
281ENSEÑANZA DE LAS CIENCIAS, 2008, 26(2), 281–290

!"#$%&#'(%')*+#",)'-'$"%)$./0'(%'&.1*2)$.#0%&'
"%)2.3)(#'!#"'!"#4%&#"%&'(%'5*,1.$)6'
*0)'%7!%".%0$.)'(%'$)!)$.+)$./0'%0'&%"8.$.#''
!
Fejes, Marcela Elena9:'Infante-Malachias, Maria Elena;:'Navas, Ana Maria<'='Nunes, César 
Augusto Amaral>
"#!$#!%!&'()*+!,)!-./.0)!1!234560'4,+,6!,6!78)!9+.*):!78)!9+.*)
;!&'()*+!,6!<0/6'#!=4>3(4+'!6!?.@+34,+,6'!1!&<=?!1!279
@+0(6*+AB./.0):.'C:D0
@+04*63A.'C:D0

.00#8)$.#0%&
(.(?$+.$)&

Resumen. 76!C06'63/+3!,)'!6'/.,4)'!,6!(+')!E.6!,6'(04D63!6*!C0)(6')!,6!+./)0F+!G!(06+(4H3!,6!'4@.*+(4)36'!,6!E.F@4(+!C)0!C+0/6!,6!,)(63/6'!
,6!6'(.6*+'!CID*4(+'!543(.*+,)'!+*!C0)G6(/)!J+D)0+/)04)!K4,L(/4()!M40/.+*!,6!N.F@4(+#!,6'+00)**+,)!C)0!*+!&'(.6*+!,6*!-./.0)!,6!*+!234560'4,+,!
,6!78)!9+.*):!&*!+3L*4'4'!,)(.@63/+*#!C0),.(4,)!C)0!,)'!O0.C)'!,6!C0)B6')06'#!06!6P+!C0)(6')'!,4B6063/6'!,6!'6*6((4H3!/+3/)!,6!/6@+'!()@)!,6!
'4/.+(4)36'!C0)D*6@L/4(+'!C+0+!*+!6*+D)0+(4H3!,6!'4@.*+(4)36':!76!654,63(4+!*+!C)/63(4+*4,+,!E.6!C.6,6!/6360!C+0+!6*!+C063,4Q+P6!,6!E.F@4(+#!
+D)0,+0!6*!()/4,4+3)!,6*!+*.@3)!G!06+*4Q+0!.3!/0+D+P)!()*+D)0+/45)!63/06!C0)B6')06'!6!4356'/4O+,)06':!76!()3'4,60+3!*+'!C)'4D4*4,+,6'!,6!43/60+((4H3!
E.6!.3+!'4@.*+(4H3!C.6,6!)B06(60!C+0+!6*!/0+D+P)!63!'+*+!,6!+.*+:
Palabras clave. <C063,4Q+P6!,6!E.F@4(+#!'4@.*+(4)36'!43/60+(/45+'#!/0+D+P)!()*+D)0+/45)#!B)0@+(4H3!63!'6054(4)#!B)0@+(4H3!,6!C0)B6')06':

+@A'!BCDAEE'CF'&GHIJKLGCM')IL@CBGMN-$BAKLGCM'O='$@AHGELB='+AKD@ABE6')'&ABPGDA'2AKBMGMN'%QRABGAMDA
Summary. RS)!(+'6!'/.,46'!+06!C06'63/6,!/)!,6'(04D6!/T6!C0)(6''!)B!C.D*4(!'(T))*!/6+(T60'!+./T)043O!+3,!(06+/43O!(T6@4'/0G!'4@.*+/4)3':!!RT6G!
+06!C+0/!)B!/T6!M40/.+*!K4,+(/4(!J+D)0+/)0G!B)0!=T6@4'/0G#!+!C0)P6(/!,656*)C6,!DG!/T6!7(T))*!)B!/T6!-./.06!)B!/T6!234560'4/G!)B!7+)!9+.*):!!RT6!
,)(.@63/+*!+3+*G'4'!)B!/T6!@+/604+*!C0),.(6,!DG!/S)!O0).C'!)B!/6+(T60'!06!6(/'!,4BB6063/!'6*6(/4)3!C0)(6''!B)0!D)/T!/T6@6'!+3,!C0)D*6@1'4/.+/4)3'!
ST63!(06+/43O!'4@.*+/4)3':!!RT6!'/.,G!,6@)3'/0+/6'!/T6!C)/63/4+*!B)0!(T6@4'/0G!*6+0343O!S4/T!+3!+CC0)+(T!/T+/!/+U6'!'/.,63/'V!6560G,+G!*456'!43/)!
+(().3/!+3,!4'!D+'6,!)3!()**+D)0+/456!S)0U!+@)3O!/6+(T60'!+3,!06'6+0(T60':!!<*')#!B0)@!/T6!/6+(T60'V!C60'C6(/456'#!/T6!C)''4D4*4/46'!)B!43/60+(/4)3!
/T+/!+!'4@.*+/4)3!)BB60'!B)0!(*+''0))@!+(/454/46'!+06!()3'4,606,:
Keywords. =T6@4'/0G!*6+0343O#!43/60+(/456!'4@.*+/4)3'#!()**+D)0+/456!S)0U#!'6054(6!*6+0343O#!/6+(T60!/0+4343O:
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&3! *+!I*/4@+!,W(+,+! '6!T+3!5+*)04Q+,)!@),6*)'!,6!631
'6X+3Q+1+C063,4Q+P6! D+'+,)'! 63! +@D463/6'! +(/45)'! G!
()*+D)0+/45)'!YZ+0+D#![+U43'/60!6/!+*:#!;\\"]#!*)!E.6!T+!
C60@4/4,)! 6*! '.0O4@463/)! ,6! C0)C.6'/+'! ,6! 63'6X+3Q+!
,6!(463(4+'!+C)G+,+'!63!06,6'!,6!/0+D+P)!()*+D)0+/45)!G!
+0/4(.*+,+'! +*06,6,)0! ,6! +@D463/6'! 540/.+*6'! ,6! +C0631
,4Q+P6.!&3! 6'/+!C60'C6(/45+#! *)'!C0)(6')'!,6! +C063,4Q+1
P6! ,6! (463(4+'! C.6,63! 560'6! +C)G+,)'! C)0! 3.@60)')'!
06(.0')'!43/60+(/45)'!,4'C)34D*6'!63!^3/6036/#! *)'!(.+*6'!
B)0@+3!C+0/6!,6!06C)'4/)04)'!,6!'4@.*+(4)36'!G!,6!)/0)'!
)DP6/)'!6,.(+(4)3+*6'!Y_6C63343O!6/!+*:#!"```]!.!)DP6/)'!
,6!+C063,4Q+P6!Ya.36'!G!b+4D*6#!;\\;]:!K6!6'/+!B)0@+#!
(463/F!()'#!6,.(+,)06'#!+*.@3)'#!,4'6X+,)06'!G!C0)O0+1
@+,)06'! C.6,63! ()3'/0.40! ()@.34,+,6'!,6! +C063,4Q+P6!
YZ+0+D! G! K.BBG#! "``cd! Z+0+D#![+e43'/60! 6/! +*:#! ;\\"d!
?6304!G!9.,6*U)#!;\\$]!E.6#!+,6@L'!,6!./4*4Q+0! *)'! 061
(.0')'!,4'C)34D*6'!63!*)'!06C)'4/)04)'!6f4'/63/6'#!C.6,+3!
(06+0#! C0),.(40! G! C.D*4(+0! '4@.*+(4)36'! G! +34@+(4)36'!
C0)C4+'#!()@)!06'.*/+,)!,6!.3!/0+D+P)!()*+D)0+/45)!Ya.1
36'#!;\\;]:!

<.3!(.+3,)!6f4'/6!.3+!*F36+!,6!/0+D+P)!E.6!,6!63,6!*+!
(06+(4H3!,6!'4@.*+(4)36'!+*/+@63/6!()@C*6P+'!6!43O634)1
'+'!Y-)06@+3!G!<*,04(T#!;\\g]#!3.6'/0+!C0)C.6'/+!43'4'/6!
63!*+!O0+3!C)/63(4+*4,+,!E.6!6f4'/6!C+0+!6*!+C063,4Q+P6#!
(.+3,)!')3!*)'!+*.@3)'!E.46363'!(06+3!'.'!C0)C4+'!'41
@.*+(4)36'! Y_6CC6343O! 6/! +*:#! "```]:! &3! 6'/+'! ()3,41
(4)36'#!6*!+C063,4Q!C.6,6!560'6!635.6*/)!63!C0)(6')'!,6!
()3'/0.((4H3!,6!@),6*)'!G!,6!(*+0+!4356'/4O+(4H3!+(/45+:!
K6',6!*+!C60'C6(/45+!,6!.3!+./)0!,6!.3+!'4@.*+(4H3#!'6+!
6'/6!C0)B6')0!)!+*.@3)#!*+!06C06'63/+(4H3!,6!.3!@),6*)!
(.G+'! 5+04+D*6'! C.6,63! '60!@+34C.*+,+'! 6'! .3! ,6'+BF)!
E.6!635.6*56!C0)(6')'!+(/45)'!,6!4356'/4O+(4H3!G!,6!C631
'+@463/)!Y_6CC6343O!6/!+*:#"```d!h)T+0#!;\\%]:!

&.1*2)$.#0%&'%(*$)+.8)&'

RT)@+'! G! 7(T.00! Y"``ci! jg]! ,6!363! *+'! '4@.*+(4)36'!
()@)!!"#$%&#'()*$+%'"$"',-*.(*')B/S+06*&#(*+)/+/)"'/0
-$*$""(1/*$*#-*2/.(%/*/*$*#-*1'13(2$*451'"/*/*3(/)63'"/7:!
&3!6*!@)@63/)!,6!C0)B.3,4Q+0!')D06!.3+!'4@.*+(4H3!6,.1
(+/45+#!*)'!+./)06'!,6'/+(+3!E.6!!#-$*1'2#%$"',-*(.#"$0
3'8$*(1*$&#(%%$*&#(*1(*#1$*+$)$*(-1(9$)*1/:)(*#-*1'13(2$*
2/.(%$./*;<<<=*(-*8(>*.(*?(-1(9$)@*1/:)(*(%*+)/"(1/*.(*
2/.(%$A(*(-* 15<7*&3!6'/6!()3/6f/)! *)'!+./)06'!,6'/+(+3!
E.6! *+'! '4@.*+(4)36'! C.6,63! ()3/04D.40! +*! +C063,4Q+P6!
Y"]!+*!C)'4D4*4/+0!E.6!*)'!+*.@3)'!()3'/0.G+3!()3(6C/)'!
+!/0+5W'!,6!*+!6fC60463(4+#!Y;]!+*!)B06(60!.3!+@D463/6!,6!
6fC*)0+(4H3!G!Y$]!+*!C60@4/40!E.6!*)'!+*.@3)'!C+0/4(4C63!
,6!*+!6*+D)0+(4H3!G!5+*4,+(4H3!,6!T4CH/6'4':!<,4(4)3+@)'!
+!*+'!(+0+(/60F'/4(+'!06B604,+'!C)0!6'/)'!+./)06'!*+'!()3'41
,60+(4)36'!,6!7/+0U6G!k!Z*+U6!Y;\\"]#!E.4636'!06+*Q+3!
*+!C)/63(4+*4,+,!E.6!/46363!*+'!'4@.*+(4)36'!C+0+!*+!6,.1
(+(4H3!(.+3,)!C0)@.6563!*+!/)@+!,6!,6(4'4)36'!C+0+!*+!
06')*.(4H3!,6!C0)D*6@+'!06+*6':!&3!6'/6!@4'@)!()3/6f/)#!
+./)06'!()@)!_6C63343O!G!)/0)'!Y"```]!T+3!06B604,)!*+!
C)/63(4+*4,+,!,6! *+'! '4@.*+(4)36'!C+0+!54'.+*4Q+0#! 43/61
0+(/.+0#!6fC*)0+0#!()@C063,60!G!()@.34(+0!4,6+'!G!'4'/61
@+'!()@C*6P)':!

&3!6*!L06+!6'C6(F!(+!,6!*+'!(463(4+'!3+/.0+*6'!G!6f+(/+'#!
*+'!'4@.*+(4)36'!)B06(63!*+!C)'4D4*4,+,!,6!6'/+D*6(60!061
*+(4)36'!63/06!*)'!()3(6C/)'!(463/F!()'!G!*)'!()3(6C/)'!
()/4,4+3)'!G#!+*!.'+0!06C06'63/+(4)36'!+3+*HO4(+'#!'6!B+1
(4*4/+!*+!()@C063'4H3!,6!/6@+'!+D'/0+(/)'#!'6!,6'C460/+!6*!
43/60W'!C)0!.3!+'.3/)!3.65)!G#!C043(4C+*@63/6!63!6*!(+')!
,6*! C0)B6')0#! C),0F+3! 6'/4@.*+0*)! +! ()3'4,60+0! 6*! ()3)1
(4@463/)!C0654)!,6!*)'!+*.@3)'!Yb+*+O)5'UG!G!<,.04Q1
Z0+5)#!;\\"]:!&f4'/63!5+04)'!6P6@C*)'!,6!6*+D)0+(4H3!G!
.')!,6!)DP6/)'!,6!+C063,4Q+P6!63!(463(4+':!&3!C+0/4(.*+0!
6*!C0)G6(/)!*+/43)+@604(+3)!_^M&K!Y_6,!43/603+(4)3+*!
540/.+*! ,6! 6,.(+(4H3! lSSS:0456,:C0)43B):@6(:O)5:D0m#!
B.3(4)3+!T)G!()@)!434(4+/45+!,6*![434'/604)!,6!&,.(+1
(4H3! ,6! Z0+'4*! G! B.6! 63! C043(4C4)! +,)C/+,+! C)0! (.+/0)!
C+F'6'! *+/43)+@604(+3)'! Y^M&a]! ()@)! C0)C.6'/+! C+0+!
@6P)0+0!6*!+C063,4Q+P6!63!(463(4+'!G!@+/6@L/4(+! 43()01
C)0+3,)! .3+! /6(3)*)OF+! /-* %'-(! 43(*.G63,)! 54,6)1/6(1
3)*)OF+! G! /6(3)*)OF+! ,6! ()@C./+(4H3! ()3!@.*/4@6,4)'!
43/60+(/45)':!76!6'C60+D+!,6'+00)**+0!.3!C0)O0+@+!@.*/41
@6,4+*!C0),.(463,)!@H,.*)'!6,.(+/45)'!E.6!63O*)D+'63!
6*!(.00F(.*)! /)/+*!,6!(463(4+'!G!@+/6@L/4(+!,6! *)'!+X)'!
'.C604)06'! ,6! 63'6X+3Q+! @6,4+:! 76! C*+36H! 6*! ,6'+00)1
**)! ,6!.3+! BLD04(+! 540/.+*! ,6! '4@.*+(4)36'! 63! /),+'! *+'!
+'4O3+/.0+'!,6!(463(4+'#!D+'+,+'!63!06')*.(4H3!,6!(+')'!G!
,6!C0)D*6@+'#!()3!*+!4,6+!,6!E.6!/+3/)!C0)B6')06'!()@)!
+*.@3)'! /.5460+3! *+!C)'4D4*4,+,!,6!,4'C)360!,6!)DP6/)'!
,6!+C063,4Q+P6!63!(.+*E.460!()3/634,)!,6!*+'!(463(4+':!&*!
C0)G6(/)#!E.6!!3+*@63/6!'H*)!'6!,6'+00)**H!C*63+@63/6!
63!Z0+'4*#!3)!I34(+@63/6!4@C*4(H!*+!6*+D)0+(4H3!,6!'4@.1
*+(4)36'!'43)!,6!(.0')'!,6!(+C+(4/+(4H3!+!,4'/+3(4+!C+0+!
E.6! *)'! C0)B6')06'! C.,460+3! 06+*@63/6! +C0)56(T+0! 6'/6!
@+/604+*!()3!O0+3!Wf4/):

%2'!"#S%$+#'2)T#")+#".#'(.(?$+.$#'
8."+*)2'U2)T8."+V'S'&*'1%+#(#2#W,)'

&3!6'/6!()3/6f/)#!,6'(04D4@)'!'43/W/4(+@63/6!6*!C0)G6(1
/)!J+D)0+/)04)!K4,L(/4()!M40/.+*!YJ+D540/]#!,6!*+!&'(.6*+!
,6*!-./.0)!,6!*+!234560'4,+,!,6!78)!9+.*)!63!Z0+'4*#!6*!
(.+*!C0)C)36!6*!C0)(6')!,6!(06+(4H3!G!C0),.((4H3!,6!'41
@.*+(4)36'!,6!(463(4+'!()@)!.3+!6'/0+/6O4+!C+0+!*)O0+0!
E.6! %/1* $%#2-/1! +,E.460+3!.3! 0)*! +(/45)!G!@)/45+,)0!
()@)!+./)06'n(06+,)06'!,6!'4/.+(4)36'!E.6! 435)*.(063!
'.'!/6@+'!(.004(.*+06':!7.'!4,6+'!6fC06'+,+'!+!/0+5W'!,6!
.3!O.4H3!')3! /0+3'B)0@+,+'!63!'4@.*+(4)36'#!+! /0+5W'!
,6!.3+!06,!()*+D)0+/45+!63/06!.34560'4,+,16'(.6*+!E.6!
C60@4/6!E.6!6'/)!)(.00+:!9+0+!6**)#!*+'!6'(.6*+'!()35)1
(+,+'!545460)3!.3!C0)(6')!,6!'63'4D4*4Q+(4H3!,6*!(.60C)!
,406(/45)!G!,6!*)'!())0,43+,)06'!C6,+OHO4()'!()3!6*!!3!
,6!C+0/4(4C+0!63!6*!C0)G6(/):!J)'!C0)B6')06'!543(.*+,)'!
06(4D460)3! .3! (.0')! ,6! (+C+(4/+(4H3! E.6! *6'! C60@4/4H!
()3)(60!*+'!(+0+(/60F'/4(+'!,6*!C0)G6(/)#!+'F!()@)!+!*)'!
43/6O0+3/6'! ,6! *)'! )/0)'! 6E.4C)'! ,6! /0+D+P)! G! ,4'(./40!
*+! @6/),)*)OF+! C0)C.6'/+! C+0+! ()3B)0@+0! 06,6'! ()*+1
D)0+/45+'!+C)G+,+'!63!.3!+@D463/6!540/.+*#!G!C0),.(40!
'4@.*+(4)36'!43/60+(/45+':!

K4B6063/6'!+./)06'!T+3!06'+*/+,)!*+!4@C)0/+3(4+!,6!*)O0+0!
.3!/0+D+P)!43/60,6C63,463/6!63/06!*)'!@46@D0)'!E.6!()31

.0+"#(*$$./0
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B)0@+3!.3+!()@.34,+,!,6!+C063,4Q+P6!YZ+0+D!G!K.BBG#!
"``cd!Z+0+D#![+e43'/60!6/!+*:#!;\\"d!?6304!G!9.,6*U)#!
;\\$]d!6'/+!43/60,6C63,63(4+!'6!,6!36!63!/W0@43)'!,6!6'1
B.60Q)'!G!()*+D)0+(4H3:!&3!6*!(+')!,6*!C0)G6(/)!J+D540/!
N.F@4(+! '6! ,6*436+0)3! B.3(4)36'! G! 06'C)3'+D4*4,+,6'!
C+0+!(+,+!6E.4C)!E.6!C+0/4(4CH!63!6*!C0)G6(/)!G!E.6!'6!
43/6O0+0)3!63!@)@63/)'!G!6/+C+'!,4B6063/6':

J+!54563(4+!,6!$+)(-.()*B$"'(-./C*&#(*(-*-#(13)/*3)$:$0
A/*1(*'-1+'),*(-*%$*+)/+#(13$*.(*D()('3()*E*F"$).$2$%'$*
?GHHI@C*1(*+)$"3'",*.(1.(*#-*+)'2()*2/2(-3/<*J)'!C0)1
B6')06'! /.5460)3! E.6! (06+0! G! 63()@63,+0!'4@.*+(4)36'!
()@)!'4!B.60+3!+*.@3)'!,6!B)0@+!/+*!E.6!6**)!C60@4/4H!
E.6!'.0O460+3!,4'(.'4)36'!')D06!*+'!,4!(.*/+,6'#!*+'!T+D41
*4,+,6'#!*+'!6'/0+/6O4+'!G!*)'!C.3/)'!C)'4/45)'!,6!/0+D+P+0!
63!6'/+!C0)C.6'/+!G!C*+36+0!'.!C.6'/+!63!C0L(/4(+!()3!*)'!
+*.@3)':!

X$YHC'FIMDGCMK'AJ'RBC=ADLC'2KOPGBLZ
!
76!,4'/43O.63!(*+0+@63/6!/06'!6/+C+'!63!6*!C0)G6(/)#!E.6!
06C06'63/+@)'!6'E.6@L/4(+@63/6!63!*+!!O.0+!":!
!

Etapa 1i!&*+D)0+(4H3!,6!O.4)36'!,6!'4@.*+(4)36':

J)'! +*.@3)'nC0)B6')06'#! /0+D+P+3,)! 63! O0.C)#! 6*4O63!
'4/.+(4)36'!,6*!()/4,4+3)!.!)/0+'!E.6!*6'!')3!C+0/4(.*+01
@63/6!43/606'+3/6'#!'46@C06!06*+(4)3+,+'!()3!*)'!()3)(41
@463/)'!(.004(.*+06'!C*+34!(+,)':!J.6O)!,6!,4'(./40!'.'!
4,6+'!/0+3'B)0@+3!*)'!/6@+'!6*6O4,)'!63!'4/.+(4)36'!C0)1
D*6@+#!C0)(6')!E.6!4@C*4(+!36O)(4+(4)36'!63!O0.C)#!431
56'/4O+(4H3!63!6*!+.*+!+!/0+5W'!,6!,4B6063/6'!06(.0')'#!+.1
/)165+*.+(4H3!O0.C+*!6!43,454,.+*!G!()3'6(.63/6@63/6!6*!
,6'+00)**)!,6!T+D4*4,+,6'!G!()@C6/63(4+'!Y)D'605+(4H3#!

+3L*4'4'#!'F3/6'4'#!(06+/454,+,#!()@.34(+(4H3!G!06')*.(4H3!
,6!C0)D*6@+']:!J)'!+*.@3)'!D.'(+3!6*!+C)G)!G!*+!)04631
/+(4H3!,6*!C0)B6')0!Y()3!06'C6(/)!+!()3/634,)'#!)0O+34Q+1
(4H3!C6,+OHO4(+!G!')C)0/6!/W(34()]!G!06+*4Q+3!.3+!,6/+1
**+,+!,6'(04C(4H3!,6!*+!'4@.*+(4H3!E.6!,6'6+3!63!*+!E.6!
,6D63!E.6,+0!C60B6(/+@63/6!(*+0)'!*+!T4'/)04+#!*)'!C60')1
3+P6'#!6*!C0)D*6@+!+!06')*560#!*)'!6'E.6@+'!G!+*O)04/@)'!
36(6'+04)'#!*)'!()3(6C/)'#!*)'!*F@4/6'!,6*!@),6*)#!*+'!.341
,+,6'!./4*4Q+,+'!G!*+'!06'C.6'/+'!()006(/+'!+!/),)!+E.6**)!
E.6! C0)C)363! 06')*560:!o0463/+,)'! C)0! 6*! C0)B6')0#! *)'!
+*.@3)'! C+0/4(4C+3! ,6! C0)(6')'! ,6! 4356'/4O+(4H3! +(/41
5+#!,)3,6!C0),.(63!O.4)36'!,6!'4@.*+(4)36'!YZ)+06//)#!
;\\%]!+D)0,+3,)!C0)D*6@+'!,6!(463(4+'!,6!43/60W'!C+0+!
6**)':!!J)'!C0)B6')06'#!63!'.!3.65)!0)*#!3)!6'/L3!+()'/.@1
D0+,)'!+!C*+36+0#!)0463/+0!G!65+*.+0!/0+D+P)'!,6!6'+!3+/.1
0+*6Q+!G!36(6'4/+3!'63/40'6!5+*)0+,)'!G!+C)G+,)'!63!(.6'1
/4)36'! /W(34(+'#! C6,+OHO4(+'!G!,6! ()3/634,):!&*!6E.4C)!
,6! ,4'6X+,)06'!G! C0)O0+@+,)06'!,6! *+! .34560'4,+,! E.6!
6'/+0L!C0),.(463,)!6'+!'4@.*+(4H3!63(+0O+,+!3)!6'/L!63!
()3/+(/)!()3!*)'!+./)06'#!,6!@),)!E.6!*+!63()@463,+!,6!
'4@.*+(4H3!,6D6!'60!*)!@L'!+./)16fC*4(+/45+!C)'4D*6!

&3! 6'/6! C.3/)! 63/0+3! +! C+0/4(4C+0! *)'! )/0)'! 6E.4C)'! ,6!
/0+D+P)! E.6! '6! 63(.63/0+3! 63! *+! .34560'4,+,i! 6*! 6E.4C)!
,6!)0463/+(4H3#!)B06(463,)!+C)G)!G!+'4'/63(4+!+! *)'!,)1
(63/6'd!6*!6E.4C)!,6!()3'.*/+!G!B)0.@#!+/63,463,)!,.,+'!
G!(.6'/4)3+@463/)'!,6!C0)B6')06'!G!+*.@3)'!+!/0+5W'!,6!
^3/6036/d!6*!6E.4C)!,6!3)/4(4+'#!)B06(463,)!@+/604+*6'!,6!
+C)G)!63!*F36+!C+0+!*+!4356'/4O+(4H3!E.6!'6!,6'+00)**+!63!
6*!+.*+:!&'+!()@.34(+(4H3!6'!/+3/)!C06'63(4+*!()@)!5401
/.+*!,+,)!E.6!'6!06+*4Q+3!54'4/+'!+!*+'!6'(.6*+'!C+0+!+'4'/40!
+*!C0)B6')0!63!6*!+.*+!G!'6!C)363!63!*+!CLO43+!J(:!@+/61
04+*6'!G!06(.0')'!()@)i!,)(.@63/)'!6'(04/)'!()3!4,6+'!,6!
'4@.*+(4)36'#!06O4'/0)'!,6!+(/454,+,6'!G!+./)165+*.+(4)1
36'!6*+D)0+,)'!C)0!+*.@3)'#!06'C.6'/+'!,+,+'!C)0!6'C61
(4+*4'/+'!+!C06O.3/+'!6354+,+'!G!C.D*4(+,+'!63!6*!C)0/+*#!
,6D+/6'!+D460/)'!')D06!+'C6(/)'!,6*!C0)G6(/)!G!3)/4(4+'!
')D06!/6@+'!,6!43/60W'!63!(463(4+!G!/6(3)*)OF+:!
!
Etapa 2: -43+*4Q+(4H3!,6!O.4)36'!G!635F)!+*!6E.4C)!,6!
C0),.((4H3! ,6! *+! .34560'4,+,i! 90)(6')! ,6! 0654'4H31()1
006((4H31C0),.((4H3:

23+!56Q!6*+D)0+,)'!G!!3+*4Q+,)'#!*)'!O.4)36'!,6!*+'!'4@.1
*+(4)36'!')3!6354+,)'!+*!6E.4C)!,6!C0),.((4H3!+!/0+5W'!,6!
^3/6036/:!&'/6!C0)(6')!4@C*4(+!E.6!*)'!+*.@3)'!G!C0)B6')1
06'!,6!*+'!6'(.6*+'!+((6,+3!+*!C)0/+*!,6*!C0)G6(/)!G!635F63!
'.'!O.4)36'!63!B)0@+/)!,4O4/+*d!6'/)'!+0(T45)'!')3!06(4D41
,)'#!63!.3!C04@60!@)@63/)#!C)0!.3!6,.(+,)0!6'C6(4+*4'/+!
63!6*!L06+!,6!E.F@4(+!E.6!0654'+!'.!()3/634,)!G!,65.6*56!
6*!O.4H3!+!*+!6'(.6*+!63!(+')!,6!E.6!'6!06E.460+3!@),4!1
(+(4)36'!C)0!600)06'!6fC06'+,)'!/+3/)!,6!()3/634,)!()@)!
)0/)O0L!()'!)!O0+@+/4(+*6'#!+*O)04/@)'!@+*!6fC06'+,)'!)!
06'.*/+,)'! 6E.45)(+,)'! +*! +C*4(+0*)':! 9)'/604)0@63/6! *)'!
,4'6X+,)06'!G!C0)O0+@+,)06'!'6!63(+0O+3!,6!/0+3'B)0@+0!
*)'!O.4)36'!63!'4@.*+(4)36'! 43/60+(/45+'!Y.'+@)'!+E.F!G!
63!/),)!6*!/0+D+P)!6*!()3(6C/)!,6!1'2#%$"',-*(.#"$3'8$!B)01
@.*+,)!C)0!RT)@+'!G!7(T.00!Y"``c]:

&3!6'/6!C.3/)!6'!4@C)0/+3/6!06'+*/+0!E.6!/),)'!*)'!C0)1
(6')'!()@63/+,)'!+3/604)0@63/6#!+'F!()@)!6*!B.3(4)3+1
@463/)! ,6! (+,+! .3)! ,6! *)'! 6E.4C)'! G! *)'! 56TF(.*)'! ,6!
()@.34(+(4H3!E.6!'6!6'/+D*6(63!63/06!6**)'#!')3!+()@C+1

-4O.0+!"
Interacción entre la escuela y la universidad 

en el proyecto Labvirt.
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!!!!!!X+,)'!G!65+*.+,)'!,6!@+360+!C60@+363/6!C)0!6*!6E.4C)!
,6!())0,43+(4H3!O6360+*!,6*!C0)G6(/)!+!/0+5W'!,6!6'/0+1
/6O4+'!E.6!43(*.G63!06.34)36'!()3!*)'!())0,43+,)06'!,6!
*)'!6E.4C)'#!43/60(+@D4)!,6!@63'+P6'!5F+!^3/6036/#!06(4D)!
C604H,4()!,6!43B)0@6'!,6!+(/454,+,6'!G!63(.63/0)'!@631
'.+*6'!()3!C0)B6')06':!&'/)!C60@4/6!.3!+C)G)!B6T+(463/6!
G!,43L@4()!+()0,6!()3! *)'! /46@C)'!L.*4()':!90)B6')06'!
G!+*.@3)'!6'C60+3!E.6!'.'!'4@.*+(4)36'!C.D*4(+,+'!63!
^3/6036/!/63O+3!.3+!+(6C/+D*6!(+*4,+,!O0L!(+!G!.3!3456*!
,6!43/60+(/454,+,!6*65+,):!9)0!6')!63!6*!C0)(6')!,6!C0)1
,.((4H3#!()3,.(4,)!+!,4'/+3(4+#!C+0/4(4C+3!+*.@3)'!.341
560'4/+04)'!6'C6(4+*4'/+'!63!,4'6X)!G!C0)O0+@+(4H3:

Etapa 3: 9.D*4(+(4H3!,6!*+!'4@.*+(4H3!63!*+!CLO43+!S6Di!
54'4D4*4,+,!G!()@63/+04)':

=.+3,)!*+!'4@.*+(4H3!6'/L!!3+*4Q+,+#!*+!@4'@+!'6!C.D*4(+!
63!*+!CLO43+!S6D!,6*!C0)G6(/)!YSSS:*+D540/:B./.0):.'C:D0]:!
J)'!+./)06'#!E.6!')3!*)'!+*.@3)'nC0)B6')06'!,6!*+'!6'(.6*+'#!
06(4D63!()@63/+04)'#!6*)O4)'!G!'.O6063(4+'!')D06!'.!/0+D+P)!
+!/0+5W'!,6*!C)0/+*!63!.3!6'C+(4)!,6'/43+,)!+!/+*!!3#!,+,)!
E.6!/),)!+E.6**)!E.6!4,6+0)3!E.6,+!54'4D*6!.3+!56Q!E.6!*+!
CLO43+!S6D!6'!CID*4(+:

#O[ALGPCE'\AJ'RBC=ADLC'2KOPGBL'

9),6@)'! +C.3/+0! +*O.3)'! )DP6/45)'! O6360+*6'! ,6*! C0)1
G6(/)!E.6!C)'4D4*4/+!*+'!'4O.463/6'!433)5+(4)36'i
!
p! B)0@+0!G!+()@C+X+0!C0)B6')06'!,6!E.F@4(+!,6! *+! 06,!
CID*4(+! C+0+! C*+36+0! G! ,6'+00)**+0! 3.65)'! @W/),)'! ,6!
63'6X+3Q+!,6!(463(4+'!6*+D)0+3,)!'4@.*+(4)36'!43/60+(1
/45+'

p! C0)@)560! E.6! *)'! +*.@3)'! ,6'+00)**63! T+D4*4,+,6'! G!
()@C6/63(4+'!DL'4(+'!()@)!)D'605+(4H3#!+3L*4'4'#!'F3/61
'4'#!(06+/454,+,!G!06')*.(4H3!,6!C0)D*6@+'

p!C)'4D4*4/+0!E.6!*)'!@+/604+*6'!/+3/)!,6!+*.@3)'!()@)!
,6!C0)B6')06'! C.6,+3! '60! 54'/)'#! .'+,)'!G! ()@C+0/4,)'!
C)0!)/0)'!.'.+04)'!,6!^3/6036/

p!B)0@+*4Q+0!.3+!C0L(/4(+!()*+D)0+/45+!63/06!*+!.34560'4,+,!
G!*+!6'(.6*+!E.6!C60@4/+!.3+!54'4H3!@L'!C0)B.3,+!+(60(+!
,6!*+!06+*4,+,!,6!*+!6'(.6*+!CID*4(+!,6!63'6X+3Q+!@6,4+:

&3/06!*)'!)DP6/45)'!(.004(.*+06'!G!,4,L(/4()1C6,+OHO4()'!
+/63,4,)'!06'+*/+@)'!G!,6'(04D4@)'!/06'!63!6'C6(4+*!E.6!
06'.*/+3!@.G!4@C)0/+3/6'!63!6*!L06+!,6!E.F@4(+i

a. La representación y comunicación

<*!6*+D)0+0!6*!C0)G6(/)!,6!.3!)DP6/)!,6!+C063,4Q+P6#!6*!
+*.@3)!,6D60L!T+D60!06+*4Q+,)!.3+!+@C*4+!4356'/4O+(4H3!
')D06!6*!/6@+#!G!/+@D4W3!'+D60!(H@)!C06'63/+0!6*!()3/61
34,)!+!'60!/0+D+P+,)!+!.3!6E.4C)!,6!43B)0@L/4(+!3)!C0)B61
'4)3+*!63!E.F@4(+:

&'/6!+*.@3)!,6D60L!'+D60!'6*6((4)3+0!*+'!B.63/6'!+,6(.+1
,+'!,6!43B)0@+(4H3!G#!63!(+,+!.3+!,6!6**+'#!,6!340!*)!E.6!
6f4'/6!,6!06*65+3/6!63!06*+(4H3!()3!6*!/6@+!,6!'.!4356'1
/4O+(4H3:!K6!6'/6!@),)#!6'!36(6'+04)!E.6!()@C063,+!6*!

*63O.+P6!E.F@4()!G!'6!+C0)C46!,6!W*#!,6!@+360+!E.6!C.61
,+! C0),.(40! .3!@+/604+*! ,)3,6! *)'! ()3(6C/)'! E.F@4()'!
'6+3! ()006(/+@63/6! 43/60C06/+,)'! G! ,6'(04/)':! 9+0+! 6**)!
,6D6! '60! (+C+Q! ,6! /0+,.(40! 6*! *63O.+P6! '4@DH*4()! ,6! *+!
E.F@4(+!63!*63O.+P6!,4'(.0'45):!&')!6'!36(6'+04)!C+0+!*)1
O0+0!*+!C0),.((4H3!,6!.3+!'4@.*+(4H3!()@C063'4D*6!C+0+!
B./.0)'!.'.+04)'!G!C+0+!O+0+3/4Q+0!E.6!6*!6E.4C)!/W(34()!
06+*4(6!+,6(.+,+@63/6!*+!/+06+!E.6!*6!'60L!63()@63,+,+#!
C.6'/)!E.6!'.'!C0)B6'4)3+*6'!C.6,63!3)!()3)(60!*+!06C061
'63/+(4H3!.'+,+!C)0!*+!E.F@4(+:

=)@)! /),)! 6*!@+/604+*! E.6! ()3'/+0L! ,6! 6'/6! )DP6/)! ,6!
+C063,4Q+P6! '60L! C0),.(4,)! C)0! 6*! +*.@3)#! W'/6! ,6D60L!
'60!(+C+Q!,6!./4*4Q+0!+,6(.+,+@63/6!*+'!,4560'+'!B)0@+'!
,6!06C06'63/+(4H3!,6!,+/)'#!()@)!O0L!()'!G!/+D*+'!G!6*!
*63O.+P6!@+/6@L/4()!E.6!C60@4/6!6fC06'+0!*+'!06*+(4)36'!
@+/6@L/4(+'!,6!*+'!*6G6'!435)*.(0+,+':

&'/+'!()@C6/63(4+'!G!T+D4*4,+,6'!'60L3!/0+D+P+,+'!/+@1
D4W3!63!)/0+'!+(/454,+,6'!,6*!J+D540/#!()@)!63!*+!'6'4H3!
()3'.*/6!.3!qE.F@4()r#!63!6*!B)0)!,6!,4'(.'4)36'!)!63!*+!
*6(/.0+!,6!*+'!3)/4(4+'!(463/F!(+':

b. 2K'GMPAELGNKDGYM'='DCHRBAMEGYM

9+0+! *+! C0),.((4H3!,6!.3!@+/604+*! (*+0)!G! B.3,+@63/+,)!
63!*)'!()3/634,)'!+(/.+*6'!63!E.F@4(+#!'60L!36(6'+04)!E.6!
6*!+*.@3)!T+G+!()@C063,4,)!06+*@63/6!*)'!()3(6C/)'!E.F1
@4()'! 06*+(4)3+,)':! 743! 6@D+0O)#! 6'! 06'C)3'+D4*4,+,! ,6*!
C0)B6')0!())0,43+0! *+'!+(/454,+,6'!C+0+!O+0+3/4Q+0!E.6! *)'!
()3(6C/)'!E.F@4()'!'6+3!C0)B.3,4Q+,)'!,6!+(.60,)!()3!*+!
36(6'4,+,!,6!(+,+!@)@63/):!<'F! *+!6*+D)0+(4H3!G!.')!,6!
*)'!)DP6/)'!,6!+C063,4Q+P6!C.6,6!()3/04D.40!+*!,6'+00)**)!,6*!
0+(4)(434)!C0)C)0(4)3+*#!*HO4()16@CF04()!G!*HO4()!B)0@+*:

o/0)!C.3/)! 4@C)0/+3/6!6'! *+!'6*6((4H3!,6!.3+!'4/.+(4H3!
C0)D*6@+!06*+(4)3+,+!()3!.3!()3(6C/)!E.F@4():!<*!T+(60!
6'/)#!6*!+*.@3)!6'/+0L!06()3)(463,)!*+!6f4'/63(4+!,6!.3!
C0)D*6@+!C)0!4356'/4O+0!G!/63,0L!E.6!C0)C)360!)D*4O+/)1
04+@63/6!.3+!*F36+!,6!4356'/4O+(4H3!C+0+!6*!@4'@):!&'/)!
*)!**65+0L!+!()3)(60!,4560')'!+D)0,+P6'!C+0+!*+!')*.(4H3!
,6*!C0)D*6@+i!,6D60L!C0)C)360!'.'!6'/0+/6O4+'#!*)'!C0)(61
,4@463/)'!6fC604@63/+*6'#!6*!()3/0)*!,6!5+04+D*6'!G#!,6!*+!
@4'@+!B)0@+#!,6D60F+!'+D60!(.L*6'!'60F+3!*)'!06'.*/+,)'!
6'C60+,)'!63!(+,+!(+')!,6!+(.60,)!()3!*)'!()3)(4@4631
/)'!,6!E.F@4(+!E.6!*)O06:

&*!+*.@3)!C),0L!/+@D4W3!6'/0.(/.0+0!'.!)DP6/)!,6!+C0631
,4Q+P6!,6!@+360+!E.6!C60@4/+!6f4O40!,6! *)'!.'.+04)'!6*!
06()3)(4@463/)!,6!/63,63(4+'!G!06*+(4)36'#!+'F!()@)!*+!
6*+D)0+(4H3!,6!T4CH/6'4'!G!C0654'4)36':!&3!6'/6!'63/4,)#!
W*!@4'@)!,6D60L!T+D60!54563(4+,)!/),)!6'/6!C0)(6')!63!
*+!6*+D)0+(4H3!,6!'.!C0)C4)!C0)G6(/)#!+,6@L'!,6!*+!'4@1
C*6!()@C063'4H3!,6*!()3/634,)!,6!'.!6'/.,4):

c. 2K'DCMLAQLIKJG]KDGYM'ECDGCDIJLIBKJ

J+!'6*6((4H3!,6*!C0)D*6@+!6'!.3+!6/+C+!B.3,+@63/+*!63!*+!
6*+D)0+(4H3!,6*!C0)G6(/)!,6!.3!)DP6/)!,6!+C063,4Q+P6:!<*!
'6*6((4)3+0!.3!C0)D*6@+!06*+(4)3+,)!()3!6*!()/4,4+3)!,6*!
+*.@3)#!W'/6!C.6,6! 06()3)(60!E.6! *+!E.F@4(+!6'/L!C061
'63/6!63!'.!54,+#!4,63/4!(+3,)!*)'!B63H@63)'!E.F@4()'!
06*+(4)3L3,)*)'!63!*+'!@L'!,4560'+'!'4/.+(4)36':!&3!6'/6!
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C.3/)#!6*!C0)B6')0!/63,0L!.3+!C+0/4(4C+(4H3!B.3,+@63/+*#!
C.6'! C),0L! ,4'(./40! ()3! '.'! +*.@3)'! *+'! 4@C*4(+(4)36'!
')(4)#!C)*F/4()#!(.*/.0+*6'!,6!(+,+!.3)!,6!*)'!/6@+'!D+'6!
,6!*)'!)DP6/)'!,6!+C063,4Q+P6!E.6!'60L3!6*+D)0+,)':

-43+*@63/6#!*+!43/60+((4H3!,6*!O0.C)!,6!+*.@3)'!()3!*)'!
C0)B6'4)3+*6'!,6!E.F@4(+!C)0!@6,4)!,6! *+!'6'4H3!q()31
'.*/6!.3!E.F@4()r!G!'.!C+0/4(4C+(4H3!63!6*!B)0)!C60@4/6!*+!
,4'(.'4H3!,6!*)'!+'C6(/)'!E.6!635.6*563!*+'!4@C*4(+(4)1
36'!,6!*+!E.F@4(+!63!*+!54,+!,6!(+,+!.3)!G!6*!/0+D+P)!,6!
'.'!C0)B6'4)3+*6'!63!*+!')(46,+,!()@)!.3!/),):

76!6'C60+!+'F!&#(*%/1*$%#2-/1*$+)(-.$-*")($-./*K*)(+)(0
1(-3$-./*1'3#$"'/-(1*1'L-'!*"$3'8$1*.(*&#52'"$*$*3)$861*
.(*%$*(%$:/)$"',-*.(*L#'/-(1*.(*1'2#%$"',-<*9+0+!6**)'!
6'!654,63/6!E.6!,6D63!(+@D4+0!*)'!C+C6*6'!/0+,4(4)3+*6'!
/+3/)!,6*!+*.@3)!()@)!,6*!C0)B6')0#!G!3.65)'!0)*6'!')3!
+'.@4,)'!,.0+3/6!6*!C0)G6(/)i

p!9+C6*!,6*!+*.@3)i!<./)0!1!(06+,)0!,6!O.4)36'!,6!'4@.1
*+(4H3!G!+34@+(4H3!,6!E.F@4(+!
!
p!9+C6*!,6*!C0)B6')0i!o0463/+0!6*!/0+D+P)!,6!4356'/4O+(4H3!
G!C0),.((4H3!,6!*)'!+*.@3)'!63!6*!+.*+!

p!9+C6*!,6*!6E.4C)!J+DM40/i!K+0!')C)0/6!G!)0463/+(4H3!+!
*)'!C0)B6')06'!,.0+3/6!6*!,6'+00)**)!,6*!C0)(6'):

4CBHKDGYM' \A' RBCFAECBAE' AM' AJ' RBC=ADLC' 2KOPGBL'
5I^HGDK

J+!B)0@+(4H3!,6!C0)B6')06'!6'!*+!6/+C+!B.3,+@63/+*!,6*!
C0)G6(/)d! '4! 6*! C0)B6')0! 3)! '6! +C0)C4+! +,6(.+,+@63/6!
,6!*+!@6/),)*)OF+#!6*!+*.@3)!3.3(+!/63,0L!*+!)C(4H3!,6!
6fC604@63/+0*+:!&*!C04@60!(.0')!,6!B)0@+(4H3#!06+*4Q+,)!
C)0! 6*! J+D540/#! /.5)! .3+! ,.0+(4H3! ,6! (.+063/+! T)0+'! G!
()3/H!()3!*+!C+0/4(4C+(4H3!,6!,)(6!C0)B6')06'!,6*!L06+!,6!
E.F@4(+#!,6!6'(.6*+'!CID*4(+'!,6!*+!(4.,+,!,6!78)!9+.*):!
76!+(6C/+0)3!C0)B6')06'!(.G+'!6'(.6*+'!()3/+0)3!()3!*+!
43B0+6'/0.(/.0+!/6(3)*HO4(+!DL'4(+!C+0+!6*!,6'+00)**)!,6*!
@4'@)!Y'+*+!,6!()@C./+,)06'!G!+((6')!+!^3/6036/]:!K.1
0+3/6!6*!(.0')!,6! B)0@+(4H3#! B.60)3!C0)C.6'/+'!G!,6'+1
00)**+,+'!,4560'+'! +(/454,+,6'! ()3! *)'!C0)B6')06'#! 63/06!
6**+'#!54'4/+'!)0463/+,+'!+*!'4/4)!S6D!,6*!C0)G6(/)#!(T+0*+'!
()3!*)'!())0,43+,)06'!,6*!J+D540/!G!()3!*)'!C0)B6')06'!,6!
BF'4(+#!E.6!G+!C+0/4(4C+D+3!,6!6'/+!434(4+/45+#!,4'(.'4)36'!
')D06!.')!,6!'4@.*+(4)36'!C+0+!*+!6,.(+(4H3!63!(463(4+'!
G!'6'4)36'!,6!/0+D+P)!63!O0.C)!C+0+!C0),.((4H3!,6!O.4)1
36'!,6!'4@.*+(4H3:!&'!P.'/+@63/6!63!6'/6!I*/4@)!C.3/)!63!
6*!E.6!(63/0+06@)'!3.6'/0+!,6'(04C(4H3!G!+3L*4'4':

J+!@6/),)*)OF+!./4*4Q+,+!C+0+!*+'!'6'4)36'!,6!/0+D+P)!63!
O0.C)!'6!43'C40H!63!*+!C0)C.6'/+!,6*!!$+)(-.()*B$"'(-0
./7* ,6! Z6064/60! G! 7(+0,+@+*4+! Y;\\$]#! E.6! ()3'4,60+!
B.3,+@63/+*! *+!54563(4+!,6!6fC60463(4+'!C+0+!'.!C)'/61
04)0!/0+3'@4'4H3#!+C*4(+(4H3!G!+,+C/+(4H3:!74!*)'!C0)B6')1
06'!3)!'463/63!'6O.04,+,!63!.'+0!.3!,6/60@43+,)!@W/),)!
)!6'/0+/6O4+!,4,L(/4(+!/+@C)()!*+!C)3,0L3!63!+((4H3!63!6*!
+.*+:!&*!T6(T)!,6!B$"()**6'!C60@4/6!()3)(60!*+'!,4!(.*1
/+,6'!G!+'4@4'@)!C63'+0!63!*+'!C)'4D*6'!')*.(4)36'#!6'/)!
6'!54563(4+0!G!()@C063,60!6*!C0)(6')!C+0+!*.6O)!C),60!
)0463/+0!+!*)'!+*.@3)':!

K6!6'/+!B)0@+#!*)'!C0)B6')06'!'6!5460)3!635.6*/)'!63!C0)1
(6')'!'6@6P+3/6'!+! *)'!E.6!'6!6'C60+0F+!,6'+00)**+0!()3!
*)'!+*.@3)'!63!6*!+.*+i! Y"]! 4,63/4!(+(4H3!,6!.3+!'4/.+1
(4H31C0)D*6@+!,6!E.F@4(+#!Y;]!C06'63/+(4H3!G!,4'(.'4H3!
()3! *)'! ()*6O+'#! Y$]! 06+*4Q+(4H3! ,6! .3+! 4356'/4O+(4H3!
)0463/+,+!')D06!6*!/6@+!Y+!/0+5W'!,6!,4B6063/6'!06(.0')'!
D4D*4)O0L!()']#! Y%]! 6*+D)0+(4H3! ,6! O.4)36'! ,6! '4@.*+1
(4H3!E.6!C06'63/63!G!,6'+00)**63! *+! '4/.+(4H31C0)D*6@+!
434(4+*@63/6!4,63/4!(+,+!G!Yg]!6fC604@63/+0!G!65+*.+0!'.!
/0+D+P)!O0.C+*!,6!@+360+!,4B6063(4+*:

9+0+! B+(4*4/+0! 6*! C0)(6')! ,6! 6*+D)0+(4H3! ,6! O.4)36'#! *)'!
C0)B6')06'!06(4D460)3!.3+!O.F+!C0),.(4,+!C)0!6*!6E.4C)!,6!
6,.(+,)06'!,6*!C0)G6(/)!()3!*+!,6'(04C(4H3!,6!(+,+!.3+!,6!
*+'!'6((4)36'!'.O604,+'!C+0+!6*!O.4H3i!/F/.*)#!,+/)'!O6360+*6'!
,6!*)'!+./)06'#!06'.@63!G!,6'(04C(4H3!,6/+**+,+!C)0!C+3/+1
**+':!<'4@4'@)#!'6!')*4(4/H!+!*)'!,)(63/6'!6*+D)0+0!06O4'/0)'!
6'(04/)'!,6!(+,+!'6'4H3!,6!/0+D+P)!63!O0.C)#!E.6!06*+/+0+3#!
,6! B)0@+!D0656#! *+'! +(/454,+,6'! 06+*4Q+,+'#! 6*! B)()!,6! *+'!
,4'(.'4)36'!G!*)'!C+C6*6'!E.6!(+,+!@46@D0)!,6*!O0.C)!+'.1
@4H!63!*)'!,4B6063/6'!@)@63/)':!K6!6'/+!B)0@+#!*+!C04@60+!
+C0)f4@+(4H3!T+(4+!*+'!4,6+'!E.6!6**)'!()3'/0.G60)3!')D06!
*)!E.6!')3!'4@.*+(4)36'#!')D06!*+'!C)/63(4+*4,+,6'!E.6!6'/)'!
06(.0')'!C.6,63!/6360!G!')D06!'.'!(+0+(/60F'/4(+'!'6!T4(460)3!
54'4D*6'!+! /0+5W'!,6!6')'! 06O4'/0)'!G#!()3'6(.63/6@63/6#!+!
/0+5W'!,6!*)'!C0)C4)'!O.4)36'!6*+D)0+,)':!

9+0+!,6'(04D40!6*!/0+D+P)!06+*4Q+,)!C)0!C0)B6')06'!G!63!C+0/6!
@)'/0+0!'.!()@C)0/+@463/)!(.*/.0+*!YO0.C)!,6!C0)B6')06'!
63!6*!C+C6*!,6!+*.@3)']!G!C)0!)/0)! *+,)! 06*+/+0!6'/+!6f1
C60463(4+!()3!6*!)DP6/45)!,6!E.6!)/0)'!C0)B6')06'!C.6,+3!
+C0)C4+0'6!,6!6**+#!6fC*)0+@)'!63!6'/6!+0/F(.*)!*)'!06O4'1
/0)'!6'(04/)'!C)0!,)'!O0.C)'!,6!C0)B6')06'#!*)'!O.4)36'!C0)1
,.(4,)'!C)0!6**)'!G!*+'!C0)C4+'!'4@.*+(4)36'!C.D*4(+,+'#!
63!6*!'4/4)!S6D!,6*!C0)G6(/)!YSSS:*+D540/:B./.0):.'C:D0]:!
&*!)DP6/45)!6'!*+!+C0)f4@+(4H3!,6*!*6(/)0!+!*+'!,4B6063/6'!
6/+C+'!,6*!C0)(6')!,6!(06+(4H3!G!C0),.((4H3!E.6!*)'!,)1
(63/6'!545460)3#!G!,6!*+'!4,6+'!E.6!(+,+!O0.C)!()3'/0.GH!
+(60(+!,6!.3+!'4@.*+(4H3:!R+@D4W3!C60@4/6!54'*.@D0+0!*+'!
C)/63(4+*4,+,6'! E.6! 6'/)'! 06(.0')'! C.6,63! /6360! C+0+! 6*!
+C063,4Q+P6#!63!6*!()3/6f/)!,6*!C0)G6(/)!J+D540/!N.F@4(+:

J)'!43'/0.@63/)'!,6!06()*6((4H3!,6!,+/)'!E.6!B.60)3!./41
*4Q+,)'! ,.0+3/6! 6*! C0)(6')! ()3'4'/460)3! 63! 06O4'/0)'! ,6!
06.34)36'!,6! *)'!C0)B6')06'#!(.6'/4)3+04)'!G!6*!C0)(6')!
,6!*+!C0)C4+!'4@.*+(4H3!C0),.(4,+:!&*!+D)0,+P6!4356'/41
O+/45)!'6!+(60(+!+!*+!4356'/4O+(4H3!6/3)O0L!(+!G!6'/.,4)!
,6!(+')'!Y<3,0W#!;\\\]:!

"%&*2+)(#&'(%' (#&'W"*!#&' (%' !"#4%_
&#"%&

WBIRC'\A'RBCFAECBAE'96'&GHIJKDGYM'`Lluvia ácidaa'

$]!J+!'6*6((4H3!,6*!C0)D*6@+!

&*!06O4'/0)!Y_]!6*+D)0+,)!C)0!6'/6!O0.C)#!,.0+3/6!*+!'61
'4H3!,6!/0+D+P)!E.6!,6DF+!**65+0!+!*+!4,63/4!(+(4H3!,6!.3+!
'4/.+(4H3!C0)D*6@+#!0656*H!.3!43/60W'!434(4+*!C)0!+')(4+0!
*+!E.F@4(+!+*!()/4,4+3)i!
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!!!!!!qM-*#-*+)'2()*2/2(-3/*1(*(1"#"B$)/-*%$1*'.($1*+)/+#(13$1*+/)*(%*L)#0
+/<*N-$*.(*(%%$1*()$*.(*+)/"(.'2'(-3/1*.(*+)'2()/1*$#O'%'/1P*N-$*$2$*
.(*"$1$*$+$)("()5$*"/-*#-*'-.'8'.#/*?MA<*M%*B'A/@*&#(*3/2,*B'+/"%/)'3/*
.(*1/.'/*?Q$R%S@*$""'.(-3$%2(-3(T*%$*/3)$*'.($*()$*",2/*/:3(-()*(%*
+)/"(1/*.(*4/)2$"',-*.(*%%#8'$*U"'.$<*F'-*(2:$)L/*1(*.("'.',*&#(*':$*
$*1()*.(1$))/%%$.$* %$* '.($*.(* %%#8'$*U"'.$<*F(*/:1()8,*&#(* %$1* '.($1*
$:/).$-*3(2$1*.(%*"/3'.'$-/*K*&#(*%$*4/)2$"',-*.(*%%#8'$*U"'.$*$:$)"$*
%$*+)/:%(2U3'"$*.(*%$1*+/%#"'/-(1*"$#1$.$1*+/)*L)$-.(1*"/-1#2'./)(1*
.(*2$3()'$%(1*/)LU-'"/1C*+)'-"'+$%2(-3(*%$1*'-.#13)'$1*.(*%$1*L)$-.(1*
"'#.$.(1:r!Y_"]!

M6@)'!(H@)! *+'!,4B6063/6'! 4,6+'!C0)C.6'/+'! 06*+/+3!'41
/.+(4)36'! ,6*! ,F+! +! ,F+! ()3! C)/63(4+*4,+,! C+0+! +D)0,+0!
/6@+'!6'C6(F!()'!,6!E.F@4(+!G!C+0+!+C0)f4@+0!q()3(6C1
/)'! (463/F!()'r! ,6! q()3(6C/)'! ()/4,4+3)':! ?+D4W3,)'6!
,6(4,4,)!C)0!6*!/6@+!,6!**.54+'!L(4,+'#!*)'!C0)B6')06'!'6!
()3(63/0+0)3#!,.0+3/6!6*!'6O.3,)!,F+!,6!*+!(+C+(4/+(4H3#!
63!*+!/+06+!,6!6'(04D40!6*!O.4H3:

:]!J+!6'(04/.0+!,6*!O.4H3i!<0/4(.*+(4H3!()3!*)'!6fC60/)'!G!
/0+D+P)!63!()*+D)0+(4H3

&*!06O4'/0)!6*+D)0+,)!,.0+3/6!6'/+!'6'4H3!,6! /0+D+P)!061
56*H! 4,6+'!,6! *)'!C0)B6')06'!')D06!6*! B.3(4)3+@463/)!G!
*+'!(+0+(/60F'/4(+'!,6!.3+!'4@.*+(4H3#!+'F!()@)!6*!43/60W'!
C)0!/0+D+P+0!,6!B)0@+!()*+D)0+/45+!()3!6*!6E.4C)!,6!C0)1
,.((4H3i
!
!V("'.'2/1* &#(* $%L#-$1* +UL'-$1* .(:()5$-* 1()*2U1* .(3$%%$.$1* +$)$*
4$"'%'3$)*(%*3)$:$A/*.(*%/1*+)/L)$2$./)(1*K*&#(*%$1*1'3#$"'/-(1*4#()$-*
+)/+'"'$1*+$)$*(%*#1#$)'/7<*?WG@!
!F<<<*+()"':',*&#(*-/*B$:5$-*:/3/-(1*(-*"$.$*+UL'-$C*'-.'"$-./*+$)$*(%*
#1#$)'/*%$*+),O'2$*+$-3$%%$7<*?WG@!
!M-3/-"(1C*)(1/%8'2/1*(1"/L()*"#$3)/*$%3()-$3'8$1*+$)$*(%*#1#$)'/C*./1*
"/))("3$1*K*./1*'-"/))("3$17<*Y_;]*
!X<<<*%(K,*3/./*(%*)(1#2(-*+$)$*&#(*+#.'6)$2/1*B$"()*$%L#-$1*"/))("0
"'/-(1C*.("'.'2/1*&#(*1()5$*-("(1$)'/*&#(*(%*#1#$)'/*'-3()$"3#$)$*"/-*
%$*1'2#%$"',-C*+#(1*-/*B$:5$*&#(.$./*"%$)/*(-*(%*)(1#2(-7!Y_;]!
!
<*O.3)'!,6! *)'! 6*6@63/)'!C06'63/+,)'! 63! 6'/6! 06O4'1
/0)! C60@4/63! .3+! +C0)f4@+(4H3! +*! /4C)! ,6! 06*+(4)36'!
E.6!'6!6'/+D*6(63!63/06!*)'!C0)B6')06'!G!6*!6E.4C)!,6!
C0),.((4H3d! C+0+! *)'! C0)B6')06'#! 6*! ,6/+**6! ()3! E.6!
'6! ,6'(04D63! *+'! qC+3/+**+'r! ,6! *+! '4@.*+(4H3! C.6,6!
43!.40! 63! *+! ()@.34(+(4H3!E.6! '6! 6'/+D*6Q(+! ()3! *)'!
C0)O0+@+,)06'!E.6!40L3!+!06+*4Q+0!6*!@)3/+P6!G!*+!C0)1
,.((4H3:!<'4@4'@)!'6!654,63(4H!63!6'/6! 06O4'/0)!.3+!
C06)(.C+(4H3!()3!*+!B)0@+!63!E.6!*+!'4@.*+(4H3!40F+!+!
'60!.'+,+!C)0!6*!.'.+04)!Y"]!+*!()3'4,60+0!*+!36(6'4,+,!
,6!D)/)36'!C+0+!(+,+!CLO43+#!E.6!B+(4*4/63!*+!3+56O+1
(4H3#! G! Y;]! +*! C0)C)360! .3+! 6'/0+/6O4+! E.6!C0)@.65+!
*+! 43/60+((4H3!,6*!.'.+04)!+! /0+5W'!,6! *+! /)@+!,6!,61
(4'4)36'!')D06!06'C.6'/+'!600+,+'!)!()006(/+'!C+0+!.3!
C0)D*6@+!C06'63/+,):!

&*!O.4H3!C0),.(4,)!C)0!6'/)'!C0)B6')06'!@+3/.5)!*+!6'1
/0.(/.0+!C0)C.6'/+!63! *+!O.F+!,6! /0+D+P)!G!()3/H!()3! *+!
,6'(04C(4H3!,6/+**+,+!,6!(43()!C+3/+**+'!()006'C)3,4631
/6'!+!*+'!'4/.+(4)36'!O6360+*6'!()3!*+'!E.6!6*!.'.+04)!'6!
63()3/0+0F+!63! *+!'4@.*+(4H3:!90)B6')06'!G!)0463/+,)06'!
E.6! +()@C+X+D+3! +! (+,+! O0.C)! T4(460)3#! .3+! 0654'4H3!
()3P.3/+!G!*.6O)!.3+!C06'63/+(4H3!+!*)'!C0)O0+@+,)06'#!
()3!6*!)DP6/45)!,6!+3+*4Q+0!*+!B)0@+!63!E.6!6*!C0)D*6@+!

6'/+D+!'463,)!C06'63/+,)#!6*!()3/6f/)!G!*+'!06*+(4)36'!6'1
/+D*6(4,+'!()3!*)'!()3(6C/)'!(463/F!()':!

&*!O.4H3!06*+/+!.3+!'4/.+(4H3!63!*+!E.6!.3!P)563!+'4'/6!.3!
,)(.@63/+*!,6!/6*654'4H3!E.6!@.6'/0+!6*!,6/604)0)!,6!6'1
/+/.+'!63!*+!(4.,+,!C)0!6B6(/)!,6!()3/+@43+3/6'!+/@)'BW041
()':!&'/6!C0)D*6@+!**65+!+*!P)563!+!4356'/4O+0!63!*4D0)'!,6!
'.!D4D*4)/6(+!')D06!*+'!'.D'/+3(4+'!C06'63/6'!63!6*!(+*(L06)!
G!6*!@L0@)*!,6!*+'!6'/+/.+'#!*)'!()3/+@43+3/6'!+/@)'BW041
()'!G!*+'!06+((4)36'!E.6!**65+3!+!C0),.(40!L(4,)'!+!C+0/40!
,6!*)'!O+'6'!6@4/4,)'!C)0!*)'!+O63/6'!()3/+@43+3/6'!G!E.6!
C.6,63!63/0+0!63!()3/+(/)!()3!*+'!6'/+/.+':!

K6'C.W'!,6!+D)0,+0!6'/)'!/HC4()'#!*)'!C0)B6')06'!C0)C)363!
.3! C0)D*6@+! C+0+! 6*! .'.+04)! pR#U%?(1@* "/-3$2'-$-3(?1@*
")((*#13(.*&#(*"$#1$?-@*%%#8'$*U"'.$YZ*G!C06'63/+3!(.+/0)!
)C(4)36'!,6!'6*6((4H3!pRSGC*Q[IC*R\RC*FSG!p:!J+!')*.1(4H3!C+0+!(+,+!.3+!,6!*+'!'4/.+(4)36'!C06'63/+,+'!+'F!()@)!
6*!()@C)0/+@463/)!,6!*+!'4@.*+(4H3!63!(+,+!(+')#!B.60)3!
,6'(04/)'!63!,6/+**6!63!6*!O.4H3!6*+D)0+,)#!()@)!'6!@.6'1
/0+!+!()3/43.+(4H3:!

!M-* (13$* +$-3$%%$* (%* $%#2-/* +$1$* $* 1()* (%* #1#$)'/* &#(* 3(-.)U* (-*
4)(-3(* %$* 1'L#'(-3(* +)(L#-3$P* R#U%?(1@* "/-3$2'-$-3(?1@* ")((* #13(.*
&#(* "$#1$?-@* %%#8'$* U"'.$Y* ?S:1<*R/%/"$)* :/3/-(1* 1/:)(P* "B'2(-($C*
"$2',-*K*$')(*$"/-.'"'/-$./@<*N1$-./* %$*2'12$*+$-3$%%$C* 1/:)(* %/1*
:/3/-(1*$+$)("(P*
M-*"$1/*.(*&#(*/+)'2$*%$*"B'2(-($*.(*Q[I*$+$)("(*%$*'-4/)2$"',-P*
]^#6*+(-$C*#13(.*()),C* '-3(-3(*.(*-#(8/_*M13(*L$1*$%*)($""'/-$)*"/-*
$L#$*4/)2$*#-$*:$1(<* (̀$*%$*)($""',-P*Q[I*a*[GS*b*Q[cS[!
M-*"$1/*.(*&#(*/+)'2$*%$*"B'2(-($*.(*FSGC*$+$)("(P*4(%'"'3$"'/-(1*#10
3(.*$"()3,_*S:1()8(*&#(*(%*.',O'./*.(*$>#4)(*)($""'/-$*"/-*(%*/O5L(-/*
+)/.#"'(-./*3)',O'./*.(*$>#4)(*;<<<=*K*(%*3)',O'./*.(*$>#4)(*)($""'/-$*
"/-*%$1*2/%6"#%$1*.(*$L#$*4/)2$-./*U"'./*1#%4d)'"/*.'%#'./<

"]!M+*)0+(4H3!,6*!C0)(6')!G!,6*!C0),.(/)!!3+*!

9),6@)'!)D'605+0!63!6'/6!C.3/)!E.6!*)'!C0)B6')06'#!'43!
.3!()3)(4@463/)!C0654)! ')D06!+*O.3+'!,6! *+'!C)/63(4+1
*4,+,6'! E.6! .3+! '4@.*+(4H3! C.6,6! /6360! C+0+! 6*! +C0631
,4Q+P6#! ()@)! *+! /)@+! ,6! ,6(4'4)36'! G! *+! 5+*4,+(4H3! ,6!
T4CH/6'4'!YRT)@+'!G!7(T.00#!"``ci!jgd!_6C63343O!6/!+*:#*
"```]#!'6!+C0)f4@+0)3!+!6**+'!+!/0+5W'!,6!*+!6'/0+/6O4+!,6!
43/60+((4H3!C0)C.6'/+!63!'.!'4@.*+(4H3:!

&3!06*+(4H3!()3!*)'!+'C6(/)'!G!,43L@4(+'!,6!B.3(4)3+1
@463/)#! *)'! C0)B6')06'! '6! 5+*460)3! ,6! 06(.0')'! ()@)!
36O04**+!G!C+0W3/6'4'#!,63/0)!,6*!/6f/)!,6*!O.4H3#!C+0+!
()@.34(+0! +! *)'! ,4'6X+,)06'! G! C0)O0+@+,)06'! '.'!
4,6+'!6!43/606'6'!')D06!6*!q()@C)0/+@463/)r!,6!'.!'41
@.*+(4H3:!

!M-*(13$*+$-3$%%$*$+$)("(*(%*A/8(-*+(-1$-./*?(%*A/8(-*.(:(*$+$)("()*
(-* %$* (1&#'-$* '-4()'/)* '>&#'().$* .(* %$* +$-3$%%$C* (-* %$* "#$%* 1#)L(* #-*
L%/:/*.(*+(-1$2'(-3/*&#(*/"#+$*"$1'*3/.$*%$*+$-3$%%$@<7!
!e%* 1(* +)(L#-3$P* ?f+$)("(* L%/:/* .(* +(-1$2'(-3/@<* gR,2/* 1(* 4/)2$*
(-3/-"(1*%$*%%#8'$*U"'.$Y7!

-43+*@63/6! *+! '4@.*+(4H3! C0),.(4,+! C60@4/4H! *+! 06C061
'63/+(4H3!,6!*+!'4/.+(4H3!G!,6!*)'!C0)D*6@+'!C0)C.6'/)'!
C)0!*)'!C0)B6')06'd!W'/+!C.6,6!'60!54'.+*4Q+,+!63i!
lT//CinnSSS:*+D540/E:B./.0):.'C:D0n'4@.*+()6'nE.4@4(+n
'4@sE.4s(T.5++(4,+:T/@m:!
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WBIRC'\A'RBCFAECBAE';6'&GHIJKDGYM'`+Cómo produ-
cir hierro5a

$]!J+!'6*6((4H3!,6*!C0)D*6@+ 

<!,4B6063(4+!,6*!(+')!+3/604)0#!*)'!C0)B6')06'!,6!6'/6!O0.1
C)!3)!D.'(+0)3!63!6*!()/4,4+3)!.3+!'4/.+(4H3!C0)D*6@L/41
(+!,6!E.F@4(+!E.6!C.,460+!'60!,6'+00)**+,+!()@)!.3+!'41
@.*+(4H3:!&*!43/60W'!434(4+*!,6!*)'!C0)B6')06'!60+!+D)0,+0!
.3!+'.3/)!6'C6(F!()!,6!E.F@4(+!G!C)'/604)0@63/6!D.'(+0!
.3+!'4/.+(4H3C0)D*6@L/4(+!+')(4+,+i!

!X<<<*1#L')',*(%*3(2$*.(*4,)2#%$1*.(*"/2+#(13/1*'-/)LU-'"/1C*"/-*(%*#1/*
.(*"$3'/-(1*K*$-'/-(1r:!Y_$]!
743!6@D+0O)!*+!C)'4D4*4,+,!,6!+D)0,+0!6*!()/4,4+3)!+!/0+1
5W'!,6!.3+!'4@.*+(4H3!B.6!/0+/+,+!C)0!6*!)0463/+,)0!E.6!
+()@C+X+D+!+*!O0.C)!63!6'+!C04@60+! '6'4H3!,6! /0+D+P)!
E.463#!+*!6'(.(T+0!*+!,4'(.'4H3#!06+*4QH!.3+!43/60563(4H3!
(63/0+,+!63!6'/6!C.3/)#!E.6!*)'!C0)B6')06'!654,63(4+0)3!
63!6*!06O4'/0)!,6!*+!06.34H3i!

qQ#(13)/*/)'(-3$./)*"#(13'/-,*$%*)(1+("3/*.(%*#1/*+)U"3'"/*(-*(%*"/3'0
.'$-/*.(*%$*1#L()(-"'$*(-*"#(13',-r:!Y_$]!

<!0+FQ!,6!6'/+!43/60563(4H3!'.0O460)3!63!6*!O0.C)!3.65+'!
4,6+'#! 06*+(4)3+,+'!()3!'4/.+(4)36'!E.6!C),0F+3!)(.0040!
63!6*!,F+!+!,F+!G!E.6!C),0F+3!/0+3'B)0@+0'6!63!/6@+'!,6!
'4@.*+(4)36'i!

qf<<<*1#L')',*3$2:'6-*#-$*8'1'3$*$*#-*%$:/)$3/)'/*.(*4/3/L)$45$*K*(O+%/0
)$)*1#1*+/1':'%'.$.(1<*W('3()$-./*%$*-("(1'.$.*.(%*#1/*.(%*"/3'.'$-/C*
\<<<*1#L')',*3)$:$A$)*"/-*(13(&#'/2(3)5$*(-*#-$*'-.#13)'$*1'.()d)L'"$<*
V(1+#61*1#)L',*%$*'.($*.(*3)$:$A$)*"/-*%%#8'$*U"'.$*K*#-*+$)$%(%/*"/-*
%%/)$)*"/)3$-./*"(:/%%$r:!Y_$]!

76!654,63(4+!+E.F!6*!C+C6*!,6!*)'!)0463/+,)06'#!E.4636'!+*!
(.6'/4)3+0!+!*)'!C0)B6')06'!')D06!*+!06*+(4H3!E.6!C),0F+!
6'/+D*6(60'6!63/06!*+!E.F@4(+!G!6*!()/4,4+3)#!C)'4D4*4/+0)3!
6*!+D)0,+P6!,6!5+04+'!'4/.+(4)36'!C0)D*6@L/4(+'!E.6!C)1
,0F+3!'60!,6'+00)**+,+'!63!*+!'4@.*+(4H3:!

a)'! C+06(6! 4@C)0/+3/6! ,6'/+(+0! +E.F! E.6#! ,6! @+360+!
O6360+*#!6*! /0+D+P)!,)(63/6!6'! 43,454,.+*!G!C)(+'!56(6'!
'6!06+*4Q+!63!()*+D)0+(4H3:!^34(4+*@63/6#!63!6*!C0)G6(/)!
J+D540/#! *+!()*+D)0+(4H3!)(.004H!63/06!C+06'!G! *.6O)!63!
O0.C)'!+*!C63'+0!63!*+!'4/.+(4H3!C0)D*6@L/4(+!+!06')*560:!
9)'/604)0@63/6!*+!C+0/4(4C+(4H3!,6!*)'!)0463/+,)06'!G!,6*!
6E.4C)! ,6! C0),.((4H3! B.6! B.3,+@63/+*! C+0+! 54563(4+0!
3.65+'! 06*+(4)36'! ,6! /0+D+P)! ()*+D)0+/45)! YC0)B6')06'#!
)0463/+,)06'#!,4'6X+,)06'#!C0)O0+@+,)06']!G!+@C*4+0!*+'!
C)'4D4*4,+,6'! ,6! 06+*4Q+0! ()*6(/45+@63/6! C0)(6')'! +(/41
5)'!,6!4356'/4O+(4H3!G!,6!C63'+@463/):!

:]!J+!6'(04/.0+!,6*!O.4H3i!<0/4(.*+(4H3!()3!*)'!6fC60/)'!G!
/0+D+P)!63!()*+D)0+(4H3!

&3!*+!'6'4H3!,6!/0+D+P)!'4O.463/6#!6*!O0.C)!'6!B)(+*4QH!63!
*+!6*+D)0+(4H3!,6*!O.4H3#!+D)0,+3,)!6*!/6@+!,6!*+!43,.'1
/04+! '4,60I0O4(+:! &*! 06O4'/0)! 6*+D)0+,)! 654,63(4H! ,.,+'!
')D06!6*!B.3(4)3+@463/)!G!*+'!(+0+(/60F'/4(+'!E.6!/63,0F+!
*+!'4@.*+(4H3!G!06'+*/H! *+! 4@C)0/+3(4+!,6*! /0+D+P)!()*+1
D)0+/45)!()3!)0463/+,)06'!G!C0)O0+@+,)06'!C+0+!06')*560!
6'/)'!C0)D*6@+':!

qX<<<*"/2(->,*+)/-3/*$*.':#A$)*%$1*+UL'-$1C*"/-*(%*/:A(3'8/*.(*4$"'%'3$)*
(%*3)$:$A/*.(*(1")':')*(%*L#',-<*f<<<*-#(13)/*/)'(-3$./)C*1'(2+)(*+)(1(-3(*
/)'(-3$-./*K*%/1*A,8(-(1*.(*.'1(9/*K*+)/L)$2$"',-*$+/KU-./-/1<*
M-"/-3)$2/1*.'!*"#%3$.(1*+$)$* (1+("'!*"$)*#-$*.'-U2'"$*+$)$*+$1$)*
%$1*+UL'-$1C*(-8/%8'(-./*'-4/)2$"'/-(1*3(,)'"$1C*$K#.$*K*%/1*"U%"#%/1<*
\#(*(-3/-"(1*"#$-./*)("#))'2/1*$*%$*$K#.$*.(*W<<<*K*.(*h<<:r:!

K6!6'/+!B)0@+#!*+'!'6'4)36'!O0.C+*6'!C60@4/460)3!*+!6*+1
D)0+(4H3! ,6*! O.4H3! ,6! *+! '4@.*+(4H3!@)'/0+3,)#! ()@)!
63!6*!(+')!+3/604)0#! *+!6'/0.(/.0+!'.O604,+!C+0+!6**):!&3!
6'/6!(+')#!*)'!C0)B6')06'!06+*4Q+0)3!*+!,6'(04C(4H3!,6!'461
/6!C+3/+**+'!G!+,4(4)3+0)3! *+'! 06B6063(4+'!D4D*4)O0L!(+'!
./4*4Q+,+'!C+0+!'.!6*+D)0+(4H3:!

"]!M+*)04Q+(4H3!,6*!C0)(6')!G!,6*!C0),.(/)!!3+*!

<!/0+5W'!,6*!O.4H3!'6!06*+/+!.3!C0)D*6@+!06+*!,6!C0),.(1
(4H3!,6!.3+!43,.'/04+!'4,60I0O4(+#!()354,L3,)'6!+*!.'.+04)!
+!(+*(.*+0!6*!O0+,)!,6!C.06Q+!,6!.3!@4360+*!G!+!06')*560!
(L*(.*)'!6'/6E.4)@W/04()'!6'C6(F!()':!<.3!(.+3,)!'6!6'/W!
B+5)06(463,)! *+! 43/60+((4H3! ,6*! .'.+04)#! *)'! C0)D*6@+'!
C06'63/+,)'!')3!'4@4*+06'!+!*)'!,6!.3!6P60(4(4)!,6!*4D0)!,6!
/6f/)#!63!*)'!E.6!'6!,6D6!(+*(.*+0!.3+!06'C.6'/+!I34(+:!

&3!6*!O.4H3#!*)'!C0)B6')06'!C06'63/+3!*+!')*.(4H3!,6!/)1
,)'!*)'!C0)D*6@+'!E.6!6*!.'.+04)!6'!()354,+,)!+!06')*560#!
G!63!6'/6!(+')!,6'/+(+@)'!)/0+!,6!*+'!C)/63(4+*4,+,6'!E.6!
.3+!'4@.*+(4H3!C.6,6!/6360!C+0+!6*!+C063,4Q+P6#!E.6!6'!
P.'/+@63/6!*+!C)'4D4*4,+,!,6!06')*560!C0)D*6@+'!6'C6(F!1
()'!G!+')(4+,)'!+*!@.3,)!06+*!Y7/+0U6G!G!Z*+U6#!;\\"]:
!
&3!06*+(4H3!()3!6*!()@C)0/+@463/)!G!*+'!(+0+(/60F'/4(+'!
,6! *+! '4@.*+(4H3#! *)'!C0)B6')06'!'6!5+*460)3!+,6@L'!,6!
,6'(04C(4)36'!,6/+**+,+'#!,6!C+0W3/6'4'!,63/0)!,6*! /6f/)!
,6*!O.4H3!C+0+!43,4(+0!+!*)'!C0)O0+@+,)06'!G!,4'6X+,)06'!
6*!()@C)0/+@463/)!,6!*)'!,4B6063/6'!6*6@63/)':!

!i-L(-'()/P*?(-*#-*L%/:/@*M13/K*+)(/"#+$./*"/-*%$*1'3#$"',-*.(*%$*(20
+)(1$<*X$*+)/.#""',-* (13U*.'12'-#K(-./* K* -("(1'3$2/1* (-"/-3)$)* (%*
+)/:%(2$*+$)$*$3(-.()*%/1*+(.'./1*&#(*(13U-*$3)$1$./1*?!"*("B$7*+$)$*
"$2:'$)*(%*L%/:/*.(*.'U%/L/@<*?M%*L%/:/*.(*.'U%/L/*.(1$+$)("(C*1#)L(*
/3)/]#!]Sj_* /̀K*$*8()'!*"$)*%/*&#(*+#(.(*(13$)*+$1$-./<7*

=+D6!,6'/+(+0!63!6'/6!(+')!E.6#!+,6@L'!,6!*)'!C+0W3/6'4'#!6'/6!
O0.C)!./4*4QH!6'E.6@+'!E.6!+C)G+0+3!*+!43/60C06/+(4H3!,6!*+'!
(+0+(/60F'/4(+'!E.6!6'/+D+3!'463,)!,6'(04/+'!63!+*O.3+'!C+3/+1
**+':!&'!36(6'+04)!,6'/+(+0!/+@D4W3!E.6!*+!)0463/+(4H3!,+,+!C)0!
C0)O0+@+,)06'!6!4356'/4O+,)06'!**65H!+!*)'!C0)B6')06'!+!43()01
C)0+0!63!'.!'4@.*+(4H3!D)/)36'!,6!+G.,+!G!.3+!(+*(.*+,)0+:!

=)@)!63!6*!(+')!+3/604)0#!*+!'4@.*+(4H3!C0),.(4,+!C601
@4/4H! *+! 06C06'63/+(4H3! +,6(.+,+! ,6*! O.4H3! 6*+D)0+,)!
C)0!*)'!C0)B6')06'!G!C.6,6!'60!54'.+*4Q+,+!63i
lT//CinnSSS:*+D540/E:B./.0):.'C:D0n'4@.*+()6'nE.4@4(+n
'4@sE.4sB600):T/@m:

$#0&.(%")$.#0%&'S'$#0$2*&.#0%&'

J+!@6/),)*)OF+! ./4*4Q+,+! C+0+! 6*! (.0')! ,6! B)0@+(4H3! ,6!
C0)B6')06'!,6*! C0)G6(/)!J+D540/! +C)G+! *+! /6'4'! ,6!E.6!.3!
C0)B6')0!'H*)!C.6,6!B)0@+0'6!()3/43.+@63/6!+!/0+5W'!,6!*+!
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!!!!!!@)54*4Q+(4H3!,6!6fC60463(4+'!Yat5)+#!;\\\]#!*+!'.G+!G!*+!,6!
'.'!()*6O+'!,6!/0+D+P):!K6',6!6'/6!C.3/)!,6!54'/+!*+!06*+(4H3!
,6*!C0)B6')0!,6!*+!6'(.6*+!()3!6*!4356'/4O+,)0!,6!*+!.34560'41
,+,!'6!,6@)(0+/4Q+!G!/463,6!+!C0),.(40!.3!,4L*)O)!,)3,6!6*!
()3)(4@463/)!6'!()3'/0.4,)!63!()3P.3/):!&*!C0)B6')0!C.6,6!
+'F!/)03+0'6!@L'!43,6C63,463/6!G!6P60(4/+0!G!,6'+00)**+0!'.!
(+C+(4,+,!06!6f45+:!&'/+!54'4H3!6@+3(4C+,)0+!,6!*+!4356'/41
O+(4H3!'6!B.3,+@63/+!63!6*!C63'+@463/)!,6!9+.*)!-06406i

!M-1(9/*+/)&#(*:#1"/C*+/)&#(*'-.$L#6C*+/)&#(*'-.$L/*K*
2(*'-.$L/<*i-8(13'L/*+$)$*"/-13$3$)C*"/-13$3$-./*'-3()0
8(-L/C* '-3()8'-'(-./*(.#"/*K*2(*(.#"/<*i-8(13'L/*+$)$*
"/-/"()*%/*&#(*$d-*-/*"/-/>"/*K*"/2#-'"$)*/*$-#-"'$)*
%$*-/8(.$.7<*-06406!Y"``ji!;`]

&'/+!B)0@+(4H3!63!6P60(4(4)!*6!C60@4/6!06C63'+0!'.!C+C6*!63!6*!
C0)(6')!,6!63'6X+3Q+1+C063,4Q+P6#!@),4!(+0!'.'!6'/0+/6O4+'!
G!@6P)0+0!()3/43.+@63/6!'.!C0L(/4(+!,)(63/6:!J)'!C0)B6')06'!
+'.@63!.3!C+C6*!(63/0+*!63!6*!C0)(6')!,6!(06+(4H31C0),.(1
(4H3!,6! '4@.*+(4)36'#! ()@)!@6,4+,)06'! +3/6! '.'! +*.@3)'!
G!6*!C0)G6(/)!B+5)06(6!*+!@6,4+(4H3!63/06!6'(.6*+!G!.345601
'4,+,:!J)'!C0)B6')06'!+,E.46063!+*O.3+'!T+D4*4,+,6'!,.0+31
/6! *)'!(.0')'!,6!B)0@+(4H3#!63! *+!C60'C6(/45+!,6*!$+)(-.()*
B$"'(-./!YZ6064/60!G!7(+0,+@+*4+#!;\\$]#!*)!E.6!*6'!C60@4/6!
/0+3'@4/40!'.!6fC60463(4+!63!6*!+.*+!G!@)/45+0!+!*)'!+*.@3)'!+!
'60!+./)06'n(06+,)06'!,6!'.'!C0)C4+'!'4@.*+(4)36':!

23!+'C6(/)!4@C)0/+3/6!63!6'/6!/0+D+P)!/+@D4W3!6'!*+!5+*)1
0+(4H3!,6*!()3)(4@463/)!C0L(/4()!G!C60')3+*!,6*!C0)B6')0!
G!3)!+C63+'!43'4'/40!63!*+!/0+,4(4)3+*!5+*)0+(4H3!,6*!()1
3)(4@463/)!60.,4/)!)!(463/F!()!()3'/0.4,)!C)0!*)'!6'C61
(4+*4'/+'!63!*+'!.34560'4,+,6':!9+0+!=*+3,4343!G!=)336**G!
Y"``g]! *+! 5+*)0+(4H3! ,6*! ()3)(4@463/)! ,6*! C0)B6')0! 6'!
4@C)0/+3/6!C+0+!E.6! W'/6!C.6,+!,6'+00)**+0! '.'!C0)C4+'!
4356'/4O+(4)36'!G!06!6f4)36'!')D06!'.!C0L(/4(+!C6,+OH1
O4(+:!J+!5)Q!,6*!C0)B6')0!6'!4@C)0/+3/6!63!6'/+!C0L(/4(+!
B)0@+/45+!G!C+'+!+!'60!6'(.(T+,+:

<'4@4'@)#!*+!,6'(04C(4H3!,6*!C0)(6')!,6!C0),.((4H3!,6!
'4@.*+(4)36'!5454,)!C)0! *)'!C0)B6')06'!3)'!C60@4/6!'61
X+*+0!+*O.3+'!()3'4,60+(4)36'! 4@C)0/+3/6'!06*+(4)3+,+'!
()3!*)'!@+/604+*6'!+3+*4Q+,)'!G!()3!*+'!C)/63(4+*4,+,6'!
E.6!*)'!C0)B6')06'!4,63/4!(+3!C+0+!*+'!'4@.*+(4)36'!63!6*!
L@D4/)!6,.(+/45):!K6!6'/+!B)0@+!56@)'!E.6i!

J)'!06O4'/0)'!6'(04/)'!C)0!*)'!C0)B6')06'!G!06*+/+,)'!63!*+!
C04@60+!6/+C+!,6!/0+D+P)!p'.(-3'!*"$"',-*.(*%$*1'3#$"',-*
+)/:%(2U3'"$p!C60@4/460)3!.3+! +C0)f4@+(4H3!T+(4+! *)'!
/6@+'!G!C0)D*6@+'!,6!E.F@4(+!E.6!*)'!C0)B6')06'!()3'41
,60+0)3!q54+D*6'r!C+0+!'60!+D)0,+,)'!63!.3+!'4@.*+(4H3:!
<'4@4'@)!6'/)'!06O4'/0)'!@)'/0+0)3!*+!B)0@+!63!E.6!*)'!
/6@+'! B.60)3! ()3/6f/.+*4Q+,)'! +! /0+5W'! ,6! .3+! T4'/)04+!
G!06!6P+0)3!*+'!43E.46/.,6'!')D06!*+'!06*+(4)36'!E.6!C)1
,0F+3! 6'/+D*6(60'6! 63/06! *)'! ()3(6C/)'! (463/F!()'! G! *)'!
()3(6C/)'!()/4,4+3)'!,6!*)'!C0)B6')06':!

J)'!06O4'/0)'!06*+(4)3+,)'!()3!*+!'6O.3,+!6/+C+!,6!/0+1
D+P)!p(%$:/)$"',-*.(%*L#',-p!C60@4/460)3!.3+!+C0)f4@+1
(4H3! +! )/0)! /4C)! ,6! +'C6(/)'! ()@)!,.,+'#! C0)D*6@+'! G!
')*.(4)36'#!06*+(4)3+,)'!()3!6*!/0+/+@463/)!,6*!/6@+#!()3!
*+'!(+0+(/60F'/4(+'!,6!B.3(4)3+@463/)!,6!*+!'4@.*+(4H3!G!
()3!6*!/4C)!,6!43/60+((4H3!E.6!C),0F+!'60!6'/+D*6(4,+!63/06!
6*!.'.+04)!G!*+!'4@.*+(4H3:!

J)'!06O4'/0)'!C0),.(4,)'!63!*+'!,)'!6/+C+'!06!6P+0)3!6*!
/0+D+P)!()*+D)0+/45)!6'/+D*6(4,)!63/06!C0)B6')06'#!)04631
/+,)06'#! 4356'/4O+,)06'#! ,4'6X+,)06'! G! C0)O0+@+,)06'!
63!*+'!,4B6063/6'!6/+C+'!,6!C0),.((4H3!,6!'4@.*+(4)36':!
&3!6'/6!(+')#!*)'!()3/+(/)'!434(4+*6'!63/06!*)'!,4B6063/6'!
6E.4C)'! ,6! /0+D+P)! B+5)06(460)3! ,4'(.'4)36'! 63! O0.C)#!
,6D+/6'#!q36O)(4+(4H3r!63/06!,4B6063/6'!4,6+'!G!6'/+D*6(41
@463/)!434(4+*!,6!0)*6'#!(+0+(/60F'/4(+'!C0)C4+'!,6*!/0+D+P)!
()*+D)0+/45)!06+*4Q+,)!63!.3+!()@.34,+,!,6!+C063,4Q+1
P6!YZ+0+D!G!K.BBG#!"``cd!Z+0+D#![+e43'/60!6/!+*:#!;\\"d!
?6304!G!9.,6*U)#!;\\$]:!

J)'!O.4)36'!6*+D)0+,)'!C0)C4(4+0)3!.3!+(60(+@463/)!+*!
/0+/+@463/)!,6*!C0)D*6@+!4,63/4!(+,)#!*+!06')*.(4H3!,6*!
@4'@)#!'.!()3/6f/.+*4Q+(4H3!G!*+!B)0@+!,6!()@.34(+0*)!
+!/0+5W'!,6!*+!,6'(04C(4H3!,6/+**+,+!,6!(+,+!qC+3/+**+r!G!
./4*4Q+3,)!,4L*)O)'!63/06!*)'!C60')3+P6'!()@)!()@C)0/+1
@463/)!,6!*)'!'4'/6@+'!)!@),6*)'!C0)C.6'/)':!

J+'!'4@.*+(4)36'!!3+*4Q+,+'!'6!+C0)f4@+0)3!+!*+!q()31
(06(4H3r!6!43/60C06/+(4H3!,6!*+'!4,6+'!,6!*)'!C0)B6')06':

&*!+3L*4'4'!06+*4Q+,)!')D06!*)'!@+/604+*6'!C0),.(4,)'!@)'1
/0H!.3+!@)/45+(4H3#!C)0!C+0/6!,6!*)'!C0)B6')06'#!63!+D)0,+0!
*)!()/4,4+3)!G!*+!06+*4,+,!,6!*)'!+*.@3)'!+!/0+5W'!,6!*)'!/61
@+'!G!,6!*+'!'4/.+(4)36'!C0)D*6@L/4(+'!C0)C.6'/+'!C+0+!*+'!
'4@.*+(4)36':!=)3'4,60+@)'!63/)3(6'!E.6!6'/6!6*6@63/)!
p*+!DI'E.6,+!,6!.3+!+C0)f4@+(4H3!63/06!()3(6C/)'!(463/F1
!()'!G!()3(6C/)'!()/4,4+3)'p!'6!C06'63/+!()@)!.3+!C)/631
(4+*4,+,!E.6!*+'!'4@.*+(4)36'!/46363!C+0+!*+!63'6X+3Q+!,6!
E.F@4(+:!&3!06*+(4H3!()3!*+'!,43L@4(+'!,6!B.3(4)3+@463/)!
,6!*+'!'4@.*+(4)36'!C0),.(4,+'#!56@)'!E.6!+@D)'!O0.C)'!
C0)C.'460)3! 6'/0+/6O4+'! ,6! 43/60+((4H3!,4B6063/6'! C+0+! 6*!
.'.+04):!&f4'/63! )/0+'! 6'/0+/6O4+'! C)'4D*6':!&3! 6*! C04@60!
(+')!*+!6'/0+/6O4+!C0)C.6'/+!C0)@)54H!*+!/)@+!,6!,6(4'4)1
36'#!@463/0+'!E.6!63!6*!'6O.3,)!(+')!C0)@)54H!6*!(L*(.1
*)!,6!06'C.6'/+'!I34(+'!C+0+!C0)D*6@+'!6'C6(F!()':!=+D6!
,6'/+(+0! 63! 6'/6! C.3/)! E.6! *+! C)'4D4*4,+,! ,6! B+5)06(60!
/)@+!,6!,6(4'4)36'#!B)0@.*+(4H3!G!5+*4,+(4H3!,6!T4CH/6'4'!
')3!C)/63(4+*4,+,6'!E.6!T+3!'4,)!06B604,+'!C)0!*+!*4/60+/.0+!
()@)!C0)C4+'!,6!*+'!'4@.*+(4)36'!C+0+!6*!+C063,4Q+P6:!

J+!(06+(4H3!G!C0),.((4H3!,6!'4@.*+(4)36'!C60@4/4H!+!*)'!
C0)B6')06'!+D)0,+0!+'C6(/)'!,6*!@),6*+P6!,6!B63H@63)'!
E.F@4()':!<.3!(.+3,)!3)!B.60)3!6**)'!E.4636'!,6'+00)1
**+0)3!*+!C0)O0+@+(4H3!,6!*+'!'4@.*+(4)36'#!B.60)3!6**)'!
E.4636'!,6'(04D460)3!63!,6/+**6! *)'!@),6*)'!E.6! '60F+3!
C06'63/+,)'!G!'.!()@C)0/+@463/)!D+P)!,4B6063/6'!()3,41
(4)36':!<!C+0/40!,6!6'/+'!06!6f4)36'!()3'4,60+@)'!E.6!*+!
,6!34(4H3!'.O604,+!C)0!RT)@+'!G!7(T.00!Y"``c]#!')D06!
.3+!'4@.*+(4H3!6,.(+/45+#!'60F+!+C*4(+D*6!+*!C0)G6(/)!J+1
D540/#! .3+!56Q!E.6!)/0)'!.'.+04)'#! ,4B6063/6'! +! *)'!C0)1
B6')06'!G!+*.@3)'!,406(/+@63/6!543(.*+,)'#!+((6,63!+*!
C)0/+*!,6*!C0)G6(/)#!54'4/+3!*+'!'4@.*+(4)36'!C0),.(4,+'!
G!'6!+C0)f4@+3!+'F#!63!6*!.')#!+!*)'!@),6*)'!(06+,)':!

9)0! I*/4@)! 56@)'! E.6! 6*! /0+D+P)! ()*+D)0+/45)! 63/06! C0)1
B6')06'#! )0463/+,)06'#! 4356'/4O+,)06'#! ,4'6X+,)06'! G! C0)1
O0+@+,)06'! B.6! .3! 6*6@63/)! (63/0+*! ,.0+3/6! 6*! (.0')! ,6!
(+C+(4/+(4H3#!G+!E.6!6*! 43/60(+@D4)!,6!6fC60463(4+'!63/06!
6'/)'!+(/)06'!B+(4*4/H!*+!6*+D)0+(4H3!,6!O.4)36'#!*+!4,63/4!1
(+(4H3!,6!*+'!563/+P+'!E.6!6'/)'!06(.0')'!C.6,63!/6360!C+0+!
6*!+C063,4Q+P6!G!*+!()@C063'4H3!,6!*+'!,43L@4(+'!,6!B.3(4)1
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3+@463/)!,6!.3+!'4@.*+(4H3:!=066@)'!E.6!*+!()*+D)0+(4H3!
,6D6!,6P+0!,6!)(.C+0!I34(+@63/6!.3!*.O+0!63!*+!/6)0F+!,6!
C0)G6(/)'!G!C0)C.6'/+'!6,.(+/45+'!G!/)03+0'6!6B6(/45+@63/6!
+)$O'1*Y-6P6'!G!̂ 3B+3/61[+*+(T4+'#!;\\ud!̂ 3B+3/61[+*+(T4+'!
G!=)0064+#!;\\u]:!&*!()3)(4@463/)!,4'(4C*43+0#!63!6'/6!(+')!
*+!E.F@4(+#!,6D60F+!'60!.3+!T600+@463/+!+!C+0/40!,6!*+!(.+*!
'6!/0+D+P63!T+D4*4,+,6'#!5+*)06'!G!54'4)36'!,6*!@.3,):!&'/+!

+!0@+(4H3!6'!/+3!5L*4,+!C+0+!6*!+*.@3)!()@)!C+0+!6*!C0)1
C4)!,)(63/6!G!3)'!**65+!+!43'4'/40!63!*+!36(6'4,+,!,6!'+*40!,6!
3.6'/0+!0./43+!G!+34@+03)'!+!43(.0'4)3+0!63!C0L(/4(+'!()*+1
D)0+/45+'!63!/),)'!*)'!3456*6'!()@)!*+'!C06'63/+,+'!63!6'/6!
+0/F(.*):!&'/6!6P60(4(4)!B+5)06(60L!*+!B)0@+(4H3!()3/43.+,+!
G!06!6f45+!,6!*)'!C0)B6')06'!G!C.6,6!()3,.(40!+!.3+ ')(461
,+,!@L'!C+0/4(4C+/45+!G!')*4,+04+:!

<aK_v#![:&:K:<:!Y;\\\]:!M3-/L)$!*$*.$*+)U3'"$*(1"/%$):!g:!
&,:!=+@C43+'i!9+C40.':

Z<_<Z#!7:!G!K2--w#!R:!Y"``c]:!-0)@!C0+(/4(6'!!6*,'!/)!()@1
@.34/46'!)B!C0+(/4(6:!RWXk*k("B-'"$%*W(+/)3C!CC:!"1`c:!

Z<_<Z#! 7:#![<e^a7R&_#! x:b:! 6/! +*:! Y;\\"]:!V(1'L-'-L* $-.*
:#'%.'-L*$-*/-0%'-(*"/22#-'3KP*kB(*13)#LL%(*3/*1#++/)3*1/"'$0
:'%'3K*'-*3B(*'-&#')K*%($)-'-L*4/)#2:!MkWEV#!%`Y%]#!CC:!u"1`j:!

Z&_&^R&_#! =:! G! 7=<_K<[<J^<#![:! Y;\\$]:! J6+0343O! /)!
S)0U!(06+/456*G!S4/T!U3)S*6,O6#!63!K6!=)0/6#!&:#!M60'(T+1
BB6*#!J:#!&3/ST4'/*6#!a:!G!5+3![6004y3D)60#!x:!Y6,':]:!l/J()4#%*
%($)-'-L* (-8')/-2(-31P* N-)$8(%'-L* :$1'"* "/2+/-(-31* $-.*
.'2(-1'/-1:!ofB)0,i!960O+@)3#!CC:!gg1jc:!

Zo<_&RRo#!_:!Y;\\%]:!=)@C./+,)06'!3)!63'43)!@W,4)i!+3L1
*4'6! ,+! ()@C0663'8)! ,6! +*.3)'! 0)/6404'/+':! K4''60/+z8)! ,6!
@6'/0+,):!^3'/4/./)!,6!-F'4(+:!234560'4,+,6!,6!78)!9+.*):!

=J<aK^a^a#!K:x:!G!=oaa&Jw#![:-:! Y;\\\]:!Q$))$3'8(* '-0
&#')K:!a.65+!w)0Ui!R6+(T60V'!=)**6O6!906'':

-&x&7#![:&:!G!̂ a-<aR&1[<J<=?^<7#![:&:!Y;\\u]:!<C0631
,4Q+P6!()*+D)0+/45)!63!6*!+@D463/6!6'()*+0:!Q/8(.$.(1*M.#0
"$3'8$1#!"c#!CC:!"\$1"\g:

-o_&[<a#!x:!G!<JK_^=?#!=:!Y;\\g]:!RT6!,6'4O3!)B!+,5+3(6,!
*6+0343O!63O436'i!<3!43/60546S!S4/T!=*+0U!<*,04(T<!i--/8$3(#!
"Yj]:!=)3'.*/+,)!6*!"!,6!+O)'/)!,6!;\\g!63!*+!2_Ji!lT//Cinn
SSS:433)5+/6)3*436:43B)n43,6f:CTC{546S|+0/4(*6k4,|;""m:

-_&^_&#!9:!Y"``j]:!l(.$L/L'$*.$*f#3/-/2'$<*F$:()(1*-("(10
1U)'/1*m*+)U3'"$*(.#"$3'8$<!$%:!6,:!78)!9+.*)i!9+Q!6!R600+:

b<J<boM7ew#!J:!G!<K}_^h1Z_<Mo#!<:!Y;\\"]:![),6*)'!
G! +3+*)OF+'! 63! *+! 63'6X+3Q+! ,6! *+'! (463(4+'! 3+/.0+*6'i! &*!
()3(6C/)!,6!@),6*)!,4,L(/4()!+3+*HO4():!M-1(9$->$*.(*%$1*
R'(-"'$1C!"`Y;]#!CC:!;$"1;%;:!

?&a_^#! -:! G! 92K&Jeo#! ?:! Y;\\$]:! 23,60'/+3,43O! +3,!
+3+*GQ43O!+(/454/G!+3,!*6+0343O!43!540/.+*!()@@.34/46':!n/0
#)-$%*/4*"/2+#3()*$-.*$11'13(.*%($)-'-L#!"`#!CC:!%u%1%cu:!

^a-<aR&1[<J<=?^<7#![:&:!G!=o__&^<#!9:_:[:!Y;\\u]:!
90L(/4(+!,6!+(/454,+,6'!,4,L(/4(+'!()3!@+C+'!()3(6C/.+*6':!
Q/8(.$.(1*M.#"$3'8$1#!"c#!CC:!c%1c`:

a~Mo<#!<:!Y())0,:]!Y"``g]:!S1*l)/4(11/)(1*(*$*1#$*\/)2$op/:!
J4'D)+i!&,:!K)@!N.4f)/6#!C:!"gc:!

a2a&7#!=:<:<:!G!b<^ZJ&#!&:!Y;\\;]:!K656*)C@63/!)B![.*1
/4@6,4+![+/604+*'#! 63!?+,,+,#!�:K:! G!K0+f*60#!<:! Y6,':]:!
k("B-/%/L'(1* 4/)* M.#"$3'/-P* l/3(-3'$%1C* l$)$2(3()1C* $-.*
l)/1+("31:2a&7=o#!CC:!`%1""u:!

a2a&7#! =:<:<:! Y;\\;]:! R/%%$:/)$3'8(* "/-3(-3* ")($3'/-* :K*
")/110%(8(%*13#.(-31:!;/T!^3/603+/4)3+*!=)3B6063(6!)3!oC63!
=)**+D)0+/456!K6'4O3!B)0!7.'/+43+D*6!̂ 33)5+/4)3i!=06+/454/G#!
=)3/0)*!k!=.*/.06!B)0!7.'/+43+D*6!=T+3O6#!Z+3O+*)06#!̂ 3,4+#!
"1;!,6!,4(46@D06:!=)3'.*/+,+!6*!"%!,6!'6C/46@D06!,6!;\\g!
63! *+! 2_Ji! lT//Cinn/T43U(G(*6:@6,4+:@4/:6,.n/T43U(G(*6n
@+43n,656*)C@63/sDGs,6'4O3s;\\;nC.D*4(+/4)3ss()**+D)1
0+/456s()3/63/s(06+/4)3sDGs(0)''s*656*s'/.,63/'nm:

_&9&aa^ab#!<:#!̂ o<aa^Ko2#!<:!G!xoa<R?<a#!9:!Y"```]:!
=)**+D)0+/456!.'6!k!,6'43O!)B!43/60+(/456!'4@.*+/4)3':!l)/0
"((.'-L1*/4*R/2+#3()*F#++/)3(.*R/%%$:/)$3'8(*X($)-'-L:!

7R<_e&w#! Z:! G! ZJ<e&#! &:J:! Y;\\"]:! 74@.*+/4)3! 43! 43/601
3+/4)3+*!06*+/4)3'!6,.(+/4)3:!F'2#%$3'/-*E*q$2'-LC!$;Y%]#!
CC:!g$u1gg":!

R?o[<7#!<:!G!7=?2__a#!<:!Y"``c]:!74@.*+/4)3'!B)0!6,.(+1
/4)3i!/T6!C)/63/4+*!+3,!06+*4/G:!f"3'8(*X($)-'-L!`#!CC:!jg1jj:!

ho?<_#! <:! Y;\\%]:! &*6@63/'! )B! R6+(T60'V! 96,+O)O4(+*!
e3)S*6,O6!_6O+0,43O!^3'/0.(/4)3!)B!?4OT60!o0,60!RT43U43O:!
n/#)-$%*/4*F"'(-"(*k($"B()*M.#"$3'/-!"gY%]#!CC:!;`$1$";:!

"%4%"%0$.)&'T.T2.#W"?4.$)&

�<0/F(.*)!06(4D4,)!63!B6D060)!,6!;\\j!G!+(6C/+,)!63!'6C/46@D06!,6!;\\u�
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)OELBKDL

RS)!(+'6!'/.,46'!+06!C06'63/6,!,6'(04D43O!/T6!C0)(6''!)B!
+./T)043O!+3,!(06+/4)3!)B!(T6@4'/0G!'4@.*+/4)3'!DG!C.D*4(!
T4OT! '(T))*! /6+(T60'!,.043O! /T640! 431'6054(6! /0+4343O! 43!
+!C0)P6(/!,656*)C6,!DG! /T6!7(T))*!)B! /T6!-./.06!)B! /T6!
234560'4/G!)B!7+)!9+.*)#!/T6!M40/.+*!R6+(T43O!J+D)0+/)0G!
YSSS:*+D540/:B./.0):.'C:D0]:! RT4'! C0)P6(/! 435)*56'! /T6!
()3'/0.(/4)3! )B! +! 540/.+*! ()**+D)0+/456! ()@@.34/G! B)0!
'(463(6! *6+0343O#! B)(.'6,! )3! /T6! (06+/4)3#! C0),.(/4)3!
+3,!.'6!)B!*6+0343O!)DP6(/':!^3!C+0/4(.*+0#!C0)B6'')0'!+3,!
'/.,63/'! +06! 435)*56,! 43! /T6! ,656*)C@63/! )B! ()3(6C/'!
+3,!'C6(4!(+/4)3'!)B!43/60+(/456!'4@.*+/4)3'!43!/T6!+06+'!
)B!CTG'4('!+3,!(T6@4'/0G:!

RT4'! C0)P6(/! S+'! 434/4+**G! 4@C*6@63/6,! 43! /T6! !6*,!
)B! CTG'4('#! +3,! /T63! S+'! +*')! ,656*)C6,! 43! /T6! !6*,!
)B! (T6@4'/0G! ,.043O! ;\\%1\g:! RT6! ,656*)C@63/! )B!
'4@.*+/4)3'! /+U6'! C*+(6! 43! +! ()**+D)0+/456! ()@@.34/G#!
ST606! /T6! '/.,63/'! 63O+O6,! 43! +(/456! *6+0343O! +06!
)0463/6,!DG!/T640!/6+(T60'!/)!S04/6!C+C60'!+D)./!,4BB6063/!
@+//60'!43!(T6@4'/0G!06*+/6,!/)!/T640!6560G,+G!*4B6:!RT6'6!
C+C60'! +06! 0654'6,! DG! .34560'4/G! 06'6+0(T60'! +3,#! +B/60!
+3+*GQ43O! 600)0'#! +06! ()006(/6,! DG! /T6! '/.,63/':! RT6!
C+C60'! +06! /T63! '63/! /)! +! O0).C! )B! .34560'4/G! '/.,63/'!
ST)! +06! 06'C)3'4D*6! B)0! /T6! O0+CT4(+*! ,6'4O3! +3,! /T6!
C0)O0+@@43O!)B!/T6!'4@.*+/4)3:!RT6G!()3560/!/T6!C+C60!
43/)!+!'4@.*+/4)3!ST4(T!4'!!3+**G!C.D*4'T6,!43!+!,G3+@4(!

S6D'4/6! )B! /T6! C0)P6(/! YSSS:*+D540/E:B./.0):.'C:D0]!
C0)@)/43O! /T6! B)0@+/4)3! )B! +! '6*B1'.'/+4343O! *6+0343O!
()@@.34/G#!(*6+0*G! 43,4(+/43O!ST)! /T6!+./T)0'!+06!+3,!
/T6!'(T))*!/T6G!D6*)3O!/):

RT6! /6+(T60'! 36(6''+04*G! .3,60O)! +3! +,6E.+/6! /0+4343O!
().0'6! +4@6,! +/! *6+0343O! /6+(T43O6fC60463(6'#! ST606!
U3)S*6,O6! 4'! +CC*46,! +3,! .'6,! 4@@6,4+/6*G! /T+/! 4/! 4'!
O+436,:! RT6! ().0'6'! +06! C*+336,! +3,! ,656*)C6,! DG!
.34560'4/G!06'6+0(T60'#!ST)!+06!3)/!)3*G!06'C)3'4D*6!B)0!
/T6! E.+*4/G! +3,! /T6! ()3/63/! '.CC)0/! )B! /T6! '4@.*+/4)3'#!
D./!+*')!B)0!T6*C43O!/T6@!/)!D6()@6!@)06!'6*B!()3!,63/!
43!/T6!.'6!)B!36S!/6(T3)*)O46':!K.043O!/T6!!0'/!C+0/!)B!
/T6!C0)P6(/#!;%!C.D*4(!'(T))*!C0)B6'')0'!C+0/4(4C+/6,!+3,!
,656*)C6,!"%!'4@.*+/4)3'!,.043O!/T640!/0+4343O!C604),:

RT6!,)(.@63/+*!+3+*G'4'!)B!/T6!@+/604+*!C0),.(6,!DG!/S)!
O0).C'!)B!/6+(T60'!06!6(/'!,4BB6063/!C0)(6''6'!)B!'6*6(/4)3!
)B!D)/T!/T6@6'!+3,!C0)D*6@1'4/.+/4)3'!43!/T6!6*+D)0+/4)3!
)B! /T640! '4@.*+/4)3':! RT6! C)''4D4*4/46'! )B! 43/60+(/4)3!
)BB606,! DG! '4@.*+/4)3'! B)0! (*+''0))@! +(/454/46'#! B0)@!
/T6!C60'C6(/456!)B!/T6!/6+(T60'#!+06!+*')!()3'4,606,:!RT4'!
'/.,G!'T)S'!/T6!C)/63/4+*!B)0!(T6@4'/0G!*6+0343O#!/+U43O!
43/)!+(().3/!/T6!'/.,63/V'!6560G,+G!*4B6#!+3,!4'!D+'6,!)3!
()**+D)0+/456!S)0U!+@)3O!/6+(T60'!+3,!06'6+0(T60':!

Keywords. =T6@4'/0G!*6+0343O#!43/60+(/456!'4@.*+/4)3'#!
()**+D)0+/456!S)0U#!/0+4343O!)3!'6054(6#!*6+0343O!)DP6(/'.

+@A'!BCDAEE'CF'&GHIJKLGCM')IL@CBGMN-$BAKLGCM'O='$@AHGELB='+AKD@ABE6')'&ABPGDA'2AKBMGMN'
%QRABGAMDA
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