
� � �� �� ��� ��� 	 
� �� �� � � 	��� 
 ����� � �� �� ���
�� ��� �� ��� �� � � �� ���� � ����� ��� �� � �� � �� � ��� �� �

����� !"# � $ %& ' ()# � * + ,#�" -.# �& /(0". 1+ 2""�" )
3"4()50"�5 #6 7(5�"0(5 %8.

9�%:" ). %5; #6 95(�
!( -5 *(<" � %5;& 95(� => ??@

��()-". ! + 1".<%�
�#�)(�5 A�.5 %5 �5" #6 7(5�"0(5 %8( - !8 %" �8".

(�B �"�5" ) 6# ) C"�)( - !8 %" �8"
C"D $#)< 9�%:" ). %5;
@E ? 7" )8" ) !5 )""5

C"D $#)<& C$ ?FF ?@
' �� �.5 G & @FF@

HIJK LMMNO MP QPIRST U PV W XNPRNM LYT U ZLP UP[\ ] ^_` aH_b

c



�OO RN�� VP R YPRRN��PSONSYN �

�TRP S �P[N U�P S
bN�TRMKNSM PV �TMXNKTM LY�
��� HPIMX ��		 _T�M 
 ��� Q Z
�SL�N R� LM\ PV �MTX
HT UM �T�N � LM\
 �W �� ���

VP[N U�P S�KTMX �IMTX �NO I
�XP SN � ��	 �� ����� ��	
�T� � ��	 �� ���� ���	

�



���� ���� W XN RN��P S�N PV M L��IN MP L�Y XNK LT �YN��TM LP S PV JUPPO �P� TSO ON�RL�TM LP S PV P�\[NS�
LSY UION� ��N UULS[ PV M XN LSM RTYN UUI UTR ��TYN 
 �XRLS�T[N PV MXN N� M RTYN UUI UTR ��TYN 
 TSO TS LSY RNT�N LS
MXN N� M RTYN UUI UTR �PMT�� LIK YP SYNSM RTM LP S � W XN RN��P S�N� PV YTRO LTY TSO JRT LS M L��IN MP L�Y XNK LT
TRN 	IT ULMTM L�N U\ O L
 N RNSM LS MXTM YTRO LTY M L��IN �XP� � T RL�N LS N� M RTYN UUI UTR �PMT�� LIK P�N R �N�N RT U
K LSIMN� V RPK TJPIM � MP �	� �� K� VP UUP�NO J\ T � UTMNTI 
 � XLUN JRT LS M L��IN �XP� � T � LK LUTR LSLM LT U
RL�N VP UUP�NO J\ T �N R\ RT� LO LSY RNT�N LS N� M RTYN UUI UTR �PMT�� LIK MP UN�N U� PV �	��	 K� � bIRLS[
X\�P� LT M XN �P� PV JUP PO �PR �N RVI�TMN� L� KTLSMT LSNO TSO 
 � XLUN M XN RN L� T �IJ�MT SM LT U N� I� PV
�PMT�� LIK V RPK YN UU� 
 M XN RN L� ULMM UN TYY IKIUTM LP S PV �PMT�� LIK LS MXN LSMN R�M LM LIK � � KTMXNKTM LYT U
KPON U L� �RP�P�NO TSO �M IO LNO MP M R\ MP N UIY LOTMN MXN KNYXTSL�K ��� ISON RU\ LS[ MXN LSY RNT�N LS
N� M RTYN UUI UTR �PMT�� LIK 
 TSO MXN O L
 N RN SM M LKNYP IR�N� �NNS LS SNIRT U T SO YTRO LTY M L��IN � W XN
KPON U LS�P U�N� T �PO[ � LS��I� UN\ M\�N ON�Y RL�M LP S PV M RT S�KNKJRTSN LP S YIRRN SM� 
 T UUP� � VP R LP S
YPSYNSM RTM LP S� T� �N UU T� �P UIKN� MP YXTS[N VPR JPMX MXN LSM RTYN UUI UTR T SO N� M RTYN UUI UTR ��TYN 
 TSO
LSY UION� YP I� ULS[ PV OTKT[NO M L��IN MP SNTRJ\ XNT UM X\ M L��IN � W XN KPON U �RPO IYN� T RN��P S�N MP
L�Y XNK LT KIYX UL�N MXTM �NN S LS SNIRT U M L��IN 
 TSO MXN KNYXTSL�K ISON RU\ LS[ MXL� RN��PS�N LS MXN
KPON U L� ONMN RK LSNO � W XN �TKN KNYXTSL�K L� SPM �RN�NSM LS YTRO LTY LP S KPON U� 
 TSO MXL� KT\
N� � UT LS MXN 	IT ULMTM L�N O L
 N RNSYN LS RN��PS�N �XP� S LS YTRO LTY M L��IN �





��� ������ ���

a�Y XNK LT L� T � LM ITM LP S LS � XLY X JUPPO �P� TSO P�\[NS M RTS��PRM MP T M L��IN XT� �MP ��NO �
aM L� �N UU �SP� S MXTM LS KTS\ M L��IN� N� M RTYN UUI UTR �PMT�� LIK LSY RNT�N� � L[ SL�YTSM U\ LS RN��P S�N
MP L�Y XNK LT 
 TSO MXL� LSY RNT�N KT\ XT�N LK�PRMTSM �TMXP UP[ LYT U YP S�N	INSYN� � aS �TRM LY I UTR

LS YTRO LTY L�Y XNK LT 
 M XN LSY RNT�NO N� M RTYN UUI UTR �PMT�� LIK YPSYNSM RTM LP S KT\ YP SM RLJIMN MP MXN
P S�NM PV TRRX\MXK LT� �  XLUN KTS\ X\�PMXN�N� XT�N JNNS P
N RNO VPR M XN KNYXTSL�K PV N� M RTYN UUI UTR
�PMT�� LIK LSY RNT�N 
 SP KPON U JT�NO P S MXN�N X\�PMXN�N� XT� �IYYNNONO LS TYYP ISM LS[ VPR T RT� LO
TSO �IJ�MT SM LT U RL�N LS MXN N� M RTYN UUI UTR �PMT�� LIK YP SYNSM RTM LP S � W XN [PT U PV M XL� �T�N R L� MP
N�TK LSN MXN N� MN SM MP � XLYX MXN RL�N PV N� M RTYN UUI UTR �PMT�� LIK YTS JN N� � UT LSNO J\ T � LK� UN LP SLY
KPON U LS � XLYX LSM RT� TSO N� M RTYN UUI UTR LP S YPSYNSM RTM LP S� TSO LSM RT� TSO N� M RTYN UUI UTR �P UIKN�
TRN T UUP�NO MP �TR\�

W XN N� �N RLKNSMT U OTMT P S N� M RTYN UUI UTR �PMT�� LIK RL�N 
 � XLY X �N RN� LN� JN UP� 
 L� 	ILMN �TRLNO �
aS �TRM LY I UTR M XN M LKNYP IR�N TSO KT[SLM ION PV MXN RL�N O L
 N RNO V RPK PSN N� �N RLKNSM MP MXN
SN� M N LM XN R JNYTI�N MXN M L��IN� N�TK LSNO PR MXN N� �N RLKNSMT U �RPMP YP U� �N RN O L
 N RN SM � W XN
N� �N RLKNSMT U OTMT VP R T S\ P SN M L��IN 
 N �[ �
 �NSM RLY I UTR K\P YTRO LT U PR SNIRT U M L��IN 
 TRN SPM Y UNTR
SPR YPK� UNMN N SPI[ X MP �TRRTSM TS TMMNK �M TM T 	ITSM LMTM L�N KTMYX � LM X MXN N� �N RLKNSM� �
aS�MNTO �N N� � UP RN MXN 	IT ULMTM L�N JNXT� LP R PV M XN KPON U T SO �XP� M XTM LM YT S YT�M IRN �PKN PV
MXN LK�PRMTSM VNTMIRN� PV MXN N� �N RLKNSMT U RN�IUM� �

 XLUN L�YXNK LT RNVN R� MP MXN YN��TM LP S PV JPMX JUPPO �P� TSO P�\[NS M RTS��PRM MP T M L��IN 

X\�P� LT RNVN R� MP T YP SO LM LP S PV SPRKT U �N RVI� LP S JIM RNO IYM LP S PV MXN �I�� U\ PV P�\[NS JN UP�
M XTM SNNONO MP KNNM MXN P�\[NS RN	ILRNKNSM� PV MXN M L��IN � �PR JPMX X\�P� LT TSO L�YXNK LT 

ON�RL� LS[ MXN M L��IN PV P�\[NS YTI�N� YN UU� LS M XN M L��IN MP �� LMY X V RPK TN RP JLY [ UIYP�N �RP YN�� LS[
MP TSN RPJLY �RP YN�� LS[ � LM X T YP S�N	INSM UTR[N RNO IYM LP S LS �W � �RPO IYM LP S � W XN O LK LSL�XNO
�I�� U\ PV �W � RNO IYN� M XN N
NYM L�N SN�� PV MXN YN UU KNKJRTSN LP S �IK�� 
 �TRM LY I UTRU\ M XN 	T�
�
�W �T�N �IK �
 TSO ULK LM� M XN YN UU�� TJLULM\ MP KT LSMT LS XPKNP�MT� L� � aS MXN YT�N PV L�YXNK LT 
 M XN
YN��TM LP S PV JUP PO �P� XT� TOO LM LP ST U N
NYM� LSY UIO LS[ T RNO IYNO �I�� U\ PV KNMTJP ULY �IJ�M RTMN� 

RNO IYNO RNKP�T U PV �T�MN �RPO IYM� �TKPS[ � XLY X TRN UTYMTMN 
 � 
 TSO LSPR[TSLY �XP��XTMN� 
 TSO
TYYIKIUTM LP S PV �PMT�� LIK LS MXN N� M RTYN UUI UTR ��TYN �

�



a�Y XNK LT TSO X\�P� LT XT�N JNNS �M IO LNO LS T � LON �TRLNM\ PV TSLKT U� 
 M L��IN� 
 TSO �RN�TRTM LP S� �
�TS�N S ������ �M IO LNO L�Y XNK LT LS MXN JRT LS M L��IN PV UL� LS[ RTM� M XTM �N RN �IM LSMP YTRO LTY TRRN�M �
� RT JNMP�T NM T U� ��		�� �M IO LNO L�YXNK LT LS L�P UTMNO � KK MXLY� � ULYN� PV JRT LS M L��IN JTMXNO
LS TRM L�Y LT U YN RN JRP�� LST U � ILO � �TS NM T U� ������ TSO �TS NM T U� ������ N�TK LSNO L�Y XNK LT
TSO X\�P� LT LS L�P UTMNO JUP PO� �N RVI�NO RTJJLM �T� LUUTR\ KI�Y UN� � � LUU T SO �NMMN� ����	� �M IO LNO
RN[ LP ST U L�YXNK LT LSO IYNO LS � L[ XNTRM� J\ UL[TMIRN PV M XN UNVM TSMN RLP R YPRP STR\ TRMN R\ � TSO � LP UNM
NM T U� ������ LS�N�M L[TMNO L�Y XNK LT LS �I��NS� LP S� PV L�P UTMNO RTM �N SM RLY I UTR K\P Y\MN� 
 TSO LS
� XP UN XNTRM �RN�TRTM LP S� �

�PR L�YXNK LY SNIRT U M L��IN 
 �TS�NS ������ RN�PRMNO T JL�XT� LY LSY RNT�N LS ��  �� 
 � LM X T �N R\
RT� LO RL�N MP �	]�	 K� VP UUP�NO J\ T � UP�N R RL�N MP 	
 K� T� �XP� S LS � L[ IRN ��T� � � RT JNMP�T
NM T U� ��		�� � LK LUTRU\ RN�PRMNO TS LSLM LT U RL�N PV ��  �� LS JRT LS M L��IN � ULYN� MP �	 K� � bIRLS[
K\PYTRO LT U L�YXNK LT 
 M XN K\PY\MN� ��N UU
 M XN N� M RTYN UUI UTR ��TYN �XRLS�� J\ TJPIM �	� LS �	
KLSIMN� ��TS NM T U� ���� � � LP UNM NM T U� ����� 
 TSO MXN RN L� T MXRNN� �XT�N Y XTS[N LS MXN N� M RTYN UUI UTR
�PMT�� LIK YP SYNSM RTM LP S �� �� � W XN MXRNN �XT�N� TRN [NSN RT UU\ ON�Y RLJNO T� YP S� L�M LS[ PV T RT� LO
LSY RNT�N 
 RN UTM L�N � UTMNT I 
 TSO �NYPSO � UP�N R LSY RNT�N T� �XP� S LS � L[ IRN ��J� � aM �XP IUO JN
NK�XT� LNO MXTM T UM XP I[ X MXN �PRO �RT� LO � L� I�NO LS JPMX MXN SNIRT U TSO YTRO LTY YPSMN� M� 
 M XN
RL�N LS N� M RTYN UUI UTR �PMT�� LIK LS MXN YTRO LTY YT�N P YYIR� KIYX KPRN � UP� U\ TSO MP T KIYX UP�N R
UN�N U M XTS VPR MXN SNIRT U M L��IN � M XN JNXT� LP R PV M XN N� M RTYN UUI UTR �PMT�� LIK YP SYNSM RTM LP S L�
	IT ULMTM L�N U\ O L
N RNSM LS JRT LS L�Y XNK LT TSO YTRO LTY L�YXNK LT � �PR YTRO LTY M L��IN 
 M XN O IRTM LP S PV
MXN � R�M RT� LO RL�N �XT�N 
 M XN XN L[ XM PV M XN � UTMNTI 
 TSO MXN �MNN�SN�� PV MXN �NYP SO RL�N �TRLNO
� LM X ��NY LN� 
 N� �N RLKNSMT U �RPMP YP U �N �[ �
 � XNMXN R MXN K\PY\MN� �N RN 	ILN�YNSM P R �M LKIUTMNO
N UNYM RLYT UU\ � 
 TSO UP YTM LP S PV MXN KNT�IRNKNSM RN UTM L�N MP MXN O L�MT SYN MP SP SL�YXNK LY M L��IN �� LUU
T SO �NMMN� ���	 �  LUON NM T U� ���	� � bIRLS[ MXN LSLM LT U RT� LO RL�N �XT�N ��  �� LSY RNT�NO V RPK LM�
SPRKT U UN�N U� PV ��� K� MP ����	 K� � W XN � UTMNTI �XT�N JN[TS � MP �� KLSIMN� TVMN R M XN P S�NM
PV L�Y XNK LT 
 TSO MXN MXLRO 
 � UP� RL�N 
 �XT�N JN[TS �� MP �	 KLSIMN� TVMN R M XN P S�NM � aS YP SM RT�M 

OIRLS[ SPRKT U �P� X\�P� LT LS YTRO LTY K\PY\MN� 
 ��  �� RP�N �N R\ ULMM UN 
 T UM XP I[X MXN N� I� PV
�PMT�� LIK V RPK MXN YN UU� MP MXN N� M RTYN UUI UTR ��TYN �T� KPRN MXTS � M LKN� M XTM O IRLS[ L�Y XNK LT
��TS NM T U� ����� �

�



bTMT VPR MXN M LKNYP IR�N PV LSM RTYN UUI UTR �W � UN�N U� OIRLS[ L�Y XNK LT TRN ��TR�N � QNSSLS[� TSO
^N LKN R ���� �� RN�PRMNO �W � UN�N U� LS TS P�NS YXN�M T SN�M XNM LNO OP[ XNTRM T� ��� 
 ��� 
 TSO
UN�� M XTS �	� PV SPRKT U TVMN R � 
 �� 
 TSO �	 KLSIMN� PV L�Y XNK LT 
 � XLUN � LP UNM NM T U� ������
RN�PRMNO �W � UN�N U� PV ��� 
 ��� TSO ��� PV SP RKT U TVMN R � �� 
 �� 
 TSO �	 KLSIMN� PV L�Y XNK LT
LS K\PY\MN �I��N S� LP S� � W XN UTY� PV OTMT L� YPK�P ISONO J\ ISYN RMT LSM\ TJP IM � XTM �W � �T�
TYMIT UU\ KNT�IRNO LS UL[ XM PV SN� LSVPRKTM LP S MXTM � LM XLS YN UU� �W � L� �IJO L� LONO LSMP �N�TRTMN
�PP U� JT�NO P S � XN RN LM L� �RP O IYNO TSO I�NO � N L�� TSO 
PR[N �		 �� � W XI� 
 M XN Y LMNO �W �
UN�N U� KT\ XT�N ULMM UN MP OP � LM X MXN �W � UN�N U� LS M XN SN L[ XJPRXPPO PV YN UU � UT�KT KNKJRTSN TSO
LM� 	T�
��W �T�N �IK �� � W XN YPRRN UTM LP S JNM�NNS KNT�IRNO ��W �� TSO 	T�
��W �T�N TYM L� LM\
L� VIRM XN R �NT�N SNO J\ MXN N
 NYM PV LSM RTYN UUI UTR �� P S �IK� TYM L� LM\� � � M XN YN UU� �� LMY X MP
TSTN RP JLY �W � �RP O IYM LP S 
 UTYM LY TY LO L� �RPO IYNO � W XL� RNO IYN� M XN LSM RTYN UUI UTR �� TSO � UP� �
M XN 	T�
��W �T�N �IK� � aS MXN KPON U M XTM VP UUP� � �N I�N QNSSLS[� TSO ^N LKN R ���� �� �� �W �
OTMT MP [ L�N T RP I[ X LONT PV MXN M LKNYP IR�N PV M XN ONY ULSN LS 	T�
��W �T�N TYM L� LM\� � [PPO �M MP
QNSSLS[ �� OTMT L� [ L�NS J\ ���� � ��� � ���� �	
� � �
 �� ������ 
 � XN RN � L� KNT�IRNO LS K LSIMN�
��NN � L[ IRN �� �

W XN �IR�P�N PV M XL� �T�N R L� MP N� � UP RN KNYXTSL�K� VP R N� M RTYN UUI UTR �PMT�� LIK TYYIKIUTM LP S
O IRLS[ L�Y XNK LT 
 TSO MP YT�M IRN TSO ISON R�MTSO MXN O L
N RN SM RN��P S�N� MP L�YXNK LT TSO X\�P� LT �
_� L�M LS[ ONMT LUNO KPON U� PV YTRO LTY LP SLY JNXT� LP R �IYX T� M XN ^IP� �IO\ KPON U a a ��IP TSO
^IO\ ����� TSO MXN 	P JUN KPON U ������ �	P JUN NM T U� ��� �� PV � LS[ UN YN UU� OP SPM YP S� LON R
N� M RTYN UUI UTR �P UIKN T� T �TRLTJUN 
 TSO OP SPM YP S� LON R M XN N
NYM PV YT� LUUTR\ �P� PR LM� YN��TM LP S
P S LP S YP SYNSM RTM LP S� 
 PR MXN N
NYM� PV SNTRJ\ XNT UM X\ M L��IN � W XN KPON U �RP�P�NO XN RN LSY UION�
M XN�N N
 NYM� 
 I� LS[ T � LK� UN R �PO[ � LS��I� UN\ M\�N LP SLY KPON U VP R M XL� LS LM LT U �M IO\� W XN KPON U
ON�Y RLJN� N�NSM� LS T M L��IN YPS� L�M LS[ PV T ������ ���� PV XPKP[NSNP I� YN UU� �IJ� NYM MP L�Y XNK LT
PR X\�P� LT 
 T XPKP[NSNPI� N� M RTYN UUI UTR ��TYN �IRRP ISO LS[ MXN�N YN UU� 
 T YT� LUUTR\ YPK �TRMKNSM
RN�RN�N SM LS[ MXN �T�YIUTMIRN VPR M XL� � LNYN PV M L��IN 
 TSO TSPMXN R YPK�TRMKNSM YPRRN��P SO LS[ MP
MXN XNT UM X\ M L��IN �IRRP ISO LS[ MXN L�Y XNK LY PR X\�P� LY M L��IN � W XN � R�M M XRNN YPK�TRMKNSM� TRN
YP UUNYM L�N U\ RNVN RRNO MP T� M XN �OTKT[NO � M L��IN � ZN UP� �N [ L�N T ONMT LUNO ON RL�TM LP S TSO O L�Y I�� LP S
PV N	ITM LP S� ON�Y RLJLS[ LP S YPSYNSM RTM LP S� 
 �P UIKN� 
 TSO �P UMT[N� LS M XN�N VP IR RN[ LP S� � W�P

�



ISI�IT U YPK �P SNSM� PV MXN KPON ULS[ TRN MXN O L� Y IUM\ LS JILUO LS[ T KPON U � XP�N �MNTO\ �MTMN�
TRN �MT JUN P�N R M XN UP S[�MN RK 
 TSO MXN SNNO MP YP I� UN M XN OTKT[NO RN[ LP S MP T �IRRP ISO LS[ XNT UM X\
RN[ LP S LS PRON R MP [NM RNT�PSTJUN RNO IYM LP S� LS N� M RTYN UUI UTR �P UIKN TSO LSY RNT�N� LS N� M RTYN UUI UTR
�PMT�� LIK YP SYNSM RTM LP S �

�



�������� ��� � �����

 N YP S� LON R VP IR YPK �TRMKNSM� T� O L�� UT\NO LS � L[ IRN � � aS MXN M L��IN OTKT[NO J\ L�Y XNK LT PR
X\�P� LT �N T��IKN MXN RN TRN MXRNN �N UU�KL�NO YPK�TRMKNSM� RN�RN�N SM LS[ MXN LSM RTYN UUI UTR ��TYN
� LM XLS T YP UUNYM LP S PV XPKP[NSNP I� YN UU� 
 M XN N� M RTYN UUI UTR ��TYN �IRRP ISO LS[ MXN�N YN UU� 
 TSO MXN
YT� LUUTR\ ��TYN �N R� LS[ MXN YN UU� � aS TOO LM LP S 
 �N LSY UION T VPIRMX YPK �TRMKNSM RN�RN�NSM LS[ MXN
N� M RTYN UUI UTR ��TYN PV M XN �IRRP ISO LS[ ISOTKT[NO M L��IN � W XL� YPK �TRMKNSM L� T U�P T��IKNO MP JN
��TM LT UU\ XPKP[NSNP I� � W XN YN UU KNKJRTSN �N�TRTMN� M XN LSM RTYN UUI UTR ��TYN V RPK MXN N� M RTYN UUI UTR
��TYN 
 TSO MXN YT� LUUTR\ �T UU �N�TRTMN� M XN N� M RTYN UUI UTR ��TYN V RPK MXN YT� LUUTR\ ��TYN � W XN
�P UIKN� PV MXN LSM RTYN UUI UTR T SO N� M RTYN UUI UTR ��TYN� TRN T UUP�NO MP �TR\�  N T��IKN MXTM MXN RN
TRN MXRNN �P UIMN� 
 �PO LIK ��� � 
 �PMT�� LIK �� � 
 Y XUPRLON ���� � MP � XLY X MXN YN UU KNKJRTSN
TSO YT� LUUTR\ �T UU TRN �N RKNTJUN �  N T U�P T��IKN MXTM NTYX YPK �TRMKNSM YP SMT LS� Y XTR[NO
�RPMN LS KP UNYIUN� �PR PMXN R Y XTR[NO KTY RPKP UNY IUN�� � XLYX YTSSPM KP�N JNM�NN S YPK �TRMKNSM� �
aP S� KP�N JNM�NNS MXN N� M RTYN UUI UTR ��TYN TSO MXN YT� LUUTR\ JNYTI�N PV N UNYM RP Y XNK LYT U �PMNSM LT U
[ RTO LN SM� 
 TSO JNM�NN S MXN N� M RT� TSO LSM RT�YN UUI UTR ��TYN JNYTI�N PV �PMN SM LT U [ RTO LNSM� TSO
�IK�� �

� UU ��TYN� TRN T��IKNO MP JN N UNYM RLYT UU\ SN IM RT U
 TSO MXN MXRNN ��TYN� � LM XLS MXN OTKT[NO
RN[ LP S TRN T��IKNO MP XT�N MXN �TKN X\O RP�MTM LY �RN��IRN �  TMN R TSO LP S� YTS JN N�YXTS[NO
JNM�NNS MXN OTKT[NO LSM RTYN UUI UTR T SO N� M RTYN UUI UTR ��TYN TSO MXN YT� LUUTR\
 TSO JNM�NNS MXN
OTKT[NO N� M RTYN UUI UTR ��TYN TSO MXN �IRRP ISO LS[ SPRKT U M L��IN � W XN � I�N� PV LP S� TSO �TMN R
TRN ONMN RK LSNO J\ N UNYM RP YXNK LYT U �PMNSM LT U [ RTO LN SM� 
 P�KPM LY �RN��IRN O L
 N RN SYN� 
 TSO LS MXN
YT�N PV � I�N� JNM�NNS MXN OTKT[NO TSO XNT UM X\ N� M RTYN UUI UTR ��TYN� 
 J\ MXN X\O RP�MTM LY �RN��IRN
O L
N RN SYN LSO IYNO J\ �P UIKN YXTS[N� LS M XN OTKT[NO RN[ LP S �  N T U�P T��IKN MXTM MXN YT� LUUTR\
�T UU L� XL[ XU\ �N RKNTJUN MP �TMN R TSO LP S� �

 N SN� M �RN�N SM N	ITM LP S� � XLY X KPON U M XN N UNYM RP�YXNK LYT U JT UTSYN TSO �P UIKN RN[ IUTM LP S
VPR M XN � LM ITM LP S � I�M ON�Y RLJNO �  N ONSPMN LP S YPSYNSM RTM LP S� J\ ��� � 	 �� � TSO ���� � � LM X
�IJ�Y RL�M� �
 � VP R M XN LSM RTYN UUI UTR ��TYN 
 �� � VP R M XN N� M RTYN UUI UTR ��TYN 
 �� � VP R TRMN RLT U J UPPO 

TSO � � VP R �N SPI� JUPPO � �� TSO � � ONSPMN MXN �P UIKN PV MXN LSM RT� TSO N� M RTYN UUI UTR ��TYN
RN��NYM L�N U\
 �� TSO �� ONSPMN �P UMT[N LS MXN�N ��TYN� 
 � LM X MXN �P UMT[N LS MXN YT� LUUTR\ ��TYN I�NO

	



T� M XN RNVN RN SYN �P UMT[N 
 TSO MT�NS MP JN N RP �
W XN O\ STK LY� PV MXN LSM RTYN UUI UTR 	ITSM LM LN� TRN ON�Y RLJNO J\ MXN N	ITM LP S� �� ��� �� � �� ��� � � ��� 
� ��� � �� � �� � � 	  � 
 � 	 �c�� ��� ��  �� ��� � � ���� ��� � �� � � � � � � 
 � 	 ���� ��� �� �� �� ��� � ����� ��� � �� 	 �� � �� 	 ��


 � �� � �� 	 ��  �� � �� �� �� � ��� �
��

	 �������� � � ��� � �� � � � � �  ���
���

_	ITM LP S� ���] ��� N� �RN�� M XN VTYM MXTM MXN SIKJN R PV NTY X M\�N PV LP S LS MXN LSM RTYN UUI UTR ��TYN
YXTS[N� P SU\ JNYTI�N PV � I�N� PV MXP�N LP S� TY RP�� M XN YN UU KNKJRTSN � W XN�N � I�N� TRN T��IKNO
MP JN ON�Y RLJNO J\ T �PO[ � LS��I� UN\ M\�N Y IRRN SM � �PR TS LP S � � LM X �T UN SYN � 
 M XN 	N RS�M
�PMN SM LT U L� ON� SNO T�

�� � ���� �� � ����
���� � 	

� XN RN � L� M XN ISL�N R�T U [T� YPS�MTSM 
 � L� M XN TJ�P UIMN MNK �N RTMIRN 
 TSO � L� �TRTOT\ �� YP S�MTSM �
 XNS MXN M RTS�KNKJRTSN �PMN SM LT U �� � �� L� N	IT U MP TS LP S �� 	N RS�M �PMN SM LT U
 M XN RN L� SP SNM
� I� PV MXTM LP S � aM L� LK�PRMT SM MP SPMN MXTM MXN 	N RS�M �PMN SM LT U� LS P IR KPON U TRN O\ STK LY 

Y XTS[ LS[ T� M XN LSM RTYN UUI UTR TSO N� M RTYN UUI UTR LP SLY YPSYNSM RTM LP S� YXTS[N � _	ITM LP S� ��� TSO
��� T U�P LSY UION MXN � I� OIN MP MXN 	T�
 �W ��O RL�NS �IK� � XLY X N�Y XTS[N� M XRNN �PO LIK LP S�
VP R M�P �PMT�� LIK LP S� � aS [NSN RT U
 M XN �IK� RTMN 
 ON�NSO� P S M RTS�KNKJRTSN �P UMT[N TSO
LP S YPSYNSM RTM LP S� � 	PMN MXTM �P� LM L�N � I� MN RK� �M XN N� �RN�� LP S� LS  !� YPRRN��P SO MP PIM�TRO
KP�NKNSM PV LP S� � aS _	ITM LP S� ���] ��� 
 ��
 	 �� TSO ��� ONSPMN KNKJRTSN YP SO IYMTSYN� �

_	ITM LP S ��� N� �RN��N� PIR T��IK �M LP S MXTM MXN LSM RTYN UUI UTR RN[ LP S L� N UNYM RLYT UU\ SNIM RT U� W XL�
L� T [PPO T��RP� LKTM LP S MP MXN RNT U � LM ITM LP S LS � XLYX N�YN�� Y XTR[N YTS TYYIKIUTMN PSU\ LS T
MXLS RN[ LP S SNTR MXN YN UU KNKJRTSN � W XN N�YN�� YXTR[N N	ITM LP S L�

�� ��� � �� 	 ��  �� � �� �� �� � �� � � �
�� � � �" #$

�� � ��� � �� � 

%



�N RN �" L� M XN YT�TY LMT SYN ��N R ISLM TRNT� PV MXN YN UU KNKJRTSN � � � L� M XN SIKJN R PV �RPMN LS
KP UNY IUN� LS M XN LSM RTYN UUI UTR ��TYN 
 �� L� M XN T�N RT[N SIKJN R PV YXTR[N� P S NTYX �RPMN LS KP UNYIUN 

TSO #$ L� M XN �IRVTYN TRNT PV M XN YN UU� W XN SP SO LKNS� LP ST U YT�TY LMTSYN �#$ �" �� �� �� � �� ��  �� � � �

c
�� L� �KT UU N SP I[X MP JN L[ SPRNO 
 TSO _	ITM LP S ��� RN�IUM� � �N RN 
 ��  �� � L� M XN SPRKT U LSM RT�
YN UUI UTR �PMT�� LIK YP SYNSM RTM LP S �

_	ITM LP S ��� ON�Y RLJN� XP� LSM RTYN UUI UTR �P UIKN YXTS[N� LS RN��P S�N MP TS P�KPM LYT UU\�O RL�N S
�P� PV �TMN R TY RP�� M XN YN UU KNKJRTSN � W XL� N	ITM LP S N� �RN��N� HMTRULS[ �� UT� PV KNKJRTSN
� UM RTM LP S ��IS[ ���	� � �PR M�P O LUIMN �P UIM LP S� �N�TRTMNO J\ T �NK L�N RKNTJUN KNKJRTSN 
 M XN
�P� TY RP�� M XN KNKJRTSN L� �RP�PRM LP ST U MP MXN O RL� LS[ VPRYN ��
 � �� � 
 � XN RN �
 TSO ��
TRN 
 RN��NYM L�N U\
 M XN X\O RP�MTM LY T SO P�KPM LY �RN��IRN O L
N RNSYN� TY RP�� M XN KNKJRTSN � � SLKT U
YN UU KNKJRTSN� YTSSPM � LM X�MT SO T SP SN RP X\O RP�MTM LY �RN��IRN O L
 N RNSYN 
 �P �N �NM �
 � 
 �
W XN P�KPM LY �RN��IRN L� [ L�NS J\ � � �� � � XN RN � L� M XN MPMT U YP SYNSM RTM LP S PV �P UIMN �TRM LY UN�
LS M XN � ILO � 	PMN MXTM MXL� RN UTM LP S L� M XN �TKN T� M XN LONT U [T� UT� � W XN P�KPM LY �RN��IRN LS MXN
LSM RTYN UUI UTR ��TYN L� ON� SNO J\ MXN N� �RN�� LP S

� � � �� � ��� � �� 	 ��  �� 	 �� �� �� 	 � �
�� �

� XLUN M XN P�KPM LY �RN��IRN LS MXN N� M RTYN UUI UTR ��TYN L� [ L�N S J\
� � � �� � ��� � �� 	 ��  �� 	 �� �� �� 	 � �

�� �
aS N	ITM LP S ��� M XN � I� PV �TMN R TY RP�� M XN KNKJRTSN L� M XN P�KPM LY �RN��IRN O L
N RN SYN KIUM L� ULNO
J\ T �N RKNTJLULM\ YP N� Y LN SM � ��� �

W XN N	ITM LP S� VP R M XN N� M RTYN UUI UTR 	ITSM LM LN� TRN � LK LUTR MP MXP�N VPR M XN LSM RTYN UUI UTR YPK�

c




�TRMKNSM � � ��� �� � �� ��� � ���
� ��� � �� � �� � � 	  � 
 � � � �� 
 � � �� 
 	 ���� �� � ��  �� ��� � ���� ��� � �� � � � � � � 
 � � � �� � � �� 	 �	�� ��� �� �� �� ��� � � ����� ��� � �� 	 �� � �� � � ��� � � ��� 	 �%�

 � �� � �� 	 ��  �� � �� �� �� � ��� �

� � 	 �c
������ � � ��� � �� � � � � � � � �� �� � � ����  �cc�
W XN RN TRN P RO LSTR\ O L
N RNSM LT U N	ITM LP S� VP R M XN SIKJN R PV NTYX LP S LS MXN ��TYN ��� 	 � 	 � ��

N	ITM LP S� ��� � ���� 
 TS N	ITM LP S ��	� N� �RN�� LS[ N UNYM RP SNIM RT ULM\
 TSO TS N	ITM LP S ���� [P�N RSLS[
N� M RTYN UUI UTR �P UIKN � _	ITM LP S� ��� 
 ��� 
 ��� TSO ���� LSY UION N�TYM U\ M XN �TKN � I�N� T� M XP�N LS
MXN LSM RTYN UUI UTR N	ITM LP S� ��� 
 ��� 
 ��� TSO ��� 
 RN��NYM L�N U\ JIM � LM X P��P� LMN � L[ S� � �P�N�N R

� XLUN M XN YN UU P SU\ YPKKISLYTMN� � LM X MXN LSMN R�M LM LIK 
 M XN N� M RTYN UUI UTR ��TYN YPKKISLYTMN� � LM X
MXN YN UU
 M XN YT� LUUTR\ T SO MXN SNTRJ\ SPRKT U �XNT UM X\ � M L��IN � W XN RNVP RN 
 LM L� SNYN��TR\ MP XT�N
TOO LM LP ST U � I� MN RK� 
 � ��
 	 � �� 	 � ��� 	 � �� �� VP R � I�N� V RPK MXN N� M RTYN UUI UTR ��TYN MP MXN YT� LUUTR\
��T�Y IUTR ��TYN� 
 TSO � �� 
 	 � �� 	 � ��� 	 � ���� VP R � I�N� V RPK MXN N� M RTYN UUI UTR ��TYN MP MXN SNTRJ\
XNT UM X\ M L��IN �

W XN LSMN R�M LM LIK L� YPK �P�NO KT LSU\ PV YP UUT[N S � JN R JISO UN� TSO �RPMNP[ U\YTS � UTKNSM� �
W XN YP UUT[N S � JN R JISO UN� TRN �M RP S[ TSO �RP� LON � L[ SL�YTSM RN� L�MTSYN MP UTR[N Y XTS[N� LS M XN
LSMN R�M LM LT U �P UIKN ��I\MP S TSO �T UU ����� �  N LSYPR�PRTMN MXL� T��NYM PV LSMN R�M LM LT U KTM RL�
JNXT� LP R J\ LSY UIO LS[ T ULSNTR RN�MPRLS[ VPRYN � � � �� �� � �� � LS M XN N� �RN�� LP S JN UP� VP R M XN MN RK
� ���� � XLYX T��NTR� LS _	ITM LP S���� � �N RN � �� L� M XN SPRKT U �P UIKN PV MXN LSMN R�M LM LT U ��TYN �
� U�P 
 M XN MPMT U �P UIKN �YN UU� TSO LSMN R�M LM LIK � YTSSPM [ RP� � LM XP IM ULK LM JNYTI�N PV M XN �RN�NSYN
PV SN L[ XJPRLS[ YN UU� �  N KPON U M XL� J\ LSY UIO LS[ TSPMXN R N UT�M LY VPRYN �� � �� �� � �� � � � � LS � ����
LS N	ITM LP S ���� �

� ���� � � � �
�� �� � � ���� � �� � 	 �� � �� �� � �� � � � ��  �c��

� XN RN � �� L� M XN SPRKT U MPMT U �P UIKN PV MXN LSM RTYN UUI UTR T SO N� M RTYN UUI UTR ��TYN� � ZNYTI�N PV M XN
� ���� MN RK LS _	ITM LP S���� 
 M XN MPMT U �P UIKN �� 	 �� YTS YXTS[N J\ TS TKPISM O L
 N RN SM V RPK

cc



M XN M LKN� LSMN[ RT U PV M XN � I� � �� �� JNM�NN S MXN YT� LUUTR\ T SO LSMN R�M LM LIK 
 T UUP� LS[ VP R �P UIKN
N�YXTS[N � LM X MXN SNTRJ\ XNT UM X\ M L��IN � W XL� � ILO N�Y XTS[N L� ULK LMNO J\ MXN N UT�M LY VPRYN MN RK�
� I�M ON�Y RLJNO �

W XN LP SLY � I� JNM�NNS MXN N� M RTYN UUI UTR ��TYN LS MXN OTKT[NO M L��IN TSO MXN �IRRP ISO LS[
SPRKT U M L��IN L� KPON UNO J\

� �� � 
 � � �� � � ��� ��� � ��� �� ��� ��� �c � ��� ��� � � 	 �c�
� XN RN �� � �� ���� �� �
 � � � ��� � �� ��� � � ��

�
� W XL� � I� VP RKIUT TYYP ISM� VP R YP S�NYM L�N LP SLY

M RTS��PRM LS TOO LM LP S MP M RT S��PRM O IN MP N UNYM RP Y XNK LYT U �PMN SM LT U O L
 N RNSYN� � �N RN 
 �� ONSPMN�
M XN YP SYNSM RTM LP S PV P SN PV MXN LP S� �� � 	 �  	 � �� � TSO �� L� M XN YP RRN��P SO LS[ LP SLY �T UNSYN �
W XN 	ITSM LM\ ��

�
ONSPMN� M XN �P UMT[N O L
N RNSYN JNM�NNS MXN OTKT[NO TSO XNT UM X\ M L��IN � W XN

�TRTKNMN R 
 � L� �RP�PRM LP ST U MP MXN LP S O L
 I� LP S YP N� Y LN SM TSO MXN �IRVTYN TRNT VPR N�YXTS[N
JNM�NNS MXN M�P RN[ LP S� � W XN ONMT LUNO ON RL�TM LP S PV MXL� � I� VP RK IUT L� [ L�N S LS � ��NSO L� � �

� LST UU\
 �N YP S� LON R M XN YT� LUUTR\ YPK �TRMKNSM � XLYX �N T��IKN L� LS bPSSTS N	ILULJRLIK � LM X
MXN N� M RTYN UUI UTR YPK �TRMKNSM � � � L� M XN �P� RTMN PV M XN TRMN RLT U J UPPO TSO �

�
L� M XN �P� RTMN PV

M XN YT� LUUTR\� W XN N� M RTYN UUI UTR �P UMT[N �� L� M XN �P UMT[N � LM X MXN RNVN RN SYN �P UMT[N JN LS[ MXTM LS
MXN YT� LUUTR\ YPK �TRMKNSM � W XN bPSSTS N	ILULJRLIK TRL�N� � XNS M�P ��TYN� YPSMT LSLS[ N UNYM RP U\MN
TRN LS N	ILULJRLIK 
 TSO PSN PR JPMX PV MXN ��TYN� YP SMT LS YXTR[NO ��NY LN� M XTM YTSSPM N�YXTS[N
JNM�NNS MXN ��TYN� � aS P IR YT�N 
 JPMX MXN N� M RTYN UUI UTR T SO YT� LUUTR\ YPK�TRMKNSM� YP SMT LS
Y XTR[NO �RPMN LS T� �N UU T� �N RKNTJUN �P UIMN� �� � 	 �  	 � �� � � aM L� RNT�P STJUN MP T��IKN MXTM
MXN�N YPK�TRMKNSM� TRN LS N	ILULJRLIK JNYTI�N PV M XN XL[ X �N RKNTJLULM\ PV M XN YT� LUUTR\ �T UU MP
�TMN R T SO �KT UU LP S� ��I\MPS TSO �T UU ����� � bPSSTS N	ILULJRLIK L� SPM N�MT JUL�XNO JNM�NNS MXN
LSM RTYN UUI UTR T SO N� M RTYN UUI UTR ��TYN� JNYTI�N PV M XN TYM LP S PV MXN NSN R[\�YP S�IK LS[ 	T�
��W �T�N
�IK� LS M XN YN UU KNKJRTSN � XLY X KT LSMT LS� YN UU XPKNP�MT� L� � W XN N	ITM LP S� VP R M XN YT� LUUTR\

c�



YPK �TRMKNSM TRN �

 � �� � � ��� � 	 �c� �

 � �� � � �� 	 �c��

 � �� 	 � ��� � 	 �c��

 � �� � �� 	 ��  �

�
� �� �� �

�
� �� �
 � �

�
	 �c��


 � �� � � �
�
� �c	�

�
�
��� �

�
� � � ��� �� 	 � �� 
 	 �c%�

�
�
�� �

�
� � � �� �� 	 � �� 	 ��
�

�
�
���� �

�
� � � ���� �� 	 � ��� 	 ��c�

�
�
�
 � �

�
� � � �
 � �� 	 ����

�
�

� � � 	 � ����  ���

aS MXN TJP�N 
 � ��� � ��� �� ��� � �� ����
�
� ���� � L� M XN 	N RS�M �PMN SM LT U [N SN RTMNO J\ O L
 N RN SYN� LS

M XN YPSYNSM RTM LP S PV LP S � TY RP�� M XN YT� LUUTR\ �T UU� aS _	ITM LP S���� 
 �
�

L� M XN P�KPM LY �RN��IRN
LS MXN YT� LUUTR\ ��TYN �

�
�

� ��� � �� 	 ��  �
�

	 �� �� �
�

	 �
 � �
� � 

� LST UU\
 MP �RN�N R�N MXN P�N RT UU N UNYM RLYT U SNIM RT ULM\ PV P IR �\�MNK 
 �N RN	ILRN MXTM

 � � �� 
 	 � �� � � ���  ��� �

aS _	ITM LP S� ���] ��� 
 ��
 	 �� TSO ��� ONSPMN KNKJRTSN YP SO IYMTSYN� � W XN �PO LIK TSO �PMT��
� LIK YP SO IYMTSYN� LSY UION MXN YP SM RLJIM LP S� V RPK YXTSSN U� RN[ IUTMNO J\ �P UMT[N�ON�N SONSM [TMN� �
WP ON�Y RLJN MXN�N �N I�N MXN �P UMT[N�ON�NSONSM �MNTO\��MTMN [TM LS[ �TRLT JUN� �

�
�� � 	 �� �� � 
 TSO

�� �� � V RPK MXN �PO[ � LS��I� UN\ KPON U ��PO[ � LS TSO �I� UN\ ����� �  N I�N �MNTO\ �MTMN [TM LS[
�TRLTJUN� LS�MNTO PV M LKN�ON�N SONSM [TM LS[ �TRLT JUN� JNYTI�N �N TRN UP P� LS[ TM MXN �XNSPKNST
P S T M LKN �YT UN �KLSIMN�� M XTM L� � UP� YPK �TRNO MP TYM LP S �PMN SM LT U� �

c



W XN UNT� Y IRRNSM PV M XN P RL[ LST U �PO[ � LS��I� UN\ KPON U L� T YPKJLSTM LP S PV T �PO LIK JTY��
[ RP ISO YIRRN SM 
 T �PMT�� LIK JTY�[ RP ISO YIRRNSM TSO T YXUPRLON Y IRRN SM XT� LS[ YP S�MTSM YP SO IY�
MTSYN� � W XN RNVPRN 
 LS N	ITM LP S� ��� 
 ��� 
 ��� 
 TSO ��� PV P IR VI UU KPON U
 M XN �PO LIK TSO �PMT�� LIK
YPSO IYMTSYN� �� 
 TSO �� TRN ON� SNO J\ �

�� 
 � � �� 
 	 �� 
 � �
�

�� �� � �
�

�� � 	 ����

TSO
�� � � �� 	 �� � �� �� ��  ����

�N RN
�

� � #"#" 	 �" 	 �
� � #

�#
�
	 �

�

��� �� � # �# � 	 �� �

#" � 
 c ��� � � 	 ��� �
��� �
 c ��� � � 	 ��� �� � c 
 	

�" � � 
 ��� ��� 	 ���
c	 
 � 	#

�
� 
 
� ��� �
 
� ��� 	 ��� �� 	

�
�

� c 

��� �
 c �
 � � 	 ��� �� 	 c 
 	# � � 
 
 c �c
 � � 	 ��� �
��� �
 c �c
 � � 	 ��� �� � c 
 	

�� � 
 c�� ��� ��� 	 ���
	
 � 	

� � �� � �� 
 TSO ��� � ��
 K` L� M XN RN�M LS[ �PMN SM LT U LS MXN �PO[� LS��I� UN\ N	ITM LP S� � ��� L�
YPS�MTSM T� TRN MXN JTY�[ RP ISO YP SO IYMTSYN� � �� 
 TSO � �� �

�� LS[ ULMN RTMIRN �T UIN� ��NN � ��N SO L� Z� VP R M XN SPRKT U �IK � RTMN 
 RN�M LS[ �P UMT[N 
 �P UIKN� 

TSO LP SLY YP SYNSM RTM LP S� 
 �N �P U�N N	ITM LP S� ��� TSO ��� MP ONMN RK LSN MXN MPMT U RN�M LS[ YP SO IY�
MTSYN� �� 
 TSO �� 
 RN��NYM L�N U\� 	N� M �N SNNO MP � SO RNT�P STJUN �T UIN� VP R M XN YP N� Y LN SM� PV
MXN �P UMT[N�ON�N SONSM YPSO IYMTSYN� �� 
 TSO �� �  N YXPP�N MXNK MP [ L�N TS TYM LP S �PMNSM LT U
� LM X T �XT�N TSO �NT� � LK LUTR MP MXTM PV M XN �PO[ � LS��I�N U\ KPON U � XNS �N T UUP� M XN [TM LS[
�TRLTJUN� MP JN M LKN�ON�NSONSM � � LST UU\
 �N �NM � MP LM� RN�M LS[ �T UIN LS N	ITM LP S� ���� TSO ����
MP ONMN RK LSN �T UIN� PV � ��
 TSO � �� 
 RN��NYM L�N U\� �TMN R �N �XP� RN�IUM� VP R O L
N RNSM �T UIN� PV ��� �

� IR KPON U YP S� L�M� PV �� N	ITM LP S� TSO �	 IS�SP� S� �
c�



�� � �� 	 ��  �� 	 �� �� �� 	 �� 	 �� �LS M XN LSM RTYN UUI UTR YPK �TRMKNSM�
�� � �� 	 ��  �� 	 �� �� �� 	 �� 	 �� �LS M XN N� M RTYN UUI UTR YPK �TRMKNSM�

�� � �� 	 ��  �
�
	 �� �� �

�
	 �
 � �

�
	 �

�
�LS YT� LUUTR\ �

� ��
 	 � �� 	 � ��� 	 � �� �� �� I� V RPK N� M RTYN UUI UTR MP YT� LUUTR\ �
��
�
��P UMT[N O L
 N RNSYN JNM�NN S OTKT[NO TSO SPRKT U N� M RTYN UUI UTR ��TYN��

�P�N�N R
 M XL� �\�MNK PV N	ITM LP S� L� SPM P�N RONMN RK LSNO 
 � LSYN P SN PV N	ITM LP S ��� PR N	ITM LP S
��	� L� T YP S�N	INSYN PV M XN PMXN R N	ITM LP S� � W XL� YTS JN ONKPS�M RTMNO T U[N JRT LYT UU\ TSO L�
T O LRNYM YP S�N	INSYN PV P IR NSVP RY LS[ P�N RT UU N UNYM RP SNIM RT ULM\ T SO P IR M RTY� LS[ LP S KP�NKNSM�
JNM�NNS YPK�TRMKNSM� �

�PR KPON ULS[ L�Y XNK LT TSO X\�P� LT �N T��IKN MXTM MXN 	T�
��W �T�N RTMN ONY RNT�N� � LM X
M LKN LS T �RN�Y RLJNO �T\�  N I�N MXN ONYT\ VISYM LP S � ��� � �
 �� ������ �M MP QNSSLS[� TSO
^N LKN R ���� �� �� �W � OTMT ��NN � L[ IRN �� T� T �IRRP[TMN VPR M XN ONYT\ LS MXN �IK� RTMN � W XN
�IK� RTMN �� ONYT\ TYMIT UU\ ON�NSO� P S MXN ONY RNT�N LS �W � � I�M JN UP� M XN YN UU KNKJRTSN 
 TSO
PMXN R VTYMP R� LSY UIO LS[ MXN ONY RNT�N LS LSM RTYN UUI UTR �� OIRLS[ L�Y XNK LT � W XN M LKNYP IR�N PV M XN�N
VTYMPR� L� SPM �SP� S TSO �N I�N � ��� T� T Y RION �IJ�M LM IMN �  N I�N T� �IK� RTMN MXN VPRKIUT
I�NO LS �IP TSO ^IO\ ������ KIUM L� ULNO J\ P IR ONYT\ VISYM LP S � ��� �


 � � ��� � 
	
� � ��
� �
�
�� c

c 	 �� ���	
�
� �	  � ��
�
�� � � �� ��

��" �� � 	 �� �� �� 	

� XN RN
�� 
� � c

c 	 
 c��� ��� ��� ��� ���� � 	 
 
�� � � � ��� ��� ���� � ���� � 
� 
� ���� �� � � c� 

�PR L�YXNK LT 
 �N KT�N MXN TOO LM LP ST U T��IK�M LP S MXTM � � � 
 MP RN�NYM YN��TM LP S PV �P� LSMP
MXN TRMN RLT U � LON PV M XN M L��IN �� YT� LUUTR\ JNO �
� ��� ���� �� ��� ��  �! ��"� � �#��� ��  �

W XN KPON U N	ITM LP S� TRN T K L� PV PRO LSTR\ O L
 N RN SM LT U N	ITM LP S� TSO T U[N JRT LY N	ITM LP S� � WP
�P U�N MXNK 
 M LKN L� JRP �NS LSMP O L�Y RNMN M LKN�MN�� PV UNS[MX � � 
 TSO T��RP� LKTMN �P UIM LP S� MP

c�



M XN N	ITM LP S� TRN ONMN RK LSNO TM M LKN� �� � �� � VP R � � c 	 � 	 � �PR TS\ �TRLT JUN 
 LM� �T UIN
TM M LKN �� L� LSO LYTMNO J\ T �I�N R�Y RL�M � �  N XT�N VP ISO MXTM YPK�IMTM LP ST U RN�IUM� TRN �N R\
�N S� LM L�N MP NSVP RY LS[ N UNYM RP SNIM RT ULM\ N�TYM U\ LS NTYX YPK�TRMKNSM TSO �P �N MT�N ��NY LT U YTRN
LS ONMN RK LSLS[ MXN �P UMT[N� �P MXTM MXN�N YP S�M RT LSM� XP UO � WP ONMN RK LSN �T UIN� PV MXN �TRLTJUN�
TM M LKN ��

 � V RPK MXN �SP� S �T UIN� TM M LKN �� �N �RP YNNO T� VP UUP� � �
WP NSVP RYN MXN bPSSTS N	ILULJRLIK TY RP�� M XN YT� LUUTR\ �T UU
 �N I�N _	� ���� ��� MP N� �RN��

M XN IS�SP� S� �� � �� �
�


 ��  �� �
�


 TSO �� �� �� �
�


 LS MN RK� PV MXN �SP� S �T UIN� �� � ��� 
 ��  ��� 

TSO �� �� ��� 
 TSO MXN IS�SP� S M RTS�YT� LUUTR\ �P UMT[N �� �� � W XN�N N� �RN�� LP S� TRN �IJ�M LM IMNO
LSMP ���� MP N� �RN�� �
 � �

�
LS MN RK� PV �SP� S �T UIN� TSO MXN IS�SP� S �� �� � � LST UU\ T UU PV

M XN�N N� �RN�� LP S� TRN �IJ�M LM IMNO LSMP ���� MP \ LN UO T 	ITO RTM LY N	ITM LP S VPR ��� ��� �� � ��� � � aS
�RTYM LYN MXL� 	ITO RTM LY N	ITM LP S XT� T U�T\� XTO P SN �P� LM L�N �P UIM LP S 
 V RPK � XLY X �N ONMN RK LSN
�� �� � W XNS �� � �� �

�

 ��  �� �

�

 �� �� �� �

�

 TSO �
 � �

�
TRN YT UYIUTMNO V RPK _	� ����� ���� � � �

 �
�L� M XN S ONMN RK LSNO V RPK _	 ���� 
 TSO � �

��
 �� � 
 � �

��
 � 
 � �

��
 �� � 
 TSO � �

��
 �

� ��
TRN ONMN RK LSNO V RPK

_	� ����� �
��� RN��NYM L�N U\� W XN SN� �T UIN� � �
��
 �

� ��

 � � �� �� � 
 TSO � �

��
 � TRN MXNS YT UY IUTMNO V RPK

_	� ���� ��� I� LS[ �T UIN� PV MXN N� M RTYN UUI UTR YP SYNSM RTM LP S� 
 N� M RTYN UUI UTR �P UIKN 
 TSO LSM RTYN UUI UTR
�P UIKN V RPK M LKN �� TSO MXN SN� U\ YT UYIUTMNO N� M RTYN UUI UTR �P UMT[N �� �� �  N �NM � �

��
 �� � ��� �

��
 �� � � � �

��
 � MP �TM L�V\ _	 ���� �

aM RNKT LS� MP ONMN RK LSN SN� �T UIN� PV MXN LSM RT� TSO N� M RTYN UUI UTR �TRLT JUN� � W XN SN� M RTS��
KNKJRTSN �P UMT[N �� � � �� �� � �� �� L� ONMN RK LSNO V RPK MXN N	ITM LP S � XLYX RN�IUM� I�P S
O L
N RN SM LTM LS[ MXN LSM RTYN UUI UTR N UNYM RP SNIM RT ULM\ N	ITM LP S ��� TSO �IJ�M LM IM LS[ LSMP LM M XN � I� N��
�RN�� LP S� V RPK _	� ����� � aS N�T UITM LS[ MXN YPSO IYMTSYN� TSO MXN N	ILULJRLIK �PMN SM LT U� LS M XL�
N� �RN�� LP S 
 M XN �P UMT[N TSO YP SYNSM RTM LP S� V RPK M LKN �� TRN I�NO � � SYN 
 �� � XT� JNNS YT UYI�
UTMNO 
 SN� �T UIN� PV MXN LSM RT� TSO N� M RTYN UUI UTR LP S YPSYNSM RTM LP S� TSO �P UIKN� TRN ONMN RK LSNO
I� LS[ T � LK � UN N� � ULY LM M LKN��MN�� LS[ T��RP� LKTM LP S MP MXN O L
 N RN SM LT U N	ITM LP S� ���� 
��� 
��� �

�� � �� �� ���� ����� �! ��"� �
� �IR�RL� LS[ P J�MTY UN MP �M IO\ LS[ KPON U� PV MXN M\�N �N �RP�P�N XN RN �T� M XN O L� Y IUM\

�N NSYP ISMN RNO LS VPRKIUTM LS[ KPON U� M XTM O L�� UT\ UP S[�MN RK �MT JLULM\ N�N S ISON R YPSO LM LP S�
YPRRN��PSO LS[ MP SPRKT U XNT UM X\ M L��IN � Z\ UP S[�MN RK �MTJLULM\ �N KNTS MXN VP UUP� LS[ � HI��P�N

c�



�N YT UY IUTMN T �MNTO\ �MTMN �P UIM LP S MP MXN KPON U�� N	ITM LP S� ISON R XNT UM X\ YP SO LM LP S� 
 TSO
MXNS �N �N RM IRJ MXN �TRLTJUN� T �KT UU TKPISM V RPK MXL� �P UIM LP S 
 TSO �P U�N MXN M LKN�ON�NSONSM
N	ITM LP S� � aV M XN �P UIM LP S RNMIRS� MP MXN �MNTO\ �MTMN �P UIM LP S PR RNKT LS� Y UP�N MP LM 
 �N YT UU M XN
�MNTO\ �MTMN UP S[�MN RK �MT JUN � aV P SN PR KPRN PV M XN KPON U �TRLT JUN� KP�N VTR T�T\ V RPK MXN LR
�MNTO\ �MTMN �T UIN� TSO RNKT LS VTR T�T\
 �N YT UU M XN �MNTO\ �MTMN UP S[�MN RK IS�MT JUN � � UNTRU\
UP S[�MN RK �MT JLULM\ ISON R XNT UM X\ YPSO LM LP S� L� T SNYN��TR\ VNTMIRN PV T KPON U LV �N �RP�P�N MP
I�N LM MP �M IO\ XP� ISXNT UM X\ YP SO LM LP S� T
NYM MXN �TRLTJUN� � _TRU\ �N R� LP S� PV P IR KPON U� �N RN
UP S[�MN RK IS�MTJUN 
 TSO �N M RTYNO MXN �RP JUNK MP MXN TJ�NSYN PV T �PO LIK JTY�[ RP ISO �UNT��
YPSO IYMTSYN � aS � L[ IRN ��� 
 �N LUUI�M RTMN MXN �RP JUNK � LM X T YT UYIUTM LP S I� LS[ MXN KPON U �RN�N SMNO
LS MXL� �T�N R�  LM X � �� 
 �NM MP MXN �T UIN [ L�NS LS � ��NSO L� Z 
 T UU �TRLTJUN� RNKT LSNO �N R\ Y UP�N
MP MXN LR �MNTO\ �MTMN �T UIN� N�NS VP R � LK IUTM LP S� PV P�N R �			 KLSIMN� �  LM X � �� 
 � 
 
 T �M RP S[
LS�MTJLULM\ P YYIRRNO � � SN KTSLVN�MTM LP S PV MXL� L� M XTM MXN LSM RTYN UUI UTR �PO LIK YPSYNSM RTM LP S
�� � �� O RP��NO �XTR� U\ V RPK LM� �MNTO\ �MTMN �T UIN P�N R T �	 KLSIMN � LKIUTM LP S � ��N R M XN �TKN
M LKN �N RLP O 
 ��  �� LSY RNT�NO V RPK ��	 K� MP TJP IM �� � K�
 �� �� �� ONY RNT�NO V RPK LM� RN�M
�T UIN PV � I�M ISON R � K� MP T ULMM UN ISON R � K� � XLUN LSM RT� TSO N� M RTYN UUI UTR �P UIKN� YXTS[NO
�N R\ ULMM UN �

W XN KPON U �N XT�N ON�N UP�NO LS MXL� �T�N R L� T KPO L�YTM LP S PV T �PO[� LS��I� UN\ KPON U MP
LSY UION LP S �IK �� TSO �P UIKN RN[ IUTM LP S � W XN�N KPO L�YTM LP S� �N RN KTON LS �IYX T �T\ MXTM MXN
�MNTO\ �MTMN PV M XN �\�MNK �T� SPM Y XTS[NO � �P�N�N R
 T� � I�M �NN S 
 M XN �MT JLULM\ PV M XN �MNTO\
�MTMN YTS JN �M RP S[ U\ T
NYMNO J\ MXN�N KPO L�YTM LP S� � aS T UU M XN �M IO LN� RN�PRMNO LS MXL� �T�N R

�N KTON YN RMT LS MXTM MXN KPON U �XP�NO UP S[�MN RK �MT JLULM\ ISON R XNT UM X\ M L��IN YP SO LM LP S� �
 N N SYP ISMN RNO � LK LUTR �MT JLULM\ �RP JUNK� LS M XN TJ�N SYN PV T �PO LIK UNT� YP SO IYMTSYN � LM X
KPO L�YTM LP S� PV PMXN R LP SLY KPON U� LSY UIO LS[ ZNN UN R�^NIMN R �ZNN UN R T SO ^NIMN R ����� 
 �IP�^IO\
a ��IP TSO ^IO\ ��� �� 
 TSO bL�RTSYN�YP�	PJUN �bL�RTSYN�YP TSO 	P JUN ����� �  N SPMN MXTM
� LK LUTR �MTJLULM\ �RP JUNK� XT�N JNNS T UUIONO MP J\ �P IRMNKTSYXN NM T U� ������ TSO  LUON R� NM T U�
���� �� �

���� �� � �� ��� ���� � �����
� SP�N U VNTMIRN PV P IR KPON U L� M XN �RP� L� LP S VPR N UT�M LY RN� L�MT SYN MP YXTS[N� LS M XN �P UIKN PV

c�



M XN N� M RTYN UUI UTR TSO MPMT U �P UIKN� PV MXN OTKT[NO M L��IN � W XN RN� L�MTSYN MP YPK �RN�� LP S PV M XN
N� M RTYN UUI UTR ��TYN MT�N� M XN VPRK PV T ��N UULS[ �RN��IRN MXTM O RT� � � ILO LSMP MXL� M L��IN V RPK MXN
�IRRP ISO LS[ M L��IN 
 TSO L� LSMNSONO MP RN�NYM MXN [N U Y XTRTYMN R PV M XN LSMN R�M LM LT U KTMN RLT U� W XN SNNO
VPR YP I� ULS[ PV �TMN R TSO �P UIMN JNM�NN S MXN OTKT[NO TSO SPRKT U M L��IN� L� LUUI�M RTMNO LS � L[ IRN ���
� XLYX �XP� � ��  �� TSO � � VP R M XN YT�N PV SP YPI� ULS[ �TYXLN�NO J\ �NMM LS[ � � � �� � 
 � � 
� �
 N �NN MXTM MXN N� M RTYN UUI UTR ��TYN �XRLS�� J\ T UKP�M �	� TSO MXTM MXN N� M RTYN UUI UTR �PMT�� LIK
YPSYNSM RTM LP S RNTYXN� UN�N U� VTR JN\PSO TS\ RN�PRMNO N� �N RLKNSMT UU\� �PK�TRLS[ MXN�N RN�IUM�
� LM X MXP�N MXTM T UUP� YPI� ULS[ ��NN � L[ IRN � VP R ��  �� TSO � L[ IRN �� VP R �� � �XP� � M XTM MXN
M LKNYP IR�N PV ��  �� TSO �� L� �N R\ � LK LUTR VPR M XN � R�M �� KLSIMN� PV MXN � LK IUTM LP S JIM MXNS
O L�N R[N �XTR� U\ T� �� YP SM LSIN� MP ONY ULSN �XTR� U\ LS MXN TJ�N SYN PV YP I� ULS[ 
 TSO YP S�N	INSM U\
 M XN
N� M RTYN UUI UTR �PMT�� LIK YP SYNSM RTM LP S �XP� � TSPMXN R O RTKTM LY RL�N � ZPMX MXN � LN PV M XN ONY RNT�N
LS N� M RTYN UUI UTR �P UIKN TSO MXN N� MN SM PV LSY RNT�N LS N� M RTYN UUI UTR �PMT�� LIK TRN VTR [ RNTMN R M XTS
TS\ RN�PRMNO N� �N RLKNSMT UU\� aS YP SM RT�M 
 � LM X YP I� ULS[ PV M XN L�YXNK LY TSO SPRKT U M L��IN� 
 M XN
N� M RTYN UUI UTR �P UIKN TSO N� M RTYN UUI UTR �PMT�� LIK YP SYNSM RTM LP S� UN�N U P
 
 T� M XN � I�N� PV �TMN R
TSO �PMT�� LIK TY RP�� M XN YN UU KNKJRTSN TRN KTMYXNO J\ MXN LR � I� JNM�NN S MXN SPRKT U TSO
L�Y XNK LY RN[ LP S� � �PR MXN RNKT LSON R PV M XL� �T�N R
 T UU � LK IUTM LP S� �N RN �N RVPRKNO � LM X YP I� ULS[
MP XNT UM X\ M L��IN �
�������� � �� ����

� IR KPON U ON�Y RLJN� M XN JNXT� LP R PV T YP UUNYM LP S PV YN UU� TSO MXN LR LSMN RTYM LP S� � LM X MXN LR �IR�
RP ISO LS[� OIRLS[ L�YXNK LT TSO X\�P� LT � W XN SIKJN R PV YN UU� YP S� LON RNO OP N� SPM N SMN R N� � ULY LM U\
LSMP PIR KPON ULS[ TSO YT UYIUTM LP S� � LSYN KP�M 	ITSM LM LN� � LK� U\ �YT UN � LM X MXN SIKJN R PV YN UU� �
�PR N�TK � UN 
 M XN MPMT U LSM RTYN UUI UTR �P UIKN VP R � LON SM LYT U YN UU� L� � LK � U\ � � �� � XN RN �� L� M XN
LSM RTYN UUI UTR �P UIKN PV T � LS[ UN YN UU� aS P IR RN�PRM PV �TRTKNMN R �T UIN� VP R �P UIKN 
 MPMT U SIKJN R
PV LP S� PR �RPMN LS� 
 �P UIKN � I� PV �TMN R
 TSO SIKJN R � I� PV LP S� 
 �N N� �RN�� 	ITSM LM LN� LS M XN
T��RP�RLTMN ISLM� � �� ����� HN�N RT U PV M XN KPON U�� �TRTKNMN R� KT\ �YT UN LS T SP S�M RL� LT U �T\ � LM X
MXN SIKJN R PV YN UU� YP S� LON RNO PR MXN � LN PV M XN RN[ LP S MXN\ PYYI�\� W XL� L� M RIN LS �TRM LY I UTR PV
M XN �TRTKNMN R� 
 � �

�� 
 
 � 
 � � 
 TSO �� 
 M XTM Y XTRTYMN RLN MXN YP I� ULS[ JNM�NNS MXN OTKT[NO M L��IN
TSO MXN �IRRP ISO LS[ XNT UM X\ M L��IN � � IR KPON ULS[ PV M XL� YP I� ULS[ L� �N R\ � LK� UL�M LY T SO OPN� SPM

c	



�N RK LM T Y UNTR ONMN RK LSTM LP S PV XP� M XN�N �TRTKNMN R� �XP IUO �YT UN � aS�MNTO �N YP S� LON R JN UP�
XP� �TRLTM LP S� LS M XN�N �TRTKNMN R� � �T UIN� T
NYM MXN KPON U�� JNXT� LP R�  N SPMN MXTM � �

�� 
 � � 
 TSO
�� 
 TRN SPM LSON�N SONSM �TRTKNMN R� LS M XN KPON U T� P SU\ MXN �RPO IYM� � �

�� � � � TSO � �
�� � �� T��NTR

LS _	ITM LP S���� � W XN�N �RPO IYM� XT�N O LKNS� LP S� PV LS�N R�N M LKN 
 �P �N ON� SN M LKN YP S�MTSM�
� � � c� �� �

�� � � � � TSO
�� � c� �� �

�� � �� � �P MXTM _	ITM LP S ���� YTS JN � RLMMNS LS MXN T UMN RSTM L�N
VPRK �

� ���� � � � c
� �

� ���� � �� � 	 c
��

� �� �� � �� � � � �� 

ZN UP� �N RN�PRM M XN KPON U�� JNXT� LP R LS MN RK� PV MXN�N M LKN YPS�MTSM� �

c%



�������
 N JN[ LS J\ N� � UP RLS[ MXN O L
N RN SYN� LS JNXT� LP R PV P IR KPON U ISON R L�Y XNK LY TSO X\�P� LY

YPSO LM LP S� � � YPK �TRL�P S PV MXN KPON U�� �RNO LYMNO YXTS[N� LS ��  �� OIRLS[ L�Y XNK LT TSO X\�P� LT
TRN [ L�N S LS MXN UNVM �TSN U PV � L[ IRN � � W XN RL[ XM �TSN U �XP� � M XN N� �N RLKNSMT U OTMT VPR X\�P� LT
V RPK �TS NM T U� ������ TSO VPR L�YXNK LT V RPK �TS�N S ������ � W XN L�Y XNK LT OTMT L� VP R JRT LS
M L��IN TSO �N �NN MXTM P IR YPK �IMTM LP ST U RN�IUM� YT�M IRN MXN KT LS VNTMIRN� P J�N R�NO J\ �TS�N S
] T ON UT\ O IRLS[ � XLYX ��  �� RL�N� � UP� U\
 VP UUP�NO J\ T �N R\ RT� LO LSY RNT�N LS ��  �� JN[ LSSLS[
� XNS ��  �� RNTY XN� TJP IM �	 K� � ZN UP� �N N� � UT LS � XTM �N JN ULN�N L� M XN P RL[ LS PV M XL� JL�XT� LY
JNXT� LP R � � IR RN�IUM� VP R X\�P� LT TRN 	ILMN � LK LUTR MP MXP�N PV �TS TSO YP�PR�N R� 
 STKN U\
 M XTM
MXN RN L� �N R\ ULMM UN YXTS[N LS ��  �� �

W XN KT LS RNT�P S VPR MXL� PJ�N R�NO O L
N RN SYN JNM�NN S X\�P� LT T SO L�Y XNK LT L� M XTM O IRLS[
X\�P� LT M XN RN L� T �T�XP IM PV �PMT�� LIK V RPK MXN N� M RTYN UUI UTR ��TYN � W XN RNVP RN 
 TYYIKIUTM LP S PV
��  �� L� SN[ UL[ LJ UN LS X\�P� LT 
 � XLUN LM L� �N R\ SPM LYNTJUN LS L�Y XNK LT � aS JPMX � LM ITM LP S� 
 M XN UTY�
PV P�\[NS LS MXN YN UU UNTO� MP T ONY RNT�N LS TYM L� LM\ PV M XN 	T�
��W �T�N �IK� � aS SPRKT U M L��IN 

��  �� � c�
 K� L� KIYX JL[[N R MXTS ��  �� � � � K� �  LM XPIM TS TYM L�N 	T�
��W �T�N �IK �

��  �� LSY RNT�N� � LSYN MXN UP�� PV �PMT�� LIK V RPK MXN YN UU O IN MP MXL� YP SYNSM RTM LP S O L
 N RNSYN
L� SPM JT UTSYNO J\ RN�MPRTM LP S PV LSM RTYN UUI UTR �PMT�� LIK J\ MXN �IK � � W XL� XT��N S� LS JPMX
L�Y XNK LT TSO X\�P� LT � aS X\�P� LT 
 XP�N�N R
 M XN �  UP�M V RPK MXN YN UU MP MXN N� M RTYN UUI UTR ��TYN
OPN� SPM TYYIKIUTMN JNYTI�N LM L� YP SM LSIP I� U\ �T�XNO T�T\� W XL� YTS JN �NN S LS � L[ IRN � � XLY X
�XP� � �TMN R � I� �� �� �� � TSO LP SLY � I�N� �� ��
 	 � �� 	 � ���� � LM X RN��NYM MP M LKN �
��� �" ���� � ��  �� � " ���  � �� ������ �! ��


aS P IR YT UY IUTM LP S� 
 M XN SP SULSNTRLM\ PV M XN �PO LIK YPSOIYMTSYN � UT\� T KT� PR RP UN LS N� M RTYN U�
UI UTR �PMT�� LIK TYYIKIUTM LP S O IRLS[ L�Y XNK LT � ^NYT UU M XTM �N T��IKN MXTM �� 
 � � �� 
 	 �� 
 �
�

�
�� �� ��

�
�� � � XN RN � ��
 TSO �� 
 TRN YP S�MT SM� TSO �

�
�� � TSO �

�
�� � TRN �PO[ � LS��I� UN\ M\ �N

[TM LS[ �TRLT JUN� VP R �PO LIK YXTSSN U P�N SLS[ TSO Y UP� LS[ RN��NYM L�N U\� � L[ IRN � �XP� � M�P YT UYIUT�
M LP S� 
 LS P SN PV � XLYX � �� 
 �   c� � c
�� 	 ��� ��� �� �	 �� TSO ��
 �  �	% � c
�� 	 ��� ��� �� �	 �� �P MXTM JNVP RN MXN
P S�NM PV L�Y XNK LT �� 
 �  �� � c
�� 	 ��� ��� �� �	 �� � TSO LS MXN PMXN R PV � XLY X � ��
 �  �� � c
�� 	 ��� ��� �� �	 ��

TSO �� 
 � 
 
 	 ��� ��� �� �	 �� ��P MXTM �PO LIK YPSOIYMTSYN L� YPS�MTSM 
 LSON�N SONSM PV �P UMT[N� � � SU\

�




M XN YT UY IUTM LP S � LM X MXN SP SULSNTR �PO LIK [TM LS[ �XP� � T RT� LO RL�N LS �� �� VP UUP� LS[ MXN P S�NM
PV L�Y XNK LT ��NN � L[ IRN � 
 JPMMPK �TSN U� �

WP ISON R�MTSO MXL� 
 YPS� LON R M XN O L
 N RNSM LT U N	ITM LP S ��� VP R MPMT U N� M RTYN UUI UTR �PMT�� LIK� ��� ��  �� ��� � ��� ��� � �� � � � � �
 � � �� � � �� 

H LSYN MXN TRMN RLT U �P� � � LSMP MXN YT� LUUTR\ L� N RP O IRLS[ L�Y XNK LT 
 M XN M RTS�YT� LUUTR\ � I� PV
�PMT�� LIK � �� � 
 � � RT� LO N� I� PV �PMT�� LIK YTS P SU\ JN O IN MP M RTS�KNKJRTSN � I� � TSO MXN
O RL� LS[ VPRYN VPR M XL� N� I� L� � � � � XN RN � � �� � �� � aM VP UUP� � V RPK PIR N UNYM RP SNIM RT ULM\
T��IK �M LP S �N	ITM LP S ���� TSO MXN � I� N	ITM LP S� ���] ��� M XTM

� � � � �� 
� ���
��� � � � � 	 ���� ���

��� � � � � � 
 � �����
	 ����

� XN RN ����
� ��
 	 �� 	 ��� � � � M XN �IK � RTMN ONY RNT�N� OIRLS[ L�YXNK LT 
 M XN SP� UP S[N R VI UU\

JT UTSYNO N UNYM RP�YXNK LYT U �PMN SM LT U [ RTO LN SM� PV �� TSO � UNTO MP KNKJRTSN ON�P UTRLTM LP S �
ZNYTI�N PV M XN JNXT� LP R PV M XN [TM LS[ �TRLT JUN� �

�
�� � TSO �

�
�� � 
 M XN Y IR�N ��
�����

L� JN UU�
�XT�NO ��NN � L[ IRN � 
 MP� UNVM �TSN U� � XLYX [ L�N� T � LK LUTR XIK� MP MXN MN RK ��� 
�� ���

� ��� � � � �
TSO LS VTYM MP MXN NSM LRN O RL� LS[ VPRYN ��NN � L[ IRN � 
 MP � RL[ XM �TSN U� VP R T UU �T UIN� PV ��� M XTM
�N YP S� LON RNO � W XN ONY RNT�N PV �IK� RTMN 
 � LM X M LKN KNTS� M XTM MXN MXLRO MN RK LS N	ITM LP S
���� JNYPKN� UN�� SN[TM L�N � XLY X T U�P LSY RNT�N� M XN O RL� LS[ VP RYN JIM P S T � UP�N R M LKN �YT UN � W XN
MN RK ���������

� ��� � � � � TOO� MP MXN O RL� LS[ VPRYN � XNS �� � � � 
 � XLY X L� M RIN LSLM LT UU\
 JIM
RNO IYN� M XN O RL� LS[ VPRYN 
 N�NS MP MXN N� MN SM PV RN�N R� LS[ LM� � L[ S UTMN R LS MXN � LKIUTM LP S� � W XL�
L� O L�Y I��NO VIRMXN R JN UP� � W XN TJ�N SYN PV SP SULSNTRLM\ LS �� 
 N ULK LSTMN� M XN XIK � LS M XN O RL� LS[
VPRYN ��NN � L[ IRN � 
 MP� RL[ XM �TSN U� TSO LS MXL� YT�N ��  �� RL�N� P SU\ � UP� U\�

W XN LSY RNT�N PV �� � LM X � RN LSVPRYN� M XN N
 NYM PV M XN XIK� PV MXN O RL� LS[ VPRYN 
 JIM L�
SPM SNYN��TR\ VPR T RT� LO LSY RNT�N LS ��  �� � WP �NN � XNMXN R SP SULSNTRLM\ PV �� T
 NYM� T RT� LO
LSY RNT�N LS ��  �� 
 �N VP UUP� M XN �TKN �RP YNO IRN T� VP R ��
 � ^NYT UU M XTM �N T��IKN MXTM �� � � �� 	
�� �� �� � � XN RN � �� TSO �� TRN YPS�MTSM� TSO �� �� � L� M XN �PO[ � LS��I� UN\ M\�N [TM LS[ �TRLTJUN VPR
�PMT�� LIK � � L[ IRN � �XP� � M XN RN�IUM� PV M�P YT UY IUTM LP S� 
 LS P SN PV � XLY X � �� � 	 � �c
�� 	 ��� ��� �� �	 ��

TSO �� � c �	 � c
�� 	 ��� ��� �� �	 �� �P MXTM JNVPRN MXN P S�NM PV L�Y XNK LT �� � 	 ��% � c
�� 	 ��� ��� �� �	 �� � TSO
LS MXN PMXN R PV � XLY X � �� � 	 ��% � c
�� 	 ��� ��� �� �	 �� TSO �� � 
 
 	 ��� ��� �� �	 �� �

�c



aS MXN �NYP SO YT UY IUTM LP S 
 M XN MPMT U �PMT�� LIK YP SO IYMTSYN ISON R SP RKT U �SP SL�Y XNK LY� YPS�
O LM LP S� L� M XN �TKN T� LS M XN � R�M 
 JIM MXN SP SULSNTR �P UMT[N�ON�NSONSM YPSM RLJIM LP S L� TJ�NSM �
WPMT U �� L� UTR[N R
 XP�N�N R M XN O RL� LS[ VPRYN �� � � � L� �KT UUN R
 �P MXTM P�N RT UU M XN RN L� ULMM UN
O L
N RN SYN LS ��  �� VP R M XN M�P YT�N� �
� ������ ����� �� � �! ��  �� "��� � ������ ��

W XN �NM�I� PV PIR KPON U L� JT�NO P S RN[ LP ST U L�YXNK LT �M XN N� L�MN SYN PV T S L�Y XNK LY RN[ LP S
TSO T �IRRP ISO LS[ ISOTKT[NO RN[ LP S� PR L�Y XNK LY M L��IN JTMXNO LS TS N� �N RLKNSMT UU\ YP SM RP UUNO
�P UIM LP S � W XN RN�IUM� PV P IR � LK IUTM LP S� �I[[N�M M XTM MXN �PMT�� LIK � I� JNM�NN S MXN M�P RN[ LP S�
LS� INSYN� M XN N� MN SM MP � XLYX T � UTMNTI LS ��  �� L� �NN S � Z\ � UTMNT I �N KNTS MXN �XT�N TVMN R
M XN RT� LO RL�N LS � XLY X ��  �� L� � UP� U\ ONY RNT� LS[ ��NN � L[ IRN �	 
 JPMMPK �TSN U� �

ZT�NO P S P IR YT UYIUTM LP S� 
 LM L� �I[[N�MNO MXTM O IRLS[ RN[ LP ST U L�Y XNK LT 
 M XN � UTMNT I L� TM
UNT�M LS �TRM O IN MP T JT UT SYN JNM�NNS YP SM LSIP I� RNKP�T U PV �PMT�� LIK V RPK L�YXNK LY M L��IN TSO
YPSM LSIP I� �PMT�� LIK UP�� V RPK L�Y XNK LY K\PY\MN� � W XN MP� UNVM �TSN U PV � L[ IRN �	 ON�Y RLJN�
SIKN RLYT U N� �N RLKNSM� � LM X O L
N RN SM �T UIN� PV MXN YP I� ULS[ �TRTKNMN R 
 � � ^NYT UU M XTM UTR[N R 
 �

YPRRN��PSO� MP NT� LN R KP�NKNSM PV LP S� JNM�NNS MXN OTKT[NO TSO SPRKT U N� M RTYN UUI UTR ��TYN� �
�PR JL[[N R �T UIN� PV 
 � 
 ��  �� XT� T KPRN SPMTJUN � UTMNTI � LM X T UP�N R �NT� � W XN RN L� T U�P
T UP S[N R M LKN ON UT\ JNVPRN MXN RT� LO RL�N �XT�N PV N� M RTYN UUI UTR �PMT�� LIK � W XL� L� JNYTI�N LM
MT�N� UP S[N R VPR M XN M RTS�KNKJRTSN �P UMT[N MP RL�N N SP I[X MP �IJ�MT SM LT UU\ YXTS[N MXN �PO LIK
YPSOIYMTSYN � � � M XN MP� RL[ XM �TSN U �XP� � 
 M XN RN L� T KIYX UTR[N R �PMT�� LIK � I� JNM�NN S MXN
M�P N� M RTYN UUI UTR RN[ LP S� � XNS 
 � L� UTR[N R � W XN JPMMPK �TSN U PV � L[ IRN �	 �XP� � M XN JNXT� LP R
PV ��  �� �NN S O IRLS[ L�Y XNK LT LS YTRO LTY YN UU� �� LUU T SO �NMMN� ���	� � ��  �� XT� PJ� LP I� M RL�XT� LY
JNXT� LP R YP S� L�M LS[ PV T RT� LO RL�N �TVMN R TS LSLM LT U UT[� 
 T �� UTMNTI � OIRLS[ � XLY X ��  �� ONY RNT�N�
T ULMM UN 
 TSO T �NYP SO RL�N MXTM L� KIYX � UP�N R M XTS LS MXN � R�M �XT�N � aM T U�P �XP� � M XTM ��  ��
JNXT�N� O L
 N RN SM U\ LS MXN YN SM RT U YP RN PV M XN L�YXNK LY M L��IN TSO LS MXN JPRON R P SN M L��IN P S MXN
NO[N PV MXN L�YXNK LY RN[ LP S � W XN YNSM RT U YP RN �XP� � TS NTRULN R RT� LO RL�N TSO T XL[ XN R � UTMNTI
MXTS LS MXN JPRON R P SN � � IR YT UYIUTM LP S� T[ RNN 	IT ULMTM L�N U\ � LM X MXN�N UTMMN R P J�N R�TM LP S� LV
P SN LONSM L�N� UTR[N R 
 � � LM X JN LS[ LS MXN JPRON R P SN TSO MXN RNVPRN TJUN MP N�Y XTS[N LP S� KPRN
RNTO LU\ � LM X MXN SPRKT U M L��IN �

��



� �� ��� � �� �� �� � ��� �� �� ��� �! ��  �� "� �� � ������ ��
W XN UNVM �TSN U PV � L[ IRN �� �XP� � M XRNN � LK IUTM LP S� LS � XLYX MXN RTMN� PV ONY RNT�N PV M XN

	T�
��W �T�N �IK� RTMN O L
 N R � aV M XN �IK� L� LS�MTSM U\ KTON LSTYM L�N 
 ��  �� LSY RNT�N� � LM XP IM
TS LSLM LT U UT[ 
 � XLUN T RNO IYM LP S LS KT� LKT U �IK � RTMN LS �RP�PRM LP S MP MXN RN�PRMNO RNO IYM LP S
�QNSSLS[� TSO ^N LKN R ��� �� PV ��W �� UNTO� MP T � L[ SL�YTSM UT[ � W XN VT�MN R M XN RNO IYM LP S LS �IK�
RTMN 
 M XN �XPRMN R M XN UT[ �

�TS�NS ������ �M IO LNO L�Y XNK LT LS RTM JRT LS� V RPK RTM� � LM X O L
 N RN SM UN�N U� PV JUPPO [ UIYP�N
�X\�N R[ U\YNK LY � SPRKT U� YP SM RP U� X\�P[ U\YNK LY� JNVPRN L�YXNK LT �T� LSO IYNO � aM L� RNT�PSTJUN MP
T��IKN MXTM YN UU �W � UN�N U� JNVP RN L�YXNK LT �N RN XL[ XN R
 N	IT U MP 
 PR UP�N R M XTS SPRKT U UN�N U�
ISON R MXN�N RN��NYM L�N YPSO LM LP S� � W XN RL[ XM �TSN U PV � L[ IRN �� �XP� � �TS�NS �� ��  �� OTMT V RPK
L�Y XNK LY M L��IN PV X\�P[ U\YNK LY TSO SPRKT U RTM� �  N �NN MXTM MXN LSLM LT U UT[ �T� KIYX �XPRMN R
VPR M XN X\�P[ U\YNK LY RTM� � TSO MXTM VPR JPMX �P�IUTM LP S� 
 M XN UT[ �T� VP UUP�NO J\ T �N R\ RT� LO
RL�N � TSO MXNS T KIYX � UP�N R RL�N � W XN RTMN PV LSY RNT�N O IRLS[ MXN RT� LO RL�N VPR M XN O L
N RN SM
�RN� L�Y XNK LT [ UIYP�N UN�N U� �T� �N R\ � LK LUTR � �[T LS P IR � LKIUTM LP S� TRN LS 	IT ULMTM L�N T[ RNNKNSM
� LM X MXN�N P J�N R�TM LP S� � ��  �� UN�N U� TM MXN P S�NM PV TSO TVMN R M XN RT� LO RL�N TRN LS T[ RNNKNSM
� LM X �TS�N S �� OTMT 
 JIM 
 T� JNVPRN 
 M XN RN L� UP S[N R ON UT\ JNVPRN MXL� RL�N LS P IR � LK IUTM LP S� M XTS
LS MXN N� �N RLKNSM� �
��� ������ �! ��� �� � � ����� � ������ �� � " ����� ��

aS SPRKT U M L��IN 
 �� � �� � cc � K� � XLY X L� KIYX �KT UUN R M XTS �� � �� � c�
 K� � �� M XN
	T�
��W �T�N �IK� RTMN ONY RNT�N� OIRLS[ L�Y XNK LT PR X\�P� LT 
 M XN RN L� T SNM LS� I� PV �PO LIK
JNYTI�N MXN LS� I� PV �PO LIK OIN MP MXL� YP SYNSM RTM LP S [ RTO LN SM L� SPM JT UT SYNO J\ RN�MP RTM LP S PV
N� M RTYN UUI UTR �PO LIK J\ MXN �IK � � �PR MXN � R�M c� KLSIMN� PR �P ��NN � L[ IRN ��� 
 M XN LSY RNT�N
LS �� � �� L� �N R\ � LK LUTR VPR L�Y XNK LT TSO X\�P� LT 
 JIM MXNS 
 LS M XN L�YXNK LT YT�N 
 M XN �PO LIK
YPSOIYMTSYN LSY RNT�N� �IJ�MT SM LT UU\
 TSO MXL� UNTO� MP T KIYX KPRN RT� LO RL�N LS �� � �� OIRLS[
MXN LSMN R�T U c� MP c	 KLSIMN� �

W XN �� � �� LSY RNT�N� KPRN TSO KPRN � UP� U\ TVMN R M XL� � W XN N� � UT STM LP S VPR M XL� UT�M �XT�N L�
M XTM MXN ONY RNT�NO �IK� RTMN UNTO� MP T SNM LSY RNT�N LS P�KP UTRLM LN� LS� LON MXN YN UU �T� O L�YI��NO
JN UP� � � � � T YP S�N	INSYN 
 M XN YN UU ��N UU� ��NN � L[ IRN �� UNVM� TSO �P MXN RTMN PV LSY RNT�N PV

�



�� � �� � UP� � T UM XPI[ X MXN �PO LIK LS� I� YP SM LSIN� � aS X\�P� LT 
 T UM XP I[ X MXN � � YP SO IYMTSYN
LSY RNT�N� � L[ SL�YTSM U\
 M XN �P UIKN YXTS[N� ULMM UN 
 �P MXTM MXN �� � �� Y IR�N LSY RNT�N� �MNTO LU\
� LM XP IM �XP� LS[ MXN MXRNN �XT�N� PV � UP� �VT�M�� UP� LSY RNT�N �
� � ��� � " ��� ���� ������ �� ���� ����� �� �

� IR YT UYIUTM LP S� LS M XN YT�N PV L�Y XNK LT �XP� TS LSY RNT�N PV LSM RTYN UUI UTR �P UIKN �� J\ ��
LS c� KLSIMN� 
 TSO ��� LS 
 KLSIMN� �� L[ IRN ��T� 
 � XLUN �� Y XTS[N� KIYX UN�� OIRLS[ X\�P� LT �
W XL� O L
 N RNSYN L� � LK LUTR MP MXTM RN�PRMNO J\ QNSSLS[� TSO ^N LKN R ���� �� � � LP UNM NM T U� ������
RN�PRM YN UU� ��N UULS[ J\ TJP IM �
� OIRLS[ 
 KLSIMN� PV L�YXNK LT 
 � LK LUTR MP � XTM �N �NN �  LM X
RN[TRO MP MXN N� M RTYN UUI UTR �P UIKN 
 �TS NM T U� ������ RN�PRM T ��] ��� ONY RNT�N PV N� M RTYN UUI UTR
�P UIKN �� OIRLS[ c
 KLSIMN� PV L�YXNK LT 
 TSO T 
� ONY RNT�N LS �
 KLSIMN� ��NN � L[ IRN ��J� 

� XLUN � LP UNM �� LP UNM NM T U� ����� RN�PRM T c�� ONY RNT�N TSO T ��� ONY RNT�N O IRLS[ �] �� KLSIMN�
TSO 
 KLSIMN� PV L�Y XNK LT RN��NYM L�N U\� � IR � LK IUTM LP S� �XP� T � LK LUTR ONY RNT�N 
 c�� LS c�
KLSIMN� 
 TSO �c� LS �
 KLSIMN� ��NN � L[ IRN ��Y� 
 T UM XP I[ X MXN M LKN YP IR�N PV M XN ONY RNT�N L�
O L
N RN SM MXTS MXTM �NN S LS MXN N� �N RLKNSMT U OTMT �

�N UU ��N UULS[ LS P IR KPON U L� LS LM LTMNO J\ MXN RNO IYM LP S LS �IK� RTMN � � S TYM L�N �IK � RNKP�N�
M XRNN �PO LIK LP S� VP R N�N R\ M�P �PMT�� LIK LP S� JRPI[ XM LSMP MXN YN UU
 TSO �P VT LUIRN PV M XN �IK�
Y XTS[N� M XN P�KPM LY JT UT SYN JNM�NN S MXN LSM RT� TSO N� M RTYN UUI UTR ��TYN� TSO YTI�N� M XN YN UU MP
��N UU� � � � L[ IRN ��T �XP� � 
 M XN RTMN PV LSY RNT�N LS �� VP R L�Y XNK LT L� �PKN� XTM [ RNTMN R M XTS
VPR X\�P� LT VPR T JP IM �� KLSIMN� 
 TSO MXNS JNYPKN� �IJ�MTSM LT UU\ UTR[N R� W XL� Y XTS[N YP LSY LON�
� LM X MXN �P UMT[N� LSO IYNO YXTS[N LS �� 
 � XLY X T UUP� � T RT� LO RL�N LS �� � �� � bIRLS[ X\�P� LT 
 M XN
N� M RTYN UUI UTR YP SYNSM RTM LP S PV �PMT�� LIK YXTS[N� ULMM UN TSO �P MXN M RTS�KNKJRTSN �P UMT[N OPN�
SPM LSY RNT�N �I� Y LN SM U\ MP M RL[[N R M XL� RT� LO LS� I� PV �PO LIK � � �NYP SO VTYMPR � XLYX LS� INSYN�
M XN O L
 N RN SM LSM RTYN UUI UTR �P UIKN RN��P S�N� LS L�Y XNK LT TSO X\�P� LT XT� MP OP � LM X � XLY X PMXN R
LP S� KP�N TY RP�� M XN YN UU KNKJRTSN MP �RN�N R�N LSM RTYN UUI UTR N UNYM RP SNIM RT ULM\ LS MXN VTYN PV M XN
LSY RNT�N PV LSM RTYN UUI UTR �PO LIK � W XN �P�� LJ LULM LN� TRN TS LS� I� PV YXUPRLON LP S� � XLY X TI[KNSM�
M XN P�KPM LY N
NYM PV M XN �PO LIK LS� I� 
 PR TS N� I� PV �PMT�� LIK � XLYX ONY RNT�N� M XN P�KPM LY
N
NYM PV M XN �PO LIK � bIRLS[ L�Y XNK LT 
 �PMT�� LIK TYYIKIUTMN� LS M XN N� M RTYN UUI UTR ��TYN KT� LS[
LM LSY RNT� LS[ U\ O L� YIUM VPR KPRN �PMT�� LIK MP UNT�N MXN YN UU
 TSO UNTO LS[ MP T UTR[N R LS� I� PV

��



Y XUPRLON � aS VTYM 
 T� �N �XP� UTMN R
 M XN UTR[N R M XN YXUPRLON YP SO IYMTSYN ��� 
 M XN [ RNTMN R M XN LS� I�
PV Y XUPRLON 
 M XN �KT UUN R M XN N� I� PV �PMT�� LIK 
 TSO MXN [ RNTMN R M XN Y XTS[N LS �� � bIRLS[ X\�P� LT 

M XN RN L� �N R\ ULMM UN Y XTS[N LS ��  �� JNYTI�N PV YP SM LSINO N�Y XTS[N � LM X MXN YT� LUUTR\
 M XN N� I�
PV �PMT�� LIK V RPK MXN YN UU T UKP�M N�TYM U\ JT UTSYN� M XN �PO LIK LS� I� 
 TSO �� �� �� RNKT LS� T UKP�M
YPS�MTSM 
 �P MXTM MXN P�KPM LY VPRYN L� [ RNTM U\ UN��N SNO LS YPK �TRL�P S MP � XTM XT��N S� LS M XN YT�N
PV L�Y XNK LT �
����� �! � ���� �� � ��� �� ��� ��

� � � "
��

� L[ IRN �� �XP� � M XRNN � LK IUTM LP S� � LM X O L
 N RNSM �T LR� PV �T UIN� VP R M XN M LKN YP S�MTSM�
� � TSO

�� � �PR M LKN YP S�MTSM� �XPRM YPK�TRNO � LM X MXN O IRTM LP S PV MXN � LKIUTM LP S 
 � � Y XTS[N� TS TKPISM
LS T��RP� LKTMN T[ RNNKNSM � LM X N� �N RLKNSMT U P J�N R�TM LP S� TSO MXN�N TRN MXN M LKN YP S�MTSM� I�NO
LS T UU N� �N RLKNSM� ISUN�� PMXN R� L�N SPMNO � �PR � L[ SL�YTSM U\ UN�� �M L
 N UT�M LY JNXT� LP R TSO MXN RNVPRN
UP S[N R M LKN YP S�MT SM� 
 M XN 	IT ULMTM L�N JNXT� LP R PV M XN MXRNN YIR�N� VP R ��  �� 
 � �� TSO � � TRN
� LK LUTR
 JIM MXN YXTS[N LS N� M RTYN UUI UTR �P UIKN L� ISTYYN�MTJU\ UTR[N � � L[ IRN �� T U�P �XP� � M XTM
VPR T UU M XRNN �NM� PV

� � TSO
�� 
 O L
N RN SM �T UIN� PV MXN �TRTKNMN R 
 � XT�N � LK LUTR N
NYM� �

�� �� ��"� �� "���� �� ��� �bL
N RN SM M\�N� PV YN UU� XT�N � L[ SL�YTSM U\ O L
N RN SM YXUPRLON YP SO IYMTSYN ��� � aS �TRM LY I UTR

M XL� YP SO IYMTSYN L� KIYX UTR[N R VPR SN R�N YN UU� M XTS VP R YTRO LTY YN UU� ���TS[ TSO �TO�J\ ����� �
� L[ IRN �� �XP� � XP� O L
N RN SM �T UIN� PV ��� T
NYM MXN �P UIM LP S PV P IR KPON U N	ITM LP S� �

 N PJ�N R�N �� L[ IRN �� 
 MP� UNVM� M XTM T� ��� LSY RNT�N� V RPK 
 

 c MP 
 ��� 	 �
�	 � 
 M XN M LKN UT[

JNVPRN MXN JN[ LSSLS[ PV T RT� LO RL�N LS N� M RTYN UUI UTR �PMT�� LIK YPSYNSM RTM LP S LSY RNT�N� 
 TSO MXN
�NT� ONY RNT�N� V RPK �� K� MP �� K� � WP ISON R�MT SO XP� ��  �� � ��� ��  �� ���� Y XTS[N� 
 LM L�
I�NVI U MP UP P � TM XP� M XN MPMT U TKPISM PV N� M RTYN UUI UTR �PMT�� LIK �� � ��  �� � TSO MXN N� M RTYN UUI UTR
�P UIKN � � Y XTS[N � Z\ TOO LS[ N	ITM LP S� ��� TSO ��� TSO SPM LS[ MXTM � �� � 
 LS L�Y XNK LT 
 �N � SO� �� � ��  �� ��� � � � ��� ��  �� ��� � � ��  ��	�

W XN � R�M MN RK PS MXN RL[ XM � LON L� M XN RTMN �PMT�� LIK Y RP��N� M XN YN UU KNKJRTSN TSO MXN �NYP SO
L� M XN RTMN TM � XLY X �PMT�� LIK KP�N� JNM�NNS MXN OTKT[NO TSO SPRKT U LSMN R�M LM LT U RN[ LP S� � � �
L� [P�N RSNO J\ N	ITM LP S ���� � LM X � �� �� � 
 � W XN N
 NYM PV O L
N RN SM ��� P S MXN M RT S�KNKJRTSN

��



�PMT�� LIK � I� L� �XP� S LS � L[ IRN �� 
 KLOO UN RL[ XM � W XN �XTR� �� L�N LS MXN � I� PYYIR� UTMN R TSO
XT� T UP�N R �NT� VP R M XN UTR[N R Y XUPRLON YP SO IYMTSYN � ^NYT UU M XTM � UP� OP� S PV MXN 	T�
��W �T�N
�IK� UNTO� O LRNYM U\ MP T SNM LSY RNT�N PV LSM RTYN UUI UTR P�KP UTRLM\ TSO YXTR[N 
 TSO MXTM MXN UTMMN R
L� JT UT SYNO J\ T YPKJLSTM LP S PV �PMT�� LIK N� I� TSO YXUPRLON LS� I� � XLYX 
 RN��NYM L�N U\
 RNO IYN
PR LSY RNT�N LSM RTYN UUI UTR P�KP UTRLM\� W XN UTR[N R ��� 
 M XN �KT UUN R L� M XN �PMT�� LIK N� I� �PRM LP S
PV MXN JT UTSYN VPR TS\ �TRM LY I UTR M RTS�KNKJRTSN �PMN SM LT U
 TSO MXN � UP�N R L� M XN �PMT�� LIK
TYYIKIUTM LP S LS MXN N� M RTYN UUI UTR ��TYN � W XN � UP�N R LSY RNT�N LS ��  �� UNTO� MP T � UP�N R YXTS[N
LS MXN �PMT�� LIK 	N RS�M �PMN SM LT U TSO M RT S�KNKJRTSN �P UMT[N 
 TSO MXN RNVPRN ON UT\� M XN LSY RNT�N
LS �� 
 YP SO IYMTSYN MXTM UNTO� MP MXN RT� LO RL�N LS M RTS�KNKJRTSN �PMT�� LIK � I� T� ON�Y RLJNO
NTRULN R� HP UTR[N R ��� YTI�N� JPMX T RNO IYM LP S LS MXN �PMT�� LIK N� I� TSO T ON UT\ LS MXN RT� LO
N� I� �XT�N � W XN RN�IUM L� T RNO IYM LP S LS �NT� MPMT U N� M RTYN UUI UTR �PMT�� LIK �� ��  �� J\ TJP IM
� � W XN �N RYN SM RNO IYM LP S LS ��  �� L� � L[ SL�YTSM U\ �KT UUN R M XTS MXL� JNYTI�N PV M XN P�KPM LY
YPS�N	INSYN� PV UTR[N R ��� 
 M XTM L� 
 M XN LSM RTYN UUI UTR �P UIKN �� L� UTR[N R
 TSO MXN N� M RTYN UUI UTR
�P UIKN � � L� �KT UUN R � W XN PMXN R MN RK 
 � �� 
 LS N	ITM LP S ���� 
 RN��P SO� MP MXN UN�N U PV ��  ��
�RN UTM L�N MP MXN SPRKT U N� M RTYN UUI UTR �PMT�� LIK YP SYNSM RTM LP S� �P MXTM � �� TSO MXN M RT S�KNKJRTSN
�PMT�� LIK N� I� TRN T UKP�M LS JT UTSYN TVMN R M XN �� L�N LS MXN N� I� 
 TSO JPMX MXN MPMT U N� M RTYN UUI UTR
�PMT�� LIK TSO LM� YP SYNSM RTM LP S TRN T��RP� LKTMNO U\ YP S�MT SM LS MXN �N RLP O VP UUP� LS[ MXN �� L�N �

��



������� ���

 N XT�N I�NO TS LP SLY KPON U M XTM �N RK LM� Y XTS[N� LS LSM RTYN UUI UTR T SO N� M RTYN UUI UTR LP SLY
YPSYNSM RTM LP S� TSO �P UIKN� MP N� � UP RN MXN RN��PS�N PV M L��IN MP X\�P� LT T SO L�YXNK LT � W XN
KPON U T U�P LS�P U�N� N�Y XTS[N PV LP S� TSO �TMN R JNM�NN S MXN �T�Y IUTR �\�MNK TSO JNM�NN S MXN
N� M RTYN UUI UTR ��TYN PV M XN X\�P� LY� L�Y XNK LY M L��IN TSO SNTRJ\ SPRKT U XNT UM X\ M L��IN � �PR JPMX
X\�P� LT TSO L�YXNK LT 
 M XN N
NYM L�N SN�� PV MXN 	T�
��W �T�N �T� T��IKNO MP ONY RNT�N � LM X M LKN
VP UUP� LS[ T �RN�Y RLJNO M LKNYP IR�N MXTM �N N�M LKTMNO V RPK RN�PRM� LS M XN ULMN RTMIRN PV ��W �� ONY ULSN
O IRLS[ L�YXNK LT � aS TOO LM LP S 
 VP R L�YXNK LT �N T��IKNO MXTM TRMN RLT U �P� MP MXN M L��IN YNT�NO �

� LMN RTMIRN RN�PRM� P S MXN LSY RNT�N PV M XN N� M RTYN UUI UTR �PMT�� LIK YPSYNSM RTM LP S O IRLS[ L�Y XNK LT
�XP� �IJ�MTSM LT UU\ O L
N RNSM JNXT� LP R VPR JRT LS TSO YTRO LTY M L��IN � �PR JRT LS M L��IN 
 M XN RN L� T � UP�
RL�N LS N� M RTYN UUI UTR �PMT�� LIK MP T UN�N U PV TJPIM �	 K� TM � XLYX �P LSM MXN ��  �� LSY RNT�N�
KIYX KPRN RT� LO U\ MP UN�N U� LS M XN RTS[N �	��	 K�
 TSO MXNS � UTMNTI� �� �PR YTRO LTY M L��IN 
 M XN
LSLM LT U RL�N MP �	� �� K� L� VP UUP�NO J\ T � UTMNTI �XT�N LS � XLY X ��  �� Y XTS[N� ULMM UN VPR �	� ��
KLSIMN� �

W XN KT LS RN�IUM PV M XL� �T�N R L� T �P�� LJ UN N� � UT STM LP S VPR M XN M LKN YP IR�N PV ��  �� OIRLS[ L��
Y XNK LT LS JRT LS M L��IN 
 TSO TS ISON R�MTSO LS[ PV MXN RNT�PS MXTM �IYX T M LKN YP IR�N L� SPM N� �NYMNO
LS MXN YTRO LTY YT�N � �PR SNIRT U M L��IN 
 M XN �N\ P J�N R�TM LP S L� M XN �XT�N PV M XN VISYM LP ST U ON�NS�
ONSYN PV �MNTO\��MTMN �PO LIK YPSOIYMTSYN P S M RTS�KNKJRTSN �P UMT[N � �� �XP� S LS � L[ IRN ���� 

M XN RN L� T RTS[N PV �P UMT[N� VP R � XLY X JPMX MXN � TSO � [TMN� TRN P�N S � W XN JT� LY KNYXT�
SL�K � XLYX P IR KPON U �XP� � YTS TYYP ISM 	IT ULMTM L�N U\ VPR M XN JNXT� LP R PV ��  �� OIRLS[ SNIRT U
L�Y XNK LT L� M XN VP UUP� LS[ � � � M XN N
NYM L�N SN�� PV MXN 	T�
��W �T�N �IK � ONY RNT�N� 
 ��  �� TSO
�� � �� [ RTO IT UU\ LSY RNT�N TSO MXL� YTI�N� T [ RTO IT U ON�P UTRLTM LP S � ZNYTI�N MXN �PMT�� LIK YPS�
OIYMTSYN L� � L[ SL�YTSM U\ UTR[N R M XTS MXTM PV �PO LIK 
 KP�M PV M XL� ON�P UTRLTM LP S L� T YP S�N	INSYN
PV M XN YXTS[N LS MXN �PMT�� LIK 	N RS�M �PMN SM LT U
 TSO MXN KNKJRTSN �PMNSM LT U RP I[ XU\ M RTY�� M XN
�PMT�� LIK 	N RS�M �PMN SM LT U�  XNS ��  �� RNTY XN� T UN�N U PV T JP IM �	 K�
 M XN KNKJRTSN XT�
ON�P UTRLNO MP TS N� MN SM MXTM MXN SP SULSNTRLM\ LS MXN �PO LIK YPSOIYMTSYN JNYPKN� � L[ SL�YTSM �
HPO LIK RT� LO U\ N SMN R� M XN LSM RTYN UUI UTR ��TYN 
 M XN KNKJRTSN �PMNSM LT U RT� LO U\ ON�P UTRLN� �PS MXL�
M LKN �YT UN� 
 TSO MXL� �RP� LON� T UTR[N O RL� LS[ VPRYN ��NN � L[ IRN � MP � RL[ XM� �I�XLS[ �PMT�� LIK PIM

��



PV MXN YN UU� LSMP MXN LSMN R�M LM LIK � aS RN��P S�N MP MXN RT� LO ON�P UTRLTM LP S 
 M XN �PO LIK YPSOIYMTSYN
O RP�� �P MXTM MXN �PMT�� LIK YP SO IYMTSYN L� T[T LS OPK LSTSM 
 M XN M RTS�KNKJRTSN �PMN SM LT U T��
�RPTYXN� M XN SN� �PMT�� LIK 	N RS�M �PMN SM LT U
 TSO MXN N� I� PV �PMT�� LIK � UP� � YPS� LON RTJU\ ISM LU
LM L� KTMYXNO J\ MXN KP�NKNSM PV �PMT�� LIK V RPK MXN L�YXNK LY M L��IN MP SNTRJ\ XNT UM X\ M L��IN �
aS YTRO LTY LP S KPON U� 
 M XN �MNTO\��MTMN �PO LIK YPSOIYMTSYN XT� T �N R\ O L
N RNSM ON�NSONSYN P S
�P UMT[N � �PR N�TK� UN 
 LS M XN ZNN UN R�^NIMN R TSO �IP�^IO\ a KPON U� 
 M XN P�N SLS[ PV MXN �PO LIK
TYM L�TM LP S [TMN� TSO MXN Y UP� LS[ PV M XN �PO LIK LSTYM L�TM LP S [TMN� TRN �XLVMNO LS MXN LR ON�N SONSYN
P S �P UMT[N LS �IYX T �T\ MXTM MXN RN L� P SU\ T �KT UU LSMN R�T U PV �P UMT[N� LS � XLY X JPMX TYM L�TM LP S
TSO LSTYM L�TM LP S [TMN� TRN P�N S 
 TSO MXN RN UTM L�N KT[SLM ION PV MXN SP SULSNTR �PO LIK YPSOIY�
MTSYN MP MXN JTY�[ RP ISO YPSO IYMTSYN L� P SU\ TJP IM �� YPK�TRNO MP TS P�N R �		� LSY RNT�N LS
�PO LIK YPSOIYMTSYN LS MXN SN R�N KPON U ��NN � L[ IRN � MP � UNVM� � W XI� �N OP SPM N� �NYM MP �NN
T RT� LO M IRSLS[ P S PV �PMT�� LIK N� I� LS YTRO LTY M L��IN 
 TSO MXL� L� YP S� L�MNSM � LM X N� �N RLKNSMT U
P J�N R�TM LP S� �  N SPMN MXTM PIR KPON U�� �RNO LYMNO RL�N LS ��  �� TVMN R �	 KLSIMN� PV L�YXNK LT LS
MXN TJ�NSYN PV T SPSULSNTRLM\ LS MXN �PO LIK YPSOIYMTSYN ��NN � L[ IRN � JPMMPK � L� YPK �TRTJUN MP
MXP�N RN�PRMNO LS YTRO LTY M L��IN TVMN R �� �	 KLSIMN� PV L�YXNK LT � aS MXL� YT�N 
 M XN KPON U�� ��  ��
YPSM LSIN� MP RL�N [ RTO IT UU\ RTMXN R M XTS UN�N ULS[ P
 TM T YP SYNSM RTM LP S PV �	� �� K� � W XL� KT\
JN JNYTI�N 
 LS M XN KPON U
 M XN RTMN PV N� I� PV �PMT�� LIK XT� SPM N	ILULJRTMNO � LM X MXN RTMN PV
M RTS��PRM PV �PMT�� LIK V RPK MXN OTKT[NO MP MXN �IRRP ISO LS[ XNT UM X\ M L��IN �

W XN KPON U �N XT�N �RP�P�NO XT� KTS\ ULK LMTM LP S� 
 TKPS[ � XLY X TRN MXN T��IK�M LP S MXTM MXN
L�Y XNK LY P SN YP S� L�M� PV XPKP[NSNP I� YN UU� �IRRP ISONO J\ T XPKP[NSNP I� N� M RTYN UUI UTR ��TYN �
W XN KNYXTSLYT U RN��P S�N PV M XN M L��IN MP �P UIKN YXTS[N� �M XRP I[ X _	ITM LP S� ���� TSO �����
TSO MXN YP I� ULS[ JNM�NN S OTKT[NO TSO SPRKT U M L��IN TRN T U�P KPON UNO LS �N R\ � LK� UN �T\� 
 TSO
MXL� SP OPIJM T
 NYM� TM UNT�M M XN 	ITSM LMTM L�N JNXT� LP R PV M XN KPON U� � S LK �RP�NO 
 JIM T U�P
KIYX KPRN YPK� ULYTMNO 
 KPON U �P IUO LS�P U�N ��TM LT U �TRLTM LP S LS MXN ON[ RNN PV L�Y XNK LT TSO LS
MXN M RTS��PRM PV �TMN R TSO LP S� � HIYX T KPON U �P IUO T U�P N� � ULY LM U\ XT�N JILUM LS MXN � LN PV M XN
M L��IN YP S� LON RNO 
 TSO MXNS MXN ON[ RNN PV YP I� ULS[ JNM�NN S SPRKT U TSO OTKT[NO M L��IN �P IUO JN
T YP S�N	INSYN PV M XL� � LN TSO MXN �RP�N RM LN� LS NTYX � LSO PV M L��IN � aS MXN YPSMN� M PV M XN Y IRRN SM
KPON U
 M XN YP I� ULS[ �TRTKNMN R 
 � L� LSMN SONO MP RN�NYM MXN T�N RT[N YP I� ULS[ JNM�NNS XNT UM X\

�	



M L��IN TSO L�Y XNK LY M L��IN � XN RN O L
N RN SM �P LSM� LS M XN L�YXNK LY M L��IN TRN O L
 N RNSM O L�MTSYN� V RPK
MXN XNT UM X\ M L��IN � aM L� T U�P LSMN SONO MP TYYPISM VP R M XN �KT UU V RTYM LP S PV MXN MPMT U �P UIKN �M XN
[T�� JNM�NN S YN UU�� M XRP I[ X � XLYX MXN LP S� YTS KP�N 
 TSO � LM X PMXN R VTYMPR� � XLYX K L[ XM XLSON R
LP S M RT S��PRM � _�M LKTMN� PV N
NYM L�N O L
 I� L� LM LN� LS PMXN R YP SMN� M� 
 JLP UP[ LYT U ��P[N U�P S TSO  TS[
����� TSO LSO I�M RLT U ��P[ UN R ����� 
 �I[[N�M M XTM LM L� RNT�PSTJUN MP YP S� LON R M XN �KT UU �T UIN� PV
 � M XTM �N N�TK LSNO LS MXL� �T�N R � � SPMXN R ULK LMTM LP S L� OIN MP MXN IST�T LUT JLULM\ PV RN ULTJ UN OTMT
TJP IM MXN M LKNYP IR�N PV M XN ONY ULSN LS N
NYM L�NSN�� PV MXN 	T�
��W �T�N �IK� � �� LSO LYTMNO
NTRULN R
 �N�N RT U VTYMP R� KT\ YP SM RLJIMN MP MXL� ONY ULSN LSY UIO LS[ T RNO IYM LP S LS MXN RN UN�TSM �PP U
PV �W �
 T YXTS[N LS �� 
 TSO T YXTS[N LS MXN YPSYNSM RTM LP S� PV LP S� PMXN R MXTS �PO LIK TSO
�PMT�� LIK �  N XT�N SPM �P I[ XM MP �RNO LYM M XN RTMN PV ONY ULSN TSO MP TYYPISM VPR M XN�N O L
N RN SM
VTYMPR� 
 JIM LS�MNTO XT�N I�NO KNT�IRNO M L��IN �W � YP SYNSM RTM LP S O IRLS[ L�Y XNK LT T� T �IRRP[TMN
VPR M XL� ONY ULSN � W XL� L� Y UNTRU\ TS T��RP� LKTM LP S 
 TSO KT\ YPSM RLJIMN MP MXN O L
N RNSYN LS M LKN PV
P S�NM PV M XN RT� LO RL�N LS ��  �� JNM�NN S P IR � LKIUTM LP S� TSO �TS�NS �� OTMT V RPK JRT LS M L��IN �
��� �� ��"��� ��

�
W XN TIMXPR� TRN [ RTMNVI U MP � UN� 
 RT ULP� TSO � UT S  N LS�MN LS VPR XN U�VI U

O L�Y I�� LP S� � W XL� �PR� �T� �I��PRMNO 
 LS �TRM 
 J\ 	H� [ RTSM b�H���	�� �� TSO T QP XS H LKPS
�I[[NSXN LK �NKPRLT U �P ISOTM LP S �N UUP� �XL� MP �P[N U�P S TSO 	H� [ RTSM b�H����		��� MP

NN SN R �

�%



� ��� "�� �
�
�� ����� ��  �! �� ������ �

�
��

 N ON RL�N MXN LP SLY � I� �_	ITM LP S ��� JNM�NN S MXN OTKT[NO N� M RTYN UUI UTR ��TYN �^N[ LP S ��
TSO MXN �IRRP ISO LS[ SPRKT U M L��IN �^N[ LP S �� OIN MP MXN YPKJLSNO N
NYM� PV YP S�NYM LP S 
 TSO
TS N UNYM RP Y XNK LYT U �PMN SM LT U [ RTO LN SM �  N LKT[ LSN MXTM MXN M�P RN[ LP S� TRN �N�TRTMNO J\ T
O L�MTSYN � TSO YPKKISLYTMN � LM X PSN TSPMXN R P�N R T �IRVTYN PV TRNT � �  N YPS� LON R XP� M XN LP S
YPSYNSM RTM LP S �� �TRLN� LS M XN LSMN R�T U 
 � � � � 
 � LM X MXN JPISOTR\ YP SO LM LP S� �� �
� � ��� �� 

TSO �� �� � � ��� ��� � �NM �� �� � � ��� � �� � ONSPMN MXN YP SYNSM RTM LP S PV LP S � TSO � �� � JN MXN
�PMN SM LT U TM UP YTM LP S � � W XN LP S � I� L� M XN �IK PV MXRNN MN RK�

�
�
�� �� � � � ����� �� �� � � � � ����� �� �� �� � � � �� � � 	 � �� �� �
  ��%�

OIN MP YP S�NSM LP S 
 M XN N UNYM RLYT U �PMNSM LT U [ RTO LN SM 
 TSO MXN LP S YP SYNSM RTM LP S [ RTO LNSM 
 RN��NY�
M L�N U\� � �RLKN ONSPMN� T ON RL�TM L�N � LM X RN��NYM MP � 
 aS ���� 
 ���� � � ���� �� L� M XN T�N RT[N
�N UP Y LM\ PV M XN �TMN R KP� LS[ JNM�NN S MXN M�P YPK�TRMKNSM� 
 	 L� M XN LP S �� O L
 I� LP S YPN� Y LNSM 

TSO � � � ��� �� �� ��� � � 	 L� M XN LP S �� KPJLULM\
 M XTM L� 
 LM� �N UP Y LM\ LS T ISLM N UNYM RLY �N UO �  N
KT�N MXN YP S�MTSM �N UO T��IK�M LP S �P MXTM � � � ���� � �� ��� 
 �N T��IKN MXTM MXN �MNTO\ �MTMN
� I� L� YPS�MTSM � �� � � �� VP R T UU � 
 TSO �NN� MP ONMN RK LSN �� YP S� L�MN SM � LM X MXN JPISOTR\ �T UIN�
TM � � 
 TSO � �  N XT�N MXN P RO LSTR\ O L
 N RNSM LT U N	ITM LP S

� ��	 � �� 	 � �� � � �� 	 �
�

�IJ� NYM MP MXN �MTMNO JP ISOTR\ YPSO LM LP S� P S �� � �N RN 
 � � ���� � ��� � �� ��� � �	 � ���� � �� ��� �
aSMN[ RTM LS[ ��	� [ L�N�

��� � �� � � ��� 	 # ��� �� �	 � 	

TSO LK �P� LS[ MXN JP ISOTR\ YPSO LM LP S� ONMN RK LSN� # TSO �� TSO \ LN UO�
�
�
�� � 
 ��� � ��� ��� � ��� �� ��� ��� �c � ��� ��� � � 	

� LM X 
 � � ��	 ��� TSO �� � � ���� �
 � � ��� � �� ��� � ���� � �� � T� Y UT LKNO � � RN UTMNO
ON RL�TM LP S YTS JN VP ISO LS ��TM UT� NM T U� ����� �






� ��� "�� �
�
������ ��� � " �������� ��

��� �� c � ������ ����� ��	
�� � ������	��

�� � �� ������� ��� ��� �� � � cc � �� �

�� � �� �� ����� ��� ��� �� � � c�
 �� �

�� � �� ��� ������ �� � � c� � �� �
��  �� ������� ��� ��� ��  � c% �� �

��  �� �� ����� ��� ��� ��  � � � �� �

��  �
�

��� ������ ��  � � �� �� �
�� �� �� ������� ��� ��� �� �� � � %� �� �
�� �� �� �� ����� ��� ��� �� �� � cc
 �� �

�� �� �
�

��� ������ �� �� � cc� � �� �
�� �� �� �� ��� �  	
 � c
�� �� � �
� � ������������ �� ��� � % �
 � c
�� �� � �
�� � �� � ������� ��������� �	
 �� �

�
 � �
�

��� ������ ����� �� ������������� c �� �� �
�
�

��� ������  �!  � � c
�� �	 "	 �� �
� �� �� #����  �� $��� ���������� ��� �� ��� ������ 
 
 �	 "	 �� �
� �� 
 � �  �� $��� ������� ��� ��� �� ��� ������ 
 
 �	 " 	%	 �� �
� �� �   �� $��� ������� ��� ��� �� ��� ������ 
 
 �	 " 	%	 �� �
� ��� � ��  �� $��� ������� ��� ��� �� ��� ������ 
 
 &	 " 	%	 �� �
� ���� #����  �� $��� ��� �'�� �� (����(� ������������ 
 
 �	 "	 �� �
� �� 
 � �  �� $��� ��� �'�� �� (����(� ������������ 
 
 �	 " 	%	 �� �
� �� �   �� $��� ��� �'�� �� (����(� ������������ 
 
 �	 " 	%	 �� �
� ��� � ��  �� $��� ��� �'�� �� (����(� ������������ 
 
 �	 " 	%	 �� �

������ � ��� �)����� ��� � ��� c%%�� * �� � ����� ����� $��� ���� � �+������� $�� �����������*
��� , �-� ����� * �� � ����� ��� .

 c



��� �� � � ����� ���� ��	
��

#$ � ������� ������� �� � �� � c
�� �� � ��" � ������� ����������� c 
 ���	 � �

�� � �� �� � � �� �������� � ���� c�
 �� �

��  �� ��  � �� �������� � ���� � � �� �

�� �� �� �� �� � �� �������� � ���� cc
 �� �

�
 � �� � ������ ������������� �� �������� � ���� c �� �� �� � ���� �� �$ ������� �� ���� ��� �� ������������  %� � c
����� �� �

�� � �'����� �(��'�� � �� ����� �� �� ���� �� �� ������������ 	� � �� � ���� �� �$ ������� �� ���� ��� ��� ����  	 � c
�� ��� �� �

�� � �'����� �(��'�� � �� ����� �� �� ���� �� �� �� �� c �� �

�� � �'����� �(��'�� � �� ����� �� �� ���� �� �� ��� ������ �� � �

��� � �� ����������� � 	 c � c
�� 	 ��� ��� �� �	 �� �� ��� �� �� � ������� !���� ���� �������� c �c � c
 �� �	 "
�
 �	 �� �

� � � ������� � ����  �!  � � c
�� �	 "	 �� �
	
� � �� ���� ���� ���� � � � c
�� �	 � ��	 �� �
�" ��
 	 �� � �� (��$ ���������� $�� ���� c
 �� �
�" �� � ��  �� (��$ ���������� $�� ���� c � �� �

� �� 
 ���	'����� ����������� �$ � �   c � c
�� 	 ��� ��� �� �	 �� �

� �� ���	'����� ����������� �$ �  	  � c
�� 	 ��� ��� �� �	 �� �

�� 
 � �� ���� �� ���'�
��� ������ ����������� �$ � �  �% � c
�� 	 ��� ��� �� �	 �� �

�� � �� ���� �� ���'�
��� ������ ����������� �$ �  c �	 � c
�� 	 ��� ��� �� �	 �� �

� � ������� ��� ��� �� ��� � � ������ ��� � ��������  . � �� �

�� ����� �� ��� � � ������ ��� � ��������  .
 ��� �
 � ���� ���' �� �� ����� $�� ��� ��������� � 
 � c
� �� �	 "	 �� �

������ � ��� �)����� ��� ���� c%%�� * �� � �����'������ ��� ��(�� c%%	� *��������� �� �� .
c%%
� * ��� ��� ��� ���� c%% c� * �� � ����� ����� $��� ���� � �+������� $�� �����������* ���
����� ��� .

�



����������

ZTIK[TRMSN R
 � � � � TSO Q � Q � �N XN R � ���� � aS ���� �	
� �� ���
 ����� ���� �� NO �� � � �KP� L� TSO
MXN RN[ IUTM LP S PV YN UU �P UIKN � 	 � H�N RN UT� L� 
 NO LMP R� � YTONK LY � RN�� 
 HTS bLN[P ��XT�MN R ��
���] �

ZNN UN R
 � �  � TSO � � ^NIMN R� ���� � ^NYPS�M RIYM LP S PV MXN TYM LP S �PMN SM LT U PV �N SM RLY I UTR
K\PYTRO LT U � JN R� � � � �	
 � �� � ��� ����]� �	 �

�P IRMNKTSYXN 
 � �
 ^ � Q � ^TK LRNT 
 TSO H � 	TMMN U� ���� � aP SLY KNYXTSL�K ISON RU\ LS[ XIKTS
TM RLT U TYM LP S �PMN SM LT U �RP�N RM LN� �LS� L[ XM� V RPK T KTMXNKTM LYT U KPON U� �� � � � �	
 � �� �� ��� �
��	�]��� ��

bL�RTSYN�YP 
 b � TSO b � 	P JUN � ���� � � KPON U PV YTRO LTY N UNYM RLYT U TYM L� LM\ LSYPR�PRTM LS[ LP SLY
�IK �� TSO YP SYNSM RTM LP S YXTS[N� � �	 ��� ����� � � � �� � ���� � � �	� ����]��� �

� LP UNM 
 Q �  �
 � � � � HYXIKTYXN R
 � � ZTTRM�YXNN R
 TSO � � ^ � ���� � � �KPM LY Y XTS[N� TSO
M RTS��TRYP UNKKT U LP S M RTS��PRM O IRLS[ MPMT U L�Y XTNK LT PV L�P UTMNO RTM �N SM RLY I UTR K\P Y\MN� �
��� �� ��� � ���� �� �� �� ����]� �	 �

�P[N U�PS 
 � � �� TSO 	 � W �  TS[ � ���� � � UTMN UNM ON S�N�[ RTSIUN YNSM RT ULTM LP S TSO MXN �N R� L�MNSYN
PV �b� �NY RNM LP S � �� ��� � � �	
 � �� �� ��	 ����� �]����	 �

�P[ UN R
 � � H �� ���� � � ��� �� �� � � �	�� ��� � ���� ���� ��� ����� ��� � _S[ UN�PPO � UL
 � 
 	Q �
� RN SM LYN��T UU�

�IS[ 
 � � � �� ���	 � � ��� ��	����� � � � ���� � �� � � ����� � ��� � �� �	 � 	N� �PR�� H�RLS[N R�`N RUT[ �
�I\MP S 
 � � � � TSO Q � _ � �T UU� ���� � ��! �"��� � � � �� ��� � �	
� �� ���
 � �XLUTON U�XLT 
 �� � HTIS�

ON R� �
�TS�N S 
 � � Q �� ���� � W XN N� M RTYN UUI UTR �PMT�� LIK YP SYNSM RTM LP S LS JRT LS YPRMN� VP UUP� LS[ L��

Y XNK LT LS X\�P� TSO X\�N R[ U\YNK LY RTM� � � ��� �	
 � �� ��  ���� � #$% ��� ����]��� �
� LUU
 Q � � � TSO �� H � �NMMN� � ���	 � _
 NYM PV TYIMN YPRP STR\ TRMN R\ PYY UI� LP S PS UP YT U K\PYTRO LT U

N� M RTYN UUI UTR � TYM L� LM\ LS �� LSN � ����� �� ���� &# ��� ����]��� �





�PO[ � LS 
 � � � � TSO � � � � �I� UN\� ���� � � 	ITSM LMTM L�N ON�Y RL�M LP S PV KNKJRTSN YIRRNSM TSO
LM� T�� ULYTM LP S MP YP SO IYM LP S TSO N�Y LMTM LP S LS SN R�N � � � �	
 � �� �� ��� ��		]��� �

� RT JNMP�T 
 H �
 
 � �XNS 
 b � �T� RL
 TSO � � 	 LY XP U�PS � �		� �  TMN R YPK �TRMKNSMT ULTM LP S TSO
��RNTO PV L�YXNK LY LS� IR\ LS MXLY��� ULYN L�Y XNK LT KPON U� � ����" � �� �� � �� � ���" �� �
�	]�� �

��TS[ 
 W � � � TSO b � � � �TO�J\� ���� � �XUPRLON LP S YXTSSN U� LS KTKKKT ULTS XNTRM YN UU� � aS
������ � ��� ��� �� � ��"����� �`P UIKN �� � �YTONK LY � RN�� 
 HTS bLN[P � � ��]��� �

QNSSLS[� 
 ^ � Z � TSO 
 � � � ^N LKN R� ����� W XN YN UU JLP UP[\ PV TY IMN K\PYTRO LT U L�Y XNK LT � � ����
���� � �� � �� ����]�� �

�IP 
 � � � � TSO � � ^IO\� ��� �� � KPON U PV M XN �NSM RLY I UTR YTRO LY TYM LP S �PMNSM LT U� ON�P UTRLTM LP S 

RN�P UTRLTM LP S 
 TSO MXN LR LSMN RTYM LP S � � ��� � ��� � �� ���	 �] ���� �

	PJUN 
 b �
 H � Q � 	P JUN 
 � � � � �� ZNMM 
 � � _ � _TRK 
  � 
 � �P 
 TSO a� 
 � HP � ��� �� W XN RP UN
PV �PO LIK�YT UY LIK N�YXTS[N O IRLS[ MXN YTRO LTY TYM LP S �PMN SM LT U� � ��� �� � � �	� �� ����
� �����
 � �  ������� ��� ����]��� �

�TM UT�
 � �
 b � �P UO�MN LS 
 TSO Q � � � �P
KTS � ���� � W XN �P� PV �P UIMN TSO �P U�N SM TY RP�� T
M�P�KNKJRTSN �\�MNK � � � �	������ � �� �� � ����]��� �

HM RLNMN R
 Q �
 Q � �� HMN�XNS�P S 
 �� � � �T UKN R
 TSO � � � �  N LS�MN LS � ���	 � `P UIKN�TYM L�TMNO
YXUP RLON �N RKNTJLULM\ YTS KNO LTMN YN UU �P UIKN RN[IUTM LP S LS T KTMXNKTM LYT U KPON U PV T
M L[ XM N� LM XN ULIK � � � ��� � �	
 � �� �� �� �� ��]��� �

 N L�� 
 Q � 	 � TSO �� 
PR[N � �		�� W XN Y\MP � UT�K � 	P UP S[N R T �N UU�KL�NO JT[ � � ���� �� ����
�������	 �� ��	�] ��	 �

 LUON 
 � �
 b � _�YTSON 
 � � HYXIKTYXN R
 b � W XIRLS[N R
 � � �N�M RN 
 Q � � LP UNM 
 TSO � � QTS�N � ���	 �
�PMT�� LIK TYYIKIUTM LP S LS MXN [ UP JT UU\ L�YXNK LY KTKKT ULTS XNTRM � ����� �� ���� �������	
�� ����]��� �

 LUON R� 
 ^ �
 � � Q � QP S[�KT 
 TSO � � � � � � �TS � LSSN�N S � ��� �� �TYNKT�N R TYM L� LM\ PV M XN RTJJLM
� LSPTM RLT U SPON � T YPK �TRL�P S PV KTMXNKTM LYT U KPON U� � � ���	
 � � � � �	 ���	�] �� �� �

�



�TS 
 � � � �
 Q � �XNS 
 
 � � � �TKTOT 
 � � � � 
 UN JN R
 TSO �� � � �PRR� ���� � �P SM RLJIM LP S PV
�XRLS�T[N PV N� M RTYN UUI UTR ��TYN MP N� M RTYN UUI UTR �  TYYIKIUTM LP S LS K\PYTRO LT U L�Y XNK LT
PV MXN RT JJLM � � � �	
 � �� �� ��	 �� ��]��� �

�TS 
 � � � �
 
 � � � �TKTOT 
 � � � � 
 UN JN R
 Q � �Y�P�TM 
 TSO �� Z � �PRR � ���� � bL��PY LTM LP S
JNM�NN S YN UUI UTR � UP�� 
 RNO IYM LP S LS RN�P UTRLTM LP S M LKN 
 TSO M L��IN �W � UN�N U� OIRLS[
K\PYTRO LT U X\�P� LT TSO L�Y XNK LT � � ��� � ��� � �� ���	]��	 �

�



0 1 2 3 4
0

10

20

30

40

50

60

70

80

90

Time (min)

E
xt

ra
ce

llu
la

r 
P

ot
as

si
um

 (
m

M
)

0 5 10 15 20 25 30
4

6

8

10

12

14

16

18

Time (min)

E
xt

ra
ce

llu
la

r 
P

ot
as

si
um

 (
m

M
)

� �'��� c � ���������� ��� ��������� ��  �� �� � �� � . �$� � ���(���� �� ��� �� ������ $���
������� c%�	� . � �'(� � ���(���� �� ���� ��� ������ 
 ������ ���(���� ���� �� � * � ����� ���(�� ��
���� �� � �� ������ � �' (���� $��� �� ��� ��� ) ����� c%	
� * ����� ����� !(� �� ��� ����� ���

��� (���� ��� ��� � $��� �# ���� �� �� . c%%
� * ��� ����� � ����
���$���� ������ ��� ������ ���� ��
����(�� � $��� ���� �� �� . c%%�� .

�



0 10 20 30 40
0

0.2

0.4

0.6

0.8

1

Time (min)

R
el

at
iv

e 
[A

T
P

]

� �'��� � � � ������� ������ �#� 
 � � � . ��� � �� ���(�� �� ��� (���� �� -� �� ���� $��� ���� ��'�
��� � � �� �� �c%%c� .

�



Undamaged 
Region

Q Qva

ieQ

FlowCapillary 

e

i

Interstitium (V )

Cell (V )

Q Qva

ieQ

FlowCapillary 

e

i

Interstitium (V )

Cell (V )

Damaged
Region

J

Jh

v

[Cl]  
[Na]  

[K]

[Na]

[K]  2

3

ATP

Interstitium

Cell

Capillary 

Pr

Protein

 Damaged Region

Undamaged
Region

� �'���  � ��� � ��(�� ���� � ��'��� �$ �(� ���� � . ������ � �(� ��� �� ���� ������ �$ �(�
����� .

	



0 10 20 30 40 50
0

2

4

6

8

10

12

Time (min)

[N
a+

 ] i (
m

M
)

� �'��� � � �� � �� � � ��� � $� ���! ��' � �� ��� ������������ $��� ������ ����� $�� (����(� ������ .�� ��� ���� �(�! � ������ ����� ����� . # ��( ������� � �� 
! ��( ��� �� ����� �� ��� ��� �� * '���(
�$ �� � �� $� ���! ��' ������������ �� ��� �����'���(�� �� $��� �(� ������ ����� ����� . , ��(��
���� �(�! � �� � �� ! ��( � �� 
 � 
 .

%



0 10 20 30 40
0

20

40

60

80

100

120

140

160

Time (min)

E
xt

ra
ce

llu
la

r 
P

ot
as

si
um

 (
m

M
)

0 10 20 30 40
0

0.2

0.4

0.6

0.8

1

Time (min)

E
xt

ra
ce

llu
la

r 
V

ol
um

e
� �'��� � � � ��� ������ �$ ���(�� �� ! ��( �� ���� ���' �� (����(� ������ . �$� � ���������� ���
��������� ��  �� . � �'(� � ���������� ��� �� ��� � � � .

�




0 5 10 15
0

10

20

30

40

50

Time (min)

E
xt

ra
ce

llu
la

r 
P

ot
as

si
um

 (
m

M
)

0 5 10 15
0

10

20

30

40

50

60

70

80

90

Time (min)

E
xt

ra
ce

llu
la

r 
P

ot
as

si
um

 (
m

M
)

� �'��� � � ��  �� ������ ������ �� ���(���� ����(�� � ��� (���� �� ��� ��� � . �$� � ���� � ���� ��� .
� �'(� � ������� ����� ���� $��� ������ �c%�	� $�� ������ ���(���� ����(�� � ��� ��� �� �� .
�c%%� $�� ���� ��� (�� �� �� ��� ��� � .

� c



0 10 20 30 40
−3.5

−3

−2.5

−2

−1.5

−1

−0.5

0

Time (min)

W
at

er
 F

lu
x

0 10 20 30 40
−4

−3

−2

−1

0

1

2

3

4

Time (min)

Io
ni

c 
F

lu
x

� �'��� � � #���� ��� ���  ���� ������ ��� ������ !��� �����' (���� �� . �$� ���� � � � �� �� ��
�� ��� �$ c
� ���� � �� ����� �� . #���� ��� �� ���� �(� ������������ $��� �(� ��� ������ �� � ����
������ �(� ��� � �� � �� . �� �� ������ �� ����� �� % � � c
�� �� � . � �'(� ���� � � � ��
 ����(
���� * � ��
��� ��� � * ��� � ��� ����� �� �� ��� �$ c
� �� ��� �������� �� . �(��� (��� ������ �(� ��� � ������
�� �(� ���������� ��' ��� ��  ���� $��� �(� �� �� �� �(� ������������ * �� �(� ������� ��� ��� ���
�������������� �(��'� ������ . ��� ��$������ * �� � �� � �� * �� � ��  �� * � � � �� �� �� ��� ������ �� �����
c  � c
�� * � � � c
� �� * ��� c 
 � c
�� ��� �� * ���� ��������. � �� �� � 
 * � �� 
 � 
 * � �� � 
 * ���
� ��� � 
 �����' ���(���� .

��



0 10 20 30 40
0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

 g
N

a/g
to

t  

Time (min)
0 10 20 30 40

0

1

2

3

4

5

6

δ 
−

 δ
K
  (

m
V

)

Time (min)

0 10 20 30 40
0

10

20

30

40

50

60

Time (min)

E
xt

ra
ce

llu
la

r 
P

ot
as

si
um

 (
m

M
)

� �'��� 	 � �(� �� ��� �$ ��� ��� ����������� ��� ��������� �� ��  �� ���� �� ���(���� . �� ���'�

��� ������ �� 
 '���� �� ��� ������ . �������� �� 
 '���� ���
���(�� ������ . ��� ��$� � �� 
�� ���

.
��� ��'(� � � � � . ������ � ��  �� . �(� ������ �$ ��(�� ����� ����� ��� � � $���� �� ��� ��� ��
� .

�



0 10 20 30 40
0

0.5

1

1.5

Time (min)

g K

0 10 20 30 40
0

5

10

15

20

25

δ 
−

 δ
K
 (

m
V

)

Time (min)

0 10 20 30 40
0

10

20

30

40

50

60

Time (min)

E
xt

ra
ce

llu
la

r 
P

ot
as

si
um

 (
m

M
)

� �'��� % � �(� �� ��� �$ � �������� ����������� ��� ��������� �� ��  �� ���� �� ���(���� .
�� ���'�
��� ������ �� '���� �� ��� ������ . �������� �� '���� ���
���(�� ������ . ��� ��$� �

�� . ��� ��'(� � � � � . ������ � ��  �� . �(� ������ �$ ��(�� ����� ����� ��� � � $���� ��
��� ��� �� � .

��



0 10 20 30 40
0

10

20

30

40

50

60

(S)

(I)

(B)

E
xt

ra
ce

llu
la

r 
P

ot
as

si
um

 (
m

M
)

Time (min)
0 10 20 30 40

0

2

4

6

8

10

Time (min)

J Kh

(B)

(I)

(S)

0 10 20 30 40 50 60
5

10

15

20

25

Time (min)

E
xt

ra
ce

llu
la

r 
P

ot
as

si
um

 (
m

M
)

� �'��� c
 � ������� ��� ��� � �������� $�� � ������� ������ �$ 
 � . ��'�� ������ �$ 
 � ����������
�� ������ � ���� ��� �$ ���� � ��!��� �(� ���(���� ������ ��� �(� ����� �'�� ������ . ��� ��$� �
��  �� . ��� ��'(� � � �� . ��� �(��� ���� ������� 
 � �  � c
� �� ��� * � � c
� �� ��� * ��  � c
�� �� �
�	 "	 �� . � �(�� ����� ���� ������ ��� � � $���� �� ������ �� � . ������ � ������� ����� ���� $��
��  �� $��� � ������� ����� �� ���� ��� ���(�� �� ������ �� ��� ��� ) ����� c%	
� . ����� ����� ��
$�� ������ �$ ���(���� ���� . ������ ����� �� $�� � ����� �$ ���(���� ���� .

��



0 10 20 30 40
0

20

40

60

80

100

Time (min)

E
xt

ra
ce

llu
la

r 
P

ot
as

si
um

 (
m

M
)

0 1 2 3 4
0

20

40

60

80

100

Time (min)

E
xt

ra
ce

llu
la

r 
P

ot
as

si
um

 (
m

M
)

� �'��� cc � ��  �� $�� � �� ����� ���� ����� �� ���(���� . �$� � ����� ����� ������ . ������ �����
�� ������ � ! ��( ���� ���� ��� � ����� '���� �� $������� � ��� -� �� ���� � ���� $��� ����� ��'�
��� � � �� �� c%% c� . � ��� �� ����� �� ! ��( ��� � ���� (��$ �$ �(� ������ � ����� �� ���( ��� � .
��� ����� �� ! ��( ��� � ���� �+��� �� 
 $�� ��� ��� �� . � ��� ������� ��� ��� � 
 
� c � ���� � *
 � � � 
 � c
� �� �� ����� * � � � c	 �� �� * �� � c	�� �� * ��� ��(�� ����� ����� �� �� ��� ��� ��
� � . � �'(� � , ��� $��� � ����� �c%�	� . ���� � �� ����� ��� � ������ . ������ ����� �� ! ��(���� �' ����� �� ���� * ��� ����� �� ! ��( (���' ������� ���� .

��



0 10 20 30 40
10

20

30

40

50

60

Time (min)

In
tr

ac
el

lu
la

r 
S

od
iu

m
 (

m
M

)

� �'��� c� � ����� ����� �� � �� ������ ������ �����' ���(���� ����(
���� ��� (���� �� ��� ��� �
����' ����� ���� ������ �� ������ �� � .

��



0 10 20 30 40
3.8

4

4.2

4.4

4.6

4.8

5

5.2

Time (min)

In
tr

ac
el

lu
la

r 
V

ol
um

e

0 10 20 30 40
0.7

0.75

0.8

0.85

0.9

0.95

1

Time (min)

E
xt

ra
ce

llu
la

r 
V

ol
um

e

0 5 10 15 20
0.7

0.75

0.8

0.85

0.9

0.95

1

Time (min)

E
xt

ra
ce

llu
la

r 
V

ol
um

e

� �'��� c � ��� ������� � ��!��� ���(���� ��� (���� �� . �$� � �� �����' (�� �� �� ��� ��� �
��� ���(���� ����(�� � . � �'(� � � � �����' (���� �� ��� ��� � ��� ���(�� �� ����(�� � . �� ��� ��
� ������� �� �� ��� �$ c
���� � ��� ���� . �(� ������ �$ ����� ����� ��� � � $���� �� ��� ��� ��
� . ������ � ��� ���� ����� ���� $�� ���� ��� ���(�� �� $��� ��� �� �� . �c%%�� �������� �� �(������ �� �� ��� � �� 
 .%�

�	



0 10 20 30 40
0

20

40

60

80

100

Time (min)

E
xt

ra
ce

llu
la

r 
P

ot
as

si
um

 (
m

M
)

(B)

(I)

(S)

0 10 20 30 40
0

20

40

60

80

100

Time (min)

E
xt

ra
ce

llu
la

r 
P

ot
as

si
um

 (
m

M
)

(B)

(I)

(S)

0 10 20 30 40
0

20

40

60

80

100

Time (min)

E
xt

ra
ce

llu
la

r 
P

ot
as

si
um

 (
m

M
)

(B)

(I)

(S)

0 10 20 30 40
0

2

4

6

8

10

Time (min)

J Kh

(B)

(I)

(S)

0 10 20 30 40
0

2

4

6

8

10

Time (min)

J Kh
 

(B)

(I)

(S)

0 10 20 30 40
0

2

4

6

8

10

Time (min)

J Kh

(B)

(I)

(S)

0 10 20 30 40
0

0.2

0.4

0.6

0.8

1

Time (min)

E
xt

ra
ce

llu
la

r 
V

ol
um

e

(B)

(I)

(S)

0 10 20 30 40
0

0.2

0.4

0.6

0.8

1

Time (min)

E
xt

ra
ce

llu
la

r 
V

ol
um

e (B)

(I)

(S)

0 10 20 30 40
0

0.2

0.4

0.6

0.8

1

Time (min)

E
xt

ra
ce

llu
la

r 
V

ol
um

e

(B)(I)

(S)

� �'��� c� � ��� ������� �$ ��  �� 	 � �� 	 �� �����' ���(�� �� $�� � ������� ������ �$
� � * �� ���

� �� ����� ������ �$ 
 � . �$� ������ � � � � 
 � �� * �� � 

 ��� . � ��� �� ���� � � � � �
c	 � ��� * �� � c	� ��� . � �'(� ���� � � � � �   � �� * �� �  ��� . ��� ��� ������� ���� *
��� � 
 
� c � ���� � . ��� �(��� ������� ���� 
 � �  � c
� �� ��� * � � c
� �� ��� * ��  � c
�� �� �
�� ����� . ������ �$ ��(�� ����� ����� ��� �� ������ �� � .

�%



0 10 20 30 40
0

10

20

30

40

50

60

Time (min)

E
xt

ra
ce

llu
la

r 
P

ot
as

si
um

 (
m

M
)

(B)

(I)

(S)

0 10 20 30 40
0

10

20

30

40

50

60

Time (min)

V
e ⋅ 

[K
+
] e 

(B)

(S)

(I)

0 10 20 30 40
3.5

4

4.5

5

5.5

6

Time (min)

In
tr

ac
el

lu
la

r 
V

ol
um

e

(B)

(I)

(S)

0 10 20 30 40
0

5

10

15

20

25

Time (min)

−
d(

V
i ⋅ 

[K
+
] i)/

dt

(B)

(S)

(I)

0 10 20 30 40
0.6

0.65

0.7

0.75

0.8

0.85

0.9

0.95

1

Time (min)

E
xt

ra
ce

llu
la

r 
V

ol
um

e

(B)

(S)

(I)

0 10 20 30 40
0

0.5

1

1.5

2

2.5

Time (min)

J Kh

(B)

(I)

(S)

� �'��� c� � �� ����� �$ ��� �� ��  �� �����' ���(�� �� � ��� �(��� ������� ���� ��� �� 
 .
 c ��� *

 .
� c ��� * 
 .��� �� � � ���� � * ���������� ��. ��� ��$� � ��  �� . ��� ��'(� � �� � ��  �� ���� �� ��$� �
�� . � ��� �� ��'(� � �� ��� � ��  �� ���� . ������ ��$� � � � . ������ ��'(� � � �� . �(� ������ �$ ��(��
����� ����� ��� � � $���� �� ��� ��� �� � . �




−80 −60 −40 −20 0 20
0

0.2

0.4

0.6

0.8

1

Voltage (mV)

 G
at

es

� �'��� c� � ������
����� � �(�� ��� �$ ��� ��� '���� $�� ���'	 ��
��� ��� ���� � � �� ��� � � �������
� �

�
�� � � �

�
�� � . , ��(�� � � �

�
�� � . , ��(
��� � �

�
�� � .

�c


