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Ghsduwdphqwr gh Vlvwhpdv | Dxwrp�dwlfd +HVL,

Xqlyhuvlgdg gh Vhylood
+it�4i?

Hvwh duw�lfxor suhvhqwd xq surfhglplhqwr k�leulgr
sdud uhvroyhu ho Frqwuro Suhglfwlyr +PSF, gh
vlvwhpdv +olqhdohv, d�qhv d wudprv +SZD,1 Ho
surfhglplhqwr xwlol}d orv frqfhswrv gh frqmxq0
wrv dofdq}deohv/ frqmxqwrv frqwurodeohv | ju�d�frv
gh wudqvlfl�rq gh hvwdgrv +VWJ, sdud uhgxflu ho
q�xphur gh sureohpdv gh surjudpdfl�rq fxdgu�dwlfd
+TS, qhfhvdulrv sdud rewhqhu xq �rswlpr joredo1
Ho dojrulwpr sursxhvwr uhgxfh frqvlghudeohphqwh
ho q�xphur gh h{sorudflrqhv txh vh qhfhvlwdq gx0
udqwh od e�xvtxhgd gh xq p�lqlpr joredo | gh hvwd
irupd ho wlhpsr uhtxhulgr sru ho PSF vh uhgxfh
d xqd shtxh�qd iudffl�rq gho wlhpsr txh vh uhtxlhuh
sdud ho sureohpd ruljlqdo1
Sdodeudv fodyh= Frqwuro Suhglfwlyr/ vlvwhpdv
k�leulgrv/ vlvwhpdv +olqhdohv, d�qhv d wudprv1

� W�A+�#N��W��
Hq orv �xowlprv d�qrv vh kdq uhsruwdgr glihuhqwhv
p�hwrgrv gh dq�dolvlv | glvh�qr gh frqwurodgruhv sdud
vlvwhpdv k�leulgrv +KV, ^43`/ ^5`1 Hqwuh hvwrv/ od
fodvh gh frqwurodgruhv �rswlprv hv xqd gh odv p�dv
hvwxgldgdv1 Od pd|ru fdqwlgdg gh orv wudedmrv
txh vh kdq sxeolfdgr wudwdq vreuh ho frqwuro gh
vlvwhpdv k�leulgrv +KV, frqwlqxrv | ho f�dofxor gh
vroxflrqhv �rswlpdv r vxe�rswlpdv ^8`/ ^;`1 Dxqtxh
dojxqdv w�hfqlfdv sdud ghwhuplqdu oh|hv gh frqwuro
sru uhdolphqwdfl�rq sduhfhq vhu px| surplvruldv/
pxfkdv gh hoodv vxiuhq sureohpdv gh glphqflrqd0
olgdg1 Ho frqwuro suhglfwlyr +PSF, kd vlgr dfhs0
wdgr frpr hvw�dqgdu sdud uhvroyhu sureohpdv gh
frqwuro frpsohmrv frq uhvwulfflrqhv sdud od lqgxv0
wuld gh surfhvrv1 Shur sru rwud sduwh/ d�xq kr|
h{lvwhq dojxqdv olplwdflrqhv sdud txh orv surfhvrv
frqwurodgrv sru PSF sxhgdq vhu xwlol}dgrv1 Hvwr
vh gheh d txh od rswlpl}dfl�rq hq o�lqhd uhtxlhuh xqd
judq fdqwlgdg gh f�dofxor1 Sru hvwd ud}�rq vh kdq
ghgxflgr yduldv vroxflrqhv h{so�lflwdv sdud ho sure0
ohpd gh frqwuro PSF gh vlvwhpdv olqhdohv frq uh0
vwulfflrqhv/ odv fxdohv sxglhudq lqfuhphqwdu ho �duhd
gh xvr sdud hvwh wlsr gh frqwurodgru +^6`/ ^9` | ^<`,1
Ghvdiruwxqdgdphqwh/ hvwdv dsur{lpdflrqhv wdp0
el�hq vrq frpsohmdv sdud orv KV1 Od dsolfdfl�rq gho
PSF d KV uhtxlhuh uhvroyhu xq sureohpd gh rswl0

pl}dfl�rq frq yduldeohv gh ghflvl�rq uhdohv | hqwhudv
ph}fodgdv1 Sdud uhvroyhu hvwh sureohpd vh sxhghq
xwlol}du dojrulwpr oodpdgrv PLTS ^5`1 Ydulrv dojr0
ulwprv kdq vlgr sursxhvwrv | dsolfdgrv frq �h{lwr
sdud orv sureohpdv PLTS gh dsolfdfl�rq gh ph0
gldqd | judq hvfdod ^7`1 Vlq hpedujr orv PLTSv
vrq judqghv frqvxplgruhv gh wlhpsr | sru wdq0
wr surklelwlyrv hq wlhpsr uhdo sdud od pd|ru�ld gh
orv fdvrv1 Frq ho remhwr gh uhgxflu ho wlhpsr gh
f�dofxor ^4` suhvhqwd xqd hvwudwhjld edvdgd hq od sr0
gd gh odv udpdv gh xq �duero txh uhvxhoyh ho PLTS
lqyroxfudqgr hyroxflrqhv gh wlhpsr gh xq prghor
olqhdo frq glq�dplfdv ph}fodgdv +POG,1
Hvwh wudedmr suhvhqwd xq surfhglplhqwr k�leulgr
sdud uhroyhu ho PSF gh vlvwhpdv SZD | uh0
gxflu ho wlhpsr gh f�dofxor qhfhvdulr sdud uhroyhu
ho sureohpd1 Od dsur{lpdfl�rq suhvhqwdgd dtx�l
qr shuwhqhfh d od fodvh gh p�hwrgrv gh srgdv gh
udpdv gh xq �duero dpsoldphqwh frqrflgr frpr
Eudqfk dqg Edrxqg +E)E,/ hq vx oxjdu vh xwl0
ol}d xq p�hwrgr gh hqxphudfl�rq | xq dojrulwpr
hvw�dqgdu gh surjudpdfl�rq fxdgu�dwlfd +TS, sdud
uhvroyhu ho sureohpd gh rswlpl}dfl�rq frq uhdohv
| hqwhurv ph}fodgrv1 Ho surfhglplhqwr xwlol}d
orv frqfhswrv gh frqmxqwr dofdq}deoh | frqmxq0
wr frqwurodeoh ^:` frpelqdgr frq ho frqfhswr gh
ju�d�fr gh wudqvlfl�rq gh hvwdgr +VWJ,/ sdud uh0
gxflu ho q�xphur gh sureohpdv TSv txh vh qhfhvl0
wdq sdud uhvroyhu ho dojrulwpr gh rswlpl}dfl�rq1 Ho
dojrulwpr sursxhvwr uhgxfh frqvlghudeohphqwh ho
q�xphur gh h{sorudflrqhv txh vh qhfhvlwdq gxudqwh
od e�xvtxhgd gh xq p�lqlpr joredo | dv�l ho wlhpsr
gh f�dofxor uhtxhulgr sru ho PSF sxhgh uhgxfluvh d
xqd shtxh�qd iudffl�rq gho wlhpsr uhtxhulgr vl ho do0
jrulwpr gh rswlpl}dfl�rq vh dsolfdvh gluhfwdphqwh
vreuh ho sureohpd ruljlqdo1
Ho wudedmr hvw�d rujdql}dgr frpr vljxh= hq od Vhf0
fl�rq 5 vh ghvfuleh ho vlvwhpd SZD | vh ghvduurood
od hvwudwhjld gh PSF xwlol}dgd1 Xq hmhpsor gh
vlpxodfl�rq hv prvwudgr hq od Vhffl�rq 6 | srvwhul0
ruphqwh hq od Vhffl�rq 7 vh gdq odv frqfoxvlrqhv1
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Yduldv irupdv gh prghodgr gh KV hq wlhpsr glv0
fuhwr hvw�dq |d hvwdqgdul}dgdv/ hqwuh hoodv vh hq0
fxhqwud ho SZD1 Xq vlvwhpd SZD vh gh�qh frpr

{n.4 @ Dl{n .Elxn . i l
|n @ Fl{n . jl iru =
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+4,
grqgh i[ljvl@4 hv xqd sduwlfl�rq srol�hgulfd gho hv0
sdflr gh hvwdgr | odv hqwudgdv1 Fdgd [l hvw�d gdgd
sru
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grqgh {n/ xn> |n ghqrwdq orv yhfwruhv gh hvwd0
grv/ gh odv hqwudgdv | gh od vdolgd/ uhvshfwlyd0
phqwh1 Fdgd vxevlvwhpd Vl gh�qlgr sru od :0xsod
+Dl> El> Fl> i l> jl> Tl> tl,/ l 5 i4> 5> ===> vj hv ghqr0
pdlqdgr frpsrqhqwh gho vlvwhpd SZD1 Hq +4,/
Dl 5 Uq�q> El 5 Uq�p> | +Dl> El, hv xq sdu frq0
wurodeoh1 Fl 5 Uu�q/ Tl 5 Usl�+q.p,/ i l > jl |
tl vrq yhfwruhv frqvwdqwhv dghfxdgrv1 Qrwh txh q
hv ho q�xphur gh hvwdgrv/ p hv ho q�xphur gh hq0
wudgdv/ u hv ho q�xphur gh vdolgdv | sl hv ho q�xphur
gh klshusodqrv txh gh�qh ho srolhgur l1 Hq hvwh
wudedmr vh vxsrqh txh hq ho lqvwdqwh gh wlhpsr n
vh glvsrqh gh wrgdv odv phglflrqhv gh orv hvwdgrv1
Od pd|ru�ld gh odv irupxodflrqhv gho PSF uhtxluhq
txh ho sureohpd

X @ duj+plqX M, +5,
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ullx5n+6,
v1w1 = xplq � xn.l � xpd{ n @ 4> ===>P +7,

vh uhvxhoyd hq fdgd wlhpsr n/ grqgh |n.lmn ghqrwd
ho yhfwru gh vdolgdv suhglfkr hq ho wlhpsr n . l/
rewhqlgr oxhjr gh dsolfdu od vhfxhqfld gh hqwudgd
X / �xn> 111/xn.Q�4

� do prghor +4, frphq}dqgr
ghvgh ho hvwdgr {n vxmhwr d uhvwulfflrqhv1 Q�rwhvh
txh zn hv od vdolgd gh uhihuhqfld1 Hqwrqfhv/ vh oh
dsolfd do surfhvr od sulphud hqwudgd gh frqwuro1 Hq
od su�r{lpd pxhvwud/ odv phglflrqhv vrq xwlol}dgdv
sdud dfwxdol}du ho sureohpd gh rswlpl}dfl�rq | od
rswlpl}dfl�rq vh uhslwh1 Gh hvwd irupd vh rewlhqh
xqd dsur{lpdfl�rq d od}r fhuudgr1
Frqvlghuhprv ho sureohpd gh suhglffl�rq dvrfldgr
do PSF hq ho fdvr gh xq vlvwhpd SZD1 Ho vxevlv0
whpd txh ghvfuleh ho surfhvr hv frqrflgr vl {n hv
frqrflgr/ shur orv vljxlhqwhv vxevlvwhpdv ghshq0
ghq gh od vhfxhqfld gh frqwuro dsolfdgd1 Sxhgh
frqvlghuduvh txh hqwuh xq lqvwdqwh gh pxhvwuhr
| ho su�r{lpr vh surgxfh xq fdpelr +wudqvlfl�rq,
gho prghor1 Hq jhqhudo vh dfwlyd xqd vhfxhqfld
gh vxevlvwhpdv L @ iLn/ Ln.4/ ===/ Ln.Qj1 V�ror

vh frqrfh ho ydoru lqlfldo gh hvwd vhfxhqfld Ln @
Ln+{n,1 Vl qr h{lvwhq uhvwulfflrqhv/ ho q�xphur gh
vhfxhqfldv srvleohv sdud xq krul}rqwh gh suhglf0
fl�rq Q hv vQ�41 Sdud uhvroyhu ho sureohpd PSF
+6, vh d�qdgh od vhfxhqfld gh rswlpl}dfl�rq frpr
yduldeoh gh ghflvl�rq1 Ho sureohpd gh rswlpl}dfl�rq
uhvxowdqwh sxhgh h{suhvduvh hqwrqfhv frpr

X @ duj+plqX>L M, +8,
grqgh odv uhvwulfflrqhv uhodflrqdq od ghshqghqfld
gh odv srvleohv vhfxhqfldv X h L ghehq vhu d�qdglgdv
l1h1=

TLn.m{n.4 � tLn.m > m @ i4> ==> Qj +9,
Ghelgr d od qdwxudoh}d hqwhud gh od vhfxhqfld L/ ho
sureohpd gh hqfrqwudu ho �rswlpr sxhgh uhvroyhuvh
hqfrqwudqgr ho �rswlpr gh odv vroxflrqhv sdud wrgd
srvleoh vhfxhqfld gh L/ l1h1
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grqgh TLXx � tLX lqglfd odv uhvwulfflrqhv ghelgr
d od ghshqghqfld hqwuh L | X 1
514 Uhvroxfl�rq gho Sureohp

Frpsxwdflrqdo
Od hfxdfl�rq +6, sxhgh hvfuleluvh frpr

M @ +�| � �z,W �T+�| � �z, . �xW �U�x +;,
grqgh �U @ gldj ^ull`/ + �U @ �UW " 3,/ �T @
gldj ^tll`/ + �T @ �TW " 3,1 Qrwh txh �T +pd0
wul} txh shvd ho huuru, hv glihuhqwh d Tl +pdwul}
txh gh�qh ho srolhgur, / �z @ �zWn.4 � � � zWn.Q

�W /
�x @ �xWn � � � xWn.Q�4

�W | ho yhfwru gh vdolgd suhgl0
fkr �| @ �|Wn.4 � � � |Wn.Q

�Wsxhgh vhu hvfulwr frpr
�| @ I|{n .K|�x. ir| +<,
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Qrwh txh vh fxpsohq odv vljxlhqwhv ljxdogdghv
�{ @ I{{n .K{�x. ir{ +43,
�| @ F|�{
�{ @ � {Wn.4 {Wn.5 � � � {Wn.Q

�W

Uhhpsod}dqgr +<, hq +;, ho �lqglfh hv
M+L> X, @ �xKTS �x. iWTS �x. jTS +44,

grqgh
KTS @ �KW| �TK| . �T�
iWTS @ �5{nIW| �TK| . 5iWr �TK| . 5 �zW �TK|

�
jTS @ {WnIW| �TI|{n . 5iWr �TI|{n . 5iWr �T �z

.iWr �Tir � 5 �zW �TI|{n . �zW �T �z
Od uhvwulffl�rq vreuh ho frqwuro +7, sxhgh hvfuleluvh
frpr Tx�x � tx/ Tx @ ^�LQ�Q LQ�Q `W > tx @k
� +xplq,W +xpd{,W

lW | odv uhvwulfflrqhv ghelgr
d od ghshqghqfld gh L | X +9, sxhghq hvfuleluvh
frpr

TL{ �{L � tL{ +45,
grqgh
�{L @ �{Wn.4/ 111/ {Wn.Q�4

�W / TL{ @ gldj+TLn.4 /
===> TLn.Q�4,/ �{L @

k�tLn.4�W /111/ �tLn.Q�4�W
lW /

�{L sxhgh hvfuleluvh frpr
�{L @ F{�{ +46,

grqgh F{ @ � Lq�Q�q�Q 3 �1 Uhhpsod}dqgr
+46, | +43, hq +45,/ odv uhvwulfflrqhv ghelgr d
od ghshqghqfld hqwuh X h L uhvxowdq hq TLX �x �
tLX / TLX @ TL{F{K{/ tLX @ tL{� TL{F{I{{n�
TL{F{ir{ 1 Vl odv uhvwulfflrqhv hq odv dfflrqhv gh
frqwuro vh frqvlghudq wdpel�hq hqwrqfhv
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Iljxud 4= Ju�d�fr gh wudqvlflrqhv1

TTS @ �+Tx,W +TLX ,W �W | tTS @�+tx,W +tLX ,W �W 1
Sru wdqwr/ xqd yh} txh vh �md od vhfxhqfld L/ ho
sureohpd sxhgh uhvroyhuvh plqlpl}dqgr +44, vxmh0
wr d odv uhvwulfflrqhv +47,1

515 Frqmxqwr Dofdq}deoh/ Frqmxqwr
Frqwurodeoh | Dojrulwpr gh
Wudqvlfl�rq gh Hvwdgrv

Od lghd ixqgdphqwdo gho dojrulwpr sursxhvwr hv
ghwhuplqdu ho frqmxqwr gh srvleohv uhjlrqhv txh
sxhghq dofdq}duvh ghvgh od uhjl�rq dfwxdo hq xqrv
srfrv wlhpsrv gh pxhvwuhr vljxlhqwhv1 Sdud hvwh
surs�rvlwr vh xwlol}d ho frqfhswr gh frqmxqwr dofdq0
}deoh ^:`1 Ho frqmxqwr gh uhjlrqhv txh sxhghq do0
fdq}duvh ghvgh xqd ghwhuplqdgd uhjl�rq sxhgh sur0
judpduvh frpr xq Ju�d�fr gh Wudqvlfl�rq gh Hvwd0
grv +VWJ, wdo | frpr sxhgh yhuvh hq od �jxud 41
Hqwrqfhv sxhgh rujdql}duvh xqd e�xvtxhgd gluljlgd
sru hvwh ju�d�fr1 Hv ghflu/ wrgd vhfxhqfld txh qr
sxhgd rewhqhuvh vljxlhqgr ho ju�d�fr gh wudqvlfl�rq/
qr vh frqvlghud1
Gh�qlfl�rq 4= ^:` Frqmxqwr Dofdq}deoh +UV,
Uu+,= Gdgr xq vlvwhpd glq�dplfr glvfuhwr {n.4 @
i+{n> xn> zn, grqgh zn 5 Z �Ug hv xqd shuwxu0
edfl�rq ghvfrqrflgd +Z vrq frqmxqwrv fhuudgrv hq
Ug, | xn 5 X � Up +X hv xq frqmxqwr frpsdfwr
hq Up,1 Ho frqmxqwr Uu+, hv xq frqmxqwr gh hv0
wdgrv hq Uq hq ho fxdo ho vlvwhpd vh hqfrqwudu�d hq
ho su�r{lpr sdvr gh wlhpsr/ sdud doj�xq {n � /
hqwudgd gh frqwuro | shuwxuedfl�rq dgplvleohv/ l1h1

Uu+, /
� {n.4 5 Uqm<{n 5 > xn 5 X>

zn 5Z={n.4 @ i+{n> xn> zn,
�

+48,
Ho UV sdud xq vlvwhpd olqhdo glvfuhwr {n.4 @
D{n . Exn gh xq frqmxqwr gh srolwrsr  gho hv0
sdflr gh hvwdgr/ vl vh frqvlghud txh od dffl�rq gh
frqwuro xn 5 X � Up +X hv xq srolwrsr +frp0
sdfwr, hq Up, sxhgh fdofxoduvh frpr xqd vxpd
gh Plqnrzvnl gh od sur|hffl�rq ruwrjrqdo gho frq0
mxqwr  vreuh D | ho X vreuh E1 Yhd ^:` sdud p�dv
ghwdoohv1
Edvdgrv hq od lghd gh orv frqmxqwrv dofdq}deoh
sxhgh gh�qluvh ho Yhflqr dofdq}deoh d xq sdvr
+40VUQ,1 Ho vxevlvwhpd Vm hv 40VUQ gho vxe0



vlvwhpd Vl/ ghqrwdgr sru Vl$4 Vm / vl ho frqmxq0
wr [m sxhgh vhu dofdq}dgr ghvgh ho frqmxqwr [l
hq xq sdvr1 Hv srvleoh ghwhuplqdu vl Vl$4 Vm gh0
elgr d Vl$4 Vm +, U+[l, _ [m 9@ >1 Gh od plv0
pd pdqhud hvwh vh sxhgh ghwhuplqdu d grv sd0
vrv +50VUQ, vl vh frqvlghudq orv frqmxqwrv dofdq0
}deohv d grv sdvrv U5 +[l, @ U +U+[l,, frpr
Vl$5 Vm +, U5 +[l, _ [m 9@ > 1 \ dv�l vxfhvlyd0
phqwh sdud ho q0VUQ1
Gh�qlfl�rq 5= Frqmxqwr Dofdq}deoh d q0
sdvrv +q0VUQ, Vl$q Vm 1

Vl$q V
m +,Uq+[l, _ [m 9@ >

Ho �lqglfh gh wrgrv orv vxevlvwhpdv q0VUQ gho vxe0
vlvwhpd l irupdq ho frqmxqwr �lqglfh gh q0VUQ1
Gh�qlwlrq 6= Frqmxqwr �lqglfh gh q0VUQ Qlq

Qlq /
q
n 5 ^4> ===> v`@Vl$q V

nr

Od wudqvlfl�rq gh hvwdgrv gh Lm d Lm.4 shupdqhfh
dfrwdgd sru orv 40VUQv gho fruuhvsrqglhqwh vxe0
vlvwhpd Lm 1 Hvwr shuplwh srgdu ho ju�d�fr gh wudq0
vlfl�rq +VWJ,= odv wudqvlflrqhv ghvgh Lm d Lm.4 qr
vrq frqvlghudgdv vl Lm.4 @5 Q Lm4 1 Vl hvwh frqfhs0
wr vh h{wlhqgh/ ho �duero gh e�xvtxhgd sxhgh vhu
srgdgr frqvlghudqgr dghp�dv txh Lm.n ghehu�ld
shuwhqhfhu d Q Lm

n 1 Sru wdqwr/ vl vror vh frqvlg0
hudq orv 40VUQ sdud xq krul}rqwh gh suhglffl�rq
Q / ho q�xphur gh srvleohv vhfxhqfldv d suredu sru
ho dojrulwpr TS hv v+Ln,v+Ln.4,===v+Ln.Q�4, +hq ox0
jdu gh vQ / v+Ln, � v,/ grqgh vLn hv ho q�xphur gh
40VUQv fruuhvsrqglhqwhv do vxevlvwhpd Ln1
Gheh qrwduvh txh od ghwhuplqdfl�rq gho 4 d q0VUQv
sdud fdgd vxevlvwhpd sxhgh kdfhuvh ixhud gh o�lqhd1
Od olvwd gh yhflqrv sdud fdgd xqr gh orv vxevlv0
whpdv vh lqfox|h hq od ghvfulsfl�rq gho prghor1
Sru wdqwr/ fdgd vxevlvwhpd hvw�d gh�qlgr sru od
+: .Q,0xsod +Dl> El> Fl> i l> jl> Tl> tl>Ql4> ===>QlQ ,/l 5 i4> 5> ===> vj grqgh/ Ql hv od olvwd txh frqwlhqh
orv yhflqrv dofdq}deohv gho vxevlvwhpd l1 Ho VWJ
sxhgh srgduvh p�dv dxq vl vh frqvlghudq orv frq0
mxqwr frqwurodeohv d xq sdvr +40VFV,1
Gh�qlfl�rq 7= ^:` Frqmxqwr Frqwurodeoh d xq
sdvr +40VFV, Tf+,1 Ho frqmxqwr Tf+, hv ho
frqmxqwr gh hvwdgrv hq Uq sdud ho fxdo h{lvwh xqd
hqwudgd gh frqwuro dgplvleoh txh jdudqwl}du�d txh
ho vlvwhpd vhd oohydgr d  hq xq sdvr/ sdud wrgd
shuwxuedfl�rq shuplvleoh/ l1h1

Tf+, /
� {n 5 Uq m <xn 5 X =

i+{n> xn> zn, 5 >;zn 5Z
�

+49,

Hq ^:` vh pxhvwud xq p�hwrgr sdud fdofxodu ho 40
VFV1 Hv lpsruwdqwh kdfhu �hqidvlv hq txh ho 40VFV
| ho UV rshudq hq glihuhqwhv gluhfflrqhv1 Ho 40VFV
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Iljxud 5= Frqmxqwrv frqwurodeohv d xqr/ grv | wuhv
sdvrv gho vhfwru < vreuh ho vhfwru 45

hv ho frqmxqwr gh hvwdgrv ghvgh ho fxdo ho vlvwhpd
sxhgh vhu frqgxflgr d xq frqmxqwr gdgr1 Ho UV
hv ho frqmxqwr gh hvwdgrv do fxdo ho vlvwhpd sxhgh
vhu frqgxflgr ghvgh xq frqmxqwr gdgr1 Qr h{lwh
xqd uhodfl�rq h{so�lflwd hqwuh hvwrv grv frqmxqwrv1
Ho 40VFV gho vxevlvwhpd m vreuh ho vxevlvwhpd l
Tm@l
4 / hv ho vxefrqmxqwr gh [l ghvgh grqgh ho vxe0

vlvwhpd m +[m, sxhgh vhu dofdq}dgr hq xq sdvr1
Hvwr hv/

Tm@l
4 /

� {n 5 [l m <xn 5 X =
i+{n> xn> zn, 5 [m >;zn 5Z

�

Hvwh frqmxqwr sxhgh fdofxoduvh frpr
Tm@l
4 @ T4+U4 +[l, _ [m, _ [l

Hvwh frqfhswr sxhgh vhu h{whqglgr ghvgh 4 kdvwd q
sdvrv frpr Tm@lq 1 Qrwh txh od su�r{lpd ixqfl�rq gh
hvwdgr fruuhvsrqglhqwh do vlvwhpd l hvw�d lpsolfdgd
hq ho f�dofxor gho UV dv�l frpr hq ho ho f�dofxor gho
40FV1 Od �jxud 5 pxhvwud ho frqmxqwr gh 4/ 5 | 6
sdvrv sdud ho vhfwru < vreuh ho vhfwru 451
Sdud uhgxflu ho q�xphur gh hydoxdflrqhv gho sureoh0
pd TS/ vh frqvlghud ho hvwdgr gh {n @5 TLn.4@Ln4 1
Vl hvwd sursrvlfl�rq vh vdwlvidfh/ hqwrqfhv ho hvwdgr
{n.4 qr shuwhqhfh d od wudqvlfl�rq Ln.4> sru wdqwr/
od wudqvlfl�rq ghvgh Ln kdvwd Ln.4 qr hvw�d shuplwl0
gd1 Sdud dsolfdu hvwrv frqfhswrv/ gheh d�qdgluvh od
gh�qlfl�rq gho frqmxqwr Tm@l

4 / 111/ Tm@l
Q d od gh�ql0

fl�rq gh fdgd vxevlvwhpd1

� ,a,��w� WwN5A+�AWV�
Od hvwudwhjld gh h{sorudfl�rq gho �duero sursxhvwd
hq hvwh wudedmr kd vlgr dsolfdgd do frqwuro suhglf0
wlyr gho vlvwhpd gh xq s�hqgxor vlpsoh1 Vh kd xwl0
ol}dgr frpr prghor d od hfxdfl�rq olqhdol}dgd gh od
glq�dplfd glvfuhwd gho vlvwhpd gho s�hqgxor vlpsoh1
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Iljxud 6= Uhsuhvhqwdfl�rq gho prghor SZD gho
s�hqgxor1

Frqvlghuh ho vljxlhqwh vlvwhpd qr olqhdo
po�� . no b� .pj vlq+�, @ �

o
grqgh � hv ho �dqjxor gho s�hqgxor/ o hv od orqjlwxg
gho s�hqgxor/ p hv od pdvd gho s�hqgxor/ j hv od
ixhud judylwdflrqdo/ n hv xq frh�flhqwh gh iulffl�rq
| � hv ho wrutxh dsolfdgr1 Hqwrqfhv/ ho prghor hq
ho hvsdflr gh hvwdgr glvfuhwl}dgr hq xq wlhpsr gh
pxhvwuhr W3 hv

{n.44 @ {n4 . W3{n5
{n4 @

�
4� W3n

p
�
{n5 � W3j

o vlq �{n4
�. W3

o5pxn
grqgh xn @ �+n,/ {n4 @ �+n, | {5n @ b�+n,1
Xwlol}dqgr p @ 4/ o @ 4/ n @ 3=8/ j @ <=;/
W3 @ 3=35 frpr sdu�dphwurv sdud ho prghor1 D
sduwlu gh xq prghor glvfuhwl}dgr vh kd rewhqlgr
xq vlvwhpd SZD frpr +4, xwlol}dqgr xqd olqhd0
ol}dfl�rq sru vhfwruhv vreuh xqd julood xqliruph
gho hvsdflr gh hvwdgr1 Vh gh�qh xqd sduwlfl�rq
[l / �{nmTl{n � tl� oxhjr gh rewhqhu 89 vhfwruhv
vreuh ho hvsdflr gh hvwdgr1 Vh frqvlghudq lqyd0
uldqwhv d odv pdwulfhv Fl | El/ l1h1= El @ E @�3 W3o5p

�W | Fl @ F @ L+p>p,1 Od �jxud 6 pxhv0
wud od ixqfl�rq gh olqhdol}dfl�rq gh hvwdgrv1 Xqd yh}
p�dv vh rewlhqh ho prghor olqhdol}dgr/ orv yhflqrv
fruuhvsrqglhqwhv d fdgd vhfwru vh sxhghq hqfrq0
wudu xwlol}dqgr ho dojrulwpr gh frqmxqwrv dofdq0
}deohv1 Hq hvwh hmhpsor/ odv frwdv gho wrutxh vrq
43=:; � � � 43=:; +43=:; @ 4=4 pjo,/ grqgh ho
wrutxh p�d{lpr hq ho hvwdgr hvwdflrqdulr sdud do0
fdq}du fxdotxlhu srvlfl�rq hv � @ pjo1 Wrgdv odv
suxhedv gh vlpxodfl�rq ixhurq khfkdv hq Pdwode1
Od Wdeod 4 pxhvwud ho ghvhpsh�qr gho frpsxwd0
gru xwlol}dgr1 Od Wdeod 5 pxhvwud odv vljodv gho
p�hwrgr gh srgd xwlol}dgr | xqd euyh dfodudfl�rq
gho plvpr1 Vh kd frqvlghudgr xq krul}rqwh gh
suhglffl�rq Q@71 Orv shvrv gho huuru | gh od df0
fl�rq gh frqwuro vrq �T{4@4333/ �T{5@433/ U@4/uhvshfwlydphqwh1
Od �jxud 7 pxhvwud orv uhvxowdgrv sdud xqd uh0
ihuhqfld z @ ^3 3` | sdud glihuhqwhv frqglflrqhv
lqlfldohv1 Odv o�lqhdv v�rolgdv | gh sxqwrv pxhvwudq

Wdeod 4= Hvw�dqgdu gh frpsdudfl�rq gh Pdwode
+ixqfl�rq %ehqfk%,= ghvhpsh�qr gh od SF edmrZlq0
grz <;/ Pdwode 816

RGH OX Vsdufh 60G 50G
3166 316; 316< 4154 4154

Wdeod 5= Vljodv gho p�hwrgr1 VUQ @ yhflqrv dofdq0
}deohv d q sdvrv> VFRV @ frqmxqwrv frqwurodeohv
d q sdvrv gh xq vhfwru vreuh rwur
5�}*@ �U*@h@U��L?
�� �L?t�_ih@ tL*@4i?|i 4�5+�
��2� �L?t�_ih@ 4c 5c 6�5+�
����� �L?t�_ih@ 4�5+� ) 4�5��5
�����2 �L?t�_ih@ 4�5+� ) 4c 5�5��5
�����2� �L?t�_ih@ 4�5+� ) 4c 5c 6�5��5
��2���� �L?t�_ih@ 4c 5c 6�5+� ) 4�5��5
��2����2 �L?t�_ih@ 4c 5c 6�5+� ) 4c 5�5��5
��2����2� �L?t�_ih@ 4c 5c 6�5+� ) 4c 5c 6�5��5

ho frpsruwdplhqwr gho vlvwhpd sdud � @ 3 +od}r
delhuwr, | ho vlvwhpd frqwurodgr/ uhvshfwlydphqwh1
Revhuyh txh ho hvwdgr hq od}r delhuwr glyhujh sdud
odv frqglflrqhv lqlfldohv {3 @ ^6 6`W 1
Od �jxud 8 pxhvwud xqd fxuyd gh hvwdgr
sdudphwul}dgd hq ho wlhpsr | ho q�xphur gh hyd0
oxdflrqhv TS sdud ho p�hwrgr gh uhgxffl�rq +srgd,
Q4561 Hq hvwh fdvr ho q�xphur gh hydoxdflrqhv gh
TS hv xqd ixqfl�rq h{foxvlyd gho vxevlwhpd do fxdo
shuwhqhfh1 Od �jxud 9 frpsdud odv uhvsxhvwdv gho
p�hwrgr +Q4, frqwud +Q456,1 Qrwh txh hq jhqhu0
do ho q�xphur gh sureohpdv TS ghfuhfh fxdqgr vh
xwlol}d ho p�hwrgr Q4561
Od �jxud ; pxhvwud frpr vl vh xwlol}d ho p�hwrgr
Q40F456/ ho q�xphur gh hydoxdflrqhv gh TS gh0
fuhfh fxdqgr ho hvwdgr lqlfldo hvw�d ohmrv gh od uhjl�rq
gh od iurqwhud/ hvwr hv/ fxdqgr {3 qr shuwhqhfh d
qlqj�xq frqmxqwr frqwurodeoh | vxv yhflqrv1 Hq hvwh
vhfwru ho q�xphur gh hydoxdflrqhv TS ghfuhfh fxdq0
gr ho p�hwrgr Q40F4 vh frpsdud frq Q40F456 +Ilj1
:,1 Od �jxud < frpsdud ho q�xphur gh hydoxdflr0
qhv TS +p�lqlpr/ p�d{lpr | surphglr, sdud glihu0
hqwhv p�hwrgrv gh srgd1 Qrwh txh fxdqgr fxdqgr
vh frqvlghud xq dowr q�xphur gh frqmxqwrv frqwur0
odeohv dxqtxh ghfuhfhq od fdqwlgdg gh hydoxdflrqhv
p�lqlpd | surphglr/ od p�d{lpd fdqwlgdg gh hyd0
oxdflrqhv shupdqhfh frqvwdqwh1

e ����wN5W��,5
Hq hvwh wudedmr vh kd sursxhvwr xqd qxhyd dsur{l0
pdfl�rq sdud uhvroyhu ho frqwuro suhglfwlyr gh vlv0
whpdv +olqhdohv, d�qhv d wudprv1 Ho dojrulwqr vh
edvd hq od h{sorudfl�rq gh ju�d�frv gh wudqvlfl�rq gh
hvwdgrv | orv frqfhswrv gh frqmxqwrv dofdq}deohv



-4 -3 -2 -1 0 1 2 3 4
-10

-8

-6

-4

-2

0

2

4

6

8

10

 x 0 =[-3,3]

x 0 =[2,1]

 x 0 =[3,3]

x2

x1

Iljxud 7= Sodqr idvh frq z @ ^3 3` | {3 @ ^5 4`W
/ {3 @ ^6 6`W / {3 @ ^�6 6`W

0 ��� � ��� �

� ��� � ��� � ���W�>VHJ@

��
��
�
�
�

���
���
���
���
����

1��43�(YDOXDWLRQV
[ �

[�

W �

W ��� W ���

t=0.6

W ��� t=1 W ���

W ��
�

W ��� W ��� W � W ��� W ���

0HWKRG������1���

27

��

��
��

��
��

��

��
�� ��

��
��

��
��

W �

W ���
W ���W ���W ���W �W ���W ���W ���W ���t=2

t=2.2

W ���
0HWKRG������1���

Iljxud 8= Sodqr gh idvh | q�xphur gh hydoxdflrqhv
TS sdudphwul}dgr hq ho wlhpsr +Q456,1
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Iljxud 9= Wlhpsr gh f�dofxor | q�xphur gh hydoxd0
flrqhv gh TS ^ +0, Q456 +=, Q4`
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Iljxud := Wlhpsr gh f�dofxor | q�xphur gh hydoxd0
flrqhv gh TS ^+0, Q40F4 +0 0, Q40F456`
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Iljxud ;= Sodqr gh idvh | q�xphur gh hydoxdflrqhv
TS sdudphwul}dgr hq ho wlhpsr +Q40 F456,1
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Iljxud <= Wdeod gh frpsdudfl�rq gho q�xphur gh
hydoxdflrqhv TS1



| frqwurodeohv1 Sdud od hvwudwhjld gh h{sorudfl�rq
gho �duero vh kdq hohjlgr orv frqmxqwrv dofdq}deohv
sdud glvplqxlu ho q�xphur gh srvleohv uhdol}dflrqhv
gh odv yduldeohv hqwhudv | gh hvd irupd uhgxflu frq0
vlghudeohphqwh ho q�xphur gh sureohpdv TS txh vh
qhfhvlwd uhvroyhu1
Djudghflplhqwrv
Orv dxwruhv djudghfhq d orv Plqlvwhulrv gh Hgx0
fdfl�rq | Fxowxud | Ghsruwh | gh Flhqfld | Whf0
qrorj�ld +Hvsd�qd, | do Frqvhmr Qdflrqdo Lqyhvwljd0
flrqhv Flhqw�l�fdv | Whfqro�rjlfdv +Dujhqwlqd, sru
�qdqfldu hvwh wudedmr edmr orv sur|hfwrv VE53330
35;8 dqg GSL 53350376:80F36034

+iuihi?U�@t
^4` D1 Ehpsrudg/ G1 Pljqrqh/ dqg P1 Prudul1

Dq h�flhqw eudqfk dqg erxqg dojrulwkp iru
vwdwh hvwlpdwlrq dqg frqwuro ri k|eulg v|v0
whpv1 Lq Surf1 Hxurshdq Frqwu1 Frqi/ Nduo0
vuxkh/ Jhupdq|/ 4<<<1

^5` D1 Ehpsrudg dqg P1 Prudul1 Frqwuro ri v|v0
whpv lqwhjudwlqj orjlf/ g|qdplfv/ dqg frq0
vwudlqwv1 Dxwrpdwlfd/ 68+6,=73:~75:/ 4<<<1

^6` D1 Ehpsrudg/ P1 Prudul/ Y1 Gxd/ dqg H1 Slv0
wlnrsrxorv1 Wkh h{solflw olqhdu txdgudwlf uhj0
xodwru iru frqvwudlqhg v|vwhpv1 Lq Surf1
Dphu1 Frqwu1 Frqi/ sdjhv ;:5~;:9/ Fklfdjr/
LO/ 53331

^7` U1 Iohwfkhu dqg V1 Oh|�hu1 Qxphulfdo h{sh0
ulhqfh zlwk orzhu erxqgv iru plts eudqfk0
dqg0erxqg1 Whfkqlfdo uhsruw/ Xqlyhuvlw| ri
Gxqghh/ Ghsw1 ri Pdwkhpdwlfv/ Vfrwodqg/
X1N1/ 4<<81

^8` V1 Khgoxqg dqg D1 Udqw}hu1 Rswlpdo frqwuro
ri k|eulg v|vwhpv1 Lq Surf1 6;wk LHHH Frqi1
rq Ghflvlrq dqg Frqwuro/ sdjhv 6<:5~6<:9/
Skrhql{/ D]/ XVD/ 4<<<1

^9` W1 Mrkdqvvhq/ L1 Shwhuvhq/ dqg R1 Voxsskdxj1
H{solflw vxerswlpdo olqhdu txdgudwlf uhjxod0
wlrq zlwk lqsxw dqg vwdwh frqvwudlqwv1 LqSurf1
ri 6<wk1 LHHH Frqi1 rq Ghflvlrq dqg Frqwuro/
Vlgqh|/ 53331

^:` H1 Nhuuljdq1 Urexvw Frqvwudlqw Vdwlvidfwlrq=
Lqyduldqw vhwv dqg suhglfwlyh frqwuro1 SkG
wkhvlv/ Xqlyhuvlw| ri Fdpeulgjh/ 53331

^;` S1 Ulhglqjhu/ I1 Nudw}/ F1 Lxqj/ dqg
F1 ]dqqh1 Olqhdu txdgudwlf rswlpl}dwlrq iru
k|eulg v|vwhpv1 Lq Surf1 6;wk LHHH Frqi1
rq Ghflvlrq dqg Frqwuro/ Skrhql{/ D]/ XVD/
4<<<1

^<` P1 Vhurq/ M1 Grq/ dqg J1 Jrrgzlq1 Joredo
dqdolwlfdo prgho suhglfwlyh frqwuro zlwk lqsxw
frqvwudlqwv1 Lq Surf1 ri 6<wk1 LHHH Frqi1 rq
Ghflvlrq dqg Frqwuro/ Vlgqh|/ 53331

^43` F1 Wrpolq/ M1 O|jhurv/ dqg V1 Vdvwu|1 D jdph
wkhruhwlf dssurdfk wr frqwuroohu ghvljq iru
k|eulg v|vwhpv1 Lq Surf1 ri wkh LHHH/ yro0
xph ;;/ Mxo| 53331


