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gp" hqtoc" fktgevc" eqpgevcpfq" gn" kpfwevqt" {" nc" dcvgt‡c." nc" gpgti‡c"
swg"cfswkgtg"gn"kpfwevqt"gp"gn"rtqeguq"fg"ectic"ug"cnocegpc"gp"nc"
dcvgt‡c0"

Gp" nc" dkdnkqitch‡c" ug" rtgugpvcp" fkhgtgpvgu" ofivqfqu" rctc"
fgvgtokpct"wpc"tgncek„p"gpvtg"nc"vgpuk„p"fg"gpvtcfc"{"nc"vgpuk„p"fg"
ucnkfc" fgn" eqpxgtvkfqt0" Fgn" rncpvgq" fg" ncu" gewcekqpgu" rctc" gn"
eqpxgtvkfqt"Dqquv."dclq"ncu"eqpfkekqpgu"fg"qrgtcek„p"gp"tfiikogp"
rgtocpgpvg."vgpkgpfq"gp"ewgpvc"swg"gn"kpfwevqt"gp"vqfq"oqogpvq"
rgtocpgeg" eqp" eqttkgpvg." nc" vgpuk„p"fg" ucnkfc" gu" eqpuvcpvg" {" nqu"
eqorqpgpvgu" kfgcngu." ug" qdvkgpg" wpc" gzrtguk„p" ugpeknnc" swg"
xkpewnc"nc"gpvtcfc"{"ucnkfc"fgn"eqpxgtvkfqt"*Jctv."4223+0"Gp"*;+"ug"
qdugtxc" nc" tgncek„p" gpvtg" nc" vgpuk„p" fgn" o„fwnq" HX" *XHX+" {" nc"
vgpuk„p"fg"nc"dcvgt‡c"*XDCV+"*Fk"Rkc¦¦c"gv"cn0."422:+0"

""
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""*;+"
"
Nc"ug‚cn"oqfwncfc"fg"gpvtcfc"gp"gn"OQUHGV"vkgpg"wp"rgtkqfq"

*V+" hklq." igpgtcnogpvg" wp" rqtegpvclg"fg" guvg" vkgorq" gn" vtcpukuvqt"
eqpfweg"{"gn" tguvq"rgtocpgeg"cdkgtvq0"Guvg"rqtegpvclg"fg"vkgorq"
guvƒ" tgncekqpcfq" eqp" nc" xctkcdng" F" kpugtvc" gp" nc" gzrtguk„p" *;+"
fgpqokpcfc" Ðfwv{" e{engÑ" {" rwgfg" xctkct" gpvtg" egtq" {" wpq0" Gn"
vkgorq" fg" eqpfweek„p" ug" fgvgtokpc" fgn" rtqfwevq"F,V."okgpvtcu"
swg"gn"vkgorq"fg"eqtvg"gu"*3/F+,V0"Nc"ug‚cn"oqfwncfc"rwgfg"ugt"
igpgtcfc" fg" fkhgtgpvgu" ocpgtcu0" Gp" gn" vtcdclq" ug" wvknk¦q" wp"
oketqeqpvtqncfqt." gn" ewcn" vcodkfip" eworng" nc" hwpek„p" fg" ugpuct"
fkhgtgpvgu"ocipkvwfgu"fgn"ukuvgoc"HX"{"cnocegpct"ncu"okuocu"gp"
wpc"RE."eqoq"ug"qdugtxc"gp"nc"Hkiwtc"40"

Gp"ewcpvq"cn"fkug‚q"fgn"eqpxgtvkfqt."gu"pgeguctkq"ewornkt"eqp"
fgvgtokpcfcu" eqpfkekqpgu." eqoq" nc" swg" ug" qdugtxc" gp" *32+" *Fk"
Rkc¦¦c"gv"cn0."422:+0"

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""*32+"
"
"
Guvc"¿nvkoc"gzrtguk„p"rgtokvg" ecnewnct" nc" kpfwevcpekc"o‡pkoc"

rctc" wp" cfgewcfq" hwpekqpcokgpvq" fgn" eqpxgtvkfqt." gp" fqpfg" h"
tgrtgugpvc"nc"htgewgpekc"fg"eqpowvcek„p."XDCV"nc"vgpuk„p"fg"ucnkfc"
fgn" eqpxgtvkfqt." 〉KHX" rwgfg" hklctug" c" rctvkt" fgn" eƒnewnq" swg"

eqpukuvg" gp" qdvgpgt" gn" 32'" fg" nc" eqttkgpvg" fg" oƒzkoc" rqvgpekc"
rctc"wpc"kttcfkcpekc"fg"722Y1o40"

"
3050"Vtcpukvqtkq"fgn"ukuvgoc"eqpxgtvkfqt0"

Nc"gzrtguk„p" *;+"qhtgeg"wp" tguwnvcfq" ugpeknnq" {"rtƒevkeq" uk" ug"
fgugc"tgcnk¦ct"wp"rtkogt"cpƒnkuku"fgn"eqpxgtvkfqt0"Ukp"godctiq."gn"
eqpxgtvkfqt" korqpg" wpc" fkpƒokec" swg" fgdg" cpcnk¦ctug" gp" gn"
vtcpukvqtkq" fgn" ukuvgoc0" Cn" tgcnk¦ct" wp" cpƒnkuku" fg" ektewkvqu"
gnfievtkequ" gp" gn" eqpxgtvkfqt" Dqquv." gp" gn" oqfq" eqttkgpvg" fg"
kpfwevqt"eqpvkpwq."ug"qdvkgpg"gn"oqfgnq"gurcekq"fg"guvcfqu"ug‚cn"
rgswg‚c" rtqogfkcfc0" Guvg" oqfgnq" ug" gpewgpvtc" fguetkrvq" rqt"
ogfkq"fg"ncu"ukiwkgpvgu"gzrtgukqpgu"*Zkcq"gv"cn0."4229+0"

"

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""*33+"

"

"" """"""""""""""
*34+"

Gp"nc"gzrtguk„p"*33+.""" ""tgrtgugpvc"gn"ecodkq"rtqfwekfq"gp"nc"
xctkcek„p" fgn" Ðfwv{" e{engÑ" fg" nc" hqtoc" *3/F+." " " tgrtgugpvc" gn"
rgswg‚q"kpetgogpvq"fg"nc"eqttkgpvg"gp"gn"kpfwevqt."""""""nc"rgswg‚c"
xctkcek„p" fg" vgpuk„p" gp" gn"o„fwnq" HX" {" TN" nc" tgukuvgpekc" gp" gn"
kpfwevqt"*Zkcq"gv"cn0."4229+0"Nc"tgncek„p"pq"nkpgcn"gpvtg"nc"vgpuk„p"
{" eqttkgpvg" fgn" o„fwnq" HX" ug" gpewgpvtc" tgrtgugpvcfc" gp" nc"
tgukuvgpekc" fkpƒokec" tRX0" Nc" tgukuvgpekc" fkpƒokec" tRX" gu" wp"
rctƒogvtq" swg" xct‡c" gp" gn" vkgorq" {" swg" fgrgpfg" fgn" rwpvq" fg"
qrgtcek„p"gp"gn"swg"ug"guvƒ"vtcdclcpfq"gp"nc"ewtxc"K/X"""""""""""""""*Fk"
Rkc¦¦c" gv" cn0." 422:+0" Nc" gzrtguk„p" rctc" gn" eƒnewnq" fg" tRX" rwgfg"
qdvgpgtug" fgtkxcpfq" nc" gzrtguk„p" *3+." eqoq" ug" qdugtxc" gp" nc"
ukiwkgpvg"gzrtguk„p"*Fk"Rkc¦¦c"gv"cn0."422:+0"

"
"

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""*35+"

"
"
Nc" gzrtguk„p" *35+" ug" qdvkgpg" kfgcnk¦cpfq" gn" rtqdngoc."

fgurtgekcpfq"gn"vfitokpq"fg"nc"gzrtguk„p"*3+"swg"guvƒ"fkxkfkfc"rqt"
TR0" Rctc" gn" oqfgnq" wvknk¦cfq." uwgng" crtqzkoctug" nc" tgukuvgpekc"
fkpƒokec" tRX" rqt" ogfkq" fg" nc" ukiwkgpvg" gzrtguk„p" *Zkcq" gv" cn0."
4229="Fk"Rkc¦¦c"gv"cn0."422:+0"

""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""*36+"

"

Rctvkgpfq" fg" ncu" gzrtgukqpgu" *33+" {" *34+." rwgfg" qdvgpgtug" nc"
hwpek„p" fg" vtcpuhgtgpekc" gpvtg" nc" xctkcek„p" fg" vgpuk„p" gp" gn"
o„fwnq"HX""""""""{"nc"xctkcek„p"gp"gn"Ðfwv{"e{engÑ""""0""Fgdkfq"c"swg"
tRX"ecodkc"gp"ecfc"rwpvq"fg"vtcdclq"fg"cewgtfq"c"nc"ewtxc"K/X."nc"
hwpek„p"fg"vtcpuhgtgpekc"vcodkfip"xct‡c0"Gp"nc"ukiwkgpvg"gzrtguk„p"
fguetkdg"nc"hwpek„p"fg"vtcpuhgtgpekc"ogpekqpcfc"*Fk"Rkc¦¦c"gv"cn0."
422:+0""

"
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""*37+"
"
"
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""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""*38+"

"

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""*39+"

"
"
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""*3:+"
"
Gn" guvwfkq" fg" nc" hwpek„p" fg" vtcpuhgtgpekc" rgtokvg" oglqtct" nc"

vfiepkec" fg" eqpvtqn" c" vtcxfiu" fg" nc" fgvgtokpcek„p" fg" wp" cfgewcfq"
vkgorq"fg"owguvtgq"*vo+0"Gp"fkhgtgpvgu"vtcdclqu"ug"cpcnk¦c"swg"wp"
cfgewcfq"vkgorq"fg"owguvtgq."ug"qdvkgpg"cpcnk¦cpfq"gn"vtcpukvqtkq"
fgn" ukuvgoc0" Rctvkgpfq" fg" nc" hwpek„p" fg" vtcpuhgtgpekc." rwgfg"
qdvgpgtug" wp" vkgorq" v " swg" ug" wvknk¦c" eqoq" tghgtgpekc" rctc" gn"
vkgorq"fg"owguvtgq"*Hgokc"gv"cn0."4227+0"

""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""*3;+"

"

Nc"xctkcdng"め"ug"gpewgpvtc"tgncekqpcfc"eqp"nc"quekncek„p"fg"nc"
rqvgpekc" gp" gn" vtcpukvqtkq" fgn" ukuvgoc" gp" nqu" ecodkqu" fg" Ðfwv{"
e{engÑ." wp" xcnqt" cfgewcfq" rctc" guvc" xctkcdng" rwgfg" eqpukfgtctug"
2.30" Gn" vkgorq" fg" owguvtgq" fgdg" ugt" oc{qt" swg" gn" vkgorq" v "
*Hgokc"gv"cn0."4227+0"""""

"
40" Gpuc{q"fg"o„fwnqu"HX0"

Gp"gn"vtcdclq"ug"tgcnk¦ctqp"gpuc{qu"fg"wp"eqplwpvq"fg"o„fwnqu"
HX." eqp" ogfkfcu" fktgevcu" fg" kttcfkcpekc" inqdcn." vgorgtcvwtc"
codkgpvg" {" ogfkfcu" kpfktgevcu" fg" vgorgtcvwtc" fg" egnfc0" Nqu"
gpuc{qu" ug" tgcnk¦ctqp" gp" gn" ecorq" fgn" KPGPEQ." wdkecfq" gp"
W0P0Uc0." gp" nc" ekwfcf" fg" Ucnvc" Ecrkvcn" *ncvkvwf</4609." nqpikvwf</
8706."cnvwtc<"3422"oupo+."Ctigpvkpc"*Hkiwtc"5+0"

"
"""
"
"
"
"
"
"
"
"
"
"

Hkiwtc"5<"Wdkecek„p"fg"nc"rtqxkpekc"fg"Ucnvc0"

4030"Ogfkfcu"{"ukowncekqpgu0"Ewtxcu"K/X0"

Rctc" nqu" gpuc{qu" ug" wvknk¦ctqp" fqu" o„fwnqu" HX" fg" :2YR" {"
octec"UQNCTVGE̶."oqfgnq"MU:20""

"
Vcdnc"30"Kphqtocek„p"swg"dtkpfc"gn"hcdtkecpvg"c"3222Y1o)"{"Ve?47³E0"
"
XQE*X+" KUE*C+" XOR*X+" KOR*C+"
4309" 7023" 3906" 6082"

"
Guvqu"ug"eqpgevctqp"gp"rctcngnq"{"ug"tgcnk¦ctqp"ogfkcu"fg"uwu"

ewtxcu" K/X0" Nc" kphqtocek„p" qdvgpkfc" fg" nqu" gpuc{qu" rgtokvg"

fgvgtokpct" nqu"rctƒogvtqu"rgtvgpgekgpvgu" cn" eqplwpvq0"Rqt"ogfkq"
fg" guvqu" fcvqu" ug" rwgfgp" tgcnk¦ct" ukowncekqpgu" wvknk¦cpfq" gn"
oqfgnq" fguetkrvq." dclq" fkuvkpvcu" eqpfkekqpgu" fg" kttcfkcpekc" {"
vgorgtcvwtc0" Gp" nc" Hkiwtc" 6" ug" qdugtxc" nqu" o„fwnqu" HX"
gpuc{cfqu0"

"
"
"
"
"
"
"
"
"
"
"
"
"
"

"
Hkiwtc"6<"O„fwnqu"HX"wvknk¦cfqu"gp"nqu"gpuc{qu0"

"
Nc"ewtxc"K/X"fg"wp"eqplwpvq"rwgfg"fghkpktug"eqoq"nc"efifwnc"fg"

kfgpvkfcf"fgn"itwrq"fg"egnfcu."{c"swg"rqt"ogfkq"fg" nc"okuoc"ug"
qdvkgpgp" nqu" rctƒogvtqu" swg" dtkpfcp" kphqtocek„p" cegtec" fg" uwu"
ectcevgt‡uvkecu" gnfievtkecu." Krj." K2." Tu." Tr" {" Xv0" Nc" eqttkgpvg" Krj"
rwgfg" crtqzkoctug" c" Kee." rgtq" gn" tguvq" pq" rwgfgp" ogfktug" fg"
hqtoc" fktgevc." fg" ocpgtc" swg" uw" qdvgpek„p" rwgfg" tgcnk¦ctug" c"
vtcxfiu"fg"fkhgtgpvgu"ofivqfqu0"Fg"nqu"fkhgtgpvgu"ofivqfqu"swg"gp"nc"
dkdnkqitch‡c"ug"ogpekqpcp."ug" korngogpv„"gn"swg"wvknk¦c"uqnq" vtgu"
rwpvqu"fg"nc"ewtxc"K/X="gn"fg"vgpuk„p"fg"ektewkvq"cdkgtvq"*X?Xqe"g"
K?2C+." gn" fg" eqttkgpvg" fg" eqtvq" ektewkvq" *X?2X" g" K?Kee+" {" gn" fg"
oƒzkoc" rqvgpekc" *X?Xor" g" K?Kor+0" Guvc" kphqtocek„p"
eqorngogpvcfc"eqp"*3+."nc"fgtkxcfc"fg"*3+"crnkecfc"gp"nqu"rwpvqu"
fg"eqttkgpvg"fg"eqtvq"ektewkvq"{"vgpuk„p"fg"ektewkvq"cdkgtvq."dtkpfcp"
gn" eqplwpvq" fg" gewcekqpgu"ogfkcpvg" nc" ewcn" ug" rwgfg" tgcnk¦ct" gn"
eƒnewnq" fg" nqu" rctƒogvtqu" *Tgowu" Vgqfqtguew" {" Tqft‡iwg¦."
4229+0" Nc" d¿uswgfc" fg" wpc" uqnwek„p" rctc" guvg" eqplwpvq" fg"
gewcekqpgu."uwgng"tgcnk¦ctug"c"vtcxfiu"fg"cniqtkvoqu"kvgtcvkxqu."gp"gn"
vtcdclq"ug"korngogpvq"gn"ofivqfq"fg"Crtqzkocekqpgu"Uwegukxcu0"

"
"
"
"
"
"
"
"
"
"
"
"
"
"

"
Hkiwtc"7<"Ewtxcu"K/X"ogfkfcu"{"xcnqtgu"gzvtcrqncfqu"c"3222Y1o4"{"47"̇"E0"
"
Rctc"nc"qdvgpek„p"fg"nqu"rctƒogvtqu"dclq"eqpfkekqpgu"guvƒpfct"

gu" pgeguctkq" gzvtcrqnct" nqu" vtgu" rwpvqu" cpvgu"ogpekqpcfqu" fg" nc"
ewtxc"K/X"ogfkfc"c"eqpfkekqpgu"guvƒpfct."rctc"gnnq"ug"korngogpvq"
gn"ofivqfq"fguetkvq"gp"*Mkpi"gv"cn0."4226+0"Gn"vtc¦cfq"fg"ncu"ewtxcu"

+np*
4 3 gg

or

or

K
EX

v /B

yz
3

3

4 NEt
NETt

RX

NRX -/?
3NEt
Tt

RX

NRX/
-/?y

3
2 NE

XM DCV?



212 R.F. Farfán et al. / Revista Iberoamericana de Automática e Informática industrial 12 (2015) 208–217 

ug"tgcnk¦q"wvknk¦cpfq"gn"ektewkvq"fguetkrvq"gp"nc"Hkiwtc"4."wvknk¦cpfq"
gn"eqpxgtvkfqt"Dqquv."xctkcpfq"uw"ekenq"fg" vtcdclq"fg"2"cn"322'0"
Gn" vtc¦cfq" fg" nc" ewtxc" ug" kpkekc" ugpucpfq" nc" kttcfkcpekc" {" nc"
vgorgtcvwtc"gp" nc" ectc"rquvgtkqt"fgn"o„fwnq"{"rqt"ecfc"xcnqt"fg"
Ðfwv{" e{engÑ." ug" rtqogfkc" fkg¦" xgegu" nc" vgpuk„p" {" eqttkgpvg"
gpvtgicfc"rqt"nqu"o„fwnqu0"Gp"nc"Hkiwtc"7"ug"qdugtxc"nc"ewtxc"K/X"
fg"nqu"o„fwnqu"HX"eqpgevcfqu"gp"rctcngnq"wvknk¦cfq."ogfkfq"dclq"
fkhgtgpvgu" eqpfkekqpgu" fg" kttcfkcpekc" {" vgorgtcvwtc" fg" egnfc."
954Y1o4"c"74"̇"E."929Y1o4"c"74"̇"E"{"7:7Y1o4"c"69̇E0"

Nqu"rwpvqu"rtqxgpkgpvgu"fg"ncu"ewtxcu"K/X"fg"nqu"o„fwnqu"HX"
ogfkfqu" gp" wp" f‡c" ukp" pwdqukfcf" {" gp" gn" ogfkqf‡c" uqnct." ug"
gzvtcrqn„"c"wpc"kttcfkcpekc"fg"3222Y1o4"{"c"wpc"Vgorgtcvwtc"fg"
egnfc"fg"47³E"*eqpfkekqpgu"guvƒpfct+0"Nc"kphqtocek„p"qdvgpkfc"ug"
owguvtc"gp"nc"Vcdnc"40"

"
Vcdnc"40"Ogfkfcu"gzvtcrqncfcu"c"3222Y1o)"{"Ve?47³E0"

"
XQE*X+" KUE*C+" XOR*X+" KOR*C+"
4307" 32024" 38066" :093"

"
Nc"kphqtocek„p"gpvtgicfc"rqt"nc"ewtxc"KX"gzvtcrqncfc"rgtokvg"

gpeqpvtct" nqu" rctƒogvtqu" crtqzkocfqu" fgn" eqplwpvq" gpuc{cfq."
wvknk¦cpfq" gn" cniqtkvoq" fguetkvq" gp" Tgowu" Vgqfqtguew" {"
Tqft‡iwg¦."4229."ew{qu"tguwnvcfqu"ug"qdugtxcp"nc"Vcdnc"50"

"
Vcdnc"50"Rctƒogvtqu"qdvgpkfqu"fg"nqu"o„fwnqu"c"3222Y1o)"{"Ve?47³E0"

"
TU2*っ+" TR2*っ+" Xvp*X+" Krjp*C+" K2p*C+"
2055" 8:5" 20253" 32025" 65,32/;"
"
Nqu" rctƒogvtqu" qdvgpkfqu" dtkpfcp" vqfc" nc" kphqtocek„p" fgn"

eqplwpvq"fg"o„fwnqu"HX"dclq"eqpfkekqpgu"kfgcngu0"Guvqu"fcvqu"ug"
wvknk¦cp"rctc"eqorngvct"gn"oqfgnq"fguetkvq"kpkekcnogpvg"{"rgtokvg"
rtq{gevct" ukowncekqpgu" fgn" eqorqtvcokgpvq" fgn" eqplwpvq" fg"
o„fwnqu"dclq"fkhgtgpvgu"eqpfkekqpgu"fg"kttcfkcpekc."vgorgtcvwtc"{"
ectic0"

Nc" kttcfkcpekc" {" nc" vgorgtcvwtc" fg" egnfc" chgevcp" fg" ocpgtc"
fktgevc"nc"xctkcek„p"fg"guvqu"rctƒogvtqu."gu"rqt"gnnq"swg"rctc"ecfc"
rct" rwgfg" qdvgpgtug" wpc" ewtxc" K/X" fkhgtgpvg" *Twu/Ecucu." gv" cn0."
4236+0"Gp"nc"Hkiwtc"8"ug"qdugtxc"nc"ukowncek„p"fg"ncu"ewtxcu"K/X"
fgn" eqplwpvq." dclq" nc" kphnwgpekc" fg" fkhgtgpvgu" xcnqtgu" fg"
kttcfkcpekc."822"Y1o4.":22Y1o4"{"3222Y1o40"

""
"
"
"
"
"
"
"
"
"
"
"

"
"

Hkiwtc"8<"Ewtxcu"K/X"c"vgorgtcvwtc"eqpuvcpvg"g"kttcfkcpekc"xctkcdng0"
"

Gp" nc" Hkiwtc" 9" ug" qdugtxc" nc" kphqtocek„p" qdvgpkfc" fg" nc"
ukowncek„p" rncuocfc" gp" nc" ewtxc" R/X." fqpfg" ug" crtgekc" eqp"

oc{qt"enctkfcf"nc"wdkecek„p"fgn"rwpvq"fg"oƒzkoc"rqvgpekc0"Rctc"
ncu"ewtxcu"ug"ocpvwxq"eqpuvcpvg"nc"vgorgtcvwtc"fg"egnfc"c"47̇E0"

"
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"
"
"
"
"
"

"
"
"

Hkiwtc"9<"Ewtxcu"R/X"c"vgorgtcvwtc"eqpuvcpvg"g"kttcfkcpekc"xctkcdng0"
"

50" Cniqtkvoq"eqpxgpekqpcn"fg"d¿uswgfc"fgn"ROR0"

Nqu" ofivqfqu" fgucttqnncfqu" rctc" nc" d¿uswgfc" fgn" ROR"
wvknk¦cp"eqoq"ug‚cn"cevwcpvg"fg"eqpvtqn."nc"xctkcdng"Ðfwv{"e{engÑ."
{c" swg" uw" ecodkq" rgtokvg" oqfkhkect" nc" vgpuk„p" fg" vtcdclq" fgn"
eqplwpvq" fg" o„fwnqu0" Gp" *;+" ug" qdugtxc" nc" tgncek„p" gpvtg" ncu"
xctkcdngu"ogpekqpcfcu0"Fg"cewgtfq" nc"ewtxc"R/X"fg"wp"eqplwpvq"
fg"o„fwnqu."gn"ecodkq"fgn"Ðfwv{"e{engÑ"rgtokvg"wp"ecodkq"gp"nc"
rqvgpekc"gpvtgicfc0"Nc"fkhgtgpekc"gpvtg"nqu"ofivqfqu"gzkuvgpvgu"fg"
eqpvtqn" rctc" wp" eqpxgtuqt" FE/FE" fghkpkfq." ug" gpewgpvtc" gp" nc"
guvtcvgikc" wvknk¦cfc." swg" rqt" nq" igpgtcn" eqodkpc" xgnqekfcf" {"
guvcdknkfcf"gp"gn"rtqeguq"fg"d¿uswgfc0"

Gn" cniqtkvoq" R(Q" ug" gpewgpvtc" gpvtg" nqu" ofivqfqu" oƒu"
wvknk¦cfqu" rctc" nc" korngogpvcek„p" fg" wp" ugiwkfqt" fg" oƒzkoc"
rqvgpekc0" Uw" wvknk¦cek„p" ug" fgdg" c" uw" ukornkekfcf" fg"
hwpekqpcokgpvq"{"dclc"eqornglkfcf"rctc"uw"korngogpvcek„p"hkpcn"
*Gutco" {"Ejcrocp."4229+0"Gn"ofivqfq"wvknk¦c" eqoq"xctkcdngu" fg"
gpvtcfc" gn" ugpucfq" fg" nc" vgpuk„p" {" eqttkgpvg" fgn" eqplwpvq" fg"
o„fwnqu"HX"{"uw"hwpekqpcokgpvq"pq"fgrgpfg"fgn"cttginq"q"fg"nc"
rqvgpekc"fgn"eqplwpvq0"Gp" nc"Hkiwtc":"ug"owguvtc"gn"fkcitcoc"fg"
hnwlq"fgn"cniqtkvoq"R(Q0"
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"

Hkiwtc":<"Fkcitcoc"fg"hnwlq"fgn"cniqtkvoq"R(Q0"
"

Gp" gn" fkcitcoc" ug" qdugtxc" swg" ecfc" fgekuk„p" fgn" cniqtkvoq"
pgegukvc"fg"nc"ogfkfc"o‡pkoc"fg"fqu"rwpvqu"fg"nc"ewtxc"R/X"fgn"
eqplwpvq"fg"o„fwnqu0"Nc"eqpuvcpvg"E"gp"gn"fkcitcoc"fg"hnwlq"gu"nc"
rgtvwtdcek„p" q" gn" vcoc‚q" fgn" rcuq" gpvtg" fkuvkpvqu" rwpvq" fg" nc"
ewtxc" R/X0" Guvc" xctkcdng" gu" hwpfcogpvcn" gp" nc" xgnqekfcf" fg"
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eqpxgtigpekc" fgn" cniqtkvoq0"Okgpvtcu" ugc" rgswg‚c." nc" xgnqekfcf"
fg" eqpxgtigpekc" ugtƒ" ogpqt." ukp" godctiq" guvc" eqpfkek„p" gu"
pgeguctkc" gp" nqu" rwpvqu" egtecpqu" cn" fg" oƒzkoc" rqvgpekc0" Gn"
ofivqfq" qhtgeg" wpc" uqnwek„p" rtƒevkec" cn" rncpvgq" fgn" ugiwkokgpvq."
ukp" godctiq" ncu" ectcevgt‡uvkecu" fgn" eqpvtqn" fguetkvc" nngxc" c"
ocpvgpgt"quekncekqpgu"eqpuvcpvgu"cntgfgfqt"fgn"ROR."rtqxqecpfq"
rfitfkfcu"gp"nc"rtgekuk„p"gp"nqu"ecodkqu"tgrgpvkpqu"fg"kttcfkcpekc"
*Mjcgjkpvwpi"{"Uktkuwm."4226+0"

5030"Pgegukfcf"fg"n„ikec"Fkhwuc0"

Nqu" eƒnewnqu" swg" ug" tgcnk¦c" gp" wp" HNE" korngogpvcfq" eqoq"
n„ikec"fg"eqpvtqn"rctc"wp"ukuvgoc"fg"ugiwkokgpvq."gu"oc{qt"swg"gn"
tgcnk¦cfq" wp" cniqtkvoq" korngogpvcpfq" gn" ofivqfq" R(Q0" Ukp"
godctiq" uw" xgnqekfcf" fg" eqpxgtigpekc" gu" oc{qt" {" ncu"
hnwevwcekqpgu" gp" gn" rwpvq" fg" oƒzkoc" rqvgpekc" ogpqtgu0"
*Mjcgjkpvwpi"{"Uktkuwm."4226="C¦¦qw¦k."4234+0"

Nqu" HNE" korngogpvcfqu" eqoq" n„ikecu" fg" eqpvtqn" gp" nqu"
ukuvgocu"fg"ugiwkokgpvq."uwgngp"wvknk¦ct"fqu"xctkcdngu"fg"gpvtcfc="
nc"ÐrgpfkgpvgÑ"fg"nc"ewtxc"R/X"*G+"fgn"eqplwpvq"fg"o„fwnqu"HX"{"
uw" xctkcek„p" *FG+0" Gn" ecodkq" fg" Ðfwv{" e{engÑ" gp" gn" rtqeguq" fg"
d¿uswgfc."rtqfweg"wpc"xctkcek„p"gp"nc"ogfkfc"fg"nc"rgpfkgpvg0"Gp"
nqu" cntgfgfqtgu" fgn" rwpvq" fg" oƒzkoc" rqvgpekc" nc" rgpfkgpvg"
ecodkc"fg" ukipq." guvq" kpfkec" uk" gn" Ðfwv{" e{engÑ"fgdg"cwogpvct"q"
fkuokpwkt"cn" tgcnk¦ctug"gn"ugiwkokgpvq0"Wpc"crtqzkocek„p"rctc"gn"
eƒnewnq"fg"nc"Ðrgpfkgpvg$"rwgfg"tgcnk¦ctug"c"rctvkt"fg"*42+0"
"
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""*42+"
"
"
Nc" xctkcek„p" fg" nc" rgpfkgpvg" ug" crtqzkoc" c" egtq" gp"

kpogfkcekqpgu"fgn"ROR0"Guvc"xctkcdng"kpfkec"uk"gn"rwpvq"fg"vtcdclq"
cevwcn"gu"gn"dwuecfq."gu"rqt"gnnq"swg"nc"okuoc"vcodkfip"ug"wvknk¦c"
eqoq"xctkcdng"fg" gpvtcfc0"Gp" *43+" ug"fghkpg" nc"okuoc" *Gutco"{"
Ejcrocp."4229="Ujcmkn"{"Kuockn."4232+0"

"
*43+"

"
Fkhgtgpvgu" cwvqtgu"wvknk¦cp"rctc" gn" fkug‚q"fgn" HNE." hwpekqpgu"

vtkcpiwnctgu" rctc" nc" hw¦¦khkecek„p." tginc" fgn" o‡pkoq" rctc" nc"
kornkecek„p." hwpekqpgu" vtkcpiwnctgu" rctc" gn" eqplwpvq" fg" ucnkfc" {"
wpc"fghw¦¦khkecek„p"rqt"ogfkc"fg"egpvtqu0"
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"

Hkiwtc";<"Rncpq"fg"eqpvtqn"fg"wp"HNE"fkug‚cfq"rctc"gn"ugiwkokgpvq0"
"
Rctc"vqoct"wpc"fgekuk„p"gp"nc"d¿uswgfc"fgn"rwpvq"fg"oƒzkoc"

rqvgpekc." gn" HNE" pgegukvc" nc" kphqtocek„p" fg" vtgu" rwpvqu" fg" nc"

ewtxc"R/X"eqoq"o‡pkoq0"Guvc"kphqtocek„p"igpgtc"wpc"ucnkfc"swg"
cev¿c" eqoq" icpcpekc." ug" xkpewnc" eqp" gn" Ðfwv{" e{engÑ" {" rgtokvg"
oqfkhkect"nc"rqvgpekc"gp"nc"d¿uswgfc0"Nc"tgurwguvc"swg"dtkpfc"wp"
HNE" gp" uw" ucnkfc" guvƒ" fguetkvc" rqt" gn" rncpq" fg" eqpvtqn." eqoq" gn"
swg"ug"qdugtxc"gp"nc"Hkiwtc";."fkug‚cfq"rctc"wvknk¦ctug"gp"ukuvgocu"
fg"ugiwkokgpvq"*Gutco"{"Ejcrocp."4229="Ujcmkn"{"Kuockn."4232+0"

Nc"wvknk¦cek„p"fgn"rncpq"fg"eqpvtqn"fg"nc"Hkiwtc";"gp"wp"ukuvgoc"
fg" ugiwkokgpvq." pq" ukgortg" cugiwtc" xgnqekfcf" gp" gn" eqpvtqn" fg"
d¿uswgfc0"Guvq"ug"fgdg"c"swg"gn"rncpq"fg"eqpvtqn"fgdg"fghkpktug"gp"
hwpek„p" fg" nc" kphqtocek„p" fgn" eqplwpvq" fg" o„fwnqu" swg" ug"
ocpglctƒ"gp"gn"ugiwkokgpvq."eqoq"nc"rqvgpekc"fgn"cttginq0"

5040"Cniqtkvoq"korngogpvcfq0"

Gp" gn" rtgugpvg" vtcdclq" ug" dwue„" fgucttqnnct" wp" HNE" swg"
eqodkpg" nc" ukorng¦c" fgn" ofivqfq" R(Q" {"ocpvgpic" wpc" gngxcfc"
xgnqekfcf"fg"eqpxgtigpekc."ectcevgt‡uvkeq"fg"guvg" vkrq"fg"eqpvtqn0"
Rctc"gnnq."c"fkhgtgpekc"fg"ncu"xctkcdngu"fg"gpvtcfc"korngogpvcfcu"
gp" gn" HNE"fguetkrvq" gp" nc" ugeek„p"503." ug" ecodkctqp" ncu"okuocu"
wvknk¦ƒpfqug"nc"xctkcek„p"fg"rqvgpekc"{"nc"eqttkgpvg"gp"gn"rwpvq"fg"
vtcdclq0" Nc" xctkcek„p" fg" nc" rqvgpekc" vkgpfg" c" egtq" gp"
kpogfkcekqpgu"fgn"rwpvq"dwuecfq0"Gp" nc"Hkiwtc"32" ug"qdugtxc" nc"
ukowncek„p" fg" nc" xctkcek„p" fg" rqvgpekc" c"ogfkfc" swg" ecodkc" gn"
Ðfwv{" e{engÑ." gp" rcuqu" eqpuvcpvgu" {" xctkcdngu." rctvkgpfq" fg" nc"
vgpuk„p"fg"ektewkvq"cdkgtvq0"Gn"oqfgnq"fg"o„fwnq"HX"wvknk¦cfq"gp"
ncu"ukowncekqpgu"rgtvgpgeg"cn"oqfgnq"fguetkrvq"kpkekcnogpvg0""
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"
Hkiwtc"320"Xctkcek„p"fg"rqvgpekc"gp"hwpek„p"fgn"p¿ogtq"fg"kpetgogpvqu0"
"
Nc" d¿uswgfc" eqokgp¦c" vqocpfq" wp" xcnqt" fg" rqvgpekc"

fgpqokpcfc"ÐkpkekcnÑ."tgncekqpcfc"eqp"wpc"vgpuk„p"fg"vtcdclq0"Nc"
oqfkhkecek„p"fg"nc"vgpuk„p"fg"vtcdclq"rqt"ogfkq"fgn"Ðfwv{"e{engÑ."
rtqfweg" wp" pwgxq" xcnqt" fg" rqvgpekc" fgpqokpcfc" ÐrquvgtkqtÑ." nc"
xctkcek„p"ug"fgvgtokpc" tguvcpfq"nc"rqvgpekc"ÐrquvgtkqtÑ"ogpqu"nc"
rqvgpekc"ÐkpkekcnÑ0"Uk"nc"xctkcek„p"fg"rqvgpekc"gu"fkhgtgpvg"fg"egtq."
nc" Ðrqvgpekc" rquvgtkqtÑ" gu" vqocfc" eqoq" rqvgpekc" ÐkpkekcnÑ" {" nc"
vgpuk„p" fg" vtcdclq" xwgnxg" c" oqfkhkectug" rctc" vqoct" wpc" pwgxc"
rqvgpekc" ÐrquvgtkqtÑ0" Nc" xctkcek„p" fg" rqvgpekc" ug" wvknk¦c" rctc"
fgvgtokpct" uk" gp" gn" rwpvq" fg" vtcdclq" cevwcn" gu" gn" fg" oƒzkoc"
rqvgpekc."wvknk¦ƒpfqug"rctc"vcn"hkp."uqnq"fqu"rwpvqu"fg"nc"ewtxc"R/
X0"Gp"nc"Hkiwtc"32"ug"qdugtxc"wpc"ukowncek„p"fg" nc"xctkcek„p"fg"
rqvgpekc" gp" hwpek„p" cn" p¿ogtq" fg" kpetgogpvqu" fg" xqnvclg"
tgcnk¦cfqu0"

Nc"eqttkgpvg"fg" vtcdclq"ug"wvknk¦c"eqoq"xctkcdng" tgncekqpcfc"c"
nc" xgnqekfcf" fg" eqpxgtigpekc." {c" swg" guvc" etgeg" fg" hqtoc"
rtqrqtekqpcn" c" nc" kttcfkcpekc." eqoq" ug" qdugtxc" gp" nc" ukowncek„p"
oquvtcfc"gp"nc"Hkiwtc"80"C"ogfkfc"swg"nc"kttcfkcpekc"cwogpvc."nc"
rqvgpekc"swg"rwgfg"gpvtgict"gn"eqplwpvq"fg"o„fwnqu"HX"gu"oc{qt0"
Eqoq" eqpugewgpekc" fg" rqvgpekcu" oc{qtgu." nc" ecpvkfcf" fg"
kpetgogpvqu"swg"fgdcp"tgcnk¦ctug"rctc"nngict"cn"rwpvq"fg"oƒzkoc"
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rqvgpekc" ugtƒ" oc{qt." kpfgrgpfkgpvgogpvg" uk" nc" d¿uswgfc"
eqokgp¦c" gp" nc" vgpuk„p" fg" ektewkvq" cdkgtvq" q" wpc"ogpqt0" Gu" rqt"
gnnq"swg"guvc"xctkcdng"gp"gn"rncpq"fg"eqpvtqn"fgdg"tgncekqpctug"eqp"
nc" icpcpekc" q" ucnkfc." uk" nc" eqttkgpvg" fg" vtcdclq" gu" gngxcfc." nc"
icpcpekc" fg" ucnkfc" fgdg" ugt" gngxcfc" gp" xctkcekqpgu" fg" rqvgpekc"
cnvcu" {" vgpfgt" c" egtq." c" ogfkfc" swg" nc" xctkcek„p" fg" rqvgpekc"
fkuokpw{g0"

Gn" fkug‚q" fgn" HNE" ug" tgcnk¦„" kpkekcnogpvg" wvknk¦cpfq" gn"
rtqitcoc"Zhw¦¦{" 502̶0" Guvg" rtqitcoc" rgtokvg" gn" fgucttqnnq" fg"
ukuvgocu" fkhwuqu" {" eqodkpc" wp" eqplwpvq" fg" jgttcokgpvcu" swg"
hceknkvcp" ncu"fkuvkpvcu" gvcrcu"fgn"rtqeguq"fg"fkug‚q0"Gp"gn"dnqswg"
Hw¦¦{hkecfqt" ug" fghkpkgtqp" ncu" hwpekqpgu" fg" rgtvgpgpekc" swg"
hqtocp"nqu"eqplwpvqu"fg"gpvtcfc"Rqvgpekc"{"Eqttkgpvg0"Gn"rtkogtq"
tgrtgugpvc"nc"fkhgtgpekc"fg"rqvgpekc"vqocfc"gpvtg"fqu"rwpvqu"fg"nc"
ewtxc" R/X." okgpvtcu" swg" gn" eqplwpvq" ÐEqttkgpvgÑ." tgrtgugpvc" nc"
eqttkgpvg" fg" vtcdclq" rquvgtkqt0" Gp" gn" eqplwpvq" fg" gpvtcfc"
ÐRqvgpekcÑ"ug"fghkpk„"wp"wpkxgtuq"fg"fkuewtuq"gp"gn"kpvgtxcnq"Î3Y"
c"nqu"7Y."gp"gn"eqplwpvq"fg"gpvtcfc"ÐEqttkgpvgÑ"gp"gn"kpvgtxcnq"2C"
c"nqu"36C"{"gp"gn"eqplwpvq"fg"Ucnkfc"Î"2.4"c"30"Gp"nqu"fkhgtgpvgu"
eqplwpvqu" ug" tgcnk¦„" wpc" rctvkek„p" uqncrcfc" rqt" ogfkq" fg" ukgvg"
uwdeqplwpvqu0"Gp"nc"Hkiwtc"33"ug"qdugtxc"nqu"eqplwpvqu"fkhwuqu"fg"
gpvtcfc"{"ucnkfc0"
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Hkiwtc"33<"Eqplwpvqu"fg"gpvtcfc"{"ucnkfc0"
""

Gp"nc"Hkiwtc"34"ug"qdugtxc"nc"ocvtk¦"HCO"*Hw¦¦{"Cuuqekcvkxg"
Ogoqt{+."swg"tgrtgugpvc"ncu"eqpugewgpekcu"fg"ecfc"tginc"fghkpkfc"
gp"gn"HNE0""
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"
"

"
Hkiwtc"34<"Eqplwpvq"fg"tgincu"fghkpkfq0"

"

Ecfc" tginc" ug" fgucttqnn„" fg" cewgtfq" cn" cpƒnkuku" fg" nc"
kphqtocek„p"gpvtgicfc"rqt"ncu"ewtxcu"fg"nc"Hkiwtc";"{"gp"dcug"c"nc"
xctkcek„p"fg"eqttkgpvg"gp"gn" tgeqttkfq"fg"d¿uswgfc0"Gp" nc"Hkiwtc"
35" ug" qdugtxc" gn" rncpq" fg" eqpvtqn" swg" fguetkdg" nc" tgurwguvc" fgn"
ukuvgoc"fg"n„ikec"fkhwuc"gp"hwpek„p"fg"ncu"xctkcdngu"fg"gpvtcfc0"
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"

Hkiwtc"35<"Rncpq"fg"eqpvtqn0"
"
Gn" wpkxgtuq" fg" fkuewtuq" fghkpkfq" gp" gn" eqplwpvq" fg" gpvtcfc"

ÐEqttkgpvgÑ."tgurqpfg"cn"tcpiq"fg"eqttkgpvg"swg"ug"gurgtc"swg"nqu"
o„fwnqu"HX"igpgtgp0"Gn"fqokpkq"fghkpkfq"eqpvgornc"nc"eqttkgpvg"
fg" eqtvq" ektewkvq" *KUE+"dclq" eqpfkekqpgu" guvƒpfct." eqoq" kpfkec" nc"
vcdnc" 30" Gp" nc" ¦qpc" fqpfg" ug" tgcnk¦ctqp" nqu" gpuc{qu." uwgngp"
fgvgevctug" xcnqtgu" fg" kttcfkcpekc" swg" uwrgtcp" eqp" htgewgpekc" nqu"
3222Y1o4." gu" rqt" gnnq" swg" wp" xcnqt"oƒzkoq"fg" 36C" ug" fghkpk„"
eqoq"n‡okvg"rctc"guvg"eqplwpvq"fg"gpvtcfc0"Gn"eqplwpvq"fg"gpvtcfc"
eqttkgpvg" tgurqpfg" c" ectcevgt‡uvkecu" gnfievtkecu" fg" nqu" o„fwnqu."
eqoq" ug" gurgekhkec" gp" nc" vcdnc" 4." gu" rqt" gnnq"swg" gn" wpkxgtuq" fg"
fkuewtuq" fgdg" fghkpktug" pwgxcogpvg" uk" ug" korngogpvc" gp" nc"
kpuvcncek„p"wp"oc{qt"p¿ogtq"fg"o„fwnqu"HX"gp"rctcngnq0"

Gn"wpkxgtuq"fg"fkuewtuq"ÐRqvgpekcÑ" vkgpg"wp"xcnqt"oƒzkoq"fg"
7Y."swg"tgurqpfg"crtqzkocfcogpvg"c"wp"5'"fg"nc"rqvgpekc"vqvcn"
fgn"eqplwpvq"fg"o„fwnqu"wvknk¦cfqu"dclq"eqpfkek„p"guvƒpfct0"Guvg"
xcnqt" kpfkec" nc" xctkcek„p" fg" rqvgpekc"oƒzkoc" swg" gn" HNE" vqoc"
rctc"eqogp¦ct"c"xctkct"uw"ucnkfc"{"nqitct"swg"gn"ukuvgoc"eqpxgtlc"
cn" ROR0"Gp" ecuq"fg" swg" gn" ecodkq" fg"rqvgpekc" ugc"oc{qt" c" nqu"
7Y."gn"ukuvgoc"vqoc"nc"gpvtcfc"eqoq"oƒzkoc0""

Gn"wpkxgtuq"fg"fkuewtuq"fgn"eqplwpvq"fg"ucnkfc"ug"fghkpk„"gpvtg"
/2.4" {" 30"Guvqu" xcnqtgu" kpfkecp" nc" xctkcek„p" fg" Ðfwv{" e{engÑ" swg"
korqpg"gn"ukuvgoc"fg"eqpvtqn"gp"nc"d¿uswgfc"fgn"ROR0"Uk"gn"xcnqt"
fg" ucnkfc" gu" wpq." nc" xctkcek„p" gu" oƒzkoc" {" eqttgurqpfg" c" wpc"
xcnqt"fgn"5'"fgn"Ðfwv{"e{eng"oƒzkoqÑ0"Gn"5'"ug"fghkpg"vgpkgpfq"
gp"ewgpvc"swg"wp"rqtegpvclg"fg"xctkcek„p"rctc"gn"cniqtkvoq"R(Q."
rqt"nq"igpgtcn"uwgng"ugt"ogpqt"c"wp"3'0"

Gn" rctƒogvtq" そ" fg" nc" gzrtguk„p" *44+." cn" ownvkrnkectug" rqt" gn"
xcnqt" qdvgpkfq" gp" nc" ucnkfc" fgn" HNE." ug" qdvkgpg" wp" p¿ogtq"
*〉M*p++"swg"gn"oketqeqpvtqncfqt"kpvgtrtgvc"eqoq"Ðxctkcek„p"fwv{"
e{engÑ0""""

""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""*44+"
"
Gp" nc" xctkcdng" " M*p+" gn" oketqeqpvtqncfqt" vkgpg" gp" ewgpvc" nqu"

ecodkqu"fg"Ðfwv{"e{engÑ"swg"ug"rtqfwegp"gp"nc"d¿uswgfc"fgn"ROR"
eqoq"ug"qdugtxc"gp"nc"gzrtguk„p"*45+0"

"
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""*45+"
"

+.*+* KRucnkfcpM F?F n

+*+3*+* pMpMpM F-/?
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Gn"rctƒogvtq"そ"kpfkec"swg"vcp"itcpfg"gu"nc"xctkcek„p"fg"Ðfwv{"
e{engÑ" gp" gn" oketqeqpvtqncfqt" {" nc" ucnkfc" fgn" HNE" kpfkec" e„oq"
fgdg"xctkct"Ðfwv{"e{engÑ"gp"nc"d¿uswgfc"fgn"ROR0"Uk"gn"xcnqt"fg"そ"
ecodkc."xct‡c"nc"xgnqekfcf"fg"eqpxgtigpekc"fgn"cniqtkvoq"cn"ROR0""

5050" Kpvgtrtgvcek„p"fgn"rncpq"fg"eqpvtqn"rncpvgcfq0"

Gp"nc"HCO"rwgfg"crtgekctug"eqoq"tgurqpfg"gn"ukuvgoc"HNE"cn"
kpkekctug" wpc" d¿uswgfc0" Gp" nc" Hkiwtc" 36" ug" ekvcp" fqu" ecuqu"
igpgtcngu."kpkekq"fg"nc"d¿uswgfc"gp"gn"rwpvq"fg"vgpuk„p"fg"ektewkvq"
cdkgtvq" *K?2" {" X?Xqe+" g" kpkekq" fg" nc" d¿uswgfc" gp" gn" rwpvq" fg"
eqttkgpvg"fg"eqtvqektewkvq"*K?Kee"{"X?2+0"

"
"
"
"
"
"
"
"

"
Hkiwtc"36<"Eqorqtvcokgpvq"fg"nc"HCO0"

"
Uk" nc" d¿uswgfc" ug" kpkekc" gp" gn" rwpvq" fg" vgpuk„p" fg" ektewkvq"

cdkgtvq."gn"ugiwkokgpvq"gp"nc"HCO"eqogp¦ctƒ"gp"nc"¦qpc"fqpfg"ug"
gpewgpvtc" nc" hngejc" 3c." {c" swg" nc" eqttkgpvg" fgdgt‡c" ugt" dclc" {" nc"
fkhgtgpekc"fg"rqvgpekc"cnvc0"Nc"ucnkfc"ug"xkpewnc"eqp"ncu"tgincu"swg"
ug" cevkxcp" fg" cewgtfq" c" nc" gpvtcfc." gp" guvc" ¦qpc" ug" qdugtxc" wpc"
ucnkfc" kpvgtogfkc." {c" swg" gp" nc" ukvwcek„p" rncpvgcfc" nc" rqvgpekc"
oƒzkoc" rwgfg" ugt" cnvc" q" dclc0" Uk" nc" rqvgpekc" gu" cnvc." gp" nc"
d¿uswgfc"nc"eqttkgpvg"eqogp¦ctc"c"etgegt"cn"kiwcn"swg"nc"ucnkfc"fgn"
HNE."eqoq"nq"kpfkec"nc"hngejc"4c0"Guvg"etgekokgpvq"qvqtic"oc{qt"
xgnqekfcf"fg"eqpxgtigpekc." {c"swg"gn"Ðfwv{"e{engÑ"cwogpvctc" gp"
rcuqu" oƒu" itcpfg0" Gp" kpogfkcekqpgu" fgn" rwpvq" dwuecfq." nc"
xctkcek„p" fg" rqvgpekc" fkuokpw{g" cn" kiwcn" swg" nc" ucnkfc." eqoq"
kpfkec" nc" hngejc" 5c0" Guvg" eqorqtvcokgpvq" rtqfweg" wpc" xctkcek„p"
o‡pkoc"gp"gn"Ðfwv{"e{engÑ."qvqticpfq"oc{qt"rtgekuk„p"cn"hkpcnk¦ct"
nc"d¿uswgfc0"

Uk" nc" d¿uswgfc" ug" kpkekc" gp" gn" rwpvq" fg" eqttkgpvg" fg" eqtvq"
ektewkvq." gn" ugiwkokgpvq" gp" nc" HCO" rwgfg" eqogp¦ct" gp" nc" ¦qpc"
fqpfg" ug" gpewgpvtc" nc" hngejc"3d." {c"swg" nc" eqttkgpvg" gu" cnvc" {" nc"
fkhgtgpekc"fg"rqvgpekc"cnvc0"Uk"nc"eqttkgpvg"gu"gngxcfc."nc"rqvgpekc"
swg"rwgfg"gpvtgict"gn"o„fwnq"vcodkfip"gu"gngxcfc."rqt"nq"vcpvq"nc"
ucnkfc" fgdg" ugt" cnvc" rctc" swg" nqu" rcuqu" gp" gn" kpkekq" fg"d¿uswgfc"
ugcp"itcpfgu0"C"ogfkfc"swg"nc"eqttkgpvg"fkuokpw{g."nc"fkhgtgpekc"
fg"rqvgpekc"fkuokpw{g0"Guvc"xctkcek„p"gp"gn"rtqeguq"fg"d¿uswgfc"
vkgpg"eqoq"eqpugewgpekc"gn"cegtecokgpvq"cn"ROR."rqt"nq"vcpvq"nc"
ucnkfc"fgdg"fkuokpwkt"eqoq" kpfkec" nc" hngejc"4d0"Egtec"fgn"rwpvq"
fgugcfq." nc" xctkcek„p" fg" rqvgpekc" fkuokpw{g." fkuokpw{gpfq" nc"
ucnkfc" {" gpvtgicpfq" wpc" xctkcek„p" o‡pkoc" gp" gn" Ðfwv{" e{engÑ"
eqoq"kpfkec"nc"hngejc"5d0"

"
60" Ukowncek„p" fgn" ukuvgoc"fg" d¿uswgfc" fg" rwpvq" fg"oƒzkoc"
rqvgpekc0"
"

Ncu" ukiwkgpvgu" ukowncekqpgu" ug" fgucttqnnctqp" rctc" guvwfkct" gn"
eqorqtvcokgpvq"fg"nc"n„ikec"fg"eqpvtqn"gp"gn"rtqeguq"fg"d¿uswgfc"
{"clwuvct"rctƒogvtqu"fgn"eqpvtqn0"Nc"kphqtocek„p"swg"gpvtgicp"ncu"
ukowncekqpgu"rgtokvg"eqorctct"nc"tgurwguvc"fg"nc"n„ikec"rtqrwguvc"
eqp" qvtqu" cniqtkvoqu0" Gpvtg" nqu" ofivqfqu" oƒu" wvknk¦cfqu" rctc" nc"
d¿uswgfc"fgn"ROR"ug"gpewgpvtc"gn"cniqtkvoq"Rgtvwtdct"Qdugtxct"

*R(Q+." fgdkfq" c" uw" ukornkekfcf" fg" hwpekqpcokgpvq" {" uw" itcp"
rqrwnctkfcf"gpvtg"nqu"ofivqfqu"fg"ugiwkokgpvq0"Gu"rqt"gnnq"swg"gp"
gn" vtcdclq" ug" eqorct„" nc" tgurwguvc" fgn" cniqtkvoq" R(Q" eqp" nc"
tgurwguvc"fgn"cniqtkvoq"rtqrwguvq0"""

Ncu" ukowncekqpgu" tgrtgugpvcp" nc" d¿uswgfc" fgn" ROR" dclq"
fkhgtgpvgu"eqpfkekqpgu"fg" kttcfkcpekc"{" vgorgtcvwtc."wvknk¦cpfq"gn"
uqhvyctg" Uekncd" rctc" tguqnxgt" ncu" gzrtgukqpgu" *33+" {" " *34+" c"
ogfkfc"swg"ecodkc" nc"tgukuvgpekc"fkpƒokec" tRX" " gp"gn"rtqeguq"fg"
d¿uswgfc0" Rctc" igpgtct" ncu" hwpekqpgu" fgn" HNE" ug" wvknk¦q"Zhw¦¦{"
502." {c" swg" gn" okuoq" rgtokvg" etgct" gn" e„fkiq" fgn" ukuvgoc" gp"
ngpiwclg"E."wvknk¦ƒpfqug"guvg"eqoq"wpc"hwpek„p"gp"Uekncd0""

Ncu"eqpfkekqpgu"wvknk¦cfcu"gp"gn"rncpvgq"fguetkvq"uqp="kpkekq"fg"
nc"d¿uswgfc"gp"nc"vgpuk„p"fg"ektewkvq"cdkgtvq"{"vgpuk„p"fg"dcvgt‡c."
46X00"Guvc"¿nvkoc"eqpfkek„p"lwpvq"c"nc"vgpuk„p"fg"ektewkvq"cdkgtvq."
fgdg"vgpgtug"gp"ewgpvc"cn"kpkekct"ncu"ukowncekqpgu."{c"swg"fghkpg"nc"
vgpuk„p"fg"kpkekq"gp"gn"o„fwnq"HX"{"gn"xcnqt"fg"cttcpswg"fgn"Ðfwv{"
e{engÑ0""

Gn"eqpxgtvkfqt" tgcn" ug"fgucttqnnq"rctc" vtcdclct"eqp"wp"rgtkqfq"
fg"RYO"fg"2.22227" ugiwpfqu." ug"wvknk¦„"wpc" kpfwevcpekc"fg"72"
たJ"{"wp"ecrcekvqt"fg"gpvtcfc"fg"882"たH0"Guvc"kphqtocek„p"gu"¿vkn"
rctc" eqorngvct" gn" oqfgnq" fgn" eqpxgtvkfqt" {" rctc" fgvgtokpct" wp"
vkgorq" cfgewcfq" fg" owguvtgq" *vo+0" Gn" vkgorq" vo" rwgfg"
fgvgtokpctug" fg" *3;+." vqocpfq" eqoq" tghgtgpekc" gn" rwpvq" fg"
oƒzkoc" rqvgpekc" dclq" eqpfkek„p" guvƒpfct" fg" nc" vcdnc" 4" {" gn"
ecrcekvqt" fg" gpvtcfc" E3?882" たH0" Wvknk¦cpfq" guvqu" xcnqtgu" ug"
qdvkgpg" wp" v ?" 202279" u." eqoq" gn" vo" fgdg" ugt"oc{qt." ug" fgekfk„"
vqoct"wp"vo?2023u0"Rctc"nc"ukowncek„p"fg"ncu"fkhgtgpvgu"n„ikecu"fg"
eqpvtqn" ug" vqoq"gn"okuoq" vo" {" ug"guvwfkctqp" nc" tgurwguvcu"fg" ncu"
okuocu"gp"wp"cornkq"tcpiq"fg"kttcfkcpekc"{"vgorgtcvwtc"fg"egnfc0"
Rctc" gn" cniqtkvoq" R(Q" ug" eqpukfgtq" wp" ecodkq" fg" fwv{" e{eng"
eqpuvcpvg"fgn"3'."okgpvtcu"swg"rctc"gn"eqpvtqn"HNE"wp"ecodkq"fg"
Ðfwv{"e{engÑ"oƒzkoq"fgn"5'0"Gp"ncu"ukowncekqpgu"ug"owguvtcp"nqu"
tguwnvcfqu" fg" nc" xctkcek„p" fg" " " " " {" " " " gp" hwpek„p" fgn" vkgorq" c"
ogfkfc" swg" nqu" cniqtkvoqu" tgcnk¦cp" gn" rtqeguq" fg" d¿uswgfc" fgn"
ROR0"Gp"nc"Hkiwtc"36"ug"qdugtxc""nc"xctkcek„p"fg"eqttkgpvg"gp"gn"
kpfwevqt." kpfkecfq" eqp" tqlq" gn" ofivqfq" R(Q" {" c¦wn" gn" HNE"
rtqrwguvq."eqp"nqu"o„fwnqu"HX"dclq"wpc"kttcfkcpekc"fg":22Y1o4"
{"wpc"vgorgtcvwtc"fg"egnfc"fg"47̇E0"

"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
0"
"
Hkiwtc"36<"Xctkcek„p"fg"nc"eqttkgpvg"gp"gn"kpfwevqt"gp"hwpek„p"fgn"vkgorq0"
"
Gp"ncu"ukowncekqpgu"ug"qdugtxc"itcp"uwrgtkqtkfcf"fgn"HNE"eqp"

tgurgevq"cn"cniqtkvoq"R(Q."gp"gn"rtqeguq"fg"d¿uswgfc"fgn"ROR0"
Gp" nc" Hkiwtcu" ug" qdugtxc" swg" gn" HNE" vkgpg"oc{qt" xgnqekfcf" fg"
eqpxgtigpekc"cn"ROR."crtqzkocfcogpvg"5"xgegu"oƒu"tƒrkfq"swg"

RXxö Nkö



216 R.F. Farfán et al. / Revista Iberoamericana de Automática e Informática industrial 12 (2015) 208–217 

: 32 34 36 38 3: 42
2

322

422

522

622

722

822

922

:22

;22

v*ju+

K*Y
1o

4+

gn"cniqtkvoq"R(Q0"Rqt"qvtq"ncfq."vcodkfip"ug"qdugtxc"swg"gn"HNE"
qhtgeg" oc{qt" guvcdknkfcf" gp" gn" ROR." guvq" ug" qdugtxc" gp" ncu"
quekncekqpgu"fg"vgpuk„p"{"eqttkgpvg"swg"gn"cniqtkvoq"R(Q"tgcnk¦c"
gp"kpogfkcekqpgu"fgn"rwpvq"dwuecfq0"

"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"

"
Hkiwtc"37<"Xctkcek„p"fgn"nc"vgpuk„p"fg"oqfwnq"HX"gp"hwpek„p"fgn"vkgorq0""
"

70" Ogfkfcu"fg"rqvgpekcu"gp"gn"ukuvgoc"fg"ugiwkokgpvq"tgcn0"

Rctc" nc" korngogpvcek„p" hkpcn" gp" gn" eqpxgtvkfqt" FE/FE" ug"
wvknk¦q." gn" OQUHGV" KTH5427." {" nc" n„ikec" fg" eqpvtqn" ug"
korngogpvq" gp" wp" oketqeqpvtqncfqt" fg" Oketqejkr̶."
RKE54OZ542H34:J0" Gn" oketqeqpvtqncfqt" ug" eqpgevc" c" wpc" RE"
x‡c" WUD." wvknk¦cpfq" gn" ejkr" HV454T." eqoq" ug" qdugtxc" gp" gn"
guswgoc"fg" nc"Hkiwtc"40"Nc"eqpgzk„p"WUD"rwgfg"wvknk¦ctug"rctc"
gpxkct" kphqtocek„p" fgufg" wpc" RE" cn" oketqeqpvtqncfqt" q" tgekdkt"
kphqtocek„p"fgn"ukuvgoc"HX"c" vtcxfiu"fgn"oketqeqpvtqncfqt0"Gp"gn"
vtcdclq" ug" wvknk¦ctqp" guvcu" rtqrkgfcfgu" rctc" tgcnk¦ct" wp" guvwfkq"
fgvcnncfq"fgn"eqpvtqncfqt"fgucttqnncfq"{"cnocegpct"gp"wpc"RE."nc"
kphqtocek„p" qdvgpkfc0" Ncu" ogfkfcu" tgcnk¦cfcu" gp" gn" vtcdclq" ug"
tgcnk¦ctqp"wvknk¦cpfq" nqu" ugpuqtgu"swg"fguetkvq" gp" nc" vcdnc"6."rqt"
ogfkq" fg" nc" eqpxgtuk„p" CF" fg" 32" dkvu" fgn" oketqeqpvtqncfqt"
RKE54OZ542H34:J0"

"
Vcdnc"60"Kpuvtwogpvqu"wvknk¦cfqu"rctc"ugpuct"ocipkvwfgu0"

"
Ocipkvwf" Ugpuqt" Gttqt"

Vgorgtcvwtc" no57" ł3̇"
Kttcfkcpekc" HX" 8'"
Eqttkgpvg" CEU92;" 5'"

"
Nc" rtqitcocek„p" fgn"oketqeqpvtqncfqt" ug" tgcnk¦q" gp" ngpiwclg"

E." okpkok¦cpfq" gn" e„fkiq" igpgtcfq" rqt" Zhw¦¦{" 502̶0" Guvq"
rgtokvg" qrvkok¦ct" ncu" fkhgtgpvgu" rtqrkgfcfgu" fgn"
oketqeqpvtqncfqt0"

Nc" rtwgdc" fgn" ukuvgoc" eqpukuvg" gp" nc" d¿uswgfc" fgn" rwpvq" fg"
oƒzkoc"rqvgpekc" c" nq" nctiq"fg"wp"f‡c" {" eqorctct" nqu" tguwnvcfqu"
ogfkfqu" eqp" nqu" gurgtcfqu." qdvgpkfqu" fg" nc" ukowncek„p0" Gp" nc"
Hkiwtc"38"ug"qdugtxc"nc"kttcfkcpekc"inqdcn"ogfkfc"swg"nngic"c"nqu"
o„fwnqu"HX"gp"gn"gpuc{q"tgcnk¦cfq"c"nq"nctiq"fg"wp"f‡c0"

Gp" nqu" gpuc{qu" ug" okfkgtqp" nc" vgorgtcvwtc" codkgpvg" {" nc"
vgorgtcvwtc" gp" nc" ectc" rquvgtkqt" fgn" o„fwnq." wvknk¦ƒpfqug" gp"
codqu" ecuqu" wp" ektewkvq" kpvgitcfq" NO570" Nc" ogfkfc" fg" guvc"
¿nvkoc" ocipkvwf." lwpvq" c" nc" kttcfkcpekc." rgtokvg" fgvgtokpct" fg"
ocpgtc"kpfktgevc"nc"vgorgtcvwtc"egnfc0"

Gp"nc"Hkiwtc"39"ug"qdugtxc"nc"vgorgtcvwtc"codkgpvg"*itku+"{"nc"
vgorgtcvwtc"fg"egnfc"*pgitc+"ogfkfcu"gp"gn"gpuc{q"tgcnk¦cfq0""

"
"
"
"
"
"
"
"
"
"
"
"
"

Hkiwtc38<"Kttcfkcpekc"ogfkfc"gp"gn"gpuc{q0"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"

Hkiwtc"39<"Vgorgtcvwtc"codkgpvg"{"vgorgtcvwtc"fg"egnfc"ogfkfcu0"
"
Nc" vgorgtcvwtc"fg" egnfc" vkgpg" itcp" korqtvcpekc" gp" gn"rncpvgq"

fg" ncu" ukowncekqpgu." fgdkfq" c" swg" guvc" ¿nvkoc" gu" pgeguctkc" rctc"
eqttqdqtct" gn" eqttgevq" hwpekqpcokgpvq" fgn" eqpvtqn" fgn" HNE"
fgucttqnncfq0"Gp"ncu"Hkiwtc"3:"ug"qdugtxc"swg"gn"ugiwkokgpvq"fgn"
ROR" ug" tgcnk¦„" fg" hqtoc" cfgewcfc" {" rtgekuc0" Nqu" xcnqtgu" fg"
rqvgpekc" kpuvcpvƒpgc" ogfkfqu" gp" gn" gpuc{q" ug" qdugtxcp" gp" gn"
itƒhkeq"rqt"ogfkq"fg"rwpvqu."okgpvtcu"swg" nqu"xcnqtgu"gurgtcfqu"
qdvgpkfqu"fg"nc"ukowncek„p."ug"qdugtxc"gp"n‡pgc"eqpvkpwc0"

"Gp"gn"gpuc{q"ug"tgikuvtctqp"fkhgtgpvgu"xcnqtgu"fg"kttcfkcpekc"{"
rwgfg" qdugtxctug" swg" gn" ugiwkokgpvq" ug" tgcnk¦q" fg" nc" hqtoc"
gurgtcfc." gp" gurgekcn" rctc" ncu" kttcfkcpekcu" dclcu." gp" fqpfg" nc"
d¿uswgfc"rwgfg"nngict"c"pq"ugt"rtgekuc0"

"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"
"

Hkiwtc"3:<"Rqvgpekc"oƒzkoc"fg"nqu""o„fwnqu"HX."igpgtcfq"{"ukowncfq0"
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80" Eqpenwuk„p0"

Gp"gn"vtcdclq"ug"fgucttqnn„"wp"ukuvgoc"HNE."korngogpvcfq"rctc"
nc"d¿uswgfc"fgn"ROR"gp"o„fwnqu"HX0"Gn"eqpqekokgpvq"cfswktkfq"
rqt" ogfkq" fg" fkhgtgpvgu" ukowncekqpgu." rgtokvk„" guvwfkct" nc"
fkpƒokec" fgn" ukuvgoc" {" fghkpkt" wpc" guvtcvgikc" fg" d¿uswgfc" gp"
hwpek„p"fg"xctkcdngu"swg"gp"nc"dkdnkqitch‡c"pq"ug"jcd‡cp"wvknk¦cfq0"
Ncu"xctkcdngu"fg"gpvtcfcu"Rqvgpekc"{"Eqttkgpvg."rgtokvgp"fg"hqtoc"
ugpeknnc" rncpvgct" wp" eqplwpvq" fg" tgincu" swg" cugiwtcp" wp" eqpvtqn"
ƒikn" gp" dcug" c" fqu" rwpvqu" fg" nc" ewtxc" R/X." eqoq" ug" fguetkdk„"
qrqtvwpcogpvg0"

Nc" fghkpkek„p" fgn" wpkxgtuq" fg" fkuewtuq" fg" ecfc" eqplwpvq" fg"
gpvtcfc" ug" fghkpk„" gp" hwpek„p" fg" ncu" ectcevgt‡uvkecu" gnfievtkecu" fg"
nqu" o„fwnqu" HX0" Gn" eqplwpvq" fg" tgincu" ug" tgcnk¦„" gp" dcug" c" nc"
xctkcek„p" fg" rqvgpekc" {" nc" eqttkgpvg" fg" vtcdclq0" Nc" xctkcek„p" fg"
rqvgpekc" ug" wvknk¦c" rctc" fgvgtokpct" gp" gn" ROR." okgpvtcu" swg" nc"
eqttkgpvg" fg" vtcdclq" ug" wvknk¦c" eqoq" xctkcdng" tgncekqpcfc" c" nc"
xgnqekfcf" fg" eqpxgtigpekc." {c" swg" nc" okuoc" etgeg" fg" hqtoc"
rtqrqtekqpcn"c"nc"kttcfkcpekc"swg"nngic"c"nqu"o„fwnqu0"

Gp" nc" ukowncekqpgu" ug" ocpkhkguvc" wpc" itcp" uwrgtkqtkfcf" fgn"
HNE" eqp" tgurgevq" cn" cniqtkvoq" R(Q." {c" swg" ug" qdugtxc" oc{qt"
xgnqekfcf"fg"eqpxgtigpekc"{"oc{qt"guvcdknkfcf"gp"gn"ROR0""

"Nc"rqvgpekc"ogfkfc"rqt"gn"HNE"gp"nc" korngogpvcek„p"hkpcn"c"
nq"nctiq"fg"wp"f‡c."rgtokvg"eqttqdqtct"uw"dwgp"hwpekqpcokgpvq0"Nc"
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