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 Eqpvtqn rtgfkevkxq rqt fguceqrnq eqp eqorgpucekŁqp
fg rgtvwtdcekqpgu rctc gn dgpejoctm fg eqpvtqn

422;/4232

K0 HgtpŁcpfg¦ ∗ E0 TqftŁõiwg¦ ∗ L0 N0 Iw¦oŁcp ∗ O0 Dgtgpiwgn ∗
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Tguwogp< Guvg ctvŁõewnq rtgugpvc nc ogvqfqnqiŁõc wvknk¦cfc rctc cdqtfct nqu rtqdngocu fg oqfgncfq {
eqpvtqn fg wpc ecnfgtc kpfwuvtkcn rtqrwguvc gp gn dgpejoctm fg kpigpkgtŁõc fg eqpvtqn fg 422;/42320 Nc
guvtcvgikc fg eqpvtqn tguwnvcpvg ug dcuc gp wpc eqodkpcekŁqp fg xctkqu cniqtkvoqu fg eqpvtqn rtgfkevkxq
igpgtcnk¦cfq oqpqxctkcdngu eqp eqorgpucekŁqp rqt fguceqrnq rctc nc kpvgtceekqpgu gpvtg xctkcdngu
{ wuq gzvgtpq fg eqorgpucfqtgu rqt cfgncpvq rctc gn tgejc¦q fg rgtvwtdcekqpgu ogfkdngu0 CfgoŁcu.
ug rtgugpvc gn fkug÷pq fg fkxgtuqu Ýnvtqu. kpvgtpqu g gzvgtpqu cn cniqtkvoq fg eqpvtqn rtgfkevkxq. rctc
cwogpvct nc tqdwuvg¦ fgn cniqtkvoq fg eqpvtqn { oglqtct nc cvgpwcekŁqp fgn twkfq gp ncu ug÷pcngu0 Copyright
e© 2011 CEA.

Rcncdtcu Encxg< Eqpvtqn rqt fguceqrnq. Eqpvtqn rqt Cfgncpvq. Eqpvtqn Rtgfkevkxq Igpgtcnk¦cfq.
Dgpejoctm. Ecnfgtc Kpfwuvtkcn0

30 KPVTQFWEEK ŁQP

Nc qticpk¦cekŁqp fg rtqrwguvcu fg dgpejoctmu rqt rctvg fgn
itwrq fg KpigpkgtŁõc fg Eqpvtqn fg EGC jc oquvtcfq wp itcp
kpvgtŁgu rqt rctvg fg nc eqowpkfcf fg nc CwvqoŁcvkec fwtcpvg
nqu Łwnvkoqu c÷pqu. gzkuvkgpfq wp itcp pŁwogtq fg crqtvcekqpgu
*IcteŁõc/Ucp¦ cpf Gnuq0. 4229= Cnhctq et al.. 422;= Tg{pquq/
Og¦c et al.. 422;+0 Guvg vkrq fg rtqrwguvcu rgtokvgp nc rctvk/
ekrcekŁqp eqplwpvc fg kpxguvkicfqtgu gzrgtkogpvcfqu { fg guvw/
fkcpvgu fg itcfq { rquvtcfq. fqpfg ug vtcvc fg crnkect vŁgepkecu
fg eqpvtqn c wp rtqdngoc fgvgtokpcpfq. hwpfcogpvcnogpvg eqp
ectŁcevgt kpfwuvtkcn0 Gp nc rtqrwguvc fg nc eqpxqecvqtkc 422;/
4232. ug rncpvgŁq gn rtqdngoc fg eqpvtqn fg wpc ecnfgtc kp/
fwuvtkcn swg hqtoc rctvg fg rtqeguqu fg ecnghceekŁqp { igpgtc/
ekŁqp fg gpgtiŁõc gnŁgevtkec0 Fkejq ukuvgoc gu cnvcogpvg tkeq gp
rtqdngocu fg eqpvtqn ukgpfq wp ukuvgoc ownvkxctkcdng eqp vtgu
gpvtcfcu *eqodwuvkdng. cktg { ciwc+ { vtgu ucnkfcu *rtgukŁqp fg
xcrqt. qzŁõigpq gp gzeguq { pkxgn fg ciwc gp gn ecnfgtŁõp+. eqp
rgtvwtdcekqpgu ogfkdngu { pq ogfkdngu. twkfq gp ncu ug÷pcngu {
tguvtkeekqpgu fg rtqeguq vcpvq fg cornkvwf eqoq fg xgnqekfcf
fg xctkcekŁqp gp ncu gpvtcfcu { ucnkfcu0

Guvg ctvŁõewnq fguetkdg ncu gvcrcu nngxcfcu c ecdq rctc tgcnk¦ct
gn oqfgncfq { eqpvtqn fg guvg rtqeguq kpfwuvtkcn. ukgpfq guvc
rtqrwguvc fg guvtcvgikc fg eqpvtqn nc icpcfqtc gp gn eqpewtuq
rncpvgcfq rctc guvg dgpejoctm fg 422;/42320 Cwpswg gzkuvg
wp itcp cdcpkeq fg vŁgepkecu fg eqpvtqn rctc rqfgt cdqtfct guvg
rtqdngoc. ug rncpvgŁq gn wuq fgn cniqtkvoq fg eqpvtqn rtgfkevkxq
igpgtcnk¦cfq *IRE+ fgdkfq c nc gzrgtkgpekc swg gn itwrq fg Cw/
vqoŁcvkec. GngevtŁqpkec { TqdŁqvkec fg nc Wpkxgtukfcf fg CnogtŁõc
rqugg gp guvg ecorq0 Nc guvtcvgikc fg eqpvtqn rncpvgcfc ug dcuc
gp gn wuq fg xctkqu eqpvtqncfqtgu rtgfkevkxqu oqpqxctkcdngu eqp
Ýnvtcfq kpvgtpq rctc gn cwogpvq fg nc tqdwuvg¦ fgn cniqtkvoq fg
eqpvtqn { cvgpwct gn twkfq fg nc ug÷pcngu. cuŁõ eqoq gn wuq fg eqo/
rgpucekŁqp gzvgtpc fg rgtvwtdcekqpgu ogfkdngu g kpvgtceekŁqp gp/

vtg xctkcdngu0 Gu pgeguctkq fguvcect swg gn rtqdngoc fg eqpvtqn
ug rqftŁõc jcdgt cdqtfcfq eqp wp cniqtkvoq fg eqpvtqn rtgfke/
vkxq igpgtcnk¦cfq ownvkxctkcdng g kpenw{gpfq nc eqorgpucekŁqp
kpvgtpc fg rgtvwtdcekqpgu ogfkdngu0 Ukp godctiq. gn rtqdngoc
fg eqpvtqn ug rncpvgŁq eqogp¦cpfq rqt gn rncpvgcokgpvq fg gu/
vtcvgikcu fg eqpvtqn ugpeknncu { ug hwg cwogpvcpfq uw eqorng/
lkfcf fg ocpgtc rtqitgukxc0 Gp guvg ugpvkfq. nc guvtcvgikc fg
eqpvtqn Ýpcnogpvg rtgugpvcfc gp guvg vtcdclq qdvwxq tguwnvcfqu
ucvkuhcevqtkqu rctc nqu qdlgvkxqu rncpvgcfqu gp gn dgpejoctm {
rqt vcpvq pq ug qrvŁq rqt wuct qvtcu guvtcvgikcu fg eqpvtqn oŁcu
cxcp¦cfcu vcngu eqoq ncu cpvgtkqtogpvg ogpekqpcfcu0 Eqoq
ug oquvtctŁc c nq nctiq fgn ctvŁõewnq. nc ogvqfqnqiŁõc fg vtcdclq
Ýpcnogpvg fgucttqnncfc ug dcuc gp ugiwkt ncu gvcrcu enŁcukecu
*fg ectŁcevgt fkfŁcevkeq+ swg ug uwgngp nngxct c ecdq fg ocpgtc
gzrgtkogpvcn rctc tgcnk¦ct nqu rtqdngocu fg oqfgncfq { eqpvtqn
fg ewcnswkgt rtqdngoc kpfwuvtkcn0

Gn ctvŁõewnq ug gpewgpvtc qticpk¦cfq fg nc ukiwkgpvg hqtoc0 Nc
ugeekŁqp 4 fguetkdg dtgxgogpvg ncu rtkpekrcngu ectcevgtŁõuvkecu fgn
rtqeguq kpfwuvtkcn rncpvgcfq gp gn dgpejoctm fg eqpvtqn0 Rqu/
vgtkqtogpvg. gp nc ugeekŁqp 5 ug owguvtcp nqu gpuc{qu tgcnk¦cfqu
rctc gzvtcgt kphqtocekŁqp fgn rtqeguq { rqfgt qdvgpgt gn oqfgnq
fgn okuoq. cuŁõ eqoq fg ncu kpvgtceekqpgu gpvtg uwu xctkcdngu {
ncu rgtvwtdcekqpgu ogfkdngu0 C eqpvkpwcekŁqp. gp gn crctvcfq 6.
ug fgucttqnnc wpc ogvqfqnqiŁõc rctc gn fkug÷pq fgn guswgoc fg
eqpvtqn rtqrwguvq { uw ukpvqpŁõc gp dcug c ncu gurgekÝecekqpgu
rncpvgcfcu gp gn dgpejoctm0 Hkpcnogpvg. ug owguvtcp nqu tguwn/
vcfqu qdvgpkfqu { ug fguetkdgp ncu eqpenwukqpgu fgtkxcfcu fg nc
tgcnk¦cekŁqp fg guvg vtcdclq0

40 FGUETKREK ŁQP FGN DGPEJOCTM FG EQPVTQN

Gn dgpejoctm fg eqpvtqn rtqrwguvq rqt gn itwrq vgoŁcvkeq fg
KpigpkgtŁõc fg Eqpvtqn fg EGC rctc gn c÷pq 4232 ug dcuc gp
wp rtqeguq swg tgrtqfweg eqp rgswg÷pcu oqfkÝecekqpgu gn
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oqfgnq fg ecnfgtc rtqrwguvq rqt *Rgnngitkpgvvk cpf Dgpvuocp.
3;;8+0 Ug vtcvc fg nc ecnfgtc pŁwogtq 4 fg nc Rncpvc fg Cddqvv
gp Ejcorckip. KN0 Nc ecnfgtc hqtoc rctvg fg wpc wpkfcf fg
eqigpgtcekŁqp wucfc rctc ecnghceekŁqp { igpgtcekŁqp fg gpgtiŁõc
gnŁgevtkec fkug÷pcfc rctc uwokpkuvtct wp ecwfcn fg xcrqt fg 22,10
Kg/s c wpc rtgukŁqp fg 2,24 MPa0 Guvg rtqeguq ug owguvtc
guswgoŁcvkecogpvg gp nc Ýiwtc 3 { ug gpewgpvtc cornkcogpvg
fgvcnncfq gp *Oqtknnc. 4232+0

Gn ciwc swg ug kpvtqfweg gp gn ecnfgtŁõp gu eqpxgtvkfc gp xcrqt
ogfkcpvg nc vtcpuhgtgpekc fg ecnqt c vtcxŁgu fgn ogvcn fg nqu
vwdqu0 Gn cktg { gn eqodwuvkdng ug og¦encp { swgocp gp nc
eŁcoctc fg eqodwuvkŁqp. swg uwgng guvct hqtocfq rqt rctgfgu fg
vwdqu fg ciwc swg tgekdgp gn ecnqt tcfkcpvg fg nc nncoc { gu rqt
vcpvq fqpfg ug rtqfweg nc oŁczkoc vtcpuhgtgpekc fg ecnqt0 Nqu
icugu fg eqodwuvkŁqp. eqoq tguwnvcpvg fg guvc rŁgtfkfc fg ecnqt.
ug gphtŁõcp { cdcpfqpcp fkejc eŁcoctc0

Hkiwtc 30 Rncpvc kpfwuvtkcn fg igpgtcekŁqp fg xcrqt

Rqt vcpvq. gn rtqdngoc tgukfg gp eqpvtqnct ncu vtgu ucnkfcu fgn
ukuvgoc *rtgukŁqp fg xcrqt. gzeguq fg qzŁõigpq { pkxgn fg ciwc+
rqt ogfkq fg ncu gpvtcfcu fkurqpkdngu *eqodwuvkdngu. cktg {
ciwc+ { vgpkgpfq gp ewgpvc nc rgtvwtdcekŁqp ogfkdng fgn ukuvgoc.
nc fgocpfc fg xcrqt0

Gn rwpvq fg qrgtcekŁqp fg nc ecnfgtc guvŁc fgvgtokpcfq rqt
nqu ukiwkgpvgu xcnqtgu fg gpvtcfc { fg ucnkfc< eqodwuvkdng
*57043'+. cktg *58023'+. ciwc *79079'+. fgocpfc fg xcrqt
*68058'+. rtgukŁqp fg xcrqt *82'+. gzeguq fg qzŁõigpq *72'+
{ pkxgn fg ciwc *72'+0

Uqdtg guvg rwpvq fg qrgtcekŁqp ug jcp cpcnk¦cfq ncu tgurwguvcu c
ecodkqu dtwuequ gp vqfcu { ecfc wpc fg ncu gpvtcfcu. nngicpfq
c ncu ukiwkgpvgu eqpenwukqpgu *Oqtknnc. 4232+<

Gn ecwfcn fg cktg uŁqnq kpÞw{g gp gn gzeguq fg qzŁõigpq gp
nqu icugu0
Gn gzeguq fg qzŁõigpq uŁqnq guvŁc chgevcfq rqt nqu ecwfcngu
fg eqodwuvkdng { fg cktg. { oŁcu eqpetgvcogpvg rqt uw
rtqrqtekŁqp0
Nc rtgukŁqp fg xcrqt rtgugpvc wp eqorqtvcokgpvq guvcdng
rctc nqu fqu ecwfcngu *eqodwuvkdng { ciwc+ swg ng chgevcp
{ rctc nc fgocpfc fg xcrqt0
Gn pkxgn gp gn ecnfgtŁõp vkgpg ectŁcevgt kpvgitcfqt rctc nqu
fqu ecwfcngu *eqodwuvkdng { ciwc+ swg ng chgevcp { rctc nc
fgocpfc fg xcrqt0 C Łguvg ug ng c÷pcfg wp eqorqtvcokgpvq
fg hcug pq oŁõpkoc rctc gn ecwfcn fg eqodwuvkdng { rctc
nc fgocpfc fg xcrqt *rtqrkq fg nqu hgpŁqogpqu fg gurqp/
lcokgpvq { fg eqpvtceekŁqp+0 Guvg eqorqtvcokgpvq fg hcug
pq oŁõpkoc ug vgpftŁõc vcodkŁgp swg rtgugpvct. uk gn oqfgnq
hwgtc oŁcu tgcnkuvc. rctc gn ecwfcn fg ciwc0

Guvg cpŁcnkuku rgtokvg rquvwnct wp oqfgnq nkpgcn gp gn rwpvq fg
qrgtcekŁqp fguetkvq rqt nc ukiwkgpvg gewcekŁqp ocvtkekcn *3+ gpvtg
ncu hwpekqpgu fg vtcpuhgtgpekc fg ncu gpvtcfcu { fg ncu ucnkfcu<

[

Y1(s)
Y2(s)
Y3(s)

]

=

[

G11(s) 0 G13(s)
G21(s) G22(s) 0
G31(s) 0 G33(s)

]

·

[

U1(s)
U2(s)
U3(s)

]

+

+

[

G1d(s)
0

G3d(s)

]

· D(s)

*3+

fqpfg Yi(s) gu nc ucnkfc k/gukoc fgn ukuvgoc *Y1(s) gu nc
rtgukŁqp fg xcrqt. Y2(s) gu nc gzeguq fg qzŁõigpq g Y3(s) gu gn
pkxgn fg ciwc+. Ui(s) gu nc gpvtcfc k/Łgukoc fgn ukuvgoc *U1(s)
gu gn eqodwuvkdng. U2(s) gn cktg { U3(s) gn ciwc+. Gij(s)
gu nc hwpekŁqp fg vtcuhgtgpekc rctc nc fkpŁcokec ecrvwtcfc swg
tgncekqpc nc ucnkfc i eqp nc gpvtcfc j. D(s) gu nc rgtvwtdcekŁqp
fgn ukuvgoc *fgocpfc fg xcrqt+ { Gid(s) gu nc hwpekŁqp fg
vtcpuhgtgpekc swg gzrtguc nc fkpŁcokec swg ug rtqfweg gp nc
ucnkfc i rqt nc fgocpfc fgn ukuvgoc0 Gn gorctglcokgpvq fg ncu
xctkcdngu {c xkgpg rtgguvcdngekfq gp gn dgpejoctm ukgpfq nc
ucnkfc Y1(s) eqp nc gpvtcfc U1(s). nc ucnkfc Y2(s) eqp nc gpvtcfc
U2(s) { nc ucnkfc Y3(s) eqp nc gpvtcfc U3(s)0

Gn rtkpekrcn qdlgvkxq fgn dgpejoctm fg eqpvtqn gu rncpvgct
wp rtqdngoc fg eqpvtqn ow{ eqpqekfq gp gn owpfq kpfwu/
vtkcn. Ðgn eqpvtqn fg wpc ecnfgtcÑ. c fkurqukekŁqp fg ncu cevwcngu
ogvqfqnŁqikecu fg eqpvtqn ownvkxctkcdng0 Rqt vcpvq. ug rtqrqpg
fkug÷pct ewcnswkgt vkrq fg guvtcvgikc fg eqpvtqn swg rgtokvc qrg/
tct gÝekgpvgogpvg nc ecnfgtc vgpkgpfq rtgxkuvc ewcvtq vkrqu fg
gxcnwcekqpgu<

GxcnwcekŁqp gp gn rwpvq fg qrgtcekŁqp0
GxcnwcekŁqp htgpvg c ecodkqu dtwuequ { ukownvŁcpgqu fg ncu
eqpukipcu0
GxcnwcekŁqp htgpvg c fgocpfc fg xcrqt ecodkcpvg gp gn
vkgorq0
GxcnwcekŁqp eqp xctkcekqpgu gp ncu ectcevgtŁõuvkecu fgn eqo/
dwuvkdng0

Rctc ecfc gxcnwcekŁqp c nc swg ug uqogvc gn ukuvgoc fg eqpvtqn
wvknk¦cpfq.Cc. ug eqorwvctŁc gn Łõpfkeg tgncvkxq fg hwpekqpcokgp/
vq Je fcfq rqt *7+0 Guvg Łõpfkeg rgpcnk¦c fguxkcekqpgu gzeguk/
xcu gp ncu vtgu xctkcdngu eqpvtqncfcu tgurgevq c uwu tgurgevkxcu
eqpukipcu { nqu ecodkqu gngxcfqu gp ncu vtgu ug÷pcngu fg eqp/
vtqn0 Gp gn Łõpfkeg kpvgtxkgpgp eqp gn okuoq rguq *wpkvctkq+ ncu
kpvgitcngu fg nqu xcnqtgu cduqnwvqu fg ncu vtgu ug÷pcngu fg gttqt
*IAEi+ fcfcu rqt *4+. ncu kpvgitcngu rqpfgtcfcu gp gn vkgorq
fg nqu xcnqtgu cduqnwvqu fg ncu ug÷pcngu fg gttqt rctc ncu ucnkfcu
ew{cu eqpukipcu jc{cp ecodkcfq *ITAEi+. vcodkŁgp eqp rguq
wpkvctkq { fcfcu rqt *5+= { eqp ogpqu rguq *0,25+. ncu kpvgitcngu
fg nqu xcnqtgu cduqnwvqu fg ncu fgtkxcfcu fg ncu vtgu ug÷pcngu fg
eqpvtqn *IADUi+ fcfcu rqt *6+0 CfgoŁcu. vqfcu ncu kpvgitcngu
swg crctgegp gp *7+ guvŁcp fkxkfkfcu rqt nqu xcnqtgu swg vgpftŁõcp
uk ug jwdkgtc wvknk¦cfq gn eqpvtqncfqt fg tghgtgpekc Cr. fg ocp/
gtc swg cn uwoctncu { fkxkfkt rqt nc uwoc fg nqu rguqu wvknk¦cfqu
ug qdvkgpg wp Łõpfkeg tgncvkxq. ew{q xcnqt. uk guvŁc rqt fgdclq fg nc
wpkfcf. oquvtctŁc nc dqpfcf fgn eqpvtqncfqt rctc guc gxcnwcekŁqp
eqpetgvc0

Gp ncu kpvgitcngu. ei(t) tgrtgugpvc gn gttqt kpuvcpvŁcpgq gp nc k/
Łgukoc xctkcdng eqpvtqncfc. ui(t) gu nc k/Łgukoc xctkcdng ocpk/
rwncfc. tiempo gu nc fwtcekŁqp fg nc ukowncekŁqp. tipoi gu egtq
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ucnxq swg nc eqpukipc fg nc k/Łgukoc xctkcdng eqpvtqncfc jc{c
ecodkcfq. gp gug ecuq xcng wpq. { tcambio gu gn kpuvcpvg fg
vkgorq gp gn swg ug jc rtqxqecfq gn eqttgurqpfkgpvg ecodkq gp
ncu eqpukipcu. gp nc fgocpfc fg xcrqt q gp ncu ectcevgtŁõuvkecu
fgn eqodwuvkdng0

IAEi =

∫ tiempo

0

|ei(t)|dt *4+

ITAEi =

∫ tiempo

tcambio

(t − tcambio)|ei(t)|dt *5+

IADUi =

∫ tiempo

0

∣

∣

∣

dui(t)

dt

∣

∣

∣
dt *6+

Je(Cc) =

∑3
i=1

(

IAEi(Cc)
IAEi(Cr) + tipoi

ITAEi(Cc)
ITAEi(Cr) + 0,25 IADUi(Cc)

IADUi(Cr)

)

3 +
∑3

i=1 tipoi + 0,75
*7+

50 OQFGNCFQ FGN RTQEGUQ

Nc rtkogtc gvcrc swg ug nngxŁq c ecdq eqoq rcuq rtgxkq cn fkug÷pq
fgn ukuvgoc fg eqpvtqn hwg nc kfgpvkÝecekŁqp fg nqu fkuvkpvqu oq/
fgnqu fgn ukuvgoc. eqp gn Ýp fg qdvgpgt ncu fkhgtgpvgu hwpekqpgu
fg vtcpuhgtgpekc oquvtcfcu gp *3+0 Rctc gnnq. ug qdugtxctqp ncu
tgurwguvcu fgn ukuvgoc cpvg fkhgtgpvgu gpvtcfcu gp guecnŁqp gp/
vqtpq cn rwpvq fg qrgtcekŁqp guvcdngekfq0 Ug crnkectqp guecnqpgu
fgn 32' rctc ecfc wpc fg ncu gpvtcfcu. ocpvgpkgpfq ncu fgoŁcu
kpxctkcpvgu0 Guvg rtqeguq vcodkŁgp ug tgcnk¦Łq eqp nc rgtvwtdcekŁqp
ogfkdng fgn rtqeguq c guvwfkct0

Rctc gn eŁcnewnq fg nqu fkuvkpvqu oqfgnqu ug jk¦q wuq eqodkpcfq
fgn oŁgvqfq fg nc ewtxc fg tgceekŁqp. rctc gn ecuq fg nqu uku/
vgocu ugpeknnqu. { fgn oŁgvqfq fg nqu oŁõpkoqu ewcftcfqu0 Ncu
ukiwkgpvgu uwdugeekqpgu owguvtcp nqu gpuc{qu tgcnk¦cfqu { ncu
fkuvkpvcu hwpekqpgu fg vtcpuhgtgpekc qdvgpkfcu swg ecrvwtcp ncu
fkpŁcokecu rtgugpvgu gp *3+0

3.1 Modelos para la entrada de combustible

Ocpvgpkgpfq ncu fgoŁcu gpvtcfcu { nc rgtvwtdcekŁqp ogfkdng
gpvqtpq cn rwpvq fg qrgtcekŁqp. ug tgcnk¦Łq wp ecodkq fgn 10 % gp
nc gpvtcfc fg eqodwuvkdng gp gn kupvcvg fg vkgorq 322 ugiwpfqu.
rtqfwekgpfq nqu tguwnvcfqu oquvtcfqu gp ncu Ýiwtcu 4. 5 { 60

Hkiwtc 40 Ucnkfc rtgukŁqp fg xcrqt cpvg ecodkq fgn 10 % gp nc
gpvtcfc fg eqodwuvkdng

Hkiwtc 50 Ucnkfc gzeguq fg qzŁõigpq cpvg ecodkq fgn 10 % gp nc
gpvtcfc fg eqodwuvkdng

Hkiwtc 60 Ucnkfc pkxgn fg ciwc cpvg ecodkq fgn 10 % gp nc
gpvtcfc fg eqodwuvkdng

Ug rwgfg qdugtxct eŁqoq nc fkpŁcokec tguwnvcpvg fg ncu ucnk/
fcu fg rtgukŁqp { fg gzeguq fg qzŁõigpq ug rwgfgp crtqzkoct
eqp hwpekqpgu fg vtcpuhgtgpekc fg rtkogt qtfgp eqp tgvctfq.
okgpvtcu swg nc fkpŁcokec fgn pkxgn fg ciwc gp gn ecnfgtŁõp ug
rwgfg crtqzkoct rqt wp ukuvgoc fg ugiwpfq qtfgp. eqp ghgevq
kpvgitcfqt. hcug pq oŁõpkoc { tgvctfq0

Nqu oqfgnqu swg ug qdvwxkgtqp rctc rtgukŁqp fg xcrqt. gzeguq
fg qzŁõigpq { pkxgn fg ciwc. uqp nqu swg ug owguvtcp gp ncu
gewcekqpgu *8+. *9+ { *:+. tgurgevkxcogpvg0

G11(s) =
0,355

24,75s + 1
e−6,75s *8+

G21(s) =
−6,36

5,5s + 1
e−5,5s *9+

G31(s) =
0,9263s − 0,005733

21,74s2 + s
e−2,45s *:+

3.2 Modelos para la entrada de aire

Cn kiwcn swg gp gn crctvcfq cpvgtkqt. rctc qdugtxct nc tgurwguvc
fgn ukuvgoc cpvg ecodkqu gp nc gpvtcfc fg cktg. ug tgcnk¦ctqp
ecodkqu fgn 10 % gp fkejc gpvtcfc gp gn kpuvcpvg t = 100
ugiwpfqu. fglcpfq eqpuvcpvgu gn tguvq fg gpvtcfcu { ocpvgpkgp/
fq nc rgtvwtdcekŁqp ogfkdng gpvqtpq c uw rwpvq fg tghgtgpekc0
Gn tguwnvcfq rtqfwlq ecodkqu uŁqnq gp nc ucnkfc fg gzeguq fg
qzŁõigpq fgn ukuvgoc. vcn { eqoq ug qdugtxc gp nc Ýiwtc 70
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Hkiwtc 70 Ucnkfc gzeguq fg qzŁõigpq cpvg ecodkq fgn 10 % gp nc
gpvtcfc fg cktg

Guvg ukuvgoc ug rwgfg crtqzkoct rqt ogfkq fg wpc hwpekŁqp fg
vtcpuhgtgpekc fg rtkogt qtfgp eqp tgvctfq eqoq ug owguvtc gp
*;+0

G22(s) =
5,86

6s + 1
e−7s *;+

3.3 Modelos para la entrada de agua

Ocpvgpkgpfq ncu fgoŁcu gpvtcfcu { nc rgtvwtdcekŁqp ogfkdng gp/
vqtpq cn rwpvq fg qrgtcekŁqp gurgekÝecfq. ug tgcnk¦Łq wp ecodkq
fgn 10 % gp nc gpvtcfc c nqu 322 ugiwpfqu fg ukowncekŁqp. qdvg/
pkgpfq nqu ecodkqu gp ncu ucnkfcu fg rtgukŁqp fg xcrqt { fg pkxgn
fg ciwc gp gn ecnfgtŁõp swg ug owguvtcp gp ncu Ýiwtcu 8 { 9.
tgurgevkxcogpvg0

Hkiwtc 80 Ucnkfc rtgukŁqp fg xcrqt cpvg ecodkq fgn 10 % gp nc
gpvtcfc fg ciwc

Ug rwgfg qdugtxct eŁqoq nc ucnkfc gp nc rtgukŁqp fg xcrqt vkgpg
wp ghgevq swg ug rwgfg cugoglct c wpc hwpekŁqp fg vtcpuhgtgpekc
fg rtkogt qtfgp. okgpvtcu swg gn ghgevq rctc nc ucnkfc fgn pkxgn
fgn ecnfgtŁõp ug crtqzkoc c wp kpvgitcfqt eqp tgvctfq. vcn { eqoq
ug gzrtguc gp ncu gewcekqpgu *32+ { *33+. tgurgevkxcogpvg0

G13(s) =
−0,1737

149,6s + 1
*32+

G33(s) =
0,01052

s
e−17,3s *33+

Hkiwtc 90 Ucnkfc pkxgn fg ciwc cpvg ecodkq fgn 10 % gp nc
gpvtcfc fg ciwc

3.4 Modelos para la demanda (perturbación medible)

Gp guvg ecuq. vqfcu ncu gpvtcfcu ug ocpvwxkgtqp eqpuvcpvgu {
uŁqnq ug tgcnk¦ctqp ecodkqu gp nc fgocpfc fgn ukuvgoc *rgtvwt/
dcekŁqp ogfkdng+ gp gn kpuvcpvg t = 300 ugiwpfqu0 Guvg gpuc{q
rtqfwlq ecodkqu gp ncu ucnkfcu fg rtgukŁqp fg xcrqt { fg pkxgn
fg ciwc gp gn ecnfgtŁõp. vcn { eqoq ug qdugtxc gp ncu Ýiwtcu : {
;0

Hkiwtc :0 Ucnkfc rtgukŁqp fg xcrqt cpvg ecodkq fgn 10 % gp nc
fgocpfc fg xcrqt fgn ukuvgoc

Hkiwtc ;0 Ucnkfc pkxgn fg ciwc cpvg ecodkq fgn 10 % gp nc
fgocpfc fg xcrqt fgn ukuvgoc

Ug rwgfg crtgekct eŁqoq nc fkpŁcokec tghgtgpvg c ncu ucnkfc fg
rtgukŁqp fg xcrqt ug rwgfg crtqzkoct c wpc hwpekŁqp fg fg vtcpu/
hgtgpekc fg rtkogt qtfgp. okgpvtcu swg nc fkpŁcokec tghgtgpvg c
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nc ucnkfc fgn pkxgn fg ciwc gp gn ecnfgtŁõp xkgpg fcfc ogfkcp/
vg wpc hwpekŁqp fg vtcpuhgtgpekc fg ugiwpfq qtfgp. eqp ghgevq
kpvgitcfqt. hcug pq oŁõpkoc { tgvctfq0 Fkejqu oqfgnqu swgfcp
tgeqikfqu gp ncu gewcekqpgu *34+ { *35+. tgurgevkxcogpvg0

G1d(s) =
−0,712

195,8s + 1
*34+

G3d(s) =
0,154s − 0,001441

14,36s2 + s
e−5,32s *35+

Hkpcnogpvg ug xcnkfctqp vqfqu nqu oqfgnqu qdvgpkfqu. xgtkÝ/
ecpfq fg guvc hqtoc swg nqu oqfgnqu ug clwuvcp fg ocpgtc
ucvkuhcevqtkc c nc fkpŁcokec fgn rtqeguq swg ug fgugc eqpvtqnct.
vcn { eqoq ug owguvtc gp eqnqt tqlq gp ncu Ýiwtcu 4/;0

60 OGVQFQNQIŁKC FG EQPVTQN

Rctc gn eqpvtqn fgn ukuvgoc rtqrwguvq ug jc wvknk¦cfq wp eqp/
vtqncfqt IRE oqpqxctkcdng rctc ecfc wpc fg ncu xctkcdngu. eqp
gn Ýp fg wvknk¦ct ncu ecrcekfcfgu fg rtgfkeekŁqp fg fkejq cniq/
tkvoq c nc jqtc fg cnecp¦ct ncu eqpukipcu rncpvgcfcu. cuŁõ eqoq
rqfgt wvknk¦ct uwu rtqrkgfcfgu rctc gn vtcvcokgpvq Łqrvkoq fg ncu
tguvtkeekqpgu fg rtqeguq0 CfgoŁcu. ug jc jgejq wuq fgn Ýnvtq T
rctc cwogpvct tqdwuvg¦ fgn cniqtkvoq { fkuokpwkt c uw xg¦ gn
twkfq rtgugpvg gp ncu xctkcdngu *Ecocejq cpf Dqtfqpu. 4226b+0
Rqt qvtq ncfq. ug jcp fkug÷pcfq xctkqu eqpvtqncfqtgu rqt cfgncpvq
rctc vgpgt gp ewgpvc ncu rgtvwtdcekŁqp fg fgocpfc cuŁõ eqoq
nc kpvgtceekŁqp gpvtg xctkcdngu0 Gp nc Ýiwtc 32 ug owguvtc gn
guswgoc gp Ukownkpm fg eqpvtqn fgucttqnncfq0

Hkiwtc 320 Guswgoc fg eqpvtqn

4.1 Controlador Predictivo Generalizado

Gn cniqtkvoq IRE eqpukuvg gp gpeqpvtct nc ugewgpekc fg ug÷pcngu
fg eqpvtqn swg okpkok¦cp wpc hwpekŁqp fg equvg ownvkrcuq0 Gn
Łõpfkeg c okpkok¦ct gu wpc hwpekŁqp ewcftŁcvkec swg okfg rqt wp
ncfq nc fkuvcpekc gpvtg nc ucnkfc rtgfkejc fgn ukuvgoc { wpc ekgtvc
vtc{gevqtkc fg tghgtgpekc jcuvc gn jqtk¦qpvg fg rtgfkeekŁqp. { rqt
qvtq gn guhwgt¦q fg eqpvtqn pgeguctkq rctc qdvgpgt fkejc ucnkfc.
*Ecocejq cpf Dqtfqpu. 4226a+<

J =

N2
∑

j=N1

δ(j)[y(k + j|t) − w(k + j)]2+

+

Nu
∑

j=1

λ(j)[∆u(k + j − 1)]2
*36+

fqpfg y(k + j|t) gu wpc ugewgpekc fg rtgfkeekŁqp Łqrvkoc fg
nc ucnkfc fgn ukuvgoc eqorwvcfc eqp fcvqu eqpqekfqu jcuvc gn
kpuvcpvg k. ∆u(k + j − 1) gu nc ugewgpekc fg kpetgogpvqu fg
eqpvtqn hwvwtqu qdvgpkfc fg nc okpkok¦cekŁqp fg nc hwpekŁqp fg
equvg eqp∆ = (1−z−1).N1 {N2 uqp nqu xcnqtgu fgn jqtk¦qpvg
fg rtgfkeekŁqp oŁõpkoq { oŁczkoq. Nu gu gn jqtk¦qpvg fg eqpvtqn.
{ δ(j) { λ(j) uqp ugewgpekcu fg rqpfgtcekŁqp swg rgpcnk¦cp
nqu gttqtgu fg ugiwkokgpvq hwvwtqu { nqu guhwgt¦qu fg eqpvtqn.
tgurgevkxcogpvg. c nq nctiq fg nqu jqtk¦qpvgu *jcdkvwcnogpvg
δ(j) = 1 { λ(j) = λ rctc vqfq gn jqtk¦qpvg+0 Vcpvq nqu
jqtk¦qpvgu eqoq ncu ugewgpekcu fg rqpfgtcekŁqp uqp rctŁcogvtqu
fg fkug÷pq wucfqu rctc ukpvqpk¦ct gn eqpvtqncfqt0 Nc vtc{gevqtkc
fg tghgtgpekc w(k + j) rwgfg ugt vqocfc eqoq gn xcnqt fg
eqpukipc q eqoq wpc crtqzkocekŁqp uwcxk¦cfc fgufg gn xcnqt
cevwcn fg nc ucnkfc fgn ukuvgoc y(k) jcekc gn xcnqt fg tghgtgpekc
eqpqekfq rqt ogfkq fg wpc hwpekŁqp fg vtcpuhgtgpekc fg rtkogt
qtfgp *Ecocejq cpf Dqtfqpu. 4226b+0

Ncu vŁgepkecu fg eqpvtqn rtgfkevkxq rgtokvgp kpenwkt cn eqpvtq/
ncfqt tguvtkeekqpgu fg eqpvtqn gp nc hcug fg fkug÷pq. ukgpfq ncu
oŁcu jcdkvwcngu cswgnncu tgncekqpcfqu eqp nŁõokvgu gp nc cornkvwf
fg nc ug÷pcn fg eqpvtqn u(t). gp nc xctkcekŁqp fg nc okuoc ∆u(t)
{ gp nc cornkvwf fg nc ug÷pcn fg ucnkfc y(t). fguetkvcu eqoq<

umin ≤ u(t) ≤ umax,∀t ≥ 0 *37+

∆umin ≤ u(t) − u(t − 1) ≤ ∆umax,∀t ≥ 0 *38+

ymin ≤ y(t) ≤ ymax,∀t ≥ 0 *39+

fqpfg umin. umax uqp nqu nŁõokvgu oŁõpkoq { oŁczkoq rctc nc
cornkvwf fg nc ug÷pcn fg eqpvtqn. ∆umin. ∆umax. uqp nqu nŁõokvgu
oŁõpkoq { oŁczkoq fg nc xctkcekŁqp fg nc ug÷pcn fg eqpvtqn. g ymin.
ymax uqp nqu nŁõokvgu oŁõpkoq { oŁczkoq fg nc ucnkfc fgn ukuvgoc0

Gp nc gewcekŁqp *36+. nc rtgfkeekŁqp fg nc ucnkfc fgn ukuvgoc gp
gn rcuq j eqp kphqtocekŁqp jcuvc gn kpuvcpvg k. y(k + j|t). gu
eqorwvcfc jcekgpfq wuq fgn ukiwkgpvg oqfgnq kpetgogpvcn fg
nc rncpvc *oqfgnq ECTKOC+<

A(z−1)y(t) = z−dB(z−1)∆u(t − 1) + C(z−1)
e(t)

∆
*3:+

eqoq wpc hwpekŁqp fg ncu rtgfkeekqpgu jcuvc gn vkgorq fg tgvctfq
{ fqpfg u(t). y(t) { e(t) uqp ncu ugewgpekcu fg gpvtcfc. ucnkfc {
twkfq fgn ukuvgoc. tgurgevkxcogpvg. d gu gn vkgorq fg tgvctfq
gp pŁwogtq fg owguvtcu. { A(z−1). B(z−1) { C(z−1) uqp
rqnkpqokqu gp gn qrgtcfqt fg tgvtqeguq wpkvctkq z−1 vcn eqoq
ug gurgekÝecp c eqpvkpwcekŁqp<

A(z−1) = 1 + a1z
−1 + a2z

−2 + ... + ana
z−na *3;+

B(z−1) = b0 + b1z
−1 + b2z

−2 + ... + bnb
z−nb *42+

C(z−1) = c0 + c1z
−1 + c2z

−2 + ... + cnc
z−nc *43+

fqpfg gp nc hqtowncekŁqp qtkikpcn fg IRE. C(z−1) = 10

Gn rtqdngoc eqpukuvg gp okpkok¦ct nc gewcekŁqp *36+ ukowncpfq
ncu ucnkfcu hwvwtcu fgn ukuvgoc eqp nc gewcekŁqp *3:+0 Fg guvc
hqtoc. nc hwpekŁqp fg equvg rwgfg ugt fguetkvc eqoq<
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J = (y − w)T (y − w) + λ∆uT ∆u *44+

ukgpfq y nc ugewgpekc fg rtgfkeekqpgu hwvwtcu fgÝpkfc rqt nc
tgurwguvc hqt¦cfc { nkdtg. y = G∆u + f . fqpfg nc ocvtk¦ G
eqpvkgpg nqu eqgÝekgpvgu fg nc tgurwguvc fgn ukuvgoc cpvg wp
guecnŁqp gp dweng cdkgtvq. { f eqpvkgpg vŁgtokpqu fgrgpfkgpfq
fg ncu ucnkfcu cevwcn { rcucfcu. { fg ncu gpvtcfcu rcucfcu fg
nc rncpvc0 Uwuvkvw{gpfq gp nc hwpekŁqp fg equvg nc ugewgpekc fg
ug÷pcngu hwvwtcu ug qdvkgpg<

J =
1

2
∆uT H∆u + bT ∆u + f0 *45+

Nc uqnwekŁqp Łqrvkoc rctc gn ecuq ukp tguvtkeekqpgu ugtŁõc nc uk/
iwkgpvg<

∆u = −H−1b *46+

eqp H = 2(GT G + λI). bT = 2(f − w)T G { f0 = (f −
w)T (f − w)0

Uk ug vkgpgp gp ewgpvc ncu tguvtkeekqpgu. gu pgeguctkq wvknk¦ct
wp cniqtkvoq fg qrvkok¦cekŁqp. rwfkgpfq hqtownct gn rtqdngoc
eqoq wpq fg rtqitcocekŁqp ewcftŁcvkec *SR+ *Ecocejq cpf
Dqtfqpu. 4226b+0 Nc Ýiwtc 3; owguvtc gn guswgoc vŁõrkeq fg
wp eqpvtqncfqt IRE0

Hkiwtc 330 Guvtwevwtc IRE

4.2 Diseño por adelanto para la perturbación medible

Rctc eqpvtcttguvct gn ghgevq rtqfwekfq rqt nc rgtvwtdcekŁqp og/
fkdng fgn ukuvgoc. ug jcp fkug÷pcfq fkhgtgpvgu eqpvtqngu rqt
cfgncpvq enŁcukequ. *CuvtØqo cpf Ykvvgpoctm. 3;;9+. ew{c ceekŁqp
fgn eqpvtqn eqorngogpvctŁc c ncu fqu ucnkfcu fg nqu eqpvtqncfqtgu
IRE swg swgfcp chgevcfcu rqt gn ghgevq fg nc fgocpfc. nc
rtgukŁqp fg xcrqt { pkxgn fg ciwc gp gn ecnfgtŁõp0 Rctc gnnq. gn
eŁcnewnq fg ecfc eqpvtqn rqt cfgncpvq ug tgcnk¦ctŁc fg nc ukiwkgpvg
hqtoc<

Gff (s) =
−Gp(s)

Gs(s)
*47+

fqpfg Gp(s) gu nc hwpekŁqp fg vtcpuhgtgpekc swg eqpvkgpg nc
fkpŁcokec fgn ghgevq fg nc rgtvwtdcekŁqp uqdtg nc ucnkfc fgn
rtqeguq { Gs(s) gu nc hwpekŁqp fg vtcpuhgtgpekc fgn rtqeguq
swg tgncekqpc nc ucnkfc fgn ukuvgoc eqp nc gpvtcfc fg eqpvtqn
ocpkrwncdng0

Rqt vcpvq. gu pgeguctkq gn fkug÷pq fg fqu eqpvtqncfqtgu rqt
cfgncpvq. wpq rctc gn ghgevq fg nc fgocpfc uqdtg nc rtgukŁqp
fg xcrqt { qvtq rctc gn ghgevq fg nc fgocpfc uqdtg gn pkxgn
fg ciwc0 Fg guvc hqtoc. eqpukfgtcpfq gn gorctglcokgpvq fg

xctkcdngu cpvgtkqtogpvg ogpekqpcfq. fkejqu eqpvtqncfqtgu rqt
cfgncpvq ug qdvkgpgp tgncekqpcpfq ncu fkpŁcokecu fgn ghgevq fg
nc rgtvwtdcekŁqp *34+ { *35+ eqp ncu fkpŁcokecu fg ncu ucnkfcu
eqttgurqpfkgpvgu. *8+ { *33+. tgurgevkxcogpvg0

Fgdkfq c nc rtgugpekc fg tgvctfq { fg fkpŁcokecu fg hcug pq
oŁõpkoc gp ncu hwpekqpgu fg vtcpuhgtgpekc fg nc rtgukŁqp fg xcrqt.
G11(s). { nc fgn pkxgn fg ciwc. G33(s). ug rtqegfkŁq c qdxkct
fkejqu vŁgtokpqu c nc jqtc fgn fkug÷pq fg nqu eqpvtqncfqtgu rqt
cfgncpvq eqp gn Ýp fg gxkvct fkug÷pqu fg eqorgpucfqtgu pq
ecwucngu q kpguvcdngu0 Nc icpcpekc tguwnvcpvg fgn eqpvtqncfqt
rqt cfgncpvq hwg clwuvcfc gorŁõtkecogpvg eqp gn Ýp fg eqorgp/
uct ncu ukornkÝecekqpgu tgcnk¦cfcu { oglqtct gn eqorqtvcokgpvq
fg tgejc¦q c rgtvwtdcekqpgu0 Hkpcnogpvg. nqu eqpvtqncfqtgu tg/
uwnvctqp gp ncu ukiwkgpvgu hwpekqpgu fg vtcpuhgtgpekc<

Gff,1d(s) =
0,33(24,7s + 1)

195,8s + 1
*48+

Gff,3d(s) =
0,4

14,36s + 1
*49+

4.3 Diseño de controladores por adelanto para la interacción
entre variables

Rctc eqpvtcttguvct gn ghgevq fg ncu kpvgtceekqpgu gpvtg ncu xctkc/
dngu fgn ukuvgoc. ug jc rncpvgcfq gn wuq fg wpc guvtcvgikc fg eqp/
vtqn rqt fguceqrnq. fqpfg nc kfgc gu wvknk¦ct fkhgtgpvgu eqpvtqngu
rqt cfgncpvq eqp gn Ýp fg eqorgpuct gn ghgevq swg vkgpgp ncu
xctkcdngu fgn ukuvgoc gpvtg uŁõ0 Vcn { eqoq ug eqogpvŁq cpvgtkqt/
ogpvg. guvg fkug÷pq ug rqftŁõc jcdgt gphqecfc jcekgpfq wuq fg wp
eqpvtqncfqt rtgfkevkxq ownvkxctkcdng0 Ukp godctiq. nc uqnwekŁqp
c guvg rtqdngoc fg eqpvtqn ug fgucttqnnŁq fg hqtoc kpetgogp/
vcn rctvkgpfq fg rtqrwguvcu ugpeknncu eqp gn Ýp fg gxcnwct uw
eqorqtvcokgpvq0 Fg guvc hqtoc. fgdkfq c swg nqu tguwnvcfqu
qdvgpkfqu eqp nc guvtcvgikc rqt fguceqrnq crqtvctqp tguwnvcfqu
cegrvcdngu gp eqorctcekŁqp eqp gn ukuvgoc dcug crqtvcfq gp gn
dgpejoctm. ug qrvŁq rqt fglct guvc rtqrwguvc eqoq xŁcnkfc0

Vtcu cpcnk¦ct gn eqorqtvcokgpvq fgn rtqeguq. ug eqpenw{Łq Ý/
pcnogpvg gp eqorgpuct gn ghgevq fg nc rtkogtc ucnkfc fgn uku/
vgoc. nc gpvtcfc fg eqodwuvkdng. uqdtg ncu ucnkfcu fg gzeguq fg
qzŁõigpq { pkxgn fg ciwc gp gn ecnfgtŁõp. fgdkfq c swg guvc gpvtcfc
gu nc swg kpÞwŁõc fg hqtoc oŁcu ukipkÝecvkxc gp nc fkpŁcokec fgn
rtqeguq tguwnvcpvg0

Eqoq tguwnvcfq. ug fkug÷pctqp fqu hwpekqpgu rqt cfgncpvq wvk/
nk¦cpfq ncu fkpŁcokecu fg ncu fkuvkpvcu xctkcdngu qdvgpkfcu vtcu gn
rtqeguq fg oqfgncfq { ug qdvwxkgtqp ncu ukiwkgpvgu hwpekqpgu
fg vtcpuhgtgpekc rctc codqu eqorgpucfqtgu<

Gff,12(s) =
0,8(6s + 1)

24,75s + 1
*4:+

Gff,13(s) =
0,33

24,7s + 1
*4;+

PŁqvgug swg cn kiwcn swg gp gn ecuq fgn fkug÷pq fg nqu eqpvtq/
ncfqtgu rqt cfgncpvq rctc nc eqorgpucekŁqp fg nc rgtvwtdcekŁqp
ogfkdng. hwgtqp pgeguctkcu tgcnk¦ct fkhgtgpvgu ukornkÝecekqpgu
rctc gxkvct rtqdngocu fg ecwucnkfcf g kpguvcdknkfcf. cuŁõ eqoq
clwuvct nc icpcpekc fg nqu eqorgpucfqtgu rctc eqpugiwkt wpc
oglqt tgfweekŁqp fg ncu kpvgtceekqpgu. swg gtc wpc fg ncu gurgek/
Ýecekqpgu rncpvgcfcu gp gn rncpvgcokgpvq fgn dgpejoctm0
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4.4 Diseño de los filtros

Nc Łwnvkoc hcug gp gn fkug÷pq fgn guswgoc fg eqpvtqn ug dcuc gp
gn cwogpvq fg tqdwuvg¦ fg nqu eqpvtqncfqtgu rtgfkevkxqu { fg nc
cvgpwcekŁqp fgn twkfq gp ncu ucnkfcu fgn ukuvgoc. dwuecpfq eqoq
qdlgvkxq uwcxk¦ct ncu ug÷pcngu fg eqpvtqn0

Guvg qdlgvkxq ug eqpukiwkŁq kpeqtrqtcpfq gn eqpqekfq eqoq rqnk/
pqokq T gp gn fkug÷pq fgn eqpvtqn IRE0 Rctc gnnq. ug oqfkÝec
gn Łwnvkoq vŁgtokpq fgn oqfgnq ECTKOC *3:+. ecodkcpfq gn
rqnkpqokq C(z−1). swg gp gn fkug÷pq qtkikpcn gu kiwcn c 3. rqt
wp pwgxq rqnkpqokq fgpqokpcfq T (z−1) 0 Guvg rqnkpqokq gu
dkgp eqpqekfq gp gn Łcodkvq fgn eqpvtqn IRE { cevŁwc eqoq wp
rtgÝnvtq gp gn eqpvtqncfqt cwogpvcpfq nc tqdwuvg¦ fgn okuoq
*Ecocejq cpf Dqtfqpu. 4226b= Tqdkpuqp cpf Enctmg. 3;;3+0
Uw fkug÷pq uwgng ugt guvcdngekfq cvgpfkgpfq c cpŁcnkuku gp htg/
ewgpekc { vŁgepkecu jgwtŁõuvkecu *Tqdkpuqp cpf Enctmg. 3;;3+<

JgwtŁõuvkec. eqpukfgtct T (z−1) = (1 − 0, 8z−1)n eqp
n ∈ N . fqpfg c oc{qt xcnqt fg n ug eqpukiwg wpc ug÷pcn
oŁcu Ýnvtcfc0
Dcpfc fg cnvcu htgewgpekcu. gp guvg ecuq. nc ugngeekŁqp fgn
rqnkpqokq T fgrgpfg fgn vkrq fgn ukuvgoc cuŁõ eqoq fg
nc hwpekŁqp fg vtcpuhgtgpekc gp vkgorq fkuetgvq { fg qvtqu
hcevqtgu vcngu eqoq gn vkgorq fg tgvctfq0 Rctc gn ecuq fg
ukuvgocu eqp tgvctfq. ug eqpukfgtc T (z−1) = A(z−1)(1−
τz−1)n. eqp n kiwcn cn itcfq fgn rqnkpqokqA(z−1). { eqp
wp xcnqt fg τ vcn swg nc dcpfc fg ncu cnvcu htgewgpekc ugc
gn 72' fg nc icpcpekc fgn ukuvgoc0

Gp guvg vtcdclq ug jcp gxcnwcfq codcu tgincu fg fkug÷pq {
Ýpcnogpvg ug qdugtxctqp oglqtgu tguwnvcfqu rctc nc ugiwpfc fg
gnncu0 Nqu rqnkpqokqu tguwnvcpvgu rctc nqu eqpvtqncfqtgu IRE
fg ncu ucnkfcu fg rtgukŁqp fg xcrqt { qzŁõigpq gp gzeguq uqp nqu
ukiwkgpvgu<

T1(z
−1) = 1 − 25,672z−1 + 22,82z−2 *52+

T2(z
−1) = 1. − 6,967z−1 + 5,80z−2 *53+

Rctc gn ecuq fg nc vgtegtc xctkcdng. pkxgn fg ciwc. fgdkfq c swg
nc fkpŁcokec fgn ukuvgoc xgpŁõc fcfc rqt wp rtqeguq kpvgitcfqt.
pq ug qdvwxkgtqp tguwnvcfqu ucvkuhcevqtkqu vtcu gn fkug÷pq fgn
rqnkpqokq T 0 Rqt gnnq. ug rncpvgŁq gn Ýnvtct nc ug÷pcn fgn ukuvgoc fg
hqtoc gzvgtpc cn eqpvtqncfqt ogfkcpvg gn wuq fg wp Ýnvtq rcuq
dclq eqp nc ukiwkgpvg hwpekŁqp fg vtcpuhgtgpekc *eqp wp vkgorq
fg owguvtgq fg 0,2 ugiwpfqu+<

F3(z
−1) =

0,05

z − 0,95
*54+

70 TGUWNVCFQU UKOWNCEKQPGU

Eqoq rcuq rtgxkq c nc rtwgdc gp ukowncekŁqp fg nc guvtcvgikc
fg eqpvtqn rtqrwguvc. ug tgswkgtg tgcnk¦ct nc ukpvqpŁõc fg nqu vtgu
eqpvtqncfqtgu rtgfkevkxqu korngogpvcfqu0 Wpc fg ncu vŁgepkecu
oŁcu wvknk¦cfcu rctc nc ukpvqpk¦cekŁqp fg nqu rctŁcogvtqu fgn
eqpvtqncfqt rtgfkevkxq eqpukuvg gp Ýlct gn xcnqt fg nqu jqtk¦qpvgu
fg eqpvtqn { rtgfkeekŁqp gp hwpekŁqp fg wp Łwpkeq jqtk¦qpvg xcnqt
eqoŁwp. N <

N1 = d + 1
N2 = N + d
Nu = N

*55+

Vcdnc 30 RctŁcogvtqu fg clwuvg rctc nqu fkuvkpvqu
rctŁcogvtqu fg nqu eqpvtqncfqtgu rtgfkevkxq

Xcrqt QzŁõigpq Pkxgn
N 58 9 7
λ 32 7 :

fglcpfq eqoq rctŁcogvtqu fg clwuvg fkejq jqtk¦qpvg { gn hcevqt
fg rqpfgtcekŁqp λ. { ukgpfq d gu gn vkgorq fg tgvctfq fgn ukuvgoc
gp owguvtcu0

Nc vcdnc 3 owguvtc gn tguwnvcfq fg nc ukpvqpŁõc fg nqu fkhg/
tgpvgu eqpvtqncfqtgu rtgfkevkxqu. fqpfg fkejqu xcnqtgu hwgtqp
qdvgpkfqu vtcu cpcnk¦ct wp dcvgtŁõc fg fkxgtucu rtwgdcu fg clwuvg
fg nqu okuoqu0 Gn vkgorq fg owguvtgq wvknk¦cfq hwg gn guvcdng/
ekfq qtkikpcnogpvg gp gn dgpejoctm. ukgpfq fg 0,2 ugiwpfqu0

C eqpvkpwcekŁqp. ug owguvtcp nqu tguwnvcfqu qdvgpkfqu. nqu
ewcngu rtgvgpfgp fgoquvtct eŁqoq nc guvtcvgikc fg eqpvtqn rtq/
rwguvc oglqtc c nc rtgugpvcfc gp gn dgpejoctm eqoq ecuq fg
tghgtgpekc0 Nc guvtcvgikc rtqrwguvc rqt gn dgejoctm eqpukuvg gp
wpc guvtcvgikc fguegpvtcnk¦cfc. fqpfg vtgu eqpvtqncfqtgu RKF
oqpqxctkcdngu ug gpecticp kpfgrgpfkgpvgogpvg fg eqpvtqnct
ecfc wpc fg ncu xctkcdngu eqpvtqncfcu ukp pgegukfcf fg eqpqegt
nc fgocpfc fg xcrqt0 Gn rtkogt RKF ug gpectic fg eqpvtqnct nc
ucnkfc 3 *rtgukŁqp fg xcrqt+ ocpkrwncpfq nc gpvtcfc 3 *ecwfcn
fg eqodwuvkdng+. gn ugiwpfq ug gpectic fg eqpvtqnct nc ucnkfc 4
*qzŁõigpq gp gzeguq+ ocpkrwncpfq nc gpvtcfc 4 *ecwfcn fg cktg+
{ gn vgtegtq ug gpectic fg eqpvtqnct nc ucnkfc 5 *pkxgn fg cwic
gp gn ecnfgtŁõp+ ocpkrwncpfq nc gpvtcfc 5 *ecwfcn fg ciwc fg
cnkogpvcekŁqp+0

Vcn { eqoq ug eqogpvŁq cpvgtkqtogpvg. ug jc ugiwkfq gn oku/
oq gorctglcokgpvq fg xctkcdngu wvknk¦cfq gp gn eqpvtqncfqt fg
tghgtgpekc. egpvtcpfq gn clwuvg fg nqu eqpvtqncfqtgu gp nc okpk/
ok¦cekŁqp fg nc eqorgpucekŁqp fg nc rgtvwtdcekŁqp fgn ukuvgoc { nc
fkuokpwekŁqp fgn twkfq0 Cwpswg vcodkŁgp ug qdvwxkgtqp oglqtcu
gp gn ugiwkokgpvq fg tghgtgpekcu. Łguvcu pq hwgtqp vcp ukipkÝec/
vkxcu eqoq ncu qdvgpkfcu rctc nqu qvtqu qdlgvkxqu rncpvgcfqu0

5.1 Resultados ante cambio en la demanda

Rctc gn fgucttqnnq fg guvg gpuc{q ug tgcnk¦Łq wp ecodkq fgn 10 %
gp nc fgocpfc fg xcrqt fgn ukuvgoc. ocpvgpkgpfq gn tguvq fg
gpvtcfcu gpvqtpq c uwu xcnqtgu fg tghgtgpekc0 Nqu tguwnvcfqu fg
nc ukowncekŁqp ug owguvtcp gp nc Ýiwtc 340

Gp guvc rtwgdc ug rwgfg qdugtxct eŁqoq nc tgurwguvc fgn eqpvtq/
ncfqt fkug÷pcfq gp guvg ctvŁõewnq oglqtc enctcogpvg gn rtqrwguvq
gp gn dgpejoctm0 Nc tgurwguvc cpvg gn ecodkq gp nc fgocpfc
gu dcuvcpvg ocu tŁcrkfc gp ncu vtgu ucnkfcu c eqpvtqnct. gurgekcn/
ogpvg gp nc rtgukŁqp fg xcrqt { pkxgn gp gn ecnfgtŁõp. tgfwekgpfq
gn ghgevq fg nc rgtvwtdcekŁqp { qdvgpkgpfq eqoq tguwnvcfq inqdcn
wpc guvkocekŁqp fg nc hwpekŁqp c qrvkok¦ct fg Je = 0,16740
PŁqvgug swg itcekcu cn guswgoc rqt fguceqrnq. ug eqpukiwg c uw
xg¦ oglqtct nc tgurwguvc fgn ukuvgoc uqdtg nc ucnkfc fg qzŁõigpq
gp gzeguq0

5.2 Resultados ante cambio en las referencias

Rctc guvg cpŁcnkuku. ug tgcnk¦ctqp vtgu ukowncekqpgu cpvg ecodkqu
gp ncu tghgtgpekcu fg ncu vtgu xctkdngu fg ucnkfc fgn ukuvgoc0
Nqu ecodkqu rtqfwekfqu hwgtqp fg wp 10 % tgurgevq c uwu
xcnqtgu fg qrgtcekŁqp. fqpfg guvqu ecodkqu ug tgcnk¦ctqp fg
hqtoc kpfgrgpfkgpvgogpvg. gu fgekt. gp ecfc ukowncekŁqp uŁqnq
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ug tgcnk¦Łq wp ecodkq gp wpc fg ncu xctkcdngu fglcpfq cn tguvq
eqpuvcpvgu gp nqu xcnqtgu fgn rwpvq fg qrgtcekŁqp0

Gp nc rtkogtc ukowncekŁqp ug xctkŁq nc ucnkfc fg rtgukŁqp fg
xcrqt. qdvgpkgpfq nqu tguwnvcfqu oquvtcfqu gp nc Ýiwtc 35 {
tguwnvcpfq gp wp Łõpfkeg tgncvkxq fg Je = 0,53880 Rqt ukorng
qdugtxcekŁqp. ug eqortwgdc swg nc tgurwguvc fgn eqpvtqncfqt
rtqrwguvq oglqtc nc tgurwguvc fgn eqpvtqncfqt c eqorctct.
oglqtc nc xgnqekfcf fg tgurwguvc cpvg gn ecodkq gp nc gpvtcfc
fg eqodwuvkdng { fkuokpw{g gn ghgevq fg guvc xctkcdng uqdtg gn
tguvq fg ucnkfcu fgn ukuvgoc0 Eqoq fguxgpvclc. guvcu oglqtcu ug
qdvkgpgp c gzrgpucu fg wp eqorqtvcokgpvq oŁcu quekncvqtkq0

Nc ugiwpfc ukowncekŁqp eqpukuvkŁq gp wp ecodkq gp nc xctkcdng
fg qzŁõigpq gp gzeguq. qdvgpkgpfq eqoq tgurwguvc fgn ukuvgoc
nc oquvtcfc gp nc Ýiwtc 36 { eqoq Łõpfkeg tgncvkxq c qrvkok¦ct
Je = 0,57190 Ug rwgfg qdugtxct eŁqoq ug cwogpvc nc xgnqekfcf
gp nc tgurwguvc gp gn ecodkq fg eqpukipc fg qzŁõigpq { ug
fkuokpw{gp gn twkfq gp ncu ug÷pcngu *gurgekcnogpvg gp nc ug÷pcngu
fg eqpvtqn+ fgdkfq cn wuq fg nqu Ýnvtqu gp gn cniqtkvoq rncpvgcfq0

Rqt Łwnvkoq. gp nc vgtegtc ukowncekŁqp ug xctkŁq gn pkxgn gp gn
ecnfgtŁõp qdvgpkgpfq nqu tguwnvcfqu oquvtcfqu gp nc Ýiwtc 37 {
wp Łõpfkeg tgncvkxq fg Je = 0,71290 Fg pwgxq. ug xwgnxg cegngtct
nc tgurwguvc fgn ukuvgoc. cwpswg qdvgpkgpfq wpc tgceekŁqp oŁcu
citgukxc { quekncvqtkc swg gn ecuq fg tghgtgpekc0 Gp ewcnswkgt
ecuq. c rguct fg guvc tgurwguvc quekncvqtkc. cn eqpugiwkt fku/
okpwkt nc kpvgitcngu fg gttqt cduqnwvq rqt eqpugiwkt tgurwguvcu
oŁcu tŁcrkfcu. ug rgtokvg qdvgpgt wp Łõpfkeg tgncvkxq dcuvcpvg
cegrvcdng0

80 EQPENWUK ŁQP

Gp guvg ctvŁõewnq ug jc rtgugpvcfq wpc guvtcvgikc fg eqpvtqn
rtgfkevkxq dcucfq gp oqfgnq swg oglqtc nqu tguwnvcfqu kpk/
ekcngu fgn dgpejoctm fg eqpvtqn 422;/42320 Fkejcu oglqtcu
ug jcp eqpugiwkfq. itcekcu c wpc cegrvcdng kfgpvkÝecekŁqp fgn
oqfgnq fgn ukuvgoc. { c nc rqvgpekc fgn eqpvtqncfqt rtgfkevkxq
rctc gn ocpglq fg tguvtkeekqpgu0 CfgoŁcu. nc kpenwukŁqp fg nqu
eqorgpucfqtgu rctc cvgpwct gn ghgevq fg nc kpvgtceekŁqp gpvtg
ncu xctkcdngu { fg nc rgtvwtdcekŁqp ogfkdng. lwpvq eqp gn Ýnvtcfq
tgcnk¦cfq ogfkcpvg gn rqnkpqokq T . crqtvcp oc{qt tqdwuvg¦ cn
eqpvtqncfqt { fkuokpw{gp ncu quekncekqpgu rtqfwekfcu gp ncu
ucnkfcu fgn rtqeguq0

PŁqvgug swg ug rqftŁõc jcdgt wvknk¦cfq wp Łwpkeq dnqswg fg eqp/
vtqncfqt rtgfkevkxq ownvkxctkcdng rctc vtcvct gn rtqdngoc gp gn
swg ug kpenw{gtc kpvgtpcogpvg nc kpvgtceekŁqp gpvtg ncu xctkc/
dngu fgn ukuvgoc. rwfkgpfq rtgfgekt fg hqtoc oŁcu Ýcdng ncu
ucnkfcu hwvwtcu { uwu kpvgtceekqpgu0 CfgoŁcu. uk ug c÷pcfkgtc gp
guvg eqpvtqncfqt rtgfkevkxq nc rgtvwtdcekŁqp ogfkdng fgn ukuvgoc
*fgocpfc+ eqoq wp rctŁcogvtq oŁcu fgn oqfgnq fg rtgfkeekŁqp.
ug c{wfctŁõc c oglqtct gn eqpvtqn cn hcxqtgegt. fg kiwcn ocpgtc
swg gp gn ecuq cpvgtkqt. nc qdvgpekŁqp fg wpc oglqt rtgfkeekŁqp
fg nc tgcnkfcf eqp wp oqfgnq oŁcu cfgewcfq fg nc okuoc0 Guvcu
kfgcu ugtŁcp eqpukfgtcfcu rqt nqu cwvqtgu eqoq vtcdclqu hwvwtqu0
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Automática e Informática Industrial 8*4+. 7;Î890

CuvtØqo. M0L0 cpf D0 Ykvvgpoctm *3;;9+0 Computer controlled
systems: Theory and design0 Rtgpvkeg Jcnn0

Ecocejq. G0 H0 cpf E0 Dqtfqpu *4226a+0 Eqpvtqn rtgfkevkxq<
Rcucfq. rtgugpvg { hwvwtq0 RIAI, Revista Iberoamericana de
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