
!"#$%!&'()*+%,-./0%12%

34'5'+-&0'678%)6%!"%!7*69*.98%*69%:'.;<(*;-6=%

>!?@A:BC@!:1DE%!/87*)6*F)+)7G%)6%)6H.*87./(7/.'8%%

Prof. JUSTO GARCÍA NAVARRO 
Polytechnic University of Madrid (Spain) 

I'96'89*G%J2%!'&7'0F'.%



"K:LMN?OP4%

!"#$%Q'+F-/.6'% J%

!"

#"

$"

%"

&"

RPS>N?PQRPAKT%

NR!U?P!>">T>AV%

!?:>KT%

KIKNRPR!!%

R:?P?Q>:%

UN?,>AK">T>AV%

'()*+,"

-./+0+123-2+401"

'3+5-26"

.656*4'631"
,+2+7601"

!O!AK>PK"TR%

:?P!ANO:A>?P%

!O!AK>PK"TR%

4RSRT?UQRPA%



PR:R!!>AV%

!"#$%Q'+F-/.6'% W%

!"

#"

$"

%"

&"

1(12-+0-)+*+28"

+0"

,40123(,2+40"

IXV%AXKAY%U-88)F+'%.'*8-68E%%

!!)00'9)*7'%8-()*+%&'.('&;-6%

!!%8&*('%(-6('67.*;-6%

9!%P-%)69)(*7-.8%

9!%R65).-60'67*+%>0&*(7%%

%K88'880'67%

)(+*.+0:" ,+5+*";43<1"

OP>A>T%P?IZ%>!?@A:BC@!:1D%

9!%4'5'+-&0'67%-H%)69)(*7-.8%H-.%

F/)+9)6[8%\IM%J]%

9!%,.*0'^-._%H-.%0'7`-98%-H%

*88'880'67%H-.%F/)+9)6[8%\IM2]%
"-7`Z%"/)+9)6[8%*69%:)5)+%I-._8%

T*(_%-H% !!%!-()*+%*8&'(78%

!!%R(-6-0)(%*8&'(78%

QK>PTV%,?:O!% "OA%P?A%



P'('88)7GE%IXVY%

!"#$%Q'+F-/.6'% 2%

!"

#"

$"

%"

&"

•! K%^)9'%.*6['%-H%87*_'`-+9'.8%*.'%)67'.'87'9%)6%7`'%

)6H.*87./(7/.'%8'(7-.a%

•! Q-.'-5'.Z%7`'G%^*67%7-%'b&.'88%7`'%8/87*)6*F)+)7G%-H%

7`'%()5)+%^-._8%7`'G%9'5'+-&a%%%

PRR4%?,%:?QQ?P%KP4%

>PARMNKA>PM%A??T!%

!!%%>69)(*7-.%8G87'0%

!!%%K88'880'67%(.)7'.)*%



!AKNAE%>!?@A:BC@!:1D@IMB%:?P!A>AOA>?P%

!"#$%Q'+F-/.6'% B%

!"#$%&'$()*+$,)-.")/-.)0%"(1+2),""'(3)$*)456789/:)59;<)=)!'-/+%J##Dc1#c#$%*69%

J##Dc1#c1J%

N'8-+/;-6%1#d%\!'-/+%J##DcC]%

!:1D%I-._%-6%:)5)+%R6[)6''.)6[%I-._8%

>!?@A:%BC@!:%1D%*(_6-^+'9['8%7`'.'%)8%*%6''9%H-.%6'^%^-._%7-%F'%)6;*7'9%^)7`)6%7`'%

!:%H-(/8)6[%-6%7`'%8/87*)6*F)+)7G%-H%()5)+%'6[)6''.)6[%^-._8%*69%*[.''8%7`*7%*%IM%F'%

H-.0'9%^)7`%7`'%*&&-)670'67%-H%Q.a%K67-6)-%"/.[/'e-%*8%:-65'6-.Z%^)7`%8'(.'7*.G%

8/&&-.7%H.-0%KRP?NZ%^)7`%*6%)6);*+%7*8_%-HZ%^)7`)6%W%0-67`8%-H%7`)8%U+'6*.GZ%

(-65'6)6[%7`'%<.87%0'';6[%-H%7`'%IM%H-.%7`'%&/.&-8'8%-H%'87*F+)8`)6[%7`'%)67'69'9%

^-._%&+*6Z%)6(+/9)6[%7`'%^-._%.'+*7'9%7-%8/87*)6*F)+)7G%)69)(*7-.8%\!''%N'8-+/;-6%

1#W]Z%*8%^'++%*8%9'5'+-&)6[%*%9'<6'9%8(-&'%*69%7'.08%-H%.'H'.'6('%H-.%7`'%IM%*69%*6%

)6);*+%+)87%-H%*6G%6'^%^-._%)7'08%7-%F'%&.-&-8'9a%



>!?@A:BC@!:1D@IMB%AK!L%

!"#$%Q'+F-/.6'% d%

A-%(-0&+'0'67%7`'%^-._8%0*9'%FG%>!?@

A:BC@!:1DZ%6-^%H.-0%7`'%&'.8&'(;5'%-H%7`'%

()5)+%'6[)6''.)6[%^-._8%



QRQ"RN%"?4>R!%

!"#$%Q'+F-/.6'% D%

/=>?=@"?ABC=D"ECFG"=HI=@FD"AJ"K!"#"$%&'("'&&)"'(%*+),-.L"

•! -MDF@NOCN"

•! PCJONJB"

•! P@NJQ="

•! :=@>NJR"

•! SNINJ"

•! 3=IM?OCQ"AT"<A@=N""

•! 1INCJ"

•! (U<U"



>!?@A:BC@!:1D@IMB%QRRA>PM!%XRT4%OPA>T%P?I%

!"#$%Q'+F-/.6'% $%

•! J##$c#Jc#1%f%Q*9.)9%

•! J##$c#Bc#$%f%>87*6F/+%

•! J##$c#Cc1d%f%Q'+F-/.6'%

•! J##$c#Cc1C%f%Q'+F-/.6'%\IMJ%>69)(*7-.8%g%IMB]%



?"hR:A>SR!%KP4%!:?UR%

!"#$%Q'+F-/.6'% C%

•! A-%)0&.-5'%7`'%)6H.*87./(7/.'%8'(7-.%)6%.'+*;-6%7-%
8/87*)6*F)+)7G%

•! A-%9'<6'%8/87*)6*F)+)7G%)69)(*7-.8%H-.%()5)+%'6[)6''.)6[%
^-._8%

•! A-%9'<6'%*%H.*0'^-._%H-.%*88'880'67%0'7`-98%H-.%()5)+%
'6[)6''.)6[%^-._8%

•! A-%9'5'+-&%*%H.*0'^-._%H-.%*88'880'67%7--+8Z%
(-68)9'.)6[%7`'%(.)7'.)*%-H%*++%87*_'`-+9'.8%\&/F+)(%*69%
&.)5*7'%8'(7-.8]%

•! A-%)67'[.*7'%7`'%'(-6-0)(Z%'65).-60'67*+%*69%8-()*+%
*8&'(78%-H%()5)+%'6[)6''.)6[%^-._8%)6%7`'%H.*0'^-._i8%
9'<6);-68%

!"

#"

$"

%"

&"

?Fj'(;5'8%%



?"hR:A>SR!%KP4%!:?UR%

!"#$%Q'+F-/.6'%

1#%

•! N-*98Z%N*)+.-*98%

•! K).&-.7%^-._8%

•! N'8)9'6;*+%9'5'+-&0'678%

•! O69'.[.-/69%-)+%*69%[*8%

&)&'+)6'8%%

•! R6'.[G%)6H.*87./(7/.'8%

•! Q*.);0'%^-._8%%

•! ,+/5)*+%^-._8%%

•! 4*08%

•! :)5)+%^-._8%)6%/.F*6%*.'*8%

•! !&'()*+%()5)+%^-._8E%^*7'.%

7.'*70'67%&+*678Z%.-*98i%

0*)67'6*6('%

!"

#"

$"

%"

&"

!(-&'%%

1#%



I?NL!%A?%"R%4?PR%

!"#$%Q'+F-/.6'% 11%

,>N!A%!ARU%

•! :-67.)F/;-6%7-%^-._8%*+.'*9G%9-6'%-6%)69)(*7-.8%FG%

IMJ%\>!?@A!%J1CJCc1]%

!! ,.-0%7`'%7`'-.'7G(*+%&-)67%-H%5)'^%

!! !'7%(-.'%-H%8/87*)6*F)+)7G%)69)(*7-.8%H-.%()5)+%

'6[)6''.6[%^-._8%

•! :-67.)F/;-6%7-%^-._8%*+.'*9G%9-6'%-6%['6'.*+%

&.)6()&+'8%FG%IM1%\>!?%1BWCJ]%F/7%*+8-%-6%7'.0)6-+-[G%

FG%KXM%-6%A'.0)6-+-[G%>!?@A:BCa%%

!"

#"

$"

%"

&"



I?NL!%A?%"R%4?PR%

!"#$%Q'+F-/.6'% 1J%

,OAONR%!ARU!%

•! ,.*0'^-._%H-.%0'7`-98%-H%*88'880'67%7`'%8/87*)6*F+'%

&'.H-.0*6('%-H%()5)+%'6[)6''.)6[%^-._8%

•! ?7`'.%^-._%)7'08%6''9'9%9/.)6[%7`'%^-._8%

!"

#"

$"

%"

&"



I?NL%>ARQ!%

!"#$%Q'+F-/.6'% 1W%

!!%4)k'.'67%0'*8/.'8%

!!%4)k'.'67%)7'08%7-%F'%*88'88'9%%

!!%4)k'.'67%87*_'`-+9'.8@%&*.;()&*678%

!"

#"

$"

%"

&"

1a%,.*0'^-._%H-.%>69)(*7-.8E%%

%P'('88)7G%7-%*9j/87%7`'%H.*0'^-._%*+.'*9G%9'5'+-&&'9%

H-.%F/)+9)6[8%7-%7`'%()5)+%'6[)6''.)6[%^-._8a%

;GRV"



I?NL%>ARQ!%

!"#$%Q'+F-/.6'% 12%

Ja%!'7%(-.'%-H%8/87*)6*F)+)7G%)69)(*7-.8%H-.%()5)+%
'6[)6''.)6[%^-._8%

•! 6JWC@AJ>=JFNO"CJBCQNFA@D"

•! 1AQCNO"CJBCQNFA@D"

•! 6QAJA>CQNO"CJBCQNFA@D"

" "?MF"NODA"

•! PMJQXAJNO"I=@TA@>NJQ="CJBCQNFA@D"

!"

#"

$"

%"

&"

.CY=@=JF"DQNO=" .CY=@=JF"DFNZ=GAOB=@D".CY=@=JF"QAJQ=IFD"



I?NL%>ARQ!%

!"#$%Q'+F-/.6'% 1B%

!"

#"

$"

%"

&"

Wa%K88'880'67%0'7`-98%*69%(.)7'.)*%H-.%8/87*)6*F)+)7G%)6%

()5)+%'6[)6''.)6[%^-._8%

%A*_)6[%)67-%*((-/67%J%9)k'.'67%*&&.-*(`'8a%

6+-"

!O!AK>PK"TR%

K!!R!!QRPA%

!O!AK>PK"TR%

K!!R!!QRPA%

6+-"

,13"

2=QGJCQNO"

DI=QC[QNXAJD"

+14"

3=ONF=B"

'AOCQC=D"

,OAONR%

OR 



U-88)F+'%87./(7/.'%-H%7`'%9-(/0'678%*F-/7%

8/87*)6*F)+)7G%)69)(*7-.8%

!"#$%Q'+F-/.6'% 1d%

P@N>=EA@Z"TA@"

DMDFNCJN?COCFR"

CJBCQNFA@D"

,CWCO"=J\"EA@ZD"

;:"#"

;:"%"

;:"#"]"%"

,A@="

CJBCQNFA@D"

)MCOBCJ\D"

+JBCQNFA@ D̂"2G=A@R"

)MCOBCJ\"

O=W=O"

,A>MJCFR"

O=W=O"

,CWCO"

=J\CJ==@CJ\"

;A@ZD"

O=W=O"

U*.7%1%

P@N>=EA@Z"TA@"

FG="B=W=OAI>=JF"

AT"DMDFNCJN?COCFR"

CJBCQNFA@D"TA@"

)MCOBCJ\D""

U*.7%J%

P@N>=EA@Z"TA@"

FG="B=W=OAI>=JF"

AT"DMDFNCJN?COCFR"

CJBCQNFA@D"TA@"

,CWCO"

6J\CJ==@CJ\"

EA@ZD""

1M>>N@R">NF@CH"AT"CJBCQNFA@D"

IMJ%.'8&-68)F)+)7G%
IMB%.'8&-68)F)+)7G%

1M>>N@R">NF@CH"AT"CJBCQNFA@D"



>!?%A:BC%!:1D%!/87*)6*F)+)7G%)6%F/)+9)6[%(-687./(;-6%

!"#$%Q'+F-/.6'% 1D%

6JWC@AJ>=JF" 1AQCNO" 6QAJA>CQ"

;:!":=J=@NO"'@CJQCIO=D"NJB":MCB=OCJ=D"

;:%"+JBCQNFA@D"TA@",6;"

;:#"+JBCQNFA@D"TA@")MCOBCJ\D"

;:%"-DD=DD>=JF",6;"

;:&"-DD=D>=JF")MCOBCJ\D"

;:%"-DD=DD>=JF",6;"

;:%"-DD=DD>=JF",6;"

+JF=\@NXAJ"



:?P:TO!>?P!%

!"#$%Q'+F-/.6'% 1$%

•! A`'.'%)8%*%.'*+%6''9%-H%)69)(*7-.8%*69%7--+8%7-%
.'*(`%*%&.-&'.%9'()8)-6c0*_)6[Z%F-7`%*7%
&-+);(*+%*69%7'(`6)(*+%+'5'+%

•! I'%*.'%-6%;0'%7-%&.-5)9'%*%l/)(_%*68^'.%H-.%
7`)8%)6()&)'67%*69%'5)9'67%9'0*69Z%)6%-.9'.%7-%
9'5'+-&%7`'8'%^-._8%*69%(-6('.68%H.-0%*6%
-6+G%&.)6()&+'Z%F'H-.'%7`'G%87*.7%*&&'*.)6[%
9)k'.'67%*+7'.6*;5'8%

•! >!?@A:BC@!:1D@IMB%)65)7'8%0'0F'.%F-9)'8%
*69%'b&'.78%-H%7`'%(-/67.)'8%6-7%)65-+5'9%
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