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/2i2+iQ` H�v2`@k `2bT2+iBp2HvX U��KQ/i 2i �HX- kyy3VX X X X X X X X 8k

8X3 AMM2` #�``2H@iQT UA"hV i2KT2`�im`2 bi�#BHBiv /m`BM; i?2 8y `mMbX

h?2 bi�p2 Bb +H�bbB}2/ #v � /Bz2`2Mi +QHQ`X X X X X X X X X X X X X X 8j

eXR h?2 H�vQmi Q7 :9#2�KHBM2 bQ7ir�`2 Bb b?QrMX h?2 2H2+i`QM #2�K

T�bb2b i?`Qm;? b2p2M bBHB+QM b2MbQ`b mb2/ �b � TBt2H b2MbQ` i2H2b+QT2

rBi? i?2 �M;H2 Q7 i?2 .lh TH�M2 iQ #2 y /2;`22bX X X X X X X X X X 8d



sAA

eXk 6`QMi pB2r UH27iV �M/ iQT pB2r U`B;?iV Q7 .lh BM :9#2�KHBM2 bQ7i@

r�`2X h?2 �M;H2 Q7 i?2 .lh TH�M2 Bb +?�;M2/ 7`QK y iQ 9y /2;`22b

+QmMi2`+HQ+FrBb2 �`QmM/ i?2 v@�tBbX X X X X X X X X X X X X X X X X X 83

GAah P6 6A:l_1a U*QMiBMm2/V

6B;m`2 S�;2

eXj "2�K T`Q}H2 Q7 � TBt2H b2MbQ` i2H2b+QT2 BM i?2 +�b2 �M;H2 Q7 i?2 .lh

Bb y /2;`22bX h?2 #2�K T`Q}H2 Bb T2`7Q`K2/ #v mbBM; :9#2�KHBM2

bQ7ir�`2 iQ /Q � bBKmH�iBQM �M/ mbBM; _PPh iQ �M�Hvx2X X X X X X 8N

eX9 "2�K T`Q}H2 Q7 i?2 .lh TH�M2 r?2M i?2 �M;H2b �`2 y- Ry- ky- jy-

�M/ 9y /2;`22b X X X X X X X X X X X X X X X X X X X X X X X X X X X X ey

eX8 *Q``2H�iBQM THQi r?2`2 i?2 t@TQbBiBQM Q7 i?2 .lh TH�M2 �`2 THQi

rBi? i?2 t@TQbBiBQM Q7 i?2 Qi?2` e TH�M2bX X X X X X X X X X X X X X X eR

eXe *Q``2H�iBQM THQi r?2`2 i?2 v@TQbBiBQM Q7 i?2 .lh TH�M2 �`2 THQi

rBi? i?2 v@TQbBiBQM Q7 i?2 Qi?2` e TH�M2bX X X X X X X X X X X X X X X ek

eXd �M 2H2+i`QM i`�+F TQbBiBQM r?B+? ?Bi QM �GSA.1 b2MbQ`- i?2 7`QMi

pB2r Q7 i`�+F U�V �M/ bB/2 pB2r Q7 i`�+F U#VX X X X X X X X X X X X X ej

eX3 .Bbi`B#miBQM Q7 i?2 /Bz2`2M+2 #2ir22M i?2 i`�+F TQbBiBQM Q7 i?2

.lh TH�M2 rBi? i?2 Qi?2` TH�M2bX X X X X X X X X X X X X X X X X X ej

eXN h?2 ?BbiQ;`�K b?Qr i?2 T�`iB+H2 2p2Mi /Bbi`B#miBQM rBi? i?2 b+�i@

i2`BM; �M;H2X 1�+? +�Mp�b Bb BM+Hm/BM; e /Bbi`B#miBQMb- Bi b?Qr i?2

/Bbi`B#miBQM Q7 e �GSA.1 TH�M2bX X X X X X X X X X X X X X X X X X X e8



sAAA

eXRy h?2 THQi #2ir22M i?2 b+�ii2`BM; �M;H2 UαV rBi? i?2 �GSA.1 TH�M2

MmK#2`X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X ee

eXRR h?B+FM2bb Q7 .lh TH�M2 /m`BM; Q`B;BM�H �M/ `Qi�i2/X X X X X X X X ed

GAah P6 6A:l_1a U*QMiBMm2/V

6B;m`2 S�;2

R h?2 +Q``2H�iBQM THQi BM i?2 t@/B`2+iBQM pB� i?2 +?�M;2b .lh �M;H2X

*�Mp�b (y) `2T`2b2Mi i?2 i`�+F TQbBiBQM #2ir22M i?2 }`bi �M/ b2+QM/

TH�M2X *�Mp�b (R)- (k)- (j)- (9) �M/ (8) `2T`2b2Mi i?2 i`�+F TQbBiBQM

#2ir22M i?2 b2+QM/ �M/ i?B`/ TH�M2- i?B`/ �M/ 7Qm`i?- 7Qm`i? �M/

}7i?- }7i? �M/ bBti? `2bT2+iBp2HvX X X X X X X X X X X X X X X X X X X dd

k h?2 +Q``2H�iBQM THQi BM i?2 v@/B`2+iBQM pB� i?2 +?�M;2b .lh �M;H2X

*�Mp�b (y) `2T`2b2Mi i?2 i`�+F TQbBiBQM #2ir22M i?2 }`bi �M/ b2+QM/

TH�M2X *�Mp�b (R)- (k)- (j)- (9) �M/ (8) `2T`2b2Mi i?2 i`�+F TQbBiBQM

#2ir22M i?2 b2+QM/ �M/ i?B`/ TH�M2- i?B`/ �M/ 7Qm`i?- 7Qm`i? �M/

}7i?- }7i? �M/ bBti? `2bT2+iBp2HvX X X X X X X X X X X X X X X X X X X d3

j h?2 THQi #2ir22M i?2 b+�ii2`BM; �M;H2 UαV rBi? i?2 �GSA.1 TH�M2

MmK#2` X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X dN



GAah P6 �""_1oA�hAPLa

�GA*1 � G�`;2 AQM *QHHB/2` 1tT2`BK2Mi�H

�GSA.1 �GA*1 SBt2H .2i2+iQ`

�aA* �TTHB+�iBQM aT2+B}+ AMi2;`�i2/ *B`+mBib

"> "2M/BM; J�;M2i >Q`BxQMi�H

"h6 "2�K h2bi 6�+BHBiv

"o "2M/BM; J�;M2i o2`iB+�H

.�* .B;Bi�H iQ �M�HQ; *QMp2`i2`

.�Z .�i� �+[mBbBiBQM

.lh .2pB+2 lM/2` h2bi

1J*�H 1H2+i`QK�;M2iB+ *�HQ`BK2i2`

6A6P 6B`bi@AM 6B`bi@Pmi

>"h >B;?@2M2`;v "2�K h`�MbTQ`i HBM2

>6h >2�pv 6H�pQ` h`�+F2`

>JSA. >B;? JQK2MimK S�`iB+H2 A/2MiB}+�iBQM

Aha AMM2` h`�+FBM; avbi2K

Z:S Zm�`F@:HmQM SH�bK�

J�Sa JQMQHBi?B+ �+iBp2 SBt2H a2MbQ`

G"h GQr@2M2`;v "2�K h`�MbTQ`i HBM2

Gak kM/ GQM; a?mi/QrM

JASb JBMBKmK AQMBxBM; T�`iB+H2b



so

GAah P6 �""_1oA�hAPLa U*QMiBMm2/V

SA. S�`iB+H2 A/2MiB}+�iBQM

S>Pa S?QiQM aT2+i`QK2i2`

Z6 Zm�/`mTQH2 6Q+mbBM;

Z. Zm�/`mTQH2 .27Q+mBM;

_>A* _2H�iBpBbiB+ >2�pv AQM *QHHB/2`

_A*> _BM; AK�;BM; *?2`2MFQp

a.. aBHB+QM .`B7i .2i2+iQ`b

aG_A avM+?`Qi`QM GB;?i _2b2�`+? AMbiBimi2

aS. aBHB+QM SBt2H .2i2+iQ`b

a_�J ai�iB+ _�M/QK@�++2bb J2KQ`v

aa. aBHB+QM ai`BT .2i2+iQ`b

ah�_ aQH2MQB/�H h`�+F2`

hP6 hBK2@P7@6HB;?i

hS* hBK2 S`QD2+iBQM *?�K#2`



*>�Sh1_ A

ALh_P.l*hAPL

G�`;2 >�/`QM *QHHB/2` UG>*V �i i?2 1m`QT2�M P`;�MBx�iBQM 7Q` Lm+H2�`

_2b2�`+? U*1_LV Bb +m``2MiHv i?2 H�`;2bi T�`iB+H2 �++2H2`�iQ` BM i?2 rQ`H/X Ai ?�b

#22M BM QT2`�iBQM bBM+2 i?2 Ryth a2Ti2K#2` kyy3X h?2`2 �`2 7Qm` H�`;2 2tT2`BK2Mib

�`QmM/ i?2 G>* `BM;- r?B+? �`2 � hQ`QB/�H G>* �TT�`�ima U�hG�aV- *QKT�+i

JmQM aQH2MQB/ U*JaV- � G�`;2 AQM *QHHB/2` 1tT2`BK2Mi U�GA*1V- �M/ G�`;2

>�/`QM *QHHB/2` #2�miv UG>*#VX G>* �BKb iQ �HHQr T?vbB+Bbib iQ i2bi i?2

K�Mv i?2Q`B2b Q7 T�`iB+H2 T?vbB+b QM M2r T�`iB+H2b- �M/ iQ bim/v Qi?2` mMbQHp2/

[m2biBQMbX

�GA*1- QM2 Q7 i?2 7Qm` 2tT2`BK2Mi- Bb 2bT2+B�HHv /2bB;M2/ iQ bim/v

i?2 T?vbB+b Q7 bi`QM;Hv BMi2`�+iBM; Mm+H2�` K�ii2` �M/ i?2 T`QT2`iB2b Q7 i?2

Zm�`F@:HmQM SH�bK� UZ:SV Ua�ix- kyRRVX 6Q` i?2 b2+QM/ HQM; b?mi /QrM UGakV

Q7 i?2 G>*- i?2 �GA*1 +QHH�#Q`�iBQM ?�b #22M T`2T�`BM; � K�DQ` mT;`�/2 Q7

Bib �TT�`�imb iQ BKT`Qp2 K2�bm`2K2Mi T`2+BbBQM- �M/ i?2 2p2Mi `2�/Qmi `�i2X

PM2 Q7 i?2 K�BM mT;`�/2b Bb � M2r AMM2` h`�+FBM; avbi2K UAhaV- BM r?B+? i?2

JQMQHBi?B+ �+iBp2 SBt2H a2MbQ` UJ�SaV UJ�;2`- kyReV Bb #2BM; mb2/ �b i?2 F2v

Q7 i?2 mT;`�/2X Ai Bb �M BK�;2 b2MbQ` i?�i BMi2;`�i2b #Qi? i?2 `2�/Qmi 2H2+i`QMB+

�M/ bBHB+QM T�`ib QM � bBM;H2 b2MbQ` mMBiX



k

RXR h?2 Zm�`F@:HmQM SH�bK� UZ:SV

Zm�MimK +?`QKQ/vM�KB+b UZ*.V Bb i?2 i?2Q`v Q7 bi`QM; BMi2`�+iBQMX Ai

/2b+`B#2b i?2 7mM/�K2Mi�H BMi2`�+iBQM #2ir22M [m�`Fb �M/ ;HmQMb r?B+? �`2 K�BM

+QKTQM2Mib Q7 K�ii2`b U_�MD�M �M/ _�pBb?�MF�`- kyRyVX AM i?2 [m�`F K�ii2`

T?�b2 /B�;`�K- Z:S Bb TH�+2/ BM i?2 ?B;?@i2KT2`�im`2- ?B;?@/2MbBivX Z:S +�M

#2 bim/B2/ #v T?�b2 /B�;`�K BM };m`2 RXR �b � 7mM+iBQM Q7 i2KT2`�im`2 T �M/

#�`vQM MmK#2` +?2KB+�H TQi2MiB�H µX

6B;m`2 RXR h?2 T?�b2 /B�;`�K Q7 [m�MimK +?`QKQ/vM�KB+ U_�MD�M �M/ _�pBb@

?�MF�`- kyRyVX



j

RXk � G�`;2 AQM *QHHB/2` 1tT2`BK2Mi

h?2 �GA*1 2tT2`BK2Mi T`QpB/2b � +QKT`2?2MbBp2 bim/v Q7 2H2+i`QMb-

T?QiQMb- KmQMb- ?�/`QMb- �M/ D2ib i?�i �`2 +`2�i2/ BM ?2�pv@BQM +QHHBbBQMb UJQQ`2

�M/ h2�M2v- kyy8VX h?2 T`2+BbBQM Q7 K2�bm`2K2Mib +QKTH2K2Mib i?2 ?2�pv@BQM

i?�i Bb �++2H2`�i2/ #v mbBM; TĜT �M/ TĜS# iQ T`Q/m+2 � [m�MiBi�iBp2 #�b2 7Q`

+QKT�`BbQM rBi? `2bmHib 7`QK S#ĜS# +QHHBbBQMbX

h?2 M�im`2 Q7 Z:S Bb �M �HKQbi B/2�H HB[mB/ 2K2`;2/ 7`QK i?2 2tT2`BK2MiX

h?2 �GA*1 2tT2`BK2Mi ?�b T`QpB/2/ i?2 #�bB+ FMQrH2/;2 Q7 Z:SX h?2v Q#b2`p2

i?2 +`2�iBQM Q7 i?2 ?�/`QMB+ K�ii2` �i mMT`2+2/2Mi2/ p�Hm2b Q7 i2KT2`�im`2b �M/

2M2`;v /2MbBivX h?2 T`2+BbBQM �M/ �++m`�+v Q7 �HH bB;MB}+�Mi T`Q#2b �`2 `2�+?2/X

�GA*1 ?�b �+?B2p2/ i?2b2 T?vbB+b `2bmHib �7i2` i?`22 v2�`b Q7 i?2 S#ĜS# �M/ irQ

v2�`b Q7 i?2 TĜS# `mMMBM;- `2bT2+iBp2HvX �GA*1 ?�b b?QrM 2t+2HH2Mi +�T�#BHBiB2b

i?�i K2�bm`2 i?2 ?B;?@2M2`;v Mm+H2�` +QHHBbBQMb �i i?2 G>*X

h?2 �GA*1 �TT�`�imb Ub22 };m`2 RXkV +QMbBbib Q7 � +2Mi`�H #�``2HX h?Bb

+QKTQM2Mi Bb � T�`i mb2/ iQ K2�bm`2 ?�/`QMb- 2H2+i`QMb �M/ T?QiQMbX h?2 +2Mi`�H

#�``2H +Qp2`b TQH�` �M;H2b 7`QK 98◦ iQ Rj8◦X Ai Bb BKTH�Mi2/ BM � H�`;2 bQH2MQB/

K�;M2iX JQpBM; 7`QK +2Mi`2 iQ T2`BT?2`v- Bi +QMbBbib Q7 b2p2`�H /2i2+iQ`b, i?2

�H`2�/v K2MiBQM2/ AMM2` h`�+FBM; avbi2K UAhaV i?�i rBHH #2 /2b+`B#2/ BM i?2 M2ti

b2+iBQM- � +vHBM/`B+�H hBK2@S`QD2+iBQM *?�K#2` UhS*V- hBK2@Q7@6HB;?i UhP6V-

_BM; AK�;BM; *?2`2MFQp U_A*V- �M/ h`�MbBiBQM _�/B�iBQM Uh_.V /2i2+iQ`b- �M/

irQ 2H2+i`QK�;M2iB+ +�HQ`BK2i2`b US>Pa �M/ 1J*�GVX �HH /2i2+iQ`b +Qp2` i?2

7mHH �xBKmi?- rBi?Qmi i?2b2 +QKTQM2Mib U>JSA.- S>Pa- �M/ 1J@*�GVX h?2

7Q`r�`/ KmQM �`K Uk◦ @ N◦V +QMbBbib Q7 � +QKTH2t bvbi2K Q7 �#bQ`#2`bX h?2v �`2

+QKTQb2/ Q7 i?`22 +QKTQM2Mib- � H�`;2 /BTQH2 K�;M2i- 7Qm`i22M TH�M2b Q7 i`�+FBM;-



9

6B;m`2 RXk h?2 H�vQmi Q7 i?2 +QKTQM2Mib Q7 �GA*1 /2i2+iQ`X U��KQ/i 2i �HX-

kyy3VX



8

�M/ i`B;;2`BM; +?�K#2`bX a2p2`�H bK�HH2` /2i2+iQ`b Uw.*- SJ.- 6J.- hy- oyV

7Q` ;HQ#�H 2p2Mi +?�`�+i2`Bx�iBQM �M/ i`B;;2`BM; �`2 HQ+�i2/ �i p2`v bK�HH �M;H2bX

�M �``�v Q7 b+BMiBHH�iQ`b U�*P_.1V QM iQT Q7 i?2 Gj K�;M2i Bb mb2/ iQ i`B;;2` QM

+QbKB+ `�vbX

RXj �GA*1 AMM2` h`�+FBM; avbi2K mT;`�/2

RXjXR h?2 KQiBp�iBQM Q7 �GA*1 2tT2`BK2Mi

ai`QM; Mm+H2�` 7Q`+2 +�M #2 bim/B2/ #v i?2 BMi2`�+iBQMb rBi?BM i?2 Mm+H2BX

AM ;2M2`�H- i?2 Mm+H2B +QMbBbib Q7 irQ K�BM ivT2b Q7 T�`iB+H2b- M2mi`QMb �M/ T`QiQMbX

L2mi`QMb �M/ T`QiQMb �`2 K�/2 Q7 mT �M/ /QrM [m�`FbX aBM+2 i?2B` K�bb2b �`2

p2`v HQr- r2 +�M bim/v i?2K BM � HQr@2M2`;v �++2H2`�iQ`X h?Bb Bb +QMi`�`v iQ i?2

bim/v Q7 bi`�M;2 �M/ +?�`K [m�`FbX aBM+2 i?2B` K�bb2b �`2 ?B;?2` �M/ +�MMQi #2

7QmM/ BM M�im`2- r2 ?�p2 iQ mb2 � ?B;?@2M2`;v �++2H2`�iQ` �b � iQQHX

hQ mM/2`bi�M/ i?2 bi`QM; Mm+H2�` 7Q`+2 �M/ i?2 T`QT2`iB2b Q7 bi`�M;2 �M/

+?�`K [m�`Fb KQ`2- r2 �BK iQ bim/v i?2 7Q`K�iBQM Q7 ?vT2`i`BiQM �M/ ΛC T�`iB+H2bX

AM i?2 T�bi- Bi r�b /B{+mHi #2+�mb2 i?2b2 irQ T�`iB+H2b ?�p2 ?B;? K�bb2b rBi? HQr

i`�Mbp2`b2 KQK2MimK �M/ HQb2 2M2`;v 2�bBHv r?2M KQpBM; i?`Qm;? K2/BmKX Ai

Bb 2tT2+i2/ i?�i �7i2` BKT`Qp2K2Mi Q7 i?2 �GA*1 +QKTQM2Mib- i?2 Aha rBHH #2

�#H2 iQ T`QpB/2 KQ`2 BM7Q`K�iBQM QM i?2 T`Q+2bb Q7 H�K#/� T�`iB+H2 ;2M2`�iBQMX

h�#H2 RXR b?Qrb i?2 T2`7Q`K�M+2 BKT`Qp2K2Mi Q7 i?2 mT;`�/2/ Aha +QKT�`BM; iQ

i?2 T`2b2Mi AhaX h?2 /2i2+iQ` +�M /2i2+i ?B;? K�bb T�`iB+H2b bm+? �b ΛC �M/ .

K2bQMb �i HQr i`�Mbp2`b2 KQK2MimKX



e

h�#H2 RXR *QKT�`BbQM #2ir22M i?2 T`2b2Mi �M/ mT;`�/2/ AhaX

P#b2`p�#H2 *m``2Mi- yXR nb−1 lT;`�/2- Ry nb−1

D K2bQM RAA pT > 1- RyW pT > 0- yXjW

Ds K2bQM RAA pT > 4- R8W pT >R- RW

D K2bQM 7`QK " RAA pT > 1- 8yW pT >y- kX8W

D K2bQM 2HHBTiB+ ~Qr U7Q` v2 = 0.2) pT >R- 8yW pT >y- 2.5%

D 7`QK " 2HHBTiB+ ~Qr U7Q` v2 = 0.1) MQi �++2bbB#H2 pT >k- kyW

*?�`K #�`vQMfK2bQM `�iBQ (ΛC/D) MQi �++2bbB#H2 pT > 2- 15%

J/Ψ RAA U7Q`r�`/ vV pT > 0- 1% pT > 0- 0.3%

J/Ψ RnAA U+2Mi`�H vV pT > 0- 5% pT > 0- 0.5%

J/Ψ 2HHBTiB+f~Qr U7Q`r�`/ v- 7Q` v2 4yXRV pT > 0- 15% pT > 0- 5%

Ψ pT > 0- 30% pT > 0-10%

h2KT2`�im`2 AJ_ MQi �++2bbB#H2 20% QM h

1HHBTiB+ ~Qr AJ_ U7Q` v2 = 0.1) MQi �++2bbB#H2 20%

GQr@K�bb p2+iQ` bT2+i`�H 7mM+iBQM MQi �++2bbB#H2 pT > 0.3- 20%



d

RXjXk �GA*1 mT;`�/2 TH�M

�GA*1 �H`2�/v T`Qp2/ iQ T`QpB/2 � p2`v ;QQ/ T2`7Q`K�M+2 7Q` /2i2+iBM;

T�`iB+H2b BM ?2�pv BQM +QHHBbBQMbX Ai +QM}`K2/ i?2 #�bB+ TB+im`2 Q7 i?2 M�im`2 Q7

Z:SX h?2 �GA*1 HQM;@i2`K T?vbB+b ;Q�Hb �`2 /Bb+mbb2/ BM /2i�BH BM i?2 �GA*1

lT;`�/2 G2ii2` Q7 AMi2Mi- *QM+2Tim�H .2bB;M _2TQ`i U*._V UJmb�- kyRkV �M/

h2+?MB+�H .2bB;M _2TQ`i Uh._V U�#2H2p 2i �HX- kyR9VX hQTB+b iQ #2 �//`2bb2/

BM+Hm/2 ?2�pv@~�pQ` ?�/`QMb- [m�`FQMB�- �M/ HQr@K�bb /BH2TiQMbX h?2 mT;`�/2 Q7

i?2 /2i2+iQ` 2H2K2Mi +�M 7QmM/ i?Qb2 T�`iB+H2b �i HQr i`�Mbp2`b2 KQK2Mi�X h?2

BKT`Qp2K2Mi Bb �HbQ �M BM+`2�b2 BM bi�iBbiB+bX h?2 +�T�#BHBiv iQ bim/v i?2b2 T`Q@

+2bb2b rBHH #2 ;`2�iHv 2M?�M+2/X �GA*1 ?�b #22M /2p2HQTBM; � K�DQ` mT;`�/2 Q7

i?2 M2r Aha- �M/ � TH�M 7Q` BMbi�HH�iBQM /m`BM; i?2 GQM; a?mi/QrM k UGakV Q7 i?2

G>* BM kyRNfky UE2BH- kyR8V Ub22 BM };m`2 RXjV #v,

Ç .2p2HQTK2Mi Q7 2H�#Q`�i2 T�`�K2i2`b K2�bm`2K2Mi Q7 +QHHBbBQM

@ _2/m+iBQM Q7 i?2 }`bi /2i2+iBQM H�v2` +HQb2` iQ i?2 #2�K TBT2 iQ `2/m+2 i?2

/Bbi�M+2 7`QK #2�KTBT2 iQ i?2 }`bi H�v2` UIkk KKV

@ _2/m+iBQM Q7 K�i2`B�H #m/;2i Q7 BMM2` H�v2`b 7`QK RXR9W iQ yXjyW

@ _2/m+iBQM Q7 b2MbQ`Ƕb bBx2 �M/ i?B+FM2bb #v mbBM; JQMQHBi?B+ �+iBp2 SBt2H

a2MbQ`X

Ç AKT`Qp2K2Mi Q7 `2�/@Qmi iBK2

h?2 T`2b2Mi Aha 72�im`2b ?�p2 � K�tBKmK `2�/@Qmi `�i2 Q7 R F>x- r?BH2

i?2 M2r /2i2+iQ` Bb /2bB;M2/ iQ #2 �#H2 iQ `2�/ i?2 /�i� `2H�i2/ iQ 2�+?

BM/BpB/m�H BMi2`�+iBQM mT iQ � `�i2 Q7 Ryy F>xX

Ç �/DmbiK2Mi Q7 /2i2+iQ` H�vQmi

h?2 +m``2Mi Aha +QMbBbib Q7 bBt H�v2`b- irQ BMM2` H�v2`b Q7 aBHB+QM SBt2H .2@

i2+iQ` UaS.V- irQ KB//H2 H�v2`b Q7 aBHB+QM .`B7i .2i2+iQ`Ua..V- �M/ irQ
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Qmi2` H�v2`b Q7 aBHB+QM ai`BT2 .2i2+iQ` Uaa.VX h?2 T`2b2Mi Aha rBHH #2 7mHHv

`2TH�+2/ #v � M2r /2i2+iQ` +QMbBbiBM; Q7 b2p2M H�v2`b Q7 KQMQHBi?B+ bBHB+QM

TBt2H /2i2+iQ`bX h?2 M2r /2i2+iQ` +QMbBbib Q7 irQ b2T�`�i2 #�``2Hb, �M BM@

M2` #�``2H UA"V +QKT`BbBM; Q7 i?`22 BMM2` H�v2`b �M/ �M Qmi2` #�``2H UP"V

+QKT`BbBM; Q7 irQ KB//H2 �M/ irQ Qmi2` H�v2`bX

6B;m`2 RXj h?2 2H2K2Mi�`v H�v2`b Q7 T`2b2Mi Aha UH27iV �M/ mT;`�/2 Aha U`B;?iVX

U��KQ/i 2i �HX- kyy3VX

RX9 h?2bBb QmiHBM2

h?Bb i?2bBb Bb bi`m+im`2/ �b 7QHHQrbX AM +?�Ti2` AA- i?2 T`QT2`iB2b Q7 bBHB+QM /2@

i2+iQ` K�i2`B�H �M/ i?2 T`BM+BTH2b Q7 QT2`�iBQM Q7 J�Sa �`2 /Bb+mbb2/X AM +?�Ti2`

AAA- i?2 �GA*1 AMM2` h`�+FBM; avbi2K mT;`�/2 Bb BMi`Q/m+2/X qBi?BM i?Bb i?2bBb-

bK�HH@b+�H2 �M/ 7mHH@b+�H2 JQMQHBi?B+ �+iBp2 SBt2H a2MbQ` UJ�SaV T`QiQivT2b 7Q`

i?2 �GA*1 Aha lT;`�/2 r2`2 +?�`�+i2`Bx2/X h?2 bi`m+im`2 Q7 aG_A@"h6 �M/ i?2

BMbi�HH�iBQM Q7 � TBt2H b2MbQ` i2H2b+QT2 �`2 ;Bp2M BM *?�Ti2` AoX h?2 M2r TBt2H

b2MbQ` i2H2b+QT2 Bb T`2b2Mi2/ #v mbBM; i`�D2+iQ`v T`2/B+iBQM- �M/ i?2 KQ/B}+�iBQM

b2MbQ` i2H2b+QT2 rBHH #2 #mBHi rBi?BM i?Bb i?2bBb Bb /2b+`B#2/ BM *?�Ti2` oX JQ`2@

Qp2`- i?2 bmKK�`v Q7 i?2 bm`7�+2 +QKKBbbBQMBM; �i *1_L Bb �HbQ �//2/ BM i?Bb



N

+?�Ti2`X h?2 T2`7Q`K�M+2 Q7 i?2 M2r TBt2H b2MbQ` i2H2b+QT2 #�b2/ QM � bBKmH�iBQM

mbBM; :9#2�KHBM2 bQ7ir�`2 �M/ i?2 �M�HvbBb mbBM; _PPh 7`�K2rQ`F �`2 2tTH�BM2/

BM *?�Ti2` oAX h?2 `2bmHib �M/ T`QbT2+ib 7Q` 7mim`2 �i HQQFb �`2 b?QrM BM *?�Ti2`

oAAX



*>�Sh1_ AA

JPLPGAh>A* �*hAo1 SAs1G a1LaP_a

h?Bb +?�Ti2` /Bb+mbb2b �#Qmi i?2 /2p2HQTK2Mi Q7 i?2 M2r bBHB+QM TBt2H b2MbQ`

i2+?MQHQ;v 7Q` i?2 M2r �GA*1 Aha- M�K2/ �GSA.1X h?2 M2r b2MbQ` rBHH #2

BKTH2K2Mi2/ BM i?2 R3y MK *JPa T`Q+2bb #v hQr2`C�xx i2+?MQHQ;vX JQ`2Qp2`-

i?Bb +?�Ti2` �HbQ /2b+`B#2b i?2 T`BM+BTH2b Q7 +?�`;2 +�``B2`b �M/ i?2B` +QHH2+iBQM

rBi?BM i?2 b2MbBiBp2 H�v2`X

h?2 }`bi T�`i Q7 i?Bb +?�Ti2` ;Bp2b � `2pB2r Q7 i?2 2M2`;v@HQbb K2+?�MBbKb

Q7 +?�`;2/ T�`iB+H2b �M/ 2H2+i`QK�;M2iB+ `�/B�iBQM BM aBHB+QMX

kXR 1M2`;v /2TQbBi �M/ +?�`;2 ;2M2`�iBQM BM bBHB+QM

AM i?Bb b2+iBQM- � #`B27 Qp2`pB2r Q7 +?�`;2 /2TQbBi K2+?�MBbKb BM bBHB+QM-

`2H2p�Mi 7Q` i?Bb rQ`F- Bb T`QpB/2/X

kXRXR 1M2`;v HQbb Q7 +?�`;2/ T�`iB+H2b

*?�`;2/ T�`iB+H2b �`2 TQbBi`QMb �M/ 2H2+i`QMbX h?2 H�`;2 /Bz2`2M+2 BM K�bb

#2ir22M 2H2+i`QMb �M/ ?2�pv +?�`;2/ T�`iB+H2b ?�b BKTQ`i�Mi +QMb2[m2M+2b 7Q`

BMi2`�+iBQMbX � +?�`;2/ T�`iB+H2 /2TQbBib 2M2`;v i?`Qm;? irQ K2+?�MBbKbX h?2

}`bi K2+?�MBbK Bb +QHHBbBQM�H HQbb2b- r?B+? H2�/ iQ 2t+Bi�iBQM Q7 i?2 �iQK Q` BQM@

Bx�iBQMX "2i?2@"HQ+? 7Q`KmH� ;Bp2b i?2 K2�M `�i2 Q7 2M2`;v HQbb UbiQTTBM; TQr2`V

UJQ`;�M C` �M/ 1#v- RNdjV 7Q` � ?2�pv +?�`;2/ T�`iB+H2 U2[ kXRVX h?2 b2+QM/

K2+?�MBbK Bb `�/B�iBp2 HQbb2bX h?2 2M2`;v HQbb Bb bHB;?iHv /Bz2`2Mi #2+�mb2 Q7 i?2B`

bK�HH K�bb2b �M/ BM/BbiBM;mBb?�#BHBiv T`QT2`iB2b U`2[mB`BM; `2H�iBpBbiB+ i2`KVX 6�bi



RR

+?�`;2/ T�`iB+H2b KQpBM; i?`Qm;? K�ii2` BMi2`�+i rBi? i?2 2H2+i`QMb Q7 �iQKb BM

i?2 K�i2`B�HX h?2 BMi2`�+iBQM 2t+Bi2b Q` BQMBx2b i?2 �iQKb- H2�/BM; iQ �M 2M2`;v

HQbb Q7 i?2 i`�p2HBM; T�`iB+H2X

−dE

dx
= 4πNAr2

emec
2z2 Z

A

1
β2

[
1
2 ln

2mec2β2γ2Tmax

I2 − β2 − δ

2

]

UkXRV

rBi? re Bb i?2 +H�bbB+�H 2H2+i`QM `�/Bmb- me Bb i?2 2H2+i`QM K�bb- NA Bb i?2 �pQ;�/`QǶb

MmK#2`- I Bb K2�M 2t+Bi�iBQM TQi2MiB�H- Z Bb i?2 �iQKB+ MmK#2` Q7 �#bQ`#BM;

K�i2`B�H- A Bb i?2 �iQKB+ r2B;?i Q7 �#bQ`#BM; K�i2`B�H- β Bb v/c Q7 i?2 BM+B/2Mi

T�`iB+H2- δ Bb /2MbBiv +Q``2+iBQM- Tmax Bb i?2 K�tBKmK FBM2iB+ 2M2`;v r?B+? +�M #2

BKT�`i2/ iQ � 7`22 2H2+i`QM BM � bBM;H2 +QHHBbBQM- �M/ z Bb T�`iB+H2 +?�`;2X

kXRXk 1M2`;v HQbb Q7 2H2+i`QK�;M2iB+ `�/B�iBQM

h?2 KQbi BKTQ`i�Mi T`Q+2bb2b i?�i T?QiQMb mM/2`;Q- r?2M BMi2`�+iBM; rBi?

K�ii2` �`2 i?2 T?QiQ2H2+i`B+ 2z2+i- *QKTiQM UBM+Q?2`2MiV b+�ii2`BM; Bb i?2 b+�i@

i2`BM; Q7 � T?QiQM #v � +?�`;2/ T�`iB+H2 UqBHHB�Kb- RNddVX Ai +�M #2 2tTH�BM2/ #v

2[ kXk- � `2H�iBQMb?BT #2ir22M i?2 b?B7i BM r�p2H2M;i? �M/ i?2 b+�ii2`BM; �M;H2 Q7

i?2 s@`�vb #v �bbmKBM; i?�i 2�+? b+�ii2`2/ s@`�v T?QiQM BMi2`�+i2/ rBi? QMHv QM2

2H2+i`QMX λ Bb i?2 BMBiB�H r�p2H2M;i?- λ′ Bb i?2 r�p2H2M;i? �7i2` b+�ii2`BM;- h Bb i?2

SH�M+F +QMbi�Mi- me Bb i?2 2H2+i`QM `2bi K�bb- c Bb i?2 bT22/ Q7 HB;?i- �M/ θ Bb i?2

b+�ii2`BM; �M;H2X

λ′ − λ = h

mec
(1 − cosθ) UkXkV

h?2 �MQi?2` QM2 Bb � T�B` T`Q/m+iBQMX Ai Bb i?2 +`2�iBQM Q7 � bm#�iQKB+

T�`iB+H2 �M/ Bib �MiBT�`iB+H2 7`QK � M2mi`�H #QbQMX
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kXk _�/B�iBQM /�K�;2

hrQ `�/B�iBQM /�K�;2 K2+?�MBbKb �z2+i b2KB+QM/m+iQ` /2i2+iQ`b,

Ç LQM@BQMBbBM; /�K�;2, AM+B/2Mi `�/B�iBQM /BbTH�+2b bBHB+QM �iQKb 7`QK i?2B`

H�iiB+2 bBi2bX h?2 `2bmHiBM; /272+ib �Hi2` i?2 2H2+i`B+�H +?�`�+i2`BbiB+b Q7 i?2

+`vbi�HX

Ç AQMBbBM; /�K�;2, 1M2`;v �#bQ`#2/ #v BQMBx�iBQM BM BMbmH�iBM; H�v2`b- mbm�HHv

aBP2- HB#2`�i2b +?�`;2 +�``B2`b- r?B+? /Bzmb2 Q` /`B7i iQ Qi?2` HQ+�iBQMb r?2`2

i?2v �`2 i`�TT2/X h?Bb H2�/b iQ mMBMi2M/2/ +QM+2Mi`�iBQMb Q7 +?�`;2 �M/- �b

� +QMb2[m2M+2- T�`�bBiB+ 2H2+i`B+ }2H/bX

kXkXR LQM@BQMBbBM; `�/B�iBQM /�K�;2

LQM@BQMBbBM; `�/B�iBQM /�K�;2 Bb HBMF2/ iQ LQM@AQMBbBM; 1M2`;v GQbb

ULA1GV UG�x�Mm 2i �HX- RNNdV r?B+? /2T2M/b QM i?2 T�`iB+H2 ivT2 �M/ 2M2`;vX LA1G

Bb mbm�HHv 2tT`2bb2/ �b 2[mBp�H2Mi ~m2M+2 Q7 R J2o M2mi`QMb T2` b[m�`2 +2MiBK2i`2

UR J2o neq +K2VX

kXkXk AQMBbBM; `�/B�iBQM /�K�;2

h?2 #�bB+ /2i2+iQ` Bb BMb2MbBiBp2 iQ BQMBx�iBQM 2z2+ibX AM i?2 #mHF- BQMBxBM;

`�/B�iBQM +`2�i2b 2H2+i`QMb �M/ ?QH2b i?�i �`2 br2Ti 7`QK i?2 b2MbBiBp2 pQHmK2X

*?�`;2 +�M ~Qr 7`22Hv i?`Qm;? i?2 2ti2`M�H +B`+mBi`v iQ `2biQ`2 2[mBHB#`BmKX �

TQi2MiB�H T`Q#H2K BM +�b2 Q7 J�Sa HB2b BM i?2 BMi2;`�i2/ +B`+mBi`v BM T�`iB+mH�`

JPa i`�MbBbiQ`bX SQbBiBp2 +?�`;2 #mBH/@mT /m2 iQ ?QH2 i`�TTBM; BM i?2 QtB/2 �M/

�i i?2 BMi2`7�+2 b?B7ib i?2 ;�i2 pQHi�;2 `2[mB`2/ 7Q` � ;Bp2M QT2`�iBM; TQBMiX
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kXj "�bB+ T?vbB+b BM b2MbQ`

EMQrH2/;2 `2[mB`2/ iQ mM/2`bi�M/ i?2 T`BM+BTH2 Q7 b2MbQ` Bb #�b2/ QM #�bB+

2H2+i`QMB+b �M/ b2KB+QM/m+iQ`X AM i?Bb b2+iBQM- r2 ;Bp2 #`B27 /2}MBiBQMb Q7 TM@

DmM+iBQM- /2TH2iBQM `2;BQM- 2z2+i Q7 K�;M2iB+ }2H/- `2p2`b2 #B�b- �M/ /B;Bi�H �M�HQ;

+QMp2`i2`X

kXjXR SL@DmM+iBQM

h?2 +QMi�+i #2ir22M T@ivT2 �M/ M@ivT2 b2KB+QM/m+iQ`b Bb +�HH2/ TM@

DmM+iBQMX h?2 `2p2`b2Hv #B�b2/ TM@DmM+iBQM Bb i?2 #�bB+ #mBH/BM; #HQ+F Q7 bBHB+QM

b2MbQ`bX Ai #mBH/b mT �M 2H2+i`B+ }2H/ i?�i +QHH2+ib i?2 bB;M�H 7`QK +?�`;2 T�`iB+H2

�M/ bmTT`2bb2b i?2 H2�F�;2 +m``2Mi- �M BKTQ`i�Mi MQBb2 bQm`+2X � TBt2H b2MbQ` Bb �

`2p2`b2Hv #B�b2/ TM@/BQ/2 rBi? � ?B;?Hv b2;K2Mi2/ +�i?Q/2 Q` �MQ/2X

kXjXk .2TH2iBQM _2;BQM

q?2M � TM@DmM+iBQM Bb 7Q`K2/- bQK2 Q7 i?2 7`22 2H2+i`QMb BM i?2 M@`2;BQM

/Bzmb2 �+`Qbb i?2 DmM+iBQM �M/ +QK#BM2 rBi? ?QH2b iQ 7Q`K M2;�iBp2 BQMb U"�FQrbFB

�M/ :mbi�7bbQM- RNN3VX 6BHHBM; � ?QH2 K�F2b � M2;�iBp2 BQM �M/ H2�p2b #2?BM/ �

M2;�iBp2 BQM QM i?2 M@bB/2X � bT�+2 +?�`;2 #mBH/b mT- +`2�iBM; � /2TH2iBQM `2;BQM

r?B+? BM?B#Bib 2H2+i`QM i`�Mb72` #v TmiiBM; � 7Q`r�`/ #B�b QM i?2 DmM+iBQMX .BzmbBQM

Bb i?2 `�M/QK KQp2K2Mi Q7 i?2 +?�`;2 +�``B2`b i?�i BKTHB2b ;`�/B2Mi BM i?2 +�``B2`

+QM+2Mi`�iBQMX Ai Bb KQ`2 T`Q#�#H2 i?�i � +�``B2` 7`QK � ?B;?@+QM+2Mi`�iBQM `2;BQM

�``Bp2b �i � HQr@+QM+2Mi`�iBQM `2;BQMX h?2 /BzmbBQM Cn,diff Bb /2b+`B#2/ #v

∇J = −∂φ

∂t
UkXjV
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�M/

Cn,diff = −Dn∇n = −kT

e
µn∇n UkX9V

Cp,diff = −Dp∇p = −kT

e
µp∇p UkX8V

r?2`2 ∇M �M/ ∇T �`2 i?2 ;`�/B2Mib Q7 i?2 2H2+i`QM �M/ ?QH2 +QM+2Mi`�iBQMX h?2

/BzmbBQM +QMbi�Mib Dn,p �`2 `2H�i2/ iQ i?2 KQ#BHBiB2b pB� i?2 1BMbi2BM 2[m�iBQM

Dn,pfµn,p4 Fh rBi? F Bb "QHixK�MMǶb +QMbi�Mi- µn,p Bb i?2 KQ#BHBiv Q7 M2mi`QM �M/

T`QiQM- �M/ h Bb �#bQHmi2 i2KT2`�im`2X

kXjXj 1z2+i Q7 J�;M2iB+ 6B2H/

a2KB+QM/m+iQ` /2i2+iQ`b +�M #2 QT2`�i2/ BMbB/2 � K�;M2iB+ }2H/X h?2 K�;@

M2iB+ }2H/ +QMi`QHb i?2 /`B7i Q7 i?2 bB;M�H +?�`;2 �M/ i?2 T`QT2`iB2b Q7 i?2 b2MbQ`X

�M 2H2+i`QM Q` � ?QH2 KQpBM; BM �M 2H2+i`B+ }2H/ Bb T`2b2Mi2/ BM i?2 GQ`2Mix 7Q`+2

6 4 ±2 U1 Y p × "VX h?2 /`B7i /B`2+iBQM rBHH /Bz2` 7`QK i?2 /B`2+iBQM Q7 i?2

2H2+i`B+ }2H/ #v i?2 GQ`2Mix �M;H2 θL 7QHHQr #v

tan θL,n = µHall,nB⊥xs UkXeV

tan θL,p = µHall,pB⊥ UkXdV

rBi? B⊥ #2BM; i?2 K�;M2iB+ }2H/ T2`T2M/B+mH�` iQ i?2 /`B7i p2HQ+BivX h?2 >�HH

KQ#BHBiv µHall /Bz2`b 7`QK i?2 /`B7i KQ#BHBivX

kXjX9 _2p2`b2 "B�b

1ti2`M�H pQHi�;2 �TTHB2/ BM i?2 b�K2 /B`2+iBQM �b i?2 #mBHi@BM pQHi�;2 rBHH

`2KQp2 MQBb2 �M/ rBHH 2ti2M/ i?2 bT�+2 +?�`;2 `2;BQM U/2TH2iBQM `2;BQMVX h?2

rB/i? Q7 i?2 /2TH2iBQM xQM2- i?2 2H2+i`B+ }2H/- �M/ i?2 TQi2MiB�H �b 7mM+iBQM Q7 i?2
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�TTHB2/ pQHi�;2 +�M #2 +�H+mH�i2/ #v bQHpBM; i?2 SQBbbQM 2[m�iBQM-

W = xn + xp =
√

2ε0εSi

e
( 1
NA

+ 1
ND

)(V + Vbi) UkX3V

r?2`2 q Bb i?2 iQi�H rB/i? Q7 i?2 /2TH2iBQM xQM2- xn �M/ xp �`2 T�i?b QM i?2 M@

�M/ T@bB/2 `2bT2+iBp2Hv- ε0 Bb i?2 T2`KBiBpBiv BM p�+mmK- εSi Bb i?2 T2`KBiBpBiv Q7

bBHB+QM- NA Bb i?2 MmK#2` Q7 BQMBx2/ /QMQ`b- ND Bb i?2 MmK#2` Q7 BQMBx2/ �++2TiQ`b-

Vbi Bb i?2 #mBHi@BM pQHi�;2- �M/ o i?2 2ti2`M�HHv �TTHB2/ pQHi�;2X

kXjX8 *QmHQK# b+�ii2`BM; Q7 T�`iB+H2b BM K�ii2`

q?2M T�`iB+H2b T�bb i?`Qm;? K�ii2`- BM �//BiBQM iQ BM2H�biB+ +QHHBbBQMb rBi?

i?2 �iQKB+ 2H2+i`QMb Ub22 BM };m`2 kXRV- i?2v ?�p2 � T`Q#�#BHBiv iQ bmz2` 7`QK

`2T2�i2/ 2H�biB+ *QmHQK# b+�ii2`BM; 7`QK Mm+H2BX

6B;m`2 kXR G�vQmi Q7 KmHiBTH2 b+�ii2`BM; Q7 +?�`;2/ T�`iB+H2bX

RX aBM;H2 b+�ii2`BM;

q?2M i?2 i?B+FM2bb Q7 K2/BmK Bb p2`v bK�HH- i?2 T`Q#�#BHBiv iQ ?�p2KQ`2

i?�M QM2 BMi2`�+iBQM Bb M2;HB;B#H2X h?2 _mi?2`7Q`/ 7Q`KmH� /2b+`B#2b i?Bb bBim�iBQM
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r2HH Uhb�B- RNd9V-
dσ

dΩ = ( 1
4πε0

)2 Z2e4

M2c4β4
1

sin4(θ/2) UkXNV

r?2`2 M Bb � /BK2MbBQMH2bb [m�MiBiv ;BpBM; i?2 K2�M MmK#2` Q7 +QHHBbBQMb r?B+?

Q++m` BM i?2 KmHiBTH2 b+�ii2`BM; T`Q+2bb �M/ +β Bb i?2 p2HQ+Biv Q7 2H2+i`QMX

kX SHm`�H b+�ii2`BM;

q?2M i?2 MmK#2` Q7 *QmHQK# b+�ii2`BM; BM+`2�b2b #mi `2K�BMb mM/2` 72r

i2Mb Q7 BMi2`�+iBQMb- i?2`2 �`2 /Bz2`2Mi �TT`Q�+?2b iQ /2�H rBi? i?2b2 bBim�iBQMb

UJ2`QHB- kyR8VX

jX JmHiBTH2 b+�ii2`BM;

q?2M i?2 i?B+FM2bb BM+`2�b2b �M/ i?2 MmK#2` Q7 BMi2`�+iBQMb #2+QK2 ?B;?2`

i?�M i2M- i?2 �M;mH�` /BbT2`bBQM +�M #2 r`Bii2M �b :�mbbB�MX _272``BM; iQ KmHiBTH2

b+�ii2`BM;- i?�i Bb i?2 KQbi +QKKQM bBim�iBQM- M�KBM; θ i?2 bQHB/ �M;H2 i?�i Bb

+QM+2Mi`�i2/ i?2 N3W Q7 i?2 #2�K �7i2` � i?B+FM2bb x Q7 K�i2`B�H- B7 r2 /2}M2

θ04 θfǺk �b i?2 T`QD2+iBQM Q7 θ QM �M BM+B/2M+2 TH�M2- i?2 �M;mH�` /BbT2`bBQM +�M

#2 +�H+mH�i2/ #v i?2 `2H�iBQM ,

θ0 = 13.6
βcp

z
√

x/X0[1 + 0.038 ln(x/X0)] UkXRyV

r?2`2 p Bb i?2 KQK2MimK �M/ X0 Bb i?2 `�/B�iBQM H2M;i?X h?Bb H�bi [m�MiBiv Bb i?2

+?�`�+i2`BbiB+ Q7 i?2 K�i2`B�H �M/ +�M #2 2tT`2bb2/ #v i?2 �TT`QtBK�i2/ 7Q`KmH�

X0 = 716.4A

Z(Z + 1) ln(287/
√

Z)
UkXRRV

r?2`2 Z Bb �iQKB+ MmK#2` Q7 b+�ii2`2` �M/ A Bb �iQKB+ r2B;?iX
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kX9 S`BM+BTH2b Q7 J�Sa QT2`�iBQM

� ivTB+�H J�Sa /2p2HQT2/ 7Q` ?B;?@2M2`;v T?vbB+b 2tT2`BK2Mib +QMbBbib Q7

i?`22 H�v2`b Ub22 BM };m`2 kXkV, � ?B;?Hv T@/QT2/ UT++V bm#bi`�i2 #2BM; K2+?�MB+�H

bmTTQ`i- � i?BM U72r i2Mb Q7 µKV T− 2TBi�tB�H H�v2` mb2/ �b b2MbBiBp2 pQHmK2- �M/

M@ivT2 �M/ T@ivT2 BKTH�Mib QM iQT Q7 i?2 2TBi�tB�H H�v2` +�HH2/ r2HHbX L@ivT2

BKTH�Mib �+i �b +QHH2+iBM; /BQ/2b 7Q` 2H2+i`QMb r?BH2 T@r2HHb ?Qbi i?2 +B`+mBi`vX PM

iQT Q7 i?2 BKTH�Mib- i?2`2 �`2 K2i�H H�v2`b 7Q`KBM; i?2 BM@TBt2H +B`+mBi`v- �M/

T`QT�;�iBM; i?2 bB;M�H �M/ #B�b 7`QK i?2 +?BT T2`BT?2`vX JQbi Q7 i?2 KQ/2`M

J�Sa �`2 T`Q/m+2/ QM ?B;?@`2bBbiBpBiv Uρ = R FǕ+KV 2TBi�tB�H H�v2`X h?2 J�Sa

+QKTQbBiBQM U*�pB++?BQHB 2i �HX- kyR9V Bb +QKT`Bb2/ Q7,

6B;m`2 kXk a+?2K�iB+ +`Qbb b2+iBQM Q7 � J�Sa TBt2HX U��KQ/i 2i �HX- kyy3VX

Ç UBV � aBP2 H�v2` Bb � iQT H�v2` Q7 i?2 b2MbQ`X Ai Bb i?2 HQ+�iBQM r?2`2 i?2

2H2+i`QMB+ +B`+mBi Q7 *JPa- bm+? �b ;�i2b �M/ /`�BMb �b r2HH �b � T�bbBp�iBQM

H�v2` iQ T`Qi2+i i?2 bm`7�+2 Q7 i?2 b2MbQ`- �`2 7�#`B+�i2/X
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Ç UBBV �M 2TBi�tB�H H�v2` Bb � KB//H2 H�v2` Q7 i?2 b2MbQ`X "v �TTHvBM; � `2p2`b2

#B�b iQ i?2 M@r2HH /BQ/2 QM iQT Q7 i?2 2TBi�tB�H H�v2`- � /2TH2iBQM `2;BQM Bb

+`2�i2/ BMbB/2 i?2 2TBi�tB�H H�v2` mM/2` iQ i?2 M@r2HH /BQ/2X A7 i?2`2 �`2

?B;? 2M2`;v T�`iB+H2b i`�p2HBM; i?`Qm;? i?2 b2MbQ`- 2H2+i`QM@?QH2 T�B`b rBHH

#2 +`2�i2/X h?2b2 ;2M2`�i2/ 2H2+i`QMb �`2 i?2M KQp2/ �M/ +QHH2+i2/ �i i?2

M@r2HH /BQ/2 #v � i?2`K�H /BzmbBQM T`Q+2bbX

Ç UBBBV h?2 bm#bi`�i2 Bb � ?B;?Hv T@/QT2/ USYYV bBHB+QM H�v2` �i i?2 #QiiQK Q7

i?2 b2MbQ`X �i i?2 DmM+iBQM Q7 S@ 2TBi�tB�H �M/ SYY H�v2`b- 2H2+i`QMb �`2

`2~2+i2/ #v i?2 #mBHi@BM pQHi�;2 #�+F iQ i?2 M@r2HH +QHH2+iBQM /BQ/2X



*>�Sh1_ AAA

�GA*1 ALL1_ h_�*EAL: auah1J

lS:_�.1

jXR �GSA.1 �`+?Bi2+im`2

h?2 b2MbQ` /2p2HQT2/ 7Q` i?2 �GA*1 Aha mT;`�/2 Bb +�HH2/ �GSA.1- r?B+?

bi�M/b 7Q` �GA*1 SAt2H .1i2+iQ`X h?2 }`bi T`QiQivT2 Q7 i?Bb +?BT r�b 7�#`B+�i2/

BM kyRkX AM 6B;m`2X jXR- i?2 /2p2HQTK2Mi iBK2HBM2 Q7 i?2 �GSA.1 +?BT +�M #2 b22M

rBi? i?2 K�BM +?�`�+i2`BbiB+b �M/ i?2 K�BM Tm`TQb2 Q7 2�+? +?BT U.Q`QF?Qp 2i �HX-

kyRRVX h?2b2 T`QiQivT2b �`2 /Bb+mbb2/ BM /2i�BHb BM i?2 7QHHQrBM;X

jXRXR aK�HH@b+�H2 T`QiQivT2

h?2`2 �`2 irQ ivT2b Q7 bK�HH@b+�H2 T`QiQivT2b Q7 i?2 �GSA.1 7�KBHv, i?2

1tTHQ`2` �M/ i?2 T�GSA.1bbX h?2 1tTHQ`2` ?�b �M �M�HQ; QmiTmi- r?BH2 i?2

T�GSA.1bb ?�b � /B;Bi�H `2�/QmiX

1tTHQ`2`

h?2 1tTHQ`2` r�b i?2 }`bi T`QiQivT2 Q7 i?2 �GSA.1 7�KBHv iQ QTiBKBx2

i?2 b2MbQ` �M/ i?2 +QHH2+iBQM /BQ/2 Q7 i?2 TBt2HX h?Bb T`QiQivT2 ?�b irQ p�`B�Mib-

1tTHQ`2`@y �M/ 1tTHQ`2`@RX 1tTHQ`2`@y ?�b TBt2Hb Q7 � bBx2 Q7 ky µK Ɠ ky µK

�M/ 1tTHQ`2`@R ?�b TBt2Hb Q7 � bBx2 Q7 jy µK Ɠ jy µKX "Qi? T`QiQivT2b +QMi�BM

irQ K�i`B+2bX 1�+? Q7 i?2b2 K�i`B+2b Bb bm#/BpB/2/ BMiQ MBM2 b2+iQ`b rBi? /Bz2`2Mi

+QHH2+iBQM /BQ/2 ;2QK2i`B2b �M/ /Bz2`2Mi bT�+BM;b #2ir22M i?2 +QHH2+iBQM /BQ/2

�M/ i?2 bm``QmM/BM; T@r2HHX h?Bb bT�+BM; Bb �M �`2� #2ir22M i?2 M@ivT2 +QHH2+iBQM
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6B;m`2 jXR h?2 /2p2HQTK2Mi iBK2HBM2 Q7 i?2 �GSA.1 7�KBHv T`QiQivT2bX

U��KQ/i 2i �HX- kyy3VX



kR

/BQ/2 �M/ i?2 bm``QmM/BM; T@r2HH UT@ivT2V- r?B+? Bb MQi /QT2/- �M/ Bi TH�vb �M

BKTQ`i�Mi `QH2 BM i?2 b?�TBM; Q7 i?2 /2TH2i2/ pQHmK2 Ub22 BM 6B;m`2 jXkVX

6B;m`2 jXk AHHmbi`�iBQM Q7 i?2 bT�+BM; #2ir22M i?2 +QHH2+iBQM /BQ/2 �M/ i?2

bm``QmM/@ BM; T@r2HHX U��KQ/i 2i �HX- kyy3VX

T�GSA.1bb

h?2 T�GSA.1bb r�b i?2 }`bi �GSA.1 T`QiQivT2 i?�i ?�/ � /B;Bi�H `2�/QmiX

h?2 +?BT ?�b e9 Ɠ 8Rk TBt2Hb Q7 i?2 bBx2 kk µK Ɠ kk µKX h?2 +?BT Bb bTHBi BMiQ

7Qm` `2;BQMb �HQM; i?2 +QHmKM /B`2+iBQM Ub22 BM };m`2 jXjVX h?2b2 `2;BQMb /Bz2`

BM i?2 TBt2H ;2QK2i`B2b Q` BM i?2 TQbbB#BHBiv iQ BMD2+i bB;M�Hb BMiQ i?2 TBt2HbX h?2

/Bz2`2MiB�iBQM Q7 i?2 ?Bib Bb /QM2 #v i?2 7`QMi@2M/ Q7 2�+? TBt2H- �M/ i?2 +?BT Bb `2�/

Qmi #v �M �//`2bb 1M+Q/2` _2b2i .2+Q/2` HQ;B+ U�1_.VX h?2 +QHH2+iBQM 2H2+i`Q/2

Q7 �HH TBt2Hb Bb K�/2 Q7 � M@r2HH BKTH�Mi �M/ a?�HHQr@h`2M+? AbQH�iBQM UahAV iQ

b2T�`�i2 i?2 +QHH2+iBQM M@r2HH 7`QK i?2 bm``QmM/BM; TY `BM;X �HH TBt2Hb ?�p2 �M

QT2MBM; Q7 8X8e µK /B�K2i2` Q7 i?2 TY b[m�`2 bm``QmM/BM; i?2 +QHH2+iBQM 2H2+i`Q/2X

>�H7 Q7 i?2 TBt2Hb ?�p2 BMD2+iBQM +�T�+BiQ`b r?B+? �`2 yXR9 76X h?Bb +�T�+Bi�M+2 Bb

bK�HH +QKT�`2/ iQ i?2 2tT2+i2/ BMTmi MQ/2 +�T�+Bi�M+2 Q7 i?2 Q`/2` Q7 R 76X PMHv

i?2 BMD2+iBQM +�T�+BiQ`b BM i?2 `Qrb k89 iQ k8d �`2 +QMM2+i2/ iQ �M �M�HQ;m2 BMTmi

T�/- i?2 Qi?2` BMD2+iBQM +�T�+BiQ`b �`2 +QMM2+i2/ iQ ;`QmM/X h?2 TBt2Hb �`2 i?2

b�K2 BM �HH T�GSA.1bb ;2M2`�iBQMb �M/ p�`B�MibX h?2`2 Bb � /BQ/2 `2b2i BM � TBt2Hb



kk

Q7 i?2 T�GSA.1bbX

AM i?2 T�GSA.1bb- � .vM�KB+ J2KQ`v *2HH U.J*V #�b2/ QM � +�T�+BiQ`

Q7 3y 76 Bb mb2/ �b �M BM@TBt2H ?Bi #mz2`X .m`BM; `2b2i- i?2 +�T�+BiQ` Bb +?�`;2/X

h?2 >Ah bB;M�H 7`QK i?2 7`QMi@2M/ +QMi`QHb i?2 /Bb+?�`;BM; Q7 i?2 +�T�+BiQ` #v

mbBM; � i`�MbBbiQ`X h?2 H2M;i? Q7 i?2 >Ah TmHb2 ?2M+2 M22/b iQ #2 HQM; �M/ ?B;?

2MQm;? iQ /Bb+?�`;2 i?2 +�T�+BiQ` #2HQr � i?`2b?QH/X h?2 T�GSA.1bb /Q2b MQi

72�im`2 BM@TBt2H K�bFBM;X h?2 T`BQ`Biv 2M+Q/2` Bb #�b2/ QM bi�M/�`/ *JPa HQ;B+

+2HHbX h?2 �1_. BKTH2K2Mi�iBQM Q7 i?2 T�GSA.1bb Bb bHB;?iHv /Bz2`2Mi +QKT�`2/

iQ i?�i Q7 i?2 T�GSA.1X AM i?2 T�GSA.1bb- bBM;H2@+QHmKM T`BQ`Biv 2M+Q/2`b rBi?

8Rk BMTmib �`2 /2THQv2/X 6m`i?2`KQ`2- �M 2M/@Q7@+QHmKM T`BQ`Biv 2M+Q/2` +QK#BM2b

i?2 e9 +QHmKMbX h?2 +QMi`QH bB;M�Hb Q7 i?2 T`BQ`Biv 2M+Q/2` �`2 /B`2+iHv �++2bbB#H2

7`QK AP@T�/b ;BpBM; 7mHH +QMi`QH iQ i?2 `2�/Qmi bvbi2KX

6B;m`2 jXj h?2 T�GSA.1bb rBi? �M BHHmbi`�iBQM Q7 Bib /BpBbBQM BM 7Qm` b2+iQ`b �M/

� H�vQmi Q7 � bBM;H2 TBt2HX U��KQ/i 2i �HX- kyy3VX



kj

jXRXk h?2 T�GSA.1@R b2MbQ`

h?2 T�GSA.1@R Bb i?2 }`bi H�`;2@b+�H2 T`QiQivT2 Q7 i?2 �GSA.1 7�KBHv-

�M/ i?2 b+?2K�iB+ /`�rBM; Q7 Bib #mBH/BM; #HQ+Fb +�M #2 b22M BM };m`2 jX9X h?2

T�GSA.1@R ?�pBM; � bBx2 Q7 R8Xj KK Ɠ jy KK +QMbBbib Q7 8Rk Ɠ Ryk9 TBt2Hb-

r?B+? �`2 k3 µK Ɠ k3 µK Ub22 BM };m`2 jX8VX h?2 �KTHB}+�iBQM �M/ i?2 /Bb+`BKB@

M�iBQM Q7 i?2 �M�HQ; bB;M�H �`2 T`Q+2bb2/ rBi?BM 2�+? TBt2H- �M/ i?2 �//`2bb Q7 i?2

?Bi TBt2Hb Bb 2M+Q/2/ BM i?2 �1_. bBKBH�`Hv /Bb+mbb2/ BM a2+ jXRXR 7Q` i?2 T�GSA@

.1bbX h?2b2 �//`2bb2b T`QT�;�i2 iQ i?2 T2`BT?2`v- r?2`2 i?2v �`2 biQ`2/- �M/

/�i�@+QKT`2bbBQM +�M #2 T2`7Q`K2/ #27Q`2 i`�MbKBiiBM; i?2 ?Bi BM7Q`K�iBQM Q7 i?2

+?BTX h?2 `2+Q`/2/ ?Bib +�M #2 Q#i�BM2/ 7`QK `2�H T�`iB+H2b T�bbBM; i?`Qm;? i?2

b2MbQ` Q` MQBb2X �M�HQ; �M/ /B;Bi�H bB;M�Hb +�M #2 BMD2+i2/ BMiQ b2H2+i2/ TBt2Hb iQ

i2bi i?2 `2bTQMb2 Q7 i?2 TBt2HbX

h?2 +QMi`QH �M/ i`B;;2` bB;M�Hb �`2 T`QpB/2/ iQ i?2 T2`BT?2`v- �M/ i?2 +QM@

i`QH HQ;B+ BM i?2 T2`BT?2`v K�M�;2b i?2 �1_. �M/ i?2 TBt2HbX h?2 #B�b +m``2Mib

�M/ pQHi�;2b �`2 �HbQ ;2M2`�i2/ BM i?2 T2`BT?2`v #v /B;Bi�H iQ �M�HQ; +QMp2`bBQM

U.�*V �M/ T`QT�;�i2 iQ �HH i?2 TBt2HbX



k9

6B;m`2 jX9 a+?2K�iB+ /`�rBM; Q7 i?2 #mBH/BM; #HQ+Fb Q7 i?2 /B;Bi�H T`QiQivT2b Q7

i?2 �GSA.1 7�KBHvX U��KQ/i 2i �HX- kyy3VX

6B;m`2 jX8 T�GSA.1@R Bb i?2 }`bi ;2M2`�iBQM Q7 i?2 T`QiQivT2 �GSA.1 7Q` �G@

A*1 Aha mT;`�/2 T`QD2+iX U��KQ/i 2i �HX- kyy3VX
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jXRXj h?2 T�GSA.1@k �M/ T�GSA.1@j b2MbQ`b

h?2 T�GSA.1@k �M/ T�GSA.1@j +?BTb �`2 }M�H@bBx2 UR8 KK Ɠ jy KKV

T`QiQivT2b Q7 i?2 �GSA.1 7�KBHvX h?2 T�GSA.1@k ?�b � TBt2H bBx2 k3 µK Ɠ k3

µK- r?BH2 i?2 T�GSA.1@j ?�b � bHB;?iHv KQ/B}2/ TBt2H TBi+? Q7 kNXk9 µK Ɠ keX33

µK Ub22 BM };m`2 jXeVX �b i?2 T�GSA.1@R- i?2b2 +?BTb �HbQ ?�p2 #BM�`v QmiTmi

bB;M�Hb �M/ i?2 �1_.X h?2 �1_. Q7 i?2 T�GSA.1@k Bb i?2 b�K2 �b QM2 Q7 i?2

T�GSA.1@R- r?BH2 i?2 HQ;B+ Q7 i?2 T�GSA.1@j Bb #mBHi 7`QK bi�M/�`/ +2HHb BM QT@

TQbBi2 iQ i?2 7mHH +mbiQK HQ;B+ Q7 i?2 T�GSA.1@R �M/ i?2 T�GSA.1@kX h?2b2

T`QiQivT2b �`2 �HbQ b2;K2Mi2/ BMiQ b2+iQ`b rBi? /Bz2`2Mi TBt2H ;2QK2i`B2bX h?2

T�GSA.1@k ?�b 7Qm` b2+iQ`b- �M/ Bib +?�`�+i2`BbiB+b +�M #2 7QmM/ BM h�#H2b jXRX

h?2 T�GSA.1@j ?�b 2B;?i /Bz2`2Mi b2+iQ`b- +?�`�+i2`BbiB+b +�M #2 7QmM/ BM h�#H2b

jXkX

h?2 K�BM ;Q�H 7Q` i?2 b2+iQ`b BM i?2 T�GSA.1@k Bb iQ i2bi i?2 2z2+i Q7

i?2 `2b2i K2+?�MBbK �M/ Q7 i?2 bT�+BM; #2ir22M i?2 +QHH2+iBQM M@r2HH �M/ i?2 bm`@

`QmM/BM; T@r2HH- #mi i?2`2 Bb �HbQ � b2+iQ` r?2`2 i?2 +?�M;2 Bb i?2 bBx2 Q7 i?2 BMTmi

i`�MbBbiQ`X h?Bb b2+iQ` r�b 2tT2+i2/ iQ ?�p2 � HQr2` 7�F2 ?Bi `�i2- #mi � ?B;?2`

+?�`;2 i?`2b?QH/X h?2 HQr2` 7�F2 ?Bi `�i2 r�b +QM}`K2/ #v i?2 K2�bm`2K2Mib- #mi

MQ bB;MB}+�Mi +?�M;2 BM i?2 i?`2b?QH/ r�b b22MX 6Q` i?2 T�GSA.1@j- i?2 �M�HQ;

7`QMi@2M/ r�b 7m`i?2` QTiBKBx2/ iQ `2/m+2 i?2 TmHb2 H2M;i? �M/ i?2 bT`2�/ BM i?2

+?�`;2 i?`2b?QH/ p�Hm2b #2ir22M TBt2HbX

Pi?2` M2r 72�im`2b r2`2 �HbQ BMi`Q/m+2/ BM i?2 T�GSA.1@k �M/ i?2

T�GSA.1@j- r?B+? r2`2 KBbbBM; 7`QK i?2 T�GSA.1@RX h?2 T�GSA.1@k Bb i?2

}`bi T`QiQivT2- r?2`2 �HH i?2 7mM+iBQM�HBiv iQ #mBH/ /2i2+iQ` KQ/mH2b 7`QK Bi �`2

BM+Hm/2/X AM i?2 T�GSA.1@j- i?`22 BM@TBt2H K2KQ`B2b r2`2 BMi`Q/m+2/- r?B+?

/2`�M/QKBx2 i?2 `2�/Qmi Q7 � TBt2HX h?Bb Bb M22/2/ iQ +QT2 rBi? i?2 2tT2+i2/



ke

h�#H2 jXR .2i�BHb Q7 i?2 7Qm` b2+iQ`b Q7 i?2 T�GSA.1@k +?BTX

a2+iQ` aT�+BM; _2b2i AMTmi i`�MbBbiQ` bBx2

y k µK SJPa bK�HH

R k µK SJPa H�`;2

k 9 µK SJPa bK�HH

j k µK .BQ/2 bK�HH

h�#H2 jXk .2i�BHb Q7 i?2 2B;?i b2+iQ`b Q7 i?2 T�GSA.1@j +?BTX

a2+iQ` h`�MbBbiQ` bBx2 AMi`Q/m+iBQM *QMM2+iBQM *QMM2+iBQM _2b2i aT�+BM;

UJ3- J4- J5- J8V Q7 oCASN2 Q7 J6 ;�i2 Q7 J1 #mHF

y QTiBKBx2/ u2b /BQ/2 +QMM2+iBQM �o.. .BQ/2 k µK

R QTiBKBx2/ LQ /BQ/2 +QMM2+iBQM �o.. .BQ/2 k µK

k �b BM T�GSA.1@Rfk LQ /BQ/2 +QMM2+iBQM �o.. .BQ/2 k µK

j QTiBKBx2/ u2b oCLIP �o.. .BQ/2 k µK

9 QTiBKBx2/ u2b oCLIP aQm`+2 .BQ/2 k µK

8 QTiBKBx2/ u2b oCLIP aQm`+2 .BQ/2 j µK

e �b BM T�GSA.1@Rfk LQ /BQ/2 +QMM2+iBQM �o.. SJPa k µK

d QTiBKBx2/ u2b oCLIP aQm`+2 SJPa k µK



kd

/�i�@i�FBM; `�i2 Q7 �GA*1X

6B;m`2 jXe SB+im`2 Q7 i?2 T�GSA.1@j +?BTX U��KQ/i 2i �HX- kyy3VX

jXRX9 h?2 �GSA.1 b2MbQ`

�GSA.1 Bb i?2 }M�H +?BT /2p2HQT2/ 7Q` i?2 �GA*1 Aha mT;`�/2X

Ai Bb R8 Ɠ jy KK2 �b i?2 2�`HB2` T`QiQivT2b rBi? 8Rk Ɠ Ryk9 TBt2Hb Q7

kNXk9 µK Ɠ keX33 µKX Ai ?�b QMHv QM2@TBt2H ~�pQ`- r?B+? +Q``2bTQM/b iQ b2+iQ` 8

Q7 i?2 T�GSA.1@jX Ai Bb i?2 7mHHv QTiBKBx2/ �M�HQ; 7`QMi@2M/ rBi? � /BQ/2 `2b2i

�M/ � bT�+BM; Q7 j µK #2ir22M i?2 +QHH2+iBQM M@r2HH �M/ i?2 bm``QmM/BM; T@r2HHX

h?2 H�`;2 BMTmi i`�MbBbiQ`- r?B+? r�b 7QmM/ iQ #2 #2M2}+B�H 7Q` i?2 MQBb2 Q++m@

T�M+v BM i?2 T�GSA.1@k �M/ T�GSA.1@j- r�b F2Ti 7Q` i?2 �GSA.1 �b r2HHX h?2

+?BT Bb T`Q/m+2/ rBi? � k8 µK i?B+F 2TBi�tB�H H�v2`- �M/ KBMQ` KQ/B}+�iBQMb r2`2

BMi`Q/m+2/ BM i?2 T2`BT?2`v iQ 7m`i?2` QTiBKBx2 i?2 TQr2` +QMbmKTiBQM �M/ i?2

iQH2`�M+2 iQ bBM;H2 2p2Mi mTb2ibX



k3

jXk "�bB+ +?BT i2bi

h?2 7mM+iBQM�H i2bi Bb � #�bB+ i2bi 7Q` � +?BTX Ai Bb � i2bi iQ +?2+F 2{+B2M+v

Q7 � b2MbQ`- �M/ i?2 +QKKmMB+�iBQM #2ir22M b2MbQ`b �M/ � +QKTmi2`X h?2 7m+iBQM@

M�H i2bi +QMbBbib Q7 j i2bib, � 6B`bi AM 6B`bi Pmi U6A6PV i2bi- a*�L.�*b- �M/

h?`2b?QH/ a+�MX

jXkXR H�#Q`�iQ`v i2bi b2imT

� H�#Q`�iQ`v i2bi Bb � 7mM+iBQM�H i2bi 7Q` � bBM;H2 +?BT b2MbQ`X hQ b2i mT i?2

2tT2`BK2Mi- i?2`2 �`2 }p2 bi2Tb 7QHHQrb �b b?QrM BM };m`2 jXdU#V, URV i?2 }`Kr�`2

Bb mTHQ�/2/ #v mbBM; �Gh1_� la" #H�bi2` iQ .�i� �+[mBbBiBQM "Q�`/ U.�ZV- UkV

+QMM2+iBM; � +?BT +�``B2` #Q�`/- � .�Z #Q�`/- � TQr2` bmTTHv �M/ � +QKTmi2`

iQ;2i?2`- UjV +QMM2+iBM; K�BM mbBM; pQHi�;2 8Xy pQHib �M/ #�+F@#B�b pQHi�;2Uo##V

7`QK � TQr2` bmTTHv iQ .�Z #Q�`/- U9V +QMM2+iBM; la" jXy �Gh1_� +�#H2 iQ

S* �M/ mTHQ�/ 7tj QMiQ i?2 .�Z #Q�`/- �M/ U8V `mMMBM; +QKK�M/ iQ T2`7Q`K

�HH i2bi 7`QK i?2 +QKTmi2`X

6B;m`2 jXd a+?2K�iB+b U�V i?2 H�#Q`�iQ`v 2tT2`BK2Mi �M/ U#V /`�rBM; Q7 i?2 b2imT

Q7 2tT2`BK2MiX U��KQ/i 2i �HX- kyy3VX



kN

jXkXk 6A6P i2bi

h?2 6B`bi AM 6B`bi Pmi i2bi U6A6P i2biV Bb � [mB+F i2bi iQ +?2+F i?2 CQBMi

h2bi �+iBQM :`QmT UCh�:V +QKKmMB+�iBQM rBi? i?2 +?BTX Ai r`Bi2b i?`22 /Bz2`2Mi

#Bi T�ii2`Mb Uytyyyy- ytzz �M/ yt8888V BMiQ 2�+? +2HH Q7 i?2 2M/@Q7@+QHmKMX 6A6P

`2�/b i?2K #�+F �M/ +?2+Fb i?2 +Q``2+iM2bb Q7 i?2 `2�/#�+F p�Hm2X

jXkXj a*�L.�*

h?2 QmiTmi Q7 i?2 QM@+?BT .B;Bi�H iQ �M�HQ; *QmMi2` U.�*V U};m`2 jX3V

+�M #2 +QMM2+i2/ iQ KQMBiQ`BM; TBMb Q7 i?2 �GSA.1 +?BT �M/ K2�bm`2/ #v �.*b

QM i?2 .�Z #Q�`/X h?2 _1�..�* i2bi HQQTb Qp2` �HH +?BT .�*b- K2�bm`2b i?2B`

QmiTmi QM+2- �M/ T`BMib i?2 K2�bm`2/ p�Hm2b iQ b+`22MX

jXkX9 h?`2b?QH/ b+�M

h?2 i?`2b?QH/ b+�M T2`7Q`Kb �M�HQ;m2 BMD2+iBQMb �M/ HQQTBM; Qp2` i?2

+?�`;2X h?2 i?`2b?QH/ +�M #2 �/Dmbi2/ #v p�`vBM; i?2 T�`�K2i2`b AT HR �M/

o CASN X Ai +�M #2 Q#b2`p2/ i?�i i?2 i?`2b?QH/ BM+`2�b2b �HKQbi HBM2�`Hv rBi? BM@

+`2�bBM; AT HRX 6B;m`2 jXN b?Qrb r?2M BM+`2�bBM; i?2 `2p2`b2 #B�b, yo- @jo �M/

@eo- i?2 bHQT2 Q7 i?2 i?`2b?QH/ �b 7mM+iBQM Q7 AT HR Bb `2/m+2/X JQ`2Qp2`- MQBb2

BM+`2�b2b rBi? BM+`2�bBM; i?2 `2p2`b2 #B�bX
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ALahAhlh1 @ "1�J h1ah 6�*AGAhu

9XR avM+?`Qi`QM GB;?i _2b2�`+? AMbiBimi2

h?2 avM+?`Qi`QM GB;?i _2b2�`+? AMbiBimi2 UaG_AV T`QpB/2b bvM+?`Qi`QM

HB;?i i?�i Bb T`Q/m+2/ #v RXk :2o 2H2+i`QM #2�K UEBiiBK�M�TmM 2i �HX- kyRdV iQ

bim/v 7mM/�K2Mi�H b+B2M+2- #BQHQ;B+�H- K2/B+�H b+B2M+2 �M/ BM/mbi`B�H `2b2�`+?X h?2

aG_A �++2H2`�iQ` BM+Hm/2b, RX �M 2H2+i`QM ;mM r?B+? T`Q/m+2b � H�`;2 �KQmMi Q7

2H2+i`QM- kX � 9y J2o GBM2�` �++2H2`�iQ` UHBM�+V i?�i T`QpB/2b �M 2H2+i`QM #mM+?- jX

� bvM+?`Qi`QM #QQbi2` i?�i �++2H2`�i2b 2H2+i`QM #2�Kb iQ �M 2H2+i`QM #2�K 2M2`;v

Q7 RXk :2o- �M/ 9X � biQ`�;2 `BM; r?2`2 i?2 2H2+i`QM #2�K Bb biQ`2/ iQ ;2M2`�i2

bvM+?`Qi`QM HB;?iX 6B;m`2 9XR b?Qrb i?2 +QKTQM2Mib Q7 i?2 �++2H2`�iQ` +QKTH2t �i

aG_AX

aG_A ?�b BMBiB�i2/ i?2 T`QD2+i i?�i miBHBx2b i?2 ?B;?@2M2`;v 2H2+i`QM #2�K

#v b2iiBM; mT � /2/B+�i2/ "2�K h2bi 6�+BHBiv U"h6V UEBiiBK�M�TmM 2i �HX- kyReVX

h?2 �BK Q7 aG_A "h6 Bb iQ T`Q/m+2 � /2}M2/ MmK#2` Q7 2H2+i`QMb 7`QK � 72r iQ

KBHHBQM 2H2+i`QMb T2` #m`biX h?2 2H2+i`QM 2M2`;v +�M `�M;2 mT iQ RXk :2oX h?2

K�BM Q#D2+i Q7 aG_A "h6 Bb +?�`�+i2`Bx�iBQM �M/ i2biBM; i?2 ?B;? 2M2`;v /2i2+iQ`bX

aG_A "h6 ?�b T`QpB/2/ bm{+B2Mi #2�K iBK2 i?�i b2`p2b 7`QK i?2 +m``2Mi BMD2+iBQM

b+?2K2X h?2 7�+BHBiv +�M QT2`�i2 /m`BM; i?2 MQ`K�H b2`pB+2 Q7 bvM+?`Qi`QM HB;?iX

h?2 7�+BHBiv Bb 2ti2M/2/ 7`QK i?2 ?B;?@2M2`;v #2�K i`�MbTQ`i #2�KHBM2 U>"hV �M/

HQ+�i2b mM/2`;`QmM/ iQ;2i?2` rBi? Qi?2` BMD2+iQ` +QKTQM2MibX



jj

6B;m`2 9XR h?2 H�vQmi Q7 i?2 aG_A �++2H2`�iQ` +QKTH2t UEBiiBK�M�TmM 2i �HX-

kyRNVX

9Xk "2�K h2bi 6�+BHBiv

avM+?`Qi`QM HB;?i `2b2�`+? BMbiBimi2 @ #2�K i2bi 7�+BHBiv UaG_A@"h6V Bb �M

2tT2`BK2Mi bi�iBQM mb2/ 7Q` i2biBM; /2i2+iQ`b T`QT2`iB2bX Ai Bb HQ+�i2/ BM i?2 #�b2@

K2Mi Q7 i?2 aG_A �++2H2`�iQ` #mBH/BM; M2ti iQ i?2 p2`iB+�H #2M/BM; K�;M2i U"oV

r?2`2 i?2 2H2+i`QM #2�K Bb i`�MbTQ`i2/ iQ i?2 biQ`�;2 `BM; Ua_VX h?Bb #2M/BM;

K�;M2i Bb im`M2/ Qz r?2M aG_A "h6 Bb BM QT2`�iBQMX h�#H2 9XR HBbib i?2 2H2+i`QM

�M/ K�+?BM2 T�`�K2i2`b �i i?2 >"h #2�KHBM2X

hrQ i�`;2i +?�K#2`b ?�p2 #22M TH�+2/ �i i?2 HQr@2M2`;v #2�K i`�MbTQ`i

#2�KHBM2 UG"hV �M/ i?2 >B;?@1M2`;v "2�K h`�MbTQ`i GBM2 U>"hV #2�KHBM2X

h?Qb2 i�`;2ib �`2 mb2/ iQ `2/m+2 2H2+i`QM BMi2MbBiv 7`QK �TT`QtBK�i2Hv Ry K�

iQ H2bb i?�M Ry 2H2+i`QMb T2` #m`biX h?2 imM;bi2Mb TH�+2/ BMbB/2 i?2 >"h i�`;2i

+?�K#2` rBi? i?`22 /Bz2`2Mi i?B+FM2bb- RXdX0- kXyX0- �M/ kXjX0 r?2`2 X0 Bb `�/B@



j9

h�#H2 9XR 1H2+i`QM #2�K T�`�K2i2`b �i >B;?@1M2`;v "2�K h`�MbTQ`i GBM2

U>"hVX

S�`iB+H2 2H2+i`QM

1M2`;v mT iQ RXk :2o

1M2`;v bT`2�/ @yXy8W

*m``2Mi Ry K�

SmHb2 /m`�iBQM 3X8 Mb

"mM+? H2M;i? yX8 Mb

_2T2iBiBQM `�i2 yX8 >x

O Q7 2H2+i`QMb T2` #m`bi Ry8

�iBQM H2M;i?- �ii2Mm�i2b 2H2+i`QM BMi2MbBiv �M/ �HHQrb ~2tB#BHBiv iQ b2H2+i 2H2+i`QM

QmiTmiX h`�p2`bBM; 2H2+i`QMb rBi? H�`;2 i`�Mbp2`b2 KQK2MimK �`2 }`bi �#bQ`#2/

�i i?2 mTbi`2�K bHBiX q?BH2 2H2+i`QMb rBi? /2bB`2/ 2M2`;v i`�p2H i?`Qm;? i?2 K�;@

M2iB+ 2M2`;v b2H2+iQ` U">V- i?Qb2 rBi? H�`;2 2M2`;v /BbT2`bBQM �`2 HQbi iQ i?2 #2�K

TBT2 BMbB/2 i?2 K�;M2iB+ }2H/ `2;BQM �M/ i?2 /QrMbi`2�K bHBiX hrQ b2ib Q7 7Q+mbBM;@

/27Q+mbBM; [m�/`mTQH2b UZ6@Z.V mb2/ iQ imM2 i?2 #2�K �`2 MQ`K�HHv �/Dmbi2/ iQ

i`�MbTQ`i i?2 2H2+i`QM #2�K iQ i?2 2H2+i`QM biQ`�;2 `BM; Ua_VX q?2M aG_A@"h6

Bb BM QT2`�iBQM- i?2 p2`iB+�H #2M/BM; K�;M2i U"oV i?�i /2~2+ib 2H2+i`QMb iQ i?2

biQ`�;2 `BM; Ua_V Bb im`M2/ Qz iQ �HHQr 2H2+i`QMb iQ i`�Mb72` iQ i?2 /2i2+iQ`X

h?2 �`2� Q7 i?2 2tT2`BK2Mi�H bi�iBQM Bb jX8 KƓjX8 KƓj KX h?Bb �`2� Bb

`2b2`p2/ 7Q` i?2 BMbi�HH�iBQM Q7 i?2 /2i2+iQ` �M/ i2bi2/ BMbi`mK2Mi�iBQM BM+Hm/BM;

� HQ+�H +QKTmi2`- � TQr2` bmTTHv- �M/ � /2i2+iQ` bvbi2KX h?2 +QKTQM2Mib Q7 i?2

aG_A@"h6 BM+Hm/2 RX 2H2+i`QM ;mM 7Q` T`Q/m+BM; 2H2+i`QMb- kX � imM;bi2M i�`;2i

i?�i +QMi`QHb i?2 2H2+i`QM BMi2MbBiv #v p�`vBM; i?2 /2Ti? Q7 i?2 imM;bi2M i�`;2i



j8

6B;m`2 9Xk *QM+2Tim�H /B�;`�K Q7 #2�K i2bi 7�+BHBivX

K�MBTmH�iQ`- �M/ jX 2H2+i`QM #2�K i2bi bi�iBQM UEBiiBK�M�TmM 2i �HX- kyRNVX

9Xj SBt2H b2MbQ` i2H2b+QT2

�HKQbi �HH �GSA.1 T`QiQivT2b �`2 +?�`�+i2`Bx2/ #v � bQ7i s@`�v bQm`+2

7`QK i2bi #2�K 7�+BHBiB2b �i *1_L Q` JASb �i .1auX h?2 T`BK�`v b2MbQ` i2bib �`2

T2`7Q`K2/ BM i?2 H�#Q`�iQ`v- i?2 7mM+iBQM�HBiv- �M/ i?2 +QHH2+iBQM 2{+B2M+v i2bi �b

/2b+`B#2/ BM +?�Ti2` jXkX �7i2`r�`/- i?2 �GSA.1 T`QiQivT2b �`2 BMp2biB;�i2/ rBi?

i?2 T�`iB+H2 #2�KX h?2 /2i2+iBQM 2{+B2M+v �M/ bT�iB�H `2bQHmiBQM �`2 K2�bm`2/

#v i?2 #2�K i2biX h?2 b2imT Q7 K2�bm`2K2Mi mb2b b2p2`�H TH�M2b Q7 i?2 �GSA.1

b2MbQ` i?�i �`2 T2`T2M/B+mH�`Hv �HB;M2/ iQ i?2 T�`iB+H2 #2�KX h?2 b2MbQ` �HB;MK2Mi

Bb +�HH2/ � TBt2H b2MbQ` i2H2b+QT2X h?2 TBt2H b2MbQ` i2H2b+QT2 BM+Hm/2b b2p2M TH�M2

Q7 b2MbQ`b rBi? bBt `272`2M+2 �M/ QM2 .lh U.2pB+2 lM/2` h2biVX h?2 TBt2H b2MbQ`

i2H2b+QT2 Bb BMbi�HH2/ �i aG_A@"h6 7Q` b2MbQ` +?�`�+i2`Bx�iBQM rBi? � ?B;?@2M2`;v

2H2+i`QM Q7 RXk :2oX



je

6B;m`2 9Xj G�vQmi i?2 b2imT Q7 }`bi@TBt2H b2MbQ` i2H2b+QT2X

9XjXR 6B`bi@TBt2H b2MbQ` i2H2b+QT2

h?2 }`bi@TBt2H b2MbQ` i2H2b+QT2 b2i mT �i aG_A "h6 +QMbBbib Q7 b2p2M TH�M2b

Q7 �GSA.1 T`QiQivT2b rBi? ky KK bT�+BM; �b b?QrM BM };m`2 9XjX h?2 �GSA.1

b2MbQ` Bb TH�+2/ �b .lh BM i?2 KB//H2 Q7 �M �``�vX h?2 `272`2M+2 TH�M2b �`2

irQ TH�M2b Q7 T@�GSA.1@R �M/ 7Qm` TH�M2b Q7 T@�GSA.1@kX PM+2 i?2 T�`iB+H2

#2�K T�bb2b i?`Qm;? i?2 TBt2H b2MbQ` i2H2b+QT2- i?2 bB;M�H Bb /2i2+i2/ �M/ i?2

i`�+F Q7 i?2 T�`iB+H2 +�M #2 `2+QMbi`m+i2/X h?2 �M�HvbBb Q7 /�i� Bb T2`7Q`K2/ #v

i?2 bQ7ir�`2 i?�i Bb /2p2HQT2/ #v Aha mT;`�/2 i2�K #�b2/ QM i?2 1lh2H2b+QT2

7`�K2rQ`F US2``2v- kyR9VX

h?2 i2H2b+QT2 r�b b2i mT �M/ BMbi�HH2/ �i aG_A@"h6 7Q` +?�`�+i2`Bx�iBQM

Q7 i?2 �GSA.1 b2MbQ`bX h?2 BM7Q`K�iBQM Q7 +?BT �M/ #�+F #B�b pQHi�;2 7Q` 2�+?

TH�M2 Q7 i?2 }`bi@TBt2H b2MbQ` i2H2b+QT2 Bb b?QrM BM i?2 h�#H2 9XkX h?2 ;Q�H Q7 i?2

+?�`�+i2`Bx�iBQM Bb iQ K2�bm`2 i?2 /2i2+iBQM 2{+B2M+v Q7 i?2 �GSA.1 b2MbQ`X h?2

1l.�Z bQ7ir�`2 Bb mb2/ iQ +QHH2+i i?2 `�r /�i� 7`QK i?2 2tT2`BK2MiX �7i2` i?�i

i?2 �M�HvbBb Q7 i?2 `�r /�i� ?�b #22M T2`7Q`K2/ mbBM; i?2 1lh2H2b+QT2 7`�K2rQ`F



jd

h�#H2 9Xk h?2 b2imT Q7 }`bi@TBt2H b2MbQ` i2H2b+QT2 �i aG_A "h6X

SH�M2 MmK#2` *?BT A. *?BT ivT2 "�+F #B�b pQHi�;2

R qN@Rd T�GSA.1@R y

k qR9@R3 T�GSA.1@k @j

j qR9@N T�GSA.1@k @j

9 �9@qd �GSA.1 @j

8 qR9@Rk T�GSA.1@k @j

e qR9@k8 T�GSA.1@k @j

d q3@jy T�GSA.1@R y

U.1au +QHH�#Q`�iBQM- kyRjVX

9XjXk *?�`�+i2`Bx�iBQM Q7 i?2 }`bi@TBt2H b2MbQ` i2H2b+QT2

h?2 }`bi@TBt2H b2MbQ` i2H2b+QT2 Bb BMbi�HH2/ 7Q` i?2 b2MbQ` +?�`�+i2`Bx�iBQM

�i i?2 aG_A@"h6 rBi? � RXy :2o 2H2+i`QM #2�KX h?2 bB;MB}+�Mi T�`�K2i2`b iQ

#2 Q#b2`p2/ �`2 `�r ?Bi K�T- +Q``2H�iBQM- i?2 MmK#2` Q7 +Hmbi2`b- +Hmbi2` bBx2- ?Bi

pb TH�M2 �M/ ?Bi pb 2p2MiX h?2b2 T�`�K2i2`b p2`B7v i?�i i?2 i2H2b+QT2 +�M /2i2+i

i?2 2H2+i`QM #2�K 7`QK aG_A "h6 #v i?2 1l.�Z bQ7ir�`2X �7i2`r�`/b- i?2 `�r

/�i� 7`QK i?2 2tT2`BK2Mi r2`2 i�F2M 7`QK i?2 1l.�Z bQ7ir�`2 �M/ �M�Hvx2/ #v

i?2 1lh2H2b+QT2 bQ7ir�`2 7Q` K2�bm`BM; /2i2+iBQM 2{+B2M+v Q7 b2MbQ`b BM i?2 TBt2H

b2MbQ` i2H2b+QT2X

h?2 `2bmHib Q7 i?2 }`bi TBt2H b2MbQ` i2H2b+QT2 rBi? � RXy :2o 2H2+i`QM #2�K

�i aG_A "h6 �`2 �b 7QHHQrb,

_�r ?Bi K�T

h?2 `�r ?Bi K�T ;`�T? b?Qrb i?2 ?BiiBM; TQbBiBQM Q7 i?2 T�`iB+H2 QM b2MbQ`b



j3

6B;m`2 9X9 h?2 _�r ?Bi K�T Q7 b2p2M TH�M2b Q7 b2MbQ` 7`QK i?2 }`bi@TBt2H b2MbQ`

i2H2b+QT2X

7Q` 2�+? TH�M2 7`QK i?2 TBt2H b2MbQ` i2H2b+QT2X h?2 `�r ?Bi K�T +�M #2 Q#b2`p2/

#v mbBM; 1l.�Z bQ7ir�`2X h?2 `2bmHi Q7 i?2 `�r ?Bb K�T Bb mb2/ iQ p2`B7v i?�i

�HH b2MbQ`b BM i?2 TBt2H b2MbQ` i2H2b+QT2 +�M /2i2+i BM+QKBM; 2H2+i`QMbX h?2 /Bbi`B@

#miBQM BM };m`2 9X9 b?Qrb i?2 TQbBiBQM Q7 2H2+i`QM T�bbBM; i?`Qm;? i?2 TBt2H b2MbQ`

i2H2b+QT2X h?2 t@�tBb �M/ i?2 v@�tBb �`2 i?2 MmK#2` Q7 TBt2Hb BM i?2 ?Q`BxQMi�H

�M/ p2`iB+�H Q7 i?2 b2MbQ` `2bT2+iBp2HvX h?2 `�r ?Bi K�T b?Qrb i?�i i?2 `2;BQM i?2

2H2+i`QMb T�bbBM; i?`Qm;? i?2 KQbi Bb �`QmM/ i?2 +2Mi2` Q7 i?2 b2MbQ`X

*Q``2H�iBQM

h?2 +Q``2H�iBQM THQi b?Qrb i?2 +Q``2H�iBQM Q7 i?2 TQbBiBQM BM t@ �M/ v@�t2b

i?�i T�`iB+H2b i`�p2`b2 irQ /Bz2`2Mi TH�M2b Q7 i?2 TBt2H b2MbQ` i2H2b+QT2X .m`BM;

i?2 i2bi QM;QBM;- i?2 /B�;QM�H HBM2 b?QmH/ �TT2�` BM i?2 +Q``2H�iBQM THQi �b b22M

BM };m`2 9X8X h?2 K2�MBM; Q7 i?2 HBM2 Bb T�`iB+H2b i?�i i`�p2`b2 �i i?2 b�K2 TQbB@

iBQMb QM M2�`#v +?BTbX Ai +QM}`Kb i?�i i?2 2H2+i`QM #2�K T�bb2b i?`Qm;? i?2 TBt2H

b2MbQ` i2H2b+QT2 BM � bi`�B;?i HBM2X
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JQ`2Qp2`- };m`2 9X8 b?Qrb i?2 +Q``2H�iBQM THQi #2ir22M i?2 }`bi TH�M2 �M/

i?2 b2+QM/ TH�M2 BM i?2 t@ �M/ v@TQbBiBQMX h?2 t@�tBb Bb � i`�+F TQbBiBQM Q7 i?2 }`bi

TH�M2 �M/ i?2 v@�tBb Bb � i`�+F TQbBiBQM Q7 i?2 b2+QM/ TH�M2X h?2 H27i };m`2 b?Qrb

i?2 ;`�T? i?�i Bb THQii2/ #v mbBM; i?2 `�r /�i� �M/ i?2 `B;?i };m`2 b?Qrb i?2 ;`�T?

i?�i Bb THQii2/ #v mbBM; i?2 `2+QMbi`m+iBQM /�i�X �7i2` `�r /�i� `2+QMbi`m+i2/- r2

+�M b22 i?2 `2H�iBQM Q7 i`�+F TQbBiBQM �b � bi`�B;?i HBM2X h?2 /Bbi`B#miBQM /BbT2`b2b

�`QmM/ i?2 HBM2�` HBM2X Ai Bb �M 2z2+i Q7 i?2 #�+F;`QmM/- i?2 HQr 2M2`;v 2H2+i`QMb

i?�i bT`2�/ �`QmM/ i?2 H�#Q`�iQ`v `QQKX >Qr2p2`- r2 +�MMQi +H2�`Hv /BbiBM;mBb?

#2ir22M +Q``2H�iBQM �M/ #�+F;`QmM/X

*Hmbi2` bBx2

q?2M � +?�`;2/ T�`iB+H2 T�bb2b i?`Qm;? i?2 TBt2H b2MbQ` i2H2b+QT2- Bi ;2M2`@

�i2b +?�`;2b BMbB/2 i?2 b2MbQ`X aQK2 +?�`;2b K�v /Bzmb2 iQ Qi?2` TBt2Hb M2�` i?2

?Bi TBt2HX �7i2`r�`/- i?2 2H2+i`QMB+b bB;M�H rBHH #2 +`2�i2/X h?2 iQi�H bB;M�H rBHH #2

b?�`2/ #v b2p2`�H TBt2HbX h?2 ;`QmT Q7 TBt2Hb i?�i +`2�i2 2H2+i`QMB+b bB;M�H �7i2` �

T�`iB+H2 T�bbBM; i?`Qm;?- Bb +�HH2/ � +Hmbi2` bBx2X 6B;m`2 9Xe b?Qrb /Bbi`B#miBQM Q7

+Hmbi2` bBx2b Q7 i2bi #2�K #v i?2 TBt2H b2MbQ` i2H2b+QT2X LQ`K�HHv- i?2 +Hmbi2` bBx2

/Bbi`B#miBQM /2T2M/b QM i?2 b2iiBM;b Q7 /Bz2`2Mi T�`�K2i2`b Q7 i?2 +?BT bm+? �b i?2

QT2`�iBM; 2MpB`QMK2Mi �M/ i?2 KQK2MimK Q7 i?2 K2�bm`2/ T�`iB+H2bX AM � +�b2

i?�i bB;M�H ;2M2`�i2/ #v QMHv QM2 TBt2H- MQi � +Hmbi2`- Bi +Q``2bTQM/b iQ i?2 MQBb2

bB;M�H +QKBM; 7`QK #B�b pQHi�;2 ;Bp2M iQ i?2 b2MbQ`b �i i?`2b?QH/ +m``2Mi 2[m�H iQ

8y .�* mMBi BM Qm` i2biX

LmK#2` Q7 +Hmbi2`

� #mM+? Q7 2H2+i`QMb Bb ;2M2`�i2/ �i aG_A "h6 #v mbBM; i?2 i�`;2i K�MBTm@

H�iQ`X h?2 MmK#2` Q7 2H2+i`QM T2` #mM+? +�M #2 72r2` i?�M Ry 2H2+i`QMb iQ KBHHBQMX

q?2M � #mM+? Q7 2H2+i`QMb T�bb2b i?`Qm;? i?2 TBt2H b2MbQ` i2H2b+QT2- i?2 MmK#2`

Q7 +Hmbi2`b ?�p2 #22M ;2M2`�i2/ BM � TBt2H b2MbQ`X 6B;m`2 9Xd- i?2 ?Q`BxQMi�H �tBb Bb
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6B;m`2 9Xe *Hmbi2` bBx2 Q7 .lh- ?Q`BxQMi�H �tBb Bb i?2 +Hmbi2` bBx2 �M/ p2`iB+�H

�tBb Bb i?2 MmK#2` Q7 2Mi`B2b BM 2�+? +Hmbi2` bBx2X

i?2 MmK#2` Q7 +Hmbi2`b- �M/ i?2 p2`iB+�H �tBb Bb i?2 MmK#2` Q7 2p2MiX h?2 MmK#2`

Q7 +Hmbi2`b +�M #2 7QmM/ �b � K2�M p�Hm2X h?2 K2�MBM; Q7 i?2 MmK#2` Q7 +Hmbi2`b

Bb � MmK#2` Q7 T�`iB+H2b i?�i ?Bi QM QM2 TBt2H b2MbQ`X h?2 �p2`�;2 Q7 ?Bi MmK#2`

Q7 2H2+i`QMb Bb jRXjk 2H2+i`QMbX

>Bi pb TH�M2

>Bib pb TH�M2 THQi b?Qrb i?2 MmK#2` Q7 T�`iB+H2b i?�i ?Bi QM 2�+? TH�M2 Q7

i?2 TBt2H b2MbQ` i2H2b+QT2X 6B;m`2 9X3- i?2 ?Q`BxQMi�H �tBb i?2 MmK#2` Q7 b2MbQ`

TH�M2 �M/ i?2 p2`iB+�H �tBb Bb i?2 MmK#2` Q7 T�`iB+H2b i?�i ?Bi QM 2�+? TH�M2X h?2

T�GSA.1@R b2MbQ`b �`2 TH�+2/ �i i?2 }`bi �M/ i?2 H�bi TH�M2X h?2 ;`�T? b?Qrb

i?2 �p2`�;2 MmK#2` Q7 ?Bib i?�i i?2 }`bi �M/ H�bi TH�M2b +�M /2i2+i Bb #2ir22M 9yXk

iQ 9kX3 ?BibX h?2 T�GSA.1@k b2MbQ`b- i?2 b2+QM/- i?B`/ �M/ }7i? TH�M2b +�M /2i2+i

i?2 �p2`�;2 MmK#2` Q7 ?Bib �`QmM/ 9d ?BibX PMHv i?2 bBti? TH�M2 +�M /2i2+i i?2

�p2`�;2 MmK#2` Q7 ?Bib #2ir22M 83Xy iQ 83X3 ?BibX h?2 �GSA.1 b2MbQ` Bb TH�+2/

�i i?2 KB//H2 TH�M2 �b i?2 .lh +�M /2i2+i i?2 �p2`�;2 MmK#2` Q7 ?Bib #2ir22M

83X3 iQ eyXy ?BibX

h?2 �GSA.1 b2MbQ` +�M /2i2+i i?2 �p2`�;2 MmK#2` Q7 ?Bib #2ii2` i?�M
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6B;m`2 9Xd LmK#2` Q7 +Hmbi2`b Q7 .lh- t �tBb Bb i?2 MmK#2` Q7 +Hmbi2` �M/ v �tBb

Bb i?2 MmK#2` Q7 2Mi`B2b BM 2�+? MmK#2` Q7 +Hmbi2`X

6B;m`2 9X3 LmK#2` Q7 ?Bi 7Q` 2�+? TH�M2b Q7 TBt2H b2MbQ` i2H2b+QT2X h?2 t@�tBb Bb

i?2 MmK#2` Q7 TH�M2 �M/ i?2 v@�tBb Bb i?2 MmK#2` Q7 T�`iB+H2b i?�i ?Bi QM b2MbQ`X
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6B;m`2 9XN >Bi T2` 2p2Mib Q7 i?2 �GSA.1 b2MbQ`- t@�tBb Bb i?2 MmK#2` Q7 2p2Mi-

�M/ v@�tBb Bb i?2 MmK#2` Q7 T�`iB+H2b 2�+? MmK#2` Q7 2p2MibX

T�GSA.1@R �M/ T�GSA.1@k �b 2tT2+i2/X >Qr2p2`- i?2`2 Bb QM2 T�GSA.1@k BM

i?2 bBti? TH�M2 i?�i /2i2+i i?2 �p2`�;2 MmK#2` Q7 ?Bib #2ii2` i?�M Qi?2` T�GSA.1@

kX Ai K�v #2 �z2+i2/ #v i?2 /Bz2`2Mi [m�HBiv Q7 r�72`b mb2/ BM i?2 T`Q/m+iBQM Q7

i?2 T�GSA.1@k Q` /Bz2`2Mi T`Q/m+iBQM HQib �i bBHB+QM +?BT 7QmM/`vX

>Bi pb 2p2Mib

6B;m`2 9XN- ?Bib pb 2p2Mi THQi b?Qrb i?2 iQi�H MmK#2` Q7 T�`iB+H2b i?�i ?Bi

QM i?2 TBt2H b2MbQ` i2H2b+QT2 7Q` 2�+? 2p2MiX h?2 ?Q`BxQMi�H �tBb Bb i?2 MmK#2` Q7

2p2Mib- �M/ i?2 p2`iB+�H �tBb Bb i?2 iQi�H MmK#2` Q7 T�`iB+H2b ?Bib i?2 TBt2H b2MbQ`

i2H2b+QT2X h?2 2p2Mib �`2 i?2 MmK#2` Q7 T�`iB+H2b i?�i +QHHB/2 i?2 b2MbQ`X

�7i2` i?2 /�i� Bb +QHH2+i2/X h?2 `�r /�i� ?�b #22M �M�Hvx2/ #v mbBM; i?2 1l@

h2H2b+QT2 7`�K2rQ`FX h?2 BKTQ`i�Mi T�`�K2i2`b- /2i2+iBQM 2{+B2M+v- �M/ bT�iB�H

`2bQHmiBQM �`2 +�H+mH�i2/X
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.2i2+iBQM 2{+B2M+v

�7i2` i?2 �GSA.1 b2MbQ`b rBi? i?2 M2r p2`bBQM Q7 TBt2H b2MbQ` i2H2b+QT2

r2`2 K2�bm`2/ #v mbBM; i?2 RXy :2o 2H2+i`QM #2�K �i aG_AX AM i?2 �M�HvbBb T�`i-

i?2 /2i2+iBQM 2{+B2M+v- �M/ bT�iB�H `2bQHmiBQM �`2 +�H+mH�i2/X �HH i`�+Fb +�M #2

mb2/ iQ +�H+mH�i2 i?2 /2i2+iBQM 2{+B2M+vX h?2 /2i2+iBQM 2{+B2M+v Bb ;Bp2M #v �

`�iBQ Q7 �bbQ+B�i2/ ?Bi iQ �HH T�`iB+H2 i`�+Fb �M/ �HH T�`iB+H2 i`�+Fb 7`QK � i2H2b+QT2

�b i?2 2[m�iBQM-

.2i2+iBQM 2{+B2M+v = �M �bbQ+B�i2/ i`�+Fb rBi? ?Bi QM .lh
�HH i`�+Fb QM .lh

h?2 Aha mT;`�/2 T`QD2+i `2[mB`2b i?2 /2i2+iBQM 2{+B2M+v 7Q` i`�+FBM; T�`@

iB+H2 iQ #2 ?B;?2` i?�M NNWX h?2 +�H+mH�iBQM Q7 /2i2+iBQM 2{+B2M+v +QMbB/2`b i?2

`�iBQ Q7 i`�+Fb ?Bi QM .lh �M/ �HH i`�+Fb QM .lhX



*>�Sh1_ o

lS:_�.1 P6 SAs1G a1LaP_ h1G1a*PS1

h?2`2 �`2 i?`22 K�BM iQTB+b BM i?Bb +?�Ti2`X 6B`bi- r2 2tTH�BM i?2 bQ7ir�`2

i?�i Bb mb2/ iQ bBKmH�i2 i?2 T�`iB+H2 i`�D2+iQ`vX h?Bb bQ7ir�`2 r�b /2bB;M2/ iQ

mb2 7Q` i?2 �GA*1 Aha mT;`�/2- r?2M i?2 b2MbQ` +?BT r�b i2bi2/ rBi? p�`B�Mi

#2�K 2M2`;v Up�`v i?2 b2imT p�Hm2 Q7 7�+BHBivVX L2ti iQTB+ b?Qrb i?2 T`Q+2bb Q7 i?2

KQ/B}+�iBQM Q7 i?2 M2r TBt2H b2MbQ` i2H2b+QT2- BM+Hm/BM; i?2 T�`�K2i2` �/DmbiK2MiX

h?2 H�bi iQTB+ Bb Qm` +QMi`B#miBQM iQ i?2 �GA*1 bm`7�+2 +QKKBbbBQMBM; T`Q+2bbX

h?Bb b2+iBQM �HbQ b?Qrb i?2 T`Q;`2bb Q7 i?2 �GA*1 Aha mT;`�/2 T`QD2+i 7`QK i?2

H�i2 Q7 kyRN iQ i?2 KB//H2 Q7 kykyX

8XR h`�D2+iQ`v T`2/B+iBQM

hQ T`2/B+i Q7 `2+QMbi`m+i T�`iB+H2 i`�D2+iQ`B2b `2+Q`/2/ rBi?BM � M2r TBt2H

b2MbQ` i2H2b+QT2- `2[mB`2b � +QKT`2?2MbBp2 bQ7ir�`2 7`�K2rQ`FX 6B`bi- i?2 JQMi2

*�`HQ K2i?Q/ Bb BMi`Q/m+2/X h?Bb K2i?Q/ Bb +QKTmi�iBQM�H �H;Q`Bi?Kb i?�i `2Hv

QM `2T2�i2/ `�M/QK b�KTHBM; iQ Q#i�BM MmK2`B+�H `2bmHibX JQ`2Qp2`- i?Bb K2i?Q/

Bb �HbQ mb2/ BM � bBKmH�iBQM 7Q` i?2 �GA*1 Aha mT;`�/2 T`QD2+i- r?B+? Bb +�HH2/

i?2 i2H2b+QT2 QTiBKBx2`X

8XRXR h?2 i2H2b+QT2 QTiBKBx2`

S`BQ` iQ i?2 +QMbi`m+iBQM Q7 i?2 M2r TBt2H i2H2b+QT2- � i2H2b+QT2 QTiBKBx2`

r�b mb2/ iQ T`2/B+i i?2 i`�D2+iQ`v Q7 T�`iB+H2b iQ i?2 TBt2H b2MbQ` i2H2b+QT2X �/@

/BiBQM�HHv- i?2 i2H2b+QT2 QTiBKBx2` K�F2b Bi 2�bv iQ bT2+B7v � bmBi�#H2 #QmM/�`v
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7Q` i?2 2tT2`BK2MiX h?2 i2H2b+QT2 QTiBKBx2` +�H+mH�i2b i?2 i`�+F TQbBiBQM mbBM;

i?2 JQMi2 *�`HQ UJ*V K2i?Q/X h?2 i`�+F TQbBiBQM 2bi�#HBb?2b i?2 i`�D2+iQ`v Q7

T�`iB+H2b i?�i KQp2 i?Qm;? i?2 TBt2H b2MbQ` i2H2b+QT2 UJ�;2`- kyReVX h?2 i`�+F

TQbBiBQM /2i2`KBM2b r?2i?2` � +?�`;2/ T�`iB+H2 ?�b i`�p2`b2/ i?2 K�i2`B�H rBi?

bK�HH `�M/QK /2~2+iBQMb /m2 iQ i?2 KmHiBTH2 b+�ii2`BM; Ua+�M/�H2 2i �HX- kyRdVX

JmHiBTH2 b+�ii2`BM; �z2+ib i?2 2M2`;v HQbb Q7 � T�`iB+H2 BM � K�ii2` �M/ i?2 /2@

~2+i2/ /B`2+iBQM Q7 �M BM+B/2Mi T�`iB+H2X h?2 BMi2`�+iBQM K2+?�MBbK /2T2M/b QM

i?2 KQK2MimK- 2M2`;v- �M/ +?�`;2 Q7 �M BM+B/2Mi T�`iB+H2X

h?2 +�H+mH�iBQM #QmM/�`v Bb i?2 BMTmi Q#i�BM2/ 7`QK i?2 i2H2b+QTB+ T�`�K@

2i2`bX h?2 bT�+BM; #2ir22M i?2 `272`2M+2 TH�M2b- BM Qm` +�b2- Bb ky KK- �M/ i?2

bT�+BM; Q7 #2ir22M i?2 .lh �M/ i?2 `272`2M+2 TH�M2b Bb 9y KKX h?2 bT�iB�H `2b@

QHmiBQM Q7 �HH TH�M2b Bb 8 µK �M/ i?2 K�i2`B�H #m/;2i UtfsyV T2` H�v2` Bb yX8 WX

6B;m`2 8XR b?Qrb i?2 ;2M2`�H i`�+F TQbBiBQM �M/ };m`2 8Xk b?Qrb i?2 i`�+F TQbBiBQM

+�H+mH�i2/ mbBM; i?2 J* K2i?Q/X h?2 ;`22M HBM2 BM/B+�i2b i?2 T�`iB+H2 i`�D2+iQ`v

Q#i�BM2/ mbBM; i?2 p�Hm2b 7`QK i?2 J* K2i?Q/X h?2 #H�+F HBM2b BM/B+�i2b i?2

TQbbB#H2 i`�D2+iQ`B2b Q7 T�`iB+H2b KQpBM; i?`Qm;? i?2 TBt2H b2MbQ` i2H2b+QT2X

6B;m`2 8XR :2M2`�H i`�+F TQbBiBQMX

8Xk JQ/B}+�iBQM Q7 i2H2b+QT2 b2imT

h?Bb rQ`F 7Q+mb2b QM i?2 +?�`�+i2`Bx�iBQM Q7 �GSA.1 b2MbQ`b rBi? i?2 M2r

p2`bBQM Q7 i?2 TBt2H b2MbQ` i2H2b+QT2 mbBM; i?2 RXk :2o 2H2+i`QM #2�K �i aG_AX �



9d

6B;m`2 8Xk JQMi2 *�`HQ i`�+F TQbBiBQMX

/B�;`�K Q7 i?2 M2r b2MbQ` i2H2b+QT2 Bb b?QrM BM };m`2 9Xj h?2 M2r b2MbQ` i2H2b+QT2

+QMbBbib Q7 b2p2M TH�M2b Q7 i?2 �GSA.1 b2MbQ`bX h?2 +?BT Bb TH�+2/ BM i?2 KB//H2

TH�M2 Ui?2 .lhV r?BH2 i?2 Qi?2` TH�M2b �`2 i?2 `272`2M+2 TH�M2bX h?2 i2H2b+QT2

Bb mT;`�/2/ bQ i?�i Bi +�M KQp2 i?2 .lh TH�M2 �HQM; i?2 i`�Mbp2`b2 TH�M2 Ut@

�M/ v@/B`2+iBQMbVX Ai ?�b � `2bQHmiBQM Q7 yXR KK- �M/ � Ry KK bi�;2 U`�M;2 BM

i?2 p2`iB+�H �M/ ?Q`BxQMi�H /B`2+iBQMbVX h?2 M2r TBt2H b2MbQ` i2H2b+QT2 Bb +m``2MiHv

#2BM; +QMbi`m+i2/ �i i?2 aG_A@"h6X

h?2 i2H2b+QT2 +�MMQi #2 mb2/ iQ +?�`�+i2`Bx2 Qi?2` �`2�bX >Qr2p2`- i?2

+QKT2i2M+2 Q7 i?2 M2r i2H2b+QT2 2M�#H2b Qi?2` b2+iBQMb Q7 i?2 b2MbQ` BM i?2 .lh

iQ #2 K2�bm`2/ bm+? �b Bib 2/;2b �M/ +Q`M2`bX h?Bb �/p�Mi�;2 T`QpB/2b mb rBi?

� +QKTH2i2 pB2r Q7 i?2 /2i2+iBQM 2{+B2M+v BM �HH b2+iBQMb Q7 i?2 �GSA.1 b2MbQ`X

h?mb- i?2 M2r TBt2H b2MbQ` i2H2b+QT2 +�M /2i2`KBM2 i?2 +QKTH2i2 [m�HBiv Q7 i?2

�GSA.1 b2MbQ`X

8Xj �GA*1 bm`7�+2 +QKKBbbBQMBM;

AM i?Bb b2+iBQM- r2 T`2b2Mi Qm` +QMi`B#miBQM bi�`iBM; 7`QK CmHv kyRN @ .2+

kyRN iQ i?2 Aha bm`7�+2 +QKKBbbBQMBM; kyRN �i *1_L 7Q` e KQMi?bX 6Q` i?Bb T`Q@

+2bb- �GA*1 `2[m2bi2/ K�MTQr2` 7`QK 2�+? BMbiBimiBQM r?B+? Bb � 7mHH K2K#2` Q7

�GA*1 �M/ T�`iB+BT�i2b BM i?2 Aha mT;`�/2 T`QD2+i iQ ?2HT rBi? i?2 bm`7�+2 +QK@

KBbbBQMBM;X h?Bb QT2`�iBQM #2;�M �7i2` i?2 7mHH /2i2+iQ` H�v2`b r2`2 �bb2K#H2/ BM
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� +H2�M@`QQK �i *1_L- i?2 +QQHBM; bvbi2K �M/ i?2 +QHH2+iBM; /�i� r2`2 +QMM2+i2/

iQ 2�+? /2i2+iQ` H�v2`X

8XjXR AMbi�HH�iBQM Q7 i?2 /2i2+iQ` H�v2` �i *1_L

h?2 +QKKBbbBQMBM; ?�HH ?�b #22M TH�+2/ �i #mBH/BM; Red- *1_LX Ai Bb /B@

pB/2/ BMiQ i?`22 `QQKb rBi? /Bz2`2Mi 7mM+iBQM�HBiv �b 7QHHQrbX

*H2�M `QQK

h?2 +H2�M@`QQK Bb #mBHi iQ mb2 7Q` �bb2K#HBM; i?2 /2i2+iQ` H�v2`X h?Bb `QQK

Bb mb2/ 7Q` �bb2K#HBM; i?2 /2i2+iQ` H�v2`b Q7 i?2 AhaX h?2 /2i2+iQ` H�v2` Bb BM@

bi�HH2/ iQ i2bi i?2 2H2+i`QMB+ bB;M�H [m�HBivX h?2 �bb2K#Hv `2[mB`2b ?B;? T`2+BbBQM

�M/ +H2�MHBM2bb 7Q` � b2MbQ`X h?2`27Q`2- Bi Bb M2+2bb�`v iQ �bb2K#H2 �M/ BMbi�HH

i?2 /2i2+iQ` BM � +H2�M@`QQK iQ [m�`�MiBM2 /mbi i?�i +QmH/ �/p2`b2Hv �z2+i i?2

/2i2+iQ`X

6B;m`2 8Xj h?2 +QKKBbbBQMBM; ?�HHX h?2 �bb2K#Hv QT2`�iBQM +�M #2 b22M 7`QK

QmibB/2 UH27iVX _2�H@bBx2 Q7 i?2 /2i2+iQ` H�v2` +QKT�`2/ iQ i?2 `2b2�`+?2`b UKB//H2VX

h?2 bi�p2 iQ #2 BMbi�HH2/ �b � /2i2+iQ` H�v2` U`B;?iVX
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*QMi`QH `QQK

� T2`bQM�H +QKTmi2` Bb mb2/ iQ +QMi`QH �M/ KQMBiQ` i?2 /2i2+iQ` H�v2` BM

i?2 +H2�M`QQKX h?2 +?�`�+i2`Bx�iBQM Bb +QMi`QHH2/ #v � `2b2�`+?2` Ub?B7i2`V iQ i2bi

� /2i2+iQ` H�v2` BM 2�+? /�vfiBK2- iQ +QHH2+i /�i� Q7 � i2biX JQ`2Qp2`- i?2 +QMi`QH

`QQK Bb �HbQ mb2/ �b � /�BHv K22iBM; TH�+2 iQ bmKK�`Bx2 �M/ /Bb+mbb �#Qmi i?2

T`Q;`2bb Q7 i?2 �GA*1 Aha mT;`�/2X

6B;m`2 8X9 h?2 TB+im`2 b?Qrb i?2 QT2`�iBQM r?BH2 +QMi`QHHBM; i?2 /2i2+iQ` H�v2`bX

*QQHBM; `QQK

h?2 +QQHBM; bvbi2K Bb BMbi�HH2/ BM i?Bb `QQKX h?Bb bvbi2K BM+Hm/2b i?2

+QQH2`- +QQHBM; +�#H2b �M/ TBT2b- �M/ i?2 +QQHBM; +QMi`QH T�M2HX h?2 biQ`�;2 bvbi2K

Q` i?2 r�i2` i�MF Bb �HbQ BMbi�HH2/ BM i?Bb `QQKX

6B;m`2 8X8 *QKTQM2Mib Q7 i?2 +QQHBM; `QQKX h?2 +QQH2` UH27iVX h?2 +QQHBM; TBT2b

i?�i +QMM2+i 7`QK i?2 +?BHH2` iQ i?2 /2i2+iQ` H�v2`b BM i?2 +H2�M`QQK UKB//H2VX h?2

/�i� +QHH2+iBQM bvbi2K U`B;?iVX
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8XjXk S2`7Q`K�M+2 i2biBM; Q7 i?2 /2i2+iQ`

h?2 /2i2+iQ` H�v2` Bb /BpB/2/ BMiQ k +QKTQM2MibX h?2 }`bi +QKTQM2Mi Bb

i?2 AMM2` "�``2H UA"V r?B+? +QMbBbib Q7 #v AMM2` "�``2H hQT UA"hV �M/ AMM2`

"�``2H "QiiQK UA""VX h?2 Pmi2` "�``2H hQT UP"@hV �M/ Pmi2` "�``2H "QiiQK

UP"@"V r2`2 �bb2K#H2/ �b i?2 Pmi2` "�``2H UP"V Q7 i?2 b2+QM/ +QKTQM2MibX h?2

+?�`�+i2`Bx�iBQM Q7 � /2i2+iQ` H�v2` Bb T2`7Q`K2/ H�v2` #v H�v2`X �7i2` i?�i iQi�H

i?2 T`2HBKBM�`v /2i2+iQ`Ƕb T2`7Q`K�M+2 rBHH #2 Q#i�BM2/X h?2 ;Q�H Q7 i?Bb i2bi Bb iQ

+?2+F i?2 #�bB+ T2`7Q`K�M+2 Q7 i?2 M2r Aha /2i2+iQ` #27Q`2 KQpBM; iQ BMbi�HH �b �

+2Mi`�H T�`i Q7 i?2 �GA*1 /2i2+iQ` �i i?2 �GA*1 +�p2`M UTQBMi kV Q7 i?2 G>* `BM;X

h?2 /2i�BHb Q7 i2biBM; �`2 /2i2`KBM2/ #v 2tT2`ibX 1�+? r22F- i?2`2 Bb � /2}MBi2

TH�M �M/ Tm`TQb2 7Q` r?B+? /2i2+iQ` H�v2` iQ #2 i2bi2/- �M/ r?B+? T�`�K2i2`b iQ

#2 Q#b2`p2/X h?Bb b2+iBQM b?Qrb i?2 `QmiBM2- i2bi K2i?Q/b- �M/ /�i� +QHH2+iBQM

K2i?Q/b Q7 [m�HBiv T2`7Q`K�M+2X AM i?2 bm`7�+2 +QKKBbbBQMBM; T`Q+2bb- i?2 K�BM

[m�HBiv i2bi Bb +QMi�BM2/ rBi? i?`22 bi2Tb i?Qb2 �`2 RX 2H2+i`QMB+ [m�MiBiB2b i2bi- kX

Z* +�H+mH�iBQM 7Q` �M 2``Q` BM b2MbQ` �M/ jX KQMBiQ`BM; � T?vbB+b T�`�K2i2`bX

1H2+i`QMB+ [m�MiBiB2b i2bi, i?Bb i2bi Bb /QM2 2p2`v QM2 ?Qm`

Ç h?`2b?QH/ a+�M, h?2 Q#D2+iBp2 Q7 i?Bb i2bi Bb iQ +?2+F i?2 i?`2b?QH/ Q7 2p2`v

TBt2H BM i?2 +?BT UQ` i?2 7mHH /2i2+iQ` H�v2`V i?�i b?QmH/ ?�p2 i?2 b�K2 p�H@

m2b- Q` b?QmH/ #2 +QMbBbi2MiX h?Bb p�Hm2 Bb i?2 K2�bm`2K2Mi Q7 i?2 +?�`;2

+QHH2+iBQM i?�i Q++m`b /m`BM; � T�`iB+H2 ?Bib Qp2` i?�i TBt2HX h?2 `2bmHi Q7

i?2 i?`2b?QH/ b+�M Bb b?QrM BM };m`2 8XeX

Ç 6�F2 >Bi _�i2, h?Bb Bb /2}M2/ #v i?2 MmK#2` Q7 T�`iB+H2 +QHHBbBQMb T2` TBt2H

BM 2�+? 2p2Mi rBi?Qmi i?2 2ti2`M�H /Bbim`#�M+2X h?Bb i2bi K2�bm`2b i?2 MQBb2

Q7 i?2 /2i2+iQ`X .m`BM; +QKKBbbBQMBM;- i?2`2 Bb MQ `2�H T�`iB+H2b T�bbBM;

i?`Qm;? b2MbQ`X
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Ç _2�/Qmi h2bi, h?Bb Bb �M 2H2+i`QMB+ bB;M�H i`�MbKBbbBQM i2bi i?�i Q#b2`p2b

i?2 bB;M�H i`�MbKBbbBQM #2ir22M i?2 /2i2+iQ` H�v2` �M/ � +QKTmi2`X h?Bb

i2bi rBHH #2 biQTT2/ r?2M i?2 M2ti `QmiBM2 i2bi Bb bi�`i2/X h?2 /2i2+iQ`Ƕb

bi�imb Bb BM/B+�i2/ #v mbBM; i?2 `2�/Qmi i2biX A7 i?2 i2bi Bb biQTT2/ rBi? �Mv

MQiB}+�iBQM- Bi K2�Mb i?�i i?2`2 Bb bQK2 +QKKmMB+�iBQM T`Q#H2Kb #2ir22M

i?2 /2i2+iQ` H�v2` �M/ i?2 +QKTmi2`X

6B;m`2 8Xe h?Bb };m`2 b?Qrb i?2 i?`2b?QH/ Q7 i?2 BMM2` #�``2H iQT- BM+Hm/BM;

/2i2+iQ` H�v2`@y- /2i2+iQ` H�v2`@R- �M/ /2i2+iQ` H�v2`@k BM �HH TBt2HbX

Z* +�H+mH�iBQM 7Q` �M 2``Q` BM b2MbQ`

Z* Bb i2bi2/ �7i2` i?2 6�F2>Bi_�i2 i2bi Bb +QKTH2i2/X Z* i�F2b i?2 /�i�

7`QK i?2 6�F2>Bi_�i2 i2bi iQ +�H+mH�i2 r?2`2 i?2 2``Q` Q++m``2/ QM i?2 /2i2+iQ`

H�v2`X h?2 i2bi A. rBHH #2 /BpB/2/ BMiQ RR T�`ib �b b?QrM BM };m`2 8XdX h?Bb };m`2

b?Qrb i?2 P++mT�M+v p2`bmb *?BT �M/ ai�p2 7Q` 2�+? H�v2` Q7 i?2 AMM2` #�``2HX

Ai i2HHb mb �#Qmi i?2 MmK#2` Q7 T�`iB+H2b BM 2�+? +?BTX JQ`2Qp2`- i?2 Q++mT�M+v

/Bbi`B#miBQM BM/B+�i2b i?2 /Bbi`B#miBQM Q7 T�`iB+H2b i?`Qm;? 2�+? b2MbQ`X
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JQMBiQ`BM; � T?vbB+b T�`�K2i2`b

h?Bb bi2T Bb iQ b22 r?�i ?�TT2Mb BMbB/2 � b2MbQ`X h?2 BKTQ`i�Mi p�`B�#H2

Bb i?2 i2KT2`�im`2 Q7 i?2 /2i2+iQ` H�v2` r?B+? Bb �M BKTQ`i�Mi 7�+iQ` BM i?2 �+im�H

K2�bm`2K2MiX h?2 2H2+i`B+Biv �M/ i?2 2H2+i`B+ TQi2MiB�H �`2 �HbQ KQMBiQ`2/X h?2

T?vbB+b p�`B�#H2 Kmbi #2 +?2+F2/ 2p2`v Ry KBMmi2b Q7 �HH /2i2+iQ` H�v2`bX

6B;m`2 8X3 AMM2` #�``2H@iQT UA"hV i2KT2`�im`2 bi�#BHBiv /m`BM; i?2 8y `mMbX h?2

bi�p2 Bb +H�bbB}2/ #v � /Bz2`2Mi +QHQ`X

8XjXj h?2 bmKK�`v Q7 i?2 bm`7�+2 +QKKBbbBQMBM; �i *1_L

h?2 T2`7Q`K�M+2 i2bib Q7 i?2 BMM2` i`�+FBM; bvbi2K UQM i?2 bm`7�+2 +QK@

KBbbBQMBM;V �`2 h?`2b?QH/a+�M- 6�F2>Bi_�i2 U+QMiBMm2 rBi? i?2 Z* i2biV- �M/

_2�/Qmih2biX h?2b2 i2bib ?�p2 +QHH2+i2/ � HQi Q7 /�i� �M/ b2Mi i?2K iQ i?2 b2`p2`X

h?2 �GA*1 i2�K i`�Mb72`b i?2 /�i� 2p2`v k@j KQMi?b- �M/ i�F2 �HH i?2 /�i� b2ib

7Q` � +QKTH2i2 �M�HvbBbX

h?2 bm`7�+2 +QKKBbbBQMBM; Bb ;QBM; �b TH�MM2/X h?2 BMM2` #�``2H ?�b #22M

i2bi2/ 3yW Q7 iQi�H BMi2;`Biv- �MQi?2` kyW Bb i2biBM; i?2 Qmi2` #�``2HX JQ`2Qp2`-

�HH b2p2M H�v2`b Q7 i?2 /2i2+iQ` ?�p2 #22M �bb2K#H2/ iQ i2bi rBi? i?2 2H2+i`QMB+b

�M/ +QQHBM; bvbi2KbX h?2 bm`7�+2 +QKKBbbBQMBM; Bb 2tT2+i2/ iQ +QKTH2i2 BM CmHv
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h�#H2 8XR h?2 i�#H2 b?Qr �b � T�`i Q7 i?2 2tT2`BK2Mi�H `2bmHib Q7 i?2 +?�`�+i2`B@

x�iBQM- i?2 bm`7�+2 +QKKBbbBQMBM; Q7 i?2 BMM2` i`�+FBM; bvbi2KX

h>_1a>PG. 6�E1 >Ah _�h1 _1�.Plh Z*

hPh�G 3k e3 ej 93

:QQ/ ed e3 eR 93

q�`MBM;b BM `2�/QmiX2t2 j y y y

*?2+F _l +QmMi2`b j y y y

*?2+F *_l +QmMi2`b 8 y k y

1t+22/2/ `2i`B2b k y y y

*QKK�M/ iBK2/ Qmi R y y y

.*a /B/MǶi b2M/ b2[m2M+2 j y y y

LQi +H2�` Q` KBbbBM; BM7Q 9 y y y

hPh�G 1__P_ R8 y k y

6_�*hAPL P6

S_P"G1J�hA* _lLa kkXj3W yW jXk3W yW
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kykyX �7i2` i?�i- i?2 BMM2` i`�+FBM; bvbi2K rBHH #2 /Bb�bb2K#H2/ �M/ KQp2/ iQ

i?2 �GA*1 +�p2`M UTQBMi kVX AM i?2 mM/2`;`QmM/ +QKKBbbBQMBM;- i?2 BMbi�HH�iBQM

rBHH #2 T2`7Q`K2/ i?`Qm;?Qmi i?2 v2�` kyky mMiBH i?2 2�`Hv Q7 i?2 v2�` kykRX h?2

T`Q+2bb Q7 BMbi�HH�iBQM �M/ i2bi �`2 bBKBH�` iQ i?2 bm`7�+2 +QKKBbbBQMBM;X h?2

�GA*1 /2i2+iQ` rBHH #2 Tmi BMiQ 7mHH QT2`�iBQM BM i?2 b2+QM/ ?�H7 Q7 i?2 v2�` kykR

r?B+? Bb � bBt@KQMi? /2H�v /m2 iQ +QpB/@RN bBim�iBQMX



*>�Sh1_ oA

aAJlG�hAPL _1alGha �L. .Aa*laaAPLa

h?2 bBKmH�iBQM Q7 i?2 TBt2H b2MbQ` i2H2b+QT2 Bb BKTQ`i�Mi iQ T`QpB/2 i?2

T`2/B+iBQM Q7 i?2 2tT2`BK2MiX h?2 :9#2�KHBM2 bBKmH�iBQM mb2/ 7Q` i?Bb rQ`F-

Bb #�b2/ QM i?2 :1�Lh9X :9#2�KHBM2 Bb � T�`iB+H2 bBKmH�iBQM i?�i Bb mb2/ iQ

QTiBKBx2 �M/ /2bB;M #2�KHBM2bX Ai +�M `2�HBbiB+�HHv bBKmH�iBQM T�`iB+H2 i`�D2+iQ`B2b

BM i?2 2H2+i`QK�;M2iB+ }2H/ �M/ K�ii2`X

eXR :9"2�KHBM2 bBKmH�iBQM

:9#2�KHBM2 Bb � T�`iB+H2 i`�+FBM; bBKmH�iBQM bQ7ir�`2 U_Q#2`ib 2i �HX- kyy3VX

h?2 bQ7ir�`2 Bb #�b2/ QM :1�Lh9 U�;QbiBM2HHB 2i �HX- kyyjV- � iQQHFBi 7Q` i?2

bBKmH�iBQM Q7 i?2 T�bb�;2 Q7 T�`iB+H2b i?`Qm;? K�ii2`X Ai Bb QTiBKBx2/ 7Q` bBKmH�iBM;

#2�KHBM2b �M/ Bb 2bT2+B�HHv #2M2}+B�H 7Q` KmQM- T`QiQM �M/ 2H2+i`QM 7�+BHBiB2bX Ai

+�M �HbQ bBKmH�i2 bvbi2Kb MQi Q`;�MBx2/ �b � #2�KHBM2X JQ`2Qp2`- Bi Bb r2HH bmBi2/
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aG_A Bb yXNNNN3eN iBK2b i?2 bT22/ Q7 HB;?iX h?2 +?�`;2 Q7 2H2+i`QM Bb RX 1M2`;v

Bb Rkyy J2oX h?2 i?B+FM2bb Q7 �GSA.1 b2MbQ` �`2 p�`vBM; #2ir22M 8y- Ryy- R8y-

kyy- k8y �M/ jyy µK X

6Q` � .lh i?�i Bb MQi `Qi�i2/- i?2 b+�ii2`BM; �M;H2 Q7 i?2 }`bi �M/ b2+QM/

TH�Mb �`2 �`QmM/ yXyyej �M/ yXyyNk /2;`22bX h?2 i?B`/ TH�M2 ?�b � b+�ii2`BM;
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6B;m`2 eXRy h?2 THQi #2ir22M i?2 b+�ii2`BM; �M;H2 UαV rBi? i?2 �GSA.1 TH�M2

MmK#2`X

�M;H2 r?B+? Bb bHB;?iHv ;`2�i?2` i?�M � i?2Q`v T`2/B+iBQMX h?2 7Qm`i?- }7i? �M/

bBti? TH�M2b ?�p2 KQ`2 p�Hm2 i?�M � i?2Q`vX 6Q` � `Qi�i2/ .lh +�b2- i?2 b+�ii2`BM;

�M;H2 UαV p�`B2b rBi? i?2 +?�M;BM; BM .lh �M;H2- α BM+`2�b2b r?2M .lh �M;H2

BM+`2�b2X

amKK�`v

h?Bb rQ`F +�M T`2/B+i i?2 b+�ii2`BM; �M;H2 Q7 i?2 2H2+i`QM r?B+? Bb mM/2`

i?2 +QM/BiBQM Q7 i?2 M2r TBt2H b2MbQ` i2H2b+QT2X AM i?2 +�b2 Q7 � `Qi�i2/ .lh- Bi

Bb � `2bmHi Q7 i?2 �GSA.1 i?B+FM2bbX h?2 �GSA.1 i?B+FM2bb Bb 8y µKX q?2M i?2

.lh TH�M2 Bb `Qi�i2/- Bib i?B+FM2bb BM+`2�b2bX L2r i?B+FM2bb Bb 2[m�H iQ +QbBM2 Q7

`Qi�i2/ �M;H2 iBK2b Q`B;BM�H i?B+FM2bb- b22 };m`2 eXRRX �M 2H2+i`QM M22/b iQ T�bb

i?`Qm;? i?2 b2MbQ` i?B+FM2bb HQM;2` i?�M i?�i Q7 MQi `Qi�i2/X Ai `2bmHib BM i?2

BM+`2�b2 Q7 i?2 b+�ii2`BM; �M;H2X 6Q` 2t�KTH2- r2 +�M b22 i?2 α p�Hm2 BM+`2�b2b �i

�GSA.1 9 BM };m`2 eXRyX

AM i?2 +�b2 Q7 � MQM@`Qi�i2/ .lh- i?Bb rQ`F +QKT�`2b i?2 bBKmH�iBQM p�Hm2



ed

rBi? i?2 i?2Q`2iB+�H p�Hm2X h?2 i?2Q`2iB+�H p�Hm2 Bb +�H+mH�i2/ #v 1[X kX3 #v p�`vBM;

bBHB+QM i?B+FM2bb UQi?2` T�`�K2i2`b �`2 }t2/VX h?2 bBKmH�iBQM p�Hm2 Bb +�H+mH�i2/

rBi? �B` #2ir22M i?2 �GSA.1 TH�M2 Ub22 BM �TT2M/Bt "XkVX aQ- 2H2+i`QMb bHB;?iHv

b+�ii2` r?2M i?2v i`�p2`b2 BM �B`X

6B;m`2 eXRR h?B+FM2bb Q7 .lh TH�M2 /m`BM; Q`B;BM�H �M/ `Qi�i2/X



*>�Sh1_ oAA

*PL*GlaAPLa �L. PlhGPPE

h?2 �GA*1 i2�K /2p2HQT2/ � bBKmH�iBQM bQ7ir�`2 7Q` i?2 i2bi #2�K +?�`@

�+i2`Bx�iBQM 7Q` b2MbQ` T`QiQivT2b Q7 AhakX Ai Bb +�HH2/ ǳ� i2H2b+QT2 QTiBKBx2`Ǵ-

�M/ mb2/ iQ bT2+B7v i?2 bmBi�#H2 #QmM/�`v Q7 i?2 TBt2H b2MbQ` i2H2b+QT2 7Q` i?2

i2bi #2�K +?�`�+i2`Bx�iBQMX �//BiBQM�HHv- i?2 i2H2b+QT2 QTiBKBx2` T`2/B+i2/ i?2

T�`iB+H2 i`�D2+iQ`vX h?2 QTiBK�H #QmM/�`v +QM/BiBQMb r2`2 #2BM; �TTHB2/ iQ i?2

M2r TBt2H b2MbQ` i2H2b+QT2 i?�i r�b #2BM; +QMbi`m+i2/ �i i?2 aG_A@"h6X

h?2 mT;`�/2/ Aha rBHH #2 BMbi�HH2/ /m`BM; i?2 Gak BM kykR �i *1_L SQBMikX

6Q` i?2 Q`B;BM�H TH�M- i?2gbm`7�+2 +QKKBbbBQMBM; Kmbi #2 +QKTH2i2/ #27Q`2 �T`BH-

kykyX am`�M�`22 lMBp2`bBiv Q7 h2+?MQHQ;v ?�b `2bTQMbB#BHBiv iQ bmTTQ`i i?2 K�M@

TQr2` 7Q` i?2 bm`7�+2 +QKKBbbBQMBM;X h?2 K�BM /miv r�b iQ i?2 KQMBiQ` �M/ i2bi

� /2i2+iQ` �b � b?B7i2` 7Q` � iQi�H T2`BQ/ Q7 bBt KQMi?bX h?2 BMM2` #�``2H ?�b #22M

i2bi2/ 3y% Q7 iQi�H BMi2;`Biv �M/ �MQi?2` ky% ?�b #22M /QM2 7Q` i?2 Qmi2` #�``2HX

h?2 mM/2`;`QmM/ +QKKBbbBQMBM; rBHH #2 +QKTH2i2/ BM i?2 v2�` kykRX >Qr2p2`-

�7i2` i?2 qQ`H/ >2�Hi? P`;�MBx�iBQM �MMQmM+2/ *QpB/@RN Bb � T�M/2KB+ BM i?2

2�`Hv Q7 kyky- i?2 Ahak BMbi�HH�iBQM r�b /2H�v2/ �i H2�bi 9@e KQMi?bX *m``2MiHv-

i?2 BMbi�HH�iBQM Bb biBHH QM;QBM;X

qBi?BM i?Bb i?2bBb- i?2 mT;`�/2 Q7 i?2 TBt2H b2MbQ` i2H2b+QT2 #v mbBM; i?2

2H2+i`QM #2�K �i RXk :2o �i i?2 avM+?`Qi`QM HB;?i `2b2�`+? BMbiBimi2 r�b bim/B2/X

h?2 bBKmH�iBQM Q7 i?2 M2r TBt2H b2MbQ` i2H2b+QT2 r�b /QM2 #v mbBM; i?2 :9#2�KHBM2

bQ7ir�`2 �M/ i?2 _PPh r�b mb2/ �b i?2 �M�HvbBb 7`�K2rQ`FX h?2 �M�HvbBb `2bmHi

r�b mb2/ iQ T`2/B+i i?2 b+�ii2`BM; �M;H2 Q7 i?2 M2r TBt2H b2MbQ` i2H2b+QT2- r?B+? Bb



eN

2[m�H iQ yXyR9k /2;`22b BM .lh Q7 i?2 MQM@`Qi�i2/ +�b2X h?Bb rQ`F �HbQ b?Qrb i?2

b+�ii2`BM; �M;H2 T`2/B+iBQM 7Q` i?2 .lh `Qi�i2/ +�b2X JQ`2Qp2`- i?2 bBKmH�iBQM

`2bmHi r�b +QKT�`2/ rBi? i?2 +�H+mH�iBQM 7`QK i?2 i?2Q`vX 6Q` � MQM@`Qi�i2/ .lh

+�b2- i?2 b+�ii2`BM; �M;H2 Q7 i?2 mT;`�/2 Q7 i?2 TBt2H b2MbQ` i2H2b+QT2 ;Bp2 � bBKBH�`

p�Hm2 iQ i?�i Q7 i?2 i?2Q`v +�H+mH�iBQMX

AM +QM+HmbBQM- i?2 `2bmHi Q7 i?Bb rQ`F b?Qrb i?�i i?2 :9#2�KHBM2 bBKmH�iBQM

+�M #2 mb2/ iQ T`2/B+i i?2 #2�K +?�`�+i2`Bx�iBQMX JQ`2Qp2`- i?Bb rQ`F �HbQ b?Qrb

i?�i �GSA.1 b2MbQ` Bb � bmBi�#H2 7Q` T�`iB+H2 i`�+FBM;- bBM+2 Bi T`QpB/2b p2`v HQr

BKT�+i iQ i?2 b+�ii2`BM; �M;H2- r?B+? ;Bp2b #2ii2` �++m`�+v r?2M r2 /Q i?2 T�`iB+H2

i`�+F `2+QMbi`m+iBQMX
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��KQ/i- EX- ZmBMi�M�- �X �X- �+?2M#�+?- _X- �+QmMBb- aX- �/�KQp�- .X- �/H2`- *X-

�;;�`r�H- JX- �;M2b2- 6X- _BM2HH�- :X �X- �?�KK2/- wX- �?K�/- �X- �?K�/-

LX- �?K�/- aX- �FBM/BMQp- �X- �FBb?BM- SX- �H2Fb�M/`Qp- .X- 2i �HX Ukyy3VX

h?2 �HB+2 2tT2`BK2Mi �i i?2 +2`M H?+X CQm`M�H Q7 AMbi`mK2Mi�iBQMX jUy3V,

ay3yykX

�#2H2p- "X- �/�K- CX- �/�KQp�- .X- �;;�`r�H- JX- �;HB2`B _BM2HH�- :X- �;M2HHQ-

JX- �;QbiBM2HHB- �X- �;`�r�H- LX- �?�KK2/- wX- �?K�/- LX- �?K�/ J�bQQ/B-

�X- �?K2/- AX- �?M- aX- �?M- aX- �BKQ- AX- �BQH�- aX- 2i �HX UkyR9VX h2+?MB+�H

/2bB;M `2TQ`i 7Q` i?2 mT;`�/2 Q7 i?2 �HB+2 BMM2` i`�+FBM; bvbi2KX CQm`M�H Q7

S?vbB+b :, Lm+H2�` �M/ S�`iB+H2 S?vbB+bX 9RX

�;QbiBM2HHB- aX- �HHBbQM- CX- �K�FQ- EX- �TQbiQH�FBb- CX- �`�mDQ- >X- �`+2- SX-

�b�B- JX- �t2M- .X- "�M2`D22- aX- "�``�M/- :X- "2?M2`- 6X- "2HH�;�K#�- GX-

"Qm/`2�m- CX- "`Q;HB�- GX- "`mM2M;Q- �X- 2i �HX UkyyjVX :2�Mi9Ĝ� bBKmH�iBQM

iQQHFBiX Lm+H2�` AMbi`mK2Mi J2i?Q/ �X 8yeUjV, k8y@jyjX

"�FQrbFB- JX �M/ :mbi�7bbQM- lX URNN3VX .2TH2iBQM `2;BQM biQTT2` 7Q` TM DmM+iBQM

BM bBHB+QM +�`#B/2X la S�i2Mi 8-3yR-3jeX

"`mM- _X �M/ _�/2K�F2`b- 6X URNNdVX _QQiě�M Q#D2+i Q`B2Mi2/ /�i� �M�HvbBb

7`�K2rQ`FX Lm+H2�` AMbi`mK2Mib �M/ J2i?Q/b BM S?vbB+b _2b2�`+?

a2+iBQM �, �++2H2`�iQ`b- aT2+i`QK2i2`b- .2i2+iQ`b �M/ �bbQ+B�i2/

1[mBTK2MiX j3NUR@kV, 3RĜ3eX

*�pB++?BQHB- *X- *?�HK2i- SX- :Bm#BH�iQ- SX- >BHH2K�MMb- >X- CmMB[m2- �X- Em;�i?@



dk

�b�M- hX- J�;2`- JX- hQ#QM- *X JX- J�`iBM2M;Q- SX- J�iiB�xxQ- aX- Jm;MB2`-

>X- Jmb�- GX- S�Mi�MQ- .X- _Qmbb2i- CX- �M/ _2B/i- 6X UkyR9VX .2bB;M �M/

+?�`�+i2`Bx�iBQM Q7 MQp2H KQMQHBi?B+ TBt2H b2MbQ`b 7Q` i?2 �HB+2 Bib mT;`�/2X

Lm+H2�` AMbi`mK2Mib �M/ J2i?Q/b BM S?vbB+b _2b2�`+? a2+iBQM �,

�++2H2`�iQ`b- aT2+i`QK2i2`b- .2i2+iQ`b �M/ �bbQ+B�i2/ 1[mBTK2MiX

de8, RddĜR3kX

.1au +QHH�#Q`�iBQM UkyRjVX 1mi2H2b+QT2- � ;2M2`B+ TBt2H i2H2b+QT2 /�i� �M�HvbBb

7`�K2rQ`FX (PMHBM2)X �p�BH�#H2, ?iiT,ff2mi2H2b+QT2Xr2#X+2`MX+?X

.Q`QF?Qp- �X- "2`iQHQM2- :X- "�m/Qi- CX- *QHH2/�MB- *X- *H�mb- :X- .2;2`HB- uX-

J�bB- _X .X- .2p2�mt- JX- .QxBĕ`2- :X- .mHBMbFB- qX- :ûHBM- JX- :Qz2- JX-

>BKKB- �X- >m@:mQ- *X- �M/ C��bF2H�BM2M- EX UkyRRVX >B;? `2bBbiBpBiv +KQb

TBt2H b2MbQ`b �M/ i?2B` �TTHB+�iBQM iQ i?2 bi�` TtH /2i2+iQ`X Lm+H2�` AMbi`m@

K2Mib �M/ J2i?Q/b BM S?vbB+b _2b2�`+? a2+iBQM �, �++2H2`�iQ`b-

aT2+i`QK2i2`b- .2i2+iQ`b �M/ �bbQ+B�i2/ 1[mBTK2MiX e8yURV, Rd9@

RddX

E2BH- JX UkyR8VX lT;`�/2 Q7 i?2 �GA*1 BMM2` i`�+FBM; bvbi2KX CQm`M�H Q7

AMbi`mK2Mi�iBQMX RyUyjV, *yjyRkĜ*yjyRkX

EBiiBK�M�TmM- EX- *?�MH2F- LX- *?22/F2i- aX- CmMiQM;- LX- EHvbm#mM- SX-

E`�BM�`�- aX- aBiiBb�`/- EX- �M/ amT�D22`�T�M- aX UkyReVX aG_A "2�K h2bi

6�+BHBiv .2p2HQTK2Mi S`QD2+iX AM di? AMi2`M�iBQM�H S�`iB+H2 �++2H2`�iQ`

*QM72`2M+2X q1SJuyyk, k8j3X

EBiiBK�M�TmM- EX- *?�MH2F- LX- EHvbm#mM- SX- EQ#/�D- *X- G�F`�i?QF- �X- G�Q@

D�KMQM;rQM;- LX- J�;2`- JX- �M/ Jmb�- GX UkyRNVX .2p2HQTK2Mi Q7 i?2

bH`B #2�K i2bi 7�+BHBiv 7Q` +?�`�+i2`Bx�iBQM Q7 KQMQHBi?B+ �+iBp2 TBt2H b2MbQ`bX



dj

Lm+H2�` AMbi`mK2Mib �M/ J2i?Q/b BM S?vbB+b _2b2�`+? a2+iBQM �,

�++2H2`�iQ`b- aT2+i`QK2i2`b- .2i2+iQ`b �M/ �bbQ+B�i2/ 1[mBTK2MiX

Njy, Ry8ĜRRRX

EBiiBK�M�TmM- EX- *?�MH2F- LX- EHvbm#mM- SX- E`�BM�`�- aX- �M/ amT�D22`�T�M- aX

UkyRdVX AKT`Qp2K2Mi Q7 1H2+i`QM AMi2MbBiv _2/m+iBQM avbi2K �i aG_A "2�K

h2bi 6�+BHBivX AM 3i? AMi2`M�iBQM�H S�`iB+H2 �++2H2`�iQ` *QM72`2M+2X

JPSAEyR8, 8k3X

G�x�Mm- AX- G�x�Mm- aX- "B;;2`B- lX- "Q`+?B- 1X- �M/ "`mxxB- JX URNNdVX LQM@

BQMBbBM; 2M2`;v HQbb Q7 TBQMb BM i?BM bBHB+QM b�KTH2bX Lm+H2�` AMbi`mK2Mib

�M/ J2i?Q/b BM S?vbB+b _2b2�`+? a2+iBQM �, �++2H2`�iQ`b- aT2+@

i`QK2i2`b- .2i2+iQ`b �M/ �bbQ+B�i2/ 1[mBTK2MiX j33UjV, jdyĜjd9X

J�;2`- JX UkyReVX �GSA.1- i?2 JQMQHBi?B+ �+iBp2 SBt2H a2MbQ` 7Q` i?2 �GA*1

Aha mT;`�/2X Lm+H2�` AMbi`mK2Mib�M/ J2i?Q/b BM S?vbB+b _2b2�`+?

�X 3k9, 9j9X

J2`QHB- aX UkyR8VX AM@/2Ti? bim/v Q7 T?2MQK2M� +?�`�+i2`BxBM; i?2 T�bb�;2 Q7

BQMBxBM; T�`iB+H2b i?`Qm;? b2KB+QM/m+iQ` H�v2`b (PMHBM2)X �p�BH�#H2, ?iiTb,

ffK2`QHBXr2#X+2`MX+?f7BH2bfi?2n#B#H2nQ7ni?2nBMi2`�+iBQMbXT/7X

JQQ`2- :X .X �M/ h2�M2v- .X Ukyy8VX >Qr Km+? /Q ?2�pv [m�`Fb i?2`K�HBx2 BM �

?2�pv BQM +QHHBbBQM\ S?vbB+�H _2pB2r *X dRUeV, ye9Ny9X

JQ`;�M C`- aX �M/ 1#v- SX URNdjVX *Q``2+iBQMb iQ i?2 #2i?2@#HQ+? 7Q`KmH� 7Q` �p2`@

�;2 BQMBx�iBQM 2M2`;v HQbb Q7 `2H�iBpBbiB+ ?2�pv Mm+H2B +HQb2 +QHHBbBQMbX Lm+H2�`

AMbi`mK2Mib �M/ J2i?Q/bX RyeUjV, 9kNĜ9j8X

Jmb�- GX UkyRkVX *QM+2Tim�H .2bB;M _2TQ`i 7Q` i?2 lT;`�/2 Q7 i?2 �GA*1 AhaX

(PMHBM2)X �p�BH�#H2, ?iiTb,ff+/bX+2`MX+?f`2+Q`/fR9jR8jNX
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S2``2v- >X UkyR9VX 1m/�[ �M/ 2mi2H2b+QT2 bQ7ir�`2 7`�K2rQ`Fb 7Q` i2bi#2�K /�i�

�+[mBbBiBQM �M/ �M�HvbBbX h2+?MQHQ;v �M/ AMbi`mK2Mi�iBQM BM S�`iB+H2

S?vbB+bX j8jX

_�MD�M- �X �M/ _�pBb?�MF�`- oX UkyRyVX AMi`Q/m+iBQM iQ [m�`F@;HmQM TH�bK�X

AM/B�M CQm`M�H Q7 S?vbB+bX 39URV, RR@9yX

_Q#2`ib- hX- "2�`/- EX- >m�M;- .X- �?K2/- aX- E�TH�M- .X- �M/ aT2MixQm`Bb- GX

Ukyy3VX :9#2�KHBM2 T�`iB+H2 i`�+FBM; BM K�ii2`@/QKBM�i2/ #2�K HBM2b- +QM7X

S`Q+22/BM; *QM72`2M+2X 3yekjjX

a�ix- >X UkyRRVX h?2 Zm�`F@:HmQM SH�bK�, � a?Q`i AMi`Q/m+iBQMX Lm+H2�`

S?vbB+b �X 3ek@3ej, 9@RkX

a+�M/�H2- qX- �`/mBMB- :X- "mi+?2`- JX- *2`miiB- 6X- :�`�iiBMB- JX- :BH�`/QMB- aX-

G2+?M2`- �X- GQbBiQ- _X- J�bB- �X- JB`�`+?B- .X- 2i �HX UkyRdVX J2�bm`2K2Mib Q7

KmHiBTH2 b+�ii2`BM; Q7 ?B;? 2M2`;v T`QiQMb BM #2Mi bBHB+QM +`vbi�HbX Lm+H2�`

AMbi`mK2Mib �M/ J2i?Q/b BM S?vbB+b _2b2�`+? a2+iBQM ", "2�K

AMi2`�+iBQMb rBi? J�i2`B�Hb �M/ �iQKbX 9yk, kNRĜkN8X

hb�B- uX@aX URNd9VX S�B` T`Q/m+iBQM �M/ #`2Kbbi`�?HmM; Q7 +?�`;2/ H2TiQMbX _2@

pB2rb Q7 JQ/2`M S?vbB+bX 9eU9V, 3R8X

qBHHB�Kb- "X URNddVX *QKTiQM b+�ii2`BM;, i?2 BMp2biB;�iBQM Q7 2H2+i`QM KQK2MimK

/Bbi`B#miBQMbX L2r uQ`F , J+:`�r@>BHH AMi2`M�iBQM�HX



�SS1L.As



�SS1L.As

�..AhAPL�G �L�GuaAa 6A:l_1a �L.

AL6P_J�hAPL

h?2 +Q``2H�iBQM ;`�T? h?2 +Q``2H�iBQM THQi b?Qrb i?2 `2H�iBQM #2ir22M

i?2 2H2+i`QM i`�+F QM i?2 TH�M2 B �M/ TH�M2 BYRX h?2 :9#2�KHBM2 bBKmH�iBQM T`Q@

pB/2b i?2 +Q``2H�iBQM THQib 7Q` �HH �GSA.1 TH�M2bX 6B;m`2 R b?Qrb i?2 +Q``2H�iBQM

THQi BM t@TQbBiBQM pB� i?2 +?�M;2b Q7 .lh �M;H2X 6B;m`2 k b?Qrb i?2 +Q``2H�iBQM

THQi BM v@TQbBiBQM pB� i?2 +?�M;2b Q7 .lh �M;H2X

a+�ii2`BM; �M;H2 h?Bb b2+iBQM b?Qrb i?2 THQi #2ir22M i?2 b+�ii2`BM; �M;H2

BM i?2 +�b2 Q7 � MQM@`Qi�i2/ .lh +�b2 +QKT�`BM; rBi? i?2 i?2Q`2iB+�H p�Hm2bX 6Q`

i?Bb +�b2- i?2 TBt2H b2MbQ` i2H2b+QT2 r�b i2bi2/ BM � p�+mmKX aQ- i?Bb +QM/BiBQM

Bb mb2/ iQ /Q i?2 :9#2�KHBM2 bBKmH�iBQMX h?2 `2bmHi Bb THQii2/ �b � };m`2 j- i?2

t@�tBb Bb i?2 b+�ii2`BM; �M;H2 BM /2;`22b mMBi- �M/ i?2 v@�tBb Bb i?2 �GSA.1 TH�M2X

h?2 bBKmH�iBQM ;Bp2b mb �HKQbi i?2 b�K2 p�Hm2 �b i?�i Q7 i?2 i?2Q`vX h?2`27Q`2-

i?Bb ;`�T?b T`Qp2 i?�i r2 +�M mb2 i?2 +QM/BiBQMb Q7 i?Bb rQ`F iQ /Q i?2 bBKmH�iBQM

7Q` b2MbQ` +?�`�+i2`Bx�iBQMX



dd

6B
;m

`2
R

h?
2

+Q
``

2H�
iBQ

M
TH

Qi
BM

i?
2

t@
/B

`2
+i

BQ
M

pB
�

i?
2

+?
�M

;2
b.

lh
�M

;H
2X

*�
Mp

�b
(y

)`
2T

`2
b2

Mi
i?

2
i`

�+
F

TQ
bBi

BQ
M

#2
ir

22
M

i?
2

}`
bi

�M
/

b2
+Q

M/
TH

�M
2X

*�
Mp

�b
(R

)-
(k

)-
(j

)-
(9

)�
M/

(8
)`

2T
`2

b2
Mi

i?
2

i`
�+

F
TQ

bBi
BQ

M
#2

ir
22

M
i?

2
b2

+Q
M/

�M
/

i?
B`/

TH
�M

2-
i?

B`/
�M

/

7Q
m`

i?
-7

Qm
`i

?
�M

/
}7

i?
-}

7i?
�M

/
bBt

i?
`2

bT
2+

iBp
2Hv

X



d3

6B
;m

`2
k

h?
2

+Q
``

2H�
iBQ

M
TH

Qi
BM

i?
2

v@
/B

`2
+i

BQ
M

pB
�

i?
2

+?
�M

;2
b.

lh
�M

;H
2X

*�
Mp

�b
(y

)`
2T

`2
b2

Mi
i?

2
i`

�+
F

TQ
bBi

BQ
M

#2
ir

22
M

i?
2

}`
bi

�M
/

b2
+Q

M/
TH

�M
2X

*�
Mp

�b
(R

)-
(k

)-
(j

)-
(9

)�
M/

(8
)`

2T
`2

b2
Mi

i?
2

i`
�+

F
TQ

bBi
BQ

M
#2

ir
22

M
i?

2
b2

+Q
M/

�M
/

i?
B`/

TH
�M

2-
i?

B`/
�M

/

7Q
m`

i?
-7

Qm
`i

?
�M

/
}7

i?
-}

7i?
�M

/
bBt

i?
`2

bT
2+

iBp
2Hv

X



dN

6B;m`2 j h?2 THQi #2ir22M i?2 b+�ii2`BM; �M;H2 UαV rBi? i?2 �GSA.1 TH�M2

MmK#2`



*l__A*lGlJ oAh�1

L�J1, C2iMBTBi E�2rD�B :1L.1_, J�H2

L�hAPL�GAhu, h?�B .�h1 P6 "A_h>, C�M Rj- RNN8

1@J�AG, D2iMBTBiXD�BB!;K�BHX+QK

1.l*�hAPLa,

• kyy3 @ kyRj- >B;? a+?QQH- u�bQi?QM SBii�v�FQK a+?QQH- h?�BH�M/

• kyRj @ kyRe- "�+?2HQ` Q7 a+B2M+2- a+?QQH Q7 S?vbB+b- AMbiBimi2 Q7 a+B2M+2-

am`�M�`22 lMBp2`bBiv Q7 h2+?MQHQ;v- h?�BH�M/

• kyRe @ kyRN- J�bi2`Q7 a+B2M+2- a+?QQH Q7 S?vbB+b- AMbiBimi2 Q7 a+B2M+2-

h?�BH�M/

Sl"GA*�hAPLa

CX E�2rD�B- *X EQ#/�D �M/ EX EBiiBK�M�TmM UkyRNV- lT;`�/2 Q7 TBt2H

b2MbQ` i2H2b+QT2 7Q` i?2 +?�`�+i2`Bx�iBQM Q7 �GSA.1 b2MbQ`- CQm`@

M�H Q7 S?vbB+b, *QM72`2M+2 a2`B2b- oQHmK2 Rj3y- /QB, RyXRy33fRd9k@

e8NefRj3yfRfyRkRkeX


	Cover
	Approved
	Abstract
	Acknowledgements
	Content
	Chapter1
	Chapter2
	Chapter3
	Chapter4
	Chapter5
	Chapter6
	Chapter7
	Reference
	Appendix
	Biography

