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RESUMEN"

 

Fcfq"gn"crq{q"{" hceknkfcf"swg"dtkpfcp" ncu" vgngeqowpkecekqpgu"c" ncu" qticpk¦cekqpgu"

rctc"gn"fgucttqnnq"fg"uwu"cevkxkfcfgu"{"swg"itcekcu"c"gnncu"rwgfgp"vgpgt"rtgugpekc"gp"

fkhgtgpvgu"ukvkqu"fkuvtkdwkfqu"igqitƒhkecogpvg."gp"nc"cevwcnkfcf."ncu"qticpk¦cekqpgu"uqp"

oƒu" fgrgpfkgpvgu" fg" ncu" tgfgu" fg" vgngeqowpkecekqpgu." tghktkfipfqug" c" ncu"

kpvgteqpgzkqpgu"gpvtg"ncu"qhkekpcu"fg"nc"okuoc"qticpk¦cek„p"cuk"eqoq"rctc"nc"eqpgzk„p"

cn"okuoq"ugtxkekq"fg" Kpvgtpgv0"Rqt" nq"cpvgtkqt" ncu" tgfgu"fg" vgngeqowpkecekqpgu"{"uw"

cfokpkuvtcek„p" ug" jcp" xwgnvq" oƒu" eqornglcu." rqt" nq" swg" ug" vkgpgp" swg" fgucttqnnct"

ogecpkuoqu"cwvqocvk¦cfqu"rctc"gn"oqpkvqtgq."eqpvtqn"{"cfokpkuvtcek„p"fg"ncu"okuocu0"

Cevwcnogpvg"gzkuvg"wpc"ctswkvgevwtc"cwvqocvk¦cfc"cfokpkuvtcfc"rqt"uqhvyctg."nc"ewcn"

hceknkvcp"nc"cfokpkuvtcek„p"{"c"uw"xg¦"qrvkok¦c"nc"eqpgevkxkfcf."fkejcu"ctswkvgevwtc"gu"

eqpqekfc"eqoq"UFP"*Uqhvyctg"Fghkpgf"Pgvyqtmkpi+"{"vkgpg"eqoq"qdlgvkxq"vtcpuhqtoct"

wpc"tgf"ÐrcukxcÑ"gp"wpc"ÐrtqcevkxcÑ0"

Gn"rtgugpvg"rtq{gevq"ug"fgucttqnn„"gp"nc"Rtqewtcfwt‡c"Igpgtcn"fg"Lwuvkekc"fgn"Guvcfq"

fg" Uqpqtc" *RILG+." gurge‡hkecogpvg" gp" nc" Fktgeek„p" fg" Ukuvgocu0" Nc" ogpekqpcfc"

Fktgeek„p"crq{c"gp"gn"fgucttqnnq"{"ocpvgpkokgpvq"fg"nqu"Ukuvgocu"Kphqtoƒvkequ"eqp"nqu"

ewcngu" nc" qticpk¦cek„p" fgucttqnnc" uwu" cevkxkfcfgu." cu‡" okuoq" vkgpg" nc" hwpek„p" fg"

kpvgteqpgevct"ncu"Wpkfcfgu"Cfokpkuvtcvkxcu"*WC+"eqp"gn"gfkhkekq"egpvtcn"fg"nc"RILG."rctc"

swg"ncu"WC"rwgfcp"ceegfgt"c"nqu"ukuvgocu"{"ugtxkekqu"jqurgfcfqu"fgpvtq"fgn"gfkhkekq"

rtkpekrcn0"

Fgtkxcfq" c" swg" nc" qticpk¦cek„p" guvƒ" gp" nc" korngogpvcek„p" fgn" Pwgxq" Ukuvgoc" fg"

Lwuvkekc"Rgpcn."gn"ewcn"ecodk„"gn"guswgoc"fg"tgf"fg"vgngeqowpkecekqpgu"fg"fkuvtkdwkfq"

c"egpvtcnk¦cfq."ug"jk¦q"xkvcn"nc"kpvgteqpgzk„p"gpvtg"nc"WC"{"gn"gfkhkekq"egpvtcn"fg"nc"RILG"

{"fcfq"c"swg"pq"vqfcu"ncu"WC"ewgpvcp"eqp"wpc"eqpgzk„p"q"dkgp"ncu"swg"u‡"vkgpgp"uqp"

fgocukcfq" ngpvcu" swg" pq" uqrqtvcp" nc" wvknk¦cek„p" fg" nqu" ukuvgocu" fg" kphqtocek„p"

tgswgtkfqu"rctc"gn"fgucttqnnq"fg"uwu"cevkxkfcfgu0"Vcodkfip" nc" kphtcguvtwevwtc"fg" tgf"
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kpvgtpc" rtqrkc" vcpvq" fg" ncu" WC" eqoq" nc" fg" nc" RILG" ug" gpewgpvtcp" gp" wp" guvcfq"

vgepqn„ikeq"qduqngvq0"

Wpc" xg¦" tgcnk¦cfq" wp" rtqeguq" fg" kpxguvkicek„p" fqewogpvcn." pq" ug" gpeqpvt„" wpc"

ogvqfqnqi‡c"q"rtqegfkokgpvq"gn"ewcn"c{wfg"c"tguqnxgt"ncu"rtqdngoƒvkecu"rctvkewnctgu"

swg"ug"rtgugpvctqp"gp"nc"qticpk¦cek„p."gu"rqt"guvq"swg"ug"jk¦q"gn"rncpvgcokgpvq"fg"wp"

rtqegfkokgpvq"eqp"gn"hkp"jcegt"wpc"gxcnwcek„p"fg"nc"ukvwcek„p"cevwcn"fg"nc"qticpk¦cek„p."

vgpkgpfq"eqoq"qdlgvkxq"tgcnk¦ct"wpc"korngogpvcek„p"fg"UFP."swg"eqpukfgtctc."swg"gp"

gn"ecuq"fg"pq"eqpvct"eqp"wpc"hcevkdknkfcf"vfiepkec"q"dkgp"swg"nc"korngogpvcek„p"fg"UFP"

pq" tguwgnxc" ncu" rtqdngoƒvkecu" rncpvgcfcu" fg" nc" qticpk¦cek„p" tgeqogpfctc"

qrvkok¦cek„p" fg" nqu" tgewtuqu" fg" kphtcguvtwevwtc" cevwcngu." cu‡" eqoq" wp" cpƒnkuku" fg"

tgswgtkokgpvqu"rctc"jcegt"oƒu"ghkekgpvg"nc"tgf"fg"vgngeqowpkecekqpgu"{"tguqnxgt"ncu"

rtqdngoƒvkecu"rncpvgcfcu0"

Nc" korngogpvcek„p" fg" fkejq" rtqegfkokgpvq" c{wf„" c" tguqnxgt" ncu" rtqdngoƒvkecu" fg"

kpvgteqpgzk„p" gpvtg" ncu" WC" {" gn" gfkhkekq" egpvtcn." cu‡" eqoq" qrvkok¦„" {" oglqt„" ncu"

kphtcguvtwevwtcu"fg" tgf" kpvgtpc" vcpvq"fg" nc"WC"eqoq"fg"gfkhkekq"egpvtcn"fg" nc"RILG."

fqpfg" fkejc" kphtcguvtwevwtc" pq" eworn‡c" eqp" nqu" tgswgtkokgpvqu" rctc" gn" dwgp"

hwpekqpcokgpvq"fg"nqu"ukuvgocu"fg"kphqtocek„p0"Vcodkfip"ug"hceknkv„"nc"cfokpkuvtcek„p"{"

eqpvtqn"fg"nc"tgf"rctc"gn"rgtuqpcn"gpecticfq"fg"cfokpkuvtctnc."cwvqocvk¦cpfq"rtqeguqu"

{"fkuokpw{gpfq"nqu"vkgorqu"fg"tgceek„p"rctc"nc"tgcnk¦cek„p"fg"ceekqpgu"eqttgevkxcu0"
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ABSTRACT
"

Ewttgpvn{" vjg"qticpk¦cvkqpu"ctg"oqtg"fgrgpfgpv"qh" vgngeqoowpkecvkqp"pgvyqtmu." hqt"

vjg"kpvgteqppgevkqp"dgvyggp"qhhkegu"qh"vjg"ucog"qticpk¦cvkqp"cu"ygnn"hqt"vjg" Kpvgtpgv"

ugtxkeg"eqppgevkqp0"Ikxkpi" vjg"uwrrqtv"cpf"gcug"rtqxkfgf"d{" vgngeqoowpkecvkqpu" vq"

vjg"dwukpguu" hqt" vjg"fgxgnqrogpv"qh" vjgkt"cevkxkvkgu." vgngeqoowpkecvkqpu"rtqxkfg" vjg"

cdknkv{" vq" jcxg" rtgugpeg" kp" fkhhgtgpv" igqitcrjkecn" fkuvtkdwvgf" rqkpvu" ku" kv" vjcv" vjgkt"

fgocpf"jcu"itqyp0"Dcugf"qp"vjg"hqtgiqkpi."vjg"vgngeqoowpkecvkqp"pgvyqtmu"cpf"vjgkt"

cfokpkuvtcvkqp"jcu"dgeqog"oqtg"eqorngz."tgcuqp"yj{"ku"tgswktgf"vjg"fgxgnqrogpv"qh"

cwvqocvgf"ogejcpkuou"hqt"vjg"oqpkvqtkpi."eqpvtqn"cpf"cfokpkuvtcvkqp0"Ewttgpvn{"gzkuvu"

cp"ctejkvgevwtg"cfokpkuvgtgf"d{"uqhvyctg"yjkej"gcugu" vjg"cfokpkuvtcvkqp"cpf"cv" vjg"

ucog" vkog"cwvqocvg" vjg"eqppgevkxkv{0"Vjku"ctejkvgevwtg" ku" mpqyp"cu"UFP" *Uqhvyctg"

Fghkpgf"Pgvyqtmkpi+." jcxkpi"cu"ockp"qdlgevkxg" vq" vtcpuhqto" c"rcuukxg"pgvyqtm" vq"c"

rtqcevkxg"pgvyqtm0"

Vjg"rtgugpv"rtqlgev"ycu"fgxgnqrgf"kp"vjg"Cvvqtpg{"Igpgtcn"qh"Lwuvkeg"qh"vjg"Uvcvg"qh"

Uqpqtc."urgekhkecnn{"kp"vjg"U{uvgou"Fkxkukqp."Vjku"Fkxkukqp"uwrrqtvu"vjg"fgxgnqrogpv"

cpf" ockpvgpcpeg" qh" kphqtocvkqp" u{uvgou" kp" yjkej" vjg" qticpk¦cvkqp" fgxgnqru" kvu"

cevkxkvkgu"cpf"kv"rtqxkfgu"vjg"tgswktgf"kpvgteqppgevkqp"dgvyggp"vjg"cfokpkuvtcvkxg"wpkvu"

cpf"vjg"egpvtcn"dwknfkpi"ikxkpi"vjg"tgswktgf"ceeguu"vq"vjg"ugtxkegu"cpf"u{uvgou"jquvgf"

kp"vjg"egpvtcn"dwknfkpi0"

Fwg" vq" vjcv" vjg" qticpk¦cvkqp" ku" korngogpvkpi" vjg" pgy" ceewucvqt{" u{uvgo." vjg"

ctejkvgevwtg" qh" vjg" vgngeqoowpkecvkqp" pgvyqtm" ejcpigf" htqo" c" fkuvtkdwvgf" vq" c"

egpvtcnk¦gf"oqfgn0"Vjgtgd{"vjg"kpvgteqppgevkqp"dgvyggp"vjg"cfokpkuvtcvkxg"wpkvu"cpf"

vjg" egpvtcn" dwknfkpi" dgecog" xkvcn0" Jcxkpi" vjcv" pqv" cnn" vjg" cfokpkuvtcvkxg" wpkvu" ctg"

eqppgevgf" cpf" vjcv" vjg{" jcxg" c" unqy" eqppgevkqp" vjcv" fqgu" pqv" cnnqy" vq" wug" vjg"

kphqtocvkqp"u{uvgou"tgswktgf"vq"fgxgnqr"vjgkt"cevkxkvkgu0"Cnqpi"ykvj"vjgug."vjg" kpvgtpcn"

pgvyqtm"kphtcuvtwevwtg"kp"vjg"egpvtcn"dwknfkpi"cpf"kp"vjg"cfokpkuvtcvkxg"wpkvu"ku"qduqngvg0"
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Dgecwug"yg"ygtg"pqv"cdng" vq" hkpf"c"ogvjqfqnqi{"qt"rtqegfwtg" vq"jgnr"wu"uqnxg" vjg"

fkhhkewnvkgu"rtgugpv"kp"vjg"qticpk¦cvkqp."yg"rtqrqug"c"rtqegfwtg"vq"gxcnwcvg"vjg"cevwcn"

ukvwcvkqp" qh" vjg" qticpk¦cvkqp" vq" korngogpv" c" UFP" ctejkvgevwtg." kp" uwej" ecug" vjcv"

qticpk¦cvkqp""fqgu"pqv"jcxg"vjg"vgejpkecn"xkcdknkv{"qt"vjcv"vjg"UFP"korngogpvcvkqp"fqgu"

pqv"uqnxg"vjg"fkhhkewnvkgu"gzrqugf."tgeqoogpf"kpuvgcf"vjg"qrvkok¦cvkqp"qh"vjg"ewttgpv"

qticpk¦cvkqp" kphtcuvtwevwtg" tguqwtegu"cpf" vjg"cpcn{uku"qh" vjg" tgswktgogpv"pggfgf" vq"

vtcpuhqto"kp"vq"c"oqtg"ghhkekgpv"vgngeqoowpkecvkqp"pgvyqtm"cpf"vq"uqnxg"vjg"fkhhkewnvkgu"

gzrqugf0"

Vjg"korngogpvcvkqp"qh"vjg"rtqegfwtg"jgnr"wu"vq"uqnxg"vjg"fkhhkewnvkgu"qh"kpvgteqppgevkqp"

qh" vjg"cfokpkuvtcvkxg"wpkvu"ykvj"vjg"egpvtcn"dwknfkpi."cpf"vq"qrvkok¦g"cpf"kortqxg"vjg"

kpvgtpcn"kphtcuvtwevwtg"kp"vjg"cfokpkuvtcvkxg"wpkvu"cpf"vjg"egpvtcn"dwknfkpi"qh"vjg"Cvvqtpg{"

Igpgtcn" qh" Lwuvkeg" qh" vjg" Uvcvg" qh" Uqpqtc." jcxkpi" vjwu" vjcv" vjg" kphtcuvtwevwtg"

korngogpvgf"ceeqornkuj"vjg"pggfgf"tgswktgogpvu"hqt"vjg"qrvkocn"rgthqtocpeg"qh"vjg"

kphqtocvkqp" u{uvgou." hceknkvcvkpi" cnuq" vjg" cfokpkuvtcvkqp" cpf" eqpvtqn" qh" vjg"

vgngeqoowpkecvkqp"pgvyqtm"hqt"vjg"gornq{ggu"tgurqpukdng"hqt"ocpcikpi"kv."d{"rtqeguu"

cwvqocvkqp"yjkej"fgetgcugf"vjg"vkog"vq"ceeqornkuj"eqttgevkxg"cevkqpu0"

"
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1 INTRODUCCIÓN

Gp" nc" cevwcnkfcf" wvknk¦ct" crnkecekqpgu" fgrgpfkgpvgu" fg" ncu" vgepqnqi‡cu" fg"

vgngeqowpkecekqpgu" gu" ecfc" xg¦" oƒu" eqo¿p." fgdkfq" c" gnnq" uw" etgekokgpvq" gu"

cegngtcfq."jcekgpfq"uw"cfokpkuvtcek„p"{"ocpvgpkokgpvq"oƒu"eqornglc"*[cpi"{"Ejcpi."

4233+0"Nc"eqornglkfcf"fg"wpc"tgf"fg"vgngeqowpkecekqpgu"guvƒ"fcfc"rqt"nc"fgocpfc"

fg" o¿nvkrngu" ugtxkekqu" {" xgtucvknkfcf0" Nqu" oqfgnqu" fg" cfokpkuvtcek„p" cevwcngu" uqp"

kpcfgewcfqu" rctc" uqrqtvct" nc" itcp" fgocpfc" fg" ugtxkekqu0" Gp" nc" cfokpkuvtcek„p"

vtcfkekqpcn"fg"wpc"ctswkvgevwtc"fg"tgf."gn"qdlgvkxq"gu"ukorngogpvg"tgrqtvct"{"cevwcnk¦ct"

gn"guvcvwu"fg"nqu"fkurqukvkxqu"eqpgevcfqu"*Octv‡p"gv"cn0."4234+0"Jc{"qticpk¦cekqpgu"swg"

jcegp"rqec"uwrgtxkuk„p"uqdtg"gn"cpejq"fg"dcpfc"swg"eqpuwogp"rqt"ecfc"ugtxkekq"{"

nqu" tgewtuqu" fg" jctfyctg" swg" wvknk¦cp." rtqrkekcpfq" kpghkekgpekc" {" fkhkewnvcf" gp" nc"

fgvgeek„p"fg"hcnncu"*Ecuvc."4233+0"

Gn"rtqr„ukvq"fg"nc"cfokpkuvtcek„p"fg"nc"tgf"gu"iguvkqpct"ghkekgpvgogpvg"gn"gswkrcokgpvq"

kpxqnwetcfq"gp"nc"kphtcguvtwevwtc"fg"tgf."kfgpvkhkect"rtqdngocu"rtgugpvcfqu"{"tgcnk¦ct"

ncu"ceekqpgu"eqttgevkxcu"eqttgurqpfkgpvgu."wvknk¦cpfq"fg"jgttcokgpvcu"fg"crq{q"swg"

rgtokvcp"nc"fgvgeek„p"kpogfkcvc"fg"hcnnc."dtkpfcpfq"cu‡"wp"ugtxkekq"fg"ecnkfcf."ukgpfq"

guvq"¿nvkoq"gn"tgvq"oƒu"korqtvcpvg"fg"nc"cfokpkuvtcek„p"fg"ncu"tgfgu"oqfgtpcu"*[cpi"

{"Ejcpi."4233+0"

Rqt" nq" swg." gp" hwpek„p" fg" wpc" guvtwevwtc" fg" tgf" vtcfkekqpcn" swg" ug" jc" xwgnvq"oƒu"

eqornglc."nc"ecrcekfcf"fg"eqpvtqn"ecfc"xg¦"gu"ogpqt"{"fkh‡ekn"fg"ictcpvk¦ct"nc"ecnkfcf"

gp"gn"ugtxkekq0"Gn"Ðuqhvyctg"fghkpgf"pgvyqtmkpiÑ"*UFP+"rtqrqtekqpc"wpc"pwgxc"hqtoc"fg"

tguqnxgt"nqu"rtqdngocu"cpvgtkqtgu"ogfkcpvg"wp"pwgxq"vkrq"fg"ctswkvgevwtc"rtgugpvcfc"

rqt"ÐEngcpUncvgÑ."wp"gswkrq"fg"kpxguvkicek„p"fg"nc"Wpkxgtukfcf"fg"Uvcphqtf"*Nwcp"gv"

cn0."4237+0"Nc"crctkek„p"fg"UFP"vtcpuhqtoc"nc"tgf"ÐrcukxcÑ"gp"wpc"ÐrtqcevkxcÑ."fg"oqfq"

swg"nc"tgf"rwgfg"ocpglct"gn"vtƒhkeq"fg"hqtoc"cevkxc"{"hngzkdng"*Ewk"gv"cn0."4236+0""

Fcfq"swg"UFP"rgtokvg"cn"cfokpkuvtcfqt"fg"nc"tgf"iguvkqpctnc"fg"ocpgtc"oƒu"hƒekn"{"

hngzkdng."ug"gurgtc"uwrgtct"nqu"rtqdngocu"vcngu"eqoq."eqpuvtwkt"wpc"tgf"eqp"gswkrqu"fg"
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eqpowvcek„p" fg" fkhgtgpvgu" hcdtkecpvgu" vgpkgpfq" cu‡" wp" ngpiwclg" fg" eqphkiwtcek„p"

fkhgtgpvg." gnkokpct" rtqdngocu" rtqxgpkgpvgu" fg" nc" kpvgtxgpek„p" fg" nc" ocpq" jwocpc"

*Pcmc{coc"gv"cn0."4236+0"

1.1 Presentación

Gn"rtq{gevq"ug"tgcnk¦„"gp"nc"Rtqewtcfwt‡c"Igpgtcn"fg"Lwuvkekc"fgn"Guvcfq"*RILG+." nc"

ewcn"ewgpvc"eqp"xctkcu"fktgeekqpgu"gp"uw"qticpkitcoc."gurge‡hkecogpvg"ug"fgucttqnnctƒ"

gp"nc"Fktgeek„p"Igpgtcn"fg"Ukuvgocu"fg"Kphqtocek„p"{"Rqn‡vkec"Etkokpcn"*FIUKRE+"nc"

ewcn" guvƒ" gphqecfc" gp" ocpvgpgt" nqu" ugtxkekqu" kphqtoƒvkequ" wvknk¦cfqu" rqt" nc"

fgrgpfgpekc." gn" fgucttqnnq" fg" pwgxqu" ukuvgocu" {" nc" kpvgteqpgevkxkfcf" gpvtg" ncu"

Wpkfcfgu"Cfokpkuvtcvkxcu"*WC+0"Nc"Fktgeek„p"ug"fkxkfg"gp"ewcvtq"fktgeekqpgu"fg"ƒtgc<"

Fktgeek„p"fg"Ukuvgocu"fg" Kphqtocek„p"{"Dcug"fg"Fcvqu."Fktgeek„p"fg"Guvcf‡uvkec"{"

Rqn‡vkec" Etkokpcn." Fktgeek„p" Ukuvgoc" fg" Crq{q" cn"Okpkuvgtkq" R¿dnkeq" {" Fktgeek„p" fg"

Kppqxcek„p"Vgepqn„ikec"fg"Ukuvgocu"Dkqofivtkequ."vgpkgpfq"wp"vqvcn"fg"45"gorngcfqu"

kpenw{gpfq"cn"Fktgevqt"Igpgtcn0"

Cevwcnogpvg" fgpvtq" nc" RILG" ug" guvƒ" korngogpvcpfq" gn" pwgxq" Ukuvgoc" fg" Lwuvkekc"

Rgpcn" *ULR+."rqt" nq"swg" nc"fktgeek„p"FIUKRE"guvƒ"c"ectiq"fg"rqpgt"gp"octejc"wp"

pwgxq"ukuvgoc"fg"kphqtocek„p"swg"ewornc"eqp"nqu"tgswgtkokgpvqu"fgn"pwgxq"guswgoc"

fg"Lwuvkekc0"Gn"ceeguq"cn"ukuvgoc"{"nc"kpvgteqpgevkxkfcf"gpvtg"ncu"WC"ug"jcp"eqpxgtvkfq"

gp"rctvg"hwpfcogpvcn"rctc"gn"fgucttqnnq"fg"ncu"cevkxkfcfgu"fg"ncu"okuocu0"

Gn" ukuvgoc" fg" kphqtocek„p" wvknk¦cfq" gp" gn" guswgoc" fg" Lwuvkekc" cpvgtkqt" ukiwg" gp"

hwpekqpcokgpvq"jcuvc"swg"ug" vgtokpg"fg" korngogpvct"gn"pwgxq"guswgoc." nq"ewcn"ug"

guvƒ"tgcnk¦cpfq"rqt"hcugu"gp"vqfq"gn"Guvcfq."eqp"tgurgevq"cn"cpvgtkqt"ukuvgoc"vkgpg"wp"

hwpekqpcokgpvq" fguegpvtcnk¦cfq" fqpfg" ecfc" WC" ewgpvc" eqp" uw" rtqrkq" ugtxkfqt." nc"

kphqtocek„p"ug"tgrnkec"c"wp"ugtxkfqt"egpvtcn"rctc"uw"tgeqngeek„p"{"cu‡"hceknkvg"gn"cpƒnkuku"

guvcf‡uvkeq." eqpuwnvc" fg" kphqtocek„p" {" tgurcnfq" fg" nqu" fcvqu0" Nc" tgrnkecek„p" fg" nc"

kphqtocek„p"rtgugpvc"rtqdngocu"{c"swg"pq" vqfcu" ncu"WC"ewgpvcp"eqp"wp"gpnceg"cn"

ugtxkfqt"egpvtcn"q"gp"cniwpqu"ecuqu"gn"ugtxkekq"gu"fgocukcfq"ngpvq"q"kpvgtokvgpvg0"Rqt"

qvtq" ncfq." gn" pwgxq" Ukuvgoc" fg" Kphqtocek„p" swg" ug" gpewgpvtc" gp" hcug" fg"
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korngogpvcek„p"gu"wp"guswgoc"egpvtcnk¦cfq."rqt"nq"swg"ug"xg"chgevcfq"fktgevcogpvg"

rqt" nc" rtqdngoƒvkec" fguetkvc" cpvgtkqtogpvg" {c" swg" ug" gpewgpvtc" jqurgfcfq" gp" gn"

ugtxkfqt"egpvtcn0"

Nc"kphtcguvtwevwtc"fg"vgngeqowpkecekqpgu"eqp"nc"swg"ewgpvc"nc"RILG"{"ncu"fkhgtgpvgu"

WC" gu" ow{" jgvgtqifipgc" nq" swg" jceg" fkh‡ekn" rctc" nqu" cfokpkuvtcfqtgu" fg" nc" tgf" gn"

oqpkvqtgq"{"uw"cfokpkuvtcek„p."qecukqpcpfq"swg"gn"vkgorq"fg"glgewek„p"fg"ceekqpgu"

eqttgevkxcu"cn"rtgugpvctug"wpc"ukvwcek„p"cp„ocnc"q"fg"hcnnc"ugcp"ow{"nctiqu"q"dkgp"swg"

uqnq"wpc"rgtuqpc"vgpic"nc"ecrcekfcf"fg"uqnwekqpct"nqu"gxgpvqu"rtgugpvcfqu0"

1.2 Planteamiento del Problema

Nc"Rtqewtcfwt‡c"Igpgtcn"fg"Lwuvkekc"fgn"Guvcfq"guvƒ"korngogpvcfq"gn"ULR"ogfkcpvg"

wp"Ukuvgoc"fg"Kphqtocek„p"gp"gn"ewcn"ceegfcp"vqfcu"ncu"WC"fgn"Guvcfq."rqt"nq"swg"gu"

et‡vkeq"eqpvct"eqp"wpc"eqpgzk„p"guvcdng"{"fg"cnvc"fkurqpkdknkfcf"eqp"gn"ugtxkfqt"egpvtcn."

cu‡" okuoq" gu" pgeguctkq" oglqtct" nc" ctswkvgevwtc" fg" tgf" rctc" wp" oqpkvqtgq" {"

cfokpkuvtcek„p"ghkekgpvg"swg"tgfw¦ec"nqu"vkgorqu"fg"ceekqpgu"eqttgevkxcu"gp"gn"ecuq"

fg"hcnnc0"

1.3 Objetivo General

Fkug‚ct"g"korngogpvct"wpc"ctswkvgevwtc"fg"tgf"cfokpkuvtcfc"rqt"uqhvyctg."eqp"gn"hkp"fg"

oglqtct"nc"guvcdknkfcf"{"fkurqpkdknkfcf"fg"nc"tgf"gpvtg"ncu"WC"{"gn"ugtxkfqt"egpvtcn"fg"nc"

RILG="cu‡"okuoq"rgtokvc"etgct"rtqeguqu"cwvqocvk¦cfqu"fg"oqpkvqtgq"{"cfokpkuvtcek„p"

fgn"gswkrcokgpvq"kpxqnwetcfq"gp"nc"kphtcguvtwevwtc"fg"tgf0"

1.4 Objetivos Específicos

·" Eqphkiwtct" gn" gswkrq" ugiwtkfcf" rgtkogvtcn" fg" ncu" WC" rctc" vgpgt" wp"

hwpekqpcokgpvq"cwvqocvk¦cfq"{"fg"cnvc"fkurqpkdknkfcf"eqp"gn"ugtxkfqt"egpvtcn0"

·" Fkug‚ct"wp"oqfgnq"fg"oqpkvqtgq"fgn"gswkrcokgpvq"fg"tgf."swg"cngtvfi"gp"gn"

ecuq"fg"hcnnc"{"cnocegpfi"nqu"uweguqu"rctc"uw"cpƒnkuku"rquvgtkqt."eqoq"crq{q"

c"nc"vqoc"fg"fgekukqpgu0"
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·" Qrvkok¦cek„p"fg"nqu"tgewtuqu"fg"tgf"eqp"gn"hkp"fg"cwvqocvk¦ct"nqu"rtqeguqu"{"

qrgtcekqpgu"fg"tgf0"

·" Gxcnwct" nqu" vkgorqu" fg" glgewek„p" fg" ceekqpgu" eqttgevkxcu" {" ecpvkfcf" fg"

gttqtgu"rtgugpvcfqu"gp"wp"rgtkqfq"fgvgtokpcfq."eqp"nc"ctswkvgevwtc"cevwcn"{"

rquvgtkqt"c"nc"korngogpvcek„p"rtqrwguvc0"

·" Etgct"wpc"ctswkvgevwtc"fg"tgf"fg"cnvc"fkurqpkdknkfcf"rctc"vgpgt"vqngtcpekc"c"

hcnnqu0"

1.5 Hipótesis 

Korngogpvct" wpc" ctswkvgevwtc" fg" tgf" swg" rgtokvc" nc" cfokpkuvtcek„p" {" eqpvtqn" fgn"

gswkrcokgpvq"tgf"ogfkcpvg"uqhvyctg"{1q"nc"cwvqocvk¦cek„p"fg"qrgtcekqpgu"fg"tgf."cu‡"

eqoq"nc"kpvgteqpgzk„p"gpvtg"ncu"WC"{"gn"ugtxkfqt"egpvtcn."fkuokpwktƒ"nc"kpguvcdknkfcf"{"

fgueqpgzkqpgu."cu‡"eqoq"nqu"vkgorqu"gp"nc"glgewek„p"ceekqpgu"eqttgevkxcu"gp"gn"ecuq"

fg"hcnncu"gp"nc"tgf0""

1.6 Alcances y Delimitaciones 

Gn" rtq{gevq" ug"jc"gphqecfq"gp" korngogpvct" wpc"ctswkvgevwtc" fg"cnvc" fkurqpkdknkfcf"

gpvtg"ncu"WC"{"gn"ugtxkfqt"egpvtcn."{"ug"dcuctƒ"uqnq"gp"ncu"WC"swg"ewgpvgp"eqp"cn"ogpqu"

fqu" gpncegu" fg" Kpvgtpgv" q" kpvtcpgv" {" gswkrcokgpvq" swg" uqrqtvg" ncu" eqphkiwtcekqpgu"

pgeguctkcu" fg" nc" ctswkvgevwtc" rtqrwguvc0" Nc" ctswkvgevwtc" rctc" nc" cfokpkuvtcek„p" {"

eqpvtqn"fg"nc"kphtcguvtwevwtc"fg"tgf."ugtƒ"korngogpvcfc"¿pkecogpvg"WC"swg"cfgoƒu"

fg"nqu"gpncegu"fg"kpvgteqpgzkqpgu"ewgpvgp"eqp"gn"gswkrcokgpvq"fg"tgf"rctc"tgcnk¦ct"nc"

rtqrwguvc0"

1.7 Justificación 

Nc"wvknk¦cek„p"fgn"pwgxq"Ukuvgoc"fg"Kphqtocek„p"ug"jc"eqpxgtvkfq"gp"rctvg"hwpfcogpvcn"

rctc"ncu"cevkxkfcfgu"fg"nc"RILG."rqt"nq"swg."uk"wpc"WC"rkgtfg"nc"eqpgzk„p"cn"ugtxkfqt"

egpvtcn"{"pq"ug"rwgfg"ceegfgt"cn"Ukuvgoc."qecukqpc"fghkekgpekc"gp"gn"ugtxkekq"dtkpfcfq"

c"nc"ekwfcfcp‡c."oƒu"itcxg"c¿p"nc"kpeqpitwgpekc"q"rfitfkfc"fg"kphqtocek„p0"
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Nc" ctswkvgevwtc" fg" tgf" ug" jc" fgucttqnncfq" eqoq" crq{q" cn" ugtxkekq" fg" tgf" {"

vgngeqowpkecekqpgu"fg"nc"RILG."fgdkfq"c"swg"pq"ewgpvc"eqp"wp"guswgoc"cfgewcfq"

fg"oqpkvqtgq"gp"vkgorq"tgcn"swg"guvg"cpcnk¦cpfq"gn"guvcfq"fg"nc"tgf"{"eqp"nc"ecrcekfcf"

fg"cngtvct"c" nqu"cfokpkuvtcfqtgu"gp"gn"ecuq"fg"rtgugpvctug"cniwpc" hcnnc." vcpvq"gp" nc"

kpvgteqpgzk„p" gpvtg" ncu" WC" {" gn" ugtxkfqt" egpvtcn." eqoq" fgpvtq" fg" nc" okuoc"

kphtcguvtwevwtc"fg"nc"RILG."tghnglƒpfqug"gp"nctiqu"vkgorqu"fg"glgewek„p"fg"ceekqpgu"

rctc"nc"uqnwek„p"fg"nqu"rtqdngocu"rtgugpvcfqu0"

Nc"qrvkok¦cek„p"{"cwvqocvk¦cek„p"fg"nqu"rtqeguqu"fg"tgf."ukornkhkec"nc"cfokpkuvtcek„p"

{"eqpvtqn"fgn"gswkrcokgpvq"fg"tgf."cu‡"okuoq"nc"uqnwek„p"fg"hcnncu"q"eqphkiwtcekqpgu"

cfkekqpcngu0"

Rqt" nq" vcpvq." nc" korngogpvcek„p" fg" fkejc" ctswkvgevwtc" dgpghkekq" c" tgcnk¦ct" ceekqpgu"

eqttgevkxcu"ghkekgpvgu"gp"gn"ecuq"fg"rtgugpvctug"rtqdngocu"q"cpqocn‡cu"gp"nc"tgf"swg"

chgevcp"fktgevcogpvg"c"ncu"rtkpekrcngu"cevkxkfcfgu"fg"nc"RILG."cu‡"okuoq"ug"cnocegpq"

ncu"hcnncu"{"uqnwekqpgu"fg"nqu"gxgpvqu"uwuekvcfqu"rgtokvkgpfq"uw"cpƒnkuku"rquvgtkqt"eqoq"

crq{q"c"nc"vqoc"fg"fgekukqpgu0"Rqt"¿nvkoq."jcdknkvq"wp"guswgoc"fg"cnvc"fkurqpkdknkfcf"

gp" nc" eqpgevkxkfcf" eqp" gn" ugtxkfqt" egpvtcn" eqp" wpc" qrgtcvkxkfcf" cwvqocvk¦cfc" fg"

eqttgeek„p"fg"gttqtgu."tguwnvcpfq"guvq"gp"wp"ugtxkekq"guvcdng"fwtcpvg"vqfq"gn"f‡c."{c"

swg"gn"rgtuqpcn"c"ectiq"fgn"uqrqtvg"fg"nc"tgf"vkgpg"wp"jqtctkq"ncdqtcn"swg"fkhkgtg"fgn"

rgtuqpcn"xgurgtvkpq1pqevwtpq."fqpfg"gp"gn"ecuq"fg"rtgugpvctug"hcnnc."ug"kpvgttworg"gn"

ugtxkekq"{"ug"gurgtc"c"nc"uqnwek„p"jcuvc"gn"f‡c"rquvgtkqt0
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2 MARCO DE REFERENCIA

Gp"guvg"ecr‡vwnq"ug"rtgugpvc"nc"tgxkuk„p"dkdnkqitƒhkec."nc"ewcn"uwuvgpvc"gn"fgucttqnnq"fgn"

rtgugpvg"rtq{gevq0"Ug"cdqtfc"uqnq"eqpegrvqu"cxcp¦cfqu"tgncekqpcfqu"eqp"ncu"tgfgu"

fg" vgngeqowpkecekqpgu." cu‡" eqoq" fg" jgttcokgpvcu" fg" uqhvyctg" fkug‚cfcu" rctc" nc"

cfokpkuvtcek„p"{"oqpkvqtgq"fgn"gswkrcokgpvq"fg"nc"kphtcguvtwevwtc"fg"tgf0"Cu‡"okuoq"

ug"rtgugpvc"guvwfkqu"rtgxkqu"tgncekqpcfqu"eqp"gn"vgoc"fg"guvc"kpxguvkicek„p0"Ug"cenctc"

swg"nqu"eqpegrvqu"dƒukequ"fg"tgfgu."uwu"rtqvqeqnqu"{"rtqrkgfcfgu"pq"ug"fguetkdgp"{c"

swg"uqp"vgocu"fg"eqpqekokgpvq"igpgtcn"fg"nqu"cfokpkuvtcfqtgu"fg"tgf0"

2.1 Redes definidas por software

Nc"crctkek„p"fgn"UFP"jc"etgcfq"gn"rqvgpekcn"{"nc"gurgtcp¦c"fg"uwrgtct"ncu"pgegukfcfgu"

fg" ncu" ukiwkgpvgu" igpgtcekqpgu"fg" tgfgu" fg" vgngeqowpkecekqpgu." fcpfq" ugiwtkfcf."

hngzkdknkfcf." eqphkcdknkfcf" {" wpc" oglqt" cfokpkuvtcek„p0" Eqp" UFP" ug" egpvtcnk¦c" nc"

cfokpkuvtcek„p" c" wp" eqpvtqncfqt" gzvgtpq" cn" gswkrcokgpvq." jcekgpfq"oƒu" ugpeknnq" nc"

rtqitcocek„p"fg" vqfq"gn"jctfyctg0"Ncu"ectcevgt‡uvkecu"swg"qhtgeg"UFP"qdxkcogpvg"

uqp" ow{" pqvcdngu." eqoq" wpc" ctswkvgevwtc" kppqxcfqtc." tgpvcdng" {" rtqitcocdng"

kpfgrgpfkgpvgogpvg" fgn" hcdtkecpvg" fg" vgepqnqi‡c0" Cwpswg" ug" owguvtcp" owejcu"

ectcevgt‡uvkecu" rqukvkxcu" fgn" wvknk¦ct" UFP." gzkuvg" nc" rtgqewrcek„p" rqt" rctvg" fg" nqu"

gzrgtvqu"cegtec"fgn"vgoc"fg"nc"ugiwtkfcf."nq"ewcn"eqpukfgtcp"swg"fgdg"fg"vtcvctug"fg"

hqtoc"ow{"okpwekquc"*Cmjwp¦cfc"gv"cn0."4237+0"

Gp"nc"ctswkvgevwtc"vtcfkekqpcn"ecfc"gswkrq"fgpvtq"fg"nc"tgf"ug"rqft‡c"fgekt"swg"gu"wp"

eqpvtqncfqt"rqt"nq"swg"ecfc"fgekuk„p"fg"gptwvcokgpvq"w"qvtq"rtqvqeqnq"gu"tgcnk¦cfq"rqt"

ecfc"gswkrq0"Rqt"qvtq" ncfq."gp" nc"ctswkvgevwtc"fg"UFP"gzkuvgp"xctkqu" eqorqpgpvgu"

tgurqpucdngu"gp"nc"gpvtgic"fg"nqu"rcswgvgu"fg"gzvtgoq"c"gzvtgoq"eqoq"ug"owguvtcp"

gp"nc"hkiwtc"4030."3/"Kpvgthceg"fg"tgf<"ecfc"fkurqukvkxq"gp"nc"tgf"ewgpvc"eqp"kpvgthcegu"

eqp"ncu"ewcngu"ug"kpvgteqpgevcp"rctc"eqowpkectug"eqp"qvtqu"fkurqukvkxqu."4/"Fktgeek„p"

Pqtvg"*Crnkecek„p+."gu"nc"kpvgtceek„p"gpvtg"ncu"crnkecekqpgu"swg"ug"glgewvcp"fgpvtq"nc"

kphtcguvtwevwtc"fg"tgf"{"gn"eqpvtqncfqt"fg"UFP."5/"Fktgeek„p"Uwt"*Crnkecek„p+."guvc"¦qpc"
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ug"wvknk¦c"pqtocnogpvg"gp"rtqvqeqnq"fg"QrgpHnqy."gp"fqpfg"ug"fghkpg"wpc"ugtkg"fg"

tgincu"rctc"gn"fgux‡q"fg"nqu"fcvqu."nq"ewcn"rgtokvg"cn"gswkrcokgpvq"fg"gptwvcokgpvq"{"

eqpowvcek„p" gn" gpvgpfkokgpvq" fg" nc" vqrqnqi‡c" fg" tgf." cu‡" okuoq" ncu" uqnkekvwfgu"

gpxkcfcu"fgufg"nqu"crnkecek„p"fg"nc"fktgeek„p"pqtvg="6/"gn"Eqpvtqncfqt."gu"n„ikecogpvg"

wp"eqpvtqncfqt"egpvtcnk¦cfq"tgurqpucdng"fg<"c+"Kpvgtrtgvcek„p"fg"nqu"tgswkukvqu"rtgxkqu"

fg"nc"crnkecek„p"fg"UFP"jcuvc"gn"rncpq"fg"fcvqu."d+"rtqrqtekqpc"wpc"xkuk„p"fg"tgf"swg"

rwgfg"kpenwkt"Pqvkhkecek„p"fg"gxgpvqu."tgrqtvgu"guvcf‡uvkeq."tggpx‡q"fg"rcswgvgu."gpvtg"

qvtqu"*Rcvgn."4238+0"

UFP" rtqogvg" ukornkhkect" nc" korngogpvcek„p" {" nc" qrgtcek„p" fg" nc" tgf" fg"

vgngeqowpkecekqpgu." c" nc" rct" tgfwekt" nqu" equvqu" fg" cfokpkuvtcek„p" fg" nc" okuoc."

dtkpfcpfq"ugtxkekq"fg"tgf"rtqitcocdngu"*Htcugt"gv"cn0."4235+0"

Fgdkfq"c"uw"rctcfkioc"fg"eqpvtqn"egpvtcnk¦cfq."UFP"guvƒ"ukgpfq"cfqrvcfq"rctc"ncu"

tgfgu" eqoq." nqu" egpvtqu" fg" fcvqu." tgfgu" o„xkngu." tgfgu" fg" vtcurqtvg" {" ncu" tgfgu"

gortguctkcngu."rqt" nq"swg"gu"ow{" korqtvcpvg" nc" tgukuvgpekc"c" ncu" hcnncu."gzkuvgp"fqu"

v„rkequ" rctc" cvcect" ncu" rtqdngoƒvkecu" ogpekqpcfcu" swg" gu" nc" tguvcwtcek„p" {"

rtqvgeek„p0" Nc" tguvcwtcek„p." ewcpfq" wp" uykvej" fgvgevc" wp" hcnnq" gp" gn" gpnceg" fg" nc"

eqpgevkxkfcf."gpvqpegu"wp"ogpuclg"fg"pqvkhkecek„p"ug"gpx‡c"cn"eqpvtqncfqt"rctc"swg"

ecnewng" wp" pwgxq" ecokpq" cn" hnwlq" fg" nc" kpvgteqpgzk„p" gpvtg" nqu" uykvejgu0" Gp" nc"

rtqvgeek„p." gn" eqpvtqncfqt" ecnewnc" xctkcu" twvcu" fg" kpvgteqpgzk„p" gpvtg" nqu" uykvejgu."

kpuvcncpfq"ncu"gpvtcfcu"gp"ecfc"wpq"fg"gnnqu"eqp"cpvgtkqtkfcf."eqp"gn"hkp"fg"swg"gn"ecuq"

fg"hcnnq"gn"uykvej"rwgfg"fktkikt"cn"vtƒhkeq"c"qvtc"twvc"rtgxkcogpvg"ecticfc"ukp"vgpgt"swg"

gurgtct" ncu" „tfgpgu" fgn" eqpvtqncfqt0" Cfgoƒu" fg" nc" rgtfkfc" fg" gpnceg." qvtq" fg" nqu"

rtqdngocu"swg"vkgpgp"nqu"cfokpkuvtcfqtgu"fg"tgf"gu"nc"eqpiguvk„p"gp"nqu"gpncegu."gn"

ewcn" gu" fgtkxcfq" fg" uqdtg" ucvwtcek„p" fg" fcvqu" rqt" wp" okuoq" gpnceg." ghgevq" swg"

qecukqpct‡c"wpc"tgfweek„p"gp"gn"tgpfkokgpvq"fg"nc"tgf"*Nkp"gv"cn0."4238+0"
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"

IFigura 2.1 Tgrtgugpvcek„p"fg"UFP *Rcvgn."4238+

"

2.2 Principales protocolos de monitoreo y control de SDN

Nqu"rtqvqeqnqu"rqrwnctgu"rctc"UFP"uqp"gn"HqtEGU"*Hqtyctfkpi"cpf"Eqpvtqn"Gngogpvu"

Ugrctcvkqp+"{"QrgpHnqy0"Codqu"rtqvqeqnqu"wvknk¦cp"gn"rtkpekrkq"hwpfcogpvcn"fg"UFP"

swg"gu"ugrctct"nqu"rncpqu"fg"eqpvtqn"{"fcvqu"*Rcvgn."4238+0"

QrgpHnqy"wp"rtqvqeqnq"rtgugpvcfq"rqt"rtkogtc"xg¦"gp"gn"c‚q"422:."gu"wp"rtqvqeqnq"

fg" eqowpkecek„p" rctc" nc" ocpkrwncek„p" tgoqvc" gn" tggpxk„" fg" gptwvcfqtgu" {"

eqpowvcfqtgu="gu"eqpukfgtcfq"rqt"cniwpqu"eqoq"gn"ukp„pkoq"fg"UFP"{"cjqtc"gu"wp"

gngogpvq"encxg"fgpvtq"fg"ncu"kpkekcvkxcu"kpfwuvtkcngu"fg"UFP."cevwcpfq"eqoq"rtqvqeqnq"

wvknk¦cfq"rqt"nqu"eqpvtqncfqtgu"fg"UFP"*Dqpfmqxumkk"gv"cn0."4238+0"Qrgphnqy"jc"icpcfq"

gp" nqu" ¿nvkoqu" c‚qu" nc" cvgpek„p" fg" nqu" kpxguvkicfqtgu" eqp" tgurgevq" c" nc" tgf" fg"
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vgngeqowpkecekqpgu0"Nc"eqpvtkdwek„p"fg"Qrgphnqy"gu"swg"gtc"wpc"kpvgthc¦"fqpfg"ug"

rtqitcocdc"gn"tggpxk„"fg"vtƒhkeq"fgpvtq"fg"nqu"gswkrqu"fg"eqpowvcek„p"*uykvej+."nq"swg"

hwg"nc"kpurktcek„p"rctc"gn"ncp¦cokgpvq"fg"nq"swg"jq{"eqpqegoqu"eqoq"UFP."{c"swg"ug"

rtgugpvc" fghkekgpekcu" gp" ncu" tgincu" fg" tggpx‡q" rtqitcocfqu" gp" nqu" gswkrqu" fg"

eqpowvcek„p" uqp" fg" hqtoc" guvƒvkecu" rqt" nq" swg" gu" tgswgtkfq" wp" eqpvtqncfqt" rctc"

cwvqocvk¦ct" {" jcegt" fkpƒokeq" nqu" clwuvgu" fgp" nc" tgincu" gp" gn" ecuq" fg" ecodkqu"

*Rqpvctgnnk" gv" cn0." 4238+0" Gn" rtqvqeqnq" Qrgphnqy" vkgpg" vtgu" eqorqpgpvgu<" Uykvej"

QrgpHnqy."wp"ecpcn"rctc"gn"QrgpHnqy"{"wp"eqpvtqncfqt0"Wp"Uykvej"QrgpHnqy"eqpukuvg"

gp"wpc"q"fkxgtucu" vcdncu"fg"hnwlqu" ncu"ewcngu" vtcpukvcp"c" vtcxfiu"fgn"ecpcn"fg"hnwlq"cn"

eqpvtqncfqt"gzvgtpq"eqp"gn"hkp"fg"ocpglct"nqu"rcswgvgu"fg"vtƒhkeq"*Ujkp"gv"cn0."4238+0"

Wpq"fg"nqu"ugtxkekqu"gugpekcngu"fgpvtq"fg"wpc"tgf"fg"UFP"gu"gn"fguewdtkokgpvq"fg"nc"

vqrqnqi‡c"fg"tgf."nc"ewcn"uqrqtvc"ncu"crnkecekqpgu"fg"cnvq"pkxgn"eqoq"gu"gn"gptwvcokgpvq"

{" gn" tggpxk„" fg" rcswgvgu0"Uk" dkgp"pq" jc{" wpc"pqtoc"qhkekcn" rctc" gn"ogecpkuoq" fg"

fguewdtkokgpvq"gp"wpc"ctswkvgevwtc"fg"UFP."ug"rqft‡c"fgekt"swg"gzkuvg"wp"guvƒpfct"

QHFR" *QrgpHnqy"Fkueqxgt{"Rtqvqeqn+." vqfqu" nqu" rtkpekrcngu" eqpvtqncfqtgu" fg"UFP"

korngogpvcp"gugpekcnogpvg"guvg"ogecpkuoq"fg"fguewdtkokgpvq"*Cnjctdk"{"Rqtvocpp."

4237+0 

2.3 Principales plataformas de SDN de open source

Gn" eqpvtqncfqt" egpvtcn" fg" UFP" rgtokvg" vgpgt" wp" ugiwkokgpvq" fgn" tgpfkokgpvq" {"

hwpekqpcnkfcf"fg"nc"tgf."cu‡"eqoq"tgcnk¦ct"nc"tgeqphkiwtcek„p"uk"gu"pgeguctkq."uwrgtxkuc"

fg"ocpgtc"rwpvwcn"gn"vtƒhkeq"fg"nqu"rcswgvgu"{"nqu"gpncegu"fg"eqpgevkxkfcf."eqp"gn"hkp"

fg"tguvcwtct"uk"jc{"wpc"rfitfkfc"fg"gpnceg."guvq"eqp"gn"qdlgvkxq"igpgtcn"fg"ewcnswkgt"

tgf." gn" ictcpvk¦ct" nc" eqpgevkxkfcf" fg" wp" rwpvq" c" qvtq0" Wpq" fg" nqu" rtqvqeqnqu" oƒu"

vtcfkekqpcngu"rctc"guvq"fgpvtq"fgn"UFP"gu"gn"QrgpHnqy."gn"ewcn"hwpekqpc"gp"nc"¦qpc"

pqtvg"fg"nc"ctswkvgevwtc"gpvtg"gn"rncpq"fg"eqpvtqn"{"gn"rncpq"fg"fcvqu0"Rqt"fguitcekc"

QrgpHnqy"pq"korngogpvc"tƒrkfqu"ogecpkuoqu"fg"tgewrgtcek„p"fg"hcnnqu."nqu"ewcngu"

uqp"pgeguctkqu"rctc"wpc"tgf"fg"vgngeqowpkecekqpgu"eqphkcdngu."cu‡"okuoq"QrgpHnqy"

wvknk¦c"wp"guswgoc"fg"rtqitcocek„p"fg"ow{"dclq"pkxgn."nkokvcpfq"ncu"ecrcekfcfgu"fg"
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eqpvtqn"fg"dtkpfc"gn"eqpvtqn"fg"UFP."rqt"nq"swg"nqu"kpxguvkicfqtgu"guvƒp"rtqrqpkgpfq"

ogecpkuoq"fg"tgewrgtcek„p"fg"hcnnqu"gp"QrgpHnqy"*Twhckfc"Cjogf."4238+0"

Ncu"ectcevgt‡uvkecu"rtkpekrcngu"fg"wp"eqpvtqncfqt"fg"UFP"uqp<"

·" Ownvkrncvchqtoc<" Hƒekn" fg" crtgpfgt." dwgp" wuq" {" ocpglq" fg" nc" ogoqtkc" fgn"

eqorwvcfqt."ectcevgt‡uvkec"gugpekcn"fg"nqu"ngpiwclgu"fg"rtqitcocek„p."ukgpfq"

nq"oƒu"eqowpgu"R{vjqp."E--"{"Lcxc."vgpkgpfq"xgpvclcu"{"fguxgpvclc"ecfc"wpq"

fg"gnnqu0"

·" Uqwvjdqwpf"CRKŁu."rgtokvg"gn"eqpvtqn"uqdtg"nc"tgf."fqpfg"gn"eqpvtqncfqt"wvknk¦c"

guvcu"CRKŁu"rctc"tgcnk¦ct"ecodkqu"pgeguctkqu"gp"ncu"tgincu"fg"gpx‡q"fg"vtƒhkeq"

swg"ug"gpewgpvtcp"kpuvcncfcu"gp"nqu"gswkrqu"fgn"rncpq"fg"fcvqu."eqoq"nq"uqp<"

uykvejgu."tqwvgtu"rqt"ogpekqpct"cniwpqu0"

·" Pqtvjdqwpf"CRKŁu."uqp"wvknk¦cfcu"rctc" nc"eqowpkecek„p"fgn"eqpvtqncfqt"eqp"nc"

ecrc" fg" crnkecek„p." rqt" nq" swg" uqp" rctvg" hwpfcogpvcn" fg" UFP." {c" swg" nc"

kpvgtceek„p"cfgewcfc"fg"guvcu."rtqrqtekqpc"wp"oglqt"ugtxkekq0"

·" QrgpHnqy" gu" wp" jcdknkvcfqt" encxg" rctc" UFP." hwg" nc" rtkogtc" kpvgthc¦"

guvcpfctk¦cfc" fg" Uqwvjdqwpf." rgtokvg" nc"ocpkrwncek„p" fktgevc" fgn" rncpq" fg"

tggpx‡q"fg"vtƒhkeq0"

·" Nc"rtqitcocek„p"fg"nc"tgf"gu"wpqu"fg"nqu"dgpghkekqu"oƒu"korqtvcpvgu"fg"UFP."

rqt"nc"eqornglkfcf"gp"gn"eqpvtqn"{"cfokpkuvtcek„p"fgtkxcfq"fg"nc"itcp"ecpvkfcf"

fg"fkurqukvkxqu"eqpgevcfqu"c"nc"tgf."cu‡"eqoq"nc"pgegukfcf"fg"pwgxqu"ugtxkekqu0"

Rqt"nq"cpvgtkqt"pq"gu"hcevkdng"nc"cfokpkuvtcek„p"vtcfkekqpcn"fg"nc"tgf"swg"gu"gswkrq"

rqt" gswkrq" fg" ocpgtc" kpfkxkfwcn." rqt" nq" swg" UFP" xkgpg" c" tguqnxgt" guvcu"

fkhkewnvcfgu"fg"iguvk„p"fg"tgf0"

·" Ghkekgpekc." gu" wp" vfitokpq" wvknk¦cfq" rctc" xctkqu" rctƒogvtqu<" tgpfkokgpvq."

guecncdknkfcf."hkcdknkfcf"{"ugiwtkfcf."cu‡"okuoq"vkgpg"ofivtkecu"eqoq"nc"ecpvkfcf"

fg" kpvgthcegu" swg" rwgfg" cfokpkuvtct." ncvgpekc." gpvtg" qvtqu0" Nc" rctvg" fg"

egpvtcnk¦cek„p"gu"wp"tgvq"eqp"tgurgvq"c"vfitokpqu"fg"tgpfkokgpvq"{"hkcdknkfcf."rqt"

nq"swg"gzkuvgp"rtqrwguvc"fg"xctkqu"eqpvtqncfqtgu"fkuvtkdwkfqu"eqp"gn"hkp"fg"nc"cnvc"

fkurqpkdknkfcf"{"vqngtcpekcu"c"hcnnqu0"
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·" Cuqekcek„p." ug" tghkgtg" c" nc" eqorcvkdknkfcf" eqp" rtqfwevqu" q" uqnwekqpgu" fg"

o¿nvkrngu"hcdtkecpvgu"eqoq"rqt"glgornq<"EKUEQ."Nkpwz."Kpvgn."KDO."Lwpkrgt."gpvtg"

qvtqu"*Ucnocp"gv"cn0."4238+0 

2.3.1 Controladores y plataformas de SDN

Qrgp"Pgvyqtm"Qrgtcvkpi"U{uvgo"*QPQU+"gu"gn"rtkogt"UFP"fg"e„fkiq"cdkgtvq"fktkikfq"

c"rtqxggfqtgu"fg"ugtxkekq"{"c"tgfgu"fg"vgngeqowpkecekqpgu"fg"okuk„p"et‡vkec0"QPQU"

fgufg"swg"gtc"eqpqekfq"eqoq"Pgvyqtm"Qrgtcvkpi"U{uvgo"*PQU+"vkgpg"eqoq"hwpek„p<"

cfokpkuvtcek„p" fg" nqu" tgewtuqu" hkpkvqu." ckuncokgpvq" {" rtqvgeek„p" fg" nqu" wuwctkqu" rqt"

ogpekqpct"cniwpcu"*Ujkp"gv"cn0."4238+0"Cwpswg"eqp"QPQU"ug"rwgfg"tguqnxgt"nq"swg"gu"

ewgnnq" fg" dqvgnnc" fgn" rncpq" fg" eqpvtqn." vqfcx‡c" ukiwg" ukgpfq"rtqdngoƒvkeq" gn" fgekfkt"

ewƒpfq"{"e„oq"fkuvtkdwkt"nc"ectic"fg"vtcdclq"fgn"rncpq"fgn"eqpvtqn."cfgoƒu"gu"wp"hcevqt"

swg"rwgfg"chgevct"g" tgpfkokgpvq"fgn"rncpq"fg"eqpvtqn" vcngu"eqoq"gn" kpvgtecodkq"fg"

eqowpkecek„p" gpvtg" gn" eqpvtqncfqt0" Rqt" nq" vcpvq." nc" oc{qt‡c" fg" nqu" eqpvtqncfqtgu"

fgdgtƒp"gzkikt"gn"ukuvgoc"fg"ugiwkokgpvq"fgn"rncpq"fg"eqpvtqn"*Mko"gv"cn0."4238+0"

PQZ"gu"wpc"rkg¦c"fg"ncu"tgfgu"UFP."gp"eqpetgvq"ug"vtcvc"fg"wpc"rncvchqtoc"rctc"gn"

fgucttqnnq"fg"crnkecekqpgu"rctc"gn"eqpvtqn"fg"nc"tgf."fqpfg"cn"eqokgp¦q"Qrgphnqy"hwg"

tgeqpqekfq" eqoq" nc" rtkogtc" vgepqnqi‡c" fg"UFP."PQZ" hwg"fgucttqnncfq" gp"rctcngnq"

eqoq"gn"rtkogt"eqpvtqncfqt"fg"QrgpHnqy"*Pqztgrq0qti."4238+0"

RQZ"gu"gn"jgtocpq"ogpqt"fg"PQZ."gn"ewcn."gp"gugpekc."gu"wpc"rncvchqtoc"rctc"gn"

tƒrkfq" fgucttqnnq" {" etgcek„p" fg" rtqvqvkrqu" fg" uqhvyctg" fg" eqpvtqn" fg" tgf" wvknk¦cpfq"

R{vjqp" eqp" gn" hkp" fg"c{wfct" c" guetkdkt" c" wp" eqpvtqncfqt" fg"QrgpHnqy0" Vcodkfip"gu"

wvknk¦cfq"eqoq"dcug"rctc"c{wfct"c"eqpuvtwkt"tgfgu"UFP"*Pqztgrq0qti."4238+0"

Qrgpfc{nkijv" *QFN+"gu"wpc"rncvchqtoc"oqfwnct"fg"e„fkiq"cdkgtvq"fg"UFP"rctc" ncu"

tgfgu"kpfgrgpfkgpvgu"c"nc"guecnc"{"vcoc‚q"fg"ncu"okuocu0"QFN"rgtokvg"nqu"ugtxkekqu"

fg"tgf"c"vtcxfiu"fg"wp"gpvqtpq"o¿nvkrngu"xgpfgfqtgu"fg"jctfyctg."rtqrqtekqpcpfq"cn"

wuwctkq" gn" cfokpkuvtct" {" eqpvtqnct" o¿nvkrngu" rtqvqeqnqu" {" crnkecekqpgu"

*Qrgpfc{nkijv0qti."4238+0
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2.3.2 Comparativo de controladores de SDN

C"eqpvkpwcek„p."ug"owguvtcp"gp"nc"vcdnc"403"gn"eqorctcvkxq"fg"cniwpqu"eqpvtqncfqtgu"

fg"UFP0"

 

1Tabla 2.1"Eqorctcvkxq"fg"Eqpvtqncfqtgu"fg"UFP"*Ucnocp"gv"cn0."4238+ 
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2.4 La seguridad y SDN

Nc"cfokpkuvtcek„p"fg"nc"tgf"jc"rcucfq"cn"ukiwkgpvg"pkxgn."rgtq"vcodkfip"xkgpg"eqp"ncu"

ewguvkqpgu"fg"ugiwtkfcf"{"xwnpgtcdknkfcfgu0"Wp"cfokpkuvtcfqt"fg"tgf"rwgfg"eqpvtqnct"

gn" gswkrcokgpvq" fgufg" wpc" eqpuqnc" egpvtcn." ukp" vgpgt" swg" vqect" ecfc" wpq" fg" nqu"

gswkrqu."guvq"vcodkfip"crnkec"rctc"ncu"tgfgu"kpcnƒodtkecu."nq"swg"jceg"oƒu"hngzkdngu."

guecncdngu"{"cikngu."swg"ncu"tgfgu"vtcfkekqpcngu0"Nc"rctvg"fg"ugiwtkfcf"fg"UFP"rwgfg"

ugt"fkxkfc"gp"vtgu"ƒtgcu<"30/"cogpc¦cu"cevwcngu"eqoq"cvcswgu"fg"pgicek„p"fg"ugtxkekq."

cvcswgu"fkuvtkdwkfqu"fg"pgicek„p"fg"ugtxkekq."vtq{cpqu."jcemgq"{"tqdq"fg"kphqtocek„p"

ugpukdngu."40/"Xwnpgtcdknkfcf"gp"nqu"uqhvyctgu"wvknk¦cfqu"rctc"UFP"{"50/"¿pkeq"rwpvq"fg"

hcnnc"rqt"wvknk¦ct"wpc"ctswkvgevwtc"egpvtcnk¦cfc"*Dkpftc"{"Uqqf."4238+0"

Fgufg"gn"uwtikokgpvq"fg"UFP"gn"vgoc"fg"nc"ugiwtkfcf"fg"nc"tgf"jc"ukfq"ow{"tgngxcpvg0"

Nqu" pwgxqu" rctcfkiocu" fg" ncu" tgfgu" vtcgp" itcpfgu" dgpghkekqu" c" nc" rctvg" fg" nc"

ugiwtkfcf"fg" nc" tgf."ug"ogpekqpcp"vtgu"ectcevgt‡uvkecu"swg"fkhgtgpekcu" ncu"tgfgu"fg"

UFP"eqp"ncu"tgfgu"Vtcfkekqpcngu<" nc"rgturgevkxc"fg"nc"ugiwtkfcf."xkuk„p"inqdcn"fg"nc"

tgf." cwvq/eqttgeek„p" fg" gttqtgu" {" gn" cwogpvq" gp" nc" ecrcekfcf" fg" eqpvtqn" {"

cfokpkuvtcek„p" fg" nc" tgf0" Ukp" godctiq." cniwpqu" rtqdngocu" fg" ugiwtkfcf" uqp"

gurge‡hkequ"fg"nc"ctswkvgevwtc"fg"UFP"{"nqu"ewcngu"pq"jcp"ukfq"cdqtfcfqu."egpvtƒpfqnq"

gu"nc"rctvg"fg"cvcswgu"fg"ncu"eqowpkecekqpgu"gp"gn"rncpq"fgn"eqpvtqn."cvcswgu"eqpvtc"

nqu" eqpvtqncfqtgu" {" hcnvc" fg" ogecpkuoqu" rctc" cugiwtct" nc" eqphkcp¦c" gpvtg" ncu"

crnkecekqpgu" fg" cfokpkuvtcek„p" gurge‡hkecu" fg" UFP" {" gn" eqpvtqncfqt." fqpfg" fkejcu"

xwnpgtcdknkfcfgu"ug"rwgfgp"tghnglct"gp"itcxgu"fgucuvtgu"fgpvtq"fg"nc"tgf"*Ycpi"gv"cn0."

4238+0 

2.4.1 Tipos de ataques comunes

Cn"vgpgt"wpc"ctswkvgevwtc"fg"UFP."vcodkfip"eqpnngxc"vgpgt"wpc"ugtkg"fg"xwnpgtcdknkfcfgu"

q" cvcswgu." swg" qecukqpgp" kpvgttwrek„p" gp" nc" eqowpkecek„p" c" eqpvkpwcek„p." ug"

ogpekqpcp"cniwpqu"fg"nqu"cvcswgu"oƒu"eqowpgu<"
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·" *Ocp/kp/okffng"cvvcem"dgvyggp"uykvej"cpf"eqpvtqnngt+"gu"wp"ofivqfq"enƒukeq"fg"

cvcswg"c"nc"tgf."fqpfg"kornkec"eqnqect"wp"pqfq"kpvgtogfkq"gpvtg"nc"eqowpkecek„p"

fgn"pqfq"hwgpvg"eqp"gn"pqfq"fguvkpq."nq"ewcn"gu"wvknk¦cfq"rctc"kpvgtegrvct"fcvqu"

{"ocpkrwnctnq"ukp"ugt"fgvgevcfq"rqt"pkpiwpq"fg"nqu"fqu"pqfqu"rctvkekrcpvgu"gp"

nc"eqowpkecek„p0"

·" *FqU"cvvcem"vq"ucvwtcvg"vjg"hnqy"vcdng"cpf"hnqy"dwhhgt+"gn"cvcswg"fg"pgicek„p"fg"

ugtxkekq"gu"wpc"kpwpfcek„p"fg"rcswgvgu"gp"nc"tgf"{"eqoq"gp"nc"ctswkvgevwtc"fg"

tgf."ecfc"xg¦"swg"wp"rcswgvg"xc{c"c"wp"fguvkpq"fgueqpqekfq"ug"igpgtc"wpc"

pwgxc"tginc"fg"hnwlq"fgpvtq"fgn"uykvej."rqt"nq"swg"uk"ug"eqokgp¦c"c"igpgtc"fg"

ocpgtc"ukownvƒpgc"{"tƒrkfcogpvg"rcswgvgu"c"o¿nvkrngu"fguvkpqu"ucvwtcpfq"nc"

ecrcekfcf"fg"cnocegpcokgpvq"fg"vcdncu"fg"hnwlq"fgn"uykvej"*Ujw"gv"cn0."4238+0"

2.4.2 Ventajas y desventajas de seguridad de SDN

Nc"wvknk¦cek„p"fg"UFP"c"eqorctcek„p"fg"ncu"tgfgu"vtcfkekqpcngu."vkgpg"cogpc¦cu"c¿p"

oƒu" eqpegpvtcfcu" rqt" gn" guswgoc" egpvtcnk¦cfq." c" fkhgtgpekc" fg" wp" guswgoc" oƒu"

fkuvtkdwkfq" q" fkurgtuq" eqoq" nq" gu" gn" vtcfkekqpcn." rqt" nq" swg" UFP" vkgpg" xgpvclcu" {"

fguxgpvclcu"eqp"tgurgevq"c"nc"ugiwtkfcf<"

Xgpvclcu<"

·" Ghkekgpekc"cn"oqpkvqtgct"vtƒhkeq"cpqtocn."fgdkfq"swg"gn"eqpvtqncfqt"fg"UFP"vkgpg"

eqpqekokgpvq" fg" vqfq" gn" vtƒhkeq" fg" nc" tgf" fg"ocpgtc" ukownvƒpgc." rqt" nq" swg"

hceknkvc"qdugtxct"wp"eqorqtvcokgpvq"cp„ocnq0"

·" Vtcvcokgpvq" qrqtvwpq" fg" ncu" xwnpgtcdknkfcfgu." gn" cfokpkuvtcfqt" rwgfg"

rtqitcoct" nc" hqtoc" fg" cpcnk¦ct" {" vtcvct" fkejc" xwnpgtcdknkfcf." c" fkhgtgpekc" fg"

ewcpfq" ug" fgrgpfg" fgn" hcdtkecpvg" nq" tguwgnxc" {" cevwcnkeg" gn" uqhvyctg" fgn"

gswkrcokgpvq"kpxqnwetcfq0"

Fguxgpvclcu<"

·" Xwnpgtcdknkfcf"fgn"Eqpvtqncfqt."{c"swg"nc"oc{qt‡c"fg"ncu"ceekqpgu"vcngu"eqoq."

tgeqrkncek„p"fg"nc"kphqtocek„p"fg"nc"tgf." nc"eqphkiwtcek„p"fgn"gswkrcokgpvq"fg"
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tgf"{"eƒnewnq"fg"gptwvcokgpvq."ug"eqpegpvtcp"gp"gn"eqpvtqncfqt."rqt"nq"swg."uk"wp"

cvcecpvg" nqitc"eqpugiwkt" nc"cfokpkuvtcek„p"fg"wp"eqpvtqncfqt"fg"UFP."rwgfg"

ecwuct"wpc"rctƒnkuku"vqvcn"fg"nqu"ugtxkekqu"fg"tgf"chgevcpfq"vqfc"nc"tgf."fqpfg"gn"

eqpvtqncfqt"vgpic"eqdgtvwtc0"

·" Tkguiq"c"ecwuc"fg" kpvgthcegu"cdkgtvcu"rtqitcocdngu."fgdkfq"c"uw"pcvwtcng¦c"

cdkgtvc."UFP"ug"jceg"oƒu"uwuegrvkdng"c"ncu"cogpc¦cu"fg"ugiwtkfcf0"

·" Oƒu"rwpvqu"fg"cvcswg"fgdkfq"c"swg"nc"ctswkvgevwtc"fg"UFP"ug"fkxkfg"gp"5"ecrcu"

{" nc" eqowpkecek„p" gpvtg" gnncu" ugtƒ" pgeguctkc" {" oƒu" htgewgpvg." eqoq" ug"

tgrtgugpvc"gp"nc"hkiwtc"404"*Ujw"gv"cn0."4238+0"

"

 

IIFigura 2.2 O¿nvkrngu"rwpvqu"fg"cvcswg"gp"UFP *Ujw"gv"cn0."4238+
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2.5 Virtualización y SDN

Nc"xktvwcnk¦cek„p"fg"nc"tgf"gu"wp"ofivqfq"swg"rtqxgg"wpc"knwuk„p"fg"wpc"tgf"fgfkecfc"

rqt"gpekoc"fg"nqu"tgewtuqu"fg"jctfyctg."nc"ewcn"rgtokvg"eqorctvkt"nqu"okuoqu"tgewtuqu"

fg"jctfyctg" c"o¿nvkrngu" wuwctkqu" ukp"qecukqpct" cniwpc" kpvgthgtgpekc" gpvtg" gnnqu0" Nc"

xktvwcnk¦cek„p"fg"tgf"rwgfg"vgpgt"xctkcu"xgpvclcu."eqoq"nc"hngzkdknkfcf."eqorctvkek„p"fg"

tgewtuqu." guecncdknkfcf." ciknkfcf" {" dclqu" equvqu" geqp„okequ" {" fg" qrgtcek„p0"

Fguchqtvwpcfcogpvg" guvg" vkrq" fg" uqnwekqpgu" fg" xktvwcnk¦cek„p" ug" egpvtcp" gp"

vgepqnqi‡cu" eqoq" XOyctg" {" J{rgt/X" wvknk¦cpfq" wp" ofivqfq" fg" v¿pgn" hƒekn" fg"

korngogpvct"{"ukp"vgpgt"swg"tgcnk¦ct"ecodkqu"fg"eqphkiwtcek„p"gp"nc"tgf."rgtq"cn"vtcdclct"

fg"guvc"hqtoc"igpgtc"uqdtgectic"fgn"v¿pgn."rqt" nq"swg"ug"tgswkgtg"wp"gswkrcokgpvq"

gurgekcnk¦cfq"eqoq"uqp"eqpowvcfqtgu"xktvwcngu"q"eqpvtqncfqtgu"*Jcp"gv"cn0."4238+0""

UFP" *Uqhvyctg" Fghkpgf" Pgvyqtmkpi+" {" PHX" *Pgvyqtm" Hwpevkqp" Xktvwcnk¦cvkqp+" uqp"

rctcfkiocu"swg"ug"eqorngogpvcp"eqoq"ug"owguvtc"gp"nc"hkiwtc"405."fqpfg"UFP"ug"

egpvtc"gp"gn"eqpvtqn"fg"nqu"tgewtuqu"fg"tgf"ogfkcpvg"uqhvyctg"rctc"rtqxggt"wp"ugtxkekq."

okgpvtcu"PHX"ug"egpvtc"gp"gn"ekenq"fg"xkfc"fg"cniwpqu"ugtxkekqu"fg"tgf0"Fg"jgejq."UFP"

rwgfg" ugt" wvknk¦cfq" rctc" gn" eqpvtqn" fg" nqu" ugtxkekqu" gp" wpc" ctswkvgevwtc" fg" tgf"

vtcfkekqpcn."xktvwcnk¦cfc"q"wp"eqodkpcek„p"fg"codcu"*Pcwfvu"gv"cn0."4238+0"
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"

IIIFigura 2.3 Xktvwcnk¦cek„p"eqp"UFP *Jcp"gv"cn0."4238+"

2.5.1 Usos y Ventajas de SDN

UFP"{"QrgpHnqy"rtqrqtekqpct"xctkcu"xgpvclcu"cn"wvknk¦ct"nc"xktvwcnk¦cek„p"gp"nc"tgf."{c"

swg"rtqxgg" nc"cduvtceek„p"gp"jctfyctg"fg" nqu"uykvejgu0"Eqp"QrgpHnqy"ug"rwgfgp"

cukipct"nqu"tgewtuqu"h‡ukequ"rctc"ecfc"wpc"fg"ncu"xktvwcnk¦cekqpgu"c"vtcxfiu"fg"vcdncu"fg"

hnwlq" ugiogpvcfcu." rqt" nq" swg" jc" guvg" gphqswg" gu" nncocfc" gphqswg" fg" tgf" xktvwcn"

ugiogpvcfq0"Cevwcnogpvg"gzkuvgp"xctkcu"jgttcokgpvcu"rctc"gn"gphqswg"cpvgtkqtogpvg"

ogpekqpcfq" nqu" ewcngu"guvƒp"fkurqpkdngu"eqoq."HnqyXkuqt."QrgpXktvgz" {"HnqyP0"Cn"

wvknk¦ct"guvg"gphqswg"dcucfq"gp"ugiogpvqu"ug"uqnwekqpc"nc"rctvg"fg"nc"uqdtgectic"fg"

nqu"v¿pgngu."cu‡"okuoq."rtqrqtekqpc"wp"oglqt"pkxgn"fg"eqpvtqn"rctc"nc"rctvg"fg"ecnkfcf"

{"pkxgn"fg"ugtxkekq"gp"gn"vtƒhkeq"fg"tgf0"Gn"rtkpekrcn"rtqdngoc"swg"ug"rtgugpvc"eqp"nc"

korngogpvct"UFP"{"Xktvwcnk¦cek„p"gu"swg"ug"tgswkgtg"wp"kphtcguvtwevwtc"fg"tgf"dcucfc"

gp"QrgpHnqy"*Jcp"gv"cn0."4238+0 

2.7 Estudios Previos

Gp"dcug"c" nc" tgxkuk„p"fg" nc" nkvgtcvwtc."c"eqpvkpwcek„p."ug"rtgugpvcp"guvwfkqu"rtgxkqu"

tgncekqpcfqu"eqp"gn"vgoc"fg"guvc"kpxguvkicek„p0"
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2.7.1 Universidad de Guadalajara y SDN"

Nc"pwgxc"fqtucn"fg"vgngeqowpkecekqpgu"nc"Wpkxgtukfcf"fg"Iwcfcnclctc"jc"eqogp¦cfq"

nc" korngogpvcek„p" fg" hwpekqpcnkfcfgu" eqp" UFP." {c" swg" nqu" gswkrqu" ewgpvcp" eqp"

ektewkvqu"kpvgitcfqu"rtqitcocdngu"*HRICu."ukoknctgu"c"ncu"crnkecekqpgu"fg"nqu"CUKEu+"

swg"uqp"nq"uwhkekgpvgogpvg"uqhkuvkecfqu"rctc"tgeqpqegt"fkhgtgpvgu"vkrqu"fg"rcswgvgu"

{" vtcvctnqu" fg" hqtoc" fkhgtgpvg0" Eqp" nc" hkpcnk¦cek„p" fg" nc" rtkogtc" gvcrc" fg"

korngogpvcek„p" fg" UFP" gp" nc" tgf" fg" eqowpkecekqpgu" wpkxgtukvctkc." rgtokvg" gn"

hqtvcngekokgpvq" g" kppqxcek„p" fg" nc" tgf" rqt" ogfkq" fg" QrgpHnqy." qhtgekgpfq" cn"

cfokpkuvtcfqt" fg" tgf" nc" ecrcekfcf" fg" eqpvtqnct" nqu" hnwlqu" fg" vtƒhkeq" fg" ocpgtc"

fkpƒokec."fgufg"wpc"eqpuqnc"egpvtcnk¦cfc"*ygd+"ukp"vgpgt"swg"vqect"nqu"uykvejgu"gp"

nq" kpfkxkfwcn." ecodkct" ewcnswkgt" tginc" fg" nqu" uykvejgu" ewcpfq" ugc" pgeguctkq"

citgicpfq"q"swkvcpfq"rtkqtkfcf."q"jcuvc"dnqswgct"vkrqu"gurge‡hkequ"fg"rcswgvgu"eqp"

wp"pkxgn"fg"eqpvtqn"ow{"fgvcnncfq"rqt"ogfkq"fg"CRKu"fg"rtqitcocek„p."fkurqpkdngu"gp"

rncvchqtocu"eqoq"QrgpFc{Nkijv."*Krx80wfi0oz."4238+0"

"

IVFigura 2.4"Twvgq"wvknk¦cpfq"UFP"*Krx80wfi0oz+"

"

2.7.2 GEANT"

IGCPV"guvƒ" kpvtqfwekgpfq" ncu" ecrcekfcfgu" fg"UFP"gp" uw" kphtcguvtwevwtc" rtkpekrcn"

rctc" wp" ugtxkekq" fg" cpejq" fg" dcpfc" dclq" fgocpfc" *DqF+0" Guvg" ugtxkekq" wvknk¦c" gn"
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F{pRcE"Htcogyqtm"eqoq"ug"owguvtc"gp" nc" hkiwtc"407."gn"ewcn"qhtgeg" kpigpkgt‡c"fg"

vtchkeq" fkpƒokeq" {" cfcrvcdng" wvknk¦cpfq" gn" eƒnewnq" fg" gptwvcokgpvq0" F{pRcE"

rtqrqtekqpc"wp"wuq"ghkekgpvg"fg"ncu"ecrcekfcfgu"fg"nc"tgf."cu‡"eqoq"hngzkdknkfcf"gp"gn"

ecuq" fg" hcnncu" gp" nqu" gpncegu." vgpkgpfq" vkgorqu" fg" tgewrgtcek„p" fg" gttqtgu" oƒu"

tƒrkfqu." eqoq" wpc" tgfweek„p" fg" equvqu" qrgtcvkxqu" {" wpc"oglqtc" ukipkhkecvkxc" gp" nc"

uwrgtxkuk„p" {"oqpkvqtgq" fg" nc" tgf." tgeqrkncpfq" nc" kphqtocek„p0" Gn" cfokpkuvtcfqt" fg"

ugtxkekqu" F{pRcE" cev¿c" eqoq" wp" eqqtfkpcfqt" fg" ncu" kpvgtceekqpgu" gpvtg" nqu" qvtqu"

o„fwnqu" fgn" Htcogyqtm" ogpekqpcfq" {" uwrgtxkucpfq" nqu" gxgpvqu" rctc" fgvgtokpct"

e„oq" tgceekqpct." wvknk¦cpfq"oqxkokgpvq"fg" hnwlqu" c" twvcu" cnvgtpcvkxcu" tguwnvcpfq"gp"

tguknkgpekc"{"tgewrgtcek„p"fg"hcnncu"*Qrgpfc{nkijv0qti."4238+0"

"

VFigura 2.5"F{pRcE"Htcogyqtm"*Qrgpfc{nkijv0qti."4238+"
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3 PROCEDIMIENTO

Gp" guvg" ecr‡vwnq" ug" rtgugpvc" wp" rtqegfkokgpvq" etgcfq" rctc" crtqxgejct" fg" nc"

kphtcguvtwevwtc"fg"tgf."kfgpvkhkect"ncu"pgegukfcfgu"fg"cfgewcekqpgu"{"oglqtcu"rctc"nc"

qrvkok¦cek„p" fgn" hnwlq" fg" kphqtocek„p" fgpvtq" fg" nc" qticpk¦cek„p." cu‡" eqoq" gn"

oglqtcokgpvq"fgn"ugtxkekq"swg"ug"dtkpfc"c" nqu"wuwctkqu"gp"igpgtcn0"Eqoq"ug"rwgfg"

qdugtxct"nc"hkiwtc"503."gn"rtqegfkokgpvq"eqpuvc"fg"7"hcugu."fqpfg"ug"eqokgp¦c"eqp"gn"

cpƒnkuku" fg" nc" ukvwcek„p" cevwcn" fg" nc" qticpk¦cek„p" rctc" eqpqegt" gn" gswkrcokgpvq" fg"

kphtcguvtwevwtc"eqp"gn"swg"ewgpvc."cu‡"eqoq"nq"ugtxkekqu"fg"kpvgteqpgevkxkfcf"swg"wvknk¦c0"

Fgurwfiu"ug"tgcnk¦ctƒ"ncu"cfgewcekqpgu"rctc"nc"korngogpvcek„p"fg"wpc"ctswkvgevwtc"fg"

UFP."gp"gn"ecuq"fg"swg"nc"kphtcguvtwevwtc"fg"tgf"cevwcn"fg"nc"qticpk¦cek„p"pq"ewgpvg"

eqp"nqu"tgswgtkokgpvqu"o‡pkoqu"pgeguctkq"rctc"nc"korngogpvcek„p"fg"UFP."ug"tgcnk¦c"

nc"hcug"5"nc"ewcn"vkgpg"eqoq"qdlgvkxq"tgcnk¦ct"ncu"cfgewcekqpgu"{"tgguvtwevwtcekqpgu"c"

nc" tgf" cevwcn." vcodkfip" tgcnk¦ct" rtqrwguvcu" geqp„okecu" {" qrgtcvkxcu" fg" nqu"

tgswgtkokgpvqu"rctc"ewornkt"nc"ogvc"fg"nc"korngogpvcek„p"fg"UFP."uk"ncu"rtqrwguvcu"

uqp"cegrvcfcu"{"ug"cfswkgtgp"nq"pgeguctkq"ug"rtqegfg"c"tgcnk¦ct"ncu"cevkxkfcfgu"fg"nc"

hcug" 4." uk" gn" ecuq" rqt" ewguvkqpgu" vfiepkecu" {" rtguwrwguvcngu" pq" ug" ewgpvc" eqp" nq"

pgeguctkq"rctc"tgcnk¦ct"nc"ctswkvgevwtc"fg"UFP."ug"rtqegfgtƒ"c"tgcnk¦ct"nc"hcug"6."gp"nc"

ewcn" ug" qrvkok¦ctƒ" nqu" tgewtuqu" {" nc" kphtcguvtwevwtc" cevwcn" rctc" tgguvtwevwtct" gn"

guswgoc"{"hwpekqpcokgpvq"eqp"gn"hkp"fg"tguqnxgt"ncu"rtqdngoƒvkecu"rncpvgcfcu0"Ugi¿p"

ugc"gn"ecuq." korngogpvct" nc"ctswkvgevwtc"UFP"q" nc"qrvkok¦cek„p"fg"nc" kphtcguvtwevwtc"

cevwcn."ug"rtqd„"gp"wp"ukvkq"fg"dclq"korcevq"fghkpkfq"rqt"nc"qticpk¦cek„p"gp"gn"ecuq"fg"

pq" vgpgt" wpq" fghkpkfq" ug" rtqegfgtƒ" c" tgcnk¦ct" nc" korngogpvcek„p"fg" nc" uqnwek„p" fg"

ocpgtc"igpgtcn0"
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VIFigura 3.1 Rtqegfkokgpvq"rctc"gn"crtqxgejcokgpvq"fg"nc"kphtcguvtwevwtc"fg"tgf

C"eqpvkpwcek„p."ug"gzrnkec"fgvcnncfcogpvg"ecfc"wpc"fg"ncu"hcugu"fgn"rtqegfkokgpvq."

rctc"gpvgpfgt"ecfc"wpq"fg"nqu"rcuqu"c"ugiwkt."cu‡"eqoq"gn"tguwnvcfq"fg"ecfc"wpc"fg"

gnncu0

Sitios de red

Tipos de Enlaces de 

Interconexión 

(enlaces de 

internet/LAN)

Equipamiento de 

infraestructura de 

red

Compatibilidad

Solicitudes de 

servicio/

correcciones

Fase 1

Análisis Situación 

Actual

Diagramas y 

reestructuración de 

red si es necesario

Definición de 

requerimientos

Costo Económico/Operativo y Propuesta

Selección de sitios de bajo 

impacto para implementaciones 

iniciales

Estudio Económico/

Requerimientos

Fase 3

Implementación en Sitio de Bajo Impacto

Implementación General

Verificación/

Retroalimentación

Verificación
Comparativos con 

Historico

Ajustes/Resideño

SI

NO

Fase 5

Implementación y 

Verificación de 

Resultados

SI

NO

SINO

Selección de Plataforma/Controlador

· Seguridad 

· Virtualización

· Aplicaciones

Simualción
Ambiente de 

pruebas

Solución y Pruebas 

de SDN

Fase 2

Selección de Tópico

Propuesta de Solución con equipamiento existente

· Seguridad

· Enlace 

· Intranet/lan

· Monitoreo/alertas

· Alta disponibilidad

· Usabilidad

Simulación
Ambiente de 

pruebas

Optimización de 

Infraestructura 

Existente
Fase 4

Definición de 

problemas de alto 

impacto

NOSI

Adquisición de equipamiento y servicios
SI NO
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3.1 Análisis de la situación actual

Gn"qdlgvkxq fg"guvc"hcug"gu"cpcnk¦ct"fg"ocpgtc"kpkekcn"nc"qticpk¦cek„p"fg nqu"ukvkqu"fg"

tgf. cu‡"eqoq"nqu"tgewtuqu"*gswkrcokgpvq"fg"tgf+."cu‡"okuoq"vgpgt"wp"rcpqtcoc fg"nc"

ukvwcek„p"eqp" tgurgevq"c" ncu"uqnkekvwfgu"swg"jcp"ukfq"igpgtcfcu"gp"wp" kpvgtxcnq"fg"

vkgorq."rctc"vgpgt"wp"rwpvq"fg"tghgtgpekc"cn"oqogpvq"fg"gxcnwct"nc"korngogpvcek„p"

fg"nc uqnwek„p"rtqrwguvc *xficug"gp"hkiwtc"504+0

Inventario de Sitios

Tipos de Enlaces de 

Interconexión

Infraestructura de 

Red Interna Switch/

Router

Compatibilidad

# Reportes

Fase 1

Análisis Situación 

Actual

VIIFigura 3.2 Hcug"3<"Cpƒnkuku"fg"nc"ukvwcek„p"cevwcn0

Hcug"3<"Cpƒnkuku"fg"nc"ukvwcek„p"cevwcn"fg"nc"qticpk¦cek„p0

· Ukvkqu" fg" tgf<" Fghkpkek„p" fg" gurcekq" h‡ukeq *gfkhkecek„p1fqokeknkq+ fqpfg" ug"

gpewgpvtc"eqpegpvtcfq"gn"gswkrcokgpvq"fg"tgf."vcpvq"gswkrq"fg"kphtcguvtwevwtc"

eqoq"ugtxkfqtgu0

· Gpncegu" fg" kpvgteqpgzk„p<" Cpejqu" fg" dcpfc." rtqxggfqtgu." gswkrcokgpvq" {"

rtqvqeqnqu"fg"twvgq."tgncekqpcfqu"eqp"nqu"ugtxkekqu"fg"Kpvgtpgv"q"fg"tgf"NCP"fg"

nc"qticpk¦cek„p."wvknk¦cfqu"rctc"nc"kpvgteqpgzk„p"eqp"wpq"q"oƒu"ukvkqu0
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·" Gswkrcokgpvq"fg"tgf<"Gswkrcokgpvq"fg"kphtcguvtwevwtc"fg"vgngeqowpkecekqpgu"{"

fg"ugtxkfqtgu."kpxqnwetcfq"fktgevcogpvg"gp"ncu"cevkxkfcfgu"fgn"ukvkq"gp"guvwfkq0"

·" Eqorcvkdknkfcf<"Tgxkuk„p"gzjcwuvkxc"fg"ecfc"wpq"fg"nqu"gswkrqu"cpvgtkqtogpvg"

ogpekqpcfqu."eqp"gn"hkp"fg"xgtkhkect"uk"ewgpvcp"eqp"nc"rqukdknkfcf"fg"wvknk¦ct"gn"

rtqvqeqnq" fg"QrgpHnqy." gn" ewcn" gu" rkg¦c" korqtvcpvg" rctc" gn" fgucttqnnq" fg" nc"

ctswkvgevwtc"fg"UFP0"

·" Uqnkekvwfgu"fg"ugtxkekqu"{1q"eqttgeekqpgu<"Ug"tghkgtg"c" nc"ecpvkfcf"fg"gxgpvqu"

tgikuvtcfqu"swg" kornkectqp"cniwpc"oqfkhkecek„p"gp"gn"gswkrcokgpvq"fg"tgf." nq"

ewcn"rwgfg"ugt"ecrvwtcfq"gp"wp"ukuvgoc"gurgekcnk¦cfq"rctc"JgnrFgum"q"dkgp"

jqlc"fg"eƒnewnq"q"ewcnswkgt"ofivqfq"swg"wvknkeg"nc"qticpk¦cek„p"rctc"gn"tgikuvtq"

fg" tgrqtvgu" fg" hcnncu" q" uqnkekvwfgu" fg" ugtxkekqu." eqttgurqpfkgpvgu" cn" ƒtgc"fg"

tgfgu"fg"vgngeqowpkecekqpgu0"

Rtqfwevqu"gurgtcfqu"cn"hkpcnk¦ct"nc"hcug<"

·" Dcug"fg"Fcvqu"fg"ukvkqu"

§" Fktgeek„p1Fqokeknkq"

§" Ecpvkfcf"fg"wuwctkqu"eqpewttgpvgu"

§" Ecpvkfcf"fg"gpncegu"fg"kpvgteqpgzkqpgu"

§" Cpejqu"fg"dcpfc"fg"nqu"gpncegu"

§" Gswkrcokgpvq"fg"kphtcguvtwevwtc"fg"tgf"cuqekcfq"

·" Dcug"fg"Fcvqu"fg"Gswkrcokgpvq"

§" Vkrq"fg"gswkrq"*Tqwvgt1Uykvej1Rwpvq"fg"Ceeguq+"

§" Octec"

§" Oqfgnq"

§" Rtqr„ukvq"fg"wuq"

§" Ecpvkfcf"fg"wuwctkqu"c"nqu"swg"dtkpfc"ugtxkekq"

§" Uwdpgv1Xncp"*Fktgeekqpcokgpvq"{"rtqr„ukvq+
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3.2 Solución y Pruebas de SDN

Gp" guvc" hcug" ug" tgcnk¦ctƒ" gn" guvwfkq" c" hqpfq" uqdtg" ncu" fkhgtgpvgu" rncvchqtocu"

fkurqpkdngu"rctc"tgcnk¦ct"wpc"ctswkvgevwtc"fg"UFP."cu‡"okuoq ug"vtcdclc"c"fgvcnng"rqt"

ugrctcfq gp" ncu" ukiwkgpvgu" ƒtgcu" swg" ng" eqorgvg" cn" vgoc" fg" UFP<" Eqpvtqncfqt."

Ugiwtkfcf."Xktvwcnk¦cek„p"{"Crnkecvkxqu." nq"cpvgtkqt"eqp"gn" hkp"fg" vgpgt"gn"fqokpkq"fgn"

vgoc"{" nc"ugngeek„p"fg"jgttcokgpvcu"swg"oƒu"ug"cfgewcp"c" ncu"pgegukfcfgu"fg" nc"

qticpk¦cek„p eqoq"ug"rwgfg"qdugtxct"gp"nc"hkiwtc"5050

Ug"tgcnk¦ctƒ"nc"ukowncek„p"ogfkcpvg"uqhvyctg"rctc"eqortgpfgt"gn"hwpekqpcokgpvq"fg"nc"

ctswkvgevwtc"{"tgcnk¦ct"nqu"clwuvgu"swg"ugcp"pgeguctkqu"rctc"vtcuncfctnq"c"wp"codkgpvg"

fg"rtwgdcu"tgcn."cpvgu"fg"wpc"korngogpvcek„p"fg"rtqfweek„p0

Selección de Plataforma/Controlador

· Seguridad 

· Virtualización

· Aplicaciones

Simulación
Ambiente de 

pruebas

Solución y Pruebas 

de SDN

Fase 2

Selección de Tópico

VIIIFigura 3.3 Hcug"4<"Uqnwek„p"{"Rtwgdcu"fg"UFP
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Hcug"4<"Uqnwek„p"{"Rtwgdcu"fg"UFP<"

·" Ugngeek„p"fg"rncvchqtoc"fg"UFP<"Ug"tghkgtg"fg"gngikt"nc"rncvchqtoc"fg"UFP"c"

wvknk¦ct."dcuƒpfqug"gp"nqu"guvwfkqu"rtgxkqu"{"nkvgtcvwtc."fgrgpfkgpfq"fgn"qdlgvkxq"

swg"ug"swkgtg"cnecp¦ct"eqp"nc"korngogpvcek„p"fg"UFP0"

·" V„rkeq"c"fgucttqnnct<"Ug"vkgpg"swg"ugngeekqpct"wpq"q"oƒu"fg"nqu"rtqr„ukvqu"rctc"

nqu"swg"ug"wvknk¦ctƒ"UFP0"

·" Ukowncek„p<" Wvknk¦ct" wpc" rncvchqtoc" fg" ukowncek„p" *uqhvyctg+" ugngeekqpcfc"

fgurwfiu"fg"nc"kpxguvkicek„p"nkvgtctkc"{"rtqdct"gn"guswgoc"rtqrwguvq."vtcvcpfq"

fg" crtqzkoct" nq" oƒu" rqukdng" gn" codkgpvg" c" nc" tgcnkfcf0" Ug" tgeqokgpfc" nc"

wvknk¦cek„p"fg"nc"rncvchqtoc"fg"ukowncek„p"fg"tgfgu"IPU5."{c"swg"rgtokvg"etgct"

codkgpvgu"eqp"fkuvkpvqu"eqpvtqncfqtgu"fg"UFP."eqoq"ug"owguvtcp"gp"ncu"hkiwtcu"

506.507"{"5080"

"
IXFigura 3.4"Ukowncek„p"wvknk¦cpfq"QrgpFc{nkijv *Ipu50eqo."4239+"

"
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XFigura 3.5"Ukowncek„p"wvknk¦cpfq"JR"XCP *Ipu50eqo."4239+"

"

XIFigura 3.6"Ukowncek„p"wvknk¦cpfq"QPQU *Ipu50eqo."4239+"

"
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·" Codkgpvg" fg" rtwgdcu<" Tgcnk¦ct" rtwgdcu" fg" ncdqtcvqtkq" eqp" gn" gswkrcokgpvq"

*oqfgnqu" {"octecu+" fg" nc" qticpk¦cek„p." c" rctvkt" fgn"oqfgnq" tguwnvcpvg" fg" nc"

ukowncek„p0"

"

Rtqfwevqu"gurgtcfqu"cn"hkpcnk¦ct"nc"hcug<"

·" Eqorctcvkxq"{"ugngeek„p"fg"rncvchqtoc"fg"UFP"c"wvknk¦ct0"

·" Etkvgtkqu"rctc"tgcnk¦ct"nc"rtqrwguvc<"

§" Ugngeek„p"fg"eqpvtqncfqt"{"rtqvqeqnqu"fg"eqpgzk„p"

§" Fghkpkek„p"fg"crnkecekqpgu"rctc"crnkect"ecnkfcf"fg"ugtxkekq"

§" Fghkpkt" jgttcokgpvcu" q" eqorngogpvqu" fg" ugiwtkfcf" rctc" hqtvcngegt" nc"

ctswkvgevwtc"egpvtcnk¦cfc"rtqrwguvc"

·" Tgrqtvg"fg"fcvqu"igpgtcfq"eqp"gn"uqhvyctg"fg"ukowncek„p"rctc"xgt"gn"codkgpvg"

tgcn"{"nc"pwgxc"ctswkvgevwtc"*ncvgpekc1Twvgq"fkpƒokeq+0"

·" Tgrqtvg"gp"codkgpvg"fg"rtwgdcu"eqp"kphtcguvtwevwtc"fg"gswkrq"cevkxq0"

3.3 Estudio Económico y Requerimientos

Guvc" hcug"gu"rtgugpvct"gn"rcpqtcoc"fg" nc"ukvwcek„p"cevwcn"c" nc"Fktgeek„p."ogfkcpvg"

fkcitcocu"{"rtqrwguvcu"fg"oglqtc"wvknk¦cpfq"nc"kphtcguvtwevwtc"gzkuvgpvg0"Vcodkfip"ug"

tgcnk¦ctƒ"wpc"rtqrwguvc"geqp„okec"gp"gn"ecuq"fg"tgswgtkt"gswkrcokgpvq"q"ugtxkekqu"

pwgxqu"rctc"nc"qrvkok¦cek„p"fg"nc"tgf"nq"ewcn"ugc"eqorcvkdng"eqp"wpc"ctswkvgevwtc"UFP"

q"JFP0"
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Diagramas y 

reestructuración de 

red si es necesario

Definición de 

requerimientos

Costo Económico/Operativo y Propuesta

Selección de sitios de bajo 

impacto para implementaciones 

iniciales

Estudio Económico/

Requerimientos

Fase 3

Adquisición de equipamiento y servicios

XIIFigura 3.7 Hcug"5<"Guvwfkq"Geqp„okeq1Tgswgtkokgpvqu

Hcug"5<"Guvwfkqu"geqp„okequ"{"fg"tgswgtkokgpvqu"vfiepkequ"rctc"wpc"korngogpvcek„p"

fg"UFP w"qrvkok¦ct"nc"ctswkvgevwtc"gzkuvgpvg0

· Fkug‚qu"{"fkcitcocu<"Cpƒnkuku"fg"nc"ukvwcek„p"cevwcn"eqp"tgurgevq"c"nc"vqrqnqi‡c"

fg"tgf"{"gn"tgfkug‚q"uk"gu"pgeguctkq"rctc"cfgewctnq"c"nc"ctswkvgevwtc"fg"UFP0

· Fghkpkek„p" fg" tgswgtkokgpvqu<" Ug" tghkgtg" c" nqu" ecodkqu" fg" vqrqnqi‡cu."

gswkrcokgpvq." ugtxkekqu" fg" kpvgteqpgzk„p." pgeguctkqu rctc" nc" oglqtc" {"

qrvkok¦cek„p"fg" nc" tgf"cevwcn0 Fgrgpfkgpfq"gn"gswkrcokgpvq"swg"ug"tgswkgtc."

eqoq." rqt" glgornq<" gswkrqu" fg" Vgnghqp‡c" KR." uykvejgu." rwpvqu" fg" ceeguq"

kpcnƒodtkeq."gpvtg"qvtqu0"Ug"rwgfg"wvknk¦ct"wpc"eqorc‚‡c"swg"ug"fgfkec"gxcnwct"

gswkrcokgpvq fg"vgepqnqi‡c"eqoq"nq"gu"Ictvpgt0"C eqpvkpwcek„p."ug"owguvtc"nc"

tgrtgugpvcek„p"itƒhkec"fg"nc"gxcnwcek„p"gp"nc"hkiwtc"50:<
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XIIIFigura 3.8 Ewcftcpvg"fg"Ictvpgt"fg"Hktgycnn"vkrq"gortguctkcn *ictvpgt0eqo."4239+

· Equvq" geqp„okeq" {" qrgtcvkxqu<" Ug" fguetkdgp" nqu" curgevqu" oqpgvctkqu" {" fg"

ncdqtgu"gzvtcqtfkpctkcu."fghkpkfcu"gp"gn"rwpvq"cpvgtkqt"*tgswgtkokgpvqu+0

· Cfswkukek„p" fg" gswkrcokgpvqu" {" ugtxkekqu<" ug" tghkgtg" c" nc" cfswkukek„p" fg" nqu

gswkrqu"{" ugtxkekqu"rtqrwguvqu"rctc"gn"fgucttqnnq"fg"wpc" korngogpvcek„p"fg"

UFP0

· Fghkpkek„p" fg" rtkqtkfcf" fg" nqu" ukvkqu<" Cpƒnkuku" fg" ecfc" wpq" fg" nqu" ukvkqu" eqp"

tgurgevq"c"nc"ecpvkfcf"fg"rgtuqpcu"kpxqnwetcfcu."cu‡"eqoq"ncu"cevkxkfcfgu"swg"

tgcnk¦cp"eqp"gn"hkp"fg"fghkpkt"rtkqtkfcf"{"pkxgngu"gpvtg"nqu"ukvkqu."rctc"eqpqegt"gn"

korcevq"gp"gn"ecuq"fg"tgcnk¦ct"wpc"korngogpvcek„p"fqpfg"pq"ug"qdvgpicp"nqu"

tguwnvcfqu"gurgtcfqu"{"ug"tgswkgtc"wp"tgfkug‚q"{"clwuvgu0
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Rtqfwevqu"gurgtcfqu"cn"hkpcnk¦ct"nc"hcug<"

·" Tgfkug‚q"fg"ctswkvgevwtc"fg"tgf"*Fkcitcocu1Twvc"et‡vkec+<"

§" Fghkpkek„p" {" qticpk¦cek„p" fg" fktgeekqpcokgpvq" KR" *kphqtocek„p"

eqphkfgpekcn"rctc"nc"gortguc+"

§" Fghkpkek„p" fg" tgswgtkokgpvqu" fg" gswkrcokgpvq" rctc" ecfc" qhkekpc" eqp"

tgurgevq"c"nqu"ugtxkekqu"{"wuwctkqu"eqpewttgpvgu"*fkogpukqpcokgpvq"fgn"

jctfyctg1gswkrcokgpvq" fg" kphtcguvtwevwtc" swg" uqrqtvg" nc" fgocpfc" fg"

wuwctkqu+"

§" Fghkpkek„p"fg"cpejqu"fg"dcpfc"rqt"qhkekpc"eqp"tgurgevq"c"nc"fgocpfc"fg"

wuwctkqu"{"ncu"cevkxkfcfgu"fgn"ukvkq"gp"guvwfkq0"

·" Tgrqtvg"Geqp„okeq" fg" icuvqu" igpgtcfqu" rqt" nqu" ecodkqu" fg" ctswkvgevwtc" {"

gswkrcokgpvq" pgeguctkqu" rctc" qrvkok¦ct" nqu" ugtxkekqu" *Eqvk¦cekqpgu1vcdncu"

eqorctcvkxcu1cpgzqu+0"

·" Fghkpkek„p" fg" rtkqtkfcf1korcevq" fg" ecfc" ukvkq" eqp" tgncek„p" fg" nc" ecpvkfcf" fg"

wuwctkqu"{"nc"ectic"fg"vtcdclq0

3.4 Optimización de Infraestructura Existente

Gn" qdlgvkxq" fg" guvc" hcug" gu" tgcnk¦ct" wpc" rtqrwguvc" fg" qrvkok¦cek„p" fg" tgewtuqu" {"

gswkrcokgpvq" cevwcn0" Gp" ecuq" fg" swg" pq" ug" vgpic" nq" pgeguctkq" rctc" ghgevwct" wp"

rtq{gevq" fg" ctswkvgevwtc" fg" UFP." ug" rwgfg" tgcnk¦ct" wpc" tgguvtwevwtc" vqocpfq" nqu"

rtqdngocu" fg" oƒu" korcevq." rctc" fgurwfiu" ukownct" wpc" uqnwek„p" swg" rwgfc" ugt"

korngogpvcfc"gp"wp"codkgpvg"tgcn0"
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Propuesta de Solución con equipamiento existente

· Seguridad

· Enlace 

· Intranet/lan

· Monitoreo/alertas

· Alta disponibilidad

· Usabilidad

Simulación
Ambiente de 

pruebas

Optimización de 

Infraestructura 

Existente
Fase 4

Definición de 

problemas de alto 

impacto

XIVFigura 3.9 Hcug"6<"Qrvkok¦cek„p"fg"Kphtcguvtwevwtc"Gzkuvgpvg

Hcug"6<"Qrvkok¦cek„p"fg"kphtcguvtwevwtc"gzkuvgpvg<

· Rtqrwguvc fg"uqnwek„p<"Ug"tghkgtg"c"nc"xgtkhkecek„p"c"fgvcnng"fgn"gswkrq"gzkuvgpvg."

rctc" kpxguvkict" uwu" hwpekqpcnkfcfgu" {" tgewtuqu" swg" ugcp" ecrcegu" rctc" fg"

tguqnxgt" nqu" rtqdngocu" rncpvgcfqu" {" cu‡" vgpgt" wpc" uqnwek„p" kpvgitcn" eqp" gn"

qdlgvkxq"fg"cwvqocvk¦ct"ncu"qrgtcekqpgu"fg"nc"tgf"fg"vgngeqowpkecekqpgu0

· Fghkpkek„p"fg"rtqdngocu"fg"cnvq"Korcevq<"Gu"kfgpvkhkect"ncu"rtqdngoƒvkecu"swg"ug"

rwgfcp"encukhkect"gp"nqu"v„rkequ fguetkvqu."{c"swg"ecfc"wpq"fg"gnnqu"rgtvgpgeg

c"hwpekqpcnkfcfgu"gurge‡hkecu"fg"wp"vkrq"fg"gswkrcokgpvq"fg"tgf0

· Ukowncek„p<" Wvknk¦ct" wpc" rncvchqtoc" fg" ukowncek„p" *uqhvyctg+" ugngeekqpcfc"

fgurwfiu"fg"nc"kpxguvkicek„p"nkvgtctkc {"rtqdct"gn"guswgoc"ugngeekqpcfq."vtcvcpfq"

fg"crtqzkoct"nq"oƒu"rqukdng"gn"codkgpvg"c"nc"tgcnkfcf0

· Codkgpvg" fg" rtwgdcu<" Tgcnk¦ct" rtwgdcu" fg" ncdqtcvqtkq" eqp" gn" gswkrcokgpvq"

*oqfgnqu" {"octecu+" fg" nc" qticpk¦cek„p." c" rctvkt" fgn"oqfgnq" tguwnvcpvg" fg" nc"

ukowncek„p0
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3.5 Implementación de solución y verificación de resultados

Gn"qdlgvkxq"fg"guvc"hcug gu"rqpgt"gp"octejc"nc"uqnwek„p"rtqrwguvc"{"rqfgt"xgtkhkect"gn"

hwpekqpcokgpvq."rctc"tgcnk¦ct"nqu"clwuvgu"gp"gn"ecuq"fg"ugt"pgeguctkq0"Vcodkfip"vkgpgp"

eqoq"qdlgvkxq xcnkfct"uk"nc"uqnwek„p"rtqrwguvc."oglqt„ nc"rtqdngoƒvkec"rncpvgcfc"{"gp"

swfi"pkxgn"hwg"nc"oglqtc0

Implementación en Sitio de Bajo Impacto

Implementación General

Verificación/

Retroalimentación

Verificación
Comparativos con 

Historico

Ajustes/Resideño

SI

NO

Fase 5

Implementación y 

Verificación de 

Resultados

SI

NO

XVFigura 3.10 Hcug"7<"Korngogpvcek„p"{"Xgtkhkecek„p"Tguwnvcfqu

Hcug"7<"Korngogpvcek„p"{"xgtkhkecek„p"fg"tguwnvcfqu<

· Ukvkq"fg"dclq"korcevq<"Ug"tghkgtg"c"ncu"rtwgdcu"h‡ukecu."rtgxkcu"c"tgcnk¦ctncu"gp"

wp"codkgpvg"tgcn."ncu"ewcngu"uqp"glgewvcfcu gp"wp"ukvkq"fg"dclq"korcevq."rctc"

vqoct" gp" ewgpvc" vqfcu" ncu" xctkcdngu" swg" rwgfcp" uwtikt" {" eqortqdct" gn"

eqorqtvcokgpvq"fg"pwguvtc"rtqrwguvc0

· Xgtkhkecek„p"{"tgvtqcnkogpvcek„p<"Eqortqdct"uk"nc"korngogpvcek„p"pq"tgcnk¦q"wpc"

chgevcek„p"pgicvkxc"q"dkgp"uk"ug"rwgfg tgcnk¦ct"oglqtcu"cn"oqfgnq0
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·" Clwuvg"{"tgfkug‚q<"Ug"tghkgtg"c"tgcnk¦ct"nqu"clwuvgu."tguwnvcpvgu"fg"nc"xgtkhkecek„p"

{"eqortqdctnq"fg"pwgxq"fgpvtq"gp"gn"codkgpvg"tgcn0"

·" Korngogpvcek„p"igpgtcn<"Korngogpvct"gn"oqfgnq"tguwnvcpvg"fg"ncu"rtwgdcu"gp"gn"

ukvkq"fg"dclq"korcevq0"

·" Xgtkhkecek„p<"Tgeqngevct"nc"kphqtocek„p"fgn"oqfgnq"korngogpvcfq0"

·" Eqorctcvkxq<" Tgcnk¦ct" wp" eqorctcvkxq" fg" nqu" tguwnvcfqu" {" gn" p¿ogtq" fg"

uqnkekvwfgu" fg" ugtxkekq." cu‡" eqoq" nqu" gxgpvqu" cp„ocnqu" rtgugpvcfqu" eqp"

tgurgevq"cn"jkuv„tkeq"rtgxkq"c"nc"korngogpvcek„p0"

"

"



Korngogpvcek„p"
 

34 

 

4 IMPLEMENTACIÓN

Gp" guvg" ecr‡vwnq" ug" rtgugpvc" gn" fgucttqnnq" {" nc" korngogpvcek„p" fgn" rtqegfkokgpvq"

rtqrwguvq"gp"gn"ecr‡vwnq"cpvgtkqt."gn"ewcn"hwg"crnkecfq"gp"nc"Fktgeek„p"fg"Ukuvgocu"fg"

nc"Rtqewtcfwt‡c"Igpgtcn"fg"Lwuvkekc"fgn"Guvcfq0"

C"eqpvkpwcek„p."ug"fgvcnncp"ncu"cevkxkfcfgu"swg"ug"tgcnk¦ctqp"gp"ecfc"wpc"fg"ncu"hcugu"

swg"eqorqpgp"gn"rtqegfkokgpvq"rctc"gn"crtqxgejcokgpvq"fg"nc"kphtcguvtwevwtc"fg"tgf"

fg"nc"qticpk¦cek„p0"

4.1 Análisis de la situación actual de la organización

Gp"guvc"hcug"kpkekcn"fg"nc"korngogpvcek„p."ug"tgcnk¦c"wp"guvwfkq"c"hqpfq"fg"nc"ukvwcek„p"

cevwcn"fg"nc"qticpk¦cek„p."rgtq"fgufg"wpc"rgturgevkxc"vfiepkec"{"fg"hwpekqpcnkfcf"fg"uw"

guswgoc"fg" tgf."eqp"gn" hkp"fg"qrvkok¦ct" nq"gzkuvgpvg"q" tgcnk¦ct"wpc" tgguvtwevwtcek„p"

igpgtcn"fg"vqfc"nc"kphtcguvtwevwtc0"

4.1.1 Inventario de sitios

Cn" tgcnk¦ct" gn" guvwfkq" fg" nqu" ukvkqu" ug" fgekfk„" vtcdclct" gp" wp" vqvcn" fg" 78" wpkfcfgu"

cfokpkuvtcvkxcu" fkuvtkdwkfcu" c" nq" nctiq" fg" Guvcfq" fg" Uqpqtc" gp" wp" vqvcn" fg" 46"

owpkekrkqu." {c" swg" uqp" ncu" swg" ewgpvcp" eqp" wp" gswkrcokgpvq" ukoknct" {" ug" rqft‡c"

tgcnk¦ct"wpc"eqphkiwtcek„p"guvƒpfct"rctc"ecfc"wpc"fg"gnncu."ncu"ewcngu"vkgpgp"ugtxkekqu"

{" hwpekqpgu" fkhgtgpvgu" fgrgpfkgpfq" gn" vkrq" fg" wpkfcf" cfokpkuvtcvkxc." ncu" ewcngu" ug"

gpnkuvcp"c"eqpvkpwcek„p<"

·" Cigpekc"cfuetkvc"cn"lw¦icfq"okzvq"

·" Cigpekc"cfuetkvc"cn"lw¦icfq"rtkogtq"fg"nq"rgpcn"

·" Cigpekc"cfuetkvc"cn"lw¦icfq"ugiwpfq"fg"nq"rgpcn"

·" Cigpekc"cfuetkvc"cn"lw¦icfq"vgtegtq"fg"nq"rgpcn"

·" Cigpekc"gurgekcnk¦cfc"gp"fgnkvqu"

·" Cigpekc"gurgekcnk¦cfc"gp"fgnkvqu"fg"cdkigcvqu"

·" Cigpekc"gurgekcnk¦cfc"gp"fgnkvqu"fg"swgtgnnc"{"vtƒpukvq"
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·" Cigpekc"gurgekcnk¦cfc"gp"rtqewtcek„p"fg"lwuvkekc"rctc"cfqngegpvgu"

·" Cigpekc"Kpxguvkicfqtc"fgn"Okpkuvgtkq"R¿dnkeq"

·" Cigpekc"Kpxguvkicfqtc"fgn"Okpkuvgtkq"R¿dnkeq"gurgekcnk¦cfc"gp"fgnkvqu"ugzwcngu"

·" Cigpekc"Kpxguvkicfqtc"fgn"Okpkuvgtkq"R¿dnkeq"Ugevqt"K"

·" Cigpekc"Kpxguvkicfqtc"fgn"Okpkuvgtkq"R¿dnkeq"Ugevqt"KK"

·" Cigpekc"Okzvc"

·" Cigpekc"rtkogtc"fgn"Okpkuvgtkq"R¿dnkeq"gurgekcnk¦cfc"gp"fgnkvqu"qecukqpcfq"rqt"

gn"vtƒpukvq"fg"xgj‡ewnqu"

·" Fgngicek„p"tgikqpcn"

·" Egpvtq"fg"cvgpek„p"vgortcpc"

·" Egpvtq"kpvgitcn"fg"rtqewtcek„p"fg"lwuvkekc"

Nc" oc{qt‡c" fg" nqu" vkrqu" fg" wpkfcfgu" cfokpkuvtcvkxqu" cpvgtkqtogpvg" ogpekqpcfcu"

eqorctvgp"wpc"hwpek„p"gp"eqo¿p." nq"ewcn"gu" tgcnk¦ct"wpc" tgrnkect"fg" nc" kphqtocek„p"

ecrvwtcfc"tguwnvcpvgu"fg"ncu"cevkxkfcfgu"rtqrkcu"fg"nc"wpkfcf"cfokpkuvtcvkxc0"

4.1.2 Tipos de enlaces de interconexión de las unidades 
administrativas

Nqu" gpncegu" fg" kpvgteqpgzk„p" jcegp" tghgtgpekc" c" eqoq" wpc" wpkfcf" cfokpkuvtcvkxc"

ceegfg"cn"egpvtq"fg"qrgtcekqpgu"fg"tgf"*EQT+"wdkecfq"gp"gn"gfkhkekq"fg"nc"RILG."cn"

tgcnk¦ct" nc" kpxguvkicek„p"ug" kfgpvkhkectqp" vkrqu"fg"gpncegu."rtqxggfqtgu"{"cpejqu"fg"

dcpfcu."cu‡"okuoq"ug"kfgpvkhke„"wp"gpnceg"qvqticfq"rqt"gn"egpvtq"fg"eqpvtqn."eqocpfq."

eqowpkecek„p"{" e„orwvq" *E6+"gn" ewcn" ukownc"wpc" kpvgteqpgzk„p"NCP"gp"wpc"guecnc"

Guvcvcn0" C" eqpvkpwcek„p." ug" fguetkdgp" vqfcu" ncu" xctkcekqpgu" fg" eqpgzk„p" swg" ug"

rtgugpvctqp"gpvtg"wpc"WC"{"gn"EQT<"

·" Vkrqu"{"cpejqu"fg"dcpfc"fg"nqu"gpncegu"

§" Ukofivtkequ"fg"42"Odru."72"Odru"{"322"Odru"

§" Cukofivtkequ"fg"3"Odru."4"Odru."7"Odru."32"Odru"{"322"Odru"

·" Rtqxggfqtgu"

§" KUR"Kwucegn"*Gpnceg"VR+"
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§" KUR"Ogicecdng"*Ogvtqecttkgt+"

§" KUR"Vgnogz"

§" E6"*iwdgtpcogpvcn+"

"

Nqu" gpncegu" fg" KUR" swg" uqp" wvknk¦cfqu" rctc" tgcnk¦ct" eqpgzkqpgu" fktgevcu" c" nqu"

ugtxkfqtgu"vcpvq"fg"ukuvgocu"kphqtoƒvkequ"eqoq"nqu"fg"dcugu"fg"fcvqu."uqp"tgcnk¦cfqu"

ogfkcpvg"wpc"eqpgzk„p"ugiwtc"fg"wpc"tgf"rtkxcfc"xktvwcn"XRP"*xktvwcn"rtkxcvg"pgvyqtm+"

xficug"gp"nc"hkiwtc"603."gp"nqu"ecuqu"fg"E6"gu"wpc"eqpgzk„p"fktgevc."{c"swg"nqu"ugtxkekqu"

rtkqtkvctkqu"fg"nc"qticpk¦cek„p"pq"uqp"xkukdngu"fgufg"gn"ƒodkvq"r¿dnkeq"*Kpvgtpgv+"xficug"

gp"hkiwtc"6040"

"

"

XVIFigura 4.1 Wpkfcf"Cfokpkuvtcvkxc"eqpgevcfc"rqt"XRP"

"



Korngogpvcek„p 

 

37 

 

"

XVIIFigura 4.2 Wpkfcf"Cfokpkuvtcvkxc"eqpgevcfc"c"nc"RILG"ogfkcpvg"E6"

4.1.3 Inventario de infraestructura de red interna

Ug" tgcnk¦„" wp" kpxgpvctkq" fgn" gswkrcokgpvq" kpxqnwetcfq" gp" nc" kphtcguvtwevwtc" fg" tgf."

fqpfg"ug"fkxkfk„"gp"gn"gswkrcokgpvq"kpuvcncfq"fgn"EQT"wdkecfq"gp"nc"RILG"{"rqt"ecfc"

wpkfcf"cfokpkuvtcvkxc0"Ug"gpeqpvt„"swg"gp"ncu"wpkfcfgu"cfokpkuvtcvkxcu"eqpvcdcp"eqp"

wp"gswkrq"tqwvgt"ekueq"TX2:4"{"wp"uykvej"ekueq"ecvcn{uv"3;22."guvg"¿nvkoq"uqnq"guvƒ"gp"

ncu"WC"swg"nc"rqdncek„p"fg"wuwctkqu"eqpewttgpvgu"gu"oc{qt"c"9."{c"swg"uqdtgrcuc"nc"

ecrcekfcf"fg"kpvgthcegu"gvjgtpgv"fkurqpkdngu"gp"gn"ekueq"TX2:4"xficug"c"fgvcnngu"{"rqt"

WC"gp"gn"cpgzq"30"Rqt"qvtq"ncfq."eqp"tgurgevq"cn"gswkrcokgpvq"kpuvcncfq"fgpvtq"fg"nc"

RILG."gzkuvg"wpc"ugtkg"fg"gswkrcokgpvq"ekueq."5eqo."okmtqvkm."gpvtg"qvtqu."nqu"ewcngu"

gp"uw"oc{qt‡c"gu"qduqngvq0"Vcodkfip"ug"vkgpg"wp"gswkrcokgpvq"fg"tgf"fg"cnvq"pkxgn"fg"

qvtqu"rtq{gevqu"fg"ncu"octecu<"JRG"{"Hqtvkpgv."gn"ewcn"pq"guvƒ"gp"qrgtcek„p"rqt"hcnvc"

fg"eqphkiwtcek„p"{"wp"rtq{gevq"rctc"fctng"wpc"hwpekqpcnkfcf0"

4.1.4 Compatibilidad para implementación SDN

Dcucfqu"gp" nc" nkvgtcvwtc"{"eqp"gn"rtqr„ukvq"fg"wvknk¦ct"wpc"ctswkvgevwtc" kppqxcfqtc"{"

oƒu"cwvqocvk¦cfc."ug"dwue„"nc"korngogpvcek„p"fg"wpc"uqnwek„p"gp"wpc"rncvchqtoc"fg"
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UFP"vcpvq"gp"gn"rncpq"fg"eqpvtqn."cu‡"eqoq"gp" nc"rctvg"fg"fgucttqnnq"fg"crnkecvkxqu"

gurge‡hkequ."rqt"nq"swg."c"rctvkt"fgn"kpxgpvctkq"fgn"gswkrcokgpvq"fg"nc"kphtcguvtwevwtc"fg"

tgf."ug"kpxguvki„"gp"ncu"jqlcu"fg"gurgekhkecekqpgu"fg"ecfc"wpq"rctc"ucdgt"uk"eqpvcdcp"

eqp" nc" hwpekqpcnkfcf" fgn" rtqvqeqnq" fg"QrgpHnqy." rqt" nq" swg" gn" tguwnvcfq" hwg" rqeq"

hcxqtcdng."{c"uqnq"4"gswkrqu"uqrqtvcp"gp"uw"vqvcnkfcf"nq"swg"gu"QrgpHnqy."gp"guvg"ecuq"

hwgtqp"4"uykvejgu"JRG"HngzPgvyqtm"9722"ugtkgu"swg"uqrqtvcp"QrgpHnqy"xgtuk„p"305"

*Jrg0eqo."4238+0"Rqt"nq"cpvgtkqt"{"hcnvc"fg"tgewtuqu"gp"gswkrcokgpvq"{"geqp„okequ."ug"

fgekfk„"tgcnk¦ct"wpc"qrvkok¦cek„p"fg"nqu"tgewtuqu"cevwcngu"vcpvq"hkpcpekgtqu"eqoq"fgn"

gswkrcokgpvq" fg" nc" qticpk¦cek„p" {" cu‡" tguqnxgt" nqu" rtqdngocu" {c" rncpvgcfqu."

fguectvcpfq"nc"rqukdknkfcf"fg"fgucttqnnct"wpc"ctswkvgevwtc"fg"UFP0"

4.1.5 Solicitudes de servicios o reportes de fallas

Cevwcnogpvg"nc"qticpk¦cek„p"vkgpg"rgtuqpcn"rctc"nc"cvgpek„p"fg"wuwctkqu"eqp"tgurgevq"

c"tgrqtvgu"fg"hcnncu"q"uqnkekvwfgu"fg"ugtxkekqu."ug"kfgpvkhke„"swg."gp"gn"ƒtgc"fg"uqrqtvg"

vfiepkeq" nc" ewcn" ug" gpectic" fg" xgt" gn" dwgp" hwpekqpcokgpvq" fgn" gswkrq" fg" e„orwvq"

gzkuvgpvg"q"dkgp"nc"kpuvcncek„p"fg"gswkrq"pwgxq"ugi¿p"ugc"gn"ecuq."ug"ewgpvc"eqp"wp"

ukuvgoc"rctc"nc"ecrvwtc"fg"ncu"nncocfcu"tgekdkfcu"rqt"rctvg"fg"nqu"wuwctkqu"*gorngcfqu"

fg"nc"qticpk¦cek„p+"uqdtg"uqnkekvwfgu"fg"ugtxkekqu"q"tgrqtvg"fg"hcnncu0"Rqt"qvtq"ncfq."gn"

ƒtgc"fg"tgfgu"{"vgngeqowpkecekqpgu"pq"ewgpvcp"eqp"wp"ukuvgoc"rctc"gn"ugiwkokgpvq"

fg"nqu"tgrqtvgu"fg"hcnncu"q"uqnkekvwfgu"fg"ugtxkekqu."rqt"nq"swg"ug"ng"tgeqogpf„"wvknk¦ct"

gn"okuoq"ukuvgoc"swg"gu"wvknk¦cfq"rqt"gn"ƒtgc"fg"uqrqtvg" vfiepkeq0"Rqt"qvtq" ncfq."ug"

kfgpvkhke„"swg"wp"itcp"p¿ogtq"fg"„tfgpgu"fg"ugtxkekq"pq"uqp"ewcpvkhkecdngu"fg"ocpgtc"

kpogfkcvc."{c"swg"ncu"tgcnk¦cp"fg"ocpgtc"hqtocn"rqt"qhkekq"*Cpgzq"23+"{"nc"tgurwguvc"q"

cvgpek„p"ug"jceg"fg"kiwcn"hqtoc"rqt"qhkekq."rqt"nq"swg"uqnq"ug"vkgpg"wpc"gxkfgpekc"h‡ukec"

pq"encukhkecfc"fg"ncu"uqnkekvwfgu"q"tgrqtvgu"rctc"wp"ugtxkekq."vcpvq"fgn"ƒtgc"fg"tgfgu"{"

ug"uqrqtvg"vfiepkeq0"
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4.2 Solución y pruebas de SDN

Eqoq"ug"ogpekqp„"fgurwfiu"fg"tgcnk¦ct"gn"guvwfkq"fg"eqorcvkdknkfcf"fqpfg"gn"tguwnvcfq"

hwg"pgicvkxq"c" nc" korngogpvcek„p"fg"wpc"ctswkvgevwtc"fg"UFP." ncu"ectcevgt‡uvkecu"{"

hwpekqpcnkfcfgu"fgn"gswkrcokgpvq"fg"tgf"wvknk¦cfqu"rqt"nc"qticpk¦cek„p"pq"eworngp"gn"

tgswgtkokgpvq"o‡pkoq"swg"gu"gn"rtqvqeqnq"QrgpHnqy."rqt"nq"cpvgtkqt"ug"fgekfg"guvwfkct"

c" hqpfq" ncu" hwpekqpcnkfcfgu"fgn"gswkrcokgpvq"cevwcn"rctc"uw"qrvkok¦cek„p"{"cu‡"fct"

uqnwek„p" c" ncu" rtqdngoƒvkecu" rtgugpvcfcu0" Gzkuvg" gswkrcokgpvq" cfswktkfq" rctc"

ugiwtkfcf"rgtkogvtcn"{"twvgq"fg"nc"octec"Hqtvkpgv."gn"ewcn"rctc"nc"rctvg"fg"eqpvtqncfqt"

kpcnƒodtkeq"wvknk¦c"gn"rtqvqeqnq"ECRYCR"gn"ewcn"rtqrqpg" nc"iguvk„p"egpvtcnk¦cfc"fg"

o¿nvkrngu"rwpvqu"fg"ceeguq"kpcnƒodtkequ"*CR+"*Gnucfgm"{"Okmjckn."4238+"{"gu"uqrqtvcfq"

rqt"wp"eqpvtqncfqt"UFP"QrgpFc{Nkijv"*Qrgpfc{nkijv0qti."4238+."guvg"¿nvkoq"gu"wpq"

fg" nqu" eqpvtqncfqtgu"oƒu" eqpqekfqu" rctc" wpc" uqnwek„p" fg"UFP." ewcpfq" ug" fgugc"

tgcnk¦ct"wpc"uqnwek„p"fg"e„fkiq"cdkgtvq"{"ukp"wp"equvq"geqp„okeq0""

"
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4.3 Estudio económico, diseño y requerimientos

Gp" guvc" hcug" fg" korngogpvcek„p" wpc" xg¦" fgvgtokpcfq" nc" kpeqorcvkdknkfcf" fgn"

gswkrcokgpvq" rctc" wpc" ctswkvgevwtc" fg" UFP" swg" tguwgnxc" ncu" rtqdngoƒvkecu"

rncpvgcfcu."ug"fgucttqnnc"wp"rncp"ugewpfctkq"gn"ewcn"ug"tghkgtg"c"nc"qrvkok¦cek„p"fg"nqu"

tgewtuqu" rctc" gzrnqvct" ncu" hwpekqpcnkfcfgu" swg" crq{gp" c" nc" uqnwek„p" fg" ncu"

rtqdngoƒvkecu" {" cu‡" okuoq" c" nc" cwvqocvk¦cek„p" fg" ncu" qrgtcekqpgu" fg" tgf." gp" nqu"

v„rkequ" fg<" ctswkvgevwtc" fg" cnvc" fkurqpkdknkfcf." kpvgteqpgevkxkfcf" tgfwpfcpvgu."

cfokpkuvtcek„p" fg" cpejqu" fg" dcpfc" {" cwvqocvk¦cek„p" fg" rtqeguqu" fg" tgf0" Rqt" nq"

cpvgtkqt"ug"tgcnk¦ctqp"wpc"ugtkg"vctgcu"{"qrgtcekqpgu"fgufg"vfiepkecu"c"geqp„okecu."

ncu"ewcngu"uqp"rtgugpvcfcu"c"eqpvkpwcek„p0"

4.3.1 Diagrama y reestructuración de red"
Cn"tgcnk¦ct"gn"vtcdclq"fg"cpƒnkuku"fg"nqu"ukvkqu"vcpvq"fg"ncu"WC"eqoq"gn"EQT"fg"nc"RILG."

ug" fgekfk„" jcegt" wpc" rtqrwguvc" fg" tgguvtwevwtcek„p" eqp" gn" hkp" fg" uqnxgpvct" ncu"

rtqdngoƒvkecu"rncpvgcfcu."rqt"nq"swg"kpkekcnogpvg"ug"jk¦q"wp"fkcitcoc"fg"nc"ukvwcek„p"

cevwcn"*hkiwtc"605+"fqpfg"ug"rwgfg"qdugtxct"hcnvc"fg"tgfwpfcpekc"fg"kpvgteqpgzk„p."cu‡"

eqoq"fg"wp"guswgoc"fg"vqngtcpekc"c"hcnnqu"gp"gn"gswkrcokgpvq"fg"kphtcguvtwevwtc0"
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XVIIIFigura 4.3"Fkcitcoc"fg"tgf"cevwcn"fg"nc"qticpk¦cek„p

Eqoq"cpvgtkqtogpvg"ug"ogpekqp„"gp"nc"rctvg"fg"kpxgpvctkq"fg"gswkrq."nc"qticpk¦cek„p"

ewgpvc"eqp"gswkrcokgpvq"pwgxq"{"swg"c¿p"pq"guvƒ"gp"qrgtcek„p"eqoq"nq"uqp"nqu"JRG"

Hngzhcdtke" 9725" {" gswkrqu" Hqtvkicvg." cu‡"okuoq" ug" tgeqogpf„" c" nc" qticpk¦cek„p" nc"

cfswkukek„p" fg" ugtxkekqu" fg" Kpvgtpgv" gp" ncu" fkhgtgpvgu" WC" eqp" gn" hkp" fg" eqpvct" eqp"

tgfwpfcpekc" fg" gpnceg." cn" vgpgt" nc" rqukdknkfcf" fg" wvknk¦ct" nc" XRP" rqt" wp" KUR" {" nc"

eqpgzk„p"NCP1Guvcvcn"ogfkcpvg"E6."nqitcpfq"wp"guswgoc"fg"cnvc"fkurqpkdknkfcf"gp"nqu"

gpncegu"eqoq"ug"rwgfg"qdugtxct"gp"nc"hkiwtc"6060"
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XIXFigura 4.4"Fkcitcoc"fg"tgf"rtqrwguvq"rctc"nc"kpvgteqpgzk„p"gpvtg"WC"{"EQT"
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4.3.2 Definición de requerimientos"
Wpc"xg¦"tgcnk¦cfq"gn"fkcitcoc"rtqrwguvq"rctc"nc"qticpk¦cek„p."ug"etgc"wp"nkuvcfq"fg"

tgswgtkokgpvqu" vfiepkequ" {" fg" gswkrcokgpvq" rctc" nqitct" fkejc" korngogpvcek„p." cu‡"

okuoq"pwgxcogpvg"ug"tgxkuc"gn"gswkrcokgpvq"eqp"gn"swg"{c"ug"ewgpvc"rctc"cu‡"rgfkt"

uqnq"nq"o‡pkoq"pgeguctkq."eqoq"ug"owguvtcp"gp"nc"vcdnc"6030"

Cantidad Equipo Descripción

4" HI322F" Hktgycnn"egpvtcn"gp"cnvc"fkurqpkdknkfcf"
8" HI82F" Hktgycnn"fg"WC"
57" HI72G" Hktgycnn"fg"WC"
3" HI52G" Hktgycnn"fg"WC"
8" FN582"I;" Ugtxkfqtgu"egpvtcn"gp"enwuvgt"
3" Gzr"5RCT" Gzrcpuk„p"fg"ukuvgoc"fg"cnocegpcokgpvq"
37" HU66:F" Uykvej"rctc"gswkrcokgpvq"fg"htqpvgtc"
:" HCR443E" Rwpvq"fg"ceeguq"kpcnƒodtkeq"rctc"gfkhkekq"egpvtcn"
8" Nkegpekcu" Nkegpekcokgpvq"fg"Ykpfqyu"Ugtxgt"
5:" Gpnceg" Gpncegu"fg"Kpvgtpgv"
6" Gpnceg"RVR" Gpncegu"kpcnƒodtkequ"rwpvq"c"rwpvq"
3" HOI622F" Eqpuqnc"fg"cfokpkuvtcek„p"rctc"hktgycnn"
3" HC¥622F" Ugtxkfqt"fg"tgeqngeek„p"fg"kphqtocek„p"fg"hktgycnn"

2Tabla 4.1"Tgswgtkokgpvqu"o‡pkoqu"rctc"tgcnk¦ct"nc"ctswkvgevwtc"rtqrwguvc

Nq" cpvgtkqt" gu" tguwnvcfq" fg" wp" eqorctcvkxq" o‡pkoq" fg" 5" octecu" rqt" vkrq" fg"

gswkrcokgpvq."wvknk¦cpfq"xctkqu"etkvgtkqu<"equvq."wucdknkfcf."qrgtcvkxkfcf."hwpekqpcnkfcf"

{"swg"ewornkgtc"eqp"nq"pgeguctkq"rctc"gn"fgucttqnnq"fg"nc"ctswkvgevwtc"rtqrwguvc0"Eqp"

tgurgevq" c" nqu" gswkrqu" fg" ugiwtkfcf1tqwvgt" ug" gnkik„" uqdtg" 5" fg" ncu" octecu" oƒu"

eqpqekfc<"Rcnq"Cnvq"Pgvyqtmu."Ejgem"Rqkpv"Uqhvyctg"Vgejpqnqikgu"{"Hqtvkpgv."tguwnvcfq"

fgn"guvwfkq"ÐOcike"Swcftcpv"hqt"Gpvgtrtkug"Pgvyqtm"HktgycnnuÑ"rwdnkecfq"gn"47"fg"oc{q"

fg"4238"*ictvpgt0eqo."4239+."rqt"ewguvkqpgu"fg"rtguwrwguvq"{"hceknkfcf"fg"cfswkukek„p"

ug"gnkik„"cn"hcdtkecpvg"Hqtvkpgv."cwpswg"nqu"5"eworn‡cp"eqp"nqu"tgswkukvqu"rncpvgcfqu"fg"

nc" pwgxc" ctswkvgevwtc" rtqrwguvc0" Rqt" qvtq" ncfq." gp" nc" rctvg" fg" eqpuqnc" fg"

cfokpkuvtcek„p." tgeqngevqt" fg" kphqtocek„p"fgn" hktgycnn." uykvejgu" {" rwpvqu" fg"ceeguq"

kpcnƒodtkequ"ug"qrv„"rqt"gngikt"cn"okuoq"hcdtkecpvg."{c"swg"ug"rwgfg"vgpgt"wpc"uqnwek„p"

kpvgitcn" {" qhtgeg" hwpekqpcnkfcfgu" rtqrkgvctkcu." rctc" codkgpvgu" fqpfg" ug" wuc"

gswkrcokgpvq"fg"nc"okuoc"octec."cu‡"eqoq"wpc"cfokpkuvtcek„p"egpvtcnk¦cfc0"Gn"gswkrq"
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ogpekqpcfq"hwg"cfswktkfq"ogfkcpvg"nc"iguvk„p"fg"tgewtuqu"Guvcvcngu"{"Hgfgtcngu."cu‡"

eqoq" eqpxgpkqu" eqp"gn" iqdkgtpq" fg"Guvcfqu" Wpkfqu." cu‡"okuoq" ug" tgcnk¦„" cpgzqu"

vfiepkequ" fgn" gswkrcokgpvq" eqoq" tgswkukvq" rctc" nc" rwdnkecek„p" fg" ncu" rctvkfcu" fg"

nkekvcek„p0"

Eqp"tgurgevq"c"nqu"gpncegu"fg"Kpvgtpgv"{"eqp"cuguqt‡c"fg"nqu"okuoq"rtqxggfqtgu"fg"

Kpvgtpgv." gp" guvg" ecuq" Vgnogz." Ogvtqecttkgt" {" Gpnceg" VR." vqocpfq" gp" ewgpvc" nc"

ecpvkfcf"fg"wuwctkqu"gp"Wpkfcfgu"Cfokpkuvtcvkxcu."ug"uqnkekvctqp"gpncegu"fgufg"7"od1u"

c"42"od1u."eqp"cn"ogpqu"wpc"KR"hklc."uqnq"gp"gn"EQT"fg"nc"RILG"ug"ewgpvcp"eqp"cn"

ogpqu"4"gpncegu"fg"322"od1u."fgfkecfqu"rctc"tgcnk¦ct"nc"kpvgteqpgzk„p"eqp"nc"WC."rqt"

qvtq" ncfq" vcodkfip" gp" gn" gfkhkekq" ogpekqpcfq" ug" ewgpvc" eqp" wpc" ugtkg" fg" gpncegu"

cukofivtkequ"fg"42"od1u"eqp"gn"rtqr„ukvq"fg"ugt"wvknk¦cfq"rctc"nc"pcxgicek„p"fg"Kpvgtpgv"

fg"nqu"wuwctkqu0"

4.3.3 Selección de sitio de bajo impacto

Nc" fghkpkek„p" fg" ukvkqu" hwg" c" etkvgtkq" fg" nc" qticpk¦cek„p" wvknk¦cpfq" ncu" ukiwkgpvgu"

xctkcdngu<" rqdncek„p" fg" wuwctkqu." ecpvkfcf" fg" kphqtocek„p" q" ecuqu" ecrvwtcfqu" gp"

rtqogfkq."vkrq"fg"cigpekc"q"fgnkvqu0"Rqt"nq"cpvgtkqt"ug"gnkik„"c"nc"cigpekc"wdkecfc"fgpvtq"

fgn"Jqurkvcn"Igpgtcn"fgn"Guvcfq."{c"swg"ug"uqnq"ecrvwtc"ecuqu"fg"ncu"rgtuqpcu"swg"

kpitgucp"cn"jqurkvcn."rqt"nq"swg"hwg"gn"ukvkq"cwvqtk¦cfq"rqt"nc"qticpk¦cek„p"rctc"tgcnk¦ct"

nc" kpuvcncek„p" kpkekcn" {" cu‡" rqfgt" guvct" oqpkvqtgcpfq" rctc" jcegt" nqu" clwuvgu" {"

oqfkhkecekqpgu"gp"nc"eqphkiwtcek„p"gp"gn"ecuq"fg"ugt"pgeguctkqu."cu‡"okuoq."qvtq"fg"

nqu"oqvkxqu"fg"nc"ugngeek„p"fgn"ukvkq"ogpekqpcfq."hwg"rqtswg"ug"gpewgpvtc"gp"nc"okuoc"

ekwfcf"ugfg"fqpfg"ug"guvƒ" vtcdclcpfq"fg"ocpgtc"rtgugpekcn" nq"swg"hceknkvct‡c"gp"gn"

ecuq"fg"vgpgt"swg"vtcuncfctug"c"nc"WC0"
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4.4 Optimización de infraestructura existente

Uk"pqu"gpeqpvtcoqu"gp"guvc"gvcrc."gu"rqtswg"pq"eqpvcoqu"eqp"nq"pgeguctkq"rctc"nc"

tgcnk¦cek„p" fg" wp" rtq{gevq" fg" UFP0" Rqt" nq" cpvgtkqt" ug" tgcnk¦c" nc" qrvkok¦cek„p" fgn"

gswkrcokgpvq"cevwcn"{"gp"gn"ecuq"fg"jcdgtnq"cfswktkfq"{"swg"pq"hwg"eqorcvkdng"eqp"

UFP."ug"swkgtg"gzrnqvct"ncu"hwpekqpcnkfcfgu"fgn"gswkrcokgpvq"cevwcn"{"gn"pwgxq"eqp"gn"

hkp" fg" cwvqocvk¦ct" nqu" rtqeguqu" fg" tgf." gp" guvg" ecuq" swg" tguwgnxc" {1q" oglqtg" nc"

kpvgteqpgzk„p" gpvtg" ncu" WCŁu" {" gn" EQT." cu‡" eqoq" vcodkfip" oglqtct" wpc" ugtkg" fg"

curgevqu"fg"nc"tgf"kpvgtpc"fg"ecfc"WC"{"gn"EQT0"

4.4.1 Propuesta de solución con equipamiento existente

Gp"guvc"gvcrc"fg"nc"hcug"6"{"cn"pq"eqpvct"eqp"nq"pgeguctkq"rctc"nc"korngogpvcek„p"fg"

UFP." ug" tgcnk¦c" wp" guvwfkq" c" hqpfq" fg" nqu" gswkrqu" fguetkvqu" gp" gn" kpxgpvctkq" fg"

gswkrcokgpvq"fg"nc"qticpk¦cek„p."rctc"xgt"ncu"hwpekqpcnkfcfgu"{"ectcevgt‡uvkecu"swg"ug"

rwgfgp"gzrnqvct"fg"nqu"okuoqu."pqu"crq{coqu"gp"ncu"jqlcu"vfiepkecu"fg"ecfc"wpq."cu‡"

eqoq"gp"nc"fqewogpvcek„p"fg"ocpwcngu"fg"eqphkiwtcek„p"{"fg"guswgocu"rtqrwguvqu"

rqt"ecfc"wpq"fg"nqu"hcdtkecpvgu0"Nq"cpvgtkqt"guvƒ"cuqekcfq"cn"gswkrcokgpvq."rqt"gn"ncfq"

fg"nc"qticpk¦cek„p"ug"qdugtxcp"nqu"rtqdngocu"fg"cnvq"korcevq"fg"nqu"ukiwkgpvgu"vgocu"

ugi¿p"ugcp"ncu"pgegukfcfgu"{"rtqdngoƒvkecu"c"tguqnxgt"gp"nc"qticpk¦cek„p<"

·" Ugiwtkfcf<" Ug" tghkgtg" eqp" tgurgevqu" fg" rqn‡vkecu" fg" ceeguq" fg" hktgycnn." ncu"

ewcngu" rtqvgigp" nc" tgf" kpvgtpc" {" gswkrcokgpvq0" Gp" gn" ecuq" rctvkewnct" fg" nc"

qticpk¦cek„p"dclq"guvwfkq."ug"cwogpvctƒ"nc"rtqvgeek„p"c"nqu"ugtxkfqtgu"kpvgtpqu."

cu‡"eqoq"nc"rtqvgeek„p"fg"nqu"wuwctkqu"eqp"tgurgevq"c"cvcswgu"fgufg"Kpvgtpgv0"

·" Gpncegu<"Gp"guvg"rwpvq"ug"guvwfkc"nqu"gpncegu"fg"kpvgteqpgzk„p"gpvtg"qhkekpcu."

gp"guvg"ecuq"gpvtg" ncu"WC"{"gn"EQT."rgtq" vcodkfip"ug"tgcnk¦c"wp"guvwfkq"eqp"

tgurgevq"c" nc"pgegukfcf"fg"pcxgicek„p"fg"Kpvgtpgv"fg"nc"qticpk¦cek„p0"Rqt" nq"

swg"igpgtcnk¦cpfq"gp"ewcnswkgt"qticpk¦cek„p"ug"vqoct‡c"gp"ewgpvc"qrvkok¦ct"nqu"

cpejqu"fg"dcpfc"fg"Kpvgtpgv"{"fg"gpncegu"fg"kpvgteqpgzk„p"ugi¿p"ugc"gn"ecuq0"

·" Kpvtcpgv1NCP<"Ug"tgcnk¦c"wp"kpxgpvctkq"fg"nc"ugiogpvcek„p"fg"tgf"kpvgtpc"fg"nc"

qticpk¦cek„p." pqu" tghgtkoqu" cn" fktgeekqpcokgpvq" kpvgtpq" {" gn" rtqr„ukvq" fgn"
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okuoq0" Rqt" glgornq." etgcek„p" fg" tgfgu" gzenwukxcu" rctc" ugtxkfqtgu."

gswkrcokgpvq"fg"kphtcguvtwevwtc"fg"tgf"*tqwvgt."uykvej."eqpowvcfqtgu+."gswkrqu"

rctc"xkfgq"xkikncpekc."rqt"ogpekqpct"cniwpqu0"Vcodkfip"fkejc"ugiogpvcek„p"pqu"

c{wfct‡c"cn"oqogpvq"fg"guvct"tgcnk¦cpfq"ncu"rqn‡vkecu"fg"ugiwtkfcf."cu‡"eqoq"

hceknkvct"nc"cfokpkuvtcek„p"{"eqpvtqn"c"nqu"cfokpkuvtcfqtgu"fg"nc"tgf0"

·" Oqpkvqtgq1cngtvcu<"Ug"tghkgtg"c"fgucttqnnct"ogecpkuoqu"fg"oqpkvqtgq"fg"tgf."nqu"

ewcngu"rwgfgp"guvct"cuqekcfqu"c"uqhvyctg"gurgekcnk¦cfq"rctc"fkejq"rtqr„ukvq"q"

dkgp"vcodkfip"c"twvkpcu"q"pwgxqu"guswgocu"fg"cfokpkuvtcek„p"fgn"rgtuqpcn"swkgp"

cfokpkuvtc"nc"tgf0"

·" Cnvc"fkurqpkdknkfcf<"Gp"guvc"gvcrc"ugi¿p"ugc"gn"iktq"fg" nc"qticpk¦cek„p"{" ncu"

rtkqtkfcfgu"fg"nqu"rtqeguqu"kpvgtpqu"fg"nc"okuoc."ug"tgcnk¦cp"guswgocu"fg"cnvc"

fkurqpkdknkfcf." nqu" ewcngu" rwgfgp" ugt" gp" ugtxkekqu." gswkrcokgpvq" fg"

kphtcguvtwevwtc"{"ugtxkfqtgu="gp"gn"oglqt"fg"nqu"ecuqu"uk" nc"qticpk¦cek„p" vkgpg"

cevkxkfcfgu"etkvkecu"fg"cnvq"korcevq"q"ocpglq"fg"kphqtocek„p"ugpukdng."ug"rwgfg"

rncpvgct"nc"korngogpvcek„p"fg"wp"ukvkq"cnvgtpq"gp"gn"ecuq"fg"wpc"gxgpvwcnkfcf"

swg" vgpic" itcpfgu" chgevcekqpgu" fgn" EQT" fg" nc" qticpk¦cek„p." vgpgt" wp" ukvkq"

fqpfg"ug"guvfi"tgrnkecpfq"nc"kphqtocek„p"{"vgpgt"vqfq"nq"pgeguctkq"rctc"ocpvgpgt"

gp"hwpekqpcokgpvq"ncu"cevkxkfcfgu"rtkqtkvctkcu"fg"qticpk¦cek„p0"

·" Wucdknkfcf<"Guvg"rwpvq"korcevc"fktgevcogpvg"c"nc"cfokpkuvtcek„p"{"eqpvtqn"fg"nc"

tgf."cu‡"okuoq"ug" vkgpg"wp"korcevq"rqukvkxq"c" nc"rgtegrek„p"fgn"wuwctkq"hkpcn."

swkgp"gu"gn"swg"wvknk¦c"nc"kphtcguvtwevwtc"fg"tgf0"Csw‡"ug"tghkgtg"gp"etgct"rtqeguqu"

cwvqocvk¦cfqu"swg"c{wfgp"c"cfokpkuvtct"fg"wpc"hqtoc"oƒu"ghkekgpvg"nc"tgf."rqt"

nq"swg"guvg"rwpvq"guvƒ"nkicfq"c"vqfqu"nqu"fgoƒu."cu‡"okuoq"eqoq"gu"wp"crq{q"

fktgevq"c"nqu"cfokpkuvtcfqtgu"fg"tgf."vkgpg"eqoq"tguwnvcfq"fkuokpwkt"gn"vkgorq"

fg"tgurwguvc"rctc"nc"tguqnwek„p"fg"rtqdngocu"gp"nc"tgf0"

Cn" vgtokpct" fg" fghkpkt" ecfc" wpq" fg" nqu" rwpvqu" cpvgtkqtgu" {" xkuwcnk¦cpfq" ncu"

rtqdngoƒvkecu"{"gn"fkcitcoc"fg"tgguvtwevwtcek„p"fg"tgf"cpvgtkqtogpvg"rtqrwguvq"gp"nc"

Hcug"5."ug"vkgpg"wp"clwuvg"{"pwgxc"rtqrwguvc"fg"ctswkvgevwtc"fg"tgf"eqoq"ug"owguvtc"

gp"nc"hkiwtc"6070"
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XXFigura 4.5 Pwgxc"rtqrwguvc"fg"ctswkvgevwtc"fg"tgf"qrvkok¦cfc 
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4.5 Implementación de solución y verificación

Gp"guvc"gvcrc"pqu"gpeqpvtcoqu"eqp"wpc"ctswkvgevwtc"rtqrwguvc"{c"xcnkfcfc."ugi¿p"

ugc"gn"ecuq"gn"ewcn"rwgfg"ugt" korngogpvcek„p"fg"UFP"q"dkgp" nc"qrvkok¦cek„p"fg" nc"

kphtcguvtwevwtc"cevwcn."ewcnguswkgtc"fg"ncu"fqu"ukvwcekqpgu"ogpekqpcfcu"eqogp¦ctƒp"

eqp"gn"rtqeguq"fg"clwuvgu"{"oqfkhkecekqpgu"gp"gn"ecuq"fg"ugt"tgswgtkfq."cu‡"eqoq"nc"

hcug"fg"rtwgdcu"gp"gn"ukvkq"fguetkvq"fg"dclq"korcevq."rctc"rquvgtkqtogpvg"tgcnk¦ct"nc"

kpuvcncek„p" igpgtcn" gp" vqfqu" nqu" ukvkqu" *Wpkfcfgu" Cfokpkuvtcvkxcu+." swg" hwgtqp"

fgnkokvcfcu"gp"gn"rtq{gevq0"

4.5.1 Implementación en sitio de bajo impacto

Cn"eqpvct"eqp"gn"gswkrcokgpvq"{"ugtxkekqu"uqnkekvcfqu"rctc"nc"ctswkvgevwtc"ogpekqpcfc."

ug"rtqegfk„" tgcnk¦ct" nc" kpuvcncek„p"gp"gn" ukvkq"rknqvq" eqpqekfq"eqoq"fg"dclq" korcevq"

*Jqurkvcn" Igpgtcn" fgn" Guvcfq+0" Nc" rtkogtc" hcug" fg" fkejc" hcug" hwg" tgcnk¦ct" nc"

kpvgteqpgzk„p" gpvtg" nc" WC" {" gn" gfkhkekq" fg" nc" RILG." rqt" nq" swg" crtqxgejcpfq" nc"

eqpgevkxkfcf" swg" ug" qdvwxq" eqp" gn" ugtxkekq" eqpvtcvcfq" fg" gpnceg" fg" Kpvgtpgv." ug"

rtqegfk„"c"tgcnk¦ct"wpc"eqpgzk„p"fg"XRP"rwpvq"c"rwpvq"*Ukvg"vq"Ukvg+"gpvtg"nqu"gswkrqu"

nqu"gswkrqu"Hqtvkpgv"cfswktkfqu"eqoq"ug"owguvtc"gp"nc"hkiwtc"608."nq"ewcn"gu"ow{"ugpeknnq"

wvknk¦cpfq"gn"cukuvgpvg."eqoq"ug"owguvtc"gp"nc"hkiwtc"6090"

"

XXIFigura 4.6"XRP"Ðukvg"vq"ukvgÑ"gpvtg"gswkrqu"Hqtvkicvg"
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"

XXIIFigura 4.7"Rcuq"3<"etgcek„p"fg"XRP"ukvkq"c"ukvkq"wvknk¦cpfq"gn"cukuvgpvg"

Eqoq"ug"rwgfg"qdugtxct"gp"nc"hkiwtc"609."gn"rtkogt"rcuq"rctc"nc"etgcek„p"fgn"v¿pgn"fg"

XRP"eqpukuvg"gp"qvqtictng"wp"pqodtg"c"fkejq"v¿pgn."uk"ug"swkgtg"wvknk¦ct"wpc"rncpvknnc"fg"

eqphkiwtcek„p"rtgfgvgtokpcfc"rqt"gn"gswkrq."cu‡"eqoq"gn"vkrq"fg"gswkrq"eqp"gn"swg"xc"

c" tgcnk¦ctng"gn" v¿pgn" {"rqt"wnvkoq"uk" xc" vgpgt"cniwpc"eqphkiwtcek„p"fg"PCV" *Pgvyqtm"

Cfftguu" Vtcpuncvkqp+=" nq" cpvgtkqt" gu" rctc" jcegt" wpc" eqpgzk„p" vtcurctgpvg" gpvtg" nqu"

ukvkqu"rgtq"cn"okuoq"vkgorq"tgcnk¦cpfq"wpc"eqpgzk„p"ugiwtc"gpvtg" nqu"okuoq0"Gp"gn"

rcuq"4"eqoq"ug"owguvtc"gp"nc"hkiwtc"60:."ug"fgvgtokpct"wpc"ugtkg"fg"rctƒogvtqu"eqoq"

nc"fktgeek„p"KR"fgn"gswkrq"tgoqvq"eqp"gn"ewcn"ug"xc"c"eqpgevct"q"dkgp"guvc"nc"rqukdknkfcf"

fg"tgcnk¦ctnq"rqt"pqodtg."ogfkcpvg"wp"tgikuvtq"fg"FPU"fkpƒokeq"gp"gn"ecuq"swg"gp"gn"

ukvkq"gn"rtqxggfqt"fg"Kpvgtpgv"pq"qvqtiwg"wpc"fktgeek„p"KR"hklc."gp"guvg"ecuq"ug"ewgpvc"

eqp"wp"fktgeekqpcokgpvq"fg"KR"hklq"eqpvtcvcfq."rgtq"gp"nc"hcug"fg"oqpkvqtgq"ug"qdugtx„"

swg"c¿p"fguetkvq"gp"nc"eqpvtcvcek„p"fgn"ugtxkekq"eqoq"KR"hklc."guvcdc"ecodkcpfq"{"hwg"

pqvkhkecfq"c" nc" dtgxgfcf" eqp"gn" rtqxggfqt" fg" Kpvgtpgv." pq" ug" tgekdk„" wpc" tgurwguvc"

ucvkuhcevqtkc"{"rqt"ewguvkqpgu"fg"vkgorq"ug"fgekfk„"tgcnk¦ctnq"eqp"tgikuvtq"fg"pqodtg"

fkpƒokeq"gn"ewcn"gu"wp"ugtxkekq"rtguvcfq"rqt"Hqtvkpgv"rqt" nq"swg"pq"igpgtc"wp"equvq"

cfkekqpcn"c"nc"uqnwek„p"eqoq"ug"owguvtc"gp"nc"hkiwtc"60;="rqt"¿nvkoq"ug"ugngeekqpc"nc"

kpvgthceg"rqt"fqpfg"guvƒ"nc"eqpgzk„p"fg"Kpvgtpgv"rqt"fqpfg"ug"tgcnk¦ctƒ"nc"eqpgzk„p"fg"
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XRP." cu‡" eqoq" uk" wvknk¦ctgoqu" wp" encxg" eqorctvkfc" gpvtg" gswkrqu" rctc" tgcnk¦ct" nc"

eqpgzk„p"q"dkgp"wp"egtvkhkecfq"swg"cwvgpvkhkswg"nc"eqpgzk„p"gpvtg"nqu"okuoq0"

"

XXIIIFigura 4.8"Rcuq"4"etgcek„p"fg"XRP"ukvkq"c"ukvkq"wvknk¦cpfq"gn"cukuvgpvg"

"

XXIVFigura 4.9"Ugtxkekq"fg"FPU"fkpƒokeq"fg"Hqtvkpgv"

"
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Cn" vgtokpct" nq"cpvgtkqt" ug"rwgfg" tgcnk¦ct" ncu"wnvkocu"eqphkiwtcekqpgu"fg" nc"XRP." ncu"

ewcngu" uqp" tgswgtkfcu" gp" gn" rcuq" 5" eqoq" ug" owguvtc" gp" nc" hkiwtc" 6032." fqpfg"

rtƒevkecogpvg"uqp"vgocu"fg"twvgq"{"fg"rqn‡vkecu"fg"hktgycnn."rctc"kpfkect"ewcngu"tgfgu"

gp"ecfc"wpq"fg"nqu"ukvkqu"vgpftƒp"kpvgtceek„p"c"vtcxfiu"fgn"v¿pgn"fg"XRP0"Rqt" nq"swg"

eqoq"ug"rwgfg"qdugtxct"gp"nc"hkiwtc"ogpekqpcfc."ug"vkgpg"swg"gngikt"nc"kpvgthceg"fg"nc"

tgf" kpvgtpc" fg" nc" WC" q" dkgp" fg" nc" okuoc" Rtqewtcfwt‡c." cu‡" eqoq" vcodkfip" gn"

fktgeekqpcokgpvq" KR" swg" guvctƒ" rgtokvkfq" tgcnk¦ct" kpvgtecodkq" fg" kphqtocek„p" vcpvq"

nqecn"eqoq"tgoqvq0"

"

XXVFigura 4.10"Rcuq"5"etgcek„p"fg"XRP"ukvkq"c"ukvkq"wvknk¦cpfq"gn"cukuvgpvg"

Wpc"xg¦"tgcnk¦cfc"gn"v¿pgn"fg"XRP."ug"tgcnk¦cp"rtwgdcu"fgufg"wp"gswkrq"fg"e„orwvq"

fg"nc"WC"xgtkhkecpfq"uk"ewgpvcp"eqp"ceeguq"c"nqu"ukuvgocu"eqttgurqpfkgpvgu0"Rqt"qvtq"

ncfq."ug"tgcnk¦c"nc"twvc"fg"gpnceg"cnvgtpq"rqt"E6"wvknk¦cpfq"twvgq"guvƒvkeq"{"oqfkhkecpfq"

nq"swg"gu"nc"fkuvcpekc"cfokpkuvtcvkxc"nq"ewcn"kpfkec"ewcn"gu"gn"gpnceg"rtkpekrcn"rqt"fqpfg"

ug"tgcnk¦ctƒ"nc"kpvgteqpgzk„p"gp"nc"WC"{"gn"gfkhkekq"fg"nc"Rtqewtcfwt‡c."eqoq"ug"owguvtc"

gp"nc"hkiwtc"60330"
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"

ZZXKHkiwtc"6033"Configuración de ruteo definiendo distancias administrativas

Cn" hkpcnk¦ct" nc" rctvg" fg" korngogpvcek„p"fg"XRP"{" tgcnk¦ct" nc" eqphkiwtcek„p"fg" twvgq"

cwvqocvk¦cfq."ug"tgcnk¦„"wpc"ugiwpfc"wp"ugiwpfq"v¿pgn"fg"XRP."{c"swg"gn"Egpvtq"fg"

Qrgtcekqpgu"fg"Tgf"wdkecfq"gp"gn"gfkhkekq"fg"nc"Rtqewtcfwt‡c"ewgpvc"eqp"wp"ugiwpfq"

gpnceg" fgfkecfq" *Ukofivtkeq+" {" eqp" wp" rtqxggfqt" fg" Kpvgtpgv" fkuvkpvq" cn" wvknk¦cfq"

cpvgtkqtogpvg"gp"gn"v¿pgn"fg"XRP"{c"etgcfq."rqt"nq"swg"ug"fgekfk„"etgct"wp"ugiwpfq"

v¿pgn"tgcnk¦cpfq"nqu"rcuq"cpvgtkqtogpvg"fguetkvq."cu‡"ug"cwogpvc"nc"vqngtcpekc"c"hcnnqu"

{"nc"cnvc"fkurqpkdknkfcf"gp"gn"ecuq"fg"swg"gn"KUR"rtkoctkq"hcnng"gp"EQT"fg"nc"RILG0"Rctc"

oglqtct"gn"tgpfkokgpvq"fg"nqu"gpncegu"fg"XRP"gpvtg"ncu"WC"{"gn"EQT"fg"nc"RILG."ug"

fgekfk„" jcdknkvct" ncu" hwpekqpgu" fg" ÐEqpvtqn" fg" CrnkecekqpguÑ" {" gn" ÐHknvtcfq"YgdÑ" fgn"

gswkrq"Hqtvkpgv."{c"swg"gn"okuoq"gpnceg"swg"gu"wvknk¦cfq"rctc"tgcnk¦ct" nc"XRP"gu"gn"

okuoq"swg"ug"wvknk¦c"rctc"gn"ceeguq"c"Kpvgtpgv."rqt"nq"swg"ug"crnkectqp"wpc"ugtkg"fg"

rqn‡vkecu"fg"pcxgicek„p."tguvtkpikgpfq"wpc"ugtkg"fg"ecvgiqt‡cu"fghkpkfcu"rqt"gn"okuoq"

hcdtkecpvg"*Hqtvkpgv+"eqoq"rqt"glgornq<"eqpvgpkfq"rctc"cfwnvqu."eqpuwoq"fg"cpejq"fg"

dcpfc."tkguiq"fg"ugiwtkfcf."rqt"ogpekqpct"cniwpqu."fkejcu"fghkpkekqpgu"vcpvq"rctc"wpc"

crnkecek„p."rƒikpc"ygd."xktwu."gpvtg"qvtqu"rwgfgp"ugt"eqpuwnvcfqu"gp" nc"rƒikpc"ygd"

jvvru<11hqtvkiwctf0eqo"eqoq"ug"owguvtc"gp"ncu"hkiwtcu"6034"{"60350"
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"

XXVIIFigura 4.12"Dcttc"fg"d¿uswgfc"fg"Hqtvkiwctf

"

XXVIIIFigura 4.13"Tguwnvcfq"fg"d¿uswgfc"gp"Hqtvkiwctf

"

"



Korngogpvcek„p 

 

54 

 

Rqt"nq"cpvgtkqt."c"rgvkek„p"fgn"rgtuqpcn"fktgevkxq"fg"nc"RILG"ug"gnkikgtqp"ncu"ecvgiqt‡cu"

swg"guvct‡cp"dnqswgcfcu"rqt"fghgevq."uqnq"gzkuvktƒp"gzegrekqpgu"cn"rgtuqpcn"swg" nq"

uqnkekvg"ogfkcpvg"qhkekq"{"eqp"gn"eqpugpvkokgpvq"fgn"rgtuqpcn"fktgevkxq0"Gn"hknvtcfq"ygd"

crnkec"c"vqfc"pcxgicek„p"swg"ug"jcic"fktgevcogpvg"c"vtcxfiu"fg"wp"pcxgicfqt"ygd"rqt"

nq"swg"pq"crnkec."rqt"glgornq<"crnkecek„p"Um{rg."vqttgpvu."gpvtg"qvtqu0"Gn"tguwnvcfq"ygd"

fg"nc"qticpk¦cek„p"ug"glgornkhkec"gp"nc"hkiwtc"60360"

"

XXIXFigura 4.14"Hknvtcfq"ygd"rqt"fghgevq"fg"nc"RILG

Gp" nc"rctvg"fg"eqpvtqn"fg"crnkecekqpgu"guvƒp"cuqekcfq"c" ncu"eqpgzkqpgu"fktgevcu"gp"

gpvtg"nc"eqorwvcfqtc"{"gn"ugtxkfqt"cn"ewcn"ug"guvƒ"ceegfkgpfq0"Ug"cenctc"nq"cpvgtkqt"{c"

swg." rqt" glgornq<" uk" vkgpgu" rgtokvkfq" wp" hknvtcfq" ygd" c" nc" rƒikpc" fg" Ð[qwvwdgÑ" q"

ÐHcegdqqmÑ."rgtq"ug"vkgpg"dnqswgcfq"nc"hktoc"fg"nqu"ukvkqu"ogpekqpcfq"gp"gn"rgthkn"fg"

Eqpvtqn" fg"Crnkecekqpgu" swk¦ƒu" ug" rwgfc" ceegfgt" cn" ukvkq"ygd." rgtq" gp" gn" ecuq"fg"

Ð[qwvwdgÑ"pq"ug"rqftƒ" tgrtqfwekt"pkpi¿p"xkfgq0"Rqt" nq"cpvgtkqt"ug" vkgpg"swg"rtguvct"

cvgpek„p" cn" oqogpvq" fg" eqodkpct" nqu" rgthkngu" ewcpfq" ug" etgcp" ncu" rqn‡vkecu" fg"

pcxgicek„p"fg"nqu"wuwctkqu0"Vcodkfip"ug"rwgfg"crtqxgejct"gp"tgcnk¦ct"dnqswgqu"swg"

eqpuwogp"wp"cpejq"fg"dcpfc"eqpukfgtcdng"{"pq"uqp"rtqrkcu"fg"nc"qticpk¦cek„p"eqoq"

nq" gu" eqp" lwgiqu." crnkecekqpgu" ÐR4RÑ" *g0i0" Ctgu." DkvVqttgpv+" {" Rtqz{=" guvg" ¿nvkoq"

wvknk¦cfq"pqtocnogpvg"rctc"gxcfkt"nqu"ukuvgocu"fg"hknvtcfqu"{"eqpvtqn"fg"crnkecekqpgu"

cpvgtkqtogpvg"ogpekqpcfqu0"Eqoq"tguwnvcfq"fg"vqfq"gn"guvwfkq"{"ncu"fgekukqpgu"fgn"
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rgtuqpcn"fktgevkxq"ug"eqphkiwtq" ncu" ukiwkgpvgu"ecvgiqt‡cu"fg"eqpvtqn"fg"crnkecekqpgu"

eqoq"ug"rwgfgp"qdugtxct"gp"nc"hkiwtc"60370""

"

XXXXXXIFigura 4.15"Eqpvtqn"fg"crnkecekqpgu"rqt"fghgevq"fg"nc"RILG

Vcpvq"ncu"ecvgiqt‡cu"fg"hknvtcfq"ygd"{"eqpvtqn"fg"crnkecekqpgu."eqoq"{c"ug"ogpekqp„"

rwgfgp"ugt"tgxkucfcu"c"hqpfq"gp"nc"rƒikpc"fg"Hqtvkiwctf"fgn"hcdtkecpfq"Hqtvkpgv0"

Ug" tgcnk¦„" nc" tgguvtwevwtcek„p"fg" nc" tgf" kpvgtpc"fg" nc"WC."eqp"gn" hkp"fg"ugiogpvct"{"

cwogpvct"gn"pkxgn"fg"cfokpkuvtcek„p"{"ugiwtkfcf"fg"nc"okuoc"eqoq"ug"owguvtc"gp"nc"

hkiwtc"6038."rqt"nq"swg"ug"fkxkfk„"eqoq"ug"fguetkdg"c"eqpvkpwcek„p<"

·" Eqorwvcfqtcu<"nc"tgf"igpgtcn"fg"gswkrqu"fg"e„orwvq"eqp"fktgeekqpcokgpvq"KR"

fkpƒokeq"*rctc"gxkvct"gn"rtqdngoc"fg"fwrnkecfq"fg"KR+0"

·" Gswkrqu<" fktgeekqpcokgpvq" rctc" nc" cfokpkuvtcek„p" fg<" hktgycnn." uykvejgu."

eƒoctcu" fg" xkfgq" xkikncpekc." gpvtg" qvtqu" gswkrqu" fg" kphtcguvtwevwtc" fg" tgf."

rgtokvkgpfq"uqnq"eqpgzkqpgu"UUJ"{"JVVRU"rctc"uw"cfokpkuvtcek„p0"

·" Vgnghqp‡c<"etgcfq"eqp"gn"hkp"fg"eqpgevct"nqu"gswkrqu"fg"vgnghqp‡c"gp"wp"codkgpvg"

fg"ecrc"4"fgn"oqfgnq"QUK."gp"guvg"ecuq"vgnfihqpqu"KR"{"eqpowvcfqt"ciknk¦cpfq"

cn"oqogpvq"fg"ukpetqpk¦ct"nqu"vgnfihqpqu"{"gn"eqpowvcfqt0"
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XXXIIFigura 4.16 XncpÓu rctc"nc"ugiogpvcek„p"fg"nc"tgf

4.5.2 Verificación y retroalimentación de implementación de sitio de 
bajo impacto

Cn"vgtokpct"gn"rtqeguq"fg"kpuvcncek„p"gp"gn"ukvkq"eqpqekfq"eqoq"fg"dclq"korcevq"gp"guvg"

ecuq gn" Jqurkvcn"Igpgtcn" fgn" Guvcfq." ug"ocpvwxq" gn"oqpkvqtgq" eqpuvcpvg" fgn" v¿pgn"

guvcdngekfq"fg XRP0"Gp"guvg"ecuq"ug oqpkvqtg„ wpc"ugocpc"fg"nwpgu"c"xkgtpgu"gp""gn"

jqtctkq"fg":<22"c"42<22"jqtcu"gp"kpvgtxcnqu"fg"3"jqtc."rctc"fgvgtokpct"nc"guvcdknkfcf"

fgn"gpnceg"wvknk¦cpfq"nc"jgttcokgpvc"fg"oqpkvqtgq"fgn"okuoq"gswkrq"Hqtvkpgv"eqoq"ug"

owguvtc"gp"nc"hkiwtc"6039="{"cu‡"fgvgtokpct"uk"gu"hcevkdng"tgrnkect"fkejc"eqphkiwtcek„p"gp"

vqfcu"ncu"WC."swg"guvcdcp"rtq{gevcfcu0

XXXIIIFigura 4.17 Oqpkvqt"fg"v¿pgn"KRuge1XRP
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Vcodkfip"eqoq"ogfkfc"fg"xgtkhkecek„p"ug"jce‡c"wpc"ogfkek„p"fgn"eqorqtvcokgpvq"fg"

fkejq"v¿pgn."jcdncpfq"x‡c" vgngh„pkec"eqp" nq"wuwctkq"fg" nc"Wpkfcf"Cfokpkuvtcvkxc"dclq"

guvwfkq"rctc"swg"eqphktoctƒp"gn"dwgp"hwpekqpcokgpvq0"Rqt"qvtq"ncfq."fkejc"xgtkhkecek„p"

vgngh„pkec"ugtx‡c"pq"uqnq"rctc"fgvgtokpct" nc"fkurqpkdknkfcf"fgn"gpnceg." ukpq" vcodkfip"

rctc"xgtkhkect"uk"gn"cpejq"fg"dcpfc"cukipcfq"c"nc"WC"gtc"uwhkekgpvg"rctc"tgcnk¦ct"uwu"

cevkxkfcfgu"ncdqtcngu"c"vtcxfiu"fgn"v¿pgn"fg"XRP"{"cu‡"okuoq"rctc"nc"pcxgicek„p"pqtocn"

c" Kpvgtpgv0"Gp"gn" ecuq"fg"wpc" tgurwguvc"pgicvkxc"eqp" nc" xgnqekfcf"fg" nqu" ukuvgocu"

kphqtoƒvkequ"c"vtcxfiu"fgn"v¿pgn"fg"XRP."ug"vgpft‡c"swg"tgcnk¦ct"wp"clwuvg"gp"ncu"rqn‡vkecu"

fg" eqpvtqn" fg" cpejq" crq{cfq" gp" nqu" rgthkngu" fg" ÐHknvtcfq" YgdÑ" q" ÐEqpvtqn" fg"

CrnkecekqpguÑ0"

4.5.3 Ajustes y rediseño de la propuesta de implementación

Cn"hkpcnk¦ct"gn"rtqeguq"fg"xgtkhkecek„p"fgn"ukvkq"fg"dclq"korcevq."ug"qdvwxkgtqp"tguwnvcfqu"

ucvkuhcevqtkqu"swg"pq"kpfkecdcp"nc"pgegukfcf"fg"tgcnk¦ct"wp"tgclwuvg"c"nc"eqphkiwtcek„p"

rncpvgcfc" fg" ocpgtc" kpkekcn=" cn" hkpcn" gp" wp" rnc¦q" fg" 4" ugocpcu" fgurwfiu" fg" nc"

korngogpvcek„p"gp"gn"ukvkq"fg"dclq" korcevq"ug"rtqegfk„"c"tgcnk¦ct"wpc"xkukvc"c"fkejq"

ukvkq."uqnq"rctc"xgtkhkect"nc"eqphqtokfcf"fg"nqu"wuwctkqu"fg"fkejc"WC"{"cu‡"rtqegfgt"c"nc"

korngogpvcek„p"igpgtcn0"

4.5.4 Implementación general de la solución propuesta y
verificación

Gp"guvc"gvcrc"fg"nc"hcug"7"cn"hkpcnk¦ct"nc"xgtkhkecek„p"fg"nc"korngogpvcek„p"fgn"ukvkq"fg"

dclq"korcevq"{"cn"eqttgikt"q"tgcnk¦ct"nqu"clwuvgu"fg"eqphkiwtcek„p."swg"gp"pwguvtq"ecuq"

pq"gzkuvk„"nc"pgegukfcf."ug"rtqegfk„"c"tgrnkect"nc"korngogpvcek„p"gp"gn"tguvq"fg"ncu"WC."

{c"swg"eqoq"ug"jcd‡c"ogpekqpcfq"vkgpgp"wpc"ukoknkvwf"gp"nc"kphtcguvtwevwtc"fg"tgf"eqp"

nc"swg"ewgpvc."vgpkgpfq"xctkcekqpgu"gp"nc"ecpvkfcf"fg"wuwctkqu0"

Nc"korngogpvcek„p"igpgtcn"ug"fgekfk„"eqogp¦ct"rqt"ncu"WC"oƒu"egtecpcu"wdkecfcu"

igqitƒhkecogpvg."{c"swg"gn"Guvcfq"fg"Uqpqtc"gu"wpq"fg"nqu"swg"vkgpg"oƒu"gzvgpuk„p"

igqitƒhkec."cu‡"okuoq"eqoq"uqnq"ug"eqpvcdc"eqp"nc"korngogpvcek„p"fgn"ukvkq"fg"dclq"

korcevq."ug"vgp‡c" nc" kpegtvkfwodtg"swg"rqft‡c"jcdgt"cniq"fkuvkpvq"gp"cniwpc"qvtc"WC"
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swg" pq" hwgtc" eqorcvkdng" cn" 322'" eqp" nc" ctswkvgevwtc" rtqrwguvc0" Ug" eqogp¦„" rqt"

kpuvcnct"ncu"cigpekcu"fg"nqu"owpkekrkqu"fg"rqdncfq"Okiwgn"Cngoƒp."Ceqpejk"{"Wtgu"gp"

gug"okuoq"qtfgp"fg"kpuvcncek„p0"Cn""eqokgp¦q"fg"nc"kpuvcncek„p""vqfq"octejcdc""eqoq"

nq"rtq{gevcfq."cn"nngict"cn"vgtegtq"vqfq"ugiw‡c"eqoq"nq"rncpgcfq."rgtq"cn"f‡c"ukiwkgpvg""

eqogp¦ctqp"nqu"wuwctkqu"fg"fkejc"WC."c"igpgtct"tgrqtvgu"fg"hcnnc."nqu"ewcngu"c"xgtkhkect"

gp"gn"ukuvgoc"fg"oqpkvqtgq"fg"XRP"xkuwcnk¦ƒdcoqu"swg""gn"v¿pgn"pq"guvcdc"guvcdngekfq""

rqt" nq" swg" rtqegf‡coqu" c" tgguvcdngegtnq." gn" rtqdngoc" ogpekqpcfq" ug" jk¦q" oƒu"

eqpuvcpvg"gp"rtqogfkq"ecfc"4"jqtcu"gtc"nc"kpvgtokvgpekc"fgn"ugtxkekq.""rqt"nq"swg"ug"

tgcnk¦„"wp"cpƒnkuku"fg"nc"ukvwcek„p"fgvgevcpfq"swg"gn"ecodkq"fg"fktgeekqpcokgpvq"fg"KR"

r¿dnkec" " ecfc" " xg¦"swg"ug"rtgugpvcdc"fkejq"rtqdngoc." ug"pqvkhke„"cn"rtqxggfqt"fgn"

ugtxkekq"fg"Kpvgtpgv."rctc"swg"tgcnk¦ctƒ"ncu"eqphkiwtcekqpgu"swg"guvcdcp"fguetkvcu"gp"

gn"eqpvtcvq"fg"ugtxkekq."rgtq"nc"tgurwguvc"fgn"rtqxggfqt"pq"hwg"ucvkuhcevqtkc"{"rwfkoqu"

qdugtxct"swg"gn""ugtxkekq"fg"FPU"fkpƒokeq"pq"gu"vcp"ghkekgpvg"q"vkgpg"wp"vkgorq"fg"

tgurwguvc"oƒu"cnvq"cn"vkgorq"gp"gn"swg"nc"fktgeek„p"KR"r¿dnkec"fg"nc"WC"ecodkcdc0""Rqt"

nq"cpvgtkqt"{"eqoq"tguwnvcfq"fg"fkejc"rtqdngoƒvkec."kpxguvkicpfq"vcpvq"gp"ctv‡ewnqu"fg"

hcdtkecpvg" gp" guvg" ecuq" Hqtvkpgv." cu‡" eqoq" gp" hqtqu" fg" fkuewuk„p" {" dcugu" fg"

eqpqekokgpvq."gp"fqpfg"ug"rtgugpvctcp"nqu"okuoq"rtqdngocu"eqp"tgurgevq"cn"ugtxkekq"

fg" FPU" fkpƒokeq" q" dkgp" ug" guvcdc" dwuecpfq" eqoq" tgeqphkiwtct" gn" ugtxkekq" eqp"

tgurgevq"c"nqu"vkgorq""fg"tgurwguvc"q"nqu"vkgorqu"eqp"nqu"swg"fgvgevcdc"gn"ecodkq"fg"

fktgeekqpcokgpvq"fgn"ugtxkekq"cuqekcfq."nq"ewcn"pq"ug"gpeqpvt„"pcfc"fg"fqewogpvcek„p."

ukp"godctiq"ug"gpeqpvt„"fqewogpvcek„p"cegtec"fg"wp"rtqegfkokgpvq"rctc"tgcnk¦ct"wp"

ÐFkcnwr/Enkgpv"fg"vkrq"Vwppgn"OqfgÑ."rctc"eqortgpfgt"guvg"rwpvq"fgdgoqu"ogpekqpct"

swg"ncu"XRP"vkrq"Fkcnwr"pqtocnogpvg"uqp"wucfcu"rctc"eqpgzkqpgu"gpvtg"wp"enkgpvg"c"

wp"ugtxkfqt"fg"XRP."rqt"glgornq"wp"gorngcfq"fg"wpc"qticpk¦cek„p" tgcnk¦cpfq"wpc"

eqpgzk„p"fgufg"fg"uw"jqict"ogfkcpvg"uw"gpnceg"fg"Kpvgtpgv"c"nc"tgf"fg"nc"qticpk¦cek„p."

rqt"nq"swg"gp"gn"ecuq"swg"swkukfitcoqu"wuct"gug"guswgoc"fg"eqpgzk„p"fgufg"wpc"WC"

cn"EQT"fg"nc"RILG."vgpft‡coqu"swg"tgcnk¦ct"fkejc"eqphkiwtcek„p"fg"hqtoc"kpfkxkfwcn"

gp"ecfc"eqorwvcfqtc"fg"fkejc"cigpekc"eqoq""Hqtvkpgv"nq"tgrtgugpvc"gp"nc""hkiwtc"603:0"

"
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"

"

"

XXXIVFigura 4.18"XRP"Fkcn/wr"Enkgpvgu"tgoqvqu"

Nc"xgpvclc"fg" ncu"eqpgzkqpgu"fg"guvg" vkrq"gu"swg"pq"gu"pgeguctkq"wpc"fktgeek„p" KR"

r¿dnkec"fgn"ncfq"fgn"enkgpvg"gp"guvg"ecuq"fg"nc"WC."uqnq"ug"tgswkgtg"wpc"eqpgzk„p"eqp"

nc"rqukdknkfcf"fg"eqpgzk„p"cn"EQT."rqt" nq"swg."uk"ug"pgegukvc"fgn" ncfq"fgn"EQT"wpc"

fktgeek„p"KR"r¿dnkec."rctc"swg"gp"guvg"ecuq"gn"enkgpvg"igpgtg"nc"rgvkek„p"rctc"guvcdngegt"

gn" v¿pgn0"Rqt" nq"cpvgtkqt"gn" hcdtkecpvg"Hqtvkpgv" " "dtkpfc"nc"ectcevgt‡uvkec"cpvgtkqtogpvg"

ogpekqpcfc"fg" ÐFkcnwr/Enkgpv"fg" vkrq"Vwppgn"OqfgÑ"fqpfg"wpq"fg" nqu"fqu"gswkrqu"

Hqtvkicvg"vqoctƒ"gn"rcrgn"fg"enkgpvg"eqoq"uk"hwgtc"wp"wuwctkq"eqoq"ug"owguvtc"gp"nc"

hkiwtc"603;."rgtq"cn"okuoq"vkgorq"cn"tgcnk¦ct"gn"v¿pgn"guvg"ugt‡c"hwpekqpcn"rctc"vtcpuhgtkt"

gn"vtƒhkeq"fg"tgf"igpgtcfq"rqt"nqu"wuwctkqu"swg"ug"gpewgpvtgp"eqpgevcfq"c"fkejq"gswkrq"

Hqtvkicvg="rctc"guvg"ecuq"rctvkewnct"{"uqnq"gp"nqu"ukvkqu"eqp"nc"rtqdngoƒvkec"rtgugpvcfc""

fg"ecodkq"fg"fktgeek„p"fg"KR"r¿dnkec"eqpuvcpvg"nq"ewcn"igpgtc"kpvgtokvgpekc"gp"gn"v¿pgn"

fg"XRP"rqt"nc"tc¦qpgu"cpvgtkqtogpvg"cuqekcfcu"cn"ugtxkekq"fg"FPU"Fkpƒokeq0"
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"

XXXVFigura 4.19"Fkcnwr/Enkgpv"fg"vkrq"Vwppgn"Oqfg

Nc" eqphkiwtcek„p" fg" nc" XRP" ogpekqpcfc" ug" tgcnk¦„" wvknk¦cpfq" gn" cukuvgpvg" fg"

XRP1KRuge."eqoq"uqnq"ug"guvƒ"eqphkiwtcpfq"gp"nqu"ukvkqu"swg"ug"fgvgevc"gn"rtqdngoc"

fg"ecodkq"fg"fktgeekqpcokgpvq"KR."rqt"nq"swg"ug"eqphkiwtc"kpkekcnogpvg"eqoq"wpc"XRP"

ÐUkvg" vq" UkvgÑ" gpvtg" gswkrqu" Hqtvkicvg." gp" gn" ecuq" fg" rtgugpvctug" gn" rtqdngoc" fg"

kpvgtokvgpekc"gp"gn"v¿pgn"ug"rtqegfg"c"tgcnk¦ct"gn"ecodkq"c"XRP"vkrq"Fkcn/wr."fqpfg"gn"

gswkrq"Hqtvkicvg"rgtokvg"oqfkhkect"gn"v¿pgn"{c"etgcfq"{"rgtuqpcnk¦ctnq"*ewuvqo+"eqoq"

ug"owguvtc" gp" nc" hkiwtc" 6042." fqpfg" cn" rtgukqpct" gn" dqv„p" fg" ÐEqpxgtv" Vq"Ewuvqo"

VwppgnÑ"cwvqoƒvkecogpvg"pqu"fglc"gfkvct"ecfc"wpc"fg"ncu"qrekqpgu"swg"ug"pgegukvcp"

rctc"tgcnk¦ct"gn"v¿pgn"fg"XRP."ncu"ewcngu"ug"fguetkdgp"c"eqpvkpwcek„p<"

·" Tgf<" ug" gpewgpvtcp" ncu" qrekqpgu" fgn" KR" fgn" gswkrq" tgoqvq." nc" kpvgthceg" rqt"

fqpfg"ug"tgcnk¦ctƒ"nc"eqpgzk„p."PCV0"

·" Cwvgpvkecek„p<"ofivqfq"fg"cwvgpvkecek„p"fqpfg"rwgfg"ugt"rqt"encxg"eqorctvkfc"

q"hktoc."KMG"*Kpvgtpgv"Mg{"Gzejcpig+."oqfq"fg"KMG0"
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·" Hcug"3<"Gpetkrvcek„p"fg"nc"eqpgzk„p"cn"tgcnk¦ct"gn"v¿pgn0"

·" Hcug"4<"fqpfg"ug"fguetkdgp"ncu"rqn‡vkecu"q"dkgp"ncu"tgfgu"vcpvq"nqecngu"{"tgoqvcu"

swg"guvctƒp"vtcpukvcpfq"rqt"gn"v¿pgn"fg"XRP0"

"

XXXVIFigura 4.20"Fkcnwr/Enkgpv"fg"vkrq"Vwppgn"Oqfg

Ncu"eqphkiwtcekqpgu"eqoq"ug"ogpekqp„"cpvgtkqtogpvg"uqp"fkhgtgpvgu"gp"nc"WC"nc"ewcn"

tgrtgugpvctƒ"nc"rctvg"fgn"enkgpvg"{"gn"EQT"swg"tgrtgugpvctƒ"nc"rctvg"fg"ukvkq"rtkpekrcn"q"

Ugtxgt0"Nc"eqphkiwtcek„p"fg"wpc"WC"gp"Fkcnwr"ug"fguetkdg"c"eqpvkpwcek„p<"

·" Tgf<"ÐTgoqvg"Icvgyc{Ñ"ug"eqnqec"nc"KR"fgn"gswkrq"swg"ug"gpewgpvtc"gp"gn"EQT."

pq"qnxkfgoqu"swg"ugi¿p"nc"ctswkvgevwtc"gp"gn"ukvkq"swg"ugtƒ"eqpukfgtcfq"eqoq"

rtkpekrcn"q"Ugtxgt"fgdg"fg"eqpvct"eqp"KR"r¿dnkec"hklc="rqt"qvtq"ncfq."xqnxkgpfq"c"

nc"rctvg"fg" nc" eqphkiwtcek„p"fg" tgf." vgpgoqu" nc" ugngeek„p" fg" nc" kpvgthceg"rqt"

fqpfg"nc"WC"guvctƒ"eqpgevcfc"c"Kpvgtpgv."ug"cevkxc"nc"rctvg"fg"PCV"{"rqt"¿nvkoq"

ugngeekqpc"swg"ukgortg"fgvgevg"gn"ÐrggtÑ"cwpswg"guvg"kpcevkxq."eqoq"ug"owguvtc"

gp"nc"hkiwtc"60430"
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"

XXXVIIFigura 4.21"Eqphkiwtcek„p"fg"Tgf"gp"nc"WC"rctc"Fkcnwr

"

·" Cwvgpvkecek„p<"rtkogtq"ug"gnkik„"gn"ofivqfq"fg"cwvgpvkecek„p."gp"guvg"ecuq"ug"

gnkik„" wvknk¦ct" wpc" encxg" eqorctvkfc" nc" ewcn" vgpftƒ" swg" ugt" kiwcn" gp" nc"

eqphkiwtcek„p"fgn"gswkrq"kpuvcncfq"gp"gn"EQT0"Rqt"qvtq"ncfq."ug"ugngeekqp„"nc"

xgtuk„p" fg" KMG" vkrq" 3" {" gn" oqfq" swg" ugc" citgukxq." rqt" ¿nvkoq." eqoq" nq"

tgcnk¦ctgoqu"ogfkcpvg"Fkcnwr"{"gp"uk"pq"vgpftgoqu"wpc"KR"cuqekcfc"cn"gswkrq"

rctc"guvcdngegt"gn"v¿pgn"fg"XRP."nq"jctgoqu"wvknk¦cpfq"wp"ÐRggt"KFÑ"rctc"jcegt"

nc"cuqekcek„p"fgn"v¿pgn"ogpekqpcfq."eqoq"ug"owguvtc"gp"nc"hkiwtc"60440"

"

XXXVIIIFigura 4.22"Eqphkiwtcek„p"fg"Cwvgpvkecek„p"gp"nc"WC"rctc"Fkcnwr
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·" Hcug"3<"gp"guvc"hcug"gu"fqpfg"gngikoqu"gn"vkrq"fg"gpetkrvcek„p"{"cwvgpvkecek„p"

xc"c"vgpgt"gn"v¿pgn."cu‡"eqoq"gn"kfgpvkhkecfqt"fg"nqecn"fg"nc"eqpgzk„p"swg"guvg"gu"

wp"pqodtg"c"etkvgtkq"fgn"wuwctkq."eqoq"ug"owguvtc"gp"nc"hkiwtc"60450"

"

XXXIXFigura 4.23"Eqphkiwtcek„p"fg"Hcug"3"gp"nc"WC"rctc"Fkcnwr

·" Hcug"4<"Gp"guvc"hcug"pq"ug"tgcnk¦c"pkpi¿p"ecodkq."eqoq"ug"owguvtc"gp"nc"hkiwtc"

60460"

"

XLFigura 4.24"Eqphkiwtcek„p"fg"Hcug"4"gp"nc"WC"rctc"Fkcnwr
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Rqt" qvtc" rctvg." fgn" ncfq" fgn" EQT." jc{" ekgtvcu" xctkcekqpgu" gp" nc" eqphkiwtcek„p" rctc"

tgcnk¦ct" gn" v¿pgn." {c" swg" eqoq" ug" jc" guvcfq" ogpekqpcpfq" fkejq" gswkrq" ugi¿p" gn"

guswgoc"fg"ÐFkcnwr/Enkgpv"fg"vkrq"Vwppgn"OqfgÑ"lwgic"gn"rcrgn"fg"ÐugtxkfqtÑ"q"gswkrq"

rtkpekrcn."rqt"nq"swg"c"eqpvkpwcek„p"ug"fguetkdg"nc"eqphkiwtcek„p<"

·" Tgf<" nc" fkhgtgpekc" c" nc" eqphkiwtcek„p" eqp" nc" WC." gu" swg" gp" nc" ugeek„p" eqp"

tgurgevq"cn"ÐTgoqvg"Icvgyc{Ñ"ug"ugngeekqpc"ÐFkcnwr"WugtÑ."eqoq"ug"owguvtc"

gp"nc"hkiwtc"60470"

"

XLIFigura 4.25"Eqphkiwtcek„p"fg"Tgf"gp"EQT"rctc"Fkcnwr"

·" Cwvgpvkecek„p<" nc" fkhgtgpekc" c" nc" eqphkiwtcek„p" eqp" nc"WC." fg" vkrqu" fg" ÐRggtÑ"

cegrvcfqu"ugngeekqpctgoqu"Ðgurgekhkect"KF"fg"RggtÑ"gn"ewcn"ugtƒ"gn"okuoq"swg"

wvknk¦coqu" gp" gn" gswkrq" fg" nc" WC" eqp" nc" swg" ug" tgcnk¦ctƒ" gn" v¿pgn." eqoq" ug"

owguvtc"gp"nc"hkiwtc"60480"

"

XLIIFigura 4.26"Eqphkiwtcek„p"fg"Cwvgpvkecek„p"gp"EQT"rctc"Fkcnwr
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Gn"tguvq"fg"ncu"eqphkiwtcekqpgu"swg"uqp"nc"hcug"3"{"hcug"4"rctc"igpgtct"gn"v¿pgn"fg"XRP."

uqp"ncu"okuocu"vcpvq"gp"gn"EQT"eqoq"gp"nc"WC."uqnq"ug"kpvgtecodkc"gp"nc"rctvg"fg"

hcug"4."ncu"tgfgu"tgoqvcu"{"nqecngu"ugi¿p"ugc"gn"ecuq="eqoq"ug"ogpekqp„"nc"fkhgtgpekc"

gpvtg"wp"vkrq"fg"v¿pgn"{"qvtq"gu"swg."gn"Fkcnwr"pq"tgswkgtg"fktgeekqpcokgpvq"KR"hklq"{c"

swg"pq"nq"wvknk¦c"gp"nc"rctvg"fg"nc"WC"rctc"tgcnk¦ct"nc"eqpgzk„p."cu‡"eqoq""rctc"tgcnk¦ct"

gn" v¿pgn" uk" nq" tgcnk¦coqu" fg" nc" hqtoc" kpkekcn" gn" v¿pgn" uqnq" ug" guvcdngeg" ewcpfq" jc{"

cevkxkfcf"gp"ewcnswkgtc"fg"nqu"4"ukvkqu."gp"ecodkq"gn"vkrq"Fkcnwr"ukgortg"guvƒ"hqt¦cpfq"

c"swg"gn"v¿pgn"guvg"guvcdngekfq."rqt"nq"swg"uk"wvknk¦coqu"gn"oqpkvqt"{"ug"gpewgpvtc""swg"

wp"v¿pgn"fg"nc"hqtoc"vtcfkekqpcn"pq"ug"gpewgpvtc"guvcdngekfq."rwgfc"fgdgtug"c"swg"jc{"

wpc"kpcevkxkfcf"gp"nc"cigpekc"rqt"nq"swg"rqfgoqu"jcegt"nc"rtwgdc"igpgtcpfq"vtƒhkeq"{"

tgxkuct"uk"ug"guvcdngeg"gn"v¿pgn."rqt"qvtq"ncfq."gp"gn"ecuq"fg"vkrq"Fkcnwr."uk"gzkuvg"wpc"

fgueqpgzk„p"gp"gn"v¿pgn"swg"xkuwcnkegoqu"gp"gn"oqpkvqt"fg"KRuge."nq"oƒu"rtqdcdng"gu"

swg"ug"fgdg"c"swg"pq"ug"ewgpvc"eqp"ugtxkekq"rqt"rctvg"fgn"rtqxggfqt"fg"Kpvgtpgv0""

Qvtc"fg"ncu"ukvwcekqpgu"swg"ug"rtgugpv„"gu"swg"nqu"eqpvtcvqu"fg"ugtxkekq"fg"Kpvgtpgv"pq"

vkgpgp"wpc"gurgekhkecek„p"fg"nc"xgnqekfcf"o‡pkoc"swg"vkgpgp"swg"qvqtict"c"ncu"WC."rqt"

nq"swg"gp"WC"eqoq"Rwgtvq"Rg‚cueq"{"Dcewo"gtc"fgocukcfq"ngpvq"gn" v¿pgn"fg"XRP"

guvcdngekfq"rqt"nq"swg"ug"fgekfk„"tgcnk¦ct"nc"eqpgzk„p"ogfkcpvg"E6"gn"ewcn"gtc"jcuvc"7"

xgegu"oƒu"guvcdng"{"xgnq¦0"

4.5.5 Comparativo de resultados

Ug"tgcnk¦„"wp"eqorctcvkxq"fg"tguwnvcfqu"eqp"tgurgevq"c"nc"ecpvkfcf"fg"uqnkekvwfgu"fg"

ugtxkekq"fgtkxcfq"fg" hcnnc"fg"eqpgevkxkfcf" ncu" ewcngu" ug"rwgfgp" tghnglct"gp" cniwpqu"

ecuqu."eqoq"nqu"swg"ug"fguetkdgp"c"eqpvkpwcek„p<"

·" Rtqdngoc" fg" ceeguq" c" nqu" ukuvgocu<" ewcpfq" pq" rwgfgp" gpvtct" cn" ukuvgoc"

ÐpwgxqÑ"gn"ewcn"eqoq"{c"ug"gzrnke„"guvƒ"egpvtcnk¦cfq"rqt" nq"vcpvq"tgswkgtg"gp"

vqfq"oqogpvq"wpc"eqpgzk„p"guvcdngekfc"gpvtg"nc"WC"{"gn"EQT."swg"gp"guvg"ecuq"

gp"gn"v¿pgn"fg"XRP"swg"jgoqu"ogpekqpcfq0"
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·" Ukp"ceeguq"c"Kpvgtpgv<"guvq"ug"tghkgtg"ewcpfq"gn"wuwctkq"eqogpvcdc"swg"pq"rqf‡c"

ceegfgt" c" nc" pcxgicek„p" pqtocn" swg" gp" nc"oc{qt‡c" fg" nqu" ecuqu" gtc" ecuqu"

tgrqtvcdcp"pq"vgpgt"ceeguq"cn"eqttgq"gngevt„pkeq0"

·" Vgnghqp‡c" KR<" pq" ug" eqpvcdc" eqp" gn" ugtxkekq" fg" vgnghqp‡c" KR" rqt" fkhgtgpvgu"

tc¦qpgu."wpc"fg"gnncu"gu"swg"jc{"WC"swg"uw"gswkrq"vgngh„pkeq"guvƒp"tgikuvtcfqu"

{"gpnc¦cfqu"cn"eqpowvcfqt"swg"ug"gpewgpvtc"gp"gn"EQT."rqt"nq"swg"cn"pq"vgpgt"

gn"v¿pgn"fg"XRP"gn"gswkrq"fglcdc"fg"hwpekqpct0"

·" Hcnnc" gp" tgrnkecek„p" fg" kphqtocek„p<" guvg" vkrq" fg" tgrqtvg" gtc" kpvgtpq" fg" nc"

Fktgeek„p"fg"Ukuvgocu."{c"swg"nq"tgcnk¦cdc"gn"cfokpkuvtcfqt"fg"dcug"fg"fcvqu."

nq"ewcn"ug"fgd‡c"c"swg"pq"gzkuv‡c"eqpgevkxkfcf"gpvtg"gn"ugtxkfqt"fg"nc"WC"{"gn"

ugtxkfqt"egpvtcn"fg"tgrnkecek„p"wdkecfq"gp"gn"EQT0"

Gn" eqorctcvkxq"ogpekqpcfq"ug" tgcnk¦„"eqp" nc" kphqtocek„p"fg"5"ogugu"cpvgtkqt"c" nc"

korngogpvcek„p"fg"nc"pwgxc"ctswkvgevwtc."cu‡"eqoq"5"ogugu"rquvgtkqt"c"nc"kpuvcncek„p."

eqoq"ug"jcd‡c"tgeqogpfcfq"cpvgtkqtogpvg" nc"wvknk¦cek„p"fgn"ukuvgoc"fg"ecrvwtc"fg"

ugtxkekqu"swg"wuc"gn"ƒtgc"fg"uqrqtvg" vfiepkeq" nq" ewcn" nc"qticpk¦cek„p"ceegfk„."fkejq"

ukuvgocu" ug" ecrvwtcp" ncu" nncocfcu" vgngh„pkecu" {" qhkekqu" fg" uqnkekvwfgu" fg" ugtxkekq0"

Vcodkfip"ug"okfk„"nqu"vkgorqu"rtqogfkq"fg"tgurwguvc"rctc"nc"ceek„p"eqttgevkxc"gp"ecfc"

wpc"fg" nc"uqnkekvwf"rtgugpvcfc0"Nqu" vkgorqu"fg"ogfkek„p"rctc" nc"ukvwcek„p"cpvgu"fg"

korngogpvcek„p"eqpvgornc"nqu"ogugu"fg"qevwdtg."pqxkgodtg"{"fkekgodtg"fg"4238"{"ug"

wvknk¦„"gn"ogu"fg"gpgtq"{"hgdtgtq"rctc"tgcnk¦ct"nc"korngogpvcek„p."rqt"nq"swg"nqu"ogugu"

fg"eqorctcek„p"rquvgtkqt"c"nc"korngogpvcek„p"uqp"oct¦q."cdtkn"{"oc{q"fg"42390"Gp"

codqu" eqorctcvkxqu" vcpvq" p¿ogtq" fg" uqnkekvwfgu" fg" ugtxkekq" {" vkgorq" hwgtqp"

rtqogfkqu"fg"ecfc"wpq"fg"nqu"ogugu."rctc"nc"rctvg"fg"uqnkekvwfgu"hwgtqp"gn"p¿ogtq"

rtqogfkq"fkctkq"ecrvwtcfqu"gp"gn"ukuvgoc"nqu"ewcngu"rqf‡c"ugt"x‡c"vgngh„pkec."rtgugpekcn"

q" dkgp" ogfkcpvg" qhkekq0" Rqt" qvtq" ncfq." rctc" nc" rctvg" fg" vkgorqu" fg" tgurwguvc." ug"

eqogp¦„"c"tgikuvtct"gn"vkgorq"fg"fwtcek„p"fg"nc"hcnnc"swg"xc"nkicfq"cn"vkgorq"gp"swg"gn"

vfiepkeq" tgcnk¦cdc" ncu" ceekqpgu" eqttgevkxcu." gp" cniwpcu" qecukqpgu" nc" hcnnc" xc"

fktgevcogpvg"cn"rtqxggfqt"fg"Kpvgtpgv."rqt"nq"swg"gp"fkejqu"ecuqu"pq"hwgtqp"qokvkfqu"

vcpvq"gp"nc"ukvwcek„p"cpvgtkqt"{"rquvgtkqt"c"nc"korngogpvcek„p"{c"swg"uqp"clgpcu"c"ncu"
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ceekqpgu" swg" rwfkgtc" tgcnk¦ct" gn" rgtuqpcn eqttgurqpfkgpvg0" C" eqpvkpwcek„p. ug"

tgrtgugpvc"fg"ocpgtc"itƒhkec"gp"ncu"hkiwtcu"6049"{"604: gn"eqorctcvkxq"gpvtg"ncu"fqu"

ukvwcekqpgu"ogpekqpcfcu0

XLIIIFigura 4.27 Eqorctcvkxq"fg"rtqogfkq"fkctkq"fg"uqnkekvwfgu"rqt"ogu

XLIVFigura 4.28 Eqorctcvkxq"fg"rtqogfkq"vkgorq"rctc"eqttgikt"gn"tgrqtvg
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Eqoq"ug"rwgfg"qdugtxct"gp" nqu"itƒhkequ"cpvgtkqtgu" vcpvq" nc"ecpvkfcf"fg"uqnkekvwfgu"

fkctkcu."cu‡"eqoq"gn"vkgorq"fg"tgurwguvc"rctc"eqttgikt"gn"tgrqtvg"q"nc"uqnkekvwf"tgekdkfc"

codqu" vwxkgtqp" wpc" fkuokpwek„p" eqpukfgtcdng." rqft‡c" fgektug" fg"oƒu" fg" 72'." ncu"

xctkcekqpgu"gpvtg" nqu"ogugu"guvƒp"cuqekcfcu"c" vgorqtcfcu0"Rqt"glgornq."gn"ogu"5"

ÐcpvguÑ"gu"fkekgodtg"q"gn"ogu"4"ÐfgurwfiuÑ"swg"gu"cdtkn."codqu"ogugu"kpenw{gp"rgtkqfq"

xcecekqpcn" nq" ewcn" cn" tgcnk¦ct" gn" rtqogfkq" fkctkq" rtgugpvc" wpc" fkuokpwek„p" gp"

eqorctcek„p"c"nqu"ogugu"fg"uw"okuoq"ekenq."rgtq"rqt"nc"okuoc"ukvwcek„p"gp"nc"rctvg"

fg"vkgorq"fg"ceek„p"eqttgevkxc"vwxq"wp"cwogpvq"vcpvq"gp"gn"ogu"fg"fkekgodtg"eqoq"

gp"cdtkn."{c"swg"jc{"ceekqpgu"eqttgevkxcu"swg"ug"tgswkgtgp"jcegt"gp"ukvkq"{"gp"cniwpcu"

qecukqpgu" pq" ug" gpeqpvtcdc" gn" rgtuqpcn" eqttgurqpfkgpvg0" Vcodkfip" jc{" owejcu"

ceekqpgu"swg"fgrgpfgp"fg"wp"vgtegtq"rqt"glgornq"gp"gn"ecuq"fgn"rgtuqpcn"fg"E6."swg"

rqt"nc"okuoc"tc¦„p"fg"rgtkqfq"xcecekqpcn"ug"fkhkewnvcdc"gn"eqpvcevq0"

Cfkekqpcn" c" nc" korngogpvcek„p" ug" tgcnk¦„" nc" rtqrwguvc" rctc" swg" nc" qticpk¦cek„p"

cevwcnk¦ctc"q"ecodkctc"nc"hqtoc"fg"ecrvwtc"fg"uqnkekvwfgu"fg"ugtxkekq"{c"swg"gn"ukuvgoc"

swg" ug" wvknk¦cdc" pqtocnogpvg" uqnq" tgikuvtc" nc" qtfgp." rgtq" pq" pqu" dtkpfc" oƒu"

kphqtocek„p" uqnq" gn" fgvcnng" fg" nc" uqnkekvwf0" Rqt" nq" swg" ug" ng" tgeqogpf„" wp" ukuvgoc"

gurgekcnk¦cfq"rctc"Ðjgnr"fgumÑ"gp"guvg"ecuq"ug"rtqrwuq"gn"quVkemgv."{c"swg"ewgpvc"eqp"

ekgtvcu"hwpekqpcnkfcfgu"c"eqpvkpwcek„p."ug"ogpekqpcp"cniwpcu"*Quvkemgv."4239+<"

·" Rgtuqpcnk¦cek„p<" eqoq" gu" wpc" jgttcokgpvc" fg" e„fkiq" cdkgtvq." ug" rwgfg"

rgtuqpcnk¦ct"c"nc"pgegukfcf"fg"nc"qticpk¦cek„p"q"citgict"kphqtocek„p"crctvg"fg"

nc"tgeqogpfcfc."rqt"glgornq<"vgocu"fg"c{wfc."kphqtocek„p"fg"nqu"vfiepkequ"q"

fgn"wuwctkq."gpvtg"qvtqu0"

·" Pqvkhkecek„p"ogfkcpvg"eqttgq"gngevt„pkeq<"kpvgtceek„p"gpvtg"gn"wuwctkq"hkpcn"{"nqu"

vfiepkequ0"

·" Qticpk¦cek„p"fg"uqnkekvwfgu<"cukipcek„p"fg"uqnkekvwfgu"rctc"wp"uqnq"vfiepkeq"{"cu‡"

pq"vgpgt"fwrnkekfcf"fg"kphqtocek„p"q"eqphwukqpgu"gpvtg"nqu"wuwctkqu"hkpcngu"{"nqu"

vfiepkequ0"

·" Tgrqtvgu<" etgcek„p" fg" tgrqtvgu" vcpvq" fg" ncu" uqnkekvwfgu" eqoq" fgn" okuoq"

rgtuqpcn"vfiepkeq0"
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·" Rqtvcn"fg"ceeguq<"gn"wuwctkq"rwgfg"etgct"uw"rtqrkc"uqnkekvwf"ukp"vgpgt"swg"nncoct"

c" nc"oguc"fg"c{wfc."cu‡"okuoq"rwgfg"fctng"gn"ugiwkokgpvq"q" vgpgt"eqpvcevq"

fktgevq"eqp"gn"vfiepkeq"swg"hwg"cukipcfq0"

Gn"ukuvgoc"ogpekqpcfq"hwg"kpuvcncfq"{"eqphkiwtcfq"rctc"gn"wuq"fg"nc"qticpk¦cek„p."c¿p"

guvƒ"gp"hcug"fg"clwuvgu."rgtq"{c"ug"guvƒ"wvknk¦cpfq"eqoq"ug"rwgfgp"qdugtxct"gp"gn""

cpgzq" 40" Vcodkfip" eqoq" gn" ukuvgoc" vtcfkekqpcn" fg" nc" qticpk¦cek„p" ukiwg" gp"

hwpekqpcokgpvq"{"ug"tgswkgtg"nc"kphqtocek„p"cn"ogpqu"fg"ocpgtc"ogpuwcn"rctc"tgcnk¦ct"

nq" swg" nncocp" Ðeqtvg" guvcf‡uvkeq" ogpuwcnÑ" rqt" nq" swg" fkejc" kphqtocek„p" swg" ug"

gpewgpvtc"gp"nqu"ugtxkfqtgu"fg"ecfc"WC"{"ug"tgswkgtg"tgrnkect"cn"ugtxkfqt"egpvtcn"{"cu‡"

rqfgt"eqpegpvtct" nc"okuoc0"Rqt" nq"cpvgtkqt"cn" tgcnk¦ct" nc"eqphkiwtcek„p"rtqrwguvc"ug"

vwxq"wp"korcevq"ukipkhkecvkxq"eqp"tgurgevq"c"guc"qrgtcek„p"fg"nc"qticpk¦cek„p."{c"swg"

uqnq"ug"vgp‡c"nc"eqpgevkxkfcf"cn"322'"eqp"5"WC"gn"tguvq"guvcdc"gp"wpc"kpvgteqpgzk„p"

kpvgtokvgpvg"q"pwnc"eqp"gn"EQT"eqoq"ug"owguvtc"gp"nc"hkiwtc"604;."fqpfg"gpvtgxkuvcpfq"

cn" rgtuqpcn" eqttgurqpfkgpvg" fg" tgeqrknct" fkejc" kphqtocek„p" ug" vgp‡c" swg" vtcuncfct"

fwtcpvg"4"ugocpcu"c" nq" nctiq"fg"44"owpkekrkqu." nq"ewcn" kpfkec"swg"gp"gug" ncruq"fg"

vkgorq"pq"ug"vgp‡c"nc"kphqtocek„p"fg"fkejcu"WC0"

"

XLVFigura 4.29"Tgrtgugpvcek„p"fg"WC"eqpgevcfcu"cpvgu"fg"nc"korngogpvcek„p
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Rqt"nq"swg"cn"tgcnk¦ct"nc"eqpgevkxkfcf"gpvtg"ncu"WC"{"gn"EQT."{c"swg"gtc"wpc"qrgtcek„p"

qdnkicvqtkc"rqt"nc"ewguvk„p"fgn"pwgxq"ukuvgoc"korngogpvcfq"swg"hwpekqpc"fg"ocpgtc"

egpvtcnk¦cfc." ug" crtqxgej„" rctc" wvknk¦ct" nqu" v¿pgngu" fg" XRP" guvcdngekfqu" {" ug"

eqphkiwtctqp" nqu" ugtxkfqtgu" fg" ncu" WC." rctc" tgrnkect" nc" kphqtocek„p" fg" ocpgtc"

cwvqoƒvkec."rqt"nq"swg"cjqtc"ug"ewgpvc"eqp"nc"kphqtocek„p"fg"ncu"WC"fgn"xkglq"ukuvgoc"

gp" vkgorq" tgcn." tghnglƒpfqug" gp" wp" cjqttq" geqp„okeq" cn" pq" vgpgt" swg" tgcnk¦ct" nqu"

vtcuncfqu" ogpuwcngu" rctc" nc" tgeqngeek„p" fg" nc" kphqtocek„p." tgrtgugpvcpfq" c"

eqpvkpwcek„p"gn"ecodkq"fg"eqpgevkxkfcf"gp"nc"hkiwtc"60520"

"

XLVIFigura 4.30"Tgrtgugpvcek„p"fg"WC"eqpgevcfcu"fgurwfiu"fg"nc"korngogpvcek„p

"

"
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5 CONCLUSIONES, RECOMENDACIONES Y 
TRABAJOS FUTUROS

Gp"gn"rtgugpvg"vtcdclq"fg"vguku"ug"dwue„"fgucttqnnct"g"korngogpvct"wp"rtqegfkokgpvq"

rctc"gn"crtqxgejcokgpvq"fg"nc"kphtcguvtwevwtc"fg"tgf"fg"nc"qticpk¦cek„p."eqp"gn"hkp"fg"

korngogpvct"wpc"uqnwek„p"fg"wpc"tgf"cfokpkuvtcfc"rqt"uqhvyctg"q"dkgp"qrvkok¦ct"ncu"

hwpekqpcnkfcfgu"fgn"gswkrcokgpvq" kpuvcncfq"gp"gn"ecuq"fg"pq"vgpgt"nc"eqorcvkdknkfcf"

eqp" UFP0" Ogfkcpvg" gn" rtqegfkokgpvq" fgucttqnncfq" gp" gn" rtgugpvg" rtq{gevq." nc"

qticpk¦cek„p" rwfq" tguqnxgt" nc" rtqdngoƒvkec" fg" nc" guvcdknkfcf" {" fkurqpkdknkfcf" fg" nc"

kpvgteqpgzk„p"gpvtg"ncu"Wpkfcfgu"Cfokpkuvtcvkxcu"{"gn"Egpvtq"fg"Qrgtcekqpgu"fg"Tgf"

fg"nc"qticpk¦cek„p0"Cu‡"okuoq"rqt"nc"ctswkvgevwtc"fg"cnvc"fkurqpkdknkfcf"{"vqngtcpekc"c"

hcnnqu." ug" fkuokpw{gtqp" nqu" tgrqtvgu" fg" hcnncu" rtgugpvcfcu"rqt" nc"WC." cu‡" eqoq" nqu"

vkgorqu"fg"tgurwguvc"cn"tgcnk¦ct"ceekqpgu"eqttgevkxcu"gn"ecuq"fg"ugt"tgswgtkfq."fkejc"

ctswkvgevwtc"gtc"hwpekqpcn"eqp"tgurgevq"c"nc"tgf"kpvgtpc"vcpvq"fgn"gfkhkekq"rtkpekrcn"fg"nc"

qticpk¦cek„p"eqoq"fg"ecfc"WC0"

C"eqpvkpwcek„p." ug"fguetkdgp" ncu" eqpenwukqpgu." tgeqogpfcekqpgu"{" vtcdclqu" hwvwtqu"

fgtkxcfqu" fg" guvc" kpxguvkicek„p." eqp" gn" hkp" fg" eqpvkpwct" eqp" gn" rtq{gevq" {" tgcnk¦ct"

oglqtcu0"

5.1 Conclusiones

Ug" fkug‚„" g" korngogpv„" wpc" ctswkvgevwtc" fg" tgf" swg" oglqtc" nc" guvcdknkfcf" {"

fkurqpkdknkfcf" fg" nc" tgf" gpvtg" ncu"WC" {" gn" ugtxkfqt" egpvtcn" fg" nc"RILG"ogfkcpvg" gn"

rtqegfkokgpvq"rtqrwguvq"swg"eqpuvc"fg"7"hcugu"g"kpenw{gp<"

·" Eqphkiwtct" gn" gswkrq" ugiwtkfcf" rgtkogvtcn" fg" ncu" WC" rctc" vgpgt" wp"

hwpekqpcokgpvq"cwvqocvk¦cfq"{"fg"cnvc"fkurqpkdknkfcf"eqp"gn"ugtxkfqt"egpvtcn0"

·" Fkug‚ct"wp"oqfgnq"fg"oqpkvqtgq"fgn"gswkrcokgpvq"fg"tgf."swg"cngtvfi"gp"gn"ecuq"

fg" hcnnc"{"cnocegpfi" nqu"uweguqu"rctc"uw"cpƒnkuku"rquvgtkqt."eqoq"crq{q"c" nc"

vqoc"fg"fgekukqpgu0"

"
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·" Qrvkok¦ctnqu" tgewtuqu" fg" tgf" eqp" gn" hkp" fg" cwvqocvk¦ct" nqu" rtqeguqu" {"

qrgtcekqpgu"fg"tgf0"

"

Gn" rtqegfkokgpvq" rtqrwguvq." cfgoƒu" rgtokvg" swg" gp" ecuq" fg" swg" pq" ug" rwgfc"

korngogpvct" wp"oqfgnq" dcucfq" gp" UFP" ugc" rqukdng" crnkect" wp"oqfgnq" vtcfkekqpcn"

qrvkok¦cfq"rctc"dtkpfct"cnvc"fkurqpkdknkfcf0"

Gn" cpƒnkuku" fg" nc" ukvwcek„p" dgpghkek„" c" nc" qticpk¦cek„p." {c" swg." cn" eqpvct" eqp" wp"

kpxgpvctkq" cevwcnk¦cfq" fg" uw" gswkrcokgpvq" kpuvcncfq." cu‡" eqoq" fg" nqu" ugtxkekqu"

eqpvtcvcfqu."ug"fgvcevctqp"fwrnkekfcfgu"{"ugtxkekqu" kpuvcncfqu"swg"gn"rgtuqpcn"fg"nc"

Fktgeek„p"fg"Ukuvgocu"pq"vgp‡c"eqpqekokgpvq"q"ukp"wvknk¦ct0"

Ug" fgucttqnn„" wpc" rtqrwguvc" fg" oqfgtpk¦cek„p" swg" rgtokvktƒ" c" hwvwtq" nc"

korngogpvcek„p" fg" UFP" fg" ocpgtc" rtqitgukxc0" Guvc" rtqrwguvc" crq{c" cn" ƒtgc"

cfokpkuvtcvkxc" gp" nc" ugngeek„p" fg" nqu" gswkrqu" c" cfswktkt" gp" gn" hwvwtq." cfgoƒu" ug"

rncpvgctqp"dkgp"nqu"tgswgtkokgpvqu"{c"swg"vkgpg"wp"cnvq"korcevq"geqp„okeq."{"c"uw"xg¦"

ug"rwgfc"ewornkt"eqp"vqfqu"nqu"fgvcnngu"pgeguctkqu"rctc"nqu"rtqeguqu"fg"cfswkukek„p"

swg"ug"ukiwg"gp"gn"ƒodkvq"iwdgtpcogpvcn0""

Cn"vgtokpct"nc"hcug"5"ug"jk¦q"wpc"rtqrwguvc"fg"cevwcnk¦cek„p"vgepqn„ikec"nc"ewcn"c¿p"pq"

uqrqtvc" wpc" ctswkvgevwtc" fg" UFP." rgtq" cn" tgekdkt" gn" gswkrcokgpvq" rtqrwguvq." nc"

qticpk¦cek„p"ug"gpeqpvtct‡c"c" nc"xcpiwctfkc"fg"gswkrcokgpvq"vgepqn„ikeq."cu‡"eqoq"

tgcnk¦ct" nq" pgeguctkq" gp" vgocu" fg<" ugiwtkfcf." cnvc" fkurqpkdknkfcf." kpvgteqpgevkxkfcf"

vgocu"fg"nqu"ewcngu"ectge‡c"nc"qticpk¦cek„p0"

Ug"fgvgev„"swg"nqu"rtqxggfqtgu"fg"Kpvgtpgv"vgp‡cp"fkhgtgpvg"ecnkfcf"fg"ugtxkekq"ugi¿p"

nc"tgik„p"igqitƒhkec."rqt"nq"swg"ug"vwxq"swg"tgcnk¦ct"gxcnwcekqpgu"{"clwuvgu"cn"oqogpvq"

fg"nc"vqoc"fg"fgekukqpgu"gp"ncu"eqpvtcvcekqpgu."cu‡"eqoq"cn"oqogpvq"fg"korngogpvct"

fgekfkt"ewƒn"ugt‡c"gn"gpnceg"rtkpekrcn"gp"nc"WC"rctc"tgcnk¦ct"nc"eqpgzk„p"eqp"gn"EQT0""

Cn"gxcnwct"nc"ctswkvgevwtc"rtqrwguvc"ug"rwfq"qdugtxct"fghkekgpekcu"gp"gn"ukuvgoc"eqp"

gn" ewcn" ecrvwtc"q" tgikuvtcp" ncu" uqnkekvwfgu"fg"ugtxkekq." rqt" nq"swg."cn" korngogpvct"gn"
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ukuvgoc"rtqrwguvq."ug"clwuv„"rctc"ugt"gn"ukuvgoc"fg"oguc"fg"c{wfc"fg"nc"Fktgeek„p"fg"

Ukuvgocu" gp" igpgtcn." fkxkfkgpfq" nqu" ecuqu" gp<" uqrqtvg" vfiepkeq." tgfgu" {" gn" ƒtgc" fg"

fgucttqnnq"fg"ukuvgocu0"

Cu‡"okuoq."fcfqu"nqu"tguwnvcfqu"qdvgpkfqu."ug"rwgfg"qdugtxct"swg"nc"korngogpvcek„p"

vwxq"dgpghkekqu"geqp„okequ"{"ghkekgpekcu"gp"ncu"hwpekqpgu"rtqrkcu"fg"nc"qticpk¦cek„p."

ciknk¦cpfq"nqu"rtqeguqu"{"gn"hnwlq"fg"kphqtocek„p0"

5.2 Recomendaciones

Eqp"gn"hkp"fg"oglqtct"nc"ctswkvgevwtc"fg"tgf"rtqrwguvc."cu‡"eqoq"gn"ugtxkekq"swg"dtkpfc"

nc"Fktgeek„p"fg"Ukuvgocu"c"nc"qticpk¦cek„p."c"eqpvkpwcek„p."ug"gpnkuvcp"wpc"ugtkg"fg"

tgeqogpfcekqpgu"rctc"nc"qrvkok¦cek„p"{"ghkekgpekc"fg"nc"okuoc<"

·" Hcug" 5<" ug" tgeqokgpfc" c" nc" Fktgeek„p" fg" Ukuvgocu" ugc"oƒu" rctvkekrcvkxc" cn"

oqogpvq"fg" tgcnk¦ct" ncu" rctvkfcu"rtguwrwguvcngu." {c" swg"fkejc"Fktgeek„p"gu"

swkgp" vkgpgp" gn" eqpqekokgpvq" tgcn" fg" ncu" pgegukfcfgu" vgepqn„ikecu" fg" nc"

qticpk¦cek„p" q" dkgp" cfswktkt" nq" pgeguctkq" rctc" qrvkok¦ct" nc" ctswkvgevwtc"

vgepqn„ikec"swg"ug"vkgpg0"

·" Hcug"3<"eqp"tgurgevq"cn"tgikuvtq"fg"uqnkekvwfgu"fg"ugtxkekq"ug"kpuvcn„"wp"ukuvgoc"

rctc" nc" oguc" fg" c{wfc." gn" ewcn" ug" igpgtcnk¦„" rctc" vqfcu" ncu" ƒtgcu" fg" nc"

Fktgeek„p" fg" Ukuvgocu0" Ug" tgeqokgpfc" gzrnqvct"oƒu" ncu" hwpekqpcnkfcfgu" fg"

fkejc"rncvchqtoc."cu‡"eqoq"tgcnk¦ct"wp"ewtuq"q"ocpwcn"fg"wuwctkq."rctc"swg"gn"

wuwctkq"hkpcn"vgpic"wpc"oglqt"kpvgtceek„p"{"cnkogpvg"fg"nc"kphqtocek„p"eqttgevc"

c"fkejc"rncvchqtoc."oglqtcpfq"gn"vkgorq"fg"tgurwguvc"c"nc"uqnkekvwf"{"c"uw"xg¦"

fcpfq"nc"rcwvc"fg"nc"etgcek„p"fg"wpc"dcug"fg"eqpqekokgpvq0"

·" Hcug"6<"oglqtct"gn"curgevq"cnvc"fkurqpkdknkfcf"eqp"tgurgevq"c"ncu"kpvgteqpgzkqpgu"

fg"nc"WC"eqp"gn"EQT."{c"swg"jc{"ukvkqu"tgoqvqu"swg"pq"ug"vkgpg"eqpgevkxkfcf"

rqt"nc"tgf"guvcvcn"fg"E6"{"uqnq"ug"vkgpg"cn"rtqxggfqt"fg"Kpvgtpgv"q"xkegxgtuc."uqnq"

ug"vkgpg"E6"{"pq"ug"vkgpg"Kpvgtpgv."rqt"nq"swg"gp"fkejqu"ukvkqu"tgcnk¦„"gn"guvwfkq"

rctc"vgpgt"wpc"kpvgteqpgevkxkfcf"Ðrwpvq"c"rwpvqÑ"ogfkcpvg"kpcnƒodtkeq"c"nc"WC"
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oƒu"egtecpc"igqitƒhkecogpvg"{"cu‡"ewornkt"eqp"gn"etkvgtkq"fg"cnvc"fkurqpkdknkfcf"

*tgfwpfcpekc"fg"gpnceg+0"

·" Oqpkvqtgq" fg" tgf<" gu" tgeqogpfcdng" eqpvct" eqp" wp" ukuvgoc" fg" cngtvcu"

cwvqocvk¦cfcu"swg"pqvkhkswg"cn"rgtuqpcn"eqttgurqpfkgpvg"{c"swg"cevwcnogpvg."

vkgpgp"swg"ceegfgt"cn"ukuvgoc"fg"oqpkvqtgq"{"uqnq"cu‡"vkgpgp"eqpqekokgpvq"uk"

gzkuvg"wp"rtqdngoc0"

5.3 Trabajos Futuros

Ug" jc" nqitcfq" wp" cxcpeg" ow{" korqtvcpvg" gp" nc" ctswkvgevwtc" vgepqn„ikec" fg" nc"

qticpk¦cek„p."cu‡"eqoq"gp"nc"ecnkfcf"fgn"ugtxkekq"swg"dtkpfc"nc"Fktgeek„p"fg"Ukuvgocu"

cn"tguvq"fg"nc"qticpk¦cek„p0"Cwp"pq"ug"nqit„"cnecp¦ct"gn" vqvcn"fg" ncu"WC"eqp"ncu"swg"

ewgpvc"nc"qticpk¦cek„p"uqnq"ncu"ogpekqpcfcu"cpvgtkqtogpvg."fgtkxcfq"fg"nc"nkokvcpvg"{"

cnecpeg" fgn" rtq{gevq" rqt" ewguvkqpgu" fgn" vkgorq" swg" ug" vkgpg" rctc" tguqnxgt" nc"

rtqdngoƒvkec0"Gn"rtqegfkokgpvq"rtqrwguvq"rwgfg"ugt"ow{"dgpghkekquq"uk"ug"cpcnk¦c"cn"

fgvcnng"gn"tguwnvcfq"swg"ug"gurgtc"{"nc"ukvwcek„p"cevwcn"fg"nc"qticpk¦cek„p."cu‡"eqoq"

rqfgt" tgrnkectnq" cn" 322'" gp" vqfc" nc" qticpk¦cek„p0" Cniwpqu" fg" nqu" vtcdclqu" hwvwtqu"

rqft‡cp"ugt<"

·" Vtcdclct"gp"gn"fgucttqnnq"fg"crnkecekqpgu"gurge‡hkecu"fg"UFP"cwp"ukp"eqpvct"eqp"

gswkrcokgpvq"swg"uqrqtvg"gn"rtqvqeqnq"fg"QrgpHnqy."eqoq"rqt"glgornq"tgcnk¦ct"

crnkecekqpgu" fg" qrvkok¦cek„p" wvknk¦cpfq" gn" rtqvqeqnq" guvƒpfct" fg" ECRYCR."

eqoq"gu"gp"gn"ecuq"fg"nc"RILG"swg"ewgpvc"eqp"gswkrcokgpvq"fg"eqpvtqncfqt"

kpcnƒodtkeq"{"rwpvqu"fg"ceeguq"octec"Hqtvkpgv0"

·" Ecrcekvcek„p" {" qrvkok¦cek„p" fgn" ukuvgoc" quVkemgv" rctc" gzrnqvct" nc" rctvg" fg"

kpvgtceek„p"eqp"gn"wuwctkq."cu‡"okuoq"kfgpvkhkect" nqu"rtqdngocu"encxgu"rctc" nc"

etgcek„p"fg"wp"ecvƒnqiq"rctc"nc"etgcek„p"{"qticpk¦cek„p"fg"ncu"uqnkekvwfgu"fg"

ugtxkekq0"

·" Fghkpkt" tgswgtkokgpvqu" vgepqn„ikequ" gp" nc" WC" tguvcpvgu" rctc" tgrtqfwekt" nc"

ctswkvgevwtc"fg"tgf"gp"gn"322'"fg"nc"qticpk¦cek„p0"
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·" Korngogpvct"wp"ukuvgoc"fg"oqpkvqtgq" kpvgitcn"rctc" vqfc" nc" kphtcguvtwevwtc"fg"

tgf."eqoq"rqt"glgornq"UqnctYkpfu"gn"ewcn"gu"fg"nkegpekcokgpvq"q"dkgp"gn"Ecevk"

swg"gu"fg"e„fkiq"cdkgtvq0"

·" Kpuvcnct"wp"uqhvyctg"gurgekcnk¦cfq"swg"okfc"nc"xgnqekfcf"fg"cpejq"fg"dcpfc"fgn"

v¿pgn"guvcdngekfq"gpvtg"nc"WC"{"gn"EQT."eqp"gn"hkp"wuctnq"eqoq"jgttcokgpvc"rctc"

nc"vqoc"fg"fgekukqpgu"cn"oqogpvq"fg"gngikt"ewƒn"fg"nqu"gpncegu"ugtƒ"gn"rtkpekrcn"

gp"nc"WC."gpvtg"E6"{"gn"rtqxggfqt"fg"Kpvgtpgv0
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7 ANEXOS

7.1 Anexo 01: Solicitud de servicio mediante oficio

Qtfgp" fg" ugtxkekq" tgcnk¦cfc"ogfkcpvg" qhkekq" nc" ewcn" xcp" fktkikfcu" c" nc" Fktgevqtc" fg"
Vgepqnqi‡cu"fg"Kphqtocek„p."nc"fguetkrek„p"fg"nc"uqnkekvwf"{"nc"hktoc"fgn"uqnkekvcpvg."nc"
ewcn"uktxg"rctc"fgvgtokpct"nc"wdkecek„p"h‡ukec"fgn"wuwctkq0"
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7.1 Anexo 02: Sistema de mesa de ayuda personalizado

Rcpvcnnc"fg"kpkekq"fgn"ukuvgoc"fg"QuVkemgv"gn"ewcn"hwg"rgtuqpcnk¦cfq"eqp"nc"kocigp"swg"
wuc"nc"qticpk¦cek„p"rctc"uwu"ukuvgocu"kpvgtpqu0"

 

Rcpvcnnc"fg"kpkekq"fgurwfiu"fg"cwvgpvkectug."fqpfg"ng"rgtokvg"cn"wuwctkq"xgt"gn"guvcfq"
fg"uwu"uqnkekvwfgu"rgpfkgpvgu"q"dkgp"etgct"wpc"pwgxc"uqnkekvwf"fg"ugtxkekq0"

 

"
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Xgpvcpc"fg"tgikuvtq"fg"ewgpvc"gp"fqpfg"ug"etgcp"nc"eqpvtcug‚c"fgn"wuwctkq"{"ug"fghkpg"
nc"¦qpc"jqtctkc0 

 

Cn" cdtkt" wpc"pwgxc" uqnkekvwf" ug"rwgfg"wvknk¦ct" vgocu"fg"c{wfc" nqu" ewcngu." rgtokvgp"
ciknk¦ct" nc" kfgpvkhkecek„p" fgn" ukuvgoc" {" cu‡" okuoq" nc" cukipcek„p" fgn" vfiepkeq" oƒu"
eqorgvgpvg"rctc"nc"tguqnwek„p"fgn"rtqdngoc0"

 

"

"
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Xgpvcpc" fg" tgikuvtq" fg" etgcek„p" fg" uqnkekvwf" fqpfg" ug" gurgekhkec" kphqtocek„p" fgn"
wuwctkq"uqnkekvcpvg"{"fguetkrek„p"fg"nc"uqnkekvwf"fg"ugtxkekq0 

 

Tgrtgugpvcek„p"fg"nc"ectƒvwnc"fg"wpc"kortguk„p"fgn"hqtocvq"fg"uqnkekvwf"fg"ugtxkekq"gp"
fqpfg"guvƒ" nc" kphqtocek„p" fgn" wuwctkq." gn" vfiepkeq" cukipcfq." fguetkrek„p"fgn" nwict" {"
fguetkrek„p"fg"uqnkekvcfq0 
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NOSI

Adquisición de equipamiento y servicios
SI NO
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3.1 Análisis de la situación actual

Inventario de Sitios

Tipos de Enlaces de 

Interconexión

Infraestructura de 

Red Interna Switch/

Router

Compatibilidad

# Reportes

Fase 1

Análisis Situación 

Actual

VIIFigura 3.2
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3.2 Solución y Pruebas de SDN

Selección de Plataforma/Controlador

· Seguridad 

· Virtualización

· Aplicaciones

Simulación
Ambiente de 

pruebas

Solución y Pruebas 

de SDN

Fase 2

Selección de Tópico

VIIIFigura 3.3
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XFigura 3.5
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3.3 Estudio Económico y Requerimientos
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Diagramas y 

reestructuración de 

red si es necesario

Definición de 

requerimientos

Costo Económico/Operativo y Propuesta

Selección de sitios de bajo 

impacto para implementaciones 

iniciales

Estudio Económico/

Requerimientos

Fase 3

Adquisición de equipamiento y servicios

XIIFigura 3.7
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XIIIFigura 3.8
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3.4 Optimización de Infraestructura Existente
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Propuesta de Solución con equipamiento existente

· Seguridad

· Enlace 

· Intranet/lan

· Monitoreo/alertas

· Alta disponibilidad

· Usabilidad

Simulación
Ambiente de 

pruebas

Optimización de 

Infraestructura 

Existente
Fase 4

Definición de 

problemas de alto 

impacto

XIVFigura 3.9
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3.5 Implementación de solución y verificación de resultados

Implementación en Sitio de Bajo Impacto

Implementación General

Verificación/

Retroalimentación

Verificación
Comparativos con 

Historico

Ajustes/Resideño

SI

NO

Fase 5

Implementación y 

Verificación de 

Resultados

SI

NO

XVFigura 3.10
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4 IMPLEMENTACIÓN
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4.1.1 Inventario de sitios
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4.1.2 Tipos de enlaces de interconexión de las unidades 
administrativas

·

§

§

·

§



 

 

36 

 

§

§

§

XVIFigura 4.1
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XVIIFigura 4.2

4.1.3 Inventario de infraestructura de red interna

4.1.4 Compatibilidad para implementación SDN



 

 

38 

 

4.1.5 Solicitudes de servicios o reportes de fallas
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4.2 Solución y pruebas de SDN
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4.3 Estudio económico, diseño y requerimientos
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XVIIIFigura 4.3



 

 

42 

 

XIXFigura 4.4

 



 

 

43 

 

4.3.2 Definición de requerimientos

Cantidad Equipo Descripción
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4.3.3 Selección de sitio de bajo impacto
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4.4 Optimización de infraestructura existente
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XXFigura 4.5  
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4.5 Implementación de solución y verificación

4.5.1 Implementación en sitio de bajo impacto

XXIFigura 4.6
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XXVFigura 4.10
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Configuración de ruteo definiendo distancias administrativas
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XXVIIFigura 4.12
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XXXIIFigura 4.16

4.5.2 Verificación y retroalimentación de implementación de sitio de 
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4.5.3 Ajustes y rediseño de la propuesta de implementación

4.5.4 Implementación general de la solución propuesta y
verificación
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XLIIIFigura 4.27
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7.1 Anexo 02: Sistema de mesa de ayuda personalizado
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