
MP1&2 Janson de Sailly DSn°6bis : Chimie - Optique - Électromagnétisme

DS n°6bis (Centrale - Mines)
Samedi 13 février 2021 - Durée 4h

1 Production de dichlore. Pour les MP1 uniquement.
L’équilibre ci-dessous :

O2(g) + 4 HCl(g) = 2 H2O(g) + 2 Cl2(g) ∆rH0 = − 114,8 kJ.mol−1

est utilisé dans la production de di-chlore.

On supposera que ∆rH0 ne dépend pas de T dans l’intervalle de température étudié ici.

1) Calculer la variance v de cet équilibre d’abord dans le cas général, puis dans le cas
particulier où on introduit seulement O2 et HCl en proportions quelconques.

2) Quelle est l’influence d’une élévation isobare de température ? D’une augmentation iso-
therme de pression ? On justifiera les résultats en énonçant précisément les lois utilisées.

3) On réalise l’équilibre à partir de 2 moles de O2(g) et de 3 moles de HCl(g) introduites dans
un réacteur porté à la température constante T et maintenu sous une pression constante
P . À l’équilibre, le réacteur contient deux fois plus de moles de O2(g) que de HCl(g).

a) Déterminer la composition du système à l’équilibre.
b) Quelle est alors la chaleur échangée entre le milieu réactionnel et l’extérieur au cours

de cette transformation ?

4) Partant de l’équilibre précédent on introduit une quantité n0 de dioxygène gazeux, les
température et pression étant maintenues constantes. Déterminer dans quel sens se dé-
place l’équilibre chimique.

2 Diagramme E-pH du Silicium. Pour les MP2 uniquement.
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S`QtBK� /m *2Mi�m`2
*2 T`Q#HĕK2 2bi mM2 BMpBi�iBQM ¨ `2;�`/2` p2`b H2b ûiQBH2b- 2i iQmi T�`iB+mHBĕ`2K2Mi HǶûiQBH2 H� THmb T`Q+?2 /2 H�
TH�Mĕi2 h2``2 �T`ĕb H2 aQH2BH , S`QtBK� /m *2Mi�m`2 �mbbB �TT2Hû2 S`QtBK� *2Mi�m`BX
AH 2bi +QMbiBimû /2 9 T�`iB2b iQi�H2K2Mi BM/ûT2M/�Mi2bX G� T`2KBĕ`2 T�`iB2 ûim/B2 mM2 +�`�+iû`BbiB[m2 /2 HǶ�iKQ@
bT?ĕ`2 i2``2bi`2 [mB � T2`KBb H2 /ûp2HQTT2K2Mi /2 H� pB2 bm` h2``2 2i T2mi@āi`2 mM DQm` bm` mM2 2tQTH�Mĕi2X G�
/2mtBĕK2 T�`iB2 2bi `2H�iBp2 ¨ HǶQ#b2`p�iBQM /2 S`QtBK� /m *2Mi�m`2 2i ¨ H� /ûi2`KBM�iBQM /2 b� /Bbi�M+2 2i /2
b� i�BHH2X G� i`QBbBĕK2 T�`iB2 bǶBMiû`2bb2 ¨ mM p�Bbb2�m +�T�#H2 /2 `2DQBM/`2 S`QtBK� /m *2Mi�m`2 2i /Ƕ2tTHQ`2`
mM2 2tQTH�Mĕi2 /QMi H� /û+Qmp2`i2 7�Bi HǶQ#D2i /2 H� /2`MBĕ`2 T�`iB2X
*2`i�BM2b [m2biBQMb T2m Qm T�b ;mB/û2b- /2K�M/2Mi /2 HǶBMBiB�iBp2 /2 H� T�`i /m +�M/B/�iX G2m` ûMQM+û 2bi `2Tû`û
T�` mM2 #�``2 2M K�`;2X AH 2bi �HQ`b /2K�M/û /Ƕ2tTHB+Bi2` +H�B`2K2Mi H� /ûK�`+?2- H2b +?QBt 2i /2 H2b BHHmbi`2`-
H2 +�b û+?û�Mi- T�` mM b+?ûK�X G2 #�`ĕK2 p�HQ`Bb2 H� T`Bb2 /ǶBMBiB�iBp2 2i iB2Mi +QKTi2 /m i2KTb Mû+2bb�B`2 ¨ H�
`ûbQHmiBQM /2 +2b [m2biBQMbX
*2`i�BM2b /QMMû2b MmKû`B[m2b bQMi `2;`QmTû2b 2M }M /ǶûMQM+û c /Ƕ�mi`2b `2Hĕp2Mi /2 HǶBMBiB�iBp2 /m +�M/B/�iX

A PxQM2 2i �iKQbT?ĕ`2
AX� Ĝ .2 HǶBKTQ`i�M+2 /2 HǶQxQM2
G� };m`2 R T`ûb2Mi2 H� `ûT�`iBiBQM /2 HǶQxQM2 U0ϯV /�Mb HǶ�iKQbT?ĕ`2 i2``2bi`2X a� +QM+2Mi`�iBQM p�`B2 �p2+
HǶ�HiBim/2- H2 K�tBKmK b2 bBim2 2Mi`2 jy 2i j8 FK /Ƕ�HiBim/2 �p2+ mM2 KQv2MM2 /2 3 KQHû+mH2b /ǶQxQM2 TQm` mM
KBHHBQM /2 KQHû+mH2b /Ƕ�iKQbT?ĕ`2X
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6B;m`2 R _ûT�`iBiBQM /2 HǶQxQM2 2i i2KTû`�im`2 �mt H�iBim/2b KQv2MM2b /�Mb HǶ�iKQbT?ĕ`2 i2``2bi`2

G� };m`2 k KQMi`2 H2 ~mt bQH�B`2 mHi`�@pBQH2i `2Ïm �m bQKK2i /2 HǶ�iKQbT?ĕ`2 2i H2 ~mt `ûbB/m2H ¨ H� bm`7�+2 /2
H� h2``2X G� /Bzû`2M+2 2bi /m2 ¨ HǶ�#bQ`TiBQM /m `�vQMM2K2Mi mHi`�@pBQH2i T�` H� +Qm+?2 /ǶQxQM2X G2 ;`�T?B[m2
T`û+Bb2 HǶ�#bQ`TiBQM KQv2MM2 TQm` +?�[m2 #�M/2 /m `�vQMM2K2Mi mHi`�@pBQH2iX
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�p2+ BM/B+�iBQM /2 HǶ�#bQ`TiBQM KQv2MM2 TQm` +?�[m2 #�M/2 lo

6B;m`2 k �#bQ`TiBQM /m `�vQMM2K2Mi bQH�B`2 T�` H� +Qm+?2 /ǶQxQM2 Ĝ /Ƕ�T`ĕb L�a� PxQM2 q�i+?

Z RX CmbiB}2` [m2 H2b `�vQMM2K2Mib T`ûb2Miûb bm` H2 ;`�T?B[m2 /2 H� };m`2 k +Q``2bTQM/2Mi ¨ /2b `�vQMM2@
K2Mib mHi`�@pBQH2iX SQm`[mQB H2b `�vQMM2K2Mib mHi`�@pBQH2ib bQMi@BHb [m�HB}ûb /2 `�vQMM2K2Mib BQMBb�Mib \
Z kX 1tTHB[m2` HǶBKTQ`i�M+2 /2 H� +Qm+?2 /ǶQxQM2 /�Mb H� T`Qi2+iBQM /2 H� pB2 i2``2bi`2X

AX" Ĝ �iQK2 2i KQHû+mH2 /2 HǶQtv;ĕM2
Z jX .QMM2` H� +QM};m`�iBQM ûH2+i`QMB[m2 /2 HǶQtv;ĕM2 /�Mb bQM ûi�i 7QM/�K2Mi�HX
Z 9X S`QTQb2` mM2 `2T`ûb2Mi�iBQM /2 G2rBb TQm` H� KQHû+mH2 /2 /BQtv;ĕM2X
Z 8X S`QTQb2` mM2 `2T`ûb2Mi�iBQM /2 G2rBb /2 H� KQHû+mH2 /ǶQxQM2 b�+?�Mi [mǶ2HH2 MǶ2bi T�b +v+HB[m2X

RRdê

Rk3 TK

6B;m`2 j a+?ûK�iBb�iBQM /ǶmM2 KQHû+mH2
/ǶQxQM2 Qɍ +?�[m2 bT?ĕ`2 `2T`ûb2Mi2 mM �iQK2
/ǶQtv;ĕM2

Z eX G� KQHû+mH2 /ǶQxQM2 � H� bi`m+im`2 bT�iB�H2 T`ûb2Miû2 bm` H� };m`2 jX CmbiB}2` HǶ2tBbi2M+2 /ǶmM KQK2Mi
/BTQH�B`2 2i H2 `2T`ûb2Mi2` bm` mM b+?ûK� /2 H� KQHû+mH2X

AX* Ĝ h?2`KQ/vM�KB[m2 /2 H� 7Q`K�iBQM /2 HǶQxQM2
LQmb ûim/BQMb HǶû[mBHB#`2 � 0ϵ 	Μ
 � � 0ϯ 	Μ

Z dX *�H+mH2` H� +QMbi�Mi2 /2 +2i û[mBHB#`2 ¨ k8 ê* ¨ HǶ�B/2 /2b /QMMû2b 7Qm`MB2b 2M }M /ǶûMQM+ûX
Z 3X *�H+mH2` H� T`2bbBQM T�`iB2HH2 2M QxQM2 /�Mb HǶ�iKQbT?ĕ`2 i2``2bi`2 �m MBp2�m /m bQHX
Z NX .�Mb [m2H b2Mb 2bi /ûTH�+û +2i û[mBHB#`2 HQ`b[mǶQM bǶûHĕp2 /�Mb H� i`QTQbT?ĕ`2 \ Zm2 T2mi@QM 2M /B`2
/�Mb H� bi`�iQbT?ĕ`2 \ lM `�BbQMM2K2Mi [m�HBi�iB7 �`;mK2Miû 2bi �ii2M/mX

AX. Ĝ *BMûiB[m2 /2 H� 7Q`K�iBQM /2 HǶQxQM2
G2 Kû+�MBbK2 /2 H� T`Q/m+iBQM /2 HǶQxQM2 bi`�iQbT?û`B[m2 � ûiû ûHm+B/û /ĕb RNjy T�` H2 ;ûQT?vbB+B2M #`Bi�MMB[m2
av/M2v *?�TK�MX SQm` 7�#`B[m2` +2ii2 KQHû+mH2 +QMbiBimû2 /2 i`QBb �iQK2b /ǶQtv;ĕM2- BH 7�mi /2b �iQK2b /ǶQtv@
;ĕM2 HB#`2bX �mt HQM;m2m`b /ǶQM/2 BM7û`B2m`2b ¨ k9y MK- H2 `�vQMM2K2Mi mHi`�@pBQH2i T2mi /BbbQ+B2` H2b KQHû+mH2b
/2 /BQtv;ĕM2 0ϵ bmBp�Mi H� `û�+iBQM UAXRVX 0ϵ � 0r � 0r UAXRV

*2ii2 T`2KBĕ`2 T�`iB2 /m Kû+�MBbK2 2bi `�TB/2 bQmb HǶ2z2i /m `�vQMM2K2Mi mHi`�@pBQH2i 2i +QM/mBi ¨ mM û[mBHB#`2
/2 +QMbi�Mi2 ԀճੋX
G� b2+QM/2 T�`iB2 /m Kû+�MBbK2 UAXkV 2bi mM2 `û�+iBQM bBKTH2 [mB Q#ûBi ¨ H� HQB /2 p�MǶi >Qz 2M +BMûiB[m2 , H2b
Q`/`2b T�`iB2Hb /�Mb HǶ2tT`2bbBQM /2 H� pBi2bb2 /2 `û�+iBQM bQMi H2b +Q2{+B2Mib biQ2+?BQKûi`B[m2b /2 H� `û�+iBQMX
PM MQi2 Ԛ H� +QMbi�Mi2 +BMûiB[m2 /2 +2ii2 `û�+iBQMX0ϵ � 0r ݈݉݉ ݉݉ ݊Ԛ 0ϯ UAXkV
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Z RyX 1tTHB[m2` [m�HBi�iBp2K2Mi [m2 H� +QM+2Mi`�iBQM 2M QxQM2 /�Mb HǶ�iKQbT?ĕ`2 T`ûb2Mi2 mM K�tBKmK ¨
mM2 �HiBim/2 T�`iB+mHBĕ`2- +QKK2 H2 KQMi`2 H� };m`2 RX
Z RRX 1tT`BK2` H� T`2bbBQM T�`iB2HH2 2M `�/B+�H 0r 2M 7QM+iBQM /2 H� T`2bbBQM T�`iB2HH2 2M /BQtv;ĕM2 2i /2 H�
+QMbi�Mi2 ԀճੋX
Z RkX Zm2H 2bi HǶQ`/`2 /2 H� pBi2bb2 /2 7Q`K�iBQM /2 0ϯ T�` `�TTQ`i ¨ H� T`2bbBQM T�`iB2HH2 2M /BQtv;ĕM2 \

AA .û+Qmp2`i2 /2 S`QtBK� /m *2Mi�m`2
AAX� Ĝ S`2KBĕ`2 Q#b2`p�iBQM /2 HǶûiQBH2
GǶûiQBH2 S`QtBK� *2Mi�m`B � ûiû /û+Qmp2`i2 2M RNR8 T�` HǶ�bi`QMQK2 #`Bi�MMB[m2 _Q#2`i AMM2b- �HQ`b /B`2+i2m`
/2 HǶQ#b2`p�iQB`2 /2 HǶlMBQM ¨ CQ?�MM2b#m`; 2M �7`B[m2 /m am/X *Ƕ2bi mM2 ûiQBH2 /2 ivT2 M�BM2 `Qm;2- /2 K�bb2Ԃզ � �����ϵνLH 2i /2 `�vQM ԇզ � �����ΚLNX 1HH2 2bi bBimû2 ¨ ӹզ � �����φϯLN bQBi 9-kk �MMû2b@HmKBĕ`2
/m aQH2BHX
.�Mb H� bmBi2 /m bmD2i- iQmi2b H2b �TTHB+�iBQMb MmKû`B[m2b b2`QMi 7�Bi2b ¨ H� HQM;m2m` /ǶQM/2 KQv2MM2 /m pBbB#H2ᅶπͣϣ � ��� ONX
Z RjX CmbiB}2`- T�` mM �`;mK2Mi /ǶQ`/`2 /2 ;`�M/2m`- [m2 H� /Bbi�M+2 2Mi`2 H� h2``2 2i S`QtBK� /m *2Mi�m`2
T2mi āi`2 �TT`QtBKû2 ¨ 9-kk �MMû2b@HmKBĕ`2X
SQm` pQB` HǶûiQBH2 S`QtBK� *2Mi�m`B- mM BMbi`mK2Mi /ǶQTiB[m2 2bi miBHBbûX AH 2bi KQ/ûHBbû /�Mb H� bmBi2 T�` /2mt
H2MiBHH2b ,
ě mM2 H2MiBHH2 +QMp2`;2Mi2 ԁφ Q#D2+iB7- /2 +2Mi`2 QTiB[m2 Ԅφ- /2 7Qv2` T`BM+BT�H Q#D2i ӻφ- /2 7Qv2` T`BM+BT�H

BK�;2 ӻஞφ 2i /2 /Bbi�M+2 7Q+�H2 BK�;2 ԕஞφ � � N c
ě mM2 H2MiBHH2 /Bp2`;2Mi2 ԁϵ /2 T`QD2+iBQM- /2 +2Mi`2 QTiB[m2 Ԅϵ- /2 7Qv2` T`BM+BT�H Q#D2i ӻϵ- /2 7Qv2` T`BM+BT�H

BK�;2 ӻஞϵ 2i /2 /Bbi�M+2 7Q+�H2 BK�;2 ԕஞϵ � n��� NX
aB H2 TQBMi Q#D2i Ӷ 2i H2 TQBMi BK�;2 Ӷஞ bQMi +QMDm;mûb T�` H� H2MiBHH2 ԁ /2 7Q+�H2 ԕஞ 2i /2 +2Mi`2 Ԅ- /Ƕ�T`ĕb H�
6Q`KmH2 /2 .2b+�`i2b QM � �ԄӶஞ  �ԄӶ � �ԕஞ
2i H2 ;`�M/Bbb2K2Mi i`�Mbp2`b�H 2bi ᅭ � ӶஞӷஞӶӷ � ԄӶஞԄӶ �
GǶBMbi`mK2Mi /ǶQTiB[m2 2bi TQBMiû p2`b HǶûiQBH2 S`QtBK� *2Mi�m`BX
Z R9X Pɍ 2bi bBimû2 HǶBK�;2 /2 HǶûiQBH2 T�` H� H2MiBHH2 ԁφ- �TT2Hû2 BK�;2 BMi2`Kû/B�B`2 Ӷφӷφ \ AHHmbi`2` +2ii2
bBim�iBQM T�` mM b+?ûK�X
Z R8X .ûi2`KBM2` HǶ2tT`2bbBQM /2 H� i�BHH2 /2 +2ii2 BK�;2 BMi2`Kû/B�B`2 Ӷφӷφ UMQM �H;û#`B[m2V 2M 7QM+iBQM
/m `�vQM ԇզ /2 HǶûiQBH2 2i /2b +�`�+iû`BbiB[m2b /2 H� H2MiBHH2 Q#D2+iB7 ԁφX
Z ReX G� H2MiBHH2 /2 T`QD2+iBQM ԁϵ- /Bp2`;2Mi2- b2`i ¨ 7�B`2 /2 HǶBK�;2 BMi2`Kû/B�B`2 Ӷφӷφ mM2 BK�;2 /û}MBiBp2Ӷஞӷஞ- `û2HH2- MQM BMp2`bû2 2i �;`�M/B2 /ǶmM 7�+i2m` 9X *�H+mH2` H� /Bbi�M+2 ԄφԄϵ TQm` `2bT2+i2` +2b +QMi`�BMi2bX
Z RdX AHHmbi`2` T�` mM b+?ûK� H� TQbBiBQM /2 Ӷφӷφ- /2 Ӷஞӷஞ 2i /2 ԁϵ Ub�Mb `2T`ûb2Mi2` ԁφVX
Z R3X 1M RNR8- HǶBK�;2 /û}MBiBp2 Ӷஞӷஞ /2 HǶûiQBH2 b2 7Q`K�Bi bm` mM2 TH�[m2 T?QiQ;`�T?B[m2 /2 /BK2MbBQM�� NN  �� NN- +QKTQbû2 /2 +`Bbi�mt /2 Ry ƒK /2 +?HQ`m`2 /Ƕ�`;2Mi- T`û+BTBiû #H�M+ [mB MQB`+Bi ¨ H� HmKBĕ`2X
GǶBK�;2 /û}MBiBp2 /2 HǶûiQBH2 S`QtBK� *2Mi�m`B 2bi@2HH2 pm2 +QKK2 TQM+im2HH2 Qm ûi2M/m2 bm` H� TH�[m2 T?QiQ \
Z RNX § HǶQ++�bBQM /m +2Mi2M�B`2 /2 H� /û+Qmp2`i2 /2 S`QtBK� /m *2Mi�m`2- 2M kyR8- H� T?QiQ /2 HǶûiQBH2 � ûiû
`2T`Bb2 �p2+ HǶBMbi`mK2Mi /ǶQTiB[m2 /2 HǶûTQ[m2 K�Bb H� TH�[m2 T?QiQ;`�T?B[m2 � ûiû `2KTH�+û2 T�` mM +�Ti2m`
**. U*?�`;2 *QmTH2/ .2pB+2V /2 Ryy KBHHBQMb /2 TBt2Hb- /2 i�BHH2 B/2MiB[m2 ¨ H� TH�[m2 T?QiQ Q`B;BM2HH2X GǶBK�;2
/û}MBiBp2 /2 HǶûiQBH2 S`QtBK� *2Mi�m`B 2bi@2HH2 pm2 +QKK2 TQM+im2HH2 Qm ûi2M/m2 bm` H2 +�Ti2m` T?QiQb2MbB#H2 \
GǶ2{+�+Biû [m�MiB[m2 Z1 /ǶmM +�Ti2m` **. /QMM2 H2 i�mt /2 i`�Mb7Q`K�iBQM /2 H� HmKBĕ`2 2M +?�`;2- bQBi H�
T`Q#�#BHBiû [mǶmM T?QiQM BM+B/2Mi /QMM2 Ŀ M�Bbb�M+2 ŀ ¨ mM ûH2+i`QM /�Mb H2 +�Ti2m`X SQm` H� HQM;m2m` /ǶQM/2
ûim/Bû2- +2ii2 b2MbB#BHBiû [m�MiB[m2 Z1 2bi /2 jyWX
Z kyX a�+?�Mi [m2 H� TmBbb�M+2 bm`7�+B[m2 `2Ïm2 bm` h2``2 T�` H2 aQH2BH /�Mb H2 pBbB#H2 2bi /2 eyyqੁKƐk 2i
[m2 H� H2MiBHH2 /Ƕ2Mi`û2 /2 HǶBMbi`mK2Mi 2bi /2 /B�Kĕi`2 ӹφ � �� DN- /2 +QK#B2M /ǶûH2+i`QMb b2`� +QKTQbû H2
bB;M�H `ûbmHi�Mi /2 HǶûiQBH2 TQm` mM2 2tTQbBiBQM /2 Rk KBMmi2b /m +�Ti2m` \ Zm2HH2 2bi H� +?�`;2 T`Q/mBi2 T�` H2
+�Ti2m` \
Z kRX G� /Bz`�+iBQM T�` H� H2MiBHH2 /Ƕ2Mi`û2 ԁφ 2bi@2HH2 ;āM�Mi2 TQm` H2b Q#b2`p�iBQMb \

AAX" Ĝ J2bm`2 /2 H� /Bbi�M+2 2Mi`2 H� h2``2 2i HǶûiQBH2
G� T�`�HH�t2 2bi HǶ2z2i /m +?�M;2K2Mi /2 TQbBiBQM /2 HǶQ#b2`p�i2m` bm` +2 [mǶBH T2`ÏQBiX
G� T�`�HH�t2 �MMm2HH2 2bi- T�` /û}MBiBQM- HǶ�M;H2 [mB K2bm`2 H2 /ûTH�+2K2Mi- �m +Qm`b /2 HǶ�MMû2- /2 H� TQbBiBQM
�TT�`2Mi2- T2`Ïm2 /2TmBb H� h2``2- /ǶmM2 ûiQBH2 T`Q+?2 T�` `�TTQ`i �mt ûiQBH2b HQBMi�BM2b U};m`2 9VX
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6B;m`2 9 a+?ûK� 2tTHB+�iB7 /2 H� K2bm`2 /2 T�`�HH�t2 bQH�B`2

am` H� };m`2 9- /2mt BMbi�Mib /ǶQ#b2`p�iBQM bQMi `2T`ûb2Miûb T�` Ԅφ 2i ԄϵX
G2 b�i2HHBi2 >BTT�`+Qb U>B;? S`2+BbBQM S�`�HH�t2 *QHH2+iBQM a�i2HHBi2V � K2bm`û H� T�`�HH�t2 /2 ԅզ � ����
KBHHBb2+QM/2b /Ƕ�`+ TQm` S`QtBK� *2Mi�m`BX
Z kkX *�H+mH2`- ¨ T�`iB` /2 +2ii2 p�H2m` /2 H� T�`�HH�t2 ԅզ- H� /Bbi�M+2 bûT�`�Mi HǶûiQBH2 S`QtBK� *2Mi�m`B
/m bvbiĕK2 bQH�B`2 2i +QKT�`2` ¨ H� p�H2m` /QMMû2 �m /û#mi /2 +2ii2 T�`iB2X
Z kjX SQm`[mQB H� /Bbi�M+2 2Mi`2 H� h2``2 2i H2 aQH2BH p�`B2@i@2HH2 �m +Qm`b /2 HǶ�MMû2 \

AAX* Ĝ J2bm`2 /m `�vQM /2 HǶûiQBH2
1M kyyk- H2 oGh Uo2`v G�`;2 h2H2b+QT2V miBHBb� HǶBMi2`7û`QKûi`B2 TQm` K2bm`2` H2 /B�Kĕi`2 �M;mH�B`2 /2 S`QtBK�
*2Mi�m`B , ᅫ ஂ ���  ��� KBHHBb2+QM/2 /Ƕ�`+X *QMM�Bbb�Mi b� /Bbi�M+2- Q#i2Mm2 T�` H� Kûi?Q/2 /2 H� T�`�HH�t2-
BH 2bi �HQ`b TQbbB#H2 /2 /ûi2`KBM2` bQM `�vQMX
AAX*XRV GǶûiQBH2 2bi /Ƕ�#Q`/ bmTTQbû2 TQM+im2HH2 2i HǶBMbi`mK2Mi /ǶQTiB[m2 2bi TQBMiû2 bm` 2HH2X GǶûiQBH2 b2
bBim2 ¨ HǶBM}MB bm` HǶ�t2 QTiB[m2 /2 HǶBMbi`mK2Mi- 2HH2 2bi `2Tû`û2 T�` bQM +2Mi`2 ԈX G2 /BbTQbBiB7 /ǶBMi2`7û`QKûi`B2
2bi KQ/ûHBbû T�` /2mt i`Qmb /ǶuQmM; /2 i�BHH2 B/2MiB[m2- `2bT2+iBp2K2Mi 2M ԉφ 2i ԉϵ- bûT�`ûb /ǶmM2 /Bbi�M+2 Ԑ
`û;H�#H2X *2 /BbTQbBiB7 2bi TH�+û /2p�Mi H� H2MiBHH2 +QMp2`;2Mi2 ԁφ /2 HǶBMbi`mK2Mi /ǶQTiB[m2X SQm` bBKTHB}2`- QM
M2 iB2M/`� T�b +QKTi2 /�Mb +2ii2 T�`iB2 /2 H� b2+QM/2 H2MiBHH2 ԁϵ 2i H2b Q#b2`p�iBQMb bQMi /QM+ 2z2+imû2b /�Mb
H2 TH�M /2 HǶBK�;2 BMi2`Kû/B�B`2X lM TQBMi Ԃ /�Mb +2 TH�M 2bi `2Tû`û T�` bQM �#b+Bbb2 ԧ U};m`2 8VX

UԁφV

Ԑ
ԉφ
ԉϵ

a

Ԉஞ ᅫ�� ӻ ஞφ
Ԃԧ

6B;m`2 8 a+?ûK� /m /BbTQbBiB7 /ǶBMi2`7û`QKûi`B2
TQm` H� K2bm`2 /m `�vQM /2 HǶûiQBH2 S`QtBK� *2Mi�m`B

Z k9X 6�B`2 mM b+?ûK� /2b /2mt `�vQMb HmKBM2mt T�bb�Mi T�` ԉφ 2i ԉϵ [mB +QMp2`;2Mi p2`b H2 TQBMi ԂX
_2T`ûb2Mi2` H� /Bzû`2M+2 /2 K�`+?2 2Mi`2 +2b /2mt `�vQMb bm` +2 b+?ûK�X
Z k8X úi�#HB` HǶ2tT`2bbBQM /2 HǶQ`/`2 /ǶBMi2`7û`2M+2 ԟմ	Ԃ
- T`Q/mBi T�` H� bQm`+2 Ԉ �m TQBMi ԂX
Z keX .û+`B`2 �HQ`b H� };m`2 /ǶBMi2`7û`2M+2bX
Z kdX 1M MQi�Mi ӾЈ HǶBMi2MbBiû KQv2MM2- /QMM2`- b�Mb /ûKQMbi`�iBQM- HǶ2tT`2bbBQM /2 HǶBMi2MbBiû HmKBM2mb2Ӿ	Ԃ
 /�Mb H2 TH�M /ǶQ#b2`p�iBQMX
AAX*XkV GǶûiQBH2 2bi ¨ T`ûb2Mi KQ/ûHBbû2 +QKK2 mM2 bQm`+2 ûi2M/m2 pm2 bQmb mM /B�Kĕi`2 �M;mH�B`2 ᅫX PM
+QMbB/ĕ`2 mM �mi`2 TQBMi bQm`+2 Ԉஞ ¨ H� Tû`BT?û`B2 /2 HǶûiQBH2 U};m`2 8VX
Z k3X 6�B`2 mM b+?ûK� /2b /2mt `�vQMb HmKBM2mt Bbbmb /2 Ԉஞ- T�bb�Mi T�` ԉφ 2i ԉϵ 2i [mB +QMp2`;2Mi p2`b H2
TQBMi ԂX _2T`ûb2Mi2` H� /Bzû`2M+2 /2 K�`+?2 2Mi`2 +2b /2mt `�vQMb bm` +2 b+?ûK�X
Z kNX úi�#HB` HǶ2tT`2bbBQM /2 HǶQ`/`2 /ǶBMi2`7û`2M+2 ԟմஞ	Ԃ
 T`Q/mBi T�` H� bQm`+2 Ԉஞ �m TQBMi ԂX
Z jyX 1M /û/mB`2 HǶ2tT`2bbBQM /2 H� THmb T2iBi2 p�H2m` /2 Ԑ [mB +QM/mBi �m #`QmBHH�;2 /2 H� };m`2 /ǶBMi2`7û`2M+2
T`Q/mBi2 T�` H2b /2mt bQm`+2b BM+Q?û`2Mi2b Ԉ 2i ԈஞX
Z jRX 6�B`2 HǶ�TTHB+�iBQM MmKû`B[m2 2i +QKK2Mi2`X
Z jkX 1tTHB[m2` [m�HBi�iBp2K2Mi TQm`[mQB H2 `�BbQMM2K2Mi T`û+û/2Mi- miBHBb�Mi /2mt bQm`+2b TQM+im2HH2b HǶmM2
bBimû2 �m +2Mi`2 2i HǶ�mi`2 bm` H2 #Q`/ �TT�`2Mi /2 HǶûiQBH2- `2M/ +QKTi2 /2b Q#b2`p�iBQMb Q#i2Mm2b �p2+ HǶQ#D2i
ûi2M/m [mǶ2bi H� pû`Bi�#H2 ûiQBH2X
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AAA oQv�;2` p2`b S`QtBK� /m *2Mi�m`2
SQm` �++QKTHB` mM pQv�;2 ?vTQi?ûiB[m2 p2`b S`QtBK� /m *2Mi�m`2- QM 2MpBb�;2 mM p�Bbb2�m ¨ pQBH2 bQH�B`2-
T`QTmHbû ;`�+2 ¨ H� `û~2tBQM /m `�vQMM2K2Mi ûH2+i`QK�;MûiB[m2 /m aQH2BH bm` H� pQBH2X SHmb H� pQBH2 2bi ;`�M/2
2i `û~û+?Bbb�Mi2- THmb ;`�M/2 2bi H� 7Q`+2 /2 T`QTmHbBQMX
lM2 QM/2 TH�M2 T`Q;`2bbBp2 KQMQ+?`QK�iB[m2- b2 T`QT�;2�Mi b2HQM Ԥ֓ܙ /2TmBb H2b ԧ � �- �``Bp2 bm` H� pQBH2 bQH�B`2-
Kûi�H /2 +QM/m+iBpBiû `û2HH2 ᅭ- �bbBKBHû2 /�Mb mM T`2KB2` i2KTb ¨ mM /2KB 2bT�+2 BM}MB ԧ � � U/ûMQKKû /�Mb
H� bmBi2 �TT`QtBK�iBQM 2bT�+2 BM}MBVX
GǶQM/2 BM+B/2Mi2 /�Mb H2 /2KB 2bT�+2 pB/2 /2b ԧ � � bǶû+`Bi- 2M MQi�iBQM +QKTH2t2-ܡܠܠܠܟӺք � ӺЈ FYQिԙ	ᆂԣ  Ԛԧ
ी Ԥ֔ܙ
2i �``Bp2 2M ԧ � � bm` mM Kûi�H /2 +QM/m+iBpBiû ᅭX
Z jjX _�TT2H2` b�Mb /ûKQMbi`�iBQM HǶû[m�iBQM /QMi H2 +?�KT ûH2+i`B[m2 2bi bQHmiBQM /�Mb H2 pB/2X 1M /û/mB`2
H� `2H�iBQM /2 /BbT2`bBQM HB�Mi Ԛ 2i ᆂ 2M 7QM+iBQM /2 H� +ûHû`Biû Ԓ /2 HǶQM/2X *QKK2Mi [m�HB}2` H� T`QT�;�iBQM /2
+2ii2 QM/2 \
Z j9X úi�#HB` HǶ2tT`2bbBQM /m +?�KT K�;MûiB[m2 �bbQ+Bû ¨ +2ii2 QM/2 BM+B/2Mi2X
Z j8X .ûi2`KBM2` HǶ2tT`2bbBQM /2 H� p�H2m` KQv2MM2 i2KTQ`2HH2 /m p2+i2m` /2 SQvMiBM; �bbQ+Bû ¨ +2ii2 QM/2
BM+B/2Mi2X
*2ii2 QM/2 BM+B/2Mi2 /QMM2 M�Bbb�M+2 ¨ HǶBMi2`7�+2 �p2+ H� pQBH2 bQH�B`2 ¨ ,
ě mM2 QM/2 `û~û+?B2 Ub2 T`QT�;2�Mi b2HQM  Ԥ֓ܙ /�Mb HǶ2bT�+2 ԧ � �V /2 H� 7Q`K2ܡܠܠܠܟӺ֍ � ԡ ӺЈ FYQिԙ	ᆂԣ � Ԛԧ
ी Ԥ֔ܙ �
ě mM2 QM/2 i`�MbKBb2 Ub2 T`QT�;2�Mi b2HQM � Ԥ֓ܙ /�Mb HǶ2bT�+2 ԧ � �V /2 H� 7Q`K2ܡܠܠܠܟӺ֏ � ԣ ӺЈ FYQिԙ	ᆂԣ  Ԛֈԧ
ी �Ԥ֔ܙ
.�Mb H2 Kûi�H U/2KB 2bT�+2 ԧ � �V- H2 +?�KT ûH2+i`B[m2 /2 HǶQM/2 i`�MbKBb2 pû`B}2 HǶû[m�iBQM /Bzû`2MiB2HH2ငܡܠܠܠܟӺ֏ � ᅷЈᅭၰܡܠܠܠܟӺ֏ၰԣ � ᅷЈᆃЈ ၰϵܡܠܠܠܟӺ֏ၰԣϵ � UAAAXRV

Z jeX S`QTQb2` mM2 bBKTHB}+�iBQM /2 HǶû[m�iBQM UAAAXRV TQm` mM2 QM/2- /�Mb H2 /QK�BM2 /m pBbB#H2 Qm /2
HǶBM7`�`Qm;2- b2 T`QT�;2�Mi /�Mb HǶQ` /2 +QM/m+iBpBiû ᅭ � ��  ��ϩ 4ੁN·φX
Z jdX 1tT`BK2` H2 p2+i2m` /ǶQM/2 +QKTH2t2 Ԛֈ 2M 7QM+iBQM /ǶmM2 HQM;m2m` ᅮ /QMi QM /QMM2`� HǶ2tT`2bbBQM
2i H� bB;MB}+�iBQMX
Z j3X S`QTQb2` mM2 ûT�Bbb2m` `�BbQMM�#H2 TQm` H� pQBH2 bQH�B`2 �}M [m2 HǶ�TT`QtBK�iBQM 2bT�+2 BM}MB TmBbb2
āi`2 +QMb2`pû2X a�+?�Mi [m2 H� K�bb2 pQHmKB[m2 /2 HǶQ` 2bi ᅻ � ��� HੁDN·ϯ- 2biBK2` H� K�bb2 /ǶmM2 pQBH2 bQH�B`2
/2 bm`7�+2 Ryy KkX

ԧԐ

ԅ	ԧ


� � ԇ�  ԇ
pB/2 Kûi�H pB/2

6B;m`2 e

G� };m`2 e `2T`ûb2Mi2 HǶûpQHmiBQM bT�iB�H2 /2 H� MQ`K2 /m p2+i2m` /2 SQvMiBM; KQv2M TQm` mM2 pQBH2 TQm` H�[m2HH2
HǶ�TT`QtBK�iBQM 2bT�+2 BM}MB MǶ2bi THmb pû`B}û2X ԇ 2bi H2 +Q2{+B2Mi /2 `û~2tBQM 2M ûM2`;B2 /2 H� pQBH2X
Z jNX *QKK2Mi2` +2ii2 };m`2X § [m2H T?ûMQKĕM2 H� bBim�iBQM ûim/Bû2 2bi@2HH2 �M�HQ;m2 \
Z 9yX 1M miBHBb�Mi H2 KQ/ĕH2 +Q`Tmb+mH�B`2 /2 H� HmKBĕ`2- T`QTQb2` mM2 2tT`2bbBQM /2 H� 7Q`+2 [mB bǶ2t2`+2 bm`
H� pQBH2 2M 7QM+iBQM- 2Mi`2 �mi`2b T�`�Kĕi`2b- /2 H� TmBbb�M+2 ûH2+i`QK�;MûiB[m2 KQv2MM2 BM+B/2Mi2 T�` mMBiû
/2 bm`7�+2 2i /2 ԇ- +Q2{+B2Mi /2 `û~2tBQM 2M ûM2`;B2 /2 H� pQBH2X úp�Hm2` HǶQ`/`2 /2 ;`�M/2m` /2 +2ii2 7Q`+2 ¨
T`QtBKBiû /2 H� h2``2 Qɍ H� TmBbb�M+2 bm`7�+B[m2 /m `�vQMM2K2Mi bQH�B`2 2bi /Ƕ2MpB`QM RyyyqੁKƐkX
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.QMMû2b
S2`Kû�#BHBiû K�;MûiB[m2 /m pB/2 ᅷЈ � �ᅺ  ��Ϩ )ੁN·φ
S2`KBiiBpBiû /BûH2+i`B[m2 /m pB/2 ᆃЈ � ����  ��·φϵ 'ੁN·φ
*?�`;2 ûHûK2Mi�B`2 Ԕ � ����  ��·φν $
*QMbi�Mi2 /Ƕ�pQ;�/`Q ෭բ � ���  ��ϵϯ NPM·φ
*QMbi�Mi2 /2 "QHixK�MM Ԛգ � ����  ��·ϵϯ +ੁ,·φ
*QMbi�Mi2 /2b ;�x T�`7�Bib ԇ � ���� +ੁ,·φੁNPM·φ
*QMbi�Mi2 /2 SH�M+F ԗ � ����  ��·ϯΚ +ੁT
oBi2bb2 /2 H� HmKBĕ`2 /�Mb H2 pB/2 Ԓ � ���  ��΅ NੁT·φ
*QMbi�Mi2 mMBp2`b2HH2 /2 H� ;`�pBi�iBQM ෦ � ����  ��·φφ NϯੁLH·φੁT·ϵ
J�bb2 /2 HǶûH2+i`QM Ԝր � ����  ��·ϯφ LH
J�bb2 /m T`QiQM Ԝ � ����  ��·ϵϨ LH
_�vQM KQv2M /2 H� h2``2 ԇյ � ���  ��ϩ N
.Bbi�M+2 h2``2@aQH2BH ӹյ մ � ���  ��΅ LN
J�bb2 /2 H� h2``2 Ԃյ � ���  ��ϵΚ LH
_�vQM /m aQH2BH ԇմ � ���  ��΅ N
J�bb2 /m aQH2BH Ԃմ � ���  ��ϯЈ LH
J�bb2 pQHmKB[m2 /2 HǶ2�m Tm`2 ¨ Ry ê* ᅻ � ���  ��ϯ LHੁN·ϯ
úM2`;B2 /2 HǶ�iQK2 /Ƕ?v/`Q;ĕM2 /�Mb bQM ûi�i 7QM/�K2Mi�H ƐRj-e 2o
LmKû`Q �iQKB[m2 /2 HǶQtv;ĕM2 3
J�bb2 KQH�B`2 �iQKB[m2 /2 HǶQtv;ĕM2 Re-y ;ੁKQHƐR

1Mi?�HTB2 KQH�B`2 bi�M/�`/ /2 7Q`K�iBQM /2 0ϯ R9R-N FCੁKQHƐR U¨ kN3 EV
1Mi`QTB2 KQH�B`2 bi�M/�`/ /2 0ϵ ky8 CੁEƐRੁKQHƐR U¨ kN3 EV
1Mi`QTB2 KQH�B`2 bi�M/�`/ /2 0ϯ kjN CੁEƐRੁKQHƐR U¨ kN3 EVr r r 6AL r r r
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