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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



8

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



e

k P#D2iBpQb 2 T`QTQbi� /�b �iBpB/�/2b

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



*�TőimHQ kX P#D2iBpQb 2 T`QTQbi� /�b �iBpB/�/2b d

.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



3

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
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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\
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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,
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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�
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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
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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
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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}+�`
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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



jk

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
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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



j9

_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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