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S`27�+BQ

1bi� h2bBb b2 T`2b2Mi� +QKQ T�`i2 /2 HQb `2[mBbBiQb T�`� QTi�` �H ;`�/Q �+�/ûKB+Q
/2 .Q+iQ` 2M AM;2MB2`ő� Ĝ J2M+BƦM 2M S`Q+2b�KB2MiQ /2 a2Ƣ�H2b 2 AK�;2M2b /2 H� lhL
6�+mHi�/ _2;BQM�H "m2MQb �B`2b v MQ ?� bB/Q T`2b2Mi�/� T`2pB�K2Mi2 T�`� H� Q#i2M+BƦM
/2 Qi`Q iőimHQ 2M 2bi� lMBp2`bB/�/ m Qi`�X G� KBbK� +QMiB2M2 HQb `2bmHi�/Qb Q#i2MB/Qb 2M
BMp2biB;�+BQM2b HH2p�/�b � +�#Q 2M 2H �K#BiQ /2H G�#Q`�iQ`BQ /2 *B2M+B�b /2 H�b AK�;2M2b
/2 H� lLa v 2H AMbiBimiQ S�i�;ƦMB+Q /2 *bX aQ+B�H2b v >mK�M�b **h@*1LS�h /m`�Mi2 2H
T2`őQ/Q +QKT`2M/B/Q 2Mi`2 2H yR /2 �#`BH /2 kyRe v 2H yR /2 �#`BH /2 kykR- #�DQ H� /B`2++BƦM
/2H .`X*H�m/BQ .2H`B2mt v *Q@/B`2++BQM /2H .`X _QH�M/Q :QMx�H2x@CQbûX

R



� KBb T�/`2b- *�`HQb v �HB+B�X



�;`�/2+BKB2MiQb

1M T`BK2` Hm;�` [mB2`Q �;`�/2+2` � *H�m/BQ v _QHQ- [mB2M2b +QM bmb +QMQ+BKB2MiQb
v �TQvQ K2 ;mB�`QM � HQ H�`;Q /2 iQ/Q 2H /Q+iQ`�/QX 1bT2+B�H K2M+BƦM � *2HB�- 2biQv
+QMp2M+B/Q /2 [m2 2bi2 i`�#�DQ MQ ?m#B2b2 HH2;�/Q � b2` HQ [m2 2b bBM bm �TQvQ BM+QM/B+BQM�HX
h�K#BûM [mB2`Q �;`�/2+2` �H :A"1> TQ` #`BM/�`K2 iQ/Qb HQb `2+m`bQb v ?2``�KB2Mi�b [m2
7m2`QM M2+2b�`BQb T�`� HH2p�` � +�#Q 2H T`Q+2bQ /2 BMp2biB;�+BƦMX SQ` ȹHiBKQ- [mB2`Q �;`�/2+2`
� KBb �KB;Qb UG2Q- "`mMQ- 1KBHB�MQ- a�Km2H- L�?m2H- .B2;Q v oB`;BMB�V v � KB 7�KBHB�- TQ`
�TQv�`K2 2M iQ/Q KQK2MiQX 1M 2bT2+B�H- [mB2`Q ?�+2` K2M+BƦM � S�mH�- KB +QKT�Ƣ2`� /2
pB/�- [m2 bB2KT`2 2bimpQ �?ő T�`� /�`K2 T�H�#`�b /2 �TQvQX

Jm+?�b ;`�+B�b � iQ/QbX

j



L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

�#`2pB�im`�b

*LL *QMpQHmiBQM�H L2m`�H L2irQ`Fb

*o o�HB/�+BƦM *`mx�/�

.G .22T G2�`MBM;

1_h 1ti`2K2Hv _�M/QKBx2/ h`22b

1h* 1ti`� h`22b *H�bbB}2`

A� AMi2HB;2M+B� �`iB}+B�H

A** ŐM/B+2 *BMim`� *�/2`�

A*h ŐM/B+2 /2 *BMim`� h�HH�

AJ* ŐM/B+2 /2 J�b� *Q`TQ`�H

JG J�+?BM2 G2�`MBM;

Jo*LL _2/2b L2m`QM�H2b *QMpQHm+BQM�H2b /2 JȹHiBTH2b oBbi�b

PJa P`;�MBx�+BƦM JmM/B�H /2 H� a�Hm/

S*� �M�HBbBb /2 *QKTQM2Mi2b S`BM+BT�H2b

a6J ai`m+im`2 7`QK JQiBQM

a:. aiQ+?�biB+ :`�/B2Mi .2b+2Mi

ao* amTTQ`i o2+iQ` *H�bbB}2`

aoJ amTTQ`i o2+iQ` J�+?BM2

o* oBbBƦM *QKTmi�+BQM�H

9



ŐM/B+2 ;2M2`�H

RX AMi`Q/m++BƦM Re

RXRX *QMi2tiQ X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X R3

RXkX P#D2iBpQb X X X X X X X X X X X 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

RXjX *QMi`B#m+BQM2b X X X X X X X X 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

RXjXRX Sm#HB+�+BQM2b `272`B/�b � 2bi� i2bBb 2M `2pBbi�b BMi2`M�+BQM�H2b X X X kR

RXjXkX �+i�b 2M +QM72`2M+B�b M�+BQM�H2b 2 BMi2`M�+BQM�H2b X X X X X X X X X kk

RXjXjX Pi`�b Tm#HB+�+BQM2b v T`2b2Mi�+BQM2b 2M +QM;`2bQb v `2pBbi�bX X X X k9

RX9X �THB+�+BQM2b X X X X X X X X X 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

RX8X 1bi`m+im`� /2 H� h2bBb X X X X 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

kX J�`+Q h2Ʀ`B+Q kd

kXRX oBbBƦM *QKTmi�+BQM�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 kd

kXkX �/[mBbB+BƦM /2 /�iQb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kN

kXkXRX AK�;2M2b k. X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kN

kXkXkX Lm#2 /2 SmMiQb v J�HH�b j. X X X X X X X X X X X X X X X X X X X X jy

kXkXjX hû+MB+�b /2 2b+�M2Q j. X X X X X X X X X X X X X X X X X X X X X X X jk

8



L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

kXkX9X 6QiQ;`�K2i`ő� X X X X 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

kXjX S`2@T`Q+2b�KB2MiQ X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X j3

kX9X AMi2HB;2M+B� �`iB}+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 9R

kX9XRX J�+?BM2 G2�`MBM; X X 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

kX9XkX .22T G2�`MBM; X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9N

jX *QH2+i� /2 /�iQb 88

jXRX S`Qv2+iQ S�i�;QMB� j. G�# X X X X X X X X X X X X X X X X X X X X X X X X X 88

jXkX *�KT�Ƣ� /2 oQHmMi�`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 X X 8d

jXjX S`QiQ+QHQ /2 `2+QH2++BƦM /2 /�iQb X X X X X X X X X X X X X X X X X X X X X X 83

jX9X .�iQb �`iB}+B�H2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X ey

jX8X *QM};m`�+BƦM /2 H�M/K�`Fb X X X X X X X X X X X X X X X X X X X X X X X X X ey

jXeX S`Qv2+iQ _�ő+2b X X X X X X X 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

9X _2+QMQ+BKB2MiQ �miQK�iB+Q /2 b2tQ #BQHƦ;B+Q miBHBx�M/Q +�Tim`�b j. ej

9XRX AMi`Q/m++BƦM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X ej

9XkX J�i2`B�H2b v JûiQ/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 e8

9XkXRX .2b+`BT+BƦM /2 H� Km2bi`� X X X X X X X X X X X X X X X X X X X X X X e8

9XkXkX 1ti`�++BƦM /2 +�`�+i2`őbiB+�b v 2Mi`2M�KB2MiQ X X X X X X X X X X X e8

9XjX 1tT2`BK2MiQb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X e3

9XjXRX a2H2++BƦM v QTiBKBx�+BƦM /2 ?BT2` T�`�K2i`Qb X X X X X X X X X X X X e3

9XjXkX a2H2++BƦM /2 /�iQb /2 1Mi`2M�KB2MiQX X X X X X X X X X X X X X X X X eN

9XjXjX hB2KTQ /2 2Mi`2M�KB2MiQ v T`2/B++BƦM X X X X X X X X X X X X X X X dR

e



L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

9X9X _2bmHi�/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 X X X X X dR

9X8X *QM+HmbBQM2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X dk

8X 1ti`�++BƦM �miQK�iB+� /2 +�`�+i2`őbiB+�b /2 H� 7Q`K� +Q`TQ`�H T�`� 2H 2b@

im/BQ /2 Q#2bB/�/ d9

8XRX AMi`Q/m++BƦM X X X X X X X X X 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

8XkX JûiQ/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 X X X X X X X X de

8XkXRX .2b+`BT+BƦM /2 H� Km2bi`� X X X X X X X X X X X X X X X X X X X X X X de

8XkXkX 1ti`�++BƦM �miQK�iB+� /2 +�`�+i2`őbiB+�b /2 H� 7Q`K� +Q`TQ`�H X X X dd

8XjX _2bmHi�/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 X X X X X dN

8XjXRX J2/B+BƦM /2 2``Q` v �/[mBbB+BƦM /2 +�`�+i2`őbiB+�b X X X X X X X X X 3R

8X9X *QM+HmbBQM2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 3k

eX .2b+`BTiQ`2b JmHiB@pBbi� #�b�/Q 2M �T`2M/Bx�D2 T`Q7mM/Q 39

eXRX AMi`Q/m++BƦM X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 39

eXkX J�i2`B�H2b v JûiQ/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 38

eXkXRX 1Mi`2M�KB2MiQ /2 H� `2/ X X X X X X X X X X X X X X X X X X X X X X X 3d

eXkXkX *QMbi`m++BƦM /2H +QMDmMiQ /2 /�iQb X X X X X X X X X X X X X X X X X NR

eXjX .Bb2ƢQ 2tT2`BK2Mi�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 N9

eXjXRX *QM};m`�+BƦM /2 H� `2/ /2 +�i2;Q`ő� 2bT2+ő}+� X X X X X X X X X X X N9

eXjXkX *QM};m`�+BƦM /2 H� `2/ KmHiB+�i2;Q`ő� X X X X X X X X X X X X X X X Nd

eX9X _2bmHi�/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 X X X X X N3

eX9XRX AK�;2M2b /B#mD�/�b � K�MQ X X X X X X X X X X X X X X X X X X X X X N3

d



L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

eX9XkX 1bim/BQ /2 mbm�`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 NN

eX9XjX S`m2#�b +QM };m`�b ?mK�M�b X X X X X X X X X X X X X X X X X X X X RyR

eX8X *QM+HmbBƦM v i`�#�DQ 7mim`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 Ryk

dX *QM+HmbBQM2b :2M2`�H2b Ry9

dXRX *QM+HmbBQM2b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Ry9

dXkX h`�#�DQ 6mim`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 X X X X X Rye

�M2tQb RyN

�M2tQ �X *�`iBHH� /2 AM7Q`K�+BƦM RRy

�M2tQ "X *QKBiû /2 ûiB+� RRR

"B#HBQ;`�7ő� RRk

3



ŐM/B+2 /2 };m`�b

kXRX 1b[m2K� /2 H�b 2i�T�b [m2 +QKTQM2M H� oBbBƦM *QKTmi�+BQM�H Uo*VX X X X kN

kXkX 1D2KTHQ /2 KQ/2HQb +`2�/Qb � T�`iB` /2H bQ7ir�`2 SQb2 j.- miBHBx�M/Q ǳ�T@
T�`2Mi _B/;2b �H;Q`Bi?KǴ UCm// 2i �HX- kyydV T�`� ;2M2`�` mM� BK�;2M +QM
2biBHQ /2 /B#mDQ bQ#`2 2H KQ/2HQ j.X X X X X X X X X X X X X X X X X X X X X X jy

kXjX Lm#2 /2 TmMiQb /2 H� *�i2/`�H /2 Jm`+B�X a2MbQ` G2B+� _h*jey U.`QMB+�VX jk

kX9X J�HH� j.X a2MbQ` ai`m+im`2X 99,000 TmMiQb U�T`Qt 199,000 i`B�M;mHQbVX X X jj

kX8X ai`m+im`2 a2MbQ`X 1b+�M2` #�b�/Q 2M i`B�M;mH�+BƦM H�b2` UAia22xj.VX X X X j9

kXeX 1b+�M2Q /2 `Qbi`Q +QM :Qa+�MkyX 1b+�M2` #�b�/Q 2M Hmx 2bi`m+im`�/�X 6QiQ
+�Tim`�/� /m`�Mi2 H� +QH2+i� /2 /�iQb _�ő+2b 2M Sm2`iQ J�/`vMX X X X X X j8

kXdX P v Q pBbiQ /2 /Qb +�K�`�b C1-C2X GQb TmMiQb k. P ′1- P ′2- Q′1 v Q′2
bQM HQb TmMiQb /2 BMi2`ûb pBbiQ 2M /Qb BK�;2M2bX P v Q 2b T`Qv2++BƦM j.
+�H+mH�/�X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jd

kX3X 1b[m2K� /2 +ƦKQ b2 +QKTQM2 H� AMi2HB;2M+B� �`iB}+B�H UA�VX X X X X X X X X 9R

kXNX *H�bB}+�+BƦM- _2;`2bBƦM v *Hmbi2`Bx�+BƦMX X X X X X X X X X X X X X X X X X X 99

kXRyX 6mM+BQM�KB2MiQ /2H �H;Q`BiKQ /2 amTTQ`i o2+iQ` J�+?BM2 UaoJVX X X X X X 9e

kXRRX oBbm�HBx�+BƦM 2M 7Q`K� /2 �`#QHX .B72`2Mi2b p�HQ`2b /2H őM/B+2 +BMim`�@+�/2`�
DmMiQ +QM 2H b2tQ #BQHƦ;B+Q /2i2`KBM�` H� T`Q#�#BHB/�/ /2 i2M2` Q MQ `B2b;Q
+�`/BQp�b+mH�` U1Hb�v2/ 2i �HX- kyy3VX X X X X X X X X X X X X X X X X X X X X 9d

N



L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

kXRkX *QKTQ`i�KB2MiQ /2 H� Kûi`B+� 2Mi`QTő�X 1H �`#QH /2 H� Bx[mB2`/� Km2bi`�
mM +�bQ B/2�H- /QM/2 H�b Km2bi`�b ;2M2`�M +QMDmMiQb ?QKQ;ûM2QbX 1H �`#QH
/2 H� /2`2+?� 2b mM +�bQ +QM incertidumbre = 1- H� b2H2++BƦM /2 H� +H�b2
2b B;m�H � b2H2++BQM�` mM� +H�b2 �H �x�`X X X X X X X X X X X X X X X X X X X X 93

kXRjX �`[mBi2+im`� /2 +�T�b 2M `2/2b M2m`QM�H2bX X X X X X X X X X X X X X X X X X 8k

jXRX *�KT�Ƣ� /2 +QMpQ+�iQ`B� 2M `2/2b bQ+B�H2bX X X X X X X X X X X X X X X X X 8d

jXkX S`QiQ+QHQ /2 +�Tim`� /2 /�iQb 2M jeyX oBbi� bmT2`BQ`X X X X X X X X X X X X 8N

jXjX S`QiQ+QHQ /2 K2/B+BƦMX X X X X X X X X X X X X X X X X X X X X X X X X X X X ey

jX9X *QM};m`�+BƦM /2 H�M/K�`Fb +Q`TQ`�H2b j. bQ#`2 mM KQ/2HQ �`iB}+B�HX X X X eR

9XRX JQ/2HQb �`iB}+B�H2b /2H /�i�b2i UL�p�``Q 2i �HX- kyR3VX X X X X X X X X X X X ee

9XkX JQ/2HQb `2�H2b /2H /�i�b2i UL�p�``Q 2i �HX- kyR3VX X X X X X X X X X X X X X ed

9XjX 6R@b+Q`2 mb�M/Q /B72`2Mi2b +�MiB/�/2b /2 +QKTQM2Mi2b T�`� /Qb +H�bB}+�@
/Q`2b UL�p�``Q 2i �HX- kyR3VX X X X X X X X X X X X X X X X X X X X X X X X X X e3

9X9X J�i`Bx /2 +QM7mbBƦM Q#i2MB/� +QM 2H +QMDmMiQ /2 T`m2#� UL�p�``Q 2i �HX-
kyR3VX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X dR

9X8X J�i`Bx /2 +QM7mbBƦM Q#i2MB/� �;`2;�M/Q 2H +QMDmMiQ /2 /�iQb `2�H2b UL�@
p�``Q 2i �HX- kyR3VX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X dk

8XRX 1D2KTHQ /2 BK�;2M j. /2H +QMDmMiQ /2 /�iQb- DmMiQ +QM H� +QM};m`�+BƦM
/2 H�M/K�`Fb mb�/� T�`� H� 2ti`�++BƦM /2 H�b +�`�+i2`őbiB+�b /2 H� 7Q`K�
+Q`TQ`�HX GQb H�M/K�`Fb 1 − 2 +Q``2bTQM/2 � H� �`iB+mH�+BƦM /2H ?QK#`Q
U;H2MQ?mK2`�HV v HQb H�M/K�`Fb 3− 4 � HQb TmMiQ /QM/2 �`iB+mH� H� +�#2x�
/2H 7ûKm` 2M H� +�/2`� UL�p�``Q 2i �HX- kyRN�V X X X X X X X X X X X X X X X d8

Ry



L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

8XkX GQ+�HBx�+BƦM /2 HQb b2KB@H�M/K�`Fb s0 v s1 2M L�`�MD�X GQb 500 TmMiQb
�Dmbi�/Qb TQ` 2H +`Bi2`BQ /2 KőMBKQ BendingEnergy 2M p2`/2X 1H �`2� �#@
/QKBM�H /2b+`BTi� 2M /BbiBMi�b pBbi�b Uk.- j. v pBbi� i`�Mbp2`b�HXV ;2M2`�/Qb
+QM 250 b2;K2MiQbX UL�p�``Q 2i �HX- kyRN�V X X X X X X X X X X X X X X X X d3

8XjX �M�HBbBb /2 +QKTQM2Mi2b T`BM+BT�H2bX :`�}+Q /2 /BbT2`bBƦM v p�`B�+BƦM /2
7Q`K� v /Bbi`B#m+BƦM /2 H� ;`�b� �#/QKBM�H +QM 2H /2b+`BTiQ` T`QTm2biQX
1HBTb2b +QHQ`2�/�b #�b�/�b 2M ŐM/B+2 /2 J�b� *Q`TQ`�H UAJ*V- ŐM/B+2 /2
*BMim`� h�HH� UA*hV- ŐM/B+2 *BMim`� *�/2`� UA**V 2bi�/Qb Mmi`B+BQM�H2bX
GQb +�K#BQb /2 7Q`K� `2T`2b2Mi�M 2H +�K#BQ /2 7Q`K� T`QK2/BQ Q#b2`p�/Q
2M HQb 2ti`2KQb /2 HQb 2D2bX UL�p�``Q 2i �HX- kyRN�V X X X X X X X X X X X X X 3y

eXRX .B#mDQ /2 ?mK�MQb +QM /B72`2Mi2b 7Q`K�b +Q`TQ`�H2bX X X X X X X X X X X X 38

eXkX oBbi� ;2M2`�H /2H TBT2HBM2 T`QTm2biQX Ax[mB2`/�, .�/Q mM +QMDmMiQ /2 /�iQb
T`2+QKTBH�/Qb /2 KQ/2HQb j. +QM /�iQb /2 +Q``2bTQM/2M+B�b- b2 ;2M2`�M
�miQK�iB+�K2Mi2 /B#mDQb � /B72`2Mi2b 2b+�H�b v TQbB+BQM2b miBHBx�M/Q mM
KQiQ` /2 `2M/2`Bx�/Q MQ 7QiQ``2�HBbi� /2 ȹHiBK� ;2M2`�+BƦMX .2`2+?�, b2
miBHBx�M 2biQb /B#mDQb +QKQ 2Mi`�/�b T�`� H� `2/ M2m`QM�H +QMpQHm+BQM�H
� }M /2 �T`2M/2` HQb /2b+`BTiQ`2b /2 KȹHiBTH2b pBbi�bX �/2K�b b2 Q#b2`p�
+ƦKQ HQb TmMiQb +QBM+B/2Mi2b b2 �bB;M�M DmMiQb BM/2T2M/B2Mi2K2Mi2 /2H
�M;mHQ /2 T`Qv2++BƦMX a2 miBHBx� mM� �`[mBi2+im`� /2 KȹHiBTH2b pBbi�b +QM@
DmMi�K2Mi2 +QM +�T�b HBM2�H2b T�`� `2/m+B` 2H i�K�ƢQ /2H /2b+`BTiQ` v H�b
+�T�b /2 J�tSQQHBM; [m2 �;`2;�M BM7Q`K�+BƦM BKTQ`i�Mi2 � H�b pBbi�b �K@
THB�/�bX UL�p�``Q 2i �HX- kyRN#V X X X X X X X X X X X X X X X X X X X X X X X 3e

eXjX oBbm�HBx�+BƦM /2 BK�;2M2b /2H +QMDmMiQ /2 /�iQbX .�/Q mM T�` /2 KQ/2HQb
j. /2Mb�K2Mi2 `2;Bbi`�/Qb UBx[mB2`/�V- b2 `2�HBx�`QM `2M/2`Bx�+BQM2b /2b/2
i`2b �M;mHQb U+QHmKM�bV T`2/2}MB/Qb v i`2b xQQKb U}H�bV /B72`2Mi2bX *�/�
BK�;2M b2 +2Mi`� 2M 2H TmMiQ /2 BMi2`ûb +Q``2bTQM/B2Mi2 �H TmMiQ +QBM+B/2Mi2
UBM/B+�/Q +QM mM +QMiQ`MQ /2 +QHQ`VX X X X X X X X X X X X X X X X X X X X X NR

RR



L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

eX9X U�V *Q``2bTQM/2M+B�b TQ` T�`2b 2M +m�i`Q +�i2;Q`ő�b /2 Q#D2iQbX GQb TmM@
iQb [m2 b2 +Q``2bTQM/2M iB2M2M 2H KBbKQ +QHQ`X U#V oBbm�HBx�+BƦM /2 +Q``2b@
TQM/2M+B�b /2Mb�b miBHBx�M/Q 2H /2b+`BTiQ` �[mő T`2b2Mi�/Q 2M /B72`2Mi2b
+�i2;Q`ő�bX GQb Tőt2H2b +Q``2bTQM/B2Mi2b b2 BM/B+�M 2M +QHQ`2b bBKBH�`2bX a2
miBHBxƦ mM� K�b+�`� #BM�`B� T�`� 2t+HmB` Tőt2H2b 7m2`� /2 H� `2;BƦM /2H #Q+2@
iQX � T2b�` /2 H�b /B72`2M+B�b 2ti`2K�b 2M H� ;2QK2i`ő� v H�b TQbB+BQM2b /2
H� +�K�`�- 2H /2b+`BTiQ` HQ;`� `2;Bbi`�` +Q``2+i�K2Mi2 HQb #Q+2iQbX UL�p�``Q
2i �HX- kyRN#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 X X X X X X N8

eX8X Ax[mB2`/�, :`�}+Qb /2 *J* T�`� HQb /2b+`BTiQ`2b 2p�Hm�/Qb 2M HQb +QMDmMiQb
/2 /�iQb /2 T`m2#� T�`� +�/� +�i2;Q`ő�X 1H 2D2 Y `2T`2b2Mi� 2H TQ`+2Mi�D2
/2 +QBM+B/2M+B�b `2+mT2`�/�b /2#�DQ /2 H� TQbB+BƦM BM/B+�/� 2M XX .2`2+?�,
+m`p�b /2 T`2+BbBƦM /2 +Q``2bTQM/2M+B� /QM/2 2H 2D2 XKm2bi`� mM 2``Q` /2
/Bbi�M+B� 2m+HB/B�M� MQ`K�HBx�/QX 1H 2D2 Y `2T`2b2Mi� 2H TQ`+2Mi�D2 /2 +QBM+B@
/2M+B�b `2+mT2`�/�b TQ` /2#�DQ /2H K�`;2M /2 2``Q` BM/B+�/Q 2M sX UL�p�``Q
2i �HX- kyRN#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 X X X X X X Ne

eXeX J�T� /2 +�HQ` +QM H�b +Q``2bTQM/2M+B�b �MQi�/�b TQ` HQb mbm�`BQbX 1M +�/�
T�`- H� BK�;2M /2 H� Bx[mB2`/� Km2bi`� HQb TmMiQb /2 `272`2M+B� [m2 /2#ő�M
b2` +Q``2bTQM/B/Qb TQ` 2H mbm�`BQ- H� BK�;2M /2 H� /2`2+?� `2T`2b2Mi� mM
K�T� /2 +�HQ` +QM H�b +QBM+B/2M+B� /2 HQb mbm�`BQb K�b 7m2`i2bX GQb bőK#QHQb
BM/B+�M H�b +Q``2bTQM/2M+B�b T�`� +�/� KûiQ/Q 2p�Hm�/�X X X X X X X X X X Ryy

eXdX _2bmHi�/Qb T`2HBKBM�`2b /2 H� `2/ 2M +m2`TQb ?mK�MQbX *�/� }H� /2i2`KBM�
H� +Q``2bTQM/2M+B� /2Mb� 2Mi`2 i`2b BK�;2M2bX GQb TmMiQb [m2 b2 +Q``2b@
TQM/2M +m2Mi�M +QM 2H KBbKQ +QHQ`X X X X X X X X X X X X X X X X X X X X X Ryk

"XRX �p�H /2H +QKBiû /2 ûiB+�X X X X X X X X X X X X X X X X X X X X X X X X X X X RRR

Rk



ŐM/B+2 /2 i�#H�b

kXRX .2b+`BT+BƦM /2 HQb /�i�b2i k. K�b +QMQ+B/QbX X X X X X X X X X X X X X X X jR

jXRX .2}MB+BƦM �M�iƦKB+� /2 HQb 15 H�M/K�`FbX X X X X X X X X X X X X X X X X X eR

9XRX amTTQ`i o2+iQ` *H�bbB}2` Uao*V- T`QK2/BQ TQ` +Q``B/� UL�p�``Q 2i �HX- kyR3VX dy

9XkX 1ti`� h`22b *H�bbB}2` U1h*V- T`QK2/BQ TQ` +Q``B/� UL�p�``Q 2i �HX- kyR3VX X dy

9XjX hB2KTQb /2 2Mi`2M�KB2MiQ v T`2/B++BƦM US`QK2/BQ /2 1000 +Q``B/�bV UL�@
p�``Q 2i �HX- kyR3VX X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X dR

8XRX 6BH� amT2`BQ`, T`QK2/BQ v /2bpB�+BƦM 2bi�M/�` /2 H�b K2/B/�b HBM2�H2bX 6BH�b
AM72`BQ`2b, h�K�ƢQb /2 H� Km2bi`� TQ` b2tQ v 2bi�/Q Mmi`B+BQM�HX AM/B+2
/2 J�b� *Q`TQ`�H UAJ*V TmMiQb /2 +Q`i2 /2 �+m2`/Q � H� P`;�MBx�+BƦM
JmM/B�H /2 H� a�Hm/, P#2bQ ≥ 30- aQ#`2T2bQ ≥ 25 a�Hm/�#H2 ≥ 18,50 −
24,99 q>P UkyR3VX ŐM/B+2 /2 *BMim`� h�HH� UA*hV +QM TmMiQ /2 +Q`i2
2M yX8 T�`� �K#Qb ;ûM2`QbX "`QrMBM; 2i �HX UkyRyV ŐM/B+2 *BMim`� *�/2`�
UA**V- p�HQ`2b bQ#`2 0,85 v 0,9 bQM +QMbB/2`�/Qb MQ b�Hm/�#H2b T�`� KmD2`2b
v ?QK#`2b- `2bT2+iBp�K2Mi2X L�p�``Q 2i �HX UkyRN�VX X X X X X X X X X X X X dd

8XkX _2;`2bBƦM GBM2�H S*R v S*k +QMi`� őM/B+2b +H�bB+Qb UAJ*- A*h- A**V UL�@
p�``Q 2i �HX- kyRN�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 X X X 3k

Rj



L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

eXRX _2bmHi�/Qb /2 H� Kûi`B+� *mKmH�iBp2 J�i+? *?�`�+i2`BbiB+ U*J*V K2/B/Qb
2M 9 KûiQ/QbX *J* 2b `2TQ`i�/Q bQ#`2 100 +Q``2bTQM/2M+B�bX �[mő b2
T`2b2Mi�M HQb `2bmHi�/Qb T�`� H� `2/ 2Mi`2M�/� +QM +�/� +�i2;Q`ő� v T�`� H�
`2/ KmHiB+�i2;Q`ő�X UL�p�``Q 2i �HX- kyRN#V X X X X X X X X X X X X X X X X X N3

eXkX 1bim/BQ /2 Kûi`B+�b +m�MiBi�iBp�bX GQb p�HQ`2b 2M H� T`BK2`� }H� `2T`2b2Mi�M
H� T`Q#�#BHB/�/ /2 [m2 +�/� /2b+`BTiQ` T`Q#�/Q 7Q`K2 T�`i2 /2 H�b 2bi�/őb@
iB+�b /2H mbm�`BQ- KQ/2H�/�b +QM mM� /Bbi`B#m+BƦM ;�mbbB�M� 2M k. bQ#`2
HQb /�iQb /2H 2bim/BQX 1M H� b2;mM/� }H� b2 /2i�HH� HQb p�HQ`2b /2 1``Q`
+m�/`�iB+Q K2/BQ MQ`K�HBx�/Qb U_Ja1V `2bmHi�/Q /2H `2M/BKB2MiQ /2 HQb
/2b+`BTiQ`2b +QM `2bT2+iQ � HQb /�iQb /2H mbm�`BQX X X X X X X X X X X X X X X Ryy

R9



_2bmK2M

1H mbQ /2 2b+�M2`2b j. T�`� +�Tim`�` BM7Q`K�+BƦM bQ#`2 H� 7Q`K� /2H +m2`TQ ?mK�MQ
2bi� +`2+B2M/Q `�TB/�K2Mi2 v MQ bQHQ b2 HBKBi� � 2bim/BQb 2`;QMƦKB+Qb Q /2 /Bb2ƢQ- bBMQ
[m2 i�K#BûM `2bmHi� /2 BMi2`ûb T�`� �THB+�+BQM2b `2H�+BQM�/�b +QM H� b�Hm/X S�`� 2HHQ- +QMi�`
+QM ?2``�KB2Mi�b [m2 MQb T2`KBi�M Q#i2M2` �miQK�iB+�K2Mi2 `2T`2b2Mi�+BQM2b /2 +�`�+i2@
`őbiB+�b `2H2p�Mi2b 2b mM T�bQ +`m+B�HX úbi�b `2T`2b2Mi�M mM� +�`�+i2`őbiB+� 2b2M+B�H /m`�Mi2
H� K2/B+BƦM 2 BMi2`T`2i�+BƦM /2 HQb /�iQb- i�MiQ T�`� `2�HBx�` /Bp2`bQb �M�HBbBb UTQ` 2D2K@
THQ 2H bQK�iQiBTQ Q 2bim/BQ /2 TQ`+2Mi�D2 v /Bbi`B#m+BƦM /2H i2DB/Q �/BTQbQV- +QKQ T�`�
2H /B�;MƦbiB+Q �T`QTB�/Q /2 +QM/B+BQM2b Kû/B+�b U2p�Hm�+BƦM /2H bQ#`2T2bQ- /2i2++BƦM /2
K�H7Q`K�+BQM2b- 2i+XVX G� T`2b2Mi2 i2bBb b2 +2Mi`� 2M 2H 2bim/BQ /2 H� 7Q`K� +Q`TQ`�H- v +ƦKQ
miBHBx�M/Q iû+MB+�b /2 J�+?BM2 G2�`MBM; v .22T G2�`MBM;- b2 Tm2/2M 2M+QMi`�` /2 K�M2`�
�miQK�iB+� K2DQ`2b `2T`2b2Mi�+BQM2b ;2QKûi`B+�b � 72MQiBTQb 2bim/B�/Qb 2M 2H +�KTQ /2 H�
�Mi`QTQHQ;ő�X a2 T`2b2Mi� 2H /2b�``QHHQ v p�HB/�+BƦM /2 /BbiBMiQb iBTQb /2 /2b+`BTiQ`2b DmMiQ
+QM 2H T`Q+2b�KB2MiQ T�`� 2ti`�2`HQb v miBHBx�`HQb 2M H� T`�+iB+�X GQb `2bmHi�/Qb BM/B+�M [m2
HQb BM/B+�/Q`2b /2 7Q`K� MQ bƦHQ T`2/B+2M #B2M HQb K�`+�/Q`2b +H�bB+Qb- bBMQ [m2 T2`KBi2M
H� �THB+�+BƦM /2 K�b BM/B+�/Q`2b [m2 `2~2D�M +QM K�vQ` T`2+BbBƦM 2H 72MQiBTQ 2M 2bim/BQX

R8



*�TőimHQ R

AMi`Q/m++BƦM

*�/� b2` pBpQ +m2Mi� +QM BM7Q`K�+BƦM ?2`2/Bi�`B� U;2MQiBTQV [m2 /� Q`B;2M- DmMiQ +QM
HQb 7�+iQ`2b �K#B2Mi�H2b- � H�b +�`�+i2`őbiB+�b T�`iB+mH�`2b [m2 /2}M2M bmb T`QTB2/�/2b Q#@
b2`p�#H2b U+QKQ H� KQ`7QHQ;ő�- 2H +QHQ` v 7Q`K� /2H T2HQ- QDQb- 2i+XVX 1bi� 2tT`2bBƦM /2H
;2MQiBTQ 2M 7mM+BƦM /2H �K#B2Mi2 b2 /2MQKBM� 72MQiBTQ- �H;mM�b /2 2bi�b 2tT`2bBQM2b Tm2@
/2M Q#b2`p�`b2 7őbB+�K2Mi2 2M mM BM/BpB/mQ UTQ` 2D2KTHQ 2H +QHQ` /2 QDQb Q H� 7Q`K� /2 H�
#Q+�- M�`Bx- 2i+XV Q Tm2/2M K�MB72bi�`b2 /2 7Q`K� MQ pBbB#H2- +QKQ H� T`2/BbTQbB+BƦM � i2M2`
+B2`i�b 2M72`K2/�/2bX

1bi2 +QMDmMiQ /2 ;2MQiBTQb iB2M2 mM� +QKTH2D� +Q``2bTQM/2M+B� +QM mM ;`mTQ /2 72MQ@
iBTQbX � 2bi� `2H�+BƦM b2 H� b2 +QMQ+2 +QKQ 2H K�T� ;2MQiBTQ@72MQiBTQ USB;HBm++B- kyRyVX
1H ;2MQiBTQ 2b 2H 7�+iQ` /2 BM~m2M+B� K�b ;`�M/2 2M 2H /2b�``QHHQ /2H 72MQiBTQ- T2`Q MQ
2b 2H ȹMB+QX lM 2D2KTHQ +H�`Q bQM HQb ;2K2HQb ?mK�MQb KQMQ+B;ƦiB+QbX amb ;2MQK�b bQM
B/ûMiB+Qb- T2`Q MQ iB2M2M 2H KBbKQ 72MQiBTQX

1M ?mK�MQb- H� ?2`2M+B� /2 Km+?Qb 72MQiBTQb �bQ+B�/Qb � H� �+mKmH�+BƦM /2 ;`�b�-
H� K�b� HB#`2 /2 ;`�b� v Qi`�b +�`�+i2`őbiB+�b 7őbB+�b U+QKQ 2H T2bQ v H� �Him`�V ?�M bB/Q
2biBK�/�b 2M /BbiBMi�b TQ#H�+BQM2b v /B72`2Mi2b ;`mTQb /2 2/�/X 1bi�b Q#b2`p�+BQM2b 7m2@
`QM +QMbBbi2Mi2b +QM H� +QMi`B#m+BƦM /2 7�+iQ`2b ;2MûiB+Qb v H� p�`B�+BƦM /2 2biQb `�b;Qb
7őbB+Qb UGQQb �M/ "Qm+?�`/- kyyjVX G�b ?2`2M+B�b 72MQiőTB+�b Tm2/2M T`2/BbTQM2` � +B2`i�b
TQ#H�+BQM2b � /BbiBMi�b T�iQHQ;ő�b +QKQ H� Q#2bB/�/ v 2H bQ#`2T2bQX 1bim/B�` 2biQb 72MQiB@
TQb /2Mi`Q /2 mM� TQ#H�+BƦM 2bT2+ő}+� Tm2/2 b2` /2 ;`�M BKTQ`i�M+B� T�`� H� T`2p2M+BƦM-

Re



L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

/B�;MƦbiB+Q v i`�i�KB2MiQ /2 /B72`2Mi2b �72++BQM2bX 1biQb 2bim/BQb bQM mM� i�`2� +QKTH2D�
[m2 `2[mB2`2 /2 i`�#�DQ K�Mm�H- HQb 2[mBTQb /2 BMp2biB;�+BƦM `2H�+BQM�/Qb MQ �+m/2M � H�
miBHBx�+BƦM K�bBp� /2 iQ/�b H�b p�`B�#H2b +m�MiBi�iBp�b /2 `�b;Qb 72MQiőTB+Qb- v� [m2 /2`Bp�M
2M mM T`Q+2bQ H2MiQ v [m2 Q`B;BM� ;`�M/2b 2``Q`2b Ua2;2p 2i �HX- kyRy- E�KQ2M 2i �HX- kyyRVX

1M H� �+im�HB/�/- /2#B/Q �H �p�M+2 /2 H� i2+MQHQ;ő�- b2 Tm2/2 2M+QMi`�` /BbiBMiQb iBTQb /2
/BbTQbBiBpQb /2 +�Tim`� /2 /�iQb T�`� 2bim/B�` 2H 72MQiBTQ ?mK�MQX G� [m2 b2 miBHB+2 /2T2M/2
/2 H�b +�`�+i2`őbiB+�b [m2 b2 [mB2`�M `2H2p�`X GQb iBTQb K�b mb�/Qb �#�`+�M BK�;2M2b k.fj.-
pő/2Qb Q /�iQb �Mi`QTQKûi`B+Qb UTQ` 2D2KTHQ, K2/B/�b- T2bQ- #�H�Mx� /2 BKT2/�M+B�- 2i+XVX
1H /2b�``QHHQ /2 Mm2pQb /BbTQbBiBpQb /2 +�Tim`� T2`KBi2M `2+QH2+i�` ;`�M/2b pQHȹK2M2b
/2 /�iQb- �bő +QKQ �mK2Mi�` 2H i�K�ƢQ +`mx�M/Q /BbiBMiQb iBTQb /2 BM7Q`K�+BƦM HQ;`�M/Q
;`�M/2b #BQ#�M+QbX *QM 2bi�b #�b2b /2 /�iQb /BbTQMB#H2b- 2b M2+2b�`BQ T2Mb�` 2M 2H /2b�``QHHQ
/2 Mm2p�b iû+MB+�b +QKTmi�+BQM�H2b [m2 T2`KBi�M 2ti`�2` �miQK�iB+�K2Mi2 BM7Q`K�+BƦM
`2H2p�Mi2X 1bi� BM7Q`K�+BƦM- bBM Hm;�` � /m/�b- T2`KBi2 Mm2p�b BMp2biB;�+BQM2b [m2 p�M
/2b/2 H� T`�+iB+� +HőMB+� ?�bi� 2bim/BQb TQ#H�+BQM�H2bX 1biQ � bm p2x- +QMi�M/Q +QM Qi`�b
7m2Mi2b /2 BM7Q`K�+BƦM �K#B2Mi�H- v �THB+�M/Q iû+MB+�b /2 ;`�M/2b /�iQb U"B; .�i�V iB2M2
2H TQi2M+B�H /2 2ti`�2` v �M�HBx�` BM7Q`K�+BƦM /2KQ;`�}+� p�HBQb� [m2 T2`KBiB`ő�- 2Mi`2
Qi`�b +Qb�b- ;2M2`�` BM/B+�/Q`2b `2H2p�Mi2b T�`� H� /2i2`KBM�+BƦM /2 TQHőiB+�b Tȹ#HB+�bX
�+im�HK2Mi2 2tBbi2M KȹHiBTH2b i`�#�DQb /QM/2 iû+MB+�b BMMQp�/Q`�b /2 J�+?BM2 G2�`MBM;
UJGV v .22T G2�`MBM; U.GV bQM �THB+�/�b � T`Q#H2K�iB+�b 2M b�Hm/- 2M H�b +m�H2b TQ/2KQb
/2bi�+�` KQ/2HQb T�`� b2+m2M+B�+BƦM /2H ;2MQK� Uw?Qm 2i �HX- kyR3- �HBT�M�?B 2i �HX- kyR8V-
/2i2++BƦM /2 imKQ`2b 2M iQKQ;`�7ő�b UCBM 2i �HX- kyR3- .QM; 2i �HX- kyRdV v T`2/B++BƦM /2H
2bi�/Q /2 mM T�+B2Mi2 K2/B�Mi2 bm ?BbiQ`B�H +HőMB+Q UJBQiiQ 2i �HX- kyReVX

G� T`2b2Mi2 i2bBb b2 +2Mi`� 2M 2H 2bim/BQ /2 mM 72MQiBTQ 2M T�`iB+mH�`, H� 7Q`K� +Q`TQ`�H
U"Q/v a?�T2V- v +ƦKQ miBHBx�M/Q iû+MB+�b /2 JG v .G- b2 Tm2/2M 2M+QMi`�` /2 K�M2`�
�miQK�iB+� K2DQ`2b `2T`2b2Mi�+BQM2b ;2QKûi`B+�b � 72MQiBTQb 2bim/B�/Qb 2M 2H +�KTQ /2 H�
�Mi`QTQHQ;ő�X a2 T`2b2Mi� 2H /2b�``QHHQ v p�HB/�+BƦM /2 /BbiBMiQb iBTQb /2 /2b+`BTiQ`2b DmMiQ
+QM 2H T`Q+2b�KB2MiQ T�`� 2ti`�2`HQb v miBHBx�`HQb 2M H� T`�+iB+�X .2Mi`Q /2 2bi� B/2�- b2
T`QTQM2 H� miBHBx�+BƦM /2 2biQb /2b+`BTiQ`2b 2M H� K2/B+BM� +HőMB+� +QKQ ?2``�KB2Mi� T�`�
2H /B�;MƦbiB+Q v b2;mBKB2MiQ /2 �72++BQM2b +QKQ H� Q#2bB/�/ v 2H bQ#`2T2bQX �/2K�b b2
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L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

BMi`Q/m+2 2H 2bi�/Q /2H �`i2 /2 H�b T`BM+BT�H2b i2+MQHQ;ő�b [m2 ?Qv 2M /ő� bQM miBHBx�/�b T�`�
+�Tim`�` v T`Q+2b�` BM7Q`K�+BƦMX

RXRX *QMi2tiQ

.2 �+m2`/Q +QM H� P`;�MBx�+BƦM JmM/B�H /2 H� a�Hm/ UPJaV- Q#2bB/�/ v bQ#`2T2bQ
+QMbiBimv2M 2H T`BM+BT�H T`Q#H2K� /2 b�Hm/ 2M 2H bB;HQ ssAX 1M �`;2MiBM�- +QM7Q`K2 +QM
H� ȹHiBK� 2M+m2bi� M�+BQM�H /2 7�+iQ`2b /2 `B2b;Q U"2;mû 2i �HX- kyRjV- b2Bb /2 +�/� /B2x
�/mHiQb- v i`2b /2 +�/� /B2x �/QH2b+2Mi2b T`2b2Mi�M T`Q#H2K�b /2 bQ#`2T2bQ m Q#2bB/�/X GQb
TQ`+2Mi�D2b /2 Q#2bB/�/ 2bi�M �mK2Mi�M/Q 2M iQ/Q 2H KmM/Q- T2`Q 2bT2+B�HK2Mi2 2M G�iB@
MQ�Kû`B+� U:�H�Mi2 2i �HX- kyReVX G� Q#2bB/�/ v T�`iB+mH�`K2Mi2 H� �/BTQbB/�/ +2Mi`�H 2bi�M
�bQ+B�/�b +QM /Bp2`b�b T�iQHQ;ő�b +`ƦMB+�b- +QKQ H�b 2M72`K2/�/2b +�`/BQp�b+mH�`2b- bőM/`Q@
K2 K2i�#ƦHB+Q Q +�M+2`- 2Mi`2 Qi`�bX GQb KûiQ/Qb /2 /2i2++BƦM i2KT`�M� v HQb p�HQ`2b /2
+Q`i2 T`2+BbQb bQM mM T`Q#H2K� BKTQ`i�Mi2 2M Km+?Qb 2bim/BQb /2 TQ#H�+BƦM U�b?r2HH 2i �HX-
kyRk- kyR9- E`�F�m2` �M/ E`�F�m2`- kyRk- 6�;?2`�xxB 2i �HX- kyRj- _QK2`Q@*Q``�H 2i �HX-
kyye- Gƺ|2`@qB`i? 2i �HX- kyRe- G�M�b 2i �HX- kyRdVX 1M H� T`�+iB+� +HőMB+�- H�b K2/B/�b
�Mi`QTQKûi`B+�b bQM BKTQ`i�Mi2b T�`� 2p�Hm�` H� 2pQHm+BƦM /2H /2b�``QHHQ v H� T`2/BbTQbB@
+BƦM � 2M72`K2/�/2bX �/2K�b- /B+?�b K2/B/�b b2 mb�M �KTHB�K2Mi2 /m`�Mi2 H�b 7�b2b /2
/B�;MƦbiB+Q- i`�i�KB2MiQ v b2;mBKB2MiQ /2 H� Q#2bB/�/ v H�b T�iQHQ;ő�b `2H�+BQM�/�bX 1bi�b
K2/B/�b 2bi�M #�b�/�b 2M BM/B+�/Q`2b +H�bB+Qb +QKQ H� `2H�+BƦM 2Mi`2 T2bQ v �Him`� UE2vb
2i �HX- RNdkV- +B`+mM72`2M+B� /2 +BMim`� v +�/2`� 2 őM/B+2b /2`Bp�/Qb U�b?r2HH 2i �HX- kyRk-
G�`bbQM 2i �HX- RN39- G�TB/mb 2i �HX- RN39VX 1M �H;mMQb +�bQb- b2 miBHBx�M 2p�Hm�+BQM2b �M@
i`QTQKûi`B+�b K�b +QKTH2D�b- T�`� Q#i2M2` mM K�`+Q ;2M2`�H /2 T`QTQ`+BQM2b +Q`TQ`�H2b v
/Bbi`B#m+BƦM /2 ;`�b�X 1D2KTHQb `2+B2Mi2b Tm2/2M p2`b2 2M amM 2i �HX UkyRdV- +QK#BM�M/Q
`2bQM�M+B�b K�;MûiB+�b 2 BK�;2M2b j. /2 iQ/Q 2H +m2`TQX

lM �bT2+iQ BKTQ`i�Mi2 � i2M2` 2M +m2Mi� 2b [m2 mM� 2M+m2bi� +H�bB+� /2 �Mi`QTQKûi`B+�
2t?�mbiBp� HH2p� Km+?Q iB2KTQ- HQb /BbTQbBiBpQb M2+2b�`BQb bQM +QbiQbQb v HQb QT2`�/Q`2b
`2[mB2`2M +�T�+Bi�+BƦM 2bT2+ő}+� T�`� BM+Q`TQ`�` /B+?Qb /�iQb 2M H� T`�+iB+� +HőMB+�X 1H
�p�M+2 /2 H� i2+MQHQ;ő� 2M H� +�Tim`� /2 /�iQb +QKTH2DQb /2#2 �+QKT�Ƣ�`b2 +QM �H;Q@
`BiKQb v T`Q+2/BKB2MiQb [m2 T2`KBi�M 2ti`�2`- �miQK�iB+�K2Mi2- BM7Q`K�+BƦM [m2 �TQ`i2
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L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

Mm2pQb BM/B+BQb T�`� 2Mi2M/2` bm +QKTQ`i�KB2MiQ- �bő +QKQ i�K#BûM- T`QKQp2` 2H /2b�``QHHQ
/2 Mm2p�b �THB+�+BQM2b [m2 �bBbi�M 2M 2H �K#BiQ +HőMB+Q +QKQ Mm2p�b 7Q`K�b /2 /B�;MƦbiB+Q
v i`�i�KB2MiQX GQb 2b+�M2`2b /2 +m2`TQ 2Mi2`Q bQM ?2``�KB2Mi�b /2 K2/B+BƦM 272+iBp�b-
[m2 T2`KBi2M mM� +m�MiB}+�+BƦM `�TB/�- T`2+Bb� v `2T2iB#H2 /2 H�b /BK2MbBQM2b /2H +m2`TQ
?mK�MQ U"`2ib+?M2B/2` 2i �HX- kyyN- S2TT2` 2i �HX- kyRy- C�2b+?F2 2i �HX- kyR8VX �/2K�b-
H� M�im`�H2x� /B;Bi�H /2 HQb /�iQb 7�+BHBi� 2H �`+?BpQ `�TB/Q v H� `2+mT2`�+BƦM /2 2b+�M2Qb
bm+2bBpQb Uq2HHb 2i �HX- kyydVX .2#B/Q � 2bi�b p2Mi�D�b- 2H 2b+�M2` +Q`TQ`�H j. 2b B/2�H
T�`� 2t�KBM�` BM/BpB/mQb 2M 2M+m2bi�b 2TB/2KBQHƦ;B+�b � ;`�M 2b+�H� UGƺ|2`@qB`i? 2i �HX-
kyRe- C�2b+?F2 2i �HX- kyR8V TQ` HQ [m2 b2 2bT2`�M K2DQ`�b 2M 2H /B�;MƦbiB+Q /2 Km+?�b
2M72`K2/�/2b- `22KTH�x�M/Q H� /2T2M/2M+B� �+im�H /2 őM/B+2b +Q`TQ`�H2b bBKTH2b +QM /�@
iQb T`BK�`BQb K�b bQ}biB+�/Qb Uq2HHb 2i �HX- kyy3VX 1tBbi2M /Bp2`bQb 2b+�M2`2b v bBbi2K�b
�THB+�#H2b �H 72MQiBTQ +Q`TQ`�H- T2`Q /2#B/Q � bm +QbiQ MQ bQM /2 mbQ K�bBpQ Q �++2bB#H2bX
�/2K�b HQb bQ7ir�`2 /2b�``QHH�/Qb 2M #�b2 � 2biQb 2b+�M2`2b 2bi�M +QMbi`mB/Qb #�DQ HB+2M@
+B�b T`Bp�iBp�b- TQ` HQ +m�H 2b Kmv /B7ő+BH `2�HBx�` KQ/B}+�+BQM2bX *�#2 +QMbB/2`�`- TQ` Qi`�
T�`i2- [m2 2biQb �THB+�iBpQb 2bi�M /2b�``QHH�/Qb v T`Q#�/Qb bQ#`2 TQ#H�+BQM2b /BbiBMi�b � H�b
G�iBMQ�K2`B+�M�bX

G� M2+2bB/�/ /2 i2M2` /�iQb bQ#`2 H� TQ#H�+BƦM 2M H� +m�H b2 p�M � /2b�``QHH�` v p�HB/�`
H�b K2iQ/QHQ;ő�b +QKTmi�+BQM�H2b 2b mM� /2 H�b i�`2�b K�b BKTQ`i�Mi2b v M2+2b�`B�b T�`� bm
#m2M 7mM+BQM�KB2MiQX aQM Kmv TQ+Qb HQb 2bim/BQb TQ#H�+BQM�H2b �THB+�/Qb bQ#`2 �`;2MiBM�
v T�őb2b G�iBMQ�K2`B+�MQb- HQ +m�H T`2b2Mi� mM T`Q#H2K� T�`� /Bb2Ƣ�` �THB+�+BQM2b Kû/B+�b
T�`� b2` miBHBx�/�b 2M H� `2;BƦM U_m/2`K�M 2i �HX- kyRNVX G� `2+QH2++BƦM /2 /�iQb T�`�
2bim/BQb /2 TQ#H�+BƦM 2M ?mK�MQb 2b `2�HK2Mi2 +QbiQb� /2#B/Q � [m2 2b M2+2b�`BQ /2}MB`
T`QiQ+QHQb /2 +QH2+i� bQ#`2 H� TQ#H�+BƦM � Km2bi`2�` U[m2 +m2Mi2 +QM H� /2#B/� �T`Q#�+BƦM
/2 mM +QKBiû /2 #BQûiB+� BM/2T2M/B2Mi2V- /2}MB` +�KT�Ƣ�b Tm#HB+Bi�`B�b T�`� ;2M2`�` mM�
+QMpQ+�iQ`B� K�bBp�- +QMi�` +QM 2[mBT�KB2MiQ v T2`bQM�H +�T�+Bi�/Q- 2i+X

1bi� i2bBb b2 /2b�``QHHƦ +QKQ T�`i2 /2H T`Qv2+iQ SQ#H�` U.QT�xQ 2i �HX- kyRNV- +mvQ
Q#D2iBpQ T`BM+BT�H 2b +QMbi`mB` mM� TH�i�7Q`K� KmHiB+ûMi`B+� +�T�x /2 +QMbi`mB` v TQM2` � /Bb@
TQbB+BƦM mM� #�b2 /2 /�iQb BMi2;`�/Q`� /2 BM7Q`K�+BƦM ;2MƦKB+�- 72MQiőTB+� v bQ+BQ@+mHim`�H
/2 `272`2M+B� T�`� �`;2MiBM�X .B+?� TH�i�7Q`K� #`BM/� BM7Q`K�+BƦM T�`� +QKT`2M/2` +ƦKQ
mM +QMDmMiQ ;`�M/2 /2 ;2M2b BMi2`�+iȹ�M 2Mi`2 bő v +QM /Bp2`bQb 7�+iQ`2b �K#B2Mi�H2b- T�`�
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L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

/�` +QKQ `2bmHi�/Q mM /2i2`KBM�/Q 72MQiBTQ UTQ` 2D2KTHQ, mM� 2M72`K2/�/ Q mM �mK2MiQ
2M H� bmb+2TiB#BHB/�/ /2 T�/2+2`H�VX 1bi�b T�`iB+mH�`B/�/2b ;2MƦKB+�b v �K#B2Mi�H2b- �bő +Q@
KQ bmb iBTQb /2 BMi2`�++BƦM- bQM 2bT2+ő}+�b /2 +�/� TQ#H�+BƦM- /2 KQ/Q [m2 H� +QMbi`m++BƦM
/2 2biQb K�T�b ;2MQiBTQf72MQiBTQf�K#B2Mi2 i�K#BûM /2#2 b2` 2bT2+ő}+�X

RXkX P#D2iBpQb

1H Q#D2iBpQ T`BM+BT�H /2 2bi� i2bBb 2b TH�Mi2�` 2H /2b�``QHHQ /2 �H;Q`BiKQb v KûiQ/Qb
T�`� ?�+2` 7�+iB#H2 v 2}+B2Mi2 H� 2ti`�++BƦM /2 +�`�+i2`őbiB+�b bQ#`2 mM +QMDmMiQ /2 /�iQb
Q`B2Mi�/Q �H +m2`TQ ?mK�MQ � ;`�M/2b 2b+�H�bX a2 BMp2biB;�`QM iû+MB+�b /2 JG v .G /B@
b2Ƣ�/�b T�`� �M�HBx�` /�iQb- #mb+�M/Q /2i2`KBM�` �[m2HH�b +�`�+i2`őbiB+�b /Bb+`BKBM�Mi2b
� /2i2`KBM�/Qb `�b;Qb 72MQiőTB+Qb �bQ+B�/Qb � H� Q#2bB/�/ v 2H bQ#`2T2bQX 1Mi2M/2` +ƦKQ
B/2MiB}+�` 2biQb `�b;Qb bQ#`2 /�iQb /2 H� TQ#H�+BƦM �`;2MiBM� 2b BKTQ`i�Mi2 T�`� +QMi`B#mB`
+QM 2H /B�;MƦbiB+Q v i`�i�KB2MiQ /2 2bi�b �72++BQM2bX S�`� Q#i2M2` HQb `2bmHi�/Qb 2bT2`�/Qb-
HQb Q#D2iBpQb T�`iB+mH�`2b T`QTm2biQb bQM HQb bB;mB2Mi2b,

AMp2biB;�` v /2b�``QHH�` �H;Q`BiKQb /2 +H�bB}+�+BƦM +QM #�b2b /2 /�iQb 72MQiőTB+�bX

.2b�``QHH�` K2iQ/QHQ;ő�b /2 T`m2#� [m2 T2`KBi�M H� T`2/B++BƦM /2H 2bi�/Q Mmi`B+BQM�H
� T�`iB` /2 BM7Q`K�+BƦM Q#i2MB/� /2 2b+�M2Qb +Q`TQ`�H2bX

.Bb2Ƣ�` 2 BKTH2K2Mi�` /2b+`BTiQ`2b #�b�/Qb 2M JG T�`� `2T`2b2Mi�` /2 7Q`K� �miQ@
K�iB+�K2Mi2 v 272+iBp� p�`B�+BQM2b /2 7Q`K� 2M 2H +m2`TQ ?mK�MQX

"mb+�` +Q``2H�+BQM2b /2 BM7Q`K�+BƦM TQ#H�+BQM�H [m2 T2`KBi� BM72`B` i2M/2M+B�b /2
BMi2`ûb b�MBi�`BQX

RXjX *QMi`B#m+BQM2b

1M T`BK2` Hm;�` b2 T`2b2Mi� mM KûiQ/Q T�`� Q#i2M2` mM /2b+`BTiQ` � T�`iB` /2 mM
+QMDmMiQ /2 KQ/2HQb j. [m2 T2`KBi2 +H�bB}+�` 2H b2tQ #BQHƦ;B+Q UL�p�``Q 2i �HX- kyR3VX
1bi� i�`2� 2b BKTQ`i�Mi2 /2#B/Q � [m2 HQb /B�;MƦbiB+Qb +H�bB+Qb miBHBx�/Qb 2M H� T`�+iB+�
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L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

M2+2bBi�M /2 2bi� /BbiBM+BƦMX �/2K�b b2 +QKTH2K2Mi� 2H 2bim/BQ +QM mM �M�HBbBb +QKT�`�iBpQ
/2 /BbiBMiQb +H�bB}+�/Q`2b miBHBx�M/Q JGX

1M b2;mM/Q Hm;�` b2 T`2b2Mi� mM T`Q+2/BKB2MiQ /2 2ti`�++BƦM �miQK�iB+� /2 +�`�+i2@
`őbiB+�b T�`� 2H �M�HBbBb /2 H� 7Q`K� +Q`TQ`�HX 1bi2 /2b+`BTiQ` T2`KBi2 +m�MiB}+�` �/2+m�@
/�K2Mi2 2H 2bi�/Q Mmi`B+BQM�H /2 mM� T2`bQM� miBHBx�M/Q iû+MB+�b /2 b2;K2Mi�+BƦM 2M j.X
GQb BM/B+�/Q`2b /2 7Q`K� ;2M2`�/Qb � T�`iB` /2 2bi2 Mm2pQ 2M7Q[m2 b2 +Q``2H�+BQM�M +QM 2H
+QKTQ`i�KB2MiQ /2 HQb K�`+�/Q`2b +H�bB+Qb miBHBx�/Qb �+im�HK2Mi2 2M H� T`�+iB+� +HőMB+�,
ŐM/B+2 /2 J�b� *Q`TQ`�H UAJ*V- ŐM/B+2 *BMim`� *�/2`� UA**V v ŐM/B+2 *BMim`� h�HH� UA*hV
UL�p�``Q 2i �HX- kyRN�VX

SQ` ȹHiBKQ b2 /2b�``QHH� mM /2b+`BTiQ` KmHiB@pBbi� #�b�/Q 2M �T`2M/Bx�D2 T`Q7mM/Q- 2H
+m�H T2`KBi2 `2�HBx�` +Q``2bTQM/2M+B�b /2Mb� 2Mi`2 /Qb BK�;2M2b +QM /BbiBMi�b pBbi�bX 1H
/2b+`BTiQ` 7m2 +`2�/Q miBHBx�M/Q BK�;2M2b /2 mM� #�b2 /2 /�iQb Q#D2iQb ;2Mû`B+Qb v Hm2;Q
2Mi`2M�/Q bQ#`2 BK�;2M2b /2 T2`bQM�b `2�H2bX �/B+BQM�HK2Mi2- �H;mMQb `2bmHi�/Qb 7m2`QM
Tm#HB+�/Qb 2M T2`BƦ/B+Qb +B2Miő}+Qb v +QM;`2bQb- KB2Mi`�b [m2 Qi`Qb `2bmHi�/Qb b2 2M+m2M@
i`�M 2M T`2T�`�+BƦMX

RXjXRX Sm#HB+�+BQM2b `272`B/�b � 2bi� i2bBb 2M `2pBbi�b BMi2`M�+BQ@

M�H2b

L�o�__P- SXc _�J�GGP- oXc *ALh�a- *Xc _l.1_J�L- �Xc .1 �w1o1.P- aXc
S�a*>1hh�- *Xc Sú_1w- PXc S�wPa- "Xc .1G_A1ls- *Xc :PLw�G1w CPaú- _X
"Q/v b?�T2, AKTHB+�iBQMb BM i?2 bim/v Q7 Q#2bBiv �M/ `2H�i2/ i`�Bib
�J1_A*�L CPl_L�G P6 >lJ�L "APGP:uc Gm;�`, L2r uQ`Fc �ƢQ, kyRN
L�p�``Q 2i �HX UkyRN�V

L�o�__P- SXc S�wPa- "X�Xc *ALh�a- *Xc _�J�GGP- oc :PLw�G1w@CPaú- _Xc
.1G_A1ls- *
:2M/2` _2+Q;MBiBQM mbBM; j. >mK�M "Q/v a+�Mb
kyR3 A111 "B2MMB�H *QM;`2bb Q7 �`;2MiBM� U�_:1L*PLV
Gm;�`, a�M JB;m2H /2 hm+mK�M- �`;2MiBM�- �`;2MiBM�c �ƢQ, kyRNc
L�p�``Q 2i �HX UkyR3V
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L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

_l.1_J�L- �Xc Sú_1w- GX PXc �.>AE�_A- EXc L�o�__P- SXc _�J�GGP- oXc
:�GGP- *Xc SPG1hhA- :Xc "1.Pu�- :Xc "P_hPGALA- JX *Xc �*lơ�@�GPLwP-
oXc *�LAw�G1a@ZlALh1_Pa- aXc _Ph>>�JJ1_- 6Xc _lAw@GAL�_1a- �Xc :PLw�G1w@
CPaú- _X
P#2bBiv- ;2MQKB+ �M+2bi`v- �M/ bQ+BQ2+QMQKB+ p�`B�#H2b BM G�iBM �K2`B+�M K2biBxQb
�J1_A*�L CPl_L�G P6 >lJ�L "APGP:uc �ƢQ, kyRN pQHX jR
_m/2`K�M 2i �HX UkyRNV

h_lCAGGP@CAJúL1w- JX �Xc L�o�__P- SXc S�wPa- "Xc JP_�G1a- GXc _�@
J�GGP- oXc S�a*>1hh�- *Xc .1 �w1o1.P- aXc _l.1_J�L- �Xc Sú_1w- PXc
.1G_A1ls- *Xc :PLw�G1w@CPaú- _X
#Q/vkp2+, j. SQBMi *HQm/ _2+QMbi`m+iBQM 7Q` S`2+Bb2 �Mi?`QTQK2i`v rBi? >�M/?2H/
.2pB+2b
CQm`M�H Q7 AK�;BM;c �ƢQ, kyky pQHX e
h`mDBHHQ@CBKûM2x 2i �HX UkykyV

RXjXkX �+i�b 2M +QM72`2M+B�b M�+BQM�H2b 2 BMi2`M�+BQM�H2b

.1 �w1o1.P- aXc *ALh�a- *Xc :PLw�G1w- JX6Xc _�J�GGP- oXc ZlALhP@
a�L*>1w- JXc J�_Zl1w- 6Xc >lL1J1A1_- hc S�a*>1hh�- *Xc _l.1_J�L-
�Xc L�o�__P- Sc S�wPa- "X�Xc aAGo� .1 *1_Zl1A_�- *X*Xc o1_�L- PXc
_�JŐ_1w@_PwwA- 6Xc *�ah_P- >X:Xc S�w- _X_Xc :PLw�G1w@CPaú- _X
*Qp�`B�iBQM T�ii2`Mb �M/ `2bTB`�iQ`v bBKmH�iBQM BM KQ/2`M ?mK�M �M/ L2�M/2`i?�H
MQb2b
h?2 3di? �MMm�H J22iBM; Q7 i?2 �K2`B+�M �bbQ+B�iBQM Q7 S?vbB+�H �Mi?`QTQHQ;Bbib
UkyR3V
Gm;�`, �mbiBM- h2t�bc �ƢQ, kyR3c

L�o�__P- SXc *ALh�a- *Xc _�J�GGP- oXc .1 �w1o1.P- aXc JP_�G1a- GXc
h_lCAGGP- �Xc S�wPa- "X�Xc :PLw�G1w@CPaú- _Xc .1G_A1ls- *X
1b+�M2Q +Q`TQ`�H j. /2 #�DQ +QbiQ T�`� KQMBiQ`2Q v b2;mBKB2MiQ `2KQiQb /2 bQ#`2@
T2bQ

kk



L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

9d C�AAP@ *�Aa kyR3 *QM;`2bQ �`;2MiBMQ /2 AM7Q`K�iB+� v a�Hm/
Gm;�`, "m2MQb �B`2bc �ƢQ, kyR3c

L�o�__P- Sc _�J�GGP- oXc *ALh�a- *Xc S�a*>1hh�- *Xc .1 �w1o1.P- aXc
_l.1_J�L- �Xc S1_1w- Pc S�wPa- "X�Xc .1G_A1ls- *c :PLw�G1w@CPaú- _X
1bi`�i2;B�b BM7Q`K�iB+�b �Hi2`M�iBp�b 2M 2H �M�HBbBb /2 H� 7Q`K� +Q`TQ`�H
sAAA CQ`M�/�b L�+BQM�H2b /2 �Mi`QTQHQ;ő� "BQHƦ;B+�
Gm;�`, L2+Q+?2�@Zm2[mûMc �ƢQ, kyRdc

L�o�__P- Sc S�wPa- "X�Xc *ALh�a- *Xc S1_1w- Pc _�J�GGP- oXc S�a*>1h@
h�- *Xc _l.1_J�L- �Xc .1 �w1o1.P- aXc :PLw�G1w@CPaú- _Xc .1G_A1ls-
*
Svi?QM 2M H� �Mi`QTQHQ;ő� "BQHƦ;B+�
Sv/�i� a�M GmBb kyRd
Gm;�`, a�M GmBbc �ƢQ, kyRdc

S�wPa- "X�Xc L�o�__P- Sc *ALh�a- *Xc _l.1_J�L- �Xc _�J�GGP- oXc
:PLw�G1w@CPaú- _Xc .1G_A1ls- *c S�a*>1hh�- *Xc .1 �w1o1.P- aX
1b+�M2Q +Q`TQ`�H j. /2 #�DQ +QbiQ T�`� KQMBiQ`2Q v b2;mBKB2MiQ `2KQiQb /2 bQ#`2@
T2bQ
Sv/�i� a�M GmBb kyRd
Gm;�`, a�M GmBbc �ƢQ, kyRdc

*ALh�a- *Xc L�o�__P- Sc _�J�GGP- oXc S�wPa- "X�Xc .1G_A1ls- *c _l@
.1_J�L- �Xc S�a*>1hh�- *Xc .1 �w1o1.P- aXc :PLw�G1w@CPaú- _X
SQbB+BQM�KB2MiQ �miQK�iB+Q /2 H�M/K�`Fb +Q`TQ`�H2b j/ K2/B�Mi2 KQ`7QK2i`ő� ;2Q@
Kûi`B+� v `2/2b M2m`QM�H2b, �THB+�+BQM2b #BQ�Mi`QTQHƦ;B+�b
sAAA CQ`M�/�b L�+BQM�H2b /2 �Mi`QTQHQ;ő� "BQHƦ;B+�
Gm;�`, L2+Q+?2�@Zm2[mûMc �ƢQ, kyRdc

S�a*>1hh�- *Xc _�J�GGP- oXc .1 �w1o1.P- aXc *ALh�a- *Xc _l.1_J�L-
�Xc L�o�__P- SXc S�wPa- "X�Xc S1_1w- PXc _lAw@GAL�_1a- �Xc SPG1hhA- :Xc
:�GGP- *Xc "P_hPGALA- J*Xc *�LAw�G1a@ZlALh1_P- aXc _Ph>�JJ1_- :Xc
"1.Pu�- :Xc :PLw�G1w@CPaú- _X

kj



L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

.Bbi�M+B� 2Mi`2 H� �miQ@T2`+2T+BƦM /2 �M+2bi`ő� v H� �M+2bi`ő� ;2MûiB+� 2M TQ#H�+BQM2b
K2biBx�b H�iBMQ�K2`B+�M�b
sAAA CQ`M�/�b L�+BQM�H2b /2 �Mi`QTQHQ;ő� "BQHƦ;B+�
Gm;�`, L2+Q+?2�@Zm2[mûMc �ƢQ, kyRdc

_l.1_J�L- �Xc S1_1w- PXc _�J�GGP- oXc L�o�__P- SXc *ALh�a- *Xc S�a@
*>1hh�- *Xc .1 �w1o1.P- aXc S�wPa- "X�Xc _lAw@GAL�_1a- �Xc SPG1hhA-
:Xc :�GGP- *Xc *�LAw�G1a@ZlALh1_P- aXc _Ph>�JJ1_- :Xc "1.Pu�- :Xc
:PLw�G1w@CPaú- _X
o�`B�+BƦM /2H 2bi�/Q Mmi`B+BQM�H 2M TQ#H�+BQM2b H�iBMQ�K2`B+�M�b v bm `2H�+BƦM +QM
p�`B�#H2b bQ+BQ+mHim`�H2b v ;2MûiB+�b
sAAA CQ`M�/�b L�+BQM�H2b /2 �Mi`QTQHQ;ő� "BQHƦ;B+�
Gm;�`, L2+Q+?2�@Zm2[mûMc �ƢQ, kyRdc

RXjXjX Pi`�b Tm#HB+�+BQM2b v T`2b2Mi�+BQM2b 2M +QM;`2bQb v `2pBb@

i�bX

L�o�__P- SXc *ALh�a- *Xc Gl*1L�- JXc 6l1_h1a- CX JXc .1G_A1ls- *Xc
JPGALPa- JX
lMbmT2`pBb2/ i2+?MB[m2b 7Q` b?�T2 �M�HvbBb Q7 A#2`B�M +2`�KB+b #�b2/ QM :2QK2i`B+
JQ`T?QK2i`B+b
*�� kyRN E`�FƦr
Gm;�`, E`�FƦrc �ƢQ, kyRNc

*ALh�a- *Xc .1G_A1ls- *c L�o�__P- Sc ZlALhP@a�L*>1w- JXc S�wPa-
"X�Xc :PLw�G1w@CPaú- _X
�miQK�iB+ 1�` .2i2+iBQM �M/ a2;K2Mi�iBQM Qp2` S�`iB�HHv P++Hm/2/ S`Q}H2 6�+2
AK�;2b
CPl_L�G P6 *PJSlh1_ a*A1L*1 �L. h1*>LPGP:uc Gm;�`, G� SH�i�c �ƢQ,
kyRN pQHX RN TX 3R @ Ny

*ALh�a- *Xc Gl*1L�- JXc 6l1_h1a- CX Jc .1G_A1ls- *G�l.APc L�o�__P-

SXc :PLw�G1w@CPaú- _Xc JPGALPa- JX
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L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

�miQK�iB+ 72�im`2 2ti`�+iBQM �M/ +H�bbB}+�iBQM Q7 A#2`B�M +2`�KB+b #�b2/ QM /22T
+QMpQHmiBQM�H M2irQ`Fb
CPl_L�G P6 *lGhl_�G >1_Ah�:1c �ƢQ, kyRN

�GJPL�*A.- aXc EG�::1a- JX _Xc L�o�__P- SXc JP_�G1a- GXc S�wPa- "Xc
SlA:"ƥ- �X *PLh_1_�ac 6A_J1LA*>- .A1:P
JQ#BH2 �M/ q2�`�#H2 *QKTmiBM; BM S�i�;QMB�M qBH/2`M2bb
aT`BM;2`c �ƢQ, kyRN pQHX Ry8y TX Rjd @ R89

ZlALhP@a�L*>1w- JXc JlơPw@JlơPw- 6Xc :PJ1w@o�G.1a- CXc *ALh�a- *Xc
L�o�__P- SXc *1_Zl1A_�- *Xc S�a*>1hh�- *Xc .1 �w1o1.P- aXc _�J�@
GGP- oXc �*lơ�@�GPLwP- oXc �.>AE�_A- EXc 6l1Lh1a@:l�C�_.P- JXc >ɂ@
L1J1A1_- hXc 1o1_�_.P- SXc .1 �oAG�- 6Xc C�_�JAGGP- *Xc �_A�a- qXc :�@
GGP- *Xc SPG1hhA- :Xc "1.Pu�- :Xc "P_hPGALA- JX *Xc *�LAw�G1a@ZlALh1_Pa-
aXc _Ph>>�JJ1_- 6Xc _PaAZl1- CXc _lAw@GAL�_1a- �Xc :PLw�G1w@CPa1- _X
.2p2HQTK2Mi�H T�i?r�vb BM72``2/ 7`QK KQ/mH�`Biv- KQ`T?QHQ;B+�H BMi2;`�iBQM �M/
~m+im�iBM; �bvKK2i`v T�ii2`Mb BM i?2 ?mK�M 7�+2
a+B2MiB}+ _2TQ`ibc �ƢQ, kyR3 pQHX 3

.1 �w1o1.P- aXc :PLw�G1w- JX6Xc *ALh�a- *Xc _�J�GGP- oXc ZlALhP@
a�L*>1w- JXc J�_Zl1w- 6Xc >ɂL1J1A1_- hXc S�a*>1hh�- *Xc _l.1_J�L-
�Xc L�o�__P- SXc S�wPa- "X�Xc aAGo� .1 *1_Zl1A_�- *X*Xc o1G�L- PXc
_�JŐ_1w@_PwwA- 6Xc *�GoP- LXc *�ah_P- >X:Xc S�w- _X_Xc :PLw�G1w@CPaú-
_X
L�b�H �B`~Qr bBKmH�iBQMb bm;;2bi +QMp2`;2Mi �/�Ti�iBQM BM L2�M/2`i?�Hb �M/ KQ/2`M
?mK�Mb
S_P*11.AL:a P6 h>1 L�hAPL�G �*�.1Ju P6 a*A1L*1a P6 h>1 lLAh1.
ah�h1a P6 �J1_A*�c �ƢQ, kyRd pQHX RR9 TX Rk99k @ Rk99d
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L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

RX9X �THB+�+BQM2b

1H mbQ /2 2b+�M2`2b j. T�`� +�Tim`�` BM7Q`K�+BƦM bQ#`2 H� 7Q`K� /2H +m2`TQ ?mK�MQ
2bi� +`2+B2M/Q `�TB/�K2Mi2 v MQ bQHQ b2 HBKBi� � 2bim/BQb 2`;QMƦKB+Qb Q /2 /Bb2ƢQ- bBMQ [m2
i�K#BûM `2bmHi� /2 BMi2`ûb T�`� �THB+�+BQM2b `2H�+BQM�/�b +QM H� b�Hm/X .2}MB` T`QiQ+QHQb
T�`� H� +�Tim`� v 2H �M�HBbBb /2 2biQb /�iQb `2T`2b2Mi� mM� i�`2� BKTQ`i�Mi2X 1H /2b�``QHHQ
/2 �THB+�+BQM2b Kû/B+�b v bm p�HB/�+BƦM `2T`2b2Mi� mM T`Q#H2K� 2M G�iBMQ�Kû`B+�- v� [m2
bQM KőMBK�b H�b �THB+�+BQM2b /2b�``QHH�/�b T�`� TQ#H�+BƦM 2bT2+ő}+� 2M H� xQM�X

GQb KQ/2HQb v /2b+`BTiQ`2b /2b�``QHH�/Qb 2M 2bi� i2bBb- T2`KBiB`�M +`2�` �THB+�+BQM2b
#�b�/Qb 2M /�iQb /2 TQ#H�+BƦM 2bT2+ő}+�- [m2 +QM+2/2`� BM7Q`K�+BƦM /2i�HH�/� bQ#`2 +�@
`�+i2`őbiB+�b /2 HQb T�+B2Mi2b- i�MiQ T�`� `2�HBx�` /Bp2`bQb �M�HBbBb UTQ` 2D2KTHQ 2H bQK�iQ@
iBTQ Q 2bim/BQ /2 TQ`+2Mi�D2 v /Bbi`B#m+BƦM /2H i2DB/Q �/BTQbQV- +QKQ T�`� 2H /B�;MƦbiB+Q
�T`QTB�/Q /2 +QM/B+BQM2b Kû/B+�b U2p�Hm�+BƦM /2H bQ#`2T2bQ- /2i2++BƦM /2 K�H7Q`K�+BQM2b-
2i+XVX

RX8X 1bi`m+im`� /2 H� h2bBb

G� T`2b2Mi2 i2bBb b2 /BpB/2 2M bB2i2 +�TőimHQb- 2H T`BK2`Q BMi`Q/m+2 H� T`Q#H2K�iB+� v
�#Q`/� HQb +QM+2TiQb #BQHƦ;B+Qb [m2 2M+B2``�M H� bQHm+BƦMX 1H b2;mM/Q +�TőimHQ T`2b2Mi�
2H K�`+Q i2Ʀ`B+Q T�`� H� `2bQHm+BƦM /2 T`Q#H2K�b 2M pBbBƦM +QKTmi�+BQM�H- 2 BMi`Q/m+2 HQb
+QM+2TiQb /2 BMi2HB;2M+B� �`iB}+B�H DmMiQ +QM iû+MB+�b /2 K�+?BM2 H2�`MBM; v /22T H2�`MBM;X
1H +�TőimHQ i`2b b2 +2Mi`� 2M +ƦKQ 7m2 H� �/[mBbB+BƦM /2 HQb /�iQb miBHBx�/Qb 2M 2H T`2b2Mi2
i`�#�DQ DmMiQ +QM HQb T`QiQ+QHQb- 2bi`�i2;B� /2 +QKmMB+�+BƦM v +�`�+i2`őbiB+�b /2 H� Km2bi`�X
GQb +�TőimHQ +m�i`Q- +BM+Q v b2Bb T`2b2Mi�M KûiQ/Qb [m2 T2`KBi2M 2ti`�2` +�`�+i2`őbiB+�b
miBHBx�M/Q /BbiBMi�b iû+MB+�b bQ#`2 BK�;2M2b T�`� �M�HBbBb /2 TQ#H�+BƦMX 1H +�TBimHQ bB2i2
+mHKBM� H� BMp2biB;�+BƦM +QM +QM+HmbBQM2b v i`�#�DQ 7mim`QX

ke



*�TőimHQ k

J�`+Q h2Ʀ`B+Q

kXRX oBbBƦM *QKTmi�+BQM�H

GQb Q#D2iBpQb /2 H� oBbBƦM *QKTmi�+BQM�H Uo*V Tm2/2M BMi2`T`2i�`b2 /2 /Qb 7Q`K�b /2@
T2M/B2M/Q 2H +�KTQ /QM/2 b2 HQb 2bim/B2X .2b/2 2H TmMiQ /2 pBbi� /2 H�b +B2M+B�b #BQHƦ;B+�b-
H� o* iB2M2 +QKQ Q#D2iBpQ +`2�` KQ/2HQb /2H bBbi2K� pBbm�H ?mK�MQ- HQb +m�H2b T2`KBi2M
2bim/B�` v +QKT`2M/2` 2H +QKTQ`i�KB2MiQ /2 2biQb +QKTH2DQb K2+�MBbKQb U>m�M;- RNNeVX
SQ` Qi`Q H�/Q- H� BM;2MB2`ő� MQb TH�Mi2� +QKQ Q#D2iBpQ +QMbi`mB` bBbi2K�b �miƦMQKQb [m2
T2`KBi�M �miQK�iBx�` i�`2�b [m2 `2[mB2`�M +Q;MB+BƦM pBbm�HX 1bi�b 2bi�M `2H�+BQM�/�b +QM
H� 2ti`�++BƦM /2 BM7Q`K�+BƦM j. � T�`iB` /2 /�iQb k. +QM p�`B�+BƦM 2M 2H iB2KTQ- +QKQ TQ`
2D2KTHQ +QKT`2M/2` 2b+2M�b /BM�KB+�b Q#i2MB/�b 2M +�K�`�b /2 pő/2QX GQb Q#D2iBpQb /2 H�
o* 2M �K#Qb +�KTQb 2bi�M 2bi`2+?�K2Mi2 `2H�+BQM�/QbX G�b T`QTB2/�/2b v +�`�+i2`őbiB+�b
/2H bBbi2K� pBbm�H ?mK�MQ BMbTB`�M � [mB2M2b /Bb2Ƣ�M bBbi2K�b /2 pBbBƦM TQ` +QKTmi�/Q`�
v- TQ` Qi`Q H�/Q- HQb �H;Q`BiKQb [m2 +QKT`2M/2M 2biQb ȹHiBKQb Q7`2+2M BM7Q`K�+BƦM bQ#`2
+ƦKQ 2b 2H 7mM+BQM�KB2MiQ /2 2bi2 bBbi2K� U>m�M;- RNNeVX 1M 2bi� i2bBb miBHBx�`2KQb H�
/2}MB+BƦM K�b BM;2MB2`BH- /2}MB2M/Q � H� o* +QKQ mM +�KTQ +B2Miő}+Q BMi2`/Bb+BTHBM�`BQ
[m2 b2 Q+mT� /2 2bim/B�` +ƦKQ H�b +QKTmi�/Q`�b Tm2/2M Q#i2M2` mM� +QKT`2MbBƦM /2 �HiQ
MBp2H � T�`iB` /2 pő/2Qb Q BK�;2M2b k. Q j.X

>Qv 2M /ő� H�b �THB+�+BQM2b /2 H� o* p�M /2b/2 H� K2/B+BM� ?�bi� H� BM/mbi`B� 2 BMpQHm+`�M
i�K#BûM Qi`�b `�K�b /2 H� +B2M+B�X SQ` 2D2KTHQ- 2M b�Hm/ 2tBbi2M p�`B�b �THB+�+BQM2b [m2 p�M

kd



L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

/2b/2 2H 2bim/BQ 2 B/2MiB}+�+BƦM /2 2M72`K2/�/2b � T�`iB` /2 BK�;2M2b Kû/B+�b UAbH�K �M/
w?�M;- kyRd- a?�`K� 2i �HX- kyRd- um@C2M *?2M 2i �HX- kyR8- SQTHBM 2i �HX- kyR3�V ?�bi�
H� `2+QMbi`m++BƦM /2 Ʀ`;�MQb Q 2bi`m+im`�b BMi2`M�b UsBQM; 2i �HX- kyR8- "2Mx 2i �HX- kykyV
T�`� bm 2bim/BQX SQ` Qi`� T�`i2- 2M �`[m2QHQ;ő� b2 miBHBx�M iû+MB+�b /2 o* T�`� �bBbiB` � HQb
�`[m2ƦHQ;Qb � H� ?Q`� /2 +H�bB}+�` 2 B/2MiB}+�` U2M iB2KTQ v Hm;�`V K�i2`B�H2b 2M+QMi`�/Qb
2M 2t+�p�+BQM2b U*BMi�b 2i �HX- kykyVX 1M K�i2`B� /2 b2;m`B/�/- o* 2b miBHBx�/� T�`� HQb
�M�HBbBb #BQKûi`B+Qb i�H2b +QKQ 2H `2+QMQ+BKB2MiQ 7�+B�H UEmK�` 2i �HX- kyRN- S�`K�` �M/
J2?i�- kyR9V- /2 `2iBM�- 2Mi`2 Qi`Qb U:mQ 2i �HX- kyR3- *BMi�b 2i �HX- kyReV +QM T`QTƦbBiQb
/2 B/2MiB}+�+BƦM BM/BpB/m�H v b2;mBKB2MiQX

1M H� ȹHiBK� /û+�/�- H� o* b2 2M`B[m2+BƦ bB;MB}+�iBp�K2Mi2 K2/B�Mi2 H� miBHBx�+BƦM
+QMDmMi� /2 iû+MB+�b /2 AMi2HB;2M+B� �`iB}+B�H +QKQ J�+?BM2 G2�`MBM; v- 2M T�`iB+mH�`-
.22T G2�`MBM;X aB #B2M bB;m2M miBHBx�M/Qb2 �H;Q`BiKQb #�b�/Qb 2M KûiQ/Qb i`�/B+BQM�H2b UH�
/2MQKBM�/� 72�im`2 2M;BM22`BM; Q BM;2MB2`B� /2 �i`B#miQbV- 2bi�b iû+MB+�b i`�/B+BQM�H2b MQ
Tm2/2M b2` �THB+�/�b � iQ/Qb HQb T`Q#H2K�b /2 o*- v T�`� ;`�M/2b pQHȹK2M2b /2 /�iQb 2H
T`Q+2/BKB2MiQ Tm2/2 b2` BM2}+B2Mi2X 1M H� };m`� kXR b2 Tm2/2 p2` 2H 2b[m2K� /2 2i�T�b
[m2 T2`KBi2M `2bQHp2` mM T`Q#H2K� /2 o*X

1H mbQ /2 /22T H2�`MBM; 2M o* b2 Tm2/2 T2Mb�` +QKQ H� +QKTQbB+BƦM /2 i`2b i�`2�b
T`BM+BT�H2b, 2H �+QTBQ /2 /�iQb- 2H T`2@T`Q+2b�KB2MiQ v H� iû+MB+�X 1M +m�MiQ �H T`Q+2bQ /2
`2+QH2+i�` /�iQb- `2bmHi� Kmv /B7ő+BH Q BKTQbB#H2 +QMbi`mB` mM� �THB+�+BƦM /2 o* bBM +QMi�`
+QM mM� #�b2 /2 BK�;2M2b /2 HQb +m�H2b 2ti`�2` BM7Q`K�+BƦMX S�`� 2HHQ- /2#2KQb /2}MB` +ƦKQ
2b TQbB#H2 Q#i2M2` BK�;2M2b k. v j. 2M H� �+im�HB/�/- +QM 2H }M /2 +QM7Q`K�` mM +QMDmMiQ
/2 /�iQb +QKȹMK2Mi2 +QMQ+B/Q +QKQ /�i�b2iX o2`2KQb 2M b2++BQM2b TQbi2`BQ`2b [m2 H�
+�HB/�/ v +QM/B+BƦM /2 H�b BK�;2M2b /2 2Mi`�/� BM~mv2M /2 K�M2`� bB;MB}+�iBp� 2M H� +�HB/�/
/2 HQb `2bmHi�/Qb Q#i2MB/QbX 1H T`2@T`Q+2b�KB2MiQ /2 /�iQb Tm2/2 �vm/�` � Q#i2M2` K2DQ`2b
`2bmHi�/Qb v� [m2- 2M iû`KBMQb ;2M2`�H2b- `2/m+2 H� +QKTH2DB/�/ /2H T`Q#H2K� v 2H iB2KTQ
M2+2b�`BQ T�`� 2ti`�2` BM7Q`K�+BƦM /2 miBHB/�/ M2+2b�`B� T�`� `2bQHp2` mM T`Q#H2K�X .m`�Mi2
2bi� 2i�T�- v /2T2M/B2M/Q 2H 2b+2M�`BQ- 2b +QKȹM miBHBx�` iû+MB+�b /2 K�MBTmH�+BƦM /2
BK�;2M2b +QKQ MQ`K�HBx�+BƦM- b2;K2Mi�+BƦM v `2/m++BƦM /2 /BK2MbBQM�HB/�/- 2Mi`2 Qi`�bX
G� iû+MB+�- }M�HK2Mi2- +QMbBbi2 2M /2}MB` Q `2miBHBx�` �`[mBi2+im`�b /2 �T`2M/Bx�D2 T`Q7mM/Q-
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H�b +m�H2b bB H� T`Q#H2K�iB+� HQ T2`KBi2 TQ/`ő�M miBHBx�`b2 T`2@2Mi`2M�/�b �/�Ti�M/QH�b �H
T`Q#H2K� T�`iB+mH�`X

ADQUISICIÓN
DE DATOS

VISIÓN COMPUTACIONAL

Imágenes 2D
Mallas 3D 

PRE-
PROCEMIENTO
Normalización
Estandarización

TÉCNICAS
DE  IAALGORITMOS

TRADICIO-
NALES

Deep Learning
Machine Learning 

ALGORITMOS

RESULTADO

6B;m`� kXR, 1b[m2K� /2 H�b 2i�T�b [m2 +QKTQM2M H� o*X

kXkX �/[mBbB+BƦM /2 /�iQb

kXkXRX AK�;2M2b k.

*QKQ `2bmHi�/Q /2H �p�M+2 +QMbi�Mi2 /2 H� i2+MQHQ;ő�- 2M H� �+im�HB/�/ b2 Tm2/2M
Q#i2M2` BK�;2M2b /2 K2DQ` `2bQHm+BƦM v +�HB/�/ [m2 ?�+2 TQ+Qb �ƢQb �i`�bX � i�H TmMiQ-
[m2 2M Q+�bBQM2b- H�b /B72`2M+B�b 2Mi`2 +�K�`�b T`Q72bBQM�H2b v +m�H[mB2` /BbTQbBiBpQ KƦpBH 2b
KőMBK�X GQb bK�`iT?QM2 [m2 b2 p2M/2M 2M 2H K2`+�/Q Tm2/2M Q#i2M2` BK�;2M2b bmT2`BQ`2b
� R8 JTtX �/2K�b /2 2biQ- H�b iû+MB+�b �+im�H2b /2 `2M/2`BM; k. T2`KBi2M `2+QMbi`mB`
BK�;2M2b �`iB}+B�H2b /2 Q#D2iQb i`B/BK2MbBQM�H2b +QM mM ;`�M `2�HBbKQ Uo2` };m`� kXkVX

G� +�T�+B/�/ /2 +ƦKTmiQ �+im�H MQ bQHQ T2`KBi2 `2�HBx�` T`Q+2b�KB2MiQ /2 BK�;2M2b
K�b +QKTH2DQ- bBMQ [m2 i�K#BûM Km+?Q K�b p2HQxX GQb +QMDmMiQb /2 /�iQb /BbTQMB#H2b /2
K�M2`� ;`�imBi� 2M H� r2#- TQ` 2D2KTHQ AK�;2L2i- bmT2`�M 2H Q`/2M /2H KBHHƦM /2 BK�;2M2bX
1H �+QTBQ K�bBpQ Uv� b2� BK�;2M2b `2�H2b Q �`iB}+B�H2bV T2`KBi2 `2bQHp2` T`Q#H2K�b /2 o*
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6B;m`� kXk, 1D2KTHQ /2 KQ/2HQb +`2�/Qb � T�`iB` /2H bQ7ir�`2 SQb2 j.- miBHBx�M/Q ǳ�TT�@
`2Mi _B/;2b �H;Q`Bi?KǴ UCm// 2i �HX- kyydV T�`� ;2M2`�` mM� BK�;2M +QM 2biBHQ /2 /B#mDQ
bQ#`2 2H KQ/2HQ j.X

+�/� p2x K�b +QKTH2DQbX 1M H� h�#H� kXR b2 Tm2/2 p2` H� /2b+`BT+BƦM /2 HQb +m�i`Q /�i�b2ib
K�b +QMQ+B/Qb- HQb +m�H2b MQb #`BM/�M 2bi`m+im`�b /2 /�iQb T�`� `2bQHp2` /BbiBMiQb iBTQb /2
T`Q#H2K�b +QKQ, +H�bB}+�` v b2;K2Mi�` BK�;2M2b- /2i2+i�` Q#D2iQb v 2b+2M�b- /2b+`B#B` mM
+QMi2tiQ- 2i+X

kXkXkX Lm#2 /2 SmMiQb v J�HH�b j.

1M /Bp2`bQb 2b+2M�`BQb /QM/2 b2 #mb+� BKTH2K2Mi�` bQHm+BQM2b TQ` K2/BQ /2 o*- 2b
M2+2b�`BQ +�Tim`�` TQ` +QKTH2iQ H� M�im`�H2x� ;2QKûi`B+� /2 HQb Q#D2iQbX S�`� HQ +m�H
M2+2bBi�KQb mM iBTQ /2 /�iQ [m2 MQb T2`KBi� KQ/2H�` 2H Q#D2iQ 2M i`2b /BK2MbBQM2bX 1b
�[mő 2M /QM/2 �T�`2+2M H�b Mm#2b /2 TmMiQb v K�HH�b j.X lM� Mm#2 /2 TmMiQb j. 2b mM
+QMDmMiQ /2 TmMiQb TQbB+BQM�/Qb 2b mM 2bT�+BQ i`B/BK2MbBQM�HX G� +�MiB/�/ /2 TmMiQb [m2
+QM7Q`K�M H� Mm#2 /2i2`KBM� H� +�HB/�/ /2 H� KBbK�X �/2K�b /2 H�b +QQ`/2M�/�b /2 +�/�
TmMiQ UX, Y, Z- 2M 2bi2 +�bQV Tm2/2 +QMi2M2` mM +QHQ` �bQ+B�/Q- iőTB+�K2Mi2 `2T`2b2Mi�/Q
TQ` mM� i2`M� /2 p�HQ`2b _:" U0−255VX 1M H� };m`� kXj Tm2/2 p2`b2 mM� Mm#2 /2 TmMiQb /2
H� *�i2/`�H /2 Jm`+B� +�Tim`�/Q +QM mM 2b+�M2` T`Q72bBQM�HX SQ` Qi`� T�`i2 b2 2M+m2Mi`�M
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/�i�b2i AK�;2M2b .2b+`BT+BƦM
AK�;2L2i
U.2M; 2i �HX- kyyNV +14M /2 BK�;2M2bX

+20k +�i2;Q`ő�bX
*H�bB}+�+BƦM /2 AK�;2M2bX
�MQi�+BQM2b 2M i2tiQ /2 BK�@
;2M2bX

*A6�_@Ryy
UE`Bx?2pbFv 2i �HX- kyyNV

+60k BK�;2M2bX
100 +H�b2bX
20 bmT2`+H�b2bX

*H�bB}+�+BƦM /2 AK�;2M2bX
*H�bB}+�+BƦM 2M bmT2`+H�b2bX

*P*P
UGBM 2i �HX- kyR9V

+330k BK�;2M2bX
1,5M Q#D2+iQb
b2;K2Mi�/QbX
80 +H�b2bX

*H�bB}+�+BƦM /2 AK�;2M2bX
_2+QMQ+BKB2MiQ /2H +QMi2tiQX
a2;K2Mi�+BƦMX

S�b+�H oP*
U1p2`BM;?�K 2i �HX- kyRyV

+12mil BK�;2M2bX
+20mil Q#D2+iQb b2;K2Mi�@
/QbX
20 +H�b2bX

*H�bB}+�+BƦM /2 AK�;2M2bX
a2;K2Mi�+BƦMX

h�#H� kXR, .2b+`BT+BƦM /2 HQb /�i�b2i k. K�b +QMQ+B/QbX

H�b J�HH�b j. Uj. J2b? 2M BM;HûbV [m2 �/2K�b /2 2bi�` +QKTm2bi�b TQ` mM +QMDmMiQ /2
TmMiQb HH�K�/Qb pû`iB+2b- +QMiB2M2 mM� HBbi� /2 +�`�b +QM7Q`K�/�b TQ` H� mMBƦM /2 i`2b /2
2biQbX G�b +�`�b +QKTQM2M H� mMB/�/ #�bB+� /2 mM TQHő;QMQ i`B/BK2MbBQM�HX 1M H� };m`� kX9
Tm2/2 p2`b2 mM 2D2KTHQ /2 K�HH� j.X S�`� H�b K�HH�b v TmMiQb j.- 2H �+QTBQ K�bBpQ /2 /�iQb
2b K�b +QKTH2DQ- v� [m2 2M H� �+im�HB/�/ MQ 2b i�M 7`2+m2Mi2 +QMi�` +QM mM b2MbQ` j.X aB
#B2M �H;mMQb i2Hû7QMQb KQ/2`MQb 2bi�M BM+Q`TQ`�M/Q 2bi2 iBTQ /2 i2+MQHQ;ő�- �ȹM MQ 2b i�M
�++2bB#H2 +QKQ mM� +�K�`� /2 7QiQbX 1M 2bi2 TmMiQ /2#2KQb T2Mb�` 2M iû+MB+�b [m2 MQb
T2`KBi� ?�+2` K�b �++2bB#H2 2bi2 iBTQ /2 /�iQb- T�`� H�b +m�H2b 2tBbi2M p�`B�b �Hi2`M�iBp�b
T�`� KQ/2H�` mM Q#D2iQ i`B/BK2MbBQM�H /2T2M/B2M/Q /2H /BbTQbBiBpQ Q /2 H� iû+MB+� [m2
miBHB+2KQb, 2b+�M2`2b +QK2`+B�H2b- T`Q+2b�KB2MiQ k. v KQ/2H�/Q K�Mm�HX G� K�b i`BpB�H-
2b H� /2 miBHBx�` �H;ȹM iBTQ /2 /BbTQbBiBpQ +QK2`+B�H /2 2b+�M2Q j.- bB #B2M 2M 2H K2`+�/Q
?�v p�`B�b QT+BQM2b [m2 Q7`2+2M `2bmHi�/Qb /2 �Hi� +�HB/�/- MQ bQM �++2bB#H2b 2M +m�MiQ �
T`2+BQX �H KBbKQ iB2KTQ- 2H +QbiQ /2H /BbTQbBiBpQ iB2M/2 � bm#B` /2T2M/B2M/Q /2H i�K�ƢQ
/2 HQb Q#D2iQb [m2 b2 `2[mB2`�M 2b+�M2�` UMQ 2b HQ KBbKQ mM /BbTQbBiBpQ T�`� 2b+�M2�` mM�
?�#Bi�+BƦM +QKTH2i�- [m2 mM� TB2x� K2+�MB+� /2 15cmVX Pi`� iû+MB+� +QMbBbi2 2M miBHBx�`
T`Q+2b�KB2MiQ /2 BK�;2M2b 2M k.- i�H2b +QKQ H� 7QiQ;`�K2i`ő�- [m2 T2`KBi�M `2+QMbi`mB` 2M
j. mM Q#D2iQ Q 2b+2M� `2�H � T�`iB` /2 mM +QMDmMiQ /2 BK�;2M2b k.X 1biQb KûiQ/Qb `2bmHi�M
K�b �++2bB#H2b 2M +m�MiQ � +QbiQ 2M +QKT�`�+BƦM +QM mM 2b+�M2` +QK2`+B�H- 2M 2bi2 +�bQ H�
+�HB/�/ /2 HQb `2bmHi�/Qb T�b� � /2T2M/2` /2 H� +�MiB/�/ /2 BK�;2M2b v pő/2Qb /BbTQMB#H2bX
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6B;m`� kXj, Lm#2 /2 TmMiQb /2 H� *�i2/`�H /2 Jm`+B�X a2MbQ` G2B+� _h*jey U.`QMB+�VX

SQ` ȹHiBKQ- b2 2M+m2Mi`� 2H KQ/2H�/Q K�Mm�H- 2H +m�H b2 #�b� 2M 2b+mHTB` K�Mm�HK2Mi2 2M
i`2b /BK2MbBQM2b HQb Q#D2iQb Q 2b+2M�b `2�H2b miBHBx�M/Q mM bQ7ir�`2 /2/B+�/Q T�`� 2bi2 }MX
1bi2 T`Q+2bQ 2b Kmv H�#Q`BQbQ /�/Q [m2 `2[mB2`2 mM� 2ti2Mb� +�MiB/�/ /2 K2/B+BQM2b /2
HQb Q#D2iQb [m2 b2 [mB2`�M `2THB+�`X SQ` KQiBpQb /2 T`�+iB+B/�/ v K2MQ` +QbiQ- b2 /2b+�`iƦ H�
i2`+2` �Hi2`M�iBp� v 2M HQb bB;mB2Mi2b �T�`i�/Qb b2 /2b+`B#B`�M +QM K�vQ` /2i�HH2 H�b T`BK2`�b
/QbX

kXkXjX hû+MB+�b /2 2b+�M2Q j.

*QKQ b2 K2M+BQMƦ �Mi2`BQ`K2Mi2- H� 2H2++BƦM /2H iBTQ /2 /BbTQbBiBpQ � miBHBx�` 2bi�
/�/� TQ` H�b +�`�+i2`őbiB+�b /2H Q#D2iQ [m2 /2#2 b2` 2b+�M2�/QX G� 2bi`m+im`�- 2H K�i2`B�H-
2H i�K�ƢQ v H� +�HB/�/ /2 2b+�M2Q /2i2`KBM�M H� i2+MQHQ;ő� � miBHBx�`- +�/� mM� /2 2bi�b
iB2M2M bmb /2bp2Mi�D�b- HBKBi�+BQM2b v +QbiQbX 1M 2bi� i2bBb b2 /2i�HH� 2H 7mM+BQM�KB2MiQ /2
H�b +m�i`Q K�b 2KTH2�/�b,

h`B�M;mH�+BƦM H�b2`

1bi2 KûiQ/Q b2 #�b� 2M T`Qv2+i�` mM `�vQ H�b2` 2M H� bmT2`}+B2 � 2b+�M2�` v Hm2;Q-
p�HBûM/Qb2 /2 mM b2MbQ`- KB/2 H� /27Q`K�+BƦM /2 HQb `�vQb 2KBiB/QbX 1H H�b2` � miBHBx�`
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6B;m`� kX9, J�HH� j.X a2MbQ` ai`m+im`2X 99,000 TmMiQb U�T`Qt 199,000 i`B�M;mHQbVX

Tm2/2 b2` mM ȹMB+Q TmMiQ Q mM� HőM2� +QM p�`BQb TmMi2`QbX G� K2+�MB+� /2 2biQb iBTQb /2
2b+�M2`2b 2b Kmv b2M+BHH� /2 2tTHB+�`- b2 /BbT�`� mMQ Q p�`BQb `�vQb bQ#`2 2H Q#D2iQ v b2
`2;Bbi`�- K2/B�Mi2 mM b2MbQ` `2+2TiQ`- +QKQ 2b H� i`�v2+iQ`B� /2H ?�x /2 H�b2` �H `2~2D�`
bQ#`2 2H Q#D2iQX 1H �M;mHQ /2 /2bpB�+BƦM 2bT2+ő}+Q 2b +�H+mH�/Q �THB+�M/Q mM� i`B�M;mH�+BƦM
bQ#`2 2H +�K#BQ /2 i`�v2+iQ`B� DmMiQ +QM 2H �M;mHQ Q`B;BM�H v H� /Bbi�M+B� [m2 ?�v 2Mi`2
2H 2b+�M2` v 2H Q#D2iQX *QMQ+B2M/Q 2bi� ȹHiBK� /Bbi�M+B�- 2H ?�`/r�`2 /2 2b+�M2Q Tm2/2
K�T2�` H� bmT2`}+B2 2M mM� Mm#2 /2 TmMiQb- ;2M2`�M/Q mM� `2T`2b2Mi�+BƦM i`B/BK2MbBQM�H
/2H Q#D2iQ 2b+�M2�/QX G� p2Mi�D� /2 2bi� i2+MQHQ;ő� 2b bm `2bQHm+BƦM v T`2+BbBƦM- KB2Mi`�b
[m2 H� /2bp2Mi�D� 2b [m2 2b b2MbB#H2 � H�b T`QTB2/�/2b /2 H� bmT2`}+B2 [m2 b2 2b+�M2�X
�H miBHBx�` 2H `2#Qi2 /2H ?�x /2 Hmx- Q#D2iQb +QM bmT2`}+B2b Kmv #`BHH�Mi2b Q i`�MbT�`2Mi2b
Tm2/2M /27Q`K�` Q �Hi2`�` H� i`�v2+iQ`B� /2 /B+?Q ?�x- HQ [m2 T`QpQ+� mM� `2+QMbi`m++BƦM
+QM 7�HH�b- K�H7Q`K�+BQM2b Q BKT2`72++BQM2bX 1M H� };m`� kX8 b2 Tm2/2 p2` mM 2D2KTHQ
+QK2`+B�H /2 2bi2 iBTQ /2 2b+�M2`X
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6B;m`� kX8, ai`m+im`2 a2MbQ`X 1b+�M2` #�b�/Q 2M i`B�M;mH�+BƦM H�b2` UAia22xj.VX

"�b�/Q 2M Hmx 2bi`m+im`�/�

1bi� i2+MQHQ;ő� #mb+� +QKT`2M/2` H� ;2QK2i`ő� i`B/BK2MbBQM�H /2 mM Q#D2iQ Q 2b+2M�- �
T�`iB` /2 �M�HBx�` 2H T�i`ƦM /2 /27Q`K�+BƦM /2 H� Hmx 2KBiB/� bQ#`2 2H KBbKQX 1H /BbTQbBiBpQ
T`Qv2+i� mM� b2`B2 /2 Hm+2b 2M 7Q`K� /2 T�i`ƦM U}DQ Q �H2�iQ`BQV bQ#`2 mM Q#D2iQ- H� +m�H
2b 2t�KBM�/� K2/B�Mi2 mM b2MbQ`X G�b /27Q`K�+BQM2b 2M HQb #Q`/2b /2H T�i`ƦM T2`KBi2M
+�H+mH�` BM/B`2+i�K2Mi2 H� /Bbi�M+B� ?�bi� H� bmT2`}+B2 /2H Q#D2iQ v bm 7Q`K�X G�b Hm+2b
2KTH2�/�b bQM /2 +QHQ`2b #H�M+Q Q �xmH v 2bi�M ;2M2`�/�b miBHBx�M/Q p�`BQb iBTQb /2 T`Q@
v2+iQ`2b- +QKQ H� i2+MQHQ;ő� .GS UbB;H� 2M BM;Hûb /2 S`Q+2b�KB2MiQ /B;Bi�H /2 HmxVX *QKQ
Tm2/2 �T`2+B�`b2- 2bi� iû+MB+� b2 #�b� 2M mM KûiQ/Q /2 i`B�M;mH�+BƦM bBKBH�` �H /2H KûiQ/Q
�Mi2`BQ`- T2`Q miBHBx�M/Q T�i`QM2b /2 Hmx }DQbX *QKQ p2Mi�D�b b2 HBbi� `2bQHm+BƦM- p2HQ+B/�/
v TQbB#BHB/�/ /2 2b+�M2�` T2`bQM�b UbB 2b [m2 b2 H2 bmK� �H;mM� T`Qi2++BƦM T�`� H� pBbi�VX G�
T`BM+BT�H /2bp2Mi�D� 2b bm b2MbB#BHB/�/ +QM `2bT2+iQ � +QM/B+BQM2b /2 BHmKBM�+BƦM- TQ` HQ [m2
`2bmHi� /B7ő+BH i`�#�D�` �H �B`2 HB#`2 Q 2M Hm;�`2b +QM BHmKBM�+BƦM Kmv TQ#`2X 1M H� };m`� kXe
b2 Tm2/2 p2` 2M 7mM+BQM�KB2MiQ 2H 2b+�M2` :Qa+�Mky- 2H +m�H b2 #�b� 2M Hmx 2bi`m+im`�/�X
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6B;m`� kXe, 1b+�M2Q /2 `Qbi`Q +QM :Qa+�MkyX 1b+�M2` #�b�/Q 2M Hmx 2bi`m+im`�/�X 6QiQ
+�Tim`�/� /m`�Mi2 H� +QH2+i� /2 /�iQb _�ő+2b 2M Sm2`iQ J�/`vMX

"�b�/Q 2M +QMi�+iQ

h�K#BûM HH�K�/Q Ǵ.B;Bi�HBx�/Q`Ǵ- 2bi2 iBTQ /2 /BbTQbBiBpQ +m2Mi� +QM mM #`�xQ Q H�TBx
+QM2+i�/Q �H 2b+�M2`X aB 2H /BbTQbBiBpQ iB2M2 mM #`�xQ KƦpBH- 2MiQM+2b 2H Q#D2iQ b2 K�MiB2M2
2bi�+BQM�`BQ- /2 HQ +QMi`�`BQ 2b 2H Q#D2iQ 2H [m2 2bi� +QMbi�Mi2 KQpBKB2MiQX *m�M/Q 2H #`�xQ
2Mi`� 2M +QMi�+iQ +QM H� bmT2`}+B2 � 2b+�M2�`- b2 Q#iB2M2M /�iQb /2H Q#D2iQ 2 BM7Q`K�+BƦM
/2 H� m#B+�+BƦM /2H TmMiQX � K2/B/� [m2 b2 `2H�+BQM� +QM /B72`2Mi2b TmMiQb 2M H� bmT2`}+B2-
2H bQ7ir�`2 /2 2b+�M2Q +`2� mM� Mm#2 /2 TmMiQb /2H Q#D2iQ 2M mM 2bT�+BQ i`B/BK2MbBQM�HX
1biû b2 miBHBx� T`BM+BT�HK2Mi2 T�`� 2H +QMi`QH /2 +�HB/�/ /2bTmûb /2 H� 7�#`B+�+BƦM Q /m`�Mi2
H�b QT2`�+BQM2b /2 K�Mi2MBKB2MiQX G� T`2b2Mi2 K2iQ/QHQ;ő� iB2M2 +QKQ p2Mi�D� mM� �Hi�
T`2+BbBƦM v H� +�T�+B/�/ /2 2b+�M2�` bmT2`}+B2b [m2 `2~2D2M H� Hmx Q b2�M i`�MbT�`2Mi2bX
*QKQ /2bp2Mi�D�- `2H2p�` mM� ;`�M +�MiB/�/ /2 TmMiQb Tm2/2 b2` mM T`Q+2bQ Kmv i2/BQbQ
v H2MiQ bB b2 `2�HBx� K�Mm�HK2Mi2 2M +QKT�`�+BƦM +QM Qi`�b iû+MB+�b v MQ T2`KBi2 i`�#�D�`
+QM Q#D2iQb 2M KQpBKB2MiQ Q +�K#BQ /2 7Q`K�X
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"�b�/Q 2M TmHbQ G�a1_

1bi� i2+MQHQ;ő� b2 #�b� 2M 2H iB2KTQ /2 pB�D2 /2 mM `�vQ H�b2`X 1H 2b+�M2` +QMiB2M2
mM /BbTQbBiBpQ [m2 BHmKBM� mM Q#D2iQ +QM mM `�vQ /2 HmxX 1H `2~2DQ /2 /B+?Q H�b2` bQ#`2 2H
Q#D2iQ 2b +�Tim`�/Q TQ` mM b2MbQ` [m2 KB/2 2H iB2KTQ [m2 i�`/� 2H H�b2` 2M pB�D�` /2b/2 2H
TmMiQ /2 2KBbBƦM ?�bi� 2H TmMiQ /2 `2+2T+BƦM 2M 2H b2MbQ`X 1bi� BM7Q`K�+BƦM T`QTQ`+BQM�
H� ;2QK2i`ő� /2H Q#D2iQX *QKQ b2 +QMQ+2 H� p2HQ+B/�/ /2H H�b2` �H pB�D�` 2M 2H �K#B2Mi2-
2H BMi2`p�HQ /2 iB2KTQ Tm2/2 T`QTQ`+BQM�` H� /Bbi�M+B� 2t�+i� 2Mi`2 2H Q#D2iQ v 2H 2b+�M2`
j.X 1H H�b2` /2#2 2KBiB`b2 jey ;`�/Qb �H`2/2/Q` /2 mM TmMiQ 2M T�`iB+mH�`- v� [m2 +�/�
K2/B/� bQHQ `2+QTBH� /�iQb /2 mM TmMiQX G� /B`2++BƦM Q i`�v2+iQ`B� /2H H�b2` b2 +�K#B� +QM
H� �vm/� /2 mM 2bT2DQ Q bmT2`}+B2 `2~2+i�Mi2 [m2 b2 }D� 2M 2H 2b+�M2` j.X �H;mMQb KQ/2HQb
+m2Mi�M +QM mM iBTQ /2 H�b2` [m2 2b +�T�x /2 KQ/mH�` H� TQi2M+B� /2H `�vQ- TQ` HQ i�MiQ-
Q7`2+2M mM K2DQ` `2M/BKB2MiQX G� ;`�M p2Mi�D� /2 2bi� iû+MB+� 2b H� TQbB#BHB/�/ /2 2b+�M2�`
Q#D2iQb /2 ;`�M i�K�ƢQ v /2 TQ/2` 7mM+BQM�` 2M ;`�M/2b 2MiQ`MQbX *QKQ /2bp2Mi�D�- 2bi�
K2iQ/QHQ;ő� `2[mB2`2 K�vQ` iB2KTQ [m2 H�b /2K�b T�`� HQ;`�` T`Q+2b�` iQ/� H� BM7Q`K�+BƦM
/2 K�M2`� 2tBiQb�X

1M +QM+HmbBƦM- 2H mbQ /2 iQ/Qb 2biQb /BbTQbBiBpQb iB2M2 mM� ;`�M �THB+�+BƦM 2M H� BM/mb@
i`B� �miQKQi`Bx- �2`QM�miB+�- /2Mi�H- pB/2QDm2;Qb v 272+iQb 2bT2+B�H2bX a2 Tm2/2 Q#b2`p�`
2MiQM+2b [m2 H� 2H2++BƦM /2 H� K2iQ/QHQ;ő� /2 2b+�M2Q �/2+m�/� /2T2M/2 /2 +�`�+i2`őbiB+�b
T`QTB�b /2H iBTQ /2 Q#D2iQ Q 2b+2M� � 2b+�M2�`- BKT�+i�M/Q /B`2+i�K2Mi2 2M 2H +QbiQ /2H
/BbTQbBiBpQ M2+2b�`BQ v- /2T2M/B2M/Q 2H +�bQ- iQ`M�M/Q 2H T`Q+2bQ 2M �H;Q +QbiQbQ v TQ+Q
�++2bB#H2X

kXkX9X 6QiQ;`�K2i`ő�

G� 7QiQ;`�K2i`ő� 2b mM� iû+MB+� [m2 T2`KBi2 BMi2`TQH�` /2 K�M2`� T`2+Bb� Q#D2iQb i`B@
/BK2MbBQM�H2b � T�`iB` /2 T�`2b Q ;`mTQb /2 BK�;2M2b k.X 6mM+BQM� ?�+B2M/Q +Q``2bTQM/2`
mM� b2`B2 /2 TmMiQb bQ#`2 /Qb Q K�b BK�;2M2bX .2 2bi� K�M2`� b2 Tm2/2 BM72`B` H� TQbB+BƦM
/2 H� +�K�`� 2M +�/� BK�;2M- +QM HQ +m�H b2 Tm2/2 Q#i2M2` H�b +QQ`/2M�/�b /2 +�/� TmMiQ
2M mM 2bT�+BQ j.X 1M H� 7QiQ;`�K2i`ő� i`�/B+BQM�H- HQb TmMiQb bQM m#B+�/Qb K�Mm�HK2Mi2
bQ#`2 H�b BK�;2M2bX 1H T`BM+BTBQ 7mM/�K2Mi�H miBHBx�/Q 2M 2bi� iû+MB+� 2b 2H /2 i`B�M;mH�+BƦMX
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hQK�M/Q �H K2MQb /Qb BK�;2M2b /2b/2 TmMiQb /B72`2Mi2b bQ#`2 mM KBbKQ Q#D2iQ TQ/2KQb
+�H+mH�` H�b HH�K�/�b ǳHőM2�b /2 pBbBƦMǴ /2b/2 +�/� TQbB+BƦM /2 H� +�K�`� ?�bi� 2H Q#D2iQ
Uo2` };m`� kXdVX 1bi�b HőM2�b b2 +`mx�M K�i2K�iB+�K2Mi2 T�`� T`Q/m+B` H�b +QQ`/2M�/�b i`B@
/BK2MbBQM�H2b /2 HQb TmMiQb /2 BMi2`ûb- /2 H� KBbK� K�M2`� [m2 i`�#�D� 2H QDQ ?mK�MQ T�`�
K2/B` H� /Bbi�M+B� UHH�K�/� T2`+2T+BƦM /2 T`Q7mM/B/�/VX ai`m+im`2 7`QK JQiBQM Ua6JV 2b

6B;m`� kXd, P v Q pBbiQ /2 /Qb +�K�`�b C1-C2X GQb TmMiQb k. P ′1- P ′2- Q′1 v Q′2 bQM
HQb TmMiQb /2 BMi2`ûb pBbiQ 2M /Qb BK�;2M2bX P v Q 2b T`Qv2++BƦM j. +�H+mH�/�X

mM� iû+MB+� /2 �Hi� `2bQHm+BƦM v #�DQ +QbiQ #�b�/� 2M 7QiQ;`�K2i`ő�X a2 miBHBx� 2M +QK#BM�@
+BƦM +QM TQi2Mi2b �H;Q`BiKQb /2 ;2QK2i`ő� +QKTmi�+BQM�H v o* T�`� �M�HBx�` 7QiQ;`�7ő�b /2
mM Q#D2iQ 2bi�iB+Q +�Tim`�/Q /2b/2 /B72`2Mi2b TmMiQb /2 pBbi�X 1D2KTHQb /2 2biQb �H;Q`BiKQb
Tm2/2M b2` H�b iû+MB+�b /2 AK�;2 J�i+?BM; +QKQ al_6 U"�v 2i �HX- kyyeV- aA6h UGQr2-
kyy9V- "_A16 U*�HQM/2` 2i �HX- kyRyV m P_" U_m#H22 2i �HX- kyRRV- 2Mi`2 Qi`�bX hQ/Qb
2HHQb- 2M K�vQ` Q K2MQ` K2/B/�- bQM +�T�+2b /2 `2bQHp2` �miQK�iB+�K2Mi2 H�b +�`�+i2@
`őbiB+�b +QBM+B/2Mi2b 2Mi`2 p�`B�b BK�;2M2bX 1bi�b +�`�+i2`őbiB+�b /BbiBMiBp�b bQM � K2Mm/Q
2b[mBM�b Q b2;K2MiQb /2 HőM2�- H�b +m�H2b b2 `�bi`2�M /2 mM� BK�;2M � Qi`� v b2 miBHBx�M
T�`� T`Q/m+B` 2biBK�+BQM2b /2 H�b TQbB+BQM2b v Q`B2Mi�+BQM2b /2 H� +�K�`�- }M�HBx�M/Q 2bi2
T`Q+2bQ +QM mM� Mm#2 /2 TmMiQb /2 +QQ`/2M�/�b X, Y, Z- 1M H� �+im�HB/�/- 2bi�b iû+MB+�b
bQM miBHBx�/�b +QKQ �Hi2`M�iBp� T�`� 2H 2b+�M2Q j. bBM ?�+2` mbQ /2 /BbTQbBiBpQb 2bT2+ő}+QbX
1H K�vQ` /2b�7őQ /2 2bi� i2+MQHQ;ő� 2b �M�HBx�` +QM T`2+BbBƦM KȹHiBTH2b 7QiQbX SQ` HQ i�MiQ-
b2 `2[mB2`2 /2 +�T�+B/�/ /2 +ƦKTmiQ Kmv TQi2Mi2 T�`� 2D2+mi�` 2biQb �H;Q`BiKQbX
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kXjX S`2@T`Q+2b�KB2MiQ

S�`� �+2H2`�` v K2DQ`�` H�b K2iQ/QHQ;ő�b /2 o*- b2 �THB+� mM� 2i�T� /2 T`2@T`Q+2b�KB2MiQ
[m2 BM+Hmv2 H� 2bi�M/�`Bx�+BƦM v MQ`K�HBx�+BƦM- H� HBKTB2x� ;2M2`�H /2 HQb /�iQb v H� `2/m+@
+BƦM /2 /BK2MbBQM�HB/�/X "�bB+�K2Mi2- 2bi� 2i�T� +QMbBbi2 2M T`2@T`Q+2b�` HQb /�iQb /2
2Mi`�/� v Q#i2M2` +�`�+i2`őbiB+�b UQ 2M BM;Hûb 72�im`2bV [m2 `2T`2b2Mi2M /2 K2DQ` K�M2`�
2H /�iQX SQ` 2D2KTHQ- T�`� 2H T`Q#H2K� /2 `2+QMQ+BKB2MiQ /2 /ő;BiQb- H�b BK�;2M2b ;2M2`�H@
K2Mi2 b2 i`�bH�/�M v 2b+�H�M T�`� [m2 +�/� /ő;BiQ 2bi2 +QMi2MB/Q /2Mi`Q /2 mM� +�D� /2 mM
i�K�ƢQ }DQX 1biQ bB`p2 +QKQ �vm/� T�`� [m2 HQb �H;Q`BiKQb Q#i2M;�M mM� �#bi`�++BƦM [m2
b2 +2Mi`2 2M /B72`2M+B�` TQ` H� 7Q`K� /2H +�`�+i2` v MQ TQ` 2H i�K�ƢQ MB TQbB+BƦM /2Mi`Q /2
mM� BK�;2MX 1bi2 iBTQ /2 T`Q+2b�KB2MiQ b2 HQ +QMQ+2 +QKQ 1bi�M/�`Bx�+BƦM- /QM/2 +�/�
/�iQ 2b T`Q+2b�/Q +QM mM KBbKQ KûiQ/Q T�`� [m2 +mKTH� +QM mM� b2`B2 /2 +�`�+i2`őbiB+�b
�H }M�H /2 2bi� 2i�T�X

�/2K�b /2 2bi� iû+MB+�- 2tBbi2M Qi`�b [m2 bQM +QKmM2b 2M 2H T`2@T`Q+2b�KB2MiQ /2
/�iQb miBHBx�/�b T�`� HQb KûiQ/Qb /2 o*X .�/Q [m2 HQb KQ/2HQb /2 o* bQM b2MbB#H2b �
H�b Km2bi`�b /272+imQb�b 2M 2H +QMDmMiQ /2 /�iQb- H� HBKTB2x� /2 /�iQb 2b 2b2M+B�H T�`� mM
K2DQ` `2M/BKB2MiQX G�b i�`2�b Tm2/2M BM+HmB` 2HBKBM�` Q +Q``2;B` /�iQb 7�Hi�Mi2b Q p�HQ`2b
�iőTB+QbX

SQ` Qi`Q H�/Q- b2 �THB+� mM� 2i�T� /2 MQ`K�HBx�+BƦM /2H +QMDmMiQ /2 /�iQb- H� +m�H
2pBi� 2H T`Q#H2K� /2 i`�#�D�` +QM /B72`2Mi2 `�M;Qb /2 �i`B#miQb v �vm/� � [m2 2H �H;Q`BiKQ
7mM+BQM2 +QM K�vQ` T`2+BbBƦMX aB #B2M H� K�vQ`ő� /2 HQb +QMDmMiQb /2 /�iQb +QMbBbi2M 2M
/B72`2Mi2b 2b+�H�b /2 p�HQ`2b UTQ` 2D2KTHQ- 2H T2bQ v �Him`� /2 mM� T2`bQM� Q BM7Q`K�+BƦM
bQ#`2 H� �HBK2Mi�+BƦMV H� MQ`K�HBx�+BƦM /2 2biQb p�HQ`2b- �Mi2b /2 b2` H� 2Mi`�/� /2H �H;Q@
`BiKQ- T`QTQ`+BQM� mM �T`2M/Bx�D2 K�b 7�+BH v mM K2MQ` +QbiQ /2 +�H+mHQX G� MQ`K�HBx�+BƦM
b2 2M7Q+� 2M H� bB;MB}+�M+B� 2bi�/őbiB+� /2 HQb �i`B#miQb- 2M +�bQ /2 [m2 2biQb Tm2/�M T�@
`�K2i`Bx�`b2- miBHBx�M/Q 2H �Dmbi2 � mM� /Bbi`B#m+BƦMX 1M +�TőimHQb TQbi2`BQ`2b /2 2bi� i2bBb
b2 miBHBx� 2H KûiQ/Q /2 MQ`K�HBx�+BƦM BKTH2K2Mi�/Q 2M S2/`2;Qb� 2i �HX UkyRR�V- /2}MB/Q
/2 H� bB;mB2Mi2 K�M2`�,
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Xs =
X −min(X)

max(X)−min(X) UkXRV

Xs = X(f nrmax − f nrmin) + f nrmin, UkXkV

/QM/2 X 2b 2H p2+iQ` /2 2Mi`�/�- max(X) v min(X) bQM HQb p�HQ`2b K�tBKQb v KőMBKQb
/2H p2+iQ` XX Xs bQM HQb p�HQ`2b MQ`K�HBx�/Qb T�`� X- v f nrmin v f nrmax bQM HQb p�HQ`2b
MQ`K�HBx�/Qb �H `�M;Q [0, 1]X

Pi`Q iBTQ /2 T`Q+2bQ �THB+�#H2 2b H� `2/m++BƦM /2 /BK2MbBQM�HB/�/X aB #B2M 2bi� iû+MB+�
BMpQHm+`� 2H mbQ /2 H�b /2K�b- 2b BKTQ`i�Mi2 /2bi�+�`H� /2#B/Q � [m2 2bi2 T`Q+2b�KB2MiQ
2b miBHBx�/Q 2M Km+?�b �THB+�+BQM2b /2 o*X "�bB+�K2Mi2- +QMbBbi2M 2M `2/m+B` 2H MȹK2`Q
/2 p�`B�#H2b miBHBx�/�b +QKQ 2Mi`�/�- 2biQ b2 Tm2/2 `2�HBx�` b2H2++BQM�M/Q +�`�+i2`őbiB+�b
2tBbi2Mi2b Q 2ti`�v2M/Q Mm2p�b � T�`iB` /2 mM Mm2pQ 2bT�+BQX G� b2H2++BƦM /2 +�`�+i2`őbiB+�b
Tm2/2 /�`b2 /2 7Q`K� �H2�iQ`B�- 2HBKBM�M/Q H�b p�`B�#H2b /2T2M/B2Mi2b Q b2H2++BQM�M/Q �
T�`iB` /2 mM +`Bi2`BQ /2 `2bmHi�/QbX G� K�b #�bB+� v- TQ` HQ i�MiQ MQ i�M 272+iBp�- 2b b2H2++BQ@
M�` mM +QMDmMiQ /2 +�`�+i2`őbiB+�b /2 K�M2`� �H2�iQ`B� miBHBx�M/Q �H;ȹM iBTQ /2 /Bbi`B#m+BƦM
2bi�/őbiB+�X aB #B2M 2biQ Tm2/2 /BbKBMmB` 2H iB2KTQ /2 T`Q+2b�KB2MiQ- ;2M2`�HK2Mi2 MQ b2
Q#iB2M2M #m2MQb `2bmHi�/Qb v� [m2 Tm2/2M /2D�` �7m2`� +�`�+i2`őbiB+�b BKTQ`i�Mi2bX

Pi`� �Hi2`M�iBp� 2b 2HBKBM�` p�`B�#H2b /2T2M/B2Mi2b- [m2 �/2K�b /2 /BbKBMmB` 2H iB2KTQ
/2 T`Q+2b�KB2MiQ T2`KBi2 2HBKBM�` H� `2/mM/�M+B� 2M HQb /�iQb bBM T2`/2` +�HB/�/ 2M HQb
`2bmHi�/QbX 1bi� i�`2� MQ Tm2/2 `2�HBx�`b2 bB2KT`2- TQ`[m2 /2T2M/2 /2 HQb /�iQb /BbTQMB#H2b
U+�bQ 2M [m2 iQ/�b HQb �i`B#miQb b2�M BM/2T2M/B2Mi2bVX h�K#BûM b2 Tm2/2 b2H2++BQM�` b2;ȹM
2H `2M/BKB2MiQ /2H KQ/2HQ- 2b /2+B`- b2H2++BQM�` TQ` mM +`Bi2`BQ 2H2;B/Q +QM �Mi2`BQ`B/�/ v
TQM2` � T`m2#� 2H KQ/2HQ /2 7Q`K� i�H [m2 TQ/�KQb 2p�Hm�` H� b2H2++BƦMX 1bi2 T`Q+2/BKB2MiQ
2b K�b i2/BQbQ- /2#B/Q � [m2 H� +�MiB/�/ /2 b2H2++BQM2b [m2 ?�;�KQb bQM H� +�MiB/�/ /2
p2+2b [m2 /2#2KQb T`Q#�` 2H KQ/2HQ- �/2K�b MQ MQb �b2;m`� [m2 ?�v�KQb 2H2;B/Q 2H K2DQ`
+QMDmMiQ /2 +�`�+i2`őbiB+�b TQbB#H2bX S�`� �b2;m`�`MQb 2biQ- TQ/2KQb `2�HBx�` mM� b2H2++BƦM
� 7m2`x� #`mi�- 2biQ MQb �b2;m`� [m2 iQ/Qb HQb +�bQb bQM Tm2biQb � T`m2#�- �mM[m2 2H +QbiQ
/2 +ƦKTmiQ �mK2Mi� +QMbB/2`�#H2K2Mi2X

S�`� }M�HBx�` +QM H� 2i�T� /2 T`2T`Q+2b�KB2MiQ- 2tBbi2 Qi`� K�M2`� /2 `2/m+B` H� /B@
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L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

K2MbBQM�HB/�/- H� +m�H +QMbBbi2 2M 2ti`�2` +�`�+i2`őbiB+�b � T�`iB` /2 mM Mm2pQ 2bT�+BQ /2
K2MQ`2b /BK2MbBQM2bX G� i`�Mb7Q`K�+BƦM /2 /�iQb /2 mM 2bT�+BQ � Qi`Q Tm2/2 b2` HBM2�H- +Q@
KQ �M�HBbBb /2 *QKTQM2Mi2b S`BM+BT�H2b US*�V- Q MQ HBM2�H +QKQ h@/Bbi`B#mi2/ aiQ+?�biB+
L2B;?#Q` 1K#2//BM; Ui@aL1V UJ��i2M �M/ >BMiQM- kyy3V Q lMB7Q`K K�MB7QH/ �TT`QtBK�@
iBQM �M/ T`QD2+iBQM UlJ�SV UJ+AMM2b 2i �HX- kyR3VX 1M +�TőimHQb TQbi2`BQ`2b /2 2bi� i2bBb
b2 miBHBx� S*� T�`� 2ti`�2` Mm2p�b +�`�+i2`őbiB+�bX S*� b2 #�b� 2M #mb+�` +QMDmMiQb /2
+QK#BM�+BQM2b HBM2�H2b /2 H�b p�`B�#H2b Q`B;BM�H2b [m2 +QMiB2M2M H� K�vQ` p�`B�Mx�X *QKQ
/2T2M/2 /2 H� +�MiB/�/ /2 +QK#BM�+BQM2b [m2 b2 miBHB+2M- Tm2/2M 2KTH2�`b2 2M +QMDmMiQ
+QM mM KûiQ/Q /2 b2H2++BƦM U+QKQ TQ` 2D2KTHQ, b2H2++BƦM �H �x�`V T�`� 2H2;B` H� +�MiB/�/
/2 +QK#BM�+BQM2b [m2 b2 mb2MX
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L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

kX9X AMi2HB;2M+B� �`iB}+B�H

1M H� �+im�HB/�/- �vm/�/Q TQ` 2H �mK2MiQ /2 H� +�T�+B/�/ /2 +ƦKTmiQ- 2K2`;B2`QM
Mm2p�b iû+MB+�b [m2 bB #B2M 7m2`QM TH�Mi2�/�b i2Ʀ`B+�K2Mi2 2M HQb �ƢQb ey- 2H +QMi2tiQ
�+im�H T2`KBiBƦ [m2 Tm2/�M TQM2`b2 2M T`�+iB+�X G� AMi2HB;2M+B� �`iB}+B�H UA�V 2b H� T`BM@
+BT�H �`2� /2 H� +QKTmi�+BƦM [m2 �iB2M/2 HQb Q#D2iBpQb /2 H� o*X 1H MQK#`2 7m2 �+mƢ�/Q
2M 1956 U_mbb2H 2i �HX- kyRjV v 2bi� /2}MB/� +QKQ 2H +�KTQ /2 2bim/BQ /2 ǳ�;2Mi2b BM@
i2HB;2Mi2bǴ, +m�H[mB2` /BbTQbBiBpQ [m2 T2`+B#� bm 2MiQ`MQ v `2�++BQM2 � T�`iB` /2 ûHX GQb
�miQ`2b U_mbb2H 2i �HX- kyRjV HQ /2}M2M +QHQ[mB�HK2Mi2 +QKQ mM� K�[mBM� [m2 BKBi� H�b
7mM+BQM2b +Q;MBiBp�b [m2 HQb ?mK�MQb �bQ+B�M +QM Qi`Qb ?mK�MQb- +QKQ TQ/`ő�M b2` H�b
�++BQM2b /2 T2`+B#B`- `�xQM�`- �T`2M/2` v `2bQHp2` T`Q#H2K�bX .2Mi`Q /2 H� A� b2 Tm2/2
2M+QMi`�` /Qb iû+MB+�b Kmv miBHBx�/�b 2M H� �+im�HB/�/ +QKQ 2H �T`2M/Bx�D2 /2 J�[mBM�
Q 2M BM;Hûb J�+?BM2 G2�`MBM; UJGV v 2H �T`2M/Bx�D2 S`Q7mM/Q Q .22T G2�`MBM; U.GVX G�
};m`� kX3 2b[m2K�iBx� +ƦKQ +�/� iû+MB+� 2bi� +QMi2MB/�- v� [m2 2bi�b +QKT�`i2M- 2M ;`�M
K2/B/�- T`BM+BTBQb v +QM+2TiQbX

Inteligencia 
Artificial 

Machine
Learning

Deep
Learning

6B;m`� kX3, 1b[m2K� /2 +ƦKQ b2 +QKTQM2 H� A�X
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L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

kX9XRX J�+?BM2 G2�`MBM;

JG 2b mM� +QH2++BƦM /2 �H;Q`BiKQb v iû+MB+�b miBHBx�/�b T�`� /Bb2Ƣ�` T`Q;`�K�b [m2 b2
+QMbi`mv2M � bő KBbKQb � T�`iB` /2 /�iQb /2 2Mi`�/�X JG b2 #�b� 2M +QM+2TiQb K�i2K�iB+Qb-
2bi�/őbiB+Qb v /2 +QKTmi�+BƦMX �/2K�b /2 2bi�b +B2M+B�b- +�/� T`Q#H2K� �TQ`i� +QM+2TiQb
ȹMB+Qb /2H /QKBMBQ � `2bQHp2`- TQ` 2D2KTHQ bB b2 [mB2`2 `2+QMQ+2` 2bT2+B2b /2 �`�Ƣ� � T�`iB`
/2 BK�;2M2b- M2+2bBi�KQb �THB+�` �H;mMQb +QMQ+BKB2MiQb #�bB+Qb bQ#`2 H� i�tQMQKő� /2
H�b �`�Ƣ�bX GQb �H;Q`BiKQb b2 Tm2/2M +�i�HQ;�` 2M 2Mi`2M�KB2MiQ bmT2`pBb�/Q v MQ

bmT2`pBb�/Q /2T2M/B2M/Q /2H +QMDmMiQ /2 /�iQb /2 2Mi`2M�KB2MiQX

1Mi`2M�KB2MiQ bmT2`pBb�/Q

S�`� 2H 2Mi`2M�KB2MiQ bmT2`pBb�/Q b2 miBHBx� mM +QMDmMiQ /2 /�iQb 2iB[m2i�/Q- 2b /2+B`
[m2 +QMiB2M2 mM ;`mTQ /2 `2;Bbi`Qb [m2 7m2`QM +�i2;Q`Bx�/Qb Q K�`+�/Qb 2KTH2�M/Q mM
+�KTQ 2M 2bT2+B�H [m2 T`QTQ`+BQM� BM7Q`K�+BƦM `2H2p�Mi2 � HQb /�iQbX SQ` 2D2KTHQ- 2M
mM +QMDmMiQ /2 /�iQb `272`B/Q � mM� TQ#H�+BƦM b2 Tm2/2 i2M2` mM +�KTQ [m2 /2i2`KBM2
bB mM� T2`bQM� impQ Q MQ mM T`Q#H2K� +�`/ő�+Q- Q bB ?�+2 Q MQ `2;mH�`K2Mi2 �H;ȹM iBTQ
/2 �+iBpB/�/ 7őbB+�X lb�M/Q 2biQb /�iQb b2 Tm2/2 2Mi`2M�` KQ/2HQb [m2 BMi2Mi2M T`2/2+B`
2iB[m2i�b T�`� `2;Bbi`Qb [m2 MQ +QMi2M;�M 2b� BM7Q`K�+BƦMX

1Mi`2M�KB2MiQ MQ bmT2`pBb�/Q

1M 2H �T`2M/Bx�D2 MQ bmT2`pBb�/Q- 2H +QMDmMiQ /2 /�iQb miBHBx�/Q MQ 2bi� 2iB[m2i�/QX
lM 2D2KTHQ TQ/`ő� b2` mM +QMDmMiQ /2 /�iQb [m2 +QMiB2M2M K2/B/�b /2H +m2`TQ U�Him`�-
+B`+mM72`2M+B� /2 +�/2`� v +BMim`�V /2 300 T2`bQM�bX liBHBx�M/Q 2H �T`2M/Bx�D2 MQ bmT2`pB@
b�/Q- 2H Q#D2iBpQ T`BM+BT�H 2b /2b+m#`B` v 2bim/B�` T�i`QM2b 2M HQb /�iQbX lM� 7Q`K� TQbB#H2
b2`ő� miBHBx�M/Q �H;Q`BiKQb /2 +Hmbi2`Bx�+BƦM T�`� 2M+QMi`�` HQb T�i`QM2b 2M 2H +QMDmMiQ /2
/�iQbX 1H `2bmHi�/Q }M�H TQ/`ő� b2` 2H /2b+m#`BKB2MiQ /2 ;`mTQb [m2 2tTHB[m2M �H;ȹM iBTQ
/2 +QKTQ`i�KB2MiQX

�/2K�b /2 H� +H�bB}+�+BƦM �Mi2`BQ`- HQb T`Q#H2K�b [m2 b2 Tm2/2M `2bQHp2` +QM 2bi�b
iû+MB+�b bm2H2M b2` +�i2;Q`Bx�/Qb � T�`iB` /2 i`2b T`2;mMi�b, ǯS2`i2M2+2 � H� +H�b2 y Q R
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L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

\X *H�bB}+�+BƦMc ǯ*m�MiQ Q +m�Mi�b\X _2;`2bBƦMc ǯ*ƦKQ b2 �;`mT�M\X *Hmbi2`Bx�+BƦM Uo2`
};m`� kXNVX

*H�bB}+�+BƦM

.2i2`KBM�` H� +H�b2- Q`B;2M Q +m�H[mB2` +�i2;Q`ő� /2 mM� Km2bi`�- 2b mM T`Q#H2K� +QKȹM
2M Km+?�b `�K�b /2 H� +B2M+B�X JG T2`KBi2 B/2MiB}+�` � [mû +QMDmMiQ T2`i2M2+2 mM� Mm2p�
Q#b2`p�+BƦM 2M 7mM+BƦM /2H +QMDmMiQ /2 /�iQb /2 2Mi`2M�KB2MiQ [m2 +QMiB2M2 H�b +�i2;Q`ő�b
Q#b2`p�/�bX �H;mMQb 2D2KTHQb /2 T`Q#H2K�b /2 +H�bB}+�+BƦM bQM,

1M H� T`�+iB+� +HőMB+�- 2b M2+2b�`BQ +QMQ+2` 2H 2bi�/Q Mmi`B+BQM�H /2 mM� T2`bQM� +QM 2H
}M /2 /B�;MQbiB+�` Q i`�i�` 2M72`K2/�/2bX � T�`iB` /2 BK�;2M2b TQ/2KQb /2i2`KBM�`
bB mM� T2`bQM� 2b b�Hm/�#H2- iB2M2 bQ#`2T2bQ m Q#2bB/�/X

1M �`[m2QHQ;ő�- +H�bB}+�` K�i2`B�H2b 2M+QMi`�/Qb 2M Mm2pQb v�+BKB2MiQb �vm/� � +Q@
MQ+2` H� +`QMQHQ;ő�- H� 7mM+BQM�HB/�/ v 2H Q`B;2M �TQ`i�M/Q 2pB/2M+B�b /2 H� T`Q/m++BƦM
HQ+�H- `2H�+BQM2b +QK2`+B�H2b- +QKTQ`i�KB2MiQ /2 +QMbmKB/Q`2b 2M TQ#H�+BQM2b HQ+�@
H2b- 2Mi`2 Qi`�bX

1M }M�Mx�b- Tm2/2 b2` M2+2b�`BQ /2i2`KBM�` bB mM +QMDmMiQ /2 QT2`�+BQM2b #�M+�`B�b
bQM Q MQ T�`i2 /2 mM 7`�m/2X

1Mi`2 HQb 2D2KTHQb /2b+`BTiQb b2 Tm2/2M B/2MiB}+�` +H�bB}+�+BQM2b #BM�`B�b /QM/2 mM
T`Q#H2K� +m2Mi� bQHQ +QM /Qb +H�b2b TQbB#H2b U7`�m/2- MQ 7`�m/2V Q �[m2HHQb +QM K�b /2
/Qb +H�b2b /2MQKBM�/Qb /2 KmHiB@+H�b2 Ub�Hm/�#H2- bQ#`2T2bQ- Q#2bQVX 1H `2bmHi�/Q /2 mM
T`Q#H2K� /2 +H�bB}+�+BƦM 2b mM p�HQ` /Bb+`2iQ [m2 BM/B+� H� +H�b2 T`2/B+?� 2M H� [m2 b2
2M+m2Mi`� mM� Q#b2`p�+BƦM �mM[m2 i�K#BûM TQ/`ő� b2` mM p�HQ` +QMiBMmQ- [m2 BM/B+� H�
T`Q#�#BHB/�/ /2 mM� Q#b2`p�+BƦM [m2 T2`i2M2+2 � mM� +H�b2 2M T�`iB+mH�`X

_2;`2bBƦM

aB #B2M H� +H�bB}+�+BƦM Tm2/2 b2` `2bm2Hi� K2/B�Mi2 `2;`2bBƦM- 2M 2bi� +�i2;Q`ő� b2 m#B+�M
iQ/Q HQb T`Q#H2K�b [m2 `2[mB2`2M H� T`2/B++BƦM /2 p�HQ`2b +QMiBMmQb- TQ` 2D2KTHQ,
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L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

Clasificación Regresión Clusterización

6B;m`� kXN, *H�bB}+�+BƦM- _2;`2bBƦM v *Hmbi2`Bx�+BƦMX

*HBK�iQHQ;ő�- T`2/2+B` H� i2KT2`�im`� K�tBK� v KőMBK� /2 H� T`ƦtBK� b2K�M�X

.2i2`KBM�` H� pB/� ȹiBH /2 mM T`Q/m+iQ � T�`iB` /2 bmb +�`�+i2`őbiB+�bX

6BM�Mx�b- T`2/2+B` H� ;�M�M+B� /2 mM� 2KT`2b� Q +QMDmMiQ /2 2KT`2b�b b2;ȹM H�b
i2M/2M+B�b /2H K2`+�/QX

G� `2;`2bBƦM 2b 2H �H;Q`BiKQ K�b #�bB+Q [m2 MQb T2`KBi2 T`QMQbiB+�` p�HQ`2b �H 2biBK�` H�
`2H�+BƦM 2Mi`2 p�`B�#H2b Q +QMDmMiQ /2 p�`B�#H2bX

*Hmbi2`Bx�+BƦM

G� +Hmbi2`Bx�+BƦM 2b H� �++BƦM /2 �;`mT�` 2M +QMDmMiQb /�iQb +QM bBKBH�`2b +�`�+i2`őbiB+�b
Q +QKTQ`i�KB2MiQX 1bi� �;`mT�+BƦM ;2M2`�HK2Mi2 b2 /� 2M ;`mTQb BMimBiBpQb- HQ [m2 �vm/�
� /2b+m#`B` +ƦKQ b2 Q`;�MBx�M M�im`�HK2Mi2X G� �;`mT�+BƦM 2M +Hȹbi2` 2b Kmv ȹiBH +m�M/Q
b2 /2b2� /2b+m#`B` mM T�i`ƦM 2bT2+ő}+Q 2M /�iQbX 1D2KTHQb /2 T`Q#H2K�b /2 +Hmbi2`Bx�+BƦM,

S�`� Tm#HB+B/�/- �;`mT�` mbm�`BQb 2M #�b2 � bmb ;mbiQb 2b mM T`Q#H2K� +QKȹM T�`�
H� miBHBx�+BƦM /2 T`QT�;�M/� /B`B;B/�X

S�`� �`[m2QHQ;ő�- 2bim/B�` �;`mT�+BQM2b /2 `2biQb �`[m2QHƦ;B+Qb- TQ` 2D2KTHQ p�bBD�b
+QKTH2i�b Q 7`�;K2MiQb T�`� /2i2`KBM�` +QM2tBQM2b 2Mi`2 v�+BKB2MiQb 2M+QMi`�/Qb-
`mi�b +QK2`+B�H2b Q iû+MB+�b /2 2H�#Q`�+BƦM
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L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

1M H� 7�#`B+�+BƦM /2 BMbmKQb- H� �;`mT�+BƦM /2 T`Q/m+iQb TQ` +�`�+i2`őbiB+�b Tm2/2
b2` miBHBx�/Q +QKQ Q#D2iBpQ T�`� 2M+QMi`�` TQbB#H2b 7�HH�b /�/� +B2`i�b +QM/B+BQM2b Q
T`QTB2/�/2bX

.2T2M/B2M/Q /2H +QMDmMiQ /2 /�iQb v 2H T`Q#H2K� � `2bQHp2` b2 Tm2/2M miBHBx�` /B72`2Mi2b
�H;Q`BiKQbX 1M 2bi� b2++BƦM b2 ?�`� mM� BMi`Q/m++BƦM � HQb miBHBx�/Qb 2M +�TőimHQb TQbi2`BQ`2bX

*H�bB}+�+BƦM mb�M/Q J�[mBM� /2 o2+iQ`2b

J�[mBM�b /2 o2+iQ` /2 aQTQ`i2 Q 2M BM;Hûb amTTQ`i o2+iQ` J�+?BM2 UaoJV 2b mM
�H;Q`BiKQ /2 +H�bB}+�+BƦM bmT2`pBb�/�X 1bi2 �H;Q`BiKQ 2b Kmv miBHBx�/Q ?Qv 2M /ő�- ;`�+B�b
� bm 2tBiQb� �THB+�+BƦM 2M ;`�M/2b T`Q#H2K�b- bmT2`�M/Q � HQb +H�bB}+�/Q`2b MQ HBM2�H2b-
+QKQ H�b `2/2b M2m`QM�H2b- 2M Km+?Qb +QMi2tiQb UE?Q`b?B/ 2i �HX- kyR8VX G� B/2� T`BM+BT�H
/2 aoJ 2b- � T�`iB` /2 mM 2bT�+BQ /2 +�`�+i2`őbiB+�b +QKTm2biQ TQ` 2H +QMDmMiQ /2 /�iQb-
2M+QMi`�` mM� 7mM+BƦM [m2 T2`KBi� /BpB/B` 2M /Qb Q K�b +H�b2b /2Mi`Q /2H 2bT�+BQX lM�
p2x m#B+�/� H� 7mM+BƦM /2 b2T�`�+BƦM b2 Tm2/2M BM+Q`TQ`�` /�iQb Mm2pQb �H 2bT�+BQ v �bő
T`2/2+B` bm +H�b2 +Q``2bTQM/B2Mi2X

1M H� };m`� kXRy �X b2 TH�Mi2� mM 2bT�+BQ /2 +�`�+i2`őbiB+�b 2M /Qb /BK2MbBQM2b +QM b2Bb
BM/BpB/mQb Ui`2b +H�b2 2bi`2HH� v i`2b +ő`+mHQbVX a2 Tm2/2 p2` [m2 2b TQbB#H2 i`�x�` KȹHiBTH2b
7mM+BQM2b [m2 /BpB/�M 2H 2bT�+BQ b2T�`�M/Q H�b /Qb +H�b2bX aoJ #mb+� H� 7mM+BƦM [m2 ;2M2`2
H� HőM2� [m2 +m2Mi2 +QM HQb K�`;2M2b K�b �KTHBQbX 1biQb K�`;2M2b b2 +�H+mH�M � T�`iB` /2
7mM+BQM2b [m2 2biûM 2M +QMi�+iQ +QM �H K2MQb mM TmMiQ 2M +�/� +H�b2X 1M H� };m`� kXRy
"X b2 /2MQi� mM� 7mM+BƦM [m2 b2T�`� H�b /Qb +H�b2b +QM f 0 v f 1 +QKQ H� /Bbi�M+B� /2 H�
7mM+BƦM ?�+B� HQb K�`;2M2bX 1H Q#D2iBpQ 2b 2M+QMi`�` H� HőM2� [m2 T2`KBi� b2T�`�` HQb /Qb
;`mTQb v +QMi2M;� HQb f 0 v f 1 K�b ;`�M/2b TQbB#H2bX

.2b/2 �[mő b2 miBHBx�`� 2H iû`KBMQ ?BT2`TH�MQ T�`� `272`B`b2 � H� HőM2� [m2 b2T�`� H�b /Qb
+H�b2b- v� [m2 2M aoJ ;2M2`�HK2Mi2 b2 i`�i� +QM 2bT�+BQb /2 K�b /2 /Qb /BK2MbBQM2b- 2bi2
iû`KBMQ i`�MbKBi2 +QM K�vQ` T`2+BbBƦM H� B/2� /2 mM TH�MQ 2M mM 2bT�+BQ KmHiB/BK2MbBQM�HX
a2 /2MQKBM� p2+iQ`2b /2 bQTQ`i2 � HQb TmMiQb [m2 7Q`K�M +�/� mMQ /2 HQb K�`;2M2bX
S�`� `2�HBx�` mM 7Q`KmH�+BƦM K�i2K�iB+� /2 2bi2 �H;Q`BiKQ- b2 /2#2 2Mi2M/2` H� M2+2bB/�/
/2 2M+QMi`�` mM� 7Ʀ`KmH� [m2 MQb T2`KBi� +�H+mH�`- � T�`iB` /2H ?BT2`TH�MQ- � [mû +H�b2
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L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

   (A)   (B)

f0

f1

6B;m`� kXRy, 6mM+BQM�KB2MiQ /2H �H;Q`BiKQ /2 aoJX

T2`i2M2+2 +�/� Km2bi`�X S�`� 2H 2D2KTHQ /2 H� };m`� kXRy- +QM !V0- !V1 +QKQ HQb T2bQb /2 HQb
p2+iQ`2b /2 bQTQ`i2- v x0, x1 +QKQ H�b +QQ`/2M�/�b /2 H� Mm2p� Km2bi`�- b2 Tm2/2 7Q`KmH�`
H� 2+m�+BƦM /2 H� bB;mB2Mi2 K�M2`�,

f (x) = !V0x0 + !V1x1 + b, UkXjV

b 2b 2H b2b;Q /2 H� 2+m�+BƦMX 1H `2bmHi�/Q /2 2bi� 2+m�+BƦM /2i2`KBM� H� +H�b2 /2H Mm2pQ
BM/BpB/mQX aB f (x) =4 R T2`i2M2+2 � H� T`BK2`� +H�b2 v bB f (x) I4 @R � H� b2;mM/�X GQb
aoJ i�K#BûM b2 Tm2/2M mb�` +m�M/Q HQb T�i`QM2b MQ bQM HBM2�HK2Mi2 b2T�`�#H2bX 1M 2bi2
+�bQ- HQb T�i`QM2b b2 �bB;M�M � mM 2bT�+BQ /2 +�`�+i2`őbiB+�b /B72`2Mi2 2M 2H [m2 b2 pm2Hp2M
b2T�`�#H2b- miBHBx�M/Q mM� 7mM+BƦM /2 F2`M2H 2bT2+ő}+�X

*H�bB}+�+BƦM mb�M/Q �`#QH2b /2 /2+BbBƦM

GQb �`#QH2b /2 /2+BbBƦM bQM mM KûiQ/Q /2 �T`2M/Bx�D2 MQ T�`�Kûi`B+Q T�`� `2�HBx�`
i�`2�b /2 +H�bB}+�+BƦM v `2;`2bBƦMX GQb �`#QH2b bQM +QMbi`mB/Qb � T�`iB` /2 mM �H;Q`BiKQ [m2
B/2MiB}+� /BbiBMiQb iBTQb /2 /BpBbBQM2b 2M HQb /�iQb #�b�/Qb 2M /B72`2Mi2b +QM/B+BQM2b- /2
7Q`K� [m2 ;2M2`�M mM� 2bi`m+im`� �#bi`�+i� [m2 /� mM� `2T`2b2Mi�+BƦM /2 H� /Bbi`B#m+BƦM
/2 HQb /�iQbX a2 /2MQKBM�M �`#QH2b TQ`[m2 2biQb KQ/2HQb Tm2/2M pBbm�HBx�`b2 +QKQ mM ;`�@
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L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

}+Q bBKBH�` � mM �`#QH +QM MQ/Qb [m2 `2T`2b2Mi�M mM� T`2;mMi� U#�b�/�b 2M mM �i`B#miQVc
H�b `�K�b- H�b `2bTm2bi�b � H� T`2;mMi�c v H�b ?QD�b bBK#QHBx�M H� b�HB/� `2�H Q H� 2iB[m2i�
/2 +H�b2X GQb �`#QH2b /2 /2+BbBƦM b2 Tm2/2M 2ti2M/2` 7�+BHK2Mi2 T�`� �/KBMBbi`�` p�HQ`2b
+QMiBMmQb- i�MiQ 2M +�`�+i2`őbiB+�b +QKQ 2M 2H `2bmHi�/QX aB 2H `2bmHi�/Q 2bT2`�/Q 2b mM
p�HQ` +QMiBMmQ U;2M2`�HK2Mi2 mM MȹK2`Q `2�HV- b2 HH�K� �`#QH /2 `2;`2bBƦM U_QF�+? �M/
J�BKQM- kyy3VX aB mM �i`B#miQ 2b +QMiBMmQ- 2H MQ/Q +Q``2bTQM/B2Mi2 `2�HBx� mM� T�`iB+BƦM
/2H 2bT�+BQ /2H �i`B#miQ 2M /Qb Q K�b bm#2bT�+BQb /2 �+m2`/Q +QM mM� 7mM+BƦM /Bb+`2i�
HH�K�/� 7mM+BƦM /2 +Q`i2X 1M 2H +�bQ K�b bBKTH2- HQb MQ/Qb BMi2`MQb +QMbB/2`�M mM bQHQ
�i`B#miQ- HQ [m2 BKTHB+� [m2 H� 7mM+BƦM /2 +Q`i2 b2 HBKBi� � bm#/BpB/B` 2H 2bT�+BQ /2 �+m2`/Q
+QM 2H p�HQ` /2H �i`B#miQ UbB 2H �i`B#miQ 2b MmKû`B+Q- ;2M2`�HK2Mi2 b2 mb� mM `�M;Q +QKQ
mM HőKBi2VX �Hi2`M�iBp�K2Mi2- +�/� ?QD� Tm2/2 +QMi2M2` mM p2+iQ` /2 T`Q#�#BHB/�/ UQ �}@
MB/�/V [m2 BM/B+� H� T`Q#�#BHB/�/ /2 [m2 2H �i`B#miQ /2 b�HB/� i2M;� mM +B2`iQ p�HQ`X G�
};m`� kXRR Km2bi`� mM 2D2KTHQ /2 H� �THB+�+BƦM /2 �`#QH2b T�`� +H�bB}+�` T2`bQM�b +QM
Q#2bB/�/ �#QKBMQ@pBb+2`�H U1Hb�v2/ 2i �HX- kyy3VX lMQ /2 HQb T`BM+BT�H2b T`Q#H2K�b /2 2bi2

>0
.9
4

Indice
Cintura
Cadera

Sexo 
Biológico

Indice
Cintura
Cadera

Hom
bre

Mujer

<0.94
>0
.8
5

<0.85

Con 
Riesgo

Con 
Riesgo

Sin
Riesgo

Sin
Riesgo

6B;m`� kXRR, oBbm�HBx�+BƦM 2M 7Q`K� /2 �`#QHX .B72`2Mi2b p�HQ`2b /2H őM/B+2 +BMim`�@+�/2`�
DmMiQ +QM 2H b2tQ #BQHƦ;B+Q /2i2`KBM�` H� T`Q#�#BHB/�/ /2 i2M2` Q MQ `B2b;Q +�`/BQp�b+m@
H�` U1Hb�v2/ 2i �HX- kyy3VX

KQ/2HQ- 2b H� b2H2++BƦM /2 HQb �i`B#miQb T�`� /BpB/B` HQb /�iQbX S�`� 2HHQ 2tBbi2 mM� Kûi`B+�
[m2 /2i2`KBM� 2H MBp2H /2 BM+2`iB/mK#`2 [m2 2p�Hȹ�M 2H +QKTQ`i�KB2MiQ /2 HQb �`#QH2bX

9d



L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

SQ` 2D2KTHQ- bB b2 +m2Mi� +QM mM +QMDmMiQ /2 /�iQb /2 20 Km2bi`�b- H� KBi�/ bQM /2 H�
+H�b2 +m�/`�/Q v H� Qi`� KBi�/ +H�b2 +B`+mHQX �M�HBx�M/Q H� };m`� kXRk- b2 Tm2/2 pBbm�HBx�`
[m2 bB b2 `2�HBx� mM� T`BK2`� b2H2++BƦM /2 HQb /�iQb � T�`iB` /2 mM �i`B#miQ UTQ` 2D2KTHQ-
+QHQ`V b2 ;2M2`� mM +QMDmMiQ +QKTH2i�K2Mi2 ?QKQ;ûM2Q U2b /2+B`- 2b2 �i`B#miQ /2i2`KB@
M� +QKTH2i�K2Mi2 H� +H�b2V v iB2M2 BM+2`iB/mK#`2 KőMBK�, KB`�M/Q mM� Km2bi`� TQ` 2H
�i`B#miQ- MQ i2M2KQb /m/�b /2 +m�H 2b H� +H�bB}+�+BƦM /2 +m�H[mB2`� /2 bmb 2H2K2MiQbX 1M
2bi2 +�bQ- H� BM+2`iB/mK#`2 UQ 2Mi`QTő�V 2b 0X aB b2 �M�HBx� mM� Km2bi`� /QM/2 2H �i`B#miQ
;2M2`� +QMDmMiQb B;m�HK2Mi2 /Bbi`B#mB/Qb- +QKQ b2 2tTQM2 2M 2H �`#QH /2 H� /2`2+?� 2M H�
};m`� kXRk- H� BM+2`iB/mK#`2 2b H� K�b �Hi� [m2 b2 Tm2/2 Q#i2M2`X a2H2++BQM�` H� +H�b2 /2
mM� Km2bi`� 2[mBp�H2 � 2H2;B` mM� +H�b2 �H �x�`- TQ` HQ +m�H 2M 2bi2 +�bQ H� BM+2`iB/mK#`2
2b 1X

Atributo Atributo

Entropia = 0 Entropia = 0 Entropia = 1 Entropia = 1

6B;m`� kXRk, *QKTQ`i�KB2MiQ /2 H� Kûi`B+� 2Mi`QTő�X 1H �`#QH /2 H� Bx[mB2`/� Km2bi`� mM
+�bQ B/2�H- /QM/2 H�b Km2bi`�b ;2M2`�M +QMDmMiQb ?QKQ;ûM2QbX 1H �`#QH /2 H� /2`2+?� 2b
mM +�bQ +QM incertidumbre = 1- H� b2H2++BƦM /2 H� +H�b2 2b B;m�H � b2H2++BQM�` mM� +H�b2
�H �x�`X

a2 Tm2/2 /2}MB` 2bi� Kûi`B+� 7Q`K�HK2Mi2 /2 H� bB;mB2Mi2 K�M2`�,

E(S) =
C∑

n=1

−pi log2(pi), UkX9V

/QM/2 S 2b 2H +QMDmMiQ /2 Km2bi`�b- C 2b 2H MȹK2`Q /2 /B72`2Mi2b +H�bB}+�+BQM2b [m2
mb�KQb- v +�/� pi 2b H� T`QTQ`+BƦM /2 2D2KTHQb [m2 ?�v /2 H� +H�bB}+�+BƦM i 2M H� Km2bi`�X

1tBbi2 Qi`Q iBTQ /2 �`#QH2b- HQb 1ti`2K2Hv _�M/QKBx2/ h`22b U1_hV /QM/2 i�MiQ bmb
�i`B#miQb +QKQ H� b2H2++BƦM /2 TmMiQb /2 +Q`i2 b2 `2�HBx�M T�`+B�H Q iQi�HK2Mi2 /2 7Q`K�
�H2�iQ`B�X 1M mM +�bQ 2ti`2KQ- mM 1_h 2b +�T�x /2 +QMbi`mB` �`#QH2b /2 +H�bB}+�+BƦM +QK@
TH2i�K2Mi2 �H2�iQ`BQb +mv�b 2bi`m+im`�b bQM BM/2T2M/B2Mi2b /2 HQb p�HQ`2b /2 b�HB/� /2 H�
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L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

Km2bi`� /2 2Mi`2M�KB2MiQX G� +�MiB/�/ /2 �H2�iQ`B2/�/ b2 Tm2/2 �Dmbi�` T�`� Q#i2M2` +QK@
TQ`i�KB2MiQb 2bT2+ő}+Qb K2/B�Mi2 mM� 2H2++BƦM /2 T�`�K2i`Q �/2+m�/�X 1biQb T�`�K2i`Qb
BM+Hmv2M H� +�MiB/�/ /2 �i`B#miQb b2H2++BQM�/Qb �H2�iQ`B�K2Mi2 2M +�/� MQ/Q v 2H i�K�ƢQ
KőMBKQ /2 2H2K2MiQ T�`� mM MQ/QX A/2�HK2Mi2- 2biQb T�`�K2i`Qb /2#2`ő�M �/�Ti�`b2 �H
T`Q#H2K� 2bT2+ő}+Q- v� b2� K�Mm�H Q �miQK�iB+�K2Mi2 UTQ` 2D2KTHQ- K2/B�Mi2 2H mbQ /2
mM K2+�MBbKQ /2 p�HB/�+BƦM +`mx�/�V U:2m`ib 2i �HX- kyyeVX

kX9XkX .22T G2�`MBM;

�T`2M/Bx�D2 S`Q7mM/Q Q .22T G2�`MBM; U.GV 2b mM iBTQ /2 J�+?BM2 G2�`MBM; /QM/2
HQb KQ/2HQb miBHBx�/Qb 2bi�M +QKTm2biQb TQ` �H;Q`BiKQb /2 T`Q+2b�KB2MiQ KmHiB@+�T� +QM
2H Q#D2iBpQ /2 �T`2M/2` `2T`2b2Mi�+BQM2b �#bi`�+i�b bQ#`2 ;`�M/2b pQHȹK2M2b /2 /�iQbX 1M
2biQb KQ/2HQb /2 .G- +�/� mM� /2 H�b +�T�b iB2M2 +QKQ 7mM+BƦM 2ti`�2` Mm2p� BM7Q`K�+BƦM
bQ#`2 HQb /�iQb /2 2Mi`�/� v ;2M2`�` mM� Mm2p� `2T`2b2Mi�+BƦM T�`� H� +�T� bB;mB2Mi2X 1bi2
T`Q+2bQ 7mM+BQM� T`Q;`2bBp�K2Mi2 ?�bi� [m2 mM� +�T� }M�H ;2M2`2 HQb `2bmHi�/Qb +QKQ
b�HB/� /2H �H;Q`BiKQX

.G �+im�HK2Mi2 2b mM� i2+MQHQ;ő� `2+m``2Mi2 T�`� `2bQHp2` /BbiBMiQb T`Q#H2K�b 2M o*X
1bi�b `2/2b Q#iB2M2M ;`�M TQTmH�`B/�/ 2M T`Q#H2K�b /2 `2+QMQ+BKB2MiQ /2 pQx- `2+QMQ+B@
KB2MiQ /2 Q#D2iQb pBbm�H2b- /2i2++BƦM /2 Q#D2iQb v Km+?Qb Qi`Qb /QKBMBQbX :`�+B�b � HQb
`2+B2Mi2b �p�M+2b bQ#`2 +H�bB}+�+BƦM v /2i2++BƦM /2 Q#D2iQb 2M BK�;2M2b- ?� #2M2}+B�/Q
� Qi`�b �`2�b /2 H� +B2M+B� +QKQ H� �`[m2QHQ;ő�- K2/B+BM� v #BQHQ;ő� �TQ`i�M/Q bQHm+BQM2b
�Mi2b BKT2Mb�/�bX 1M 2H +�KTQ /2 H�b BK�;2M2b Kû/B+�b Km+?Qb 2bim/BQb ?�M /2KQbi`�@
/Q `2bmHi�/Qb T`QK2i2/Q`2b 2M /B�;MƦbiB+Qb +QKTH2DQb [m2 �#�`+�M /2`K�iQHQ;ő� U1bi2p�
2i �HX- kyRd- >�2MbbH2 2i �HX- kyR3V- `�/BQHQ;ő� U*?2M; 2i �HX- kyRe- *B+2`Q 2i �HX- kyRdV-
Q7i�HKQHQ;ő� U:mHb?�M 2i �HX- kyRe- SQTHBM 2i �HX- kyR3#V v T�iQHQ;ő� U*B`2Ȕ�M 2i �HX- kyRj-
*?�`Q2MiQM; 2i �HX- kyRdVX GQb bBbi2K�b /2 �T`2M/Bx�D2 T`Q7mM/Q TQ/`ő�M �vm/�` � HQb Kû@
/B+Qb Q7`2+B2M/Q b2;mM/�b QTBMBQM2b v b2Ƣ�H�M/Q �`2�b `2H�+BQM�/�b +QM H�b BK�;2M2bX lM
+�bQ T�`iB+mH�` /2 �H;Q`BiKQ KmHiB@+�T� 2M .G bQM H�b `2/2b +QMpQHm+BQM�H2b Q *QMpQHmiBQM�H
L2m`�H L2irQ`Fb U*LLV UG2*mM 2i �HX- kyR8- _mbb�FQpbFv 2i �HX- kyR8VX
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L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

S`Q+2bQ /2 2Mi`2M�KB2MiQ *LL

1H ûtBiQ T�`� 2Mi`2M�` 2biQb KûiQ/Qb b2 #�b� 2M +QM+2TiQb +QKQ, T2bQb- 7mM+BƦM /2
QTiBKBx�+BƦM v 7mM+BƦM /2 Tû`/B/�X � KQ/Q /2 2D2KTHQ- T2Mb2KQb [m2 b2 M2+2bBi� mM
+H�bB}+�/Q` /2 T�iQHQ;ő�b � T�`iB` /2 BK�;2M2b Kû/B+�bX �THB+�M/Q �T`2M/Bx�D2 bmT2`pBb�/Q-
v +QM mM ;`�M +QMDmMiQ /2 BK�;2M2b UiQKQ;`�7ő�b TQ` 2D2KTHQV- +�/� mM� 2iB[m2i�/� +QM
mM� T�iQHQ;ő�- b2 /Bb2Ƣ� mM 2Mi`2M�KB2MiQ T�`� mM� *LLX .m`�Mi2 2H 2Mi`2M�KB2MiQ- b2 /�
+QKQ 2Mi`�/� mM� BK�;2M � H� `2/- H� +m�H T`Q/m+2 mM p2+iQ` /2 b�HB/� 2M /QM/2 +�/� mMQ /2
bmb +QKTQM2Mi2b +Q``2bTQM/2 � mM� +�i2;Q`ő� [m2 b2 [mB2`2 +H�bB}+�`X a2 [mB2`2 HQ;`�` [m2
H� TQbB+BƦM 2M 2H p2+iQ` [m2 i2M;� 2H p�HQ` K�b �HiQ b2� H� [m2 +Q``2bTQM/2 � H� +�i2;Q`ő�
2iB[m2i�/� UH� /2i2`KBM�/� TQ` 2H +QMDmMiQ /2 /�iQb /2 2Mi`2M�KB2MiQVX 1biQ 2b TQ+Q
T`Q#�#H2 [m2 bm+2/� �Mi2b /2H 2Mi`2M�KB2MiQ TQ` HQ +m�H /2#2KQb +�H+mH�` K2/B�Mi2 mM�
7mM+BƦM- 2H 2``Q` UQ /Bbi�M+B�V 2Mi`2 HQb p2+iQ`2b `2bmHi�Mi2b v HQb 2bT2`�/QbX � 2bi� 7mM+BƦM
b2 H� /2MQKBM� 7mM+BƦM /2 Tû`/B/�X � T�`iB` /2H 2``Q` +�H+mH�/Q b2 KQ/B}+�M HQb T�`�K2i`Qb
BMi2`MQb �Dmbi�#H2b T�`� `2/m+B` 2bi2 2``Q` 2M H� T`ƦtBK� Bi2`�+BƦM [m2 H� `2/ p2� H� KBbK�
BK�;2MX 1biQb T�`�K2i`Qb �Dmbi�#H2b- HH�K�/Qb T2bQb- bQM MȹK2`Qb `2�H2b [m2 /2}M2M H�
7mM+BƦM /2 2Mi`�/�@b�HB/� /2 +�/� +�T� /2 H� *LLX 1M mM� `2/- Tm2/2 ?�#2` +B2MiQb /2
KBHHQM2b /2 2biQb T2bQb �Dmbi�#H2b- TQ` HQ +m�H 2b M2+2b�`BQ +QMi�` +QM mM� 2bi`�i2;B� T�`�
KQ/B}+�`HQbX S�`� �Dmbi�` �/2+m�/�K2Mi2- HQb �H;Q`BiKQb /2 �T`2M/Bx�D2 +�H+mH�M mM p2+iQ`
/2 ;`�/B2Mi2 [m2- T�`� +�/� T2bQ- BM/B+� 2M [mû +�MiB/�/ 2H 2``Q` �mK2Mi�`ő� Q /BbKBMmB`ő�
bB 2H T2bQ �mK2Mi�`�X 1H p2+iQ` /2 T2bQ b2 �Dmbi� 2M H� /B`2++BƦM QTm2bi� �H p2+iQ` /2
;`�/B2Mi2X

1M H� T`�+iB+�- b2 miBHBx� mM T`Q+2/BKB2MiQ HH�K�/Q /2b+2MbQ /2 ;`�/B2Mi2 2biQ+�biB+Q
Q 2M BM;Hûb aiQ+?�biB+ :`�/B2Mi .2b+2Mi Ua:.V [m2 +QMbBbi2 2M BM;`2b�` � H� `2/ mM bm#@
+QMDmMiQ /2 2D2KTHQb- +�H+mH�` H�b b�HB/�b v HQb 2``Q`2b- +�H+mH�` 2H ;`�/B2Mi2 T`QK2/BQ T�`�
2bQb 2D2KTHQb v �Dmbi�` HQb T2bQb 2M +QMb2+m2M+B�X 1bi2 T`Q+2bQ b2 `2TBi2 T�`� /BbiBMiQb
+QMDmMiQb /2 2D2KTHQb ?�bi� [m2 2H T`QK2/BQ /2 H� 7mM+BƦM Q#D2iBpQ /2Dû /2 /BbKBMmB`X 1bi2
T`Q+2/BKB2MiQ bBKTH2 ;2M2`�HK2Mi2 2M+m2Mi`� mM #m2M +QMDmMiQ /2 T2bQb bQ`T`2M/2Mi2@
K2Mi2 `�TB/QX �/2K�b /2 a:.- 2tBbi2M Qi`Qb iBTQb /2 �H;Q`BiKQb /2 QTiBKBx�+BƦM +QKQ
TQ` 2D2KTHQ �.�J- L1ah1_Poa v LPL1- T�`� H� +m�H +�/� mMQ iB2M2 bmb T�`iB+mH�@
`B/�/2b v K2DQ`�M bm 7mM+BQM�KB2MiQ b2;ȹM 2H T`Q#H2K� [m2 b2 [mB2`2 `2bQHp2`X .2bTmûb
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L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

/2H 2Mi`2M�KB2MiQ- 2H `2M/BKB2MiQ /2 H� `2/ b2 KB/2 2M mM +QMDmMiQ /B72`2Mi2 /2 2D2KTHQb
HH�K�/Q +QMDmMiQ /2 T`m2#�X 1biQ bB`p2 T�`� +QKT`Q#�` H� +�T�+B/�/ /2 ;2M2`�HBx�+BƦM /2H
bBbi2K� DmMiQ +QM bm +�T�+B/�/ /2 T`Q/m+B` b�HB/�b �+Q`/2b T�`� Mm2p�b 2Mi`�/�b [m2 MmM+�
?� pBbiQ /m`�Mi2 2H 2Mi`2M�KB2MiQX

� H� ?Q`� /2 2Mi`2M�` H�b `2/2b mM T`Q#H2K� +QKȹM 2b 2H bQ#`2@2Mi`2M�KB2MiQ- 2biQ
bB;MB}+� [m2 2H �H;Q`BiKQ /2 �T`2M/Bx�D2 [m2/� �Dmbi�/Q � mM�b +�`�+i2`őbiB+�b Kmv 2bT2+ő@
}+�b /2 HQb /�iQb /2 2Mi`2M�KB2MiQ- HQ +m�H /2i2`KBM� [m2 2H bBbi2K� MQ Tm2/2 ;2M2`�HBx�`
+QM /�iQb /2b+QMQ+B/Qb 2M 2H T`Q+2bQ /2 2Mi`2M�KB2MiQX 1b TQ` 2HHQ [m2 b2 miBHBx�M KûiQ@
/Qb /2 `2;mH�`Bx�+BƦM- HQb +m�H2b BMi`Q/m+2M BM7Q`K�+BƦM �/B+BQM�H T�`� BKT2/B` 2H bQ#`2@
2Mi`2M�KB2MiQX 1M H�b `2/2b 2tBbi2M p�`B�b iû+MB+�b /2 `2;mH�`Bx�+BƦM +QKQ TQ` 2D2KTHQ
`2;mH�`Bx�+BƦM TQ` GR v Gk [m2 #�bB+�K2Mi2 +QMbBbi2 2M �;`2;�`H2 mM iû`KBMQ � H� 7mM+BƦM
/2 Tû`/B/�X

� /B72`2M+B� /2 HQb �H;Q`BiKQb /2 J�+?BM2 G2�`MBM; pBbiQb �Mi2`BQ`K2Mi2 2biQb KQ/2HQb
`2bm2Hp2M T`Q#H2K�b [m2 `2[mB2`2M [m2 H� 7mM+BƦM /2 2Mi`�/�@b�HB/� b2� BMp�`B�Mi2 � +�K#BQb
B``2H2p�Mi2b /2 H� 2Mi`�/�- +QKQ p�`B�+BQM2b 2M H� TQbB+BƦM- Q`B2Mi�+BƦM Q BHmKBM�+BƦM /2 mM
Q#D2iQ T2`Q Kmv b2MbB#H2 � p�`B�+BQM2b KBMm+BQb�b T�`iB+mH�`2bX �/2K�b [m2 HQb KQ/2HQb /2
JG i`�/B+BQM�H2b `2[mB2`2M /2 mM #m2M 2ti`�+iQ` /2 +�`�+i2`őbiB+�b [m2 T`Q/mx+�M `2T`2b2M@
i�+BQM2b [m2 b2�M b2H2+iBp�b � HQb �bT2+iQb /2 H� BK�;2MX GQb +m�H2b bQM BKTQ`i�Mi2b T�`�
H� /Bb+`BKBM�+BƦM- T2`Q BMp�`B�Mi2b � �bT2+iQb B``2H2p�Mi2bX hQ/Q 2H T`2T`Q+2b�KB2MiQ Tm2/2
2pBi�`b2 bB H�b #m2M�b +�`�+i2`őbiB+�b b2 Tm2/2M �T`2M/2` �miQK�iB+�K2Mi2 K2/B�Mi2 mM
T`Q+2/BKB2MiQ /2 �T`2M/Bx�D2 /2 T`QTƦbBiQ ;2M2`�HX 1bi� 2b H� p2Mi�D� +H�p2 /2H �T`2M/Bx�D2
T`Q7mM/QX

�`[mBi2+im`�b /2 `2/

G� �`[mBi2+im`� /2 H�b `2/2b M2m`QM�H2b b2 +QMbi`mv2 � T�`iB` /2 j iBTQb /2 +�T�bc *�T�
/2 2Mi`�/�, /�iQb BMB+B�H2b T�`� H� `2/ M2m`QM�Hc *�T�b Q+mHi�b, +�T� BMi2`K2/B�- 2H Hm;�`
/QM/2 b2 `2�HBx� iQ/Q 2H +�H+mHQc v TQ` ȹHiBKQ H� *�T� /2 b�HB/�, T`Q/m+2 2H `2bmHi�/Q Uo2`
};m`� kXRjVX *�/� +�T� +QMiB2M2 mM� +�MiB/�/ /2 MQ/Qb HQb +m�H2b +QK#BM�M H�b 2Mi`�/� /2
HQb /�iQb +QM HQb T2bQb- [m2 �KTHB}+�M Q �KQ`iB;m�M 2b� 2Mi`�/�- �bB;M�M/Q �bő BKTQ`i�M+B�
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L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

CAPA
ENTRADA

CAPA
OCULTA

CAPA
SALIDA

RESULTADO

NODOS

NODOS

NODOS

PESOS

PESOS

VARIABLES
ENTRADA

VARIABLES
ENTRADA

VARIABLES
ENTRADA

6B;m`� kXRj, �`[mBi2+im`� /2 +�T�b 2M `2/2b M2m`QM�H2bX

� H�b 2Mi`�/�b +QM `2bT2+iQ � H� i�`2� [m2 2H �H;Q`BiKQ 2bi� i`�i�M/Q /2 �T`2M/2`X 1biQb
T2bQb /2 2Mi`�/� b2 T`QK2/B�M v miBHBx�M/Q mM� 7mM+BƦM /2 �+iBp�+BƦM b2 /2i2`KBM� bB 2b�
2Mi`�/� /2#2 T`Q;`2b�` Q MQ � i`�pûb /2 H� `2/ v 2M [mû K2/B/� /2#2M �72+i�` 2H `2bmHi�/Q
}M�HX 1tBbi2M /B72`2Mi2b 7mM+BQM2b /2 �+iBp�+BƦM [m2 Tm2/2M miBHBx�`b2 2M +�/� MQ/Q- bB
#B2M ?�v mM �#�MB+Q BMK2MbQ /2 7mM+BQM2b TQ/2KQb +Bi�` �H;mM�b /2 H�b K�b miBHBx�/�b
_2Gl- H2�Fv_2Gl- bB;KQB/- bQ7iK�t v h�L>X *QKQ 2bi2 iBTQ /2 +�T�b +QMiB2M2 MQ/Qb
iQi�HK2Mi2 +QM2+i�/Qb 2Mi`2 bő- b2 H�b /2MQKBM� +�T�b 7mHHv +QMM2+i2/X S�`iB+mH�`K2Mi2 H�b
`2/2b M2m`QM�H2b +QMpQHm+BQM�H2b bQM `2/2b KmHiB@+�T� [m2 i`�#�D�M +QM BK�;2M2b �THB+�M/Q
QT2`�+BQM2b /2 +QMpQHm+BƦMX G� M2+2bB/�/ /2 bm 2tBbi2M+B� 2bi� /�/� � [m2 H� miBHBx�+BƦM
/2 +�T�b iQi�HK2Mi2 +QM2+i�/�b U+QKQ H�b 2tTHB+�/�b �Mi2`BQ`K2Mi2V b2`ő� BMpB�#H2- v� [m2
bQHQ +QM mM� BK�;2M 100x100 b2 Q#iB2M2 10,000 MQ/Qb T�`� +�/� +�T�- HQ +m�H 2b mM
MȹK2`Q +QMbB/2`�#H2 BM+HmbQ 2M mM� `2/ /2 TQ+� T`Q7mM/B/�/X G� QT2`�+BƦM /2 +QMpQHm+BƦM
#`BM/� mM� bQHm+BƦM � 2bi2 T`Q#H2K�- v� [m2 `2/m+2 2H MȹK2`Q /2 T�`�K2i`Qb- T2`KBiB2M/Q
[m2 H� `2/ +QMi2M;� mM +QMDmMiQ K�vQ` /2 +�T�b UK�b T`Q7mM/B/�/V +QM K2MQb T2bQb T�`�
�Dmbi�`X 1bi2 iBTQ /2 `2/ +QMbi�- /2 �H K2MQb i`2b iBTQb /2 +�T�b- H�b 7mHHv +QMM2+i2/- H�b
+QMpQHm+BQM�H2b v H�b +�T�b /2 TQQHBM;X
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L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

*�T� +QMpQHm+BQM�HX 1M 2bi�b +�T�b b2 `2�HBx�M QT2`�+BQM2b K�i`B+B�H2b 2Mi`2 HQb /�iQb
/2 2Mi`�/� UTm2/2 b2` H� b�HB/� /2 mM� +�T� �Mi2`BQ`V v mM� K�i`Bx UF2`M2H Q }Hi`QV /2}MB/Qb
2M H� +�T� �+im�HX a2 b2H2++BQM� mM +QMDmMiQ /2 TBt2H2b p2+BMQb U/2}MB/Q TQ` HQb T�`�K2i`Qb
/2 H� +�T�V 2M H� BK�;2M BMB+B�H v b2 QT2`� K�i2K�iB+�K2Mi2 +QM 2H F2`M2H � K2/B/� [m2
2H KBbKQ b2 /2bTH�x� bQ#`2 iQ/� H� BK�;2MX 1M 2bi2 T`Q+2bQ b2 Q#iB2M2 mM� Mm2p� K�i`Bx
UBK�;2MV }Hi`�/� TQ` 2H F2`M2HX :2M2`�HK2Mi2 2tBbi2M +�bQb /QM/2 MQ b2 �THB+� bQHQ mM
F2`M2H- bBMQ [m2 b2 �THB+�M mM +QMDmMiQ U/2MQKBM�/Q }Hi`QbV- TQ` HQ +m�H b2 Q#iB2M2 mM�
b�HB/� /2 K�b /2 mM� K�i`BxX � 2bi2 +QMDmMiQ /2 K�i`B+2b `2bmHi�Mi2b b2 HQ /2MQKBM�
72�im`2 K�TTBM;X G� 2Mi`�/� � 2bi2 iBTQ /2 +�T� b2 Tm2/2 2D2KTHB}+�` +QKQ mM� K�i`Bx /2
n× h×w × p /QM/2 n 2b 2H MȹK2`Q /2 BK�;2M2b- h v w H� �Him`� v 2H �M+?Q /2 H� BK�;2M
v p H� T`Q7mM/B/�/X Gm2;Q /2 BM;`2b�` � mM� +�T� +QMpQHm+BQM�H- H� BK�;2M b2 �#bi`�2 2M
mM 72�im`2 K�TTBM; /2 n× k × s × r - /QM/2 n 2b 2H MȹK2`Q /2 BK�;2M2b- k - s v r bQM H�
�Him`�- �M+?Q v T`Q7mM/B/�/ /2H K�T� /2 72�im`2bX lM� +�T� +QMpQHm+BQM�H /2Mi`Q /2 mM�
`2/ M2m`QM�H /2#2 +QMi�` +QM HQb bB;mB2Mi2b �i`B#miQb, kernels +QMpQHm+BQM�H2b /2}MB/Qb
TQ` mM �M+?Q v �HiQ U?BT2` T�`�K2i`QbV- 2H MȹK2`Q /2 +�M�H2b /2 2Mi`�/� v +�M�H2b /2
b�HB/� U?BT2` T�`�K2i`QVX h�K#BûM /2#2 +QMi�` +QM H� T`Q7mM/B/�/ /2H }Hi`Q /2 +QMpQHm+BƦM
UHQb +�M�H2b /2 2Mi`�/�V HQb +m�H2b /2#2M b2` B;m�H � H� +�MiB/�/ /2 +�M�H2b UT`Q7mM/B/�/V
/2H K�T� /2 +�`�+i2`őbiB+�b UQ BK�;2MV /2 2Mi`�/�X

*�T� /2 TQQHBM;X 1M �H;mMQb +�bQ 2b M2+2b�`BQ +QMi�` +QM +�T�b [m2 T2`KBi� `2@
/BK2MbBQM�` HQb /�iQb- v� b2� T�`� miBHBx�` +QKQ +�T�b BMi2`K2/B� /2Mi`Q /2 H� `2/ Q
T�`� ;2M2`�` H� b�HB/� +QM HQb i�K�ƢQb /2b2�/QbX G� `2@/BK2MbBƦM /2#2 ?�+2`b2 i2MB2M/Q 2M
+m2Mi� H�b +�`�+i2`őbiB+�b K�b BKTQ`i�Mi2b [m2 b2 /2i2+i�`QM T�`� +�/� }Hi`Q- 2b /2+B` MQ
Tm2/2 `2�HBx�`b2 �H �x�`- b2 M2+2bBi� mM� 2bi`�i2;B�b T�`� 2HHQX 1tBbi2M p�`B�b �Hi2`M�iBp�b-
�[mő b2 /2i�HH�`� H�b K�b +QMQ+B/�b [m2 +QMbBbi2 2M +QK#BM�` H�b 2Mi`�/�b /2 mM� +�T�
K2/B�Mi2 mM� QT2`�+BƦM #�bB+�X .2Mi`Q /2 H� +�T� b2 +QK#BM� H� 2Mi`�/� 2M T2[m2ƢQb
;`mTQb- iőTB+�K2Mi2 2x2X S�`� H� +�T� /2MQKBM�/� J�tSQQHBM; Uu�K�;m+?B 2i �HX- RNNyV-
H� b2H2++BƦM /2H p�HQ` /2 `2iQ`MQ b2 `2�HBx� [m2/�M/Qb2 +QM 2H p�HQ` K�tBKQ /2 2b2 ;`mTQ-
T�`� �p2`�;2SQQHBM; UG2*mM 2i �HX- RNN3V b2 `2iQ`M� mM p�HQ` T`QK2/BQX .2 2bi� K�M2`�-
bB b2 miBHBx� mM� p2+BM/�/ 2x2- H� +�T� `2/m+2 H�b /BK2MbBQM2b /2 HQb /�iQb � H� KBi�/X
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L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

�T`2M/Bx�D2 TQ` i`�Mb72`2M+B�

1H /Bb2ƢQ /2 H� �`[mBi2+im`� 2b mM �bT2+iQ 7mM/�K2Mi�H T�`� /2i2`KBM�` 2H ûtBiQ /2 H�
`2/ M2m`QM�HX 1bi�b KBbK�b `2/2b ?�M /2KQbi`�/Q mM #m2M `2M/BKB2MiQ 2M 2H �T`2M/Bx�D2
TQ` i`�Mb72`2M+B� UuQbBMbFB 2i �HX- kyR9VX 1bi2 +QM+2TiQ T2`KBi2 [m2 mM� *LL T`Q#�/�
v 2Mi`2M�/� 2M mM +QMDmMiQ /2 /�iQb K�bBpQ [m2 MQ 2bi� `2H�+BQM�/Q +QM H� i�`2� /2
BMi2`ûb UTQ` 2D2KTHQ- AK�;2L2ik- mM +QMDmMiQ /2 /�iQb /2 KBHHQM2b /2 Q#D2iQb /2 mbQ
+QiB/B�MQV b2 �Dmbi2 � mM +QMDmMiQ /2 /�iQb K�b T2[m2ƢQ UTQ` 2D2KTHQ- mM +QMDmMiQ /2
BK�;2M2b Kû/B+�bVX 1H �H;Q`BiKQ �T`Qp2+?� ;`�M/2b +�MiB/�/2b /2 /�iQb T�`� �T`2M/2` H�b
2bi�/őbiB+�b M�im`�H2b 2M BK�;2M2b UHőM2�b `2+i�b- +m`p�b- +QHQ`�+BQM2b- 2i+XV v 2M 2H b2;mM/Q
T�bQ- H�b +�T�b /2 MBp2H bmT2`BQ` /2H �H;Q`BiKQ b2 pm2Hp2M � 2Mi`2M�`X

6BM�HBx�/Q 2H K�`+Q i2Ʀ`B+Q- HQb T`ƦtBKQb +�TőimHQb b2 +2Mi`�`�M 2M bQHm+BQM�`- miBHBx�M/Q
H�b i2+MQHQ;ő�b v� /2b+`BTi�b- /B72`2Mi2b T`Q#H2K�b 2M 2H +�KTQ /2 H� +�`�+i2`Bx�+BƦM /2H
72MQiBTQ ?mK�MQX 1M 2H +�TőimHQ i`2b b2 /2i�HH�M HQb T`QiQ+QHQb /2 +�Tim`� /2 DmMiQ +QM H�
/2b+`BT+BƦM /2 HQb /�iQb miBHBx�/Qb � HQ H�`;Q /2 iQ/� 2bi� BMp2biB;�+BƦMX
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*�TőimHQ j

*QH2+i� /2 /�iQb

*QKQ T�`i2 /2H /2b�``QHHQ BMB+B�H /2 2bi� BMp2biB;�+BƦM b2 HH2pƦ �/2H�Mi2 H� +`2�+BƦM v
2D2+m+BƦM /2 /Qb ;`�M/2b T`Qv2+iQb [m2 impB2`QM +QKQ Q#D2iBpQ T`BM+BT�H- +QMbi`mB` mM #�M+Q
/2 /�iQb 2M iQ`MQ � H� TQ#H�+BƦM /2 Sm2`iQ J�/`vMX 1M 2bi2 +�TőimHQ- b2 /2b+`B#2 2M /2i�HH2
2bi2 #�M+Q /2 /�iQb, bm +QKTQbB+BƦM v +�`�+i2`őbiB+�b +QKQ �bő i�K#BûM HQb T`QiQ+QHQb
miBHBx�/Qb v H�b +�KT�Ƣ�b /2 /BpmH;�+BƦMX

jXRX S`Qv2+iQ S�i�;QMB� j. G�#

1H T`Qv2+iQ S�i�;QMB� j. G�# +QK2MxƦ +QKQ mM� B/2� +QMDmMi� /2H :A"1> U:`mTQ
/2 AMp2biB;�+BƦM 2M "BQHQ;ő� 1pQHmiBp� >mK�M�V v 2H G*A UG�#Q`�iQ`BQ /2 *B2M+B�b /2
H�b AK�;2M2b- lMBp2`bB/�/ L�+BQM�H /2H am`V +QM 2H Q#D2iBpQ T`BM+BT�H /2 /2b�``QHH�` mM�
�THB+�+BƦM KƦpBH [m2 7m2`� +�T�x /2 +`2�` KQ/2HQb j. /2H +m2`TQ ?mK�MQ �T`Qp2+?�M/Q
+�`�+i2`őbiB+�b /2 ?�`/r�`2 /2 HQb /BbTQbBiBpQb KƦpBH2b U+2HmH�`2b v i�#H2ibV v bm T`2b2M+B�
K�bBp� 2M H� pB/� +QiB/B�M�X SQ` 2bi� `�xƦM- H� �THB+�+BƦM b2`ő� +�T�x /2 `2�HBx�` �M�HBbBb
pQHmKûi`B+Qb bQ#`2 HQb KQ/2HQb j.- Q#i2MB2M/Q /Bp2`bQb őM/B+2b [m2 �vm/2M � T`Q72bBQM�H2b
/2 H� b�Hm/ 2M 2H /B�;MƦbiB+Q v i`�i�KB2MiQ /2 KȹHiBTH2b T�iQHQ;ő�b ?�+B2M/Q ?BM+�TBû 2M 2H
bQ#`2T2bQ +QKQ T`Q#H2K�iB+� 2TB/ûKB+� +2Mi`�HX

� T`BM+BTBQb /2 kyR9 +m�M/Q b2 Q`B;BMƦ 2bi2 T`Qv2+iQ- H�b 2bi�/őbiB+�b b2Ƣ�H�#�M [m2
K�b /2 RNyy KBHHQM2b /2 �/mHiQb 2M iQ/Q 2H KmM/Q i2Mő�M bQ#`2T2bQX 1H �mK2MiQ /2H T2bQ

88



L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

+Q`TQ`�H T`QK2/BQ- i�MiQ 2M T�őb2b /2b�``QHH�/Qb +QKQ 2K2`;2Mi2b- 2bi� `2H�+BQM�/Q +QM mM
+�K#BQ /2 T�`�/B;K� 2M H� �HBK2Mi�+BƦMX _2�HBx�` mM /B�;MƦbiB+Q i2KT`�MQ v b2;mBKB2MiQ
/2 H� 2pQHm+BƦM /2H 2bi�/Q Mmi`B+BQM�H /2H T�+B2Mi2 `2bmHi� 7mM/�K2Mi�H- T2`Q �+im�HK2M@
i2 H�b 2p�Hm�+BQM2b b2 #�b�M 2M H� iQK� /2 mM +QMDmMiQ /2 K2/B/�b �Mi`QTQKûi`B+�b [m2
/2K�M/�M iB2KTQ v +QMiB2M2M mM K�`;2M /2 2``Q` BKTQ`i�Mi2X G� �miQK�iBx�+BƦM /2 2b@
i�b i�`2�b- � i`�pûb /2H `2;Bbi`Q /2 BK�;2M2b i`B/BK2MbBQM�H2b- T2`KBiB`ő� Q#i2M2` K2DQ`2b
`2bmHi�/QbX 1M H� �+im�HB/�/- H� Q#i2M+BƦM �miQK�iB+� /2 K2/B/�b �Mi`QTQKûi`B+�b Tm2/2
b2` HH2p�/� � +�#Q TQ` K2/BQ /2 H� miBHBx�+BƦM /2 /BbTQbBiBpQb /2 2b+�M2QX SQ` /2b;`�+B�- 2H
K2`+�/Q Q7`2+2 TQ+�b Q MmH�b QT+BQM2b �b2[mB#H2b T�`� H�b BMbiBim+BQM2b /2 b�Hm/ [m2 H�b
M2+2bBi�M- BKTQbB#BHBi�M/Q bm Q#i2M+BƦM v miBHBx�+BƦM 2M H� T`�+iB+� Kû/B+� ?�#Bim�HX *QKQ
;`�M/2b /2bp2Mi�D�b- 2biQb /BbTQbBiBpQb bmTQM2M mM ;`�M /2b2K#QHbQ 2+QMƦKB+Q T�`� bm
�/[mBbB+BƦM v mM iB2KTQ /2 2Mi`2M�KB2MiQ +QMbB/2`�#H2 T�`� 2H K�M2DQ /2H bQ7ir�`2 �bQ+B�@
/QX 1b TQ` 2bQ [m2 H� �Hi2`M�iBp� T`QTm2bi� TQ` HQb KB2K#`Qb /2H T`Qv2+iQ 7m2 /2b�``QHH�`
mM� �THB+�+BƦM pBM+mH�/� � mM b2`pB+BQ 2M H� Mm#2- +�T�x /2 +`2�` KQ/2HQb j. /2H +m2`@
TQ /2H T�+B2Mi2 K2/B�Mi2 2H mbQ /2 mM /BbTQbBiBpQ KƦpBH +QM +�K�`� Ui2Hû7QMQ Q i�#H2iV 2M
+QK#BM�+BƦM +QM �H;Q`BiKQb �p�Mx�/Qb /2 pBbBƦM +QKTmi�+BQM�HX *QKQ `2bmHi�/Q- 2bi� �THB@
+�+BƦM T2`KBiB`ő� Q#i2M2` p�`B�#H2b �Mi`QTQKûi`B+�b T�`� /2i2`KBM�` v +m�MiB}+�` H� 7Q`K�
+Q`TQ`�H /2 K�M2`� �miQK�iB+� K2/B�Mi2 mM T`Q+2/BKB2MiQ bBKTH2- `�TB/Q- MQ BMp�bBpQ v
bQ#`2 iQ/Q- �++2bB#H2X G� bQHm+BƦM T`2b2Mi�/� 7m2 b2H2++BQM�/� /2Mi`Q /2 mM� +QMpQ+�iQ`B�
BKTmHb�/� TQ` 2H *2Mi`Q /2 AMMQp�+BƦM h2+MQHƦ;B+� 1KT`2b�`B�H v aQ+B�H U*Ah1aVX 1bi�
Q`;�MBx�+BƦM 2b mM� �+2H2`�/Q`� 2 BM+m#�/Q`� /2 2KT`2b�b /2H :`mTQ a�M*Q` a2;m`Qb- [m2
#`BM/� �TQvQ }M�M+B2`Q v `2+m`bQb � 2KT`2M/2/Q`2b i2+MQHƦ;B+QbX 1M H� 2/B+BƦM kyRe /2 bm
S`Q;`�K� *Ah1a A/2�bR b2 T`2b2Mi�`QM Rkk T`Qv2+iQb T`Qp2MB2Mi2b /2 /Bp2`bQb TmMiQb /2H
T�őb- G�iBMQ�Kû`B+�- *�M�/� v 1bi�/Qb lMB/QbX Zm2/�`QM /B2x }M�HBbi�b v /Qb `2bmHi�`QM
;�M�/Q`2b- bB2M/Q mMQ /2 2HHQb S�i�;QMB� j. G�#X

R*Ah1a A/2�b T`2KB� � bi�`imTb BMMQp�/Q`�b [m2 +QMi`B#mv2M �H /2b�``QHHQ /2 bQHm+BQM2b T�`� K2`+�/Qb
`2;BQM�H2b v ;HQ#�H2b
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L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

6B;m`� jXR, *�KT�Ƣ� /2 +QMpQ+�iQ`B� 2M `2/2b bQ+B�H2bX

jXkX *�KT�Ƣ� /2 oQHmMi�`BQb

G� }M�M+B�+BƦM Q#i2MB/� +QKQ T`2KBQ /2 �[m2H T`Q;`�K� T2`KBiBƦ HH2p�` � +�#Q mM�
+�KT�Ƣ� /2 `2+QH2++BƦM /2 /�iQb 2M H� +Bm/�/ /2 Sm2`iQ J�/`vMX GQb pQHmMi�`BQb 7m2`QM
+QMpQ+�/Qb K2/B�Mi2 /BpmH;�+BƦM � i`�pûb /2 `2/2b bQ+B�H2b v K2/BQb /2 +QKmMB+�+BƦM
HQ+�H2b Uo2` 6B;m`� jXRVX � +�/� T2`bQM� b2 H2 +QMi�#� �+2`+� /2 HQb Q#D2iBpQb /2H T`Qv2+iQ
2M mM� *�`iBHH� /2 AM7Q`K�+BƦM- pû�b2 2M �TûM/B+2 �X aB H� T2`bQM� 2bi�#� /2 �+m2`/Q- b2
T`Q+2/ő� � }`K�` mM hû`KBMQ /2 *QMb2MiBKB2MiQ GB#`2 2 AM7Q`K�/Q- 2M 2H [m2 2tT`2b�#�
bm pQHmMi�/ /2 T�`iB+BT�`X hQ/� H� /Q+mK2Mi�+BƦM v 2H T`Q+2/BKB2MiQ /2 `2;Bbi`Q- �M�HBbBb
v �HK�+2M�KB2MiQ /2 H� BM7Q`K�+BƦM +QMiƦ +QM 2H �p�H /2H *QKBiû /2 "BQûiB+� /2H �`2�
S`Q;`�K�iB+� LQ`i2- *?m#miX 1H /Q+mK2MiQ /2 �p�H /2 2bi2 T`Qv2+iQ Tm2/2 Q#b2`p�`b2 2M
2H �TûM/B+2 " X
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L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

jXjX S`QiQ+QHQ /2 `2+QH2++BƦM /2 /�iQb

G� +�KT�Ƣ� /2 `2+QH2++BƦM /2 /�iQb +QMbBbiBƦ 2M H� iQK� /2 K2/B/�b �Mi`QTQKûi`B+�b
+H�bB+�b 2 őM/B+2b �bQ+B�/Qb �H 2bi�/Q Mmi`B+BQM�H /2 HQb pQHmMi�`BQb- �+QKT�Ƣ�/Q TQ` H� iQK�
/2 BK�;2M2b j. TQ` K2/BQ /2 mM /BbTQbBiBpQ /2 2b+�M2QX 1H ;`mTQ /2 pQHmMi�`BQb +QMiƦ +QM
154 BM/BpB/mQb 2M iQi�H +QM mM T`QK2/BQ /2 2/�/ /2 39 ± 13 �ƢQbX 1H 2b+�M2` miBHBx�/Q
7m2 ai`m+im`2 a2MbQ` U/2b�``QHH�/Q TQ` P++BTBi�H AM+X- a�M 6`�M+Bb+Q- *�HB7Q`MB�V- 2H +m�H 7m2
7�#`B+�/Q +QKQ mM �++2bQ`BQ /2 mbQ ;2M2`�H T�`� /BbTQbBiBpQb BS�/ U9i� ;2M2`�+BƦM- �TTH2
AM+X- *mT2`iBMQ- *�HB7Q`MB�VX am 7mM+BQM�KB2MiQ b2 #�b� 2M H� T`Qv2++BƦM /2 Hmx BM7`�``QD�
UK�b BM7Q`K�+BƦM 2M *�TőimHQ kV v �H+�Mx� mM� T`2+BbBƦM /2 2Mi`2 0, 5mm v 40cmX 1H
2b+�M2` +QMiB2M2 mM� +�K�`� o:� +QM mM� `2bQHm+BƦM 3−8MP v 10−50f ps X am T`2+BbBƦM
v 2t�+iBim/ T�`� HQb 2bim/BQb /2H +m2`TQ ?mK�MQ 7m2 Tm2bi� � T`m2#� 2M +QKT�`�+BƦM +QM
Qi`Qb 2b+�M2`2b j. v iQKQ;`�7ő�b +QKTmi�/�b- +QM}`K�M/Q [m2 b2 i`�i� /2 mM /BbTQbBiBpQ
T`2+BbQ v 272+iBpQ T�`� /2b+`B#B` /2i�HH2b �M�iƦKB+Qb 2M �`2�b `2/QM/2�/�b- BM+HmbQ 2M HQb
b2MQb 72K2MBMQb- H� 7Q`K� /2 H� +�#2x�- H�b K2DBHH�b v 2H +QMiQ`MQ /2 H� #�`#BHH� UEMQQTb
2i �HX- kyRd- P`�M;2b 2i �HX- kyRNVX 1H T`Q+2/BKB2MiQ /2 �/[mBbB+BƦM /2 BK�;2M2b j. 7m2
`2�HBx�/Q TQ` 2H KBbKQ QT2`�/Q` 2M iQ/Qb HQb +�bQb bB;mB2M/Q mM T`QiQ+QHQ 2bi�#H2+B/QX S�`�
+QMb2;mB` mM� `2T`2b2Mi�+BƦM }2H /2 H� 7Q`K� +Q`TQ`�H /2 HQb pQHmMi�`BQb- +�/� mMQ /2 2HHQb
/2#BƦ p2biB`b2 +QM `QT� /2TQ`iBp� Q HQ K�b �Dmbi�/� TQbB#H2X a2 H2 bQHB+BiƦ � +�/� pQHmMi�`BQ
[m2 �/QTi�`� mM� TQbB+BƦM 2bT2+ő}+� +QM bmb #`�xQb 2M T2`T2M/B+mH�` � bm +m2`TQ UNyê
/2H 2D2 b�;Bi�HV v +QM bmb TB2b b2T�`�/Qb- 2M T�`�H2HQ- � 40cm mMQ /2H Qi`QX Gm2;Q- b2 H2
TB/BƦ [m2 `2bTB`�`� HQ K�b H2MiQ TQbB#H2- T�`� 2pBi�` Q KBMBKBx�` H� BMi`Q/m++BƦM /2 `mB/Q
�H KQ/2HQ `2+QMbi`mB/Q T`QpQ+�/Q TQ` HQb KQpBKB2MiQb �#/QKBM�H2b v /2H iƦ`�tX JB2Mi`�b
i�MiQ- 2H QT2`�/Q` /2H 2b+�M2` /2#ő� bQbi2M2` 2H /BbTQbBiBpQ 2 B` KQpBûM/Qb2 �H`2/2/Q` /2 HQb
pQHmMi�`BQb � 1m /2 /Bbi�M+B�- +�Tim`�M/Q H�b BK�;2M2b M2+2b�`B�b T�`� HQ;`�` mM `2;Bbi`Q
+QKTH2iQ /2 360ê Uo2` 6B;m`� jXkVX 1bi2 KBbKQ T`Q+2/BKB2MiQ b2 `2TBiBƦ T�`� `2;Bbi`�` mM
pő/2Q �H`2/2/Q` /2H pQHmMi�`BQ miBHBx�M/Q mM i2Hû7QMQ KƦpBHX

S�`� H� Q#i2M+BƦM /2 HQb /�iQb �Mi`QTQKûi`B+Qb- b2 bB;mBƦ mM T`QiQ+QHQ 2bi�M/�`Bx�@
/Q U*�#�Ƣ�b �M/ 1bT�`x�- kyyNV [m2 BM+Hmv2 U�V �Him`� iQi�H- miBHBx�M/Q H� +BMi� Kûi`B+�
a2+� 206 Ua2+� :K"> � *Q E;- >�K#m`;Q- �H2K�MB�V- +QM mM� HQM;Bim/ /2 ;`�/m�+BƦM
/2 1mm v mM `�M;Q /2 0 � 220cmc U#V T2bQ iQi�H v +QKTQbB+BƦM +Q`TQ`�H UK�b� Kmb@
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L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

Dispositivo de escaneo

Distancia recomendada

Dirección del movimiento

6B;m`� jXk, S`QiQ+QHQ /2 +�Tim`� /2 /�iQb 2M jeyX oBbi� bmT2`BQ`X

+mH�`- K�b� HB#`2 /2 ;`�b� v ;`�b� +Q`TQ`�H- v TQ`+2Mi�D2bV 2biBK�/Qb +QM mM� 2b+�H� /2
#BQBKT2/�M+B� Uh�MBi� "* RRyy6Vc U+V +B`+mM72`2M+B�b /2 KmbHQ- #ő+2Tb- +�/2`� v +BMim`�-
miBHBx�M/Q +BMi� Kûi`B+� 2`;QMƦKB+� a2+� 201 Ua2+� :K"> � *Q E;- >�K#m`;Q- �H2K�@
MB�V +QM mM� /BpBbBƦM /2 1mm v mM `�M;Q /2 0 � 205cm v U/V THB2;m2b bm#2b+�TmH�` v
#B+BTBi�H- +QM mM +�HB#`2 /2 T`2+BbBƦM o2`MB2` +QM mM `�M;Q ?�bi� 0,02mm � 200mmX 1bi�b
K2/B+BQM2b b2 `2;Bbi`�`QM 2M 2H H�/Q /2`2+?Q /2H +m2`TQ /2 HQb pQHmMi�`BQbX SQ` ȹHiBKQ- T�`�
+QMi`QH�` 2H TQbB#H2 2``Q` BMi`�@Q#b2`p�/Q`- iQ/�b H�b K2/B+BQM2b b2 Q#impB2`QM /Qb p2+2b-
iQH2`�M/Q mM� /B72`2M+B� 2Mi`2 �K#�b K2/B+BQM2b /2 MQ K�b /2 0,5cmX
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L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

6B;m`� jXj, S`QiQ+QHQ /2 K2/B+BƦMX

jX9X .�iQb �`iB}+B�H2b

�/2K�b /2 HQb 2b+�M2Qb v K2/B/�b � HQb pQHmMi�`BQb- b2 ;2M2`�`QM 450 KQ/2HQb �`iB}@
+B�H2b [m2 `2bT2i�M H� KBbK� TQbB+BƦM +Q`TQ`�H miBHBx�/� TQ` HQb pQHmMi�`BQb 2M H� Km2bi`�
`2�HX 1biQb KQ/2HQb 7m2`QM +`2�/Qb TQ` mM �`iBbi� miBHBx�M/Q 2H bQ7ir�`2 SQb2` aim/BQ T`Q@
TQ`+BQM�M/Q T�`�K2i`Qb /2 HQb /B72`2Mi2b iBTQb /2 �bT2+iQb KQ`7QHƦ;B+Qb T`2b2Mi2b 2M mM�
Km2bi`� /2 mM� TQ#H�+BƦM `2�H UTQ` 2D2KTHQ /B72`2Mi2b �Him`�b- 2bi�/Qb Mmi`B+BQM�H2b- +�`�+@
i2`őbiB+�b 7őbB+�b- 2/�/2b- 2i+XVX *QKQ `2bmHi�/Q- H� Km2bi`� �`iB}+B�H [m2/Ʀ +QM7Q`K�/� TQ`
118 KQ/2HQb U36 ?QK#`2b- 82 KmD2`2bV [m2 `2T`2b2Mi�M T2`bQM�b +QM bQ#`2T2bQ m Q#2b�b
v 332 U190 ?QK#`2b v 142 KmD2`2bV [m2 `2T`2b2Mi�M Qi`�b +QM/B+BQM2b 7őbB+�b, T`QK2/BQ-
�iHûiB+Q- #�DQ T2bQX

jX8X *QM};m`�+BƦM /2 H�M/K�`Fb

S�`� 2M`B[m2+2` �ȹM K�b HQb /�iQb `2+QH2+i�/Qb- b2 +QHQ+Ʀ mM� b2`B2 /2 H�M/K�`Fb
2M +�/� mMQ /2 HQb KQ/2HQb j.- BM+HmB/Qb KQ/2HQb `2�H2b v �`iB}+B�H2b Uo2` 6B;m`� jX9VX
1bi2 +QMDmMiQ /2 H�M/K�`Fb b2 +Q``2bTQM/2M +QM TmMiQb m#B+�/Qb �M�iƦKB+�K2Mi2 Uo2`
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L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

S14

S0 S1

S4

S2

S3

S5

S6

S9

S8

S7

S10

S11

S12

S13

6B;m`� jX9, *QM};m`�+BƦM /2 H�M/K�`Fb +Q`TQ`�H2b j. bQ#`2 mM KQ/2HQ �`iB}+B�HX

h�#H� jXRV [m2 Tm2/2M b2` B/2MiB}+�/Qb `2T2iBiBp�K2Mi2 v +QM T`2+BbBƦM � HQ H�`;Q /2 iQ/Qb
HQb BM/BpB/mQbX 1bi2 T2[m2ƢQ +QMDmMiQ /2 TmMiQb �#`2 H� TQbB#BHB/�/ � Mm2p�b BMp2biB;�+BQM2b-
�bő +QKQ � Mm2pQb T`Q+2/BKB2MiQb [m2 T2`KBi�M +QMi�` +QM mM bmbi2MiQ �M�iƦKB+QX

LȹK2`Q .2}MB+BƦM �M�iƦKB+�
ay- aRy �`iB+mH�+BƦM /2H ?ȹK2`QX
aR- aRR 1ti`2KQ T`QtBK�H /2H `�/BQX
ak- aRk SmMiQ 2ti`2KQ /Bbi�H /2H `�/BQX
aj- aRj SmMiQ 2ti`2KQ /2H /2/Q K�vQ`X
a9- aN SmMiQ /2 �`iB+mH�+BƦM /2 H� +�#2x� /2H 7ûKm` 2M H� +�/2`�
a8- a3 SmMiQ K2/BQ /2 H� `ƦimH�
ae- ad 1ti`2KQ /Bbi�H b2;mM/Q /2/Q
aR9 SmMiQ 2ti`2KQ /2 H� +�#2x�

h�#H� jXR, .2}MB+BƦM �M�iƦKB+� /2 HQb 15 H�M/K�`FbX
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L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

jXeX S`Qv2+iQ _�ő+2b

>�#B2M/Q }M�HBx�/Q H� T`BK2`� 2i�T� /2H T`Qv2+iQ S�i�;QMB� j. G�# v +QM 2H ûtBiQ
Q#i2MB/Q /m`�Mi2 H� +QMpQ+�iQ`B� /2 pQHmMi�`BQb- b2 T2MbƦ mM� +�KT�Ƣ� T�`� +QMiBMm�`
+QM 2H Q#D2iBpQ /2 ;2M2`�` mM #�M+Q /2 /�iQb T`Qp2MB2Mi2b /2 /Bp2`b�b 7m2Mi2b UBK�;2M2b
+Q`TQ`�H2b 2M k.fj.- /�iQb ;2MûiB+Qb v /2 2biBHQ /2 pB/�V +QM7Q`K�M/Q mM� Km2bi`� `2T`2@
b2Mi�iBp� /2 H� TQ#H�+BƦM T�i�;ƦMB+�X 1b TQ` 2biQ [m2 2H AMbiBimiQ S�i�;ƦMB+Q /2 *B2M+B�b
aQ+B�H2b v >mK�M�b UAS*a>@*PLA*1hV TmbQ 2M K�`+?� 2H T`Qv2+iQ _�ő+2bX 1M bm 2i�T�
BMB+B�H- _�ő+2b +QMpQ+Ʀ 2M Sm2`iQ J�/`vM � pQHmMi�`BQb K�vQ`2b /2 18 �ƢQb /2 2/�/ +QM
H� +QM/B+BƦM /2 b2` ?BD� Q ?BDQ /2 T2`bQM�b M�+B/�b 2M �`;2MiBM� Q 2M �H;mMQ /2 bmb T�őb2b
HBKői`Q72bX

� H� 7�b2 /2 `2+QH2++BƦM /2 BK�;2M2b v KQ/2HQb j. /2H +m2`TQ +QKTH2iQ /2 HQb pQHmM@
i�`BQb b2 H2 bmKƦ mM 2b+�M2Q 7�+B�H- mM� 2M+m2bi� bQ+BQ+mHim`�H v mM� 2ti`�++BƦM /2 b�M;`2
TQ` TmM+BƦM p2MQb�X G� BM+Q`TQ`�+BƦM /2 2biQb Mm2pQb iBTQb /2 /�iQb T2`KBiBƦ +QMQ+2` H�
p�`B�#BHB/�/ ;2MQiőTB+�- 72MQiőTB+� v bQ+BQ+mHim`�H /2 H� Km2bi`�- H�b TQbB#H2b �bQ+B�+BQM2b-
�bő +QKQ i�K#BûM H� `2�HBx�+BƦM /2 mM� 2biBK�+BƦM /2 H� �M+2bi`ő� ;2MûiB+� /2 +�/� pQ@
HmMi�`BQX GQb Mm2pQb T`Q+2/BKB2MiQb v T`QiQ+QHQb T�`� 2biQb Mm2pQb /�iQb 7m2`QM BM+HmB/Qb
2M mM Mm2pQ �p�H /2H *QKBiû /2 "BQûiB+� /2H �`2� S`Q;`�K�iB+� LQ`i2- *?m#miX *QKQ
`2bmHi�/Q- b2 `2+QH2+i�`QM /�iQb /2 mM iQi�H /2 144 pQHmMi�`BQb- 70,2% KmD2`2b v 29,8%
?QK#`2bX aB #B2M 2biQb /�iQb MQ 7m2`QM BM+Q`TQ`�/Qb iQi�HK2Mi2 �H Q#D2iBpQ /2 2bi� i2bBb-
+QKQ v� b2 /BDQ �Mi2`BQ`K2Mi2- H� 2tBbi2M+B� v /BbTQMB#BHB/�/ /2 2bi2 #BQ#�M+Q 2b mM +�bQ
ȹMB+Q 2M �`;2MiBM� v b2`� +QMbB/2`�/Q mM� T�`i2 7mM/�K2Mi�H T�`� 2H i`�#�DQ 7mim`Q /2 H�
T`2b2Mi2 BMp2biB;�+BƦMX

GQb /�iQb `2+QH2+i�/Q 2M 2H S`Qv2+iQ S�i�;QMB� j. G�# 7m2`QM miBHBx�/Qb T�`� 2H /Bb2ƢQ
v 2Mi`2M�KB2MiQ /2 HQb KQ/2HQb 2M HQb bB;mB2Mi2b +�TőimHQbX �/2K�b T�`� 2H +�TBimHQ +m�i`Q-
b2 miBHBx�`QM HQb KQ/2HQb �`iB}+B�H2b T�`� Q#i2M2` mM� K2DQ` ;2M2`�HBx�+BƦM 2M HQb �H;Q`BiKQbX

ek



*�TőimHQ 9

_2+QMQ+BKB2MiQ �miQK�iB+Q /2 b2tQ
#BQHƦ;B+Q miBHBx�M/Q +�Tim`�b j.

1M 2bi2 +�TőimHQ b2 T`2b2Mi� mM +H�bB}+�/Q` /2 b2tQ #BQHQ;B+Q #�b�/Q 2M 2H �M�HBbBb /2
K�HH�b j. /2H +m2`TQ ?mK�MQX a2 /2b+`B#2M H�b iû+MB+�b /2 T`2@T`Q+2b�KB2MiQ miBHBx�/�b-
DmMiQ +QM HQb �H;Q`BiKQb /2 �T`2M/Bx�D2 bmT2`pBb�/Q [m2 T2`KBi2M `2bQHp2` H� i�`2� /2
+H�bB}+�+BƦMX 6BM�HK2Mi2- b2 `2�HBx� mM� +QKT�`�+BƦM 2Mi`2 HQb `2bmHi�/Qb Q#i2MB/Qb +QM /Qb
KQ/2HQb /2 �T`2M/Bx�D2 /B72`2Mi2b, K�[mBM�b /2 p2+iQ`2b /2 bQTQ`i2 v �`#QH2b /2 /2+BbBƦMX

9XRX AMi`Q/m++BƦM

1M KȹHiBTH2b 2b+2M�`BQb b2 `2[mB2`2 +QMi�` +QM K2/B+BQM2b �Mi`QTQKûi`B+�b T`2+Bb�b
/2 mM� K�M2`� `�TB/�- +QM}�#H2 v 2+QMƦKB+�- BM+Hmv2M/Q �bT2+iQb +QKQ, 7Q`K�- i�K�ƢQ-
T2`őK2i`Q v pQHmK2M /2 /B72`2Mi2b T�`i2b /2H +m2`TQ ?mK�MQX 1M H� T`�+iB+� Kû/B+�- mM
�T`QTB�/Q 2bim/BQ /2 H� 7Q`K� +Q`TQ`�H 2M `2H�+BƦM +QM 2H b2tQ #BQHƦ;B+Q /2H T�+B2Mi2 2b +H�p2
T�`� 2H /B�;MƦbiB+Q- i`�i�KB2MiQ v b2;mBKB2MiQ +HőMB+Q �T`QTB�/Q /2 /Bp2`b�b +QM/B+BQM2b
+QKQ H� /2i2++BƦM /2 K�H7Q`K�+BQM2b- +�M+2`2b 2bT2+ő}+Qb- 2Mi`2 Qi`Qb Uh`2H2�p2M �M/
q2HHb- kyydVX S�`� b2` K�b T`2+BbQb- 2H b2tQ 2b mM 7�+iQ` T`BM+BT�H �H �M�HBx�` H� m#B+�+BƦM
/2H i2DB/Q �/BTQbQX .2 ?2+?Q- H� Q#2bB/�/ +2Mi`�H iB2M/2 � b2` mM 72MQiBTQ K�b+mHBMQX G�b
KmD2`2b bQM- 2M ;2M2`�H- K�b 2}+B2Mi2b 2M H� /BpBbBƦM /2 H� ;`�b� 2M H� T2`B72`B� /2H +m2`TQ

ej



L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

2M +QKT�`�+BƦM +QM HQb ?QK#`2b U:22` �M/ a?2M- kyyN- SQr2` �M/ a+?mHFBM- kyy3VX 1bi2
/BKQ`}bKQ b2tm�H �T�`2+2 2M T�`i2 /2#B/Q �H 272+iQ /2 H�b ?Q`KQM�b b2tm�H2b 2M HQb +m�H2b-
b2 Q#b2`p�M p�`BQb +�K#BQb 2M 2H T�i`ƦM /2 Q#2bB/�/ v HQb +QMbB;mB2Mi2b 7�+iQ`2b /2 `B2b;Q
�bQ+B�/Qb- /2bTmûb /2 H� K2MQT�mbB�X �/2K�b- HQb 7�+iQ`2b ;2MûiB+Qb v �K#B2Mi�H2b i�K#BûM
+QMi`B#mv2M � H�b /B72`2M+B�b ûiMB+�b 2M H� /Bbi`B#m+BƦM /2 ;`�b�b U:m;HB2HKB �M/ a#`�++B�-
kyR3VX �H KBbKQ iB2KTQ- 2M Qi`Qb +QMi2tiQb UTQ` 2D2KTHQ- +QK2`+B�H2b v Tm#HB+Bi�`BQbV Tm2/2
miBHBx�`b2 H� B/2MiB}+�+BƦM /2H b2tQ #BQHƦ;B+Q T�`� ;2M2`�` K2DQ`2b BM/B+�/Q`2b /2H Tȹ#HB+Q
Q#D2iBpQX 1D2KTHQb /2 2HHQb bQM, 2H +�KTQ /2H /Bb2ƢQ v p2Mi� /2 BM/mK2Mi�`B� 2M HőM2� U�xQmx
2i �HX- kyye- .�M2b?K�M/ 2i �HX- kyReV- /2TQ`iQHQ;ő� v 2bim/BQb 2`;QMƦKB+Qb UGQp�iQ 2i �HX-
kyR9VX

�+im�HK2Mi2- HQb �p�M+2b i2+MQHƦ;B+Qb 2M 2H +�KTQ /2 H� pBbBƦM +QKTmi�+BQM�H 2M +QK@
#BM�+BƦM +QM 2H �T`2M/Bx�D2 /2 K�[mBM�- T2`KBi2M 7�+BHBi�` v �+2H2`�` 2H T`Q+2/BKB2MiQ /2
/2i2++BƦM Q `2+QMQ+BKB2MiQ /2H b2tQ #BQHƦ;B+QX G� 2bi`�i2;B� ?�#Bim�H T�`� 2H `2+QMQ+BKB2M@
iQ /2 2bi� +�`�+i2`őbiB+� 2b 2H �M�HBbBb /2 BK�;2M2b v pő/2Qb miBHBx�M/Q HQb `�b;Qb 7�+B�H2b
bQ#`2b�HB2Mi2b [m2 T2`KBi2M /BbiBM;mB` 2Mi`2 KmD2`2b v ?QK#`2b �/mHiQb UTQ` 2D2KTHQ- JQ;@
?�//�K �M/ u�M; UkyykVVX 1M GB 2i �HX Ukyy3V- HQb �miQ`2b �M�HBx�`QM 2M BK�;2M2b- H�b
bBHm2i�b /2 +m2`TQb 2Mi2`QbX G� p2Mi�D� /2 2biQb 2M7Q[m2b 2b [m2 2H ȹMB+Q /�iQ [m2 b2 `2@
[mB2`2 2b mM� T`Qv2++BƦM k.- H� +m�H Tm2/2 b2` Q#i2MB/� /2 pő/2Qb Q BK�;2M2b miBHBx�M/Q
iû+MB+�b /2 b2;K2Mi�+BƦMX Ua?�Mi?BX:X* �M/ a�`�p�M�MX1- EBK 2i �HX- kyy8- *�Q 2i �HX-
kyy3VX

1H �M�HBbBb j. b2 ?� +QK2Mx�/Q � miBHBx�` `2+B2Mi2K2Mi2- 2M `2H�+BƦM +QM H� K�/m`2x /2
HQb KûiQ/Qb #�b�/Qb 2M Mm#2b /2 TmMiQbX 1M 6Qmib 2i �HX UkyRkV- a?�M UkyRkV- JQ;?�//�K
�M/ JBM;@>bm�M u�M; UkyyyV- 2H `2+QMQ+BKB2MiQ /2 b2tQ b2 HQ;`� miBHBx�M/Q ?BbiQ;`�K�b
Q#i2MB/Qb /2H �M�HBbBb /2 /2MbB/�/ /2 /B72`2Mi2b b2;K2MiQb /2 Mm#2b /2 TmMiQb j.X �mM[m2
H� 2ti`�++BƦM v +H�bB}+�+BƦM /2 +�`�+i2`őbiB+�b 2M Mm#2b /2 TmMiQb bB;m2 bB2M/Q T`Q#H2K�@
iB+�- 2b mM� #m2M� �T`QtBK�+BƦMX Pi`� 2bi`�i2;B� 2b H� /2 `2�HBx�` mM `2+QMQ+BKB2MiQ /2
b2tQ #�b�/Q 2M H� i`B�M;mH�+BƦM /2 H� Mm#2 /2 TmMiQb- Q +QM H� miBHBx�+BƦM /B`2+i� /2 H�
K�HH� U"H�?� 2i �HX- kyRdVX

1M h�M; 2i �HX UkyRRV- b2 `2�HBx�M /B72`2Mi2b �M�HBbBb bQ#`2 KQ/2HQb j. miBHBx�M/Q KȹH@
iBTH2b K2/B+BQM2b /2H �`2� /2H T2+?Q v 2H iQ`bQ /2H BM/BpB/mQ +QKQ /�iQb /2 2Mi`2M�KB2MiQ
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L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

T�`� +H�bB}+�/Q`2bX 1bi2 �M�HBbBb 2t+Hmv2 T2`bQM�b +QM bQ#`2T2bQ Q +QKTH2i�K2Mi2 p2biB/�b-
+QM HQ +m�H 2t+Hmv2M �H;mM�b +�`�+i2`őbiB+�b /2H +m2`TQ +QKTH2iQX 1M 2H T`2b2Mi2 +�TőimHQ b2
/2i�HH�`�M iû+MB+�b /2 T`2@T`Q+2b�KB2MiQ DmMiQ +QM �H;Q`BiKQb /2 �T`2M/Bx�D2 bmT2`pBb�/Q
miBHBx�/Qb 2M H� +QMbi`m++BƦM /2 mM Mm2pQ �H;Q`BiKQ [m2 T2`KBi2 `2bQHp2` H� i�`2� /2 +H�@
bB}+�+BƦM /2 b2tQ #BQHƦ;B+QX SQ` ȹHiBKQ- b2 2H�#Q`� mM� +QKT�`�+BƦM 2Mi`2 HQb `2bmHi�/Qb
Q#i2MB/Qb +QM /Qb KQ/2HQb /2 �T`2M/Bx�D2 /B72`2Mi2b, amTTQ`i o2+iQ` J�+?BM2 UaoJV v
1ti`2K2Hv _�M/QKBx2/ h`22b U1_hVX

9XkX J�i2`B�H2b v JûiQ/Qb

9XkXRX .2b+`BT+BƦM /2 H� Km2bi`�

*QKQ /�iQ /2 2Mi`�/� b2 miBHBxƦ 2H +QMDmMiQ /2 KQ/2HQb �`iB}+B�H2b /2H +m2`TQ ?mK�MQ
T`2pB�K2Mi2 K2M+BQM�/Qb 2M 2H *�TőimHQ jX .B+?Q +QMDmMiQ +m2Mi� +QM 223 +m2`TQb 72K2@
MBMQb v 255 +m2`TQb K�b+mHBMQb [m2 +QKT�`i2M H� KBbK� TQb2- TB2`M�b b2T�`�/�b � mM�
/Bbi�M+B� }D� v #`�xQb 2ti2M/B/Qb �H MBp2H /2 HQb ?QK#`Qb +QKQ Tm2/2 p2`b2 2M H� };m`� 9XRX
h�K#BûM b2 `2�HBx�`QM T`m2#�b miBHBx�M/Q KQ/2HQb j. /2 T2`bQM�b `2�H2b [m2 T�`iB+BT�`QM
+QKQ pQHmMi�`BQb /2H KBbKQ T`Qv2+iQX S�`� H� �/[mBbB+BƦM /2 2biQb ȹHiBKQb KQ/2HQb- b2 `2�@
HBx�`QM 2b+�M2Qb /2 mM iQi�H /2 151 �/mHiQb U111 KmD2`2b v 40 ?QK#`2bV +QM 2H /BbTQbBiBpQ
j. ai`m+im`2 a2MbQ` Uo2` };m`� 9XkVX

9XkXkX 1ti`�++BƦM /2 +�`�+i2`őbiB+�b v 2Mi`2M�KB2MiQ

aB #B2M +m�H[mB2` �H;Q`BiKQ /2 �T`2M/Bx�D2 /2 K�[mBM� TQ/`ő� b2` 2Mi`2M�/Q +QM mM
+QMDmMiQ /2 /�iQb bBM T`Q+2b�`- H� 2pB/2M+B� 2KTő`B+� /2Km2bi`� [m2 2H ?2+?Q /2 miBHBx�`
iû+MB+�b /2 T`2T`Q+2b�KB2MiQ +QMQ+B/�b K2DQ`� bB;MB}+�iBp�K2Mi2 i�MiQ 2H `2M/BKB2MiQ +Q@
KQ H� +�HB/�/ /2 HQb `2bmHi�/Qb Q#i2MB/QbX *QM 2bi2 Q#D2iBpQ 2M K2Mi2- � +QMiBMm�+BƦM b2
/2i�HH� 2H ~mDQ /2 T`2@T`Q+2b�KB2MiQ miBHBx�/Q T�`� 2Mi`2M�` 2H �H;Q`BiKQ /2 +H�bB}+�+BƦM
T`QTm2biQX 1H T`BK2` T�bQ +QMbBbi2 2M Q#i2M2` H�b +QQ`/2M�/�b /2 HQb pû`iB+2b x, y , z /2 HQb
+m2`TQb j. Ui�MiQ 2H +QMDmMiQ /2 2Mi`2M�KB2MiQ +QKQ HQb /2 T`m2#�VX S�`� [m2 H� Km2bi`�
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L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

6B;m`� 9XR, JQ/2HQb �`iB}+B�H2b /2H /�i�b2i UL�p�``Q 2i �HX- kyR3VX

i2M;� mM� p�`B�#BHB/�/ `2T`2b2Mi�iBp�- HQb KQ/2HQb miBHBx�/Qb 2M 2bi2 i`�#�DQ iB2M2M /B72`2M@
i2b +�`�+i2`őbiB+�b �Mi`QTQKûi`B+�b- HQ [m2 �Hi2`� H� +�MiB/�/ /2 pû`iB+2b `2[m2`B/Qb T�`�
+QM7Q`K�` H�b K�HH�b j. /2 HQb /B72`2Mi2b +m2`TQbX 1M T�`iB+mH�`- H�b K�HH�b /2H +QMDmMiQ
/2 /�iQb +m2Mi�M +QM mM MȹK2`Q /2 pû`iB+2b [m2 Qb+BH� 2Mi`2 67290 v 68300 b2;ȹM H�b
/B72`2M+B�b 2M 7Q`K� /2 HQb +m2`TQb [m2 `2T`2b2Mi�MX 1biQ T`QpQ+�`� p�`BQb T`Q#H2K�b /m@
`�Mi2 HQb T�bQb TQbi2`BQ`2b- TQ`[m2 i�MiQ 2H i�K�ƢQ /2H 2bT�+BQ /2 +�`�+i2`őbiB+�b +QKQ
H� BKTQ`i�M+B� ;2QKûi`B+� /2 +�/� mMQ /2 HQb pû`iB+2b miBHBx�/Qb /m`�Mi2 2H T`Q+2bQ /2
�T`2M/Bx�D2 /2H +H�bB}+�/Q` b2`� /B72`2Mi2X S�`� bQHp2Mi�` 2bi�b /B}+mHi�/2b- b2 T`QTQM2 mM�
2bi`�i2;B� [m2 +QMbBbi2 2M miBHBx�` mM MȹK2`Q 2bi�M/�` /2 pû`iB+2b T�`� iQ/Qb HQb KQ/2HQb
j. � i`�pûb /2 mM K2+�MBbKQ +QMQ+B/Q +QKQ `2b�KTHBM;X Gm2;Q /2 H� �/[mBbB+BƦM BMB+B�H-
+�/� K�HH� U`2�H v �`iB}+B�HV pm2Hp2 � +�H+mH�` bmb pû`iB+2b mb�M/Q mM� /Bbi`B#m+BƦM /2 T`Q@
#�#BHB/�/ mMB7Q`K2 UoBii2`- RN39V- H� +m�H ;�`�MiBx� [m2 iQ/Qb HQb TmMiQb i2M;�M H� KBbK�
T`Q#�#BHB/�/ /2 b2` 2H2;B/QbX 6BM�HK2Mi2- +�/� KQ/2HQ +QMi�`� +QM H� +�MiB/�/ K�b #�D�
/2 pû`iB+2b `2;Bbi`�/� 2M H�b K�HH�b /2 +QMDmMiQ /2 /�iQb U|v | = 67290VX

G� M�im`�H2x� /2H T`Q#H2K� +QM/m+2 � i2M2` 2bT�+BQb /2 72�im`2b /2 ;`�M/2b /BK2MbBQ@
M2b- HQ +m�H 2H `2M/BKB2MiQ /2 HQb +H�bB}+�/Q`2b Tm2/2 p2`b2 T2`Dm/B+�/QX .2 2bi2 KQ/Q- b2
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L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

6B;m`� 9Xk, JQ/2HQb `2�H2b /2H /�i�b2i UL�p�``Q 2i �HX- kyR3VX

`2[mB2`2 �H;ȹM K2/BQ T�`� `2/m+B` H� +QKTH2DB/�/ BMi`őMb2+� /2 HQb /�iQb U6Q/Q`- kyykV Uv
TQ` HQ i�MiQ /2 H�b 7Q`K�bV 2HBKBM�M/Q H�b `2/mM/�M+B�b v `2/m+B2M/Q 2H i�K�ƢQ /2H 2bT�+BQ
/2 +�`�+i2`őbiB+�b � /BK2MbBQM2b +QMp2MB2Mi2bX �/2K�b 2b M2+2b�`BQ �THB+�` mM T`Q+2bQ /2
MQ`K�HBx�+BƦM T�`� [m2 2H +H�bB}+�/Q` MQ b2� b2MbB#H2 � p�HQ`2b 2ti`2KQb- b2b;�M/Q bmb
/2+BbBQM2b +QM `2bT2+iQ � H�b K2/B/�b mMBi�`B�b /2 HQb f eatures UG2*mM 2i �HX- kyRkVX
1tBbi2M p�`BQb 2M7Q[m2b T�`� `2/m+B` H� /BK2MbBƦM /2 HQb 2bT�+BQb- 2M 2bi2 +�TőimHQ b2 miBHBx�
2H �M�HBbBb /2 *QKTQM2Mi2b S`BM+BT�H2b US*�V v� [m2 2b mM� /2 H�b iû+MB+�b K�b miBHBx�/�b
� H� ?Q`� /2 `2/m+B` HQb i�K�ƢQb /2 2bT�+BQb /2 +�`�+i2`őbiB+�bX S�`� K�b BM7Q`K�+BƦM bQ#`2
S*�- p2` *�TőimHQ kX 1M T�`iB+mH�`- b2 `2�HBxƦ mM �M�HBbBb S*� KQ/B}+�M/Q 2H T�`�K2i`Q
/2 +�MiB/�/ /2 +QKTQM2Mi2b T`BM+BT�H2b ?�bi� HQ;`�` mM i�K�ƢQ �+2Ti�#H2 [m2 2tTHB[m2 mM
#m2M TQ`+2Mi�D2 /2 p�`B�+BƦM /2 HQb /�iQb /2 2Mi`2M�KB2MiQ v +QKT�`�M/Q HQb `2bmHi�/Qb
/2H +H�bB}+�/Q` +QM H� Kûi`B+� 6R@b+Q`2 Uo2` 6B;m`� 9XjX 6BM�HK2Mi2 b2 QTiƦ +QM mM +QM@

ed



L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

DmMiQ /2 350 +QKTQM2Mi2b T`BM+BT�H2b- +�T�+2b /2 2tTHB+�` �T`QtBK�/�K2Mi2 2H 3y W /2 H�
p�`B�Mx� 2M H� Km2bi`� v Q#i2MB2M/Q mM p�HQ` /2 6R@b+Q`2 T`QK2i2/Q`X

6B;m`� 9Xj, 6R@b+Q`2 mb�M/Q /B72`2Mi2b +�MiB/�/2b /2 +QKTQM2Mi2b T�`� /Qb +H�bB}+�/Q@
`2b UL�p�``Q 2i �HX- kyR3VX

9XjX 1tT2`BK2MiQb

a2 +QKT�`Ʀ 2H /2b2KT2ƢQ /2 /Qb +H�bB}+�/Q`2b- amTTQ`i o2+iQ` J�+?BM2 UaoJV v
1ti`2K2Hv _�M/QKBx2/ h`22b U1_hVX S�`� 2bi2 +�TőimHQ b2 miBHBx�`QM /Qb BKTH2K2Mi�+BQM2b
/2 2bi�b iû+MB+�b amTTQ`i o2+iQ` *H�bbB}2` Uao*V v 1ti`� h`22b *H�bbB}2` U1h*VX �K#Qb
T2`i2M2+B2Mi2b � H� #B#HBQi2+� /2 J�+?BM2 G2�`MBM;, a+BFBi@H2�`M US2/`2;Qb� 2i �HX- kyRR#V
/2b�``QHH�/� 2M Svi?QMX

9XjXRX a2H2++BƦM v QTiBKBx�+BƦM /2 ?BT2` T�`�K2i`Qb

G� ;`�M K�vQ`ő� /2 HQb �H;Q`BiKQb /2 �T`2M/Bx�D2 �miQK�iB+Q T2`KBi2M �H mbm�`BQ �Dmb@
i�` H� +QM};m`�+BƦM /2H KQ/2HQ TQ` K2/BQ /2 T�`�K2i`Qb [m2 Hm2;Q BKT�+i�`�M 2M HQb
`2bmHi�/QbX lM� b2H2++BƦM �/2+m�/� /2 2biQb T�`�K2i`Qb Tm2/2 +QMp2`iB`b2 2M mM� /B}+mH@
iQb� i�`2� bB 2H T`QTBQ 2bT�+BQ /2 T�`�K2i`Qb 2b +QKTH2DQX SQ` 2bi� `�xƦM- 2b BKTQ`i�Mi2
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L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

2M+QMi`�` mM� bQHm+BƦM �miQK�iBx�/� v `2THB+�#H2 UaMQ2F 2i �HX- kyRkVX .2Mi`Q /2 H�b K�b
�THB+�/�b 2M H� �+im�HB/�/ 2M+QMi`�KQb "ȹb[m2/� �H2�iQ`B� U_�M/QK a2�`+?V U"2`;bi`�
�M/ "2M;BQ- kyRkV v "ȹb[m2/� /2 *m�/`ő+mH� U:`B/ a2�`+?VX � +QMiBMm�+BƦM- b2 /2b+`B#B`�
H� ȹHiBK� /2 2HH�b /2#B/Q � [m2 mM� bQHm+BƦM �H2�iQ`B� MQ 2b �/2+m�/� T�`� mM� b2H2++BƦM
+Q``2+i� /2 HQb T�`�K2i`QbX

:`B/ a2�`+? b2 /2}M2 +QKQ mM KûiQ/Q [m2 2bT2+B}+� mM 2bT�+BQ /2 ?BT2` T�`�K2i`Qb
[m2 /2i2`KBM� H�b p�`B�#H2b [m2 b2 [mB2`2M QTiBKBx�`X lb�M/Q mM �H;Q`BiKQ /2 #ȹb[m2/�
2t?�mbiBp� UQ 7m2`x� #`mi�V- 2bi� iû+MB+� b2H2++BQM� HQb p�HQ`2b BM/B+�/Qb T�`� +�/� ?BT2`@
T�`�K2i`Q v +QKT�`� 2H /2b2KT2ƢQ /2H �H;Q`BiKQ /2 �T`2M/Bx�D2 miBHBx�M/QHQb +QM mM�
Kûi`B+� 2M T�`iB+mH�`X L�im`�HK2Mi2- 2bi� iû+MB+� 2b +QKTmi�+BQM�HK2Mi2 +QbiQb� TQ` HQ
[m2 b2 /2}M2M +QK#BM�+BQM2b /2 T�`�K2i`Qb �+Qi�/Qb /2i2`KBM�M/Q mM 2bT�+BQ `2/m+B/Q
/2 #ȹb[m2/�X .�/Q [m2 H� 2tTHQ`�+BƦM /2 HQb TQbB#H2b `2bmHi�/Qb b2 Tm2/2 `2�HBx�` /2 7Q`K�
BM/2T2M/B2Mi2- 2b 7�+BH /2 T�`�H2HBx�` U>bm 2i �HX- kyyjVX

1M T�`iB+mH�`- H� #ȹb[m2/� /2H 2bT�+BQ /2 T�`�K2i`Qb T�`� 2H �H;Q`BiKQ 1h* b2 /2}MBƦ
miBHBx�M/Q mM MȹK2`Q /2 2biBK�/Q`2b 2M mM `�M;Q /2 p�HQ`2b 2Mi`2 60 v 100- H�b +�`�+i2`őb@
iB+�b K�tBK�b 2M mM `�M;Q /2 p�HQ`2b 2Mi`2 2 v 350 v TQ` ȹHiBKQ- H� T`Q7mM/B/�/ K�tBK�
2M p�HQ`2b 2Mi`2 1 v 10X 6BM�HBx�/Q 2H T`Q+2bQ /2 #ȹb[m2/�- 2H K2DQ` `2M/BKB2MiQ Q#i2MB@
/Q T�`� 1h* �``QDƦ mM 6R@b+Q`2 /2H 89%- miBHBx�M/Q 70 2biBK�/Q`2b- DmMiQ +QM mM iQT2
K�tBKQ /2 97 +�`�+i2`őbiB+�b v mM� T`Q7mM/B/�/ K�tBK� /2 4X S�`� 2H �H;Q`BiKQ ao*-
2H 2bT�+BQ /2 #ȹb[m2/� �TmMiƦ � /2i2`KBM�` +QM [mû 7mM+BQM2b /2 F2`M2H 2H +H�bB}+�/Q`
Q#i2Mő� K2DQ`2b `2bmHi�/Qb- /2i2`KBM�M/Q [m2 2H F2`M2H #�b�/Q 2M H� 7mM+BƦM `�/B�H Q#impQ
2H K2DQ` `2M/BKB2MiQ- +QM mM 6R@b+Q`2 /2H 71%X

9XjXkX a2H2++BƦM /2 /�iQb /2 1Mi`2M�KB2MiQX

a2 HH2pƦ � +�#Q mM� /BpBbBƦM BMB+B�H /2H +QMDmMiQ /2 /�iQb Q`B;BM�H +QKTm2biQ TQ` KQ/2HQb
�`iB}+B�H2b- `2b2`p�M/Q mM 75% T�`� H� i�`2� /2 2Mi`2M�KB2MiQ v 2H 25% `2bi�Mi2 T�`� H�
2i�T� /2 T`m2#�X � bm p2x- 2bi2 ȹHiBKQ ;`mTQ 7m2 /BpB/B/Q 2M 2bi`�iQb /2 i�H 7Q`K� [m2 b2
�b2;m`2 [m2 +�/� /BpBbBƦM /2H /�i�b2i b2� `2T`2b2Mi�iBp� T�`� +�/� +H�b2- 2b /2+B` [m2 +�/�
2bi`�iQ 2biû #�H�M+2�/Q 2M iû`KBMQb /2 +�MiB/�/ /2 2D2KTHQb /BbTQMB#H2b T�`� +�/� +H�b2X
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L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

6QH/ S`2+BbBQM _2+�HH 6R@b+Q`2
R yXdN yXd8 yXd9
k yXdy yXeN yXe3
j yXdd yXd8 yXd9
9 yXed yXee yXe8
8 yXdk yXdk yXdk

�p;fhQi�H yXdj yXdR yXdR

h�#H� 9XR, ao*- T`QK2/BQ TQ` +Q``B/� UL�p�``Q 2i �HX- kyR3VX

6QH/ S`2+BbBQM _2+�HH 6R@b+Q`2
R yXNy yXNy yXNy
k yX3N yX33 yX33
j yXNR yXNR yXNR
9 yXNy yX33 yX33
8 yX3e yX38 yX38

�p;fhQi�H yX3N yX33 yX33

h�#H� 9Xk, 1h*- T`QK2/BQ TQ` +Q``B/� UL�p�``Q 2i �HX- kyR3VX

a2 miBHBx�`QM 5 2bi`�iQb [m2 7m2`QM Q#i2MB/Qb miBHBx�M/Q 2H �H;Q`BiKQ ai`�iB}2H/@E@6QH/- HQ
[m2 ;�`�MiBx� mM i�K�ƢQ /2 /�iQb `2H�iBp�K2Mi2 #�DQ- #2M2}+B�M/Q 2H `2M/BKB2MiQ /m`�Mi2
H� i�`2� /2 b2H2++BƦMX S�`� /2}MB` HQb +QMDmMiQb /2 /�iQb [m2 b2 miBHBx�`ő�M T�`� 2Mi`2M�`
2H �H;Q`BiKQ b2 miBHBxƦ 2H K2+�MBbKQ /2 o�HB/�+BƦM *`mx�/� U*oV- T`Q+2b�M/Q +�/� mMQ /2
HQb 2bi`�iQb TQ` b2T�`�/Q v 2p�Hm�M/Q 2H `2M/BKB2MiQ /2H �H;Q`BiKQ miBHBx�M/Q 2H +QMDmMiQ
/2 T`m2#�X 1H T`Q+2bQ /2 *o- iQK� +�/� mM� /2 HQb 2bi`�iQb +QKQ T�`�K2i`Qb /2 2Mi`�/� v
2D2+mi� mM� +B2`i� +�MiB/�/ /2 +Q``B/�b U2M 2bi2 +�bQ RyV- T�`� ;�`�MiBx�` [m2 2H `2bmHi�/Q /2H
�H;Q`BiKQ /2 +H�bB}+�+BƦM b2H2++BQM�/Q b2� BM/2T2M/B2Mi2 /2 H� T�`iB+BƦM /2 /�iQb `2�HBx�/�
U2Mi`2M�KB2MiQ v T`m2#�VX Sm/Q Q#b2`p�`b2 [m2 H� +QK#BM�+BƦM /2 ai`�iB}2H/@E@6QH/ v *o-
T2`KBi2 HQ;`�` mM #m2M 2[mBHB#`BQ b2b;Qfp�`B�Mx� /2H +H�bB}+�/Q` v K2DQ`�` bmb `2bmHi�/Qb
+QM `2bT2+iQ �H *o bBKTH2 +QKQ KûiQ/Q T�`� b2H2++BƦM /2 Km2bi`� EQ?�pB 2i �HX URNN8VX
1M H�b h�#H�b 9XR v 9Xk b2 BHmbi`�M HQb `2bmHi�/Qb /2 2bi2 T`Q+2bQ +m�M/Q b2 �THB+� � HQb /Qb
�H;Q`BiKQb b2H2++BQM�/Qb- 1h* v ao*X
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L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

hBK2 aoJ 1h*
SBT2HBM2 RKBM Ryb ± j9y Kb 9KBM Rkb ± j9k Kb

h`�BM "�i+? UjRj BM/pXV kjj Kb ± jXyN Kb 9Xk9 b ± Rjk Kb
S`2/B+iBQM "�i+? URj8 BM/pXV R9X9 Kb ± kke mb ReXN Kb ± RNN mb

AM/BpB/m�H S`2/B+iBQM ReN mb ± 3Rj Mb RkXN Kb ± 39Xj mb

h�#H� 9Xj, hB2KTQb /2 2Mi`2M�KB2MiQ v T`2/B++BƦM US`QK2/BQ /2 1000 +Q``B/�bV UL�p�``Q
2i �HX- kyR3VX

6B;m`� 9X9, J�i`Bx /2 +QM7mbBƦM Q#i2MB/� +QM 2H +QMDmMiQ /2 T`m2#� UL�p�``Q 2i �HX- kyR3VX

9XjXjX hB2KTQ /2 2Mi`2M�KB2MiQ v T`2/B++BƦM

GQb iB2KTQb T`QK2/BQ /2 2Mi`2M�KB2MiQ v T`2/B++BƦM b2 +�H+mH�`QM miBHBx�M/Q �K#Qb
�H;Q`BiKQb v bB;mB2M/Q 2H TBT2HBM2 �Mi2b K2M+BQM�/QX 1biQb `2bmHi�/Qb Tm2/2M Q#b2`p�`b2
2M H� i�#H� 9XjX 1M iû`KBMQb ;2M2`�H2b- aoJ `2bmHiƦ K�b p2HQx [m2 1h*X

9X9X _2bmHi�/Qb

1H +QMDmMiQ /2 /�iQb /2biBM�/Qb � T`m2#�b U25% /2H +QMDmMiQ /2 /�iQb Q`B;BM�HV 7m2
miBHBx�/Q T�`� `2�HBx�` mM� b2`B2 /2 2tT2`BK2MiQb- /2#B/Q � [m2 +QMiB2M2 /�iQb MmM+� �Mi2b
pBbiQb TQ` HQb +H�bB}+�/Q`2b 2Mi`2M�/Qb `2~2D�M/Q �bő- 2H +QKTQ`i�KB2MiQ /2 2biQb �H;Q`Bi@
KQb 2M 2b+2M�`BQb /2 mbQ K�b +2`+�MQb � H� `2�HB/�/X 1H �H;Q`BiKQ 1h* Q#impQ HQb K2DQ`2b
`2bmHi�/Qb 2M iû`KBMQb /2 +H�bB}+�+BƦM +QM mM 85% /2 T`2+BbBƦM v mM 80% /2 2t�+iBim/-
KB2Mi`�b [m2 2H ao* HQ;`Ʀ mM 71% /2 T`2+BbBƦM v mM 76% /2 2t�+iBim/X �/B+BQM�HK2Mi2-
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L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

6B;m`� 9X8, J�i`Bx /2 +QM7mbBƦM Q#i2MB/� �;`2;�M/Q 2H +QMDmMiQ /2 /�iQb `2�H2b UL�p�``Q
2i �HX- kyR3VX

Tm2/2 Q#b2`p�`b2 2M H�b K�i`B+2b /2 +QM7mbBƦM U6B;m`� 9X9V [m2 1h* `2+QMQ+BƦ +Q``2+i�@
K2Mi2 �H 68% /2 H�b KmD2`2b v �H 96% /2 HQb ?QK#`2bX

aB #B2M T�`� 2H �H;Q`BiKQ ao*- HQb p�HQ`2b TQ`+2Mim�H2b /2 ûtBiQ 7m2`QM K2DQ`2b T�`� 2H
;`mTQ /2 KmD2`2b +QM mM 78% /2 �+B2`iQb- H� i�b� /2 ûtBiQ �H +H�bB}+�` � HQb ?QK#`2b +�vƦ
MQi�#H2K2Mi2 �H 69% 2M +QKT�`�+BƦM +QM 2H �H;Q`BiKQ 1h*X úbi2 KBbKQ TBT2HBM2 pQHpBƦ
� 2D2+mi�`b2 T2`Q 2bi� p2x- +QK#BM�M/Q HQb KQ/2HQb �`iB}+B�H2b +QM K�HH�b /2 T2`bQM�b
`2�H2b- +QM7Q`K�M/Q �bő mM +QMDmMiQ /2 /�iQb /2 mM iQi�H /2 450 KQ/2HQbX S�`� 2bi2
Mm2pQ +QMDmMiQ /2 /�iQb- 1h* HQ;`Ʀ mM� T`2+BbBƦM /2H 74% v mM� 2t�+iBim/ /2H 86%-
KB2Mi`�b [m2 ao* b2 /2b2KT2ƢƦ +QM mM� T`2+BbBƦM /2H 75% v mM� 2t�+iBim/ /2H 79% Up2`
6B;m`� 9X8VX

9X8X *QM+HmbBQM2b

1M 2bi2 +�TőimHQ b2 BMi`Q/mDQ 2H KûiQ/Q T`QTm2biQ T�`� `2+QMQ+BKB2MiQ /2 b2tQ #BQ@
HƦ;B+Q #�b�/Q 2M �M�HBbBb /2 KQ/2HQb j. miBHBx�M/Q �H;Q`BiKQb /2 �T`2M/Bx�D2 bmT2`pBb�/Q
v T�`� HQ +m�H- b2 2tTHQ`�`QM KȹHiBTH2b 2M7Q[m2b [m2 miBHBx�M /B72`2Mi2b K2iQ/QHQ;ő�b /2
T`Q+2b�KB2MiQX a2 HH2;Ʀ � H� +QM+HmbBƦM /2 [m2 2H KQ/2HQ +QM K2DQ` `2M/BKB2MiQ b2 #�b� 2M
2H mbQ /B`2+iQ /2 pû`iB+2b /2 K�HH� T�`� H� 2ti`�++BƦM /2 �i`B#miQb [m2 b2 iQK�M +QKQ /�iQb
/2 2Mi`�/� T�`� /Qb �H;Q`BiKQb /2 +H�bB}+�+BƦM /B72`2Mi2b- mMQ #�b�/Q 2M aoJ v 2H Qi`Q
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L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

2M 1h*X a2 +QMbi`mvƦ mM TBT2HBM2 /2 T`Q+2b�KB2MiQ BM+Hmv2M/Q iû+MB+�b /2 MQ`K�HBx�+BƦM
v `2/m++BƦM /2 /BK2MbBQM�HB/�/ /2 HQb /�iQb [m2 �KBMQ`�M- bB;MB}+�iBp�K2Mi2 2H 2b7m2`xQ
+QKTmi�+BQM�H `2[m2`B/Q bBM +QKT`QK2i2` H� +�HB/�/ /2 HQb `2bmHi�/QbX .B+?Q TBT2HBM2 +QM@
iB2M2 mM T`Q+2/BKB2MiQ /2 b2H2++BƦM /2 /�iQb /2 2Mi`2M�KB2MiQ v /2 b2H2++BƦMfQTiBKBx�+BƦM
/2 ?BT2`@T�`�K2i`Qb T�`� HQb +m�H2b b2 KQbi`�`QM HQb `2bmHi�/Qb Q#i2MB/QbX 6BM�HK2Mi2- H�b
p�HB/�+BQM2b +Q``2bTQM/B2Mi2b b2 `2�HBx�`QM miBHBx�M/Q mM� T�`i2 /2H +QMDmMiQ /2 /�iQb /2@
/B+�/� 2t+HmbBp�K2Mi2 � 2bi2 }M- Q#i2MB2M/Q HQb K2DQ`2b `2bmHi�/Qb +QM 2H �H;Q`BiKQ ao*X
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*�TőimHQ 8

1ti`�++BƦM �miQK�iB+� /2
+�`�+i2`őbiB+�b /2 H� 7Q`K� +Q`TQ`�H
T�`� 2H 2bim/BQ /2 Q#2bB/�/

1M 2bi2 +�TőimHQ b2 T`2b2Mi�`� mM� K2iQ/QHQ;ő� [m2 T2`KBi� Q#i2M2` mM /2b+`BTiQ` T�`�
H�b 2biBK�+BQM2b /2 bQ#`2T2bQ v Q#2bB/�/- miBHBx�M/Q 2pB/2M+B� /2 [m2 T`2b2`p� }2HK2Mi2 H�
M�im`�H2x� /2 H� /Bbi`B#m+BƦM /2 �/BTQbB/�/ �#/QKBM�H +QKQ mM �bT2+iQ /2 H� 7Q`K�X 1bi2
KûiQ/Q 2bi� #�b�/Q 2M BK�;2M2b j. miBHBx�M/Q HQb KQ/2HQb +�Tim`�/Qb 2M 2H T`Qv2+iQ S�@
i�;QMB� j.G�# T�`� HQ +m�H- b2 /2i�HH�`� H� K2iQ/QHQ;ő� miBHBx�M/Q iû+MB+�b /2 KQ`7QK2i`ő�
;2QKûi`B+� v b2;K2Mi�+BƦM j.X

8XRX AMi`Q/m++BƦM

1M H� �+im�HB/�/- 2H /B�;MƦbiB+Q v i`�i�KB2MiQ /2 Q#2bB/�/ 2bi�M #�b�/Qb 2M BM/B+�/Q`2b
+H�bB+Qb +QKQ H� `2H�+BƦM 2Mi`2 T2bQ v �Him`� UŐM/B+2 /2 J�b� *Q`TQ`�H Q AJ*V UE2vb 2i �HX-
RNdkV- H� +B`+mM72`2M+B� /2 +BMim`� v +�/2`� UŐM/B+2 *BMim`� *�/2`� Q A**V Q 2H ŐM/B+2
/2 *BMim`� h�HH� UA*hV U�b?r2HH 2i �HX- kyRk- G�`bbQM 2i �HX- RN39- G�TB/mb 2i �HX- RN39VX
1M �H;mMQb +�bQb- b2 miBHBx�M 2p�Hm�+BQM2b �Mi`QTQKûi`B+�b K�b +QKTH2D�b v +QbiQb�b T�`�
Q#i2M2` mM K�`+Q ;2M2`�H /2 T`QTQ`+BQM2b +Q`TQ`�H2b v /Bbi`B#m+BƦM /2 ;`�b�X 1bi�#H2+2` mM
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L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

6B;m`� 8XR, 1D2KTHQ /2 BK�;2M j. /2H +QMDmMiQ /2 /�iQb- DmMiQ +QM H� +QM};m`�+BƦM
/2 H�M/K�`Fb mb�/� T�`� H� 2ti`�++BƦM /2 H�b +�`�+i2`őbiB+�b /2 H� 7Q`K� +Q`TQ`�HX GQb
H�M/K�`Fb 1− 2 +Q``2bTQM/2 � H� �`iB+mH�+BƦM /2H ?QK#`Q U;H2MQ?mK2`�HV v HQb H�M/K�`Fb
3− 4 � HQb TmMiQ /QM/2 �`iB+mH� H� +�#2x� /2H 7ûKm` 2M H� +�/2`� UL�p�``Q 2i �HX- kyRN�V

X

mK#`�H �/2+m�/Q Q TmMiQb /2 +Q`i2 2M HQb őM/B+2b T�`� T`2/2+B` 2bi�/Qb Mmi`B+BQM�H2b U+QKQ
Q#2bB/�/ v bQ#`2T2bQV- 2bi� /B`2+i�K2Mi2 `2H�+BQM�/Q +QM H�b +�`�+i2`őbiB+�b /2 H� TQ#H�+BƦM
/2 `272`2M+B�X 1bim/BQb �Mi2`BQ`2b BM/B+�M H�b /B72`2M+B�b Q#b2`p�/�b 2Mi`2 H�b TQ#H�+BQM2b
/2 H�b BbH�b /2 �bB�- 1m`QT� Q 2H S�+ő}+Q bQ#`2 HQb 2bi�M/�`2b /2 AJ* T�`� +H�bB}+�` 2H
bQ#`2T2bQ v H� Q#2bB/�/ 2M �/mHiQb U*�``QHH 2i �HX- kyy3- :m 2i �HX- kyR3- E�;�r� 2i �HX-
kyyd- J�/�M 2i �HX- kyRk- _ǠMM 2i �HX- kyRdVX 1bi�b /B72`2M+B�b i�K#BûM bQM `2TQ`i�/�b
T�`� HQb őM/B+2b A** 2 A*hX 1bi2 T`Q#H2K� bB;m2 bBM 2bi�` +H�`Q 2M TQ#H�+BQM2b KBti�b Q
K2biBx�b- +QKQ 2M ;`�M/2b T�`i2b /2 �Kû`B+� G�iBM�X .2#B/Q � bm 2ti2Mb� K2x+H� 2Mi`2 H�b
i`2b T`BM+BT�H2b TQ#H�+BQM2b +QMiBM2Mi�H2b U�7`B+�MQb- 2m`QT2Qb v M�iBpQb �K2`B+�MQbV- HQb
H�iBMQ�K2`B+�MQb iB2M2M mM 7QM/Q #BQHƦ;B+Q +QKTH2DQ UEQ2?H �M/ GQM;- kyR3- LQ``Bb 2i �HX-
kyR3- _mBx@GBM�`2b 2i �HX- kyR9VX

1M mM 2bim/BQ `2+B2Mi2 b2 2p�HmƦ K2/B�Mi2 `2;`2bBƦM HBM2�H KȹHiBTH2- H� `2H�+BƦM 2Mi`2
Q#2bB/�/ /2}MB/� +QKQ AJ*- A*h v A**- �b+2M/2M+B� ;2MƦKB+� v 2bi�/Q bQ+BQ2+QMƦKB+Q
2M mM� Km2bi`� /2 H�iBMQ�K2`B+�MQb K2x+H�/Qb Uedde pQHmMi�`BQb �/mHiQb /2 "`�bBH- *?BH2-
*QHQK#B�- JûtB+Q v S2`ȹc _m/2`K�M 2i �HX UkyRNVVX G� T`QTQ`+BƦM /2 Q#2bB/�/ /2T2M/2
2M ;`�M K2/B/� /2H őM/B+2 v /2 H� TQ#H�+BƦM +QMbB/2`�/�- v HQb őM/B+2b MQ b2 bmT2`TQM2M
+QMbi�Mi2K2Mi2 �H +H�bB}+�` H� Q#2bB/�/ U_m/2`K�M 2i �HX- kyRNVX 1b BKTQ`i�Mi2 2bi�#H2+2`
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mM +Q`i2 2bT2+ő}+Q T�`� 2H ;`�M TQ`+2Mi�D2 /2 H� TQ#H�+BƦM K2biBx� /2 �Kû`B+� G�iBM� v
2bim/B�` +m�H2b b2`ő�M HQb T�`�K2i`Qb T�`� mM /B�;MƦbiB+Q +Q``2+iQ /2 bQ#`2T2bQ v Q#2bB/�/X
lM� K2DQ` `2bTm2bi� � 2bi2 T`Q#H2K� TQ/`ő� BM+HmB` 2H `2;Bbi`Q v 2H �M�HBbBb /2 BK�;2M2b
2M j. +QKQ b2 T`QTQM2 2M 2bi2 +�TőimHQ 2M 2H +m�H b2 +QK#BM�M iû+MB+�b /2 +QKTmi�+BƦM
�THB+�/�b � H� �Mi`QTQHQ;ő�X

8XkX JûiQ/Q

8XkXRX .2b+`BT+BƦM /2 H� Km2bi`�

S�`� 2bi2 T`Q+2/BKB2MiQ b2 miBHBx�`QM HQb /�iQb +QH2+i�/Qb #�DQ 2H T`QiQ+QHQ /2 S`Qv2+iQ
j.G�# Uo2` *�TőimHQ jV- /2 HQb +m�H2b ȹMB+�K2Mi2 b2 miBHBx�`QM HQb KQ/2HQb /2 pQHmMi�`BQb
`2�H2b /2#B/Q � [m2 7m2 M2+2b�`BQ +QMi�` +QM BM7Q`K�+BƦM �bQ+B�/� T�`� p�HB/�` 2H KûiQ/QX
*QM 2H Q#D2iBpQ /2 MQ b2b;�` M2;�iBp�K2Mi2 2H 2tT2`BK2MiQ- b2 /2b+�`i�`QM HQb BM/BpB/mQb /2
H� Km2bi`� [m2 +QMi2Mő�M /27Q`K�+BQM2b �MƦK�H�b m#B+�/�b 2M 2H iQ`bQ /2 bmb `2T`2b2Mi�@
+BQM2b j.X 1bi�b �MQK�Hő�b b2 �i`B#mv2M � 2``Q`2b /2 2b+�M2Q- T`Q/m+B/Qb TQ` 2H /BbTQbBiBpQ
�H +�Tim`�` �H;ȹM iBTQ bmT2`}+B2 Q bBKTH2K2Mi2 TQ` 2``Q` /2H QT2`�/Q`X 1H +QMDmMiQb /2 BM@
/BpB/mQb Un = 112V miBHBx�/Q b2 /2b+`B#2 2M /2i�HH2 2M H� h�#H� 8XR- BM/B+�M/Q HQb /B72`2Mi2b
T`QK2/BQb v /2bpőQ 2bi�M/�` T�`� H�b K2/B/�b iQK�/�b DmMiQ +QM HQb /B72`2Mi2b 2bi�/Qb
Mmi`B+BQM�H2b �+Q`/2 � HQb TmMiQb /2 +Q`i2 +Q``2bTQM/B2Mi2b � HQb i`2b őM/B+2b miBHBx�/QbX
*QMbB/2`�M/Q H� Km2bi`�- 15,2% /2 H� Km2bi`� 7m2`QM +QMbB/2`�/Qb Q#2bQb /2 �+m2`/Q
� bm AJ*- 31,2% +QM bQ#`2T2bQ- v 53,6% b�Hm/�#H2bX 1H TQ`+2Mi�D2 /2 pQHmMi�`BQb +QM
Q#2bB/�/ b2;ȹM 2H +`Bi2`BQ /2 +Q`i2 T�`� A*h 2b /2 81,2%X G� KBbK� i2M/2M+B� b2 Km2bi`�
/2 �+m2`/Q �H A** +QM 60% /2 ?QK#`2b v 69% /2 KmD2`2b Q#2b�bX

1M H�b BK�;2M2b j. 7m2`QM +QHQ+�/Qb +m�i`Q TmMiQb /2 �M+H�D2 �M�iƦKB+Q i�K#BûM /2@
MQKBM�/Qb H�M/K�`FbX 1biQb H�M/K�`Fb 7m2`QM m#B+�/Qb TQ` mM QT2`�`BQ +�T�+Bi�/Q v� [m2
b2 `2[mB2`2 i2M2` 2tT2`B2M+B� v +QMQ+BKB2MiQb /2 �M�iQKő�X G� miBHBx�+BƦM /2 2biQb H�M/@
K�`Fb T2`KBi2 Q#i2M2` TmMiQb /2 +Q``2bTQM/2M+B� 2Mi`2 iQ/Qb HQb KQ/2HQb /2 H� Km2bi`�X
1b /2+B`- +ƦKQ 2biQb TmMiQb 2bi�M TQbB+BQM�/Qb �M�iƦKB+�K2Mi2 2b TQbB#H2 m#B+�`HQb 2M
+m�H[mB2` `2T`2b2Mi�+BƦM /2H +m2`TQ ?mK�MQX 1M H� };m`� 8XR b2 Tm2/2 Q#b2`p�` H� TQbB+BƦM

de
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>QK#`2 JmD2`
J2/B/�b GBM2�H2b �Him`�U+KV 173,6± 8,5 160,4± 5,8

S2bQUF;V 85,0± 17,11 64,6± 13,1
*B`+mM72`2M+B� /2 *BMim`� U+KV 96,6± 14,2 89,6± 11,0
*B`+mM72`2M+B� /2 *�/2`� U+KV 104,27± 9,38 101,16± 9,30

AJ* a�Hm/�#H2 e 89
aQ#`2T2bQ Rj kk
P#2bQ e RR

A*h a�Hm/�#H2 e R8
P#2bQ RN dk

A** a�Hm/�#H2 Ry kd
P#2bQ R8 ey

h�#H� 8XR, 6BH� amT2`BQ`, T`QK2/BQ v /2bpB�+BƦM 2bi�M/�` /2 H�b K2/B/�b HBM2�H2bX 6BH�b
AM72`BQ`2b, h�K�ƢQb /2 H� Km2bi`� TQ` b2tQ v 2bi�/Q Mmi`B+BQM�HX AM/B+2 /2 J�b� *Q`TQ`�H
UAJ*V TmMiQb /2 +Q`i2 /2 �+m2`/Q � H� P`;�MBx�+BƦM JmM/B�H /2 H� a�Hm/, P#2bQ ≥ 30-
aQ#`2T2bQ ≥ 25 a�Hm/�#H2 ≥ 18,50− 24,99 q>P UkyR3VX ŐM/B+2 /2 *BMim`� h�HH� UA*hV
+QM TmMiQ /2 +Q`i2 2M yX8 T�`� �K#Qb ;ûM2`QbX "`QrMBM; 2i �HX UkyRyV ŐM/B+2 *BMim`�
*�/2`� UA**V- p�HQ`2b bQ#`2 0,85 v 0,9 bQM +QMbB/2`�/Qb MQ b�Hm/�#H2b T�`� KmD2`2b v
?QK#`2b- `2bT2+iBp�K2Mi2X L�p�``Q 2i �HX UkyRN�VX

/2 2biQb +m�i`Q TmMiQb /2 �M+H�D2 bBim�/Qb bQ#`2 mM KQ/2HQ 2D2KTHQ Up2` *�TőimHQ j T�`�
K�b /2i�HH2VX GQb H�M/K�`Fb 1−2 +Q``2bTQM/2 � H� �`iB+mH�+BƦM /2H ?QK#`Q U;H2MQ?mK2`�HV
v HQb H�M/K�`Fb 3− 4 � HQb TmMiQ /QM/2 �`iB+mH� H� +�#2x� /2H 7ûKm` 2M H� +�/2`�X

8XkXkX 1ti`�++BƦM �miQK�iB+� /2 +�`�+i2`őbiB+�b /2 H� 7Q`K� +Q`@

TQ`�H

*QKQ v� b2 K2M+BQMƦ- 2H 2b+�M2` j. 2b mM� ?2``�KB2Mi� TQi2Mi2 � H� ?Q`� /2 +�Tim`�`
Km2bi`�b � ;`�M 2b+�H� v M2+2b�`B�- T�`� `2�HBx�` 2bim/BQb /2 TQ#H�+BƦM UGƺ|2`@qB`i? 2i �HX-
kyRe- C�2b+?F2 2i �HX- kyR8VX 1H T`Q#H2K� +QM 2bi�b `2T`2b2Mi�+BQM2b 2b +QKQ 2ti`�2`
+�`�+i2`őbiB+�b Uf eaturesV /Bb+`BKBM�Mi2b [m2 T2`KBi�M 2bim/B�` HQb Q#D2iQb +�Tim`�/Qb /2
mM� K�M2`� 2}+B2Mi2X S�`� `2bQHp2` 2bi2 T`Q#H2K�- 2H T`2b2Mi2 +�TőimHQ T`QTQM2 miBHBx�`
HQb H�M/K�`Fb- �Mi2`BQ`K2Mi2 MQK#`�/Qb- +QKQ `272`2M+B� � H� ?Q`� /2 2ti`�2` 72�im`2bX
1b TQ` 2biQ [m2 b2 +�H+mH�`QM /Qb TmMiQb s0 v s1 2Mi`2 HQb T�`2b /2 H�M/K�`Fb R-k v
j-9X *QKQ 2biQb TmMiQb 7m2`QM Q#i2MB/Qb � T�`iB` /2 TmMiQb �M�iƦKB+�K2Mi2 �M+H�/Qb

dd
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6B;m`� 8Xk, GQ+�HBx�+BƦM /2 HQb b2KB@H�M/K�`Fb s0 v s1 2M L�`�MD�X GQb 500 TmMiQb �Dmb@
i�/Qb TQ` 2H +`Bi2`BQ /2 KőMBKQ BendingEnergy 2M p2`/2X 1H �`2� �#/QKBM�H /2b+`BTi�
2M /BbiBMi�b pBbi�b Uk.- j. v pBbi� i`�Mbp2`b�HXV ;2M2`�/Qb +QM 250 b2;K2MiQbX UL�p�``Q
2i �HX- kyRN�V

b2 HQb Tm2/2 /2MQKBM�` b2KB@H�M/K�`Fb Uo2` 6B;m`� 8XkVX � T�`iB` /2 �[mő- b2 +�H+mHƦ H�
/Bbi�M+B� 1m+HB/B�M� 2Mi`2 HQb b2KB@H�M/K�`Fb- +QM 2H }M /2 Q#i2M2` BM7Q`K�+BƦM bQ#`2 H�
TQbB+BƦM `2H�iBp� �H �`2� �#/QKBM�HX liBHBx�M/Q H� /Bbi�M+B� [m2 b2 +�H+mHƦ T`2pB�K2Mi2- b2
TQbB+BQM�`QM 498 TmMiQb � HQ H�`;Q /2H �`2� +Q``2bTQM/B/� 2Mi`2 s0 v s1 v b2 �Dmbi�`QM +QM 2H
+`Bi2`BQ /2 K2MQ` "2M/BM; 2M2`;v :mMx �M/ JBii2`Q2+F2` UkyRjVX 6BM�HBx�/Q 2bi2 T`Q+2bQ b2
Q#impB2`QM 500 b2KB@H�M/K�`Fb UBM+Hmv2M/Q s0 v s1V TQbB+BQM�/Qb bQ#`2 2H KQ/2HQ j. Uo2`
6B;m`� 8XkVX G� xQM� BM72`BQ` /2H �`2� �#/QKBM�H +QMbiBimv2 H� `2;BƦM 2M /QM/2 b2 +2Mi`�
H� K�vQ` +QM+2Mi`�+BƦM /2 ;`�b� +Q`TQ`�H- TQ` HQ +m�H 2bi2 2b mM �`2� /2 BMi2`ûb T�`� 2H
2bim/BQ /2 Q#2bB/�/ v bQ#`2T2bQX *QM 2biQ 2M K2Mi2- b2 miBHBx�`QM HQb 250 b2KB@H�M/K�`Fb
BM72`BQ`2b [m2- �H 2bi�` }D�/Qb � H�M/K�`Fb �M�iƦKB+Qb- +QMbiBimv2 2t�+i�K2Mi2 H� KBi�/
BM72`BQ`X

� T�`iB` /2 �[mő- v miBHBx�M/Q QT2`�+BQM2b #�bB+�b 2M j.- b2 ;2M2`�`QM k8y H�KBM�b /2
+Q`i2- 2b /2+B` k8y T`BbK�b `2+i�M;mH�`2b 2M i`2b /BK2MbBQM2b U+QM 0,01 2bT2bQ`VX 1biQb
`2+i�M;mHQb 2bi�M �HBM2�/Qb +QM 2H KQ/2HQ UmMQ +QM +�/� b2KB@H�M/K�`FV v- K2/B�Mi2
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QT2`�+BQM2b /2 BMi2`b2++BƦM- b2 Q#impB2`QM 250 b2;K2MiQb /2H �`2� BM72`BQ` �#/QKBM�HX
1biQb b2;K2MiQb bQM miBHBx�/Qb +QKQ /�iQ T`BM+BT�H T�`� +QMbi`mB` mM 2bT�+BQ /2 72�im`2
+�T�x /2 /2i2+i�` v �M�HBx�` H�b /B72`2M+B�b /2 7Q`K� 2Mi`2 b2tQb v 2bi�/Q Mmi`B+BQM�HX

8XjX _2bmHi�/Qb

GQb 112 KQ/2HQb j. 7m2`QM T`Q+2b�/Qb /2 K�M2`� �miQK�iB+� +QKQ b2 /2i�HHƦ T`2pB�@
K2Mi2X S�`� `2T`2b2Mi�` H� p�`B�+BƦM /2 H� 7Q`K� �#/QKBM�H b2 miBHBx�`QM H�b 250 +B`+mM72@
`2M+B�b /2 +�/� pQHmMi�`BQ- H�b +m�H2b 7m2`QM T`Qv2+i�/�b /2Mi`Q /2 mM 2bT�+BQ +QKTmi�/Q
� i`�pûb /2 S*�X 1H T`BK2` +QKTQM2Mi2 T`BM+BT�H US*RV v 2H b2;mM/Q +QKTQM2Mi2 T`BM@
+BT�H US*kV 2tTHB+�M 12,5% v 7,5% /2 H� p�`B�+BƦM `2bT2+iBp�K2Mi2X 1M 6B;m`� 8Xj b2
Q#b2`p� H� /Bbi`B#m+BƦM /2 HQb BM/BpB/mQb /2Mi`Q /2H 2bT�+BQ /2}MB/Q TQ` 2biQb /Qb T`BK2@
`Qb +QKTQM2Mi2bX �/2K�b b2 pBbm�HBx� H� p�`B�+BƦM /2 H� 7Q`K� �#/QKBM�H � HQ H�`;Q /2
HQb 2D2bX _2+Q``B2M/Q 2H T`BK2` 2D2 US*RV /2b/2 HQb p�HQ`2b M2;�iBpQb ?�+B� HQb TQbBiBpQb-
HQb p�HQ`2b /Bb+`BKBM�M +�bB TQ` +QKTH2iQ HQb +�K#BQb �Mi2`BQ`2b@TQbi2`BQ`2b 2M HQb iQ`bQ
#�b�/Q 2M `2+QMbi`m++BQM2b j. +Q``2bTQM/B2Mi2b � HQb pQHmMi�`BQb +QM K2MQ` �/BTQbB/�/
+2Mi`�H � �[m2HHQb +QM bQ#`2T2bQ K�`+�/QX 1M 2H b2;mM/Q 2D2- iQ/Qb HQb p�HQ`2b M2;�iBpQb
+Q``2bTQM/2M +QM iQ`bQb +H�bB}+�/Qb +QKQ b�Hm/�#H2b U/2 �+m2`/Q � HQb i`2b őM/B+2bVX 1bi�b
p�`B�+BQM2b /2 7Q`K� 2bi�M �72+i�/�b TQ` 2H 272+iQ +QK#BM�/Q /2H 2bi�/Q Mmi`B+BQM�H v 2H
/BKQ`}bKQ b2tm�H /2 HQb BM/BpB/mQbX 1H T2bQ- H� �Him`� v H�b +B`+mM72`2M+B�b /2 +BMim`� v
+�/2`� /2 +�/� pQHmMi�`BQ- K2/B/�b HBM2�H2b [m2 MQ b2 `2}2`2M +QKTH2i�K2Mi2 � H� i`B/BK2M@
bBQM�HB/�/ /2H +m2`TQ ?mK�MQ TQ` bő KBbK�b- b2 �M�HBx�`QM 2M `2H�+BƦM +QM HQb T�`�K2i`Qb
/2 7Q`K� 2tT`2b�/Qb TQ` 2H 2bT�+BQ ;2M2`�/QX .�/Q [m2 HQb őM/B+2b �Mi`QTQKûi`B+Qb 2bi�M
Kmim�K2Mi2 v �Hi�K2Mi2 +Q``2H�+BQM�/Qb- b2 `2/mDQ iQ/Qb 2biQb p�HQ`2b 2M mM Mm2pQ +QK@
TQM2Mi2 � i`�pûb /2 mM S*� 2bT2+ő}+Q +�H+mH�/Q bQHQ 2M /�iQb �Mi`QTQKûi`B+QbX 1H T`BK2`
2D2 `2T`2b2Mi� 2H djXy3 W /2 H� p�`B�Mx� iQi�H v 2bi� /QKBM�/Q T`BM+BT�HK2Mi2 TQ` 2H T2bQ-
b2;mB/Q /2 H� +B`+mM72`2M+B� /2 H� +BMim`�X GQb p�HQ`2b `2bB/m�H2b 7m2`QM BMi`Q/m+B/Qb +QKQ
+Qp�`B�#H2b /2Mi`Q /2 mM �M�HBbBb /2 +Qp�`B�M+B�X 1bi2 2bim/BQ 2bi�/őbiB+Q 7m2 `2�HBx�/Q +QM
2H Q#D2iBpQ /2 2p�Hm�` bB H�b K2/B�b /2 HQb p�HQ`2b /2 S*R v S*k Q#i2MB/Qb /2 HQb +Q`i2b
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6B;m`� 8Xj, �M�HBbBb /2 +QKTQM2Mi2b T`BM+BT�H2bX :`�}+Q /2 /BbT2`bBƦM v p�`B�+BƦM /2 7Q`K�
v /Bbi`B#m+BƦM /2 H� ;`�b� �#/QKBM�H +QM 2H /2b+`BTiQ` T`QTm2biQX 1HBTb2b +QHQ`2�/�b #�b�/�b
2M AJ*- A*h- A** 2bi�/Qb Mmi`B+BQM�H2bX GQb +�K#BQb /2 7Q`K� `2T`2b2Mi�M 2H +�K#BQ /2
7Q`K� T`QK2/BQ Q#b2`p�/Q 2M HQb 2ti`2KQb /2 HQb 2D2bX UL�p�``Q 2i �HX- kyRN�V

7m2`QM /B72`2Mi2b T�`� ?QK#`2b v KmD2`2b /2bTmûb /2 �Dmbi�` 2H 272+iQ /2 H�b +Qp�`B�#H2b
U2b /2+B`- 7Q`K�b +Q`TQ`�H2b `2H�+BQM�/�b +QM /B72`2Mi2b 2bi�/Qb /2 b�Hm/ /2 HQb BM/BpB/mQbVX

3y
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G� ?QKQ;2M2B/�/ /2 H� p�`B�Mx� 2Mi`2 HQb ;`mTQb b2 2bi�#H2+BƦ +QM H� T`m2#� /2 G2p2M2X
1H `�b;Q T`BM+BT�H [m2 2tTHB+� H� p�`B�+BƦM /2H S* 7m2 H� 7Q`K� /2H +m2`TQ- b2;mB/� 2M K2MQ`
K2/B/� UP < ,05V- TQ` /BKQ`}bKQ b2tm�HX

G� p�`B�+BƦM 2M H� 7Q`K� [m2 /2b+`B#2 H� Q#2bB/�/ �#/QKBM�H b2 2tTmbQ � HQ H�`;Q /2
S*R v S*k U6B;m`� 8XjV /QM/2 2H 2bi�/Q Mmi`B+BQM�H /2 HQb BM/BpB/mQb 2bi�M BM/B+�/Qb +QM
/B72`2Mi2b +QHQ`2bX G�b 2HBTb2b �;`mT�M � HQb pQHmMi�`BQb /2 �+m2`/Q +QM HQb p�HQ`2b /2
+Q`i2 `272`B/Qb T�`� +�/� őM/B+2 +QKQ ǳa�Hm/�#H2 f aQ#`2T2bQ f P#2bB/�/Ǵ T�`� 2H AJ*
Q ǳa�Hm/�#H2 f P#2bB/�/Ǵ T�`� A*h 2 A**X G�b HőM2�b +QHQ`2�/�b BM/B+�M H� /Bbi�M+B� /2
+�/� pQHmMi�`BQ �H +2Mi`QB/2 /2 H� /Bbi`B#m+BƦMX Sm2/2 Q#b2`p�`b2 [m2 +�/� T2`bQM� Tm2/2
+H�bB}+�`b2 2M K�b /2 mM� +�i2;Q`ő�- /2 �+m2`/Q +QM /B72`2Mi2b őM/B+2bX 1bi� /Bb+`2T�M+B�
2b 2bT2+B�HK2Mi2 MQi�#H2 2Mi`2 AJ* v A*hX G� +H�bB}+�+BƦM 2b +QM;`m2Mi2 bQHQ T�`� �[m2@
HHQb 72MQiBTQb +QMbB/2`�/Qb +QKQ Q#2bQb 2M `2H�+BƦM +QM bm T2bQ v 2bi�im`�- T2`Q p�`ő�
MQi�#H2K2Mi2 T�`� 2H `2biQX 1M 2H 2bT�+BQ /2}MB/Q TQ` HQb /Qb 2D2b H�b /B72`2Mi2b 2HBTb2b b2
bmT2`TQM2M- v Km+?Qb /2 2biQb pQHmMi�`BQb 2bi�M K�b +2`+� /2H +2Mi`QB/2 /2 mM� +�i2;Q`ő�
+2`+�M� [m2 2H [m2 +Q``2bTQM/2 b2;ȹM bm /2bB;M�+BƦM bB;mB2M/Q +�/� mMQ /2 HQb i`2b őM/B+2bX

G� /Bbi`B#m+BƦM /2H i2DB/Q �/BTQbQ �#/QKBM�H /2#2 +QMbB/2`�`b2 +QKQ mM �bT2+iQ /2
H� 7Q`K� v MQ +QKQ mM� `2H�+BƦM HBM2�H 2Mi`2 H�b K2/B/�b �Mi`QTQKûi`B+�bX a2 TH�Mi2� H�
+m2biBƦM /2 bB 2H �M�HBbBb /2 p�`B�Mx� /2 mM b2;K2MiQ /2 `2+QMbi`m++BƦM j. Tm2/2 p2`b2
+QKQ mM 2M7Q[m2 K�b T`2+BbQ T�`� 2H /B�;MƦbiB+Q /2 bQ#`2T2bQ v Q#2bB/�/X S�`� 2p�Hm�`
2bi� ?BTƦi2bBb- b2 `2�HBx�`QM �M�HBbBb /2 `2;`2bBƦM HBM2�H 2Mi`2 2H T`BK2` v 2H b2;mM/Q 2D2
US*� +�H+mH�/Q T�`� ?QK#`2b v KmD2`2b TQ` b2T�`�/QV v HQb i`2b p�HQ`2b /2 őM/B+2 +H�bB+Qb,
AJ*- A*h v A**X G�b `2;`2bBQM2b 7m2`QM 2bi�/őbiB+�K2Mi2 bB;MB}+�iBp�b T�`� S*R U o2`
h�#H� 8XkVX

8XjXRX J2/B+BƦM /2 2``Q` v �/[mBbB+BƦM /2 +�`�+i2`őbiB+�b

S�`� K2/B` [mû i�M `Q#mbiQ 2b 2H KûiQ/Q �[mő T`QTm2biQ b2 2p�HmƦ +ƦKQ H� m#B+�+BƦM
/2 HQb TmMiQb /2 `272`2M+B� �72+i�M 2H T`Q+2bQ v HQb `2bmHi�/Qb }M�H2b /2 H� 2ti`�++BƦM
�miQK�iB+� /2 +�`�+i2`őbiB+�b T�`� 2H �`2� �#/QKBM�HX a2 `2�HBxƦ mM �M�HBbBb 2bi�/őbiB+Q /2
2``Q` /2 H� bB;mB2Mi2 K�M2`�, T�`� +�/� BM/BpB/mQ 2M H� Km2bi`� UN = 112V b2 `2THB+�`QM
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L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

AM/2t S* @ R S* @ k
:2M2`Q r 2 S@p�Hm2 r 2 S@p�Hm2
JmD2` AJ* 0,45 1,25e−12 8,3e−4 0,79

A*h 0,62 1,15e−19 0,002 0,67
A** 0,44 1,62e−12 1,41e−5 0,97

>QK#`2 AJ* 0,40 0,06e−2 yXyd yXR3
A*h 0,54 2,3e−5 yXky yXky
A** 0,55 2,14e−5 yXR9 yXR9

h�#H� 8Xk, _2;`2bBƦM GBM2�H S*R v S*k +QMi`� őM/B+2b +H�bB+Qb UAJ*- A*h- A**V UL�p�``Q
2i �HX- kyRN�V

24 2b+2M�`BQb /2 2``Q`X G�b +QQ`/2M�/�b +�`i2bB�M�b x, y , z /2 HQb T�`2b /2 TmMiQb /2
`272`2M+B� 1 � 2 v 3 � 4- 7m2`QM i`�Mb7Q`K�/Qb 2M +QQ`/2M�/�b TQH�`2b- Hm2;Q- b2 ;2M2`�`QM
24 TQbB+BQM2b �H2�iQ`B�b �Hi2`M�iBp�b 2M mM `�/BQ /2 1, 5 +K T�`� +�/� TmMiQ /2 `272`2M+B�
miBHBx�M/Q mM� /Bbi`B#m+BƦM mMB7Q`K2X �H }M�H /2 2bi2 T`Q+2/BKB2MiQ- b2 Q#impQ mM iQi�H
/2 2688 BM/BpB/mQb `2THB+�/Qb- 2M HQb +m�H2b b2 +�H+mH�`QM HQb b2KB@H�M/K�`Fb s0- s1 v HQb
250 b2;K2MiQb Up2` 6B;m`� 8XkVX GQb +Q`i2b Q#i2MB/Qb U2688 BM/BpB/mQb 2KmH�/Qb v 112
Q`B;BM�H2bV 7m2`QM T`Q+2b�/Qb � T�`iB` /2H KûiQ/Q T`2pB�K2Mi2 /2i�HH�/QX

S�`� +�/� ;`mTQ /2 Q`B;BM�H2b v `ûTHB+�b UL 4 k8V- b2 +�H+mHƦ 2H +2Mi`QB/2 /2 H� p�`B�Mx�
/2 2b� /Bbi`B#m+BƦM v H� /Bbi�M+B� 2Mi`2 +�/� mMQ /2 2HHQb �H +2Mi`QB/2 T�`� 2biBK�` 2H
2``Q` BMi`�@BM/BpB/m�HX a2 `2�HBxƦ 2H KBbKQ T`Q+2/BKB2MiQ T�`� iQ/� H� Km2bi`� U2``Q` BMi2`@
BM/BpB/m�HVX 1M +QKT�`�+BƦM- H� /Bbi�M+B� BMi2`@BM/BpB/m�H T`QK2/BQ 7m2 /2 0,05- KB2Mi`�b
[m2 H� /Bbi�M+B� BMi`�@BM/BpB/m�H 7m2 /2 0,002X SQ` HQ i�MiQ- H� p�`B�Mx� BMi2`BM/BpB/m�H-
BM+HmbQ 2M H�b T`m2#�b bBKmH�/�b- 2b K�b /2H /Q#H2 [m2 H� p�`B�Mx� BMi`�@BM/BpB/m�HX GQ [m2
+QM+Hmv2 [m2 2M iQ/Qb HQb 2b+2M�`BQb bBKmH�/Qb- H� TQbB#H2 +QHQ+�+BƦM BM+Q``2+i� /2 TmMiQb
/2 `272`2M+B� BMi`Q/m+2 mM 2``Q` 2M H� b2;K2Mi�+BƦM j. MQ bB;MB}+�iBpQ � HQb 272+iQb /2
2bi2 �M�HBbBbX

8X9X *QM+HmbBQM2b

1H 2M7Q[m2 +H�bB+Q miBHBx�/Q 2M iQ/Q 2H KmM/Q T�`� /2}MB` 2H bQ#`2T2bQ v H� Q#2bB/�/
2b 2H AJ*- 2H +m�H 2b mM� ?2``�KB2Mi� 2+QMƦKB+� v `�TB/� /2 mb�` /m`�Mi2 2H /B�;MƦbiB+Q
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L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

+HőMB+QX aBM 2K#�`;Q- +QKQ b2 BM7Q`KƦ �Mi2`BQ`K2Mi2- 2H AJ* v Qi`Qb őM/B+2b `2H�+BQM�/Qb
iB2M/2M � MQ /2b+`B#B` H� Q#2bB/�/ +QM T`2+BbBƦM- /2#B/Q � H�b p�`B�+BQM2b /2Mi`Q v 2Mi`2
TQ#H�+BQM2b 2M H� /Bbi`B#m+BƦM /2 ;`�b� �#/QKBM�H U*?�M/�HB� 2i �HX- kyyd- :�HH�;?2` 2i �HX-
kyyy- _mb? 2i �HX- kyyd- kyyN- qmH�M 2i �HX- kyRyVX

1H KûiQ/Q T`2b2Mi�/Q 2M 2bi2 +�TőimHQ T2`KBi2 � HQb BMp2biB;�/Q`2b Q#i2M2` /2 K�M2`�
K�bBp� BM7Q`K�+BƦM bQ#`2 H� 7Q`K� v p�`B�#BHB/�/ /2H +m2`TQ ?mK�MQX �/2K�b 2bi2 iBTQ
/2 2M7Q[m2 T`Qp22 K2iQ/QHQ;ő�b �T`QTB�/�b T�`� /2i2+i�` H� Q#2bB/�/ +2Mi`�H UJ2/BM�@
AMQDQb� 2i �HX- kyReV v /2i2`KBM�` 2H pQHmK2M v H� bmT2`}+B2 /2H +m2`TQ DmMiQ +QM K2/B/�b
�Mi`QTQKûi`B+�b +QM ;`�M T`2+BbBƦM UEm2?M�T72H 2i �HX- kyRe- kyRd- GBm 2i �HX- kyRdVX

G�b BK�;2M2b j. v HQb /BbTQbBiBpQb T�`� Q#i2M2`H�b b2 ?�M pm2HiQ +�/� p2x K�b �+@
+2bB#H2b v b2 /2#2M /2b�``QHH�` Mm2pQb KûiQ/Qb /2 �M�HBbBb [m2 7�+BHBi2M 2H T`Q+2b�KB2MiQ
/2 2bi� BM7Q`K�+BƦMX 1M Mm2bi`� pB/� /B�`B�- v� b2 miBHBx�M i2+MQHQ;ő�b +QM ;`�M +�T�+B/�/
/2 +ƦKTmiQ- +QKQ i2Hû7QMQb BMi2HB;2Mi2b- i�#H2i�b v +QKTmi�/Q`�b T2`bQM�H2b- +QM mM TQ@
i2M+B�H T�`� H� T`�+iB+� T`Q72bBQM�HX GQb �p�M+2b 2M HQb KûiQ/Qb /2 �M�HBbBb j. T2`KBiB`�M
� HQb Kû/B+Qb �T`Qp2+?�` H�b Mm2p�b i2+MQHQ;ő�b UTQ` 2D2KTHQ- �THB+�+BQM2b T�`� i2Hû7QMQb
BMi2HB;2Mi2bV T�`� Q#i2M2` /2}MB+BQM2b K�b `2�HBbi�b /2 H� 7Q`K� /2H +m2`TQ 2M /B72`2Mi2b
+QM/B+BQM2b /2 b�Hm/ v bmb +�mb�b `2H�+BQM�/�bX .2bTmûb /2 H� p�HB/�+BƦM- 2biQb 2M7Q[m2b
7mim`Qb ?�`�M TQbB#H2b K2DQ`2b /2b+`BT+BQM2b /2 H� /Bbi`B#m+BƦM /2 ;`�b� +Q`TQ`�HX 1biQ 2b
M2+2b�`BQ T�`� +�Tim`�` H� p�`B�+BƦM ǳ7�Hi�Mi2Ǵ /2#B/Q � 7�+iQ`2b BMi`� 2 BMi2`@TQ#H�+BQM�H2bX

1H KûiQ/Q T`2b2Mi�/Q 2M 2bi2 +�TőimHQ p� K�b �HH� /2 HQb őM/B+2b i`�/B+BQM�H2b v T`Q@
#H2K�iB+Qb v �H+�Mx� mM �HiQ ;`�/Q /2 T`2+BbBƦM KmHiBp�`B�Mi2- 2H +m�H Tm2/2 mb�`b2 T�`�
�M�HBx�` ;`�M/2b +QMDmMiQb /2 /�iQb 2TB/2KBQHƦ;B+QbX �H 7�+BHBi�` H� +�Tim`� /2 H� 7Q`K� /2H
+m2`TQ- Mm2bi`Q 2M7Q[m2 T`QTQ`+BQM� mM +QMDmMiQ /2 K2/B/�b- T2`őK2i`Qb v T`QTQ`+BQM2b
[m2- +QH2+iBp�K2Mi2- `2T`2b2Mi�M mM KûiQ/Q `�TB/Q- MQ BMp�bBpQ- 2+QMƦKB+Q v 7�+BH /2 mb�`
[m2 Tm2/2 BM+Q`TQ`�`b2 � H� BMp2biB;�+BƦM v H� T`�+iB+� +HőMB+� +2Mi`�/� 2M Q#2bB/�/ v i`�b@
iQ`MQb `2H�+BQM�/QbX 1bi� ?2``�KB2Mi�- 2M7Q+�/� 2M K2/B` H� �/BTQbB/�/ +2Mi`�H- b2 Tm2/2
�/�Ti�` � +QMDmMiQb /2 /�iQb /2 BK�;2M2b 2M j. /2 /B72`2Mi2b TQ#H�+BQM2b- +�/� mM� /2
2HH�b +QM mM Q#D2iBpQ #BQHƦ;B+Q T�`iB+mH�`X
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*�TőimHQ e

.2b+`BTiQ`2b JmHiB@pBbi� #�b�/Q 2M
�T`2M/Bx�D2 T`Q7mM/Q

1M 2bi2 +�TőimHQ b2 T`2b2Mi� 2H /2b�``QHHQ /2 mM 7`�K2rQ`F- /2MQKBM�/Q aF2i+?xQQK-
[m2 T2`KBi2 +�H+mH�` /2b+`BTiQ`2b [m2 bQTQ`i2M +�K#BQb bB;MB}+�iBpQb 2M H� `2T`2b2Mi�+BƦM
/2 7Q`K�X aB #B2M H� T`2b2Mi2 i2bBb b2 2M+m2Mi`� /B`B;B/� � 2bim/BQb `2H�+BQM�/Qb �H 72MQiBTQ
?mK�MQ- 2M 2bi2 +�TőimHQ b2 miBHBx� mM /�i�b2i /2 Q#D2iQb BM�MBK�/Qb MQ `2H�+BQM�/Qb � 2b�
�`2� /2#B/Q � bm 7�+BHB/�/ /2 Q#i2M+BƦM- K�vQ` pQHmK2M v p�`B2/�/- T2`KBiB2M/Q �/2K�b H�
+QKT�`�+BƦM +QM Qi`Qb KûiQ/Qb v� /2b�``QHH�/Qb T�`� 2bi2 }MX 1H 7mM+BQM�KB2MiQ /2 2bi2
7`�K2rQ`F b2 #�b� 2M 2H /Bb2ƢQ /2 mM 2bT�+BQ /2 +�`�+i2`őbiB+�b +�T�x /2 �;`mT�` TmMiQb
/2 �M+H�D2 b2K�MiB+�K2Mi2 bBKBH�`2b- v /Bb;`2;�` � HQb /B72`2Mi2bX

eXRX AMi`Q/m++BƦM

1M 2H +�KTQ /2 H� pBbBƦM +QKTmi�+BQM�H- mM T`Q#H2K� `2+m``2Mi2 2b H� M2+2bB/�/ /2
2M+QMi`�` 7Q`K�b /2 `2T`2b2Mi�` +�`�+i2`őbiB+�b pBbm�H2b T`2b2Mi2b 2M BK�;2M2b- pB/2Qb vfQ
KQ/2HQb j.- 2Mi`2 Qi`QbX 1bi�b Ǵ7Q`K�bǴ- `2+B#2M 2H MQK#`2 /2 /2b+`BTiQ`2b pBbm�H2b Q
/2b+`BTiQ`2bX 1H +QMDmMiQ /2 /�iQb miBHBx�/Q +QMbi� /2 `2T`2b2Mi�+BQM2b ;`�}+�b /2 Q#D2iQb �
i`�pûb /2 +QMiQ`MQb v +QM /2i�HH2b MQ /2}MB/Qb 2 BMbBMm�/Qb /2 7Q`K� 2b[m2K�iB+� U#Q+2iQbV
HQb +m�H2b /�`�M �H �H;Q`BiKQ H� BM7Q`K�+BƦM M2+2b�`B� T�`� +Q``2bTQM/2` /BbiBMiQb iBTQb /2
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L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

6B;m`� eXR, .B#mDQ /2 ?mK�MQb +QM /B72`2Mi2b 7Q`K�b +Q`TQ`�H2bX

`2T`2b2Mi�+BQM2bX 1M +QKT�`�+BƦM +QM 7QiQ;`�7ő�b- 2M 2biQb /B#mDQb H�b T`Qv2++BQM2b bQM
BKT`2+Bb�b v H�b 7Q`K�b � K2Mm/Q 2bi�M +QKTm2bi�b TQ` p�`B�b HőM2�b BM+QKTH2i�bX Up2`
6B;m`� eXRV G�b p2Mi�D�b v TQbB#BHB/�/2b [m2 #`BM/� 2bi2 7`�K2rQ`F bQM 2ti`�TQH�#H2b �
Qi`Qb +QMDmMiQb /2 /�iQb +QKQ HQb miBHBx�/Qb T�`� 2H i2K� /2 2bi� i2bBbX >�+B� 2H }M�H /2H
+�TőimHQ b2 /2b+`B#2 2H 7mM+BQM�KB2MiQ /2H KBbKQ 2M 2H 2bT�+BQ /2 +�`�+i2`őbiB+�b Q 72�im`2b
Q#i2MB/Q � T�`iB` /2 KQ/2HQb j. /2H +m2`TQ ?mK�MQX

S�`� �T`2M/2` � 2ti`�2` 2biQb /2b+`BTiQ`2b- b2 2Mi`2MƦ mM� `2/ M2m`QM�H +QMpQHm+BQM�H �
T�`iB` /2 mM� bm+2bBƦM /2 pBbi�b �KTHB�/�b /2 mM Q#D2iQX .B+?� `2/ +QMbi� /2 mM� �/�Ti�+BƦM
/2 �`[mBi2+im`�b /2 `2/2b M2m`QM�H2b /2 KȹHiBTH2b pBbi�b U_2/2b L2m`QM�H2b *QMpQHm+BQM�H2b
/2 JȹHiBTH2b oBbi�b UJo*LLVV +QM mM 2Mi`2M�KB2MiQ #�b�/Q 2M i`BTH2ib Uam 2i �HX- kyR8-
>2 2i �HX- kyR3V +QM 2H }M /2 Q#i2M2` 72�im`2b /2 BK�;2M2b [m2 i`�Mb7Q`K2M 2H +QMi2tiQ
HQ+�H v ;HQ#�H /2 mM /B#mDQ � mM� 2bT�+BQ /2 KȹHiBTH2b pBbi�bX 1H TmMiQ /2 +QMbmHi� 2bi�
`2T`2b2Mi�/Q TQ` mM +QMDmMiQ /2 pBbi�b k. +�Tim`�/�b /2b/2 H� p2+BM/�/ BMK2/B�i� /2H
TmMiQ /2b/2 /B72`2Mi2b /Bbi�M+B�b UxQQKbVX G� `2/ T`Q/m+2 p2+iQ`2b /2 +�`�+i2`őbiB+�b T�`�
+�/� pBbi� v �T`2M/2 � 7mbBQM�`HQb K2/B�Mi2 mM� +�T� /2 �;`mT�+BƦM T�`� +QMbi`mB` mM ȹMB+Q
p2+iQ` /2b+`BTiBpQ T�`� 2H TmMiQX

eXkX J�i2`B�H2b v JûiQ/Qb

G� 6B;m`� eXk T`QTQ`+BQM� mM� /2b+`BT+BƦM ;2M2`�H /2 HQb +QKTQM2Mi2b T`BM+BT�H2b /2H
TBT2HBM2X .�/� mM� +QH2++BƦM /2 7Q`K�b j.- b2 `2M/2`Bx�M �miQK�iB+�K2Mi2 BK�;2M2b /2b/2

38



L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q
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6B;m`� eXk, oBbi� ;2M2`�H /2H TBT2HBM2 T`QTm2biQX Ax[mB2`/�, .�/Q mM +QMDmMiQ /2 /�iQb
T`2+QKTBH�/Qb /2 KQ/2HQb j. +QM /�iQb /2 +Q``2bTQM/2M+B�b- b2 ;2M2`�M �miQK�iB+�K2Mi2
/B#mDQb � /B72`2Mi2b 2b+�H�b v TQbB+BQM2b miBHBx�M/Q mM KQiQ` /2 `2M/2`Bx�/Q MQ 7QiQ``2�HBbi�
/2 ȹHiBK� ;2M2`�+BƦMX .2`2+?�, b2 miBHBx�M 2biQb /B#mDQb +QKQ 2Mi`�/�b T�`� H� `2/ M2m`QM�H
+QMpQHm+BQM�H � }M /2 �T`2M/2` HQb /2b+`BTiQ`2b /2 KȹHiBTH2b pBbi�bX �/2K�b b2 Q#b2`p� +ƦKQ
HQb TmMiQb +QBM+B/2Mi2b b2 �bB;M�M DmMiQb BM/2T2M/B2Mi2K2Mi2 /2H �M;mHQ /2 T`Qv2++BƦMX a2
miBHBx� mM� �`[mBi2+im`� /2 KȹHiBTH2b pBbi�b +QMDmMi�K2Mi2 +QM +�T�b HBM2�H2b T�`� `2/m+B`
2H i�K�ƢQ /2H /2b+`BTiQ` v H�b +�T�b /2 J�tSQQHBM; [m2 �;`2;�M BM7Q`K�+BƦM BKTQ`i�Mi2 �
H�b pBbi�b �KTHB�/�bX UL�p�``Q 2i �HX- kyRN#V

�M;mHQb T`2/2}MB/QbX GQb /�iQb ;2M2`�/Qb b2 +QK#BM�M +QM H� BM7Q`K�+BƦM /2 `2;Bbi`Q
b2K�MiB+Q /BbTQMB#H2 2M 2H +QMDmMiQ /2 /�iQb T�`� 2Mi`2M�` mM� `2/ M2m`QM�H +QMpQHm+BQM�H
U`2T`2b2Mi�/� � H� /2`2+?�VX

*QMDmMiQ /2 /�iQbX

S�`� �T`2M/2` +�`�+i2`őbiB+�b /Bb+`BKBM�Mi2b v +QMbBbi2Mi2b 2b M2+2b�`BQ +QMi�` +QM mM
;`�M pQHȹK2M /2 /�iQbX 1M 2bi2 +�bQ- b2 iB2M2 mM� p�bi� +QH2++BƦM /2 K�b /2 5 KBHHQM2b /2
#Q+2iQb- /Bbi`B#mB/Qb 2M +m�i`Q +�i2;Q`ő�b b2K�MiB+�b, *�`i2`�b- aBHH�b-h�x�b v �m`B+mH�`2bX
1biQb #Q+2iQb 7m2`QM Q#i2MB/Qb � T�`iB` /2 H� `2M/2`Bx�+BƦM /2 300 KQ/2HQb j. miBHBx�M/Q
iû+MB+�b MQ 7QiQ``2�HBbi�b [m2 BKBi�M 2bi2 iBTQ /2 /Bb2ƢQX S�`� +QMbi`mB` 2bi2 +QMDmMiQ /2
/�iQb- b2 miBHBxƦ 2H KûiQ/Q /2 `2;Bbi`Q b2K�MiB+Q v MQ `ő;B/Q /2 >m�M; 2i �HX UkyRdVX
GQb /�iQb 7m2`QM +�Tim`�/Qb � T�`iB` /2 i`2b pBbi�b Q`iQ;`�}+�b T`BM+BT�H2b +QKȹMK2Mi2
�/QTi�/�b TQ` BM;2MB2`Qb v /Bb2Ƣ�/Q`2b, /2 H�/Q- 7`QMi�H v pBbi� jf9UBbQKûi`B+QV +2Mi`�/�b
2M mM TmMiQ p Up2` };m`� eXRVX

S�`� 2p�Hm�` 2H 7mM+BQM�KB2MiQ /2 H� `2/ b2 miBHBx�`QM 40 #Q+2iQb �/B+BQM�H2b +QM /B72@

3e



L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

`2Mi2b 2biBHQb v pBbi�bX a2 `2;Bbi`�`QM K�Mm�HK2Mi2 H�b +Q``2bTQM/2M+B�b /2 TmMiQb 2Mi`2
+�/� mMQ /2 2biQb #Q+2iQb +QM 2H }M /2 Q#i2M2` Kûi`B+�b +m�MiBi�iBp�b DmMiQ +QM `2bmHi�/Qb
+m�HBi�iBpQbX

_2/ +QMpQHm+BQM�H /2 KȹHiBTH2b pBbi�b

*QKQ 7m2 K2M+BQM�/Q T`2pB�K2Mi2- 2H KQ/2HQ Jo*LL miBHBx�/Q 2M 2bi� i2bBb- iQK�
mM +QMDmMiQ /2 BK�;2M2b +QKQ 2Mi`�/� U6B;m`� eXkVX 1bi� b2+m2M+B� +QMbBbi2 2M mM� b2`B2
/2 pBbi�b �KTHB�/�b +2Mi`�/�b 2M mM TmMiQ T�`iB+mH�` /2b/2 mM� p2Mi�M� ;`�}+� }D�X GQb
/BbiBMiQb 2M7Q[m2b UxQQKbV bQ#`2 H�b BK�;2M2b /2 2Mi`�/�- T`QTQ`+BQM�M � H� `2/ BM7Q`K�+BƦM
/2 +QMi2tiQ HQ+�H v ;HQ#�H bQ#`2 2H TmMiQ Q#D2iBpQX 1bi� `2T`2b2Mi�+BƦM #�b�/� 2M pBbi�b 2b
+2`+�M� � H� 7Q`K� 2M [m2 HQb ?mK�MQb T2`+B#2M HQb Q#D2iQb 2M Mm2bi`Q KmM/Q j.- v b2 ?�
/2KQbi`�/Q [m2 2b 272+iBp� 2M i�`2�b /2 `2+QMbi`m++BƦM [m2 BMpQHm+`�M 7Q`K�b j. v /�iQb
/2 /B#mDQ UGmM 2i �HX- kyRdVX

1H Q#D2iBpQ /2 Mm2bi`� +QM};m`�+BƦM /2 2Mi`2M�KB2MiQ #�b�/Q 2M i`BTH2ib 2b �b2;m`�`
[m2, (i) HQb TmMiQb +QBM+B/2Mi2b i2M;�M bmb p2+iQ`2b /2 +�`�+i2`őbiB+� T`ƦtBKQb 2M 2H 2bT�+BQ
/2 +�`�+i2`őbiB+�b /2H /2b+`BTiQ`- v (i i) HQb TmMiQb MQ +Q``2bTQM/B2Mi2b i2M;�M bmb p2+iQ`2b
�H2D�/Qb 2Mi`2 bőX G� �`[mBi2+im`� /2 KȹHiBTH2b pBbi�b �T`2M/2 � +QK#BM�` /�iQb BKTQ`i�Mi2b
/2 +�/� mM� � i`�pûb /2 H� +�T� /2 J�t SQQHBM;- B;MQ`�M/Q H� BM7Q`K�+BƦM bmT2`~m�X
.�/Q [m2 2bi2 iBTQ /2 2Mi`2M�KB2MiQ � K2Mm/Q ?�+2 [m2 H� BMb2`+BƦM +QH�Tb2 2M ;`mTQb
2t+2bBp�K2Mi2 T2[m2ƢQb- b2 `2}MƦ 2H T`Q+2/BKB2MiQ K2/B�Mi2 mM� 2bi`�i2;B� /2 b2H2++BƦM
T2`bQM�HBx�/� [m2 2pBi� 2bi2 T`Q#H2K�X

eXkXRX 1Mi`2M�KB2MiQ /2 H� `2/

.�iQb /2 2Mi`�/�, /�i� �m;K2Mi�iBQM

*QKQ b2 K2M+BQMƦ �Mi2`BQ`K2Mi2- H� `2/ +�H+mH� /2b+`BTiQ`2b HQ+�H2b � T�`iB` /2 mM
+QMDmMiQ /2 BK�;2M2b [m2 `2T`2b2Mi�M pBbi�b /2H KBbKQ Q#D2iQ +QM 3 iBTQb /2 2M7Q[m2b Q
xQQKbX �Mi2b /2 �HBK2Mi�` H� `2/- H�b BK�;2M2b b2 MQ`K�HBx�M v b2 2b+�H�M � mM� `2bQHm+BƦM
/2 224x224 Tőt2H2bX .�/Q [m2 2M 2H KmM/Q `2�H 2b +QKȹM iQT�`b2 +QM BK�;2M2b [m2
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MQ 2bi�M T2`72+i�K2Mi2 Q`B2Mi�/�b +QM `2bT2+iQ � H� TQbB+BƦM /2 H� +�K�`�- 2H T`Q+2bQ /2
2Mi`2M�KB2MiQ /2 H� `2/ T2`KBi2 T`Q/m+B` /2b+`BTiQ`2b BMp�`B�Mi2b � 2bi2 T`Q#H2K� K2/B�Mi2
`Qi�+BQM2b �H2�iQ`B�b /2 H�b BK�;2M2b /2 2Mi`�/�X *�/� mM� /2 H�b i`2b pBbi�b iB2M2 H� KBbK�
T`Q#�#BHB/�/ /2 T2`K�M2+2` bBM i`�Mb7Q`K�`b2 Q /2 `Qi�`b2 BM/BpB/m�HK2Mi2 90- 180 Q 270
;`�/QbX

S�`� ;2M2`�` mM /2b+`BTiQ` `Q#mbiQ � /B72`2Mi2b `2bQHm+BQM2b- b2 `2/mDQ 2H i�K�ƢQ /2 H�
BK�;2M /2 2Mi`�/� 2Mi`2 mM 30% v 60% +QM mM� T`Q#�#BHB/�/ /2 0,2- `2bT2+iBp�K2Mi2X
Gm2;Q b2 T`Q+2/BƦ � `2bi�m`�` H�b 2Mi`�/�b �H i�K�ƢQ Q`B;BM�H mb�M/Q BMi2`TQH�+BƦM HBM2�H
T�`� bBKmH�` /B72`2Mi2b +�MiB/�/2b /2 /2;`�/�+BƦM /2 H� +�HB/�/X 1M 2tT2`BK2MiQb T`2HBKBM�@
`2b b2 MQiƦ [m2 H�b +�`�+i2`őbiB+�b /2 aF2i+?wQQKb 2`�M �Hi�K2Mi2 b2MbB#H2b � H� /Bbi�M+B�
/2H TmMiQ Q#D2iBpQ /2 H� +�K�`�X SQ` HQ i�MiQ- b2 �;`2;Ʀ `mB/Q �H T�`�K2i`Q [m2 +QKTmi� 2H
zoom �H Km2bi`2�` HQb /2bTH�x�KB2MiQb /2 H� +�K�`� /2b/2 mM� /Bbi`B#m+BƦM MQ`K�H U+QM
µ = 0 v σ2 = 0,3- /QM/2 0,3 bB;MB}+� mM BM+`2K2MiQ /2H i�K�ƢQ /2H jy W +QM 2H i�K�ƢQ
/2 H� BK�;2M Q`B;BM�HV 1bi2 `mB/Q /2H xQQK b2 �THB+� /B`2+i�K2Mi2 bQ#`2 H�b BK�;2M2b `2M@
/2`Bx�/�b +QKQ mM T`Q+2bQ TQbi2`BQ` /m`�Mi2 2H 2Mi`2M�KB2MiQX GQb T`Q+2bQb /2 �mK2MiQ
/2 /�iQb 7m2`QM Bi2`�iBpQb v ;mB�/Qb 2KTő`B+�K2Mi2 TQ` HQb `2bmHi�/Qb Q#i2MB/Qb /m`�Mi2 H�
2i�T� /2 2tT2`BK2Mi�+BƦM miBHBx�M/Q mM +QMDmMiQ /2 p�HB/�+BƦMX

�`[mBi2+im`� /2 `2/

G� `2/ /Bb2Ƣ�/� b2 #�b� T�`+B�HK2Mi2 2M H� �`[mBi2+im`� �H2tL2i UE`Bx?2pbFv 2i �HX-
kyRkVX 1bi� +QKTm2biQ TQ` +BM+Q +�T�b +QMpQHm+BQM�H2b- b2;mB/�b TQ` +�T�b _2Gl v J�t@
SQQHBM;X .2 H� �`[mBi2+im`� Q`B;BM�H- b2 T`Q+2/BƦ � 2t+HmB` H�b /Qb ȹHiBK�b +�T�b `2H�+BQM�/�b
� i�`2�b /2 +H�bB}+�+BƦM 2M AK�;2L2i UE`Bx?2pbFv 2i �HX- kyRkVX 1M bm Hm;�`- b2 miBHBxƦ mM�
+�T� /2 �;`mT�+BƦM /2 pBbi�b [m2 7mbBQM� HQb /2b+`BTiQ`2b ;2M2`�/Qb T�`� +�/� mM� /2 H�b
i`2b pBbi�b /2 2Mi`�/� 7Q`K�M/Q �bő mM ȹMB+Q p2+iQ` /2b+`BTiQ`X G� 7mbBƦM b2 `2�HBx� K2/B�Mi2
2H K�tBKQ /2 2H2K2MiQb 2M H�b pBbi�b /2 2Mi`�/�X

S�`� �+2H2`�` 2H +�H+mHQ /2 HQb /2b+`BTiQ`2b v ?�+2` [m2 H�b +QMbmHi�b b2�M K�b 2}+B2Mi2b-
b2 �Mi2TQM2 mM� +�T� HBM2�H [m2 �T`2M/2 � K�Mi2M2` BM7Q`K�+BƦM `2H2p�Mi2 v i`�Mb7Q`K� H�
b�HB/� /2 /BK2MbBƦM 4096 U7+eV � mM p2+iQ` /2 i�K�ƢQ 128X 1bi� `2/m++BƦM /2 /BK2MbBƦM
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L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

b2 `2�HBx� �Mi2b /2 H� +�T� /2 �;`mT�+BƦM UJ�tSQQHBM;V H� +m�H #2M2}+B� 2MQ`K2K2Mi2 2H
+ƦKTmiQ K�tBKQ /2 �;`mT�+BƦM bBM MQi�` MBM;mM� /2;`�/�+BƦM 2M H� +�HB/�/ /2H /2b+`BTiQ`
Uo2` };m`� eXkVX

6mM+BƦM /2 2``Q` #�b�/� 2M h`BTH2ib

JB2Mi`�b [m2 2M i`�#�DQb `2+B2Mi2b +QKQ q�M; 2i �HX UkyR8V b2 miBHBx� mM� �`[mBi2+im`�
bB�K2b� v H� 7mM+BƦM /2 Tû`/B/� TQ` +QMi`�bi2 U*QMi`�bi GQbbV- 2M 2H 2M7Q[m2 �[mő T`QTm2biQ
b2 �/QTi� mM� 7mM+BƦM /2 Tû`/B/� #�b�/� 2M h`BTH2ib Q Uh`BTH2i GQbbV- BMi`Q/m+B/Q TQ`
T`BK2`� p2x 2M 6�+2L2i Ua+?`Qz 2i �HX- kyR8VX 1H KQiBpQ T`BM+BT�H T�`� 2bi� /2+BbBƦM 2b
[m2 H�b /Bbi�M+B�b 2Mi`2 72�im`2b Q#iB2M2M K�vQ` BM7Q`K�+BƦM b2K�MiB+� +m�M/Q b2 TQM2M 2M
+QMi2tiQ v �/2K�b- 2H TmMiQ /2 �M+H�D2 BMi`Q/m+B/Q TQ` H� h`BTH2i GQbb �TQ`i� BM7Q`K�+BƦM /2
7Q`K� �H 2bT�+BQ /2 72�im`2b Uqm 2i �HX- kyRdVX A/2�HK2Mi2- /Qb TmMiQb [m2 b2 +Q``2bTQM/2M
/2#2`ő�M 2M+QMi`�`b2 +2`+� U+Q`i� /Bbi�M+B�V 2M 2H 2bT�+BQ /2 72�im`2b /2H /2b+`BTiQ` KB2Mi`�b
[m2 /Qb Km2bi`�b [m2 MQ b2 +Q``2bTQM/2M b2 2M+QMi`�`�M �H2D�/�b 2M i�H 2bT�+BQX h`BTH2i
GQbb iB2M2 2M +m2Mi� �K#Qb Q#D2iBpQb �H KBMBKBx�` H� /Bbi�M+B� 2Mi`2 mM /2b+`BTiQ` Ui�K#BûM
HH�K�/Q TQbBiBpQV Y c v ǳ�M+H�Ǵ Y a +Q``2bTQM/B2Mi2 +QM i�H /2b+`BTiQ` Up2` 6B;m`� eXkVX
aBKmHi�M2�K2Mi2- K�tBKBx� H� /Bbi�M+B� 2Mi`2 2H �M+H� v mM /2b+`BTiQ` /2 TmMiQ [m2 MQ
+Q``2bTQM/2 UM2;�iBpQV Y nX

J�i2K�iB+�K2Mi2- 2bi� 7mM+BƦM /2 Tû`/B/� b2 `2T`2b2Mi� /2 H� bB;mB2Mi2 7Q`K�,

D2 (Y a, Y c) + α < D2 (Y a, Y n) , UeXRV

/QM/2 D `2T`2b2Mi� H� /Bbi�M+B� 2m+HB/B�M� 2Mi`2 /2b+`BTiQ`2b- v α 2b mM K�`;2M BKTm2biQ
2Mi`2 T�`2b TQbBiBpQb v M2;�iBpQb Uα = 1 2M H� BKTH2K2Mi�+BƦM miBHBx�/�VX aB b2 7Q`KmH� H�
2+m�+BƦM eXR +QKQ mM T`Q#H2K� /2 QTiBKBx�+BƦM bQ#`2 HQb T�`�K2i`Qb /2 H� `2/ Uw V- b2
Q#iB2M2,

L(w) =
N∑

i

máx
(
D2 (Y ai , Y

c
i )−D2 (Y ai , Y ni ) + α, 0

)
, UeXkV

/QM/2 N 2b H� +�`/BM�HB/�/ /2H +QMDmMiQ /2 2Mi`2M�KB2MiQX aB b2 BMi2Mi� KBMBKBx�` H� 2+m�@
+BƦM eXk- H�b /Bbi�M+B�b 2Mi`2 T�`2b TQbBiBpQb D2(Y ai , Y ci ) b2 �+2`+�M � +2`Q v H� /Bbi�M+B�b
/2 T�`2b M2;�iBpQb b2 ?�+2M K�vQ`2b � D2(Y ai , Y ci ) K�b 2H K�`;2M αX 1Mi`2M�` +QM iQ/Qb
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HQb i`BTH2i2b TQbB#H2b 2M mM /�i�b2i /2 8 KBHHQM2b /2 BK�;2M2b 2b 2ti`2K�/�K2Mi2 +QbiQbQX
�/2K�b- 2H mbQ /2 iQ/Qb HQb i`BTH2ib 2b �Hi�K2Mi2 BM2}+B2Mi2 v� [m2 +m�MiQ K�b T`Q;`2b� 2H
2Mi`2M�KB2MiQ- K�b i`BTH2ib b�iBb7�`�M H� 2+m�+BƦM eXR- ?�+B2M/Q [m2 2H 2Mi`2M�KB2MiQ b2�
K�b H2MiQ � K2/B/� [m2 �p�Mx� 2H iB2KTQ Ua+?`Qz 2i �HX- kyR8VX

S�`� bQHm+BQM�` 2bi2 T`Q#H2K� b2 b2H2++BQM�M i2`M�b /2 7Q`K� �/�Ti�iBp� TQ` HQ [m2 2M
+�/� T�bQ /2 2Mi`2M�KB2MiQ b2 miBHBx�M bƦHQ �[m2HHQb +�bQb [m2 b�iBb7�;�M,






D2 (Y a, Y c) < D2 (Y a, Y n) ,

D2 (Y a, Y n) < D2 (Y a, Y c) + α,

UeXjV

/QM/2 {Y a, Y c , Y n} b2 `2}2`2 � H� i2`M� 7Q`K�/� TQ` 2H �M+H�- 2H TQbBiBpQ v 2H M2;�iBpQ
`2bT2+iBp�K2Mi2X 1M 2bi� 2+m�+BƦM b2 #mb+� Q#i2M2` Km2bi`�b /2 2Mi`2M�KB2MiQ [m2 b2
2M+m2Mi`2M /2Mi`Q /2H �`2� /2H K�`;2M /2HBKBi�/Q TQ` αX

1M H� T`�+iB+�- b2 +QKTmi� {Y a, Y c , Y n} � T�`iB` /2 BK�;2M2b /2 2Mi`�/� {Xav , Xcv , Xnv }
miBHBx�M/Q H� `2/ 2M 2H ȹHiBKQ 2bi�/QX G�b i2`M�b bQM +QMbi`mB/�b �H KBbKQ iB2KTQ [m2 b2
T`Q/m+2 2H 2Mi`2M�KB2MiQ- TQMB2M/Q � T`m2#� � HQb /2b+`BTiQ`2b T�`� /2i2`KBM�` bB BM7`BM;2M
Q MQ H� 2+m�+BƦM eXjX 1M H� +QM};m`�+BƦM miBHBx�/�- b2 �;`mT�M Km2bi`�b BM/BpB/m�H2b 2M
;`mTQb G T�`� mb�` /2 7Q`K� b2+m2M+B�H /m`�Mi2 +�/� Bi2`�+BƦM /2 2Mi`2M�KB2MiQX S�`�
+QMbi`mB` mM #HQ[m2 /2 2Mi`2M�KB2MiQ- b2 iQK� mM� Km2bi`� �H �x�` /2 T�`2b TQbBiBpQb /2
G /2 H� 7Q`K� [Y ai , Y cj ], i , j ∈ GX Gm2;Q b2 +QKT`m2#� H� 2+m�+BƦM eXj bQ#`2 mM MȹK2`Q
�H2�iQ`BQ s /2 Km2bi`�b M2;�iBp�b [Y ai , Y nk ], i , k,∈ GX a2 2tT2`BK2MiƦ +QM /BbiBMiQb p�HQ`2b
T�`� s v b2 2M+QMi`Ʀ [m2 mM s = 5- KBMBKBx� 2H iB2KTQ /2/B+�/Q � H� #ȹb[m2/� �H2�iQ`B� v
�H KBbKQ iB2KTQ T`QTQ`+BQM�` i2`M�b �/2+m�/�b T�`� 2H 2Mi`2M�KB2MiQX

>2``�KB2Mi�b miBHBx�/�b

G� �`[mBi2+im`� /2 H� `2/ 7m2 BKTH2K2Mi�/� 2M 2H H2M;m�D2 Svi?QM R ?�+B2M/Q mbQ /2
H� HB#`2`ő� SvhQ`+? RXy k v 7m2 2Mi`2M�/� miBHBx�M/Q mM� TH�+� ;`�}+� LoA.A� hBi�M sTX
1H 2Mi`2M�KB2MiQ /2 H� `2/ /2KQ`Ʀ �T`QtBK�/�K2Mi2 3 b2K�M�b TQ` +�i2;Q`ő�X �/2K�b

R?iiTb,ffTvi?QMXQ`;f
k?iiTb,ffTviQ`+?XQ`;f
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L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

6B;m`� eXj, oBbm�HBx�+BƦM /2 BK�;2M2b /2H +QMDmMiQ /2 /�iQbX .�/Q mM T�` /2 KQ/2HQb
j. /2Mb�K2Mi2 `2;Bbi`�/Qb UBx[mB2`/�V- b2 `2�HBx�`QM `2M/2`Bx�+BQM2b /2b/2 i`2b �M;mHQb
U+QHmKM�bV T`2/2}MB/Qb v i`2b xQQKb U}H�bV /B72`2Mi2bX *�/� BK�;2M b2 +2Mi`� 2M 2H TmMiQ
/2 BMi2`ûb +Q``2bTQM/B2Mi2 �H TmMiQ +QBM+B/2Mi2 UBM/B+�/Q +QM mM +QMiQ`MQ /2 +QHQ`VX

b2 /Bb2ƢƦ mM� +QM};m`�+BƦM miBHBx�M/Q +m�i`Q +�i2;Q`ő�b 2M bBKmHi�M2Q- 2M 2bi2 +�bQ 2H
2Mi`2M�KB2MiQ /2KQ`Ʀ 5 b2K�M�bX a2 BMB+B�HBx�M H�b +�T�b /2 H� `2/ miBHBx�M/Q HQb T2bQb
/2 �H2tL2i 2Mi`2M�/� +QM 2H +QMDmMiQ /2 /�iQb /2 AK�;2L2i T`QpBbiQ TQ` SvhQ`+?X G�
i�b� /2 �T`2M/Bx�D2 UQ H2�`MBM; `�i2V b2 2bi�#H2+BƦ 2M l = 1 × 10−5 v �K#�b `2/2b b2
2Mi`2M�`QM /m`�Mi2 30 ûTQ+�bX a2 miBHBxƦ H� 7mM+BƦM /2 Tû`/B/� eXk DmMiQ +QM 2H �H;Q`BiKQ
/2 QTiBKBx�+BƦM �/�K UEBM;K� �M/ "�- kyR9V (β1 = 0,9,β2 = 0,999) v mM i�K�ƢQ /2
#�i+? /2 Rk3 i2`M�bX LQ b2 miBHBx�`QM +�T�b /2 MQ`K�HBx�+BƦM Q +�T�b .`QTQmi � T�`i2 /2
H�b [m2 v� b2 2M+m2Mi`�M 2M �H2tL2iX

eXkXkX *QMbi`m++BƦM /2H +QMDmMiQ /2 /�iQb

1M 2bi� b2++BƦM b2 /2b+`B#2 2M K�vQ` /2i�HH2 2H +QMDmMiQ /2 /�iQb j. v H� iû+MB+�
/2 `2M/2`Bx�+BƦM 2KTH2�/� T�`� +`2�` H�b BK�;2M2b bBMiûiB+�b miBHBx�/�b 2M H� 2i�T� /2
2Mi`2M�KB2MiQ v 2p�Hm�+BƦM /2H KûiQ/Q T`QTm2biQX
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L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

JQ/2HQb j.

1M ;2M2`�H- 2tBbi2 mM� ;`�M +�MiB/�/ /2 /�i�b2ib +QKQ 1Bix 2i �HX UkyRkV Q >� �M/ 1+F
UkyRdV- 2M HQb +m�H2b b2 +QKTBH� mM� ;`�M +�MiB/�/ /2 /B#mDQbX G�b BK�;2M2b /2 2biQb +QM@
DmMiQb /2 /�iQb � K2Mm/Q T`QpB2M2M /2 �miQ`2b [m2 MQ M2+2b�`B�K2Mi2 iB2M2M ?�#BHB/�/2b
/2 /B#mDQ Q +QMQ+BKB2MiQ 2bT2+ő}+Q bQ#`2 /Bb2ƢQ �/2K�b /2 MQ T`QTQ`+BQM�` +Q``2bTQM/2M@
+B�b �MQi�/�b 2Mi`2 #Q+2iQbX SQ` HQ i�MiQ v /2 K�M2`� bBKBH�` � HQ T`QTm2biQ TQ` i`�#�DQb
`2+B2Mi2b /B`B;B/Qb � #Q+2iQb v �T`2M/Bx�D2 �miQK�iB+Q U.2H�MQv 2i �HX- kyRd- >m�M; 2i �HX-
kyRe- am 2i �HX- kyR3V- b2 T`Q+2/BƦ � ;2M2`�` /B#mDQb bBMiûiB+Qb /B`2+i�K2Mi2 +�Tim`�/Qb
/2 H�b 7Q`K�b j.- H�b +m�H2b bB +m2Mi�M +QM mM� +Q``2bTQM/2M+B� b2K�MiB+� U>m�M; 2i �HX-
kyRdVX .2 H�b +�i2;Q`ő�b /BbTQMB#H2b 2M 2b2 +QMDmMiQ /2 /�iQb- b2 b2H2++BQM�`QM �[m2HH�b
[m2 Q7`2+2M H� K�vQ` +�MiB/�/ /2 KQ/2HQb T�`� ;�`�MiBx�` /Bp2`bB/�/ 2M H� Km2bi`�X 1b
2MiQM+2b [m2 /2 HQb 4932 KQ/2HQb Q`B;BM�H2b /Bbi`B#mB/Qb 2M k9 +�i2;Q`ő�b- b2 2HB;B2`QM 79
/2 H� +�i2;Q`ő� +�`i2`�- 62 /2 bBHH�b- 73 /2 i�x�b v 68 /2 �m`B+mH�`2bX GQb KQ/2HQb /2 H�
Km2bi`� 2bi�M +2Mi`�/Qb- 2b+�H�/Qb v Q`B2Mi�/Qb /2 H� KBbK� K�M2`�- HQ [m2 7�+BHBi� 2H
TQbB+BQM�KB2MiQ /2 H� +�K�`� /m`�Mi2 2H `2M/2`Bx�/QX �/2K�b- 2biQb KQ/2HQb j. +m2Mi�M
+QM �`+?BpQb /2 +Q``2bTQM/2M+B�b [m2 T`QTQ`+BQM�M mM� HBbi� /2 TmMiQb [m2 +QBM+B/2M 2M
+�/� TQbB#H2 T�` /2 7Q`K�b /2Mi`Q /2 +�/� +�i2;Q`ő�X SQ` +�/� 7Q`K� j. b2 Q#iB2M2 mM�
Km2bi`� �H �x�` +QM �H`2/2/Q` /2 10,000 TmMiQb bQ#`2 H� bmT2`}+B2 /2H KQ/2HQX G�b +Q``2b@
TQM/2M+B�b b2 +�H+mH�`QM +QM mM �H;Q`BiKQ /2 `2;Bbi`Q #�b�/Q 2M b2;K2Mi�+BƦM [m2 `2�HBx�
mM� �HBM2�+BƦM MQ `ő;B/� /2 iQ/Qb HQb T�`2b +QM H� KBbK� 2iB[m2i� bQ#`2 /Qb 7Q`K�b /2
/2biBMQX

.B#mDQb bBMiûiB+QbX GQb KûiQ/Qb miBHBx�/Qb T�`� `2T`2b2Mi�` #Q+2iQb 2KTH2�M iû+MB+�b /2
T`Q+2b�KB2MiQ /2 BK�;2M2b +QKQ *�MMv 1/;2(RN3d) Q +QMiQ`MQb +QKQ a�BiQ �M/ h�F�?�b?B
URNNyVX S�`� 2bi2 �H;Q`BiKQ b2 �/QTiƦ �T�`2Mi _B/;2b /2 Cm// 2i �HX UkyydV- H� +m�H 2b
mM� #m2M� �T`QtBK�+BƦM � H�b HőM2�b /2 HQb �`iBbi�b +QKQ b2 Km2bi`� 2M *QH2 2i �HX UkyRkVX
�/2K�b /2H 2biBHQ- H� b2H2++BƦM /2 H�b pBbi� 2b +`m+B�H T�`� i`�MbKBiB` BM7Q`K�+BƦM /2 7Q`K�X
G� HBi2`�im`� bQ#`2 /Bb2ƢQ `2+QKB2M/� �/QTi�` pBbi�b 2bT2+ő}+�b T�`� `2/m+B` H� �K#B;Ƀ2/�/
/2H #Q+2iQ v KQbi`�` bBKmHi�M2�K2Mi2 H� K�vQ` T�`i2 /2 H� 7Q`K� /2H Q#D2iBpQ U1Bbb2M �M/
ai2m`- kyRRVX G� K�vQ`ő� /2 HQb �H;Q`BiKQb /2 `2+QMbi`m++BƦM j. � T�`iB` /2 #Q+2iQb b2
#�b�M 2M bmTQbB+BQM2b +QKQ T�`�H2HBbKQ- Q`iQ;QM�HB/�/ v bBK2i`ő� U*Q`/B2` 2i �HX- kyReVX
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L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

*QM #�b2 2M HQb HBM2�KB2MiQb /2 /Bb2ƢQ- b2 b2H2++BQMƦ mM +QMDmMiQ /2 pBbi�b Q`iQ;`�}+�b
T�`� `2T`2b2Mi�` /2b/2 HQb KQ/2HQb j.X a2 miBHBxƦ mM iQi�H /2 i`2b pBbi�b, 7`QMi�H- H�/Q
/2`2+?Q v mM �M;mHQ BbQKûi`B+Q ȹMB+Q- i�K#BûM HH�K�/Q pBbi� BM7Q`K�iBp�, 7`QMi�H@/2`2+?�
Q jf9 Up2` 6B;m`� eXjVX S�`� +�Tim`�` H�b BK�;2M2b- b2 +2Mi`Ʀ H� +�K�`� 2M +�/� TmMiQ /2
BMi2`ûb /2 H� Km2bi`� v b2 +�Tim`Ʀ /2b/2 i`2b /Bbi�M+B�b /B72`2Mi2b v i`2b pBbi�b /BbiBMi�b
KB2Mi`�b [m2 HQb TmMiQb Q+HmB/Qb 7m2`QM /2b+�`i�/QbX 1M iQi�H- Mm2bi`Q +QMDmMiQ /2 /�iQb
+QMbi� /2 5,053,038 BK�;2M2b 2M mM� `2bQHm+BƦM /2 512x512 Tőt2H2bX

S�`�K2i`Qb T�`� H� `2M/2`Bx�+BƦM

a2 miBHBxƦ 2H �H;Q`BiKQ �TT�`2Mi _B/;2b BM+Q`TQ`�/Q 2M 2H bQ7ir�`2 _ha* /2 .2*�`HQ
2i �HX UkyyjVX �/2K�b- b2 miBHBxƦ BM7Q`K�+BƦM /2H +QMiQ`MQ T�`� 2H `2M/2`Bx�/QX a2 �/QTiƦ mM
KQ/2HQ /2 +�K�`� Q`iQ;`�}+Q- +�Tim`�M/Q H�b BK�;2M2b /2 H�b pBbi�b H�i2`�H2b v 7`QMi�H2b �
/BbiBMi�b /Bbi�M+B�b /2H Q#D2iBpQX a2 +�Tim`�`QM HQb xQQKb 2M 1,0x - 1,5x v 2x X S�`� bm�pBx�`
HQb KQ/2HQb- b2 2D2+mi�`QM /Qb Bi2`�+BQM2b /2 H� bm#/BpBbBƦM /2 K�HH� v HQb �H;Q`BiKQb /2
bm�pBx�/Q /2 +m`p�im`� BKTH2K2Mi�/Qb 2M H� #B#HBQi2+� /2 K�MBTmH�+BƦM j. h`BK2b? jX

*QHQ+�+BƦM K�Mm�H /2 TmMiQb /2 `272`2M+B�

G� i`�Mb72`2M+B� /2 +QMQ+BKB2MiQ 2M `2/2b �T`2M/B/�b +QM /�iQb bBMiûiB+Qb � 2Mi`�/�b
`2�H2b ?� /2KQbi`�/Q b2` 272+iBp�- �Mi2b /2 HB/B�` +QM H�b /B}+mHi�/2b /2 +QKTBH�` v T`Q+2b�`
K�bBp�K2Mi2 /�iQb `2�H2b Uq�M; 2i �HX- kyR8- .2H�MQv 2i �HX- kyRdVX S�`� p�HB/�` 2H `2M/B@
KB2MiQ �H i`�#�D�` +QM BK�;2M2b `2�H2b- b2 `2+QTBHƦ mM +QMDmMiQ /2 40 #Q+2iQb /B#mD�/Qb �
K�MQ- /BbTQMB#H2b ;`�imBi�K2Mi2 2M HőM2� Q 2M `2TQbBiQ`BQb +QKQ a?mii2`biQ+F 9X a2 b2H2+@
+BQM�`QM 10 #Q+2iQb TQ` +�i2;Q`ő� v� [m2 2b mM� +�MiB/�/ /2 BK�;2M2b `�xQM�#H2 T�`� [m2
mbm�`BQb Tm2/�M ?�+2` +QBM+B/B` K�Mm�HK2Mi2X 1H +QMDmMiQ +QKTBH�/Q BM+Hmv2 /B#mDQb HBM2�@
H2b +QM 2biBHQb- bQK#`�b- HőM2�b /2 +QMbi`m++BƦM- /2+Q`�+BQM2b v `mB/Q /2 T`Qv2++BƦMf+�K�`�
bB;MB}+�iBp�K2Mi2 /B72`2Mi2bX SQbi2`BQ`K2Mi2- b2 T`Q+2b�`QM T�`� 2bi�M/�`Bx�` H� 2b+�H� v
`2bQHm+BƦM /2 H�b BK�;2M2bX S�`� iQ/�b H�b BK�;2M2b `2+QTBH�/�b- b2 b2H2++BQM�`QM +m�i`Q
TmMiQb �H2�iQ`BQb v b2 bQHB+BiƦ � HQb mbm�`BQb K2/B�Mi2 mM� �THB+�+BƦM 2tT2`BK2Mi�H [m2

j?iiTb,ffi`BKb?XQ`;f
9?iiTb,ffrrrXb?mii2`biQ+FX+QK
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L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

?B+B2`�M +QBM+B/B` K�Mm�HK2Mi2 +�/� T�` /2 #Q+2iQb /2Mi`Q /2 H� KBbK� +�i2;Q`ő�X S�`�
`2+QTBH�` +Q``2bTQM/2M+B�b b2 +QMbB/2`�`QM iQ/�b H�b +QK#BM�+BQM2b TQbB#H2b /2 T�`2b /2
BK�;2M2b /2 Q`B;2M@/2biBMQ U+QK#BM�iQ`B�b /2 2 2H2K2MiQb /2 10 = 90V T�`� +�/� +H�b2
/2 Q#D2iQX a2 /BpB/BƦ H� i�`2� +QKTH2i� 2M +m�i`Q mbm�`BQb bBM bmT2`TQbB+BƦM v b2 Q#impQ mM
iQi�H /2 1440 +Q``2bTQM/2M+B�bX

eXjX .Bb2ƢQ 2tT2`BK2Mi�H

a2 `2�HBx�`QM 2tT2`BK2MiQb i2MB2M/Q 2M +m2Mi� KȹHiBTH2b �bT2+iQb /2H 2M7Q[m2 �[mő
T`2b2Mi�/QX UiV a2 T`Q#Ʀ 2H 7mM+BQM�KB2MiQ 2M mM� b2`B2 /2 2D2KTHQb /B#mD�/Qb � K�MQ
T�`� 2p�Hm�` H� +�T�+B/�/ /2 ;2M2`�HBx�+BƦM /2 H� `2/ Up2` 6B;m`� eX9VX Ui iV a2 2t�KBMƦ H�
+�T�+B/�/ /2H 2bT�+BQ �T`2M/B/Q T�`� /Bbi`B#mB` �/2+m�/�K2Mi2 HQb /2b+`BTiQ`2bX Ui i iV a2
+�H+mH�`QM Kûi`B+�b /2 T`2+BbBƦM 2M H�b +Q``2bTQM/2M+B�b `2�HBx�/�b TQ` H� `2/ T�`� 2p�Hm�`
2H `2M/BKB2MiQ /2 +QBM+B/2M+B� bQ#`2 2H 2bT�+BQ /2 H� BK�;2MX Uiv V a2 `2�HBxƦ mM 2bim/BQ
T2`+2Tim�H T�`� 2p�Hm�` HQb �bT2+iQb b2K�MiB+Qb /2 HQb 72�im`2b ;2M2`�/QbX .�/Q [m2 2H
TBT2HBM2 2b HQ bm}+B2Mi2K2Mi2 ;2M2`�H +QKQ T�`� T2`KBiB` 2H �T`2M/Bx�D2 2M mM 2MiQ`MQ /2
KȹHiBTH2b +�i2;Q`ő�b- b2 2p�HmƦ �/B+BQM�HK2Mi2 2H KQ/2HQ 2Mi`2M�/Q 2M H�b +m�i`Q +�i2;Q@
`ő�b /2 Q#D2iQb bBKmHi�M2�K2Mi2X �/2K�b T�`� +QKT`Q#�` 2H 7mM+BQM�KB2MiQ /2H /2b+`BTiQ`
miBHBx�M/Q };m`�b ?mK�M�b b2 �THB+Ʀ H� KBbK� K2iQ/QHQ;ő� /2i�HH�/� �Mi2`BQ`K2Mi2 +QM
/B#mDQb bBMiûiB+Qb /B`2+i�K2Mi2 +�Tim`�/Qb � T�`iB` HQb KQ/2HQb �`iB}+B�H2b /2H S`Qv2+iQ
j.G�# Uo2` 6B;m`� eXRV- H�b +m�H2b +m2Mi�M +QM mM� +Q``2bTQM/2M+B� b2K�MiB+� � T�`@
iB` /2 H� miBHBx�+BƦM /2 HQb H�M/FK�`Fb +QKQ TmMiQb /2 +QBM+B/2M+B� 2Mi`2 KQ/2HQb Uo2`
*�TőimHQ jVX

eXjXRX *QM};m`�+BƦM /2 H� `2/ /2 +�i2;Q`ő� 2bT2+ő}+�

*�HB/�/ /2H /2b+`BTiQ`

a2 2p�HmƦ H� 2tT`2bBpB/�/ /2H /2b+`BTiQ` miBHBx�M/Q *mKmH�iBp2 J�i+? *?�`�+i2`BbiB+
U*J*V- mM� Kûi`B+� /2 +�HB/�/ miBHBx�/� T�`� H� +Q``2bTQM/2M+B� /2 BK�;2M2b UE�`�M�K
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L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

(b)

(a)

6B;m`� eX9, U�V *Q``2bTQM/2M+B�b TQ` T�`2b 2M +m�i`Q +�i2;Q`ő�b /2 Q#D2iQbX GQb TmMiQb
[m2 b2 +Q``2bTQM/2M iB2M2M 2H KBbKQ +QHQ`X U#V oBbm�HBx�+BƦM /2 +Q``2bTQM/2M+B�b /2Mb�b
miBHBx�M/Q 2H /2b+`BTiQ` �[mő T`2b2Mi�/Q 2M /B72`2Mi2b +�i2;Q`ő�bX GQb Tőt2H2b +Q``2bTQM@
/B2Mi2b b2 BM/B+�M 2M +QHQ`2b bBKBH�`2bX a2 miBHBxƦ mM� K�b+�`� #BM�`B� T�`� 2t+HmB` Tőt2H2b
7m2`� /2 H� `2;BƦM /2H #Q+2iQX � T2b�` /2 H�b /B72`2M+B�b 2ti`2K�b 2M H� ;2QK2i`ő� v H�b
TQbB+BQM2b /2 H� +�K�`�- 2H /2b+`BTiQ` HQ;`� `2;Bbi`�` +Q``2+i�K2Mi2 HQb #Q+2iQbX UL�p�``Q
2i �HX- kyRN#V

2i �HX- kyR8- q�;; �M/ LBtQM- kyy9VX 1bi� Kûi`B+� +�Tim`� H� T`QtBKB/�/ 2Mi`2 /Qb TmMiQb
/2Mi`Q /2H 2bT�+BQ /2H /2b+`BTiQ`- +�H+mH�M/Q /Bbi�M+B�b bQ#`2 T�`2b /2 /2b+`BTiQ`2b 2M /Qb
#Q+2iQb /2biBMQX .�/Q mM TmMiQ 2M mM� /2 H�b BK�;2M2b- b2 `2+mT2`� mM� HBbi� /2 +Q``2b@
TQM/2M+B�b +�M/B/�iQb 2M H� Qi`� BK�;2MX Gm2;Q- HQb +�M/B/�iQb b2 +H�bB}+�M miBHBx�M/Q mM�
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L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

K2/B/� /2 T`QtBKB/�/ +QKQ TQ` 2D2KTHQ- H� /Bbi�M+B� 2m+HB/B�M� 2M 2H 2bT�+BQ /2b+`BTiQ`X
�H `2T2iB` 2bi2 T`Q+2bQ v �+mKmH�` H� HBbi� /2 +�M/B/�iQb 2M iQ/Qb HQb T�`2b /2 BK�;2M2b /2
T`m2#�- b2 +`2Ʀ mM ;`�}+Q 2M 2H [m2 2H 2D2 Y `2T`2b2Mi� 2H MȹK2`Q /2 TmMiQb +QBM+B/2Mi2b
U;`QmM/@i`mi? K�i+?BM;V +mv� HBbi� 2biû TQ` /2#�DQ /2H MȹK2`Q `2T`2b2Mi�/Q 2M 2H 2D2 XX
a2 `2�HBxƦ H� +QKT�`�+BƦM /2H KûiQ/Q +QM HQb /2b+`BTiQ`2b +QKȹMK2Mi2 miBHBx�/Qb T�`� H�b
i�`2�b /2 +Q``2bTQM/2M+B� 2M #Q+2iQb- BM+HmB/Qb HQb ?BbiQ;`�K�b `�/B�H2b /2 a?�T2 *QMi2ti
Ua*V U"2HQM;B2 2i �HX- kyykV v 2H /2b+`BTiQ` :�GA6- #�b�/Q 2M }Hi`Qb :�#Q` /2 1Bix 2i �HX
UkyRkVX �/2K�b- b2 +QMbB/2`Ʀ mM /2b+`BTiQ` �`i2b�M�H [m2 +QMbBbi2 2M mM �M�HBbBb /2 +QK@
TQM2Mi2b T`BM+BT�H2b US*�V bQ#`2 mM� T2[m2Ƣ� p2+BM/�/ /2 Tőt2H2b [m2 `Q/2�M 2H TmMiQ
Q#D2iBpQX 1biQ T`QTQ`+BQM� mM� HőM2� #�b2 /2 +QKT�`�+BƦM bBKTH2 T�`� iQ/Qb HQb KûiQ/Qb
T`Q#�/QbX
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SketchZooms (multi)

6B;m`� eX8, Ax[mB2`/�, :`�}+Qb /2 *J* T�`� HQb /2b+`BTiQ`2b 2p�Hm�/Qb 2M HQb +QMDmMiQb
/2 /�iQb /2 T`m2#� T�`� +�/� +�i2;Q`ő�X 1H 2D2 Y `2T`2b2Mi� 2H TQ`+2Mi�D2 /2 +QBM+B/2M@
+B�b `2+mT2`�/�b /2#�DQ /2 H� TQbB+BƦM BM/B+�/� 2M XX .2`2+?�, +m`p�b /2 T`2+BbBƦM /2
+Q``2bTQM/2M+B� /QM/2 2H 2D2 XKm2bi`� mM 2``Q` /2 /Bbi�M+B� 2m+HB/B�M� MQ`K�HBx�/QX 1H
2D2 Y `2T`2b2Mi� 2H TQ`+2Mi�D2 /2 +QBM+B/2M+B�b `2+mT2`�/�b TQ` /2#�DQ /2H K�`;2M /2 2``Q`
BM/B+�/Q 2M sX UL�p�``Q 2i �HX- kyRN#V

a2 +�H+mHƦ H� Kûi`B+� *J* miBHBx�M/Q 2H +QMDmMiQ /2 /�iQb /2 T`m2#� [m2 +QMbBbiBƦ 2M
#Q+2iQb bBMiûiB+Qb /2 KȹHiBTH2b pBbi�b iQK�/Qb /2 KQ/2HQb MQ miBHBx�/Qb /m`�Mi2 H� 7�b2
/2 2Mi`2M�KB2MiQX .�/�b /Qb 7Q`K�b- b2 +QMbB/2`�`QM iQ/�b H�b +QK#BM�+BQM2b 2Mi`2 2H
+QMDmMiQ /2 pBbi�b U7`2Mi2@7`2Mi2- 7`2Mi2@H�/Q- 7`2Mi2@jf9- H�/Q@7`2Mi2- H�/Q@H�/Q- H�/Q@jf9-
jf9@7`2Mi2 - jf9@H�/Q- jf9@jf9VX .�/Q [m2 HQb KûiQ/Qb +QKQ a?�T2*QMi2ti MQ 2bi�M #B2M
/2}MB/Qb bQ#`2 `2;BQM2b p�+ő�b /2H #Q+2iQ U2b /2+B` bQ#`2 �`2�b 2M #H�M+QV- bQHQ b2 +QMbB@
/2`�`QM HQb TmMiQb [m2 b2 2M+m2Mi`�M 2M Tőt2H2b M2;`Qb T�`� ;�`�MiBx�` mM� +QKT�`�+BƦM

Ne



L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

2[mBi�iBp� 2Mi`2 iQ/Qb HQb KûiQ/QbX aBM 2K#�`;Q- +�#2 �+H�`�` [m2 2H KûiQ/Q �[mő T`2b2Mi2
Tm2/2 b2` +�H+mH�/Q BM+HmbQ 2M �`2�b �H2D�/�b /2 Tőt2H2b M2;`Qb- +QKQ b2 Km2bi`� 2M H�
6B;m`� eX9X 1M iQi�H- H�b Km2bi`�b /2 T`m2#� +QMbBbi2M 2M 2,000 TmMiQb +Q``2bTQM/B2Mi2b
T�`� +�/� +�i2;Q`ő� b2H2++BQM�/�X G� };m`� eX8 Km2bi`� 2H `2M/BKB2MiQ /2 HQb /2b+`BTiQ`2b
2p�Hm�/Qb bQ#`2 2H +QMDmMiQ /2 T`m2#�b bBMiûiB+�bX a2 `2TQ`i�M HQb p�HQ`2b /2 H� Kûi`B+�
2M H� h�#H� eXRX 1M iQ/Qb HQb +�bQb- 2H /2b+`BTiQ` �T`2M/B/Q bmT2`� � HQb Qi`Qb KûiQ/Qb
+�Tim`�M/Q K2DQ` H� b2K�MiB+� /2 HQb TmMiQb Q#D2iBpQ � i`�pûb /2 HQb +�K#BQb /2 pBbi�X

eXjXkX *QM};m`�+BƦM /2 H� `2/ KmHiB+�i2;Q`ő�

1M mM BMi2MiQ /2 +QMbi`mB` mM /2b+`BTiQ` K�b ;2Mû`B+Q- b2 `2�HBxƦ mM 2tT2`BK2MiQ �/B@
+BQM�H T�`� 2bim/B�` H� pB�#BHB/�/ /2 �T`2M/Bx�D2 /2 H� `2/ M2m`QM�H T`QTm2bi� 2M mM 2MiQ`MQ
/2 KȹHiBTH2b +�i2;Q`ő�bX *QM 2bi2 }M- b2 2Mi`2MƦ 2H KûiQ/Q miBHBx�M/Q mM +QMDmMiQ /2 /�iQb
mMB}+�/Q [m2 +QKT`2M/2 +m�i`Q +�i2;Q`ő�b /2 Q#D2iQb 2M iQi�HX 1biQb KQ/2HQb T`2b2Mi�M
mM� p�`B�#BHB/�/ bB;MB}+�iBp� 2M +m�MiQ � +�`�+i2`őbiB+�b /2 7Q`K�- +QM K�b /2 350 Q#@
D2iQb /B72`2Mi2b +QMbB/2`�/Qb T�`� 2bi� +QM};m`�+BƦMX G� };m`� eX8 BM+Hmv2 2H *J* v HQb
;`�}+Qb /2 T`2+BbBƦM /2 +Q``2bTQM/2M+B� T�`� 8,000 Km2bi`�b /2 T`m2#�- 2M +QKT�`�+BƦM
+QM Qi`Qb KûiQ/Qb /2 `272`2M+B�X �K#�b +QM};m`�+BQM2b /2 2Mi`2M�KB2MiQ KQbi`�`QM mM
+QKTQ`i�KB2MiQ bBKBH�`- bmT2`�M/Q 2H `2M/BKB2MiQ /2 HQb /2b+`BTiQ`2b BM7Q`K�/QbX J�b BK@
TQ`i�Mi2 �ȹM- 2H 2Mi`2M�KB2MiQ 2M p�`B�b +�i2;Q`ő�b bmT2`Ʀ �H 2Mi`2M�KB2MiQ BM/BpB/m�H �H
+�H+mH�` H�b Kûi`B+�b /2 +�HB/�/ /2H 2bT�+BQ /2H /2b+`BTiQ` Up2` h�#H� eXRVX � T2b�` /2 H�
K�vQ` +QKTH2DB/�/ /2 2bi2 2b+2M�`BQ- H� `2/ KmHiB+�i2;Q`ő� Tm2/2 T`Q/m+B` /2b+`BTiQ`2b /2
7Q`K� ;2M2`�H2b [m2 7mM+BQM�M 7�pQ`�#H2K2Mi2 2M +QKT�`�+BƦM +QM Qi`�b �Hi2`M�iBp�bX aBM
2K#�`;Q- b2 Q#b2`p� [m2 HQb KQ/2HQb 2Mi`2M�/Qb +QM +�i2;Q`ő�b 2bT2+ő}+�b �b2;m`�M 2K@
T�`2D�KB2MiQb K�b +QM}�#H2b 2Mi`2 +QKTQM2Mi2b /2 Q#D2iQb +QM H� KBbK� 7mM+BQM�HB/�/-
BM+HmbQ bB bm 7Q`K� Q �T�`B2M+B� /B}2`2 bB;MB}+�iBp�K2Mi2X

Nd



L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

JQ/2HQb a* :�GA6 S*�
_2/

USQ` +�i2;Q`ő�V
_2/

UJmHiB+�i2;Q`ő�V
*�`i2`�b edX9d W d9X9y W e9X8R W 39XjN W 3eX8R W

aBHH�b dkXNR W dyX9 W 8eXed W 39Xey W 3dXk8 W
h�x�b dkXeR W eeXdR W 8NXyd W d9XdR W 3RXe8 W

�m`B+mH�`2b dyXRR W deXNe W eeXeR W 3RXd8 W 3eXjy W

h�#H� eXR, _2bmHi�/Qb /2 H� Kûi`B+� *mKmH�iBp2 J�i+? *?�`�+i2`BbiB+ U*J*V K2/B/Qb 2M 9
KûiQ/QbX *J* 2b `2TQ`i�/Q bQ#`2 100 +Q``2bTQM/2M+B�bX �[mő b2 T`2b2Mi�M HQb `2bmHi�/Qb
T�`� H� `2/ 2Mi`2M�/� +QM +�/� +�i2;Q`ő� v T�`� H� `2/ KmHiB+�i2;Q`ő�X UL�p�``Q 2i �HX-
kyRN#V

eX9X _2bmHi�/Qb

eX9XRX AK�;2M2b /B#mD�/�b � K�MQ

G� };m`� eX9 BHmbi`� HQb `2bmHi�/Qb /2H /2b+`BTiQ` 2M mM +QMDmMiQ /2 /�iQb /B#mD�/Qb �
K�MQ 2M /Qb 2b+2M�`BQb /2 +Q``2bTQM/2M+B�- /BbT2`b� v /2Mb�X P#b2`p�KQb [m2 2H KûiQ/Q
2b +�T�x /2 miBHBx�` H�b +�`�+i2`őbiB+�b �T`2M/B/�b � T�`iB` /2 mM +QMDmMiQ /2 2Mi`2M�KB2MiQ
+QM /�iQb bBMiûiB+Qb +m�M/Q b2 i`�#�D� +QM BK�;2M2b /B#mD�/�b � K�MQX 1M T�`iB+mH�`- 2H
`2M/BKB2MiQ b2 K�MiB2M2 2bi�#H2 T�`� 2bi�b BK�;2M2b- BM+HmbQ bB H� TQbB+BƦM /2 H� +�K�`� MQ
2bi� T2`72+i�K2Mi2 �HBM2�/� +QM HQb 2D2b /2 HQb Q#D2iQbX J�b BKTQ`i�Mi2 �ȹM- H�b /2+Q`�+BQ@
M2b v H�b HőM2�b /2 bQK#`2�/Q MQ BMi`Q/m+2M /Bb+QMiBMmB/�/2b bB;MB}+�iBp�b bQ#`2 HQb K�T2Qb
/2MbQbX G�b +Q``2bTQM/2M+B�b T`2/B+?�b bQM bm�p2b v pBbm�HK2Mi2 TH�mbB#H2bX �/2K�b- b2
Tm2/2 Q#b2`p�` [m2 H� K�vQ`ő� /2 HQb T�`2b +Q``2bTQM/2M � /B#mDQb HBM2�H2b `2T`2b2Mi�/Qb
/2b/2 /B72`2Mi2b TQbB+BQM2b /2 +�K�`�X GQb /2b+`BTiQ`2b Tm2/2M +�Tim`�` �T`QtBK�/�K2Mi2
H� b2K�MiB+� v H� BM7Q`K�+BƦM j. T`QTQ`+BQM�/� TQ` HQb #Q+2iQbX S�`� �+2H2`�` 2H +�H+mHQ
/2 K�T�b /2MbQb- b2 miBHBx�`QM K�b+�`�b #BM�`B�b [m2 2HBKBM�M HQb Tőt2H2b 7m2`� /2 H� `2;BƦM
/2 BMi2`ûbX a2 pBbm�HBx�`QM HQb K�T�b /2 +QHQ`2b /2MbQb T`Qv2+i�M/Q /2b+`BTiQ`2b 2M R3

U1bT�+BQ /2 +QHQ`2b _:"VX

Jûi`B+�b

a2 T`QTQ`+BQM�`QM Kûi`B+�b +m�MiBi�iBp�b +�H+mH�/�b bQ#`2 2H +QMDmMiQ /2 BK�;2M2b
/B#mD�/�b � K�MQX .�/Q [m2 2H +QMDmMiQ /2 /�iQb +QMiB2M2 +Q``2bTQM/2M+B�b 2b+�b�b- b2

N3



L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

+QMbB/2`Ʀ �T`QTB�/Q BM7Q`K�` 2H 1``Q` +m�/`�iB+Q K2/BQ U_Ja1V MQ`K�HBx�/QX a2 +�H+mH�`QM
H�b +Q``2bTQM/2M+B�b miBHBx�M/Q HQb 72�im`2b /2 H�b `2/2b /2 2Mi`2M�KB2MiQ /2 mM� bQH�
+�i2;Q`ő� v b2 Q#impB2`QM H�b /Bbi�M+B�b GkX S�`� 2bi� QT2`�+BƦM- b2 miBHBxƦ mM +QMDmMiQ
/2 /�iQb /2 1440 +Q``2bTQM/2M+B�b MQ /2Mb�bX 1H /2b+`BTiQ` �[mő T`2b2Mi�/Q Q#impQ mM
K2DQ` `2M/BKB2MiQ +QKT�`�/Q +QM HQb KûiQ/Qb +QMbB/2`�/Qb, aF2i+?wQQKb, yXyeN- a?�T2
*QMi2ti, yXyd9- :�GA6, yXRN8 v S*�, yXkyeX aBM 2K#�`;Q- 2b BKTQ`i�Mi2 `2b�Hi�` [m2
KûiQ/Qb +QKQ a?�T2 *QMi2ti bQM BM/2T2M/B2Mi2b /2H KQ/2HQ v 2M +QMb2+m2M+B�- bQM K�b
;2M2`�H2bX 1H Q#D2iBpQ MQ 2b `22KTH�x�` HQb /2b+`BTiQ`2b i`�/B+BQM�H2b bBMQ BMi`Q/m+B` mM�
Mm2p� bQHm+BƦM � HQb T`Q#H2K�b `2H�+BQM�/Qb +QM H� pBbi� j. v H� BM7Q`K�+BƦM /2 H�b TB2x�b
/B`2+i�K2Mi2 2M k.X

eX9XkX 1bim/BQ /2 mbm�`BQ

GQb ?mK�MQb TQb22M H� 2ti`�Q`/BM�`B� +�T�+B/�/ /2 `2bQHp2` +Q``2bTQM/2M+B�b b2K�MiB@
+�b 2M 2b+2M�`BQb /2 KȹHiBTH2b pBbi�b ;`�+B�b � bm +QMQ+BKB2MiQ T`2pB�K2Mi2 �/[mB`B/Q bQ#`2
2H KmM/Q `2�H 2M j.X S�`� +QKT`2M/2` K2DQ` 2H TQi2M+B�H /2H /2b+`BTiQ` �[mő /2b�``QHH�/Q-
b2 `2�HBxƦ mM 2bim/BQ /2 mbm�`BQX S�`� HQ +m�H b2 +QMpQ+Ʀ � 10 pQHmMi�`BQb � miBHBx�` mM�
�THB+�+BƦM 2tT2`BK2Mi�H /2b�``QHH�/� T�`� 2bi2 }MX � +�/� mMQ /2 HQb 10 pQHmMi�`BQb /2H
2bim/BQ b2 H2b T`2b2MiƦ mM T�` /2 BK�;2M2b +QM m = 4 TmMiQb 2M H� T`BK2`� v b2 H2 bQHB+BiƦ
[m2 2M+QMi`�`� HQb m TmMiQb +Q``2bTQM/B2Mi2b 2M H� b2;mM/� BK�;2MX a2 miBHBxƦ mM iQi�H /2
40 T�`2b /2 BK�;2M2b /Bbi`B#mB/�b 2M +m�i`Q +�i2;Q`ő�b /2 2p�Hm�+BƦM, +�`i2`�- bBHH�- i�x�
v �m`B+mH�`2bX GQb TmMiQb b2 b2H2++BQM�`QM T`2pB�K2Mi2 /2 K�M2`� �H2�iQ`B� /2 mM� HBbi�
72�im`2b +�H+mH�/Qb bQ#`2 iQ/�b H�b BK�;2M2b /2 2bim/BQ miBHBx�M/Q 2H /2i2+iQ` /2 2b[mBM�
/2 a?B �M/ hQK�bB URNNjVX aBKBH�` �H 2bim/BQ T`2b2Mi�/Q 2M "2bi"m//B2b U�#2`K�M 2i �HX-
kyR3V- b2 �DmbiƦ � mM� /Bbi`B#m+BƦM :�mbbB�M� k. bQ#`2 H�b +QQ`/2M�/�b /2 TmMiQb �MQi�/�b
TQ` HQb mbm�`BQbX a2 /2}MBƦ mM� K2/B/� /2 bBKBHBim/ 2p�Hm�M/Q H� 7mM+BƦM /2 /2MbB/�/ /2
T`Q#�#BHB/�/ �Dmbi�/� 2M HQb TmMiQb /2 +QMbmHi� T`2b2H2++BQM�/QbX Gm2;Q b2 �bB;M�`QM TmM@
im�+BQM2b /2 bBKBHBim/ K�b �Hi�b � H�b `2;BQM2b /QM/2 2H +QMb2MbQ 2Mi`2 HQb mbm�`BQb 7m2 K�b
7m2`i2 v pB+2p2`b�X a2 T`QK2/B�`QM iQ/Qb HQb TmMiQb #�b�/Qb 2M H� TmMim�+BƦM Q#i2MB/�X
GQb `2bmHi�/Qb b2 `2bmK2M 2M H� h�#H� eXkX 1M iQ/Qb HQb KûiQ/Qb [m2 7m2`QM T`Q#�/Qb- b2
}Hi`�`QM HQb p�HQ`2b �iőTB+Qb 7m2`� /2H mK#`�H /2 2``Q` mean ± std K2/B/Q 2M Tőt2H2bX

NN



L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

a* :�GA6 S*�
_2/

USQ` +�i2;Q`ő�V
_2/

UJmHiB+�i2;Q`B�V
a+Q`2 yXy9j yXyR yXyyN yXy9d yXy93

L_Ja1 yXye3 yXRe9 yXRd yXyek yXyed

h�#H� eXk, 1bim/BQ /2 Kûi`B+�b +m�MiBi�iBp�bX GQb p�HQ`2b 2M H� T`BK2`� }H� `2T`2b2Mi�M
H� T`Q#�#BHB/�/ /2 [m2 +�/� /2b+`BTiQ` T`Q#�/Q 7Q`K2 T�`i2 /2 H�b 2bi�/őbiB+�b /2H mbm�`BQ-
KQ/2H�/�b +QM mM� /Bbi`B#m+BƦM ;�mbbB�M� 2M k. bQ#`2 HQb /�iQb /2H 2bim/BQX 1M H� b2;mM/�
}H� b2 /2i�HH� HQb p�HQ`2b /2 1``Q` +m�/`�iB+Q K2/BQ MQ`K�HBx�/Qb U_Ja1V `2bmHi�/Q /2H
`2M/BKB2MiQ /2 HQb /2b+`BTiQ`2b +QM `2bT2+iQ � HQb /�iQb /2H mbm�`BQX

SketchZooms ShapeContexts GALIF PCA

Reference ReferenceCorrespondences Correspondences

6B;m`� eXe, J�T� /2 +�HQ` +QM H�b +Q``2bTQM/2M+B�b �MQi�/�b TQ` HQb mbm�`BQbX 1M +�/� T�`-
H� BK�;2M /2 H� Bx[mB2`/� Km2bi`� HQb TmMiQb /2 `272`2M+B� [m2 /2#ő�M b2` +Q``2bTQM/B/Qb
TQ` 2H mbm�`BQ- H� BK�;2M /2 H� /2`2+?� `2T`2b2Mi� mM K�T� /2 +�HQ` +QM H�b +QBM+B/2M+B�
/2 HQb mbm�`BQb K�b 7m2`i2bX GQb bőK#QHQb BM/B+�M H�b +Q``2bTQM/2M+B�b T�`� +�/� KûiQ/Q
2p�Hm�/�X

GQb K�T�b /2 +�HQ` 2M H� 6B;m`� eXe `2T`2b2Mi�M �`2�b /QM/2 2H +QMb2MbQ /2 +QBM+B/2M+B�
/2 HQb mbm�`BQb 7m2 K�b 7m2`i2X G�b +Q``2bTQM/2M+B�b Q#i2MB/�b +QM 2H /2b+`BTiQ` 2bi�M K�b
+2`+� /2 H�b �`2�b ǳ+�HB/�/Ǵ [m2 H�b T`Q/m+B/�b +QM Qi`Qb KûiQ/QbX a2 miBHBx�`QM `2/2b
2Mi`2M�/�b TQ` +�i2;Q`ő�b T�`� +�H+mH�` H�b +Q``2bTQM/2M+B�bX

Ryy



L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

eX9XjX S`m2#�b +QM };m`�b ?mK�M�b

*QM 2H }M /2 Q#b2`p�` 2H 7mM+BQM�KB2MiQ /2H /2b+`BTiQ` bQ#`2 };m`�b ?mK�M�b b2 `2�HBxƦ
mM� 2p�Hm�+BƦM +m�HBi�iBp�X a2 2Mi`2MƦ H� `2/ +QM BK�;2M2b /2 450 KQ/2HQb �`iB}+B�H2b- /2
HQb +m�H2b b2 H2 `2;Bbi`�`QM 15 TmMiQb TQ` BM/BpB/mQX aB #B2M HQb KQ/2HQb +m2Mi�M +QM TQ+Qb
TmMiQb /2 +Q``2bTQM/2M+B�- H� +�MiB/�/ /2 KQ/2HQb /2i2`KBM� mM HQi2 �+2Ti�#H2 /2 BK�;2M2b
T�`� 2H 2Mi`2M�KB2MiQX �/2K�b b2 +QKT`Q#Ʀ 2H 7mM+BQM�KB2MiQ /2 H� `2/ miBHBx�M/Q BK�;2M2b
_:" +�Tim`�/�b /2 pQHmMi�`BQb `2�H2b /2H S`Qv2+iQ j.G�#X 1M 6B;m`� eXd b2 pBbm�HBx� HQb
7`miQb /2H 2Mi`2M�KB2MiQ /2 H� `2/X *�/� mM� /2 H�b }H� 2b 2H `2bmHi�/Q /2 +Q``2bTQM/2`
i`2b BK�;2M2b �H KBbKQ iB2KTQX G� `2/ 2b +�T�x /2 i`�bH�/�` HQb TmMiQb 2Mi`2 BK�;2M2b
BM+HmbQ +QM /B72`2Mi2b T`Qv2++BQM2b v 7Q`K�bX *�#2 �+H�`�` [m2 2H TBT2HBM2 7m2 2Mi`2M�/Q
+QM BK�;2M2b 2M #H�M+Q v M2;`Q bBKBH�`2b � mM /B#mDQ v �ȹM �bő b2 Q#b2`p� 2M H� 6B;m`� eXd-
[m2 2H 7mM+BQM�KB2MiQ /2H /2b+`BTiQ` 2b +Q``2+iQ miBHBx�M/Q 7QiQ;`�7ő�b � +QHQ`- BM+HmbBp2
+QMb2`p�M/Q 2H 7QM/Q Q`B;BM�HX
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L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

6B;m`� eXd, _2bmHi�/Qb T`2HBKBM�`2b /2 H� `2/ 2M +m2`TQb ?mK�MQbX *�/� }H� /2i2`KBM� H�
+Q``2bTQM/2M+B� /2Mb� 2Mi`2 i`2b BK�;2M2bX GQb TmMiQb [m2 b2 +Q``2bTQM/2M +m2Mi�M +QM
2H KBbKQ +QHQ`X

eX8X *QM+HmbBƦM v i`�#�DQ 7mim`Q

a2 T`2b2MiƦ mM Mm2pQ /2b+`BTiQ` �miQK�iB+Q /2 BK�;2M2b #�b�/Q 2M �T`2M/Bx�D2 T`Q7mM@
/Q T�`� Q#i2M2` +Q``2bTQM/2M+B�b 2M #Q+2iQbX G� iû+MB+� �[mő T`QTm2bi�- 2bi� #�b�/� 2M
mM� `2/ M2m`QM�H +QMpQHm+BQM�H /2 KȹHiBTH2b pBbi�b- H� +m�H �T`2M/2 � /Bb+`BKBM�` TmMiQ �
TmMiQ � i`�pûb /2 mM 2bT�+BQ /2 72�im`2X aF2i+?wQQKb 2b 2H T`BK2` 2M7Q[m2 #�b�/Q 2M /�iQb
[m2 �T`2M/2 �miQK�iB+�K2Mi2 /2b+`BTiQ`2b b2K�MiB+�K2Mi2 +Q?2`2Mi2b T�`� +QBM+B/B` 2M

Ryk



L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

#Q+2iQb +QM mM +QMi2tiQ /2 KȹHiBTH2b pBbi�bX G� `2�HBx�+BƦM /2 2biQ +QM `2/2b M2m`QM�H2b
2`� BMpB�#H2 ?�bi� 2H KQK2MiQ /2#B/Q � H� HBKBi�+BƦM /2 /�iQb- v� [m2 `2+QTBH�` #Q+2iQb
/2 �`iBbi�b v /Bb2Ƣ�/Q`2b 2b 2ti`2K�/�K2Mi2 +QbiQbQX S�`� �#Q`/�` 2bi2 T`Q#H2K�- b2 miBHB@
x�`QM +QH2++BQM2b /2 7Q`K�b j. `2;Bbi`�/�b b2K�MiB+�K2Mi2 v 7m2`QM `2T`2b2Mi�/�b +QKQ
#Q+2iQb miBHBx�M/Q iû+MB+�b /2 `2T`2b2Mi�+BƦM MQ 7QiQ``2�HBbi�b /2 p�M;m�`/B�X J�b BKTQ`@
i�Mi2 �ȹM- H� iû+MB+� T`QTm2bi� 7m2 +�T�x /2 ;2M2`�HBx�` � #Q+2iQb `2�H2b /B`2+i�K2Mi2 �
T�`iB` /2 HQb /�iQb bBMiûiB+QbX

GQb `2bmHi�/Qb Q7`2+2M BMi2`2b�Mi2b BMi2``Q;�Mi2b T�`� 7mim`�b BMp2biB;�+BQM2bX lM� /2
2bi�b 2b bB Qi`�b +QM};m`�+BQM2b /2 pBbi�b bQM TQbB#H2b bBM BMi`Q/m+B` �K#B;Ƀ2/�/ 2M 2H
2bT�+BQ /2H /2b+`BTiQ`X aBM 2K#�`;Q- 2biQ 2bi� HBKBi�/Q TQ` 2H iB2KTQ /2/B+�/Q � ;2M2@
`�` `2T`2b2Mi�+BQM2b /2 #Q+2iQb bBMiûiB+QbX 1M 2H �bT2+iQ iû+MB+Q- HQb 2M7Q[m2b `2+B2Mi2b
?�M T`QTm2biQ miBHBx�` BK�;2M2b /B#mD�/�b � K�MQ b2KB@bmT2`pBb�/�b T�`� K2DQ`�` 2H `2M@
/BKB2MiQ /2 H� `2/ UaBKQ@a2``� 2i �HX- kyR3VX �/2K�b- �H `2�HBx�` 2H 2bim/BQ /2H mbm�`BQ
2M H� a2++BƦM eX9Xk- [m2/Ʀ 2M 2pB/2M+B� [m2 HQb T�`iB+BT�Mi2b �THB+�M /B72`2Mi2b +`Bi2`BQb
�H b2H2++BQM�` HQb TmMiQbX a2`ő� BMp�Hm�#H2 Q#i2M2` mM� pBbBƦM K�b T`Q7mM/� /2 +ƦKQ HQb
?mK�MQb `2�HBx�M i�`2�b /2 +Q``2bTQM/2M+B� 2M 2H /QKBMBQ /2 H� BK�;2MX

Ryj



*�TőimHQ d

*QM+HmbBQM2b :2M2`�H2b

dXRX *QM+HmbBQM2b

1H �p�M+2 /2 H� i2+MQHQ;ő� ?� T2`KBiB/Q 2H �+QTH2 K�bBpQ /2 /�iQb �bQ+B�/Qb � H� b�Hm/
TQMB2M/Q � /BbTQbB+BƦM /2 H� +B2M+B� v /2 H� K2/B+BM�- ;`�M/2b #�b2b /2 /�iQb +QM BM7Q`K�@
+BƦM 72MQiőTB+�X 1biQb /�iQb BM+Hmv2M /2b/2 BK�;2M2b k. ?�bi� 2b+�M2Qb i`B/BK2MbBQM�H2b
/2H +m2`TQX *QM /B+?Qb #BQ@#�M+Qb +`2+B2M/Q v 2bi�#H2+BûM/Qb2 +�/� p2x +QM K�vQ` bQHB@
/2x- 2b M2+2b�`BQ BMp2biB;�` 2 BMMQp�` 2M 2H /2b�``QHHQ /2 Mm2p�b iû+MB+�b T�`� 2H �TQvQ �H
/B�;MƦbiB+Q v b2;mBKB2MiQ /2 HQb T�+B2Mi2bX 1bi�b Mm2p�b BMMQp�+BQM2b K2DQ`�M v �+2H2`�M
i�MiQ H� T`�+iB+� +HőMB+� +QKQ 2H /Bb2ƢQ /2 TQHőiB+�b BMMQp�/Q`�b 2M b�Hm/ Tȹ#HB+�X

G� ?2`2/�#BHB/�/ /2 Km+?Qb 72MQiBTQb- +QKQ H� /Bbi`B#m+BƦM /2H i2DB/Q 2M 2H +m2`TQ- 2H
T2bQ- H� �Him`� Q H� K�b� HB#`2 /2 ;`�b�- ?� bB/Q 2biBK�/� 2M /BbiBMi�b TQ#H�+BQM2b v /B72`2Mi2b
;`mTQb /2 2/�/- +QM Q#b2`p�+BQM2b +QMbBbi2Mi2b /2 H� +QMi`B#m+BƦM /2 7�+iQ`2b ;2MûiB+Qb �
H� p�`B�+BƦM /2 2biQb `�b;Qb UGQQb �M/ "Qm+?�`/- kyyjVX h�MiQ HQb 7�+iQ`2b ;2MûiB+Qb +QKQ
HQb MQ ;2MûiB+Qb Tm2/2M T`2/BbTQM2` � +B2`i�b T2`bQM�b � /BbiBMi�b 2M72`K2/�/2b- TQ` HQ [m2
2bim/B�`H�b /2Mi`Q /2 mM� TQ#H�+BƦM 2bT2+ő}+� 2b /2 ;`�M BKTQ`i�M+B� T�`� H� T`2p2M+BƦM-
/B�;MƦbiB+Q v i`�i�KB2MiQ /2 2bi�b �72++BQM2bX G� M2+2bB/�/ /2 i2M2` /�iQb /2 TQ#H�+BƦM
2bT2+B}+� 2b +`m+B�H T�`� /2b�``QHH�` v p�HB/�` Mm2p�b ?2``�KB2Mi�b i�MiQ 2M 2H �K#BiQ /2 H�
+B2M+B� +QKQ /2 H� K2/B+BM� +HőMB+�X 1M H� BMp2biB;�+BƦM #BQKû/B+�- 2H �p�M+2 /2 H� i2+MQHQ;ő�
2M H� +�Tim`� /2 /�iQb +QKTH2DQb /2#2 �+QKT�Ƣ�`b2 +QM �H;Q`BiKQb v T`Q+2/BKB2MiQb [m2
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L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

T2`KBi�M 2ti`�2` �miQK�iB+�K2Mi2 BM7Q`K�+BƦM- � }M /2 ?�+2` +QKT�`�+BQM2b BMi`� 2 BMi2`
TQ#H�+BQM�H2b- 2bi�#H2+2` +Q``2H�+BQM2b v TQbB#H2b +�mb�b- �bő +QKQ i�K#BûM T`QKQp2` 2H
/2b�``QHHQ /2 Mm2p�b �THB+�+BQM2b [m2 �bBbi�M 2M 2H �K#BiQ +HőMB+QX

1M 2bi� i2bBb b2 T`QTmbQ BMp2biB;�` v /2b�``QHH�` iû+MB+�b �p�Mx�/�b [m2 T2`KBi�M �THB@
+�` KûiQ/Qb /2 +QKTmi�+BƦM +QM 2H Q#D2iBpQ /2 ;2M2`�` �miQK�iB+�K2Mi2 /2b+`BTiQ`2b [m2
`2T`2b2Mi2M v /Bb+`BKBM2M +�`�+i2`őbiB+�b BKTQ`i�Mi2b /2H 72MQiBTQ ?mK�MQX .2Mi`Q /2 2bi2
K�`+Q- 2b M2+2b�`BQ [m2 2biQb Mm2pQb /2b+`BTiQ`2b +m2Mi2M +QM mM� 7m2`i2 +Q``2H�+BƦM bQ@
#`2 HQb őM/B+2b miBHBx�/Qb �+im�HK2Mi2 TQ` HQb 2tT2`iQb 2M 2M 2H �K#BiQ +HőMB+QX liBHBx�M/Q
BM7Q`K�+BƦM /2 H� TQ#H�+BƦM HQ+�H- b2 /Bb2Ƣ�`QM- BKTH2K2Mi�`QM v 2p�Hm�`QM i`2b iBTQb /2
/2b+`BTiQ`2b miBHBx�M/Q KûiQ/Qb �p�Mx�/Qb 2M T`Q+2b�KB2MiQ /2 BK�;2M2b DmMiQ +QM iû+@
MB+�b /2 JGX 1H T`BK2`Q 2KTH2� BM7Q`K�+BƦM /2 2b+�M2Qb j. /2H +m2`TQ- +QM 2H Q#D2iBpQ
/2 +QMbi`mB` mM 2bT�+BQ /2 /2b+`BTiQ`2b +�T�x /2 /Bb+`BKBM�` 2H b2tQ #BQHƦ;B+Q /2 mM� T2`@
bQM� UL�p�``Q 2i �HX- kyR3VX .2i2`KBM�` 2bi� +�`�+i2`őbiB+� 2M mM BM/BpB/mQ 2b 2H 7�+iQ`
T`BM+BT�H � H� ?Q`� /2 �M�HBx�` H� m#B+�+BƦM /2H i2DB/Q �/BTQbQ T�`� 2bim/B�` 2M /2i�HH2 H�
Q#2bB/�/ v 2H bQ#`2T2bQ U:22` �M/ a?2M- kyyN- SQr2` �M/ a+?mHFBM- kyy3VX 1M b2;mM/Q
Hm;�` b2 T`QTmbQ mM KûiQ/Q /2 i`�#�DQ [m2 T2`KBi2 � T�`iB` /2 T`Q+2b�KB2MiQ 2M j.-
;2M2`�` mM /2b+`BTiQ` T�`� +m�MiB}+�` H�b 2biBK�+BQM2b /2 bQ#`2T2bQ v Q#2bB/�/ UL�p�``Q
2i �HX- kyRN�VX liBHBx�M/Q �M�HBbBb 2bi�/őbiB+Q b2 +QKT�`�`QM HQb őM/B+2b +H�bB+Qb miBHBx�/Qb
2M H� T`�+iB+� +HőMB+� UAJ*- A** 2 A*hXV DmMiQ +QM 2H 2bT�+BQ /2H /2b+`BTiQ`- H� 2pB/2M+B�
/2i2`KBMƦ- [m2 2bi2 2bT�+BQ +QMbi`mB/Q T`2b2`p� }2HK2Mi2 H� M�im`�H2x� /2 H� /Bbi`B#m+BƦM
/2 �/BTQbB/�/ �#/QKBM�H +QKQ mM �bT2+iQ /2 H� 7Q`K�X SQ` ȹHiBKQ b2 T`2b2MiƦ mM /2b+`BT@
iQ` #�b�/Q 2M .G DmMiQ +QM mM TBT2HBM2 [m2 T2`KBi2 Q#i2M2` 2bT�+BQb /2 +�`�+i2`őbiB+�b
+�T�+2b /2 /Bb+`BKBM�` TmMiQb 2M BK�;2M2b k. +QM /B72`2M+B�b 2M H� T`Qv2++BƦM v pBbi� /2H
Q#D2iQ /2 BMi2`ûb UL�p�``Q 2i �HX- kyRN#VX J�b T`2+Bb�K2Mi2- 2H TBT2HBM2 b2 #�b� 2M mM�
`2/ M2m`QM�H +QMpQHm+BQM�H /2 KȹHiBTH2b pBbi�b- 2H /2b+`BTiQ` �[mő T`2b2Mi�/Q 2b 2H T`BK2`
2M7Q[m2 [m2 T2`KBi2 �T`2M/2` �miQK�iB+�K2Mi2 /2b+`BTiQ`2b b2K�MiB+�K2Mi2 +Q?2`2Mi2b
T�`� +QBM+B/B` 2M BK�;2M2b +QM mM +QMi2tiQ /2 KȹHiBTH2b pBbi�bX

GQb KûiQ/Qb �[mő /2b�``QHH�/Qb bQM mM T`BK2` 2M7Q[m2 � H� +�`�+i2`Bx�+BƦM /2H 72MQiBTQ
?mK�MQX GQb /2b+`BTiQ`2b /Bb2Ƣ�/Qb- BKTH2K2Mi�/Qb v 2p�Hm�/Qb T2`KBi2M � HQb BMp2biB@
;�/Q`2b Q#i2M2` /2 K�M2`� K�bBp� BM7Q`K�+BƦM bQ#`2 H� 7Q`K� v p�`B�#BHB/�/ /2H +m2`TQ
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L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

?mK�MQX 1bi� +�`�+i2`Bx�+BƦM /2Mi`Q /2 HQb 2bT�+BQb ;2M2`�/Qb T`Qp22 2H mbQ /2 K2iQ/QHQ@
;ő�b �T`QTB�/�b T�`� T`QTQ`+BQM�` mM� /2i2++BƦM v b2;mBKB2MiQ /2 2M72`K2/�/2bX �/2K�b
T2`KBi2 mM� K2DQ` v K�b +QKTH2i� ;2biBƦM /2 H� BM7Q`K�+BƦM- Q#i2MB2M/Q `2bmHi�/Qb `�TB@
/�K2Mi2 pBbB#H2b 2M H� `2+QH2++BƦM- H� p2`B}+�+BƦM /2 ?BTƦi2bBb /2 /Bp2`bQ iBTQ H� �MBK�+BƦM
/2 HQb `2bmHi�/Qb- H� 2ti`�TQH�+BƦM /2 T`2/B++BQM2b- 2i+X- ;2M2`�M/Q ?2``�KB2Mi�b T�`� TQ@
/2` K�M2D�` /2 7Q`K� `�TB/�- +Q``2+i� v 2}+�x H� ;`�M +�MiB/�/ /2 /�iQb +QM H� [m2 b2
2M+m2Mi`�M HQb BMp2biB;�/Q`2bX �/2K�b T2`KBi2 BKTmHb�` BMp2biB;�+BQM2b BMi2`/Bb+BTHBM�`B�b
MQp2/Qb�b- 2Mi`2 2HH�b H� /2i2`KBM�+BƦM /2 T�i`QM2b /2 p�`B�+BƦM BMi`� 2 BMi2` TQ#H�+BQM�H-
T`2/BbTQbB+BƦM /2 /2i2`KBM�/Qb ;`mTQb ûiMB+Qb � T�/2+2` +B2`i�b 2M72`K2/�/2b- 2H /2b�``QHHQ
/2 i2+MQHQ;ő�b �THB+�/�b � H� +B2M+B� #BQHƦ;B+�- 2i+X

dXkX h`�#�DQ 6mim`Q

*QKQ i`�#�DQ 7mim`Q- b2 T`QTQM2 BMp2biB;�` v /2b�``QHH�` KûiQ/Qb +QKTmi�+BQM�H2b T�`�
�M�HBx�` H�b `2H�+BQM2b 2Mi`2 72MQiBTQ v ;2MQiBTQ- #mb+�M/Q /2i2`KBM�` �[m2HH�b `2;BQM2b /2H
;2MQK� ?mK�MQ /QM/2 2tBbi2M p�`B�Mi2b Q K�`+�/Q`2b ;2MûiB+Qb �bQ+B�/Qb � /2i2`KBM�/Qb
`�b;Qb 7őbB+QbX �/2K�b b2 T`QTQM2 +QMiBMm�` 2M H� BMp2biB;�+BƦM /2 /2b+`BTiQ`2b �miQK�iB+Qb
/2 7Q`K� �bQ+B�/Qb � ;2MQiBTQb- T�`� +QMi`B#mB` �H /B�;MQbiB+Q v b2;mBKB2MiQ /2 +QM/B+BQ@
M2b +QKQ Q#2bB/�/- bQ#`2T2bQ v +QM/B+BQM2b �bQ+B�/�bX 1H /Bb2ƢQ /2 /B+?Qb /2b+`BTiQ`2b
T2`KBiB`� 2bim/BQb /2 /Bp2`bB/�/ 2bT2+ő}+Qb /2 TQ#H�+BƦM v 2H /2b�``QHHQ /2 �THB+�+BQM2b
BM7Q`K�iB+�b 2M K2/B+BM� v #BQ�Mi`QTQHQ;ő�X a2 T`Q7mM/Bx�`� 2M 2H mbQ /2 K2iQ/QHQ;ő�b
/2 J�+?BM2 G2�`MBM; T�`� 2H /Bb2ƢQ v /2b�``QHHQ /2 HQb KQ/2HQb [m2 T2`KBiB`�M �M�HBx�` v
T`Q+2b�` H� BM7Q`K�+BƦM US�xQb 2i �HX- kyR3- *BMi�b 2i �HX- kyRNVX

*QM H� BMB+B�iBp� SQ#H�` U.QT�xQ 2i �HX- kyRNV 2M K2Mi2- 2H �+QTH2 K�bBpQ /2 /�iQb
T2`KBiB`� +QKT`2M/2` +ƦKQ mM +QMDmMiQ /2 ;2M2b BMi2`�+iȹ� 2Mi`2 bő v +QM /Bp2`bQb 7�+iQ`2b
�K#B2Mi�H2b 2M H� T`QTB� TQ#H�+BƦM �`;2MiBM�- T�`� /�` +QKQ `2bmHi�/Q mM /2i2`KBM�/Q
72MQiBTQ UTQ` 2D2KTHQ, mM� 2M72`K2/�/ Q mM �mK2MiQ 2M H� bmb+2TiB#BHB/�/ /2 T�/2+2`H�VX
*QKQ v� b2 K2M+BQMƦ +QM �Mi2`BQ`B/�/ 2bi�b T�`iB+mH�`B/�/2b ;2MƦKB+�b v �K#B2Mi�H2b-
�bő +QKQ bmb iBTQb /2 BMi2`�++BƦM- bQM 2bT2+ő}+Qb /2 +�/� TQ#H�+BƦM- /2 KQ/Q [m2 H�
+QMbi`m++BƦM /2 2biQb K�T�b ;2MQiBTQf72MQiBTQf�K#B2Mi2 i�K#BûM HQ bQMX
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L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

G� BM7Q`K�+BƦM TQb22 mM �HiőbBKQ p�HQ` 2M H� BMp2biB;�+BƦM- T2`Q � bm p2x i�K#BûM 2M H�
/2i2`KBM�+BƦM /2 TQHőiB+�b Tȹ#HB+�b T`2p2MiBp�b v 2M H� K2DQ`� /2 H� +�HB/�/ /2 HQb b2`pB+BQb
/2 b�Hm/X G�b �THB+�+BQM2b 2M `2H�+BƦM +QM 2H T`Qv2+iQ SQ#H�` b2`ő�M BMMmK2`�#H2bX 1Mi`2 H�b
[m2 b2 Tm2/2M /2bi�+�`, H� `2�HBx�+BƦM /2 T`QiQiBTQb /2 T`m2#� [m2 T2`KBi�M H� T`2/B++BƦM
/2 72MQiBTQb � T�`iB` /2 K�`+�/Q`2b ;2MûiB+Qb v bmb +Q``2bTQM/B2Mi2b p�`B�+BQM2b- H� BMp2b@
iB;�+BƦM v /2b�``QHHQ /2 �H;Q`BiKQb /2 #ȹb[m2/� 2M #�b2b /2 /�iQb ;2MQiBTQ@72MQiBTQ DmMiQ
+QM H� +Q``2H�+BƦM /2 BM7Q`K�+BƦM TQ#H�+BQM�H � }M /2 Q#i2M2` mM +QMDmMiQ /2 T`2/B+iQ`2b
[m2 T2`KBi�M BM72`B` i2M/2M+B�b /2 BMi2`ûb b�MBi�`BQ U2biBK�+BQM2b /2 `B2b;Q /2 /B72`2Mi2b
;`mTQb ûiMB+Qb 7`2Mi2 � +B2`i�b /QH2M+B�b- BM~m2M+B�b /2 7�+iQ`2b �K#B2Mi�H2b- 2i+XVX

1tBbi2M +�bQb /2 ûtBiQ �THB+�M/Q .22T G2�`MBM; � 2bim/BQb /2 #BQHQ;ő� KQH2+mH�`- TQ`
2D2KTHQ- T�`� H� b2+m2M+B�+BƦM /2H ;2MQK�X 1Mi`2M�M/Q KQ/2HQb K2DQ`� bm 2ti`�++BƦM- b2
Tm2/2M +�Tim`�` KȹHiBTH2b 2b+�H�b ;2MƦKB+�b bBM M2+2bB/�/ /2 +�K#B�` /2 KûiQ/Q v 2pBi�M/Q
H�b i�`2�b K�Mm�H2b U�HBT�M�?B 2i �HX- kyR8- w?Qm �M/ h`Qv�MbF�v�- kyR8VX Pi`�b BMp2b@
iB;�+BQM2b miBHBx�M 2biQb iBTQb /2 KûiQ/Qb T�`� `2bQHp2` H� �bQ+B�+BƦM ;2MQiBTQ@72MQiBTQ-
+QKQ 2H +�bQ /2 J� 2i �HX UkyR3VX GQb �miQ`2b T`2/B+2M 72MQiBTQb � T�`iB` /2 ;2MQiBTQb
miBHBx�M/Q mM� `2/ M2m`QM�H +QMpQHm+BQM�HX *�#2 �+H�`�` [m2 H� �THB+�+BƦM /2 2bi�b iû+MB+�b
2M 2H �K#BiQ /2 b�Hm/ b2 p2M �72+i�/�b TQ` H� 7�Hi� /2 /�iQbX _2+QTBH�` v K�Mi2M2` bm}@
+B2Mi2b /�iQb Kû/B+Qb +QM HQb /2i�HH2b M2+2b�`BQb T�`� [m2 HQb KûiQ/Qb /2 .22T G2�`MBM;
7mM+BQM2M +Q``2+i�K2Mi2 2b +QbiQbQ v H�#Q`BQbQ U*?2 2i �HX- kyRdVX

1H ;`mTQ /2 BMp2biB;�+BƦM +m2Mi� +QM 2H K�i2`B�H +QH2+i�/Q TQ` 2H +QMbQ`+BQ *�L.1@
G� U_m/2`K�M 2i �HX- kyRN- _mBx@GBM�`2b 2i �HX- kyR9- ZmBMiQ@a�M+?2x 2i �HX- kyR8- kyRd-
�/?BF�`B 2i �HX- kyRNV- [m2 2b �/KBMBbi`�/Q v +QKTBH�/Q 2M 2H AS*a> U**h *PLA*1h
*1LS�hV TQ` 2H .`X :QMx�H2x@CQbûX *QKT`2M/2 BM7Q`K�+BƦM �bQ+B�/� /2 d8yy BM/BpB/mQb-
`2bB/2Mi2b /2 +Bm/�/2b +QbKQTQHBi�b /2 +BM+Q T�őb2b UJûtB+Q- S2`ȹ- *QHQK#B�- "`�bBH- *?BH2VX
1bi2 #�M+Q BM+Hmv2 7QiQ;`�7ő�b 7�+B�H2b k.- /�iQb �Mi`QTQKûi`B+Qb UT2bQ- i�HH�- T2`őK2i`Q
/2 +BMim`� v +�/2`�V- bQ+BQ@+mHim`�H2b- /2 �miQT2`+2T+BƦM v ;2MQiBTQbc 2b /2+B`- T�`� +�@
/� T2`bQM� b2 ?�M Q#i2MB/Q- K2/B�Mi2 b2+m2M+B�+BƦM /2 KB+`Q�``2;HQb- eyyXyyy p�`B�Mi2b
TQHBKƦ`}+�b Q Kmi�+BQM2b /2 TmMiQ /2 �.L U_mBx@GBM�`2b 2i �HX- kyR9VX �/2K�b- T�`�
�mK2Mi�` H� +�MiB/�/ /2 /�iQb- b2 miBHBx�M �H;Q`BiKQb [m2 T2`KBi2M �mK2Mi�` �`iB}+B�H@
K2Mi2 H� BM7Q`K�+BƦM T2`Q +QMb2`p�M/Q H� /Bbi`B#m+BƦM v 2bi`m+im`� /2 HQb /�iQb `2�H2bX

Ryd



L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

1M �M�HBbBb /2 BK�;2M2b 2tBbi2M i`�#�DQb T`2pBQb /QM/2 2H �mK2MiQ /2 /�iQb b2 `2�HBx�
miBHBx�M/Q KûiQ/Qb i`�/B+BQM�H2b U`Qi�`- `2@/BK2MbBQM�`- pQHi2�`- +�K#B�` /2 +QHQ`X- 2i+XV
v- K�b `2+B2Mi2K2Mi2- 2tBbi2M KQ/2HQb [m2 bBMi2iBx�M /�iQb +QKTH2i�K2Mi2 Mm2pQb Uq2B
2i �HX- kyRNVX 1biQb KQ/2HQ b2 /2MQKBM�M _2/2b :2M2`�iBp�b �Mi�;ƦMB+�b U+QMQ+B/�b +QKQ
:�Lb 2M BM;HûbV H�b +m�H2b b2 #�b�M 2M 2Mi`2M�` bBKmHi�M2�K2Mi2 /Qb `2/2b M2m`QM�H2b-
mM� ;2M2`�iBp� [m2 +�Tim`� H� /Bbi`B#m+BƦM /2 HQb /�iQb- v Qi`� /Bb+`BKBM�iBp� [m2 /BbiBM;m2
HQb /�iQb ;2M2`�/Qb /2 /�iQb Q`B;BM�H2bX G�b `2/2b :�Lb b2 miBHBx�M T`BM+BT�HK2Mi2 T�`�
+QKT`2M/2` v `2THB+�` +�`�+i2`őbiB+�b 2M /�iQb /2 BK�;2M- pB/2Q v i2tiQ U*?2 2i �HX- kyRd-
q2B 2i �HX- kyRNVX G� `2H2p�M+B� /2 H�b :�Lb T�`� HQb Q#D2iBpQb /2 2bi2 TH�M /2 i`�#�DQ
MQ ?� bB/Q T`Q#�/� �ȹM- T2`Q +QMbB/2`�KQb [m2 2b mM� pő� K2iQ/QHƦ;B+�K2Mi2 TH�mbB#H2
T�`� �+QK2i2` 2H 2bim/BQ /2H +`m+2 ;2MQ@72MQ 2M T�`iB+mH�`- v 2H K�T� ;2MQiBTQ 72MQiBTQ-
BM+Hmv2M/Q �bT2+iQb /2H /2b�``QHHQ 2M ;2M2`�H 2M +QMi2tiQb �+Qi�/Qb USB;HBm++B- kyRyV +QKQ
2H TH�Mi2�/Q �[mő `2H�+BQM�/Q +QM 2H bQ#`2T2bQX

Ry3



�M2tQb
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�M2tQ �

*�`iBHH� /2 AM7Q`K�+BƦM

ǴLQb +QKTH�+2 BMpBi�`HQf� � T�`iB+BT�` /2H T`Qv2+iQX "mb+�KQb /2b�``QHH�` mM� �THB+�+BƦM
T�`� /BbTQbBiBpQb KƦpBH2b Ui2Hû7QMQb +2HmH�`2b v i�#H2ibV T�`� `2�HBx�` 2b+�M2Qb +Q`TQ`�H2b
2M i`2b /BK2MbBQM2b [m2 T2`KBi�M +m�MiB}+�` H� 7Q`K� +Q`TQ`�H v Q#i2M2` K2/B/�b T`2+Bb�bX
J2/B�Mi2 mM T`Q+2/BKB2MiQ bBKTH2 v MQ BMp�bBpQ- +QM mM� b2M+BHH� }HK�+BƦM Q#i2MB/� +QM
mM +2HmH�`- H� �THB+�+BƦM +�H+mH�`� p�`B�#H2b v pQHȹK2M2b- T2`KBiB2M/Q /B�;MQbiB+�` Q#2bB/�/
Q +QM/B+BQM2b bBKBH�`2b- �++2/B2M/Q � bm p2x � H� ?BbiQ`B� +HőMB+� /2H T�+B2Mi2 T�`� +QMQ+2`
/�iQb 2bT2+ő}+Qb- bm 2pQHm+BƦM T�`iB+mH�` Q p�HQ`2b /2 `272`2M+B� /2 H� P`;�MBx�+BƦM JmM/B�H
/2 H� a�Hm/X SQ/2` ;2M2`�` 2bi2 +QMQ+BKB2MiQ +QM `2+m`bQb v T`Q72bBQM�H2b �`;2MiBMQb 2b
�Hi�K2Mi2 #2M2}+BQbQ T�`� mM� K2DQ` �i2M+BƦM Kû/B+� �bő +QKQ T�`� 2H /2b�``QHHQ /2
TQHőiB+�b /2 a�Hm/ Sȹ#HB+� K�b 2}+�+2bX S�`� �H+�Mx�` 2bi2 Q#D2iBpQ- M2+2bBi�KQb 7Q`K�` mM�
#�b2 /2 `272`2M+B�- BMi2;`�/� TQ` }HK�+BQM2b � pQHmMi�`B�bfQbX aB lbi2/ /2+B/2 T�`iB+BT�`- b2
H2 `2�HBx�`�M /Qb iQK�b /2 pő/2Q /2 jey ;`�/Qb +QM /B72`2Mi2b /BbTQbBiBpQb v b2 `2;Bbi`�`�M
mM +QMDmMiQ /2 K2/B/�b +Q`TQ`�H2b U+B`+mM72`2M+B� /2 H� +BMim`�- /2 H� +�/2`�- /2H KmbHQ-
/2H #ő+2Tb- THB2;m2b bm#2b+�TmH�` v #B+BTBi�H- H� 2bi�im`� v 2H T2bQ +Q`TQ`�HVX hQ/Qb 2biQb
T`Q+2/BKB2MiQb bQM �#bQHmi�K2Mi2 BM/QHQ`Qb v b2 `2�HBx�`�M 2M mM �K#B2Mi2 �T`QTB�/Q #�DQ
MQ`K�b /2 2bi`B+i� +QM}/2M+B�HB/�/ v T`Bp�+B/�/X 1H T`Q+2b�KB2MiQ TQbi2`BQ` /2 H� BK�;2M
BKTB/2 H� B/2MiB}+�+BƦM- ;�`�MiBx�M/Q 2H �MQMBK�iQ v T`Qi2++BƦM /2 bm B/2MiB/�/Ǵ

RRy



�M2tQ "

*QKBiû /2 ûiB+�

6B;m`� "XR, �p�H /2H +QKBiû /2 ûiB+�X

RRR



"B#HBQ;`�7ő�

hBHF2 Cm//- 6`û/Q .m`�M/- �M/ 1/r�`/ �/2HbQMX �TT�`2Mi `B/;2b 7Q` HBM2 /`�rBM;X �*J
i`�Mb�+iBQMb QM ;`�T?B+b UhP:V- keUjV,RNĜ2b- kyydX

.`QMB+�X Lm#2 /2 TmMiQb j/ 2b 2H T`BK2` T`Q/m+iQ `2bmHi�Mi2 /2H 2b+�M2` H�b2`X
?iiTb,ff/`QMB+�X2bfMm#2@/2@TmMiQb@[m2@2b@v@T�`�@[m2@bB`p2fX U�++2bb2/
QM RRfRNfkykyVX

Aia22xj.X Bib22xj/ im`Mb BT�/ BMiQ ɃM#2HB2p�#H2Ǵj/ b+�MM2` rBi? ?2HT Q7 � bi`m+im`2 b2MbQ`
@ j/T`BMiX+QK % i?2 pQB+2 Q7 j/ T`BMiBM; f �//BiBp2 K�Mm7�+im`BM;X ?iiTb,ffj/T`BMiX

+QKfddj3fBib22xj/@j/@b+�MMBM;@�TTfX U�++2bb2/ QM RRfRNfkykyVX

1bb�K 6 1Hb�v2/- >Q+BM2 hB;?BQm�`i- .�MB2H 1 q2BM2`- CQ?M :`B{i?- .22# a�H2K- �M/`2r a
G2p2v- �M/ J�`F C a�`M�FX q�Bbi@iQ@?BT `�iBQ �M/ #Q/v K�bb BM/2t �b `BbF 7�+iQ`b 7Q`
+�`/BQp�b+mH�` 2p2Mib BM +F/X �K2`B+�M CQm`M�H Q7 EB/M2v .Bb2�b2b- 8kURV,9NĜ8d- kyy3X

S�#HQ L�p�``Q- "`mMQ S�xQb- *2HB� *BMi�b- oB`;BMB� _�K�HHQ- _QH�M/Q :QMx�H2x@CQbû- �M/
*H�m/BQ .2H`B2mtX :2M/2` `2+Q;MBiBQM mbBM; j/ ?mK�M #Q/v b+�MbX kyR3 A111 "B2MMB�H
*QM;`2bb Q7 �`;2MiBM�- T�;2 e- kyR3X

S�#HQ L�p�``Q- oB`;BMB� _�K�HHQ- *2HB� *BMi�b- �M�?ő _m/2`K�M- aQH2/�/ /2 �x2p2/Q- *�@
`QHBM� S�b+?2ii�- P`H�M/Q Sû`2x- "`mMQ S�xQb- *H�m/BQ .2H`B2mt- �M/ _QH�M/Q :QMx�H2x@
CQbûX "Q/v b?�T2, AKTHB+�iBQMb BM i?2 bim/v Q7 Q#2bBiv �M/ `2H�i2/ i`�BibX �K2`B+�M
CQm`M�H Q7 >mK�M "BQHQ;v- T�;2 2kjjkj- kyRN�X

S�#HQ L�p�``Q- CQbû A;M�+BQ P`H�M/Q- *H�m/BQ .2H`B2mt- �M/ 1KK�Mm2H A�`mbbBX aF2i+?@
xQQKb, .22T KmHiB@pB2r /2b+`BTiQ`b 7Q` K�i+?BM; HBM2 /`�rBM;bX �`sBp T`2T`BMi �`@
sBp,RNRkXy8yRN- kyRN#X

RRk
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https://3dprint.com/7738/itseez3d-3d-scanning-app/
https://3dprint.com/7738/itseez3d-3d-scanning-app/


L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

q>PX q>P ,, :HQ#�H .�i�#�b2 QM "Q/v J�bb AM/2tX h2+?MB+�H `2TQ`i- kyR3X l_G
rrrXr?QXBMif#KBX

Gm+v J "`QrMBM;- a?BmM .QM; >bB2?- �M/ J�`;�`2i �b?r2HHX � bvbi2K�iB+ `2pB2r Q7
r�Bbi@iQ@?2B;?i `�iBQ �b � b+`22MBM; iQQH 7Q` i?2 T`2/B+iBQM Q7 +�`/BQp�b+mH�` /Bb2�b2 �M/
/B�#2i2b, yǦ 8 +QmH/ #2 � bmBi�#H2 ;HQ#�H #QmM/�`v p�Hm2X Lmi`BiBQM `2b2�`+? `2pB2rb-
kjUkV,k9dĜkeN- kyRyX

J�bbBKQ SB;HBm++BX :2MQivT2ĜT?2MQivT2 K�TTBM; �M/ i?2 2M/ Q7 i?2 ǵ;2M2b �b #Hm2@
T`BMiǶK2i�T?Q`X S?BHQbQT?B+�H h`�Mb�+iBQMb Q7 i?2 _Qv�H aQ+B2iv ", "BQHQ;B+�H a+B2M+2b-
je8UR89yV,88dĜ8ee- kyRyX

_mi? C6 GQQb �M/ *H�m/2 "Qm+?�`/X P#2bBivĜBb Bi � ;2M2iB+ /BbQ`/2`\ CQm`M�H Q7 BMi2`M�H
K2/B+BM2- k89U8V,9yRĜ9k8- kyyjX

1Bi�M a2;2p- uQ`�K >2KQ- a?HQKQ qB2Mi`Qm#- .`Q` Pp�/B�- JB+?�2H 6Bb?FBM- .�pB/ J
ai2BM#2`;- �M/ a?HQKQ >�v2FX AMi`�@�M/ BMi2`Q#b2`p2` `2HB�#BHBiv �M�HvbBb Q7 /B;Bi�H `�/BQ@
;`�T?B+ K2�bm`2K2Mib 7Q` T2/B�i`B+ Q`i?QT2/B+ T�`�K2i2`b mbBM; � MQp2H T�+b BMi2;`�i2/
+QKTmi2` bQ7ir�`2 T`Q;`�KX CQm`M�H Q7 +?BH/`2MǶb Q`i?QT�2/B+b- 9U9V,jjRĜj9R- kyRyX

�t2H E�KQ2M- Gm+ .2`K�mi- �M/ _QM�H/ o2`#22+FX h?2 +HBMB+�H bB;MB}+�M+2 Q7 2``Q` K2�bm@
`2K2Mi BM i?2 BMi2`T`2i�iBQM Q7 i`2�iK2Mi `2bmHibX h?2 1m`QT2�M CQm`M�H Q7 P`i?Q/QMiB+b-
kjU8V,8eNĜ8d3- kyyRX

CB�M w?Qm- *?�M/`� G h?22b72H/- E2pBM u�Q- E�i?H22M J *?2M- ��`QM E qQM;- �M/
PH;� : h`Qv�MbF�v�X .22T H2�`MBM; b2[m2M+2@#�b2/ �# BMBiBQ T`2/B+iBQM Q7 p�`B�Mi 2z2+ib
QM 2tT`2bbBQM �M/ /Bb2�b2 `BbFX L�im`2 ;2M2iB+b- 8yU3V,RRdRĜRRdN- kyR3X

"�#�F �HBT�M�?B- �M/`2r .2HQM;- J�ii?2r h q2B`�m+?- �M/ "`2M/�M C 6`2vX S`2/B+iBM;
i?2 b2[m2M+2 bT2+B}+BiB2b Q7 /M�@�M/ `M�@#BM/BM; T`Qi2BMb #v /22T H2�`MBM;X L�im`2
#BQi2+?MQHQ;v- jjU3V,3jRĜ3j3- kyR8X

ZB�M;;mQ CBM- w?�QT2M; J2M;- *?�M;KBM; amM- G2vB q2B- �M/ _�M amX _�@mM2i, � ?v#`B/
/22T �ii2MiBQM@�r�`2 M2irQ`F iQ 2ti`�+i HBp2` �M/ imKQ` BM +i b+�MbX �`sBp T`2T`BMi
�`sBp,R3RRXyRjk3- kyR3X
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L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

>�Q .QM;- :m�M; u�M;- 6�M;/2 GBm- um�M?�M JQ- �M/ uBF2 :mQX �miQK�iB+ #`�BM imKQ`
/2i2+iBQM �M/ b2;K2Mi�iBQM mbBM; m@M2i #�b2/ 7mHHv +QMpQHmiBQM�H M2irQ`FbX AM �MMm�H
+QM72`2M+2 QM K2/B+�H BK�;2 mM/2`bi�M/BM; �M/ �M�HvbBb- T�;2b 8yeĜ8RdX aT`BM;2`- kyRdX

_B++�`/Q JBQiiQ- GB GB- "`B�M � EB//- �M/ CQ2H h .m/H2vX .22T T�iB2Mi, �M mMbmT2`pB@
b2/ `2T`2b2Mi�iBQM iQ T`2/B+i i?2 7mim`2 Q7 T�iB2Mib 7`QK i?2 2H2+i`QMB+ ?2�Hi? `2+Q`/bX
a+B2MiB}+ `2TQ`ib- eURV,RĜRy- kyReX

* "2;mû- J :�H�Mi2- J :�m/BQ- :QH/#2`; G- � EBM;- o PǶ/QM2H- �M/ o a+B�``2ii�X h2`@
+2`� 1M+m2bi� L�+BQM�H /2 6�+iQ`2b /2 _B2b;Q T�`� 1M72`K2/�/2b LQ h`�MbKBbB#H2bX
JBMBbi2`BQ /2 a�Hm/ /2 H� L�+BƦM- AMbiBimiQ L�+BQM�H /2 1bi�/őbiB+�b v *2MbQb- kyRjX

J�`B�M� :�H�Mi2- oB+iQ`B� PǶ/QM2H- J�;�Hő :�m/BQ- *�`QHBM� "2;mû- �M� EBM;- �M/ Gm+BH�
:QH/#2`;X aBim�+BƦM 2TB/2KBQHƦ;B+� /2 H� Q#2bB/�/ 2M �`;2MiBM�X _2pBbi� �`;2MiBM� /2
*�`/BQHQ;B�- kyReX AaaL R38yjd93X /QB, 10.7775/rac.v84.i2.8028X

J �b?r2HH- S :mMM- �M/ a :B#bQMX q�Bbi@iQ@?2B;?i `�iBQ Bb � #2ii2` b+`22MBM; iQQH i?�M
r�Bbi +B`+mK72`2M+2 �M/ "JA 7Q` �/mHi +�`/BQK2i�#QHB+ `BbF 7�+iQ`b, bvbi2K�iB+ `2pB2r
�M/ K2i�@�M�HvbBbX P#2bBiv `2pB2rb , �M Q{+B�H DQm`M�H Q7 i?2 AMi2`M�iBQM�H �bbQ+B�iBQM
7Q` i?2 aim/v Q7 P#2bBiv- RjUjV,kd8Ĝ3e- kyRkX AaaL R9ed@d3NsX /QB, 10.1111/j.1467-
789X.2011.00952.xX l_G ?iiT,ffrrrXM+#BXMHKXMB?X;QpfTm#K2/fkkRyeNkdX

J�`;�`2i �b?r2HH- G2b J�v?2r- CQM _B+?�`/bQM- �M/ "2M _B+F�vx2MX q�Bbi@iQ@?2B;?i `�iBQ
Bb KQ`2 T`2/B+iBp2 Q7 v2�`b Q7 HB72 HQbi i?�M #Q/v K�bb BM/2tX SGQa PL1- NUNV- kyR9X
AaaL RNjkekyjX /QB, 10.1371/journal.pone.0103483X

LB` uX E`�F�m2` �M/ C2bb2 *X E`�F�m2`X � M2r #Q/v b?�T2 BM/2t T`2/B+ib KQ`i�HBiv ?�x�`/
BM/2T2M/2MiHv Q7 #Q/v K�bb BM/2tX SGQa PL1- dUdV- kyRkX AaaL RNjkekyjX /QB,
10.1371/journal.pone.0039504X

:mv 6�;?2`�xxB- �HB+2 oBHB2`- "2p2`H2v "�HF�m- 6`�MÏQBb2 *H�p2H@*?�T2HQM- �M/ .B�MM� CX
J�;HB�MQX �Mi?`QTQK2i`B+b- #Q/v b?�T2 Qp2` Rk v2�`b �M/ `BbF Q7 +�M+2` 2p2Mib BM T`2@
�M/ TQbi@K2MQT�mb�H rQK2MX AMi2`M�iBQM�H CQm`M�H Q7 *�M+2`- RjjUjV,d9yĜd93- kyRjX
AaaL yykydRjeX /QB, 10.1002/ijc.28069X
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�#2H _QK2`Q@*Q``�H- oB+iQ` JX JQMiQ`B- oB`2M/ EX aQK2`b- CQb27 EQ`BM2F- _�M/�H CX
h?QK�b- h?QK�b :X �HHBbQM- 6�`QmF JQQF�/�K- �M/ 6`�M+Bb+Q GQT2x@CBK2M2xX �bbQ@
+B�iBQM Q7 #Q/vr2B;?i rBi? iQi�H KQ`i�HBiv �M/ rBi? +�`/BQp�b+mH�` 2p2Mib BM +Q`QM�`v
�`i2`v /Bb2�b2, � bvbi2K�iB+ `2pB2r Q7 +Q?Q`i bim/B2bX h?2 G�M+2i- je3UN8jeV,eeeĜed3-
kyyeX AaaL yR9y@edjeX /QB, 10.1016/S0140-6736(06)69251-9X l_G ?iiT,ffrrrX

b+B2M+2/B`2+iX+QKfb+B2M+2f�`iB+H2fTBBfayR9yedjeyeeNk8RN&W'8*M?iiT,

ffrrrXb+B2M+2/B`2+iX+QKfb+B2M+2f�`iB+H2fTBBfayR9yedjeyeeNk8RNfT/7\

K/8473d+/de++Nk7d3R38yjyRdee9Rdjd3dd&�'TB/4R@bkXy@ayR9yedjeyeeNk8RN@

K�BMXT/7X

>2M`v Gƺ|2`@qB`i?- 1/Bi? qBHHb+?2`- S2i2` �?M2`i- E2`biBM qB`FM2`- *?`BbiQT? 1M;2H- J�`@
Fmb GQ2|2`- �M/ >�Mb "BM/2`X LQp2H �Mi?`QTQK2i`v #�b2/ QM j.@#Q/vb+�Mb �TTHB2/
iQ � H�`;2 TQTmH�iBQM #�b2/ +Q?Q`iX SGQa PL1- RRUdV- kyReX AaaL RNjkekyjX /QB,
10.1371/journal.pone.0159887X

62`M�M/Q G�M�b- S�K2H� a2`ƦM- a2`;BQ JmƢQx- S�mH� J�`;QxxBMB- �M/ h2`2b� SmB;X G�@
iBM �K2`B+�M +HBMB+�H 2TB/2KBQHQ;v M2irQ`F b2`B2b Ĝ T�T2` d, *2Mi`�H Q#2bBiv K2�@
bm`2K2Mib #2ii2` B/2MiB}2/ `BbF 7�+iQ`b 7Q` +Q`QM�`v ?2�`i /Bb2�b2 `BbF BM i?2 +?B@
H2�M M�iBQM�H ?2�Hi? bm`p2v UkyyNĜkyRyVX CQm`M�H Q7 *HBMB+�H 1TB/2KBQHQ;v- 3e,RRR Ĝ
RRe- kyRdX AaaL y3N8@9j8eX /QB, https://doi.org/10.1016/j.jclinepi.2016.04.018X l_G
?iiT,ffrrrXb+B2M+2/B`2+iX+QKfb+B2M+2f�`iB+H2fTBBfay3N89j8eRejy88esX

�M+2H E2vb- 6H�KBMBQ 6B/�Mx�- J�`iiB CX E�`pQM2M- LQ#Q`m EBKm`�- �M/ >2M`v GX h�vHQ`X
AM/B+2b Q7 `2H�iBp2 r2B;?i �M/ Q#2bBivX CQm`M�H Q7 *?`QMB+ .Bb2�b2b- k8Ue@dV,jkNĜj9j-
RNdkX AaaL yykRNe3RX /QB, 10.1016/0021-9681(72)90027-6X

" G�`bbQM- E ap�`/bm//- G q2HBM- G qBH?2HKb2M- S "DQ`MiQ`T- �M/ : hB##HBMX �#/QKBM�H
�/BTQb2 iBbbm2 /Bbi`B#miBQM- Q#2bBiv- �M/ `BbF Q7 +�`/BQp�b+mH�` /Bb2�b2 �M/ /2�i?, Rj
v2�` 7QHHQr mT Q7 T�`iB+BT�Mib BM i?2 bim/v Q7 K2M #Q`M BM RNRjX "JC- k33Ue9k3V,
R9yRĜR9y9- RN39X AaaL yN8N@3Rj3X /QB, 10.1136/bmj.288.6428.1401X l_G ?iiT,

ffrrrX#KDX+QKf+;Bf/QBfRyXRRjef#KDXk33Xe9k3XR9yRX

G G�TB/mb- * "2M;ibbQM- " G�`bbQM- E S2MM2`i- 1 _v#Q- �M/ G aDƺbi`ƺKX .Bbi`B#miBQM
Q7 �/BTQb2 iBbbm2 �M/ `BbF Q7 +�`/BQp�b+mH�` /Bb2�b2 �M/ /2�i?, � Rk v2�` 7QHHQr mT Q7
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T�`iB+BT�Mib BM i?2 TQTmH�iBQM bim/v Q7 rQK2M BM :Qi?2M#m`;- ar2/2MX "`BiBb? K2/B+�H
DQm`M�H U*HBMB+�H `2b2�`+? 2/XV- k3NUe989V,Rk8dĜeR- RN39X AaaL yked@yekjX /QB, 10.

1136/bmj.289.6454.1257X

CBM;DBM; amM- "m;�Q sm- C�M2 G22- �M/ C2�MM2 > 6`22H�M/@:`�p2bX LQp2H #Q/v b?�T2
/2b+`BTiQ`b 7Q` �#/QKBM�H �/BTQbBiv T`2/B+iBQM mbBM; K�;M2iB+ `2bQM�M+2 BK�;2b �M/
bi2`2QpBbBQM #Q/v BK�;2bX P#2bBiv- k8URyV,RdN8ĜR3yR- kyRdX

h?Q`bi2M "`2ib+?M2B/2`- l`i2 EQQT- oQHF2` a+?`2BM2`- >Q`bi q2M+F- �M/ aƺ`2M C�bT2`bX
o�HB/�iBQM Q7 i?2 #Q/v b+�MM2` �b � K2�bm`BM; iQQH 7Q` � `�TB/ [m�MiB}+�iBQM Q7 #Q/v
b?�T2X aFBM _2b2�`+? �M/ h2+?MQHQ;v- R8UjV,je9ĜjeN- kyyNX AaaL yNyNd8ksX /QB,
10.1111/j.1600-0846.2009.00374.xX

JX _22b2 S2TT2`- C2�MM2 >X 6`22H�M/@:`�p2b- qm`QM; um- S?BHBT _X ai�M7Q`i?- CQ/B JX
*�?BHH- JB+?�2H J�?QK2i�- �M/ "m;�Q smX o�HB/�iBQM Q7 � j@/BK2MbBQM�H H�b2` #Q/v b+�M@
M2` 7Q` �bb2bbK2Mi Q7 r�Bbi �M/ ?BT +B`+mK72`2M+2X CQm`M�H Q7 i?2 �K2`B+�M *QHH2;2 Q7 Lm@
i`BiBQM- kNUjV,RdNĜR33- kyRyX AaaL R89RRy3dX /QB, 10.1080/07315724.2010.10719832X

GBM� C�2b+?F2- �bi`B/ ai2BM#`2+?2`- �M/ hQ#B�b SBb+?QMX J2�bm`2K2Mi Q7 r�Bbi �M/ ?BT
+B`+mK72`2M+2 rBi? � #Q/v bm`7�+2 b+�MM2`, 62�bB#BHBiv- p�HB/Biv- `2HB�#BHBiv- �M/ +Q``2H�iBQMb
rBi? K�`F2`b Q7 i?2 K2i�#QHB+ bvM/`QK2X SGQa PL1- RyUjV- kyR8X AaaL RNjkekyjX /QB,
10.1371/journal.pone.0119430X

CQM�i?�M *E q2HHb- S?BHBT h`2H2�p2M- �M/ hBK C *QH2X "KB +QKT�`2/ rBi? j@/BK2MbBQM�H
#Q/v b?�T2, i?2 mF M�iBQM�H bBxBM; bm`p2vX h?2 �K2`B+�M CQm`M�H Q7 *HBMB+�H Lmi`BiBQM- 38
UkV,9RNĜ9k8- kyydX /QB, 10.1093/ajcn/85.2.419X l_G ?iiT,ff/tX/QBXQ`;fRyXRyNjf

�D+Mf38XkX9RNX

C * E q2HHb- � _miQ- �M/ S h`2H2�p2MX q?QH2@#Q/v i?`22@/BK2MbBQM�H T?QiQMB+ b+�MMBM;,
� M2r i2+?MB[m2 7Q` Q#2bBiv `2b2�`+? �M/ +HBMB+�H T`�+iB+2X AMi2`M�iBQM�H CQm`M�H Q7
P#2bBiv- jkUkV,kjkĜkj3- kyy3X AaaL yjyd@y8e8X /QB, 10.1038/sj.ijo.0803727X l_G
?iiT,ffrrrXM�im`2X+QKf/QB7BM/2`fRyXRyj3fbDXBDQXy3yjdkdX

�M�?ő _m/2`K�M- GmBb P Sû`2x- E�mbim#? �/?BF�`B- S�#HQ L�p�``Q- oB`;BMB� _�K�HHQ- *�`H�
:�HHQ- :BQp�MMB SQH2iiB- :�#`B2H "2/Qv�- J�`B� * "Q`iQHBMB- oB+iQ` �+mƢ�@�HQMxQ- 2i �HX
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P#2bBiv- ;2MQKB+ �M+2bi`v- �M/ bQ+BQ2+QMQKB+ p�`B�#H2b BM H�iBM �K2`B+�M K2biBxQbX �K2@
`B+�M CQm`M�H Q7 >mK�M "BQHQ;v- jRU8V,2kjkd3- kyRNX

>2`M�M .QT�xQ- �M/`2� GH2`�- J�`B�M� "2`2Mbi2BM- �M/ _QH�M/Q :QMx�H2b CQbûX :2MQK�b-
2M72`K2/�/2b v K2/B+BM� /2 T`2+BbBƦM, mM T`Qv2+iQ M�+BQM�HX *B2M+B�- h2+MQHQ;ő� v
SQHőiB+�- kyRNX

J�;/� �H2t�M/`� h`mDBHHQ@CBKûM2x- S�#HQ L�p�``Q- "`mMQ S�xQb- G2QM�`/Q JQ`�H2b- oB`;B@
MB� _�K�HHQ- *�`QHBM� S�b+?2ii�- aQH2/�/ .2 �x2p2/Q- �M�?ő _m/2`K�M- P`H�M/Q Sû`2x-
*H�m/BQ .2H`B2mt- 2i �HX #Q/vkp2+, j/ TQBMi +HQm/ `2+QMbi`m+iBQM 7Q` T`2+Bb2 �Mi?`QTQ@
K2i`v rBi? ?�M/?2H/ /2pB+2bX CQm`M�H Q7 AK�;BM;- eUNV,N9- kykyX

h?QK�b >m�M;X *QKTmi2` pBbBQM, 1pQHmiBQM �M/ T`QKBb2X RNNeX

CvQiB AbH�K �M/ u�M[BM; w?�M;X � MQp2H /22T H2�`MBM; #�b2/ KmHiB@+H�bb +H�bbB}+�iBQM K2i@
?Q/ 7Q` �Hx?2BK2`Ƕb /Bb2�b2 /2i2+iBQM mbBM; #`�BM K`B /�i�X AM AMi2`M�iBQM�H *QM72`2M+2
QM "`�BM AM7Q`K�iB+b- T�;2b kRjĜkkkX aT`BM;2`- kyRdX

E�MBb?F� a?�`K�- *?`BbiB�M _mTT`2+?i- �MM� *�`QHB- J�`B� *�`QHBM� �T�`B+BQ- �M/`2�
_2KmxxB- J�tBKBHB�M "�mbi- �M/ L�bbB` L�p�#X �miQK�iB+ a2;K2Mi�iBQM Q7 EB/M2vb
mbBM; .22T G2�`MBM; 7Q` hQi�H EB/M2v oQHmK2 Zm�MiB}+�iBQM BM �miQbQK�H .QKBM�Mi
SQHv+vbiB+ EB/M2v .Bb2�b2X a+B2MiB}+ `2TQ`ib- dURV,ky9N- K�v kyRdX AaaL ky98@kjkkX
/QB, 10.1038/s41598-017-01779-0X l_G ?iiT,ffrrrXM�im`2X+QKf�`iB+H2bf

b9R8N3@yRd@yRddN@y?iiT,ffrrrXM+#BXMHKXMB?X;QpfTm#K2/fk38R89R3?iiT,

ffrrrXTm#K2/+2Mi`�HXMB?X;Qpf�`iB+H2`2M/2`X7+;B\�`iB/4SJ*89j8eNRX

um@C2M um@C2M *?2M- E�B@GmM; >m�- *?2@>�Q >bm- q2M@>m�M; *?2M;- �M/
a?BMi�KB *?mbMmH >B/�v�iBX *QKTmi2`@�B/2/ +H�bbB}+�iBQM Q7 HmM; MQ/mH2b
QM +QKTmi2/ iQKQ;`�T?v BK�;2b pB� /22T H2�`MBM; i2+?MB[m2X PM+Qh�`@
;2ib �M/ h?2`�Tv- 3,kyR8- �m; kyR8X AaaL RRd3@eNjyX /QB, 10.2147/OTT.

S80733X l_G ?iiT,ffrrrX/Qp2T`2bbX+QKf+QKTmi2`@�B/2/@+H�bbB7B+�iBQM@

Q7@HmM;@MQ/mH2b@QM@+QKTmi2/@iQKQ;`�T?v@B@T22`@`2pB2r2/@�`iB+H2@PhhX

_v�M SQTHBM- �pBM�b? o o�`�/�`�D�M- E�iv "HmK2`- umM GBm- JB+?�2H o J+*QMM2HH- :`2; a
*Q``�/Q- GBHv S2M;- �M/ .�H2 _ q2#bi2`X S`2/B+iBQM Q7 +�`/BQp�b+mH�` `BbF 7�+iQ`b 7`QK
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`2iBM�H 7mM/mb T?QiQ;`�T?b pB� /22T H2�`MBM;X L�im`2 "BQK2/B+�H 1M;BM22`BM;- kUjV,
R83ĜRe9- kyR3�X AaaL kR8d@39esX /QB, 10.1038/s41551-018-0195-0X l_G ?iiTb,

ff/QBXQ`;fRyXRyj3fb9R88R@yR3@yRN8@yX

>m�?mB sBQM;- sB�Q[BM; >m�M;- uQM; GB- CB�M?QM; GB- CmM7�M; sB�M- �M/ u�[B >m�M;X �
J2i?Q/ 7Q` �++m`�i2 _2+QMbi`m+iBQMb Q7 i?2 lTT2` �B`r�v lbBM; J�;M2iB+ _2bQM�M@
+2 AK�;2bX SHQa QM2- RyUeV,2yRjyR3e- kyR8X AaaL RNjk@ekyjX /QB, 10.1371/journal.

pone.0130186X l_G ?iiT,ffrrrXM+#BXMHKXMB?X;QpfTm#K2/fkeyee9eR?iiT,ff

rrrXTm#K2/+2Mi`�HXMB?X;Qpf�`iB+H2`2M/2`X7+;B\�`iB/4SJ*99e8d9NX

.QKBMBF *X "2Mx- :2Q`;BQb "2M2iQb- :2Q`;BQb _�KTB/Bb- 1HB� pQM 62Hi2M- �/�K "�FmH�-
�H2Fb�M/`� ambi�`- E2M Em/m`�- JB+?�2H J2bb2`HB- hQ#B�b �X 6m+?b- *�i?2`BM2 :2#?�`/-
�Dm SX S�x?2MFQiiBH- S?BHBTT �X E�m7K�MM- �M/ _QMMv _X "m2+?2HX o�HB/�iBQM Q7 /22T@
H2�`MBM; BK�;2 `2+QMbi`m+iBQM 7Q` +Q`QM�`v +QKTmi2/ iQKQ;`�T?v �M;BQ;`�T?v, AKT�+i
QM MQBb2- BK�;2 [m�HBiv �M/ /B�;MQbiB+ �++m`�+vX CQm`M�H Q7 *�`/BQp�b+mH�` *QKTmi2/ hQ@
KQ;`�T?v- kykyX AaaL RNj9@8Nk8X /QB, https://doi.org/10.1016/j.jcct.2020.01.002X l_G
?iiT,ffrrrXb+B2M+2/B`2+iX+QKfb+B2M+2f�`iB+H2fTBBfaRNj98Nk8RNjy9e9kX

*2HB� *BMi�b- J�Mm2H Gm+2M�- CQbû J�Mm2H 6m2`i2b- *H�m/BQ .2H`B2mt- S�#HQ L�p�``Q- _Q@
H�M/Q :QMx�H2x@CQbû- �M/ J�Mm2H JQHBMQbX �miQK�iB+ 72�im`2 2ti`�+iBQM �M/ +H�bbB@
}+�iBQM Q7 B#2`B�M +2`�KB+b #�b2/ QM /22T +QMpQHmiBQM�H M2irQ`FbX CQm`M�H Q7 *mH@
im`�H >2`Bi�;2- 9R,Rye Ĝ RRk- kykyX AaaL RkNe@kyd9X /QB, https://doi.org/10.1016/

j.culher.2019.06.005X l_G ?iiT,ffrrrXb+B2M+2/B`2+iX+QKfb+B2M+2f�`iB+H2f

TBBfaRkNekyd9R3jyddd8X

S`Bv�M J�H�`pBx?B EmK�`- lb?�/2pB :�M/?B- _ o�`�i?�`�D�M- :mM�b2F�`�M J�MQ;�`�M-
_ CB/?2b?- �M/ h?�MD�B o�/Bp2HX AMi2HHB;2Mi 7�+2 `2+Q;MBiBQM �M/ M�pB;�iBQM bvbi2K mbBM;
M2m`�H H2�`MBM; 7Q` bK�`i b2+m`Biv BM BMi2`M2i Q7 i?BM;bX *Hmbi2` *QKTmiBM;- kkU9V,ddjjĜ
dd99- kyRNX

.Bpv�`�DbBM? L S�`K�` �M/ "`BD2b? " J2?i�X 6�+2 `2+Q;MBiBQM K2i?Q/b � �TTHB+�iBQMbX
�`sBp T`2T`BMi �`sBp,R9yjXy938- kyR9X

q2M#Q :mQ- .QM;HB�M; Jm- CmM sm- Sm`mB am- :�M; q�M;- �M/ sBMvm sBM;X G2KM�,
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http://www.sciencedirect.com/science/article/pii/S1934592519304642
http://www.sciencedirect.com/science/article/pii/S1296207418307775
http://www.sciencedirect.com/science/article/pii/S1296207418307775


L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

1tTH�BMBM; /22T H2�`MBM; #�b2/ b2+m`Biv �TTHB+�iBQMbX AM S`Q+22/BM;b Q7 i?2 kyR3 �*J
aA:a�* *QM72`2M+2 QM *QKTmi2` �M/ *QKKmMB+�iBQMb a2+m`Biv- T�;2b je9ĜjdN- kyR3X

*2HB� *BMi�b- JB`b?� ZmBMiQ@a�M+?2x- oB+iQ` �+mƢ�- *�`QHBM� S�b+?2ii�- aQH2/�/ .2 �x2@
p2/Q- *�BQ *2b�` aBHp� /2 *2`[m2B`�- oB`;BMB� _�K�HHQ- *�`H� :�HHQ- :BQp�MMB SQH2iiB-
J�`B� *�iB`� "Q`iQHBMB- 2i �HX �miQK�iB+ 2�` /2i2+iBQM �M/ 72�im`2 2ti`�+iBQM mbBM; ;2Q@
K2i`B+ KQ`T?QK2i`B+b �M/ +QMpQHmiBQM�H M2m`�H M2irQ`FbX A1h "BQK2i`B+b- eUjV,kRRĜkkj-
kyReX

CX .2M;- qX .QM;- _X aQ+?2`- GX@CX GB- EX GB- �M/ GX 62B@62BX AK�;2L2i, � G�`;2@a+�H2
>B2`�`+?B+�H AK�;2 .�i�#�b2X AM *oS_yN- kyyNX

�H2t E`Bx?2pbFv- oBMQ/ L�B`- �M/ :2Qz`2v >BMiQMX *B7�`@Ry �M/ +B7�`@Ryy /�i�b2ibX l_H,
?iiTb,ffrrrX +bX iQ`QMiQX 2/mfF`Bxf+B7�`X ?iKH- e- kyyNX

hbmM;@uB GBM- JB+?�2H J�B`2- a2`;2 "2HQM;B2- C�K2b >�vb- SB2i`Q S2`QM�- .2p� _�K�M�M-
SBQi` .QHH�`- �M/ * G�r`2M+2 wBiMB+FX JB+`QbQ7i +Q+Q, *QKKQM Q#D2+ib BM +QMi2tiX AM
1m`QT2�M +QM72`2M+2 QM +QKTmi2` pBbBQM- T�;2b d9yĜd88X aT`BM;2`- kyR9X

J�`F 1p2`BM;?�K- Gm+ o�M :QQH- *?`BbiQT?2` E A qBHHB�Kb- CQ?M qBMM- �M/ �M/`2r wBbb2`@
K�MX h?2 S�b+�H oBbm�H P#D2+i *H�bb2b UoP*V *?�HH2M;2X AMi2`M�iBQM�H CQm`M�H Q7 *QK@
Tmi2` oBbBQM- 33UkV,jyjĜjj3- kyRyX AaaL R8dj@R9y8X /QB, 10.1007/s11263-009-0275-4X
l_G ?iiTb,ff/QBXQ`;fRyXRyydfbRRkej@yyN@ykd8@9X

>2`#2`i "�v- hBMM2 hmvi2H��`b- �M/ Gm+ o�M :QQHX am`7, aT22/2/ mT `Q#mbi 72�im`2bX AM
1m`QT2�M +QM72`2M+2 QM +QKTmi2` pBbBQM- T�;2b 9y9Ĝ9RdX aT`BM;2`- kyyeX

.�pB/ : GQr2X .BbiBM+iBp2 BK�;2 72�im`2b 7`QK b+�H2@BMp�`B�Mi F2vTQBMibX AMi2`M�iBQM�H
DQm`M�H Q7 +QKTmi2` pBbBQM- eyUkV,NRĜRRy- kyy9X

JB+?�2H *�HQM/2`- oBM+2Mi G2T2iBi- *?`BbiQT? ai`2+?�- �M/ S�b+�H 6m�X "`B27, "BM�`v `Q#mbi
BM/2T2M/2Mi 2H2K2Mi�`v 72�im`2bX AM 1m`QT2�M +QM72`2M+2 QM +QKTmi2` pBbBQM- T�;2b
dd3ĜdNkX aT`BM;2`- kyRyX

1i?�M _m#H22- oBM+2Mi _�#�m/- Em`i EQMQHB;2- �M/ :�`v "`�/bFBX P`#, �M 2{+B2Mi �H@
i2`M�iBp2 iQ bB7i Q` bm`7X AM kyRR AMi2`M�iBQM�H +QM72`2M+2 QM +QKTmi2` pBbBQM- T�;2b
k8e9Ĝk8dRX A222- kyRRX
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6X S2/`2;Qb�- :X o�`Q[m�mt- �X :`�K7Q`i- oX JB+?2H- "X h?B`BQM- PX :`Bb2H- JX "HQM@
/2H- SX S`2ii2M?Q72`- _X q2Bbb- oX .m#Qm`;- CX o�M/2`TH�b- �X S�bbQb- .X *Qm`M�T2�m-
JX "`m+?2`- JX S2``Qi- �M/ 1X .m+?2bM�vX a+BFBi@H2�`M, J�+?BM2 H2�`MBM; BM Svi?QMX
CQm`M�H Q7 J�+?BM2 G2�`MBM; _2b2�`+?- Rk,k3k8Ĝk3jy- kyRR�X

G�m`2Mb p�M /2` J��i2M �M/ :2Qz`2v >BMiQMX oBbm�HBxBM; /�i� mbBM; i@bM2X CQm`M�H Q7
K�+?BM2 H2�`MBM; `2b2�`+?- NULQpV,k8dNĜkey8- kyy3X

G2H�M/ J+AMM2b- CQ?M >2�Hv- �M/ C�K2b J2HpBHH2X lK�T, lMB7Q`K K�MB7QH/ �TT`QtBK�iBQM
�M/ T`QD2+iBQM 7Q` /BK2MbBQM `2/m+iBQMX �`sBp T`2T`BMi �`sBp,R3ykXyj9ke- kyR3X

aim�`i _mbb2H- S2i2` LQ`pB;- 2i �HX �`iB}+B�H BMi2HHB;2M+2, � KQ/2`M �TT`Q�+?X S2�`bQM
1/m+�iBQM GBKBi2/- kyRjX

J E?Q`b?B/- h �#Qm@1H@1MB2M- �M/ : aQHBK�MX � +QKT�`BbQM �KQM; bmTTQ`i p2+iQ` K�@
+?BM2 �M/ Qi?2` K�+?BM2 H2�`MBM; +H�bbB}+�iBQM �H;Q`Bi?KbX AS�aC AMi2`M�iBQM�H CQm`M�H
Q7 *QKTmi2` a+B2M+2- jU8V,keĜj8- kyR8X

GBQ` _QF�+? �M/ P/2/ w J�BKQMX .�i� KBMBM; rBi? /2+BbBQM i`22b, i?2Q`v �M/ �TTHB+�iBQMb-
pQHmK2 eNX qQ`H/ b+B2MiB}+- kyy3X

SB2``2 :2m`ib- .�KB2M 1`Mbi- �M/ GQmBb q2?2MF2HX 1ti`2K2Hv `�M/QKBx2/ i`22bX J�+?BM2
H2�`MBM;- ejURV,jĜ9k- kyyeX

�M/`2 1bi2p�- "`2ii EmT`2H- _Q#2`iQ � LQpQ�- CmbiBM EQ- amb�M J ar2ii2`- >2H2M J "H�m-
�M/ a2#�biB�M h?`mMX .2`K�iQHQ;Bbi@H2p2H +H�bbB}+�iBQM Q7 bFBM +�M+2` rBi? /22T M2m`�H
M2irQ`FbX M�im`2- 89kUdejNV,RR8ĜRR3- kyRdX

>� >�2MbbH2- * 6BMF- _ a+?M2B/2`#�m2`- 6 hQ#2`2`- h "m?H- � "HmK- � E�HHQQ- � "2M >�/D
>�bb2M- G h?QK�b- � 1MF- 2i �HX _2�/2` bim/v H2p2H@B �M/ H2p2H@BB ;`QmTbX K�M �;�BMbi
K�+?BM2, /B�;MQbiB+ T2`7Q`K�M+2 Q7 � /22T H2�`MBM; +QMpQHmiBQM�H M2m`�H M2irQ`F 7Q`
/2`KQb+QTB+ K2H�MQK� `2+Q;MBiBQM BM +QKT�`BbQM iQ 83 /2`K�iQHQ;BbibX �MM PM+QH- kN
U3V,R3jeĜR39k- kyR3X

CB2@w?B *?2M;- .QM; LB- uB@>QM; *?Qm- CBM; ZBM- *?mB@J2B hBm- u2mM@*?mM; *?�M;-
*?BmM@a?2M; >m�M;- .BM;;�M; a?2M- �M/ *?mM;@JBM; *?2MX *QKTmi2`@�B/2/ /B�;MQbBb

Rky
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rBi? /22T H2�`MBM; �`+?Bi2+im`2, �TTHB+�iBQMb iQ #`2�bi H2bBQMb BM mb BK�;2b �M/ TmHKQM�`v
MQ/mH2b BM +i b+�MbX a+B2MiB}+ `2TQ`ib- eURV,RĜRj- kyReX

J�`F *B+2`Q- �H2t�M/2` "BH#BHv- 1``QH *QH�F- hBK .Qr/2HH- "`m+2 :`�v- Em?�M S2`�KT�@
H�/�b- �M/ CQb2T? "�`72iiX h`�BMBM; �M/ p�HB/�iBM; � /22T +QMpQHmiBQM�H M2m`�H M2irQ`F
7Q` +QKTmi2`@�B/2/ /2i2+iBQM �M/ +H�bbB}+�iBQM Q7 �#MQ`K�HBiB2b QM 7`QMi�H +?2bi `�/BQ@
;`�T?bX AMp2biB;�iBp2 `�/BQHQ;v- 8kU8V,k3RĜk3d- kyRdX

o�`mM :mHb?�M- GBHv S2M;- J�`+ *Q`�K- J�`iBM * aimKT2- .2`2F qm- �`mM�+?�H�K L�@
`�v�M�br�Kv- am#?�b?BMB o2Mm;QT�H�M- E�bmKB qB/M2`- hQK J�/�Kb- CQ`;2 *m�/`Qb-
2i �HX .2p2HQTK2Mi �M/ p�HB/�iBQM Q7 � /22T H2�`MBM; �H;Q`Bi?K 7Q` /2i2+iBQM Q7 /B�#2iB+
`2iBMQT�i?v BM `2iBM�H 7mM/mb T?QiQ;`�T?bX C�K�- jReUkkV,k9ykĜk9Ry- kyReX

_v�M SQTHBM- �pBM�b? o o�`�/�`�D�M- E�iv "HmK2`- umM GBm- JB+?�2H o J+*QMM2HH- :`2; a
*Q``�/Q- GBHv S2M;- �M/ .�H2 _ q2#bi2`X S`2/B+iBQM Q7 +�`/BQp�b+mH�` `BbF 7�+iQ`b 7`QK
`2iBM�H 7mM/mb T?QiQ;`�T?b pB� /22T H2�`MBM;X L�im`2 "BQK2/B+�H 1M;BM22`BM;- kUjV,R83-
kyR3#X

.�M * *B`2Ȕ�M- �H2bb�M/`Q :BmbiB- Gm+� J :�K#�`/2HH�- �M/ CɃ`;2M a+?KB/?m#2`X JBiQbBb
/2i2+iBQM BM #`2�bi +�M+2` ?BbiQHQ;v BK�;2b rBi? /22T M2m`�H M2irQ`FbX AM AMi2`M�iBQM�H
+QM72`2M+2 QM K2/B+�H BK�;2 +QKTmiBM; �M/ +QKTmi2`@�bbBbi2/ BMi2`p2MiBQM- T�;2b 9RRĜ
9R3X aT`BM;2`- kyRjX

SQ`MTBKQH *?�`Q2MiQM;- 6`�M+2b+� 6BMQi2HHQ- JB?�2H� �M;2HQp�- *H2K2Mb J�v2`- JB`D�M�
17`2KQp�- .B2iK�` _B2/2`- >m#2`i >�+FH- �M/ wH�iFQ h`�D�MQbFBX S�M@+�M+2` BKKm@
MQ;2MQKB+ �M�Hvb2b `2p2�H ;2MQivT2@BKKmMQT?2MQivT2 `2H�iBQMb?BTb �M/ T`2/B+iQ`b Q7
`2bTQMb2 iQ +?2+FTQBMi #HQ+F�/2X *2HH `2TQ`ib- R3URV,k93Ĝkek- kyRdX

u�MM G2*mM- uQb?m� "2M;BQ- �M/ :2Qz`2v >BMiQMX .22T H2�`MBM;X M�im`2- 8kRUd88jV,9je-
kyR8X

PH;� _mbb�FQpbFv- CB� .2M;- >�Q am- CQM�i?�M E`�mb2- a�MD22p a�i?22b?- a2�M J�-
w?B?2M; >m�M;- �M/`2D E�`T�i?v- �/Biv� E?QbH�- JB+?�2H "2`Mbi2BM- 2i �HX AK�;2M2i
H�`;2 b+�H2 pBbm�H `2+Q;MBiBQM +?�HH2M;2X AMi2`M�iBQM�H DQm`M�H Q7 +QKTmi2` pBbBQM- RR8
UjV,kRRĜk8k- kyR8X

RkR
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EQmB+?B u�K�;m+?B- E2MDB a�F�KQiQ- hQb?BQ �F�#�M2- �M/ uQb?BDB 6mDBKQiQX � M2m`�H M2i@
rQ`F 7Q` bT2�F2`@BM/2T2M/2Mi BbQH�i2/ rQ`/ `2+Q;MBiBQMX AM 6B`bi AMi2`M�iBQM�H *QM72`2M+2
QM aTQF2M G�M;m�;2 S`Q+2bbBM;- RNNyX

u�MM G2*mM- GûQM "QiiQm- uQb?m� "2M;BQ- �M/ S�i`B+F >�zM2`X :`�/B2Mi@#�b2/ H2�`MBM;
�TTHB2/ iQ /Q+mK2Mi `2+Q;MBiBQMX S`Q+22/BM;b Q7 i?2 A111- 3eURRV,kkd3Ĝkjk9- RNN3X

C�bQM uQbBMbFB- C2z *HmM2- uQb?m� "2M;BQ- �M/ >Q/ GBTbQMX >Qr i`�Mb72`�#H2 �`2 72�im`2b
BM /22T M2m`�H M2irQ`Fb\ AM �/p�M+2b BM M2m`�H BM7Q`K�iBQM T`Q+2bbBM; bvbi2Kb- T�;2b
jjkyĜjjk3- kyR9X

S�mH :J EMQQTb- *�`QHBM2 �� "2�mKQMi- �H2bb�M/`Q "Q`;?B- L�B�`� _Q/`B;m2x@6HQ`2x-
_B+?�`/ q6 "`2�F2v- qBHHB�K _Q/;2`b- 6`2B/� �M;mHHB�- Ll Pr�b2 C22H�MB- aBHpB� a+?B2@
p�MQ- �M/ .�pB/ C .mM�r�vX *QKT�`BbQM Q7 i?`22@/BK2MbBQM�H b+�MM2` bvbi2Kb 7Q`
+`�MBQK�tBHHQ7�+B�H BK�;BM;X CQm`M�H Q7 SH�biB+- _2+QMbi`m+iBp2 � �2bi?2iB+ am`;2`v- dy
U9V,99RĜ99N- kyRdX

*�`HQ J P`�M;2b- a`BMBp�b J�//m`B- S?BHBTT "`�MiM2`- "BH�H Jb�HH2K- a�Hp�iQ`2 :BQ`/�MQ-
"2MBiQ "2MBi2x- .�MB2H 6 E�H#2`K�ii2M- .B`F C a+?�272`- �M/ 6HQ`B�M J h?B2`BM;2`X
h?`22@/BK2MbBQM�H �bb2bbK2Mi Q7 i?2 #`2�bi, o�HB/�iBQM Q7 � MQp2H- bBKTH2 �M/ BM2tT2MbBp2
b+�MMBM; T`Q+2bbX BM pBpQ- jjUjV,3jNĜ39k- kyRNX

J. *�#�Ƣ�b �M/ 6 1bT�`x�X *QKT2M/BQ /2 +BM2�Mi`QTQK2i`ő�X J�/`B/, *hP 1/BiQ`B�H- k-
kyyNX

S?BHBT h`2H2�p2M �M/ CQM�i?�M q2HHbX j/ #Q/v b+�MMBM; �M/ ?2�Hi?+�`2 �TTHB+�iBQMbX A111
*QKTmi2`- 9yUdV- kyydX

1HBx� " :22` �M/ q2B a?2MX :2M/2` /Bz2`2M+2b BM BMbmHBM `2bBbi�M+2- #Q/v +QKTQbBiBQM-
�M/ 2M2`;v #�H�M+2X :2M/2` K2/B+BM2- e,eyĜd8- kyyNX

JB+?�2H G SQr2` �M/ C�v a+?mHFBMX a2t /Bz2`2M+2b BM 7�i biQ`�;2- 7�i K2i�#QHBbK- �M/ i?2
?2�Hi? `BbFb 7`QK Q#2bBiv, TQbbB#H2 2pQHmiBQM�`v Q`B;BMbX "`BiBb? CQm`M�H Q7 Lmi`BiBQM- NN
U8V,NjRĜN9y- kyy3X

Rkk
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o�H2`B� :m;HB2HKB �M/ S�QHQ a#`�++B�X P#2bBiv T?2MQivT2b, /2TQi@/Bz2`2M+2b BM �/BTQb2
iBbbm2 �M/ i?2B` +HBMB+�H BKTHB+�iBQMbX 1�iBM; �M/ q2B;?i .BbQ`/2`b@aim/B2b QM �MQ`2tB�-
"mHBKB� �M/ P#2bBiv- kjURV,jĜR9- kyR3X

wQm?Qm` "2M �xQmx- *?�M; a?m- �M/ �MD� J�Mi2HX �miQK�iB+ HQ+�iBM; Q7 �Mi?`QTQK2i`B+
H�M/K�`Fb QM j/ ?mK�M KQ/2HbX AM j. .�i� S`Q+2bbBM;- oBbm�HBx�iBQM- �M/ h`�MbKBbbBQM-
h?B`/ AMi2`M�iBQM�H avKTQbBmK QM- T�;2b d8yĜd8dX A111- kyyeX

JQ`i2x� .�M2b?K�M/- �HpQ ��#HQQ- *�;`B Px+BM�`- �M/ :?QH�K`2x� �M#�`D�7�`BX _2�H@
iBK2- �miQK�iB+ b?�T2@+?�M;BM; `Q#Qi �/DmbiK2Mi �M/ ;2M/2` +H�bbB}+�iBQMX aB;M�H-
AK�;2 �M/ oB/2Q S`Q+2bbBM;- RyU9V,d8jĜdey- kyReX

*?`BbiB�M GQp�iQ- lK#2`iQ *�bi2HH�MB- *�`HQ w�M+�M�`Q- �M/ �M/`2� :B�+?2iiBX �miQK�iB+
H�#2HHBM; Q7 �M�iQKB+�H H�M/K�`Fb QM j/ #Q/v b+�MbX :`�T?B+�H JQ/2Hb- deUeV,e93Ĝe8d-
kyR9X

"�#�+F JQ;?�//�K �M/ JBM; >bm�M u�M;X G2�`MBM; ;2M/2` rBi? bmTTQ`i 7�+2bX A111
h`�Mb�+iBQMb QM S�ii2`M �M�HvbBb �M/ J�+?BM2 AMi2HHB;2M+2- kyykX AaaL yRek33k3X /QB,
10.1109/34.1000244X

sm2HQM; GB- ai2T?2M CX J�v#�MF- a?mB+?2M; u�M- .�+?2M; h�Q- �M/ .QM; smX :�Bi
+QKTQM2Mib �M/ i?2B` �TTHB+�iBQM iQ ;2M/2` `2+Q;MBiBQM- kyy3X AaaL RyN9eNddX

a?�Mi?BX:X* �M/ a�`�p�M�MX1X "�+F;`QmM/ am#i`�+iBQM h2+?MB[m2b, avbi2K�iB+ 1p�Hm�@
iBQM �M/ *QKT�`�iBp2 �M�HvbBbX AMi2`M�iBQM�H CQm`M�H Q7 JQ/2`M 1M;BM22`BM; _2b2�`+?
UACJ1_V rrrXBDK2`X+QK- jURV,8R9Ĝ8RdX

EvmM;M�K EBK- h?�M�`�i >X *?�HB/�#?QM;b2- .�pB/ >�`rQQ/- �M/ G�``v .�pBbX _2�H@
iBK2 7Q`2;`QmM/Ĝ#�+F;`QmM/ b2;K2Mi�iBQM mbBM; +Q/2#QQF KQ/2HX _2�H@hBK2 AK�;BM;-
RRUjV,RdkĜR38- DmM kyy8X AaaL RyddkyR9X /QB, 10.1016/j.rti.2004.12.004X l_G ?iiT,

ffHBMFBM;?m#X2Hb2pB2`X+QKf`2i`B2p2fTBBfaRyddkyR9y8yyyy8dX

GB�M;HB�M; *�Q- J2`i .BFK2M- umM 6m- �M/ h?QK�b a >m�M;X :2M/2` `2+Q;MBiBQM 7`QK
#Q/vX AM S`Q+22/BM;b Q7 i?2 Rei? �*J BMi2`M�iBQM�H +QM72`2M+2 QM JmHiBK2/B�- T�;2b
dk8Ĝdk3X �*J- kyy3X

Rkj

http://linkinghub.elsevier.com/retrieve/pii/S1077201405000057
http://linkinghub.elsevier.com/retrieve/pii/S1077201405000057


L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

��`QM 6Qmib- _v�M J+*QTTBM- J�i22M _BxFB- GQmBb h�K#m`BMQ- �M/ PH;� J2M/Qx�@a+?`Q+FX
1tTHQ`BM; TQBMi@+HQm/ 72�im`2b 7`QK T�`iB�H #Q/v pB2rb 7Q` ;2M/2` +H�bbB}+�iBQMX T�;2b
39ykyGĜ39ykyGĜN- K�v kyRkX /QB, 10.1117/12.921880X l_G ?iiT,ffT`Q+22/BM;bX

bTB2/B;Bi�HHB#`�`vXQ`;fT`Q+22/BM;X�bTt\�`iB+H2B/4Rj8933jX

*�B72M; a?�MX G2�`MBM; HQ+�H #BM�`v T�ii2`Mb 7Q` ;2M/2` +H�bbB}+�iBQM QM `2�H@rQ`H/
7�+2 BK�;2bX S�ii2`M _2+Q;MBiBQM G2ii2`b- jjU9V,9jRĜ9jd- kyRkX AaaL yRed3e88X
/QB, 10.1016/j.patrec.2011.05.016X l_G ?iiT,ffrrrXb+B2M+2/B`2+iX+QKfb+B2M+2f

�`iB+H2fTBBfayRed3e88RRyyReydX

"X JQ;?�//�K �M/ JBM;@>bm�M u�M;X :2M/2` +H�bbB}+�iBQM rBi? bmTTQ`i p2+iQ` K�+?BM2bX
AM S`Q+22/BM;b 6Qm`i? A111 AMi2`M�iBQM�H *QM72`2M+2 QM �miQK�iB+ 6�+2 �M/ :2bim`2
_2+Q;MBiBQM U*�iX LQX S_yy83yV- T�;2b jyeĜjRRX A111 *QKTmiX aQ+- kyyyX Aa"L
y@deN8@y83y@8X /QB, 10.1109/AFGR.2000.840651X l_G ?iiT,ffB222tTHQ`2XB222X

Q`;f/Q+mK2Mif39ye8RfX

J�`Qb "H�?�- J�i?B�b _Qi?2`K2H- J�`iBM _ Pbr�H/- hQ`bi2M a�iiH2`- �m/`2v _B+?�`/- C�M .
q2;M2`- J�`+ SQHH272vb- �M/ EQM`�/ a+?BM/H2`X a2K�MiB+�HHv BM7Q`K2/ KmHiBpB2r bm`7�+2
`2}M2K2MiX �`sBp T`2T`BMi �`sBp,RdyeXy3jje- kyRdX

CBMb?�M h�M;- sB�QKBM; GBm- >m�BMBM; *?2M;- �M/ E�i?H22M J _Q#BM2ii2X :2M/2` `2@
+Q;MBiBQM mbBM; j@/ ?mK�M #Q/v b?�T2bX A111 h`�Mb�+iBQMb QM avbi2Kb- J�M- �M/
*v#2`M2iB+b- S�`i * U�TTHB+�iBQMb �M/ _2pB2rbV- 9RUeV,3N3ĜNy3- kyRRX

C2z`2v a+Qii oBii2`X 6�bi2` K2i?Q/b 7Q` `�M/QK b�KTHBM;X *QKKmMB+�iBQMb Q7 i?2 �*J-
kdUdV,dyjĜdR3- RN39X

AE 6Q/Q`X � bm`p2v Q7 /BK2MbBQM `2/m+iBQM i2+?MB[m2b UMQX m+`H@B/@R939N9VX G�r`2M+2
GBp2`KQ`2 L�iBQM�H G�#X- *� UlaV- kyykX

u�MM �X G2*mM- G2QM "QiiQm- :2M2pB2p2 "X P``- �M/ EH�mb _Q#2`i JɃHH2`X 1{+B2Mi #�+F@
T`QTX G2+im`2 LQi2b BM *QKTmi2` a+B2M+2 UBM+Hm/BM; bm#b2`B2b G2+im`2 LQi2b BM �`iB}+B�H
AMi2HHB;2M+2 �M/ G2+im`2 LQi2b BM "BQBM7Q`K�iB+bV- ddyy G1*hl_1 LP,NĜ93- kyRkX AaaL
yjykNd9jX /QB, 10.1007/978-3-642-35289-8-3X
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L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

6�#B�M S2/`2;Qb�- :�ďH o�`Q[m�mt- �H2t�M/`2 :`�K7Q`i- oBM+2Mi JB+?2H- "2`i`�M/ h?B`BQM-
PHBpB2` :`Bb2H- J�i?B2m "HQM/2H- S2i2` S`2ii2M?Q72`- _QM q2Bbb- oBM+2Mi .m#Qm`;- 2i �HX
a+BFBi@H2�`M, J�+?BM2 H2�`MBM; BM Tvi?QMX CQm`M�H Q7 K�+?BM2 H2�`MBM; `2b2�`+?- RkUP+iV,
k3k8Ĝk3jy- kyRR#X

C�bT2` aMQ2F- >m;Q G�`Q+?2HH2- �M/ _v�M S �/�KbX S`�+iB+�H #�v2bB�M QTiBKBx�iBQM Q7
K�+?BM2 H2�`MBM; �H;Q`Bi?KbX AM �/p�M+2b BM M2m`�H BM7Q`K�iBQM T`Q+2bbBM; bvbi2Kb-
T�;2b kN8RĜkN8N- kyRkX

C�K2b "2`;bi`� �M/ uQb?m� "2M;BQX _�M/QK b2�`+? 7Q` ?vT2`@T�`�K2i2` QTiBKBx�iBQMX
CQm`M�H Q7 K�+?BM2 H2�`MBM; `2b2�`+?- RjU62#V,k3RĜjy8- kyRkX

*?B?@q2B >bm- *?B?@*?mM; *?�M;- *?B?@C2M GBM- 2i �HX � T`�+iB+�H ;mB/2 iQ bmTTQ`i p2+iQ`
+H�bbB}+�iBQM- kyyjX

_QM EQ?�pB 2i �HX � bim/v Q7 +`Qbb@p�HB/�iBQM �M/ #QQibi`�T 7Q` �++m`�+v 2biBK�iBQM �M/
KQ/2H b2H2+iBQMX AM AD+�B- pQHmK2 R9- T�;2b RRjdĜRR98X JQMi`2�H- *�M�/�- RNN8X

CQ�M 6 *�``QHH- �M� G *?B�T�- J�v`� _Q/`B[m2x- .�pB/ _ S?2HTb- E�i?`vM J *�`/�`2@
HHB- C�K#QQ` E oBb?r�M�i?�- a2DQM; "�2- �M/ _Q#2`iQ *�`/�`2HHBX oBb+2`�H 7�i- r�Bbi
+B`+mK72`2M+2- �M/ #KB, BKT�+i Q7 `�+2f2i?MB+BivX P#2bBiv- ReUjV,eyyĜeyd- kyy3X

w?�M :m- SBM; w?m- ZB�Q q�M;- >m�vm >2- CBM;Dm�M sm- GB w?�M;- .QM; GB- CB�MvBM;
q�M;- sB�QDm�M >m- :m�M; CB- 2i �HX P#2bBiv �M/ HBTB/@`2H�i2/ T�`�K2i2`b 7Q` T`2/B+iBM;
K2i�#QHB+ bvM/`QK2 BM +?BM2b2 2H/2`Hv TQTmH�iBQMX GBTB/b BM ?2�Hi? �M/ /Bb2�b2- RdURV,
k3N- kyR3X

J�b�?�`m E�;�r�- *" "BMMb- �M/ �M/`2r S >BHHbX "Q/v +QKTQbBiBQM �M/ �Mi?`QTQK2i`v
BM D�T�M2b2 �M/ �mbi`�HB�M +�m+�bB�M K�H2b �M/ D�T�M2b2 72K�H2bX �bB� S�+ C *HBM Lmi`-
ReUamTTH RV,jRĜje- kyydX

�HQF J�/�M- PH;� : �`+?�K#2�m- o�M2bb� � JBHbQK- _�+?2H G :QH/K�M- C2z2`v C "Q`+@
F�`/i- �MQmF G :`m#�m;?- S2i2` q hm2`F- �M/ " *?`BbiQT?2` 6`m2?X JQ`2 i?�M #H�+F
�M/ r?Bi2, /Bz2`2M+2b BM T`2/B+iQ`b Q7 Q#2bBiv �KQM; M�iBp2 ?�r�BB�MfT�+B}+ BbH�M/2`b
�M/ 2m`QT2�M �K2`B+�MbX P#2bBiv- kyUeV,Rjk8ĜRjk3- kyRkX

Rk8



L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

S2`MBHH2 6 _ǠMM- :`2;2`b a �M/2`b2M- hQ`bi2M G�m`Bix2M- .B`F G *?`Bbi2Mb2M- J2ii2 ��@
/�?H- "2M/Bt *�`bi2Mb2M- �M/ J�`Bi 1 CǠ`;2Mb2MX 1i?MB+ /Bz2`2M+2b BM �Mi?`QTQK2i`B+
K2�bm`2b �M/ �#/QKBM�H 7�i /Bbi`B#miBQM, � +`Qbb@b2+iBQM�H TQQH2/ bim/v BM BMmBi- �7`B+�Mb
�M/ 2m`QT2�MbX C 1TB/2KBQH *QKKmMBiv >2�Hi?- dRUeV,8jeĜ89j- kyRdX

�Mi?QMv C EQ2?H �M/ C2z`2v * GQM;X h?2 +QMi`B#miBQMb Q7 �/KBtim`2 �M/ ;2M2iB+ /`B7i iQ
/Bp2`bBiv �KQM; TQbi@+QMi�+i TQTmH�iBQMb BM i?2 �K2`B+�bX �K2`B+�M DQm`M�H Q7 T?vbB+�H
�Mi?`QTQHQ;v- Re8UkV,k8eĜke3- kyR3X

1KBHv h LQ``Bb- Gm q�M;- �M/`2r " *QMH2v- G�p�Mv� _Bb?Bb?r�`- G2QM�`/Q J�`BƢQ@
_�Kő`2x- �m;mbiQ o�H/2``�K�@�;mB``2- �M/ A EBM; CQ`/�MX :2M2iB+ �M+2bi`v- �/KBtim`2
�M/ ?2�Hi? /2i2`KBM�Mib BM H�iBM �K2`B+�X "J* ;2MQKB+b- RNU3V,3eR- kyR3X

�M/`ûb _mBx@GBM�`2b- E�mbim#? �/?BF�`B- oB+iQ` �+mƢ�@�HQMxQ- JB`b?� ZmBMiQ@a�M+?2x-
*H�m/B� C�`�KBHHQ- qBHHB�K �`B�b- J�+�`2M� 6m2Mi2b- J�`ő� SBx�``Q- S�QH� 1p2`�`/Q-
6`�M+Bb+Q .2 �pBH�- 2i �HX �/KBtim`2 BM H�iBM �K2`B+�, ;2Q;`�T?B+ bi`m+im`2- T?2MQivTB+
/Bp2`bBiv �M/ b2H7@T2`+2TiBQM Q7 �M+2bi`v #�b2/ QM d-j9k BM/BpB/m�HbX SGQa ;2M2iB+b- Ry
UNV,2Ryy98dk- kyR9X

S?BHBTT :mMx �M/ S?BHBTT JBii2`Q2+F2`X a2KBH�M/K�`Fb, � K2i?Q/ 7Q` [m�MiB7vBM; +m`p2b
�M/ bm`7�+2bX >vbi`Bt- k9URV- kyRjX AaaL yjN9RNR9X /QB, 10.4404/hystrix-24.1-6292X

J�MBb?� *?�M/�HB�- SBM; GBM- h?�M�H�Fb?KB a22MBp�b�M- 1/r�`/ > GBpBM;biQM- S2i2` :
aM2HH- a+Qii J :`mM/v- �M/ LB+QH� �#�i2X AMbmHBM `2bBbi�M+2 �M/ #Q/v 7�i /Bbi`B#miBQM BM
bQmi? �bB�M K2M +QKT�`2/ iQ +�m+�bB�M K2MX SHQa QM2- kU3V,23Rk- kyydX

.vKTM� :�HH�;?2`- ai2p2M " >2vKb}2H/- JQQMb2QM; >2Q- amb�M � C2##- S2i2` _ Jm`@
;�i`Qv/- �M/ uQB+?B a�F�KQiQX >2�Hi?v T2`+2Mi�;2 #Q/v 7�i `�M;2b, �M �TT`Q�+? 7Q`
/2p2HQTBM; ;mB/2HBM2b #�b2/ QM #Q/v K�bb BM/2tX h?2 �K2`B+�M DQm`M�H Q7 +HBMB+�H Mm@
i`BiBQM- dkUjV,eN9ĜdyR- kyyyX

1* _mb?- C> :Q2/2+F2- * C2MMBM;b- G JB+FH2b}2H/- G .m;�b- 1o G�K#2`i- �M/ G. SH�MFX
"KB- 7�i �M/ Kmb+H2 /Bz2`2M+2b BM m`#�M rQK2M Q7 }p2 2i?MB+BiB2b 7`QK irQ +QmMi`B2bX
AMi2`M�iBQM�H DQm`M�H Q7 Q#2bBiv- jRU3V,Rkjk- kyydX

Rke



L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

1H�BM2 * _mb?- AbK�2H 6`2Bi�b- �M/ GBM/b�v . SH�MFX "Q/v bBx2- #Q/v +QKTQbBiBQM �M/
7�i /Bbi`B#miBQM, +QKT�`�iBp2 �M�HvbBb Q7 2m`QT2�M- K�Q`B- T�+B}+ BbH�M/ �M/ �bB�M BM/B�M
�/mHibX "`BiBb? CQm`M�H Q7 Lmi`BiBQM- RykU9V,ejkĜe9R- kyyNX

aL qmH�M- E_ q2bi2`i2`T- �M/ : SH�b[mBX 1i?MB+ /Bz2`2M+2b BM #Q/v +QKTQbBiBQM �M/
i?2 �bbQ+B�i2/ K2i�#QHB+ T`Q}H2, � +QKT�`�iBp2 bim/v #2ir22M �bB�Mb �M/ +�m+�bB�MbX
J�im`Bi�b- e8U9V,jR8ĜjRN- kyRyX

CQb2 J2/BM�@AMQDQb�- oB`2M/ E aQK2`b- h�BrQ L;r�- GBM; >BMb?�r- �M/ 6`�M+Bb+Q GQT2x@
CBK2M2xX _2HB�#BHBiv Q7 � j/ #Q/v b+�MM2` 7Q` �Mi?`QTQK2i`B+ K2�bm`2K2Mib Q7 +2Mi`�H
Q#2bBivX P#2bBiv- QT2M �++2bb- kUjV- kyReX

�M/`2�b Em2?M�T72H- S2i2` �?M2`i- J�`Fmb GQ2|2`- �MD� "`Q/�- �M/ J�`Fmb a+?QHxX _2@
HB�#BHBiv Q7 j/ H�b2`@#�b2/ �Mi?`QTQK2i`v �M/ +QKT�`BbQM rBi? +H�bbB+�H �Mi?`QTQK2i`vX
a+B2MiB}+ `2TQ`ib- e,keedk- kyReX

�M/`2�b Em2?M�T72H- S2i2` �?M2`i- J�`Fmb GQ2|2`- �M/ J�`Fmb a+?QHxX "Q/v bm`7�+2
�bb2bbK2Mi rBi? j/ H�b2`@#�b2/ �Mi?`QTQK2i`v, `2HB�#BHBiv- p�HB/�iBQM- �M/ BKT`Qp2K2Mi
Q7 2KTB`B+�H bm`7�+2 7Q`KmH�2X 1m`QT2�M DQm`M�H Q7 �TTHB2/ T?vbBQHQ;v- RRdUkV,jdRĜj3y-
kyRdX

sBM;;mQ GBm- CB�Mr2B LBm- GBM;?m� _�M- �M/ h�BDB2 GBmX 1biBK�iBQM Q7 ?mK�M #Q/v pQ@
HmK2 U#pV 7`QK �Mi?`QTQK2i`B+ K2�bm`2K2Mib #�b2/ QM i?`22@/BK2MbBQM�H Uj/V b+�M
i2+?MB[m2X �2bi?2iB+ TH�biB+ bm`;2`v- 9RU9V,NdRĜNd3- kyRdX

>�M; am- am#?`�Mbm J�DB- 1p�M;2HQb E�HQ;2`�FBb- �M/ 1`BF G2�`M2/@JBHH2`X JmHiB@pB2r
+QMpQHmiBQM�H M2m`�H M2irQ`Fb 7Q` j/ b?�T2 `2+Q;MBiBQMX AM S`Q+22/BM;b Q7 i?2 A111
BMi2`M�iBQM�H +QM72`2M+2 QM +QKTmi2` pBbBQM- T�;2b N98ĜN8j- kyR8X

sBMr2B >2- u�M; w?Qm- w?B+?�Q w?Qm- aQM; "�B- �M/ sB�M; "�BX h`BTH2i@+2Mi2` HQbb 7Q`
KmHiB@pB2r j/ Q#D2+i `2i`B2p�HX AM S`Q+22/BM;b Q7 i?2 A111 *QM72`2M+2 QM *QKTmi2`
oBbBQM �M/ S�ii2`M _2+Q;MBiBQM- T�;2b RN98ĜRN89- kyR3X

>�B#BM >m�M;- 1p�M;2HQb E�HQ;2`�FBb- aB//?�`i?� *?�m/?m`B- .mv;m *2vH�M- oH�/BKB` :
EBK- �M/ 1`bBM umK2`X G2�`MBM; HQ+�H b?�T2 /2b+`BTiQ`b 7`QK T�`i +Q``2bTQM/2M+2b rBi?

Rkd



L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q

KmHiBpB2r +QMpQHmiBQM�H M2irQ`FbX �*J h`�Mb�+iBQMb QM :`�T?B+b UhP:V- jdURV,RĜR9-
kyRdX

w?�QHB�M; GmM- J�i?2mb :�/2H?�- 1p�M;2HQb E�HQ;2`�FBb- am#?`�Mbm J�DB- �M/ _mB q�M;X
j/ b?�T2 `2+QMbi`m+iBQM 7`QK bF2i+?2b pB� KmHiB@pB2r +QMpQHmiBQM�H M2irQ`FbX AM kyRd
AMi2`M�iBQM�H *QM72`2M+2 QM j. oBbBQM Uj.oV- T�;2b edĜddX A111- kyRdX

�H2t E`Bx?2pbFv- AHv� amibF2p2`- �M/ :2Qz`2v 1 >BMiQMX AK�;2M2i +H�bbB}+�iBQM rBi? /22T
+QMpQHmiBQM�H M2m`�H M2irQ`FbX AM �/p�M+2b BM M2m`�H BM7Q`K�iBQM T`Q+2bbBM; bvbi2Kb-
T�;2b RyNdĜRRy8- kyRkX

6�M; q�M;- G2 E�M;- �M/ uB GBX aF2i+?@#�b2/ j/ b?�T2 `2i`B2p�H mbBM; +QMpQHmiBQM�H M2m`�H
M2irQ`FbX AM S`Q+22/BM;b Q7 i?2 A111 *QM72`2M+2 QM *QKTmi2` oBbBQM �M/ S�ii2`M
_2+Q;MBiBQM- T�;2b R3d8ĜR33j- kyR8X

6HQ`B�M a+?`Qz- .KBi`v E�H2MB+?2MFQ- �M/ C�K2b S?BH#BMX 6�+2M2i, � mMB}2/ 2K#2//BM;
7Q` 7�+2 `2+Q;MBiBQM �M/ +Hmbi2`BM;X AM S`Q+22/BM;b Q7 i?2 A111 +QM72`2M+2 QM +QKTmi2`
pBbBQM �M/ T�ii2`M `2+Q;MBiBQM- T�;2b 3R8Ĝ3kj- kyR8X

*?�Q@um�M qm- _ J�MK�i?�- �H2t�M/2` C aKQH�- �M/ S?BHBTT E`�?2M#m?HX a�KTHBM;
K�ii2`b BM /22T 2K#2//BM; H2�`MBM;X AM S`Q+22/BM;b Q7 i?2 A111 AMi2`M�iBQM�H *QM72`2M+2
QM *QKTmi2` oBbBQM- T�;2b k39yĜk393- kyRdX

.B2/2`BF S EBM;K� �M/ CBKKv "�X �/�K, � K2i?Q/ 7Q` biQ+?�biB+ QTiBKBx�iBQMX �`sBp
T`2T`BMi �`sBp,R9RkXeN3y- kyR9X

J�i?B�b 1Bix- _QM�H/ _B+?i2`- h�Kv "Qm#2F2m`- E`BbiB�M >BH/2#`�M/- �M/ J�`+ �H2t�X
aF2i+?@#�b2/ b?�T2 `2i`B2p�HX �*J h`�MbX :`�T?X- jRU9V,jR- kyRkX

.�pB/ >� �M/ .Qm;H�b 1+FX � M2m`�H `2T`2b2Mi�iBQM Q7 bF2i+? /`�rBM;bX �`sBp T`2T`BMi
�`sBp,Rdy9Xyj9dd- kyRdX

CQ?�MM� .2H�MQv- J�i?B2m �m#`v- S?BHHBT AbQH�- �H2t2B � 17`Qb- �M/ �/`B2M "Qmbb2�mX
j. aF2i+?BM; mbBM; JmHiB@oB2r .22T oQHmK2i`B+ S`2/B+iBQMX �`sBp T`2T`BMi �`@
sBp,RdydXy3jNy- kyRdX
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L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q
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7`QK bF2i+?2b pB� T`Q+2/m`�H KQ/2Hb �M/ +QMpQHmiBQM�H M2irQ`FbX A111 h`�Mb�+iBQMb QM
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*QM72`2M+2 QM *QKTmi2` oBbBQM- T�;2b 98ReĜ98k9- kyR8X
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L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q
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RR- kyR3X
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+BƦM �miQK�iB+� /2 i2DB/Q #H�M/Q M�b�H 2M +i@b+�M v K`B miBHBx�M/Q `�M/QK 7Q`2bibX AM
As *QM;`2bQ �`;2MiBMQ /2 AM7Q`K�iB+� v a�Hm/ U*�AaV@C�AAP 9d U*�"�- kyR3V- kyR3X

*2HB� *BMi�b- *H�m/BQ .2H`B2mt- S�#HQ L�p�``Q- JB`b?� ZmBMiQ@a�M+?2x- "`mMQ S�xQb- �M/
_QH�M/Q :QMx�H2x@CQb2X �miQK�iB+ 2�` /2i2+iBQM �M/ b2;K2Mi�iBQM Qp2` T�`iB�HHv Q++Hm@
/2/ T`Q}H2 7�+2 BK�;2bX CQm`M�H Q7 *QKTmi2` a+B2M+2 � h2+?MQHQ;v- RN- kyRNX

CB�M w?Qm �M/ PH;� : h`Qv�MbF�v�X S`2/B+iBM; 2z2+ib Q7 MQM+Q/BM; p�`B�Mib rBi? /22T
H2�`MBM;Ĝ#�b2/ b2[m2M+2 KQ/2HX L�im`2 K2i?Q/b- RkURyV,NjRĜNj9- kyR8X

q2MHQM; J�- w?Btm ZBm- CB2 aQM;- CB�DB� GB- ZB�M *?2M;- CBM;DBM; w?�B- �M/ *?m�M; J�X �
/22T +QMpQHmiBQM�H M2m`�H M2irQ`F �TT`Q�+? 7Q` T`2/B+iBM; T?2MQivT2b 7`QK ;2MQivT2bX
SH�Mi�- k93U8V,RjydĜRjR3- kyR3X
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kyRdX
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aBHp� /2 *2`[m2B`�- oB`;BMB� _�K�HHQ- Gm+B� *�biBHHQ- �`Q/B 6�``2`�- *H�m/B� C�`�KBHHQ-
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L�p�``Q- CQbû S�#HQ �H;Q`BiKQb T�`� 2H 72MQiBT�/Q �miQK�iB+Q
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kyRNX
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