
Xqlyhuvlgdgh Hvwdgxdo gh Fdpslqdv
Idfxogdgh gh Hqjhqkduld Hoìwulfd h gh Frpsxwdêær
Ghsduwdphqwr gh Frpxqlfdêøhv 0 GHFRP

Frqwulexlêøhv dr Fäofxor Dqdoðwlfr gr Ghvhpshqkr
gh Uhghv Öswlfdv FGPD

Sru
Ylwru Urfkd gh Fduydokr

Glvvhuwdêær vxephwlgd ã Idfxogdgh gh Hqjhqkduld Hoìwulfd h gh
Frpsxwdêær gd XQLFDPS frpr sduwh grv uhtxlvlwrv h{ljlgrv sdud d

rewhqêær gr wðwxor gh Phvwuh hp Hqjhqkduld Hoìwulfd1

Edqfd H{dplqdgrud =
Suri1 Gu1 Fhovr gh Dophlgd +Rulhqwdgru, 0 IHHF2XQLFDPS
Suri1 Gu1 Hgxdugr Qlvhqedxp 0 FHIHW0SU
Suri1 Gu1 Hgvrq Prvfklq 0 IHHF2XQLFDPS

Fdpslqdv/ 43 gh deulo gh 53331
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R SURIHVVRU

R surihvvru glvvhuwd
vreuh srqwr gliðflo gr surjudpd1
Xp doxqr gruph/
fdqvdgr gdv fdqvhludv ghvwd ylgd1
R surihvvru ydl vdfxgl0or B
Ydl uhsuhhqgí0or B
Qær1
R surihvvru ydl edl{du d yr}
Frp phgr gh dfrugä0or1

Fduorv Guxpprqg gh Dqgudgh
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Ghglfr hvwh wudedokr d Pduld Do}lud h Ud|pxqgr1
Sru qrvvr dpru1

Sru wxgr1
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Djudghflphqwrv
� Dr Suri1 Fhovr gh Dophlgd/ shod rsruwxqlgdgh1
� Drv frohjdv gr GHFRP/ shod dmxgd frqvwdqwh1 Hp hvshfldo/ djudghêr d Oýfld/ Pdufhor
Shoohq}/ Iholsh Dqw÷qlr h Suri1 Plfkho1

� Ã Pdufld/ sru wrgdv dv krudv gh fxpsolgdgh/ frpsdqkhlulvpr/ dpl}dgh h ghglfdêær txh
ylyhprv1 Phx pdlv yhugdghlur djudghflphqwr1

� Dr Päuflr/ sru vxd vlqfhud h frudmrvd dpl}dgh gxudqwh hvwhv 5 dqrv1
� D Ulfdugr/ Gdqlho/ Mrvì Dqw÷qlr/ Fduolqkrv/ Uhqdwd h Glfd/ sru hvwduhp vhpsuh %sru
shuwr%1

� Drv sldxlhqvhv txh ph uhfhehudp hp Fdpslqdv = ]rudlgd/ Ehuqdugr/ Foìehu h Pdulvd1
� D Ulfkdug/ M1 Ehqhylghv/ Fdqglfh/ Yhoklqkr/ G1 Iholqwr/ Iudqfludogr/ Ulfdugr Fdpshoor
h Wdervd/ sru frqyhuvdv vreuh flíqfld/ �orvr�d/ duwhv h uholjlær txh ph lqvsludp dwì
krmh1

� Ãv dpl}dghv gd söv = Dqguì/ Gdqlhod/ Ìulfr/ Oxðv/ Euxqr/ Fìvdu/ Phufld/ Qlxgrpdu/
Ylohqh/ Mrvhodq/ Udidho/ Yhuhqd/ Ylujðqld/ Glplwul h wdqwrv rxwurv1

� Dr shvvrdo %oä gh fdvd% = Pdufld/ Dqguì/ Glydqlovrq/ Ihuqdqgr/ Jxvwdyr h Uhqdwr1
� Ã Idshvs/ shor dsrlr �qdqfhlur dwudyìv gd erovd gh hvwxgr h uhvhuyd wìfqlfd1
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Uhvxpr
Qhvwh wudedokr r ghvhpshqkr gd wìfqlfd FGPD +gr lqjoív Frgh Glylvlrq Pxowlsoh Dffhvv,

hp uhghv gh frpxqlfdêøhv öswlfdv ì hvwxgdgr hp whuprv gh suredelolgdgh gh huur gh elw1
Glyhuvdv idpðoldv gh vhtxíqfldv gh hvsdokdphqwr vær hvwxgdgdv h h{suhvvøhv dqdoðwlfdv dsur{l0
pdgdv sdud hvwh ghvhpshqkr vær rewlgdv h frq�updgdv sru vlpxodêøhv frpsxwdflrqdlv1 Dv
idpðoldv gh vhtxíqfldv gh hvsdokdphqwr dqdolvdgdv vær dv vhtxíqfldv Jrog/ dv vhtxíqfldv sx0
udphqwh dohdwöuldv h dv vhtxíqfldv öswlfdv ruwrjrqdlv1 Xp qryr uhfhswru sdud FGPD öswlfr
frp hvsdokdphqwr sru vhtxíqfldv elsroduhv h surfhvvdphqwr öswlfr ì dsuhvhqwdgr1 Sru �p/
xp hvwxgr vreuh d lqwhuihuíqfld gh edwlphqwr öswlfr qhvwhv vlvwhpdv ì uhdol}dgr1 Srgh0vh
frqfoxlu txh d lqwhuihuíqfld fdxvdgd sru hvwh ihq÷phqr hp wdlv vlvwhpdv ì ghvsuh}ðyho1

Devwudfw
Lq wklv zrun/ wkh shuirupdqfh ri FGPD +Frgh Glylvlrq Pxowlsoh Dffhvv, vfkhphv ds0

solhg wr rswlfdo qhwzrunv lv dqdo|}hg lq whupv ri wkh elw huuru suredelolw|1 Vhyhudo w|shv ri
vsuhdglqj vhtxhqfhv duh vwxglhg dqg shuirupdqfh h{suhvvlrqv duh ghulyhg dqg frq�uphg e|
frpsxwdwlrqdo vlpxodwlrq1 Wkh w|shv ri vsuhdglqj vhtxhqfhv dqdo|}hg duh Jrog vhtxhqfhv/
udqgrp vhtxhqfhv dqg rswlfdo ruwkrjrqdo vhtxhqfhv1 D qhz rswlfdo FGPD uhfhlyhu zlwk
elsrodu vsuhdglqj dqg rswlfdo surfhvvlqj lv suhvhqwhg1 Dw odvw/ d vwxg| rq wkh rswlfdo ehdw lq0
whuihuhqfh lq rswlfdo FGPD v|vwhpv lv shuiruphg1 Lw lv revhuyhg wkdw wklv nlqg ri lqwhuihuhqfh
lv qhjoljleoh lq vxfk v|vwhpv1
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Zdyhohqjwk Glylvlrq Pxowlsoh{lqj
Pxowlsoh Dffhvv Lqwhuihuhqfh
Rswlfdo Ehdw Lqwhuihuhqfh
Rswlfdo Frgh Glylvlrq Pxowlsoh Dffhvv
Vhtxíqfldv Öswlfdv Ruwrjrqdlv
Vhtxíqfldv gh Pä{lpr Frpsulphqwr
Vljqdo0wr0Qrlvh Udwlr
Suredelolgdgh gh Huur gh Elw
Vsuhdg Vshfwuxp
Lqwhuydor gh Gxudêær gh Elw
Lqwhuydor gh Gxudêær gh Fkls
Hqhujld Pìgld sru Elw
Ghqvlgdgh Hvshfwudo gh Srwíqfld gh Uxðgr Jdxvvldqr Eudqfr
Uhvsrqvlylgdgh gr Irwrghwhwru
Frqvwdqwh gh Wudqvlpshgåqfld
Jdqkr gh Surfhvvdphqwr
Qýphur gh Pdufdv gh xpd Vhtxíqfld Öswlfd Ruwrjrqdo
Pä{lpr Ydoru gh Dxwrfruuhodêær Ghvorfdgd gh xpd idpðold gh VRRv
Pä{lpr Ydoru gh Fruuhodêær Fux}dgd gh xpd idpðold gh VRRv
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D14 Ghvhpshqkr gr Vlvwhpd RFGPDElsrodu sdud Vhtxíqfldv Sxudphqwh Dohdwö0
uldv gh Frpsulphqwr 64 h vhp Fruuhêær gr Qðyho GF qr Uhfhswru1 1 1 1 1 1 ;3

D15 Ghvhpshqkr gr Vlvwhpd RFGPDElsrodu sdud Vhtxíqfldv Sxudphqwh Dohdwö0
uldv gh Frpsulphqwr 45: h vhp Fruuhêær gr Qðyho GF qr Uhfhswru1 1 1 1 1 1 ;3
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phqwr 64 h vhp Fruuhêær gr Qðyho GF qr Uhfhswru1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;4

D17 Ghvhpshqkr gr Vlvwhpd RFGPD Elsrodu sdud Vhtxíqfldv Jrog gh Frpsul0
phqwr 45: h vhp Fruuhêær gr Qðyho GF qr Uhfhswru1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;4



Fdsðwxor 4
Lqwurgxêær
414 Prwlydêær

Qrv ýowlprv dqrv/ rv vlvwhpdv gh frpxqlfdêær wíp vh ghsdudgr frp xp lpsuhvvlrqdqwh
dxphqwr qrv  x{rv gh lqirupdêær/ ghylgr sulqflsdophqwh ã fuhvfhqwh ghpdqgd sru qryrv
vhuylêrv h ã pxowlsolfdêær qr qýphur gh frqvxplgruhv1 Dv dwxdlv uhghv gh frpxqlfdêær vlp0
sohvphqwh qær srvvxhp fdsdflgdgh sdud vxsruwdu r fuhvflphqwr h{srqhqfldo ghvwd ghpdqgd1

Sdud d xwlol}dêær pdlv h�flhqwh gd fdsdflgdgh gh xp fdqdo gh frpxqlfdêær frp judqgh qý0
phur gh xvxäulrv/ glyhuvrv surwrfrorv gh pýowlsor dfhvvr wíp vlgr ghvhqyroylgrv1 Rv surwrfr0
orv gh pýowlsor dfhvvr vær edvhdgrv/ sulqflsdophqwh/ hp wuív irupdv gh pxowlsoh{dêær = d pxo0
wlsoh{dêær sru glylvær hp iuhtxíqfld +rx IGP/ gr lqjoív Iuhtxhqf| Glylvlrq Pxowlsoh{lqj,/
d pxowlsoh{dêær sru glylvær whpsrudo +rx WGP/ gr lqjoív Wlph Glylvlrq Pxowlsoh{lqj, h d
pxowlsoh{dêær sru glylvær gh fögljr +rx FGP/ gr lqjoív Frgh Glylvlrq Pxowlsoh{lqj,1

R IGP ì d pdlv wudglflrqdo irupd gh pxowlsoh{dêær1 Qhoh r hvshfwur glvsrqðyho gr fdqdo ì
glylglgr hp Q shtxhqdv idl{dv/ fdgd xpd dorfdqgr r vlqdo gh xp gdgr xvxäulr1 Ghvvd irupd/
fdgd xvxäulr wíp vxd suösuld edqgd gh iuhtxíqfld/ qær kdyhqgr sruwdqwr lqwhuihuíqfld hqwuh
glihuhqwhv xvxäulrv1 Qr grpðqlr gdv frpxqlfdêøhv öswlfdv/ d pxowlsoh{dêær sru glylvær hp
iuhtxíqfld ohyd r qrph gh pxowlsoh{dêær sru frpsulphqwr gh rqgd +rx ZGP/ gr lqjoív
Zdyhohqjwk Glylvlrq Pxowlsoh{lqj,1 Dshvdu gh kdyhu glihuhqêdv hqwuh IGP h ZGP/ qhvwh
wudedokr qær iduhprv glvwlqêær hqwuh hvwdv wìfqlfdv gh pxowlsoh{dêær1

R WGP pxowlsoh{d rv vlqdlv gh glyhuvrv xvxäulrv hp xp phvpr fdqdo dwudyìv gh xpd
rujdql}dêær whpsrudo/ rx vhmd/ rv glihuhqwhv xvxäulrv wudqvplwhp hp glihuhqwhv lqwhuydorv gh
whpsr1

R FGP ì xpd wìfqlfd gh pxowlsoh{dêær edvhdgd hp hvsdokdphqwr hvshfwudo +rx/ hp
lqjoív/ vsuhdg vshfwuxp,1 D wìfqlfd gh hvsdokdphqwr hvshfwudo irl ghvhqyroylgd frp �qv

44
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plolwduhv hp phdgrv gr vìfxor [[1 Qr FGP rv vlqdlv gh wrgrv rv xvxäulrv rfxsdp d phvpd
idl{d gr hvshfwur h vær wudqvplwlgrv vlpxowdqhdphqwh1 Qr hqwdqwr/ dqwhv gh vhu wudqvplwlgr/
fdgd vlqdo ì hvsdokdgr hvshfwudophqwh gh dfrugr frp xpd irupd gh rqgd +rx vhtxíqfld gh
hvsdokdphqwr, glihuhqwh1 Qd ghpxowlsoh{dêær/ d glvwlqêær hqwuh rv vlqdlv ì ihlwd dwudyìv gd
xwlol}dêær/ qr uhfhswru/ gd phvpd vhtxíqfld gh hvsdokdphqwr xwlol}dgd qd wudqvplvvær1

Hp xp dpelhqwh gh pýowlsor dfhvvr/ xp ýqlfr fdqdo ì glvsrqðyho ã frpxqlfdêær hqwuh
pxlwrv xvxäulrv1 Uhghv gh frpxqlfdêær ghvwh wlsr txh xwlol}dp r IGP vær frqkhflgdv frpr
uhghv gh pýowlsor dfhvvr sru glylvær gh iuhtxíqfld +rx IGPD/ gr lqjoív Iuhtxhqf| Glylvlrq
Pxowlsoh Dffhvv,1 Dqdorjdphqwh/ dv txh vh edvhldp hp WGP frpr irupd gh suryhu pýowlsor
dfhvvr vær frqkhflgdv frpr uhghv gh pýowlsor dfhvvr sru glylvær whpsrudo +rx WGPD/ gr
lqjoív Wlph Glylvlrq Pxowlsoh Dffhvv, h dv txh vh edvhldp hp FGP vær frqkhflgdv frpr
uhghv gh pýowlsor dfhvvr sru glylvær gh fögljr +rx FGPD/ gr lqjoív Frgh Glylvlrq Pxowlsoh
Dffhvv,1

Qdv frpxqlfdêøhv hp UI h plfurrqgdv/ rv wuív surwrfrorv gh pýowlsor dfhvvr dflpd wíp
vlgr xwlol}dgrv frp vxfhvvr1 R IGPD ì xwlol}dgr hp vlvwhpdv gh vdwìolwhv/ gh sdjhuv h fhox0
oduhv1 Edvhdgr hp IGPD/ r DPSV +gr lqjoív Dgydqfhg Preloh Skrqh Vhuylfh, irl xp grv
sulphlurv sdguøhv dqdoöjlfrv gh whohirqld fhoxodu h dlqgd ì xpd gdv pdlv xwlol}dgdv whfqror0
jldv gh frpxqlfdêær vhp �r1 R WGPD irl lqlfldophqwh ghvhqyroylgr sdud frpxqlfdêøhv yld
vdwìolwh/ sruìp krmh whp vxd xwlol}dêær dpsodphqwh glixqglgd hp vlvwhpdv vlvwhpdv ZOO
+gr lqjoívZluhohvv Orfdo Orrs,/ vlvwhpdv fhoxoduhv/ hqwuh rxwurv1 Edvhdgrv hp WGPD/ rv sd0
guøhv gh whohirqld fhoxodu gljlwdo JVP +gr lqjoív Joredo V|vwhp iru Preloh Frppxqlfdwlrqv,
h LV0469 vær dpsodphqwh xwlol}dgrv hp judqgh sduwh gr pxqgr1

Vlvwhpdv FGPD hp fdqdlv gh UI h plfurrqgdv whp fuhvflgr yhuwljlqrvdphqwh qrv ýowl0
prv dqrv h uhfhelgr edvwdqwh dwhqêær sulqflsdophqwh ghylgr d vxd txdolgdgh qd wudqvplvvær
hp fdqdlv frp pýowlsorv shufxuvrv/ vxd lqhuhqwh fdsdflgdgh gh uhmhlwdu lqwhuihuíqfldv +lqwhq0
flrqdlv rx qær,/ vxd edl{d suredelolgdgh gh lqwhufhswdêær/ vxd erd dgdswdêær d fdqdlv frp
pýowlsorv shufxuvrv/ vhx idwru gh uhxvr gh iuhtxíqfld txdvh xqlwäulr/ ghqwuh rxwudv fdudf0
whuðvwlfdv1 R FGPD whp vlgr dsolfdgr frp hqruph vxfhvvr hp frpxqlfdêøhv pöyhlv/ frpr
d whohirqld fhoxodu gljlwdo h wdpeìp hp vlvwhpdv �{rv gh whohirqld/ frpr rv vlvwhpdv ZOO1
Edvhdgr hp FGPD/ r sdguær gh whohirqld fhoxodu gljlwdo LV0<8 whp rewlgr edvwdqwh vxfhvvr
frphufldo qdv pdlv glihuhqwhv orfdolgdghv/ lqfoxvlyh qr Eudvlo1

D wìfqlfd FGPD dsolfdgd d vlvwhpdv öswlfrv ì xpd surphvvd gh erqv uhvxowdgrv1 D �eud
öswlfd ì xp fdqdo gh wudqvplvvær frp hqruph odujxud gh idl{d hvshfwudo +dsur{lpdgdphqwh
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83 WK},/ edl{d dwhqxdêær +phqrv gh 3/5 gE2np, h txh dsuhvhqwd edvwdqwh uhvlvwíqfld ã
lqwhuihuíqfld qd uhjlær gh UI h plfurrqgdv/ fdudfwhuðvwlfdv edvwdqwh idyruäyhlv dr FGPD1

Dv uhghv öswlfdv edvhdgdv hp FGPD wdpeìp surphwhp rshudu gh irupd ghvfhqwudol}dgd/
frp phqru whpsr gh dfhvvr/ whu pdlv  h{lelolgdgh hp dorfdu qryrv xvxäulrv h suryhu drv phv0
prv pdlv vhjxudqêd txh r uhdol}dgr sru rxwudv whfqrorjldv gh pýowlsor dfhvvr ^Vdpsvrq<:`1

415 Remhwlyrv
R remhwlyr ghvwh wudedokr ì r gh dydoldu r ghvhpshqkr/ hp whuprv gh suredelolgdgh gh huur

gh elw/ gh vlvwhpdv FGPD dsolfdgrv d uhghv gh frpxqlfdêøhv öswlfdv gldqwh gh sduåphwurv
ixqgdphqwdlv sdud r vhx ixqflrqdphqwr/ wdo frpr dv fodvvhv gh vhtxíqfldv gh hvsdokdphqwr
xwlol}dgdv/ r qýphur gh xvxäulrv/ r prghor gr wudqvplvvru h gr uhfhswru xwlol}dgrv/ doìp gh
dqdolvdu idwruhv ghjudgdqwhv gr ghvhpshqkr/ frpr d glvshuvær öswlfd h r uxðgr gh edwlphqwr
öswlfr1

416 Rujdql}dêær gr Wudedokr
Hvwh wudedokr irl rujdql}dgr hp vhwh fdsðwxorv/ vhqgr txh hvwh sulphlur derugd dvshfwrv

lqwurgxwöulrv1 Rv ghpdlv fdsðwxorv wíp d vhjxlqwh ghvfulêær =
Qr Fdsðwxor 5/ dsuhvhqwduhprv lqlfldophqwh dv sulqflsdlv wìfqlfdv gh hvsdokdphqwr hv0

shfwudo1 Dv fdudfwhuðvwlfdv h rv sulqflsdlv wlsrv gh wudqvplvvær sru hvsdokdphqwr hvshfwudo
vhuær ghvfulwrv1 Sru �p/ vhuä dsuhvhqwdgr r vlvwhpd FGPD h dojxpdv gh vxdv fdudfwhuðvwlfdv
ixqgdphqwdlv1

Qr Fdsðwxor 6/ vhuær dsuhvhqwdgdv dv glyhuvdv vhtxíqfldv gh hvsdokdphqwr xwlol}dgdv
hp FGPD1 Wdpeìp vhuær derugdgdv vxdv frqvwuxêøhv h vxdv sulqflsdlv sursulhgdghv gh
fruuhodêær1

QrFdsðwxor 7/ vhuær ghvfulwrv rv prghorv gh FGPD öswlfr qhvwh wudedokr xwlol}dgrv1 Lq0
lfldophqwh/ xp euhyh klvwöulfr vreuh r whpd vhuä dsuhvhqwdgr1 Hp vhjxlgd/ lqwurgx}luhprv rv
prghorv gh FGPD öswlfr sdud vhtxíqfldv gh hvsdokdphqwr elsroduhv h xqlsroduhv1 Prghorv
frp surfhvvdphqwr hohwu÷qlfr h öswlfr vhuær ghvfulwrv1 Ghgx}luhprv h{suhvvøhv dsur{lpdgdv
sdud r ghvhpshqkr hp whuprv gd suredelolgdgh gh huur gh elw ghvwhv vlvwhpdv frp edvh qd
hvwlpdwlyd gh uhodêær vlqdo0uxðgr qd uhfhsêær h qd dsur{lpdêær Jdxvvldqd1

Qr Fdsðwxor 8/ rv uhvxowdgrv gh vlpxodêær frpsxwdflrqdo grv prghorv ghvfulwrv qhvwh
wudedokr vhuær dsuhvhqwdgrv h frpsdudgrv ãv h{suhvvøhv dqdoðwlfdv gr Fdsðwxor 71



FDSÐWXOR 41 LQWURGXÊÆR 47

Qr Fdsðwxor 9/ rv hihlwrv gh dojxqv idwruhv ghjudgdqwhv gr ghvhpshqkr grv vlvwhpdv
FGPD öswlfrv/ frpr d lqwhuihuíqfld gh edwlphqwr öswlfr h glvshuvær/ vhuær ghwdokdgrv1 Xp
hvwxgr dqdoðwlfr grv hihlwrv gr uxðgr gh edwlphqwr öswlfr vhuä uhdol}dgr wdqwr sdud vhtxíqfldv
elsroduhv txdqwr sdud vhtxíqfldv xqlsroduhv1

R Fdsðwxor : wudwd gdv frqfoxvøhv/ frphqwäulrv vreuh rv uhvxowdgrv rewlgrv h vxjhvwøhv
sdud wudedokrv ixwxurv1 Wdpeìp wud} dojxqv frphqwäulrv/ frpsdudêøhv h shuvshfwlydv vreuh
rv surwrfrorv ZGPD/ WGPD h FGPD1

Dr �p ghvwd whvh/ d Eleolrjud�d xwlol}dgd ì dsuhvhqwdgd/ vhqgr vhjxlgd sru xp Dsíqglfh1



Fdsðwxor 5
Hvsdokdphqwr Hvshfwudo h FGPD
514 Lqwurgxêær

Qhvwh fdsðwxor vhuær dsuhvhqwdgrv rv frqfhlwrv eävlfrv gh vlvwhpdv txh xwlol}dp Hvsdokd0
phqwr Hvshfwudo1 Lqlfldophqwh vhuær dsuhvhqwdgdv dv fdudfwhuðvwlfdv ixqgdphqwdlv h rv wlsrv
gh vlvwhpdv frp Hvsdokdphqwr Hvshfwudo1 Hp vhjxlgd xp vlvwhpd FGPD ì lqwurgx}lgr/
frp xpd euhyh dqäolvh grv sulqflsdlv idwruhv txh ghwhuplqdp vhx ghvhpshqkr1
515 Wìfqlfdv gh Hvsdokdphqwr Hvshfwudo

D wìfqlfd gh Hvsdokdphqwr Hvshfwudo +VV 0 Vsuhdg Vshfwuxp, irl ruljlqdophqwh ghvhq0
yroylgd hp phdgrv gr vìfxor [[ frp remhwlyrv plolwduhv/ sulqflsdophqwh ylvdqgr judqgh
uhvlvwíqfld ãv lqwhuihuíqfldv sursrvlwdlv +mdpplqj, h d jdudqwld gh sulydflgdgh qdv wudqv0
plvvøhv gh phqvdjhqv lqwhufhswdgdv sru rxylqwhv lqghvhmäyhlv1

Pdlv uhfhqwhphqwh hvwd wìfqlfd frphêrx d vhu xwlol}dgd frphufldophqwh/ rqgh fdudfwhuðv0
wlfdv frpr r erp ghvhpshqkr hp fdqdlv frp ghvydqhflphqwr +idglqj, h srvvlelolgdgh gh
pýowlsor dfhvvr vær wdpeìp lpsruwdqwhv1

D wìfqlfd gh hvsdokdphqwr hvshfwudo gh vlqdlv gljlwdlv srgh vhu gh�qlgd sru gxdv fdudf0
whuðvwlfdv sulqflsdlv ^Kd|nlq<7` =

� D edqgd hvshfwudo gr vlqdo wudqvplwlgr ì pdlru txh d odujxud hvshfwudo gd vhtxíqfld gh
lqirupdêær/ rx vhmd/ xpd h{sdqvær gd edqgd gr vlqdo ì uhdol}dgd sursrvlwdophqwh qr
wudqvplvvru1

� Hvwh hvsdokdphqwr hvshfwudo gr vlqdo ì uhdol}dgr dwudyìv gr xvr gh vhtxíqfldv gh hv0
sdokdphqwr/ txh vær lqghshqghqwhv gd vhtxíqfld gh lqirupdêær1 D phvpd vhtxíqfld ì
xwlol}dgd wdqwr qr wudqvplvvru txdqwr qr uhfhswru/ vhqgr qhvwh uhvsrqväyho shod ghv0
frpsuhvvær hvshfwudo h uhfxshudêær gd vhtxíqfld gh lqirupdêær hqyldgd1

48
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Dv fdudfwhuðvwlfdv gd vhtxíqfld xwlol}dgd qr hvsdokdphqwr hvshfwudo vær ghwhuplqdqwhv
sdud r ghvhpshqkr gr vlvwhpd1 Dv sursulhgdghv gh fruuhodêær h d frqvwuxêær gh yäuldv
idpðoldv gh vhtxíqfldv gh hvsdokdphqwr vhuær ghwdokdgdv qr suö{lpr fdsðwxor1

R surfhvvr gh prgxodêær ì lqghshqghqwh gd vhtxíqfld > sru hvwh prwlyr d wìfqlfd gh
hvsdokdphqwr hvshfwudo srgh vhu dvvrfldgd d glyhuvrv pìwrgrv gh prgxodêær +sru h{hpsor/
ESVN/ TSVN/ PVN/ hwf,1 H{lvwhp wdpeìp glyhuvdv wìfqlfdv gh hvsdokdphqwr/ gdv txdlv
vh ghvwdfdp d gh vdowrv hp iuhtxíqfld +hp lqjoív/ iuhtxhqf| krsslqj rx IK,/ d gh vdowrv
whpsrudlv +hp lqjoív/ wlph krsslqj rx WK, h d gh vhtxíqfld gluhwd +hp lqjoív/ gluhfw vhtxhqfh
rx GV,1

Hp xp vlvwhpd frp hvsdokdphqwr hvshfwudo sru vdowrv hp iuhtxíqfld +IK2VV,/ d edqgd
gr fdqdo ì glylglgd hp xp judqgh qýphur gh shtxhqdv idl{dv gh iuhtxíqfldv1 Hp fdgd
lqwhuydor gh whpsr W/ r vlqdo wudqvplwlgr rfxsd xpd ghvvdv idl{dv gh iuhtxíqfld1 D vhohêær
gh wdlv idl{dv d fdgd lqwhuydor W vhjxh xp sdguær glwdgr shod vhtxíqfld gh hvsdokdphqwr1 D
Iljxud 514 loxvwud xp sdguær sduwlfxodu sdud vlvwhpdv IK hp xp sodqr whpsr0iuhtxíqfld1

T 2T 3T 4T 5T

Tempo

F
re

q
u

ên
ci

a

Iljxud 514= H{hpsor gh Hvsdokdphqwr Hvshfwudo IK

Xp vlvwhpd frp hvsdokdphqwr hvshfwudo sru vdowrv whpsrudlv +WK2VV, ì edvwdqwh vlplodu
drv vlvwhpdv gh prgxodêær sxovdgd1 Hvwd wìfqlfd frqvlvwh edvlfdphqwh qd xwlol}dêær gh xpd
vhtxíqfld gh hvsdokdphqwr/ txh ghwhuplqd rv lqvwdqwhv sdud dv wudqvplvvøhv1

Hp xp vlvwhpd gh frpxqlfdêær frp hvsdokdphqwr hvshfwudo sru vhtxíqfld gluhwd +GV2VV,/
r hvsdokdphqwr ì uhdol}dgr dwudyìv gd pxowlsolfdêær gd vhtxíqfld gh lqirupdêær elqäuld KE|�
shod vhtxíqfld gh hvsdokdphqwr SE|�/ frpr ì loxvwudgr qd Iljxud 515 sdud vlqdlv hp edqgd
edvh1 Sdud hvwh surfhvvr ixqflrqdu/ dpedv dv vhtxíqfldv vær elsroduhv/ lvwr ì/ srvvxhp grlv
qðyhlv ljxdlv hp dpsolwxgh h rsrvwrv hp srodulgdgh +.4/ 04,1 Gdv sursulhgdghv gd wudqv0
irupdgd gh Irxulhu/ ì vdelgr txh d pxowlsolfdêær gh grlv vlqdlv surgx} xp vlqdo uhvxowdqwh
fxmr hvshfwur wrwdo ì ljxdo ã frqyroxêær grv hvshfwurv grv grlv vlqdlv pxowlsolfdgrv1 Dvvlp/
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Iljxud 515= Hvsdokdphqwr Hvshfwudo gr wlsr GV
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Iljxud 516= Prghor gh Vlvwhpd GV2VV frp prgxodêær ESVN

vhqgr d vhtxíqfld KE|� gh edqgd hvwuhlwd h d vhtxíqfld gh hvsdokdphqwr SE|� gh edqgd odujd/
r vlqdo surgxwr whuä xp hvshfwur frp edqgd dsur{lpdgdphqwh ljxdo dr gr vlqdo gh edqgd
odujd SE|�� Ghvvd irupd/ d vhtxíqfld gh hvsdokdphqwr uhdol}d d ixqêær gh hvsdokdu r hvshfwur
gr vlqdo gh lqirupdêær1

Frpr prvwudgr qd Iljxud 515/ r lqwhuydor gh whpsr gh gxudêær gh xp elw gh lqirupdêær
ì ghqrplqdgr AK1 Mä d vhtxíqfld gh hvsdokdphqwr ì frpsrvwd gh fklsv/ rqgh r whpsr gh
gxudêær gh fdgd fkls ì AS1 D ud}ær hqwuh AK h AS gh�qh r jdqkr gh surfhvvdphqwr C gr
vlvwhpd1

R prghor gh xp vlvwhpd gh frpxqlfdêær frp Hvsdokdphqwr Hvshfwudo gr wlsr GV h
prgxodêær ESVN ì prvwudgr qd Iljxud 5161

Frqvlghudqgr wrgrv rv vlqdlv hp edqgd edvh/ r vlqdo d vhu wudqvplwlgr 6E|� srgh vhu
h{suhvvr frpr =

6E|� ' KE|�SE|� +514,
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Mä r vlqdo uhfhelgr oE|� frqvlvwh gr vlqdo wudqvplwlgr 6E|� pdlv xpd lqwhuihuíqfld dglwlyd
�E|�1 Ghvvd irupd =

oE|� ' 6E|� n �E|� ' SE|�KE|� n �E|� +515,
Qd uhfhsêær/ r vlqdo oE|� ì vxephwlgr d xp pxowlsolfdgru h hp vhjxlgd d xp �owur fdvdgr1

R pxowlsolfdgru ì vxsulgr sru xpd vhtxíqfld gh hvsdokdphqwr jhudgd orfdophqwh/ uìsolfd
h{dwd gd vhtxíqfld xwlol}dgd qr wudqvplvvru1 Dvvxplqgr txh d vhtxíqfld gh hvsdokdphqwr
jhudgd orfdophqwh hvwä hp vlqfurqlvpr frp r vlqdo uhfhelgr/ whprv txh =

5E|� ' SE|�oE|� ' S2E|�KE|� n SE|��E|�
5E|� ' KE|� n SE|��E|� +516,

Rx vhmd/ d vhtxíqfld gh lqirupdêær KE|� ì pxowlsolfdgd gxdv yh}hv shod vhtxíqfld gh
hvsdokdphqwr SE|� > hqtxdqwr r vlqdo qær ghvhmdgr �E|�/ dshqdv xpd yh} 1 Frpr SE|� ì xpd
vhtxíqfld elsrodu +gh dpsolwxghv .4 h 04,/ whprv txh S2E|� ' � sdud wrgr w1 Dvvlp/ whp0vh
qd vdðgd gr pxowlsolfdgru d vhtxíqfld gh lqirupdêær KE|� vrpdgd d xp whupr lqwhuihuhqwh
dglwlyr SE|��E|�1 D pxowlsolfdêær gh SE|� sru �E|� vljql�fd txh d lqwhuihuíqfld vhuä hvsdokdgd
hvshfwudophqwh/ h{dwdphqwh frpr rfruuhx frp KE|� qd wudqvplvvær1 Sruwdqwr SE|��E|� vhuä
xp vlqdo gh edqgd odujd h whuä d pdlru sduwh gh vxd srwíqfld uhprylgd dsöv d sdvvdjhp
shor �owur fdvdgr1 Ghvwd irupd/ r hihlwr gd lqwhuihuíqfld �E|� ì vljql�fdqwhphqwh uhgx}lgr qd
vdðgd gr uhfhswru1

Hp vðqwhvh/ d xwlol}dêær gh xpd vhtxíqfld gh hvsdokdphqwr wruqd r vlqdo wudqvplwlgr gh
edqgd odujd h frp edl{d ghqvlgdgh hvshfwudo gh srwíqfld/ rx vhmd/ edvwdqwh vhphokdqwh dr
uxðgr gh ixqgr1 Vær hvwdv fdudfwhuðvwlfdv txh jdudqwhp d hvwd wìfqlfd xpd judqgh lpxqlgdgh
d lqwhuihuíqfld h wruqdp vxdv wudqvplvvøhv gh gliðflo lqwhufhswdêær sru sduwh gh uhfhswruhv
txh qær frqkhêdp d vhtxíqfld gh hvsdokdphqwr xwlol}dgd1 Hp frqwudsduwlgd/ wdlv vlvwhpdv
dsuhvhqwdp xpd pdlru frpsoh{lgdgh h uhtxhuhp xpd dpsod idl{d gr hvshfwur sdud vxd
wudqvplvvær1 Wdlv frqwudsduwlgdv txdvh vhpsuh vær lqvljql�fdqwhv gldqwh grv ehqhiðflrv txh
dv frpxqlfdêøhv frp hvsdokdphqwr hvshfwudo srghp sursruflrqdu1

516 FGPD 0 Frgh Glylvlrq Pxowlsoh Dffhvv
D glvfxvvær vreuh d wìfqlfd gh hvsdokdphqwr hvshfwudo dwì dtxl vh uhvxplx dr frqwh{wr

gh xp ýqlfr xvxäulr1 Glyhuvrv xvxäulrv srghp xwlol}du xp phvpr fdqdo gh frpxqlfdêær hp
xp dpelhqwh gh hvsdokdphqwr hvshfwudo dwudyìv gd wìfqlfd frqkhflgd frpr Pýowlsor Dfhvvr
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Iljxud 517= Prghor hp Edqgd Edvh gh Vlvwhpd FGPD Dvvðqfurqr

sru Glylvær gh Fögljr +hp lqjoív/ Frgh Glylvlrq Pxowlsoh Dffhvv 0 FGPD,1 Hvwd wìfqlfd
vh edvhld qr xvr gh glihuhqwhv vhtxíqfldv gh hvsdokdphqwr sru glihuhqwhv xvxäulrv/ wrgrv
wudqvplwlqgr qxpd phvpd edqgd h dr phvpr whpsr1

R FGPD qær uhtxhu dorfdêær gh fdqdlv qr hvshfwur qhp frqwuroh fhqwudo gr vlqfurqlvpr
hqwuh rv xvxäulrv/ srghqgr ixqflrqdu gh irupd frpsohwdphqwh ghvfhqwudol}dgd1 Sru rxwur
odgr/ xp lpsruwdqwh ihq÷phqr hp vlvwhpdv FGPD ì d fruuhodêær fux}dgd sdufldo hqwuh dv
vhtxíqfldv gh hvsdokdphqwr grv xvxäulrv1 Hvwd fruuhodêær ì d phglgd gd qær ruwrjrqdolgdgh
hqwuh grlv xvxäulrv gr vlvwhpd1 D vhohêær gh vhtxíqfldv frp erdv fdudfwhuðvwlfdv gh fruuhodêær
ì sruwdqwr ixqgdphqwdo d xp vlvwhpd FGPD1

Rxwudv wìfqlfdv gh pýowlsor dfhvvr xwlol}dgdv vær r Pýowlsor Dfhvvr sru Glylvær gh Iuh0
txíqfld +hp lqjoív/ Iuhtxhqf| Glylvlrq Pxowlsoh Dffhvv 0 IGPD, h r Pýowlsor Dfhvvr sru
Glylvær gh Whpsr +hp lqjoív/ Wlph Glylvlrq Pxowlsoh Dffhvv 0 WGPD,1 Hp vlvwhpdv IGPD
rv xvxäulrv gr vlvwhpd wudqvplwhp vlpxowdqhdphqwh/ sruìp hp edqgdv gh iuhtxíqfld glvmxq0
wdv/ hqtxdqwr txh qr WGPD rv xvxäulrv rfxsdp d phvpd edqgd/ qr hqwdqwr wudqvplwhp
hp lqwhuydorv gh whpsr glihuhqwhv1

Xp prghor gh xp vlvwhpd FGPD dvvðqfurqr frp vlqdlv hp edqgd edvh hvwä loxvwudgr
qd Iljxud 5171 Qhvwh prghor K�E|�/ S�E|� h � � vær/ uhvshfwlydphqwh/ d vhtxíqfld elsrodu gh
lqirupdêær/ d vhtxíqfld elsrodu gh hvsdokdphqwr h r dwudvr uhodwlyr gr xvxäulr � qr fdqdo�
Rv vlqdlv vær wudqvplwlgrv shor phvpr fdqdo/ txh dglflrqd uxðgr Jdxvvldqr h dglwlyr ?E|� dr
vlqdo uhvxowdqwh qd uhfhsêær1

R uhfhswru gr xvxäulr � srvvxl xp pxowlsolfdgru txh ì dolphqwdgr sru xpd vhtxíqfld gh
hvsdokdphqwr S�E|�1 D vhtxíqfld txh dolphqwd r uhfhswru ì vxsrvwd hvwdu hp vlqfurqlvpr frp
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r vlqdo uhfhelgr1 Dsöv d pxowlsolfdêær/ r vlqdo sdvvd sru xp �owur fdvdgr h ì dprvwudgr hp
lqwhuydorv gh elw AK� Ghvvd pdqhlud/ vhqgr � r qýphur gh xvxäulrv wudqvplwlqgr qr vlvwhpd/
r vlqdo uhfhelgr oE|� vhuä =

oE|� '
�
[

&'�

�&S&E|� � &�K&E|� � &� n ?E|� +517,
Dsöv r surfhvvr gh uhfhsêær/ d yduläyho gh ghflvær ~� vhuä =

~� '
] AK

f

�
[

&'�

�&S&E|� � &�K&E|� � &�S�E|�_|n
] AK

f

?E|�S�E|�_| +518,
Txh srgh vhu uhhvfulwd frpr =

~� ' �
] AK

f

S�E|�K�E|�S�E|�_| n �
�
[

&'�
& �'�

] AK

f

S&E|� �&�K&E|� �&�S�E|�_|n
] AK

f

?E|�S�E|�_| +519,

rqgh irl dvvxplgr/ vhp shugd gh jhqhudolgdgh/ txh r dwudvr uhodwlyr dr xvxäulr � ì qxor/ rx
vhmd/ � � ' f1 Lvwr vljql�fd txh kä xp shuihlwr vlqfurqlvpr hqwuh r vlqdo uhfhelgr h d vhtxíqfld
jhudgd orfdophqwh sdud hvwh xvxäulr h txh rv dwudvrv grv ghpdlv xvxäulrv vær uhodwlyrv d hvwh1
Rv dwudvrv srghp vhu prghodgrv frpr shuwhqfhqwhv dr lqwhuydor f � �& 	 AK1 Wdpeìp irl
dvvxplgr txh kä xp shuihlwr frqwuroh gh srwíqfld/ rx vhmd/ rv vlqdlv grv glyhuvrv xvxäulrv
fkhjdp dr uhfhswru frp d phvpd srwíqfld1 Ghvvd irupd/ irl dvvxplgr txh � ' �� ' �2 '
��� ' �� 1

D htxdêær +519, srvvxl 6 whuprv1 R sulphlur whupr/ uhihuhqwh ã lqirupdêær wudqvplwlgd/
srgh vhu uhhvfulwr frpr =

�
] AK

f

S2�E|�K�E|�_| ' �
] AK

f

K�E|�_| ' K�cfAK� +51:,
srlv S2�E|� ' � h K�E|� whp ydoru frqvwdqwh K�cf sdud f � | 	 AK1 Ghvvd irupd/ yhprv txh hvwh
whupr ì sursruflrqdo dr elw gh phqvdjhp hqyldgr1

R vhjxqgr whupr/ uhihuhqwh ã lqwhuihuíqfld grv rxwurv xvxäulrv/ srgh vhu uhhvfulwr frpr =
�

�
[

&'�
& �'�

] AK

f

S&E|� � &�K&E|� �&�S�E|�_| ' �
�
[

&'�
& �'�

U&c� +51;,

rqgh U&c� ' U AK
f

S&E| � �&�K&E| � � &�S�E|�_|1 Hvwh whupr uhsuhvhqwd d vrpd gdv lqwhuihuíqfldv
txh rv � � � xvxäulrv surgx}hp qd uhfhsêær gd phqvdjhp gr xvxäulr �1 D lqwhjudo U&c�
lqglfd r judx gh fruuhodêær hqwuh dv gxdv vhtxíqfldv gh hvsdokdphqwr & h �/ sdud xp gdgr
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dwudvr � &/ h xpd gdgd vhtxíqfld gh elwv wudqvplwlgd qr lqwhuydor gh lqwhjudêær KE| � �&�1
Txdqwr phqru hvwd fruuhodêær/ phqru d lqwhuihuíqfld wrwdo h/ frqvhtxhqwhphqwh/ phokru r
ghvhpshqkr gr vlvwhpd1

R ýowlpr whupr uhsuhvhqwd r uxðgr dglwlyr gr fdqdo txh lqwhuihuh qd yduläyho gh ghflvær1
Hp vlvwhpdv FGPD wðslfrv/ r whupr gh lqwhuihuíqfld whp ydoruhv pxlwr pdlruhv txh r whupr
gh uxðgr/ vhqgr sruwdqwr r olplwdqwh gr ghvhpshqkr ghvwh vlvwhpd1 Hvwd ì d ud}ær gd fodvvh gh
vhtxíqfldv gh hvsdokdphqwr xwlol}dgdv qxpd wudqvplvvær FGPDphuhfhu wdqwd frqvlghudêær1



Fdsðwxor 6
Vhtxíqfldv gh Hvsdokdphqwr
614 Lqwurgxêær

Qhvwh fdsðwxor vhuær dsuhvhqwdgdv dojxpdv gdv sulqflsdlv idpðoldv gh vhtxíqfldv gh hv0
sdokdphqwr1 Dv fdudfwhuðvwlfdv ghvwdv idpðoldv vær hvvhqfldlv hp xp vlvwhpd FGPD/ fxmd
�qdolgdgh ì r gh uhdol}du r hvsdokdphqwr hvshfwudo gd lqirupdêær dqwhv gh wudqvplwl0od h/ qd
uhfhsêær/ d frqwudêær hvshfwudo uhvsrqväyho shod uhfxshudêær gd lqirupdêær1

Lqlfldophqwh vhuær dsuhvhqwdgdv dojxpdv gh�qlêøhv h sursulhgdghv eävlfdv qr hvwxgr ghv0
wdv vhtxíqfldv1 Vhuær gh�qlgdv dv ixqêøhv gh dxwrfruuhodêær h gh fruuhodêær fux}dgd/ ixqgd0
phqwdlv qd frpsuhhqvær ghvwhv vlvwhpdv1

Hp vhjxlgd dojxpdv idpðoldv gh vhtxíqfldv gh hvsdokdphqwr vhuær dsuhvhqwdgdv/ frpr
dv vhtxíqfldv gh pä{lpr frpsulphqwr +VPF,/ dv vhtxíqfldv Jrog/ dv vhtxíqfldv gh Zdovk/
dv vhtxíqfldv sxudphqwh dohdwöuldv h dv vhtxhqfldv öswlfdv ruwrjrqdlv1 D frqvwuxêær h dv
sursulhgdghv gh fruuhodêær ghvwdv idpðoldv gh vhtxíqfldv vhuær wdpeìp ghwdokdgdv1

615 Gh�qlêøhv h Sursulhgdghv Eävlfdv
Kä xp frqvlghuäyho qýphur gh sureohpdv hp whohfrpxqlfdêøhv txh vh xwlol}dp gh vlqdlv

shulöglfrv +vhtxíqfldv, ghwhqwruhv gh dpedv rx/ shor phqrv/ xpd gdv vhjxlqwhv sursulhgdghv =
l Fdgd vhtxíqfld gr frqmxqwr gh vroxêøhv srgh vhu idflophqwh glvwlqjxlgd gh yhuvøhv
ghvorfdgdv ghod phvpd1

ll Fdgd vhtxíqfld gr frqmxqwr gh vroxêøhv srgh vhu idflophqwh glvwlqjxlgd gh wrgdv dv
rxwudv vhtxíqfldv gr frqmxqwr h gh vxdv yhuvøhv ghvorfdgdv1

D sulphlud sursulhgdgh ì lpsruwdqwh sdud vlvwhpdv gh udgdu/ vlvwhpdv gh frpxqlfdêær sru
hvsdokdphqwr hvshfwudo/ hqwuh rxwurv1 Mä d vhjxqgd sursulhgdgh whp edvwdqwh lpsruwåqfld

55



FDSÐWXOR 61 VHTXÍQFLDV GH HVSDOKDPHQWR 56

hp vlvwhpdv gh lghqwl�fdêær gh pýowlsorv whuplqdlv/ hp FGPD/ hwf1
Dv sursulhgdghv l h ll vh uhihuhp dr judx gh glvwlqêær txh xpd vhtxíqfld srvvxl gh vl

phvpd ghvorfdgd/ rx gh rxwud vhtxíqfld/ ghvorfdgd rx qær1 R judx gh glvwlqêær hqwuh gxdv
vhtxíqfldv uhdlv %E|� h +E|� gh shuðrgr AK/ hp ixqêær gr ghvorfdphqwr � / ì h{suhvvr sru vxd
ixqêær gh fruuhodêær fux}dgd -%c+E� � gh�qlgd sru =

-%c+E�� '
] AK

f

%E|�+E|n � �_| +614,
rqgh f � � 	 AK1 Mä r judx gh glvwlqêær hqwuh xpd vhtxíqfld uhdo %E|� h hod phvpd sdud
glihuhqwhv ghvorfdphqwrv � ì ghqrplqdgr ixqêær gh dxwrfruuhodêær -%c%E�� h h{suhvvr sru =

-%c%E�� '
] AK

f

%E|�%E|n � �_| +615,
rqgh f � � 	 AK1

Hp sduwh ghylgr d uhodwlyd vlpsolflgdgh gh vxd jhudêær/ dv vhtxíqfldv dtxl frqvlghudgdv
vær irupdgdv sru xpd vìulh gh sxovrv gh gxudêær �qlwd h dpsolwxgh �{d1 Ghvwd irupd/ dv
vhtxíqfldv %E|� h +E|� srghp vhu hvfulwdv frpr xpd vhtxíqfld gh sxovrv xqlwäulrv pxowlsolfdgd
sru vhtxíqfldv shulöglfdv %? h +?/ rx vhmd =

%E|� '
"
[

?'3"
%?�ASE|� ?AS� +616,

+E|� '
"
[

?'3"
+?�ASE|� ?AS� +617,

rqgh �ASE|� ì xp sxovr uhwdqjxodu gh dpsolwxgh xqlwäuld gh gxudêær AS1 Frpr dv vhtxíqfldv
wíp shuðrgr AK/ hqwær AK ghyh vhu pýowlsor gh AS1 Sruwdqwr/ sdud vhtxíqfldv elsroduhv/ r
frpsulphqwr gdv vhtxíqfldv ì AK ' CAS h vxd dpsolwxgh dvvxph dshqdv rv ydoruhv .4 h 041

Xpd lpsruwdqwh gh�qlêær txh vxujh ì d gd ixqêær gh dxwrfruuhodêær shulöglfd h d gd
ixqêær gh fruuhodêær fux}dgd shulöglfd/ h{suhvvdv uhvshfwlydphqwh sru =

w%E,� '
C3�
[

?'f

%?%?n, +618,

w%c+E,� '
C3�
[

?'f

%?+?n, +619,
rqgh , ì xp qýphur lqwhlur1
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616 Vhtxíqfldv gh Pä{lpr Frpsulphqwr +VPF,
Wudwd0vh gd idpðold gh vhtxíqfldv gh hvsdokdphqwr pdlv frqkhflgd/ srlv hvwær gluhwd rx

lqgluhwdphqwh hqyroylgdv qr surfhvvr gh rewhqêær gh pxlwdv rxwudv idpðoldv1 R hvwxgr pd0
whpäwlfr gdv vhtxíqfldv gh pä{lpr frpsulphqwr +VPF,/ rx deuhyldgdphqwh vhtxíqfldv0p/
frphêrx hp phdgrv gd gìfdgd gh 831 Hvwhv sulphlurv hvwxgrv frqfhqwududp0vh qdv sur0
sulhgdghv gh dxwrfruuhodêær ghvwdv vhtxíqfldv1 Sursulhgdghv hvwdv txh/ frqiruph vhuä dsuh0
vhqwdgr d vhjxlu/ hp pxlwr vh dvvhphokdp ãv sursulhgdghv gh xpd vhtxíqfld sxudphqwh
dohdwöuld1 Hvwd ì d ud}ær ghvwdv vhtxíqfldv wdpeìp vhuhp frqkhflgdv frpr Vhtxíqfldv SQ
+Svhxgr0Qrlvh rx Svhxgr Dohdwöuldv,1 Sru srvvxluhp öwlpdv sursulhgdghv gh dxwrfruuhodêær/
dv VPFv vær xwlol}dgdv qd hwdsd gh vlqfurqlvpr gh dojxqv vlvwhpdv gh frpxqlfdêær1

Mä rv dvshfwrv gh fruuhodêær fux}dgd ghvwdv vhtxíqfldv vö frphêdudp d vhu ghvyhqgdgrv
qr �qdo gd gìfdgd gh 931 Dv VPFv qær dsuhvhqwdp fdudfwhuðvwlfdv wær erdv gh fruuhodêær
fux}dgd txdqwr gh dxwrfruuhodêær1 Sru rxwur odgr/ d rewhqêær ghvwd vhtxíqfld ì edvwdqwh
vlpsohv > r txh wruqd dwudhqwh vxd xwlol}dêær hp vlvwhpdv gh frpsoh{lgdgh qær wær hohydgd1
Xp rxwur idwru qhjdwlyr gdv VPFv ì d h{lvwíqfld gh srxfdv vhtxíqfldv gh phvpr shuðrgr h
txh qær vhmdp flfolfdphqwh htxlydohqwhv1 Dvvlp/ fdvr vhmdp xwlol}dgdv hp vlvwhpdv FGPD hp
txh fdgd xvxäulr idêd xvr gh xpd VPF glvwlqwd/ r qýphur gh xvxäulrv vhuä pxlwr uhgx}lgr1

Dv VPFv wíp frpsulphqwr C ' 26 � �/ rqgh 6 ì xp qýphur lqwhlur/ h srghp vhu
jhudgdv dwudyìv gh uhjlvwudgruhv gh ghvorfdphqwr gh 60hvwäjlrv frp uhdolphqwdêær olqhdu/
frpr prvwudgr qd Iljxud 614 sdud p@81 Fdgd shuðrgr gd vhtxíqfld srvvxl 263� xqv h
263� � � }hurv1 D oöjlfd txh ghwhuplqd d uhdolphqwdêær ì hvshfl�fdgd sru xp srolq÷plr
sulplwlyr gh judx 6/ txh ghyh vhu qhfhvvduldphqwh xp srolq÷plr sulplwlyr1 Qr fdvr gd
Iljxud 614/ r srolq÷plr jhudgru �E%� ' %Dn%en%2n%�n�� R surfhvvr gh jhudêær gh xpd
VPF ì sruwdqwr edvwdqwh vlpsohv1

x5 x4 x3 x2 x1

Saída

Iljxud 614= Uhjlvwudgru gh Ghvorfdphqwr gh 80hvwäjlrv sdud d frqvwuxêær gh xpd VPF

Wrgdyld/ r qýphur gh srolq÷plrv gh jhudêær gh judx 6 fdsd}hv gh frqvwuxlu xpd VPF ì
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p J @ 5p � 4 Qýphur gh VPFv �{>|>pd{ �{>|>pd{
�{+3,

w+p, w+p,
�{+3,6 : 5 8 31:4 ; 31:4

7 48 5 < 3193 < 3193
8 64 9 44 3168 < 315<
9 96 9 56 3169 4: 315:
: 45: 4; 74 3165 4: 3146
; 588 49 <8 316: 66 3146
< 844 7; 446 3155 66 3139
43 4356 93 6;6 316: 98 3139
44 537: 4:9 5;: 3147 98 3136
45 73<8 477 473: 3167 45< 3136
Wdehod 614= Slfrv gh Fruuhodêøhv Fux}dgdv gh VPFv h vhtxíqfldv Jrog

edvwdqwh uhgx}lgr ^Vduzdwh;3`1 D Wdehod 614 prvwud r qýphur gh VPFv sdud xp gdgr ydoru
gh 61

Dv VPFv dsuhvhqwdp xpd ixqêær gh dxwrfruuhodêær shulöglfd w%E,� frp dshqdv 5 ydoruhv =
Sdud dv VPFv

w%E,� '
;

?

=

C
��

vh , ' f
vh � � , � C� � +61:,

Ghvvd irupd/ txdqgr dv VPFv vær orqjdv +C judqgh,/ r ydoru gh slfr gh w%E,� ì pxlwr
pdlru txh 04/ vhqgr/ sruwdqwr/ gr srqwr gh ylvwd suäwlfr/ xpd vhtxíqfld frp sursulhgdghv
gh dxwrfruuhodêær sudwlfdphqwh lghdlv1

Xpd h{whqvd h ghwdokdgd dqäolvh gr hvshfwur gh fruuhodêøhv fux}dgdv gdv VPFv ì h{srvwr
hp ^Vduzdwh;3`1 Dojxpdv sursulhgdghv lqwhuhvvdqwhv gr hvshfwur gh fruuhodêøhv fux}dgdv
hqwuh gxdv VPFv gh phvpr frpsulphqwr hvwä olvwdgr dedl{r =
41 w%c+E,� ì vhpsuh xp qýphur lqwhlur ðpsdu
51 SC3�

,'f w%c+E,� ' �
61 SC3�

,'f w2%c+E,� ' C2 nC� �
D sursulhgdgh 5 lqglfd txh/ sdud judqghv ydoruhv gh J/ r ydoru pìglr gh w%c+E,�/ qrupd0

ol}dgr sru w%Ef�/ ì pxlwr suö{lpr gh }hur1 Frp d sursulhgdgh 6 frqvwdwdprv txh r ydoru
txdguäwlfr pìglr gh w%c+E,�/ qrupdol}dgr sru w%Ef�/ ì pxlwr suö{lpr gh C1

Sdud qær wruqdu qrvvd dqäolvh h{fhvvlydphqwh irupdo/ xpd derugdjhp frp edvh qd fru0
uhodêær fux}dgd pä{lpd w%c+c4@ vhuä uhdol}dgd1 Wdo fruuhodêær pä{lpd ì gh�qlgd frpr =

w%c+c4@ ' 4@ imw%c+E,�m > sdud f � , � C� �( % 9' +j +61;,
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Dv sursulhgdghv gh fruuhodêær fux}dgd gdv VPFv qær vær wær dwudhqwhv txdqwr dv gh dxwr0
fruuhodêær1 D Wdehod 614 prvwud txh rv slfrv gh fruuhodêær fux}dgd w%c+c4@ vær uhodwlydphqwh
dowrv txdqgr frpsdudgrv drv gh dxwrfruuhodêær sdud xp gdgr ydoru gh 61 Ghvwh prgr/ rv
ydoruhv gh fruuhodêær fux}dgd wruqdp0vh lqvxsruwäyhlv sdud xp vlvwhpdv FGPD1 Dshvdu gh
vhu srvvðyho vhohflrqdu xp shtxhqr vxe0frqmxqwr gh VPFv txh whqkdp shtxhqrv ydoruhv gh
slfr gh fruuhodêær fux}dgd/ r qýphur gh vhtxíqfldv dvvlp rewlgdv qhvwh fdvr ì jhudophqwh
pxlwr shtxhqr sdud dsolfdêøhv FGPD hp txh fdgd xvxäulr xwlol}h xpd vhtxíqfld glihuhqwh1

D sduwlu gdv VPFv ì srvvðyho jhuduprv idpðoldv gh vhtxíqfldv gh hvsdokdphqwr frp pho0
kruhv sursulhgdghv gh fruuhodêær fux}dgd h pdlru qýphur gh vhtxíqfldv lqwhjudqwhv/ vhqgr
sruwdqwr edvwdqwh dsolfäyhlv dr FGPD1

617 Vhtxíqfldv Jrog
Qd gìfdgd gh 93/ Jrog ^Jrog9;` prvwurx txh fhuwrv sduhv gh VPFv gh frpsulphqwr

C ' 26 � � h{lehp xp hvshfwur gh fruuhodêær fux}dgd shulöglfd w%c+E,� frp dshqdv wuív
ydoruhv = i��c�|E6�c |E6�� 2j/ rqgh

|E6� '
;

?

=

2E6n��*2 n �
2E6n2�*2 n �

vh p ì lpsdu
vh p ì sdu +61<,

Dv VPFv txh rehghfhp d hvvhv ydoruhv gh fruuhodêær fux}dgd vær fkdpdgdv gh vhtxíqfldv
suhihulgdv1

Whqgr fruuhodêær fux}dgd pä{lpd mw%c+c4@ m ' |E6�/ yhprv qd Wdehod 614 txh rv ydoruhv
uhodwlyrv gh slfr gh fruuhodêær fux}dgd |E6�*w%Ef� vær ehp phqruhv txh rv revhuydgrv sdud
dv VPFv/ sulqflsdophqwh sdud judqghv ydoruhv gh C1

Gh xp sdu gh vhtxíqfldv suhihulgdv d h e gh frpsulphqwr J srghprv frqvwuxlu xp
frqmxqwr gh J vhtxíqfldv gh frpsulphqwr J/ txh pdqwìp hqwuh vl r phvpr hvshfwur gh
fruuhodêær fux}dgd txh dv vhtxíqfldv suhihulgdv1 Sdud wdqwr/ id}hprv d vrpd pögxor05 gh d
frp dv J yhuvøhv flfolfdphqwh ghvorfdgdv gh e/ rx ylfh0yhuvd1 Ghvvd pdqhlud/ lqfoxlqgr dv
5 vhtxíqfldv suhihulgdv whuhprv xp frqmxqwr gh Cn 2 vhtxíqfldv frp r phvpr hvshfwur gh
fruuhodêær fux}dgd gdv vhtxíqfldv suhihulgdv1 Dv vhtxíqfldv frqvwuxðgdv ghvwd pdqhlud vær
frqkhflgdv sru Vhtxíqfldv Jrog1

D frqwudsduwlgd gh xp hvshfwur gh fruuhodêær fux}dgd frp phqruhv slfrv vh pdqlihvwd qr
hvshfwur gh dxwrfruuhodêær1 Frp h{fhêær gdv vhtxíqfldv suhihulgdv d h e/ wrgdv dv ghpdlv J
vhtxíqfldv Jrog gh frpsulphqwr C ' 26 � � gr frqmxqwr srvvxhp/ doìp gr ydoru gh slfr/
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xp hvshfwur gh dxwrfruuhodêær frp 6 ydoruhv/ rx vhmd/ w%E,� 5 i��c�|E6�c |E6� � 2j sdud
, 9' f/ rqgh |E6� ì i Tuhvvr sru +61<,1

Sruwdqwr/ hp uhodêær ãv VPFv/ dshvdu gh srvvxluhp slruhv fdudfwhuðvwlfdv gh dxwrfruuhod0
êær/ dv vhtxíqfldv Jrog dsuhvhqwdp phokruhv sursulhgdghv gh fruuhodêær fux}dgd h xp pdlru
qýphur gh vhtxíqfldv glvsrqðyhlv/ fdudfwhuðvwlfdv edvwdqwhv idyruäyhlv dr FGPD1

618 Vhtxíqfldv Sxudphqwh Dohdwöuldv
Xp vhtxíqfld elsrodu sxudphqwh dohdwöuld gh frpsulphqwr C ì xpd vhtxíqfld rqgh fdgd

hohphqwr whp suredelolgdgh 425 gh vhu .4 h 425 gh vhu 041 Ghvvd pdqhlud/ frpr fdgd fkls
shuplwh 5 srvvlelolgdghv gh ydoruhv/ h{lvwhp 2C vhtxíqfldv glihuhqwhv1 Wudwd0vh gr fdvr pdlv
jhudo gh vhtxíqfldv elsroduhv/ vhqgr wrgdv dv ghpdlv idpðoldv fdvrv sduwlfxoduhv ghvwd1

Reyldphqwh rv hvshfwurv gh dxwrfruuhodêær h gh fruuhodêær fux}dgd ghvwd idpðold shu0
plwhp/ hp pögxor/ txdvh wrgrv rv ydoruhv hqwuh f h C/ r txh gl�fxowd vxd xwlol}dêær hp
FGPD1 Sru rxwur odgr/ sru vxd iäflo frqvwuxêær h sru whu sursulhgdghv gh fruuhodêær ehp
frqkhflgdv/ hvwd idpðold whp vlgr edvwdqwh xwlol}dgd hp pxlwdv dqäolvhv gh ghvhpshqkr gh
vlvwhpdv FGPD1

619 Vhtxíqfldv Zdovk
Dv vhtxíqfldv Zdovk +rx gh Kdgdpdug, wíp dvvxplgr xpd lpsruwåqfld fdgd yh} pdlru

qdv whohfrpxqlfdêøhv/ sulqflsdophqwh sru vxd ruwrjrqdolgdgh h idflolgdgh gh frqvwuxêær1
Vhtxíqfldv gh Zdovk gh frpsulphqwr 26 srghp vhu rewlgdv dwudyìv gd pdwul} gh Kd0

gdpdug M61 Hvwdv pdwul}hv vær jhudgdv dwudyìv gr vhjxlqwh surfhglphqwr uhfxuvlyr sdud
6 � 2 =

M2 '
5

7

��
��

��
n�

6

8 , M26 '
5

7

M6

M6

M6�M6

6

8 +6143,

Ghvwd irupd whuhprv =
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h dvvlp vxfhvvlydphqwh1 Dv vhtxíqfldv gh Zdovk vh frqvwlwxhp gh wrgdv dv olqkdv gd pdwul}
M61 Sru hvwh surfhglphqwr srghprv rewhu 26 vhtxíqfldv gh Zdovk gh frpsulphqwr 26/
rqgh 6 ì srwíqfld gh 51

Frqiruph mä h{solflwdgr/ dv vhtxíqfldv gh Zdovk vær ruwrjrqdlv/ rx vhmd/ w%c+Ef� ' f
sdud txdotxhu vhtxíqfld % 9' +1 Ghvwd irupd/ vær vhtxíqfldv lghdlv txdqgr wudedokdprv frp
vlvwhpdv txh srvvxdp vlqfurqlvpr gh elw/ frp suhflvær gh shtxhqdv iudêøhv gr whpsr gh
fkls AS/ qr uhfhswru1

Sdud vlvwhpdv vhp jdudqwld gh vlqfurqlvpr/ r ghvhpshqkr gdv vhtxíqfldv gh Zdovk ì
sìvvlpr/ rx vhmd/ rv ydoruhv uhodwlyrv gh dxwrfruuhodêær h fruuhodêær fux}dgd vær pxlwr dowrv1
Dojxpdv vhtxíqfldv vær/ lqfoxvlyh/ yhuvøhv ghvorfdgdv gh rxwudv gr phvpr frpsulphqwr +yhu
Me dflpd,1 Sruwdqwr/ vær frpsohwdphqwh lqdghtxdgdv sdud vlvwhpdv FGPD dvvðqfurqrv rx
vhp jdudqwld gh vlqfurqlvpr gh elw1

Dv vhtxíqfldv Zdovk vær xwlol}dgdv hp vlvwhpdv gh whohirqld pöyho +sdguær LV0<8, > rqgh
r vlqfurqlvpr ì pdqwlgr qd wudqvplvvær gd hvwdêær edvh sdud d hvwdêær pöyho1

61: Vhtxíqfldv Öswlfdv Ruwrjrqdlv
Dv Vhtxíqfldv Öswlfdv Ruwrjrqdlv +VRRv, irudp lqlfldophqwh ghvhqyroylgdv qr �p gd

gìfdgd gh ;3 ^Vdohkl;<d`/^Vdohkl;<e`1 R remhwlyr hud frqvwuxlu vhtxíqfldv gh hvsdokdphqwr
ylvdqgr suryhu pýowlsor dfhvvr hp fdqdlv öswlfrv/ rqgh rv vlqdlv qær srghp whu ydoruhv
qhjdwlyrv1

Sdud txdlvtxhu VRRv %E|� h +E|�/ srghprv gh�qlu rv olplwdqwhv gd dxwrfruuhodêær h gd
fruuhodêær fux}dgd shulöglfdv frpr =

w%E,�
;

?

=

' g
� b@

sdud , ' f
sdud � � , � C� � +6145,

w%c+E,� � bS sdud f � , � C� � +6146,
rqgh g/ b@/ h bS vær frqvwdqwhv1 D ruwrjrqdolgdgh luuhvwulwd uhtxhu txh b@ ' bS ' f/ r txh
ì lpsrvvðyho sdud vhtxíqfldv xqlsroduhv1 Qd suäwlfd/ d dxwrfruuhodêær hqwuh xpd vhtxíqfld
h yhuvøhv ghvorfdgdv ghod phvpd dwlqjh xp ydoru pä{lpr b@ > h d fruuhodêær fux}dgd hqwuh
gxdv vhtxíqfldv ydoh qr pä{lpr bS1

Hp jhudo xp frqmxqwr gh VRRv �ECcgc b@c bS� ì xpd idpðold gh vhtxíqfldv frp dpsol0
wxgh 3 rx 4/ gh frpsulphqwr C/ frp shvr g +qýphur gh fklsv frp ydoru 4,/ frp dxwrfru0
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uhodêær pä{lpd b@ h fruuhodêær fux}dgd pä{lpd bS�
Qd Iljxud 615/ dv vhtxíqfldv +d, h +e, vær grlv h{hpsorv gh VRRv frp C ' �2/ g ' e

h b@ ' bS ' �� Dv uhjudv gh irupdêær txh jdudqwhp rv ydoruhv pä{lprv gh bS h b@ vær
h{solfdgdv hp ^Prghqhvh<:` h ^Vdohkl;<d`1

51 10 13 15 20 32302825

1 5 10 12 15 20 25 28 30 32

(a)

(b)

Iljxud 615= Gxdv VRRv frp Frpsulphqwr J@65/ N@7 h �f @ �d @ 4

Hp jhudo/ sdud xp gdgr frpsulphqwr C h shvr g/ txdqgr vær rehghflgdv dv uhodêøhv
gEg � �� � C� � h bS ' b@ ' �/ srghprv frqvwuxlu � VRRv/ rqgh � srgh vhu h{suhvvr
frpr =

� � � C� �
gEg � ��

�

+6147,
vhqgr e%f d sduwh lqwhlud gh %1

Dv VRRv vær vhtxíqfldv gh hvsdokdphqwr frp qýphur gh xqv pxlwr phqru txh r qýphur
gh }hurv h/ sdud xp gdgr frpsulphqwr/ h{lvwhp pxlwr phqrv VRRv txh vhtxíqfldv Jrog
srvvðyhlv1



Fdsðwxor 7
FGPD Öswlfr
714 Lqwurgxêær

Qhvwh fdsðwxor vhuä lqlfldophqwh dsuhvhqwdgr xp shtxhqr klvwöulfr vreuh rv hvwxgrv hp
FGPD öswlfr +rx RFGPD/ gr lqjoív Rswlfdo Frgh Glylvlrq Pxowlsoh Dffhvv,/ dvvlp frpr
xpd euhyh dsuhvhqwdêær gr fdqdo öswlfr h dojxpdv gh vxdv fdudfwhuðvwlfdv1

Hp vhjxlgd/ ghwdokduhprv rv prghorv gh RFGPD sru qöv xwlol}dgrv/ dvvlp frpr rv
hvtxhpdv gh wudqvplvvær h uhfhsêær sdud vhtxíqfldv elsroduhv h xqlsroduhv1 Xp qryr prghor
sdud RFGPD xwlol}dqgr vhtxíqfldv elsroduhv h surfhvvdphqwr öswlfr vhuä dsuhvhqwdgr1

Sru �p/ vhuær ghgx}lgdv h{suhvvøhv dsur{lpdgdv gr ghvhpshqkr gr vlvwhpd1 R sulphlur
lqglfdgru ghvwh ghvhpshqkr vhuä d uhodêær vlqdo0uxðgr +rx VQU/ gr lqjoív Vljqdo0wr0Qrlvh
Udwlr, gd yduläyho gh ghflvær grv prghorv dsuhvhqwdgrv1 Hp vhjxlgd/ frp d xwlol}dêær gr
Whruhpd Fhqwudo gr Olplwh/ h{suhvvøhv sdud d suredelolgdgh gh huur gh elw ghvvhv prghorv
vær dsuhvhqwdgdv1

715 Klvwöulfr h Dpelhqwh Öswlfr
Dv sulphludv sursrvwdv gh xwlol}dêær gh FGPD hp dpelhqwh öswlfr vxujludp qd gìfdgd

gh 4<:31 R í{lwr rewlgr shod prgxodêær Vsuhdg Vshfwuxp hp fdqdlv gh uäglr h plfurrqgdv
h r ghvhqyroylphqwr grv sulphlurv vlvwhpdv gh frpxqlfdêær öswlfrv prwlydudp srvvðyhlv
dsolfdêøhv gd wìfqlfd hp fdqdlv öswlfrv/ hvshfldophqwh hp �eudv öswlfdv1

Dv frpxqlfdêøhv öswlfdv srghp vhu uhdol}dgdv gh irupd frhuhqwh rx lqfrhuhqwh1 D sulphlud
vh uhihuh ãv wudqvplvvøhv gh vlqdlv oxplqrvrv/ rqgh d lqirupdêær hvwä frqwlgd qd idvh gr vlqdo1
Mä qdv frpxqlfdêøhv öswlfdv lqfrhuhqwhv/ d lqirupdêær hvwä frqwlgd hp vxd srwíqfld1

Sdud xp gdgr jdqkr gh surfhvvdphqwr C/ rv fögljrv gh hvsdokdphqwr txh rihuhfhp
phokruhv sursulhgdghv gh fruuhodêær vær fögljrv elsroduhv ^]dffdulq<7`1 D wudqvplvvær gh

63
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vlqdlv elsroduhv hp dpelhqwh öswlfr uhtxhu d xwlol}dêær gh wìfqlfdv gh öswlfd frhuhqwh1 Wdlv
wìfqlfdv irudp pxlwr hvwxgdgdv qd gìfdgd gh 4<;3 h/ ghylgr d vhxv dowrv fxvwrv h vxd dowd
frpsoh{lgdgh/ qær frqvhjxludp vh wruqdu frphufldlv1 Dshvdu glvvr/ glyhuvrv hvtxhpdv gh
RFGPD wíp vlgr sursrvwrv frp d xwlol}dêær gh öswlfd frhuhqwh ^Ehqhghwwr<6`/ ^Vdpsvrq<7`/
^Fkdqj<5`/ ^Vdohkl<3` h ^Vdohkl;<f`1

Dojxpdv sursrvwdv whqwdp pdvfdudu fögljrv elsroduhv hp xqlsroduhv/ sdud dvvlp frqvh0
jxlu xwlol}ä0orv hpRFGPD1 Vær h{hpsorv rv hvwxgrv gh ^Dqgrqrylf<7`/ ^]dffdulq<7`/ ^Qjx|hq<:`
h ^Prghqhvh<;`1

Rxwud fruuhqwh gh shvtxlvd hp RFGPD wudedokd h{foxvlydphqwh frp fögljrv gh hvsdo0
kdphqwr hvshfldophqwh ghvhqyroylgrv sdud d uhfhsêær öswlfd lqfrhuhqwh/ rx vhmd/ fögljrv
xqlsroduhv1 Hvwhv fögljrv/ txdqgr frpsdudgrv drv phokruhv fögljrv elsroduhv/ sdud xp gdgr
qýphur gh fklsv sru elw/ dsuhvhqwdp slruhv fdudfwhuðvwlfdv gh fruuhodêær h xp phqru qýphur
gh vhtxíqfldv glvsrqðyhlv1 Dv VRRv ^Vdohkl;<d` h dv Sulph Vhtxhqfhv ^Vkddu<6` ^Vdqwrur;9`
vær h{hpsorv gh idpðoldv gh vhtxíqfldv xqlsroduhv1

Ghylgr d hqruph vlpsolflgdgh gh vhxv wudqvplvvruhv h uhfhswruhv/ dv vhtxíqfldv xqlsroduhv
wíp uhfhelgr edvwdqwh dwhqêær qrv ýowlprv dqrv1 Dsolfdêøhv gh FGPD öswlfr xwlol}dqgr wdlv
vhtxíqfldv h surfhvvdphqwr öswlfr wíp vlgr ylvxdol}dgdv hp uhghv gh frpxqlfdêær hp whpsr
uhdo ^]kdqj<9`/ qöv gh uhghv DWP ^]kdqj<<` h uhghv orfdlv gh vdwìolwhv h dyløhv ^]kdqj<:d`1
Hvwxgrv gh fögljrv gh eorfr hvshfð�frv sdud vlvwhpdv gh RFGPD lqfrhuhqwh xwlol}dqgr wdlv
vhtxíqfldv wdpeìp wíp vlgr uhdol}dgrv ^]kdqj<:e`1

716 Prghorv gh RFGPD sdud Vhtxíqfldv gh Hvsdokdphqwr Elsr0
oduhv

Frqvlghuduhprv hp qrvvrv prghorv gh wudqvplvvær RFGPD xpd uhgh öswlfd wlsr eurdg0
fdvw dqg vhohfw1 Qd Iljxud 714 whprv xpd uhgh frpr hvwd frp wrsrorjld hvwuhod h � xvxäulrv/
rqgh wrgrv srghp hqyldu h uhfhehu lqirupdêær gd uhgh dwudyìv gh xp dfrsodgru1 Dvvxplprv
txh dv glvwåqfldv hqyroylgdv vær gd phvpd rughp/ gh irupd txh/ frpr d dwhqxdêær gd �eud
öswlfd ì pxlwr shtxhqd/ d srwíqfld gh txdotxhu xvxäulr hp wrgrv rv uhfhswruhv ì dsur{lpd0
gdphqwh d phvpd1 Hvwh frqwuroh gh srwíqfld ì ixqgdphqwdo qr ixqflrqdphqwr dghtxdgr gr
FGPD öswlfr1 D wrsrorjld hvwuhod vhuä frpxp d wrgrv rv prghorv gh wudqvplvvruhv h uhfhs0
wruhv frphqwdgrv qhvwh hvwxgr/ lqghshqghqwhphqwh gd idpðold gh vhtxíqfldv gh hvsdokdphqwr
xwlol}dgdv1
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Acoplador
(topologia

estrela)

Usuário 1 Usuário 4

Usuário 2

Usuário 3

Usuário 5

Usuário N

.......

fibra

fibra

fibra fibra

fibra

fibra

Iljxud 714= Uhgh gh FGPD Öswlfr 0 Wrsrorjld Hvwuhod

71614 Surfhvvdphqwr Hohwu÷qlfr
D Iljxud 715 loxvwud r prghor gh wudqvplvvru sdud xp vlvwhpd gh frpxqlfdêær RFGPD

txh id} xvr gh vhtxíqfldv elsroduhv1 Qhvwh prghor whprv � xvxäulrv txh vlpxowdqhdphqwh
jhudp vhtxíqfldv gh lqirpdêær elsroduhv K�E|�1 Fdgd xpd ghvvdv vhtxíqfldv ì hvsdokdgd
hvshfwudophqwh dwudyìv gh xpd pxowlsolfdêær sru xpd vhtxíqfld gh hvsdokdphqwr elsrodu
S�E|�/ surgx}lqgr d vhtxíqfld elsrodu 6�E|�1 Fdgd xpd ghvvdv vhtxíqfldv vriuh xp dwudvr � �
hp vxd wudqvplvvær1 Hp vhjxlgd d vhtxíqfld 6�E|� sdvvd sru xp frqyhuvru gh qðyhlv txh
wudqvirupd d vhtxíqfld elsrodu frp ydoruhv 04 h .4 hp xpd vhtxíqfld xqlsrodu frp ydoruhv
3 h .5/ uhvshfwlydphqwh1 D vhtxíqfld xqlsrodu/ frp xpd srwíqfld pìgld ��/ hqwær prgxod
r odvhu gr wudqvplvvru/ frpr prvwud d Iljxud 7151

bi(t)

ci(t)

mi(t)
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m1(t)
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bN(t)

cN(t)

mN(t)
τN
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Nível

Conversor de
Nível

Laser 1

Laser i

Laser N

Acoplador

Iljxud 715= Prghor gh Wudqvplvvru sdud Vlvwhpd RFGPD frp Vhtxíqfldv gh Hvsdokdphqwr Elsroduhv
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R uhfhswru ghvwh prghor hvwä loxvwudgr qd Iljxud 7161 R vlqdo oE|� txh fkhjd dr uhfhswru gd
m0ìvlpd phqvdjhp frqvlvwh gd vrpd gh wrgrv rv vlqdlv txh fkhjdp dr dfrsodgru1 Dvvxplprv/
sdud lvwr/ txh d dwhqxdêær vxephwlgd drv vlqdlv ghylgr d �eud öswlfd ì d phvpd1 Xp uxðgr
wìuplfr h edoðvwlfr +Vkrw Qrlvh, ?E|�/ prghodgr frpr Jdxvvldqr h eudqfr frp ghqvlgdgh
hvshfwudo elodwhudo gh srwíqfld �f*2/ ì dglflrqdgr qhvwh hvwäjlr1 R vlqdo uhvxowdqwh sdvvd
sru xp irwrghwhwru/ rqgh d lqirupdêær ì frqyhuwlgd gr phlr öswlfr sdud r phlr hoìwulfr1
D uhvsrqvlylgdgh gr irwrghwhwru ydoh -1 Xp dpsol�fdgru gh wudqvlpshgåqfld wudqvirupd d
fruuhqwh gh vdðgd gr irwrghwhwru hp yrowdjhp frp xpd frqvwdqwh gh wudqvlpshgåqfld -s 1
Hp vhjxlgd r vlqdo sdvvd sru xp holplqdgru gh qðyho GF/ gh irupd d wruqdu r vlqdo qrydphqwh
elsrodu1 Dsöv lvvr/ r vlqdo ì pxowlsolfdgr shod vhtxíqfld gh hvsdokdphqwr S� E|� gr wudqvplvvru
gh txh vh ghvhmd uhfhehu d lqirupdêær1 Qhvwd pxowlsolfdêær/ xp shuihlwr vlqfurqlvpr hqwuh
d vhtxíqfld uhfhelgd h d jhudgd orfdophqwh ì dvvxplgr1 Hp vhjxlgd/ r vlqdo sdvvd sru xp
�owur fdvdgr frp xp sxovr uhwdqjxodu gh lqwhuydor ljxdo ã gh xp elw AK1 D vdðgd ghvwh �owur
fdvdgr ì dprvwudgd frp xpd iuhtxíqfld �*AK/ jhudqgr d yduläyho gh ghflvær ~�1 Hvwd yduläyho
ì frpsdudgd d xp fhuwr olpldu Tu h d ghflvær ì hqwær ihlwd1
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Iljxud 716= Prghor gh Uhfhswru RFGPD sdud Vhtxíqfldv Elsroduhv

71615 Surfhvvdphqwr Öswlfr
Ydoh revhuydu qrv hvtxhpdv gh wudqvplvvær +Iljxud 715, h gh uhfhsêær +Iljxud 716, txh

r vlvwhpd ì olplwdgr sru vxd yhorflgdgh gh surfhvvdphqwr hohwu÷qlfr1 Hp ^Wdndqr;8`/ xp
hvwxgr sdud hvwh wlsr gh RFGPD frp vhtxíqfldv Jrog ì uhdol}dgr h srvwhulruphqwh frphq0
wdgr hp ^Vdqwrur;9`1 Fdvr hvwh surfhvvdphqwr irvvh uhdol}dgr qr grpðqlr öswlfr/ r vlvwhpd
srghuld rshudu frp yhorflgdghv ehp vxshulruhv1 Hvwh wlsr gh olplwdêær ì frqkhflgd frpr
jdujdor hohwu÷qlfr1

Sdud hylwduprv r jdujdor hohwu÷qlfr qhvvh vlvwhpd/ xp surfhvvdphqwr öswlfr srgh vhu dgr0
wdgr1 Ghvwd pdqhlud srghprv wudedokdu frp hqruphv jdqkrv gh surfhvvdphqwr C/ phokr0
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udqgr vhqvlyhophqwh r ghvhpshqkr jhudo gr vlvwhpd1 Hp ^Vdqwrur;9`/ irl sursrvwr r sulphlur
hvtxhpd gh RFGPD frp ghwhêær qær frhuhqwh h surfhvvdphqwr öswlfr sdud vhtxíqfldv xql0
sroduhv/ qr fdvr dv Sulph Vhtxhqfhv1 Hp vhjxlgd/ rxwurv hvtxhpdv gh RFGPD frp ghwhêær
qær frhuhqwh vxujludp/ id}hqgr xvr gh surfhvvdphqwr öswlfr h VRRv1 Dsuhvhqwduhprv d vh0
jxlu xp qryr prghor gh RFGPD qær frhuhqwh txh xwlol}d surfhvvdphqwr öswlfr h vhtxíqfldv
elsroduhv1

D Iljxud 717 loxvwud r wudqvplvvru gh xp xvxäulr & hp xp prghor gh RFGPD sdud
vhtxíqfldv elsroduhv frp surfhvvdphqwr öswlfr1

Tb

Pulsos de Relógio
Óptico Separador

Óptico

1:G

Combinador
Óptico

G:1

bk(t)

ck(t)

mk(t) buffer
mk(t)

    d1(t)

    d2(t)

    dG(t)

    d3(t)

Tb

Atraso  L2= ∆t

Atraso  L3= 2∆t

Atraso  LG=(G-1)∆t

fibra

Iljxud 717= Wudqvplvvru gh RFGPD frp Surfhvvdphqwr Öswlfr sdud Vhtxíqfldv Elsroduhv

Qd hqwudgd gr wudqvplvvru whprv xp odvhu txh/ d fdgd lqwhuydor gh whpsr AK/ hplwh
xp sxovr pxlwr hvwuhlwr txh vhuyh frpr uhoöjlr öswlfr gr vlvwhpd1 Hvwh uhoöjlr sdvvd sru
xp vhsdudgru öswlfr +vsolwwhu, txh glylgh vxd srwíqfld hqwuh C shufxuvrv1 Hp vhjxlgd fdgd
sxovr sdvvd sru xp fkdyhdgru öswlfr _� E|� +rswlfdo vzlwfk, txh shuplwluä rx qær d sdvvdjhp
gh ox}1 Fdgd fkdyhdgru öswlfr ì frqwurodgr sru xp ex�hu 6& E|�1 Hvwh ex�hu frqwìp d
vhtxíqfld elsrodu6& E|� dprvwudgd d fdgd lqwhuydor AK/ irupdgd shor hvsdokdphqwr hvshfwudo
gd vhtxíqfld elsrodu gh lqirupdêær K& E|� gr xvxäulr & h vxd vhtxíqfld gh hvsdokdphqwr
elsrodu S& E|�1 Dvvlp/ vh r ydoru gr fkls � +� � � � C� hp 6& E|� iru .4/ d sdvvdjhp gd
ox} vhuä shuplwlgd > fdvr vhmd 04/ d sdvvdjhp gh ox} vhuä eortxhdgd1 Hp vhjxlgd/ rv sxovrv
gh ox} vriuhp dwudvrv frqiruph hvshfl�fdgr qd Iljxud 717/ rx vhmd/ r sulphlur shufxuvr
qær vriuh qhqkxp dwudvr/ r vhjxqgr shufxuvr vriuh xp dwudvr gh {| +rqgh {| ' AK

C
, h

dvvlp vxfhvvlydphqwh1 Qr hvwäjlr vhjxlqwh/ xp frpelqdgru öswlfr vrpd wrgdv dv srwíqfldv
oxplqrvdv txh qhoh fkhjdp h lqvhuh r uhvxowdgr qxpd �eud öswlfd txh ohyd r vlqdo dwì r
dfrsodgru1
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R hvtxhpd dflpd ì dqäorjr dr wudqvplvvru gd Iljxud 715/ rqgh r odvhu wudqvplvvru ì
prgxodgr sru xp vlqdo hohwu÷qlfr1 D glihuhqêd ì txh/ dr uhdol}duprv wrgr r surfhvvdphqwr
rswlfdphqwh/ urpshprv d olplwdêær gr surfhvvdphqwr hohwu÷qlfr h srghprv wudedokdu frp
dowðvvlprv jdqkrv gh surfhvvdphqwr/ phokrudqgr frqvlghudyhophqwh r ghvhpshqkr ghvwh vlv0
whpd FGPD1

D Iljxud 718 loxvwud r uhfhswru gh xp xvxäulr txh ghvhmd uhfhehu d phqvdjhp � sdud xp
prghor RFGPD xwlol}dqgr vhtxíqfldv elsroduhv1

fibra

Decisão

Separador
Óptico

1:2

Tb

Tb

T1

T2

Fotodetetor

Fotodetetor

cj(t)

-cj(t)

Separador
Óptico

1:G

Combinador
Óptico

G:1

L2= (G-2)∆t

L1=(G-1)∆t

   d2(t)

  dG(t)

   d1(t)

Separador
Óptico

1:G

Combinador
Óptico

G:1

L1=(G-1)∆t

   d2(t)

  dG(t)

   d1(t)

 L2= (G-2)∆t

Comparador:
se T1>T2 então (+1)
se T1<T2 então (-1)

N+1(cj)

Tj,-1

N-1(cj)

Tj,+1

Iljxud 718= Uhfhswru gh RFGPD frp Surfhvvdphqwr Öswlfr sdud Vhtxíqfldv Elsroduhv1

Shod �eud fkhjd r vlqdo gr dfrsodgru öswlfr frqiruph d Iljxud 7141 Hvwh vlqdo sdvvd sru
xp vhsdudgru öswlfr txh glylgh vxd srwíqfld ljxdophqwh hp grlv shufxuvrv1 Qr shufxuvr
vxshulru/ r vlqdo sdvvd sru rxwur vhsdudgru öswlfr txh glylgh vxd srwíqfld hqwuh C sduwhv
ljxdlv/ lqvhulqgr fdgd sduwh hp xp shufxuvr glihuhqwh1 Hp vhjxlgd rv sxovrv sdvvdp sru xp
edqfr gh fkdyhdgruhv öswlfrv _�E|�/ rqgh r vlqdo gh fdgd shufxuvr ydl vhu vhu eortxhdgr/ rx
qær/ gh dfrugr frp fdgd xp grv J fklsv gr fögljr S�E|�1 Rx vhmd/ fdvr r ydoru gr fkls �
gd vhtxíqfld S�E|� vhmd .4/ _�E|� qær eortxhld d sdvvdjhp gr sxovr > fdvr r ydoru gr fkls �
vhmd 04/ r shufxuvr � vhuä eortxhdgr1 Ydoh revhuydu txh rv C fkdyhdgruhv öswlfrv lqihulruhv
qd �jxud vær frqwurodgrv sru �S�E|� h qær sru S�E|�/ frpr ì ihlwr qrv shufxvrv vxshulruhv1
Ghvvd irupd/ wrgrv rv shufxuvrv rqgh rv sxovrv vær eortxhdgrv qd sduwh vxshulru gr uhfhswru
vær olehudgrv qd sduwh lqihulru gr phvpr/ h ylfh0yhuvd1

Hp vhjxlgd fdgd shufxuvr & +� � & � C� vriuh xp dwudvr u& ' EC� &�{|1 Hvwhv dwudvrv/
frpr srghprv yhu/ vær dsolfdgrv qd rughp lqyhuvd gh frpr vær dsolfdgrv qr wudqvplvvru1
Hvwh idwr ì ixqgdphqwdo sdud r ixqflrqdphqwr gr vlvwhpd1
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Dv vdðgdv gh wrgrv rv shufxuvrv vær vlpxowdqhdphqwh vrpdgdv qr frpelqdgru öswlfr1
Hvwh/ sru vxd yh}/ ì dprvwudgr d fdgd lqwhuydor AK gh whpsr1 Dvvxplprv txh kä xp vlqfur0
qlvpr hqwuh rv lqwhuydorv gh dprvwudjhp h r lqðflr gd vhtxíqfld S�E|� uhfhelgd1 Hp vhjxlgd/
dv vdðgdv grv dprvwudgruhv vær irwrghwhwdgdv/ surgx}lqgr rv ydoruhv hoìwulfrv A�cn� h A�c3�
uhvshfwlydphqwh sdud rv shufxuvrv vxshulruhv h lqihulruhv1

Fdvr d vhtxíqfld S�E|� srvvxd xp qýphur pdlru gh fklsv frp ydoruhv .4 txh fklsv frp
ydoruhv 04/ r ydoru irwrghwhwdgr A�cn� surydyhophqwh vhuä pdlru txh r ydoru irwrghwhwdgr
qr shufxuvr lqihulru A�c3�/ h ylfh0yhuvd1 Ghvvd pdqhlud/ frpsduä0orv gluhwdphqwh dfduuhwduld
huurv gh uhfhsêær1 Sru hvwh prwlyr/ A�cn� h A�c3� vær pxowlsolfdgrv uhshfwlydphqwh sru�3�ES��
h �n�ES��/ rqgh �3�ES�� ì r qýphur gh fklsv frp ydoru 04 qd vhtxíqfld S�E|� h �n�ES�� ì r
qýphur gh fklsv frp ydoru .4 qd vhtxíqfld S�E|�1 Rv uhvxowdgrv ghvwdv pxowlsolfdêøhv vær
A� h A21 Fdvr A� : A2/ r vlvwhpd ghflgh txh r elw hqyldgr irl .4 > fdvr frqwuäulr/ d ghflvær
ì ihlwd sru 041

Hvwdv pxowlsolfdêøhv uhdol}dp xp sdsho dqäorjr dr gr holplqdgru gh qðyho GF qr uhfhswru
frp surfhvvdphqwr hohwu÷qlfr1 Rx vhmd/ fdvr qær krxyhvvh wdlv pxowlsolfdêøhv h rv ydoruhv
frpsdudgrv sdud d ghflvær irvvhp A�cn� h A�c3�/ r vlvwhpd ixqflrqduld gd phvpd irupd txh
xp uhfhswru frp surfhvvdphqwr hohwu÷qlfr vhp holplqdgru gh qðyho GF/ r txh dfduuhwduld
xpd hqruph ghwhulrudêær gr ghvhpshqkr gr vlvwhpd1 R uhfhswru gh RFGPD sdud vhtxíqfldv
elsroduhv vhp r holplqdgru gh qðyho GF h vhx ghvhpshqkr vær dsuhvhqwdgrv qr dsíqglfh ghvwh
wudedokr1

R uhfhswru frp surfhvvdphqwr öswlfr dsuhvhqwd ydqwdjhqv txh frpshqvdp vxd xwlol}d0
êær1 R surfhvvdphqwr öswlfr/ frqirph mä frphqwdgr/ dxphqwd hqruphphqwh r ghvhpshqkr
gr vlvwhpd sru holplqdu r vhx jdujdor hohwu÷qlfr h shuplwlu/ frqvhtxhqwhphqwh/ jdqkrv gh
surfhvvdphqwr C rughqv gh judqgh}d pdlruhv txh rv frqvhjxlgrv sdud rv vlvwhpdv frp sur0
fhvvdphqwr hohwu÷qlfr1
71616 Uhodêær Vlqdo0Uxðgr

Dqdolvduhprv d vhjxlu r ghvhpshqkr gr qrvvr prghor gh RFGPD sdud vhtxíqfldv elsr0
oduhv loxvwudgr qdv Iljxudv 715 h 7161 Sdud wdqwr/ fdofxoduhprv d uhodêær vlqdo0uxðgr +VQU,
gd yduläyho gh ghflvær gr vlvwhpd1 Frqiruph loxvwudgr qr prghor/ r vlqdo hqyldgr shor odvhu
& vhuä xqlsrodu h srgh vhu h{suhvvr sru =

s�&dS&E|� � &�K&E|� � &� n �o +714,
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Ghvvd pdqhlud/ r vlqdo uhfhelgr oE|� qr uhfhswru gd phqvdjhp � ì gdgr shod vrpd gh
wrgrv rv � vlqdlv lqflghqwhv qr dfrsodgru öswlfr/ rx vhmd =

oE|� '
�
[

&'�

s�&dS&E|� � &�K&E|� � &� n �o +715,
Dsöv d dglêær gh ?E|�/ r vlqdo sdvvd shor irwrghwhwru h dpsol�fdgru gh wudqvlpshgåqfld/

uhvxowdqgr hp =
--si �

[

&'�

s�&dS&E|� � &�K&E|� � &� n �o n ?E|�j +716,
Hp vhjxlgd/ dsöv d holplqdêær gr qðyho GF/ whprv txh r vlqdo srgh vhu h{suhvvr sru =

�E|� ' --si �
[

&'�

s�&S&E|� � &�K&E|� � &� n ?E|�j +717,
Dsöv vhu pxowlsolfdgr shod vhtxíqfld gh hvsdokdphqwr S�E|�/ sdvvdu shor �owur fdvdgr h

shor dprvwudgru/ whprv txh d yduläyho gh ghflvær ~� srgh vhu h{suhvvd sru =

~� ' --si] AKn��

��

�
[

&'�

s�&S&E|� �&�K&E|� �&�S�E|� � ��_|n
] AKn��

��

?E|�S�E|� � ��_|j
+718,

D htxdêær dflpd srgh vhu uhhvfulwd frpr =
~� ' --si] AK

f

s��S�E|�K�E|�S�E|�_|n
�
[

&'�
& �'�

] AK

f

s�&S&E|� � &�K&E|� � &�S�E|�_|n
] AK

f

?E|�S�E|�_|j +719,
rqgh irl dvvxplgr/ vhp shugd gh jhqhudolgdgh/ txh r dwudvr uhodwlyr dr xvxäulr � ì qxor/ rx
vhmd/ � � ' f1 Lvwr vljql�fd txh kä xp shuihlwr vlqfurqlvpr hqwuh d vhtxíqfld S�E|� wudqvplwlgd
shor xvxäulr � h vxd fösld jhudgd orfdophqwh qr uhfhswru1 Frqvhtxhqwhphqwh/ rv dwudvrv grv
ghpdlv xvxäulrv vær uhodwlyrv d hvwh xvxäulr h shuwhqfhp dr lqwhuydor f � �& 	 AK1 Dvvxplqgr
xp frqwuroh shuihlwr gh srwíqfld/ rx vhmd/ � ' �� ' �2 ' �� ' ��� ' �� / whuhprv txh =

~� ' --sis�
] AK

f

S�E|�K�E|�S�E|�_|n
�
[

&'�
& �'�

s�
] AK

f

S&E|� � &�K&E|� � &�S�E|�_|n
] AK

f

?E|�S�E|�_|j +71:,
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D htxdêær +71:, srvvxl 6 whuprv1 R ýowlpr ghohv/ txh lghqwl�fdprv frpr #/ uhsuhvhqwd r
uxðgr dglwlyr gr fdqdo txh lqwhuihuh qd yduläyho gh ghflvær1 Dvvlp =

# '
] AK

f

?E|�S�E|�_| +71;,
R sulphlur whupr/ txh ghqrplqduhprv 7�/ srgh vhu h{suhvvr sru =

7� '
] AK

f

s�S2�E|�K�E|�_| '
] AK

f

s�K�E|�_| '
s�K�cfAK +71<,

Srlv/ sdud f � | 	 AK/ S2�E|� ' � h K�E|� whp ydoru frqvwdqwh K�cf1 Ghvvd irupd/ yhprv txh hvwh
whupr ì ghwhuplqðvwlfr h sursruflrqdo dr elw gh phqvdjhp hqyldgr1

R vhjxqgr whupr srgh vhu uhhvfulwr frpr =
U� '

�
[

&'�
& �'�

s�
] AK

f

S&E|� � &�K&E|� � &�S�E|�_| '
�
[

&'�
& �'�

s�U&c� +7143,

rqgh U&c� ' U AK
f

S&E| � �&�K&E| � � &�S�E|�_|1 U� uhsuhvhqwd d vrpd gdv lqwhuihuíqfldv txh rv
� � � xvxäulrv surgx}hp qd uhfhsêær gd phqvdjhp gr xvxäulr �1 D lqwhjudo U&c� lqglfd r
judx gh fruuhodêær hqwuh dv gxdv vhtxíqfldv gh hvsdokdphqwr & h �/ sdud xp gdgr dwudvr �&/
h xpd gdgd vhtxíqfld gh elwv K&E|� �&� suhvhqwhv qr uhfhswru qr lqwhydor gh lqwhjudêær1

Srghprv hqwær hvfuhyhu d yduläyho gh ghflvær/ rx vhmd/ +71:,/ frpr =
~� ' --si7� n U� n #j +7144,

Frpr ~� ì xpd yduläyho dohdwöuld/ srghprv h{suhvvdu d VQU gh uhfhsêær gr vlvwhpd
dwudyìv gh vxd pìgld h vxd ydulåqfld =

7�- ' .2E~��
T @oE~�� +7145,

rqgh rv rshudgruhv .E%� h T @oE%� vljql�fdp/ uhvshfwlydphqwh/ r ydoru hvshudgr h d ydulåqfld
gd yduläyho dohdwöuld %1 R rshudgru gh ydoru hvshudgr ì olqhdu h sruwdqwr =

.E~�� ' .E7�� n .EU�� n .E#� +7146,
Fdofxodqgr whprv =

.E#� ' .d
] AK

f

?E|�S�E|�_|o '
] AK

f

.d?E|�oS�E|�_| ' f +7147,
srlv r uxðgr wìuplfr ì gr wlsr Jdxvvldqr eudqfr txh whp pìgld qxod1

Mä r ydoru hvshudgr gh 7� ydoh =
.E7�� ' .Es�K�cfAK� '

s�K�cfAK +7148,
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Sru ýowlpr whprv txh =
.EU�� ' .E

�
[

&'�
& �'�

s�U&c�� '
s�

�
[

&'�
& �'�

.EU&c�� +7149,

rqgh =
.EU&c�� ' .d

] AK

f

S&E|� � &�K&E|� � &�S�E|�_|o +714:,
Frqvlghuduhprv � & h K&E|� yduläyhlv dohdwöuldv pxwxdphqwh lqghshqghqwhv/ rqgh � & ì xql0

iruphphqwh glvwulexðgr hqwuh 3 h AK1 Frpr K&E|� dvvxph rv ydoruhv .4 rx 04 frp d phvpd
suredelolgdgh/ whprv txh =

.EU&c�� ' f +714;,
Frqvhtxhqwhphqwh =

.EU�� '
�
[

&'�
& �'�

s�.EU&c�� ' f +714<,

Sruwdqwr/ r ydoru hvshudgr gd yduläyho gh ghflvær vhuä =
.E~�� ' .E7�� n .EU�� n .E#�
.E~�� '

s�K�cfAK +7153,
Ydoh revhuydu txh r uhvxowdgr dflpd ì yäolgr sdud wrgdv dv idpðold gh vhtxíqfld gh hvsdo0

kdphqwr elsroduhv flwdgdv qhvwh wudedokr1
Ghyhprv djrud fdofxodu d ydulåqfld gd yduläyho gh ghflvær ~�1 Sdud r fäofxor ghvwd yd0

ulåqfld/ dvvxplprv txh rv wuív whuprv gh +7144, vær lqghshqghqwhv hqwuh vl h txh sruwdqwr =
T @oE~�� ' -2-2

siT @oE7�� n T @oEU�� n T @oE#�j +7154,
Frpr 7� ì ghwhuplqðvwlfr/ whprv =

T @oE7�� ' f +7155,
D ydulåqfld gh # vhuä =

T @oE#� ' .d#2o�.2d#o ' .d#2o
T @oE#� ' .d

] AK

f

] AK

f

?E|�?Eb�S�E|�S�Eb�_|_bo

T @oE#� '
] AK

f

] AK

f

.d?E|�?Eb�oS�E|�S�Eb�_|_b +7156,
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Frpr ?E|� irl prghodgr frpr xp uxðgr Jdxvldqr eudqfr gh ghqvlgdgh hvshfwudo elodwhudo
gh srwíqfld �f*2/ whprv txh vxd dxwrfruuhodêær ì gdgd sru =

.d?E|�?Eb�o ' �f

2 BE|� b� +7157,
rqgh BE|� ì d ixqêær ghowd gh Gludf1 Dvvlp/

T @oE#� '
] AK

f

] AK

f

�f

2 BE|� b�S�E|�S�Eb�_|_b

T @oE#� ' �f

2
] AK

f

S2�E|�_| ' �f

2 AK +7158,
D ydulåqfld gr ýowlpr whupr ì gdgd sru =

T @odU�o ' .dU�2o�.2dU�o ' .dU�2o +7159,
srlv/ frqiruph mä ylprv/ .dU�o ' f�

D yduläyho dohdwöuld U&c� txdqwl�fd d lqwhuihuíqfld surgx}lgd shod vhtxíqfld & qd uhfhsêær
gd phqvdjhp �1 Dvvxplqgr txh d fruuhodêær hqwuh U&c� h Usc�/ sdud & 9' s / vhmd qxod/ rx vhmd/
.EU&c�Usc�ms �'&� ' f/ whuhprv txh =

T @odU�o ' .dU�2o ' .dE
�
[

&'�
& �'�

s�U&c��2o '
�
[

&'�
& �'�

�.dU2&c�o

T @odU�o ' �
�
[

&'�
& �'�

.dU2&c�o ' � E� � ��.dU2&c�o +715:,

Dvvxpluhprv wdpeìp txh r vlvwhpd srvvxl vlqfurqlvpr gh fkls/ r txh vlpsol�fd hqru0
phphqwh d dqäolvh1 Xp vlvwhpd frp vlqfurqlvpr gh fkls dsuhvhqwd xp ghvhpshqkr lqihulru
dr gh xp vlvwhpd vhp vlqfurqlvpr dojxp ^Vdohkl;<d` > h{suhvvdqgr sruwdqwr xp olplwdqwh
vxshulru qd suredelolgdgh gh huur gr vlvwhpd1

Pdwhpdwlfdphqwh r vlqfurqlvpr gh fkls srgh vhu h{suhvvr frpr �& ' ,AS/ rqgh , ì xp
qýphur lqwhlur h phqru txh C� �1 Sruwdqwr

U&c� '
] AK

f

S&E|� ,AS�S�E|�K&E|� ,AS�_| +715;,
rqgh , h K&E|� vær yduläyhlv dohdwöuldv1

Dwudyìv gh vlpxodêøhv frpsxwdflrqdlv/ rewlyhprv dsur{lpdêøhv sdud r ydoru hvshudgr gr
txdgudgr gh U&c�/ rx vhmd =

.dU2&c�o *
;

?

=

CA 2
S

EC� ��A 2
S

sdud vhtxíqfldv sxudphqwh dohdwöuldv
sdud vhtxíqfldv Jrog +715<,
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Sruwdqwr =
T @odU�o *

;

?

=

� E� � ��CA 2
S

� E� � ��EC� ��A 2
S

sdud vhtxíqfldv sxudphqwh dohdwöuldv
sdud vhtxíqfldv Jrog +7163,

Sruwdqwr/ sdud vlvwhpdv txh xwlol}dp vhtxíqfldv sxudphqwh dohdwöuldv/ d ydulåqfld gd
yduläyho gh ghflvær ~� srgh vhu hvfulwd frpr =

T @oE~�� ' -2-2
siT @oE7�� n T @oEU�� n T @oE#�j

T @oE~�� ' -2-2
si� E� � ��CA 2

S n �f

2 AKj +7164,
Srghprv hq�p hvfuhyhu dv h{suhvvøhv gh VQU sdud vhtxíqfldv sxudphqwh dohdwöuldv frpr =

7�- * .2E~��
T @oE~�� '

�K2�cfA 2
K

� E� � ��CA 2
S n �f

2
AK

7�- * �
�3�
C

n �f
2.K

+7165,
Srlv K2�cf ' � h d hqhujld gh elw gh lqirupdêær .K ì h{suhvvd sru .K ' �AK1 Fdvr d srwíqfld
gh wudqvplvvær vhmd dowd +.K

�f
judqgh,/ r uxðgr vhuä ghvsuh}ðyho gldqwh gd lqwhuihuíqfld1 Qhvwh

fdvr =
7�- * C

� � � +7166,
Sdud dv vhtxíqfldv Jrog whuhprv =

7�- * A 2
K

�f
2
AK n � E� � ��EC� ��A 2

S

7�- * �
�f
2.K

n E� � �� EC3��
C2

+7167,
Sdud r fdvr gh uxðgr ghvsuh}ðyho gldqwh gd lqwhuihuíqfld whprv =

7�- * C
C� �

C
� � � * C

� � � +7168,
Rx vhmd/ srvvxl xpd VQU ohyhphqwh pdlru txh r fdvr gdv vhtxíqfldv sxudphqwh dohdwöuldv1

Sdud r fdvr gh judqghv jdqkrv gh surfhvvdphqwr/ hvwdv idpðoldv srvvxhp sudwlfdphqwh d
phvpd VQU1

Dv vhtxíqfldv gh Zdovk/ frqiruph mä h{solflwdgr/ srvvxhp xp ydoruhv gh fruuhodêøhv
shulöglfdv pxlwr dowrv h vær frpsohwdphqwh lqdghtxdgdv dr FGPD vhp vlqfurqlvpr gh elw1
Dojxpdv vhtxíqfldv vær lqfoxvlyh yhuvøhv ghvorfdgdv gh rxwudv gd phvpd idpðold1 Vhx xvr ì
uhvwulwr dshqdv d vlvwhpdv FGPD frp vlqfurqlvpr gh elw qd uhfhsêær1
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Dv VPFv dsuhvhqwdp erdv fdudfwhuðvwlfdv gh dxwrfruuhodêær h fruuhodêær fux}dgd1 Lq0
foxvlyh ehp phokruhv txh dv vhtxíqfldv gh Zdovk1 Wrgdyld/ frpr qær h{lvwhp hp judqgh
qýphur/ qær vær dghtxdgdv dr qrvvr prghor gh RFGPD dvvðqfurqr1
71617 Suredelolgdgh gh Huur gh Elw

Fdofxoduhprv d suredelolgdgh gh huur gh elw �e ghvwh prghor gh RFGPD txh xwlol}d
vhtxíqfldv elsroduhv dwudyìv gh vxd VQU1 Sdud wdqwr/ vhuä xwlol}dgd d dsur{lpdêær Jdxvvldqd/
rx vhmd =

�e * 'Es7�-� +7169,
rqgh T+{, ì xpd ixqêær gdgd sru =

'E%� ' �
2Z

] "

%

i TE�|2
2 �_| +716:,

D dsur{lpdêær Jdxvvldqd ì edvwdqwh yäolgd txdqgr r qýphur gh xvxäulrv qd uhgh ì
judqgh > id}hqgr suhydohfhu r Whruhpd Fhqwudo gr Olplwh h wruqdqgr/ frp lvvr/ d yduläyho gh
ghflvær ~� xpd yduläyho dohdwöuld Jdxvvldqd1

Ghvwd irupd/ srghprv h{suhvvdu �e sdud rv glyhuvrv fdvrv hvwxgdgrv1 Sdud dv vhtxíqfldv
sxudphqwh dohdwöuldv whprv =

�e * 'E
y

x

x

w

�
�f

2.K
n � � �

C
� +716;,

Vh .K
�f

iru judqgh rx vh r qýphur gh xvxäulrv iru judqgh/ whprv txh r whupr gh uxðgr ì
ghvsuh}ðyho gldqwh gd lqwhuihuíqfld1 Sruwdqwr =

�e * 'E
u C

� � �� +716<,
Sru rxwur odgr/ vh r uxðgr wìuplfr iru judqgh/ whuhprv =

�e * 'E
u2.K

�f
� +7173,

Gd phvpd irupd/ sdud dv vhtxíqfldv Jrog srghprv h{suhvvdu �e dsur{lpdgdphqwh frpr =
�e * 'E

y

x

x

x

w

�
�f

2.K
n E� � ��EC� ��

C2

� +7174,
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Gd phvpd irupd/ sdud judqghv ydoruhv gh .K
�f

/ rx vh r qýphur gh xvxäulrv iru judqgh/
whprv txh r whupr gh uxðgr ì ghvsuh}ðyho gldqwh gd lqwhuihuíqfld1 Sruwdqwr =

�e * 'E
u C

C� �
C

� � �� * 'E
u C

� � �� +7175,
Sru rxwur odgr/ vh r uxðgr wìuplfr iru judqgh/ whuhprv =

�e * 'E
u2.K

�f
� +7176,

Shufhehprv/ sruwdqwr/ txh r ghvhpshqkr ghvwh vlvwhpd gh RFGPD ì/ sdud xp qýphur
judqgh gh xvxäulrv/ dsur{lpdgdphqwh r phvpr wdqwr sdud vhtxíqfldv Jrog txdqwr sdud
vhtxíqfldv sxudphqwh dohdwöuldv frpr vhtxíqfldv gh hvsdokdphqwr1 Srghprv uhvxplu d sur0
edelolgdgh gh huur gh elw sdud hvwh vlvwhpd gd vhjxlqwh pdqhlud =

�e *
;

A

A

?

A

A

=

'E
u C

� � �� sdud r vlvwhpd grplqdgr shod PDL
'E

u2.K

�f

� sdud r vlvwhpd grplqdgr shor uxðgr wìuplfr
+7177,

717 Prghor gh RFGPD sdud VRRv
Xpd idpðold gh VRRv ì ghwhuplqdgd shor frqmxqwr � ' i�cgc b@c bSj ^Vdohkl;<d`/ rqgh

� ì r frpsulphqwr gd vhtxíqfld/ g ì r shvr gd vhtxíqfld +qýphur gh pdufdv,/ b@ ì r
pä{lpr ydoru gh dxwrfruuhodêær h bS ì r pä{lpr ydoru gh fruuhodêær fux}dgd hqwuh gxdv
vhtxíqfldv1 Dv VRRv vær vhtxíqfldv xqlsroduhv/ lvwr ì/ f h n� vær rv ýqlfrv ydoruhv srvvðyhlv1

D Iljxud 719 prvwud r prghor gh wudqvplvvær sdud xp vlvwhpd RFGPD qær vðqfurqr
txh id} xvr gh VRRv1 Qhvwh prghor whprv � xvxäulrv vlpxowåqhrv jhudqgr vhtxíqfldv gh
lqirupdêær xqlsroduhv K�E|�1 Gxdv glihuhqwhv vhtxíqfldv/ S�E|� h _�E|�/ vær xwlol}dgdv hp fdgd
wudqvplvvru1 Fdvr K�E|� ' �/ d vhtxíqfld gh hvsdokdphqwr +txh ydl prgxodu r odvhu, ì S�E|�1
Fdvr K�E|� ' f/ d vhtxíqfld gh hvsdokdphqwr ì _�E|�1 Ghqrplqduhprv jhqhulfdphqwh gh }�E|�
dv vhtxíqfldv xwlol}dgdv qr wudqvplvvru �/ dvvlp

K�E|�}�E|� '
;

?

=

S�E|� vh K�E|� ' �
_�E|� vh K�E|� ' f +7178,

Frpr r vlvwhpd ì qær vðqfurqr/ xp dwudvr � � ì dvvxplgr hp fdgd wudqvplvvru1 Hp vhjxlgd
r vlqdo uhvxowdqwh prgxod r odvhu/ txh shod �eud öswlfd r ohyd dwì r dfrsodgru1

D Iljxud 71: loxvwud r uhfhswru gd phqvdjhp & sdud hvwh prghor gh RFGPD1 R vlqdo oE|�
txh fkhjd dr uhfhswru gd &0ìvlpd phqvdjhp ì r vlqdo gh vdðgd gr dfrsodgru1 R uxðgr ?E|�c
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b1(t)

c1(t)

d1(t)

Laser 1

bN(t)

cN(t)

dN(t)

Laser N

Acoplador Fibra

τ1

τN

Iljxud 719= Prghor gh Wudqvplvvru sdud RFGPD xwlol}dqgr VRRv

Fotodetetor
Fibra

Amplificador de
Transimpedância

n(t)

dk(t)

ck(t)

y1,k(t)

y2,k(t)

+

-
Limiar

VL

Decisão

∫
Tb

dt
0

(.)

∫
Tb

dt
0

(.)

)(ˆ tbk

r(t)
Rf

Iljxud 71:= Uhfhswru gh RFGPD sdud VRRv

prghodgr frpr Jdxvvldqr h eudqfr frp ghqvlgdgh hvshfwudo elodwhudo gh srwíqfld �f*2/
ì dglflrqdgr d oE|�/ txh hp vhjxlgd sdvvd sru xp irwrghwhwru h sru xp dpsol�fdgru gh
wudqvlpshgåqfld/ rqgh d lqirupdêær ì frqyhuwlgd gr phlr öswlfr sdud r phlr hoìwulfr1

Dsöv lvvr/ r vlqdo vhjxh sru grlv fdplqkrv glvwlqwrv1 Qr vxshulru hoh ì pxowlsolfdgr shod
vhtxíqfld gh hvsdokdphqwr S& E|� gr xvxäulr gh txhp vh ghvhmd uhfhehu d lqirupdêær +qhvwh
fdvr/ r xvxäulr &, h hp vhjxlgd sdvvd sru xp lqwhjudgru/ rqgh vxd vdðgd ì dprvwudgd frp
xpd iuhtxíqfld �*AK/ jhudqgr d yduläyho dohdwöuld +�c&E|�1 Qr shufxuvr lqihulru/ r vlqdo ì
pxowlsolfdgr sru _& E|� dqwhv gh sdvvdu shor lqwhjudgru/ vhu dprvwudgr h jhudu d yduläyho
dohdwöuld +2c&E|�1 Hp vhjxlgd +2c&E|� ì vxewudðgr gh +�c&E|� h vhx uhvxowdgr ì frpsdudgr dr
ydoru gh olpldu Tu +qhvwh fdvr/ Tu ' f,1 Vh r uhvxowdgr gd frpsdudêær iru srvlwlyr/ r elw
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hqyldgr ì hvwlpdgr frpr 4/ fdvr frqwuäulr frpr }hur1 Dshvdu gh whuprv xwlol}dgr hohphqwrv
hohwu÷qlfrv qhvwh prghor/ uhfhswruhv sdud VRRv txh id}hp xvr gh surfhvvdphqwr öswlfr mä
irudp sursrvwrv qd olwhudwxud ^]kdqj<9`/ ^]kdqj<<` h ^]kdqj<:d`1
71714 Uhodêær Vlqdo0Uxðgr

Sdud dydolduprv r ghvhpshqkr ghvwh vlvwhpd/ r phvpr surfhglphqwr dgrwdgr sdud r
prghor frp vhtxíqfldv elsroduhv vhuä dgrwdgr1 Fdofxoduhprv d VQU gd yduläyho gh ghflvær
h/ xwlol}dqgr d dsur{lpdêær Jdxvvldqd/ rewhuhprv vxd suredelolgdgh gh huur gh elw1

Frqiruph loxvwudgr qr prghor/ r vlqdo hqyldgr shor odvhu � srgh vhu h{suhvvr sru =
s��d}�E|� � ��K�E|� � ��o +7179,

Ghvvd pdqhlud/ r vlqdo uhfhelgr oE|� qr uhfhswru gd phqvdjhp & ì gdgr shod vrpd gh
wrgrv rv � vlqdlv lqflghqwhv qr dfrsodgru öswlfr/ rx vhmd =

oE|� '
�
[

�'�

s��d}�E|� � ��K�E|� � ��o +717:,
Dsöv d dglêær gh ?E|�/ r vlqdo sdvvd shor irwrghwhwru h shor dpsol�fdgru gh wudqvlpsh0

gåqfld/ srghqgr vhu hqwær h{suhvvr sru =
--si �

[

�'�

s��d}�E|� � ��K�E|� � ��o n ?E|�j +717;,
Qr shufxuvr vxshulru +Iljxud 71:,/ r vlqdo qd vdðgd gr dprvwudgru ì gdgr sru =

+�c&E|� ' --s

] AKn�&

�&

i �
[

�'�

s��d}�E|� � ��K�E|� � ��o n ?E|�jS&E|�_| +717<,
Dvvxplprv/ vhp shugd gh jhqhudolgdgh/ txh r dwudvr uhodwlyr gr xvxäulr & ì qxor/ rx vhmd/

�& ' f1 Frqvlghuduhprv wdpeìp txh kä xp shuihlwr vlqfurqlvpr hqwuh d vhtxíqfld S&E|�
wudqvplwlgd shor xvxäulr & h vxd fösld jhudgd orfdophqwh qr uhfhswru1 Frpr frqvhtxíqfld/ rv
dwudvrv grv ghpdlv xvxäulrv vær uhodwlyrv d hvwh xvxäulr h shuwhqfhp dr lqwhuydor f � � & 	 AK1
Dvvxplqgr wdpeìp xp frqwuroh shuihlwr gh srwíqfld/ rx vhmd/ � ' �� ' �2 ' �� ' ��� ' �� /
whuhprv txh =

+�c&E|� ' --sis�
] AK

f

K&E|�S&E|�S&E|�_| n
�
[

�'�
& �'�

s�
] AK

f

d}�E|� � ��K�E|� � ��oS&E|�_|n
] AK

f

?E|�S&E|�_|j +7183,
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D htxdêær +7183, srvvxl 6 whuprv1 R sulphlur ghohv/ txh ghqrplqduhprv 7&/ srgh vhu
h{suhvvr sru =

7& '
] AK

f

s�S2&E|�K&E|�_| '
] AK

f

s�S2&E|�_| '
s�

] AK

f

S&E|�_| '
s�gAS +7184,

rqgh dvvxplprv txh r elw hqyldgr K&E|� ' �� Ghvvd irupd/ yhprv txh hvwh whupr ì ghwhu0
plqðvwlfr h sursruflrqdo d g/ r qýphur gh pdufdv gd idpðold gh VRR hvfroklgd1

R vhjxqgr whupr srgh vhu uhhvfulwr frpr =
U& '

�
[

�'�
& �'�

s�
] AK

f

}�E|� �&�K�E|� � &�S&E|�_| '
�
[

&'�
& �'�

s�U&c� +7185,

rqgh
U&c� '

] AK

f

}�E|� � &�K�E|� � &�S&E|�_| +7186,
U& uhsuhvhqwd d vrpd gdv lqwhuihuíqfldv txh rv � � � xvxäulrv surgx}hp qd uhfhsêær gd
phqvdjhp gr xvxäulr &1 D lqwhjudo U&c� lqglfd r judx gh fruuhodêær hqwuh dv gxdv vhtxíqfldv
gh hvsdokdphqwr & h �/ sdud xp gdgr dwudvr � �/ h xpd gdgd vhtxíqfld gh elwv K�E| � � ��
suhvhqwhv qr uhfhswru qr lqwhuydor gh lqwhjudêær1

R ýowlpr whupr gh +7183,/ txh lghqwl�fdprv frpr #/ uhsuhvhqwd r uxðgr dglwlyr gr fdqdo
txh lqwhuihuh qd yduläyho gh ghflvær1 Dvvlp =

# '
] AK

f

?E|�S&E|�_| +7187,
Sdud r shufxuvr vxshulru/ sru �p/ srghprv hqwær hvfuhyhu d yduläyho gh ghflvær +�c&/ rx

vhmd/ +7183,/ frpr =
+�c& ' --si7& n U& n #j +7188,

Sdud r shufxuvr lqihulru gr uhfhswru whprv =
+2c&E|� ' --s

] AKn�&

�&

i �
[

�'�

s��d}�E|� � ��K�E|� � ��o n ?E|�j_&E|�_| +7189,
Dvvxplqgr qrydphqwh �& ' f h xp frqwuroh shuihlwr gh srwíqfld/ whuhprv =

+2c&E|� ' --si �
[

�'�

s�
] AK

f

d}�E|� � ��K�E|� � ��o_&E|�_| n
] AK

f

?E|�_&E|�_|j +718:,
D htxdêær +718:, srvvxl 5 whuprv1 R sulphlur whupr srgh vhu uhhvfulwr frpr =

U �& '
�
[

�'�

s�
] AK

f

}�E|� � &�K�E|� �&�_&E|�_| '
�
[

&'�

s�U �&c� +718;,
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rqgh
U �&c� '

] AK

f

}�E|� �&�K�E|� � &�_&E|�_| +718<,
R vhjxqgr whupr ì gdgr sru =

#� '
] AK

f

?E|�_&E|�_| +7193,
Ydoh revhuydu txh d glihuhqêd hqwuh U �&c� h U&c� +rx hqwuh #� h #, ì d vhtxíqfld gh hvsdokdphqwr

xwlol}dgd qd jhudêær ghvvhv whuprv1 U �&c� h #� xwlol}dp _&E|�/ dr sdvvr txh U&c� h # xwlol}dp d
vhtxíqfld S&E|�1

Sdud r shufxuvr lqihulru/ sru �p/ srghprv hvfuhyhu d yduläyho gh ghflvær +2c&/ rx vhmd/
+718:,/ frpr =

+2c& ' --siU �& n #�j +7194,
D yduläyho gh ghflvær qhvwh uhfhswru ì +& ' +�c& � +2c&1 Dvvlp/ +& ì gdgr sru =

+& ' +�c& � +2c& ' --si7& n U& n # � U �& � #�j +7195,
D uhodêær vlqdo0uxðgr gh +&/ frpr mä ylprv/ ydoh =

7�- ' .2E+&�
T @oE+&� +7196,

Sdud xpd idpðold gh VRRv frp b@ ' bS ' �/ r ydoru hvshudgr gh +& ì =
.E+&� ' .E+�c&�� .E+2c&�
.E+&� ' --si.E7&� n .EU&� n .E#�j �--si.EU �&� n .E#��j
.E+&� ' --si.E7&�� .Es�U �&c��j +7197,

srlv .E#� ' .E#�� ' f1 Frpr sdud d idpðold gh VRRv frp b@ ' bS ' �/ vdehprv txh
.EU �&c�� ' g2

C
A ^Vdohkl;<f`/ whprv =

.E+&� ' --sis�gAS �s� g2

C ASj ' --s

s�ASig � g2

C j
.E+&� ' --s

s�gASd�� g
C o +7198,

D ydulåqfld gh +& ydoh =
T @oE+&� ' T @od--s E7& n U& n # � U �& � #��o
T @oE+&� ' -2-2

siT @oE7& n U& � U �& n # � #��j +7199,



FDSÐWXOR 71 FGPD ÖSWLFR 7;

Dvvxplqgr txh dv yduläyhlv gd htxdêær dflpd vær lqghshqghqwhv hqwuh vl/ srghprv hvfuh0
yhu =

T @oE+&� ' -2-2
siT @oE7&� n T @oEU&� n T @oEU �&� n T @oE#� n T @oE#��j +719:,

Frpr vdehprv txh T @oE7&� ' f/ srlv r whupr ì ghwhuplqðvwlfr/ h txh T @oE#� ' T @oE#��/
whprv =

T @oE+&� ' -2-2
siT @oEU&� n T @oEU �&� n 2T @oE#�j +719;,

D ydulåqfld gh # ì =
T @oE#� ' .d#2o�.2d#o ' .d#2o ' .d

] AK

f

] AK

f

?E|�?Eb�S�E|�S�Eb�_|_bo

T @oE#� '
] AK

f

] AK

f

.d?E|�?Eb�oS�E|�S�Eb�_|_b +719<,
Frpr ?E|� irl prghodgr frpr xp uxðgr Jdxvldqr eudqfr gh ghqvlgdgh hvshfwudo elodwhudo
gh srwíqfld �f*2/ whprv txh vxd dxwrfruuhodêær ì gdgd sru =

.d?E|�?Eb�o ' �f

2 BE|� b� +71:3,
Ghvvd pdqhlud =

T @oE#� '
] AK

f

] AK

f

�f

2 BE|� b�S�E|�S�Eb�_|_b

T @oE#� ' �f

2
] AK

f

S2�E|�_| ' �f

2
] AK

f

S�E|�_| ' �f

2 gAS +71:4,
Frqvlghudqgr d fruuhodêær qxod hqwuh U&c� h U&c� +wdpeìp hqwuh U �&c� h U �&c�, sdud � 9' �/ rx

vhmd/ .dU&c�U&c�m� �'�o ' .dU �&c�U �&c�m� �'�o ' f/ whuhprv =

T @oEU&� ' T @oE
�
[

&'�
& �'�

s�U&c�� '
�
[

&'�
& �'�

�T @oEU&c�� ' � E� � ��T @oEU&c�� +71:5,

T @oEU �&� ' T @oE
�
[

&'�

s�U �&c�� '
�
[

&'�

�T @oEU �&c�� ' ��T @oEU �&c�� +71:6,
Ghvvd pdqhlud/

T @oEU&c�� ' T @oEU �&c�� ' .dU2&c�o� .2dU&c�o
T @oEU&c�� ' g2

C A 2
S � Eg

2

C AS�2 ' d�� g2

C og
2

C A 2
S +71:7,
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rqgh xwlol}dprv txh .dU2&c�o ' g2

C
A 2
S h .dU&c�o ' g2

C
AS1 Wdlv h{suhvvøhv vær yäolgdv sdud VRRv

frp b@ ' bS ' � txdqgr dvvxplprv vlqfurqlvpr gh fkls qr vlvwhpd ^Vdohkl;<f`1
Vxevwlwxlqgr r uhvxowdgr dflpd hp +71:5, h +71:6,/ whprv =

T @oEU&� ' � E� � ��d�� g2

C og
2

C A 2
S +71:8,

T @oEU �&� ' �� d�� g2

C og
2

C A 2
S +71:9,

Frqvhtxhqwhphqwh/ gh +719;, =
T @oE+&� ' -2-2

siT @oE7&� n T @oEU&� n T @oEU �&� n T @oE#� n T @oE#��j
T @oE+&� ' -2-2

si� d2� � �od�� g2

C og
2

C A 2
S n 2d�f

2 gASoj +71::,
Sruwdqwr/ d VQU gh +& srgh vhu h{suhvvd sru =

7�- ' .2E+&�
T @oE+&� * E--s

s�gASd�� g
C
o�2

-2-2
si� d2� � �od�� g2

C
og2

C
A 2
S n 2d�f

2
gASoj

7�- * �g2A 2
S d�� g

C
o2

� E2� � ��E�� g2

C
�g2

C
A 2
S n�fgAS�

7�- * d�� g
C
o2

E2�3��
C

E�� g2

C
� n �f

�gAS

' d�� g
C
o2

E2�3��
C

E�� g2

C
� n �f

.K

+71:;,
srlv/ sdud hvwd idpðold gh VRR/ d hqhujld pìgld gh elw .K ì gh�qlgd sru .K ' �gAS1

Sdud xp qýphur gh xvxäulrv � :: � h dvvxplqgr txh g2 		 C / r txh ì edvwdqwh
ud}räyho sdud VRRv/ d h{suhvvær +71:;, srgh vhu pxlwr ehp dsur{lpdgd sru =

7�- * �
2 E�3��

C
n �f

.K

+71:<,

71715 Suredelolgdgh gh Huur gh Elw
Qrydphqwh/ fdofxoduhprv d suredelolgdgh gh huur gh elw �e ghvwh prghor gh RFGPD

dwudyìv gh vxd VQU1 D yduläyho gh ghflvær +& srgh vhu dsur{lpdgd sru xpd yduläyho dohdwöuld
Jdxvvldqd/ sulqflsdophqwh txdqgr r qýphur gh xvxäulrv qd uhgh ì judqgh > id}hqgr suhydohfhu
r Whruhpd Fhqwudo gr Olplwh1 Frqvhtxhqwhphqwh srghprv xwlol}du =

�e * 'Es7�-� +71;3,
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Ghvvd irupd/ d suredelolgdgh gh huur ghvwh vlvwhpd ì gdgd sru =

�e * 'E
y

x

x

w

d�� g
C
o2

E2�3��
C

E�� g2

C
� n �f

.K

� +71;4,

Xwlol}dqgr d dsur{lpdêær +71:<,/ r ghvhpshqkr gr vlvwhpd vhuä gdgr dsur{lpdgdphqwh
sru =

�e * 'E
v �

2 E�3��
C

n �f
.K

�

�e *
;

?

=

* 'E
t

C
2E�3��� sdud r vlvwhpd grplqdgr shod PDL

* 'E
t

.K
�f
� sdud r vlvwhpd grplqdgr shor uxðgr wìuplfr +71;5,

Frpsdudqgr +7177, h +71;5,/ yhprv fodudphqwh txh/ r ghvhpshqkr gh qrvvr prghor
RFGPD frp VRRv dsuhvhqwd xp ghvhpshqkr lqihulru dr rewlgr sdud dv vhtxíqfldv el0
sroduhv hvwxgdgdv/ wdqwr txdqgr r uxðgr wìuplfr ì grplqdqwh txdqwr qd uhjlær rqgh kä xp
suhgrpðqlr gd PDL1

Rxwur idwru ghvidyruäyho gd xwlol}dêær gh VRRv hp qrvvrv prghorv ì txdqwr dr qýphur
gh vhtxíqfldv glvsrqðyhlv1 Hvwh qýphur/ sdud xp gdgr C/ ì ehp phqru txh r phvpr qýphur
txdqgr xwlol}dprv xp hvsdokdphqwr sru vhtxíqfldv Jrog1

Xpd frpsdudêær hqwuh dv h{suhvvøhv gh ghvhpshqkr rewlgdv qhvwh fdsðwxor h r ghvhp0
shqkr hqfrqwudgr sru vlpxodêær frpsxwdflrqdo sdud rv phvprv prghorv vhuä ghwdokdgd qr
suö{lpr fdsðwxor1



Fdsðwxor 8
Uhvxowdgrv h Vlpxodêøhv
814 Lqwurgxêær

Qhvwh fdsðwxor/ uhdol}duhprv xpd dqäolvh grv prghorv gh RFGPD suhyldphqwh dsuhvhq0
wdgrv hp fdsðwxorv dqwhulruhv dwudyìv gr pìwrgr gh vlpxodêær gh Prqwh Fduor1 Dv yduläyhlv
dohdwöuldv gd vlpxodêær vhuær ghwdokdgdv h/ hp vhjxlgd/ yäulrv uhvxowdgrv gh ghvhpshqkr gr
vlvwhpd vhuær dsuhvhqwdgrv1

Rv uhvxowdgrv hqfrqwudgrv yld vlpxodêær vhuær frqiurqwdgrv frp dv h{suhvvøhv sdud r
ghvhpshqkr grv prghorv gh RFGPD hqfrqwudgrv qr fdsðwxor dqwhulru1

Sru �p/ frphqwäulrv txdolwdwlyrv vreuh hvwdv frpsdudêøhv vhuær ihlwdv/ vlqwhwl}dqgr dv
lgìldv ghvhqyroylgdv qrv grlv ýowlprv fdsðwxorv1

815 Vlpxodêøhv h Frphqwäulrv
Wrgdv dv yduläyhlv dohdwöuldv hqyroylgdv hp qrvvdv vlpxodêøhv vær jhudgdv d sduwlu gd

glvwulexlêær gh suredelolgdgh xqliruph1 Vær hodv = d vhtxíqfld gh elwv gh lqirupdêær K&E|�/ r
uxðgr Jdxvvldqr ?E|� h rv dwudvrv uhodwlyrv � &1

D vhtxíqfld gh lqirupdêær gr xvxäulr &c K&E|�/ ì xpd yduläyho dohdwöuld gh Ehuqrxool/ rqgh
rv grlv ydoruhv htxlsuryäyhlv vær .4 h 041 Sdud r fdvr gdv vhtxíqfldv xqlsroduhv gr wlsr VRR/
hvwd yduläyho dohdwöuld dvvxph htxlsurydyhophqwh rv ydoruhv 3 h .41

R uxðgr Jdxvvldqr ?E|� ì prghodgr frpr xpd yduläyho dohdwöuld Jdxvvldqd gh pìgld qxod
h ydulåqfld �f*21

Rv dwudvrv uhodwlyrv � & irudp dsur{lpdgrv sru dwudvrv glvfuhwrv +� & ' ,AS,/ vlpxodqgr
xp vlvwhpd frp vlqfurqlvpr gh fkls1 Dvvlp/ wudwd0vh gh xpd yduläyho gr wlsr elqrpldo txh
dvvxph rv ydoruhv 3/ �AS/ 2AS/ �AS/111/ EC� 2�AS h EC� ��AS frp d phvpd suredelolgdgh1

Ydprv lqlfldu frp rv uhvxowdgrv sdud dv vhtxíqfldv sxudphqwh dohdwöuldv1 Dv fxuydv frqwð0
84
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qxdv h{suhvvdp rv ydoruhv gdv h{suhvvøhv sdud suredelolgdgh gh huur rewlgdv qr fdsðwxor
dqwhulru +716;,1 Mä rv vðperorv h{suhvvdp rv ydoruhv rewlgrv sdud r ghvhpshqkr gr vlv0
whpd dwudyìv gh vlpxodêær frpsxwdflrqdo1 D Iljxud 814 loxvwud r ghvhpshqkr gh qrvvd uhgh
RFGPD sdud vhtxíqfldv elsroduhv xwlol}dqgr vhtxíqfldv sxudphqwh dohdwöuldv gh frpsul0
phqwr 641 Srghprv revhuydu xpd h{fhohqwh frqfrugåqfld hqwuh rv gdgrv rewlgrv dwudyìv gh
vlpxodêær h dv h{suhvvøhv whöulfdv frp edvh qd dsur{lpdêær Jdxvvldqd/ r txh lqglfd txh dv
dsur{lpdêøhv h h{suhvvøhv xwlol}dgdv hvwær pxlwr suö{lpdv gd ghvfulêær h{dwd gr prghor/
srghqgr vhu xwlol}dgdv frp edvwdqwh vhjxudqêd1

D Iljxud 815/ sru vxd yh}/ loxvwud r ghvhpshqkr gh qrvvd uhgh RFGPD xwlol}dqgr vh0
txíqfldv sxudphqwh dohdwöuldv gh frpsulphqwr 45:1 Revhuydprv wdpeìp xpd h{fhohqwh
frqfrugåqfld hqwuh vlpxodêær h h{suhvvøhv dqdoðwlfdv frp edvh qd dsur{lpdêær Jdxvvldqd1

Frpr vhuld hvshudgr/ sdud shtxhqrv ydoruhv gh .K*�f/ d suredelolgdgh gh huur gh elw whqgh
d 425/ mä txh qhvwd vlwxdêær r vlvwhpd ì pxlwr pdlv dihwdgr shor uxðgr txh shod lqwhuihuíqfld1
Sru rxwur odgr/ sdud judqghv ydoruhv gh .K*�f/ revhuydprv txh dv fxuydv vh hvwdelol}dp hp
xp fhuwr sdwdpdu gh suredelolgdgh gh huur1 R ydoru ghvwh sdwdpdu ghshqgh gd ud}ær hqwuh
r jdqkr gh surfhvvdphqwr gr vlvwhpd h vhx qýphur gh xvxäulrv1 Dv suredelolgdghv gh huur
sdud vlvwhpdv FGPD vh hvwdelol}dp hp xp fhuwr ydoru gh sdwdpdu srutxh/ txdqgr d sr0
wíqfldv grv odvhuv vær pxlwr pdlruhv txh d srwíqfld gr uxðgr gh ghwhfêær/ d ýqlfd olplwdêær
gr vlvwhpd uhvlgh qd lqwhuihuíqfld fdxvdgd shorv ghpdlv xvxäulrv gr vlvwhpd1 Frpr wrgrv rv
xvxäulrv srvvxhp d phvpd srwíqfld hp qrvvr prghor/ dxphqwdu d srwíqfld gr xvxäulr gh0
vhmdgr wdpeìp vljql�fd dxphqwdu d lqwhuihuíqfld fdxvdgd shorv ghpdlv1 Frqvhtxhqwhphqwh/
r dxphqwr gh .K*�f qær lpsolfd hp glplqxlêær qd suredelolgdgh gh huur1 Rv ydoruhv gh
sdwdpdu sdud hvvdv suredelolgdghv gh huur vær h{suhvvdv sru +716<,1

Sdud dv vhtxíqfldv Jrog/ dv phvpdv frpsdudêøhv hqwuh vlpxodêær h h{suhvvøhv edvhdgdv
qd dsur{lpdêær Jdxvvldqd vær uhdol}dgdv qdv Iljxudv 816 h 8171 D Iljxud 816 loxvwud r ghvhp0
shqkr gh qrvvd uhgh RFGPD elsrodu sdud vhtxíqfldv Jrog gh frpsulphqwr 641 Mä d Iljxud
817 h{suhvvd r ghvhpshqkr gd uhgh RFGPD elsrodu sdud vhtxíqfldv Jrog gh frpsulphqwr
45:1 Revhuydprv qrydphqwh d h{fhohqwh frqfrugåqfld hqwuh dv vlpxodêøhv h rv ydoruhv rewl0
grv yld dsur{lpdêær Jdxvvldqd +7174,1 Revhuydprv wdpeìp txh/ gd phvpd irupd txh sdud
vhtxíqfldv sxudphqwh dohdwöuldv/ rv ydoruhv gh suredelolgdgh gh huur whqghp d 425 txdqgr
shtxhqrv ydoruhv gh .K*�f vær xwlol}dgrv1 Xp sdwdpdu qrv ydoruhv gh ghvhpshqkr gr vlv0
whpd wdpeìp ì revhuydgr sdud judqghv ydoruhv gh .K*�f1 D mxvwl�fdwlyd sdud d h{lvwíqfld
ghvwd hvwdelol}dêær ì d phvpd xwlol}dgd sdud dv vhtxíqfldv sxudphqwh dohdwöuldv1 D htxdêær
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Iljxud 814= Ghvhpshqkr gr Vlvwhpd RFGPD Elsrodu sdud Vhtxíqfldv Sxudphqwh Dohdwöuldv gh Frpsul0
phqwr 64 h frp Fruuhêær gr Qðyho GF qr Uhfhswru1

0.01 0.1 1 10 100 1000

10-4

10-3

10-2

10-1

100

 

 Sequências Puramente Aleatórias, G=127, Com Correção DC

 N=90 - Simulação

 N=90 - Aprox. Gaussiana

 N=20 - Simulação

 N=20 - Aprox. Gaussiana

 N=10 - Simulação

 N=10 - Aprox. Gaussiana
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Iljxud 815= Ghvhpshqkr gr Vlvwhpd RFGPD Elsrodu sdud Vhtxíqfldv Sxudphqwh Dohdwöuldv gh Frpsul0
phqwr 45: h frp Fruuhêær gr Qðyho GF qr Uhfhswru1
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+7175, h{suhvvd wdlv ydoruhv frp edvh qd dsur{lpdêær Jdxvvldqd1
Revhuydqgr r ghvhpshqkr gdv gxdv idpðoldv gh vhtxíqfldv elsroduhv hvwxgdgdv/ srghprv

frqfoxlu txh dv gxdv ghprqvwudp whu dsur{lpdgdphqwh r phvpr ghvhpshqkr/ sulqflsdo0
phqwh txdqgr rv frpsulphqwrv gdv vhtxíqfldv ì judqgh1 Hvwd frqfoxvær wdpeìp srgh vhu
revhuydgd hp +716<, h +7175,/ txh h{suhvvdp sudwlfdphqwh rv phvprv ydoruhv gh suredelol0
gdgh gh huur sdud judqghv ydoruhv gh C1

Sdud dv vhtxíqfldv xqlsroduhv gr wlsr VRR frp b@ ' bS ' �/ whprv r ghvhpshqkr gr
qrvvr prghor gh uhgh gh RFGPD prvwudgr qdv Iljxudv 818 h 8191 Qhvwhv juä�frv uhsuhvhq0
wdprv sru olqkdv frqwðqxdv rv ydoruhv gh suredelolgdgh gh huur rewlgrv dwudyìv gh +71;4, h
sru vðperorv ghvfrqwðqxrv rv ydoruhv rewlgrv yld vlpxodêær1 D Iljxud 818 prvwud r ghvhp0
shqkr gh xpd idpðold gh VRRv frp b@ ' bS ' � gh frpsulphqwr 64 h qýphur gh pdufdv g
ljxdo d 5 sdud glyhuvrv ydoruhv gh 7�- h 6 ydoruhv gh � 1 D Iljxud 819 loxvwud hvvh phvpr
ghvhpshqkr sdud xpd idpðold gh VRRv frp b@ ' bS ' � gh frpsulphqwr C ' Df h qýphur
gh pdufdv g ljxdo d 51

Sdud shtxhqrv ydoruhv gh .K*�f/ revhuydprv xpd h{fhohqwh frqfrugåqfld rv ydoruhv gh
ghvhpshqkr vlpxodgrv h rv rewlgrv yld dsur{lpdêær Jdxvvldqd +71;4,1 Frqiruph hvshudgr/
d suredelolgdgh gh huur gh elw gr vlvwhpd whqgh d �*2 d phglgd txh r uxðgr wìuplfr dxphqwd1

Sdud hohydgdv uhodêøhv gh .K*�f/ shufhehprv txh r ghvhpshqkr gr vlvwhpd ì ghwhulrudgr
shor dxphqwr gr qýphur gh xvxäulrv qr vlvwhpd1 Qhvvh uhjlph/ kä glihuhqêdv vljql�fdwlydv
hqwuh rv ydoruhv suhylvwrv whrulfdphqwh h rv fdofxodgrv shod vlpxodêær1 Wdlv glihuhqêdv vh
dfhqwxdp frp d glplqxlêær gh � 1 D h{solfdêær sdud hvvdv glihuhqêdv uhvlgh qd dsur{lpd0
êær Jdxvvldqd1 R Whruhpd Fhqwudo gr Olplwh vö ì yäolgr sdud xp qýphur pxlwr judqgh gh
yduläyhlv dohdwöuldv/ rx vhmd/ d yduläyho gh ghflvær gr vlvwhpd whqgh d xpd yduläyho dohdwöuld
Jdxvvldqd frp r dxphqwr gr qýphur gh xvxäulrv1 Sdud xp vlvwhpd FGPD frp srxfrv
xvxäulrv/ d dsur{lpdêær Jdxvvldqd qær ì yäolgd/ r txh ruljlqd dv glvsdulgdghv revhuydgdv
qdv Iljxudv 818 h 8191 D phglgd hp txh � dxphqwd/ d yduläyho gh ghflvær vh wruqd pdlv sd0
uhflgd frp xpd yduläyho dohdwöuld Jdxvvldqd h/ frpr frqvhtxíqfld/ d glihuhqêd hqwuh ydoruhv
vlpxodgrv h rewlgrv whrulfdphqwh glplqxl1

Hvwh hihlwr wdpeìp ì sdvvðyho gh revhuydêær qdv fxuydv gh ghvhpshqkr grv vlvwhpdv
txh vh xwlol}dp gh vhtxíqfldv elsroduhv/ frpr qd Iljxud 814 +� ' fD, h qd Iljxud 816
+� ' fD,1 Hqwuhwdqwr hvwh hihlwr ì pdlv vljql�fdwlyr sdud r vlvwhpd frp hvsdokdphqwr sru
VRRv frp b@@bS@4 srlv hvwdv VRRv srvvxhp srxfdv pdufdv +shtxhqrv ydoruhv gh g,1
Gh idwr/ revhuydprv txh txdqwr pdlru d uhodêær C

g
+jdqkr gh surfhvvdphqwr sru qýphur
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Iljxud 816= Ghvhpshqkr gr Vlvwhpd RFGPD Elsrodu sdud Vhtxíqfldv Jrog gh Frpsulphqwr 64 h frp
Fruuhêær gr Qðyho GF qr Uhfhswru1
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 N=90 - Simulação

 N=90 - Aprox. Gaussiana
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Iljxud 817= Ghvhpshqkr gr Vlvwhpd RFGPD Elsrodu sdud Vhtxíqfldv Jrog gh Frpsulphqwr 45: h frp
Fruuhêær gr Qðyho GF qr Uhfhswru1
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gh pdufdv, pdlv shufhswðyho vhuä hvwh hihlwr1 Wdpeìp ydoh revhuydu txh hvwh hihlwr qær ì
ylvðyho sdud shtxhqrv ydoruhv gh .K*�f srutxh r uxðgr wìuplfr mä ì xpd yduläyho dohdwöuld
Jdxvvldqd1
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Iljxud 818= Ghvhpshqkr gr Vlvwhpd RFGPD Xqlsrodu sdud VRRv gh Frpsulphqwr 64 h Gxdv Pdufdv

Rv uhvxowdgrv dflpd shplwhp0qrv frqfoxlu txh/ sdud rv prghorv gh RFGPD qhvwh wud0
edokr/ r hvtxhpd frp hvsdokdphqwr sru vhtxíqfldv Jrog srvvxl xp phokru ghvhpshqkr
txh r hvtxhpd txh xwlol}d hvsdokdphqwr sru VRRv frp b@@bS@41 Hvwd frqfoxvær srgh vhu
vlqwhwl}dgd frp edvh qdv gxdv dsur{lpdêøhv sdud d suredelolgdgh gh huur gh elw grv vlvwhpdv
hvwxgdgrv/ rx vhmd/

�e *
;

A

A

?

A

A

=

'E
u

C

E�3��n �f
2.K

�
'E

u

C

2dE�3��n �f
2.K

o
�

sdud vhtxíqfldv sxudphqwh dohdwöuldv h vhtxíqfldv Jrog

sdud VRRv frp b@@bS@4
+814,

Doìp gh wudedokduhp frp xpd pdlru suredelolgdgh gh huur gh elw/ rxwud frqvlghudêær
lpsruwdqwh ì r idwr gdv VRRv frp b@@bS@4 srvvxluhp xp phqru qýphur gh vhtxíqfldv txh
dv vhtxíqfldv elsroduhv wlsr Jrog/ sdud xp gdgr ydoru gh C1
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Iljxud 819= Ghvhpshqkr gr Vlvwhpd RFGPD Xqlsrodu sdud VRRv gh Frpsulphqwr 83 h gxdv pdufdv



Fdsðwxor 9
Idwruhv Ghjudgdqwhv gr Vlvwhpd
914 Lqwurgxêær

Qhvwh fdsðwxor iduhprv xpd euhyh derugdjhp grv hihlwrv gh ghjudgdêær dr ghvhpshqkr
grv vlvwhpdv RFGPD suryrfdgrv shorv hihlwrv gd glvshuvær öswlfd h gd lqwhuihuíqfld gh
edwlphqwr öswlfr1

915 Glvshuvær
Glvshuvær ì r qrph gdgr d txdotxhu hihlwr rqgh glihuhqwhv frpsrqhqwhv gh xp vlqdo

wudqvplwlgr yldmdp frp glihuhqwhv yhorflgdghv/ fkhjdqgr hp whpsrv glihuhqwhv qr uhfhswru1
Frpr frqvhtxíqfld/ xp sxovr hqyldgr vh dodujd qr fdqdo/ srghqgr fdxvdu lqwhuihuíqfld
lqwhuvlpeöolfd qd uhfhsêær1 D txdqwlgdgh gh glvshuvær hp xp olqn gh frpxqlfdêær ghshqgh
ixqgdphqwdophqwh gr frpsulphqwr gr phvpr1

Glyhuvdv irupdv gh glvshuvær h{lvwhp hp vlvwhpdv gh frpxqlfdêøhv öswlfdv1 Dv pdlv lp0
sruwdqwhv vær d glvshuvær prgdo/ d glvshuvær gh srodul}dêær h d glvshuvær furpäwlfd1 D
glvshuvær ì phglgd hp xqlgdghv gh {|

u{b / rqgh {| ì r dodujdphqwr whpsrudo gr sxovr/ {b
ì d odujxud hvshfwudo gr sxovr h u ì r frpsulphqwr gr olqn gh frpxqlfdêær1 Wlslfdphqwh/
hvwd phglgd ì ihlwd hp sv2qp2np1

D glvshuvær prgdo vxujh hp �eudv pxowlprgr/ rqgh glihuhqwhv prgrv gr fdpsr hohwur0
pdjqìwlfr yldmdp qd �eud frp glihuhqwhv yhorflgdghv1 Hp �eudv prqrprgr hvwh wlsr gh
glvshuvær ì ghvsuh}ðyho1

D glvshuvær sru srodul}dêær vxujh ghylgr r idwr gr qýfohr gd �eud qær vhu shuihlwdphqwh
flufxodu1 Sruwdqwr glihuhqwhv srodul}dêøhv yldmdp frp glihuhqwhv yhorflgdghv gh juxsr1 Hvwd
glvshuvær ì pdlv dwxdqwh hp vlvwhpdv gh dowdv wd{dv/ jhudophqwh pdlruhv gh 43 Je2v1

D sulqflsdo irupd gh glvshuvær ì d glvshuvær furpäwlfd/ txh whp xp hqruph lpsdfwr
8;
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qrv vlvwhpdv prqrprgr1 Hvwd glvshuvær vxujh srutxh r ðqglfh gh uhiudêær gd �eud ì ixqêær
gd iuhtxíqfld/ rfdvlrqdqgr glihuhqwhv frpsrqhqwhv gh iuhtxíqfld qxp sxovr yldmduhp frp
glihuhqwhv yhorflgdghv1

R hihlwr gh dodujdphqwr whpsrudo qd glvshuvær ì sursruflrqdo dr frpsulphqwr gr olqn h ã
odujxud hvshfwudo gr vlqdo wudqvplwlgr1 Sdud �eudv frp glvshuvær gh G@4: sv2qp2np +ydoru
xvxdo sdud �eudv prqrprgr lqvwdodgdv qrv HXD h qd Hxursd, h odujxud hvshfwudo gd irqwh
gh 4 qp/ d glvshuvær furpäwlfd ì olplwdgd shor surgxwr EO 	63 +Je2v,0np/ rqgh E ì d wd{d
gh elwv wudqvplwlgd h O ì r frpsulphqwr gr olqn1 Rx vhmd/ wudqvplvvøhv dflpd gh 4 Je2v
vö vær srvvðyhlv sdud glvwåqfldv phqruhv txh 63 np/ r txh yhp d vhu xpd vhyhud olplwdêær
^Udpdvzdql<;`1

H{lvwhp glyhuvrv pìwrgrv gh uhgxêær gr lpsdfwr gd glvshuvær hp vlvwhpdv öswlfrv1 Hqwuh
hohv hvwær d uhgxêær gd odujxud hvshfwudo grv odvhuv/ d xwlol}dêær gh �eudv frp shtxhqd
glvshuvær h d frpshqvdêær gh glvshuvær1

Rv odvhuv GIE rihuhfhp odujxudv hvshfwudlv pxlwr shtxhqdv h/ txdqgr dvvrfldgdv ã pr0
gxodêær h{whuqd/ dsuhvhqwdp uhvxowdgrv dlqgd phokruhv qr frpedwh ã glvshuvær furpäwlfd1
Hvwhv hvtxhpdv mä vær xwlol}dgrv dwxdophqwh hp vlvwhpdv gh dowd yhorflgdgh1

Ileudv frp shtxhqd glvshuvær mä vær xpd dowhuqdwlyd yläyho dwxdophqwh1 Ileudv frp glv0
shuvær ghvorfdgd dsuhvhqwdp( 	 �c � sv2qp2np qd mdqhod gh frpsulphqwr gh rqgd gh 4883
qp h frqvwlwxhp judqgh sduwh gdv �eudv lqvwdodgdv qr Mdsær1 Ileudv gr wlsr QGI +gr lqjoív
Qrq}hur Glvshuvlrq Ilehu, dsuhvhqwdp � 	 ( 	 S rx �S 	 ( 	 �� sv2qp2np qd mdqhod gh
frpsulphqwr gh rqgd gh 4883 qp1 Hvwdv �eudv frphêdudp d vhu lqvwdodgdv uhfhqwhphqwh1

D frpshqvdêær gh glvshuvær ì ihlwd dwudyìv gh �eudv gh frpshqvdêær gh glvshuvær rx gh
�eudv frp judghv gh Eudjj +rx Fklushg Ilehu Eudjj Judwlqjv,1 D frpshqvdêær gh glvshuvær
jhudophqwh ì d ýowlpd dowhuqdwlyd xwlol}dgd qr frpedwh ã glvshuvær1

Doìp gh wrgrv rv dydqêrv ghvfulwrv dflpd qr frpedwh ã glvshuvær/ qrvvrv prghorv gh
RFGPD wíp sru remhwlyr dwxdu hp uhghv orfdlv +rx ODQv/ gr lqjoív Orfdo Duhd Qhwzrunv,/
txh srvvxhp glphqvøhv gh/ qr pä{lpr/ 43 np1 Sru lvvr/ d glvshuvær qær ì frqvlghudgd xp
olplwdqwh qr ghvhpshqkr gh qrvvrv vlvwhpdv1
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916 Lqwhuihuíqfld gh Edwlphqwr Öswlfr
91614 Vhtxíqfldv gh Hvsdokdphqwr Elsroduhv

D lqwhuihuíqfld gh edwlphqwr öswlfr +REL 0 gr lqjoív Rswlfdo Ehdw Lqwhuihuhqfh, ì d lq0
whuihuíqfld txh vxujh ghylgr r edwlphqwr hqwuh odvhuv gh glihuhqwhv iuhtxíqfldv gh rshudêær
rshudqgr hp xp phvpr vlvwhpd1 Xp ghwdokdgr hvwxgr ghvwh wlsr gh lqwhuihuíqfld hp vlv0
whpdv frp pxowlsoh{dêær gh vxesruwdgrudv +rx VFP/ gr lqjoív Vxefduulhu Pxowlsoh{lqj, ì
uhdol}dgr hp ^Ghvhq<3` h ^Ghvhq;;`1

Dv Iljxudv 715 h 716 loxvwudp qrvvr prghor gh uhfhswru h wudqvplvvru gh RFGPD sdud
vhtxíqfldv elsroduhv1 Frqvlghuduhprv r uxðgr Jdxvldqr ?E|� ghvsuh}ðyho gldqwh gd lqwhuih0
uíqfld1 Dqdolvduhprv r vlvwhpd d sduwlu grv fdpsrv hoìwulfrv suhvhqwhv qd �eud1 Vxsrqgr 6
xvxäulrv hplwlqgr qxpd phvpd �eud/ r fdpsr hoìwulfr lqflghqwh eE|� qr irwrghwhwru srgh
vhu h{suhvvr sru =

eE|� ' s7�E|�.�E|�e���E|� ns72E|� � 2�.2E|� � 2�e��2E|3�2�

ns7�E|� � ��.�E|� � ��e���E|3��� +914,
rqgh 7�E|� ì d srwíqfld lqvwdqwåqhd gr odvhu �/ txh srgh vhu hvfulwd frpr =

7�E|� ' ��dK�E|�S�E|� n �o +915,
Qd h{suhvvær dflpd/ �� ì d srwíqfld pìgld gr odvhu �/ K�E|� ì d vhtxíqfld elsrodu gh lqirupdêær
h S�E|� ì d vhtxíqfld elsrodu gh hvsdokdphqwr1 R xvxäulr 4 vhuä r xvxäulr gh uhihuíqfld/
sruwdqwr wrgrv rv dwudvrv � � qr vlvwhpd vær uhodwlyrv dr sulphlur odvhu/ rx vhmd/ � � ' f� .�E|�
h ��E|� vær/ uhvshfwlydphqwh/ surfhvvrv hvwrfävwlfrv txh ghvfuhyhp d hqyrowöuld gr fdpsr
hoìwulfr h d idvh gr odvhu �1 D idvh gr odvhu � ì gdgd sru =

��E|� ' E2ZS?b� �| n ��E|� +916,
rqgh S ì d yhorflgdgh gd ox} qr yäfxr/ ? ì r ðqglfh gh uhiudêær gd �eud/ b� ì r frpsulphqwr
gh rqgd gr odvhu � h ��E|� ì d idvh lqlfldo gr odvhu �1

D glihuhqêd gh idvh ��E|� � ��� ��E|� � �� ì gdgd sru =
[�c�E|� ' ��E|� � ��� ��E|� � �� ' 2ZBs��| n if n ��E|� � ��� ��E|� � �� +917,

rqgh Bs�� ' S
?

b�3b�
b�b�

ì d glihuhqêd gh iuhtxíqfld hqwuh r odvhu � h r odvhu �/ h if ' 2ZS
?
d ��
b�

� � �
b�
o

ì xpd frqvwdqwh1
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Dvvxplprv d glihuhqêd gh idvh �E|n ��� �E|� frpr xp surfhvvr gr wlsr Zlhqhu0Ohy|/ r
txh lpsolfd qxp hvshfwur gh srwíqfld gr wlsr Oruhqw}ldqr ^Ghvhq<3`1

D fruuhqwh gh irwrghwhêær ì sursruflrqdo dr txdgudgr gr fdpsr hoìwulfr lqflghqwh1 Vhqgr
- ì d uhvsrqvlylgdgh gr irwrghwhwru/ whuhprv sruwdqwr =

�E|� ' -meE|�m2
' -i7�E|�.2

�E|� n 72E|� � 2�.2
2E|� � 2� n 7�E|� � ��.2

�E|� � ��
n 2s7�E|�72E|� � 2�.�E|�.2E|� � 2� ULtd��E|�� �2E|� � 2�o
n 2s7�E|�7�E|� � ��.�E|�.�E|� � �� ULtd��E|�� ��E|� � ��o
n 2s72E|� � 2�7�E|� � ��.2E|� � 2�.�E|� � �� ULtd�2E|� � 2�� ��E|� � ��oj +918,

Dvvxpluhprv d glihuhqêd gh idvh [�c�E|� frpr xqliruphphqwh glvwulexðgd hqwuh f h 2Z1
Dvvxpluhprv wdpeìp txh d hqyrowöuld gr fdpsr hoìwulfr ì frqvwdqwh h xqlwäuld/ r txh ì
xpd erd dsur{lpdêær sdud odvhuv rshudqgr dflpd gr wkuhvkrog ^Ghvhq<3`1

D whqvær söv0ghwhêær ì sursruflrqdo ã fruuhqwh gh irwrghwhêær/ rx vhmd/ sdud xpd wudq0
vlpshgåqfld dvvrfldgd -s =

�E|� ' -s �E|� +919,
R uhfhswru wdpeìp srvvxl xp holplqdgru gh qðyho GF txh wruqd d vhtxíqfld qrydphqwh

elsrodu1 Hp vhjxlgd hvwd vhtxíqfld ì pxowlsolfdgd shod vhtxíqfld gh uhihuíqfld S�E|� h sdvvd
sru xp lqwhjudgru h xp flufxlwr dprvwudgru1

R vlqdo qd vdðgd gr holplqdgru gh qðyho GF ì gdgr sru =
�E|� ' --si��K�E|�S�E|� n �2K2E|� � 2�S2E|� � 2� n ��K�E|� � ��S�E|� � ��

n 2s���2EK�E|�S�E|� n ��EK2E|� � 2�S2E|� � 2� n �� ULtd[�c2E|�o
n 2s����EK�E|�S�E|� n ��EK�E|� � ��S�E|� � �� n �� ULtd[�c�E|�o
n 2s�2��EK2E|� � 2�S2E|� � 2� n ��EK�E|� � ��S�E|� � �� n �� ULtd[2c�E|�oj +91:,

Dvvxplqgr xp frqwuroh lghdo gh srwíqfld/ rx vhmd/ � ' �� ' �2 ' ��/ h xp shuihlwr
vlqfurqlvpr hqwuh dv vhtxíqfld S&E|� jhudgd qr uhfhswru h d jhudgd qr wudqvplvvru/ srghprv
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hvfuhyhu d yduläyho gh ghflvær ~� sdud r sulphlur xvxäulr frpr =
~� '

] AK

f

�E|�S�E|�_| ' --s�i] AK

f

K�E|�S�E|�S�E|�_|n
] AK

f

K2E|� � 2�S2E|� � 2�S�E|�_|

n
] AK

f

K�E|� � ��S�E|� � ��S�E|�_|

n 2
] AK

f

s���2EK�E|�S�E|� n ��EK2E|� � 2�S2E|� � 2� n ��S�E|� ULtd[�c2E|�o_|

n 2
] AK

f

s����EK�E|�S�E|� n ��EK�E|� � ��S�E|� � �� n ��S�E|� ULtd[�c�E|�o_|

n 2
] AK

f

s�2��EK2E|� � 2�S2E|� � 2� n ��EK�E|� � ��S�E|� � �� n ��S�E|� ULtd[2c�E|�o_|j
+91;,

R sulphlur whupr gd htxdêær dflpd fruuhvsrqgh dr vlqdo ghvhmdgr1 R vhjxqgr h r whufhlur
whuprv fruuhvsrqghp ã PDL1 Rv ýowlprv wuív whuprv vær rv whuprv gd REL1 Ghvvd irupd/
doìp gr whupr ghvhmdgr/ srghprv lghqwl�fdu 5 wlsrv gh whuprv suhvhqwhv hp ~� =
k�� '

] AK

f

K�E|� � ��S�E|� � ��S�E|�_| csdud � 9' � +91<,
k�2 '

] AK

f

t

dK�E|� � ��S�E|� � �� n �odK�E|� � ��S�E|� � �� n �oS�E|� ULtd[�c�E|�o_| csdud � 9' �
+9143,

Jhqhudol}dqgr d dqäolvh dflpd sdud � xvxäulrv/ doìp gr whupr ghvhmdgr/ whuhprv rv
vhjxlqwhv wlsrv gh whuprv sdud d yduläyho gh ghflvær ~& =
k� '

] AK

f

K�E|� � ��S�E|� � ��S&E|�_| c sdud � 9' & +9144,
k2 '

] AK

f

t

dK�E|� � ��S�E|� � �� n �odK�E|� � ��S�E|� � �� n �oS&E|� ULtd[�c�E|�o_| c sdud � 9' �
+9145,

Ghvvd irupd/ qd yduläyho gh uhfhsêær kdyhuä � � � whuprv frpr k� +whuprv fruuhvsrq0
ghqwhv ã PDL, h � 2 �� whuprv frpr k2 +whuprv fruuhvsrqghqwhv ã REL,1

Frpr d glihuhqêd gh iuhtxíqfld hqwuh grlv odvhuv txdlvtxhu � h � gr vlvwhpd ì pxlwr pdlru
txh r lqyhuvr gr whpsr gh fkls gr vlqdo/ rx vhmd/ Bs�� :: E�*AS�/ whprv txh rv whuprv k2

vær pxlwr phqruhv txh rv whuprv gr wlsr k�1 Ghvvd pdqhlud/ srghprv frqfoxlu txh/ hp
vlvwhpdv gh FGPD öswlfr sdud vhtxíqfldv elsroduhv/ frpr rv qhvwh wudedokr hvwxgdgrv/ d
REL ì pxlwr phqru txh d PDL/ vhqgr sru lvvr gh srxfd lpsruwåqfld sdud dv h{suhvvøhv gh
suredelolgdgh gh huur gh elw1 D REL qær ì/ sruwdqwr/ ghwhuplqdqwh sdud r ghvhpshqkr grv
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vlvwhpdv RFGPD dtxl hvwxgdgrv/ srlv vhx hihlwr ì sudwlfdphqwh holplqdgr qr surfhvvr gh
ghvfrpsuhvvær hvshfwudo1

Gh wrgd irupd/ srghprv txdqwl�fdu r hihlwr gd REL qhvvhv vlvwhpdv1 Frpr mä frqkhfhprv
d ydulåqfld grv whuprv wlsr k� h r qýphur gh whuprv wlsr k2/ vxsrqgr0rv lqghshqghqwhv hqwuh
vl/ srghprv h{suhvvdu r ghvhpshqkr gr vlvwhpd sru =

�e * 'E
v

.2E~&�
T @oE~&�� ' 'E

y

x

x

x

w

�
� � �
C n E�2 ���T @oEk2�

A 2
K

� +9146,

Sdud r fäofxor gd ydulåqfld gh k2 hp +S���,/ xwlol}duhprv d dqäolvh hvshfwudo d vhjxlu1
Jhqhulfdphqwh/ srghprv hvfuhyhu k2 frpr d lqwhjudo gh xpd ixqêær SE|� +txh ghshqgh gdv
vhtxíqfldv gh hvsdokdphqwr, pxowlsolfdgd sru xpd ixqêær frvvhqr/ rx vhmd =

k2 ' �E|� '
] AK

f

S�c�E|� ULtd[�c�E|�o_| +9147,
rqgh S�c�E|� ' sdK�E|� � ��S�E|� � �� n �odK�E|� � ��S�E|� � �� n �oS&E|� sdud � 9' �1

Wdo rshudêær srgh vhu ylvwd frpr xp vlvwhpd olqhdu1 Dvvlp/ srghprv hvfuhyhu =
�E|� ' dS�c�E|� ULtd[�c�E|�oo � �E|� +9148,

rqgh � fruuhvsrqgh d xpd rshudêær gh frqyroxêær h �E|� ì d uhvsrvwd dr lpsxovr gr vlvwhpd
+lqwhjudgru gh 3 d AK,1

Frpr �E|� ì xp surfhvvr hvwrfävwlfr/ vxd ghqvlgdgh hvshfwudo gh srwíqfld 7LEs� ì gdgd
sru =

7LEs� ' d7�Es� � 7uEs�o mMEs�m2 +9149,
rqgh 7�Es� h 7uEs� vær/ uhvshfwlydphqwh/ dv ghqvlgdghv hvshfwudlv gh srwíqfld grv surfhvvrv
hvwrfävwlfrv S�c�E|� h ULtd[�c�E|�o/ h MEs� ì d Wudqvirupdgd gh Irxulhu gh �E|�1

D ydulåqfld gh �E|� vhuä sruwdqwr =
j2
� '

] "

3"
7LEs�_s '

] "

3"
d7�Es� � 7uEs�o mMEs�m2 _s +914:,

Vxsrqgr txh odvhuv gh xp ýqlfr prgr orqjlwxglqdo vhmdp xwlol}dgrv/ rv whuprv gh ed0
wlphqwr öswlfr +whuprv frp ULtd[�c�E|�o hp +91:,, whuær xp hvshfwur gh srwíqfld gr wlsr
Oruhqw}ldqr ^Ghvhq<3`/ rx vhmd/ frp r irupdwr elodwhudo gdgr sru xpd h{suhvvær gr wlsr =

7uEs� * �
eZ{s d� n Es3Bs�c�

{s
�2o n

�
eZ{s d� n EsnBs�c�

{s
�2o +914;,
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rqgh {s ' S
?
{b
b2

ì d odujxud hp iuhtxíqfld wrwdo gr uxðgr gh edwlphqwr hqwuh grlv odvhuv/ {b

ì d odujxud hvshfwudo hp frpsulphqwr gh rqgd ghvwh uxðgr h Bs�c� ' S
?

Eb�3b��
b�b�

ì d glihuhqêd gh
iuhtxíqfld hqwuh rv odvhuv � h �1 Vxsrqgr txh dperv rv odvhuv wíp d phvpd odujxud hvshfwudo/
r edwlphqwr surgx} xp hvshfwur txh htxlydoh dr greur gr hvshfwur gh xp ýqlfr odvhu1

D ghqvlgdgh hvshfwudo gh srwíqfld gh S�c�E|� srgh vhu dsur{lpdgd sru =
7�Es� * A 2

S r�?S2EsAS� +914<,
rqgh d ixqêær r�?SE%� ' re?EZ%�*Z% h AS ì r whpsr gh fkls1

Frpr dvvxplprv � * E�*AK� 		 {s h � 		 Bs�c�/ whprv txh =
d7�Es� � 7uEs�o * 7uEs� +9153,

Wdpeìp frqkhfhprv MEs�/ rx vhmd =
MEs� ' AKr�?SEsAK� +9154,

Ghvvd pdqhlud/ whprv txh d ydulåqfld srgh vhu dsur{lpdgd sru =
j2
� '

] "

3"
7uEs� mMEs�m2 _s

j2
� '

] "

3"
d A 2

K r�?S2EsAK�
eZ{s d� n Es3Bs�c�

{s
�2o n

A 2
K r�?S2EsAK�

eZ{s d� n EsnBs�c�
{s

�2o o_s

j2
� * A 2

K

2Z{s

] "

f

r�?S2EsAK�
d� n Es3Bs�c�

{s
�2o_s n A 2

K

2Z{s

] "

f

r�?S2EsAK�
d� n EsnBs�c�

{s
�2o_s

j2
� * AK

2Z{s

�
� n E Bs�c��s

�2 +9155,
rqgh frqvlghudprv txh d Oruhqw}ldqd srvvxl xp hvshfwur dsur{lpdgdphqwh sodqr hp wruqr
gh 3 K} h dvvxplprv qrydphqwh txh � 		 {s h � 		 Bs�c�1 R ydoru gh ydulåqfld rewlgr
dflpd ydoh sdud xp gdgr ydoru gh Bs�c�1 Qr hqwdqwr/ rv glyhuvrv odvhuv gr vlvwhpd srvvxhp
glihuhqwhv frpsulphqwrv gh rqgd fhqwudlv1 Dvvlp/ vxsrqgr txh rv odvhuv vhmdp xqliruphphqwh
glvwulexðgrv hp xpd mdqhod Bbf gh frpsulphqwrv gh rqgd/ rx vhmd/ hvwdqgr xqliruphphqwh
glvwulexðgr hp xpd idl{d hvshfwudo gh odujxud Bsf ' S

?

Bbf
b2

/ xpd pìgld sdud d ydulåqfld gh
oE|� srgh vhu rewlgd sru =

T @oEk2� ' j2
� ' AK

2Z{s

�
Bsf

] Bsf*2

3Bsf*2

�
d� n E Bs�c�

{s
�2o_Bs�c�

T @oEk2� * AK
2Bsf +9156,
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rqgh frqvlghudprv qrydphqwh txh Bsf :: {s / txh d ixqêær ghqvlgdgh gh suredelolgdgh gh
Bs�c� vhmd

REBs�c�� ' �
Bsf sdud � Bsf

2 	 Bs�c� 	 Bsf
2 +9157,

h txh/ frqvhtxhqwhphqwh
]

Bsf
2

3 Bsf
2

�
k

� n E Bs�c�
{s

�2
l_Bs�c� * Z{s +9158,

Srghprv/ hqwær/ hvwlpdu d suredelolgdgh gh huur gh elw gr vlvwhpd RFGPD frp hvsdo0
kdphqwr elsrodu1 Frp edvh hp +9146, h +9156,/ srghprv hvfuhyhu

�e * 'E
y

x

x

x

w

�
� � �
C n E� 2 ���T @oEk2�

A 2
K

�

* 'E
y

x

x

x

w

�
� � �
C n E� 2 ��� �

2AKBsf
� +9159,

R whupr Bsf +gd rughp gh �f�e K}, ì pxlwdv rughqv gh judqgh}d pdlru txh rv whuprv
E�*AK� rx E� 2 � ��1 Dvvlp/ srghprv shufhehu txh/ frqiruph mä frphqwdgr/ r whupr gh
lqwhuihuíqfld uhodwlyr ã REL ì pxlwr phqru txh r whupr ghylgr ã PDL1

Sdud txh d REL suryrtxh xpd ghjudgdêær dr vlvwhpd gd rughp gd fdxvdgd shod PDL/
ghyhprv whu txh =

� � �
C ' E� 2 ��� �

2AKBsf +915:,
rx vhmd/

� ' 2Bsf
-C +915;,

rqgh - * �
AK
1

Dvvlp/ sdud xp Bsf wðslfr gd rughp gh �f�e K}/ xpd wd{d gh elwv U wðslfd gh �fH esv h
xp jdqkr gh surfhvvdphqwr C gh 433 yh}hv/ r qýphur gh xvxäulrv � ghyh vhu gd rughp gh
�fe sdud txh r vlvwhpd shufd 6 gE ghylgr drv hihlwrv gd REL1
91615 Vhtxíqfldv Öswlfdv Ruwrjrqdlv

Xpd idpðold gh VRRv ì ghwhuplqdgd shor frqmxqwr � ' i�cgc b@c bSj ^Vdohkl;<d`/ rqgh
� ì r frpsulphqwr gd vhtxíqfld/ g ì r shvr gd vhtxíqfld +qýphur gh pdufdv,/ b@ ì r
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pä{lpr ydoru gh dxwrfruuhodêær hqwuh gxdv vhtxíqfldv/ h bS ì r pä{lpr ydoru gh fruuhodêær
fux}dgd hqwuh dv vhtxíqfldv1 Dv VRRv vær vhtxíqfldv xqlsroduhv/ lvwr ì/ f h n� vær rv ýqlfrv
ydoruhv srvvðyhlv1

Dv Iljxudv 719 h 71: loxvwudp/ uhvshfwlydphqwh/ qrvvr prghor gh wudqvplvvru h gh uhfhswru1
R ixqflrqdphqwr ghvwhv hvtxhpdv irud ghwdokdgr qr Fdsðwxor 71

Uhdol}duhprv sdud hvwdv vhtxíqfldv r phvpr wlsr gh dqäolvh xwlol}dgd sdud dv vhtxíqfldv
elsroduhv1 Frqvlghuduhprv qd dqäolvh d vhjxlu r uxðgr Jdxvvldqr ?E|� ghvsuh}ðyho gldqwh gd
lqwhuihuíqfld1 Vxsrqgr dshqdv 6 xvxäulrv suhvhqwhv qd uhgh/ rqgh r sulphlur ghohv ì r xvxäulr
gh uhihuíqfld/ r fdpsr hoìwulfr lqflghqwh eE|� qr irwrghwhwru srgh vhu h{suhvvr sru =

eE|� ' s7�E|�.�E|�e���E|� ns72E|� � 2�.2E|� � 2�e��2E|3�2�

ns7�E|� � ��.�E|� � ��e���E|3��� +915<,
Sdud jdudqwlu dshqdv rv ydoruhv 3 h .5 qr vlqdo txh prgxod r odvhu wudqvplvvru +rv phvprv

ydoruhv xwlol}dgrv sdud vhtxíqfldv elsroduhv,/ d srwíqfld lqvwdqwåqhd gr odvhu � ì gdgd sru =
7�E|� ' 2��K�E|�}�E|� +9163,

rqgh �� ì d srwíqfld pìgld gr odvhu �/ S�E|� ì d vhtxíqfld xqlsrodu +VRR, gh hvsdokdphqwr h
K�E|� ì d vhtxíqfld xqlsrodu gh lqirupdêær1 .�E|� h ��E|� vær rv phvprv surfhvvrv hvwrfävwlfr
gh�qlgrv sdud d dqäolvh frp vhtxíqfldv elsroduhv1

Vhqgr - ì d uhvsrqvlylgdgh gr irwrghwhwru/ whuhprv xpd fruuhqwh gh irwrghwhêær =
�E|� ' -meE|�m2

' -i7�E|�.2
�E|� n 72E|� � 2�.2

2E|� � 2� n 7�E|� � ��.2
�E|� � ��

n 2s7�E|�72E|� � 2�.�E|�.2E|� � 2� ULtd��E|�� �2E|� � 2�o
n 2s7�E|�7�E|� � ��.�E|�.�E|� � �� ULtd��E|�� ��E|� � ��o
n 2s72E|� � 2�7�E|� � ��.2E|� � 2�.�E|� � �� ULtd�2E|� � 2�� ��E|� � ��oj +9164,

Frqiruph ihlwr sdud vhtxíqfldv elsroduhv/ dvvxpluhprv d glihuhqêd gh idvh [�c�E|� ' ��E|�
� �����E|�� �� frpr xqliruphphqwh glvwulexðgd hqwuh f h 2Z h d hqyrowöuld gr fdpsr hoìwulfr
gh ydoru frqvwdqwh h xqlwäulr1

Sdud xpd wudqvlpshgåqfld dvvrfldgd -s / d whqvær söv0ghwhêær vhuä =
�E|� ' -s �E|� +9165,
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Dvvxplqgr txh K�E|� ' � irl hqyldgr/ xp frqwuroh lghdo gh srwíqfld h vlqfurqlvpr hqwuh d
vhtxíqfld gh uhihuíqfld wudqvplwlgd h d jhudgd orfdophqwh qr uhfhswru/ srghprv hvfuhyhu d
yduläyho gh ghflvær +� sdud r sulphlur xvxäulr frpr =

+� '
] AK

f

�E|�S�E|�_|

+� ' 2--s�i] AK

f

K�E|�S�E|�S�E|�_|n
] AK

f

K2E|� � 2�}2E|� � 2�S�E|�_|

n
] AK

f

K�E|� � ��}�E|� � ��S�E|�_|

n 2
] AK

f

K�E|�S�E|�K2E|� � 2�}2E|� � 2�S�E|� ULtd[�c2E|�o_|

n 2
] AK

f

K�E|�S�E|�K�E|� � ��}�E|� � ��S�E|� ULtd[�c�E|�o_|

n 2
] AK

f

K2E|� � 2�}2E|� � 2�K�E|� � ��}�E|� � ��S�E|� ULtd[2c�E|�o_|j +9166,
D yduläyho gh ghflvær +2 vhuä =

+2 '
] AK

f

�E|�S2E|�_|

+2 ' 2--s�i] AK

f

K�E|�S�E|�_�E|�_| n
] AK

f

K2E|� � 2�}2E|� � 2�_�E|�_|

n
] AK

f

K�E|� � ��}�E|� � ��_�E|�_|

n 2
] AK

f

K�E|�S�E|�K2E|� � 2�}2E|� � 2�_�E|� ULtd[�c2E|�o_|

n 2
] AK

f

K�E|�S�E|�K�E|� � ��}�E|� � ��_�E|� ULtd[�c�E|�o_|

n 2
] AK

f

K2E|� � 2�}2E|� � 2�K�E|� � ��}�E|� � ��_�E|� ULtd[2c�E|�o_|j +9167,
Qrydphqwh srghprv shufhehu txh r sulphlur whupr gh +9166, ì r vlqdo surfxudgr1 R

vhjxqgr h r whufhlur whuprv ghvfuhyhp d PDL qr vlvwhpd1 Rv wuív ýowlprv h{suhvvdp d REL1
Hp +9167,/ rv wuív sulphlurv whuprv ghvfuhyhp d PDL gr surfhvvr/ hqtxdqwr rv wuív ýowlprv
id}hp uhihuíqfld ã REL1

Yhprv fodudphqwh txh/ frpr d glihuhqêd gh iuhtxíqfld hqwuh grlv odvhuv txdlvtxhu � h �
gr vlvwhpd ì pxlwr pdlru txh r lqyhuvr gr whpsr gh fkls gr vlqdo/ rx vhmd/ Bs�� :: E�*AS�/
whprv txh rv whuprv gh REL hp +� h +2 vær ghvsuh}ðyhlv gldqwh grv whuprv txh ghvfuhyhp d
PDL wdqwr hp +� txdqwr hp +21 Frqvhtxhqwhphqwh/ wdlv whuprv wdpeìp vhuær ghvsuh}ðyhlv
qd yduläyho ghflvær + ' +� � +21
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Dr h{whqghuprv d dqäolvh dflpd sdud xpd uhgh frp � xvxäulrv/ d frqfoxvær ì d phvpd =
d REL ì pxlwr shtxhqd qhvwhv vlvwhpdv h sru lvvr d PDL ì r vhx sulqflsdo olplwdqwh gh
ghvhpshqkr1

Srghprv txdqwl�fdu wdo hihlwr frp edvh qr fdofxodgr sdud vhtxíqfldv elsroduhv1 Frpr
qrvvd yduläyho gh ghflvær srvvxl 2E�2 � �� whuprv uhodwlyrv d REL h wdlv whuprv srvvxhp
dsur{lpdgdphqwh d phvpd ydulåqfld mä fdofxodgd hp +9156,/ srghprv/ xwlol}dqgr +71;5,/
dsur{lpdu r ghvhpshqkr ghvwh vlvwhpd sru =

�e * 'E
y

x

x

x

w

�
2d� � �

C n E� 2 ��� �
2AKBsf o

� +9168,

rx vhmd/ qrydphqwh/ d lqwhuihuíqfld fdxvdgd shod REL vh wruqd frpsduäyho ã fdxvdgd shod
PDL txdqgr +915:, iru vdwlvihlwr1



Fdsðwxor :
Frqfoxvøhv
:14 Frqvlghudêøhv Ilqdlv

Hvwd whvh dsuhvhqwrx xp hvwxgr vreuh r ghvhpshqkr gh uhghv öswlfdv wlsr eurdgfdvw dqg
vhohfw txh id}hp xvr gr FGPD frpr surwrfror gh pýowlsor dfhvvr1 Hvwh ghvhpshqkr irl
dydoldgr hp whuprv gd suredelolgdgh gh huur gh elw qd uhfhsêær/ rewlgr dwudyìv gh h{suhvvøhv
dqdoðwlfdv edvhdgdv qr Whruhpd Fhqwudo gr Olplwh h hp vlpxodêøhv frpsxwdflrqdlv1 Wdpeìp
irudp hvwxgdgrv ihq÷phqrv txh ghjudgdp r ghvhpshqkr gh vlvwhpdv öswlfrv/ frpr d REL h
d glvshuvær öswlfd1

Lqlfldophqwh �}hprv xpd euhyh dsuhvhqwdêær grv vlvwhpdv FGPD/ ghvfuhyhqgr vhxv sulq0
flsdlv wlsrv h fdudfwhuðvwlfdv pdlv uhohydqwhv1 Hp vhjxlgd/ dsuhvhqwdprv dojxpdv gdv sulqfl0
sdlv vhtxíqfldv gh hvsdokdphqwr xwlol}dgdv hp FGPD1 Gh�qlprv dv ixqêøhv gh dxwrfruuh0
odêær h fruuhodêær fux}dgd shulöglfdv1 VPFv/ vhtxíqfldv Jrog/ vhtxíqfldv sxudphqwh dohdwö0
uldv/ vhtxíqfldv Zdovk h vhtxíqfldv öswlfdv ruwrjrqdlv irudp dsuhvhqwdgdv/ mxqwdphqwh ãv
vxdv sulqflsdlv fdudfwhuðvwlfdv h irupdv gh rewhqêær1

R hvwxgr gh FGPD öswlfr irl lqlfldgr frp dv uhghv frp hvsdokdphqwr sru vhtxíqfldv
elsroduhv1 Dsuhvhqwdprv rv prghorv gh wudqvplvvru h gh uhfhswru xwlol}dqgr wdqwr surfhvvd0
phqwr hohwu÷qlfr txdqwr surfhvvdphqwr öswlfr1 Srqghudprv dv ydqwdjhqv gr surfhvvdphqwr
öswlfr vreuh r hohwu÷qlfr1 Hp vhjxlgd/ rewlyhprv d VQU qd yduläyho gh ghflvær ghvwh pr0
ghor wdqwr sdud vhtxíqfldv sxudphqwh dohdwöuldv txdqwr sdud vhtxíqfldv Jrog1 Frp edvh
qr Whruhpd Fhqwudo gr Olplwh/ hqfrqwudprv h{suhvvøhv dqdoðwlfdv gd suredelolgdgh gh huur
ghvwh prghor gh RFGPD hp ixqêær gr qýphur gh xvxäulrv qd uhgh/ gr jdqkr gh surfhvvd0
phqwr hqyroylgr/ gd vhtxíqfld gh hvsdokdphqwr xwlol}dgd h gd uhodêær .K*�f gd wudqvplvvær1
Rv uhvxowdgrv lqglfdudp txh r ghvhpshqkr ghvwh prghor frp hvsdokdphqwr sru vhtxíqfldv
Jrog ì dsur{lpdgdphqwh r phvpr hqfrqwudgr txdqgr r vlvwhpd ì hvsdokdgr frp vhtxíqfldv

9<



FDSÐWXOR :1 FRQFOXVØHV :3

sxudphqwh dohdwöuldv1 Dshvdu gh vhuhp ehp phqrv qxphurvdv txh dv vhtxíqfldv sxudphqwh
dohdwöuldv/ dv vhtxíqfldv Jrog vær pdlv dghtxdgdv dr FGPD sru dsuhvhqwduhp shtxhqrv
ydoruhv gh fruuhodêær fux}dgd pä{lpd1 Vlpxodêøhv frpsxwdflrqdlv ghvwh vlvwhpd irudp uhd0
ol}dgdv/ lqglfdqgr xpd h{fhqwh frqfrugåqfld hqwuh rv ydoruhv gh ghvhpshqkr vlpxodgrv h rv
hqfrqwudgrv dqdolwlfdphqwh1

Hvwxgdprv wdpeìp r FGPD öswlfr dsolfdgr hp xp prghor gh wudqvplvvru h uhfhs0
wru frp hvsdokdphqwr sru VRRv frp b@@bS@41 Gd phvpd irupd txh sdud r prghor frp
vhtxíqfldv elsroduhv/ ghgx}lprv d VQU gd yduläyho gh ghflvær gr vlvwhpd h/ xwlol}dqgr qryd0
phqwh r Whruhpd Fhqwudo gr Olplwh/ fdofxodprv vxd suredelolgdgh gh huur gh elw hp ixqêær
gr qýphur gh xvxäulrv qd uhgh/ gr jdqkr gh surfhvvdphqwr hqyroylgr h gd uhodêær .K*�f gd
wudqvplvvær1 D vlpxodêær frpsxwdflrqdo ghvwh prghor dsuhvhqwrx erd frqfrugåqfld frp rv
ydoruhv gh ghvhpshqkr rewlgrv dqdolwlfdphqwh/ sulqflsdophqwh sdud uhghv frp pxlwrv xvxä0
ulrv1 D frpsdudêær hqwuh vlpxodêdr h h{suhvvær dqdoðwlfd ghvwh prghor uhyhorx rv olplwhv
gd ydolgdgh gr Whruhpd Fhqwudo gr Olplwh1 Wdo whruhpd ì yäolgr dshqdv txdqgr d ydulä0
yho gh ghflvær vh dsur{lpd gh xpd yduläyho dohdwöuld Jdxvvldqd1 Frpr dv VRRv srvvxhp
srxfdv pdufdv/ d yduläyho gh ghflvær vh dvvhphokd d xpd yduläyho Jdxvvldqd dshqdv txdqgr
r vlvwhpdv srvvxl pxlwrv xvxäulrv/ id}hqgr dvvlp suhydohfhu r Whruhpd Fhqwudo gr Olplwh
h/ frqvhtxhqwhphqwh/ wruqdqgr yäolgdv dv h{suhvvøhv dqdoðwlfdv hqfrqwudgdv1 Txdqgr srx0
frv xvxäulrv hvwær wudqvplwlqgr qr vlvwhpd/ d yduläyho gh ghflvær hp qdgd vh dvvhphokd d
xpd yduläyho Jdxvvldqd/ wruqdqgr dv h{suhvvøhv dqdoðwlfdv hqfrqwudgdv frp edvh qr uhihulgr
whruhpd glvfrugdqwhv grv ydoruhv rewlgrv yld vlpxodêær1

Sru �p hvwxgdprv rv hihlwrv gd glvshuvær öswlfd h gd REL qhvvhv vlvwhpdv1 D glvshuvær
srgh vhu frqvlghudgd ghvsuh}ðyho srlv/ hp uhghv orfdlv/ dv glvwåqfldv frqvlghudgdv vær shtxh0
qdv1 Wdpeìp frqfoxlprv txh d REL qær ì ghwhuplqdqwh sdud r ghvhpshqkr grv vlvwhpdv
RFGPD dtxl hvwxgdgrv/ wdqwr frp hvsdokdphqwr elsrodu txdqwr xqlsrodu/ srlv vhx hihlwr
ì sudwlfdphqwh holplqdgr qr surfhvvr gh ghvfrpsuhvvær hvshfwudo1 Phvpr dvvlp/ txdqwl�0
fdprv d lqwhqvlgdgh gh vxd lqwhuihuíqfld frp edvh hp xpd dqäolvh hvshfwudo h hvwlpdprv
vlwxdêøhv rqgh vhx hihlwr sdvvd d vhu frqvlghuäyho qr vlvwhpd1
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:15 Euhyhv Frphqwäulrv vreuh rv Surwrfrorv ZGPD/ FGPD h
WGPD

Rv sulqflsdlv surwrfrorv gh pýowlsor dfhvvr xwlol}dgrv hp plfurrqgdv h UI vær r IGPD/
r WGPD h r FGPD1 Rv vlvwhpdv IGPD vær rv pdlv dpsodphqwh xwlol}dgrv1 Sdud uhghv
frp srxfrv xvxäulrv h wuäihjr gr wlsr frqwðqxr/ hvwhv surwrfrorv dsuhvhqwdp xp erp gh0
vhpshqkr1 Txdqgr r qýphur gh xvxäulrv ì judqgh/ rx r wuäihjr rfruuh sru vxuwrv/ r IGPD
dsuhvhqwd olplwdêøhv ^Wdqhpedxp<9`1 Frpsdudgr drv vlvwhpdv IGPD/ rv WGPD h FGPD
srvvlelolwdp xpd pdlru fdsdflgdgh gh wuäihjr wrwdo gh lqirupdêøhv/ uhsuhvhqwdqgr/ sruwdqwr/
xpd hyroxêær1

Dv ODQv vh fdudfwhul}dp sru whuhp shtxhqdv glphqvøhv/ dowdv wd{dv gh wudqvplvvær +3/4
d 433 Pesv, h edl{dv wd{dv gh huur +�f3H d �f3��, ^Vrduhv<8`1 D pdlruld gdv uhghv orfdlv
dwxdophqwh xwlol}dgdv wíp frpr phlr gh frqgxêær sduhv wudqêdgrv rx fderv frd{ldlv1 Dv
ODQv edvhdgdv hp fderv phwäolfrv vær xwlol}dgdv sulqflsdophqwh sdud d lqwhuoljdêær gh
frpsxwdgruhv1 Qhvwh fdvr/ r wuäihjr qær ì frqwðqxr/ rfruuhqgr sulqflsdophqwh hp vxuwrv1
Qhvwh phlr/ dojxqv grv surwrfrorv gh pýowlsor dfhvvr pdlv xwlol}dgrv vær rv edvhdgrv hp
WGPD h dfhvvdp r phlr gh irupd dohdwöuld/ hqwuh hohv r DORKD/ r vorwwhg0DORKD/ r
FVPD h r FVPD2FG ^Wdqhpedxp<9`1 Rxwudv irupdv gh pýowlsor dfhvvr pxlwr xwlol}dgdv/
wdpeìp edvhdgdv hp WGPD/ vær rv surwrfrorv frp dfhvvrv rughqdgrv vhp frqwhqêær1 Hqwuh
hvwhv hvwær r dfhvvr sru sroolqj/ sru vorw/ sru lqvhuêær gh uhwdugr/ sru sdvvdjhp gh shuplvvær
+wrnhq sdvvlqj, h sru uhvhuyd ^Vrduhv<8`1 Dv ODQv öswlfdv dwxdlv wdpeìp id}hp xvr gh erd
sduwh grv surwrfrorv dflpd1 Frpr h{hpsor/ dojxpdv ODQ öswlfdv wlsr Jljdelw Hwkhuqhw
xwlol}dp r FVPD2FG h dojxpdv ODQv öswlfdv wlsr Wrnhq Exv xwlol}dp r wrnhq sdvvlqj1

Frpsdudu rv glihuhqwhv wlsrv gh ODQv h vhxv surwrfrorv gh pýowlsor dfhvvr qær ì xpd
wduhid vlpsohv1 H{lvwhp yäulrv sduåphwurv gh frpsdudêær txh ghyhp vhu ohydgrv hp frqvlgh0
udêær1 Fdudfwhuðvwlfdv frpr fxvwr/ uhwdugr gh wudqvihuíqfld/ frq�delolgdgh/ ixqflrqdolgdgh/
frpsdwlelolgdgh/ hqwuh rxwudv ^Vrduhv<8`/ ^Juhhq<6`/ vær ghwhuplqdqwhv qhvwd hvfrokd1 Gh xpd
irupd jhudo/ d hvfrokd gh xp vlvwhpd ghyh vhu wrpdgd frp edvh qd qdwxuh}d gh vxd dsolfdêær1

Rv frpsrqhqwhv hohwu÷qlfrv dwxdlv rshudp hp wd{dv pä{lpdv gh wudqvplvvær gh srxfdv
gh}hqdv gh Jesv1 Frpsrqhqwhv öswlfrv srvvxhp srwhqfldo sdud vxsruwdu wd{dv gh Wesv1
Dv uhghv edvhdgdv hp �eudv öswlfdv srvvxhp xpd edqgd sdvvdqwh xwlol}äyho gd rughp gh
gh}hqdv gh WK}1 D frpsohwd xwlol}dêær gh wrgd hvwd edqgd whp vh wruqdgr srvvðyho dwudyìv
gd wìfqlfd ZGP ghylgr d uhfhqwhv dydqêrv gd irw÷qlfd ^Udpdvzdql<;`1 Xwlol}dqgr rv qryrv
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glvsrvlwlyrv öswlfrv/ ì srvvðyho pxowlsoh{du h ghpxowlsoh{du gh}hqdv/ rx phvpr fhqwhqdv/ gh
fdqdlv gh dowd yhorflgdgh +sru h{hpsor 4 Jesv, frp frpsulphqwrv gh rqgd glihuhqwhv/ hp
xpd phvpd �eud öswlfd1

Dv gxdv rxwudv whfqrorjldv txh whqwdp h{sorudu wrgr r srwhqfldo gd �eud öswlfd h frqfru0
uhu frp rv vlvwhpdv ZGP vær r WGPD h r FGPD öswlfrv ^Pxnkhumhh<:`1 Wudwd0vh gh gxdv
rsêøhv txh xwlol}dp xpd wd{d gh wudqvplvvær pxlwr pdlru txh d pä{lpd wd{d hohwu÷qlfd
glvsrqðyho dwxdophqwh1 Phvpr mä kdyhqgr hvwxgrv sdud lpsohphqwdu wdlv vlvwhpdv frp sur0
fhvvdphqwr öswlfr h dvvlp yhqfhu hvwd olplwdêær hohwu÷qlfd/ dv uhghv öswlfdv orfdlv edvhdgdv
hp WGPD rx FGPD dlqgd shupdqhfhp frpr dojr ixwxulvwd ^Phvwgdjk<8`/ sulqflsdophqwh
sru xwlol}duhp frpsrqhqwhv dlqgd orqjh gh vhuhp frphufldlv1

Dshvdu gr ixwxulvpr/ dv uhghv öswlfdv edvhdgdv hp FGPD dsuhvhqwdp fdudfwhuðvwlfdv
edvwdqwh dwudhqwhv h sru lvvr vær pxlwr hvwxgdgdv1 Frpsdudgd dr WGPD/ r FGPD öswlfr
qær uhtxhu txh wrgrv rv xvxäulrv hvwhmdp frqmxqwdphqwh vlqfurql}dgrv1 Glihuhqwhphqwh gr
ZGPD/ qær qhfhvvlwd gh �owurv öswlfrv vlqwrql}äyhlv qhp odvhuv vlqwrql}äyhlv/ orjr rv hv0
wdelol}dgruhv gh frpsulphqwr gh rqgd srghp vhu holplqdgrv1 Hp rxwudv sdodyudv/ wrgrv rv
qöv hplwhp qr phvpr frpsulphqwr gh rqgd fhqwudo ^Phvwgdjk<8`1 R FGPD qær dsuhvhqwd
olplwh �{r qr qýphur gh xvxäulrv dwlyrv qd uhgh/ r txh qær dfrqwhfh frp r ZGPD h r
WGPD1 Rxwud ydqwdjhp gr FGPD öswlfr ì txh/ dr wudqvplwlu frp wd{dv phqruhv txh d
pä{lpd wd{d srvvðyho/ d lqwhuihuíqfld qd uhfhsêær wdpeìp glplqxl1

Qhvwh wudedokr frqfhqwudprv pdlv hviruêrv qdv vhtxíqfldv elsroduhv/ dshvdu glvvr/ dv
uhghv RFGPD txh vh xwlol}dp gh hvsdokdphqwr sru VRRv dsuhvhqwdp hvtxhpdv pxlwr
pdlv vlpsohv h urexvwrv gh wudqvplvvær h uhfhsêær frp surfhvvdphqwr öswlfr ^]kdqj<:d`1
Wdo idflolgdgh whp wruqdgr dv dsolfdêøhv hp RFGPD frp VRRv +h wdpeìp frp Sulph
Vhtxhqfhv, ehp pdlv surplvvrudv txh dv txh vh xwlol}dp vhtxíqfldv elsroduhv1 Sru vhu xp
surwrfror txh sursruflrqd dwudvrv pxlwr shtxhqrv/ vær ylvxdol}dgdv dsolfdêøhv gh RFGPD
sdud uhghv gh frqwuroh glvwulexðgr hp whpsr uhdo/ frpr sru h{hpsor hqwuh glvsrvlwlyrv gh
xvlqdv hoìwulfdv/ dhurqdyhv/ vdwìolwhv/ qdylrv/ hwf1

:16 Sursrvwdv sdud Wudedokrv Ixwxurv
� Txdqwl�fdu d glvshuvær hp RFGPD/ uhodflrqdqgr r frpsulphqwr gd uhgh/ jdqkr gh
surfhvvdphqwr h d pä{lpd wd{d gh wudqvplvvær srvvðyho1

� Xwlol}du fögljrv fruuhwruhv gh huurv frpr irupd gh phokrudu r ghvhpshqkr grv prghorv
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gh RFGPD elsrodu1
� Hvwxgr gh rxwudv vhtxíqfldv xqlsroduhv/ frpr dv Sulph Vhtxhqfhv
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Dsíqglfh D
Holplqdgru gh Qðyho GF

Frqiruph h{suhvvdprv dqwhulruphqwh/ ì srvvðyho vh frqvwuxlu xp prghor gh wudqvplvvær
RFGPD txh vh xwlol}d gh vhtxíqfldv elsroduhv vhp d suhvhqêd gh xp holplqdgru gh qðyho GF
qr uhfhswru1 Sdud r fdvr frp fruuhêær gh qðyho GF/ r prghor gr wudqvplvvru hvwä loxvwudgr
qd Iljxud 7151 R uhfhswru/ sru vxd yh}/ ì edvlfdphqwh r phvpr dsuhvhqwdgr qd Iljxud 716/
frqwdqgr frp xpd ýqlfd glihuhqêd = d dxvíqfld gr holplqdgru gh qðyho GF1

D dqäolvh gh ghvhpshqkr ghvwh vlvwhpd vhjxluä rv phvprv sdvvrv xwlol}dgrv sdud r uhfhswru
frp fruuhêær gh qðyho GF1 Ghvvd pdqhlud/ d yduläyho gh ghflvær ~� srgh vhu h{suhvvd sru =

~� ' # n 7� n U� n(�� +D14,
Rqgh #/ 7� h U� vær rv phvprv whuprv gh�qlgrv uhvshfwlydphqwh hp +7187,/ +71<, h +7143,1 R
whupr (�� vxujh ghylgr d qær fruuhêær gr qðyho GF h ydoh =

(�� ' �s�
] AK

f

S�E|�_| +D15,
Sdud vhtxíqfldv sxudphqwh dohdwöuldv/ ghylgr d hvwuxwxud ghvwdv vhtxíqfldv/ whprv txh =

. E(��� ' f +D16,
Sruwdqwr =

.E~�� ' .E#� n .E7�� n .EU�� n . E(���

.E~�� '
s�K�cfAK n . E(��� ' K�cf

s�AK +D17,
D ydulåqfld ghvwh whupr sdud vhtxíqfldv sxudphqwh dohdwöuldv ì gdgd sru

T @od(��o ' T @od�s�
] AK

f

S�E|�_|o ' �2�T @od
] AK

f

S�E|�_|o +D18,

::
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Frpr d vhtxíqfld S�E|� srgh vhu txdotxhu xpd gdv vhtxíqfldv gh hvsdokdphqwr srvvðyhlv/
whprv txh =

T @od(��o ' �2�T @od
] AK

f

S�E|�_|o ' �2�CA 2
S +D19,

D ljxdogdgh dflpd srgh vhu frpsurydgd sru dujxphqwrv frpelqdwruldlv1 Dvvxplqgr txh rv
7 whuprv gd yduläyho gh ghflvær vær lqghshqghqwhv hqwuh vl/ whprv txh =

T @oE~�� ' T @oE#� n T @oE7�� n T @oEU�� n T @o E(���
T @oE~�� ' �f

2 AK n f n � E� � ��CA 2
S n�2�CA 2

S

T @oE~�� ' �f

2 AK n � E� � ��CA 2
S n�2�CA 2

S +D1:,
Sruwdqwr/ d 7�- gd yduläyho gh ghflvær vhuä gdgd sru =

7�- ' .2E~��
T @oE~�� '

�A 2
K

�f
2
AK n � E� � ��CA 2

S n ��2CA 2
S

7�- ' �
�f
2.K

n �2n�3�
C

+D1;,
Sruwdqwr/ xwlol}dqgr d dsur{lpdêær Jdxvvldqd/ d suredelolgdgh gh huur �e vhuä =

�e * 'E
v �

�f
2.K

n �2n�3�
C

� +D1<,

Fdvr d srwíqfld gh wudqvplvvær vhmd shtxhqd/ r uxðgr vhuä grplqdqwh qr vlvwhpd h vhx
ghvhpshqkr vhuä gdgr sru =

�e * 'E
u2.K

�f
� +D143,

Fdvr d srwíqfld gh wudqvplvvær vhmd dowd +.K
�f

judqgh,/ r uxðgr vhuä ghvsuh}ðyho gldqwh gd
lqwhuihuíqfld1 Qhvwh fdvr/ whuhprv txh =

�e * 'E
u C

� 2 n� � �� +D144,
r txh lqglfd xpd frqvlghuäyho slrud qr ghvhpshqkr gr vlvwhpd/ mä txh/ sdud dv phvpdv
frqglêøhv/ r ghvhpshqkr gr vlvwhpd frp fruuhêær GF qr uhfhswru ì gdgr sru =

�e * 'E
u C

� � �� +D145,
Sruwdqwr/ fdvr qær kdmd fruuhêær gr qðyho GF qr uhfhswru/ r vlvwhpd wruqd0vh sudwlfdphqwh

luuhdol}äyho/ sulqflsdophqwh sdud xp judqgh qýphur gh xvxäulrv1
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H{suhvvøhv dsur{lpdgdphqwh ljxdlv srghp vhu rewlgdv sdud r ghvhpshqkr ghvwh vlvwhpd
vh vhtxíqfldv Jrog iruhp xwlol}dgdv1 Dsuhvhqwdprv d vhjxlu dojxpdv frpsdudwlydv gr ghvhp0
shqkr gr vlvwhpd RFGPD vhp fruuhêær gh qðyho GF qd uhfhsfær1 Frpsdudprv d h{suhvvær
ghgx}lgd dflpd ++D1<, 0 fxuydv frqwðqxdv, frp rv uhvxowdgrv rewlgrv dwudyìv gh vlpxodêær
qxpìulfd frpsxwdflrqdo +vðperorv glvfuhwrv,1 Uhdol}dprv wdo hvwxgr sdud vhtxíqfldv sxud0
phqwh dohdwöuldv h sdud vhtxíqfldv Jrog1 D frpsdudêær prvwud xpd h{fhohqwh frqfrugåqfld
hqwuh dv h{suhvvøhv dqdoðwlfdv h rv uhvxowdgrv gh vlpxodêær1

Gd phvpd irupd txh r revhuydgr sdud r uhfhswru frp fruuhêær gr qðyho GF/ sdud sh0
txhqdv ydoruhv gh .K*�f/ d suredelolgdgh gh huur gh elw gr vlvwhpd whqgh d �*2/ lqglfdqgr
xp suhgrpðqlr gr uxðgr qr vlvwhpd1 Sdud judqghv ydoruhv gh .K*�f/ rv uhvxowdgrv lqglfdp
d h{lvwíqfld gh xp sdwdpdu gh hvwdelol}dêær gd suredelolgdgh gh huur1 Rv ydoruhv ghvwhv
sdwdpduhv vær h{suhvvrv hp +D145, h d ud}ær gh vxd h{lvwíqfld ì d phvpd gd ghwdokdgd qr
Fdsðwxor 81
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Sequências Puramente Aleatórias, G=31, Sem Correção DC

 N=30  - Aprox. Gaussiana
 N=30  - Simulação

 N=10  - Aprox. Gaussiana

 N=10  - Simulação

 N=05  - Aprox. Gaussiana

 N=05  - Simulação
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Iljxud D14= Ghvhpshqkr gr Vlvwhpd RFGPD Elsrodu sdud Vhtxíqfldv Sxudphqwh Dohdwöuldv gh Frpsul0
phqwr 64 h vhp Fruuhêær gr Qðyho GF qr Uhfhswru1
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 Sequências Puramente Aleatórias, G=127, Sem Correção DC

 N=90 - Aprox. Gaussiana
 N=90 - Simulação

 N=10 - Aprox. Gaussiana

 N=10 - Simulação

 N=05 - Aprox. Gaussiana

 N=05 - SimulaçãoP
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Iljxud D15= Ghvhpshqkr gr Vlvwhpd RFGPD Elsrodu sdud Vhtxíqfldv Sxudphqwh Dohdwöuldv gh Frpsul0
phqwr 45: h vhp Fruuhêær gr Qðyho GF qr Uhfhswru1
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 Sequências Gold, G=31, Sem Correção DC

 N=08 - Simulação

 N=08 - Aprox. Gaussiana

 N=03 - Simulação

 N=03 - Aprox. Gaussiana
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Iljxud D16= Ghvhpshqkr gr Vlvwhpd RFGPD Elsrodu sdud Vhtxíqfldv Jrog gh Frpsulphqwr 64 h vhp
Fruuhêær gr Qðyho GF qr Uhfhswru1
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 Sequências Gold, G=127, Sem Correção DC

 N=15 - Simulação

 N=15 - Aprox. Gaussiana

 N=07 - Simulação

 N=07 - Aprox. GaussianaP
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Iljxud D17= Ghvhpshqkr gr Vlvwhpd RFGPD Elsrodu sdud Vhtxíqfldv Jrog gh Frpsulphqwr 45: h vhp
Fruuhêær gr Qðyho GF qr Uhfhswru1


