MDK>&DE&E<?H:;>

'\ h 6G>&;>H<B?D=AG?J&L>BW>>=&BG>&AHDJ>&E<F>&<=K&VD?=B&K?J

'Z h 6G>&<KV:ABM>=B&E<FBD;&ED;&BG>&M>BGDK&DE&>QF<@<B?D=

-!) h ->DHDI?F<H&AB;>=IBG&?=K>Q

2 h !HDJ>&G>?IGB

2W h 6G>&G>?IGB&DE&W<B>;&?=&AHDJ>

_+1 h _D?=B&;D:IG=>AA&FD>EE?F?>=B

" h !HDJ>&H>=IBG

M ? h .<B>;?<H&FD=AB<=B ED;&BG>&?=B<FB&;DFT

$ h $H<=>&E<?H:;>

i h 6:==>H?=I&N:<H?BC

+.+ h +DFT&M<AA&;<B?=I

A h .<B>;?<H&FD=AB<=B&ED;&BG>&;DFT&M<AA

! h _D?=B&AJ<F?=I

!.+ h !HDJ>&M<AA&;<B?=I

6 h 6DJJH?=I&E<?H:;>



e)e

")!5&#'&!4.6#"!&(,9&(66+%7)(5)#,!&V1A>C=>GEDW

6BDB<H h 6DB<H&B>=A?D=&DE&;DFT&LDHBA

* h *JH?EB&JD;>&J;>AA:;>

3 h 3>?IGB&DE&;DFT&AHDJ>

σ F? h *=?<Q?<H&FDMJ;>AA?@>&AB;>=IBG&DE&?=B<FB&;DFT

φ h ';?FB?D=&<=IH>&DE&AD?H&D;&;DFT

γ h *=?B&W>?IGB&DE&M<B>;?<H

γ ;DFT h *=?B&W>?IGB&DE&;DFT

γW<B>; h *=?B&W>?IGB&DE&W<B>;

β h 6G>&<=IH>&DE&?=AB<HH>K&LDHB&J<;<HH>H&BD&BG>&AHDJ>&E<F>

β V h _D?=B&K?J&K?;>FB?D=

β A h !HDJ>&K?J&K?;>FB?D=

α V h _D?=B&K?J&K?;>FB?D=

α A h !HDJ>&K?J&K?;>FB?D=

Ψ E h !HDJ>&E<F>&<=IH>

Ψ J h '<?H:;>&JH<=>&<=IH>



!

!"#$%&'()

)*%'+,-!%)+*

./.! 0123456789(6:(;56<=>?@(189(@A48A:A2182>(6:(BC>(@B79D

"#$%&'()*+$,&-.*/0*1&2.1&%.3#4%56+35-7.#8-6.9:.2-&6%.&0#.5#.%*#65-4.5*-

7/%5&43-.;6#$.5*-.4#65*.5#.5*-.4#65*-&%5.#;.<*&/=&47>..?5./%.!:@.'/=#$-5-6%.=#40A.3+55/40

&36#%%. B*-53*&C+4. ,6#8/43-. &47.D*#4.D&-4. ,6#8/43->. . <*-. &6-&. /%. &. ,&65. #;.E#40

B*6&2&.F-4.G#+45&/4.6&40-A.1*/3*./%.&.$#+45&/4#+%.5-66&/4>. .<*-.,6#C=-$.#;.%=#,-

;&/=+6-%.&=#40. 5*-. 6#&7.3+5%.*&%. 6-,-&5-7=2.#33+66-7.#4. %#$-. =#3&5/#4%>. .E+6/40. 5*-

,&%5. ;/8-.2-&6%A.%=#,-.%5&C/=/H&5/#4.%3*-$-%.*&7.C--4. 6-,-&5-7=2. /$,=-$-45-7.1*/3*

$&/4=2. /48#=8-7. 8&6/#+%. 3#$C/4&5/#4%. #;. 6#3'. C#=5%A. 1/6-. $-%*A. %*#536-5-A. 76&/4-7

,/,-%A.&47.0&C/#4>..I-1.2-&6%.&;5-6.5*-./4%5&==&5/#4A./5.1&%.,6#8-7.5*&5.5*-2.3#+=7.4#5

-;;-35/8-=2.,6-8-45. 5*-. ;&/=+6-%>. .<*-. 6-3-45. ;&/=+6-%.C6#+0*5.7#14.C#5*. -&65*-4. &47

/4%5&==-7.$&5-6/&=%A.&47.#C%56+35-7.5*-.56&;;/3.;#6.%-8-6&=.*#+6%>..<*/%.*&%.,#%-7.%-8-6-

-3#4#$/3. /$,&35%. #4. 5*-. 3#$$-63/&=. &47. 5#+6/%$. #;. 5*-. 6-0/#4%>. . <*-. ,6-%-45

6-%-&63*. /48#=8-%. &4. &55-$,5. &5. /7-45/;2/40. 5*-. 56+-. $-3*&4/%$%. 0#8-64/40. 5*-

/4%5&C/=/52A. #;;-6/40. 5*-. 6-&%#4%. ;#6. 5*-. /4-;;-35/8-4-%%. #;. 5*-. ,6-8/#+%. %5&C/=/H&5/#4

$-5*#7%A.&47.,6#,#%/40.4-1.6-$-7/&=.$-5*#7%.5#.,6-8-45.;+65*-6.;&/=+6->

./E!('>@>152C(6<F>2BAG>@

<*-.#CJ-35/8-%.#;.5*/%.6-%-&63*.&6-.5#.7-5-6$/4-.&.,#5-45/&=.%=#,-.;&/=+6-.&47.&

6-$-7/&=. $-&%+6-. 5#. ,6-8-45. ;+65*-6. ;&/=+6-. &=#40. "#$%&'()*+$%&'. */0*1&2A. 5#



9

=#3&5-. 5*-. ,#5-45/&=. #;. /4%5&C/=/52. &6-&%. &=#40. 5*-. 6#&7. 3+5%A. &47. 5#. %5+72. 5*-

-40/4--6/40. ,6#,-65/-%. #;. 5*-. 6#3'%. C2. $-&4%. #;. ;/-=7. /48-%5/0&5/#4. &47. 3#$,+5-6

%/$+=&5/#4.;#6.,6-7/35/40.;+65*-6.%=#,-.;&/=+6-%>

./H('>@>152C(CD;6BC>@A@

&> <*-.%5+72.+%-%.5*-.7&5&.;6#$.5*-.E-,&65$-45.#;.K/0*1&2.LEMKN.&47

5*-.E-,&65$-45. #;.O-#5-3*4#=#02A.D*#4.D&-4.P4/8-6%/52>. . ?5. /%. &%%+$-7. *-6-. 5*&5

5*-%-.7&5&.&6-.3#66-35.&47.6-=/&C=->

C> . <*-. K#-'(Q6#14. 36/5-6/#4. /%. +%-7. ;#6. -%5/$&5/40. 5*-. 6#3'. $&%%

%56-405*.#;.%#$-.%=#,-%.5*&5.*&8-.4#.-;;-35%.;6#$.5*-.%56+35+6&=.3#456#=>

3> <*-.G#*6()#+=#$C.36/5-6/#4./%.+%-7.;#6.7-5-6$/4/40.5*-.%*-&6.%56-405*

,&6&$-5-6%.L3#*-%/#4.&47.;6/35/#4.&40=-N.#;.%#$-.%56+35+6&=.3#456#==-7.%=#,-%>

7> <*-. ;&/=-7. %=#,-%. &6-. +%-7. ;#6. 7-5-6$/4/40. 5*-. %*-&6. %56-405*

,&6&$-5-6%.C2.C&3'(3&=3+=&5-7.%56-405*>

-> <*-.;6/35/#4.&40=-.&47.3#*-%/#4.&6-.&%%+$-7.*-6-.5*&5.5*-%-.,&6&$-5-6%

3#456#=. 6#3'. %=#,-. %5&C/=/52>. . <*-6-;#6-A. K#-'(Q6#14. &47.G#*6()#+=#$C. 36/5-6/#4

5*&5.3#4%/%5.#;.3#*-%/#4.&47.;6/35/#4.&40=-.&6-.&,,=/3&C=-. ;#6. 5*-.6#3'.%=#,-.%5&C/=/52

&4&=2%/%.*-6->

./I!('>@>152C(?>BC696=64D

<*/%.6-%-&63*./%.7/8/7-7./45#.R.5&%'%A.&%.;#==#1%>

&> <&%'.!S."/5-6&5+6-.6-8/-1

<*-.#CJ-35/8-.#;. 5*-. =/5-6&5+6-. 6-8/-1. /%. 5#. 3#==-35. &47.-T&$/4-. 5*-.,6-8/#+%

%5+7/-%.#4.5*-.0-#=#0/3&=.3#47/5/#4%.#;.5*-.%/5-%.LU&44&'&#.-5.&=>A.!VR@W.)*&40%+1&4A



X

!VRYNA. &47. 5*-. 3&%-. %5+7/-%. ;6#$. 5*-. ,+C=/%*-7. ,&,-6%. LJ#+64&=%A. ,6#3--7/40%A. &47

3#4;-6-43-%N>

C> <&%'.9S.I/-=7./48-%5/0&5/#4

I/-=7. /48-%5/0&5/#4. 1/==. C-. 3#47+35-7. &=#40. "#$%&'()*+$,&-. */0*1&2A

Z$,*#-."#$%&'A.B*-53*&C+4.,6#8/43-A.<*&/=&47>..<*-.,+6,#%-.#;.;/-=7./48-%5/0&5/#4

/%.5#.#C5&/4.0-#=#0/3&=.-40/4--6/40.7&5&.#;.5*-.%/5-%>..<*-.%5+72.36/5-6/&.;#==#1.&%.$+3*

&%.,6&35/3&=. 5*-.$-5*#7%. %+00-%5-7. C2. 5*-. ?45-64&5/#4&=. [#3/-52. #;.\#3'.G-3*&4/3%

LQ6#14A. !VR!N>. . <*-. 7&5&. /43=+7-. %=#,-. 0-#$-562A. J#/45. 3#47/5/#4%. &47. #6/-45&5/#4A

/45&35. 6#3'. %56-405*A. ,-6;#6$&43-. #;. 5*-. -T/%5/40. 6#3'. %+,,#65%. L/;. &42NA. $#7-%. #;

;&/=+6-A. 6#3'. 3#47/5/#4%A. &47. 06#+471&5-6. 3#47/5/#4%>. . <*-. 7&5&. #C5&/4-7. ;6#$

;/-=71#6'.1/==.C-.+%-7.;#6.'/4-$&5/3%.&4&=2%/%.&47.3#$,+5-6.%/$+=&5/#4>

3> <&%'.XS.D/4-$&5/3%.&4&=2%/%

<*-. #CJ-35/8-. #;. 5*-. '/4-$&5/3%. &4&=2%/%. /%. 5#. 7-5-6$/4-. 5*-. ,#%%/C/=/52. #;

%=/7/40.C2.+%/40.&.%5-6-#4-5>..<*-.$-&%+6-$-45%.#;.5*-.%56/'-.&47.7/,.&40=-.#;.J#/45%

&47.C-77/40%.&6-.,=#55-7.#4.&.%5-6-#4-5>..<*-.%5-6-#4-5.,6#8/7-%.,#=-.,=#5%.&47.,=&4-

,=#5%.C2.+%/40. 5*-. 3#$,+5-6.,6#06&$A.]E?B[^A.8-6%/#4.X. L\#3'._40/4--6/40.O6#+,A

!VRVN>

7> <&%'.YS.)#$,+5-6.%/$+=&5/#4

<*-.#CJ-35/8-.#;.5*-.3#$,+5-6.%/$+=&5/#4./%.5#.3&=/C6&5-.&47.C&3'(3&=3+=&5-.5*-

%*-&6. %56-405*. ,&6&$-5-6%. #;. %#/=. &47. 6#3'. ;#6. ,6-7/35/40. 5*-. %=#,-. ;&/=+6->. . [-8-6&=

8&=+-%.#;.,6#,-65/-%.&6-.&%%+$-7./4.5*-.3#$,+5-6.%/$+=&5/#4A.1*/3*.-8-45+&==2.0/8-%

%&;-52. ;&35#6%. 3=#%-. 5#. 5*-. &35+&=. ;/-=7. 3#47/5/#4>. . <*-. K#-'. &47. Q6#14. ;&/=+6-

36/5-6/#4. LK#-'. -5. &=>A. 9::9N. 1/==. C-. +%-7>. . <*-. 3*#%-4. /4,+5. ,&6&$-5-6%. ;#==#1. &%

$+3*.&%.,6&35/3&=. 5*-.$-5*#7%. %+00-%5-7.C2.K#-'.-5. &=>. L9::9N>. .<*-.762. 3#47/5/#4



Y

&47. ;+==2. %&5+6&5-7. 3#47/5/#4. &6-.+%-7. ;#6.C&3'(3&=3+=&5-7. %56-405*>. .<*-.["MB_`U

LO_M(["MB_.?45-64&5/#4&=A.!VV@N.1/==.C-.+%-7./4.5*-.C&3'.&4&=2%/%>..<*-.6-%+=5%.1/==

6-8-&=.5*-.%*-&6.%56-405*.,&6&$-5-6%.&47.5*-.%&;-52.;&35#6%.#;.-&3*.%/5->

-> <&%'.@S.Z4&=2%/%

<*-. &4&=2%/%. &/$%. 5#. ,6-7/35. 5*-. %=#,-. ;&/=+6-%>. . Q#5*. K#-'(Q6#14. &47

)#+=#$C. 36/5-6/#4. &6-. 3#$,&6-7>. . <*-. &4&=2%/%. 1/==. 6-8-&=. 5*-. %/$/=&6/52. &47. 5*-

7/;;-6-43-. #;. 5*-/6. %*-&6. %56-405*. ,&6&$-5-6%>. . <*-. -T,-35-7. 6-%+=5%. 0/8-. 5*-. %*-&6

%56-405*. ,&6&$-5-6%. &47. 5*-. %&;-52. ;&35#6%. ;#6. ,6-(;&/=+6-%. &47. ,#%5(;&/=+6-%>. . <*-

#C5&/4-7. %*-&6. %56-405*. ,&6&$-5-6%. &6-. +%-7. ;#6. ,6-7/35/40. 5*-. %=#,-. ;&/=+6-%A. &47

;&/=+6-.3*&6&35-6/%5/3%>

;> <&%'.aS.b-6/;/3&5/#4.#;.5*-.6-%+=5%

<*-.#CJ-35/8-.#;.5*-.8-6/;/3&5/#4.#;.5*-.6-%+=5%./%.5#.-T&$/4-.5*-.3#66-354-%%.#;

5*-. 3#$,+5-6. %/$+=&5/#4>. . ?5. 3&4. C-. 7#4-. C2. +%/40. 5*-. 6&40-. #;. 7/%5+6C-7. &47

+47/%5+6C-7.$&5-6/&=.,6#,-65/-%.;6#$.C&3'.&4&=2%/%.6-%+=5%.LK#-'.&47.Q6&2A.!VR!N.;#6

3#$,&6/%#4. 1/5*. 5*-. #C5&/4-7. 6-%+=5%. L;6/35/#4. &40=-. &47. 3#*-%/#4N>. . <*-. #C5&/4-7

6-%+=5%.&6-.3*-3'-7.1/5*.5*-.&35+&=.;/-=7.3#47/5/#4%>

0> <&%'.cS.\-3#$$-47&5/#4.;#6.6-$-7/&=.$-5*#7%.L%+,,#65.7-%/04N

<*-.#CJ-35/8-.#;.5*/%.5&%'./%.5#.%+00-%5.5*-.%+/5&C=-.$-&4%.;#6.,6-8-45/40.%=#,-

;&/=+6-.&5.-&3*.%/5->..<*-.6-$-7/&=.$-&%+6-%.%+3*.&%.+4=#&7/40A.6#3'.C#=5A.1/6-.$-%*A

%*#536-5-A.0&C/#4A.&47.76&/4-7.*#=-.1/==.C-.3#4%/7-6-7.;#6.-&3*.%=#,-.=#3&5/#4>

*>! <&%'.RS.<*-%/%.16/5/40

Z==.6-%-&63*.&35/8/5/-%A.$-5*#7%A.&47.6-%+=5%.1/==.C-.7#3+$-45-7.&47.3#$,/=-7

/4. 5*-. 5*-%/%>. . <*-. 3#45-45%. #6. ;/47/40%. $&2. C-. ,+C=/%*-7. /4. 5*-. 3#4;-6-43-A

,6#3--7/40%A.&47.J#+64&=%>



@

./J(K26;>(189(=A?AB1BA68@(6:(BC>(@B79D

&> <*-. %5+72. /48#=8-%. ;/-=7. /48-%5/0&5/#4. #4. 5*-. 0-#=#0/3&=. -40/4--6/40

&%,-35%. #;. 5*-. 6#3'. %=#,-%. &=#40. "#$%&'()*+$,&-. */0*1&2A. Z$,*#-. "#$%&'A

B*-53*&C##4.,6#8/43-A.<*&/=&47>

C> [/04/;/3&45. %=#,-. =#3&5/#4%. ;6#$. '$. !adY@:. 5#. '$. cRdaR:. &6-

-$,*&%/H-7>

3> <*-. %5+72. %5&65%. 1/5*. 7-%'5#,. %5+72. &47. 3#==-35/#4. #;. -T/%5/40

/4;#6$&5/#4.;6#$.5*-.6-=-8&45.C##'%A.6-,#65%A.J#+64&=%A.3#4;-6-43-%A.&47.,6#3--7/40%>

7> I/-=7. /48-%5/0&5/#4. 1/==. C-. 3#47+35-7. #4. %5&C=-. &47. +4%5&C=-. %=#,-%

&=#40.5*-.*/0*1&2.5#.+47-6%5&47.5*-/6.6-3-45.$&%%/8-.;&/=+6-%>

-> <*-. 3#==-35-7. 7&5&. /43=+7-. %=#,-. 0-#$-562A. J#/45. 3#47/5/#4. &47

#6/-45&5/#4A.,-6;#6$&43-.#;.5*-.-T/%5/40.6#3'.%+,,#65%.L/;.&42NA.$#7-%.#;.;&/=+6-%A.6#3'

3#47/5/#4%A.&47.06#+471&5-6.3#47/5/#4%>

;> <*-.$-5*#7%.#;./48-%5/0&5/#4.;#==#1.&%.$+3*.&%.,6&35/3&=.5*-.$-5*#7%

%+00-%5-7.C2.5*-.?45-64&5/#4&=.[#3/-52.#;.\#3'.G-3*&4/3%.LQ6#14A.!VR!N>

0> E6/==/40. -T,=#6&5/#4A. 0-#,*2%/3&=. -T,=#6&5/#4A. &47. =&C#6&5#62. 5-%5/40

&6-.-T3=+7-7>

*> [#;51&6-.+%-7. /4. 5*-. 5*-%/%. /%.["MB_`U.LO_M(["MB_. ?45-64&5/#4&=A

!VV@N.&47.\#3"&C.LK#-'.-5.&=>A.9::9N>

/> )#$,+5-6.$#7-=/40.7/8/7-%.5*-.=&2-6.#;.%=#,-./45#.51#.=&2-6%.%+3*.&%

%#/=.=&2-6.&47.*/0*=2.1-&5*-6-7.%*&=->

J> Z4&=2%/%. $-5*#7. /4. 5*-. ["MB_`U. /%. Q/%*#,e%. %/$,=/;/-7. LQ/%*#,A

!V@@N>



a

'> [+,,#65. 7-%/04. /43=+7-%. +4=#&7/40A. 6#3'. C#=5A. 1/6-. $-%*A. %*#536-5-A

0&C/#4A.&47.76&/4-7.*#=->

=> M4=2. 51#. J#/45. %*-&6. %56-405*. 36/5-6/&. &6-. +%-7. /4. 5*/%. %5+72S. G#*6(

)#+=#$C.36/5-6/#4.&47.K#-'(Q6#14.36/5-6/#4>

./L(%C>@A@(268B>8B@

<*-.;/6%5.3*&,5-6./456#7+3-%.5*-.5*-%/%A.C2.C6/-;=2.7-%36/C/40.5*-.C&3'06#+47.#;

,6#C=-$%. &47. %/04/;/3&43-. #;. 5*-. %5+72A. &47. /7-45/;2/40. 5*-. 6-%-&63*. #CJ-35/8-%A. 5*-

6-%-&63*.*2,#5*-%/%A. 5*-. 6-%-&63*.$-5*#7#=#02A.&47. 5*-. %3#,-. &47. =/$/5&5/#4%.#;. 5*-

%5+72>..<*-.%-3#47.3*&,5-6.7-%36/C-%.5*-.=/5-6&5+6-.6-8/-1>..E-5&/=-7.,6-8/#+%.%5+7/-%

#;. 5*-. %/5-A. 0-#=#02. #;. 5*-. %/5-A. %=#,-. */%5#62A. 3=/$&5-A. 56&4%,#65&5/#4A. 7/%3+%%/#4. #4

%=#,-. ;&/=+6-%A. 3=&%%/;/3&5/#4. #;. %=#,-. ;&/=+6-%A. ;&35#6%. &;;-35/40. %=#,-. %5&C/=/52A

0-#=#0/3&=. -40/4--6/40. &%,-35%A. &47. 6-$-7/&=. $-&%+6-%. &6-. ,6#8/7-7>. . \-=-8&45

=/5-6&5+6-%./43=+7/40.5*#%-./4. J#+64&=%A.,6#3--7/40%A.&47. 6-,#65%.*&8-.C--4.6-8/-1-7>

)*&,5-6. 5*6--. 7-%36/C-%. 5*-. ;/-=7. /48-%5/0&5/#4>. . <*/%. 3*&,5-6. 3#45&/4%. /456#7+35/#4A

$-5*#7%. #;. ;/-=7. /48-%5/0&5/#4A. 6-%+=5%. #;. ;/-=7. /48-%5/0&5/#4A. &47. 3&+%-. #;. $&%%/8-

;&/=+6->. .)#$,+5-6.$#7-=/40. /%.,6-%-45-7. /4.3*&,5-6. ;#+6>. .<*/%.3*&,5-6.3#45&/4%. 5*-

#CJ-35/8-. #;. 5*-. 3#$,+5-6. $#7-=/40A. 3#$,+5-6. ,6#06&$. &47. $#7-=. 3#4%56+35/#4A

$&5-6/&=. ,6#,-65/-%A. 06#+471&5-6. 3#47/5/#4%A. C&3'. &4&=2%/%. ;#6. %*-&6. %56-405*

,6#,-65/-%A.&47.3&=/C6&5-7.%*-&6.%56-405*.,&6&$-5-6%.;#6.3#$,+5-6.$#7-=/40>..)*&,5-6

;/8-. %*#1%. 5*-. &4&=25/3&=. 6-%+=5%. #C5&/4-7. ;6#$. ;/-=7. /48-%5/0&5/#4. &47. 3#$,+5-6

$#7-=/40. 5*&5. 3#4%/%5. #;. ;&/=+6-. 3*&6&35-6/%5/3%A. 6-%+=5%. #;. 3&=/C6&5-7. %*-&6. %56-405*

,&6&$-5-6%. &47. 5*-. C&3'. &4&=2%/%>. . )*&,5-6. %/T. 7-%36/C-%. 5*-. %3*-$-. #;. 6#3'. %=#,-



c

MA475>(./. I=#1. 3*&65. #;. 5*-. %5+72. #4. %=#,-. ;&/=+6-%. &=#40. "#$%&'()*+$,&-

*/0*1&2A.<*&/=&47>

"/5-6&5+6-.6-8/-1

[/5-.3*&6&35-6/%5/3%I+47&$-45&=.&47
,6/43/,=-%

I/-=7./48-%5/0&5/#4

?47-45/;2.$#7-.#;.;&/=+6-%
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/4.!VVc.1-6-.9aa>X.$$.#4.Z+0+%5A.9YX>!.$$.#4.f+=2A.&47.999>Y.$$.#4.[-,5-$C-6>

<*-.5*6--.$&T/$+$.$#45*=2.6&/4;&==%./4.!VVR.1-6-.9::>R.$$.#4.G&2A.!c!>R.$$.#4

Z+0+%5A.&47.!YX>X.$$.#4.f+=2>. .)+$+=&5/8-. 6&/4;&==. /4.!VVV.%*#1-7. 5*-.$&T/$+$

$#45*=2. 6&/4;&==. 1&%. 9!@>X.$$. #4.G&2A. 9:!>9.$$. #4.Z+0+%5A. &47. 9@X>R.$$. #4

[-,5-$C-6>..?4.9:::A.5*-.$&T/$+$.$#45*=2.6&/4;&==.1&%.X99>9.$$.#4.Z+0+%5A.9@X>R

$$.#4.[-,5-$C-6A.&47.99c>R.$$.#4.G&2>..<*-.$&T/$+$.$#45*=2.6&/4;&==.1&%.!VY

$$. #4. G&2A. !@a>a. $$. #4. Z+0+%5A. &47. !@@>@. $$. #4. f+=2. 9::!>. . \-3-45=2A. 5*-

6&/4;&==. 7&5&. 6-3#67-7. /4. 9::9. ;6#$. f&4+&62. 5#. f+4-. 7#-%. 4#5. %*#1. 5*-. $&T/$+$

$#45*=2.6&/4;&==.7+-.5#.=&3'.#;.7&5&>..O-4-6&==2A.5*-.$&T/$+$.$#45*=2.6&/4;&==.7+6/40

5*-.,&%5.R.2-&6%./%.=/'-=2.#33+66-7./4.G&2A.f+=2A.Z+0+%5A.&47.[-,5-$C-6>

E/./I(%518@;65B1BA68

<*-. "#$%&'()*+$,&-. */0*1&2. /%. 4&$-7. */0*1&2. 4#>. !9>. . <*-

56&4%,#65&5/#4. 7&5&. &6-. ;6#$. 5*-. K/0*1&2. E/%56/35. #;. B*-53*&C+4. ,6#8/43-. L9::9N>

I6#$.!VV@.5#.!VVVA.5*-.E-,&65$-45.#;.K/0*1&2.6-3#67-7.&4.&8-6&0-.&44+&=.56&;;/3.C2



!c

52,-.%+3*.&.,/3'+,A.&.%-7&4A.&.=/0*5.C+%A.&.*-&82.C+%A.&. =/0*5. 56+3'A.&.$-7/+$.56+3'A

&47.&.*-&82.56+3'>..<*-.56&4%,#65&5/#4.#;.5#5&=.8-*/3=-%.;6#$.Q&4.B&'.)*#40(g&$4&#

g&5/#4&=.B&6'.&5.'$.9cd@::.1&%.!Vc9.3&6%./4.!VV@>..?4.!VVaA.5*-.5#5&=.8-*/3=-%.;6#$

Q&4.B&'.)*#40(g&$4&#.g&5/#4&=.B&6'.1-6-.!@Yc>..<*-.&$#+45.#;.5*-.56&;;/3./4.!VVc

1&%.!cXY>..Z4.&8-6&0-.&44+&=.56&;;/3./4.!VVR.1&%.9:9X.3&6%>..?4.!VVVA.5*-.&$#+45.#;

56&;;/3.1&%.9Y:c>..<*-.&8-6&0-.&44+&=.7&/=2.56&;;/3.#4.*/0*1&2./4.9:::.;6#$.Q&4.B&'

)*#40.5#.g&$4&#.g&5/#4&=.B&6'.1&%.!@@@>

E/E(,A@27@@A68@(68(@=6;>(:1A=75>@

B#,-%3+.L9::9N.$-45/#4-7.5*&5.-&3*.$&J#6.6#3'.%=#,-.;&/=+6-./%.&.3&%-.*/%5#62

/4./5%-=;.C-3&+%-.;&35#6%.3&+%/40.5*-./4%5&C/=/5/-%.7/;;-6.;6#$.;#6$-6.-8-45%>..<*&5./%.5*-

6-&%#4.1*2.3&%-.%5+7/-%.1/==.3#45/4+-. 5#.C-.#;.,&6&$#+45. /$,#65&43-. /4.7-8-=#,/40

-;;-35/8-.,6#3-7+6-%.5#.$/4/$/H-.5*-.6#3'.%=#,-./4%5&C/=/5/-%.C2.#,5/$/H/40.5*-.C&=&43-

C-51--4. %&;-52. &47. -3#4#$2>. . _&3*. -8-45. 1/==. 3#456/C+5-. 4-1. #C%-68&5/#4%. &47

3#43=+%/#4%.;6#$.1*/3*.1-.3&4.0&/4.-T,-6/-43-.&47.1*/3*.,6#06-%%/8-=2./$,6#8-.#+6

'4#1=-70->

G+3*. ,6#06-%%. *&%. C--4. $&7-. /4. 7-8-=#,/40. 5-3*4/h+-%. 5#. $/4/$/H-. 5*-

/$,&35. #;. %=#,-. /4%5&C/=/5/-%A. &=5*#+0*. 4-1A. $#6-. -;;/3/-45A. h+/3'-6. &47. 3*-&,-6

$-5*#7%.3#+=7.1-==.-$-60-./4.5*-.;+5+6->. .\#3'.%=#,-. /4%5&C/=/5/-%.$&2.C-.3#66-35-7

C2. #4-. #6. &42. 3#$C/4&5/#4. #;. ;#+6. ,6/43/,=-. $-&%+6-%S. $#7/;/3&5/#4. #;. %=#,-

0-#$-562A.76&/4&0-A.6-5&/4/40.%56+35+6-%A.&47./45-64&=.%=#,-.6-/4;#63-$-45>..<*-6-.&6-

&.4+$C-6.#;.=-8-=%.#;.-;;-35/8-4-%%.&47.=-8-=%.#;.&33-,5&C/=/52.5*&5.$&2.C-.&,,=/-7./4

5*-.+%-.#;.5*-%-.$-&%+6-%A.;#6.1*/=-.#4-.%=/7-.$&2.6-h+/6-.&4./$$-7/&5-.&47.&C%#=+5-

=#40(5-6$.3#66-35/#4A.&4#5*-6.$&2.#4=2.6-h+/6-.$/4/$&=.3#456#=.;#6.&.%*#65.,-6/#7>



!R

U*&5-8-6. 5*-. $-&%+6-. 3*#%-4A. &47. 1*&5-8-6. 5*-. =-8-=. #;. -;;-35/8-4-%%

6-h+/6-7A. 5*-. 0-#5-3*4/3&=. -40/4--6. &47. -40/4--6/40. 0-#=#0/%5. *&8-. 5#. C-. 3#$C/4-7

5*-/6.5&=-45%.&47.-4-60/-%.5#.%#=8-.5*-.,6#C=-$>..[#=8/40.%=#,-.;&/=+6-.6-=&5-7.,6#C=-$%

/%.3*&40/40.;6#$.1*&5.*&%.C--4.,6-7#$/4&45=2.&4.&65.5#.1*&5.$&2.C-.5-6$-7.&4.&65(

%3/-43->. . <*-. 3#45/4+&=. 3#==&C#6&5/#4. &47. %*&6/40. #;. -T,-6/-43-. C2. -40/4--6%. &47

-40/4--6/40. 0-#=#0/%5%. 1/==. 4#. 7#+C5. $#8-. 5*-. ;/-=7. &%. &. 1*#=-. 3=#%-6. 5#1&67. 5*-

%3/-43-.-47.#;.5*-.&65(%3/-43-.%,-356+$.5*&4./5./%.&5.,6-%-45>

E/H(!=1@@A:A21BA68(6:(@=6;>(:1A=75>@

[=#,-. ;&/=+6-%. 3&4. C-. 3=&%%/;/-7. &33#67/40. 5#. &4. /45-6-%5. &47. 5*-. $#7-%. #;

;&/=+6->..Z.C6/-;.6-8/-1.#;.%+3*.3=&%%/;/3&5/#4.%2%5-$./%.,6-%-45-7.*-6->

E/H/.(!=1@@A:A21BA68(122659A84(B6(18(A8B>5>@B

[=#,-. ;&/=+6-%. 3&4. C-. 3=&%%/;/-7. /45#. 5*6--. 3&5-0#6/-%. &33#67/40. 5#. 5*-

/45-6-%5S. $&%%. $#8-$-45. &=#40. 4&5+6&=. %=#,-%A. #,-4. ,/5. %=#,-. ;&/=+6-%A. &47. %=#,-

;&/=+6-.&%%#3/&5-7.1/5*.3/8/=.-40/4--6/40.1#6'%.LQ*&55&A.!VV9N>

(.g&5+6&=.%=#,-%

I=&55-6. 6#3'. %=#,-%. /4. 4&5+6-. *&8-. C--4. ;#6$-7. C2. -6#%/#4. &47

1-&5*-6/40. ,6#3-%%-%. ->0>. &/6A. 1&5-6A. &47. 0=&3/-6. -6#%/#4A.1*/=-. %5--,-6. %=#,-%. *&8-

C--4. ;#6$-7. C2. #6#0-4/3. &35/8/5/-%. L=/'-.$#+45&/4. C+/=7/40. &47. /04-#+%. /456+%/#4N>

"&60-.$&%%-%. #;. 6#3'. *&8-. C--4.$#8-7. 7+6/40. 5*-. 3-45+6/-%. 5#. #C5&/4.$#6-. %5&C=-

,#%/5/#4>. . g&5+6&=. %=/7-%. #4. %56+35+6&=. ,=&4-%. &47. #5*-6. #;. 1-&'4-%%. *&8-. C--4

3#$$#4. ,*-4#$-4&>. . E--,(%-&5-7. 6#3'%=/7-%. *&8-. C--4. 3#$$#4. ,*-4#$-4&. /4

3&42#4%.5*6#+0*.3-45+6/-%>..K/0*.G#+45&/4.7/%%-35-7.C2.7--,.3&42#4%./%.%+CJ-35-7.5#



!V

+47-63+55/40. #;. 5*-/6. 5#->. . _T3-%%/8-. %*-&6. %56-%%-%. &6-. 36-&5-7. 06-&5-6. 5*&4. 5*-

%*-&6/40.6-%/%5&43-A.6-%+=5/40./4.;&/=+6-.&47.$#8-$-45.#;.=&60-./45&35.$&%%-%>

(.M,-4.,/5.%=#,-.;&/=+6-%

M,-4.,/5.%=#,-%.&6-.7-%/04-7./4.%+3*.&.$&44-6.5*&5.5*-.%=#,-.&40=-./%.&%

%5--,. &%. ,#%%/C=-. 5#. -T56&35. 5*-.$&T/$+$. &$#+45. #;.$/4-6&=. ;6#$. 5*-.$/4-. &5. 5*-

=#1-%5. ,#%%/C=-. 3#%5>. . _T3&8&5-7. %=#,-. /%. $#%5=2. 5-$,#6&62. C-3&+%-. -T3&8&5/#4

,6#3--7%.3#45/4+#+%=2./45#.06-&5-6.7-,5*%.&47.1/75*%>..<*-.-T3&8&5-7.%=#,-.C-3#$-%

;/4&=.&5.5*-.-47.#;.5*-.=/;-5/$-.#;.5*-.,6#J-35.%#.5*&5.#4=2.5-$,#6&62.6-$-7/&=.$-&%+6-%

;#6.%=#,-.%5&C/=/52.&6-.5&'-4>

(.)/8/=.-40/4--6/40.1#6'%.%=/7-%

_T3&8&5/#4.;#6.3/8/=.-40/4--6/40.1#6'%./43=+7-%.*/0*1&2.#6.6&/=1&2.3+5%A

5*-.%56+35+6&=.C+/=7/40%.#4.6#3'A.&47.5+44-=.,#65&=%>. .<*-.-T3&8&5-7.%=#,-./%.5*-.;/4&=

%=#,-.;#6.5*-.=/;-5/$-.#;.5*-.,6#J-35A.%#.5*&5.,-6$&4-45.6-$-7/&=.$-&%+6-%.7-%/04.$+%5

C-.&,,=/-7.7/6-35=2.&;5-6.5*-.-T,#%+6-.#;.5*-.1#6'>

E/H/E(!=1@@A:A21BA68(122659A84(B6(?69>@(6:(:1A=75>

<*-.$-5*#7%.#;.K#-'. &47.Q6&2. L!VR!N. &6-. +%-7.1/7-=2. ;#6. 6#3'. %=#,-

3=&%%/;/3&5/#4>..<*-.3=&%%/;/3&5/#4.#;.6#3'.%=#,-./%.&%.C-=#1%S

(.B=&4-.;&/=+6-

B=&4-. ;&/=+6-. #33+6%. 1*-4. &. 0-#=#0/3&=. 7/%3#45/4+/52A. %+3*. &%. C-77/40

,=&4-%A.%56/'-%.,&6&==-=.#6.4-&6=2.,&6&==-=.L1/5*/4.&,,6#T/$&5-=2.±.9:.7-06--%N.5#.%=#,-

;&3->. . <*-. ,=&4-.$+%5. 7&2=/0*5. /4. 5*-. %=#,-. ;&3-. 5*&5.$-&4%. 5*-. 7/,. #;. 5*-. ,=&4-. /%

%$&==-6.5*&4.5*-.7/,.#;.5*-.%=#,-.;&3->..G#6-#8-6A.5*-.7/,.#;.5*-.;&/=+6-.,=&4-.$+%5.C-

06-&5-6.5*&4.5*-.;6/35/#4.&40=-.#;.5*-.,=&4->
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()/63+=&6.;&/=+6-

Z. 6#3'.C#72. /%.7/8/7-7. /45#. &.7/%3#45/4+#+%.$&%%>. .<*-. ;&/=+6-.,&5*. /%

4#6$&==2.7-;/4-7.C2.#4-.#6.$#6-.7/%3#45/4+/52>. . ?4.3&%-.#;.%#/=.%=#,-A. 5*-./47/8/7+&=

,&65/3=-%.&6-.8-62.%$&==.3#$,&6-7.1/5*. 5*-.%/H-.#;. 5*-. %=#,-A.&47.&. %56#40=2.7-;/4-7

%56+35+6&=.4#.=#40-6.-T/%5-7>..<*-4.5*-.;&/=+6-.,&5*%.&6-./4.5*-.3/63+=&6.;#6$>

(U-70-.;&/=+6-

U-70-. ;&/=+6-. #33+6%. 1*-4. 51#. 7/%3#45/4+/5/-%. %56/'-. #C=/h+-=2. &36#%%

5*-. %=#,-. ;&3-A. 5*-/6. =/4-. #;. /45-6%-35/#4. 7&2=/0*5%. /4. 5*-. %=#,-. ;&3-A. &47. 5*-. =/4-. #;

/45-6%-35/#4./43=/4-%.&5.&4.&40=-.=&60-6.5*&4.5*-.&40=-.#;./45-64&=.;6/35/#4.#;.5*-.6#3'>

(<#,,=/40.;&/=+6-

<*-. 5#,,=/40.$&2.6-%+=5. /4.&4.&C6+,5. ;&==/40.#6.%=/7/40A.C+5. 5*-.;#6$.#;

$#8-$-45./%.5/=5/40.1/5*#+5.3#==&,%->..<#,,=/40.;&/=+6-.*&%.56&7/5/#4&==2.C--4.6-0&67-7

&%.#33+66/40./4.51#.$#7-%S.C=#3'.5#,,=/40.&47.;=-T+6&=.5#,,=/40>..<*-.;#6$-6.#33+6%

1*-4.5*-.3-45-6.#;.06&8/52.#;.&.C=#3'.#;.6#3'.=/-%.#+5%/7-.5*-.#+5=/4-.#;.5*-.C&%-.#;.5*-

C=#3'A.1/5*.5*-.6-%+=5.5*&5.&.36/5/3&=.#8-65+64/40.$#$-45.7-8-=#,%>..<*-.=&55-6.#33+6%

+47-6.3-65&/4.3/63+$%5&43-.1*-4.&.=&2-6-7.6#3'.$&%%.#+536#,.&5.&.6#3'.%=#,-%A.&47.5*-

,6/43/,&=.%56-%%.,&6&==-=.5#.5*-.%=#,-.;&3->..Z,&65.;6#$.5*-%-A./45-6(=&2-6.%=/,.3&+%-%.5*-

/45&35.6#3'.5#.;6&35+6-.&47.5*-.6-%+=5/40.C=#3'%.5#.#8-65+64>

(\#3'.;&==%

\#3'. ;&==%. &6-. 7/;;-6-45. ;6#$. ,6-8/#+%.$-45/#4-7. &C#8->. . <*-. ,&5*. #;

$#8/40.7#-%.4#5.;#==#1.&42.,=&4-%A.C+5.$#8-.5*6#+0*.5*-.&/6>..<*-%-.#33+6.1*-4.51#

J#/45.%-5%./4.3#$,-5-45.6#3'%.;#6$.8&6/#+%.C=#3'.%/H-%.6&40/40.;6#$.&.;-1.3-45/$-5-6%

5#.=&60-.C#+=7-6%>
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E/I(M12B65(1::>2BA84(@=6;>(@B1<A=ABD

?5./%.#;.,6/$&62./$,#65&43-.5#.6-3#04/H-.5*-.3#47/5/#4%.5*&5.3&+%-.5*-.%=#,-.5#

C-. *&H&67#+%. ;#6. %=/7/40. &47. 56/00-6. 5*-. %=#,-.$#8-$-45>. . ZC6&$%#4. -5. &=>. L!VV@N

$-45/#4-7.5*&5.%=#,-.%5&C/=/52./%.&;;-35-7.C2.5*-.;#==#1/40S

E/I/.(K6A=U5623(:1<5A2

[#/=.&47.6#3'.*&8-. 5*-/6.#14. /47/8/7+&=. ;&C6/3>. .G/4-6&=. ;&C6/3.$&2.C-

%+;;/3/-45=2.7-8-=#,-7./4.%#$-.6#3'%.5#./4;=+-43-.5*-/6.-40/4--6/40.3*&6&35-6/%5/3%.&47

,6#,-65/-%>. ._T&$,=-%. #;. 5*/%. &6-. 5*-. ;&C6/3. #;. %3*/%5%A. %=&5-%A. %*&=-%A. &47. =&$/4&5-7

3=&2%A. 1*/3*. 3&4. 3&+%-. $&6'-7. &4/%#56#,2. /4. 5*-/6. %56-405*. &47. 7-;#6$&5/#4

3*&6&35-6/%5/3%>. . ?4. %#$-. 3&%-%A. 5*-. 7-3&2. #;. 5*-. $/4-6&=. ;&C6/3. 3#+=7. 6-%+=5. /4

3#$,=-5-.=#%%.#;.%56-405*.+,#4.7/%5+6C&43-.->0>A.h+/3'.3=&2%>..Q#5*.$/36#.&47.$&36#

;&C6/3. L$&J#6. J#/45%. &47. C-77/40%N. &6-. /$,#65&45. ;-&5+6-%. 6-=&5-7. 5#. %=#,-%>. .E-5&/=%

%+3*. &%.$/4-6&=. #6/-45&5/#4A. %56&5/;/3&5/#4A. ;6&35+6-A. ;&+=5/40A. %*-&6. H#4-%A. &47. J#/45%

$+%5. C-. 0&5*-6-7. &47. &%%-$C=-7. ;#6. &. $-&4/40;+=. %=#,-. %5&C/=/52. $#7-=. 5#. C-

7-8-=#,-7>

D/5&0&1&. L!VVVN. %5+7/-7. 0-4-5/3&=. C-51--4. 5*-. $-3*&4/%$%. #;

7-3#$,#%/5/#4. #;. 06&4/5/3. 6#3'%>. .K-. 6-,#65-7. 5*&5. 7-3#$,#%-7. 06&4/5/3. 6#3'%. *&8-

C--4.%56#40=2.;6&35+6-%.&47.3*&6&35-6/H-7.C2.6-$&6'&C=-.&=5-6&5/#4.5#.3=&2.$/4-6&=%.&5

*276#5*-6$&=. %5&0-.C-;#6-.1-&5*-6/40>. .<*-. 3=&2.8-/4%.1-6-. 0-4-6&==2.7-8-=#,-7. /4

5*-.06&4/5/3.6#3'%A./4.,&65/3+=&6./4.5*-.7-3#$,#%-7.,&65%>..<*-.-T/%5-43-.#;.3=&2.8-/4%

*&7.%/04/;/3&45.-;;-35.+,#4.#33+66-43-.#;.%=#,-.;&/=+6-%>..<*-.%=#,-.;&/=+6-%.1-6-.#;5-4

#33+66-7./4.%#$-.&6-&%.1*-6-.%$-35/5-.;#6$-7.C2.*276#5*-6$&=.&35/8/52.1&%.;#6$-7

6-$&6'&C=2./4.06&4/5/3.6#3'%>
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I+J/5&.L!VVVN.7/%3+%%-7.$&42.=&47%=/7-%.#;.5*-.%#;5.6#3'.52,-.&47.;#+47

5*&5.5*-.;/4-.3=&%5/3.%-7/$-45%.1-6-.0-4-6&==2.%#;5.&47.1-&'>..<*-2.1-6-.-&%/=2.;#6$(

%=/7/40. %+6;&3-%. ;#6. =&47%=/7-%>. . ?%*//. -5. &=>. L!VVVN. %5+7/-7. 5*-. /4;=+-43-. #;. 5*-. 3=&2

$/4-6&=%. #4. %56-405*. 3*&6&35-6/%5/3%. #;. 5*-. =&47%=/7-. 3=&2>. . <*-2. 6-,#65-7. 5*&5. 5*-

%56-405*.#;.3=&2.3#45&/4/40.3*=#6/5-.#6.$#45$#6/==#4/5-.1&%.%$&==>

E/I/E(Q>6=64A21=(@B572B75>@

I&h+*&6.L!VR:N.,6-%-45-7.0-#=#0/3&=.,6#3-%%-%.&;;-35/40. 5*-.%5&C/=/52.#;

6#3'.%=#,-%.&=#40.G&%%&3*+%-55%.K/0*1&2%>..)#43+66-45.5&%'%.1-6-./7-45/;/3&5/#4.&47

$-&%+6-$-45.#;.%=#,-.,&6&$-5-6%A.6-8/-1.#;.5-3*4#=#0/3&=.3#4%56&/45%A.7-%36/,5/#4.#;

5-%5/40.,6#06&$%A.&47.%+68-2.#;.$#7-=/40.3&,&C/=/5/-%A.#8-6=&,,/40.1/5*.6-;/4-$-45.#;

0-#5-3*4/3&=. $-5*#7%A. /$,6#8-$-45. #;. %=#,-. 5-3*4#=#02A. =/&/%#4. 1/5*. #,-6&5/40

&0-43/-%A.&47.6-%-&63*.7/%%-$/4&5/#4>

O-#=#0/3&=. %56+35+6-%. #;. 5*-. %=#,-(;#6$/40. $&5-6/&=%. 1-6-. &. 7#$/4&45

;-&5+6-./4.5*-.%=#,-.C-*&8/#6>..I#6.-T&$,=-A.&4.&55/5+7-.#;.C-7%.1&%.#;.7/6-35.6-=-8&43-

5#.3#4%/7-6&5/#4.#;.,#5-45/&=./4%5&C/=/52./4.%-7/$-45&62.6#3'%>..<*-%-.%56+35+6-%.,=&2-7

&4./$,#65&45.6#=-./4.+47-6%5&47/40.%=#,-.7-8-=#,$-45.,6#3-%%-%A.;#6$&5/#4.#;.8&==-2%A

6/70-%A. -%3&6,$-45%A. &47. 5*-. 7-8-=#,$-45. #;. 6-%/7+&=. %#/=%A. 5&=+%A. &47. 3#==+8/&=

7-,#%/5%>..M5*-6.$&J#6.&47.$/4#6.%56+35+6&=.7/%3#45/4+/5/-%A.%+3*.&%.;&+=5%A.;#=7%A.&47

J#/45%. 1-6-. 3&6-;+==2. %5+7/-7. &47. $&,,-7>. . ?4. #67-6. 5#. ,6-7/35. %=#,-. %5&C/=/52

&33+6&5-=2A. /5.1&%. -%%-45/&=. 5#. 6-3#04/H-. ;-&5+6-%. %+3*. &%. &. %-h+-43-. #;.1-&'. &47. &

%56#40.C-7%A. 5*/4.$&6'-6.C-7%A.#=7. ;&/=+6-.%+6;&3-%A. ;&+=5.H#4-%A.&47.*276#0-#=#0/3&=

-;;-35%>

M$&6.-5.&=>. L9::9N.%*#1.3&%-.%5+7/-%.#;.0-#=#0/3&=. ;&35#6%.3#456/C+5/40

5#.%=#,-.;&/=+6-.&=#40.[-=/$.*/0*1&2A.G&=&2%/&>..Q&%-7.#4.5*-.%5+72A.-/0*5.0-#=#0/3&=
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;&35#6%. 3#456/C+5/40. 5#. 3+5. %=#,-. ;&/=+6-%. &6-. /7-45/;/-7>. . <*-. ;&35#6%. &6-. 0-#=#02A

1-&5*-6/40A. J#/45%A. ;&+=5%A. #6/-45&5/#4A. &,-65+6-A. ,-6%/%5-43-A. &47. %,&3/40>. . I/#6/==#

L9::XN.&4&=2%-7.&.%=#,-.&=#40.&.%56-53*.#;.5*-.Z76/&5/3.3#&%5A.4-&6.B-5&33/&5#.LG#=/%-A

?5&=2N>..K-.6-,#65-7.5*&5.%-8-6&=.6-(&35/8&5/#4%.#33+66-7./4.5*-.,&%5.3-45+62A./48#=8/40

5*-. H#4-.C-51--4. 5*-.C+/=7(+,. &6-&. &47. 5*-. %-&A. &=#40. &. 3#&%5&=. %=#,-. #8-6. 9:::.$

=#40.&47.9::.$.*/0*>

(.[-h+-43-.#;.1-&'.&47.%56#40.C-7%

U-&'. 6#3'%. =/'-. %*&=-%. &47.3=&2%5#4-%. 5*&5.$&2.C-.%=/3'-4%/7-7.7+-. 5#

&=5-6&5/#4.&6-.#;5-4.36/5/3&=./4.5*-.7-8-=#,$-45.#;.%=#,-./4%5&C/=/52>.._==-C#+72.L!VVVN

56/-7. 5#. &%%-%%. 5*-. ;&35#6%. &78-6%-. 5#. 1-&'-4. &47. =##%-4. 5*-. 6#3'. ;#6$&5/#4A

3#$,6/%/40. =/$-%5#4-. /45-6C-77-7. 1/5*. %*&=->. . K-. /7-45/;/-7. 5*&5. 5*-. $#%5. &78-6%-

0-#(-48/6#4$-45&=. ;&35#6%. 5*6-&5-4. 5*-. %5&C/=/52. #;. 5*-. %=#,-. /4. #67-6. 5#. &7#,5. 5*-

&,,6#,6/&5-.,6-8-45/8-.$-&%+6-%>

(.<*/4.$&6'-6.C-7%

[+3*.C-7%.$&2.3#4%/%5.#;.3#&=A.C-45#4/5-A.#6.3=&2.%-&$%A.#6.3&6C#4&3-#+%

%*&=->..<*-%-.C-7%.&6-.-&%/=2.$/%%-7.7+6/40.6#+5/4-./48-%5/0&5/#4%>

(M=7.;&/=+6-.%+6;&3-%.#6.%*-&6.,=&4-%

<*-%-.%+6;&3-%.&47.,=&4-%.#;5-4.=-&7.5#.%=#,-./4%5&C/=/52./;.5*-2.6-&35/8&5-

C2.1-&5*-6/40.,6#3-%%A.*+$&4.&35/8/5/-%.%+3*.&%.#8-6(;&==/40A.#6.+47-63+55/40.C2.6/8-6%

&47.%56-&$%>

(I&+=5(6-=&5-7.0-#=#0/3.;-&5+6-%

I-&5+6-%.%+3*.&%.5*-.,6-%-43-.#;.06#+47(+,.$&5-6/&=%.4-&6.;&+=5.H#4-%.&6-

#;5-4.6-$#=7-7A.1*/3*.$&2.6-%+=5./4.=-%%.6-%/%5&43-.5#.%=/7/40.C-3&+%-.#;.=#%%./4.%*-&6

%56-405*>..O6#+471&5-6./%.&556&35-7.5#.;&+=5.H#4->..I&+=5%.3&4.&35.&%.3#47+/5%.;#6.;=#1
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#;.1&5-6A.1*/3*. -T,=&/4%.1*2. 6#3'%. &7J&3-45. 5#. 5*-$. &6-. #;5-4. ;#+47. 5#. C-. *276#(

5*-6$&==2.&=5-6-7>. .\-,=&3-$-45.#;.#6/0/4&=.$/4-6&=%.C2.3=&2%A.H-#=/5-%A.&47.%/=/3&.#6

3&=3/5-. /4. 8#/7. %,&3-%A. 3*&40-%. 5*-. 3*&6&35-6. #;. 5*-. 6#3'%. 4-&6. 5*-. ;&+=5. H#4-A. &%. &

6-%+=5.#;.1*/3*.%5&C/=/52.,6#C=-$%.$&2.-4%+6->

?4. 5*-. 3&%-.#;. %#=+C=-. 6#3'%A. &. ;&+=5. +%+&==2. =#3&=/H-%. %#=+5/#4. /4. 5*-$A

=-&7/40.5#.,=&4&6.3&8-64%.7-8-=#,-7.&=#40.5*-.;&+=5.H#4->..)&8-64%.$&2.7-8-=#,.&=#40

;&+=5%.-8-4./4.4#.%#=+C=-.6#3'%.&%.&.6-%+=5.#;.1&%*/40.#+5.#;.0#+0-.&47.36+%*-7.6#3'A

&47. 5*-.#,-4/40.#;.-T5-4%/#4. ;6&35+6-%.#C=/h+-. 5#. 5*-. ;&+=5.,=&4-.&%. &.C2(,6#7+35.#;

$#8-$-45.&=#40.5*-.;&+=5.LZC6&$%#4.-5.&=>A.!VV@N>..I+-4'&J#64.&47.<*#405*/&407--

L9::9N. /47/3&5-. 5*&5. 5*-.G-%#H#/3.%56&5&.&6-.%+CJ-35. 5#. =-%%. 5-35#4/3.&35/8/52. 5*&4. 5*-

B&=-#H#/3.%56&5&>..<*-%-.-;;-35%.6-%+=5./4.;&+=5.&47./4/5/&5-.3#$,=-T.%56+35+6&=.0-#=#02

/4.5*-.%5+72.&6-&.%+3*.&%.0-45=-.7/,.&47.%5--,.7/,.&40=-./4.C-77/40>..[+#6/4-4/.-5.&=>

L!VVVN.%5+7/-7.#,-4.%5#,-.$/4/40.&;;-35-7.C2.;&+=5(6-=&5-7.0-#=#0/3&=.;-&5+6-%>..<*-2

/47/3&5-.5*&5.;&+=5%./436-&%-.5*-.6/%'.;#6.%=#+0*./4.%5#,-%.4-&6.&.;&+=5>

(K276#0-#=#0/3.;-&5+6-%

[+3*.&.;-&5+6-.$&2.C-.&.3#$,-5-45.1&5-6.C-&6/40.%56&5+$A.;#6.-T&$,=-A

%&47%5#4-A.=/$-%5#4-A.06&8-=A.#6.%&47A.#8-6=2/40.&.$+3*.=-%%.,-6$-&C=-.3#*-%/8-.#6.&

*/0*=2.1-&5*-6-7.%*&=->..<*-.-T3-%%.1&5-6./4.5*-.,-68/#+%.%56&5+$.3#456/C+5-%.5#.%=#,-

;&/=+6-./4.&.4+$C-6.#;.1&2%(C2.36-&5/40.*/0*.,#6-.,6-%%+6-%./4.5*-.$&5-6/&=%.;#6$/40

5*-. %=#,-A. C2. &. 1&%*#+5. #;. ;/4-%. &5. 5*-. /45-6;&3-. #;. 5*-. 51#. =&2-6%. #;. 3#456&%5/40

,-6$-&C/=/52A.&47.C2.%#;5-4/40.5*-.+47-6=2/40.3#*-%/8-.%#/=%. 5*&5.$&'-.+,.5*-.=#1-6

%=#,-.LZC6&$%#4.-5.&=>A.!VV@N>.._4#'/.&47.D#'+C+.L!VVVN.&4&=2H-7.%=#,-.;&/=+6-.7+-

5#.6&/4;&==.&=#40.5*-.C&%-.6#3'.&47.;#+47.5*&5.5*-.6-%+=5.#;.,-6$-&C/=/52.&=#40.5*-.C&%-

6#3'.*&7.&.$&6'-7./4;=+-43-./4.5*-.3#47/5/#4%.#;.%=#,-.;&/=+6->. .<*-2.%+00-%5-7.5*&5
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7-5-6$/4&5/#4.#;.,-6$-&C/=/52.&=#40.5*-.C&%-.6#3'.$-&45.#;.=&60-(%3&=-.;/-=7.5-%5%.5*&5

/$,6#8-7.5*-.&33+6&32.#;.5*-.$-&%+6-$-45%.%*#+=7.C-.7-8-=#,-7>

E/I/H(Q56789V1B>5

<*-. 1&2%. #;. 06#+471&5-6. ;=#1. 7-,-47. #4. 5*-. =#3&=. 0-#=#02>. . U&5-6

,=&2%.&.8-62. /$,#65&45. 6#=-. /4.%=#,-.%5&C/=/52A.1*/3*. /%.7/%3+%%-7.&5. =-405*>. . ?4.C6/-;

5-6$%A.1&5-6. 3&4. /4;=+-43-. 5*-. %56-405*. #;. %=#,-(;#6$/40.$&5-6/&=%. C2. 3*-$/3&=. &47

*276#5*-6$&=.&=5-6&5/#4A.&47./436-&%-.,#6-.1&5-6.,6-%%+6-%>..?5.%+C%-h+-45=2.7-36-&%-%

/4.%*-&6.%56-405*A.6-7+35/#4.#;.&,,&6-45.3#*-%/#4.7+-.5#.3&,/==&62.;#63-%.L%#/=.%+35/#4N

+,#4. %&5+6&5/#4A. &47. %#;5-4/40. #;. %5/;;. ;/%%+6-7. 3=&2%. &47. %*&=-%. LZC6&$%#4. -5. &=>A

!VV@N>

E/I/I(Q56789(@B5>@@>@

Z==. %=#,-(;#6$/40.$&5-6/&=%. &6-. %+CJ-35-7. 5#. /4/5/&=. %56-%%. &%. &. 6-%+=5. #;

06&8/5&5/#4&=. =#&7/40A. 5-35#4/3. &35/8/52A. 1-&5*-6/40A. -6#%/#4A. &47. #5*-6. ,6#3-%%-%>

[56-%%-%. ,6#7+3-7. C2. 5*-%-. ,6#3-%%-%. &6-. -$C#7/-7. /4. 5*-. $&5-6/&=%. 5*-$%-=8-%A

6-$&/4/40. 5*-6-. &;5-6. 5*-. %5/$+=+%. 5*&5.0-4-6&5-%. 5*-$. /%. 6-$#8-7>. .I#6. 5*/%. 6-&%#4A

5*-2. &6-. 3&==-7. 6-%/7+&=. %56-%%-%>. . [56-%%. 6-=/-;. ,6#7+3-%. $&42. %56+35+6&=. ;-&5+6-%>

[56-%%.6-=-&%-.&35/8/52./%.&4./$,#65&45.;-&5+6-./4.$&42.6#3'.;#6$&5/#4%>..K/0*.=&5-6&=

%56-%%-%.,=&2.&.36+3/&=.6#=-./4./4/5/&5/40.=&47%=/7-%./4.#8-6.3#4%#=/7&5-7.3=&2.&47.3=&2(

%*&=->..<*-.%56-%%.*/%5#62.#;.%=#,-(;#6$/40.$&5-6/&=./%.8-62./$,#65&45.&47./%.#;5-4.+%-7

5#.7/;;-6-45/&5-.4#6$&==2.3#4%#=/7&5-7.%#/=>..<*-6-.&6-.%/04/;/3&45.7/;;-6-43-%./4.5-6$%

#;.-40/4--6/40.,6#,-65/-%.C-51--4. 5*-%-. 51#. 52,-%.#;. %#/=%. LZC6&$%#4.-5. &=>A. !VV@N>

g&1&6/.&47."/&40.L!VVVN.6-%-&63*-7.5*-.;+HH2(C&%-7.%5&C/=/52./48-%5/0&5/#4.#;.%=/7/40

6#3'. $&%%-%>. . <*-2. $-45/#4-7. 5*&5. 06&8/5/-%A. 5-35#4/3%A. 1-&5*-6/40. &47. -6#%/#4

C6#+0*5.&C#+5.5*-.-48/6#4$-45.1-6-.;&35#6%.3#456/C+5/40.-8-45+&==2.5#.5*-./4%5&C/=/5/-%
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#;. 6#3'. %=#,-%>. . [+3*. ;&35#6%. &6-. 0-4-6&==2. 7/;;/3+=5. 5#. h+&45/;2. 1/5*. 5*-. ,6-%-45

&,,6#&3*-%>. .<*-2.,6-%-45-7. &.4-1.,6#3-7+6-. 5#. -%5/$&5-. 5*-. 6/%'.#;. /4%5&C/=/5/-%.#;

%=/7/40.6#3'.$&%%-%A.+%/40.;+HH2(%&;-52.5-3*4/h+-%>

E/I/J(P>1BC>5A84

<*-6-.&6-.51#.52,-%.#;.1-&5*-6/40S.#4-./%.5*-.3*-$/3&=.1-&5*-6/40.7+-.5#

3*-$/3&=. 3*&40-%>. . <*-. #5*-6. /%. 5*-. $-3*&4/3&=. 1-&5*-6/40. &%. &. 6-%+=5. #;. 1/47A

5-$,-6&5+6-.3*&40-%A.;6--H-(5*&1.323=-%A.&47.-6#%/#4.C2.%56-&$%.&47.6/8-6%>..<*-.6&5-

#;.3*-$/3&=.1-&5*-6/40.6&40-%.;6#$.&.;-1.7&2%.5#.$&42.2-&6%.&47.3&4.&;;-35.C#5*.5*-

%*#65. 5-6$. &47. =#40. 5-6$. %5&C/=/52. #;. %=#,-%>. . M4. 5*-. #5*-6. *&47A. $-3*&4/3&=

1-&5*-6/40. $&2. 5&'-. 2-&6%. C-;#6-. /5. *&%. &42. &78-6%-. -;;-35. #4. %=#,-%>. . )*-$/3&=

1-&5*-6/40. /%. 5*-. C6-&'7#14. #;. $/4-6&=%. /45#. 4-1. 3#$,#+47%. C2. 5*-. &35/#4. #;

3*-$/3&=.&0-45%S.&3/7./4.&/6A./4.6&/4A.&47./4.6/8-6.1&5-6>. .G-3*&4/3&=.1-&5*-6/40./%.&

,6#3-%%.C2.1*/3*.6#3'./%.C6#'-4./45#.%$&==.;6&0$-45%.&%.&.6-%+=5.#;.-4-602.7-8-=#,-7

C2.,*2%/3&=.;#63-%>..<*-%-.-T&$,=-%.&6-.;6--H-(5*&1.323=-%.&47.5-$,-6&5+6-.3*&40-%

LZC6&$%#4A.!VV@N>..G&*&6&J.L!VVVN.,6-%-45-7.5*-.6-%+=5%.#;.=/5-6&5+6-.6-8/-1.&47.%/5-

/48-%5/0&5/#4%. #4. 5*-. -;;-35%. #;. 1-&5*-6/40. #4. %=#,-. %5&C/=/52. /4. $+7. 6#3'%. &47. /5%

/$,=/3&5/#4%.;#6.%=#,-.%5&C/=/H&5/#4>..K-.;#+47.5*&5. 5*-.1-&5*-6/40.#;.$+7.6#3'%.&47

5*-. 6-&35/#4.#;.7-6/8&5/8-. &3/7/3. =-&3*-%.1/5*. 3&=3&6-#+%. =/5*#=#0/-%. 3#+=7. 3&+%-. 5*-

,6-3/,/5&5/#4.#;. 02,%+$>. .<*-.,6-3/,/5&5/#4.#;. 02,%+$.3&4. /436-&%-. ,#5-45/&=. #;. 5*-

%+%3-,5/C/=/52. #;. 1-&5*-6-7. $+7. 6#3'. %=#,-%. 5#. ;&/=+6-. 7+6/40. 6&/4;&==>. . "&4. -5. &=>

L9::9N.,6-%-45.&.%+$$&62.#;.5*-.1-&5*-6/40.,6#;/=-%./4.%#+5*.)*/4&.&47.7/%3+%%.5*-/6

-40/4--6/40.&47.0-#=#0/3&=.,6#,-65/-%>..Z.;/8-(06&7-.%3*-$-.*&%.C--4.&7#,5-7./4.5*-

H#4/40. #;. &. 06&4/5-.1-&5*-6/40. ,6#;/=->. .Z.$&J#6/52. #;. 5*-. ,*2%/3&=. &47.$-3*&4/3&=

,6#,-65/-%.*&8-.0##7.%5&5/%5/3&=.3#66-=&5/#4%.1/5*.5*-.7-06--.#;.1-&5*-6/40>
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E/I/L(K>A@?A2(>::>2B@

<*-.7/%,=&3-$-45%.#;. -&65*. %56+35+6-%. &6-. %+CJ-35-7. ;6#$. %-/%$/3. =#&7%

LG/3*&=#1%'/. &47.F#+A. !VVVN>. .G&42.$&J#6. &47.$/4#6. =&47%=/7-%. #33+66-7. 7+6/40

-&65*h+&'-%. /4. 5*-. ,&%5>. . O-#=#0/3&=. ;-&5+6-%A. 1*-5*-6. $&J#6. #6. $/4#6A. *&8-. &

%/04/;/3&45. /4;=+-43-.#4.%=#,-.%5&C/=/52.7+6/40.-&65*h+&'-%>. ._&65*h+&'-.6-%+=5%. /4.&4

/436-&%-. #;. %*-&6. %56-%%-%. &47. &. 6-7+35/#4. #;. %*-&6. %56-405*. C2. /436-&%/40. ,#6-

,6-%%+6-%>. . "/h+-;&35/#4. #;. %$&==(%&5+6&5-7. %&47. &47. %/=5. =-4%-%. 1/5*/4. &. %=#,-. 3&4

6-%+=5./4.&.,6#06-%%/8-.;&/=+6-.#;.$&5-6/&=%.5*&5.$&2.C-.6-=&5/8-=2./45-4%/8-.5#.%-/%$/3

7/%5+6C&43-%>

E/J(Q>6=64A21=(>84A8>>5A84(1@;>2B@

E/J/.(W6A8B(@C>15(@B5>84BC

\#3'. $&%%. /%. *-5-6#0-4-#+%A. &4/%#56#,/3. &47. 7/%3#45/4+#+%>. . I#6. &

6-&=/%5/3.&%%-%%$-45.#;. 5*-.%5&C/=/52.#;.6#3'.%=#,-%A.-%5/$&5/#4.#;. 5*-.%*-&6.6-%/%5&43-

#;.&.6#3'.$&%%.C#5*.&=#40.&42.7-%/6-7.,=&4-.#;.,#5-45/&=.%*-&6.&47.&=#40.5*-.1-&'-%5

7/%3#45/4+/52./%.-%%-45/&=>..<*-.%*-&6.%56-405*.#;.6#3'.J#/45%./%.$&6'-7=2./4;=+-43-7.C2

5*-.6#+0*4-%%.#;.5*-.J#/45.%+6;&3-%A.&%.1-==.&%.C2.5*-.4&5+6-.#;.5*-.6#3'.$&5-6/&=./5%-=;>

[/43-.#8-6.51-452.2-&6%A.8&6/#+%.&55-$,5%.*&8-.C--4.5#.h+&45/;2.5*-%-.-;;-35%>. .G#%5

#;.%+3*.&55-$,5%.-/5*-6.6-=/-7.#4.-T,-6/$-45&=.5-%5/40.5#.7-6/8-.-$,/6/3&=.,&6&$-5-6%A

#6.#4.4+$-6/3&=.$#7-=%.C&%-7.#4.&.7/%3#45/4+#+%. &,,6#&3*>. .<*-.7/;;/3+=5.$&J#6. /4

7-&=/40.1/5*.5*-%-.=&55-6.$#7-=%.&,,-&6%.5#.C-.5*-.,6#,-6.3*#/3-.#;.5*-./4,+5.7&5&.%-5

#;.,&6&$-5-6%.LJ#/45.%5/;;4-%%.&47.%56-405*N>

B&55#4.L!VaaN.h+&45/;/-7.5*-.6#+0*4-%%.C2.7-;/4/40.5*-.7/=&5/#4.&40=-.&47

7-8-=#,-7.&.5*-#62.;#6. 5*-.%*-&6.%56-405*.#;. 6#3'. J#/45%.C&%-7.#4.%+3*.&.$-&%+6-.#;
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6#+0*4-%%>.."&7&42/.&47.Z63*&$C&+=5.L!Vc:N.7-8-=#,.&.$#7-=.;#6.5*-.%*-&6.%56-405*

#;. 6#3'. J#/45%A. &%%+$/40. 5*&5. 51#.$#7-%.#;. ;&/=+6-.#33+6. %/$+=5&4-#+%=2>. .Z=5*#+0*

5*-. /7-&. C-*/47. 5*-/6.$#7-=. /%. -T3-==-45A. /5. /%. 7/;;/3+=5. 5#. 7-5-6$/4-. 5*-. ,&6&$-5-6%

+%-7>

Q&65#4. &47.)*#+C-2. L!VccN. -%5&C=/%*-7. &4. -$,/6/3&=. =&1. ;#6. 5*-. %*-&6

%56-405*.#;.6#3'.J#/45%A.&7#,5/40.&.5-6$A.3&==-7.5*-.J#/45.6#+0*4-%%.3#-;;/3/-45.Lf\)NA

5#.-8&=+&5-.5*-.6#+0*4-%%.3#456/C+5/#4.5#.5*-.%*-&6.%56-405*>..Q&65#4.,6#8/7-7.&.3*&65A
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[#=+5/#4S.!

P%/40. $#7/;/-7

%=#,-.%*&,-.#4=2

[#=+5/#4S.9

P%/40.$#7/;/-7

%=#,-.%*&,-.&47

6#3'.C#=5%

[#=+5/#4S.X

P%/40. $#7/;/-7

%=#,-. %*&,-A. 6#3'

C#=5%A. &47. 1/6-

$-%*

[#=+5/#4S.Y

P%/40. $#7/;/-7

%=#,-. %*&,-A. 6#3'

C#=5%A. 1/6-. $-%*A

&47.76&/4-7.,/,-%

!>[=#,-.*-/0*5

9>.[=#,-.;&3-.&40=-

!>[=#,-.*-/0*5

9>.[=#,-.;&3-.&40=-

!>.[=#,-.*-/0*5

9>.[=#,-.;&3-.&40=-

X>.Z8-6&0-.J#/45

%,&3/40

!>.[=#,-.*-/0*5

9>.[=#,-.;&3-.&40=-

X>.Z8-6&0-.J#/45

%,&3/40

!>.Q&3'*#-

!>.Q&3'*#-

9>.\#3'.C#=5%

X>.[5--=.,=&5-%

Y>.)-$-45

!>.Q&3'*#-

9>.\#3'.C#=5%

X>.[5--=.,=&5-%

Y>.)-$-45

@>.U/6-.$-%*

!>.Q&3'*#-

9>.\#3'.C#=5%

X>.[5--=.,=&5-

Y>.)-$-45

@>.U/6-.$-%*

a>.Bb).,/,-%



!!!

I#6. C=#3'2`C-77-7. 6#3'. &%. 3=&%%/;/-7. ;#6. %#$-. =#3&5/#4%. &=#40

"#$%&'()*+$,&-.*/0*1&2A.5*-.7-%/04.%,-3/;/3&5/#4%./43=+7-.L!N.6#3'.C#=5%A.L9N.1/6-

$-%*A.&47.LXN.76&/4-7.,/,-%>

I#6. 6#3'. C#=5%A. ;+==2. 06#+5-7. 3-$-45. %*#+=7. C-. +%-7. &47. 06#+5

,6-%%+6-.%*#+=7.C-.C-51--4.!@:.&47.9::.'g`$9.LE#+0=&%.&47.Z65*+6A.!VRXN>..<*-.06#+5

%*#+=7.C-.&==#1-7.5#.7-8-=#,.&4.&7-h+&5-.%56-405*.&;5-6.9Y.*#+6%A.C-;#6-.5-4%/#4/40.5&'-%

,=&3-.LE#+0=&%.&47.Z65*+6A.!VRXN>..<*-.7/&$-5-6.#;.5*-.C#=5.7-,-47%.#4.5*-.1#6'/40.=#&7>

g#6$&==2A. 5*-.1#6'/40. =#&7.#;.C#=5.1/5*.9@.$$.7/&$-5-6. /%.C-51--4.!a:.&47.Y::.'g

LU/==/&$%.I#6$._40/4--6/40.)#6,A.9::9N>. .<*/%. /%.-4#+0*. ;#6.0-4-6&=.%=#,->. .<*-.C#=5

=-405*.%*#+=7.C-.9(X.5/$-%.#;.5*-.J#/45.%,&3/40A.C+5.=-%%.5*&4.X.$.LE#+0=&%.&47.Z65*+6A

!VRXN>..<*-.5#5&=.5-4%/#4.L<5#5&=N./%.$#7/;/-7.;6#$.K#-'.&47.Q6&2.L!VR!NS

<5#5&=.m.LI ⋅U ⋅[/4Ψ ,(U ⋅)#%Ψ , ⋅ 5&4φdP ⋅ 5&4φN`L)#%.βd[/4β

................................. ⋅ 5&4φN......................................................................................L@>!N

1*-6-. I. m. %&;-52. ;&35#6A.U. m.1-/0*5. #;. %=#,-A. φm. ;6/35/#4. &40=-A. P. m. +,=/;5. ,#6-

,6-%%+6-A.β .m.&40=-.#;./4%5&==-7.C#=5.5#.5*-.,=&4-A.&47.Ψ ,.m.&40=-.#;.;&/=+6-.,=&4->

<*-.6-=&5/#4%*/,.C-51--4.β A.IA.&47.φ.;6#$.K#-'.&47.Q6&2.L!VR!N./%

βm.5&4(!L!`IN ⋅ 5&4.φ L@>9N

1*-6-.I.m.%&;-52.;&35#6A.&47.φm.;6/35/#4.&40=->

<*-.1-/0*5.#;.%=#,-./%.3&=3+=&5-7.;6#$.K#-'.&47.Q6&2.L!VR!N.&%S

U.m.:>@ ⋅ γ 6#3' ⋅K9 ⋅ L)#5Ψ ,()#5Ψ ;N L@>XN



!!9

1*-6-. γ 6#3'.m.+4/5.1-/0*5.#;.6#3'A.K.m.%=#,-.*-/0*5A.Ψ ,.m.&40=-.#;.;&/=+6-.,=&4-A.&47

Ψ ;.m.&40=-.#;.%=#,-.;&3->

<*-.+,=/;5.,#6-.,6-%%+6-.LPN.3&4.&=%#.C-.3&=3+=&5-7.&%S

P.m.!`Y ⋅ γ1 ⋅K19 ⋅)#%-3.Ψ , L@>YN

1*-6-. γ1.m.+4/5.1-/0*5.#;.1&5-6A.K1.m. 5*-.*-/0*5.#;.1&5-6. /4. %=#,-A. Ψ . ,.m. ;&/=+6-

,=&4-.&40=->

<*#$,%#4.-5.&=>.L!VVVN.%+00-%5-7.5*&5.5*-.#,-4/40.$-%*.%*#+=7.

C-.=-%%.5*&4.5*-.C=#3'.%/H-%>

<*-.76&/4-7.,/,-%.%*#+=7.C-./4%5&==-7.&5.@(!: ° .;6#$.*#6/H#45&=.5#

76&/4.06#+471&5-6.-;;-35/8-=2.L\#$&4&A.!VVXN>. .<*-.76&/4-7.,/,-.%,&3/40.%*#+=7.C-

&C#+5.9.$-5-6%>. .<*-.76&/4-7.,/,-%. 3&4.C-.$&7-.#;. ;+==2. ,-6;#6&5-7. ,=&%5/3.Bb). 5#

&==#1.06#+471&5-6.;=#1./45#.5*-.,/,-%>..<*-.$/4/$+$.=-405*.%*#+=7.C-.-h+&=.5#.5*-

%=#,-. *-/0*5. 5#. 76&/4. 06#+471&5-6. ;6#$. 5*-. C&3'. %=#,-. #+5. 5*6#+0*. 5*-. %=#,-. ;&3-

LK#-'.&47.Q6#14A.!VR!N>..<*-2.%*#+=7.C-.1/7-.-4#+0*.1/5*.&.$/4/$+$.7/&$-5-6.#;

a>@.3$.5#.76&/4.06#+471&5-6.-;;-35/8-=2.&47.%*#+=7.C-.16&,,-7.1/5*.;/=5-6.5#.,6-8-45

7-C6/%.3=#0>

<*-. %,-3/;/3&5/#4%. #;. 5*-. 6-3#$$-47-7. %+,,#65%. ;#6. *-&8/=2

J#/45-7.6#3'.3#4%/%5.#;.5*-.7-%/04.%,-3/;/3&5/#4%.&47.7-%/04.3#4%56+35/#4>..<*-.7-%/04

%,-3/;/3&5/#4%.&6-.,6#8/7-7. ;#6.&==. 6#3'.%+,,#65%S. L!N.$#7/;/-7.%=#,-.%*&,-A. L9N. 6#3'

C#=5%A.LXN.1/6-.$-%*A.&47.LYN.76&/4-7.,/,-%>

<*-.%=#,-.*-/0*5.%*#+=7.C-.3+5.;#6.&.%/40=-.C-43*.&47.5*-.1/75*.

#;.5*-.C-43*.%*#+=7.C-.-h+&=.#6.06-&5-6.5*&4.Y.$.LG/==-6.-5.&=>A.9:::N>..<*-.%,-3/;/3&5/#4%



!!X

.;#6.5*-.6-3#$$-47-7.%+,,#65%.LC#=5%.&47.76&/4-7.,/,-%N.#;.*-&8/=2. J#/45-7.6#3'.&6-.

%/$/=&6.5#.5*#%-.#;.C=#3'2.&47.C-77-7.6#3'>

<*-. 7-%/04. 3#4%56+35/#4%. ;#6. C#5*. C=#3'2`C-77-7. 6#3'. &47.

*-&8/=2. J#/45-7. 6#3'. &6-. /7-45/3&=>. .<*-. ,6#3-7+6-%. #;. 7-%/04. 3#4%56+35/#4. &6-. ;6#$.

E#+0=&%.&47.Z65*+6.L!VRXN.&%.;#==#1%S.L!N.3=-&6.%=#,-.;&3-.&47.6#3'.%3&=/40.L9N.%-=-35.

C#=5. =#3&5/#4. LXN. 76/==. *#=-%. ;#6. 6#3'. C#=5%. C2. &42. 52,-%. #;. %+/5&C=-. 3&,&3/52. L%$&==.

*&47(*-=7. 76/==. 5#. %#,*/%5/3&5-7. *276&+=/3. #6. ,4-+$&5/3.$+=5/,=-%. C##$. J+$,%NA. LYN.

;=+%*.#+5.1/5*.1&5-6.+47-6.,6-%%+6-.&47`#6.3#$,6-%%-7.&/6A.L@N./4%5&==.1/6-.$-%*A.LaN.

/4%-65.6#3'.C#=5%A.LcN.06#+5.&47.&/6.8-45.5+C-%A.LRN.06#+5.,#/45.&43*#6A.LVN.5-4%/#4.C#=5%.

L+%/40.*276&+=/3. J&3'.#6. 5#6h+-.16-43*NA. L!:N.%-3#47&62.06#+5A. L!!N.$&'-.&.76&/4-7.

*#=-%A.L!9N./4%-65.76&/4-7.,/,-%>

L/E/./E(,>@A48(5>26??>891BA68@(:65(>12C(=621BA68

<*-. 7-%/04. %#=+5/#4. ;#6. -&3*. %/5-. &=#40. "#$%&'()*+$,&-

*/0*1&2.7-,-47%.#4.5*-.%=#,-.3*&6&35-6/%5/3%.&47.$#7-%.#;.;&/=+6->

\&8-==/40.#4. 5*-. %=#,-. ;&3-. &5. '$.!adY@:.3&+%-%. =##%-7.7-C6/%

#4.5*-.+,,-6.5*6#+0*.5*-.=#1-6.%=#,-.;&3->((B6-(-T/%5/40.%+,,#65%./43=+7/40.1/6-.$-%*

&47.6#3'.C#=5%.&6-.7&$&0-7>..[#/=`6#3'.7-C6/%.*&%.C--4.#33&%/#4&==2.;#+47./4.5*-.%=#,-

5#-A.-%,-3/&==2./4.6&/42.%-&%#4>..<*-6-;#6-A.5*-.%=#,-.%*#+=7.C-.C-43*/40>..<*-.1/75*

#;.C-43*./%.Y.$>..<*-.1/6-.$-%*.#,-4/40./%.@.3$>..<*-.=#40.76&/4-7.,/,-%.%*#+=7.C-

9@.$. =#40>. . <*-2. %*#+=7. C-.$&7-. #;. ;+==2. ,-6;#6&5-7. ,=&%5/3. Bb).1/5*. a>@. 3$. /4

7/&$-5-6.16&,,-7. C2. 0-#5-T5/=-. ;/=5-6. #6. #5*-6. ;/=5-6%>. . <*-. 76&/4-7. ,/,-%. %*#+=7. C-

/4%5&==-7.1/5*.&4.&40=-.#;.@(!:.7-06--%.;6#$.*#6/H#45&=.1/5*.9.$-5-6%.%,&3/40>>



!!Y

<*-.%=#,-.;&3-.&5.'$.!cd:::.&47.'$.cRdaR:.%*#+=7.C-.3#8-6-7

1/5*.1/6-.$-%*. 5#. ,6-8-45. ;6--. ;&==. #;. 6#3'. C=#3'%>. .<*-. #,-4/40. #;. 5*-.1/6-.$-%*

/4%5&==-7. %*#+=7. C-. %$&==. -4#+0*. 5#. 6-5&/4. =##%-. C=#3'%A. &47. &35/40. &%. &. 3+65&/4. 5#

,6-8-45.;&==/40.6#3'.C=#3'%.6#==/40.#;;.5*-.%=#,-.;&3->..<*-.%/H-%.#;.6#3'.C=#3'%.8&62

;6#$. ,-CC=-%. 5#. =&60-. C#+=7-6%. L1/6-. $-%*. %/H-qC=#3'. %/H-%N>. . <*-6-;#6-A. 5*-. 1/6-

$-%*.%*#+=7.*&8-.@.3$.#,-4/40>..<*-.$-%*.%*#+=7.C-.+%-7./4.3#4J+435/#4.1/5*.6#3'

C#=5%.5*&5./5./%.5/-7.C&3'.5#.5*-.6#3'.;&3-.1/5*.C#=5%>..<*-.C#=5.=-405*.%*#+=7.C-.@:.3$

L9(X.5/$-%.J#/45.%,&3/40N.&47.5*-.7/&$-5-6.#;.C#=5.%*#+=7.C-.9>@.3$>..<*-.%,&3/40.#;

6#3'.C#=5%.%*#+=7.C-.9.$.L9.5/$-%.J#/45.%,&3/40N>

<*-. 6#3'. %=#,-. &5. '$. !Rd9::. /%. %5&C=->. . K#1-8-6A. 5*-. 76&/4-7

,/,-%.%*#+=7.C-./4%5&==-7.1/5*.&4.&40=-.#;.@(!:.7-06--%.;6#$.*#6/H#45&=>..<*-.%,&3/40

#;.76&/4-7.*#=-%.%*#+=7.C-.9.$>..<*-.,/,-%.%*#+=7.C-.9:.$.=#40.&47.%*#+=7.C-.$&7-

#;.;+==2.,-6;#6&5-7.,=&%5/3.Bb).1/5*.a>@.3$./4.7/&$-5-6.16&,,-7.C2.0-#5-T5/=-.;/=5-6

#6.#5*-6.;/=5-6%>

[=#,-.=#3&5/#4.&5.'$.!Rd@@:.%*#1%.,=&4-.%=/7-%.#4.5*-.C-77/40

,=&4-.#1/40. 5#. 5*-.&40=-.#;.C-77/40.,=&4-%. /%. =-%%. 5*&4. 5*-. &40=-.#;. 5*-. %=#,-. ;&3->

<*-. 5-4%/#4. #;. 5*-. 6#3'. C#=5. 3&=3+=&5-7. ;6#$. 5*-. 3=#%-7. ;#6$. %#=+5/#4. /%. 9X9:. 'g>

<*/%.5-4%/#4./%.,6-%+$&C=2.#4.5*-.&40=-.#;.5*-.;&/=+6-.,=&4-.1/5*.Y@.7-06--%A.&47.5*-

&40=-.#;.5*-.%=#,-.;&3-./%.YR.7-06--%>..K#1-8-6A.5*-.6#3'.%+,,#65%.$&2.C-./4%5&==-7.C2

%,#5.C#=5%.&47.1/6-.$-%*.;#6.,6-8-45/40.$/4#6.%=/7-%>

<*-. %=#,-%. &5. '$. 9:d@c@A. 9!d99@A. Xad!9:A. &47. Xadc@:. %*#1

5*-.$&%%/8-.3/63+=&6. ;&/=+6->. .<*/%. ;&/=+6-.C6#+0*5.7#14.C#5*. -&65*-4.&47. %+,,#65-7

$&5-6/&=>..B&65.#;.%*#536-5-.6-$&/4%.#4.5*-.%=#,-.;&3->..<*-.%=#,-.*-/0*5.%*#+=7.C-.3+5



!!@

5#. 36-&5-. &. C-43*. #;. Y.$.1/7->. . <*-. %=#,-. %*#+=7. C-. 3+5. 5#. 36-&5-. Y@ ° . %=#,-. ;&3-

LG/==-6.-5.&=>A.9:::N>. .[2%5-$&5/3. ;+==2.06#+5-7.6#3'.C#=5%.%*#+=7.C-. /4%5&==-7.#4. 5*-

%=#,-.5#->..<*-.$/4/$+$.C#=5.=-405*.%*#+=7.C-.9.$>..<*-.7/&$-5-6.#;.C#=5.%*#+=7.C-

9>@. 3$>. . <*-. 76&/4-7. ,/,-%. %*#+=7. C-. !@. $. =#40. L=-405*. #;. 76&/4-7. ,/,-. m. %=#,-

*-/0*5N>. . <*-2. %*#+=7. C-. $&7-. #;. ;+==2. ,-6;#6&5-7. ,=&%5/3. Bb). 1/5*. a>@. 3$. /4

7/&$-5-6.16&,,-7. C2. 0-#5-T5/=-. ;/=5-6. #6. #5*-6. ;/=5-6%>. . <*-. 76&/4-7. ,/,-%. %*#+=7. C-

/4%5&==-7.1/5*. &4. &40=-. #;. @(!: ° . ;6#$.*#6/H#45&=.1/5*. 9.$-5-6%. %,&3/40>. . <*-.1/6-

$-%*.#,-4/40.%*#+=7.C-.%$&==.-4#+0*.5#.6-5&/4.=##%-.C=#3'%A.&47.&35/40.&%.&.3+65&/4.5#

3#456#=. ;&==/40. 6#3'.C=#3'%. 6#==/40.#;;. 5*-. 6#3'. ;&3->. .<*-. %/H-%.#;. 6#3'.C=#3'%.8&62

;6#$.,-CC=-%.5#.=&60-.C#+=7-6%>..<*-6-;#6-A.5*-.1/6-.$-%*.#,-4/40.%*#+=7.C-.@.3$>

<*-.%=#,-.&5.'$.99dY9@./%.%5&C=->..?5./%.4#5.4-3-%%&62.5#.+%-.6#3'

%+,,#65%>..?4.&77/5/#4A.,6-(-T/%5/40.%+,,#65%.%+3*.&%.6#3'.C#=5A.1/6-.$-%*A.&47.0&C/#4

1&==.&6-.-4#+0*.;#6.,6-8-45/40.;+5+6-.%=#,-.;&/=+6->

L/E/E(0A>8A1V@3Aa@(1;;5612C

L/E/E/.(,>@A48(;562>@@

Q/-4/&1%'/. L!VRVN. ,6#8/7-%. 5*-. [=#,-. G&%%. \&5/40. L[G\N

%2%5-$. ;#6. ;/-=7. 0+/7-=/4-%. &47. 6-3#$$-47&5/#4%. #4. 6#3'. %+,,#65%A.1*/3*. &==#1%. &

%2%5-$&5/3.+%-.#;.&.0-#$-3*&4/3&=.3=&%%/;/3&5/#4.;#6.%=#,-%>

<*-.[G\.3=&%%/;/3&5/#4./%.&.7-8-=#,$-45.#;.5*-.Q/-4/&1%'/.k\#3'

G&%%.\&5/40e.L\G\N.%2%5-$.5*&5.3&4.C-.+%-7.&%.&.5##=.;#6.5*-.,6-=/$/4&62.&%%-%%$-45.#;

%=#,-.%5&C/=/52>..?5.0/8-%.%#$-.%/$,=-.6+=-%.&C#+5./4%5&C/=/52.$#7-%.&47.5*-.6-h+/6-7.6#3'

%+,,#65%>. . ?5. 3&44#5. C-. &. %+C%5/5+5-. ;#6. 7-5&/=-7. &4&=2%/%. #;. -&3*. %=#,-A. 1*/3*. $+%5

3#$C/4-. C#5*. 0##7. 3#$$#4. -40/4--6/40. &47. %#+47. &4&=25/3&=. $-5*#7>. . K-6-A. 5*-. i



!!a

8&=+-%.#;.5*-.%5+7/-7.%=#,-%.#C5&/4-7.;6#$.)*&40%+1&4.L!VRYN.&6-.3#48-65-7.5#.\G\

8&=+-%>. . <*-. <+44-=/40.i+&=/52. LiN. &47.\G\. &6-. +%-7. /4. 7-6/8/40. %#=+5/#4. 5#. 5*-

,6#C=-$>. . ?5. *&%. C--4. ;#+47. 5*&5. 5*-. -h+&5/#4. \G\. m. V=#0-idYY. ,6#,#%-7. C2

Q/-4/&1%'/.L!VcaN.&7-h+&5-=2.7-%36/C-%.5*-.6-=&5/#4%*/,.C-51--4.5*-.51#.%2%5-$%>

<*-. ,6#,#%-7. [G\. /%. #C5&/4-7. ;6#$. \G\. C2. %+C56&35/40. &

;&35#6/&=. &7J+%5$-45. ;&35#6. 7-,-47/40. #4. 5*-. J#/45(%=#,-. 6-=&5/#4%*/,. &47. &77/40. &

;&35#6.7-,-47/40.#4.5*-.$-5*#7.#;.-T3&8&5/#4>

[G\. m. \G\dLI! ⋅I9 ⋅IXNdIY ........

L@>@N

I!.7-,-47%.#4.,&6&==-=/%$.C-51--4.J#/45%.&47.%=#,-.;&3-.%56/'-%>

?5%.6&40-./%.;6#$.!>::.L1*-4.C#5*.&6-.4-&6.,&6&==-=N.5#.:>!@.L1*-4.5*-.&40=-.C-51--4

5*-$./%.$#6-.5*&4.X:° &47.5*-.;&/=+6-.,6#C&C/=/52./%.8-62.=#1N>..I9.6-;-6%.5#.J#/45.7/,

&40=-./4.5*-.,=&4&6.$#7-.#;.;&/=+6->..?4.&.%-4%-A. /5. /%.&.$-&%+6-.#;. 5*-.,6#C&C/=/52.#;

J#/45.%*-&6.%56-405*>. . ?5%.8&=+-%.8&62.;6#$.!>::.L;#6. J#/45.7/,,/40.$#6-. 5*&4.Y@ ° N. 5#

:>!@.L;#6.J#/45.7/,,/40.=-%%.5*&4.9: ° N>..IX.6-;=-35%.5*-.6-=&5/#4%*/,.C-51--4.5*-.%=#,-

;&3-.&47.J#/45.7/,>..?4.5*-.,=&4&6.$#7-.#;.;&/=+6-A./5.6-;-6%.5#.5*-.,6#C&C/=/52.5*&5.J#/45%

k7&2=/0*5e. /4. 5*-. %=#,-. ;&3->. . IY. 6-;-6%. 5#. 5*-. &7J+%5$-45. ;&35#6. ;#6. 5*-. $-5*#7. #;

-T3&8&5/#4>. . <&C=-%. a>X. &47. a>Y. %*#1. 5*-. &7J+%5$-45%. 6&5/40. ;#6. J#/45%. &47. 5*-

&7J+%5$-45%. 6&5/40. ;#6.$-5*#7%. #;. -T3&8&5/#4. #;. %=#,-%>. . I#6. <&C=-. a>XA. B. /%. ,=&4-
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K-126'/2*6J+&'()*+&,-./'/,0+Q+G5*+&-;*,0+(;+ I1;:-L6,:9?,9:*6,* * 8KK,* YJ;F

Y\Y<,**0C(O$K'#.A*RUFW#.%C.#,

BC$(O)*B,*R,)*?$%$O$%C)*/,*$(2*_.L$)*?,**89:::<,**3$5@*$($D4&C&*'N*H(&$LH#$L.2*&1.$#

&L#.(OL1*N#'%*$*5C#5HD$#*&D'K.*N$CDH#.,**U(*>:(?**2/1<6+(;+,5*+I1,*:1-,/(1-'

&0B)(6/9B+(1+&'()*+&,-./'/,0+"1</1**:/1<J+&5/E(E9J+8-)-1J+8S'D,*9)*KK,

QV;FQ9V<,++X'LL.#2$%)*=.L1.#D$(2&A*3$D@.%$,

BC(O)* +,)*='#2DH(2)*`,* $(2*0L.K1$(&&'()*],* * 89::Y<,* *!(* .^K.#C%.(L$D* &LH24* '(* L1.

$(C&'L#'K4* $(2* &L#.&&* 2.K.(2.(54* 'N* L1.* &1.$#* &L#.(O* $(2* 2.N'#%$"CDCL4* 'N

#'5@* T'C(L&,* * I1,*:1-,/(1-'+ 8(9:1-'+ (;+ !(?E+ 4*?5-1/?6+ -12+ 4/1/1<

&?/*1?*7++Y:*8[<A*;PYF;[;,

c$"C#)*7,*G,* $(2*G$%C2)*!,*7,* * 89:::<,* * a.&CO(* $(2* 5'(&L#H5LC'($D* $&K.5L&* 'N* $(

$(51'#.2* &D'K.* $(2* O$"C'(* #.M.L%.(L* &4&L.%,* * U(* >:(?**2/1<6+ (;+ ,5*

I1,*:1-,/(1-'+ &0B)(6/9B+ (1+ &'()*+ &,-./'/,0+ "1</1**:/1<J+ &5/E(E9J

8-)-1J+8S'D,*Y)*KK,*:V9F:V[<,++X'LL.#2$%)*=.L1.#D$(2&A*3$D@.%$,

cCL$O$>$)*X,**89:::<,**-.$L1.#C(O*%.51$(C&%*$(2*&D'K.*N$CDH#.&*'N*O#$(CLC5*#'5@&*C(

0'HL1>.&L* B$K$(F`NN.5L* 'N* 142#'L1.#%$D* $5LCMCLC.&,* * U(*>:(?**2/1<6+ (;+ ,5*

I1,*:1-,/(1-'+ &0B)(6/9B+ (1+ &'()*+ &,-./'/,0+ "1</1**:/1<J+ &5/E(E9J

8-)-1J+8S'D,*9)*KK,*9V:F99P<,++X'LL.#2$%)*=.L1.#D$(2&A*3$D@.%$,
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cH%$#)*W,* *89::\<,* *01.$#*b$CDH#.*`(M.D'K.*'N*G'.@F3#'>(*5#CL.#C'(*N'#*X'5@%$&&,

8(9:1-'+(;+G911*''/1<+-12+R12*:<:(912+&)-?*+G*?51('(<0,**9Q*8P<A*P;QF

P;\,

+$2$(4C)*3,*$(2*!#51$%"$HDL)*6,**89:JV<,**0C%HD$LC'(*'N*&1.$#*".1$MC'H#*'N*$*T'C(L.2

#'5@*%$&&,**U(*>:(?**2/1<+(;+ZZ+,5+R7+&7+&0B)(6/9B+(1+!(?E+4*?5-1/?6,

8KK,*9V;F9Y;<,+*=.>*?'#@A*0'5C.L4*'N*7C(C(O*`(OC(..#&)*!U7`,

+$()*G,*j,)*GH)*X,*+,)*?H.)*Z,*d,)*+..)*R,*b,*$(2*-$(O)*0,*B,* * 8YVVY<,* *`(OC(..#C(O

$(2*O.'D'OC5$D*51$#$5L.#C&LC5&*'N*O#$(CL.*>.$L1.#C(O*K#'NCD.&*C(*&'HL1*R1C($,

8(9:1-'+(;+@6/-1+"-:,5+&?/*1?*6,**V9A*9FY,

+$($#')* b,)* BC(O)* +,* $(2* 0L.K1$(&&'()* ],* * 89::\<,* * QFaFD$&.#* %.$&H#.%.(L&* $(2

#.K#.&.(L$LC'(* 'N* #'HO1(.&&* 'N* #'5@* N#$5LH#.&)* C(* 7.51$(C5&* 'N* * * U(

>:(?**2/1<6+ (;+ ,5*+ &*A*1,5+ I1,*:1-,/(1-'+ I@"=+ %(1<:*667* 8KK,* Y\YJF

Y:Q;<,**X'LL.#2$%)*=.L1.#D$(2&A*3$D@.%$,

+..)*?,*G,)*R$##)*B,*X,)*3$##)*a,*B,*$(2*G$$&)*R,*B,**89::V<,**/1.*N#$5L$D*2C%.(&C'(*$&*$

%.$&H#.* 'N* L1.* #'HO1(.&&* 'N* #'5@* 2C&5'(LC(HCL4* K#'NCD.&,* * I1,*:1-,/(1-'

8(9:1-'+(;+!(?E+4*?5-1/?6+-12+4/1/1<+&?/*1?*7++P;QFP[P,

+'#CO)* +,* $(2* S$#'($)* W,* * 8YVV9<,* * W#$5LC5$D* &D'K.* &L$"CDCL4* $($D4&C&* H&C(O* NC(CL.F

2CNN.#.(L*5'2.&,* * U(*-,*!,*GH&L#HDC2)*7,*B,*75R$#L.#*$(2*a,* B,*!,*S$(*Z4D

8.2&,<,* * &'()*+ &,-./'/,0+ /1+ &9:;-?*+ 4/1/1<7* * 8KK,* YQ:FY;V<,* * +CLLD.L'(A

0'5C.L4*N'#*7C(C(O)*7.L$DDH#O4*$(2*`^KD'#$LC'(,

+'#%$()*-,* X,* * 89:[\<,* *"1</1**:/1<+ ):()*:,/*6+ (;+ 65(,?:*,*7* * WCL* &D'K.* %$(H$D

8R1$KL.#*[A*7.51$(C5$D*0HKK'#L<)*7C(.&*$(2*X.&'H#5.&)*R$($2$,

7$1$#$T)*X,* B,* * 89:::<,* *0CL.* C(M.&LCO$LC'(*'N*>.$L1.#.2*.^K$(&CM.*%H2* #'5@* &D'K.&A

U%KDC5$LC'(&*N'#*&D'K.*C(&L$"CDCL4*$(2*&D'K.*&L$"CDCe$LC'(,**U(*>:(?**2/1<6+(;
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,5*+ I1,*:1-,/(1-'+&0B)(6/9B+(1+&'()*+ &,-./'/,0+"1</1**:/1<J+ &5/E(E9J

8-)-1+8S'D,*9)*KK,*99;F9YV<,++X'LL.#2$%)*=.L1.#D$(2&A*3$D@.%$,

7$#C('&)* W,* $(2*G'.@)* `,* * 8YVVV<,* *60UF!* O.'D'OC5$DD4* N#C.(2D4* L''D* N'#* #'5@*%$&&

&L#.(OL1*.&LC%$LC'(,**U(*>:(?**2/1<+(;+=*("1<VWWW+%(1;*:*1?*+8KK,*9PYYF

9PPV<,++7.D"'H#(.)*!H&L#$DC$A*/.51('%C5,

7$#C('&)* W,* $(2* G'.@)* `,* * 8YVV9<,* * `&LC%$LC(O* L1.* O.'L.51(C5$D* K#'K.#LC.&* 'N

1.L.#'O.(.'H&* #'5@* %$&&.&* &H51* $&* ND4&1,* * U(* ,5*+ \9''*,/1+ (;+ ,5*

I1,*:1-,/(1-'+@66(?/-,/(1+(;+"1</1**:/1<+=*('(</6,6+8KK,*\;F:Y<,**R$($2$A

_(CM.#&CL4*'N*/'#'(L',

7C51$D'>&@C)*X,*+,*$(2*?'H)*+,**89:::<,**aC&KD$5.%.(L&*'N*&D'K.*&H"T.5L.2*L'*&.C&%C5

D'$2&,**U(*>:(?**2/1<6+(;+,5*+I1,*:1-,/(1-'+&0B)(6/9B+(1+&'()*+&,-./'/,0

"1</1**:/1<J+ &5/E(E9J+ 8-)-1J+ 8S'D,* 9)* KK,* [QJF[PV<,+ + X'LL.#2$%)

=.L1.#D$(2&A*3$D@.%$,

7CDD.#)*0,*7,)*6C#$#2)*B,*7,)*$(2*75GHO1)*`,* * 8YVVV<,* *R'%KHL.#*%'2.DC(O*'N*5$L51

".(51.&* L'*%CLCO$L.* #'5@N$DD*1$e$#2&* C(*'K.(*KCL*%C(.&,* * U(*>:(?**2/1<6+(;

,5*+#(9:,5+$(:,5+@B*:/?-1+!(?E+4*?5-1/?6+&0B)(6/9B+$-:B6+VWWWJ

_-65/1<,(1J+R&@*8KK,*;Q:F;P;<,**X'LL.#2$%A*3$D@.%$,

=$@$(')* B,)*7C@C)*G,)*c'1$&1C)*G,* $(2*bHTCC)*!,* * 89:::<,* *X.2H5LC'(* 'N* D$(2* 5HLLC(O

.NN.5L&*"4* L1.*$KKDC5$LC'(*'N* DCO1L>.CO1L*.%"$(@%.(L&,* * U(*>:(?**2/1<6+(;

,5*+ I1,*:1-,/(1-'+&0B)(6/9B+(1+&'()*+ &,-./'/,0+"1</1**:/1<J+ &5/E(E9J

8-)-1J+8S'D,*Y)*KK,*:;;F:;\<,++X'LL.#2$%)*=.L1.#D$(2&A*3$D@.%$,

=$>$#C)*=,*],*$(2*+C$(O)*X,* * 89:::<,* *bHee4F"$&.2* &L$"CDCL4* C(M.&LCO$LC'(*'N* &DC2C(O

#'5@*%$&&.&,* * U(*>:(?**2/1<6+ (;+ ,5*+ I1,*:1-,/(1-'+ &0B)(6/9B+(1+&'()*
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&,-./'/,0+"1</1**:/1<J+&5/E(E9J+8-)-1J+8S'D,*9)*KK,*QQ;FQ[V<,++X'LL.#2$%)

=.L1.#D$(2&A*3$D@.%$,

]%$#)*G,)*a$H2)*7,)*Z'1$2C.)*7,*3,)*!"%$DC@)*X,*$(2*7$$CD)*0,**8YVVY<,**6.'D'OC5$D

N$5L'#&* 5'(L#C"HLC(O* L'* &D'K.* N$CDH#.FW'&L* 0.DC%* GCO1>$4* 5$&.* &LH24,* * U(

G5/:2+ I1,*:1-,/(1-'+ %(1;*:*1?*+ (1+ K-126'/2*6J+ &'()*+ &,-./'/,0+ Q+ G5*

&-;*,0+(;+I1;:-L6,:9?,9:*6,**8KK,*Q[;FQJY<,**0C(O$K'#.A*RUFW#.%C.#,

W$LL'()*b,*a,**89:[[<,**7HDLCKD.*%'2.&*'N*&1.$#*N$CDH#.*C(*#'5@,**U(*,5*+;/:6,+%(1<:*66

(;+I1,*:1-,/(1-'+&(?/*,0+(;+!(?E+4*?5-1/?67++8KK,*;V:F;9Q<,

WC.#5.)*7,)*3#$(2&1$HO)*/,)*$(2*-$#2)*7,**8YVV9<,**0D'K.*&L$"CDCL4*$&&.&&%.(L*$L*L1.

7$C(*R#.&&'(*7C(.,**U(*-,*!,*GH&L#HDC2)*7,*B,*75R$#L.#*$(2*a,*B,*!,*S$(

Z4D* 8.2&,<,* * &'()*+ &,-./'/,0+ /1+ &9:;-?*+4/1/1<* 8KK,* YQ:FY;V<,* * +CLLD.L'(A

0'5C.L4*N'#*7C(C(O)*7.L$DDH#O4*$(2*`^KD'#$LC'(,

W'K.&5H)*7,*`,**8YVVY<,**+$(2&DC2.*5$H&$D*N$5L'#&*$(2*D$(2&DC2.*#.%.2C$LC$D*'KLC'(&,**U(

G5/:2+ I1,*:1-,/(1-'+ %(1;*:*1?*+ (1+ K-126'/2*6J+ &'()*+ &,-./'/,0+ Q+ G5*

&-;*,0+(;+I1;:-L6,:9?,9:*6,**8K,*J\<,**0C(O$K'#.A*RUFW#.%C.#,

X.$2C(O)* /,* B,* * 89:[[<,* * &5(,?:*,/1<,* * WCL* &D'K.* %$(H$D* 8R1$KL.#* [A* 7.51$(C5$D

0HKK'#L<)*7C(.&*$(2*X.&'H#5.&)*R$($2$,

X..M.&)*7,*B,**89:\;<,**X'5@*&H#N$5.*#'HO1(.&&*$(2*N#C5LC'($D*&L#.(OL1,**I1,*:1-,/(1-'

8(9:1-'+(;+!(?E+4*?5-1/?6+-12+4/1/1<+&?/*1?*7++YY8[<A*PY:FPPY,

X'5@* `(OC(..#C(O* 6#'HK,* * 89:\:<,* * R6*:S6+ =9/2*+ (;+ C/)6+ ):(<:-B+ H+ >'(,,/1<J

@1-'06/6+ -12+ >:*6*1,-,/(1+ (;+ &,:9?,9:-'+ C-,-J+ R6/1<+ &)5*:/?-'

>:(^*?,/(1+G*?51/F9*6,**R$($2$A*X'5&5C.(5.*U(5,
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X'%$($)*7,*X,**89::Q<,**!*O.'%.51$(C5&*5D$&&CNC5$LC'(*N'#*&D'K.&A*0D'K.*7$&&*X$LC(O,

U(* %(B):*5*16/A*+ !(?E+ "1</1**:/1<+ 8S'D,* Q)* KK,* ;J;F;::<,* * GH2&'(A

W.#O$%'(,

0$@H#$C)*0,*$(2*=$O$4$%$)*/,* * 89:::<,* *!*"$5@*$($D4&C&* C(*$&&.&&C(O* L1.* &L$"CDCL4*'N

&D'K.&* "4* %.$(&* 'N* &H#N$5.* %.$&H#.%.(L&,* * U(* >:(?**2/1<6+ (;+ ,5*

I1,*:1-,/(1-'+ &0B)(6/9B+ (1+ &'()*+ &,-./'/,0+ "1</1**:/1<J+ &5/E(E9J

8-)-1J+8S'D,*9)*KK,*QQ:FQPP<,++X'LL.#2$%)*=.L1.#D$(2&A*3$D@.%$,

051$.N.#)*S,*X,**8YVVY<,**X.&C2H$D*&L#.(OL1*$(2*"$5@*$($D4&C&*'N*&D'K.*C(*WC.##.*01$D.,

U(*G5/:2+I1,*:1-,/(1-'+%(1;*:*1?*+(1+K-126'/2*6J+&'()*+&,-./'/,0+Q+G5*

&-;*,0+(;+I1;:-L6,:9?,9:*6,**8KK,*PVJFP9P<,**0C(O$K'#.A*RUFW#.%C.#,

0.C2$D)*B,*W,*$(2*G$".#NC.D2)*R,*7,**89::;<,**G5*+96*+(;+;:-?,-'+<*(B*,:0+/1+-+^(/1,

65*-:+B(2*'J+/1+4*?5-1/?6+(;+^(/1,*2+-12+;-9',*2+:(?E,**SC.(($A*3$D@.%$,

0T'".#O)*B,)*01$#K)*B,*R,*$(2*7$D'#.4)*a,*B,**8YVV9<,**0D'K.*&L$"CDCL4*$L*!e($D5'DD$#,**U(

-,* !,* GH&L#HDC2)* 7,* B,* 75R$#L.#* $(2* a,* B,* !,)* S$(* Z4D* 8.2&,<,* * &'()*

&,-./'/,0+/1+&9:;-?*+4/1/1<7++8KK,*9\QFYVY<,**+CLLD.L'(A*0'5C.L4*N'#*7C(C(O)

7.L$DDH#O4*$(2*`^KD'#$LC'(,

0'(%.e)*G,*$(2*_DH&$4)*X,* * 89:::<,* *7'2CNC5$LC'(&* L'* L1.* O.'D'OC5$D* &L#.(OL1* C(2.^

860U<*$(2*L1.C#*$KKDC5$"CDCL4*L'*&L$"CDCL4*'N*&D'K.&,**I1,*:1-,/(1-'+8(9:1-'+(;

!(?E+4*?5-1/?6+-12+4/1/1<+&?/*1?*6,**Q[A*JPQFJ[V,

0'(%.e)*G,)*_DH&$4)*X,* $(2*6'@5.'ODH)*R,* * 89::\<,* * !* K#$5LC5$D* W#'5.2H#.* N'#* L1.

3$5@* !($D4&C&* 'N* 0D'K.* b$CDH#.&* C(* RD'&.D4* B'C(L.2* X'5@* 7$&&.&,

I1,*:1-,/(1-'+8(9:1-'+(;+!(?E+4*?5-1/?6+-12+4/1/1<+&?/*1?*6,* *Q;*8Y<A

Y9:FYQQ,
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0LCDD"'#O)* 3,* * 89::P<,* *>:(;*66/(1-'+ 96*:6+ 5-12.((E+ ;(:+ :(?E+ .(',/1<,* * RD$H&L1$DF

Z.DD.#N.D2A*/#$(&*/.51*WH"DC5$LC'(&,

0H'#C(.(C)*b,*/,)*/$(($(L)*a,*a,*$(2*c.C&.#)*W,*c,* * 89:::<,* *a.L.#%C($LC'(*'N* N$HDLF
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/1'%K&'()*!,*6,)*-C(&'#)*R,*X,)*$(2*R$2"4)*6,*-,**89:::<,**W.#N'#%$(5.*$&&.&&%.(L
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I1,*:1-,/(1-'+8(9:1-'+(;+!(?E+4*?5-1/?6+-12+4/1/1<+&?/*1?*7++9[A*QVQF

QVJ,
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'(*L1.*%.51$(C5$D*".1$MC'#*'N*#'5@*T'C(L&,**U(* >:(?**2/1<+ (;* %5-(6

&('9,/(1+-12+#:-?,-'67++8S'D,*\)*KK,*YY9FY;Y<,
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9'O9)/89* %F9* 8)/,,9+* &'* 269%F* ]'/F1%)* 2,F922?* * >69* J/692&/'* %'+* ,69*

(F&J,&/'*%':)9*%F9*#?""-*IS%*%'+*.B*+9:F992?



!.-

*-./01(?2: >69*92,&1%,92*/(*,69*26%)9*269%F*2,F9':,6*H<*72&':*$/J0%H*8F/:F%1*%,*31*

D@Z!A#?* *Y/934WF/;'* %'+* 9\7&O%)9',*I/6F45/7)/1H* (%&)7F9* 9'O9)/89*

%F9*8)/,,9+* &'* 269%F4'/F1%)* 2,F922?* *>69* J/692&/'*%'+* ,69* (F&J,&/'* %':)9*

%F9*#?#".*IS%*%'+*A"*+9:F992?



!@#

*-./01(?2H >69(92,&1%,92*/(*,69*26%)9*269%F*2,F9':,6*H<*72&':*$/J0%H*8F/:F%1*%,*31*

D@ZC.#?* *Y/934WF/;'* %'+* 9\7&O%)9',*I/6F45/7)/1H* (%&)7F9* 9'O9)/89*

%F9*8)/,,9+* &'* 269%F4'/F1%)* 2,F922?* *>69* J/692&/'*%'+* ,69* (F&J,&/'* %':)9*

%F9*#?#DB*IS%*%'+*A@*+9:F992?



!@!

*-./01(?23I >69*92,&1%,92*/(*,69*2%'+2,/'9*&',9FH9++9+*;&,6*2&),2,/'9*269%F*2,F9':,6*

H<*72&':*$/J0%H*8F/:F%1*%,*31*@AZ-.#?**Y/934WF/;'*%'+*9\7&O%)9',*

I/6F45/7)/1H*(%&)7F9*9'O9)/89*%F9*8)/,,9+*&'*269%F4'/F1%)*2,F922?**>69*

J/692&/'*%'+*,69*(F&J,&/'*%':)9*%F9*#?!A-*IS%*%'+*".*+9:F992?



!@A

*-./01(?233 >69*92,&1%,92*/(*,69*)&192,/'9*269%F*2,F9':,6*H<*72&':*$/J0%H*8F/:F%1*

%,* 31* CBZ@B#?* * Y/934WF/;'* %'+* 9\7&O%)9',* I/6F45/7)/1H* (%&)7F9*

9'O9)/89* %F9* 8)/,,9+* &'* 269%F4'/F1%)* 2,F922?* * >69* J/692&/'* %'+* ,69*

(F&J,&/'*%':)9*%F9*#?.."*IS%*%'+*.#*+9:F992?



!@D

>&BF)!"E@

IF?* S%F&'<%* >6/':,6&%':+99* ;%2* H/F'* /'* ,69* A'+* /(* E%'7%F<* !-@-* &'* ^H/'

$%,J6%,6%'&* 8F/O&'J9?* Y9* 9%F'9+* 6&2* W%J69)/F_2* P9:F99* &'* `9/,9J6'/)/:<=

P98%F,19',*/(*`9/,9J6'/)/:<=*G%J7),<*/(*>9J6'/)/:<=*X6/'*X%9'*^'&O9F2&,<*QXX^R

&'*!--A?* *K(,9F*:F%+7%,&/'=*69*6%2*H99'*918)/<9+*7'+9F* ,69*8/2&,&/'*/(* 9':&'99F&':

:9/)/:&2,*H<* ,69*`I>*5/F8/F%,&/'*0,+?* *Y9*6%2*H99'*8F/1/,9+* ,/*H9* %*69%+*/(* ,69

(/7'+%,&/'* &'O92,&:%,&/'* 29J,&/'?* * GF/1* !---* ,/* A##D=* 69* 2,7+&9+* (/F* 6&2* I%2,9F_2

P9:F99* &'* ,69* LJ6//)* /(* `9/,9J6'/)/:<=* U'2,&,7,9* /(* T':&'99F&':* %,* L7F%'%F99

^'&O9F2&,<* /(* >9J6'/)/:<* QL^>R* ;&,6* ,69* 1%[/F* &'* `9/)/:&J%)* T':&'99F&':?* * Y&2

9a89F,&29* &2* &'* ,69* %F9%2* /(* 2/&)* %'+* F/J3* 19J6%'&J2=* (&9)+4,92,&':* %'+* :9/,9J6'&J%)

&'2,F719',%,&/'?
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