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APÉNDICE IV.  LAS ECUACIONES DE MAXWELL EN UN SOLO SISTEMA 

AXIOMATICO  

Por John Auping con base en dos artículos de José Heras Gómez 1713  
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II. FORMULACIÓN COVARIANTE DE LAS ECUACIONES DE MAXWELL Y  

LA DE CONTINUIDAD  
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*#$!!=&!"(0!*2&.(0!>)?!@)0.)!>-?4!*('%-(04!(51,)-%&.%4!020.,.2,+! !*(+! #!=0!,-*(+.)&.%!!

!!!!!!+%:(+')+4!)'%-<04!A2%! #!

!

B%:(+'%-(0!")!%:2):,C&!.%&0(+,)"!'%!")!:(&0%+1):,C&!'%!")!:)+/)8!

>D?! !!!!>+%:2%+')8! !

!

9%+,1)-(0!)-5(0!")'(0!'%!>D?!:(&! 8!

>EF? !

!

G2".,*",:)-(0!)-5(0!")'(0!'%!>EF?!:(&! 8!

>EH?! !

!

I@(+)!02-)-(0!)!)-5(0!")'(0!'%!")!%:2):,C&! 8!

>ED?! !

!

I@(+)!+%%0:+,5,+%-(0!"(0!'(0!.J+-,&(0!'%"!")'(!,KA2,%+'(!'%!>ED?!:(-(!0,/2%8!

>EL?! !

!

!!!M+2%5)8! !

!

!>NO?! !
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!!!!!!!!!!!!" !

!!!!!!!!!!!!" !!!#$!%$!&$!

!

!!!'()*+!,)-./0+-)1!2345!6!2375!8+*+!).9:0:*!;+!1/<=/:09:!/>:09/>+>!.?1/,+
@A@B
C!

2D@5! !

!

!!!'()*+!-=;9/8;/,+-)1!;)1!9E*-/0)1!,)0! !:!/09:<*+-)1!1).*:!9)>)!:;!:18+,/)F9/:-8)!! C!

2D35 !

!

!!!&+>)!G=:!:;!)8:*+>)*! 8=:>:! 1+;/*!>:;! 1/<0)!>:! /09:<*+;H! I:*:-)1!,+>+!=0)!>:! ;)1! 9*:1!

9E*-/0)1!>:!2D35!8)*!1:8+*+>)H!:-8:J+0>)!,)0!;+!>:;!;+>)!/JG=/:*>)!>:!;+!:,=+,/K0C!

2DD5 !

!!!!!

!!!L+*+!:;!1:<=0>)!9E*-/0)!>:!2D35H!(:-)1!>:!*:,)*>+*!:;!9:)*:-+!>:!M+=11!28=09)!N!+**/.+5$!L)*!

:;!9:)*:-+!>:!M+=11H!;+!/09:<*+;!>:;!:18+,/)F9/:-8)!,=+9*/>/-:01/)0+;!1:!9*+01O)*-+!:0!;+!/09:<*+;!

>:!=0+!1=8:*O/,/:!9*/>/-:01/)0+;$!P)1!9E*-/0)1!>:!:19+!/09:<*+;!G=:!1:!:0,=:09*+0!:09*:!8+*E09:1/1!

!*:8*:1:09+0!,+*<+1!6!,)**/:09:1!O/0/9+1$!';!/09:<*+*! H!G=:!

:1! =0! 9:01)*! >:! >)1! Q0>/,:1! :0! ,=+9*)! >/-:01/)0:1H! 1).*:! H! G=:! :1! =0+! 1=8:*O/,/:! >:! 9*:1!

>/-:01/)0:1H! .+R+-)1! :;! 0S-:*)! >:! >/-:01/)0:1! >:! ,=+9*)! +! 9*:1$! %1! ,)-)! 1/! :T9:0>/E*+-)1!

:19+1!,+*<+1!6!,)**/:09:1!O/0/9+1!1).*:!=0+!1=8:*O/,/:! /0O/0/9+H!*+JK0!8)*!;+!,=+;!:19+! /09:<*+;!>:;!

1:<=0>)!9E*-/0)!>:!2D35!*:1=;9+!1:*!,:*)C!

2DU5! !

!

'()*+!+0+;/J+-)1!;+!9:*,:*+!/09:<*+;!2+8;/,+0>)!;)1!8=09)1!/!6!0!>:!+**/.+5C!

2DV5! !

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!
@A@B
!W)1E!X:*+1!23YY45H!Z[(:!:T+,9!*:;+9/)01(/8!.:9\::0!9(:!>/18;+,:-:09!,=**:09!+0>!9(:!,)0>=,9/)0!,=**:09]H!:0C!!

!!!!"#$%&'()*+,$('-)+.)/012%&2H!I);$!AB!23YY45C!DH!:,=+,/K0!4!
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!

"#$%&'(')#!*++,-!*+.,!/!*+0,-!122341&%&12$#3!*+5,!4#$#!*+6,7!

*+6,! !

!

!!!!829&'&$#3!!"#$!%&'(#)%$*+&*,-$(*.'#/!#.0)$('#/*,!%&*'%!&7!

*+:,! !!!!

!

!!!!;<3=&=<&$#3!*+:,!2'!*+6,!>(1(!#%=2'21!*+?,7!

*+?,! !

!!

!!!!@24#1)2$#37!

*6,!! !!

!

##!"#$%&%'(") ) *+,) -) *./,0) 1"'23%) 456) 7%) $&8#6&%) 615%189') 36'2"&8%7) (6) :%;<677) *+=./,0) 62)

1"#$%38>76)1"') 7%)615%189')(6) 7%)1"'26&?%189')(6) 7%)1%&@%)*7%)/,0) 286#$&6)-)15%'(")67) 36'2"&)

6')*./,)26)8(6'38A8456)1"#"B)

*A, !

!

!!!BC!>1#%C2$(!23!D<2!'#!>#)2$#3!()#>=(1!23=(!&)2'=&9&4(4&E'-!(>#/F')#'#3!2'!C(3!24<(4&#'23!)2!

G(HI2CC-! >#1D<2! 4(21J($#3! 2'! <'! $63838") $&8'18$88C) K#)(LJ(! 9(C=(! )21&L(1! 23=2! =2'3#1! !

&')2>2')&2'=2$2'=2!)2!C(3!24<(4&#'23!)2!G(HI2CCM!

!

!!!N#! $&3$#! >#)2$#3! O(421! 4#'! C(! 32P<')(! 24<(4&E'! =2'3#1&(C-! 23! )24&1-! 4#$>1#%(1! 3<!

4#$>(=&%&C&)()!4#'! !*2C!=2'3#1!)2!C(!24<(4&E'!A,M!!@24#1)2$#37!!

*+:,! !!!!
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!!!"#$%&'()*!'(+)*!,'-)*!.)/! 0!

1234 !!!

!

!!!5)/!+'*#!#/!,'!6$)6%#-'-!%7!)+8#/#()*0!

19:4! !!!

!

!!!;<)$'!+%#/7!*#!*'+#!=>#0!

19?4!!! ! ! !

!

!!!!@,!6$%(#$! 8A$(%/)!-#,! ,'-)!-#$#.<)!-#! 19?4!#*! %B>',! ',! %/8#B$'/-)!-#,! ,'-)!-#$#.<)!-#! 19:4C!

D>*8%8>%()*!,'!-%E#$#/.%'!-#,!6$%(#$!F!8#$.#$!8A$(%/)!-#!19?4!#/!19:40!

19G4! !

!!!!!

!!!5)/!#,!8#)$#('!-#!H'>**7!8$'/*E)$('()*!#,!*#B>/-)!8A$(%/)!-#!19G4C!I)$!#,!8#)$#('!-#!H'>**7!

,'! %/8#B$',! -#,! #*6'.%)J8%#(6)! .>'8$%-%(#/*%)/',! *#! 8$'/*E)$('! #/! ,'! %/8#B$',! -#! >/'! *>6#$E%.%#!

8$%-%(#/*%)/',C!K)*!8A$(%/)*!-#!#*8'!%/8#B$',!=>#!*#!#/.>#/8$'/!#/8$#!6'$A/8#*%*!1 4!$#6$#*#/8'/!

.'$B'*! F! .)$$%#/8#*! E%/%8'*C!;,! %/8#B$'$! ! *)+$#! ! #*! .)()! *%! #L8#/-%A$'()*! #*8'*! .'$B'*! F!

.)$$%#/8#*!E%/%8'*!*)+$#!>/'!*>6#$E%.%#!%/E%/%8'7!$'MN/!6)$!,'!.>',!#*8'!%/8#B$',!-#,!*#B>/-)!8A$(%/)!

-#!19G4!$#*>,8'!*#$!.#$)0!

1924! ! ! !

!

!!!!I)$!,)!8'/8)7!.)(+%/'/-)!19G4!F!19247!)+8#/#()*0!

1994! ! !

19O4! ! !

19P4! ! !
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!

!!!"#$%&!'()*+!),!-%(.)%!/0%.(*$!1),!,&1$!1)%)2#$!1)!3445!6!),!7)89*1$!/0%.(*$!1),!,&1$!1)%)2#$!

1)!34:5!7)!&*9,&*+!&7(.(7.$!),!7)89*1$!/0%.(*$!1),!,&1$!1)%)2#$!1)!3445!6!),!-%(.)%!/0%.(*$!1),!

,&1$!1)%)2#$!1)!34;5+!6!),!-%(.)%!/0%.(*$!1),!,&1$!1)%)2#$!1)!34:5!6!),!7)89*1$!/0%.(*$!1),!,&1$!

1)%)2#$!1)!34;5+!1)!.$1$!<9)=!

34>5! ! !

!

!!?)2$%1).$7!,&!7)89*1&!)29&2(@*!/)*7$%(&,!1)!A&BC),,=!

3>5 !

!

!!!D$.-&%&*1$! 3>5! 6! 34>5! 2$*7/&/&.$7!<9)! ,&! 7)89*1&! )29&2(@*! /)*7$%(&,! 1)!A&BC),,+! &,! (89&,!

<9)!,&!-%(.)%&+!7)!1)%(E&!1)!,&!2$*7)%E&2(@*!1)!,&!2&%8&!7().-%)!6!29&*1$!),!/)*7$%! )*!34>5!

7)!(1)*/(F(<9)!2$.$=!!

3G5 !

!

!!!H,! -%$',).&! )7+! 2$.$! 6&! 7)! 1(I$! &%%('&+! <9)! *$! -$1).$7! &1$-/&%! )7/&! (1)*/(F(2&2(@*+!

&-$6J*1$*$7!)*! ,&7!)29&2($*)7!1)!A&BC),,+!-$%<9)!2&)%K&.$7!)*!9*!!"#$#$%&!'$()$!$$*&L$1&EK&!

F&,/&!1)%(E&%!)7/)!/)*7$%! !(*1)-)*1()*/).)*/)!1)!,&7!)29&2($*)7!1)!A&BC),,M!N$%!)I).-,$+!7(!

&1$-/J%&.$7!,&!7(89()*/)!(1)*/(F(2&2(@*!34O5=!

!

34O5 !

!

!!)*/$*2)7+!,&!)29&2(@*!34>5!(.-,(2&%K&=!

34P5!!!! ! +!

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

9!"#$%&"%'()#*$#%+),')&'*"*#-&$*$#,"./'0)#'.-!'%"1#+,1"2#,$+13"2#$!$%,1+."4)0,'%"2#*'5$1$),$2#

*$#!"#*$#6"78$!!9:
;<;<
!=&#!$'&,)2*/#$)>&!#2)$)'&#"!*,!*&('&$*,!&*$*,#/)#?!.#/#!)/!0@,!#""@!2*!"#!

$'0.#()+)")2#2!0#(*0@()$#?!1!A%,()B)$#/!"#!*"*$$)>&!2*!"#,!$'0.'&*&(*,!$'&!+#,*!*&!#/C%0*&(',!

2*!"#!BD,)$#5!

!
III.2. LAS DOS ECUACIONES TENSORIALES SE DERIVAN DE LA ECUACIÓN  

TENSORIAL DE  LA CONSERVACION DE LA CARGA. 

!!!

!!!E'2*0',!./'$*2*/!*&!C*&*/#"!*()F%*(#&2'!"#,!$'0.'&*&(*,!2*"!(*&,'/! *&!GH<I!$'0'!,)C%*8!

GJKI !

!!!!

!!!:+#;&$#;&$1$.+2#%+.-1+/"1#$2#!"#2'4&'$),$#'*$),'*"*5!

GJ;I L !

!

!!M#0',! #! $'&,)2*/#/! $!# !3.',$# ')*$-$)*'$),$# *$!# ,'$.-+! 2*! "#,! *$%#$)'&*,! GN<I! 1! GH<I! *&!

$'&A%&$)>&! $'&! "#,! "*1*,! 2*! 6'%"'0+! 1! O)'(PQ#R#/(?! .#/#! A%,()B)$#/! *,(#! )2*&()B)$#$)>&5!!

S*$'/2*0',!%&#!R*T!0@,8!

GN<I! !!!!

!

!!!U*!"#!GN<I?!'+(*&*0',8!

GJVI! !!!!!1!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!
;<;<
! W',X! 7*/#,?! 97'4! ('! '+(#)&! (Y*! $'R#/)#&(! B'/0! 'B! 3#-4*""Z,! *F%#()'&,! B/'0! (Y*! $'&()&%)(1! *F%#()'&:?! *&8!

<&1+-$")#=+&1)"!#+5#>?@2'%2A#R'"5!NK!GVKK[I8!!\J;!
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"#$%! !!!!

!

!!!!&'()*+',)-!./!*'0./!"1%!/**12/!3)*,4./+/5!

"#6%7!"8%! !

!

!!!9'!"#$%!:!"#6%!)2;'<',)-5!

"##%! !!!

!!!!9/+)!=4'>!-1! >!-'!-104'!=4'!./!'(4/(1?<!"##%!-'!;*/<-3)*,/!'<5!

"#@%! !!!

!!!'<! +)<+'! ! :! >! '-! +'(1*>! ./!

+'<-1+/+! +'! (/*0/! '-;A! 'B/.4/+/! '<! '.! C4<;)! 34'<;'! " %>! +)<+'! '-;A! ./! (/4-/D! E/! "#@%! -'!

;*/<-3)*,/!'<5!

"#F%! !!!

!!!!

!!!!G<!'.!!!"#$%&'$()&*&()$&(%&')&!'%$&#*+! !:!'<;)<('-!

"#H%! >!+'!,)+)!=4'!./!"#F%!-'!*'+4('!/5!

"#I%! !!!

!!!J)<-1+'*/,)-!=4'5!

"@K%! !
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!!!!"#$%&!'()*
+,+-
.!

/0+1! !!

!!!2$3'(*&*4$!/051!6!/0+1!$'7)*)3$8.!

/091! !!

!!!!:;87(7;(3$8!/091!)*!/<=1.!

/0>1 !!!

!!!"?@(A&*4$!)@!7)$%)3&!4)!B&;88C!8)!$'7()*)! D!"@!(*7)E%&%!8$'%)! C!)8!

A$3$! 8(! )F7)*4(G%&3$8! @&8! A&%E&8! H(*(7&8! 8$'%)! ;*&! 8;?)%H(A()! (*H(*(7&C! %&IJ*! ?$%! @&! A;&@! )87&!

(*7)E%&@!4)!8;?)%H(A()!%)8;@7&!8)%!A)%$.!

/0K1! !

!!!2$3'(*&*4$!/0>1!6!/0K1!$'7)*)3$8.!

/0<1! !!!

!!!!!L&4$!M;)! C!@&!/0<1!8)!7%&*8H$%3&!)*.!

/001! !!!

!!!!!!!"#$%&!'()*C!!"#$%&'()*(+,C!@&!H;)%I&!)@)A7%$87N7(A&!)*7%)!4$8!A&%E&8C! !6! .!

/0,1! !!

!!!L)!)87&!)A;&A(J*!)F7%&)3$8!)@!A&3?$!)@)A7%$87N7(A$!4)!@&!A&%E&! .!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!

+,+-
!OP.!)*!Q;%%&6!:?()E)@C!-%.*/!/!&0"12(3/4*!/+==-1.!05C!)A;&A(J*!>'C!8)!$'7()*)! R!

@&!%&IJ*!4)!)87&!!4(H)%)*A(&!4)!8(E*$!A$*!%)8?)A7$!&!/051!)8!M;)! !6! !
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"#$%! !!

!!!&'!!"#"$%&'(%)*+,&%,-./0,%,1#%,2'+3$'415'6#,2",7%$3851&%+,2%2%,7*$, !"(!')*+,-./'()-,!

01!),*1/'2)!*()3,+'10!41+1!(5(/*,3!-(!/,641+1/'2)%!,7*()(6,38
9:9;
!

"#;%! !!!!!

!!<,641+1)-,!"#;%!=!"##%!,7*()(6,38!

":>%! !?@A@B@!

!!!<,)!713(!()!"##%!C(6,3!-(+'D1-,!1#%,7%$3"!-(0!*()3,+!-(0!/164,!(0(/*+,61E)F*'/,!"(/.1/'2)!

9%!-(!01!(/.1/'2)!-(!/,)*').'-1-!=!-(!01!0(=!-(!<,.0,67G!')-(4()-'()*(6()*(!-(!013!(/.1/',)(3!

-(!H1IJ(008!

":9%! !

!

!!!KC,+1!510*1!-(+'D1+! G! !=! @!KC,+1!7'()G! @!<,6,!=1!*()(6,3! !"D(+!

:9%G! 510*1! 3,016()*(! @!L(/,+-(6,3! *167'F)! "(%G! 1! 317(+G! @!M(/(3'*16,3!

3,016()*(!01!41+*(!(341/'10G!1!317(+G!1!317(+G! G!-(!6,-,!N.(!01!"O:%!3(!*+1)35,+61!

/,6,!3'E.(8!

"O:% !!! !!!!

!

":P%! !

!

!!!L(/,+-(6,3!.)1!D(Q!6R3!01!+(E01!C8!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!

9:9;
!S(+13!*'()(!01!6'361!(/.1/'2)G!4(+,!/,)!3T67,0,3!-'5(+()*(38! G!()!-,)-(! U!

DF13(! V,3F! S(+13G! WS,J! *,! ,7*1')! *C(! /,D1+'1)*! 5,+6! ,5!H1IJ(00X3! (N.1*',)3! 5+,)! *C(! /,)*').'*=! (N.1*',)YG! ()8!

91$*7"%#,:*1$#%&,*;,<=>+'5+?,D,0@!O>!"P>>;%8!!$Z>!
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"#$%&!"'%! !

!

!!!()*+,+),-.*!"#$%!/0!"12%!3454!.6+/0/57!

"18%! !

!

!!!94:.!;)/<!*,! <!!*/!*,=)/!;)/!>4!/?)4?,@0!"##%!*/!+540*A.5-4!/07!

"1$%! !!!

!!!!B0!/>!>C-,+/!,0:/3/0:,/0+/!:/>!+,/-3.<! <!:/!-.:.!;)/7!

"1#%!! !

"1D%! !

"11%! !

!!!E'.54!6,/0<!/>!35.:)?+.!5.+4?,.04>!:/! !/*7!

"1F%! !

"1G%! !

!!!E'.54! 6,/0<! >.*! ,0+/=540:.*! :/! >4*! /?)4?,.0/*! "1#%<! "1D%! H! "11%! */! ,:/0+,A,?40! ?.0! >4*!

?.-3.0/0+/*!?45+/*,404*! !:/>!5.+4?,.04>!:/! !:/!>4!/?)4?,@0!"1G%7!

"FI%! !!!

!!!!!!!:.0:/!! !/*!/>!*C-6.>.!:/!J/K,LM,K,+4<!;)/<!345+,/0:.!:/! <!*/!:/A,0/!?.-.7!

N%! <!*,!'4H!)0!0O-/5.!345!:/!3/5-)+4?,.0/*!:/!:.*!C0:,?/*!

2%! <!*,!'4H!)0!0O-/5.!,-345!:/!3/5-)+4?,.0/*!:/!:.*!C0:,?/*!

8%! <!/0!+.:.*!>.*!:/-P*!?4*.*!"3.5!/Q/-3>.!?)40:.!/>!-,*-.!C0:,?/!*/!5/3,+/%!

!!!M.0*,:/54-.*!;)/7!
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"#$%! !

!!!!!!!!!!!!!! !

!!!!!!!!!!!!!! !

!"#&%!! !

!!!'()*+*(+,-)!"#&%!./!"#0%!1232!-4*./.3!"#5%6!

"#5%! !!!

!!!78-32!4+./9!.:!13+,.3!*;3,+/-!<.:!:2<-!<.3.=8-!+,1:+=2!+/*.>323!(/2!=-33+./*.!?+/+*2!)-43.!(/2!

)(1.3?+=+.!+/?+/+*29!3.)(:*2/<-!./!=.3-6!

"#@%! !!" !A!<+?.3./=+2:!<.!)(1.3?+=+.%!

!!!B-,4+/2/<-!"#5%!C!"#@%!-4*./.,-)6!

"#D%! !!!

!!!E.=-3<.,-)! 28-32! :2! =-33+./*.! 9! 2)-=+2<2! 2! (/2!123*F=(:2! G(.! ).!,(.H.!

=-/!42I2!H.:-=+<2<!=-/)*2/*.! ! 2! :-! :23>-!<.! :2! *32C.=*-3+2! J!'()*+*(C./<-!.)*.!H2:-3! ./! "#D%!

-4*./.,-)6!

"#K%! !!!

!!!LH2:(2/<-!.)*.!+/*.>32:9!-4*./.,-)6!

"#M%! !!!

!!!N-3!-*32!123*.9!.:!=2,1-!,2>/;*+=-!>./.32<-!1-3!.)*2!=-33+./*.!" %9!!).>O/!

:2!:.C!.P1.3+,./*2:!<.!Q+-*R'2H23*9!.)6
!$M&0
!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!

$M&0
! S.32)! *+./.! :2! ,+),2! .=(2=+T/9! 1.3-! =-/! )F,4-:-)! <+?.3./*.)6! 9! ./! <-/<.!

! C! H;2).! U-);! S.32)9! VS-W! *-! -4*2+/! *8.! =-H23+2/*! ?-3,! -?! X2PW.::Y)! .G(2*+-/)! ?3-/! *8.!

=-/*+/(+*C!.G(2*+-/Z9!./6!!"#$%&'()*$"#('+)$,)-./01203)H-:J!50!"&00[%6!!#D$!
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"##$!! !"%&'!(&!)*+,-./0/1,!2/1/!34/!2/1,563%/7!.&11/4+!"899:$;<8=$!

!

!!>&!%/!6+?2/1/6*@4!(&!"#A$!'!"##$7!6+46%3*?+B7!C3&;!

"#D$! !!!

!

!!!!E&1*F*6/?+B!%/B!,1&B!B*G3*&4,&B!6+?2+4&4,&B7!C3&!B&!1&6+4+6&4!&4!%/!?/,1*H!":$;!

"D9$! !

"D:$! !

"D8$! !

!

!!!I+4! "A9$! '! "#D$! 6+?21+J/?+B! %/! *(&4,*(/(! (&! %/B! (+B! ?/,1*6&B! C3&! B&! 2+B,3%@! &4! %/! "A:$K!
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"#N%!!O+,;4!,+-./0124!<(!+6+,5)(!24.!)+<14! 8!

!!!!!!!!+%!(.!6+!3';()P121(!<(6!+6+,5)(8! !

!!!!!!!!5%!P'()+!<(6!+6+,5)(8! !

!!!!!!!!2%!!<(.0)4!<(6!+6+,5)(8! !

"#Q%!O+,;4!,+-./0124!(.!2(.0)4!<(!'.!346(.41<(!1<(+6!",'?!6+)-4:!31.!(P(2043!<(!54)<(%8!!

!!!!!!! !"(.!<4.<(! !(3!(6!.R,()4!<(!(3;1)+3!?! !6+!64.-10'<!<(6!346(.41<(%!

D+)0(!E7778!>FG!HF!&ILIHIG!

"#S%!&6'T4!,+-./01248!! !!!"'.1<+<(38! %!

"#U%!7.<'20+.21+8! !!"31! ! %!

"NV%!>(?!<(!&+)+<+?8!W&'()*+!(6(20)4,40)1*X!"P(,%8!! !

"NY%!FZ;()1,(.0+6,(.0(!24.30+8! !

"N$%!>(?!<(!>(.*8!6+!24))1(.0(!1.<'21<+!3(!4;4.(!+6!2+,514!<(6!2+,;4!,+-./0124!!

"N9%!F.()-[+!,+-./012+!+6,+2(.+<+8! !

"N=%!H(.31<+<!<(!(.()-[+!,+-./012+8! !

D+)0(!7\8!>FGFB!HF!JI\]F>>!!
!!!>+3!6(?(3!<(!J+Z^(66!(.!P4),+!1.0(-)+68!

"N#%!! !!!">(?!<(!_+'33!(.!(6(20)121<+<%!!

"NN%! !!!!">(?!<(!1.<'221`.!<(!&+)+<+?%!

"NQ%!! !!!!!">(?!<(!_+'33!(.!,+-.(013,4%!

"NS%! !!">(?!<(!I,;M)(AJ+Z^(66:!(.!<4.<(! %!!!



!602 

!!"#$!%&'&$!(&!)#*+&%%!&,!-./0#!(1-&/&,21#%3!

4567! !!!!!!!!!!!!!!!!!!!!!4"&'!(&!8#9$$!&,!&%&2:/121(#(7!!

4;<7! !!!!!!!!!!!!!!4"&'!(&!1,(9221=,!(&!>#/#(#'7!

4;?7 !!!!!!!!!!!!!!!!!!!!!!!4"&'!(&!8#9$$!&,!0#@,&:1$0.7!

4;A7! !!!4"&'!(&!B0CD/&E)#*+&%%7!!!

!!"#$!%&'&$!(&!)#*+&%%!1,(&C&,(1&,:&$!(&%!:1&0C.!4&%&2:/.$:F:12#!'!0#@,&:.$:F:12#73!

4;G7! !!!

4;H7! !
4;I7! !
4;57! !!!!

!!!"#$!%&'&$!(&!)#*+&%%!$1,!-9&,:&3!

4;;7! !

4;J7! !

4;67! !

4J<7! !

K#/:&!L3!MNOBP!Q"QRSTM)B8NUSVRBP!!

4J?7! !!!4&29#21=,!(&!.,(#!(&%!2#0C.!&%W2:/12.X!2.,!-9&,:&7!

4JA7!! !!4&29#21=,!(&!.,(#!(&%!2#0C.!0#@,W:12.X!2.,!-9&,:&7!

4JG7! !!!4&29#21=,!(&!.,(#!(&%!2#0C.!&%W2:/12.X!$1,!-9&,:&7!

4JH7!! !!4&29#21=,!(&!.,(#!(&%!2#0C.!0#@,W:12.X!$1,!-9&,:&7!


