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RXk �HBK2Mi�iBQM /2 H� pB;M2 U6QHH�BM- kyR9VX X X X X X X X X X X X X X X X X X X X kR

RXj ai`�iû;B2b /2 +QMb2`p�iBQM /2b bQH U6QHH�BM 2i �HX- kyR3VX X X X X X X X X X X X kR

kXR G2 #�bbBM /Ƕ�[mBi�BM2 �m *`ûi�+û bmTû`B2m` U�/�Tiû2 /2 SH�i2H 2i .m#`2mBH?-
RN3eVX 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 X X X X X k3

kXk G2 #�bbBM /Ƕ�[mBi�BM2 �m JBQ+ĕM2 U�/�Tiû2 /2 SH�i2H 2i .m#`2mBH?- RN3eVX kN

kXj G2 #�bbBM /Ƕ�[mBi�BM2 �m SHBQ@Zm�i2`M�B`2 U�/�Tiû2 /2 SH�i2H 2i .m#`2mBH?-
RN3eVX 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 X X X X X jy

kX9 GQ+�HBb�iBQM /2b �PSJû/Q+ 2i a�BMi@1KBHBQM ;`�M/ +`m �m b2BM /m pB;MQ#H2
/2 "Q`/2�mtX 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 X jk

kX8 .B�;`�KK2 PK#`QKûi`B[m2 KQv2M TQm` H� Tû`BQ/2 RN3d@kyRdX _2H2pûb /2
H� bi�iBQM JûiûQ 6`�M+2 ¨ Jû`B;M�+X X X X X X X X X X X X X X X X X X X X X X jj

kXe S�MQ`�K� ;ûQHQ;B[m2 /2 a�BMi@1KBHBQM 2i b� `û;BQM- /Ƕ�T`ĕb H� +�`i2 ;ûQHQ@
;B[m2 /2 GB#Qm`M2 /2 .m#`2mBH? URNN8V X X X X X X X X X X X X X X X X X X X X j9

kXd 1ti`�Bi /2 H� +�`i2 /2b bQHb /2 a�BMi@1KBHBQM Uo�M G22mr2M- RN3NVX 1M
TQBMiBHHûb MQB`b , H2b T�`+2HH2b /m *?�i2�m *�T2i@:mBHHB2`X X X X X X X X X X X jd

kX3 1ti`�Bi /2 H� Hû;2M/2 /2 H� +�`i2 /2b bQHb /2 a�BMi@1KBHBQM Uo�M G22mr2M-
RN3NVX 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 X X X X X j3

kXN Sv`�KB/2 /2b �;2b U2M kyRNV /m pB;MQ#H2 /m *?�i2�m *�T2i@:mBHHB2`X X X X jN

kXRy *�`i2 /2b T�`+2HH2b 2i 2M+ûT�;2K2Mi /m +?�i2�m *�T2i@:mBHHB2`X X X X X X X 9y

kXRR LQi2b /2 [m�HBiû /m pBM /2 � UK2BHH2m`V ¨ * UKQBMb #QMV- 2i H2b +`Biĕ`2b /2
MQi�iBQM miBHBbûb TQm` H� /û;mbi�iBQMX G2 /B�;`�KK2 BM/B[m2 HǶBMi2`p�HH2 /m
b+Q`2 Mû+2bb�B`2 ¨ HǶQ#i2MiBQM /2 H� MQi2 }M�H2 /2 [m�HBiûX X X X X X X X X X X 99

kXRk 6`Bb2 +?`QMQHQ;B[m2 /2b i`�p�mt pBiB@pBMB+QH2b /ǶmM2 �MMû2 ivT2 �m *?�i2�m
*�T2i@:mBHHB2`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 X 9e

kXRj .B�;`�KK2 PK#`QKûi`B[m2 KQv2M TQm` H� Tû`BQ/2 kyy8@kyR3X _2H2pûb /2
H� bi�iBQM JûiûQ 6`�M+2 ¨ S�mBHH�+ X X X X X X X X X X X X X X X X X X X X X X 9d

N



Ry h�#H2 /2b };m`2b

kXR9 1ti`�Bi /2 H� +�`i2 Tû/QHQ;B[m2 /2 G2bT�``2@Jû/Q+ UqBH#2`i- RNd3VX wQQK
bm` "û;�/�M 2i H2b +QKKmM2b �H2MiQm`bX 1M MQB`- H2b T�`+2HH2b /m *?�i2�m
S�i�+?2 /Ƕ�mtX 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 9N

kXR8 1ti`�Bi /m _û7û`2MiB2H _û;BQM�H Sû/QHQ;B[m2 /2 H� `û;BQM LQmp2HH2@
�[mBi�BM2 U_B+?2`@/2@6Q`;2b 2i �``Qm�vb- kyR9V �p2+ 7QM/ a*�Lk8@A:LX
wQQK bm` "û;�/�M 2i H2b +QKKmM2b �H2MiQm`bX 1M MQB`- H2b T�`+2HH2b /m
*?�i2�m S�i�+?2 /Ƕ�mtX 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 8y

kXRe Sv`�KB/2 /2b �;2b U2M kyRNV /m pB;MQ#H2 /m *?�i2�m S�i�+?2 /Ƕ�mtX X X 8R

kXRd *�`i2 /2b T�`+2HH2b /m +?�i2�m S�i�+?2 /Ƕ�mt 2i /2 H2m` +ûT�;2 `2bT2+iB7X 8k

jXR a+?ûK� +QM+2Tim2H /m i2``QB` b2HQM .2HQB`2 2i �HX Ukyy8VX X X X X X X X X X X 8d

jXk SH�M /Ƕû+?�MiBHHQMM�;2 /2 *�T2i@:mBHHB2`X X X X X X X X X X X X X X X X X X X eR

jXj SH�M /Ƕû+?�MiBHHQMM�;2 /2 S�i�+?2 /Ƕ�mtX X X X X X X X X X X X X X X X X X X ek

jX9 a+?ûK� /ǶmM TBûxQKĕi`2 û[mBTûX X X X X X X X X X X X X X X X X X X X X X X X X e9

jX8 GQ+�HBb�iBQM /2b /2mt TBûxQKĕi`2b û[mBTûb U2M #H2mV SR 2i Sj �m b2BM /m
pB;MQ#H2 /2 *�T2i@:mBHHB2`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 e9

jXe GQ+�HBb�iBQM /2b i`QBb TBûxQKĕi`2b U2M #H2mV 6R- 6j 2i 69 �m b2BM /m pB;MQ#H2
/2 S�i�+?2 /Ƕ�mtX 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 e8

jXd :�KK2 /2 `ûbBbiBpBiûb /2b K�iû`B�mt `2M+QMi`ûb 2M ;ûQT?vbB[m2 US2Mx
UkyRkV �/�Tiû /Ƕ�T`ĕb S�H�+Fv URN33VVX X X X X X X X X X X X X X X X X X X X X e3

jX3 Zm�/`BTƬH2b /ǶûH2+i`Q/2b +Qm`�KK2Mi miBHBbûb 2i H2m`b 7�+i2m`b ;ûQ@
Kûi`B[m2bX "`BiBb? :2QHQ;B+�H am`p2v U+V L1_* kyRj BM GQF2 2i �HX
UkyRjV 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 X X X X X dy

jXN a+?ûK� /ǶmM bvbiĕK2 KmHiB@ûH2+i`Q/2- 2i mM2 bû[m2M+2 /2 K2bm`2b TQm`
+`û2` mM2 Tb2m/Qb2+iBQM k.X "`BiBb? :2QHQ;B+�H am`p2v U+V L1_* kyRj BM
GQF2 2i �HX UkyRjV 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 dk

jXRy SH�M /2 T`QbT2+iBQM /2 HǶ1_h bm` H2b T�`+2HH2b /m *?�i2�m *�T2i@:mBHHB2`X
1M TQBMiBHHûb H2 i`�+û /m T`Q}H- 2i HQ+�HBb�iBQM /2b K2bm`2b /Ƕ?mKB/Biû U>R
¨ >3VX 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 X X X X X dk

jXRR AMbi�HH�iBQM /m Jl*1S bm` H2 i`�+i2m` BMi2`@HB;M2X X X X X X X X X X X X X X d8

9XR GQ+�HBb�iBQM /m bBi2 /Ƕûim/2 , *?�i2�m *�T2i@:mBHHB2` 2M �TT2HH�iBQM a�BMi@
1KBHBQM :`�M/ *`mX 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 3y

9Xk U�V amBpB /2 H� M�TT2 T?`û�iB[m2 /2 MQp2K#`2 kyRd ¨ MQp2K#`2 kyR3- 2i
T`û+BTBi�iBQMb DQm`M�HBĕ`2b 2i +mKmHû2b c U#V LBp2�mt TBûxQKûi`B[m2b /2 SR
UYRk-N K L:6V 2i Sj UYRe-3 K L:6VX X X X X X X X X X X X X X X X X X X X 33

9Xj *�`i2 Tû/QHQ;B[m2 /m *?�i2�m *�T2i@:mBHHB2`X GQ+�HBb�iBQM /2b 7Qbb2b UMQB`V
2i /2b TBûxQKĕi`2b U#H2mVX 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 33



h�#H2 /2b };m`2b RR

9X9 .2b+`BTiBQM /2b i`QBb 7Qbb2b +`2mbû2b /�Mb H2 pB;MQ#H2 /m *?�i2�m *�T2i@
:mBHHB2`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 X X X X X Nj

9X8 U�V *H�bb2K2Mi /2 H� [m�HBiû /m pBM /2 � UK2BHH2m`V ¨ * UKQBMb #QMM2V 2i
MQi2b /2 /û;mbi�iBQM +Q``2bTQM/�Mi2b /2 R ¨ 8X URV HQM;m2m` 2M #Qm+?2- UkV
û[mBHB#`2 U�+B/Biû 2i �H+QQHV- UjV BMi2MbBiû /2b i�MBMb- U9V +QmH2m`- U8V K�@
im`Biû 2i bQmTH2bb2 /2b i�MBMb- UeV +QKTH2tBiû �`QK�iB[m2X U#V *H�bb2K2Mi
[m�HBi�iB7 H2 THmb 7`û[m2Mi TQm` +?�[m2 T�`+2HH2 /2 pB;M2 /2 kyRk ¨ kyR3X X N8

9Xe *�`i2b /2 7`û[m2M+2 /2b [m�HBiûb /2 T`Q/m+iBQM /2b T�`+2HH2b U� ¨ *V 2Mi`2
kyRk 2i kyR3X 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 X N8

9Xd _2T`ûb2Mi�iBQM +QM+2Tim2HH2 /2 HǶ2M`�+BM2K2Mi /2 H� pB;M2 2M TQbBiBQM 6R@
6j b2HQM H� b�BbQM 2i H2b p�`B�iBQMb /2 H� M�TT2 T?`û�iB[m2 , BKT�+i /2 H�
xQM2 b�im`û2 UawV 2i /2 H� xQM2 T�`iB2HH2K2Mi b�im`û2 USawVX X X X X X X X X Ry9

8XR *�`i2 /2b mMBiûb +�`iQ;`�T?B[m2b /2 bQH Ul*aV �m *?�i2�m *�T2i@:mBHHB2`X
o2`bBQM 7`�MÏ�Bb2 /2 H� +�`i2 T`ûb2Miû2 /�Mb H2 *?X9X X X X X X X X X X X X X RyN

8Xk *�`i2 /2b mMBiûb 7QM+iBQMM2HH2b /2 bQH Ua6lV bm` H2 pB;MQ#H2 /2 *�T2i@
:mBHHB2`X o2`bBQM 7`�MÏ�Bb2 /2 H� +�`i2 T`ûb2Miû2 /�Mb H2 *?X9X X X X X X X X RRy

8Xj GQ+�HBb�iBQM /2b bQM/�;2b ûH2+i`B[m2b H2 HQM; /m T`Q}H /2 iQKQ;`�T?B2X X X RRR

8X9 .Bbi`B#miBQM /2b p�H2m`b /2 `ûbBbiBpBiû ûH2+i`B[m2 �TT�`2Mi2 /2b bQHb /2
*�T2i@:mBHH2i , U�V /QMMû2b #`mi2b U#V /QMMû2b #`mi2b }Hi`û2b Ub2mBH
T2`+2MiBH2 N3VX 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 X RRk

8X8 *�`i2 /2 +Q?û`2M+2 /2b K2bm`2b /2 `ûbBbiBpBiû ûH2+i`B[m2 �TT�`2Mi2 /2b bQHbX
G2b TQBMib `Qm;2b `2Mb2B;M2Mi H2b TQbBiBQMb TQm` H2b[m2HH2b oR=ok=ojX X X RRj

8Xe *�`i2 /2 +Q?û`2M+2 /2b K2bm`2b /2 `ûbBbiBpBiû ûH2+i`B[m2 �TT�`2Mi2 /2b
bQHbX G2b TQBMib `Qm;2b `2Mb2B;M2Mi H2b TQbBiBQMb TQm` H2b[m2HH2b oR=ok-
H2b TQBMib #H2mb `2Mb2B;M2Mi H2b TQbBiBQMb TQm` H2b[m2HH2b oRIokX X X X X X RR9

8Xd >BbiQ;`�KK2 T�` pQB2 /2b p�H2m`b #`mi2b /2 `ûbBbiBpBiû �TT�`2Mi2 K2bm`û2b
�p2+ H2 Jl*1S ¨ *�T2i@:mBHHB2`X X X X X X X X X X X X X X X X X X X X X X X X RR9

8X3 *�`iQ;`�KK2 /2b K2bm`2b /2 `ûbBbiBpBiû ûH2+i`B[m2 �TT�`2Mi2 /2b bQHb TQm`
H2b pQB2b R- k 2i jX 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 RRe

8XN a2KBp�`BQ;`�KK2b /2b p�H2m`b /2 `ûbBbiBpBiû ûH2+i`B[m2 �TT�`2Mi2 /2b bQHb
TQm` H2 b2+i2m` /2 +Ƭi2�m U;�m+?2V 2i H2 b2+i2m` /2 TH�BM2 U/`QBi2V TQm`
+?�+mM2 /2b i`QBb pQB2b oR U?�miV- okUKBHB2mV 2i oj U#�bVX X X X X X X X X X RRd

8XRy >BbiQ;`�KK2 /2b p�H2m`b /2 `ûbBbiBpBiû ûH2+i`B[m2 �TT�`2Mi2 /2b bQHb TQm`
H2b pQB2b oR- ok 2i oj- +�iû;Q`Bbû2b T�` lMBiû *�`iQ;`�T?B[m2 /2 aQH Ul*aVXRky

8XRR >BbiQ;`�KK2 2i #Qŗi2 ¨ KQmbi�+?2 /2b p�H2m`b /2 `ûbBbiBpBiû ûH2+i`B[m2 /2b
bQHb- +�iû;Q`Bbû2b T�` pQB2b 2i T�` lMBiû 6QM+iBQMM2HH2 /2 aQH Ua6lVX X X X RkR

8XRk _ûbBbiBpBiû �TT�`2Mi2 K2bm`û2 T�` H� pQB2 R 2M 7QM+iBQM /2 T�`�Kĕi`2b
T?vbB+Q@+?BKB[m2b K2bm`ûb 2M H�#Q`�iQB`2 /�Mb H2b 8y T`2KB2`b +2MiBKĕi`2b
/2 bQHX 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 X X X X X Rkk



Rk h�#H2 /2b };m`2b

8XRj �M�Hvb2 2M +QKTQb�Mi2 T`BM+BT�H2 �p2+ T`QD2+iBQM /2b BM/BpB/mb UbBi2b
/Ƕû+?�MiBHHQMM�;2 Tû/QHQ;B[m2bV /�Mb H2 TH�M /2b p�`B�#H2b Tû/QHQ;B[m2b
2i ;ûQT?vbB[m2bX G2b BM/BpB/mb bQMi /Bzû`2M+Bûb 2M 7QM+iBQM /2 HǶlMBiû
6QM+iBQMM2HH2 /2 aQH Ua6lV /2 `�ii�+?2K2MiX X X X X X X X X X X X X X X X X Rkk

8XR9 1biBK�iBQM /2 HǶûi�i /2 b�im`�iBQM 2M 2�m /2b bQHb TQm` /Bzû`2Mi2b T`Q7QM@
/2m`b- b2HQM H2 T`Q}H iQKQ;`�T?B[m2 2i iQTQ;`�T?B[m2 /2 /B`2+iBQM Pm2bi@
1bi- 2z2+imû /�Mb H2 b2+i2m` /2 TH�BM2X X X X X X X X X X X X X X X X X X X X X Rk9

8XR8 S`Q}H iQKQ;`�T?B[m2X 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 Rk8

8XRe a�im`�iBQM 2M 2�m 2biBKû2 2M 7QM+iBQM /2 H� `ûbBbiBpBiûX X X X X X X X X X X X Rke

8XRd S�`�Kĕi`2b /ǶBMp2`bBQM /2b +BM[ bQM/�;2b ûH2+i`B[m2b sR ¨ s8 `û�HBbûb ¨
*�T2i@:mBHHB2`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 X Rkd

8XR3 Sb2m/Q@b2+iBQM /2 `ûbBbiBpBiû �TT�`2Mi2 `û�HBbû2 ¨ T�`iB` /2b +BM[ bQM/�;2b
ûH2+i`B[m2b sR ¨ s8X 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 RkN

eXR _2T`ûb2Mi�iBQM /2 HǶ�;`QbvbiĕK2 k. miBHBbû T�` "Aaq�h U"2`i`�M/ 2i �HX-
kyR3VX 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 X X X X X Rje

eXk .Bb+`ûiBb�iBQM /2b /QMMû2b Tû/QHQ;B[m2b TQm` H� T�`�Kûi`Bb�iBQM /m KQ/ĕH2
"Aaq�hX 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 X X X R9y

eXj JQ/ûHBb�iBQM /2 HǶ2{+�+Biû /ǶBMi2`+2TiBQM /m `�vQMM2K2Mi U_A1V �m +Qm`b
/2 H� b�BbQM kyR3X 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 R9R

eX9 aû[m2M+2b i2KTQ`2HH2b KQ/ûHBbû2b TQm` HǶ�MMû2 kyR3X X X X X X X X X X X X X R9k

eX8 wQM�;2 T�` H� T2Mi2 /2b �TTQ`ib T�` `mBbb2HH2K2Mi bm` H2b T�`+2HH2b *R 2i
*k ¨ *�T2i@:mBHHB2` UH2b +Qm`#2b /2 MBp2�m 2M �``Bĕ`2@TH�M bQMi 2bT�+û2b /2
R KVX 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 X X X X X X R9j

eXe .B�;`�KK2b QK#`Qi?2`KB[m2b /2b �MMû2b kyRd 2i kyR3 ¨ *�T2i@:mBHHB2` X R99

eXd 1pQHmiBQM /2 H� 6haq /2 H� pB;M2 �m +Qm`b /2 HǶ�MMû2 kyR3 2M 7QM+iBQM /m
T�`�Kĕi`2 �HT?�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 R98

eX3 *mKmHb /2b /`�BM�;2b bBKmHûb TQm` H2b /Bzû`2Mi2b 7Qbb2b 2i KQ/�HBiûb 2M kyR3XR9e

eXN _2KQMiûb +mKmHû2b /2b MBp2�m TBûxQKûi`B[m2b /2b TBûxQKĕi`2b SR UTH�BM2V
2i Sj U+Ƭi2�mVX 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 R9d

eXRy .`�BM�;2 bBKmHû TQm` 6R- 6k 2i 6j 2i `2KQMiû +mKmHû2 /m MBp2�m TBûxQ@
Kûi`B[m2 /2 SR 2i Sj bm` H� b�BbQM kyR3X X X X X X X X X X X X X X X X X X X X R93

eXRR S`Q}Hb /Ƕ?mKB/Biû TQm` H2b i`QBb 7Qbb2b 2i /2mt KQ/�HBiûb �m +Qm`b /2 H�
bBKmH�iBQM bm` HǶ�MMû2 kyR3 �p2+ "Aaq�hX X X X X X X X X X X X X X X X X X X R8y

eXRk aBKmH�iBQM /2 HǶ2�m /BbTQMB#H2 TQm` H� pB;M2 U�haqV TQm` 6R- 6k 2i 6j
�m +Qm`b /2 H� b�BbQM kyR3X 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 R8R

eXRj 6haq /2 H� pB;M2 TQm` 6R- 6k 2i 6j 2M kyR3- +QKT�`�BbQM /2b KQ/�HBiûb
/2 i`�p�BH /m bQH 2i /2 iQMi2X 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 R8k
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eXR9 o�`B�iBQM /m 6haq �m +Qm`b /2 H� b�BbQM kyR3X X X X X X X X X X X X X X X X R8j

eXR8 aBKmH�iBQM /2 H� 6haq /2 H� pB;M2 bm` HǶ�MMû2 kyR3 TQm` H2b /Bzû`2Mi2b
7Qbb2b 2i KQ/�HBiû /Ƕ2M?2`#2K2MiX 1M p2`i- H� +B#H2 /ǶBiBMû`�B`2 ?v/`B[m2
QTiBK�H pBbûX 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 X R89

eXRe .B�;`�KK2b QK#`Qi?2`KB[m2b /2b �MMû2b ky9e ¨ ky8y TQm` H2b b+ûM�`BB
_*S 9X8 2i 3X8X 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 R8d

eXRd aBKmH�iBQM /2 HǶ2�m /BbTQMB#H2 TQm` H� pB;M2 U�haqV TQm` 6R- 6k 2i 6j
TQm` H2b T`QD2+iBQMb /2b �MMû2b ky9d ¨ ky8y b2HQM H2b b+2M�`BB _*S 9X8 2i 3X8XR8N

eXR3 o�`B�iBQM /m 6haq /2 LQp2K#`2 ky9e ¨ LQp2K#`2 ky8y TQm` H2b bBKmH�@
iBQMb _*S 9X8 2i 3X8X 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 ReR

eXRN *QKT�`�BbQM /2b bBKmH�iBQMb /2 6haq /2 H� pB;M2b 2Mi`2 ky9d 2i ky8y
TQm` H2b b+2M�`BB _*S 9X8 2i 3X8X 1M p2`i- H� +B#H2 /ǶBiBMû`�B`2 ?v/`B[m2
QTiBK�H pBbûX 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 X ReR

dXR avbiĕK2 `�+BM�B`2 /ǶmM TB2/ /2 pB;M2 �m *?�i2�m *�T2i@:mBHHB2` HQ`b /2
HǶQmp2`im`2 /ǶmM2 7Qbb2 Tû/QHQ;B[m2 /�Mb a6l@RX X X X X X X X X X X X X X X X Re3

dXk �+[mBbBiBQM /2 H� `ûbBbiBpBiû ûH2+i`B[m2 �p2+ H2 Jl*1S /�Mb mM2 T�`+2HH2
/2 D2mM2b pB;M2b �m *?�i2�m *�T2i@:mBHHB2`X X X X X X X X X X X X X X X X X X Re3

dXj .Bb+`ûiBb�iBQM /2b /QMMû2b Tû/QHQ;B[m2b TQm` H� T�`�Kûi`Bb�iBQM /m KQ/ĕH2
"Aaq�hX 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 X X X Rdy

�XR *�`i2 Tû/QHQ;B[m2 /m *?�i2�m S�i�+?2 /Ƕ�mt- `û�HBbû2 ¨ HǶû+?2HH2 RfkƘ8yy
ĕK2X 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 X X X X X X Rdk

"XR .Bbi`B#miBQM /2b p�H2m`b /2 `ûbBbiBpBiûb �TT�`2Mi2b K2bm`û2b �p2+ H2 Jl*1S
¨ S�i�+?2 /Ƕ�mtX *QKT�`�BbQM /2b /QMMû2b #`mi2b �p2+ H2b /QMMû2b }Hi`û2b
�m T2`+2MiBH2 N3X 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 Rd9

"Xk *�`iQ;`�KK2 /2b `ûbBbiBpBiûb �TT�`2Mi2b K2bm`û2b �p2+ H� oQB2 R /m Jl@
*1S ¨ S�i�+?2 /Ƕ�mtX 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 Rd9

"Xj *�`iQ;`�KK2 /2b `ûbBbiBpBiûb �TT�`2Mi2b K2bm`û2b �p2+ H� oQB2 j /m Jl@
*1S ¨ S�i�+?2 /Ƕ�mtX 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 Rd8
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_2K2`+B2K2Mib

C2 /QBb H� `û�HBb�iBQM 2i HǶ�#QmiBbb2K2Mi /2 +2 i`�p�BH ¨ iQmi2b +2HH2b 2i +2mt [mB KǶQMi
�B/û 2i QMi ûiû T`ûb2Mib �m +Qm`b /2 +2b [m�i`2 /2`MBĕ`2b �MMû2bX J2`+B ¨ pQmb TQm` pQi`2
bQmiB2M- pQi`2 �B/2 2i pQi`2 T`ûb2M+2 ¨ K2b +ƬiûbX

C2 iB2Mb iQmi /Ƕ�#Q`/ ¨ `2K2`+B2` H2b K2K#`2b /m Dm`v [mB QMi �++2Tiû /Ƕûp�Hm2` KQM
i`�p�BH ,

ě "`B;Bii2 "`mM2H- S`Q72bb2m` ¨ JQMiT2HHB2` amT�;`Q- T`ûbB/2Mi2 /m Dm`vX J2`+B /2
pQi`2 #B2Mp2BHH�M+2 2i /2 pQi`2 �B/2 TQm` H2 #QM /û`QmH2K2Mi /2 H� bQmi2M�M+2X

ě Jv`B�K a+?Kmix- S`Q72bb2m` ¨ HǶ1La1:A. @ "Q`/2�mt ALSX J2`+B TQm` pQi`2
/BbTQMB#BHBiû- pQb +QMb2BHb 2i H2 T`āi /m K�iû`B2H TQm` H� KBb2 2M ƾmp`2 /2b K2bm`2b
/2 `ûbBbiBpBiû ûH2+i`B[m2X 1M i�Mi [mǶ�M+B2M ûHĕp2 /2 HǶ1La1:A.- DǶ�B ûiû ?2m`2mt
/2 pQmb +QKTi2` T�`KB H2b K2K#`2b /2 +2 Dm`vX

ě 1/Bi? G2 *�/`2- S`Q72bb2m` ¨ �;`Q *�KTmb Pm2biX J2`+B TQm` pQi`2 `2H2+im`2
KBMmiB2mb2 2i pQb `2K�`[m2b +QMbi`m+iBp2b bm` KQM i`�p�BHX

ě aû#�biB2M a�Hp�/Q`@"H�M2b- J�ŗi`2 /2 *QM7û`2M+2- lMBp2`bBiû 6`�MÏQBb _�#2H�BbX
J2`+B TQm` H2 i2KTb �++Q`/û ¨ KQM i`�p�BH 2i H� T2`iBM2M+2 /2 pQb [m2biBQMbX

CǶ�B 7Q`+ûK2Mi mM2 T2Mbû2 T�`iB+mHBĕ`2 TQm` K2b 2M+�/`�Mib /2 i?ĕb2- aiûT?�M2 6QHH�BM-
6`�MÏQBb *QHBM 2i S?BHBTT2 *?û`vX

aiûT?�M2- KQM /B`2+i2m` /2 i?ĕb2- K2`+B ¨ iQB /2 KǶ�pQB` bB bQmp2Mi ûT�mHû �m +Qm`b /2
+2ii2 i?ĕb2 /�Mb H2b #QMb KQK2Mib +QKK2 /�Mb H2b THmb /B{+BH2bX h2b B/û2b 2i i2b +QMb2BHb
QMi iQmDQm`b ûiû T`û+B2mt �miQm` /ǶmM KB+X _û�HBb2` +2 T`QD2i �p2+ iQB � ûiû mM2 2t+2HH2Mi2
2tTû`B2M+2 i�Mi bm` H2 TH�M T`Q72bbBQMM2H [m2 T2`bQMM2HX :`�+2 ¨ iQB DǶ2M ;�`/2`�B mM i`ĕb
#QM bQmp2MB`X

6`�MÏQBb- KQM +Q@/B`2+i2m` /2 i?ĕb2- DǶ�B �TT`û+Bû i� #B2Mp2BHH�M+2- iQM �B/2- i2b +QMb2BHb
2i H2 `2+mH [m2 im KǶ�b bQmp2Mi �B/û ¨ T`2M/`2 bm` KQM i`�p�BH �m +Qm`b /2 +2b �MMû2b /2
i?ĕb2bX J2`+B /Ƕ�pQB` �++2Tiû /2 7�B`2 T�`iB2 /2 +2ii2 û[mBT2X

C2 MǶQm#HB2 T�b KQM i`QBbBĕK2 2M+�/`�Mi , S?BHBTT2X J2`+B ¨ iQB /Ƕ�pQB` ûiû T`ûb2Mi- im
KǶ�b �++m2BHHB �m b2BM /2 iQM û[mBT2 2i im KǶ�b �++QKT�;Mû iQmi �m HQM; /2 +2ii2 i?ĕb2X
C2 ;�`/2`�B mM 2t+2HH2Mi bQmp2MB` /2 MQb HQM;m2b /Bb+mbbBQMbX C2 bmBb bȿ` [m2 im ;�`/2`�b
[m2H[m2b bQmp2MB`b /2 +2b �MMû2b /�Mb i� #�M�M2X

*2ii2 û[mBT2 /Ƕ2M+�/`�Mib MǶ2bi }M�H2K2Mi T�b #�M�H2 , mM /B`2+i2m` ¨ �;`QamT .BDQM-
HǶ�mi`2 ¨ JQMiT2HHB2` amT�;`Q 2i mM i`QBbBĕK2 ¨ "Q`/2�mt a+B2M+2b �;`QX .Ƕ�T`ĕb aiû@
T?�M2- +Ƕ2bi H� T`2KBĕ`2 7QBb [m2 Ï� �``Bp2X C2 MǶ�B T�b pû`B}û U2i D2 HmB 7�Bb +QM}�M+2V- K�Bb

R8
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+2 [mB 2bi bȿ` +Ƕ2bi [m2 DǶ�B 2m /2 H� +?�M+2 /2 iQK#2` bm` pQmb i`QBb 5
hQmi2 K� ;`�iBim/2 ¨ �MiQBM2 JQm2Bt S`QT`Bûiûb- }HB�H2 /Ƕ�/oBMB- [mB � }M�M+û +2b i`�@
p�mt ¨ i`�p2`b H2 /BbTQbBiB7 *A6_1X J2`+B ¨ �MiQBM2 G2++B�- /B`2+i2m` /Ƕ�/oBMB- h?B#�mHi
.2H�?�v2 2i C2�M@SB2``2 .m`�M/- /B`2+i2m`b /Ƕ�MiQBM2 JQm2Bt- TQm` H2m` bQmiB2M ¨ +2
T`QD2iX
.m +Ƭiû /Ƕ�MiQBM2 JQm2Bt- D2 bQm?�Bi2 `2K2`+B2` S?BHBTT2 J�`+?�H U+QKTĕ`2 7`�M+@
+QKiQBbV- "2MQBi *Q[- *?`BbiQT?2 :`2MB2` 2i Gm+B2 G�mBH?û TQm` H2m` �B/2- H2m` ;2MiBHH2bb2
2i H2m`b 2tTHB+�iBQMb pBiB+QH2b 2i ƾMQHQ;B[m2bX 1;�H2K2Mi ¨ HǶ2Mb2K#H2 /2b +QHH�#Q`�i2m`b
�MiQBM2 JQm2Bt [m2 DǶ�B Tm +ƬiQv2` , K2`+B /2 pQi`2 �++m2BHX
J2`+B ¨ iQmi2b H2b T2`bQMM2b [m2 DǶ�B +ƬiQvû2b 2i [mB KǶQMi �B/û 2i bQmi2Mm2b ¨ JQMiT2HHB2`
amT�;`Q 2i �m H�#Q`�iQB`2 GAa�>X lM ;`�M/ K2`+B T�`iB+mHBĕ`2K2Mi ¨ JvHĕM2- iQmDQm`b
T`āi2 ¨ �B/2` 2i ¨ `2KQMi2` H2 KQ`�H �miQm` /ǶmM +�7û 5 J2`+B ¨ �`K�M/- _Qbb�MQ- LB+QH�b
2i 6`�MÏQBb :X TQm` H2m` bQmiB2M 2i H2m` �B/2 ¨ +?�+mM2 /2 K2b p2Mm2b ¨ JQMiT2HHB2`X
1;�H2K2Mi- D2 MǶQm#HB2 T�b *?`BbiĕH2 *Q`MB2`- �m TƬH2 T�`i2M�`B�i /2 amT�;`Q [mB � ;`�M@
/2K2Mi +QMi`B#mû ¨ H� KBb2 2M `Qmi2 2i �m #QM /û`QmH2K2Mi /2 +2ii2 i?ĕb2 *A6_1X
lM i`ĕb ;`�M/ K2`+B ¨ iQmb +2mt [mB QMi T�`iB+BTû �mt T?�b2b /2 i2``�BMX a�Mb 2mt- `2H2p2`
iQmi2b +2b /QMMû2b MǶ�m`�Bi T�b ûiû TQbbB#H2X J2`+B �mt :1J1b T`QKQ kyRe 2i H2m`b
2M+�/`�Mib UaiûT?�M2- 6`�MÏQBb *X- �`K�M/V TQm` H2m` �B/2 �m *?�i2�m S�i�+?2 /Ƕ�mtX
J2`+B û;�H2K2Mi ¨ JQQQbbB2m` 6`�MÏQBb :�`MB2` TQm` b2b 2tTHQBib ¨ H� 7Q`2mb2 TQm` +2
i2``�BM 2i +2HmB ¨ *�T2i@:mBHHB2` 2M DmBM kyRdX
J2`+B ¨ �`i?m` :�BHHQi TQm` bQM �B/2 2i H2b #QMb KQK2Mib T�bbûb 2Mb2K#H2 �m +Qm`b /2
bQM bi�;2 /2 +ûbm`2 ¨ "û;�/�MX C2 i2 bQm?�Bi2 H2 K2BHH2m` TQm` i� i?ĕb2 ¨ hQm`bX
J2`+B ¨ J�ii?B�b JQBM2i- �iQmK�M Gv 2i a�M/v TQm` H2m`b +QMi`B#miBQMb �mt T`QbT2+iBQMb
Tû/QHQ;B[m2b bm` H2 pB;MQ#H2 /m *?�i2�m *�T2i@:mBHHB2`X J2`+B #2�m+QmT û;�H2K2Mi ¨
SB2``2 *m`KB TQm` bQM �B/2 2i b2b +QMb2BHb HQ`b /ǶmM2 b2K�BM2 /2 i2``�BM ¨ *�T2iX
hQmi2 K� ;`�iBim/2 ¨ Jv`B�K a+?Kmix- [mB � 2m H� ;ûMû`QbBiû 2i H� ;2MiBHH2bb2 /2 K2
T`āi2` H2 K�iû`B2H 2i /2 K2 7Q`K2` ¨ HǶmiBHBb�iBQM /2 HǶ1_hX lM ;`�M/ K2`+B û;�H2K2Mi ¨
HǶû[mBT2 aQH /2 "a� [mB bǶ2bi `2M/m2 /BbTQMB#H2 TQm` KǶ�B/2` ¨ `û�HBb2` +2b K2bm`2b /�Mb
mM i2KTb `2+Q`/ 5
J2`+B ¨ G�m`� 6�``Bb- /m /ûT�`i2K2Mi oB;M2 ¨ "Q`/2�mt a+B2M+2b �;`Q- TQm` bQM �B/2 2i
b� ;2MiBHH2bb2 bm` H2b �M�Hvb2b /2 #�B2bX
1M}M mM i`ĕb i`ĕb ;`�M/ K2`+B ¨ HǶû[mBT2 /m #�iBK2Mi Jû/Q+ ¨ "Q`/2�mt a+B2M+2b �;`Q
TQm` pQi`2 �++m2BHX Zm2HH2 [m2 bQBi H� bBim�iBQM- DǶ�B iQmDQm`b Tm +QKTi2` bm` pQi`2 �B/2 2i
pQi`2 #QMM2 ?mK2m`X
aiûT?�MB2- iQmDQm`b H¨ [m�M/ QM � #2bQBM /2 iQB- i� TQ`i2 KǶ2bi iQmDQm`b `2biû2 Qmp2`i2X
Zm2 +2 bQBi 2M Q`;�MBb�Mi /2b h. Qm bm` H2 _JZa- im b�Bb KQiBp2` H2b i`QmT2b 2i ;�`/2`
H2 bQm`B`2X J2`+B TQm` iQM �KBiBû ;m�T� 5
�H2t�M/`2 GX- +QK#B2M /2 7QBb D2 bmBb p2Mm 7`�TT2` ¨ i� TQ`i2 2M iǶ2tTHB[m�Mi +2 [m2 D2
+?2`+?�Bb ¨ 7�B`2 2i [m2 im K2 `ûTQM/�Bb , ǳK�Bb TQm`[mQB im p2mt 7�B`2 Ï� \\\Ǵ- �p�Mi /2
T�`iB` /�Mb mM2 /Bb+mbbBQM [mB MǶ2M }MBbb�Bi T�b bm` H2b aA:�+QX J2`+B û;�H2K2Mi TQm`
iQM b2Mb /2 HǶ?mKQm` 2i i2b D2mt /2 KQib /2 ?�mi pQH 5
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JQM +?2` +QHHĕ;m2 /2 #m`2�m GBQM2H- uQvQ H2b #QMb imv�mt 5 J2`+B TQm` i� T�iB2M+2- +�` im
KǶ�b bmTTQ`iû ¨ +Ƭiû /2 iQB T2M/�Mi THmb /2 /2mt �MMû2b ¨ T2bi2` [m�M/ qQ`/ TH�Mi�Bi-
Qm ¨ i2 TQb2` /2b [m2biBQMb 2M ;ûQ+?BKB2 Qm �mi`2X CǶ�B �TT`û+Bû T�`i�;2` H2 #m`2�m �p2+
iQBX

:mBHH�mK2- /m`�Mi +2b �MMû2b ¨ "a�- im �b iQmDQm`b ûiû T`ûb2Mi bB DǶ�p�Bb #2bQBM /2 T�`H2`
Qm /Ƕû+?�M;2` bm` /2b B/û2b- KāK2 bB +2b /Bb+mbbBQMb ûi�B2Mi ûHQB;Mû2b /2 iQM /QK�BM2 /2
`2+?2`+?2X hm ûi�Bb û;�H2K2Mi iQmDQm`b T�`i�Mi TQm` mM2 T�`iB2 /2 i�`Qi 2Mi`2 KB/B 2i
/2mt- KāK2 bB �m #Qmi /2 T`2b[m2 [m�i`2 �Mb im M2 b�Bb iQmDQm`b T�b DQm2`X

Jm`B2HH2 .X- i� #QMM2 KBM2 2i i� DQB2 [mQiB/B2MM2 QMi 2MbQH2BHHû K2b `2T�b ¨ i2b +Ƭiûb T2M@
/�Mi +2b /2`MBĕ`2b �MMû2bX hm �b iQmDQm`b TQ`iû mM2 Q`2BHH2 �ii2MiBp2 �m #QM /û`QmH2K2Mi
/2 K� i?ĕb2X lM ;`�M/ K2`+B TQm` iQM bQmiB2M 5

�H2t�M/`2 *X- K2`+B TQm` +2b û+?�M;2b 2i iQM �B/2 `û;mHBĕ`2 bm` _ U2Mi`2 �mi`2bVX CǶ�B
#QM 2bTQB` [m2 im �``Bp2b ¨ 7�B`2 mM #�`THQi �p2+ ;;THQi �p�Mi H� }M /2 i� i?ĕb2 5 SHmb
bû`B2mb2K2Mi- D2 i2 bQm?�Bi2 H2 K2BHH2m` TQm` H� bmBi2 /2 i2b i`�p�mtX

C2 MǶQm#HB2 T�b H2b h?QK�b , h?Q*- h?Q: 2i h?QSX G2 ;`�M/ h?QK�b *X- H2 `QB /2b
#Hmz2m`b- iQmDQm`b T�`i�Mi TQm` mM2 ;�`/2 +QMi`2 5 h?QK�b SX H2 *�HBKû`Q /m i�`Qi- 2i
h?QK�b :X [mǶQM TQm``�Bi [m�HB}2` /2 qBFBTû/B�K�MX J2`+B H2b ;�`b TQm` pQi`2 T`ûb2M+2
2i pQb +QmTb /2 K�BM �m +Qm`b /2 +2b �MMû2bX

1M}M K2`+B ¨ iQmi H2 `2bi2 /2 HǶû[mBT2 /m #�iBK2Mi Jû/Q+ , �MMB2- a�M/`BM2- Gm/BpBM2-
CmbiBM2- Jm`B2HH2 *- S�b+�H2 2i iQmb H2b �mi`2b TQm` iQmb +2b #QMb KQK2Mib T�bbûb 2Mb2K#H2
[mB QMi +QMi`B#mû ¨ HǶ�#QmiBbb2K2Mi /2 +2ii2 i?ĕb2X

lM2 T2Mbû2 7Q`i2 TQm` iQmb H2b K2K#`2b /2 K� 7�KBHH2X

� K2b T�`2Mib- Ab�#2HH2 2i C2�M- [mB KǶQMi iQmDQm`b bQmi2Mm /�Mb K2b ûim/2bX oQmb KǶ�p2x
b�Mb +2bb2 TQmbbû TQm` M2 T�b �#�M/QMM2`- ;�`/2` +Qm`�;2 2i �HH2` THmb HQBMX

J� bQ2m`- >ûHĕM2- 2i K2b /2mt 7`ĕ`2b- SB2``2 2i PHBpB2`- [mB KǶQMi bmTTQ`iû U/�Mb iQmb H2b
b2Mb /m i2`K2V 2i bQmi2Mm �m +Qm`b /2 K2b ûim/2b 2i /2 +2b /2`MBĕ`2b �MMû2b /2 i?ĕb2X

J�t- K2`+B TQm` H2 i2KTb [m2 pQmb KǶ�p2x i`ĕb bQmp2Mi �++Q`/û TQm` û+?�M;2` 2i TQm`
K2 7Q`K2` ¨ _ 2i �mt /2`MB2`b K2BHH2m`b T�+F�;2b bQ`iBbX *�i?2`BM2- K2`+B TQm` pQi`2
BM/û72+iB#H2 bQmiB2MX

J�`BM2- K2`+B TQm` iQM �B/2 Ubm`iQmi HǶBM?�H�i2m` #QQbi�Mi TQm` H2b /2`MB2`b DQm`b �p�Mi
H� bQmi2M�M+2 5V- i2b #H�;m2b 2i iQM ?û#2`;2K2Mi /2 i`ĕb ?�mi2 [m�HBiû 5 C2 i2 bQm?�Bi2 #QM
+Qm`�;2 2i H2 K2BHH2m` TQm` H� bmBi2 /2 i� i?ĕb2X

1M}M JûH�MB2- b�Mb iQB MQM b2mH2K2Mi +2ii2 i?ĕb2 MǶ�m`�Bi T�b �#QmiB- K�Bb 2HH2 MǶ�m`�Bi
T�b +QKK2M+ûX J2`+B TQm` iQM bQmiB2M b�Mb 7�BHH2X



R3 h�#H2 /2b };m`2b



*?�TBi`2 R

AMi`Q/m+iBQM

G2 bQH 2bi mM2 `2bbQm`+2 `�`2- }MB2- ¨ HǶû+?2HH2 KQM/B�H2X S`Qiû;2` +2ii2 `2bbQm`+2 2bi 2bb2M@
iB2H �m K�BMiB2M /2 MQb bQ+Bûiûb 2i +QMbiBim2 mM 2MD2m K�D2m` /2 +2b T`Q+?�BM2b /û+2MMB2b
UAS** aT2+B�H _2TQ`i QM *HBK�i2 *?�M;2 �M/ G�M/- kyRNVX AH 2bi /QM+ BKTQ`i�Mi /Ƕ�KQ`@
+2` H� i`�MbBiBQM p2`b /2b KQ/2b /Ƕ2tTHQBi�iBQM [mB bQB2Mi ¨ H� 7QBb T2`7Q`K�Mib bm` H2 TH�M /2
H� T`Q/m+iBQM 2i +QMb2`p�iQB`2b pBb@¨@pBb /2 H� `2bbQm`+2 Uambi�BM�#H2 .2p2HQTK2Mi :Q�HbVX

_2H2p2` +2 /û} /2 HǶ�/�Ti�#BHBiû /2 MQb bvbiĕK2b /2 T`Q/m+iBQM Mû+2bbBi2 /2 +QKT`2M/`2 H2b
Kû+�MBbK2b 2i H2b 7�+i2m`b `2bTQMb�#H2b /2 HǶûpQHmiBQM /2 +2b `2bbQm`+2b �m +Qm`b /m i2KTbX
GǶ�/�Ti�iBQM /2 MQb bvbiĕK2b /2 T`Q/m+iBQM /2p`� �mbbB i2MB` +QKTi2 /2b T`QD2+iBQMb 2M
i2`K2b /2 +?�M;2K2Mib +HBK�iB[m2b 2i bQ+BQ@û+QMQKB[m2bX 1M 2z2i- +2b +?�M;2K2Mib b2`QMi
H2 KQi2m` /ǶmM2 Kmi�iBQM T`Q7QM/2 /2b 2bT�+2b �;`B+QH2b /�Mb H2b /û+2MMB2b ¨ p2MB`X LQiQMb
[m2 H� +QKKmM�miû BMi2`M�iBQM�H2 2bi �mDQm`/Ƕ?mB mM�MBK2 bm` H2 7�Bi [m2 H2b /û;`�/�iBQMb
Q++�bBQMMû2b T�` /2b ûpQHmiBQMb MQM `�BbQMMû2b /2b T`�iB[m2b �;`B+QH2b 2i /2b +?�M;2K2Mib
/2 H� bi`m+im`�iBQM /2b T�vb�;2b �;`B+QH2b b2`QMi #2�m+QmT THmb BKTQ`i�Mi2b [m2 +2HH2b HBû2b
/B`2+i2K2Mi ¨ mM2 ûpQHmiBQM /m +HBK�iX Lû�MKQBMb- H� pQHQMiû /2 +QMb2`p2` H2b `2bbQm`+2b
/QBi 7�B`2 7�+2 ¨ /2 MQK#`2mt /û}b [mǶBH 2bi +`m+B�H /2 `2H2p2`X S`2KBĕ`2K2Mi- MQmb /2pQMb
�/K2ii`2 [mǶBH 2tBbi2 �mDQm`/Ƕ?mB mM K�M[m2 /2 +QMM�Bbb�M+2 bm` H2b bQHb 2i /2 i`�Mb72`i
/2 +2b +QMM�Bbb�M+2b p2`b H� bQ+Bûiû +BpBH2X S�` �BHH2m`b- H� +QMM�Bbb�M+2 TQm` āi`2 miBH2 /QBi
āi`2 +�TBi�HBbû2 pB� /2b QmiBHb 2i Kûi?Q/2b /Ƕ�B/2 ¨ H� /û+BbBQM [mB T2`K2ii`QMi ¨ i2`K2
/ǶBK�;BM2` H2b #QMM2b bi`�iû;B2b �/�Ti�iBp2b 7�+2 �mt /Bzû`2Mib +?�M;2K2MibX

*QKK2 H2b �mi`2b T`Q/m+iBQMb- H� T`Q/m+iBQM pBiB@pBMB+QH2- /QBi `2H2p2` H2 /û} /2 HǶ�/�T@
i�#BHBiûX �m@/2H¨ /m K�BMiB2M /2b `2M/2K2Mib bQmp2Mi T`ûb2Miû /�Mb /Ƕ�mi`2b ivT2b /2
T`Q/m+iBQM- H� /BK2MbBQM H� THmb BKTQ`i�Mi2 2i B/2MiBi�B`2 2bi +2`i�BM2K2Mi +2HH2 /ǶmM2
+QMb2`p�iBQM /2 H� [m�HBiû /2b bQHb [mB TmBbb2 ;�`�MiB` H2 MBp2�m /2 [m�HBiû �ii2M/m TQm`
H2b #�B2b- KāK2 TQm` /2b +QM/BiBQMb +?�M;2�Mi2bX G¨- MQmb TQbQMb HǶ?vTQi?ĕb2 [m2 H�
+QMM�Bbb�M+2 BM/mBb�Mi H� K�ŗi`Bb2 /2 H� [m�HBiû /2b bQHb 2bi mM ûHûK2Mi Mû+2bb�B`2 TQm`
T`Q/mB`2 mM2 #�B2 /2 [m�HBiû 2i [m2 /�Mb mM b2+QM/ i2KTb +2ii2 [m�HBiû /2 #�B2 2bi mM 7�Bi
BKTQ`i�Mi TQm` T`Q/mB`2 /2 ;`�M/b pBMbX

.�Mb MQi`2 `2T`ûb2Mi�iBQM /m bvbiĕK2 /2 T`Q/m+iBQM U6B;m`2 RXRV- H2 pB;M2`QM 2bi HǶ�+i2m`
T`BM+BT�H /2 HǶ�/�Ti�#BHBiûX *2 bvbiĕK2 ûpQHm2 bQmb HǶ2z2i /2b BMi2`�+iBQMb KmHiBTH2b /QMi
H2b BMi2`�+iBQMb pB;M2`QM@pB;MQ#H2 2i /2 7Q`Ï�;2b 2ti2`M2b U+HBK�i- +QMi2ti2V [mB bǶ2t2`+2Mi

RN



ky *?�TBi`2 RX AMi`Q/m+iBQM

6B;m`2 RXR Ĝ _2T`ûb2Mi�iBQM bvbiûKB[m2 /2 H� T`Q/m+iBQM pBiB@pBMB+QH2 b2HQM H2 KQ/2
+2Mi`û@pB;M2`QMX

bm` HmBX .2 K�MBĕ`2 7QM+iBQMM2HH2- 2M `2H�iBQM �m TQi2MiB2H HQ+�H /2 T`Q/m+iBQM U/BK2MbBQM
i2``QB`V 2i /2b ûHûK2Mib /2 +QMi2ti2- H2 pB;M2`QM b2 }t2 /2b Q#D2+iB7b /2 T`Q/m+iBQM U`2M@
/2K2Mi 2i [m�HBiûVX P#D2+iB7b �mt[m2Hb bǶ�DQmi2Mi /ûbQ`K�Bb /2b Q#D2+iB7b 2M i2`K2b /2
T`Qi2+iBQM /2b `2bbQm`+2b 2i /2b TQTmH�iBQMb ?mK�BM2bX am` H2 i2KTb /2 HǶ�MMû2- +2H� b2
i`�/mBi T�` mM2 Q#b2`p�iBQM 2i ûp�Hm�iBQM +QMiBMm2 /2b +QM/BiBQMb �m pB;MQ#H2- +QM/BiBQMb
p�`B�Mi bQmb HǶ2z2i /2b p�`B�iBQMb +HBK�iB[m2bX GǶ2MD2m TQm` H2 pB;M2`QM 2bi /QM+ /Ƕ�/QTi2`
H2b T`�iB[m2b H2b THmb �TT`QT`Bû2b 2i T�`7QBb /2 7�B`2 /2b +QKT`QKBb 2Mi`2 `2bbQm`+2 2i
T`Q/m+iBQMX

JāK2 bB T2`72+iB#H2- +2 bvbiĕK2 7QM+iBQMM2 i�Mi [m2 H2 pB;M2`QM /BbTQb2 /2b ûHûK2Mib /2
+QMM�Bbb�M+2 TQm` H2 ;mB/2` /�Mb b� T`Bb2 /2 /û+BbBQM- +2 [mB 2bi H2 +�b TQm` /2b +QM/BiBQMb
/2 +HBK�i 2i /2 +QMi2ti2 bi�iBQMM�B`2bX SQm`i�Mi- MQmb b�pQMb [m2 H2b T`Q+?�BM2b /û+�/2b
b2`QMi �z2+iû2b T�` /2b +?�M;2K2Mib b2MbB#H2b- /2b +QM/BiBQMb BMû/Bi2bX LQmb T2MbQMb [mǶBH
2bi T`BKQ`/B�H /2 +QM/mB`2- /ĕb ¨ T`ûb2Mi- /2b i`�p�mt �}M /2 T`Q/mB`2- TQm` H2b pB;M2`QMb-
H2b ûHûK2Mib /2 HǶ�/�Ti�#BHBiû 7mim`2X

.�Mb +2 i`�p�BH /2 /Q+iQ`�i- H2b ûHûK2Mib +`BiB[m2b /2 HǶ�/�Ti�#BHBiû bQMi HǶ�HBK2Mi�iBQM
?v/`B[m2 2i KBMû`�H2 /2 H� pB;M2 U6B;m`2 RXkVX *Ƕ2bi TQm`[mQB MQmb �pQMb +2Mi`û MQb
2zQ`ib bm` HǶ�M�Hvb2 /2b `2H�iBQMb bQH@2�m +�` mM ûHûK2Mi 7Q`i /2 HǶ�/�Ti�#BHBiû /2b bvbiĕK2b
`ûbB/2`� 2M H� +�T�+Biû ¨ +QKT`2M/`2 H2b 7�+i2m`b /2b /Bzû`2Mib +QKT�`iBK2Mib DQm�Mi bm`
HǶ�HBK2Mi�iBQM ?v/`B[m2 Qm KBMû`�H2 /2 H� pB;M2 U6B;m`2 RXjVX

GǶQ#D2+iB7 /2 MQi`2 i`�p�BH ûi�Bi /ǶB/2MiB}2` H2b `2H�iBQMb 2Mi`2 /BbTQMB#BHBiûb /2b `2bbQm`+2b
2M bQH 2i 2M 2�m 2i H2b 7�+i2m`b /2 [m�HBiû /2 H� T`Q/m+iBQM pBiB@pBMB+QH2X SmBb +2b ûHûK2Mib



kR

6B;m`2 RXk Ĝ �HBK2Mi�iBQM /2 H� pB;M2 U6QHH�BM- kyR9VX

6B;m`2 RXj Ĝ ai`�iû;B2b /2 +QMb2`p�iBQM /2b bQH U6QHH�BM 2i �HX- kyR3VX



kk *?�TBi`2 RX AMi`Q/m+iBQM

ûi�Mi +QMMmb- /2 T`QTQb2` mM2 �M�Hvb2 T`QbT2+iBp2 /2 HǶûpQHmiBQM 7mim`2 /2b 7�+i2m`b T`û@
TQM/û`�Mib 2i /2 /Bb+mi2` /2b +QMbû[m2M+2b �bbQ+Bû2b bm` H� [m�HBiû /2 H� T`Q/m+iBQMX

*2 KûKQB`2 2bi bi`m+im`û 2M d +?�TBi`2b ,

G2 +?�TBi`2 R ě AMi`Q/m+iBQMX

G2 +?�TBi`2 k Ĝ S?vbBQ;`�T?B2 /2b bBi2b /Ƕûim/2- T`QTQb2 mM2 /2b+`BTiBQM /2b /2mt
bBi2b /Ƕûim/2 U*�T2i :mBHH2i 2i S�i�+?2 /Ƕ�mtV- BMp2biB;mûb T2M/�Mi H� i?ĕb2X SQm` +2b
/2mt bBi2b- H2b ûHûK2Mib /2 +QMi2ti2 bm` H2 KBHB2m /2 H� T`Q/m+iBQM pBiB+QH2 bQMi 2tTQbûbX
.�Mb H� bmBi2 /m KûKQB`2- b2mH H2 bBi2 /2 *�T2i@:mBHH2i b2`� +QMbB/û`û- H2b /QMMû2b /2
S�i�+?2 /Ƕ�mt ûi�Mi HBp`û2b 2M �MM2t2bX *2 +?QBt 2bi HBû ¨ H� bi`�iû;B2 /2 i?ĕb2 bQmb
+QMp2MiBQM *A6_1 /�Mb H�[m2HH2 *�T2i@:mBHH2i UTHmb `B+?2K2Mi /Q+mK2Miû 2i /2 7�B#H2
bmT2`}+B2V � ûiû HǶQ#D2i /2 T`QbT2+iBQMb THmb /2Mb2bX 1M +2 b2Mb- BH `2T`ûb2Mi�Bi /�Mb +2ii2
i?ĕb2 mM `û2H bBi2 /Ƕ2tTû`BK2Mi�iBQM 2i /2 `2+?2`+?2X G2 bBi2 /Bi /2 S�i�+?2 /Ƕ�mt- KQBMb
/Q+mK2Miû- THmb ûi2M/m bT�iB�H2K2Mi 2i THmb `2T`ûb2Mi�iB7 /ǶmM2 `û�HBiû T`Q72bbBQMM2HH2
� ûiû +QMbB/û`û +QKK2 mM bBi2 i2bi �}M /Ƕûp�Hm2` bB H2b Kûi?Q/QHQ;B2b /ûp2HQTTû2b bm`
*�T2i@:mBHH2i ûi�B2Mi i`�MbTQb�#H2bX

G2 +?�TBi`2 j Ĝ *�`�+iû`Bb�iBQM /m KBHB2m /2 H� T`Q/m+iBQM- 2tTQb2 HǶ2Mb2K#H2
/2b QmiBHb 2i bi`�iû;B2b /ǶQ#b2`p�iBQM miBHBbûb /m`�Mi H2 .Q+iQ`�i �}M /2 +�`�+iû`Bb2` H2
KBHB2m /2 H� T`Q/m+iBQMX *2 +?�TBi`2 ¨ 7Q`i2 /BK2MbBQM Kûi?Q/QHQ;B[m2 M2 T`ûb2Mi2 T�b
/2 `ûbmHi�ib- [mB bQMi T`ûb2Miûb /�Mb H2b +?�TBi`2b j- 9 2i 8X lM2 �ii2MiBQM T�`iB+mHBĕ`2 2bi
�++Q`/û2 �mt QmiBHb 2i Kûi?Q/2b /2 +�`�+iû`Bb�iBQM /2b 2�mt 2i /2b bQHbX

G2 +?�TBi`2 9 Ĝ A/2MiB}+�iBQM /2b 7�+i2m`b 2MpB`QMM2K2Mi�mt [mB +QMi`ƬH2Mi
H� [m�HBiû /2b pBMb- /ûi�BHH2 mM2 �M�Hvb2 /2b p�`B�#H2b T`ûb2Miû2b /�Mb H2 +?�TBi`2 kX
GǶQ#D2+iB7 /2 +2 i`�p�BH ûi�Bi HǶB/2MiB}+�iBQM /2b 7�+i2m`b 2MpB`QMM2K2Mi�mt T`ûTQM/û`�Mib-
2tTHB+�iB7b /2 H� [m�HBiû /2b pBMb- +�b /Ƕûim/2 K2Mû �m *?�i2�m *�T2i@:mBHHB2` U�P* a�BMi@
1KBHBQM ;`�M/ +`mVX *2 +?�TBi`2 ¨ 7�Bi HǶQ#D2i /ǶmM2 Tm#HB+�iBQM /�Mb H� `2pm2 a+B2M+2 Q7 i?2
hQi�H 1MpB`QMK2Mi UA6 4 8-eVX �mbbB- +2`i�BM2b /2b T�`iB2b /2 +2 +?�TBi`2 bQMi `2/QM/�Mi2b
�p2+ /Ƕ�mi`2b b2+iBQMb `û/B;û2b /2 +2 KûKQB`2X

G2 +?�TBi`2 8 Ĝ �TTQ`i /2 H� ;ûQT?vbB[m2 /2 bm#bm`7�+2 ¨ H� +QMM�Bbb�M+2 /2
H� /BbTQMB#BHBiû /2b `2bbQm`+2b Ĝ T`ûb2Mi2 2i /Bb+mi2 H2b `ûbmHi�ib /ǶmM2 +�KT�;M2 /2
K2bm`2 /2 H� +QM/m+iBpBiû ûH2+i`B[m2 �TT�`2Mi2 /2b bQHb- K2Mû2 bmBi2 ¨ H� +�`iQ;`�T?B2
Tû/QHQ;B[m2X aQmp2Mi H� ;ûQT?vbB[m2 2bi miBHBbû2 TQm` bT�iB�HBb2` mM2 BM7Q`K�iBQM Tû/QHQ@
;B[m2 T2m /2Mb2 Qm Q`B2Mi2` Ubi`�iB}2`V mM û+?�MiBHHQMM�;2 Tû/QHQ;B[m2X G¨- HǶBM7Q`K�iBQM
Tû/QHQ;B[m2 � ûiû �+[mBb2 2M BM/ûT2M/�M+2 /2 HǶBM7Q`K�iBQM ;ûQT?vbB[m2X *2ii2 /2`MBĕ`2
2bi /QM+ �#Q`/û2 +QKK2 mM2 +Q@p�`B�#H2 2M +�T�+Biû ¨ p�HB/2` H2 +�`iQ;`�KK2 Tû/QHQ;B[m2
2i ¨ `2Mb2B;M2` /2 H� p�`B�#BHBiû +QMDQBMi2 /2b `2bbQm`+2b 2M bQH 2i 2M 2�mX

G2 +?�TBi`2 e Ĝ JQ/ûHBb�iBQM /m bi�imi ?v/`B[m2 /2 H� pB;M2 Ĝ HBp`2 H2b T`2KB2`b
`ûbmHi�ib /ǶmM2 /ûK�`+?2 /2 KQ/ûHBb�iBQM MmKû`B[m2 pBb�Mi ¨ 2biBK2` H� /BbTQMB#BHBiû
2M 2�m TQm` H� pB;M2X *2ii2 /ûK�`+?2 Q`B;BM�H2 [mB K2i ¨ T`Q}i H2 KQ/ĕH2 "Aaq�h
U"2`i`�M/ 2i �HX- kyR3V M2 T`QTQb2 T�b mM2 `û2HH2 KQ/ûHBb�iBQM bT�iB�HBbû2- THmiƬi mM2
KQ/ûHBb�iBQM KmHiB@HQ+�H2 /�Mb H�[m2HH2 H� b2MbB#BHBiû �mt T�`�Kĕi`2b ?v/`Q@Tû/QHQ;B[m2b
2bi �M�Hvbû2X �T`ĕb H� T`ûb2Mi�iBQM /2 H� T?�b2 /2 KQ/ûHBb�iBQM `ûi`QbT2+iBp2 bm` HǶ�MMû2
kyR3- +2 +?�TBi`2 Qmp`2 bm` mM2 /ûK�`+?2 /2 KQ/ûHBb�iBQM T`QbT2+iBp2 pBb�Mi ¨ bBKmH2`



kj

HǶûpQHmiBQM /2 H� /BbTQMB#BHBiû 2M 2�m b2HQM /Bzû`2Mib b+2M�`BB +HBK�iB[m2bX

G2 +?�TBi`2 d Ĝ .Bb+mbbBQM ;ûMû`�H2 Ĝ `2T`2M/ /2 K�MBĕ`2 bvMi?ûiB[m2 HǶ2Mb2K#H2
/2b ûHûK2Mib 2i `ûbmHi�ib T`ûTQM/û`�Mib /2 H� i?ĕb2X G� /Bb+mbbBQM 2bi +2Mi`û2 bm` H� MQiBQM
/Ƕ�/�Ti�#BHBiû /2b bvbiĕK2b pBiB@pBMB+QH2b 2i H� /ûT2M/�M+2 /2 +2ii2 �/�Ti�#BHBiû ¨ H� T`Q@
/m+iBQM /2 +QMM�Bbb�M+2X *2ii2 /Bb+mbbBQM b2 MQm``Bi /2b ûHûK2Mib /2 i`�MbTQbBiBQM 2Mi`2
H2 bBi2 /2 *�T2i@:mBHH2i 2i +2HmB /2 S�i�+?2 /Ƕ�mtX

*2b i`�p�mt /2 i?ĕb2 QMi ûiû `û�HBbûb bm` /2mt /QK�BM2b pBiB+QH2b �TT�`i2M�Mi ¨ H� K�BbQM
/2 pBM �MiQBM2 JQm2Bt- }HB�H2 #Q`/2H�Bb2 /2 �/oBMB a�- bQmb 7Q`K2 /ǶmM2 +QHH�#Q`�iBQM
/2 ivT2 *A6_1X *2b i`�p�mt bǶBMb+`Bp2Mi TQm` �MiQBM2 JQm2Bt S`QT`Bûiûb /�Mb mM2 /vM�@
KB[m2 /2 `2bi`m+im`�iBQM /2b pB;MQ#H2b bmBi2 ¨ HǶ�+[mBbBiBQM /2b +?�i2�mt *�T2i@:mBHHB2`
2i S�i�+?2 /Ƕ�mtX

*2b /2mt /QK�BM2b pBiB+QH2b bm` H2b[m2Hb +2b i`�p�mt QMi ûiû `û�HBbûb bQMi /2b 2tTHQBi�iBQMb
[mB T`Q/mBb2Mi /m pBM /�Mb mM #mi +QKK2`+B�HX � MQi`2 +QMM�Bbb�M+2- 2HH2b MǶQMi D�K�Bb
7�Bi HǶQ#D2i /2 `2+?2`+?2b b+B2MiB}[m2bX .2 +2 7�Bi- H� [m�MiBiû /2 +QMM�Bbb�M+2b 2i /2
K2bm`2b `û�HBbû2b bm` H2b bQHb /2 +2b pB;MQ#H2b bQMi `2H�iBp2K2Mi 7�B#H2bX *Ƕ2bi TQm`[mQB mM
2zQ`i BMi2Mb2 /2 /Q+mK2Mi�iBQM 2i /2 T`QbT2+iBQM /2b bBi2b /Ƕûim/2 � ûiû Mû+2bb�B`2 �m
/ûK�``�;2 /2 +2b i`�p�mtX



k9 *?�TBi`2 RX AMi`Q/m+iBQM



*?�TBi`2 k

S?vbBQ;`�T?B2 /2b bBi2b /Ƕûim/2

G2b i`�p�mt T`ûb2Miûb /�Mb +2 KûKQB`2 QMi ûiû `û�HBbûb /�Mb H2 am/@Pm2bi /2 H� 6`�M+2
/�Mb H� `û;BQM pBiB+QH2 /m "Q`/2H�Bb 2M :B`QM/2- LQmp2HH2 �[mBi�BM2X .�Mb +2 +?�TBi`2-
MQmb `2TQbBiBQMMQMb H2b pB;MQ#H2b /2 "Q`/2�mt /�Mb H2 +QMi2ti2 pBiB+QH2 7`�MÏ�BbX S�` H�
bmBi2- MQmb T`ûb2MiQMb H2b +QM/BiBQMb /m KBHB2m /2 H� T`Q/m+iBQM 2i �++Q`/QMb mM2 BKTQ`@
i�M+2 T�`iB+mHBĕ`2 ¨ HǶ?BbiQB`2 ;ûQHQ;B[m2 /m "�bbBM �[mBi�BMX .BK2MbBQM ;ûQHQ;B[m2 [mB
T2`K2i /2 KB2mt +QKT`2M/`2 H2b +�`�+iû`BbiB[m2b �+im2HH2b 2i H� bi`m+im`�iBQM /2 T�vb�;2b
pBiB+QH2b `û;BQM�mt U`2HB27- bQH- ?v/`QHQ;B2VX 1M}M- TQm` +?�[m2 bBi2 /Ƕûim/2- MQmb T`ûb2M@
iQMb HǶ�B`2 /Ƕ�TT2HH�iBQM- H2 +HBK�i /2 H� xQM2- H2 +QMi2ti2 ;ûQHQ;B[m2- ;ûQKQ`T?QHQ;B[m2
2i Tû/QHQ;B[m2 HQ+�H- H2b T`�iB[m2b pBiB+QH2b bmBpB2b �BMbB [m2 HǶBiBMû`�B`2 /2 pBMB}+�iBQMX

kXR G2b pB;MQ#H2b /m "Q`/2H�Bb

G2b pB;MQ#H2b /2 "Q`/2�mt bQMi bBimûb /�Mb H2 /ûT�`i2K2Mi /2 H� :B`QM/2 [mB +QKTi2
RR9 j8e ?� /2 pB;M2b 2M T`Q/m+iBQM TQm` HǶ�MMû2 kyRd U�;`2bi2 �[mBi�BM2- kyR9- kyR3VX
�BMbB- H� :B`QM/2 `2T`ûb2Mi2 THmb /2 H� KQBiBû /2 H� bm`7�+2 pBiB+QH2 /2 H� LQmp2HH2 �[mB@
i�BM2 2i R8W /2 H� bm`7�+2 pBiB+QH2 7`�MÏ�Bb2X G� T`Q/m+iBQM pBiB+QH2 2M �PS 2M :B`QM/2
`2T`ûb2Mi2 j 388 jkk ?G bQBi N3-jW /m pQHmK2 iQi�H T`Q/mBi 2M kyRd TQm` H2 /ûT�`i2K2MiX
G� T`Q/m+iBQM 2bi /QKBMû2 T�` H2b pBMb `Qm;2b [mB `2T`ûb2Mi2Mi THmb /2 39W /m pQHmK2
T`Q/mBi 2M kyRdX JBMQ`Bi�B`2b- H2b pBMb #H�M+b U/QMi H2b pBMb HB[mQ`2mtV `2T`ûb2Mi2Mi NW 2i
H2b `Qbûb 9W /m pQHmK2 iQi�H /m /ûT�`i2K2Mi U�;`2bi2 �[mBi�BM2- kyR3VX

G2b T`BM+BT�mt +ûT�;2b MQB`b TH�Miûb 2M :B`QM/2 bQMi T�` Q`/`2 /ǶBKTQ`i�M+2 , H2 J2`HQi L
UeeWV- H2 *�#2`M2i@b�mpB;MQM L Ukk-8WV 2i H2 *�#2`M2i 7`�M+ L UN-8WVX S�`KB H2b +ûT�;2b
#H�M+b- H2 aûKBHHQM " U9dWV 2bi T`BM+BT�H2K2Mi miBHBbû TQm` H2b pBMb #H�M+b HB[mQ`2mt- H2
a�mpB;MQM " U98WV 2bi [m�Mi ¨ HmB K�DQ`Bi�B`2 TQm` H2b pBMb #H�M+b b2+b U*?Bz`2b /Ƕ�T`ĕb
?iiTb,ffrrrX#Q`/2�mtX+QKf7`fLQi`2@h2``QB`f*2T�;2b- +QMbmHiûb H2 jyfy9fRNVX

.�Mb H2 "Q`/2H�Bb- +QKK2 /�Mb H2 `2bi2 /2 H� 6`�M+2 /2TmBb H� +`Bb2 /m S?vHHQt2`� 2M R3ej-
H2b pB;M2b UoBiBb oBMB72`�V bQMi T`BM+BT�H2K2Mi ;`2zû2b bm` /2b TH�Mib �Kû`B+�BMb UoBiBb
_mT2bi`Bb- oBiBb _BT�`B�- oBiBb "2`H�M/B2`B- 2i+XV `ûbBbi�Mi ¨ H� TB[ȿ`2 /m Tm+2`QMX AH 2tBbi2
/2b /Bx�BM2b /2 TQ`i2@;`2z2b �miQ`Bbûb 2M 6`�M+2- Bbbmb /2 MQK#`2mt +`QBb2K2Mib 2Mi`2 H2b
/Bzû`2Mi2b 2bTĕ+2b /2 pB;M2bX G2 pBiB+mHi2m` T2mi +?QBbB` 2M 7QM+iBQM /2b +�`�+iû`BbiB[m2b /2
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bQH UT>- +�H+�B`2- 2i+XV- /2b +QM/BiBQMb +HBK�iB[m2b- TQm` b� `ûbBbi�M+2 �mt T�`�bBi2b- TQm`
b� `ûbBbi�M+2 �mt 2t+ĕb Qm �mt /û}+Bi2b ?v/`B[m2X G2 TQ`i2@;`2z2 � û;�H2K2Mi mM BKT�+i
bm` H� pB;m2m` /2 H� pB;M2 2i H2 pQHmK2 T`Q/mBi- +Ƕ2bi TQm`[mQB BH /QBi û;�H2K2Mi āi`2 +?QBbB
2M 7QM+iBQM /m ivT2 /2 T`Q/m+iBQM `2+?2`+?û2X G2b TQ`i2@;`2z2b H2b THmb 7`û[m2KK2Mi
miBHBbûb 2M �[mBi�BM2 bQMi , _BT�`B� :HQB`2 /2 JQMiT2HHB2` U_:JV- jjyN *Qm/2`+ UjjyN
*V- ReR@9N *Qm/2`+ UReR@9N *V- 9ky � JBHH�`/2i /2 :`�bb2i U9ky �V - RyR@R9 JBHH�`/2i /2
:`�bb2i URyR@R9 J:iV- 9R " JBHH�`/2i /2 :`�bb2i U9R "V- RRy _B+?i2` URRy _V- aûH2+iBQM
yTT2M?2BK Mê9 UaP9V- EQ#2` 8 "" U8 ""V- 62`+�H 2i :`�p2b�+X

kXk :ûQHQ;B2 `û;BQM�H2 /m #�bbBM �[mBi�BM

GǶ�[mBi�BM2 2bi mM #�bbBM bû/BK2Mi�B`2 [mB � b2`pB /2 `û+2Ti�+H2 �mt bû/BK2Mib T`Qp2M�Mi
/2 HǶû`QbBQM /2b K�bbB7b 2MpB`QMM�Mib , �m am/- H2b Sv`ûMû2b- 2i ¨ HǶ1bi H� JQMi�;M2 LQB`2
2i H2 J�bbB7 +2Mi`�HX G� bm#bB/2M+2 `2M+QMi`û2 /�Mb +2ii2 `û;BQM HmB � T2`KBb /Ƕāi`2 mM2
xQM2 /2 bû/BK2Mi�iBQM BKTQ`i�Mi2 T2M/�Mi /2b KBHHBQMb /Ƕ�MMû2b �m JûbQxQś[m2 2i �m
*ûMQxQś[m2 U"`mM2i- RN39- c SH�i2H �M/ .m#`2mBH?- RN3eVX

kXkXR :ûQ/vM�KB[m2 �[mBi�BM2 2i Tv`ûMû2MM2

GǶ?BbiQB`2 ;ûQHQ;B[m2 /m #�bbBM �[mBi�BM 2bi i`ĕb 7Q`i2K2Mi HBû2 ¨ HǶ?BbiQB`2 /2 H� +?�ŗM2
Tv`ûMû2MM2 [mB bǶ2bi /û`QmHû2 2M /2mt T?�b2bX G� T`2KBĕ`2 2bi mM2 T?�b2 /2 /Bp2`;2M+2-
MQKKû2 `B7iBM;- 2Mi`2 H� TH�[m2 2m`QTû2MM2 2i H� TH�[m2 B#û`B[m2 [mB /ûK�``2 �m h`B�bX G2
bQ+H2 /m #�bbBM 2bi �HQ`b +QMbiBimû T�` H2b p2biB;2b /2 H� +?�ŗM2 ?2`+vMB2MM2 [mB +QKK2M+2
¨ bǶ2zQM/`2` 2i 7Q`K2 /2b ;`�#2MbX G� /Bp2`;2M+2- /ûK�``û2 �m h`B�b Dmb[mǶ�m *`ûi�+û-
T`QpQ[m2 mM �KBM+Bbb2K2Mi /2 H� +`Qȿi2 +QMiBM2Mi�H2 TmBb H� +`û�iBQM /ǶmM #�bbBM BMi`�+QM@
iBM2Mi�H b2HQM mM �t2 [m�bBK2Mi 1bi@Pm2biX �m *`ûi�+û bmTû`B2m` H� /vM�KB[m2 bǶBMp2`b2
2i H2b TH�[m2b 2Mi`2Mi 2M +QKT`2bbBQMX G2b 7�BHH2b MQ`K�H2b 7Q`Kû2b HQ`b /2 H� /Bp2`;2M+2
`2DQm2Mi 2i bǶBMp2`b2Mi 2M +?2p�m+?2K2Mib USmB;/27¨#`2;�b 2i �HX- RNNk c a2;m`2i- RNdkVX
GǶQ`Q;ûMĕb2 Tv`ûMû2MM2 /ûK�``2 ¨ HǶ1bi /m #�bbBM T�` mM D2m /2 `Qi�iBQM �MiB?Q`�B`2
/2 H� TH�[m2 B#û`B[m2 [mB �++QKT�;M2 HǶQmp2`im`2 /m :QH72 /2 :�b+Q;M2X SmBb H� `Qi�@
iBQM bǶBMp2`b2- H� +QKT`2bbBQM 2i H2b +?2p�m+?2K2Mib �bbQ+Bûb T`Q;`2bb2Mi /Ƕ1bi 2M Pm2bi
T`QpQ[m�Mi H� 72`K2im`2 T`Q;`2bbBp2 /m #�bbBM BMi`�+QMiBM2Mi�HX G� +QHHBbBQM �++ûHĕ`2 2i
/2pB2Mi 7`QMi�H2 ¨ HǶ1Q+ĕM2- 2HH2 p� /m`2` Dmb[mǶ�m JBQ+ĕM2 BM7û`B2m`X

kXkXk 1MpB`QMM2K2Mib /2 /ûTƬi 2i `2KTHBbb�;2 bû/BK2Mi�B`2 /m #�bbBM
�[mBi�BM

�m /û#mi /m h`B�b- H2b 7�BHH2b MQ`K�H2b [mB �TT�`�Bbb2Mi /�Mb H2 bQ+H2 ?2`+vMB2M 7Q`K2Mi
/2b 7Qbbûb /Ƕ2zQM/`2K2Mi /�Mb H2b[m2Hb b2 /ûTQb2Mi /2b bû/BK2Mib +QMiBM2Mi�mt +QKTQbûb
/2 ;`ĕb #B;�``ûb 2i /Ƕ�`;BH2- bû/BK2Mib [mB /2pB2MM2Mi ûp�TQ`BiB[m2b ¨ H� }M /m h`B�bX

�m Cm`�bbB[m2 BM7û`B2m`- H� K2` 2Mp�?Bi T`Q;`2bbBp2K2Mi H2 +QMiBM2MiX G� K2` `2+Qmp`2
�HQ`b H�`;2K2Mi H2 #�bbBM /Ƕ�[mBi�BM2 U.2H7�m/- RNdy- RNdRV Qmp`�Mi H� K2` h?ûivb- bBimû2
¨ HǶ1bi bm` HǶQ+û�M �iH�MiB[m2 U.2`+Qm`i 2i �HX- RNNj- kyyyVX .m`�Mi H2 `2bi2 /m Cm`�bbB[m2-



kXkX :ûQHQ;B2 `û;BQM�H2 /m #�bbBM �[mBi�BM kd

HǶ2zQM/`2K2Mi /m bQ+H2 +QMiBMm2X G2 +2Mi`2 /m #�bbBM H�Bbb2 TH�+2 ¨ mM2 K2` `2H�iBp2K2Mi
T`Q7QM/2 Qɍ b2 /ûTQb2Mi /2b bû/BK2Mib K�`MQ@+�H+�B`2b ¨ +ûT?�HQTQ/2b U>�MixT2`;m2-
RNdNVX am` H� #Q`/m`2 1bi /m #�bbBM- H� K2` 2bi T2m T`Q7QM/2X G2 +HBK�i i`QTB+�H T2`K2i
H2 /ûp2HQTT2K2Mi /2 `û+B7b +Q`�HHB2Mb 2i /2 H�;QMbX G� }M /m Cm`�bbB[m2 2bi K�`[mû2 T�`
H2 /ûK�``�;2 /ǶmM2 T?�b2 `û;`2bbBp2 [mB p� b2 TQm`bmBp`2 �m *`ûi�+ûX

G2 *`ûi�+û BM7û`B2m` 2bi K�`[mû T�` HǶQmp2`im`2 /m :QH72 /2 :�b+Q;M2 2i H2 `2+mH ;ûMû`�H
/2b K2`b bm` H2 #�bbBM �[mBi�BMX *2ii2 `û;`2bbBQM ;ûMû`�H2 +QM/mBi �m +QM}M2K2Mi /2 THmb
T2iBib #�bbBMb 7Q`Kûb T`û�H�#H2K2Mi �m Cm`�bbB[m2X *2ii2 ûpQHmiBQM �#QmiBi ¨ HǶûK2`bBQM
+QKTHĕi2 /m "�bbBM �[mBi�BM �T`ĕb H2 /û#mi /m *`ûi�+û BM7û`B2m` �p2+ H� KBb2 2M TH�+2
/2 /ûTƬib b�#HQ@�`;BH2mtX SmBb mM2 T?�b2 i`�Mb;`2bbBp2 `2/ûK�``2 2i bǶBMi2MbB}2 �m *`û@
i�+û BM7û`B2m` �p2+ mM2 bû/BK2Mi�iBQM K�`BM2 /2 THmb 2M THmb T`Q7QM/2X lM2 T�`iB2 /2b
+�H+�B`2b Dm`�bbB[m2b `2bi2Mi +2T2M/�Mi ûK2`;ûb 2i bQMi bQmKBb ¨ mM2 BMi2Mb2 û`QbBQM 2i
F�`biB}+�iBQMX

�m *`ûi�+û bmTû`B2m`- QM Q#b2`p2 mM2 `2KQMiû2 /m MBp2�m K�`BM ¨ HǶû+?2HH2 KQM/B�H2 [mB
T`QpQ[m2 mM2 i`�Mb;`2bbBQM ;ûMû`�H2 ¨ HǶû+?2HH2 /m #�bbBMX �m LQ`/ 2i ¨ HǶ1bi- /�Mb +2b
2MpB`QMM2K2Mib T2m T`Q7QM/b b2 /ûTQb2Mi /2b 7Q`K�iBQMb /2 +�H+�B`2b +`�v2mt ¨ bBH2tX �m
MBp2�m /2b xQM2b THmb +ƬiBĕ`2b- QM `2i`Qmp2 /2b H�;QMb 2i /2b `û+B7b ¨ `m/Bbi2b U6B;m`2 kXRVX
SHmb �m am/- H2b �TTQ`ib 2M T`Qp2M�M+2 /m J�bbB7 +2Mi`�H 7Q`K2Mi /2b bû/BK2Mib b�#HQ@
�`;BH2mt K�`BMbX .�Mb H� T�`iB2 am/ ¨ am/@Pm2bi /m #�bbBM- H� bm#bB/2M+2 bǶ�++2Mim2
T`QpQ[m�Mi HǶ�TT`Q7QM/Bbb2K2Mi /2 /2mt bQmb@#�bbBMb bûT�`ûb- bBĕ;2 /ǶmM2 bû/BK2Mi�iBQM
T`Q7QM/2 /2 ivT2 ~vb+? ¨ /QKBM�Mi2 �`;BH2mb2X

� H� }M /m *`ûi�+û bmTû`B2m` /û#mi2 mM2 `û;`2bbBQM ;ûMû`�H2 T`QpQ[m�Mi mM `2i`�Bi T`Q@
;`2bbB7 /2 H� K2` 2M �[mBi�BM2 [mB p� b2 TQm`bmBp`2 /m`�Mi H2 h2`iB�B`2X G� T�`iB2 LQ`/
/m #�bbBM ûK2`;2 U.m#`2mBH?- RN3dV 2i H� T�`iB2 am/ `2bi2 /�Mb mM /QK�BM2 K�`BM Qɍ HǶQM
`2i`Qmp2 mM2 bû/BK2Mi�iBQM +�`#QM�iû2 ¨ i2M/�M+2 `û+B7�H2 Ua2``�MQ 2i �HX- kyyRVX GǶúQ@
+ĕM2 2bi K�`[mû T�` H� bm``2+iBQM Tv`ûMû2MM2 [mB p� BKT�+i2` HǶ2Mb2K#H2 /2 H� TH�i27Q`K2
�[mBi�BM2 ¨ i`�p2`b H2b THBbb2K2Mib BM/mBib T�` H� +QKT`2bbBQMX G2b 2MpB`QMM2K2Mib K�`BMb
T`Q7QM/b bQMi HBKBiûb �m i`B�M;H2 H�M/�Bb- 2i ¨ HǶ1bi H2b bû/BK2Mib b2 /ûTQb2Mi /�Mb mM2
p�bBĕ`2 +�`#QM�iû2 T2m T`Q7QM/2X G� 7Q`K�iBQM /2b Sv`ûMû2b 2i HǶû`QbBQM �bbQ+Bû2 ¨ +2 `2HB27
T`QpQ[m2Mi mM2 BKTQ`i�Mi2 �m;K2Mi�iBQM /Ƕ�TTQ`ib /ûi`BiB[m2b +QMiBM2Mi�mt bm` iQmi2b
H2b #Q`/m`2b /m #�bbBMX

� HǶPHB;Q+ĕM2- H2 +QK#H2K2Mi /m #�bbBM b2 TQm`bmBi �p2+ H� 72`K2im`2 /m bBHHQM /2 ~vb+?
Tv`ûMû2MX G� K2` 2bi iQmDQm`b T`ûb2Mi2 ¨ HǶPm2bi /m #�bbBM 2i H2b /ûTƬib HBiiQ`�mt 2i
K�`BMb b2 K2ii2Mi 2M TH�+2 HQ`b /2 T?�b2b i`�Mb;`2bbBp2b �m _mTûHB2MX G� K2` p� b2 `2iB`2`
¨ H� }M /2 HǶPHB;Q+ĕM2 2i H2b 2MpB`QMM2K2Mib pQMi b2 +QMiBM2Mi�HBb2` �p2+ H2 /ûTƬi /2 b�#H2b
+QMiBM2Mi�mt 2M Sû`B;Q`/ 2i /2b JQH�bb2b /2 HǶ�;2M�BbX

�m /û#mi /m JBQ+ĕM2- mM2 MQmp2HH2 T?�b2 i`�Mb;`2bbBp2 p� �K2M2` mM2 K2` T2m T`Q7QM/2
/�Mb H2 #�bbBM Dmb[m2 /�Mb H2b 2MpB`QMb /Ƕ�;2M Qɍ HǶQM p� `2i`Qmp2` /2b /ûTƬib +Q[mBHHB2`b
+�`�+iû`BbiB[m2b /ǶmM 2MpB`QMM2K2Mi HBiiQ`�H U6B;m`2 kXkVX SmBb /�Mb H� b2+QM/2 T�`iB2 /m
JBQ+ĕM2- mM MQmp2�m `û;BK2 `û;`2bbB7 +QK#H2 T`Q;`2bbBp2K2Mi H2 #�bbBM T�` /2b bû/BK2Mib
b�#H2mtX

�m SHBQ+ĕM2- H2 "�bbBM �[mBi�BM TQbbĕ/2 /ûD¨ b2b ;`�M/b i`�Bib �+im2Hb , bm` b2b #Q`/m`2b-
H2b `2HB27b /2b Sv`ûMû2b 2i /2 H� JQMi�;M2 MQB`2 bQMi 2M TH�+2- b2mHb H2b G�M/2b 2i H2
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6B;m`2 kXR Ĝ G2 #�bbBM /Ƕ�[mBi�BM2 �m *`ûi�+û bmTû`B2m` U�/�Tiû2 /2 SH�i2H 2i .m#`2mBH?-
RN3eVX



kXkX :ûQHQ;B2 `û;BQM�H2 /m #�bbBM �[mBi�BM kN

6B;m`2 kXk Ĝ G2 #�bbBM /Ƕ�[mBi�BM2 �m JBQ+ĕM2 U�/�Tiû2 /2 SH�i2H 2i .m#`2mBH?- RN3eVX
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6B;m`2 kXj Ĝ G2 #�bbBM /Ƕ�[mBi�BM2 �m SHBQ@Zm�i2`M�B`2 U�/�Tiû2 /2 SH�i2H 2i .m#`2mBH?-
RN3eVX

Jû/Q+ 7Q`K2Mi 2M+Q`2 mM2 +mp2ii2 `û;mHBĕ`2K2Mi BKK2`;û2 HQ`b /2b p�`B�iBQMb /m MBp2�m
K�`BMX �m +2Mi`2 /m #�bbBM- HǶ�M+āi`2 /2 H� :�`QMM2 2bi mM ;`�M/ ~2mp2 [mB /û#Qm+?2
/�Mb H� xQM2 iQmDQm`b bm#bB/2Mi2 /2 S�`2MiBbX G2b �TTQ`ib /2 bû/BK2Mib 2M T`Qp2M�M+2 /m
+QMiBM2Mi }MBbb2Mi T�` +QKTHĕi2K2Mi +QK#H2` H2 `2bi2 /m #�bbBMX

�m Zm�i2`M�B`2- H2 +HBK�i +?�M;2- H2b i2KTû`�im`2b +?�m/2b /m h2`iB�B`2 #�Bbb2Mi �p2+
HǶBMBiB�iBQM /2b Tû`BQ/2b ;H�+B�B`2b /m SHûBbiQ+ĕM2X G2b G�M/2b bQMi /2p2Mm2b mM2 ;`�M/2
xQM2 K�`û+�;2mb2 /�Mb H�[m2HH2 H2 ~2mp2 T`BM+BT�H /Bp�;m2 �TTQ`i�Mi /2b �HHmpBQMb ;`�p2@
H2mb2b /2 HǶû`QbBQM BMi2Mb2 /2b Sv`ûMû2b 2i /m J�bbB7 +2Mi`�H U6B;m`2 kXjVX G2b KQ/B}+�iBQMb
/m +HBK�i +?�M;2Mi H2b `û;BK2b /2b +Qm`b /Ƕ2�m- H2b /û#Bib �m;K2Mi2Mi 2i H2 `ûb2�m ?v/`Q@
;`�T?B[m2 b2 bi`m+im`2 T`Q;`2bbBp2K2Mi �HQ`b [m2 H2 +Qm`b /2 H� T�HûQ@:�`QMM2 T`Q;`2bb2
p2`b H2 LQ`/@1bi 2i bQM HBi �+im2H U6B;m`2 kXjVX �m +Qm`b /2b Tû`BQ/2b ;H�+Bĕ`2b- H2 MBp2�m
K�`BM #�Bbb2 Dmb[mǶ¨ Rky K bQmb H2 MBp2�m �+im2H T`QpQ[m�Mi mM ûi�;2K2Mi /2b i2``�bb2b
�HHmpB�H2b 2i mM +`2mb2K2Mi /m HBi /2b ~2mp2b- Dmb[mǶ¨ �ii2BM/`2 H� +Qi2 @9y K L:6 �m
MBp2�m /2 HǶ�p�H /2 HǶ2bim�B`2 /2 H� :B`QM/2X

SmBb H� K2` `2KQMi2 ¨ H� Tû`BQ/2 TQbi@;H�+Bĕ`2- HǶ2bim�B`2 2bi 2MMQvû- /2b K�`�Bb �TT�@
`�Bbb2Mi 2i BH 2bi T`Q;`2bbBp2K2Mi +QK#Hû T�` H2 b�#H2 U6B;m`2 kXjVX am` H2 HBiiQ`�H �iH�MiB[m2-
H2b p2Mib 7�ÏQMM2Mi /2b /mM2b +2 [mB BbQH2 H2b ;`�M/b H�+b HBiiQ`�mt /2 HǶQ+û�M 2i 7�pQ`Bb2
HǶBMbi�HH�iBQM /2 K�`�Bb 2i /2 iQm`#Bĕ`2b U>Qm`iBM@*�`+�Mb- G�+�M�m- *�x�mt@a�M;mBM2i-
"Bb+�``Qbb2@S�`2MiBb- 2i+XVX

kXj G2b bBi2b /Ƕûim/2

*2b i`�p�mt QMi ûiû `û�HBbûb bm` /2mt /QK�BM2b pBiB+QH2b /m "Q`/2H�Bb 2M :B`QM/2- �m
b2BM /2 /2mt �TT2HH�iBQMb pBMB+QH2b /Bzû`2Mi2b , H2 *?�i2�m *�T2i@:mBHHB2` /�Mb H2 a�BMi@



kXjX G2b bBi2b /Ƕûim/2 jR

1KBHBQMM�Bb- 2i H2 *?�i2�m S�i�+?2 /Ƕ�mt /�Mb H2 LQ`/ /m Jû/Q+X

kXjXR G2 *?�i2�m *�T2i@:mBHHB2`

G2 *?�i2�m *�T2i@:mBHHB2` U99ê8kǶkdǴ L c yêdǶRyǴ PV 2bi bBimû �m b2BM /2 H� +QKKmM2 /2
a�BMi@>BTTQHvi2 ¨ mM T2m THmb /2 j FK �m am/@1bi /2 a�BMi@1KBHBQM 2M :B`QM/2- LQmp2HH2
�[mBi�BM2X

kXjXRXR GǶ�B`2 /Ƕ�TT2HH�iBQM a�BMi@1KBHBQM

G2 pB;MQ#H2 /m *?�i2�m *�T2i@:mBHHB2` 2bi bBimû /�Mb H2b �TT2HH�iBQMb /ǶP`B;BM2
S`Qiû;û2 U�PSV pBMB+QH2b a�BMi@1KBHBQM 2i a�BMi@1KBHBQM ;`�M/ +`m U6B;m`2 kX9VX
*2b /2mt �TT2HH�iBQMb +Qmp`2Mi H� KāK2 �B`2 ;ûQ;`�T?B[m2 bm` M2m7 +QKKmM2b ,
a�BMi@*?`BbiQT?2@/2b@"�`/2b- a�BMi@1KBHBQM- a�BMi@1iB2MM2@/2@GBbb2- a�BMi@>BTTQHvi2-
a�BMi@G�m`2Mi@/2b@*QK#2b- a�BMi@S2v@/Ƕ�`K2Mb- a�BMi@ amHTB+2@/2@6�H2v`2Mb- oB;MQM2i
2i GB#Qm`M2X G� bm`7�+2 2M T`Q/m+iBQM �bbQ+Bû2 `2T`ûb2Mi2 8 8yy ?�- bQBi T`ĕb /2 8W
/2 H� bm`7�+2 pBiB+QH2 /m #Q`/2H�Bb UJBMBbiĕ`2 /2 HǶ�;`B+mHim`2 2i /2 HǶ�HBK2Mi�iBQM-
kyRd#-�VX GǶ�TT2HH�iBQM M2 +Qmp`2 [m2 H� T`Q/m+iBQM /2 pBMb `Qm;2b i`�M[mBHH2b 2i H2b
+ûT�;2b T`BM+BT�mt �miQ`Bbûb T�` H2 /û+`2i /Ƕ�TT2HH�iBQM bQMi H2 *�#2`M2i 7`�M+ L- H2
*�#2`M2i@b�mpB;MQM L- H2 *�`KûMĕ`2 L- H2 *Qi L UQm J�H#2+V 2i H2 J2`HQi LX G2 T2iBi
o2`/Qi L 2bi û;�H2K2Mi �miQ`Bbû +QKK2 +ûT�;2 �++2bbQB`2 bQmb H� HBKBi2 /2 RyW /2
HǶ2M+ûT�;2K2Mi iQi�H UJBMBbiĕ`2 /2 HǶ�;`B+mHim`2 2i /2 HǶ�HBK2Mi�iBQM- kyRd�VX

*2b /2mt �TT2HH�iBQMb b2 /Bzû`2M+B2Mi /2 T�` mM +�?B2` /2b +?�`;2b THmb bi`B+i TQm` HǶ�T@
T2HH�iBQM ;`�M/ +`m [mB BKTQb2 mM `2M/2K2Mi K�tBK�H /2 9e ?2+iQHBi`2b T�` ?2+i�`2b
U?GX?�@RV 2i mM ûH2p�;2 /m pBM Dmb[mǶ�m R2` 7ûp`B2` /2 H� /2mtBĕK2 �MMû2 bmBp�Mi H� `û+QHi2
UJBMBbiĕ`2 /2 HǶ�;`B+mHim`2 2i /2 HǶ�HBK2Mi�iBQM- kyRd�VX 1M �TT2HH�iBQM +H�bbB[m2 H2 `2M@
/2K2Mi K�tBK�H 2bi /2 8j ?GX?�@R 2i HǶûH2p�;2 /m pBM 2bi BKTQbû Dmb[mǶ�m jR K�`b /2 H�
T`2KBĕ`2 �MMû2 bmBp�Mi H� `û+QHi2 UJBMBbiĕ`2 /2 HǶ�;`B+mHim`2 2i /2 HǶ�HBK2Mi�iBQM- kyRd#VX

kXjXRXk *HBK�iQHQ;B2 /m a�BMi@1KBHBQMM�Bb

G2 pB;MQ#H2 /2 a�BMi@1KBHBQM #ûMû}+B2 /ǶmM +HBK�i i2KTû`û Q+û�MB[m2X a2HQM H� +H�bbB}+�@
iBQM /2 EƺTT2M@:2B;2` a�BMi@1KBHBQM 2bi +H�bbû 2M *7# US22H 2i �HX- kyydV- +Ƕ2bi@¨@/B`2 [m2
H2 +HBK�i 2bi [m�HB}û /2 Ŀi2KTû`û +?�m/ b�Mb b�BbQM bĕ+?2 �p2+ mM ûiû i2KTû`ûŀX .�Mb H�
`û;BQM #Q`/2H�Bb2- H2b ?Bp2`b bQMi /Qmt 2i THmpB2mt 2i H2b ûiûb bQMi KQ/û`ûK2Mi +?�m/b 2i
b2+bX

am` mM2 2Mi`û2 bm#@`2;BQM�H2- H� bi�iBQM KûiûQ`QHQ;B[m2 /2 Jû`B;M�+ UJûiûQ 6`�M+2V- bB@
imû2 ¨ [m2H[m2b FBHQKĕi`2b ¨ HǶ2bi /2 "Q`/2�mt U99ê9NǶ93Ǵ L c yê9RǶkǴ PV- 7Qm`MBi /2b /QM@
Mû2b /2 T`û+BTBi�iBQMb /2TmBb RNky 2i /2 i2KTû`�im`2 KQv2MM2 DQm`M�HBĕ`2 /2TmBb RN98X
am` H� Tû`BQ/2 RN3d@kyRd- H2b T`û+BTBi�iBQMb �MMm2HH2b `2T`ûb2Mi2Mi NRk KK UǬR3y KK
/Ƕû+�`i ivT2V 2i H� i2KTû`�im`2 KQv2MM2 �MMm2HH2 2bi /2 Rj-d ê* UǬy-eê*VX G� p�`B�#BHBiû
+HBK�iB[m2 BMi2`�MMm2HH2 2bi `2H�iBp2K2Mi 7Q`i2- +2 [mB BKTHB[m2 mM 7Q`i 2z2i KBHHûbBK2
bm` H2b pBMb U"QBb 2i �HX- kyy3VX G2 /B�;`�KK2 QK#`QKûi`B[m2 U6B;m`2 kX8V KQMi`2 [m2



jk *?�TBi`2 kX S?vbBQ;`�T?B2 /2b bBi2b /Ƕûim/2

6B;m`2 kX9 Ĝ GQ+�HBb�iBQM /2b �PSJû/Q+ 2i a�BMi@1KBHBQM ;`�M/ +`m �m b2BM /m pB;MQ#H2
/2 "Q`/2�mtX
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6B;m`2 kX8 Ĝ .B�;`�KK2 PK#`QKûi`B[m2 KQv2M TQm` H� Tû`BQ/2 RN3d@kyRdX _2H2pûb /2
H� bi�iBQM JûiûQ 6`�M+2 ¨ Jû`B;M�+X

H2b T`û+BTBi�iBQMb bQMi /Bbi`B#mû2b bm` HǶ2Mb2K#H2 /2 HǶ�MMû2 b�Mb /û}+Bi ?v/`B[m2 2biBp�H
bB;MB}+�iB7X

kXjXRXj :ûQHQ;B2 2i ;ûQKQ`T?QHQ;B2 /m a�BMi@1KBHBQMM�Bb

G� ;ûQHQ;B2 /2 H� xQM2 � ûiû +�`iQ;`�T?Bû2 �m R ,8y yyyĕK2 T�` H2 "_:J bm` H� 72mBHH2
/2 GB#Qm`M2 U.m#`2mBH?- RNN8VX G� xQM2 2bi +Qmp2`i2 T�` mM 2KTBH2K2Mi /2b bû/BK2Mib
i2`iB�B`2b 2i [m�i2`M�B`2bX 1M 2z2i- T2M/�Mi H2 h2`iB�B`2 2i H2 Zm�i2`M�B`2- +2ii2 xQM2
7mi H2 HB2m /ǶmM 7Q`i i�mt /2 bû/BK2Mi�iBQMX G2 ?�mi /m *`ûi�+û 7Q`K2 mM2 /ûT`2bbBQM
[mB +QKK2M+2 ¨ b2 `2KTHB` /2 bû/BK2Mib /ûi`BiB[m2b T`Qp2M�Mi /2 HǶû`QbBQM /m J�bbB7
+2Mi`�H �M+B2M 2i /2b Sv`ûMû2b iQmi Dmbi2 7Q`Kû2bX lM /2Hi� b2 /ûp2HQTT2 �m +Qm`b /2
HǶúQ+ĕM2 T`Q;`2bb�Mi �m am/ /2 GB#Qm`M2 2i /ûp2HQTT�Mi mM2 TH�BM2 K�`BiBK2 �m LQ`/@
1biX J�H;`û HǶ�m;K2Mi�iBQM /2b �TTQ`ib /ûi`BiB[m2b- mM2 i`�Mb;`2bbBQM ¨ HǶúQ+ĕM2 KQv2M
�KĕM2 �m /ûTƬi /2b *�H+�B`2b /2 "H�v2 #HQ[m�Mi H� bû/BK2Mi�iBQM /�Mb H2 /2Hi�X 1MbmBi2-
mM 2MpB`QMM2K2Mi ~mpBQ@H�+mbi`2 b2 K2i 2M TH�+2 /2 HǶúQ+ĕM2 bmTû`B2m` ¨ HǶPHB;Q+ĕM2
BM7û`B2m` �#QmiBbb�Mi �m /ûTƬi /2 H� 7Q`K�iBQM /2b JQH�bb2b /m 6`QMb�/�Bb bm` 2MpB`QM 9y
Kĕi`2b /ǶûT�Bbb2m`X G� #�b2 /2 H� 7Q`K�iBQM +Q``2bTQM/ �HQ`b ¨ mM2 TH�BM2 /ǶBMQM/�iBQM Qɍ
�TT�`�Bbb2Mi /2b +�M�mt b�#HQMM2mtX 1M }M /2 7Q`K�iBQM- H2b �`;BH2b /2pB2MM2Mi ;`Bb�i`2b
2i +�`#QM�iû2b �p2+ T�`7QBb /2b ;`�pB2`b 2i /2b b�#H2b KB+�+ûb /2 7�+Bĕb ~mpB�mt H�iû`�mtX
1MbmBi2- /2b /ûTƬib ~mpB�iBH2b ¨ i2M/�M+2 H�+mbi`2 �TT�`�Bbb2Mi �p2+ H� KBb2 2M TH�+2 /ǶmM2
7Q`K�iBQM `B+?2 2M b�#H2b 2i ;`�pB2`b 72H/bT�i?B[m2b �p2+ /2 HǶ�`;BH2 p2`/�i`2 2i +�`#QM�iû2X
am` +2ii2 /2`MBĕ`2 7Q`K�iBQM- QM pQBi HQ+�H2K2Mi �TT�`�ŗi`2 H2b *�H+�B`2b /2 *�biBHHQM
UûT�Bb /Ƕ2MpB`QM Ry KV- 7Q`K�iBQM H�+mbi`2 /ûTQbû2 �m am/ /m pBHH�;2 /2 JQMi�;M2X *2ii2
7Q`K�iBQM 2bi +QMbiBimû2 /Ƕ�`;BH2b p2`/�i`2b 2i #H�M+?�i`2b i`ĕb +�`#QM�iû2b 2i /2 #�M+b
/2 +�H+�B`2 ¨ 7�+Bĕb H�+mbi`2 TmBb 2HH2 2bi bm`KQMiû2 T�` /2b K�`M2b p2`i2b bm` 2MpB`QM
8 Kĕi`2bX �m@/2bbmb- QM i`Qmp2 H2b *�H+�B`2b ¨ �biû`B2b /2 a�BMi@1KBHBQM +Q``2bTQM/�Mi
¨ H� i`�Mb;`2bbBQM /m ai�KTB2MX *2ii2 7Q`K�iBQM /2 Ry ¨ R8 Kĕi`2b T`ûb2Mi2 mM 7�+Bĕb
#BQ/ûi`BiB[m2 +�`#QM�iû �p2+ /2b 7`�;K2Mib /2 +Q[mBHH�;2b- +Q`�mt 2i ûiQBH2b /2 K2`X

�T`ĕb H� i`�Mb;`2bbBQM bi�KTB2MM2- mM2 `û;`2bbBQM `2TQmbb2 T`Q;`2bbBp2K2Mi H� K2` p2`b
HǶPm2bi T`ĕb /2 "Q`/2�mtX G2b i`�Mb;`2bbBQMb [mB b2 bQMi T`Q/mBi2b �T`ĕb H2 JBQ+ĕM2 ûi�B2Mi
/2 THmb 7�B#H2 �KTH2m` 2i bQMi `2biû2b +QM}Mû2b ¨ HǶPm2bi /2 H� `û;BQM #Q`/2H�Bb2X

G� `û;BQM � 2MbmBi2 7�Bi HǶQ#D2i /ǶmM2 +QMiBM2Mi�HBb�iBQMX �m +Qm`b /m SHBQ+ĕM2- H2b `BpBĕ`2b



j9 *?�TBi`2 kX S?vbBQ;`�T?B2 /2b bBi2b /Ƕûim/2

6B;m`2 kXe Ĝ S�MQ`�K� ;ûQHQ;B[m2 /2 a�BMi@1KBHBQM 2i b� `û;BQM- /Ƕ�T`ĕb H� +�`i2 ;ûQ@
HQ;B[m2 /2 GB#Qm`M2 /2 .m#`2mBH? URNN8V



kXjX G2b bBi2b /Ƕûim/2 j8

�TTQ`i�Mi H2b K�iû`B�mt /ûi`BiB[m2b /m J�bbB7 +2Mi`�H 2i /2b Sv`ûMû2b �iiB`2Mi H2b `ûb2�mt
[m�i2`M�B`2bX G� bû/BK2Mi�iBQM 2bi 2MbmBi2 +QM+2Mi`û2 bm` H2 #�bbBM H�M/�Bb [mB 2bi T`BM+B@
T�H2K2Mi `2KTHB /2 bû/BK2Mib /2b Sv`ûMû2bX GǶ�+im2H ~2mp2 /2 H� .Q`/Q;M2 +`2mb2 �HQ`b
T`Q;`2bbBp2K2Mi bQM HBi /�Mb H2b bû/BK2Mib /m h2`iB�B`2X

.2 MQb DQm`b- H2 *�H+�B`2 ¨ �biû`B2b 7Q`K2 mM TH�i2�m ¨ mM2 +2Mi�BM2 /2 Kĕi`2b �m@/2bbmb
/m MBp2�m /2 H� K2` �miQm` /2 a�BMi@1KBHBQM U6B;m`2 kXeVX *2 TH�i2�m � ûiû BM+Bbû T�` H2b
`ûb2�mt ?v/`Q;`�T?B[m2b �m +Qm`b /m Zm�i2`M�B`2X �m LQ`/ 2i ¨ HǶPm2bi /2 H� xQM2- QM
i`Qmp2 HǶAbH2 [mB T`2M/ b� bQm`+2 /�Mb H2b KQMib /m GBKQmbBM 2i �|m2 ¨ H� .Q`/Q;M2 �m
MBp2�m /2 GB#Qm`M2X G2 *�H+�B`2 ¨ �biû`B2b UPHB;Q+ĕM2 bmTû`B2m`- ai�KTB2MV 2bi 7�+BH2K2Mi
Q#b2`p�#H2 2M #Q`/m`2 /m TH�i2�mX *2ii2 7Q`K�iBQM /ǶmM2 TmBbb�M+2 /ǶmM2 [mBMx�BM2 /2
Kĕi`2b �m MBp2�m /2 a�BMi@>BTTQHvi2- 2bi 7Q`Kû2 /2 THmbB2m`b +Qm+?2b /û+BKûi`B[m2b ¨
Kûi`B[m2 /2 +�H+�B`2 #BQ+H�biB[m2 /2 7�+Bĕb q�+F2biQM2 ¨ :`�BMbiQM2 UGQBbv 2i �HX- kyRjV
T`ûb2Mi�Mi /2b /û#`Bb /2 +Q`�mt- #Bp�Hp2b 2i /Ƕû+?BMQ/2`K2b U/QMi H2b Qbb2H2ib /ǶûiQBH2b
/2 K2` [mB /QMM2 bQM MQK ¨ H� 7Q`K�iBQMVX G2b 7�+Bĕb bQMi /2 THmb 2M THmb ;`QbbB2`b
p2`b H2 bQKK2i /2 H� 7Q`K�iBQM- QM v pQBi �TT�`�ŗi`2 /2b HBi�;2b Q#HB[m2b iûKQB;M�Mi /2
HǶ?v/`Q/vM�KBbK2 �m KQK2Mi /m /ûTƬiX G2b #BQ+H�bi2b bQMi /2 i�BHH2 THm`BKBHHBKûi`B[m2
¨ THm`B+2MiBKûi`B[m2 2i H� +BK2Mi�iBQM 2bi `2H�iBp2K2Mi 7�B#H2 +2 [mB 2M 7�Bi mM2 `Q+?2 i`ĕb
TQ`2mb2 2i 7`B�#H2X G2b K2bm`2b /2 TQ`QbBiû 7�Bi2b T�` GQBbv 2i �HX UkyRjV BM/B[m2Mi /2b
p�H2m`b �HH�Mi /2 kyW /�Mb H� T�`iB2 BM7û`B2m`2 ¨ 98W /�Mb H� T�`iB2 bmTû`B2m`2X

*2 +�H+�B`2 `2TQb2 bm` mM2 ûT�Bbb2 7Q`K�iBQM /Bi2 /2b JQH�bb2b /m 6`QMb�/�Bb UúQ+ĕM2
bmTû`B2m` ¨ PHB;Q+ĕM2 BM7û`B2m`VX *Ƕ2bi mM2 7Q`K�iBQM T2m BM/m`û2 [mB T`ûb2Mi2 /2b 7�+Bĕb
p�`Bûb /Ƕ�`;BH2b bBHi2mb2b +�`#QM�iûb ¨ THmb b�#H2mb2b HQ+�H2K2Mi- +Q``2bTQM/�Mi ¨ /2b 2M@
pB`QMM2K2Mib /2 /ûTƬi ~mpBQ@H�+mbi2 U.m#`2mBH?- RNN8VX *2ii2 `Q+?2 i2M/`2 � ûiû /û;�;û2
T�` HǶû`QbBQM 7Q`K�Mi /2b bvbiĕK2b /2 ǳ+QK#2bǴ H2 HQM; /m p2`b�Mi am/ /m TH�i2�m /�Mb
H2b �H2MiQm`b /2 a�BMi@G�m`2Mi@/2b@*QK#2bX

G� .Q`/Q;M2 +QmH2 �mDQm`/Ƕ?mB ¨ mM T2m THmb /2 8 FK �m am/ /2 a�BMi@1KBHBQMX G2 ~2mp2
� +`2mbû mM2 p�HHû2 /Ƕ2MpB`QM d FK /2 H�`;2 /�Mb +2ii2 xQM2X G2b /Bp�;�iBQMb /2b Kû�M/`2b
QMi `2KTHB +2ii2 p�HHû2 �m +Qm`b /m Zm�i2`M�B`2 7Q`K�Mi H� TH�BM2 �HHmpB�H2 �+im2HH2X PM v
`2i`Qmp2 THmbB2m`b T?�b2b /2 /ûTƬib 2M i2``�bb2b ~mpB�iBH2b +Q``2bTQM/�Mi �mt Tû`BQ/2b /2
;H�+B�iBQM �m SHûBbiQ+ĕM2 2i ¨ HǶ>QHQ+ĕM2X G2b �KûM�;2K2Mib 2i HǶ�;`B+mHim`2 QMi �mDQm`@
/Ƕ?mB HBbbû H2b Hû;2`b /ûMBp2Hûb 2Mi`2 H2b i2``�bb2b- +2 [mB H2b `2M/ /B{+BH2b ¨ Q#b2`p2`X G2b
bû/BK2Mib /2 H� TH�BM2 bQMi T`BM+BT�H2K2Mi b�#H2mt- �p2+ [m2H[m2b T�bbû2b /2 bû/BK2Mib
THmb }Mb- 2i /2b T�bb�;2b /2 ;`�pB2`b 2i ;�H2ibX

kXjXRX9 G2b bQHb /m a�BMi@1KBHBQMM�Bb

1M T`2KBĕ`2 �TT`Q+?2- i`QBb ;`�M/b 2Mb2K#H2b Tû/QHQ;B[m2b bQMi /BbiBM;m�#H2b bm` HǶ2K@
T`Bb2 /m /QK�BM2 ,

ě /�Mb H2 b2+i2m` /2 H� TH�BM2- H2b T�`+2HH2b bBimû2b ¨ HǶPm2bi T`ûb2Mi2Mi /2b bQHb i`ĕb
b�#H2mt �p2+ T2m /ǶûHûK2Mib ;`QbbB2`b 2M bm`7�+2 , /2 K�MBĕ`2 ûT�`b2 QM i`Qmp2 /2b
+�BHHQmt 2i ;�H2ib bBHB+2mt- T�`7QBb /2b TB2``2b +�H+�B`2b BbQHû2b- 2i [m2H[m2b ûHûK2Mib
/Ƕ�TTQ`ib �Mi?`QTB[m2b UimBH2b- #ûiQM- 2i+XV c



je *?�TBi`2 kX S?vbBQ;`�T?B2 /2b bBi2b /Ƕûim/2

ě H2b T�`+2HH2b bBimû2b ¨ HǶ1bi /m #HQ+ UT�`+2HH2b j 2i 9- 6B;m`2 kXRyV QMi /2b i2tim`2b
THmb }M2b- �bb2x /B{+BH2b ¨ /ûi2`KBM2` �m iQm+?2` c

ě /�Mb H2 b2+i2m` /m +Qi2�m- H2b bQHb T`ûb2Mi2Mi /2b i2tim`2b THmb �`;BH2mb2bX G2m`
+QmH2m`- #`mM D�mM�i`2- 2bi THmb +H�B`2 [m2 +2HH2b /2b bQHb /2 H� TH�BM2X G2 i2bi ¨
HǶ�+B/2 +?HQ`?v/`B[m2 /QMM2 mM2 pBp2 `û�+iBQM BM/B[m�Mi H� T`ûb2M+2 /2 +�`#QM�i2b
2M [m�MiBiû bB;MB}+�iBp2X PM `2i`Qmp2 7`û[m2KK2Mi 2M bm`7�+2 /2b ûHûK2Mib +�H@
+�B`2b /QMi H� /BK2MbBQM p� /m ;`�pB2` ¨ H� TB2``2X

G2b bQHb /2 HǶ�TT2HH�iBQM a�BMi@1KBHBQM QMi ûiû +�`iQ;`�T?Bûb T�` o�M G22mr2M URN3NV
¨ HǶû+?2HH2 /2 R ,k8 yyyĕK2X G� };m`2 kXd T`ûb2Mi2 mM 2ti`�Bi /2 +2ii2 +�`i2 [mB � ûiû
`û�HBbû2 bmBp�Mi H� +H�bbB}+�iBQM /2 *QKKBbbBQM /2 Tû/QHQ;B2 2i /2 +�`iQ;`�T?B2 /2b bQHb
U*S*a- RNedVX .�Mb +2 [mB bmBi- MQmb �pQMb i`�Mb7Q`Kû b2HQM H� i�#H2 /2 +Q``2bTQM/�M+2
H2b ivTQHQ;B2b *S*a 2M ivTQHQ;B2b /2 H� +H�bbB}+�iBQM _û7û`2MiB2H Sû/QHQ;B[m2 U"�Bx2 �M/
:B`�`/- kyyNVX G� +�`iQ;`�T?B2 H2pû2 T�` o�M G22mr2M URN3NV T`QTQb2 mM2 +H�bbB}+�iBQM
/2b bQHb bi`�iB}û2b b2HQM /Bzû`2Mi2b mMBiûb ;ûQKQ`T?QHQ;B[m2b /2 H� xQM2 ,

ě H� T�`iB2 +2Mi`�H2 /2 HǶ�TT2HH�iBQM- Qɍ H2b bQHb bQMi /ûp2HQTTûb bm` /2b bû/BK2Mib i2`@
iB�B`2b [mB 7Q`K2Mi /2b TH�i2�mt +�H+�B`2b U*�H+�B`2 ¨ �biû`B2bV 2MiQm`ûb /2 p2`b�Mib
i�BHHûb /�Mb H2b JQH�bb2b /m 6`QMb�/�Bb- THmb �#`mTib �m am/ [mǶ�m LQ`/ c

ě H� T�`iB2 bm` H2 +�H+�B`2 ¨ �biû`B2b- Qɍ HǶQM i`Qmp2 T`BM+BT�H2K2Mi /2b *�H+QbQHb
H2TiB[m2b T`Q+?2b /2 _2M/QbQHb �BMbB [m2 /2b "`mMBbQHb 2i LûQHmpBbQHb �p2+ mM2
ûT�Bbb2m` TQmp�Mi /ûT�bb2` HQ+�H2K2Mi k-8 K c

ě H� T�`iB2 /2 p2`b�Mi- Qɍ H2b bQHb bQMi ;ûMû`�H2K2Mi `2M+QMi`ûb /2b *�H+QbQHb ¨ i2tim`2
}M2 2M`B+?B2 2M HBKQMb }MbX *2b bQHb bQMi Ŀ `�D2mMBb ŀ `û;mHBĕ`2K2Mi T�` HǶû`QbBQM
/2 p2`b�MiX am` +2b TQbBiBQMb- QM MQi2 H� T`ûb2M+2 /2 bQm`+2b 2i `ûbm`;2M+2b c

ě H� T�`iB2 Pm2bi- /�Mb H2 b2+i2m` /2 SQK2`QH- Qɍ HǶQM `2M+QMi`2 /2b "`mMBbQHb b�#H2mt
T�`7QBb ?v/`QKQ`T?2b- /ûp2HQTTûb bm` H2b i2``�bb2b [m�i2`M�B`2b /2 HǶAbH2 U�|m2Mi
/2 H� .Q`/Q;M2 ¨ GB#Qm`M2V c

ě H� T�`iB2 am/- Qɍ H2b bQHb QMi mM2 i2tim`2 T`BM+BT�H2K2Mi ;`QbbBĕ`2 2i [mB bǶûi2M/ bm`
H� TH�BM2 �HHmpB�H2 /2 H� .Q`/Q;M2X am` +2ii2 T�`iB2 /2 TH�BM2- H� p�`B�#BHBiû ivTQHQ@
;B[m2 2bi `2H�iBp2K2Mi BKTQ`i�Mi2 , QM v `2M+QMi`2 iQmi �mbbB #B2M /2b 6HmpBQbQHb ¨
i2tim`2 KQv2MM2 ¨ }M2- [m2 /2b "`mMBbQHb b�#H2mt 2M`B+?Bi 2M ;`�p2b 2M T`Q7QM/2m`-
/2b LûQHmpBbQHb- /2b bQHb ¨ +�`�+iĕ`2b ?v/`QKQ`T?2b 2i /2b *�H+BbQHb �`;BH2mtX

am` HǶ2KT`Bb2 /m pB;MQ#H2- H� +�`i2 /2 o�M G22mr2M URN3NV BM/B[m2 H� T`ûb2M+2 /2 8 bQHb
/Bzû`2MibX .�Mb H� T�`iB2 /m +Qi2�m- H2b [m�i`2 T�`+2HH2b U*R ¨ *9- 6B;m`2 kXRyV bQMi bBimû2b
/�Mb H� KāK2 mMBiû , ǳ*�H+QbQHb ¨ i2tim`2 }M2ǴX .�Mb H2 b2+i2m` /2 H� TH�BM2- [m�i`2 mMBiûb
�TT�`�Bbb2Mi bm` H2 pB;MQ#H2- /ǶPm2bi 2M 1bi QM i`Qmp2 ,

ě /2b ǳ"`mMBbQHb 1mi`B[m2b ¨ i2tim`2 ;`QbbBĕ`2- `2+�`#QM�iû 2M bm`7�+2Ǵ �m MBp2�m /2
H� T�`+2HH2 S U6B;m`2 kXRyV c

ě /2b ǳLûQHmpBbQHb ¨ i2tim`2 ;`QbbBĕ`2 2i ¨ Tb2m/Q;H2v �TT�`�Bbb�Mi 2Mi`2 9y 2i ey +KǴ
�m MBp2�m /2b T�`+2HH2b R�- R#- k- e 2i d U6B;m`2 kXRyV c

ě /2b ǳ_û/QtBbQHb ¨ Tb2m/Q;H2v bmT2`}+B2H ¨ i2tim`2 }M2 2i `2+�`#QM�iû 2M bm`7�+2Ǵ
�m MBp2�m /2b T�`+2HH2b k- j- 9- 8 2i e U6B;m`2 kXRyV c

ě /2b ǳLûQHmpBbQHb ¨ i2tim`2 ;`QbbBĕ`2 2i ¨ Tb2m/Q;H2v �TT�`�Bbb�Mi ¨ KQBMb /2 9y
+KǴ �m MBp2�m /2b T�`+2HH2b j 2i 9 U6B;m`2 kXRyVX



kXjX G2b bBi2b /Ƕûim/2 jd

6B;m`2 kXd Ĝ 1ti`�Bi /2 H� +�`i2 /2b bQHb /2 a�BMi@1KBHBQM Uo�M G22mr2M- RN3NVX 1M
TQBMiBHHûb MQB`b , H2b T�`+2HH2b /m *?�i2�m *�T2i@:mBHHB2`X



j3 *?�TBi`2 kX S?vbBQ;`�T?B2 /2b bBi2b /Ƕûim/2

6B;m`2 kX3 Ĝ 1ti`�Bi /2 H� Hû;2M/2 /2 H� +�`i2 /2b bQHb /2 a�BMi@1KBHBQM Uo�M G22mr2M-
RN3NVX
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6B;m`2 kXN Ĝ Sv`�KB/2 /2b �;2b U2M kyRNV /m pB;MQ#H2 /m *?�i2�m *�T2i@:mBHHB2`X

kXjXRX8 oBiB+mHim`2 �m *?�i2�m *�T2i@:mBHHB2` , BiBMû`�B`2 i2+?MB[m2 2i +�H2M@
/`B2`

*�`�+iû`BbiB[m2b /m pB;MQ#H2 2i K�iû`B2H pû;ûi�H

G2 pB;MQ#H2 /m +?�i2�m +Qmp`2 Rj-k ?� /2 pB;M2b 2M T`Q/m+iBQM TQm` mM2 bm`7�+2 +mHim`�H2
/2 R8-j ?� Ubm`7�+2 *oAVX G� bm`7�+2 KQv2MM2 /2b T�`+2HH2b 2bi /Ƕ2MpB`QM R ?2+i�`2 �p2+
mM2 KQv2MM2 /Ƕ�;2 /2b pB;M2b /2 Rj �Mb U/2 y ¨ 89 �MbV U6B;m`2 kXNVX G� /Bbi�M+2 BMi2`@
`�M; 2bi /2 R-8 K 2i TQm` mM2 /Bbi�M+2 BMi2`@+2T [mB p�`B2 2M 7QM+iBQM /2b T�`+2HH2b /2 y-38
¨ R-ky KX G� /2MbBiû /2 TH�Mi�iBQM p�`B2 2Mi`2 8 88e 2i 3 RR9 TB2/b T�` ?2+i�`2 �p2+ mM2
KQv2MM2 /2 e e98 TB2/b T�` ?2+i�`2X G2 pB;MQ#H2 2bi +QKTQbû /2 /2mt ŗHQib /2 T�`+2HH2b
2i /2 [m2H[m2b T�`+2HH2b b�i2HHBi2b U6B;m`2 kXRyVX G2 T`2KB2` ŗHQi UN-8e ?�V [mB 2bi bBimû
/�Mb mM2 xQM2 /2 TH�BM2 `2T`ûb2Mi2 2bi +QMbiBimû /2b T�`+2HH2b MmKû`Qiû2b /2 R ¨ dX �
+2i �;;HQKû`�i bǶ�DQmi2Mi BV mM2 T�`+2HH2 b�i2HHBi2 UMQKKû2 SV /2 y-jR ?�- BBV /2mt �mi`2b
T�`+2HH2b �m am/ U>R 2i >kV- /ǶmM2 bm`7�+2 iQi�H2 /2 y-jd ?�X G2 /2mtBĕK2 ŗHQi Uk-N9 ?�V
2bi TQbBiBQMMû �m LQ`/@1bi /m +?�i2�m bm` H2 +Qi2�m am/ /m TH�i2�mX AH 2bi +QKTQbû /2 9
T�`+2HH2b U*R ¨ *9V /QMi b2mH2b H2b T�`+2HH2b *R ¨ *j bQMi �mDQm`/Ƕ?mB 2M T`Q/m+iBQM UbQBi
k-dd ?�VX

G� T`Q/m+iBQM /m /QK�BM2 2bi /û/Bû2 ¨ H� T`Q/m+iBQM /2 pBM `Qm;2 2M �TT2HH�iBQM a�BMi@
1KBHBQM ;`�M/ +`m �p2+ H2 J2`HQi L +QKK2 +ûT�;2 K�DQ`Bi�B`2 U38W /2 H� bm`7�+2V- +H�b@
bB[m2 ¨ a�BMi@1KBHBQMX G2 *�#2`M2i 7`�M+ L 2bi û;�H2K2Mi T`ûb2Mi ¨ ?�mi2m` /2 8W- 2i /m
*Qi L � ûiû TH�Miû 2M kyRe URyWVX .2mt T`BM+BT�mt TQ`i2b@;`2z2 bQMi �bbQ+Bûb �m J2`HQi
L , RyR@R9 JBHH�`/2i 2i /2 :`�bb2i URyR@R9 J:iV 2i _BT�`B� :HQB`2 /2 JQMiT2HHB2`X

h`�p�BH /m bQH 2i ;2biBQM /2 HǶ2M?2`#2K2Mi

GǶ�#�M/QM /2b ?2`#B+B/2b bm` H� T`QT`Bûiû /2TmBb kyyN BKTQb2 mM i`�p�BH /m bQH `û;mHB2`
�}M /2 HBKBi2` H� TQmbb2 /2 HǶ?2`#2 �m +Qm`b /2 H� b�BbQMX aQmb H2 `�M; /2 pB;M2- H2 bQH
2bi i`�p�BHHû ¨ HǶ�B/2 /ǶmM QmiBH BMi2`@+2T U.û+�H2tV- +Ƕ2bi@¨@/B`2 mM2 +?�``m2 KmMB2 /ǶmM
T�HT2m` [mB T2`K2i H2 `2i`�Bi /2 HǶQmiBH �m MBp2�m /2 +?�[m2 +2T /2 pB;M2X *2 i`�p�BH 2bi
`û�HBbû bm` mM2 [mBMx�BM2 /2 +2MiBKĕi`2b /2 T`Q7QM/2m` 2i bm` k8 +K /2 H�`;2 /2 +?�[m2
+Ƭiû /m `�M;X G2b BMi2`@`�M;b bQMi [m�MiǶ¨ 2mt bQBi 2M?2`#ûb �p2+ /2b +mHim`2b /2 b2`pB+2
b2Kû2b Uk `�M;b bm` jV- bQBi 2M 2M?2`#2K2Mi bTQMi�Mû UR `�M; bm` jVX SQm` H2b TH�Mi2b /2
b2`pB+2b- BH bǶ�;Bi H2 THmb bQmp2Mi /ǶmM KûH�M;2 /Ƕ�pQBM2 U�p2M� b�iBp�V- /2 b2B;H2 Ua2+�H2
+2`2�H2V 2i /2 p2b+2 UoB+B� b�iBp�V /�Mb /2b T`QTQ`iBQMb p�`B�#H2bX G2 `�M; 2M 2M?2`#2K2Mi



9y *?�TBi`2 kX S?vbBQ;`�T?B2 /2b bBi2b /Ƕûim/2

6B;m`2 kXRy Ĝ *�`i2 /2b T�`+2HH2b 2i 2M+ûT�;2K2Mi /m +?�i2�m *�T2i@:mBHHB2`X



kXjX G2b bBi2b /Ƕûim/2 9R

bTQMi�Mû b�Mb i`�p�BH /2 bQH 2bi iQM/m �m ;B`Q#`Qv2m` �}M /2 7�pQ`Bb2` H� TQ`i�M+2 /m bQH
2i �m;K2Mi2` H� i`�}+�#BHBiû 2M +�b /2 THmB2X am` H� T`QT`Bûiû- i`QBb ivT2b /2 i`�p�BH /m bQH
bQMi `û�HBbûb ,

ě mM i`�p�BH bmT2`}+B2H UR8 +KV `û�HBbû `û;mHBĕ`2K2Mi �m +Qm`b /2 H� b�BbQM �}M /2 ;û`2`
H� TQmbb2 /2 HǶ?2`#2X �m +Qm`b /2 H� b�BbQM- H2 pBiB+mHi2m` miBHBb2 H� +QKTûiBiBQM �p2+
HǶ2M?2`#2K2Mi /2 HǶBMi2`@`�M; TQm` ;û`2` H2 bi�imi ?v/`B[m2 /2 H� pB;M2X GQ`b[m2 H�
+QMi`�BMi2 ?v/`B[m2 2bi i`QT 7Q`i2- BH /û+B/2 /2 /ûi`mB`2 HǶ2M?2`#2K2Mi /2 HǶBMi2`@
`�M; �}M /2 bmTT`BK2` H� +QKTûiBiBQMX SQm` +2H�- BH miBHBb2 mM QmiBH /2 ivT2 ;`Bz2
U�+iBbQH ȉV bm` H2b [mBMx2 T`2KB2`b +2MiBKĕi`2b /m bQH c

ě mM i`�p�BH THmb T`Q7QM/ Uk8 +KV �T`ĕb H2b p2M/�M;2b- Qɍ H� iQi�HBiû /2b BMi2`@`�M;b
bQMi i`�p�BHHûb �p2+ mM QmiBH /2 ivT2 /Bb[m2 �}M /2 /û+QKT�+i2` H2b bQHb �p�Mi HǶ?Bp2`
2i H2b T`ûT�`2` �m b2KBb /2 /û#mi MQp2K#`2 c

ě mM i`�p�BH /2 bQH T`Q7QM/ U8y +KV `ûb2`pû ¨ H� T`ûT�`�iBQM /2b T�`+2HH2b TQm` H�
`2TH�Mi�iBQMX � HǶ�``�+?�;2 /2 H� T�`+2HH2- H2b +2Tb 2i H2m`b `�+BM2b bQMi �``�+?ûb
�p2+ mM T2B;M2 /�Mb H2 #mi /2 HBKBi2` H� i`�MbKBbbBQM /2 pB`Qb2b /ǶmM2 TH�Mi�iBQM
¨ HǶ�mi`2X G� T�`+2HH2 2bi 2MbmBi2 H�Bbbû2 �m `2TQb T2M/�Mi mM2 b�BbQM �p2+ mM2
+mHim`2 /2 b2`pB+2X �m /û#mi /2 HǶ�MMû2 bmBp�Mi2- H2 bQH 2bi i`�p�BHHû ¨ 8y +K �p2+
mM2 +?�``m2- TmBb mM T�bb�;2 /2 /Bb[m2b �p�Mi H� TH�Mi�iBQM T2`K2i /2 MBp2H2` H�
T�`+2HH2X

�m +Qm`b /2 H� b�BbQM- H2 pBiB+mHi2m` miBHBb2 H� +QKTûiBiBQM �p2+ HǶ2M?2`#2K2Mi /2 HǶBMi2`@
`�M; TQm` ;û`2` H2 bi�imi ?v/`B[m2 /2 H� pB;M2X GQ`b[m2 H� +QMi`�BMi2 ?v/`B[m2 2bi i`QT
7Q`i2- BH /û+B/2 /2 /ûi`mB`2 HǶ2M?2`#2K2Mi /2 HǶBMi2`@`�M; �}M /2 bmTT`BK2` H� +QKTûiBiBQMX
SQm` +2H�- BH miBHBb2 mM QmiBH /2 ivT2 ;`Bz2 U�+iBbQH ȉV bm` H2b [mBMx2 T`2KB2`b +2MiBKĕi`2b
/m bQHX

kXjXRXe 1HûK2Mib /2 pBMB}+�iBQM �m *?�i2�m *�T2i@:mBHHB2`

.2mt +`mb bQMi T`Q/mBib �m +?�i2�m , H2 +`m *?�i2�m *�T2i@:mBHHB2` [mB +QMbiBim2 H� +mpû2
?�mi /2 ;�KK2- 2i H2 +`m *?�i2�m hQm` /2 *�T2i [mB 2bi H� +mpû2 /2 KBHB2m /2 ;�KK2X
G2b HQib /2 pBM /2 [m�HBiû BM7û`B2m`2 bQMi p2M/mb ¨ mM Mû;Q+B�Mi TQm` āi`2 +QKK2`+B�HBbûb
bQmb HǶûiB[m2ii2 /ǶmM2 K�`[m2 /Bbi`B#mi2m` 2M �TT2HH�iBQM a�BMi@1KBHBQM ;ûMû`B[m2X

.�i2b /2b p2M/�M;2b , *?�[m2 �MMû2 H� /�i2 /2 H� p2M/�M;2 /2 +?�[m2 T�`+2HH2 2bi
/ûi2`KBMû2 ;`�+2 ¨ mM bmBpB /2 HǶûpQHmiBQM /2b #�B2b �m +Qm`b /2 H� }M /2 b�BbQMX G2b #�B2b
bQMi /û;mbiû2b THmbB2m`b 7QBb T�` b2K�BM2 T�` H2 /B`2+i2m` i2+?MB[m2- H2 K�ŗi`2 /2 +?�B-
�BMbB [mǶmM 2tT2`i +QMbmHi�MiX G� /û;mbi�iBQM 2bi 7�Bi2 /�Mb THmbB2m`b `�M;b �m b2BM /2
+?�[m2 T�`+2HH2 �}M /Ƕûp�Hm2` H� p�`B�#BHBiû BMi`�@T�`+2HH�B`2X G� /�i2 2t�+i2 /2b p2M/�M;2b
2bi /ûi2`KBMû2 �}M /ǶQ#i2MB` /2b `�BbBMb �p2+ mM2 K�im`Biû T?ûMQHB[m2 bB HǶûi�i b�MBi�B`2 H2
T2`K2iX G� T2HHB+mH2- H� [m�HBiû /2b TûTBMb- HǶû[mBHB#`2 bm+`2f�+B/2 �BMbB [m2 H2b �`ƬK2b bQMi
T`Bb 2M +QKTi2 /�Mb H� /û;mbi�iBQM /2b `�BbBMbX G� K�im`Biû QTiBK�H2 2bi Q#i2Mm2 HQ`b[m2
H� T2HHB+mH2 /2b J2`HQib /2pB2Mi MQB` QT�[m2 2i [mǶ2HH2 û+H�i2 bQmb H� /2Mi- [m2 H2b TûTBMb
QMi /2b �`ƬK2b /2 MQBb2ii2- 2i [m2 H� #�B2 MǶ2bi THmb �+B/2- K�Bb /QMM2 /2b �`ƬK2b 7`mBiûbX
�p�Mi +2ii2 K�im`Biû H2b #�B2b bQMi �+B/2b 2i �bi`BM;2Mi2bX *2ii2 ûi�T2 /2 /û;mbi�iBQM
/2b `�BbBMb T2`K2i û;�H2K2Mi /Ƕûp�Hm2` H2m` [m�HBiû �}M /Ƕ�/�Ti2` HǶBiBMû`�B`2 i2+?MB[m2
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/2 p2M/�M;2 T�` H� bmBi2X lM +QMi`ƬH2 /2 K�im`Biû UQ#HB;�iQB`2V 2bi `û�HBbû �m H�#Q`�iQB`2
ƾMQHQ;B[m2 /2 *�biBHHQM H� "�i�BHH2- �}M /2 K2bm`2` H2 /2;`û /Ƕ�H+QQH TQi2MiB2H- HǶ�+B/Biû
iQi�H2- H� i2M2m` 2M �xQi2 �bbBKBH�#H2 2i H2 T> /m KQȿiX GǶû[mBT2 i2+?MB[m2 bǶ�TTmB2 bm`
+2b �M�Hvb2b- KāK2 bB mM2 ;`�M/2 BKTQ`i�M+2 2bi �++Q`/û2 ¨ H� /û;mbi�iBQM /2b #�B2bX

_û+2TiBQM /2 H� p2M/�M;2 , G2 /û} TQm` H2 K�ŗi`2 /2 +?�B 2bi /2 K2ii`2 2M +mp2 /2b
#�B2b /2 `�BbBMb H2b THmb 2MiBĕ`2b TQbbB#H2X SQm` +2H�- H2b `�BbBMb /2biBMûb �m +`m ?�mi /2
;�KK2 *?�i2�m *�T2i@:mBHHB2`- bQMi `û+QHiûb ¨ H� K�BMX GǶû[mBT2 /2 p2M/�M;2m` `û�HBb2
mM T`2KB2` i`B /�Mb H� T�`+2HH2 Qɍ b2mHb H2b `�BbBMb ¨ K�im`Biû bQMi `û+QHiûbX G2b ;`�TT2b
bQMi i`�MbTQ`iû2b Dmb[mǶ�m +?�B /�Mb /2b +�;2ii2b �}M /2 HBKBi2` H2 i�bb2K2Mi /2b #�B2bX
G� +?�ŗM2 /2 `û+2TiBQM 2bi +QKTQbû2 ,

ě /ǶmM û`�~QB` [mB bûT�`2 H2b #�B2b /2 H� `�~2-
ě /ǶmM2 i�#H2 pB#`�Mi2 [mB û;Qmii2 H2b #�B2b-
ě /ǶmM i`B2m` /2MbBKûi`B[m2 [mB ûHBKBM2 H2b /û+?2ib 2i H2b #�B2b MQM K�im`2b-
ě /ǶmM2 i�#H2 /2 i`B K�Mm2H �p2+ [m�i`2 T2`bQMM2b TQm` ûHBKBM2` H2b /2`MB2`b /û+?2ib-
ě 2Mi`2 H2b ûHûK2Mib /2 H� +?�ŗM2- mM ûHûp�i2m` ¨ #�M/2 2bi TH�+û HQ`b[m2 H� p2M/�M;2

� #2bQBM /Ƕāi`2 `2KQMiû2X

SQm` /2b `�BbQMb û+QMQKB[m2b- H2b `�BbBMb H2b KQBMb [m�HBi�iB7b- /2biBMûb �m b2+QM/ +`m hQm`
/2 *�T2i- bQMi p2M/�M;ûb ¨ HǶ�B/2 /ǶmM2 p2M/�M;2mb2 Kû+�MB[m2X G2b `�BbBMb bQMi û`�~ûb
/B`2+i2K2Mi T�` H� p2M/�M;2mb2 2i +2HH2@+B `û�HBb2 mM T`2KB2` i`B [mB û+�`i2 mM2 T�`iB2 /2b
72mBHH2b- `�BbBMb p2`ib Qm TQm``Bb [mB �m`�B2Mi Tm āi`2 +�Tiûb T�` H� K�+?BM2X G2 i`�MbTQ`i
Dmb[mǶ�m +?�B 2bi `û�HBbû T�` mM2 #2MM2 #�b+mH�Mi2 ¨ #2+ pB#`�MiX lM2 7QBb �m +?�B- H2 i`B
/2 H� p2M/�M;2 2bi `û�HBbû T�` mM2 i�#H2 pB#`�Mi2 TQm` û;Qmii2` H2b #�B2b TmBb mM i`B2m`
/2MbBKûi`B[m2 [mB ûHBKBM2 H2b /û+?2ib 2i H2b #�B2b MQM K�im`2bX �T`ĕb H2 i`B- H� p2M/�M;2
2bi +QMpQvû2 /�Mb /2b +?�`BQib Dmb[mǶ¨ mM ûHûp�i2m` ¨ #�M/2 [mB H� /ûp2`b2 2MbmBi2 /�Mb
H� +mp2 2M +Qm`b /2 `2KTHBbb�;2X

*mpB2` , G2 +?�B /m *?�i2�m *�T2i@:mBHHB2` 2bi +QMbiBimû /2 kj +mp2b 2M #ûiQM #`mi-
TQm` mM2 +�T�+Biû /2 Rkyy ?G- 2i /2 9 7Qm/`2b 2M #QBb- TQm` mM2 +�T�+Biû /2 R9y ?GX
G� +QMi2M�M+2 KQv2MM2 /2b +mp2b 2bi /2 8k ?G +2 [mB T2`K2i /2 bûT�`2` H2b `�BbBMb /2b
/Bzû`2Mi2b T�`+2HH2b UQm bQmb T�`+2HH2bV �m KQK2Mi /2 H� `û+2TiBQM /2 H� p2M/�M;2X G2b
+mp2b 2M #ûiQM /BbTQb2Mi /ǶmM2 Qm /2mt i`�TT2b /Ƕ�++ĕb H�`;2 U/B�Kĕi`2 R-ky KV [mB 7�+BHBi2
HǶ�++ĕb �m +?�T2�m /2 K�`+ �m KQK2Mi /2b pBMB}+�iBQMbX G2b 7Qm/`2b 2M #QBb bQMi Qmp2`i2b
bm` H2 /2bbmb T2`K2ii�Mi mM2 pBbBQM +QKTHĕi2 /m K�`+X G2 +?�B 2bi û[mBTû /ǶmM bvbiĕK2
/2 `û;mH�iBQM i?2`KB[m2 , +?�[m2 +mp2 2bi /Qiû2 /ǶmM i?2`KQKĕi`2 2i /ǶmM û+?�M;2m`
i?2`KB[m2 [mB 2bi �HBK2Miû bQBi T�` mM `ûb2�m /Ƕ2�m +?�m/2 bQBi T�` mM `ûb2�m /Ƕ2�m
7`QB/2 T2`K2i /2 +QMi`ƬH2` H� i2KTû`�im`2 ¨ HǶBMiû`B2m` /2 +?�[m2 +mp2X

S`Q+2bbmb /2 pBMB}+�iBQM , lM2 7QBb H2 `�BbBM 2M +mp2- /ûK�``2 H� pBMB}+�iBQM [mB
+QMbBbi2 ¨ i`�Mb7Q`K2` H2 `�BbBM UH2 KQȿiV 2M pBM 2i [mB b2 /û`QmH2 b2HQM THmbB2m`b T?�b2b , H�
K�+û`�iBQM T`û@72`K2Mi�B`2- H� 72`K2Mi�iBQM �H+QQHB[m2- H� 72`K2Mi�iBQM TQbi@72`K2Mi�B`2-
HǶû+QmH�;2 2i H2 T`2bbm`�;2 /m K�`+ 2i 2M}M H� 72`K2Mi�iBQM K�HQ@H�+iB[m2X

amBi2 ¨ HǶ2M+mp�;2- /ûK�``2 H� K�+û`�iBQM T`û@72`K2Mi�B`2 ¨ 7`QB/ , H2 `�BbBM 2bi `27`QB/B
T2M/�Mi j DQm`b TQm` H2 K�BMi2MB` 2Mi`2 Ry 2i Rjê*X G2 /ûK�``�;2 /2 H� 72`K2Mi�iBQM 2bi
�BMbB `2i�`/û 2i T2`K2i /Ƕ2ti`�B`2 /2 7�ÏQM bûH2+iBp2 +2`i�BMb +QKTQbûb ?v/`QbQHm#H2b i2Hb
[m2 /2b TB;K2Mib- /2b �`ƬK2b 2i i�MBMbX
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G� 72`K2Mi�iBQM �H+QQHB[m2 /ûK�``2 bmBi2 ¨ mM H2pm`�;2 /2 H� +mp2X G� i2KTû`�im`2 /2
H� +mp2 2bi `2KQMiû2 TQm` 7�pQ`Bb2` H2 /ûK�``�;2 /2 HǶ�+iBpBiû #BQHQ;B[m2X SmBb mM2 7QBb
/ûK�``û2- H� 72`K2Mi�iBQM �H+QQHB[m2 /û;�;2 #2�m+QmT /2 +?�H2m`- H� i2KTû`�im`2 2bi
/QM+ `û;mHû2 ;`�+2 �m bvbiĕK2 /2 7`QB/ 2Mi`2 k8 2i jyê*X GQ`b /2 +2ii2 T?�b2- H2 bm+`2
+QMi2Mm /�Mb H2 KQȿi 2bi T`Q;`2bbBp2K2Mi +QMbQKKû T�` H2b H2pm`2b [mB H2 i`�Mb7Q`K2Mi
2M �H+QQHX .�Mb H� +mp2 H2b #�B2b /2 `�BbBM û+H�i2Mi bQmb H� T`2bbBQM- H� T2HHB+mH2 2i H2b
TûTBMb- THmb Hû;2`b [m2 H2 Dmb `2KQMi2 2i 7Q`K2 mM ǳ+?�T2�mǴ /2 K�`+X GǶ2ti`�+iBQM /2b
+QKTQbûb T2HHB+mH�B`2b 2bi mM2 ûi�T2 BKTQ`i�Mi2 TQm` H� T`Q/m+iBQM /2 pBM `Qm;2X 1M 2z2i-
H2b T2HHB+mH2b +QMiB2MM2Mi mM 2Mb2K#H2 /2 +QKTQbûb UTQHvT?ûMQHb- i�MBMb- 2i+XV `2+?2`+?ûb
/�Mb mM pBM `Qm;2 /2 [m�HBiûX �}M /Ƕ2ti`�B`2 +2b +QKTQbûb p2`b H2 Dmb- /2mt i2+?MB[m2b
bQMi miBHBbû2b T�` H2 *?�i2�m *�T2i@:mBHHB2` , UBV H2b `2KQMi�;2b [mB +QMbBbi2 ¨ �``Qb2` H2
+?�T2�m /2 K�`+ �p2+ H2 Dmb /2 H� +mp2 �}M /2 H2 K2ii`2 2M +QMi�+i �p2+ H2b T2HHB+mH2b c
UBBV H2 TB;2�;2 [mB +QMbBbi2 ¨ 2M7QM+2` H2 +?�T2�m /2 K�`+ /�Mb H2 Dmb TQm` HǶBKK2`;2`X
*2b /2mt Kûi?Q/2b /Ƕ2ti`�+iBQM bQMi /Bi2b ǳ/Qm+2bǴ �}M /2 HBKBi2` HǶ2ti`�+iBQM /2 i�MBMb
�bi`BM;2Mib 2i �K2`b T`ûb2Mib /�Mb H2b TûTBMb [mB M2 bQMi T�b /ûbB`ûb B+BX

G� 72`K2Mi�iBQM �H+QQHB[m2 /m`2 H2 THmb bQmp2Mi mM2 [mBMx�BM2 /2 DQm`b- 2HH2 2bi +QMbB/û`û2
+QKK2 i2`KBMû2 HQ`b[m2 H� [m�MiBiû /2 bm+`2 2bi BM7û`B2m`2 ¨ k ;fGX PM H�Bbb2 �HQ`b H2 pBM 2M
+mp2 �p2+ bQM +?�T2�m /2 K�`+ TQm` H� K�+û`�iBQM TQbi@72`K2Mi�B`2X G2 pBM 2bi K�BMi2Mm
¨ k3ê* TQm` 7�pQ`Bb2` H� bvMi?ĕb2 /2 +QKTQbûb T?ûMQHB[m2b 2i �KûHBQ`2` H� [m�HBiû /2b
i�MBMbX SQm` /ûi2`KBM2` H� /m`û2 /2 +2ii2 K�+û`�iBQM- H2 pBM 2bi ;Qȿiû `û;mHBĕ`2K2Mi T�`
iQmi2 HǶû[mBT2 i2+?MB[m2X

lM2 7QBb H� K�+û`�iBQM TQbi@72`K2Mi�B`2 i2`KBMû2- QM T`Q+ĕ/2 ¨ HǶû+QmH�;2 /2 H� +mp2X
*2HH2@+B 2bi bQmiB`û2 TQm` 2M 2ti`�B`2 H2 ǳpBM /2 ;Qmii2Ǵ [mB b2`� biQ+Fû /�Mb mM2 +mp2 pB/2X
lM2 7QBb û;Qmiiû- H2 K�`+ `2bi�Mi /�Mb H� +mp2 2bi T`2bbû /�Mb mM T`2bbQB` ?v/`�mHB[m2
p2`iB+�HX G2 pBM `û+mTû`û T�` +2 T`Q+û/û 2bi �TT2Hû ǳpBM /2 T`2bb2Ǵ 2i +2HmB@+B b2`� biQ+Fû
bûT�`ûK2Mi /m pBM /2 ;Qmii2X AH 2bi ¨ MQi2` [m2 /m`�Mi HǶûi�T2 /2 T`2bb2 THmbB2m`b [m�HBiûb
/2 pBM bQMi 2ti`�Bi2b 2M 7QM+iBQM /2 H� T`2bbBQM �TTHB[mû2 bm` H2 K�`+X *2b /Bzû`2Mib HQib
bQMi bûT�`ûb �}M /2 T`ûb2`p2` H2b K2BHH2m`bX

G2 pBM 2bi �HQ`b `2KBb bQBi 2M +mp2 bQBi 2M #�``B[m2- 2i /2b �M�Hvb2b bQMi `û�HBbû2b TQm`
+QMM�ŗi`2 HǶ�p�M+2K2Mi /2 H� 72`K2Mi�iBQM K�HQ@H�+iB[m2X *2ii2 72`K2Mi�iBQM 2bi BKTQbû2
T�` H2 +�?B2` /2b +?�`;2b /2 HǶ�TT2HH�iBQM UJBMBbiĕ`2 /2 HǶ�;`B+mHim`2 2i /2 HǶ�HBK2Mi�iBQM-
kyRd�V- +�` H� i`�Mb7Q`K�iBQM /2 HǶ�+B/2 K�HB[m2 2M �+B/2 H�+iB[m2 BM~m2M+2 H� [m�HBiû
Q`;�MQH2TiB[m2 /m pBMX �}M /2 7�pQ`Bb2` +2ii2 72`K2Mi�iBQM- H2 pBM 2bi K�BMi2Mm 2Mi`2 ky
2i kkê*X

lM2 7QBb H� pBMB}+�iBQM i2`KBMû2- H2b pBMb pQMi TQmpQB` +QKK2M+2` H2m` ûH2p�;2 Mû+2bb�B`2
�p�Mi H� KBb2 2M #Qmi2BHH2X PM MQi2`� [mǶ¨ +2 KQK2Mi- H2b /Bzû`2Mib HQib /2 pBMb /2 ;Qmii2
2M T`Qp2M�M+2 /2b /Bzû`2Mi2b T�`+2HH2b bQMi 2M+Q`2 bûT�`ûbX G2b HQib /2 pBMb /2 T`2bb2b
[m�Mi ¨ 2mt bQMi �bb2K#Hûb 2M 7QM+iBQM /2 H2m` [m�HBiûX

*?�[m2 HQi /2 pBM /2 ;Qmii2 7�Bi �HQ`b HǶQ#D2i /ǶmM2 /û;mbi�iBQM T�` H2 /B`2+i2m` i2+?MB[m2-
H2 K�ŗi`2 /2 +?�B 2i H2 +QMbmHi�Mi ƾMQHQ;m2X lM2 MQi2- +QKT`Bb2 2Mi`2 � 2i *- 2bi �ii`B#mû2
¨ +?�+mM /2b HQib , � UH� K2BHH2m`2 MQi2V 2i * UH� KQBMb #QMM2VX SQm` H� /û;mbi�iBQM- e
+`Biĕ`2b Q`;�MQH2TiB[m2b bQMi [m�MiB}ûb , UBV H� HQM;m2m` 2M #Qm+?2- UBBV H� i2MbBQM 2i
HǶû[mBHB#`2 2M #Qm+?2 2Mi`2 �H+QQH 2i �+B/Biû- UBBBV H� +?�`;2 i�MB[m2- UBpV HǶBMi2MbBiû /2 H�
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6B;m`2 kXRR Ĝ LQi2b /2 [m�HBiû /m pBM /2 � UK2BHH2m`V ¨ * UKQBMb #QMV- 2i H2b +`Biĕ`2b /2
MQi�iBQM miBHBbûb TQm` H� /û;mbi�iBQMX G2 /B�;`�KK2 BM/B[m2 HǶBMi2`p�HH2 /m b+Q`2 Mû+2bb�B`2
¨ HǶQ#i2MiBQM /2 H� MQi2 }M�H2 /2 [m�HBiûX

+QmH2m`- UpV H� K�im`Biû 2i H� }M2bb2 /2b i�MBMb- UpBV H� +QKTH2tBiû �`QK�iB[m2X *?�[m2
+`Biĕ`2 2bi ûp�Hmû T�` mM b+Q`2 2Mi`2 R 2i 8X G� MQi2 }M�H2 /2 [m�HBiû /m pBM U/2 � ¨ *V
2bi �ii`B#mû2 b2HQM H� MQi2 /2 [m�HBiû H� THmb ûH2pû2 HQ`b[m2 H2b b+Q`2b KBMBKmKb TQm` iQmb
H2b K�`[m2m`b bQMi �ii2BMib U6B;m`2 kXRRVX

1H2p�;2 , G2b pBMb bQMi ûH2pûb Dmb[mǶ�m T`BMi2KTb /2 H� /2mtBĕK2 �MMû2 [mB bmBi H� `û+QHi2
U+Ƕ2bi@¨@/B`2 [m2 H2 KBHHûbBK2 `û+QHiû 2M kyRe � ûiû ûH2pû Dmb[mǶ�m T`BMi2KTb kyR3VX lM2
T�`iB2 /2 +2i ûH2p�;2 2bi `û�HBbû 2M #�``B[m2 2M +?āM2 Tû/QM+mHû UZm2`+mb `Q#m`V 7`�MÏ�Bb
/ǶmM2 +QMi2M�M+2 /2 kk8 HBi`2bX G2 T�`+ /2 #�``B[m2b +QKT`2M/ /2 k8y ¨ jyy #�``B[m2b
b2HQM H2b �MMû2b- 2i +2HH2b@+B bQMi `2MQmp2Hû2b bm` mM +v+H2 /2 j �MbX �BMbB- +?�[m2 �MMû2- H2
T�`+ /BbTQb2 /ǶmM iB2`b /2 #�``B[m2b M2mp2bX G2b HQib H2b THmb [m�HBi�iB7b bQMi bûH2+iBQMMûb
TQm` mM ûH2p�;2 2M #�``B[m2 M2mp2X GǶûH2p�;2 /2b �mi`2b HQib 2bi `û�HBbû /�Mb /2b #�``B[m2b
/ǶmM Qm /2mt pBMb 2i 2M +mp2 #ûiQMX �m +Qm`b /2 HǶûH2p�;2- /2b �M�Hvb2b KB+`Q@#BQHQ;B[m2b
bQMi `û;mHBĕ`2K2Mi `û�HBbû2b bm` H2b /Bzû`2Mib HQib �}M /2 pû`B}2` H� [m�HBiû /2 +?�+mMX

�bb2K#H�;2 2i KBb2 2M #Qmi2BHH2 , lM2 7QBb HǶûH2p�;2 i2`KBMû- H2 pBM 2bi /û;mbiû T�`
HǶû[mBT2 i2+?MB[m2 �}M /2 T`2M/`2 H� /û+BbBQM TQm` HǶ�bb2K#H�;2 }M�H /2b /Bzû`2Mib +`mbX
*2i �bb2K#H�;2 T`2M/ 2M +QKTi2 H� [m�HBiû 2i H2 pQHmK2 /BbTQMB#H2 /2 +?�+mM /2b HQibX
GǶ2MD2m 2bi �HQ`b /2 i`Qmp2` H2 #QM +QKT`QKBb 2Mi`2 H� [m�HBiû 2i H2 pQHmK2 /2b /Bzû`2Mib
+`mb Q#i2MmbX G2b pBMb bQMi 2MbmBi2 �bb2K#Hûb /�Mb /2b +mp2b /2 ;`�M/2 +QMi2M�M+2- H2 pBM
2bi +QHHû 2i }Hi`2` �}M /ǶûHBKBM2` H2b T�`iB+mH2b 2M bmbT2MbBQM [mB MǶ�m`�B2Mi T�b /û+�Miûb
�p2+ H2b HB2b HQ`b /2 HǶûH2p�;2X amBi2 ¨ +2ii2 ûi�T2- H2 pBM 2bi T`āi TQm` H� KBb2 2M #Qmi2BHH2X
JBb2 2M #Qmi2BHH2 QTû`û2 �m +?�i2�m T�` mM T`2bi�i�B`2 /2 b2`pB+2X

G2b ;`�M/2b ûi�T2b /2b i`�p�mt pBiB@pBMB+QH2b `û�HBbû �m *?�i2�m *�T2i@:mBHHB2` QMi ûiû
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bvMi?ûiBbûb bm` mM2 7`Bb2 +?`QMQHQ;B[m2 T`ûb2Miû2 T�` H� };m`2 kXRkX

kXjXk *?�i2�m S�i�+?2 /Ƕ�mt

kXjXkXR GǶ�B`2 /Ƕ�TT2HH�iBQM Jû/Q+

G2 *?�i2�m S�i�+?2 /Ƕ�mt b2 bBim2 �m b2BM /2 HǶ�P* Jû/Q+ U6B;m`2 kX9VX G2 Jû/Q+ 2bi
mM2 T`2b[mǶŗH2 bBimû2 �m LQ`/@Pm2bi /2 "Q`/2�mt- 2HH2 2bi #Q`/û2 T�` H� +Ƭi2 �iH�MiB[m2 ¨
HǶPm2bi- 2i T�` HǶ2bim�B`2 /2 H� :B`QM/2 ¨ HǶ2biX h`ĕb +QMi`�biû /ǶmM TQBMi /2 pm2 ;ûQ;`�@
T?B[m2- BH +QKTQ`i2 /2b 7Q`K�iBQMb /mM�B`2b H2 HQM; /m HBiiQ`�H �iH�MiB[m2- /2b 7Q`K�iBQMb
b�#H2mb2b Q++mTû2b T�` H� +mHim`2 /2b TBMb K�`BiBK2b �m +2Mi`2- /2b K�`�Bb b�Hûb THmb Qm
KQBMb TQH/û`Bbûb H2 HQM; /2 H� :B`QM/2 2i /2b 7Q`K�iBQMb ;`�p2H2mb2b ¨ HǶ1bi Q`;�MBbûb 2M
+`QmT2b bm` H� #Q`/m`2 /Ƕ2bim�B`2X G� T�`iB2 am/ 2bi +Qmp2`i2 T�` HǶ�P* >�mi@Jû/Q+ 2i H�
T�`iB2 LQ`/ T�` HǶ�P* Jû/Q+X GǶ�B`2 ;ûQ;`�T?B[m2 /2 HǶ�TT2HH�iBQM +Qmp`2 mM 2Mb2K#H2
/2 8R +QKKmM2b TQm` 2MpB`QM 83yy ?� /2 pB;M2 TH�Miû2X G2 /û+`2i /Ƕ�TT2HH�iBQM �miQ`Bb2 e
+ûT�;2b MQB`b , H2 *�#2`M2i 7`�M+ L- H2 *�#2`M2i@b�mpB;MQM L- H2 *�`KûMĕ`2 L- H2 J2`HQi
L- H2 *Qi L UQm J�H#2+V 2i H2 T2iBi o2`/Qi LX GǶ�TT2HH�iBQM HBKBi2 H2 `2M/2K2Mi ¨ 88
?2+iQHBi`2b T�` ?2+i�`2- 2i BKTQb2 mM ûH2p�;2 Dmb[mǶ�m jR K�B /2 HǶ�MMû2 bmBp�Mi H� `û+QHi2
UJBMBbiĕ`2 /2 HǶ�;`B+mHim`2 2i /2 HǶ�HBK2Mi�iBQM- kyR3VX

kXjXkXk *HBK�iQHQ;B2 /m LQ`/ Jû/Q+

G2 +HBK�i /m Jû/Q+ 2bi /2 ivT2 Q+û�MB[m2 i2KTû`ûX AH 2bi 7Q`i2K2Mi BM~m2M+û T�` H� T`QtB@
KBiû /2 H� K2` 2i HǶ�#b2M+2 /ǶQ#bi�+H2 �mt p2Mib p2M�Mi /2 HǶPm2biX G� +H�bb2 +HBK�iB[m2
/2 EƺTT2M TQm` +2ii2 xQM2 2bi H� KāK2 [m2 TQm` H� `û;BQM /2 a�BMi@1KBHBQM , *7# US22H
2i �HX- kyydVX

G� bi�iBQM KûiûQ`QHQ;B[m2 /2 S�mBHH�+ UJûiûQ 6`�M+2- 98êRjǶyǴ L c yê9eǶ88Ǵ PV- 2bi 2M b2`@
pB+2 /2TmBb RNekX 1HH2 M2 7Qm`MBi /2b /QMMû2b /2 i2KTû`�im`2 b2mH2K2Mi /2TmBb b2Ti2K#`2
kyR9X am` H� Tû`BQ/2 RN3d@kyRd- H2b T`û+BTBi�iBQMb �MMm2HH2b `2T`ûb2Mi2Mi 39R KK UǬR8d
KK /Ƕû+�`i ivT2V 2i bm` H� Tû`BQ/2 kyy9@kyRd H� i2KTû`�im`2 KQv2MM2 �MMm2HH2 2bi /2
Rj-9 ê* UǬy-dê*VX

kXjXkXj :ûQHQ;B2 2i ;ûQKQ`T?QHQ;B2 /m LQ`/ Jû/Q+

G� ;ûQHQ;B2 /m Jû/Q+ � ûiû 2MiBĕ`2K2Mi +�`iQ;`�T?Bû2 T�` H2 "_:J ¨ HǶû+?2HH2 /2
R ,8y yyyĕK2X GǶ2KT`Bb2 /m pB;MQ#H2 /m *?�i2�m S�i�+?2 /Ƕ�mt b2 bBim2 ¨ H� DQM+iBQM
2Mi`2 H2b 72mBHH2b /2 a�BMi@oBpB2M /2 Jû/Q+ Ĝ aQmH�+@bm`@J2` Mêdjy UJ�`BQMM�m/ �M/
.m#`2mBH?- RNdkV �m LQ`/- 2i G2bT�``2@Jû/Q+ Ĝ 6Q`āi /2 CmM+� Mêd89 U.m#`2mBH? 2i �HX-
RNdjV �m am/X

�m /û#mi /m h2`iB�B`2 US�HûQ+ĕM2V- H� `û;BQM 2bi ûK2`;û2 bmBi2 ¨ mM bQmHĕp2K2Mi ;ûMû`�H
/m +QMiBM2MiX � HǶúQ+ĕM2 BM7û`B2m`- /2 ;`�M/b ~2mp2b +?�``B2Mi /2b bû/BK2Mib /ûi`BiB[m2b
2M T`Qp2M�M+2 /m J�bbB7 +2Mi`�H 2i b2 /ûp2`b2Mi /�Mb H� K2` bBimû2 THmb ¨ HǶPm2biX � H� }M
/2 HǶúQ+ĕM2 BM7û`B2m`- ¨ THmb /2 kyy FK �m am/ /2 HǶ�+im2HH2 pBHH2 /2 "Q`/2�mt H� 7Q`K�iBQM
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6B;m`2 kXRk Ĝ 6`Bb2 +?`QMQHQ;B[m2 /2b i`�p�mt pBiB@pBMB+QH2b /ǶmM2 �MMû2 ivT2 �m *?�i2�m
*�T2i@:mBHHB2`X



kXjX G2b bBi2b /Ƕûim/2 9d

0

40

80

120

0

20

40

60

1 2 3 4 5 6 7 8 9 10 11 12
Mois

Pr
éc

ip
ita

tio
ns

 &
  E

T 0
  [

m
m

]
Tem

pérature [°C
]

Température

Precipitation

ET0

6B;m`2 kXRj Ĝ .B�;`�KK2 PK#`QKûi`B[m2 KQv2M TQm` H� Tû`BQ/2 kyy8@kyR3X _2H2pûb /2
H� bi�iBQM JûiûQ 6`�M+2 ¨ S�mBHH�+

/2 H� +?�ŗM2 Sv`ûMû2MM2 /ûK�``2X G2b 7�BHH2b MQ`K�H2b /m #�bbBM Dm`�bbB[m2 bǶBMp2`b2Mi HQ`b
/2b KQmp2K2Mib /2 +QKT`2bbBQMX *2b THBbb2K2Mib T`QpQ[m2Mi mM �z�Bbb2K2Mi /m #�bbBM
�[mBi�BM 2i H� K2` `2pB2Mi /�Mb H� `û;BQM HQ`b H� i`�Mb;`2bbBQM HmiûiB2MM2 U@9N J�VX .�Mb
H2 LQ`/ /m Jû/Q+- H� K2` 2bi �HQ`b T2m T`Q7QM/2 T2`K2ii�Mi H2 /ûTƬi /2b *�H+�B`2b /2
*Qm[mĕ[m2b [mB bQMi T�`iB+mHBĕ`2K2Mi `B+?2b 2M /û#`Bb 7QbbBH2b /ǶQm`bBMbX � +2ii2 Tû`BQ/2-
H2 MBp2�m K�`BM `2H�iB7 MǶ2bi T�b i`ĕb bi�#H2 2i H2b 2MpB`QMM2K2Mib /2 /ûTƬi Qb+BHH2Mi 2Mi`2
/2b KBHB2mt H�+mbi`2b 2i T�Hmbi`2b U�`;BH2b ¨ Pbi`2� *m+mHH�`Bb 2i H2 Ŀ *�H+�B`2 H�+mbi`2
/2 SH�bb�+ ŀV 2i /2b KBHB2mt K�`BMb U*�H+�B`2b 2i J�`M2b /2 a�BMi@1biĕT?2VX � H� }M /2
HǶúQ+ĕM2- H� K2` 2bi T`Q;`2bbBp2K2Mi `2TQmbbû2 p2`b HǶPm2biX �m +Qm`b /2 +2ii2 `û;`2bbBQM-
H2b /ûTƬib b�#H2mt ~mpB�iBH2b T`Q;`2bb2Mi /�Mb +2ii2 KāK2 /B`2+iBQM 2i pB2MM2Mi `2+Qmp`B`
H2 Jû/Q+ +Q``2bTQM/�Mi �m /ûTƬi /2b JQH�bb2b /m 6`QMb�/�BbX lM MQmp2H ûTBbQ/2 K�`BM
�``Bp2 �m /û#mi /2 HǶPHB;Q+ĕM2 K�iû`B�HBbû �mDQm`/Ƕ?mB T�` mM /ûTƬi /2 ivT2 H�;mM�B`2 /2
K�`M2b #H�M+?2b UK�`M2b /2 "2H@�B`V- �p�Mi /2 `2/2p2MB` THmb +QMiBM2Mi�H �p2+ H2b /ûTƬib
K�`M2mt 2i +�`#QM�iûb H�+mbi`2b /2 ivT2 *�biBHHQMX SmBb H2 `2bi2 /2 HǶPHB;Q+ĕM2 2bi K�`[mû
T�` mM2 T?�b2 /2 i`�Mb;`2bbBQM K�`BM2 THmb BKTQ`i�Mi2 , H2b /ûTƬib T`ûb2Mi2Mi /2b 7�+Bĕb
/2 THmb 2M THmb K�`BMb- T�bb�Mi /2 7�+Bĕb H�;mM�B`2b ¨ /2b 7�+Bĕb THmb 2ti2`M2b ¨ �H;m2b 2i
TQHvTB2`b û[mBp�H2Mib bi`�iB;`�T?B[m2b /2b +�H+�B`2b ¨ �biû`B2b U.m#`2mBH? 2i �HX- RNdjVX �
H� }M /m JBQ+ĕM2- H� K2` b2 `2iB`2 /û}MBiBp2K2MiX G2b bû/BK2Mib +�`#QM�iûb �HQ`b ûK2`;ûb
bm#Bbb2Mi mM2 T?�b2 /Ƕ�Hiû`�iBQM 2i /2 F�`biB}+�iBQMX G2b bû/BK2Mib [m�i2`M�B`2b +Qmp`2Mi
mM2 ;`�M/2 T�`iB2 /m Jû/Q+X �m /û#mi /m SHûBbiQ+ĕM2- H� :�`QMM2 �+[mB2`i b� TQbBiBQM
�+im2HH2- TmBb H2b i2``�bb2b ~mpB�iBH2b b2 K2ii2Mi 2M TH�+2 bm` H� #Q`/m`2 2bi /m Jû/Q+ �m
SHûBbiQ+ĕM2 KQv2M 2i bmTû`B2m`X *2b /ûTƬib- KBb 2M TH�+2 �m +Qm`b /2b Tû`BQ/2b /m _Bbb
2i /m qɃ`K- ûpQHm2Mi /ǶPm2bi 2M 1bi TQm` /2p2MB` /2 THmb 2M THmb ;`QbbB2`bX G� }M /m
SHûBbiQ+ĕM2 2bi K�`[mû2 T�` /2b ûT�M/�;2b /2 b�#H2bX G� Tû`BQ/2 /2 HǶ>QHQ+ĕM2 +Q``2bTQM/
¨ H� KBb2 M2 TH�+2 /2b +Q`/QMb /mM�B`2b bm` H2 HBiiQ`�H �iH�MiB[m2 2i �m +QHK�i�;2 /2b xQM2b
#�bb2b �v�Mi �#QmiB �mt K�`�Bb [mB #Q`/2Mi H� :B`QM/2 U.m#`2mBH? 2i �HX- RNdjVX

G2 `2HB27 /�Mb H� xQM2 Kû/Q+�BM2 2bi `2H�iBp2K2Mi TH�i- �p2+ mM TQBMi +mHKBM�Mi ¨ 9j K �m
MBp2�m /m /ƬK2 /2 GBbi`�+ U*Qm``ĕ;2b- RNNdVX .�Mb H� T�`iB2 LQ`/ /2 H� xQM2- HǶ�HiBim/2 2bi
2M+Q`2 THmb 7�B#H2 , Ry ¨ R8 KX G2b i2``�bb2b ~mpB�iBH2b /m SH2BbiQ+2M2 KQv2M 2i bmTû`B2m`
QMi 2M7QmB H2b #mii2b `ûbB/m2HH2b HBbb�Mi H2 `2HB27 /m Jû/Q+X �m LQ`/@1bi /2 G2bT�``2- H2b
bû/BK2Mib i2`iB�B`2b �|2m`2Mi �m MBp2�m /ǶmM �MiB+HBM�H �TT2Hû /ƬK2 /2 *Qm[mĕ[m2bX *2b
/ûTƬib +�H+�B`2b F�`biB}ûb 7Q`K2Mi mM `2HB27 /2 TH�i2�mt QM/mHûb �mt +`2mt +QK#Hûb T�`
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/2b �`;BH2b HQm`/2b UqBH#2`i- RNd3VX SHmb �m am/- bm` H� `Bp2 ;�m+?2 /2 H� :B`QM/2- H2b
�M+B2MM2b i2``�bb2b �HHmpB�H2b 7Q`K2Mi mM �HB;M2K2Mi /2 TH�i2�mt ¨ ;�H2ib +QMMmb bQmb H2
MQK /2 ǳ:`�p2b /m Jû/Q+ǴX hQmb +2b `2HB27b QMi ûiû /Bbbû[mûb 2M #Q`/m`2 /2 :�`QMM2 T�`
/2b +Qm`b /Ƕ2�m �m +Qm`b /2 H� ;H�+B�iBQM /m qɃ`K �HQ`b [m2 H2 MBp2�m K�`BM ûi�Bi #�bX
*2b BM+BbBQMb bQMi K�BMi2M�Mi +QK#Hû2b T�` /2b iQm`#2b TmBb /2b �HHmpBQMb ~mpBQ@K�`BM2b
¨ i2tim`2 }M2X �mDQm`/Ƕ?mB- +2b /ûT`2bbBQMb 7Q`K2Mi /2b TH�BM2b K�`û+�;2mb2b `2HBû2b ¨
HǶ2bim�B`2- �TT2Hû2b HQ+�H2K2Mi ǳT�HmbǴX

kXjXkX9 G2b bQHb /m LQ`/ Jû/Q+

qBH#2`i URNd3V /ûi�BHH2 /�Mb b� +�`i2 Tû/QHQ;B[m2 /2 H� `û;BQM /2 G2bT�``2- H2b /Bzû`2Mib
bQHb /2 H� T�`iB2 LQ`/ /m Jû/Q+X AH /BbiBM;m2 d T�vb�;2b , H2 +Q`/QM /mM�B`2- H2 +?�T2H2i
/2 K�`û+�;2b /m `2p2`b /2b /mM2b- H� TH�BM2 b�#H2mb2 7Q`2biBĕ`2- H2b K�`�Bb /m Jû/Q+- H2
/ƬK2 i2`iB�B`2- H� #Q`/m`2 b�#H2mb2 2i H2b i2``�bb2b +�BHHQmi2mb2b /2b ǳ;`�p2bǴ pBiB+QH2bX G2b
bQHb +QM+2`Mûb T�` H� T`Q/m+iBQM pBiB+QH2 +Q``2bTQM/�Mi �mt i`QBb /2`MB2`b /2b T�vb�;2b
+Biûb +B@/2p�MiX A+B 2M+Q`2- H2b /2b+`BTiBQMb /2b bQHb 7�Bi2b T�` qBH#2`i URNd3V QMi ûiû 7�Bi2b
2M bmBp�Mi H� +H�bbB}+�iBQM *S*aX S�` H� bmBi2- MQmb �pQMb /û+`Bi H2b bQHb 2M miBHBb�Mi H2
_û7û`2MiB2H Sû/QHQ;B[m2 U"�Bx2 �M/ :B`�`/- kyyNV 2i H� i�#H2 /2b +Q``2bTQM/�M+2b �p2+ H�
+H�bbB}+�iBQM *S*aX

.�Mb H2 T�vb�;2 /m /ƬK2 i2`iB�B`2- H2b bQHb QMi mM2 i2tim`2 �bb2x p�`B�#H2 2M HB2M �p2+ H�
+?�`;2 2M ûHûK2Mib /ûi`BiB[m2b /2b /Bzû`2Mib +�H+�B`2b bQmb@D�+2MibX PM v `2M+QMi`2 T`BM+B@
T�H2K2Mi /2b _2M/QbQHb- /2b *�H+QbQHb �BMbB [m2 /2b *�H+BbQHbX .�Mb H� #Q`/m`2 b�#H2mb2-
bBimû2 2M +QMi`2?�mi /2b K�`�Bb /m Jû/Q+ 2i 2M #Q`/m`2 /2b i2``�bb2b +�BHHQmi2mb2b- H2b
bQHb T`ûb2Mi2Mi mM2 i2tim`2 b�#H2mb2 bm` /2b �`;BH2b `Qm;2�i`2b U�Hiû`�iBQM /2b +�H+�B`2b
QHB;Q+ĕM2bVX PM v `2M+QMi`2 /2b bQHb �HH�Mi /2 "`mMBbQHb ¨ /2b LûQHmpBbQHb- K�Bb û;�H2@
K2Mi /2b bQHb TQ/xQHBbûbX 1M}M- /�Mb H2b i2``�bb2b +�BHHQmi2mb2b H� +?�`;2 2M +�BHHQmt
2bi 2t+HmbBp2K2Mi bBHB+2mb2 U[m�`ixb #H�M+b- [m�`ixBi2b 2i [m2H[m2b Hv/B2MM2bV 2i H� i2tim`2
2bi i`ĕb p�`B�#H2- KāK2 HQ+�H2K2MiX G2b bQHb QMi mM2 i2M/�M+2 ¨ H� TQ/xQHBb�iBQM /�Mb H2b
T�`iB2b ?�mi2b /2b i2``�bb2b- 2i i2M/2Mi p2`b /2b "`mMBbQHb �BHH2m`b 2i /2b S2v`QbQHb TQm`
H2b `û7û`2M+2b H2b THmb +?�`;û2b 2M ûHûK2Mib ;`QbbB2`bX

G2 pB;MQ#H2 /2 S�i�+?2 /Ƕ�mt- b2 i`Qmp2 T`2b[m2 iQi�H2K2Mi /�Mb HǶmMBiû +�`iQ;`�T?B[m2
/2 bQH Ul*aV MêR3 , ǳ*�H+QHbQHb HBKQMQ@�`;BH2mt ¨ �`;BHQ@HBKQM2mt bm` +QHHmpBQMb Bbbm2b /2
+�H+�B`2b i2M/`2b ¨ #�M+b /m`bǴ /Ƕ�T`ĕb H� +�`i2 /2 qBH#2`i URNd3V U6B;m`2 kXR9VX Lû�M@
KQBMb- /�Mb H� T�`iB2 bm/@Qm2bi- [m2H[m2b T�`+2HH2b bQMi bm` HǶl*a Mêjk , ǳLûQHmpBbQHb ¨
GmpBbQHb- bm` b�#H2 `2TQb�Mi bm` mM2 �`;BH2 b�#H2mb2ǴX �m LQ`/@1bi- +2`i�BM2b T�`+2HH2b bQMi
i`ĕb T`Q+?2b /2b l*a ,

ě Mêke ,ǳ"`mMBbQHb- T�`7QBb ¨ i2M/�M+2 LûQHmpBbQHb- �+B/2b- ¨ "i 7`û[m2KK2Mi 2M
#�M/2b- bm` b�#H2 ;`QbbB2` [m�`ix2mtXǴ

ě Mêk3 , ǳ"`mMBbQHb b�#H2mt T`Q7QM/b ¨ Tb2m/Q;H2v i`ĕb 2tT`BKû- T2m T`Q7QM/XǴ
ě MêjR , ǳLûQHmpBbQHb bm` b�#H2- `2TQb�Mi bm` /m K�iû`B2H �`;BH2mt `m#û}û /2 /û+�`#Q@

M�i�iBQM /m ai�KTB2M- 7�+Bĕb Ǵ+�H+�B`2 ¨ �biû`B2bǴXǴ

G� xQM2 2bi û;�H2K2Mi +Qmp2`i2 T�` H2 _û7û`2MiB2H _û;BQM�H Sû/QHQ;B[m2 U__SV ¨ HǶû+?2HH2
R ,k8y yyyĕK2 U_B+?2`@/2@6Q`;2b �M/ �``Qm�vb- kyR9VX am` +2ii2 +�`i2- H2b T�`+2HH2b /m



kXjX G2b bBi2b /Ƕûim/2 9N

6B;m`2 kXR9 Ĝ 1ti`�Bi /2 H� +�`i2 Tû/QHQ;B[m2 /2 G2bT�``2@Jû/Q+ UqBH#2`i- RNd3VX wQQK
bm` "û;�/�M 2i H2b +QKKmM2b �H2MiQm`bX 1M MQB`- H2b T�`+2HH2b /m *?�i2�m S�i�+?2 /Ƕ�mtX
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6B;m`2 kXR8 Ĝ 1ti`�Bi /m _û7û`2MiB2H _û;BQM�H Sû/QHQ;B[m2 /2 H� `û;BQM LQmp2HH2@
�[mBi�BM2 U_B+?2`@/2@6Q`;2b 2i �``Qm�vb- kyR9V �p2+ 7QM/ a*�Lk8@A:LX wQQK bm` "û;�@
/�M 2i H2b +QKKmM2b �H2MiQm`bX 1M MQB`- H2b T�`+2HH2b /m *?�i2�m S�i�+?2 /Ƕ�mtX

*?�i2�m S�i�+?2 /Ƕ�mt bQMi bBimû2b 2M [m�bB@iQi�HBiû /�Mb HǶl*a MêRRk ǳaQHb +�H+�B`2b THmb
Qm KQBMb KBM+2b bm` +�H+�B`2b /m Jû/Q+Ǵ U6B;m`2 kXR8VX .�Mb H� T�`iB2 Pm2bi- [m2H[m2b
T�`+2HH2b bQMi bm` HǶl*a MêRRy ǳaQHb Bbbmb /m `2+Qmp`2K2Mi /2b ;`�p2b /m Jû/Q+ T�` /m
b�#H2 /2b G�M/2bǴ- 2i /�Mb H� T�`iB2 #�bb2 ¨ HǶ1bi H2 T�`+2HH�B`2 iQm+?2 HǶl*a MêR8 ǳS�Hmb
?mKB/2b /2 HǶ2bim�B`2 /2 H� :B`QM/2ǴX

.Ƕ�T`ĕb H� #�b2 /2 /QMMû2b �bbQ+Bû2 �m __S U_B+?2`@/2@6Q`;2b- kyR9V- HǶl*a RRk T`ûb2Mi2 ,

ě eyW /2 ǳ_2M/QbQH T�+?B[m2 �`;BH2mt- T2m T`Q7QM/- +�H+�B`2- MQM ?v/`QKQ`T?2- ¨
;`�pB2`b 2i +�BHHQmt +�H+�B`2b- bm` +�H+�B`2 2i K�`M2 /2 GBbi`�+Ǵ-

ě jyW /2 ǳ*�H+QbQH- KQv2MM2K2Mi T`Q7QM/- +�H+�B`2- MQM ?v/`QKQ`T?2- b�Mb ûHûK2Mib
;`QbbB2`b- bm` +�H+�B`2 /2 GBbi`�+Ǵ-

ě RyW /2 ǳ*�H+BbQH- �`;BH2mt- T2m T`Q7QM/- +�H+B[m2- MQM ?v/`QKQ`T?2- b�Mb ûHûK2Mib
;`QbbB2`b- bm` +�H+�B`2 /m Jû/Q+ǴX

kXjXkX8 oBiB+mHim`2 �m *?�i2�m S�i�+?2 /Ƕ�mt , BiBMû`�B`2 2i +�H2M/`B2`

*�`�+iû`BbiB[m2b /m pB;MQ#H2 2i K�iû`B2H pû;ûi�H

G2 pB;MQ#H2 /m +?�i2�m +Qmp`2 98-e ?� /2 pB;M2b 2M T`Q/m+iBQM TQm` mM2 bm`7�+2 +mHim`�H2
/2 8R-e ?� Ubm`7�+2 b2HQM H2 *�bB2` pBiB+QH2 BM7Q`K�iBbû- *oAV bm` H� +QKKmM2 /2 "û;�/�M



kXjX G2b bBi2b /Ƕûim/2 8R

6B;m`2 kXRe Ĝ Sv`�KB/2 /2b �;2b U2M kyRNV /m pB;MQ#H2 /m *?�i2�m S�i�+?2 /Ƕ�mtX

U6B;m`2 kXRdVX G� T`Q/m+iBQM /m /QK�BM2 2bi 2t+HmbBp2K2Mi /û/Bû2 ¨ H� T`Q/m+iBQM /2
pBM `Qm;2 2M �TT2HH�iBQM Jû/Q+ �p2+ H2 *�#2`M2i@a�mpB;MQM L +QKK2 +ûT�;2 K�DQ`Bi�B`2
U8yW /2 H� bm`7�+2 2M kyRNVX G2 J2`HQi L 2bi û;�H2K2Mi i`ĕb T`ûb2Mi bm` H� T`QT`Bûiû
U99WV [mB +QKTi2 û;�H2K2Mi [m2H[m2b T�`+2HH2b /2 *�#2`M2i 7`�M+ L U9WV 2i S2iBi o2`/Qi
L UkWVX

G2 pB;MQ#H2 2bi �+im2HH2K2Mi TH�Miû �p2+ BV mM2 /2MbBiû /2 NyNy TB2/b T�` ?2+i�`2- �p2+ mM
b+?ûK� /2 TH�Mi�iBQM /2 R K BMi2`@`�M;b bm` R-Ry K BMi2`@TB2/b bm` 99 ?� U*oAV 2i BBV 2i ¨
8yyy TB2/b T�` ?2+i�`2 TQm` mM b+?ûK� /2 TH�Mi�iBQM /2 k K BMi2`@`�M;b bm` RK BMi2`@TB2/b
bm` 3 ?� U*oAV- bQBi mM2 /2MbBiû KQv2MM2 /2 38yy TB2/b T�` ?2+i�`2 TQm` HǶ2Mb2K#H2 /2
HǶ2tTHQBi�iBQMX �+im2HH2K2Mi 8-8 ?� bQMi MQM TH�Miûb 2i b2`QMi `2TH�Miû2b T`Q+?�BM2K2Mi ¨
NyNy TB2/bX?�@RX

G� bm`7�+2 KQv2MM2 /2b T�`+2HH2b 2bi /Ƕ2MpB`QM R ?2+i�`2 �p2+ mM2 KQv2MM2 /Ƕ�;2 /2b
pB;M2b /2 9R �Mb 2M kyRN UH� T�`+2HH2 H� THmb �M+B2MM2 /�i2 /2 RNjyVX GǶ?ûiû`Q;ûMûBiû
/2 `2MQmp2HH2K2Mi 2i H2 pB2BHHBbb2K2Mi /m pB;MQ#H2 U6B;m`2 kXReV 2tTHB[m2Mi H� T?�b2 /2
`2bi`m+im`�iBQM �+im2HH2X

h`�p�BH /m bQH 2i ;2biBQM /2 HǶ2M?2`#2K2Mi

.�Mb H2 #mi /Ƕ�``āi2` HǶmiBHBb�iBQM /2 T`Q/mBib ?2`#B+B/2b- H� T`QT`Bûiû �m;K2Mi2 T`Q;`2b@
bBp2K2Mi /2TmBb kyRj H2b bm`7�+2b /2 bQHb i`�p�BHHû2b Kû+�MB[m2K2MiX 1M kyR3- H2 i`�p�BH
Kû+�MB[m2 BMiû;`�H /m bQH +Qmp`�Bi 2MpB`QM k9 ?� /2b 8k ?� U*oAV /2 H� T`QT`BûiûX G2b
+�p�BHHQMb i`�p�BHHûb Kû+�MB[m2K2Mi bQMi 2Mi`2i2Mmb T�` #mii�;2 2i /û+�p�BHHQMM�;2 2i T�`
/2b QmiBHb /2 ivT2 H�K2b BMi2`@+2Tb 2M b�BbQM pû;ûi�iBp2X am` H2b k3 ?� `2bi�Mib- H2 /ûb?2`@
#�;2 +?BKB[m2 2bi `û�HBbû mMB[m2K2Mi bm` bQmb H2 `�M;X *2b ?2`#B+B/2b bQMi bûH2+iB7b 2i MQM
*J_ U+�M+û`Q;ĕM2- Kmi�;ĕM2 2i `2T`QiQtB[m2VX G2b xQM2b i`�p�BHHû2b /2 H� T`QT`Bûiû +Q`@
`2bTQM/2Mi �mt xQM2b /2 D2mM2b pB;M2b H2b THmb [m�HBi�iBp2b /2 H� T`QT`BûiûX G� T`QT`Bûiû



8k *?�TBi`2 kX S?vbBQ;`�T?B2 /2b bBi2b /Ƕûim/2

6B;m`2 kXRd Ĝ *�`i2 /2b T�`+2HH2b /m +?�i2�m S�i�+?2 /Ƕ�mt 2i /2 H2m` +ûT�;2 `2bT2+iB7X

bǶ2bi }tû HǶQ#D2+iB7 /2 T�bb2` 2M i`�p�BH Kû+�MB[m2 BMiû;`�H bm` H� iQi�HBiû /m pB;MQ#H2 ¨
HǶ?Q`BxQM kykkX

am` HǶ2Mb2K#H2 /2 H� T`QT`Bûiû- H2b BMi2`@`�M;b bQMi 2Mi`2i2Mmb T�` mM i`�p�BH Kû+�MB[m2
UQmiBH /2 ivT2 ;`Bz2V Qm T�` iQMi2 U;v`Q#`Qv2m`V �p2+ mM2 ;2biBQM T`Q+?2 /2 +2HH2 /m
*?�i2�m *�T2i@:mBHHB2` U+7X kXjXRX8VX G2 K�BMiB2M Qm H� /2bi`m+iBQM /2b +Qmp2`ib /2 HǶBMi2`@
`�M;b 2M b�BbQM bQMi TBHQiûb 2M 7QM+iBQM /2 HǶ�;2 /2 H� T�`+2HH2- /2 H� pB;m2m` 2i /m MBp2�m
/2 /û}+Bi ?v/`B[m2 2M +Qm`b /ǶûiûX am` H2b T�`+2HH2b /2 pB;m2m` ûH2pû2b 2i ¨ 7�B#H2 Q++m``2M+2
/2 +QMi`�BMi2 ?v/`B[m2- /2b b2KBb /Ƕ2M?2`#2K2Mi �bb2x +QM+m``2MiB2Hb bQMi b2Kûb iQmb H2b j
¨ 8 �Mb b2HQM HǶûi�i /m +Qmp2`i ¨ #�b2 /2 _�v;`�bb �M;H�Bb 2i /2 7ûim[m2 `Qm;2 `�b�Mi2X *2b
+Qmp2`ib bQMi 2Mi`2i2Mmb T�` iQMi2 iQmi2 H� b�BbQMX am` H2b pB2BHH2b pB;M2b T`ûb2Mi�Mi /2b
û[mBHB#`2b pû;ûi�iB7b 2i /2b `2M/2K2Mib b�iBb7�Bb�Mib 2i ¨ 7�B#H2 Q++m``2M+2 /2 +QMi`�BMi2
?v/`B[m2 2M +Qm`b /2 b�BbQM- H2b 2M?2`#2K2Mib M�im`2Hb K�ŗi`Bbûb U1LJV bQMi K�BMi2Mmb
T2M/�Mi HǶ2Mb2K#H2 /2 H� +�KT�;M2X am` H2b D2mM2b pB;M2b Qm pB;M2b /2 pB;m2m` mM T2m
7�B#H2- /2b b2KBb /Ƕ2M;`�Bb p2`ib bQMi KBb 2M TH�+2X *2b b2KBb ¨ #�b2 /2 +û`û�H2b UQ`;2
U>Q`/2mK pmH;�`2V- �pQBM2U�p2M� b�iBp�VV Qm /2 +û`û�H2b 2i Hû;mKBM2mb2b UQ`;2 Qm �pQBM2
U�p2M� b�iBp�V 2i p2b+2 UoB+B� b�iBp�VV bQMi KBb 2M TH�+2 Dmbi2 �T`ĕb H2b p2M/�M;2bX AHb
7Q`K2Mi �BMbB mM +Qmp2`i pû;ûi�H /2Mb2 T2M/�Mi HǶ?Bp2` /�Mb H2 #mi /2 HBKBi2` H2b `Bb[m2b
/Ƕû`QbBQM 2i /2 bi`m+im`2` H2b bQHbX *2b b2KBb bQMi 2MbmBi2 2M7QmBb �p2+ mM QmiBH ¨ /Bb[m2b
�m /û#mi /m T`BMi2KTbX am` H2b pB2BHH2b pB;M2b- H2b +û`û�H2b bQMi K�BMi2Mm2b i�`/Bp2K2Mi �m
T`BMi2KTb 2i 2M7QmB2b THmb i�`/Bp2K2Mi 2M Tû`BQ/2 /Ƕûiû- �}M /2 K�BMi2MB` /2 H� TQ`i�M+2
TQm` H2b K�+?BM2bX



kXjX G2b bBi2b /Ƕûim/2 8j

kXjXkXe 1HûK2Mib /2 pBMB}+�iBQM �m *?�i2�m S�i�+?2 /Ƕ�mt

.�Mb H2 T`Q+2bbmb /2 pBMB}+�iBQM /m *?�i2�m S�i�+?2 /Ƕ�mt- THmbB2m`b ûHûK2Mib bQMi
`2/QM/�Mi �p2+ H2 T`Q+2bbmb /û+`Bi T`û+û/2KK2Mi TQm` H2 *?�i2�m *�T2i@:mBHHB2`
U+7X kXjXRXeVX S�` +QMbû[m2Mi- b2mHb H2b ûHûK2Mib [mB /Bzĕ`2Mi bQMi /ûi�BHHûb +B@�T`ĕbX

.�i2b /2b p2M/�M;2b , G� /û+BbBQM /2 `û+QHi2` 2bi T`Bb2 T�` HǶ2Mb2K#H2 /2 HǶû[mBT2 i2+?@
MB[m2 U/B`2+i2m` i2+?MB[m2- +?27 /2 +mHim`2 2i K�ŗi`2 /2 +?�BV 2M +QHH�#Q`�iBQM �p2+ H2b
+QMbmHi�Mib 2tiû`B2m`b [mB �++QKT�;M2Mi H� T`QT`BûiûX .2mt b2K�BM2b �p�Mi H2b p2M/�M;2b
TmBb T2M/�Mi H� /m`û2 /2b p2M/�M;2b- mM iQm` +QKTH2i /2 +?�[m2 T�`+2HH2 2bi 2z2+imû �p2+
Hǵû[mBT2 i2+?MB[m2 2i H2b +QMbmHi�MibX SQm` +?�+mM2 /2b T�`+2HH2b bQMi MQiûb , HǶûi�i b�MB@
i�B`2- H2 `2M/2K2Mi KQv2M 2i i�BHH2 /2b #�B2b- HǶ�p�M+2K2Mi /2 H� K�im`Biû i2+?MQHQ;B[m2
2i T?ûMQHB[m2 T�` /û;mbi�iBQM /2b #�B2b- mM xQM�;2 ¨ HǶû+?2HH2 /2 H� T�`+2HH2 bB H2 MBp2�m /2
K�im`Biû Qm /2 [m�HBiû 2bi ?ûiû`Q;ĕM2X G2 +?27 /2 +mHim`2 2z2+im2 HmB- mM iQm` [mQiB/B2M
/2b T�`+2HH2b H2b THmb Kȿ`2b �}M /Ƕ�TT`û?2M/2` HǶûi�i b�MBi�B`2 2i /2 KQ/B}2` Qm MQM H2
TH�MMBM; /2 p2M/�M;2bX *2b /û;mbi�iBQMb 2i Q#b2`p�iBQMb bQMi �++QKT�;Mû2b /2 T`ûHĕp2@
K2Mib /2 `�BbBM /2mt 7QBb T�` b2K�BM2- TQm` T�`iB2 2MpQvû2 �m H�#Q`�iQB`2 TQm` �M�Hvb2
+QKTHĕi2 UBM/B+�i2m`b /2 H� K�im`Biû i2+?MQHQ;B[m2 U�H+QQH TQi2MiB2H- �+B/Biû iQi�H2- T>-
�+B/2 K�HB[m2VVX

_û+2TiBQM /2 H� p2M/�M;2 , G� p2M/�M;2 2bi 7�Bi2 Kû+�MB[m2K2Mi bm` HǶ2Mb2K#H2 /2 H�
T`QT`BûiûX G2 *?�i2�m S�i�+?2 /Ƕ�mt miBHBb�Bi b2b T`QT`2b K�+?BM2b ¨ p2M/�M;2` Dmb[mǶ2M
kyReX .2TmBb kyRd- H� /B`2+iBQM /m /QK�BM2 � 7�Bi H2 +?QBt /2 HQm2` /2b K�+?BM2b THmb
KQ/2`M2b- [mB 2z2+im2Mi mM T`2KB2` i`B /2b #�B2b ¨ H� `û+QHi2- 2M +QKTHûK2MiX G2b `�BbBMb
bQMi `û+2TiBQMMûb �m +?�B T�` /2mt HB;M2b /2 i`B bvKûi`B[m2b +QKTQbû2b /2 ,

ě mM +QM[māi /2 `û+2TiBQM #�b+mH�Mi- /Qiû /ǶmM #2+ pB#`�Mi c
ě mM T`2KB2` +QMpQv2m` ¨ #�M/2 c
ě mM2 mMBiû /2 i`B Kû+�MB[m2 US2HH2M+ qBM2`v Qm oBMB+H2�M aQ+K� *m#2V- �HBK2Miû2

T�` H2 +QMpQv2m` 2i [mB T`Q+ĕ/2 �mt QTû`�iBQMb /Ƕû`�~�;2- 2ti`�+iBQM /2b #�B2b i`QT
T2iBi2b 2i û+`�bû2b 2i �mi`2b /û#`Bb c

ě mM b2+QM/ +QMpQv2m` �+?2KBM�Mi H� p2M/�M;2 ¨ HǶûi�;2 �m MBp2�m /2b i`�TT2b /2b
+mp2b /2 pBMB}+�iBQM c

ě mM2 TQKT2 ¨ p2M/�M;2- TQbBiBQMMû2 ¨ HǶ2Mi`û2 /m +mpB2` 2i �m KāK2 MBp2�m [m2
H2b i`�TT2b /2 +mp2- `2ÏQBi 2i TQmbb2 H� p2M/�M;2 ¨ TH�i- ?Q`BxQMi�H2K2Mi- /�Mb H2b
imv�mt Dmb[mǶ¨ /ûp2`b2K2Mi /�Mb H� +mp2 +Q``2bTQM/�Mi2X

*mpB2` , GǶmMBiû /2 pBMB}+�iBQM /m +?�i2�m S�i�+?2 /Ƕ�mt b2 +QKTQb2 /2 k +?�Bb ,

ě mM +?�B �p2+ mM2 +mp2`B2 #ûiQM /ǶmM2 +�T�+Biû /2 9kyy ?G /�Mb H2[m2H H2b pBMb
/m *?�i2�m T�i�+?2 /Ƕ�mt bQMi pBMB}ûbX *2HmB@+B 2bi +QMbiBimû /2 j8 +mp2b 2M
#ûiQM #`mi i?2`KQ`û;mHû2b bBKBH�B`2b ¨ +2HH2b miBHBbû2b �m *?�i2�m *�T2i@:mBHHB2`
U+7X kXjXRXeV K�Bb /2 +�T�+Biûb bmTû`B2m`2b �HH�Mi /2 d8 ¨ Rd8 ?GX

ě mM +?�B �p2+ Ry +mp2b 2M �+B2` BMQtv/�#H2 /ǶmM2 +�T�+Biû iQi�H2 /2 kej8 ?G /�Mb
H2[m2H bQMi pBMB}ûb mM �mi`2 +`m #Qm`;2QBb U[mB M2 +QM+2`M2 T�b MQi`2 ûim/2V 2i
[m2H[m2b D2mM2b pB;M2b /m *?�i2�m S�i�+?2 /Ƕ�mtX

S`Q+2bb /2 pBMB}+�iBQM 2i ûH2p�;2 , � HǶ2M+mp�;2- mM2 7QBb H� +mp2 `2KTHB2- H� p2M@
/�M;2 2bi i?2`KQ`û;mHû2 2i 2Mb2K2M+û2 �p2+ H2b H2pm`2b bûH2+iBQMMû2bX G� 72`K2Mi�iBQM



89 *?�TBi`2 kX S?vbBQ;`�T?B2 /2b bBi2b /Ƕûim/2

�H+QQHB[m2 /ûK�``2 b�Mb K�im`�iBQM T`û@72`K2Mi�B`2X .m`�Mi iQmi2 H� 72`K2Mi�iBQM �H@
+QQHB[m2- H2b 2ti`�+iBQMb bQMi TBHQiû2b T�` `2KQMi�;2b- TB;2�;2b 2i /ûH2bi�;2b R- �p2+ mM
T`QiQ+QH2 /Ƕ2ti`�+iBQM bTû+B}[m2 b2HQM H2 MBp2�m /2 K�im`Biû 2i H2 T`Q}H /m `�BbBM /2 +?�[m2
+mp2X G2b +mp2b bQMi /û;mbiû2b 2i H2b +?�T2�mt bQMi Q#b2`pûb +?�[m2 DQm` �}M /2 TBHQi2`
�m THmb Dmbi2 H2b 2ti`�+iBQMbX

G2b +mp�BbQMb p�`B2Mi 2Mi`2 R8 2i jy DQm`b b2HQM H2 T`Q}H /m pBMX SmBb bmBi2 ¨ HǶû+QmH�;2-
H2 T`2bbm`�;2 2bi 2z2+imû �p2+ mM T`2bbQB` TM2mK�iB[m2X G2b pBMb /2 T`2bb2 bQMi 2MbmBi2
/BbbQ+Bûb 2M /2mt [m�HBiûbX

G2b 72`K2Mi�iBQMb K�HQ@H�+iB[m2b bQMi 7�Bi2b 2M +mp2 b�Mb 2Mb2K2M+2K2Mi bTû+B}[m2 b�m7
2M +�b /2 MQM@/ûT�`i /2 +2HH2b@+B �p�Mi /û+2K#`2X G2b HQib bQMi 2MbmBi2 T`û@�bb2K#Hûb T�`
T`Q}H 2i 2MiQMMûb 2M #�``B[m2b /2 +?āM2 7`�MÏ�Bb- ¨ T`QTQ`iBQM /2 Rfj /2 #�``B[m2b M2mp2b-
Rfj /2 #�``B[m2b /2 R pBM 2i Rfj /2 #�``B[m2b /2 k pBMbX G2b ûH2p�;2b p�`B2Mi 2Mi`2 Ry 2i R9
KQBb b2HQM H2b HQibX .�Mb H� K�DQ`Biû /2b KBHHûbBK2b- �m+mM bQmiB`�;2 MǶ2bi 2z2+imû T2M/�Mi
HǶûH2p�;2X *2`i�BMb HQib bQMi ûH2pûb 2M +mp2 TQm` ;�`/2` mM T`Q}H 7`mBiû 2i 7`�Bb- #ûMû}[m2
¨ HǶ�bb2K#H�;2 }M�HX G� T`QTQ`iBQM /2 #QBb p�`B2 2Mi`2 ey 2i 3yW /m pQHmK2X

GǶ�bb2K#H�;2 }M�H /m +`m #Qm`;2QBb 2bi 2z2+imû 2Mi`2 /û+2K#`2 2i D�MpB2` /2 HǶ�MMû2 LYk
�T`ĕb bQmiB`�;2- 2i /û+B/û T�` H2b û[mBT2b i2+?MB[m2b 2M +QHH�#Q`�iBQM �p2+ H2b +QMbmHi�Mib
Q2MQHQ;m2bX h`QBb pBMb bQMi T`Q/mBib bm` H� T`QT`Bûiû , H2 *?�i2�m S�i�+?2 /Ƕ�mt- H2 _2H�Bb
/2 S�i�+?2- 2i H2b *?2p�mt /2 S�i�+?2X

G2 pBM b2`� 2MbmBi2 KBb 2M #Qmi2BHH2 �m +?�i2�m �T`ĕb H2b +QMi`ƬH2b 2i �M�Hvb2b BKTQbûb T�`
H� `û;H2K2Mi�iBQMX

RX PTû`�iBQM [mB +QMbBbi2 ¨ pB/2` +QKTHĕi2K2Mi H� +mp2 TQm` 2MbmBi2 `ûBM+Q`TQ`2` H2 Dmb T�`@/2bbmb H2
+?�T2�m /2 K�`+X
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jXR *�`iQ;`�T?B2 Tû/QHQ;B[m2

jXRXR G2 i2``QB` 2i H2 pBM

G2 +QM+2Ti /2 Ŀ i2``QB` ŀ 2bi H�`;2K2Mi miBHBbû- MQi�KK2Mi /�Mb H2 KQM/2 pBiB+QH2X *2
+QM+2Ti 2bi `2HBû ¨ mM2 7Q`i2 MQiBQM /2 [m�HBiû 2i /2 ivTB+Biû /2b T`Q/m+iBQMb �;`B+QH2b
U6�H+2iiB- RNN9VX .2TmBb H2b �MMû2b RNdy- H2b i`�p�mt b+B2MiB}[m2b TQ`iûb bm` H2 i2``QB` 2M
HB2M �p2+ H� pB;M2 bǶ�ii�+?2Mi ¨ ûi�#HB` H2b HB2Mb 2Mi`2 H� [m�HBiû /2b `�BbBMb 2i H2b 7�+i2m`b
2MpB`QMM2K2Mi�mt [mB T2mp2Mi BKT�+i2` H� pB;M2 Ua2;mBM- RNdy- c .mi2�m �M/ a2;mBM-
RNdd- c JQ`H�i- RN3N- c C�+FbQM �M/ GQK#�`/- RNNj- c "Q?K`B+?- RNNe- c .2HQB`2 2i �HX-
kyy8- c o�M G22mr2M �M/ a2;mBM- kyyeVX

a2HQM G2#QM URNNjV- H2 i2``QB` `ûbmHi2 /2 HǶBMi2`�+iBQM 2Mi`2 H2 bQH 2i H2 +HBK�iX J�Bb H2
i2``QB` 2bi mM +QM+2Ti THmb +QKTH2t2- +�` BH 7�Bi �TT2H ¨ THmbB2m`b /BK2MbBQMb Uo�m/Qm`-
kyykV ,

ě mM2 /BK2MbBQM +2Mi`û2 bm` H� +�T�+Biû /2 HǶ2MpB`QMM2K2Mi ¨ 7Qm`MB` mM KBHB2m 7�pQ@
`�#H2 ¨ H� pB;M2 Uo�m/Qm`- kyyk- c o�M G22mr2M �M/ a2;mBM- kyye- c .2HQB`2 2i �HX-
kyy8V- bQBi mM b2`pB+2 /Ƕ�TT`QpBbBQMM2K2Mi Uq�Hi2` 2i �HX- kyR8V c

ě mM2 /BK2MbBQM ;ûQ;`�T?B[m2 /2b T�vb�;2b Uo�m/Qm`- kyykV c
ě mM2 /BK2MbBQM ?mK�BM2 ¨ i`�p2`b H� +QMb+B2M+2 /Ƕ�TT�`i2M�M+2 2i H2b i`�/BiBQMb

�bbQ+Bû2b Ua2;mBM- RN3e- c o�m/Qm`- kyyk- c o�M G22mr2M �M/ a2;mBM- kyyeV c
ě mM2 /BK2MbBQM +QKK2`+B�H2 ¨ i`�p2`b H� p�HQ`Bb�iBQM /2 HǶBK�;2 `2MpQvû2 T�` H2

i2``QB` Uo�m/Qm`- kyykVX

.2TmBb kyRy- HǶP`;�MBb�iBQM AMi2`M�iBQM�H2 /2 H� pB;M2 2i /m pBM UPAo- kyRyV T`QTQb2 mM2
/û}MBiBQM H�`;2 2i mMB}û2 /m i2``QB` , Ŀ G2 Ŀ i2``QB` ŀ pBiBpBMB+QH2 2bi mM +QM+2Ti [mB b2
`û7ĕ`2 ¨ mM 2bT�+2 bm` H2[m2H b2 /ûp2HQTT2 mM b�pQB` +QHH2+iB7 /2b BMi2`�+iBQMb 2Mi`2 mM KBHB2m
T?vbB[m2 2i #BQHQ;B[m2 B/2MiB}�#H2 2i H2b T`�iB[m2b pBiBpBMB+QH2b �TTHB[mû2b- [mB +QM7ĕ`2Mi /2b
+�`�+iû`BbiB[m2b /BbiBM+iBp2b �mt T`Q/mBib Q`B;BM�B`2b /2 +2i 2bT�+2X G2 Ŀ i2``QB` ŀ BM+Hmi
/2b +�`�+iû`BbiB[m2b bTû+B}[m2b /m bQH- /2 H� iQTQ;`�T?B2- /m +HBK�i- /m T�vb�;2 2i /2
H� #BQ/Bp2`bBiû ŀX *2ii2 /û}MBiBQM `2bi2 BKT`û+Bb2 bm` H2b /BK2MbBQMb bT�iB�H2b +QMbB/û`û2bX
SQm`i�Mi- +QKK2 H2 bQmHB;M2 o�m/Qm` UkyykV- H� `�+BM2 H�iBM2 /m KQi ǳi2``�iQ`BmKǴ- ûi�Mi

88



8e *?�TBi`2 jX *�`�+iû`Bb�iBQM /2b bBi2b /Ƕûim/2

HmB@KāK2 mM2 /û7Q`K�iBQM /2 ǳi2``BiQ`BmKǴ- H2 i2``QB` 2bi i`ĕb 7Q`i2K2Mi HBû �m i2``BiQB`2
2i Mû+2bbBi2 /Ƕ2M /ûHBKBi2` bT�iB�H2K2Mi H2b HBKBi2bX .Ƕ�BHH2m`b- +Ƕ2bi 2M `2H�iBQM ¨ +2ii2
Mû+2bbBiû [m2 /2TmBb RNj8- 2M 6`�M+2- H2b �TT2HH�iBQMb /ǶP`B;BM2 *QMi`QHû2 U�P*V QMi ûiû
KBb2b 2M TH�+2 T�` HǶAMbiBimi L�iBQM�H /2b �TT2HH�iBQMb /ǶP`B;BM2 UAL�PVX GǶQ#D2+iB7 ûi�Bi
�HQ`b /2 ;�`�MiB` H� T`Qp2M�M+2 2i H� [m�HBiû /2b pBMb U"�`?�K- kyR3VX � HǶQ`B;BM2- /�Mb +2b
/ûHBKBi�iBQMb- /2 MQK#`2mt xQM�;2b ûi�B2Mi 7QM/ûb bm` /2b HBKBi2b �/KBMBbi`�iBp2b UG�pBHH2-
RNNj- c :�/2- kyy9V- 2t+2TiBQM 7�Bi2 /2b *HBK�ib /2 "Qm`;Q;M2X *2b /2`MBĕ`2b �MMû2b H2b
/B`2+iBp2b T`2MM2Mi THmb 2M +QKTi2 H2b bQHb 2i H2b +HBK�ib TQm` /ûHBKBi2` H2b i2``QB`b UPAo-
kyRkVX

S�`KB H2b T`QTQbBiBQMb /2 /û}MBiBQM /m +QM+2Ti /2 i2``QB`- MQK#`2 /Ƕ�mi2m`b T`û7ĕ`2Mi
�/QTi2` mM2 �TT`Q+?2 THmb i2+?MB[m2 UJQ`H�i- RN3N- c G�pBHH2- RNNjVX SQm` +2b �mi2m`b-
HǶ�K#BiBQM 2bi /2 /û}MB` H2 i2``QB` ¨ i`�p2`b HǶmb�;2 /2 +`Biĕ`2b K2bm`�#H2b 2i /2b p�`B�#H2b
/Ƕûi�i +QKK2 H2 +HBK�i UT`û+BTBi�iBQMb- i2KTû`�im`2b- p2MiV- H� iQTQ;`�T?B2 UT2Mi2- 2tTQ@
bBiBQM- BMbQH�iBQM- 2M+�Bbb2K2Mi /�Mb H2 T�vb�;2V 2i +�`�+iû`BbiB[m2b ;ûQHQ;B[m2b 2i Tû/Q@
HQ;B[m2b UKBMû`�HQ;B2- BM/m`�iBQM- ;`�MmHQKûi`B2- T`Q7QM/2m` /2 bQH- `ûb2`p2 2M 2�m- 2i+XVX
�BMbB- G�pBHH2 URNNjV /û}MB HǶmMBiû /2 i2``QB` M�im`2H UlhLV +QKK2 , Ŀ GǶmMBiû /2 i2``QB`
M�im`2H 2bi mM pQHmK2 /2 H� #BQbT?ĕ`2 i2``2bi`2 +�`�+iû`Bbû T�` mM ;`QmT2 bTû+B}[m2 /2 p�@
H2m`b bi�#H2b /m `2HB27- /m +HBK�i- /m bQmb@bQH 2i /m bQH- +Ƕ2bi@¨@/B`2 i`ĕb T2m p�`B�#H2b /�Mb
+2 pQHmK2 �HQ`b [m2 +2b p�H2m`b p�`B2Mi #`mi�H2K2Mi 2M T�bb�Mi �mt mMBiûb KBiQv2MM2b
ŀX .�Mb +2ii2 pQHQMiû /ǶmM2 +�`�+iû`Bb�iBQM i2+?MB[m2 /2b i2``QB`b- JQ`H�i URN3NV T`QTQb�
mM2 Kûi?Q/2 /2 +�`�+iû`Bb�iBQM BMiû;`û2 /2b i2``QB`b pBiB+QH2b- #�bû2 bm` H2 +QM+2Ti /ǶlMBiû
/2 h2``QB` /2 "�b2 Ulh"V- Kûi?Q/2 /2TmBb KBb2 2M Q2mp`2 T�` JQ`H�i 2i �HX UkyyRV 2i
"Q/BM UkyyjVX *2ii2 Kûi?Q/2 2bi H�`;2K2Mi #�bû2 bm` H� +�`�+iû`Bb�iBQM /2 H� M�im`2 /2
H� `Q+?2@Kĕ`2- /2 H� +�`�+iû`Bb�iBQM T?vbB+Q@+?BKB[m2 /m bQH 2i /2 HǶB/2MiB}+�iBQM /2b T`Q@
+2bbmb Tû/Q;ûMûiB[m2bX GǶ2Mb2K#H2 /2 +2b T�`�Kĕi`2b ûi�Mi T�` H� bmBi2 +`QBbûb �p2+ H2b
+�`�+iû`BbiB[m2b /m KûbQ+HBK�iX 1HH2 /û}MBi HǶlh" +QKK2 mM2 2MiBiû i2``BiQ`B�H2 TQm` H2
7QM+iBQMM2K2Mi /2 H� pB;M2 UJQ`H�i 2i �HX- kyyRVX *�`#QMM2�m UkyyRV �K2M/2`� +2 +QM+2Ti
2M 7�Bb�Mi `2bbQ`iB` H� Mû+2bbBiû /ǶmM2 THmb 7Q`i2 +QMbB/û`�iBQM /2 HǶ�bT2+i pBiB+QH2 HǶ�K2M�Mi
¨ T`QTQb2` HǶlMBiû /2 h2``QB` oBiB+QH2 UoBiB+mHim`�H h2``QB` lMBi- ohl- 6B;m`2 jXRVX .�Mb
+2ii2 T`QTQbBiBQM- H2 pB;M2`QM 2bi T2`Ïm +QKK2 mM �;2Mi KQ/B}�Mi +2`i�BM2b +QKTQb�Mi2b
BMi`BMbĕ[m2b /2b ohl UHmKBĕ`2- i2KTû`�im`2 Qm KB+`Q+HBK�i �miQm` /2b ;`�TT2bV- BM~m2M@
Ï�Mi /QM+ H� [m�HBiû /2 H� p2M/�M;2 2i H� ivTB+Biû /m pBMX aQmHB;MQMb [m2 +2ii2 �TT`Q+?2
/2 ohl U*�`#QMM2�m- kyyRV MǶ2bi T�b 2M T?�b2 �p2+ H� /û}MBiBQM T`QTQbû2 T�` G�pBHH2
URNNjV TQm` [mB H2b T`�iB[m2b ?mK�BM2b M2 /2p`�B2Mi T�b āi`2 BM+Hmb /�Mb H2 i2``QB`X *2ii2
QTTQbBiBQM +QM+2Tim2HH2 ûi�Bi /ûD¨ bQmHB;Mû2 T�` 1MD�H#2`i URNd3VX

Zm2HH2 [m2 bQBi H� M�im`2 /2 HǶBMiû;`�iBQM /2 HǶ�+iBpBiû ?mK�BM2- mM2 �M�Hvb2 THmb T`�;K�@
iB[m2 7mi 2M;�;û2 T�` o�m/Qm` UkyykVX .�Mb +2b i`�p�mt- o�m/Qm` /`2bb� mM BMp2Mi�B`2 /2
9d ûim/2b bm` H2 i2``QB`- ûim/2b `û�HBbû2b 2Mi`2 RNjd 2i kyyRX .2 K�MBĕ`2 2z2+iBp2- H� THm@
T�`i /2 +2b i`�p�mt bm` H2 i2``QB` b2 #�b2Mi bm` mM2 +�`iQ;`�T?B2 /2b bQHbX .2TmBb kyyk- H2
MQK#`2 /2 i`�p�mt TQ`i�Mi bm` H� +�`iQ;`�T?B2 /2b i2``QB`b � +QMbB/û`�#H2K2Mi �m;K2Miû-
2i H� THmT�`i /2 +2b i`�p�mt bQMi /2b ûim/2b ¨ ;`�M/2 û+?2HH2 Uûim/2 /2 bBi2 2i pBiB+mHim`2
/2 T`û+BbBQMV Uo�m/Qm` 2i �HX- kyR8VX �mDQm`/Ƕ?mB- +2b ûim/2b K2ii2Mi bQmp2Mi ¨ T`Q}i H2b
QmiBHb /Ƕ�M�Hvb2b KmHiBp�`Bû2b 2i H2b bvbiĕK2b /ǶBM7Q`K�iBQMb ;ûQ;`�T?B[m2b UaA:V [mB T2`@
K2ii2Mi /Ƕ�KûHBQ`2` +QMbB/û`�#H2K2Mi H2 xQM�;2 2i H� +�`�+iû`Bb�iBQM /2b mMBiûb bT�iB�H2b
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2M +QM7`QMi�Mi /2b /QMMû2b ?�mi2 `ûbQHmiBQM /2 /Bp2`b2b bQm`+2b , +HBK�i- ;ûQHQ;B2- bQH-
iQTQ;`�T?B2- 2i+X U*HBM;2H2z2`- kyR9VX

jXRXk *�`�+iû`Bb�iBQMb Tû/QHQ;B[m2b

lM2 /2b �ii2Mi2b /m pB;M2`QM pBb@¨@pBb /2 H� p2M/�M;2 2bi /Ƕ2M+mp2` /2b HQib /2 `�BbBMb
/2 [m�HBiû H� THmb ?QKQ;ĕM2 TQbbB#H2X G¨- HǶQ#D2+iB7 2bi bQmp2Mi /2 K2M2` /2 K�MBĕ`2
/Bzû`2M+Bû2- +?�+mM2 /2b +mpû2b- Dmb[mǶ¨ HǶ�bb2K#H�;2 }M�HX SQm` �miQ`Bb2` +2ii2 /BpBbBQM
/2b +mpû2b- BH 2bi Mû+2bb�B`2 /2 +QMM�ŗi`2 H2 TQi2MiB2H /2 #�B2b /2 K�MBĕ`2 /Bbi`B#mû2 bm` H2b
/QK�BM2bX 1M 2z2i- H� [m�HBiû /2b #�B2b 2bi p�`B�#H2 ¨ HǶû+?2HH2 /2b T�`+2HH2b U"`�KH2v �M/
>�KBHiQM- kyydVX �mbbB /2b T`QbT2+iBQMb ¨ ;`�M/2 û+?2HH2 bQMi Mû+2bb�B`2b TQm` �/QTi2`
mM2 ;2biBQM T�`+2HH�B`2 pQB` BMi`�T�`+2HH�B`2 Uq?Bi2- kyyj- c "`�KH2v- kyy8VX *QMbB/û`�Mi
+2ii2 ?�mi2 p�`B�#BHBiû bT�iB�H2 /2 [m�HBiû /2b #�B2b 2M `2H�iBQM �m TQi2MiB2H Tû/QHQ;B[m2- H2b
T`QbT2+iBQMb Tû/QHQ;B[m2b [m2 MQmb �pQMb K2Mû2b bm` H2b /2mt pB;MQ#H2b QMi ûiû `û�HBbû2b
/�Mb H2 #mi /2 T`Q/mB`2 mM2 +�`i2 /2b bQHb ¨ ;`�M/2 û+?2HH2 UR ,k 8yyĕK2VX

SQm` T`Q/mB`2 +2b +�`i2b- MQmb �pQMb �/QTiû mM2 /ûK�`+?2 /2 +�`iQ;`�T?B2 /2b bQHb 7QM@
/û2 bm` mM2 �TT`Q+?2 /2 JQ`T?QTû/QHQ;B2- [mB `2T`2M/ HǶ�/QTiBQM 2tTHB+Bi2 /2 HǶ?Q`BxQM
Tû/QHQ;B[m2 +QKK2 ûHûK2Mi KQ`T?QHQ;B[m2 bi`m+im`�Mi U"Q+[mB2`- RNdRVX S�` �BHH2m`b-
/�Mb MQi`2 /ûK�`+?2- MQmb �pQMb 2bb�vû /ǶBMiû;`2` H2b 2z2ib /2 HǶ�Mi?`QTBb�iBQM /2b bvb@
iĕK2b bm` H� /Bbi`B#miBQM /2b Q`;�MBb�iBQMb Tû/QHQ;B[m2bX 1M 2z2i- /�Mb H2 +�b /2b bQHb
�;`B+QH2b- H2b 7Q`Ï�;2b �Mi?`QTB[m2b /2 M�im`2 �;`B+QH2 T2mp2Mi āi`2 +�iû;Q`Bbûb 2M /2mt
+H�bb2b U6QHH�BM- kyR8V ,

ě +2mt [mB KQ/B}2Mi /B`2+i2K2Mi H2b T`QT`Bûiûb BMi`BMbĕ[m2b /2b bQHb Qm BM/B`2+i2K2Mi
pB� mM2 KQ/B}+�iBQM /2b T`QT`Bûiûb bi�iBQMM2HH2b c

ě +2mt [mB KQ/B}2Mi H2 T�`+2HH�B`2- H� bi`m+im`2 /2 HǶ2bT�+2 �;`B+QH2 2i /QM+ H� ;ûQ@
Kûi`B2 2i H2b T`QT`Bûiûb /2b +Qmp2`im`2b Tû/QHQ;B[m2b U.2 CQM; �M/ EQr�H+?mF-
RNN8 c 6QHH�BM- kyy8- kyR8 c 6QHH�BM 2i �HX- kyye- kyyN c S�T2M/B+F �M/ JBHH2`- RNdd c
a�Hp�/Q`@"H�M2b 2i �HX- kyyeVX

�mbbB- H� T`Bb2 2M +QKTi2 /2 H� +QKTQb�Mi2 �Mi?`QTB[m2 /QBi āi`2 2MpBb�;û2 bm` /2b i2KTb
bm{b�KK2Mi HQM;b TQm` BMiû;`2` HǶ2z2i /2b Q`;�MBb�iBQMb T�vb�;ĕ`2b T�bbû2b H2b THmb bB@
;MB}+�iBp2b- /QMi H2b 2z2ib b2`�B2Mi iQmDQm`b `ûK�M2MibX .�Mb H2 +�/`2 /2 +2ii2 i?ĕb2- BH
M2 bǶ�;Bbb�Bi T�b /Ƕ2z2+im2` mM2 `2+QMbiBimiBQM ?BbiQ`B[m2 /2b /Bzû`2Mib T�`+2HH�B`2b- K�Bb
/Ƕ�KQ`+2` mM2 �M�Hvb2 KQ`T?Q@T�vb�;ĕ`2X LQmb �pQMb /QM+ /û+B/û /2 K2ii`2 ¨ T`Q}i
H2b �`+?Bp2b T?QiQ;`�T?B[m2b /2 HǶA:L U?iiT,ffT`Q72bbBQMM2HbXB;MX7`fV- �}M /ǶB/2MiB}2` H2b
TQi2MiB2HH2b T?�b2b /2 `2K2K#`2K2Mi TQbi b2+QM/2 ;m2``2 KQM/B�H2X G2b T?QiQ;`�T?B2b
Q#i2Mm2b H2b THmb �M+B2MM2b TQm` *�T2i@:mBHHB2` 2i S�i�+?2 /Ƕ�mt /�i2Mi `2bT2+iBp2K2Mi
/2 RN98 2i RN9dX .�Mb H� K2bm`2 /m TQbbB#H2- MQmb �pQMb T`û7û`û /2b +HB+?ûb T`Bb �m +Qm`b
/2 H� b�BbQM pû;ûi�iBp2 /2 H� pB;M2X *2b T?QiQ;`�T?B2b QMi ûiû ;ûQ`û7û`2M+û2b pB� H2 KQ@
/mH2 /2 ;ûQ`û7û`2M+2K2Mi /2 Z:Aa UZ:Aa .2p2HQTK2Mi h2�K- kyRNV TmBb H� bi`m+im`2
T�`+2HH�B`2 /m pB;MQ#H2 � ûiû MmKû`Bbû2X

.�Mb mM T`2KB2` i2KTb- MQmb �pQMb H2pû mM2 T`û@+�`i2 /2b bQHb �p2+ TQm` �K#BiBQM /2
+�`�+iû`Bb2` H� p�`B�#BHBiû Tû/QHQ;B[m2 ;HQ#�H2 /2b bBi2b /Ƕûim/2X *2ii2 T`2KBĕ`2 +�`i2 �
KBb ¨ T`Q}i H2b H2pû2b /ǶmM2 T`2KBĕ`2 +�KT�;M2 /2 bQM/�;2b /2b bQHb �p2+ mM2 i�`Bĕ`2

http://professionnels.ign.fr/


jXRX *�`iQ;`�T?B2 Tû/QHQ;B[m2 8N

K�Mm2HH2- bQBi /2 H� bm`7�+2 iQTQ;`�T?B[m2 Dmb[mǶ¨ R-k K /2 T`Q7QM/2m`X S2M/�Mi +2ii2
+�KT�;M2- H2b /2b+`BTiBQMb /2 bQH- H� +H�bbB}+�iBQM /2b ?Q`BxQMb 2i /2b bQHb QMi �/QTiû H2b
`2+QKK�M/�iBQMb /m _û7û`2MiB2H Sû/QHQ;B[m2 kyy3 U"�Bx2 �M/ :B`�`/- kyyNV 2i /m ;mB/2 /2
H� 6�P TQm` H� /2b+`BTiBQM /2b bQHbUC�?M 2i �HX- kyyeVX S2M/�Mi H2b T`QbT2+iBQMb /2 i2``�BM-
HǶ2Mb2K#H2 /2b H2pû2b QMi ûiû ;ûQ`û7û`2M+û2bX 1M}M- HǶ2Mb2K#H2 /2b /QMMû2b Tû/QHQ;B[m2b
2i ;ûQ;`�T?B[m2b QMi ûiû b�BbB2b /�Mb mM2 #�b2 /2 /QMMû2b �p�Mi H2m` 2tTHQBi�iBQM /�Mb mM
HQ;B+B2H /2 bvbiĕK2 /ǶBM7Q`K�iBQM ;ûQ;`�T?B2 UZ:Aa .2p2HQTK2Mi h2�K- kyRNVX

.�Mb mM b2+QM/ i2KTb- H� T`û@+�`i2 � ûiû +QM7`QMiû2 ¨ mM2 �M�Hvb2 KQ`T?Q@T�vb�;ĕ`2 BMiû@
;`�Mi H2b +QM/BiBQMb /2 `2HB27 U;ûQKQ`T?QHQ;B2V 2i H� bi`m+im`�iBQM /m T�vb�;2 U/BK2MbBQM
�Mi?`QTB[m2VX G2 `ûbmHi�i /2 +2 T`Q+2bbmb � ûiû H� T`Q/m+iBQM /ǶmM TH�M /Ƕû+?�MiBHHQM@
M�;2 /2 7Qbb2b Tû/QHQ;B[m2b- bi`�iB}û bm` H� T`û@+�`i2 2i HǶ�M�Hvb2 KQ`T?Q@T�vb�;ĕ`2X S�`
H� bmBi2- H2b 7Qbb2b QMi ûiû +`2mbû2b ¨ HǶ�B/2 /ǶmM2 KBMB@T2HH2 Kû+�MB[m2 Dmb[mǶ¨ H� T`Q@
7QM/2m` K�tBK�H2 �ii2B;M�#H2 , bQBi H� T`Q7QM/2m` K�tBK�H2 /2 T`QbT2+iBQM /2 HǶ2M;BM-
bQBi H� T`Q7QM/2m` K�tBK�H2 HQ+�H2 2M bQH MQM b�im`û2 2M 2�mX 1M KQv2MM2- H� T`Q7QM/2m`
/2b 7Qbb2b `û�HBbû2 2bi /2 R-e KX SQm` +?�+mM2 /2b 7Qbb2b Tû/QHQ;B[m2b- H� /2b+`BTiBQM /2b
7Qbb2b � û;�H2K2Mi ûiû `û�HBbû2 b2HQM H2b `2+QKK�M/�iBQMb /m _û7û`2MiB2H Sû/QHQ;B[m2 kyy3
U"�Bx2 �M/ :B`�`/- kyyNV 2i /m ;mB/2 /2 H� 6�P TQm` H� /2b+`BTiBQM /2b bQHb UC�?M 2i �HX-
kyyeVX .m`�Mi +2 +?�MiB2` /QMi HǶQ#D2i ûi�Bi /2 T`û+Bb2` HǶ?Q`BxQM�iBQM- +?�[m2 ?Q`BxQM �
ûiû KBMmiB2mb2K2Mi /û+`Bi- TmBb û+?�MiBHHQMMû /2 K�MBĕ`2 bvbiûK�iB[m2 UmM û+?�MiBHHQM
+QKTQbBi2 /Ƕ�m KQBMb jyy ; /2 i2``2VX 1M +QKTHûK2Mi /2 +2b û+?�MiBHHQMb TQm` �M�Hvb2
+?BKB[m2b- H2b 7Qbb2b QMi 7�Bi HǶQ#D2i /2 K2bm`2 /2 /2MbBiû �TT�`2Mi2 U.�V b2HQM H� Kûi?Q/2
/m +vHBM/`2 Uk8y +KjVX �m H�#Q`�iQB`2- TQm` H2b û+?�MiBHHQMb +QKTQbBi2b- MQmb �pQMb 2z2+@
imû mM2 `û/m+iBQM /m MQK#`2 /Ƕû+?�MiBHHQMb TQm` /2b �M�Hvb2b ;ûQ+?BKB[m2b THmb TQmbbû2b
Uh�#H2 jXRVX G2b û+?�MiBHHQMb MQM bûH2+iBQMMûb QMi ûiû biQ+Fûb 2M Tû/Qi?ĕ[m2X SQm` H2b
û+?�MiBHHQMb bm` +vHBM/`2- MQmb �pQMb K2Mû mM2 T`Q+û/m`2 +H�bbB[m2 /2 bû+?�;2 2i T2bû2b
�}M /2 /ûi2`KBM2` H2b ?mKB/Biûb pQHmKB[m2b 2i H2b /2MbBiûb �TT�`2Mi2b Ubû+?�;2 Ry8ê*-
T2M/�Mi 93?VX

h�#H2 jXR , GBbi2 /2b �M�Hvb2b T?vbB+Q@+?BKB[m2b `û�HBbû2b
bm` H2b û+?�MiBHHQMb �p2+ H2b mMBiûb- BM+2`iBim/2b 2i MQ`K2b
�bbQ+Bû2bX

S�`�Kĕi`2 lMBiû GBKBi2 /2 [m�MiB}+�iBQM AM+2`iBim/2 LQ`K2

�`;BH2 ;fRyy; y-R RyW L6 s jR@Ryd
GBKQM }M ;fRyy; y-R R8W L6 s jR@Ryd
GBKQM ;`QbbB2` ;fRyy; y-R RyW L6 s jR@Ryd
a�#H2 }M ;fRyy; y-R RyW L6 s jR@Ryd
a�#H2 ;`QbbB2` ;fRyy; y-R R8W L6 s jR@Ryd
*Ph ;fRyy; y-8 RyW L6 AaP R9kj8
J�iBĕ`2 Q`;�MB[m2 ;fRyy; y-3e RyW *�H+mH , R-dk t *Ph
�xQi2 iQi�H ;fF; y-j RyW L6 1L Rjj9k
*fL (@) kyW *�H+mH
T> >kP (@) kW L6 AaP RyjNy
T> E*H (@) jW L6 AaP RyjNy
*�*Qj �+iB7 ;fRyy; y-k k8W L6 s jR@Rye



ey *?�TBi`2 jX *�`�+iû`Bb�iBQM /2b bBi2b /Ƕûim/2

S�`�Kĕi`2 lMBiû GBKBi2 /2 [m�MiB}+�iBQM AM+2`iBim/2 LQ`K2

hQi�H *�*Qj ;fRyy; y-k RyW L6 AaP RyeNj
*�P K;fF; 8 kyW L6 s jR@Ry3
J;P K;fF; y-8 RyW L6 s jR@Ry3
EkP K;fF; y-8 kyW L6 s jR@Ry3
L�kP K;fF; y-8 9yW L6 s jR@Ry3
*1* UJ2ibQMV +KQHYfF; k-8 RyW L6 s jR@Rjy
h�mt /2 b�im`�iBQM ;fRyy; eyW *�H+mH
SkP8 .v2` K;fF; Ry RyW L6 s jR@Rey
SkP8 C> K;fF; ky RyW L6 s jR@ReR
*m 1.h� K;fF; R kyW L6 s jR@Rky
62 1.h� K;fF; 8 kyW L6 s jR@Rky
JM 1.h� K;fF; R RyW L6 s jR@Rky
wM 1.h� K;fF; y-8 RyW L6 s jR@Rky
62 Pt�H�i2 K;fF; Rk-8 kyW Jûi?Q/2 Cmbi2
�H 1+?�M;2�#H2 K;fF; k8 kyW Jûi?Q/2 C�+FbQM
*/ hQi�H K;fF; y-k8 j8W L6 1L AaP RR338
*` hQi�H K;fF; y-ej jyW L6 1L AaP RR338
*m hQi�H K;fF; y-ej k8W L6 1L AaP RR338
LB hQi�H K;fF; y-ej kyW L6 1L AaP RR338
S# hQi�H K;fF; y-ej k8W L6 1L AaP RR338
wM hQi�H K;fF; y-ej k8W L6 1L AaP RR338
aQm7`2 aP9 K;fF; k kyW Jûi?Q/2 a*Phh

jXRXkXR SH�M /Ƕû+?�MiBHHQMM�;2 TQm` H2 pB;MQ#H2 /2 *�T2i@:mBHHB2`

�p2+ 3y bQM/�;2b K�Mm2Hb bm` H2 pB;MQ#H2 /2 *�T2i@:mBHHB2`- H� /2MbBiû /2 i�`Bĕ`2b 2bi
T`Q+?2 /2 e i�`Bĕ`2b T�` ?2+i�`2X G2b T`ûHĕp2K2Mib /2b ?Q`BxQMb /2 bm`7�+2 QMi ûiû `û�HBbûb
2M RjR TQBMib- bQBi 2MpB`QM Ry TQBMib T�` ?2+i�`2b- 2i jk QMi ûiû bûH2+iBQMMûb TQm` /2b
�M�Hvb2b THmb TQmbbû2b UbQBi k-9 û+?�MiBHHQMb T�` ?2+i�`2VX Re 7Qbb2b QMi ûiû Qmp2`i2b bm` H2
pB;MQ#H2 /2 *�T2i@:mBHHB2` UR-k 7Qbb2 T�` ?2+i�`2V /QMi H� KQBiBû � 7�Bi HǶQ#D2i /Ƕ�M�Hvb2b
;ûQ+?BKB[m2b THmb TQmbbû2b 2M H�#Q`�iQB`2 Uh�#H2 jXRVX 9 7Q`�;2b +�`Qiiûb QMi ûiû /û+`Bib-
û+?�MiBHHQMMûb 2i �M�Hvbûb Dmb[mǶ¨ mM2 T`Q7QM/2m` K�tBK�H2 /2 9-8 K Uh�#H2 jXk 2i };m`2
jXkVX

h�#H2 jXk , 1z2+iB7b /ǶQ#b2`p�iBQMb 2i /Ƕû+?�MiBHHQMb bm` H2
pB;MQ#H2 /2 *�T2i :mBHHB2`X

JQ/�HBiûb >Q`BxQMb /2 bm`7�+2 *�`Qii�;2b 6Qbb2b h�`Bĕ`2b hQi�H

�p2+ �M�Hvb2b jk 9 3 y 99
a�Mb �M�Hvb2b NN y 3 3y R3d
hQi�H RjR 9 Re 3y kjR



jXRX *�`iQ;`�T?B2 Tû/QHQ;B[m2 eR

6B;m`2 jXk Ĝ SH�M /Ƕû+?�MiBHHQMM�;2 /2 *�T2i@:mBHHB2`X



ek *?�TBi`2 jX *�`�+iû`Bb�iBQM /2b bBi2b /Ƕûim/2

6B;m`2 jXj Ĝ SH�M /Ƕû+?�MiBHHQMM�;2 /2 S�i�+?2 /Ƕ�mtX

jXRXkXk SH�M /Ƕû+?�MiBHHQMM�;2 TQm` H2 pB;MQ#H2 /2 S�i�+?2 /Ƕ�mt

lM iQi�H /2 kkj bQM/�;2b ¨ H� i�`Bĕ`2 � ûiû `û�HBbû bm` H2b 98-e ?� /m *?�i2�m S�i�+?2
/Ƕ�mt- bQBi T`2b[m2 8 T�` ?2+i�`2X R3 7Qbb2b QMi ûiû +`2mbû2b UbQBi mM2 7Qbb2 TQm` k-8
?�V- /û+`Bi2b 2i T`ûH2pû2bX G2b +�`Qii�;2b bQMi �m MQK#`2 /2 d- /QMi j QMi ûiû 2MpQvûb �m
H�#Q`�iQB`2 TQm` �M�Hvb2b ;ûQ+?BKB[m2bX

h�#H2 jXj , 1z2+iB7b /ǶQ#b2`p�iBQMb 2i /Ƕû+?�MiBHHQMb bm` H2
pB;MQ#H2 /2 S�i�+?2 /Ƕ�mtX

JQ/�HBiûb *�`Qii�;2b 6Qbb2b h�`Bĕ`2b hQi�H

�p2+ �M�Hvb2b 9 R3 y kk
a�Mb �M�Hvb2b j y kkj kkd
hQi�H d R3 kkj k9N

jXk .QMMû2b KûiûQ`QHQ;B[m2b

lM2 bi�iBQM KûiûQ`QHQ;B[m2 � ûiû BMbi�HHû2 bm` +?�+mM /2b /2mt pB;MQ#H2b �}M /2 `2H2p2`
H2b T�`�Kĕi`2b KûiûQ`QHQ;B[m2b +H�bbB[m2b i2Hb [m2 H2b T`û+BTBi�iBQMb- H� i2KTû`�im`2- HǶ?m@



jXjX *�`�+iû`Bb�iBQM /2 H� xQM2 b�im`û2 /m bQH ej

KB/Biû U�B` 2i bQHV- H2 p2Mi 2i H2 `�vQMM2K2Mi ;HQ#�HX GǶûp�TQi`�MbTB`�iBQM /2 `û7û`2M+2
S2MK�M@JQMi2Bi? U1hyV � ûiû +�H+mHû2 2M miBHBb�Mi HǶû[m�iBQM /û+`Bi2 T�` �HH2M 2i �HX
URNN3VX G2b K2bm`2b QMi /ûK�``û �m KQBb /Ƕ�p`BH kyRNX

jXj *�`�+iû`Bb�iBQM /2 H� xQM2 b�im`û2 /m bQH

GǶ�HBK2Mi�iBQM 2M 2�m /2 H� pB;M2 DQm2 H�`;2K2Mi bm` H� [m�HBiû 2i H� ivTB+Biû /2b pBMb
Uq?Bi2- kyyj- c JQ`H�i �M/ "Q/BM- kyye- c "QM7�Mi2 2i �HX- kyRR- c "`BHH�Mi2 2i �HX- kyRe-
c *Qbi�MiBMB 2i �HX- kyRj- c .2HQB`2 2i �HX- kyy8- c .`v- kyRe- c J�`+BMB�F 2i �HX- kyRj- c
o�M G22mr2M- kyRyVX SQm`i�Mi H2 bmBpB /2 H� /vM�KB[m2 /2 H� M�TT2 �m +Qm`b /2 H� b�BbQM
2bi i`ĕb T2m ûim/Bû 2M pBiB+mHim`2X

GǶ�HBK2Mi�iBQM 2M 2�m /2 H� pB;M2 DQm2 H�`;2K2Mi bm` H� [m�HBiû 2i H� ivTB+Biû /2b pBMb
Uq?Bi2- kyyj- c JQ`H�i �M/ "Q/BM- kyye- c "QM7�Mi2 2i �HX- kyRR- c "`BHH�Mi2 2i �HX- kyRe-
c *Qbi�MiBMB 2i �HX- kyRj- c .2HQB`2 2i �HX- kyy8- c .`v- kyRe- c J�`+BMB�F 2i �HX- kyRj- c
o�M G22mr2M- kyRyVX SQm`i�Mi H2 bmBpB /2 H� /vM�KB[m2 /2 H� M�TT2 �m +Qm`b /2 H� b�BbQM
2bi i`ĕb T2m ûim/Bû 2M pBiB+mHim`2X

�}M /2 +QKT`2M/`2 +QKK2Mi H� /vM�KB[m2 H� xQM2 b�im`û2 /m bQH BKT�+i2 H2 bQH- HǶ�`+?B@
i2+im`2 `�+BM�B`2 /2 H� pB;M2 2i H2 7QM+iBQMM2K2Mi ?v/`B[m2 /2 H� pB;M2- MQmb �pQMb KBb 2M
TH�+2 mM bvbiĕK2 /2 bmBpB /2b MBp2�mt TBûxQKûi`B[m2bX *2b TBûxQKĕi`2b QMi ûiû BMbi�HHûb
�m +Qm`b /2b +�KT�;M2b /2 7Q`�;2b Kû+�MB[m2b `û�HBbûb bm` +?�+mM /2b bBi2b /Ƕûim/2X G2b
7Q`�;2b QMi ûiû `û�HBbûb ¨ HǶ�B/2 /ǶmM2 7Q`2mb2 Kû+�MB[m2 KmMB2 /ǶmM i`ûT�M ¨ pBb Dmb[mǶ¨
�ii2BM/`2 H� xQM2 b�im`û2X G2b TBûxQKĕi`2b bQMi û[mBTûb /ǶmM im#2 So* /2 /B�Kĕi`2 Ry
+K �p2+ mM2 T�`iB2 +`ûTBMû2 bm` R K ¨ H� #�b2 /m im#2X .2 H� #2MiQMBi2 � ûiû miBHBbû2 TQm`
�bbm`2` HǶûi�M+?ûBiû /m TBûxQKĕi`2 , ¨ H� #�b2 /m 7Q`�;2- bQmb H� +`ûTBM2- �m@/2bbmb /2 H�
+`ûTBM2- 2i ¨ H� bm`7�+2X am` H� ?�mi2m` /2 H� +`ûTBM2- H2 7Q`�;2 2bi +QK#Hû T�` /2b ;`�pB2`b-
TmBb H2b K�iû`B�mt ûp�+mûb T�` H� 7Q`2mb2 bQMi miBHBbûb TQm` +QK#H2` H2 `2bi2 U6B;m`2 jX9VX
SQm` KQMBiQ`2` H2 MBp2�m TBûxQKûi`B[m2 2M +QMiBMm /m`�Mi HǶ�MMû2- +2`i�BMb TBûxQKĕi`2b
QMi ûiû û[mBTûb �p2+ mM2 bQM/2 T`2bbBQKûi`B[m2- mM2 bQM/2 /2 i2KTû`�im`2 2i mM 2M`2@
;Bbi`2m` /2 /QMMû2b U_m;;2/ h_PGG RyyVX GǶ2M`2;Bbi`2K2Mi /2b /QMMû2b � /û#miû ¨ H�
}M /m KQBb /ǶQ+iQ#`2 kyRd �p2+ /2mt K2bm`2b T�` ?2m`2X G� +Q``2+iBQM #�`QKûi`B[m2 �
ûiû 2z2+imû2 �p2+ H2b /QMMû2b #�`QKûi`B[m2b T`Qp2M�Mi /2b bi�iBQMb KûiûQ`QHQ;B[m2b [m2
MQmb �pQMb BMbi�HHû2b HQ+�H2K2MiX

�m *?�i2�m *�T2i@:mBHHB2`- /2mt TBûxQKĕi`2b QMi ûiû BMbi�HHûb 2M kyRd U6B;m`2 jX8VX SR
2bi bBimû /�Mb H2 b2+i2m` /2 H� TH�BM2 �HHmpB�H2 U+Qi2 YRk-N K L:6V 2i Sj /�Mb H2 b2+i2m`
/m +Qi2�m U+Qi2 YRe-3 K L:6VX hQmb /2mt QMi ûiû û[mBTûb �p2+ mM2 bQM/2 TQm` mM bmBpB
+QMiBMm /m MBp2�m TBûxQKûi`B[m2X

�m *?�i2�m S�i�+?2 /Ƕ�mt- i`QBb TBûxQKĕi`2b QMi ûiû BMbi�HHûb 2M kyRd /�Mb H� T�`iB2 1bi
U6B;m`2 jXeVX G2b 7Q`�;2b bBimûb /�Mb H2 `2bi2 /m pB;MQ#H2- THmb ?�mib 2M �HiBim/2 MǶQMi T�b
T2`KBb /Ƕ�ii2BM/`2 H� M�TT2X 6R 2bi H2 THmb #�b 2M �HiBim/2 UYk-9 K L:6V- BH 2bi bBimû
/�Mb H� xQM2 H� THmb #�bb2 /m /QK�BM2- T`Q+?2 /ǶmM2 xQM2 /2 T�HmbX 69 2bi bBimû mM T2m
THmb /ǶmM Kĕi`2 �m@/2bbmb UYj-3 K L:6V- BH 2bi T`2b[m2 bBimû /�Mb HǶ�t2 /ǶmM i�Hr2;X 6j
2bi H2 TBûxQKĕi`2 H2 THmb ?�mi /�Mb H� iQTQ;`�T?B2 HQ+�H2 UY8-N KV- BH 2bi bBimû /�Mb H�



e9 *?�TBi`2 jX *�`�+iû`Bb�iBQM /2b bBi2b /Ƕûim/2

6B;m`2 jX9 Ĝ a+?ûK� /ǶmM TBûxQKĕi`2 û[mBTûX

6B;m`2 jX8 Ĝ GQ+�HBb�iBQM /2b /2mt TBûxQKĕi`2b û[mBTûb U2M #H2mV SR 2i Sj �m b2BM /m
pB;MQ#H2 /2 *�T2i@:mBHHB2`X



jXjX *�`�+iû`Bb�iBQM /2 H� xQM2 b�im`û2 /m bQH e8

6B;m`2 jXe Ĝ GQ+�HBb�iBQM /2b i`QBb TBûxQKĕi`2b U2M #H2mV 6R- 6j 2i 69 �m b2BM /m pB;MQ#H2
/2 S�i�+?2 /Ƕ�mtX

T2Mi2 2Mi`2 H2 b2+i2m` /m TH�i2�m ¨ HǶPm2bi 2i H� xQM2 /2 T�Hmb ¨ HǶ1biX *2 /2`MB2` MǶûi�Mi
T�b 2M 2�m iQmi2 HǶ�MMû2- b2mHb 6R 2i 69 QMi ûiû û[mBTûb TQm` bmBpB +QMiBMm /m MBp2�m
TBûxQKûi`B[m2X

.2b T`ûHĕp2K2Mib /Ƕ2�m TQm` �M�Hvb2b ;ûQ+?BKB[m2b QMi ûiû `û�HBbûb /�Mb H2b TBûxQKĕi`2b
SR 2i Sj �m *?�i2�m *�T2i@:mBHHB2`- 2i /�Mb H2b TBûxQKĕi`2b 6R- 6j 2i 69 �m *?�i2�m
S�i�+?2 /Ƕ�mt H2 Rj K�`b kyR3X G� HBbi2 /2b �M�Hvb2b `û�HBbû2b bQMi `2;`QmTû2b /�Mb H�
i�#H2 jX9X

h�#H2 jX9 , �M�Hvb2b `û�HBbû2b �m H�#Q`�iQB`2 /2b 2�mt /2
GBKQ;2b- mMBiûb 2i MQ`K2b �bbQ+Bû2bX

S�`�Kĕi`2b lMBiûb Jûi?Q/2b

*�`#QM2 P`;�MB[m2 .BbbQmb K;fG L6 1L R939
*�`#QM2 P`;�MB[m2 hQi�H K;fG L6 1L R939
hBi`2 �H+�HBKûi`B[m2 ê7 L6 1L AaP NNej@R
hBi`2 �H+�HBKûi`B[m2 *QKTH2i ê7 L6 1L AaP NNej@R
aQ/BmK K;fG L6 1L AaP R9NRR
SQi�bbBmK K;fG L6 1L AaP R9NRR
J�;MûbBmK K;fG L6 1L AaP R9NRR
*�H+BmK K;fG L6 1L AaP R9NRR
"`QKm`2b K;fG L6 1L AaP Ryjy9@R
6HmQ`m`2b �;fG L6 1L AaP Ryjy9@j
*?HQ`m`2b K;fG L6 1L AaP Ryjy9@j



ee *?�TBi`2 jX *�`�+iû`Bb�iBQM /2b bBi2b /Ƕûim/2

S�`�Kĕi`2b lMBiûb Jûi?Q/2b

LBi`�i2b U2M LPjV K;fG L6 1L AaP Ryjy9@j
amH7�i2b U2M aP9V K;fG L6 1L AaP Ryjy9@j
aBHB+�i2b U2M aBPkV K;fG Jûi?Q/2 BMi2`M2 @ JPn*1S LêkkR
P`i?QT?QbT?�i2b U2M SP9V K;fG L6 1L AaP Ryjy9@j
62` hQi�H �;fG L6 1L AaP RdkN9@k
*�/KBmK �;fG L6 1L AaP RdkN9@k
*mBp`2 K;fG L6 1L AaP RdkN9@k

ULQi2 , H2 iBi`2 �H+�Kûi`B[m2 2bi 2tT`BKû 2M /2;`û 7`�MÏ�Bb Uê7V 2i R ê7 4 j-9 K;fH /ǶBQM
?v/`Qtv/2 >PĜ 4 e-y K;fH /ǶBQM +�`#QM�i2 *PjkĜVX

jX9 *�`iQ;`�T?B2 /2 H� `ûbBbiBpBiû ûH2+i`B[m2 /2b bQHb

G� T`QbT2+iBQM /2 `ûbBbiBpBiû ûH2+i`B[m2 �TT�`�ŗi +QKK2 mM2 Kûi?Q/2 i`ĕb BMiû`2bb�Mi2
TQm` H� +�`�+iû`Bb�iBQM /2b bQHb UJB+?Qi- kyyj c a�KQmďHB�M 2i �HX- kyy8VX *QMi`�B`2K2Mi
�mt K2bm`2b 2i Q#b2`p�iBQMb +H�bbB[m2b [mB bQMi BMi`mbBp2b- H� `ûbBbiBpBiû ûH2+i`B[m2 2bi MQM
/2bi`m+iBp2 2i T2mi 7Qm`MB` /2b K2bm`2b +QMiBMm2bX G2b �TTHB+�iBQMb QMi ûiû 7�Bi2b /�Mb
/2b /QK�BM2b �mbbB /Bp2`b [m2 HǶ�;`QMQKB2- H� Tû/QHQ;B2- H� ;ûQHQ;B2- HǶ�`+?ûQHQ;B2 2i H2
;ûMB2 +BpBHX 1M �;`QMQKB2- H2 /ûp2HQTT2K2Mi /2b i2+?MB[m2b /2 `ûbBbiBpBiû ûH2+i`B[m2 b2
7�Bi +QMDQBMi2K2Mi �mt BMMQp�iBQMb 2M �;`B+mHim`2 /2 T`û+BbBQM ;`�+2 �mt /ûp2HQTT2K2Mib
/2 HǶBM7Q`K�iB[m2X 1M Tû/QHQ;B2- HǶmM /2b 2MD2mt K�D2m`b /2 HǶmiBHBb�iBQM /2 H� `ûbBbiBpBiû
ûH2+i`B[m2 2bi H� bT�iB�HBb�iBQM /2 p�`B�#H2b /ǶBMiû`āi Tû/QHQ;B[m2 i2HH2 [m2 HǶ�`;BHQbBiû Qm
HǶ?mKB/BiûX

jX9XR S`BM+BT2 /2 H� K2bm`2

jX9XRXR S�`�Kĕi`2b BM~m2MÏ�Mi H� `ûbBbiBpBiû ûH2+i`B[m2 /ǶmM bQH

G� `ûbBbiBpBiû ûH2+i`B[m2 /ǶmM K�iû`B�m- bvK#QHBbû T�` H� H2ii`2 ρ- +Q``2bTQM/ ¨ b� +�T�+Biû
¨ bǶQTTQb2` ¨ H� +B`+mH�iBQM /m +Qm`�Mi ûH2+i`B[m2X *Ƕ2bi mM2 ;`�M/2m` T?vbB[m2 2tT`BKû2
2M ΩXK UP?Kb@Kĕi`2bV [mB +Q``2bTQM/ ¨ H� `ûbBbi�M+2 UR 2M ΩV /ǶmM i`QMÏQM /2 K�iû`B�m
/ǶmM Kĕi`2 /2 HQM;m2m` ULV 2i /ǶmM Kĕi`2 +�``û /2 b2+iBQM S U1[X UjXRVVX G� `ûbBbiBpBiû
+Q``2bTQM/ ¨ HǶBMp2`b2 /2 H� +QM/m+iBpBiû UσV [mB `2T`ûb2Mi2 H� +�T�+Biû /m K�iû`B�m ¨
T2`K2ii`2 H2 T�bb�;2 +Qm`�Mi ûH2+i`B[m2 U2M aB2K2Mb T�` Kĕi`2- aXK@RVX

ρ = S

L
R = S

L

U

I
= 1

σ
UjXRV

.�Mb H2 bQH- H� K�i`B+2 2bi ;ûMû`�H2K2Mi +QMbB/û`û2 +QKK2 BbQH�Mi2X �BMbB H� +QM/m+iBQM
ûH2+i`B[m2 2bi 2bb2MiB2HH2K2Mi ûH2+i`QHviB[m2 2i b2 7�Bi ;`�+2 �m /ûTH�+2K2Mi /2b BQMb 2M
bQHmiBQM /�Mb HǶ2�m T`ûb2Mi2 /�Mb H� TQ`QbBiû /m bQH U/2 "QɃ�`/- RNe8- c C�+FbQM- RNd8- c
JB+?Qi- kyyj- c a�KQmďHB�M 2i �HX- kyy8VX G� `ûbBbiBpBiû ûH2+i`B[m2 /ǶmM bQH /ûT2M/ /QM+
/2 THmbB2m`b 7�+i2m`b ,



jX9X *�`iQ;`�T?B2 /2 H� `ûbBbiBpBiû ûH2+i`B[m2 /2b bQHb ed

ě H� TQ`QbBiû 2i iQmb b2b T�`�Kĕi`2b �bbQ+Bûb UpQHmK2 TQ`�H- i�BHH2 2i 7Q`K2 /2b TQ`2b-
iQ`imQbBiû 2i +QMM2+iBpBiû /2 HǶ2bT�+2 TQ`�HV-

ě M�im`2 /2b ûHûK2Mib bQHB/2b UKBMû`�HQ;B2- ;`�MmHQKûi`B2V-
ě [m�MiBiû /Ƕ2�m /�Mb H2b TQ`2b Ub�im`�iBQMV-
ě H� +QM/m+iBpBiû ûH2+i`B[m2 /2 HǶ2�m TQ`�H2 U`2HBû2 ¨ H� +QM+2Mi`�iBQM BQMB[m2V-
ě H� i2KTû`�im`2 /m bQHX

G� `ûbBbiBpBiû 2bi BM~m2M+û2 T�` H� T�`iB2 bQHB/2 ¨ i`�p2`b H� /2MbBiû /2 +?�`;2b ûH2+i`B[m2b
T`ûb2Mi2 ¨ H� bm`7�+2 /2b ;`�BMbX �BMbB H� i2tim`2- 2i T�`iB+mHBĕ`2K2Mi H2 i�mt /Ƕ�`;BH2-
BM~m2M+2 H� `ûbBbiBpBiû ûH2+i`B[m2 /m bQH- �HQ`b [m2 H2 b�#H2 �m`� T2m /ǶBM~m2M+2X *Ƕ2bi
TQm`[mQB �`+?B2 URN9kV +QMbB/ĕ`2 iQmi /Ƕ�#Q`/ mM2 `Q+?2- Qm mM bQH- b�Mb �`;BH2 2i b�im`û
TQm` ûi�#HB` H� `2H�iBQM 2Mi`2 H� `ûbBbiBpBiû ûH2+i`B[m2 /2 +2ii2 `Q+?2 ρr 2i H� `ûbBbiBpBiû
ûH2+i`B[m2 /m ~mB/2 TQ`�H ρw ,

ρr = aρwΦ−m = ρwF UjXkV

�p2+ Φ H� TQ`QbBiû /2 H� `Q+?2- K mM2 +QMbi�Mi2 �TT2Hû2 ǳ7�+i2m` /2 +BK2Mi�iBQMǴ 2i �
mM2 +QMbi�Mi2 `2HBû2 �m ivT2 /2 `Q+?2X AMi`Q/mBi T�` �`+?B2 URN9kV- 6 2bi H2 7�+i2m` /2
7Q`K�iBQM /û}MB T�` F = aΦ−mX �BMbB HQ`b[m2 H� `ûbBbiBpBiû /m ~mB/2 �m;K2Mi2 Qm [m2 H�
TQ`QbBiû /2 H� `Q+?2 /BKBMm2- H� `ûbBbiBpBiû /m bQH �m;K2Mi2X

*2T2M/�Mi H2 bQH MǶ2bi T�b iQmDQm`b b�im`û 2i H� TQ`QbBiû T2mi āi`2 T�`iB2HH2K2Mi `2KTHB2
/Ƕ�B`- �HQ`b +QMbB/û`û +QKK2 BbQH�MiX E2HH2` �M/ 6`Bb+?FM2+?i URNeeV `2HB2 H� `ûbBbiBpBiû
/ǶmM bQH MQM b�im`û ρ 2i +2HH2 /ǶmM bQH b�im`û ρsat ¨ H� b�im`�iBQM a ,

ρ

ρsat
= S−n UjXjV

Qɍ M 2bi HǶ2tTQb�Mi /2 b�im`�iBQM- 2M ;ûMû`�H û;�H ¨ kX

G� HQB /Ƕ�`+?B2 U�`+?B2- RN9kV T2mi �HQ`b bǶû+`B`2 bQmb H� 7Q`K2 ,

ρr = aρwΦ−mS−n UjX9V

.�Mb H2b bQHb �`;BH2mt- H2b +?�`;2b Mû;�iBp2b T`ûb2Mi2Mi ¨ H� bm`7�+2 /2b T�`iB+mH2b �`;BH2mb2b
T�`iB+BT2Mi �m T�bb�;2 /m +Qm`�Mi 2i +QMi`B#m2Mi ¨ /BKBMm2` H� `ûbBbiBpBiû /m bQH U_?Q�/2b
2i �HX- RNde- c JBi+?2HH �M/ aQ;�- RNNj- c 6mFm2 2i �HX- RNNNVX *2 T?ûMQKĕM2 `2M/ H2b
KQ/ĕH2b bBKTH2b /2 +QM/m+iBQM ûH2+i`B[m2 /�Mb /2b b�#H2b ǳT`QT`2bǴ BM�/�Tiûb �mt bQHb
`B+?2b 2M �`;BH2X JB+?Qi UkyyjV � HBbiû /2b KQ/ĕH2b /2 THmb 2M THmb +QKTH2t2b /ûp2HQTTûb
/2TmBb H2b �MMû2b RN8y �}M /2 T`2M/`2 2M +QKTi2 HǶBM~m2M+2 /2 HǶ�`;BH2X *2T2M/�Mi +2b
KQ/ĕH2b `2bi2Mi i`ĕb i?ûQ`B[m2b 2i H2m`b +QM/BiBQMb /Ƕ�TTHB+�iBQM `2bi`2B;M2Mi H2m` p�HB/Biû
2i /QM+ H2m` 2KTHQBX

JB+?Qi UkyyjV BMi`Q/mBi /�Mb b� i?ĕb2- /2mt ;`QmT2b /2 7�+i2m`b DQm�Mi bm` H� `ûbBbiBpBiû
/m bQH ,

ě H2b p�`B�#H2b BMi`BMbĕ[m2b Tû`2MM2b [mB M2 p�`B2Mi T�b �m +Qm`b /m i2KTbX *2H� +QK@
T`2M/ H� i2tim`2 2i H2 i�mt /Ƕ�`;BH2- H� i2M2m` 2M +�`#QM�i2b U*�*PjV- H� TB2``QbBiû-



e3 *?�TBi`2 jX *�`�+iû`Bb�iBQM /2b bBi2b /Ƕûim/2

6B;m`2 jXd Ĝ :�KK2 /2 `ûbBbiBpBiûb /2b K�iû`B�mt `2M+QMi`ûb 2M ;ûQT?vbB[m2 US2Mx
UkyRkV �/�Tiû /Ƕ�T`ĕb S�H�+Fv URN33VVX

H� T`Q7QM/2m` /2 bQH 2i H2 ivT2 /2 bm#bi`�i ;ûQHQ;B[m2X :ûMû`�H2K2Mi- HQ`b[m2 H�
i�BHH2 /2b +QMbiBim�Mib /m bQH /BKBMm2- 2i T�`iB+mHBĕ`2K2Mi HQ`b[m2 H2 i�mt /Ƕ�`;BH2
�m;K2Mi2- H� `ûbBbiBpBiû ûH2+i`B[m2 /m bQH /BKBMm2X

ě H2b p�`B�#H2b /Ƕûi�i /B�+?`QMB[m2b [mB p�`B2Mi �m +Qm`b /m i2KTbX 1HH2b +QKT`2MM2Mi
H� b�im`�iBQM 2M 2�m- H� +QM+2Mi`�iBQM BQMB[m2 /2 HǶ2�m /m bQH- H2 i�mt /2 K�iBĕ`2
Q`;�MB[m2- 2i H� i2KTû`�im`2X GǶ�m;K2Mi�iBQM /2 +2b i`QBb T�`�Kĕi`2b p� 2Mi`�ŗM2`
mM2 /BKBMmiBQM /2 H� `ûbBbiBpBiûX

SQm` mM2 �TTHB+�iBQM /2 +�`iQ;`�T?B2 2M b+B2M+2 /m bQH- QM pQBi /QM+ [m2 H2b K2bm`2b /2
`ûbBbiBpBiû T2`K2ii2Mi /2 K2ii`2 2M ûpB/2M+2 mM2 p�`B�#BHBiû bT�iB�H2 /2b +�`�+iû`BbiB[m2b
BMi`BMbĕ[m2b /m bQH U6B;m`2 jXdVX *2T2M/�Mi- BH 2bi BKTQ`i�Mi /2 bQmHB;M2` [m2 H2b K2bm`2b
b2`QMi û;�H2K2Mi 7Q`i2K2Mi BKT�+iû2b T�` H2b p�`B�#H2b /Ƕûi�i �m KQK2Mi /2 H� T`QbT2+iBQM
i2HH2b [m2 HǶ?mKB/Biû /m bQH 2i H� i2KTû`�im`2X .ǶQɍ HǶBMiû`āi /2 TQ`i2` mM2 �ii2MiBQM
T�`iB+mHBĕ`2 �mt +QM/BiBQMb +HBK�iB[m2b �m KQK2Mi /2 HǶ�+[mBbBiBQM /2b /QMMû2bX



jX9X *�`iQ;`�T?B2 /2 H� `ûbBbiBpBiû ûH2+i`B[m2 /2b bQHb eN

jX9XRXk �TTHB+�iBQM ¨ H� b+B2M+2 /m bQH

G2b Kûi?Q/2b ûH2+i`B[m2b QMi H�`;2K2Mi ûiû miBHBbû2b TQm` K2bm`2` H� p�`B�#BHBiû /2b bQHb-
p2`iB+�H2K2Mi 2i ?Q`BxQMi�H2K2MiX .�Mb H� HBiiû`�im`2- H� H2+im`2 /2 *?2`v URNN8V- JB+?Qi
UkyyjV- a�KQmďHB�M 2i �HX Ukyy8V 2i GQF2 2i �HX UkyRjV T2`K2i /2 +QKT`2M/`2 H2b /Bzû`2Mi2b
i2+?MB[m2b KBb2b 2M Q2mp`2 2M b+B2M+2 /m bQHX

JB+?Qi UkyyjV /û+`Bi T�`iB+mHBĕ`2K2Mi #B2M /�Mb bQM T`2KB2` +?�TBi`2 HǶ?BbiQ`B[m2 /m /û@
p2HQTT2K2Mi /2b Kûi?Q/2b /2 K2bm`2 /2 H� `ûbBbiBpBiû ûH2+i`B[m2 , BMBiB�H2K2Mi T`BM+BT�@
H2K2Mi �TTHB[mû2b �mt bQHb b�Hûb /�Mb H� }M /2b �MMû2b RNey- H2b K2bm`2b BM bBim ûi�B2Mi
`û�HBbû2b ¨ HǶ�B/2 /2 +2HHmH2b 2M +û`�KB[m2 KmMB2b /2 /2mt ûH2+i`Q/2b 2M TH�iBM2 TmBb ¨
HǶ�B/2 /2 [m�/`BTƬH2b 2M +QM};m`�iBQM q2MM2` ¨ /Bzû`2Mi2b T`Q7QM/2m`bX *2b Kûi?Q/2b
BMi`mbBp2b M2 T2`K2ii�Mi [mǶmM2 K2bm`2 i`ĕb TQM+im2HH2 2i MQM `2T`ûb2Mi�iBp2 /2 H� p�`B�@
#BHBiû /2b bQHb- mM2 û[mBT2 /2 +?2`+?2m`b +�HB7Q`MB2Mb- bQmb HǶBKTmHbBQM /2 CX.X _?Q�/2b �
/ûp2HQTTû mM2 i2+?MB[m2 /2 K2bm`2 /2 H� +QM/m+iBpBiû ¨ T�`iB` /2 [m�/`BTƬH2b /ǶûH2+i`Q/2b
BMbi�HHûb 2M bm`7�+2X

G2b Kûi?Q/2b /2 K2bm`2 /2 `ûbBbiBpBiû ûH2+i`B[m2 T`ûb2Miû2b ¨ H� bmBi2 miBHBb2Mi H2b [m�/`B@
TƬH2b /ǶûH2+i`Q/2X G2 +Qm`�Mi 2bi BMD2+iû �m MBp2�m /ǶmM2 T�B`2 /ǶûH2+i`Q/2b /ǶBMD2+iBQM �
UTƬH2 YV 2i " UTƬH2 @V- 2i H� /Bzû`2M+2 /2 TQi2MiB2H 2bi K2bm`û2 2Mi`2 H2b /2mt ûH2+i`Q/2b
/2 K2bm`2 , J 2i LX G2b ûH2+i`Q/2b /ǶBMD2+iBQM bQMi û;�H2K2Mi T�`7QBb /ûMQKKû2b *R 2i
*k U+m``2Mi 2H2+i`Q/2bV- 2i H2b ûH2+i`Q/2b /2 K2bm`2 SR 2i Sk UTQi2MiB�H 2H2+i`Q/2bVX G2b
i`QBb T`BM+BT�H2b +QM};m`�iBQMb /2 [m�/`BTƬH2b bQMi H2b /BbTQbBiB7b q2MM2`- a+?HmK#2`;2`
2i /BTƬH2@/BTƬH2- K�Bb BH 2tBbi2 û;�H2K2Mi /2b +QM};m`�iBQMb /2 ivT2 TƬH2@/BTƬH2- TƬH2@TƬH2
2i MQK#`2mb2b �mi`2b p�`B�Mi2b U6B;m`2 jX3VX G� +QM};m`�iBQM 2i H� /Bbi�M+2 BMi2`@ûH2+i`Q/2
/QBi āi`2 Dm/B+B2mb2K2Mi +?QBbB2- +�` H� `ûbQHmiBQM /2b K2bm`2b 2i H� T`Q7QM/2m` /ǶBMp2b@
iB;�iBQM 2M /ûT2M/2MiX G2 7�+i2m` ;ûQKûi`B[m2 UFV 2bi /û}MB TQm` +?�[m2 /BbTQbBiB7 2i H�
`ûbBbiBpBiû �TT�`2Mi2 UρaV 2bi +�H+mHû2 T�` H� 7Q`KmH2 UEQ27Q2/ PiiQ- RNdN c a�KQmďHB�M
2i �HX- kyy8- c GQF2 2i �HX- kyRjV ,

ρa = k
∆V

I
UjX8V

.�Mb H2 /BbTQbBiB7 q2MM2`- HǶû+�`i BMi2`@2H2+i`Q/2 U�V 2bi +QMbi�Mi U6B;m`2 jX3V , a =
AM = MN = NBX G2 7�+i2m` ;ûQKûi`B[m2 +Q``2bTQM/ �HQ`b ¨ k = 2πaX

G� `ûbBbiBpBiû +�H+mHû2 UρaV 2bi �HQ`b mM2 `ûbBbiBpBiû �TT�`2Mi2 +Q``2bTQM/�Mi ¨ mM2 p�H2m`
/2 `ûbBbiBpBiû BMiû;`û2 bm` H2 pQHmK2 /2 bQH i`�p2`bû T�` H2 +Qm`�Mi ûH2+i`B[m2X

G� T`Q7QM/2m` /2 H� K2bm`2 2bi HBû2 ¨ HǶû+�`i2K2Mi 2Mi`2 H2b ûH2+i`Q/2b /m [m�/`BTƬH2
miBHBbûX �BMbB /�Mb H2 +�b /ǶmM2 +QM};m`�iBQM q2MM2`- HǶ�m;K2Mi�iBQM /2 H� /Bbi�M+2 �
T2`K2i /Ƕ�m;K2Mi2` H� T`Q7QM/2m` /ǶBMp2biB;�iBQMX AH 2bi +QKKmMûK2Mi �/KBb [m2 H�
T`Q7QM/2m` /2 H� K2bm`2 2bi 2Mi`2 0, 75 × AM 2i AM U*?2`v- RNN8VX

jX9XRXj *�`iQ;`�T?B2 /2b bQHb

G2b Kûi?Q/2b ;ûQT?vbB[m2b 2i THmb T�`iB+mHBĕ`2K2Mi H2b Kûi?Q/2b ûH2+i`B[m2b QMi `�TB/2@
K2Mi +QMbiBimû mM QmiBH BMiû`2bb�Mi TQm` H� T`QbT2+iBQM 2i H� +�`iQ;`�T?B2 /2b bQHbX G2b



dy *?�TBi`2 jX *�`�+iû`Bb�iBQM /2b bBi2b /Ƕûim/2

6B;m`2 jX3 Ĝ Zm�/`BTƬH2b /ǶûH2+i`Q/2b +Qm`�KK2Mi miBHBbûb 2i H2m`b 7�+i2m`b ;ûQKû@
i`B[m2bX "`BiBb? :2QHQ;B+�H am`p2v U+V L1_* kyRj BM GQF2 2i �HX UkyRjV



jX9X *�`iQ;`�T?B2 /2 H� `ûbBbiBpBiû ûH2+i`B[m2 /2b bQHb dR

QmiBHb KmHiB@ûH2+i`Q/2b T2`K2ii2Mi /2 /û+`B`2 /2b p�`B�iBQMb H�iû`�H2b 2i p2`iB+�H2b /2 `û@
bBbiBpBiû ûH2+i`B[m2 /m bQH UJB+?Qi- kyyjVX PM /BbiBM;m2 H2b /BbTQbBiB7b }t2b T2`K2ii�Mi /2
7�B`2 /2b bQM/�;2b R. 2i /2 H� iQKQ;`�T?B2- 2i H2b /BbTQbBiB7b KQ#BH2b +QKK2 H2 bvbiĕK2
/m Jl*1S UJmHiBTQH2 *QMiBMmQmb 1H2+i`B+�H S`Q}HBM;VX

jX9Xk hQKQ;`�T?B2 T�` `ûbBbiBpBiû ûH2+i`B[m2 U1_hV

jX9XkXR S`BM+BT2 /2 H� K2bm`2

G� iQKQ;`�T?B2 T�` `ûbBbiBpBiû ûH2+i`B[m2 U1H2+i`B+�H _2bBbiBpBiv hQKQ;`�T?v- 1_hV- û;�@
H2K2Mi �TT2Hû2 T�MM2�m ûH2+i`B[m2 +Q``2bTQM/ ¨ mM bvbiĕK2 +QKTQbû /2 M ûH2+i`Q/2b
;ûMû`�H2K2Mi �HB;Mû2bX G2b ûH2+i`Q/2b bQMi `2HBû2b ¨ mM `ûbBbiBpBKĕi`2 T�` mM bvbiĕK2 /2
+�#H2b KmHiB#`BMb- 2i H2 `ûbBbiBpBKĕi`2 2bi û[mBTû /ǶmM bvbiĕK2 T2`K2ii�Mi H� +QKKmi�@
iBQM �miQK�iB[m2 /2b ûH2+i`Q/2b /2 K2bm`2 2i /ǶBMD2+iBQM HQ`b /2b K2bm`2b U:`B{i?b �M/
hm`M#mHH- RN38VX *?�[m2 K2bm`2 /2 `ûbBbiBpBiû �TT�`2Mi2 2bi �bbQ+Bû2 �m +2Mi`2 /m [m�/`B@
TƬH2 2i ¨ mM2 T`Q7QM/2m` T`QTQ`iBQMM2HH2 ¨ H� /Bbi�M+2 bûT�`�Mi H2b /BTƬH2bX G2b K2bm`2b
bQMi `ûT�`iB2b 2M MBp2�mt +Q``2bTQM/�Mi �m MQK#`2 /ǶBMi2`p�HH2b 2Mi`2 H2 /BTƬH2 /ǶBMD2+iBQM
2i H2 /BTƬH2 /2 K2bm`2X �m +Qm`b /2 HǶ�+[mBbBiBQM /2b /QMMû2b- H2 `ûbBbiBpBKĕi`2 T`Q+ĕ/2
�mt K2bm`2b MBp2�m T�` MBp2�m b2HQM iQmi2b H2b +QK#BM�BbQMb TQbbB#H2b T2`KBb2b T�` H2
[m�/`BTƬH2 +?QBbB 2i +�H+mH H� `ûbBbiBpBiû �TT�`2Mi2 �p2+ H� 7Q`KmH2 UjX8VX

�m;K2Mi2` H2 MQK#`2 /ǶûH2+i`Q/2b T2`K2i /Ƕ�m;K2Mi2` H� HQM;m2m` /m T`Q}H K2bm`û Qm
/2 `û/mB`2 HǶ2bT�+2 2Mi`2 H2b ûH2+i`Q/2b TQm` �KûHBQ`2` H� `ûbQHmiBQM /2 H� K2bm`2X

jX9XkXk �+[mBbBiBQM

G2b K2bm`2b QMi ûiû `û�HBbû2b bm` H2 pB;MQ#H2 /m *?�i2�m *�T2i@:mBHHB2` /�Mb HǶŗHQi /2b
T�`+2HH2b /2 H� T�`iB2 TH�BM2 bm` H2b T�`+2HH2b 9 ¨ dX G2b T�`+2HH2b e 2i d �HQ`b 2M +Qm`b /2
`2TH�Mi�iBQM MǶûi�B2Mi T�b T�HBbbû2b +2 [mB 7�+BHBi2 H� KBb2 2M TH�+2 /m /BbTQbBiB7- H2 T`Q}H
ûi�Mi T2`T2M/B+mH�B`2 �mt `�M;b /2 pB;M2 U6B;m`2 jXRyVX

G� `ûbBbiBpBiû ûH2+i`B[m2 � ûiû K2bm`û2 �p2+ mM `ûbBbiBpBKĕi`2 avb+�H _k KmHiB@ûH2+i`Q/2b
UA`Bb AMbi`mK2MibV �bbQ+Bû �p2+ dk ûH2+i`Q/2b 2bT�+û2b /2 8y +K 2i b2HQM mM /BbTQbBiB7
q2MM2` bm` mM2 /Bbi�M+2 /2 j8-8 KX *?�[m2 K2bm`2 � ûiû 7�Bi2 �p2+ k ¨ j BMD2+iBQMb /2
y-k8y b �p2+ mM bB;M�H +�``ûX

�}M /2 `û�HBb2` H� /Bbi�M+2 iQi�H2 /2 98y K- MQmb �pQMb `û�HBbû /2b bû[m2M+2b /2 ivT2 _QHH
�HQM;X *2 bvbiĕK2 T2`K2i /Ƕ�p�M+2` 2M M2 /ûTH�Ï�Mi [m2 H� T`2KBĕ`2 KQBiBû /2b ûH2+i`Q/2b
QTiBKBb�Mi �BMbB H2 i2KTb /Ƕ�+[mBbBiBQM [mB bǶ2bi ûi�Hû bm` 9 DQm`b 2Mi`2 H2 Rj 2i H2 RN �p`BH
kyR3 2M KQ#BHBb�Mi [m�i`2 T2`bQMM2bX

�m /ûKQMi�;2 /m /BbTQbBiB7- H� HQ+�HBb�iBQM /2 +?�[m2 ûH2+i`Q/2 2bi �bbm`û2 T�` mM :Sa
h`BK#H2 :2Q ds �p2+ +Q``2+iBQMb /Bzû`2MiB2HH2bX G� T`û+BbBQM /m TQbBiBQMM2K2Mi TH�MBKû@
i`B[m2 2bi /2 HǶQ`/`2 /2 R ¨ k +K 2M ?Q`BxQMi�H 2i 2M p2`iB+�HX



dk *?�TBi`2 jX *�`�+iû`Bb�iBQM /2b bBi2b /Ƕûim/2

6B;m`2 jXN Ĝ a+?ûK� /ǶmM bvbiĕK2 KmHiB@ûH2+i`Q/2- 2i mM2 bû[m2M+2 /2 K2bm`2b TQm`
+`û2` mM2 Tb2m/Qb2+iBQM k.X "`BiBb? :2QHQ;B+�H am`p2v U+V L1_* kyRj BM GQF2 2i �HX
UkyRjV

6B;m`2 jXRy Ĝ SH�M /2 T`QbT2+iBQM /2 HǶ1_h bm` H2b T�`+2HH2b /m *?�i2�m *�T2i@:mBHHB2`X
1M TQBMiBHHûb H2 i`�+û /m T`Q}H- 2i HQ+�HBb�iBQM /2b K2bm`2b /Ƕ?mKB/Biû U>R ¨ >3VX



jX9X *�`iQ;`�T?B2 /2 H� `ûbBbiBpBiû ûH2+i`B[m2 /2b bQHb dj

jX9XkXj J2bm`2b /2 H� i2M2m` 2M 2�m 2i 2biBK�iBQM /2 H� b�im`�iBQM

*QKK2 MQmb HǶ�pQMb pm T`û+û/2KK2Mi U+7X jX9XRV- H� [m�MiBiû /Ƕ2�m T`ûb2Mi2 /�Mb H2 bQH-
2i THmb bTû+B}[m2K2Mi- H2 i�mt /2 b�im`�iBQM 2M 2�m /2 H� TQ`QbBiû /m bQH � mM 7Q`i BKT�+i
bm` H� `ûbBbiBpBiû ûH2+i`B[m2X

.2b T`ûHĕp2K2Mib /2 bQH QMi ûiû `û�HBbûb `û;mHBĕ`2K2Mi H2 HQM; /m T`Q}H /2 iQKQ;`�T?B2
U6B;m`2 jXRyVX G2b T`Q7QM/2m`b /Ƕû+?�MiBHHQMM�;2b bQMi y@ky +K- 8y@dy +K- Ryy@Rky +K 2i
R8y@Rdy +K- 2M 7�Bb�Mi 2M bQ`i2 /2 M2 T�b KûH�M;2` /2mt ivT2b /Ƕ?Q`BxQMbX G2b û+?�MiBHHQMb
QMi 2MbmBi2 ûiû i`�Biûb /2 H� KāK2 K�MBĕ`2 [m2 H2b û+?�MiBHHQMb miBHBbûb TQm` H� /2MbBiû
�TT�`2Mi2 U+7X jXRXkVX G� /Bzû`2M+2 /2 TQB/b 2Mi`2 HǶû+?�MiBHHQM ?mKB/2 2i b2+ T2`K2i /2
K2bm`2` H� K�bb2 /Ƕ2�m +QMi2Mm2 /�Mb +2HmB@+BX *2ii2 K�bb2 `�TTQ`iû2 ¨ H� K�bb2 iQi�H2
/2 HǶû+?�MiBHHQM ?mKB/2 T2`K2i /2 +�H+mH2` H� i2M2m` 2M 2�m K�bbB[m2 UωV /2 +2 /2`MB2`X
G2b /2MbBiûb �TT�`2Mi2b UDaV K2bm`û2b bm` H2b 7Qbb2b /2b THmb T`Q+?2b /2b mMBiûb /2 bQH-
2M +QM+Q`/�M+2 �p2+ H� +�`i2 /2b bQHb- QMi ûiû miBHBbû2b TQm` +QMp2`iB` ω 2M i2M2m` 2M 2�m
pQHmKB[m2 UθV ,

θ = Da

Deau
ω UjXeV

G� /2MbBiû `2i2Mm2 TQm` HǶ2�m 2bi Deau 4 R ;X+K@jX

G� TQ`QbBiû UφV � ûiû +�H+mHû2 �p2+ H� 7Q`KmH2 UjXdV T`QTQbû2 T�` .�M2 2i �HX UkyykV- 2M
i2M�Mi +QKTi2 [m2 H� /2MbBiû `û2HH2 /2 H� K�i`B+2 KBMû`�H2 /m bQH U2bb2MiB2HH2K2Mi bBHB+2mb2V
T2mi āi`2 2biBKû2 ¨ Dr 4 k-e8 ;X+K@j U"H�F2- kyy3VX

φ = 1 − Da

Dr
UjXdV

G� b�im`�iBQM USrV 2bi 2MbmBi2 2biBKû2 T�` H� 7Q`KmH2 UjX3V ,

Sr = θ

φ
UjX3V

jX9XkX9 AMp2`bBQM /2 H� `ûbBbiBpBiû

G2b /QMMû2b mM2 7QBb 2ti`�Bi2b /m `ûbBbiBpBKĕi`2 bQMi +?�`;û2b /�Mb mM Q`/BM�i2m`X SQm`
+?�[m2 K2bm`2- H� TQbBiBQM /2b ûH2+i`Q/2b miBHBbû2b 2bi BM/B[mû2- QM T2mi /QM+ 2M /û/mB`2
H2 MBp2�m /2 +?�+mM2 �BMbB [m2 b� Tb2m/QT`Q7QM/2m`X G2b K2bm`2b T2mp2Mi �HQ`b āi`2 `2T`û@
b2Miû2b 2M k. bm` mM2 Tb2m/Qb2+iBQM �p2+ bm` HǶ�t2 s H� /B`2+iBQM /2 T`Q;`2bbBQM /m T`Q}H-
2i 2M w H� Tb2m/QT`Q7QM/2m` 2M MBp2�mtX *2T2M/�Mi- +2 ivT2 /2 `2T`ûb2Mi�iBQM /QMM2 mM2
BK�;2 �TT`QtBK�iBp2 2i /û7Q`Kû2 /2 H� /Bbi`B#miBQM /2b `ûbBbiBpBiûb /m bQHX 1M 2z2i- H�
T`Q7QM/2m` 2z2+iBp2 /2 H� K2bm`2 /ûT2M/ /2 H� TQbBiBQM `2H�iBp2 /2b ûH2+i`Q/2b /ǶBMD2+iBQM
2i /2 K2bm`2X *2T2M/�Mi- H� T`Q7QM/2m` /ǶBMp2biB;�iBQM 2z2+iBp2 2bi û;�H2K2Mi HBû2 ¨ H�
M�im`2 /2b K�iû`B�mt bQmb H� bm`7�+2- +�` mM2 +Qm+?2 +QM/m+i`B+2 `û/mBi H� T`Q7QM/2m`
/ǶBMp2biB;�iBQM Ua�KQmďHB�M 2i �HX- kyy8VX .2 THmb- H2 bQH MǶûi�Mi T�b mM KBHB2m ?QKQ;ĕM2-
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H� `ûbBbiBpBiû K2bm`û2 +Q``2bTQM/ ¨ mM2 p�H2m` KQv2MMû2 BMiû;`�Mi H2b ?ûiû`Q;ûMûBiûb /m
bQH Dmb[mǶ¨ H� Tb2m/QT`Q7QM/2m` /ǶBMp2biB;�iBQMX

lM2 #QMM2 BMi2`T`ûi�iBQM /2b /QMMû2b MǶ2bi TQbbB#H2 [mǶ�T`ĕb BMp2`bBQMX G2 T`BM+BT2 /2
HǶBMp2`bBQM 2bi /2 /ûi2`KBM2` mM KQ/ĕH2 [mB b2 `�TT`Q+?2 �m KB2mt /2b K2bm`2b /2 `ûbBb@
iBpBiû �TT�`2Mi2X *2 KQ/ĕH2 b2`� miBHBbû TQm` 2biBK2` H2b p�H2m`b /2 `ûbBbiBpBiû /Bi2 ǳp`�B2Ǵ
UQm ǳBMp2`bû2ǴV �mt T`Q7QM/2m`b `û2HH2b- T�` QTTQbBiBQM ¨ H� Tb2m/QT`Q7QM/2m` �ii`B#mû2 ¨
H� `ûbBbiBpBiû �TT�`2Mi2X

GǶBMp2`bBQM /2b /QMMû2b � ûiû `û�HBbû2 �p2+ H2 HQ;B+B2H _2bk.AMp jX88 U:1PhPJP aP6h@
q�_1 a.LX ">.X- :2Hm;Q`- S2M�M;- J�H�vbB�VX S`û�H�#H2K2Mi- mM2 +Q``2+iBQM /2 H�
+Ƭi2 2i /2 HǶ�HiBim/2 /2b ûH2+i`Q/2b � ûiû `û�HBbû2 ¨ T�`iB` /2b `2H2pûb 7�Bib T�` :Sa �}M /2
HBKBi2` H2b 2``2m`b BM/mBi2b T�` H� iQTQ;`�T?B2X

jX9Xj J2bm`2b /2 `ûbBbiBpBiû �TT�`2Mi2 T�` i`�ŗMû ûH2+i`B[m2 UJl*1SV

.�Mb H2 +�/`2 /ǶmM2 �TTHB+�iBQM ¨ H� +�`iQ;`�T?B2 /2b bQHb- H� K2bm`2 /2 `ûbBbiBpBiû T�` Jl@
*1S +QMbiBim2 mM2 Kûi?Q/2 BMiû`2bb�Mi2X 1M 2z2i- H2 bvbiĕK2 /ǶûH2+i`Q/2b i`�ŗMûb /BKBMm2
bB;MB}+�iBp2K2Mi H2 i2KTb /Ƕ�+[mBbBiBQM 2i T2`K2i /2 +Qmp`B` mM2 bm`7�+2 bB;MB}+�iBp2 2M
mM2 DQm`Mû2 /2 i`�p�BH UR ¨ Ry ?�V U.�#�b 2i �HX- RN3NVX

GǶ�+[mBbBiBQM /2 /QMMû2b /2 `ûbBbiBpBiû T�` i`�ŗMû ûH2+i`B[m2 Mû+2bbBi2 mM K�iû`B2H bTû+B}[m2
/ûp2HQTTû b2mH2K2Mi T�` [m2H[m2b bQ+Bûiûb bTû+B�HBbû2bX LQmb �pQMb /QM+ /ȿ 7�B`2 �TT2H ¨
H� bQ+Bûiû :ûQ*�`i� �}M /2 `û�HBb2` +2b K2bm`2bX

G2 K�iû`B2H 7Qm`MB T�` :ûQ*�`i� � ûiû KQMiû bm` mM i`�+i2m` BMi2`@`�M; �m *?�i2�m
*�T2i@:mBHHB2` 2i bm` mM 2MD�K#2m` �m *?�i2�m S�i�+?2 /Ƕ�mtX AH bǶ�;Bi /ǶmM /BbTQbBiB7
�_S U�miQK�iB+ `2bBbiBpBiv T`Q}H2`V- ûpQHmiBQM /m Jl*1S /ûp2HQTTû T�` S�MBbbQ/ 2i �HX
URNNdVX *Ƕ2bi mM /BbTQbBiB7 i`�+iû ¨ 9 T�B`2b /ǶûH2+i`Q/2b , mM2 T�B`2 /ǶûH2+i`Q/2b /ǶBMD2+iBQM
¨ HǶ�p�Mi 2i j T�B`2b /ǶûH2+i`Q/2b /2 K2bm`2b �p2+ /2b û+�`i2K2Mib /Bzû`2Mib , y-8 K c
R K c k KX G2b ûH2+i`Q/2b bQMi `2HBû2b ¨ mM `ûbBbiBpBKĕi`2 [mB 2bi HmB@KāK2 TBHQiû T�`
mM Q`/BM�i2m` 2K#�`[mû +QMi`ƬH�Mi HǶ�+[mBbBiBQM 2i H� KûKQ`Bb�iBQM /2b /QMMû2b U6B;m`2
jXRRVX G� HQ+�HBb�iBQM /2b K2bm`2b 2bi �bbm`û2 T�` mM :Sa ai�`6B`2 Bh* �p2+ +Q``2+iBQMb
/Bzû`2MiB2HH2b a6 AAX G� T`û+BbBQM /m TQbBiBQMM2K2Mi TH�MBKûi`B[m2 2bi /2 HǶQ`/`2 /2 Ry
+KX G2b `ûbBbiBpBiûb �TT�`2Mi2b K2bm`û2b T�` H2b i`QBb T�B`2b /ǶûH2+i`Q/2b bQMi 2M`2;Bbi`û2b
bQmb 7Q`K2 /2 i`QBb pQB2b /Bzû`2Mi2b UoR- ok 2i ojV +Q``2bTQM/�Mi ¨ /2b T`Q7QM/2m`b /2
T`QbT2+iBQM +`QBbb�Mi2bX

G2b K2bm`2b bQMi 2z2+imû2b /�Mb H2b `�M;b /2 pB;M2 �p2+ mM 2bT�+2K2Mi /2 e K 2Mi`2
+?�[m2 `�M; /2 K2bm`2X G2 :Sa � ûiû +QM};m`û TQm` T`2M/`2 mM2 K2bm`2 T�` b2+QM/2- 2i
H� `ûbBbiBpBiû 2bi K2bm`û2 iQmb H2b Ry +K /�Mb H2 `�M;X

SQm` /2b `�BbQMb i2+?MB[m2b- H� T�B`2 /ǶûH2+i`Q/2b /2 K2bm`2b +Q``2bTQM/�Mi ¨ ok MǶ� T�b
Tm āi`2 BMbi�HHû2 bm` HǶ2MD�K#2m` /m *?�i2�m S�i�+?2 /Ƕ�mtX *2ii2 +QMi`�BMi2 HBKBi2 /QM+
H2b K2bm`2b �mt pQB2b R 2i jX



jX9X *�`iQ;`�T?B2 /2 H� `ûbBbiBpBiû ûH2+i`B[m2 /2b bQHb d8

6B;m`2 jXRR Ĝ AMbi�HH�iBQM /m Jl*1S bm` H2 i`�+i2m` BMi2`@HB;M2X



de *?�TBi`2 jX *�`�+iû`Bb�iBQM /2b bBi2b /Ƕûim/2



*?�TBi`2 9

6�+i2m`b 2MpB`QMM2K2Mi�mt 2i
[m�HBiû /m pBM

*2ii2 T�`iB2 /2 +2 KûKQB`2 /2 i?ĕb2 � 7�Bi HǶQ#D2i /ǶmM2 Tm#HB+�iBQM /�Mb H� `2pm2 a+B2M+2
Q7 i?2 hQi�H 1MpB`QMK2MiX G2 iBi`2 /2 +2i �`iB+H2 2bi ǳA/2MiB}+�iBQM /2b 7�+i2m`b 2MpB`QM@
M2K2Mi�mt +QMi`ƬH�Mi H� [m�HBiû /m pBM ě *�b /m *?�i2�m *�T2i@:mBHHB2`- �PS a�BMi@
1KBHBQM :`�M/ *`mǴ U2M �M;H�Bb ǳA/2MiB}+�iBQM Q7 2MpB`QMK2Mi�H 7�+iQ`b +QMi`QHHBM; rBM2
[m�HBiv , � +�b2 bim/v BM a�BMi@1KBHBQM :`�M/ *`m �TT2HH�iBQM- 6`�M+2ǴV- BH 2bi pBbB#H2 2M
�++ĕb HB#`2 2M HB;M2 , ?iiTb,ff/QBXQ`;fRyXRyRefDXb+BiQi2MpXkyRNXRjjdR3X

SQm` 7�+BHBi2` H� H2+im`2 /m KûKQB`2- mM2 p2`bBQM 7`�MÏ�Bb2 /2 HǶ�`iB+H2 2bi T`ûb2Miû2 /�Mb
+2 +?�TBi`2X SQm` /2b `�BbQMb /2 Tm#HB+�iBQM- H� +H�bbB}+�iBQM /2b bQHb miBHBbû2 /�Mb HǶ�`iB+H2
2bi H� qQ`/ _272`2M+2 "�b2 7Q` aQBH _2bbQm`+2b Uq_"V THmb `2+QMMm2 ¨ HǶBMi2`M�iBQM�H
[m2 H2 _û7û`2MiB2H Sû/QHQ;B[m2X LQmb �pQMb +QMb2`pû H� p2`bBQM Q`B;BM�H2 /2b };m`2b [mB
bQMi /QM+ 2M �M;H�Bb /�Mb +2ii2 p2`bBQM- 2i H2b };m`2b 2i i�#H2b �//BiBQMM2HH2b /�Mb HǶ�`iB+H2
Q`B;BM�H QMi ûiû BM+Q`TQ`û2bX

9XR AMi`Q/m+iBQM

G2 bQH 2bi mM ûHûK2Mi +Hû /2 H� T`Q/m+iBQM pBiB+QH2 Uq?Bi2- kyyjV 2i mM2 +QKTQb�Mi2
T`BM+BT�H2 /m +QM+2Ti /2 i2``QB` U.2HQB`2 2i �HX- kyy8- c o�M G22mr2M 2i �HX- kyy9- c
o�m/Qm`- kyykV- KāK2 bB H2b `2H�iBQMb 2Mi`2 H2b +�`�+iû`BbiB[m2b b2MbQ`B2HH2b /m pBM 2i H2b
+�`�+iû`BbiB[m2b ;ûQHQ;B[m2b Qm Tû/QHQ;B[m2b QMi ûiû H�`;2K2Mi /Bb+miû2b UJ�HiK�M- kyy3-
c J�ii?2rb- kyReVX G� `2H�iBQM /2 #�b2 2Mi`2 H2 pBM 2i H2 bQH 2bi #�bû2 bm` H2b #2bQBMb 2M 2�m
2i 2M Mmi`BK2Mib /2 H� pB;M2 Uq?Bi2- kyyjVX G� p�`B�#BHBiû /2b bQHb /�Mb HǶ2bT�+2- H2 i2KTb
2i H2b BMi2`�+iBQMb bQHb@+HBK�i bQMi H2b T`BM+BT�mt 7�+i2m`b /2 /Bzû`2M+B�iBQM /m i2``QB` ¨
;`�M/2 û+?2HH2 bT�iB�H2 U*Qbi�MiBMB 2i �HX- kyR3- c *Qbi�MiBMB 2i �HX- kyR8- c :�`+B� 2i �HX-
kyR3- c S`BQ`B 2i �HX- kyRN- c _Q/`B;Q@*QKBMQ- kyR3- c o�m/Qm`- kyykVX SQm` mM2 `ûbQHmiBQM
bT�iB�H2 THmb }M2- H2b 2z2ib ?mK�BMb bQMi 2bb2MiB2Hb c �p2+ H2 i2KTb- H� bi`m+im`2 /m T�vb�;2
?mK�BM 2i H2b T`�iB[m2b ¨ +Qm`i i2`K2 T2mp2Mi KQ/B}2` +QMbB/û`�#H2K2Mi H2b T`QT`Bûiûb
Tû/QHQ;B[m2b 2i H� p�`B�#BHBiû ¨ HǶû+?2HH2 /ǶmM2 TH�+2ii2 /2 i2``�BM U*Qbi�MiBMB 2i �HX- kyR8V

dd

https://doi.org/10.1016/j.scitotenv.2019.133718


d3 *?�TBi`2 9X 6�+i2m`b 2MpB`QMM2K2Mi�mt 2i [m�HBiû /m pBM

iQmi 2M �z2+i�Mi H� /vM�KB[m2 /2 HǶ2�m 2i /m +�`#QM2 2i /QM+ HǶû`QbBQM /m bQH U*Qbi�MiBMB
2i �HX- kyR3- c :�`+B� 2i �HX- kyR3VX

G2b +�`�+iû`BbiB[m2b /m bQH- i2HH2b [m2 H2 T> 2i HǶ�TTQ`i 2M Mmi`BK2Mib- bQMi T`BM+BT�H2K2Mi
/û`Bpû2b /2b `Q+?2b ;ûQHQ;B[m2b 2i bQMi +`BiB[m2b TQm` H� +`QBbb�M+2 /2b pB;M2b 2i H� [m�HBiû
/m pBM UEQ/m`- kyRR- c _2i�HH�+F �M/ "m`Mb- kyReVX G� `2H�iBQM 2Mi`2 H� i2M2m` 2M ûHûK2Mib
Mmi`BiB7b /m bQH 2i H� [m�HBiû /m pBM p�`B2 b2HQM H� T?vbBQHQ;B2 /2 H� pB;M2 2i H2b BMi2`�+@
iBQMb 2MpB`QMM2K2Mi�H2b U"HQi2pQ;2H 2i �HX- kyRN- c :�`+B� 2i �HX- kyyR- c J�+F2MxB2 �M/
*?`Bbiv- kyy8VX GǶ�DQmi /2 H� /vM�KB[m2 /2 HǶ2�m �mt T`QT`Bûiûb T?vbB[m2b /m bQH KQ/mH2
H� /BbTQMB#BHBiû 2M 2�m 2i HǶ�`+?Bi2+im`2 /2b `�+BM2b /2 H� pB;M2- 2i /QM+ H� +QKTQbBiBQM
2M 2�m 2i 2M Mmi`BK2Mib UJQ`H�i �M/ "Q/BM- kyyeVX *2ii2 +QKTH2tBiû /2b ûim/2b bm` H2b
ûHûK2Mib Mmi`BiB7b 2tTHB[m2 TQm`[mQB H� K�DQ`Biû /2b i`�p�mt bm` H2b BMi2`�+iBQMb bQH@pBM
QMi TQ`iû bm` H2b `2H�iBQMb /2 HǶûi�i ?v/`B[m2X G� T`BM+BT�H2 +QM+HmbBQM /2 +2b ûim/2b 2bi
[m2 H� [m�HBiû /m pBM `Qm;2 2bi bQmp2Mi �bbQ+Bû2 ¨ mM /û}+Bi ?v/`B[m2 KQ/û`û U"QM7�Mi2
2i �HX- kyRR- c "`BHH�Mi2 2i �HX- kyRe- c *Qbi�MiBMB 2i �HX- kyRj- c .2HQB`2 2i �HX- kyy8- c .`v-
kyRe- c J�`+BMB�F 2i �HX- kyRjVX

lM2 T�`iB2 /2 H� +QKTH2tBiû TQm` H2b pB;M2`QMb /�Mb HǶûH�#Q`�iBQM /2 pBMb /2 [m�HBiû `ûbB/2
/�Mb HǶ�/�Ti�iBQM /2 H2m`b T`�iB[m2b �mt +QM/BiBQMb 2i bTû+B}+Biûb /m i2``QB` /�Mb HǶ2bT�+2
2i H2 i2KTbX � HǶ�p2MB`- HǶ�/�Ti�#BHBiû /2b T`�iB[m2b pBiBpBMB+QH2b b2`� mM2 [m2biBQM +Hû TQm`
HǶ�/�Ti�iBQM /2b �TT2HH�iBQMb pBiB+QH2b �mt +?�M;2K2Mib +HBK�iB[m2b i2Hb [m2 T`ûpmb T�` H2b
T`QD2+iBQMb /m +?�M;2K2Mi +HBK�iB[m2 7mim` UAS**- kyR9VX G2b p�`B�iBQMb +HBK�iB[m2b 2i H2b
bTû+B}+Biûb bQMi /ûD¨ `2+QMMm2b +QKK2 H2b T`BM+BT�mt 7�+i2m`b +QMi`ƬH�Mi H� K�im`�iBQM-
HǶ�`ƬK2 2i H� +QHQ`�iBQM /m `�BbBM U"�+BQ++Q 2i �HX- kyR9- c *�KTb �M/ _�KQb- kyRk- c
CQM2b �M/ .�pBb- kyyy- c hQMB2iiQ �M/ *�`#QMM2�m- kyy9- c o�M G22mr2M 2i �HX- kyy9V-
[mB 7QMi T�`iB2 /2 HǶB/2MiBiû /m pBMX *2T2M/�Mi- H2 bm++ĕb /2 +2ii2 �/�Ti�#BHBiû bmTTQb2
mM2 #QMM2 +QKT`û?2MbBQM /2b BMi2`�+iBQMb 2Mi`2 H2 bQH- H2 +HBK�i 2i H� pB;M2X

G� +QMM�Bbb�M+2 /2b 7�+i2m`b 2MpB`QMM2K2Mi�mt [mB KQ/mH2Mi H2 7QM+iBQMM2K2Mi /m bQH
2i [mB +QMi`ƬH2Mi H� T`Q/m+iBQM /2 pBM /2 [m�HBiû 7�Bi /û7�mi- +2 [mB +QMbiBim2 mM2 H�+mM2
TQi2MiB2HH2 TQm` HǶ�/�Ti�#BHBiû 7mim`2 U>�MM�? 2i �HX- kyRjVX 1M ;ûMû`�H- H2b ûim/2b �tû2b bm`
H2b Mmi`BK2Mib TQ`i2Mi bm` H2b ?Q`BxQMb bmT2`}+B2Hb /m bQH- �HQ`b [m2 H2b bvbiĕK2b `�+BM�B`2b
/2 H� pB;M2 T`QbT2+i2Mi /2 ;`�M/b pQHmK2b ¨ H� 7QBb /�Mb H2b ?Q`BxQMb Q`;�MQ@KBMû`�mt 2i
KBMû`�mt /m bQH U�`+?2` �M/ a��vK�M- kyR3VX .2 THmb- H2b ûim/2b �tû2b bm` HǶ2�m iB2MM2Mi
+QKTi2 /2 H� /BbTQMB#BHBiû /2 HǶ2�m ¨ HǶû+?2HH2 /m T`Q}H /2 bQH Qm TQm` /2b +QM/BiBQMb
Tû/QHQ;B[m2b i?ûQ`B[m2b b�Mb i2MB` +QKTi2 /2b +QM/BiBQMb HBKBi2b /Ƕ2Mi`û2 2i /2 bQ`iB2 MB
/2 H� /vM�KB[m2 /m MBp2�m /2b M�TT2b T?`û�iB[m2bX SQm` +2b `�BbQMb- MQmb T`QTQbQMb [m2
H2b ûim/2b 7mim`2b +QmTH2Mi H2b ûim/2b bm` H2b Mmi`BK2Mib 2i HǶ�TT`QpBbBQMM2K2Mi 2M 2�m
2M b2 #�b�Mi bm` mM2 /2b+`BTiBQM }M2 2i mM2 �M�Hvb2 /m T`Q}H Tû/QHQ;B[m2- /2 HǶ?Q`BxQM
/2 bm`7�+2 ¨ H� T`Q7QM/2m` /Ƕ2M`�+BM2K2Mi K�tBK�H2 +QKK2 T`QTQbû T�` *Qbi�MiBMB �M/
"m+2HHB UkyR9VX

GǶQ#D2+iB7 /2 +2ii2 ûim/2 ûi�Bi /ǶB/2MiB}2` H2b 7�+i2m`b 2MpB`QMM2K2Mi�mt [mB +QMi`ƬH2Mi ¨
H� 7QBb HǶ�TTQ`i 2M Mmi`BK2Mib 2i HǶ�TT`QpBbBQMM2K2Mi 2M 2�m /2 H� pB;M2 2i �z2+i2Mi 2MbmBi2
H� [m�HBiû /m pBM `Qm;2X hQmi /Ƕ�#Q`/- MQmb �pQMb `û�HBbû /2b ûim/2b Tû/QHQ;B[m2b ¨ ?�mi2
`ûbQHmiBQM BMiû;`�Mi H2b T`QT`Bûiûb T?vbB+Q@+?BKB[m2b- H2b Q#b2`p�iBQMb /2b `�+BM2b /2 pB;M2
2i H� /vM�KB[m2 /2 T`Q7QM/2m` /2 M�TT2 T?`û�iB[m2 bm` mM pB;MQ#H2 /2 a�BMi@1KBHBQM



9XkX J�iû`B2H 2i Kûi?Q/2b dN

:`�M/ *`mX 1MbmBi2- MQmb �pQMb �M�Hvbû H2b `ûbmHi�ib bm` H� #�b2 /ǶmM2 bi`�iB}+�iBQM
¨ T�`iB` /ǶmM2 +�`i2 /2 [m�HBiû /2b pBMb ûH�#Q`û2 T�` H2 pB;M2`QM /m /QK�BM2X 1M}M-
MQmb �pQMb /Bb+miû 2i T`QTQbû mM KQ/ĕH2 +QM+2Tim2H TQm` H� /BbTQMB#BHBiû /2 HǶ2�m 2i /2b
ûHûK2Mib Mmi`BiB7b 2M i2M�Mi +QKTi2 /2 H� T`Q7QM/2m` iQi�H2 /m T`Q}H /m bQH 2i 2M BMiû;`�Mi
H2b +QM/BiBQMb HBKBi2b BM/mBi2b T�` H2b /Bzû`2Mi2b +QM/BiBQMb 2MpB`QMM2K2Mi�H2bX

9Xk J�iû`B2H 2i Kûi?Q/2b

9XkXR aBi2 /Ƕûim/2

GǶûim/2 � ûiû `û�HBbû2 bm` HǶ�B`2 /Ƕ�TT2HH�iBQM a�BMi@1KBHBQM :`�M/ *`m U6B;m`2 9XRV- [mB
7�Bi T�`iB2 /2 H� xQM2 pBiB+QH2 #Q`/2H�Bb2X GǶ�TT2HH�iBQM a�BMi@1KBHBQM :`�M/ *`m U�T@
T2HH�iBQM /ǶP`B;BM2 *QMi`ƬHû2 @ �P*V bǶûi2M/ bm` M2m7 +QKKmM2b /2 8 8yy ?� /2 pB;M2b
UJBMBbiĕ`2 /2 HǶ�;`B+mHim`2 2i /2 HǶ�HBK2Mi�iBQM UkyRd#VVX lM /û+`2i Q{+B2H �miQ`Bb2 +BM[
+ûT�;2b , J2`HQi UeyWV- *�#2`M2i 7`�M+ UjyWV- *�#2`M2i b�mpB;MQM URyWV- J�H#2+ 2i
*�`K2M2`2 UJBMBbiĕ`2 /2 HǶ�;`B+mHim`2 2i /2 HǶ�HBK2Mi�iBQM UkyRd�VVX .�Mb +2ii2 �B`2 /Ƕ�T@
T2HH�iBQM- H2 bBi2 /Ƕûim/2 2bi H2 pB;MQ#H2 /m *?�i2�m *�T2i@:mBHHB2`- bBimû bm` H2 i2``BiQB`2
/m pBHH�;2 /2 a�BMi@>BTTQHvi2 U99ê8kǶkdǴ L c yêdǶNǴ PV- ¨ 8 FK ¨ HǶ1bi /2 a�BMi@1KBHBQMX
G2 *?�i2�m *�T2i@:mBHHB2` 2bi mM pB;MQ#H2 /Ƕ2MpB`QM Rj ?� 2M T`Q/m+iBQM- [mB T`Q/mBi /m
pBM `Qm;2 ¨ T�`iB` /2 i`QBb +ûT�;2b , J2`HQi U38WV- *�#2`M2i 7`�M+ U8WV 2i J�H#2+ URyWVX
G2b T�`+2HH2b QMi mM2 bmT2`}+B2 KQv2MM2 /2 R ?� UǬ y-8d ?� /Ƕû+�`i@ivT2V 2i bQMi bBimû2b
2M TB2/ /2 T2Mi2 2tTQbû2 bm/ U};m`2 kXRyVX

G2 +ûT�;2 T`BM+BT�H 2bi H2 J2`HQi L �bbQ+Bû ¨ /2mt TQ`i2@;`2z2b , RyR@R9 JBHH�`/2i 2i /2
:`�bb2i URyR@R9 J:iV 2i _BT�`B� :HQB`2 /2 JQMiT2HHB2`X G� /2MbBiû KQv2MM2 /2 TH�Mi�iBQM
bm` H2 bBi2 /Ƕûim/2 2bi /2 e d98 +2Tb T�` ?2+i�`2 �p2+ mM BMi2`@`�M; /2 R-98 K Qm R-8y KX
G2b BMi2`@`�M;b bQMi miBHBbûb �p2+ /2b +mHim`2b /2 +Qmp2`im`2 2i /2b +mHim`2b /2 b2`pB+2b
U�p2M� b�iBp�- a2+�H2 +2`2�H 2i oB+B� b�iBp�VX G2b QTû`�iBQMb ivTB[m2b /2 i`�p�BH /m bQH
bQMi UBV H2 i`�p�BH /m bQH 2M T`Q7QM/2m`- +QKK2 H2 H�#Qm` 2M T`Q7QM/2m` ¨ /2b T`Q7QM/2m`b
/Ƕ2MpB`QM y-8 K �m KQK2Mi /m T`û@b2KBb- UBBV H2 i`�p�BH /m bQH 2M bm`7�+2 ¨ mM2 T`Q7QM/2m`
/2 y-Ry K- +QKK2 H2 ;`Bz�;2 T2M/�Mi iQmi2 H� b�BbQM 2i UBBBV H2 /ûb?2`#�;2 Kû+�MB[m2 ¨
y-k K 2M T`Q7QM/2m` ¨ HǶ�B/2 /ǶmM QmiBH ¨ /Bb[m2b- �}M /2 T`ûT�`2` H2 T`Q+?�BM b2KBb /2
H� +mHim`2 /2 b2`pB+2 2M MQp2K#`2X lM2 72`iBHBb�iBQM /Ƕ2Mi`2iB2M �MMm2HH2 ¨ #�b2 /Ƕ2M;`�Bb
Q`;�MB[m2b � ûiû `û�HBbû2 T�` H2 pB;M2`QMX a2HQM H2b #2bQBMb /2 +?�[m2 T�`+2HH2 /2 pB;M2- H�
[m�MiBiû �TTHB[mû2 T2mi p�`B2` /2 jyy ¨ 9yy F;X?�@RX

G� ;ûQHQ;B2 /2 HǶ�TT2HH�iBQM a�BMi@1KBHBQM UR ,8y yyyV � ûiû +�`iQ;`�T?Bû2 T�` H2 "_:J
U.m#`2mBH?- RNN8VX *2ii2 +�`i2 KQMi`2 mM2 7Q`K�iBQM +�H+�B`2 U+�H+�B`2 /Ƕ�bi2`B2bV [mB
2bi `2+Qmp2`i2 /2 bû/BK2Mib i2`iB�B`2b 2i +QMbiBim2 H2 `2HB27 /m TH�i2�mX *2 TH�i2�m � ûiû
7�ÏQMMû T�` i`QBb `BpBĕ`2b- H� .Q`/Q;M2- HǶAbH2 2i H� "�`#�MM2- [mB +QmH2Mi /�Mb H2b bû/BK2Mib
i2`iB�B`2bX G2b +Qm+?2b ;ûQHQ;B[m2b THmb T`Q7QM/2b- bQmb H2 +�H+�B`2 /Ƕ�bi2`B2b- +QKT`2MM2Mi
H2 +�H+�B`2 2i HǶ�`;BH2 /2 *�biBHHQM- [mB +QMbiBim2Mi H� T�`iB2 bmTû`B2m`2 /m bvbiĕK2 /2 T2Mi2X
G� T�`iB2 BM7û`B2m`2 /2 H� T2Mi2 2bi 7Q`Kû2 T�` H2b JQH�bb2b /m 6`QMb�/�Bb UmM2 7Q`K�iBQM
+�H+�B`2 +QKTQbû2 /2 b�#H2- /2 HBKQM 2i /Ƕ�`;BH2V �z2+iû2b T�` /2b +QHHmpBQMM2K2Mib /�Mb
H� T�`iB2 BM7û`B2m`2X �m bm/ b2 i`Qmp2 mM2 TH�BM2 �HHmpB�H2- 7Q`Kû2 T�` H� .Q`/Q;M2 T2M/�Mi



3y *?�TBi`2 9X 6�+i2m`b 2MpB`QMM2K2Mi�mt 2i [m�HBiû /m pBM

6B;m`2 9XR Ĝ GQ+�HBb�iBQM /m bBi2 /Ƕûim/2 , *?�i2�m *�T2i@:mBHHB2` 2M �TT2HH�iBQM a�BMi@
1KBHBQM :`�M/ *`mX
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H� Tû`BQ/2 [m�i2`M�B`2X G2b bû/BK2Mib �HHmpB�mt �bbQ+Bûb bQMi T`BM+BT�H2K2Mi /2b b�#H2b
�p2+ /2b i2``�bb2b /2 ;`�pB2` +H�B`b2Kû2b U.m#`2mBH?- RNN8VX G2b T�`+2HH2b /m *?�i2�m
*�T2i@:mBHHB2` bQMi bBimû2b bm` /Bzû`2Mi2b 7Q`K�iBQMb ;ûQHQ;B[m2b , /2b 7Q`K�iBQMb +�H+�B`2b
i2`iB�B`2b bm` H2 bvbiĕK2 /2 +Qi2�mt �mt �HHmpBQMb b�#H2mb2b [m�i2`M�B`2b bm` H2 bvbiĕK2
/2 TH�BM2X

lM2 +�`i2 Tû/QHQ;B[m2 /2 HǶ�TT2HH�iBQM a�BMi@1KBHBQM UR ,k8 yyyV � ûiû `û�HBbû2 T�`
o�M G22mr2M 2i �HX URN3NVX G� +�`i2 T`QTQb�Bi H� +�iû;Q`Bb�iBQM /2 H� /Bp2`bBiû /2b bQHb
2M 7QM+iBQM /2b xQM2b ;ûQKQ`T?QHQ;B[m2bX G� +H�bbB}+�iBQM /2b bQHb miBHBbû2 T�` o�M
G22mr2M � ûiû i`�Mb7Q`Kû2 2M +H�bbB}+�iBQM q_" UAlaa qQ`FBM; :`QmT q_"- kyR8VX
G� +�`i2 �p2+ H� MQmp2HH2 +H�bbB}+�iBQM /2b bQHb /û}MBi /2mt xQM2b ;ûQKQ`T?QHQ;B[m2b bm`
H2 Tû`BKĕi`2 /m pB;MQ#H2 /m *?�i2�m *�T2i@:mBHHB2` , UBV H2 bvbiĕK2 /2 T2Mi2 �p2+ /2b
*�H+�`B+ *�K#BbQHb ¨ HBKQMb }Mb- 2i UBBV H2 bvbiĕK2 /2 TH�BM2 �p2+ /2b *�H+�`B+ *�K#BbQHb-
/2b *�H+�`B+ *�K#BbQHb U�`2MB+V 2i /2b 1TB+�H+�`B+ ai�;MQbQHb U+H�vB+V UAlaa qQ`FBM;
:`QmT q_"- kyR8VX

G2 +HBK�i /2 H� `û;BQM 2bi Q+û�MB[m2 i2KTû`û- +H�bbû *7# /�Mb H� +H�bbB}+�iBQM EƺTT2M
US22H 2i �HX- kyydVX a2HQM H2b /QMMû2b /2 H� bi�iBQM KûiûQ`QHQ;B[m2 /2 Jû`B;M�+ U99ê9NǶ93Ǵ
L c yê9RǶkǴ 1V /2 JûiûQ6`�M+2 TQm` H� Tû`BQ/2 RN3R@kyRy- H2b ?Bp2`b bQMi /Qmt 2i THmpB2mt-
H2b ûiûb KQ/û`ûK2Mi +?�m/b 2i b2+b �p2+ /2b T`û+BTBi�iBQMb KQv2MM2b /2 N99 KK T�` �M
2i mM2 i2KTû`�im`2 �MMm2HH2 KQv2MM2 /2 Rj-3ê*X G� p�`B�#BHBiû +HBK�iB[m2 BMi2`�MMm2HH2
2bi `2H�iBp2K2Mi ûH2pû2 2i BKTHB[m2 mM 7Q`i 2z2i KBHHûbBK2 bm` H2b pBMb U"QBb 2i �HX- kyy3VX
lM /B�;`�KK2 QK#`QKûi`B[m2 U6B;m`2 kX8V KQMi`2 [m2 H2b T`û+BTBi�iBQMb bQMi `ûT�`iB2b
iQmi �m HQM; /2 HǶ�MMû2 b�Mb Tû`BQ/2 bĕ+?2 bB;MB}+�iBp2 2M ûiûX

9XkXk *QHH2+i2 /2 /QMMû2b

9XkXkXR S`QbT2+iBQMb Tû/QHQ;B[m2b

G� T`QbT2+iBQM Tû/QHQ;B[m2 U6B;m`2 jXkV � ûiû `û�HBbû2 TQm` Q#i2MB` mM2 +�`i2 Tû/QHQ;B[m2
¨ ?�mi2 `ûbQHmiBQM UR ,k 8yyVX hQmi /Ƕ�#Q`/- mM2 +�`i2 /2 #�b2 � ûiû T`Q/mBi2 ¨ HǶ�B/2 /ǶmM2
i�`Bĕ`2 Dmb[mǶ¨ R-k K /2 T`Q7QM/2m`- �p2+ mM2 /2MbBiû bT�iB�H2 /2 bBt i�`Bĕ`2b T�` ?2+i�`2X
*?�[m2 bQM/�;2 ¨ H� i�`Bĕ`2 � ûiû /û+`Bi 2i û+?�MiBHHQMMû b2HQM H2b `ĕ;H2b /2 HǶP`;�MBb�iBQM
/2b L�iBQMb lMB2b TQm` HǶ�HBK2Mi�iBQM 2i HǶ�;`B+mHim`2 U6�PV TQm` H� /2b+`BTiBQM /2b bQHb
UC�?M 2i �HX- kyyeVX 1MbmBi2- HǶ?Q`BxQM 2i H2b ivT2b /2 bQHb- B/2MiB}ûb bm` H2 i2``�BM- QMi
ûiû +H�bbûb b2HQM H� #�b2 /2 `û7û`2M+2 KQM/B�H2 UAlaa qQ`FBM; :`QmT q_"- kyR8VX �}M
/Ƕ�{M2` +2ii2 +�`i2 /2 #�b2- i`QBb �mi`2b ivT2b /ǶQ#b2`p�iBQMb QMi ûiû BM+Hmb , UBBV [m�i`2
+�`Qii2b Kû+�MB[m2b- [mB QMi ûiû 7Q`û2b- /û+`Bi2b 2i û+?�MiBHHQMMû2b Dmb[mǶ¨ mM2 T`Q7QM/2m`
K�tBK�H2 /2 9-8y K- 2i /2mt QMi ûiû i`�Mb7Q`Kû2b 2M TBûxQKĕi`2b T2`K�M2Mib 2i miBHBbû2b
TQm` bm`p2BHH2` H2 MBp2�m /2 H� M�TT2 T?`û�iB[m2 c 2i UBBBV R8 7Qbb2b Tû/QHQ;B[m2b QMi ûiû
+`2mbû2b TQm` /û+`B`2 H2b T`BM+BT�mt i`�Bib KQ`T?QHQ;B[m2b /m bQH 2i TQm` û+?�MiBHHQMM2`
�p2+ T`û+BbBQM H2 pQHmK2 /m bQH /�Mb +?�[m2 ivT2 /2 bQHX G� T`Q7QM/2m` KQv2MM2 /2b 7Qbb2b
ûi�Bi /2 R-ey KX SQm` iQmi2b +2b bi`�iû;B2b /Ƕû+?�MiBHHQMM�;2 /m bQH- iQmb H2b û+?�MiBHHQMb
T`ûH2pûb QMi ûiû bû+?ûb ¨ HǶ�B` U93 ? ¨ 9y ê*V 2i T�bbûb ¨ i`�p2`b mM i�KBb /2 k-y KK TQm`
H� /ûi2`KBM�iBQM T`û�H�#H2 /2b T�`�Kĕi`2b +?BKB[m2b +H�bbB[m2bX G� /2MbBiû �TT�`2Mi2 /2b
/Bzû`2Mib ?Q`BxQMb � ûiû K2bm`û2 T�` û+?�MiBHHQMM�;2 /2 H� +�`Qii2 /2 bQH U8 +K /2 ?�mi-
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3 +K /2 /B�Kĕi`2VX GǶ�#QM/�M+2- H� i�BHH2 2i HǶQ`B2Mi�iBQM T�`iB+mHBĕ`2 /2b `�+BM2b QMi ûiû
/û+`Bi2b b2HQM H� Kûi?Q/QHQ;B2 /QMMû2 T�` H� /B`2+iBp2 /2 H� 6�P UC�?M 2i �HX- kyyeVX

9XkXkXk .QMMû2b +HBK�iB[m2b 2i BM/B+2 KûiûQ`QHQ;B[m2

.2mt bû`B2b /2 /QMMû2b KûiûQ`QHQ;B[m2b /Bzû`2Mi2b QMi ûiû miBHBbû2b /�Mb +2ii2 ûim/2X G�
T`2KBĕ`2 bû`B2 T`Qp2M�Bi /2 H� bi�iBQM KûiûQ`QHQ;B[m2 `û;BQM�H2 /2 Jû`B;M�+ U99ê9NǶ93Ǵ L c
yê9RǶk9Ǵ 1V /m a2`pB+2 KûiûQ`QHQ;B[m2 M�iBQM�H 7`�MÏ�Bb UJûiûQ6`�M+2VX *2ii2 bû`B2 7Qm`MBi
/2b /QMMû2b [mQiB/B2MM2b ¨ T�`iB` /2 RNkyX G� /2mtBĕK2 bû`B2 T`Qp2M�Bi /ǶmM2 bi�iBQM
KûiûQ`QHQ;B[m2 HQ+�H2 bm` H2 bBi2 /Ƕûim/2 U.�pBbȉVX *2ii2 bi�iBQM � ûiû BMbi�HHû2 /�Mb H�
TH�BM2 �HHmpB�H2 2M �p`BH kyRd 2i 2M`2;Bbi`2 /2b /QMMû2b ?Q`�B`2bX 1HH2 T2`K2i /Ƕ2M`2;Bbi`2`
2i /2 +�H+mH2` /2b T�`�Kĕi`2b KûiûQ`QHQ;B[m2b +H�bbB[m2b i2Hb [m2 H2b T`û+BTBi�iBQMb- H�
i2KTû`�im`2- HǶ?mKB/Biû U�B` 2i bQHV- H2 p2Mi 2i H2 `�vQMM2K2Mi ;HQ#�HX GǶûp�TQi`�MbTB`�iBQM
/2 `û7û`2M+2 S2MK�M@JQMi2Bi? U1hyV � ûiû +�H+mHû2 2M miBHBb�Mi HǶû[m�iBQM /û+`Bi2 T�`
�HH2M 2i �HX URNN3VX

SQm` �M�Hvb2` H2b +�`�+iû`BbiB[m2b +HBK�iB[m2b 2M `�TTQ`i ¨ H� T`Q/m+iBQM pBiB+QH2- /2b
BM/B+2b +HBK�iB[m2b +H�bbB[m2b +Qm`�KK2Mi miBHBbûb /�Mb H2b b+B2M+2b /2 H� pB;M2 QMi ûiû
miBHBbûb UhQMB2iiQ �M/ *�`#QMM2�m- kyy9V , HǶBM/B+2 ?ûHBQi?2`KB[m2 U>2HBQi?2`K�H AM/2t-
>AV- HǶBM/B+2 MmBi 7`�ŗ+?2 U*QQH LB;?i AM/2t- *LAV- 2i HǶBM/B+2 /2 bû+?2`2bb2 U.`vM2bb AM/2t-
.AVX

G2 >A- /û+`Bi T�` >m;HBM- 2bi mM BM/B+2 /2 +?�H2m` #BQ+HBK�iB[m2 /ûp2HQTTû TQm` H2 pB;MQ#H2X
*QKK2 HǶBM/B+2 /2 qBMFH2` UqBMFH2` 2i �HX- RNd9V- BH bǶ�;Bi /ǶmM BM/B+�i2m` /2 H� bQKK2
/2b +?�H2m`b- +Q``B;û2 T�` mM +Q2{+B2Mi /2 H� /m`û2 /m DQm` HBû ¨ H� H�iBim/2X G2 +�H+mH
/2 HǶBM/B+2 miBHBb2 ¨ H� 7QBb H� i2KTû`�im`2 KQv2MM2 DQm`M�HBĕ`2 Uê*V 2i H� i2KTû`�im`2
K�tBK�H2 DQm`M�HBĕ`2 Uê*V- iQmi2b /2mt `û/mBi2b /ǶmM2 i2KTû`�im`2 /2 `û7û`2M+2 URy ê*
TQm` H� pB;M2V U>m;HBM- RNd3VX LQmb �pQMb +�H+mHû HǶ>A [mQiB/B2MM2 /Ƕ�p`BH ¨ b2Ti2K#`2
�p2+ mM +Q2{+B2Mi /2 H�iBim/2 / 4 RXy9 bmBp�Mi H2b /QMMû2b 2i HǶû[m�iBQM U1[X U9XRVV /QMMû2
T�` hQMB2iiQ �M/ *�`#QMM2�m Ukyy9VX hK 2bi H� i2KTû`�im`2 KQv2MM2 /2 HǶ�B` Uǜ*V- 2i
ht 2bi H� i2KTû`�im`2 K�tBK�H2 Uǜ*VX

HI =
30.09∑

01.04

(Tm − 10) + (Tx − 10)
2 X/ U9XRV

G2 *LA T`2M/ 2M +QKTi2 H2b i2KTû`�im`2b MQ+im`M2b KBMBK�H2b KQv2MM2b Uê*V T2M/�Mi H2
KQBb T`û+û/�Mi H� `û+QHi2- HQ`b[m2 H2b #�B2b Kȿ`Bbb2Mi U1[X U9XkVVX GǶQ#D2+iB7 /2 +2i BM/B+2
2bi /Ƕûp�Hm2` H2 TQi2MiB2H [m�HBi�iB7 /2b `û;BQMb pBiB+QH2b- MQi�KK2Mi 2M +2 [mB +QM+2`M2
H2b Kûi�#QHBi2b b2+QM/�B`2b /m pBMX .�Mb HǶ?ûKBbT?ĕ`2 MQ`/- H2 KQBb /2 b2Ti2K#`2 � ûiû
+?QBbB TQm` +�H+mH2` H2 *LA UhQMB2iiQ �M/ *�`#QMM2�m- kyy9VX

CNI = average minimum air temperatures in September (◦C) U9XkV

G2 .A � û;�H2K2Mi ûiû +�H+mHû b2HQM H� Kûi?Q/2 /QMMû2 T�` hQMB2iiQ �M/ *�`#QMM2�m
Ukyy9V U1[X U9X8VVX *2i BM/B+2 ûp�Hm2 H� /2K�M/2 +HBK�iB[m2 /ǶmM pB;MQ#H2 bi�M/�`/ b�Mb



9XkX J�iû`B2H 2i Kûi?Q/2b 3j

`mBbb2HH2K2Mi 2i b�Mb ûp�TQ`�iBQM /m bQH MmX *QKK2 TQm` H2 >A- H2 .A � ûiû +�H+mHû /Ƕ�p`BH
¨ b2Ti2K#`2X S`2KBĕ`2K2Mi- 1a 2i ho QMi ûiû +�H+mHûb K2Mbm2HH2K2Mi b2HQM H2 +�H+mH /û+`Bi
T�` hQMB2iiQ �M/ *�`#QMM2�m Ukyy9V , UBV 1a 2bi HǶûp�TQ`�iBQM /B`2+i2 /m bQH UKKV TQm`
H� /m`û2 +QMbB/û`û2 U1[X U9XjVV- Qɍ 1hy 2bi HǶûp�TQi`�MbTB`�iBQM K2Mbm2HH2 /2 `û7û`2M+2
b2HQM H� Kûi?Q/2 S2MK�M US2MK�M- RN93V- L 2bi H2 MQK#`2 /2 DQm`b /m KQBb- F 2bi HBû
¨ HǶ�`+?Bi2+im`2 /2b pB;M2b 2i p�`B2 �p2+ HǶ�m;K2Mi�iBQM /2 H� bmT2`}+B2 /2b 72mBHH2b 2M
b�BbQM , F4yXR 2M �p`BH- F 4 y-j 2M K�B 2i F 4 y-8 /2 DmBM ¨ b2Ti2K#`2 U/�Mb HǶ?ûKBbT?ĕ`2
MQ`/V- 2i CSK 2bi +�H+mHû 2M miBHBb�Mi H2 iQi�H /2b T`û+BTBi�iBQMb /m KQBb 2M KK /BpBbû
T�` 8 U+Q``2bTQM/�Mi ¨ mM2 2biBK�iBQM /m MQK#`2 /2 DQm`b /Ƕûp�TQ`�iBQM 2z2+iBp2- /QM+
/QBi āi`2 ≤ NVX UBBV ho 2bi H� i`�MbTB`�iBQM TQi2MiB2HH2 /�Mb H2 pB;MQ#H2 UKKV TQm` H�
/m`û2 +QMbB/û`û2 U1[X U9X9VVX G2 .A 2bi #�bû bm` mM +�H+mH /m #BH�M ?v/`B[m2 U1[X U9X8VV-
Qɍ qy 2bi mM2 p�H2m` BMBiB�H2 i?ûQ`B[m2 /2 HǶ2�m Ukyy KKV- S 2bi H� [m�MiBiû iQi�H2 /2
T`û+BTBi�iBQMb UKKV TQm` H� /m`û2 +QMbB/û`û2X

ES = ET0
N

. (1 − k) .JPm U9XjV

TV = ET0.k U9X9V

DI = W0 +
30.09∑

01.04
P − Es − TV U9X8V

9XkXkXj am`p2BHH�M+2 /2b 2�mt bQmi2``�BM2b

.2mt TBûxQKĕi`2b û[mBTûb U9-8y K /2 T`Q7QM/2m`V QMi ûiû BMbi�HHûb 2M kyRd- mM /�Mb +?�[m2
b2+i2m` ;ûQKQ`T?QHQ;B[m2 U6B;m`2 9XjVX G2 T`2KB2` 2bi bBimû /�Mb H2 b2+i2m` /2 H� TH�BM2
�HHmpB�H2 USR- +Qi2 YRk-N K L:6V 2i H2 b2+QM/ /�Mb H2 b2+i2m` /m +Qi2�m USj- +Qi2 YRe-3
K L:6VX hQmb /2mt QMi ûiû 7Qm`MBb �p2+ mM2 bQM/2 /2 T`2bbBQM 2i mM 2M`2;Bbi`2m` /2 /QM@
Mû2b U_m;;2/ h_PGG RyyVX G� bm`p2BHH�M+2 /2 HǶ2M`2;Bbi`2K2Mi /2b /QMMû2b � +QKK2M+û
2M MQp2K#`2 kyRd �p2+ /2mt K2bm`2b T�` ?2m`2X G� +Q``2+iBQM #�`QKûi`B[m2 TQm` H2b
TBûxQKĕi`2b � ûiû 2z2+imû2 �p2+ H2b /QMMû2b #�`QKûi`B[m2b /2 H� bi�iBQM KûiûQ`QHQ;B[m2
BMbi�HHû2X

9XkXkX9 1biBK�iBQM /2 HǶ2�m /BbTQMB#H2 /2 H� pB;M2

*QKTi2 i2Mm /2 HǶBM~m2M+2 /2 HǶ�TT`QpBbBQMM2K2Mi 2M 2�m bm` H� [m�HBiû /2b #�B2b- MQmb
�pQMb 2biBKû H� [m�MiBiû /Ƕ2�m /BbTQMB#H2 U�p�BH�#H2 q�i2` *QMi2Mi- �q*V TQm` H� pB;M2-
¨ T�`iB` /2b T`QT`Bûiûb /m bQH /ûi2`KBMû2b /�Mb H2b 7Qbb2b Ui�#H2�m RVX G2b +�H+mHb QMi ûiû
2z2+imûb ¨ HǶ�B/2 /2b 7QM+iBQMb /2 Tû/Qi`�Mb72`i /2 "`m�M/ 2i �HX Ukyy9V- [mB 2biBK2Mi H2b
?mKB/Biûb +�`�+iû`BbiB[m2b /2b ?Q`BxQMb 2M 7QM+iBQM /2 H� i2tim`2- /2 H� /2MbBiû �TT�`2Mi2
2i /m ivT2 /Ƕ?Q`BxQM UQ`;�MQ@KBMû`�H Qm KBMû`�HV U+7X 9XjXj 2i h�#H2 9XjVX 1MbmBi2- HǶ�q*
� ûiû 2biBKû2 2M BMiû;`�Mi /Bzû`2Mi2b +QM/BiBQMb /2 H� xQM2 `�+BM�B`2 , UBV *@�q*- �q*
+�H+mHû2 ¨ H� T`Q7QM/2m` +QMp2MiBQMM2HH2 /2 R-y K- 2i UBBV S@�q*- �q* TQi2MiB2HH2 +�H@
+mHû2 2M 7QM+iBQM /2 H� T`Q7QM/2m` /Ƕ2M`�+BM2K2Mi TQi2MiB2HH2 K�tBK�H2 Q#b2`pû2 /�Mb H2b
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7Qbb2b /m bQHX .2 THmb- +QKTi2 i2Mm /2b HBKBi2b �bbQ+Bû2b �m +�H+mH /2 H� �q* UG�+�T2
2i �HX- RNN3- c S2HH2;`BMQ 2i �HX- kyy9- c _�iHBz 2i �HX- RN3jV- MQmb �pQMb û;�H2K2Mi +�H+mHû
HǶ2�m i`�MbTB`�#H2 iQi�H2 /m bQH UhQi�H h`�MbTB`�#H2 aQBH q�i2`- hhaqV b2HQM H� 7Q`KmH2
U1[X U9XeVV /ûp2HQTTû2 T�` "2`i`�M/ 2i �HX UkyR3V- [mB T`2M/ 2M +QKTi2 H� T`Q7QM/2m` /2
H� /2MbBiû `�+BM�B`2 K�tBK�H2 2i +QMbB/ĕ`2 H� +�T�+Biû /2b `�+BM2b ¨ 2ti`�B`2 HǶ2�m ¨ mM
TQi2MiB2H ?v/`B[m2 /Bzû`2Mi /m TQBMi i?ûQ`B[m2 /m ~ûi`Bbb2K2Mi UrBHiBM; TQBMiV US2HH2;`BMQ
2i �HX- kyy9- c _�iHBz 2i �HX- RN3jVX

TTSW =
∫ Erd

0
(θfc(z) − θminus(z)).dz U9XeV

�p2+ 1`/ H� T`Q7QM/2m` /Ƕ2M`�+BM2K2Mi c θfc(z) HǶ?mKB/Biû /2 +�T�+Biû /2 +?�KT TQm`
+?�[m2 ?Q`BxQM /2 bQH 2biBKû2 2M miBHBb�Mi H2b 7QM+iBQMb /2 Tû/Qi`�Mb72`i T�` "`m�M/
2i �HX Ukyy9V b2HQM H� i2tim`2 /m bQH 2i H� /2MbBiû �TT�`2Mi2 c θminus(z) H2 b2mBH KBMBKmK
/Ƕ?mKB/Biû /m bQH TQm` +?�[m2 ?Q`BxQM bQmb H2[m2H H� pB;M2 M2 T2mi THmb 2ti`�B`2 HǶ2�mX
G2b p�H2m`b /2 θminus /ûT2M/2Mi /2b +�`�+iû`BbiB[m2b /m bQH 2i /2b TH�Mi2bX G2b p�H2m`b [m2
MQmb �pQMb miBHBbû2b TQm` H� pB;M2 QMi ûiû 2biBKû2b bmBp�Mi H2 T`QiQ+QH2 /2 T�`�Kûi`�;2
"Aaq�h i2H [m2 bm;;û`û /�Mb "2`i`�M/ 2i �HX UkyR3V , H2b �mi2m`b 7Qm`MBbb2Mi mM KQ/ĕH2
bBKTH2 miBHBb�Mi /2mt T�`�Kĕi`2b α 2i β TQm` +�H+mH2` θminus /2TmBb θwilting point , α ûi�Mi
H2 T�`�Kĕi`2 /2 H� TH�Mi2 2M `2H�iBQM �p2+ bQM +�`�+iĕ`2 �MBbQ?v/`B[m2- H� p�H2m` miBHBbû2
2bi R-9 TQm` H� pB;M2 b2HQM H2b K2bm`2b /Ƕ?mKB/Biû T`ûb2Miû2b T�` S2HH2;`BMQ 2i �HX Ukyy9V c
β +Q``2bTQM/�Mi ¨ H� T`Q7QM/2m` ¨ T�`iB` /2 H�[m2HH2 H� /2MbBiû /2b `�+BM2b +QKK2M+2 ¨
/BKBMm2`X a2HQM +2 KQ/ĕH2- θminus 2bi +�H+mHû +QKK2 bmBi ,

UBV /2 H� bm`7�+2 ¨ H� T`Q7QM/2m` β , θminus = α.θwilting point

UBBV /2 H� T`Q7QM/2m` β ¨ H� T`Q7QM/2m` 1`/ UT`Q7QM/2m` /Ƕ2M`�+BM2K2MiV , θminus �m;@
K2Mi�iBQM HBMû�B`2 Dmb[mǶ¨ θfield capacityX

θfield capacity 2i θwilting point bQMi H2b KāK2b ?mKB/Biûb +�`�+iû`BbiB[m2b [m2 +2HH2b miBHBbû2b
/�Mb H2 +�H+mH /2 HǶ�q* U2M miBHBb�Mi H2b 7QM+iBQMb /2 Tû/Qi`�Mb72`i /2 "`m�M/ 2i �HX
Ukyy9VVX

9XkXkX8 1M[māi2 bm` H� [m�HBiû /m pBM

SHmbB2m`b ûim/2b +2Mi`û2b bm` HǶ2z2i i2``QB` QMi ûp�Hmû H� [m�HBiû /m `�BbBM 2M miBHBb�Mi /2b
K2bm`2b /2 pB;M2b Qm /2 #�B2b U.`v �M/ GQp2vb- RNN3- c o�m/Qm`- kyyk- c _mi? /2 �M/`ûb@
/2 S`�/Q 2i �HX- kyyd- c o�M G22mr2M 2i �HX- kyyN- c o�M G22mr2M- kyRy- c "QM7�Mi2 2i �HX-
kyRR- c *Qbi�MiBMB �M/ "m+2HHB- kyR9VX .�Mb +2ii2 ûim/2- MQmb �pQMb BMiû;`û H2 +H�bb2K2Mi
/2 H� [m�HBiû /2b pBMb T�` H2 pB;M2`QMX SHmbB2m`b 7�+i2m`b bQMi ¨ HǶQ`B;BM2 /2 +2ii2 bBim�iBQM ,
UBV mM2 #QMM2 [m�HBiû /2b #�B2b MǶ2bi T�b bm{b�Mi2 TQm` BKTHB[m2` mM2 #QMM2 [m�HBiû /2
pBM c UBBV +QMbB/û`�Mi [m2 H� [m�HBiû /m pBM 2M #Qmi2BHH2 2bi TQi2MiB2HH2K2Mi #B�Bbû2- +�`
BH 2bi +Qm`�Mi /�Mb H� `û;BQM #Q`/2H�Bb2 /Ƕ�bb2K#H2` /Bzû`2Mib +ûT�;2b 2i T�`+2HH2b /ǶmM
pB;MQ#H2 /�Mb mM pBM c UBBBV H� T`Bb2 2M +QKTi2 /2 H� [m�HBiû /m pBM BMiĕ;`2 mM 7�+i2m`
?mK�BM ¨ HǶ�M�Hvb2 c UBpV H� +�`i2 /2b MQi2b /2 [m�HBiû `2T`ûb2Mi2 HǶBMiû;`�iBQM- 2M i2KTb
2i 2M 2bT�+2- /ǶmM MQK#`2 /Ƕ�MMû2b /2 T`Q/m+iBQM 2i HǶ2tTû`B2M+2 �+[mBb2 �m i`�p2`b /2b
/Bzû`2Mib KBHHûbBK2bX
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� a�BMi@1KBHBQM- H2 +ûT�;2 T`û/QKBM�Mi 2bi H2 J2`HQi �bb2K#Hû �p2+ /m *�#2`M2i 7`�M+X
SQm` �KûHBQ`2` H� [m�HBiû }M�H2 /m pBM- H� T`�iB[m2 �+im2HH2 +QMbBbi2 ¨ bûT�`2` H2b `�BbBMb
T2M/�Mi H� p2M/�M;2- ¨ HǶû+?2HH2 /2 H� T�`+2HH2 Qm /2 H� bQmb@T�`+2HH2 UxQM�;2 KB+`Q i2``QB`VX
S�` H� bmBi2- +2b /Bzû`2Mib HQib /2 `�BbBMb bQMi TH�+ûb /�Mb /2b +mp2b /Bzû`2Mi2b T2M/�Mi
H2b pBMB}+�iBQMbX � H� }M /m T`Q+2bbmb /2 bûT�`�iBQM- H2 pB;M2`QM T2mi B/2MiB}2` H� [m�HBiû
/2 +?�[m2 UbQmb@VT�`+2HH2 2i +?QBbB` H2 K2BHH2m` �bb2K#H�;2 �p�Mi H� KBb2 2M #Qmi2BHH2X am`
H� #�b2 /2 +2b T`�iB[m2b- H2 pB;M2`QM ûp�Hm2 T�`+2HH2 T�` T�`+2HH2 H� [m�HBiû 2i H2 TQi2MiB2H
[m�HBi�iB7 /2 bQM pB;MQ#H2X

�m *?�i2�m *�T2i@:mBHHB2`- H2b `�BbBMb /2 +?�[m2 T�`+2HH2 bQMi pBMB}ûb 2M +mp2b bûT�`û2bX
�T`ĕb pBMB}+�iBQM- H2b HQib /2 pBM bQMi /û;mbiûb T�` i`QBb ƾMQHQ;m2b [mB �ii`B#m2Mi mM
`�M; /2 [m�HBiû , /2 � UH2 K2BHH2m`V ¨ * UH2 TB`2VX G2b K�`[m2m`b TQm` H2 +H�bb2K2Mi /2 H�
[m�HBiû T�` H2b ƾMQHQ;m2b bQMi , UBV HQM;m2m` 2M #Qm+?2- UBBV û[mBHB#`2 U�+B/Biû 2i �H+QQHV-
UBBBV BMi2MbBiû /2b i�MBMb- UBpV +QmH2m`- UpV K�im`Biû 2i bQmTH2bb2 /2b i�MBMb- UpBV +QKTH2tBiû
�`QK�iB[m2X *?�[m2 K�`[m2m` 2bi MQiû /2 R ¨ 8- 2i H� MQi2 }M�H2 /2 [m�HBiû /m pBM U� ¨
*V 2bi �ii`B#mû2 �p2+ H� MQi2 /2 [m�HBiû H� THmb ûH2pû2 bB H2 b+Q`2 KBMBK�H TQm` iQmb H2b
K�`[m2m`b 2bi �ii2BMi U6B;m`2 9X8VX

9XkXj ai�iBbiB[m2b 2i �M�Hvb2 /2b /QMMû2b

G2b �M�Hvb2b bi�iBbiB[m2b QMi ûiû 2z2+imû2b ¨ HǶ�B/2 /m HQ;B+B2H _ U_ *Q`2 h2�K- kyR9VX G2b
/QMMû2b ;ûQ;`�T?B[m2b QMi ûiû i`�Biû2b 2i H� +�`i2 /2b bQHb � ûiû +`ûû2 ¨ HǶ�B/2 /m HQ;B+B2H
Z:Aaj UZ:Aa .2p2HQTK2Mi h2�K- kyRNVX

9Xj _ûbmHi�ib

9XjXR .QMMû2b 2i BM/B+2b +HBK�iB[m2b

G2b T`BM+BT�H2b bi�iBbiB[m2b 2i BM/B+2b KûiûQ`QHQ;B[m2b U>A- *LA 2i .AV bQMi `ûbmKûb /�Mb
H� i�#H2 9XRX G2b /QMMû2b KûiûQ`QHQ;B[m2b `û;BQM�H2b- 2M`2;Bbi`û2b ¨ H� bi�iBQM /2 Jû`B;M�+
TQm` H� Tû`BQ/2 RN3d@kyRd- QMi `ûpûHû /2b T`û+BTBi�iBQMb �MMm2HH2b KQv2MM2b /2 NRk KK
�p2+ mM û+�`i ivT2 /2 R3y KKX G� [m�MiBiû /2 THmB2 2M kyRd 2i kyR3- i2HH2 [mǶ2M`2;Bbi`û2
T�` H� bi�iBQM HQ+�H2- ûi�Bi /2 d9N 2i Ny8 KK- `2bT2+iBp2K2MiX G� i2KTû`�im`2 �MMm2HH2
KQv2MM2 ¨ H� bi�iBQM /2 Jû`B;M�+ ûi�Bi /2 Rj-dê* �p2+ mM2 p�`B�#BHBiû BMi2`�MMm2HH2 /2
y-eê* Uû+�`i ivT2V- �HQ`b [m2 H2b p�H2m`b �MMm2HH2b ûi�B2Mi /2 Rj-eê* UkyRdV 2i R9-yê*
UkyR3VX G� bi�iBQM /2 Jû`B;M�+ BM/B[m2 mM2 p�H2m` KQv2MM2 /Ƕ1hy /2 N99 KK Uû+�`i
ivT2 /2 jk KKV- �HQ`b [m2 H2b K2bm`2b HQ+�H2b TQm` kyRd 2i kyR3 ûi�B2Mi /2 3RR ¨ 3ke
KKX G2b BM/B+2b +HBK�iB[m2b- +�H+mHûb ¨ T�`iB` /2b bû`B2b ¨ HQM; i2`K2- ûi�B2Mi /2 kRyRê*
TQm` >A- Rj-kê* TQm` *LA 2i Ryd-k KK TQm` .A Uh�#H2 9XRVX .Ƕ�T`ĕb H� p�H2m` /m >A- H2
+HBK�i `û;BQM�H � ûiû +H�bbû +QKK2 i2KTû`û 2i i2KTû`û +?�m/ Uh�#H2 9XkVX G2b /2;`ûb@DQm`b
U:`QrBM; /2;`22 /�vb- :..V QMi û;�H2K2Mi ûiû +�H+mHûb �p2+ mM2 i2KTû`�im`2 /2 #�b2 /2
Ryê* UqBMFH2` 2i �HX- RNd9 c "QM7�Mi2 2i �HX- kyR3VX *2b `ûbmHi�ib +H�bb2Mi H� xQM2 /�Mb H�
_û;BQM AA , ǳH2b +ûT�;2b T`û+Q+2b 2i /2 KB@b�BbQM T`Q/mB`QMi /2b pBMb /2 #QMM2 [m�HBiûǴ
b2HQM HǶû+?2HH2 /2 HǶBM/B+2 /2 qBMFH2`X SQm` H2b BM/B+2b *LA 2i .A- b2HQM H� +H�bbB}+�iBQM
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T`QTQbû2 T�` hQMB2iiQ �M/ *�`#QMM2�m Ukyy9V Uh�#H2 9XkV- H2 +HBK�i #Q`/2H�Bb � ûiû /û}MB
+QKK2 i2KTû`û 2i bm#@?mKB/2 �p2+ /2b MmBib 7`�ŗ+?2bX G2b KāK2b BM/B+2b- +�H+mHûb bm` H2
bBi2 /Ƕûim/2- QMi KQMi`û [m2 H2b +QM/BiBQMb /2 MQi`2 bBi2 /Ƕûim/2 ûi�B2Mi Hû;ĕ`2K2Mi THmb
ûH2pû2b TQm` HǶBM/B+2 >A- THmb 7`�ŗ+?2b TQm` H2 *LA 2i THmb ?mKB/2b TQm` H2 .AX

h�#H2 9XR , *QKT�`�BbQM /2b /QMMû2b +HBK�iB[m2b /2 H� bi�@
iBQM /2 Jû`B;M�+ 2Mi`2 RN3d 2i kyRd 7Qm`MB2b T�` JûiûQ6`�M+2
�p2+ H2b /QMMû2b K2bm`û2b 2M kyRd 2i kyR3 �m *?�i2�m *�T2i@
:mBHHB2`X

ai�iBQM S2`BQ/
__
(KK) 1hy(KK)hJ(ê*)

>A
(ê*)

*LA
(ê*)

.A
(KK)

Jû`B;M�+
UJûiûQ@6`�M+2V

(RN3d c
kyRd)

NRk
UǬR3yV

N99
UǬjkV

RjXd
UǬyXeV

kRyR RjXk RydXk

*�T2i@:mBHHB2` kyRd d9N 3RR RjXe kkyd RyXd kjNXk
*�T2i@:mBHHB2` kyR3 Ny8 3ke R9Xy kjeN RRXe k83Xj

�p2+ __ UT`û+BTBi�iBQMb �MMm2HH2b 2M KKV- 1hy Uûp�TQi`�MbTB`�iBQM �MMm2HH2 /2 `û7û`2M+2
b2HQM HǶû[m�iBQM /2 S2MK�M@JQMi2Bi? 2M KKV- hJ Ui2KTû`�im`2 �MMm2HH2 KQv2MM2 2M
/2;`ûb *2HbBmbV- >A U?2HBQi?2`KB+ BM/2t 2M /2;`ûb *2HbBmbV- *LA U+QQH MB;?i BM/2t 2M
/2;`ûb *2HbBmbV- .A U/`vM2bb BM/2t 2M KKVX

h�#H2 9Xk , *H�bb2b /2b BM/B+2b #BQ+HBK�iB[m2b TQm` H2 /`v@
M2bb BM/2t- HǶ?2HBQi?2`KB+ BM/2t 2i H2 +QQH MB;?i BM/2t /2b
/Bzû`2Mi2b `û;BQMb pBiB+QH2b UhQMB2iiQ 2i *�`#QMM2�m- kyy9VX

AM/2t *H�bb Q7 pBiB+mHim`�H +HBK�i2 �+`QMvK *H�bb BMi2`p�H

>2HBQi?2`K�H AM/2t- >A o2`v r�`K >AYj =jyyy
q�`K >AYk Uk9yy- jyyy)
h2KT2`�i2 r�`K >AYR UkRyy- k9yy)
h2KT2`�i2 >AƐR UR3yy- kRyy)
*QQH >AƐk UR8yy- R3yy)
o2`v +QQH >AƐj �R8yy

*QQH LB;?i AM/2t- *LA Uê*V o2`v +QQH MB;?ib *AYk �Rk
*QQH MB;?ib *AYR URk- R9)
h2KT2`�i2 MB;?ib *AƐR UR9- R3)
q�`K MB;?ib *AƐk =R3

.`vM2bb AM/2t- .A UKKV o2`v /`v .AYk � ƐRyy
JQ/2`�i2Hv /`v .AYR U@Ryy- 8y)
am#@?mKB/ .AƐR U8y- R8y)
>mKB/ .AƐk =R8y
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9XjXk .vM�KB[m2 /2 H� M�TT2 T?`û�iB[m2

G� T�`iB2 bmTû`B2m`2 /2 H� };m`2 9Xk T`ûb2Mi2 H2b T`û+BTBi�iBQMb [mQiB/B2MM2b 2i H� +Qm`#2
/2b T`û+BTBi�iBQMb +mKmHû2b U2M `m#�MV /2 MQp2K#`2 kyRd ¨ MQp2K#`2 kyR3- K2bm`û2b ¨ H�
bi�iBQM KûiûQ`QHQ;B[m2 HQ+�H2X G� T�`iB2 BM7û`B2m`2 /2 H� };m`2 9Xk T`ûb2Mi2 H2b ?�mi2m`b
/2 H� M�TT2 T?`û�iB[m2 K2bm`û2b �mt /2mt TBûxQKĕi`2b ¨ mM T�b /2 i2KTb DQm`M�HB2` c
H2 TBûxQKĕi`2 SR UYRk-N K L:6V bBimû /�Mb H� TH�BM2 2i H2 TBûxQKĕi`2 Sj UYRe-3 K
L:6V bBimû �m TB2/ /m +Qi2�m U6B;m`2 jX8VX 1M `�BbQM /ǶmM ûiû b2+ 2M kyRd- H� }M /2
HǶ�MMû2 � ûiû +�`�+iû`Bbû2 T�` /2 7�B#H2b MBp2�mt /2 M�TT2 bm` H2b /2mt TBûxQKĕi`2b- 2Mi`2
YRy-N 2i YRR-3 K L:6X .2b T`û+BTBi�iBQMb mHiû`B2m`2b p2`b H2 Ry /û+2K#`2 URyy KK
2M N DQm`bV QMi T`QpQ[mû H� T`2KBĕ`2 �m;K2Mi�iBQM bB;MB}+�iBp2 /2 H� M�TT2 T?`û�iB[m2
Uy-k KV- bBKBH�B`2 2M [m�MiBiû TQm` H2b /2mt TBûxQKĕi`2b- K�Bb THmb T`Q;`2bbBp2 TQm` SjX
1MbmBi2- H� i`�MbBiBQM /2 kyRd ¨ kyR3 � ûiû +�`�+iû`Bbû2 T�` /2 7Q`i2b T`û+BTBi�iBQMb ,
THmb /2 Ryy KK /m k8 /û+2K#`2 �m d D�MpB2`X S�` `�TTQ`i ¨ +2ii2 [m�MiBiû /2 THmB2- H�
p�`B�iBQM /m MBp2�m /2 H� M�TT2 /�Mb H2b /2mt TBûxQKĕi`2b � �m;K2Miû /Ƕ2MpB`QM R-j KX
6BM D�MpB2`- H2 MBp2�m /Ƕ2�m /2 SR � �ii2BMi mM TH�i2�m �p2+ mM2 T`Q7QM/2m` KBMBK�H2 /2
y-8 K- Q#b2`pû2 H2 R2` �p`BH- /2 H� iQTQ;`�T?B2 /m bQH �m MBp2�m /2 H� M�TT2X G� KāK2
i2M/�M+2 ¨ H� ?�mbb2 /2b MBp2�mt /Ƕ2�m � ûiû Q#b2`pû2 TQm` H2 TBûxQKĕi`2 Sj c +2T2M/�Mi-
TQm` +2ii2 /2`MBĕ`2 TQbBiBQM- HǶ�m;K2Mi�iBQM ;HQ#�H2 � ûiû bmTû`B2m`2 ¨ +2HH2 Q#b2`pû2 TQm`
SR 2i �m+mM TH�i2�m MǶ� ûiû Q#b2`pû �p�Mi H� T`Q7QM/2m` KBMBK�H2 UR-8 KV- [mB � 2m HB2m
T2M/�Mi H� KāK2 Tû`BQ/2- +Ƕ2bi@¨@/B`2 /û#mi �p`BHX .Ƕ�p`BH ¨ MQp2K#`2- QM � Q#b2`pû mM2
i2M/�M+2 ;ûMû`�H2 ¨ H� #�Bbb2 2M /2mt ûi�T2b- +H�B`2K2Mi bûT�`û2b T�` H2b T`û+BTBi�iBQMb
[mB b2 bQMi T`Q/mBi2b 2M DmBMX �T`ĕb H� KB@DmBM- H� #�Bbb2 � ûiû THmb T`QMQM+û2 �HQ`b [m2
H2 i�mt /2 T`û+BTBi�iBQMb ûi�Bi BM7û`B2m` ¨ ey KK T�` KQBbX G2 R2` MQp2K#`2- H2b /2mt
TBûxQKĕi`2b QMi �ii2BMi H2m` MBp2�m /2 `û7û`2M+2 , k-d8 2i 8-d3 K bQmb i2``2 TQm` SR 2i Sj-
`2bT2+iBp2K2MiX

9XjXj .2b+`BTiBQMb /2b bQHb

G� };m`2 9Xj KQMi`2 mM2 +�`i2 /2b bQHb /m bBi2 /Ƕûim/2- #�bû2 bm` H2b T`QbT2+iBQMb `û�HBbû2b
bm` H2 i2``�BMX G� xQM2 URj-k ?�V 2bi +QKTQbû2 /2 Rj mMBiûb /2 bQH UalV UAlaa qQ`FBM;
:`QmT q_"- kyR8V `ûT�`iB2b 2M /2mt T`BM+BT�mt ivT2b /2 bQH , UBV /2b *�K#BbQHb �p2+
/2b i2tim`2b /2 bQH ¨ /QKBM�M+2 �`;BH2mb2 bm` H2b T2Mi2b /2 +QHHBM2b- +H�B`2K2Mi HBûb �mt
7Q`K�iBQMb ;ûQHQ;B[m2b +�H+�B`2b bQmb@D�+2Mi2b Ual@RR ¨ R8V 2i UBBV /2b 6HmpBbQHb /2 i2tim`2
b�#H2mb2 ¨ �`;BH2mb2 /�Mb H� TH�BM2- /ûp2HQTTûb /�Mb H2b �M+B2Mb /ûTƬib �HHmpB�mt Ual@R ¨
3VX G� /2MbBiû /Ƕû+?�MiBHHQMM�;2 ûH2pû2 MQmb � T2`KBb /ǶB/2MiB}2` mM /QK�BM2 BMi2`Kû/B�B`2
/�Mb H� T�`iB2 2bi /2 H� TH�BM2 Ual@e- d 2i 3V Qɍ H2b +QHHmpBQMb +�`#QM�iûb T`QpB2MM2Mi /2 H�
T2Mi2 `2+Qmp`�Mi H2b 6HmpBbQHb T`û2tBbi�MibX lM 2M;Q`;2K2Mi � ûiû Q#b2`pû TQm` H� THmT�`i
/2b mMBiûb /2 bQH /�Mb H� TH�BM2- K�Bb ¨ /2b T`Q7QM/2m`b /Bzû`2Mi2bX G� T�`iB2 Qm2bi /2 H�
TH�BM2 Ual R ¨ 8V � ûiû K�`[mû2 T�` mM 2M;Q`;2K2Mi /�Mb H2b ?Q`BxQMb T`Q7QM/b ¨ K2bm`2
[m2 H� i2tim`2 bǶ�{M2X G� T�`iB2 2bi Ual e ¨ 3V 2bi iQTQ;`�T?B[m2K2Mi THmb #�bb2- /ǶQɍ
HǶ�TT�`BiBQM /Ƕ?v/`QKQ`T?B2 ¨ THmb 7�B#H2 T`Q7QM/2m`X

§ T�`iB` /2 H� +�`i2- MQmb �pQMb /û}MB i`QBb /QK�BM2b Tû/QHQ;B[m2b- �TT2Hûb mMBiûb 7QM+@
iBQMM2HH2b /m bQH Ua6lV U6B;m`2 9XjV , UBV a6l@R TQm` H2b 6HmpBbQHb /�Mb H� T�`iB2 Qm2bi /2
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6B;m`2 9Xk Ĝ U�V amBpB /2 H� M�TT2 T?`û�iB[m2 /2 MQp2K#`2 kyRd ¨ MQp2K#`2 kyR3-
2i T`û+BTBi�iBQMb DQm`M�HBĕ`2b 2i +mKmHû2b c U#V LBp2�mt TBûxQKûi`B[m2b /2 SR UYRk-N K
L:6V 2i Sj UYRe-3 K L:6VX

6B;m`2 9Xj Ĝ *�`i2 Tû/QHQ;B[m2 /m *?�i2�m *�T2i@:mBHHB2`X GQ+�HBb�iBQM /2b 7Qbb2b UMQB`V
2i /2b TBûxQKĕi`2b U#H2mVX
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H� TH�BM2- UBBV a6l@k TQm` H2b 6HmpBbQHb /�Mb H� T�`iB2 2bi /2 H� TH�BM2 +Qmp2`i2 /2b +QHHm@
pBQMb- 2i UBBBV a6l@j TQm` H2b *�K#BbQHb ¨ ~�M+ /2 +QHHBM2X .ǶmM TQBMi /2 pm2 Tû/QHQ;B[m2-
+?�[m2 a6l � ûiû �bbQ+Bû2 ¨ mM2 7Qbb2 Tû/QHQ;B[m2 U6R TQm` a6l@R- 6k TQm` a6l@k 2i 6j
TQm` a6l@jV- /QMi H2b /2b+`BTiBQMb 2i T`QT`Bûiûb bQMi `ûbmKû2b /�Mb H� i�#H2 9XjX



Ny
*?�TBi`2

9X
6�+i2m`b2MpB`QMM2K

2Mi�mt
2i[m�HBiû

/m
pBM

h�#H2 9Xj Ĝ .2b+`BTiBQM 2i /2b+`BTiBQM /2b 7Qbb2b Tû/QHQ;B[m2b U6R- 6k 2i 6jVX
>x M�K2 (6�P) .2Ti? (+K) *G�u

(W)
aAGh
(W)

a�L.
(W)

hP*
(W)

L iQi�H
(Ǩ)

*fL (@) *1*
(+KQHYfF;)

*�P
(K;fF;)

J;P
(K;fF;)

EkP
(K;fF;)

L�kP
(K;fF;)

T> (@) hQi�H
*�*Pj
(W)

"mHF /2MbBiv
(;f+Kj)

6R , >�THB+ 6HmpBbQH U�`2MB+V
�TR y @ Rk 8X3 3Xy 3eXR yX9R yX9y RyXk jXe NNk 8d Ne RX8 dXj IyX8 RX99
�Tk Rk @ je 8Xe NX8 39XN yX9d yX8y NXj kX8 Ndk 8N ej eXy dXy IyX8 RX8j
" je @ 89 8X9 dXN 3eXd yXRd yXky 3Xd RX9 dNe 98 d9 dXy dX3 IyX8 RX8R
"rUQV 89 @ d9 RjXj dX8 dNXk yXRd yXky 3Xd kX9 3y9 dN dy 8Xy dXk IyX8 RXdy
"Q d9 @ Nk eXN eX3 3eXj yXye yXRy 8X3 RXy jjk j3 9d RX8 dXk IyX8 RXey
"r; Nk @ Rk8 kRX3 ReX8 eRX3 yXye yXky kXN RyX8 ke83 k93 RjN R8Xy dXk IyX8 RXed

6k , 1mi`B+ 6HmpBbQH UGQ�KB+- *QHHmpB+V
�TFR y @ R8 k8Xd kjX8 8yX3 RXRe kXyy 8X3 RjXe Njke kN3 kyN RkXy 3Xk jX8 RXjR
�TFk R8 @ jk keXN k8Xk 9dXN yX83 yX83 RyXy RRX8 RyjdR jjN Nd RjXy 3X9 N RXee
"rF jk @ ey k9Xy R8Xj eyXd yXkN yXjR NX9 RyXj Nyje jej ey RjXy 3X8 kXN RXdy
"rFQR ey @ Ry8 kjXy RjXd ejX9 yXkj yXk8 NXj RyX3 3NeN 9Nj eN RNXy 3X8 kX9 RXek
"rFQk Ry8 @ R8y R8X8 RjXR dRXj yXRk yXRe dXj 8XR Nje8 jRy je RRXy 3Xd RNX8 RX88
*; R8y @ Rey RXd eXR NkXj yXye yXy8 RRXe jXe kkj8 RRN j9 eXy 3Xe IyX8 RXey

6j , *�H+�`B+ *�K#BbQH U*H�vB+- *QHHmpB+V
�TF y @ ky k3X8 9dX9 k9Xk RXeN RXNy 3XN RRXe Rye83 j9y kNd RkXy dXN kNXd RXRd
"rFR ky @ dy jRXR 8RXj RdXe yX9R yXe9 eXj RyX3 Ry8de 9eR kkd NXy 3Xj jNX8 RXeR
"rFk dy @ Rjy jeXy 88X8 3X9 yX9d yXdy eXe RkXy Ryeek 893 ky8 R9kXy 3Xk jkXk RX8d
*F Rjy @ Rey jeXy 93XN R8XR yX9d yXeN eXd RkXd Ry39k 8eR R8d ReXy 3XR kkXR RX8d



9XjX _ûbmHi�ib NR

6R � mM T`Q}H /2 bQH T`Q7QM/ UTHmb /2 R-k KV �p2+ /2b i2tim`2b /2 bQH /QKBMû2b T�`
H2 b�#H2- b�m7 TQm` H2b ?Q`BxQMb T`Q7QM/b U=y-Nk KV- Qɍ H� 7`�+iBQM �`;BH2mb2 �m;K2Mi2
+QMbB/û`�#H2K2MiX G2 T`Q}H /2 bQH 2bi +QKTQbû /2 THmbB2m`b ?Q`BxQMb �p2+ /2b ?Q`BxQMb
Q`;�MQ@KBMû`�mt U�@?Q`BxQMV /�Mb H2b T`2KB2`b y-je KX lM2 7�B#H2 i2M2m` 2M +�`#QM2 Q`@
;�MB[m2 +�`�+iû`Bb2 +2b ?Q`BxQMb � Uy-98WV �p2+ mM T> /2 d-R 2i mM2 i`ĕb 7�B#H2 +�T�+Biû
/Ƕû+?�M;2 +�iBQMB[m2 U*1* c k-N +KQHYfF;VX �p2+ H� T`Q7QM/2m`- HǶ?Q`BxQM�iBQM /m bQH �
ûpQHmû ¨ i`�p2`b /2b ?Q`BxQMb KBMû`�mt U?Q`BxQMb "V [mB bQMi +�`�+iû`Bbûb T�` /2b T`QT`Bû@
iûb bBKBH�B`2b- ¨ HǶ2t+2TiBQM /2 H� p�H2m` /û+`QBbb�Mi2 /2 H� *1* HBû2 ¨ H� /BKBMmiBQM 2M
+�`#QM2 Q`;�MB[m2 iQi�H UhP*VX LQmb �pQMb MQiû [m2 H2b ?Q`BxQMb /2 bQH THmb T`Q7QM/b
U=y-Nk KV �p2+ mM2 7`�+iBQM �`;BH2mb2 ûH2pû2 UkR-3 WV T`ûb2Mi�B2Mi û;�H2K2Mi H� THmb ?�mi2
p�H2m` *1* URy-8 +KQHYfF;VX 1M /û+`Bp�Mi H2 bQH- MQmb �pQMb Q#b2`pû /2b ?Q`BxQMb ?v/`Q@
KQ`T?2b U"r@?Q`BxQMV �p2+ /2b bB;M2b /Ƕ?v/`QKQ`T?B2 ¨ T�`iB` /2 y-89 K- /QMi H� /2MbBiû
� �m;K2Miû /�Mb H2b ?Q`BxQMb /2 bQH H2b THmb T`Q7QM/b 2i � ûpQHmû /ǶmM ûi�i /ǶQtv/�iBQM ¨
mM2 `û/m+iBQMX *2ii2 Q#b2`p�iBQM /Ƕ2M;Q`;2K2Mi � ûiû +Q``Q#Q`û2 T�` HǶ�`+?Bi2+im`2 `�+B@
M�B`2 /2 H� pB;M2- +�` H� [m�MiBiû /2 `�+BM2b /BKBMm2 �T`ĕb H2b T`2KB2`b y-d9 K /2 bQH- 2i
H2 /ûp2HQTT2K2Mi H�iû`�H /2b `�+BM2b 2bi BKTQ`i�MiX

G2 T`Q}H /2 bQH 6k 2bi û;�H2K2Mi T`Q7QM/- �p2+ /2b /Bzû`2M+2b bB;MB}+�iBp2b T�` `�TTQ`i
¨ 6RX A+B- H� i2tim`2 /m bQH � iQmDQm`b ûiû /QKBMû2 T�` H� 7`�+iBQM b�#H2mb2 c +2T2M/�Mi-
H2b ?Q`BxQMb /2 bm`7�+2 T`ûb2Mi2Mi /2b 7`�+iBQMb �`;BH2mb2b Uk8-d WV 2i HBKQM2mb2b Ukj-8
WV BKTQ`i�Mi2bX �p2+ H� T`Q7QM/2m` /m bQH- H� 7`�+iBQM b�#H2mb2 �m;K2Mi2 /2 Nk-y W ¨
R-8 KX .�Mb HǶ?Q`BxQM �- H� 7`�+iBQM �`;BH2mb2 Uk8-d WV 2i H� i2M2m` 2M +�`#QM2 Q`;�MB[m2
UR-Re WV bQMi M2ii2K2Mi THmb ûH2pû2b [mǶ2M 6R 2i bQMi `2bTQMb�#H2b /2 H� p�H2m` *1* THmb
ûH2pû2 URj-e +KQHYfF;V /�Mb H2b +QM/BiBQMb /2 T> #�bB[m2 U3-kVX .2 H� bm`7�+2 �m bQmb@bQH-
MQmb �pQMb Q#b2`pû mM2 /BKBMmiBQM +H�bbB[m2 /2 H� i2M2m` 2M hP*- [mB �ii2BMi /2b MBp2�mt
bBKBH�B`2b ¨ +2mt Q#b2`pûb TQm` 6R ¨ /2b T`Q7QM/2m`b bmTû`B2m`2b ¨ y-e K- �HQ`b [m2 H2 T>
�m;K2Mi2 Dmb[mǶ¨ 3-d ¨ mM2 T`Q7QM/2m` /2 R-yy KX *QKK2 Q#b2`pû /�Mb iQmi2b H2b 7Qbb2b
bBimû2b /�Mb H� TH�BM2- H2b T`Q}Hb Tû/QHQ;B[m2b bQMi �z2+iûb T�` /2b +QM/BiBQMb bûpĕ`2b /2
b�im`�iBQM 2M 2�m , BV H2b bi`m+im`2b b2+QM/�B`2b /2b T`û+BTBi�iBQMb +�`#QM�iû2b bBimû2b ¨
yXjk K c BBV /2b i`�+2b T`û+Q+2b /Ƕ?v/`QKQ`T?B2 QMi ûiû Q#b2`pû2b ¨ mM2 T`Q7QM/2m` /2 y-je
K UQtv/�iBQMV 2i mM2 �m;K2Mi�iBQM /2 H� /2MbBiû 2i /2 HǶBMi2MbBiû � ûiû Q#b2`pû2 /�Mb H2b
?Q`BxQMb THmb T`Q7QM/b c BBBV /2b +QM+`ûiBQMb /2 72` 2i /2 K�M;�Mĕb2 �TT�`�Bbb2Mi ¨ mM2
T`Q7QM/2m` /2 y-ey KX G2b `�+BM2b ûi�B2Mi �#QM/�Mi2b Dmb[mǶ¨ y-ey K 2i `2bi�B2Mi pBbB#H2b
¨ R-ey KX G2 /ûp2HQTT2K2Mi `�+BM�B`2 b2K#H�Bi MQ`K�H 2i MQM �z2+iû T�` H� T`ûb2M+2 /m
MBp2�m /Ƕ2�mX AH MǶv �p�Bi T�b /2 H�iû`�HBb�iBQM pBbB#H2- +QKK2 Q#b2`pû /�Mb 6R 6B;m`2 9X9VX

J�H;`û b2b +QM/BiBQMb /2 T2Mi2- H� TQbBiBQM 6j T`ûb2Mi�Bi mM bQH T`Q7QM/X G� i2tim`2 ;HQ#�H2
/m bQH ûi�Bi /QKBMû2 T�` /2b 7`�+iBQMb /2 HBKQM 2i /Ƕ�`;BH2X .2 HǶ?Q`BxQM /2 bm`7�+2 �m bQmb@
bQH- H� i2tim`2 /m bQH 2bi /2p2Mm2 THmb �`;BH2mb2 , /2 k3-8 W ¨ H� bm`7�+2 /m bQH ¨ je W ¨
R-jy KX S�`KB H2b i`QBb 7Qbb2b- H� TQbBiBQM 6j �p�Bi H� i2M2m` 2M hP* H� THmb ûH2pû2 UR-eN
WV /�Mb H2b T`2KB2`b y-ky K U+Qm+?2 /2 H�#Qm`V- [mB /BKBMm2 b2MbB#H2K2Mi TQm` HǶ?Q`BxQM
bQmb@D�+2Mi ¨ mM2 p�H2m` bi�#H2 �miQm` /2 y-9dW- KāK2 TQm` H2b ?Q`BxQMb /2b bQHb THmb
T`Q7QM/bX G2 T> ûi�Bi KQBMb #�bB[m2 [m2 +2HmB K2bm`û TQm` H� TQbBiBQM 6k- �HQ`b [m2 H�
p�H2m` *1* b2 bBim�Bi 2Mi`2 Ry-3 2i Rk-d +KQHYfF;X § +2i 2M/`QBi- �m+mM ?Q`BxQM b�im`û
/Ƕ2�m MǶ� ûiû /û+`Bi �m +Qm`b /2b R-j T`2KB2`b Kĕi`2bX

G2b bi`m+im`2b `�+BM�B`2b 2i H2b i`�+2b /ǶBMQM/�iBQM /�Mb H2b 7Qbb2b �B/2Mi ¨ +QKT`2M/`2 HǶ�T@



Nk *?�TBi`2 9X 6�+i2m`b 2MpB`QMM2K2Mi�mt 2i [m�HBiû /m pBM

T`QpBbBQMM2K2Mi 2M 2�m /2 H� pB;M2X G2 T`Q}H /2 bQH 6R T`ûb2Mi�Bi /2b bi`m+im`2b `�+BM�B`2b
H�iû`�HBb�Mi2b +H�B`2b �p2+ HǶ�TT�`BiBQM /2 K�`[m2b /Ƕ2M;Q`;2K2MiX *2b +�`�+iû`BbiB[m2b Tû@
/QHQ;B[m2b K2ii2Mi 2M ûpB/2M+2 HǶBKT�+i /2 H� M�TT2 T?`û�iB[m2 bm` HǶ2M`�+BM2K2Mi /2 H�
pB;M2X S�` +QMbû[m2Mi- HǶûHûp�iBQM /2 H� M�TT2 T?`û�iB[m2 T2M/�Mi HǶ?Bp2` U6B;m`2 9XkV �
`û/mBi HǶûim/2 /m bQH T�` H2b `�+BM2bX *2H� � `û/mBi H� [m�MiBiû /Ƕ2�m /BbTQMB#H2 TQm` H�
pB;M2X 6k ûi�Bi bBimû y-9 K THmb #�b /�Mb H� TH�BM2 URk-3 K �m@/2bbmb /m MBp2�m /2 H� K2`
TQm` 6R 2i Rk-9 K �m@/2bbmb /m MBp2�m /2 H� K2` TQm` 6kV 2i T`ûb2Mi�Bi /2b K�`[m2b
/Ƕ2M;Q`;2K2Mi Uh�#H2 9XjV 2i };m`2 9X9VX *2T2M/�Mi- +2b K�`[m2b �p�B2Mi mM2 BMi2MbBiû
THmb 7�B#H2 2i H� T`ûb2M+2 /2 T`û+BTBiûb +�`#QM�iûb /�Mb H2b ?Q`BxQMb Dmb[mǶ¨ R-ey K BM@
/B[m�Bi [m2 H� M�TT2 T?`û�iB[m2 M2 bǶûHĕp2 T�b �p�Mi HQM;i2KTb /�Mb +2b +Qm+?2bX .2
THmb- H� bi`m+im`2 /2b `�+BM2b MǶ� T�b ûiû i`ĕb �z2+iû2 T�` H� M�TT2 T?`û�iB[m2X �m+mM2
H�iû`�HBb�iBQM MǶ� ûiû Q#b2`pû2- +QKK2 TQm` H2 T`2KB2` T`Q}HX �BMbB- H2b /2b+`BTiBQMb Tû/Q@
HQ;B[m2b Uh�#H2 9Xj 2i };m`2 9X9V QMi KQMi`û [m2 HǶ�HBK2Mi�iBQM 2M 2�m /2b pB;M2b /�Mb +2b
/2mt T`Q}Hb Tû/QHQ;B[m2b /Bzĕ`2- K�H;`û H2m` T`QtBKBiû 2i H2m` bBim�iBQM iQTQ;`�T?B[m2
bBKBH�B`2X

9XjX9 1biBK�iBQM /2 HǶ2�m /BbTQMB#H2 /2 H� pB;M2

G� T`Q7QM/2m` /Ƕ2M`�+BM2K2Mi K�tBK�H2 2z2+iBp2 U1`/V 2i H2 T�`�Kĕi`2 β QMi ûiû /ûi2`@
KBMûb 2M 7QM+iBQM /2b /2b+`BTiBQMb /m T`Q}H /m bQH Uh�#H2 9Xj 2i };m`2 9X9VX SQm` 6R 2i
6k- H� HBKBi2 THmb T`Q7QM/2 TQm` H2b `2+?2`+?2b bm` H2b `�+BM2b ûi�Bi HBKBiû2 T�` H2 MBp2�m
/2 H� M�TT2 T?`û�iB[m2 T2M/�Mi H� b�BbQM ?Bp2`M�H2 U6B;m`2 9XkVX G� T`ûb2M+2 /2 H� M�TT2
T?`û�iB[m2 /2 H� KB@D�MpB2` ¨ H� KB@DmBM 2bi `2bTQMb�#H2 /2b +�`�+iû`BbiB[m2b /m bQH ;Q`;û
/Ƕ2�m �bbQ+Bû2b ¨ /2b +QM/BiBQMb �MQtB[m2b [mB T`QpQ[m2Mi H� Mû+`Qb2 /2b `�+BM2b /2 H�
pB;M2X G� /Bzû`2M+2 2Mi`2 6R 2i 6k +QKT`2M/ mM MBp2�m THmb T`Q7QM/ TQm` H2b +QM/BiBQMb
6R 2i mM2 T`Q7QM/2m` K�tBK�H2 /2 /2MbBiû /2 `�+BM2b /2 R-k8 2i R-ey K- `2bT2+iBp2K2Mi
Uh�#H2 9X9VX SQm` 6j- �m+mM2 HBKBi�iBQM /m bQH MǶ� ûiû Q#b2`pû2 /�Mb H2b `2+?2`+?2b bm` H2b
`�+BM2b- �HQ`b [m2 H2 T`Q}H /m bQH � ûiû /ûp2HQTTû bm` H� 7Q`K�iBQM ;ûQHQ;B[m2 6`QMb�/�Bb
JQH�bb2b- +QMbiBimû2 /2 `Q+?2b bû/BK2Mi�B`2b MQM +QMbQHB/û2b Uh�#H2 9Xj 2i };m`2 9X9VX AH
MǶv �p�Bi T�b /Ƕ?Q`BxQM b�im`û /Ƕ2�m ¨ 6j bm` HǶ2Mb2K#H2 /m T`Q}H c +2T2M/�Mi- mM2 ûim/2
/2 H� /vM�KB[m2 /2 H� M�TT2 T?`û�iB[m2 U6B;m`2 9XkV � KQMi`û [m2 H2 MBp2�m /2 H� M�TT2
T?`û�iB[m2 � �m;K2Miû Dmb[mǶ¨ k-yy K bQmb H� bm`7�+2 /m bQH p2`b H2 R2` �p`BHX 1MbmBi2- H�
T`Q7QM/2m` /2 H� /2MbBiû K�tBK�H2 /2b `�+BM2b � ûiû /û}MB2 ¨ k-yy K Uh�#H2 9X9VX

h�#H2 9X9 , *�H+mH /2 HǶ2�m /m bQH /BbTQMB#H2 TQm` H� pB;M2
�mt 2KTH�+2K2Mib /2b i`QBb 7Qbb2b U6R- 6k 2i 6jVX

SBi *@�q* (KK) S@�q* (KK) hhaq (KK) "2i� (K) 1`/ (K)

6R de Ny 8d yXNk RXk8
6k Rky R89 3e RXy8 RXey
6j RR9 RN9 98 RX8y kXyy

S�`KB H2b i`QBb 2M/`QBib- 6R �p�Bi H� THmb 7�B#H2 p�H2m` /2 *@�q* Ude KK- h�#H2 9X9V T�`
`�TTQ`i ¨ b� i2tim`2 /2 bQH /QKBMû2 T�` H2 b�#H2 Uh�#H2 9XjV- [mB 7Qm`MBi mM2 7�B#H2 i2M2m`



9XjX _ûbmHi�ib Nj

6B;m`2 9X9 Ĝ .2b+`BTiBQM /2b i`QBb 7Qbb2b +`2mbû2b /�Mb H2 pB;MQ#H2 /m *?�i2�m *�T2i@
:mBHHB2`X



N9 *?�TBi`2 9X 6�+i2m`b 2MpB`QMM2K2Mi�mt 2i [m�HBiû /m pBM

2M 2�m ¨ TH2BM2 +�T�+Biû U"`m�M/ 2i �HX- kyy9VX *2+B +QMi`�bi2 �p2+ H� p�H2m` /2 *@�q*
/2 Rky KK TQm` 6k- [mB 2bi û;�H2K2Mi bBimû2 /�Mb H2 /QK�BM2 /2b TH�BM2b- K�Bb H� i2tim`2
T`ûb2Mi2 mM2 7`�+iBQM HBKQM2mb2 bB;MB}+�iBp2 Uh�#H2 9XjVX GǶ2KTH�+2K2Mi 6j T`ûb2Mi�Bi
û;�H2K2Mi mM2 +QM/BiBQM /2 *@�q* ûH2pû2- �p2+ mM2 p�H2m` /2 RR9 KK 2M `�BbQM /2 H�
i2tim`2 �`;BH2mb2 Uh�#H2 9XjVX 1M BMiû;`�Mi H� T`Q7QM/2m` /Ƕ2M`�+BM2K2Mi TQi2MiB2HH2 /�Mb
H2 +�H+mH /m S@�q*- HǶ2KTH�+2K2Mi 6j � KQMi`û H� p�H2m` H� THmb ûH2pû2 /2 RN9 KK- bmBpB2
/2 +2HH2 +�H+mHû2 TQm` HǶ2KTH�+2K2Mi 6k UR89 KKVX GǶ2KTH�+2K2Mi 6R T`ûb2Mi�Bi H� �q*
H� THmb 7�B#H2- �p2+ mM2 �q*@S /2 Ny KK Uh�#H2 9X9VX G2b p�H2m`b 2biBKû2b /2 hhaq
Uh�#H2 9X9V ûi�B2Mi H2b THmb 7�B#H2b TQm` H2b 2KTH�+2K2Mib 6j U98 KKV 2i 6R U8d KKV 2i
H2b THmb ûH2pû2b TQm` 6k U3e KKVX

9XjX8 *�`i2 /2 +H�bb2K2Mi /2 H� [m�HBiû /m pBM

G2 +H�bb2K2Mi /2 H� [m�HBiû /2b pBMb 2bi T`ûb2Miû T�` H2b };m`2b 9X8 2i 9Xe /Ƕ�T`ĕb H2b MQi2b
/2 [m�HBiû ûi�#HB2b T�` H2 pB;M2`QMX LQmb `�TT2HQMb [m2 /�Mb +2 +H�bb2K2Mi- H� [m�HBiû
� 2bi H� THmb ûH2pû2X G2 T`2KB2` +QKK2Mi�B`2 TQ`i2 bm` H� +Qmp2`im`2 bT�iB�H2 �bbQ+Bû2
¨ +?�[m2 `�M; /ǶmM KāK2 Q`/`2- bQBi T`ĕb /m iB2`b /2 H� bmT2`}+B2 iQi�H2 TQm` +?�[m2
[m�HBiû U[m�HBiû � 4 k-dd ?� c [m�HBiû " 4 8-dj ?� c [m�HBiû * 4 9-8R ?�VX G� /2mtBĕK2
Q#b2`p�iBQM 2bi [m2 H� +QM};m`�iBQM bT�iB�H2 2bi �bbQ+Bû2 ¨ H� /Bbi`B#miBQM /2 H� [m�HBiû ,
G� [m�HBiû � b2 i`Qmp�Bi bm` H2 bvbiĕK2 /2 T2Mi2- i�M/Bb [m2 H� [m�HBiû " 2i H� [m�HBiû *
b2 i`Qmp�B2Mi /�Mb H� TH�BM2 /m bm/- Qɍ �m+mM2 [m�HBiû � MǶûi�Bi T`ûb2Mi2X aB HǶQM +QKT�`2
�p2+ H� +�`i2 /2b bQHb bi`�iB}û2 2M i`QBb a6l- QM T2mi /B`2 [m2 BV H� [m�HBiû � 2bi bm`p2Mm2
2t+HmbBp2K2Mi /�Mb HǶa6l@j- BBV HǶa6l@k ûi�Bi T`BM+BT�H2K2Mi �bbQ+Bû2 ¨ H� [m�HBiû "- 2i
BBBV HǶa6l@R � ;ûMû`û H� [m�HBiû " 2i *X SQm` +2ii2 /2`MBĕ`2 a6l- MQmb �pQMb MQiû mM2
/Bbi`B#miBQM +H�B`2 �p2+ mM2 [m�HBiû " bBimû2 /�Mb H� T�`iB2 MQ`/ /2 HǶa6l- �HQ`b [m2 H�
[m�HBiû * ûi�Bi +H�B`2K2Mi Q#b2`pû2 /�Mb H� T�`iB2 bm/X

9XjXe .2 H� +�`i2 /2 H� [m�HBiû /m pBM �mt T`QT`Bûiûb /m bQH

hQmi2b H2b �M�Hvb2b /2 bQH QMi ûiû /BpBbû2b 2M i`QBb +H�bb2b 2M 7QM+iBQM /2 H� +�`i2 /2 +H�bb2@
K2Mi /2 H� [m�HBiû /2b pBMbX 1MbmBi2- ¨ HǶBMiû`B2m` /ǶmM2 +H�bb2 /2 [m�HBiû- H2b û+?�MiBHHQMb
QMi ûiû /BpBbûb 2M 7QM+iBQM /2 H� T`Q7QM/2m` /Ƕû+?�MiBHHQMM�;2- ¨ b�pQB` HǶ?Q`BxQM /2 bm`7�+2
U/2 H� bm`7�+2 /m bQH ¨ y-k KV 2i H2 bQmb@bQH U/2 y-k K ¨ y-3 KVX hQmi2b H2b bi�iBbiB[m2b
/2b+`BTiBp2b +QM+2`M�Mi H� [m�HBiû 2i H� T`Q7QM/2m` /m bQH bQMi `ûbmKû2b /�Mb H2 h�#H2
9X8X S�`KB H2b T`QT`Bûiûb /m bQH- H� i2tim`2 2i H2 T> /m bQH bQMi bB;MB}+�iB7b HQ`b[m2 HǶQM
+QMbB/ĕ`2 H� +H�bbB}+�iBQM /2 H� [m�HBiû /m pBMX G� [m�HBiû � 2bi �bbQ+Bû2 ¨ H� i2M2m` H� THmb
ûH2pû2 /2b 7`�+iBQMb /Ƕ�`;BH2 2i /2 HBKQM /�Mb HǶ?Q`BxQM /2 bm`7�+2 2i H2 bQmb@bQH- i�M/Bb [m2
H2b 7`�+iBQMb b�#H2mb2b bQMi /QKBM�Mi2b TQm` H� [m�HBiû *- [m2HH2 [m2 bQBi H� T`Q7QM/2m`
/m bQHX G� [m�HBiû � ûi�Bi û;�H2K2Mi 7Q`i2K2Mi +Q``ûHû2 ¨ HǶûi�i /m T>- TmBb ¨ H� i2M2m`
2M *�*Pj- H2b p�H2m`b H2b THmb ûH2pû2b TQm` H2 T> 2i H2 *�*Pj ûi�Mi K2bm`û2b TQm` +2ii2
+H�bb2 /2 [m�HBiûX G� bi`�iB}+�iBQM ûi�Bi KQBMb T`QMQM+û2 TQm` H2b p�H2m`b /m +�`#QM2 Q`@
;�MB[m2 2i /2 HǶ�xQi2X G� [m�HBiû � +Qmp`�Bi ¨ H� 7QBb H� p�`B�#BHBiû H� THmb ûH2pû2 2i H�
p�H2m` KQv2MM2 H� THmb ûH2pû2 TQm` H� i2M2m` 2M +�`#QM2 Q`;�MB[m2 iQi�H /�Mb HǶ?Q`BxQM
/2 bm`7�+2X SQm` HǶûi�i /2 HǶ?Q`BxQM /2 bm`7�+2- H� bi`�iB}+�iBQM /2 H� p�H2m` KQv2MM2 2bi



9XjX _ûbmHi�ib N8

6B;m`2 9X8 Ĝ U�V *H�bb2K2Mi /2 H� [m�HBiû /m pBM /2 � UK2BHH2m`V ¨ * UKQBMb #QMM2V
2i MQi2b /2 /û;mbi�iBQM +Q``2bTQM/�Mi2b /2 R ¨ 8X URV HQM;m2m` 2M #Qm+?2- UkV û[mBHB#`2
U�+B/Biû 2i �H+QQHV- UjV BMi2MbBiû /2b i�MBMb- U9V +QmH2m`- U8V K�im`Biû 2i bQmTH2bb2 /2b i�MBMb-
UeV +QKTH2tBiû �`QK�iB[m2X U#V *H�bb2K2Mi [m�HBi�iB7 H2 THmb 7`û[m2Mi TQm` +?�[m2 T�`+2HH2
/2 pB;M2 /2 kyRk ¨ kyR3X

6B;m`2 9Xe Ĝ *�`i2b /2 7`û[m2M+2 /2b [m�HBiûb /2 T`Q/m+iBQM /2b T�`+2HH2b U� ¨ *V 2Mi`2
kyRk 2i kyR3X



Ne *?�TBi`2 9X 6�+i2m`b 2MpB`QMM2K2Mi�mt 2i [m�HBiû /m pBM

+H�bbû2 2M 7QM+iBQM /2 H� [m�HBiû /m pBM- H� [m�HBiû H� THmb 7�B#H2 ûi�Mi �bbQ+Bû2 ¨ H� i2M2m`
KQv2MM2 2M hP* H� THmb 7�B#H2X SQm` +QKTHûi2` H2b i2M/�M+2b /2 hP*- HǶ�xQi2 iQi�H � ûiû
#B2M bi`�iB}û- H2b p�H2m`b /Ƕ�xQi2 iQi�H H2b THmb ûH2pû2b ûi�Mi K2bm`û2b TQm` H� K2BHH2m`2
[m�HBiûX G2b `�TTQ`ib *fL bQMi bB;MB}+�iBp2K2Mi THmb 7�B#H2b TQm` H2b pBMb /2 H� THmb ?�mi2
[m�HBiûX G2b /2`MB2`b +QKK2Mi�B`2b TQ`i2Mi bm` H� *1* 2i H2b T`BM+BT�mt ûHûK2Mib U*�-
J; 2i EV- [mB bQMi +QMbi�KK2Mi HBûb ¨ H� bi`�iB}+�iBQM /Ƕ�mi`2b T�`�Kĕi`2b /m bQH , G2b
p�H2m`b *1* 2i H2b +QM+2Mi`�iBQMb /2b T`BM+BT�mt ûHûK2Mib /BKBMm2Mi �p2+ H� /BKBMmiBQM
/2 H� [m�HBiû /m pBMX LQmb �pQMb MQiû [m2 TQm` H� *1* 2i H2 *�P- H� [m�HBiû " T`ûb2Mi�Bi
H2b p�H2m`b MmKû`B[m2b H2b THmb ûH2pû2bX SQm` �{M2` MQi`2 �M�Hvb2- /2b bi�iBbiB[m2b /2b+`BT@
iBp2b bTû+B}[m2b QMi ûiû +�H+mHû2b TQm` H� a6l@R- Qɍ H2b [m�HBiûb " 2i * ûi�B2Mi T`ûb2Mi2b
Uh�#H2 9XeVX .Ƕ�T`ĕb +2b bi�iBbiB[m2b- �m+mM2 /Bzû`2M+2 bB;MB}+�iBp2 MǶ� ûiû +QMbi�iû2 2Mi`2
H2b T`BM+BT�mt T�`�Kĕi`2b /m bQH HQ`b[m2 HǶQM +QKT�`2 H2b +H�bb2b /2 [m�HBiû " 2i *X



9XjX _ûbmHi�ib Nd

h�#H2 9X8 , ai�iBbiB[m2b /2b+`BTiBp2b /2b T`QT`Bûiûb /m bQH TQm` +?�[m2 xQM2 /2 [m�HBiû /m pBM ¨
/2mt T`Q7QM/2m`b /2 bQH /Bzû`2Mi2bX

Zm�HBiv .2Ti? S�`�K2i2` lMBi *QmMi J2�M a. JBM Zk8 J2/B�M Zd8 J�t

� Uy-ky) *H�v W RN jyXyd 8X3k kyX9y keXky kNX3y jkXe8 9RXjy

aBHi W RN j8XNy dXyd k8Xey jyXjy j8Xky 9yXdy 9NXjy

a�M/ W RN j9Xyk RRXR3 RyXNy k3XR8 jkXjy 9kXy8 8jX8y

hP* W RN yXNj yX98 yXj8 yX9N yX3R RXj9 RXeN

hQi�H L Ǩ RN RXy3 yX9R yX8y yXdy RXyy RX9y RXNy

*fL RN 3X38 9XyR kXky dXR8 3Xjy NXk8 kjXky

*1* +KQHYfF; RN RyXj3 RXdy dX3y NXyy RyXky RRXey RjXNy

*�P K;fF; RN RyedNX83 3dyX8j 3k9jXyy Ry93yX8y Ry3y9Xyy RRRyyX8y RRd9eXyy

J;P K;fF; RN j98Xjk Rk9Xe9 R8jXyy k88X8y jkeXyy 9ydX8y ekeXyy

EkP K;fF; RN k9kXN8 N3XkR RR9Xyy RdeXyy kjRXyy kNjX8y 9dRXyy

T> >kP RN 3X9R yXkR dXNy 3Xjy 3X9y 3X88 3X3y

hQi�H *�*Pj W RN kyXed dXRd 9Xyy R8X3y kyXky keX8y jyXey

Uky-3y) *H�v W j k9Xey ReXNR 8X9y R3Xk8 jRXRy j9Xky jdXjy

aBHi W j 9jXNd kyXjk kRXyy jeXR8 8RXjy 88X98 8NXey

a�M/ W j jRX9y jdXkd jXyy RyXjy RdXey 98Xey djXey

hP* W j yXkN yXRk yXRd yXkj yXkN yXj8 yX9R

hQi�H L Ǩ j yX9j yXRN yXkd yXjk yXjd yX8y yXe9

*fL j dXkj jXRR 9Xdy 8X8y eXjy 3X8y RyXdy

*1* +KQHYfF; j 3XRd 9X3k kXey eXdy RyX3y RyXN8 RRXRy

*�P K;fF; j NNj3Xjj RRkeXRN 3ej3Xyy NeydXyy Ry8deXyy Ry833X8y RyeyRXyy

J;P K;fF; j 9deXyy kRRXNy kdkXyy jeeX8y 9eRXyy 8d3Xyy eN8Xyy

EkP K;fF; j RkdXed 33XRy 8NXyy d3Xyy NdXyy RekXyy kkdXyy

T> >kP j 3X8y yXke 3Xjy 3Xj8 3X9y 3Xey 3X3y

hQi�H *�*Pj W j 9RXky dXdN j9X9y jeXN8 jNX8y 99Xey 9NXdy

" Uy-ky) *H�v W kj kyXdj dXRd 3X8y RjXey kjXyy keXey jyXNy

aBHi W kj RNX33 3XyR NXky R9X9y R8XNy kdXj8 jjXey

a�M/ W kj 8NXj3 R9XjN jeX3y 99Xky ekXky dRXk8 3kXjy

hP* W kj yXNy yXke yX9d yXdj yXNj RXy3 RXej

hQi�H L Ǩ kj yXNN yXjk yX9y yX38 RXyy RXRy kXyy

*fL kj NX9y RXdN 8X3y 3X9y NX8y RyX88 RkX9y

*1* +KQHYfF; kj NXdd jXRN 9Xjy dXjy RRXjy RkXRy RjX3y

*�P K;fF; kj 89kRXke jeddXdd NjeXyy kky9X8y 9jRyXyy Nk9NXyy RRy9NXyy

J;P K;fF; kj kjdX3j 3jX88 NyXyy RN8X8y k99Xyy jRNX8y jjNXyy

EkP K;fF; kj ky9Xdy 38Xdj NeXyy R9dX8y ReNXyy kjNXyy 9R3Xyy

T> >kP kj dXde yX8e eX9y dX8y dXNy 3Xky 3X9y

hQi�H *�*Pj W kj kXyR kX9R yXk8 yXk8 yXk8 jXd8 dX3y

Uky-3y) *H�v W k k8X98 kXy8 k9Xyy k9Xdj k8X98 keXRd keXNy

aBHi W k kyXk8 dXyy R8Xjy RdXd3 kyXk8 kkXdk k8Xky

a�M/ W k 89Xjy NXy8 9dXNy 8RXRy 89Xjy 8dX8y eyXdy

hP* W k yX99 yXkR yXkN yXje yX99 yX8R yX83

hQi�H L Ǩ k yX99 yXRN yXjR yXj3 yX99 yX8R yX83

*fL k NXdy yX9k NX9y NX88 NXdy NX38 RyXyy

*1* +KQHYfF; k RyXNy yX38 RyXjy RyXey RyXNy RRXky RRX8y

*�P K;fF; k NdyjX8y N9jXNN NyjeXyy NjeNXd8 NdyjX8y RyyjdXk8 RyjdRXyy

J;P K;fF; k j8RXyy ReXNd jjNXyy j98Xyy j8RXyy j8dXyy jejXyy

EkP K;fF; k d3X8y keXRe eyXyy eNXk8 d3X8y 3dXd8 NdXyy

T> >kP k 3X98 yXyd 3X9y 3X9j 3X98 3X9d 3X8y

hQi�H *�*Pj W k 8XN8 9XjR kXNy 9X9k 8XN8 dX9d NXyy



N3 *?�TBi`2 9X 6�+i2m`b 2MpB`QMM2K2Mi�mt 2i [m�HBiû /m pBM

h�#H2 9X8 , ai�iBbiB[m2b /2b+`BTiBp2b /2b T`QT`Bûiûb /m bQH TQm` +?�[m2 xQM2 /2 [m�HBiû /m pBM ¨
/2mt T`Q7QM/2m`b /2 bQH /Bzû`2Mi2bX U+QMiBMm2/V

Zm�HBiv .2Ti? S�`�K2i2` lMBi *QmMi J2�M a. JBM Zk8 J2/B�M Zd8 J�t

* Uy-ky) *H�v W kN 3X3d kX9R 8X3y dXyy 3XRy RyXNy R9Xky

aBHi W kN RyXRR kX9j 8Xky 3Xyy NX9y RkXjy R9X8y

a�M/ W kN 3RXyR 9Xj3 dkX3y d3Xky 3kX8y 39XNy 3eX9y

hP* W kN yXdy yXj9 yXRd yX9d yXe9 yXNj RX8R

hQi�H L Ǩ kN yXed yXk3 yXky yX8y yXed yXNy RXjj

*fL kN RyXRk RXe3 dXdy 3Xdy NXdy RRXey RjXRy

*1* +KQHYfF; kN 9XkR RXjN kXyy jXjy jXNy 9Xdy dXjy

*�P K;fF; kN Red9X98 Rjy9Xyj jdNXyy 3jyXyy RRNeXyy RNjdXyy 9N98Xyy

J;P K;fF; kN 3dX8k jjXjj jkXyy 8NXyy 33Xyy RydXyy R8jXyy

EkP K;fF; kN R9yXyd 89X38 jeXyy RyyXyy RjdXyy R83Xyy kdeXyy

T> >kP kN dXyj yXdN 8Xdy eX9y dXRy dX8y 3X9y

hQi�H *�*Pj W kN yXk8 yXyy yXk8 yXk8 yXk8 yXk8 yXk8

Uky-3y) *H�v W R8 3X8R kX38 jXky eX3y 3Xdy NXey RjXjy

aBHi W R8 3XRk RX98 8XNy dX9y dXNy 3X38 RRX3y

a�M/ W R8 3jXjd jX9k d3Xyy 3RXy8 3jXey 39XN8 3NXyy

hP* W R8 yXkj yXRj yXye yXRd yXRd yXke yX9d

hQi�H L Ǩ R8 yXk9 yXyN yXRy yXky yXky yXkd yX8y

*fL R8 NXk3 jXyR 8X3y dXe8 3Xdy NX8y R8X8y

*1* +KQHYfF; R8 kXd9 yXed RX9y kX9y kXdy jXy8 9XRy

*�P K;fF; R8 RkN9Xdj NN3Xy3 9N9Xyy 3yyXyy 39yXyy Rk9kXyy 9RdRXyy

J;P K;fF; R8 edXkd kyXkd jyXyy 8eXyy dkXyy 3yXyy RyeXyy

EkP K;fF; R8 3NXey kdX3e 8kXyy eeX8y 3RXyy RRjX8y Rj9Xyy

T> >kP R8 dXed yXje dXyy dX8y dXey dX38 3Xjy

hQi�H *�*Pj W R8 yXkd yXyN yXk8 yXk8 yXk8 yXk8 yXey

LQi2 ,
�`;BH2UWV- HBKQMUWV- b�#H2UWV- hP*U+�`#QM2 Q`;�MB[m2 iQi�H 2M WV- LU�xQi2 iQi�H 2M ǨV- *fLU`�TTQ`i +�`#QM2f�xQi2- b�Mb mMBiûV-
*1*U+�T�+Biû /Ƕû+?�M;2 +�iBQMB[m2 2M +KQHYfF;V- *�PUK;fF;V- J;PUK;fF;V- EkPUK;fF;V- T> >kPUb�Mb mMBiûV- *�*Pj iQi�HUWV



9XjX _ûbmHi�ib NN

h�#H2 9Xe , ai�iBbiB[m2b /2b+`BTiBp2b /2b T`QT`Bûiûb /m bQH TQm` +?�[m2 a6l ¨ /2mt T`Q7QM/2m`b
/2 bQH /Bzû`2Mi2bX

a6l .2Ti? S�`�K2i2` lMBi *QmMi J2�M a. JBM Zk8 J2/B�M Zd8 J�t

R Uy-ky) *H�v W jN RyXRk jX88 8X3y dX88 3X8y RkXey kRXky

aBHi W jN RRXye kX3N 8Xky 3X8y RyXNy RjXRy ReXjy

a�M/ W jN d3X3k eXyN ekX8y d8Xyy dNXRy 39X88 3eX9y

hP* W jN yXde yXj8 yXRd yX8k yXde yXNe RXej

hQi�H L Ǩ jN yXdj yXjR yXky yX8y yXdy yXNy RX8y

*fL jN RyXke RXeR dXdy 3X38 NXNy RRXey RjXRy

*1* +KQHYfF; jN 9XN8 kXRe kXyy jX98 9Xjy eXky RRX9y

*�P K;fF; jN R3yRX99 Rk3kXRd jdNXyy NRRXyy Rke9Xyy kkkNXyy 9N98Xyy

J;P K;fF; jN RydX3d 89XNR jkXyy eNXyy N9Xyy Rk3X8y kdkXyy

EkP K;fF; jN R8eXke dRX98 jeXyy RyeX8y R9RXyy RddXyy 9RjXyy

T> >kP jN dXyN yXdk 8Xdy eX98 dXky dX8y 3X9y

hQi�H *�*Pj W jN yXk8 yXyy yXk8 yXk8 yXk8 yXk8 yXk8

Uky-3y) *H�v W R8 3X8R kX38 jXky eX3y 3Xdy NXey RjXjy

aBHi W R8 3XRk RX98 8XNy dX9y dXNy 3X38 RRX3y

a�M/ W R8 3jXjd jX9k d3Xyy 3RXy8 3jXey 39XN8 3NXyy

hP* W R8 yXkj yXRj yXye yXRd yXRd yXke yX9d

hQi�H L Ǩ R8 yXk9 yXyN yXRy yXky yXky yXkd yX8y

*fL R8 NXk3 jXyR 8X3y dXe8 3Xdy NX8y R8X8y

*1* +KQHYfF; R8 kXd9 yXed RX9y kX9y kXdy jXy8 9XRy

*�P K;fF; R8 RkN9Xdj NN3Xy3 9N9Xyy 3yyXyy 39yXyy Rk9kXyy 9RdRXyy

J;P K;fF; R8 edXkd kyXkd jyXyy 8eXyy dkXyy 3yXyy RyeXyy

EkP K;fF; R8 3NXey kdX3e 8kXyy eeX8y 3RXyy RRjX8y Rj9Xyy

T> >kP R8 dXed yXje dXyy dX8y dXey dX38 3Xjy

hQi�H *�*Pj W R8 yXkd yXyN yXk8 yXk8 yXk8 yXk8 yXey

k Uy-ky) *H�v W Rj keXRk jXRe kRX3y kjX8y k8Xdy k3Xdy jyXNy

aBHi W Rj k9X88 dXdy RjX8y R9X3y keXNy jRXjy jjXey

a�M/ W Rj 9NXjR NXNe jeX3y 9kXdy 99Xey eRXdy e9Xey

hP* W Rj yX3d yXR3 yX83 yXde yX3d yXNj RXRe

hQi�H L Ǩ Rj RXy8 yXjR yX3y yXNy RXyy RXRy kXyy

*fL Rj 3X9k RX98 8X3y dX9y 3Xdy NXdy RyXjy

*1* +KQHYfF; Rj RRX3j RXdj dXdy RRX8y RRXNy RkXNy RjX3y

*�P K;fF; Rj dNkkX9e k38yXkR 9RR9Xyy 98NdXyy NRdkXyy Ry33eXyy RRy9NXyy

J;P K;fF; Rj kNkXj3 93Xke RNdXyy k8RXyy jRNXyy jkjXyy jjNXyy

EkP K;fF; Rj ky8X38 3kX9k NeXyy RekXyy R3yXyy k9kXyy 9R3Xyy

T> >kP Rj 3XR8 yXRd dX3y 3XRy 3Xky 3Xky 3X9y

hQi�H *�*Pj W Rj jXje kX9e yXk8 yXk8 jXdy 9X3y dX3y

Uky-3y) *H�v W k k8X98 kXy8 k9Xyy k9Xdj k8X98 keXRd keXNy

aBHi W k kyXk8 dXyy R8Xjy RdXd3 kyXk8 kkXdk k8Xky

a�M/ W k 89Xjy NXy8 9dXNy 8RXRy 89Xjy 8dX8y eyXdy

hP* W k yX99 yXkR yXkN yXje yX99 yX8R yX83

hQi�H L Ǩ k yX99 yXRN yXjR yXj3 yX99 yX8R yX83

*fL k NXdy yX9k NX9y NX88 NXdy NX38 RyXyy

*1* +KQHYfF; k RyXNy yX38 RyXjy RyXey RyXNy RRXky RRX8y

*�P K;fF; k NdyjX8y N9jXNN NyjeXyy NjeNXd8 NdyjX8y RyyjdXk8 RyjdRXyy

J;P K;fF; k j8RXyy ReXNd jjNXyy j98Xyy j8RXyy j8dXyy jejXyy

EkP K;fF; k d3X8y keXRe eyXyy eNXk8 d3X8y 3dXd8 NdXyy

T> >kP k 3X98 yXyd 3X9y 3X9j 3X98 3X9d 3X8y

hQi�H *�*Pj W k 8XN8 9XjR kXNy 9X9k 8XN8 dX9d NXyy



Ryy *?�TBi`2 9X 6�+i2m`b 2MpB`QMM2K2Mi�mt 2i [m�HBiû /m pBM

h�#H2 9Xe , ai�iBbiB[m2b /2b+`BTiBp2b /2b T`QT`Bûiûb /m bQH TQm` +?�[m2 a6l ¨ /2mt T`Q7QM/2m`b
/2 bQH /Bzû`2Mi2bX U+QMiBMm2/V

a6l .2Ti? S�`�K2i2` lMBi *QmMi J2�M a. JBM Zk8 J2/B�M Zd8 J�t

j Uy-ky) *H�v W k9 jRXky 8Xd3 kyX9y kdXN8 jyXe8 j8Xe8 9RXjy

aBHi W k9 j3Xyk dXeN k8Xey jRXky jdX9y 99Xjj 9NX3y

a�M/ W k9 jyXdd RRXNy RyXNy kkXyj jRXjy 9yX9y 8jX8y

hP* W k9 yX33 yX9k yXj8 yX8R yXde RXkR RXeN

hQi�H L Ǩ k9 RXyj yXj3 yX8y yXdy yXN8 RX9y RXNy

*fL k9 3Xe9 jXek kXky eX3y 3Xyy NXRk kjXky

*1* +KQHYfF; k9 RyXjR RX8k dX3y NXj3 RyXy8 RRXey RjXNy

*�P K;fF; k9 Ry8R3Xj3 Rk88Xek 8NydXyy Ry8jdXyy Ryde8Xyy RRyN8Xk8 RRd9eXyy

J;P K;fF; k9 jk9Xed RR3X93 R8jXyy k9eXk8 kN8Xyy j38Xk8 ekeXyy

EkP K;fF; k9 kj8XkR NRX9N RR9Xyy RdRX8y kk8Xyy kNyXyy 9dRXyy

T> >kP k9 3X98 yXkk dXNy 3Xjy 3X9y 3Xey 3X3y

hQi�H *�*Pj W k9 kkXye 3Xyj 9Xyy ReXy8 kjX8y k3Xky 9kX9y

Uky-3y) *H�v W 8 keXey RkX9N 8X9y keXjy jRXRy jkXNy jdXjy

aBHi W 8 99Xd9 R8XkR kRXyy jNXyy 8RXjy 8kX3y 8NXey

a�M/ W 8 k3Xek keXd9 jXyy RdXey kyXNy k3Xyy djXey

hP* W 8 yXjy yXRy yXRd yXkj yXkN yX9R yX9R

hQi�H L Ǩ 8 yX99 yXRe yXkd yXj8 yXjd yX8N yXe9

*fL 8 dXy9 kXkk 9Xdy eXjy eXey eXNy RyXdy

*1* +KQHYfF; 8 NXk9 jX38 kXey NX9y RyX3y RRXRy RkXjy

*�P K;fF; 8 Ryjy9Xky N89XkN 3ej3Xyy Ry8deXyy RyeyRXyy RyekdXyy RRydNXyy

J;P K;fF; 8 9k9Xky Re3XRR kdkXyy jydXyy j3eXyy 9eRXyy eN8Xyy

EkP K;fF; 8 RR3Xey e9XNj 8NXyy 3eXyy NdXyy Rk9Xyy kkdXyy

T> >kP 8 3X9e yXkR 3Xjy 3Xjy 3X9y 3X8y 3X3y

hQi�H *�*Pj W 8 9yXky RRXey k9X9y j9X9y jNX8y 9NXdy 8jXyy

LQi2 ,
�`;BH2UWV- HBKQMUWV- b�#H2UWV- hP*U+�`#QM2 Q`;�MB[m2 iQi�H 2M WV- LU�xQi2 iQi�H 2M ǨV- *fLU`�TTQ`i +�`#QM2f�xQi2- b�Mb mMBiûV-
*1*U+�T�+Biû /Ƕû+?�M;2 +�iBQMB[m2 2M +KQHYfF;V- *�PUK;fF;V- J;PUK;fF;V- EkPUK;fF;V- T> >kPUb�Mb mMBiûV- *�*Pj iQi�HUWV



9X9X .Bb+mbbBQM RyR

9X9 .Bb+mbbBQM

9X9XR .BbTQMB#BHBiû /2 HǶ2�m

GǶ�TT`QpBbBQMM2K2Mi 2M 2�m /2 H� pB;M2 2bi mM T�`�Kĕi`2 K�D2m` /�Mb H� T`Bb2 2M +QKTi2
/2b 7�+i2m`b /2 +QMi`ƬH2 /2 H� [m�HBiû /m pBM `Qm;2X SHmbB2m`b ûim/2b U*?QMû 2i �HX- kyyy-
c *?QMû- kyyR- c .`v �M/ GQp2vb- RNN3- c PD2/� 2i �HX- kyyk- c a2;mBM- RN3e- c aK�`i
�M/ _Q#BMbQM- RNNR- c h`2;Q�i- kyyj- c h`2;Q�i 2i �HX- kyyk- c o�M G22mr2M- kyRy- c
o�M G22mr2M 2i �HX- kyyNV QMi bQmHB;Mû HǶBKTQ`i�M+2 /ǶmM /û}+Bi ?v/`B[m2 K�`[mû �T`ĕb
H� ~Q`�BbQM TQm` 7�pQ`Bb2` H� bvMi?ĕb2 /2b TQHvT?ûMQHb- BM/BbT2Mb�#H2b TQm` �bbm`2` H�
[m�HBiû /2b `�BbBMb /2 +mp2 `Qm;2b U*�`#QMM2�m- RN3e- c J�ii?2rb �M/ �M/2`bQM- RN33-
c PD2/� 2i �HX- kyyk- c o�M G22mr2M �M/ a2;mBM- RNN9VX AMp2`b2K2Mi- mM bi`2bb ?v/`B[m2
2t+2bbB7 `û/mBi H� [m�HBiû- i�M/Bb [m2 H2 #HQ+�;2 /2 H� T?QiQbvMi?ĕb2 `û/mBi H� bvMi?ĕb2 /2b
TQHvT?ûMQHb U.2HQB`2 2i �HX- kyy9VX SQm` +2ii2 `�BbQM- H2b B/ûQivT2b /2 #QMb bQHb TQm` H2 pBM
`Qm;2 [m�HBi�iB7 bQMi bQmp2Mi T`ûb2Miûb +QKK2 +2mt [mB QMi mM pQHmK2 /2 bQH KBM+2 Qm
�p2+ mM2 TB2``QbBiû ûH2pû2 2i /2b +QM/BiBQMb �p2+ mM pQHmK2 HBKBiû /Ƕ2�m /BbTQMB#H2 TQm`
H� pB;M2X

Zm2H [m2 bQBi H2 +�H+mH miBHBbû- HǶ2KTH�+2K2Mi 6R T`ûb2Mi�Bi H� �q* H� THmb 7�B#H2 Uh�#H2
9X9VX *2H� bǶ2tTHB[m2 T�` b� i2tim`2 b�#H2mb2 Uh�#H2 9XjV- [mB T`ûb2Mi2 mM 7�B#H2 TQi2MiB2H /2
`ûi2MiBQM /Ƕ2�m 2i /2 +�TBHH�`Biû- 2i T�` H� M�TT2 T?`û�iB[m2 T2m T`Q7QM/2 ¨ H� }M /2 HǶ?B@
p2`- [mB HBKBi2 H� T`Q7QM/2m` /2 HǶ2M`�+BM2K2MiX G2b p�H2m`b +�H+mHû2b TQm` HǶ2KTH�+2K2Mi
6k ûi�B2Mi +QMbi�KK2Mi ûH2pû2b T�` `�TTQ`i ¨ H� i2tim`2 /m bQH �`;BH2mt 2i �m TQi2MiB2H
/Ƕ2M`�+BM2K2Mi Uh�#H2b 9Xj 2i 9X9VX G� +�T�+Biû /2 biQ+F�;2 /Ƕ2�m 2biBKû2 TQm` HǶ2KTH�+2@
K2Mi 6j b2K#H�Bi THmb b2MbB#H2 ¨ H� Kûi?Q/2 /2 +�H+mH , UBV HǶ�q* ûi�Bi i`ĕb b2MbB#H2 �mt
+QM/BiBQMb /2 T`Q7QM/2m` /Ƕ2M`�+BM2K2Mi- MQmb �pQMb }tû mM2 T`Q7QM/2m` /ǶBMp2biB;�iBQM
TQi2MiB2HH2 /2 k-yy K pm H2b Q#b2`p�iBQMb /2 HǶ�`+?Bi2+im`2 /m bvbiĕK2 `�+BM�B`2 Uh�#H2
9X9V 2i UBBV H2 +�H+mH /2 H� hhaq � BMiû;`û H� +�T�+Biû /2b `�+BM2b ¨ 2ti`�B`2 HǶ2�m ¨ /2b
TQi2MiB2Hb ?v/`B[m2b /Bzû`2Mib /m TQBMi i?ûQ`B[m2 /2 ~ûi`Bbb2K2Mi- H� [m�MiBiû /Ƕ2�m MQM
/BbTQMB#H2 ûi�Mi �bbQ+Bû2 �m TQi2MiB2H ?v/`B[m2 ûH2pû /�Mb H2b bQHb �`;BH2mt U"`m�M/ 2i �HX-
kyy9VX

9X9Xk .BbTQMB#BHBiû /2b Mmi`BK2Mib

*QMi`�B`2K2Mi ¨ H� /BbTQMB#BHBiû /2 HǶ2�m- H� /BbTQMB#BHBiû ;HQ#�H2 /2b biQ+Fb 2i /2b Mm@
i`BK2Mib 2bi 2bb2MiB2HH2 TQm` H� T`Q/m+iBQM /2 pBM Uq?Bi2- kyyjVX S�`KB H2b Mmi`BK2Mib
+`BiB[m2b- H2b 7Q`K2b �xQiû2b /2p`�B2Mi āi`2 T`ûb2Mi2b 2M [m�MiBiû bm{b�Mi2 c +2T2M/�Mi-
+2`i�BM2b ûim/2b Uh`2;Q�i 2i �HX- kyyk- c o�M G22mr2M 2i �HX- kyyyV QMi KQMi`û [mǶmM
�TTQ`i HBKBiû 2M �xQi2 /�Mb H� pB;M2 T2mi +QMi`B#m2` ¨ �KûHBQ`2` H� [m�HBiû /m pBM `Qm;2X
.�Mb MQi`2 ûim/2- H2b bi�iBbiB[m2b /2b+`BTiBp2b Uh�#H2 9X8V QMi KQMi`û [m2 HǶ?Q`BxQM � /2
H� [m�HBiû � �p�Bi mM2 i2M2m` KQv2MM2 /2 R-y3Ǩ UǬ y-9RǨ û+�`i@ivT2V- i�M/Bb [m2 H2b
p�H2m`b /BKBMm�B2Mi �p2+ H� [m�HBiû /m pBM , y-3jǨ UǬ y-jjǨ û+�`i@ivT2V TQm` H� [m�HBiû
" 2i y-d3Ǩ UǬ y-j8Ǩ û+�`i@ivT2V TQm` H� [m�HBiû *X G� i2M2m` 2M �xQi2 H� THmb ûH2pû2
TQm` H2b ?Q`BxQMb � � ûiû Q#b2`pû2 TQm` H2b bQHb bBimûb /�Mb H2b T�`+2HH2b H2b THmb [m�HBi�@
iBp2b Uh�#H2 9X8VX "B2M [mǶBHb M2 +QM+Q`/2Mi T�b �p2+ H2b `ûbmHi�ib /2 o�M G22mr2M 2i �HX



Ryk *?�TBi`2 9X 6�+i2m`b 2MpB`QMM2K2Mi�mt 2i [m�HBiû /m pBM

UkyyyV- +2b `ûbmHi�ib +QMp2`;2Mi �p2+ H2b +QKK2Mi�B`2b /2 6B2`2` UkyRdV 2i *Qbi�MiBMB 2i �HX
UkyR8V [mB bm;;ĕ`2Mi [m2 /Ƕ�mi`2b T�`�Kĕi`2b ;ûQ+?BKB[m2b 2i KB+`Q#BQHQ;B[m2b /2p`�B2Mi
āi`2 2t�KBMûb 2i MQM b2mH2K2Mi TQm` H2b ?Q`BxQMb /2 bm`7�+2X 1M b2 +QM+2Mi`�Mi bm` H2b
T�`�Kĕi`2b /m bQH ¨ HǶû+?2HH2 /2 H� 7Qbb2- H� i�#H2 9Xj KQMi`2 [m2 H2b p�H2m`b /2 hP* 2i H�
/Bbi`B#miBQM �p2+ H� T`Q7QM/2m` /m bQH /Bzĕ`2Mi b2MbB#H2K2Mi 2M +QKT�`�Mi H2b 7Qbb2b 6R-
6k 2i 6j , UBV H2b i2M2m`b 2M hP* /�Mb HǶ?Q`BxQM � �m;K2Mi2Mi �p2+ H� [m�HBiû /m pBM- /2
y-9RW TQm` 6R ¨ R-eNW TQm` 6j 2i UBBV mM ?Q`BxQM " T`Q7QM/ TQm` 6j U[m�HBiû �V T`ûb2Mi2
mM2 i2M2m` 2M +�`#QM2 iQi�H bBKBH�B`2 ¨ +2HH2b Q#b2`pû2b TQm` HǶ?Q`BxQM � /2 6R U[m�HBiû
*VX *2ii2 Q#b2`p�iBQM /2 H� /Bbi`B#miBQM /m hP* /QBi āi`2 +QmTHû2 ¨ mM2 bi`�iB}+�iBQM /m
`�TTQ`i *fL H2 HQM; /2 H� T`Q7QM/2m` /m bQHX G2 7�B#H2 `�TTQ`i *fL UIRkV Q#b2`pû TQm`
iQmb H2b û+?�MiBHHQMb 2bi ¨ MQi2`X .2 KāK2- QM `2K�`[m2 [m2 6j U[m�HBiû �V T`ûb2Mi�Bi H2
biQ+F /2 +�`#QM2 Q`;�MB[m2 H2 THmb ûH2pû 2i [m2 +2 biQ+F `2bi�Bi BKTQ`i�Mi KāK2 TQm` H2b
?Q`BxQMb " T`Q7QM/b Qɍ H2 `�TTQ`i *fL BM/B[m�Bi mM2 /BbTQMB#BHBiû b�iBb7�Bb�Mi2 /2b Mm@
i`BK2Mib T�` `�TTQ`i ¨ mM2 �+iBpBiû TQi2MiB2HH2 b�iBb7�Bb�Mi2 /2b KB+`Q@Q`;�MBbK2b /m bQHX
PM T2mi T�`p2MB` ¨ mM2 +QKT`û?2MbBQM bBKBH�B`2 2M b2 #�b�Mi bm` HǶQ`B;BM2 /2 H� K�iBĕ`2
Q`;�MB[m2 /m bQH TQm` H2b ?Q`BxQMb T`Q7QM/bX A+B- H2b Q#b2`p�iBQMb /m bvbiĕK2 `�+BM�B`2
�m +Qm`b /2b BMp2biB;�iBQMb bm` H2 i2``�BM T2mp2Mi āi`2 miBH2b , TQm` 6j- HǶQ#b2`p�iBQM bm`
H2 i2``�BM � `ûpûHû H� T`ûb2M+2 /2 `�+BM2b Dmb[mǶ¨ R-ey K UH2 7QM/ /2 H� 7Qbb2V 2i �m+mM2
HBKBi�iBQM ¨ HǶBMp2biB;�iBQM `�+BM�B`2 U6B;m`2 9X9VX LQi�KK2Mi- 2M +2 [mB +QM+2`M2 HǶ�T@
T`QpBbBQMM2K2Mi 2M 2�m- H2 bvbiĕK2 `�+BM�B`2 T2mi āi`2 miBHBbû TQm` ûim/B2` H2b ?Q`BxQMb
T`Q7QM/b /m bQH- 2i H� T`Q/m+iBQM �MMm2HH2 /2 #BQK�bb2 �bbQ+Bû2 /2 `�+BM2b 7QM+iBQMM2HH2b
+QMbiBim�Bi mM �TTQ`i MQM Mû;HB;2�#H2 /2 K�iBĕ`2 Q`;�MB[m2 7`�ŗ+?2- /QMi H� KBMû`�HBb�iBQM
mHiû`B2m`2- 7�+BHBiû2 T�` H2 7�B#H2 `�TTQ`i *fL- TQm``�Bi `ûTQM/`2 �mt #2bQBMb Mmi`BiBQMM2HbX
*2ii2 bi`�iB}+�iBQM /2 H� K�iBĕ`2 Q`;�MB[m2 /m bQH /�Mb H2b ?Q`BxQMb T`Q7QM/b T�` `�TTQ`i
¨ H� #BQK�bb2 `�+BM�B`2 2bi #B2M ûi�#HB2 /�Mb H2b bvbiĕK2b /2 T`Q/m+iBQMX 1M Qmi`2- /2b
ûim/2b QMi KQMi`û H� +QMi`B#miBQM ;HQ#�H2 /2 H� #BQK�bb2 `�+BM�B`2 �mt biQ+Fb /2 +�`#QM2
Q`;�MB[m2 /m bQH U"�H2b/2Mi �M/ "�H�#�M2- RNNe- c *H2KK2Mb2M 2i �HX- kyR8- c Emxv�@
FQp �M/ .QK�MbFB- kyyy- c J2M/2x@JBHH�M 2i �HX- kyRyV- 2i +2ii2 +QMi`B#miBQM TQm``�Bi
āi`2 bB;MB}+�iBp2 TQm` H2b ?Q`BxQMb THmb T`Q7QM/b /m bQH UJ2M/2x@JBHH�M 2i �HX- kyRk- c
_�bb2 2i �HX- kyy8- c _mKT2H �M/ Eƺ;2H@EM�#M2`- kyRRVX 1M}M- H� *1* T2mi āi`2 /Bb+miû2
T`BM+BT�H2K2Mi 2M `2H�iBQM �p2+ H� i2tim`2 2i H� i2M2m` 2M +�`#QM2 Q`;�MB[m2 /m bQHX G�
TQbBiBQM 6R 2M [m�HBiû * 2bi /QKBMû2 T�` mM2 7`�+iBQM b�#H2mb2 bm` HǶ2Mb2K#H2 /m T`Q}H
/2 bQH Uh�#H2 9XjV 2i mM2 7�B#H2 i2M2m` 2M hP*- TmBb �bbQ+Bû2 ¨ mM2 p�H2m` *1* BM7û`B2m`2
¨ j-e +KQHYfF; /�Mb H2b T`2KB2`b y-N K Uh�#H2 9XjV �HQ`b [m2 H� T`Q7QM/2m` /Ƕ2M`�+BM2@
K2Mi 2bi HBKBiû2 ¨ R-k8 KX � +2ii2 TQbBiBQM- H� 7�B#H2 i2M2m` 2M hP* M2 T2`K2ii`�Bi T�b
/Ƕ�HBK2Mi2` H2b pB;M2b 2M Mmi`BK2Mib �bbQ+Bûb �mt T`Q+2bbmb /2 KBMû`�HBb�iBQM /m +�`#QM2
2i- BM/ûT2M/�KK2Mi /2b �TTQ`ib 2M 2M;`�Bb KBMû`�mt- T`2b[m2 �m+mM +�iBQM M2 TQm``�Bi
āi`2 �#bQ`#ûX 1MbmBi2- TQm` H� 6R- H� +�T�+Biû ;HQ#�H2 /m bQH ¨ 7Qm`MB` /2b Mmi`BK2Mib ¨
H� pB;M2 2bi 2ti`āK2K2Mi 7�B#H2X G2 7QM+iBQMM2K2Mi 2bi +H�B`2K2Mi /Bzû`2Mi TQm` H2 bBi2
6j Qɍ BV H� i2tim`2 /m bQH 2bi /QKBMû2 T�` /2b 7`�+iBQMb /2 HBKQM 2i /Ƕ�`;BH2- BBV H2 biQ+F
/2 +�`#QM2 Q`;�MB[m2 /m bQH 2bi bm{b�Mi TQm` 7Qm`MB` /2b Mmi`BK2Mib ¨ H� pB;M2- 2i BBBV
mM2 p�H2m` *1* bmTû`B2m`2 ¨ Ry-3 +KQHYfF; BM/B[m2 mM2 `ûb2`p2 /2 +�iBQM �/bQ`#ûX .�Mb
MQi`2 ûim/2- H� K2BHH2m`2 [m�HBiû /2 pBM � ûiû Q#b2`pû2 TQm` H2b bQHb �v�Mi mM TQi2MiB2H
/Ƕ�TTQ`i 2M Mmi`BK2Mib THmb ûH2pû TQm` H� pB;M2X



9X9X .Bb+mbbBQM Ryj

9X9Xj .vM�KB[m2 /m bQH 2i /2 H� pB;M2

GǶmM2 /2b T`BM+BT�H2b 7QM+iBQMb /m bQH 2bi /Ƕ�bbm`2` HǶ�TT`QpBbBQMM2K2Mi 2M 2�m 2i 2M
ûHûK2Mib Mmi`BiB7b /2 H� pB;M2 Uq?Bi2- kyyjVX G� +�T�+Biû ;HQ#�H2 /m bQH ¨ `ûTQM/`2 ¨
+2b #2bQBMb 7�Bi T�`iB2 /2 H� +QKTH2tBiû `2M+QMi`û2 T�` H2b pBiB+mHi2m`b 2i H2b pB;M2`QMb
TQm` T`Q/mB`2 /2b pBMb /2 [m�HBiûX �BMbB- MQi`2 Q#D2+iB7 T`BM+BT�H ûi�Bi /ǶB/2MiB}2` H2b
T�`�Kĕi`2b Tû/QHQ;B[m2b bmb+2TiB#H2b /2 HBKBi2` Qm /2 7�pQ`Bb2` H2b T�`�Kĕi`2b �bbQ+Bûb
¨ H� T`Q/m+iBQM /2 pBMb /2 [m�HBiûX hQmi /Ƕ�#Q`/- MQmb �pQMb 2z2+imû mM2 ûim/2 /2 bQH-
BM/ûT2M/�Mi2 /2b +QMM�Bbb�M+2b /2b pB;M2`QMbX S�` +QMbû[m2Mi- MQmb �pQMb T`Q/mBi mM2
+�`i2 /2b bQHb ¨ ?�mi2 `ûbQHmiBQM 2i �pQMb /BbiBM;mû i`QBb a6l U6B;m`2 9XjVX 1MbmBi2- TQm`
+?�[m2 a6l- MQmb �pQMb }M2K2Mi +�`�+iû`Bbû H2b T`Q}Hb /2 bQH U9Xj 2i };m`2 9X9V 2i bm`p2BHHû
H2 MBp2�m /2 H� M�TT2 T?`û�iB[m2 �}M /Ƕ�{M2` H2b +QMM�Bbb�M+2b bm` H2b BMi2`�+iBQMb bQH@2�m
2i `�+BM2b@pB;M2X 1MbmBi2- MQmb �pQMb Q#i2Mm /2b /QMMû2b /2b pBiB+mHi2m`b bm` H� [m�HBiû
/m pBM �}M /Ƕ2M T`Q/mB`2 mM2 `2T`ûb2Mi�iBQM bT�iB�H2 U6B;m`2 9X8VX JāK2 bǶBH 2tBbi2 /2b
/Bzû`2M+2b BKTQ`i�Mi2b 2Mi`2 H2b +�`i2b /ǶmMBiûb 7QM+iBQMM2HH2b /2 bQH Ua6lV 2i H2b +�`i2b /2
+H�bb2K2Mi /2 H� [m�HBiû /2b pBMb U6B;m`2b 9Xj 2i 9X8V- MQmb �pQMb Q#b2`pû [m2 H� [m�HBiû �
2bi 2t+HmbBp2K2Mi T`Q/mBi2 /�Mb H� a6l@j 2i H� [m�HBiû * 2bi 2t+HmbBp2K2Mi T`Q/mBi2 /�Mb
H� a6l@RX G� [m�HBiû BMi2`Kû/B�B`2 " 2bi T`Q/mBi2 ¨ H� 7QBb /�Mb H� a6l@k 2i /�Mb mM2 T�`iB2
/2 H� a6l@RX *2ii2 /Bp2`bBiû /2 H� [m�HBiû /m pBM Q#b2`pû2 /�Mb H� a6l@R bm;;ĕ`2 [m2 UBV
H� p�`B�#BHBiû /2b T�`�Kĕi`2b 2MpB`QMM2K2Mi�mt /2 H� a6l@R 2bi +2`i�BM2K2Mi THmb ;`�M/2
[m2 +2 [m2 MQmb �pQMb +�`�+iû`Bbû- Qm UBBV /2b 7�+i2m`b 2MpB`QMM2K2Mi�mt bmTTHûK2Mi�B`2b
/2p`�B2Mi āi`2 BM+Hmb TQm` mM2 K2BHH2m`2 +�`�+iû`Bb�iBQM /2 +2ii2 a6lX

G� };m`2 9Xd 2bi mM2 `2T`ûb2Mi�iBQM +QM+2Tim2HH2 /m bvbiĕK2 ǳbQH@M�TT2Ǵ- [mB HBKBi2 HǶ�`@
+?Bi2+im`2 2i H2 7QM+iBQMM2K2Mi /2b `�+BM2b /2 H� pB;M2 T2M/�Mi H� Tû`BQ/2 /2 +`QBbb�M+2
2i BMiĕ;`2 H2b T`BM+BT�mt `ûbmHi�ib /2 H� T`ûb2Mi2 ûim/2X .�Mb +2ii2 `2T`ûb2Mi�iBQM- H2b
i`QBb bQmb@bvbiĕK2b Ua6l@R- a6l@k 2i a6l@jV 2i H2b +QM/BiBQMb �bbQ+Bû2b /m bvbiĕK2- T�`
2t2KTH2 H2 bQH- H� M�TT2 T?`û�iB[m2 2i H2b `�+BM2b- bQMi `2T`ûb2Miûb ¨ i`QBb /�i2b /Bzû`2Mi2b
UiR- ik 2i ijVX SQm` H2b MBp2�mt b�im`ûb 2M 2�m- MQmb �pQMb /BbiBM;mû H� xQM2 b�im`û2 Ub�im@
`�i2/ xQM2- awV- K2bm`û2 �p2+ H2b TBûxQKĕi`2b- /2 H� xQM2 T�`iB2HH2K2Mi b�im`û2 UT�`iB�HHv
b�im`�i2/ xQM2- SawV bQmb H2 +QMi`ƬH2 /2b `2KQMiû2b +�TBHH�B`2bX .�Mb H2b bQHb- H� ?�mi2m`
/2 H� `2KQMiû2 +�TBHH�B`2 /ûT2M/ /2 H� TQ`QbBiû K�i`B+B2HH2 /2 +?�[m2 bQH U>BHH2H- RNN3VX
.�Mb H� };m`2 9Xd- MQmb �pQMb bm;;û`û [m2 H2b ûHûp�iBQMb +�TBHH�B`2b ûi�B2Mi HBKBiû2b T�` H2b
i2tim`2b ;`QbbBĕ`2b /2 6R- BMi2`Kû/B�B`2b /�Mb H2b i2tim`2b �`;BH2mb2b /2 6k- 2i BKTQ`i�Mi2b
TQm` H2b i2tim`2b HBKQMQ@�`;BH2mb2b /2 6jX

§ iR UD�MpB2`V- H2 MBp2�m /2 H� M�TT2 T?`û�iB[m2 T�bb2 /m MBp2�m KBMBKmK U/û#mi /2 HǶ?B@
p2`V �m MBp2�m K�tBKmK U�p`BHVX *QKTi2 i2Mm /2b i2KTû`�im`2b /m bQH 2i /2 HǶ�iKQbT?ĕ`2
UKQBMb /2 Ryê*V- H� pB;M2 2bi /Q`K�Mi2- H� +`QBbb�M+2 /2b `�+BM2b /2 H� pB;M2 MǶ2bi T�b
�+iBp2 2i HǶ�+iBpBiû KB+`Q#BQHQ;B[m2 /m bQH 2bi ;HQ#�H2K2Mi `û/mBi2X S2M/�Mi +2ii2 Tû`BQ/2-
bB Mû+2bb�B`2- HǶ�HBK2Mi�iBQM ?v/`B[m2 b2`� 7�Bi2 ¨ T�`iB` /2 HǶ2�m T`ûb2Mi2 /�Mb H2b ?Q`B@
xQMb bmT2`}+B2Hb �HBK2Miûb T�` /2b THmB2b 7`û[m2Mi2b- 2i H2b Mmi`BK2Mib b2`QMi 7Qm`MBb T�`
H� bQHmiBQM /m bQH 2M 7QM+iBQM /2 H� b�im`�iBQM /2 H� *1*X �BMbB- a6l@k 2i a6l@j �m`QMi
H2 K2BHH2m` �++ĕb ¨ H� 7QBb ¨ HǶ2�m 2i �mt Mmi`BK2MibX

§ ik U�p`BHV- H� M�TT2 T?`û�iB[m2 2bi �m MBp2�m H2 THmb ûH2pû U/Bbi�M+2 H� THmb 7�B#H2 2Mi`2
H� bm`7�+2 iQTQ;`�T?B[m2 2i H2 MBp2�m /2 H� M�TT2 T?`û�iB[m2VX G2b #Qm`;2QMb /2 H� pB;M2



Ry9 *?�TBi`2 9X 6�+i2m`b 2MpB`QMM2K2Mi�mt 2i [m�HBiû /m pBM

6B;m`2 9Xd Ĝ _2T`ûb2Mi�iBQM +QM+2Tim2HH2 /2 HǶ2M`�+BM2K2Mi /2 H� pB;M2 2M TQbBiBQM 6R@
6j b2HQM H� b�BbQM 2i H2b p�`B�iBQMb /2 H� M�TT2 T?`û�iB[m2 , BKT�+i /2 H� xQM2 b�im`û2
UawV 2i /2 H� xQM2 T�`iB2HH2K2Mi b�im`û2 USawVX



9X8X *QM+HmbBQM Ry8

/û#Qm``2Mi 2i H� T`Q/m+iBQM /2 #BQK�bb2 /ûK�``2 U`�+BM2b 2i b�`K2MibVX G2b +QM/BiBQMb
/Ƕ?mKB/Biû 2i /2 i2KTû`�im`2 /m bQH bQMi 7�pQ`�#H2b ¨ HǶ�+iBpBiû KB+`Q#BQHQ;B[m2 /m bQHX
S2M/�Mi +2ii2 Tû`BQ/2- H� +�T�+Biû ;HQ#�H2 /2 H� pB;M2 ¨ +�Ti2` HǶ2�m 2bi HBû2 ¨ HǶ�`+?Bi2+im`2
/2 b2b `�+BM2b- [mB 2bi HBKBiû2 T�` H� M�TT2 T?`û�iB[m2X .�Mb a6l@R 2i a6l@k- H2b `�+BM2b
bQMi bQmKBb2b ¨ /2b +QM/BiBQMb /2 b�im`�iBQM 2M 2�m 2i H2m` /ûp2HQTT2K2Mi 2bi HBKBiû
T�` H2 MBp2�m ?�mi /2 H� xQM2 b�im`û2X .2 THmb- mM2 Mû+`Qb2 T2mi b2 T`Q/mB`2 /�Mb H2b
`�+BM2b T`û+û/2KK2Mi bBimû2b /�Mb H� xQM2 MQmp2HH2K2Mi b�im`û2X SQm` H2 a6l@j- HǶ2�m b2`�
/BbTQMB#H2 /�Mb H� xQM2 /Ƕ2M`�+BM2K2Mi /�Mb H� xQM2 T�`iB2HH2K2Mi b�im`û2- b�Mb Mû+`Qb2
2M/QKK�;2�Mi H2b `�+BM2bX SQm` H2b #2bQBMb 2M Mmi`BK2Mib- iQmi2b H2b TQbBiBQMb T`ûb2Mi2Mi
/2b +QM/BiBQMb b�iBb7�Bb�Mi2b i�Mi TQm` H� KBMû`�HBb�iBQM /2 H� K�iBĕ`2 Q`;�MB[m2 /m bQH
[m2 TQm` H� MBi`B}+�iBQM T�` H2b KB+`QQ`;�MBbK2b /m bQHX *2T2M/�Mi- 2M +QMbB/û`�Mi H2
biQ+F BMBiB�H /2 hP* 2i H2 pQHmK2 /2 H� xQM2 /Ƕ2M`�+BM2K2Mi- a6l@j 7Qm`MBi H2b +QM/BiBQMb
T2`K2ii�Mi H2 K2BHH2m` �++ĕb �mt Mmi`BK2Mib /m bQH b�Mb H2b HBKBi�iBQMb �bbQ+Bû2b ¨ HǶ2t+ĕb
/Ƕ2�mX
§ ij U�QȿiV- H2 MBp2�m /2 H� M�TT2 T?`û�iB[m2 T�bb2 /m MBp2�m K�tBK�H UikV �m MBp2�m
KBMBK�H U/û#mi /2 HǶ?Bp2`VX G� T`Q/m+iBQM /2 #BQK�bb2 Uûi�T2 pû;ûi�iBp2V 2bi T`2b[m2
i2`KBMû2- H� +`QBbb�M+2 /2b `�+BM2b 2i /2b TQmbb2b /BKBMm2- H2b #�B2b /2 `�BbBM Kȿ`Bbb2Mi
+QKTHĕi2K2Mi 2i H� K�im`�iBQM +QKK2M+2X G� i2KTû`�im`2 /2 HǶ�B` 2bi `2bTQMb�#H2 /2
HǶ1hy ûH2pû2- 2i H� i2KTû`�im`2 /m bQH 2bi QTiBK�H2- K�Bb HǶ?mKB/Biû /m bQH 2bi mM 7�+@
i2m` HBKBi�Mi HǶ�+iBpBiû KB+`Q#BQHQ;B[m2 /m bQHX S2M/�Mi +2ii2 Tû`BQ/2 b�Mb T`û+BTBi�iBQMb
BKTQ`i�Mi2b 2i bm#Bbb�Mi /2 7Q`i2b #�Bbb2b /m MBp2�m /2 H� M�TT2 T?`û�iB[m2- H2 bvbiĕK2
`�+BM�B`2 b2`� miBHBbû TQm` HǶ�TT`QpBbBQMM2K2Mi 2M 2�mX G2b pB;M2b /2 a6l@R- [mB ¨ ik ûi�Bi
2M +QM/BiBQMb /Ƕ2t+ĕb /Ƕ2�m- �p2+ mM bvbiĕK2 `�+BM�B`2 HBKBiû- /2p`QMi 7�B`2 7�+2 ¨ /2b
+QM/BiBQMb /2 /û}+Bi ?v/`B[m2 HBû2b ¨ mM2 +QM/m+iBpBiû ?v/`�mHB[m2 ûH2pû2 /2b bQHb b�#H2mtX
G2b pB;M2b /2b a6l@k 2i a6l@j b2`QMi bQmKBb2b ¨ /2b +QMi`�BMi2b ?v/`B[m2b KQ/û`û2b
T�` `�TTQ`i ¨ H2m`b +QM/BiBQMb BMi2`Kû/B�B`2b HBKQMQ@�`;BH2mb2b- 7�pQ`�#H2b ¨ H� `2KQMiû2
+�TBHH�B`2 2i T`ûb2Mi�Mi mM 7Q`i TQi2MiB2H ?v/`B[m2X .m`�Mi H2b �MMû2b THmpB2mb2b- a6l@k
T2mi M2 bQmz`B` /Ƕ�m+mM bi`2bb ?v/`B[m2X S�`KB +2b /2mt TQbBiBQMb- a6l@j T`ûb2Mi2`� /2b
+QM/BiBQMb /2 +QMi�BMi2 ?v/`B[m2 ûH2pû2 2M `�BbQM /2 H� i2tim`2 �`;BH2mb2 2i /2 b� 7�B#H2
p�`B�#BHBiû �MMm2HH2X

9X8 *QM+HmbBQM

AH 2tBbi2 mM2 `2H�iBQM 2Mi`2 H� pB;M2 2i H2 bQH TQm` `ûTQM/`2 �mt #2bQBMb 2M 2�m 2i 2M
Mmi`BK2Mib /2 H� pB;M2X LQi`2 Q#D2+iB7 T`BM+BT�H ûi�Bi /ǶB/2MiB}2` H2b T�`�Kĕi`2b Tû/Q@
HQ;B[m2b bmb+2TiB#H2b /2 HBKBi2` Qm /2 7�pQ`Bb2` H2b T�`�Kĕi`2b /2 H� T`Q/m+iBQM /2 pBMb
/2 [m�HBiûX 1M +QMbû[m2M+2- MQmb �pQMb T`Q/mBi mM2 +�`i2 /2b bQHb ¨ ?�mi2 `ûbQHmiBQM 2i
�pQMb /BbiBM;mû i`QBb a6l- [mB ûi�B2Mi T`Q+?2b /2 H� +�`i2 /2 +H�bb2K2Mi /2 H� [m�HBiû
/2b pBMbX G2b 7�+i2m`b 2tTHB+�iB7b /2 +2ii2 +QM+Q`/�M+2 `ûbB/2Mi /�Mb H2b BMi2`�+iBQMb /m
bQH- /2 HǶ2�m 2i /2b `�+BM2b �m +Qm`b /m i2KTbX GǶ2Mb2K#H2 /2 +2b /vM�KB[m2b U/m bQH- /2
HǶ2�m 2i /2b bvbiĕK2b `�+BM�B`2bV 2bi `2bTQMb�#H2 /2 H� /Bzû`2M+B�iBQM /2 H� [m�HBiû /2 pBMX
G2b K2BHH2m`2b [m�HBiûb /2 pBM QMi ûiû Q#b2`pû2b /�Mb /2b +QM/BiBQMb b�Mb HBKBi�iBQM /2
T`QbT2+iBQM /2b `�+BM2b 2M `�BbQM /ǶmM2 +Qm+?2 /2 `Q+?2 /m`2 Qm /ǶmM2 xQM2 b�im`û2X 1M
Qmi`2- H2 K2BHH2m` bQH TQm` mM pBM /2 [m�HBiû 2bi Q#b2`pû /�Mb UBV /2b +QM/BiBQMb /2 7�B#H2



Rye *?�TBi`2 9X 6�+i2m`b 2MpB`QMM2K2Mi�mt 2i [m�HBiû /m pBM

+QMi`�BMi2 ?v/`B[m2 HBû2b ¨ H� +�T�+Biû ;HQ#�H2 /2 `ûi2MiBQM /Ƕ2�m /2b bQHb HBKQMQ@�`;BH2mt
2i UBBV �m+mM2 HBKBi�iBQM /2b +QM/BiBQMb Mmi`BiBp2b HBû2b �mt biQ+Fb BKTQ`i�Mib /2 K�iBĕ`2
Q`;�MB[m2 /m bQH 2i ¨ mM2 *1* THmb ûH2pû2 KāK2 /�Mb H2b ?Q`BxQMb T`Q7QM/b /m bQHX

*2T2M/�Mi- +2 `ûbmHi�i BKTHB[m2 [m2 H2b BMi2`�+iBQMb bQH@`�+BM2 T`Q7QM/2b /QBp2Mi āi`2
ûim/Bû2b �}M /2 +QM}`K2` [m2 H2 K2BHH2m` bQH TQm` mM pBM /2 [m�HBiû T`QpB2Mi ¨ H� 7QBb /2
+�`2M+2b 2M 2�m MQM bûpĕ`2b 2i /2 +QM/BiBQMb Mmi`BiBp2b MQM HBKBiû2bX



*?�TBi`2 8

�TTQ`i /2b K2bm`2b /2 `ûbBbiBpBiû
ûH2+i`B[m2 /m bQH

8XR AMi`Q/m+iBQM

G� `û�HBb�iBQM /Ƕûim/2b Tû/QHQ;B[m2b 2bi i`ĕb bQmp2Mi +Qȿi2mb2 2M i2KTb 2i 2M �`;2Mi- TQm`
mM `2M/m i`ĕb /ûT2M/�Mi /2b +QKTûi2M+2b /2 HǶQ#b2`p�i2m`X SQm` +2b `�BbQMb- HǶmb�;2 /2
MQmp2HH2b Kûi?Q/2b /2 +�`�+iû`Bb�iBQM /2b bQHb bǶ2bi /ûp2HQTTû +2b /2`MBĕ`2b /û+2MMB2b- �p2+
HǶ�K#BiBQM /ǶmM2 /BKBMmiBQM /2b +Qȿib /Ƕ�+[mBbBiBQM- /2 H� TQbbB#BHBiû �bbQ+Bû2 /ǶmM2 �m;@
K2Mi�iBQM /2b bm`7�+2b +�`iQ;`�T?Bû2b 2i mM2 `û/m+iBQM 2bTû`û2 /2 H� bm#D2+iBpBiû bQmp2Mi
ûpQ[mû2 /�Mb H2b �TT`Q+?2b /2 +�`iQ;`�T?B2 i`�/BiBQMM2HH2X

aQmp2Mi- +2b MQmp2HH2b Kûi?Q/2b bQMi 7QM/û2b bm` H� [m�MiB}+�iBQM /2 p�`B�#H2b 2MpB`QMM2@
K2Mi�H2b pB� HǶmiBHBb�iBQM /2 +�Ti2m`bX GQ`b /2 T`QbT2+iBQMb Tû/QHQ;B[m2b- H2b Kûi?Q/2b /2
;ûQT?vbB[m2 /2 bm#@bm`7�+2 bQMi �mDQm`/Ƕ?mB +Qm`�KK2Mi 2KTHQvû2b 2i /�Mb H� K�DQ`Biû
/2b ûim/2b Ŀ i2``QB`@+2Mi`û2b ŀ- +Ƕ2bi H� K2bm`2 /2 H� `ûbBbiBpBiû ûH2+i`B[m2 �TT�`2Mi2 /2b
bQHb [mB /2pB2Mi H� p�`B�#H2 /ǶBMiû`āiX �m@/2H¨ /m TQi2MiB2H /2 7Q`i2 /2MbBiû /Ƕû+?�MiBHHQM@
M�;2 bT�iB�H 2i /Ƕ�miQK�iBb�iBQM /2 H� +?�ŗM2 /Ƕ�+[mBbBiBQM 2i /2 i`�Bi2K2Mi- HǶ2KTHQB /2
+2b Kûi?Q/2b Mû+2bbBi2 /2b KQv2Mb i2+?MQHQ;B[m2b �p�M+ûb [m2 b2mH2b [m2H[m2b bQ+Bûiûb
bTû+B�HBbû2b bQMi +�T�#H2b /2 K2ii`2 2M ƾmp`2 TQm` /2b +Qȿib `�BbQMM�#H2bX

�m `2;�`/ /m TQi2MiB2H �p�M+û 2i /2 +Qȿi /2 KBb2 2M ƾmp`2 `�BbQMM�#H2- H2b K2bm`2b /2
`ûbBbiBpBiû ûH2+i`B[m2 �TT�`2Mi2 /2b bQHb T�` i`�ŗMû2b ûH2+i`B[m2b bQMi bQmp2Mi miBHBbû2b 2M
�;`B+mHim`2- 2i 2M pBiB+mHim`2- 2M T�`iB+mHB2` TQm` +�`�+iû`Bb2` H� p�`B�#BHBiû /2b bQHb ¨ /2b
}Mb /2 xQM�;2 i2``QB` Qm KB+`Q@i2``QB` UJB+?Qi- kyyj c �M/`û 2i �HX- kyRk c JQ`�`B 2i �HX-
kyyN c h�vHQ` 2i �HX- kyyNVX *2T2M/�Mi- +2ii2 Kûi?Q/2 T`ûb2Mi2 THmbB2m`b BM+QMpûMB2Mib [mB
`2bi2Mi /B{+BH2b ¨ +QMiQm`M2`X

RV 1M bQB- H2b K2bm`2b /2 `ûbBbiBpBiûb ûH2+i`B[m2b �TT�`2Mi2b /2b bQHb M2 `2Mb2B;M2Mi T�b
bm` mM2 T`QT`Bûiû /2 bQH- K�Bb bm` mM 2Mb2K#H2 /2 p�`B�#H2b Tû/Q+HBK�iB[m2b /QMi
H2b 2z2ib BM/BpB/m2Hb /2p`QMi āi`2 /û+QMpQHmûbX U+7X +?�TBi`2 jVX 1M 2z2i- H� T`QT�@
;�iBQM /m bB;M�H /ûT2M/ /2 MQK#`2mb2b p�`B�#H2b /QMi H� i2M2m` 2M 2�m /2b bQHb
UbQmb /ûT2M/�M+2 /2b T�`�Kĕi`2b /2 bi`m+im`2- /2 i2tim`2 2i /2 i2M2m` 2M K�iBĕ`2

Ryd



Ry3 *?�TBi`2 8X �TTQ`i /2b K2bm`2b /2 `ûbBbiBpBiû ûH2+i`B[m2 /m bQH

Q`;�MB[m2V- /2 H� T`ûb2M+2 /2b BQMb /�Mb H� bQHmiBQM /m bQH 2i /2 H� i2KTû`�im`2
/2b K�iû`B�mt T`QbT2+iûbX .ĕb HQ`b- +2b Kûi?Q/2b M2 T2mp2Mi bǶ�z`�M+?B` /2 T`Qb@
T2+iBQMb Tû/QHQ;B[m2b +H�bbB[m2b +QKTHûK2Mi�B`2bX � TQbiû`BQ`B- BH b2`� /B{+BH2 /2
[m�MiB}2` }M2K2Mi iQmi2b +2b p�`B�#H2b bm` H� #�b2 /2 bBKTH2b bQM/�;2b ¨ H� i�`Bĕ`2-
+Ƕ2bi TQm`[mQB HǶQmp2`im`2 /2 7Qbb2b Tû/QHQ;B[m2 b2K#H2 BM/BbT2Mb�#H2X Zm�M/ /2
i2HH2b T`QbT2+iBQMb Tû/QHQ;B[m2b bQMi TQbbB#H2b- HǶBMiû`āi /2b Kûi?Q/2b /2 ;ûQT?v@
bB[m2 `ûbB/2`� /QM+ /�Mb H� +�T�+Biû /2 bT�iB�HBb�iBQM /2b p�`B�#H2b /Q+mK2Miû2b
bm` 7Qbb2b 2i ¨ H� i�`Bĕ`2X

kV G2b K2bm`2b ;ûQT?vbB[m2b bQMi BMiû;`�i`B+2b- +�` H� p�H2m` `2iQm`Mû2 2M mM2 TQbBiBQM
;ûQ;`�T?B[m2 2bi +�`�+iû`BbiB[m2 /ǶmM pQHmK2 Tû/QHQ;B[m2 /QMMû- pQHmK2 p�`B�#H2
2M `2H�iBQM �mt +QM/BiBQMb Tû/Q+HBK�iB[m2b bQmb@D�+2Mi2b 2i ¨ H� ;ûQKûi`B2 /2b
ûH2+i`Q/2bX .2 7�Bi- +2b Kûi?Q/2b 2Mi`�ŗM2Mi mM HBbb�;2 /2b p�`B�#BHBiûb ¨ +Qm`i2
/Bbi�M+2 2i mM2 T2`i2 T`Q#�#H2 /2 T`û+BbBQMX �mbbB- H� KBb2 2M `2H�iBQM /2b p�`B�iBQMb
/2 H� `ûbBbiBpBiû �p2+ /2b p�`B�#H2b Tû/QHQ;B[m2b /û+`Bi2b TQM+im2HH2K2Mi U+Ƕ2bi@¨@
/B`2 bm` 7Qbb2b Tû/QHQ;B[m2bV MǶ� /2 b2Mb [m2 bB HǶ�+[mBbBiBQM ;ûQT?vbB[m2 2bi K2Mû2
¨ ?�mi2 7`û[m2M+2 U7Q`i2 /2MbBiû bT�iB�H2 2i 7�B#H2 û+�`i2K2Mi /2b ûH2+i`Q/2bVX

jV .�Mb H� ;`�M/2 K�DQ`Biû /2b +�b- BH 2bi BKTQbbB#H2 /ǶBMp2`b2` H2b p�H2m`b /2 `ûbBbiBpBiû
ûH2+i`B[m2 �TT�`2Mi2b K2bm`û2b �m +?�KT �}M /ǶQ#i2MB` Q#i2MB` /2b p�H2m`b /2
`ûbBbiBpBiû ûH2+i`B[m2 p`�B2b- [mB b2mH2b bQMi `2T`ûb2Mi�iBp2b /2b /Bzû`2Mib ?Q`BxQMb
Tû/QHQ;B[m2b T`QbT2+iûbX P#i2MB` +2b p�H2m`b /2 `ûbBbiBpBiû p`�B2b Mû+2bbBi2 �HQ`b H�
`û�HBb�iBQM /2 bQM/�;2b ûH2+i`B[m2b +QKTHûK2Mi�B`2b- bT�iB�H2K2Mi /Bbi`B#mûb bm`
H2b /Bzû`2Mib ivT2b /2 bQHb T`ûb2Mib bm` H2 /QK�BM2 T`QbT2+iûX *2ii2 QTû`�iBQM
`2[mB2`i mM i2KTb /Ƕ�+[mBbBiBQM bQmp2Mi i`ĕb HQM; 2i mM b�pQB`@7�B`2 bTû+B}[m2- +2
[mB 2tTHB[m2 [m2 +2 ivT2 /ǶBMp2`bBQM 2bi `�`2K2Mi 7�Bi 2M +QM/BiBQMb T`Q72bbBQMM2HH2bX

9V GǶ2{+�+Biû /2b T`QbT2+iBQMb 2bi 7Q`i2K2Mi /ûT2M/�Mi2 /m +QMi2ti2 Tû/QHQ;B[m2
HQ+�HX 1M 2z2i- mM #QM +QMi`�bi2 ûH2+i`Q@bi`�iB;`�T?B[m2 /2b ?Q`BxQMb 2bi Mû+2bb�B`2
TQm` Q#i2MB` mM2 `ûTQMb2 /m bB;M�H 2tTHQBi�#H2X

8V 1M}M- MQmb T`û+BbQMb [mǶ2M /ûTBi /2 H� T`QK2bb2 �MMQM+û2- H2b +Qȿib /2 i2HH2b BM@
i2`p2MiBQMb M2 bQMi T�b Mû;HB;2�#H2b 2i [mǶBHb M2 +QKT2Mb2Mi [m2 T2m H2b ;�BMb
`û�HBbûb T�` H� /BKBMmiBQM /m MQK#`2 /2 bQM/�;2b ¨ H� i�`Bĕ`2X .2 i2HH2b BMp2b@
iB;�iBQMb b2K#H2Mi /QM+ `ûb2`pû2b ¨ /2b T`Q/m+iBQMb �;`B+QH2b [m�HBi�iBp2b- i2HH2b
+2`i�BM2b T`Q/m+iBQMb pBiB@pBMB+QH2b- /ûbB`2mb2b /2 +QMM�ŗi`2 }M2K2Mi H� M�im`2 2i
/Bbi`B#miBQM /2 H2m`b bQHb- /2 K�MBĕ`2 ¨ ;û`2` T`û+BbûK2Mi HǶ�HBK2Mi�iBQM 2M 2�m 2i
2M Mmi`BK2Mi /2 H2m` T`Q/m+iBQMX

.�Mb +2 +?�TBi`2- MQi`2 Q#D2+iB7 2bi /2 i2bi2` HǶBMiû`āi /2 H� `ûbBbiBpBiû ûH2+i`B[m2 �TT�`2Mi2
2i p`�B2 /2b bQHb- ¨ /2b }Mb /2 xQM�;2 KB+`Q@i2``QB`X �m@/2H¨ /2 HǶ2Mi`û2 Tm`2K2Mi +�`iQ@
;`�T?B[m2- HǶ�K#BiBQM 2bi �mbbB /2 i2bi2` HǶBMiû`āi /2 H� KBb2 2M ƾmp`2 /2 +2b Kûi?Q/2b
TQm` +�`�+iû`Bb2` H2 7QM+iBQMM2K2Mi /m Tû/QbvbiĕK2- bQBi mM2 2Mi`û2 7QM+iBQMM2HH2X .�Mb
+2ii2 /ûK�`+?2- /�Mb mM T`2KB2` i2KTb- MQmb �M�HvbQMb H2b /QMMû2b /2 ;ûQT?vbB[m2- T�`
H� bmBi2 MQmb +QM7`QMiQMb +2b K2bm`2b �mt �TT`Q+?2b +H�bbB[m2b /2 +�`iQ;`�T?B2 ?�mi2
7`û[m2M+2 2i ¨ HǶ�TT`Q+?2 THmb bvMi?ûiB[m2 /Bi2 /ǶmMBiû 7QM+iBQMM2HH2 /2 bQH Ua6lVX



8XkX J�iû`B2H 2i Kûi?Q/2b RyN

6B;m`2 8XR Ĝ *�`i2 /2b mMBiûb +�`iQ;`�T?B[m2b /2 bQH Ul*aV �m *?�i2�m *�T2i@:mBHHB2`X
o2`bBQM 7`�MÏ�Bb2 /2 H� +�`i2 T`ûb2Miû2 /�Mb H2 *?X9X

8Xk J�iû`B2H 2i Kûi?Q/2b

8XkXR *�`iQ;`�T?B2 Tû/QHQ;B[m2 2i a6l

.�Mb +2 +?�TBi`2- MQmb `2T`2MQMb H2b `ûbmHi�ib +�`iQ;`�T?B[m2b T`ûb2Miûb /�Mb H2 +?�TBi`2
T`û+û/2Mi U*?�TBi`2 9V- bQBi H� +�`i2 /2b bQHb U6B;m`2 8XRV �BMbB [m2 H� +�`i2 /2b mMBiûb
7QM+iBQMM2HH2b /2 bQH U6B;m`2 8XkV T`ûb2Miû2b B+B 2M 7`�MÏ�BbX G� +�`i2 /2b bQHb T2`K2ii`�
/2 i2bi2` H� +Q?û`2M+2 2Mi`2 H2 bB;M�H `ûbBbiB7 2i H2b mMBiûb +�`iQ;`�T?B[m2b /2 bQH Ul*aVX
G� +�`i2 /2b mMBiûb 7QM+iBQMM2HH2 /2 bQH T2`K2ii`� /2 i2bi2` H� +Q?û`2M+2 2Mi`2 H2 bB;M�H
`ûbBbiB7 2i H2b i`QBb mMBiûb 7QM+iBQMM2HH2b T`QTQbû2bX

8XkXk �+[mBbBiBQM /2b /QMMû2b /2 `ûbBbiBpBiû ûH2+i`B[m2 �TT�`2Mi2b , Jl@
*1S

G2 /BbTQbBiB7 /Ƕ�+[mBbBiBQM miBHBbû /�Mb +2 i`�p�BH 2bi /2 ivT2 Jl*1S U+7X *?�TBi`2 jVX
GǶ�+[mBbBiBQM /2b /QMMû2b � ûiû 7�Bi2 2M miBHBb�Mi HǶ�TT�`2BHH�;2 KBb ¨ /BbTQbBiBQM T�` H�
bQ+Bûiû :ûQ*�`i�X �T`ĕb H2b T`QbT2+iBQMb /2 i2``�BM- MQmb �pQMb `û+mTû`û /2mt ivT2b /2
/QMMû2b /2 `ûbBbiBpBiû ûH2+i`B[m2 �TT�`2Mi2 /2b bQHb ,

ě H2b /QMMû2b #`mi2b MQM BMi2`TQHû2b- Qɍ +?�[m2 TQBMi /2 K2bm`2 2bi bT�iB�H2K2Mi



RRy *?�TBi`2 8X �TTQ`i /2b K2bm`2b /2 `ûbBbiBpBiû ûH2+i`B[m2 /m bQH

6B;m`2 8Xk Ĝ *�`i2 /2b mMBiûb 7QM+iBQMM2HH2b /2 bQH Ua6lV bm` H2 pB;MQ#H2 /2 *�T2i@
:mBHHB2`X o2`bBQM 7`�MÏ�Bb2 /2 H� +�`i2 T`ûb2Miû2 /�Mb H2 *?X9X

`û7û`2M+û Us- u- wV 2i �bbQ+Bû ¨ j p�H2m`b /2 `ûbBbiBpBiû , mM2 K2bm`2 TQm` +?�+mM2
/2b pQB2b c

ě H2b /QMMû2b `2i`�p�BHHû2b T�` :ûQ*�`i� bQmb 7Q`K2 /ǶmM `�bi2` +QKTQbû /2 +2HHmH2b /2
k k KX .�Mb +2 +�b- H2b /QMMû2b QMi ûiû }Hi`û2b b2HQM H� Kûi?Q/2 ǳR. K2/B�M KQpBM;
rBM/Qr }Hi2`BM;Ǵ TmBb bT�iB�H2K2Mi BMi2`TQHû2b b2HQM H� Kûi?Q/2 ǳk. #B+m#B+ bTHBM2
BMi2`TQH�iBQMǴX

"B2M [m2 H2 D2m /2 /QMMû2b +H�bbB[m2K2Mi /Bbi`B#mû �mt +HB2Mib bQBi H2 7Q`K�i `�bi2`- /�Mb
+2 i`�p�BH- MQmb �pQMb i`�p�BHHû bm` H2b /QMMû2b #`mi2bX G2b p�H2m`b /2 T2`+2MiBH2b N3 QMi
ûiû miBHBbû2b +QKK2 p�H2m` b2mBH TQm` }Hi`2` H2b p�H2m`b /2 `ûbBbiBpBiû 2t+2bbBp2K2Mi ûH2@
pû2b ;ûMû`�H2K2Mi ;ûMû`û2b T�` /2b K�mp�Bb +QMi�+ib /2b ûH2+i`Q/2b �p2+ H2 bQH UJB+?Qi-
kyyjVX .�Mb +2ii2 T`Q+û/m`2- MQmb �pQMb û+�`iû +?�+mM2 /2b TQbBiBQMb TQbbû/�Mi mM2 p�H2m`
bmTû`B2m`2 ¨ H� p�H2m` b2mBH /m T2`+2MiBH2 N3- bm` �m KQBMb HǶmM2 /2b i`QBb pQB2bX

8XkXj �+[mBbBiBQM /2b /QMMû2b /2 iQKQ;`�T?B2

G2b /ûi�BHb /2 HǶ�+[mBbBiBQM /2b /QMMû2b /2 `ûbBbiBpBiû ûH2+i`B[m2 T�` iQKQ;`�T?B2 �m *?�@
i2�m *�T2i@:mBHHB2` bQMi /ûi�BHHûb /�Mb H� b2+iBQM jX9XkX G� };m`2 8Xj T`ûb2Mi2 H� HQ+�HB@
b�iBQM /m T`Q}H iQKQ;`�T?B[m2 �m b2BM /2b T�`+2HH2b /2 *�T2i@:mBHHB2`X *BM[ bQM/�;2b
ûH2+i`B[m2b R. UsR ¨ s8V QMi û;�H2K2Mi ûiû `û�HBbûb ¨ T�`iB` /2b /QMMû2b /2 iQKQ;`�T?B2-
H2m`b HQ+�HBb�iBQMb 2bi MQiû2 bm` H� };m`2 8XjX



8XjX _ûbmHi�ib RRR

6B;m`2 8Xj Ĝ GQ+�HBb�iBQM /2b bQM/�;2b ûH2+i`B[m2b H2 HQM; /m T`Q}H /2 iQKQ;`�T?B2X

8Xj _ûbmHi�ib

8XjXR .QMMû2b Jl*1S

8XjXRXR G2b p�H2m`b #`mi2b

G2b bi�iBbiB[m2b /2b+`BTiBp2b /2b /QMMû2b #`mi2b bQMi /ûi�BHHû2b /�Mb H� i�#H2 8XRX �p�Mi
�TTHB+�iBQM /m }Hi`2- HǶûi2M/m2 MmKû`B[m2 /2 HǶ2Mb2K#H2 /2b p�H2m`b UoR- ok 2i ojV ûi�Bi
/2 R ¨ 3ky9-3 P?KXKX S�` Q`/`2 /û+`QBbb�Mi- +2b ûi2M/m2b MmKû`B[m2b bQMi oR=oj=ok-
i`�/mBb�Mi �BMbB mM2 THmb ;`�M/2 ûi2M/m2 /2b p�H2m`b /2 K�`;2 bm` H2b pQB2b oR 2i ojX
�T`ĕb �TTHB+�iBQM /m }Hi`2- MQmb i`�p�BHHQMb /QM+ bm` mM2 ûi2M/m2 MmKû`B[m2 ;HQ#�H2
�HH�Mi /2 R ¨ eNd-k P?KXKX .�Mb +2 +�b- H2b ûi2M/m2b MmKû`B[m2b /û+`QBbb�Mi2b T�` pQB2b
bQMi oR=ok=ojX *2i Q`/`2 2bi THmb +Q?û`2Mi �p2+ HǶB/û2 ;ûMû`B[m2 /ǶmM2 /BKBMmiBQM /2b
`ûbBbiBpBiûb �p2+ H� T`Q7QM/2m` U6B;m`2 8X9VX

�}M /2 i2bi2` HǶ2z2i /m }Hi`2 bm` H� /Bbi`B#miBQM /2b p�H2m`b- MQmb �pQMb `2T`ûb2Miû 2M
};m`2 8X9- H� /Bbi`B#miBQM /2 +2b p�H2m`b TQm` +?�+mM2 /2b pQB2b b�Mb U�V 2i �p2+ }Hi`2
U#VX *2b `2T`ûb2Mi�iBQMb- bQmb H� 7Q`K2 /2 #Qŗi2b ¨ KQmbi�+?2 MQmb �TT`2M/ [m2 /�Mb
H2b /2mt +�b- H2b Q`/`2b Q#b2`pûb bm` H2b /QMMû2b #`mi2b UQ`/`2 /2 HǶûi2M/m2 MmKû`B[m2
/2b pQB2b- Q`/`2 /2b p�H2m`b /2 Kû/B�M2 2i Q`/`2 /2b p�H2m`b /2 HǶ2bT�+2 BMi2`[m�`iBH2V bQMi
+QMb2`pû2b TQm` +?�+mM2 /2b pQB2b �T`ĕb �TTHB+�iBQM /m }Hi`2X .�Mb H� bmBi2 /2 +2 KûKQB`2-
MQmb i`�p�BHHQMb /QM+ bm` +2b p�H2m`b /Bi2b }Hi`û2bX



RRk *?�TBi`2 8X �TTQ`i /2b K2bm`2b /2 `ûbBbiBpBiû ûH2+i`B[m2 /m bQH

6B;m`2 8X9 Ĝ .Bbi`B#miBQM /2b p�H2m`b /2 `ûbBbiBpBiû ûH2+i`B[m2 �TT�`2Mi2 /2b bQHb /2
*�T2i@:mBHH2i , U�V /QMMû2b #`mi2b U#V /QMMû2b #`mi2b }Hi`û2b Ub2mBH T2`+2MiBH2 N3VX

h�#H2 8XR , ai�iBbiB[m2b /2b+`BTiBp2b /2b /QMMû2b #`mi2b /2
`ûbBbiBpBiû ûH2+i`B[m2 �TT�`2Mi2 /2b bQHb /2 *�T2i@:mBHHB2`X

JQv2MM2 1+�`i hvT2 JBM S yk S k8 J2/B�M2 S d8 S N3 J�t

oQB2 R Rd9Xj jykXd RXy RyXy jjXR 3kXR kjNX9 eNdXk 3ky9X3
oQB2 k RydX9 RR9Xe RXj R3X9 jyXk ekXk R8NX9 jeRX3 keyRXe
oQB2 j eyX8 ddX3 RXy 3Xy kRXj j8Xe 3RXy kRkXy 8j3dXk

SQm` +2 [mB 2bi /2 H� `2H�iBQM 2Mi`2 H2b p�H2m`b /2 `ûbBbiBpBiû �p2+ H� T`Q7QM/2m` /2 T`QbT2+@
iBQM- QM +QMbi�i2 mM2 Q`/BM�iBQM /û+`QBbb�Mi2 /2b p�H2m`b /2 H� Kû/B�M2 2bi /2 oR U3k-R
P?KXKV TQm` ?Q`BxQMb /2 bm`7�+2- ¨ ok Uek-k P?KXKV TQm` H2b pQHmK2b BMi2`Kû/B�B`2b
TmBb oj Uj8-e P?KXKV TQm` H2b pQHmK2b T`QbT2+iûb H2b THmb BKTQ`i�MibX G� p�`B�#BHBiû bm`
+?�+mM2 /2b pQB2b- i2HH2 [m2 i`�/mBi2 T�` H� /Bbi�M+2 BMi2`[m�`iBH2 UZj@ZR 2M P?KXKV-
bm;;ĕ`2 H2 KāK2 Q`/`2 [m2 T`û+û/2KK2Mi ûpQ[mû- �p2+ mM2 p�`B�#BHBiû THmb BKTQ`i�Mi2
bm` H� oR Ukye-j P?KXKV- TmBb mM2 p�`B�#BHBiû BMi2`Kû/B�B`2 bm` H� ok URkN-k P?KXKV 2i
2M}M H� p�`B�#BHBiû H� THmb 7�B#H2 bm` H� oj U8N-d P?KXKVX PM +QMbi�i2`� [m2 +2b p�`B�#B@
HBiûb BMi2`[m�`iBH2b bQMi 2bb2MiB2HH2K2Mi HBû2b �mt p�H2m`b #Q`M2b bmTû`B2m`2b UZjV- +�` H2b
p�H2m`b /2b T`2KB2`b [m�`iBH2b UZRV bQMi �bb2x T`Q+?2b bm` H2b i`QBb pQB2bX

*2i Q`/QMM�M+2K2Mi /2b p�H2m`b /2 oR ¨ oj T2`K2i /Ƕûi�#HB` mM2 +�`i2 /2 +Q?û`2M+2
U6B;m`2 8X8VX *2ii2 +�`i2 2bi mM +�`iQ;`�KK2 `2Tû`�Mi H2b TQbBiBQMb TQm` H2b[m2HH2b HǶQ`/`2
oR=ok=oj 2bi bi`B+i2K2Mi `2bT2+iûX G2b TQbBiBQMb MQM +�`iû2b bQMi +2HH2b TQm` H2b[m2HH2b
HǶQ`/`2 MǶ2bi T�b `2bT2+iû- /QM+ H2b TQbBiBQMb TQm` H2b[m2HH2b UBV bQBi mM2 p�`B�iBQM Tû/Q@
bi`�iB;`�T?B[m2 HQ+�H2 2bi T`ûb2Mi2- UBBV bQBi H2b +QM/BiBQMb /2 H� K2bm`2 MǶûi�B2Mi T�b
QTiBK�H2b- +QKK2 mM K�mp�Bb +QMi�+i i2``2@ûH2+i`Q/2b T�` 2t2KTH2X .�Mb +2ii2 `2T`ûb2M@



8XjX _ûbmHi�ib RRj

6B;m`2 8X8 Ĝ *�`i2 /2 +Q?û`2M+2 /2b K2bm`2b /2 `ûbBbiBpBiû ûH2+i`B[m2 �TT�`2Mi2 /2b bQHbX
G2b TQBMib `Qm;2b `2Mb2B;M2Mi H2b TQbBiBQMb TQm` H2b[m2HH2b oR=ok=ojX

i�iBQM- MQmb Q#b2`pQMb [m2 TQm` H� THmb ;`�M/2 T�`iB2 /m /QK�BM2- H2b /QMMû2b TQM+im2HH2b
`2bT2+i2Mi K�bbBp2K2Mi HǶQ`/`2 /û+`QBbb�Mi /2b p�H2m`b /2 oR ¨ oj- bQBi TQm` /2b pQHmK2b
T`QbT2+iûb +`QBbb�MibX G2b H�+mM2b /2 `2T`ûb2Mi�iBQM bQMi 2bb2MiB2HH2K2Mi T`ûb2Mi2b �m
LQ`/ /m /QK�BM2- bm` mM i2``�BM �++B/2Miû U7Q`i2b T2Mi2bV 2i bm` H� T�`+2HH2 +2Mi`�H2 S
U+7X +�`i2 /m T�`+2HH�B`2 , 6B;m`2 kXRyVX

*QMbB/û`�Mi H2 7�B#H2 MBp2�m /2 +QM}�M+2 TQm` H� pQB2 j- 2i H2b #2bQBMb /2 H� pB;M2- MQ`K�@
H2K2Mi +2Mi`û bm` H2 T`2KB2` Kĕi`2 /2 bQH- MQmb �pQMb �{Mû H� +�`i2 /2 +Q?û`2M+2 U6B;m`2
8X8V- TQm` T`QTQb2` mM2 +�`i2 /2 +Q?û`2M+2 bm` H2b pQB2b oR 2i ok U6B;m`2 8XeVX am` +2ii2
`2T`ûb2Mi�iBQM- H2b TQbBiBQMb TQm` H2b[m2HH2b H� p�H2m` 2M oR 2bi bmTû`B2m`2 ¨ H� p�H2m` 2M
ok bQMi +�`iQ;`�T?Bû2b 2M `Qm;2- �HQ`b [m2 H2b TQbBiBQMb TQm` H2b[m2HH2b H� p�H2m` 2M oR 2bi
BM7û`B2m`2 ¨ H� p�H2m` 2M ok bQMi 2M #H2mX a�Mb 2Mi`2` B+B- /�Mb H� /Bb+mbbBQM /2b `ûbmHi�ib-
QM MQi2`� bBKTH2K2Mi H2b �M�HQ;B2b 2M i2`K2b /2 bi`m+im`2 bT�iB�H2- 2Mi`2 +2ii2 +�`i2 2i H�
+�`iQ;`�T?B2 /2b i2tim`2b /2 bQH U6B;m`2 8XRV T`ûb2Miû2 �m +?�TBi`2 9X

8XjXRXk .Bbi`B#miBQM 2i bi`m+im`2 bT�iB�H2 /2b p�H2m`b

G� `2T`ûb2Mi�iBQM /2 H� /Bbi`B#miBQM /2b p�H2m`b bQmb H� 7Q`K2 /Ƕ?BbiQ;`�KK2 /2b p�H2m`b
U6B;m`2 8XdV K2i 2M ûpB/2M+2 /2b /Bbi`B#miBQMb MQM MQ`K�H2 U/2 ivT2 HQ; MQ`K�H2V TQm`
+?�+mM2 /2b pQB2b �p2+ mM2 i2M/�M+2 #BKQ/�H2 TQm` H� pQB2 RX G� p�H2m` /m KQ/2 �bbQ+Bû2
¨ +2b /Bbi`B#miBQMb 2bi /2 kd P?KXK TQm` oR 2i ok 2i /2 kR P?KXK TQm` H� ojX

G� };m`2 8X3- T`QTQb2 mM2 `2T`ûb2Mi�iBQM +�`iQ;`�T?B[m2 /2b p�H2m`b HQ+�H2b /2 `ûbBbiBpBiû
�TT�`2Mi2 /2b bQHb- /2 H� pQB2 R ¨ H� pQB2 jX hQmi2b pQB2b +QM7QM/m2b- H2b p�H2m`b H2b THmb
ûH2pû2b bQMi Q#b2`pû2b bm` H� pQB2 R- �HQ`b [m2 H2b p�H2m`b H2b THmb 7�B#H2b bQMi Q#b2`pû2b
bm` H� pQB2 jX G� pQB2 R T`ûb2Mi2 HǶûi2M/m2 MmKû`B[m2 H� THmb H�`;2- �p2+ H2b p�H2m`b 7�B#H2b
Q#b2`pû2b �m LQ`/ /m /QK�BM2 /Ƕûim/2- bm` H2b TQbBiBQMb /Bi2b /2 +Qi2�mtX G2b p�H2m`b



RR9 *?�TBi`2 8X �TTQ`i /2b K2bm`2b /2 `ûbBbiBpBiû ûH2+i`B[m2 /m bQH

6B;m`2 8Xe Ĝ *�`i2 /2 +Q?û`2M+2 /2b K2bm`2b /2 `ûbBbiBpBiû ûH2+i`B[m2 �TT�`2Mi2 /2b
bQHbX G2b TQBMib `Qm;2b `2Mb2B;M2Mi H2b TQbBiBQMb TQm` H2b[m2HH2b oR=ok- H2b TQBMib #H2mb
`2Mb2B;M2Mi H2b TQbBiBQMb TQm` H2b[m2HH2b oRIokX

6B;m`2 8Xd Ĝ >BbiQ;`�KK2 T�` pQB2 /2b p�H2m`b #`mi2b /2 `ûbBbiBpBiû �TT�`2Mi2 K2bm`û2b
�p2+ H2 Jl*1S ¨ *�T2i@:mBHHB2`X
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H2b THmb 7Q`i2b bQMi [m�Mi ¨ 2HH2b Q#b2`pû2b /�Mb H2 b2+i2m` /Bi /2 H� TH�BM2 U/QK�BM2
am/VX *2 p�bi2 /QK�BM2 am/ 2bi /BpBbû 2M i`QBb bQmb@/QK�BM2b UbQmb@/QK�BM2b am/- LQ`/
2i 1biV- �p2+ /2b p�H2m`b 7�B#H2b 2i ;ûMû`�HBbû2b /�Mb H2 bQmb@/QK�BM2 am/- mM KûH�M;2
/2 p�H2m`b 7�B#H2b 2i KQv2MM2b /�Mb H2 bQmb@/QK�BM2 LQ`/ 2i 2t+HmbBp2K2Mi /2b p�H2m`b
KQv2MM2b /�Mb H2 bQmb@/QK�BM2 1biX *2b b+?ûK�b bT�iB�mt b2 `2i`Qmp2Mi TQm` H2b pQB2b k
2i jX aBKTH2K2Mi- TQm` +2b /2mt pQB2b- H2b p�H2m`b /2 H� i2M/�M+2 +2Mi`�H2 bQMi THmb 7�B#H2b
2i H2b p�H2m`b K�`;BM�H2b THmb `2bb2``û2b �miQm` /m KQ/2X PM `2K�`[m2`� iQmi27QBb [m2
TQm` H� pQB2 j- mM2 bi`m+im`2 bT�iB�H2 bmTTHûK2Mi�B`2 b2K#H2 b2 /û;�;2` 2i b2 bm`BKTQb2`
�m b+?ûK� bT�iB�H T`û+û/2KK2Mi ûpQ[m2X *2ii2 bi`m+im`2 bmTTHûK2Mi�B`2 b2 +�`�+iû`Bb2
T�` H� T`ûb2M+2 /2 xQM2b /2 p�H2m`b 7�B#H2b UH2b THmb 7�B#H2b Q#b2`pû2bV- xQM2b /QMi H2b
HBKBi2b bQMi T�`7QBb HBMû�B`2bX *2b xQM2b bQMi Q#b2`pû2b /�Mb H2 /QK�BM2 LQ`/- 2i /�Mb H2
bQmb@/QK�BM2 LQ`/ /m /QK�BM2 am/X

G� KBb2 2M ƾmp`2 /2 Kûi?Q/2 /2 ;ûQbi�iBbiB[m2 MQmb T2`K2i /2 KB2mt +�`�+iû`Bb2` H2b
bi`m+im`2b bT�iB�H2b TQm` +?�+mM2 /2b pQB2bX .�Mb +2 i`�p�BH /Ƕ�M�Hvb2 ;ûQbi�iBbiB[m2- MQmb
�pQMb bûT�`û +?�+mM2 /2b i`QBb TQTmH�iBQMb UTQTmH�iBQM oR- TQTmH�iBQM ok 2i TQTmH�@
iBQM ojV 2M bQmb TQTmH�iBQMbX *2b bQmb@TQTmH�iBQMb bQMi H2 `�bb2K#H2K2Mi /2b K2bm`2b
2z2+imû2b bm` H2b ;`�M/b �K�b T�`+2HH�B`2b- [mB +Q``2bTQM/2Mi �mt ;`�M/b b2+i2m`b ;ûQ@
KQ`T?QHQ;B[m2b /Bib /2 +Qi2�m 2i /2 TH�BM2X SQm` +?�+mM2 /2b pQB2b- +2b bQmb@TQTmH�iBQMb
QMi ûiû i`�Biû2b bûT�`ûK2Mi �}M /2 T`Q/mB`2 /2b p�`BQ;`�KK2b ;HQ#�mt T�` b2+i2m`- bQBi
/2b p�`BQ;`�KK2b ;HQ#�mt /2 TH�BM2b 2i /2b p�`BQ;`�KK2b ;HQ#�mt /2 +Qi2�mX G2b p�`BQ@
;`�KK2b �bbQ+Bûb �mt T�`+2HH2b BbQHû2b M2 bQMi T�b T`ûb2MiûbX

G� 6B;m`2 8XN T`ûb2Mi2 HǶ2Mb2K#H2 /2b p�`BQ;`�KK2b 2tTû`BK2Mi�mt ;HQ#�mt- T�` b2+i2m` 2i
TQm` +?�+mM2 /2b pQB2bX �m ;HQ#�H- H2b /2mt b2+i2m`b T`ûb2Mi2Mi /2b p�`BQ;`�KK2b �p2+ /2b
KQ`T?QHQ;B2b /2b �Dmbi2K2Mib /BbiBM+ibX aB- MQmb +QMbB/û`QMb HǶ�Dmbi2K2Mi /2b /Bbi�M+2b
K�tBK�H2b /2 +Q``ûH�iBQM ¨ k8 K TQm` H2 b2+i2m` /2 +Qi2�m 2i ¨ Rky K TQm` H2 b2+i2m`
/2 TH�BM2- H2b p�`BQ;`�KK2b /2 +Qi2�mt T`ûb2Mi2Mi mM2 �m;K2Mi�iBQM /2 H� p�`B�M+2 �p2+
mM2 �KQ`+2 /2 TH�i2�m �Dmbi�#H2 �p2+ mM KQ/ĕH2 /2 ivT2 bi�#H2X G2b p�`BQ;`�KK2b /2
TH�BM2b T`ûb2Mi2Mi [m�Mi ¨ 2mt mM2 �m;K2Mi�iBQM THmb T`Q+?2 /ǶmM KQ/ĕH2 HBMû�B`2X SQm`
H2b p�`BQ;`�KK2b /2 +Qi2�m- H� TQ`iû2 b2K#H2 āi`2 �mt 2MpB`QMb /2 k8 K TQm` mM T�HB2`
p�`B�#H2 UBV /2 p�H2m` H� THmb 7�B#H2 TQm` H� pQB2 k 2i UBBV /2 p�`B�M+2 H� THmb ûH2pû2 2M
pQB2 RX G2b p�`BQ;`�KK2b /2 TH�BM2b bQMi +�`�+iû`Bbûb T�` mM2 /Bbi�M+2 /2 TQ`iû2 THmb
ûH2pû2 �p2+ mM2 T`2KBĕ`2 /Bbi�M+2 +�`�+iû`BbiB[m2 TQm` mM2 /Bbi�M+2 /2 dy@d8 K 2i mM2
b2+QM/2 /Bbi�M+2 +�`�+iû`BbiB[m2 /Ƕ2MpB`QM Rky KX SQm` +2b /2`MB2`b- H2b p�H2m`b /2 T�HB2`
bQMi /û+`QBbb�Mi2b /2 H� pQB2 R ¨ H� pQB2 jX

8XjXRXj _ûbBbiBpBiûb 2i l*a

.�Mb +2ii2 b2+iBQM- MQmb +QM7`QMiQMb H2b K2bm`2b /2 `ûbBbiBpBiû ûH2+i`B[m2 �TT�`2Mi2 /2
+?�+mM2 /2b pQB2b �m xQM�;2 T�` mMBiû +�`iQ;`�T?B[m2 /2 bQH Ul*aVX G� };m`2 8XRy- T`QTQb2
H2b ?BbiQ;`�KK2b /2 p�H2m`b T�` pQB2 UoR- ok 2i ojV TQm` +?�+mM2 /2b l*a Ul*a@R ¨
l*a@R9VX .�Mb +2ii2 `2T`ûb2Mi�iBQM- H� [m�HBiû /2 H� `2T`ûb2Mi�iBQM /2b /Bbi`B#miBQMb 2bi
ûi`QBi2K2Mi HBû2 ¨ H� bmT2`}+B2 �bbQ+Bû2- /QM+ �m MQK#`2 /2 K2bm`2bX �BMbB- H2b l*a Rj
2i R9 /2 7�B#H2 ûi2M/m2 bT�iB�H2 bQMi #B2M KQBMb +�`�+iû`Bbû2b [m2 H2b l*a Mêj 2i 8X .2
K�MBĕ`2 ;HQ#�H2- [m2HH2 [m2 bQBi HǶl*a +QMbB/û`û2- H� p�H2m` /m KQ/2 �BMbB [m2 HǶûi2M/m2



RRe *?�TBi`2 8X �TTQ`i /2b K2bm`2b /2 `ûbBbiBpBiû ûH2+i`B[m2 /m bQH

6B;m`2 8X3 Ĝ *�`iQ;`�KK2 /2b K2bm`2b /2 `ûbBbiBpBiû ûH2+i`B[m2 �TT�`2Mi2 /2b bQHb TQm`
H2b pQB2b R- k 2i jX



8XjX _ûbmHi�ib RRd

6B;m`2 8XN Ĝ a2KBp�`BQ;`�KK2b /2b p�H2m`b /2 `ûbBbiBpBiû ûH2+i`B[m2 �TT�`2Mi2 /2b bQHb
TQm` H2 b2+i2m` /2 +Ƭi2�m U;�m+?2V 2i H2 b2+i2m` /2 TH�BM2 U/`QBi2V TQm` +?�+mM2 /2b i`QBb
pQB2b oR U?�miV- okUKBHB2mV 2i oj U#�bVX



RR3 *?�TBi`2 8X �TTQ`i /2b K2bm`2b /2 `ûbBbiBpBiû ûH2+i`B[m2 /m bQH

MmKû`B[m2 /2b p�H2m`b K2bm`û2b /BKBMm2Mi /2 H� pQB2 R ¨ H� pQB2 jX SQm` +2`i�BM2b l*a-
mM2 /Bbi`B#miBQM #BKQ/�H2 2bi pBbB#H2- +QKK2 TQm` HǶl*a@k pQB2 j Ul*a@k@ojV 2i HǶl*a@
Rk pQB2 R Ul*a@Rk@oRVX *2b p�`B�iBQMb /�Mb H� M�im`2 /2b /Bbi`B#miBQMb MQmb �KĕM2Mi ¨
�M�Hvb2` THmb 2M �p�Mi +?�+mM2 /2b l*aX SQm` +2H� H� i�#H2 8Xk T`ûb2Mi2 H2b bi�iBbiB[m2b
/2b+`BTiBp2b /2b p�H2m`b /2 `ûbBbiBpBiû T�` pQB2 TQm` +?�[m2 l*aX

G2b ?BbiQ;`�KK2b TQm` H2b pQB2b /2 HǶl*a@R KQMi`2Mi /2b /Bbi`B#miBQMb /2 ivT2 HQ; MQ`K�H-
�p2+ mM KQ/2 /BKBMm�Mi �p2+ H� T`Q7QM/2m`- /2 8y P?KXK TQm` l*a@R@oR ¨ jy P?KXK
TQm` l*a@R@ojX SQm` +2ii2 l*a- HǶ�KTHBim/2 /2b p�H2m`b bmBi H� KāK2 /BKBMmiBQM i2M@
/�M+B2HH2 TQm` /2b pQHmK2b T`QbT2+iûb THmb BKTQ`i�MibX GǶl*a@k- T`ûb2Mi2 [m�Mi ¨ 2HH2
mM ?BbiQ;`�KK2 THmb û+`�bû i`�/mBb�Mi mM MQK#`2 /2 K2bm`2b THmb 7�B#H2 T�` +H�bb2- K�Bb
�p2+ /2b p�H2m`b MmKû`B[m2K2Mi THmb /BbT2`bû2b UTHmb ;`�M/ MQK#`2 /2 +H�bb2b MQM MmHH2bVX
SQm` +2ii2 l*a@k@oR H� p�H2m` /m KQ/2 2bi /2 Ny P?KXKX GǶl*a@k@ok T`ûb2Mi2 mM2 /Bb@
i`B#miBQM #BKQ/�H2 �p2+ mM KQ/2 T`BM+BT�H ¨ 3y P?KXK 2i H2 b2+QM/�B`2 ¨ R8y P?KXKX
GǶl*a@k@oj T`ûb2Mi2 û;�H2K2Mi mM2 /Bbi`B#miBQM #BKQ/�H2- TQm` mM2 ûi2M/m2 /2b p�H2m`b
THmb 7�B#H2b �BMbB [m2 /2b KQ/2b /2 8y 2i N8 P?KXKX G2b i`QBb pQB2b /2 HǶl*a@j QMi mM2
/Bbi`B#miBQM �bvKûi`B[m2 /QMi HǶûi2M/m2 b2 `2bb2``2 2M T`Q7QM/2m`- �p2+ /2b KQ/2b /2 3y
P?KXK Ul*a@j@oRV- dy P?KXK Ul*aj@okV 2i 98 P?KXK Ul*aj@ojVX G2b ?BbiQ;`�KK2b
/2b l*a@9 2i 8 bQMi bBKBH�B`2b �p2+ /2b p�H2m`b /2 `ûbBbiBpBiû Hû;ĕ`2K2Mi THmb 7�B#H2b TQm`
HǶl*a@8 [m2 HǶl*a@9X G2b l*a@e 2i d KQMi`2Mi mM2 /Bbi`B#miBQM i`ĕb `2bb2``û2 [mB ûpQHm2
T2m �p2+ H� T`Q7QM/2m` UKQ/2b T`Q+?2b /2 ky P?KXK TQm` HǶl*a@e@oj 2i k8 P?KXK TQm`
HǶl*a@d@ojVX GǶl*a@3 T`ûb2Mi2 /2b `ûbBbiBpBiûb �TT�`2Mi2b Hû;ĕ`2K2Mi THmb ûH2pû2b UKQ/2b
/2 jy P?KXKV TQm` H2b pQB2b R 2i k- �p2+ [m2H[m2b p�H2m`b `ûbB/m2HH2b /2 8y ¨ kyy P?KXKX
GǶl*a@RR � /2b /Bbi`B#miBQMb T`2b[m2 MQ`K�H2b TQm` b2b i`QBb pQB2bX G2 KQ/2 T�bb2 /2 98
P?KXK TQm` l*a@RR@oR- ¨ j8 P?KXK TQm` l*a@RR@ok 2i k8 P?KXK TQm` l*a@RR@ojX
G2b ?BbiQ;`�KK2b /2 HǶl*a@Rk bQMi �bvKûi`B[m2b 2i l*a@Rk@oR T`ûb2Mi2 mM2 /Bbi`B#miBQM
#BKQ/�H2 UR8 P?KXK 2i j8 P?KXKVX SQm` l*a@Rk@ok- H2 KQ/2 2bi ky P?KXK 2i TQm`
l*a@Rk@oj- H2 KQ/2 2bi R8 P?KXKX G2b l*a@Rj 2i R9 T`ûb2Mi2Mi T2m /2 p�H2m`b /m 7�Bi /2
H� 7�B#H2 bm`7�+2 /2b TH�;2b +�`iQ;`�T?B[m2b +Qmp2`i2b T�` H� T`QbT2+iBQM �p2+ H2 Jl*1SX
G2b /Bbi`B#miBQMb /2b `ûbBbiBpBiûb bQMi Hû;ĕ`2K2Mi �bvKûi`B[m2b �p2+ /2b p�H2m`b i`ĕb 7�B#H2b
UKQ/2b +QKT`Bb 2Mi`2 R8 2i ky P?KXKVX

h�#H2 8Xk , ai�iBbiB[m2b /2b+`BTiBp2b /2b `ûbBbiBpBiûb ûH2+@
i`B[m2b �TT�`2Mi2b TQm` H2b pQB2b oR- ok 2i oj- +�iû;Q`Bbû2b
T�` lMBiû *�`iQ;`�T?B[m2 /2 aQH Ul*aVX

MQXm+b oR KBM oR K2/ oR K�t ok KBM ok K2/ ok K�t oj KBM oj K2/ oj K�t

R R 8kXR j8NXe dXN 9eXy jkRX9 9X9 jkXk kyjXd
k R R9NXk e3dXk 9X8 RkkXy jeRX9 RXj dkXe kRRXd
j k Ry8Xk eNdXk RRXR dRX3 jeyX8 RXy j9Xj kRRXd
9 j 9jyXd eNdXk RXj kd8Xd jeRX3 RXy Rj8XN kRRX3
8 R jjNXe eNdXk kXk R3NXj jeRX3 RXy 3kX9 kRkXy
e d kdXR N8Xk RyX8 kdXy ke9Xj RX8 kyXN R8NX9
d Ry kdXR RkjXk RyX3 keX9 RdeXN RXR kyXe Re9XN
3 Ry jkXy kk8X9 3XN kNX8 jyeX3 8Xj kkXj kRRX3
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MQXm+b oR KBM oR K2/ oR K�t ok KBM ok K2/ ok K�t oj KBM oj K2/ oj K�t

RR R 9RXR 9ReXd NX8 j8Xe RykXy RX3 keXj Rd3Xj
Rk R kyXy eNRXk NX8 kjX3 R3yXN RXN RdX9 kRyXd
Rj R RkXy jyXR dXe kyXe 8eXN kXd RjXy e3X3
R9 R NXy kNXR RRX3 RNXR 88Xj 9Xj RRXR 8jXN

8XjXRX9 _ûbBbiBpBiûb 2i a6l

G� 6B;m`2 8XRR KQMi`2 H� /Bbi`B#miBQM /2b `ûbBbiBpBiûb 2M 7QM+iBQM /2b mMBiûb 7QM+iBQMM2HH2b
/2 bQH U6B;m`2 8XkV /û}MB2b /�Mb H2 +?�TBi`2 9X SQm` H� a6lR- H2b ?BbiQ;`�KK2b T`ûb2Mi2Mi
mM2 /Bbi`B#miBQM �bb2x ûi�Hû2 U/2 y ¨ THmb /2 eyy PK?XK TQm` a6lR@oRV �bbQ+Bû2 ¨ mM2
/BKBMmiBQM /2 H� /BbT2`bBQM /2b p�H2m`b �p2+ H� T`Q7QM/2m` U/2 y ¨ THmb /2 9yy PK?XK
TQm` a6lR@ok- 2i /2 y ¨ kyy P?KXK TQm` a6lR@ojVX G2 KQ/2 /BKBMm2 û;�H2K2Mi �p2+
H� T`Q7QM/2m` , 3y P?KXK TQm` a6lR@oR ¨ 9y P?KXK TQm` a6lR@ojX

G2b /Bbi`B#miBQMb /2b p�H2m`b TQm` a6lk 2i a6lj bQMi THmb `�K�bbû2b [m2 +2HH2 Q#b2`pû2b
TQm` a6lRX G2b p�H2m`b /2 `ûbBbiBpBiû bQMi i`ĕb ;`QmTû2b bQmb mM2 p�H2m` b2mBH /2 8y P?KXK
TQm` a6l@k �HQ`b [m2 H� p�H2m` û[mBp�H2Mi2 TQm` a6lj 2bi /2 Ryy P?KXKX ZmQB [mǶBH 2M
bQBi H2b /Bbi`B#miBQMb TQm` a6lk 2i a6lj KQMi`2Mi 2HH2b �mbbB mM2 i2M/�M+2 ¨ H� /BKBMmiBQM
/2 H� pQB2 R ¨ H� pQB2 jX

8XjXRX8 _ûbBbiBpBiû 2i T`QT`Bûiûb T?vbB+Q@+?BKB[m2b

G� 6B;m`2 8XRk T`ûb2Mi2 H2b /B�;`�KK2b /2 KBb2 2M `2H�iBQM /2b p�H2m`b /2 `ûbBbiBpBiû
ûH2+i`B[m2 �TT�`2Mi2 /2b bQHb- K2bm`û2b bm` H� pQB2 R 2i +2`i�BM2b p�`B�#H2b Tû/QHQ;B[m2b
/ûi2`KBMû2b TQM+im2HH2K2Mi /�Mb mM pQBbBM�;2 /2 KQBMb /2 8 KX .2 +2ii2 `2T`ûb2Mi�iBQM
`2bbQ`i H� `2H�iBQM +H�bbB[m2 2Mi`2 p�H2m`b /2 `ûbBbiBpBiû 2i ;`�MmHQKûi`B2 /2b bQHb , bQBi mM2
/BKBMmiBQM /2b p�H2m`b /2 `ûbBbiBpBiû TQm` /2b i2M2m`b 2M 7`�+iBQM �`;BH2 +`QBbb�Mi2b- bQBi
mM2 �m;K2Mi�iBQM /2b p�H2m`b /2 `ûbBbiBpBiû TQm` /2b i2M2m`b 2M 7`�+iBQM b�#H2b ;`QbbB2`b
+`QBbb�Mi2bX .�Mb H2 KāK2 i2KTb- +2b `2H�iBQMb i2M/�M+B2HH2b bQMi �bbQ+Bû2b ¨ /2 7Q`i2b
p�`B�#BHBiûb- /�Mb H2 /QK�BM2 /2b 7�B#H2b i2M2m`b 2M �`;BH2b 2i /�Mb H2 /QK�BM2 /2b 7Q`i2b
i2M2m`b 2M b�#H2bX .�Mb MQi`2 +�b /Ƕûim/2- MQmb `2K�`[mQMb �mbbB mM2 bB;M�im`2 M2ii2 TQm`
H2b i`ĕb 7�B#H2b p�H2m`b /2 `ûbBbiBpBiû /�Mb H2 +�b /ǶmM2 +QK#BM�BbQM Ŀ i`ĕb 7Q`i2 i2M2m` 2M
�`;BH2b- i`ĕb 7�B#H2 i2M2m` 2M b�#H2 2i i`ĕb 7Q`i2 i2M2m` 2M *�P û+?�M;2�#H2 ŀ , bQBi TQm`
H2b TQbBiBQMb /2 +Qi2�mX

�}M /2 TQm`bmBp`2 HǶ�M�Hvb2 /2b `2H�iBQMb 2Mi`2 `ûbBbiBpBiû- p�`B�#H2b Tû/QHQ;B[m2b 2i p�@
H2m`b /2 `ûbBbiBpBiû- MQmb �pQMb K2Mû mM2 �M�Hvb2 2M +QKTQb�Mi2 T`BM+BT�H2 U�*S @ 6B;m`2
8XRjVX .�Mb +2ii2 `2T`ûb2Mi�iBQM- b2mH2b H2b p�H2m`b K2bm`û2b bm` H2b pQB2b R 2i k bQMi miB@
HBbû2b �BMbB [m2 H2b p�`B�#H2b Tû/QHQ;B[m2b K2bm`û2b /�Mb mM pQBbBM�;2 /2 KQBMb /2 8 K
2i /�Mb mM2 HBKBi2 ¨ y-8 K /2 T`Q7QM/2m`X G¨- H2b BM/BpB/mb T`QD2iûb bQMi H2b TQbBiBQMb
Tû/QHQ;B[m2b T`QbT2+iû2b- [mB bQMi /Bzû`2M+Bû2b 2M `2H�iBQM ¨ H2m` a6l /Ƕ�TT�`i2M�M+2X
.2 +2ii2 `2T`ûb2Mi�iBQM- MQmb Q#b2`pQMb mM2 /BbbQ+B�iBQM +H�B`2 /2b a6lR 2i a6lj /QMi



Rky *?�TBi`2 8X �TTQ`i /2b K2bm`2b /2 `ûbBbiBpBiû ûH2+i`B[m2 /m bQH

6B;m`2 8XRy Ĝ >BbiQ;`�KK2 /2b p�H2m`b /2 `ûbBbiBpBiû ûH2+i`B[m2 �TT�`2Mi2 /2b bQHb TQm`
H2b pQB2b oR- ok 2i oj- +�iû;Q`Bbû2b T�` lMBiû *�`iQ;`�T?B[m2 /2 aQH Ul*aVX



8XjX _ûbmHi�ib RkR

6B;m`2 8XRR Ĝ >BbiQ;`�KK2 2i #Qŗi2 ¨ KQmbi�+?2 /2b p�H2m`b /2 `ûbBbiBpBiû ûH2+i`B[m2
/2b bQHb- +�iû;Q`Bbû2b T�` pQB2b 2i T�` lMBiû 6QM+iBQMM2HH2 /2 aQH Ua6lVX



Rkk *?�TBi`2 8X �TTQ`i /2b K2bm`2b /2 `ûbBbiBpBiû ûH2+i`B[m2 /m bQH

6B;m`2 8XRk Ĝ _ûbBbiBpBiû �TT�`2Mi2 K2bm`û2 T�` H� pQB2 R 2M 7QM+iBQM /2 T�`�Kĕi`2b
T?vbB+Q@+?BKB[m2b K2bm`ûb 2M H�#Q`�iQB`2 /�Mb H2b 8y T`2KB2`b +2MiBKĕi`2b /2 bQHX

6B;m`2 8XRj Ĝ �M�Hvb2 2M +QKTQb�Mi2 T`BM+BT�H2 �p2+ T`QD2+iBQM /2b BM/BpB/mb UbBi2b
/Ƕû+?�MiBHHQMM�;2 Tû/QHQ;B[m2bV /�Mb H2 TH�M /2b p�`B�#H2b Tû/QHQ;B[m2b 2i ;ûQT?vbB[m2bX
G2b BM/BpB/mb bQMi /Bzû`2M+Bûb 2M 7QM+iBQM /2 HǶlMBiû 6QM+iBQMM2HH2 /2 aQH Ua6lV /2 `�i@
i�+?2K2MiX



8XjX _ûbmHi�ib Rkj

H2b /QK�BM2b M2 bǶBMi2`b2+i2Mi T�b- �HQ`b [m2 H� a6lj T`ûb2Mi2 mM /QK�BM2 BMi2`Kû/B�B`2-
KāK2 bB THmb T`Q+?2 /2 +2HmB /2 a6ljX

8XjXk hQKQ;`�T?B2 2i bQM/�;2b ûH2+i`B[m2b

8XjXkXR hQKQ;`�T?B2

G2b K2bm`2b /2 `ûbBbiBpBiû TQm` H� iQKQ;`�T?B2 ûH2+i`B[m2 QMi ûiû 7�Bi2b H2 HQM; /ǶmM T`Q}H
/BpBbû 2M /2mt T�`iB2b bûT�`û2b T�` mM 7Qbbû 2Mi`2 H2b T�`+2HH2b 9 2i 8 U6B;m`2 jXRyVX G�
h�#H2 8Xj T`ûb2Mi2 H2b `ûbmHi�ib /2b K2bm`2b /Ƕ?mKB/Biû 7�Bi2b 2M 3 TQBMib /Bbi`B#mûb H2 HQM;
/2 +2 T`Q}H iQKQ;`�T?B[m2X .�Mb H� T`2KBĕ`2 T�`iB2 /m i`�Mb2+i /2 >R Dmb[mǶ¨ >8 Us 4
k9y KV- H2b bQM/�;2b T`ûb2Mi2Mi /2b i2tim`2b b�#H2mb2b ¨ HBKQMQ@b�#H2mb2 2M bm`7�+2 �p2+
THmb /2 38W /2 b�#H2X SQm` +2b KāK2b TQbBiBQMb- 2M T`Q7QM/2m`- QM Q#b2`p2 mM +?�M;2K2Mi
bB;MB}+�iB7 /2 i2tim`2 ¨ Rey +K /2 T`Q7QM/2m` �p2+ mM 2M`B+?Bbb2K2Mi 2M �`;BH2 U2Mi`2 R8W
2i kyWVX �HQ`b [mǶ2Mi`2 H2b TQbBiBQMb >e ¨ >3- QM Q#b2`p2 mM2 +QMi`B#miBQM /2 H� 7`�+iBQM
HBKQM2mb2- +QMi`B#miBQM [mB /BKBMm2 `�TB/2K2Mi �p2+ H� T`Q7QM/2m` TQm` H�Bbb2 TH�+2 ¨
/2b i2tim`2b �M�HQ;m2b ¨ +2HH2b /û+`Bi2b bm` H2b �mi`2b TQbBiBQMbX

h�#H2 8Xj , S�`�Kĕi`2b T?vbB[m2b �mt TQBMib /2 T`ûHĕp2K2Mi
>R ¨ >3 H2 HQM; /m T`Q}H /2 iQKQ;`�T?B2X

SQBMi
s
(K)

S`Q7
(+K)

*H�bb2
/2
i2tim`2
(6_X�AaL1)

�`;BH2
(W)

GBKQMb
(W)

a�#H2b
(W)

J�iBĕ`2
P`;�@
MB[m2
(W)

.2MbBiû
�TT�@
`2Mi2
(;X+K@j)

SQ`QbBiû
(@)

a�im`�iBQM
(@)

>R ky Ry a d-e e-j 3e-k R-3 R-8y y-9j y-jj
ey a 8-R 8-N 3N-y y-k R-eR y-jN y-9k
RRy a j-j N-R 3d-8 y-R R-eR y-jN y-d3
Rey a� R8-k 8-R dN-d y-R R-eR y-jN y-3R

>k 8y Ry a d-e e-j 3e-k R-3 R-8y y-9j y-kN
ey a 8-R 8-N 3N-y y-k R-eR y-jN y-93
RRy a j-j N-R 3d-8 y-R R-eR y-jN y-3k
Rey a� R8-k 8-R dN-d y-R R-eR y-jN y-d8

>j Ny Ry a d-e e-j 3e-k R-3 R-8y y-9j y-jd
ey a 8-R 8-N 3N-y y-k R-eR y-jN y-9e
RRy a j-j N-R 3d-8 y-R R-eR y-jN y-NR
Rey a� R8-k 8-R dN-d y-R R-eR y-jN y-3y

>9 Rey Ry a d-8 d-8 38-y R-k R-8y y-9j y-8R
ey a 3-9 d-k 39-9 y-9 R-8R y-9j y-dy
RRy a j-N 8-d Ny-8 y-R R-89 y-9k y-3y
Rk8 a j-9 d-d 33-N y-R R-89 y-9k y-dk

>8 k9y Ry a 8-d 3-3 38-8 y-d R-99 y-9e y-99
ey a� Rj-j d-8 dN-k y-j R-dy y-je y-dN
RRy a� kR-3 Re-8 eR-3 y-R R-ed y-jd y-3y

>e jRy Ry aG RR-8 R9-8 dj-N k-e R-kN y-8R y-98



Rk9 *?�TBi`2 8X �TTQ`i /2b K2bm`2b /2 `ûbBbiBpBiû ûH2+i`B[m2 /m bQH

6B;m`2 8XR9 Ĝ 1biBK�iBQM /2 HǶûi�i /2 b�im`�iBQM 2M 2�m /2b bQHb TQm` /Bzû`2Mi2b T`Q@
7QM/2m`b- b2HQM H2 T`Q}H iQKQ;`�T?B[m2 2i iQTQ;`�T?B[m2 /2 /B`2+iBQM Pm2bi@1bi- 2z2+imû
/�Mb H2 b2+i2m` /2 TH�BM2X

SQBMi
s
(K)

S`Q7
(+K)

*H�bb2
/2
i2tim`2
(6_X�AaL1)

�`;BH2
(W)

GBKQMb
(W)

a�#H2b
(W)

J�iBĕ`2
P`;�@
MB[m2
(W)

.2MbBiû
�TT�@
`2Mi2
(;X+K@j)

SQ`QbBiû
(@)

a�im`�iBQM
(@)

ey a� RR-d N-y dN-j y-j R-8d y-9R y-8k
RRy a� ky-d 3-8 dy-N y-k R-dy y-je y-dd
Rey a� ky-d 3-8 dy-N y-R R-dy y-je y-Nj

>d jNy Ry Ga� k8-d kj-8 8y-3 k-y R-jR y-8y y-9d
ey a� kj-8 R9-8 ek-R y-8 R-ek y-jN y-dj
RRy a� R8-8 Rj-R dR-j y-k R-88 y-9k y-38
Rey a R-d e-R Nk-j y-R R-ey y-9y y-NR

>3 9jy Ry Ga� k8-d kj-8 8y-3 k-y R-jR y-8y y-9k
ey a� kj-8 R9-8 ek-R y-8 R-ek y-jN y-dj
RRy a� R8-8 Rj-R dR-j y-k R-88 y-9k y-dd
Rey a R-d e-R Nk-j y-R R-ey y-9y y-Nk

�}M /2 /û+`B`2 H� /Bbi`B#miBQM /2 H� b�im`�iBQM 2M 2�m bm` +2 KāK2 T`Q}H iQKQ;`�T?B[m2-
MQmb �pQMb `2T`ûb2Miû U6B;m`2 8XR9V H2b p�H2m`b /ûi2`KBMû2b �m +?�KT- TQm` +?�+mM2 /2b
TQbBiBQMb U>R ¨ >3V ¨ /Bzû`2Mi2b T`Q7QM/2m`bX am` +2ii2 `2T`ûb2Mi�iBQM- MQmb �pQMb 2z2+imû
H� +Q``2+iBQM /2 HǶ�HiBim/2X G2b TQbBiBQMb >R 2i >k- THmb ?�mi2b /�Mb H� iQTQ;`�T?B2 HQ+�H2
bQMi bB;MB}+�iBp2K2Mi KQBMb b�im`û2b 2M 2�mX G2b T`Q}Hb Tû/QHQ;B[m2b H2b THmb b�im`ûb 2M
2�m bQMi HQ+�HBbûb bm` H� T�`iB2 /Bbi�Mi2- ¨ HǶ1bi /m T`Q}H iQKQ;`�T?B[m2- bQBi THmb H2b
�HiBim/2b H2b THmb #�bb2b /�Mb H� iQTQ;`�T?B2 HQ+�H2X

�T`ĕb BMp2`bBQM /2b /QMMû2b /2 `ûbBbiBpBiû �TT�`2Mi2b- H2 T`Q}H iQKQ;`�T?B[m2 U6B;m`2
8XR8V K2i 2M ûpB/2M+2 /2b `ûbBbiBpBiûb p`�B2b �HH�Mi /2 Rj P?KXK ¨ 833 P?KXK �bbQ+Bû2b
¨ mM2 p�H2m` Kû/B�M2 /2 83 P?KXKX G2b p�H2m`b H2b THmb 7Q`i2b bQMi HQ+�HBbû2b /�Mb H�
T�`iB2 Pm2bi- bm` H2 T`2KB2` Kĕi`2 /2 bQHX 1MbmBi2 p2`b HǶ1bi- +2ii2 xQM2 /2 7Q`i2 `ûbBbiBpBiû
/BKBMm2 2M ûT�Bbb2m` Dmb[mǶ¨ s 4 jyy KX �m@/2H¨ /2b jyy K- H2b p�H2m`b /2 `ûbBbiBpBiû
p`�B2b bQMi ;HQ#�H2K2Mi BM7û`B2m`2b ¨ jy P?KXKX



8XjX _ûbmHi�ib Rk8

6B;m`2 8XR8 Ĝ S`Q}H iQKQ;`�T?B[m2X



Rke *?�TBi`2 8X �TTQ`i /2b K2bm`2b /2 `ûbBbiBpBiû ûH2+i`B[m2 /m bQH

6B;m`2 8XRe Ĝ a�im`�iBQM 2M 2�m 2biBKû2 2M 7QM+iBQM /2 H� `ûbBbiBpBiûX

*2 b2mBH ¨ jy P?KXK 2bi BKTQ`i�Mi- +�` BH 2bi �bbQ+Bû ¨ /2 7Q`i2b i2M2m`b 2M 2�mX 1M 2z2i
H� 6B;m`2 8XRe T`ûb2Mi2 mM2 KBb2 2M `2H�iBQM /2b p�H2m`b /2 `ûbBbiBpBiûb p`�B2b BMp2`bû2b
/m T`Q}H iQKQ;`�T?B[m2 �mt p�H2m`b /2 b�im`�iBQM K2bm`û2b �m +?�KT 2i T`ûb2Miû2b 2M
6B;m`2 8XR9X am` +2ii2 `2T`ûb2Mi�iBQM- QM +QMbi�i2 [mǶBH 2tBbi2 mM2 +Q``ûH�iBQM bB;MB}+�iB@
p2K2Mi Mû;�iBp2 U` 4 @y-N9V 2Mi`2 H� b�im`�iBQM 2M 2�m 2i H� `ûbBbiBpBiû TQm` /2b `ûbBbiBpBiûb
bmTû`B2m`2b ¨ Ryy P?KXKX SQm` /2b `ûbBbiBpBiûb BM7û`B2m`2b ¨ Ryy P?KXK- H� +Q``ûH�iBQM
MǶ2bi T�b bB;MB}+�iBp2- K�Bb bB HǶQM 2t+Hmi H2b i`QBb TQBMib /QMi H� b�im`�iBQM 2bi +QKT`Bb2
2Mi`2 j8 2i 88W HǶQM T2mi ;ûMû`�HBb2` HǶB/û2 [m2 H2b 7�B#H2b p�H2m`b /2 `ûbBbiBpBiû bQMi ;û@
Mû`�H2K2Mi K2bm`û2b TQm` /2b b�im`�iBQMb �m pQBbBM�;2- Qm bmTû`B2m`2b ¨ dyWX PM MQi2`�
[m2 +2b i`QBb TQBMib +Q``2bTQM/2Mi �mt TQbBiBQMb >e- >d 2i >3- `2bT2+iBp2K2Mi ¨ /2b T`Q@
7QM/2m`b /2 ey +K- Ry +K 2i Ry +K- bQBi T`Q+?2 /2 HǶ�HiBim/2 Rk K U¨ Ǭ y-k K- 6B;m`2
8XR9VX

8XjXkXk aQM/�;2b R.

h`�p�BHH2` 2M /2mt /BK2MbBQMb T2`K2i /2 pBbm�HBb2` H2b p�`B�iBQMb H�iû`�H2b /2 `ûbBbiBpBiû
H2 HQM; /m T`Q}H /2 iQKQ;`�T?B2- +2T2M/�Mi BH 2bi /B{+BH2 /2 TQbBiBQMM2` p2`iB+�H2K2Mi
H2b BMi2`7�+2b �p2+ +2ii2 Kûi?Q/2X SQm` +2H�- MQmb �pQMb miBHBbû H2b `ûbBbiBpBiûb �TT�`2Mi2b
K2bm`û2b �m +Qm`b /2 H� +�KT�;M2 /2 iQKQ;`�T?B2 TQm` `û�HBb2` /2b bQM/�;2b ûH2+i`B[m2b
R.X *BM[ TQBMib /2 bQM/�;2 UsR ¨ s8V QMi ûiû +?QBbBb H2 HQM; /m T`Q}H iQKQ;`�T?B[m2
U6B;m`2 8XRdVX SQm` +?�[m2 bQM/�;2- HǶBMp2`bBQM R. � ûiû `û�HBbû2 bm` H2b R8 MBp2�mt /2
`ûbBbiBpBiû �TT�`2Mi2 K2bm`û2X *B@�T`ĕb- MQmb /ûi�BHHQMb H2b BMp2`bBQMb TQm` +?�+mM /2b
bQM/�;2b ûH2+i`B[m2b ,

ě sR U8d-d KV K2i 2M ûpB/2M+2 /2mt BMi2`7�+2b /QM+ mM bvbiĕK2 ¨ i`QBb +Qm+?2b
U6B;m`2 8XRdVX G� T`2KBĕ`2 +Qm+?2 Dmb[mǶ¨ 88 +K T`ûb2Mi2 mM2 `ûbBbiBpBiû p`�B2
T`Q+?2 /2 9y8 P?KXKX �m@/2H¨- H� `ûbBbiBpBiû /BKBMm2 ¨ Rey P?KXK Dmb[mǶ¨ Rd8



8XjX _ûbmHi�ib Rkd

6B;m`2 8XRd Ĝ S�`�Kĕi`2b /ǶBMp2`bBQM /2b +BM[ bQM/�;2b ûH2+i`B[m2b sR ¨ s8 `û�HBbûb ¨
*�T2i@:mBHHB2`X



Rk3 *?�TBi`2 8X �TTQ`i /2b K2bm`2b /2 `ûbBbiBpBiû ûH2+i`B[m2 /m bQH

+K- TmBb 2HH2 /BKBMm2 2M+Q`2 TQm` �ii2BM/`2 jd P?KXKX

>vTQi?ĕb2 , +2b p�H2m`b /2 `ûbBbiBpBiû T2mp2Mi +Q``2bTQM/`2 ¨ mM KBHB2m b�#H2mt 2M bm`7�+2-
TmBb ¨ mM KBHB2m b�im`û ¨ T�`iB` /2 88 +K- 2i 2M}M mM KBHB2m THmb �`;BH2mt ¨ T�`iB` /2 Rd8
+KX

ě sk URjd-8 KV K2i û;�H2K2Mi 2M ûpB/2M+2 /2mt BMi2`7�+2b U6B;m`2 8XRdVX G� T`2KBĕ`2
BMi2`7�+2 �TT�`�Bi ¨ 93 +K 2Mi`2 mM KBHB2m `ûbBbiB7 UjRk P?KXKV 2i mM KBHB2m KQBMb
`ûbBbiB7 UR93 P?KXKVX G� b2+QM/2 BMi2`7�+2 2bi bBimû2 ¨ R3j +K 2i K�`[m2 H2 T�bb�;2
¨ mM KBHB2m �bb2x +QM/m+iB7 U99 P?KXKVX

ě sj Ukk3 KV K2i 2M ûpB/2M+2 mM bvbiĕK2 ¨ /2mt +Qm+?2b U6B;m`2 8XRdVX .2 H�
bm`7�+2- Dmb[mǶ�mt 2MpB`QMb /2 R K /2 T`Q7QM/2m`- H� `ûbBbiBpBiû 2bi /2 HǶQ`/`2 /2
R3y P?KXK- TmBb 2HH2 /BKBMm2 Dmb[mǶ¨ 9y P?KXKX

>vTQi?ĕb2 , BH 2bi TQbbB#H2 [mǶBH 2tBbi2 /2mt BMi2`7�+2b- K�Bb /�Mb +2 +�b H� +Qm+?2 BMi2`@
Kû/B�B`2 2bi i`QT T2m ûT�Bbb2 Qm H2 +QMi`�bi2 /2 `ûbBbiBpBiû 2bi i`QT 7�B#H2 TQm` [mǶ2HH2 bQBi
/ûi2+i�#H2X

ě s9 Uj38 KV K2i 2M ûpB/2M+2 /2mt BMi2`7�+2b- /QM+ i`QBb +Qm+?2b U6B;m`2 8XRdVX G¨-
H� TQbBiBQM T`ûb2Mi2 /2b `ûbBbiBpBiûb 7�B#H2b /ĕb H� bm`7�+2X G� T`2KBĕ`2 +Qm+?2- /ǶmM2
[m�`�Mi�BM2 /2 +2MiBKĕi`2b- � mM2 `ûbBbiBpBiû /2 j3 P?KXKX �m@/2H¨ /2 9y +K- H�
`ûbBbiBpBiû /BKBMm2 Dmb[mǶ¨ 2MpB`QMb Rj P?KXK bm` mM2 i`2Mi�BM2 /2 +2MiBKĕi`2b-
TmBb ¨ dy +K H� `ûbBbiBpBiû �m;K2Mi2 ¨ k3 P?KXKX

>vTQi?ĕb2 , +2b 7�B#H2b `ûbBbiBpBiûb K2ii2Mi 2M ûpB/2M+2 mM KBHB2m �`;BH2mt �p2+ mM MBp2�m
BMi2`Kû/B�B`2 THmb +QM/m+i2m`X PM MQi`2 +2T2M/�Mi [m2 HǶBM+2`iBim/2 bm` +2ii2 +Qm+?2 2bi
i`ĕb BKTQ`i�Mi2 T`Q#�#H2K2Mi 2M HB2M �p2+ H� 7�B#H2 ûT�Bbb2m` /2 H� +Qm+?2 2i bQM 7�B#H2
+QMi`�bi2 /2 `ûbBbiBpBiûX

ě s8 U¨ 99y KV K2i 2M ûpB/2M+2 mM2 b2mH2 BMi2`7�+2 ¨ d8 +K /2 T`Q7QM/2m` U6B;m`2
8XRdVX 1HH2 K�`[m2 H2 T�bb�;2 /ǶmM MBp2�m i`ĕb +QM/m+iB7 URN P?KXKV- ¨ mM MBp2�m
Hû;ĕ`2K2Mi KQBMb +QM/m+iB7 UkN P?KXKVX

>vTQi?ĕb2 , HǶBMi2`7�+2 K�`[m2 T`Q#�#H2K2Mi H2 T�bb�;2 /ǶmM2 +Qm+?2 T`Q#�#H2K2Mi �`;B@
H2mb2 ¨ mM2 +Qm+?2 T`Q#�#H2K2Mi KQBMb �`;BH2mb2X

�}M /2 T`Q/mB`2 mM2 bvMi?ĕb2 /2 +2b BMp2`bBQMb HQ+�H2b- H� };m`2 8XR3 KQMi`2 H2 `ûbmHi�i /2b
bQM/�;2b sR ¨ s8 bm` mM2 Tb2m/Q@b2+iBQMX G2b KBHB2mt `ûbBbiB7b bQMi `2T`ûb2Miûb 2M `Qm;2
2i H2b KBHB2mt +QM/m+iB7b 2M #H2mX *2ii2 `2T`ûb2Mi�iBQM T2`K2i /2 +QM7`QMi2` H2b `ûbmHi�ib
Q#i2Mmb b2HQM H2b /2mt �TT`Q+?2b UiQKQ;`�T?B2 ob bQM/�;2b ûH2+i`B[m2bVX PM pQBi [m2 H2b
/2mt T`2KB2`b bQM/�;2b- sR 2i sk- bQMi +Q?û`2Mib �m MBp2�m /2b `ûbBbiBpBiûb K2bm`û2b �BMbB
[m2 TQm` H2b T`Q7QM/2m`b /2b BMi2`7�+2bX G� TQbBiBQM sj +Q``2bTQM/ [m�Mi ¨ 2HH2 ¨ mM2 xQM2
/2 i`�MbBiBQM p2`b mM KBHB2m #2�m+QmT KQBMb `ûbBbiB7 Q#b2`pû �m MBp2�m /2b TQbBiBQMb s9 2i
s8X PM MQi2`� [m2 +2ii2 Tb2m/Q b2+iBQM MǶ2bi T�b +Q``B;û2 /2 H� p�`B�iBQM iQTQ;`�T?B[m2X

8X9 .Bb+mbbBQM

.�Mb +2 +?�TBi`2- MQi`2 Q#D2+iB7 ûi�Bi /2 i2bi2` HǶBMiû`āi /2 H� `ûbBbiBpBiû ûH2+i`B[m2 �TT�`2Mi2
2i p`�B2 /2b bQHb- ¨ /2b }Mb /2 xQM�;2 KB+`Q@i2``QB`X .�Mb mM2 T`2KBĕ`2 ûi�T2- MQmb �pQMb



8X9X .Bb+mbbBQM RkN

6B;m`2 8XR3 Ĝ Sb2m/Q@b2+iBQM /2 `ûbBbiBpBiû �TT�`2Mi2 `û�HBbû2 ¨ T�`iB` /2b +BM[ bQM/�;2b
ûH2+i`B[m2b sR ¨ s8X

T`Q+û/û ¨ H� +QHH2+i2 2i �m i`�Bi2K2Mi /2b /QMMû2b #`mi2b- HBp`û2b T�` H� bQ+Bûiû :ûQ+�`i�X
S�` H� bmBi2- MQmb MǶ�pQMb T�b +?2`+?û +QKK2 +Ƕ2bi H2 +�b /�Mb /2 MQK#`2mb2b ûim/2b
i2+?MB[m2b ¨ 2tTHB[m2` H2b p�`B�iBQMb /m bB;M�H `ûbBbiB7 pBb@¨@pBb /2b p�`B�iBQMb /2b +QM/BiBQMb
Tû/QHQ;B[m2bX 1M 2z2i- +2b p�`B�iBQMb /ǶQ`/`2 Tû/QHQ;B[m2b ûi�B2Mi +QMMm2bX LQmb �pQMb
/QM+ +?2`+?û ¨ i2bi2` H� +Q?û`2M+2 2Mi`2 H2b p�`B�iBQMb BM/B[mû2b T�` H2 bB;M�H `ûbBbiB7 2i H2b
p�`B�#BHBiûb Tû/QHQ;B[m2b- /Q+mK2Miû2b HQ`b /2 H� T?�b2 +�`iQ;`�T?B[m2 ¨ ?�mi2 7`û[m2M+2
/Ƕû+?�MiBHHQMM�;2 U+7X *?�TBi`2 jVX .�Mb mM b2+QM/ i2KTb- MQmb �pQMb i2biû HǶ�TT`Q+?2
T`QTQbû2 �m *?�TBi`2 9- +2HH2 /ǶmM `2;`QmT2K2Mi /2b l*a 2M a6l- bQBi H2 T�bb�;2 /ǶmM
xQM�;2 /Ƕûi�i ¨ mM xQM�;2 7QM+iBQMM2HX

LQmb `�TT2HQMb H2 T`QTQb ûMQM+û 2M BMi`Q/m+iBQM /2 +?�TBi`2 , H2b K2bm`2b /2 `ûbBbiBpBiûb
ûH2+i`B[m2b �TT�`2Mi2b /2b bQHb M2 `2Mb2B;M2Mi T�b bm` mM2 T`QT`Bûiû /2 bQH- K�Bb bm` mM
2Mb2K#H2 /2 p�`B�#H2b Tû/Q+HBK�iB[m2b /QMi H2b 2z2ib BM/BpB/m2Hb /2p`QMi āi`2 /û+QMpQ@
HmûbX *Ƕ2bi +2`i�BM2K2Mi H¨- Qɍ `ûbB/2 H� +QKTH2tBiû- K�Bb �mbbB HǶBMiû`āi /2b Kûi?Q/2b
;ûQT?vbB[m2bX

.�Mb MQi`2 +�b- MQmb /BbTQbBQMb /ǶmM2 +�`iQ;`�T?B2 Tû/QHQ;B[m2 /ûi�BHHû2X S�` +QMi`2-
+QKK2 +Ƕ2bi H2 +�b TQm` #2�m+QmT /2 +�`iQ;`�T?B2b Tû/QHQ;B[m2b- +2ii2 +�`i2 2bi #�bû2
bm` /2b /QMMû2b +QHH2+iû2b bm` mM i2KTb HQM;X �mbbB- +2 ivT2 /2 +�`i2 /Ƕûi�i- T`QT`2 ¨
i`�/mB`2 H2b p�`B�#BHBiûb /2b T`QT`Bûiûb BMi`BMbĕ[m2b /2 bQH- MǶ2bi T�b T`QT`2 ¨ i`�/mB`2 H2b
p�`B�#BHBiûb ¨ ?�mi2 7`û[m2M+2 i2KTQ`2HH2b- i2H H2 MBp2�m /2 b�im`�iBQM /2b bQHbX SQm` +2
7�B`2- H2b Kûi?Q/2b ;ûQT?vbB[m2b bQMi T`û+B2mb2b- +�` H2m` KBb2 2M �TTHB+�iBQM 2bi `û�HBbû2
bm` mM i2KTb +Qm`i U[m2H[m2b DQm`bV 2i Qz`2 �BMbB HǶQTTQ`imMBiû /ǶmM BMbi�Mi�Mû bT�iB�HBbû
/2 +2b p�`B�#H2b ¨ ?�mi2 7`û[m2M+2 i2KTQ`2HH2X

lM2 T`2KBĕ`2 �M�Hvb2 �p�Bi TQm` �K#BiBQM /2 +QM}`K2` H� T`ûTQM/û`�M+2 /2 H� i2tim`2
/2b bQHb /�Mb H� KQ/mH�iBQM /m bB;M�H `ûbBbiB7X SQm` 2t2KTH2- H� +�`i2 /2 +Q?û`2M+2 oR I
ok T`ûb2Mi2 /2b b+?ûK�b bT�iB�mt T`Q+?2b /2 +2mt T`ûb2Mib bm` H� +�`i2 /2b ;`�M/b /Q@
K�BM2b i2tim`�mt U*?�TBi`2 9V �p2+ mM /QK�BM2 LQ`/ ;HQ#�H2K2Mi /2 i2tim`2 THmb }M2b



Rjy *?�TBi`2 8X �TTQ`i /2b K2bm`2b /2 `ûbBbiBpBiû ûH2+i`B[m2 /m bQH

UHBKQMQ@�`;BH2mtV 2i mM /QK�BM2 am/ THmb p�`B�#H2 2i bi`m+im`û 2M /2mt bQmb@/QK�BM2b ,
mM bQmb@/QK�BM2 ¨ /QKBM�M+2 b�#H2mb2 U¨ HǶPm2biV 2i mM bQmb@/QK�BM2 THmb }M U¨ HǶ1biVX
.Ƕ�BHH2m`b- HǶ�M�Hvb2 /2b p�`BQ;`�KK2b 2tTû`BK2Mi�mt bm` H2b p�H2m`b /2 `ûbBbiBpBiû ûH2+@
i`B[m2 �TT�`2Mi2 i2M/ ¨ +QM}`K2` +2ii2 /Bzû`2M+2 2Mi`2 /QK�BM2 LQ`/ 2i am/ �BMbB [mǶmM2
bQmb@bi`m+im`�iBQM /2 +2 /QK�BM2 am/X G2b ûHûK2Mib T`û;M�Mib TQm` H2b p�`BQ;`�KK2b /m
/QK�BM2 LQ`/- /Bi /2 +Ƭi2�m- bQMi mM2 bi`m+im`2 bT�iB�H2 ¨ i`ĕb 7�B#H2 TQ`iû2 �p2+ mM
�Dmbi2K2Mi /2 ivT2 bi�#H2- �HQ`b [m2 /�Mb H2 /QK�BM2 am/- /Bi /2 TH�BM2- H2b p�`BQ;`�KK2b
T`ûb2Mi2Mi mM2 bi`m+im`2 bT�iB�H2 ¨ THmb ;`�M/2 /Bbi�M+2 2i mM �Dmbi2K2Mi THmb +QKTH2t2
/2 ivT2 #BHBMû�B`2X *2 KQ/ĕH2 2bi +Q?û`2Mi �p2+ +2 /QK�BM2 am/- [mB T`ûb2Mi2 /2mt bQmb@
/QK�BM2b- bQBi /2mt TƬH2b i2tim`�mt bT�iB�H2K2Mi /Bbi�MibX

J�Bb- H� i2tim`2 MǶ2bi T�b H� b2mH2 p�`B�#H2 +QMi`ƬH�Mi H� `ûbBbiBpBiû ûH2+i`B[m2 /2b bQHbX G�
6B;m`2 8XRk bm;;ĕ`2 mM2 /ûT2M/�M+2 ¨ /Ƕ�mi`2b 7�+i2m`b- i2HH2 H� p�H2m` /2 T>2�m Qm H�
i2M2m` 2M *�P û+?�M;2�#H2- HQ`b[m2 H2b p�H2m`b bQMi bmTû`B2m`2b ¨ eyyy K; F;@RX J�Bb
H¨- H2b +Q``ûH�iBQMb Q#b2`pû2b /QBp2Mi āi`2 /Bb+miû2bX 1M 2z2i- BH MǶ2tBbi2 T�b /2 `û2HH2
BM/ûT2M/�M+2 2Mi`2 H2b 7�+i2m`b +Biûb T`û+û/2KK2Mi 2i H� i2tim`2 /2b bQHbX G2b bQHb H2b
THmb �`;BH2mt bQMi T�` H� KāK2 +2mt [mB bQMi H2b THmb +�`#QM�iûb- +�` /ûp2HQTTûb ¨ H�
7�p2m` /2 HǶ�Hiû`�iBQM /2 K�iû`B�mt +�H+�B`2b , /QM+ +2mt [mB TQbbĕ/2Mi H2b p�H2m`b /2
T>2�m H2b THmb ûH2pû2b �BMbB [m2 H2b i2M2m`b 2M *�P H2b THmb ûH2pû2bX � HǶBMp2`b2- H2b bQHb
[mB T`ûb2Mi2Mi mM2 i2tim`2 b�#H2mb2 bm` H� K�DQ`Biû /m T`Q}H Tû/QHQ;B[m2 bQMi Q#b2`pûb
2M TH�BM2 U2bb2MiB2HH2K2Mi /�Mb H2 bQmb@/QK�BM2 Pm2biV 2i bQMi +2mt [mB T`ûb2Mi2Mi /2b
p�H2m`b /2 T>2�m THmb 7�B#H2b 2i /2b i2M2m`b 2M +�`#QM�i2b 2HH2b@�mbbB THmb 7�B#H2bX *2b
+�`�+iû`BbiB[m2b bQMi +QKKmM2b �mt bQHb /ûp2HQTTûb ¨ H� 7�p2m` /Ƕ�HHmpBQMb b�#H2mtX

L�im`2HH2K2Mi- H� b�im`�iBQM 2M 2�m /m Tû/QbvbiĕK2 �``Bp2 +QKK2 mM 7�+i2m` +`BiB[m2 TQm`
/Bb+mi2` H2b p�`B�#BHBiûb 2M i2`K2b /2 `ûbBbiBpBiû ûH2+i`B[m2 �TT�`2Mi2X 1M 2z2i- H� +�T�+Biû
/2 T`QT�;�iBQM /m bB;M�H 2bi bQmb 7Q`i2 /ûT2M/�M+2 /2 H� b�im`�iBQM- �BMbB [m2 /2 H� 7Q`+2
BQMB[m2 iQi�H2 /2 H� bQHmiBQM /m bQHX �BMbB- mM bQH [mǶBH bQBi b�#H2mt Qm �`;BH2mt p2``� b�
`ûbBbiBpBiû +H�B`2K2Mi KQ/mHû2 2M `2H�iBQM ¨ bQM MBp2�m /Ƕ?mK2+i�iBQM 2i KBb2 2M bQHmiBQM
/2b ûH2+i`QHvi2bX .�Mb MQi`2 +�b- +2i 2z2i b�im`�iBQM 2bi pû`B}û bm` H2b Tb2m/Q@b2+iBQMb
Qɍ HǶQM +QMbi�i2 [m2 H2b 7�B#H2b p�H2m`b /2 `ûbBbiBpBiû bQMi ;ûMû`�H2K2Mi K2bm`û2b TQm`
/2b b�im`�iBQMb �m pQBbBM�;2- Qm bmTû`B2m`2b ¨ dyW- +Ƕ2bi@¨@/B`2 H2 b2+i2m` 1bi /2b bQHb ¨
i2tim`2 }M2X S�` �BHH2m`b- H2b �M�Hvb2b ;ûQ+?BKB[m2b MQmb `2Mb2B;M2Mi bm` H� 7Q`i2 ;�`MBim`2
ûH2+i`QHviB[m2 /2b bQHb /2 +Ƭi2�m 2i /2 TH�BM2 U/QK�BM2 am/ @ bQmb@/QK�BM2 1biVX 1M +2
b2Mb- H� KBb2 2M ƾmp`2 /ǶmM T`Q}H iQKQ;`�T?B[m2 2i /2 bQM/�;2b ûH2+i`B[m2b 7mi +`m+B�H
TQm` +QKT`2M/`2 +2b +Q@p�`B�iBQMb 2i T`QTQb2` mM KQ/ĕH2 ;ûQKûi`B[m2 /2b +Qm+?2b U6B;m`2
8XR3V- KQ/ĕH2 [mB +QKTHĕi2 #B2M H2 KQ/ĕH2 +QM+2Tim2H- THm`B@+QKT�`iBK2Mib- T`QTQbû 2M
+?�TBi`2 9X

AH bǶ�;Bbb�Bi 2M}M /2 K2ii`2 ¨ T`Q}i H� TmBbb�M+2 /2b Kûi?Q/2b /2 ;ûQT?vbB[m2- bQBi HǶ�+@
[mBbBiBQM TmBb `2T`ûb2Mi�iBQM /ǶmM2 /QMMû2 Tb2m/Q@+QMiBMm2- H¨ Qɍ H2b +�`iQ;`�T?B2b Tû/Q@
HQ;B[m2b +H�bbB[m2b T`QTQb2Mi mM2 b2;K2Mi�iBQM 2M TQHv;QM2b- 7QM/û2 bm` H� +QMM�Bbb�M+2
/2b bQHb �mt HB2mt /2 T`QbT2+iBQMX .�Mb +2ii2 �M�Hvb2- i`QBb MBp2�mt bQMi /û;�;ûb , UBV
�M�Hvb2 ;HQ#�H2- UBBV �M�Hvb2 T�` l*a 2i UBBBV �M�Hvb2 T�` a6lX .�Mb H2 +�b /2 HǶ�M�Hvb2
;HQ#�H2- �mt ûi2M/m2b MmKû`B[m2b T`ĕb- H2b +�`iQ;`�KK2b T2`K2ii2Mi /2 /û;�;2` /2b bi`m+@
im`2b bT�iB�H2b bBKBH�B`2 bm` H2b i`QBb pQB2bX "B2M ûpB/2KK2Mi- H2b p�`B�#BHBiûb Q#b2`pû2b bm`
H2b `ûbBbiBpBiûb ûH2+i`B[m2b �TT�`2Mi2b TQm` H2b ?Q`BxQMb Q`;�MQ@KBMû`�mt /2 bm`7�+2 UoRV



8X8X *QM+HmbBQM RjR

bQMi bmTû`B2m`2b ¨ +2HH2b Q#b2`pû2b TQm` H2b pQHmK2b T`QbT2+iûb THmb +QMbû[m2Mib U+7X p�@
`BQ;`�KK2b- 6B;m`2 8XNVX *2b p�`B�#BHBiûb /2 bm`7�+2 bQMi +QM/BiBQMMû2b TQm` T�`iB2 T�`
H� M�im`2 /2b +QMbiBim�Mib U/QMi �`;BH2b 2i K�iBĕ`2b Q`;�MB[m2bV- T�` H2b p�`B�iBQMb /Ƕ?m@
K2+i�iBQM bQmp2Mi 7Q`i2b /�Mb H2b ?Q`BxQMb /2 bm`7�+2 U6B;m`2 8XR9V 2i HǶ2Mb2K#H2 /2b
i`�p�mt Qm T2`im`#�iBQMb �Mi?`QTB[m2b `ûbmHi�Mi /2 HǶ�+iBpBiû pBiB@pBMB+QH2 Ui`�p�BH /2 bQH-
i�bb2K2Mi- �K2M/2K2MibVX .�Mb H2 +�b /2 H� +QM7`QMi�iBQM 2Mi`2 l*a- �m `2;�`/ /2 H2m`
bB;M�im`2 `ûbBbiBp2- HǶQM +QKT`2M/ H� /B{+mHiû /2 HǶ2t2`+B+2 [m�M/ BH bǶ�;Bi /2 +QKT�`2`
/2b l*a /QMi +2`i�BM2b +Qmp`2Mi /2b bm`7�+2b i`ĕb /Bzû`2Mi2bX SQm`i�Mi- +2 [mB `2bbQ`i-
+Ƕ2bi H� /Bb+`ûiBb�iBQM /m /QK�BM2 ;HQ#�H 2M i`QBb ivT2 /Ƕl*a ,

ě /2b l*a Ŀ Tm`2b ŀ �v�Mi iQmDQm`b /2b p�H2m`b ûH2pû2b /2 `ûbBbiBpBiûb ûH2+i`B[m2b �T@
T�`2Mi2b 2i TQm` H2b[m2HH2b H� +Q?û`2M+2 oR=ok=oj 2bi K�DQ`Bi�B`2K2Mi `2bT2+iû2
U/QMi l*a j- 9 2i 8V c

ě /2b l*a Ŀ Tm`2b ŀ �v�Mi iQmDQm`b /2b `ûbBbiBpBiûb ûH2+i`B[m2b �TT�`2Mi2b 7�B#H2b
2i TQm` H2b[m2HH2b H� +Q?û`2M+2 ûpQ[m2 T`û+û/2KK2Mi MǶ2bi T�b K�DQ`Bi�B`2K2Mi
`2bT2+iû2 U/QMi l*a e- d- 3- RR- Rk- Rj 2i R9V c

ě /2b l*a Ŀ BMi2`Kû/B�B`2b Qm /ǶBMi2`7�+2 ŀ TQm` H2b[m2HH2b H2b HQ;B[m2b Up�H2m`b  
+Q?û`2M+2V T2mp2Mi b2 +QK#BM2` 2M `2H�iBQM �mt bB;M�im`2b /2b l*a Ŀ Tm`2b ŀ
+QMM2t2bX

:HQ#�H2K2Mi- H� bB;M�im`2 `ûbBbiBp2 /2b l*a b2K#H2 p�HB/2` MQi`2 +�`iQ;`�T?B2 Tû/QHQ@
;B[m2- K�Bb 2HH2 i2M/ ¨ `2K2ii`2 2M +�mb2 H2b TH�;2b +�`iQ;`�T?B[m2b /m /QK�BM2 am/
UTH�BM2V bQmb@/QK�BM2 LQ`/X *2 +QMbi�i MǶ2bi T�b HBû ¨ mM K�mp�Bb /B�;MQbiB+ /2 K�iû@
`B�mt 2M TH�+2 U?Q`BxQM�iBQMV- K�Bb 2bi 2bb2MiB2HH2K2Mi HBû �m /û7�mi /2 T`Bb2 2M +QKTi2
/m MBp2�m /2 b�im`�iBQM /2b ?Q`BxQMb Q`;�MQ@KBMû`�mt /�Mb HǶ�TT`Q+?2 +H�bbB[m2X 1M +2
b2Mb- H� ;ûQT?vbB[m2 `2T`ûb2Mi2 mM BMiû`āi +2`i�BM- +�` H� [m�MiBiû /Ƕ2�m /BbTQMB#H2 TQm` H�
TH�Mi2 2bi 2bb2MiB2HH2 TQm` H� K�ŗi`Bb2 /2 H� [m�HBiû /2b #�B2b U*?�TBi`2 9VX Lû�MKQBMb- H�
[m�MiBiû /Ƕ2�m MǶ2bi T�b H2 b2mH /`Bp2` /2 +2ii2 [m�HBiûX GǶ�HBK2Mi�iBQM KBMû`�H2 2bi �mbbB
mM 7�+i2m` 2bb2MiB2H Uq?Bi2- kyyjV 2i H¨- H� M�im`2 /2b K�iû`B�mt �BMbB [m2 H� bB;M�im`2
;ûQ+?BKB[m2 /2b ?Q`BxQMb Tû/QHQ;B[m2b bQMi 2bb2MiB2HH2bX

�}M /2 +QmTH2` #2bQBM 2M 2�m 2i �HBK2Mi�iBQM KBMû`�H2b- H2 T�bb�;2 /2b lMBiûb *�`iQ;`�@
T?B[m2b /2 aQH Ul*aV p2`b H2b lMBiûb 6QM+iBQMM2HH2b /2 aQH Ua6lV b2K#H2 /QM+ �TT`QT`BûX
A+B- +2b mMBiûb 7QM+iBQMM2HH2b /QBp2Mi /QM+ āi`2 +QMbB/û`û2b +QKK2 mM +QKT`QKBb 2Mi`2
7Qm`MBim`2 2M 2�m U`2Mb2B;Mû T�` H2b MBp2�mt /2 M�TT2 2i H� T`QbT2+iBQM ;ûQT?vbB[m2V 2i
7Qm`MBim`2 2M ûHûK2Mib KBMû`�mt U`2Mb2B;Mû T�` H� T`QbT2+iBQM Tû/QHQ;B[m2 2i H� T`QbT2+@
iBQM ;ûQT?vbB[m2VX �m `2;�`/ /2 H2m` bB;M�im`2 ;ûQT?vbB[m2 U6B;m`2b 8X3 2i 8XRRV- H2b i`QBb
mMBiûb T`QTQbû2b b2K#H2Mi bm{b�KK2Mi /Bb+`BKBM�Mi2b TQm` `2KTHB` H2b +QM/BiBQMb /ǶmM2
;2biBQM QTiBKBbû2 /m pB;MQ#H2X

8X8 *QM+HmbBQM

�m@/2H¨ /2 HǶ2Mi`û2 Tm`2K2Mi +�`iQ;`�T?B[m2- MQi`2 �K#BiBQM ûi�Bi /2 i2bi2` /2 HǶBMiû`āi
/2 H� KBb2 2M ƾmp`2 /2b Kûi?Q/2b /2 `ûbBbiBpBiû ûH2+i`B[m2 /2b bQHb- TQm` +�`�+iû`Bb2` H2
7QM+iBQMM2K2Mi /m Tû/QbvbiĕK2- bQBi mM2 2Mi`û2 7QM+iBQMM2HH2X



Rjk *?�TBi`2 8X �TTQ`i /2b K2bm`2b /2 `ûbBbiBpBiû ûH2+i`B[m2 /m bQH

G2 `ûbmHi�i T`BM+BT�H /2 MQi`2 �M�Hvb2 2bi /2 K2ii`2 2M �p�Mi H2 +�`�+iĕ`2 +QKTHûK2M@
i�B`2 /2b T`QbT2+iBQMb ;ûQT?vbB[m2bX 1M 2z2i- H� +�`iQ;`�T?B2 +H�bbB[m2- KāK2 2z2+imû2 ¨
?�mi2 /2MbBiû /Ƕû+?�MiBHHQMM�;2 bT�iB�H- M2 T2mi T�b K2ii`2 2M ûpB/2M+2 H� p�`B�#BHBiû bT�@
iB�H2 /2b 7�+i2m`b ¨ ?�mi2 p�`B�#BHBiû i2KTQ`2HH2X G¨- H2b Kûi?Q/2b /2 ;ûQT?vbB[m2b Qz`2Mi
HǶQTTQ`imMBiû- MQM T�b /2 T`û+Bb2` H� ivTQHQ;B2 /2b bQHb- K�Bb H� TQbbB#BHBiû /ǶBMiû;`2` /2
K�MBĕ`2 2{+�+2 H� +QMM�Bbb�M+2 /2 H� b�im`�iBQM 2M 2�m 2i /2 H� +?�`;2 2M ûH2+i`QHvi2X AH
2M `2bbQ`i Mû�MKQBMb [mǶmM2 b2mH2 +�KT�;M2 2bi +2`i�BM2K2Mi BMbm{b�Mi2 TQm` �TT`û?2M@
/2` }M2K2Mi H� 7QM+iBQM `ûb2`pQB` /2b bQHbX 1M +2 b2Mb- MQmb `2DQB;MQMb HǶB/û2 �p�M+û2 T�`
/2 MQK#`2mt ;ûQT?vbB+B2Mb- bm` HǶBMiû`āi /2 +�`�+iû`Bb�iBQMb /B�+?`QMB[m2b UJB+?Qi 2i �HX-
kyyjVX .2 MQmp2HH2b Kûi?Q/2b ;ûQT?vbB[m2b i2HH2b [m2 H� TQH�`Bb�iBQM T`QpQ[mû2 bT2+i`�H2
UaT2+i`�H AM/m+2/ SQH�`Bx�iBQM- aASV TQm``�B2Mi `ûTQM/`2 /2 K�MBĕ`2 THmb T`û+Bb2 ¨ H�
/BbTQMB#BHBiû /2b Mmi`BK2Mib US2`mxxQ 2i �HX- kyR3VX LQmb TQ`i2`QMb û;�H2K2Mi mM2 �ii2M@
iBQM T�`iB+mHBĕ`2 �mt i`�p�mt /2 "`BHH�Mi2 2i �HX UkyR9V- "`BHH�Mi2 2i �HX UkyReV 2i J�`v
2i �HX UkyR3V [mB Qmp`2Mi H� T2`bT2+iBp2 /Ƕ�KûHBQ`2` H2b +QMM�Bbb�M+2b bm` H� T`QbT2+iBQM
`�+BM�B`2 /2b +2Tb /2 pB;M2 ¨ HǶ�B/2 /2 K2bm`2b /2 `ûbBbiBpBiû ûH2+i`B[m2X



*?�TBi`2 e

JQ/ûHBb�iBQM /m bi�imi ?v/`B[m2
/2 H� pB;M2

eXR AMi`Q/m+iBQM

GǶûpQHmiBQM �+im2HH2 /m +HBK�i 2M 1m`QT2 i2M/ p2`b mM2 �m;K2Mi�iBQM /2 H� /2K�M/2 +HB@
K�iB[m2 �bbQ+Bû2 ¨ mM2 �m;K2Mi�iBQM /2b i2KTû`�im`2b 2i mM2 `2/Bbi`B#miBQM ¨ HǶû+?2HH2
�MMm2HH2 /2b bû[m2M+2b /2 THmB2b UG2#QM �M/ *Q`i�x�`@�i�m`B- kyR9VX � HǶ�p2MB`- HǶ�/�T@
i�#BHBiû /2b T`�iB[m2b pBiBpBMB+QH2b b2`� mM2 [m2biBQM +Hû TQm` H2b �TT2HH�iBQMb pBiB+QH2b
bQmKBb2b �mt +?�M;2K2Mib +HBK�iB[m2b i2H [m2 T`ûpm T�` H2b T`QD2+iBQMb /m +?�M;2K2Mi
+HBK�iB[m2 7mim` UAS**- kyR9VX G2b BKT�+ib /m +?�M;2K2Mi +HBK�iB[m2 bm` HǶB/2MiBiû /2b
pBMb bQMi /ûD¨ `2+QMMmb ¨ i`�p2`b H2b T`BM+BT�mt 7�+i2m`b +QMi`ƬH�Mi H� K�im`�iBQM- HǶ�`ƬK2
2i H� +QHQ`�iBQM /m `�BbBM U"�+BQ++Q 2i �HX- kyR9- c *�KTb �M/ _�KQb- kyRk- c CQM2b �M/
.�pBb- kyyy- c hQMB2iiQ �M/ *�`#QMM2�m- kyy9- c o�M G22mr2M 2i �HX- kyy9VX

GǶ�HBK2Mi�iBQM ?v/`B[m2 /2 H� pB;M2 �m +Qm`b /m +v+H2 pû;ûi�iB7 2i /2 H� K�im`�iBQM /2b
`�BbBMb 2bi mM TQBMi K�D2m` /2 H� [m�HBiû /2 H� T`Q/m+iBQM �BMbB [m2 /2b `2M/2K2Mib �bbQ+Bûb
Uq?Bi2- kyyjVX .�Mb H2 +�b /2 H� T`Q/m+iBQM /2 pBM `Qm;2- mM ;`�M/ MQK#`2 /Ƕûim/2b
KQMi`2 mM HB2M 2Mi`2 H� [m�HBiû /m pBM 2i mM2 +QMi`�BMi2 ?v/`B[m2 KQ/û`û2 /2 H� pB;M2 �m
+Qm`b /2 H� b�BbQM ("QM7�Mi2 2i �HX UkyRRV c "`BHH�Mi2 2i �HX UkyReV c *Qbi�MiBMB 2i �HX UkyRjV c
.2HQB`2 2i �HX Ukyy8V c .`v UkyReV c J�`+BMB�F 2i �HX UkyRjV c p�MH22mr2MkyyN)- �HQ`b [mǶmM2
+QMi`�BMi2 ?v/`B[m2 i`QT BKTQ`i�Mi2 T2mi āi`2 Mû;�iBp2 UCQM2b 2i �HX- kyy8 c o�M G22mr2M
�M/ a2;mBM- RNN9VX

SHmbB2m`b Kûi?Q/2b /2 /ûi2`KBM�iBQM H2 bi�imi ?v/`B[m2 /2 H� pB;M2 �m +Qm`b /2 H� b�BbQM
Ua�m`BM 2i �HX- kyR9V 2tBbi2Mi 2i bQMi TQm` H� THmT�`i #�bû2b bm` /2b BM/B+�i2m`b /û`Bpûb
/2 K2bm`ûb bm` H� TH�Mi2 , K2bm`2b /2 +`QBbb�M+2 bmBp�Mi H� Kûi?Q/2 /2b �T2t UGQp2HH2
2i �HX- kyyNV- K2bm`2b /2 TQi2MiB2H ?v/`B[m2 7QHB�B`2 2ifQm /2 iB;2 �p2+ mM2 +?�K#`2 ¨
T`2bbBQM U*?QMû- kyyR c S2HH2;`BMQ 2i �HX- kyy9V- K2bm`2b /2 ~mt /2 bĕp2X J�H;`û [m2H[m2b
HBKBi�iBQMb- H� K2bm`2 /m TQi2MiB2H ?v/`B[m2 7QHB�B`2 /2 #�b2 2bi +QMbB/û`û2 T�` #2�m+QmT
/Ƕ�mi2m`b +QKK2 H� Kûi?Q/2 /2 `û7û`2M+2 TQm` K2bm`2` HǶûi�i ?v/`B[m2 /2 H� pB;M2 Ua�m`BM
2i �HX- kyR9VX *2b K2bm`2b /m bi�imi ?v/`B[m2 bQMi bT�iB�H2K2Mi TQM+im2HH2b 2i +�Ti2` H�
p�`B�#BHBiû bT�iB�H2 /2 +2 bi�imi ?v/`B[m2- [mB T2mi āi`2 7Q`i2 �m b2BM /m pB;MQ#H2- Mû+2bbBi2

Rjj
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/2 KmHiBTHB2` H2b TH�+2ii2b /2 K2bm`2bX P` H� HQ;BbiB[m2 BKTQbû2 ¨ HǶû+?2HH2 /ǶmM pB;MQ#H2
TQm` mM bmBpB `û;mHB2` �m +Qm`b /2 H� b�BbQM 2bi HQm`/2- +2 [mB HBKBi2 /QM+ 2M T`�iB[m2 bQM
miBHBb�iBQMX GǶ�mi`2 bi`�iû;B2 /2 bmBpB /m bi�imi ?v/`B[m2 /2 H� pB;M2 +QMbBbi2 ¨ `û�HBb2` /2b
K2bm`2b /B`2+i2b bm` H2 bQH /Ƕ?mKB/Biû 2ifQm /2 TQi2MiB2H ?v/`B[m2X hQmi27QBb +2b Kûi?Q/2b
bQMi 2HH2b �mbbB HQm`/2b 2i /B{+BH2b ¨ K2ii`2 2M TH�+2 TQm` Q#i2MB` /2b K2bm`2b 2M +QMiBMm
bm` H� b�BbQMX 1M Qmi`2- +QMi`�B`2K2Mi �mt T`û+û/2Mi2b K2bm`2b- 2HH2b M2 bQMi T�b BMiû;`û2b
¨ HǶû+?2HH2 /2 H� TH�Mi2 2i Mû+2bbBi2Mi /Ƕāi`2 �+[mBb2b ¨ THmbB2m`b T`Q7QM/2m`b /m T`Q}H /2
bQHX

G� KQ/ûHBb�iBQM Qz`2 mM2 �Hi2`M�iBp2 �mt K2bm`2b /B`2+i2b bm` H� pB;M2 Qm H2 bQH TQm`
2biBK2`- /�Mb HǶ2bT�+2 2i H2 i2KTb- H2 bi�imi ?v/`B[m2 /m bQH 2i /2 H� pB;M2X 1HH2 T2`K2i
2M Qmi`2 /2 i2bi2` HǶBKT�+i /2 b+ûM�`BQb +HBK�iB[m2b bm` +2 bi�imi ?v/`B[m2X AMBiB�H2K2Mi
#�bûb bm` /2b û[m�iBQMb bBKTH2b UB2X hm`+- RNeRV- THmbB2m`b KQ/ĕH2b /2 #BH�M ?v/`B[m2
QMi ûiû /ûp2HQTTûb TQm` /2b bvbiĕK2b /2 +mHim`2b KQMQbTû+B}[m2b UT`BM+BT�H2K2Mi /2b
;`�M/2b +mHim`2bV +QKK2 H2 KQ/ĕH2 /2 G2#QM 2i �HX UkyyjVX *2 KQ/ĕH2 /2 #BH�M ?v/`B[m2 /m
bvbiĕK2 bQH@TH�Mi2@�iKQbT?ĕ`2 `2T`ûb2Mi2 H2 bQH +QKK2 mM b2mH `ûb2`pQB` mMB7Q`K2 TQmp�Mi
+QMi2MB` mM2 [m�MiBiû iQi�H2 /Ƕ2�m /BbTQMB#H2 U�p�BH�#H2 bQBH r�i2`- �q.V- mM2 [m�MiBiû
iQi�H2 /Ƕ2�m i`�MbTB`�#H2 T�` H� TH�Mi2 UiQi�H �KQmMi Q7 i`�MbTB`�#H2 bQBH r�i2`- hhaqV 2i
mM2 7`�+iBQM /Ƕ2�m i`�MbTB`�#H2 U7`�+iBQM Q7 i`�MbTB`�#H2 bQBH r�i2`- 6haqVX *2b [m�MiBiûb
/Ƕ2�m /m bQH bQMi +�H+mHû2b ¨ mM T�b /2 i2KTb DQm`M�HB2`X G� 6haq- `�iBQ 2Mi`2 �q. 2i
hhaq- 2bi miBHBbû2 TQm` �TT`û?2M/2` H2 bi`2bb ?v/`B[m2 /2 H� TH�Mi2 UG�+�T2 2i �HX- RNN3V
2i bQM miBHBb�iBQM 2bi BM/B[mû2 +QKK2 T2`iBM2Mi2 /�Mb H2 +�b /2 H� pB;M2 US2HH2;`BMQ 2i �HX-
kyy9VX *2ii2 �TT`Q+?2 /2 KQ/ûHBb�iBQM � 2MbmBi2 ûiû +QKTHûiû2 T�` *2H2ii2 2i �HX UkyRyV
TQm` HǶ�/�Ti2` ¨ /2b bvbiĕK2b /2 +mHim`2b BMi2`+�H�B`2b i2Hb [m2 H� pB;M2 TQm` T`QTQb2`
H2 KQ/ĕH2 q�GAa Uq�i2` #�G�M+2 7Q` AMi2`+`QTT2/ avbi2KbVX .�Mb H2 +�b /ǶmM pB;MQ#H2-
H2 KQ/ĕH2 q�GAa `2T`ûb2Mi2 H2 bQH ¨ HǶ�B/2 /2 /2mt +QKT�`iBK2Mib +Q``2bTQM/�Mi �mt
xQM2b `�+BM�B`2b /2 H� +mHim`2 /ǶBMi2`@`�M; 2i /2 H� pB;M2X G2 KQ/ĕH2 "Aaq�h U"BbT2+B}+
AMi2`+`QT avbi2K q�h2` bi`2bb /vM�KB+b KQ/2HV bǶBMb+`Bi /�Mb H� +QMiBMmBiû /2 q�GAaX
.ûp2HQTTû T�` "2`i`�M/ 2i �HX UkyR3V- +Ƕ2bi mM KQ/ĕH2 /vM�KB[m2 T2`K2ii�Mi H� bBKmH�iBQM
/m bi`2bb ?v/`B[m2 2i /2b ~mt /Ƕ2�m /�Mb /2b �;`QbvbiĕK2b #B@bTû+B}[m2b +QM/mBib 2M `�M;b
2M 7QM+iBQM /2 /Bzû`2Mib BiBMû`�B`2b i2+?MB[m2bX

LQmb �pQMb +?QBbB /ǶmiBHBb2` H2 KQ/ĕH2 "Aaq�h �m +Qm`b /2 +2b i`�p�mt /2 i?ĕb2- +�`
URV BH `2T`ûb2Mi2 HǶ2Mb2K#H2 /2b T`Q+2bbmb /m #BH�M ?v/`B[m2 2M BMiû;`�Mi H2b T`�iB[m2b
/Ƕ2Mi`2iB2M /m bQH 2i /2 H� pû;ûi�iBQM /2 K�MBĕ`2 �/�Tiû2 �mt +Qmp2`ib #B@bTû+B}[m2b 2i
/QM+ ¨ H� +mHim`2 /2 H� pB;M2- UkV BH T2`K2i /2 /Bb+`ûiBb2` H2 T`Q}H 2M THmbB2m`b ?Q`BxQMb 2i
/QM+ /2 +QMbB/û`2` 2tTHB+Bi2K2Mi H� KQ`T?QHQ;B2 /2b bQHb- 2i UjV BH `2TQb2 bm` /2b û[m�iBQMb
KQ#BHBb�Mi /2b p�`B�#H2b K2bm`�#H2b 2i /2b T�`�Kĕi`2b K2bm`�#H2b Qm /ûi2`KBM�#H2b ¨
T�`iB` /2 HǶ2tT2`iBb2 2i Qz`2 /QM+ mM #QM TQi2MiB2H TQm` H� i`�MbTQbBiBQM ¨ /Ƕ�mi`2b bBi2b
2i TQm` HǶ�TTHB+�iBQM /2 b+ûM�`BQb +HBK�iB[m2b

G2b T`BM+BT2b /m KQ/ĕH2 "Aaq�h bQMi iQmi /Ƕ�#Q`/ T`ûb2Miûb �p�Mi /2 HǶ�TTHB[m2` ¨ MQi`2
+QMi2ti2 /Ƕûim/2 ¨ T�`iB` /2b /QMMû2b K2bm`û2bX *2ii2 ûi�T2 � TQm` Q#D2+iB7b /2 KQMi`2`
HǶûi2M/m2 /2b `ûbmHi�ib bBKmHûb 2i /2 `�BbQMM2` bm` H� +Q?û`2M+2 /2 +2b `ûbmHi�ibX 1M}M- H2
KQ/ĕH2 2bi miBHBbû TQm` i2bi2` THmbB2m`b b+ûM�`BQbX *2ii2 /2`MBĕ`2 ûi�T2 � TQm` �K#BiBQM /2
T`Q/mB`2 /2b ûHûK2Mib ¨ iBi`2 BHHmbi`�iB7 �}M /2 /Bb+mi2` /2 HǶmiBHBiû /ǶmM2 i2HH2 �TT`Q+?2 /2
KQ/ûHBb�iBQM- `2Mb2B;Mû2 T�` /2b /QMMû2b /2 bQH T`û+Bb2b TQm` HǶ�/�Ti�#BHBiû /m pB;MQ#H2



eXkX S`ûb2Mi�iBQM /m KQ/ĕH2 Rj8

ûim/Bû 7�+2 �mt +?�M;2K2Mib +HBK�iB[m2bX

eXk S`ûb2Mi�iBQM /m KQ/ĕH2

G2 7QM+iBQMM2K2Mi /m KQ/ĕH2 "Aaq�h 2bi H�`;2K2Mi /ûi�BHHû T�` "2`i`�M/ 2i �HX UkyR3V
2i T`ûb2Miû /�Mb 6B;m`2 eXRX G2 KQ/ĕH2 bBKmH2 H� /vM�KB[m2 /m bi`2bb ?v/`B[m2 /2 /2mt
+QKTQb�Mi2b pû;ûi�H2b /ûbB;Mû2b � U;ûMû`�H2K2Mi H� TH�Mi2 T`BM+BT�H2V 2i " UH� +mHim`2
/ǶBMi2`@`�M;VX � 2i " T2mp2Mi āi`2 /2b TH�Mi2b �MMm2HH2b Qm Tû`2MM2b +QKK2 mM �`#`2 Qm
mM2 pB;M2X SQm` +?�[m2 +QKTQb�Mi2 pû;ûi�H2- H2 bi`2bb ?v/`B[m2 2bi KQ/ûHBbû T�` H2 /û}+Bi
2M 2�m /m bQH bm#B T�` mM2 TH�Mi2 UaQBH q�i2` /2}+Bi 1tT2`B2M+2/ #v � SH�Mi- aq1SV ¨ mM
T�b /2 i2KTb DQm`M�HB2`X G� p�`B�#H2 aq1S 2bi 2HH2@KāK2 #�bû2 bm` H2 +QM+2Ti /2 6haq
UaBM+H�B` �M/ Gm/HQr- RN3eV [mB T2mi āi`2 `2HBû2 �m TQi2MiB2H ?v/`B[m2 7QHB�B`2 /2 #�b2 2i
�mt T`Q+2bbmb /2 i`�MbTB`�iBQM 2i /2 +`QBbb�M+2- i�Mi +?2x H2b TH�Mi2b �MMm2HH2b UB2X +QiQM-
G�+�T2 2i �HX- RNN3V [m2 H2b TH�Mi2b Tû`2MM2b UB2X pB;M2- S2HH2;`BMQ 2i �HX- kyy9VX

SQm` H� TH�Mi2 s U� Qm "V- ¨ mM DQm` i- 6haq 2i aq1S bQMi HBû2b T�` H� `2H�iBQM UeXRV ,

SWEPX(t) = 1 − FTSWX(t) UeXRV

G2 KQ/ĕH2 T2`K2i /2 bBKmH2` THmbB2m`b +QK#BM�BbQMb /2 +mHim`2b 2i /2 b+ûM�`BQb /2 ;2biBQM
/2 HǶ2M?2`#2K2Mi 2M 7�Bb�Mi p�`B2` b2b /�i2b /2 b2KBb 2i /2 /2bi`m+iBQMX AH BKTQb2 +2T2M/�Mi
[m2 H� TH�Mi2 " M2 bQBi T�b mM �`#`2- +�` BH M2 T2`K2i T�b /2 ;û`2` H� +QKTûiBiBQM 2Mi`2
/2mt �`#`2b TQm` HǶBMi2`+2TiBQM /2 H� HmKBĕ`2X

G� bBKmH�iBQM 2bi 7�Bi2 2M k. /�Mb mM TH�M T2`T2M/B+mH�B`2 �m `�M; b2HQM mM b+?ûK�
T`ûb2Miû /�Mb H� 6B;m`2 eXRX .�Mb H2 +�b /ǶmM2 bBKmH�iBQM TQm` mM2 T�`+2HH2 /2 pB;M2- H�
H�`;2m` /�" `2T`ûb2Mi2 H� KQBiBû /2 HǶ2bT�+2 2Mi`2 H2b `�M;bX G2 bQH 2bi /û+QmTû 2M +2HHmH2b
¨ T�`iB` /2 +QHQMM2b /2 H�`;2m` }t2- 2i /2 HB;M2b /2 ?�mi2m` p�`B�#H2 2M +QM+Q`/�M+2 �p2+
H2b /Bzû`2Mib ?Q`BxQMbX *?�[m2 DQm` UiV- HǶ?mKB/Biû /2 +?�[m2 +2HHmH2 Uθij(t)V 2bi +�H+mHû2
T�` H2 KQ/ĕH2 U�p2+ B H2 MmKû`Q /2 H� +Qm+?2 /2 bQH- 2i D H2 MmKû`Q /2 H� +QHQMM2VX

G� 6B;m`2 eXR T`ûb2Mi2 H2b ~mt ?v/`B[m2b T`Bb 2M +QKTi2 T�` "Aaq�hX GǶûp�TQ`�iBQM
MǶ2bi �TTHB[mû2 [m2 /�Mb H� T`2KBĕ`2 +Qm+?2 /2 bQH U/2 Ry +K /ǶûT�Bbb2m` T�` /û7�miVX
G2b T`ûHĕp2K2Mib T�` i`�MbTB`�iBQM bQMi +�H+mHûb TQm` +?�[m2 +2HHmH2 2M 7QM+iBQM /2 H�
+`QBbb�M+2 /2b `�+BM2b /2 +?�[m2 2bTĕ+2X G� T`Bb2 2M +QKTi2 /2 HǶB``B;�iBQM HQ+�HBbû2 UB2X
;Qmii2 ¨ ;Qmii2V Qm bm` HǶ2Mb2K#H2 /2 H� T�`+2HH2 2bi TQbbB#H2X

G� Kûi?Q/2 /2 +�H+mH /2 H� hhaq miBHBbû2 T�` H2 KQ/ĕH2 � ûiû `2TQ`iû2 /�Mb H2 +?�TBi`2
9 U1[X U9XeVVX hhaq +Q``2bTQM/ ¨ H� /Bzû`2M+2 2Mi`2 HǶ?mKB/Biû ¨ H� +�T�+Biû �m +?�KT
UθfcV 2i HǶ?mKB/Biû KBMBK�H2 UθminusV BMiû;`û2 bm` H� T`Q7QM/2m` /Ƕ2M`�+BM2K2Mi K�tBK�H2
1`/J�ts 2i 2M i2M�Mi +QKTi2 /2 H� /BKBMmiBQM /2 H� /2MbBiû `�+BM�B`2 ¨ T�`iB` /ǶmM2
T`Q7QM/2m` �X *2 +�H+mH 2bi +QmTHû ¨ H� T`Bb2 2M +QKTi2 /2 H� +`QBbb�M+2 `�+BM�B`2 +�H+mHû2
¨ T�`iB` /m +mKmH /2b /2;`ûb DQm`b T2`K2ii�Mi /2 7�B`2 ûpQHm2` H� T`Q7QM/2m` 1`/s 2i
H� H�`;2m` 1`rs Dmb[mǶ¨ `2bT2+iBp2K2Mi 1`/J�ts 2i 1`rJ�ts �m +Qm`b /2 H� b�BbQM
U"2`i`�M/ 2i �HX- kyR3VX
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6B;m`2 eXR Ĝ _2T`ûb2Mi�iBQM /2 HǶ�;`QbvbiĕK2 k. miBHBbû T�` "Aaq�h U"2`i`�M/ 2i �HX-
kyR3VX

�m b2BM /m bQH- H2b ~mt p2`iB+�mt /Ƕ2�m bQMi H2b b2mHb [mB bQMi T`Bb 2M +QKTi2X GǶ2�m
+B`+mH2 2Mi`2 H2b +2HHmH2b bmBp�Mi mM T`BM+BT2 /m /û#Q`/2K2Mi , HQ`b[m2 HǶ?mKB/Biû /2 H�
+2HHmH2 �ii2BMi HǶ?mKB/Biû ¨ H� +�T�+Biû �m +?�KT- H2 i`QT@TH2BM �HBK2Mi2 H� +2HHmH2 bQmb@
D�+2Mi2X GQ`b[m2 H2 i`QT@TH2BM �ii2BMi H� HBKBi2 #�bb2 /m T`Q}H /2 bQH- HǶ2�m bQ`i /m bvbiĕK2
bQmb H2 i2`K2 /2 /`�BM�;2 U6B;m`2 eXRVX "Aaq�h +QMbB/ĕ`2 û;�H2K2Mi H2 T`Q+2bbmb /2
`mBbb2HH2K2Mi ¨ H� bm`7�+2 /m bQHX G2 +�H+mH /m `�iBQ BM}Hi`�iBQMf`mBbb2H2K2Mi 2bi `û�HBbû
bmBp�Mi H� Kûi?Q/2 /m *m`p2 LmK#2` /2 HǶla.� BKTHûK2Miû2 MQi�KK2Mi /�Mb H2 KQ/ĕH2
aq�h UaQBH � q�i2` �bb2bbK2Mi hQQH- �`MQH/ 2i �HX- kyRkVX

SQm` H2 +�H+mH /2b ~mt /2 i`�MbTB`�iBQM 2i /Ƕûp�TQ`�iBQM- "2`i`�M/ 2i �HX UkyR3V ;ûMû`�HBb2
HǶ�TT`Q+?2 /2 *2H2ii2 2i �HX UkyRyV TQm` H2b +mHim`2b #B@bTû+B}[m2b T�` H2 +�H+mH /ǶmM
#BH�M `�/B�iB7 miBHBb�Mi HǶ2{+�+Biû /ǶBMi2`+2TiBQM /m `�vQMM2K2Mi U_�/B�iBQM AMi2`+2TiBQM
1{+B2M+v- _A1VX GǶ2bTĕ+2 � 2bi +QMbB/û`û2 /QKBM�Mi2 bm` " TQm` HǶBMi2`+2TiBQM /2 H�
HmKBĕ`2- �BMbB b2mH H2 `�vQMM2K2Mi MQM BMi2`+2Tiû T�` � T2mi b2`pB` ¨ H� i`�MbTB`�iBQM
/2 HǶ2bTĕ+2 "X G2 `2bi2 /m `�vQMM2K2Mi- [mB MǶ2bi +�Tiû MB T�` � MB T�` "- 2Mi`�ŗM2
HǶûp�TQ`�iBQM /m bQHX G2b ~mt /2 i`�MbTB`�iBQM bQMi /QM+ +�H+mHûb ¨ T�`iB` /m _A1 2i /2
H� /2K�M/2 +HBK�iB[m2 /QMMû2 T�` HǶ1hyX G2 `�H2MiBbb2K2Mi /2 H� i`�MbTB`�iBQM ¨ +�mb2
/m bi`2bb ?v/`B[m2 2bi K�`[mû ¨ T�`iB` /ǶmM b2mBH bm` 6haq /2 y-9 T�` /û7�mi US2HH2;`BMQ
2i �HX- kyye- c "2`i`�M/ 2i �HX- kyR3VX GǶ2Mb2K#H2 /2b 2Mi`û2b /m KQ/ĕH2 2bi `2;`QmTû /�Mb
H� i�#H2 eXRX



eXkX S`ûb2Mi�iBQM /m KQ/ĕH2 Rjd

h�#H2 eXR Ĝ hvTQHQ;B2 /2b 2Mi`û2b /2 KQ/ĕH2 Mû+2bb�B`2b TQm` 2tû+mi2` mM2 bBKmH�iBQM
�p2+ H2 KQ/ĕH2 "Aaq�hX

hvT2 /Ƕ2Mi`û2 LQK /2 HǶ2Mi`û2 .2b+`BTiBQM lMBiû

ai�`i.�i2 .�i2 /2 /û#mi @aBKmH�iBQM
.m`�iBQM .m`û2 /2 H� bBKmH�iBQM D

.Bbi�M+2�"nKK G�`;2m` /m KQiB7 k. KK

aQBHwnKKUxV S`Q7QM/2m` /2 +?�[m2 +Qm+?2 /2 bQH KK

aQBHL#*QHmKMb LQK#`2 /2 +QHQMM2b @

h?2i�6*UxV *�T�+Biû �m +?�KT TQm` +?�[m2 +Qm+?2 /2 bQH KjfKj

:ûQKûi`B2 k.

qB/i?  G�`;2m` /m KQiB7 k. +Qmp2`i T�` mM2 +mHim`2X KK

h2KT2`�im`2UiV h2KTû`�im`2 KQv2MM2 DQm`M�HBĕ`2 ê*

_�BMUiV SHmB2 DQm`M�HBĕ`2 KKJûiûQ`QHQ;B2

1hyUiV úp�TQi`�MbTB`�iBQM /2 `û7û`2M+2 DQm`M�HBĕ`2 KK

AMi2`+2TiBQM /m `�vQMM2K2Mi _A1UiV 1{+�+Biû /ǶBMi2`+2TiBQM /m `�vQMM2K2Mi
/ǶmM2 +mHim`2 UDQm`M�HB2`V

@

"�b2h2KT2`�im`2 Y h2KTû`�im`2 /2 #�b2 /ǶmM2 +mHim`2 ê*

1`/J�tnKK S`Q7QM/2m` 2z2+iBp2 K�tBK�H2 /2b `�+BM2b
/ǶmM2 +mHim`2

KK

hbhQ_2�+?1`/J�t Y aQKK2 /2b i2KTû`�im`2b TQm` �ii2BM/`2 H�
T`Q7QM/2m` K�tBK�H2 /ǶmM2 TH�Mi2

ê*

h?2i�JBMmbUxV >mKB/Biû +`BiB[m2 TQm` +?�[m2 +Qm+?2 /2 bQH
/ǶmM2 +mHim`2

KjfKj

1`rJ�tnKK ê G�`;2m` 2z2+iBp2 K�tBK�H2 /2b `�+BM2b /ǶmM2
+mHim`2

KK

hhaq

hbhQ_2�+?1`rJ�t Yê aQKK2 /2b i2KTû`�im`2b TQm` �ii2BM/`2 H�
H�`;2m` K�tBK�H2 /2 H� TH�Mi2

ê*

h?`2b?1p�TRnKK a2mBH 2M /2bbQmb /m[m2H BH MǶv � T�b
/Ƕûp�TQ`�iBQM

KK

1p�TQ`�iBQM
h?`2b?1p�TknKK a2mBH �m@/2bbmb /m[m2H HǶûp�TQ`�iBQM MǶ2bi T�b

HBKBiû2 T�` H� bû+?2`2bb2
KK

_mMQzn"�`2n*Lk *m`p2 MmK#2` Mû+2bb�B`2b TQm` +�H+mH2` H2
`mBbb2HH2K2Mi bm` H2 bQH Mm

@

_mBbb2H2K2Mi
_mMQzn*Lk  *m`p2 MmK#2` Mû+2bb�B`2b TQm` +�H+mH2` H2

`mBbb2HH2K2Mi bm` H� +mHim`2 /2 +Qmp2`im`2
@

hyh?2i� h2M2m` pQHmKûi`B[m2 2M 2�m /m bQH �m /û#mi
/2 H� bBKmH�iBQM

KjfKj

hyA/ A. /ǶmM2 BMbi�HH�iBQM /ûD¨ BMbi�HHû2 �m /û#mi
/2 H� bBKmH�iBQM

@

hy1`/ S`Q7QM/2m` 2z2+iBp2 /2b `�+BM2b �m /û#mi /2
H� bBKmH�iBQM

KK1i�i BMBiB�H

hy1`r G�`;2m` 2z2+iBp2 /2b `�+BM2b �m /û#mi /2 H�
bBKmH�iBQM

KK

aQrBM; .�i2UbV /2 b2KBb @

.2bi`m+iBQM .�i2UbV /2 /2bi`m+iBQM @*�H2M/`B2` /2 +mHim`2

A``B;�iBQM .�i2UbV- [m�MiBiû 2i HQ+�HBb�iBQM /2 HǶB``B;�iBQM KK
LQi2 ,
 BM/B[m2 mM2 2Mi`û2 `2[mBb2 TQm` mM2 +mHim`2 /2 +Qmp2`im`2-
ê BM/B[m2 mM2 2Mi`û2 `2[mBb2 TQm` mM �`#`2
2i Y BM/B[m2 mM2 2Mi`û2 `2[mBb2 b2mH2K2Mi bB H2b `�+BM2b TQmbb2Mi
U/Ƕ�T`ĕb "2`i`�M/ 2i �HX- kyR3VX



Rj3 *?�TBi`2 eX JQ/ûHBb�iBQM /m bi�imi ?v/`B[m2 /2 H� pB;M2

eXj �TTHB+�iBQM �mt /QMMû2b �+im2HH2b

LQmb �pQMb �TTHB[mû "Aaq�h bm` H2 bBi2 /Ƕûim/2 /2 *�T2i@:mBHHB2` TQm` H2b mMBiûb 7QM+@
iBQMM2HH2b /2 bQH Ua6lV /û}MB2b �m +Qm`b /2 H� +�`iQ;`�T?B2 Tû/QHQ;B[m2X G2b 7Qbb2b /2
`û7û`2M+2 +?QBbB2b TQm` +?�[m2 a6l Uh�#H2 eXkV bQMi H2b KāK2b 7Qbb2b [m2 +2HH2b /û+`Bi2b
/�Mb H2 +?�TBi`2 9X

G2b T�`�Kĕi`2b /m KQ/ĕH2 QMi ûiû `2Mb2B;Mûb ¨ T�`iB` /2b /QMMû2b /BbTQMB#H2b bm` H2 bBi2
/Ƕûim/2 TQm` /Bzû`2Mi2b KQ/�HBiûb /Ƕ2Mi`2iB2M /m bQHX G2b /QMMû2b +HBK�iB[m2b miBHBbû2b
QMi ûiû +2HH2b K2bm`û2b T�` H� bi�iBQM KûiûQ`QHQ;B[m2 BMbi�HHû2 bm` H2 bBi2 /Ƕûim/2 U+7X jXkVX

1M i2`K2b /2 `ûbmHi�ib bBKmHûb T�` H2 KQ/ĕH2 "Aaq�h- TQm` +?�+mM2 /2b a6l 2i +?�+mM2
/2b KQ/�HBiûb- MQmb �pQMb +QMbB/û`û UBV H2 /`�BM�;2 �m #�b /m T`Q}H /2 bQH +QKT�`û �p2+
H2b p�`B�iBQMb /2b MBp2�mt TBûxQKûi`B[m2b K2bm`ûb �m MBp2�m /2 /2mt TBûxQKĕi`2b BMbi�HHûb
¨ *�T2i@:mBHHB2`- UBBV HǶûpQHmiBQM /2 HǶ?mKB/Biû /m bQH 2M 7QM+iBQM /2 H� T`Q7QM/2m` 2i /m
i2KTb- 2i UBBBVXHǶûpQHmiBQM /2 HǶ2�m /BbTQMB#H2 TQm` H� pB;M2- BMi2`T`ûiû2 2M i2`K2b /2 bi`2bb
bm#B T�` H� TH�Mi2 2i +QKT�`û2 ¨ mM BiBMû`�B`2 +B#H2- 7QM+iBQM /ǶmM Q#D2+iB7 /2 T`Q/m+iBQMX

h�#H2 eXk , 6Qbb2b /2 `û7û`2M+2 miBHBbû2b TQm` H� KQ/ûHBb�iBQM
�p2+ "Aaq�hX

6Qbb2 /2 `û7û`2M+2 a6l hvT2 /2 bQH S`Q7QM/2m` /Ƕ2M`�+BM2K2Mi

6R R 6HmpBQbQH b�#H2mt R-k8 K
6k k *QHHmpBQbQH �HHmpBQ@+QHHmpB�H R-ey K

HBKQMQ@b�#HQ@�`;BH2mt +�`#QM�iû
6j j *�H+QbQH �`;BHQ@HBKQM2mt k-yy K

+QHHmpB�H bm` +QHHmpBQMb

eXjXR S�`�Kĕi`2b T?vbB[m2b /m bQH

G2b T�`�Kĕi`2b bTû+B}[m2b �m bQH QMi ûiû Q#i2Mmb ¨ T�`iB` /2b /2b+`BTiBQMb 2i �M�Hvb2b
`û�HBbû2b bm` H2b i`QBb 7Qbb2b 6R ¨ 6jX G2b T`Q7QM/2m`b /2b /Bzû`2Mib ?Q`BxQMb b2`p2Mi /2
#�b2 TQm` H� /Bb+`ûiBb�iBQM miBHBbû2 /�Mb H2 KQ/ĕH2 U6B;m`2 eXkVX G2b /Bzû`2Mib ?Q`BxQMb
bQMi +�`�+iû`Bbûb T�` H2b ?mKB/Biûb +�`�+iû`BbiB[m2b θfc 2i θminus 2biBKû2b ¨ HǶ�B/2 /2 H�
7QM+iBQM /2 Tû/Qi`�Mb72`i /ûp2HQTTû T�` "`m�M/ 2i �HX Ukyy9V- [mB 2biBK2 H2b ?mKB/Biûb
+�`�+iû`BbiB[m2b /2b ?Q`BxQMb 2M 7QM+iBQM /2 H� i2tim`2- /2 H� /2MbBiû �TT�`2Mi2 2i /m ivT2
/Ƕ?Q`BxQM UQ`;�MQ@KBMû`�H Qm KBMû`�H c h�#H2 eXjVX

h�#H2 eXj , *�`�+iû`BbiB[m2b /2 bQH /2b i`QBb 7Qbb2b miBHBbû2b
TQm` H� KQ/ûHBb�iBQM �p2+ "Aaq�hX

6Qbb2 Lê >x LQK >x
"�b2 >x
(+K)

h2tim`2
(C�K�;M2)

.2MbBiû
�TTX

h2M2m` 2M
2�m T6kXy

h2M2m` 2M
2�m T69Xk

6R R G� Rk a R-99 y-Ryk y-y8j
k �fa je a R-8j y-Ryk y-y8j



eXjX �TTHB+�iBQM �mt /QMMû2b �+im2HH2b RjN

6Qbb2 Lê >x LQK >x
"�b2 >x
(+K)

h2tim`2
(C�K�;M2)

.2MbBiû
�TTX

h2M2m` 2M
2�m T6kXy

h2M2m` 2M
2�m T69Xk

j aR 89 a R-8R y-RkN y-yj3
9 ak; d9 a� R-d y-kj3 y-RjR
8 aj; Nk a R-e y-RkN y-yj3
e a9;f: Rk8 a� R-ed y-kj3 y-RjR

6k R G�R+� R8 Ga� R-jR y-k3R y-Rjj
k G�k+� jk Ga� R-ee y-k3R y-Rjj
j aF ey a� R-d y-kj3 y-RjR
9 a; Ry8 a� R-ek y-kj3 y-RjR
8 a;F R8y a� R-88 y-kj3 y-RjR
e J+B;f: Rey a R-e y-RkN y-yj3

6j R G�+� ky G�a R-Rd y-jkd y-R88
k aR+� dy �G R-eR y-jj8 y-kjR
j ak+� Rjy �G R-8d y-jjN y-kk3
9 *+� Rey �G R-8d y-jjN y-kk3

SQm` +2`i�BMb �mi2m`b H2 T�`�Kĕi`2 θminus TQm` +?�[m2 ?Q`BxQM /m bQH Uh?2i�JBMmb UxV-
+7X h�#H2 eXRV 2bi KQ/mHû T�` `�TTQ`i ¨ HǶ?mKB/Biû �m TQBMi /2 ~ûi`Bbb2K2Mi θwilting point

�TT`Q+?û2 T�` HǶ?mKB/Biû �m TQi2MiB2H T6 4 9-kX S2HH2;`BMQ 2i �HX Ukyy9V 2i S2HH2;`BMQ
2i �HX UkyyeV miBHBb2Mi mM ;`�M/ MQK#`2 /2 K2bm`2b /Ƕ?mKB/Biû /m bQH `û�HBbû2b �p2+ mM2
bQM/2 ¨ M2mi`QMb �}M /Ƕ2biBK2` θminus ¨ T�`iB` /2 HǶ?mKB/Biû KBMBK�H2 Q#b2`pû2 /�Mb
+?�[m2 ?Q`BxQM �m +Qm`b /2 H� Tû`BQ/2 /Ƕ2tTû`BK2Mi�iBQMX �HQ`b [m2 H� `û�HBb�iBQM /2
i2HH2b K2bm`2b /Ƕ?mKB/Biû 2bi i`ĕb +QMi`�B;M�Mi2 2i i`ĕb /B{+BH2K2Mi `û�HBb�#H2 H� THmT�`i
/m i2KTb- H2b +QM+2Ti2m`b /2 "Aaq�h T`QTQb2Mi mM2 bQHmiBQM TQm` KQ/mH2` θminus ¨
HǶ�B/2 /ǶmM T�`�Kĕi`2 α 2i /2 H� `2H�iBQM UeXkV ,

θminus = α.θwilting point UeXkV

� T�`iB` /2b `ûbmHi�ib /2 S2HH2;`BMQ 2i �HX Ukyy9V- H� p�H2m` R-9 TQm` α /�Mb H2 +�b /2 H� pB;M2
2bi bm;;û`û2X LQmb �pQMb +?QBbB H2 KQ/ĕH2 "Aaq�h MQi�KK2Mi T�`+2 [mǶBH T2`K2ii�Bi mM2
T�`�Kûi`Bb�iBQM ¨ T�`iB` /2 /QMMû2b 7�+BH2K2Mi K2bm`�#H2 UBX2X ?Q`BxQM�iBQM- i2tim`2b-ĘV
Qm /û/mBi2b /Ƕ2tT2`iBb2 H�`;2K2Mi T�`i�;û2 UBX2X ?mKB/Biûb +�`�+iû`BbiB[m2b /û/mBi2b /2
7QM+iBQM /2 Tû/Qi`�Mb72`iVX P` /ǶmM2 T�`i- H� `û�HBb�iBQM /2 T`Q}Hb /Ƕ?mKB/Biû /�Mb H2 i2KTb
�TT�`�ŗi i`ĕb +Qȿi2mt 2i +QMi`�B;M�Mi 2i /Ƕ�mi`2 T�`i- H� p�H2m` /2 α = 1, 4 T`QTQbû2 ¨
T�`iB` /ǶmM MQK#`2 HBKBiû /Ƕûim/2b M2 b2K#H2 T�b �TT�`i2MB` ¨ mM2 2tT2`iBb2 +QKKmMûK2Mi
�/KBb2X LQmb �pQMb /QM+ /û+B/û /2 i2bi2` H� b2MbB#BHBiû /m KQ/ĕH2 ¨ +2 T�`�Kĕi`2 αX SQm`
+2H�- MQmb �pQMb `û�HBbû +BM[ bBKmH�iBQMb �p2+ /2b p�H2m`b /2 α �HH�Mi /2 R ¨ R-9 �p2+ mM
T�b /2 y-RX G� a6l 6j � ûiû +?QBbB2 TQm` +2b bBKmH�iBQMbX G� i�#H2 eX9 T`ûb2Mi2 H2b p�H2m`b
/Ƕ?mKB/Biû KBMBKmK /2 +?�[m2 +Qm+?2 /2 6j 2M 7QM+iBQM /2b p�H2m`b /2 αX



R9y *?�TBi`2 eX JQ/ûHBb�iBQM /m bi�imi ?v/`B[m2 /2 H� pB;M2

6B;m`2 eXk Ĝ .Bb+`ûiBb�iBQM /2b /QMMû2b Tû/QHQ;B[m2b TQm` H� T�`�Kûi`Bb�iBQM /m KQ/ĕH2
"Aaq�hX

h�#H2 eX9 Ĝ >mKB/Biûb ¨ H� +�T�+Biû �m +?�KT U6*V 2i ?mKB/Biûb KBMBK�H2b UKBMmbV 2M
7QM+iBQM /2 �HT?� TQm` H2b /Bzû`2Mi2b +Qm+?2b T�`�Kûi`û2b /�Mb "Aaq�h TQm` 6jX

h?2i�nKBMmb
S`Q7n?�mi S`Q7n#�b h?2i�6* �GS>�nR �GS>�nRXR �GS>�nRXk �GS>�nRXj �GS>�nRX9

y Ry yXjkd yXR88 yXRdy8 yXR3ey yXkyR8 yXkRdy
Ry ky yXjkd yXR88 yXRdy8 yXR3ey yXkyR8 yXkRdy
ky dy yXjj8 yXkjR yXk89R yXkddk yXjyyj yXjkj9
dy Rjy yXjjN yXkk3 yXk8y3 yXkdje yXkNe9 yXjRNk
Rjy kyy yXjjN yXkk3 yXk8y3 yXkdje yXkNe9 yXjRNk



eXjX �TTHB+�iBQM �mt /QMMû2b �+im2HH2b R9R

6B;m`2 eXj Ĝ JQ/ûHBb�iBQM /2 HǶ2{+�+Biû /ǶBMi2`+2TiBQM /m `�vQMM2K2Mi U_A1V �m +Qm`b
/2 H� b�BbQM kyR3X

eXjXk S�`�Kĕi`2b /2 pû;ûi�iBQM 2i /2 T`�iB[m2b

SQm` 2biBK2` H2b p�H2m`b /2 HǶ2{+�+Biû /ǶBMi2`+2TiBQM /m `�vQMM2K2Mi U_A1V- MQmb �pQMb
miBHBbû mM KQ/ĕH2 HBMû�B`2 T�` KQ`+2�m +QKK2 T`QTQbû /�Mb H2 K�Mm2H /2 T�`�Kûi`Bb�iBQM
/2 "Aaq�h 7Qm`MB T�` H2b �mi2m`b /m KQ/ĕH2 U6B;m`2 eXjVX SQm` H� pB;M2- H2 _A1 2bi /2 y
Dmb[mǶ�m /û#Qm``2K2Mi �m kN J�`bX 1HH2 �m;K2Mi2 HBMû�B`2K2Mi Dmb[mǶ�m k8 CmBM- /�i2 ¨
H�[m2HH2 H2 72mBHH�;2 `2KTHBi iQmi HǶ2bT�+2 T2`KBb T�` H2 T�HBbb�;2X G� p�H2m` K�tBK�H2 /2
y-98 � ûiû `2i2Mm2 TQm` H2 _A1 /2 H� pB;M2 U6B;m`2 eXjVX SQm` HǶ2M?2`#2K2Mi- H� +`QBbb�M+2
/û#mi2 ¨ T�`iB` /m b2KBb H2 R2`LQp2K#`2X 1HH2 2bi +QMbB/û`û2 H2Mi2 T2M/�Mi HǶ?Bp2` Dmb[mǶ�m
R2` 6ûp`B2`- TmBb 2HH2 �ii2BMi b� p�H2m` K�tBK�H2 /2 y-d8 H2 d K�B U6B;m`2 eXjVX

G2b bBKmH�iBQMb QMi ûiû bvM+?`QMBbû2b �p2+ H� b�BbQM pBiB+QH2 , TQm` H� b�BbQM kyR3- H2
KQ/ĕH2 � ûiû �TTHB[mû bm` je8 DQm`b- /m R2` LQp2K#`2 kyRd �m jR P+iQ#`2 kyR3X *2b
/�i2b T2`K2ii2Mi /2 T`2M/`2 2M +QKTi2 H� `2+?�`;2 ?Bp2`M�H2 /2b bQHb- TmBb /2 KQ/ûHBb2`
H� b�BbQM pBiB+QH2 +QKTHĕi2 Dmb[mǶ¨ H� }M /2b p2M/�M;2bX �}M /2 7Qm`MB` �m KQ/ĕH2 /2b
p�H2m`b BMBiB�H2b /Ƕ?mKB/Biû +Q?û`2Mi2b- MQmb �pQMb +QMbB/û`û mM2 Tû`BQ/2 /2 r�`K mT 2M
`û�HBb�Mi mM2 bBKmH�iBQM 2M +QMbB/û`�Mi H2b /QMMû2b +HBK�iB[m2b /m R2` C�MpB2` �m R2`
LQp2K#`2 kyRd U6B;m`2 eX9VX

SQm` +?�+mM2 /2b j a6l- /2mt KQ/�HBiûb /Ƕ2M?2`#2K2Mi QMi ûiû bBKmHû2b , UBV HǶBMi2`@`�M;
2Mi`2i2Mm T�` i`�p�BH /m bQH ¨ T�`iB` /m 3 J�B- UBBV HǶBMi2`@`�M; 2Mi`2i2Mm T�` iQMi2 iQmi
�m HQM; /2 H� b�BbQMX .�Mb H2b /2mt +�b- H2 b2KBb /2 HǶ2M?2`#2K2Mi � ûiû T`Q;`�KKû �m
R2` LQp2K#`2X

eXjXj S`Bb2 2M +QKTi2 /2b û+QmH2K2Mib /2 bm`7�+2

SQm` H2b T�`+2HH2b bBimû2b /�Mb a6l@j UT�`+2HH2b *R 2i *kV- MQmb �pQMb /û+B/û /2 i2bi2`
HǶBM~m2M+2 /2 H� `2/Bbi`B#miBQM BMi`�@T�`+2HH�B`2 /m `mBbb2HH2K2MiX 1M 2z2i- +2b T�`+2HH2b
bQMi ?v/`QHQ;B[m2K2Mi BbQHû2b /2 HǶ�KQMi T�` mM 7Qbbû bBimû 2M ?�mi /2 T�`+2HH2X G� iQTQ@
;`�T?B2 BM/B[m2 mM2 HB;M2 /2 THmb ;`�M/2 T2Mi2 T�`�HHĕH2 �mt `�M;b /2 pB;M2 bm` HǶ2Mb2K#H2
/2 H� T�`+2HH2 2i HǶ�#b2M+2 /2 xQM2 /2 /Bp2`;2M+2X G� T2Mi2 2bi +QKT`Bb2 2Mi`2 R 2i RdW-
/2 Kû/B�M2 eW- 2i /û+`QBbb�Mi2 p2`b HǶ�p�H �p2+ mM2 `mTim`2 ¨ 2MpB`QM kfj /2 H� T�`+2HH2
U6B;m`2 eX8VX �}M /Ƕ2biBK2` H� ?�mi2m` /Ƕ2�m `2/Bbi`B#mû2 T�` H2 `mBbb2HH2K2Mi- MQmb TQbQMb
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6B;m`2 eX9 Ĝ aû[m2M+2b i2KTQ`2HH2b KQ/ûHBbû2b TQm` HǶ�MMû2 kyR3X
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6B;m`2 eX8 Ĝ wQM�;2 T�` H� T2Mi2 /2b �TTQ`ib T�` `mBbb2HH2K2Mi bm` H2b T�`+2HH2b *R 2i
*k ¨ *�T2i@:mBHHB2` UH2b +Qm`#2b /2 MBp2�m 2M �``Bĕ`2@TH�M bQMi 2bT�+û2b /2 R KVX

HǶ?vTQi?ĕb2 [m2 HǶ2Mb2K#H2 /m `mBbb2HH2K2Mi T`Q/mBi /�Mb H� xQM2 �KQMi 2bi i`�MbKBb ¨
H� xQM2 /Ƕ�p�HX *2ii2 ?vTQi?ĕb2 T2`K2i /2 +�H+mH2` H� ?�mi2m` /Ƕ2�m T`Q/mBi2 2M �KQMi
UhOffamontV 2i `2TQ`iû2 2M �p�H UhOnavalV ¨ T�`iB` /m `�TTQ`i /2 H� bm`7�+2 /2 H� xQM2 �KQMi
USamontV bm` H� xQM2 �p�H USavalV U1[X UeXjVVX

hOnaval = hOffamont

Samont

Saval
UeXjV

1M `2i2M�Mi mM b2mBH /2 9W /2 T2Mi2 TQm` /ûHBKBi2` H� xQM2 /Ƕ�TTQ`i T�` `mBbb2HH2K2Mi- H2
`�iBQ /2b bm`7�+2b �KQMi bm` �p�H 2bi /2 R-Nd U6B;m`2 eX8VX G� KQ/ûHBb�iBQM 2bi `û�HBbû2 /�Mb
mM2 T`2KBĕ`2 T?�b2 bm` H� T�`iB2 �KQMiX SmBb H2 `mBbb2HH2K2Mi �m T�b /2 i2KTb DQm`M�HB2`
+�H+mHû T�` H2 KQ/ĕH2 2bi �DQmiû �m T`û+BTBi�iBQMb DQm`M�HBĕ`2b TQm` H� T�`iB2 �p�H U6B;m`2
eX9VX

�m iQi�H bm` H2b j a6l- 2M T`2M�Mi 2M +QKTi2 H2b /2mt KQ/�HBiûb /Ƕ2Mi`2iB2M /m bQH bm`
6R 2i 6k- 2i H2b 9 KQ/�HBiûb bm` 6j- H2b bBKmH�iBQMb `û�HBbû2b bm` HǶ�MMû2 kyR3 `2T`ûb2Mi2Mi
3 +?`QMB[m2b U6B;m`2 eX9VX

eXjX9 *HBK�i /2b �MMû2b kyRd 2i kyR3

G� bBKmH�iBQM � ûiû `û�HBbû2 bm` HǶ�MMû2 pBiB+QH2 kyR3 [mB bǶûi2M/ /m R2` LQp2K#`2 kyRd �m
jR P+iQ#`2 kyR3X .�Mb +2ii2 T�`iB2- MQmb T`ûb2MiQMb H2b /QMMû2b KûiûQ`QHQ;B[m2b K2bm`û2b
T�` H� bi�iBQM /m pB;MQ#H2X

GǶ�MMû2 kyRd � ûiû `2H�iBp2K2Mi bĕ+?2 �p2+ mM +mKmH /2 T`û+BTBi�iBQMb /2 d9N KK Uh�#H2
eX8VX 1M kyR3- H2b T`û+BTBi�iBQMb QMi ûiû THmb BKTQ`i�Mi2b �p2+ mM +mKmH �MMm2H /2 Ny8 KK-
K�Bb û;�H2K2Mi mM2 /2K�M/2 +HBK�iB[m2 2M Hû;ĕ`2 ?�mbb2 T�` `�TTQ`i ¨ kyRd Uh�#H2 eX8VX
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h�#H2 eX8 Ĝ .QMMû2b KûiûQ`QHQ;B[m2b /2b �MMû2b +�H2M/�B`2b kyRd 2i kyR3 �m *?�i2�m
*�T2i@:mBHHB2`X

�MMû2 S`û+BTBi�iBQMb �MMm2HH2b
iQi�H2b (KK)

1hy �MMm2HH2 iQi�H2
(KK)

h2KTû`�im`2 KQv2MM2
�MMm2HH2 (ê*)

kyRd d9N 3RR RjXe
kyR3 Ny8 3ke R9Xy
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6B;m`2 eXe Ĝ .B�;`�KK2b QK#`Qi?2`KB[m2b /2b �MMû2b kyRd 2i kyR3 ¨ *�T2i@:mBHHB2`

G2b /B�;`�KK2b QK#`Qi?2`KB[m2b UeXeV /2 kyRd KQMi`2Mi [m2 H� }M /2 HǶûiû � ûiû �bb2x T2m
THmpB2mb2 2i [m2 H� }M /2 HǶ�MMû2 2bi K�`[mû2 T�` /2b T`û+BTBi�iBQMb ûH2pû2bX G� T`2KBĕ`2
KQBiBû /2 HǶ�MMû2 kyR3 2bi ?mKB/2- �m KQBb /2 CmBHH2i kyR3 H� /2K�M/2 +HBK�iB[m2 2bi �m
K�tBKmK- H2b T`û+BTBi�iBQMb /BKBMm2Mi Dmb[mǶ�m KQBb /ǶP+iQ#`2 �p�Mi mM2 �m;K2Mi�iBQM
2M Tû`BQ/2 �miQKM�H2X GǶ�MMû2 pBiB+QH2 kyR3 2bi /QM+ mM2 �MMû2 `2H�iBp2K2Mi ?mKB/2 �p2+
mM +mKmH /2 T`û+BTBi�iBQMb /2 N9N KK 2Mi`2 H2 R2` LQp2K#`2 kyRd 2i H2 jR P+iQ#`2 kyR3X
GǶ�m;K2Mi�iBQM T`Q;`2bbBp2 /2b i2KTû`�im`2b ¨ H� }M /m T`BMi2KTb 2i T2M/�Mi HǶûiû �
7�pQ`Bbû HǶ�m;K2Mi�iBQM /2 H� /2K�M/2 +HBK�iB[m2X

eXjX8 _ûbmHi�ib /2b bBKmH�iBQMb

eXjX8XR a2MbB#BHBiû �m T�`�Kĕi`2 ǳ?mKB/Biû KBMBK�H2Ǵ

G2b `ûbmHi�ib /2 HǶ�M�Hvb2 /2 b2MbB#BHBiû �m T�`�Kĕi`2 α KQMi`2Mi mM2 i`ĕb 7�B#H2 BM~m2M+2
bm` H2 /`�BM�;2 T`Q/mBi- 2i mM2 7Q`i2 BM~m2M+2 bm` H� 7`�+iBQM /Ƕ2�m /BbTQMB#H2 TQm` H�
pB;M2X 1M 2z2i- H� 6B;m`2 eXd KQMi`2 H� p�`B�iBQM /2 H� 6haq /2 H� pB;M2 �m +Qm`b /2
HǶ�MMû2 kyR3 TQm` H2b +BM[ p�H2m`b /2 α 2Mi`2 R 2i R-9X 1M ?Bp2`- [m2H[m2 bQBi H� p�H2m`
/2 α- H� 6haq 2bi K�tBK�H2 /ĕb H2 Ry .û+2K#`2X *2T2M/�Mi- �p�Mi +2ii2 /�i2- THmb α

2bi ûH2pû- THmb H2 /û}+Bi ?v/`B[m2 2bi K�`[mûX �BMbB /�Mb H2 +�b /2 α4R-9- H� 6haq 2bi
BM7û`B2m`2 ¨ y-R �m R2` LQp2K#`2 kyRd �HQ`b [mǶ2HH2 2bi T`Q+?2 /2 y-e8 /�Mb H2 +�b /2 α4RX
.2 KāK2- �m R2` P+iQ#`2 kyR3- H� bBKmH�iBQM TQm` α4R-9 i2M/ p2`b mM2 6haq /2 y �HQ`b
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6B;m`2 eXd Ĝ 1pQHmiBQM /2 H� 6haq /2 H� pB;M2 �m +Qm`b /2 HǶ�MMû2 kyR3 2M 7QM+iBQM /m
T�`�Kĕi`2 �HT?�X

[m2 HQ`b[m2 α4R H� 6haq 2bi T`Q+?2 /2 y-kkX �m +Qm`b /2 HǶ�MMû2- THmb α 2bi ûH2pû THmb
H� 6haq bBKmHû2 b2`� b2MbB#H2 ¨ H� `2+?�`;2 2i ¨ HǶûp�TQi`�MbTB`�iBQM U6B;m`2 eXdVX

G2b `ûbmHi�ib �p2+ α4R-9 M2 b2K#H2Mi T�b +QM/mB`2 ¨ /2b `ûbmHi�ib +Q?û`2Mib �p2+ H2 7QM+@
iBQMM2K2Mi /2 H� pB;M2 +2ii2 �MMû2@H¨ bm` H2 bBi2 /Ƕûim/2X LQmb �pQMb /QM+ /û+B/û /2 ;�`/2`
H� p�H2m` α4R TQm` H2b bBKmH�iBQMb bmBp�Mi2bX

eXjX8Xk .`�BM�;2

G2 /`�BM�;2 bBKmHû T�` H2 KQ/ĕH2 TQm` H2b /Bzû`2Mi2b 7Qbb2b 2i KQ/�HBiûb 2bi T`ûb2Miû /�Mb
H� 6B;m`2 eX3X �m jR Q+iQ#`2 kyR3- H2 /`�BM�;2 +mKmHû bBKmHû H2 THmb BKTQ`i�Mi 2bi +2HmB
/2 6R TQm` H� KQ/�HBiû BMi2`@`�M; i`�p�BHHû UyRV �p2+ j3y KKX SQm` H� KāK2 a6l- �p2+
H� KQ/�HBiû /Ƕ2M?2`#2K2Mi K�BMi2Mm �m +Qm`b /2 H� b�BbQM- H2 /`�BM�;2 +mKmHû bBKmHû 2bi
THmb 7�B#H2 /2 jy KKX �m +Qm`b /2 HǶ�MMû2- H2 /`�BM�;2 +mKmHû +QKK2M+2 ¨ �m;K2Mi2`
7Q`i2K2Mi ¨ T�`iB` /m Ry /û+2K#`2 Dmb[mǶ�m k3 D�MpB2` TQm` �ii2BM/`2 THmb /2 kky KKX
�m +Qm`b /2 +2ii2 +`QBbb�M+2- H2b +Qm`#2b /2b /2mt KQ/�HBiûb bQMi T`Q+?2b �p2+ mM Hû;2`
/û+�H�;2 /Ƕ2MpB`QM Rj KK /2 H� KQ/�HBiû 2M?2`#û2 UykV bQmb H� KQ/�HBiû /2 bQH i`�p�BHHû
UyRVX GǶ�m;K2Mi�iBQM /m /`�BM�;2 +mKmHû �m +Qm`b /m i2KTb `2bi2 BKTQ`i�Mi2 Dmb[mǶ¨ KB@
�p`BH TQm` �ii2BM/`2 j8y KK UKQ/�HBiû yRV 2i jjd KK UKQ/�HBiû ykVX PM MQi2 mM2 /2`MBĕ`2
�m;K2Mi�iBQM #`mi�H2 /m /`�BM�;2 �m /û#mi /m KQBb /2 DmBMX �m +Qm`b /2 +2ii2 /2`MBĕ`2
bû[m2M+2- H2 /`�BM�;2 T`Q/mBi TQm` H� KQ/�HBiû yR U2MpB`QM kk KKV 2i THmb BKTQ`i�Mi [m2
+2HmB T`Q/mBi TQm` H� KQ/�HBiû yk U2MpB`QM 3 KKVX �m MBp2�m /2 H� a6l 6k- H� /vM�KB[m2
/m /`�BM�;2 �m +Qm`b /2 HǶ�MMû2 2bi `2H�iBp2K2Mi b2K#H�#H2 ¨ +2HH2 /û+`Bi2 T`û+û/2KK2Mi
TQm` 6RX G2 +mKmH iQi�H /2 /`�BM�;2 �ii2BMi j9N KK TQm` H� KQ/�HBiû yR UBMi2`@`�M;
i`�p�BHHûV 2i jk3 KK TQm` H� KQ/�HBiû yk UBMi2`@`�M; 2M?2`#ûVX *2T2M/�Mi /�Mb H2 +�b
/2 6k- H2 /û+�H�;2 /Ƕ2MpB`QM ky KK 2Mi`2 H2b +Qm`#2b /2b /2mt KQ/�HBiûb 2bi [m�bBK2Mi
+QMbi�Mi /ĕb H2 T`2KB2` ûTBbQ/2 /2 /`�BM�;2 2M /û+2K#`2X .2 THmb- H2 /2`MB2` ûTBbQ/2 /2
/`�BM�;2 BKTQ`i�Mi Q#b2`pû �m /û#mi /m KQBb /2 DmBM TQm` 6R- MǶ2bi T�b pBbB#H2 TQm` 6k
[mB �ii2BMi bQM MBp2�m K�tBK�H /2 /`�BM�;2 +mKmHû /ĕb KB@�p`BHX PM Q#b2`p2 û;�H2K2Mi
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6B;m`2 eX3 Ĝ *mKmHb /2b /`�BM�;2b bBKmHûb TQm` H2b /Bzû`2Mi2b 7Qbb2b 2i KQ/�HBiûb 2M
kyR3X

mM2 /vM�KB[m2 b2K#H�#H2 TQm` 6j �p2+ mM2 7Q`i2 �m;K2Mi�iBQM /ĕb H2 Ry /û+2K#`2X G2b
+mKmHb �``Bp2Mi ¨ H2m` MBp2�m K�tBK�H ¨ T�`iB` /m Rj �p`BHX G2 +mKmH H2 THmb BKTQ`i�Mi Uj8R
KKV 2bi �ii2BMi TQm` H� KQ/�HBiû yj UBMi2`@`�M; i`�p�BHHû 2M �p�HV- 2M b2+QM/2 TQbBiBQM Uj9k
KKV QM i`Qmp2 H� KQ/�HBiû yR UBMi2`@`�M; i`�p�BHHû 2M �KQMiV- TmBb Ujjd KKV H� KQ/�HBiû
y9 UBMi2`@`�M; 2M?2`#û 2M �p�HV 2i 2M}M Ujkd KKV H� KQ/�HBiû yk UBMi2`@`�M; 2M?2`#û 2M
�KQMiVX

G2 /`�BM�;2 M2 TQmp�Mi +QMi`B#m2` [mǶ¨ HǶ�m;K2Mi�iBQM /m MBp2�m /2 M�TT2- 2M MQM ¨ b�
/BKBMmiBQM- MQmb �pQMb bûH2+iBQMMû mMB[m2K2Mi H2b p�`B�iBQMb TQbBiBp2b /m MBp2�m TBûxQ@
Kûi`B[m2 TQm` H2b +QKT�`2` �m /`�BM�;2 T`Q/mBi T�` H2 KQ/ĕH2 U6B;m`2 eXNVX G� T`2KBĕ`2
`2KQMiû2 /m MBp2�m TBûxQKûi`B[m2 2bi Q#b2`pû2 ¨ T�`iB` /m Ry /û+2K#`2 �m MBp2�m /2b
/2mt TBûxQKĕi`2bX *2ii2 `2KQMiû2 2bi T`Q;`2bbBp2 TQm` SR- 2i �bb2x #`mi�H2 TQm` SjX G�
`2KQMiû2 bǶBMi2MbB}2 TQm` H2b /2mt TBûxQKĕi`2b �m /û#mi /m KQBb /2 D�MpB2`X lM +Qm`i
T�HB2` /ǶmM2 /Bx�BM2 /2 DQm`b 2bi �ii2BMi H2 R2` 7ûp`B2` �p2+ mM +mKmH /2 k-k8 K /2 `2KQM@
iû2 TQm` SR 2i j-je K TQm` SjX lM2 MQmp2HH2 bû[m2M+2 /2 `2KQMiû2 � HB2m KB@7ûp`B2` ,
y-j8 K TQm` 6R 2i y-3y K TQm` 6jX G2 +mKmH /2 `2KQMiû2 +QMiBMm2 /Ƕ�m;K2Mi2` THmb
T`Q;`2bbBp2K2Mi TQm` 6R [m2 TQm` 6j T2M/�Mi H� b�BbQM- Dmb[mǶ¨ �ii2BM/`2 mM TH�i2�m ¨
T�`iB` /m e DmBMX PM MQi2`� mM2 Hû;ĕ`2 `2KQMiû2 /2 y-Ry K TQm` SR �miQm` /m 8 DmBHH2i-
MQM pBbB#H2 /�Mb H2 TBûxQKĕi`2 SjX

6R 2i 6k bQMi bBimûb /�Mb H� TH�BM2- H2b /`�BM�;2b bBKmHûb /2 +2b /2mt a6l bQMi +QKT�@
`ûb �mt /QMMû2b TBûxQKûi`B[m2b /2 SR HmB �mbbB bBimû /�Mb H� TH�BM2 U6B;m`2 eXRyVX G2b
bBKmH�iBQMb 7�Bi2b bm` H� a6l 6j QMi ûiû +QKT�`û2b �mt /QMMû2b /m TBûxQKĕi`2 Sj bB@
imû ¨ T`QtBKBiû /�Mb H2 +Qi2�m U6B;m`2 eXRyVX G2b ;`�T?2b bm` H� };m`2 eXRy KQMi`2Mi H�
bmT2`TQbBiBQM /m +mKmH /2 /`�BM�;2 bBKmHû �m MBp2�m /2 6R- 6k 2i 6j �p2+ H2 +mKmH /2
`2KQMiû /2 M�TT2 K2bm`û2 /�Mb H2b TBûxQKĕi`2b SR UTQm` 6R 2i 6kV 2i Sj UTQm` 6jVX
G2 /û#mi /2 `2KQMiû2 /2 H� M�TT2 /ûK�``2 THmb T`Q;`2bbBp2K2Mi [m2 H2 /`�BM�;2 bBKmHû
¨ T�`iB` /m Ry /û+2K#`2 TQm` SRX G� `2KQMiû2 bǶBMi2MbB}2 ¨ T�`iB` /2 /û#mi D�MpB2` /2
K�MBĕ`2 bvM+?`QM2 �p2+ H2 /`�BM�;2 bBKmHû TQm` SR- K�Bb �p2+ mM Hû;2` `2i�`/ TQm` SjX *2
`2i�`/ b2K#H2 2MbmBi2 āi`2 `�ii`�Tû T2M/�Mi H2 `2bi2 /2 H� b�BbQMX SR T`ûb2Mi2 mM2 T?�b2
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6B;m`2 eXN Ĝ _2KQMiûb +mKmHû2b /2b MBp2�m TBûxQKûi`B[m2b /2b TBûxQKĕi`2b SR UTH�BM2V
2i Sj U+Ƭi2�mVX

/2 `2KQMiû2 /2 k8 +K �miQm` /m 8 DmBM [mB 2bi pBbB#H2 bm` H� bBKmH�iBQM /2 6R- K�Bb T�b
/2 6kX lM2 �mi`2 T?�b2 /2 `2KQMiû2 H2 8 DmBHH2i- /ǶmM2 /Bx�BM2 /2 +K- MǶ2bi pBbB#H2 MB bm`
H� bBKmH�iBQM /m /`�BM�;2 /2 6R MB /2 6k U6B;m`2 eXRyVX G� /2`MBĕ`2 T?�b2 /2 `2KQMiû2
K�D2m`2 /2 H� M�TT2 /�Mb H2 TBûxQKĕi`2 Sj 2bi +2HH2 /m /û#mi /m KQBb /2 DmBM U2MpB`QM 8y
+KV- K�Bb H2 KQ/ĕH2 M2 T`Q/mBi THmb /2 /`�BM�;2 TQm` 6j �T`ĕb H2 R9 �p`BH U6B;m`2 eXRyVX

G2b p�`B�iBQMb TQbBiBp2b /2b /2mt TBûxQKĕi`2b SR 2i Sj b2K#H2Mi /QM+ +Q?û`2Mi2b �p2+
H2b /`�BM�;2b T`Q/mBib T�` H2 KQ/ĕH2 "Aaq�h T2M/�Mi H� Tû`BQ/2 /2 `2+?�`;2 ?Bp2`M�H2
2i T`BMi�MBĕ`2 �T`ĕb mM2 T?�b2 /ǶBMBiB�HBb�iBQM T2M/�Mi H2 KQBb /2 /û+2K#`2X � H� }M
/m T`BMi2KTb 2i �m +Qm`b /2 HǶûiû- H2 KQ/ĕH2 M2 T`Q/mBi T�b /2 /`�BM�;2 �HQ`b [m2 /2b
`2KQMiû2b /m MBp2�m TBûxQKûi`B[m2b bQMi Q#b2`pû2b /�Mb SR 2i SjX SHmbB2m`b ?vTQi?ĕb2b
T2mp2Mi `ûTQM/`2 ¨ +2i û+�`i , UBV "Aaq�h bQmb@2biBK2 H2 /`�BM�;2 ¨ +2ii2 Tû`BQ/2- +2
[mB BKTHB[m2 mM2 bm`2biBK�iBQM /2 HǶûp�TQi`�MbTB`�iBQM c UBBV HǶ�m;K2Mi�iBQM /m MBp2�m
TBûxQKûi`B[m2 Q#b2`pû2 ¨ +2ii2 Tû`BQ/2 2bi /m2 �m mM2 �HBK2Mi�iBQM H�iû`�H2 /2 H� xQM2
b�im`û2 2i MQM T�` H2 /`�BM�;2 Bbbm T�` H� T2`+QH�iBQM /2 HǶûT�Bbb2m` /2 bQH bmb@D�+2MiX

eXjX8Xj h2M2m` 2M 2�m /m bQH

G2 KQ/ĕH2 "Aaq�h ;ûMĕ`2 /2b p�`B�#H2b /Ƕûi�i /m bQH ¨ mM T�b /2 i2KTb DQm`M�HB2` �m
+Qm`b /2 H� /m`û2 /2 H� bBKmH�iBQMX S�`KB +2b p�`B�#H2b /Ƕûi�i- HǶ?mKB/Biû /2b /Bzû`2Mib
?Q`BxQMb TQm` H2b i`QBb a6lb KQ/ûHBbûb �m +Qm`b /2 H� b�BbQM 2bi T`ûb2Miû2 /�Mb H� 6B;m`2
eXRRX G2b ?mKB/Biûb ¨ mM T�b /2 i2KTb K2Mbm2H 2Mi`2 H2 R2` �p`BH 2i H2 R2` P+iQ#`2 QMi
ûiû `�TTQ`iûb bm` +2b ;`�T?B[m2bX *2b ?mKB/Biûb bQMi #Q`Mû2b T�` HǶ?mKB/Biû KBMBK�H2 2i
HǶ?mKB/Biû ¨ H� +�T�+Biû �m +?�KT `2T`ûb2Miû2b T�` /2b HB;M2b MQB`2bX

G2b i`QBb 7Qbb2b T`ûb2Mi2Mi /2b T`Q}Hb /Ƕ?mKB/Biû /Bzû`2Mib 2M 7QM+iBQM /2 H� ;ûQKûi`B2 /2b
?Q`BxQMb 2i /2 ivT2b /2 K�iû`B�mt U6B;m`2 eXRRVX G2 bQH �m MBp2�m /2 6R- /QKBMû T�` mM2
i2tim`2 ;`QbbBĕ`2- T`ûb2Mi2 /2b ?mKB/Biûb 7�B#H2b 2M bm`7�+2X 1M T`Q7QM/2m`- H2b i2tim`2b
THmb }M2b �Hi2`M2Mi �p2+ H2b i2tim`2b ;`QbbBĕ`2b- /QMM�Mi �mt T`Q}Hb ?v/`B[m2b mM2 7Q`K2
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F3_01 Rg travaillé − amont

F3_02 Rg enherbé − amont

F3_03 Rg travaillé − aval

F3_04 Rg enherbé − aval

Piézomètre P3

F3

6B;m`2 eXRy Ĝ .`�BM�;2 bBKmHû TQm` 6R- 6k 2i 6j 2i `2KQMiû +mKmHû2 /m MBp2�m TBûxQ@
Kûi`B[m2 /2 SR 2i Sj bm` H� b�BbQM kyR3X
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2M ǳwǴX �m MBp2�m /2 6k- H� i2tim`2 /m bQH 2bi THmb }M2 +2 [mB /QMM2 /2b ?mKB/Biûb +�`�+iû@
`BbiB[m2b THmb ûH2pû2bX GǶBMi2`p�HH2 2Mi`2 H2b /2mt #Q`M2b 2bi û;�H2K2Mi THmb BKTQ`i�Mi [m2
TQm` 6R- H�Bbb�Mi mM pQHmK2 /Ƕ2�m �++2bbB#H2 ¨ H� pB;M2 THmb BKTQ`i�MiX 1M T`Q7QM/2m`- H2b
/2mt ?mKB/Biûb +�`�+iû`BbiB[m2b /BKBMm2Mi ¨ +�mb2 /ǶmM2 i2tim`2 THmb ;`QbbBĕ`2X �m MBp2�m
/2 6j- H2b i2tim`2b /2 bQH bQMi 2M+Q`2 THmb }M2b 2i H2b ?mKB/Biûb +�`�+iû`BbiB[m2b �bbQ+Bû2b
bQMi THmb ûH2pû2b [m2 +2HH2b /2 6kX G� i2tim`2 ûi�Mi �bb2x ?QKQ;ĕM2 bm` HǶ2Mb2K#H2 /m
T`Q}H /2 bQH- +2b ?mKB/Biûb p�`B2Mi �bb2x T2mX

�m +Qm`b /2 HǶ�MMû2 kyR3- TQm` H2b i`QBb a6lb- H2b ?mKB/Biûb bQMi H2b THmb BKTQ`i�Mi2b �m
KQBb /Ƕ�p`BH 2i pQMi 2M /BKBMm�Mi Dmb[mǶ�m KQBb /ǶP+iQ#`2 K�`[m�Mi �BMbB HǶ�bbĕ+?2K2Mi
T`Q;`2bbB7 /m T`Q}H /2 bQH �m +Qm`b /2 H� b�BbQM U6B;m`2 eXRRVX G2b 8y T`2KB2`b +2MiBKĕi`2b
/2 bQH ûi�Mi /B`2+i2K2Mi bQmKBb �mt T`û+BTBi�iBQMb- H2b ?mKB/Biûb bBKmHû2b /�Mb +2i BMi2`@
p�HH2 v bQMi H2b THmb p�`B�#H2b 2i bǶ2Mi`2+`QBb2Mi T�`7QBbX PM `2K�`[m2 û;�H2K2Mi [m2 /�Mb
H2b Ry T`2KB2`b +2MiBKĕi`2b /2 bQH- 2M +QM/BiBQMb bĕ+?2b- HǶ?mKB/Biû T�bb2 2M /2bbQmb /m
b2mBH /2 θminus ;`�+2 ¨ H� T`Bb2 2M +QKTi2 /2 HǶûp�TQ`�iBQM T�` H2 KQ/ĕH2X GQ`b[m2 HǶQM
+QKT�`2 H2b KQ/�HBiûb ǳyRǴ UbQH i`�p�BHHûV 2i ǳykǴ UbQH 2M?2`#ûV- H2b T`Q}Hb /Ƕ?mKB/Biûb
bBKmHû2b /�Mb H2 +�/`2 /ǶmM bQH 2M?2`#û bQMi bvbiûK�iB[m2K2Mi THmb 7�B#H2b [m2 HQ`b[m2
HǶ2M?2`#2K2Mi 2bi /ûi`mBi �m T`BMi2KTbX

eXjX8X9 1�m /BbTQMB#H2 TQm` H� pB;M2

.�Mb +2ii2 T�`iB2- MQmb /ûi�BHHQMb H2b `ûbmHi�ib /2b bBKmH�iBQMb "Aaq�h bm` HǶ�MMû2 kyR3
TQm` H2b /Bzû`2Mi2b KQ/�HBiûb /û+`Bi2b T`û+û/2KK2MiX G� bQ`iB2 T`BM+BT�H2 /m KQ/ĕH2 "Aa@
q�h 2i +2 TQm`[mQB BH � ûiû /ûp2HQTTû 2bi HǶBM/B+2 /2 bi`2bb ?v/`B[m2- aq1S Uû[mBp�H2Mi
¨ H� 6haq- +7X 1[X UeXRVVX

G� 6B;m`2 eXRk KQMi`2 H� bBKmH�iBQM /2 HǶ�haq �m +Qm`b /2 H� b�BbQM kyR3 TQm` H2b j a6lb
2i TQm` H� KQ/�HBiû yR UBMi2`@`�M; i`�p�BHHûVX G� hhaq- bQBi H� [m�MiBiû K�tBK�H2 /Ƕ2�m
/BbTQMB#H2 TQm` H� pB;M2- +�H+mHû2 T�` H2 KQ/ĕH2 2bi H� THmb BKTQ`i�Mi2 TQm` 6j Ukjy KKVX
1HH2 2bi T`2b[m2 /2mt 7QBb THmb 7�B#H2 TQm` 6R URyd KKV 2i BMi2`Kû/B�B`2 TQm` 6k UR3k
KKVX �m +Qm`b /2 +2ii2 bBKmH�iBQM- H2b i`QBb bQHb /ûK�``2Mi �p2+ T2m /Ƕ2�m /BbTQMB#H2-
TmBb BHb �ii2B;M2Mi H2m` hhaq H2 RR /û+2K#`2 kyRdX GǶ�haq `2bi2 T`Q+?2 /2 H� hhaq
T2M/�Mi HǶ?Bp2`- TmBb 2HH2 +QKK2M+2 ¨ /BKBMm2` bB;MB}+�iBp2K2Mi ¨ T�`iB` /2 KB@�p`BHX

.�Mb H� bmBi2- MQmb �pQMb +?QBbB /2 T`ûb2Mi2` H� 6haq THmiƬi [m2 H2 aq1S +�` H2 HB2M
�p2+ HǶûi�i ?v/`B[m2 /m bQH 2bi THmb 7�+BH2X G2 b2mBH /2 y-9 TQm` H� 6haq 2M /2bbQmb /m[m2H
H� pB;M2 `û/mBi b� i`�MbTB`�iBQM ¨ +�mb2 /m bi`2bb ?v/`B[m2 � ûiû `2i2Mm US2HH2;`BMQ 2i �HX-
kyyeVX

SQm` H2b i`QBb a6lb KQ/ûHBbûb- QM `2i`Qmp2 mM2 ûpQHmiBQM ;HQ#�H2K2Mi �bb2x ?QKQ;ĕM2 /2
H� 6haq �m +Qm`b /2 H� b�BbQM U6B;m`2 eXRjVX G� 6haq �ii2BMi bQM K�tBKmK TQm` H2b
i`QBb 7Qbb2b- H2 Ry /û+2K#`2 �p2+ HǶ�``Bpû2 /2b T`û+BTBi�iBQMb ?Bp2`M�H2bX 1HH2 `2bi2 T`Q+?2
/2 R Dmb[mǶ¨ KB@�p`BH TmBb /BKBMm2 �m +Qm`b /2 H� b�BbQM �HQ`b [m2 H� /2K�M/2 +HBK�iB[m2
�m;K2Mi2 2i [m2 H2b T`û+BTBi�iBQMb /BKBMm2MiX G2b ûpĕM2K2Mib /2 `2+?�`;2 /2b `ûb2`p2b 2M
2�m /m bQH bQMi K�`[mûb T�` /2b `2KQMiû2b `�TB/2 /2 H� 6haqX 6R �TT�`�ŗi āi`2 H2 THmb
b2MbB#H2 �mt ûpĕM2K2Mib /2 `2+?�`;2- i�M/Bb [m2 6j 2bi H2 KQBMb b2MbB#H2X SQm` +?�[m2
a6l- �m +Qm`b /2 H� b�BbQM- H� 6haq 2bi THmb 7�B#H2 TQm` H� KQ/�HBiû /Ƕ2M?2`#2K2Mi
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bBKmH�iBQM bm` HǶ�MMû2 kyR3 �p2+ "Aaq�hX
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Fosse
F1

F2

F3

6B;m`2 eXRk Ĝ aBKmH�iBQM /2 HǶ2�m /BbTQMB#H2 TQm` H� pB;M2 U�haqV TQm` 6R- 6k 2i 6j
�m +Qm`b /2 H� b�BbQM kyR3X

h�#H2 eXe Ĝ *QKT�`�BbQM /2b KQv2MM2b /2 6haq 2Mi`2 H2b /Bzû`2Mi2b KQ/�HBiûb 2i a6lb
bm` H� Tû`BQ/2 2Mi`2 H2 R2` �p`BH 2i H2 jR P+iQ#`2 kyR3X

6Qbb2 h`�p�BH hQMi2 h`�p�BH �p�H hQMi2 �p�H
6R yX8dj yX933
6k yX8ek yX9NR
6j yXey8 yX8je yXeR yX8jd

K�BMi2Mm [m2 TQm` H� KQ/�HBiû /2 bQH i`�p�BHHû ¨ T�`iB` /m 3 J�BX G� /Bzû`2MiB�iBQM 2bi
pBbB#H2 /ĕb +2ii2 /�i2 TQm` 6R 2i ¨ T�`iB` /2 KB@J�B TQm` 6k 2i 6jX

SQm` H� 7Qbb2 6j- H� T`Bb2 2M +QKTi2 /2b û+QmH2K2Mib /2 bm`7�+2 ¨ T2m /ǶBM~m2M+2 bm` H�
6haq , H� T�`iB2 �p�H /2 H� T�`+2HH2 KQMi`2 mM2 6haq i`ĕb Hû;ĕ`2K2Mi THmb ûH2pû2 U/2
HǶQ`/`2 /2 y-yRV ¨ T�`iB` /m /û#mi /m KQBb /2 CmBHH2i TQm` H� KQ/�HBiû bQH i`�p�BHHû- K�Bb
H� /Bzû`2M+2 MǶ2bi T�b pBbB#H2 TQm` H� KQ/�HBiû /2 iQMi2X

6j T`ûb2Mi2 H� 6haq KQv2MM2 2Mi`2 H2 R2` �p`BH 2i H2 jR P+iQ#`2 H� THmb 7Q`i2 /2b i`QBb
a6lb /2 KQ/ûHBb�iBQM Uh�#H2 eXeV bQBi y-ey8X G� KQv2MM2 H� THmb 7�B#H2 2bi +2HH2 /2 6k
�p2+ y-8ek �HQ`b [m2 6R T`ûb2Mi2 mM2 KQv2MM2 /2 y-8djX lM2 7QBb 2M+Q`2- QM Q#b2`p2 [m2
H� T`Bb2 2M +QKTi2 /2b û+QmH2K2Mib /2 bm`7�+2 � mM2 7�B#H2 BM~m2M+2 bm` H� 6haq /2 6j-
+�` H2b KQv2MM2b bm` H� Tû`BQ/2 bQMi i`ĕb T`Q+?2bX

1M i2`K2b /2 /�i2 /Ƕ�TT�`BiBQM /m bi`2bb ?v/`B[m2 UTQm` 6haq I y-9- G2#QM 2i �HX- kyyj c
S2HH2;`BMQ 2i �HX- kyyeV- 6R 2bi H� a6l H� THmb T`û+Q+2 �p2+ mM T�bb�;2 bQmb H2 b2mBH /2
6haq /2 y-9 ¨ T�`iB` /m kN CmBHH2i /�Mb H2 +�b /ǶmM bQH i`�p�BHHû 2i H2 Rd CmBHH2i /�Mb H2
+�b /ǶmM 2M?2`#2K2Mi 2Mi`2i2Mm T�` iQMi2 Uh�#H2 eXdVX SQm` 6k- H2 bi`2bb �TT�`�ŗi d DQm`b
THmb i�`/ HQ`b[m2 H2 bQH 2bi i`�p�BHHû- 2i /2mt DQm`b THmb i�`/ HQ`b[m2 HǶ2M?2`#2K2Mi 2bi
K�BMi2MmX 6j KQMi`2 mM2 �TT�`BiBQM THmb i�`/Bp2 /m bi`2bb , `2bT2+iBp2K2Mi H2 Re �Qȿi 2i
H2 ke DmBHH2i TQm` H2b KQ/�HBiûb i`�p�BH 2i iQMi2X G� KQ/�HBiû Ŀ iQMi2 ŀ T`ûb2Mi2 mM2 THmb
7�B#H2 �KTHBim/2 2Mi`2 HǶ�TT�`BiBQM /m bi`2bb TQm` 6R 2i 6j UN DQm`bV [m2 H� KQ/�HBiû i`�p�BH
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6B;m`2 eXRj Ĝ 6haq /2 H� pB;M2 TQm` 6R- 6k 2i 6j 2M kyR3- +QKT�`�BbQM /2b KQ/�HBiûb
/2 i`�p�BH /m bQH 2i /2 iQMi2X
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h�#H2 eXd Ĝ S`2KB2` DQm` /Ƕ�TT�`BiBQM /2 bi`2bb U6haq I y-9V bm#Bi T�` H� pB;M2 TQm`
H2b /Bzû`2Mi2b 7Qbb2b 2i KQ/�HBiû 2Mi`2 H2 R2` �p`BH 2i H2 jR P+iQ#`2 kyR3X

6Qbb2 h`�p�BH hQMi2 h`�p�BH �p�H hQMi2 �p�H
6R kN DmH Rd DmH
6k y8 �Qȿ RN DmH
6j Re �Qȿ ke DmH R3 �Qȿ kd DmH
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0.25 0.50 0.75 1.00
FTSW Stress hydrique (FTSW < 0,4) No Stress Stress

6B;m`2 eXR9 Ĝ o�`B�iBQM /m 6haq �m +Qm`b /2 H� b�BbQM kyR3X

UR3 DQm`bVX SQm` 6R- H� /2bi`m+iBQM /2 HǶ2M?2`#2K2Mi �m T`BMi2KTb `2i�`/2 HǶ�TT�`BiBQM /m
bi`2bb ?v/`B[m2 /2 Rk DQm`b- /2 Rd DQm`b TQm` 6k- 2i /2 kR DQm`b TQm` 6j UeXdVX

G� 6B;m`2 eXR9 T2`K2i /2 pBbm�HBb2` HǶ�TT�`BiBQM /2 H� +QMi`�BMi2 ?v/`B[m2 �m +Qm`b /2 H�
b�BbQM- 2i /2 +QKT�`2` H2b /Bzû`2Mi2b 7Qbb2b 2i KQ/�HBiûb 2Mi`2 2HH2bX G� #�M/2 `Qm;2 bm` H�
T�`iB2 BM7û`B2m`2 /2 +?�[m2 +?`QMQHQ;B2 K�`[m2 H� T`ûb2M+2 /ǶmM bi`2bb ?v/`B[m2 U6haq
I y-9V 2i H2 i`�Bi MQB` K�`[m2 H� /�i2 /Ƕ�TT�`BiBQM /m bi`2bb �m +Qm`b /2 H� b�BbQMX G�
h�#H2 eX3 T`ûb2Mi2 H2 MQK#`2 /2 DQm`b /2 bi`2bb bm#B T�` H� pB;M2 TQm` H2b /Bzû`2Mi2b 7Qbb2b
2i KQ/�HBiûb 2Mi`2 H2 R2` �p`BH 2i H2 jR P+iQ#`2 UbQBi kRj DQm`bVX

G2 MQK#`2 /2 DQm`b /2 bi`2bb 2bi bvbiûK�iB[m2K2Mi H2 THmb ûH2pû TQm` 6R 2i H2 THmb 7�B#H2
TQm` 6jX G2 K�BMiB2M /2 HǶ2M?2`#2K2Mi 7�pQ`Bb2 û;�H2K2Mi bvbiûK�iB[m2K2Mi HǶ�m;K2Mi�@
iBQM /m MQK#`2 /2 DQm`b /2 bi`2bbX G� T`Bb2 2M +QKTi2 /2b �TTQ`ib /Ƕ2�m T�` `mBbb2HH2K2Mi

h�#H2 eX3 Ĝ LQK#`2 /2 DQm`b /2 bi`2bb U6haq I y-9V bm#Bi T�` H� pB;M2 2Mi`2 H2 R2` �p`BH
2i H2 jR P+iQ#`2 kyR3X

6Qbb2 h`�p�BH hQMi2 h`�p�BH �p�H hQMi2 �p�H
6R NR Ryd
6k 38 Ry8
6j dd N3 d8 Nd
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6B;m`2 eXR8 Ĝ aBKmH�iBQM /2 H� 6haq /2 H� pB;M2 bm` HǶ�MMû2 kyR3 TQm` H2b /Bzû`2Mi2b
7Qbb2b 2i KQ/�HBiû /Ƕ2M?2`#2K2MiX 1M p2`i- H� +B#H2 /ǶBiBMû`�B`2 ?v/`B[m2 QTiBK�H pBbûX

h�#H2 eXN Ĝ SQm+2Mi�;2 /2 DQm`b /�Mb H� +B#H2 /2 6haq TQm` H� pB;M2 2Mi`2 H2 R2` �p`BH
2i H2 jR P+iQ#`2 kyR3X

6Qbb2 h`�p�BH hQMi2 h`�p�BH �p�H hQMi2 �p�H
6R e8 W 8y W
6k ekXR W ekXR W
6j eyXj W e8XN W 8NXj W e8XN W

bm` H� T�`iB2 �p�H TQm` 6j /BKBMm2 /2 R ¨ k H2 MQK#`2 /2 DQm`b /2 bi`2bbX G2b +QM/BiBQMb
?v/`B[m2b H2b THmb bi`2bb�Mi2b bQMi `2M+QMi`û2b TQm` 6R �p2+ K�BMiB2M /2 HǶ2M?2`#2K2Mi-
�p2+ Ryd DQm`b /2 bi`2bb bm` kRj DQm`b- bQBi T`ĕb /2 8y W /2 DQm`b /2 bi`2bb �m +Qm`b /2 H�
b�BbQMX �p2+ H� KāK2 KQ/�HBiû- 6k T`ûb2Mi2 û;�H2K2Mi /2b +QM/BiBQMb /2 bi`2bb BKTQ`i�Mi
�p2+ Ry8 DQm`b /2 bi`2bbX

*QKK2 MQmb �pQMb Tm H2 pQB` T`û+û/2KK2Mi- /�Mb H2 +�/`2 /2 H� T`Q/m+iBQM pBiB+QH2- H�
+QMi`�BMi2 ?v/`B[m2 2bi mM 7�+i2m` /2 [m�HBiû /2 H� T`Q/m+iBQM /2 pBM `Qm;2X �m +Qm`b /2
H� b�BbQM- H2 KQK2Mi /Ƕ�TT�`BiBQM /2 H� +QMi`�BMi2 2M 7QM+iBQM /2 H� T?ûMQHQ;B2 /2 H� pB;M2
2bi mM ûHûK2Mi +HûX .�Mb +2 +�/`2- mM 2t2KTH2 /ǶBiBMû`�B`2 /2 +QMi`�BMi2 ?v/`B[m2 QTiBK�H
� ûiû /û}MB US2HH2;`BMQ 2i �HX- kyyeV 2M 7QM+iBQM /m +�H2M/`B2` T?ûMQHQ;B[m2 /2 H� pB;M2 ,
T�b Qm T2m /2 +QMi`�BMi2 ?v/`B[m2 /m /û#Qm``2K2Mi U/û#mi �p`BHV ¨ H� ~Q`�BbQM UKB@CmBMV-
TmBb BMbi�HH�iBQM T`Q;`2bbBp2 /ǶmM2 +QMi`�BMi2 KQ/û`û2 Dmb[mǶ¨ H� pû`�BbQM U/û#mi �QȿiV 2i
+QMi`�BMi2 K�`[mû2 T2M/�Mi H� K�im`�iBQM Dmb[mǶ�mt p2M/�M;2b U}M a2Ti2K#`2 2i /û#mi
P+iQ#`2V 2i mM `2iQm` /2b THmB2b �T`ĕb H� `û+QHi2X lM i2H BiBMû`�B`2 /2 bi`2bb ?v/`B[m2
/ûT2M/ /2b �K#BiBQMb /m pBiB+mHi2m` 2M i2`K2b /2 [m�HBiû 2i /2 `2M/2K2Mi �ii2M/m bm` b2b
T�`+2HH2bX GǶBiBMû`�B`2 +B#H2 T`ûb2Miû bm` H� 6B;m`2 eXR8 2bi mM 2t2KTH2 /ǶBiBMû`�B`2 TQm`
mM2 +QM/mBi2 [m�HBi�iBp2X

G� 6B;m`2 eXR8 KQMi`2 H2b BiBMû`�B`2b ?v/`B[m2b /2 H� pB;M2 U6haqV �m +Qm`b /2 HǶ�MMû2
kyR3 TQm` H2b /Bzû`2Mi2b 7Qbb2b 2i KQ/�HBiûb /Ƕ2M?2`#2K2Mi- bmT2`TQbû2b ¨ mM BiBMû`�B`2



eX9X �TTHB+�iBQM ¨ T�`iB` /2 b+ûM�`BQb +HBK�iB[m2b R88

+B#H2X G� h�#H2 eXN T`ûb2Mi2 H2 TQm`+2Mi�;2 /2 DQm`b /�Mb HǶBiBMû`�B`2 +B#H2 TQm` +?�+mM
/2b +�b bBKmHûbX G2 KQBMb #QM b+Q`2 Q#i2Mm 2bi /2 8y W TQm` 6R �p2+ 2M?2`#2K2Mi
K�BMi2Mm UKQ/�HBiû ykVX G2 K2BHH2m` b+Q`2 2bi e8-N W Q#i2Mm T�` 6j �p2+ 2M?2`#2K2Mi
Ub�Mb /Bzû`2M+2 2Mi`2 H� T�`iB2 �KQMi UykV 2i �p�H Uy9VVX 6R Q#iB2Mi mM K2BHH2m` b+Q`2 Ue8
WV HQ`b[m2 HǶ2M?2`#2K2Mi 2bi /ûi`mBi �m T`BMi2KTbX �m +QMi`�B`2- 6j Q#iB2Mi mM b+Q`2 THmb
7�B#H2 Uey-jWV /�Mb H� KāK2 bBim�iBQMX .�Mb iQmb H2b +�b- 6k Q#iB2Mi mM b+Q`2 BMi2`Kû/B�B`2
2Mi`2 6R 2i 6j Uek-R WV 2i +2 b+Q`2 MǶ2bi T�b BKT�+iû T�` H� KQ/�HBiû /Ƕ2M?2`#2K2MiX

*2b `ûbmHi�ib �TT�`�Bbb2Mi +Q?û`2Mib pBb@¨@pBb /m 7QM+iBQMM2K2Mi /2 H� pB;M2- HǶ�MMû2 kyR3
�v�Mi +QMbiBimû mM2 #QMM2 �MMû2 /m TQBMi /2 pm2 /2b pB;M2`QMb U:2Mv �M/ J�`+?�H- kyR3VX

eX9 �TTHB+�iBQM ¨ T�`iB` /2 b+ûM�`BQb +HBK�iB[m2b

GǶBMiû`āi /ǶmM KQ/ĕH2 +QKK2 "Aaq�h T2mi āi`2 /2 bBKmH2` H2 #BH�M ?v/`B[m2 TQm` /2b
+QM/BiBQMb Q#b2`pû2b- K�Bb �mbbB TQm` /2b bBim�iBQMb /Bzû`2Mi2bX .ĕb HQ`b [m2 H2b bBKmH�iBQMb
MQmb T�`�Bbb2Mi +Q``2+i2b bm` MQi`2 bBi2 /Ƕûim/2- MQmb T`QTQbQMb T�` H� bmBi2 /2 T`Q/mB`2 2i
/Ƕ�M�Hvb2` H2b `ûbmHi�ib bBKmHûb TQm` /2mt b+ûM�`BQb +HBK�iB[m2b +QMi`�biûb bm` +2 bBi2 TQm`
H� KQ/�HBiû /Ƕ2Mi`2iB2M T�` H2 i`�p�BH /m bQH ¨ T�`iB` /m /û#mi /m KQBb /2 K�B UKQ/�HBiû
yRVX

.2 H� KāK2 K�MBĕ`2 [m2 T`û+û/2KK2Mi TQm` kyR3- MQmb i`�p�BHHQMb bm` H2b �MMû2b pBiB+QH2b
2M +QMbB/û`�Mi H2 /û#mi /2 HǶ�MMû2 L H2 R2` LQp2K#`2 /2 HǶ�MMû2 L@R 2i H� }M H2 jR P+iQ#`2
/2 HǶ�MMû2 LX 1Mi`2 H2 R2` C�MpB2` ky9e 2i H2 jR .û+2K#`2 ky8y- MQmb /BbTQbQMb /2 9 �MMû2b
pBiB+QH2b +QKTHĕi2b Uky9d ¨ ky8yVX G2 /û#mi /2 HǶ�MMû2 ky9e � ûiû miBHBbû2 �}M /ǶBMBiB�HBb2`
H2 KQ/ĕH2X G2b bBKmH�iBQMb "Aaq�h QMi ûiû 7�Bi2b TQm` +?�+mM2 /2b a6l 6R- 6k 2i 6j
miBHBbûb T`û+û/2KK2Mi 2M kyR3X

eX9XR S`QD2+iBQMb +HBK�iB[m2b

G2b b+ûM�`BQb +HBK�iB[m2b 7mim`b QMi ûiû Q#i2Mmb 2M miBHBb�Mi mM KQ/ĕH2 +HBK�iB[m2 `û@
;BQM�H U_*JV /m T`QD2i 1l_P@*P_.1sX G2 MQK#`2 /2 bBKmH�iBQMb /BbTQMB#H2b ûi�Mi
i`ĕb BKTQ`i�Mi- MQmb �pQMb +QMi`�BMi MQi`2 `2+?2`+?2 ¨ mM2 bBKmH�iBQM ¨ mM T�b /2 i2KTb
DQm`M�HB2` T`QTQb�Mi H2b i`QBb p�`B�#H2b Mû+2bb�B`2b , T`û+BTBi�iBQMb- i2KTû`�im`2 KQv2MM2
/2 HǶ�B` �m MBp2�m /m bQH 2i ûp�TQi`�MbTB`�iBQM /2 `û7û`2M+2X LQmb �pQMb `2i2Mm H� bBKm@
H�iBQM `û�HBbû2 T�` H2 aJ>A Uar2/Bb? J2i2Q`QHQ;B+�H �M/ >v/`QHQ;B+�H AMbiBimi2- _Qbb#v
*2Mi`2V 2M kyRj bm` HǶ2KT`Bb2 /2 HǶ1m`QT2 U1l_@RRV ¨ mM2 `ûbQHmiBQM /2 y-RRê �p2+ H2
KQ/ĕH2 _*9 U/`BpBM; KQ/2H , *L_J@*1_6�*a@*L_J@*J8V TQm` HǶ2Mb2K#H2 `RBRTRX
S�`KBb H2b [m�i`2 T`Q}Hb `2T`ûb2Mi�iB7b /ǶûpQHmiBQM /2 +QM+2Mi`�iBQM U_*S- _2T`2b2Mi�@
iBp2 *QM+2Mi`�iBQM S�i?r�vV ûi�#HBb T�` H2 :`QmT2 /Ƕ2tT2`ib BMi2`;Qmp2`M2K2Mi�H bm`
HǶûpQHmiBQM /m +HBK�i U:A1*- kyR8V- MQmb �pQMb `2i2Mm /2mt b+2M�`BB ,

ě _*S9X8 , G2b bi`�iû;B2b /2 `û/m+iBQM /2b ûKBbbBQMb /2 ;�x ¨ 2z2i /2 b2``2 2Mi`�ŗM2Mi
mM2 bi�#BHBb�iBQM /m 7Q`Ï�;2 `�/B�iB7 ¨ 9-8 qfKk �p�Mi kRyy U:A1*- kyR8VX

ě _*S3X8 , GǶ�m;K2Mi�iBQM /2b ûKBbbBQMb /2 ;�x ¨ 2z2i /2 b2``2 bB;MB}2 [m2 H2 7Q`Ï�;2
`�/B�iB7 �ii2BM/`� 3-8 qfKk 2M kRyy U:A1*- kyR8VX *2 b+ûM�`BQ 2bi H2 THmb T`Q+?2
/2b i2M/�M+2b �+im2HH2K2Mi K2bm`û2b /�Mb H2b +QM+2Mi`�iBQMb /2 ;�x ¨ 2z2i /2 b2``2X



R8e *?�TBi`2 eX JQ/ûHBb�iBQM /m bi�imi ?v/`B[m2 /2 H� pB;M2

h�#H2 eXRy Ĝ .QMMû2b KûiûQ`QHQ;B[m2b bBKmHû2b TQm` H2b �MMû2b ky9e ¨ ky8y TQm` H2b
b+2M�`BB _*S 9X8 2i 3X8X

_*S �MMû2 S`û+BTBi�iBQMb
�MMm2HH2b iQi�H2b

(KK)

1hy �MMm2HH2 iQi�H2
(KK)

h2KTû`�im`2
KQv2MM2 �MMm2HH2

ky9e RyNy dky RRXj
ky9d NNN 3y3 RjXy
ky93 N9e 3yj RkXe
ky9N RRRj d9j RkXR

_*S 9X8

ky8y 3jk 38e RkXe
ky9e RyRe d89 RkXR
ky9d RjRe d99 RkXN
ky93 Nj9 39k RjXy
ky9N RyRd 3jN RjXR

_*S 3X8

ky8y Ryje 3RR RjXy

h�#H2 eXRR Ĝ ai�iBbiB[m2b /2b+`BTiBp2b /2b /QMMû2b KûiûQ`QHQ;B[m2b bBKmHû2b /2 ky9e ¨
ky8y TQm` H2b b+2M�`BB _*S 9X8 2i 3X8X

_*S __nKQv __nb/ 1hynKQv 1hynb/ hKnKQv hKnb/
_*S 9X8 NNe RR9 d3e 89 RkXj yXd
_*S 3X8 Rye9 R9e dN3 9e RkX3 yX9

.2b `ûbmHi�ib /2 bBKmH�iBQM /2 +2b T`QD2+iBQMb +HBK�iB[m2b bQMi KBb ¨ /BbTQbBiBQM bm` H2
bBi2 /2 HǶ1a:6 U1�`i? avbi2K :`B/ 62/2`�iBQM c ?iiTb,ff2b;7@MQ/2XBTbHXmTK+X7`fT`QD2+ibf
+Q`/2t@BTbHf V bQmb 7Q`K2 /2 }+?B2`b L2i*.6 UL2irQ`F *QKKQM .�i� 6Q`KV +Q``2bTQM@
/�Mi B+B ¨ mM 2KTBH2K2Mi /2 /�HH2b `�bi2` ¨ mM T�b /2 i2KTb DQm`M�HB2`X G2b p�`B�#H2b /2
T`û+BTBi�iBQMb- i2KTû`�im`2 KQv2MM2 /2 HǶ�B` �m MBp2�m /m bQH 2i ûp�TQi`�MbTB`�iBQM /2
`û7û`2M+2 QMi ûiû 2ti`�Bi2b TQm` H2 TBt2H +Q``2bTQM/�Mi �m bBi2 /Ƕûim/2 /m *?�i2�m *�T2i@
:mBHHB2` �}M /ǶQ#i2MB` mM2 bû`B2 i2KTQ`2HH2 TQm` +2b i`QBb p�`B�#H2b bm` H� Tû`BQ/2 ky9e ¨
ky8y TQm` +?�+mM /2b /2mt b+2M�`BBX

G2b T`û+BTBi�iBQMb �MMm2HH2b iQi�H2b KQv2MM2b KQ/ûHBbû2b T�` H2 _*J bm` H� Tû`BQ/2 ky9e
¨ ky8y bQMi `2bT2+iBp2K2Mi /2 NNe KK UǬ RR9 KK /Ƕû+�`i@ivT2V 2i Rye9 KK UǬ R9e
KK /Ƕû+�`i@ivT2V TQm` H2b b+2M�`BB _*S 9X8 2i _*S 3X8X am` H� KāK2 Tû`BQ/2- H2b 1hy
�MMm2HH2b iQi�H2b KQv2MM2b bQMi `2bT2+iBp2K2Mi /2 d3e KK UǬ 89 KK /Ƕû+�`i@ivT2V 2i
dN3 KK UǬ 9e KK /Ƕû+�`i@ivT2V c 2i H2b i2KTû`�im`2b KQv2MM2b �MMm2HH2b bQMi /2 Rk-jê*
UǬ y-d KK /Ƕû+�`i@ivT2V 2i Rk-3ê* UǬ y-9 KK /Ƕû+�`i@ivT2V U`2bT2+iBp2K2Mi TQm` _*S
9X8 2i _*S 3X8VX

https://esgf-node.ipsl.upmc.fr/projects/cordex-ipsl/
https://esgf-node.ipsl.upmc.fr/projects/cordex-ipsl/
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6B;m`2 eXRe Ĝ .B�;`�KK2b QK#`Qi?2`KB[m2b /2b �MMû2b ky9e ¨ ky8y TQm` H2b b+ûM�`BB _*S 9X8 2i 3X8X
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h�#H2 eXRk Ĝ 6haq KQv2M /2 H� pB;M2 2Mi`2 H2 R2` �p`BH 2i H2 jR P+iQ#`2 TQm` H2b b+2M�`BB
_*S 9X8 2i 3X8 2Mi`2 ky9d 2i ky8yX

6Qbb2 a+2M�`BQ JQv2MM2 1i2M/m2 ky9d ky93 ky9N ky8y
`+T98 yXeyR yXk89 yX8kN yXeRk yXd8N yX8y86R
`+T38 yXeeN yXke8 yX3yR yXe8d yX8je yXe3y
`+T98 yXekN yXjR8 yX8dN yXe9k yX3y9 yX93N6k
`+T38 yXede yXkdR yX3yd yXe83 yX8je yXdy8
`+T98 yXedy yXjy9 yXekd yXe3N yX3j9 yX8jy6j
`+T38 yXdRe yXk8k yX3jd yXeN8 yX838 yXd93

G2b /B�;`�KK2b QK#`Qi?2`KB[m2b TQm` H2b �MMû2b ky9e ¨ ky8y T2`K2ii2Mi /2 pBbm�HBb2`
H� `ûT�`iBiBQM /2 H� THmpBQKûi`B2 �m +Qm`b /2 HǶ�MMû2 TQm` H2b /2mt b+2M�`BB +HBK�iB[m2b
`2i2Mmb U6B;m`2 eXReVX SQm` H2 b+ûM�`BQ _*S 9X8- H� THmpBQKûi`B2 2bi T`BM+BT�H2K2Mi `û@
T�`iB2 bm` H2b KQBb /Ƕ?Bp2` 2i /m /û#mi /m T`BMi2KTb- 2i ¨ T�`iB` /m KQBb /2 DmBM bQMi THmb
7�B#H2b Dmb[mǶ�m KQBb /ǶQ+iQ#`2X GǶûiû +QMbiBim2 mM2 b�BbQM [mB MǶ2bi T�b p`�BK2Mi bĕ+?2
�p2+ �m KBMBKmK jy KK /2 THmB2 T�` KQBbX PM Q#b2`p2 mM2 7Q`i2 p�`B�#BHBiû /2 H� THm@
pBQKûi`B2 , HǶ�MMû2 ky9e �TT�`�ŗi +QKK2 mM2 �MMû2 i`ĕb �ivTB[m2 �p2+ /2b T`û+BTBi�iBQMb
+QM+2Mi`û2b 2Mi`2 H2 KQBb /2 K�B 2i /ǶQ+iQ#`2 U2Mi`2 Ny 2i Rjy KK T�` KQBbVX G2 b+ûM�`BQ
_*S 3X8 KQMi`2 mM2 `ûT�`iBiBQM /2b T`û+BTBi�iBQMb /�Mb HǶ�MMû2 2M+Q`2 THmb p�`B�#H2 �p2+
T�` 2t2KTH2 /2b KQBb i`ĕb THmpB2mt UTHmb /2 kRy KKV bm` H2b �MMû2b ky9d 2i ky8yX

eX9Xk _ûbmHi�ib

G� 6B;m`2 eXRd T`ûb2Mi2 H2b p�`B�iBQMb /Ƕ2�m i`�MbTB`�#H2 TQm` H� pB;M2 U�haqV �m +Qm`b
/2b 9 �MMû2b +QMbû+miBp2b /2 bBKmH�iBQMb �p2+ "Aaq�h bm` H2b T`QD2+iBQMb +HBK�iB[m2b
/2b b+2M�`BQb _*S 9X8 2i 3X8X G2b p�H2m`b K�tBK�H2b /Ƕ�haq bQMi #Q`Mû2b T�` H� hhaq
/2 +?�+mM2 /2b a6l [mB 2bi H� KāK2 [m2 TQm` H2b bBKmH�iBQMb bm` HǶ�MMû2 kyR3- +�` H2b
T�`�Kĕi`2b /2 bQH MǶQMi T�b +?�M;ûX PM Q#b2`p2 [m2 HǶ�haq �ii2BMi bQM K�tBKmK +?�[m2
�MMû2 T2M/�Mi H� Tû`BQ/2 ?Bp2`M�H2X 1HH2 /BKBMm2 ¨ H� }M /m T`BMi2KTb TQm` �``Bp2` ¨ bQM
KBMBKmK 2M }M /Ƕûiû �p2+ mM2 �KTH2m` [mB /ûT2M/ /2 HǶ�MMû2 2i /2 H� a6lX SQm` H2
b+ûM�`BQ _*S 9X8- QM `2K�`[m2 [m2 H� bBKmH�iBQM bm` ky9N KQMi`2 mM2 7�B#H2 /BKBMmiBQM
/2 HǶ�haq �m +Qm`b /2 HǶûiû- �p2+ /2b p�H2m`b [mB MǶ�ii2B;M2Mi T�b H2 b2mBH /2 bi`2bb U6haq
4 y-9V TQm` 6k 2i 6jX .2 KāK2 TQm` H2 b+ûM�`BQ _*S 3X8- HQ`b /2 H� bBKmH�iBQM bm` ky9d-
H� /BKBMmiBQM /Ƕ�haq 2bi /2 7�B#H2 �KTH2m` 2i /2 +Qm`i2 /m`û2 T�` `�TTQ`i �mt �MMû2b
bmBp�Mi2bX

G� h�#H2 eXRk T`ûb2Mi2 H2b p�H2m`b KQv2MM2b /2 6haq bBKmHû2b 2Mi`2 H2 R2` �p`BH 2i H2
jR P+iQ#`2 TQm` H2b /Bzû`2Mi2b a6l- �MMû2b 2i b+2M�`BB +HBK�iB[m2bX G2b 6haq bBKmHû2b
bQMi `2H�iBp2K2Mi p�`B�#H2b /ǶmM2 �MMû2 ¨ HǶ�mi`2 2i /ǶmM b+ûM�`BQ ¨ HǶ�mi`2 , HǶûi2M/m2
/2b 6haq KQv2Mb 2bi 2Mi`2 y-k8k 2i y-jR8X am` H2b [m�i`2 �MMû2b bBKmHû2b- H� KQv2MM2
/2b 6haq KQv2Mb 2bi bvbiûK�iB[m2K2Mi THmb 7�B#H2 TQm` 6R 2i THmb 7Q`i2 TQm` 6j- TQm`
H2 _*S 9X8 2i 3X8X .2 THmb- [m2HH2 [m2 bQBi H� a6l- H� KQv2MM2 /2b 6haq KQv2M 2bi
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RCP 8.5

Type ATSW Stress TTSW Fosse F1 F2 F3

6B;m`2 eXRd Ĝ aBKmH�iBQM /2 HǶ2�m /BbTQMB#H2 TQm` H� pB;M2 U�haqV TQm` 6R- 6k 2i 6j
TQm` H2b T`QD2+iBQMb /2b �MMû2b ky9d ¨ ky8y b2HQM H2b b+2M�`BB _*S 9X8 2i 3X8X



Rey *?�TBi`2 eX JQ/ûHBb�iBQM /m bi�imi ?v/`B[m2 /2 H� pB;M2

h�#H2 eXRj Ĝ LQK#`2 /2 DQm`b /2 bi`2bb U6haq I y-9V bm#B T�` H� pB;M2 2Mi`2 H2 R2` �p`BH
2i H2 jR P+iQ#`2X

6Qbb2 a+2M�`BQ JQv2MM2 1i2M/m2 ky9d ky93 ky9N ky8y
`+T98 eeX8 d8 Nd 8k kk N86R
`+T38 8jXk 8N Rd e9 de 8e
`+T98 8NX8 N8 3y ej y N86k
`+T38 99Xk 3y 8 8R 38 je
`+T98 93X8 3N eN je y 3N6j
`+T38 jjXy dj y jN dj ky

h�#H2 eXR9 Ĝ S`2KB2` DQm` /Ƕ�TT�`BiBQM /2 bi`2bb U6haq I y-9V bm#B T�` H� pB;M2 TQm`
H2b /Bzû`2Mi2b 7Qbb2b 2i KQ/�HBiû 2Mi`2 H2 R2` �p`BH 2i H2 jR P+iQ#`2X

6Qbb2 a+ûM�`BQ JQv2MM2 ky9d ky93 ky9N ky8y
`+T98 kd DmH yd DmH kR DmH Rj b2T yd DmH6R
`+T38 ye �Qȿ ke �Qȿ k8 DmH ky DmH R8 �Qȿ
`+T98 k3 DmH yk �Qȿ yN �Qȿ RR DmH6k
`+T38 Re �Qȿ ye b2T yd �Qȿ k8 DmH kd �Qȿ
`+T98 yd �Qȿ Rj �Qȿ kR �Qȿ RN DmH6j
`+T38 k8 �Qȿ RN �Qȿ ye �Qȿ RN b2T

bvbiûK�iB[m2K2Mi THmb ûH2pû2 TQm` H2 _*S 3X8 [m2 H2 _*S 9X8X SQm` H2b /2mt b+2M�`BB- H2b
ûi2M/m2b /2 6haq KQv2M KQMi`2Mi H� THmb 7Q`i2 p�`B�#BHBiû bBKmHû2 TQm` 6k 2i H� THmb
7�B#H2 TQm` 6RX

G� h�#H2 eXRj KQMi`2 H2 MQK#`2 /2 DQm`b /2 bi`2bb bBKmHû bm#B T�` H� pB;M2 2Mi`2 H2 R2`�
�p`BH 2i H2 jR P+iQ#`2X G� a6l 6RT`ûb2Mi2 bvbiûK�iB[m2K2Mi mM THmb ;`�M/ MQK#`2 /2
DQm`b /2 bi`2bb [m2 6k- �HQ`b [m2 6j 2bi H2 bBi2 [mB 2M TQbbĕ/2 bvbiûK�iB[m2K2Mi H2 KQBMbX
1M KQv2MM2- H2 b+ûM�`BQ _*S 9X8 +QM/mBi ¨ mM THmb ;`�M/ MQK#`2 /2 DQm`b /2 bi`2bb [m2
H2 _*S 3X8X SQm` H2b /2mt b+2M�`BB- H2b ûi2M/m2b /m MQK#`2 /2 DQm`b /2 bi`2bb KQMi`2Mi H�
THmb 7Q`i2 p�`B�#BHBiû TQm` 6k 2i H� THmb 7�B#H2 TQm` 6RX

G� h�#H2 eXR9 BM/B[m2 H� /�i2 /Ƕ�TT�`BiBQM /m T`2KB2` DQm` /2 bi`2bb bBKmHû TQm` +?�[m2
a6l 2i +?�[m2 b+ûM�`BQ +HBK�iB[m2X SQm` H2b /2mt b+2M�`BB +HBK�iB[m2b- H2 bi`2bb ?v/`B[m2
�TT�`�ŗi iQmDQm`b H2 THmb T`û+Q+2K2Mi TQm` 6R 2i H2 THmb i�`/Bp2K2Mi TQm` 6jX SQm` H2b
i`QBb a6l- H2 bi`2bb �TT�`�ŗi 2M KQv2MM2 THmb iƬi TQm` H2 _*S 9X8 [m2 TQm` H2 _*S 3X8X

G� 6B;m`2 eXRN T`ûb2Mi2 H2b BiBMû`�B`2b ?v/`B[m2b bBKmHûb TQm` H2b i`QBb a6l bm` H2b /2mt
b+2M�`BB +HBK�iB[m2bX G2b +Qm`#2b /2 6haq bQMi bmT2`TQbû2b �p2+ H� +B#H2 /ǶBiBMû`�B`2
QTiBK�H miBHBbû T`û+û/2KK2Mi bm` H� bBKmH�iBQM /2 HǶ�MMû2 kyR3X G� h�#H2 eXR8 T`ûb2Mi2
TQm` +?�[m2 +QK#BM�BbQM H� T`QTQ`iBQM /2 DQm`b /�Mb H� +B#H2 2Mi`2 H2 R2` �p`BH 2i H2 jR
P+iQ#`2X 1M KQv2MM2- 6k Q#iB2Mi mM K2BHH2m` b+Q`2 T�` `�TTQ`i �mt /2mt �mi`2b a6lX
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6B;m`2 eXRN Ĝ *QKT�`�BbQM /2b bBKmH�iBQMb /2 6haq /2 H� pB;M2b 2Mi`2 ky9d 2i ky8y
TQm` H2b b+2M�`BB _*S 9X8 2i 3X8X 1M p2`i- H� +B#H2 /ǶBiBMû`�B`2 ?v/`B[m2 QTiBK�H pBbûX



Rek *?�TBi`2 eX JQ/ûHBb�iBQM /m bi�imi ?v/`B[m2 /2 H� pB;M2

h�#H2 eXR8 Ĝ SQm+2Mi�;2 /2 DQm`b /�Mb H� +B#H2 /2 6haq TQm` H� pB;M2 2Mi`2 H2 R2` �p`BH
2i H2 jR P+iQ#`2 TQm` H2b b+2M�`BB _*S 9X8 2i 3X8 2Mi`2 ky9d 2i ky8yX

6Qbb2 a+2M�`BQ JQv2MM2 1i2M/m2 ky9d ky93 ky9N ky8y
`+T98 9yX3W kdXeW 9dXdW j8X8W keXkW 8jXdW6R
`+T38 9jXdW 9RXeW RdX3W 9jXNW 8NXjW 8jXdW
`+T98 9eXjW 88XeW 8dX8W 93XeW RRXdW edXjW6k
`+T38 9eX3W edXjW RyXdW 89XdW d3XyW 9jXNW
`+T98 99X8W dkXyW 8yXNW j9XeW RyXjW 3kXkW6j
`+T38 9yX3W dRXyW eXRW 9NXRW ddXRW jyX3W

*2T2M/�Mi H2b p�H2m`b KQv2MM2b /2 b+Q`2 bQMi `2H�iBp2K2Mi T`Q+?2b U2M 9y 2i 9d WV 2i H2
/ûi�BH T`ûb2Mi2 mM2 7Q`i2 p�`B�#BHBiû BMi2`@�MMm2HH2 , H2b bBKmH�iBQMb bm` 6j KQMi`2Mi H2b
THmb 7Q`ib û+�`ib /2 b+Q`2 TQm` H2b /2mt b+2M�`BB UTHmb /2 dy WV- �HQ`b [mǶBHb bQMi H2b THmb
7�B#H2b TQm` 6RX

eX8 .Bb+mbbBQM

eX8XR am` H2b 7Q`+2b 2i 7�B#H2bb2b /m KQ/ĕH2 "Aaq�h

*2 i`�p�BH /2 `2+?2`+?2 � TQm` Q#D2+iB7 /Ƕ�TT`û?2M/2` H� /m`�#BHBiû 2i HǶ�/�Ti�#BHBiû /2
pB;MQ#H2b 7�+2 �mt +?�M;2K2Mib ;HQ#�mtX GǶ?vTQi?ĕb2 7QM/�i`B+2 2bi [mǶmM2 +QMM�Bbb�M+2
�TT`Q7QM/B2 /2b bQHb 2i /2 H2m` ;ûQKûi`B2 +QMbiBim2 mM ûHûK2Mi@+Hû TQm` T`Q;`2bb2` p2`b
+2i Q#D2+iB7X G2 KQ/ĕH2 "Aaq�h T2`K2i /ǶBMiû;`2` mM2 /2b+`BTiBQM }M2 /m bQH ¨ i`�p2`b H�
T`Bb2 2M +QKTi2 /2 H� ;ûQKûi`B2 /2b ?Q`BxQMb 2i /2b pQHmK2b `�+BM�B`2b T`QbT2+iûb T�` H2b
/2mt TH�Mi2b +QMbB/û`û2bX G2 `ûbmHi�i T`BM+BT�H /m KQ/ĕH2- H� 7`�+iBQM /Ƕ2�m i`�MbTB`�#H2
T�` H� pB;M2 U6haqV- 2bi mM2 p�`B�#H2 /ǶBMiû`āi TQm` H2 pBiB+mHi2m`- +�` BH 2bi /B`2+i2K2Mi
HBû �m bi�imi ?v/`B[m2 /2 H� pB;M2 UBX2X aq1S- S2HH2;`BMQ 2i �HX- kyyeVX

GǶQmiBH /2 KQ/ûHBb�iBQM T2`K2i /2 bǶ�z`�M+?B` /2 K2bm`2b bvbiûK�iB[m2b U/�Mb HǶ2bT�+2
2i H2 i2KTbV 2M KāK2 i2KTb [mǶBH T2`K2i /ǶQ#i2MB` /2b BM7Q`K�iBQMb ¨ 7Q`i TQi2MiB2H /2
i`�MbTQbBiBQMX G� MQiBQM /2 a6l T`ûb2Miû2 /�Mb H2b +?�TBi`2b T`û+û/2Mib �TT�`�ŗi �HQ`b
+QKK2 mM2 #QMM2 +Hû /2 i`�MbTQbBiBQM /2b `ûbmHi�ib /2 KQ/ûHBb�iBQMX

G2 KQ/ĕH2 "Aaq�h T`ûb2Mi2 û;�H2K2Mi HǶ�p�Mi�;2 /2 TQmpQB` bBKmH2` /2b i`�D2+iQB`2b
?v/`B[m2b 2M T`2M�Mi 2M +QKTi2 /2mt 2bTĕ+2b pû;ûi�H2b- /QMi mM TQi2MiB2H 2M?2`#2K2Mi
/�Mb HǶBMi2`@`�M; /�Mb H2 +�b /2 H� pBiB+mHim`2X GǶmiBHBb�iBQM /2 "Aaq�h +QMbiBim2 /QM+ mM
QmiBH TQm` H� ;2biBQM �/�Ti�iBp2 /2b pB;MQ#H2b 2M Qmp`�Mi H� TQbbB#BHBiû /Ƕ�MiB+BT2` HǶ2z2i
/2 HǶ2M?2`#2K2Mi bm` HǶBiBMû`�B`2 ?v/`B[m2 /2 H� pB;M2 2M +Qm`b /Ƕ�MMû2 +mHim`�H2X

1M}M- HǶBMiû`āi /ǶmM i2H KQ/ĕH2 ¨ #�b2 T?vbB[m2 2bi /2 T2`K2ii`2 /2 /BbTQb2` /2 bBKmH�iBQMb
T`QbT2+iBp2b #�bû2b bm` mM2 ûpQHmiBQM T`Q#�#H2 /m +HBK�iX � iBi`2 BHHmbi`�iB7- "Aaq�h �
Tm āi`2 miBHBbû TQm` bBKmH2` H2b 2z2ib /2b b+2M�`BB +HBK�iB[m2b T`QTQbûb T�` H2 :A1* bm`
H2 pB;MQ#H2 �+im2HX .ĕb HQ`b [m2 HǶ2zQ`i /2 T�`�Kûi`Bb�iBQM � ûiû 7�Bi bm` mM bBi2 /Ƕûim/2-



eX8X .Bb+mbbBQM Rej

H2 i2KTb /ǶBMiû;`�iBQM /2b b+ûM�`BQb +HBK�iB[m2b 2bi �bb2x 7�B#H2 2i H2 MQK#`2 TQi2MiB2H /2
bBim�iBQMb i2biû2b T2mi āi`2 BKTQ`i�MiX

*2b �iQmib- H2 KQ/ĕH2 "Aaq�h H2b /QBi 2bb2MiB2HH2K2Mi �m 7�Bi [m2 bQM �TTHB+�iBQM `2TQb2
bm` HǶmiBHBb�iBQM /2 T�`�Kĕi`2b TQi2MiB2HH2K2Mi iQmb K2bm`�#H2b Qm 7�+BH2K2Mi 2biBK�#H2b ¨
T�`iB` /Ƕ2tT2`iBb2b H�`;2K2Mi T�`i�;û2bX G� KBb2 2M Q2mp`2 /2 "Aaq�h bm` H2 bBi2 /Ƕûim/2
/2 *�T2i@:mBHHB2` � KQMi`û [m2 +Ƕûi�Bi TQbbB#H2 �m T`Bt iQmi27QBb /ǶmM2 �M�Hvb2 �TT`Q7QM/B2
/m bvbiĕK2 pBiB+QH2 2i MQi�KK2Mi mM2 /2b+`BTiBQM }M2 /2b bQHb /�Mb H2b i`QBb /BK2MbBQMbX
*2i 2zQ`i /2 `û+QHi2 2i /Ƕ�M�Hvb2 /2 /QMMû2b M2 /QBi āi`2 bQmb@2biBKû �}M /2 `2Mb2B;M2`
HǶ2Mb2K#H2 /2b T�`�Kĕi`2b `2[mBb U+7X h�#H2 eXRVX

G2 KQ/ĕH2 "Aaq�h 2bi 7QM/û bm` /2b û[m�iBQMb T?vbB[m2b 2i mM2 /2b+`BTiBQM /B`2+i2 /m
KBHB2m- BH � /QM+ ûiû T�` T`BM+BT2 miBHBbû /�Mb +2 i`�p�BH b�Mb T?�b2 /2 +�H�;2X G� p�HB/�iBQM
bǶ2bi QTû`û2 T�` mM +QMi`ƬH2 /2 +Q?û`2M+2 /2b `ûbmHi�ib 2i mM2 2tT2`iBb2 Bbbm2 /ǶQ#b2`p�iBQM
BM bBimX 1M T�`iB+mHB2`- H2 +QMi`ƬH2 /2 +Q?û`2M+2 �TTQ`iû T�` H� +QKT�`�BbQM /2b ~mt /2
/`�BM�;2 bBKmHûb 2i /2 p�`B�iBQMb /2 TBûxQKûi`B[m2b b2 bQMi �pû`û2 MQp�i`B+2 2i +QM+Hm�Mi2bX

hQmi27QBb- BH �TT�`�ŗi mM TQBMi 7�B#H2 /�Mb H� `2T`ûb2Mi�iBQM /2b T`Q+2bbmb HBû ¨ H� +�T�@
+Biû /2b TH�Mi2b ¨ 2ti`�B`2 HǶ2�m /m bQHX .�Mb H� THmT�`i /2b KQ/ĕH2b /2 #BH�M ?v/`B[m2-
+2ii2 +�T�+Biû 2bi #Q`Mû2 T�` mM2 ?mKB/Biû +�`�+iû`BbiB[m2- H2 THmb bQmp2Mi T`Bb2 +QKK2
HǶ?mKB/Biû /m bQH ¨ T6 9-kX .�Mb H2 KQ/ĕH2 "Aaq�h- +2ii2 p�H2m` b2mBH T2mi āi`2 KQ/mHû2
T�` H2 T�`�Kĕi`2 αX P` +2 T�`�Kĕi`2 MǶ2bi �mDQm`/Ƕ?mB T�b 7�+BH2 ¨ `2Mb2B;M2` 2i b2K#H2
Mû+2bbBi2` mM +�H�;2 2M 7QM+iBQM /2 +QM/BiBQMb HQ+�H2bX G2b `ûbmHi�ib /2 HǶ�M�Hvb2 /2 b2M@
bB#BHBiû 2z2+im2` bm` +2 T�`�Kĕi`2 QMi KQMi`û [m2 /�Mb H2 +�b /2 MQi`2 bBi2 /Ƕûim/2 mM2
p�H2m` /2 R ûi�Bi T`û7û`�#H2 ¨ mM2 p�H2m` /2 R-9 `�TTQ`iû2 T�` /Ƕ�mi`2b �mi2m`b /2b /2
bBi2b /Bzû`2MibX .�Mb H� K2bm`2 Qɍ +2 T�`�Kĕi`2 2bi 2M T�`iB2 HBû �m K�iû`B2H pû;ûi�H 2i
H� +�T�+Biû /2b TQ`i2@;`2z2b ¨ T`ûH2p2` HǶ2�m /m bQH- mM THmb H�`;2 T�`i�;2 /Ƕ2tTû`B2M+2
/2 KQ/ûHBb�iBQM b2`�Bi ¨ QTû`2` TQm` 7�B`2 T`Q;`2bb2` HǶ2tT2`iBb2X 1M �ii2M/�Mi +2i 2zQ`i-
mM KBMBKmK /2 K2bm`2 /m bi�imi ?v/`B[m2 /2 H� pB;M2 b2`�Bi ¨ `û�HBb2` 2M pm2 /ǶmM2
�TTHB+�iBQM QTû`�iBQMM2HH2 /m KQ/ĕH2X

1M}M- bB H2 KQ/ĕH2 "Aaq�h Qz`2 mM2 /2b K2BHH2m`2b `2T`ûb2Mi�iBQMb /m bQH T�`KB H2b KQ@
/ĕH2b /2 #BH�M ?v/`B[m2 2tBbi�Mi- BH M2 `2T`ûb2Mi2 T�b HǶ2Mb2K#H2 /2b T`Q+2bbmb /2 i`�Mb72`i
/Ƕ2�mX G2b `2KQMiû2b +�TBHH�B`2b ¨ T�`iB` /ǶmM MBp2�m b�im`û M2 bQMi `2T`ûb2Miû2bX 1HH2b
T2mp2Mi āi`2 Mû;HB;û2b /�Mb /2 MQK#`2mt +�b- K�Bb T�b 7Q`+ûK2Mi /�Mb iQmb- MQi�KK2Mi
/�Mb /2b +QMi2ti2b /2 bQHb �`;BH2mt T`Q7QM/b +QKK2 +2mt /2 H� a6l U6jVX .2 KāK2 H2b
~mt H�iû`�mt /2 p2`b�Mi /�Mb H2 bQH M2 +QMbiBim2Mi T�b /2 +QM/BiBQMb �mt HBKBi2b /m T`Q}H
KQ/ûHBbûX .�Mb +2`i�BM2b +QM/BiBQMb ;ûQKQ`T?QHQ;B[m2b- BH TQm``�Bi āi`2 T2`iBM2Mi /ǶBMiû@
;`2` +2 T`Q+2bbmbX G2b p�`B�iBQMb /2 MBp2�m TBûxQKûi`B[m2 2M 6j +QKT�`û2b �mt ~mt /2
/`�BM�;2 b2K#H2Mi BM/B[m2` HǶ2tBbi2M+2 /2 +2 T`Q+2bbmb 2M }M /2 Tû`BQ/2 ?mKB/2X

eX8Xk am` H2b `ûbmHi�ib /2 KQ/ûHBb�iBQM Q#i2Mmb

GǶ�K#BiBQM /2 +2 +?�TBi`2 2tTHQ`�iQB`2 2bi /Ƕûp�Hm2` H2 TQi2MiB2H /2 H� KQ/ûHBb�iBQM- ¨ HǶ�B/2
/ǶmM QmiBH i2H [m2 "Aaq�h- ¨ 7Qm`MB` /2b ûHûK2Mib TQm` HǶ�M�Hvb2 /2 H� /m`�#BHBiû 2i /2
HǶ�/�Ti�#BHBiû /2b pB;MQ#H2b /m TQBMi /2 pm2 /2 H� `2bbQm`+2 2M 2�mX 1M T�`iB+mHB2`- TQm`
/2b bQHb /QMi H2b T`QT`Bûiûb b2`�B2Mi }tû2b- BH bǶ�;Bi /QM+ /2 bǶBMi2``Q;2` bm` H� +�T�+Biû /2



Re9 *?�TBi`2 eX JQ/ûHBb�iBQM /m bi�imi ?v/`B[m2 /2 H� pB;M2

+2b bQHb ¨ ;�`�MiB` /2b +QM/BiBQMb /2 T`Q/m+iBQM /QMMû2b 2M 7QM+iBQM /2 /Bzû`2Mib 7Q`Ï�;2b
+HBK�iB[m2b 2i /2b KQ/mH�iBQMb T2`KBb2b T�` H2b KQ/�HBiûb /Ƕ2Mi`2iB2M /m bQHX � iBi`2
BHHmbi`�iB7 bQMi T`ûb2Miûb [m2H[m2b ûHûK2Mib Bbbmb /2b bBKmH�iBQMb 2z2+imû2b bm` HǶ�MMû2
kyRd@kyR3 2i TQm` H2b b+ûM�`BQb +HBK�iB[m2bX

G2b `ûbmHi�ib /2b bBKmH�iBQMb bm` HǶ�MMû2 kyR3 KQMi`2Mi [m2 6R T`ûb2Mi2 /2b +QM/BiBQMb
?v/`B[m2b THmb +QMi`�B;M�Mi2b [m2 6k- 2HH2b@KāK2b THmb +QMi`�B;M�Mi2b [m2 6j Uh�#H2
eXe 2i 6B;m`2 eXR9V , /m`�Mi H� b�BbQM- HǶ�TT�`BiBQM /m bi`2bb ?v/`B[m2 2bi THmb T`û+Q+2
TQm` 6R 2i +2 bi`2bb 2bi K�BMi2Mm T2M/�Mi mM THmb ;`�M/ MQK#`2 /2 DQm`bX GQ`b /2b
bBKmH�iBQMb `û�HBbû2b bm` kyR3- H� T`ûb2M+2 /ǶmM 2M?2`#2K2Mi K�BMi2Mm T2M/�Mi iQmi2 H�
b�BbQM UKQ/�HBiû ykV- +QMi`B#m2 ¨ /BKBMm2` H� 6haq /2 H� pB;M2 �m +Qm`b /2 H� b�BbQM
b�Mb KQ/B}2` HǶQ`/`2 /2 +QMi`�BMi2 ?v/`B[m2 2Mi`2 H2b a6lX am` +2ii2 �MMû2 +HBK�iB[m2
T�`iB+mHBĕ`2- HǶ2z2i /m bQH bm` H2 bi`2bb ?v/`B[m2 2bi /QM+ T`ûTQM/û`�Mi bm` HǶ2z2i T`�iB[m2X

G� `2/Bbi`B#miBQM /2b 2�mt /2 bm`7�+2 �m b2BM /2b T�`+2HH2b [mB � ûiû BMiû;`û2 2M +QMi2ti2
/2 `2HB27 K�`[mû MǶ� T�b b2K#Hû �pQB` /ǶBKT�+i bm` H2b i2M2m`b 2M 2�m /m bQH 2i H2b i`�D2+@
iQB`2b ?v/`B[m2b /2 H� pB;M2 bBKmHû2bX SQm` H2 bBi2 /Ƕûim/2 H2b +B`+mH�iBQMb H�iû`�H2b /�Mb H2
bQH 2M +QM/BiBQM /2 T2Mi2 U6jV b2K#H2Mi THmb BKTQ`i�Mi2b ¨ +QMbB/û`2`X *2b /2mt TQBMib
bQMi iQmi27QBb ¨ `2TH�+2` /�Mb H2 +�/`2 +HBK�iB[m2 /2 kyyd@kyy3 �p2+ mM2 THmpBQKûi`B2
BKTQ`i�Mi2 `ûT�`iB2 bm` iQmi2 HǶ�MMû2X

GQ`b[m2 HǶQM +QKT�`2 H2b b+2M�`BB +HBK�iB[m2b _*S 9X8 2i 3X8 TQm` H2b �MMû2b ky9e ¨
ky8y Uh�#H2b eXRy 2i eXRRV �p2+ H2b /QMMû2b �+im2HH2b K2bm`û2b bm` H2 bBi2 /Ƕûim/2 Uh�#H2
eX8V- H2b T`QD2+iBQMb +HBK�iB[m2b KQMi`2Mi mM2 �m;K2Mi�iBQM /2b T`û+BTBi�iBQMb �MMm2HH2b
iQi�H2b- 2i mM2 /BKBMmiBQM /2 HǶûp�TQi`�MbTB`�iBQM TQi2MiB2HH2 �MMm2HH2 iQi�H2 2i /2 H�
i2KTû`�im`2 KQv2MM2 �MMm2HH2X .2 THmb- H2b /B�;`�KK2b QK#`Qi?2`KB[m2b /2b T`QD2+iBQMb
+HBK�iB[m2b U6B;m`2 eXReV KQMi`2Mi mM2 7Q`i2 p�`B�#BHBiû BMi2`@�MMm2HH2 /2 H� `ûT�`iBiBQM
/2b T`û+BTBi�iBQMb �m +Qm`b /2 HǶ�MMû2X .�Mb +2b +QM/BiBQMb- H2b `ûbmHi�ib /2b bBKmH�iBQMb
"Aaq�h ¨ T�`iB` /2 +2b b+2M�`BB +HBK�iB[m2b T`ûb2Mi2Mi /2b p�H2m`b /2 6haq KQv2MM2b
THmb ûH2pû2b [m2 bm` kyR3X G� 7Q`i2 p�`B�#BHBiû BMi2`@�MMm2HH2 /2b T`û+BTBi�iBQMb BM~m2M+2
iQmi27QBb 7Q`i2K2Mi H2b i`�D2+iQB`2b ?v/`B[m2b bBKmHû2b �m +Qm`b /2b b�BbQMb +mHim`�H2bX
*2`i�BM2b �MMû2b KQMi`2Mi KāK2 mM2 �#b2M+2 /2 bi`2bb ?v/`B[m2 TQm` 6k 2i 6jX G2b 6haq
KQv2MM2b Uh�#H2 eXRkV 2i H2 MQK#`2 /2 DQm`b /2 bi`2bb Uh�#H2 eXRjV b2K#H2Mi KQMi`2` mM2
`ûTQMb2 /2 6haq H� KQBMb p�`B�#H2 TQm` 6R 2i H� THmb p�`B�#H2 TQm` 6jX .�Mb H2 KāK2
i2KTb- 2M 2t�KBM�Mi H2 MQK#`2 /2 DQm`b /�Mb H� +B#H2 2M i2`K2b /2 i`�D2+iQB`2 ?v/`B[m2
TQm` H2b 9 �MMû2b /2 +HBK�i T`QD2iû- QM MQi2 TQm` 6j H2b 7Q`ib û+�`ib 2Mi`2 H� p�H2m`
KBMBK�H2 2i K�tBK�H2 URyW- eW 2i 3kW- dRW TQm` `2bT2+iBp2K2Mi _*S9X8 2i _*S3X8VX
*2i 2t2KTH2 TQm``�Bi BHHmbi`2` mM2 BMi2MbB}+�iBQM /2 HǶ2z2i KBHHûbBK2 �p2+ mM2 THmb ;`�M/2
7`û[m2M+2 /2 #QMM2b �MMû2bX

eXe *QM+HmbBQM

G2 KQ/ĕH2 "Aaq�h U"2`i`�M/ 2i �HX- kyR3V 2bi `û+2Mi /�Mb H2 T�vb�;2 /2b KQ/ĕH2b /2
#BH�M ?v/`B[m2 /2b +mHim`2bX aQM +?QBt bǶ�TTmv�Bi bm` bQM 7Q`K�HBbK2 ¨ #�b2 T?vbB[m2
2i b� /Bb+`ûiBb�iBQM /2 HǶ2bT�+2 T2`K2ii�Mi /2 ;û`2` /2mt +Qmp2`ib /�Mb mM2 T�`+2HH2 2i
/ǶBMiû;`2` /2b /QMMû2b Tû/QHQ;B[m2b /�Mb H� T`Q7QM/2m` 2M `2bT2+i�Mi H� MQiBQM /Ƕ?Q`BxQMX



eXeX *QM+HmbBQM Re8

*2 KQ/ĕH2 � ûiû BKTHûK2Miû bm` H2b a6l B/2MiB}û2b bm` H2 bBi2 /2 *�T2i@:mBHHB2` ¨ HǶ�B/2 /2b
/QMMû2b `û+QHiû2b 2i �M�Hvbû2b �mt +?�TBi`2b T`û+û/2MibX G2b bBKmH�iBQMb QMi ûiû K2Mû2b bm`
H� Tû`BQ/2 �+im2HH2- kyRd@kyR3- 2i bm` mM 7mim` b+ûM�`Bbû T�` H2 :A1* Uky9e@ky8y- *P_.1s
_*�9 _*S 9X8 2i _*S 3X8VX GǶ�TTHB+�iBQM bm` H2 T�bbû `û+2Mi � T2`KBb /Ƕ2z2+im2` mM
#QM +QMi`ƬH2 /2 +Q?û`2M+2 /m KQ/ĕH2 2i HǶ�TTHB+�iBQM ¨ T�`iB` /2 b+ûM�`BQb +HBK�iB[m2b �
T2`KBb mM T`2KB2` `2;�`/ p2`b H2b ûpQHmiBQMb TQbbB#H2b /2b i`�D2+iQB`2b ?v/`B[m2b 7mim`2b
/2b pB;MQ#H2b #Q`/2H�BbX

GǶQmiBH /2 KQ/ûHBb�iBQM bǶ2bi �pû`û T2`7Q`K�Mi 2i [m2H[m2b TBbi2b /Ƕ�KûHBQ`�iBQM QMi Tm
āi`2 T`QTQbû2b TQm` bQM ûpQHmiBQM 2i bQM miBHBb�iBQM 7mim`2X lM2 /ûK�`+?2 /ǶmiBHBb�iBQM
/2 H� KQ/ûHBb�iBQM �BMbB [m2 [m2H[m2b BM/B+�i2m`b /2biBMûb ¨ +QKT�`2` H2b `ûbmHi�ib bB@
KmHûb QMi ûiû T`QTQbûbX GǶ2tTHQ`�iBQM /ǶmM 2Mb2K#H2 /2 TQbbB#BHBiûb +HBK�iB[m2b 2i /2
T`�iB[m2b +QMbiBim2 mM2 T2`bT2+iBp2 T`QK2ii2mb2 TQm` 2M`B+?B` H2b `û~2tBQMb bm` H� /m`�@
#BHBiûf�/�Ti�#BHBiû /2b pB;MQ#H2bX



Ree *?�TBi`2 eX JQ/ûHBb�iBQM /m bi�imi ?v/`B[m2 /2 H� pB;M2



*?�TBi`2 d

*QM+HmbBQM ;ûMû`�H2

GǶ�HBK2Mi�iBQM ?v/`B[m2 2i KBMû`�H2 /2 H� pB;M2 2bi mM 7�+i2m` T`ûTQM/û`�Mi /2 H� [m�HBiû
/m pBM Uq?Bi2- kyyjVX SQm`i�Mi- /ǶmM2 T�`i +2b /2mt #2bQBMb bQMi bQmp2Mi �#Q`/ûb /2
K�MBĕ`2 /Bzû`2M+Bû2- �HQ`b [mǶBHb bQMi +QmTHûb bm` mM2 2Mi`û2 T`Q+2bbmb- 2i /Ƕ�mi`2 T�`i
+2ii2 �HBK2Mi�iBQM 2bi +QMbB/û`û2 ¨ T�`iB` /ǶmM `ûb2`pQB` bQH ?QKQ;ĕM2- �HQ`b [m2 /�Mb
#B2M /2b +�b H2 bQH 2bi +QMbiBimû /Ƕ?Q`BxQMb /Bzû`2M+BûbX *Ƕ2bi TQm`[mQB BH 2bi Mû+2bb�B`2
/2 T`Q/mB`2 /2b +QMM�Bbb�M+2b bm` H2b `2H�iBQMb 2Mi`2 H2b 7�+i2m`b Tû/Q+HBK�iB[m2b 2i H�
T`Q/m+iBQM �m pB;MQ#H2X
.�Mb H2 *?�TBi`2 9- H2b `ûbmHi�ib KQMi`2Mi [m2 H2b K2BHH2m`2b [m�HBiûb /2 pBM QMi ûiû
Q#b2`pû2b /�Mb /2b +QM/BiBQMb TQm` H2b[m2HH2b H� T`QbT2+iBQM `�+BM�B`2 bQBi H� +�T�+Biû BM@
i`BMbĕ[m2 /2 T`ûHĕp2K2Mib 2M 2�m 2i 2M ûHûK2Mib Mmi`BiB7b- MǶ2bi T�b HBKBiû2X G2b 7�+i2m`b
2tTHB+�iB7b /2 +2ii2 +QM+Q`/�M+2 `ûbB/2Mi /�Mb H2b BMi2`�+iBQMb /m bQH- /2 HǶ2�m 2i /2b `�@
+BM2b �m +Qm`b /m i2KTb U6B;m`2 dXRVX G2b +QM/BiBQMb +QMi`�B;M�Mi2b [mB QMi ûiû KBb2b 2M
ûpB/2M+2 bQMi 2bb2MiB2HH2K2Mi HBû2b bQBi ¨ H� M�im`2 /m K�iû`B�m ;ûQHQ;B[m2 bQmb@D�+2Mi-
bQBi ¨ HǶ?v/`QKQ`T?B2 T`Q7QM/2- +Ƕ2bi@¨@/B`2 H2b `2KQMiû2b /2 H� xQM2 b�im`û2 /m bQHX .�Mb
6�vQHH2 2i �HX UkyRNV 2i H2 *?�TBi`2 9- MQmb T`QTQbQMb H2 +QM+2Ti /ǶmMBiû Tû/Q7QM+iBQMM2HH2
Ua6lV �}M /2 `ûTQM/`2 ¨ +2 #2bQBM /2 +�`�+iû`Bb2` H2 bQH 2i H� +�T�+Biû /2 H� pB;M2 ¨ bǶ�HB@
K2Mi2` ;`�+2 ¨ HmBX *2b `ûbmHi�ib BKTHB[m2Mi [m2 H2b BMi2`�+iBQMb bQH@`�+BM2 2M T`Q7QM/2m`
/QBp2Mi āi`2 THmb ûim/Bû2b �}M /2 KB2mt +QKT`2M/`2 H2 HB2M 2Mi`2 H2b 7�+i2m`b /2 [m�HBiû
/m pBM 2i H2b +QM/BiBQMb /Ƕ�HBK2Mi�iBQM ?v/`B[m2 2i KBMû`�H2 /2 H� pB;M2X GǶQ#b2`p�iBQM
2i H� [m�MiB}+�iBQM /2 H� xQM2 `�+BM�B`2 `2bi2Mi �mDQm`/Ƕ?mB mM p2``Qm K�D2m` /�Mb H�
+QKT`û?2MbBQM /2 HǶ�HBK2Mi�iBQM- +�` +2b K2bm`2b bQMi BMi`mbBp2b 2i +Qȿi2mb2b 2M i2KTb
2i 2M ûM2`;B2X P#b2`p2` H� bi`m+im`2 `�+BM�B`2 /ǶmM TB2/ /2 pB;M2 BKTHB[m2 H� THmT�`i /m
i2KTb H2 b�+`B}+2 /m +2T U6B;m`2 dXRV HBKBi�Mi �BMbB H� KmHiBTHB+�iBQM /2b Q#b2`p�iBQMbX
G2b K2bm`2b /2 `ûbBbiBpBiû ûH2+i`B[m2 U*?�TBi`2 8V T2`K2ii2Mi HǶ�+[mBbBiBQM /2 /QMMû2b ¨
?�mi2 /2MbBiû bT�iB�H2X *2T2M/�Mi +2ii2 i2+?MB[m2 ;ûQT?vbB[m2 M2 T2`K2i T�b /2 b2 T�b@
b2` /ǶmM2 T`QbT2+iBQM Tû/QHQ;B[m2 +H�bbB[m2 TQm` mM2 �M�Hvb2 ivTQHQ;B[m2 /2b bQHbX lM
p2``Qm K�D2m` /�Mb HǶmiBHBb�iBQM /2b /QMMû2b �+[mBb2b �p2+ H2 Jl*1S 2bi HǶBKTQbbB#BHBiû
/ǶBMp2`b2` H2b `ûbBbiBpBiûb �TT�`2Mi2b 2M `ûbBbiBpBiûb p`�B2b �p2+ b2mH2K2Mi i`QBb û+�`i2K2Mib
/ǶûH2+i`Q/2bX *2T2M/�Mi H2 TQi2MiB2H T`QTQbû T�` +2 ivT2 /2 K2bm`2 2bi BMiû`2bb�Mi- +�`
H2b /QMMû2b /2 `ûbBbiBpBiû Q#i2Mm2b bQMi bT�iB�H2K2Mi Tb2m/Q@+QMiBMm2b 2i bQMi 2M HB2M �p2+
/2mt ivT2b /2 T�`�Kĕi`2b /m bQH , BMi`BMbĕ[m2 UivT2 /2 K�iû`B�mt- ;`�MmHQKûi`B2- 2i+XV

Red



Re3 *?�TBi`2 dX *QM+HmbBQM ;ûMû`�H2

6B;m`2 dXR Ĝ avbiĕK2 `�+BM�B`2 /ǶmM TB2/ /2 pB;M2 �m *?�i2�m *�T2i@:mBHHB2` HQ`b /2
HǶQmp2`im`2 /ǶmM2 7Qbb2 Tû/QHQ;B[m2 /�Mb a6l@RX

6B;m`2 dXk Ĝ �+[mBbBiBQM /2 H� `ûbBbiBpBiû ûH2+i`B[m2 �p2+ H2 Jl*1S /�Mb mM2 T�`+2HH2
/2 D2mM2b pB;M2b �m *?�i2�m *�T2i@:mBHHB2`X



ReN

2i /Ƕûi�i Ui2M2m` 2M 2�m- K�iBĕ`2 Q`;�MB[m2- 2i+XVX G2b K2bm`2b /2 `ûbBbiBpBiû ûH2+i`B[m2
�TT�`2Mi2b 7�Bi2b ¨ *�T2i@:mBHHB2` KQMi`2Mi mM2 #QMM2 +Q?û`2M+2 �p2+ H� +�`i2 /2 bQH 2i
T�`iB+mHBĕ`2K2Mi �p2+ H2b a6lX *2ii2 +QKTHûK2Mi�`Biû �p2+ HǶ�TT`Q+?2 Tû/QHQ;B[m2 /Bi2
+H�bbB[m2 +QMbiBim2 mM �TTmB BMiû`2bb�Mi TQm` /BKBMm2` HǶ2zQ`i /2 T`QbT2+iBQM 2i �KûHBQ@
`2` H2b HBKBi2b /2b TH�;2b +�`iQ;`�T?B[m2bX G� iQKQ;`�T?B2 T�` `ûbBbiBpBiû ûH2+i`B[m2 U1_hV
�TTQ`i2 mM +QKTHûK2Mi BMiû`2bb�Mi �mt K2bm`2b /m Jl*1SX *2ii2 i2+?MB[m2 T`ûb2Mi2
HǶ�p�Mi�;2 K�D2m` /ǶQ#i2MB` /2b p�H2m`b /2 `ûbBbiBpBiû p`�B2 ¨ mM2 T`Q7QM/2m` `û2HH2 �T`ĕb
BMp2`bBQMX Pz`�Mi �BMbB mM2 pBbm�HBb�iBQM /2 H� ;ûQKûi`B2 p2`iB+�H2 /m bQH ¨ i`�p2`b HǶBM@
i2`T`ûi�iBQM /2b p�H2m`b /2 `ûbBbiBpBiûX *2T2M/�Mi H2 i2KTb /Ƕ�+[mBbBiBQM HBKBi2 7Q`i2K2Mi
HǶûi2M/m2 bT�iB�H2 T`QbT2+iû T�` `�TTQ`i �m Jl*1SX *2b /2mt i2+?MB[m2b #�bû2b bm` H�
`ûbBbiBpBiû ûH2+i`B[m2 �TT�`�Bbb2Mi /QM+ +QKTHûK2Mi�B`2b , H2b K2bm`2b Jl*1S T2`K2i@
i�Mi mM2 +�`�+iû`Bb�iBQM bT�iB�H2 /2 H� p�`B�#BHBiû /m bQH- 2i HǶ1_h mM2 +�`�+iû`Bb�iBQM
p2`iB+�H2 /m bQH 2i /2 HǶ2�mX 1M Qmi`2- H2b `û+2Mib i`�p�mt bm` H2b K2bm`2b /2 `ûbBbiBpBiû
ûH2+i`B[m2b Qmp`2Mi H� T2`bT2+iBp2 /Ƕ�KûHBQ`2` H2b +QMM�Bbb�M+2b /2 H� xQM2 `�+BM�B`2 /2 H�
pB;M2 UJ�`v 2i �HX- kyR3- c "`BHH�Mi2 2i �HX- kyRe- c "`BHH�Mi2 2i �HX- kyR9V 2i H� /BbTQMB#BHBiû
/2b Mmi`BK2Mib /m bQHb US2`mxxQ 2i �HX- kyR3V /QMi HǶBMiû`āi � ûiû KBb 2M �p�Mi /�Mb H2
*?�TBi`2 9X

G2 KQ/ĕH2 "Aaq�h U"2`i`�M/ 2i �HX- kyR3V � ûiû KBb ¨ T`Q}i bm` H� #�b2 /2 H� /û}MBiBQM /2b
a6l �}M /2 bBKmH2` /2 K�MBĕ`2 /vM�KB[m2 H� i`�D2+iQB`2 ?v/`B[m2 /2 H� pB;M2X *2i QmiBH
T2`K2i 2M 2z2i /2 bBKmH2` HǶûi�i ?v/`B[m2 /2 H� pB;M2- �m b2BM /ǶmM +Qmp2`i #B@bTû+B}[m2-
bQmb mM 7Q`Ï�;2 +HBK�iB[m2- 2M BMiû;`�Mi H� +QMM�Bbb�M+2 /ûi�BHHû2 /2b T�`�Kĕi`2b /2 bQH-
2M T`2M�Mi 2M +QKTi2 H2b /Bzû`2Mib ?Q`BxQMb U6B;m`2 dXjV 2i HǶ�`+?Bi2+im`2 /m bvbiĕK2
`�+BM�B`2X GǶmiBHBb�iBQM /2 +2 KQ/ĕH2 T2`K2i /2 i2bi2` HǶBM~m2M+2 /ǶBiBMû`�B`2 i2+?MB[m2
bm` H2 7QM+iBQMM2K2Mi /2 H� pB;M2- i2H [m2 H2b BiBMû`�B`2b /Ƕ2M?2`#2K2Mi TQm` TBHQi2` H�
+QMi`�BMi2 ?v/`B[m2 �m +Qm`b /2 H� b�BbQMX "Aaq�h � T2`KBb /2 i2bi2` HǶBM~m2M+2 /m
K�BMiB2M Qm MQM /2 HǶ2M?2`#2K2Mi /�Mb HǶBMi2`@`�M; �m +Qm`b /2 H� b�BbQM bm` H� +?`QMQHQ;B2
/Ƕ�TT�`BiBQM /m bi`2bb ?v/`B[m2X AH � û;�H2K2Mi T2`KBb /2 +QKT�`2` H2b i`QBb a6l /û}MB2b
/�Mb H2 *?�TBi`2 9 2M +QMbB/û`�Mi HǶBKT�+i /m K�BMiB2M /2 HǶ2M?2`#2K2Mi /�Mb +?�[m2
+�bX 1M}M- ¨ iBi`2 /ûKQMbi`�iB7- H2b bBKmH�iBQMb QMi ûiû `û�HBbû2b ¨ T�`iB` /2 T`QD2+iBQMb
+HBK�iB[m2bX G2b T`2KB2`b `ûbmHi�ib KQMi`2Mi [mǶBH 7�mi bǶ�ii2M/`2 ¨ +2 [m2 H2b KQ/B}+�iBQMb
/m +HBK�i ¨ p2MB` �B2Mi mM BKT�+i bB;MB}+�iB7 bm` H2b +QMi`�BMi2b ?v/`B[m2b 2i [mǶBH b2`�
Mû+2bb�B`2 /Ƕ�MiB+BT2` TQm` K�BMi2MB` /2b +QM/BiBQMb /2 T`Q/m+iBQM 7�pQ`�#H2bX "Aaq�h
�TT�`�ŗi /QM+ +QKK2 mM2 T2`bT2+iBp2 BMiû`2bb�Mi2 TQm` i2bi2` /2b H2pB2`b /Ƕ�/�Ti�iBQM
7�+2 �mt +?�M;2K2Mib ¨ p2MB`- [m2 +2 bQBi /2b +?�M;2K2Mib +HBK�iB[m2b- /2 T`�iB[m2b 2i
/2b +?�M;2K2Mib +QmTHûbX

GǶmM2 /2b HBKBi2b /2 "Aaq�h TQm` bQM BMiû;`�iBQM ¨ HǶû+?2HH2 /ǶmM 2Mb2K#H2 /2 T�`+2HH2b
Qm /ǶmM2 2tTHQBi�iBQM 2bi H2 +�`�+iĕ`2 HQ+�H /2 +2 KQ/ĕH2X 1M 2z2i- �}M /ǶBMiû;`2` mM2
p�`B�#BHBiû /2b bQHb- MQmb HǶ�pQMb �TTHB[mû bm` THmbB2m`b bBi2b /2 KQ/ûHBb�iBQM- 7�Bb�Mi �BMbB
mM2 �TTHB+�iBQM ǳKmHiB@HQ+�H2ǴX LQmb �pQMb û;�H2K2Mi KQMi`û [mǶ2M `û�HBb�Mi /2b bBKm@
H�iBQMb 2M +�b+�/2- H2b û+QmH2K2Mib /2 bm`7�+2 TQmp�B2Mi û;�H2K2Mi āi`2 T`Bb 2M +QKTi2X
G� p�HQ`Bb�iBQM /2b /QMMû2b /2 `ûbBbiBpBiû ûH2+i`B[m2 TQm` 2biBK2` H� p�`B�#BHBiû bT�iB�H2 /2
T�`�Kĕi`2b /2 bQH Qmp`2 H� T2`bT2+iBp2 /ǶmM2 KQ/ûHBb�iBQM bT�iB�HBbû2X



Rdy *?�TBi`2 dX *QM+HmbBQM ;ûMû`�H2

6B;m`2 dXj Ĝ .Bb+`ûiBb�iBQM /2b /QMMû2b Tû/QHQ;B[m2b TQm` H� T�`�Kûi`Bb�iBQM /m KQ/ĕH2
"Aaq�hX

G2 +QMi2ti2 *A6_1 �m +Qm`b /2 +2 i`�p�BH /2 i?ĕb2 � T2`KBb mM /B�HQ;m2 /B`2+i �p2+
H2b pB;M2`QMb bm` +?�+mM /2b bBi2b /Ƕûim/2X *2b /Bb+mbbBQMb QMi KBb 2M �p�Mi H� TH�+2
BKTQ`i�Mi2 /2 HǶ2KTB`BbK2 2i /2b `2iQm`b /Ƕ2tTû`B2M+2 bm` H2b +?QBt i2+?MB[m2b �m pB;MQ#H2X
*2T2M/�Mi H2b `2bTQMb�#H2b i2+?MB[m2b bQMi /2K�M/2m`b /ǶQmiBHb /Ƕ�B/2 ¨ H� /û+BbBQM TQm`
;mB/2` H2m`b +?QBtX .�Mb mM +QMi2ti2 /2 +?�M;2K2Mi +HBK�iB[m2 U2ifQm /2 T`�iB[m2V- BH 2bi
Mû+2bb�B`2 /2 T`Q/mB`2 /2b ûHûK2Mib /Ƕ�B/2 ¨ H� /û+BbBQM TQm` 2M;�;2` H2b �/�Ti�iBQMb /m
bvbiĕK2 /2 T`Q/m+iBQM �mt +?�M;2K2Mib 7mim`bX



�MM2t2 �

*�`i2 /2b bQHb /m *?�i2�m
S�i�+?2 /Ƕ�mt

RdR



Rdk �MM2t2 �X *�`i2 /2b bQHb /m *?�i2�m S�i�+?2 /Ƕ�mt

6B;m`2 �XR Ĝ *�`i2 Tû/QHQ;B[m2 /m *?�i2�m S�i�+?2 /Ƕ�mt- `û�HBbû2 ¨ HǶû+?2HH2 RfkƘ8yy
ĕK2X



�MM2t2 "

_ûbmHi�ib /m Jl*1S �m *?�i2�m
S�i�+?2 /Ƕ�mt

SQm` /2b `�BbQMb i2+?MB[m2b- H� T�B`2 /ǶûH2+i`Q/2b /2 K2bm`2b +Q``2bTQM/�Mi ¨ H� pQB2 k MǶ�
T�b Tm āi`2 BMbi�HHû2 bm` HǶ2MD�K#2m` /m *?�i2�m S�i�+?2 /Ƕ�mtX *2ii2 +QMi`�BMi2 HBKBi2
/QM+ H2b K2bm`2b �mt pQB2b R 2i jX

.2 KāK2 [m2 TQm` H2b K2bm`2b `û�HBbû2b ¨ *�T2i@:mBHHB2`- BH � ûiû Mû+2bb�B`2 /Ƕû+�`i2` H2b
p�H2m`b �#û`�Mi2b +Q``2bTQM/�Mi ¨ /2 K�mp�Bb +QMi�+ib 2Mi`2 H2 bQH 2i H2b ûH2+i`Q/2bX SQm`
+2H� MQmb �pQMb miBHBbû H� KāK2 Kûi?Q/2 [m2 bm` HǶ�mi`2 bBi2 /Ƕûim/2 , TQm` +?�[m2 pQB2-
H2b p�H2m`b bmTû`B2m`2b �m T2`+2MiBH2 N3 QMi ûiû û+�`iûb U6B;m`2 "XRVX

Rdj



Rd9 �MM2t2 "X _ûbmHi�ib /m Jl*1S �m *?�i2�m S�i�+?2 /Ƕ�mt
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Données filtrées au P98

6B;m`2 "XR Ĝ .Bbi`B#miBQM /2b p�H2m`b /2 `ûbBbiBpBiûb �TT�`2Mi2b K2bm`û2b �p2+ H2 Jl*1S
¨ S�i�+?2 /Ƕ�mtX *QKT�`�BbQM /2b /QMMû2b #`mi2b �p2+ H2b /QMMû2b }Hi`û2b �m T2`+2MiBH2
N3X

400 m

N

Résistivité
apparente

[1.52,22.1]

(22.1,28.6]

(28.6,34.5]

(34.5,41.5]

(41.5,53.9]

(53.9,124]

Voie 1

6B;m`2 "Xk Ĝ *�`iQ;`�KK2 /2b `ûbBbiBpBiûb �TT�`2Mi2b K2bm`û2b �p2+ H� oQB2 R /m Jl@
*1S ¨ S�i�+?2 /Ƕ�mtX



Rd8

400 m

N

Résistivité
apparente

[1.04,23.4]

(23.4,37.6]

(37.6,47.7]

(47.7,58.5]

(58.5,76]

(76,188]

Voie 3

6B;m`2 "Xj Ĝ *�`iQ;`�KK2 /2b `ûbBbiBpBiûb �TT�`2Mi2b K2bm`û2b �p2+ H� oQB2 j /m Jl@
*1S ¨ S�i�+?2 /Ƕ�mtX



Rde �MM2t2 "X _ûbmHi�ib /m Jl*1S �m *?�i2�m S�i�+?2 /Ƕ�mt



"B#HBQ;`�T?B2

�;`2bi2 �[mBi�BM2 UkyR9VX JûK2MiQ /2 H� bi�iBbiB[m2 �;`B+QH2X h2+?MB+�H `2TQ`i- .B`2+iBQM
_û;BQM�H2 /2 HǶ �HBK2Mi�iBQM- /2 HǶ�;`B+mHim`2 2i /2 H� 6Q`āiX yyyyyX

�;`2bi2 �[mBi�BM2 UkyR3VX JûK2MiQ }HBĕ`2 pBiB@pBMB+QH2X h2+?MB+�H `2TQ`i- .B`2+iBQM _û@
;BQM�H2 /2 HǶ �HBK2Mi�iBQM- /2 HǶ�;`B+mHim`2 2i /2 H� 6Q`āiX yyyyyX

�HH2M- _X :X- S2`2B`�- GX aX- _�2b- .X- �M/ aKBi?- JX URNN3VX *`QT 2p�TQi`�MbTB`�iBQM @
:mB/2HBM2b 7Q` +QKTmiBM; +`QT r�i2` `2[mB`2K2Mib @ 6�P A``B;�iBQM �M/ /`�BM�;2 T�T2`
8eX h2+?MB+�H _2TQ`i 8e- 6�P @ 6QQ/ �M/ �;`B+mHim`2 P`;�MBx�iBQM Q7 i?2 lMBi2/
L�iBQMb- _QK2X R3yddX

�M/`û- 6X- p�M G22mr2M- *X- a�mbb2x- aX- o�M .m`K2M- _X- "Q;�2`i- SX- JQ;?�/�b- .X- /2
_2bbû;mB2`- GX- .2Hp�mt- "X- o2`22+F2M- >X- �M/ G�K#Qi- aX UkyRkVX >B;?@`2bQHmiBQM BK�@
;BM; Q7 � pBM2v�`/ BM bQmi? Q7 6`�M+2 mbBM; ;`QmM/@T2M2i`�iBM; `�/�`- 2H2+i`QK�;M2iB+
BM/m+iBQM �M/ 2H2+i`B+�H `2bBbiBpBiv iQKQ;`�T?vX .2p2HQTK2Mib BM :S_ �M/ M2�`@bm`7�+2
b2BbKB+b @ L2r �TTHB+�iBQMb �M/ bi`�i2;B2b 7Q` /�i� BMi2;`�iBQM- BMp2`bBQM- �M/ KQ/2H@
HBM;- d3 ,RRjĜRkkX yyyeRX

�`+?2`- 1X �M/ a��vK�M- .X UkyR3VX oBM2 _QQibX h?2 AMbiBimi2 7Q` :`�T2 �M/ qBM2
a+B2M+2b UA:qaV- ai2HH2M#Qb+?X yyyy9X

�`+?B2- :X 1X URN9kVX h?2 1H2+i`B+�H _2bBbiBpBiv GQ; �b �M �B/ BM .2i2`KBMBM; aQK2
_2b2`pQB` *?�`�+i2`BbiB+bX h`�Mb�+iBQMb Q7 i?2 �AJ1- R9eUyRV ,89ĜekX ydRNjX

�`MQH/- CX :X- JQ`B�bB- .X LX- :�bbK�M- SX qX- �##�bTQm`- EX *X- �M/ q?Bi2- JX CX
UkyRkVX aq�h , JQ/2H mb2- +�HB#`�iBQM- �M/ p�HB/�iBQMX T�;2 kyX

"�+BQ++Q- EX �X- .�pBb- _X 1X- �M/ CQM2b- :X oX UkyR9VX *HBK�i2 �M/ "Q`/2�mt rBM2 [m�@
HBiv , A/2MiB7vBM; i?2 F2v 7�+iQ`b i?�i /Bz2`2MiB�i2 pBMi�;2b #�b2/ QM +QMb2Mbmb `�MFBM;bX
CQm`M�H Q7 qBM2 _2b2�`+?- k8UkV ,d8ĜNyX yyyRRX

"�Bx2- .X �M/ :B`�`/- JX@*X UkyyNVX _û7û`2MiB2H Sû/QHQ;B[m2 kyy3X Zm�2X yyy3yX

"�H2b/2Mi- CX �M/ "�H�#�M2- JX URNNeVX J�DQ` +QMi`B#miBQM Q7 `QQib iQ bQBH +�`#QM biQ`�;2
BM72``2/ 7`QK K�Bx2 +mHiBp�i2/ bQBHbX aQBH "BQHQ;v �M/ "BQ+?2KBbi`v- k3UNV ,RkeRĜRkejX
yyj9kX

"�`?�K- 1X UkyR3VX h`�MbH�iBM; i2``QB` , h?2 ;HQ#�H +?�HH2M;2 Q7 6`2M+? �P* H�#2HBM;X
T�;2b RĜRkX yy3keX

Rdd



Rd3 "B#HBQ;`�T?B2

"2`i`�M/- LX- _Qmt- aX- 6Q`2v- PX- :mBM2i- JX- �M/ q2`v- CX UkyR3VX aBKmH�iBM; TH�Mi
r�i2` bi`2bb /vM�KB+b BM � rB/2 `�M;2 Q7 #B@bT2+B}+ �;`Qbvbi2Kb BM � `2;BQM mbBM; i?2
"Aaq�h KQ/2HX 1m`QT2�M CQm`M�H Q7 �;`QMQKv- NN ,RReĜRk3X yyyykX

"H�F2- :X _X Ukyy3VX S�`iB+H2 /2MbBivX AM *?2brQ`i?- qX- 2/BiQ`- 1M+v+HQT2/B� Q7 aQBH
a+B2M+2- T�;2b 8y9Ĝ8y8X aT`BM;2` L2i?2`H�M/b- .Q`/`2+?iX yy3kNX

"HQi2pQ;2H- aX- a+?`2+F- 1X- G�TH�M+?2- *X- "2bbQM- SX- a�m`BM- LX- �m/`v- aX- oB2`b- CX-
�M/ S`Bb+B�PHBp� UkyRNVX aQBH +?2KBbi`v �M/ K2i2Q`QHQ;B+�H +QM/BiBQMb BM~m2M+2 i?2
2H2K2Mi�H T`Q}H2b Q7 q2bi 1m`QT2�M rBM2bX 6QQ/ *?2KBbi`v- T�;2 Rk8yjjX yyyyyX

"Q+[mB2`- :X URNdRVX :ûMĕb2 2i ûpQHmiBQM /2 /2mt iQTQbû[m2M+2b /2 bQHb i`QTB+�mt /m
h+?�/ BMi2`T`ûi�iBQM #BQ;ûQ/vM�KB[m2X T�;2 dX

"Q/BM- 6X UkyyjVX *QMi`B#miBQM ¨ HǶûim/2 .m h2``QB` oBiB+QH2 1M �MDQm , �TT`Q+?2 liBHBb�Mi
lM JQ/ĕH2 /2 h2``�BM 2i lM2 1M[māi2 �mT`ĕb .2b oB;M2`QMbX S?. i?2bBb- �M;2`bX
yyyyNX

"Q?K`B+?- _X URNNeVX h2``QB` ,+QKT2iBM; T2`bT2+iBp2b QM i?2 `QH2b Q7 bQBH- +HBK�i2 �M/
T2QTH2X CQm`M�H Q7 qBM2 _2b2�`+?- dURV ,jjĜ9eX

"QBb- "X- o�M G22mr2M- *X- SB2`B- SX- :�m/BHHĕ`2- CX@SX- a�m`- 1X- CQHv- .X- q�H/- GX- �M/
:`BK�H- .X Ukyy3VX oBiB+mHim`�H �;`Q+HBK�iB+ +�`iQ;`�T?v �M/ xQMBM; �i K2bQb+�H2 H2p2H
mbBM; i2``�BM BM7Q`K�iBQM- `2KQi2Hv b2Mb2/ /�i� �M/ r2�i?2` bi�iBQM K2�bm`2K2MibX
*�b2 bim/v Q7 "Q`/2�mt rBM2;`QrBM; �`2�X AM AKTHB+�iBQMb QM oBM2 .2p2HQTK2Mi �M/
6`mBi _BT2MBM;X lMBp2`bBiû "Q`/2�mt- pQHmK2 R- T�;2 NX yyyyN wa** , LQ*Bi�iBQM@
.�i�(by)X

"QM7�Mi2- �X- "�bBH2- �X- G�M;2HH�- :X- J�MM�- SX- �M/ h2``B#BH2- 6X UkyRRVX � T?vbB+�HHv
Q`B2Mi2/ �TT`Q�+? iQ �M�HvbBb �M/ K�TTBM; Q7 i2``QB`bX :2Q/2`K�- Red@Re3 ,RyjĜRRdX
yyyjNX

"QM7�Mi2- �X- JQM�+Q- 1X- G�M;2HH�- :X- J2`+Q;HB�MQ- SX- "m++?B;M�MB- 1X- J�MM�- SX- �M/
h2``B#BH2- 6X UkyR3VX � /vM�KB+ pBiB+mHim`�H xQMBM; iQ 2tTHQ`2 i?2 `2bBHB2M+2 Q7 i2``QB`
+QM+2Ti mM/2` +HBK�i2 +?�M;2X a+B2M+2 Q7 h?2 hQi�H 1MpB`QMK2Mi- ek9 ,kN9Ĝjy3X yyyyeX

"`�KH2v- _X :X oX Ukyy8VX lM/2`bi�M/BM; p�`B�#BHBiv BM rBM2;`�T2 T`Q/m+iBQM bvbi2Kb kX
qBi?BM pBM2v�`/ p�`B�iBQM BM [m�HBiv Qp2` b2p2`�H pBMi�;2bX �mbi`�HB�M CQm`M�H Q7 :`�T2
�M/ qBM2 _2b2�`+?- RRURV ,jjĜ9kX yykRRX

"`�KH2v- _X :X oX �M/ >�KBHiQM- _X SX UkyydVX h2``QB` �M/ T`2+BbBQM pBiB+mHim`2 , �`2
i?2v +QKT�iB#H2X yyy88X

"`BHH�Mi2- GX- "QBb- "X- Gûpā[m2- CX- �M/ J�i?B2m- PX UkyReVX o�`B�iBQMb BM bQBH@r�i2` mb2 #v
;`�T2pBM2 �++Q`/BM; iQ TH�Mi r�i2` bi�imb �M/ bQBH T?vbB+�H@+?2KB+�H +?�`�+i2`BbiB+bě�
j. bT�iBQ@i2KTQ`�H �M�HvbBbX 1m`QT2�M CQm`M�H Q7 �;`QMQKv- dd ,RkkĜRj8X yyyRyX

"`BHH�Mi2- GX- "QBb- "X- J�i?B2m- PX- "B+?2i- oX- JB+?Qi- .X- �M/ Gûpā[m2- CX UkyR9VX
JQMBiQ`BM; bQBH pQHmK2 r2iM2bb BM ?2i2`Q;2M2Qmb bQBHb #v 2H2+i`B+�H `2bBbiBpBivX � }2H/@
#�b2/ T2/Qi`�Mb72` 7mM+iBQMX CQm`M�H Q7 >v/`QHQ;v- 8Re ,8eĜeeX yyyR3X



"B#HBQ;`�T?B2 RdN

"`m�M/- �X- .mp�H- PX- �M/ *QmbBM- AX Ukyy9VX 1biBK�iBQM /2b T`QT`Bûiûb /2 `ûi2MiBQM 2M
2�m /2b bQHb ¨ T�`iB` /2 H� #�b2 /2 /QMMû2b aPG>u._P , lM2 T`2KBĕ`2 T`QTQbBiBQM
+QK#BM�Mi H2 ivT2 /Ƕ?Q`BxQM- b� /2MbBiû �TT�`2Mi2X 1im/2 2i :2biBQM /2b aQHb- RR ,TTX
j- jkjĜjj9X yyyyyX

"`mM2i- JX@6X URN39VX am#bB/2M+2 ?BbiQ`v Q7 i?2 �[mBi�BM2 #�bBM /2i2`KBM2/ 7`QK bm#bB@
/2M+2 +m`p2bX :2QHQ;B+�H J�;�xBM2- RkRU8V ,9kRĜ9k3X

*�KTb- CX PX �M/ _�KQb- JX *X UkyRkVX :`�T2 ?�`p2bi �M/ vB2H/ `2bTQMb2b iQ BMi2`@
�MMm�H +?�M;2b BM i2KT2`�im`2 �M/ T`2+BTBi�iBQM BM �M �`2� Q7 MQ`i?@2�bi aT�BM rBi? �
J2/Bi2``�M2�M +HBK�i2X AMi2`M�iBQM�H CQm`M�H Q7 "BQK2i2Q`QHQ;v- 8eU8V ,38jĜ3e9X yyyyyX

*�`#QMM2�m- �X URN3eVX ai`2bb KQ/û`ûb bm` 72mBHH�;2 BM/mBib T�` H2 bvbiĕK2 /2 +QM/mBi2
2i `û;mH�iBQM T?QiQbvMi?ûiB[m2 /2 H� pB;M2X AM avKTX S?vbBQHQ;B2 /2 G� oB;M2- PAo-
"Q`/2�mt- T�;2b jd3Ĝj38X yyyyyX

*�`#QMM2�m- �X UkyyRVX *QM+2Tib ǳi2``QB`ǴX AM sAAĕK2b CQm`Mû2b .m :1a*P- T�;2b jĜd-
JQMiT2HHB2`X

*2H2ii2- 6X- _BTQ+?2- �X- �M/ :�`v- *X UkyRyVX q�GAaě� bBKTH2 KQ/2H iQ bBKmH�i2
r�i2` T�`iBiBQMBM; BM � +`QT �bbQ+B�iBQM , h?2 2t�KTH2 Q7 �M BMi2`+`QTT2/ pBM2v�`/X
�;`B+mHim`�H q�i2` J�M�;2K2Mi- NdURRV ,Rd9NĜRd8NX yyyyyX

*?2`v- SX URNN8VX o�`B�#BHBiû /2 HǶûT�Bbb2m` /2 H� +Qmp2`im`2 /2 bQH , +QMbû[m2M+2b TQm` H2
#BH�M ?v/`B[m2 ?Bp2`M�H /ǶmM b2+i2m` /2 T2iBi2 "2�m+2X S?. i?2bBbX

*?QMû- sX UkyyRVX *QMi`B#miBQM ¨ HǶûim/2 .2b h2``QB`b /2 "Q`/2�mt , úim/2 .2b .û}+Bib
>v/`B[m2b JQ/û`ûb- /2 HǶ�HBK2Mi�iBQM 1M �xQi2 2i /2 G2m`b 1z2ib am` G2 SQi2MiB2H �`Q@
K�iB[m2 .2b _�BbBMb /2 oBiBb oBMB72`� GX *pX a�mpB;MQM "H�M+X S?.X h?2bBb- "Q`/2�mt
kX yyyyyX

*?QMû- sX- .m#Qm`/B2m- .X- o�M G22mr2M- *X- �M/ h`2;Q�i- PX UkyyyVX .û}+Bi ?v/`B[m2
KQ/û`û /2 H� pB;M2 , S�`KB H2b j �TTHB+�iBQMb /2 H� +?�K#`2 ¨ T`2bbBQM- H2 TQi2MiB2H iB;2
2bi HǶBM/B+�i2m` H2 THmb T`û+BbX CQm`M�H BMi2`M�iBQM�H /2b b+B2M+2b /2 H� pB;M2 2i /m pBM-
j9U9V ,ReNĜRdeX yyyyyX

*H2KK2Mb2M- EX 1X- 6BMH�v- _X .X- .�?H#2`;- �X- ai2MHB/- CX- q�`/H2- .X �X- �M/ GBM/�?H-
"X .X UkyR8VX *�`#QM b2[m2bi`�iBQM Bb `2H�i2/ iQ Kv+Q``?Bx�H 7mM;�H +QKKmMBiv b?B7ib
/m`BM; HQM;@i2`K bm++2bbBQM BM #Q`2�H 7Q`2bibX L2r S?viQHQ;Bbi- ky8U9V ,R8k8ĜR8jeX
yyyyyX

*HBM;2H2z2`- SX UkyR9VX h2``QB` , h?2 �TTHB+�iBQM Q7 �M PH/ *QM+2Ti BM JQ/2`M oBiB+mHim`2X
AM o�M �H72M- LX- 2/BiQ`- 1M+v+HQT2/B� Q7 �;`B+mHim`2 �M/ 6QQ/ avbi2Kb , o�L �G61L @
1L*u* P6 �:_A*lGhl_1 �L. 6PP. auah1Ja- T�;2b kddĜk33X 1Hb2pB2`X yyyyyX

*Qbi�MiBMB- 1X �X- *�bi�H/BMB- JX- .B�;Q- JX SX- :Bz�`/- "X- G�;QK�`bBMQ- �X- a+?`Q2`b- >X@
CX- S`BQ`B- aX- o�H#Q�- :X- �;M2HHB- �X 1X- �FÏ�- 1X- .Ƕ�pBMQ- GX- 6mH+?BM- 1X- :�;M�`HB- 1X-
EB`�x- JX 1X- EM�TBÍ- JX- S2H2M;BÉ- _X- S2HH2;`BMB- aX- S2``B�- _X- Sm++BQMB- aX- aBKQMB-
aX- h�M;QH�`- aX- h�`/�;mBH�- CX- oB;MQxxB- LX- �M/ wQK#�`/Q- �X UkyR3VX 1z2+ib Q7
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bQBH 2`QbBQM QM �;`Q@2+Qbvbi2K b2`pB+2b �M/ bQBH 7mM+iBQMb , � KmHiB/Bb+BTHBM�`v bim/v BM
MBM2i22M Q`;�MB+�HHv 7�`K2/ 1m`QT2�M �M/ hm`FBb? pBM2v�`/bX CQm`M�H Q7 1MpB`QMK2Mi�H
J�M�;2K2Mi- kkj ,eR9Ĝek9X yyyyy wa** , LQ*Bi�iBQM.�i�(by)X

*Qbi�MiBMB- 1X �X *X- �;M2HHB- �X 1X- 6�#B�MB- �X- :�;M�`HB- 1X- JQ+�HB- aX- S`BQ`B- aX- aBKQMB-
aX- �M/ o�H#Q�- :X UkyR8VX a?Q`i@i2`K `2+Qp2`v Q7 bQBH T?vbB+�H- +?2KB+�H- KB+`Q@ �M/
K2bQ#BQHQ;B+�H 7mM+iBQMb BM � M2r pBM2v�`/ mM/2` Q`;�MB+ 7�`KBM;X aPAG- RURV ,99jĜ98dX
yyyyyX

*Qbi�MiBMB- 1X �X *X- "�`#2iiB- _X- 6�Mi�TTBĕ- JX- GǶ�#�i2- :X- GQ`2Mx2iiB- _X- �M/ J�;BMB-
aX UkyRjVX S2/Q/Bp2`bBivX AM *Qbi�MiBMB- 1X �X �M/ .�xxB- *X- 2/BiQ`b- h?2 aQBHb Q7 Ai�Hv-
T�;2b Ry8ĜRd3X aT`BM;2` L2i?2`H�M/b- .Q`/`2+?iX yyyyyX

*Qbi�MiBMB- 1X �X *X �M/ "m+2HHB- SX UkyR9VX aQBH �M/ h2``QB`X AM aQBH a2+m`Biv 7Q` 1+Qbvbi2K
J�M�;2K2Mi- T�;2b NdĜRjjX aT`BM;2`- *?�K- *?�KX yyyyyX

*Qm``ĕ;2b- JX URNNdVX G2 +`vTiQ@F�`bi /2 H� TûMBMbmH2 /m Jû/Q+X *`vTiQ@�Hiû`�iBQM-
/BbbQHmiBQM- F�`bi bQmb@K�`BM 2i ûpQHmiBQM [m�i2`M�B`2 (h?2 +Qp2`2/ F�`bi Q7 i?2 J2/Q+
T2MBMbmH�X *`vTiQ@�Hi2`�iBQM- /BbbQHmiBQM- bm#K�`BM2 F�`bi �M/ [m�i2`M�`v 2pQHmiBQMX)X
Zm�i2`M�B`2- 3UkV ,k3NĜjy9X

.�#�b- JX- >2bb2- �X- CQHBp2i- �X- h�##�;?- �X- �M/ .m+QK2i- :X URN3NVX AMiû`āi /2 H�
+�`iQ;`�T?B2 /2 H� `ûbBbiBpBiû ûH2+i`B[m2 TQm` H� +QMM�Bbb�M+2 /m bQH ¨ ;`�M/2 û+?2HH2X
a+B2M+2 /m bQH- kdURV ,e8Ĝe3X

.�M2- CX- hQTT- :X *X- 6HBMi- �X- �M/ 6HBMi- 1X GX UkyykVX kXk S�`iB+H2 .2MbBivX AM J2i?Q/b
Q7 aQBH �M�HvbBb , S�`i 9 S?vbB+�H J2i?Q/b- aaaa� "QQF a2`B2b- T�;2b kkNĜk9yX yyyyyX

/2 "QɃ�`/- JX URNe8VX G� K2bm`2 /2 H� `ûbBbiBpBiû ûH2+i`B[m2 /2b bQHb 2M �`+?ûQHQ;B2X
�MM�H2b /2 LQ`K�M/B2- R8UjV ,9eRĜ9ddX

.2 CQM;- 1X �M/ EQr�H+?mF- hX 1X URNN8VX h?2 2z2+i Q7 b?2Hi2`#2Hib QM 2`QbBQM �M/ bQBH
T`QT2`iB2bX aQBH a+B2M+2- R8NU8V ,jjdĜj98X

.2H7�m/- CX URNdyVX _ûbmKû /ǶmM2 _2+?2`+?2 am` G� .vM�KB[m2 .m .QK�BM2 �[mBi�MQ@
Sv`ûMû2M .m`�Mi G2 Cm`�bbB[m2 2i G2 *`ûi�+û AM7û`B2m`X aQ+Bûiû HBMMû2MM2 /2 "Q`/2�mtX

.2H7�m/- CX URNdRVX _û~2tBQMb bm` HǶ2MpB`QMM2K2Mi Dm`�bbB[m2 , GǶ2t�KTH2 /2b bû`B2b
Sû`B;Q`/@Zm2`+vX _2pX :ûQ;`X S?vbX :ûQHX .vMX- aû`X j- Rj ,kR9ĜkjRX

.2HQB`2- �X- *�`#QMM2�m- �X- q�M;- wX- �M/ PD2/�- >X Ukyy9VX oBM2 �M/ r�i2` , � b?Q`i
`2pB2rX P1LP PM2- j3URV ,RĜRjX yyyyyX

.2HQB`2- �X- o�m/Qm`- 1X- *�`2v- oX �X- "QMM�`/Qi- oX- �M/ o�M G22mr2M- *X Ukyy8VX
:`�T2pBM2 `2bTQMb2b iQ i2``QB` , � ;HQ#�H �TT`Q�+?X P1LP PM2- jNU9V ,R9NĜRekX yyyyyX

.2`+Qm`i- CX- :�2i�MB- JX- �M/ o`B2HvM+F- "X UkyyyVX �iH�b S2`B@h2i?vb S�H�2Q;2Q;`�T?B+�H
J�TbX **:JX
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.2`+Qm`i- CX- _B+Qm- GX 1X- �M/ o`B2HvM+F- "X URNNjVX �iH�b h2i?vb S�H�2Q2MpB`QMK2Mi�H
J�Tb , 1tTH�M�iQ`v LQi2bX GBbi2 .2b �`iB+H2b- *QKKmMB+�iBQMb- *�`i2b 2i h?ĕb2bX
S`Q;`�KK2 :a@hûi?vb- RN3e@RNNjX :�mi?B2`@oBHH�`bX

.`v- SX �M/ GQp2vb- "X URNN3VX 6�+iQ`b BM~m2M+BM; ;`�T2pBM2 pB;Qm` �M/ i?2 TQi2MiB�H 7Q`
+QMi`QH rBi? T�`iB�H `QQixQM2 /`vBM;X �mbi`�HB�M CQm`M�H Q7 :`�T2 �M/ qBM2 _2b2�`+?-
9UjV ,R9yĜR93X yyyyyX

.`v- SX _X UkyReVX lM/2`bi�M/BM; i?2 +QKTQM2Mib Q7 i2``QB`X AM S`Q+22/BM;b Q7 i?2 Rei?
�mbi`�HB�M qBM2 AM/mbi`v h2+?MB+�H *QM72`2M+2 , �/2H�B/2- aQmi? �mbi`�HB�- k9Ĝk3
CmHv- pQHmK2 kyRd- T�;2b jNĜ99X h?2 �mbi`�HB�M qBM2 AM/mbi`v h2+?MB+�H *QM72`2M+2
AM+X :H2M PbKQM/- a�X yyyyyX

.m#`2mBH?- CX URN3dVX avMi?ĕb2 T�HûQ;ûQ;`�T?B[m2 2i bi`m+im`�H2 /2b /ûTƬib ~mpB�iBH2b i2`@
iB�B`2b /m MQ`/ /m "�bbBM /Ƕ�[mBi�BM2 , T�bb�;2 �mt 7Q`K�iBQMb T�Hmbi`2b- H�+mbi`2b
2i K�`BM2bX S?. i?2bBb- lMBp2`bBiû JB+?2H /2 JQMi�B;M2 @ AMbiBimi 1:A.- "Q`/2�mtX
P*G* , 93NNd8kkNX

.m#`2mBH?- CX URNN8VX *�`i2 ;ûQHQ;B[m2 Mê3y9- GB#Qm`M2X yyyyyX

.m#`2mBH?- CX- J�`BQMM�m/- CX@JX- �M/ �M/`2B2z- SX URNdjVX *�`i2 ;ûQHQ;B[m2 Mêd89-
G2bT�``2@Jû/Q+ Ĝ 6Q`2i /m CmM+�X yyyyyX

.mi2�m- CX �M/ a2;mBM- :X URNddVX G2 pB;MQ#H2 /2b *Ƭi2b /2 "Qm`;X G2b bQHb 2i H2 +HBK�iX
AM~m2M+2 bm` H� +`QBbb�M+2 /2b b�`K2Mib 2i bm` H� K�im`�iBQM /m `�BbBMX P1LP PM2-
RRURV ,RĜ8yX yyyyyX

1MD�H#2`i- >X URNd3VX G2b i2``QB`b pBiB+QH2b /m GB#Qm`M�Bb , pm2 /Ƕ2Mb2K#H2X h`�p�mt /m
G�#Q`�iQB`2 /2 :ûQ;`�T?B2 S?vbB[m2 �TTHB[mû2- kURV ,kdĜj8X

6�H+2iiB- JX URNN9VX G2 i2``QB`X ZmǶ2bi@+2 [mǶmM i2``QB` \ SQm`[mQB HǶûim/B2` \ SQm`[mQB
HǶ2Mb2B;M2`X "mHHX PAo- edUkV ,k9eĜkd8X

6�vQHH2- 1X- 6QHH�BM- aX- J�`+?�H- SX- *?û`v- SX- �M/ *QHBM- 6X UkyRNVX A/2MiB}+�iBQM Q7
2MpB`QMK2Mi�H 7�+iQ`b +QMi`QHHBM; rBM2 [m�HBiv , � +�b2 bim/v BM a�BMi@1KBHBQM :`�M/
*`m �TT2HH�iBQM- 6`�M+2X a+B2M+2 Q7 h?2 hQi�H 1MpB`QMK2Mi- T�;2 RjjdR3X

6B2`2`- LX UkyRdVX 1K#`�+BM; i?2 mMFMQrM , .Bb2Mi�M;HBM; i?2 +QKTH2tBiB2b Q7 i?2 bQBH
KB+`Q#BQK2X L�im`2 _2pB2rb JB+`Q#BQHQ;v- R8URyV ,8dNĜ8NyX yyyyy wa** , yyyykReX

6QHH�BM- aX Ukyy8VX 1z2i /m `ûb2�m #Q+�;2` bm` HǶQ`;�MBb�iBQM /2b bQHbX _2/Bbi`B#miBQMb /2b
bQHb 2i biQ+F�;2 2M +�`#QM2 Q`;�MB[m2X S?. i?2bBbX

6QHH�BM- aX UkyR8VX :ûQKQ`T?QHQ;B2 .2b aQHb *mHiBpûbX .2b JQ/ĕH2b .ûpQHmiBQM ¨ G�
*QMb2`p�iBQM .2b aQHbX S?. i?2bBbX yyyyyX

6QHH�BM- aX- JBM�bMv- "X- J+"`�iM2v- �X "X- �M/ q�Hi2`- *X UkyyeVX aBKmH�iBQM Q7 bQBH
i?B+FM2bb 2pQHmiBQM BM � +QKTH2t �;`B+mHim`�H H�M/b+�T2 �i }M2 bT�iB�H �M/ i2KTQ`�H
b+�H2bX :2Q/2`K�- RjjUR@kV ,dRĜ3eX
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6QHH�BM- aX- q�Hi2`- *X- "QMiû- SX- J�`;m2`B2- .X- �M/ G272p`2- AX UkyyNVX �@?Q`BxQM /vM�@
KB+b BM � ?BbiQ`B+�H ?2/;2/ H�M/b+�T2X :2Q/2`K�- R8yUj@9V ,jj9Ĝj9jX

6mFm2- JX- JBM�iQ- hX- >Q`B#2- >X- �M/ h�v�- LX URNNNVX h?2 KB+`Q@bi`m+im`2b Q7 +H�v
;Bp2M #v `2bBbiBpBiv K2�bm`2K2MibX 1M;BM22`BM; :2QHQ;v- 89URV ,9jĜ8jX

:�/2- .X qX Ukyy9VX h`�/BiBQM- h2``BiQ`v- �M/ h2``QB` BM 6`2M+? oBMB+mHim`2 , *�bbBb-
6`�M+2- �M/ �TT2HH�iBQM *QMi`ƬHû2X �MM�Hb Q7 i?2 �bbQ+B�iBQM Q7 �K2`B+�M :2Q;`�T?2`b-
N9U9V ,393Ĝ3edX yyyyyX

:�`+B�- GX- *2H2ii2- 6X- :�`v- *X- _BTQ+?2- �X- o�H/ûb@:ƦK2x- >X- �M/ J2i�v- �X UkyR3VX
J�M�;2K2Mi Q7 b2`pB+2 +`QTb 7Q` i?2 T`QpBbBQM Q7 2+Qbvbi2K b2`pB+2b BM pBM2v�`/b , �
`2pB2rX �;`B+mHim`2- 1+Qbvbi2Kb � 1MpB`QMK2Mi- k8R ,R83ĜRdyX yyyyyX

:�`+B�- JX- A#`�?BK- >X- :�HH2;Q- SX- �M/ SmB;- SX >X UkyyRVX 1z2+i Q7 h?`22 _QQibiQ+Fb
QM :`�T2pBM2 UoBiBb pBMB72`� GXV +pX L2;`2ii2- :`QrM >v/`QTQMB+�HHvX AAX �+B/Biv Q7
Jmbib �M/ qBM2bX aQmi? �7`B+�M CQm`M�H Q7 1MQHQ;v �M/ oBiB+mHim`2- kkUkV ,Ry9ĜRyeX
yyyyyX

:2Mv- GX �M/ J�`+?�H- �X UkyR3VX G2 KBHHûbBK2 kyR3 ¨ "Q`/2�mtX h2+?MB+�H `2TQ`i- AMbiBimi
/2b a+B2M+2b /2 H� oB;M2 2i /m oBM /2 HǶlMBp2`bBiû /2 "Q`/2�mt- lMBiû /2 _2+?2`+?2
ƽMQHQ;B2X

:A1* UkyR8VX *?�M;2K2Mib +HBK�iB[m2b kyR9 , `�TTQ`i /2 bvMi?ĕb2 , +QMi`B#miBQM /2b
:`QmT2b /2 i`�p�BH A- AA 2i AAA �m +BM[mBĕK2 _�TTQ`i /Ƕûp�Hm�iBQM /m :`QmT2 /Ƕ2tT2`ib
BMi2`;Qmp2`M2K2Mi�H bm` HǶûpQHmiBQM /m +HBK�iX :A1*- :2Mĕp2 UamBbb2VX yyyyy P*G* ,
N93k3N8R9X

:`B{i?b- .X >X �M/ hm`M#mHH- CX URN38VX � KmHiB@2H2+i`Q/2 �``�v 7Q` `2bBbiBpBiv bm`p2vBM;X
6B`bi "`2�F- jUdV ,ReĜkyX

>�MM�?- GX- _Q2?`/�Mx- SX _X- AF2;�KB- JX- a?2T�`/- �X oX- a?�r- JX _X- h�#Q`- :X- w?B-
GX- J�`[m2i- SX �X- �M/ >BDK�Mb- _X CX UkyRjVX *HBK�i2 +?�M;2- rBM2- �M/ +QMb2`p�iBQMX
S`Q+22/BM;b Q7 i?2 L�iBQM�H �+�/2Kv Q7 a+B2M+2b- RRyURdV ,eNydĜeNRkX yyyyy wa** ,
yyyyjekX

>�MixT2`;m2- SX URNdNVX "BQbi`�iB;`�T?B2 /m Cm`�bbB[m2 bmTû`B2m` MQ`/@�[mBi�BMX "mHH2iBM
/2 H� aQ+Bûiû ;ûQHQ;B[m2 /2 6`�M+2- dUeV ,dR8Ĝdk8X

>BHH2H- .X URNN3VX 1MpB`QMK2Mi�H aQBH S?vbB+b , 6mM/�K2Mi�Hb- �TTHB+�iBQMb- �M/ 1MpB@
`QMK2Mi�H *QMbB/2`�iBQMbX 1Hb2pB2`- �+�/2KB+ T`2bb 2/BiBQMX yyyyyX

>m;HBM- SX URNd3VX LQmp2�m KQ/2 /Ƕûp�Hm�iBQM /2b TQbbB#BHBiûb ?ûHBQi?2`KB[m2b /ǶmM KBHB2m
pBiB+QH2X *QKTi2b `2M/mb /2b b2�M+2bX yyyyyX

AS** UkyR9VX *HBK�i2 *?�M;2 kyR9 , avMi?2bBb _2TQ`iX *QMi`B#miBQM Q7 qQ`FBM; :`QmTb
A- AA �M/ AAA iQ i?2 6B7i? �bb2bbK2Mi _2TQ`i Q7 i?2 AMi2`;Qp2`MK2Mi�H S�M2H QM *HBK�i2
*?�M;2X h2+?MB+�H `2TQ`iX yyyyyX
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Alaa qQ`FBM; :`QmT q_" UkyR8VX qQ`H/ _272`2M+2 "�b2 7Q` aQBH _2bQm`+2b kyR9- mT/�i2
kyR8 , AMi2`M�iBQM�H aQBH *H�bbB}+�iBQM avbi2K 7Q` L�KBM; aQBHb �M/ *`2�iBM; G2;2M/b
7Q` aQBH J�TbX qQ`H/ aQBH _2bQm`+2b _2TQ`ib Rye- 6�P- _QK2X yyyyyX

C�+FbQM- .X AX �M/ GQK#�`/- SX "X URNNjVX 1MpB`QMK2Mi�H �M/ J�M�;2K2Mi S`�+iB+2b
�z2+iBM; :`�T2 *QKTQbBiBQM �M/ qBM2 Zm�HBiv @ � _2pB2rX �K2`B+�M CQm`M�H Q7
1MQHQ;v �M/ oBiB+mHim`2- 99U9V ,9yNĜ9jyX yyyyyX

C�+FbQM- SX .X URNd8VX �M 2H2+i`B+�H `2bBbiBpBiv K2i?Q/ 7Q` 2p�Hm�iBM; i?2 BM@bBim TQ`QbBiv
Q7 +H2�M K�`BM2 b�M/bX J�`BM2 :2Qi2+?MQHQ;v- RUkV ,NRĜRR8X

C�?M- _X- "HmK2- >X SX- �bBQ- oX "X- aT��`;�`2M- PX- �M/ a+?�/- SX UkyyeVX :mB/2HBM2b
7Q` aQBH .2b+`BTiBQMX 6QQ/ �M/ �;`B+mHim`2 P`;�MBx�iBQM Q7 i?2 lMBi2/ L�iBQMb- _QK2-
9i? 2/ 2/BiBQMX yyyyyX

CQM2b- :X oX �M/ .�pBb- _X 1X UkyyyVX *HBK�i2 AM~m2M+2b QM :`�T2pBM2 S?2MQHQ;v- :`�T2
*QKTQbBiBQM- �M/ qBM2 S`Q/m+iBQM �M/ Zm�HBiv 7Q` "Q`/2�mt- 6`�M+2X 8RUjV ,R9X yyyyyX

CQM2b- :X oX- q?Bi2- JX �X- *QQT2`- PX _X- �M/ aiQ`+?K�MM- EX Ukyy8VX *HBK�i2 *?�M;2
�M/ :HQ#�H qBM2 Zm�HBivX *HBK�iB+ *?�M;2- djUjV ,jRNĜj9jX yyyyyX

E2HH2`- :X oX �M/ 6`Bb+?FM2+?i- 6X *X URNeeVX 1H2+i`B+�H K2i?Q/b BM ;2QT?vbB+�H T`QbT2+@
iBM;X

EQ/m`- aX UkyRRVX 1z2+ib Q7 DmB+2 T> �M/ TQi�bbBmK QM DmB+2 �M/ rBM2 [m�HBiv- �M/
`2;mH�iBQM Q7 TQi�bbBmK BM ;`�T2pBM2b i?`Qm;? `QQibiQ+Fb UoBiBbV , � b?Q`i `2pB2rX oAhAa
CQm`M�H Q7 :`�T2pBM2 _2b2�`+?- 8y ,RĜeX yyyyyX

EQ27Q2/ PiiQ URNdNVX :2QbQmM/BM; S`BM+BTH2bX RX _2bBbiBpBiv aQmM/BM; J2�bm`2K2MibX
J2i?Q/b BM :2Q+?2KBbi`v �M/ :2QT?vbB+b R9�X 1Hb2pB2`- �Kbi2`/�KX

Emxv�FQp- uX �M/ .QK�MbFB- :X UkyyyVX *�`#QM BMTmi #v TH�Mib BMiQ i?2 bQBHX _2pB2rX
CQm`M�H Q7 SH�Mi Lmi`BiBQM �M/ aQBH a+B2M+2- RejU9V ,9kRĜ9jRX yyyyyX

G�+�T2- JX CX- q2`v- CX- �M/ �MM2`Qb2- .X CX JX URNN3VX _2H�iBQMb?BTb #2ir22M TH�Mi �M/
bQBH r�i2` bi�imb BM }p2 }2H/@;`QrM +QiiQM ʈ:QbbvTBmK ?B`bmimK GXf +mHiBp�`bX T�;2 R8X
yyyyyX

G�pBHH2- SX URNNjVX lMBiûb /2 i2``QB` M�im`2H 2i i2``QB`X lM2 /BbiBM+iBQM Mû+2bb�B`2 TQm`
`2/QMM2` THmb /2 +Q?û`2M+2 �m bvbiĕK2 /Ƕ�TT2HH�iBQM /ǶQ`B;BM2X T�;2 k8X

G2#QM- 1X URNNjVX .2 HǶBM~m2M+2 .2b 6�+i2m`b Sû/Q 2i JûbQ+HBK�iB[m2b am` G2 *QK@
TQ`i2K2Mi /2 G� oB;M2 2i G2b *�`�+iû`BbiB[m2b .m _�BbBM , �TTHB+�iBQM ¨ HǶûi�#HBb@
b2K2Mi /2 *`Biĕ`2b /2 wQM�;2 .2b SQi2MiB�HBiûb Zm�HBi�iBp2b 1M oB;MQ#H2 ¨ *HBK�i
a2KB@*QMiBM2Mi�H U�Hb�+2VX h?2bBb- .BDQMX

G2#QM- 1X �M/ *Q`i�x�`@�i�m`B- AX UkyR9VX .�Mb mM +QMi2ti2 /2 +?�M;2K2Mi +HBK�iB[m2-
[m2Hb bQMi H2b BKT�+ib /2 H� bû+?2`2bb2 bm` H� pB;M2 2i bm` H2 /2p2MB` /2b pB;MQ#H2b \
GǶ2t2KTH2 /m G�M;m2/Q+X j3 ,RĜRkX yyyyyX
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G2#QM- 1X- .mK�b- oX- SB2`B- SX- �M/ a+?mHix- >X _X UkyyjVX JQ/2HHBM; i?2 b2�bQM�H
/vM�KB+b Q7 i?2 bQBH r�i2` #�H�M+2 Q7 pBM2v�`/bX 6mM+iBQM�H SH�Mi "BQHQ;v- jyUeV ,eNNX

GQBbv- *X- *Q?2M- :X- G�p2m7- *X- G2 _Qmt- PX- .2H�TH�+2- SX- J�;MB2`- *X- _Qm+?QM- oX-
*2`2TB- �X- �M/ :�`+B�- "X UkyRjVX h?2 *Pk@o�/Qb2 S`QD2+i , .vM�KB+b Q7 i?2 M�im`�H
*Pk BM � +�`#QM�i2 p�/Qb2 xQM2X AMi2`M�iBQM�H CQm`M�H Q7 :`22M?Qmb2 :�b *QMi`QH-
R9 ,NdĜRRkX

GQF2- JX- *?�K#2`b- CX- _m+F2`- .X- Em`�b- PX- �M/ qBHFBMbQM- SX UkyRjVX _2+2Mi /2@
p2HQTK2Mib BM i?2 /B`2+i@+m``2Mi ;2Q2H2+i`B+�H BK�;BM; K2i?Q/X CQm`M�H Q7 �TTHB2/
:2QT?vbB+b- N8 ,Rj8ĜR8eX yyyyyX

GQp2HH2- "X _X- h`�K#Qmx2- qX- �M/ C�+[m2i- PX UkyyNVX 1p�Hm�iBQM /2 HǶûi�i /2 +`QBbb�M+2
pû;ûi�iBp2 /2 H� pB;M2 T�` H� ǴKûi?Q/2 /2b �T2tǴX G2 S`Q;`ĕb �;`B+QH2 2i pBiB+QH2-
RkeU9V ,ddĜ33X

J�+F2MxB2- .X �M/ *?`Bbiv- �X Ukyy8VX h?2 `QH2 Q7 bQBH +?2KBbi`v BM rBM2 ;`�T2 [m�HBiv �M/
bmbi�BM�#H2 bQBH K�M�;2K2Mi BM pBM2v�`/bX q�i2` a+B2M+2 �M/ h2+?MQHQ;v- 8RURV ,kdĜjdX
yyyyyX

J�HiK�M- �X Ukyy3VX h?2 _QH2 Q7 oBM2v�`/ :2QHQ;v BM qBM2 hvTB+BivX CQm`M�H Q7 qBM2
_2b2�`+?- RNURV ,RĜRdX yyyyyX

J�`+BMB�F- JX- _2vMQH/b- �X :X- �M/ "`QrM- _X UkyRjVX AM~m2M+2 Q7 r�i2` bi�imb QM
b2MbQ`v T`Q}H2b Q7 PMi�`BQ _B2bHBM; rBM2bX 6QQ/ _2b2�`+? AMi2`M�iBQM�H- 89URV ,33RĜ3NRX
yyyyyX

J�`BQMM�m/- CX@JX �M/ .m#`2mBH?- CX URNdkVX *�`i2 ;ûQHQ;B[m2 Mêdjy- ai@oBpB2M@/2@Jû/Q+
Ĝ aQmH�+@bm`@J2`X yyyyyX

J�`v- "X- S2`mxxQ- GX- "Q�;�- CX- a+?Kmix- JX- qm- uX- >m##�`/- aX aX- �M/ *�bbB�MB-
:X UkyR3VX aK�HH@b+�H2 +?�`�+i2`Bx�iBQM Q7 pBM2 TH�Mi `QQi r�i2` mTi�F2 pB� j@. 2H2+i`B@
+�H `2bBbiBpBiv iQKQ;`�T?v �M/ KBb2@¨@H�@K�bb2 K2i?Q/X >v/`QHQ;v �M/ 1�`i? avbi2K
a+B2M+2b- kkURyV ,89kdĜ8999X

J�ii?2rb- JX �X UkyReVX h2``QB` �M/ Pi?2` Jvi?b Q7 qBM2;`QrBM;X lMBp Q7 *�HB7Q`MB�
S`2bbX yyyyyX

J�ii?2rb- JX �X �M/ �M/2`bQM- JX JX URN33VX 6`mBi _BT2MBM; BM oBiBb pBMB72`� GX ,
_2bTQMb2b iQ a2�bQM�H q�i2` .2}+BibX �K2`B+�M CQm`M�H Q7 1MQHQ;v �M/ oBiB+mHim`2-
jNU9V ,jRjĜjkyX yyyyyX

J2M/2x@JBHH�M- JX- .B;M�+- JX 6X- _mKT2H- *X- _�bb2- .X SX- "�`/Qmt- :X- �M/ .2`2MM2-
aX UkyRkVX *QMi`B#miBQM Q7 K�Bx2 `QQi /2`Bp2/ * iQ bQBH Q`;�MB+ +�`#QM i?`Qm;?Qmi �M
�;`B+mHim`�H bQBH T`Q}H2 �bb2bb2/ #v +QKTQmM/ bT2+B}+ Rj* �M�HvbBbX P`;�MB+ :2Q+?2@
KBbi`v- 9kURkV ,R8ykĜR8RRX yyyyyX

J2M/2x@JBHH�M- JX- .B;M�+- JX 6X- _mKT2H- *X- _�bb2- .X SX- �M/ .2`2MM2- aX UkyRyVX
JQH2+mH�` /vM�KB+b Q7 b?QQi pbX `QQi #BQK�`F2`b BM �M �;`B+mHim`�H bQBH 2biBK�i2/ #v
M�im`�H �#mM/�M+2 Rj* H�#2HHBM;X aQBH "BQHQ;v �M/ "BQ+?2KBbi`v- 9kUkV ,ReNĜRddX yyyyyX
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JB+?Qi- .X UkyyjVX AMiû`āi /2 G� :ûQT?vbB[m2 /2 am#bm`7�+2 2i /2 G� hûHû/ûi2+iBQM JmHiBb@
T2+i`�H2 SQm` G� *�`iQ;`�T?B2 .2b aQHb 2i G2 amBpB /2 G2m` 6QM+iBQMM2K2Mi >v/`B[m2
¨ HǶû+?2HH2 AMi`�T�`+2HH�B`2X S?. i?2bBb- S�`Bb eX yyyyyX

JB+?Qi- .X- "2M/2`Bii2`- uX- .Q`B;Mv- �X- LB+QmHH�m/- "X- EBM;- .X- �M/ h�##�;?- �X
UkyyjVX aT�iB�H �M/ i2KTQ`�H KQMBiQ`BM; Q7 bQBH r�i2` +QMi2Mi rBi? �M B``B;�i2/ +Q`M
+`QT +Qp2` mbBM; bm`7�+2 2H2+i`B+�H `2bBbiBpBiv iQKQ;`�T?vX q�i2` _2bQm`+2b _2b2�`+?-
jNU8VX yyyyyX

JBMBbiĕ`2 /2 HǶ�;`B+mHim`2 2i /2 HǶ�HBK2Mi�iBQM UkyRd�VX *�?B2` /2b +?�`;2b /2 HǶ�TT2HH�iBQM
/ǶQ`B;BM2 +QMi`ƬHû2 Ŀ a�ALh@1JAGAPL :_�L. *_l ŀX yyyyyX

JBMBbiĕ`2 /2 HǶ�;`B+mHim`2 2i /2 HǶ�HBK2Mi�iBQM UkyRd#VX *�?B2` /2b +?�`;2b /2 HǶ�TT2HH�@
iBQM /ǶQ`B;BM2 +QMi`ƬHû2 Ŀ a�ALh@1JAGAPL ŀX yyyyyX

JBMBbiĕ`2 /2 HǶ�;`B+mHim`2 2i /2 HǶ�HBK2Mi�iBQM UkyR3VX *�?B2` /2b +?�`;2b /2 HǶ�TT2HH�iBQM
/ǶQ`B;BM2 +QMi`ƬHû2 Ŀ J1.P* ŀX

JBi+?2HH- CX EX �M/ aQ;�- EX URNNjVX 6mM/�K2Mi�Hb Q7 aQBH "2?�pBQ`- pQHmK2 9kkX CQ?M
qBH2v�aQMb- L2r uQ`F- LXuX

JQ`�`B- 6X- *�bi`B;M�Mǁ- �X- �M/ S�;HB�`BM- *X UkyyNVX �TTHB+�iBQM Q7 KmHiBp�`B�i2 ;2Qbi�@
iBbiB+b BM /2HBM2�iBM; K�M�;2K2Mi xQM2b rBi?BM � ;`�p2HHv pBM2v�`/ mbBM; ;2Q@2H2+i`B+�H
b2MbQ`bX *QKTmi2`b �M/ 1H2+i`QMB+b BM �;`B+mHim`2- e3URV ,NdĜRydX yyyyyX

JQ`H�i- _X URN3NVX G2 h2``QB` oBiB+QH2 , *QMi`B#miBQM ¨ HǶûim/2 /2 a� *�`�+iû`Bb�iBQM 2i
/2 aQM AM~m2M+2 am` G2b oBMb , �TTHB+�iBQM �mt oB;MQ#H2b _Qm;2b /2 JQv2MM2 o�HHû2
/2 G� GQB`2X h?2bBb- "Q`/2�mt kX

JQ`H�i- _X- "�`#2�m- :X- �M/ �bb2HBM- *X UkyyRVX 6�+i2m`b M�im`2Hb 2i ?mK�BMb /2b i2`@
`QB`b pBiB+QH2b 7`�MÏ�Bb , Jûi?Q/2 /Ƕûim/2 2i p�HQ`Bb�iBQMX úim/2b 2i _2+?2`+?2b bm` H2b
avbiĕK2b �;`�B`2b 2i H2 .ûp2HQTT2K2Mi- T�;2b RRRĜRkdX

JQ`H�i- _X �M/ "Q/BM- 6X UkyyeVX *?�`�+i2`Bx�iBQM Q7 oBiB+mHim`�H h2``QB`b mbBM; � aBKTH2
6B2H/ JQ/2H "�b2/ QM aQBH .2Ti? Ĝ AAX o�HB/�iBQM Q7 i?2 :`�T2 uB2H/ �M/ "2``v Zm�HBiv
BM i?2 �MDQm oBM2v�`/ U6`�M+2VX SH�Mi �M/ aQBH- k3RUR@kV ,88ĜeNX yyyyyX

PAo UkyRyVX _1aPGlhAPL PAofoAhA jjjfkyRyX QBpXBMiX yyyyyX

PAo UkyRkVX _1aPGlhAPL PAofoAhA 9kjfkyRkX

PD2/�- >X- �M/�`v- *X- E`�2p�- 1X- *�`#QMM2�m- �X- �M/ .2HQB`2- �X UkyykVX AM~m2M+2 Q7
S`2@ �M/ SQbip2`�BbQM q�i2` .2}+Bi QM avMi?2bBb �M/ *QM+2Mi`�iBQM Q7 aFBM S?2MQHB+
*QKTQmM/b /m`BM; "2``v :`Qri? Q7 oBiBb pBMB72`� +pX a?B`�xX �K2`B+�M CQm`M�H Q7
1MQHQ;v �M/ oBiB+mHim`2- 8jU9V ,keRĜkedX yyyyyX

S�H�+Fv- :X URN33VX _2bBbiBpBiv +?�`�+i2`BbiB+b Q7 ;2QHQ;B+ i�`;2ibX AM 1H2+i`QK�;M2iB+
J2i?Q/b BM �TTHB2/ :2QT?vbB+b , h?2Q`v- pQHmK2 j- T�;2b 8jĜRkNX aQ+B2iv Q7 1tTHQ`�iBQM
:2QT?vbB+Bbib hmHb�X
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S�MBbbQ/- *X- .�#�b- JX- CQHBp2i- �X- �M/ h�##�;?- �X URNNdVX � MQp2H KQ#BH2 KmHiBTQH2
bvbi2K UJl*1SV 7Q` b?�HHQr UyĜj KV ;2Q2H2+i`B+�H BMp2biB;�iBQM , h?2 ǵoQH@/2@+�M�`/bǶ
�``�vX :2QT?vbB+�H S`QbT2+iBM;- 98UeV ,N3jĜRyykX

S�T2M/B+F- _X �M/ JBHH2`- .X URNddVX *QMb2`p�iBQM iBHH�;2 BM i?2 T�+B}+ MQ`i?r2bi (lMBi2/
bi�i2b)X CQm`M�H Q7 aQBH �M/ q�i2` *QMb2`p�iBQMX

S22H- JX *X- 6BMH�vbQM- "X GX- �M/ J+J�?QM- hX �X UkyydVX lT/�i2/ rQ`H/ K�T
Q7 i?2 EƺTT2M@:2B;2` +HBK�i2 +H�bbB}+�iBQMX >v/`QHQ;v �M/ 1�`i? avbi2K a+B2M+2b-
RRU8V ,RejjĜRe99X yyyyyX

S2HH2;`BMQ- �X- :Qxû- 1X- G2#QM- 1X- �M/ q2`v- CX UkyyeVX � KQ/2H@#�b2/ /B�;MQbBb iQQH
iQ 2p�Hm�i2 i?2 r�i2` bi`2bb 2tT2`B2M+2/ #v ;`�T2pBM2 BM }2H/ bBi2bX 1m`QT2�M CQm`M�H
Q7 �;`QMQKv- k8URV ,9NĜ8NX yyyyyX

S2HH2;`BMQ- �X- G2#QM- 1X- oQHix- JX- �M/ q2`v- CX Ukyy9VX _2H�iBQMb?BTb #2ir22M TH�Mi
�M/ bQBH r�i2` bi�imb BM pBM2 UoBiBb pBMB72`� GXVX SH�Mi �M/ aQBH- keeUR@kV ,RkNĜR9kX
yyyyyX

S2MK�M- >X GX URN93VX L�im`�H 1p�TQ`�iBQM 7`QK PT2M q�i2`- "�`2 aQBH �M/ :`�bbX S`Q@
+22/BM;b Q7 i?2 _Qv�H aQ+B2iv Q7 GQM/QMX a2`B2b �- J�i?2K�iB+�H �M/ S?vbB+�H a+B2M+2b-
RNjURyjkV ,RkyĜR98X yyyyy wa** , yyy3RN3X

S2Mx- aX UkyRkVX JQ/ûHBb�iBQM 2i BMp2`bBQM /2 /QMMû2b ûH2+i`B[m2b 2M +Qm`�Mi +QMiBMm ,
p2`b mM2 T`Bb2 2M +QKTi2 2{+�+2 /2 H� iQTQ;`�T?B2X T�;2 R3RX

S2`mxxQ- GX- a+?Kmix- JX- 6`�M+2b+?B- JX- qm- uX- �M/ >m##�`/- aX aX UkyR3VX h?2
_2H�iBp2 AKTQ`i�M+2 Q7 a�im`�i2/ aBHB+� a�M/ AMi2`7�+B�H �M/ SQ`2 6HmB/ :2Q+?2KBbi`v
QM i?2 aT2+i`�H AM/m+2/ SQH�`Bx�iBQM _2bTQMb2X CQm`M�H Q7 :2QT?vbB+�H _2b2�`+? ,
"BQ;2Qb+B2M+2b- RkjU8V ,RdykĜRdR3X

SH�i2H- CX �M/ .m#`2mBH?- CX URN3eVX G2 #�bbBM /Ƕ�[mBi�BM2X h2+?MB+�H _2TQ`i 3e@a:L@
9k9@:1P- "_:JX

S`BQ`B- aX- S2HH2;`BMB- aX- S2``B�- _X- Sm++BQMB- aX- aiQ`+?B- SX- o�H#Q�- :X- �M/ *Qbi�MiBMB-
1X �X *X UkyRNVX a+�H2 2z2+i Q7 i2``QB` mM/2` i?`22 +QMi`�biBM; pBMi�;2b BM i?2 *?B�MiB
*H�bbB+Q �`2� Uhmb+�Mv- Ai�HvVX :2Q/2`K�- jj9 ,NNĜRRkX yyyyyX

SmB;/27¨#`2;�b- *X- JmƢQx- CX �X- �M/ o2`;ûb- CX URNNkVX h?`mbiBM; �M/ 7Q`2H�M/ #�bBM
2pQHmiBQM BM i?2 aQmi?2`M Sv`2M22bX AM J+*H�v- EX _X- 2/BiQ`- h?`mbi h2+iQMB+b- T�;2b
k9dĜk89X aT`BM;2` L2i?2`H�M/b- .Q`/`2+?iX

Z:Aa .2p2HQTK2Mi h2�K UkyRNVX Z:Aa :2Q;`�T?B+ AM7Q`K�iBQM avbi2KX PT2M aQm`+2
:2QbT�iB�H 6QmM/�iBQM S`QD2+iX yyyyyX

_ *Q`2 h2�K UkyR9VX _ , � G�M;m�;2 �M/ 1MpB`QMK2Mi 7Q` ai�iBbiB+�H *QKTmiBM;X _
6QmM/�iBQM 7Q` ai�iBbiB+�H *QKTmiBM;- oB2MM�- �mbi`B�X yyyyyX

_�bb2- .X SX- _mKT2H- *X- �M/ .B;M�+- JX@6X Ukyy8VX Ab bQBH +�`#QM KQbiHv `QQi +�`#QM \
J2+?�MBbKb 7Q` � bT2+B}+ bi�#BHBb�iBQMX SH�Mi �M/ aQBH- keNURV ,j9RĜj8eX yyyyyX
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_�iHBz- GX 6X- _Bi+?B2- CX hX- �M/ *�bb2H- .X EX URN3jVX 6B2H/@J2�bm`2/ GBKBib Q7 aQBH
q�i2` �p�BH�#BHBiv �b _2H�i2/ iQ G�#Q`�iQ`v@J2�bm`2/ S`QT2`iB2bX aQBH a+B2M+2 aQ+B2iv
Q7 �K2`B+� CQm`M�H- 9dU9V ,ddyĜdd8X yyyyyX

_2i�HH�+F- :X CX �M/ "m`Mb- aX 6X UkyReVX h?2 2z2+ib Q7 bQBH QM i?2 i�bi2 Q7 rBM2X :a�
hQ/�v- keU8VX yyyyyX

_?Q�/2b- CX .X- _��ib- SX �X *X- �M/ S`�i?2`- _X CX URNdeVX 1z2+ib Q7 GB[mB/@T?�b2 1H2+@
i`B+�H *QM/m+iBpBiv- q�i2` *QMi2Mi- �M/ am`7�+2 *QM/m+iBpBiv QM "mHF aQBH 1H2+i`B+�H
*QM/m+iBpBiv RX aQBH a+B2M+2 aQ+B2iv Q7 �K2`B+� CQm`M�H- 9yU8V ,e8RĜe88X

_B+?2`@/2@6Q`;2b- �X UkyR9VX "�b2 /2 /QMMû2b /m _û7û`2MiB2H _û;BQM�H Sû/QHQ;B[m2 /m
/ûT�`i2K2Mi /2 H� :B`QM/2 ¨ Rfk8y yyy- 2M 7Q`K�i .QM2aQHjX9X h2+?MB+�H `2TQ`i- AL_�
AM7QaQHX

_B+?2`@/2@6Q`;2b- �X �M/ �``Qm�vb- .X UkyR9VX *Qm+?2 ;`�T?B[m2 /m _û7û`2MiB2H _û;BQM�H
Sû/QHQ;B[m2 /2 H� `û;BQM LQmp2HH2@�[mBi�BM2 , *�`i2 /2b Tû/QT�vb�;2b /m /ûT�`i2K2Mi
/2 H� :B`QM/2 ¨ Rfk8y yyy- 2M 7Q`K�i �`+AM7QX h2+?MB+�H `2TQ`i- AL_� AM7QaQHX

_Q/`B;Q@*QKBMQ- CX UkyR3VX 6Bp2 /2+�/2b Q7 bQBH 2`QbBQM `2b2�`+? BM ǳi2``QB`ǴX h?2 ai�i2@
Q7@i?2@�`iX 1�`i?@a+B2M+2 _2pB2rb- RdN ,9jeĜ99dX yyyyyX

_mKT2H- *X �M/ Eƺ;2H@EM�#M2`- AX UkyRRVX .22T bQBH Q`;�MB+ K�ii2`ě� F2v #mi TQQ`Hv
mM/2`biQQ/ +QKTQM2Mi Q7 i2``2bi`B�H * +v+H2X SH�Mi �M/ aQBH- jj3URV ,R9jĜR83X yyyyyX

_mi? /2 �M/`ûb@/2 S`�/Q- iX- J�`ő� umbi2@_QD�b- iX- s�pB2` aQ`i- iX- *`BbiBM� �M/`ûb@
G�+m2p�- iX- - JB`2B� hQ``2b- iX- �M/ _Qb� JX G�Km2H�@_�p2MiƦb - iX UkyydVX 1z2+i
Q7 aQBH hvT2 QM qBM2b S`Q/m+2/ 7`QK oBiBb pBMB72`� GX *pX :`2M�+?2 BM *QKK2`+B�H
oBM2v�`/bX yyyyyX

a�Hp�/Q`@"H�M2b- aX- *Q`Mm- aX- *Qmim`B2`- �X- EBM;- .X- �M/ J�+�B`2- CX@CX UkyyeVX JQ`@
T?QHQ;B+�H �M/ ;2Q+?2KB+�H T`QT2`iB2b Q7 bQBH �++mKmH�i2/ BM ?2/;2@BM/m+2/ i2``�+2b BM
i?2 J�bbB7 *2Mi`�H- 6`�M+2X aQBH �M/ hBHH�;2 _2b2�`+?- 38UR@kV ,ekĜddX

a�KQmďHB�M- �X- *QmbBM- AX- h�##�;?- �X- "`m�M/- �X- �M/ _B+?�`/- :X Ukyy8VX 1H2+i`B+�H
`2bBbiBpBiv bm`p2v BM bQBH b+B2M+2 , � `2pB2rX aQBH �M/ hBHH�;2 _2b2�`+?- 3jUkV ,RdjĜRNjX
yyyyyX

a�m`BM- LX- hBbb2v`2- "X- �M/ G2#QM- 1X UkyR9VX *QKK2Mi K2bm`2` H� +QMi`�BMi2 ?v/`B[m2
/2 H� pB;M2- /2 H� TH�Mi2 �m pB;MQ#H2X T�;2b RĜReX

a2;mBM- :X URNdyVX G2b aQHb /2 oB;MQ#H2b .m >�mi@JûiQ+ AM~m2M+2 am` HǶ�HBK2Mi�iBQM 1M
1�m /2 G� oB;M2 2i am` G� J�im`�iBQM .m _�BbBMX S?. i?2bBb- lMBp2`bBiû- 6�+mHiû /2b
a+B2M+2bX

a2;mBM- :X URN3eVX h2``QB`b �M/ T2/QHQ;v Q7 rBM2 ;`QrBM;X 1tT2`B2MiB�- 9kU3V ,3eRĜ3djX

a2;m`2i- JX URNdkVX 1im/2 i2+iQMB[m2 /2b M�TT2b 2i bû`B2b /û+QHHû2b /2 H� T�`iB2 +2Mi`�H2
/m p2`b�Mi bm/ /2b Sv`ûMû2bX Sm#X 1bi2H�- a2` ;2QHX bi`m+iX- k ,RĜR88X



R33 "B#HBQ;`�T?B2

a2``�MQ- PX- :mBHHQ+?2�m- 6X- �M/ G2`Qv- 1X UkyyRVX úpQHmiBQM /m #�bbBM +QKT`2bbB7 LQ`/@
Sv`ûMû2M �m S�HûQ;ĕM2 U#�bbBM /2 HǶ�/Qm`V , *QMi`�BMi2b bi`�iB;`�T?B[m2bX *QKTi2b
_2M/mb /2 HǶ�+�/ûKB2 /2b a+B2M+2b @ a2`B2b AA� @ 1�`i? �M/ SH�M2i�`v a+B2M+2-
jjkURV ,jdĜ99X

aBM+H�B`- hX _X �M/ Gm/HQr- JX JX URN3eVX AM~m2M+2 Q7 aQBH q�i2` amTTHv QM i?2 SH�Mi
q�i2` "�H�M+2 Q7 6Qm` h`QTB+�H :`�BM G2;mK2bX 6mM+iBQM�H SH�Mi "BQHQ;v- RjUjV ,jkNĜ
j9RX

aK�`i- _X �M/ _Q#BMbQM- JX URNNRVX amMHB;?i BMiQ qBM2X � >�M/#QQF 7Q` qBM2;`�T2
*�MQTv J�M�;2K2MiX qBM2iBiH2b- �/2H�B/2X

h�vHQ`- CX- *QmHQmK�- :X- G�;�+?2`B2- SX- �M/ hBbb2v`2- "X UkyyNVX J�TTBM; bQBH mMBib
rBi?BM � pBM2v�`/ mbBM; bi�iBbiB+b �bbQ+B�i2/ rBi? ?B;?@`2bQHmiBQM �TT�`2Mi bQBH 2H2+i`B+�H
+QM/m+iBpBiv /�i� �M/ 7�+iQ`B�H /Bb+`BKBM�Mi �M�HvbBbX :2Q/2`K�- R8jUR@kV ,kd3Ĝk39X

hQMB2iiQ- CX �M/ *�`#QMM2�m- �X Ukyy9VX � KmHiB+`Bi2`B� +HBK�iB+ +H�bbB}+�iBQM bvbi2K 7Q`
;`�T2@;`QrBM; `2;BQMb rQ`H/rB/2X �;`B+mHim`�H �M/ 6Q`2bi J2i2Q`QHQ;v- Rk9URV ,3RĜNdX

h`2;Q�i- PX UkyyjVX *�`�+iû`Bb�iBQM /m `û;BK2 ?v/`B[m2 2i /m bi�imi �xQiû /2 H� pB;M2 T�`
/2b BM/B+�i2m`b T?vbBQHQ;B[m2b /�Mb mM2 ûim/2 i2``QB` �m b2BM /2 ?mBi ;`�M/b +`mb /2
"Q`/2�mt , AM~m2M+2 bm` H2 +QKTQ`i2K2Mi /2 H� pB;M2 2i H� K�im`�iBQM /m `�BbBMX S?.X
h?2bBb- "Q`/2�mt k- "Q`/2�mtX

h`2;Q�i- PX- o�M G22mr2M- *X- *?QMû- sX- �M/ :�m/BHHĕ`2- CX@SX UkyykVX 1im/2 /m `û;BK2
?v/`B[m2 2i /2 H� Mmi`BiBQM �xQiû2 /2 H� pB;M2 T�` /2b BM/B+�i2m`b T?vbBQHQ;B[m2bX CX AMiX
a+BX oB;M2 oBM- jeUjV ,RjjĜR9kX

hm`+- GX URNeRVX 1biBK�iBQM Q7 B``B;�iBQM r�i2` `2[mB`2K2Mib- TQi2MiB�H 2p�TQi`�MbTB`�@
iBQM , � bBKTH2 +HBK�iB+ 7Q`KmH� 2pQHp2/ mT iQ /�i2X �MMX �;`QM- RkURV ,RjĜ9NX

o�M G22mr2M- *X URN3NVX *�`i2 /2b bQHb /m pB;MQ#H2 /2 a�BMi@1KBHBQMX

o�M G22mr2M- *X UkyRyVX h2``QB` , h?2 2z2+i Q7 i?2 T?vbB+�H 2MpB`QMK2Mi QM pBM2 ;`Qri?-
;`�T2 `BT2MBM; �M/ rBM2 b2MbQ`v �ii`B#mi2bX AM J�M�;BM; qBM2 Zm�HBiv- T�;2b kdjĜjR8X
1Hb2pB2`X

o�M G22mr2M- *X- "�m/2i- .X- .mi2�m- CX- a2;mBM- :X- �M/ qBH#2`i- CX URN3NVX G2b bQHb
pBiB+QH2b 2i H2m` `ûT�`iBiBQM ¨ a�BMi@1KBHBQMX SQK2`QH 2i [m2H[m2b �mi`2b +QKKmM2b /m
GB#Qm`M�Bb- *QMM�Bbb�M+2 /2 H� oB;M2 2i /m oBM- kj ,RjRĜR8yX

o�M G22mr2M- *X- *?QMû- sX- 6`B�Mi- SX- JQHQi- *X >X- aQv2`- CX SX- �M/ .m#Qm`/B2m- .X
UkyyyVX GǶBMiû`2i /m /Qb�;2 /2 HǶ�xQi2 iQi�H 2i /2 HǶ�xQi2 �bbBKBH�#H2 /�Mb H2 KQȿi +QKK2
BM/B+�i2m` /2 H� Mmi`BiBQM �xQiû2 /2 H� pB;M2X CQm`M�H BMi2`M�iBQM�H /2b b+B2M+2b /2 H�
pB;M2 2i /m pBM4 AMi2`M�iBQM�H DQm`M�H Q7 pBM2 �M/ rBM2 b+B2M+2b- j9UkV ,d8Ĝ3kX

o�M G22mr2M- *X- 6`B�Mi- SX- *?QM2- sX- h`2;Q�i- PX- EQmM/Qm`�b- aX- �M/ .m#Qm`/B2m- .X
Ukyy9VX AM~m2M+2 Q7 +HBK�i2- bQBH- �M/ +mHiBp�` QM i2``QB`X �K2`B+�M CQm`M�H Q7 1MQHQ;v
�M/ oBiB+mHim`2- 88UjV ,kydĜkRdX



"B#HBQ;`�T?B2 R3N

o�M G22mr2M- *X �M/ a2;mBM- :X URNN9VX AM+B/2M+2 /2 HǶ�HBK2Mi�iBQM 2M 2�m /2 H� pB;M2-
�TT`2+B22 T�` HǶ2i�i ?v/`B[m2 /m 72mBHH�;2- bm` H2 /2p2HQTT2K2Mi /2 HǶ�TT�`2BH p2;2i�iB7
2i H� K�im`�iBQM /m `�BbBM UoBiBb pBMB72`� p�`Bûiû *�#2`M2i 7`�M+- a�BMi@1KBHBQM RNNyVX
P1LP PM2- k3UkV ,3RĜRRyX

o�M G22mr2M- *X �M/ a2;mBM- :X UkyyeVX h?2 +QM+2Ti Q7 i2``QB` BM pBiB+mHim`2X CQm`M�H Q7
qBM2 _2b2�`+?- RdURV ,RĜRyX

o�M G22mr2M- *X- h`2;Q�i- PX- *?QMû- sX- "QBb- "X- S2`M2i- .X- �M/ :�m/BHHĕ`2- CX@SX
UkyyNVX oBM2 r�i2` bi�imb Bb � F2v 7�+iQ` BM ;`�T2 `BT2MBM; �M/ pBMi�;2 [m�HBiv 7Q` `2/
"Q`/2�mt rBM2X >Qr +�M Bi #2 �bb2bb2/ 7Q` pBM2v�`/ K�M�;2K2Mi Tm`TQb2bX CX AMiX a+BX
oB;M2 oBM- 9jUjV ,RkRĜRj9X

o�m/Qm`- 1X UkyykVX h?2 [m�HBiv Q7 ;`�T2b �M/ rBM2 BM `2H�iBQM iQ ;2Q;`�T?v , LQiBQMb Q7
i2``QB` �i p�`BQmb b+�H2bX CQm`M�H Q7 qBM2 _2b2�`+?- RjUkV ,RRdĜR9RX

o�m/Qm`- 1X- *Qbi�MiBMB- 1X �X *X- CQM2b- :X oX- �M/ JQ+�HB- aX UkyR8VX �M Qp2`pB2r Q7
i?2 `2+2Mi �TT`Q�+?2b iQ i2``QB` 7mM+iBQM�H KQ/2HHBM;- 7QQiT`BMiBM; �M/ xQMBM;X aPAG-
RURV ,k3dĜjRkX

q�Hi2`- *X- "BbTQ- �X- *?2Mm- *X- G�M;H�Bb@>2bb2- �X- �M/ a+?r�`ix- *X UkyR8VX G2b b2`@
pB+2b û+QbvbiûKB[m2b /2b bQHb , .m +QM+2Ti ¨ b� p�HQ`Bb�iBQMX �;`B+mHim`2 2i 6QM+B2`@
*QM+m``2M+2b 2Mi`2 lb�;2b /2b bQHb 2i 2Mi`2 lb�;2`b /2b bQHb �;`B+QH2b , G� Zm2biBQM
6QM+Bĕ`2 _2MQmp2Hû2- 2/ *X .2K2i2` US�`Bb , *�?B2` .2K2i2`V- T�;2b 8RĜe3X

q?Bi2- _X 1X UkyyjVX aQBHb 7Q` 6BM2 qBM2bX Pt7Q`/ lMBp2`bBiv S`2bb- Pt7Q`/- L2r uQ`FX

qBH#2`i- CX URNd3VX G2bT�``2 :@RdX P*G* , edjkdjkX

qBMFH2`- �X CX- *QQF- CX �X- EHB2r2`- qX JX- �M/ GB/2`- GX �X URNd9VX :2M2`�H oBiB+mHim`2 ,
a2+QM/ _2pBb2/ 1/BiBQMX lMBp2`bBiv Q7 *�HB7Q`MB� S`2bbX


	Table des matières
	Liste des tableaux
	Table des figures
	Remerciements
	Introduction
	Physiographie des sites d'étude
	Les vignobles du Bordelais
	Géologie régionale du bassin aquitain
	Géodynamique aquitaine et pyrénéenne
	Environnements de dépôt et remplissage sédimentaire du bassin aquitain

	Les sites d'étude
	Le Château Capet-Guillier
	Château Patache d'Aux


	Caractérisation des sites d'étude
	Cartographie pédologique
	Le terroir et le vin
	Caractérisations pédologiques

	Données météorologiques
	Caractérisation de la zone saturée du sol
	Cartographie de la résistivité électrique des sols
	Principe de la mesure
	Tomographie par résistivité électrique (ERT)
	Mesures de résistivité apparente par traîné électrique (MUCEP)


	Facteurs environnementaux et qualité du vin
	Introduction
	Matériel et méthodes
	Site d'étude
	Collecte de données
	Statistiques et analyse des données

	Résultats
	Données et indices climatiques
	Dynamique de la nappe phréatique
	Descriptions des sols
	Estimation de l'eau disponible de la vigne
	Carte de classement de la qualité du vin
	De la carte de la qualité du vin aux propriétés du sol

	Discussion
	Disponibilité de l'eau
	Disponibilité des nutriments
	Dynamique du sol et de la vigne

	Conclusion

	Apport des mesures de résistivité électrique du sol
	Introduction
	Matériel et méthodes
	Cartographie pédologique et SFU
	Acquisition des données de résistivité électrique apparentes : MUCEP
	Acquisition des données de tomographie

	Résultats
	Données MUCEP
	Tomographie et sondages électriques

	Discussion
	Conclusion

	Modélisation du statut hydrique de la vigne
	Introduction
	Présentation du modèle
	Application aux données actuelles
	Paramètres physiques du sol
	Paramètres de végétation et de pratiques
	Prise en compte des écoulements de surface
	Climat des années 2017 et 2018
	Résultats des simulations

	Application à partir de scénarios climatiques
	Projections climatiques
	Résultats

	Discussion
	Sur les forces et faiblesses du modèle BISWAT
	Sur les résultats de modélisation obtenus

	Conclusion

	Conclusion générale
	Carte des sols du Château Patache d'Aux
	Résultats du MUCEP au Château Patache d'Aux
	Bibliographie

