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G2b ASJ* , mM2 THQM;û2 �m +ƾm` /2 H� KBb2 2M
T`�iB[m2 /2b +QKTûi2M+2b

�H2tBb G2#Bb1- 1bi2HH2 S`BQ`1,2- L�/BM2 J�M/`�M2- �M/ J�i?B2m o2`K2mH2M1

1 AJh GBHH2 .Qm�B- AMbiBimi JBM2b@hûHû+QK- lMBpX GBHH2- *2Mi`2 7Q` .B;Bi�H avbi2Kb
6@8Nyyy GBHH2- 6`�M+2

(�H2tBbXH2#Bb- K�i?B2mXp2`K2mH2M)!BKi@HBHH2@/Qm�BX7`
2 :`2MQ#H2 �HT2b lMBp2`bBiû

L�/BM2XJ�M/`�M!mMBp@;`2MQ#H2@�HT2bX7`

_ûbmKûX .�Mb H2b 7Q`K�iBQMb- 2i � 7Q`iBQ`B /�Mb H2b �TT`Q+?2b T�` +QK@
Tûi2M+2b- BMp2MiQ`B2` H2b +QKTûi2M+2b [m2 H2b ûim/B�Mib �+[m2``QMi 2bi
mM2 i�+?2 +QKTH2t2 2i- +QMbû[m2KK2Mi- HǶQ#b2`p�iBQM /2 H� K�ŗi`Bb2 /2
+2b /2`MBĕ`2b T�` H2b ûim/B�Mib HǶ2bi 2M+Q`2 THmbX a�Mb /û}MBiBQMb 7Q`K2HH2b-
+2b /B{+mHiûb M2 b2`QMi T�b `ûbQHm2b 2i HǶûp�Hm�iBQM /2b +QKTûi2M+2b /�Mb
/2b /BbTQbBiB7b BM7Q`K�iB[m2b `2bi2`� +QKTH2t2X .�Mb +2i �`iB+H2 /2 TQbB@
iBQMM2K2Mi- MQmb T`ûb2MiQMb MQb i`�p�mt bm` H2b AM/B+�i2m`b /2 S2`+2T@
iBQM /2 JQ#BHBb�iBQM /2 *QKTûi2M+2b UASJ*VX AH bǶ�;Bi MQM T�b /2 /û}MB`
7Q`K2HH2K2Mi mM2 +QKTûi2M+2- K�Bb H� K�MBĕ`2 /2 H� +�`�+iû`Bb2`- /2 HǶQ#@
b2`p2` 2i /2 K2bm`2` b2b T`QT`BûiûbX 1M MQmb ûK�M+BT�Mi /m +Ƭiû Mû#mH2mt
/2 H� +QKTûi2M+2- MQmb KQMi`QMb +QKK2Mi BH /2pB2Mi �HQ`b TQbbB#H2 /Ƕ�b@
bBbi2` H2b �+i2m`b Tû/�;Q;B[m2b TQm` B/2MiB}2` [m2Hb QmiBHb T2mp2Mi āi`2
T2`iBM2Mib TQm` ûp�Hm2` mM2 +QKTûi2M+2X

JQib@*H27b , �TT`Q+?2 T�` +QKTûi2M+2- AM/B+�i2m`- úp�Hm�iBQM

�#bi`�+iX AM i`�BMBM; +Qm`b2b- �M/ � 7Q`iBQ`B BM +QKT2i2M+v@#�b2/ �T@
T`Q�+?2b- K�FBM; �M BMp2MiQ`v Q7 i?2 +QKT2i2M+2b i?�i bim/2Mib rBHH
�+[mB`2 Bb � +QKTH2t i�bFX h?mb- Q#b2`pBM; i?2 K�bi2`v Q7 i?2b2 +QK@
T2i2M+2b #v bim/2Mib Bb 2p2M KQ`2 bQX qBi?Qmi 7Q`K�H /2}MBiBQMb- bm+?
Bbbm2b rBHH MQi #2 `2bQHp2/- 2bT2+B�HHv BM � h1G +QMi2tiX AM i?Bb TQbBiBQM
T�T2`- r2 T`QTQb2 � MQp2H MQiBQM +�HH2/ i?2 S2`+2TiBQM AM/B+�iQ` Q7 *QK@
T2i2M+2b JQ#BHBb�iBQM USA*JVX Ai Bb MQi `2H�i2/ iQ � 7Q`K�H /2}MBiBQM Q7
+QKT2i2M+v- #mi iQ ?Qr iQ +?�`�+i2`Bb2 Bi- Q#b2`p2 Bi �M/ K2�bm`2 Bib
T`QT2`iB2bX "v 2K�M+BT�iBM; Qm`b2Hp2b 7`QK i?2 7mxxv bB/2 Q7 i?2 +QKT2@
i2M+v- r2 BHHmbi`�i2 ?Qr Bi Bb TQbbB#H2 iQ �bbBbi 2/m+�iBQM�H bi�F2?QH/2`b BM
B/2MiB7vBM; r?B+? iQQHb K�v #2 `2H2p�Mi iQ �bb2bb bim/2MibǶ +QKT2i2M+B2bX

E2vrQ`/b, *QKT2i2M+v@#�b2/ �TT`Q�+?- AM/B+�iQ`- 1p�Hm�iBQM

R AMi`Q/m+iBQM

J�H;`û /2b KQ/ĕH2b THmb Qm KQBMb `B+?2b i2Mi�Mi /2 /û+`B`2 H2b +QKTûi2M+2b (d-9)-
HǶûi�i /2 HǶ�`i /2 +2b pBM;ib /2`MBĕ`2b �MMû2b H�Bbb2 }M�H2K2Mi i`�MbT�`�ŗi`2 mM
+2`i�BM BMbm++ĕb ¨ BM+Q`TQ`2` 2{+�+2K2Mi H2b +QKTûi2M+2b /�Mb /2b /BbTQbBiB7b



1MpB`QMM2K2Mib AM7Q`K�iB[m2b TQm` HǶ�TT`2MiBbb�;2 >mK�BM kykR

BM7Q`K�iB[m2b �}M /2 H2b 2tTHQBi2`- /2 H2b ûp�Hm2` 2i /Ƕ�bbBbi2` H2b /Bzû`2Mib �+@
i2m`b (3)X S`2mp2 2M 2bi �p2+ H2 }M�M+2K2Mi `û+2Mi /2 T`QD2ib /2 `2+?2`+?2 �miQm`
/2 +2ii2 i?ûK�iB[m2- +QKK2 �S�*>1a Qm *PJS1_- [mB bǶBMiû`2bb2Mi ¨ H� KBb2
2M ƾmp`2 /Ƕ�TT`Q+?2b T�` +QKTûi2M+2bX *2ii2 /B{+mHiû /2 `2T`ûb2Mi2` H� +QKTû@
i2M+2 +QKK2 mM �`i27�+i BM7Q`K�iB[m2 K2bm`�#H2 Q#D2+iBp2K2Mi iB2Mi T`BM+BT�H2@
K2Mi ¨ H� ;2Mĕb2 /2 b2b /û}MBiBQMb- ûHQB;Mû2b � T`BQ`B /2b bvbiĕK2b /ǶBM7Q`K�iBQMb
(R) Ĝ +QMbi�i �TTmvû T�` S�[m2ii2 HQ`b[mǶBH T`QTQb2 mM KQ/ĕH2 QMiQHQ;B[m2 /2 H�
+QKTûi2M+2 (8)X § +2H� bǶ�DQmi2 HǶBMi`B+�iBQM /ǶmM #B�Bb /ǶQ#b2`p�iBQM ;ûMû`û T�`
H2b /BbTQbBiB7b BM7Q`K�iB[m2b miBHBbûb TQm` ûp�Hm2` H2b +QKTûi2M+2b �p2+ H� +�T�+Biû
/ǶmM ûim/B�Mi ¨ H2b K2ii`2 2M T`�iB[m2X AH /2pB2Mi �HQ`b +QKTH2t2 /ǶB/2MiB}2` /�Mb
[m2H ûi�i /Ƕ�TT`QT`B�iBQM b2 i`Qmp2 mM ûim/B�Mi pBb@¨@pBb /2 b2b +QKTûi2M+2bX

*2 T�TB2` /2 TQbBiBQMM2K2Mi T`ûb2Mi2 H2 +QM+2Ti /ǶAM/B+�i2m` /2 S2`+2T@
iBQM /2 JQ#BHBb�iBQM /2 *QKTûi2M+2b UASJ*VX AH bǶ�;Bi /2b `ûbmHi�ib T`ûHBKB@
M�B`2b /2 MQb i`�p�mt /2 `2+?2`+?2 Q#i2Mmb /�Mb H2 +�/`2 /m T`QD2i /2 `2+?2`+?2
�S�*>1a- HQ`b /2 H� i2Mi�iBp2 /ǶûH�#Q`�iBQM /ǶmM +�i�HQ;m2 /2 +QKTûi2M+2b
+QM+2`M�Mi H� Tû/�;Q;B2 T�` T`QD2i 2M BM7Q`K�iB[m2 +2Mi`û2 ?mK�BM (j) 2i H2b
�M�Hvb2b �bbQ+Bû2b TQm` Q#b2`p2` +2b +QKTûi2M+2bX LQmb T2MbQMb [m2 H2b ASJ*
+QMbiBim2Mi mM2 TBbi2 /ǶBMMQp�iBQM 2i /2 /Bb+mbbBQM BMiû`2bb�Mi2 TQm` iQmi2 H�
+QKKmM�miû ¨ T`QTQb /2 H� K�MBĕ`2 /2 i`�Bi2` H� +QKTûi2M+2 Ĝ /2 b� +�`�+iû`B@
b�iBQM Dmb[mǶ¨ bQM Q#b2`p�iBQMX a�Mb b2 TH�+2` 2M `mTim`2 �p2+ H2b T`QTQbBiBQMb
�/KBb2b (d)- BHb 2MpBb�;2Mi mM2 BM+HmbBQM THmb QTû`�Mi2 /2b +QKTûi2M+2b /�Mb H2b
/BbTQbBiB7b BM7Q`K�iB[m2b /Ƕ�TT`2MiBbb�;2- �BMbB [m2 /2b Kû+�MBbK2b /Ƕ�bbBbi�M+2b
`2M7Q`+ûb U2X;X T�`i�;2- +?QBt /2b QmiBHb- �B/2 �mt 2Mb2B;M�Mib TQm` HǶûp�Hm�iBQM-
pBbm�HBb�iBQMVX .�Mb H� b2+iBQM k- MQmb T`ûb2MiQMb +2 MQmp2�m T�`�/B;K2 2i- #`Bĕ@
p2K2Mi- bQM 7QM/2K2Mi i?ûQ`B[m2X G� b2+iBQM j MQmb T2`K2i /ǶBHHmbi`2` MQi`2
T`QTQbBiBQM 2i b2b KmHiBTH2b �p�Mi�;2b- �p�Mi /2 +QM+Hm`2 /�Mb H� b2+iBQM 9X

k G2b ASJ* ༆

kXR AMimBiBQM- ?vTQi?ĕb2b 2i /û}MBiBQM
GǶûi�i /2 HǶ�`i bm` H2b +QKTûi2M+2b K2i 2M 2t2`;m2 H2m` �bT2+i `B+?2 2i +QKTH2t2-
2i H� /B{+mHiû ¨ ûp�Hm2` +Q``2+i2K2Mi H2m` /2;`û /Ƕ�+[mBbBiBQM T�` H2b ûim/B�Mib
(N)X *2ii2 ûp�Hm�iBQM T�bb2 ;ûMû`�H2K2Mi T�` HǶQ#b2`p�iBQM /2 H� `û�HBb�iBQM /ǶmM2
Qm THmbB2m`b i�+?2b [mB BKTHB[m2Mi /2b ûHûK2Mib /Bb+`BKBM�Mib /2 H� +QKTûi2M+2-
2i MQM T�b H� +QKTûi2M+2 2M 2HH2 KāK2 (e)X S�` +QMbû[m2Mi- BH /QBi 2tBbi2` mM2
+Q``ûH�iBQM 7Q`i2 2Mi`2 +2b ûHûK2Mib 2i H�/Bi2 +QKTûi2M+2- ¨ i2H TQBMi [mǶBHb H�
+�`�+iû`Bb2Mi bm{b�KK2MiX

LQmb 7�BbQMb /QM+ HǶ?vTQi?ĕb2 [m2- bǶBH ûi�Bi TQbbB#H2 /Ƕûp�Hm2` /B`2+i2K2Mi
H� +QKTûi2M+2 /ǶmM ûim/B�Mi- +2 b2`�Bi /ûD¨ +2 [m2 MQmb 72`BQMb �m b2BM /2b
/Bzû`2Mi2b +QKKmM�miûb Tû/�;Q;B[m2b 2i /2 `2+?2`+?2X *2ii2 ûp�Hm�iBQM M2 T2mi
b2 7�B`2 [mǶ¨ i`�p2`b HǶQ#b2`p�iBQM /2b ûHûK2Mib /Bb+`BKBM�Mib /2 H� +QKTûi2M+2 ,
b2b T`QT`BûiûbX *2H� BKTHB[m2 [mǶ2HH2b /QBp2Mi āi`2 Q#b2`p�#H2b 2i [m�MiB}�#H2b 2M
7QM+iBQM /2 +`Biĕ`2b Tû/�;Q;B[m2b Q#D2+iB7bX �BMbB- MQmb T2MbQMb [mǶQ#b2`p2`- pB�
/2b /BbTQbBiB7b �/û[m�ib- bm{b�KK2Mi /2 T`QT`Bûiûb /ǶmM2 +QKTûi2M+2 T2`K2i /2
i`�/mB`2 b� K�ŗi`Bb2 T�` HǶûim/B�MiX .2 THmb- TmBb[mǶBH MǶ2bi T�b TQbbB#H2 /Ƕ�{`K2`
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AM/B+�i2m`b /2 S2`+2TiBQM /2 JQ#BHBb�iBQM /2 *QKTûi2M+2b

�p2+ +2`iBim/2 [m2 H� +QKTûi2M+2 MǶ2bi Bbbm2 [m2 /m T`Q+2bbmb /2 +Q;MBiBQM /ǶmM
BM/BpB/m 2i MQM T�b �mbbB /2 b� +QMb+B2M+2 T?ûMQKûM�H2- MQmb 7�BbQMb û;�H2K2Mi
HǶ?vTQi?ĕb2 [m2 iQmi2 i2Mi�iBp2 /ǶQ#b2`p�iBQM /ǶmM2 +QKTûi2M+2R /ǶmM ûim/B�Mi
2Mi`�ŗM2 BM2tQ`�#H2K2Mi b� KQ/B}+�iBQM Ĝ BM}K2 Qm MQMX

*QMbû[m2KK2Mi- BH 2bi TQbbB#H2 /Ƕ2tT`BK2`- ¨ mM BMbi�Mi /QMMû- HǶ�TT`QT`B�@
iBQM /2 +?�+mM /2b Q#b2`p�#H2b /ǶmM2 +QKTûi2M+2 T�` mM BM/B+�i2m` /û/BûX *2b
BM/B+�i2m`b bQMi H2b AM/B+�i2m`b /2 S2`+2TiBQM /2 JQ#BHBb�iBQM /2 *QKTûi2M+2b
UASJ*V- [m2 MQmb /û}MBbbQMb +QKK2 ûi�Mi ǴmM2 Kûi`B[m2 T2`K2ii�Mi /2 [m�M@
iB}2`- /Ƕ�T`ĕb H2b �ii2Mi2b Tû/�;Q;B[m2b- H� p�H2m` /Ƕ�TT`QT`B�iBQM /ǶmM �bT2+i
Q#b2`p�#H2 /ǶmM2 +QKTûi2M+2- T�` mM BM/BpB/m- ¨ mM BMbi�Mi /QMMû- �m i`�p2`b
/2 /BbTQbBiB7b �Ti2b ¨ H2b KQ#BHBb2`ǴX �BMbB- mM 2Mb2K#H2 /ǶASJ* 7Qm`MBi ¨ HǶ2M@
b2B;M�Mi mM 7�Bb+2�m /2 T`2mp2 [m�Mi ¨ H� K�ŗi`Bb2 /ǶmM2 +QKTûi2M+2 T�` mM
ûim/B�Mi , BH bǶ�;Bi /ǶmM2 pm2- THmb Qm KQBMb T`û+Bb2- /2 H� +QKTûi2M+2 �+[mBb2
T�` HǶûim/B�MiX SHmb +2i 2Mb2K#H2 2bi BKTQ`i�Mi- THmb H� +Qmp2`im`2 2bi BKTQ`@
i�Mi2 Ĝ TmBb[m2 THmb /2 T`QT`Bûiûb bQMi Q#b2`pû2b Ĝ 2i THmb HǶQ#b2`p�iBQM /2 H�
+QKTûi2M+2 2bi T`û+Bb2X .2 THmb- H2b +QKTûi2M+2b M2 bQMi T�b Mû+2bb�B`2K2Mi
Kmim2HH2K2Mi /BbDQBMi2b 2i T2mp2Mi /QM+ T�`i�;2` +2`i�BM2b T`QT`Bûiûb c mM b2mH
ASJ* T2mi �BMbB +QMi`B#m2` ¨ HǶQ#b2`p�iBQM /2 KmHiBTH2b +QKTûi2M+2bX

AH 2bi +2T2M/�Mi BKTQ`i�Mi /2 MQi2` [mǶmM2 T`QT`Bûiû M2 T2mi āi`2 Q#b2`pû2
[m2 bB H2 /BbTQbBiB7 [mB HǶQ#b2`p2 UBX2X HǶ1A�>V v 2bi b2MbB#H2X S�` 2t2KTH2- BH 7�mi
[m2 H2b i`�+2b /Ƕ�+iBpBiûb [m2 +2 /BbTQbBiB7 ;ûMĕ`2 T2`K2ii2Mi /ǶB/2MiB}2` +2ii2
T`QT`Bûiû Ĝ ûp2Mim2HH2K2Mi �T`ĕb �M�Hvb2 /2b i`�+2bX G� [m�HBiû /2 HǶQ#b2`p�iBQM ¨
/QM+ mM 2z2i /B`2+i bm` H� [m�HBiû /2b ASJ*X Lû�MKQBMb- T`QT`Bûiû 2i Q#b2`p�iBQM
bQMi iQmi2b /2mt /2b MQiBQMb #B2M /BbiBM+i2b 2i M2 b�m`�B2Mi b2 +QM7QM/`2X

1M +QM+HmbBQM- ;`�+2 �mt ASJ* 2i H2m` BKTHB+�iBQM- MQmb /û}MBbbQMb mM2
+?�ŗM2 /2 i`�Bi2K2Mi +QKTHĕi2 2i 7Q`K2HH2- /2 H� +QKTûi2M+2 Dmb[mǶ¨ HǶQTû`�@
iBQMM�HBb�iBQM /2b i2+?MB[m2b Mû+2bb�B`2b ¨ bQM Q#b2`p�iBQM- �}M /2 7Qm`MB` ¨
MǶBKTQ`i2 [m2H �+i2m` Tû/�;Q;B[m2 mM 7�Bb+2�m /2 T`2mp2 +QM+2`M�Mi H� K�ŗi`Bb2
/2 +2ii2 +QKTûi2M+2X hQmi HǶ2MD2m /2 +2 T�TB2` 2bi /QM+ /Ƕ2M;�;2` mM2 /Bb+mbbBQM
�miQm` /2 +2ii2 +?�ŗM2 /2 i`�Bi2K2Mi- /2 b2b /Bzû`2Mi2b ûi�T2b- MQi�KK2Mi H� /û@
}MBiBQM /2 HǶ2bT�+2 /2b ûi�ib- 2i /2b ASJ*X G� `ûB}+�iBQM QTû`�iBQMM2HH2 /2 H�
+QKTûi2M+2 [m2 MQmb /û72M/QMb B+B MQmb ûK�M+BT2 +2`i2b /2b KQ/ĕH2b i`�/BiBQM@
M2Hb /2 H� +QKTûi2M+2- K�Bb BH 2bi iQmi ¨ 7�Bi TQbbB#H2 /2 /û}MB` mM2 7QM+iBQM f
+QKK2 ûi�Mi mM2 BMD2+iBQM /ǶmM KQ/ĕH2 THmb +H�bbB[m2- +QKK2 S�[m2ii2 (8)- p2`b
MQi`2 T`QTQbBiBQM- ;`�+2 �mt Q#b2`p�#H2b 2i 2bT�+2b /Ƕûi�ib U+7X bm#b2+iBQM kXkVX

kXk S`ûKBbb2 i?ûQ`B[m2 2i 7Q`K�HBb�iBQM

�m 7m` 2i ¨ K2bm`2 /2 MQb i`�p�mt- MQmb �pQMb +QMbi�iû mM2 �M�HQ;B2 K�`[mû2
�p2+ H2b ;`�M/b T`BM+BT2b /2 H� T?vbB[m2 [m�MiB[m2- MQi�KK2Mi H� MQiBQM /2 bvb@
iĕK2- /ǶQ#b2`p�iBQM- /Ƕ2bT�+2 /Ƕûi�ib 2i /ǶBM+2`iBim/2 UMQi�KK2Mi HBû2 ¨ HǶûp�@
Hm�iBQM /2 H� +QKTûi2M+2VX *2H� MQmb � T2`KBb /2 +QMbi`mB`2 MQi`2 T`QTQbBiBQM
/�Mb mM T`2KB2` +�/`2 i?ûQ`B[m2X a�Mb `2Mi`2` /�Mb H2b /ûi�BHb- pQB+B H2b T`ûKBbb2b
7QM/�K2Mi�mt [mB ;mB/2Mi MQi`2 /û}MBiBQM 2i b� KBb2 2M Q2mp`2X
R P#b2`p2` mM2 +QKTûi2M+2 `2pB2Mi ¨ Q#b2`p2` bm{b�KK2Mi /2 b2b T`QT`BûiûbX
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1MpB`QMM2K2Mib AM7Q`K�iB[m2b TQm` HǶ�TT`2MiBbb�;2 >mK�BM kykR

�BMbB- HǶQM +�`�+iû`Bb2 H� +QKTûi2M+2 K +QKK2 mM 2Mb2K#H2 /2 T`QT`Bûiûb
BMi2`M2b- Qɍ +?�[m2 T`QT`Bûiû Â TQbbĕ/2 mM 2bT�+2 +QKTH2t2 /2 >BH#2`i HÂ /2b
ûi�ib 2i /2 /BK2MbBQM nX PM /û}MBi |�i- mM ûi�i [m2H+QM[m2- +QKK2 mM p2+i2m`
2tT`BKû /�Mb H� #�b2 p2+iQ`B2HH2 1 /2 HÂ- +2 [mB MQmb T2`K2i /2 `2T`ûb2Mi2`
H2b Q#b2`p�iBQMb bm` +2i 2bT�+2 /2 >BH#2`i /2b ûi�ibX S�` +QMbû[m2Mi- H� p�H2m`
/2 Â- MQiû hÂi �bbBKBH�#H2 ¨ H� [m�MiBiû bi�iBbiB[m2 KQv2MM2 /2b Q#b2`p�iBQMb-
2bi K2bm`�#H2 2i b2 /û}MBi T�` h�|Â|�iX .2 THmb- BH /2pB2Mi TQbbB#H2 /2 T`û/B`2
HǶûpQHmiBQM /m bvbiĕK2 T�` HǶ�+iBQM /ǶQTû`�i2m`b HBMû�B`2b L bm` H2b p2+i2m`b /2
HǶ2bT�+2 /2 >BH#2`iX

6BM�H2K2Mi- mM ASJ* ༆k b2 i`�/mBi T�` H� /Bbi�M+2 2Mi`2 HǶûi�i Q#b2`pû |�i

2i HǶûi�i |�i H2 THmb T`Q+?2 [mB `2T`ûb2Mi2 mM2 �ii2Mi2 Tû/�;Q;B[m2- /û}MBi T�`
HǶ2Mb2B;M�Mi- i2H [m2 ༆ = �� � ��X GǶmM2 /2b [m2biBQMb [m2 MQmb MQmb TQbQMb
2M+Q`2 2bi bB H� +QKTûi2M+2 K T2mi āi`2 2MpBb�;û2 +QKK2 mM bvbiĕK2 Bbbm /2 H�
bmT2`TQbBiBQM HBMû�B`2 /2b T`QT`Bûiûb ÂX SQm` H2 KQK2Mi- bB THmbB2m`b T`QT`Bûiûb
BMi2`pB2MM2Mi TQm` H� /û}MBiBQM /2 K- MQmb +QMbB/û`QMb [m2 H2 7�Bb+2�m /2 T`2mp2
bǶ2tT`BK2 +QKK2 H� bQKK2 TQM/û`û2 /2b ASJ* +�H+mH�#H2b , K =

Pn
i=0 �i༆iX

j AHHmbi`�iBQM 2i i2bib

G� 7Q`K�HBb�iBQM /2 MQi`2 T`QTQbBiBQM MQmb T2`K2i /2 7Qm`MB` mM T`Q+û/û `B@
;Qm`2mt /2 /û}MBiBQM /2b ASJ* �bbQ+Bûb ¨ mM2 +QKTûi2M+2X AH +QMbBbi2 2M +BM[
ûi�T2b K�D2m`2b- `2T`ûb2Miû2b T�` H2b ~ĕ+?2b /2 H� 6B;m`2 RX LQmb BHHmbi`2`QMb +2
T`Q+û/û ;`�+2 ¨ mM 2t2KTH2- TQ`i�Mi bm` H� +QKTûi2M+2 /2 ;2biBQM /2 T`QD2iX

G� T`2KBĕ`2 ûi�T2 /2 +2 T`Q+û/û +QMbBbi2 ¨ +�`�+iû`Bb2` H� +QKTûi2M+2- �m@
i`2K2Mi /Bi /Ƕ2M /û}MB` b2b T`QT`Bûiûb Q#b2`p�#H2bX lM Q#b2`p�#H2 Â /2 MQi`2
2t2KTH2 b2`�Bi Q`;�MBb2` b2b i�+?2b- TmBb[m2 bǶBH MQmb 2bi TQbbB#H2 /ǶQ#b2`p2`
+2ii2 T`QT`Bûiû- �HQ`b MQmb `2M7Q`ÏQMb MQi`2 +QMM�Bbb�M+2 bm` HǶ�TT`QT`B�iBQM /2
H� +QKTûi2M+2 ;2biBQM /2 T`QD2iX *2ii2 +�`�+iû`Bb�iBQM MǶ� T�b #2bQBM /Ƕāi`2 2t@
?�mbiBp2 , H2 7�Bb+2�m /2 T`2mp2 �HQ`b Q#i2Mm M2 b2`� [m2 KQBMb T`û+Bb- Mû+2bbBi�Mi
/2 HǶ2Mb2B;M�Mi mM2 THmb ;`�M/2 pB;BH�M+2 [m�Mi ¨ HǶBMi2`T`ûi�iBQM /2b `ûbmHi�ibX
.2 THmb- +2ii2 ûi�T2 /2 +�`�+iû`Bb�iBQM H�Bbb2 i`�MbT�`�ŗi`2 H� TQbbB#BHBiû /2 T�`@
i�;2` 2i /2 +Q@+QMbi`mB`2 H� HBbi2 /2b Q#b2`p�#H2b /2 H� +QKTûi2M+2X G� /2mtBĕK2
ûi�T2 +QMbBbi2 ¨ /ûTHB2` HǶQ#b2`p�#H2 2M mM 2bT�+2 /Ƕûi�ib TQbbB#H2b H `2bT2+i�Mi
H2b +QMi`�BMi2b ûMQM+û2b /�Mb H� bm#b2+iBQM kXkX *2ii2 ûi�T2 2bi T2mi āi`2 H� THmb
/ûHB+�i2- TmBb[m2 H� #�b2 E /2 H p� +QM/BiBQMM2` H� /û}MBiBQM /2b ûi�ib /2 H� T`Q@
T`BûiûX S�` 2t2KTH2- |c1i Ĝ /�Mb H� 6B;m`2 R Ĝ TQm``�Bi +Q``2bTQM/`2 ¨ H� MQiBQM
/2 i�+?2b BM/B[mû2b /�Mb H2 #QM ûi�i- Q`i?Q;QM�H2 ¨ |c2i i�+?2b BM/B[mû2b /�Mb H2
K�mp�Bb ûi�i- i2H [m2 hc1|c2i = 0X *2b /2mt T`2KBĕ`2b ûi�T2b bQMi ;ûMû`B[m2b �mt
�+iBpBiûb Tû/�;Q;B[m2b- +2 [mB MǶ2bi T�b H2 +�b /2b i`QBb ûi�T2b bmBp�Mi2bX GǶûi�T2
/ǶûH2+iBQM +QMbBbi2 ¨ BM/B[m2` [m2HUbV ûi�iUbV bQMi p�HB/2b /m TQBMi /2 pm2 /2
HǶQ#D2+iB7 Tû/�;Q;B[m2- 2i �BMbB 7Q`K2` mM bQmb 2bT�+2 /Ƕûi�ib p�HB/2bX aǶ2MbmBi
HǶûi�T2 /ǶQ#b2`p�iBQMj /2 HǶ�TT`2M�Mi /�Mb bQM �+iBpBiû Tû/�;Q;B[m2 ;`�+2 ¨ mM
/BbTQbBiB7 +�T�#H2 /ǶQ#b2`p2` H� T`QT`Bûiû 2M [m2biBQMX .�Mb MQi`2 2t2KTH2- +2H�
k *2 bvK#QH2 iB#ûi�BM- [m2 HǶQM T2mi HB`2 uB;- T2mi b2 i`�/mB`2 T�` , MQmp2HH2 T�;2X
j *2ii2 ûi�T2 2bi BMi2`+?�M;2�#H2 �p2+ HǶûi�T2 /ǶûH2+iBQMX
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AM/B+�i2m`b /2 S2`+2TiBQM /2 JQ#BHBb�iBQM /2 *QKTûi2M+2b

Compétence Espace d'états de

l'observable i

Caractérisation

|c1>

|c2>

|c3>
|c4>

|c5>

|c6>

Dépliement

Observable 1

Observable n

Élection

Objectif pédagogique

Observation

Performance de

l'étudiant

Distanciation

Observable i

IPMC

Compétence

caractérisée

6B;m`2 RX AHHmbi`�iBQM /2 H� T`Q+û/m`2 2M +BM[ ûi�T2b /ǶQ#i2MiBQM /2b ASJ*X

T2mi b2 7�B`2 T�` HǶ2Mi`2KBb2 /ǶmM QmiBH BM7Q`K�iB[m2 /2 ivT2 i�bF#Q�`/- i`�Ï�Mi
H2b �+iBQMb /2 HǶ�TT`2M�Mi HQ`b[mǶBH /ûTH�+2 b2b i�+?2b- 2i HǶ�M�Hvb2 /2 +2b i`�+2bX

1M}M- HǶûi�T2 /2 /Bbi�M+B�iBQM T�`�+?ĕp2 HǶASJ* ༆- 2M +QKT�`�Mi HǶûi�i /2
HǶ�TT`2M�Mi Q#b2`pû ¨ +2mt �ii2M/mb T�` HǶ2Mb2B;M�Mi U+7X bm#b2+iBQM kXkVX

AKTHB+�iBQMbX h`QBb BKTHB+�iBQMb BKTQ`i�Mi2b ûK2`;2Mi /2 MQi`2 T`QTQbBiBQMX
hQmi /Ƕ�#Q`/- TmBb[m2 b2mHb H2b QmiBHb +�T�#H2b /ǶQ#b2`p2` mM2 UQm THmbB2m`bV T`Q@
T`BûiûUbV +QMi`B#m2Mi ¨ HǶQ#i2MiBQM /2 UQm /2bV ASJ* �bbQ+BûUbV- mM2 �B/2 ¨ H�
/û+BbBQM TQm` H2b 2Mb2B;M�Mib bǶ2b[mBbb2X 1M 2z2i- TQm` mM2 +QKTûi2M+2 /QMMû2 2i
+�`�+iû`Bbû2- b2b ASJ* bQMi +QMMmb 2i- T�` +QMbû[m2Mi- iQmb H2b QmiBHb +�T�#H2b /2
H2b Q#i2MB` �mbbB , BH /2pB2Mi /QM+ TQbbB#H2 /ǶBM/B[m2` �mt 2Mb2B;M�Mib [m2Hb QmiBHb
bQMi �/�Tiûb TQm` Q#b2`p2` mM2 +QKTûi2M+2- +2mt [mB M2 H2 bQMi T�b- 2i TQm`@
[mQBX AH 2bi �mbbB TQbbB#H2 /Ƕ�B/2` H2b 2Mb2B;M�Mib ¨ +?QBbB` H2 KBMBKmK /ǶQmiBHb
Mû+2bb�B`2 ¨ /ûTHQv2`X 1MbmBi2- /Ƕ�T`ĕb H2b T`BM+BT2b ûMQM+ûb T�` H� +�TBi�HBb�iBQM
(k)- BH 2bi TQbbB#H2 /2 T�`i�;2` 2i /2 `ûmiBHBb2` H2b 2bT�+2b /Ƕûi�ib- �BMbB [m2 H2b
ASJ* /�Mb /2b +QMi2ti2b /Bzû`2Mib Ĝ 2M ûHBb�Mi 2i /2biBim�Mi ûp2Mim2HH2K2Mi /2b
ûi�ib p�HB/2bX .2 THmb- 2M /û}MBbb�Mi mM pQ+�#mH�B`2 +QKKmM- H� Kûi`B[m2 Q#@
i2Mm2 T�` /Bbi�M+B�iBQM T2mi āi`2 bûK�MiB[m2K2Mi +�`�+iû`Bbû2- Qz`�Mi- TQm` H2b
�+i2m`b- mM2 K2BHH2m`2 BMi2`T`ûi�iBQM U2X;X T�`iB2HH2K2Mi �+[mBbVX 1M}M- HǶûH2+iBQM
/2b ûi�ib p�HB/2b /Ƕ�T`ĕb mM Q#D2+iB7 Tû/�;Q;B[m2 T2mi �mbbB āi`2 T�`i�;2�#H2 2i
`ûmiBHBb�#H2X *2H� �#QmiBi ¨ H� /û}MBiBQM /ǶmM2 #�M[m2 /ǶQ#D2+iB7b Tû/�;Q;B[m2b-
7QM+iBQMb /2 +QMi2ti2b Tû/�;Q;B[m2b 2i ûK�M+BTûb /2b QmiBHb miBHBbûbX

9 *QM+HmbBQM 2i T2`bT2+iBp2

*2 T�TB2` /2 TQbBiBQMM2K2Mi T`ûb2Mi2 H2 +QM+2Ti /ǶAM/B+�i2m` /2 S2`+2TiBQM /2
JQ#BHBb�iBQM /2 *QKTûi2M+2b- #`Bĕp2K2Mi b� 7Q`K�HBb�iBQM 2i H� T`Q+û/m`2 TQm`
H2b Q#i2MB`X G2b ASJ* +QMbiBim2Mi mM QmiBH K�i?ûK�iB[m2 BMiû`2bb�Mi 2M T2`@
K2ii�Mi /2 +�`�+iû`Bb2` 7Q`K2HH2K2Mi HǶ�TT`QT`B�iBQM /ǶmM2 +QKTûi2M+2 T�` mM
BM/BpB/m pB� mM 7�Bb+2�m /2 T`2mp2X .2 THmb- BHb 7QMi �TT�`�ŗi`2 /2b TQbbB#BHB@
iûb /2 `ûmiBHBb�iBQM 2i /2 T�`i�;2 2{+B2Mib /2 H� +QKTûi2M+2 2i /2 bQM �M�Hvb2-
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1MpB`QMM2K2Mib AM7Q`K�iB[m2b TQm` HǶ�TT`2MiBbb�;2 >mK�BM kykR

Dmb[mǶ�HQ`b /B{+BH2 ¨ K2ii`2 2M TH�+2X LQmb 2bTû`QMb [m2 H2b T`ûKBbb2b /2 MQb
i`�p�mt bmb+Bi2`QMi /2 MQK#`2mt /û#�ib �m b2BM /2 H� +QKKmM�miû- TQm` +?�M;2`
H� K�MBĕ`2 /QMi H� +QKTûi2M+2 2bi �+im2HH2K2Mi +QMbB/û`û2 2M i2`K2 /Ƕ�`i27�+i
BM7Q`K�iB[m2X 1M THmb /2 HǶ2zQ`i /2 }M�HBb�iBQM /2 MQi`2 T`QTQbBiBQM- MQmb i`�@
p�BHHQMb bm` HǶ�TT`Q7QM/Bbb2K2Mi /2 HǶ�bbQ+B�iBQM 2Mi`2 H2b ASJ* 2i H2b /BbTQbBiB7b
/ǶQ#b2`p�iBQMbX LQmb �pQMb 2M 2z2i HǶBMimBiBQM [mǶBH 2bi TQbbB#H2 /2 +QMbB/û`2`
HǶ2t2`+B+2 +QKK2 ûHûK2Mi +QMi`B#miB7 /2 H� T?�b2 /ǶQ#b2`p�iBQMX aB +Ƕ2bi H2 +�b-
BH /2pB2M/`�Bi /QM+ TQbbB#H2 /ǶBM/B[m2`- TQm` mM2 +QKTûi2M+2 /QMMû2- iQmb H2b
2t2`+B+2b [mB T2`K2ii`�B2Mi /2 HǶQ#b2`p2` THmb Qm KQBMb T�`iB2HH2K2MiX

G� T`2KBĕ`2 p2`bBQM /2 +2 KQ/ĕH2 � T2`KBb /ǶûH�#Q`2` mM2 ;`BHH2 /ǶASJ*
�bbQ+Bû2 ¨ /2b +QKTûi2M+2b /�Mb H2 +�/`2 /ǶmM 2Mb2B;M2K2Mi 2M BM7Q`K�iB[m2
+2Mi`û2 ?mK�BMX *2ii2 ;`BHH2 � 2MbmBi2 ûiû ûp�Hmû2 2i �KûHBQ`û2 T�` /2b 2Mb2B@
;M�Mib 2M BM7Q`K�iB[m2 UbBt �m iQi�HV HQ`b /ǶmM bûKBM�B`2X G� MQiBQM /ǶASJ* �
`�TB/2K2Mi ûiû �/QTiû2 T�` +2b /2`MB2`bX 1M 2z2i- HQ`b /2b `ûmMBQMb bmBp�Mi2b-
TQ`i�Mi bm` /Ƕ�mi`2b bmD2ib- BHb QMi `û@miBHBbû /2 K�MBĕ`2 bTQMi�Mû2 +2 +QM+2TiX
*2ii2 2tTû`BK2Mi�iBQM 2i H2b bmBp�Mi2b 72`QMi HǶQ#D2i /Ƕ�`iB+H2b ¨ p2MB`X

_2K2`+B2K2Mi

*2ii2 +QMi`B#miBQM b+B2MiB}[m2 � ûiû `û�HBbû2 /�Mb H2 +�/`2 /m T`QD2i /2 `2+?2`+?2
�S�*>1a- }M�M+û T�` HǶB@aAh1 lGL1 U6AS1R3@yyd@o1_J1lG1LVX

_û7û`2M+2b
RX "HQQK- "XaX- 2i �HX, h�tQMQKv Q7 2/m+�iBQM�H Q#D2+iBp2bX pQHX R, *Q;MBiBp2 /QK�BMX

L2r uQ`F, J+E�v ky- k9 URN8eV
kX G2#Bb- �X- G272p`2- JX- Gm2M;Q- oX- :mBM- LX, *�TBi�HBb�iBQM Q7 �M�HvbBb S`Q+2bb2b

, 1M�#HBM; _2T`Q/m+B#BHBiv- PT2M2bb �M/ �/�Ti�#BHBiv i?�MFb iQ L�``�iBQMX AM,
G�E ǶR3 @ 3i? AMi2`M�iBQM�H *QM72`2M+2 QM G2�`MBM; �M�HviB+b �M/ EMQrH2/;2X
TTX k98Ĝk89X �*J- av/M2v- �mbi`�HB� UkyR3V

jX G2#Bb- �X- S`BQ`- 1X- J�M/`�M- LX- E�`�KB- �X- o2`K2mH2M- JX, S`QKQmpQB` 2i bQmi2@
MB` H� Sû/�;Q;B2 S�` S`QD2i *2Mi`û >mK�BM /�Mb H2 bmTû`B2m` , H2 T`QD2i �S�*>1aX
AM, .A.�S_P 3 @ .A.�ahA*X GBHH2- 6`�M+2 U62# kykyV

9X J�M/BM- aX- :mBM- LX, "�bBM; H2�`M2` KQ/2HHBM; QM �M QMiQHQ;v Q7 FMQrH2/;2 �M/
bFBHHbX AM, a�KTbQM- .X:X- aT2+iQ`- CXJX- *?2M- LXaX- >m�M;- _X- EBMb?mF U2/bXV
A111 AMi2`M�iBQM�H *QM72`2M+2 QM �/p�M+2/ G2�`MBM; h2+?MQHQ;B2bX TTX jkRĜjkjX
A111 *QKTmi2` aQ+B2iv- �i?ĕM2b- :`22+2 UCmH kyR9V

8X S�[m2ii2- :X, JQ/ûHBb�iBQM /2b +QMM�Bbb�M+2b 2i /2b +QKTûi2M+2bX S`2bb2b /2 HǶlMB@
p2`bBiû /m Zmû#2+ UkyykV

eX S2``2MQm/- SX, úp�Hm2` /2b +QKTûi2M+2bX GǶû/m+�i2m` TTX 3ĜRR Ukyy9V
dX SQmK�v- JX- h�`/B7- CX- :2Q`;2b- 6X- a+�HHQM- :X, P`;�MBb2` H� 7Q`K�iBQM ¨ T�`iB`

/2b +QKTûi2M+2b, mM T�`B ;�;M�Mi TQm` HǶ�TT`2MiBbb�;2 /�Mb H2 bmTû`B2m`X .2 "Q2+F-
"`mt2HH2b UkyRdV

3X _�K�M/�H�?v- hX- oB/�H- SX- "`QBbBM- CX, �M BMi2HHB;2Mi imiQ`BM; bvbi2K bmTTQ`iBM;
K2i�+Q;MBiBQM �M/ b?�`BM; H2�`M2`bǶ 2tT2`B2M+2bX AM, AMi2`M�iBQM�H *QM72`2M+2 QM
AMi2HHB;2Mi hmiQ`BM; avbi2KbX TTX 9ykĜ9y9X aT`BM;2` UkyRyV

NX a+�HHQM- :X, GǶûp�Hm�iBQM /2b �TT`2MiBbb�;2b /�Mb mM2 �TT`Q+?2 T�` +QKTûi2M+2bX
Sû/�;Q;B2b 2M /ûp2HQTT2K2Mi- .2 "Q2+F- "`mt2HH2b Ukyy9V
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