
65

INNOVACIÓN

Papel del banco de piel en el tratamiento del 
paciente con quemaduras graves

Mª Esther Rendal Vázquez1, Olvido Fernández Mallo2, Inmaculada Míguez Torre2, 
Teresa Bermúdez González2, Natalia Ponte Velasco2, Jacinto Sánchez Ibáñez3

1Bióloga, 2Diplomada en Enfermería, 3Facultativo Especialista en Cirugía
1,2,3 Banco de Tejidos. Xerencia de Xestión Integrada A Coruña. España

3 !"#$%&'(&)**+'#$%"#,$&'(&-+%./0%$1(.2&3(+4#"#*&5%0(6*&'(&3%7'(2&8./%9%

E-mail: Esther.Rendal.Vazquez@sergas.es

 !"#$%&"%'"%&"(%)$*+",-'"%.(%/'+"0"*%&1!*+"0"2/+"
*%"&+'"*%",!0+3"3%&%4!/5$!"*%&"52%3#+"62,!/+"
0"%'(-"5+/'($(2$*!"#+3"&+'"(%)$*+'"72%"3%5283%/"
&!",!0+3"#!3(%"*%"&!"'2#%395$%"5+3#+3!&:";+,-
#2%'(!"#+3"*+'"&-,$/!'"#3$/5$#!&%'<"%#$*%3,$'="
,-'"'2#%395$!&"0"9/!="0"*%3,$'=",-'"#3+>2/*!"
0"132%'!="#+3"*%8!)+"*%" &!"52!&" '%"%/52%/(3!"
2/!"5!#!"'2852(-/%!=" &!.!="3$5!"%/"13!'!="72%"
'%"*%/+,$/!"6$#+*%3,$':
 !'" >2/5$+/%'" *%" &!" #$%&" '+/" %'%/5$!&%'" #!3!"
,!/(%/%3" %&" 5+33%5(+" %72$&$83$+" %/" &!" !5($4$-
*!*"*%"(+*+"%&"+31!/$',+"0="#+3"(!/(+="#!3!"&!"
#3+#$!"'2#%34$4%/5$!<"#3+(%55$?/"5+/(3!"!1%/-
(%'" %.(%3/+'" >@'$5+'=" 72@,$5+'" 0" 8$+&?1$5+'A"
3%12&!5$?/"*%" &!" (%,#%3!(23!A" '@/(%'$'"*%" $,-
#+3(!/(%'" '2'(!/5$!'" 72@,$5!'" 0" 6+3,+/!'=" 0""

%&$,$/!5$?/"*%"!12!"0"'!&%':"B*%,-'="!&8%31!"
&+'"3%5%#(+3%'"72%"#%3,$(%/"*%(%5(!3"2/"13!/"
/C,%3+"*%"'%/'!5$+/%'"(-5($&%'="(D3,$5!'"0"*+-
lorosas.
E/"%'(%"'%/($*+=" &!"#$%&"%'"2/+"*%" &+'" (%)$*+'"
62,!/+'",-'"4%3'-($&%'"0="#+3" &+",$',+="5+/"
2/"/C,%3+",!0+3"0",-'"4!3$!8&%"*%"!#&$5!5$+-
/%'="0!"72%"%'"#+'$8&%"(!/(+"5+/'%34!3"!&+$/-
)%3(+'"*%"#$%&"*%"5!*-4%3="5+,+"*$4%3'+'"($#+'"
5%&2&!3%'"#!3!"'2"2'+"!&+1D/$5+"+"!2(?&+1+="&+"
72%"#+'$8$&$(!"2/!"!,#&$!"1!,!"*%"(3!(!,$%/-
(+'",D*$5+':
B5(2!&,%/(%=" &!'" (D5/$5!'" *%" #3%'%34!5$?/" 0"
!&,!5%/!,$%/(+"*%" (%)$*+'"#%3,$(%/"72%"%'-
(+'"'%!/"5+/'%34!*+'"#+3" &!31+'"#%3@+*+'"*%"
($%,#+=",!/(%/$%/*+",256!'" *%" '2'" >2/5$+-
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/%'"0">!5$&$(!/*+"'2"!#&$5!5$?/"5&@/$5!:
F%"#2%*%"5+/'%34!3"*%"*$>%3%/(%'">+3,!'<
G"H$%&";3$+#3%'%34!*!
I3!1,%/(+"*%"#$%&"*%'*%"JK"5,2"6!'(!"LMM"
cm2"*%"'2#%395$%"0"13+'+3"5&!'$95!*+"%/"(3%'"
13!*+'" N9/!O,%*$!O132%'!P:" H+'$8$&$*!*" *%"
disponer de injertos mallados o enteros. El 
#3+5%'!,$%/(+"%/">+3,!"*%",!&&!"+"3%*"+>3%-
5%"2/!",!0+3" 5+8%3(23!"*%" &!" '2#%395$%" &%-
sionada.

OB&,!5%/!*!" !" OQRMS;" " *%" (%,#%3!(23!="
6!'(!" K" !T+'=" 2($&$U!/*+" 2/" 53$+#3+(%5(+3"
N*$,%($&'2&>?.$*+P"0"2/!"5+/1%&!5$?/"#3+-
13!,!*!"NQS;V,$/P:"
OH+'%%",%/+3"#+*%3"!/($1D/$5+"72%"%&"#3+-
*25(+">3%'5+:"
OE&"5+/1%&!*+"/+"%&$,$/!"&+'",$53++31!/$'-
mos.

G"H$%&"W&$5%3+&$U!*!
I3!1,%/(+"*%"#$%&"*%'*%"JK"5,2"6!'(!"LMM"
cm2"*%"'2#%395$%"0"13+'+3"5&!'$95!*+"%/"(3%'"
13!*+'" N9/!O,%*$!O132%'!P:" H+'$8$&$*!*" *%"
disponer de injertos mallados o sin mallar. 

G";D&2&!'"*%'6$*3!(!*!'",%*$!/(%"$/,%3'$?/"%/"
1&$5%3+&"N'+&25$?/"!&5+6?&$5!"!&"XKY"!"ZS;P:

G"[%)$*+"*%'4$(!&$U!*+"72%"5+/'%34!"'2"%'(325-
(23!"!/!(?,$5!"0"'2">2%3U!:

G \%/+3" #+*%3" !/($1D/$5+" 72%" %&" #3+*25(+"
>3%'5+:"

G" !"%.#+'$5$?/"#3+&+/1!*!"!&"1&$5%3+&"!&"XKY"
%&$,$/!"8!5(%3$!'="6+/1+'"0"4$32'

Las  !"# $%&'(%)*!+,(#"*&'72%"+>3%5%"&!"*$'#+-
nibilidad de piel procedente de un banco son 
numerosas:
Q:""[3!(!,$%/(+"*%"72%,!*23!':
J:" [3!(!,$%/(+" *%" C&5%3!'" *%" *$'($/(+" +3$1%/"
N#+'(O$/>%55$+'!'=" 4%/+'!'=" !3(%3$!&%'="*$!8D($-
5!'="&%#3+'!'="%(5:P:
3.  Otros tratamientos: 
O]5&2'$?/"*%"6%3$*!'"5+,+"528$%3(!"8$+&?1$5!"
transitoria.
O;$%33%"*%"6%3$*!'"5+,+"'2'($(2(+'"*%"#$%&"*%"
&!31+"#&!U+:
O^%3$*!'"53?/$5!'"/+"5$5!(3$U!*!'"+"*%"5$5!(3$-
U!5$?/"&%/(!"#+'(O*%'83$*!,$%/(+:

 !'" 72%,!*23!'" '+/" 2/" ($#+" *%" &%'$?/" (3!2-
,-($5!"5!2'!*!"#+3"%/%31@!"(D3,$5!="%&D5(3$5!="
72@,$5!"+"%&%5(3+,!1/D($5!:" !"5!2'!"#3$/5$#!&"
*%" &%'$+/%'"#+3"72%,!*23!"%/(3%" &+'"!*2&(+'"
%'"%&">2%1+=",$%/(3!'"72%"%/"%&"5!'+"*%"&+'"/$-
T+'=" &!"5!2'!"#3$/5$#!&"%'" &!"%'5!&*!*23!:" +'"
8%8D'" 0" &+'" !/5$!/+'" '+/" 72$%/%'" ($%/%/" 2/"
3$%'1+",!0+3"*%"&%'$+/%'"#+3"72%,!*23!':
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_/!" 72%,!*23!" 13!4%" #2%*%" '%3" (3%,%/*!-
,%/(%"*%4!'(!*+3!="0"/+"'?&+">@'$5!,%/(%"'$/+"
(!,8$D/"%/"%&"#&!/+"%,+5$+/!&:"H2%*%"!>%5(!3"
/+"'?&+"!" &!"#%3'+/!"72%"&!"'2>3%"'$/+"!"(+*!"
&!" >!,$&$!:" !'"#%3'+/!'"5+/"72%,!*23!'"13!-
4%'"#2%*%/"#%3*%3"5$%3(!'"5!#!5$*!*%'">@'$5!'="
72%*!3"*%'9123!*!'="#%3*%3"2/!"%.(3%,$*!*"+"
,+4$&$*!*="72%*!3"&&%/!'"*%"5$5!(3$5%'"+"'2>3$3"
$/>%55$+/%':" B*%,-'=" &!'" 72%,!*23!'" 13!4%'"
#2%*%/"#%/%(3!3"%/"&!'"5!#!'"#3+>2/*!'"*%"&!"
#$%&="5!2'!/*+"*!T+'"%/"&+'",C'52&+'"+"%/"&+'"
(%)$*+'"72%"#2%*%/"!>%5(!3"!" (+*+'" &+'"'$'(%-
mas del cuerpo.
_/+" *%" &+'" !'#%5(+'" $,#+3(!/(%'" %/" %&" ,!-
/%)+" 72$3C31$5+" *%&" #!5$%/(%" 72%,!*+" %'" &!"
5+8%3(23!" 52(-/%!" (3!'" &!" %.D3%'$'"72$3C31$5!:"
Los procedimientos de cobertura pueden cla-
'$95!3'%" %/<" (%,#+3!&%'" 0" *%9/$($4+'=" '$%/*+"
#+'$8&%" (!,8$D/" &!" 5+8%3(23!" 5+/" #3+*25(+'"
'$/(D($5+'"+"5+/"#3+*25(+'"8$+&?1$5+':"
 !"5+8%3(23!"$*%!&"*%"2/!"6%3$*!"72%"/+"#2%*%"
%#$(%&$U!3"#+3"'@",$',!"%/",%/+'"*%"JM"*@!'"
son los injertos de piel parcial tomados del 
#3+#$+"#!5$%/(%:" !'"U+/!'"*+/!/(%'"'%"%#$(%-
&$U!/="52!/*+"'+/"5+/4%/$%/(%,%/(%"(3!(!*!'="
%/",%/+'"*%"JM"*@!'="#2*$%/*+"3%2($&$U!'%"%/"
ocasiones sucesivas. Cuando un autoinjerto 

52(-/%+"#3%/*%="%'"#%3,!/%/(%:"
^!'(!" &!" >%56!=" %&" (3!(!,$%/(+" %'(-/*!3" #!3!"
72%,!*23!'" '%4%3!'" '%" 8!'!" %/" %&" $/)%3(+"
*%"#$%&"+8(%/$*!"*%"2/!"U+/!"/+"*!T!*!"*%&"
52%3#+"*%&"#3+#$+"#!5$%/(%"N(D5/$5!"5+/+5$*!"
5+,+"!2(+$/)%3(+P:"E'(%",D(+*+"%'"%&"*%"%&%5-
5$?/" '$%,#3%"72%"%&" *!T+"/+" '%!"*%,!'$!*+"
%.(%/'+"0"%&"#!5$%/(%"*$'#+/1!"*%"'295$%/(%"
#$%&" '!/!:" W%/%3!&,%/(%=" &!" #$%&" '%" (+,!" *%&"
mismo sitio donante varias veces y se permite 
72%"3%1%/%3%"%/(3%"(+,!':"E'(%"#3+5%*$,$%/(+"
es lento y da como resultado una piel con un 
%>%5(+"5+',D($5+",20"*%95$%/(%"%/"%&"'$($+"*%"
&!"72%,!*23!"*%8$*+"!"72%="#!3!"%.#!/*$3"'2"
'2#%395$%"LOZ"4%5%'="&!"#$%&"#3+5%*%/(%"*%&"'$-
tio donante se somete a un proceso de malla-
*+"0"%'($3!,$%/(+:"H+3"+(3!"#!3(%="%'(%",D(+*+"
%'"*%"*$>@5$&" !#&$5!5$?/"%/"#!5$%/(%" 5+/"72%-
,!*23!'"%/",-'"*%&"KMO`MY"*%"&!"'2#%395$%"
corporal.
 +'" !#?'$(+'" (%,#+3!&%'" '%" 2($&$U!/" %/" &21!3"
*%"&+'"!2(+$/)%3(+'"52!/*+"%'(+'"/+"%'(-/"*$'-
#+/$8&%'"+"/+"'+/"'295$%/(%':" +'"$/)%3(+'"(+-
,!*+'"*%"2/"*+/!/(%="5+/4%/$%/(%,%/(%"#3+-
5%'!*+'" 0" 5+/'%34!*+'" %/" 2/" 8!/5+" *%" #$%&="
5+/'($(20%/"2/!"!&(%3/!($4!">2/*!,%/(!&"!&"!2-
(+$/)%3(+"52(-/%+:"a+"+8'(!/(%="&+'"6+,+$/)%3-
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(+'"52(-/%+'"'+/"5+/'$*%3!*+'"5+,+"2/!",%-
*$*!"(%,#+3!&"*%"5+8%3(23!"*%"&!"6%3$*!="*!*+"
72%"#+'(%3$+3,%/(%"'%"#3+*25%"2/!" 3%!55$?/"
*%"3%56!U+"#3+4+5!*!">2/*!,%/(!&,%/(%"#+3"
&!"!/($1%/$5$*!*"*%"&!'"5D&2&!'"*%" !/1%36!/'"
52(-/%!':"F$/"%,8!31+="*23!/(%"%&" ($%,#+"%/"
%&"72%"&+'"6+,+$/)%3(+'"52(-/%+'"#%3,!/%5%/"
4$!8&%'="'%"5+,#+3(!/"$12!&"72%"&+'"!2(+$/)%3-
(+'=" #!3($5$#!/*+" %/" &!" '2#%34$4%/5$!" *%" &+'"
pacientes. 
 !" #$%&" %'" %&",-'" 13!/*%" *%" &+'" ?31!/+'" 62-
,!/+'=" 0" (!,8$D/" %'" %&" #3$,%3+" 72%" 6!" '$*+"
#+'$8&%"*2#&$5!3"!"(3!4D'"*%"#3+13!,!'"*%"8$+-
(%5/+&+1@!",20"#3%5$'+'"72%"#%3,$(%/"52&($4!3"
b#$%&"8$+!3($95$!&c"#!3!"#+*%3&!"!#&$5!3"!"*$>%-
3%/(%'"&%'$+/%'="#+3"%)%,#&+"&!'"C&5%3!'"*%"&+'"
*$!8D($5+'="+"&!'"#%3'+/!'"5+/"72%,!*23!'"%.-
(%/'!'"*%"JS"0"LS"13!*+:
B" ,%*$!*+'" *%" &!" *D5!*!" *%" &+'" '%'%/(!="
^+d!3*"W3%%/" 0" 5+&!8+3!*+3%'" *%'!33+&&!3+/"
,D(+*+'"#!3!" %&" 52&($4+" %/" '%3$%" 0" &!" %.#!/-
'$?/" *%" 72%3!($/+5$(+'" %#$*D3,$5+'=" 8!'!*+'"
en el uso de un cocktail"*%">!5(+3%'"*%"53%5$-
,$%/(+"%'#%5@95+'"0"&!"#3%'%/5$!"*%"983+8&!'-
(+'"*%"3!(?/"&%(!&,%/(%"$33!*$!*+'"5+,+"feeder 
layer" Nmonocapa alimentadoraP:" B'$,$',+=" %&"
&!8+3!(+3$+"*%"W3%%/" 3%#+3(?"#+'(%3$+3,%/(%"

&!"#%3'$'(%/5$!"%/"%'(+'"52&($4+'"*%"72%3!($/+-
5$(+'" 5+/" 5!#!5$*!*%'" #3+&$>%3!($4!'" 5!3!5(%-
3@'($5!'"*%" 5D&2&!'",%'%/72$,!&%'" N;\E'P:"  !"
(D5/$5!" #!3!" &!" %.#!/'$?/" *%" 72%3!($/+5$(+'"
in vitro"#3+#2%'(!"#+3"e6%$/d!&*"0"W3%%/"0"%&"
2'+"*%"&!"*$'#!'!="2/!"#3+(%!'!"5!#!U"*%"*%'-
#3%/*%3"*%&">3!'5+"*%"52&($4+"&!"&-,$/!"%/(%3!"
*%"5D&2&!'"%#$*D3,$5!'"N%/"4%U"*%"*%'#3%/*%3"
5D&2&!'" $/*$4$*2!&%'" 5+,+" 6!5%" &!" (3$#'$/!P="
5+/'($(20%3+/" 2/" $,#+3(!/(%" !4!/5%" (D5/$5+"
72%"5+/4$3($?"%/"2/!"3%!&$*!*"5&@/$5!"%&"$/)%3(+"
*%" &-,$/!'" %#$*D3,$5!'" +8(%/$*!'" ,%*$!/(%"
%&"52&($4+"*%"72%3!($/+5$(+'"#3$,!3$+':"B'@="%/"
QRXQ=" ]f;+//+3" 0" 5+&!8+3!*+3%'" >2%3+/" &+'"
#3$,%3+'" %/" #3%#!3!3" 0" (3!/'#&!/(!3=" 5+/" D.$-
(+=" &-,$/!'"*%"72%3!($/+5$(+'"!2(?&+1+'="#!3!"
#!5$%/(%'"5+/"72%,!*23!'"%.(%/'!':"E'(2*$+'"
posteriores de los mismos autores demostra-
3+/"72%"&!'"5D&2&!'"$/)%3(!*!'"#%3'$'(%/"$/*%9-
/$*!,%/(%"%/"%&"#!5$%/(%:"E'(%"6!&&!U1+"($%/%"
13!/"3%&%4!/5$!"0!"72%"*%,2%'(3!"72%"%'"#+'$-
ble mantener las CMEs en las condiciones de 
52&($4+"%'(!8&%5$*!':"B"#%'!3"*%"72%"%&"$/)%3(+"
*%"&-,$/!'"*%"5D&2&!'"%#$(%&$!&%'"6!"5+/(3$82$-
*+"!"'!&4!3"&!"4$*!"*%"#!5$%/(%'"5+/"72%,!*2-
3!'" 13!4%'" %/" (+*+"%&",2/*+=" %'(!" %'(3!(%1$!"
,+'(3?"4!3$+'"#3+8&%,!'"(!&%'"5+,+"%&"($%,#+"
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de cultivo necesario para obtener un tamaño 
*%"'2#%395$%"!*%52!*!=" &!" >3!1$&$*!*"*%&"#3+-
*25(+=" &!" &$,$(!*!"%95!5$!"*%" &+'" $/)%3(+'"0" &!"
2&(3!%'(325(23!"!/+3,!&"*%"&!"2/$?/"*%3,+O%#$-
*D3,$5!="72%"5!2'!"&!">+3,!5$?/"*%"!,#+&&!'="
1%/%3!"5+/(3!5(23!'"0"3%*2/*!"%/"2/"8%/%95$+"
&$,$(!*+:" F%" 6$U+" %4$*%/(%"72%" %3!" /%5%'!3$+"
2/"'$'(%,!"*%"3%%,#&!U+"52(-/%+",-'"3+82'-
(+:" !"5!33%3!"#!3!"*%'!33+&&!3"0"5+,%35$!&$U!3"
%'(+'"#3+*25(+'"5+,%/U?"%/"&+'"!T+'"+56%/(!"
0"5+/($/C!"6+0:"g2%/!"#!3(%"*%"&+'"#3+8&%,!'"
72%"#3%'%/(!8!/" &+'" 52&($4+'" *%&" ($#+"e6%$/-
d!&*"0"W3%%/"%3!/"#3+8!8&%,%/(%"*%8$*+'"!"
72%"%'(+'" 52&($4+'" 1%/%3!8!/"2/!",+/+5!#!"
*%"72%3!($/+5$(+'="%'(325(23!"72%"*$'(!",256+"
*%"&!"5+,#&%)$*!*"*%"&!"#$%&"$/(%3>+&$52&!3:"H+3"
%&&+=" %&" '$12$%/(%" #!'+" 5+/'$'($?" %/" 1%/%3!3"
52&($4+'"$/"4$(3+"72%"(24$%3!/"&+'"*+'"5+,#!3($-
,%/(+'"5!3!5(%3@'($5+'"*%"&!"#$%&="&!"%#$*%3,$'"
0"&!"*%3,$'="0"72%"'%"*%/+,$/!/"%72$4!&%/(%'"
+"'2'($(2(+'"52(-/%+':"
E&"#3+5%*$,$%/(+"*%&"8!/5+"*%"(%)$*+'">2/5$+-
/!"*%"&!"'$12$%/(%",!/%3!<"'%"+8($%/%/"&!'"5D-
lulas vivas de la muestra de piel sana del pa-
5$%/(%"0"'%"!2,%/(!/"b$/"4$(3+c"*23!/(%"QM"+"
QJ"*@!'"#!3!"&2%1+"'%3",+/(!*!'"%/"%'(325(23!"
(3$*$,%/'$+/!&="*%"#&!',!"62,!/+"5+!12&!*+"

*+/*%"%'(-/"$/,%3'!'"&!'"5D&2&!'="72%"'%"#!3%-
5%",256+"!"&!"#$%&:" !",!(3$U"1%/%3!*!"!"8!'%"
de plasma tiene la particularidad de recrear el 
#3+5%'+"9'$+&?1$5+"*%"3%#!3!5$?/"*%"2/!"6%3$-
*!="%/"*+/*%"2/"5+!12&+"*%"983$/!"3$5+"%/"5$(+-
72$/!'"*$'#!3!"&!"3%'#2%'(!"3%#!3!*+3!="72%"'%"
(3!*25%="!"/$4%&"*%&"%#$(%&$+="%/"&!"#3+&$>%3!5$?/"
0",$13!5$?/"*%"&+'"72%3!($/+5$(+'"6!'(!"5283$3"
%&"&%56+"(%,#+3!&:"_/!"4%U"72%"&+'"72%3!($/+-
5$(+'"6!/"(!#$U!*+"&!",!(3$U"*D3,$5!"*%"%#$(%-
&$+="&!"#$%&"!3($95$!&"%'(-"&$'(!"#!3!"'%3"(3!'#&!/-
(!*!:"E'(+"#%3,$(%",2&($#&$5!3"6!'(!"#+3"J",$&"+"
L",$&"&!"5!/($*!*"$/$5$!&"*%"#$%&="5+/"&+"72%"'%"
#+*3@!"3%#+/%3"2/"!&(+"#+35%/(!)%"*%"&!"'2#%3-
95$%"*%&"+31!/$',+"62,!/+:"E&"C&($,+"#!'+"%'"
5+&+5!3"%&"(%)$*+"3%5$D/"53%!*+"'+83%"&!"#!3(%"
72%,!*!="0!"&$,#$!="'+83%"&!"72%"'%"9)!"#+3"&!'"
#3+#$!'" 5D&2&!'" 72%" 4!/" b3%5+/72$'(!/*+c" &!"
6%3$*!"!"(3!4D'"*%"2/"#3+5%'+"*%"4!'52&!3$U!-
5$?/:" !"%*!*"*%&"#!5$%/(%"0"%&"*%(%3$+3+"*%"&!"
#$%&")2%1!/"2/"#!#%&">2/*!,%/(!&"!"&!"6+3!"*%"
3%5$8$3"%&"$/)%3(+:" !"/2%4!"#$%&"5+,$%/U!"!"'%3"
asimilada por el cuerpo normalmente en una 
'%,!/!="0"&+'">3!1,%/(+'"72%"6!/"'$*+"3%56!-
U!*+'"#2%*%/"'%3"3%#2%'(+':
E&"52&($4+"*%"72%3!($/+5$(+'"%/"&-,$/!'"!"#!3-
($3"*%"2/!"8$+#'$!"52(-/%!"(+,!*!"*%&"#3+#$+"
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#!5$%/(%"6!"*%,+'(3!*+"'2"2($&$*!*"%/"5!'+'"
%.(3%,+'=" !2/72%" '2" %&%4!*+" 5+'(%=" $/%'(!-
8$&$*!*"*%"&!"5+8%3(23!"5+/'%12$*!"0"%&%4!*+"
#+35%/(!)%"*%"3%56!U+="6!"*$952&(!*+"'2"2($&$-
U!5$?/"1%/%3!&$U!*!:"
E/"&+'"C&($,+'"!T+'"&+'"!4!/5%'"%/"%'(%"5!,#+"
6!/"'$*+"13!/*%'="'%"6!"1%/%3!*+"#+3"%)%,#&+="
2/!"5!#!"*%"983$/!" N&!"%'(325(23!"72%">!5$&$(!"
&!"5$5!(3$U!5$?/P",-'"132%'!"72%"&!"72%"+3$1$/!-
3$!,%/(%"'%"6!5@!:
H%3+"#%'%"!"72%"&!"$/,%/'!",!0+3@!"*%"&+'"(%)$-
*+'"52&($4!*+'">2/5$+/!/",20"8$%/="%/"%&"5!'+"
*%" &+'" 72%,!*+'" !#!3%5%/" *+'" 5+,#&$5!5$+-
/%'"%/"!&12/!'"+5!'$+/%'="72%" '+/" &!'" $/>%5-
5$+/%'"0" &!" >+3,!5$?/"*%"4!'+'"'!/12@/%+'"+"
/%+!/1$+1D/%'$':"h"%&"!'#%5(+"5+',D($5+"(!,-
#+5+"3%'2&(!"b#%3>%5(+c="*!*+"72%"%/"&+'"5!'+'"
*%" 13!/*%'" 72%,!*23!'=" !" 4%5%'" *%8%" 3%!&$-
U!3'%"%&"(3!'#&!/(%"*$3%5(!,%/(%"%/"%&",C'52&+"
#3+>2/*+:
H!3!" '2#%3!3" %'+'" $/5+/4%/$%/(%'=" &+'" 5$%/(@-
95+'"%/'!0!/"5+/"(%)$*+"!*$#+'+="5+/"5D&2&!'"
%/*+(%&$!&%'=" 0" %/" &!" !&(%3!5$?/" 1%/D($5!" *%"
&!'"5D&2&!'"72%"'%"4!/"!"(3!'#&!/(!3="#!3!"72%"
$/5&20!"2/">!5(+3"*%"53%5$,$%/(+"*%"&+'"4!'+'"
'!/12@/%+':"B*%,-'="%/'!0!/",+*%&+'"72%"$/-
5&20%/"#D#($*+'"!/($,$53+8$!/+'"#!3!"!02*!3"

!"5+,8!($3"&!'"$/>%55$+/%':
a+"+8'(!/(%=" (+*!4@!"72%*!",256+"#!3!"5+/-
'%12$3" 2/!" #$%&" #%3>%5(!:" a%5%'$(!" 3%#3+*25$3"
+(3!'"5!3!5(%3@'($5!'<">+&@52&+'"#$&+'+'="1&-/*2-
&!'"'%8-5%!'"0="&+",-'"5+,#&%)+="&!">+3,!5$?/"
*%"4!'+'"'!/12@/%+'"#!3!"%&"3$%1+:

-.&'#$/ )0*"#1$'%$2

 +6,%0%3"iB=" $2"I="j3k1%3"F="%("!&:"_'%"+>"1%/%O
,+*$9%*"l%3!($/+50(%'"!/*"983+8&!'('" (+"%/-
6!/5%" 3%1%/%3!($+/" $/"!" >2&&" 'l$/"*%>%5(. Lan-
1%/8%5l'"B356"F231:"JMQQALR`<KZLOKM:

h!/1"  =" F6$3!l!(!" h=" [+l2,!32" F:"  $4$/1" 'l$/"
%72$4!&%/('"5+/'(325(%*"2'$/1"62,!/"!,/$+/'"
as a matrix:"i"m%3,!(+&"F5$:"JMMRAK`<QXXORK:"

n6!/1";H="I2"og:"[6%3!#%2($5"#+(%/($!&"+>"'(%,"
5%&&'" $/" 'l$/" 3%#!$3" !/*" 3%1%/%3!($+/:" ;6$/" i"
[3!2,!(+&:"JMMXAQQ<JMROJQ:
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 &!,%'"FW="m%&"e$+"\=" !356%3"I="%("!&:"^2,!/"
#&!',!"!'"!"*%3,!&"'5!p+&*">+3"(6%"1%/%3!($+/"
+>" !" 5+,#&%(%&0" !2(+&+1+2'" 8$+%/1$/%%3%*"
skin:"[3!/'#&!/(!($+/:"JMMZAqq<LKMOK:

g3!4+" m=" e$1&%0" [^=" W$83!/" a=" %(" !&:" Ep%5(" +>"
'(+3!1%" !/*" #3%'%34!($+/" ,%(6+*'" +/" 4$!8$-
&$(0" $/" (3!/'#&!/(!8&%" 62,!/" 'l$/" !&&+13!>('. 
g23/':JMMMAJ`<L`qOqX:
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 +'"!2(+3%'"*%"%'(%"!3(@52&+"*%5&!3!/"/+"(%/%3"5+/r$5(+"*%"$/(%3%'%'


