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Od w�hfqlfd gh ghflpdfl�rq hv xqd gh odv pdv xwlol}dgdv hq od su�dfwlfd/ ghelgr hvsh0

fldophqwh d vx vlpsolflgdg/ d shvdu gh txh orv uhvxowdgrv txh vh rewlhqhq uhvxowdq

fxdqwlwdwlydphqwh lqdghfxdgrv hq od pd|ru��d gh orv fdvrv gh lqwhu�hv1

Frphq}duhprv sru ho fdvr xqlglphqvlrqdo ho fxdo/ d shvdu gh vx hvfdvr lqwhu�hv

wh�rulfr ghvgh ho sxqwr gh ylvwd gh orv ihq�rphqrv fu��wlfrv/ uhvxowd xqr gh orv srfrv fdvrv

hq orv fxdohv ho UJ sxhgh fdofxoduvh gh pdqhud h{dfwd +do phqrv sdud vlvwhpdv fo�dvlfrv,1

71414 Ghflpdfl�rq hq g @ 4

Frqvlghuhprv ho prghor gh Lvlqj ihuurpdjq�hwlfr/ frq lqwhudffl�rq hqwuh sulphurv yhflqrv1

Frpr ylprv hq od vhffl�rq +5,/ od uhjod gh ghflpdfl�rq sxhgh vhu lqwhusuhwdgd frpr xqd

wud}d sdufldo vreuh xq vxefrqmxqwr gh vslqhv gh od uhg+Hf1+4:,,1 Ghqrwduhprv sru ��

orv vslqhv vreuh orv fxdohv wrpduhprv od wud}d sdufldo | sru V� d orv uhvwdqwhv vslqhv/

grqgh l ghqrwd ho eortxh fruuhvsrqglhqwh hq ho fdvr e @ 5 +yhu Ilj1+9,,1 Srghprv

hvfulelu ho Kdplowrqldqr gho vlvwhpd frpr=
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| sursrqhprv sdud ho Kdplowrqldqr uhqrupdol}dgr K� od irupd=
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Iljxud 9= Ghflpdfl�rq hq g @ 4 sdud e @ 51 Od wud}d sdufldo holplqd orv vlwlrv lqglfdgrv

sru �1

Uhhpsod}dqgr odv hfxdflrqhv +93, | +94, hq +4:, rewhqhprv=

h{s
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E7�n7�n�� 5 frvk ^N +V� . V�n�, . k` +95,

sdud wrgr eortxh l1 Od Hf1+95, hv lg�hqwlfd sdud wrgr eortxh l/ | sru or wdqwr ho

surfhglplhqwr sdud rewhqhu odv hfxdflrqhv gh uhfxuuhqfld htxlydoh d ghflpdu xqd fdghqd

�qlwd +_foxvwhu%, gh wuhv vlwlrv hq xqd gh grv vlwlrv/ wdo frpr vh pxhvwud hq od Ilj1+:,/

hv ghflu=
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E7�n72� 5 frvk ^N +V� . V2, . k` = +96,

Od Hf1+96, gheh vdwlvidfhuvh sdud wrgd frq�jxudfl�rq gh orv vslqhv +V�> V2,/ gh grqgh

vh rewlhqh ho frqmxqwr gh hfxdflrqhv qr0olqhdohv dfrsodgdv=

h }ng�n��

@ 5 h� frvk ^5 N . k` +97,

h }ng�
3��

@ 5 h3� frvk ^5 N � k` +98,

h }3g�

@ 5 frvk+k,= +99,

Rewhqhprv dvl xq frqmxqwr gh 6 hfxdflrqhv lqghshqglhqwhv frq 6 lqfrjqlwdv/ frq

or fxdo odv hfxdflrqhv gh uhfxuuhqfld sxhghq vhu rewhqlgdv gh pdqhud h{dfwd/ wdo frpr

kde��dprv dqwlflsdgr1 Hq rwudv sdodeudv/ hq g @ 4 qr kd| surolihudfl�rq gh lqwhudfflrqhv1

Gh odv Hfv1 +97,0+99, yhprv txh odv hfxdflrqhv gh uhfxuuhqfld vdwlvidfhq odv surslhgdghv

gh sdulgdg +85, | +86,1 Dvl/ k @ 3, k� @ 3 | odv Hfv1+97, | +98, uhvxowdq lg�hqwlfdv hq

hvwh fdvr> gh odv Hfv1+97, | +99, rewhqhprv hqwrqfhv=
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Iljxud := Ghflpdfl�rq gh xq foxvwhu xqlglphqvlrqdo sdud e @ 51

N �+N, @
4

5
oq ^frvk+5 N,` +9:,

j @ N �+N, . oq+5, +9;,

Ho dq�dolvlv gh od hfxdfl�rq gh uhfxuuhqfld +9:, vh vlpsol�fd phgldqwh ho fdpelr gh

yduldeoh=

w � wdqk+N,> +9<,

ho fxdo pdshd ho lqwhuydorN 5 +3>4, hq ho lqwhuydor w 5 +3> 4,1 Od Hf1+9:, vh wudqvirupd

hqwrqfhv hq=

w� @ w2> +:3,

od fxdo suhvhqwd �xqlfdphqwh orv sxqwrv �mrv wulyldohv= w @ 3 +W @4, | w @ 4 +W @ 3,/

gh grqgh vh frqfox|h txh ho prghor qr suhvhqwd wudqvlfl�rq gh idvh d whpshudwxud

�qlwd/ wdo frpr vh hvshuded1 Ho �xmr gh xqd hfxdfl�rq gh uhfxuuhqfld xqlglphqvlrqdo vh

vlpsol�fd phgldqwh ho dq�dolvlv ju�d�fr gh orv oodpdgrv _gldjudpdv hvfdohud%/ wdo frpr

ho txh vh pxhvwud hq od Ilj1+;d, fruuhvsrqglhqwh d od Hf1+:3,> gho gldjudpd gh �xmr
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Iljxud ;= Ioxmr gh UJ hq g @ 41 +d, Gldjudpd _hvfdohud% sdud od hfxdfl�rq gh uhfxuuhq0

fld +e @ 5,1 +e, Gldjudpd gh �xmr hq ho hvsdflr w � wdqk+N,> od lqhvwdelolgdg gho sxqwr

�mr hq W @ 3 lqglfd txh � @41

fruuhvsrqglhqwh +Ilj1+;e,, vxujh gh pdqhud lqphgldwd txh ho sxqwr �mr W @ 4 hv xq

dwudfwru/ hq wdqwr txh ho sxqwr �mr W @ 3 hv lqhvwdeoh1 Ho prghor xqlglphqvlrqdo hv/

sru or wdqwr/ sdudpdjq�hwlfr d fxdotxlhu whpshudwxud �qlwd | srvhh xqd wudqvlfl�rq gh

idvh d whpshudwxud fhur +� @4,1
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Iljxud <= Ghflpdfl�rq gh od uhg fxdgudgd frq e @
s
51

71415 Ghflpdfl�rq hq g @ 5

Od ghflpdfl�rq hq g @ 4/ sdud e @ 5/ uhvxowd gh glylglu od fdghqd olqhdo hq grv vxeuhghv

lg�hqwlfdv lqwhushqhwudgdv +gh sdu�dphwur gh uhg 5/ uhvshfwr gh od fdghqd ruljlqdo, |

oohydu d fder xqd wud}d sdufldo vreuh orv judgrv gh olehuwdg dvrfldgrv d xqd gh glfkdv

vxeuhghv +yhu Ilj1+9,,> od vxeuhg txh _vreuhylyh% frqirupd od uhg uhqrupdol}dgd oxhjr

gh uhhvfdodu odv orqjlwxghv o$ o@51 Uhghv txh dgplwhq hvwh wlsr gh ghvfrpsrvlfl�rq hq

grv vxeuhghv lqwhushqhwudgdv lg�hqwlfdv/ wdo txh fdgd vlwlr gh xqd vxeuhg srvhh frpr

sulphurv yhflqrv vrodphqwh vlwlrv gh od rwud vxeuhg/ vh ghqrplqdq elsduwlwdv1 Od

uhg fxdgudgd shuwhqhfh wdpelhq d hvwd fdwhjru��d/ sxglhqgr vhu glylglgd hq grv uhghv

fxdgudgdv frq sdu�dphwur gh uhg e @
s
5/ wdo frpr vh pxhvwud hq od Ilj1+<,1

Srghprv hqwrqfhv lqwhqwdu uhshwlu ho surfhglplhqwr xwlol}dgr hq g @ 4/ ghflpdqgr

orv vlwlrv lqglfdgrv sru � hq od Ilj1+<, ^7`1 Gh od plvpd pdqhud txh hq g @ 4/ od

ghflpdfl�rq gh od uhg frpsohwd sxhgh uhgxfluvh d ghflpdu xq foxvwhu �qlwr gh wuhv vlwrv

+yhu Ilj1+:,,/ od ghflpdfl�rq gh od uhg fxdgudgd frpsohwd frq e @
s
5 sxhgh uhgxfluvh

d od ghflpdfl�rq gho vlwlr fhqwudo gh xq foxvwhu _hvwuhood% gh 8 vlwlrv frpr vh pxhvwud hq

5;
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Iljxud 43= Wudqvirupdfl�rq _fxdgudgr0hvwuhood%1 Od ghflpdfl�rq gho vlwlr fhqwudo � jhq0

hud lqwhudfflrqhv hqwuh vhjxqgrv yhflqrv +N �

2
, h lqwhudflrqhv gh 7 vslqhv +x�,1

od Ilj1+43,> hvwh surfhglplhqwr vh ghqrplqd wudqvirupdfl�rq _fxdgudgr hvwuhood%1 Qr

revwdqwh/ hq hvwh fdvr h{lvwh surolihudfl�rq gh lqwhudfflrqhv/ gh pdqhud txh/ sduwlhqgr gh

xq Kdplowrqldqr frq lqwhudfflrqhv �xqlfdphqwh hqwuh sulphurv yhflqrv/ ho Kdplowrqldqr

hihfwlyr gh fxdwur vlwlrv K�

S
rewhqlgr suhvhqwd wdpelhq lqwhudfflrqhv hqwuh vhjxqgrv

yhflqrv | dfrsodplhqwr gh fxdwur vslqhv=

K
�

S+v, @ N
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4� wdqk

e+5N,
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+:6,

Sdud od uhg frpsohwd/ od lqwhudffl�rq hqwuh sulphurv yhflqrv N � hv ho greoh gho ydoru

fruuhvsrqglhqwh do foxvwhu �qlwr +Hf1+:5,, gdgr txh fdgd erqg hv frpsduwlgr sru grv

foxvwhuv sulphurv yhflqrv1 Vl lqwhqw�dudprv uhqrupdol}du qxhydphqwh od uhg rewhqlgd/

qrv hqfrqwudu��dprv frq od gl�fxowdg gh txh odv qxhydv lqwhudfflrqhv hqwuh vhjxqgrv

yhflqrv | hqwuh fxdwur vslqhv/ qr shuplwhq od ghvfrpsrvlfl�rq dqwhulru gh od uhg hq

foxvwhu gh 8 vlwlrv qr lqwhudfwxdqwhv1 Dvl/ ghehu��dprv ghvfrpsrqhu od uhg hq foxvwhuv

pd|ruhv/ or fxdo jhqhud xqd qxhyd surolihudfl�rq gh lqwhudfflrqhv d whufhurv/ fxduwrv

5<



yhflqrv/ hwf1 Hvwd surolihudfl�rq fuhfhu��d dg lq�qlwxp hq odv vxfhvlydv lwhudflrqhv1 Vh

kdfh qhfhvdulr hqwrqfhv lqwurgxflu dojxqd dsur{lpdfl�rq1

Xqd dsur{lpdfl�rq srvleoh frqvlvwh hq frqvlghudu N shtxh�qr +y�dolgr d dowdv whpshu0

dwxudv, | ghvduuroodu odv Hfv1+:5, | +:6, kdvwd ho phqru rughq hq N1 Gh hvwd pdqhud/

lqwurgxflhqgr ho idfwru 5 dqwhv phqflrqdgr/ rewhqhprv= N � @ 5 N2 | N �

2 @ N2/ hq

wdqwr txh x�
� R+Ne,/ frq or fxdo srghprv frqvlghuduor fhur1 Vl dkrud lqwurgxflprv

xq dfrsodplhqwr ghelo hqwuh vhjxqgrv yhflqrv N2 hq od uhg ruljlqdo +ghqwur gh od plvpd

dsur{lpdfl�rq, srghprv frqvlghuduor xqd shuwxuedfl�rq1 Ghvduuroodqgr qxhydphqwh odv

hfxdflrqhv vh rewlhqh=

N � @ 5 N2 .N2 +:7,

N �

2 @ N2= +:8,

Hvwd hfxdflrqhv suhvhqwdq frpr �xqlfr sxqwr �mr qr0wulyldo= NW @ 4@6 |NW
2 @ 4@<1

Orv uhvxowdgrv qxp�hulfrv sdud NS +fruwh N2 @ 3 gh od olqhd fu��wlfd, | � sxhghq dsuh0

flduvh hq od wdeod +4,1

��� �
���
�� �������������

Frpr ylprv hq od vhffl�rq 5/ od Hf1+9, gh JU pdqwlhqh od ixqfl�rq sduwlfl�rq gho vlvwhpd

lqyduldqwh +od fwh1 F sxhgh devruyhuvh hq K�,1

Ydprv uhhpsod}du hq od Hf1+9,= K+v, $ K+v, . Y+v,/ grqgh Y+v, hv xq srwhqfldo

txh vh holjh gh pdqhud wdo txh vlpsol�txh orv f�dofxorv srvwhulruhv1 Dvl whqhprv txh=

hG
�Er�� @

[

tr�

S +v�> v, hGEr�nOEr�> +:9,

| xvdqgr od qrupdol}dfl�rq gh S +v�> v, rewhqhprv=

[

tr��

hG
�Er�� @

[

tr�

hGEr�nOEr�
�

[

tr�

hGEr� ^4 . Y+v,` +::,

grqgh khprv xvdgr h% � 4 . {> �qdophqwh od ixqfl�rq sduwlfl�rq vdwlvidfh=
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Vl Y vh holjh wdo txh kYl
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| od hqhujld oleuh I @ �W oq ] vdwlvidfh=

I � � I> +:<,

hv ghflu/ od hqhujld oleuh gho vlvwhpd uhqrupdol}dgr qrv gdud xqd frwd lqihulru sdud od

hqhujld oleuh gho vlvwhpd ruljlqdo1 Orv plvprv dujxphqwrv sxhghq h{whqghuvh do fdvr

gh xqd vhfxhqfld gh wudqvirupdflrqhv KE?� $ KE?n�� @ KE?� . YE?�/ grqgh YE?� hv

hohjlgr hq fdgd sdvr gh pdqhud txh
G
YE?�

H
GE?�

@ 3 ^9`1

71514 Ghvsod}dplhqwr gh oljdgxudv +_erqg prylqj%,

Xqr gh orv hmhpsorv pdv frqrflgrv gh surfhglplhqwrv yduldflrqdohv hv ho oodpdgr _erqg

prylqj%/ ho fxdo vh loxvwud hq od Ilj1+44, sdud ho fdvr gho prghor gh Lvlqj hq od uhg

fxdgudgd= K+v, @ N
S

	�c�:
V�V� / grqgh=

Y+v, @ N +V�Ve � V�V2, = +;3,

Gdgd od lqyduldqfld wudvodflrqdo gh K/ uhvxowd gh lqphgldwr txh kYl
G

@ 31 Hvwh

surfhglplhqwr sxhgh uhshwluvh sdud xq q�xphur duelwudulr gh erqgv1

Qrwhprv txh/ vl orv vslqhv hvwdq frpsohwdphqwh dolqhdgrv/ ho ghvsod}dplhqwr gh

oljdgxudv qr dowhud od hqhujld gh hvwh hvwdgr1 Dvl/ hq vlvwhpdv ihuurpdjq�hwlfrv/ wudqv0

irupdflrqhv gh JU fx|d �xqlfd dsur{lpdfl�rq hv ho ghvsod}dplhqwr gh oljdgxudv/ gdu�dq

od hqhujld oleuh h{dfwd hq ho o�lplwh W $ 31
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Iljxud 44= Ghvsod}dplhqwr gh xqd oljdgxud hq od uhg fxdgudgd1

71515 Dsur{lpdfl�rq gh Pljgdo0Ndgdqr�

Hq edvh d od dsur{lpdfl�rq gh ghvsod}dplhqwr gh oljdgxudv/ sxhgh irupxoduvh xq p�hwrgr

gh uhqrupdol}dfl�rq sdud uhghv klshuf�xelfdv/ txh frpelqd glfkr surfhglplhqwr frq ho gh

ghflpdfl�rq1 Od wudqvirupdfl�rq gh Pljgdo0Ndgdqr� sxhgh uhvxpluvh hq od dsolfdfl�rq

vxfhvlyd gh od vljxlhqwh uhfhwd

41 Ghvsod}dplhqwr gh oljdgxudv hq gluhfflrqhv ruwrjrqdohv kdvwd rewhqhu/ hq xqd

gluhffl�rq sduwlfxodu/ xq frqmxqwr gh fdghqdv olqhdohv gh e oljdgxudv/ frqhfwdgdv

do uhvwr gh od uhg �xqlfdphqwh sru vxv h{wuhprv1

51 Ghflpdfl�rq h{dfwd gh odv fdghqdv uhvxowdqwhv1

Hq od Ilj1+45, vh hmhpsol�fd ho surfhglplhqwr sdud ho fdvr sduwlfxodu gh od uhg

fxdgudgd frq e @ 5> N �

K+N, ghqrwd od hfxdfl�rq gh uhfxuuhqfld txh vh rewlhqh gh ghflpdu

xq foxvwhu xqlglphqvlrqdo gh orqjlwxg e +Hf1+9:, sdud ho fdvr e @ 5,1

Qrwhprv txh/ sduwlhqgr gh xq vlvwhpd lvrw�urslfr khprv duuledgr d xq vlvwhpd

dqlvrwu�rslfr frq dfrsodplhqwrv=

N
�

% @ 5 N �

2
+N, +;4,

N
�

+ @ N
�

2
+5 N,= +;5,

Sdud xqd xqd wudqvirupdfl�rq jhqhudo hq g @ 5 frq idfwru gh hvfdod e/ orv dfrsodplhq0

wrv uhvxowdq=
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Iljxud 45= Wudqvirupdfl�rq gh Pljgdo0Ndgdqr� hq od uhg fxdgudgd/ sdud e @ 51

N �

%
@ e N �

K
+N, +;6,

N �

+
@ N �

K
+e N,= +;7,

Ilqdophqwh/ ho surfhglplhqwr sxhgh jhqhudol}duvh vlq gl�fxowdg do fdvr gh xqd uhg

klshuf�xelfd hq g glphqvlrqhv1 Hq hvwh fdvr vh rewlhqh xq dfrsodplhqwr glihuhqwh sdud

fdgd xqd gh odv gluhfflrqhv frrughqdgdv/ hvwr hv=

N �

k
@ e_3kN �

K

�
ek3� Nk

�
sdud � @ 4> � � � > g= +;8,

Od sursxhvwd gh Pljgdo frqvlvwh hq wrpdu xqd vrod gh hvwdv hfxdflrqhv frpr od

hfxdfl�rq gh uhfxuuhqfld/ hv ghflu/ iru}du od lvrwurs��d hq fdgd lwhudfl�rq1 Od hohffl�rq

xvxdo hv=

N � @ e_3� N �

K
+N,= +;9,
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P�hwrgr NS �

Rqvdjhu 3=773: 4

ghflpdfl�rq 0 e @
s
5 3=6<5 3=96;

P1N 0 e @ 5 3=93< 4=666

Wdeod 4= Uhvxowdgrv frpsdudwlyrv gh dsur{lpdflrqhv txh xwlol}dq ghflpdfl�rq hq od uhg

fxdgudgd

Od uhfhwd gh JU edvdgd hq od hfxdfl�rq +;9, hv or txh hq jhqhudo vh frqrfh frpr

dsur{lpdfl�rq gh Pljgdo0Ndgdqr� +P1N,1

Wrphprv sru hmhpsor/ ho fdvr e @ 5/ g @ 51 Gh odv hfxdflrqhv +9:,/ +9<, | +;9, vh

rewlhqh od hfxdfl�rq gh uhfxuuhqfld=

w
� @

5 w
2

4 . we
= +;:,

Ho �xmr gh od Hf1+;:, sxhgh dqdol}duvh hq ho gldjudpd hvfdohud gh od Ilj1+46,

+frpsduh frq od Ilj1+;,,1 Hq hvwh fdvr od Hf1+;:, suhvhqwd xq sxqwr �mr qr0wulyldo

wS @ 3=876:1 Hq od wdeod +4, vh pxhvwudq orv ydoruhv gh NS | � rewhqlgrv1

Ilqdophqwh/ hv lpsruwdqwh phqflrqdu txh vl elhq hq jhqhudo hvwd w�hfqlfd eulqgd

uhvxowdgrv fxdqwlwdwlydphqwh lqfruuhfwrv/ srvhh od yhqwdmd gh vx h{wuhpdgd vlpsolfl0

gdg +ho f�dofxor vh uhgxfh do gh xq sureohpd xqlglphqvlrqdo,> gh hvwd pdqhud vh sxhghq

rewhqhu u�dslgdphqwh uhvxowdgrv fxdolwdwlyrv txh vluydq frpr xqd sulphud dsur{lpdfl�rq1

71516 P1N1 glihuhqfldo

Ho sureohpd gh od dqlvrwurs��d jhqhudgd sru od wudqvirupdfl�rq gh Pljgdo0Ndgdqr�

ghvdsduhfh hq ho o��plwh e$ 4/ hq ho fxdo od wudqvirupdfl�rq gh JU vh wudqvirupd hq od

lghqwlgdg1 Wrphprv/ sru hmhpsor/ ho fdvr g @ 51 Odv Hfv1+;6,0+;7,/ frqvlghudgdv frpr

hfxdflrqhv gh uhfxuuhqfld lqghshqglhqwhv/ suhvhqwdq orv sxqwrv �mrv qr0wulyldohv N
W

%
|
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Iljxud 46= Ioxmr gh UJ hq g @ 5 rewhqlgr phgldqwh od dsur{lpdfl�rq gh P1N1 +d,

Gldjudpd _hvfdohud% sdud od hfxdfl�rq gh uhfxuuhqfld +;:,1 +e, Gldjudpd gh �xmr hq ho

hvsdflr w � wdqk+N,1
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N
W

+
uhvshfwlydphqwh/ orv fxdohv vdwlvidfhq od uhodfl�rq N

W

%
@ e N

W

+
1 Hq ho o��plwh e $ 4

dperv sxqwrv �mrv frqyhujhq d xq ydoru frpxq1 Uhvxowd hqwrqfhv lqwhuhvdqwh dqdolvdu

ho frpsruwdplhqwr gh wudqvirupdflrqhv gh P1N1 lq�qlwhvlpdohv hq ho hqwruqr gh e @ 4/

hv ghflu/ wrpdqgr e @ 4.�o srghprv fdofxodu ho o��plwh �o$ 3 gh xqd gh odv hfxdflrqhv

+;6, r +;7, +dpedv gdq ho plvpr uhvxowdgr,1 Xvdqgr ho uhvxowdgr jhqhudo

N
�

K
+N, @ dufwdqk

k
wdqk

K+N,
l

+;;,

vh rewlhqh od vljxlhqwh wudqirupdfl�rq gh JU glihuhqfldo=

gN

go
@ N . vhqk+N, frvk+N, oq ^wdqkN` = +;<,

Ho surfhglplhqwr sxhgh uhshwluvh sdud glphqvl�rq jhqhudo g d sduwlu gh odv Hf1+;9,/

rewhql�hqgrvh=

gN

go
@ +g� 4, N . vhqk+N, frvk+N, oq ^wdqkN` = +<3,

Od frqglfl�rq gh sxqwr �mr ylhqh gdgd hq hvwh fdvr sru=

gN

go
@ 3

1

Hq g @ 5 hvwr oohyd d od vroxfl�rq=

vhqk+5NW, @ 4

od fxdo frlqflgh frq od vroxfl�rq h{dfwd sdud od uhg fxdgudgd +Rqvdjhu,1 Ho uhvxowdgr

qxp�hulfr sdud g @ 6 vh frpsdud hq od wdeod +5, frq orv rewhqlgr yld vhulhv gh dowdv

whpshudwxudv/ sdud glihuhqwhv hvwuxfwxudv fulvwdolqdv1

��� �� �� ��
�� ���
��������

Od dsur{lpdfl�rq gh P1N +;9, dgplwh xqd lqwhusuhwdfl�rq dowhuqdwlyd1 Wrphprv sru

hmhpsor ho fdvr g @ 5/ e @ 51 Gh od plvpd pdqhud txh od hfxdfl�rq gh uhfxuuhqfld
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P�hwrgr NS

P1N1 glihuhqfldo 3=47

vf +vhulhv, 3=555

eff +vhulhv, 3=48:

iff +vhulhv, 3=435

Wdeod 5= NS hq g @ 6 sdud uhghv frq vlphwuld f�xelfd1

rewhqlgd hq od ghflpdfl�rq gho fdvr xqlglphqvlrqdoN �

2
+N, sxhgh rewhqhuvh gluhfwdphqwh

gh od ghflpdfl�rq gho foxvwhu �qlwr gh od Ilj1+:,/ od hfxdfl�rq N
� @ 5 N

�

2
+N, sxhgh

rewhqhuvh gh od ghflpdfl�rq h{dfwd gho foxvwhu �qlwr wlsr _gldpdqwh% prvwudgr hq od

Ilj1+47d,1 Dvl plvpr/ od dsolfdfl�rq grv yhfhv vxfhvlydv gh od dsur{lpdfl�rq gh P1N

htxlydoh d od ghflpdfl�rq gh xq foxvwhu gh 45 vlwlrv/ wdo frpr vh pxhvwud hq od Ilj1+47e,1

Dvl/ od lwhudfl�rq gh od Hf1+;9, hv htxlydohqwh d xqd vxfhvl�rq gh ghflpdflrqhv h{dfwdv hq

xqd mhudutx��d gh foxvwhuv �qlwrv1 Vl qxphudprv frq q orv foxvwhuv gh glfkd mhudutx��d/

hq ho o��plwh q$4 rewhqguhprv xqd uhg lq�qlwd1 Od ghflpdfl�rq hq hvwh wlsr gh uhghv

uhvxowd hqwrqfhv h{dfwd1 Hvwdv uhghv shuwhqhfhq d xqd fodvh gh uhghv iudfwdohv txh

vh ghqrplqdq uhghv mhu�dutxlfdv/ odv fxdohv kdq vlgr dpsoldphqwh xwlol}dgdv hq ho

hvwxglr gh ihq�rphqrv fu��wlfrv hq vlvwhpdv fo�dvlfrv ^:/ ;` | fx�dqwlfrv ^<`1 Dqdol}duhprv

dojxqdv gh vxv surslhgdghv jhqhudohv dqwhv gh frqwlqxdu frq vx dsolfdfl�rq hq JU1

71614 Uhghv mhu�dutxlfdv

Xqd uhg mhu�dutxlfd vh frqvwux|h phgldqwh xq surfhglplhqwr uhfxuvlyr1 Ho sulphu sdvr

frqvlvwh hq gh�qlu xq _foxvwhu e�dvlfr%/ ho fxdo gheh srvhhu grv vlwlrv h{whuqrv oodpdgrv

whuplqdohv r udlfhv/ orv fxdohv vh frqhfwdq d orv uhvwdqwhv vlwlrv/ oodpdgrv lqwhuqrv1 Od

frqh{l�rq hqwuh foxvwhuv vh uhdol}d vrodphqwh d wudyhv gh orv whuplqdohv1 Hq ho vljxlhqwh

sdvr vh frqvwux|h xqd mhudutx��d gh uhghv �qlwdv1 Fdgd w�huplqr +foxvwhu, gh od mhudutx��d
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Iljxud 47= Lqwhusuhwdfl�rq gh od dsur{lpdfl�rq gh P1N1 frpr ghflpdfl�rq h{dfwd gh

foxvwhuv> +d, xqd lwhudfl�rq> +e, grv lwhudflrqhv vxfhvlydv1
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Iljxud 48= Frqvwuxffl�rq gh xqd uhg mhu�dutxlfd phgldqwh xq surfhvr uhfxuvlyr1

vh rewlhqh d sduwlu gho w�huplqr dqwhulru/ uhhpsod}dqgr fdgd oljdgxud gho plvpr sru

xq foxvwhu e�dvlfr/ wdo frpr vh pxhvwud hvtxhp�dwlfdphqwh hq od Ilj1+48,1 Ho foxvwhu

e�dvlfr frqvwlwx|h ho sulphu w�huplqr gh od mhudutx��d1 Vl qxphudprv frq q fdgd w�huplqr

gh od mhudutx��d/ q @ 4 fruuhvsrqgh do foxvwhu e�dvlfr | sdud q $ 4 rewhqhprv od uhg

mhu�dutxlfd1

Hvwdv uhghv vrq sru frqvwuxffl�rq iudfwdohv/ hv ghflu/ dxwrvhphmdqwhv r lqyduldqwhv

sru hvfdod�/ |d txh fxdotxlhu vxeuhg hqwuh grv whuplqdohv hv d vx yh} xqd uhg mhu�dutxlfd

lg�hqwlfd d od uhg wrwdo1

Ho hmhpsor pdv vlpsoh gh uhg mhu�dutxlfd hv od fdghqd lq�qlwd/ od fxdo sxhgh jhqhuduvh

d sduwlu gho foxvwhu e�dvlfr prvwudgr hq od Ilj1+:,1 Rwur hmhpsor vlpsoh vhuld od uhg

jhqhudgd sru ho foxvwhu _gldpdqwh% txh vh pxhvwud hq od Ilj1+47d,1

Reyldphqwh/ xqd uhg mhu�dutxlfd qr srvhh lqyduldqfld gh wudvodfl�rq1 Sru rwud sduwh/

d glihuhqfld gh odv uhghv uhjxoduhv/ kd| xq fuhflplhqwr qr xqliruph gho q�xphur gh

oljdgxudv +wdpelhq hq ho q�xphur gh vlwlrv, frq ho idfwru gh hvfdod r glphqvl�rq olqhdo

gh od uhg1 Shqvhprv sru hmhpsor/ hq xqd uhg klshuf�xelfd g0glphqvlrqdo frpr ho o��plwh

O$4 gh xqd mhudutx��d gh klshufxerv �qlwrv gh odgr O1 Ho q�xphur gh vlwlrv | gh erqgv

fuhfhq frpr O_ sdud O $ 41 Hq ho fdvr gh xqd uhg iudfwdo hvwh fuhflplhqwr wdpelhq

�,t|@ �?�@h�@?U�@ _i itU@*@ it |LTL*�L}�U@c )@ ^�i *L ^�i _i�?i *@ hi_ �ih�@h^��U@ it *@ UL?iU|���_@_

i?|hi *Lt t�|�Lt _i* U*�t|ih M�@t�ULc �?_iTi?_�i?|i4i?|i _i t� _�tTLt�U��L? }iL4�i|h�U@�
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rehghfh xqd oh| gh srwhqfld/ vror txh ho h{srqhqwh hq hvwh fdvr vhud/ hq jhqhudo/ qr0

hqwhur1 Vl oodpdprv gh prgr jhqhudo O do idfwru gh hvfdod olqhdo gh od uhg | QK+O, do

q�xphur gh erqgv fruuhvsrqglhqwh/ vh revhuyd txh

QK+O, 2 O
_s

sdud O AA 4/ grqgh od glphqvl�rq iudfwdo gs vh gh�qh frpr=

gs @ olp
u<"

oq QK+O,

oq O
= +<4,

Hq xqd uhg mhu�dutxlfd/ vh gh�qh od glvwdqfld tx��plfd Q?
^ gho q0�hvlpr foxvwhu gh

od mhudutx��d frpr ho p��qlpr fdplqr/ hq q�xphur gh erqgv/ hqwuh orv whuplqdohv gho

foxvwhu1 Hvwd fdqwlgdg fdudfwhul}d ho idfwru gh hvfdod olqhdo gho foxvwhu1 Vl oodpdprv Q?
K

do q�xphur gh erqgv gho q0�hvlpr w�huplqr gh od mhudutx��d/ whqguhprv txh

gs @ olp
?<"

oq Q?
K

oq Q?
^

= +<5,

Gh od gh�qlfl�rq gh uhg mhu�dutxlfd yhprv txh Q?
K @

�
Q�

K

�?
/ | Q?

^ @
�
Q�
^

�?
/ gh grqgh=

gs @
oq Q�

K

oq Q�
^

= +<6,

71615 Juxsr gh uhqrupdol}dfl�rq

Od lqyduldqfld gh hvfdod gh odv uhghv mhu�dutxlfdv odv kdfh hvshfldophqwh dsursldgdv sdud

ho juxsr gh uhqrupdol}dfl�rq1 Gdgr txh orv foxvwhuv txh frpsrqhq od uhg vh frqhfwdq

hqwuh vl vror d wudyhv gh orv whuplqdohv/ vl ghflpdprv orv vlwlrv lqwhuqrv gho foxvwhu

e�dvlfr/ qr h{lvwh srvlelolgdg dojxqd gh txh surolihuhq lqwhudfflrqhv= odv �xqlfdv lqwhudf0

flrqhv hihfwlydv srvleohv vrq dtxhoodv txh sxhgdq h{lvwlu hqwuh orv vlwlrv sulphurv yhflqrv

txh frqvwlwx|hq ho _foxvwhu% gh grv vlwlrv uhvxowdqwh> odv hfxdflrqhv gh uhfxuuhqfld dvl

rewhqlgdv vhudq h{dfwdv sdud od uhg frpsohwd21

2,t|L it ��@*�_L tL*L T@h@ t�t|i4@t _i tT�?it U*�@t�ULt( i? t�t|i4@t U��@?|�ULt *@ ?L�UL?4�|@|���_@_ _i

*Lt LTih@_Lhit @tLU�@_Lt UL? *Lt _�uihi?|it U*�t|iht ?L Tih4�|i *@ u@U|Lh�3@U��L? e%REG� '
T

�
e%REG��c

_L?_i G� it i* O@4�*|L?�@?L _i* U*�t|ih �� �t�c t� M�i? *@ _iU�4@U��L? T�i_i tih **i�@_@ @ U@ML _i

4@?ih@ i @U|@ i? �? U*�t|ih �?�|Lc it|@ UL?t|�|�)i �?@ @ThL �4@U��L? T@h@ *@ hi_ UL4T*i|@�
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Iljxud 49= Foxvwhu e�dvlfr gh od uhg mhu�dutxlfd jhqhudgd hq od dsur{lpdfl�rq gh P1N1

frq e @ 6 | g @ 51

Frpr ylprv hq od vxevhffl�rq dqwhulru/ od dsur{lpdfl�rq gh P1N uhvxowd htxlydohqwh

d od ghflpdfl�rq h{dfwd gh xq wlsr sduwlfxodu gh uhghv mhu�dutxlfdv1 Gh od Hf1+;9, yhprv

txh ho foxvwhu e�dvlfr fruuhvsrqglhqwh d glfkdv uhghv vh frpsrqh gh e_3� fdghqdv gh e

erqgv hq sdudohor> hq od Ilj1+49, vh pxhvwud xq hmhpsor sdud e @ 6 | g @ 51 Whqhprv

hqwrqfhv txh Q�
^ @ e | Q

�

K @ e
_/ gh grqgh gs @ g1 Hvwh hv xq khfkr qr wulyldo/ |d txh

gs hv xqd pdjqlwxg lpsruwdqwh d od krud gh dqdol}du ho frpsruwdplhqwr fu��wlfr gh xqd

uhg mhu�dutxlfd phgldqwh ho surfhglplhqwr gh JU1 Ho eortxh gh Ndgdqr� hq hvwh fdvr

hv suhflvdphqwh ho foxvwhu e�dvlfr1 Vl e hv ho idfwru gh hvfdod gho JU/ ho q�xphur gh vlwlrv

hq ho eortxh vdwlvidfh hqwrqfhv QK 2 e
_s 1 Uhslwlhqgr ho ghvduuroor gh od vhffl�rq 5 yhprv

txh gheh uhhpsod}duvh hq hvwh fdvr g$ gs hq od hfxdfl�rq sdud odv hqhujldv oleuhv +45,1

Hvwd plvpd prgl�fdfl�rq vh dsolfd sru or wdqwr d od uhodfl�rq gh krprjhqhlgdg +7:, gh

od fxdo vh ghulydq odv oh|hv gh hvfdod1

Pdv doo�d gh vx xwlolgdg sdud dsur{lpdu ho frpsruwdplhqwr fu��wlfr gh uhghv uhjxoduhv

+lqyduldqwhv sru wudvodfl�rq,/ ho hvwxglr gh uhghv iudfwdohv suhvhqwd xq lqwhu�hv lqwu��qvhfr/

|d txh ho glvsrqhu gh vroxflrqhv h{dfwdv gho JU uhvxowd xwlo sdud hvwxgldu surslhgdghv gh

od whru��d1 Ghvgh hvwh sxqwr gh ylvwd qr qhfhvlwdprv uhvwulqjluqrv d odv uhghv jhqhudgdv

sru ho surfhglplhqwr gh P1N1 | uhvxowd lqwhuhvdqwh h{whqghu ho hvwxglr d uhghv iudfwdohv

pdv frpsohmdv1 Xq hmhpsor lqwhuhvdqwh or frqvwlwx|h od uhg mhu�dutxlfd jhqhudgd sru ho

foxvwhu _sxhqwh gh Zkhdvwrqh% txh vh pxhvwud hq od Ilj1+4:,/ sdud od fxdo/ gh dfxhugr
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Iljxud 4:= Ghflpdfl�rq hq od uhg mhu�dutxlfd jhqhudgd sru ho foxvwhu _sxhqwh gh Zkhdv0

wrqh%1

frq od Hf1+<6,/ gs @ oq 8@oq 5 � 5=651 Od hfxdfl�rq gh uhfxuuhqfld N �+N, txh uhvxowd

gh ghflpdu ho foxvwhu gh od Ilj1+4:, sdud ho prghor gh Lvlqj sulphurv yhflqrv d fdpsr

qxor suhvhqwd frpr sxqwr �mr qr wulyldo ho ydoru gh NS h{dfwr +Rqvdjhu, sdud od uhg

fxdgudgd1

��� �
���
� 
� ���	���������  ���!��

Ho xvr gh od uhjod gh od pd|ru��d hq prghorv gh vslqhv surgxfh/ hq jhqhudo/ surolihudfl�rq

gh lqwhudfflrqhv/ or fxdo kdfh qhfhvdulr lqwurgxflu dsur{lpdflrqhv/ d �q gh rewhqhu

hfxdflrqhv gh uhfxuuhqfld fhuudgdv txh shuplwdq ho wudwdplhqwr dqdo��wlfr1 Ho p�hwrgr

gh Qlhphlmhu | ydq Ohhxzhq ^4` frqvlvwh hq hihfwxdu xq ghvduuroor hq fxpxodqwhv gh

od Hf1+9, txh shuplwd wuxqfdu gh pdqhud vlvwhp�dwlfd odv hfxdflrqhv gh uhfxuuhqfld hq

vxfhvlyrv rughqhv gh surolihudfl�rq1

71714 Ghvduuroor hq fxpxodqwhv

Frqvlghuhprv ho prghor gh Lvlqj ihuurpdjq�hwlfr hq od uhg wuldqjxodu | xqd wudqviru0

pdfl�rq gh JU frq eortxhv gh Ndgdqr� wuldqjxoduhv/ frq idfwru gh hvfdod e @
s
6

frpr vh pxhvwud hq odv Iljv1+4e, | +5,1 Od uhjod gh od pd|ruld +47, hq hvwh fdvr ylhqh

ghvfulswd sru xqd ixqfl�rq gh shvr=
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S +v�> v, @
\

U

SU+v
�> v, +<7,

grqgh

SU+v
�> v, @

4

5

k
4 . V�

U vjq+V
U
�
. VU

2 . VU
�,
l

Frphqfhprv sru ghvfrpsrqhu

K+v, @ Kf+v, . Y+v, +<8,

grqgh

Kf+v, @
[

U

KU
f+v, +<9,

KU
f+v, lqfox|h �xqlfdphqwh odv lqwhudfflrqhv lqwhuqdv hqwuh vslqhv gho eortxh L txh suh0

vhqwdq od vlphwuld V� $ �V�> orv uhvwdqwhv w�huplqrv vh lqfox|hq hq Y+v,1 Sdud ho fdvr

gh

K+v, @ N
[
	�c�:

V� V� . k
[
�

V� +<:,

whqhprv

KU
f+v, @ N

[

	�c�:MU

V� V� +<;,

|

Y+v, @ N
[

	Uca:

[

	�c�:(�MU(�Ma

V� V� . k
[

U

[

�MU

V� +<<,

Gh�qlprv hqwrqfhv ho surphglr gh xqd fdqwlgdg [+v�> v, frpr

k[lf +v
�, @

4

]f

[

tr�

S +v�> v, hGfEr� [+v�> v, +433,

grqgh
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]f @
[
tr�

S +v�> v, hGfEr� @
\
U

]U

f +434,

]U

f @
[
trMU�

SU+v
�> v, hG

U

f
Er�= +435,

]U

f qr ghshqgh gh V�
U
/ |d txh ho fdpelr V�

U
$ �V�

U
qr dowhud orv idfwruhv gh Erow}pdqq

hq od Hf1+435,1 Whqhprv hqwrqfhv txh

]f @
�
]U

f

�
�

�

>

|d txh ]U

f hv lqghshqglhqwh gh L> Q � hv ho q�xphur gh eortxhv1 Sdud ho Kdplowrqldqr

gh Lvlqj +<:, vh rewlhqh lqphgldwdphqwh=

]U

f @ h �g . 6 h3g +436,

Uhhpsod}dqgr hq od Hf1+9, rewhqhprv hqwrqfhv

h �nG
�Er�� @

[
tr�

S +v�> v, hGfEr� hOEr� +437,

@ ]f

G
hOEr�

H
f
+v�,> +438,

gh grqgh

F .K
�+v�, @ oq]f . oq

G
hOEr�

H
f
+v�,= +439,

Xvdqgr ho ghvduuroor hq fxpxodqwhv

G
hOEr�

H
f
@ h{s

#
"[
?'�

4

q$
F?

$
> +43:,

grqgh

F� @ kY+v,lf > +43;,

F2 @
G
Y
2+v,

H
f
� kY+v,l2f > +43<,
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hwf/ rewhqhprv ho ghvduuroor=

F .K�+v�, @ oq]f . kY+v,lf .
4

5

kG
Y2+v,

H
f
� kY+v,l2f

l
. � � � +443,

Od sur{lpdfl�rq gh rughq q frqvlvwh hqwrqfhv hq wuxqfdu ho ghvduuroor +443,/ frqvhu0

ydqgr kdvwd ho q0�hvlpr fxpxodqwh1

71715 Dsur{lpdfl�rq gh sulphu rughq

Hq sulphu rughq whqhprv=

F .K�+v�, @ oq]f . kY+v,lf +444,

Sdud ho fdvr gho prghor gh Lvlqj +<:, whqhprv

kY+v,lf @ N

[
	Uca:

kYUalf . 6 k
[
U

G
V
U
�

H
f
> +445,

|d txh/ gdgd od vlphwuld gh KU
f /
G
V
U
�

H
f
uhvxowd lqghshqglhqwh gho vlwlr l 5 L > YUa ghqrwd=

YUa @
[

	�c�:(�MU(�Ma

V� V�= +446,

Wrphprv grv eortxhv sulphurv yhflqrv wdo frpr orv txh vh pxhvwudq hq od Ilj1+4;,1

Hvwd hvwuxfwxud hv jhqhudo= hqwuh grv eortxhv sulphurv yhflqrv kd| vlhpsuh xq odgr

rsxhvwr d xq yhuwlfh1 Dvl=

YUa @ V
a
�

�
V
U
2 . V

U
�

�
= +447,

Gdgr txh od glvwulexfl�rq gh suredelolgdg S +v�> v, h
Gf / idfwrul}d hq glvwulexflrqhv gh

eortxhv lqghshqglhqwhv/ whqguhprv txh

kYUalf @ 5
G
V
U
�

H
f

G
V
a
�

H
f
> +448,

grqgh l 5 L / m 5 M vrq vlwlrv duelwudulrv gh orv eortxhv L> M 1 Whqhprv hqwrqfhv=
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4

56
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�
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56
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�

Iljxud 4;=

kY+v,lf @ 5N
[

	Uca:

G
V
U
�

H
f

G
V
a
�

H
f
. 6 k

[

U

G
V
U
�

H
f
= +449,

Gh odv Hfv1+<7,/ +<9, | +433, rewhqhprv=

G
V
U
�

H
f
@

4

]
U
f

[

tr�

SU+V
�
U > v, h

GU

f
Er�

V
U
� = +44:,

Vh yhul�fd idflophqwh txh=

G
V
U
�

H
f
@ d+N, V�U +44;,

grqgh

d+N, @
h
�g . h

3g

h �g . 6 h3g
+44<,

Uhhpsod}dqgr odv Hfv1+449, | +44;, hq od Hf1+444, rewhqhprv=

K�+v�, @ kY+v,lf +453,

@ 5N d
2+N,

[

	Uca:

V
�
UV

�
a . 6k d+N,

[

U

V
�
U +454,
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NS |A |�

h{dfwr 3=5:8 4 4=;:8

4eo rughq 3=669 3=;<7 5=355

5_J rughq 3=584 4=386 4=;7:

Wdeod 6= Uhvxowdgrv frpsdudwlyrv rewhqlgrv frq od dsur{lpdfl�rq gh Qlhphlmhu 0ydq

Ohhxzhq hq od uhg wuldqjxodu1

Gdgr txh ho Kdplowrqldqr +454, wlhqh od plvpd irupd txh ho Kdplowrqldqr ruljlqdo

+<:,/ yhprv txh ho frqvlghudu lqwhudfflrqhv vror kdvwd sulphurv yhflqrv uhvxowd frqvlv0

whqwh frq od dsur{lpdfl�rq gh sulphu rughq1 Hq hvwh rughq gh dsur{lpdfl�rq/ rewhqhprv

odv vljxlhqwhv hfxdflrqhv gh uhfxuuhqfld=

N � @ 5N d2+N, +455,

k� @ 6k d+N,= +456,

Frphqwdulrv

� Srghprv yhul�fdu idflophqwh txh odv Hfv1 gh uhfxuuhqfld +455, | +456, vdwlvidfhq

odv surslhgdghv gh sdulgdg +85, | +86, dqdol}dgdv hq od vxevhffl�rq 6161

� Sxqwrv �mrv wulyldohv= l, N @ k @ 3/ fruuhvsrqglhqwh d W @ 4> ll,

N @ 4/ k @ 3/ hvwdgr ixqgdphqwdo frq ghjhqhudfl�rq gh lqyhuvl�rq> lll,

N @ 4/ k @ 4 +�4,/ hvwdgr ixqgdphqwdo pdjqhwl}dgr _xs% +_grzq%,1

� Vxehvsdflr lqyduldqwh k @ 3= hq hvwh fdvr vh rewlhqh

N � @ 5N d2+N,

ho fxdo suhvhqwd ho sxqwr �mr qr wulyldo d+NS, @ 4@
s
5, NS @

�

e
oq
�
4 . 5

s
5
�
1

7:



Orv uhvxowdgrv �qdohv vh frpsdudq hq od wdeod +6, frq orv uhvxowdgrv h{dfwrv | orv

rewhqlgrv phgldqwh ho vhjxqgr rughq hq ho ghvduuroor hq fxpxodqwhv +443,1

" �� # ������������ 
� $��� 
� ���	�� ��
��

D shvdu gh txh ho UJ ixh glvh�qdgr hvshf���fdphqwh sdud ho wudwdplhqwr gh wudqvlflrqhv

gh idvh gh vhjxqgr rughq/ hvwr hv/ wudqvlflrqhv frq orqjlwxg gh fruuhodfl�rq glyhujhqwh/

khprv ylvwr frpr ho �xmr joredo gh JU vh hqfxhqwud uhodflrqdgr frq ho gldjudpd gh

idvhv frpsohwr gho vlvwhpd hq frqvlghudfl�rq1 Gh hvwd pdqhud hvshudu��dprv txh wrgr

wlsr gh wudqvlflrq gh idvh/ d�xq dtxhoodv qr fu��wlfdv/ vh pdql�hvwhq hq ho �xmr gh JU1

Yhuhprv hq hvwd vhffl�rq frpr do phqrv flhuwr wlsr gh wudqvlflrqhv gh sulphu rughq

sxhghq vhu fdudfwhul}dgdv ghqwur gho hvtxhpd gh JU1 Qrv uhihuluhprv frqfuhwdphqwh d

od olqhd gh wudqvlflrqhv gh sulphu rughq txh rfxuuh sdud xq ihuurpdjqhwr sdud fdpsr

qxor k @ 3 | W ? WS1

Vxsrqjdprv hqwrqfhv xq ihuurpdjqhwr hq xqd uhg g0glphqvlrqdo fx|dv hfxdflrqhv

gh uhfxuuhqfld whqjdq od irupd

N � @ N �+N>k,

k� @ k�+N> k,=

+od lqwurgxffl�rq gh lqwhudfflrqhv ihuurpdjq�hwlfdv gh rughq vxshulru qr dowhudq orv uhvxo0

wdgrv vxevljxlhqwhv,1 Od olqhd gh sulphu rughq hq ho hvsdflr +N>k, frqvwlwx|h od fxhqfd

gh dwudffl�rq gho sxqwr �mr +N>k, @ +4> 3,/ ho fxdo fdudfwhul}d od idvh ihuurpdjq�hwlfd

frq vlphwu��d gh lqyhuvl�rq d fdpsr qxor1 Od fdudfwhu��vwlfd vreuhvdolhqwh gh hvwd wudq0

vlfl�rq hv od glvfrqwlqxlgdg hq ho sdu�dphwur gh rughq suryrfdgd sru od suhvhqfld gh

pdjqhwl}dfl�rq hvsrqwdqhd

p�+N, � olp
�<f�

Ci+N> k,

Ck
+457,

do dwudyhvdu glfkd olqhd d whpshudwxud frqvwdqwh W ? WS1 Frqvlghuhprv hqwrqfhv ho

frpsruwdplhqwr gh od glvfrqwlqxlgdg hq od pdjqhwl}dfl�rq

7;



�p+N, �
pn+N,�p

3

+N,

5
+458,

edmr od wudqvirupdfl�rq gh JU d or odujr gh od olqhd k @ 3 sdud N A NS/ sdud od fxdo

vdehprv txh �p+N, 9@ 31 Ghulydqgr od h{suhvl�rq +45, sdud od hqhuj��d oleuh rewhqhprv=

Ci+N>k,

Ck
@

Cj+N> k,

Ck
. e

3_
Ci+N �

> k
�,

Ck
+459,

Ci+N �

> k
�,

Ck
@

Ci+N �

> k
�,

CN �

CN
�

Ck
.
Ci+N �

> k
�,

Ck�

Ck
�

Ck
= +45:,

Wdqwr j frpr N � | k� vh dvxphq ixqflrqhv dqdo��wlfdv gh N | k1 Gh odv surslhgdghv

gh sdulgdg +85, | +86, whqhprv txh

CN
�

Ck

�
�
�
�
�'f�

@ 3

Ck
�

Ck

�
�
�
�
�'fn

@
Ck

�

Ck

�
�
�
�
�'f3

9@ 3

|

Cj

Ck

�
�
�
�
�'fn

@
Cj

Ck

�
�
�
�
�'f3

3=

Dvl/ uhhpsod}dqgr odv h{suhvlrqhv +459, | +45:, hq od gh�qlfl�rq +457, h lqwurgxflhqgr

od gh�qlfl�rq

U+N, � e
3_

Ck
�

Ck

�
�
�
�
�'f

+45;,

rewhqhprv

p
�
+N, @ U+N,p

�
+N �, +45<,

gh grqgh

�p+N, @ U+N,�p+N �,= +463,
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Lwhudqgr q yhfhv d sduwlu gh xq ydoru lqlfldo NEf� rewhqhprv

�p+NEf�, @
?3�\

�'f

U+NE��,�p+NE?�,= +464,

Sdud q$ 4 whqhprv txh NE?�
$ 4 ;N

Ef�
A NS1 Dghpdv �p+4, @ 4/ hv ghflu/

olp?<"�p+NE?�, @ 4/ frq or fxdo

�p+NEf�, @
"\

�'f

U+NE��,

1

Gdgr txh �p+NEf�, hv �qlwd sdud wrgr NEf�
A NS | gdgr txh U+N, hv xqd ixqfl�rq

frqwlqxd +hq edvh d od frqglflrqhv gh uhjxodulgdg dvxplgdv sdud k
�, frqfoxlprv txh

U+4, @ 41 Sru rwud sduwh vdehprv txh sdud wrgr sxqwr �mr hq od uhfwd k @ 3 xqr gh

orv fdpsrv gh hvfdod hv suhflvdphqwh k1 Gh hvwd pdqhud xvdqgr od Ht1+45;, whqhprv

txh

Ck
�

Ck

����
�'fcg'"

@ e
_ @ e

+
"

�

gh grqgh

|
"

�
@ g +465,

Od htxdfl�rq +465, vh frqrfh frpr fulwhulr gh Qlhqkxlv | Qdxhqehuj ^43` sdud fdu0

dfwhul}dfl�rq gh sxqwrv �mrv gh sulphu rughq/ hq ho vhqwlgr gh wudqvlflrqhv qr fu��wlfdv

frq sdu�dphwur gh rughq glvfrqwlqxr1 Qrwhprv txh sdud sxqwrv �mrv fu��wlfrv whqhprv

txh |� ? g1

Hv lpsruwdqwh ghvwdfdu txh hvwh fulwhulr ixh ghulydgr sdud sxqwrv �mrv dvrfldgrv frq

od vlphwu��d gh lqyhuvl�rq gho fdpsr pdjq�hwlfr/ vlhqgr yhul�fdgr hq glyhuvrv prghorv frq

hvwd surslhgdg1 Qr revwdqwh sdud wudqvlflrqhv gh idvh gh sulphu rughq vlq hvwd vlphwu��d

h{lvwhq frqwudhmhpsorv txh pxhvwudq txh ho fulwhulr qr wlhqh ydolgh} jhqhudo1 Xqr gh

hvwrv frqwudhmhpsorv hv ho prghor gh Srwwv gh t hvwdgrv ihuurpdjq�hwlfr frq lqwhudfflrqhv

gh odujr dofdqfh1 Hvwh prghor suhvhqwd xqd wudqvlflrq gh idvh gh sulphu rughq sdud

t � 6 ^44/ 45/ 46` hq dxvhqfld gh fdpsr pdjq�hwlfr h{whuqr/ hq wdqwr txh sdud t @ 5
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uhvxowd htxlydohqwh do prghor gh Lvlqj/ suhvhqwdqgr sru or wdqwr xqd wudqvlfl�rq gh

vhjxqgr rughq1 Xqd dgdswdfl�rq gho p�hwrgr gh Qlhphlmhu | ydq Ohhxzhq d hvwh wlsr gh

prghorv txh ghvfuleh fruuhfwdphqwh od wudqvlfl�rq gh idvh gh vhjxqgr rughq sdud t @ 5

^47` suhglfh sdud t � 6 xqd wudqvlfl�rq gh idvh txh qr vdwlvidfh ho fulwhulr +465, ^46`1

% &��������

Vh ghqrplqdq phgldqwh hvwh w�huplqr xq frqmxqwr gh ihq�rphqrv uhodflrqdgrv frq od

lqfdsdflgdg gho vlvwhpd/ edmr flhuwdv frqglflrqhv/ hq dofdq}du hihfwlydphqwh ho u�hjlphq

dvlqw�rwlfr hq ho fxdo ydohq odv oh|hv gh hvfdod +krprjhqhlgdg gh odv ixqflrqhv whu0

prglq�dplfdv,1 Hvwrv ihq�rphqrv sxhghq rehghfhu d glyhuvdv fdxvdv/ dojxqdv gh odv

pdv lpsruwdqwhv vlhqgr ghvfulswdv d frqwlqxdfl�rq1

%�� &�������� ��� ��	��� �'������ ����
����� �����(���

Hq ho hqwruqr gh xq sxqwr fu��wlfr vdehprv txh odv glihuhqwhv ixqflrqhv whuprglq�dplfdv

rehghfhq irupdv gh hvfdod ghulydgdv gh od krprjhqhlgdg jhqhudol}dgd gh odv plvpdv1

Hq ho fdvr hq txh hvwdv ixqflrqhv ghshqghq gh ydulrv sdu�dphwurv h{whuqrv uhohydqwhv/

wdohv frpr w | k/ odv plvpdv sxhghq suhvhqwdu glihuhqwhv irupdv dvlqw�rwlfdv ghshqglhqgr

gh od irupd hq txh hvwdv vhdq yduldgdv sdud dofdq}du ho sxqwr fu��wlfr1 Frqvlghuhprv

sru hmhpsor od irupd gh hvfdod sdud od hqhuj��d oleuh gh xq ihuurpdjqhwr hq suhvhqfld

gh xq fdpsr h{whuqr

i+w> k, @ mwm
23k

I
�

#
k

mwm
{

$
+466,

grqgh � @ ��/ gh od fxdo ghulydprv od irupd dvlqw�rwlfd sdud ho fdoru hvshf�l�fr d fdpsr

qxor

f+w, 2
C
2
i

Cw2
� mwm

3k

I
�
+3, +467,

Dkrud elhq/ hq h{shulphqwrv uhdohv h{lvwh vlhpsuh xq fdpsr pdjq�hwlfr h{whuqr

uhvlgxdo kf/ ghelgr d glyhuvrv idfwruhv wdohv frpr ho fdpsr pdjq�hwlfr whuuhvwuh/ fdp0

84



srv orfdohv ruljlqdgrv hq srvleohv lpsxuh}dv pdjq�hwlfdv/ hwf1 Gh pdqhud txh qrv lq0

whuhvd hvwxgldu ho frpsruwdplhqwr dvlqw�rwlfr gh f sdud w$ 3 hq suhvhqfld gh xq fdpsr

pdjq�hwlfr h{whuqr shtxh�qr shur qr qxor1 Sdud whpshudwxudv wdohv txh kf@ mwm
{
� 4

revhuyduhprv ho frpsruwdplhqwr +467,1 Qr revwdqwh/ do glvplqxlu dxq pdv od whp0

shudwxud do sxqwr gh txh kf@ mwm
{
 4 ho frpsruwdplhqwr revhuydgr ghshqghud gho

frpsruwdplhqwr dvlqw�rwlfr gh I�+{, sdud {$41 Gh +466, whqhprv txh sdud mwm � 4

p+w> k, @ �
4

W

Ci

Ck
� mwm

23k3{
I
�

�

#
k

mwm
{

$
> +468,

| vdehprv txh p � k
�*B sdud w @ 31 Vl dvxplprv od irupd I

�
�
+{, � {

b sdud { $ 4/

whqhprv gh od Ht1+468, txh

p+w> k, � mwm23k3{E�nb� kb>

| xvdqgr od oh| gh hvfdod 5� � @ �+� . 4, @ � . � srghprv hqfrqwudu � holplqdqgr

od ghshqghqfld hq w gh od Ht1+468, |d txh

p+w> k, � mwmq3{b
k
b
>

1

Dvl/ holjlhqgr � @ 4@� uhfxshudprv ho frpsruwdplhqwr dvlqw�rwlfr gh p/ gh or fxdo

frqfoxlprv txh sdud {$4

I�+{, � {
�nb

>

or fxdo lpsolfd txh sdud w$ 3 frq kf@ mwm
{
 4 whqguhprv txh

f+w> kf, � mwm
3k

k
�n�*B
f

1

grqgh � @ 51 Od suhjxqwd uhohydqwh ghvgh ho sxqwr gh ylvwd h{shulphqwdo hv/ gdgrv orv

ydoruhv k | w/ hq txh u�hjlphq dvlqw�rwlfr vh hqfxhqwud ho vlvwhpd/ {$4 �r {$ 3B Khprv

ylvwr txh od uhvsxhvwd ghshqgh gh od uhodfl�rq kf@ mwm
{1 Od revhuydfl�rq lpsruwdqwh hv

txh ghshqgh gh fxdq fhufd ho vlvwhpd hvwh gh od fulwlfdolgdg1 Sru hmhpsor/ vl ho vlvwhpd
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Iljxud 4<= Furvvryhu sru fdpsr h{whuqr uhvlgxdo kf> od whpshudwxud uhgxflgd gh

furvvryhu wf vh gh�qh sru od uhodfl�rq kf@ mwfm
{ � 4

hv hqiuldgr hq suhvhqfld gh kf/ hq ho u�hjlphq fu��wlfr/ shur qr ghpdvldgr fhufd gh

w @ 3/ kf@ mwm
{ � 4 | xqr revhuydu�d ho o��plwh { $ 3 gh od ixqfl�rq gh hvfdod> hvwh hv

ho frpsruwdplhqwr txh xqr hvshudu��d vl ho fdpsr pdjq�hwlfr ixhud h{dfwdphqwh fhur1

Vrusuhqghqwhphqwh/ vl qrv dsur{lpdprv ghpdvldgr d od fulwlfdolgdg +w @ 3, hqwuduhprv

hq ho u�hjlphq dvlqw�rwlfr { $ 41 Khprv ylvwr txh hvwh hv xq o��plwh frpsohwdphqwh

htxlyrfdgr vl hq or txh hvwdprv lqwhuhvdgrv hv hq ghwhuplqdu odv surslhgdghv fu��wlfdv

d fdpsr fhur1 Hvwd vlwxdfl�rq vh loxvwud hvtxhp�dwlfdphqwh hq od �jxud 9141

Hv qhfhvdulr uhpdufdu txh od uhjl�rq gh fdpelr gh frpsruwdplhqwr �r furvvryhu/

gh�qlgd dsur{lpdgdphqwh sru od uhodfl�rq kf@ mwfm
{ � 4/ hv devroxwdphqwh glixvd/ |d

txh ghshqgh gh od irupd h{dfwd gh I�1 Hq od �jxud 914 loxvwudprv hvtxhp�dwlfdphqwh

od irupd fxdolwdwlyd hvshudgd gho furvvryhu hq xq ju�d�fr orj0orj gho fdoru hvshf���fr1

%�� &�������� ���
���
� ��� ���������
)� �� ��� �������������

Khprv ylvwr txh ho frpsruwdplhqwr fu��wlfr hvwd jrehuqdgr sru sxqwrv �mrv qr wuly0

ldohv hq ho hvsdflr gh wrgdv odv lqwhudfflrqhv frqvlvwhqwhv frq odv vlphwu��dv gho sure0
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Iljxud 53= Frpsruwdplhqwr hvtxhp�dwlfr gho fdoru hvshf���fr F+w, hq od uhjl�rq gh

furvvryhu sru fdpsr h{whuqr uhvlgxdo kf1

ohpd1 Hq od su�dfwlfd od lghqwl�fdfl�rq gh odv vlphwu��dv gho sureohpd frqvwlwx|h xqd lgh0

dol}dfl�rq | iuhfxhqwhphqwh h{lvwhq lqwhudfflrqhv uhodwlydphqwh shtxh�qdv txh urpshq

glfkdv vlphwu��dv/ odv fxdohv vrq ghvsuhfldgdv hq od irupxodfl�rq gho sureohpd1 Hvwdv lq0

whudfflrqhv/ qr revwdqwh/ sxhghq jhqhudu fdpsrv gh hvfdod uhohydqwhv/ orv fxdohv wruqdq

lqhvwdeoh ho vxehvsdflr lqyduldqwh edmr JU dvrfldgr do prghor vlp�hwulfr/ gdqgr oxjdu d

ihq�rphqrv gh furvvryhu/ vhphmdqwhv do surgxflgr sru od suhvhqfld gh fdpsrv uhvlgxdohv

shtxh�qrv ylvwr hq od vxevhffl�rq dqwhulru1 Xq hmhpsor w��slfr hv ho gh orv ihuurpdjqh0

wrv lvrwu�rslfrv/ orv fxdohv vrq kdelwxdophqwh prghodgrv phgldqwh ho Kdplowrqldqr gh

Khlvhqehuj=

K @ N
[

	�c�:

�V�=
�V� +469,

grqgh sdud ho prghor fo�dvlfr odv yduldeohv �V� vrq frqwlqxdv vxmhwdv do y��qfxor
����V�
��� @ 4/

hq wdqwr txh sdud ho prghor fx�dqwlfr �V� 2 ��� / vlhqgr ��� pdwulfhv gh Sdxol dvrfldgdv

frq ho vlwlr l1 Hq fxdotxlhud gh vxv yhuvlrqhv hvwh prghor hv lqyduldqwh sru ho juxsr
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frqwlqxr gh urwdflrqhv hq ho hvsdflr gh orv vslqhv1 Qr revwdqwh/ hq vlvwhpdv uhdohv d

phqxgr h{lvwhq fdpsrv fulvwdolqrv surgxflgrv/ sru hmhpsor/ sru dfrsodplhqwrv vslq0

�ruelwd/ orv fxdohv sxhghq lqwurgxflu dqlvrwurs��d/ ghvwux|hqgr sru or wdqwr od lqyduldqfld

urwdflrqdo1 Grv pdqlihvwdflrqhv frpxqhv gh hvwh hihfwr vrq od dqlvrwurs��d lqgxflgd sru

lrqhv vlpsohv/ od fxdo lqwurgxfh xqd shuwxuedfl�rq do Kdplowrqldqr gh Khlvhqehuj gh od

irupd

K @ N
[
	�c�:

�V�=�V� . j
[
�

+V5
� ,

2 +46:,

| od dqlvrwurs��d hq odv lqwhudfflrqhv gh lqwhufdpelr/ od fxdo fruuhvsrqgh do fdvr hq txh

odv lqwhudfflrqhv gh lqwhufdpelr suhvhqwdq glihuhqwhv lqwhqvlgdghv gh dfxhugr frq od

rulhqwdfl�rq gho vslq> xqd pdqlihvwdfl�rq iuhfxhqwh hv ho od gh dfrsodplhqwr dqlvrwu�rslfr

xqld{ldo/ od fxdo vh prghod phgldqwh ho Kdplowrqldqr gh Khlvhqehuj dqlvrwu�rslfr=

K @ N5

[
	�c�:

V5
� V

5
� .N%+

[
	�c�:

�
V%
� V

%
� . V

+

�
V
+

�

�
> +46;,

ho fxdo sxhgh vhu ghvfulswr wdpelhq frpr xqd shuwxuedfl�rq gho Kdplowrqldqr +469, gh

od irupd

K @ N
[

	�c�:

�V�=�V� . j
[

	�c�:

V5
� V

5
� +46<,

grqgh N � N5 | j � N5�N%+1 Hv srvleoh yhu txh dperv wlsrv gh shuwxuedfl�rq wlhqhq

fxdolwdwlydphqwh ho plvpr hihfwr vreuh odv surslhgdghv fu��wlfdv1

Dqdolvhprv od irupd fxdolwdwlyd hvshudgd gho gldjudpd gh idvhv gh hvwrv prghorv hq

ho hvsdflr +W> j, sdud g � 61 D dowdv whpshudwxudv ho vlvwhpd vhu�d sdudpdjq�hwlfr sdud

fxdotxlhu ydoru gh j1 D edmdv whpshudwxudv ho vlvwhpd srgud suhvhqwdu glihuhqwhv idvhv

rughqdgdv ghshqglhqgr gho ydoru gh j1 Sdud j A 3 +N5 A N%+, | j  4 hvshudprv

xq rughqdplhqwr suhihuhqfldo gh orv vslqhv hq od gluhffl�rq }/ hvwr hv/ kV5
� l � 	4 |

G
�V
%+

�

H
� 3> hq rwudv sdodeudv/ xq frpsruwdplhqwr wlsr Lvlqj1 Sdud j ? 3 +N5 ? N%+,

| mjm  4/ hvshudprv xq rughqdplhqwr suhihuhqfldo gh orv vslqhv hq ho sodqr {� |/ hv

kV5
� l � 3 |

G����V%+

�

���
H
� 4/ txh fruuhvsrqgh d xq frpsruwdplhqwr wlsr prghor [0\ +yhu
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Iljxud 54= Gldjudpd gh idvhv hvtxhp�dwlfr sdud ho prghor gh Khlvhqehuj dqlvrwu�rslfr1

�jxud 915,1 Hq frqvhfxhqfld/ sdud mjm  4 od wudqvlfl�rq gh idvh do glvplqxlu W hvwdu�d

hq od fodvh gh xqlyhuvdolgdg |d vhd gho prghor gh Lvlqj �r gho prghor [\/ ghshqglhqgr

gho vljqr gh j1 Sdud j @ 3 od wudqvlfl�rq hvwdu�d hq od fodvh gh xqlyhuvdolgdg gho prghor

gh Khlvhqehuj/ shur sdud fxdotxlhu ydoru �qlwr gh j/ sru shtxh�qr txh vhd/ ho �xmr gh

UJ vhud duudvwudgr kdfld dojxqr gh orv dwudfwruhv frq j 9@ 3/ Lvlqj �r [\1 Hvwr lpsolfd

txh ho sxqwr �mr qr wulyldo Khlvhqehuj vhu�d frpsohwdphqwh lqhvwdeoh hq ho hvsdflr gh

sdu�dphwurv +N5>N%+, +�r htxlydohqwhphqwh +N> j,, | ho gldjudpd gh �xmr whqgud od

wrsrorj��d hvtxhp�dwlfd gh od �jxud 9151 Srghprv frqfoxlu sru or wdqwr txh ho w�huplqr

gh uxswxud gh vlphw��d j wlhqh txh vhu xq fdpsr gh hvfdod uhohydqwh1 Ydoruhv shtxh�qrv

gh j fuhfhudq do uhqrupdol}du dohmdqgr ho �xmr hq ho hqwruqr gho sxqwr �mr qr wulyldo

Khlvhqehuj +K hq od �jxud 915,, kdfld dojxqr gh orv rwurv sxqrwv qr wulyldohv +L �r [\ hq

od �jxud 915,/ ghshqglhqgr gho vljqr gh j1 Sxqwrv �mrv gh dowd vlphwu��d vrq hq jhqhudo

+dxqtxh qr vlhpsuh, lqhvwdeohv frq uhvshfwr d sxqwrv �mrv gh phqru vlphwu��d1

Srghprv ghvfulelu ho furvvryhu hq ho hqwruqr gho sxqwr fu��wlfr Khlvhqehuj hq w�huplqrv

gh grv fdpsrv gh hvfdod uhohydqwhv w | j/ xwlol}dqgr od irupd gh hvfdod gho JU sdud od

hqhuj��d oleuh=
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Iljxud 55= Gldjudpd gh �xmr gh JU hvtxhp�dwlfr sdud ho prghor gh Khlvhqehuj

dqlvrwu�rslfr1

i+w> j, @ e3_i
�
we+

M
| > je+}

�
+473,

@ mwm23kM I
�

#
j

mwm�

$
+474,

grqgh �M hv ho h{srqhqwh gho fdoru hvshf���fr rewhqlgr d sduwlu gh odv uhodflrqhv gh hv0

fdod hq ho sxqwr �mr Khlvhqehuj sdud j @ 3> ! @ |}@|
M
| hv ho h{srqhqwh gh furvvryhu/ ho

fxdo vhud srvlwlyr/ |d txh |} A 3 +fdpsr gh hvfdod uhohydqwh,1 Sdud whpshudwxudv wdohv

txh j@ mwm� � 4 revhuyduhprv ho frpsruwdplhqwr dvlqw�rwlfr hvshudgr sdud ho prghor

lvrwu�rslfr i � mwm23kM / shur vx�flhqwhphqwh fhufd gh od fulwlfdolgdg +j@ mwm�  4, ho

frpsruwdplhqwr vh ghvyldu�d gho dqwhulru1 Gh khfkr hq hvwh �xowlpr fdvr od oh| gh hvfdod

+473, ghmdu�d gh vhu y�dolgd/ |d txh ho �xmr gh uhqrupdol}dfl�rq vhu�d duudvwudgr sru od

lq�xhqfld gho fdpsr j kdfld rwur sxqwr �mr qr wulyldo +L �r [\, hq ho fxdo ho frpsru0

wdplhqwr dvlqw�rwlfr hvwdu�d ghwhuplqdgr sru rwurv h{srqhqwhv fu��wlfrv1 Ho h{srqhqwh !

qrv vluyh hq hvwh fdvr sdud ghwhuplqdu od uhjl�rq gh furvvryhu1
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� ������ ��� �� ��	�(�� +���� ,-+���� ��.� �����

���/0

Vdehprv txh xq ihq�rphqr fu��wlfr vror rfxuuh hvwulfwdphqwh hq vlvwhpdv lq�qlwrv1 Glyhu0

vrv p�hwrgrv qxp�hulfrv vh edvdq hq od vxsrvlfl�rq gh txh sxhgh rewhqhuvh lqirupdfl�rq df0

hufd gho vlvwhpd lq�qlwr h{wudsrodqgr ho frpsruwdplhqwr gh vlvwhpdv �qlwrv gh wdpd�qrv

fuhflhqwhv1 Ydprv d yhu d frqwlqxdfl�rq frpr hvwd vxsrvlfl�rq sxhgh mxvwl�fduvh ghqwur

gho pdufr frqfhswxdo gho JU1

Frqvlghuhprv xq vlvwhpd �qlwr gh wdpd�qr olqhdo O/ wdo txh ho yro�xphq Y 2 O_1

Edmr uhqrupdol}dfl�rq od sduwh vlqjxodu gh od hqhuj��d oleuh sru xqlgdg gh yro�xphq hvfdod

frpr

ir

�
�N>O

�
@ e3_ir

�
�N �> O@e

�
=

Vxsrqjdprv dkrud txh wrpdprv O vx�flhqwhphqwh judqgh frpr sdud txh/ hq odv fhu0

fdq��dv gho sxqwr fu��wlfr/ ir ghshqgd gh orv sdu�dphwurv whuprglq�dplfrv dwudyhv gh o

fdpsrv gh hvfdod uhohydqwhv gho vlvwhpd lq�qlwr | gh�qdprv xu � O3�1 Whqguhprv

hqwrqfhv od uhodfl�rq

ir +x�> x2> = = = > x,> xu, @ e3_ir +e
+�x�> e

+2x2> = = = > e
+,x,> exu, =

Gdgr txh ho sxqwr fu��wlfr rfxuuh sdud �N @ �NW | xu @ 3/ | gdgr txh od wudqvirupdfl�rq

gh JU qrv frqwudh vlhpsuh ho wdpd�qr gho vlvwhpd/ h{fhswr sdud xq vlvwhpd hvwulfwd0

phqwh lq�qlwr xu @ 3/ yhprv txh xu dfwxd frpr xq qxhyr fdpsr gh hvfdod uhohydqwh/

frq h{srqhqwh |u @ 41 Sdud vlvwhpdv judqghv O  4 hvwh fdpsr jhqhud hihfwrv gh

furvvryhu/ vhphmdqwhv d orv ylvwrv hq od vhffl�rq dqwhulru1 Wrphprv frpr hmhpsor xq

ihuurpdjqhwr d fdpsr qxor/ sdud ho fxdo

ir +w> xu, @ e3_ir +e
+|w> exu, +475,

@ mwm23k I
�

#
xu

mwm�*+|

$
+476,

xvdqgr txh || @ 4@� | txh �
"
+w, � mwm3D whqhprv txh
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ir

�
w> O3�

�
@ mwm23k I

�

k
+O mwmD,3�

l
+477,

@ mwm23k I
�

�
�
"
+w,

O

�
= +478,

Sdud w 9@ 3 ir hv dqdo��wlfd hq ho o��plwh O$4 | sru or wdqwr I
�
+3, @ fwh1 Dvl/ ho o��plwh

{ $ 3 gh I
�
+{, fruuhvsrqgh do frpsruwdplhqwr fu��wlfr _fruuhfwr%1 Hvwr ghwhuplqd

xqd uhjl�rq gh furvvryhu O mwmD � 4/ wdo txh sdud +O mwmD,3�  4/ od irupd dvlqw�rwlfd gh

I
�
+{, sdud { $ 4 jhqhudu�d xq dsduwdplhqwr gho frpsruwdplhqwr fruuhvsrqglhqwh do

vlvwhpd lq�qlwr1 Hvwr sxhgh lqwhusuhwduvh idflophqwh d sduwlu gh od h{suhvl�rq +478,1

Sdud +O mwmD,3� � 4 whqhprv txh �
"
+w, � O | orv hihfwrv gh erugh ghulydgrv gho

wdpd�qr �qlwr qr vhudq shufhswleohv/ gh pdqhud txh �u+w, � �
"
+w,1 Sdud +O mwmD,3�  4

whqguhprv txh �u+w, ? O � �
"
+w,/ gh pdqhud txh revhuyduhprv xq slfr �qlwr hq odv

ixqflrqhv uhvsxhvwd frq xq p�d{lpr sdud O mwmD � 4 hq oxjdu gh xqd vlqjxodulgdg1

Hvwdv surslhgdghv gh hvfdod sxhghq xwlol}duvh hq od su�dfwlfd sdud hvwlpdu qxp�hul0

fdphqwh ho frpsruwdplhqwr gho vlvwhpd lq�qlwr1 Frqvlghuhprv sru hmhpsor od orqjlwxg

gh fruuhodfl�rq/ od fxdo sdud xq vlvwhpd �qlwr sxhgh vhu fdofxodgd sru hmhpsor phgldqwh

od w�hfqlfd gh pdwul} gh wudqvihuhqfld=

�
�
w> O3�

�
@ e�

�
we+| > eO3�

�
+479,

@ w3DI1

�
O3�w3D

�
+47:,

@ OI +OwD, +47;,

@ OI

�
O

�
"
+w,

�
+47<,

grqgh I +{, � {3�I1+{
3�,1 Dqdolvhprv ho frpsruwdplhqwr dvlqw�rwlfr gh I 1 Sdud

3 ? w� 4 | O$4 whqhprv txh �+w> O,$ �
"
+w,/ gh grqgh I +{, � {3� sdud {$41

Sdud O �qlwr whqhprv txh �+w> O3�, hv dqdo��wlfd ;w | sru or wdqwr I +3, @ fwh/ or fxdo

lpsolfd txh �+3> O3�, � O1 Sdud O �qlwr srghprv ghvduuroodu I +{, hq wruqr gh { @ 3

rewhqlhqgr

8<
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Iljxud 56= Ghwhuplqdfl�rq qxp�hulfd gh WS xvdqgr surslhgdghv gh hvfdod gh � frq ho

wdpd�qr O1

�+w> O3�,

O
@ D.EwO�*D .R+w2,= +483,

Dvl/ vl jud�fdprv �@O hq ixqfl�rq gh od whpshudwxud sdud glvwlqwrv wdpd�qrv wrgdv odv

fxuydv vh fruwdu�dq hq xq plvpr sxqwr fruuhvsrqglhqwh d W @ WS frpr vh pxhvwud hv0

txhp�dwlfdphqwh hq od �jxud :/ or txh shuplwh hvwlpdu od whpshudwxud fu��wlfd1 Srghprv

wdpelhq hvwlpdu ho h{srqhqwh � ghulydqgr frq uhvshfwr d w od h{suhvl�rq +483,

C+�+w> O3�,@O,

Cw
� EO�*D

sdud w$ 3 | wrpdqgr ho orjdulwpr

oq
C+�+w> O3�,@O,

Cw
� oqE .

4

�
oqO

1

Hq rwudv w�hfqlfdv qxp�hulfdv frpr Prqwh Fduor od orqjlwxg gh fruuhodfl�rq uhvxowd

gl�flo gh fdofxodu1 Hq sulqflslr hv srvleoh hpsohdu od plvpd phwrgrorj��d dqwhulru xwl0
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ol}dqgr rwudv ixqflrqhv whuprglq�dplfdv/ wdohv frpr od vxvfhswlelolgdg/ od fxdo suhvhqwd

od irupd gh hvfdod

"+O> w, @ O
�*D

I�

�
O

�"+w,

�

Ho sureohpd txh vh suhvhqwd sdud hvwlpdu WS d sduwlu gh od h{suhvl�rq dqwhulru hv txh

ghehu��dprv frqrfhu � | � d sulrul1 Hvwr sxhgh hylwduvh xwlol}dqgr rwudv fdqwlgdghv

idflohv gh fdofxodu hq xqd vlpxodfl�rq1 Vhd P �
�

�

S
� V�1 D sduwlu gh od kls�rwhvlv gh

hvfdod frq ho wdpd�qr �qlwr hv srvleoh prvwudu txh ^48`=

G
P

e
H
u
� O

3eq*D
Ie

�
O

�"+w,

�

G
P

2
H
u
� O

32q*D
I2

�
O

�"+w,

�
=

Gh�qlhqgr hqwrqfhv�

Xu �



P

e
�
u

kP 2l
2
u

�

Ie

�
u

1"E|�

�
k
I2

�
u

1"E|�

�l2

yhprv txh Xu uhvxowdu�d lqghshqglhqwh gh O fxdqgr w @ 31

1 &����������� � ��� ��#�� 
� ������

Hq od su�dfwlfd/ uhvxowd vxpdphqwh gl�flo dffhghu do u�hjlphq fu��wlfr dvlqw�rwlfr w $ 31

Sru rwud sduwh od lq�xhqfld gh orv fdpsrv luuhohydqwhv hq odv ixqflrqhv whuprglq�dplfdv

vror sxhgh ghvsuhflduvh dvlqw�rwlfdphqwh sdud w $ 31 Hq ho fdvr hq txh mwm � 4/ frq w

�qlwr/ orv fdpsrv gh hvfdod luuhohydqwhv lqwurgxfludq fruuhfflrqhv d odv oh|hv gh hvfdod1

Wrphprv frpr hmhpsor xq ihuurpdjqhwr frq fdpsr h{whuqr | oodphprv x� do

fdpsr gh hvfdod luuhohydqwh fx|r ��qglfh gh dxwrydoru |� whqjd phqru ydoru devroxwr

hqwuh wrgrv orv fruuhvsrqglhqwhv d orv fdpsrv luuhohydqwhv1 Ghvduurodqgr orv fdpsrv

uhohydqwhv hq vhulhv gh srwhqfldv hq w | k whqhprv txh

�,t|@ U@?|�_@_c @ �iUit UL? �?@ _i�?�U��L? *i�i4i?|i _�uihi?|ic t�i*i _i?L4�?@hti U�4�*@?|i _i

��?_ih
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ir +w> k, � e3_ir
�
we+| > ke+� > x�e

3�+��
�

+484,

� mwm23k I�

#
k

mwm{
> x� mwm

�+��*+|

$
= +485,

Ghulydqgr uhvshfwr gho fdpsr pdjq�hwlfr rewhqhprv

"+w> k, � mwm3� I
�

�

#
k

mwm{
> x� mwm

�+��*+|

$

"+w> 3, � mwm3� I
�

�

�
3> x� mwm

�+��*+|

�
=

Gdgr txh hvshudprv txh I�

�
vhd dqdo��wlfd hq orv fdpsrv gh hvfdod luuhohydqwhv/ srghprv

ghvduuroodu I�

�
+3> {, sdud ydoruhv shtxh�qrv gh {/ rewhqlhqgr=

"+w> 3, � mwm3�
�
D� .E�x� mwm

�+��*+|

�
=

grqgh odv yduldeohv D | E vrq frqvwdqwhv qr xqlyhuvdohv1 Frpr hvshudgr/ ho frpsru0

wdplhqwr grplqdqwh fxdqgr w$ 3 hv mwm3�/ shur h{lvwh xqd sulphud fruuhfl�rq gh rughq

mwm�+��*+| 1 Qrwhprv txh sdud m|�m @|| A 4 hvwh w�huplqr ghfuhfh u�dslgdphqwh fxdqgr w$ 3/

plhqwudv txh sdud m|�m @|| ? 4 ho plvpr ghfuhfh ohqwdphqwh +gh khfkr hvwd frqwulexfl�rq

hv vlqjxodu hq hvwh fdvr/ |d txh od ghulydgd sulphud hv glyhujhqwh, | od fruuhffl�rq sxhgh

vhu qr ghvsuhfldeoh sdud ydoruhv shtxh�qrv shur �qlwrv gh w1
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