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�;`�/2+BK2MiQb

1K T`BK2B`Q Hm;�`- ;Qbi�`B� /2 �;`�/2+2` � .2mb TQ` T2`KBiB` � `2�HBx�Ï½Q 2 +QM@
+Hmb½Q /2bi2 i`�#�H?QX

h�K#ûK �;`�/2ÏQ � KBM?� 2bTQb� L�i�HB� 2 � KBM?� }H?� �MiƬMB�- [m2 bmTQ`i�`�K
KBM?� �mbāM+B� 2K KmBiQb KQK2MiQb- b2K /2Bt�` /2 K2 �TQB�`X

�;`�/2ÏQ ¨ KBM?� K½2 J�`Bx2- [m2 b2KT`2 K2 KQiBpQm 2 �TQBQm /m`�Mi2 iQ/� �
DQ`M�/� /2 /2b2MpQHpBK2MiQ /2bi2 i`�#�H?QX

aQm BK2Mb�K2Mi2 ;`�iQ �Qb T`Q72bbQ`2b /Q S_P6J�h- 2K 2bT2+B�H K2m Q`B2Mi�@
/Q` PK�` C�pB2` aQH�MQ- � [m2K i2M?Q ;`�M/2 �/KB`�Ï½QX h�K#ûK �;`�/2ÏQ �Qb K2mb
+QH2;�b /2 im`K�- T`BM+BT�HK2Mi2 q�M/2`H�M *�`KBM�iiB 2 G2�M/`Q /� aBHp�- �Qb [m�Bb
b2`2B 2i2`M�K2Mi2 ;`�iQX

1 }M�HK2Mi2- �;`�/2ÏQ �Qb KBH?�`2b /2 �HmMQb [m2 2biBp2`�K T`2b2Mi2b M� KBM?�
i`�D2iƦ`B� /Q+2Mi2X a2K 2bi2b- M�/� 7�`B� b2MiB/QX



g� #2H2x� /� K�i2K�iB+� bƦ b2
KQbi`� � b2;mB/Q`2b K�Bb
T�+B2Mi2bX

ě J�`v�K JB`x�F?�MBX



_2bmKQ

lK ;`�M/2 T`Q#H2K� M� 2/m+�Ï½Q K�i2K�iB+� #`�bBH2B`� û Q /Bbi�M+B�K2MiQ 2Mi`2 Q +QM@
i2ȹ/Q +m``B+mH�` 2 � `2�HB/�/2 pBp2M+B�/� T2HQb �HmMQbX 1bb� BM+QM;`māM+B� +QKT`QK2i2 Q
/2b2KT2M?Q �+�/āKB+Q- Q [m2 T`Q/mx mK� T2`+2TÏ½Q M2;�iBp� /� /Bb+BTHBM� [m2- Q+�bBQM�H@
K2Mi2- H2p� �H;mMb �HmMQb � [m�/`Qb /2 �MbB2/�/2 2 K2/QX � i`�MbKBbb½Q /2 +QM?2+BK2MiQ
#�b2�/� bQK2Mi2 M� K2KQ`Bx�Ï½Q /2 7Ʀ`KmH�b +QMi`B#mB T�`� K�Mi2` 2bb2 [m�/`QX � "�b2
L�+BQM�H *QKmK *m``B+mH�` U"L**V 2 � G2B /2 .B`2i`Bx2b 2 "�b2b /� 2/m+�Ï½Q M�+BQM�H
UG."V `2bb�Hi�K � BKTQ`i�M+B� /2 mK T`Q+2bbQ 2/m+�+BQM�H [m2 T`2T�`2 Qb �HmMQb T�`� �
pB/� 7Q`� /Q �K#B2Mi2 2b+QH�`- /2b2MpQHp2M/Q ?�#BHB/�/2b KmBiQ �HûK /Q [m2 û M2+2bb�`BQ
�T2M�b T�`� `2bQHp2` T`Q#H2K�b K�i2K�iB+QbX L2bb2 b2MiB/Q- � KQ/2H�;2K K�i2K�iB+�
�T�`2+2 +QKQ mK� /�b 2bi`�iû;B�b K�Bb BKTQ`i�Mi2b TQ` K2BQ /� [m�H � K�i2K�iB+� TQ/2
b2` i`�xB/� /2 pQHi� T�`� bBim�ÏǤ2b /Q /B� � /B�- �Dm/�M/Q Qb �HmMQb � 2Mi2M/2` � `2H2p�M+B�
/2H� 2K bm�b pB/�bX

P MQbbQ Q#D2iBpQ û BMi`Q/mxB` +QM+2BiQb K�i2K�iB+Qb �i`�pûb /2 bBim�ÏǤ2b T`Q#H2K� [m2
7�x2K T�`i2 /� pB/� T`�iB+� /Qb �HmMQbX .B72`2Mi2K2Mi2 /� �#Q`/�;2K 72Bi� MQb HBp`Qb- 2K
;2`�H- [m2 2bi�#2H2+2 `2H�ÏǤ2b 2Mi`2 �b 7�KőHB�b /2 7mMÏǤ2b 2 mK� ;`�M/2 p�`B2/�/2 /2 T`Q@
#H2K�b T2[m2MQb BM/2T2M/2Mi2b 2 M½Q `2H�+BQM�/Qb- MQ i`�#�H?Q �T`2b2Mi�KQb �b 7mMÏǤ2b
2tTQM2M+B�Bb 2 HQ;�`őiKB+�b mb�M/Q mK ȹMB+Q �bbmMiQ +QKQ }Q +QM/miQ`- � �TQb2Mi�/Q`B�X
P �bbmMiQ- �HûK /2 `2H2p�Mi2- û `B+Q 2K bBim�ÏǤ2b T`Q#H2K� [m2 TQ/2K b2` 2Mi2M/B/�b
mb�M/Q � KQ/2H�;2K K�i2K�iB+�X �i`�pûb /2 mK� i`BH?� T2/�;Ʀ;B+�- [m2 BMi2;`� � KQ/2@
H�;2K K�i2K�iB+� �Q 2MbBMQ /�b 7mMÏǤ2b 2tTQM2M+B�Bb 2 HQ;�`őiKB+�b- T`QTQKQb �iBpB/�/2b
TQ` K2BQ /�b [m�Bb Q �T`2M/Bx�/Q û +QMi2tim�HBx�/Q- 2bi�#2H2+2M/Q mK� +QM2t½Q 2Mi`2
+QM+2BiQb K�i2K�iB+Qb 2 bBim�ÏǤ2b /� pB/� `2�HX lb�M/Q bBim�ÏǤ2b `2H�+BQM�/�b �Q K2`+�/Q
/2 i`�#�H?Q- +QKQ +QMi`B#mBÏǤ2b T�`� � T`2pB/āM+B� bQ+B�H 2 2biBK�iBp�b /2 b�H�`BQb- 2bi�
b2[māM+B� /2 �iBpB/�/2b- �HûK /2 H2p�` Qb �HmMQb � +QKT`22M/2`2K �H;mMb +QM+2BiQb 7mM@
/�K2Mi�Bb /�b 7mMÏǤ2b- i�K#ûK �T`2b2Mi� B/ûB�b }M�M+2B`�b /2 ;`�M/2 T2`iBMāM+B� T�`�
� pB/� /Qb �HmMQb �TƦb Q 2MbBMQ Kû/BQ 2 BM;`2bbQ MQ K2`+�/Q /2 i`�#�H?QX

�M�HBb�KQb i�K#ûK � �#Q`/�;2K ¨b 7mMÏǤ2b 2tTQM2M+B�Bb 2 HQ;�`őiKB+�b 72Bi�b 2K �H;m@
K�b Q#`�b mb�/�b M�b 2b+QH�b /Q 2bi�/Q /Q _BQ /2 C�M2B`Q 2 �T`2b2Mi�KQb Qb HBM?�K2MiQb
[m2 � "L** /� 2K `2H�Ï½Q �Q 2MbBMQ /�b 7mMÏǤ2b 2tTQM2M+B�Bb 2 HQ;�`őiKB+�b 2 ¨b 2bi`�@
iû;B�b [m2 mb�KQb M� +`B�Ï½Q /� i`BH?� T2/�;Ʀ;B+�X

S�H�p`�b@+?�p2b, 2MbBMQ /2 K�i2K�iB+�X 7mMÏǤ2b 2tTQM2M+B�BbX KQ/2H�;2K K�i2K�iB+�X
�TQb2Mi�/Q`B�X



�#bi`�+i
� K�DQ` T`Q#H2K BM "`�xBHB�M K�i?2K�iB+b 2/m+�iBQM Bb i?2 ;�T #2ir22M i?2 +m``B+mH�`
+QMi2Mi �M/ i?2 `2�HBiv 2tT2`B2M+2/ #v bim/2MibX h?Bb BM+QM;`mBiv ?�p2 � M2;�iBp2 BK@
T�+i QM �+�/2KB+ T2`7Q`K�M+2 �M/ Bi T`Q/m+2b � M2;�iBp2 T2`+2TiBQM Q7 i?2 bm#D2+iX AM
bQK2 +�b2b- Bi H2�/b bQK2 bim/2Mib iQ 2tT2`B2M+2 �MtB2iv �M/ 72�`X h?2 i`�MbKBbbBQM Q7
FMQrH2/;2 #�b2/ QMHv QM K2KQ`BxBM; 7Q`KmH�b +QMi`B#mi2b iQ K�BMi�BMBM; i?Bb bBim�iBQMX
h?2 +QKKQM M�iBQM�H +m``B+mHmK #�b2 U"L** #v Bib M�K2 BM TQ`im;m2b2V �M/ i?2 L�@
iBQM�H 1/m+�iBQM :mB/2HBM2b �M/ "�b2b G�r UG." #v Bib M�K2 BM TQ`im;m2b2V ?B;?HB;?i
i?2 BKTQ`i�M+2 Q7 �M 2/m+�iBQM�H T`Q+2bb i?�i T`2T�`2b bim/2Mib 7Q` HB72 QmibB/2 i?2 b+?QQH
2MpB`QMK2Mi- /2p2HQTBM; bFBHHb 7�` #2vQM/ r?�i Bb M2+2bb�`v Dmbi iQ bQHp2 K�i?2K�iB+�H
T`Q#H2KbX AM i?Bb b2Mb2- K�i?2K�iB+�H KQ/2HBM; �TT2�`b �b QM2 Q7 i?2 KQbi BKTQ`i�Mi
bi`�i2;B2b i?`Qm;? r?B+? K�i?2K�iB+b +�M #2 #`Qm;?i #�+F BMiQ 2p2`v/�v bBim�iBQMb- ?2HT@
BM; bim/2Mib mM/2`bi�M/ Bib `2H2p�M+2 BM i?2B` HBp2bX

Pm` ;Q�H Bb iQ BMi`Q/m+2 K�i?2K�iB+�H +QM+2Tib i?`Qm;? T`Q#H2K bBim�iBQMb i?�i �`2 T�`i
Q7 bim/2MibǶ T`�+iB+�H HBp2bX lMHBF2 i?2 �TT`Q�+? i�F2M BM #QQFb- BM ;2M2`�H- r?B+? 2bi�#@
HBb?2b `2H�iBQMb?BTb #2ir22M 7�KBHB2b Q7 7mM+iBQMb �M/ � rB/2 p�`B2iv Q7 bK�HH BM/2T2M/2Mi
�M/ mM`2H�i2/ T`Q#H2Kb- BM i?Bb rQ`F r2 T`2b2Mi 2tTQM2MiB�H �M/ HQ;�`Bi?KB+ 7mM+iBQMb
mbBM; � bBM;H2 bm#D2+i �b � ;mB/BM; i?`2�/- `2iB`2K2MiX h?Bb bm#D2+i Bb `2H2p�Mi �M/ `B+? BM
T`Q#H2K bBim�iBQMb i?�i +�M #2 mM/2`biQQ/ mbBM; K�i?2K�iB+�H KQ/2HBM;X h?2 /Bbb2`i�iBQM-
i?`Qm;? � T2/�;Q;B+�H T�i?- r?B+? BMi2;`�i2b K�i?2K�iB+�H KQ/2HBM; rBi? i?2 i2�+?BM;
Q7 2tTQM2MiB�H �M/ HQ;�`Bi?KB+ 7mM+iBQMb- T`QTQb2b �+iBpBiB2b i?`Qm;? r?B+? H2�`MBM; Bb
+QMi2tim�HBx2/- 2bi�#HBb?BM; � +QMM2+iBQM #2ir22M K�i?2K�iB+�H +QM+2Tib �M/ `2�H@HB72 bBi@
m�iBQMbX lbBM; bBim�iBQMb `2H�i2/ iQ i?2 DQ# K�`F2i- bm+? �b bQ+B�H b2+m`Biv +QMi`B#miBQMb
�M/ b�H�`v 2biBK�i2b- i?Bb b2[m2M+2 Q7 �+iBpBiB2b- BM �//BiBQM iQ K�FBM; bim/2Mib mM/2`@
bi�M/ bQK2 7mM/�K2Mi�H +QM+2Tib Q7 i?2 7mM+iBQMb- �HbQ T`2b2Mib }M�M+B�H B/2�b i?�i �`2
?B;?Hv `2H2p�Mi iQ bim/2MibǶ HBp2b �7i2` b2+QM/�`v 2/m+�iBQM �M/ 2Mi`v BMiQ i?2 DQ# K�`F2iX

q2 �HbQ �M�Hvx2 i?2 �TT`Q�+? iQ 2tTQM2MiB�H �M/ HQ;�`Bi?KB+ 7mM+iBQMb K�/2 BM bQK2
rQ`Fb mb2/ BM b+?QQHb BM i?2 bi�i2 Q7 _BQ /2 C�M2B`QX q2 T`2b2Mi i?2 ;mB/2HBM2b i?�i i?2
"L** ;Bp2b BM `2H�iBQM iQ i?2 i2�+?BM; Q7 2tTQM2MiB�H �M/ HQ;�`Bi?KB+ 7mM+iBQMb �M/ BM
`2H�iBQM iQ i?2 bi`�i2;B2b r2 mb2 BM i?2 T2/�;Q;B+�H i`�BHX

E2v@rQ`/b, K�i?2K�iB+b i2�+?BM;X 2tTQM2MiB�H 7mM+iBQMbX K�i?2K�iB+�H KQ/2HBM;X `2@
iB`2K2MiX



GBbi� /2 BHmbi`�ÏǤ2b

6B;m`� R Ĝ S`Q+2bbQ /2 KQ/2H�;2K X X X X X X X X X X X X X X X X X X X X X X X X X X Rd
6B;m`� k Ĝ >�#BHB/�/2 "L**@6mM/�K2Mi�H X X X X X X X X X X X X X X X X X X X X X X ky
6B;m`� j Ĝ >�#BHB/�/2 "L**@J2/BQ X X X X X X X X X X X X X X X X X X X X X X X X X X ky
6B;m`� 9 Ĝ >�#BHB/�/2b "L** 2K `2H�Ï½Q ¨ 2tTQM2M+B�H 2 HQ;�`BiKQ- U�V X X X X X k8
6B;m`� 8 Ĝ >�#BHB/�/2b "L** 2K `2H�Ï½Q ¨ 2tTQM2M+B�H 2 HQ;�`BiKQ- U#V X X X X X k8
6B;m`� e Ĝ >�#BHB/�/2b "L** 2K `2H�Ï½Q ¨ 2tTQM2M+B�H 2 HQ;�`BiKQ- U+V X X X X X X k8
6B;m`� d Ĝ amK�`BQ /2 J�i2K�iB+� 2K +QMi2tiQb X X X X X X X X X X X X X X X X X X je
6B;m`� 3 Ĝ amK�`BQ /2 JmHiBp2`bQb K�i2K�iB+� U�V X X X X X X X X X X X X X X X X X je
6B;m`� N Ĝ amK�`BQ /2 JmHiBp2`bQb K�i2K�iB+� U#V X X X X X X X X X X X X X X X X X je
6B;m`� Ry Ĝ amK�`BQ /2 S`BbK� K�i2K�iB+� U�V X X X X X X X X X X X X X X X X X X X X je
6B;m`� RR Ĝ amK�`BQ /2 S`BbK� K�i2K�iB+� U#V X X X X X X X X X X X X X X X X X X X X jd
6B;m`� Rk Ĝ amK�`BQ /2 J�i2K�iB+� BMi2`HB;�/� X X X X X X X X X X X X X X X X X X X X jd
6B;m`� Rj Ĝ Zm2bi½Q /2 S`BbK� K�i2K�iB+� X X X X X X X X X X X X X X X X X X X X X X jN
6B;m`� R9 Ĝ Zm2bi½Q /2 J�i2K�iB+� 2K +QMi2tiQb X X X X X X X X X X X X X X X X X X X jN
6B;m`� R8 Ĝ Zm2bi½Q /2 J�i2K�iB+� BMi2`HB;�/� X X X X X X X X X X X X X X X X X X X X jN
6B;m`� Re Ĝ Zm2bi½Q /2 JmHiBp2`bQb K�i2K�iB+� X X X X X X X X X X X X X X X X X X X X jN
6B;m`� Rd Ĝ 6B;m`� /� [m2bi½Q RXk X X X X X X X X X X X X X X X X X X X X X X X X X X X 8R
6B;m`� R3 Ĝ *QMi`�+?2[m2 /2 mK i`�#�H?�/Q` X X X X X X X X X X X X X X X X X X X X X 8j
6B;m`� RN Ĝ �iBpB/�/2 2K ;2Q;2#`� U�V X X X X X X X X X X X X X X X X X X X X X X X X X 8N
6B;m`� ky Ĝ �iBpB/�/2 2K ;2Q;2#`� U#V X X X X X X X X X X X X X X X X X X X X X X X X X 8N
6B;m`� kR Ĝ �#`BM/Q �`[mBpQ MQpQ 2K TH�MBH?�b /2 ;QQ;H2 X X X X X X X X X X X X X X ey
6B;m`� kk Ĝ *`B�M/Q T�;BM�b MQp�b X X X X X X X X X X X X X X X X X X X X X X X X X X X eR
6B;m`� kj Ĝ _2MQK2�M/Q T�;BM�b X X X X X X X X X X X X X X X X X X X X X X X X X X X X eR
6B;m`� k9 Ĝ *`B�M/Q mK� i�#2H� X X X X X X X X X X X X X X X X X X X X X X X X X X X X eR
6B;m`� k8 Ĝ P bőK#QHQ _0 �Qb b�H�`BQb X X X X X X X X X X X X X X X X X X X X X X X X X eR
6B;m`� ke Ĝ AMb2`BM/Q 7Ʀ`KmH� T�`� +`B�` � +QHmM� � X X X X X X X X X X X X X X X X X eR
6B;m`� kd Ĝ :2`�M/Q � +QHmM� � U�V X X X X X X X X X X X X X X X X X X X X X X X X X X ek
6B;m`� k3 Ĝ :2`�M/Q � +QHmM� � U#V X X X X X X X X X X X X X X X X X X X X X X X X X X ek
6B;m`� kN Ĝ AMb2`BM/Q 7Ʀ`KmH� T�`� +`B�` � +QHmM� " X X X X X X X X X X X X X X X X X ek
6B;m`� jy Ĝ h�#2H� /� 2pQHmÏ½Q b�H�`B�H T`QMi� X X X X X X X X X X X X X X X X X X X X ej
6B;m`� jR Ĝ AMb2`BM/Q 7Ʀ`KmH� T�`� +`B�` � +QHmM� 1 X X X X X X X X X X X X X X X X X ej
6B;m`� jk Ĝ S�;BM� R +QK �b j i�#2H�b X 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
6B;m`� jj Ĝ *`B�M/Q �b j i�#2H�b /Qb BMp2biBK2MiQb X X X X X X X X X X X X X X X X X X ee
6B;m`� j9 Ĝ _2H�+BQM�M/Q � +QHmM� � /�b /m�b T�;BM�b X X X X X X X X X X X X X X X X ee
6B;m`� j8 Ĝ AMb2`BM/Q 7Ʀ`KmH� T�`� +`B�` � +QHmM� "- T�;BM� ALoX U�V X X X X X X X X ed
6B;m`� je Ĝ AMb2`BM/Q 7Ʀ`KmH� T�`� +`B�` � +QHmM� "- T�;BM� ALoX U#V X X X X X X X X ed



6B;m`� jd Ĝ _2Mi�#BHB/�/2 /Q iőimHQ _2M/�Y X X X X X X X X X X X X X X X X X X X X X X e3
6B;m`� j3 Ĝ _2bTQbi�b /2 �HmMQb M� i`BH?�- U�V X X X X X X X X X X X X X X X X X X X X X eN
6B;m`� jN Ĝ _2bTQbi�b /2 �HmMQb M� i`BH?�- U#V X X X X X X X X X X X X X X X X X X X X X dy
6B;m`� 9y Ĝ _2bTQbi� ¨ [m2bi½Q kX /Q 7Q`KmH�`BQ X X X X X X X X X X X X X X X X X X X d8
6B;m`� 9R Ĝ _2bTQbi� ¨ [m2bi½Q jX /Q 7Q`KmH�`BQ X X X X X X X X X X X X X X X X X X X de
6B;m`� 9k Ĝ _2bTQbi� ¨ [m2bi½Q 9X /Q 7Q`KmH�`BQ X X X X X X X X X X X X X X X X X X X de
6B;m`� 9j Ĝ _2bTQbi� ¨ [m2bi½Q 3X /Q 7Q`KmH�`BQ X X X X X X X X X X X X X X X X X X X dd
6B;m`� 99 Ĝ _2bTQbi� ¨ [m2bi½Q RyX /Q 7Q`KmH�`BQ X X X X X X X X X X X X X X X X X X X dd
6B;m`� 98 Ĝ _2bTQbi� ¨ [m2bi½Q RRX /Q 7Q`KmH�`BQ- U�V X X X X X X X X X X X X X X X X dd
6B;m`� 9e Ĝ _2bTQbi� ¨ [m2bi½Q RRX /Q 7Q`KmH�`BQ- U#V X X X X X X X X X X X X X X X X dd



GBbi� /2 i�#2H�b

h�#2H� R Ĝ h�#2H� /2 ?�#BHB/�/2b 2 +QKT2iāM+B�b T2H� a11.l*@_C- 6QMi2, Ub22/m+@
`D- kykkV X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kj

h�#2H� k Ĝ >�#BHB/�/2b M�b Q#`�b b2H2+BQM�/�b X X X X X X X X X X X X X X X X X X X X jd
h�#2H� j Ĝ 1pQHmÏ½Q b�H�`B�H /2 mK� i`�#�H?�/Q`� X X X X X X X X X X X X X X X X X 89
h�#2H� 9 Ĝ 1pQHmÏ½Q b�H�`B�H X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X d9
h�#2H� 8 Ĝ *QKT�`�Ï½Q /2 b�H�`BQb /2 k i`�#�H?�/Q`2b X X X X X X X X X X X X X X X d8



GBbi� /2 �#`2pB�im`�b 2 bB;H�b

�"Lh �bbQ+B�Ï½Q "`�bBH2B`� /2 LQ`K�b hû+MB+�b

"L** "�b2 L�+BQM�H *QKmK *m``B+mH�`

*." *2`iB}+�/Q /2 .2TƦbBiQ "�M+�`BQ

*.A *2`iB}+�/Q /2 .2TƦbBiQ AMi2`#�M+�`BQ

*oJ *QKBbb½Q /2 o�HQ`2b JQ#BHB�`BQb

1h6 1t+?�M;2 h`�/2/ 6mM/

A":1 AMbiBimiQ "`�bBH2B`Q /2 :2Q;`�}� 2 1bi�iBbiB+�

ALaa AMbiBimiQ L�+BQM�H /2 a2;m`B/�/ aQ+B�H

AS*� ŐM/B+2 /2 S`2ÏQb �Q *QMbmKB/Q` �KTHQ

G." G2B /2 .B`2i`Bx2b 2 "�b2b /� 2/m+�Ï½Q M�+BQM�H

_:Sa _2;BK2 :2`�H /2 S`2pB/āM+B� aQ+B�H

_SSa _2;BK2 S`ƦT`BQ /2 S`2pB/āM+B� aQ+B�H

a11.l*@_C a2+`2i�`B� /2 1bi�/Q /2 1/m+�Ï½Q /Q _BQ /2 C�M2B`Q



amK�`BQ

R ALh_P.lÎ¼P X X X X X X X X X X X X X X X X X X X X X X X X X X X X X R9
RXR JQ/2H�;2K K�i2K�iB+� X X X X X X X X X X X X X X X X X X X X X X X X X X Re
RXk JQ/2H�;2K K�i2K�iB+� M� "L** X X X X X X X X X X X X X X X X X X X RN
RXj P`;�MBx�Ï½Q /Q i`�#�H?Q X X X X X X X X X X X X X X X X X X X X X X X X X ky

k 6lLÎǣ1a 1sSPL1L*A�Aa 1 � "L** X X X X X X X X X X X X X X X kk

j 6lLÎǣ1a 1sSPL1L*A�Aa 1 GP:�_ŐhJA*�a X X X X X X X X X X ke
jXR 6mMÏ½Q 2tTQM2M+B�H X X X X X X X X X X X X X X X X X X X X X X X X X X X X ke
jXk 1tTQ2Mi2b M�im`�Bb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X ke
jXj 1tTQ2Mi2b BMi2B`Qb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kd
jX9 1tTQ2Mi2b `�+BQM�Bb X X X X X X X X X X X X X X X X X X X X X X X X X X X X kd
jX8 .2}MBÏ½Q 2 T`QT`B2/�/2b /� 7mMÏ½Q 2tTQM2M+B�H X X X X X X X X X X X X k3
jXe *�`�+i2`Bx�Ï½Q /� 6mMÏ½Q 1tTQM2M+B�H X X X X X X X X X X X X X X X X X jy
jXd GQ;�`BiKQb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jR

9 �L�GAa1 "A"GAP:_�6A*� X X X X X X X X X X X X X X X X X X X X X X j9
9XR AM7Q`K�ÏǤ2b bQ#`2 �b Q#`�b b2H2+BQM�/�b X X X X X X X X X X X X X X X X j9
9Xk amK�`BQb /�b Q#`�b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X je
9Xj *QMi2ȹ/Qb- �iBpB/�/2b 2 � "L** X X X X X X X X X X X X X X X X X X X X jd

8 6lL.�J1LhPa .� �SPa1Lh�.P_A� 1 ALo1ahAJ1LhPa X X 9y
8XR _2;BK2b T`2pB/2M+B�`BQb 2 bm�b /B72`2MÏ�b X X X X X X X X X X X X X X X 9R
8Xk *`Biû`BQb /2 �TQb2Mi�/Q`B� X X X X X X X X X X X X X X X X X X X X X X X X 9k
8Xj *QKT�`�iBpQ 2Mi`2 Q bBbi2K� /2 �TQb2Mi�/Q`B� �Mi2b 2 /2TQBb /2

kyRN X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9j
8X9 *QM+HmBM/Q Q �bbmMiQ X X X X X X X X X X X X X X X X X X X X X X X X X X X 99
8X8 AMp2biBK2MiQb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 98
8Xe hBTQb /2 BMp2biBK2MiQb X X 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

e h_AG>� S1.�:ƥ:A*� X X X X X X X X X X X X X X X X X X X X X X X X 93
eXR AMi`Q/mÏ½Q X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 93
eXk S`QTQbi� 2 �THB+�Ï½Q /�b �iBpB/�/2b X X X X X X X X X X X X X X X X X X X 9N
eXj am;2biǤ2b �Q T`Q72bbQ` X X 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
eX9 � i`BH?� T2/�;Ʀ;B+� X X X X 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
eX8 _2bmHi�/Qb 2 /2b�}Qb X X X X X X X X X X X X X X X X X X X X X X X X X X X eN



� Ĝ J�h1_A�Aa .� h_AG>� X X X X X X X X X X X X X X X X X X X X X dR
�XR 6Q`KmH�`BQ /2 �p�HB�Ï½Q X X X X X X X X X X X X X X X X X X X X X X X X X X dR
�Xk h�#2H�b mb�/�b M� i`BH?� T2/�;Ʀ;B+� X X X X X X X X X X X X X X X X X X X d9
�Xj _2bmHi�/Qb /Q 7Q`KmH�`BQ X X X X X X X X X X X X X X X X X X X X X X X X X d8

_272`āM+B�b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X d3

�SĀL.A*1 " Ĝ _1*l_aP 1.l*�*APL�G X X X X X X X X X X X X 3y



R9

R AMi`Q/mÏ½Q

LQ "`�bBH- Q 2MbBMQ /2 K�i2K�iB+� i2K bB/Q mK i2K� /2 /2#�i2 +QMbi�Mi2- T`BM@
+BT�HK2Mi2 /2pB/Q �Q /Bbi�M+B�K2MiQ T2`+2#B/Q 2Mi`2 Q +QMi2ȹ/Q 2MbBM�/Q M�b b�H�b /2
�mH� 2 � `2�HB/�/2 /Qb 2/m+�M/QbX 1bb� /BbT�`B/�/2 M½Q �T2M�b �72i� Q /2b2KT2M?Q /Qb
2bim/�Mi2b- K�b i�K#ûK BM~m2M+B� /B`2i�K2Mi2 M� T2`+2TÏ½Q 2 M� `2H�Ï½Q [m2 2H2b /2@
b2MpQHp2K +QK � /Bb+BTHBM� �Q HQM;Q /2 bm�b pB/�b �+�/āKB+�b 2 �iû K2bKQ T`Q}bbBQM�BbX
1bi2 i`�#�H?Q b2 T`QTǤ2 � 2tTHQ`�` TQbbőp2Bb 2bi`�iû;B�b T�`� KBiB;�` 2bb2 /Bbi�M+B�K2MiQ-
pBb�M/Q +QMi`B#mB` T�`� � K2H?Q`B� /Q 2MbBMQ /2 K�i2K�iB+� MQ +QMi2tiQ #`�bBH2B`QX

�HûK /� /B}+mH/�/2 M� �T`2M/Bx�;2K- Qmi`� #�``2B`� bB;MB}+�iBp� û � T2`+2TÏ½Q
M2;�iBp� [m2 KmBiQb �HmMQb iāK 2K `2H�Ï½Q ¨ K�i2K�iB+�X JmBiQb 2bim/�Mi2b 2M7`2Mi�K
�MbB2/�/2 2 K2/Q 2K `2H�Ï½Q ¨ /Bb+BTHBM�- Q [m2 TQ/2 b2` 2t�+2`#�/Q TQ` KûiQ/Qb /2
2MbBMQ i`�/B+BQM�Bb [m2 2M7�iBx�K � K2KQ`Bx�Ï½Q /2 7Ʀ`KmH�b 2K p2x /2 2tTHQ`�` +QM+2BiQb
2 �THB+�ÏǤ2b T`�iB+�bX *QM7Q`K2 �`;mK2Mi� *�`QH .r2+F- TbB+ƦHQ;� +QM?2+B/� TQ` b2m
i`�#�H?Q bQ#`2 K2Mi�HB/�/2 /2 +`2b+BK2MiQ- ǳ� +`2MÏ� /2 [m2 ?�#BHB/�/2b K�i2K�iB+�b b½Q
}t�b 2 BM�i�b TQ/2 H2p�` Qb �HmMQb � /2bBbiB`2K K�Bb 7�+BHK2Mi2 /B�Mi2 /2 /2b�}QbX ú +`m+B�H
T`QKQp2` mK� K2Mi�HB/�/2 /2 +`2b+BK2MiQ [m2 2M7�iBx2 Q 2b7Q`ÏQ 2 � T2`bBbiāM+B�ǴU/r2+F-
kyyeVX

Pmi`Q /2b�}Q BKTQ`i�Mi2 û � �/2[m�Ï½Q /Q +m``ő+mHQ /2 K�i2K�iB+� ¨b /2K�M/�b
/2 mK KmM/Q 2K +QMbi�Mi2 Km/�MÏ�X *QK Qb �p�MÏQb i2+MQHƦ;B+Qb 2 � ;HQ#�HBx�Ï½Q- �b
?�#BHB/�/2b K�i2K�iB+�b M2+2bb�`B�b MQ K2`+�/Q /2 i`�#�H?Q 2bi½Q 2pQHmBM/Q `�TB/�K2Mi2X
*QM7Q`K2 �TQMi�/Q TQ` �M/`2�b a+?H2B+?2`- /B`2iQ` /2 1/m+�Ï½Q /� P*.1- ǳP 2MbBMQ /2
K�i2K�iB+� /2p2 T`2T�`�` Qb �HmMQb M½Q �T2M�b T�`� `2bQHp2` T`Q#H2K�b /Q T`2b2Mi2- K�b
i�K#ûK T�`� 2M7`2Mi�` /2b�}Qb 7mim`Qb /2b+QM?2+B/QbX AbbQ `2[m2` mK +m``ő+mHQ ~2tőp2H
2 /BM�KB+QǴUb+?H2B+?2`- kyRNVX SQ`i�MiQ- ?� mK� M2+2bbB/�/2 +`2b+2Mi2 /2 BMi2;`�` i2+@
MQHQ;B� 2 T2Mb�K2MiQ +`őiB+Q MQ 2MbBMQ /2 K�i2K�iB+� T�`� T`2T�`�` Qb 2bim/�Mi2b T�`�
Qb /2b�}Qb /Q bû+mHQ ssAX

�Q MQb /2T�`�`KQb +QK Qb /2b�}Qb 2/m+�+BQM�Bb KQ/2`MQb- T2`+2#2KQb � /BbbQ+B@
�Ï½Q 2Mi`2 Q +QMi2ȹ/Q � b2` 2MbBM�/Q 2 � `2�HB/�/2 /Q 2/m+�M/QX L2bb2 TQMiQ- MQ /2+Q``2`
/� i`�D2iƦ`B� 2b+QH�` /Q /Bb+2Mi2- û T2`+2#B/Q Q �mK2MiQ /Q �#BbKQ 2Mi`2 �b pBpāM+B�b MQ
�K#B2Mi2 2b+QH�` 2 7Q`� /2bi2X

a2;mM/Q S�mHQ 6`2B`2- Q 2MbBMQ /2 K�i2K�iB+� /2p2 b2` +QMi2tim�HBx�/Q 2 `2H�+BQ@
M�/Q +QK � pB/� /Qb �HmMQb T�`� [m2 2H2b T2`+2#�K bm� BKTQ`i�M+B� T`�iB+�, ǳú 7mM/�@
K2Mi�H 2bi�#2H2+2` +QM2tǤ2b 2Mi`2 Q +QMi2ȹ/Q K�i2K�iB+Q 2 �b 2tT2`BāM+B�b /2 pB/� /Qb
2bim/�Mi2b T�`� iQ`M�` Q �T`2M/Bx�/Q bB;MB}+�iBpQǴU7`2B`2- RN3dVX 1bi2 T`BM+őTBQ /2bi�+�
� M2+2bbB/�/2 /2 mK 2MbBMQ [m2 M½Q �T2M�b i`�MbKBi� 7Ʀ`KmH�b 2 T`Q+2/BK2MiQb- K�b [m2



*�TőimHQ RX AMi`Q/mÏ½Q R8

i�K#ûK 2biBKmH2 � `2~2t½Q 2 � �THB+�Ï½Q /Qb +QM+2BiQb K�i2K�iB+Qb 2K bBim�ÏǤ2b /Q
+QiB/B�MQX

.m`�Mi2 iQ/� � KBM?� 2tT2`BāM+B� T`Q}bbBQM�H- Rk �MQb +QKQ T`Q72bbQ` T�`iB+mH�`
2 /2 T`2T�`�Ï½Q T�`� +QM+m`bQb Tȹ#HB+Qb 2 9 �MQb +QKQ T`Q72bbQ` /� `2/2 Tȹ#HB+�- Tm/2
T2`+2#2` � ;`�M/2 /B}+mH/�/2 /Qb �HmMQb /2 2Mi2M/2`2K Qb +QM+2BiQb K�i2K�iB+Qb- 2K
2bT2+B�H �b 7mMÏǤ2b 2tTQM2M+B�H 2 HQ;�`őiKB+�X .m`�Mi2 2bb2 T2`őQ/Q- i�K#ûK }+Qm MőiB/�
� 7�Hi� /2 T2`bT2+iBp� T`Q}bbBQM�H 2 /2b+QM?2+BK2MiQ /� `2�HB/�/2 /Q K2`+�/Q /2 i`�#�H?Q
TQ` T�`i2 /2 mK ;`�M/2 MȹK2`Q /2 �HmMQbX SQ`i�MiQ- � T�`iB` /2 pBpāM+B�b T`ƦT`B�b 2
2bi�iőbiB+�b 2/m+�+BQM�Bb /BbTQMőp2Bb- bm`;2 � B/ûB� /� +QMbi`mÏ½Q /Q KQ/2HQ /2 2MbBMQ /�b
7mMÏǤ2b 2tTQM2M+B�Bb 2 HQ;�`őiKB+�b- �i`�pûb /Qb +�H+mHQb T`2pB/2M+B�`BQb 2 /� `2�HB/�/2
/Q K2`+�/Q /2 i`�#�H?QX

L2bi2 i`�#�H?Q /2 +QM+Hmb½Q /2 +m`bQ- i2KQb +QKQ Q#D2iBpQ �T`2b2Mi�` �Hi2`M�iB@
p�b T2/�;Ʀ;B+�b- mb�M/Q � KQ/2H�;2K K�i2K�iB+� +QKQ KûiQ/Q /2 2MbBMQX �i`�pûb /2
mK� i`BH?� T2/�;Ʀ;B+�- p�KQb �T`2b2Mi�` �Q �HmMQ �b 7mMÏǤ2b 2tTQM2M+B�Bb 2 HQ;�`őiKB+�b-
�H;mK�b /2 bm�b T`QT`B2/�/2b- Q +QKTQ`i�K2MiQ /Q ;`�}+Q /� 7mMÏ½Q 2 bm� T`2b2MÏ� MQ
+QiB/B�MQX liBHBx�M/Q +QKQ #�b2 T�`� MQbbQ KQ/2HQ- �T`2b2Mi�`2KQb Qb +�H+mHQb T`2pB/2M@
+B�`BQb- /2 2pQHmÏ½Q b�H�`B�H 2 /2 �Hi2`M�iBp�b }M�M+2B`�b T�`� � K�Mmi2MÏ½Q /� [m�HB/�/2
2 /Q 2biBHQ /2 pB/� /Q i`�#�H?�/Q` �TƦb � �TQb2Mi�/Q`B�X GQ;Q- �HûK /Q +QM?2+BK2MiQ
K�i2K�iB+Q �+2`+� /�b 7mMÏǤ2b 2bim/�/�b- Qb �HmMQb b2`½Q �T`2b2Mi�/Qb /m`�Mi2 � `2�HBx�@
Ï½Q /�b �iBpB/�/2b- �Q 7mM+BQM�K2MiQ /Q K2`+�/Q /2 i`�#�H?Q 2 bBbi2K� /2 �TQb2Mi�/Q`B�
#`�bBH2B`QX

� i`BH?� 7QB T2Mb�/� T�`� �HmMQb /Q 2MbBMQ Kû/BQ- TQBb û MQ 2MbBMQ Kû/BQ QM/2 Q
2bim/Q /2 7mMÏǤ2b 2tTQM2M+B�Bb 2 HQ;�`őiKB+�b û 7Q`K�HBx�/Q 2 2bi2b �HmMQb D� b2 2M+QMi`�K
K�Bb T`ƦtBKQb �Q BM;`2bbQ MQ K2`+�/Q /2 i`�#�H?QX J�b p�H2 � T2M� `2b�Hi�` [m2 � i`BH?�
TQ/2 b2` mb�/� +QK �HmMQb /Q 2MbBMQ 7mM/�K2Mi�H- TQBb � i`BH?� û ȹiBH i�K#ûK T�`�
Q72`2+2` �Q �HmMQ Q T`BK2B`Q +QMi�iQ +QK �b 7mMÏǤ2b 2tTQM2M+B�Bb 2 HQ;�`őiKB+�b- �HûK /2
[m2 b½Q M2+2bb�`BQb �T2M�b +QM?2+BK2MiQb #�bB+Qb T�`� � `2�HBx�Ï½Q /�b �iBpB/�/2bX

� }K /2 K2Mbm`�` Qb `2bmHi�/Qb /� i`BH?� T2/�;Ʀ;B+� 2H�#Q`�/� M2bi2 i`�#�H?Q- b2`�
�THB+�/Q �Qb �HmMQb /�b im`K�b- �Mi2b 2 �TƦb `2�HBx�Ï½Q /�b �iBpB/�/2b- mK [m2biBQM�`BQ
�+2`+� /Qb +QM?2+BK2MiQb bQ#`2 7mMÏǤ2b 2tTQM2M+B�Bb 2 HQ;�`őiKB+�bX S�`� �HûK- i�K#ûK
b2`� �p�HB�/�- M� T2`bT2+iBp� /Qb �HmMQb- � T2`iBMāM+B� /� i2K�iB+� /�b [m2biǤ2b M�b bm�b
pB/�b- M½Q bQK2Mi2 MQ +QMi2tiQ 2b+QH�`X

1K bmK�- 2M7`2Mi�` Qb /2b�}Qb /Q 2MbBMQ /2 K�i2K�iB+� M� �im�HB/�/2 2tB;2 mK
+QKT`QKBbbQ +QMiőMmQ +QK � BMQp�Ï½Q T2/�;Ʀ;B+�- � BM+Hmb½Q 2/m+�+BQM�H 2 Q /2b2MpQH@
pBK2MiQ T`Q}bbBQM�H /Qb T`Q72bbQ`2bX �i`�pûb /2 �#Q`/�;2Mb [m2 p�HQ`Bx2K � +QMi2tim�HB@
x�Ï½Q- � T2`bQM�HBx�Ï½Q 2 � �THB+�Ï½Q T`�iB+� /Qb +QM+2BiQb K�i2K�iB+Qb- û TQbbőp2H M½Q
�T2M�b K2H?Q`�` Q �T`2M/Bx�/Q /Qb �HmMQb- K�b i�K#ûK T`2T�`�@HQb /2 7Q`K� K�Bb 2}+�x
T�`� Qb /2b�}Qb 2 QTQ`imMB/�/2b /Q KmM/Q KQ/2`MQX



*�TőimHQ RX AMi`Q/mÏ½Q Re

RXR JQ/2H�;2K K�i2K�iB+�
lK /Qb ;`�M/2b /2b�}Qb /Q T`Q+2bbQ /2 2MbBMQ �T`2M/Bx�;2K /� K�i2K�iB+� +QM@

bBbi2 MQ /Bbi�M+B�K2MiQ 2Mi`2 �b pBpāM+B�b /Qb �HmMQb 2 � i2Q`B� /� b�H� /2 �mH�X Zm�MiQb
T`Q72bbQ`2b D� M½Q QmpB`�K 7`�b2b +QKQ, ǳT�`� [m2 �T`2M/2` BbbQ\Ǵ- ǳ2m MmM+� pQm mb�`
BbbQXǴ- ǳ2m bQm /2 ?mK�M�b- bƦ T`2+BbQ b�#2` bQK�`- bm#i`�B`- KmHiBTHB+�` 2 /BpB/B`Ǵ 2 2i+X P
2MbBMQ /2 K�i2K�iB+�- �bbBK +QKQ Q /2 7őbB+� 2 [mőKB+�- D� T�`i2K /2 mK TQMiQ /2 K�BQ`
`2bBbiāM+B� 2K `2H�Ï½Q � Qmi`�b �`2�bX .2bi� K�M2B`�- � KQ/2H�;2K K�i2K�iB+� bm`;2 � }K
/2 `2@�T`QtBK�` +QM+2BiQb �#bi`�iQb- /� `2�HB/�/2 /2 [m2K Qb 2bi� �T`2M/2M/QX a2;mM/Q
"�bb�M2xB- ǳ� KQ/2H�;2K K�i2K�iB+� +QMbBbi2 M� �`i2 /2 i`�Mb7Q`K�` T`Q#H2K�b /� `2�@
HB/�/2 2K T`Q#H2K�b K�i2K�iB+Qb 2 `2bQHpā@HQb BMi2`T`2i�M/Q bm�b bQHmÏǤ2b M� HBM;m�;2K
/Q KmM/Q `2�HǴ U#�bb�M2xB- kyyeV- TXReX

� KQ/2H�;2K K�i2K�iB+� +QMb2;m2 B` �HûK /Q T`Q+2bbQ /2 2MbBMQ �T`2M/Bx�;2K
/2 bQHm+BQM�` T`Q#H2K�bX *`B�M/Q mK �K#B2Mi2 +QMi2tim�HBx�/Q- QM/2 b2 7�x T`2b2Mi2 Q
mbQ T`�iB+Q /� K�i2K�iB+� MQ KmM/Q `2�HX �Q mMB` +QM+2BiQb K�i2K�iB+Qb ¨b /Bp2`b�b
bBim�ÏǤ2b /Q +QiB/B�MQ- � KQ/2H�;2K iQ`MQm@b2 mK� 72``�K2Mi� /2 +QM2t½Q 2Mi`2 i2Q`B� 2
T`�iB+�- �mtBHB�M/Q /2 K�M2B`� bB;MB}+�iBp� M� +QKT`22Mb½Q /Qb +QM+2BiQb K�i2K�iB+Qb 2
BM+2MiBp�M/Q Q `�+BQ+őMBQ +`őiB+QX ǳ� KQ/2H�;2K K�i2K�iB+�- 2K b2mb p�`BQb �bT2+iQb- û
mK T`Q+2bbQ [m2 �HB� i2Q`B� 2 T`�iB+�- KQiBp� b2m mbm�`BQ M� T`Q+m`� /Q 2Mi2M/BK2MiQ /�
`2�HB/�/2 [m2 Q +2`+� 2 M� #mb+� /2 K2BQb T�`� �;B` bQ#`2 2H� 2 i`�Mb7Q`K�@H�XǴ U#�bb�M2xB-
kyyeV- TXRdX

.2 �+Q`/Q +QK "�bb�M2xB- � KQ/2H�;2K K�i2K�iB+� b2;m2 mK T�bbQ � T�bbQ- QM/2
� �M�HBb2 +B2Miő}+� 2 T`�iB+� b2 �HBM?�K MmK T`Q+2bbQ /BM�KB+Q /2 BMp2biB;�Ï½Q � }K /2
bQHm+BQM�` mK T`Q#H2K� `2�HX SQ/2KQb Q#b2`p�` Q T�bbQ � T�bbQ /Q T`Q+2bbQ M� };m`� RX

*QKQ TQ/2KQb Q#b2`p�` M� BK�;2K- � T�`iB` /2 mK T`Q#H2K� M½Q K�i2K�iB+Q-
û /2b2M+�/2�/Q iQ/Q Q T`Q+2bbQ /2 /2b2MpQHpBK2MiQ /2 mK KQ/2HQ K�i2K�iB+Q � }K
/2 /2i2`KBM�` mK� bQHmÏ½Q p�HB/� T�`� Q T`Q#H2K� BMB+B�HX 1K U#�bb�M2xB- kyyeV b½Q
/2b+`Bi�b +�/� mK� /�b 2i�T�b /Q T`Q+2bbQ /2 KQ/2H�;2KX 1bb�b 2i�T�b b½Q,

Ç 1tT2`BK2Mi�Ï½Q, � 2tT2`BK2Mi�Ï½Q û mK� �iBpB/�/2 T`2/QKBM�Mi2K2Mi2 H�#Q`�iQ@
`B�H [m2 7�+BHBi� � +QH2i� /2 /�/QbX Pb KûiQ/Qb 2tT2`BK2Mi�Bb b½Q ;2`�HK2Mi2 /2i2`@
KBM�/Qb T2H� Q`B;2K /Q 2tT2`BK2MiQ 2 T2HQ Q#D2iBpQ /� T2b[mBb�X

Ç �#bi`�Ï½Q, � �#bi`�Ï½Q û `2bTQMb�p2H TQ` H2p�` � +`B�Ï½Q /Q KQ/2HQ K�i2K�iB+QX ú
/m`�Mi2 Q T`Q+2bbQ /2 �#bi`�Ï½Q [m2,

Ĝ a½Q b2H2+BQM�/�b �b p�`B�p2Bb T2`iBM2Mi2b ¨ T2b[mBb�X

Ĝ ú 72Bi� � T`Q#H2K�iBx�Ï½Q 2 7Q`KmH�Ï½Q /Qb T`Q#H2K�b i2Ʀ`B+QbX

Ĝ 6Q`KmH�K@b2 ?BTƦi2b2bX



*�TőimHQ RX AMi`Q/mÏ½Q Rd

6B;m`� R Ĝ 1b[m2K�iBx�Ï½Q /Q T`Q+2bbQ /2 KQ/2H�;2KX 6QMi2, U#�bb�M2xB- kyyeVX

Ĝ h�K#ûK Q+Q``2 � bBKTHB}+�Ï½QX SQBb- [m�M/Q +QMbB/2`�/Qb iQ/Qb Qb /2i�H?2b
/Q 2bim/Q K�i2K�iB+Q- i�H +QMi2ȹ/Q iQ`M�bb2 2t+2bbBp�K2Mi2 +QKTH2tQX

Ç _2bQHmÏ½Q, a2KT`2 HB;�/� �Q ;`�m /2 +QKTH2tB/�/2 /Q KQ/2HQ- � `2bQHmÏ½Q KmBi�b
p2x2b bƦ û pB�p2H �i`�pûb /Q mbQ /2 `2+m`bQb +QKTmi�+BQM�BbX 1bi� �iBpB/�/2 û T`ƦT`B�
/Q K�i2K�iB+QX

Ç o�HB/�Ï½Q, .m`�Mi2 � p�HB/�Ï½Q Q KQ/2HQ 2 bm�b ?BTƦi2b2b b½Q +QM7`QMi�/Qb +QK
/�/Qb 2KTő`B+Qb- � }K /2 �H+�MÏ�` � �+2Bi�Ï½Q Qm M½QX

Ç JQ/B}+�Ï½Q, L2bi� 2i�T�- Q KQ/2HQ bQ7`2 �Dmbi2X 1bb� M2+2bbB/�/2 bm`;2 TQ` BMȹK2@
`�b TQbbB#BHB/�/2b +QKQ bBKTHB}+�Ï½Q /2K�bB�/�- 2``Qb M� Q#i2MÏ½Q /2 BM7Q`K�ÏǤ2b-
2Mi`2 Qmi`QbX

S�`� �HûK- "�bb�M2xB 2bi�#2H2+2 /QBb iBTQb /2 KQ/2HQ,

Ç JQ/2HQ P#D2iQ, û � `2T`2b2Mi�Ï½Q /2 mK Q#D2iQ Qm 7�iQ +QM+`2iQc bm�b +�`�+i2`őbiB+�b
T`2/QKBM�Mi2b b½Q � 2bi�#BHB/�/2 2 � ?QKQ;2M2B/�/2 /�b p�`B�p2BbX h�H `2T`2b2Mi�@
Ï½Q TQ/2 b2` TB+iƦ`B+� UmK /2b2M?Q- mK 2b[m2K� +QKT�`iBK2Mi�H- mK K�T�- 2i+XV-
+QM+2Bim�H U7Ʀ`KmH� K�i2K�iB+�V- Qm bBK#ƦHB+�X � `2T`2b2Mi�Ï½Q TQ` 2bi2b KQ/2HQb
û b2KT`2 T�`+B�H /2Bt�M/Q 2b+�T�` p�`B�ÏǤ2b BM/BpB/m�Bb 2 TQ`K2MQ`2b /Q 72MƬK2MQ



*�TőimHQ RX AMi`Q/mÏ½Q R3

Qm /Q Q#D2iQ KQ/2H�/QX lK KQ/2HQ 2TB/2KBQHƦ;B+Q UbBbi2K� /2 2[m�ÏǤ2b /B72`2M+B@
�BbV [m2 +QMbB/2`� Q ;`mTQ /2 BM72+i�/Qb +QKQ b2M/Q ?QKQ;āM2Q QM/2 iQ/Qb Qb b2mb
2H2K2MiQb iāK �b K2bK�b T`QT`B2/�/2b û mK 2t2KTHQ /2 mK KQ/2HQ Q#D2iQc lK
/2b2M?Q T�`� `2T`2b2Mi�` Q �HpûQHQ mb�/Q T2H�b �#2H?�b û i�K#ûK mK KQ/2HQ /2bi2
iBTQX

Ç JQ/2HQ i2Ʀ`B+Q, û �[m2H2 pBM+mH�/Q � mK� i2Q`B� ;2`�H 2tBbi2Mi2 Ĝ b2`� b2KT`2 +QMb@
i`mő/Q 2K iQ`MQ /2 mK KQ/2HQ Q#D2iQ +QK mK +Ʀ/B;Q /2 BMi2`T`2i�Ï½QX 1H2 /2p2
+QMi2` �b K2bK�b +�`�+i2`őbiB+�b [m2 Q bBbi2K� `2�H- BbiQ û- /2p2 `2T`2b2Mi�` �b K2b@
K�b p�`B�p2Bb 2bb2M+B�Bb 2tBbi2Mi2b MQ 72MƬK2MQ 2 bm�b `2H�ÏǤ2b b½Q Q#iB/�b �i`�pûb
/2 ?BTƦi2b2b U�#bi`�i�bV Qm /2 2tT2`BK2MiQb U`2�BbVX

� T�`iB` /Qb KQ/2HQb 2bi�#2H2+B/Qb- Q �miQ` �BM/� T`QTǤ2 [m�i`Q +H�bbB}+�ÏǤ2b T�`� Q
KQ/2HQ K�i2K�iB+Q 2K bB- H2p�M/Q 2K +QMbB/2`�Ï½Q Q ǵiBTQ /2 K�i2K�iB+�Ƕ miBHBx�/�X �b
+H�bbB}+�ÏǤ2b b½Q,

BV GBM2�` Qm M½Q@HBM2�`- +QM7Q`K2 bm�b 2[m�ÏǤ2b #�bB+�b i2M?�K 2bi�b +�`�+i2`őbiB+�bc

BBV 1bi�iB+Q Qm .BM�KB+Q- +QM7Q`K2 �T`2b2Mi2 /2T2M/āM+B� Qm M½Q /Q i2KTQ- `2bT2+iB@
p�K2Mi2X

BBBV 1/m+�+BQM�H Qm �THB+�iBpQX P T`BK2B`Q û #�b2�/Q 2K mK MȹK2`Q T2[m2MQ Qm bBKTH2b
/2 bmTQbBÏǤ2bX P KQ/2HQ T`2b�@T`2/�/Q` /2 GQiF�@oQHi2``� û mK 2t2KTHQ iőTB+Q /2
i�Bb KQ/2HQbX P KûiQ/Q 2KT`2;�/Q TQ` i�Bb KQ/2HQb 2MpQHp2 � BMp2biB;�Ï½Q /2 mK�
Qm /m�b p�`B�p2Bb- BbQH�/�b /� +QKTH2tB/�/2 /�b Qmi`�b `2H�ÏǤ2b 72MQK2MQHƦ;B+�bX
:2`�HK2Mi2 2bi2b KQ/2HQb M½Q `2T`2b2Mi�K � `2�HB/�/2 +QK Q ;`�m /2 }/2HB/�/2
�/2[m�/Q T�`� b2 7�x2` T`2pBbǤ2bX � BKTQ`i�M+B� /2bi2b KQ/2HQb 2bi� M� �[mBbBÏ½Q
/2 2tT2`BāM+B� 2 MQ 7Q`M2+BK2MiQ /2 B/2B�b T�`� � 7Q`KmH�Ï½Q /2 KQ/2HQb K�Bb �/2@
[m�/Qb ¨ `2�HB/�/2 2bim/�/�X P KQ/2HQ �THB+�iBpQ û #�b2�/Q 2K ?BTƦi2b2b `2�HBbi�b
2- ;2`�HK2Mi2- 2MpQHp2 `2H�ÏǤ2b 2Mi`2 KmBi�b p�`B�p2Bb- 7Q`M2+2M/Q 2K ;2`�H bBbi2K�b
/2 2[m�ÏǤ2b +QK T�`�K2i`QbX L2bi2 +�bQ- b½Q T`272`B/Qb KûiQ/Qb +QKTmi�+BQM�Bb
T�`� Q#i2` �b bQHmÏǤ2b- TQBb Qb KûiQ/Qb �M�HőiB+Qb TQ/2K b2` BMpB�p2BbX Zm�MiQ K�Bb
+QKTH2tQ 7Q` Q KQ/2HQ- K�Bb /B7ő+BH b2`� KQbi`�` [m2 2H2 /2 7�iQ `2T`2b2Mi� }2HK2Mi2
� bBim�Ï½Q KQ/2H�/�X

BpV 1biQ+�biB+Q Qm .2i2`KBMőbiB+Q- /2 �+Q`/Q +QK Q mbQ Qm M½Q /2 7�iQ`2b �H2�iƦ`BQb M�b
2[m�ÏǤ2bX

L� b2[māM+B� /2 �iBpB/�/2b [m2 p�KQb �T`2b2Mi�`- mb�M/Q KQ/2H�;2K K�i2K�iB+�-
TQ/2KQb +H�bbB}+�` Qb KQ/2HQb [m2 mb�`2KQb +QKQ 2/m+�+BQM�BbX L½Q T`2i2M/2KQb 7�x2`
mK KQ/2HQ [m2 b2 �Dmbi2 2t�i�K2Mi2 ¨ `2�HB/�/2X L½Q 2bi�KQb H2p�M/Q 2K +QMbB/2`�Ï½Q
iQ/�b �b p�`B�p2Bb [m2 �72i�K Q T`Q#H2K� bQ# 2bim/QX SQ` 2t2KTHQ- MQ KQ/2HQ [m2 p�KQb



*�TőimHQ RX AMi`Q/mÏ½Q RN

2bi�#2H2+2`- Q b�H�`BQ /2 mK i`�#�H?�/Q` �mK2Mi� �Mm�HK2Mi2 Q K2bKQ T2`+2Mim�HX �b
ȹHiBK�b 2i�T�b MQ T`Q+2bbQ /2 KQ/2H�;2K 7Q`KmH�/�b TQ` "�bb�M2xB- p�HB/�Ï½Q 2 KQ/B}@
+�Ï½Q- M½Q p½Q b2` /2b2MpQHpB/�b MQ T`Q+2bbQ /2 KQ/2H�;2K T`QTQbiQ M�b �iBpB/�/2bX AbiQ
û mK� +�`�+i2`őbiB+� +QKmK /Qb T`Q+2bbQb /2 KQ/2H�;2K K�i2K�iB+� mb�/Qb MQ 2MbBMQX
LQbbQ BMi2`2bb2 û �T`2b2Mi�` mK T`BK2B`Q T�bbQ M� +QKT`22Mb½Q /Q 7mM+BQM�K2MiQ /�
�TQb2Mi�/Q`B� 2 /2 �bbmMiQb `2H�+BQM�/QbX a2M/Q �bbmMiQb +QKTH2tQb- BbiQ b2`B� BKTQbbőp2H
b2K �bbmKB` ?BTƦi2b2b bBKTHB}+�/�bX

1K b2m HBp`Q- "�bb�M2xB HBbi� �H;mMb TQMiQb /2 /2bi�[m2 2K `2H�Ï½Q ¨ `2H2p�M+B� /�
KQ/2H�;2K K�i2K�iB+� [m�M/Q miBHBx�/� +QKQ BMbi`mK2MiQ /2 T2b[mBb�X 1Mi`2 Qb TQMiQb
/2bi�+�/Qb- û +Bi�/Q � TQbbB#BHB/�/2 /� KQ/2H�;2K b2` miBHBx�/� +QKQ `2+m`bQ T�`� K2H?Q`
2Mi2M/BK2MiQ /� `2�HB/�/2X

.m`�Mi2 � T`�iB+� /Q+2Mi2- KmBiQb �HmMQb [m2biBQM�K QM/2 b2`� �THB+�/Q- /m`�Mi2
bm�b pB/�b- Q +QM?2+BK2MiQ [m2 2bi� b2M/Q �T`2b2Mi�/Q /m`�Mi2 �b �mH�b /2 K�i2K�iB+�X
.2bi2 TQMiQ- TQ/2KQb Q#b2`p�` [m2 [m�MiQ K�Bb /Bbi�M+B�/� � T`�iB+� 2/m+�+BQM�H /�
`2�HB/�/2 /Q 2/m+�M/Q- K�BQ` b2 iQ`M� � #�``2B`� BKTQbi� T2H� `2�HB/�/2 �Q T`Q+2bbQ /2
2MbBMQ �T`2M/Bx�;2KX JmMBM/Q@b2 /� KQ/2H�;2K- M½Q �T2M�b T`Q72bbQ`2b /2 K�i2K�iB+�-
+QKQ T`Q72bbQ`2b /2 Qmi`�b /Bb+BTHBM�b +QKQ 7őbB+� 2 [mőKB+�- +QMb2;m2K �T`QtBK�` bm�
T`�iB+� /� `2�HB/�/2 /�[m2H2b [m2 b2`½Q BKT�+i�/Qb T2H� K2bK�X

RXk JQ/2H�;2K K�i2K�iB+� M� "L**
a2;mM/Q � "L**- � K�i2K�iB+� /2p2 B` �HûK /� `2bQHmÏ½Q /2 T`Q#H2K�b- QM/2- �

T�`iB` /Q 1MbBMQ 7mM/�K2Mi�H i2KQb +QKQ +QKT2iāM+B� 2bT2+ő}+� /Q 2MbBMQ /� K�i2K�@
iB+�,

ǳ8X Pb T`Q+2bbQb K�i2K�iB+Qb /2 `2bQHmÏ½Q /2 T`Q#H2K�b- /2 BMp2biB;�Ï½Q-
/2 /2b2MpQHpBK2MiQ /2 T`QD2iQb 2 /� KQ/2H�;2K TQ/2K b2` +Bi�/Qb +QKQ
7Q`K�b T`BpBH2;B�/�b /� �iBpB/�/2 K�i2K�iB+�- KQiBpQ T2HQ [m�H b½Q- �Q
K2bKQ i2KTQ- Q#D2iQ 2 2bi`�iû;B� T�`� � �T`2M/Bx�;2K �Q HQM;Q /2 iQ/Q
Q 1MbBMQ 6mM/�K2Mi�HXǴ

1 T�`� Q 2MbBMQ Kû/BQ,

ǳjX liBHBx�` 2bi`�iû;B�b- +QM+2BiQb- /2}MBÏǤ2b 2 T`Q+2/BK2MiQb K�i2K�iB@
+Qb T�`� BMi2`T`2i�`- +QMbi`mB` KQ/2HQb 2 `2bQHp2` T`Q#H2K�b 2K /Bp2`bQb
+QMi2tiQb- �M�HBb�M/Q � TH�mbB#BHB/�/2 /Qb `2bmHi�/Qb 2 � �/2[m�Ï½Q /�b
bQHmÏǤ2b T`QTQbi�b- /2 KQ/Q � +QMbi`mB` �`;mK2Mi�Ï½Q +QMbBbi2Mi2X Ǵ

� "L** i�K#ûK i`�x � KQ/2H�;2K K�i2K�iB+� 2K bm�b ?�#BHB/�/2b � b2`2K
/2b2MpQHpB/�b /2b/2 Qb T`BK2B`Qb �MQb /Q 2MbBMQ 7mM/�K2Mi�H �iû Q ȹHiBKQ �MQ /Q 2MbBMQ
Kû/BQX �H;mMb 2t2KTHQb /2 ?�#BHB/�/2b � b2`2K /2b2MpQHpB/�b,



*�TőimHQ RX AMi`Q/mÏ½Q ky

6B;m`� k Ĝ >�#BHB/�/2 /Q 2MbBMQ 7mM/�K2Mi�H- "L**X 6QMi2, U#`�bBH- kyR3VX

6B;m`� j Ĝ >�#BHB/�/2 /Q 2MbBMQ Kû/BQ- "L**X 6QMi2, U#`�bBH- kyR3VX

� KQ/2H�;2K K�i2K�iB+�- �Q BMi2;`�` � K�i2K�iB+� +QK bBim�ÏǤ2b `2�Bb 2 /Q
+QiB/B�MQ /Qb 2bim/�Mi2b- T`QTQ`+BQM� mK� bû`B2 /2 #2M27ő+BQb T�`� Q T`Q+2bbQ /2 2MbBMQ
2 �T`2M/Bx�;2KX �Q BMpûb /2 �T`2b2Mi�` � K�i2K�iB+� +QKQ mK +QMDmMiQ /2 7Ʀ`KmH�b 2
`2;`�b �#bi`�+i�b- � KQ/2H�;2K � iQ`M� mK� 72``�K2Mi� ȹiBH T�`� +QKT`22M/2` 2 `2bQHp2`
T`Q#H2K�b /Q KmM/Q `2�HX AbbQ /2bT2`i� Q BMi2`2bb2 /Qb �HmMQb- iQ`M�M/Q �b �mH�b K�Bb
/BM�KB+�b 2 bB;MB}+�iBp�bX �i`�pûb /� KQ/2H�;2K- Qb 2bim/�Mi2b /2b2MpQHp2K ?�#BHB/�/2b
+QKQ � `2bQHmÏ½Q /2 T`Q#H2K�b- Q T2Mb�K2MiQ +`őiB+Q- � +`B�iBpB/�/2 2 � +�T�+B/�/2 /2
i`�#�H?�` 2K 2[mBT2X

�HûK /BbbQ- � KQ/2H�;2K K�i2K�iB+� +QMi`B#mB T�`� � BMi2`/Bb+BTHBM�`B/�/2- +Q@
M2+i�M/Q � K�i2K�iB+� +QK Qmi`�b �`2�b /Q +QM?2+BK2MiQ- +QKQ +BāM+B�b- ;2Q;`�}� 2
?BbiƦ`B�X �Q KQ/2H�` 72MƬK2MQb M�im`�Bb- bQ+B�Bb Qm 2+QMƬKB+Qb- Qb �HmMQb +QKT`22M/2K
� BKTQ`i�M+B� /� K�i2K�iB+� T�`� BMi2`T`2i�` 2 2tTHB+�` Q KmM/Q �Q b2m `2/Q`X � KQ/2@
H�;2K i�K#ûK T2`KBi2 [m2 Qb 2bim/�Mi2b pBp2M+B2K Q T`Q+2bbQ /2 BMp2biB;�Ï½Q +B2Miő}+�-
/2b/2 � 7Q`KmH�Ï½Q /2 T2`;mMi�b �iû � p�HB/�Ï½Q /2 KQ/2HQb- /2b2MpQHp2M/Q �bbBK mK
T2Mb�K2MiQ K�Bb +B2Miő}+Q 2 +`őiB+QX

SQ/2KQb +QM+HmB`- [m2- KmBiQ K�Bb /Q �T2M�b mK� 72``�K2Mi� /BbTQMőp2H �Q T`Q@
72bbQ`- � KQ/2H�;2K K�i2K�iB+� û +QHQ+�/� +QKQ Q#D2iBpQb � b2`2K �H+�MÏ�/Qb 2K iQ/Qb
Qb Mőp2Bb /� 2/m+�Ï½Q #�bB+� #`�bBH2B`�X

RXj P`;�MBx�Ï½Q /Q i`�#�H?Q
LQ +�TőimHQ k p�KQb 2tTHB+�` [m�Bb b½Q �b +QKT2iāM+B�b 2 ?�#BHB/�/2b- b2;mM/Q

� "L**- `2H�+BQM�/�b +QK Q 2MbBMQ /�b 7mMÏǤ2b 2tTQM2M+B�Bb 2 HQ;�`őiKB+�bX � �T`2b2M@
i�Ï½Q `B;Q`Qb� /2bi�b 7�KőHB�b /2 7mMÏǤ2b- 2tTHB+�M/Q �b bm�b T`BM+BT�Bb T`QT`B2/�/2b 2
KQbi`�M/Q Qb i2Q`2K�b /2 +�`�+i2`Bx�Ï½Q /2H�b- b½Q Q +QMi2ȹ/Q /Q +�TőimHQ jX LQ +�TőimHQ
9- +QMbB/2`�KQb [m�i`Q HBp`Qb mb�/Qb MQ 2MbBMQ /2 K�i2K�iB+� M�b 2b+QH�b /Q 2bi�/Q /Q
_BQ /2 C�M2B`QX �M�HBb�KQb 2H2b b2;mM/Q �b +QKT2iāM+B�b 2 ?�#BHB/�/2b [m2 /2p2K b2`
/2b2MpQHpB/�b- b2;mM/Q � "L**- MQ 2MbBMQ /�b 7mMÏǤ2b 2tTQM2M+B�Bb 2 HQ;�`őiKB+�bX LQ



*�TőimHQ RX AMi`Q/mÏ½Q kR

+�TőimHQ 8 2tTHB+�KQb mK TQm+Q +QKQ 7mM+BQM� Q `2;BK2 ;2`�H /� T`2pB/āM+B� bQ+B�H- /2B@
t�M/Q +H�`�b �b /B72`2MÏ�b 2Mi`2 �Mi2b 2 /2TQBb /2 kyRN- [m�M/Q 7QB �T`Qp�/� � 1K2M/�
*QMbiBim+BQM�H RyjX L�b b2ÏǤ2b 8X8 2 8Xe 7�H�KQb /� BKTQ`i�M+B� /Q TH�M2D�K2MiQ }M�M@
+2B`Q 2 /Qb BMp2biBK2MiQb- 2K T�`iB+mH�` /Qb iBTQb /2 BMp2biBK2MiQ [m2 p�KQb mb�` M�b
�iBpB/�/2b /� b2[māM+B� /B/�iB+�X

� i`BH?� T2/�;Ʀ;B+� [m2 2H�#Q`�KQb bQ#`2 Q �bbmMiQ /� �TQb2Mi�/Q`B� û Q �bbmMiQ
/Q +�TőimHQ eX � i`BH?� 2bi� /BpB/B/� 2K �mH�b- 2K +�/� �mH� û �#Q`/�/Q mK �bbmMiQ 2
�T�`2+2K mK +2`iQ MȹK2`Q /2 [m2biǤ2b- [m2 b½Q �b �iBpB/�/2b � b2`2K /2b2MpQHpB/�b T2HQb
�HmMQbX �T`2b2Mi�KQb i�K#ûK bm;2biǤ2b T�`� Qb T`Q72bbQ`2b- [m2 DmH;�KQb M2+2bb�`B�b M�
�THB+�Ï½Q /�b �iBpB/�/2bX

6BM�HK2Mi2 MQ �TāM/B+2 �- �T�`2+2 Q 7Q`KmH�`BQ /2 �p�HB�Ï½Q [m2 2H�#Q`�KQb T�`�
K2/B` Q BKT�+iQ /� �THB+�Ï½Q /� i`BH?� T2/�;Ʀ;B+�c �H;mK�b i�#2H�b [m2 mb�KQb M� �THB+�@
Ï½Q /2 /2i2`KBM�/�b [m2biǤ2b /�b �iBpB/�/2bc 2 }M�HK2Mi2 M� b2Ï½Q �Xj i2KQb Qb `2bmHi�/Qb
/� �THB+�Ï½Q /Q 7Q`KmH�`BQ /2 �p�HB�Ï½Q T�`� �HmMQb /� 1b+QH� 1bi�/m�H .`X �/BMQ s�pB2`-
2K a½Q :QMÏ�HQX



kk

k 6mMÏǤ2b 2tTQM2M+B�Bb 2 � "L**

� "L** û +�i2;Q`Bx�/� 2K +QKT2iāM+B�b 2- 2K +�/� mK� /�b +QKT2iāM+B�b 2bi�@
#2H2+B/�b b½Q 2MmK2`�/�b bm�b ?�#BHB/�/2b 2bT2+ő}+�b � b2`2K /2b2MpQHpB/�b 2K +�/� mK
/Qb Mőp2Bb 2/m+�+BQM�BbX

hQ/�b �b ?�#BHB/�/2b 2 Q#D2iBpQb /2 �T`2M/Bx�;2K 2bi�#2H2+B/Qb M� "L** b½Q
`2T`2b2Mi�/Qb TQ` +Ʀ/B;Qb 7Q`K�/Qb TQ` 8 H2i`�b 2 +BM+Q MȹK2`QbX h�Bb +�`�+i2`2b BM/B+�K
�b 2i�T�b 2/m+�+BQM�Bb U2/m+�Ï½Q BM7�MiBH @ 1A- 2MbBMQ 7mM/�K2Mi�H @ 16 2 2MbBMQ Kû/BQ @
1JV- � bû`B2 � b2` /2b2MpQHpB/� Qm �HÏ�/Q i�H ?�#BHB/�/2 Qm Q#D2iBpQ- �`2� Qm +QKTQM2Mi2
+m``B+mH�` 2 2i+X

AMi2`T`2i�M/Q Qb +Ʀ/B;Qb +�`�+i2`Bx�/Q`2b /�b ?�#BHB/�/2b 2bi�#2H2+B/�b T2H� #�b2
M�+BQM�H +QKmK +m``B+mH�`- iQK2KQb +QKQ 2t2KTHQ 1JRjG::Ryj,

Ç P T`BK2B`Q T�` /2 H2i`�b 1J BM/B+� � 2i�T� /2 1MbBMQ Jû/BQc

Ç P T`BK2B`Q T�` /2 MȹK2`Qb, Rj- BM/B+� [m2 �b ?�#BHB/�/2b /2b+`Bi�b TQ/2K b2` /2@
b2MpQHpB/�b 2K [m�H[m2` bû`B2 /Q 1MbBMQ Jû/BQ- +QM7Q`K2 /2}MBÏ½Q /Qb +m``ő+mHQbc

Ç � b2;mM/� b2[māM+B� /2 H2i`�b, G::- BM/B+� � �`2� Qm Q +QKTQM2Mi2 +m``B+mH�`
`2T`2b2Mi�/Q T2HQ T2HQ T`BK2B`Q T�` /2 H2i`�b U1JV,

�V G:: 4 GBM;m�;2Mb 2 bm�b h2+MQHQ;B�b

#V GS 4 GőM;m� SQ`im;m2b�

+V J�h 4 J�i2K�iB+� 2 bm�b h2+MQHQ;B�b

/V *Lh 4 *BāM+B�b /� L�im`2x� 2 bm�b h2+MQHQ;B�b

2V *>a 4 *BāM+B�b >mK�M�b 2 aQ+B�Bb �THB+�/�b

Ç Pb MȹK2`Qb }M�Bb, Ryj- BM/B+�K � +QKT2iāM+B� 2bT2+ő}+� ¨ [m�H b2 `2H�+BQM� �
?�#BHB/�/2 U[m2 +Q``2bTQM/2 �Q RǞ MȹK2`Q, RV 2 � bm� MmK2`�Ï½Q MQ +QMDmMiQ /2
?�#BHB/�/2b `2H�iBp�b � +�/� +QKT2iāM+B� U/QBb ȹHiBKQb MȹK2`Qb, yjVX

�b 7mMÏǤ2b 2tTQM2M+B�Bb 2 HQ;�`BiKB+�b i2K bm�b ?�#BHB/�/2b `2H�+BQM�/�b �b +QK@
T2i2M+B�b 2bT2+ő}+�b j- 9 2 8X .2bi� K�M2B`�- `272`2Mi2 � /Bb+BTHBM� /2 K�i2K�iB+�- �b
?�#BHB/�/2b �bbQ+B�/�b �Q 2MbBMQ /�b 7mMÏǤ2b 2tTQM2M+B�Bb 2 HQ;�`őiKB+�b � b2`2K i`�#�@
H?�/�b /m`�Mi2 Q 2MbBMQ Kû/BQ 2bi½Q M�b };m`�b 9- 8 2 eX

h2M/Q 2K pBbi� [m2 mK /Qb Q#D2iBpQb /Q MQbbQ i`�#�H?Q û +QMbi`mB` 2 �THB+�` mK�
i`BH?� T2/�;Ʀ;B+� T�`� im`K�b /Q 2MbBMQ Kû/BQ MQ 2bi�/Q /Q _BQ /2 C�M2B`Q- H2p�`2KQb 2K



*�TőimHQ kX 6mMÏǤ2b 2tTQM2M+B�Bb 2 � "L** kj

+QMbB/2`�Ï½Q Q +m``ő+mHQ 2H�#Q`�/Q T2H� `2bT2+iBp� b2+`2i�`B� /2 2/m+�Ï½Q Ua11.l*@_CVX
�bbBK- i2KQb M� i�#2H� R- Q +m``ő+mHQ 2bi�#2H2+B/Q � T�`iB` /� "L**,

h�#2H� R Ĝ h�#2H� /2 ?�#BHB/�/2b 2 +QKT2iāM+B�b T2H�
a11.l*@_C- 6QMi2, Ub22/m+@`D- kykkV

*QKT2iāM+B� 2b@
T2+ő}+�

>�#BHB/�/2 >�#BHB/�/2 2bT2@
+ő}+�

P#D2iQb /2 +Q@
M?2+BK2MiQ

*PJS1hĀL*A�
1aS1*Ő6A*� j,
liBHBx�` 2bi`�iû@
;B�b- +QM+2BiQb
2 T`Q+2/BK2MiQb
K�i2K�iB+Qb T�`�
BMi2`T`2i�`- +QMb@
i`mB` KQ/2HQb 2
`2bQHp2` T`Q#H2K�b
2K /Bp2`bQb +QM@
i2tiQb- �M�HBb�M/Q
� TH�mbB#BHB/�/2
/Qb `2bmHi�/Qb 2
� �/2[m�Ï½Q /�b
bQHmÏǤ2b T`QTQbi�b-
/2 KQ/Q � +QMb@
i`mB` �`;mK2Mi�Ï½Q
+QMbBbi2Mi2X

1JRjJ�hjy9
_2bQHp2` 2 2H�@
#Q`�` T`Q#H2K�b
+QK 7mMÏǤ2b
2tTQM2M+B�Bb MQb
[m�Bb û M2+2bb�@
`BQ +QKT`22M/2`
2 BMi2`T`2i�`
� p�`B�Ï½Q /�b
;`�M/2x�b 2M@
pQHpB/�b- 2K
+QMi2tiQb +QKQ
Q /� J�i2K�iB+�
6BM�M+2B`� 2 Q
/Q +`2b+BK2MiQ
/2 b2`2b pBpQb
KB+`Qb+ƦTB+Qb-
2Mi`2 Qmi`QbX

1JRjJ�hjy9X_CyR
@ *QKT`22M/2` Q
+`2b+BK2MiQ /�b 7mM@
ÏǤ2b 2tTQM2M+B�Bb-
�i`�pûb /Q 2bim/Q
/Q ;`�}+QX
1JRjJ�hjy9X_Cyk
@ A/2MiB}+�` � 7mM@
Ï½Q 2tTQM2M+B�H
T`2b2Mi2 M� M�im@
`2x� 2 MQb K�Bb
/Bp2`bQb +�KTQb /2
T2b[mBb�b +B2Miő}+�bX
U"BQHQ;B�- Zmő@
KB+�- 1M;2M?�`B�b-
K2/B+BM� 2 2i+XVX
1JRjJ�hjy9X_Cyj
@ S2`+2#2` Q +`2b@
+BK2MiQ `�TB/Q /�
7mMÏ½Q 2tTQM2M+B�H
2K T`Q#H2K�b [m2
2MpQHp2K TQTmH�@
ÏǤ2b /�b M�ÏǤ2b- TQ`
2t2KTHQX
1JRjJ�hjy9X_Cy9
@ A/2MiB}+�` [m2 �
7mMÏ½Q 2tTQM2M@
+B�H 2tT`2bb� Dm`Qb
+QKTQbiQbX

:`�}+Q /� 7mM@
Ï½Q 2tTQM2M+B�HX

6mMÏ½Q 2tTQM2M@
+B�HX

*QKTQ`i�K2MiQ
/� 7mMÏ½Q 2tTQ@
M2M+B�HX

6mMÏ½Q 2tTQM2M@
+B�H, Dm`Qb +QK@
TQbiQb
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*QMiBMm�Ï½Q /� i�#2H� R

*QKT2iāM+B� 2b@
T2+ő}+�

>�#BHB/�/2 >�#BHB/�/2 2bT2@
+ő}+�

P#D2iQb /2 +Q@
M?2+BK2MiQ

*PJS1hĀL*A�
1aS1*Ő6A*� 8,
AMp2biB;�` 2 2bi�@
#2H2+2` +QMD2+im`�b
� `2bT2BiQ /2 /B72@
`2Mi2b +QM+2BiQb 2
T`QT`B2/�/2b K�@
i2K�iB+�b- 2KT`2@
;�M/Q 2bi`�iû;B�b 2
`2+m`bQb- +QKQ Q#@
b2`p�Ï½Q /2 T�/`Ǥ2b-
2tT2`BK2Mi�ÏǤ2b 2
/B72`2Mi2b i2+MQHQ@
;B�b- B/2MiB}+�M/Q �
M2+2bbB/�/2- Qm M½Q-
/2 mK� /2KQMbi`�@
Ï½Q +�/� p2x K�Bb
7Q`K�H M� p�HB/�@
Ï½Q /�b `272`B/�b
+QMD2+im`�bX

1JRjJ�h9yj
*QKT�`�` 2
�M�HBb�` �b `2T`2@
b2Mi�ÏǤ2b- 2K
TH�MQ +�`i2bB�MQ-
/�b 7mMÏǤ2b
2tTQM2M+B�H 2
HQ;�`őiKB+� T�`�
B/2MiB}+�` �b
+�`�+i2`őbiB+�b
7mM/�K2M@
i�Bb U/QKőMBQ-
BK�;2K- +`2b+B@
K2MiQV /2 +�/�
mK�- +QK Qm
b2K �TQBQ /2 i2+@
MQHQ;B�b /B;Bi�Bb-
2bi�#2H2+2M/Q
`2H�ÏǤ2b 2Mi`2
2H�bX

1JRjJ�h9yjX_CyR
@ A/2MiB}+�` /Q@
KőMBQ- BK�;2K-
+`2b+BK2MiQ 2 /2@
+`2b+BK2MiQ /�b
7mMÏǤ2b 2tTQM2M+B@
�Bb 2 HQ;�`őiKB+�b
�i`�pûb /2 ;`�}@
+Qb 2 �bbQ+B�@H�b
� T`Q#H2K�b 2K
/Bp2`b�b �`2�b /2 +Q@
M?2+BK2MiQ U6őbB+�-
ZmőKB+� 2 2i+XVX
1JRjJ�h9yjX_Cyk
@ 1Mi2M/2` Q +QM@
+2BiQ /2 7mMÏ½Q
BMp2`b� D� [m2 �b
7mMÏǤ2b HQ;�`őiKB@
+�b 2 2tTQM2M+B�Bb
b2 +QKTQ`i�K /2
K�M2B`� BMp2`b�X
1JRjJ�h9yjX_Cyj
@ 1Mi2M/2` [m2 �b
7mMÏǤ2b 2tTQM2M+B@
�Bb 2 HQ;�`őiKB+�b
iāK /QKőMBQb /BbiBM@
iQb M� +QMbi`mÏ½Q
/2 b2mb ;`�}+QbX

:`�}+Q /� 7mM@
Ï½Q 2tTQM2M+B�H
2 HQ;�`őiKB+�X

6mMÏǤ2b BMp2`@
b�b, 2tTQM2M+B�H
2 HQ;�`őiKB+�X

:`�}+Q /2
7mMÏǤ2b, 2t@
TQM2M+B�H 2
HQ;�`őiKB+�X

6BK /� i�#2H�

�T�`2Mi2K2Mi2- � ?�#BHB/�/2 JRjJ�hjy8- +QMbi�Mi2 M� "L**- 7QB 2b[m2+B/�-
2t+Hmő/� Qm bm#2Mi2M/B/�- /m`�Mi2 � 2H�#Q`�Ï½Q /Q +m``ő+mHQ `272`2M+B�H /Q 1bi�/Q /Q _BQ
/2 C�M2B`QX

Pmi`� T2+mHB�`B/�/2 /Q +m``ő+mHQ `272`2M+B�H 2H�#Q`�/Q T2H� b2+`2i�`B� /2 2/m+�Ï½Q-
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û Q 7�iQ /2 2bi�#2H2+2` T�`� Q Rê �MQ /Q 2MbBMQ Kû/BQ- Q /2b2MpQHpBK2MiQ /� +QKT2iāM@
+B� 2bT2+ő}+� 8X SQ`ûK- �b ?�#BHB/�/2b � b2`2K i`�#�H?�/�b- T2`i2M+2K � +QKT2iāM+B�
2bT2+ő}+� 9X

1bi2 `272`2M+B�H 2bi�#2H2+2 [m2 �b ?�#BHB/�/2b �T`2b2Mi�/�b /2p2K b2` /2b2MpQHpB/�b
2K im`K�b /Q T`BK2B`Q �MQ /Q 2MbBMQ Kû/BQ `2;mH�`- MQ /2+Q``2` /Q 9ê #BK2bi`2 /Q �MQ
H2iBpQ +Q``2Mi2X

6B;m`� 9 Ĝ >�#BHB/�/2b `2H�+BQM�/�b ¨b 7mMÏǤ2b 2tTQM2M+B�H 2 HQ;�`BiKQ- U�V- "L**X
6QMi2, U#`�bBH- kyR3VX

6B;m`� 8 Ĝ >�#BHB/�/2b `2H�+BQM�/�b ¨b 7mMÏǤ2b 2tTQM2M+B�H 2 HQ;�`BiKQ- U#V- "L**X
6QMi2, U#`�bBH- kyR3VX

6B;m`� e Ĝ >�#BHB/�/2b `2H�+BQM�/�b ¨b 7mMÏǤ2b 2tTQM2M+B�H 2 HQ;�`BiKQ- U+V- "L**X 6QMi2,
U#`�bBH- kyR3VX



ke

j 6mMÏǤ2b 2tTQM2M+B�Bb 2 HQ;�`őiKB+�b

�b 7�KőHB�b /2 7mMÏǤ2b �}Mb- [m�/`�iB+�b- TQHBMQKB�Bb- 2tTQM2M+B�Bb- HQ;�`őiKB+�b
2 i`B;QMQKûi`B+�b b½Q �T`2b2Mi�/�b 2 2bim/�/�b M�b /Bb+BTHBM�b /2 K�i2K�iB+� MQ 2MbBMQ
7mM/�K2Mi�H 2 Kû/BQX �H;mK�b /2bi�b 7�KőHB�b iāK +�`�+i2`Bx�ÏǤ2b KmBiQ BKTQ`i�Mi2b- [m2
b½Q i�K#ûK T`QT`B2/�/2b [m2 TQ/2K b2` mb�/�b T�`� BMi`Q/mxB` /2 mK� K�M2B`� K�Bb
M�im`�H 2bi2 iBTQ /2 7mMÏǤ2bX SQ` 2t2KTHQ- mK� 7mMÏ½Q f : R → R- KQMƦiQM� 2 BMD2iBp�-
i�H [m2 Qb �+`ûb+BKQb f(x + h) − f(x) /2T2M/2K �T2M�b /2 h UT�`� iQ/Q x, h ∈ RV i2K
[m2 b2` mK� 7mMÏ½Q �7őKX �;Q`�- b2 [m2`2KQb [m2 Q �+`ûb+BKQ `2H�iBpQ f(x+ h)− f(x)

f(x)
/2T2M/� �T2M�b /2 h- i2KQb mK� 7mMÏ½Q 2tTQM2M+B�HX

ú BKTQ`i�Mi2 Q#b2`p�` [m2 T�`� � 2b+`Bi� /2bi2 +�TőimHQ- mb�KQb +QKQ `272`āM+B�
#�bB+� Qb HBp`Qb UHBK� 2i �HX- kyyeV 2 UHBK�- kyR9VX

jXR 6mMÏ½Q 2tTQM2M+B�H
�b 7mMÏǤ2b 2tTQM2M+B�Bb �T�`2+2K M� KQ/2H�;2K K�i2K�iB+� /2 T`Q#H2K�b [m2

�T�`2+2K 2K /Bp2`b�b �`2�b /Q +QM?2+BK2MiQc MQ +`2b+BK2MiQf/2+`2b+BK2MiQ TQTmH�+BQM�H-
MQ /2+�BK2MiQ `�/BQ�iBpQ- M� +�TBi�HBx�Ï½Q TQ` Dm`Qb +QKTQbiQb- 2i+X L� b2[māM+B� /2
�iBpB/�/2b [m2 p�KQb T`QTQ` � 7mMÏ½Q 2tTQM2M+B�H p�B �T�`2+2` MQ +�H+mHQ /2 �mK2MiQb
/2 b�H�`BQb- +QMi`B#mBÏǤ2b T�`� Q ALaa 2 p�HQ`2b /� �TQb2Mi�/Q`B�X

*QMbB/2`�KQb mK MȹK2`Q `2�H a > 0X S�`� /2}MB` � 7mMÏ½Q f : R → R- f(x) = ax-
p�KQb T`Q+2/2`- +QKQ û 72BiQ i`�/B+BQM�HK2Mi2- T`BK2B`Q /2}MBM/Q MQ +�bQ 2K [m2 x ∈ N-
HQ;Q T�`� x ∈ Z- � b2;mB` [m�M/Q x ∈ Q- 2 }M�HK2Mi2 /2}MB` T�`� [m�H[m2` x ∈ RX *QKQ
[m2`2KQb /2}MB` f(x) = ax T�`� iQ/Q x ∈ R- M½Q TQ/2KQb +QMbB/2`�` +QKQ #�b2 mK
MȹK2`Q a < 0- TQBb M2bi2 +�bQ M½Q TQ/2`ő�KQb /2}MB` a1/2- TQ` 2t2KTHQX

jXk 1tTQ2Mi2b M�im`�Bb
SQ/2KQb /2}MB` /2 K�M2B`� BM/miBp�- +QHQ+�M/Q a1 = a 2

an+1 = an · a

AbiQ bB;MB}+� [m2 an û Q T`Q/miQ /2 n 7�iQ`2b B;m�Bb � aX S�`� n,m ∈ N- i2KQb [m2

an+m = an · am

TQBb 2K �K#Qb H�/Qb /� B;m�H/�/2 p�KQb i2` n+m 7�iQ`2b B;m�Bb � aX
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S�`� m ∈ N }tQ- i2KQb [m2 (am)1 = amX �bbmKBM/Q +QKQ ?BTƦi2b2 /2 BM/mÏ½Q
[m2 (am)n = amn- i2KQb [m2

(am)n+1 = (am)n · am = amn · am = amn+m = am(n+1)

� b2[māM+B� a, a2, a3, . . . , an, . . . p�B b2` b2KT`2 KQMƦiQM�X .2 7�iQ- MQ +�bQ 2K [m2 0 <

a < 1- KmHiBTHB+�M/Q 2bi� /2bB;m�H/�/2 TQ` a- i2KQb [m2 a2 < aX JmHiBTHB+�M/Q 2bi� ȹHiBK�
/2bB;m�H/�/2 TQ` a- i2KQb [m2 a3 < a2X _2T2iBM/Q 2bi2 �`;mK2MiQ- TQ/2KQb T`Qp�` [m2
a > a2 > a3 > · · · > an > an+1 > . . . X

LQ +�bQ 2K [m2 a = 1- i2KQb [m2 an = 1 T�`� iQ/Q n ∈ N- HQ;Q � b2[māM+B�
û +QMbi�Mi2X LQ +�bQ 2K [m2 a > 1- KmHiBTHB+�M/Q 2bi� /2bB;m�H/�/2 TQ` a- i2KQb [m2
a2 > aX _2T2iBM/Q 2bi2 �`;mK2MiQ- TQ/2KQb T`Qp�` [m2 p�H2 � /2bB;m�H/�/2 a < a2 <

a3 < · · · < an < an+1 < . . . X

SQ`i�MiQ � 7mMÏ½Q f : N → R- f(n) = an û /2+`2b+2Mi2 b2 0 < a < 1 2 +`2b+2Mi2 b2
a > 1X

jXj 1tTQ2Mi2b BMi2B`Qb
Zm2`2KQb /2}MB` an T�`� n ∈ Z- /2 K�M2B`� � i2`KQb �BM/� � T`QT`B2/�/2 am+n =

am · an T�`� m,n ∈ ZX h2KQb [m2 /2}MB` a0 = 1X 1bi� /2}MBÏ½Q û � ȹMB+� TQbbőp2H TQBb
a = a0+1 = a0 · aX � b2;mB`- T�`� /2}MB` a−n- +QK n ∈ N- mb�KQb [m2

1 = a0 = an−n = an · a−n.

1Mi½Q T`2+Bb�KQb /2}MB` T�`� n ∈ N

a−n =
1

an

a2 �H;mK /2 pQ+āb �bbBM� T`BK2B`Q � 7mMÏ½Q f : Z → R- f(n) = an K�MiûK �b K2bK�b
T`QT`B2/�/2b /2 KQMQiQMB+B/�/2 /Q [m2 � 7mMÏ½Q `2bi`Bi� �Q +QMDmMiQ /Qb MȹK2`Qb M�im@
`�BbX a2 0 < a < 1- � 7mMÏ½Q û /2+`2b+2Mi2 2 b2 a > 1- � 7mMÏ½Q û +`2b+2Mi2X *QMbB/2`2KQb Q
+�bQ a > 1c � T`Qp� MQ +�bQ 0 < a < 1 û �M�HQ;�X a2D�K n,m ∈ Z- +QK n < m < 0- i2KQb
[m2 0 < −m < −n- 2Mi½Q a−m < a−nX �bbBK- 1

a−n
<

1

a−m
X AbiQ BKTHB+� [m2 an < amX SQ`

Qmi`Q H�/Q- b�#2KQb [m2 1 < a < an T�`� n ∈ N 2 �bbBK 1

an
< 1X 1Mi½Q- b2 m < 0 ≤ n-

am =
1

a−m
< 1 ≤ anX S`Qp�KQb �bbBK [m2 � 7mMÏ½Q f(n) = an, T�`� n ∈ Z- û +`2b+2Mi2

[m�M/Q a > 1.

jX9 1tTQ2Mi2b `�+BQM�Bb
P MQbbQ Q#D2iBpQ û K�Mi2` �BM/� � T`QT`B2/�/2, ar · as = ar+s. a2 r =

m

n
- 2Mi½Q

rn = m 2
(ar)n = arn = am.
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GQ;Q /2p2KQb /2}MB`
ar = a

m
n = n

√
am

� /2}MBÏ½Q M½Q û �K#ő;m�- TQBb +QMbB/2`�M/Q p ∈ N- i2KQb [m2 m

n
=

mp

np
X .2}MBM/Q

z = np
√
amp 2 y = n

√
am- p�H2 [m2

yn = am =⇒ ynp = amp =⇒ z = y.

SQ` Qmi`Q H�/Q- i2KQb [m2 ap/q · ar/s = a
p
q+

r
s . �bbBK

a
p
q · a r

s = qs
√
aps · qs

√
arq =

qs
√
aps+rq = a

ps+rq
qs .

S`QTQbBÏ½Q jXRX � 7mMÏ½Q f : Q → R- f(r) = ar û +`2b+2Mi2 b2 a > 1 2 /2+`2b+2Mi2 b2
a < 1X

.2KQMbi`�Ï½QX o�KQb T`Qp�` MQ +�bQ a > 1- � T`Qp� MQ +�bQ 0 < a < 1 û �M�HQ;�X
amTQM?� [m2 m1

n1
< m2

n2
- +QK m1,m2 ∈ Z- n1, n2 ∈ NX 1Mi½Q

m1n2

n1n2
<

m2n1

n1n2
.

GQ;Q m1n2 < m2n1- Q [m2 BKTHB+� [m2 am1n2 < am2n1 - TQBb f : Z → R û +`2b+2Mi2X .2bi�
ȹHiBK� /2bB;m�H/�/2 TQ/2KQb +QM+HmB` [m2

n1n2
√
am1n2 < n1n2

√
am2n1 .

jX8 .2}MBÏ½Q 2 T`QT`B2/�/2b /� 7mMÏ½Q 2tTQM2M+B�H
6�Hi� /2}MB` ax T�`� mK MȹK2`Q B``�+BQM�H xX o�KQb 7�x2` MQ +�bQ a > 1- Q +�bQ

0 < a < 1 û �M�HQ;QX G2K#`2KQb [m2 T�`� r < x < s- +QK r, s `�+BQM�Bb- i2KQb ar < asX
SQ/2KQb /2}MB` 2Mi½Q ax +QKQ b2M/Q Q MȹK2`Q `2�H- [m2 û �T`QtBK�M/Q TQ` #�BtQ TQ`
ar- +QK r < x- r ∈ Q 2 [m2 û �T`QtBK�/Q TQ` +BK� TQ` as- +QK x < s- s ∈ QX S`2+Bb�KQb
T`Qp�` [m2 2tBbi2 mK ȹMB+Q MȹK2`Q +QK 2bi� T`QT`B2/�/2X

S`QTQbBÏ½Q jXkX amTQM?�KQb a > 1X a2 α, β ∈ R b½Q i�Bb [m2

r < x < s, +QK r, s ∈ Q =⇒ ar < α ≤ β < as

2Mi½Q α = β.

.2KQMbi`�Ï½QX a2 α ̸= β- 2Mi½Q M½Q TQ/2 2tBbiB` t ∈ Q i�H [m2 at ∈ (α, β). o�KQb T`Qp�`
[m2 BbiQ û mK� +QMi`�/BÏ½QX Pm b2D�- p�KQb KQbi`�` � b2;mBMi2 �}`K�Ï½Q,

S�`� [m�H[m2` BMi2`p�HQ (α, β)- +QK α, β ∈ R- 2tBbi2 t ∈ Q i�H [m2 at ∈ (α, β).
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a2 α < 1 < β- TQ/2KQb +QMbB/2`�` t = 0X o�KQb KQbi`�` MQ +�bQ 2K [m2 1 < α < βX
h2KQb [m2 � b2[māM+B� (an)n M½Q û HBKBi�/�- 2Mi½Q 2tBbi2 M ∈ R i�H [m2 0 < β < aM X
�;Q`�- b2M/Q 1+

β − α

aM
> 1- � b2[māM+B�

((
1 +

β − α

aM

)n)

n

i�K#ûK M½Q û HBKBi�/�- HQ;Q

2tBbi2 N ∈ N i�H [m2 1 < a <

(
1 +

β − α

aM

)N

. �bbBK

a
1
N < 1 +

β − α

aM
,

2 2Mi½Q
aM(a

1
N − 1) < β − α.

SQ`i�MiQ- b2 T�`� m ∈ N- i2KQb [m2 m
N ≤ M - p�H2 [m2

a
m+1
N − a

m
N = a

m
N (a

1
N − 1) ≤ aM(a

1
N − 1) < β − α.

AbiQ BKTHB+� [m2 iQ/Qb Qb BMi2`p�HQb [a
m
N , a

m+1
N ]- +QK 0 ≤ m ≤ NM − 1- iāK

+QKT`BK2MiQ K2MQ` Qm B;m�H � β − αX *QKQ � mMB½Q /2bi2b BMi2`p�HQb +Q#`2 (1, aM) 2
(α, β) ⊂ (1, aM)- 2tBbi2 m i�H [m2 a

m
N ∈ (α, β).

S�`� T`Qp�` MQ +�bQ 2K [m2 α < β < 1- #�bi� mb�` � T`Qp� �Mi2`BQ` +QMbB/2`�M/Q
Q BMi2`p�HQ (1/β, 1/α)X

AbiQ i2`KBM� � /2}MBÏ½Q /� 7mMÏ½Q f : R → R- f(x) = ax- +QK a > 0, a ̸= 1X
�b T`QT`B2/�/2b [m2 mb�KQb MQ +�KBM?Q T�`� /2}MB` 2bi� 7mMÏ½Q MQb bm#+QMDmMiQb /2 R-
�BM/� b½Q p�HB/�b T�`� � 7mMÏ½Q /2}MB/� M� `2i� BMi2B`�X AbiQ û-

S`QTQbBÏ½Q jXjX S�`� a > 0, a ̸= 1- � 7mMÏ½Q 2tTQM2M+B�H /2 #�b2 a- f(x) = ax- i2K �b
b2;mBMi2b T`QT`B2/�/2b,

RX f(x+ y) = f(x) · f(y) T�`� [m�Bb[m2` x, y ∈ RX

kX f(1) = a.

jX f û +`2b+2Mi2 b2 a > 1 2 /2+`2b+2Mi2 b2 0 < a < 1.

�HûK /BbbQ- p�H2K �b T`QT`B2/�/2b

9X f û +QMiőMm�X

8X � BK�;2K /2 f û R+ = (0,∞).

.2KQMbi`�Ï½Q /2 9VX amTQM/Q [m2 f û +QMiőMm� 2K y- TQ/2KQb T`Qp�` [m2 û +QMiőMm� 2K
x0- T�`� [m�H[m2` x0 ∈ RX .2 7�iQ- i2KQb [m2

ax0+h − ax0 = ax0(ah − 1).
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*QKQ ax0 û mK MȹK2`Q }tQ 2 ah − 1 p�B T�`� Q y [m�M/Q h p�B T�`� y UTQBb ax û +QMiőMm�
2K yV- i2KQb [m2 ax0+h − ax0 → 0- [m�M/Q h → 0X GQ;Q f û +QMiőMm� 2K x0X

6�Hi� p2`B}+�` � +QMiBMmB/�/2 2K x = 0X amTQM?�KQb [m2 a > 1- Q Qmi`Q +�bQ û
�M�HQ;QX 6Bt2KQb ϵ > 0X S2H� /2bB;m�H/�/2 /2 "2`MQmHHB- (1 + ϵ)n > 1 + nϵ. a2 a < 1 + nϵ

2Mi½Q a < (1 + ϵ)nX GQ;Q a1/n < 1 + ϵX �bbBK-

Ç b2 0 < h < 1/n- 2Mi½Q 1 < ah < 1 + ϵX

Ç b2−1/n < h < 0- 2Mi½Q 0 < −h < 1/nX GQ;Q 1 < a−h < 1+ϵX �bbBK- 1

1 + ϵ
< ah < 1.

S�`� i2`KQb a < 1+nϵ- #�bi� T2;�` n >
a− 1

ϵ
. 1b+QH?B/Q n- T`Qp�KQb �+BK� [m2

b2 |h| < 1/n- 2Mi½Q |ah − 1| < ϵ.

.2KQMbi`�Ï½Q /2 8VX Zm2`2KQb T`Qp�` [m2 /�/Q y ∈ (0,∞)- 2tBbi2 xy ∈ R- i�H [m2 axy =

y. L� /2KQMbi`�Ï½Q /� T`QTQbBÏ½Q jXk- T`Qp�KQb [m2 /�/Q [m�H[m2` BMi2`p�HQ (α, β) ⊂ R-
2tBbi2 t ∈ Q i�H [m2 at ∈ (α, β).

.�/Q n ∈ N- +QMbB/2`�KQb Q BMi2`p�HQ
(
y − 1

n , y +
1
n

)
X *QMbB/2`�KQb i�K#ûK Qb

BMi2`p�HQb (y−2, y−1) 2 (y+1, y+2). 1Mi½Q- 2tBbi2K z, rn, w ∈ Q i�Bb [m2 az ∈ (y−2, y−1),

arn ∈
(
y − 1

n , y +
1
n

)
, aw ∈ (y + 1, y + 2) . SQ`i�MiQ i2KQb [m2

lim
n→∞

arn = y, 2 az < arn < aw T�`� iQ/Q n

*QKQ � 7mMÏ½Q f(x) = ax û +`2b+2Mi2 U2bi�KQb bmTQM/Q a > 1V- TQ/2KQb +QM+HmB` [m2 z <

rn < w T�`� iQ/Q n. �bbBK � b2[māM+B� (rn) û HBKBi�/�X *QMbB/2`�M/Q mK� bm#b2[māM+B�
b2 7Q` M2+2bb�`BQ- TQ/2KQb �bbmKB` [m2 � b2[māM+B� (rn) û +QMp2`;2Mi2X amTQM?�KQb [m2
lim rn = xyX S2H� +QMiBMmB/�/2 /2 f(x) = ax- lim arn = axy . �bbBK axy = y.

jXe *�`�+i2`Bx�Ï½Q /� 6mMÏ½Q 1tTQM2M+B�H
oBKQb D� [m�M/Q 7QKQb /2}MBM/Q � 7mMÏ½Q 2tTQM2M+B�H MQb bm#+QMDmMiQb /� `2i�

N,Z,Q- [m2 � T`QT`B2/�/2 7mM/�K2Mi�H � b2` T`2b2`p�/� T�bb�M/Q /2 mK bm#+QMDmMiQ T�`�
Q bm#+QMDmMiQ K�BQ` 2`� f(x + y) = f(x) · f(y). o�KQb p2` 2bi� T`QT`B2/�/2 +�`�+i2`Bx�
+QKTH2i�K2Mi2 �b 7mMÏǤ2b 2tTQM2M+B�Bb- BbiQ û- M½Q i2K 7mMÏǤ2b /B72`2Mi2b ¨ 2tTQM2M+B�H
p2`B}+�M/Q � T`QT`B2/�/2X

h2Q`2K� jX9X a2D� mK� 7mMÏ½Q KQMƦiQM� +`2b+2Mi2 UQm /2+`2b+2Mi2VX �b b2;mBMi2b �}`@
K�ÏǤ2b b½Q 2[mBp�H2Mi2b,

RX f(x) = ax T�`� iQ/Q x ∈ R Ua = f(1)Vc

kX f(x+ y) = f(x) · f(y) T�`� iQ/Q x, y ∈ R.
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jX f(nx) = f(x)n T�`� iQ/Q n ∈ Z- x ∈ Rc

.2KQMbi`�Ï½QX 1) =⇒ 2) û BK2/B�iQX

2) =⇒ 3). a2D� x ∈ RX S`Qp2KQb T`BK2B`Q T�`� n ∈ N- TQ` BM/mÏ½QX � +QM/BÏ½Q kV
BKTHB+� [m2 f(2x) = f(x+ x) = f(x)2. amTQM?�KQb [m2 T�`� n ∈ N- p�H2 f(nx) = f(x)nX
S`Qp2KQb T�`� n+ 1X S2H� +QM/BÏ½Q kV 2 � ?BTƦi2b2 /2 BM/mÏ½Q-

f((n+ 1)x) = f(nx+ x) = f(nx) · f(x) = f(x)n · f(x) = f(x)n+1.

�;Q`�- mb�M/Q kV- i2KQb [m2 f(0) = f(0 + 0) = f(0)2. a2 f(0) ̸= 0, 2Mi½Q f(0) = 1. a2
f(0) = 0, 2Mi½Q f(x) = f(x + 0) = f(x)f(0) = 0 T�`� iQ/Q x ∈ RX SQ`i�MiQ- � +QM/BÏ½Q
f(0) = 0 BKTHB+� [m2 f û +QMbi�Mi2 B;m�H � yX *QKQ 2bi�KQb bmTQM/Q [m2 f û +`2b+2Mi2-
BbiQ û mK� +QMi`�/BÏ½QX GQ;Q- p�H2 [m2 f(0) = 1X 1Mi½Q

f(0 · x) = f(0) = 1 = f(x)0

SQ`i�MiQ- jV p�H2 i�K#ûK T�`� n = 0.

6BM�HK2Mi2- mb�M/Q MQp�K2Mi2 kV- T�`� n ∈ N i2KQb

1 = f(0) = f(nx− nx) = f(nx) · f(−nx)

AbiQ BKTHB+� [m2 f(−nx) =
1

f(nx)
X lb�M/Q 2bi� B;m�H/�/2 2 Q T`Qp�/Q T�`� n ∈ N-

f(−nx) =
1

f(x)n
= f(x)−nX AbiQ i2`KBM� � T`Qp� /2 jVX

3) =⇒ 1). lb�M/Q jV- f(n) = f(n · 1) = f(1)n. .2}MBM/Q a = f(1), i2KQb [m2
f(n) = an T�`� n ∈ Z. LQp�K2Mi2 mb�M/Q jV i2KQb T�`� m ∈ Z-

a = f(1) = f
(m
m

)
= f

(
1

m

)m

1Mi½Q f

(
1

m

)
= a

1
m . lb�M/Q MQp�K2Mi2 jV 2 Q D� T`Qp�/Q- f

( n

m

)
= f

(
1

m

)n

= a
n
m .

AbiQ KQbi`� [m2 T�`� r ∈ Q, f(r) = ar. o�KQb bmTQ` [m2 f b2D� +`2b+2Mi2 U� T`Qp� MQ
+�bQ f /2+`2b+2Mi2 û �M�HQ;�VX 1Mi½Q 1 = f(0) < f(1) = aX amTQM?�KQb TQ` +QMi`�/BÏ½Q
[m2 2tBbi2 x0 ∈ R i�H [m2 f(x0) ̸= ax0 . a2 f(x0) < ax0 , 2Mi½Q 2tBbi2 r ∈ Q i�H [m2
f(x0) < ar < ax0 UBbiQ û Dmbi�K2Mi2 � �}`K�Ï½Q +QMiB/� M� /2KQMbi`�Ï½Q /� T`QTQbBÏ½Q
jXkVX *QKQ f(x) û +`2b+2Mi2- 2Mi½Q x0 < rX J�b BbiQ BKTHB+� [m2 ax0 < ar- TQBb � 7mMÏ½Q
ax i�K#ûK û +`2b+2Mi2X AbiQ û mK� +QMi`�/BÏ½Q5 SQ`i�MiQ T�`� iQ/Q x ∈ R- f(x) = ax.

amTQM/Q f(x0) > ax0 - � T`Qp� û +QKTH2i�K2Mi2 �M�HQ;�X

jXd GQ;�`BiKQb
1bim/�KQb p�`B�b T`QT`B2/�/2b /�b 7mMÏǤ2b 2tTQM2M+B�bX oBKQb- TQ` 2t2KTHQ US`Q@

TQbBÏ½Q jXjXjV- [m2 b½Q 7mMÏǤ2b BMD2iBp�bX AbiQ BKTHB+� [m2 TQ/2KQb /2}MB` � 7mMÏ½Q BMp2`b�
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/2 mK� 7mMÏ½Q 2tTQM2M+B�HX 1bi� 7mMÏ½Q BMp2`b� 2bi� /2}MB/� 2K R+ = (0,∞) US`QTQbBÏ½Q
jXjX8VX a2M/Q f(x) = ax- � 7mMÏ½Q BMp2`b� g = f−1 /2p2 p2`B}+�` �b +QM/BÏǤ2b

g(ax) = x T�`� iQ/Q x ∈ R;
ag(x) = x T�`� iQ/Q x ∈ R+.

�b T`QT`B2/�/2b /�b 7mMÏǤ2b 2tTQM2M+B�Bb b2 i`�/mx2K 2K T`QT`B2/�/2b /�b bm�b 7mMÏǤ2b
BMp2`b�bX SQ` 2t2KTHQ f(x + y) = f(x) · f(y) BKTHB+� [m2 � 7mMÏ½Q BMp2`b� g b�iBb7�x
� T`QT`B2/�/2 g(xy) = g(x) + g(y). �BM/� K�Bb- /� K2bK� K�M2B`� [m2 � T`QT`B2/�/2
f(x + y) = f(x) · f(y) UT�`� iQ/Q x, yV +�`�+i2`Bx� �b 7mMÏǤ2b 2tTQM2M+B�Bb Up2` i2Q`2K�
jX9V- � T`QT`B2/�/2 g(xy) = g(x) + g(y) UT�`� iQ/Q x, yV +�`�+i2`Bx� �b bm�b 7mMÏǤ2b
BMp2`b�bX

h2Q`2K� jX8X a2D� g : R+ → R mK� 7mMÏ½Q +`2b+2Mi2 UQm /2+`2b+2Mi2VX �b b2;mBMi2b
�}`K�ÏǤ2b b½Q 2[mBp�H2Mi2b,

RX 1tBbi2 a > 0, a ̸= 1- i�H [m2 g(x) û � 7mMÏ½Q BMp2`b� /2 f(x) = ax.

kX g(xy) = g(x) + g(y) T�`� iQ/Q x, y ∈ R+.

.2KQMbi`�Ï½Q /Q h2Q`2K� jX8, 1) =⇒ 2). a2 g(x) û � BMp2`b� /2 f(x) = ax- 2Mi½Q p�H2
Q b2;mBMi2

g(ax) = x T�`� iQ/Q x ∈ R. UjXRV

�;Q`�- b2D�K x, y ∈ RX 1tBbi2K z, w ∈ R i�Bb [m2 az = x 2 aw = yX lb�M/Q UjXRV-
+QM+HmBKQb [m2 p�H2 Q b2;mBMi2

g(xy) = g(azaw) = g(az+w) = z + w = g(az) + g(aw) = g(x) + g(y).

2) =⇒ 1). o�KQb T`Qp�` MQ +�bQ 2K [m2 g û +`2b+2Mi2c Q Qmi`Q +�bQ û �M�HQ;QX
lb�M/Q kV- i2KQb [m2 g(x) = g(x ·1) = g(x)+ g(1) T�`� iQ/Q x- HQ;Q g(1) = 0. *QKQ g(x)

û +`2b+2Mi2- g(2) > 0X .2}MBKQb � 7mMÏ½Q h(x) = g(x)
g(2) X P#pB�K2Mi2 h(1) = 0 2 h(2) = 1X

h2KQb [m2 h(x) i�K#ûK û +`2b+2Mi2 2 p2`B}+� � +QM/BÏ½Q h(xy) = h(x) + h(y) T�`� iQ/Q
x, y ∈ R+X � 7mMÏ½Q H(x) = h(2x) û +`2b+2Mi2X Zm2`2KQb T`Qp�` [m2 H(x) = x T�`� iQ/Q
x ∈ R. lb�M/Q kV- T�`� iQ/Q x, y ∈ R p�H2 [m2

H(x+ y) = h(2x+y) = h(2x · 2y) = h(2x) + h(2y) = H(x) +H(y).

S2H� i2Q`2K� 7mM/�K2Mi�H /� T`QTQ`+BQM�HB/�/2 UUHBK�- kyR9V- i2Q`2K� 8X3V- BbiQ BKTHB+�
[m2 H(x) = H(1)x T�`� iQ/Q x ∈ R. *QKQ H(1) = 1, 2Mi½Q h(2x) = x T�`� iQ/Q x ∈ RX
�bbBK- g (2x) = g(2) · x T�`� iQ/Q x ∈ R. 1Mi½Q

g
(
2

x
g(2) )

)
= g(2) · x

g(2)
= x.
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SQ`i�MiQ g(ax) = x T�`� iQ/Q x ∈ R- QM/2 a = 2
1

g(2) . 1bb� ȹHiBK� �}`K�Ï½Q- DmMiQ +QK �
bQ#`2D2iBpB/�/2 /2 ax : R → R+, BKTHB+� [m2 i�K#ûK p�H2 � T`QT`B2/�/2 ag(x) = x T�`�
iQ/Q x ∈ R+. GQ;Q g(x) û � 7mMÏ½Q BMp2`b� /2 ax.

�b 7mMÏǤ2b BMp2`b�b /�b 7mMÏǤ2b 2tTQM2M+B�Bb b½Q +?�K�/�b /2 7mMÏǤ2b HQ;�`őiKB+�bX
� MQi�Ï½Q mb�/� û � b2;mBMi2X � 7mMÏ½Q BMp2`b� /2 f(x) = ax û � 7mMÏ½Q

loga : R+ → R.

loga(x) û +?�K�/Q HQ;�`BiKQ /2 x M� #�b2 a- [m2 û 2t�i�K2Mi2 Q 2tTQ2Mi2 �Q [m�H /2p2
b2` 2H2p�/� � #�b2 a T�`� Q#i2` xX � 7mMÏ½Q HQ;�`BiKQ p2`B}+� �b +QM/BÏǤ2b

loga(a
x) = x T�`� iQ/Q x ∈ R;

aloga(x) = x T�`� iQ/Q x ∈ R+.
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L2bi2 +�TőimHQ- 7�`2KQb � �M�HBb2 /2 [m�i`Q Q#`�b /BbTQMB#BHBx�/�b T�`� 2b+QH?�
/�b `2/2b /2 2MbBMQ /2 iQ/Q Q "`�bBH /m`�Mi2 Q SLG. US`QD2iQ L�+BQM�H /Q GBp`Q 2 /Q
J�i2`B�H .B/�iB+QVX P#b2`p�`2KQb- 2Mi`2 Qmi`Qb TQMiQb- b2 �b Q#`�b /BbTQMB#BHBx�/�b 2bi½Q
/2 �+Q`/Q +QK � "L**- b2 +QMi2ȹ/Qb 2 �iBpB/�/2b b2 `2H�+BQM�K- 2K �H;mK ;`�m- +QK �
`2�HB/�/2 #`�bBH2B`�X

9XR AM7Q`K�ÏǤ2b bQ#`2 �b Q#`�b b2H2+BQM�/�b

RX J�i2K�iB+� 2K +QMi2tiQb @ 6mMÏǤ2b 2tTQM2M+B�Bb- 7mMÏǤ2b HQ;�`őiKB+�b 2 b2[māM@
+B�bc U/�Mi2c pB�M�- kykyVX

Ç aBMQTb2 /Q �miQ`, � Q#`� �TQB�@b2 M� "�b2 L�+BQM�H *QKmK *m``B+mH�` U"L**V-
MQb T`BM+őTBQb /� 2/m+�Ï½Q BMi2;`�H 2 MQb 2bim/Qb K�Bb `2+2Mi2b /Q T`Q+2bbQ /2
2MbBMQ 2 �T`2M/Bx�;2K /� �`2� /2 J�i2K�iB+� 2 bm�b h2+MQHQ;B�b T�`� i`�#�@
H?�` �b +QKT2iāM+B�b ;2`�Bb- #2K +QKQ �b +QKT2iāM+B�b 2bT2+ő}+�b 2 �b ?�#BHB@
/�/2b T`2pBbi�b T�`� Q 1MbBMQ Jû/BQ /2bb� �`2� /Q +QM?2+BK2MiQ- T`QKQp2M/Q
� +QKT`22Mb½Q 2 � �THB+�Ï½Q /�b T`BM+BT�Bb B/2B�b 2 72``�K2Mi�b /� J�i2K�@
iB+� /2 KQ/Q bB;MB}+�iBpQ 2 [m2 TQbbB#BHBi2 �Qb 2bim/�Mi2b `2bQHp2` T`Q#H2K�b
/Q �K#B2Mi2 2b+QH�` 2 /Q KmM/Q `2�HX _2+Q``2M/Q � 2tTHQ`�ÏǤ2b bBKTH2b- BM@
imBiBp�b 2 +QKT`22Mbőp2Bb /Qb +QMi2ȹ/Qb 2bb2M+B�Bb- Qb 2bim/�Mi2b iāK 2bT�ÏQ
2 QTQ`imMB/�/2b /Bp2`b�b T�`� b2`2K T`Qi�;QMBbi�b /Qb T`ƦT`BQb T`Q+2bbQb /2
�T`2M/Bx�;2K- /2b2MpQHp2M/Q mK� 2/m+�Ï½Q BMi2;`�HX

Ç �miQ`U2bV, GmBx _Q#2`iQ .�Mi2c 62`M�M/Q oB�M�X

Ç 1/BiQ`�, �iB+� @ Rǝ 2/BÏ½Q- a½Q S�mHQ- kykyX

kX JmHiBp2`bQb K�i2K�iB+�X @ 6mMÏǤ2b 2 bm�b �THB+�ÏǤ2bc UbQmx�- kykyVX

Ç aBMQTb2 /Q �miQ`, JmHiBp2`bQb J�i2K�iB+� û mK� +QH2Ï½Q [m2 7�pQ`2+2 � i`�M@
bBÏ½Q 2 � +QMbQHB/�Ï½Q /�b T`QTQbi�b /Q LQpQ 1MbBMQ Jû/BQ- TQBb +QMi2KTH�
Qb +QMi2ȹ/Qb 2K2`;2Mi2b /�b ?�#BHB/�/2b BM/B+�/�b M� "L**X P i`�#�H?Q BM@
i2`/Bb+BTHBM�` û 2biBKmH�/Q M� Q#`�- T2`KBiBM/Q �Qb 2bim/�Mi2b T2`+2#2` � J�@
i2K�iB+� 2K Qmi`�b �`2�b /Q +QM?2+BK2MiQ 2 `2H�+BQM�` +QM+2BiQb 2 T`�iB+�b
/Q KmM/Q /Q i`�#�H?QX h�K#ûK b½Q �T`2b2Mi�/�b T`QTQbi�b /2 i`�#�H?Q +QH2@
iBpQ 2 2biőKmHQ ¨ `2bQHmÏ½Q /2 T`Q#H2K�b- BMp2biB;�Ï½Q- `2~2t½Q- BMi2`T`2i�Ï½Q-
�`;mK2Mi�Ï½Q- �M�HBb2 +`őiB+� 2 T2Mb�K2MiQ HƦ;B+QX P /2b2MpQHpBK2MiQ /Q T2M@
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b�K2MiQ +QKTmi�+BQM�H i�K#ûK û mK TQMiQ /2 /2bi�[m2 M� Q#`�, 2H2 T2`K2B�
iQ/� � +QH2Ï½Q 2 û T`QKQpB/Q +QK Qm b2K Q mbQ /2 i2+MQHQ;B�b /B;Bi�BbX

Ç �miQ`U2bV, CQ�KB` _Q#2`iQ /2 aQmx�X

Ç 1/BiQ`�, 6h. @ Rǝ 2/BÏ½Q- a½Q S�mHQ- kyky

jX S`BbK� K�i2K�iB+�X @ 6mMÏǤ2b 2 T`Q;`2bbǤ2bc U#QMDQ`MQc DȳMBQ`c bQmx�- kykyVX

Ç aBMQTb2 /Q �miQ`, � +QH2Ï½Q S`BbK� J�i2K�iB+� i2K Q Q#D2iBpQ /2 2biBKmH�`
Q 2bim/�Mi2 � +QKT`22M/2` � J�i2K�iB+� T�`� miBHBx�@H� 2K bm� pB/� 2 M�
+QMiBMm�Ï½Q /Qb 2bim/QbX �HûK /BbbQ- #mb+� 7�pQ`2+2` Q /2b2MpQHpBK2MiQ /2
+QKT2iāM+B�b 2 ?�#BHB/�/2b [m2 Q �mtBHB2K � b2` mK +B/�/½Q +`őiB+Q- +`B�iBpQ-
�miƬMQKQ- `2bTQMb�p2H 2 +�T�x /2 2M7`2Mi�` MQpQb /2b�}QbX �HB�/� �Qb +QMi2ȹ@
/Qb K�i2K�iB+Qb 2bT2+ő}+Qb- � +QH2Ï½Q 2tTHQ`� Q mbQ /2 `2+m`bQb i2+MQHƦ;B+Qb-
+QKQ bQ7ir�`2b /2 ;2QK2i`B� /BM�KB+� 2 TH�MBH?�b 2H2i`ƬMB+�b- 2 `2~2i2 bQ#`2
�b `2H�ÏǤ2b 2Mi`2 � J�i2K�iB+� 2 Qmi`�b �`2�b /Q +QM?2+BK2MiQX

Ç �miQ`U2bV, CQbû _Q#2`iQ "QMDQ`MQc CQbû _mv :BQp�MMB CȹMBQ`c S�mHQ _Q#2`iQ
*�K�`� /2 aQmb�

Ç 1/BiQ`�, 6h.X @ Rǝ 2/BÏ½Q- a½Q S�mHQ- kykyX

9X J�i2K�iB+� BMi2`HB;�/�X @ 6mMÏ½Q �}K- [m�/`�iB+�- 2tTQM2M+B�H 2 HQ;�`őiKB+�c
U�M/`�/2- kykyVX

Ç aBMQTb2 /Q �miQ`, � +QH2Ï½Q b2 �HBM?� ¨ i2Q`B� bQ+BQBMi2`�+BQMBbi�- p�HQ`Bx�M/Q
�bT2+iQb ?BbiƦ`B+Qb 2 +mHim`�Bb 2 TQbB+BQM�M/Q Qb 2bim/�Mi2b MQ +2Mi`Q /Q T`Q@
+2bbQ /2 �T`2M/Bx�;2KX S�`� BbbQ- Qb +QMi2ȹ/Qb b½Q �#Q`/�/Qb /2 K�M2B`�
/B`2i�- T`QTB+B�M/Q � �THB+�Ï½Q /2 K2iQ/QHQ;B�b �iBp�b 2 Q /2b2MpQHpBK2MiQ /Q
T`Qi�;QMBbKQ /Q 2bim/�Mi2 MQ T`ƦT`BQ T`Q+2bbQ /2 �T`2M/Bx�;2K- TQ` K2BQ
/2 bBim�ÏǤ2b 2 i2K�b BMi2`/Bb+BTHBM�`2b- +QMi2tim�HBx�/Qb 2 [m2 +QMbB/2`�K Q
i`�#�H?Q +QMDmMiQ +QK Qmi`Qb +QKTQM2Mi2b +m``B+mH�`2b- �b +mHim`�b Dmp2MBb- Q
KmM/Q /Q i`�#�H?Q- Q 2t2`+ő+BQ /� +B/�/�MB�- Qb T`QD2iQb /2 pB/� /Qb 2bim/�Mi2b
2 Qb h2K�b *QMi2KTQ`�M2Qb h`�Mbp2`b�BbX �HûK /BbbQ- b2;mBM/Q Qb T`2+2BiQb
/� "�b2 L�+BQM�H *QKmK *m``B+mH�` U"L**V- � +QH2Ï½Q Q`B2Mi� 2 T`BQ`Bx� Q
/2b2MpQHpBK2MiQ /�b +QKT2iāM+B�b ;2`�Bb- /�b +QKT2iāM+B�b 2bT2+ő}+�b 2 /�b
?�#BHB/�/2b T`2pBbi�b M� "L**- T�`� [m2 Qb 2bim/�Mi2b i2M?�K mK� 7Q`K�Ï½Q
+B/�/½ 2 TQbb�K iQK�` /2+BbǤ2b 7mim`�b +QMb+B2Mi2bX

Ç �miQ`U2bV, h?�Bb J�`+2HH2 /2 �M/`�/2X

Ç 1/BiQ`�, a+BTBQM2 @ Rǝ 2/BÏ½Q- a½Q S�mHQ- kykyX



*�TőimHQ 9X �M�HBb2 "B#HBQ;`�}+� je

9Xk amK�`BQb /�b Q#`�b

6B;m`� d Ĝ amK�`BQ /2 J�i2K�iB+� 2K +QM@
i2tiQbX 6QMi2, U/�Mi2c pB�M�-
kykyVX

6B;m`� 3 Ĝ amK�`BQ /2 JmHiBp2`bQb K�i2K�@
iB+� U�VX 6QMi2, UbQmx�- kykyVX

6B;m`� N Ĝ amK�`BQ /2 JmHiBp2`bQb K�i2K�@
iB+� U#VX 6QMi2, UbQmx�- kykyVX

6B;m`� Ry Ĝ amK�`BQ /2 S`BbK� K�i2K�iB+�
U�VX 6QMi2, U#QMDQ`MQc DȳMBQ`c
bQmx�- kykyVX



*�TőimHQ 9X �M�HBb2 "B#HBQ;`�}+� jd

6B;m`� RR Ĝ amK�`BQ /2 S`BbK� K�i2K�iB+�
U#VX 6QMi2, U#QMDQ`MQc DȳMBQ`c
bQmx�- kykyVX

6B;m`� Rk Ĝ amK�`BQ /2 J�i2K�iB+� BMi2`HB@
;�/�X 6QMi2, U�M/`�/2- kykyVX

9Xj *QMi2ȹ/Qb- �iBpB/�/2b 2 � "L**
�Q �M�HBb�`KQb +�/� mK� /�b Q#`�b- Q#b2`p�KQb KmBiQb TQMiQb 2K +QKmK 2Mi`2 �b

[m�i`QX GQ;Q M�b T`BK2B`�b T�;BM�b- i2KQb iQ/�b �b Q#`�b BM/B+�M/Q �b ?�#BHB/�/2b � b2`2K
i`�#�H?�/�b MQ +�TőimHQX L� i�#2H� k- BM/B+�KQb [m�Bb ?�#BHB/�/2b 2bT2+ő}+�b [m2 �#Q`/�K
�b 7mMÏǤ2b 2tTQM2M+B�Bb 2 HQ;�`őiKB+�b [m2 b½Q i`�#�H?�/�b T2HQb HBp`Qb �M�HBb�/QbX

h�#2H� k Ĝ >�#BHB/�/2b M�b Q#`�b b2H2+BQM�/�b

P#`�b
>�#BHB/�/2 J�i2K�iB+�

2K +QMi2tiQb
JmHiBp2`bQb
K�i2K�iB+�

S`BbK�
K�i2K�iB+�

J�i2K�iB+�
BMi2`HB;�/�

1JRjJ�hjyj s s s
1JRjJ�hjy9 s s s s
1JRjJ�hjy8 s s s s
1JRjJ�h9yj s s s s
1JRjJ�h8y3 s

�HûK /�b ?�#BHB/�/2b `272`2Mi2b ¨b 7mMÏǤ2b 2tTQM2M+B�Bb 2 HQ;�`őiKB+�b- Qmi`�b ?�#BHB/�/2b
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i�K#ûK b½Q /2b2MpQHpB/�bX a½Q 2H�b 1JRjJ�hRyR- 1JRjJ�hRyj- 1JRjJ�hjR8 2Mi`2
Qmi`�bX

hQ/�b �b Q#`�b BMB+B�K Q +�TőimHQ bQ#`2 7mMÏǤ2b 2tTQM2M+B�Bb �T`2b2Mi�M/Q bBim@
�ÏǤ2b QM/2 � 7mMÏ½Q 2bi� T`2b2Mi2X a½Q miBHBx�/Qb 2t2KTHQb +QKQ KmHiBTHB+�Ï½Q +2HmH�`-
bBbi2K�b /2 K2/B/�b miBHBx�/Qb M� BM7Q`K�iB+�- BM72+ÏǤ2b TQ` +QpB/ 2 2i+X .Q TQMiQ /2 pBbi�
T2/�;Ʀ;B+Q- û KmBiQ BMi2`2bb�Mi2 2bb� �#Q`/�;2K- TQBb �T`QtBK� Q +QMi2ȹ/Q /Q KmM/Q
`2�H 2 /Q +QMi2tiQ QM/2 Q �HmMQ 2bi� BMb2`B/QX

h�K#ûK MQ BMő+BQ /�b Q#`�b- û 72BiQ mK #`2p2 `2bmKQ �+2`+� /Q +�H+mHQ /2 TQiāM+B�b
2 bm�b T`QT`B2/�/2bX �b Q#`�b �T`2b2Mi�K /2KQMbi`�ÏǤ2b /�b T`QT`B2/�/2b /2 TQi2M+B�Ï½Q-
+QK 2t+2Ï½Q /Q ǳS`BbK� K�i2K�iB+�Ǵ 2 ǳJ�i2K�iB+� BMi2`HB;�/�ǴX P K2bKQ Q+Q``2 MQ
i`2+?Q /Q HBp`Q /2/B+�/Q ¨b QT2`�ÏǤ2b 2 T`QT`B2/�/2b +QK `�/B+�BbX

�b Q#`�b b2;m2K � K2bK� T`Q;`2bb½Q /2 +QMi2ȹ/Qb, *�H+mHQ /2 TQiāM+B�b 2 `�/B+�Bb @
MQi�ÏǤ2b +B2Miő}+�b @ MȹK2`Qb bB;MB}+�iBpQb @ 7mMÏǤ2b 2tTQM2M+B�Bb @ 2[m�ÏǤ2b 2tTQM2M+B�Bb
@ BM2[m�ÏǤ2b 2tTQM2M+B�BbX o�H2 `2bb�Hi�` [m2 Q HBp`Q /B/�iB+Q ǳJ�i2K�iB+� 2K +QMi2tiQǴ-
/m`�Mi2 � T`Q;`2bb½Q /Qb +QMi2ȹ/Qb �#Q`/�/Qb 2K bm�b T�;BM�b- 7�x mK� `2pBb½Q /Qb
+QMi2ȹ/Qb- /2b/2 +�H+mHQ /2 TQiāM+B�b �iû 7mMÏǤ2b 2 ;`�}+Q /2 7mMÏǤ2b- Q [m2 i`�x K�Bb
7mM/�K2Mi�Ï½Q �Q BMB+B�` Q 2bim/Q /�b 7mMÏǤ2b 2tTQM2M+B�BbX

LQ +�TőimHQ `272`2Mi2 ¨b 7mMÏǤ2b HQ;�`őiKB+�b- iQ/�b �b Q#`�b i�K#ûK �T`2b2Mi�K
?�#BHB/�/2b 2 +QKT2iāM+B�b � b2`2K �H+�MÏ�/�b 2 /2b2MpQHpB/�b MQ /2+Q``2` /Q +�TőimHQ-
�HûK /2 ?�#BHB/�/2b i`�Mbp2`b�Bb ¨ +QKTQM2Mi2 +m``B+mH�`X P HBp`Q ǳJ�i2K�iB+� BMi2`HB@
;�/�Ǵ /2b2MpQHp2 MQ K2bKQ +�TőimHQ �b 7mMÏǤ2b 2tTQM2M+B�Bb 2 HQ;�`őiKB+�b- �b /2K�Bb
Q#`�b /2/B+�K +�TőimHQb /BbiBMiQb T�`� Q /2b2MpQHpBK2MiQ /2 +�/� mK� /�b 7mMÏǤ2bX

SQ/2KQb Q#b2`p�` M�b };m`�b Rj- R9- R8 2 Re- �H;mMb 2t2KTHQb /2 �iBpB/�/2b
T`QTQbi�b T2HQb HBp`Qb /B/�iB+Qb b2H2+BQM�/Qb T�`� �M�HBb2- [m2 �i2M/2K �b ?�#BHB/�/2b
1JRjJ�hjy9- 1JRjJ�hjyj- 1JRjJ�hjy8 2 1JRjJ�h9yj- `2bT2+iBp�K2Mi2X

.2 K�M2B`� ;2`�H TQ/2KQb Q#b2`p�` +QKQ �b Q#`�b �M�HBb�/�b +QMb2;mB`�K b2 �/2@
[m�` ¨b M2+2bbB/�/2b 2 2tB;āM+B�b /� "L**X SQ`ûK- Qb HBp`Qb /2Bt�K [m2biǤ2b +QKQ
K2`+�/Q /2 i`�#�H?Q- T`2pB/āM+B� 2 i�MiQb Qmi`Qb �bbmMiQb [m2- �TƦb � pB/� 2b+QH�`- p½Q
2bi�` T`2b2Mi2b M� pB/� /Qb �HmMQbX .2bi� K�M2B`�- 2bi2 h** /2b2MpQHp2 +QKQ T`Q/miQ
2/m+�+BQM�H mK� i`BH?� T2/�;Ʀ;B+� QM/2- �HûK /2 i`�#�H?�` +QMi2ȹ/Qb K�i2K�iB+Qb /2
;`�M/2 BKTQ`i�M+B� T�`� Q /2b2MpQHpBK2MiQ /Q �HmMQ- i�K#ûK �#Q`/�KQb i2K�b [m2 b½Q
T2`iBM2Mi2b T�`� � pB/� /Q �HmMQ �TƦb Q 2MbBMQ Kû/BQ 2 BM;`2bbQ MQ K2`+�/Q /2 i`�#�H?QX

LQ i`�#�H?Q- b2`½Q /2b2MpQHpB/Qb +�H+mHQb /2 /2b+QMiQb T`2pB/2M+B�`BQb- T2b[mBb�
�+2`+� /� `2�HB/�/2 b�H�`B�H #`�bBH2B`� 2 /� `2;B½Q QM/2 Q �HmMQ b2 2M+QMi`�- 2biBK�iBp�b
/2 2pQHmÏ½Q b�H�`B�H �Q HQM;Q /� pB/� T`Q}bbBQM�H- T`Q+2bbQ /2 �TQb2Mi�/Q`B�- +QKQ 2bi�
7mM+BQM�- 2 Qmi`Qb �bbmMiQb `2H�+BQM�/QbX

P T`Q/miQ 2/m+�+BQM�H /2b2MpQHpB/Q M2bi2 i`�#�H?Q /2 +QM+Hmb½Q /2 +m`bQ i2K-
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6B;m`� Rj Ĝ Zm2bi½Q /2 S`BbK� K�i2K�@
iB+�X 6QMi2, U#QMDQ`MQc Dȳ@
MBQ`c bQmx�- kykyVX

6B;m`� R9 Ĝ Zm2bi½Q /2 J�i2K�iB+� 2K +QM@
i2tiQbX 6QMi2, U/�Mi2c pB�M�-
kykyVX

6B;m`� R8 Ĝ Zm2bi½Q /2 J�i2K�iB+� BMi2`HB@
;�/�X 6QMi2, U�M/`�/2- kykyVX 6B;m`� Re Ĝ Zm2bi½Q /2 JmHiBp2`bQb K�i2K�@

iB+�X 6QMi2, UbQmx�- kykyVX

�HûK /Q +�`�i2` T2/�;Ʀ;B+Q K�i2K�iB+Q- Q Q#D2iBpQ /2 KQMbi`�` � BKTQ`i�M+B� /2 mb�` �
K�i2K�iB+� T�`� 2Mi2M/2` �bbmMiQb [m2 7�x2K T�`i2 /� pB/� T`�iB+�c M2bi2 +�bQ 2bT2+ő}+Q-
/Q TH�M2D�K2MiQ }M�M+2B`QX
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8 6mM/�K2MiQb /� �TQb2Mi�/Q`B� 2 BMp2biB@
K2MiQb

� T`2pB/āM+B� bQ+B�H- bm`;2 +QK � }M�HB/�/2 /2 �bb2;m`�` Qb /B`2BiQb /Qb i`�#�H?�@
/Q`2bX h�MiQ 7mM+BQM�`BQb Tȹ#HB+Qb [m�MiQ i`�#�H?�/Q`2b /Q b2iQ` T`Bp�/Q- i2K BMȹK2`Qb
#2M27ő+BQb 2 ;�`�MiB�b TQ` +QMi� /� 2tBbiāM+B� /� T`2pB/āM+B�X

.2 �+Q`/Q +QK � H2B 3XkRj- /2 k9 /2 DmH?Q /2 RNNR- 2K b2m �`iB;Q Rê,

ǳ� S`2pB/āM+B� aQ+B�H- K2/B�Mi2 +QMi`B#mBÏ½Q- i2K TQ` }K �bb2;m`�` �Qb
b2mb #2M2}+B�`BQb K2BQb BM/BbT2Mb�p2Bb /2 K�Mmi2MÏ½Q- TQ` KQiBpQ /2 BM@
+�T�+B/�/2- /2b2KT`2;Q BMpQHmMi�`BQ- B/�/2 �p�MÏ�/�- i2KTQ /2 b2`pBÏQ-
2M+�`;Qb 7�KBHB�`2b 2 T`Bb½Q Qm KQ`i2 /�[m2H2b /2 [m2K /2T2M/B�K 2+Q@
MQKB+�K2Mi2XǴU#`�bBH- RNNRVX

1Mi`2 Qb #2M27ő+BQb ;�`�MiB/Qb T2H� T`2pB/āM+B�- i2KQb � �TQb2Mi�/Q`B�X � �TQ@
b2Mi�/Q`B� b2 /BpB/2 2K /QBb `2;BK2b, _2;BK2 S`ƦT`BQ /2 S`2pB/āM+B� aQ+B�H U_SSaV 2
_2;BK2 :2`�H /2 S`2pB/āM+B� aQ+B�H U_:SaVX 1M[m�MiQ Q _SSa û Q bBbi2K� [m2 `2;2 �
�TQb2Mi�/Q`B� /Qb i`�#�H?�/Q`2b /Q b2iQ` Tȹ#HB+Q- 2K iQ/�b �b 2b72`�b TQHőiB+�b- Q _:Sa
û Q bBbi2K� [m2 `2;2 � �TQb2Mi�/Q`B� /Qb i`�#�H?�/Q`2b /Q b2iQ` T`Bp�/QX

a2;mM/Q Q �`iB;Q 9y /� *QMbiBimBÏ½Q /Q "`�bBH,

ǳP `2;BK2 T`ƦT`BQ /2 T`2pB/āM+B� bQ+B�H /Qb b2`pB/Q`2b iBimH�`2b /2 +�`;Qb
272iBpQb i2`� +�`�i2` +QMi`B#miBpQ 2 bQHB/�`BQ- K2/B�Mi2 +QMi`B#mBÏ½Q /Q
`2bT2+iBpQ 2Mi2 72/2`�iBpQ- /2 b2`pB/Q`2b �iBpQb- /2 �TQb2Mi�/Qb 2 /2
T2MbBQMBbi�b- Q#b2`p�/Qb +`Biû`BQb [m2 T`2b2`p2K Q 2[mBHő#`BQ }M�M+2B`Q
2 �im�`B�HXǴU#`�bBH- RN33VX

1 i�K#ûK- b2;mM/Q Q �`iB;Q kyR- /� 2K2M/� +QMbiBim+BQM�H Ryj- /2 Rk /2 MQp2K#`Q
/2 kyRN

ǳ� T`2pB/āM+B� bQ+B�H b2`� Q`;�MBx�/� bQ# � 7Q`K� /Q _2;BK2 :2`�H
/2 S`2pB/āM+B� aQ+B�H- /2 +�`�i2` +QMi`B#miBpQ 2 /2 }HB�Ï½Q Q#`B;�iƦ`B�-
Q#b2`p�/Qb +`Biû`BQb [m2 T`2b2`p2K Q 2[mBHő#`BQ }M�M+2B`Q 2 �im�`B�H- 2
�i2M/2`�- M� 7Q`K� /� H2B- �, A @ +Q#2`im`� /Qb 2p2MiQb /2 BM+�T�+B/�/2
i2KTQ`�`B� Qm T2`K�M2Mi2 T�`� Q i`�#�H?Q 2 B/�/2 �p�MÏ�/�c ǴU#`�bBH-
kyRNV

L�b T`ƦtBK�b b2ÏǤ2b- miBHBx�KQb +QKQ 7QMi2 /2 BM7Q`K�Ï½Q- �HûK /� +QMbiBimB@
Ï½Q #`�bBH2B`�- H2Bb 2 2K2M/�b +Bi�/�b �Mi2`BQ`K2Mi2- Qb �`iB;Qb U;HQ#Q- kyRN#V- U;HQ#Q-
kyRN�V 2 UDmb#`�bBH- kyRNVX
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8XR _2;BK2b T`2pB/2M+B�`BQb 2 bm�b /B72`2MÏ�b
LQ "`�bBH- Q bBbi2K� T`2pB/2M+B�`BQ û +QKTQbiQ TQ` /QBb T`BM+BT�Bb `2;BK2b, Q _2@

;BK2 :2`�H /2 S`2pB/āM+B� aQ+B�H U_:SaV 2 Qb _2;BK2b S`ƦT`BQb /2 S`2pB/āM+B� aQ+B�H
U_SSaVX *�/� mK /2bb2b `2;BK2b TQbbmB +�`�+i2`őbiB+�b /BbiBMi�b- [m2 �i2M/2K � /B72`2M@
i2b ;`mTQb /2 i`�#�H?�/Q`2b 2 iāK `2;`�b 2bT2+ő}+�b T�`� � +QM+2bb½Q /2 #2M27ő+BQbX �
+QKT`22Mb½Q /2bb�b /B72`2MÏ�b û 7mM/�K2Mi�H T�`� [m2 Qb b2;m`�/Qb TQbb�K TH�M2D�` bm�
�TQb2Mi�/Q`B� 2 2Mi2M/2` Qb /B`2BiQb [m2 TQbbm2KX

P _2;BK2 :2`�H /2 S`2pB/āM+B� aQ+B�H U_:SaV û �/KBMBbi`�/Q T2HQ AMbiBimiQ L�@
+BQM�H /Q a2;m`Q aQ+B�H UALaaV 2 û pQHi�/Q T�`� � K�BQ`B� /� TQTmH�Ï½Q [m2 2bi� BMb2`B/�
MQ K2`+�/Q /2 i`�#�H?Q 7Q`K�HX Pb i`�#�H?�/Q`2b +QMi`B#m2K K2Mb�HK2Mi2 +QK mK T2`@
+2Mim�H /2 b2mb b�H�`BQb- [m2 p�`B� /2 �+Q`/Q +QK � 7�Bt� /2 `2M/�- T�`� i2` �+2bbQ �
#2M27ő+BQb +QKQ �TQb2Mi�/Q`B�- T2Mb½Q TQ` KQ`i2- �mtőHBQ@/Q2MÏ�- 2Mi`2 Qmi`QbX P _:Sa
û +�`�+i2`Bx�/Q TQ` mK bBbi2K� /2 `2T�`iBÏ½Q- QM/2 �b +QMi`B#mBÏǤ2b /Qb i`�#�H?�/Q`2b
�iBpQb }M�M+B�K Qb #2M27ő+BQb /Qb �TQb2Mi�/Qb 2 T2MbBQMBbi�bX 1bb� 2bi`mim`� û 7mM/�K2M@
i�H T�`� ;�`�MiB` � T`Qi2Ï½Q bQ+B�H /� TQTmH�Ï½Q- K�b i�K#ûK 2M7`2Mi� /2b�}Qb- +QKQ Q
2Mp2H?2+BK2MiQ /� TQTmH�Ï½Q 2 � M2+2bbB/�/2 /2 K�Mi2` Q 2[mBHő#`BQ }M�M+2B`QX

SQ` Qmi`Q H�/Q- Qb _2;BK2b S`ƦT`BQb /2 S`2pB/āM+B� aQ+B�H U_SSaV b½Q /2biBM�/Qb
�Qb b2`pB/Q`2b Tȹ#HB+Qb 72/2`�Bb- 2bi�/m�Bb 2 KmMB+BT�BbX *�/� 2Mi2 72/2`�iBpQ û `2bTQM@
b�p2H TQ` �/KBMBbi`�` b2m T`ƦT`BQ `2;BK2- Q [m2 bB;MB}+� [m2 �b `2;`�b TQ/2K p�`B�`
bB;MB}+�iBp�K2Mi2 2Mi`2 /B72`2Mi2b Ʀ`;½Qb 2 2b72`�b /2 ;Qp2`MQX

Pb _SSa ;2`�HK2Mi2 Q72`2+2K #2M27ő+BQb b2K2H?�Mi2b �Qb /Q _:Sa- K�b +QK
+�`�+i2`őbiB+�b 2bT2+ő}+�b- +QKQ � TQbbB#BHB/�/2 /2 �TQb2Mi�/Q`B� +QK i2KTQ /2 b2`pBÏQ
`2/mxB/Q 2 `2;`�b /B72`2M+B�/�b T�`� +�H+mHQ /2 #2M27ő+BQbX 1bb� �miQMQKB� T2`KBi2 [m2 Qb
_SSa �/�Ti2K bm�b TQHőiB+�b ¨b M2+2bbB/�/2b /Qb b2`pB/Q`2b- T`QpQ+�M/Q /2bB;m�H/�/2b
2Mi`2 Qb /B72`2Mi2b `2;BK2bX lK� /�b T`BM+BT�Bb /B72`2MÏ�b 2Mi`2 Q _:Sa 2 Qb _SSa 2bi�
M� 7Q`K� /2 +�H+mHQ /Qb #2M27ő+BQbX LQ _:Sa- Q p�HQ` /� �TQb2Mi�/Q`B� û +�H+mH�/Q +QK
#�b2 M� Kû/B� /�b +QMi`B#mBÏǤ2b 72Bi�b �Q HQM;Q /� pB/� H�#Q`�H- 2M[m�MiQ MQb _SSa- Q
+�H+mHQ TQ/2 +QMbB/2`�` Q ȹHiBKQ b�H�`BQ Qm � Kû/B� /�b `2KmM2`�ÏǤ2b- /2T2M/2M/Q /�b
`2;`�b /2 +�/� `2;BK2X �HûK /BbbQ- Qb _SSa +QbimK�K i2` `2;`�b K�Bb ~2tőp2Bb 2K `2H�Ï½Q
¨ �TQb2Mi�/Q`B� TQ` i2KTQ /2 +QMi`B#mBÏ½Q- T2`KBiBM/Q [m2 b2`pB/Q`2b b2 �TQb2Mi2K K�Bb
+2/Q 2K +QKT�`�Ï½Q +QK Qb i`�#�H?�/Q`2b /Q b2iQ` T`Bp�/QX

Pmi`Q �bT2+iQ BKTQ`i�Mi2 � b2` +QMbB/2`�/Q û � [m2bi½Q /� bmbi2Mi�#BHB/�/2 }M�M@
+2B`� /2 �K#Qb Qb `2;BK2bX P _:Sa 2M7`2Mi� /2b�}Qb bB;MB}+�iBpQb /2pB/Q �Q �mK2MiQ
/� 2tT2+i�iBp� /2 pB/� 2 ¨ /BKBMmBÏ½Q /� i�t� /2 M�i�HB/�/2- Q [m2 `2bmHi� 2K mK Mȹ@
K2`Q +`2b+2Mi2 /2 �TQb2Mi�/Qb 2K `2H�Ï½Q �Q MȹK2`Q /2 +QMi`B#mBMi2bX S�`� ;�`�MiB` �
pB�#BHB/�/2 /Q bBbi2K�- `27Q`K�b iāK bB/Q BKTH2K2Mi�/�b- +QKQ � �Hi2`�Ï½Q /�b B/�/2b
KőMBK�b 2 /Q i2KTQ /2 +QMi`B#mBÏ½QX C� Qb _SSa- 2K#Q`� i�K#ûK 2M7`2Mi�K /2b�}Qb-
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iāK � TQbbB#BHB/�/2 /2 �Dmbi�` bm�b `2;`�b /2 �+Q`/Q +QK �b M2+2bbB/�/2b 2bT2+ő}+�b /2
b2mb b2`pB/Q`2b- Q [m2 TQ/2 T`QTQ`+BQM�` K�BQ` ~2tB#BHB/�/2 M� ;2bi½Q /Qb `2+m`bQbX

8Xk *`Biû`BQb /2 �TQb2Mi�/Q`B�
.Bb+miB`2KQb M2bb� b2Ï½Q Qb +`Biû`BQb T�`� �TQb2Mi�/Q`B� TQ` B/�/2 2 TQ` i2KTQ

/2 +QMi`B#mBÏ½QX SQ`ûK- T�`� bBKTHB}+�` Q /2b2MpQHpBK2MiQ /�b �iBpB/�/2b- QTi�KQb TQ`
2tTHQ`�` Qb +`Biû`BQb T�`� �TQb2Mi�/Q`B� TQ` i2KTQ /2 +QMi`B#mBÏ½Q /m`�Mi2 �b �mH�b T`Q@
TQbi�bX Pb +`Biû`BQb /2 �TQb2Mi�/Q`B� MQ "`�bBH b½Q 2bi�#2H2+B/Qb TQ` mK� +QK#BM�Ï½Q /2
H2Bb 2 `2;mH�K2MiQb [m2 p�`B�K +QM7Q`K2 Q `2;BK2 T`2pB/2M+B�`BQ �Q [m�H Q i`�#�H?�/Q`
2bi� pBM+mH�/QX � �TQb2Mi�/Q`B� TQ/2 b2` bQHB+Bi�/� TQ` /B72`2Mi2b KQiBpQb- +QKQ B/�/2-
i2KTQ /2 +QMi`B#mBÏ½Q Qm +QM/BÏǤ2b 2bT2+B�Bb- 2 +�/� mK� /2bb�b KQ/�HB/�/2b TQbbmB `2@
[mBbBiQb 2bT2+ő}+Qb [m2 /2p2K b2` �i2M/B/QbX *QK �b `27Q`K�b T`2pB/2M+B�`B�b `2+2Mi2b-
2bT2+B�HK2Mi2 � 1K2M/� *QMbiBim+BQM�H MǞ Ryj /2 kyRN- �b `2;`�b /2 �TQb2Mi�/Q`B� T�bb�@
`�K TQ` Km/�MÏ�b bB;MB}+�iBp�b- BKT�+i�M/Q /B`2i�K2Mi2 � 7Q`K� +QKQ Qb i`�#�H?�/Q`2b
TH�M2D�K bm� �TQb2Mi�/Q`B�X

� �TQb2Mi�/Q`B� TQ` B/�/2 û mK� /�b KQ/�HB/�/2b K�Bb +QM?2+B/�b 2 `2[m2` [m2
Q b2;m`�/Q �iBMD� mK� B/�/2 KőMBK�- �HûK /2 i2` +mKT`B/Q mK T2`őQ/Q /2 +�`āM+B�-
[m2 û Q MȹK2`Q KőMBKQ /2 +QMi`B#mBÏǤ2b 2tB;B/QX S�`� Qb ?QK2Mb- � B/�/2 KőMBK� û
/2 e8 �MQb- 2M[m�MiQ T�`� �b KmH?2`2b- û /2 ek �MQb- +QK � 2tT2+i�iBp� /2 [m2 2bb2b
HBKBi2b �mK2Mi2K T`Q;`2bbBp�K2Mi2 MQb T`ƦtBKQb �MQbX 1bb� KQ/�HB/�/2 û 2bT2+B�HK2Mi2
BKTQ`i�Mi2 T�`� �[m2H2b [m2 M½Q +QMb2;mB`�K �iBM;B` Q i2KTQ /2 +QMi`B#mBÏ½Q M2+2bb�`BQ
T�`� Qmi`�b 7Q`K�b /2 �TQb2Mi�/Q`B�- T2`KBiBM/Q [m2 mK K�BQ` MȹK2`Q /2 i`�#�H?�/Q`2b
i2M?� �+2bbQ �Q #2M27ő+BQX

Pmi`� 7Q`K� /2 �TQb2Mi�/Q`B� û � TQ` i2KTQ /2 +QMi`B#mBÏ½QX � �TQb2Mi�/Q`B�
TQ` i2KTQ /2 +QMi`B#mBÏ½Q ;�`�Mi2 mK #2M27ő+BQ B;m�H � eyW /� Kû/B� /Qb b�H�`BQb `2+2@
#B/Qb- +�bQ Q i`�#�H?�/Q` i2M?� +QMi`B#mő/Q /m`�Mi2- MQ KőMBKQ- R8 �MQb [m�M/Q KmH?2`
2 ky �MQb [m�M/Q ?QK2KX � 2bb2 T2`+2Mim�H- �+`2b+2Mi�bb2 kW T�`� +�/� �MQ i`�#�H?�/Q
�HûK /Q KőMBKQX Pm b2D�- T�`� i2` /B`2BiQ � RyyW /Q b�H�`BQ@/2@#2M27ő+BQ- û M2+2bb�`BQ
[m2 Q i`�#�H?�/Q` +QMi`B#m� +QK � T`2pB/āM+B� TQ` j8 2 9y �MQb- T�`� KmH?2`2b 2 ?QK2Mb-
`2bT2+iBp�K2Mi2X 1bb� KQ/�HB/�/2 û p�Mi�DQb� T�`� �[m2H2b [m2 +QK2Ï�`�K � i`�#�H?�`
K�Bb DQp2Mb 2 +QMb2;mB`�K K�Mi2` mK� +�``2B`� 2bi�p2H �Q HQM;Q /Qb �MQbX � �TQb2Mi�@
/Q`B� TQ` i2KTQ /2 +QMi`B#mBÏ½Q û 7`2[m2Mi2K2Mi2 pBbi� +QKQ mK� QTÏ½Q K�Bb �i`�iBp�-
TQBb T2`KBi2 [m2 Q i`�#�H?�/Q` b2 �TQb2Mi2 K�Bb +2/Q- /2b/2 [m2 +mKT`� Qb `2[mBbBiQb
2bi�#2H2+B/QbX

�HûK /2bb�b KQ/�HB/�/2b- 2tBbi2K i�K#ûK �TQb2Mi�/Q`B�b 2bT2+B�Bb- [m2 b½Q /2b@
iBM�/�b � +�i2;Q`B�b 2bT2+ő}+�b /2 i`�#�H?�/Q`2b- +QKQ T`Q72bbQ`2b /� 1/m+�Ï½Q "�bB+�-
TQHB+B�Bb 2 i`�#�H?�/Q`2b 2tTQbiQb � +QM/BÏǤ2b BMb�Hm#`2bX SQ` 2t2KTHQ- Qb T`Q72bbQ`2b /�
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1/m+�Ï½Q "�bB+� TQ/2K b2 �TQb2Mi�` �TƦb jy �MQb /2 272iBpQ 2t2`+ő+BQ T�`� ?QK2Mb 2 k8
�MQb T�`� KmH?2`2b- +QK � TQbbB#BHB/�/2 /2 `2+2#2` RyyW /Q b�H�`BQ@/2@#2M27ő+BQX 1bb�b
`2;`�b 2bT2+B�Bb `2+QM?2+2K �b T�`iB+mH�`B/�/2b 2 Qb /2b�}Qb 2M7`2Mi�/Qb TQ` 2bb2b T`Q@
}bbBQM�Bb- T`QTQ`+BQM�M/Q mK� 7Q`K� /2 �TQb2Mi�/Q`B� K�Bb Dmbi� 2 �/2[m�/� ¨b bm�b
`2�HB/�/2bX

Pb +`Biû`BQb /2 �TQb2Mi�/Q`B� i�K#ûK BM+Hm2K �bT2+iQb `2H�+BQM�/Qb ¨ i`�MbBÏ½Q
2Mi`2 �b `2;`�b �MiB;�b 2 MQp�b- 2bT2+B�HK2Mi2 T�`� �[m2H2b [m2 D� 2bi�p�K T`ƦtBKQb
/2 b2 �TQb2Mi�` �Mi2b /�b `27Q`K�bX P bBbi2K� /2 i`�MbBÏ½Q 7QB +`B�/Q T�`� bm�pBx�` Q
BKT�+iQ /�b Km/�MÏ�b- T2`KBiBM/Q [m2 i`�#�H?�/Q`2b [m2 D� +QMi`B#mő�K �Mi2b /� `27Q`K�
TQbb�K b2 �TQb2Mi�` +QK `2;`�b K�Bb 7�pQ`�p2BbX AbbQ BM+HmB � �THB+�Ï½Q /2 T2/�;BQb- QM/2
Q i`�#�H?�/Q` /2p2 +mKT`B` mK i2KTQ �/B+BQM�H /2 +QMi`B#mBÏ½Q- K�b �BM/� �bbBK TQ/2
b2 #2M2}+B�` /2 +QM/BÏǤ2b K�Bb p�Mi�DQb�b /Q [m2 �b MQp�b `2;`�bX

SQ` }K- û BKTQ`i�Mi2 /2bi�+�` [m2 � /Q+mK2Mi�Ï½Q 2 Q T`Q+2bbQ /2 bQHB+Bi�Ï½Q /2
�TQb2Mi�/Q`B� b½Q 2i�T�b +`m+B�Bb T�`� ;�`�MiB` [m2 Qb /B`2BiQb /Qb i`�#�H?�/Q`2b b2D�K
`2bT2Bi�/QbX Pb b2;m`�/Qb /2p2K `2mMB` � /Q+mK2Mi�Ï½Q M2+2bb�`B�- [m2 TQ/2 BM+HmB` +QK@
T`Qp�Mi2b /2 +QMi`B#mBÏ½Q- /Q+mK2MiQb T2bbQ�Bb 2 Qmi`Qb `2;Bbi`Qb [m2 �i2bi2K Q i2KTQ
/2 b2`pBÏQX � bQHB+Bi�Ï½Q TQ/2 b2` 72Bi� /2 7Q`K� T`2b2M+B�H- QMHBM2 Qm TQ` i2H27QM2- 2 û
7mM/�K2Mi�H [m2 Qb i`�#�H?�/Q`2b 2bi2D�K +B2Mi2b /2 b2mb /B`2BiQb 2 /Qb `2[mBbBiQb 2bT2@
+ő}+Qb /2 +�/� KQ/�HB/�/2 /2 �TQb2Mi�/Q`B� T�`� ;�`�MiB` mK� i`�MbBÏ½Q i`�M[mBH� T�`�
2bb� MQp� 7�b2 /2 bm�b pB/�bX

8Xj *QKT�`�iBpQ 2Mi`2 Q bBbi2K� /2 �TQb2Mi�/Q`B� �Mi2b 2 /2TQBb
/2 kyRN
*QKQ D� 7�H�KQb- Q bBbi2K� /2 �TQb2Mi�/Q`B� MQ "`�bBH T�bbQm TQ` mK� i`�Mb7Q`@

K�Ï½Q bB;MB}+�iBp� +QK � �T`Qp�Ï½Q /� 1K2M/� *QMbiBim+BQM�H MǞ Ryj- 2K kyRNX �Mi2b
/2bb� `27Q`K�- �b `2;`�b /2 �TQb2Mi�/Q`B� 2`�K +QMbB/2`�/�b K�Bb ~2tőp2Bb- T2`KBiBM/Q
[m2 KmBiQb i`�#�H?�/Q`2b b2 �TQb2Mi�bb2K +QK B/�/2b 2 i2KTQb /2 +QMi`B#mBÏ½Q K�Bb
#�BtQbX � `27Q`K� i`Qmt2 Km/�MÏ�b [m2 pBb�K 2[mBHB#`�` �b +QMi�b /� S`2pB/āM+B� aQ+B�H-
`2~2iBM/Q � M2+2bbB/�/2 /2 mK bBbi2K� K�Bb bmbi2Mi�p2H /B�Mi2 /Q �mK2MiQ /� 2tT2+i�iBp�
/2 pB/� /� TQTmH�Ï½Q 2 /Q 2Mp2H?2+BK2MiQ /� 7Q`Ï� /2 i`�#�H?QX

�Mi2b /2 kyRN- � �TQb2Mi�/Q`B� TQ` B/�/2 T2`KBiB� [m2 �b KmH?2`2b b2 �TQb2Mi�bb2K
�Qb ey �MQb 2 Qb ?QK2Mb �Qb e8 �MQb- +QK mK i2KTQ KőMBKQ /2 +QMi`B#mBÏ½Q /2 R8 �MQb
T�`� �K#Qb Qb b2tQbX 1bb� 2bi`mim`� 2`� pBbi� +QKQ #2Mû}+� T�`� KmBiQb i`�#�H?�/Q`2b-
2bT2+B�HK2Mi2 �[m2H2b [m2 +QK2Ï�`�K � +QMi`B#mB` +2/Q 2 /2b2D�p�K b2 �TQb2Mi�` K�Bb
+2/QX � `27Q`K�- MQ 2Mi�MiQ- 2H2pQm � B/�/2 KőMBK� T�`� ek �MQb T�`� KmH?2`2b 2 e8 �MQb
T�`� ?QK2Mb- �HûK /2 BMi`Q/mxB` mK bBbi2K� /2 TQMiQb [m2 +QK#BM� B/�/2 2 i2KTQ /2
+QMi`B#mBÏ½Q- iQ`M�M/Q Q T`Q+2bbQ /2 �TQb2Mi�/Q`B� K�Bb +QKTH2tQ 2 2tB;2Mi2X
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Pmi`Q �bT2+iQ BKTQ`i�Mi2 /� `27Q`K� 7QB � BMi`Q/mÏ½Q /2 `2;`�b /2 i`�MbBÏ½Q- [m2
7Q`�K +`B�/�b T�`� bm�pBx�` Q BKT�+iQ /�b MQp�b 2tB;āM+B�b bQ#`2 �[m2H2b [m2 D� 2bi�p�K
T`ƦtBKQb /2 b2 �TQb2Mi�`X �Mi2b /� `27Q`K�- Qb i`�#�H?�/Q`2b TQ/B�K b2 �TQb2Mi�` +QK
mK i2KTQ /2 +QMi`B#mBÏ½Q }tQ- K�b �TƦb kyRN- � `2;`� /Q T2/�;BQ 7QB BKTH2K2Mi�/�-
2tB;BM/Q [m2 Qb i`�#�H?�/Q`2b [m2 M½Q �iBM;B`�K Qb `2[mBbBiQb /2 i2KTQ /2 +QMi`B#mBÏ½Q
�Mi2b /� `27Q`K� +mKT`Bbb2K mK i2KTQ �/B+BQM�H- [m2 TQ/2 b2` /2 8yW Qm RyyW /Q i2KTQ
[m2 7�Hi�p�X 1bb� Km/�MÏ� ;2`Qm T`2Q+mT�ÏǤ2b 2Mi`2 Qb i`�#�H?�/Q`2b [m2 b2 b2MiB�K
T`2Dm/B+�/Qb- TQBb KmBiQb T`2+Bb�`B�K i`�#�H?�` TQ` K�Bb i2KTQ /Q [m2 Q TH�M2D�/QX

�HûK /BbbQ- � `27Q`K� i`Qmt2 Km/�MÏ�b bB;MB}+�iBp�b M� �TQb2Mi�/Q`B� TQ` i2KTQ
/2 +QMi`B#mBÏ½QX �Mi2`BQ`K2Mi2- Qb ?QK2Mb TQ/B�K b2 �TQb2Mi�` �TƦb jy �MQb /2 +QMi`B@
#mBÏ½Q 2 �b KmH?2`2b �TƦb k8 �MQbX *QK � MQp� H2;BbH�Ï½Q- Q i2KTQ KőMBKQ /2 +QMi`B#mBÏ½Q
7QB K�MiB/Q- K�b � +QK#BM�Ï½Q +QK � B/�/2 KőMBK� 2 Q bBbi2K� /2 TQMiQb iQ`MQm@b2 K�Bb
`B;Q`Qb�X S�`� b2 �TQb2Mi�`- Qb ?QK2Mb T`2+Bb�K �iBM;B` RyR TQMiQb 2 �b KmH?2`2b- NR
TQMiQb- Q [m2 bB;MB}+� [m2 � bQK� /� B/�/2 2 /Q i2KTQ /2 +QMi`B#mBÏ½Q /2p2 �i2M/2` �
2bb2b +`Biû`BQbX 1bb� Km/�MÏ� 7QB pBbi� +QKQ mK� 7Q`K� /2 BM+2MiBp�` Qb i`�#�H?�/Q`2b �
+QMi`B#mő`2K TQ` K�Bb i2KTQ- K�b i�K#ûK ;2`Qm +`őiB+�b TQ` �mK2Mi�` � /B}+mH/�/2 /2
�+2bbQ ¨ �TQb2Mi�/Q`B�X

Pmi`Q TQMiQ /2 +QKT�`�Ï½Q `2H2p�Mi2 û � [m2bi½Q /�b �TQb2Mi�/Q`B�b 2bT2+B�BbX
�Mi2b /� `27Q`K�- +�i2;Q`B�b +QKQ T`Q72bbQ`2b 2 i`�#�H?�/Q`2b `m`�Bb iBM?�K `2;`�b K�Bb
~2tőp2Bb T�`� b2 �TQb2Mi�`X � `27Q`K� K�Mi2p2 �H;mK�b /2bb�b `2;`�b- K�b i�K#ûK BM@
i`Q/mxBm MQp�b 2tB;āM+B�b [m2 TQ/2K BKT�+i�` � 7Q`K� +QKQ 2bb2b T`Q}bbBQM�Bb TH�M2D�K
bm� �TQb2Mi�/Q`B�X SQ` 2t2KTHQ- Qb T`Q72bbQ`2b �BM/� TQ/2K b2 �TQb2Mi�` �TƦb jy �MQb
/2 b2`pBÏQ- K�b �;Q`� T`2+Bb�K 2bi�` �i2MiQb ¨b MQp�b `2;`�b /2 TQMiQb 2 B/�/2 KőMBK�-
Q [m2 TQ/2 +QKTHB+�` Q TH�M2D�K2MiQ /2 +�``2B`� 2 �TQb2Mi�/Q`B�X

8X9 *QM+HmBM/Q Q �bbmMiQ
P bBbi2K� T`2pB/2M+B�`BQ #`�bBH2B`Q `2~2i2 mK 2b7Q`ÏQ +QMiőMmQ T�`� 2[mBHB#`�` �

T`Qi2Ï½Q bQ+B�H 2 � bmbi2Mi�#BHB/�/2 }M�M+2B`�X �b `27Q`K�b /2 kyRN- 2K#Q`� M2+2bb�`B�b
T�`� ;�`�MiB` � pB�#BHB/�/2 /Q bBbi2K�- H2p�Mi�K [m2biǤ2b bQ#`2 � DmbiBÏ� bQ+B�H 2 � �/2@
[m�Ï½Q /�b MQp�b `2;`�bX � M2+2bbB/�/2 /2 mK bBbi2K� [m2 �i2M/� ¨b /2K�M/�b /2 mK�
TQTmH�Ï½Q 2K 2Mp2H?2+BK2MiQ 2 [m2 T`QKQp� � BM+Hmb½Q bQ+B�H û mK /2b�}Q [m2 Q "`�bBH
�BM/� 2M7`2Mi�X ú 7mM/�K2Mi�H [m2 Q bBbi2K� T`2pB/2M+B�`BQ +QMiBMm2 � 2pQHmB`- ;�`�MiBM/Q
/B`2BiQb 2 T`QKQp2M/Q � BM+Hmb½Q- �Q K2bKQ i2KTQ 2K [m2 �bb2;m`� � bmbi2Mi�#BHB/�/2
}M�M+2B`� M2+2bb�`B� T�`� Q 7mim`QX
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8X8 AMp2biBK2MiQb
1K mK� TQbi�;2K MQ b2m #HQ;- Q #�M+Q "J: U#�M+Q #K;- kykkV 2H2M+� d KQiBpQb

T�`� BMp2biB` [m2- b2;mM/Q Q TQMiQ /2 pBbi� /Q �miQ`- b½Q K�Bb `2H2p�Mi2b /2Mi`2 Qb KmBiQb
2tBbi2Mi2bX a½Q 2H2b,

RX _2b2`p� }M�M+2B`� T�`� 2K2`;āM+B�b 2 BKT`2pBbiQbX

kX a2 �TQb2Mi�` +QK i`�M[mBHB/�/2- TQBb Qb BMp2biBK2MiQb b½Q mK� ƦiBK� QTÏ½Q T�`�
i2` mK� `2M/� 2ti`� MQ 7mim`QX

jX a2 T`Qi2;2` /� BM~�Ï½QX � bBim�Ï½Q /2b2D�/� û [m2 Q /BM?2B`Q `2M/� K�Bb /Q [m2 Q
AS*�X

9X AMp2biB` +�#2 MQ b2m #QHbQ- TQBb i2K BMp2biBK2MiQb � T�`iB` /2 p�HQ`2b KmBiQ #�BtQb
2 [m2 `2M/2K K�Bb [m2 � TQmT�MÏ�X

8X _2�HBx�` bQM?Qb- TQBb Q /BM?2B`Q ;�M?Q TQ/2 �Dm/�` � T�;�` �H;mK� +QKT`� Qm
2tT2`BāM+B� /2b2D�/�X

eX *QM?2+BK2MiQ }M�M+2B`Q- TQBb 2bi2 +QM?2+BK2MiQ �Dm/� � i2` mK K2H?Q` ;2`2M+B�@
K2MiQ }M�M+2B`Q- mK K�BQ` +QMi`QH2 bQ#`2 Qb ;�biQbX

dX *QMbi`mB` mK T�i`BKƬMBQ- T2Mb�M/Q MQ 7mim`Q T2bbQ�H 2 7�KBHB�`X

LQ HBp`Q ǳ6BM�MÏ�b M� pB/� `2�HǴ U#QM�- kykjV- /Bbi`B#mő/Q M� `2/2 2bi�/m�H /2
2MbBMQ /Q _BQ /2 C�M2B`Q- Q �miQ` �M/`û "QM� /2KQMbi`� � BKTQ`i�M+B� /2 BMp2biB` � }K
/2 ;�`�MiB` mK� �TQb2Mi�/Q`B� K�Bb i`�M[mBH�X "QM� 2t2KTHB}+� /2 K�M2B`� bBKTH2b- b2K
+QMbB/2`�` �b TQbbőp2Bb p�`B�p2Bb }M�M+2B`�b- +QKQ � 7�Hi� /2 TH�M2D�K2MiQ TQ/2 BKT�+i�`
M2;�iBp�K2Mi2 � pB/� /2 mK i`�#�H?�/Q` MQ KQK2MiQ /� �TQb2Mi�/Q`B�X S�`� BbbQ 2H2 iQK�
+QKQ 2t2KTHQ mK i`�#�H?�/Q` /2 j8 �MQb +mD� `2M/� K2Mb�H 2 /2bT2b�b b½Q B;m�BbX 1bi2
i`�#�H?�/Q` b2 �TQb2Mi� �Qb dy �MQb 2 i2K 2tT2+i�iBp� /2 pB/� /2 38 �MQbX a2K H2p�` 2K
+QMbB/2`�Ï½Q TQbbőp2Bb Km/�MÏ�b b�H�`B�Bb Qm +2M�`BQb 2+QMƬKB+Qb- Q �miQ` H2p� Qb H2BiQ`2b
� +QKT`22M/2` [m2- �Q b2 �TQb2Mi�`- � `2M/� /2bi2 i`�#�H?�/Q` i2M/2 � /BKBMmB`X � T�`iB`
/2bb2 KQK2MiQ- Q i`�#�H?�/Q` T�bb� � pBp2` 2K /û}+Bi }M�M+2B`Q- Qm b2D�- bm� `2M/�
/2Bt� /2 b2` bm}+B2Mi2 T�`� ;�`�MiB` bm� bm#bBbiāM+B�X .2bi� K�M2B`�- "QM� /2KQMbi`� �
M2+2bbB/�/2 /Q TH�M2D�K2MiQ }M�M+2B`Q �HûK /� �TQb2Mi�/Q`B�X

SQ`i�MiQ- T�`2+2 KmBiQ BKTQ`i�Mi2 +`B�` mK� +QMb+B2M+B� bQ#`2 � `2�HB/�/2 /Q
i`�#�H?�/Q` MQ �K#BiQ }M�M+2B`Q- i�MiQ T`2pBQ ¨ �TQb2Mi�/Q`B� +QKQ TQbi2`BQ` � 2H�X S�`�
;�`�MiB` mK� [m�HB/�/2 /2 pB/� �/2[m�/� T�`� Q 7mim`Q- Q i`�#�H?�/Q` T`2+Bb� 2Mi2M/2`
� bm� bBim�Ï½Q 2 +`B�` mK TH�MQ T�`� � �TQb2Mi�/Q`B�X
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8Xe hBTQb /2 BMp2biBK2MiQb
Pb BMp2biBK2MiQb b2 /BpB/2K 2K /QBb ;`�M/2b ;`mTQb, � `2M/� p�`B�p2H 2 � `2M/�

}t�X *QKQ Qb MQK2b D� /2Bt�K 2pB/2Mi2- � `2M/� p�`B�p2H �T`2b2Mi� Qb+BH�ÏǤ2b +QMbi�Mi2b-
b2M/Q BM~m2M+B�/� TQ` �;2Mi2b }M�M+2B`Qb 2 TQ` 2p2MiQb K�+`Q 2 KB+`Q2+QMƬKB+Qb- Q [m2
7�x +QK [m2 b2mb `2M/BK2MiQb M½Q bB;�K mK� HBM?� +QMbi�Mi2X C� � `2M/� }t�- TQbbmB mK
+�`�i2` K�Bb 2bi�p2H- K2bKQ [m2 bm�b i�t�b 2 BM/2t�/Q`2b i�K#ûK b2D�K BM~m2M+B�/Qb
TQ` 2p2MiQb 2ti2`MQb /� 2b72`� }M�M+2B`�- 2bb2 iBTQ /2 BMp2biBK2MiQ b2KT`2 2bi� �i`2H�/Q
� �H;mK� i�t�- b2D� � i�t� /2 Dm`Qb Qm � BM~�Ï½QX

.2Mi`Q /2 +�/� mK /2bb2b ;`mTQb- TQ/2KQb 2M+QMi`�` mK� ;`�M/2 /Bp2`bB/�/2 /2
+H�bb2b /2 BMp2biBK2MiQX L� `2M/� p�`B�p2H- i2KQb � QTÏ½Q /2 BMp2biB` 2K 2KT`2b�b �i`�pûb
/Q K2`+�/Q �+BQM�`BQ /2 �ÏǤ2b- TQ/2KQb BMp2biB` 2K BKƦp2Bb- b2D� pB� +QKT`� /B`2i� Qm
�i`�pûb /2 +Qi�b /2 7mM/Qb BKQ#BHB�`BQb- +`BTiQ �iBpQb- 2Mi`2 KmBi�b Qmi`�b QTÏǤ2bX

L� T�`i2 /2 `2M/� }t�- bQKQb �T`2b2Mi�/Qb �Qb *."b- [m2 b½Q iőimHQb }M�M+2B`Qb
T`Bp�/Qb �i`2H�/Qb � �H;mK /Qb őM/B+2b `272`2M+B�Bb #`�bBH2B`Qb +QKQ � i�t� a2HB+- �i`�pûb
/Q *.A- [m2 +Q``2bTQM/2 � i�t� #�bB+� /2 Dm`Qb #`�bBH2B`�- Qm �Q AS*�- [m2 `2T`2b2Mi� �
i�t� /2 BM~�Ï½Q /� 2+QMQKB�- 2Mi`2 Qmi`�bX h�K#ûK ?� � TQbbB#BHB/�/2 /2 BMp2biBK2MiQ
MQ i2bQm`Q /B`2iQ- [m2 b½Q iőimHQb }M�M+2B`Qb 2KBiB/Qb T2HQ ;Qp2`MQ #`�bBH2B`Q- miBHBx�/Qb
T�`� +�Ti�Ï½Q /2 `2+m`bQb � }K /2 }M�M+B�` Q#`�b 2 Q /2b2MpQHpBK2MiQ M�+BQM�HX Pb
iőimHQb Tȹ#HB+Qb �bbBK +QKQ Qb iőimHQb T`Bp�/Qb- i�K#ûK b½Q BM/2t�/Qb � �H;mK BM/B+�/Q`
/� 2+QMQKB� #`�bBH2B`�X 1bi2b BMp2biBK2MiQb TQ/2K b2` /BpB/B/Qb 2K /QBb ;`mTQb, Qb T`û
@ }t�/Qb- [m2 TQbbm2K i�t� }t� 2 K�BQ` T`2pBbB#BHB/�/2 /Qb `2M/BK2MiQb 2 TƦb }t�/Qb-
[m2 /2T2M/2K /� i�t� /2 `272`āM+B� T�`� �im�HBx�Ï½Q /Qb b2mb `2M/BK2MiQbX LQ T`Q/miQ
2/m+�+BQM�H 2H�#Q`�/Q T�`� 2bi2 h**- b2H2+BQM�KQb i`āb BMp2biBK2MiQb- b2M/Q /QBb /2
`2M/� p�`B�p2H 2 mK /2 `2M/� }t�X S�`� `2M/� p�`B�p2H- b2H2+BQM�KQb Qb +?�K�/Qb 1h6b
U1t+?�M;2 h`�/2/ 6mM/bVX a2;mM/Q Q bBi2 Q}+B�H /� #QHb� /2 p�HQ`2b #`�bBH2B`� U"jV- Q
1h6

ǳXXXû 7mM/Q M2;Q+B�/Q 2K "QHb� [m2 `2T`2b2Mi� mK� +QKmM?½Q /2 `2+m`bQb
/2biBM�/Qb ¨ �THB+�Ï½Q 2K mK� +�`i2B`� /2 �ÏǤ2b [m2 #mb+� `2iQ`MQb [m2
+Q``2bTQM/�K- /2 7Q`K� ;2`�H- ¨ T2`7Q`K�M+2- �Mi2b /2 i�t�b 2 /2bT2b�b-
/2 mK őM/B+2 /2 `272`āM+B�X *QKQ őM/B+2 /2 `272`āM+B� /Q 1h6 /2 �ÏǤ2b
�/KBi2@b2 [m�H[m2` őM/B+2 /2 �ÏǤ2b `2+QM?2+B/Q T2H� *QKBbb½Q /2 o�HQ`2b
JQ#BHB�`BQb U*oJVXǴU#QHb� /Q #`�bBH- kyk9VX

6Q`�K 2b+QH?B/Qb T�`� Q /2b2MpQHpBK2MiQ /2 �iBpB/�/2b- /2Mi`2 �b BMȹK2`�b TQbbB@
#BHB/�/2b- Qb 1h6b "Po�RR 2 Aoo"RRX .2 �+Q`/Q +QK Q bBi2 2bT2+B�HBx�/Q bi�imbBMp2bi-
ǳP A#Qp2bT� û BKTQ`i�Mi2 TQ`[m2 b2`p2 +QKQ `272`āM+B� T�`� Qb ;�M?Qb 2 T2`/�b /Q K2`@
+�/Q /2 �ÏǤ2b MQ "`�bBHXǴ Ubi�imbBMp2bi- kyk9VX 1bi2 őM/B+2 `2T`2b2Mi� � `2Mi�#BHB/�/2
/2 mK� +�`i2B`� /2 BMp2biBK2MiQb 7Q`K�/� TQ` �ÏǤ2b /2 3j 2KT`2b�b- 2Mi`2 2H�b 2bi½Q
S2i`Q#`�b- o�H2- "�M+Q /Q "`�bBH- 2i+X



*�TőimHQ 8X 6mM/�K2MiQb /� �TQb2Mi�/Q`B� 2 BMp2biBK2MiQb 9d

P b2;mM/Q 1h6 b2H2+BQM�/Q- 7�x `272`āM+B� �Q őM/B+2 a�S 8yyX 1bi2 őM/B+2 �+QK@
T�M?� � `2Mi�#BHB/�/2 /2 mK� +�`i2B`� 7Q`K�/� TQ` �ÏǤ2b /�b 8yy K�BQ`2b 2KT`2b�b /�
2+QMQKB� MQ`i2@�K2`B+�M�X 1KT`2b�b +QM?2+B/�b KmM/B�HK2Mi2 +QKQ *Q+�@+QH�- �TTH2-
�K�xQM 2 KmBi�b Qmi`�bX

SQ` }K- T�`� �#Q`/�` M�b �iBpB/�/2b Q +QM+2BiQ /2 `2M/� }t�- b2H2+BQM�KQb mK
iőimHQ /Q i2bQm`Q /B`2iQ `2M/�Y- +mD� i�t� û �i`2H�/� �Q AS*� K�Bb mK� i�t� T`û }t�/�X
1bi2 iBimHQ Tm#HB+Q 7QB H�MÏ�/Q 2K kR /2 /2x2K#`Q /2 kykk- +QK Q BMimBiQ /2 +`B�` mK�
�Hi2`M�iBp� T�`� +QKTH2K2Mi�Ï½Q /� �TQb2Mi�/Q`B�X
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*�G*lGP S_1oA.1L*A�_AP- �SPa1Lh�.P_A� 1 6lLÎǣ1a, lJ� h_AG>�
S1.�:ƥ:A*� S�_� P 1LaALP .1 6lLÎǣ1a 1sSPL1L*A�Aa 1

GP:�_ŐhJA*�a la�L.P JP.1G�:1J J�h1J�hA*�X

eXR AMi`Q/mÏ½Q
*QKQ T`Q/miQ 2/m+�+BQM�H QTi�KQb TQ` +QMbi`mB` mK� i`BH?� T2/�;Ʀ;B+�X a2;mM/Q

Q *2Mi`Q /2 1/m+�Ï½Q h2+MQHƦ;B+� /Q �K�xQM�b U*1h�JV- 2Mi2M/2bb2 � i`BH?� T2/�@
;Ʀ;B+� +QKQ ǳXXXmK� �#Q`/�;2K 2bi`mim`�/� 2 b2[m2M+B�H T�`� Q T`Q+2bbQ /2 2MbBMQ 2
�T`2M/Bx�;2KX 1H� #mb+� Q`;�MBx�` +QMi2ȹ/Qb- �iBpB/�/2b 2 �p�HB�ÏǤ2b /2 K�M2B`� HƦ;B+� 2
+Q2`2Mi2- 7�+BHBi�M/Q � �[mBbBÏ½Q /2 +QM?2+BK2MiQb 2 ?�#BHB/�/2b T2HQb �HmMQbX P Q#D2iBpQ
T`BM+BT�H û T`QTQ`+BQM�` mK +�KBM?Q +H�`Q 2 2}+B2Mi2 T�`� Q /2b2MpQHpBK2MiQ /�b +QKT2@
iāM+B�b M2+2bb�`B�b- `2bT2Bi�M/Q Q `BiKQ 2 Q 2biBHQ /2 �T`2M/Bx�;2K /2 +�/� BM/Bpő/mQXǴ �
i`BH?� T2/�;Ʀ;B+� i2K +QKQ +�`�+i2`őbiB+�b BKTQ`i�Mi2b- � b2[m2M+B�HB/�/2 UTQBb �b �iBpB@
/�/2b b½Q TH�M2D�/�b /2 7Q`K� ;`�/m�HV- � +Qā`2M+B� U�b �iBpB/�/2b 2bi½Q �HBM?�/�b +QK Qb
Q#D2iBpQb /2 �T`2M/Bx�;2KV 2 � /Bp2`bB/�/2 Ub½Q mb�/Qb `2+m`bQb 2 2bi`�iû;B�b M2+2bb�`BQb
T�`� �b /B72`2Mi2b 7Q`K�b /2 �T`2M/2`VX

�}K /2 +`B�` mK KQ/2HQ T�`� Q 2MbBMQ /�b 7mMÏǤ2b 2tTQM2M+B�H 2 HQ;�`őiKB+� T�`�
�HmMQb /Q 2MbBMQ Kû/BQ- �b �iBpB/�/2b 7Q`�K 2H�#Q`�/�b � T�`iB` /Qb +�H+mHQb T`2pB/2M@
+B�`BQb #`�bBH2B`QbX �b �iBpB/�/2b T2`i2M+2Mi2b ¨ i`BH?� �#Q`/�`�K Q T`Q+2bbQ /2 2pQHmÏ½Q
b�H�`B�H /2 mK i`�#�H?�/Q`- /2b+QMiQ T`2pB/2M+B�`BQ- +�H+mHQ /Q #2M27ő+BQ /2 �TQb2Mi�/Q`B�-
�Hi2`M�iBp�b /2 BMp2biBK2MiQb- 2i+X � B/2B� /2 �#Q`/�` � i2K�iB+� T`2pB/2M+B�`B� bm`;2 /�
M2+2bbB/�/2 /2 `2H�+BQM�` Q +QMi2ȹ/Q �T`2M/B/Q 2K b�H� /2 �mH� +QK � `2�HB/�/2 7Q`� /Q
�K#B2Mi2 2b+QH�`X

.2 �+Q`/Q +QK � H2B G1A LǞ NXjN9- .1 ky .1 .1w1J"_P .1 RNNe UG2B /2
/B`2i`Bx2b 2 #�b2b /� 2/m+�Ï½Q M�+BQM�H @ G."V U#`�bBH- RNNeV- [m2 �}`K� Q +�`�i2`
�#`�M;2Mi2 /� 2/m+�Ï½Q,

�`iX RǞ � 2/m+�Ï½Q �#`�M;2 Qb T`Q+2bbQb 7Q`K�iBpQb [m2 b2 /2b2MpQHp2K
M� pB/� 7�KBHB�`- M� +QMpBpāM+B� ?mK�M�- MQ i`�#�H?Q- M�b BMbiBimBÏǤ2b
/2 2MbBMQ 2 T2b[mBb�- MQb KQpBK2MiQb bQ+B�Bb 2 Q`;�MBx�ÏǤ2b /� bQ+B2/�/2
+BpBH 2 M�b K�MB72bi�ÏǤ2b +mHim`�BbX
Ȝ kǞ � 2/m+�Ï½Q 2b+QH�` /2p2`� pBM+mH�`@b2 �Q KmM/Q /Q i`�#�H?Q 2 ¨
T`�iB+� bQ+B�HXǴ

1 �BM/�-



*�TőimHQ eX h`BH?� T2/�;Ʀ;B+� 9N

ǳ�`iX jǞ P 2MbBMQ b2`� KBMBbi`�/Q +QK #�b2 MQb b2;mBMi2b T`BM+őTBQb,
s @ p�HQ`Bx�Ï½Q /� 2tT2`BāM+B� 2ti`�@2b+QH�`c sA @ pBM+mH�Ï½Q 2Mi`2 �
2/m+�Ï½Q 2b+QH�`- Q i`�#�H?Q 2 �b T`�iB+�b bQ+B�BbXǴ

�+`2/Bi�KQb [m2 � i`BH?� 2H�#Q`�/� �i2M/2 Qb T`2+2BiQb 2bi�#2H2+B/Qb M� G."-
i`�x2M/Q T2`iBMāM+B� �Q 2bim/Q 2 T`2T�`�M/Q Q /Bb+2Mi2 T�`� � pB/� T`Q}bbBQM�HX

eXk S`QTQbi� 2 �THB+�Ï½Q /�b �iBpB/�/2b
� i`BH?� T2/�;Ʀ;B+� 2H�#Q`�/� +QKQ T`Q/miQ 2/m+�+BQM�H /2bi2 i`�#�H?Q i2K +QKQ

T`QTQbi� `2H�+BQM�` /Bp2`bQb iƦTB+Qb /Q 2MbBMQ /2 K�i2K�iB+�- � }K /2 H2p�` Q �HmMQ �
�+mKmH�` `2T2`iƦ`BQ 2- �bbBK- +QKT`22M/2` �b 7mMÏǤ2b 2 +QKQ 2bi�b b2 �T`2b2Mi�K 2K b2m
+QiB/B�MQX

�b �iBpB/�/2b 7Q`�K /BbTQbi�b 2K �mH�b- /2 T2HQ K2MQb mK� ?Q`� 2 [m�`2Mi� KBMm@
iQb Uk i2KTQb /2 8y KBMmiQbV- b2M/Q `2�HBx�/�b 2K ;`mTQbX .2bi�+�KQb [m2 Q Tȹ#HB+Q �HpQ
/�b �iBpB/�/2b T`QTQbi�b M2bi� i`BH?� T2/�;Ʀ;B+� b½Q �HmMQb /Q 2MbBMQ Kû/BQX 1bi2 7�iQ
Q+Q``2 TQBb û MQ 2MbBMQ Kû/BQ QM/2 Q 2bim/Q /2 7mMÏǤ2b û 7Q`K�HBx�/Q 2 2bi2b �HmMQb D� b2
2M+QMi`�K M� BKBMāM+B� /Q BM;`2bbQ MQ K2`+�/Q /2 i`�#�H?QX SQ`ûK- [m�H[m2` �HmMQ +QK
7�KBHB�`B/�/2 2K TQ`+2Mi�;2K- Kû/B�b 2 TQi2M+B�Ï½Q- TQ/2 `2�HBx�` �b �iBpB/�/2bX � i`BH?�
TQ/2 b2` mb�/� T�`� [m2 Q �HmMQ i2M?� Q T`BK2B`Q +QMi�iQ +QK �b 7mMÏǤ2b 2tTQM2M+B�Bb 2
HQ;�`őiKB+�bX

.BpB/BKQb �b �iBpB/�/2b 2K +BM+Q 2i�T�b, 2i�T� T`2T�`�iƦ`B�- �T`2b2Mi�Ï½Q /Q T`Q@
#H2K�- +�H+mHQ /Q �mK2MiQ /Q b�H�`BQ- +�H+mHQ /Qb /2b+QMiQb 2 #2M27ő+BQb 2 +QKT�`�Ï½Q /Qb
#2M27ő+BQb /� �TQb2Mi�/Q`B� +QK Qmi`Qb BMp2biBK2MiQbX LQ BMő+BQ i2KQb mK� `2pBb½Q bQ#`2
Q +�H+mHQ /2 TQ`+2Mi�;2K- Kû/B�b 2 TQiāM+B�bX L� b2[māM+B�- Qb K2bKQb iƦTB+Qb /2b2MpQH@
pB/Qb M� �mH� �Mi2`BQ` b½Q `2H�+BQM�/Qb �Q KmM/Q /Q i`�#�H?QX �/B�Mi2- û T`QTQbi� mK�
T2b[mBb� bQ#`2 �bbmMiQb [m2 b2`½Q T2`iBM2Mi2b M�b T`ƦtBK�b �mH�bX *QMiBMm�M/Q- �b i`āb
�mH�b b2;mBMi2b iāK +QKQ Q#D2iBpQ- H2p�` Q �HmMQ � /2}MB` � 7mMÏ½Q 2tTQM2M+B�H- p2`B}+�`
bm� T`QT`B2/�/2 7mM/�K2Mi�H- 2bi�#2H2+2` bm� `2H�Ï½Q +QK Qb HQ;�`BiKQb 2- +QK mbQ /Q
:2Q;2#`�- Q#b2`p�` Q +QKTQ`i�K2MiQ /Q b2m ;`�}+QX SQ` }K- M�b /m�b ȹHiBK�b �mH�b- +QK
�mtőHBQ /2 T`Q;`�K�b /2 +`B�Ï½Q /2 TH�MBH?�b- /2KQMbi`�`2KQb +QK K�BQ` T`Q7mM/B/�/2
Q 7mM+BQM�K2MiQ /Q +�H+mHQ T`2pB/2M+B�`BQ #`�bBH2B`Q- /2i2`KBM�`2KQb p�HQ`2b /2 �TQb2M@
i�/Q`B�b T�`� mK i`�#�H?�/Q` ?BTQiûiB+Q 2 p2`B}+�`2KQb +QKQ Q �iQ /2 BMp2biB` +QK 7Q+Q
M� �TQb2Mi�/Q`B� TQ/2 7�x2` ;`�M/2 /B72`2MÏ� M� K�Mmi2MÏ½Q /� [m�HB/�/2 /2 pB/� /Q
i`�#�H?�/Q`X



*�TőimHQ eX h`BH?� T2/�;Ʀ;B+� 8y

eXj am;2biǤ2b �Q T`Q72bbQ`
hQ/� � b2[māM+B� /B/�iB+� 7QB 2bi`mim`�/� MmK 7Q`K�iQ T`Q;`2bbBpQ- /2 K�M2B`�

[m2 Q +QM?2+BK2MiQ b2D� �/[mB`B/Q /2 K�M2B`� +mKmH�iBp�X S2Mb�KQb [m2 � b2[māM+B� /2p2
b2` b2;mB/� M� Q`/2K 2bi�#2H2+B/�- � }K /2 [m2- �TƦb +�/� �iBpB/�/2- Q �HmMQ �/[mB`� Qb
+QM?2+BK2MiQb M2+2bb�`BQb T�`� �iBpB/�/2b TQbi2`BQ`2bX

hQ/Q Q TH�M2D�K2MiQ /�b �iBpB/�/2b 7QB 72BiQ +QMbB/2`�M/Q [m2 Q �HmMQ /2p2 b2` Q
T`Qi�;QMBbi� T`BM+BT�HX *QMbB/2`�KQb [m2 Q bm+2bbQ /�b �iBpB/�/2b /2T2M/2 /2 [m2 b2D�
Q �HmMQ [m2K 7�x �b �T`QtBK�ÏǤ2b ¨b `2bTQbi�b- Qb 2``Qb 2 �b /2b+Q#2`i�bX SQ` BbbQ- û
BKTQ`i�Mi2 [m2 Q T`Q72bbQ` T2`KBi� [m2 Q �HmMQ /2b2MpQHp� �b �iBpB/�/2b- [m2 KQiBp2 �Q
�HmMQ T�`� [m2 b2 iQ`M2 K�Bb �miƬMQKQ MQ T2`+m`bQ /�b �iBpB/�/2bX P T`Q72bbQ` T`2+Bb�
2bi�` T`ƦtBKQ /Qb �HmMQb MQ /2+Q``2` /�b �mH�b- K�b b2K BMi2`72`B` �iBp�K2Mi2 MQ T`Q+2bbQ
/2 /2b2MpQHpBK2MiQ /�b �iBpB/�/2bX ú p�HB/Q 2bi�#2H2+2` ;`mTQb /2 i`�#�H?Q /m`�Mi2 iQ/Q Q
T2`+m`bQ /� i`BH?�- T2`KBiBM/Q [m2 Qb T`ƦT`BQb �HmMQb 2bi�#2H2Ï�K mK� `QiBM� /2 i`�#�H?QX
ú BKTQ`i�Mi2 [m2 Q T`Q72bbQ` T2`+2#� b2 ?� �H;mK ǳT`Q#H2K�Ǵ[m2 2bi� BKT2/BM/Q Q �p�MÏQ
/�b �iBpB/�/2b 2 T`QTQM?� TQbbőp2Bb +�KBM?Qb T�`� `2bQHp2` Q T`Q#H2K�- b2K /�` `2bTQbi�b
T`QMi�b- T2`KBiBM/Q �Q �HmMQ /�` +QMiBMmB/�/2 �Q /2b2MpQHpBK2MiQ /� �iBpB/�/2X

S�`� ;�`�MiB` K2H?Q` �T`Qp2Bi�K2MiQ /� `2�HBx�Ï½Q /�b �iBpB/�/2b- /BbTQMB#BHBx�@
KQb Q HBMF /�b i�#2H�b 2H2i`ƦMB+�b [m2 b2`½Q /2b2MpQHpB/�b 2 miBHBx�/�b M�b [m2biǤ2b /�b
�mH�b d 2 3X

?iiTb,ff/Q+bX;QQ;H2X+QKfbT`2�/b?22ibf/fRZ_666#�l/"6M@utTAw2>:u68_ek#@
eiCis#sdu79B1�f2/Bi\mbT4b?�`BM;

LQ T`Q/miQ 2/m+�+BQM�H- �H;mK�b /�b �iBpB/�/2b T`QTQbi�b +QMi�K +QK bm;2biǤ2b
�Q T`Q72bbQ`- � }K /2 /�` bmTQ`i2 � 2bi2 /m`�Mi2 bm� T`�iB+� /Q+2Mi2X

S�`� K2Mbm`�` Q MBp2H /2 2Mi2M/BK2MiQ �Mi2b 2 /2TQBb /� `2�HBx�Ï½Q /�b �iBpB/�/2b
DmMiQ �Qb �HmMQb- +`B�KQb mK 7Q`KmH�`BQ mb�M/Q Q :QQ;H2 7Q`KbX o�KQb 2tTHB+�` +QK K�Bb
/2i�H?2 BM7Q`K�ÏǤ2b bQ#`2 Q 7Q`KmH�`BQ M� b2Ï½Q �XR /Q �TāM/B+2 �X

eX9 � i`BH?� T2/�;Ʀ;B+�

RǗ 2i�T�, S`2T�`�Ê¸Q

�mH� R , *�H+mHQ /2 TQ`+2Mi�;2K- Kû/B�b 2 TQi2M+B�Ï½QX

P#D2iBpQ, _2pBb�` Qb +QM+2BiQb /2 TQ`+2Mi�;2K- Kû/B�b 2 TQi2M+B�Ï½QX

J�i2`B�H miBHBx�/Q, HBbi� BKT`2bb� +QK �iBpB/�/2b T`QTQbi�bX

�mH�UbV M2+2bb�`B�UbV, R?Q`� 2 9y KBMmiQb Uk �mH�b /2 8y KBMmiQbV

https://docs.google.com/spreadsheets/d/1QRFFFbaUdBFn-YxpIZeHGYF5R62b-6tJtXbX7Yf4iEA/edit?usp=sharing
https://docs.google.com/spreadsheets/d/1QRFFFbaUdBFn-YxpIZeHGYF5R62b-6tJtXbX7Yf4iEA/edit?usp=sharing
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Zm2bi½Q RXR *�H+mH2 �b TQ`+2Mi�;2Mb �#�BtQ,

U�V RyW /2 kyy

U#V R8W /2 jyy

U+V kkW /2 3y

U/V RdW /2 Ny

U2V k8W /2 Rkyy

U7V Rk-8W /2 Nyy

U;V N-dW /2 3yy

U?V Rj-9W /2 R8k

UBV kk-3W /2 k89e

Zm2bi½Q RXk � BK�;2K M� };m`� Rd `2T`2b2Mi� Q T`2ÏQ /� #�M�M� MmK� 72B`� /2 `m�X

aQ#`2 Q T`2ÏQ BMB+B�H /� #�M�M�- `2bTQM/�,

6B;m`� Rd Ĝ 6B;m`� /� [m2bi½Q RXkX

U�V Zm�H b2`� Q T`2ÏQ /� #�M�M� �TƦb mK �mK2MiQ /2 RyW \

U#V Zm�H b2`� Q T`2ÏQ /� #�M�M� �TƦb mK /2b+QMiQ /2 R8W- 2K `2H�Ï½Q �Q T`2ÏQ Q#iB/Q
MQ Bi2K �V\

U+V a2 � #�M�M� T�bb�` � b2` p2M/B/� � N-ky- [m�H b2`� Q T2`+2Mim�H /2 �mK2MiQ �THB+�/Q
�Q b2m T`2ÏQ BMB+B�H\

U/V a2 � #�M�M� T�bb�` � b2` p2M/B/� � e-9y- [m�H b2`� Q T2`+2Mim�H /2 /2b+QMiQ �THB+�/Q-
2K `2H�Ï½Q �Q p�HQ` Q#iB/Q MQ Bi2K #V\

Zm2bi½Q RXj .2i2`KBM2 � Kû/B� �`BiKûiB+� /Qb p�HQ`2b `2T`2b2Mi�/Qb �#�BtQ,

U�V kj- 98- dj- d3- N9

U#V Ryy- jk3- 98k- 83R- Ndj- jk8

U+V Rk93- 9k39- jRk9
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Zm2bi½Q RX9 G2B� Qb T`Q#H2K�b �#�BtQ 2 `2bTQM/�,

U�V L� T`Qp� T�`� mK +�`;Q M� 2M72`K�`B� /Q ?QbTBi�H- mK� +�M/B/�i� 72x e TQMiQb M�
T`Qp� /2 +QM?2+BK2MiQb 2bT2+ő}+Qb- 9 TQMiQb 2K +QM?2+BK2MiQb ;2`�Bb 2 8 TQMiQb
2K SQ`im;mābX .2i2`KBM2 � Kû/B� TQM/2`�/� /�b MQi�b /2bb� +�M/B/�i� b�#2M/Q
[m2 Qb `2bT2+iBpQb T2bQb b½Q 8- j 2 kX

U#V a�#2M/Q [m2 mK �HmMQ Q#i2p2 �b MQi�b 3- N- e 2 3 2 [m2 2bb�b MQi�b iāK- `2bT2+iBp�@
K2Mi2- Qb T2bQb k- k- j 2 j- +�H+mH2 � bm� Kû/B�X

U+V � B/�/2 Kû/B� /Qb K2MBMQb �i2M/B/Qb 2K mK� +HőMB+� T2/B�i`B+� 7QB e �MQb 2 /�b
K2MBM�b- 3X P MȹK2`Q /2 K2MBMQb 2`� k8 2 Q /2 K2MBM�b- jyX 1Mi½Q- [m�H � B/�/2
Kû/B� /�b +`B�MÏ�b �i2M/B/�b\

U/V L� 7�`K�+B� /2 mK ?QbTBi�H mMBp2`bBi�`BQ 7QB 72Bi� mK� BMbT2Ï½Q MQ HQi2 /2 /2i2`KB@
M�/Q `2Kû/BQ 2K +QKT`BKB/QbX 6Q`�K 2M+QMi`�/�b,

Ç k 2K#�H�;2Mb +QK e +QKT`BKB/Qbc

Ç 9 2K#�H�;2Mb +QK d +QKT`BKB/Qbc

Ç 9 2K#�H�;2Mb +QK 8 +QKT`BKB/Qbc

Ç j 2K#�H�;2Mb +QK 3 +QKT`BKB/QbX

Zm�H 7QB � Kû/B� TQM/2`�/� /2 +QKT`BKB/Qb TQ` 2K#�H�;2K\

Zm2bi½Q RX8 *�H+mH2 �b TQiāM+B�b,

U�V 23 U#V 54 U+V 80 U/V 103 U2V 72 U7V 81

am;2bi½Q �Q T`Q72bbQ`, 1bi� �mH� /2 `2pBb½Q +QMbBbi2 2K �iBpB/�/2b `2H�iBp�K2Mi2
bBKTH2b TQBb Qb �HmMQb /�b im`K�b QM/2 �b K2bK�b 7Q`�K �THB+�/�b- +�``2;�p�K KmBi�b
/B}+mH/�/2b /Qb �MQb �Mi2`BQ`2b TQ` +QMi� /� T�M/2KB�X Pb �bbmMiQb i`�i�/Qb M�b [m2b@
iǤ2b b½Q Qb [m2 +QMbB/2`�KQb 7mM/�K2Mi�Bb T�`� Q �HmMQ +QMb2;mB` 2M+�`�` �b b2;mBMi2b
�iBpB/�/2bX � �mH� 7QB T2Mb�/� T�`� b2` /2b2MpQHpB/� BMi2B`�K2Mi2 T2HQb �HmMQb- K�b TQ/2
b2` 7�+BHK2Mi2 �/2[m�/� T2HQ T`Q72bbQ` /2 �+Q`/Q +QK �b +�T�+B/�/2b /Qb �HmMQb [m2 `2�HB@
x�`½Q �b �iBpB/�/2bX SQ` 2t2KTHQ- }+� � +`Biû`BQ /Q T`Q72bbQ` � `2�HBx�Ï½Q /2 mK� 2tTQbBÏ½Q
/� K�iû`B�- 72Bi� T`ûpB� UQm TQbi2`BQ`V �Q /2b2MpQHpBK2MiQ /�b �iBpB/�/2b T`QTQbi�b M2bi�
�mH�X
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kǗ 2i�T�, �T`2b2Mi�Ê¸Q /Q T`Q#H2K�

�mH� k , �THB+�Ï½Q /Qb +QM+2BiQb /2 TQ`+2Mi�;2K- Kû/B�b 2 TQi2M+B�Ï½Q MQ +QMi2tiQ /Q
K2`+�/Q /2 i`�#�H?QX

P#D2iBpQ, �THB+�` Qb +QM+2BiQb /2 TQ`+2Mi�;2K- Kû/B�b 2 TQi2M+B�Ï½Q- `2pBbiQb M�
�mH� �Mi2`BQ`- miBHBx�M/Q i2`KQb 2 Q#D2iQb `2H�+BQM�/Qb �Q K2`+�/Q /2 i`�#�H?QX

J�i2`B�H miBHBx�/Q, HBbi� BKT`2bb� +QK �iBpB/�/2b T`QTQbi�bX

�mH�UbV M2+2bb�`B�UbV, R?Q`� 2 9y KBMmiQb Uk �mH�b /2 8y KBMmiQbV

Zm2bi½Q kXR � };m`� R3 û Q +QMi`�+?2[m2 /2 mK T`Q72bbQ` /� `2/2 2bi�/m�H /2 2MbBMQX

6B;m`� R3 Ĝ *QMi`�+?2[m2 /2 mK i`�#�H?�/Q`X

L2bi2 +QMi`�+?2[m2- TQ/2KQb Q#b2`p�` [m2 2bb2 T`Q72bbQ` i2K p�HQ`2b � `2+2#2` 2
p�HQ`2b � /2b+QMi�` /Q b2m b�H�`BQX lK /2bb2b /2b+QMiQb U3NN9 @ _APS_1oA.ĀL*A� 6A@
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L�L* @ �hAoPaV û `272`2Mi2 � bm� T`2pB/āM+B�- Qm b2D�- û /2biBM�/Q � bm� �TQb2Mi�/Q`B�X
�;Q`�- bQ#`2 2bb2 +QMi`�+?2[m2- `2bTQM/�,

U�V Zm�H Q T2`+2Mim�H /2 /2b+QMiQ 2K `2H�Ï½Q �Q b�H�`BQ /Q T`Q72bbQ`\ *QMbB/2`2 jjR8-9R
+QKQ #�b2 /2 +�H+mHQX

U#V �Q `2+2#2` mK �mK2MiQ /2 kyW bQ#`2 bm� #�b2 /2 +�H+mHQ- [m�H b2`B� b2m MQpQ p�HQ`\

U+V �TƦb Q �mK2MiQ /Q Bi2K �Mi2`BQ`- [m�H b2`B� Q p�HQ` /Q /2b+QMiQ T`2pB/2M+B�`BQ-
K�MiB/� � K2bK� T`QTQ`Ï½Q\

Zm2bi½Q kXk *QMbB/2`2KQb � i�#2H� j- [m2 /2b+`2p2 � 2pQHmÏ½Q b�H�`B�H /2 mK� +2`i�

i`�#�H?�/Q`� /m`�Mi2 ky �MQbX

h�#2H� j Ĝ 1pQHmÏ½Q b�H�`B�H /2 mK� i`�#�H?�/Q`�

�MQ a�H�`BQ �MQ a�H�`BQ
Rê _0 Nyy-yy RRê _0 R9e8-Ne
kê _0 N98-yy Rkê _0 R8jN-k8
jê _0 NNk-k8 Rjê _0 ReRe-kR
9ê _0 Ry9R-3e R9ê _0 ReNd-yk
8ê _0 RyNj-N8 R8ê _0 Rd3R-3d
eê _0 RR93-e9 Reê _0 R3dy-Ne
dê _0 Rkye-yd Rdê _0 RNe9-8y
3ê _0 Rkee-jd R3ê _0 kyek-dk
Nê _0 RjkN-e3 RNê _0 kRe8-38
Ryê _0 RjNe-Re kyê _0 kkd9-R9

U�V *QK #�b2 M� i�#2H� j- /2i2`KBM2 � Kû/B� /Qb b�H�`BQb `2+2#B/Qb T2H� i`�#�H?�/Q`�X

U#V .2i2`KBM2 dyW 2 3yW /� Kû/B� /Qb b�H�`BQb `2+2#B/Qb T2H� i`�#�H?�/Q`�X

am;2bi½Q �Q T`Q72bbQ`, �Q }M�H /�b �iBpB/�/2b- û 7mM/�K2Mi�H [m2 Qb �HmMQb +QK@
T`22M/�K [m2 Qb +�H+mHQb T`2b2Mi2b M� [m2bi½Q kXk b½Q � #�b2 T�`� � /2}MBÏ½Q /Q p�HQ`
/� �TQb2Mi�/Q`B�X S�`� i�MiQ- û BMi2`2bb�Mi2 BMB+B�` mK� /Bb+mbb½Q bQ#`2 Qb `2bmHi�/Qb Q#@
iB/QbX 1bb� `2~2t½Q TQ/2 +QMi`B#mB` T�`� mK� K�BQ` +QMb+B2MiBx�Ï½Q bQ#`2 � BKTQ`i�M+B�
/2 TH�M2D�` � �TQb2Mi�/Q`B� 2 Qb /2b�}Qb [m2 KmBiQb i`�#�H?�/Q`2b 2M7`2Mi�K M2bi� MQp�
7�b2 /� pB/�X
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�mH� j , S2b[mBb� bQ#`2 � `2�HB/�/2 b�H�`B�H /� `2;B½Q 2 2bim/Q /B`B;B/Q � T�`iB` /�b
BM7Q`K�ÏǤ2b Q#iB/�b M� T2b[mBb�X

P#D2iBpQ, aBim�` Qb �HmMQb bQ#`2 � `2�HB/�/2 b�H�`B�H /� `2;B½Q QM/2 pBp2K 2 �THB+�`
Qb +QM+2BiQb �T`2M/B/Qb M�b �iBpB/�/2b �Mi2`BQ`2b /2Mi`Q /�b bm�b `2�HB/�/2b ;2Q;`�}+�bX

J�i2`B�H miBHBx�/Q, �+2bbQ � BMi2`M2iX

�mH�UbV M2+2bb�`B�UbV, R?Q`� 2 9y KBMmiQb Uk �mH�b /2 8y KBMmiQbV

Zm2bi½Q jXR .BpB/BM/Q � im`K� 2K ;`mTQb /2 9 �iû 3 �HmMQb- T2`7�x2M/Q mK iQi�H /2

�iû e ;`mTQb- T`QTQM?� � b2;mBMi2 T2b[mBb�,

U�V *QKQ û +�H+mH�/Q Q p�HQ` /� �TQb2Mi�/Q`B�\

U#V Zm�H Q p�HQ` /2b+QMi�/Q /Q b�H�`BQ /2biBM�/Q � �TQb2Mi�/Q`B�\

U+V Zm�H � B/�/2 KőMBK� T�`� � �TQb2Mi�/Q`B�\

U/V Zm�H � 2tT2+i�iBp� /2 pB/� Kû/B� /Q #`�bBH2B`Q\ 1 /Qb ?�#Bi�Mi2b /� bm� `2;B½Q\

U2V Zm�H Q b�H�`BQ Kû/BQ /� `2;B½Q QM/2 pQ+ā pBp2\

U7V 1K +QKT�`�Ï½Q +QK Q b�H�`BQ Kû/BQ #`�bBH2B`Q- Q b�H�`BQ /� bm� `2;B½Q û K�BQ`-
K2MQ` Qm B;m�H\ a2 � Kû/B� b�H�`B�H 7Q` /B72`2Mi2 /� M�+BQM�H- [m�H � T`QTQ`Ï½Q
/2bb� /B72`2MÏ�\

am;2bi½Q �Q T`Q72bbQ`, � `2�HBx�Ï½Q /2bi� �iBpB/�/2 TQ/2 b2` /Bp2`bB}+�/�- b2M/Q
2t2+mi�/� +QKQ �T`2b2Mi�Ï½Q /2 b2KBM�`BQb- T2b[mBb�- `2bmKQ- K�T� K2Mi�H Qm Qmi`Qb
BMbi`mK2MiQb T`QTQbiQbX S�`2+2 BKTQ`i�Mi2 [m2 Qb �HmMQb TQbb�K T2b[mBb�`- 7Q`� /� �mH�-
BM7Q`K�ÏǤ2b bQ#`2 �b [m2biǤ2b T`QTQbi�bX

jǗ 2i�T�, *{H+mHQ /Q �mK2MiQ /Q b�H{`BQ

�mH� 9 , �iBpB/�/2b miBHBx�M/Q Qb +QM+2BiQb �T`2M/B/Qb M�b �mH�b �Mi2`BQ`2b T�`� /2i2`@
KBM�` Q �mK2MiQ /2 b�H�`BQ /2 mK i`�#�H?�/Q`X

T�`� /2i2`KBM�` Q b�H�`BQ /Q i`�#�H?�/Q`- 2bi�KQb mb�M/Q mK� 7mMÏ½Q 2tTQM2M+B�HX

P#D2iBpQ, �i`�pûb /Q +�H+mHQ /2 �im�HBx�Ï½Q b�H�`B�H /2 mK i`�#�H?�/Q`- +QM+HmB`
[m2 T`2+Bb�KQb +�H+mH�` Qb p�HQ`2b /2 mK� /2i2`KBM�/� 7mMÏ½Q 2tTQM2M+B�HX

J�i2`B�H miBHBx�/Q, HBbi� BKT`2bb� +QK �iBpB/�/2b T`QTQbi�bX

�mH�UbV M2+2bb�`B�UbV, R?Q`� 2 9y KBMmiQb Uk �mH�b /2 8y KBMmiQbV

L2bi� �mH�- p�KQb mb�` � i�#2H� 9 [m2 2bi� M� b2Ï½Q �XkX
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Zm2bi½Q 9XR lK i`�#�H?�/Q` BMB+B� bm� pB/� T`Q}bbBQM�H 2K kyk9X P ;Qp2`MQ �im�H

T`QTƬb mK �mK2MiQ /Q b�H�`BQ KőMBKQ /2 e-eWX *QMbB/2`�M/Q [m2 2bi2 �mK2MiQ b2 iQ`M�
}tQ- Qm b2D�- iQ/Qb Qb �MQb i`�#�H?�/Qb �TƦb kyk9 �T`2b2Mi�`½Q Q K2bKQ �mK2MiQ MQ
b�H�`BQ KőMBKQX

SQ` +�/� `2�H [m2 Q i`�#�H?�/Q` `2+2#2 2K kyk9-

U�V Zm�MiQ p�B `2+2#2` 2K kyk8\

U#V 1 2K kyke\

U+V 1 2K kykd\

U/V 1 2K kyk3\

U2V 1 2K kyjy\

U7V 1 2K kyj8\

U;V 1 2K ky8y\

U?V 1 2K ky8N\

Zm2bi½Q 9Xk �bbmKBM/Q [m2 mK i`�#�H?�/Q` #`�bBH2B`Q Kû/BQ 2 mK i`�#�H?�/Q` ;QM@

Ï�H2Mb2 Kû/BQ BMB+B�K bm� pB/� T`Q}bbBQM�H 2K kyk9 2 [m2 Qb b�H�`BQb b2`½Q `2�Dmbi�/Qb �
mK� i�t� }t� /2 e-eW �Q �MQ- `2bTQM/�X

U�V Zm�H p�B b2` Q b�H�`BQ /2 +�/� i`�#�H?�/Q` 2K kyk8\ 1K kyjy\ 1K kyj8\ 1K ky8N\

U#V SQ/2`B� 2b+`2p2` mK� 7Ʀ`KmH� bBKTH2b T�`� `2T`2b2Mi�` � 2pQHmÏ½Q b�H�`B�H /2bi2
i`�#�H?�/Q`\ Zm�H b2`� Q b�H�`BQ /Q i`�#�H?�/Q` MQ �MQ /2 kyk9YM\

P#b2`p�Ï½Q, *QKQ `2bmHi�/Q /� T2b[mBb� /� �mH� �Mi2`BQ`- Qb �HmMQb /2p2K i2` �+?�/Q
mK� 7QMi2 T�`� b�#2` Qb b�H�`BQb Kû/BQb #`�bBH2B`Q 2 ;QMÏ�H2Mb2X lK� 7QMi2 +QM}�p2H û Q
bBi2 /Q A":1- p2` UB#;2- kyk9VX

am;2bi½Q �Q T`Q72bbQ`, � }K /2 `2bTQM/2` ¨b [m2biǤ2b 9XR 2 9Xk- û B/2�H � +`B�Ï½Q
/2 mK� i�#2H� +QK i`āb +QHmM�b 2bT2+ő}+�bX � T`BK2B`� /2H�b b2`B� T`22M+?B/� +QK Qb �MQb
2 �b /2K�Bb b2`B�K miBHBx�/�b T�`� +�H+mH�` Q �mK2MiQ T2`+2Mim�H TQ` +�/� `2�H ;�M?Q- 2 �
Qmi`� T�`� `2;Bbi`�` Q p�HQ` iQi�H /Q �mK2MiQ b�H�`B�H 2K +�/� �MQ Up2` i�#2H� 9- M� b2Ï½Q
�Xk /Q �TāM/B+2 �VX

LQ Bi2K #V /� [m2bi½Q 9Xk- û 2bT2`�/Q [m2 Q �HmMQ +?2;m2 ¨ b2;mBMi2 7mMÏ½Q,

S(n) = A · (1 + 6, 6/100)n QM/2 A û Q b�H�`BQ 2K 2024.

o�KQb mb�` � MQi�Ï½Q s(n) = (1 + 6, 6/100)nX AbbQ bB;MB}+� [m2 S(n) = A · s(n).

�mH� 8 , .2KQMbi`�`- �i`�pûb /� +QKT�`�Ï½Q b�H�`B�H 2Mi`2 /QBb i`�#�H?�/Q`2b- � T`Q@
T`B2/�/2 s(n+m) = s(n) · s(m) 2 2bi�#2H2+2` � `2H�Ï½Q an = b ⇐⇒ loga(n) = bX
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P#D2iBpQ, �i`�pûb /� +QKT�`�Ï½Q b�H�`B�H 2Mi`2 /QBb i`�#�H?�/Q`2b- H2p�` Q �HmMQ
� /2/mxB` 2 +QKT`22M/2` � T`QT`B2/�/2 s(n + m) = s(n) · s(m) 2 �T`2b2Mi�` �Q �HmMQ �
`2H�Ï½Q an = b ⇐⇒ loga(n) = b- M2+2bb�`B� T�`� /2i2`KBM�` Q i2KTQ /2+Q``B/Q �iû +�/�
i`�#�H?�/Q` �H+�MÏ�` /2i2`KBM�/Q T�i�K�` b�H�`B�HX

J�i2`B�H miBHBx�/Q, HBbi� BKT`2bb� +QK �iBpB/�/2b T`QTQbi�bX

�mH�UbV M2+2bb�`B�UbV, R?Q`� 2 9y KBMmiQb Uk �mH�b /2 8y KBMmiQbV

L2bi� �mH�- p�KQb mb�` � i�#2H� 8 [m2 2bi� M� b2Ï½Q �XkX

Zm2bi½Q 8XR o�KQb �bbmKB` [m2 Q p�HQ` /Q b�H�`BQ KőMBKQ � T�`iB` /2 kyk9- p�B b2`

/2i2`KBM�/Q T2HQ �mK2MiQ }tQ /2 e-eW � +�/� �MQX �;Q`�- bmTQM?� /QBb i`�#�H?�/Q`2b
UhR 2 hkV ;�M?�M/Q Q b�H�`BQ KőMBKQX lK /2H2b UhRV +QK2ÏQm � bm� pB/� H�#Q`�H 2K kyk9
2 Q Qmi`Q UhkV 2K kykNX .2i2`KBM2,

U�V Zm�H p�B b2` Q b�H�`BQ BMB+B�H /2 +�/� mK /Qb i`�#�H?�/Q`2b\

U#V Zm�H Q b�H�`BQ /Qb i`�#�H?�/Q`2b 2K kyjj\

U+V 1 [m�H Q b�H�`BQ /2H2b 2K 2K kyjN\

.B+�, liBHBx2 Q `�+BQ+őMBQ /� [m2bi½Q 9XRX a2;mM/Q Q UB#;2- kyk9V- Q b�H�`BQ KőMBKQ /2
kyk9 û _0R9RkX

P#b2`p�ÏǤ2b, S2HQ 2MmM+B�/Q /� [m2bi½Q- û ǳ2bT2`�/QǴ[m2 Q �HmMQ 2Mi2M/� [m2 Q
b�H�`BQ /2 hR 2 hk +QBM+B/2 2K iQ/Qb Qb �MQb 2K [m2 Qb /QBb 2bi½Q i`�#�H?�M/Q bBKmHi�M2�@
K2Mi2X LQ b2;mM/Q KQK2MiQ- mb�M/Q � 7Ʀ`KmH� /2 s(n) 2 Q [m2 D� b�#2 bQ#`2 Qb b�H�`BQb /2
hR 2 hk- Q Q#D2iBpQ û [m2 Q �HmMQ +?2;m2 � +QM+HmB` � T`QT`B2/�/2 s(n+m) = s(n) · s(m).

�b b2;mBMi2b +QM+HmbǤ2b 7�x2K T�`i2 /� �`;mK2Mi�Ï½Q M2+2bb�`B� T�`� `2bQHp2` � �iBpB/�/2X

Ç P b�H�`BQ /2 hR 2K kyk9 û �X P b�H�`BQ /2 hk 2K kykN û S(5) = s(5) · AX

Ç P b�H�`BQ /2 hR 2K kyjj û S(9) = s(9) ·AX P b�H�`BQ /2 hk 2K kyj9 û s(4) · s(5) ·A.
*QKQ Qb b�H�`BQb b½Q B;m�Bb- i2KQb [m2 � 7mMÏ½Q s b�iBb7�x � T`QT`B2/�/2 s(9) =

s(4 + 5) = s(4) · s(5).

Ç P b�H�`BQ /2 hR 2K kyjN û S(15) = s(15)·AX P b�H�`BQ /2 hk 2K kyjN û s(10)·s(5)·AX
*QKQ Qb b�H�`BQb b½Q B;m�Bb- i2KQb [m2 � 7mMÏ½Q s b�iBb7�x � T`QT`B2/�/2 s(15) =

s(10 + 5) = s(10) · s(5).

Ç SQ/2KQb p2`B}+�` [m2 s(n +m) = s(n) · s(m)- T�`� iQ/Qb Qb MȹK2`Qb M�im`�Bb n 2
mX �HûK /BbbQ i2KQb [m2 s(0) = 1X

Zm2bi½Q 8Xk amTQM/Q [m2 Qb i`�#�H?�/Q`2b hR 2 hk U/� [m2bi½Q �Mi2`BQ`V b2 �TQ@
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b2Mi�`�K 2K KQK2MiQb /BbiBMiQb- QM/2 M2M?mK /Qb /QBb 7QB +QMi2KTH�/Q +QK RyyW /Q
#2M27ő+BQ T`2pB/2M+B�`BQX .2i2`KBM2 [m�H Q �MQ /2 �TQb2Mi�/Q`B� /2 +�/� mK /Qb i`�#�@
H?�/Q`2b- b�#2M/Q [m2,

U�V P ȹHiBKQ b�H�`BQ `2+2#B/Q T2HQ i`�#�H?�/Q` hR 7QB _08Xdey-N9X

U#V P ȹHiBKQ b�H�`BQ `2+2#B/Q T2HQ i`�#�H?�/Q` hk 7QB _0NXeye-R3X

am;2bi½Q �Q T`Q72bbQ`, �[mB Q T`Q72bbQ` TQ/2 7�x2` mK� #`2p2 �T`2b2Mi�Ï½Q /�
7mMÏ½Q 2tTQM2M+B�H 2 /� 7mMÏ½Q HQ;�`BiKQ- +?�K�M/Q � �i2MÏ½Q /2 mK 7�iQ BKTQ`i�Mi2X
h2M/Q mK� 7mMÏ½Q s [m2 b�iBb7�x s(0) = 1 2 i�H [m2 T�`� iQ/Q n,m ∈ N- p�H2 [m2

s(n+m) = s(n) · s(m); UeXRV

b2 2bi2M/2KQb � 7mMÏ½Q s /2 K�M2B`� � 2bi�` /2}MB/� 2K R- +QMb2`p�M/Q � T`QT`B2/�/2
UeXRV- K�b �;Q`� T�`� iQ/Q n,m ∈ R- p�KQb Q#i2` � 7mMÏ½Q 2tTQM2M+B�HX 1bi2 7�iQ 7QB
T`Qp�/Q MQ i2Q`2K� /2 +�`�+i2`Bx�Ï½Q /� 7mMÏ½Q 2tTQM2M+B�H- p2` i2Q`2K� jX9X

SQ` Qmi`Q H�/Q- M� ?Q`� /2 7�H�` /� 7mMÏ½Q HQ;�`BiKQ- TQ/2 +?�K�` � �i2MÏ½Q ¨
[m2bi½Q 8Xk QM/2 � 7mMÏ½Q �T�`2+2 +QKQ � BMp2`b� /� 2tTQM2M+B�HX

�mH� e , liBHBx�` Q �THB+�iBpQ :2Q:2#`� T�`� `2H�+BQM�` � p�`B�Ï½Q b�H�`B�H /2 mK i`�@
#�H?�/Q` 2 Q ;`�}+Q /� 7mMÏ½Q 2tTQM2M+B�HX

P#D2iBpQ, "�b2�M/Q@b2 M�b BM7Q`K�ÏǤ2b �+mKmH�/�b M�b �mH�b �Mi2`BQ`2b- miBHBx�` Q
;2Q;2#`� T�`� /2KQMbi`�`- �i`�pûb /Q +QKTQ`i�K2MiQ /� p�`B�Ï½Q b�H�`B�H /2 mK i`�#�@
H?�/Q`- Q +QKTQ`i�K2MiQ /Q ;`�}+Q /� 7mMÏ½Q 2tTQM2M+B�HX

J�i2`B�H miBHBx�/Q, HBbi� BKT`2bb� +QK �iBpB/�/2b T`QTQbi�b 2 +QKTmi�/Q` +QK
�+2bbQ � BMi2`M2iX

�mH�UbV M2+2bb�`B�UbV, R?Q`� 2 9y KBMmiQb Uk �mH�b /2 8y KBMmiQbV

Zm2bi½Q eXR liBHBx�M/Q �b BM7Q`K�ÏǤ2b /�b �mH�b �Mi2`BQ`2b- p�KQb BMb2`B` Qb p�HQ`2b

2M+QMi`�/Qb MQ T`Q;`�K� :2Q:2#`� 2 `2bTQM/2` �H;mK�b [m2biǤ2bX

U�V o�KQb mb�` � 7mMÏ½Q a2[māM+B� U2tT`2bb½Q- p�`B�p2H- p�HQ` BMB+B�H- p�HQ` }M�HV /Q
:2Q;2#`�X SQ/2KQb +QHQ+�` Qb /�/Qb /� b2;mBMi2 7Q`K�,

UBV L� T`BK2B`� HBM?� /2}MB`2KQb � 7mMÏ½Q s(n) = 1, 066n Up2` };m`� RNV- [m2
`2T`2b2Mi� Q ;�M?Q /2 +�/� `2�H /Q b�H�`BQ /2 mK i`�#�H?�/Q`- p2` Zm2biǤ2b
9XR 2 9XkX
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6B;m`� RN Ĝ �iBpB/�/2 2K ;2Q;2#`� U�V

UBBV L� b2;mM/� HBM?�- miBHBx�`2KQb Q +QK�M/Q a2[māM+B�((n, s(n)), n, 0, 20)- Qm
b2D�- MQ T`BK2B`Q Hm;�` /� 7mMÏ½Q +QHQ+�KQb Q T�` Q`/2M�/Q (n, s(n))c MQ b2@
;mM/Q Hm;�` � p�`B�p2H [m2 2bi�KQb mb�M/Q Un M2bi2 +�bQVc MQ i2`+2B`Q Hm;�`
Q p�HQ` BMB+B�H /� p�`B�p2H n Uy M2bi2 +�bQV 2 MQ [m�`iQ Hm;�` � p�HQ` }M�H /�
p�`B�p2HX o2` };m`� kyX

6B;m`� ky Ĝ �iBpB/�/2 2K ;2Q;2#`� U#V

UBBBV � b2;mB`- TQ/2KQb Km/�` bQK2Mi2 Q p�HQ` }M�H /� p�`B�p2H nX SQ/2KQb 7�x2`
T�`� p�HQ` }M�H B;m�H � 9y 2 kyy
Ç a2[māM+B�((n, s(n)), n, 0, 40)
Ç a2[māM+B�((n, s(n)), n, 0, 200)X

UBpV 6�Ï� mK xQQK Qmi MQ ;`�}+Q Q#iB/Q MQ }M�H /Q Bi2K �Mi2`BQ`- /2 K�M2B`� �
[m2- T2HQ K2MQb- Q BMő+BQ /Q ;`�}+Q i2M?� �T�`āM+B� /2 mK� +m`p� +QMiőMm�X

U#V � T�`iB` /� BK�;2K Q#b2`p�/�- [m�H Q +QKTQ`i�K2MiQ /� +m`p� [m�M/Q BMb2`BKQb
p�HQ`2b K�BQ`2b MQ ȹHiBKQ Bi2K /� 7mMÏ½Q a2[māM+B�\

U+V 1K ;`mTQ- /Bb+mi� +QKQ Q +QKTQ`i�K2MiQ /� 7mMÏ½Q 2bi� T`2b2Mi2 2K Qmi`Qb T`Q@
#H2K�b /Q +QiB/B�MQX

am;2bi½Q �Q T`Q72bbQ`, LQ }M�H /2bi� �iBpB/�/2- TQ/2K b2` �T`2b2Mi�/Qb T�`� Qb �HmMQb
Qb ;`�}+Qb /�b 7mMÏǤ2b 2tTQM2M+B�BbX �T`Qp2Bi�M/Q �BM/� � 7mMÏ½Q a2[māM+B� /Q :2Q;2@
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#`�- TQ/2K b2` 72BiQb Qmi`Qb 2t2KTHQb /2 ;`�}+Qb- Km/�M/Q bQK2Mi2 � 7mMÏ½Q s(n). ú
mK KQK2MiQ �/2[m�/Q T�`� KQbi`�` [m2 Q +`2b+BK2MiQ Qm /2+`2b+BK2MiQ /�b 7mMÏǤ2b
2tTQM2M+B�Bb /2T2M/2 bƦ /� #�b2 [m2 �T�`2+2 2K s(n)X � 7mMÏ½Q +`2b+2 [m�M/Q � #�b2 û
K�BQ` /Q [m2 R 2 /2+`2b+2 [m�M/Q û K2MQ` /Q [m2 RX

9Ǘ 2i�T�, *{H+mHQ /Qb /2b+QMiQb 2 #2M27Ō+BQb

�mH� d , *�H+mHQ /Q /2b+QMiQ T`2pB/2M+B�`BQ 2 /2i2`KBM�Ï½Q /� �TQb2Mi�/Q`B� /2 mK
i`�#�H?�/Q`X

P#D2iBpQ, �T`2b2Mi�` �Q �HmMQ +QM+2BiQb #�bB+Qb /Q bBbi2K� i`�#�H?Bbi� 2 T`2pB/2M@
+B�`BQ #`�bBH2B`Q 2 �T`Q7mM/�K2MiQ /Qb +QM+2BiQb K�i2K�iB+Qb �+2`+� /� 7mMÏ½Q 2tTQM2M@
+B�HX �HûK /2 i`�#�H?�` Q /2b2MpQHpBK2MiQ /2 ?�#BHB/�/2b +QK 72``�K2Mi�b /B;Bi�Bb /2
+`B�Ï½Q /2 i�#2H�bX

J�i2`B�H miBHBx�/Q, HBbi� BKT`2bb� +QK �iBpB/�/2b T`QTQbi�b 2 +QKTmi�/Q` +QK
�+2bbQ � BMi2`M2i- Qm +QKTmi�/Q` +QK �H;mK� 7QH?� /2 +�H+mHQb BMbi�H�/�X

�mH�UbV M2+2bb�`B�UbV, R?Q`� 2 9y KBMmiQb Uk �mH�b /2 8y KBMmiQbV

am;2bi½Q �Q T`Q72bbQ`, L2bi� �mH� miBHBx�`2KQb 72``�K2Mi�b /B;Bi�Bb T�`� � +`B�Ï½Q
/2 i�#2H�b UHB#`2Q{+2- QT2MQ{+2- 2t+2H- TH�MBH?�b /Q ;QQ;H2- 2i+VX P T�bbQ � T�bbQ � b2;mB`
7QB 72BiQ MQ �THB+�iBpQ TH�MBH?�b /Q ;QQ;H2X .2Mi`Q /Q T�bbQ � T�bbQ b½Q BM/B+�/Qb �H;mMb
p�HQ`2b +QKQ i�t�b 2 p�HQ`2b BMB+B�Bb /2 b�H�`BQbX 1bb2b MȹK2`Qb /2p2K b2` �Dmbi�/Qb T�`� �
`2�HB/�/2 QM/2 � �iBpB/�/2 7Q` /2b2MpQHpB/�X �b BM7Q`K�ÏǤ2b Q#iB/�b M� Zm2bi½Q jXR TQ/2K
b2` miBHBx�/�b +QKQ #�b2 T�`� �/2[m�Ï½Q /�b TH�MBH?�b ¨ `2�HB/�/2 QM/2 � �iBpB/�/2 2bi�
b2M/Q `2�HBx�/�X

S�bbQ R, *`B�` mK �`[mBpQ MQpQ U};m`� kRV

6B;m`� kR Ĝ �#`BM/Q �`[mBMQ MQpQ 2K TH�MBH?�b /2 ;QQ;H2

S�bbQ k, *`B�` /m�b T�;BM�bX � T�;BM� R +QK MQK2 *S_1o U*�H+mHQb T`2pB/2M@
+B�`BQbV 2 � T�;BM� k +QK MQK2 ALo UAMp2biBK2MiQbVX S�`� +`B�` T�;BM�b MQp�b- #�bi�
+HB+�` MQ bBM�H Y U};m`� kkVX L2bi� 2i�T� bƦ p�KQb i`�#�H?�` +QK � T�;BM� RX � T�;BM� k
p�B b2` mb�/� M� T`ƦtBK� 2i�T�X
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6B;m`� kk Ĝ *`B�M/Q T�;BM�b MQp�b 6B;m`� kj Ĝ _2MQK2�M/Q T�;BM�b

S�`� `2MQK2�` �b T�;BM�b #�bi� +HB+�` /m�b p2x2b bQ#`2 � �#� /� T�;BM� /2b2D�/�
2 +QHQ+�` Q MQpQ MQK2 U};m`� kjVX

S�bbQ j, *`B�` i`āb i�#2H�b U1pQHmÏ½Q b�H�`B�H- .2b+QMiQ K2Mb�H 2 1pQHmÏ½Q /Q
i2iQ /Q ALaaVX o�KQb 2tTHB+�` +QK /2i�H?2 +QKQ +`B�` � T`BK2B`� i�#2H�X

L� +ûHmH� �R- BMb2`B` Q MQK2 /� T`BK2B`� i�#2H�X L� +ûHmH� �k- BMb2`B` Q �MQ /2
BMB+BQ /Q +�H+mHQ 2 M� +ûHmH� "k- BMb2`B` Q p�HQ` /Q b�H�`BQ BMB+B�H Up2` };m`� k9VX o�KQb
mb�` Q p�HQ` _0k3k9- [m2 û �T`QtBK�/�K2Mi2 Q b�H�`BQ Kû/BQ ;QMÏ�H2Mb2- b2;mM/Q UB#;2-
kyk9VX 1bi2 p�HQ` TQ/2 b2` i`Q+�/Q T�`� +Q``2bTQM/2` �Q +QMi2tiQ /Qb �HmMQb [m2 `2�HBx�K
�b �iBpB/�/2bX

6B;m`� k9 Ĝ *`B�M/Q mK� i�#2H�
6B;m`� k8 Ĝ P bőK#QHQ _0 �Qb b�H�`BQb

*QKQ � +QHmM� " `2T`2b2Mi� p�HQ`2b KQM2i�`BQb- +QK � +ûHmH� "k b2H2+BQM�/� +HB[m2
MQ #Qi½Q _0 U};m`� k8VX

S�bbQ 9, AMb2`B` 7Ʀ`KmH�b T�`� �im�HBx�Ï½Q /Qb p�HQ`2b BMB+B�BbX *QK � +ûHmH� �j
b2H2+BQM�/�- /B;Bi2 ǳ4�kYRǴUb2K �b �bT�bVX 1bi2 +QK�M/Q �im�HBx�`� Q p�HQ` `272`2Mi2 �Q
�MQX o2` };m`� keX

6B;m`� ke Ĝ AMb2`BM/Q 7Ʀ`KmH� T�`� +`B�` � +QHmM� �

S�`� �im�HBx�` iQ/Qb Qb p�HQ`2b `272`2Mi2b �Qb �MQb- #�bi� +HB+�`- b2;m`�` 2 �``�bi�`
T�`� #�BtQ Q +ő`+mHQ [m2 �T�`2+2 �#�BtQ /� +ûHmH� �j- [m�M/Q b2H2+BQM�/� U};m`�b kd 2
k3VX
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6B;m`� kd Ĝ :2`�M/Q � +QHmM� � U�V

6B;m`� k3 Ĝ :2`�M/Q � +QHmM� � U#V

S�`� Qb p�HQ`2b `272`2Mi2b �Q b�H�`BQ- +QK � +ûHmH� "j b2H2+BQM�/�- /B;Bi�KQb
ǳ4"k R-yeNdǴX P p�HQ` R-yeNd û `272`2Mi2 � �im�HBx�Ï½Q b�H�`B�H /2 �+Q`/Q +QK � BM~�@
Ï½Q Kû/B� �m72`B/�- /2 �T`QtBK�/�K2Mi2 e-NdWX o2` };m`� kNX

6B;m`� kN Ĝ AMb2`BM/Q 7Ʀ`KmH� T�`� +`B�` � +QHmM� "

�;Q`�- #�bi� `2T2iB` Q T`Q+2bbQ /2 +HB+�`- b2;m`�` 2 �``�bi�` T�`� Q#i2` iQ/Qb Qb
p�HQ`2b �im�HBx�/Qb /2 �+Q`/Q +QK Q �MQ /2b2D�/QX P `2bmHi�/Q �T�`2+2 M� };m`� jyX

S�`� T`Q/mxB` �b Qmi`�b i�#2H�b- #�bi� `2T2iB` Q T`Q+2bbQ +QK �i2MÏ½Q �Q /B;Bi�` �b
7Ʀ`KmH�b /2 �+Q`/Q +QK �b +ûHmH�b /2 `272`āM+B�X L�b +QHmM�b . 2 1 p�B �T�`2+2` � i�#2H�
/2 .2b+QMiQ K2Mb�H 2 M�b +QHmM�b : 2 > p�B � i�#2H� /2 1pQHmÏ½Q /Q i2iQ /Q ALaaX o�KQb
2b+H�`2+2` �H;mMb TQMiQb 2M `2H�Ï½Q � 2bi�b i�#2H�b

S�bbQ 8, S�`� [m2 �b i`āb i�#2H�b �T`2b2Mi2K �im�HBx�Ï½Q �Mm�H T�/`QMBx�/�-
T`2+Bb�KQb 7�x2` Q b2;mBMi2
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6B;m`� jy Ĝ h�#2H� /� 2pQHmÏ½Q b�H�`B�H T`QMi�

Ç L�b +ûHmH�b .k 2 :k- BMb2`B` Q +Ʀ/B;Q ǳ4�kǴX

Ç L� +ûHmH� .j BMb2`B` Q +Ʀ/B;Q ǳ4.kYRǴ2 M� +ûHmH� :j- BMb2`B` Q +Ʀ/B;Q ǳ4:kYRǴ

Ç _2T2iB` Q T`Q+2bbQ /2 +HB+�`- b2;m`�` 2 �``�bi�` � T�`iB` /Q +ő`+mHQ �xmH U�M�HQ;Q �Q
72BiQ M�b };m`�b kd 2 k3V

S�bbQ e, S�`� pBM+mH�` Qb p�HQ`2b `272`2Mi2b � 2pQHmÏ½Q b�H�`B�H +QK � i�#2H�
`272`2Mi2 �Qb /2b+QMiQb- B`2KQb BMb2`B` M� +ûHmH� 1k Q +Ʀ/B;Q ǳ4"k y-R9ǴUy-R9 `2T`2b2Mi�
Q /2b+QMiQ /2 R9W `272`2Mi2 � +QMi`B#mBÏ½Q T�`� � T`2pB/āM+B�VX o2` };m`� jRX �;Q`�
`2T2iBKQb Q T`Q+2bbQ /2 +HB+�`- b2;m`�` 2 �``�bi�` � T�`iB` /Q +ő`+mHQ �xmHX 1K �H;mMb
T`Q;`�K�b- �TƦb � BMb2`Ï½Q /Q T`BK2B`Q +Ʀ/B;Q- �T�`2+2 mK� bm;2bi½Q /2 T`22M+?BK2MiQ
/� +QHmM�X

6B;m`� jR Ĝ AMb2`BM/Q 7Ʀ`KmH� T�`� +`B�` � +QHmM� 1

S�bbQ d, P T`Q+2bbQ /2 +`B�Ï½Q /� i�#2H� 2pQHmÏ½Q /Q i2iQ /Q ALaa û B;m�H �Q
T`Q+2bbQ /2 +`B�Ï½Q /� i�#2H� 2pQHmÏ½Q b�H�`B�HX >QD2- Q p�HQ` K�tBKQ T�;Q T2H� T`2pB/āM+B�
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bQ+B�H û /2 _0dd3e-yk- 2bb2 p�HQ` û �im�HBx�/Q T2HQ ALS* UŐM/B+2 L�+BQM�H /2 S`2ÏQb �Q
*QMbmKB/Q`VX 1bi2 őM/B+2 �T`2b2MiQm p�HQ` �+mKmH�/Q Kû/BQ /2 j-dW �Q �MQ- MQb ȹHiBKQb
Ry �MQbX o�KQb �/KBiB` 2bi2b p�HQ`2b +QKQ T�`�K2i`Qb BMB+B�Bb T�`� � +`B�Ï½Q /� ȹHiBK�
i�#2H�X P `2bmHi�/Q }M�H 2bi� M� };m`� jkX

6B;m`� jk Ĝ S�;BM� R +QK �b j i�#2H�b

Zm2bi½Q dXR � i�#2H� +QMbi`mő/� MQ T`Q;`�K� /2 +`B�Ï½Q /2 TH�MBH?�b- `2T`2b2Mi� �

2pQHmÏ½Q b�H�`B�H /2 mK� i`�#�H?�/Q`� [m2 BMB+BQm bm� DQ`M�/� T`Q}bbBQM�H 2K D�M2B`Q /2
kyk9- �iû Q KQK2MiQ /� bm� �TQb2Mi�/Q`B� U+QMbB/2`�M/Q Qb /�/Qb /Q ȹHiBKQ +2MbQ /2
kykkVX *QMbB/2`�M/Q [m2 2bb� KmH?2` i`�#�H?� bQ# Q `2;BK2 /2 *Gh 2K a½Q :QMÏ�HQ 2
b2m /2b+QMiQ T`2pB/2M+B�`BQ û /2 R9W- /2i2`KBM2,

U�V P /2b+QMiQ K2Mb�H- 2K `2�Bb- 72BiQ MQb �MQb /2 kyk9- kykd- kyjk- ky9k 2 ky8eX

U#V P b�H�`BQ Hő[mB/Q Up�HQ` `2+2#B/Q �TƦb Qb /2b+QMiQbV 2K +�/� mK /Qb �MQb +Bi�/Qb
MQ Bi2K �VX

U+V P /2b+QMiQ �Mm�H 72BiQ 2K +�/� �MQ /Q Bi2K �VX

U/V P KQMi�Mi2 iQi�H /2b+QMi�/Q /Qb b�H�`BQb `2+2#B/Qb MQb �MQb /Q Bi2K �VX

Zm2bi½Q dXk *QKQ pBbiQ M� [m2bi½Q �Mi2`BQ`- Q i`�#�H?�/Q` #`�bBH2B`Q [m2 �im� bQ# Q

`2;BK2 /2 *Gh- û /2b+QMi�/Q /2 d-8W � R9W 2K b2m b�H�`BQX P p�HQ` /2b+QMi�/Q û /B`2@
+BQM�/Q �Q ALaa UAMbiBimiQ L�+BQM�H /2 a2;m`B/�/2 aQ+B�HV- /�M/Q /B`2BiQ �Q i`�#�H?�/Q`
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� BMȹK2`Qb #2M27ő+BQb- /2 �+Q`/Q +QK � `2bT2+iBp� +�`āM+B�X 1Mi`2 2bb2b #2M27ő+BQb 2bi� �
�TQb2Mi�/Q`B�X � �TQb2Mi�/Q`B� TQ` i2KTQ /2 +QMi`B#mBÏ½Q ;�`�Mi2 mK #2M27ő+BQ B;m�H �
eyW /� Kû/B� /Qb b�H�`BQb `2+2#B/Qb- +�bQ Q i`�#�H?�/Q` i2M?� +QMi`B#mő/Q /m`�Mi2- MQ Kő@
MBKQ- R8 �MQb [m�M/Q KmH?2` 2 ky �MQb [m�M/Q ?QK2KX � 2bb2 T2`+2Mim�H- �+`2b+2Mi�bb2
kW T�`� +�/� �MQ i`�#�H?�/Q �HûK /Q KőMBKQX

� T�`iB` /2bi�b BM7Q`K�ÏǤ2b /Q i2tiQ 2 /�b �mH�b �Mi2`BQ`2b- /2i2`KBM2 Q p�HQ` /Q
#2M27ő+BQ /2 �TQb2Mi�/Q`B� `2+2#B/Q TQ` mK� i`�#�H?�/Q`� ;QMÏ�H2Mb2,

U�V Zm2 i`�#�H?Qm R8 �MQbX

U#V Zm2 i`�#�H?Qm R3 �MQbX

U+V Zm2 i`�#�H?Qm kj �MQbX

U/V Zm2 i`�#�H?Qm jj �MQbX

Zm2bi½Q dXj amTQM?�KQb [m2 � i�#2H� mb�/� M�b [m2biǤ2b �Mi2`BQ`2b `2T`2b2Mi� �

2pQHmÏ½Q b�H�`B�H /2 mK� i`�#�H?�/Q`� ;QMÏ�H2Mb2X � T�`iB` /2bb�b BM7Q`K�ÏǤ2b- `2bTQM/�,

U�V Zm�H � Kû/B� /2 iQ/Qb Qb b�H�`BQb `2+2#B/Qb T2H� i`�#�H?�/Q`� /2 �+Q`/Q +QK �
i�#2H� �T`2b2Mi�/� M� [m2bi½Q dXR- bmTQM/Q [m2 2bi� i`�#�H?�/Q`� b2 �TQb2MiQm MQ
�MQ ky8j\

U#V Zm�H Q p�HQ` /� �TQb2Mi�/Q`B� /2bb� i`�#�H?�/Q`�\

U+V Zm�H � /B72`2MÏ� 2Mi`2 Q p�HQ` /2i2`KBM�/Q MQ Bi2K #V 2 Q i2iQ /Q ALaa- MQ �MQ /2
bm� �TQb2Mi�/Q`B�\ Zm�H � /B72`2MÏ� T2`+2Mim�H\

U/V P [m2 TQ/2KQb +QM+HmB` �M�HBb�M/Q Qb `2bmHi�/Qb Q#iB/Qb 2 Qb +QKT�`�M/Q +QK
Q ȹHiBKQ b�H�`BQ `2+2#B/Q T2H� i`�#�H?�/Q`� �Mi2b /2 b2 �TQb2Mi�` U_0RNNkd-88XV\
.Bb+mi� +QK b2m ;`mTQ 2 7�Ï� mK #`2p2 `2H�iQ- � T�`iB` /� /Bb+mbb½Q- bQ#`2 Q BKT�+iQ
/� �TQb2Mi�/Q`B� bQ#`2 Q 2biBHQ /2 pB/� /2 mK i`�#�H?�/Q`X

P#b2`p�Ï½Q, � i�#2H� H2p� 2K +QMbB/2`�Ï½Q mK i`�#�H?�/Q` 2K `2;BK2 *Gh- [m2
T`2i2M/2 �TQb2Mi�`@b2 +QK RyyW /Q p�HQ` `272`2Mi2 �Q b2m #2M27ő+BQX _2�HBx2 i�K#ûK Qb
+�H+mHQb T�`� mK i`�#�H?�/Q` ?QK2K- H2p�M/Q 2K +QMbB/2`�Ï½Q � M2+2bbB/�/2 /2 +QKTH2i�`
� i�#2H� +QK K�Bb 8 �MQb /2 i`�#�H?QX
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8Ǘ 2i�T�, *QKT�`�Ê¸Q /Q #2M27Ō+BQ /� �TQb2Mi�/Q`B� +QK Qm@
i`Qb BMp2biBK2MiQb

�mH� 3 , �Hi2`M�iBp�b }M�M+2B`�b T�`� �HûK /� �TQb2Mi�/Q`B�X

P#D2iBpQ, G2p�` T�`� � `2�HB/�/2 /Q �HmMQ �Hi2`M�iBp�b }M�M+2B`�b �HûK /� �TQb2M@
i�/Q`B� 2 �i`�pûb /2 +�H+mHQb K�i2K�iB+Qb `2�HBx�` +QKT�`�ÏǤ2b 2Mi`2 2bb�b �Hi2`M�iBp�bX

J�i2`B�H miBHBx�/Q, GBbi� BKT`2bb� 2 +QKTmi�/Q`2b +QK �+2bbQ � BMi2`M2iX

�mH�UbV M2+2bb�`B�UbV, R?Q`� 2 9y KBMmiQb Uk �mH�b /2 8y KBMmiQbV

S�`� 2bi� �iBpB/�/2 +`B�`2KQb Qmi`�b i`āb i�#2H�bX AMp2biBK2MiQ A U"Po�RRV- AM@
p2biBK2MiQ AA UAoo"RRV 2 AMp2biBK2MiQ AAA Uh2bQm`Q `2M/�Y kyeyVX 1bi� T�`i2 /2 +`B�Ï½Q
/�b i�#2H�b bƦ /2p2 b2` 72Bi� /2TQBb /Q �HmMQ 2Mi2M/2` [m�H û Q T`Q+2/BK2MiQ T�`� +�H+mH�`
K�Mm�HK2Mi2 Q [m2 û T2/B/Q M� [m2bi½QX o2D� � bm;2bi½Q T�`� Q T`Q72bbQ` MQ }M�H /�
[m2bi½Q /2bi� �mH�X

S�bbQ R, � T�`iB` /� i�#2H� +`B�/� T�`� Q /2b2MpQHpBK2MiQ /�b [m2biǤ2b /� �mH�
d- +?�K�KQb U`2MQK2�KQbV � T�;BM� k /2 ALoX

S�bbQ k, L� T�;BM� ALo +`B�KQb i`āb i�#2H�b, AMp2biBK2MiQ A- AMp2biBK2MiQ AA 2
AMp2biBK2MiQ AAAX o2` };m`� jjX

6B;m`� jj Ĝ *`B�M/Q �b j i�#2H�b /Qb BMp2biBK2MiQb

S�bbQ j, *QKQ Qb BMp2biBK2MiQb 2bi½Q `2H�+BQM�/Qb �Q K2bKQ BMi2`p�HQ /2 i2KTQ
/� 2pQHmÏ½Q b�H�`B�H- B`2KQb `2H�+BQM�` Qb �MQb /2 `2M/BK2MiQb /Qb BMp2biBK2MiQb +QK Qb
�MQb /2 �iBpB/�/2 /Q i`�#�H?�/Q`X GQ;Q- B`2KQb 2bi�#2H2+2` mK� `2H�Ï½Q 2Mi`2 �b T�;B@
M�b R 2 k- T`Q/mxB/�b MQ �`[mBpQX S�`� BbbQ- M�b +ûHmH�b �k- .k 2 :k- BMbB`� Q +Ʀ/B;Q
ǳ4*S_1o5�kǴX � T�`iB` /2bb2 +Ʀ/B;Q- �Q �Hi2`�`KQb Q �MQ BMB+B�H M� i�#2H� 2pQHmÏ½Q b�@
H�`B�H UM� T�;BM� RV- iQ/�b �b Qmi`�b i�#2H�b U/�b /m�b T�;BM�bV b2 �im�HBx�`½Q i�K#ûKX
o2` };m`� j9X

6B;m`� j9 Ĝ _2H�+BQM�M/Q � +QHmM� � /�b /m�b T�;BM�b

S�bbQ 9, *QK � +ûHmH� �j b2H2+BQM�/� /B;Bi2 Q +Ʀ/B;Q ǳ4�kYRǴX 1K b2;mB/�-
`2TBi� Q T`Q+2bbQ pBbiQ �Mi2`BQ`K2Mi2 /2 +HB+�`- b2;m`�` 2 �``�bi�` � T�`iB` /Q +ő`+mHQ �xmHX
AbiQ 7QB 72BiQ M� T�;BM� *S_1o- p2D� �b };m`�b ke- kd 2 k3X _2TBi� Q T`Q+2bbQ M�b Qmi`�b
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i�#2H�b- `2T`Q/mxBM/Q Q +Ʀ/B;Q /2 �+Q`/Q +QK � +QHmM� +Q``2bTQM/2Mi2X AbiQ bB;BMB}+�-
`2T2iB` Q T`Q+2bbQ M�b +QHmM�b . 2 :X

S�bbQ 8, �;Q`� p�KQb �i`2H�` Qb p�HQ`2b `272`2Mi2 � i�#2H� /2b+QMiQ K2Mb�H- +QK
�b i�#2H�b /2 BMp2biBK2MiQbX S�`� bBKTHB}+�` Q +�H+mHQ- B`2KQb �/Qi�` +QKQ T�/`½Q- �
�im�HBx�Ï½Q /Qb p�HQ`2b /2 K�M2B`� �Mm�HX S�`� BbbQ- +QK � +ûHmH� "k b2H2+BQM�/�- p�KQb
BMb2`B` Q +Ʀ/B;Q ǳ4*S_1o51k RkǴX � b2;mB`- +QK � +ûHmH� "j b2H2+BQM�/�- p�KQb BMb2`B` Q
+Ʀ/B;Q ǳ4*S_1o51j RkYU"k URYαVVǴX LQp�K2Mi2- `2TBi� Q T`Q+2bbQ /2 +HB+�`- b2;m`�`
2 �``�bi�`X L�b };m`�b j8 2 je KQbi`�KQb 2bi2 T�bbQ T�`� α = 8,6

100 X

6B;m`� j8 Ĝ AMb2`BM/Q 7Ʀ`KmH� T�`� +`B�` �
+QHmM� "- T�;BM� ALoX U�V

6B;m`� je Ĝ AMb2`BM/Q 7Ʀ`KmH� T�`� +`B�` �
+QHmM� "- T�;BM� ALoX U#V

�b Qmi`�b i�#2H�b `272`2Mi2b �Qb BMp2biBK2MiQb b2;m2K � K2bK� HƦ;B+�X �b +QHmM�b
� b2`2K KQ/B}+�/�b b½Q 1 2 >X ú BKTQ`i�Mi2 i2` +mB/�/Q M� ?Q`� /2 mb�` Qb /�/Qb /�
T�;BM� *S_1oX .� K2bK� K�M2B`� [m2 }x2KQb MQ AMp2biBK2MiQ Ac T�`� AMp2biBK2MiQ AA
2 AMp2biBK2MiQ AAA- p�KQb mb�` � +QHmM� 1 /� T�;BM� *S_1oX � Km/�MÏ� 7mM/�K2Mi�H
T�`� +�/� BMp2biBK2MiQ p�B b2` MQ α [m2 û mb�/Q MQ T�bbQ 8X

P#b2`p�Ï½Q, S�`� /2i2`KBM�` � `2Mi�#BHB/�/2 /Q iőimHQ h1aPl_P _1L.�Y- T2b@
[mBb2 M� BMi2`M2i Q p�HQ` Kû/BQ /Q AS*� MQb ȹHiBKQb Ry �MQbX

*QKQ /BiQ �Mi2`BQ`K2Mi2- p�KQb +QMbB/2`�` i`āb T`Q/miQb /B72`2Mi2bX

UBV o�KQb +QMbB/2`�` [m2 Q A#Qp2bT� �T`2b2MiQm mK� p�HQ`Bx�Ï½Q Kû/B� /2 3-eW �X�X P
7mM/Q 1h6 "Po�RR- `2THB+� � `2Mi�#BHB/�/2 /Q őM/B+2 A#Qp2bT�X
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UBBV P 7mM/Q a�S 8yy �T`2b2MiQm p�HQ`Bx�Ï½Q Kû/B� /2 �T`QtBK�/�K2Mi2 Re-dW �X�X- P
1h6 Aoo"RR `2THB+� � `2Mi�#BHB/�/2 /Q őM/B+2 a�S8yyX

UBBBV � };m`� jd `2T`2b2Mi� mK /Qb iőimHQb Tȹ#HB+Qb /Q i2bQm`Q M�+BQM�HX 1bi2 iőimHQ 7QB
+`B�/Q 2K jy /2 D�M2B`Q /2 kykj +QK Q BMimBiQ /2 iQ`M�`@b2 mK� �Hi2`M�iBp� T�`�
Q TH�M2D�K2MiQ /� �TQb2Mi�/Q`B�X 1bi2 û mK T`Q/miQ }M�M+2B`Q /BiQ /2 `2M/� }t�-
HQ;Q- 2H2 i2K bm� `2Mi�#BHB/�/2 �i`2H�/� � mK őM/B+2 /� 2+QMQKB� #`�bBH2B`� UAS*�
@ ŐM/B+2 /2 S`2ÏQb �Q *QMbmKB/Q` �KTHQVX

6B;m`� jd Ĝ _2Mi�#BHB/�/2 /Q iőimHQ _2M/�Y

Zm2bi½Q 3XR amTQM?� [m2 mK� i`�#�H?�/Q`� ;QMÏ�H2Mb2 �THB[m2 Q K2bKQ p�HQ` /2b@

+QMi�/Q /2 b2m b�H�`BQ 2K mK /Qb BMp2biBK2MiQb /2b+`BiQb �Mi2`BQ`K2Mi2X S�`� bBKTHB}+�`
Qb +�H+mHQb- p�KQb �bbmKB` [m2 Qb p�HQ`2b /2b+QMi�/Qb �Q HQM;Q /2 +�/� �MQ p½Q b2` BM@
p2biB/Qb MQ }M�H /2 +�/� �MQX h�K#ûK p�KQb i`�#�H?�` +QK � `2Mi�#BHB/�/2 �Mm�H /Qb
BMp2biBK2MiQbX

U�V *QMbi`m� �b i�#2H�b `2T`2b2Mi�M/Q Q KQMi�Mi2 �+mKmH�/Q MQb BMp2biBK2MiQb `2�HB@
x�/Qb /m`�Mi2 � pB/� H�#Q`�H /2bi� i`�#�H?�/Q`�X

U#V .2 �+Q`/Q +QK �b BM7Q`K�ÏǤ2b /� �mH� �Mi2`BQ`- M� [m2bi½Q dXj- b½Q 2bi�#2H2+B/Qb p�@
HQ`2b T�`� Q #2M27ő+BQ /2 �TQb2Mi�/Q`B�X � T�`iB` /�b i�#2H�b +QMbi`mő/�b- /2i2`KBM2
Q i2KTQ [m2 Q KQMi�Mi2 �+mKmH�/Q MQ KQK2MiQ /� �TQb2Mi�/Q`B� T�`� +�/� BMp2b@
iBK2MiQ- û +�T�x /2 2[m�HBx�` Q p�HQ` /Q #2M27ő+BQ /� �TQb2Mi�/Q`B� +QK Q ȹHiBKQ
b�H�`BQ `2+2#B/QX

U+V �BM/� /2 �+Q`/Q +QK � [m2bi½Q dXj- TQ` [m�MiQ i2KTQ Q KQMi�Mi2 �+mKmH�/Q MQ
KQK2MiQ /� �TQb2Mi�/Q`B� T`2+Bb�`B� }+�` BMp2biB/Q MQ BMp2biBK2MiQ A- T�`� �H+�MÏ�`
Q K2bKQ KQMi�Mi2 /Q BMp2biBK2MiQ AA\ 1 Q BMp2biBK2MiQ AAA\

am;2bi½Q �Q T`Q72bbQ`, L2bi� �mH�- û BMi2`2bb�Mi2 T2`KBiB` �Q �HmMQ `2�HBx�` Qb +�H@
+mHQb `272`2Mi2b �Qb �MQb BMB+B�Bb /Qb BMp2biBK2MiQb- +QK Q Q#D2iBpQ /Q �HmMQ +QKT`22M/2`
Q +�H+mHQ 2 +QKQ b2 /� � 2pQHmÏ½Q /Qb p�HQ`2bX �TƦb `2�HBx�` T2HQ K2MQb Q +�H+mHQ `272@
`2Mi2 �Qb i`āb T`BK2B`Qb �MQb- Q �HmMQ /2p2 b2` +�T�x /2 ;2M2`�HBx�` Ui�Hp2x +QK � �Dm/�
/Q T`Q72bbQ`V Q +�H+mHQ T�`� [m�H[m2` �MQX �H+�MÏ�M/Q i�H `2bmHi�/Q- Q T`Q72bbQ` DmMiQ �Qb
�HmMQb /2p2 BMB+B�` � +QMbi`mÏ½Q /�b i�#2H�b `272`2Mi2b �Qb BMp2biBK2MiQbX
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eX8 _2bmHi�/Qb 2 /2b�}Qb

.m`�Mi2 Q /2b2M`QH�` /�b �mH�b 7QB T2`+2Tiőp2H � /B}+mH/�/2 �T`2b2Mi�/� T2HQb
�HmMQb 2K `2H�Ï½Q �Qb +QM+2BiQb #�bB+QbX .2pB/Q �Qb `2b[mő+BQb /� T�M/2KB�- KmBiQb �HmMQb
�BM/� �T`2b2Mi�K /B}+mH/�/2 T�`� Q +�H+mHQ /�b TQiāM+B�b- QM/2 �+�#�K `2�HBx�M/Q Q
T`Q/miQ 2Mi`2 #�b2 2 2tTQ2Mi2 /�b TQiāM+B�bX 1``Q 2bi2- `2+Q``2Mi2 2Mi`2 mK MȹK2`Q
2H2p�/Q /2 �HmMQbX SQ`ûK- K2bKQ +QK Qb /2b�}Qb Q#b2`p�/Qb- 7QB TQbbőp2H T2`+2#2` [m2
Qb �HmMQb b2 KQbi`�`�K /BbTQbiQb 2 BMi2`2bb�/Qb � �/[mB`B` Q +QM?2+BK2MiQ T`QTQbiQ M�b
�iBpB/�/2bX

�#�BtQ i2KQb /QBb 2t2KTHQb /2 `2bmHi�/Qb Q#iB/Qb /m`�Mi2 � `2�HBx�Ï½Q /� �mH� 9X
L� };m`� j3 i2KQb Q `2bmHi�/Q +Q``2iQ /�b [m2biǤ2b 2 M� };m`� jN- p2KQb Q 2``Q `2+Q``2Mi2
[m2 7QB K2M+BQM�/QX

6B;m`� j3 Ĝ _2bTQbi�b /2 �HmMQb M� i`BH?�- U�V
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6B;m`� jN Ĝ _2bTQbi�b /2 �HmMQb M� i`BH?�- U#V

SQ/2KQb +QM+HmB` [m2 Q T`Q72bbQ`- �Q T`QTQ` �b �iBpB/�/2b- /2p2 2bi�` 7�KBHB�`Bx�/Q
+QK � im`K�X SQBb- /2bi� K�M2B`�- Q T`Q72bbQ` b2`� +�T�x /2 �/�Ti�` �b �iBpB/�/2b /2
T`2T�`�Ï½Q- /2b2MpQHpB/�b M� �mH� R- /2 �+Q`/Q +QK �b M2+2bbB/�/2b /Qb �HmMQbX



dR

�SĀL.A*1 � Ĝ J�i2`B�Bb /� i`BH?�

�XR 6Q`KmH�`BQ /2 �p�HB�Ï½Q
S�`� K2Mbm`�` Q Mőp2H /2 2Mi2M/BK2MiQ �Mi2b 2 /2TQBb /� `2�HBx�Ï½Q /�b �iBpB/�/2b

DmMiQ �Qb �HmMQb- +`B�KQb mK 7Q`KmH�`BQ �#Q`/�M/Q Q Mőp2H /2 +QKT`22Mb½Q bQ#`2 7mMÏǤ2b-
� BKTQ`i�M+B� /� i2K�iB+� �#Q`/�/� M�b �iBpB/�/2b T�`� Q 7mim`Q- 2i+X SQ/2KQb Q#b2`p�`
�H;mMb `2bmHi�/Qb Q#iB/Qb +QK � T`BK2B`� �THB+�Ï½Q /Q 7Q`KmH�`BQ M� b2Ï½Q �Xj /2bi2
�TāM/B+2X

�BM/� bQ#`2 � K2iQ/QHQ;B� /2 �p�HB�Ï½Q /Qb `2bmHi�/Qb Q#iB/Qb- Q 7Q`KmH�`BQ 7QB
+`B�/Q 2 bm#K2iB/Q �Qb �HmMQb �i`�pûb /� TH�i�7Q`K� ;QQ;H2 7Q`KbX h2M/Q 2K pBbi� Q 7�+BH
�+2bbQ � BMi2`M2i �i`�pûb /Qb +2HmH�`2b- 2bi� pB� /2 /Bbi`B#mBÏ½Q /Q [m2biBQM�`BQ b2 KQbi`Qm
K�Bb 2}+�x 2 b�iBb7�iƦ`B�X LQ +�bQ /2 K�BQ` /B}+mH/�/2 /2 miBHBx�Ï½Q /2 K2BQb 2H2i`ƬMB+Qb-
iQ`M�@b2 B/2�H � BKT`2bb½Q /2bi2 7Q`KmH�`BQX

� b2;mB` 2bi½Q Qb HBMFb /Qb 7Q`KmH�`BQb [m2 2H�#Q`�KQb 2 mb�KQb DmMiQ +QK � i`BH?�

GBMF /Q 7Q`KmH�`BQ � b2` �THB+�/Q �Mi2b /� `2�HBx�Ï½Q /�b �iBpB/�/2bX

?iiTb,ff7Q`KbX;H2fkki_3Gd?G+Ju3NF/N

GBMF /Q 7Q`KmH�`BQ � b2` �THB+�/Q /2TQBb /� `2�HBx�Ï½Q /�b �iBpB/�/2bX

?iiTb,ff7Q`KbX;H2f*:8�?F7>ZEr+BMJse

P#D2iBpQ,
1bi2 7Q`KmH�`BQ i2K +QKQ Q#D2iBpQ T`BM+BT�H �p�HB�` Q Mőp2H /2 +QM?2+BK2MiQ 2

+QKT`22Mb½Q /Qb �HmMQb bQ#`2 Qb i2K�b /2 7mMÏǤ2b- 2bT2+B�HK2Mi2 �b 7mMÏǤ2b 2tTQM2M+B�Bb-
2 bm� `2H�Ï½Q +QK Q TH�M2D�K2MiQ }M�M+2B`Q 2 T`Q}bbBQM�HX �HûK /BbbQ- #mb+�@b2 �M�HBb�` �
2pQHmÏ½Q /2bb2 +QM?2+BK2MiQ �Q HQM;Q /�b �iBpB/�/2b T`QTQbi�bX P 7Q`KmH�`BQ 7QB �THB+�/Q
+QK �b im`K�b kyyk 2 kyRj /Q *QHû;BQ 1bi�/m�H .`X �/BMQ s�pB2`- 2K a½Q :QMÏ�HQX

Sȹ#HB+Q@�HpQ,
� i`BH?� T2/�;Ʀ;B+� i2K +QKQ Tm#HB+Q@�HpQ �HmMQb /Q UkǞ �MQV 2MbBMQ Kû/BQX S2HQ

7�iQ /Q 2bim/Q /�b 7mMÏǤ2b b2` 7Q`K�HBx�/Q MQ 2MbBMQ Kû/BQ- iQ`M�@b2 BMi2`2bb�Mi2 Q /2b2M@
pQHpBK2MiQ /�b �iBpB/�/2b T`QTQbi�b M2bi� 2i�T� 2b+QH�`X o�H2 `2b�Hi�` [m2 � i`BH?� TQ/2
b2` mb�/� i�K#ûK +QK �HmMQb /Q 2MbBMQ 7mM/�K2Mi�H- +QK Q Q#D2iBpQ /2 BMi`Q/mxB` �b
7mMÏǤ2b 2tTQM2M+B�H 2 HQ;�`őiKB+�X

https://forms.gle/22tR8L7hLcMY89kd9
https://forms.gle/CG5ahkfHQKwcinMX6


�SĀL.A*1 �X J�i2`B�Bb /� i`BH?� dk

�b �iBpB/�/2b /2bi2 T`Q/miQ 2/m+�+BQM�H 7Q`�K �THB+�/�b � �HmMQb /Q kǞ �MQ /Q
2MbBMQ Kû/BQ Uim`K�b kyyk 2 kyRjV /Q *QHû;BQ 1bi�/m�H .`X �/BMQ s�pB2`X

J2iQ/QHQ;B�,
P 7Q`KmH�`BQ b2`� �THB+�/Q 2K /m�b 2i�T�b,

Ç �Mi2b /�b �iBpB/�/2b, S�`� B/2MiB}+�` Q +QM?2+BK2MiQ T`ûpBQ /Qb �HmMQb bQ#`2 Qb
i2K�b �#Q`/�/QbX

Ç �TƦb �b �iBpB/�/2b, S�`� �p�HB�` � 2pQHmÏ½Q /Q �T`2M/Bx�/Q 2 � 272iBpB/�/2 /�b
�iBpB/�/2b T`QTQbi�bX

P 7Q`KmH�`BQ û +QKTQbiQ TQ` Ry [m2biǤ2b 72+?�/�b- +QK `2bTQbi�b 2K 2b+�H� GB@
F2`i /2 8 TQMiQb- p�`B�M/Q /2 R UKmBiQ TQm+Q Qm `mBKV � 8 UKmBiQ #QK Qm 2t+2H2Mi2VX
1bb� 2b+�H� T2`KBi2 [m�MiB}+�` Q Mőp2H /2 +QM+Q`/�M+B� /Qb �HmMQb +QK +�/� �}`K�Ï½Q-
7�+BHBi�M/Q � �M�HBb2 /Qb /�/QbX �+`2b+2Mi�KQb K�Bb /m�b [m2biǤ2b �Q 7Q`KmH�`BQ � b2`
T`22M+?B/Q �TƦb � `2�HBx�Ï½Q /�b �iBpB/�/2bX

*QMi2ȹ/Q /�b Zm2biǤ2b,
�b [m2biǤ2b �#Q`/�K Qb b2;mBMi2b i2K�b,

U�V *QM?2+BK2MiQ bQ#`2 7mMÏǤ2b, �p�HB� Q 2Mi2M/BK2MiQ /Qb �HmMQb bQ#`2 Q +QM+2BiQ /2
7mMÏ½Q- bm� `2T`2b2Mi�Ï½Q ;`�}+� 2 � B/2MiB}+�Ï½Q /2 /B72`2Mi2b iBTQb /2 7mMÏǤ2bX

U#V *QKT`22Mb½Q bQ#`2 7mMÏǤ2b 2tTQM2M+B�Bb 2 HQ;�`őiKB+�, o2`B}+� Q +QM?2+BK2MiQ /Qb
�HmMQb bQ#`2 Q +`2b+BK2MiQ /�b 7mMÏǤ2b 2 bm� �THB+�Ï½Q 2K bBim�ÏǤ2b `2�BbX

U+V AKTQ`i�M+B� /Q TH�M2D�K2MiQ }M�M+2B`Q, �p�HB� � T2`+2TÏ½Q /Qb �HmMQb bQ#`2 �
BKTQ`i�M+B� /2 TH�M2D�` Q 7mim`Q }M�M+2B`Q 2 � `2H�Ï½Q 2Mi`2 Q 2bim/Q /2 7mMÏǤ2b 2
� +QKT`22Mb½Q /2 +QM+2BiQb +QKQ Dm`Qb +QKTQbiQbX

U/V SH�M2D�K2MiQ T`Q}bbBQM�H, o2`B}+� � +QMb+BāM+B� /Qb �HmMQb bQ#`2 � BKTQ`i�M+B� /2
TH�M2D�` � +�``2B`� 2 � `2H�Ï½Q 2Mi`2 Q 2bim/Q /2 K�i2K�iB+� 2 Q /2b2MpQHpBK2MiQ
T`Q}bbBQM�HX

U2V �p�HB�Ï½Q /Q 2MbBMQ, *QH2i� � QTBMB½Q /Qb �HmMQb bQ#`2 � 7Q`K� +QKQ Q +QMi2ȹ/Q /2
7mMÏǤ2b û 2MbBM�/Q 2 � M2+2bbB/�/2 /2 K�BQ` �THB+�Ï½Q /Qb +QM+2BiQb MQ /B� � /B�X

Zm2biǤ2b,
aQ#`2 Q 2bim/Q /2 7mMÏǤ2b
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RX Zm�H Q b2m Mőp2H /2 +QM?2+BK2MiQ bQ#`2 Q +QM+2BiQ /2 7mMÏ½Q 2K K�i2K�iB+�\X

kX oQ+ā +QMb2;m2 B/2MiB}+�` /B72`2Mi2b iBTQb /2 7mMÏǤ2b UHBM2�`- [m�/`�iB+�- 2tTQM2M+B�H-
2i+XV 2K ;`�}+Qb 2 2[m�ÏǤ2b\

jX *QKQ pQ+ā �p�HB� bm� +QKT`22Mb½Q bQ#`2 Q +`2b+BK2MiQ /�b 7mMÏǤ2b 2tTQM2M+B�H 2
HQ;�`őiKB+� 2 bm�b �THB+�ÏǤ2b MQ KmM/Q `2�H\

aQ#`2 Q SH�M2D�K2MiQ 6BM�M+2B`Q 2 S`Q}bbBQM�H

9X Zm�H � BKTQ`i�M+B� [m2 pQ+ā �i`B#mB �Q TH�M2D�K2MiQ }M�M+2B`Q T�`� Q b2m 7mim`Q\

8X oQ+ā +QMbB/2`� [m2 Q 2bim/Q /2 7mMÏǤ2b 2tTQM2M+B�Bb TQ/2 i2 �Dm/�` � 2Mi2M/2`
K2H?Q` +QM+2BiQb +QKQ Dm`Qb +QKTQbiQb 2 +`2b+BK2MiQ TQTmH�+BQM�H\

eX �+`2/Bi� [m2 Q TH�M2D�K2MiQ T`Q}bbBQM�H û 7mM/�K2Mi�H T�`� �H+�MÏ�` b2mb Q#D2iBpQb
/2 +�``2B`�\

dX oQ+ā D� T2MbQm 2K +QKQ b2`� bm� pB/� }M�M+2B`� �TƦb � �TQb2Mi�/Q`B�\

3X Zm�H � BKTQ`i�M+B� /2 +QK2Ï�` � TH�M2D�` bm� �TQb2Mi�/Q`B� �BM/� DQp2K\

aQ#`2 Q 1MbBMQ /2 J�i2K�iB+�

NX *QKQ pQ+ā �p�HB� � 7Q`K� +QKQ Q +QMi2ȹ/Q /2 7mMÏǤ2b û 2MbBM�/Q 2K bm� 2b+QH�\

RyX oQ+ā �+?� [m2 Q 2MbBMQ /2 K�i2K�iB+� /2p2`B� /�` K�Bb āM7�b2 ¨ �THB+�Ï½Q /Qb
+QM+2BiQb MQ /B� � /B�\

1 }M�HK2Mi2 i2K mK� [m2bi½Q QM/2 Q �HmMQ TQ/2 2b+`2p2` HBp`2K2Mi2 bQ#`2 � bm� 2tT2`B@
āM+B� M� �T`2M/Bx�;2K /Q �bbmMiQ i`�i�/QX

RRX � T�`iB` /Qb b2m +QM?2+BK2MiQb BMB+B�Bb �+2`+� /2 7mMÏǤ2b- 7mMÏǤ2b 2tTQM2M+B�Bb 2
HQ;�`őiKB+�- TH�M2D�K2MiQ }M�M+2B`Q 2 T`Q}bbBQM�H- 7�Ï� mK #`2p2 `2H�iQ /�b bm�b
2tT2`BāM+B�b �Mi2b /� `2�HBx�Ï½Q /�b �iBpB/�/2b T`QTQbi�bX

�TƦb � `2�HBx�Ï½Q /�b �iBpB/�/2b Q 7Q`KmH�`BQ b2`� MQp�K2Mi2 bm#K2iB/Q �Qb �HmMQb
� }K /2 Q#b2`p�` Q BKT�+iQ /�b �iBpB/�/2b /� i`BH?� T2/�;Ʀ;B+� M� `2H�Ï½Q /Qb �HmMQb +QK
�b 7mMÏǤ2b 2tTQM2M+B�Bb 2 M� `2H�Ï½Q +QK Q 2MbBMQ /2 K�i2K�iB+�X �HûK /�b T2`;mMi�b
D� `2bTQM/B/�b MQ BMB+BQ /� �THB+�Ï½Q /�b �iBpB/�/2b- �+`2b+2Mi�KQb k [m2biǤ2b � }K /2
Q#b2`p�` TQbbőp2Bb `2bmHi�/Qb Q#iB/QbX �b T2`;mMi�b b½Q,

RkX �TƦb Q /2b2MpQHpBK2MiQ /�b �iBpB/�/2b- pQ+ā b2 b2Mi2 K�Bb T`2T�`�/Q T�`� BM;`2bb�`
MQ K2`+�/Q /2 i`�#�H?Q\
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RjX �b �iBpB/�/2b T`QTQbi�b ;2`�`�K �H;mK� 7Q`K� /2 /2#�i2- bQ#`2 � i2K�iB+� T`2pB@
/2M+B�`B�- 7Q`� /Q �K#B2Mi2 2b+QH�`\ a2 bBK- 7�Ï� mK #`2p2 `2H�iQ,

�Xk h�#2H�b mb�/�b M� i`BH?� T2/�;Ʀ;B+�

h�#2H� mb�/� M�b [m2biǤ2b 9XR 2 9Xk

h�#2H� 9 Ĝ 1pQHmÏ½Q b�H�`B�H

�MQ �mK2MiQ TQ` `2�H �mK2MiQ b�H�`B�H



�SĀL.A*1 �X J�i2`B�Bb /� i`BH?� d8

h�#2H� mb�/� M�b [m2biǤ2b 8XR 2 8Xk

h�#2H� 8 Ĝ *QKT�`�Ï½Q /2 b�H�`BQb /2 k i`�#�H?�/Q`2b

�MQ a�H�`BQ i`�#�H?�/Q` R UhRV a�H�`BQ i`�#�H?�/Q` k UhkV

�Xj _2bmHi�/Qb /Q 7Q`KmH�`BQ
JQbi`�KQb � b2;mB` �H;mMb /Qb `2bmHi�/Qb Q#iB/Qb M� �THB+�Ï½Q /Q [m2biBQM�`BQ �Qb

�HmMQb /Q kǞ �MQ /Q 2MbBMQ Kû/BQ Uim`K�b kyyk 2 kyRjV /Q *QHû;BQ 1bi�/m�H .`X �/BMQ
s�pB2`X

1K `2H�Ï½Q �Q +QM?2+BK2MiQ bQ#`2 7mMÏǤ2b 2K ;2`�H- B/2MiB}+�Ï½Q /2 ;`�}+Qb- +QK@
T`22Mb½Q /2 bBim�ÏǤ2b QM/2 �b 7mMÏǤ2b �T�`2+2K MQ +QiB/B�MQ- � K�BQ`B� /Qb �HmMQb K�`+Qm
�b QTÏǤ2b R 2 k- bB;MB}+�M/Q [m2 Q +QM?2+BK2MiQ û KmBiQ TQm+Q Qm TQm+QX o2` };m`�b 9y
2 9RX

6B;m`� 9y Ĝ _2bTQbi� ¨ [m2bi½Q kX /Q 7Q`KmH�`BQ



�SĀL.A*1 �X J�i2`B�Bb /� i`BH?� de

6B;m`� 9R Ĝ _2bTQbi� ¨ [m2bi½Q jX /Q 7Q`KmH�`BQ

1K `2H�Ï½Q ¨ BKTQ`i�M+B� /Q TH�M2D�K2MiQ }M�M+2B`Q 2 /2 2H2 +QK2Ï�` � b2` 72BiQ
�BM/� DQp2K- � K�BQ`B� K�`+Qm � QTÏ½Q 8X �bbBK- � K�BQ` T�`i2 /Qb �HmMQb +QMbB/2`�
Q �bbmMiQ KmBiQ BKTQ`i�Mi2X o2` };m`�b 9k 2 9jX .� K2bK� K�M2B`�- � K�BQ` T�`i2
/Qb �HmMQb +QMbB/2`� KmBiQ BKTQ`i�Mi2 [m2 � �THB+�Ï½Q /� K�i2K�iB+� MQ +QiB/B�MQ b2D�
i`�i�/� M� b�H� /2 �mH�X o2` };m`� 99X

6B;m`� 9k Ĝ _2bTQbi� ¨ [m2bi½Q 9X /Q 7Q`KmH�`BQ

L� T2`;mMi� RR /Q 7Q`KmH�`BQ- [m2 T2/2 �Q �HmMQ mK #`2p2 `2H�iQ /2 bm� 2tT2`BāM@
+B� 2K `2H�Ï½Q ¨ �T`2M/Bx�;2K /Qb �bbmMiQb i`�i�/Qb- �Mi2b /� �THB+�Ï½Q /�b �iBpB/�/2b
T`QTQbi�b- BM+HmBKQb �H;mK�b /�b `2bTQbi�b M�b };m`�b 98 2 9eX
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6B;m`� 9j Ĝ _2bTQbi� ¨ [m2bi½Q 3X /Q 7Q`KmH�`BQ

6B;m`� 99 Ĝ _2bTQbi� ¨ [m2bi½Q RyX /Q 7Q`KmH�`BQ

6B;m`� 98 Ĝ _2bTQbi� ¨ [m2bi½Q RRX /Q 7Q`KmH�`BQ- U�V

6B;m`� 9e Ĝ _2bTQbi� ¨ [m2bi½Q RRX /Q 7Q`KmH�`BQ- U#V
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_272`āM+B�b

�M/`�/2- h?�Bb J�`+2HH2 /2X J�i2K�iB+� BMi2`HB;�/�X RX 2/X, a+BTBQM2- kykyX *Bi�/Q R p2x
M�b T�;BM�b j8- jd- jNX

#�M+Q #K;X d #QMb KQiBpQb T�`� BMp2biB` Q b2m /BM?2B`QX "HQ;X kykkX .BbTQMőp2H 2K,
?iiTb , f f rrr X #�M+Q#K; X +QK X #` f #HQ; f BMp2biBK2MiQb f d @ #QMb @ KQiBpQb @ T�`� @
BMp2biB`@Q@b2m@/BM?2B`QfX �+2bbQ 2K, 9 b2iX kyk9X *Bi�/Q R p2x M� T�;BM� 98X

#�bb�M2xB- _Q/M2v *�`HQbX 1MbBMQ@�T`2M/Bx�;2K +QK KQ/2H�;2K K�i2K�iB+�X jX 2/X,
*QMi2tiQ- kyyeX *Bi�/Q j p2x2b M�b T�;BM�b Re- RdX

#QHb� /Q #`�bBHX 1h6 /2 `2M/� p�`B�p2HX .BbTQMőp2H 2K, ?iiTb,ffrrrX#jX+QKX#`fTin
#`fT`Q/miQb@2@b2`pB+QbfM2;Q+B�+�Qf`2M/�@p�`B�p2Hf2i7@/2@`2M/�@p�`B�p2HX
?iKX �+2bbQ 2K, e b2iX kyk9X *Bi�/Q R p2x M� T�;BM� 9eX

#QM�- �M/`ûX 6BM�MÏ�b M� pB/� `2�H, T�;m2 �b /őpB/�b- +QM[mBbi2 b2mb bQM?Qb 2 ;�`�Mi�
mK� #Q� �TQb2Mi�/Q`B� U2/BÏ½Q 2bT2+B�H +QK K�i2`B�H 2/m+�+BQM�HVX kX 2/X, G2u� "`�bBH-
kykjX *Bi�/Q R p2x M� T�;BM� 98X

#QMDQ`MQ- CQbû _Q#2`iQc DȳMBQ`- CQbû _mv :BQp�MMBc bQmx�- S�mHQ _Q#2`iQ *�K�`�
/2X S`BbK� K�i2K�iB+�X RX 2/X, 6h.- kykyX *Bi�/Q R p2x M�b T�;BM�b j8Ĝjd- jNX

#`�bBHX "�b2 M�+BQM�H +QKmK +m``B+mH�` U"L**VX :Qp2`MQ 62/2`�HX JBMBbiû`BQ /� 1/m@
+�Ï½QX kyR3X .BbTQMőp2H 2K, ?iiT,ff#�b2M�+BQM�H+QKmKXK2+X;QpX#`f�#�b2fOK2/BQf
K�i2K�iB+�@2@bm�b@i2+MQHQ;B�b@MQ@2MbBMQ@K2/BQ@+QKT2i2M+B�b@2bT2+B7B+�b@2@
?�#BHB/�/2bX *Bi�/Q y p2x M�b T�;BM�b ky- k8X

#`�bBHX *QMbiBimBÏ½Q /� _2Tȹ#HB+� 62/2`�iBp� /Q "`�bBHX :Qp2`MQ 62/2`�HX *QM;`2bbQ L�@
+BQM�HX RN33X .BbTQMőp2H 2K, ?iiTb,ffH2;BbH�+�QXT`2bB/2M+B�X;QpX#`f�iQbf\iBTQ4
*PL�MmK2`Q4��MQ4RN33��iQ4#dNZhq1R126Tqh#R�X *Bi�/Q R p2x M� T�;BM� 9yX

#`�bBHX 1K2M/� +QMbiBim+BQM�H Ryj- /2 Rk /2 MQp2K#`Q /2 kyRNX :Qp2`MQ 62/2`�HX *QM@
;`2bbQ L�+BQM�HX kyRNX .BbTQMőp2H 2K, ?iiTb,ffH2;BbH�+�QXT`2bB/2M+B�X;QpX#`f
�iQbf\iBTQ41J*�MmK2`Q4Ryj��MQ4kyRN��iQ4/#9Fju[RF2wTqhN97X *Bi�/Q R p2x M�
T�;BM� 9yX

#`�bBHX G2B 3kRj /2 k9 /2 DmH?Q /2 RNNRX :Qp2`MQ 62/2`�HX *QM;`2bbQ L�+BQM�HX RNNRX
.BbTQMőp2H 2K, ?iiTb,ffH2;BbH�+�QXT`2bB/2M+B�X;QpX#`f�iQbf\iBTQ4G1A�MmK2`Q4
3kRj��MQ4RNNR��iQ4N2+1ha1NlJ6Tqh3kNX *Bi�/Q R p2x M� T�;BM� 9yX

#`�bBHX G2B NjN9 /2 ky /2 /2x2K#`Q /2 RNNeX :Qp2`MQ 62/2`�HX *QM;`2bbQ L�+BQM�HX RNNeX
.BbTQMőp2H 2K, ?iiTb,ffH2;BbH�+�QXT`2bB/2M+B�X;QpX#`f�iQbf\iBTQ4G1A�MmK2`Q4
NjN9��MQ4RNNe��iQ4j78QjueRlJCTqhk8�X *Bi�/Q R p2x M� T�;BM� 93X

https://www.bancobmg.com.br/blog/investimentos/7-bons-motivos-para-investir-o-seu-dinheiro/
https://www.bancobmg.com.br/blog/investimentos/7-bons-motivos-para-investir-o-seu-dinheiro/
https://www.b3.com.br/pt_br/produtos-e-servicos/negociacao/renda-variavel/etf-de-renda-variavel.htm
https://www.b3.com.br/pt_br/produtos-e-servicos/negociacao/renda-variavel/etf-de-renda-variavel.htm
https://www.b3.com.br/pt_br/produtos-e-servicos/negociacao/renda-variavel/etf-de-renda-variavel.htm
http://basenacionalcomum.mec.gov.br/abase/#medio/matematica-e-suas-tecnologias-no-ensino-medio-competencias-especificas-e-habilidades
http://basenacionalcomum.mec.gov.br/abase/#medio/matematica-e-suas-tecnologias-no-ensino-medio-competencias-especificas-e-habilidades
http://basenacionalcomum.mec.gov.br/abase/#medio/matematica-e-suas-tecnologias-no-ensino-medio-competencias-especificas-e-habilidades
https://legislacao.presidencia.gov.br/atos/?tipo=CON&numero=&ano=1988&ato=b79QTWE1EeFpWTb1a
https://legislacao.presidencia.gov.br/atos/?tipo=CON&numero=&ano=1988&ato=b79QTWE1EeFpWTb1a
https://legislacao.presidencia.gov.br/atos/?tipo=EMC&numero=103&ano=2019&ato=db4k3Yq1keZpWT94f
https://legislacao.presidencia.gov.br/atos/?tipo=EMC&numero=103&ano=2019&ato=db4k3Yq1keZpWT94f
https://legislacao.presidencia.gov.br/atos/?tipo=LEI&numero=8213&ano=1991&ato=9ecETSE9UMFpWT829
https://legislacao.presidencia.gov.br/atos/?tipo=LEI&numero=8213&ano=1991&ato=9ecETSE9UMFpWT829
https://legislacao.presidencia.gov.br/atos/?tipo=LEI&numero=9394&ano=1996&ato=3f5o3Y61UMJpWT25a
https://legislacao.presidencia.gov.br/atos/?tipo=LEI&numero=9394&ano=1996&ato=3f5o3Y61UMJpWT25a


_272`āM+B�b dN

/�Mi2- GmBx _Q#2`iQc pB�M�- 62`M�M/QX J�i2K�iB+� 2K +QMi2tiQbX RX 2/X, �iB+�- kykyX
*Bi�/Q R p2x M�b T�;BM�b j9- je- jNX

/r2+F- *�`QH aX JBM/b2i, � MQp� TbB+QHQ;B� /Q bm+2bbQX P#D2iBp�- kyyeX *Bi�/Q R p2x M�
T�;BM� R9X

7`2B`2- S�mHQX S2/�;Q;B� /Q QT`BKB/QX RdX 2/X, S�x 2 i2``�- RN3dX *Bi�/Q R p2x M� T�@
;BM� R9X

;HQ#Q- QX _27Q`K� /� T`2pB/āM+B�, 2Mi2M/� � T`QTQbi� TQMiQ � TQMiQX CQ`M�H P :HQ#QX
kyRNX .BbTQMőp2H 2K, ?iiTb , f f ;R X ;HQ#Q X +QK f 2+QMQKB� f MQiB+B� f kyRN f ye f Rj f
`27Q`K�@/�@T`2pB/2M+B�@2Mi2M/�@�@T`QTQbi�@TQMiQ@�@TQMiQkX;?iKHX �+2bbQ 2K,
d �;QX kyk9X *Bi�/Q R p2x M� T�;BM� 9yX

;HQ#Q- QX _27Q`K� /� T`2pB/āM+B�, a2M�/Q +QM+HmB pQi�Ï½Q /� ǵS1* T�`�H2H�ǶX CQ`M�H
P :HQ#QX kyRNX .BbTQMőp2H 2K, ?iiTb,ff;RX;HQ#QX+QKfTQHBiB+�fMQiB+B�fkyRNf
RRfRNf`27Q`K�@/�@T`2pB/2M+B�@b2M�/Q@+QM+HmB@pQi�+�Q@/�@T2+@T�`�H2H�@2K@
T`BK2B`Q@im`MQX;?iKHX �+2bbQ 2K, d �;QX kyk9X *Bi�/Q R p2x M� T�;BM� 9yX

B#;2X SQ`i�H *B/�/2b /Q A":1X .BbTQMőp2H 2K, ?iiTb,ff+B/�/2bXB#;2X;QpX#`f#`�bBHf
T�MQ`�K�X �+2bbQ 2K, d �;QX kyk9X *Bi�/Q j p2x2b M�b T�;BM�b 8e- 8d- eRX

Dmb#`�bBHX *�H+mHQ /Q b�H�`BQ /2 #2M27ő+BQ �TƦb � `27Q`K� /� T`2pB/āM+B�X Cmb#`�bBHX kyRNX
.BbTQMőp2H 2K, ?iiTb,ffrrrXDmb#`�bBHX+QKX#`f�`iB;Qbf+�H+mHQ@/Q@b�H�`BQ@/2@
#2M27B+BQ@�TQb@�@`27Q`K�@/�@T`2pB/2M+B�fdNRde8dkdO,�,i2ti4�im�HK2Mi2Wk*W
ky2bi2Wky+W*jW�RH+mHQWkyT�bb�Wky�-+�/�Wky�MQWky+QMi`B#mW*jW�./QWky�WkyK�BX
�+2bbQ 2K, d �;QX kyk9X *Bi�/Q R p2x M� T�;BM� 9yX

HBK�- 1HQM G�;2bX LȹK2`Qb 2 7mMÏǤ2b `2�BbX AM, +QH2Ê¸Q S_P6J�hX _BQ /2 C�M2B`Q,
aQ+B2/�/2 "`�bBH2B`� /2 J�i2K�iB+�- kyR9X *Bi�/Q k p2x2b M�b T�;BM�b ke- jkX

HBK�- 1HQM G�;2b 2i �HX � K�i2K�iB+� /Q 2MbBMQ Kû/BQX AM, +QH2Ê¸Q /Q T`Q72bbQ` /2
K�i2K�iB+�X NX 2/X _BQ /2 C�M2B`Q, aQ+B2/�/2 "`�bBH2B`� /2 J�i2K�iB+�- kyyeX *Bi�/Q R
p2x M� T�;BM� keX

b+?H2B+?2`- �M/`2�bX *H�bb2 JmM/B�H, *QKQ +QMbi`mB` mK bBbi2K� 2/m+�+BQM�H /Q bû+mHQ
ssAX P1*. Sm#HBb?BM;- kyRNX *Bi�/Q R p2x M� T�;BM� R9X

b22/m+@`DX *m``ő+mHQ `272`2M+B�H /Q 2bi�/Q /Q _BQ /2 C�M2B`Q- 2MbBMQ Kû/BQX a2+`2i�`B�
/2 1/m+�Ï½Q- _CX kykkX .BbTQMőp2H 2K, ?iiTb,ffMQpQ2MbBMQK2/BQX2/m+�+�QX`DX;QpX
#`fT/7bf+m``B+mHQXT/7X *Bi�/Q k p2x2b M� T�;BM� kjX

bQmx�- CQ�KB` _Q#2`iQ /2X JmHiBp2`bQb K�i2K�iB+�X RX 2/X, 6h.- kykyX *Bi�/Q R p2x M�b
T�;BM�b j9- je- jNX

bi�imbBMp2biX P [m2 û A"Po1aS�\ .BbTQMőp2H 2K, ?iiTb,ffbi�imbBMp2biX+QKX#`f
BM/B+2bfB#Qp2bT�X �+2bbQ 2K, e b2iX kyk9X *Bi�/Q R p2x M� T�;BM� 9eX

https://g1.globo.com/economia/noticia/2019/06/13/reforma-da-previdencia-entenda-a-proposta-ponto-a-ponto2.ghtml
https://g1.globo.com/economia/noticia/2019/06/13/reforma-da-previdencia-entenda-a-proposta-ponto-a-ponto2.ghtml
https://g1.globo.com/politica/noticia/2019/11/19/reforma-da-previdencia-senado-conclui-votacao-da-pec-paralela-em-primeiro-turno.ghtml
https://g1.globo.com/politica/noticia/2019/11/19/reforma-da-previdencia-senado-conclui-votacao-da-pec-paralela-em-primeiro-turno.ghtml
https://g1.globo.com/politica/noticia/2019/11/19/reforma-da-previdencia-senado-conclui-votacao-da-pec-paralela-em-primeiro-turno.ghtml
https://cidades.ibge.gov.br/brasil/panorama
https://cidades.ibge.gov.br/brasil/panorama
https://www.jusbrasil.com.br/artigos/calculo-do-salario-de-beneficio-apos-a-reforma-da-previdencia/791765727#:~:text=Atualmente%2C%20este%20c%C3%A1lculo%20passa%20a,cada%20ano%20contribu%C3%ADdo%20a%20mai
https://www.jusbrasil.com.br/artigos/calculo-do-salario-de-beneficio-apos-a-reforma-da-previdencia/791765727#:~:text=Atualmente%2C%20este%20c%C3%A1lculo%20passa%20a,cada%20ano%20contribu%C3%ADdo%20a%20mai
https://www.jusbrasil.com.br/artigos/calculo-do-salario-de-beneficio-apos-a-reforma-da-previdencia/791765727#:~:text=Atualmente%2C%20este%20c%C3%A1lculo%20passa%20a,cada%20ano%20contribu%C3%ADdo%20a%20mai
https://novoensinomedio.educacao.rj.gov.br/pdfs/curriculo.pdf
https://novoensinomedio.educacao.rj.gov.br/pdfs/curriculo.pdf
https://statusinvest.com.br/indices/ibovespa
https://statusinvest.com.br/indices/ibovespa
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J�m`B+BQ *2HbQ /2 PHBp2B`� CmMBQ`

*�H+mHQ T`2pB/2M+B�`BQ- �TQb2Mi�/Q`B� 2 7mMÏǤ2b, mK�
i`BH?� T2/�;Ʀ;B+� T�`� Q 2MbBMQ /2 7mMÏǤ2b 2tTQM2M+B�Bb

2 HQ;�`őiKB+�b mb�M/Q KQ/2H�;2K K�i2K�iB+�

lMBp2`bB/�/2 62/2`�H 6HmKBM2Mb2 Ĝ l66

P`B2Mi�/Q`, C�pB2` aQH�MQ

LBi2`ƦB- _C
kyk9



GBbi� /2 BHmbi`�ÏǤ2b

6B;m`� R Ĝ 6B;m`� /� [m2bi½Q RXk X X X X X X X X X X X X X X X X X X X X X X X X X X X Rj
6B;m`� k Ĝ *QMi`�+?2[m2 /2 mK i`�#�H?�/Q` X X X X X X X X X X X X X X X X X X X X X Re
6B;m`� j Ĝ �iBpB/�/2 2K ;2Q;2#`� U�V X X X X X X X X X X X X X X X X X X X X X X X X X kR
6B;m`� 9 Ĝ �iBpB/�/2 2K ;2Q;2#`� U#V X X X X X X X X X X X X X X X X X X X X X X X X X kk
6B;m`� 8 Ĝ �#`BM/Q �`[mBpQ MQpQ 2K TH�MBH?�b /2 ;QQ;H2 X X X X X X X X X X X X X X kj
6B;m`� e Ĝ *`B�M/Q T�;BM�b MQp�b X X X X X X X X X X X X X X X X X X X X X X X X X X X kj
6B;m`� d Ĝ _2MQK2�M/Q T�;BM�b X X X X X X X X X X X X X X X X X X X X X X X X X X X X kj
6B;m`� 3 Ĝ *`B�M/Q mK� i�#2H� X X X X X X X X X X X X X X X X X X X X X X X X X X X X k9
6B;m`� N Ĝ P bőK#QHQ _0 �Qb b�H�`BQb X X X X X X X X X X X X X X X X X X X X X X X X X k9
6B;m`� Ry Ĝ AMb2`BM/Q 7Ʀ`KmH� T�`� +`B�` � +QHmM� � X X X X X X X X X X X X X X X X X k9
6B;m`� RR Ĝ :2`�M/Q � +QHmM� � U�V X X X X X X X X X X X X X X X X X X X X X X X X X X k8
6B;m`� Rk Ĝ :2`�M/Q � +QHmM� � U#V X X X X X X X X X X X X X X X X X X X X X X X X X X k8
6B;m`� Rj Ĝ AMb2`BM/Q 7Ʀ`KmH� T�`� +`B�` � +QHmM� " X X X X X X X X X X X X X X X X X k8
6B;m`� R9 Ĝ h�#2H� /� 2pQHmÏ½Q b�H�`B�H T`QMi� X X X X X X X X X X X X X X X X X X X X ke
6B;m`� R8 Ĝ AMb2`BM/Q 7Ʀ`KmH� T�`� +`B�` � +QHmM� 1 X X X X X X X X X X X X X X X X X ke
6B;m`� Re Ĝ S�;BM� R +QK �b j i�#2H�b X X X X X X X X X X X X X X X X X X X X X X X X X kd
6B;m`� Rd Ĝ *`B�M/Q �b j i�#2H�b /Qb BMp2biBK2MiQb X X X X X X X X X X X X X X X X X X kN
6B;m`� R3 Ĝ _2H�+BQM�M/Q � +QHmM� � /�b /m�b T�;BM�b X X X X X X X X X X X X X X X X kN
6B;m`� RN Ĝ AMb2`BM/Q 7Ʀ`KmH� T�`� +`B�` � +QHmM� "- T�;BM� ALoX U�V X X X X X X X X jy
6B;m`� ky Ĝ AMb2`BM/Q 7Ʀ`KmH� T�`� +`B�` � +QHmM� "- T�;BM� ALoX U#V X X X X X X X X jy
6B;m`� kR Ĝ _2Mi�#BHB/�/2 /Q iőimHQ _2M/�Y X X X X X X X X X X X X X X X X X X X X X X jy
6B;m`� kk Ĝ _2bTQbi�b /2 �HmMQb M� i`BH?�- U�V X X X X X X X X X X X X X X X X X X X X X jk
6B;m`� kj Ĝ _2bTQbi�b /2 �HmMQb M� i`BH?�- U#V X X X X X X X X X X X X X X X X X X X X X jj



GBbi� /2 i�#2H�b

h�#2H� R Ĝ 1pQHmÏ½Q b�H�`B�H X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Rk
h�#2H� k Ĝ *QKT�`�Ï½Q /2 b�H�`BQb /2 k i`�#�H?�/Q`2b X X X X X X X X X X X X X X X Rk
h�#2H� j Ĝ 1pQHmÏ½Q b�H�`B�H /2 mK� i`�#�H?�/Q`� X X X X X X X X X X X X X X X X X Rd



amK�`BQ

R ALh_P.lÎ¼P X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 8

k P"C1hAoPa 1 S_PSPah� .�a �hAoA.�.1a X X X X X X X X X X X e

j al:1ahǣ1a- �o�GA�Î¼P 1 J�h1_A�G la�.P X X X X X X X X X 3
jXR am;2biǤ2b �Q T`Q72bbQ` X X X X X X X X X X X X X X X X X X X X X X X X X X 3
jXk 6Q`KmH�`BQ /2 �p�HB�Ï½Q X X X X X X X X X X X X X X X X X X X X X X X X X X 3
jXj h�#2H�b mb�/�b M� i`BH?� T2/�;Ʀ;B+� X X X X X X X X X X X X X X X X X X X Rk

9 � h_AG>� S1.�:ƥ:A*� X X X X X X X X X X X X X X X X X X X X X X X Rj
9XR Rǝ 2i�T�, S`2T�`�Ï½Q X X X X X X X X X X X X X X X X X X X X X X X X X X X Rj
9XRXR �mH� R, *�H+mHQ /2 TQ`+2Mi�;2K- Kû/B�b 2 TQi2M+B�Ï½Q X X X X X X X X X X Rj
9Xk kǝ 2i�T�, �T`2b2Mi�Ï½Q /Q T`Q#H2K� X X X X X X X X X X X X X X X X X X R8
9XkXR �mH� k, �THB+�Ï½Q /Qb +QM+2BiQb /2 TQ`+2Mi�;2K- Kû/B�b 2 TQi2M+B�Ï½Q

MQ +QMi2tiQ /Q K2`+�/Q /2 i`�#�H?QX X X X X X X X X X X X X X X X X X X X X R8
9XkXk �mH� j, S2b[mBb� bQ#`2 � `2�HB/�/2 b�H�`B�H /� `2;B½Q 2 2bim/Q /B`B;B/Q �

T�`iB` /�b BM7Q`K�ÏǤ2b Q#iB/�b M� T2b[mBb�X X X X X X X X X X X X X X X X X X Rd
9Xj jǝ 2i�T�, *�H+mHQ /Q �mK2MiQ /Q b�H�`BQ X X X X X X X X X X X X X X X X R3
9XjXR �mH� 9, �iBpB/�/2b miBHBx�M/Q Qb +QM+2BiQb �T`2M/B/Qb T�`� /2i2`KBM�` Q

�mK2MiQ /2 b�H�`BQ /2 mK i`�#�H?�/Q`X X X X X X X X X X X X X X X X X X X X R3
9XjXk �mH� 8, S`QT`B2/�/2 s(n + m) = s(n) · s(m) 2 `2H�Ï½Q an = b ⇐⇒

loga(n) = bX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X RN
9XjXj �mH� e, lbQ /Q ;2Q;2#`� T�`� `2H�+BQM�` 2pQHmÏ½Q b�H�`B�H 2 Q ;`�}+Q /�

2tTQM2M+B�H X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kR
9X9 9ǝ 2i�T�, *�H+mHQ /Qb /2b+QMiQb 2 #2M27ő+BQb X X X X X X X X X X X X X X kk
9X9XR �mH� d, *�H+mHQ /Q /2b+QMiQ T`2pB/2M+B�`BQ 2 /2i2`KBM�Ï½Q /� �TQb2Mi�@

/Q`B� /2 mK i`�#�H?�/Q`X X X X X X X X X X X X X X X X X X X X X X X X X X X kk
9X8 8ǝ 2i�T�, *QKT�`�Ï½Q /Q #2M27ő+BQ /� �TQb2Mi�/Q`B� +QK Qmi`Qb

BMp2biBK2MiQb X X X X X X X 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
9X8XR �mH� 3, �Hi2`M�iBp�b }M�M+2B`�b T�`� �HûK /� �TQb2Mi�/Q`B�X X X X X X X X k3

8 _1alGh�.Pa 1 .1a�6APaX X X X X X X X X X X X X X X X X X X X X X jk

_272`āM+B�b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X j9
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R AMi`Q/mÏ½Q

1bi2 `2+m`bQ 2/m+�+BQM�H û mK T`Q/miQ /� /Bbb2`i�Ï½Q /2 K2bi`�/Q BMiBimH�/�
ǳlK� i`BH?� T2/�;Ʀ;B+� mb�M/Q KQ/2H�;2K K�i2K�iB+�, �TQb2Mi�/Q`B� 2 7mMÏǤ2b 2tTQ@
M2M+B�BbǴU/2 QHBp2B`� DmMBQ`- kyk9V 2 +QKQ Q b2m MQK2 /2Bt� +H�`Q +QMbBbi2 2K mK�
i`BH?� T2/�;Ʀ;B+�X a2;mM/Q Q *2Mi`Q /2 1/m+�Ï½Q h2+MQHƦ;B+� /Q �K�xQM�b U*1h�JV-
2Mi2M/2bb2 � i`BH?� T2/�;Ʀ;B+� +QKQ ǳXXXmK� �#Q`/�;2K 2bi`mim`�/� 2 b2[m2M+B�H T�`� Q
T`Q+2bbQ /2 2MbBMQ 2 �T`2M/Bx�;2KX 1H� #mb+� Q`;�MBx�` +QMi2ȹ/Qb- �iBpB/�/2b 2 �p�HB�ÏǤ2b
/2 K�M2B`� HƦ;B+� 2 +Q2`2Mi2- 7�+BHBi�M/Q � �[mBbBÏ½Q /2 +QM?2+BK2MiQb 2 ?�#BHB/�/2b T2HQb
�HmMQbX P Q#D2iBpQ T`BM+BT�H û T`QTQ`+BQM�` mK +�KBM?Q +H�`Q 2 2}+B2Mi2 T�`� Q /2b2MpQH@
pBK2MiQ /�b +QKT2iāM+B�b M2+2bb�`B�b- `2bT2Bi�M/Q Q `BiKQ 2 Q 2biBHQ /2 �T`2M/Bx�;2K /2
+�/� BM/Bpő/mQXǴ � i`BH?� T2/�;Ʀ;B+� i2K +QKQ +�`�+i2`őbiB+�b BKTQ`i�Mi2b- � b2[m2M+B@
�HB/�/2 UTQBb �b �iBpB/�/2b b½Q TH�M2D�/�b /2 7Q`K� ;`�/m�HV- � +Qā`2M+B� U�b �iBpB/�/2b
2bi½Q �HBM?�/�b +QK Qb Q#D2iBpQb /2 �T`2M/Bx�;2KV 2 � /Bp2`bB/�/2 Ub½Q mb�/Qb `2+m`bQb
2 2bi`�iû;B�b M2+2bb�`BQb T�`� �b /B72`2Mi2b 7Q`K�b /2 �T`2M/2`VX

�}K /2 +`B�` mK KQ/2HQ T�`� Q 2MbBMQ /�b 7mMÏǤ2b 2tTQM2M+B�H 2 HQ;�`őiKB+� T�`�
�HmMQb /Q 2MbBMQ Kû/BQ- �b �iBpB/�/2b 7Q`�K 2H�#Q`�/�b � T�`iB` /Qb +�H+mHQb T`2pB/2M@
+B�`BQb #`�bBH2B`QbX �b �iBpB/�/2b T2`i2M+2Mi2b ¨ i`BH?� �#Q`/�`�K Q T`Q+2bbQ /2 2pQHmÏ½Q
b�H�`B�H /2 mK i`�#�H?�/Q`- /2b+QMiQ T`2pB/2M+B�`BQ- +�H+mHQ /Q #2M27ő+BQ /2 �TQb2Mi�/Q`B�-
�Hi2`M�iBp�b /2 BMp2biBK2MiQb- 2i+X � B/2B� /2 �#Q`/�` � i2K�iB+� T`2pB/2M+B�`B� bm`;2 /�
M2+2bbB/�/2 /2 `2H�+BQM�` Q +QMi2ȹ/Q �T`2M/B/Q 2K b�H� /2 �mH� +QK � `2�HB/�/2 7Q`� /Q
�K#B2Mi2 2b+QH�`X

.2 �+Q`/Q +QK � H2B G1A LǞ NXjN9- .1 ky .1 .1w1J"_P .1 RNNe UG2B /2
/B`2i`Bx2b 2 #�b2b /� 2/m+�Ï½Q M�+BQM�H @ G."V U#`�bBH- RNNeV- [m2 �}`K� Q +�`�i2`
�#`�M;2Mi2 /� 2/m+�Ï½Q,

�`iX RǞ � 2/m+�Ï½Q �#`�M;2 Qb T`Q+2bbQb 7Q`K�iBpQb [m2 b2 /2b2MpQHp2K
M� pB/� 7�KBHB�`- M� +QMpBpāM+B� ?mK�M�- MQ i`�#�H?Q- M�b BMbiBimBÏǤ2b
/2 2MbBMQ 2 T2b[mBb�- MQb KQpBK2MiQb bQ+B�Bb 2 Q`;�MBx�ÏǤ2b /� bQ+B2/�/2
+BpBH 2 M�b K�MB72bi�ÏǤ2b +mHim`�BbX
Ȝ kǞ � 2/m+�Ï½Q 2b+QH�` /2p2`� pBM+mH�`@b2 �Q KmM/Q /Q i`�#�H?Q 2 ¨
T`�iB+� bQ+B�HXǴ

1 �BM/�-

ǳ�`iX jǞ P 2MbBMQ b2`� KBMBbi`�/Q +QK #�b2 MQb b2;mBMi2b T`BM+őTBQb,
s @ p�HQ`Bx�Ï½Q /� 2tT2`BāM+B� 2ti`�@2b+QH�`c sA @ pBM+mH�Ï½Q 2Mi`2 �
2/m+�Ï½Q 2b+QH�`- Q i`�#�H?Q 2 �b T`�iB+�b bQ+B�BbXǴ

�+`2/Bi�KQb [m2 � i`BH?� 2H�#Q`�/� �i2M/2 Qb T`2+2BiQb 2bi�#2H2+B/Qb M� G."-
i`�x2M/Q T2`iBMāM+B� �Q 2bim/Q 2 T`2T�`�M/Q Q /Bb+2Mi2 T�`� � pB/� T`Q}bbBQM�HX
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P MQbbQ Q#D2iBpQ û BMi`Q/mxB` +QM+2BiQb K�i2K�iB+Qb � i`�pûb /2 bBim�ÏǤ2b T`Q#H2K�
[m2 7�x2K T�`i2 /� pB/� T`�iB+� /Qb �HmMQbX .B72`2Mi2K2Mi2 /� �#Q`/�;2K 72Bi� MQb HB@
p`Qb- 2K ;2`�H- [m2 2bi�#2H2+2 `2H�ÏǤ2b 2Mi`2 �b 7�KőHB�b /2 7mMÏǤ2b 2 mK� ;`�M/2 p�`B2/�/2
/2 T`Q#H2K�b T2[m2MQb BM/2T2M/2Mi2b 2 M½Q `2H�+BQM�/Qb- MQ i`�#�H?Q �T`2b2Mi�KQb �b
7mMÏǤ2b 2tTQM2M+B�Bb 2 HQ;�`őiKB+�b mb�M/Q mK ȹMB+Q �bbmMiQ +QKQ }Q +QM/miQ`- � �TQ@
b2Mi�/Q`B�X �i`�pûb /2 mK� i`BH?� T2/�;Ʀ;B+�- [m2 BMi2;`� � KQ/2H�;2K K�i2K�iB+� �Q
2MbBMQ /�b 7mMÏǤ2b 2tTQM2M+B�Bb 2 HQ;�`őiKB+�b- T`QTQKQb �iBpB/�/2b TQ` K2BQ /�b [m�Bb Q
�T`2M/Bx�/Q û +QMi2tim�HBx�/Q- 2bi�#2H2+2M/Q mK� +QM2t½Q 2Mi`2 +QM+2BiQb K�i2K�iB+Qb
2 bBim�ÏǤ2b /� pB/� `2�HX lb�M/Q T`Q#H2K�b `2H�+BQM�/Qb �Q K2`+�/Q /2 i`�#�H?Q- +QKQ
+QMi`B#mBÏǤ2b T�`� � T`2pB/āM+B� bQ+B�H- 2biBK�iBp�b /2 b�H�`BQb 2 BMp2biBK2MiQb }M�M+2B`Qb-
2bi� b2[māM+B� /2 �iBpB/�/2b- �HûK /2 H2p�` Qb �HmMQb � +QKT`22M/2`2K �H;mMb +QM+2BiQb
7mM/�K2Mi�Bb /�b 7mMÏǤ2b- i�K#ûK �T`2b2Mi� B/ûB�b }M�M+2B`�b /2 ;`�M/2 T2`iBMāM+B�
T�`� � pB/� /Qb �HmMQb �TƦb Q 2MbBMQ Kû/BQ 2 BM;`2bbQ MQ K2`+�/Q /2 i`�#�H?QX SQ`i�MiQ-
2bi�KQb /2b2MpQHp2M/Q Q +QM?2+BK2MiQ 2K /m�b 7`2Mi2b- Q +QM?2+BK2MiQ K�i2K�iB+Q 2
Q +QM?2+BK2MiQ /Q 7mM+BQM�K2MiQ /Q K2`+�/Q /2 i`�#�H?Q 2 bBbi2K� /2 �TQb2Mi�/Q`B�
#`�bBH2B`QX

1K �H;mMb TQMiQb /� i`BH?� T2/�;Ʀ;B+�- T`QKQp2KQb 2 2tTHB+�KQb Q mbQ /2 72`@
`�K2Mi�b /B;Bi�Bb T�`� Q /2b2MpQHpBK2MiQ /�b �iBpB/�/2bX .2bi� 7Q`K�- Q �HmMQ p�B i2`
+QMi�iQ +QK 2bi�b 72``�K2Mi�b- p�B +QK2Ï�` � 2Mi2M/2` +QKQ TQ/2K b2` mb�/�b- 2 �BM/�
K�Bb BKTQ`i�Mi2- p�B +QKT`22M/2` � BKTQ`i�M+B� 2 miBHB/�/2 [m2 2bi�b 72``�K2Mi�b TQ/2K
i2` M� `2bQHmÏ½Q i�MiQ /�b �iBpB/�/2b bm;2`B/�b M� i`BH?� +QKQ /2 Qmi`Qb T`Q#H2K�b [m2
TQ/2K �T�`2+2` M� bm� pB/�X

� i`BH?� T2/�;Ʀ;B+� 2H�#Q`�/� +QKQ T`Q/miQ 2/m+�+BQM�H /2bi2 i`�#�H?Q i2K +QKQ
T`QTQbi� `2H�+BQM�` /Bp2`bQb iƦTB+Qb /Q 2MbBMQ /2 K�i2K�iB+�- � }K /2 H2p�` Q �HmMQ �
�+mKmH�` `2T2`iƦ`BQ 2- �bbBK- +QKT`22M/2` �b 7mMÏǤ2b 2 +QKQ 2bi�b b2 �T`2b2Mi�K 2K b2m
+QiB/B�MQX

�b �iBpB/�/2b 7Q`�K /BbTQbi�b 2K �mH�b- /2 T2HQ K2MQb mK� ?Q`� 2 [m�`2Mi� KBMm@
iQb Uk i2KTQb /2 8y KBMmiQbV- b2M/Q `2�HBx�/�b 2K ;`mTQbX .2bi�+�KQb [m2 Q Tȹ#HB+Q �HpQ
/�b �iBpB/�/2b T`QTQbi�b M2bi� i`BH?� T2/�;Ʀ;B+� b½Q �HmMQb /Q 2MbBMQ Kû/BQX 1bi2 7�iQ
Q+Q``2 TQBb û MQ 2MbBMQ Kû/BQ QM/2 Q 2bim/Q /2 7mMÏǤ2b û 7Q`K�HBx�/Q 2 2bi2b �HmMQb D� b2
2M+QMi`�K M� BKBMāM+B� /Q BM;`2bbQ MQ K2`+�/Q /2 i`�#�H?QX SQ`ûK- [m�H[m2` �HmMQ +QK
7�KBHB�`B/�/2 2K TQ`+2Mi�;2K- Kû/B�b 2 TQi2M+B�Ï½Q- TQ/2 `2�HBx�` �b �iBpB/�/2bX � i`BH?�
TQ/2 b2` mb�/� T�`� [m2 Q �HmMQ i2M?� Q T`BK2B`Q +QMi�iQ +QK �b 7mMÏǤ2b 2tTQM2M+B�Bb 2
HQ;�`őiKB+�bX
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.BpB/BKQb �b �iBpB/�/2b 2K +BM+Q 2i�T�b, 2i�T� T`2T�`�iƦ`B�- �T`2b2Mi�Ï½Q /Q T`Q@
#H2K�- +�H+mHQ /Q �mK2MiQ /Q b�H�`BQ- +�H+mHQ /Qb /2b+QMiQb 2 #2M27ő+BQb 2 +QKT�`�Ï½Q /Qb
#2M27ő+BQb /� �TQb2Mi�/Q`B� +QK Qmi`Qb BMp2biBK2MiQbX LQ BMő+BQ i2KQb mK� `2pBb½Q bQ#`2
Q +�H+mHQ /2 TQ`+2Mi�;2K- Kû/B�b 2 TQiāM+B�bX L� b2[māM+B�- Qb K2bKQb iƦTB+Qb /2b2MpQH@
pB/Qb M� �mH� �Mi2`BQ` b½Q `2H�+BQM�/Qb �Q KmM/Q /Q i`�#�H?QX �/B�Mi2- û T`QTQbi� mK�
T2b[mBb� bQ#`2 �bbmMiQb [m2 b2`½Q T2`iBM2Mi2b M�b T`ƦtBK�b �mH�bX *QMiBMm�M/Q- M�b i`āb
�mH�b b2;mBMi2b +QM+2Mi`�K@b2 2K H2p�` Q �HmMQ � /2}MB` � 7mMÏ½Q 2tTQM2M+B�H- p2`B}+�`
bm� T`QT`B2/�/2 7mM/�K2Mi�H- 2bi�#2H2+2` bm� `2H�Ï½Q +QK Qb HQ;�`BiKQb 2- +QK mbQ /Q
:2Q;2#`�- Q#b2`p�` Q +QKTQ`i�K2MiQ /Q b2m ;`�}+QX SQ` }K- M�b /m�b ȹHiBK�b �mH�b- +QK
�mtőHBQ /2 T`Q;`�K�b /2 +`B�Ï½Q /2 TH�MBH?�b- /2KQMbi`�`2KQb +QK K�BQ` T`Q7mM/B/�/2
Q 7mM+BQM�K2MiQ /Q +�H+mHQ T`2pB/2M+B�`BQ #`�bBH2B`Q- /2i2`KBM�`2KQb p�HQ`2b /2 �TQb2M@
i�/Q`B�b T�`� mK i`�#�H?�/Q` ?BTQiûiB+Q 2 p2`B}+�`2KQb +QKQ Q �iQ /2 BMp2biB` +QK 7Q+Q
M� �TQb2Mi�/Q`B� TQ/2 7�x2` ;`�M/2 /B72`2MÏ� M� K�Mmi2MÏ½Q /� [m�HB/�/2 /2 pB/� /Q
i`�#�H?�/Q`X

LQ +�TőimHQ 9 /� /Bbb2`i�Ï½Q /2 K2bi`�/Q S`Q7K�i U/2 QHBp2B`� DmMBQ`- kyk9V-
i2K K�Bb BM7Q`K�ÏǤ2b- mb�/�b M� i`BH?�- bQ#`2 �TQb2Mi�/Q`B� 2 BMp2biBK2MiQbX
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j am;2biǤ2b- �p�HB�Ï½Q 2 K�i2`B�H mb�/Q

jXR am;2biǤ2b �Q T`Q72bbQ`
hQ/� � b2[māM+B� /B/�iB+� 7QB 2bi`mim`�/� MmK 7Q`K�iQ T`Q;`2bbBpQ- /2 K�M2B`�

[m2 Q +QM?2+BK2MiQ b2D� �/[mB`B/Q /2 K�M2B`� +mKmH�iBp�X S2Mb�KQb [m2 � b2[māM+B� /2p2
b2` b2;mB/� M� Q`/2K 2bi�#2H2+B/�- � }K /2 [m2- �TƦb +�/� �iBpB/�/2- Q �HmMQ �/[mB`� Qb
+QM?2+BK2MiQb M2+2bb�`BQb T�`� �iBpB/�/2b TQbi2`BQ`2bX

hQ/Q Q TH�M2D�K2MiQ /�b �iBpB/�/2b 7QB 72BiQ +QMbB/2`�M/Q [m2 Q �HmMQ /2p2 b2` Q
T`Qi�;QMBbi� T`BM+BT�HX *QMbB/2`�KQb [m2 Q bm+2bbQ /�b �iBpB/�/2b /2T2M/2 /2 [m2 b2D�
Q �HmMQ [m2K 7�x �b �T`QtBK�ÏǤ2b ¨b `2bTQbi�b- Qb 2``Qb 2 �b /2b+Q#2`i�bX SQ` BbbQ- û
BKTQ`i�Mi2 [m2 Q T`Q72bbQ` T2`KBi� [m2 Q �HmMQ /2b2MpQHp� �b �iBpB/�/2b- [m2 KQiBp2 �Q
�HmMQ T�`� [m2 b2 iQ`M2 K�Bb �miƬMQKQ MQ T2`+m`bQ /�b �iBpB/�/2bX P T`Q72bbQ` T`2+Bb�
2bi�` T`ƦtBKQ /Qb �HmMQb MQ /2+Q``2` /�b �mH�b- K�b b2K BMi2`72`B` �iBp�K2Mi2 MQ T`Q+2bbQ
/2 /2b2MpQHpBK2MiQ /�b �iBpB/�/2bX ú p�HB/Q 2bi�#2H2+2` ;`mTQb /2 i`�#�H?Q /m`�Mi2 iQ/Q Q
T2`+m`bQ /� i`BH?�- T2`KBiBM/Q [m2 Qb T`ƦT`BQb �HmMQb 2bi�#2H2Ï�K mK� `QiBM� /2 i`�#�H?QX
ú BKTQ`i�Mi2 [m2 Q T`Q72bbQ` T2`+2#� b2 ?� �H;mK ǳT`Q#H2K�Ǵ[m2 2bi� BKT2/BM/Q Q �p�MÏQ
/�b �iBpB/�/2b 2 T`QTQM?� TQbbőp2Bb +�KBM?Qb T�`� `2bQHp2` Q T`Q#H2K�- b2K /�` `2bTQbi�b
T`QMi�b- T2`KBiBM/Q �Q �HmMQ /�` +QMiBMmB/�/2 �Q /2b2MpQHpBK2MiQ /� �iBpB/�/2X

S�`� ;�`�MiB` K2H?Q` �T`Qp2Bi�K2MiQ /� `2�HBx�Ï½Q /�b �iBpB/�/2b- /BbTQMB#BHBx�@
KQb Q HBMF /�b i�#2H�b 2H2i`ƦMB+�b [m2 b2`½Q /2b2MpQHpB/�b 2 miBHBx�/�b M�b [m2biǤ2b /�b
�mH�b d 2 3X

?iiTb,ff/Q+bX;QQ;H2X+QKfbT`2�/b?22ibf/fRZ_666#�l/"6M@utTAw2>:u68_ek#@
eiCis#sdu79B1�f2/Bi\mbT4b?�`BM;

LQ T`Q/miQ 2/m+�+BQM�H- �H;mK�b /�b �iBpB/�/2b T`QTQbi�b +QMi�K +QK bm;2biǤ2b
�Q T`Q72bbQ`- � }K /2 /�` bmTQ`i2 � 2bi2 /m`�Mi2 bm� T`�iB+� /Q+2Mi2X �b �iBpB/�/2b 7Q`�K
2H�#Q`�/�b T2Mb�M/Q 2K ;mB�` T�bbQ � T�bbQ �Q �HmMQ T�`� �/[mB`B` Q +QM?2+BK2MiQ T`2@
i2M/B/QX 1K �H;mK�b �iBpB/�/2b /� i`BH?� T2/�;Ʀ;B+�- �T`2b2Mi�KQb Q`B2Mi�ÏǤ2b 2tTHő+Bi�b
�Q �HmMQ- +QK Q Q#D2iBpQ /2 ;mB�` 2H2 M� `2�HBx�Ï½Q /2 �H;mK� 2i�T� /� �iBpB/�/2- [m2
U�+?�KQbV TQ/2`B� ;2`�` K�Bb +QM7mb½QX

jXk 6Q`KmH�`BQ /2 �p�HB�Ï½Q
S�`� K2Mbm`�` Q Mőp2H /2 2Mi2M/BK2MiQ �Mi2b 2 /2TQBb /� `2�HBx�Ï½Q /�b �iBpB/�/2b

DmMiQ �Qb �HmMQb- +`B�KQb mK 7Q`KmH�`BQ �#Q`/�M/Q Q Mőp2H /2 +QKT`22Mb½Q bQ#`2 7mMÏǤ2b-
� BKTQ`i�M+B� /� i2K�iB+� �#Q`/�/� M�b �iBpB/�/2b T�`� Q 7mim`Q- 2i+X

https://docs.google.com/spreadsheets/d/1QRFFFbaUdBFn-YxpIZeHGYF5R62b-6tJtXbX7Yf4iEA/edit?usp=sharing
https://docs.google.com/spreadsheets/d/1QRFFFbaUdBFn-YxpIZeHGYF5R62b-6tJtXbX7Yf4iEA/edit?usp=sharing
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P 7Q`KmH�`BQ 7QB +`B�/Q 2 bm#K2iB/Q �Qb �HmMQb �i`�pûb /� TH�i�7Q`K� ;QQ;H2 7Q`KbX
h2M/Q 2K pBbi� Q 7�+BH �+2bbQ � BMi2`M2i �i`�pûb /Qb +2HmH�`2b- 2bi� pB� /2 /Bbi`B#mBÏ½Q
/Q [m2biBQM�`BQ b2 KQbi`Qm K�Bb 2}+�x 2 b�iBb7�iƦ`B�X LQ +�bQ /2 K�BQ` /B}+mH/�/2 /2
miBHBx�Ï½Q /2 K2BQb 2H2i`ƬMB+Qb- iQ`M�@b2 B/2�H � BKT`2bb½Q /2bi2 7Q`KmH�`BQX

� b2;mB` 2bi½Q Qb HBMFb /Qb 7Q`KmH�`BQb [m2 2H�#Q`�KQb 2 mb�KQb DmMiQ +QK � i`BH?�

GBMF /Q 7Q`KmH�`BQ � b2` �THB+�/Q �Mi2b /� `2�HBx�Ï½Q /�b �iBpB/�/2bX

?iiTb,ff7Q`KbX;H2fkki_3Gd?G+Ju3NF/N

GBMF /Q 7Q`KmH�`BQ � b2` �THB+�/Q /2TQBb /� `2�HBx�Ï½Q /�b �iBpB/�/2bX

?iiTb,ff7Q`KbX;H2f*:8�?F7>ZEr+BMJse

P#D2iBpQ,
�p�HB�` Q Mőp2H /2 +QM?2+BK2MiQ 2 +QKT`22Mb½Q /Qb �HmMQb /�b im`K�b kyyk 2

kyRj /Q *QHû;BQ 1bi�/m�H .`X �/BMQ s�pB2` bQ#`2 Qb i2K�b /2 7mMÏǤ2b- 2bT2+B�HK2Mi2 �b
7mMÏǤ2b 2tTQM2M+B�Bb- 2 bm� `2H�Ï½Q +QK Q TH�M2D�K2MiQ }M�M+2B`Q 2 T`Q}bbBQM�HX �HûK
/BbbQ- #mb+�@b2 �M�HBb�` � 2pQHmÏ½Q /2bb2 +QM?2+BK2MiQ �Q HQM;Q /�b �iBpB/�/2b T`QTQbi�bX

Sȹ#HB+Q@�HpQ,
� i`BH?� T2/�;Ʀ;B+� /2b2MpQHpB/� +QKQ T`Q/miQ 2/m+�+BQM�H TQ` 2bi2 i`�#�H?Q /2

+QM+Hmb½Q /2 +m`bQ- i2K +QKQ Tm#HB+Q@�HpQ �HmMQb /Q 2MbBMQ Kû/BQX S2HQ 7�iQ /Q 2bim/Q
/�b 7mMÏǤ2b b2` 7Q`K�HBx�/Q MQ 2MbBMQ Kû/BQ- iQ`M�@b2 BMi2`2bb�Mi2 Q /2b2MpQHpBK2MiQ /�b
�iBpB/�/2b T`QTQbi�b M2bi� 2i�T� 2b+QH�`X o�H2 `2b�Hi�` [m2 � i`BH?� TQ/2 b2` mb�/� i�K#ûK
+QK �HmMQb /Q 2MbBMQ 7mM/�K2Mi�H- +QK Q Q#D2iBpQ /2 BMi`Q/mxB` �b 7mMÏǤ2b 2tTQM2M+B�H
2 HQ;�`őiKB+�X

�b �iBpB/�/2b /2bi2 T`Q/miQ 2/m+�+BQM�H 7Q`�K �THB+�/�b � �HmMQb /Q kǞ �MQ /Q
2MbBMQ Kû/BQ Uim`K�b kyyk 2 kyRjV /Q *QHû;BQ 1bi�/m�H .`X �/BMQ s�pB2`X

J2iQ/QHQ;B�,
P 7Q`KmH�`BQ b2`� �THB+�/Q 2K /m�b 2i�T�b,

Ç �Mi2b /�b �iBpB/�/2b, S�`� B/2MiB}+�` Q +QM?2+BK2MiQ T`ûpBQ /Qb �HmMQb bQ#`2 Qb
i2K�b �#Q`/�/QbX

Ç �TƦb �b �iBpB/�/2b, S�`� �p�HB�` � 2pQHmÏ½Q /Q �T`2M/Bx�/Q 2 � 272iBpB/�/2 /�b
�iBpB/�/2b T`QTQbi�bX

P 7Q`KmH�`BQ û +QKTQbiQ TQ` Ry [m2biǤ2b 72+?�/�b- +QK `2bTQbi�b 2K 2b+�H� GB@
F2`i /2 8 TQMiQb- p�`B�M/Q /2 R UKmBiQ TQm+Q Qm `mBKV � 8 UKmBiQ #QK Qm 2t+2H2Mi2VX

https://forms.gle/22tR8L7hLcMY89kd9
https://forms.gle/CG5ahkfHQKwcinMX6


*�TőimHQ jX am;2biǤ2b- �p�HB�Ï½Q 2 K�i2`B�H mb�/Q Ry

1bb� 2b+�H� T2`KBi2 [m�MiB}+�` Q Mőp2H /2 +QM+Q`/�M+B� /Qb �HmMQb +QK +�/� �}`K�Ï½Q-
7�+BHBi�M/Q � �M�HBb2 /Qb /�/QbX �+`2b+2Mi�KQb K�Bb /m�b [m2biǤ2b �Q 7Q`KmH�`BQ � b2`
T`22M+?B/Q �TƦb � `2�HBx�Ï½Q /�b �iBpB/�/2bX

*QMi2ȹ/Q /�b Zm2biǤ2b,
�b [m2biǤ2b �#Q`/�K Qb b2;mBMi2b i2K�b,

U�V *QM?2+BK2MiQ bQ#`2 7mMÏǤ2b, �p�HB� Q 2Mi2M/BK2MiQ /Qb �HmMQb bQ#`2 Q +QM+2BiQ /2
7mMÏ½Q- bm� `2T`2b2Mi�Ï½Q ;`�}+� 2 � B/2MiB}+�Ï½Q /2 /B72`2Mi2b iBTQb /2 7mMÏǤ2bX

U#V *QKT`22Mb½Q bQ#`2 7mMÏǤ2b 2tTQM2M+B�Bb 2 HQ;�`őiKB+�, o2`B}+� Q +QM?2+BK2MiQ /Qb
�HmMQb bQ#`2 Q +`2b+BK2MiQ /�b 7mMÏǤ2b 2 bm� �THB+�Ï½Q 2K bBim�ÏǤ2b `2�BbX

U+V AKTQ`i�M+B� /Q TH�M2D�K2MiQ }M�M+2B`Q, �p�HB� � T2`+2TÏ½Q /Qb �HmMQb bQ#`2 �
BKTQ`i�M+B� /2 TH�M2D�` Q 7mim`Q }M�M+2B`Q 2 � `2H�Ï½Q 2Mi`2 Q 2bim/Q /2 7mMÏǤ2b 2
� +QKT`22Mb½Q /2 +QM+2BiQb +QKQ Dm`Qb +QKTQbiQbX

U/V SH�M2D�K2MiQ T`Q}bbBQM�H, o2`B}+� � +QMb+BāM+B� /Qb �HmMQb bQ#`2 � BKTQ`i�M+B� /2
TH�M2D�` � +�``2B`� 2 � `2H�Ï½Q 2Mi`2 Q 2bim/Q /2 K�i2K�iB+� 2 Q /2b2MpQHpBK2MiQ
T`Q}bbBQM�HX

U2V �p�HB�Ï½Q /Q 2MbBMQ, *QH2i� � QTBMB½Q /Qb �HmMQb bQ#`2 � 7Q`K� +QKQ Q +QMi2ȹ/Q /2
7mMÏǤ2b û 2MbBM�/Q 2 � M2+2bbB/�/2 /2 K�BQ` �THB+�Ï½Q /Qb +QM+2BiQb MQ /B� � /B�X

Zm2biǤ2b,
aQ#`2 Q 2bim/Q /2 7mMÏǤ2b

RX Zm�H Q b2m Mőp2H /2 +QM?2+BK2MiQ bQ#`2 Q +QM+2BiQ /2 7mMÏ½Q 2K K�i2K�iB+�\X

kX oQ+ā +QMb2;m2 B/2MiB}+�` /B72`2Mi2b iBTQb /2 7mMÏǤ2b UHBM2�`- [m�/`�iB+�- 2tTQM2M+B�H-
2i+XV 2K ;`�}+Qb 2 2[m�ÏǤ2b\

jX *QKQ pQ+ā �p�HB� bm� +QKT`22Mb½Q bQ#`2 Q +`2b+BK2MiQ /�b 7mMÏǤ2b 2tTQM2M+B�H 2
HQ;�`őiKB+� 2 bm�b �THB+�ÏǤ2b MQ KmM/Q `2�H\

aQ#`2 Q SH�M2D�K2MiQ 6BM�M+2B`Q 2 S`Q}bbBQM�H

9X Zm�H � BKTQ`i�M+B� [m2 pQ+ā �i`B#mB �Q TH�M2D�K2MiQ }M�M+2B`Q T�`� Q b2m 7mim`Q\

8X oQ+ā +QMbB/2`� [m2 Q 2bim/Q /2 7mMÏǤ2b 2tTQM2M+B�Bb TQ/2 i2 �Dm/�` � 2Mi2M/2`
K2H?Q` +QM+2BiQb +QKQ Dm`Qb +QKTQbiQb 2 +`2b+BK2MiQ TQTmH�+BQM�H\



*�TőimHQ jX am;2biǤ2b- �p�HB�Ï½Q 2 K�i2`B�H mb�/Q RR

eX �+`2/Bi� [m2 Q TH�M2D�K2MiQ T`Q}bbBQM�H û 7mM/�K2Mi�H T�`� �H+�MÏ�` b2mb Q#D2iBpQb
/2 +�``2B`�\

dX oQ+ā D� T2MbQm 2K +QKQ b2`� bm� pB/� }M�M+2B`� �TƦb � �TQb2Mi�/Q`B�\

3X Zm�H � BKTQ`i�M+B� /2 +QK2Ï�` � TH�M2D�` bm� �TQb2Mi�/Q`B� �BM/� DQp2K\

aQ#`2 Q 1MbBMQ /2 J�i2K�iB+�

NX *QKQ pQ+ā �p�HB� � 7Q`K� +QKQ Q +QMi2ȹ/Q /2 7mMÏǤ2b û 2MbBM�/Q 2K bm� 2b+QH�\

RyX oQ+ā �+?� [m2 Q 2MbBMQ /2 K�i2K�iB+� /2p2`B� /�` K�Bb āM7�b2 ¨ �THB+�Ï½Q /Qb
+QM+2BiQb MQ /B� � /B�\

1 }M�HK2Mi2 i2K mK� [m2bi½Q QM/2 Q �HmMQ TQ/2 2b+`2p2` HBp`2K2Mi2 bQ#`2 � bm� 2tT2`B@
āM+B� M� �T`2M/Bx�;2K /Q �bbmMiQ i`�i�/QX

RRX � T�`iB` /Qb b2m +QM?2+BK2MiQb BMB+B�Bb �+2`+� /2 7mMÏǤ2b- 7mMÏǤ2b 2tTQM2M+B�Bb 2
HQ;�`őiKB+�- TH�M2D�K2MiQ }M�M+2B`Q 2 T`Q}bbBQM�H- 7�Ï� mK #`2p2 `2H�iQ /�b bm�b
2tT2`BāM+B�b �Mi2b /� `2�HBx�Ï½Q /�b �iBpB/�/2b T`QTQbi�bX

�TƦb � `2�HBx�Ï½Q /�b �iBpB/�/2b Q 7Q`KmH�`BQ b2`� MQp�K2Mi2 bm#K2iB/Q �Qb �HmMQb �
}K /2 Q#b2`p�` Q BKT�+iQ /�b �iBpB/�/2b /� i`BH?� T2/�;Ʀ;B+� M� `2H�Ï½Q /Qb �HmMQb +QK
�b 7mMÏǤ2b 2tTQM2M+B�Bb 2 M� `2H�Ï½Q +QK Q 2MbBMQ /2 K�i2K�iB+�X �HûK /�b T2`;mMi�b
D� `2bTQM/B/�b MQ BMB+BQ /� �THB+�Ï½Q /�b �iBpB/�/2b- �+`2b+2Mi�KQb k [m2biǤ2b � }K /2
Q#b2`p�` TQbbőp2Bb `2bmHi�/Qb Q#iB/QbX �b T2`;mMi�b b½Q,

RkX �TƦb Q /2b2MpQHpBK2MiQ /�b �iBpB/�/2b- pQ+ā b2 b2Mi2 K�Bb T`2T�`�/Q T�`� BM;`2bb�`
MQ K2`+�/Q /2 i`�#�H?Q\

RjX �b �iBpB/�/2b T`QTQbi�b ;2`�`�K �H;mK� 7Q`K� /2 /2#�i2- bQ#`2 � i2K�iB+� T`2pB@
/2M+B�`B�- 7Q`� /Q �K#B2Mi2 2b+QH�`\ a2 bBK- 7�Ï� mK #`2p2 `2H�iQX



*�TőimHQ jX am;2biǤ2b- �p�HB�Ï½Q 2 K�i2`B�H mb�/Q Rk

jXj h�#2H�b mb�/�b M� i`BH?� T2/�;Ʀ;B+�

h�#2H� mb�/� M�b [m2biǤ2b 9XR 2 9Xk

h�#2H� R Ĝ 1pQHmÏ½Q b�H�`B�H

�MQ �mK2MiQ TQ` `2�H �mK2MiQ b�H�`B�H

h�#2H� mb�/� M�b [m2biǤ2b 8XR 2 8Xk

h�#2H� k Ĝ *QKT�`�Ï½Q /2 b�H�`BQb /2 k i`�#�H?�/Q`2b

�MQ a�H�`BQ i`�#�H?�/Q` R UhRV a�H�`BQ i`�#�H?�/Q` k UhkV



Rj

9 � i`BH?� T2/�;Ʀ;B+�

9XR RǗ 2i�T�, S`2T�`�Ê¸Q

9XRXR �mH� R, *�H+mHQ /2 TQ`+2Mi�;2K- Kû/B�b 2 TQi2M+B�Ï½Q

P#D2iBpQ, _2pBb�` Qb +QM+2BiQb /2 TQ`+2Mi�;2K- Kû/B�b 2 TQi2M+B�Ï½QX

J�i2`B�H miBHBx�/Q, HBbi� BKT`2bb� +QK �iBpB/�/2b T`QTQbi�bX

�mH�UbV M2+2bb�`B�UbV, R?Q`� 2 9y KBMmiQb Uk �mH�b /2 8y KBMmiQbV

Zm2bi½Q RXR *�H+mH2 �b TQ`+2Mi�;2Mb �#�BtQ,

U�V RyW /2 kyy

U#V R8W /2 jyy

U+V kkW /2 3y

U/V RdW /2 Ny

U2V k8W /2 Rkyy

U7V Rk-8W /2 Nyy

U;V N-dW /2 3yy

U?V Rj-9W /2 R8k

UBV kk-3W /2 k89e

Zm2bi½Q RXk � BK�;2K M� };m`� R `2T`2b2Mi� Q T`2ÏQ /� #�M�M� MmK� 72B`� /2 `m�X

aQ#`2 Q T`2ÏQ BMB+B�H /� #�M�M�- `2bTQM/�,

6B;m`� R Ĝ 6B;m`� /� [m2bi½Q RXkX

U�V Zm�H b2`� Q T`2ÏQ /� #�M�M� �TƦb mK �mK2MiQ /2 RyW \

U#V Zm�H b2`� Q T`2ÏQ /� #�M�M� �TƦb mK /2b+QMiQ /2 R8W- 2K `2H�Ï½Q �Q T`2ÏQ Q#iB/Q
MQ Bi2K �V\



*�TőimHQ 9X � i`BH?� T2/�;Ʀ;B+� R9

U+V a2 � #�M�M� T�bb�` � b2` p2M/B/� � N-ky- [m�H b2`� Q T2`+2Mim�H /2 �mK2MiQ �THB+�/Q
�Q b2m T`2ÏQ BMB+B�H\

U/V a2 � #�M�M� T�bb�` � b2` p2M/B/� � e-9y- [m�H b2`� Q T2`+2Mim�H /2 /2b+QMiQ �THB+�/Q-
2K `2H�Ï½Q �Q p�HQ` Q#iB/Q MQ Bi2K #V\

Zm2bi½Q RXj .2i2`KBM2 � Kû/B� �`BiKûiB+� /Qb p�HQ`2b `2T`2b2Mi�/Qb �#�BtQ,

U�V kj- 98- dj- d3- N9

U#V Ryy- jk3- 98k- 83R- Ndj- jk8

U+V Rk93- 9k39- jRk9

Zm2bi½Q RX9 G2B� Qb T`Q#H2K�b �#�BtQ 2 `2bTQM/�,

U�V L� T`Qp� T�`� mK +�`;Q M� 2M72`K�`B� /Q ?QbTBi�H- mK� +�M/B/�i� 72x e TQMiQb M�
T`Qp� /2 +QM?2+BK2MiQb 2bT2+ő}+Qb- 9 TQMiQb 2K +QM?2+BK2MiQb ;2`�Bb 2 8 TQMiQb
2K SQ`im;mābX .2i2`KBM2 � Kû/B� TQM/2`�/� /�b MQi�b /2bb� +�M/B/�i� b�#2M/Q
[m2 Qb `2bT2+iBpQb T2bQb b½Q 8- j 2 kX

U#V a�#2M/Q [m2 mK �HmMQ Q#i2p2 �b MQi�b 3- N- e 2 3 2 [m2 2bb�b MQi�b iāK- `2bT2+iBp�@
K2Mi2- Qb T2bQb k- k- j 2 j- +�H+mH2 � bm� Kû/B�X

U+V � B/�/2 Kû/B� /Qb K2MBMQb �i2M/B/Qb 2K mK� +HőMB+� T2/B�i`B+� 7QB e �MQb 2 /�b
K2MBM�b- 3X P MȹK2`Q /2 K2MBMQb 2`� k8 2 Q /2 K2MBM�b- jyX 1Mi½Q- [m�H � B/�/2
Kû/B� /�b +`B�MÏ�b �i2M/B/�b\

U/V L� 7�`K�+B� /2 mK ?QbTBi�H mMBp2`bBi�`BQ 7QB 72Bi� mK� BMbT2Ï½Q MQ HQi2 /2 /2i2`KB@
M�/Q `2Kû/BQ 2K +QKT`BKB/QbX 6Q`�K 2M+QMi`�/�b,

Ç k 2K#�H�;2Mb +QK e +QKT`BKB/Qbc

Ç 9 2K#�H�;2Mb +QK d +QKT`BKB/Qbc

Ç 9 2K#�H�;2Mb +QK 8 +QKT`BKB/Qbc

Ç j 2K#�H�;2Mb +QK 3 +QKT`BKB/QbX

Zm�H 7QB � Kû/B� TQM/2`�/� /2 +QKT`BKB/Qb TQ` 2K#�H�;2K\

Zm2bi½Q RX8 *�H+mH2 �b TQiāM+B�b,



*�TőimHQ 9X � i`BH?� T2/�;Ʀ;B+� R8

U�V 23 U#V 54 U+V 80 U/V 103 U2V 72 U7V 81

am;2bi½Q �Q T`Q72bbQ`, 1bi� �mH� /2 `2pBb½Q +QMbBbi2 2K �iBpB/�/2b `2H�iBp�K2Mi2
bBKTH2b TQBb Qb �HmMQb /�b im`K�b QM/2 �b K2bK�b 7Q`�K �THB+�/�b- +�``2;�p�K KmBi�b
/B}+mH/�/2b /Qb �MQb �Mi2`BQ`2b TQ` +QMi� /� T�M/2KB�X Pb �bbmMiQb i`�i�/Qb M�b [m2b@
iǤ2b b½Q Qb [m2 +QMbB/2`�KQb 7mM/�K2Mi�Bb T�`� Q �HmMQ +QMb2;mB` 2M+�`�` �b b2;mBMi2b
�iBpB/�/2bX � �mH� 7QB T2Mb�/� T�`� b2` /2b2MpQHpB/� BMi2B`�K2Mi2 T2HQb �HmMQb- K�b TQ/2
b2` 7�+BHK2Mi2 �/2[m�/� T2HQ T`Q72bbQ` /2 �+Q`/Q +QK �b +�T�+B/�/2b /Qb �HmMQb [m2 `2�HB@
x�`½Q �b �iBpB/�/2bX SQ` 2t2KTHQ- }+� � +`Biû`BQ /Q T`Q72bbQ` � `2�HBx�Ï½Q /2 mK� 2tTQbBÏ½Q
/� K�iû`B�- 72Bi� T`ûpB� UQm TQbi2`BQ`V �Q /2b2MpQHpBK2MiQ /�b �iBpB/�/2b T`QTQbi�b M2bi�
�mH�X

9Xk kǗ 2i�T�, �T`2b2Mi�Ê¸Q /Q T`Q#H2K�

9XkXR �mH� k, �THB+�Ï½Q /Qb +QM+2BiQb /2 TQ`+2Mi�;2K- Kû/B�b 2 TQi2M+B�@
Ï½Q MQ +QMi2tiQ /Q K2`+�/Q /2 i`�#�H?QX

P#D2iBpQ, �THB+�` Qb +QM+2BiQb /2 TQ`+2Mi�;2K- Kû/B�b 2 TQi2M+B�Ï½Q- `2pBbiQb M�
�mH� �Mi2`BQ`- miBHBx�M/Q i2`KQb 2 Q#D2iQb `2H�+BQM�/Qb �Q K2`+�/Q /2 i`�#�H?QX

J�i2`B�H miBHBx�/Q, HBbi� BKT`2bb� +QK �iBpB/�/2b T`QTQbi�bX

�mH�UbV M2+2bb�`B�UbV, R?Q`� 2 9y KBMmiQb Uk �mH�b /2 8y KBMmiQbV

Zm2bi½Q kXR � };m`� k û Q +QMi`�+?2[m2 /2 mK T`Q72bbQ` /� `2/2 2bi�/m�H /2 2MbBMQX

L2bi2 +QMi`�+?2[m2- TQ/2KQb Q#b2`p�` [m2 2bb2 T`Q72bbQ` i2K p�HQ`2b � `2+2#2` 2
p�HQ`2b � /2b+QMi�` /Q b2m b�H�`BQX lK /2bb2b /2b+QMiQb U3NN9 @ _APS_1oA.ĀL*A� 6A@
L�L* @ �hAoPaV û `272`2Mi2 � bm� T`2pB/āM+B�- Qm b2D�- û /2biBM�/Q � bm� �TQb2Mi�/Q`B�X
�;Q`�- bQ#`2 2bb2 +QMi`�+?2[m2- `2bTQM/�,

U�V Zm�H Q T2`+2Mim�H /2 /2b+QMiQ 2K `2H�Ï½Q �Q b�H�`BQ /Q T`Q72bbQ`\ *QMbB/2`2 jjR8-9R
+QKQ #�b2 /2 +�H+mHQX

U#V �Q `2+2#2` mK �mK2MiQ /2 kyW bQ#`2 bm� #�b2 /2 +�H+mHQ- [m�H b2`B� b2m MQpQ p�HQ`\

U+V �TƦb Q �mK2MiQ /Q Bi2K �Mi2`BQ`- [m�H b2`B� Q p�HQ` /Q /2b+QMiQ T`2pB/2M+B�`BQ-
K�MiB/� � K2bK� T`QTQ`Ï½Q\

Zm2bi½Q kXk *QMbB/2`2KQb � i�#2H� j- [m2 /2b+`2p2 � 2pQHmÏ½Q b�H�`B�H /2 mK� +2`i�



*�TőimHQ 9X � i`BH?� T2/�;Ʀ;B+� Re

6B;m`� k Ĝ *QMi`�+?2[m2 /2 mK i`�#�H?�/Q`X

i`�#�H?�/Q`� /m`�Mi2 ky �MQbX

U�V *QK #�b2 M� i�#2H� j- /2i2`KBM2 � Kû/B� /Qb b�H�`BQb `2+2#B/Qb T2H� i`�#�H?�/Q`�X

U#V .2i2`KBM2 dyW 2 3yW /� Kû/B� /Qb b�H�`BQb `2+2#B/Qb T2H� i`�#�H?�/Q`�X

am;2bi½Q �Q T`Q72bbQ`, �Q }M�H /�b �iBpB/�/2b- û 7mM/�K2Mi�H [m2 Qb �HmMQb +QK@
T`22M/�K [m2 Qb +�H+mHQb T`2b2Mi2b M� [m2bi½Q kXk b½Q � #�b2 T�`� � /2}MBÏ½Q /Q p�HQ`
/� �TQb2Mi�/Q`B�X S�`� i�MiQ- û BMi2`2bb�Mi2 BMB+B�` mK� /Bb+mbb½Q bQ#`2 Qb `2bmHi�/Qb Q#@
iB/QbX 1bb� `2~2t½Q TQ/2 +QMi`B#mB` T�`� mK� K�BQ` +QMb+B2MiBx�Ï½Q bQ#`2 � BKTQ`i�M+B�
/2 TH�M2D�` � �TQb2Mi�/Q`B� 2 Qb /2b�}Qb [m2 KmBiQb i`�#�H?�/Q`2b 2M7`2Mi�K M2bi� MQp�
7�b2 /� pB/�X



*�TőimHQ 9X � i`BH?� T2/�;Ʀ;B+� Rd

h�#2H� j Ĝ 1pQHmÏ½Q b�H�`B�H /2 mK� i`�#�H?�/Q`�

�MQ a�H�`BQ �MQ a�H�`BQ
Rê _0 Nyy-yy RRê _0 R9e8-Ne
kê _0 N98-yy Rkê _0 R8jN-k8
jê _0 NNk-k8 Rjê _0 ReRe-kR
9ê _0 Ry9R-3e R9ê _0 ReNd-yk
8ê _0 RyNj-N8 R8ê _0 Rd3R-3d
eê _0 RR93-e9 Reê _0 R3dy-Ne
dê _0 Rkye-yd Rdê _0 RNe9-8y
3ê _0 Rkee-jd R3ê _0 kyek-dk
Nê _0 RjkN-e3 RNê _0 kRe8-38
Ryê _0 RjNe-Re kyê _0 kkd9-R9

9XkXk �mH� j, S2b[mBb� bQ#`2 � `2�HB/�/2 b�H�`B�H /� `2;B½Q 2 2bim/Q /B`B;B/Q
� T�`iB` /�b BM7Q`K�ÏǤ2b Q#iB/�b M� T2b[mBb�X

P#D2iBpQ, aBim�` Qb �HmMQb bQ#`2 � `2�HB/�/2 b�H�`B�H /� `2;B½Q QM/2 pBp2K 2 �THB+�`
Qb +QM+2BiQb �T`2M/B/Qb M�b �iBpB/�/2b �Mi2`BQ`2b /2Mi`Q /�b bm�b `2�HB/�/2b ;2Q;`�}+�bX

J�i2`B�H miBHBx�/Q, �+2bbQ � BMi2`M2iX

�mH�UbV M2+2bb�`B�UbV, R?Q`� 2 9y KBMmiQb Uk �mH�b /2 8y KBMmiQbV

Zm2bi½Q jXR .BpB/BM/Q � im`K� 2K ;`mTQb /2 9 �iû 3 �HmMQb- T2`7�x2M/Q mK iQi�H /2

�iû e ;`mTQb- T`QTQM?� � b2;mBMi2 T2b[mBb�,

U�V *QKQ û +�H+mH�/Q Q p�HQ` /� �TQb2Mi�/Q`B�\

U#V Zm�H Q p�HQ` /2b+QMi�/Q /Q b�H�`BQ /2biBM�/Q � �TQb2Mi�/Q`B�\

U+V Zm�H � B/�/2 KőMBK� T�`� � �TQb2Mi�/Q`B�\

U/V Zm�H � 2tT2+i�iBp� /2 pB/� Kû/B� /Q #`�bBH2B`Q\ 1 /Qb ?�#Bi�Mi2b /� bm� `2;B½Q\

U2V Zm�H Q b�H�`BQ Kû/BQ /� `2;B½Q QM/2 pQ+ā pBp2\

U7V 1K +QKT�`�Ï½Q +QK Q b�H�`BQ Kû/BQ #`�bBH2B`Q- Q b�H�`BQ /� bm� `2;B½Q û K�BQ`-
K2MQ` Qm B;m�H\ a2 � Kû/B� b�H�`B�H 7Q` /B72`2Mi2 /� M�+BQM�H- [m�H � T`QTQ`Ï½Q
/2bb� /B72`2MÏ�\
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am;2bi½Q �Q T`Q72bbQ`, � `2�HBx�Ï½Q /2bi� �iBpB/�/2 TQ/2 b2` /Bp2`bB}+�/�- b2M/Q
2t2+mi�/� +QKQ �T`2b2Mi�Ï½Q /2 b2KBM�`BQb- T2b[mBb�- `2bmKQ- K�T� K2Mi�H Qm Qmi`Qb
BMbi`mK2MiQb T`QTQbiQbX S�`2+2 BKTQ`i�Mi2 [m2 Qb �HmMQb TQbb�K T2b[mBb�`- 7Q`� /� �mH�-
BM7Q`K�ÏǤ2b bQ#`2 �b [m2biǤ2b T`QTQbi�bX

9Xj jǗ 2i�T�, *{H+mHQ /Q �mK2MiQ /Q b�H{`BQ

9XjXR �mH� 9, �iBpB/�/2b miBHBx�M/Q Qb +QM+2BiQb �T`2M/B/Qb T�`� /2i2`KBM�`
Q �mK2MiQ /2 b�H�`BQ /2 mK i`�#�H?�/Q`X

S�`� /2i2`KBM�` Q b�H�`BQ /Q i`�#�H?�/Q`- 2bi�KQb mb�M/Q mK� 7mMÏ½Q 2tTQM2M+B�HX

P#D2iBpQ, �i`�pûb /Q +�H+mHQ /2 �im�HBx�Ï½Q b�H�`B�H /2 mK i`�#�H?�/Q`- +QM+HmB`
[m2 T`2+Bb�KQb +�H+mH�` Qb p�HQ`2b /2 mK� /2i2`KBM�/� 7mMÏ½Q 2tTQM2M+B�HX

J�i2`B�H miBHBx�/Q, HBbi� BKT`2bb� +QK �iBpB/�/2b T`QTQbi�bX

�mH�UbV M2+2bb�`B�UbV, R?Q`� 2 9y KBMmiQb Uk �mH�b /2 8y KBMmiQbV

L2bi� �mH�- p�KQb mb�` � i�#2H� R [m2 2bi� M� b2Ï½Q jXjX

Zm2bi½Q 9XR lK i`�#�H?�/Q` BMB+B� bm� pB/� T`Q}bbBQM�H 2K kyk9X P ;Qp2`MQ �im�H

T`QTƬb mK �mK2MiQ /Q b�H�`BQ KőMBKQ /2 e-eWX *QMbB/2`�M/Q [m2 2bi2 �mK2MiQ b2 iQ`M�
}tQ- Qm b2D�- iQ/Qb Qb �MQb i`�#�H?�/Qb �TƦb kyk9 �T`2b2Mi�`½Q Q K2bKQ �mK2MiQ MQ
b�H�`BQ KőMBKQX

SQ` +�/� `2�H [m2 Q i`�#�H?�/Q` `2+2#2 2K kyk9-

U�V Zm�MiQ p�B `2+2#2` 2K kyk8\

U#V 1 2K kyke\

U+V 1 2K kykd\

U/V 1 2K kyk3\

U2V 1 2K kyjy\

U7V 1 2K kyj8\

U;V 1 2K ky8y\

U?V 1 2K ky8N\

Zm2bi½Q 9Xk �bbmKBM/Q [m2 mK i`�#�H?�/Q` #`�bBH2B`Q Kû/BQ 2 mK i`�#�H?�/Q` ;QM@

Ï�H2Mb2 Kû/BQ BMB+B�K bm� pB/� T`Q}bbBQM�H 2K kyk9 2 [m2 Qb b�H�`BQb b2`½Q `2�Dmbi�/Qb �
mK� i�t� }t� /2 e-eW �Q �MQ- `2bTQM/�X

U�V Zm�H p�B b2` Q b�H�`BQ /2 +�/� i`�#�H?�/Q` 2K kyk8\ 1K kyjy\ 1K kyj8\ 1K ky8N\
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U#V SQ/2`B� 2b+`2p2` mK� 7Ʀ`KmH� bBKTH2b T�`� `2T`2b2Mi�` � 2pQHmÏ½Q b�H�`B�H /2bi2
i`�#�H?�/Q`\ Zm�H b2`� Q b�H�`BQ /Q i`�#�H?�/Q` MQ �MQ /2 kyk9YM\

P#b2`p�Ï½Q, *QKQ `2bmHi�/Q /� T2b[mBb� /� �mH� �Mi2`BQ`- Qb �HmMQb /2p2K i2` �+?�/Q
mK� 7QMi2 T�`� b�#2` Qb b�H�`BQb Kû/BQb #`�bBH2B`Q 2 ;QMÏ�H2Mb2X lK� 7QMi2 +QM}�p2H û Q
bBi2 /Q A":1- p2` UB#;2- kyk9VX

am;2bi½Q �Q T`Q72bbQ`, � }K /2 `2bTQM/2` ¨b [m2biǤ2b 9XR 2 9Xk- û B/2�H � +`B�Ï½Q
/2 mK� i�#2H� +QK i`āb +QHmM�b 2bT2+ő}+�bX � T`BK2B`� /2H�b b2`B� T`22M+?B/� +QK Qb �MQb
2 �b /2K�Bb b2`B�K miBHBx�/�b T�`� +�H+mH�` Q �mK2MiQ T2`+2Mim�H TQ` +�/� `2�H ;�M?Q- 2
� Qmi`� T�`� `2;Bbi`�` Q p�HQ` iQi�H /Q �mK2MiQ b�H�`B�H 2K +�/� �MQ Up2` i�#2H� RVX

LQ Bi2K #V /� [m2bi½Q 9Xk- û 2bT2`�/Q [m2 Q �HmMQ +?2;m2 ¨ b2;mBMi2 7mMÏ½Q,

S(n) = A · (1 + 6, 6/100)n QM/2 A û Q b�H�`BQ 2K 2024.

o�KQb mb�` � MQi�Ï½Q s(n) = (1 + 6, 6/100)nX AbbQ bB;MB}+� [m2 S(n) = A · s(n).

9XjXk �mH� 8, S`QT`B2/�/2 s(n +m) = s(n) · s(m) 2 `2H�Ï½Q an = b ⇐⇒
loga(n) = bX

P#D2iBpQ, �i`�pûb /� +QKT�`�Ï½Q b�H�`B�H 2Mi`2 /QBb i`�#�H?�/Q`2b- H2p�` Q �HmMQ
� /2/mxB` 2 +QKT`22M/2` � T`QT`B2/�/2 s(n + m) = s(n) · s(m) 2 �T`2b2Mi�` �Q �HmMQ �
`2H�Ï½Q an = b ⇐⇒ loga(n) = b- M2+2bb�`B� T�`� /2i2`KBM�` Q i2KTQ /2+Q``B/Q �iû +�/�
i`�#�H?�/Q` �H+�MÏ�` /2i2`KBM�/Q T�i�K�` b�H�`B�HX

J�i2`B�H miBHBx�/Q, HBbi� BKT`2bb� +QK �iBpB/�/2b T`QTQbi�bX

�mH�UbV M2+2bb�`B�UbV, R?Q`� 2 9y KBMmiQb Uk �mH�b /2 8y KBMmiQbV

L2bi� �mH�- p�KQb mb�` � i�#2H� k [m2 2bi� M� b2Ï½Q jXjX

Zm2bi½Q 8XR o�KQb �bbmKB` [m2 Q p�HQ` /Q b�H�`BQ KőMBKQ � T�`iB` /2 kyk9- p�B b2`

/2i2`KBM�/Q T2HQ �mK2MiQ }tQ /2 e-eW � +�/� �MQX �;Q`�- bmTQM?� /QBb i`�#�H?�/Q`2b
UhR 2 hkV ;�M?�M/Q Q b�H�`BQ KőMBKQX lK /2H2b UhRV +QK2ÏQm � bm� pB/� H�#Q`�H 2K kyk9
2 Q Qmi`Q UhkV 2K kykNX .2i2`KBM2,

U�V Zm�H p�B b2` Q b�H�`BQ BMB+B�H /2 +�/� mK /Qb i`�#�H?�/Q`2b\

U#V Zm�H Q b�H�`BQ /Qb i`�#�H?�/Q`2b 2K kyjj\

U+V 1 [m�H Q b�H�`BQ /2H2b 2K 2K kyjN\

.B+�, liBHBx2 Q `�+BQ+őMBQ /� [m2bi½Q 9XRX a2;mM/Q Q UB#;2- kyk9V- Q b�H�`BQ KőMBKQ /2
kyk9 û _0R9RkX
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P#b2`p�ÏǤ2b, S2HQ 2MmM+B�/Q /� [m2bi½Q- û ǳ2bT2`�/QǴ[m2 Q �HmMQ 2Mi2M/� [m2 Q
b�H�`BQ /2 hR 2 hk +QBM+B/2 2K iQ/Qb Qb �MQb 2K [m2 Qb /QBb 2bi½Q i`�#�H?�M/Q bBKmHi�M2�@
K2Mi2X LQ b2;mM/Q KQK2MiQ- mb�M/Q � 7Ʀ`KmH� /2 s(n) 2 Q [m2 D� b�#2 bQ#`2 Qb b�H�`BQb /2
hR 2 hk- Q Q#D2iBpQ û [m2 Q �HmMQ +?2;m2 � +QM+HmB` � T`QT`B2/�/2 s(n+m) = s(n) · s(m).

�b b2;mBMi2b +QM+HmbǤ2b 7�x2K T�`i2 /� �`;mK2Mi�Ï½Q M2+2bb�`B� T�`� `2bQHp2` � �iBpB/�/2X

Ç P b�H�`BQ /2 hR 2K kyk9 û �X P b�H�`BQ /2 hk 2K kykN û S(5) = s(5) · AX

Ç P b�H�`BQ /2 hR 2K kyjj û S(9) = s(9) ·AX P b�H�`BQ /2 hk 2K kyj9 û s(4) · s(5) ·A.
*QKQ Qb b�H�`BQb b½Q B;m�Bb- i2KQb [m2 � 7mMÏ½Q s b�iBb7�x � T`QT`B2/�/2 s(9) =

s(4 + 5) = s(4) · s(5).

Ç P b�H�`BQ /2 hR 2K kyjN û S(15) = s(15)·AX P b�H�`BQ /2 hk 2K kyjN û s(10)·s(5)·AX
*QKQ Qb b�H�`BQb b½Q B;m�Bb- i2KQb [m2 � 7mMÏ½Q s b�iBb7�x � T`QT`B2/�/2 s(15) =

s(10 + 5) = s(10) · s(5).

Ç SQ/2KQb p2`B}+�` [m2 s(n +m) = s(n) · s(m)- T�`� iQ/Qb Qb MȹK2`Qb M�im`�Bb n 2
mX �HûK /BbbQ i2KQb [m2 s(0) = 1X

Zm2bi½Q 8Xk amTQM/Q [m2 Qb i`�#�H?�/Q`2b hR 2 hk U/� [m2bi½Q �Mi2`BQ`V b2 �TQ@

b2Mi�`�K 2K KQK2MiQb /BbiBMiQb- QM/2 M2M?mK /Qb /QBb 7QB +QMi2KTH�/Q +QK RyyW /Q
#2M27ő+BQ T`2pB/2M+B�`BQX .2i2`KBM2 [m�H Q �MQ /2 �TQb2Mi�/Q`B� /2 +�/� mK /Qb i`�#�@
H?�/Q`2b- b�#2M/Q [m2,

U�V P ȹHiBKQ b�H�`BQ `2+2#B/Q T2HQ i`�#�H?�/Q` hR 7QB _08Xdey-N9X

U#V P ȹHiBKQ b�H�`BQ `2+2#B/Q T2HQ i`�#�H?�/Q` hk 7QB _0NXeye-R3X

am;2bi½Q �Q T`Q72bbQ`, �[mB Q T`Q72bbQ` TQ/2 7�x2` mK� #`2p2 �T`2b2Mi�Ï½Q /�
7mMÏ½Q 2tTQM2M+B�H 2 /� 7mMÏ½Q HQ;�`BiKQ- +?�K�M/Q � �i2MÏ½Q /2 mK 7�iQ BKTQ`i�Mi2X
h2M/Q mK� 7mMÏ½Q s [m2 b�iBb7�x s(0) = 1 2 i�H [m2 T�`� iQ/Q n,m ∈ N- p�H2 [m2

s(n+m) = s(n) · s(m); U9XRV

b2 2bi2M/2KQb � 7mMÏ½Q s /2 K�M2B`� � 2bi�` /2}MB/� 2K R- +QMb2`p�M/Q � T`QT`B2/�/2
U9XRV- K�b �;Q`� T�`� iQ/Q n,m ∈ R- p�KQb Q#i2` � 7mMÏ½Q 2tTQM2M+B�HX 1bi2 û Q
+QMi2ȹ/Q /Q i2Q`2K� /2 +�`�+i2`Bx�Ï½Q /� 7mMÏ½Q 2tTQM2M+B�H- p2` UHBK�- kyR9V Qm UHBK�
2i �HX- kyyeV- Qm �BM/� U/2 QHBp2B`� DmMBQ`- kyk9V- i2Q`2K� jX9X

SQ` Qmi`Q H�/Q- M� ?Q`� /2 7�H�` /� 7mMÏ½Q HQ;�`BiKQ- TQ/2 +?�K�` � �i2MÏ½Q ¨
[m2bi½Q 8Xk QM/2 � 7mMÏ½Q �T�`2+2 +QKQ � BMp2`b� /� 2tTQM2M+B�HX
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9XjXj �mH� e, lbQ /Q ;2Q;2#`� T�`� `2H�+BQM�` 2pQHmÏ½Q b�H�`B�H 2 Q ;`�}+Q
/� 2tTQM2M+B�H

P#D2iBpQ, "�b2�M/Q@b2 M�b BM7Q`K�ÏǤ2b �+mKmH�/�b M�b �mH�b �Mi2`BQ`2b- miBHB@
x�` Q ;2Q;2#`� T�`� /2KQMbi`�`- �i`�pûb /Q +QKTQ`i�K2MiQ /� p�`B�Ï½Q b�H�`B�H /2 mK
i`�#�H?�/Q`- Q +QKTQ`i�K2MiQ /Q ;`�}+Q /� 7mMÏ½Q 2tTQM2M+B�HX

J�i2`B�H miBHBx�/Q, HBbi� BKT`2bb� +QK �iBpB/�/2b T`QTQbi�b 2 +QKTmi�/Q` +QK
�+2bbQ � BMi2`M2iX

�mH�UbV M2+2bb�`B�UbV, R?Q`� 2 9y KBMmiQb Uk �mH�b /2 8y KBMmiQbV

Zm2bi½Q eXR liBHBx�M/Q �b BM7Q`K�ÏǤ2b /�b �mH�b �Mi2`BQ`2b- p�KQb BMb2`B` Qb p�HQ`2b

2M+QMi`�/Qb MQ T`Q;`�K� :2Q:2#`� 2 `2bTQM/2` �H;mK�b [m2biǤ2bX

U�V o�KQb mb�` � 7mMÏ½Q a2[māM+B� U2tT`2bb½Q- p�`B�p2H- p�HQ` BMB+B�H- p�HQ` }M�HV /Q
:2Q;2#`�X SQ/2KQb +QHQ+�` Qb /�/Qb /� b2;mBMi2 7Q`K�,

UBV L� T`BK2B`� HBM?� /2}MB`2KQb � 7mMÏ½Q s(n) = 1, 066n Up2` };m`� jV- [m2
`2T`2b2Mi� Q ;�M?Q /2 +�/� `2�H /Q b�H�`BQ /2 mK i`�#�H?�/Q`- p2` Zm2biǤ2b
9XR 2 9XkX

6B;m`� j Ĝ �iBpB/�/2 2K ;2Q;2#`� U�V

UBBV L� b2;mM/� HBM?�- miBHBx�`2KQb Q +QK�M/Q a2[māM+B�((n, s(n)), n, 0, 20)- Qm
b2D�- MQ T`BK2B`Q Hm;�` /� 7mMÏ½Q +QHQ+�KQb Q T�` Q`/2M�/Q (n, s(n))c MQ b2@
;mM/Q Hm;�` � p�`B�p2H [m2 2bi�KQb mb�M/Q Un M2bi2 +�bQVc MQ i2`+2B`Q Hm;�`
Q p�HQ` BMB+B�H /� p�`B�p2H n Uy M2bi2 +�bQV 2 MQ [m�`iQ Hm;�` � p�HQ` }M�H /�
p�`B�p2HX o2` };m`� 9X

UBBBV � b2;mB`- TQ/2KQb Km/�` bQK2Mi2 Q p�HQ` }M�H /� p�`B�p2H nX SQ/2KQb 7�x2`
T�`� p�HQ` }M�H B;m�H � 9y 2 kyy

Ç a2[māM+B�((n, s(n)), n, 0, 40)
Ç a2[māM+B�((n, s(n)), n, 0, 200)X
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6B;m`� 9 Ĝ �iBpB/�/2 2K ;2Q;2#`� U#V

UBpV 6�Ï� mK xQQK Qmi MQ ;`�}+Q Q#iB/Q MQ }M�H /Q Bi2K �Mi2`BQ`- /2 K�M2B`� �
[m2- T2HQ K2MQb- Q BMő+BQ /Q ;`�}+Q i2M?� �T�`āM+B� /2 mK� +m`p� +QMiőMm�X

U#V � T�`iB` /� BK�;2K Q#b2`p�/�- [m�H Q +QKTQ`i�K2MiQ /� +m`p� [m�M/Q BMb2`BKQb
p�HQ`2b K�BQ`2b MQ ȹHiBKQ Bi2K /� 7mMÏ½Q a2[māM+B�\

U+V 1K ;`mTQ- /Bb+mi� +QKQ Q +QKTQ`i�K2MiQ /� 7mMÏ½Q 2bi� T`2b2Mi2 2K Qmi`Qb T`Q@
#H2K�b /Q +QiB/B�MQX

am;2bi½Q �Q T`Q72bbQ`, LQ }M�H /2bi� �iBpB/�/2- TQ/2K b2` �T`2b2Mi�/Qb T�`� Qb �HmMQb
Qb ;`�}+Qb /�b 7mMÏǤ2b 2tTQM2M+B�BbX �T`Qp2Bi�M/Q �BM/� � 7mMÏ½Q a2[māM+B� /Q :2Q;2@
#`�- TQ/2K b2` 72BiQb Qmi`Qb 2t2KTHQb /2 ;`�}+Qb- Km/�M/Q bQK2Mi2 � 7mMÏ½Q s(n). ú
mK KQK2MiQ �/2[m�/Q T�`� KQbi`�` [m2 Q +`2b+BK2MiQ Qm /2+`2b+BK2MiQ /�b 7mMÏǤ2b
2tTQM2M+B�Bb /2T2M/2 bƦ /� #�b2 [m2 �T�`2+2 2K s(n)X � 7mMÏ½Q +`2b+2 [m�M/Q � #�b2 û
K�BQ` /Q [m2 R 2 /2+`2b+2 [m�M/Q û K2MQ` /Q [m2 RX

9X9 9Ǘ 2i�T�, *{H+mHQ /Qb /2b+QMiQb 2 #2M27Ō+BQb

9X9XR �mH� d, *�H+mHQ /Q /2b+QMiQ T`2pB/2M+B�`BQ 2 /2i2`KBM�Ï½Q /� �TQ@
b2Mi�/Q`B� /2 mK i`�#�H?�/Q`X

P#D2iBpQ, �T`2b2Mi�` �Q �HmMQ +QM+2BiQb #�bB+Qb /Q bBbi2K� i`�#�H?Bbi� 2 T`2pB@
/2M+B�`BQ #`�bBH2B`Q 2 �T`Q7mM/�K2MiQ /Qb +QM+2BiQb K�i2K�iB+Qb �+2`+� /� 7mMÏ½Q 2tTQ@
M2M+B�HX �HûK /2 i`�#�H?�` Q /2b2MpQHpBK2MiQ /2 ?�#BHB/�/2b +QK 72``�K2Mi�b /B;Bi�Bb /2
+`B�Ï½Q /2 i�#2H�bX

J�i2`B�H miBHBx�/Q, HBbi� BKT`2bb� +QK �iBpB/�/2b T`QTQbi�b 2 +QKTmi�/Q` +QK
�+2bbQ � BMi2`M2i- Qm +QKTmi�/Q` +QK �H;mK� 7QH?� /2 +�H+mHQb BMbi�H�/�X
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�mH�UbV M2+2bb�`B�UbV, R?Q`� 2 9y KBMmiQb Uk �mH�b /2 8y KBMmiQbV

am;2bi½Q �Q T`Q72bbQ`, L2bi� �mH� miBHBx�`2KQb 72``�K2Mi�b /B;Bi�Bb T�`� � +`B�Ï½Q
/2 i�#2H�b UHB#`2Q{+2- QT2MQ{+2- 2t+2H- TH�MBH?�b /Q ;QQ;H2- 2i+VX P T�bbQ � T�bbQ � b2;mB`
7QB 72BiQ MQ �THB+�iBpQ TH�MBH?�b /Q ;QQ;H2X .2Mi`Q /Q T�bbQ � T�bbQ b½Q BM/B+�/Qb �H;mMb
p�HQ`2b +QKQ i�t�b 2 p�HQ`2b BMB+B�Bb /2 b�H�`BQbX 1bb2b MȹK2`Qb /2p2K b2` �Dmbi�/Qb T�`� �
`2�HB/�/2 QM/2 � �iBpB/�/2 7Q` /2b2MpQHpB/�X �b BM7Q`K�ÏǤ2b Q#iB/�b M� Zm2bi½Q jXR TQ/2K
b2` miBHBx�/�b +QKQ #�b2 T�`� �/2[m�Ï½Q /�b TH�MBH?�b ¨ `2�HB/�/2 QM/2 � �iBpB/�/2 2bi�
b2M/Q `2�HBx�/�X

S�bbQ R, *`B�` mK �`[mBpQ MQpQ U};m`� 8V

6B;m`� 8 Ĝ �#`BM/Q �`[mBMQ MQpQ 2K TH�MBH?�b /2 ;QQ;H2

S�bbQ k, *`B�` /m�b T�;BM�bX � T�;BM� R +QK MQK2 *S_1o U*�H+mHQb T`2pB/2M@
+B�`BQbV 2 � T�;BM� k +QK MQK2 ALo UAMp2biBK2MiQbVX S�`� +`B�` T�;BM�b MQp�b- #�bi�
+HB+�` MQ bBM�H Y U};m`� eVX L2bi� 2i�T� bƦ p�KQb i`�#�H?�` +QK � T�;BM� RX � T�;BM� k
p�B b2` mb�/� M� T`ƦtBK� 2i�T�X

6B;m`� e Ĝ *`B�M/Q T�;BM�b MQp�b 6B;m`� d Ĝ _2MQK2�M/Q T�;BM�b

S�`� `2MQK2�` �b T�;BM�b #�bi� +HB+�` /m�b p2x2b bQ#`2 � �#� /� T�;BM� /2b2D�/�
2 +QHQ+�` Q MQpQ MQK2 U};m`� dVX

S�bbQ j, *`B�` i`āb i�#2H�b U1pQHmÏ½Q b�H�`B�H- .2b+QMiQ K2Mb�H 2 1pQHmÏ½Q /Q
i2iQ /Q ALaaVX o�KQb 2tTHB+�` +QK /2i�H?2 +QKQ +`B�` � T`BK2B`� i�#2H�X

L� +ûHmH� �R- BMb2`B` Q MQK2 /� T`BK2B`� i�#2H�X L� +ûHmH� �k- BMb2`B` Q �MQ /2
BMB+BQ /Q +�H+mHQ 2 M� +ûHmH� "k- BMb2`B` Q p�HQ` /Q b�H�`BQ BMB+B�H Up2` };m`� 3VX o�KQb
mb�` Q p�HQ` _0k3k9- [m2 û �T`QtBK�/�K2Mi2 Q b�H�`BQ Kû/BQ ;QMÏ�H2Mb2- b2;mM/Q UB#;2-
kyk9VX 1bi2 p�HQ` TQ/2 b2` i`Q+�/Q T�`� +Q``2bTQM/2` �Q +QMi2tiQ /Qb �HmMQb [m2 `2�HBx�K
�b �iBpB/�/2bX
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6B;m`� 3 Ĝ *`B�M/Q mK� i�#2H�
6B;m`� N Ĝ P bőK#QHQ _0 �Qb b�H�`BQb

*QKQ � +QHmM� " `2T`2b2Mi� p�HQ`2b KQM2i�`BQb- +QK � +ûHmH� "k b2H2+BQM�/� +HB[m2
MQ #Qi½Q _0 U};m`� NVX

S�bbQ 9, AMb2`B` 7Ʀ`KmH�b T�`� �im�HBx�Ï½Q /Qb p�HQ`2b BMB+B�BbX *QK � +ûHmH� �j
b2H2+BQM�/�- /B;Bi2 ǳ4�kYRǴUb2K �b �bT�bVX 1bi2 +QK�M/Q �im�HBx�`� Q p�HQ` `272`2Mi2 �Q
�MQX o2` };m`� RyX

6B;m`� Ry Ĝ AMb2`BM/Q 7Ʀ`KmH� T�`� +`B�` � +QHmM� �

S�`� �im�HBx�` iQ/Qb Qb p�HQ`2b `272`2Mi2b �Qb �MQb- #�bi� +HB+�`- b2;m`�` 2 �``�bi�`
T�`� #�BtQ Q +ő`+mHQ [m2 �T�`2+2 �#�BtQ /� +ûHmH� �j- [m�M/Q b2H2+BQM�/� U};m`�b RR 2
RkVX

S�`� Qb p�HQ`2b `272`2Mi2b �Q b�H�`BQ- +QK � +ûHmH� "j b2H2+BQM�/�- /B;Bi�KQb
ǳ4"k R-yeNdǴX P p�HQ` R-yeNd û `272`2Mi2 � �im�HBx�Ï½Q b�H�`B�H /2 �+Q`/Q +QK � BM~�@
Ï½Q Kû/B� �m72`B/�- /2 �T`QtBK�/�K2Mi2 e-NdWX o2` };m`� RjX

�;Q`�- #�bi� `2T2iB` Q T`Q+2bbQ /2 +HB+�`- b2;m`�` 2 �``�bi�` T�`� Q#i2` iQ/Qb Qb
p�HQ`2b �im�HBx�/Qb /2 �+Q`/Q +QK Q �MQ /2b2D�/QX P `2bmHi�/Q �T�`2+2 M� };m`� R9X

S�`� T`Q/mxB` �b Qmi`�b i�#2H�b- #�bi� `2T2iB` Q T`Q+2bbQ +QK �i2MÏ½Q �Q /B;Bi�` �b
7Ʀ`KmH�b /2 �+Q`/Q +QK �b +ûHmH�b /2 `272`āM+B�X L�b +QHmM�b . 2 1 p�B �T�`2+2` � i�#2H�
/2 .2b+QMiQ K2Mb�H 2 M�b +QHmM�b : 2 > p�B � i�#2H� /2 1pQHmÏ½Q /Q i2iQ /Q ALaaX o�KQb
2b+H�`2+2` �H;mMb TQMiQb 2M `2H�Ï½Q � 2bi�b i�#2H�b

S�bbQ 8, S�`� [m2 �b i`āb i�#2H�b �T`2b2Mi2K �im�HBx�Ï½Q �Mm�H T�/`QMBx�/�-
T`2+Bb�KQb 7�x2` Q b2;mBMi2

Ç L�b +ûHmH�b .k 2 :k- BMb2`B` Q +Ʀ/B;Q ǳ4�kǴX

Ç L� +ûHmH� .j BMb2`B` Q +Ʀ/B;Q ǳ4.kYRǴ2 M� +ûHmH� :j- BMb2`B` Q +Ʀ/B;Q ǳ4:kYRǴ
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6B;m`� RR Ĝ :2`�M/Q � +QHmM� � U�V

6B;m`� Rk Ĝ :2`�M/Q � +QHmM� � U#V

6B;m`� Rj Ĝ AMb2`BM/Q 7Ʀ`KmH� T�`� +`B�` � +QHmM� "

Ç _2T2iB` Q T`Q+2bbQ /2 +HB+�`- b2;m`�` 2 �``�bi�` � T�`iB` /Q +ő`+mHQ �xmH U�M�HQ;Q �Q
72BiQ M�b };m`�b RR 2 RkV

S�bbQ e, S�`� pBM+mH�` Qb p�HQ`2b `272`2Mi2b � 2pQHmÏ½Q b�H�`B�H +QK � i�#2H�
`272`2Mi2 �Qb /2b+QMiQb- B`2KQb BMb2`B` M� +ûHmH� 1k Q +Ʀ/B;Q ǳ4"k y-R9ǴUy-R9 `2T`2b2Mi�
Q /2b+QMiQ /2 R9W `272`2Mi2 � +QMi`B#mBÏ½Q T�`� � T`2pB/āM+B�VX o2` };m`� R8X �;Q`�
`2T2iBKQb Q T`Q+2bbQ /2 +HB+�`- b2;m`�` 2 �``�bi�` � T�`iB` /Q +ő`+mHQ �xmHX 1K �H;mMb
T`Q;`�K�b- �TƦb � BMb2`Ï½Q /Q T`BK2B`Q +Ʀ/B;Q- �T�`2+2 mK� bm;2bi½Q /2 T`22M+?BK2MiQ
/� +QHmM�X

S�bbQ d, P T`Q+2bbQ /2 +`B�Ï½Q /� i�#2H� 2pQHmÏ½Q /Q i2iQ /Q ALaa û B;m�H �Q
T`Q+2bbQ /2 +`B�Ï½Q /� i�#2H� 2pQHmÏ½Q b�H�`B�HX >QD2- Q p�HQ` K�tBKQ T�;Q T2H� T`2pB/āM+B�
bQ+B�H û /2 _0dd3e-yk- 2bb2 p�HQ` û �im�HBx�/Q T2HQ ALS* UŐM/B+2 L�+BQM�H /2 S`2ÏQb �Q
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6B;m`� R9 Ĝ h�#2H� /� 2pQHmÏ½Q b�H�`B�H T`QMi�

6B;m`� R8 Ĝ AMb2`BM/Q 7Ʀ`KmH� T�`� +`B�` � +QHmM� 1

*QMbmKB/Q`VX 1bi2 őM/B+2 �T`2b2MiQm p�HQ` �+mKmH�/Q Kû/BQ /2 j-dW �Q �MQ- MQb ȹHiBKQb
Ry �MQbX o�KQb �/KBiB` 2bi2b p�HQ`2b +QKQ T�`�K2i`Qb BMB+B�Bb T�`� � +`B�Ï½Q /� ȹHiBK�
i�#2H�X P `2bmHi�/Q }M�H 2bi� M� };m`� ReX

Zm2bi½Q dXR � i�#2H� +QMbi`mő/� MQ T`Q;`�K� /2 +`B�Ï½Q /2 TH�MBH?�b- `2T`2b2Mi� �

2pQHmÏ½Q b�H�`B�H /2 mK� i`�#�H?�/Q`� [m2 BMB+BQm bm� DQ`M�/� T`Q}bbBQM�H 2K D�M2B`Q /2
kyk9- �iû Q KQK2MiQ /� bm� �TQb2Mi�/Q`B� U+QMbB/2`�M/Q Qb /�/Qb /Q ȹHiBKQ +2MbQ /2
kykkVX *QMbB/2`�M/Q [m2 2bb� KmH?2` i`�#�H?� bQ# Q `2;BK2 /2 *Gh 2K a½Q :QMÏ�HQ 2
b2m /2b+QMiQ T`2pB/2M+B�`BQ û /2 R9W- /2i2`KBM2,

U�V P /2b+QMiQ K2Mb�H- 2K `2�Bb- 72BiQ MQb �MQb /2 kyk9- kykd- kyjk- ky9k 2 ky8eX

U#V P b�H�`BQ Hő[mB/Q Up�HQ` `2+2#B/Q �TƦb Qb /2b+QMiQbV 2K +�/� mK /Qb �MQb +Bi�/Qb
MQ Bi2K �VX

U+V P /2b+QMiQ �Mm�H 72BiQ 2K +�/� �MQ /Q Bi2K �VX
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6B;m`� Re Ĝ S�;BM� R +QK �b j i�#2H�b

U/V P KQMi�Mi2 iQi�H /2b+QMi�/Q /Qb b�H�`BQb `2+2#B/Qb MQb �MQb /Q Bi2K �VX

Zm2bi½Q dXk *QKQ pBbiQ M� [m2bi½Q �Mi2`BQ`- Q i`�#�H?�/Q` #`�bBH2B`Q [m2 �im� bQ# Q

`2;BK2 /2 *Gh- û /2b+QMi�/Q /2 d-8W � R9W 2K b2m b�H�`BQX P p�HQ` /2b+QMi�/Q û /B`2@
+BQM�/Q �Q ALaa UAMbiBimiQ L�+BQM�H /2 a2;m`B/�/2 aQ+B�HV- /�M/Q /B`2BiQ �Q i`�#�H?�/Q`
� BMȹK2`Qb #2M27ő+BQb- /2 �+Q`/Q +QK � `2bT2+iBp� +�`āM+B�X 1Mi`2 2bb2b #2M27ő+BQb 2bi� �
�TQb2Mi�/Q`B�X � �TQb2Mi�/Q`B� TQ` i2KTQ /2 +QMi`B#mBÏ½Q ;�`�Mi2 mK #2M27ő+BQ B;m�H �
eyW /� Kû/B� /Qb b�H�`BQb `2+2#B/Qb- +�bQ Q i`�#�H?�/Q` i2M?� +QMi`B#mő/Q /m`�Mi2- MQ Kő@
MBKQ- R8 �MQb [m�M/Q KmH?2` 2 ky �MQb [m�M/Q ?QK2KX � 2bb2 T2`+2Mim�H- �+`2b+2Mi�bb2
kW T�`� +�/� �MQ i`�#�H?�/Q �HûK /Q KőMBKQX

� T�`iB` /2bi�b BM7Q`K�ÏǤ2b /Q i2tiQ 2 /�b �mH�b �Mi2`BQ`2b- /2i2`KBM2 Q p�HQ` /Q
#2M27ő+BQ /2 �TQb2Mi�/Q`B� `2+2#B/Q TQ` mK� i`�#�H?�/Q`� ;QMÏ�H2Mb2,

U�V Zm2 i`�#�H?Qm R8 �MQbX

U#V Zm2 i`�#�H?Qm R3 �MQbX

U+V Zm2 i`�#�H?Qm kj �MQbX

U/V Zm2 i`�#�H?Qm jj �MQbX

Zm2bi½Q dXj amTQM?�KQb [m2 � i�#2H� mb�/� M�b [m2biǤ2b �Mi2`BQ`2b `2T`2b2Mi� �
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2pQHmÏ½Q b�H�`B�H /2 mK� i`�#�H?�/Q`� ;QMÏ�H2Mb2X � T�`iB` /2bb�b BM7Q`K�ÏǤ2b- `2bTQM/�,

U�V Zm�H � Kû/B� /2 iQ/Qb Qb b�H�`BQb `2+2#B/Qb T2H� i`�#�H?�/Q`� /2 �+Q`/Q +QK �
i�#2H� �T`2b2Mi�/� M� [m2bi½Q dXR- bmTQM/Q [m2 2bi� i`�#�H?�/Q`� �TQb2MiQm b2 MQ
�MQ ky8j\

U#V Zm�H Q p�HQ` /� �TQb2Mi�/Q`B� /2bb� i`�#�H?�/Q`�\

U+V Zm�H � /B72`2MÏ� 2Mi`2 Q p�HQ` /2i2`KBM�/Q MQ Bi2K #V 2 Q i2iQ /Q ALaa- MQ �MQ /2
bm� �TQb2Mi�/Q`B�\ Zm�H � /B72`2MÏ� T2`+2Mim�H\

U/V P [m2 TQ/2KQb +QM+HmB` �M�HBb�M/Q Qb `2bmHi�/Qb Q#iB/Qb 2 Qb +QKT�`�M/Q +QK
Q ȹHiBKQ b�H�`BQ `2+2#B/Q T2H� i`�#�H?�/Q`� �Mi2b /2 b2 �TQb2Mi�` U_0RNNkd-88XV\
.Bb+mi� +QK b2m ;`mTQ 2 7�Ï� mK #`2p2 `2H�iQ- � T�`iB` /� /Bb+mbb½Q- bQ#`2 Q BKT�+iQ
/� �TQb2Mi�/Q`B� bQ#`2 Q 2biBHQ /2 pB/� /2 mK i`�#�H?�/Q`X

P#b2`p�Ï½Q, � i�#2H� H2p� 2K +QMbB/2`�Ï½Q mK i`�#�H?�/Q` 2K `2;BK2 *Gh- [m2
T`2i2M/2 �TQb2Mi�`@b2 +QK RyyW /Q p�HQ` `272`2Mi2 �Q b2m #2M27ő+BQX _2�HBx2 i�K#ûK Qb
+�H+mHQb T�`� mK i`�#�H?�/Q` ?QK2K- H2p�M/Q 2K +QMbB/2`�Ï½Q � M2+2bbB/�/2 /2 +QKTH2i�`
� i�#2H� +QK K�Bb 8 �MQb /2 i`�#�H?QX

9X8 8Ǘ 2i�T�, *QKT�`�Ê¸Q /Q #2M27Ō+BQ /� �TQb2M@
i�/Q`B� +QK Qmi`Qb BMp2biBK2MiQb

9X8XR �mH� 3, �Hi2`M�iBp�b }M�M+2B`�b T�`� �HûK /� �TQb2Mi�/Q`B�X

P#D2iBpQ, G2p�` T�`� � `2�HB/�/2 /Q �HmMQ �Hi2`M�iBp�b }M�M+2B`�b �HûK /� �TQb2M@
i�/Q`B� 2 �i`�pûb /2 +�H+mHQb K�i2K�iB+Qb `2�HBx�` +QKT�`�ÏǤ2b 2Mi`2 2bb�b �Hi2`M�iBp�bX

J�i2`B�H miBHBx�/Q, GBbi� BKT`2bb� 2 +QKTmi�/Q`2b +QK �+2bbQ � BMi2`M2iX

�mH�UbV M2+2bb�`B�UbV, R?Q`� 2 9y KBMmiQb Uk �mH�b /2 8y KBMmiQbV

S�`� 2bi� �iBpB/�/2 +`B�`2KQb Qmi`�b i`āb i�#2H�bX AMp2biBK2MiQ A U"Po�RRV- AM@
p2biBK2MiQ AA UAoo"RRV 2 AMp2biBK2MiQ AAA Uh2bQm`Q `2M/�Y kyeyVX 1bi� T�`i2 /2 +`B�Ï½Q
/�b i�#2H�b bƦ /2p2 b2` 72Bi� /2TQBb /Q �HmMQ 2Mi2M/2` [m�H û Q T`Q+2/BK2MiQ T�`� +�H+mH�`
K�Mm�HK2Mi2 Q [m2 û T2/B/Q M� [m2bi½QX o2D� � bm;2bi½Q T�`� Q T`Q72bbQ` MQ }M�H /�
[m2bi½Q /2bi� �mH�X

S�bbQ R, � T�`iB` /� i�#2H� +`B�/� T�`� Q /2b2MpQHpBK2MiQ /�b [m2biǤ2b /� �mH�
d- +?�K�KQb U`2MQK2�KQbV � T�;BM� k /2 ALoX
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S�bbQ k, L� T�;BM� ALo +`B�KQb i`āb i�#2H�b, AMp2biBK2MiQ A- AMp2biBK2MiQ AA 2
AMp2biBK2MiQ AAAX o2` };m`� RdX

6B;m`� Rd Ĝ *`B�M/Q �b j i�#2H�b /Qb BMp2biBK2MiQb

S�bbQ j, *QKQ Qb BMp2biBK2MiQb 2bi½Q `2H�+BQM�/Qb �Q K2bKQ BMi2`p�HQ /2 i2KTQ
/� 2pQHmÏ½Q b�H�`B�H- B`2KQb `2H�+BQM�` Qb �MQb /2 `2M/BK2MiQb /Qb BMp2biBK2MiQb +QK Qb
�MQb /2 �iBpB/�/2 /Q i`�#�H?�/Q`X GQ;Q- B`2KQb 2bi�#2H2+2` mK� `2H�Ï½Q 2Mi`2 �b T�;B@
M�b R 2 k- T`Q/mxB/�b MQ �`[mBpQX S�`� BbbQ- M�b +ûHmH�b �k- .k 2 :k- BMbB`� Q +Ʀ/B;Q
ǳ4*S_1o5�kǴX � T�`iB` /2bb2 +Ʀ/B;Q- �Q �Hi2`�`KQb Q �MQ BMB+B�H M� i�#2H� 2pQHmÏ½Q b�@
H�`B�H UM� T�;BM� RV- iQ/�b �b Qmi`�b i�#2H�b U/�b /m�b T�;BM�bV b2 �im�HBx�`½Q i�K#ûKX
o2` };m`� R3X

6B;m`� R3 Ĝ _2H�+BQM�M/Q � +QHmM� � /�b /m�b T�;BM�b

S�bbQ 9, *QK � +ûHmH� �j b2H2+BQM�/� /B;Bi2 Q +Ʀ/B;Q ǳ4�kYRǴX 1K b2;mB/�-
`2TBi� Q T`Q+2bbQ pBbiQ �Mi2`BQ`K2Mi2 /2 +HB+�`- b2;m`�` 2 �``�bi�` � T�`iB` /Q +ő`+mHQ �xmHX
AbiQ 7QB 72BiQ M� T�;BM� *S_1o- p2D� �b };m`�b Ry- RR 2 RkX _2TBi� Q T`Q+2bbQ M�b Qmi`�b
i�#2H�b- `2T`Q/mxBM/Q Q +Ʀ/B;Q /2 �+Q`/Q +QK � +QHmM� +Q``2bTQM/2Mi2X AbiQ bB;BMB}+�-
`2T2iB` Q T`Q+2bbQ M�b +QHmM�b . 2 :X

S�bbQ 8, �;Q`� p�KQb �i`2H�` Qb p�HQ`2b `272`2Mi2 � i�#2H� /2b+QMiQ K2Mb�H- +QK
�b i�#2H�b /2 BMp2biBK2MiQbX S�`� bBKTHB}+�` Q +�H+mHQ- B`2KQb �/Qi�` +QKQ T�/`½Q- �
�im�HBx�Ï½Q /Qb p�HQ`2b /2 K�M2B`� �Mm�HX S�`� BbbQ- +QK � +ûHmH� "k b2H2+BQM�/�- p�KQb
BMb2`B` Q +Ʀ/B;Q ǳ4*S_1o51k RkǴX � b2;mB`- +QK � +ûHmH� "j b2H2+BQM�/�- p�KQb BMb2`B` Q
+Ʀ/B;Q ǳ4*S_1o51j RkYU"k URYαVVǴX LQp�K2Mi2- `2TBi� Q T`Q+2bbQ /2 +HB+�`- b2;m`�`
2 �``�bi�`X L�b };m`�b RN 2 ky KQbi`�KQb 2bi2 T�bbQ T�`� α = 8,6

100 X

�b Qmi`�b i�#2H�b `272`2Mi2b �Qb BMp2biBK2MiQb b2;m2K � K2bK� HƦ;B+�X �b +QHmM�b
� b2`2K KQ/B}+�/�b b½Q 1 2 >X ú BKTQ`i�Mi2 i2` +mB/�/Q M� ?Q`� /2 mb�` Qb /�/Qb /�
T�;BM� *S_1oX .� K2bK� K�M2B`� [m2 }x2KQb MQ AMp2biBK2MiQ Ac T�`� AMp2biBK2MiQ AA
2 AMp2biBK2MiQ AAA- p�KQb mb�` � +QHmM� 1 /� T�;BM� *S_1oX � Km/�MÏ� 7mM/�K2Mi�H
T�`� +�/� BMp2biBK2MiQ p�B b2` MQ α [m2 û mb�/Q MQ T�bbQ 8X

P#b2`p�Ï½Q, S�`� /2i2`KBM�` � `2Mi�#BHB/�/2 /Q iőimHQ h1aPl_P _1L.�Y- T2b@
[mBb2 M� BMi2`M2i Q p�HQ` Kû/BQ /Q AS*� MQb ȹHiBKQb Ry �MQbX

*QKQ /BiQ �Mi2`BQ`K2Mi2- p�KQb +QMbB/2`�` i`āb T`Q/miQb /B72`2Mi2bX



*�TőimHQ 9X � i`BH?� T2/�;Ʀ;B+� jy

6B;m`� RN Ĝ AMb2`BM/Q 7Ʀ`KmH� T�`� +`B�` �
+QHmM� "- T�;BM� ALoX U�V

6B;m`� ky Ĝ AMb2`BM/Q 7Ʀ`KmH� T�`� +`B�` �
+QHmM� "- T�;BM� ALoX U#V

UBV o�KQb +QMbB/2`�` [m2 Q A#Qp2bT� �T`2b2MiQm mK� p�HQ`Bx�Ï½Q Kû/B� /2 3-eW �X�X P
7mM/Q 1h6 "Po�RR- `2THB+� � `2Mi�#BHB/�/2 /Q őM/B+2 A#Qp2bT�X

UBBV P 7mM/Q a�S 8yy �T`2b2MiQm p�HQ`Bx�Ï½Q Kû/B� /2 �T`QtBK�/�K2Mi2 Re-dW �X�X- P
1h6 Aoo"RR `2THB+� � `2Mi�#BHB/�/2 /Q őM/B+2 a�S8yyX

UBBBV � };m`� kR `2T`2b2Mi� mK /Qb iőimHQb Tȹ#HB+Qb /Q i2bQm`Q M�+BQM�HX 1bi2 iőimHQ 7QB
+`B�/Q 2K jy /2 D�M2B`Q /2 kykj +QK Q BMimBiQ /2 iQ`M�`@b2 mK� �Hi2`M�iBp� T�`�
Q TH�M2D�K2MiQ /� �TQb2Mi�/Q`B�X 1bi2 û mK T`Q/miQ }M�M+2B`Q /BiQ /2 `2M/� }t�-
HQ;Q- 2H2 i2K bm� `2Mi�#BHB/�/2 �i`2H�/� � mK őM/B+2 /� 2+QMQKB� #`�bBH2B`� UAS*�
@ ŐM/B+2 /2 S`2ÏQb �Q *QMbmKB/Q` �KTHQVX

6B;m`� kR Ĝ _2Mi�#BHB/�/2 /Q iőimHQ _2M/�Y

Zm2bi½Q 3XR amTQM?� [m2 mK� i`�#�H?�/Q`� ;QMÏ�H2Mb2 �THB[m2 Q K2bKQ p�HQ` /2b@

+QMi�/Q /2 b2m b�H�`BQ 2K mK /Qb BMp2biBK2MiQb /2b+`BiQb �Mi2`BQ`K2Mi2X S�`� bBKTHB}+�`



*�TőimHQ 9X � i`BH?� T2/�;Ʀ;B+� jR

Qb +�H+mHQb- p�KQb �bbmKB` [m2 Qb p�HQ`2b /2b+QMi�/Qb �Q HQM;Q /2 +�/� �MQ p½Q b2` BM@
p2biB/Qb MQ }M�H /2 +�/� �MQX h�K#ûK p�KQb i`�#�H?�` +QK � `2Mi�#BHB/�/2 �Mm�H /Qb
BMp2biBK2MiQbX

U�V *QMbi`m� �b i�#2H�b `2T`2b2Mi�M/Q Q KQMi�Mi2 �+mKmH�/Q MQb BMp2biBK2MiQb `2�HB@
x�/Qb /m`�Mi2 � pB/� H�#Q`�H /2bi� i`�#�H?�/Q`�X

U#V .2 �+Q`/Q +QK �b BM7Q`K�ÏǤ2b /� �mH� �Mi2`BQ`- M� [m2bi½Q dXj- b½Q 2bi�#2H2+B/Qb p�@
HQ`2b T�`� Q #2M27ő+BQ /2 �TQb2Mi�/Q`B�X � T�`iB` /�b i�#2H�b +QMbi`mő/�b- /2i2`KBM2
Q i2KTQ [m2 Q KQMi�Mi2 �+mKmH�/Q MQ KQK2MiQ /� �TQb2Mi�/Q`B� T�`� +�/� BMp2b@
iBK2MiQ- û +�T�x /2 2[m�HBx�` Q p�HQ` /Q #2M27ő+BQ /� �TQb2Mi�/Q`B� +QK Q ȹHiBKQ
b�H�`BQ `2+2#B/QX

U+V �BM/� /2 �+Q`/Q +QK � [m2bi½Q dXj- TQ` [m�MiQ i2KTQ Q KQMi�Mi2 �+mKmH�/Q MQ
KQK2MiQ /� �TQb2Mi�/Q`B� T`2+Bb�`B� }+�` BMp2biB/Q MQ BMp2biBK2MiQ A- T�`� �H+�MÏ�`
Q K2bKQ KQMi�Mi2 /Q BMp2biBK2MiQ AA\ 1 Q BMp2biBK2MiQ AAA\

am;2bi½Q �Q T`Q72bbQ`, L2bi� �mH�- û BMi2`2bb�Mi2 T2`KBiB` �Q �HmMQ `2�HBx�` Qb +�H@
+mHQb `272`2Mi2b �Qb �MQb BMB+B�Bb /Qb BMp2biBK2MiQb- +QK Q Q#D2iBpQ /Q �HmMQ +QKT`22M/2`
Q +�H+mHQ 2 +QKQ b2 /� � 2pQHmÏ½Q /Qb p�HQ`2bX �TƦb `2�HBx�` T2HQ K2MQb Q +�H+mHQ `272@
`2Mi2 �Qb i`āb T`BK2B`Qb �MQb- Q �HmMQ /2p2 b2` +�T�x /2 ;2M2`�HBx�` Ui�Hp2x +QK � �Dm/�
/Q T`Q72bbQ`V Q +�H+mHQ T�`� [m�H[m2` �MQX �H+�MÏ�M/Q i�H `2bmHi�/Q- Q T`Q72bbQ` DmMiQ �Qb
�HmMQb /2p2 BMB+B�` � +QMbi`mÏ½Q /�b i�#2H�b `272`2Mi2b �Qb BMp2biBK2MiQbX
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8 _2bmHi�/Qb 2 /2b�}QbX

.m`�Mi2 Q /2b2M`QH�` /�b �mH�b 7QB T2`+2Tiőp2H � /B}+mH/�/2 �T`2b2Mi�/� T2HQb
�HmMQb 2K `2H�Ï½Q �Qb +QM+2BiQb #�bB+QbX .2pB/Q �Qb `2b[mő+BQb /� T�M/2KB�- KmBiQb �HmMQb
�BM/� �T`2b2Mi�K /B}+mH/�/2 T�`� Q +�H+mHQ /�b TQiāM+B�b- QM/2 �+�#�K `2�HBx�M/Q Q
T`Q/miQ 2Mi`2 #�b2 2 2tTQ2Mi2 /�b TQiāM+B�bX 1``Q 2bi2- `2+Q``2Mi2 2Mi`2 mK MȹK2`Q
2H2p�/Q /2 �HmMQbX SQ`ûK- K2bKQ +QK Qb /2b�}Qb Q#b2`p�/Qb- 7QB TQbbőp2H T2`+2#2` [m2
Qb �HmMQb b2 KQbi`�`�K /BbTQbiQb 2 BMi2`2bb�/Qb � �/[mB`B` Q +QM?2+BK2MiQ T`QTQbiQ M�b
�iBpB/�/2bX

�#�BtQ i2KQb /QBb 2t2KTHQb /2 `2bmHi�/Qb Q#iB/Qb /m`�Mi2 � `2�HBx�Ï½Q /� �mH� 9X
L� };m`� kk i2KQb Q `2bmHi�/Q +Q``2iQ /�b [m2biǤ2b 2 M� };m`� kj- p2KQb Q 2``Q `2+Q``2Mi2
[m2 7QB K2M+BQM�/QX

6B;m`� kk Ĝ _2bTQbi�b /2 �HmMQb M� i`BH?�- U�V



*�TőimHQ 8X _2bmHi�/Qb 2 /2b�}QbX jj

6B;m`� kj Ĝ _2bTQbi�b /2 �HmMQb M� i`BH?�- U#V

SQ/2KQb +QM+HmB` [m2 Q T`Q72bbQ`- �Q T`QTQ` �b �iBpB/�/2b- /2p2 2bi�` 7�KBHB�`Bx�/Q
+QK � im`K�X SQBb- /2bi� K�M2B`�- Q T`Q72bbQ` b2`� +�T�x /2 �/�Ti�` �b �iBpB/�/2b /2
T`2T�`�Ï½Q- /2b2MpQHpB/�b M� �mH� R- /2 �+Q`/Q +QK �b M2+2bbB/�/2b /Qb �HmMQbX
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_272`āM+B�b

#`�bBHX G2B NjN9 /2 ky /2 /2x2K#`Q /2 RNNeX :Qp2`MQ 62/2`�HX *QM;`2bbQ L�+BQM�HX RNNeX
.BbTQMőp2H 2K, ?iiTb,ffH2;BbH�+�QXT`2bB/2M+B�X;QpX#`f�iQbf\iBTQ4G1A�MmK2`Q4
NjN9��MQ4RNNe��iQ4j78QjueRlJCTqhk8�X *Bi�/Q R p2x M� T�;BM� 8X

/2 QHBp2B`� DmMBQ`- J�m`B+BQ *2HbQX lK� i`BH?� T2/�;Ʀ;B+� mb�M/Q KQ/2H�;2K K�i2@
K�iB+�, �TQb2Mi�/Q`B� 2 7mMÏǤ2b 2tTQM2M+B�BbX kyk9X .Bbb2`i�Ï½Q S`Q7K�i- S`Q;`�K� /2
K2bi`�/Q T`Q}bbBQM�H 2K K�i2K�iB+� 2K `2/2 M�+BQM�H Ĝ lMBp2`bB/�/2 62/2`�H 6HmKBM2Mb2X
*Bi�/Q j p2x2b M�b T�;BM�b 8- d- kyX

B#;2X SQ`i�H *B/�/2b /Q A":1X .BbTQMőp2H 2K, ?iiTb,ff+B/�/2bXB#;2X;QpX#`f#`�bBHf
T�MQ`�K�X �+2bbQ 2K, d �;QX kyk9X *Bi�/Q j p2x2b M�b T�;BM�b RN- kjX

HBK�- 1HQM G�;2bX LȹK2`Qb 2 7mMÏǤ2b `2�BbX AM, +QH2Ê¸Q S_P6J�hX _BQ /2 C�M2B`Q,
aQ+B2/�/2 "`�bBH2B`� /2 J�i2K�iB+�- kyR9X *Bi�/Q R p2x M� T�;BM� kyX

HBK�- 1HQM G�;2b 2i �HX � K�i2K�iB+� /Q 2MbBMQ Kû/BQX AM, +QH2Ê¸Q /Q T`Q72bbQ` /2
K�i2K�iB+�X NX 2/X _BQ /2 C�M2B`Q, aQ+B2/�/2 "`�bBH2B`� /2 J�i2K�iB+�- kyyeX *Bi�/Q R
p2x M� T�;BM� kyX

https://legislacao.presidencia.gov.br/atos/?tipo=LEI&numero=9394&ano=1996&ato=3f5o3Y61UMJpWT25a
https://legislacao.presidencia.gov.br/atos/?tipo=LEI&numero=9394&ano=1996&ato=3f5o3Y61UMJpWT25a
https://cidades.ibge.gov.br/brasil/panorama
https://cidades.ibge.gov.br/brasil/panorama
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