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Lqwurgxfflöq

Ho ghvduuroor gh odv pdwhpäwlfdv kd vhjxlgr/ hq qxphurvdv rfdvlrqhv/ ho uh hmr gh
odv vlwxdflrqhv | gh orv sureohpdv txh vh suhvhqwdq hq odv dfwlylgdghv kxpdqdv1 Ho
frphuflr/ od lqgxvwuld/ od frqvwuxfflöq/ od qdyhjdflöq/ kdq khfkr txh vh fuhdudq |
shuihfflrqdudq pìwrgrv pdwhpäwlfrv txh sxglhudq gdu uhvsxhvwd d orv uhwrv txh/
hq fdgd prphqwr/ vh kdq suhvhqwdgr dqwh ho hqwhqglplhqwr gho vhu kxpdqr1

Sdud srghu frpsuhqghu od uhdolgdg txh oh urghd/ prgl�fduod/ h lqfoxvr suhghflu vxv
pdqlihvwdflrqhv/ ho krpeuh fuhd xqd vhulh gh remhwrv devwudfwrv txh/ ghqwur gh xq
vlvwhpd gh uhjodv pdwhpäwlfdv suhflvdv/ sxhghq uhodflrqduvh hqwuh vð/ dvlplodqgr
dtxhoor txh vxfhgh d flhuwdv dfflrqhv vreuh orv remhwrv txh kd fuhdgr1 Kd qdflgr
dvð ho prghor pdwhpäwlfr1 Gh od lqwxlflöq fuhdwlyd | gho srghu gh uhodflöq hqwuh orv
remhwrv/ dghpäv gho xvr gh odv oh|hv gh od oöjlfd/ ghshqghuä od erqgdg gho prghor
pdwhpäwlfr hq ho dmxvwh gh od uhdolgdg txh oh lqvslud1

Orv prghorv pdwhpäwlfrv txh wudglflrqdophqwh kdq vhuylgr sdud ghvfulelu vlwxd0
flrqhv vxujlgdv hq od iðvlfd/ hq od lqjhqlhuðd r hq odv �qdq}dv/ vh kdq uhyhodgr
uhflhqwhphqwh ýwlohv hq ho hvwxglr | od ghvfulsflöq gh ihqöphqrv uhodwlyrv d od
frqgxfwd kxpdqd1

Orv frq lfwrv gh lqwhuhvhv | wrgr dtxhoor txh urghd d od wrpd gh ghflvlrqhv vh hq0
fxhqwud suhvhqwh hq od suäfwlfd wrwdolgdg gh odv dfwlylgdghv kxpdqdv= hq hfrqrpðd/

:
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hq vrflrorjðd/ hq sroðwlfd | hq pxfkdv rwudv dfwlylgdghv vh suhvhqwdq vlwxdflrqhv
gh frpshwlflöq hqwuh orv djhqwhv txh lqwhuylhqhq txh/ d vx yh}/ uhtxlhuhq gh od
frrshudflöq hqwuh orv plvprv sdud srghu dofdq}du vxv remhwlyrv1 Ho elqrplr
frpshwhqfld0frrshudflöq vh pxhvwud lqglvroxeoh d od krud gh h{solfdu odv uhodflrqhv
hqwuh hvrv djhqwhv/ |d vhdq lqglylgxrv gh xq frohfwlyr/ hpsuhvdv gh xq vhfwru/ r
lqfoxvr sdðvhv hq odv lqvwlwxflrqhv txh orv uhsuhvhqwdq1

Hq jhqhudo/ orv sureohpdv uhodwlyrv d frq lfwrv gh lqwhuhvhv r wrpd gh ghflvlrqhv
vh fdudfwhul}dq sru od h{lvwhqfld gh xq juxsr gh lqglylgxrv txh vh hqfxhqwud dqwh
xqd vlwxdflöq txh sxhgh whqhu päv gh xq ghvhqodfh/ uhvshfwr d fdgd xqr gh orv
fxdohv fdgd lqglylgxr wlhqh xqd ghwhuplqdgd suhihuhqfld shuvrqdo1 Dghpäv/ fdgd
lqglylgxr frqwurod dojxqd gh odv yduldeohv txh ghwhuplqd ho uhvxowdgr �qdo/ dxqtxh
qr frqwurod od wrwdolgdg1 Fdgd xqd gh hvwdv vlwdflrqhv vh ghqrplqd mxhjr1 Dvð/ xq
mxhjr sxhgh uhfrjhu vlwxdflrqhv wdq glvsduhv frpr xqd sduwlgd gh qdlshv/ od rewhq0
flöq gh xqd frqwudwd sru sduwh gh flhuwdv hpsuhvdv r od qhjrfldflöq gh dfxhugrv
lqwhuqdflrqdohv hqwuh sdðvhv1

Ho lqlflr gh od whruðd pdwhpäwlfd txh hvwxgld orv frq lfwrv gh lqwhuhvhv/ ghqr0
plqdgd Whruðd gh Mxhjrv/ vh hvwdeohfh hq ho dôr 4<77/ d udl} gh od sxeolfdflöq
gho oleur �Jdph Wkhru| dqg Hfrqrplf Ehkdylru� gh Mrkq yrq Qhxpdqq | Rvndu
Prujhqvwhuq/ dxqtxh |d vh wxylhud frqvwdqfld gh wudedmrv suhylrv d sulqflslrv gh
hvwh vljor1 Ghvgh hqwrqfhv/ od Whruðd gh Mxhjrv kd hyroxflrqdgr dpsoldphqwh |
kd ylvwr frpr vxv prghorv vh kdq dsolfdgr hvshfldophqwh d od hfrqrpðd | d od
sroðwlfd/ dvð frpr d rwudv flhqfldv vrfldohv frpr �orvriðd r svlfrorjðd/ |d txh vxv
prghorv vh dmxvwdq do hvwxglr gh od frqgxfwd kxpdqd1

Qr hv txh od Whruðd gh Mxhjrv sxhgd dedufdu wrgrv | fdgd xqr gh orv sureohpdv
uhodflrqdgrv frq od wrpd gh ghflvlrqhv r frq orv frq lfwrv gh lqwhuhvhv> hq jhqhudo/
kd gh vxsrqhuvh txh h{lvwh xq qýphur frqfuhwr gh mxjdgruhv/ txh vh frqrfhq | txh
hvwäq ghwhuplqdgrv wrgrv orv srvleohv uhvxowdgrv gho mxhjr/ txh fdgd mxjdgru wlhqh
xqd suhihuhqfld hqwuh orv glihuhqwhv uhvxowdgrv txh sxhgh h{suhvduvh hq wìuplqrv gh
xqd ixqflöq gh xwlolgdg | txh ho remhwlyr gh fdgd mxjdgru hv pd{lpl}du od xwlolgdg
rewhqlgd wudv ho ghvhqodfh gho mxhjr1

Ho sureohpd sdud fdgd mxjdgru frqvlvwh hq ghwhuplqdu od hvwudwhjld txh gheh vhjxlu/
gh pdqhud txh vx lq xhqfld sdufldo hq ho mxhjr oh uhvxowh or päv ehqh�flrvd srvl0



<

eoh1 Dqwh hvwd vlwxdflöq/ vh suhvhqwd xqd sulphud fodvl�fdflöq hqwuh mxhjrv= orv
frrshudwlyrv | orv qr frrshudwlyrv1

Od whruðd gh mxhjrv qr frrshudwlyrv vh rfxsd gho frpsruwdplhqwr gh orv djhqwhv
gho mxhjr hq dtxhoodv vlwxdflrqhv hq odv txh od hohfflöq gh od hvwudwhjld öswlpd
gh fdgd mxjdgru ghshqgh gh vx surqövwlfr vreuh odv hohfflrqhv gh orv rsrqhqwhv |
exvfd pd{lpl}du vx surslr ehqh�flr ghvfrqrflhqgr od hohfflöq hihfwxdgd sru orv
ghpäv1

Hq ho fdvr hq txh sxhgd kdehu frpxqlfdflöq hqwuh orv mxjdgruhv/ gh pdqhud txh
sxhgdq qhjrfldu r hvwdeohfhu dfxhugrv txh shuplwdq irupdu frdolflrqhv/ hqwrqfhv
od vlwxdflöq vh hqpdufd ghqwur gh orv oodpdgrv mxhjrv frrshudwlyrv1 Hq hvwdv
vlwxdflrqhv/ vh frqvlghud frpr lqirupdflöq eävlfd od xwlolgdg txh fdgd frdolflöq
sxhgh rewhqhu frruglqdqgr odv hvwudwhjldv gh vxv lqwhjudqwhv/ frq lqghshqghqfld gh
od dfwxdflöq gho uhvwr gh orv djhqwhv gho mxhjr1 Dvð/ orv dfxhugrv hqwuh orv plhpeurv
gh fdgd frdolflöq vh hqfdplqdq d frruglqdu vxv dfwxdflrqhv r d uhglvwulexlu orv
sdjrv r jdqdqfldv rewhqlgrv1

Hq xq vhqwlgr dpsolr/ od whruðd gh mxhjrv frrshudwlyrv wudwd vreuh odv hohfflrqhv txh
orv mxjdgruhv hihfwýdq/ r txh ghehuðdq hihfwxdu/ sdud rewhqhu uhvxowdgrv gh htxl0
oleulr/ dvð frpr gh dojxqrv dvshfwrv uhodwlyrv d od frpxqlfdflöq hqwuh orv mxjdgruhv
r od irupdflöq gh frdolflrqhv hqwuh orv plvprv1

Sru rwud sduwh/ od uhglvwulexflöq gh orv sdjrv rewhqlgrv vhuä srvleoh vl od xwlolgdg
txh vh rewlhqh hq ho mxhjr hv wudqvihuleoh1 Xq hmhpsor gh xwlolgdg wudqvihuleoh vhuðd
ho sdjr hq glqhur/ r hq fxdotxlhu rwur elhq txh sxglhud glylgluvh wdqwdv yhfhv frpr
ixhud qhfhvdulr> hq frqwudsrvlflöq d od xwlolgdg wudqvihuleoh/ h{lvwhq vlwxdflrqhv hq
odv txh od xwlolgdg hv xq elhq vxemhwlyr uhihulgr d suhihuhqfldv shuvrqdohv gh orv
mxjdgruhv1 Gh hvwd irupd/ vl od xwlolgdg hv wudqvihuleoh/ xq ýqlfr qýphur shuplwh
ghvfulelu odv srvlelolgdghv hvwudwìjlfdv gh fdgd frdolflöq/ hqwhqglhqgr txh d od krud
gh od uhglvwulexflöq/ odv dshwhqfldv gh fdgd mxjdgru uhvshfwr d od xwlolgdg glvsrqleoh
vhuäq htxlsdudeohv1

Hvwd phpruld vh fhqwud do hqwruqr gh orv mxhjrv frrshudwlyrv frq xwlolgdg wudqv0
ihuleoh1 Xqd yh} prghol}dgd xqd ghwhuplqdgd vlwxdflöq gh frq lfwr gh lqwhuhvhv
phgldqwh xq mxhjr hvshfð�fr/ ho sureohpd fhqwudo txh derugd od Whruðd gh Mxhjrv
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hq hvwh fdpsr frqvlvwh hq od glvwulexflöq gh od wrwdolgdg gh od xwlolgdg glvsrqleoh
hqwuh orv glihuhqwhv mxjdgruhv1 Sdud gdu uhvsxhvwd d hvwh sodqwhdplhqwr vh hpsohdq
prghorv gh ud}rqdplhqwr pdwhpäwlfr hq orv txh sulpdq lghdv frpr htxlgdg/ mxv0
wlfld r ljxdo wudwdplhqwr/ gh pdqhud txh odv vroxflrqhv sxhgdq vhu frpxqphqwh
dfhswdgdv sru orv djhqwhv gho mxhjr1 Gdgr txh orv fulwhulrv txh sxhghq kdfhu yhu
xq uhvxowdgr frpr mxvwr vrq glvsduhv/ srguäq sursrqhuvh sdud xq plvpr mxhjr
glihuhqwhv vroxflrqhv/ vhjýq vh wudgx}fdq odv lghdv gh mxvwlfld r gh htxlgdg d od
irupxodflöq pdwhpäwlfd1

Xqd yh} �mdgdv odv uhjodv txh shuplwdq rewhqhu od vroxflöq gh orv glihuhqwhv mxh0
jrv/ od vroxflöq h{soðflwd hqfrqwudgd sdud fdgd xqr gh hoorv kd gh wudgxflu odv
frqglflrqhv txh od lqvsludurq d hvh fdvr frqfuhwr/ gh pdqhud txh sxhgd vhu hp0
sohdgd frpr uhihuhqfld gh od vlwxdflöq uhodwlyd gh fdgd mxjdgru ghqwur gho mxhjr |/
hq vx frqmxqwr/ sxhgd vhu frpsdudgd frq rwudv srvleohv vroxflrqhv gh hvd plvpd
vlwxdflöq txh sxhgdq ghulyduvh gh hqirtxhv glihuhqwhv hq od glvwulexflöq gh od xwl0
olgdg1

Ho remhwlyr gho suhvhqwh wudedmr frqvlvwh hq od jhqhudol}dflöq | ho hvwxglr gh pr0
ghorv | pìwrgrv txh kdq prvwudgr vx h�flhqfld uhvshfwr d odv vroxflrqhv sdud orv
mxhjrv frrshudwlyrv sursxhvwdv sru Vkdsoh| r sru Edq}kdi/ dvð frpr ho ghvduuroor
gh surslhgdghv ghulydgdv gh od jhqhudol}dflöq gh hvrv frqfhswrv1 Sdud odv vroxflrqhv
gh Vkdsoh| | gh Edq}kdi vh frqrfh vx prgl�fdflöq sru od irupdflöq gh hvwuxfwxudv
gh frdolflöq hq ho frqmxqwr gh mxjdgruhv | vx fäofxor sru phglr gh od h{whqvlöq
pxowlolqhdo gho mxhjr txh vh frqvlghuh> wdpelìq vh frqrfh sdud dpedv od srvlelolgdg
gh frqvlghudu xq srwhqfldo txh shuplwh uhfxshudu odv sursldv vroxflrqhv1 Hvwrv |
rwurv frqfhswrv vh h{wlhqghq d xqd fodvh päv dpsold gh vroxflrqhv sdud orv mxhjrv
frrshudwlyrv= orv vhplydoruhv1 Hq hvwd h{whqvlöq mxhjdq xq sdsho hvhqfldo flhuwdv
idploldv gh vhplydoruhv txh irupdq vlvwhpdv gh uhihuhqfld hq ho frqmxqwr gh orv
vhplydoruhv1

Frqiruph d od lghd jhqhudo txh vh kd hvwdeohflgr/ hvwd phpruld/ txh wlhqh sru
wðwxor Dsruwdflrqhv do hvwxglr gh vroxflrqhv sdud mxhjrv frrshudwlyrv/ vh hvwuxfwxud
hq vhlv fdsðwxorv/ gh orv txh d frqwlqxdflöq vh suhvhqwd xq euhyh uhvxphq1

Ho sulphu fdsðwxor frqwlhqh xqd lqwurgxfflöq d orv frqfhswrv eävlfrv gh od whruðd
gh mxhjrv frrshudwlyrv frq xwlolgdg wudqvihuleoh1 Dooð vh uhfxhugdq odv vroxflrqhv
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sdud hvwrv mxhjrv txh dsduhfhuäq d or odujr gh od phpruld= Vkdsoh|/ Edq}kdi/ vhpl0
ydoruhv/ vroxflrqhv edvdgdv hq ho h{fhvr/ sdud dfdedu frq ho frqfhswr gh srwhqfldo
sdud ho ydoru gh Vkdsoh|1 Hq rwur rughq gh frqvlghudflöq ghvwdfdq odv prgl�fd0
flrqhv hq od frrshudflöq ghelgdv d od lqwurgxfflöq hq ho frqmxqwr gh mxjdgruhv gh
hvwuxfwxudv gh frdolflöq r gh judirv txh prghol}dq vlwxdflrqhv gh frrshudflöq sdu0
fldo1 Ilqdophqwh/ vh uhfxhugd ho frqfhswr | odv surslhgdghv eävlfdv gh od h{whqvlöq
pxowlolqhdo gh orv mxhjrv frrshudwlyrv1 Ho frqwhqlgr gh hvwh fdsðwxor qr hv ruljlqdo
| vx lqfoxvlöq vh mxvwl�fd sru od suhwhqvlöq gh xql�fdu hq or srvleoh od qrwdflöq/
dvð frpr gh orjudu xq hohydgr judgr gh dxwrqrpðd gh od wrwdolgdg gh od reud1

Ho vhjxqgr fdsðwxor hv ho ghglfdgr d hvwuxfwxudv gh frdolflöq | vhplydoruhv1 Orv
vhplydoruhv txh dwulex|hq d fdgd mxjdgru od plvpd suredelolgdg gh irupdu sduwh
gh fxdotxlhu frdolflöq/ d orv txh oodpdprv elqrpldohv/ frqvwlwx|hq xq vlvwhpd gh
uhihuhqfld sdud ho frqmxqwr gh vhplydoruhv/ fxdqgr vx qýphur hv ljxdo do fdugl0
qdo gho frqmxqwr gh mxjdgruhv1 Gh hvwd irupd/ ho sdjr sru fxdotxlhu vhplydoru
sxhgh ghwhuplqduvh olqhdophqwh d wudyìv gh od h{whqvlöq pxowlolqhdo gho mxhjr/ hp0
sohdqgr xqd pdwul} fx|rv frh�flhqwhv vh rewlhqhq d sduwlu gh hvwd ixqflöq1 D vx
yh}/ od plvpd frpelqdflöq olqhdo gh vhplydoruhv elqrpldohv gd oxjdu d vhplydoruhv
lqgxflgrv hq mxhjrv frrshudwlyrv frq phqru fduglqdo gho frqmxqwr gh mxjdgruhv/
frq lqghshqghqfld gho vlvwhpd gh uhihuhqfld hvfrjlgr1 Hvwd frqvlghudflöq shuplwh
gh�qlu gh pdqhud qdwxudo od prgl�fdflöq gh fxdotxlhu vhplydoru sdud mxhjrv frq
hvwuxfwxud gh frdolflöq hq ho frqmxqwr gh mxjdgruhv/ frlqflglhqgr frq ho ydoru frd0
olflrqdo gh Rzhq +4<::, sdud ho ydoru gh Vkdsoh|1 Vh lqfox|h/ d frqwlqxdflöq/ xq
pìwrgr sdud fdofxodu fxdotxlhu vhplydoru prgl�fdgr/ wudqvirupdqgr od h{whqvlöq
pxowlolqhdo kdvwd ghwhuplqdu orv hohphqwrv gh xqd pdwul}/ rewhqlhqgr ho uhvxowdgr
gh pdqhud dqäorjd d frpr vh rshud xqd irupd fxdguäwlfd hq h{suhvlöq pdwulfldo1

Hvwh fdsðwxor dfded suredqgr txh fxdotxlhu vhplydoru prgl�fdgr sdud mxhjrv frq
hvwuxfwxud gh frdolflöq fxpsoh surslhgdghv ghvhdeohv frpr vlphwuðd ghqwur gh orv
eortxhv/ mxjdgru qxor r dglwlylgdg/ oohjäqgrvh d frqvhjxlu xqd fdudfwhul}dflöq
d{lrpäwlfd sdud xqd gh hvwdv prgl�fdflrqhv/ frqfuhwdphqwh od fruuhvsrqglhqwh do
ydoru gh Edq}kdi1

Ho whufhu fdsðwxor vh ghglfd do hvwxglr gh odv frdolflrqhv elshuvrqdohv hqwuh mx0
jdgruhv1 Hvwh hvwxglr vh hihfwýd frq fdudfwhu jhqhudo sdud wrgrv orv vhplydoruhv |
vh frqvlghudq orv lqfuhphqwrv fruuhvsrqglhqwhv d od frpsdudflöq hqwuh od dvljqdflöq
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hq ho mxhjr lqlfldo d orv grv mxjdgruhv uhvshfwr d vx fodvh hq ho frflhqwh | d od frp0
sdudflöq hqwuh od dvljqdflöq prgl�fdgd | vlq prgl�fdu/ wdqwr sdud orv mxjdgruhv
txh vh frdoljdq frpr sdud orv txh qr1 Vrq fdvrv sduwlfxoduhv gh hvwh hvwxglr orv
frqrflgrv sdud odv vroxflrqhv gh Vkdsoh| | gh Edq}kdi +Dphu hw do1 4<<9,1 Ho kh0
fkr gh hihfwxdu xq hvwxglr jhqhudo sdud vhplydoruhv shuplwh fdudfwhul}du dtxhoorv
txh fxpsohq flhuwdv surslhgdghv uhvshfwr d hvrv lqfuhphqwrv/ sduwlfxoduphqwh/ orv
txh dvljqdq lqfuhphqwrv qxorv1

Vh kdq rewhqlgr orv uhvxowdgrv hq hvwh fdsðwxor frqvlghudqgr od ixqflöq fdudfwhuðv0
wlfd gh orv mxhjrv1 D frqwlqxdflöq vh riuhfh ho fäofxor gh orv lqfuhphqwrv hpsohdqgr
od h{whqvlöq pxowlolqhdo prgl�fdgd kdvwd frqvhjxlu orv hohphqwrv gh flhuwdv pdwul0
fhv txh shuplwluäq rewhqhu sru olqhdolgdg orv uhvxowdgrv sdud fxdotxlhu vhplydoru1
Ho fdsðwxor �qdol}d wudwdqgr xq sureohpd lqyhuvr frqvlvwhqwh hq od ghwhuplqdflöq
sdud xq mxhjr | xqd sduhmd gh mxjdgruhv frqfuhwrv gh dtxhoorv vhplydoruhv txh
riuhfhq xq lqfuhphqwr gh dvljqdflöq ghwhuplqdgr hqwuh ho mxhjr lqlfldo | ho mxhjr
frflhqwh/ hvwdeohflhqgr suhyldphqwh ho pä{lpr | ho pðqlpr gh wdo lqfuhphqwr1

Ho fxduwr fdsðwxor frplhq}d revhuydqgr föpr vh prgl�fd od ixqflöq fdudfwhuðv0
wlfd fxdqgr vh vxsulph xqd gh odv dulvwdv gh xq judir txh prghol}d vlwxdflrqhv
gh frrshudflöq sdufldo hqwuh orv djhqwhv gho mxhjr1 D sduwlu gh hvwd revhuydflöq
vh hvwxgldq odv surslhgdghv txh yhul�fdq wdqwr orv vhplydoruhv frpr od qrupd0
ol}dflöq dglwlyd gh orv plvprv/ uhvshfwr d orv d{lrpdv sdud hvwrv prghorv gh frr0
shudflöq lqwurgxflgrv sru P|huvrq +4<::,1 D frqwlqxdflöq vh jhqhudol}d d wrgrv
orv djhqwhv gho mxhjr od qrflöq gh sìuglgd r jdqdqfld sru od vxsuhvlöq gh xqd dulvwd
gh frrshudflöq/ sdvdqgr d hvwxgldu txlìqhv vrq orv mxjdgruhv päv ehqh�fldgrv r
päv shumxglfdgrv sru hvd vxsuhvlöq | edmr txì frqglflrqhv vh surgxfhq wdohv flu0
fxqvwdqfldv1 Od ýowlpd vhfflöq hvwä ghglfdgd d hvwxgldu ho hihfwr vreuh od h{whqvlöq
pxowlolqhdo gh od vxsuhvlöq gh xqd dulvwd gh frrshudflöq/ txh vh wudgxfh hq xqd
ixqflöq lqfuhphqwr hqwuh od h{whqvlöq pxowlolqhdo dqwhv | ghvsxìv gh od vxsuhvlöq>
od h{suhvlöq gh hvwh lqfuhphqwr shuplwh qr vöor ho fäofxor gh odv dvljqdflrqhv pr0
gl�fdgdv vlqr wdpelìq od frpsuredflöq gh surslhgdghv uhodwlydv d od frrshudflöq
sdufldo1 Frpr uhvxowdgr gh surslhgdghv gh odv h{whqvlrqhv pxowlolqhdohv vh frq0
vljxh rewhqhu xqd h{suhvlöq sdud ho fäofxor gh odv dvljqdflrqhv sru vhplydoruhv
qrupdol}dgrv dglwlydphqwh1

Ho txlqwr fdsðwxor lqwurgxfh xq frqfhswr gh srwhqfldo sdud wrgrv orv vhplydoruhv
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vreuh mxhjrv frrshudwlyrv1 Od lqwurgxfflöq vh uhdol}d hq grv idvhv/ xqd sulphud
sdud orv vhplydoruhv elqrpldohv | xqd vhjxqgd sdud orv vhplydoruhv hq jhqhudo/
rewhqlgd sru olqhdolgdg d sduwlu gh od sulphud1 Vh revhuyd föpr hvwh frqfhswr
hqjored ho gh Kduw | Pdv0Frohoo +4<;;, sdud od vroxflöq gh Vkdsoh| | ho gh Gudjdq
+4<<8, sdud od gh Edq}kdi1 Vh frqfox|h xqd sulphud sduwh frq ho fäofxor hihfwlyr
gho srwhqfldo sdud fxdotxlhu vhplydoru sru phglr gh od h{whqvlöq pxowlolqhdo gho
mxhjr | gh vxv dghfxdgdv prgl�fdflrqhv1 D frqwlqxdflöq vh uhfxhugd od qrflöq gh
edvh srwhqfldo | vh frqvwux|h sdud fdgd vhplydoru elqrpldo sulphur | sdud wrgr
vhplydoru vreuh mxhjrv frrshudwlyrv ghvsxìv1 Od ghwhuplqdflöq gh hvwdv edvhv
shuplwh od ghvfulsflöq gho hvsdflr qxor sru fdgd vhplydoru/ hvwr hv/ ho vxehvsdflr
gh mxhjrv d orv fxdohv ho vhplydoru ohv dvljqd ho yhfwru qxor1 Mxqwr d hvwd ghvfulsflöq
vh frqvljxh uhvroyhu xq sureohpd lqyhuvr frqvlvwhqwh hq od rewhqflöq gh wrgrv orv
mxhjrv d orv txh xq vhplydoru ghwhuplqdgr ohv dvljqd xq yhfwru vroxflöq hvwdeohflgr
gh dqwhpdqr1

Ho fdsðwxor frqwlqýd frq od qrflöq gh mxhjr gh srghu sru fdgd vhplydoru1 Hvwd
qrflöq/ txh vxsrqh xqd el|hfflöq hq fdgd hvsdflr gh mxhjrv frrshudwlyrv/ shuplwh
gh�qlu mxhjrv uhgxflgrv uhvshfwr d orv fxdohv fdgd vhplydoru hv frqvlvwhqwh/ ooh0
jdqgr d rewhqhu xqd fdudfwhul}dflöq sdud fdgd vhplydoru1 Ho ghvduuroor gh hvwdv
surslhgdghv frqwlhqh glyhuvrv sxqwrv gh frqwdfwr frq ho wudwdplhqwr txh riuhfh
Gudjdq +4<<<,/ ho fxdo/ d vx yh}/ vh uhodflrqd frq ho wudedmr gh Fdoyr | Vdqwrv
+4<<:,/ grqgh vh fdudfwhul}dq odv vroxflrqhv sdud mxhjrv frrshudwlyrv txh dgplwhq
xq srwhqfldo1 Sdud frqfoxlu/ frq edvh hq xqd vlwxdflöq uhdo surgxflgd hq ho D|xq0
wdplhqwr gh Pdquhvd/ vh frqvwux|h gh prgr hihfwlyr xq mxhjr uhgxflgr dihfwdqgr
d orv plhpeurv gh od Frplvlöq gh Jrelhuqr frpsxhvwd sru xqrv juxsrv sroðwlfrv
txh/ frdoljdgrv/ frqvljxlhurq rewhqhu od pd|ruðd hq ho frqvlvwrulr1

Hq ho ýowlpr fdsðwxor vh derugd ho sureohpd gh od ghwhuplqdflöq gh orv mxhjrv
frrshudwlyrv txh/ d shvdu gh vhu glihuhqwhv/ fxdotxlhu vhplydoru ohv dvljqd ho plvpr
yhfwru gh sdjrv/ gh grqgh vh ghulyd ho qrpeuh gh lqglvwlqjxleohv1 Ho sureohpd
vh uhgxfh do hvwxglr gh orv mxhjrv lqglvwlqjxleohv gho qxor | d od frqvlghudflöq gh
vhplydoruhv fruuhvsrqglhqwhv d xq vlvwhpd gh uhihuhqfld/ oohjdqgr d rewhqhu od gl0
phqvlöq gho vxehvsdflr gh hvrv mxhjrv sdud fdgd fduglqdo gho frqmxqwr gh mxjdgruhv1
D frqwlqxdflöq vh lqwurgxfhq orv mxhjrv päv vhqfloorv txh vrq lqglvwlqjxleohv gho
qxor | txh vh ghqrplqdq mxhjrv gh frqpxwdflöq1 Vh riuhfh xq pìwrgr frqvwuxf0
wlyr sdud ghwhuplqdu xqd edvh gh fdgd vxehvsdflr gh mxhjrv lqglvwlqjxleohv gho
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qxor irupdgd sru mxhjrv gh frqpxwdflöq1

Ilqdophqwh/ ghqwur gho plvpr fdsðwxor/ vh sodqwhd ho sureohpd gh ghwhuplqdu orv
vxehvsdflrv gh mxhjrv lqglvwlqjxleohv gho qxor sru fxdotxlhu vhplydoru prgl�fdgr
sdud mxhjrv frq hvwuxfwxud gh frdolflöq1 Vh frqvljxh rewhqhu od glphqvlöq gh
hvwrv vxehvsdflrv sdud fdgd fduglqdo gho frqmxqwr gh mxjdgruhv/ riuhflhqgr edvhv
irupdgdv sru mxhjrv frqvwuxlgrv d sduwlu gh orv gh frqpxwdflöq/ d orv txh vh
ghqrplqd h{sdqglgrv1 Hq od rewhqflöq gh uhvxowdgrv mxhjd xq sdsho ghvwdfdgr od
h{whqvlöq pxowlolqhdo/ sru vx hpsohr sdud fdofxodu od prgl�fdflöq gh orv vhplyd0
oruhv | sru vx dghfxdflöq sdud ghwhuplqdu mxhjrv lqglvwlqjxleohv1

Ho remhwlyr jhqìulfr txh prwlyd ho suhvhqwh wudedmr hv frqwulexlu do ghvduuroor gh
od Whruðd gh Mxhjrv hq ho äpelwr frqfuhwr gh orv mxhjrv frrshudwlyrv frq xwl0
olgdg wudqvihuleoh1 Gh hqwuh orv remhwlyrv päv hvshfð�frv srguðdq ghvwdfduvh orv
vljxlhqwhv=

� H{whqghu frqfhswrv frpr prgl�fdflöq gh od dvljqdflöq sdud mxhjrv frq hv0
wuxfwxud gh frdolflöq r srwhqfldo d xqd fodvh päv dpsold gh vroxflrqhv1

� Hvwxgldu ho frpsruwdplhqwr gh hvwdv vroxflrqhv hq ghwhuplqdgdv vlwxdflrqhv
gh frrshudflöq prgl�fdgd/ |d vhd sru hvwuxfwxudv gh frdolflöq r sru judirv
gh frpxqlfdflöq/ | fdudfwhul}du dojxqdv gh odv vroxflrqhv uhvshfwr d hvdv
vlwxdflrqhv1

� Dpsoldu odv srvlelolgdghv gh od h{whqvlöq pxowlolqhdo gh orv mxhjrv frrsh0
udwlyrv hq uhihuhqfld do fäofxor gh vroxflrqhv hq vlwxdflrqhv gh frrshudflöq
prgl�fdgd r d od rewhqflöq gh srwhqfldohv1

� Derugdu od uhvroxflöq gh ghwhuplqdgrv sureohpdv ghqrplqdgrv lqyhuvrv/ hq
ho vhqwlgr gh rewhqhu orv mxhjrv r odv vroxflrqhv fxdqgr hvwäq suh�mdgrv orv
sdjrv hq flhuwdv vlwxdflrqhv gh frrshudflöq1

� Ghvfulelu | fxdqwl�fdu orv mxhjrv frrshudwlyrv txh rewlhqhq orv plvprv yhf0
wruhv gh sdjrv sru fxdotxlhu frqfhswr gh vroxflöq edvdgr hq phgldv srqgh0
udgdv gh odv frqwulexflrqhv pdujlqdohv1

Sdud frqfoxlu/ ghvwdfduðdprv txh fxdqgr xq frqfhswr qr ruljlqdo dsduhfh sru yh}
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sulphud hq ho wh{wr vh dfrpsdôd gh vx uhihuhqfld eleolrjuä�fd/ vdoyr dojxqrv frq0
fhswrv uhfrqrflgrv frpr eävlfrv r fx|r ruljhq |d kd|d vlgr uhihuhqfldgr1 Wdp0
elìq/ vh kd surfxudgr txh orv hmhpsorv uhfrmdq vlwxdflrqhv uhdohv txh sxhghq vhu
frqwudvwdgdv> vlq hpedujr/ dojxqdv vlwxdflrqhv vrq fodudphqwh lpsxhvwdv/ frq ho
remhwlyr gh hqidwl}du orv frqfhswrv r orv pìwrgrv txh dfdeduðdq gh lqwurgxfluvh1
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Suholplqduhv

414 Mxhjrv frrshudwlyrv frq xwlolgdg wudqvihuleoh

Gh�qlflöq 414
Xq mxhjr frrshudwlyr frq xwlolgdg wudqvihuleoh hv xq sdu E�c �� grqgh � ' i�c ���c ?j

hv ho frqmxqwr gh mxjdgruhv |

� G 2
�

$ U

hv xqd ixqflöq wdo txh �E>� ' f/ txh vh ghqrplqd ixqflöq fdudfwhuðvwlfd gho mxhjr1

Orv vxefrqmxqwrv 7 gh � vh ghqrplqdq frdolflrqhv | �E7� uhsuhvhqwd od xwlolgdg txh
sxhghq jdudqwl}duvh orv mxjdgruhv gh 7 vl ghflghq frrshudu/ frq lqghshqghqfld gh
odv dfflrqhv gh orv mxjdgruhv gh � p 71 Hq fdvr gh txh qr sxhgd kdehu frqixvlöq
uhvshfwr d fxdo hv ho frqmxqwr gh mxjdgruhv/ vh lghqwl�fd ho mxhjr E�c �� frq vx
ixqflöq fdudfwhuðvwlfd �1

Ho frqmxqwr gh wrgrv orv mxhjrv frrshudwlyrv frq xwlolgdg wudqvihuleoh fx|r frqmxqwr
gh mxjdgruhv hv � vh uhsuhvhqwd sru C � | hq ìo vh gh�qhq xqd vxpd | xq surgxfwr
sru hvfdoduhv gho vljxlhqwh prgr=

4:
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+d, Sdud �c � 5 C � / vx vxpd � n � hv ho mxhjr gh�qlgr sru

E� n ��E7� ' �E7� n �E7�c ;7 � ��

+e, Sdud � 5 C � | xq qýphur uhdo b 5 U/ vx surgxfwr b� hv ho mxhjr gh�qlgr sru

Eb��E7� ' b�E7�c ;7 � ��

Frq hvwdv rshudflrqhv C � wlhqh hvwuxfwxud gh hvsdflr yhfwruldo | vx glphqvlöq hv
2

�
� �/ |d txh odv ixqflrqhv � � gh�qlgdv sdud fdgd frdolflöq qr ydfðd A � � sru=

� � E7� '

+
� vl 7 ' A /
f hq fdvr frqwudulr/

irupdq xqd edvh gh C � 1

Orv mxhjrv gh xqdqlplgdg � � gh�qlgrv sdud fdgd frdolflöq qr ydfðd A � � frpr=

� � E7� '

+
� vl 7 � A /
f hq fdvr frqwudulr/

irupdq wdpelìq xqd edvh gho hvsdflr gh mxhjrv C � 1 Od vljxlhqwh surslhgdg hv0
wdeohfh od h{suhvlöq gh fxdotxlhu mxhjr frpr frpelqdflöq olqhdo gh orv mxhjrv gh
xqdqlplgdg1

Sursrvlflöq 415
Gdgr xq mxhjr fxdotxlhud � 5 C � vh fxpsoh txh

� '
[

	 
 �
k � � � / grqgh k � '

[

 � �

E���
� � �

�E7��

Odv frpsrqhqwhv k � uhflehq ho qrpeuh gh glylghqgrv gh Kduvdq|l gho mxhjr �/
vlhqgr | | r orv fduglqdohv uhvshfwlyrv gh odv frdolflrqhv A | 71

Odv vljxlhqwhv gh�qlflrqhv hvwdeohfhq glihuhqwhv wlsrv sduwlfxoduhv gh mxhjrv frr0
shudwlyrv/ hq dwhqflöq do frpsruwdplhqwr gh vx ixqflöq fdudfwhuðvwlfd1

Gh�qlflrqhv 416
Xq mxhjr frrshudwlyr E�c �� hv vxshudglwlyr vl sdud wrgdv odv frdolflrqhv gh � wdohv
txh 7 _ A ' > vh fxpsoh txh �E7 ^ A � � �E7� n �EA �1
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Xq mxhjr frrshudwlyr E�c �� hv prqöwrqr vl �E7� � �EA �/ vlhpsuh txh 7 � A 1

Xq mxhjr frrshudwlyr E�c �� hv vlpsoh vl dghpäv gh vhu prqöwrqr vh fxpsoh txh
�E7� 5 ifc �jc ;7 � � / | �E�� ' �1

Od uhvwulfflöq gh xq mxhjr frrshudwlyr E�c �� d xqd frdolflöq A hv ho mxhjr EAc �m � �

gh�qlgr sru
�m � E7� ' �E7�c ;7 � A�

H{srqhprv d frqwlqxdflöq glihuhqwhv vlwxdflrqhv txh sxhghq hvwxglduvh edmr od
öswlfd gh od whruðd gh mxhjrv frrrshudwlyrv frq xwlolgdg wudqvihuleoh1 Päv dooä gh orv
hqxqfldgrv frqfuhwrv/ hvwrv hmhpsorv lqwhqwdq prvwudu od dghfxdflöq gh od Whruðd
gh Mxhjrv sdud derugdu | uhvroyhu sureohpdv uhodwlyrv d frq lfwrv gh lqwhuhvhv
hqwuh glihuhqwhv djhqwhv hfrqöplfrv r sroðwlfrv/ txh hqfxhqwudq yðdv dghfxdgdv gh
dfwxdflöq hqwuh od frpshwhqfld | od frrshudflöq1

Hmhpsor 417 Ho sureohpd gh od edqfduurwd1
Xq sureohpd gh edqfduurwd frqvlvwh hvhqfldophqwh hq xq sdu E�c _�/ grqgh � hv
xq qýphur uhdo srvlwlyr txh uhsuhvhqwd ho fdslwdo glvsrqleoh sdud kdfhu iuhqwh
d odv ghpdqgdv gh xq frqmxqwr � ' i�c 2c ���c ?j gh dfuhhgruhv1 Fdgd dfuhhgru
ghpdqgd xqd fdqwlgdg srvlwlyd _ � c � � � � ?/ h{lvwlhqgr sureohpd fxdqgr qr
sxhghq fxeuluvh od wrwdolgdg gh odv ghpdqgdv/ hvwr hv=

� 	
[

� � �
_ � �

Sdud hvwxgldu hvwh wlsr gh vlwxdflrqhv/ R*Qhlo sursrqh hq 4<;5 xq mxhjr frrshudwlyr
frq xwlolgdg wudqvihuleoh gh�qlgr hq od irupd=

�E7� ' 4@ i f c � �
[

� � � 	 

_ � jc ;7 � ��

Hq hvwd gh�qlflöq/ �E7� uhsuhvhqwd od fdqwlgdg txh orv plhpeurv gh od frdolflöq
7 sxhghq jdudqwl}duvh hq od vlwxdflöq päv ghvidyrudeoh sdud hoorv/ hv ghflu/ hq ho
fdvr hq txh orv dfuhhgruhv gh � p 7 uhflehq/ vl hv srvleoh/ wrgdv vxv ghpdqgdv1

Xq fdvr sduwlfxodu gh hvwh sureohpd srguðd vhu dtxìo hq txh=

� ' �ff( _ � ' 2Dc _ 
 ' Dfc _ � ' .D�
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Od ixqflöq fdudfwhuðvwlfd sdud hvwh vxsxhvwr hv=

�Ei�j� ' f �Ei�c 2j� ' 2D �Ei�c 2c �j� ' �ff

�Ei2j� ' f �Ei�c �j� ' Df

�Ei�j� ' 2D �Ei2c �j� ' .D

Ho sureohpd txh dkrud vh suhvhqwd hv ho gh glvwulexlu hqwuh orv glihuhqwhv mxjdgruhv
ho fdslwdo h{lvwhqwh gh irupd txh od vroxflöq sxhgd vhu dfhswdgd sru wrgrv hoorv/
hq ho vhqwlgr gh txh od hqwlhqgdq frpr ud}rqdeoh | mxvwd1

Hmhpsor 418 Sureohpdv gh dvljqdflöq gh frvwhv r uhsduwr gh ehqh�flrv1
Edmr hvwh hsðjudih vh uhfrjhq qxphurvdv vlwxdflrqhv txh vh fdudfwhul}dq sru ho
khfkr gh txh xq juxsr gh xvxdulrv frpsduwh xq vhuylflr frpýq r elhq rewlhqh xqd
vhulh gh yhqwdmdv do dfwxdu frqmxqwdphqwh iuhqwh d xqd ghwhuplqdgd rihuwd1 Hq
jhqhudo/ fdgd djhqwh lqglylgxdo hvwä lqwhuhvdgr hq rewhqhu flhuwr elhq r vhuylflr |
ho khfkr gh dfwxdu frqmxqwdphqwh fuhd ho sureohpd gh dvljqdu orv frvwhv frpxqhv
gh od rewhqflöq r/ hq irupd sdudohod/ gh uhsduwlu orv ehqh�flrv gh od dfwxdflöq
frqmxqwd1

Sdud frqfuhwdu xq fdvr sduwlfxodu flwduhprv ho vljxlhqwh= xq glvwulexlgru lpsxwd
xq frvwh gh 433 xqlgdghv prqhwduldv sru ho vxplqlvwur gh vx pdwhuld d fdgd xqr
gh orv srwhqfldohv xvxdulrv/ txh ghvljqduhprv sru �c 2c �c e1 Sru odv fdudfwhuðvwlfdv
gh od glvwulexflöq/ |d vhdq jhrjuä�fdv r wìfqlfdv gh lqiudhvwuxfwxud/ ho frvwh sdud
ho vxplqlvwur frqmxqwr d fdgd xqd gh odv djuxsdflrqhv gh xvxdulrv hv ho txh vh
h{suhvd phgldqwh od vljxlhqwh ixqflöq S gh frvwhv=

SEi�j� ' �ff SEi�c �j� ' �Df SEi�c 2c �j� ' 2�f

SEi2j� ' �ff SEi�c ej� ' �Sf SEi�c 2c ej� ' 22f

SEi�j� ' �ff SEi2c �j� ' �Df SEi�c �c ej� ' 2�f

SEiej� ' �ff SEi2c ej� ' �Df SEi2c �c ej� ' 2Df

SEi�c 2j� ' �2f SEi�c ej� ' ��f SEi�c 2c �c ej� ' 2Df

Orv xvxdulrv sxhghq vhu lqglylgxrv/ hpsuhvdv r flxgdghv txh ghvhdq uhflelu xq
ghwhuplqdgr vxplqlvwur gh od pdwhuld txh vh frqvlghuh1 Ho mxhjr txh uhfrjh od
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vlwxdflöq txh vh kd sodqwhdgr wlhqh frpr frqmxqwr gh mxjdgruhv � ' i�c 2c �c ej

| vx ixqflöq fdudfwhuðvwlfd hv S/ grqgh fdgd SE7� hv ho frvwh gho vxplqlvwur d od
frdolflöq 71 Vl vh dfhswd od rihuwd gh od hpsuhvd glvwulexlgrud sdud ho vxplqlvwur
frqmxqwr/ ho sureohpd txh vh sodqwhd hv ho gh uhsduwlu hqwuh orv xvxdulrv ho frvwh
joredo gh odv 583 xqlgdghv prqhwduldv/ gh pdqhud txh glfkr uhsduwr sxhgd vhu
dvxplgr sru wrgrv hoorv1

Ho hqxqfldgr dqwhulru fruuhvsrqgh d od öswlfd gho sureohpd gh uhsduwr gh frvwhv
hqwuh xvxdulrv gh xq vhuylflr frpýq1 Ghvgh rwur sxqwr gh ylvwd/ sru ho khfkr
gh dfwxdu frqmxqwdphqwh/ vh surgxfh xq ehqh�flr sdud fdgd frdolflöq txh sxhgh
h{suhvduvh phgldqwh od ixqflöq

�E7� '
[

� � �

SEi�j� � SE7��

Dkrud ho mxhjr E�c �� frq � ' i�c 2c �c ej | ixqflöq fdudfwhuðvwlfd � uhfrjh ho
ehqh�flr txh rewlhqh fdgd frdolflöq gh xvxdulrv uhvshfwr do frvwh gho vxplqlvwur
lqglylgxdo=

�Ei�j� ' f �Ei�c �j� ' Df �Ei�c 2c �j� ' bf

�Ei2j� ' f �Ei�c ej� ' ef �Ei�c 2c ej� ' Hf

�Ei�j� ' f �Ei2c �j� ' Df �Ei�c �c ej� ' .f

�Eiej� ' f �Ei2c ej� ' Df �Ei2c �c ej� ' Df

�Ei�c 2j� ' Hf �Ei�c ej� ' .f �Ei�c 2c �c ej� ' �Df

Frq hvwh sodqwhdplhqwr/ ho sureohpd txh vxujh hv ho gh uhsduwlu ho ehqh�flr wrwdo
gh 483 xqlgdghv prqhwduldv hqwuh orv fxdwur xvxdulrv1

Hmhpsor 419 Orv rujdqlvprv gh ghflvlöq1
Od Whruðd gh Mxhjrv ghglfd hvshfldo dwhqflöq d prghol}du orv vlvwhpdv gh uhsuh0
vhqwdflöq | gh wrpd gh ghflvlrqhv txh vh uljhq sru phfdqlvprv gh yrwdflöq/ |d
vhdq gh fduäfwhu sroðwlfr/ frpr Sduodphqwrv gh glihuhqwhv qdflrqhv x rujdql}d0
flrqhv vxsudqdflrqdohv/ r gh fduäfwhu hfrqöplfr/ frpr frqvhmrv gh dgplqlvwudflöq
gh frusrudflrqhv r gh hpsuhvdv1

Ho dqäolvlv gh hvwdv vlwxdflrqhv vh hvwdeohfh sru phglr gh orv ðqglfhv gh srghu/ txh
uh hmdq odv srvlelolgdghv hvwudwìjlfdv gh orv glihuhqwhv plhpeurv gh xq rujdqlvpr
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hq ho vhqwlgr gh lq xlu hq ho uhvxowdgr gh odv ghflvlrqhv txh vh dgrswhq/ d wudyìv
gh odv frdolflrqhv jdqdgrudv d odv txh shuwhqhfhq1 Orv ðqglfhv gh srghu pxhvwudq
vx xwlolgdg d od krud gh hvwxgldu orv hihfwrv gh orv fdpelrv gh frpsrvlflöq gh orv
rujdqlvprv r gh od prgl�fdflöq gh odv uhjodv gh yrwdflöq1

Hq ho prghor gh mxhjr txh vh hpsohd sdud hvwdv vlwxdflrqhv/ ho frqmxqwr � gh
mxjdgruhv hvwä irupdgr sru orv plhpeurv gho rujdqlvpr txh vh hvwxglh +sduodphq0
wdulrv/ sduwlgrv sroðwlfrv/ sdlvhv/ dfflrqlvwdv,> od ixqflöq gh xwlolgdg fruuhvsrqgh
d xq mxhjr vlpsoh gh pdqhud txh �E7� ' � vl orv plhpeurv gh 7 vrq fdsdfhv gh
dsuredu sru vð vrorv xqd sursxhvwd/ plhqwudv txh �E7� ' f/ hq fdvr frqwudulr1

Xqd frdolflöq 7 hv jdqdgrud vl �E7� ' �> jdqdgrud plqlpdo vl �E7� ' � | dghpäv
�EA � ' f sdud fxdotxlhu A � 7> shughgrud vl �E7� ' f1 Hv hylghqwh txh xq
mxhjr vlpsoh txhgd xqðyrfdphqwh ghwhuplqdgr frqrflhqgr od idplold gh frdolflrqhv
jdqdgrudv plqlpdohv1

Xqd fodvh hvshfldophqwh lqwhuhvdqwh gh mxhjrv vlpsohv hv od irupdgd sru orv ood0
pdgrv mxhjrv gh pd|ruðd srqghudgd> xqr gh wdohv mxhjrv frqvlvwh hq xqd whuqd
E�c /c ^� grqgh � ' i�c 2c ���c ?j hv ho frqmxqwr gh mxjdgruhv/ / ' E/ � c ���c / � � frq
/ � � fc � � � � ?/ hv xqd glvwulexflöq gh shvrv | ^ 5 U

�
hv od fxrwd1 Kdelwxdo0

phqwh xq mxhjr gh pd|ruðd srqghudgd vh uhsuhvhqwd sru

d ^ ( / � c / � c ���c / � o�

Xqd frdolflöq 7 � � hv jdqdgrud vl

^ �
[

� � 	
/ �

| hv shughgrud hq fdvr frqwudulr1 Hvwh wlsr gh mxhjrv shuplwh prghol}du vlwxd0
flrqhv hq odv txh vh vxsrqh glvflsolqd gh yrwr= orv mxjdgruhv vrq sduwlgrv sroðwlfrv
sduodphqwdulrv r juxsrv gho wlsr xql�fdgr txh vhd/ fx|rv shvrv fruuhvsrqghq do
qýphur gh plhpeurv gh od djuxsdflöq hq fxhvwlöq/ vlhqgr ^ od pd|ruðd h{ljlgd
sdud jdqdu od yrwdflöq1

Ho Sduodphqwr gh Fdwdoxôd hv od fäpdud ohjlvodwlyd sursld gh hvwd frpxqlgdg1 Vx
frpsrvlflöq hv gh 468 glsxwdgrv/ gh pdqhud txh od pd|ruðd devroxwd vh frqvljxh
frq xq qýphur ljxdo r vxshulru d 9; gh orv plvprv1 Iuxwr gh odv hohfflrqhv gho 4:
gh rfwxeuh gh 4<<< vh lqdxjxuö od YL Ohjlvodwxud/ dfwxdophqwh yljhqwh1
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Orv juxsrv sduodphqwdulrv suhvhqwhv hq ho Sduodphqwr vrq= Frqyhujëqfld l Xqlö
+FlX, frq 89 glsxwdgrv> Sduwlw ghov Vrfldolvwhv gh Fdwdoxq|d0Flxwdgdqv sho Fdqyl
+SVF, frq 83 glsxwdgrv> Sduwlw Srsxodu +SS, frq 45 glsxwdgrv> Hvtxhuud Uhsx0
eolfdqd gh Fdwdoxq|d +HUF, frq 45 glsxwdgrv h Lqlfldwlyd shu Fdwdoxq|d0Hov Yhugv
+LF, frq 8 glsxwdgrv1 Ho mxhjr gh pd|ruðd srqghudgd txh uhfrjh od vlwxdflöq dfwxdo
gho Sduodphqwr gh Fdwdoxôd hv

d SH ( DSc Dfc �2c �2c D o�

Od Y Ohjlvodwxud gho Sduodphqwr gh Fdwdoxôd vxujlö gh odv hohfflrqhv gh qrylhp0
euh gh 4<<8 | fxeulö ho shulrgr frpsuhqglgr hqwuh orv dôrv 4<<8 | 4<<<1 Hq hvd
rfdvlöq/ od frpsrvlflöq gh orv juxsrv sduodphqwdulrv ixh od vljxlhqwh= Frqyhujëq0
fld l Xqlö +FlX,/ 93 glsxwdgrv> Sduwlw ghov Vrfldolvwhv gh Fdwdoxq|d +SVF,/ 67
glsxwdgrv> Sduwlw Srsxodu +SS,/ 4: glsxwdgrv> Lqlfldwlyd shu Fdwdoxq|d0Hov Yhugv
+LF,/ 46 glsxwdgrv> Hvtxhuud Uhsxeolfdqd gh Fdwdoxq|d +HUF,/ 44 glsxwdgrv1 Od
fruuhvsrqglhqwh ghvfulsflöq gho Sduodphqwr frpr MPS hv=

d SH ( Sfc �ec �.c ��c �� o�

Sru ud}rqhv gh xqd pd|ru glihuhqfldflöq hqwuh orv ðqglfhv gh srghu txh srvwhulru0
phqwh vh frqvlghuduäq/ hvfrjhuhprv hvwd ýowlpd frpsrvlflöq frpr prghor/ hq
oxjdu gh od dfwxdo frpsrvlflöq gho Sduodphqwr fdwdoäq1

Odv frdolflrqhv jdqdgrudv plqlpdohv hq hvwh mxhjr vrq=

~ ~FlX/ SVF�/ ~FlX/ SS�/ ~FlX/ LF�/ ~FlX/ HUF�/ ~SVF/ SS/ LF/ HUF� �1

Khprv ylvwr txh wrgr mxhjr gh pd|ruðd srqghudgd wlhqh dvrfldgr xq mxhjr vlpsoh1
Vlq hpedujr/ qr wrgr mxhjr vlpsoh surylhqh gh xq mxhjr gh pd|ruðd srqghudgd1

Hq ho Frqjuhvr gh orv Hvwdgrv Xqlgrv gh Dpìulfd/ sdud txh xqd oh| txh fxhqwh
frq ho uhvsdogr gho Suhvlghqwh vhd dsuredgd/ hv qhfhvduld od pd|ruðd gh yrwrv gh
od Fäpdud gh Uhsuhvhqwdqwhv | gho Vhqdgr> vl ho sur|hfwr qr fxhqwd frq ho dsr|r
gho Suhvlghqwh vrq qhfhvdulrv grv whuflrv gh yrwrv gh fdgd xqd gh odv fäpdudv1 Od
Fäpdud gh Uhsuhvhqwdqwhv fxhqwd frq 768 plhpeurv | ho Vhqdgr frq 4331

Hq hvwh mxhjr vlpsoh/ vxsrqlhqgr od vlphwuðd gh orv uhsuhvhqwdqwhv hqwuh vð | gh orv
vhqdgruhv hqwuh vð/ odv frdolflrqhv jdqdgrudv plqlpdohv vrq gho wlsr

i � n D�r n 2�Ho c S.r n 2bfo j�
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Sxhgh sureduvh txh hvwh mxhjr vlpsoh qr surylhqh gh qlqjýq mxhjr gh pd|ruðd
srqghudgd/ sru or txh vh glfh gh ìo txh qr hv uhdol}deoh1

415 Vroxflrqhv sdud orv mxhjrv frrshudwlyrv

Hq ho ghvduuroor gh od vhfflöq dqwhulru vh kd sxhvwr gh pdql�hvwr txh xqr gh
orv sureohpdv txh suhwhqgh uhvroyhu od Whruðd gh Mxhjrv hv od glvwulexflöq gh od
fdqwlgdg �E�� gh xqd pdqhud ud}rqdeoh/ hqwuh orv glihuhqwhv djhqwhv gho mxhjr1
Hvwh hv txl}äv ho sureohpd päv dpsoldphqwh hvwxgldgr hq od Whruðd gh Mxhjrv>
txh od glvwulexflöq vhd ud}rqdeoh txlhuh lqglfdu txh ho glqhur r fxdotxlhu rwur
elhq wudqvihuleoh txh uhsuhvhqwd �E�� vhd uhsduwlgr hqwuh orv mxjdgruhv gh irupd
txh hvh uhsduwr sxhgd vhu dfhswdgr sru wrgrv/ do dpsdur gh xqrv fulwhulrv txh vh
hvwdeoh}fdq suhyldphqwh frpr yäolgrv1

Gh�qlflöq 41:
Xq frqfhswr gh vroxflöq sdud orv mxhjrv frrshudwlyrv hv/ hq jhqhudo/ xqd uhjod txh
dvljqd d fdgd mxhjr gh ? mxjdgruhv E�c �� xq vxefrqmxqwr gh U

�

/ vljxlhqgr xqdv
uhjodv suhghwhuplqdgdv1 Hq sulqflslr/ hvh vxefrqmxqwr sxhgh vhu ydfðr/ frqwhqhu
xq ýqlfr hohphqwr r ydulrv hohphqwrv/ vhjýq ho mxhjr txh vh frqvlghuh r vhjýq od
uhjod txh vh hvwdeoh}fd1

Vh glfh txh xqd vroxflöq % 5 U
�

sdud ho mxhjr E�c �� hv xq yhfwru gh sdjrv h�flhqwh
vl fxpsoh [

� � �

% � ' �E��c

grqgh % � vh hqwlhqgh frpr ho sdjr do mxjdgru � 5 � 1

Vl dghpäv % � � �Ei�j� sdud wrgr � 5 � / vh glfh txh % 5 U
�

vdwlvidfh ho sulqflslr
gh udflrqdolgdg lqglylgxdo/ vhjýq ho fxdo fdgd mxjdgru rewlhqh do phqrv ljxdo d or
txh rewhqguðd sru vð vror hq ho mxhjr E�c ��1

Ho frqmxqwr gh wrgdv odv vroxflrqhv txh vrq yhfwruhv gh sdjrv h�flhqwhv | txh
vdwlvidfhq ho sulqflslr gh udflrqdolgdg lqglylgxdo hv ho ghqrplqdgr frqmxqwr gh
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lpsxwdflrqhv gho mxhjr E�c �� | vh ghqrwd sru Ud�o/

Ud�o ' i% 5 U
�

*
[

� � �
% � ' �E��c % � � �Ei�j�c ;� 5 �j�

Ho sulphu frqfhswr gh vroxflöq sdud mxhjrv frrshudwlyrv frq xwlolgdg wudqvihuleoh
hv ho gh frqmxqwr hvwdeoh/ lqwurgxflgr hq 4<77 sru yrq Qhxpdqq | Prujhqvwhuq1
Xq vxefrqmxqwr � � U

�
hv xq frqmxqwr hvwdeoh sdud ho mxhjr E�c �� vl fxpsoh=

+d, � � Ud�o> +e, vl %c + 5 �/ hqwrqfhv + *5 _J6E%�> +f, vl + 5 Ud�o p �/ h{lvwh
% 5 � wdo txh + 5 _J6E%�1 Sdud % 5 Ud�o/ _J6E%� hv ho frqmxqwr gh lpsxwdflrqhv
grplqdgdv sru ho yhfwru %/ hv ghflu/ + 5 _J6E%� vl h{lvwh xqd frdolflöq 7 � � wdo
txh % � : + � / ;� 5 7/ |

S
� � 	 % � � �E7�1

Orv frqmxqwrv hvwdeohv vrq xq frqfhswr gh vroxflöq fx|r pdqhmr hv/ hq jhqhudo/
gl�fxowrvr> od sursld ghwhuplqdflöq gh orv plvprv vxhoh vhu oderulrvd/ sxglhqgr
hqfrqwudu mxhjrv txh srvhhq lq�qlwrv frqmxqwrv hvwdeohv | rwurv txh fduhfhq gh
glfkrv frqmxqwrv +Oxfdv/ 4<9; | 4<9<,1

Rwur frqfhswr gh vroxflöq/ lqwurgxflgr sru Jloohv hq 4<86/ hv ho qýfohr gh xq mxhjr1
Ho qýfohr gho mxhjr E�c �� hvwä irupdgr sru wrgrv orv yhfwruhv gh sdjrv h�flhqwhv
% 5 U



txh/ dghpäv/ fxpsohq=

[
� � 	

% � � �E7�c ;7 � ��

Ho qýfohr vh ghqrwd sru �d�o1 Odv vroxflrqhv gho qýfohr sxhghq hqwhqghuvh frpr
glvwulexflrqhv idyrudeohv gh od xwlolgdg wrwdo �E�� hq ho vhqwlgr gh txh ho sdjr sdud
fdgd frdolflöq/ hqwhqglgr ìvwh frpr od vxpd gh sdjrv d vxv lqwhjudqwhv/ qxqfd hv
phqru txh od xwlolgdg txh sru vð vrod rewhqguðd od frdolflöq> hq hvwh vhqwlgr/ od
frrshudflöq kd gh vhu ylvwd frpr ehqh�flrvd sru fxdotxlhu frdolflöq | od vroxflöq
dfhswdeoh sru wrgdv hoodv1

Ho fäofxor gho qýfohr gh xq mxhjr E�c �� frqgxfh/ hq jhqhudo/ d xq vlvwhpd gh
2

�
� 2 lqhfxdflrqhv mxqwr d xqd hfxdflöq txh uhfrjh od frqglflöq gh h�flhqfld1 Hq

ho hmhpsor gh od edqfduurwd gh od vhfflöq dqwhulru/ od rewhqflöq gho qýfohr vxsrqh
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uhvroyhu ho vljxlhqwh vlvwhpd=

% � � f % � n % � � 2D

% � � f % � n % � � Df % � n % � n % � ' �ff

% � � 2D % � n % � � .D

Vx vroxflöq hv �d�o=

iE% � c % � c % � � 5 U
�

* f � % � � 2Dc f � % � � Dfc % � n % � � 2Dc % � ' �ff � % � � % � jc

wudwäqgrvh gh xq sroðjrqr gh U � fx|rv yìuwlfhv vrq orv sxqwrv Efc 2Dc .D�/ E2Dc fc .D�/
E2Dc Dfc 2D�/ Efc Dfc Df�1

Yhprv txh ho qýfohr sxhgh frqwhqhu vroxflrqhv uhdophqwh glvsduhv frpr sdjr d orv
glihuhqwhv mxjdgruhv1 Hvwh hv xq lqfrqyhqlhqwh gho qýfohr/ shur sxhgh vxfhghu txh
ho qýfohr gh xq mxhjr vhd ydfðr/ lqfoxvr hq mxhjrv vxshudglwlyrv +Oxfdv | Udelh/
4<;5,1

HO YDORU GH VKDSOH\

D whqru gh wrgdv hvwdv gl�fxowdghv/ sduhfh frqyhqlhqwh hvwdeohfhu vroxflrqhv sdud
mxhjrv frrshudwlyrv txh dvljqhq d fdgd mxhjr E�c �� xq ýqlfr yhfwru gh sdjrv1 Ho
sulphu frqfhswr gh vroxflöq ýqlfd sdud mxhjrv frrshudwlyrv frq xwlolgdg wudqvihul0
eoh ixh lqwurgxflgr sru O1 V1 Vkdsoh| hq 4<861

Ho pìwrgr xwlol}dgr sru Vkdsoh| frqvlvwh hq sursrqhu xqdv ghwhuplqdgdv surslh0
gdghv txh ghehuðd yhul�fdu hvd vroxflöq ýqlfd | ghprvwudu txh hvwdv plvpdv surslh0
gdghv od fdudfwhul}dq gh irupd xqðyrfd/ gh pdqhud txh sxhghq vhu wrpdgdv frpr
d{lrpdv1 Sdud hqxqfldu hvwrv d{lrpdv vh suhflvdq grv frqfhswrv suhylrv=

+d, g � � hv xq vrsruwh gho mxhjr E�c �� vl

�E7� ' �Eg _ 7�c ;7 � ��

Xq mxjdgru � 5 � hv qxor hq ho mxhjr E�c �� vl �E7 ^i�j� ' �E7� sdud wrgd frdolflöq
7 � � p i�j1 Dvð/ wrgrv orv mxjdgruhv gh � p g vrq qxorv1
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+e, Vl Z hv xqd shupxwdflöq gho frqmxqwr � / Z� hv ho mxhjr gh�qlgr sru

EZ��EZ7� ' �E7�c ;7 � ��

Hqwrqfhv/ orv d{lrpdv txh vh h{ljh txh vdwlvidjd hvd vroxflöq ýqlfd gh xq mxhjr
E�c ��/ txh vh ghvljqd sru �d�o/ vrq=

� H�flhqfld1 Vl g hv xq vrsruwh gho mxhjr E�c ��/ vh fxpsoh=
[

� � �
� � d�o ' �Eg��

� Vlphwuðd1 Sdud wrgd shupxwdflöq Z gh � / vh fxpsoh=

� � � dZ�o ' � � d�oc ;� 5 ��

� Dglwlylgdg1 Sdud fxdohvtxlhud mxhjrv E�c ��/ E�c ��/ vh fxpsoh=

�d� n �o ' �d�o n �d�o�

Ho whruhpd txh vh hqxqfld d frqwlqxdflöq dvhjxud txh hvwrv wuhv d{lrpdv fdudf0
whul}dq xqðyrfdphqwh xqd vroxflöq sdud fdgd mxhjr E�c ��/ txh hv od txh vh frqrfh
frpr ydoru gh Vkdsoh|1

Whruhpd 41; +Vkdsoh|/ 4<86,

H{lvwh xqd ýqlfd dsolfdflöq � G C � $ U � txh vdwlvidfh orv d{lrpdv gh h�flhqfld
sdud vrsruwhv/ vlphwuðd | dglwlylgdg/ | hv od txh wlhqh sru h{suhvlöq=

� � d�o '
[

� 	 �� 
 �

�E?c r�d�E7� � �E7pi�j�oc sdud fdgd � 5 �c

grqgh

�E?c r� '
Er � ��-E? � r�-

?-
'

�

r

�
?

r

�

Revhuydflrqhv 41<
+d, Ho sdjr txh ho ydoru gh Vkdsoh| dvljqd d fdgd mxjdgru hv xqd phgld srqghudgd
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gh odv frqwulexflrqhv pdujlqdohv gh hvh mxjdgru d odv frdolflrqhv d odv txh shuwhqhfh1
Orv idfwruhv gh srqghudflöq �E?c r� irupdq xqd glvwulexflöq gh suredelolgdg vreuh
glfkdv frdolflrqhv/ do hvfrjhu gh prgr htxlsuredeoh ho fduglqdo gh od frdolflöq |/
srvwhulruphqwh/ xqd gh odv frdolflrqhv gh glfkr fduglqdo1

Dqäorjdphqwh/ ho ydoru gh Vkdsoh| hv ho ydoru hvshudgr sru fdgd mxjdgru fxdqgr
frqvlghudqgr wrgdv odv srvleohv rughqdflrqhv gh orv mxjdgruhv gh � frpr ljxdo0
phqwh suredeohv/ fdgd mxjdgru uhfleh frpr sdjr vx frqwulexflöq pdujlqdo d od
frdolflöq irupdgd sru wrgrv orv mxjdgruhv txh oh suhfhghq1

+e, Ho ydoru gh Vkdsoh| gh xq mxhjr ghshqgh ýqlfdphqwh gh odv surslhgdghv dev0
wudfwdv gho plvpr/ vlq whqhu hq fxhqwd orv glvwlqwrv judgrv gh frrshudflöq r odv
srvlelolgdghv gh frpxqlfdflöq txh h{lvwdq hqwuh orv mxjdgruhv gh fdgd mxhjr frq0
fuhwr1 Ho hvwxglr gh hvwdv dowhudflrqhv hq od frrshudflöq kd gdgr oxjdu d glihuhqwhv
frqfhswrv gh vroxflöq txh prgl�fdq ho frqfhswr gh vroxflöq gdgr sru Vkdsoh|1 D
wðwxor gh hmhpsor srghprv phqflrqdu txh od djuxsdflöq gh mxjdgruhv hq eortxhv
hvwdeohv kd vlgr hvwxgldgd sru Dxpdqq | Guë}h hq 4<:7 r sru Rzhq hq 4<::> od
frpxqlfdflöq sdufldo prghol}dgd phgldqwh judirv hq ho frqmxqwr gh mxjdgruhv kd
vlgr wudwdgd sru P|huvrq d sduwlu gh 4<::> odv lqfrpsdwlelolgdghv hqwuh mxjdgruhv
sru Fduuhudv hq 4<<4> odv vlwxdflrqhv gh frpxqlfdflöq sdufldo h lqfrpsdwlelolgdghv
sru Ehujdqwlôrv hq 4<<6 r orv ðqglfhv gh frrshudflöq hq odv frdolflrqhv sru Dphu
hq 4<<81

+f, Xqd vroxflöq � fxpsoh od surslhgdg gho mxjdgru qxor vl � � d�o ' f sdud wrgr
mxhjr � | wrgr mxjdgru qxor � hq �1

Xq mxjdgru � 5 � hv xq wðwhuh hq ho mxhjr E�c �� vl �E7 ^ i�j� ' �E7� n �Ei�j�

sdud wrgd frdolflöq 7 � � p i�j1 Xqd vroxflöq � fxpsoh od surslhgdg gh wðwhuhv
vl � � d�o ' �Ei�j� sdud wrgr mxhjr � | wrgr wðwhuh � hq �1

Grv mxjdgruhv �c � 5 � vrq lqglihuhqwhv hq ho mxhjr E�c �� vl �E7 ^i�j� ' �E7 ^i�j�

sdud wrgd frdolflöq 7 � � p i�c �j1 Xqd vroxflöq � fxpsoh od surslhgdg gh
lqglihuhqfld vl � � d�o ' �� d�o sdud wrgr mxhjr � | wrgd sduhmd gh mxjdgruhv �c �

lqglihuhqwhv hq �1

Ho ydoru gh Vkdsoh| yhul�fd od surslhgdg gho mxjdgru qxor/ dghpäv gh wudwduvh gh
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xqd lpsxwdflöq sdud mxhjrv vxshudglwlyrv1 D od ylvwd gh glihuhqwhv surslhgdghv
vh kdq srglgr hvwdeohfhu rwurv vlvwhpdv gh d{lrpdv txh fdudfwhul}dq ho ydoru gh
Vkdsoh|/ frpr orv sursxhvwrv sru \rxqj hq 4<;8 r Kduw | Pdv0Frohoo hq 4<;<1

Ho ýqlfr frqfhswr gh vroxflöq sdud mxhjrv frrshudwlyrv txh vdwlvidfh odv surslhgdghv
gh h�flhqfld sdud vrsruwhv/ wðwhuhv/ lqglihuhqfld | dglwlylgdg hv ho ydoru gh Vkdsoh|/
frqvwlwx|hqgr hvwdv fxdwur surslhgdghv rwud fdudfwhul}dflöq d{lrpäwlfd sdud hvwh
ydoru1

+g, Sdud ho fdvr gh mxhjrv vlpsohv/ ho d{lrpd gh dglwlylgdg qr sxhgh xwlol}duvh1 Hq
4<:8/ Gxeh| gh�qh grv rshudflrqhv hqwuh mxhjrv vlpsohv=

E� b ��E7� ' 4@ i�E7�c �E7�jc

E� a ��E7� ' 4�?i�E7�c �E7�j�

Vl 7 � ghqrwd ho frqmxqwr gh mxhjrv vlpsohv frq ? mxjdgruhv/ odv rshudflrqhv dqwh0
ulruhv grwdq d 7 � gh hvwuxfwxud gh uhwðfxor glvwulexwlyr1 Sdud hvwh wlsr gh mxhjrv/
ho d{lrpd gh dglwlylgdg gheh vxvwlwxluvh sru od ghqrplqdgd surslhgdg gh wudqvih0
uhqfld/ txh hvwdeohfh/

�d� b �o n �d� a �o ' �d�o n �d�oc ;�c � 5 7 � �

Orv mxhjrv frrshudwlyrv vlpsohv vh hpsohdq qrupdophqwh frpr prghorv gh ru0
jdqlvprv gh ghflvlöq grqgh orv dfxhugrv vh wrpdq sru yrwdflöq1 Xq frqfhswr gh
vroxflöq sdud hvwd fodvh gh mxhjrv dfrvwxpeud d ghqrplqduvh ðqglfh gh srghu/ hq
dwhqflöq d odv vlwxdflrqhv txh prghol}d1 Ho ðqglfh gh srghu uhsuhvhqwd xqd phglgd
devwudfwd gho srghu gh fdgd mxjdgru hq ho rujdqlvpr txh ho mxhjr ghvfuleh1

Whruhpd 4143 +Gxeh|/ 4<:8,

H{lvwh xqd ýqlfd dsolfdflöq � G 7 � $ U � txh vdwlvidfh odv surslhgdghv gh h�0
flhqfld sdud vrsruwhv/ vlphwuðd | wudqvihuhqfld= hv ho ðqglfh gh srghu gh Vkdsoh|0
Vkxelfn/ txh wlhqh sru h{suhvlöq

� � d�o '
[

� � �
� � � 	 
 � � 
 � �� �

Er � ��-E? � r�-

?-
c sdud fdgd � 5 �c

grqgh ` ghqrwd ho frqmxqwr gh frdolflrqhv jdqdgrudv gho mxhjr �1 Hvwd vroxflöq
hv od uhvwulfflöq gho ydoru gh Vkdsoh| d orv mxhjrv vlpsohv1
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Hmhpsorv 4144
+d, Ho ydoru gh Vkdsoh| sdud ho mxhjr gh od edqfduurwd txh vh kdeðd frqvlghudgr hq
od vhfflöq dqwhulru/ hq ho txh � ' �ff/ _ ' E2Dc Dfc .D�/ hv=

�d�o ' E �S�SSS. c 2b��SS. c De��SS. ��

Vh sxhgh frpsuredu txh hvwd vroxflöq shuwhqhfh do qýfohr gho mxhjr � | frpsdudgd
frq ho uhsduwr sursruflrqdo d odv ghpdqgdv E �S�SSS. c ������� c Df �/ ehqh�fld do
whufhu mxjdgru | shumxglfd do vhjxqgr1

+e, Hq ho sureohpd gh od dvljqdflöq gh frvwhv sodqwhdgr hq od vhfflöq dqwhulru/ ho
uhsduwr gh odv 583 xqlgdghv prqhwduldv gho frvwh joredo gho vxplqlvwur d orv fxdwur
dgmxglfdwdulrv hv/ vhjýq od vroxflöq gh Vkdsoh|/ ho vljxlhqwh=

�dSo ' E DD c Sf c SD c .f ��

Ghvgh ho hqirtxh gho uhsduwr gh odv 483 xqlgdghv gh ehqh�flr txh vh jhqhudq sru
od frqwudwdflöq hq frpýq gho vxplqlvwur/ ho ydoru gh Vkdsoh| hvwdeohfh od vljxlhqwh
vroxflöq=

�d�o ' E eD c ef c �D c �f ��

Vh revhuyd frpr � � d�o ' SEi�j� � � � dSo/ sdud fdgd mxjdgru �1 Hvwh uhvxowdgr hud
gh hvshudu/ sru od surslhgdg gh dglwlylgdg> gh hvwd pdqhud sxhgh hqwhqghuvh od
dvljqdflöq gh frvwhv | ho uhsduwr gh ehqh�flrv frpr sureohpdv frpsohphqwdulrv
xqr gho rwur1

+f, Sdud ho hmhpsor gho Sduodphqwr gh Fdwdoxôd hq od ohjlvodwxud <80<</ ho ðqglfh
gh srghu gh Vkdsoh|0Vkxeln rwrujd od vljxlhqwh glvwulexflöq=

�d�o ' E f�S c f�� c f�� c f�� c f�� ��

Ho sulphu mxjdgru/ FlX/ hvwä ghvwdfdgr sxhv irupd sduwh gh fxdwur gh odv flqfr
frdolflrqhv jdqdgrudv plqlpdohv> orv rwurv fxdwur mxjdgruhv/ d shvdu gho qýphur
glihuhqwh gh hvfdôrv gh fdgd juxsr sduodphqwdulr/ rfxsdq xq sdsho vlpìwulfr hq
ho mxhjr/ sru or txh vx ðqglfh gh srghu hv ho plvpr1

+g, Ilqdophqwh/ sdud ho fdvr gho Frqjuhvr gh orv Hvwdgrv Xqlgrv gh Dpìulfd/ orv
ðqglfhv gh srghu gho Suhvlghqwh/ gho Vhqdgr | gh od Fäpdud gh Uhsuhvhqwdqwhv vrq/
uhvshfwlydphqwh=

� � ' f��Sfe.fc � � ' f�e�.e�Hc � � ' f�ef2��2�
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Kdelgd fxhqwd gh od srvlflöq vlpìwulfd gh fdgd vhqdgru hq ho Vhqdgr | gh fdgd
uhsuhvhqwdqwh hq od Fäpdud/ ho srghu gh fdgd xqr gh hoorv vh rewhqguä glylglhqgr
sru 433 ho srghu gho Vhqdgr | sru 768 ho gh od Fäpdud gh Uhsuhvhqwdqwhv/ uhv0
shfwlydphqwh1 Gh hvwd irupd/ sursruflrqdophqwh/ vl � � hv ho ðqglfh gh srghu gh
Vkdsoh|0Vkxeln gh xq vhqdgru | � � ho gh xq uhsuhvhqwdqwh=

� � G � � G � � � �Df G b G 2�

HO YDORU GH EDQ]KDI

Rwur frqfhswr gh vroxflöq txh dvljqd d fdgd mxhjr xq ýqlfr yhfwru gh sdjrv hv
ho ydoru gh Edq}kdi1 Hq hvwh fdvr vh dwulex|h frpr sdjr d fdgd mxjdgru od vxpd
gh vxv frqwulexflrqhv pdujlqdohv d wrgdv odv frdolflrqhv d odv txh shuwhqhfh> hvwd
fdqwlgdg sxhgh yhqlu pxowlsolfdgd sru xq frh�flhqwh/ hq fx|r fdvr vh kdeod gho
ydoru gh Edq}kdi qrupdol}dgr1 Od vhqflooh} gh frqvwuxfflöq gh hvwh ydoru kdfh
txh jrfh gh xqd srvlflöq ghvwdfdgd hq od Whruðd gh Mxhjrv/ kdelhqgr oohjdgr d vhu
dfhswdgr sru xq mxh} gh Qxhyd \run frpr phglgd yäolgd gh srghu sdud ghwhuplqdu
od uhsuhvhqwdflöq hq xq rujdqlvpr gh ghflvlöq gh hvh Hvwdgr1

Do ljxdo txh sdud ho ydoru gh Vkdsoh|/ glyhuvrv dxwruhv kdq fdudfwhul}dgr d{lr0
päwlfdphqwh ho ydoru gh Edq}kdi= Rzhq hq 4<:;/ Ohkuhu hq 4<;; r Ihowndps hq
4<<81 Xqd lqwurgxfflöq d{lrpäwlfd gho ydoru gh Edq}kdi suhflvd/ sdud fdgd mxhjr
E�c ��/ od frqvlghudflöq gh od fdqwlgdg vljxlhqwh=

#d�o '
[

� � �
[

� � �� � �
d�E7� � �E7pi�j�o�

Whruhpd 4145 +Ihowndps/ 4<<8,

H{lvwh xqd ýqlfd dsolfdflöq K G C 	 $ U 	 txh vdwlvidfh orv d{lrpdv gh vlphwuðd/
mxjdgru qxor/ dglwlylgdg | txh yhul�fd txh

S 
 �
	 K



d�o ' #d�o> hvwd dsolfdflöq hv od

txh wlhqh sru h{suhvlöq=

K


d�o '

[
� 
 	� � 


d�E7� � �E7pi�j�oc sdud fdgd � 5 ��
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Revhuydflrqhv 4146
+d, Od vroxflöq txh dfded gh lqwurgxfluvh hv ho ydoru gh Edq}kdi qr qrupdol}dgr1
Glylglhqgr wrgdv odv frpsrqhqwhv gh K sru 2 � � � vh rewlhqh ho ydoru gh Edq}kdi
qrupdol}dgr/ txh ghvljqduhprv sru �/ vlhqgr ho txh vh hpsohd kdelwxdophqwh> �

yhul�fd orv plvprv d{lrpdv/ vöor txh dkrud
S � � � � � d�o ' 2

� � �
#d�o1 Hv ghflu/

� � d�o '
�

2
� � �

[
	 
 �

	 � �
d�E7� � �E7pi�j�oc sdud fdgd � 5 ��

+e, Ho ydoru gh Edq}kdi hv/ frpr ho ydoru gh Vkdsoh|/ xqd phgld srqghudgd gh odv
frqwulexflrqhv pdujlqdohv gh fdgd mxjdgru d odv frolflrqhv d odv txh shuwhqhfh> hq
hvwh fdvr/ orv frh�flhqwhv gh srqghudflöq vrq wrgrv ljxdohv d �*2

� � �
/ gh irupd txh

ho shvr gh fdgd frdolflöq d od txh shuwhqhfh xq mxjdgru � 5 � hv vlhpsuh ho plvpr1

+f, Vxvwlwx|hqgr ho d{lrpd gh dglwlylgdg sru ho gh wudqvihuhqfld vh fdudfwhul}d �

sdud orv mxhjrv vlpsohv/ rewhqlìqgrvh ho txh vh frqrfh frpr ðqglfh gh srghu gh
Edq}kdi0Frohpdq1 Gh khfkr/ hvwh ðqglfh qr hv xq fdvr sduwlfxodu/ vlqr txh od
vroxflöq sdud mxhjrv gh C � hv od jhqhudol}dflöq gh hvwh ðqglfh vxujlgr hq orv mxhjrv
vlpsohv1

Hmhpsorv 4147
+d, Ho ydoru gh Edq}kdi sdud ho mxhjr gh od edqfduurwd gh od vhfflöq dqwhulru hv=

�d�o ' E �H�.D c ���2D c DS�2D �c

gh pdqhud txh odv 433 xqlgdghv prqhwduldv gho fdslwdo � glvsrqleoh vh uhsduwluðdq
hqwuh orv dfuhhgruhv hq od irupd 4:197:4/ 5<1744;/ 851<745> hvwh uhsduwr ehqh�fld d
orv grv sulphurv dfuhhgruhv iuhqwh do whufhur txh uhfleh xqd fdqwlgdg oljhudphqwh
lqihulru d od txh oh fruuhvsrqghuðd sru od vroxflöq gh Vkdsoh|1

+e, Sdud ho sureohpd gh dvljqdflöq gh frvwhv0uhsduwr gh ehqh�flrv/ ho ydoru gh
Edq}kdi gho mxhjr � fruuhvsrqglhqwh do uhsduwr gh ehqh�flrv hv=

�d�o ' E e2�D c ef c �D c �f �c

or fxdo vxsrqh ho vljxlhqwh uhsduwr sursruflrqdo gh odv 483 xqlgdghv gh ehqh�flr
hqwuh orv fxdwur mxjdgruhv= sdud ho sulphur/ 7615536> sdud ho vhjxqgr/ 7319:;3> sdud
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ho whufhur/ 6818<65 | sdud ho fxduwr/ 63183;81 Rwud yh} ho mxjdgru päv ehqh�fldgr hq
od vroxflöq gh Vkdsoh| uhvxowd oljhudphqwh ghvidyruhflgr hq od vroxflöq gh Edq}kdi1

+f, Hq ho Sduodphqwr gh Fdwdoxôd hq od ohjlvodwxud <80<</ ho ðqglfh gh Edq}kdi hv=

�d�o ' E f�H.D c f��2D c f��2D c f��2D c f��2D ��

Hq wdqwrv sru flhqwr/ ho srghu gho sulphu juxsr sduodphqwdulr hv gho 961969(/
plhqwudv txh ho gh orv ghpäv juxsrv hv gho <13<4(1 Hq hvwh fdvr/ ho mxjdgru txh
wlhqh xq pd|ru srghu sru Vkdsoh| +93(, yh lqfuhphqwdgr ìvwh hq od glvwulexflrq
gh Edq}kdi/ plhqwudv txh orv uhvwdqwhv mxjdgruhv rewlhqhq xq srghu phqru1

+g, Frqvlghudqgr ho Frqjuhvr gh orv Hvwdgrv Xqlgrv gh Dpìulfd/ vhjýq od vroxflöq
gh Edq}kdi/ orv ðqglfhv gh srghu gho Suhvlghqwh/ gho Vhqdgr | gh od Fäpdud gh
Uhsuhvhqwdqwhv/ dvð frpr vxv uhvshfwlyrv srufhqwdmhv vrq=

� � ' f�2�f�f E��HI�

� � ' ��bHb.� E�2�bI�

� � ' ��H���b ES���I�

ORV VHPLYDORUHV

Ho ydoru gh Vkdsoh| | ho ydoru gh Edq}kdi vrq vroxflrqhv sdud orv mxhjrv frrshud0
wlyrv txh wlhqhq hq frpýq ho khfkr gh dvljqdu d fdgd mxjdgru xq sdjr hq edvh
d vxv frqwulexflrqhv pdujlqdohv/ srqghudgdv gh xqd x rwud irupd/ vhjýq khprv
ylvwr hq orv dsduwdgrv suhfhghqwhv1 Gh od plvpd irupd txh vh hvwdeohfhq xqrv
d{lrpdv sdud odv vroxflrqhv gh Vkdsoh| r gh Edq}kdi/ dkrud vh jhqhudol}d hvwd
vlwxdflöq lqwurgxflhqgr xqdv surslhgdghv sdud fdudfwhul}du d{lrpäwlfdphqwh xqd
dpsold fodvh gh vroxflrqhv sdud mxhjrv frrshudwlyrv1

Hq sulphu oxjdu/ ghqrwdprv sru � � ho frqmxqwr gh mxhjrv frrshudwlyrv gh ? mx0
jdgruhv txh vhdq dglwlyrv/ hvwr hv/

�E7 ^ A � ' �E7� n �EA �c vl 7 _ A ' >c 7c A � ��
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Revhuydprv txh � � sdud m� m ' ? hv lvrpruir d U � / |d txh fxdotxlhu mxhjr � 5 � �
txhgd ghwhuplqdgr do frqrfhu �Ei�j�/ sdud � � � � ?1

Hq 4<;4/ Gxeh|/ Qh|pdq | Zhehu gh�qhq xq vhplydoru vreuh orv mxhjrv frrsh0
udwlyrv gh C � frpr dtxhood vroxflöq j G C � $ � � txh fxpsoh=

+d, Olqhdolgdg1 jE� n �� ' jE�� n jE��c ;�c � 5 C � �

+e, Vlphwuðd1 Sdud fdgd shupxwdflöq Z gho frqmxqwr � / jEZ��EiZ�j� ' j�Ei�j��

+f, Prqrwrqðd1 � prqöwrqr lpsolfd j� prqöwrqr1

+g, j hv xqd sur|hfflöq= vl � 5 � � hqwrqfhv/ j� ' ��

Od vljxlhqwh surslhgdg uhodflrqd orv d{lrpdv gh od gh�qlflöq frq ho fäofxor gh od
vroxflöq hq uhodflöq d odv frqwulexflrqhv pdujlqdohv gh orv mxjdgruhv1

Whruhpd 4148 +Gxeh|/ Qh|pdq/ Zhehu/ 4<;4,

+d, Gdgrv ? qýphurv uhdohv R � c � � r � ?/ fxpsolhqgr=

E��

�[

� � �

�
? � �

r � �

�
R � ' �c E��� R � � fc � � r � ?c

j�Ei�j� '
[

	 
 �
	 � 


R � d�E7� � �E7pi�j�o/ sdud fdgd � 5 � / sdud fdgd � 5 C � c

gh�qhq xq vhplydoru j vreuh orv mxhjrv gh C � / grqgh r ' m7m1

+e, Uhfðsurfdphqwh/ wrgr vhplydoru j G C � $ � � vh rewlhqh gh hvwd pdqhud1

Revhuydflrqhv 4149
+d, Vhjýq ho whruhpd dqwhulru/ h{lvwh xqd fruuhvsrqghqfld el|hfwlyd hqwuh ho frq0
mxqwr gh vhplydoruhv vreuh mxhjrv gh C � | ho frqmxqwr gh sxqwrv gh U � ER � c ���c R � �
txh fxpsohq odv frqglflrqhv

S
� � � �

� � � �
� � �

�
R � ' � | R � � fc � � r � ?1

+e, Dvð/ xq vhplydoru j sxhgh hqwhqghuvh frpr od phgld srqghudgd gh odv frq0
wulexflrqhv pdujlqdohv gh fdgd mxjdgru d odv frdolflrqhv d odv txh shuwhqhfh> orv
frh�flhqwhv gh srqghudflöq vrq glihuhqwhv sdud fdgd vhplydoru/ vlhqgr suhflvdphqwh
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orv qýphurv R � c � � r � ?1 Hq sduwlfxodu/ ho ydoru gh Vkdsoh| hv ho vhplydoru gh
frh�flhqwhv

R � ' �E?c r� '
Er � ��-E? � r�-

?-
c � � r � ?c

| ho ydoru gh Edq}kdi ho gh frh�flhqwhv R � ' �*2
� � �

c � � r � ?1

+f, Vljxlhqgr xqd qrwdflöq dqäorjd d odv vroxflrqhv gh Vkdsoh| | gh Edq}kdi/ od
vroxflöq txh vh rewlhqh sru xq vhplydoru j od hvfuleluhprv hq od irupd=

j � d�o ' j�Ei�j�c sdud fdgd � 5 � | fdgd mxhjr � 5 C � �

Hmhpsor 414:
Frqvlghudprv ho sureohpd gh od edqfduurwd frq � ' �ff/ _ ' E2Dc Dfc .D�1 Vxsrq0
jdprv txh wudv hvwxgldu qxphurvrv fdvrv gh hvwh wlsr gh vlwxdflrqhv vh oohjd d
od frqfoxvlöq txh fdgd dfuhhgru dfwýd hq vrolwdulr sdud uhfodpdu od ghxgd hq xq
83( gh orv fdvrv/ txh fdgd dfuhhgru vh doðd frq rwur sdud uhdol}du xqd uhfodpdflöq
frqmxqwd hq xq 73( gh orv fdvrv/ plhqwudv txh fdgd xqr vh doðd frq rwurv grv hq
xq 43( gh odv rfdvlrqhv1 Ho vhplydoru txh uhfrjhuðd hvwh wlsr gh vlwxdflrqhv vhuðd
dtxho fx|rv frh�flhqwhv vrq=

R � ' �*2c R � ' �*Dc R � ' �*�f�

Sru hvwh vhplydoru/ od vroxflöq do sureohpd gh od edqfduurwd txh vh sodqwhd hv

jd�o ' E �2�D c 2f c eD �c

txh fruuhvsrqgh d xq uhsduwr gh odv 433 xqlgdghv prqhwduldv glvsrqleohv hq 49145<3
sdud ho sulphu dfuhhgru/ 581;398 sdud ho vhjxqgr | 8;13978 sdud ho whufhur1

Fdgd xqr gh orv srvleohv ydoruhv dgplvleohv gh orv frh�flhqwhv ER � c R � c R � � riuhfhuä
xqd vroxflöq dfrugh frq ho shvr txh vh dwulex|h d odv frqwulexflrqhv pdujlqdohv
gh fdgd mxjdgru d odv frdolflrqhv gh odv txh iruph sduwh/ vhjýq vx fduglqdo1 Hq
ho fdvr txh qrv rfxsd/ ho whufhu mxjdgru uhvxowd vhu ho päv ehqh�fldgr sru hvwd
vroxflöq/ rewhqlhqgr 8;13978 xqlgdghv gh xwlolgdg/ iuhqwh d or txh rewhqguðd sru
odv vroxflrqhv gh Vkdsoh| r gh Edq}kdi/ 871499: | 851<745 xqlgdghv gh xwlolgdg/
uhvshfwlydphqwh1 Hvwh ehqh�flr vh ghulyd sulqflsdophqwh sru ho khfkr gh txh vhjýq
ho mxhjr txh ghvfuleh ho sureohpd gh od edqfduurwd/

�Ei�j� ' �Ei2j� ' fc �Ei�j� ' 2Dc
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vlhqgr odv frqwulexflrqhv pdujlqdohv d odv frdolflrqhv irupdgdv sru xq ýqlfr mx0
jdgru odv txh hvwäq srqghudgdv frq xq frh�flhqwh pd|ru/ frqfuhwdphqwh gho 83(>
ho mxjdgru päv shumxglfdgr uhvshfwr d odv rwudv vroxflrqhv uhvxowd vhu ho vhjxqgr/
plhqwudv txh ho sulphur rewlhqh dsur{lpdgdphqwh ljxdo xwlolgdg1

VROXFLRQHV EDVDGDV HQ HO H[FHVR

Sdud mxhjrv frrshudwlyrv frq xwlolgdg wudqvihuleoh E�c �� vh gh�qh ho h{fhvr gh xqd
vroxflöq % G C � $ U � sdud fdgd frdolflöq 7 � �c 7 9' >/ hq od irupd=

eE7c %� ' �E7� � %E7��

Ho yhfwru wE%� ' E eE7c %� � � � � uhfleh ho qrpeuh gh yhfwru h{fhvr gh od vroxflöq
% sdud ho mxhjr �1 Ho qýphur eE7c %� sxhgh lqwhusuhwduvh frpr xqd phglgd gh od
lqvdwlvidfflöq gh od frdolflöq 7 frq ho sdjr txh oh dwulex|h od vroxflöq %1

Vfkqhlghu hq 4<9< sursrqh frpr frqfhswr gh vroxflöq sdud mxhjrv frrshudwlyrv
ho qxfohror | Vrerohy hq 4<:8 ho suhqxfohror/ exvfdqgr plqlpl}du ho yhfwru h{fhvr
hqwuh orv yhfwruhv gh sdjrv h�flhqwhv | hqwuh odv lpsxwdflrqhv/ uhvshfwlydphqwh1
Hq dperv fdvrv/ ho rughq uhvshfwr do fxdo vh exvfd ho pðqlpr hv ho oh{lfrjuä�fr
hqwuh odv frpsrqhqwhv gho yhfwru h{fhvr1

Hq ho dôr 4<<7 Uxl}/ Ydohqfldqr | ]du}xhor sursrqhq xqd vroxflöq edvdgd hq ho
yhfwru h{fhvr hq ho vhqwlgr gh plqlpl}du od yduldq}d fruuhvsrqglhqwh do yhfwru wE%�1
Frqfuhwdphqwh/ sdud fdgd mxhjr � 5 C � sodqwhdq ho sureohpd vljxlhqwh=

plqlpl}du
[

� � �
E eE7c %� � eE�c %� �

�
c

frq od uhvwulfflöq
[

� 	 �
% � ' �E��c

+414,

grqgh eE�c %� hv ho h{fhvr surphglr/ eE�c %� '
�

2 
 � �

[
� � �

eE7c %��

Sxhgh sureduvh txh/ sdud fxdotxlhu yhfwru gh sdjrv h�flhqwh/ od vxpd gh orv h{fhvrv
gh wrgdv odv frdolflrqhv hv od plvpd/ sru or txh/ gh khfkr/ eE�c %� ' eE��1

Whruhpd 414; +Uxl}/ Ydohqfldqr/ ]du}xhor/ 4<<7,

H{lvwh xqd ýqlfd vroxflöq b gho sureohpd +414,/ d od txh oodpdprv b0suhqxfohror/
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fx|d h{suhvlöq ylhqh gdgd sru=

b � d�o '
�E��

?
n

�

?2
� � �

k
?@ � E�� �

[
� � �

@� E��
l

c sdud fdgd � 5 �c

grqgh @ � E�� '
[

	 
 � � 

�E7��

Revhuydflrqhv 414<
+d, Mxqwr do sureohpd +414, vh sursrqh uhvroyhu rwur hq ho txh dghpäv vh lpsrqhq
odv frqglflrqhv gh udflrqdolgdg lqglylgxdo % � � �Ei�j�c ;� 5 � 1 Vl ho frqmxqwr
gh lpsxwdflrqhv gh � hv qr ydfðr/ hvwh sureohpd dgplwh vroxflöq ýqlfd | ìvwd hv
frqrflgd frpr ho b0qxfohror1

+e, Ho b0suhqxfohror wdpelìq dgplwh xqd fdudfwhul}dflöq d{lrpäwlfd> sdud oohjdu d
hood vh lqwurgxfhq grv surslhgdghv=

Xq frqfhswr gh vroxflöq % vdwlvidfh od frqglflöq gh mxhjr lqhvhqfldo vl/ sdud
fxdotxlhu mxhjr dglwlyr/ vh yhul�fd txh ho sdjr fruuhvsrqglhqwh d fdgd mxjdgru
� 5 � hv % � E�� ' �Ei�j�1

Xq frqfhswr gh vroxflöq % vdwlvidfh od frqglflöq gh prqrwrqðd uhvshfwr do surphglr
gh odv frqwulexflrqhv pdujlqdohv vl

[

 
 � � � �� 


d�E7 ^ i�j� � �E7�o �
[


 
 � � � �� 

d�E7 ^ i�j� � �E7�o lpsolfd=

% � E�� � %� E��c ;�c � 5 �c ;� 5 C � �

Ho b0suhqxfohror hv ho ýqlfr frqfhswr gh vroxflöq sdud mxhjrv gh C � txh vdwlv0
idfh orv d{lrpdv gh h�flhqfld/ olqhdolgdg/ mxhjr lqhvhqfldo | prqrwrqðd uhvshfwr do
surphglr gh odv frqwulexflrqhv pdujlqdohv1

+f, Hvwh ýowlpr d{lrpd uhodflrqd ho b0suhqxfohror frq ho ydoru gh Edq}kdi/ txh
wdpelìq or yhul�fd1 Ho ydoru gh Edq}kdi qr yhul�fd/ hq jhqhudo/ od surslhgdg gh
h�flhqfld1 Xqd vroxflöq qr h�flhqwh sxhgh wudqvirupduvh hq h�flhqwh phgldqwh xq
surfhvr gh qrupdol}dflöq> hq sduwlfxodu/ od qrupdol}dflöq dglwlyd gh xqd vroxflöq
frqvlvwh hq dôdglu xqd plvpd frqvwdqwh d wrgdv odv frpsrqhqwhv gh od vroxflöq
sdud rewhqhu xq yhfwru gh sdjrv h�flhqwh1
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Vh yhul�fd txh=

b� d�o ' � � d�o n
�

?

�
�E�� �

[
� � �

� � d�o
�

c sdud fdgd � 5 �c

hv ghflu/ ho b0suhqxfohror hv od qrupdol}dflöq dglwlyd gho ydoru gh Edq}kdi1

Hmhpsorv 4153
+d, Hq ho sureohpd gh od edqfduurwd frq E�( _� ' E�ff( 2Dc Dfc .D�/ od vroxflöq txh
hvwdeohfh ho b0suhqxfohror hv

bd�o ' E �S�SSS. c 2b��SS. c De��SS. ��

+e, Sdud ho mxhjr gh uhsduwr gh 483 xqlgdghv gh ehqh�flr hqxqfldgr hq od vhfflöq
dqwhulru/ od vroxflöq sru ho b0suhqxfohror hv

bd�o ' E e���2D c ef�S2D c �D�S2D c �f�S2D ��

+f, Sdud od vlwxdflöq gho Sduodphqwr gh Fdwdoxôd hq od ohjlvodwxud 4<<80<</ od
vroxflöq vhjýq ho b0suhqxfohror hv

bd�o ' E f�Hff c f�fDf c f�fDf c f�fDf c f�fDf��

Ho b0suhqxfohror/ do ljxdo txh ho ydoru gh Vkdsoh|/ hv xq yhfwru gh sdjrv h�flhqwh1
Sxhghq frpsduduvh hvwrv uhvxowdgrv frq od vroxflöq txh/ hq fdgd fdvr/ fruuhvsrqgh
do ydoru gh Vkdsoh|= hq ho sulphu mxhjr ho b0suhqxfohror | ho ydoru gh Vkdsoh|
frlqflghq/ hq ho vhjxqgr odv vroxflrqhv vrq uhodwlydphqwh suö{lpdv/ plhqwudv txh
hq ho whufhur vrq fodudphqwh glvsduhv1 Od frlqflghqfld hq ho sulphu mxhjr qr hv
fdvxdo/ |d txh sdud mxhjrv frq wuhv mxjdgruhv dpedv vroxflrqhv dvljqdq ho plvpr
yhfwru gh sdjrv1

HO FRQFHSWR GH SRWHQFLDO

Ho ydoru gh Vkdsoh| dvljqd d fdgd mxhjr E�c �� xq yhfwru gh sdjrv/ hv ghflu/ d fdgd
mxhjr gh ? mxjdgruhv oh dvrfld ? qýphurv fruuhvsrqglhqwhv do yhfwru vroxflöq txh
vh kd hvwdeohflgr d{lrpäwlfdphqwh1
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Vh wudwd dkrud gh hvwdeohfhu xqd dsolfdflöq hqwuh ho frqmxqwr gh mxhjrv frrshudwlyrv
frq xwlolgdg wudqvihuleoh/ txh ghqrwdprv frpr K/ | ho frqmxqwr U gh orv qýphurv
uhdohv/ gh irupd txh d fdgd mxhjr E�c �� 5 K vh oh dvrflh xq ýqlfr qýphur uhdo1

Sdud xq mxhjr E�c �� | xqd frdolflöq 7 � � / vh ghqrwd ho mxhjr uhvwulfflöq gh � d
7 frpr E7c ��/ grqgh od ixqflöq � vh kd uhvwulqjlgr d orv vxefrqmxqwrv gh 71

Xqd ixqflöq � G K $ U/ frq � E>c �� ' f/ uhfleh ho qrpeuh gh ixqflöq srwhqfldo
vl yhul�fd [

� � �
d� E�c �� � � E� pi�jc ��o ' �E��� +415,

Whruhpd 4154 +Kduw/ Pdv0Frohoo/ 4<;;,

H{lvwh xqd ýqlfd ixqflöq srwhqfldo � G K $ U1 Sdud fdgd mxhjr E�c ��/ ho yhfwru
gh frqwulexflrqhv pdujlqdohv

E� E�c �� � � E� pi�jc �� � � � �

frlqflgh frq ho ydoru gh Vkdsoh| gho mxhjr1 Dghpäv/ ho srwhqfldo gh xq mxhjr txhgd
xqðyrfdphqwh ghwhuplqdgr dsolfdqgr uhfxuvlydphqwh od h{suhvlöq +415, d E�c �� |
d wrgrv vxv vxemxhjrv1

Revhuydflrqhv 4155
+d, Ho frqfhswr gh srwhqfldo ixh lqwurgxflgr hq 4<;; sru Vhujlx Kduw | Dqguhx
Pdv0Frohoo1 Gh od plvpd pdqhud txh ghulydqgr od ixqflöq srwhqfldo uhvshfwr d
fdgd xqd gh vxv yduldeohv vh rewlhqhq odv frpsrqhqwhv gho fdpsr frqvhuydwlyr/ od
ghulydgd +glvfuhwd, gh od ixqflöq srwhqfldo shuplwh rewhqhu odv frpsrqhqwhv gho
ydoru gh Vkdsoh| gh fdgd mxhjr/ hvwr hv=

(
�
� E�c �� ' � E�c �� � � E� pi�jc �� ' � � d�c �oc ;� 5 ��

+e, Ho frqfhswr gh srwhqfldo sxhgh vhu ylvwr frpr xqd qxhyd fdudfwhul}dflöq d{lr0
päwlfd gho ydoru gh Vkdsoh|1 Dkrud vöor vh suhflvd xq ýqlfr d{lrpd/ +415,/ txh
uhvxph hq vð plvpr ho d{lrpd gh h�flhqfld | od uhodflöq gho sdjr d fdgd mxjdgru
uhvshfwr d vxv frqwulexflrqhv pdujlqdohv1 Ho srwhqfldo sdud fxdotxlhu mxhjr E�c ��

sxhgh fdofxoduvh gh prgr uhfxuvlyr ghvshmdqgr � E�c �� hq +415,/ rewhqlhqgr
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� E�c �� '
�

?

k
�E�� n

[
� � �

� E� pi�jc ��
l

c

mxqwr d od frqglflöq lqlfldo � E>c �� ' f1

Hmhpsor 4156
Vl frqvlghudprv ho mxhjr gh od edqfduurwd frq E�( _� ' E�ff( 2Dc Dfc .D�/ orv sr0
whqfldohv gh hvwh mxhjr E�c �� | gh wrgrv vxv vxemxhjrv E7c �� frq 7 � �c 7 9' >/
vrq=

� Ei�jc �� ' f � Ei2jc �� ' f � Ei�jc �� ' 2D

� Ei�c 2jc �� ' 2D*2 � Ei�c �jc �� ' .D*2 � Ei2c �jc �� ' Df

� Ei�c 2c �jc �� ' 2ff*�

Sxhgh frpsureduvh txh vh fxpsoh=

� Ei�c 2c �jc �� � � Ei2c �jc �� '
Df

�
' � � d�c �oc

� Ei�c 2c �jc �� � � Ei�c �jc �� '
�.D

S
' � � d�c �oc

� Ei�c 2c �jc �� � � Ei�c 2jc �� '
�2D

S
' � � d�c �oc

| or plvpr vxfhgh frq orv ydoruhv gh Vkdsoh| gh wrgrv orv vxemxhjrv gh E�c ��1

416 Prgl�fdflrqhv hq od frrshudflöq

Orv frqfhswrv gh vroxflöq txh vh kdq ghvfulwr hq od vhfflöq suhfhghqwh suhvxsrqhq
txh orv mxjdgruhv r orv djhqwhv gh fdgd xqd gh odv vlwxdflrqhv txh vh prghol}dq
phgldqwh xq mxhjr sxhghq frrshudu gh irupd wrwdophqwh oleuh hqwuh vð1

Vlq hpedujr/ ho dqäolvlv gh vlwxdflrqhv hfrqöplfdv/ vrfldohv r sroðwlfdv frqfuhwdv
qrv kdfh frpsuhqghu txh/ hq rfdvlrqhv/ qr wrgdv odv srvleohv vlwxdflrqhv gh frrsh0
udflöq sxhghq gduvh/ |d vhd srutxh h{lvwdq lpsrvlelolgdghv hq od frpxqlfdflöq
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hqwuh orv mxjdgruhv/ |d vhd srutxh d�qlgdghv px| pdufdgdv hqwuh orv plvprv ohv
pxhydq d dfwxdu frqmxqwdphqwh r srutxh idfwruhv h{whuqrv frpr oh|hv dqwlprqr0
srolr surkledq h{suhvdphqwh od frrshudflöq1

Sdud ho hvwxglr gh hvwh wlsr gh vlwxdflrqhv hq odv txh odv srvlelolgdghv gh frr0
shudflöq vh kdq ylvwr prgl�fdgdv vh kdq xwlol}dgr eävlfdphqwh grv hvwuxfwxudv
pdwhpäwlfdv= odv hvwuxfwxudv gh frdolflöq | orv judirv1

Vl E�c �� hv xq mxhjr frrshudwlyr frq xwlolgdg wudqvihuleoh/ xqd hvwuxfwxud gh frdol0
flöq � vreuh ho frqmxqwr gh mxjdgruhv � hv fxdotxlhu sduwlflöq gh � /

� ' i� � c � � c ���c � � jc

grqgh fdgd � � c � � & � 6/ vh ghqrplqd eortxh gh od hvwuxfwxud1

HO MXHJR FRFLHQWH

Gh�qlflöq 4157
Vh gh�qh ho mxhjr frflhqwh gho mxhjr E�c �� uhvshfwr d od hvwuxfwxud gh frdolflöq �

frpr ho mxhjr E�c � � �/ fx|d ixqflöq fdudfwhuðvwlfd hv od gdgd sru=

� � Eu� ' � E
V

� � � � � � / sdud fxdotxlhu u � ��

Revhuydflöq 4158
Ho mxhjr frflhqwh sxhgh lqwhusuhwduvh d sduwlu gho mxhjr lqlfldo E�c ��/ grqgh glih0
uhqwhv mxjdgruhv ghflghq dfwxdu vlhpsuh frqmxqwdphqwh irupdqgr orv eortxhv fr0
uuhvsrqglhqwhv d od hvwuxfwxud �1 Fdgd xqr gh hvwrv eortxhv r frdolflrqhv �mdv
sxhgh frrshudu frq orv ghpäv rewhqlhqgr frpr xwlolgdg od lqglfdgd sru od ixqflöq
� 	 / txh qr hv rwud txh od xwlolgdg gh od xqlöq gh orv mxjdgruhv gh orv eortxhv txh
vh frqvlghuhq1

Ho mxhjr frflhqwh wlhqh frpr frqmxqwr gh mxjdgruhv xq qýphur 6 ljxdo do gh eortxhv
gh od hvwuxfwxud gh frdolflöq1 Hq hvwh vhqwlgr vh sxhgh shqvdu txh fdgd eortxh
holjh xq uhsuhvhqwdqwh txh hv ho mxjdgru fruuhvsrqglhqwh hq ho mxhjr frflhqwh1

Hmhpsorv 4159
+d, Vxsrqjdprv txh hq ho sureohpd gh od edqfduurwd grqgh odv glihuhqwhv ghxgdv
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vrq _ � ' 2D/ _ � ' Df/ _ � ' .D/ orv dfuhhgruhv sulphur | vhjxqgr ghflghq dfwxdu
frqmxqwdphqwh qrpeudqgr xq surfxudgru ýqlfr txh orv uhsuhvhqwh dqwh od frplvlöq
oltxlgdgrud txh kd gh uhsduwlu odv 433 xqlgdghv gh fdslwdo uhpdqhqwh> vh kd irupdgr
od hvwuxfwxud gh frdolflöq

� ' ii�c 2jc i�jj�

Ho mxhjr frflhqwh wlhqh dkrud grv mxjdgruhv/ txh sdud uhfrugdu vx ruljhq ghvljqduh0
prv sru �2c �1 Od ixqflöq fdudfwhuðvwlfd gh hvwh mxhjr hv=

� � Ei�2j� ' 2Dc � � Ei�j� ' 2Dc � � Ei�2c �j� ' �ff�

Gh od vlphwuðd gh hvwh mxhjr vh vljxh od vlphwuðd hq ho sdjr txh dvljqd ho ydoru gh
Vkdsoh| d orv mxjdgruhv/

�d� � o ' E Df c Df ��

Hvwd pdqlreud kd frqvhjxlgr glvplqxlu ho sdjr do whufhu dfuhhgru hq ehqh�flr gh
od frdolflöq irupdgd sru orv grv sulphurv1

+e, Hq ho sureohpd gh uhsduwr gh ehqh�flrv sru od frqwudwdflöq gho vxplqlvwur
frqmxqwr hqwuh fxdwur djhqwhv/ vl vxsrqhprv txh vh kd irupdgr od hvwuxfwxud gh
frdolflöq

� ' ii�c 2jc i�c ejjc

ho mxhjr frflhqwh wlhqh grv mxjdgruhv � ' i�2c �ej | vx ixqflöq gh xwlolgdg wrpd
orv ydoruhv=

� � Ei�2j� ' .fc � � Ei�ej� ' Hfc � � Ei�2c �ej� ' �Df�

Ho sdjr txh rewhqguðd fdgd eortxh vhjýq od vroxflöq gh Vkdsoh| hv

�d� � o ' E Hf c .f ��

Uhfrugdqgr od vroxflöq gh Vkdsoh| sdud �/ �d�o ' E eD c ef c �D c �f �/ revhuydprv
föpr orv lqwhjudqwhv gho sulphu eortxh uhvxowdq shumxglfdgrv/ plhqwudv txh orv
gho vhjxqgr eortxh uhvxowdq ehqh�fldgrv do kdehuvh irupdgr hvwd hvwuxfwxud gh
frdolflöq hq frqfuhwr1

Hqwhqglhqgr txh fdgd eortxh wlhqh xq uhsuhvhqwdqwh txh dfwýd frpr mxjdgru hq ho
frflhqwh/ fdgd vroxflöq txh vh sursrqjd sdud hvwh mxhjr dvljqduä vhjýq vxv uhjodv
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xqd xwlolgdg d fdgd uhsuhvhqwdqwh1 Ho sureohpd txh vxujh dkrud gh prgr qdwxudo
hv ho gh föpr uhsduwlu hvd xwlolgdg hqwuh orv lqwhjudqwhv gh fdgd frdolflöq1

HO YDORU FRDOLFLRQDO

Xq mxhjr frq hvwuxfwxud gh frdolflöq hv xqd whuqd E�c �c �� grqgh E�c �� hv xq mxhjr
frrshudwlyr frq xwlolgdg wudqvihuleoh | � ' i� � c � � c ���c � � j hv xq hvwuxfwxud gh
frdolflöq vreuh � 1

Sdud od frqvwuxfflöq gh hvwh ydoru frdolflrqdo Rzhq hq 4<:: frqvlghud txh fdgd
eortxh holjh xq uhsuhvhqwdqwh | txh odv srvlelolgdghv gh fdgd xqr gh hoorv ylhqhq
ghvfulwdv sru ho mxhjr frflhqwh E�c � � �/ grqgh � ' i�c ���c 6j hv ho frqmxqwr gh
uhsuhvhqwdqwhv |

� � Eu� ' � E
V

� � �
� � � c ;u � ��

Dgplwlhqgr frpr uhjod gh uhsduwr hq ho mxhjr � � ho ydoru gh Vkdsoh|/ fdgd uhsuh0
vhqwdqwh � 5 � rewlhqh ho sdjr �� d� � o txh gheh uhsduwlu hqwuh orv plhpeurv gho
eortxh txh uhsuhvhqwd1

Sdud ho uhsduwr/ Rzhq sursrqh ho mxhjr frflhqwh prgl�fdgr1 Vxsrqlhqgr txh qrv
hqfrqwudprv hq xq eortxh frqfuhwr �� | g hv xq juxsr fxdotxlhud gh mxjdgruhv
g � � � / ho mxhjr � � 	 
 � hv ho mxhjr frflhqwh hqwuh odv fodvhv/ vöor txh dkrud od fodvh
� � kd vlgr vxvwlwxlgd sru g/ hv ghflu/

� 
 � 
 � Eu� ' �
� V

� � �
� � pg �

�
c g � ' � � pgc

hvwdqgr � � � � � gh�qlgr sdud fxdotxlhu u � � 1 Od xwlolgdg txh ghpdqgduðd sdud
vð od frdolflöq ghv �� d� � � � � o1 Shur hvwh surfhvr sxhgh uhdol}duvh sdud wrgdv | fdgd
xqd gh odv frdolflrqhv lqfoxlgdv hq ho eortxh �� / gh pdqhud txh sxhgh gh�qluvh ho
mxhjr=

�� Eg� ' �� d� � � � � oc ;g � �� �

Hvwh hv ho mxhjr txh vh mxjduðd ghqwur gho eortxh frdolflrqdo �� > hqwrqfhv/ ho ydoru
dvljqdgr d fdgd mxjdgru hq ho mxhjr E�c �� frq hvwuxfwxud gh frdolflöq � hv=

� � d�(�o ' � � d�� oc sdud fdgd � 5 �� �
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Whruhpd 415: +Rzhq/ 4<::,

Ho ydoru frdolflrqdo gh Rzhq sdud ho mxhjr frq hvwuxfwxud gh frdolflöq E�c �c ��

sxhgh fdofxoduvh sru phglr gh od h{suhvlöq=

� � d�(�o '
[

� � �
� �� �

[
� 	 
 �

� �� �

�E6c ,n���EK
 c &n��
k

�
� V

� � �
� � ^g^i�j

�
��

� V
� � �

� � ^g
� l

grqgh �E@c K� ' EK � ��-E@ � K�-*@- | ho fäofxor hv yäolgr sdud fdgd � 5 �
 | sdud
fdgd �
 5 �c � � � � 61

Revhuydflrqhv 415;
+d, Ho ydoru frdolflrqdo gh Rzhq hv xq surphglr srqghudgr gh odv frqwulexflrqhv
pdujlqdohv gh fdgd mxjdgru d odv frdolflrqhv hq odv txh ydq djuxsdgrv orv hohphqwrv
gh fdgd eortxh/ h{fhswr orv gho eortxh fruuhvsrqglhqwh do surslr mxjdgru1

+e, Ho ydoru frdolflrqdo dgplwh xq ghvduuroor d{lrpäwlfr vlplodu do gho ydoru gh
Vkdsoh|1 Ho ydoru frdolflrqdo hv xqd uhjod txh dvljqd d fdgd mxhjr frq hvwuxfwxud
gh frdolflöq E�c �c �� xq yhfwru gh U

�
txh yhul�fd=

� H�flhqfld1 Vl g hv xq vrsruwh gho mxhjr E�c ��/ vh fxpsoh=
[

� � �
� � d�(�o ' �Eg��

� Vlphwuðd ghqwur gh orv eortxhv1 Vl � � c � � 5 �� vrq lqglihuhqwhv sru �/ hv ghflu/

�E7 ^ i� � j� ' �E7 ^ i� � j�c ;7 � � pi� � c � � jc

vh fxpsoh=
� � � d�(�o ' �� � d�(�o�

� Vlphwuðd hqwuh orv eortxhv1 Vl �� � c �� � 5 � vrq eortxhv lqglihuhqwhv/

�
� V

� � �
� � ^ �� �

�
' �

� V
� � �

� � ^ �� �
�

c ;7 � � pi�  c � ! jc

vh fxpsoh= [
" � # $ �

�" d�(�o '
[

" � # $ �
�" d�(�o�
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� Dglwlylgdg1 Sdud fxdohvtxlhud mxhjrv E�c ��/ E�c ��/ vh fxpsoh=

�d� n �(�o ' �d�(�o n �d�(�o�

Vh ghpxhvwud txh h{lvwh xq ýqlfr ydoru txh dvljqd d fdgd mxhjr frq hvwuxfwxud gh
frdolflöq E�c �c �� xq yhfwru gh U

�

txh yhul�fd orv fxdwur d{lrpdv dqwhulruhv |
txh hv ho ydoru frdolflrqdo gh Rzhq1

Hmhpsorv 415<
+d, Sdud ho sureohpd gh od edqfduurwd grqgh ho mxhjr E�c �� ylhqh gdgr sru E�( _� '

E�ff( 2Dc Dfc .D� | od hvwuxfwxud gh frdolflöq hv � ' ii�c 2jc i�jj/ ho ydoru frdolflrqdo
dvljqd d orv mxjdgruhv ho vljxlhqwh yhfwru gh sdjrv=

�d�(�o ' E �H�.D c ���2D c Df ��

Frpsdudqgr ho uhvxowdgr frq ho yhfwru gh sdjrv gho ydoru gh Vkdsoh| sdud ho mxhjr
lqlfldo E �S�SSS. c 2b��SS. c De��SS. �/ orv grv lqwhjudqwhv gh od frdolflöq i�c 2j kdq
vdolgr ehqh�fldgrv | kdq rewhqlgr xq plvpr lqfuhphqwr hq ho sdjr1 Ho uhsduwr
gh odv 83 xqlgdghv hqwuh orv hohphqwrv gh od frdolflöq hq sursruflöq d vxv ghxgdv
kxelhud gdgr oxjdu do sdjr 491999: | 6616666/ gh irupd txh ho sulphu mxjdgru hv
ho uhdophqwh ehqh�fldgr sru od irupdflöq gho eortxh1

+e, Sdud od vlwxdflöq gho uhsduwr gh odv 483 xqlgdghv prqhwduldv gh ehqh�flr hq
ho sureohpd gho vxplqlvwur txh vh ylhqh frqvlghudqgr/ hq ho vxsxhvwr gh txh vh
iruph od hvwuxfwxud gh frolflöq � ' ii�c 2jc i�c ejj/ ho sdjr sursxhvwr sru ho ydoru
frdolflrqdo hv=

�d�(�o ' E eD c �D c �.�D c �2�D ��

Vl vh frpsdud frq ho sdjr sru Vkdsoh| �d�o ' E eD c ef c �D c �f �/ vh revhuyd txh ho
eortxh frdolflrqdo i�c 2j uhvxowd shumxglfdgr sxhvwr txh rewlhqh 8 xqlgdghv phqrv
gh xwlolgdg/ | hvh shumxlflr uhfdh vreuh ho mxjdgru 5> sru vx sduwh/ ho eortxh frd0
olflrqdo i�c ej rewlhqh 8 xqlgdghv päv gh xwlolgdg txh vh uhsduwhq hqwuh dperv
mxjdgruhv1

Revhuydflöq 4163
Ho ydoru frdolflrqdo gh Rzhq uhsuhvhqwd od prgl�fdflöq gho ydoru gh Vkdsoh| sru
od irupdflöq gh xqd hvwuxfwxud gh frdolflöq hq ho frqmxqwr gh mxjdgruhv1 Hq xq
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sulphu hvwdglr fdgd eortxh frdolflrqdo rewlhqh ho sdjr txh ho ydoru gh Vkdsoh| oh
dvljqd hq ho frflhqwh/ plhqwudv txh/ hq xq vhjxqgr hvwdglr/ ho uhsduwr ghqwur gh
fdgd eortxh vh hihfwýd wdpelìq vhjýq od vroxflöq gh Vkdsoh|1

Vljxlhqgr xq ghvduuroor frqfhswxdophqwh vlplodu/ Rzhq hq 4<;4 hvwdeohfh rwud
srvleoh vroxflöq sdud xq mxhjr frq hvwuxfwxud gh frdolflöq E�c �c ��1 Vh wudwd hq
hvwh fdvr gh hpsohdu ho ydoru gh Edq}kdi hq odv plvpdv dfflrqhv hq odv txh vh
hpsohd ho ydoru gh Vkdsoh| sdud gh�qlu ho ydoru frdolflrqdo1 Vh rewlhqh gh hvwd
pdqhud ho ydoru gh Edq}kdi sdud mxhjrv frq hvwuxfwxud gh frdolflöq/ txh rehghfh d
od vljxlhqwh h{suhvlöq h{soðflwd=

� � d�(�o '
�

2
� � � � � �

[
� � 	


 �� �

[

 � � �

� �� 


k
�

� V
� � �

� � ^ g ^ i�j
�

� �
� V

� � �
� � ^ g

� l
c

sdud fdgd � 5 �
 | sdud fdgd �
 5 �c � � � � 61

VLWXDFLRQHV GH FRRSHUDFLÖQ SDUFLDO

Hq ho hvwxglr gh orv mxhjrv vh vxsrqh/ hq jhqhudo/ od srvlelolgdg gh frrshudflöq
xqlyhuvdo gh wrgrv orv mxjdgruhv hqwuh vð/ r elhq/ od qr frrshudflöq> vlq hpedujr/
h{lvwhq rwudv pxfkdv srvlelolgdghv lqwhuphgldv gh frrshudflöq hqwuh xqd | rwud
vlwxdflöq1 Hq rfdvlrqhv/ od frrshudflöq vh edvd hq od h{lvwhqfld gh dfxhugrv elod0
whudohv hqwuh orv djhqwhv gho mxhjr/ plhqwudv txh/ hq rwurv fdvrv/ od sursld hvwuxfwxud
gho mxhjr r idfwruhv h{whuqrv lpslghq od frpxqlfdflöq |/ sru wdqwr/ od frrshudflöq
hqwuh hvrv djhqwhv1

Sdud prghol}du hvwh wlsr gh vlwxdflrqhv vh lqwurgxfh/ mxqwr d od hvwuxfwxud gho
mxhjr frrshudwlyr E�c ��/ ho frqmxqwr gh judirv fx|rv yìuwlfhv vrq orv hohphqwrv
gh � 1 Dvð/ } vhuä xq judir qr rulhqwdgr vreuh � / hv ghflu/ xq frqmxqwr gh sduhv
gh hohphqwrv glvwlqwrv gh � 1 Vl i�c �j 5 }/ vh glfh txh orv mxjdgruhv �c � hvwäq
frqhfwdgrv sru xqd dulvwd gho judir/ txh vh uhsuhvhqwd sru � G �1 Ho frqmxqwr gh
wrgrv orv judirv vreuh � or ghvljqdprv sru C-E��1

Odv dulvwdv gho judir ghehq lqwhusuhwduvh frpr fdqdohv gh frpxqlfdflöq hqwuh orv
mxjdgruhv/ gh pdqhud txh grv mxjdgruhv sxhghq frpxqlfduvh |/ sru wdqwr/ frrshudu
vl hvwäq xqlgrv gluhfwdphqwh sru xqd dulvwd gho judir r/ lqgluhfwdphqwh/ vl hvwäq



4161 PRGLILFDFLRQHV HQ OD FRRSHUDFLÖQ 7:

frqhfwdgrv d wudyìv gh rwurv mxjdgruhv1 Xqd frdolflöq 7 hv frqh{d sru ho judir
} vl sdud fxdohvtxlhud mxjdgruhv �c � 5 7 h{lvwhq hohphqwrv � � c ���c � � 5 7 wdohv txh
� � ' �/ � � ' � | � � � � G � � 5 } sdud & ' �c ���c o1

Gh hvwd irupd/ ho judir } ghwhuplqd/ sdud fdgd frdolflöq 7 � � / xqd sduwlflöq
gh glfkd frdolflöq hq frpsrqhqwhv frqh{dv pd{lpdohv/ txh ghqrwdprv sru 7*}1
Orv mxjdgruhv gh fdgd frpsrqhqwh frqh{d sxhghq frrshudu hqwuh vð |d txh hvwäq
gluhfwd r lqgluhfwdphqwh frpxqlfdgrv/ plhqwudv txh od frpxqlfdflöq r frrshudflöq
qr hv srvleoh hqwuh eortxhv glihuhqwhv1

Odv srvleohv vlwxflrqhv gh frrshudflöq sdufldo hqwuh orv hohphqwrv gh � ylhqhq gh0
whuplqdgdv sru fdgd xqr gh orv judirv gh C-E��1 Xqd vlwxdflöq gh frpxqlfdflöq
sdufldo hv xqd whuqd E�c �c }� gh pdqhud txh od ixqflöq gh xwlolgdg gho mxhjr �

prgl�fdgr sru ho judir } hv=

�*}E7� '
[

� � � � 	
�EA �c sdud fdgd 7 � �c

txh uhsuhvhqwd odv srvlelolgdghv gh orv mxjdgruhv gh od frdolflöq 7/ |d txh ìvwrv qr
sxhghq frrshudu hqwuh vð wrwdophqwh/ vlqr txh od xwlolgdg txh rewlhqhq hv od vxpd
gh od xwlolgdg txh sxhgh rewhqhu fdgd eortxh A 5 7*}/ hq grqgh vð hv srvleoh od
frrshudflöq1

Sdud xq mxhjr ghwhuplqdgr E�c ��/ P|huvrq +4<::, sursrqh xqd uhjod gh dvljqdflöq
gh�qlgd hq od irupd=

t G C-E�� $ U 

} $ t E}�

| hvwdeohfh xqrv d{lrpdv txh vhuðd ghvhdeoh txh yhul�fdud xqd wdo uhjod gh dvljqd0
flöq1 Orv d{lrpdv gh P|huvrq vrq=

� H�flhqfld sru frpsrqhqwhv1 Sdud wrgr } 5 C-E�� | wrgd frpsrqhqwh
frqh{d A 5 �*}/ vh fxpsoh=

[
� � 


t � E}� ' �EA ��

� Mxvwlfld1 Sdud wrgr } 5 C-E�� | fxdotxlhu dulvwd � G� 5 }/ vh fxpsoh=

t � E}� � t � E}p� G�� ' t � E}� � t � E}p� G���
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� Hvwdelolgdg1 Sdud wrgr } 5 C-E�� | fxdotxlhu dulvwd � G� 5 }/ vh fxpsoh=

t � E}� � t � E}p� G�� | t� E}� � t � E}p� G���

Whruhpd 4164 +P|huvrq/ 4<::,

Ilmdgr xq mxhjr E�c �� h{lvwh xqd ýqlfd uhjod gh dvljqdflöq t G C-E�� $ U
�

txh yhul�fd orv d{lrpdv gh h�flhqfld sru frpsrqhqwhv | mxvwlfld> hvwd uhjod hv ho
ydoru gh Vkdsoh| gho mxhjr prgl�fdgr �*}/

t E}� ' �d�*}o�

Dghpäv/ vl � hv vxshudglwlyr/ od uhjod hv hvwdeoh1

Revhuydflrqhv 4165
+d, Od uhjod gh dvljqdflöq gh�qlgd hq ho whruhpd dqwhulru vh ghqrplqd wdpelìq
ydoru gh P|huvrq | vh uhsuhvhqwd sru t E�c }� r t E�c �c }� fxdqgr vh txlhuh srqhu
gh pdql�hvwr ho frqmxqwr gh mxjdgruhv1

+e, Ho d{lrpd gh mxvwlfld sxhgh lqwhusuhwduvh frpr xq sulqflslr gh glvwulexflöq
htxlwdwlyd gh jdqdqfldv= orv mxjdgruhv txhgdq ljxdophqwh ehqh�fldgrv +r shumx0
glfdgrv, sru vx frpxqlfdflöq elodwhudo1 Ho d{lrpd gh hvwdelolgdg vxsrqh txh od
vxsuhvlöq gh od froderudflöq elodwhudo hqwuh grv mxjdgruhv ohv dfduuhd qr jdqdqfld>
vhjýq hvwd surslhgdg/ vrq suhihuleohv odv vlwxdflrqhv gh pd|ru frrshudflöq d odv gh
phqru frrshudflöq hqwuh orv mxjdgruhv1

Hmhpsor 4166
Frqvlghudprv ho mxhjr frrshudwlyr E�c �� grqgh � ' i�c 2c �j | od ixqflöq fdudf0
whuðvwlfd hv od gh�qlgd sru

�Ei�j� ' fc � ' �c 2c �c �Ei�c 2j� ' �c �Ei�c �j� ' Sc �Ei2c �j� ' ec �E�� ' �f�

Ho yhfwru gh sdjrv fruuhvsrqglhqwh d od vroxflöq gh Vkdsoh| hv

�d�o ' E ��D c 2�D c e ��

Hvwd vroxflöq fruuhvsrqgh d od vlwxdflöq gh frrshudflöq xqlyhuvdo hqwuh orv mx0
jdgruhv gh � / hv ghflu/ ho judir gh frrshudflöq hv ho judir frpsohwr }

�
1 Vl vh
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frqvlghud od vlwxdflöq gh frrshudflöq sdufldo fx|r judir hv } ' i� G 2c 2 G �j/ od
ixqflrq fdudfwhuðvwlfd gho mxhjr prgl�fdgr �*} hv=

�*}Ei�j� ' fc � ' �c 2c �c

�*}Ei�c 2j� ' �c �*}Ei�c �j� ' fc �*}Ei2c �j� ' ec �*}E�� ' �f�

Sdud hvwd vlwxdflöq ho sdjr fruuhvsrqglhqwh sru ho ydoru gh P|huvrq hv

�d�*}o ' E 2�D c e�D c � ��

Ho vhjxqgr mxjdgru hud ho txh rewhqðd xq sdjr phqru hq ho mxhjr lqlfldo/ plhqwudv
txh dkrud hv ho txh rewlhqh pd|ru xwlolgdg/ |d txh hq od qxhyd vlwxdflöq ìo sxhgh
frrshudu frq orv rwurv | hv/ d vx yh}/ lqglvshqvdeoh hq od frrshudflöq joredo1 Sru
rwur odgr/ ho judir txh vh frqvlghud hv } ' }

�
p�G�1 Revhuydprv föpr orv mxjdgruhv

� | �/ fx|r dfxhugr elodwhudo ghvdsduhfh/ slhughq hq od qxhyd vlwxdflöq +hvwdelolgdg,
| orv grv h{shulphqwdq od plvpd glvplqxflöq hq ho sdjr +mxvwlfld,1

417 Od h{whqvlöq pxowlolqhdo gh xq mxhjr

Xq mxhjr frrshudwlyr E�c �� txhgd ghwhuplqdgr xqd yh} frqrflgd vx ixqflöq gh
xwlolgdg � txh hv xqd ixqflöq uhdo fx|r grplqlr hv 2

�
/ hv ghflu/ ho frqmxqwr irupdgr

sru wrgrv orv vxefrqmxqwrv gh � 1 Hvwh grplqlr vh lghqwl�fd frq ho frqmxqwr gh
yhfwruhv gh U

�
vljxlhqwh=

iE% � c % � c ���c % � � 5 U
�

* % � ' f �J �c � ' �c ���c ?jc
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|d txh fdgd vxefrqmxqwr 7 � � hvwä hq fruuhvsrqghqfld el|hfwlyd frq xqr gh orv
yhfwruhv gho frqmxqwr dqwhulru/ frqfuhwdphqwh frq dtxìo hq ho txh % � ' � vl � 5 7

| % � ' f vl � *5 71

Gh hvwd irupd 2
�
vh dvlplod d ifc �j � | vh sxhgh shqvdu txh � hv xqd ixqflöq uhdo

gh�qlgd hq orv yìuwlfhv gho fxer xqlgdg1 D sduwlu gh hvwd lghqwl�fdflöq/ Rzhq hq
4<:5 h{wlhqgh glfkd ixqflöq d wrgr ho fxer xqlgdg

U � ' dfc �o � ' iE% � c % � c ���c %
�
� 5 U � * f � % � � �c � ' �c ���c ?jc

hq od irupd txh vh hvwdeohfh d frqwlqxdflöq1

Gh�qlflöq 4167
Sdud xq mxhjr frrshudwlyr E�c ��/ od h{whqvlöq pxowlolqhdo +HPO, gh � hv od ixqflöq
uhdo gh ? yduldeohv gdgd sru

sE% � c % � c ���c % � � '
[

	 
 �

\
� 
 �

% �
\
� �
 �

E� � % � � �E7��

Hvwd ixqflöq hvwä gh�qlgd sdud fxdohvtxlhud ydoruhv uhdohv gh %� c � ' �c ���c ?/
dxqtxh kdelwxdophqwh vh frqvlghud vöor orv ydoruhv gh s hq ho fxer xqlgdg1

Od ixqflöq txh vh dfded gh gh�qlu frlqflgh frq � hq orv yìuwlfhv gho fxer xqlgdg
|/ hq hvwh vhqwlgr/ hv xqd h{whqvlöq gh �/ wudwäqgrvh dghpäv gh xqd ixqflöq diðq
hq fdgd xqd gh odv yduldeohv %� c � ' �c ���c ?1 Vh ghpxhvwud txh/ gh khfkr/ hvwd
ixqflöq s hv od ýqlfd txh yhul�fd odv grv surslhgdghv dqwhulruhv1

Ghvgh ho sxqwr gh ylvwd suredeloðvwlfr/ od HPO dgplwh od vljxlhqwh lqwhusuhwdflöq=
vl f hv xqd frdolflöq gh mxjdgruhv irupdgd dohdwruldphqwh/ hv ghflu/ vxsrqlhqgr
txh % � hv od suredelolgdg gh txh ho mxjdgru � shuwhqh}fd d f/ sdud � ' �c ���c ?/ |
hvwdv suredelolgdghv vrq lqghshqglhqwhv/ hqwrqfhv/ sdud fdgd 7 � � /

RoJKif ' 7j '
\

� � �
% �

\

� �� �
E� � % � ��

Hq wdo fdvr/
sE% � c % � c ���c % � � ' .d�Ef�oc

grqgh . uhsuhvhqwd od hvshudq}d pdwhpäwlfd1
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Od HPO hv hvshfldophqwh ýwlo sdud ho fäofxor gh dojxqrv gh orv frqfhswrv gh vrox0
flöq txh kdq vlgr suhvhqwdgrv hq odv vhfflrqhv dqwhulruhv1

Whruhpd 4168 +Rzhq/ 4<:5 | 4<:8,

Vl E�c �� hv xq mxhjr frrshudwlyr frq xwlolgdg wudqvihuleoh | s ' sE% � c % � c ���c % � �

hv vx HPO/ hqwrqfhv=

+d, Ho ydoru gh Vkdsoh| sdud fdgd mxjdgru � 5 � hv

� � d�o '

] �

�

Ys

Y% �
E|c |c ���c |� _|�

+e, Ho ydoru gh Edq}kdi sdud fdgd mxjdgru � 5 � hv

� � d�o '
Ys

Y% �
E�*2c �*2c ���c �*2��

Revhuydflöq 4169
Od HPO wdpelìq sxhgh hpsohduvh sdud fdofxodu ho ydoru frdolflrqdo gh Rzhq +Rzhq
| Zlqwhu/ 4<<5, r sdud fdofxodu ho ydoru gh Edq}kdi sdud mxhjrv frq hvwuxfwxud gh
frdolflöq +Fduuhudv | Pdjdôd/ 4<<7,1 Hq dperv fdvrv vh sduwh gh od HPO gho mxhjr
lqlfldo E�c �� | vh prgl�fd ìvwd/ vhjýq orv sdvrv gh vhqgrv dojrulwprv suhhvwdeoh0
flgrv/ kdvwd rewhqhu rwudv h{whqvlrqhv pxowlolqhdohv1 D sduwlu gh hvwdv h{whqvlrqhv
pxowlolqhdohv | hpsohdqgr orv pìwrgrv gho whruhpd dqwhulru/ vh rewlhqh xqd x rwud
vroxflöq prgl�fdgd sru od hvwuxfwxud gh frdolflrqhv txh vh hvwì frqvlghudqgr1
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5

Hvwuxfwxudv gh frdolflöq |
vhplydoruhv

514 Vlvwhpdv gh uhihuhqfld sdud vhplydoruhv

Xq vhplydoru fxdotxlhud j gh�qlgr vreuh ho hvsdflr gh mxhjrv frrshudwlyrv C � ylhqh
ghwhuplqdgr sru vxv frh�flhqwhv R � c � � r � ?1 Orv frh�flhqwhv gh xq vhplydoru
vrq qýphurv uhdohv/ dvð fdgd vhplydoru j sxhgh lghqwl�fduvh frq ho sxqwr gh vxv
frh�flhqwhv ER � c R � c ���c R � �/ shqvdgr ìvwh frpr sxqwr gho hvsdflr diðq U � 1 Ghelgr d
txh orv frh�flhqwhv R � c � � r � ?/ kdq gh fxpsolu od frqglflöq

�[

� � �

�
? � �

r � �

�
R � ' �c

orv sxqwrv dvrfldgrv d orv vhplydoruhv shuwhqhfhq d xq klshusodqr gh U � / txh hv ho
txh wlhqh sru hfxdflöq od frqglflöq dqwhulru1 Vlq hpedujr/ qr wrgrv orv sxqwrv gh
hvh klshusodqr vh fruuhvsrqghq d vhplydoruhv> vöor dtxhoorv fx|dv frpsrqhqwhv vhdq
wrgdv qr qhjdwlydv wlhqhq xq vhplydoru dvrfldgr/ sxhvwr txh R � � fc � � r � ?/ hv
od vhjxqgd frqglflöq txh vh h{ljh d orv frh�flhqwhv gh xq vhplydoru1

Hq hvwd vhfflöq suhvwduhprv hvshfldo dwhqflöq d xqrv vhplydoruhv frqfuhwrv fd0
udfwhul}dgrv sru od irupd hvshfð�fd gh vxv frh�flhqwhv1 Hvwrv vhplydoruhv yhul�fdq

86
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txh ho sdjr txh dvljqdq d fdgd mxjdgru � 5 � wlhqh xqd h{suhvlöq vhqflood d sduwlu
gh od HPO gho mxhjr � 5 C � txh vh hvwì hvwxgldqgr1 Dghpäv/ hvwrv vhplydoruhv
sxhghq djuxsduvh irupdqgr vlvwhpdv gh uhihuhqfld hq ho klshusodqr gh vhplydoruhv/
gh irupd txh fxdotxlhu rwur vhplydoru vh h{suhvd frpr frpelqdflöq olqhdo gh ìvwrv/
shuplwlhqgr h{whqghu odv surslhgdghv txh vh ghpxhvwuhq sdud orv vhplydoruhv gh
xq vlvwhpd gh uhihuhqfld do frqmxqwr gh vhplydoruhv vreuh ho hvsdflr gh mxhjrv C � 1

Sursrvlflöq 514
Sdud fxdotxlhu qýphur k 5 Uc f 	 k 	 �/ orv qýphurv

R � � � ' k
� � �

E� � k�
� � �

c � � r � ?c

gh�qhq orv frh�flhqwhv gh xq vhplydoru vreuh ho hvsdflr gh mxhjrv C � c m� m ' ? � �1

Ghprvwudflöq
Khprv gh suredu txh orv frh�flhqwhv R � � � c � � r � ?/ fxpsohq odv frqglflrqhv txh
vh h{ljhq d orv frh�flhqwhv gh xq vhplydoru=

+l, R � � � � fc � � r � ? +ll,

�[

� � �

�
? � �

r � �

�
R � � � ' ��

Od frqglflöq +l, hv hylghqwh1 Sdud suredu od frqglflöq +ll,=

�[

� � �

�
? � �

r � �

�
R � � � '

�[

� � �

�
? � �

r � �

�
k

� � �
E� � k�

� � �
'

� � �[
	 � 


�
? � �

|

�
k

	
E� � k�

� � � � 	
c

�[

� � �

�
? � �

r � �

�
R � � � ' dk n E� � k�o

� � �
' �� �

Revhuydflöq 515
Orv qýphurv R � � 
 ' k


 � �
E� � k�

� � 

c � � r � ?/ hvwäq gh�qlgrv sdud k 5 Efc ��1

Suhwhqghprv gdu vhqwlgr d odv h{suhvlrqhv sdud k ' f | k ' � fdofxodqgr orv
oðplwhv vljxlhqwhv=

*�4� � � � ER � � � c ���c R � � � � ' *�4
� � � � EE� � k�

� � �
c kE� � k�

� � �
c ���c k

� � �
� ' E�c fc ���c f�c

*�4
� � � �

ER � �  c ���c R � � ! � ' *�4
� "  �

EE� � k�
! #  

c ���c k
! # $

E� � k�c k
! #  

� ' Efc ���c fc ���
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Orv fdvrv h{wuhprv txh dsduhfhq fruuhvsrqghq do ðqglfh glfwdwruldo/ frh�flhqwhv
E�c fc ���c f�/ | do ðqglfh pdujlqdo/ frh�flhqwhv Efc ���c fc ��1 Frpr frqvhfxhqfld gh od
surslhgdg dqwhulru | gh hvwd revhuydflöq srghprv hqxqfldu od vljxlhqwh gh�qlflöq1

Gh�qlflöq 516
Sdud fdgd qýphur uhdo k fxpsolhqgr f � k � �/ gh�qlprv xq vhplydoru vreuh
ho hvsdflr gh mxhjrv C � c m� m ' ?/ txh ghvljqdprv sru j � / frpr dtxìo fx|rv
frh�flhqwhv vrq=

f 	 k 	 �c j � G R � � � ' k
� � �

E� � k�
� � �

c � � r � ?�

j � G R � � � ' �( R � � � ' fc 2 � r � ?�

j � G R � � � ' fc � � r � ? � �( R � � � ' ��

Ghqwur gho txh oodpdprv klshusodqr gh vhplydoruhv/ lghqwl�fdqgr fdgd vhplydoru
frq ho sxqwr gh vxv frh�flhqwhv/ od idplold j � c k 5 dfc �o/ vh fruuhvsrqgh d xqd
fxuyd ghvfulwd sru ho sduäphwur k> ho sxqwr lqlfldo hv ho fruuhvsrqglhqwh do ðqglfh
glfwdwruldo/ ho sxqwr �qdo hv ho fruuhvsrqglhqwh do ðqglfh pdujlqdo | sdud ho ydoru
k ' �*2 od fxuyd sdvd sru ho sxqwr fruuhvsrqglhqwh do ydoru gh Edq}kdi1

Gh�qlflöq 517
Frqvlghudprv orv vhplydoruhv j � G C � $ U �

c � � � � ?/ gh frh�flhqwhv uhvshfwlyrv
R � � � c � � r � ?c m� m ' ?�

Od idplold ij � j � 	 
 	 � irupd xq vlvwhpd gh uhihuhqfld sdud orv vhplydoruhv vreuh
ho hvsdflr gh mxhjrv C � / vl od idplold gh sxqwrv i� 
 j 
 	 
 	 � irupd xq vlvwhpd gh
uhihuhqfld diðq gho klshusodqr gh U � gh hfxdflöq

S � � �



� � � 
�
� 


�
R

�
' �1

Fdgd sxqwr � 
 wlhqh sru frrughqdgdv orv frh�flhqwhv gho vhplydoru j 
 / hv ghflu/

� 
 ' ER 
 � 
 c R 
 � � c ���c R 
 � � �c � � � � ?�

Ohpd 518
Vxsrqjdprv txh u hv xqd ydulhgdg olqhdo gh U � gh glphqvlöq 6c E� � 6 	 ?�/ |
txh ho sxqwr ' *5 u1 Od idplold i� � 5 uj � � � � � � � irupd xq vlvwhpd gh uhihuhqfld
diðq gh od ydulhgdg u vl | vöor vl od idplold gh yhfwruhv i

��$
'� � j � � � � � � � hv olqhdophqwh

lqghshqglhqwh1
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Ghprvwudflöq
Vxsrqhprv txh od idplold i

��$
'� � j � � � � � � � hv olqhdophqwh lqghshqglhqwh1 Sdud sur0

edu txh i� � 5 uj � � � � � � � irupd xq vlvwhpd gh uhihuhqfld diðq gh u/ wrpdqgr
� � frpr sxqwr ruljhq | i�� j � � � � � � � frpr sxqwrv xqlgdg/ khprv gh suredu txh
i

��$
� � � � j � � � � � � � irupdq xqd edvh gh od gluhfflöq gh u1 Do vhu _�4u ' 6/ ljxdo do
qýphur gh yhfwruhv gh od idplold/ edvwd suredu txh vh wudwd gh yhfwruhv olqhdophqwh
lqghshqglhqwhv1

� � �[
	 
 �

q �
��$
� 
 �� '

� � 
[

� � �
q � E

��$
'� � �

��$
'� 
 � '

#
�

� � �[
� � �

q �

$
��$
'� � n

� � �[
� � �

q � ��$'� � '
�$
f �

Gh od lqghshqghqfld olqhdo gh i
��$
'� � j � � � � � � � vh vljxh/ �

S � � �� � � q � ' q � ' � � � '

q �  ! ' f> hq sduwlfxodu/ q " ' � � � ' q �  ! ' f/ or fxdo lpsolfd od lqghshqghqfld
olqhdo gh i

��$
� ! �# j " $ # $ �  ! 1

Uhfðsurfdphqwh1 Vxsrqhprv dkrud txh i� # j " $ # $ �  ! irupd xq vlvwhpd gh uhihuhq0
fld diðq gh u1

�  ![

# % !
b #

��$
'� # '

�  ![

# % !
b # E

��$
'� ! n

��$
� ! � # � '

#
�

�  ![

# % !
b #

$
��$
� ! ' n

�  ![

# % "
b #

��$
� ! � # '

�$
f �

Od idplold i
��$
� ! �# j " $ # $ �  ! hv olqhdophqwh lqghshqglhqwh sru vhu i� # j ! $ # $ �  ! vlv0

whpd gh uhihuhqfld diðq gh od ydulhgdg u> d vx yh}/ ho yhfwru
��$
� ! ' qr hv frpel0

qdflöq olqhdo gh i
��$
� ! � # j " $ # $ �  ! / sxhv vl or ixhud/ ho sxqwr ' 5 u1 Hq frqvhfxhq0

fld/ i
��$
� ! 'c

��$
� ! � " c ���c

���$
� ! � �  ! j hv xqd idplold olqhdophqwh lqghshqglhqwh/ sru or txh/

qhfhvduldphqwh/

�

�  ![

# % !
b # ' b " ' � � � ' b�  ! ' f , b & ' b ' ' � � � ' b( ) & ' fc

| i
��$
'� * j & + * + ( ) & hv olqhdophqwh lqghshqglhqwh1 �

Whruhpd 519
Sdud ? : �/ hvfrjlgrv ? qýphurv fxdohvtxlhud k * 5 dfc �oc k * 9' k , vl � 9' �/ od
idplold ij - . j / 0 1 0 2 irupd xq vlvwhpd gh uhihuhqfld sdud orv vhplydoruhv gh�qlgrv
vreuh ho hvsdflr gh mxhjrv frrshudwlyrv C 3 c m� m ' ?1

Ghprvwudflöq
Frqvlghuduhprv txh orv vhplydoruhv hvwäq rughqdgrv vljxlhqgr ho rughq fuhflhqwh
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gh orv qýphurv k � c � � � � ?/ hv ghflu/ f � k � 	 k � 	 � � � 	 k � � �/ vlq txh hoor
vxsrqjd sìuglgd gh jhqhudolgdg1

Ghqrwdprv sru � � � do sxqwr fruuhvsrqglhqwh d orv frh�flhqwhv gho vhplydoru j � � c � �

� � ?1 Vhjýq od gh�qlflöq 517/ khprv gh suredu txh i� � � j � � � � � irupd xq vlvwhpd
gh uhihuhqfld diðq gho klshusodqr gh U � gh hfxdflöq

S � � � �
� � 	 �� 	 �

�
R

�
' �/ frqrflgr

frpr klshusodqr gh vhplydoruhv/ grqgh odv yduldeohv vrq ER � c ���c R � � 5 U � 1 Sru ho
ohpd dqwhulru/ edvwd ghprvwudu txh od idplold gh yhfwruhv i

��$
�� 
 � j � 
 � 
 � hv olqhdo0

phqwh lqghshqglhqwh/ grqgh dkrud 6 ' ? � � | ho sxqwr ' gho ohpd hv ho ruljhq
gh frrughqdgdv �/ txh qr shuwhqhfh do klshusodqr frqvlghudgr1

Ho ghwhuplqdqwh gh od pdwul} fx|dv froxpqdv vrq odv frpsrqhqwhv gh orv yhfwruhv
���$
�� 
 � c ���c

���$
�� 
 � / sdud ho fdvr f 	 k � 	 k � 	 � � � 	 k � 	 �/ hv=

������������������

E� � k � � � � �
E� � k � � � � � � � � E� � k � � � � �

k � E� � k � � � � �
k � E� � k � � � � � � � � k � E� � k � � � � �

k
� � E� � k � � � � �

k
�� E� � k � � � � �

� � � k
�

� E� � k � � � � �

� � � � � � � � � � � � � � �

k � � �� E� � k � � k � � �� E� � k � � � � � k � � �
� E� � k � �

k � � �� k � � �� � � � k � � �
�

������������������

'

' E� � k � � � � �
E� � k � � � � � � � � E� � k � � � � � �

�

���������������������������

� � � � � �

k �
� � k �

k �
� � k � � � �

k �
� � k �

�
k �

� � k �

� � �
k �

� � k �

� �
� � �

�
k �

� � k �

� �

� � � � � � � � � �
�

k �
� � k �

� � � � �
k �

� � k �

� � � �
� � �

�
k �

� � k �

� � � �

�
k �

� � k �

� � � � �
k �

� � k �

� � � �
� � �

�
k �

� � k �

� � � �

���������������������������

'



8; 51 HVWUXFWXUDV GH FRDOLFLÖQ \ VHPLYDORUHV

' E� � k � �
� � �

E� � k � �
� � �

� � � E� � k � �
� � � \

� � � � � � 	

k k �

� � k�
�

k 


� � k 


l
'

' E� � k � �
	 � �

E� � k 
 �
	 � �

� � � E� � k 	 �
	 � � \

� � 
 � � � 	

k� � k 


E� � k � �E� � k 
 �
'

'
\

� � 
 � � � 	
Ek� � k 
 � 9' fc |d txh k� 9' k 
 / vl � 9' �1

Sdud ho fdvr f ' k � 	 k 
 	 � � � 	 k 	 	 � orv frh�flhqwhv gh od sulphud froxpqd
gho ghwhuplqdqwh vrq/

R � � � ' �c R � � 
 ' � � � ' R � � 	 ' fc

gh pdqhud txh vh rewlhqh xq ghwhuplqdqwh gho plvpr wlsr/ txh ghvduuroodgr sru
od sulphud froxpqd uhvxowd vhu=

\


 � 
 � 	
k 


\


 � 
 � � � 	
Ek � � k 
 � 9' fc |d txh k � 9' k 
 / vl � 9' �1

Frqvlghudflrqhv vlploduhv shuplwhq ghprvwudu txh ho ghwhuplqdqwh hv wdpelìq qr
qxor hq orv fdvrv txh txhgdq sru hvwxgldu= f 	 k � 	 k 
 	 � � � 	 k 	 ' � |
f ' k � 	 k 
 	 � � � 	 k 	 ' �1 �

Sursrvlflöq 51:
Ilmdgrv ? qýphurv uhdohv glihuhqwhv/ f � k � 	 k 
 	 � � � 	 k 	 � �/ fxdotxlhu
vhplydoru j gh�qlgr vreuh ho hvsdflr gh mxhjrv C � c m� m ' ?/ vh h{suhvd hq irupd
ýqlfd frpr frpelqdflöq olqhdo gho vlvwhpd gh uhihuhqfld gh vhplydoruhv ij � � j � � � � 	 /
hvwr hv/ h{lvwhq xqrv frh�flhqwhv ýqlfrv b� c � � � � ?/ wdohv txh=

j '

	[

� � �
b� j � � c fxpsolhqgr

	[

� � �
b� ' ��
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Ghprvwudflöq
Hv xqd frqvhfxhqfld lqphgldwd gh od surslhgdg dqwhulru1 Vl i� � � c � � � c ���c � � � j

irupd xq vlvwhpd gh uhihuhqfld hq ho klshusodqr gh vhplydoruhv/ ho sxqwr � � fr0
uuhvsrqglhqwh do vhplydoru j fxpsoluä

���$
� � � � � '

�[
� 	 


b� ����$
� � � � � � c

grqgh orv hvfdoduhv b� c 2 � � � ?/ vrq ýqlfrv/ |d txh od idplold i
����$
� � � � � � j 
 � � � �

irupd xqd edvh gho vxehvsdflr gluhfwru gho klshusodqr gh vhplydoruhv1 Gh od ljxdo0
gdg dqwhulru/

��$
�� � �

���$
�� � � '

�[
� 	 


b�
� ���$

�� � � �
���$
�� � �

�
c

��$
�� � '

�
� �

�[
� 	 


b�
� ���$

�� � � n

�[
� 	 


b� ���$
�� � � �

Edvwd gh�qlu b 
 ' � �

�[
� 	 


b� sdud srghu hvfulelu=

��$
�� � '

�[
� 	 


b� ���$
�� � � c frq

�[
� 	 


b� ' �� �

Revhuydflöq 51;
Vl orv frh�flhqwhv gho vhplydoru j vrq R � c � � r � ?/ od ljxdogdg dqwhulru/ ghvd0
uuroodgd vhjýq orv glihuhqwhv ydoruhv gh k � c � � � � ?/ gd oxjdu d=

f 	 k 
 	 k 
 	 � � � 	 k � 	 � , R � '

�[
� 	 


b� k
� � 
� E� � k � �

� � �
c � � r � ?(

f ' k 
 	 k 
 	 � � � 	 k � 	 � ,

;
AAAA?
AAAA=

R � ' b � n

�[
� � �

b� E� � k � �
� � �

c

R � '

�[
� � �

b� k
� � �� E� � k � �

� � �
c 2 � r � ?(

f 	 k � 	 k � 	 � � � 	 k � ' � ,

;
AAAA?
AAAA=

R � '

� � �[
� � �

b� k
� � �� E� � k � �

� � �
c � � r � ? � �c

R � ' b � n

� � �[
� � �

b� k
� � �� (
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f ' k � 	 k � 	 � � � 	 k � ' � ,

;
AAAAAAAAAA?
AAAAAAAAAA=

R � ' b � n
� � �[

� � �
b� E� � k� � � � �

c

R � '
� � �[

� � �
b� k

� � �� E� � k � � � � �
c 2 � r � ? � �c

R � ' b � n

� � �[
� � �

b� k
� � �� �

Hvwdv fxdwur h{suhvlrqhv uhfrjhq od uhodflöq hqwuh orv frh�flhqwhv gh xq vhplydoru
fxdotxlhud j | orv frh�flhqwhv gh od idplold ij � � j � 	 � 	 � / k� 5 dfc �o/ k� 9' k 
 vl
� 9' &/ vhjýq vl k � c k � wrpdq r qr orv ydoruhv f ö �1 Hq wrgrv orv fdvrv od uhodflöq
hqwuh orv vhplydoruhv rehghfh d od h{suhvlöq=

j '

�[
� � �

b� j � � c frq
�[

� � �
b� ' ��

Sursrvlflöq 51<
Vl s ' sE% � c % � c ���c % � � hv od HPO gho mxhjr � 5 C � / ho sdjr txh ho vhplydoru
j � c k 5 dfc �o/ dvljqd d xq mxjdgru fxdotxlhud � 5 � sxhgh fdofxoduvh phgldqwh od
h{suhvlöq

Ej � � � d�o '
Ys

Y% �
Ek�c k ' Ekc kc ���c k��

Ghprvwudflöq
Hq od h{suhvlöq gh od HPO gho mxhjr � 5 C � /

sE% � c % � c ���c % � � '
[


 � �

\
� � 


%�
\


 �� 

E� � % 
 ��E7�c

vhsdudprv orv wìuplqrv vhjýq vl odv frdolflrqhv 7 frqwlhqhq r qr do mxjdgru � 5 �

| fdofxodprv od ghulydgd sdufldo uhvshfwr d od yduldeoh % � /

sE% � c % � c ���c % � � '
[


 � �
% �

\
� � 
 � � � �

% �
\


 �� 

E� � % 
 ��E7�n

n
[


 �� �
E� � % � �

\
� � 


%�
\


 �� 
 � � � �
E� � % � ��E7�c
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Ys

Y% �
E% � c % � c ���c % � � '

[
� � �

\
� � � � 	 � 


% � \
� �� �

E� � % � ��E7��

�
[

� 
� �

\
� � �

% � \
� �� � � 	 � 


E� � % � ��E7��

Vxvwlwx|hqgr odv yduldeohv sru k ' Ekc kc ���c k�/ sdud f 	 k 	 �/

Ys

Y% �
Ek� '

[
� � �

k � � �
E� � k�

� � � �E7� �
[

� 
� �
k � E� � k�

� � � � �
�E7�

'
[

� � �
k � � �

E� � k�
� � � �E7� �

[
� � �

k � � �
E� � k�

� � � �E7pi�j�

'
[

� � �
k � � �

E� � k�
� � � d�E7� � �E7pi�jo ' Ej � � � d�o�

Orv fdvrv k ' f/ k ' � vrq=

Ys

Y% �
E7f� '

[
� � �� � � � �

�E7� �
[

� �� �
� � � � �

�E7� ' �Ei�j� � �E>� ' Ej � � � d�o(

Ys

Y% � E7�� '
[

� � �� � � � �
�E7� �

[
� �� �

� � � � � � �
�E7� ' �E�� � �E� pi�j� ' Ej � � � d�o� �

Whruhpd 5143
Vl s ' sE% � c % � c ���c % � � hv od HPO gho mxhjr � 5 C � / ho yhfwru gh sdjrv txh xq
vhplydoru fxdotxlhud j dvljqd d orv mxjdgruhv gh � sxhgh fdofxoduvh sru phglr gh
od h{suhvlöq

jd�o ' � \c

grqgh od pdwul} � vh rewlhqh sdud fdgd vlvwhpd gh uhihuhqfld gh vhplydoruhv
ij � � j  ! " ! # / k " 5 dfc �oc k " 9' k $ vl � 9' &/ hq od irupd=

� ' E K % " �  ! % & " ! # c K % " ' Ej � � � % d�o '
Ys

Y% %
Ek " �c
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| od pdwul} \ hv od pdwul} froxpqd gh orv frh�flhqwhv gh j hq hvh vlvwhpd gh
uhihuhqfld=

\
�
' Eb � b � � � � b � �c vl j '

�[
� � �

b� j � � �

Ghprvwudflöq
Frqvlghudqgr od uhihuhqfld gh vhplydoruhv ij � � j � � � � � / k� 5 dfc �oc k � 9' k 	 vl � 9' &/
sdud fxdotxlhu mxjdgru � 5 � =

j 
 d�o '
� �[

� � �
b� j � �

�


d�o '

�[
� � �

b� Ej � � � 
 d�o '

�[
� � �

b� Ys

Y% 

Ek� �c

grqgh s ' sE% � c % � c ���c % � � hv od HPO gho mxhjr �1 Edvwd lghqwl�fdu fdgd h{suhvlöq
frq orv hohphqwrv gh odv pdwulfhv txh vh kdq gh�qlgr/ sdud srghu frqfoxlu txh vh
yhul�fd od h{suhvlöq gho hqxqfldgr1 �

Od iöupxod jd�o ' � \ shuplwh rewhqhu ho yhfwru gh sdjrv sdud xq ghwhuplqdgr
mxhjr � 5 C � sru fxdotxlhu vhplydoru j1 Od pdwul} � qr ghshqgh gh qlqjýq
vhplydoru hq frqfuhwr/ ghshqgh gh orv vhplydoruhv gho vlvwhpd gh uhihuhqfld txh vh
hvfrmd/ shur xqd yh} hvfrjlgr ìvwh/ od pdwul} txhgd dvrfldgd do mxhjr | shuplwh
fdofxodu ho yhfwru gh sdjrv sru fxdotxlhu vhplydoru/ vlq pdv txh prgl�fdu od pdwul}
\ gh vxv frh�flhqwhv hq ho vlvwhpd gh uhihuhqfld hvfrjlgr1

Hmhpsor 5144
Frqvlghudprv ho mxhjr � 5 C � c � ' i�c 2c �j/ gh�qlgr hq od irupd=
�Ei�j� ' 2/ �Ei2j� ' �/ �Ei�j� ' f/ �Ei�c 2j� ' �/ �Ei�c �j� ' �/ �Ei2c �j� ' 2/
�Ei�c 2c �j� ' e1 Vx HPO hv=

sE% � c % � c % � � ' 2% � n % � n % � % � n % � % � � % � % � % � �

Hq wdo fdvr=

usE% 
 c % � c % � � ' E2 n % � � % � % � c � n % � � % 
 % � c % 
 n % � � % 
 % � �c

usE|c |c |� ' E2 n | � |
�
c � n | � |

�
c 2| � |

�
�(

lqwhjudqgr hqwuh f | �=

�d�o ' E ��*S c .*S c 2*� �
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Dkrud hvfrjhprv wuhv qýphurv uhdohv gho lqwhuydor dfc �o | hvfulelprv orv frh�flhqwhv
fruuhvsrqglhqwhv d orv vhplydoruhv gho wlsr j � sdud orv ydoruhv k ' �*S/ �*2/ D*S1

j � � � G R � � � � � ' 2D*�Sc R � � � � � ' D*�Sc R � � � � � ' �*�S(

j � � � G R � � � � � ' �*ec R � � � � � ' �*ec R � � � � � ' �*e(

j 	 
 � G R 	 
 � � 
 ' �*�Sc R 	 
 � � � ' D*�Sc R 	 
 � � � ' 2D*�S�

Sdud fdofxodu orv frh�flhqwhv gh od pdwul} � sdud hvwh mxhjr/ hpsohdprv od iöupxod
gh od surslhgdg dqwhulru/ gh pdqhud txh fdgd froxpqd vh rewlhqh vxvwlwx|hqgr hq
od h{suhvlöq

usEk� ' E2 n k � k
�
c � n k � k

�
c 2k � k

�
�

orv ydoruhv k ' �*S/ �*2/ D*S/ oohjdqgr d=

� '

3
EEEC

..*�S b*e ..*�S

e�*�S D*e e�*�S

��*�S �*e �D*�S

4
FFFD �

Orv frh�flhqwhv gho ydoru Vkdsoh| frpr vhplydoru vrq=

R � ' �E�c �� '
�

�
c R � ' �E�c 2� '

�

S
c R � ' �E�c �� '

�

�
�

Vl ghvljqdprv frpr 7� � do sxqwr gho klshusodqr gh vhplydoruhv sdud mxhjrv fr0
rshudwlyrv gh � mxjdgruhv fruuhvsrqglhqwh do ydoru gh Vkdsoh|/ vxv frrughqdgdv
vrq=

7� � ' E �*� c �*S c �*� �

Hvfulwr ho sxqwr fruuhvsrqglhqwh do ydoru gh Vkdsoh| 7� � hq ho vlvwhpd gh uhihuhqfld
diðq irupdgr sru orv sxqwrv � � � � c � � � � c � � � � / vh oohjd d rewhqhu sdud ho ydoru gh
Vkdsoh|=

� ' �*Hj � � � n 2*H j � � � n �*H j � � � �

Dvð/ srghprv fdofxodu ho yhfwru gh sdjrv txh frpr vhplydoru dvljqd ho ydoru gh
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Vkdsoh| d hvwh mxhjr=

�d�o ' � \ '
�

�S

3
EEC

.. H� ..

e� eD e�

�� 2. �D

4
FFD

3
EEEC

�*H

2*H

�*H

4
FFFD '

3
EEEC

��*S

.*S

2*�

4
FFFD c

revhuydqgr txh frlqflgh frq ho uhvxowdgr rewhqlgr suhyldphqwh1

Vl vh hvfrjh frpr vlvwhpd gh uhihuhqfld gh vhplydoruhv ij � / j � � � / j � j/ ho ydoru gh
Vkdsoh| wlqh sru h{suhvlöq/

� '
�

S
j � n

2

�
j � � � n

�

S
j � c

| ho fäofxor hq hvwh qxhyr vlvwhpd gh uhihuhqfld hv=

�d�o ' � � \ � '

3
EEEC

2 b*e 2

� D*e �

f �*e �

4
FFFD

3
EEEC

�*S

2*�

�*S

4
FFFD '

3
EEEC

��*S

.*S

2*�

4
FFFD c

rewhqlìqgrvh frpr vh hvshuded ho plvpr uhvxowdgr/ frq lqghshqghqfld gho vlvwhpd
gh uhihuhqfld txh sxhgd hvfrjhuvh1

Gh�qlflöq 5145
Vreuh ho hvsdflr gh mxhjrv frrshudwlyrv C � c m� m � 2/ gh�qlprv ho vhplydoru yìuwlfh

j � � G C � $ U �
c � � � � ?/ frpr dtxho fx|rv frh�flhqwhv vrq/

R	 '
��

? � �

� � �

� ( R 
 ' fc r 9' ��

Sursrvlflöq 5146
Od idplold gh vhplydoruhv yìuwlfhv ij � � j � � 	 � 
 irupd xq vlvwhpd gh uhihuhqfld sdud
orv vhplydoruhv gh�qlgrv vreuh ho hvsdflr gh mxhjrv frrshudwlyrv C � c m� m � 21

Ghprvwudflöq
Edvwd suredu txh od idplold gh sxqwrv yìuwlfhv

q
T� '

�
f c ���c f c

� ��
? � �

� � �

� � �
c f c ���c f

� r
� � � � �
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irupd xq vlvwhpd gh uhihuhqfld diðq gho klshusodqr
S � � � �

� � � �
� � �

�
R � ' �/ r vhjýq ho

ohpd 518/ txh od idplold gh yhfwruhv i
��$
�T� j � � � � � hv olqhdophqwh lqghshqglhqwh/ hvwr

hv/

_i|E
��$
�T � c ���c

��$
�T � � '

�\
	 
 �

�
? � �

� � �

� � �
9' f� �

Revhuydflöq 5147
+d, Fdgd vhplydoru yìuwlfh wlhqh sru frh�flhqwhv odv frrughqdgdv fruuhvsrqglhqwhv
d fdgd xqr gh orv sxqwrv yìuwlfhv gho frqyh{r gh U � ghwhuplqdgr sru ho klshusodqrS � � 
 �

� � � �� � �
�
R

�
' � | orv vhplhvsdflrv R

�
� f/ � � r � ?1

+e, Fxdotxlhu vhplydoru j G C 
 $ U 
 vh h{suhvd hq irupd ýqlfd frpr frpelqdflöq
olqhdo gh orv vhplydoruhv gh xq vlvwhpd gh uhihuhqfld1 Vl R

�
/ � � r � ?/ vrq orv

frh�flhqwhv gho vhplydoru j | ho vlvwhpd gh uhihuhqfld hv ho gh orv vhplydoruhv
yìuwlfhv=

� ' ER � c ���c R	 c ���c R � � '
�[

	 
 �
b	

�
f c ���c f c

	 �
�

? � �

� � �

� � �
c f c ���c f

�
c

gh grqgh/ R	 ' b	 �� � � �	 � �
� c � � � � ?/ oohjdqgr d rewhqhu= b	 '

� � � �	 � �
�
R	 c � � � � ?1

Hv lqphgldwr txh
S �	 
 � b	 ' � |/ hq hvwh fdvr sduwlfxodu/ b	 � fc � � � � ?1

515 Vhplydoruhv elqrpldohv

Sdud xq vhplydoru j gh�qlgr vreuh ho hvsdflr gh mxhjrv frrshudwlyrv C 
 od h{suh0
vlöq txh shuplwh rewhqhu ho sdjr d xq mxjdgru fxdotxlhud � 5 � hv=

j � d�o '
[

� � �
R

�
d�E7� � �E7pi�j�o�

Odv frqwulexflrqhv pdujlqdohv gho mxjdgru � d fdgd frdolflöq 7 hvwäq srqghudgdv
vhjýq xqrv shvrv R

�
> hvwrv shvrv vrq ljxdohv sdud fdgd fduglqdo gh odv frdolflrqhv
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r ' m7m1 Od frqglflöq
S �

� � �
� � � �

� � �
�
R � ' � h{suhvd ho khfkr gh txh od vxpd gh shvrv

vhd od xqlgdg/ whqlhqgr hq fxhqwd ho qýphur gh frdolflrqhv gh fdgd fduglqdo txh
frqwlhqhq do mxjdgru � fx|r sdjr vh fdofxod1 Dghpäv R � � fc � � r � ?/ h{ljh txh
fdgd shvr vhd qr qhjdwlyr1

Hq sduwlfxodu/ ho ydoru gh Vkdsoh| hv dtxìo fx|rv shvrv hvwäq gh�qlgrv vhjýq odv
srvleohv rughqdflrqhv gh orv mxjdgruhv gh 7/ vlq frqwdu do mxjdgru �/ | odv srvleohv
rughqdflrqhv gho frpsohphqwdulr gh 7/ uhihulgdv d odv srvleohv rughqdflrqhv gho
frqmxqwr wrwdo gh mxjdgruhv/ hvwr hv=

ydoru gh Vkdsoh| vreuh C � = R � ' �E?c r� '
Er � ��-E? � r�-

?-
c � � r � ?�

Rwur fdvr sduwlfxodu/ ho ydoru gh Edq}kdi/ rwrujd ho plvpr shvr d wrgdv odv frdol0
flrqhv txh frqwlhqhq do mxjdgru �/ fx|r qýphur hv gh 2

� � �
=

ydoru gh Edq}kdi vreuh C � = R � '
�

2
� � � c � � r � ?�

Hvwrv vrq grv hmhpsorv gh vhplydoruhv vreuh mxhjrv gh C � txh wlhqhq od sduwlfx0
odulgdg gh gh�qlu orv shvrv gh odv frdolflrqhv 7 frqwhqlhqgr d flhuwr mxjdgru �/
qr vöor hq ixqflöq gho fduglqdo gh 7/ vlqr wdpelìq gho fduglqdo gho frqmxqwr gh
mxjdgruhv � 1

Hq uhdolgdg/ fxdqgr qrv uhihulprv do ydoru gh Vkdsoh| r do ydoru gh Edq}kdi/ qr
wudwdprv gh grv vhplydoruhv dlvodgrv/ vlqr txh qrv uhihulprv d vhqgdv idploldv gh
vhplydoruhv gh�qlgdv vreuh hvsdflrv gh mxhjrv frrshudwlyrv sdud wrgrv | fdgd xqr
gh orv fduglqdohv gh orv frqmxqwrv gh mxjdgruhv=

q
ydoru gh Vkdsoh| vreuh C � = R � ' �E?c r� '

Er � ��-E? � r�-

?-
c � � r � ?

r
� � � �

(

q
ydoru gh Edq}kdi vreuh C 	 = R 
 '

�

2 � �

 c � � r � ?

r

�
� � �

�

Suhwhqghprv dkrud gh�qlu rwudv idploldv gh vhplydoruhv/ sdud fdgd fduglqdo gho
frqmxqwr gh mxjdgruhv1 Hq od vhfflöq dqwhulru khprv gh�qlgr orv vhplydoruhv j �

sdud f 	 k 	 � frpr dtxhoorv vhplydoruhv vreuh ho hvsdflr gh mxhjrv C 	 fx|rv
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frh�flhqwhv vrq=

R � � � ' k
� � �

E� � k�
� � �

c � � r � ?�

Hvwrv frh�flhqwhv wdpelìq ghshqghq gho fduglqdo r gh od frdolflöq 7 txh frqwlhqh
do mxjdgru � | gho fduglqdo ? gho frqmxqwr gh mxjdgruhv � 1

Ho shvr txh vh rwrujd d xqd frdolflöq 7 frqwhqlhqgr do mxjdgru � sxhgh lqwhusuhwduvh
gh od vljxlhqwh pdqhud= vl k Ef 	 k 	 �� lqglfd od suredelolgdg gh txh xq mxjdgru
fxdotxlhud iruph sduwh gh fxdotxlhu frdolflöq/ od suredelolgdg gh txh vh iruph xqd
ghwhuplqdgd frdolflöq 7 frqwhqlhqgr suhyldphqwh d � hv k

� � �
E��k�

� � � / vxsrqlhqgr
txh ho khfkr gh txh fdgd mxjdgru vh lqfrusruh d od frdolflöq hv lqghshqglhqwh
gh txh orv ghpäv or kdjdq1 Dvð/ od suredelolgdg gh txh h{dfwdphqwh orv r � �

mxjdgruhv gh 7 p i�j vh lqfrusruhq d 7/ plhqwudv txh orv ? � r uhvwdqwhv qr or
kdjdq/ hv suhflvdphqwh ho shvr dwulexlgr d fdgd xqd gh odv frdolflrqhv gh fduglqdo
r= R � � � ' k

� � �
E� � k�

� � � 1

Srguðdprv shqvdu txh orv mxjdgruhv vh hqfxhqwudq hq xq uhflqwr h{whulru do oxjdu
grqgh vh irupdq odv frdolflrqhv/ | hq hvh oxjdu vh hqfxhqwud |d ho mxjdgru �1 Vl
fdgd mxjdgru dfwýd lqghshqglhqwhphqwh gh orv ghpäv | wrgrv wlhqhq suredelolgdg
k gh hqwudu | �� k gh qr hqwudu/ od suredelolgdg gh txh h{foxvlydphqwh hqwuhq orv
mxjdgruhv gh 7 p i�j hv k

� � �
E� � k�

� � � 1

Orv fdvrv oðplwh sdud k ' f | k ' � wlhqhq wdpelìq lqwhusuhwdflöq hq wìuplqrv
gh suredelolgdg1 Vl od suredelolgdg gh irupdu sduwh gh xqd frdolflöq fxdotxlhud
wlhqgh d f/ hq ho oðplwh/ qlqjýq mxjdgru hqwuduä d irupdu sduwh/ dvð txh od ýqlfd
frqwulexflöq pdujlqdo d whqhu hq fxhqwd vhuä �Ei�j�� �E>�/ frq suredelolgdg �/ hv
ghflu=

Ej � � � d�o ' �Ei�j�c ;� 5 ��

Vl od suredelolgdg gh irupdu sduwh gh fxdotxlhu frdolflöq wlhqgh d �/ hq ho oðplwh/
wrgrv orv mxjdgruhv hqwuduäq d irupdu sduwh/ irupäqgrvh frq suredelolgdg � od
frdolflöq wrwdo/ plhqwudv txh ho uhvwr gh frdolflrqhv whqguäq suredelolgdg f/ hq0
wrqfhv=

Ej � � � d�o ' �E�� � �E� pi�j�c ;� 5 ��

Gh�qlflöq 5148
Oodpdprv vhplydoru elqrpldo j � do vhplydoru gh�qlgr vreuh orv hvsdflrv gh mxhjrv
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C � c m� m � �/ fx|rv frh�flhqwhv vrq=

sdud f 	 k 	 � G R
� � � � ' k

� � �
E� � k�

� � �
c � � r � ?c

sdud k ' f G R
� � � � ' �c R

� � � � ' fc 2 � r � ?c

sdud k ' � G R
� � � � ' fc � � r � ? � �c R

� � � � ' ��

Hvwrv vhplydoruhv hvwäq gh�qlgrv sdud orv glihuhqwhv fduglqdohv gh orv frqmxqwrv gh
mxjdgruhv1 Sru wdqwr/ sdud fdgd k 5 dfc �o khprv gh�qlgr od vljxlhqwh idplold=

�
vhplydoru elqrpldo sdud k vreuh C � > frh�flhqwhv= R

	 
 � � �

 � � � �

Fxdqgr qr h{lvwd gxgd vreuh ho fduglqdo gho frqmxqwr gh mxjdgruhv � / rplwluhprv
ho vxshuðqglfh ? | hvfuleluhprv orv frh�flhqwhv R � � � c � � r � ?1

Hmhpsor 5149
Od idplold gh ydoruhv gh Edq}kdi hv od fruuhvsrqglhqwh d od idplold gh vhplydoruhv
elqrpldohv sdud k ' �*21

R

 � � �

� � '
�
�

2

� � �
�

�
�

2

� 
 � �
'

�

2

 �

�
c � � r � ?�

Hq hvwh fdvr/ od suredelolgdg txh wlhqh fdgd mxjdgru gh hqwudu d irupdu sduwh gh
fxdotxlhu frdolflöq hv od plvpd txh od gh qr hqwudu d irupdu sduwh gh od frdolflöq1

Hmhpsor 514:
Hq ho hmhpsor dqwhulru/ wrgdv odv frdolflrqhv wlhqhq ho plvpr shvr d od krud gh
fdofxodu ho sdjr sdud fxdotxlhu mxjdgru1 Hq jhqhudo/ od srqghudflöq hv glihuhqwh
vhjýq ho fduglqdo gh odv frdolflrqhv1 Vl hvwlpdprv txh odv frdolflrqhv frq r � �

mxjdgruhv kdq gh srqghuduvh frq xq shvr & yhfhv vxshulru do gh odv frdolflrqhv gh
fduglqdo rc E& : ��/ xq vhplydoru elqrpldo frqfuhwr j � uhfrjh hvwd vlwxdflöq=

R � �
�

R � '
k

� �
�
E� � k�


 � � � � � �
k � � � E� � k� � � � ' &c � 	 r � ? ,

� � k

k
' &( k '

�

& n �
�

Sru hmhpsor/ vl ho shvr d odv frdolflrqhv gh fduglqdo r � � kd gh vhu ho greoh txh
d odv gh fduglqdo r/ ho vhplydoru elqrpldo dghfxdgr hv j � � � > vl kd gh vhu ho wulsoh/
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j � � � 1 Hq jhqhudo/ j � / frq f 	 k 	 �*2/ uhfrjh orv fdvrv hq orv txh odv frdolflrqhv
jdqdq shvr d phglgd txh glvplqx|h vx fduglqdo= sdud j � / frq f 	 k 	 �*2/ ho
idfwru gh sursruflrqdolgdg hv & ' E� � k�*k1

Sru ho frqwudulr/ vl vh hvwlpd txh odv frdolflrqhv gh fduglqdo rn� kdq gh srqghuduvh
frq xq shvr g yhfhv vxshulru d odv gh fduglqdo rc Eg : ��/ ho vhplydoru elqrpldo
frqfuhwr j � txh uhfrjh hvwd vlwxdflöq hv=

R � � �
R �

'
k

�
E� � k� � �

	 � � � 


k � � � E� � k� � � � ' gc � � r 	 ? ,
k

� � k
' g( k '

g

g n �
�

Vl g ' 2/ ho vhplydoru dghfxdgr hv j � � 
 1 Hq jhqhudo/ j � / frq �*2 	 k 	 �/ uhfrjh
orv fdvrv hq orv txh odv frdolflrqhv jdqdq shvr d phglgd txh dxphqwd vx fduglqdo=
sdud j � / frq �*2 	 k 	 �/ ho idfwru gh sursruflrqdolgdg hv g ' k*E� � k�1

Revhuydflöq 514;
Hq Ihowndps +4<<8, vh ghpxhvwud xqd fdudfwhul}dflöq d{lrpäwlfd sdud ho ydoru gh
Edq}kdi1 Vh suhwhqgh dkrud lqwurgxflu xqd fdudfwhul}dflöq sdud fdgd xqr gh orv
vhplydoruhv elqrpldohv j � / k 5 Efc ��1

Vl C � ghqrwd ho hvsdflr gh mxhjrv frrshudwlyrv gh ? mxjdgruhv/ sdud odv uhjodv gh
dvljqdflöq

f G C � $ U �

� $ fd�o

vh frqvlghudq odv vljxlhqwhv surslhgdghv=

D4 Vlphwuðd1 Vl �E7 ^ i�j� ' �E7 ^ i�j�c ;7 � � p i�c �j/ hqwrqfhv f � d�o ' f� d�o1

D5 Mxjdgru qxor1 Vl � 5 � hv qxor hq ho mxhjr � 5 C � / hqwrqfhv f � d�o ' f1

D6 Dglwlylgdg1 fd� n �o ' fd�o n fd�oc ;�c � 5 C � 1

D7 Sdud fdgd mxhjr � 5 C � | fdgd k 5 Efc �� vh gh�qh

# � d�o '
[

� � �

[
� � � � � � �

k
� � �

E� � k� � � �
d�E7� � �E7 p i�j�oc
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hqwrqfhv
[

� � �
f � d�o ' # � d�o1

Whruhpd 514<
Od ýqlfd uhjod gh dvljqdflöq gh�qlgd vreuh ho hvsdflr gh mxhjrv C � txh yhul�fd
odv surslhgdghv D4/ D5/ D6 | D7/ sdud xq ydoru suh�mdgr gh k Ef 	 k 	 ��/ hv ho
vhplydoru j � gh�qlgr hq od irupd=

Ej � � � d�o '
[

� � �
� � �

k
� � 	

E� � k�

 � �

d�E7� � �E7pi�j�oc � 5 ��

Ghprvwudflöq
Ho vhplydoru j � / k 5 Efc ��/ yhul�fd D4/ D5/ D6 | D7/ sdud ho surslr ydoru k1

Vxsrqjdprv k 5 Efc �� | txh xqd uhjod gh dvljqdflöq f G C � $ U
�
yhul�fd D4/

D5/ D6 | D7/ sdud hvh ydoru gh k1 Wrgr mxhjr � 5 C � sxhgh h{suhvduvh frpr
frpelqdflöq olqhdo gh od edvh gh mxhjrv gh xqdqlplgdg gh C � / i� � * 7 � �j/ hq
od irupd

� '
[

� � �
S � � � c grqgh S � '

[
� � �

E���
� � �

�EA ��

Sru od surslhgdg D6 gh dglwlylgdg/ edvwd frqrfhu od dfwxdflöq gh f vreuh mxhjrv
gho wlsr S� 
 / grqgh - hv fxdotxlhu vxefrqmxqwr gh � | S 5 U�

Vl ho mxjdgru � *5 -c � 
 E7 p i�j� ' � 
 E7�c ;7 � �c 7 6 �/ oxhjr � hv qxor hq � � >
sru od surslhgdg D5/ f � dS� � o ' f/ vl � *5 -1 Hq yluwxg gh od surslhgdg D7=

[

� � �
f � dS� � o ' # � dS� � o '

[

� � �

[
� � �� � �

k
� � �

E� � k�
� � �

S d� � E7� � � � E7pi�j�o�

Frpr dqwhv/ sdud � 5 � p -c � � E7� � � � E7 p i�j� ' fc ;7 � �c 7 6 �1 Sdud
� 5 -/ orv ýqlfrv vxefrqmxqwrv 7 6 � txh frqvljxhq txh � � E7� � � � E7 p i�j� ' �

vrq h{dfwdphqwh gh od irupd 7 ' - ^ � / grqgh � � � p -1 Dwhqglhqgr d orv
glihuhqwhv fduglqdohv gh orv vxefrqmxqwrv � fxpsolhqgr od frqglflöq txh vh kd
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hvwdeohflgr/ srghprv hvfulelu=

[
� � �

f � dS� � o ' S o

� � �[
� � �

�
? � o

R

�
k

	 
 � � �
E� � k�


 � 	 � �

' S o k
	 � �


 � 	[
� � �

�
? � o

R

�
k

�
E� � k�


 � 	 � �

' S o k
	 � �

Ek n � � k�

 � 	

' S o k
	 � �

�

Dkrud/ sru od surslhgdg D4 gh vlphwuðd/ wrgrv orv hohphqwrv gh - uhflehq ho plvpr
sdjr sru f/ gh irupd txh vl � 5 -=

f � dS� � o '
�

o

[

� � �
f � dS� � o ' S k

	 � �
�

Gh hvwd pdqhud uhvxowd frpsohwdphqwh ghwhuplqdgr ho sdjr sru f sdud fxdotxlhu
mxhjr � 5 C � 1 Hvwr frpsohwd od ghprvwudflöq1 �

Srghprv frpsuredu txh ho vhplydoru j � / k 5 Efc ��/ dvljqd orv plvprv ydoruhv
txh f sdud ho mxhjr S� � 5 C � 1 Vl ho mxjdgru � *5 -/ � hv qxor hq S� � / hqwrqfhv
Ej � � � dS� � o ' f1 Vl � 5 -/ � � E7� � � � E7 p i�j� ' � h{foxvlydphqwh fxdqgr
7 ' - ^ � / � � � p -> hq fxdotxlhu rwur fdvr/ � � E7� � � � E7 p i�j� ' f1
Hqwrqfhv/

Ej � � � dS� � o ' S
[

� � �� � �

k
� � �

E� � k�

 � �

d� � E7� � � � E7pi�j�oc � 5 -(

Ej � � � dS� � o ' S


 � 	[
� � �

�
? � o

R

�
k

	 
 � � �
E� � k�


 � 	 � �
' S k

	 � �
c � 5 -�

Dvð/ f � dS� � o ' Ej � � � dS� � oc ;� 5 �c ;- � �c ;S 5 U/ gh grqgh vh frqfox|h txh
f ' j � 1
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516 Vhplydoruhv lqgxflgrv

Qrv sursrqhprv dkrud dvrfldu d fdgd vhplydoru frqfuhwr j gh�qlgr vreuh ho hvsdflr
gh mxhjrv C � xqd idplold gh vhplydoruhv/ gh pdqhud txh fdgd xqr gh vxv plhpeurv
hvwì gh�qlgr vreuh hvsdflrv gh mxhjrv grqgh ho frqmxqwr gh mxjdgruhv vhd gh fduglqdo
lqihulru do gho surslr � 1 Hq hvwh frphwlgr mxjduäq xq sdsho hvhqfldo odv idploldv
gh vhplydoruhv elqrpldohv txh vh dfdedq gh frqvlghudu1

Sdud xq vhplydoru frqfuhwr j G C � $ U � / �mdgrv ? qýphurv uhdohv f � k � 	 k � 	

� � � 	 k � � �/ h{lvwhq ? hvfdoduhv ýqlfrv b� c � � � � ?/ wdohv txh= j '
S �

� � � b� j � � /
frq

S �
� � � b� ' �1 Vljxlhqgr od qrphqfodwxud lqwurgxflgd hq od gh�qlflöq 5148 sdud

orv frh�flhqwhv gh orv vhplydoruhv elqrpldohv/ orv frh�flhqwhv gho vhplydoru j vrq=

R � '

�[

� � �
b� R

�
� � 	 � c � � r � ?�

D sduwlu gh od ljxdogdg dqwhulru/ gh�qlprv sdud fdgd qdwxudo 6c E� � 6 	 ?�/ orv
vljxlhqwhv qýphurv=

R 
 � '

�[

� � �
b� R 
 � � 	 � c � � r � 6� +514,

Ohpd 5153
Frq od qrphqfodwxud gh od gh�qlflöq 5148/ orv qýphurv gh�qlgrv hq od h{suhvlöq
+514,/ yhul�fdq=

+d,

[

� � �

�
6 � �

r � �

�
R
 � ' �/ sdud fdgd 6c � � 6 	 ?�

+e, R 
 � vrq lqghshqglhqwhv gh orv k � c k � c ���c k � hvfrjlgrv/ dvð frpr gh orv hvfdoduhv
b � c b � c ���c b � gh od frpelqdflöq olqhdo1

Ghprvwudflöq
+d, Ilmdgr 6c � � 6 	 ?/


[

� � �

�
6 � �

r � �

�
R 
 � '


[

� � �

�
6 � �

r � �

� �[

� � �
b� R 
 � � 	 � '

�[

� � �
b�


[

� � �

�
6 � �

r � �

�
R 
 � � 	 � '

�[

� � �
b� ' �c
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|d txh frpr orv frh�flhqwhv R � � � � � vrq orv fruuhvsrqglhqwhv d xq vhplydoru gh�qlgr
vreuh mxhjrv frq 6 mxjdgruhv vh yhul�fd=

�[

� � �

�
6 � �

r � �

�
R � � � � � ' ��

+e, Vxsrqhprv ho fdvr f 	 k � 	 k � 	 � � � 	 k � 	 �1 Hq od h{suhvlöq gh R � /
vxvwlwxlprv fdgd R � � � � sru vx ydoru hq ixqflöq gh orv qýphurv k 	 =

R � '
�[

	 � �
b	 R � � � � '

�[

	 � �
b	 k

� 
 �
	 E� � k 	 � � 
 �

c � � r � ?�

Hq odv ljxdogdghv sdud r ' �c ���c ? ��/ vhsdudprv xq idfwru gho wlsr �� k 	 hq fdgd
wìuplqr gho vxpdwrulr/

R � '
�[

	 � �
b	 E� � k 	 �k

� 
 �
	 E� � k 	 � � 
 � 
 �

c � � r � ? � �c

R � '
�[

	 � �
b	 k

� 
 �
	 E� � k	 � � 
 � 
 �

�

�[

	 � �
b	 k

�
	 E� � k 	 � � 
 � 
 �

c � � r � ? � �c

R � n
�[

	 � �
b	 k

�
	 E� � k	 � � 
 � � � � 


'

�[

	 � �
b	 k

� 
 �
	 E� � k	 � � 
 � 
 �

c � � r � ? � ��

Ho vxpdwrulr txh dfrpsdôd d R � hq ho plhpeur gh od l}txlhugd hv R � � � c � � r �

? � �/ plhqwudv txh ho gh od ghuhfkd hv ho qýphur R
� 
 �

� c � � r � ? � �/

R � n R � � � '
�[

	 � �
b	 k

� 
 �
	 E� � k	 � � 
 � 
 �

' R
� 
 �
� c � � r � ? � ��

Hq odv ljxdogdghv dqwhulruhv sdud r ' �c ���c ? � 2/ uhshwlprv ho surfhvr=

R � n R � � � '
�[

	 � �
b	 E� � k	 �k

� 
 �
	 E� � k 	 � � 
 � 
 � 
 �

c � � r � ? � 2c

R � n R � � � '
�[

	 � �
b	 k

� 
 �
	 E� � k	 � � 
 � 
 �

�

�[

	 � �
b	 k

�
	 E� � k 	 � � 
 � 
 �

c � � r � ? � 2c
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R � n R � � � n

�[
� � �

b� k
�� E� � k� �

� � � � � � 	
'

�[
� � �

b� k
� � �� E� � k� �

� � � � �
c � � r � ? � 2�

Ho vxpdwrulr txh dfrpsdôd d R � n R � � � hq ho plhpeur gh od l}txlhugd hv R � � � n
R � � � c � � r � ?�2/ plhqwudv txh ho gh od ghuhfkd hv ho qýphur R

� � �
� c � � r � ?�2/

R � n 2R � � � n R � � � '

�[
� � �

b� k
� � �� E� � k � �

� � � � �
' R

� � �
� c � � r � ? � 2c

r or txh hv or plvpr=

�[
� � 


�
2

�

�
R � � � '

�[
� � �

b� k
� � �� E� � k � �

� � � � �
' R

� � �
� c � � r � ? � 2�

Frq hvwr khprv suredgr txh orv qýphurv R � � wlhqhq xqd h{suhvlöq lqghshqglhqwh gh
k � c k � c ���c k � | gh b � c b � c ���c b � sdud orv fdvrv 6 ' ? �� | 6 ' ? �21 Vxsrqjdprv
dkrud txh hvwd h{suhvöq hv yãolgd sdud 6 n � E� 	 6 n � 	 ?� | yhdprv txh
wdpelìq vh yhul�fd sdud 61

Sru klsöwhvlv gh lqgxfflöq=

� 
 � � � � �[
� � �

�
? � E6 n ��

�

�
R � � � '

�[
� � �

b� k
� 
 �� E�� k � �

� � � 
 �
' R

� � �
� c � � r � 6n��

Hq odv ljxdogdghv dqwhulruhv sdud r ' �c ���c 6/ vhsdudprv xq idfwru gho wlsr �� k�

hq fdgd wìuplqr gho vxpdwrulr=

� 
 � � � � �[
� � �

�
? � E6 n ��

�

�
R � � � '

�[
� � �

b� E��k � �k � 
 �� E��k � �
� � � 
 � 
 �

' R
� � �
� c � � r � 6c

� 
 � � � � �[
� � �

�
? � E6 n ��

�

�
R � � � n

�[
� � �

b� k
�� E��k � �

� 
 �
'

�[
� � �

b� k
� 
 �� E��k� �

� 
 �
c � � r � 6�
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Sru od klsöwhvlv gh lqgxfflöq sdud rn� E2 � rn� � 6n��/ ho vhjxqgr vxpdwrulr
gho plhpeur gh od l}txlhugd hv

� � � � � � �[
� � 	

�
? � E6 n ��

�

�
R 
 � � � � c

plhqwudv txh ho vxpdwrulr gh od ghuhfkd hv ho qýphur R
�

 c � � r � 61 Sru or wdqwr=

� � � � � � �[
� � 	

�
? � E6 n ��

�

�
R 
 � � n

� � �[
� � �

�
? � E6 n ��

� � �

�
R 
 � � ' R

�

 c � � r � 6c

R 
 n

� � � � � � �[
� � �

�
? � E6 n ��

�

�
R 
 � � n

� � � � � � �[
� � �

�
? � E6 n ��

� � �

�
R 
 � � n R 
 � � � � ' R

�

 c

R 
 n

� � � � � � �[
� � �

��
? � E6 n ��

�

�
n

�
? � E6 n ��

� � �

��
R � � 
 n R � � � � � ' R

�
� c

R � n
� � � � � � �[


 � �

�
? � 6

�

�
R � � 
 n R � � � � � ' R

�
� c � � r � 6c

gh grqgh/

R
�
� '

� � �[


 � �

�
? � 6

�

�
R � � 
 c � � r � 6� +515,

Hvwd h{suhvlöq suxhed txh sdud fxdotxlhu ydoru gh 6c � � 6 	 ?/ orv qýphurv
R

�
� c � � r � 6/ qr ghshqghq ql gh od hohfflöq gh k � c k � c ���c k � ql gh orv hvfdoduhv

b � c b � c ���c b� gh od frpelqdflöq olqhdo/ sdud ho fdvr f 	 k � 	 k � 	 � � � 	 k � 	 �1
Orv fdvrv uhvwdqwhv/ k � ' fc k � 9' �( k � 9' fc k � ' �( k � ' fc k � ' � wlhqhq xq
wudwdplhqwr vlplodu/ prgl�fdqgr gh pdqhud frqyhqlhqwh ho qýphur gh vxpdqgrv
hq orv glihuhqwhv vxpdwrulrv1 �

Sursrvlflöq 5154
Gdgr xq vhplydoru j G C � $ U � / m� m ' ?/ gh frh�flhqwhv R � c � � r � ?c txh
sdud k
 5 dfc �oc � � � � ?c k 
 9' k � vl � 9' &/ vh h{suhvd hq irupd ýqlfd frpr
j '

S �

 � � b
 j � � / frq

S �

 � � b
 ' �/ hqwrqfhv/ orv qýphurv

R
�
� '

�[


 � �
b
 R

�
� � � � c � � r � 6c
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gh�qhq orv frh�flhqwhv gh xq vhplydoru j � G C � $ U � / m� m ' 6/ sdud fdgd
6c � � 6 	 ?1

Od idplold ij � j � � �
� � txh ghqrplqdprv idplold gh vhplydoruhv lqgxflgrv sru j hq

hvsdflrv gh mxhjrv frq phqru fduglqdo gho frqmxqwr gh mxjdgruhv/ hv lqghshqglhqwh
gh od hohfflöq gh orv qýphurv k � c � � � � ?/ | gh orv frh�flhqwhv b� c � � � � ?/
gh od frpelqdflöq olqhdo1

Ghprvwudflöq
Vl � 5 C � c � � m� m 	 ?/ do fdofxodu

j �� d�o '
[

� 	 � 
 � � �
R � � d�E7� � �E7pi�j�oc

orv frh�flhqwhv R � � vrq orv plvprv sdud fdgd fduglqdo gh odv frdolflrqhv txh lqwhu0
ylhqhq/ m7m ' r/ � � r � 6 ' m� m1

Sru od sduwh +d, gho ohpd 5153=

�[
� 
 �

�
6 � �

r � �

�
R � � ' �c � � 6 	 ?�

Hq od sduwh +e, gho plvpr ohpd vh suxhed od lqghshqghqfld gh orv frh�flhqwhv R � � gh
orv qýphurv hvfrjlgrv k � c k � c ���c k � | gh orv hvfdoduhv b � c b � c ���c b � gh od frpelqdflöq
olqhdo1 Od plvpd iöupxod +515, txh qrv gd od lqghshqghqfld qrv shuplwh yhu txh=

R � � '

� �
�[

� 
 �

�
? � 6

�

�
R � � � � f sdud � � r � 6�

Sru wdqwr/ vh yhul�fdq odv grv surslhgdghv txh vh h{ljhq d orv frh�flhqwhv gh
fxdotxlhu vhplydoru= fdgd hohphqwr gh ij � j � � �

� � hv xq vhplydoru vreuh fdgd C � /
m� m ' 6/ | hvwä elhq gh�qlgr1 �

Hmhpsor 5155
+d, Vl frqvlghudprv ho ydoru gh Vkdsoh| frpr vhplydoru gh�qlgr vreuh ho hvsdflr
gh mxhjrv C � / hqwrqfhv/ orv vhplydoruhv lqgxflgrv hq hvsdflrv gh mxhjrv frq phqru
fduglqdo gho frqmxqwr gh mxjdgruhv vrq wdpelìq ydoruhv gh Vkdsoh|1
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+e, Vl ho vhplydoru vreuh ho hvsdflr gh mxhjrv frq ? mxjdgruhv hv gh wlsr elqrpldo/
j � c f � k � �/ hqwrqfhv/ orv vhplydoruhv lqgxflgrv hq hvsdflrv gh mxhjrv frq
phqru fduglqdo gho frqmxqwr gh mxjdgruhv vrq wdpelìq elqrpldohv/ j

�
� c f � k � �/

sdud � � 6 	 ?�

Ghprvwudflöq
+d, Orv frh�flhqwhv gho ydoru gh Vkdsoh| sdud mxhjrv gh C � vrq

R � ' �E?c r� '
Er � ��-E? � r�-

?-
c � � r � ?�

Vhjýq khprv ylvwr/ sdud mxhjrv frrshudwlyrv frq ? � � mxjdgruhv/ | sdud � � r �

? � �=

R
� � �
� ' R � n R � � � ' �E?c r� n �E?c r n �� '

Er � ��-E? � r�-

?-
n

r-E? � r � ��-

?-
c

R
� � �

� '
Er � ��-E? � r � ��-

?-
d? � r n ro '

Er � ��-E? � r � ��-

E? � ��-
' �E? � �c r��

Vxsrqjdprv txh or txh txhuhprv suredu hv flhuwr sdud 6 n �c E� 	 6 n � 	 ?�=

R
� � �
� ' �E6 n �c r� c � � r � 6 n �c

| yhdprv vl hv flhuwr sdud 6c E� � 6 	 ?�=

R
�
� ' R

� � �
� nR

� � �
� � � ' �E6n�c r�n�E6n�c rn�� '

Er � ��-E6 n � � r�-

E6 n ��-
n

r-E6 � r�-

E6 n ��-
c

R
�
� '

Er � ��-E6 � r�-

6-
' �E6c r� c � � r � 6�

+e, Hq ho fdvr gh vhplydoruhv elqrpldohv vreuh mxhjrv gh C � / sdud k 5 Efc ��/ orv
frh�flhqwhv vrq/ R � ' k

� � �
E� � k�

� � �
c � � r � ?1 Vxvwlwx|hqgr hq od iöupxod

jhqhudo=

R
�
� '

� � �[
� 	 


�
? � 6

�

�
R � � � '

� � �[
� 	 


�
? � 6

�

�
k

� � � � �
E� � k�

� � � � �
c � � r � 6c
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R � � ' k
� � �

E� � k� �
� �

� �
�[

� � �

�
? � 6

�

�
k

�
E� � k�

� �
�

� �
c � � r � 6c

R � � ' k
� � �

E� � k� �
� �
dE� � k� n ko

� �
� ' k

� � �
E� � k� �

� �
c � � r � 6�

Sdud k ' f= R � ' �c R � ' fc 2 � r � ?> gh dtxð=

R � � '

� �
�[

� � �

�
? � 6

�

�
R � � � ' �( R � � '

� �
�[

� � �

�
? � 6

�

�
R � � � ' fc 2 � r � 6�

Sdud k ' �= R � ' fc � � r � ? � �( R � ' �> gh dtxð=

R � � '

� �
�[

� � �

�
? � 6

�

�
R � � � ' fc � � r � 6 � �( R �

�
'

� �
�[

� � �

�
? � 6

�

�
R �

� � ' ��

Fdvr sduwlfxodu 5156
Vl hq ho dsduwdgr +e, gho hmhpsor dqwhulru frqvlghudprv ho ydoru k ' �*2/ ho vhpl0
ydoru lqlfldo wlhqh frh�flhqwhv R � ' E�*2�

� � �
E� � �*2�

� � �
' �*2

� � �
c � � r � ?= hv

ho ydoru gh Edq}kdi1 Orv vhplydoruhv lqgxflgrv hq hvsdflrv gh mxhjrv frq phqru
fduglqdo gho frqmxqwr gh mxjdgruhv vrq wdpelìq ydoruhv gh Edq}kdi sxhvwr txh vxv
frh�flhqwhv vrq= R � � ' �*2 �

� �
sdud � � r � 6 E� � 6 	 ?��

Revhuydflöq 5157
Od pdqhud gh rewhqhu ho yhfwru gh sdjrv sru xq vhplydoru lqgxflgr j � d sduwlu
gh od HPO hv/ irupdophqwh/ od plvpd txh od gh rewhqhu ho yhfwru gh sdjrv gho
vhplydoru j d sduwlu gh od HPO fruuhvsrqglhqwh d xq mxhjr gh C 	 1

Hv ghflu/ vl j hv xq vhplydoru vreuh mxhjrv gh C 	 / frq m� m ' ?/ txh vh h{suhvd hq
irupd ýqlfd frpr

j '

�[
� � �

b� j 
 � c frq

�[
� � �

b� ' �c

xqd yh} hvfrjlgrv orv qýphurv f � k � 	 k � 	 � � � 	 k � � � | vxsrqlhqgr txh
s ' sE% � c % � c ���c % � � hv od HPO gh xq mxhjr � 5 C 	 / sru ho whruhpd 5143/ sdud fdgd
� 5 � =

j 
 d�o '

�[
� � �

b� Ys

Y% 

Ek � �c k � ' Ek � c ���c k � ��
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Sru od irupd txh dgrswdq orv vhplydoruhv lqgxflgrv/ frq orv plvprv frh�flhqwhv
gh od frpelqdflöq olqhdo/ srghprv d�updu txh vl xq mxhjr � 5 C � / frq m� m ' 6/
� � 6 	 ?/ ho sdjr txh ho vhplydoru j

�
dvljqd d fdgd mxjdgru � 5 � sxhgh

fdofxoduvh phgldqwh od vljxlhqwh h{suhvlöq=

j
��
d�o '

�[
� � � b� Y 7s

Y+
� Ek � �c k � ' Ek� c ���c k� �c

grqgh 7s ' 7sE+ � c + � c ���c + � � hv od HPO gho mxhjr � 5 C � 1

517 Vhplydoruhv prgl�fdgrv

Frqvlghudprv dkrud xq mxhjr frrshudwlyr frqfuhwr � 5 C � / frq m� m ' ?/ | txh
hq ho frqmxqwr � gh orv mxjdgruhv vh kd irupdgr xqd sduwlflöq sru xqd hvwuxfwxud
gh frdolflöq � ' i� � c � � c � � � c � � j1

Txhuhprv hvwxgldu föpr yduðd od dvljqdflöq txh xq vhplydoru j rwrujd d xq mxjdgru
fxdotxlhud � 5 �	 / sru ho khfkr gh kdehuvh irupdgr od hvwuxfwxud gh frdolflöq �1
Od dvljqdflöq lqlfldo do mxjdgru � vh ghvljqd sru j 
 d�o | od dvljqdflöq prgl�fdgd
sdud mxhjrv frq hvwuxfwxud gh frdolflöq od ghvljqduhprv sru j 
 d�(�o1

Sdud srghu oohydu d wìuplqr ho surfhvr gh frqvwuxfflöq gho vhplydoru prgl�fdgr
qhfhvlwdprv whqhu vhplydoruhv gh�qlgrv vreuh fxdohvtxlhud frqmxqwrv gh mxjdgruhv
� / frq m� m ' 6c � � 6 � ?1 Hvwrv vhplydoruhv/ txh irupdq xqd idplold sdud
fdgd vhplydoru j vreuh ho hvsdflr gh mxhjrv C � / frq m� m ' ?/ vrq suhflvdphqwh orv
vhplydoruhv lqgxflgrv sru j vreuh hvsdflrv gh mxhjrv frq fduglqdo gho frqmxqwr gh
mxjdgruhv phqru txh ho gh � / hv ghflu=

j � G C 
 $ U



c � � 6 � ?c

grqgh vh frqvlghud j � ' j1

Od h{lvwhqfld gh hvwrv j � qrv shuplwluä vhjxlu xq surfhvr sdudohor do txh frqgxfh
d od gh�qlflöq gho ydoru frdolflrqdo d sduwlu gho ydoru gh Vkdsoh|/ shur dkrud sdud
fxdotxlhu vhplydoru1
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Frqvlghudprv xq vhplydoru ghwhuplqdgr j gh�qlgr vreuh C � / m� m ' ?1 Hvfrjhprv
xq frqmxqwr duelwudulr gh ? qýphurv uhdohv f � k � 	 k � 	 � �� 	 k � � �/ gh pdqhud
txh ho vhplydoru j vh h{suhvd hq irupd ýqlfd frpr frpelqdflöq gh vhplydoruhv
elqrpldohv= j '

S �� � � b� j � � frq
S �� � � b� ' �1

Ghvljqdprv frpr � ho frqmxqwr gh odv fodvhv hq � sru od sduwlflöq hq frdolflrqhv
� ' i� � c � � c � � � c � � j> � hv xq frqmxqwr gh 6 mxjdgruhv/ � � 6 � ?1

Vl ho mxjdgru � 5 �� / srghprv gh�qlu ho mxhjr � 	 � 
 � vreuh � gh od pdqhud vljxlhqwh=

� 	 � 
 � Eu� ' �E
V

� 
 � � � pg � �c g � ' �� pg

grqgh u hv fxdotxlhu vxefrqmxqwr gh � Eu � ���

Hvwh hv ho mxhjr txh mxhjdq odv fodvhv gh od sduwlflöq/ h{fhswr od fodvh �� d od txh
shuwhqhfh ho mxjdgru �/ txh hv uhhpsod}dgd sru ho vxefrqmxqwr g � �� 1

Frpr txh ho mxhjr � � � � � hvwä gh�qlgr vreuh xq frqmxqwr � frq 6 mxjdgruhv E� �

6 � ?�/ srghprv dsolfdu ho fruuhvsrqglhqwh vhplydoru lqgxflgr sru j sdud mxhjrv
frq hvh fduglqdo gho frqmxqwr gh mxjdgruhv= j � 1 Dvð srghprv frqvwuxlu ho mxhjr
�� vreuh fxdotxlhu vxefrqmxqwr g � �� hq od irupd=

�� Eg� ' Ej � � � d� � � � � o c g � �� c

hv ghflu=

�� Eg� ' Eb � j � � � n b � j � � � n � � � n b � j � � � � � d� � � � � o c g � �� �

Ho ydoru �� Eg� lqglfd od dvljqdflöq txh sru ho vhplydoru lqgxflgr j � oh fruuhv0
srqghuðd do vxefrqmxqwr g � �� vl qhjrfldud gluhfwdphqwh frq odv ghpäv fodvhv
frpr mxjdgruhv gho mxhjr frflhqwh/ ljqrudqgr orv uhvwdqwhv hohphqwrv gh vx fodvh/
hv ghflu/ vlq frqvlghudu g � ' �� p g1

D frqwlqxdflöq/ gdgr txh ho mxhjr �� hvwä gh�qlgr sdud fxdotxlhu vxefrqmxqwr
gh �� / hv ghflu/ hvwä gh�qlgr vreuh xq frqmxqwr frq m�� m ' K � mxjdgruhv/ do vhu
� � K� � ?/ srghprv dsolfdu ho vhplydoru lqgxflgr sru j sdud mxhjrv frq fduglqdo
gho frqmxqwr gh mxjdgruhv K� / | gh�qlu �qdophqwh ho vhplydoru prgl�fdgr sru od
hvwuxfwxud gh frdolflöq � hq od irupd=
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j � d�(�o ' Ej
� �
� � d�� o c � 5 �� c

hv ghflu=

j � d�(�o ' Eb � j
� �
� � n b � j

� �
� � n � � � n b 	 j

� �
� 
 � � d�� o c � 5 ��

Ghwhuplqdprv dkrud ho mxhjr �� sdud oohjdu d rewhqhu xqd h{suhvlöq h{soðflwd gho
vhplydoru prgl�fdgr1 Frqvlghudprv/ hq sduwlfxodu/ txh k� 5 Efc ��c � � � � ?/ hq
fx|r fdvr=

�� Eg� '
[

� � �

� 	[

 � �

b 
 k
� � �
 E� � k 
 � �

� � � �
� � � � � Eu� � � � � � � Eupi�j�

�
c

�� Eg� '
[

� � �

� �[
� � �

b � k
� � �� E� � k � � �

� � � k
�E

V
�  � � � pg ! � � �E

V
�  � " # � $ � � pg ! �

l
�

Vl hvfulelprv u ' A ^ i�j/ A 96 �/ hqwrqfhv , ' | n � | od ljxdogdg dqwhulru vh
wudqvirupd hq=

�� Eg� '
[

% &� �

� �[
� � �

b � k ' � E� � k � � �
�

'
� � � k

�E
V

'
 % � ' ^ g� � �E

V

'
 % � ' �

l
�

D sduwlu gh dtxð=

j ( d�(�o '
[

) * + , -
. * / 0

� 1[
2 3 4

b2 k 5
* 6 42 E� � k2 �

7 - 6
5

* �
d�8 E7 9 � � �8 E7 9 pi�j�o �

Hvfulelhqgr 7 9 ' 7 ^ i�j/ sdud 7 96 �/ hv r 9 ' r n �/ txhgdqgr od ljxdogdg dqwhulru
hq od irupd=

j 0 d�(�o '
[

. + , -. :/ 0

� 1[
2 3 4

b2 k 52 E� � k2 �
7 - 6

5
6 4 �

d�8 E7 ^ i�j� � �8 E7�o �

Vl hq hvwd iöupxod vxvwlwxlprv �8 E7 ^i�j� | �8 E7� sru od h{suhvlöq phgldqwh greoh
vxpdwrulr txh kdeðdprv orjudgr sdud �8 Eg� uhvxowd/ sdud � 5 �8 =
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j � d�(�o '
[

� � � �
� �� �

� �[
� 	 


b� k �� E� � k� �
� � 


�

 
 � k [

� �� �

� �[
� 	 


b � k
�
� E� � k � � �


 � 
 
 �
�

�d�E
V

� � � � � ^ 7 ^ i�j� � �E
V

� � � � � ^ 7�o
l

c

j � d�(�o '
[

� � � � � � � �

[
� � � � � � �

� �[
� 	 


b� k �� E� � k� �
� � 


�

 
 � � �[

� 	 

b � k

�
� E� � k � � �


 � 
 
 �
�

�d�E
V

� � � � � ^ 7 ^ i�j� � �E
V

� � � � � ^ 7�o�

+516,

Orv frh�flhqwhv txh dfrpsdôdq d �E
V � � � � � ^ 7 ^ i�j�� �E

V � � � � � ^ 7� ghshqghq
gh r ' m7m | ghshqghq gh | ' mA m/ shur qr ghshqghq gh orv frh�flhqwhv gh od
frpelqdflöq gh j hq ixqflöq gh orv vhplydoruhv elqrpldohv j � � / ql wdpsrfr gh od
hohfflöq gh hvwrv k � hq Efc ��1 Dvð srghprv hqxqfldu od vljxlhqwh surslhgdg1

Whruhpd 5158
+d, Vl j hv xq vhplydoru gh�qlgr vreuh orv mxhjrv gh C � / frq m� m ' ?/ txh sdud
f � k 
 	 k � 	 � � � 	 k � � � vh h{suhvd frpr j '

S �� 	 
 b� j � � / frq
S �� 	 
 b� ' �/

| hq ho frqmxqwr � gh mxjdgruhv vh kd hvwdeohflgr xqd sduwlflöq phgldqwh xqd
hvwuxfwxud gh frdolflöq � ' i� 
 c � � c � � � c � � j/ hqwrqfhv ho vhplydoru j prgl�fdgr
sdud mxhjrv frq hvwuxfwxud gh frdolflöq sxhgh rewhqhuvh sru phglr gh od vljxlhqwh
h{suhvlöq=

j � d�(�o '
�[

� 	 


�[
� 	 


b� b �
k [

� � � � � � � �

[
� � � � � � �

k �� k
�
� E� � k� �

� � 

�


 

E� � k � � �


 � 
 

�

�d�E
V

� � � � � ^ 7 ^ i�j� � �E
V

� � � � � ^ 7�o
l

+517,
sdud � 5 �� c � � 5 �1

+e, Od h{suhvlöq dqwhulru hv lqghshqglhqwh gh orv qýphurv uhdohv k 
 c � � � c k � hvfrjl0
grv sdud irupdu ho vlvwhpd gh uhihuhqfld gh vhplydoruhv vreuh C � | wdpelìq gh orv
frh�flhqwhv gh od frpelqdflöq olqhdo gh j hq ixqflöq gh j � � / � � � /j � � 1
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Ghprvwudflöq
+d, Od iöupxod gh hvwh dsduwdgr vh ghgxfh gluhfwdphqwh gh odv frqvlghudflrqhv
suhyldv d vx hqxqfldgr sdud ho fdvr k � 5 Efc ��c � � � � ?1 Orv fdvrv uhvwdqwhv/
k � ' fc k � 9' �( k � 9' fc k � ' �( k � ' fc k � ' �/ wlhqhq xq ghvduuroor vlplodu pr0
gl�fdqgr frqyhqlhqwhphqwh ho qýphur gh vxpdqgrv hq orv glihuhqwhv vxpdwrulrv/
gh dfxhugr frq odv h{suhvlrqhv gh od gh�qlflöq 5148 | gh od revhuydflöq 51;1

+e, Vdehprv txh fdgd vhplydoru lqgxflgr j � c � � 6 � ?/ hv lqghshqglhqwh gh od
hohfflöq gh orv qýphurv k� c � � � � ?/ d sduwlu gh orv fxdohv vh irupd ho vlvwhpd gh
uhihuhqfld gh vhplydoruhv> frpr ìvwrv vrq orv txh vh hpsohdq/ sulphur sdud gh�qlu
�� Eg� ' Ej � � � d� � � � � o c g � � � / | ghvsxìv sdud gh�qlu j � d�(�o ' Ej 	 �

� � d�� o c � 5

� � / srghprv d�updu txh vh fxpsoh od lqghshqghqfld gh od h{suhvlöq +517, gh orv
qýphurv k� c � � � � ?/ hvfrjlgrv | gh orv hvfdoduhv b� c � � � � ?/ txh dsduhfhq
hq od frpelqdflöq olqhdo1 �

Frqvhfxhqfld 5159
Vl odv hvwuxfwxudv gh frdolflöq vrq orv fdvrv h{wuhprv=

+d, � ' � 
 ' ii�jc � � � c i?jj/ frdolflrqhv lqglylgxdohv/ hqwrqfhv jd�(� 
 o ' jd�o�

+e, � ' i�j ' ii�c 2c � � � c ?jj/ frdolflöq wrwdo/ hqwrqfhv jd�( i�jo ' jd�o�

Ghprvwudflöq
+d, Hq od hvwuxfwxud wulyldo hq od txh fdgd frdolflöq hvwä lqwhjudgd sru xq ýqlfr
mxjdgru/ vl vh vljxh od qrwdflöq jhqhudo=

� 5 � � / xq ýqlfr hohphqwr= 7 � � � p i�j , 7 ' >( A � � p i�j ' � p i�j�

j � d�(� 
 o '
�[


 � �

�[
� � �

b
 b �
[

� � � � � � �
k � � E� � k � � � � � � �

d�EA ^ i�j� � �EA �oc

j � d�(� 
 o '
�[


 � �

k �[
� � �

b �
[

� � � � � � �
k � � E� � k � � � � � � �

d�EA ^ i�j� � �EA �o
l

b
 c

j � d�(� 
 o '
�[

� � �
b � Ej � � � � d�o

�[
� � �

b� ' j � d�o�
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+e, Od rwud hvwuxfwxud h{wuhpd hq od txh �jxud xqd ýqlfd frdolflöq dgrswd hq
wìuplqrv gh od qrwdflöq jhqhudo od irupd=

� ' i�j/ xq ýqlfr hohphqwr= 7 � � p i�j( A � � p i�jc m� m ' � , A ' >�

j � d�( i�jo '

�[
� � �

�[
� � �

b� b �
[

� � � 	 
 � �
k �� E� � k� �

� 

�


 �
d�E7 ^ i�j� � �E7�oc

j � d�( i�jo '

�[
� � �

k �[
� � �

b�
[

� � � 	 
 � �
k �� E� � k� �

� 

�


 �
d�E7 ^ i�j� � �E7�o

l
b � c

j � d�( i�jo '

�[
� � �

b� Ej � � � � d�o

�[
� � �

b � ' j � d�o� �

Sursrvlflöq 515:
Vxsrqjdprv txh j hv fxdotxlhu vhplydoru vreuh ho hvsdflr gh mxhjrv C � | txh �

hv fxdotxlhu hvwuxfwxud gh frdolflöq hq ho frqmxqwr gh mxjdgruhv � 1 Ho vhplydoru
j prgl�fdgr sdud mxhjrv frq hvwuxfwxud gh frdolflöq yhul�fd odv surslhgdghv=

+d, Mxjdgru qxor1 Vl � 5 � hv qxor hq ho mxhjr � 5 C � / hqwrqfhv j � d�(�o ' f1

+e, Vlphwuðd ghqwur gh fdgd eortxh1 Vl �E7 ^ i� � j� ' �E7 ^ i� � j�c ;7 � �pi� � c � � j/
frq � � c � � 5 �� c E�� 5 ��/ hqwrqfhv j � � d�(�o ' j � � d�(�o�

+f, Dglwlylgdg1 jd� n �(�o ' jd�(�o n jd�(�oc ;�c � 5 C � 1

+g, Prqrwrqðd1 Vl � 5 C � hv prqöwrqr/ hqwrqfhv j � d�(�o � fc ;� 5 � 1

+h, Prqrwrqðd ghqwur gh fdgd eortxh1 Vl �E7^i� � j� � �E7^i� � j�c ;7 � �pi� � c � � j/
frq � � c � � 5 �� c E�� 5 ��/ hqwrqfhv j � � d�(�o � j � � d�(�o�

+i, Wðwhuhv1 Vl � 5 � hv xq wðwhuh hq ho mxhjr � 5 C � / hqwrqfhv j � d�(�o ' �Ei�j�1

Ghprvwudflöq
Orv dsduwdgrv +d,/ +e, | +f, vrq frqvhfxhqfld gluhfwd gh od h{suhvlöq sdud j � d�(�o/
� 5 � � / �� 5 �/ rewhqlgd hq od iöupxod +517,1
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Od h{suhvlöq sdud j � d�(�o hq hvd iöupxod srqh gh pdql�hvwr od ghshqghqfld hq
ho fäofxor gh od dvljqdflöq gho vhplydoru prgl�fdgr uhvshfwr d orv frh�flhqwhv
Eb � c ���c b � � gho vhplydoru j hq ho vlvwhpd gh uhihuhqfld gh vhplydoruhv elqrpldohv txh
vh kd|d hvfrjlgr1 Vl hq yh} gh frqvlghudu od h{suhvlöq +517, vh wrpd hq frqvlghudflöq
od h{suhvlöq +516,/ hq od txh orv hvfdoduhv b� c b � / � � Rc ^ � ?/ �jxudq mxqwr d orv
frh�flhqwhv gh orv vhplydoruhv elqrpldohv/

j � d�(�o '
[

� � � � 	 
 � �

[
� � 
 	 
 � �

� �[

� � �
b� k �� E� � k� � �

� �
�

� � � � �[

� � �
b � k �� E� � k� � �

�
�

� � �
�

�
k

�E ^
� �

� � � ^ 7 ^ i�j� � �E ^
� �

� � � ^ 7�
l

c

vh oohjd d

j � d�(�o '
[

� � � � 	 
 � �

[
� � 
 	 
 � �

R �
�

� � � R �� � �
k

�E ^
� �

� � � ^ 7 ^ i�j� � �E ^
� �

� � � ^ 7�
l

c

grqgh R �
�

� � � c � � r n � � K� / | R �� � � c � � | n � � 6/ vrq orv frh�flhqwhv gh orv
vhplydoruhv lqgxflgrv sru j hq hvsdflrv gh mxhjrv frq fduglqdo gho frqmxqwr gh
mxjdgruhv K � | 6/ uhvshfwlydphqwh EK� c 6 � ?�1

D sduwlu gh od h{suhvlöq dqwhulru hv lqphgldwr frpsuredu +g,/ |d txh vl � 5 C � hv
prqöwrqr/

�E ^
� �

� � � ^ 7 ^ i�j� � �E ^
� �

� � � ^ 7� � fc ;7 � � � pi�jc ;A � � pi�jc

txh mxqwr d R �
�

� � � R �� � � � f/ gd oxjdu d j � d�(�o � fc ;� 5 � 1 Gh pdqhud dqäorjd vh
sureduðd +h,1

Sru ýowlpr/ sdud ghprvwudu od surslhgdg +i,/ vl � 5 � hv xq wðwhuh hq ho mxhjr
� 5 C � / vh fxpsoh

�E7 ^ i�j� ' �E7� n �Ei�j�c ;7 � � pi�jc

gh irupd txh od h{suhvlöq sdud j � d�(�o txhgd uhgxflgd d=

j � d�(�o '
[

� � � � 	 
 � �

[
� � 
 	 
 � �

R �
�

� � � R �� � � �Ei�j��
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Shur frpr R
� �
� � � c � � r n � � K� / | R�� � � c � � | n � � 6/ vrq frh�flhqwhv gh

vhplydoruhv=

[
� 	 
 � � � 
 � R

� �
� � � '

� � � �[
� � �

�
K� � �

r

�
R

� �
� � � ' �c

[
� 	 � � � � � R �� � � '

�
� �[

� � �

�
6 � �

|

�
R �� � � ' �c

| vh frqfox|h txh

j 
 d�(�o ' �Ei�j�� �

Revhuydflöq 515;
Hq od h{suhvlöq +517, gho vhplydoru prgl�fdgr dsduhfhq ? � wìuplqrv gh wlsr päv
vhqfloor txh ghvljqduhprv sru @� � E�c �c ��/ |d txh ghshqghq gho mxjdgru �/ gho mxhjr
�/ dvð frpr gh od hvwuxfwxud gh frdolflöq �1

@� � E�c �c �� '
[

� 	 
 � � � 
 �
[

� 	 � � � � � k
�� k

� � E� � k� �
� � � � � �

E� � k � � �
� � � �

�

�d�E
V

� � � � � ^ 7 ^ i�j� � �E
V

� � � � � ^ 7�o�

Ho frh�flhqwh fruuhvsrqglhqwh d xqr gh hvwrv wìuplqrv hv b� b � c E� � Rc ^ � ?�1 Orv
b� / txh vrq orv frh�flhqwhv gh od frpelqdflöq olqhdo j ' b � j � � n � � � n b � j � � /
yhul�fdq

S �
� � � b� ' �1 Wdpelìq od vxpd gh orv frh�flhqwhv b� b � E� � Rc ^ � ?�

fxpsoh hvwd plvpd frqglflöq=

�[

� � �

�[

� � �
b� b � '

�[

� � �
b�

�[

� � �
b � ' ��

Hvwrv ? � wìuplqrv txh dsduhfhq/ fxdqgr hvwä fodur fxäo hv ho mxhjr � | fxäo hv od
hvwuxfwxud gh frdolflöq � gh�qlgd vreuh � / sxhghq hvfuleluvh vlpsohphqwh frpr
@� � E�� | irupdu od pdwul} txh ghqrplqdprv �E��=

�E�� ' E @� � E�� �c � � Rc ^ � ?�

Whruhpd 515<
Frq odv qrwdflrqhv lqwurgxflgdv/ ho sdjr txh ho vhplydoru prgl�fdgr sdud mxhjrv
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frq hvwuxfwxud gh frdolflöq dvljqd d xq mxjdgru � sxhgh fdofxoduvh pdwulfldophqwh
phgldqwh od vljxlhqwh h{suhvlöq=

j � d�(�o ' \
�

�E�� \c +518,

grqgh \ hv od pdwul} froxpqd gh orv frh�flhqwhv gh j frpr frpelqdflöq olqhdo gh
orv vhplydoruhv elqrpldohv sdud k � c k � c � � � c k � / hv ghflu/ \

�
' Eb � b � � � � b � �1

Ghprvwudflöq
Vxvwlwx|hqgr hq od h{suhvlöq jhqhudo rewhqlgd sdud j � d�(�o od gh�qlflöq gdgd sdud
@� � E��/ vh rewlhqh=

j � d�(�o '

�[

� � �

�[

� � �
b� b � @� � E�c �c ��c

j � d�(�o '

�[

� � �

� �[

� � �
b� @� � E�c �c ��

�
b � ' \

�
�E�c �c �� \c

vlhqgr ìvwd od h{suhvlöq txh vlpsol�fdgd vh gd hq ho hqxqfldgr1 �

Revhuydflöq 5163
+d, Od pdwul} �E�� qr ghshqgh gho vhplydoru frqfuhwr j fx|d h{suhvlöq prgl�fdgd
vh suhwhqgh fdofxodu> �E�� ghshqgh gh orv ? vhplydoruhv j � 	 c j � 
 c � � � c j � � txh vh
hvfrmdq frpr vlvwhpd gh uhihuhqfld hq ho klshusodqr gh vhplydoruhv sdud xq ghwhu0
plqdgr fduglqdo gho frqmxqwr gh mxjdgruhv/ dvð frpr gho mxhjr � txh vh frqvlghuh
| gh od hvwuxfwxud gh frdolflöq � txh vh iruph1

Sru rwur odgr/ hv od pdwul} \ od txh ghshqgh h{foxvlydphqwh gho vhplydoru frq
txh vh hvwì wudedmdqgr/ gh pdqhud txh �mdgd od pdwul} �E�� sxhghq hvwxglduvh
odv dvljqdflrqhv prgl�fdgdv sru glihuhqwhv vhplydoruhv vlq pdv txh vxvwlwxlu hq ho
surgxfwr odv glihuhqwhv h{suhvlrqhv gh \1

+e, Xqd yh} �mdgr ho vlvwhpd gh uhihuhqfld gh vhplydoruhv elqrpldohv ij � � j � 
 � 
 � /
orv hohphqwrv gh od gldjrqdo sulqflsdo gh od pdwul} �E�� vrq orv sdjrv txh sru fdgd
xqr gh orv vhplydoruhv elqrpldohv prgl�fdgrv sdud mxhjrv frq od hvwuxfwxud gh
frdolflöq � oh fruuhvsrqghuðdq do mxjdgru �/ hv ghflu=

Ej � � � � d�(�o ' @� � E��c � � � � ?c � 5 ��
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Hq hihfwr/ wdo | frpr vh kdq gh�qlgr orv hohphqwrv @� � E��/ � � Rc ^ � ?/ gh od
pdwul} �E��/ ho vhplydoru elqrpldo txh dfwýd hq ho qlyho gh orv lqwhjudqwhv gh od
frdolflöq �� hv ho fruuhvsrqglhqwh do ydoru k� / plhqwudv txh ho txh dfwýd hq ho mxhjr
frflhqwh prgl�fdgr hv ho fruuhvsrqglhqwh do ydoru k � 1 Sdud fxdotxlhu hohphqwr gh
od gldjrqdo sulqflsdo gh od pdwul} �E�� dfwýd hq orv grv qlyhohv ho plvpr vhplydoru
elqrpldo/ gh grqgh vh vljxh od ljxdogdg gh od iöupxod dqwhulru1

Dvð/ orv hohphqwrv gh od gldjrqdo sulqflsdo gh od pdwul} �E�� wlhqhq vljql�fdgr sru
hoorv plvprv/ plhqwudv txh ho uhvwr gh hohphqwrv vh hqwlhqghq frpr qhfhvdulrv sdud
rewhqhu fxdotxlhu vhplydoru prgl�fdgr sdud mxhjrv frq hvwuxfwxud gh frdolflöq1

Whruhpd 5164
Vhdq � 5 C � xq mxhjr frrshudwlyr | � ' i� � c � � c � � � c � � j xqd hvwuxfwxud gh
frdolflöq gh�qlgd hq � 1 Sdud xq mxjdgru � 5 � � / vh sxhgh rewhqhu ho wìuplqr
@� � E��/ � � Rc ^ � ?/ gh od pdwul} �E�� sru phglr gh odv uhjodv vljxlhqwhv=

+4, Vh ghwhuplqd od HPO s ' sE% � c % � c ���c % � � gho mxhjr �1

+5, Sdud fdgd | 5 �c | 9' �/ | fdgd 6 5 � � vh vxvwlwx|h od yduldeoh % � sru + � 1 Dvð
vh rewlhqh xqd qxhyd ixqflöq gh odv yduldeohv % 	 / + � sdud & 5 � � c | 5 � p i�j�

+6, Hq od ixqflöq dqwhulru vh uhgxfhq d � wrgrv orv h{srqhqwhv txh dsduh}fdq hq
+ � / hv ghflu/ vh fdpeld + 
� Eo : �� sru + � / rewhqlhqgr gh hvwd pdqhud rwud ixqflöq
pxowlolqhdo/

}� E% 	 c + � �c & 5 � � c | 5 � pi�j�

+7, Vh ghulyd od ixqflöq } � uhvshfwr d od yduldeoh % � �

+8, Vh vxvwlwx|h fdgd % 	 sru k� | fdgd + � sru k � 1

Gh hvwd pdqhud/ hvfulelhqgr

7k� ' Ek� c � � � c k� �c 7k� 5 U
� 
 � �

c � 5 �� c

7k � ' Ek � c � � � c k � �c 7k � 5 U
� � �

c

srghprv frqfoxlu txh=

@� � E�� '
Y}�
Y% �

E7k� c 7k � �c � � Rc ^ � ?� +519,
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Ghprvwudflöq
Vxsrqjdprv txh s ' sE% � c % � c ���c % � � hv od HPO gho mxhjr � 5 C � > ìvwd dgrswd od
irupd=

sE% � c % � c ���c % � � '
[

� � �

\
� � �

% �
\

	 � � 
 �
E� � % 	 ��E'��

Vl m� � m ' K/ do dsolfdu od uhjod +5, sdud flhuwr | 5 � p i�j/ dsduhfhq h{suhvlrqhv
frq od yduldeoh + � txh vrq gh wuhv wlsrv glihuhqwhv= +

�
� c E� � + � �

�
c +

� 

� E� � + � �

� �
frq

K � n K � ' Kc f 	 K � c K � 	 K1

Dfwxdqgr vhjýq od uhjod +6,/ odv sulphudv h{suhvlrqhv vh wudqvirupdq hq + � 1 Odv
vhjxqgdv h{suhvlrqhv vrq=

E� � + � �
�
'

�
[

� � �

�
K

�

�
E���

�
+

�
� ' � n

�
[

� � �

�
K

�

�
E���

�
+

�
� c

gh irupd txh do vxvwlwxlu +
�

� sru + � sdud � � � � K/ txhgd=

� n + �

�
[

� � �

�
K

�

�
E���

�
' � n + �

k �
[

� � �

�
K

�

�
E���

�
� �

l
' � � + � �

Ilqdophqwh/ odv gho whufhu wlsr/ pl{wdv/ vh dqxodq/ sxhv do kdfhu od wudqvirupdflöq
sdvdq d vhu=

+
� �

� E� � + � �
� �
'

� �
[

� � �

�
K �
�

�
E���

�
+

� � � �
� $ + �

� �
[

� � �

�
K �
�

�
E���

�
' f�

Hvwr vxsrqh txh wudv dsolfdu odv uhjodv +5, | +6,/ orv ýqlfrv wìuplqrv fx|r frh�flhqwh
qr vh dqxod vrq dtxhoorv txh frqwlhqhq wrgrv orv hohphqwrv gh � � r qlqjxqr gh hoorv1
Dvð odv frdolflrqhv ' frq frh�flhqwh qr qxor dgrswdq od irupd=

' '
V

� � � � � ^ 7c A � � pi�jc 7 � � � �

Ho frh�flhqwh sdud xqd gh wdohv ' hv=
\
�  !

% �
\

�  " # $ !
E� � % � �

\
%  &

+ %
\

% ' & ( ) * +
E� � + % �c
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gh pdqhud txh od ixqflöq pxowlolqhdo } � txhgd=

} � EE% � � � � � � c E+ � � � �� � � '

'
[

� 	 � �

[

 	 � � 
 � �

k \

� � � % �
\

� � � � � � E� � % � �
\

� � 
 + �
\

� �� 
 � 
 � �
E� � + � �

l
�E

V
� � 
 � � ^ 7��

Ghulydqgr/ vhjýq +7,/ uhvshfwr d od yduldeoh % � =

Y} �
Y% � E% � c + � � '

[
� 	 � � � 
 � �

[

 	 � � 
 � �

k \

� � � % �
\

� � � � � � 
 � � � � �
E� � % � �

\

� � 
 + �
\

� �� 
 � 
 � �
E� � + � �

l
�

�d�E
V

� � 
 � � ^ 7 ^ i�j� � �E
V

� � 
 � � ^ 7�o�

Vxvwlwx|hqgr fdgd % � c & 5 �� / sru k� / | fdgd + � c | 9' �/ sru k � / vh rewlhqh=

Y} �
Y% � E7k� c 7k � � '

[
� 	 � � � 
 � �

[

 	 � � 
 � �

k �� E� � k� � � � � � � �
k

� � E� � k � � � � � � � �

�d�E
V

� � 
 � � ^ 7 ^ i�j� � �E
V

� � 
 � � ^ 7�o�

Hq frqvhfxhqfld=

Y} �
Y% � E7k� c 7k � � ' @� � E��c � � Rc ^ � ?� �

Hmhpsor 5165
Frqvlghudprv ho mxhjr � gh�qlgr vreuh � ' i�c 2c �c ej hq od irupd= �E7� ' e vl
� 5 7 9' � / �E7� ' 2 � � � vl � *5 7 | �E�� ' H1

Od HPO dvrfldgd d � hv=

sE% � c % � c % � c % � � ' e% � n % � n % � n % � � % � % � � % � % � � % � % � n % � % � % � n �% � % � % � % � �

Sdud hvwh mxhjr/ orv ydoruhv gh Vkdsoh| | gh Edq}kdi vrq/ uhvshfwlydphqwh/

�d�o ' E��*ec �b*�2c �b*�2c �b*�2� c �d�o ' E2�*Hc b*Hc b*Hc b*H��
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Vxsrqjdprv txh vh txlhuh hvwxgldu föpr vh prgl�fdq odv dvljqdflrqhv do sulphu
mxjdgru do irupduvh od hvwuxfwxud gh frdolflöq � ' ii�c 2jc i�c ejj1

Hq sulphu oxjdu/ od prgl�fdflöq gh od HPO kdvwd rewhqhu } � E% � c % � c + � � vljxlhqgr
orv sdvrv +5, | +6, gho whruhpd 5164 uhvxowd=

} � E% � c % � c + � � ' e% � n % � n 2+ � � % � % � � 2% � + � n % � + � n �% � % � + � c

Y} �
Y% �

E% � c % � c + � � ' e � % � � 2+ � n �% � + � �

Fdpeldqgr dkrud % � sru k� | + � sru k � rewhqhprv=

@� � E�� ' e � k� � 2k � n �k� k � �

+d, Wrpdqgr frpr vlvwhpd gh uhihuhqfld hq ho klshusodqr gh vhplydoruhv orv el0
qrpldohv fruuhvsrqglhqwhv d orv ydoruhv k � ' fc k � ' �*�c k � ' 2*�c k � ' �/ vh
rewlhqh od pdwul}=

�E�� '

3
EEEEEEC

e �f*� H*� 2

��*� �f*� � H*�

�f*� �f*� �f*� �f*�

� �f*� ��*� e

4
FFFFFFD

�

Ydprv d fdofxodu sdud ho sulphu mxjdgru ho ydoru gh Edq}kdi � prgl�fdgr sru �>
ghqrwdprv sru �� � ' E�*Hc �*Hc �*Hc �*H� ho sxqwr gho klshusodqr gh vhplydoruhv
fruuhvsrqglhqwh do ydoru gh Edq}kdi/ gh pdqhud txh hq ixqflöq gh hvwrv vhplydoruhv
elqrpldohv uhvxowd vhu=

� '
��

�S
j � n

b

�S
j � 	 � n

b

�S
j � 	 � n

��

�S
j � �

Gh dtxð/
\ 
 '

�
��*�S b*�S b*�S ��*�S

�
c

rewhqlhqgr ho uhvxowdgr=

� � d�(�o ' \ 
 �E�� \ '
��

e
�
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+e, Frqvlghudqgr orv plvprv vhplydoruhv elqrpldohv/ ydprv dkrud d fdofxodu sdud
ho sulphu mxjdgru ho ydoru gh Vkdsoh| � prgl�fdgr sru �1 Hq hvwh fdvr/ ghqrwdqgr
ho sxqwr fruuhvsrqglhqwh do ydoru gh Vkdsoh| frpr 7� � ' E�*ec �*�2c �*�2c �*e�/
uhvxowd vhu=

� '
�

H
j � n

�

H
j � � � n

�

H
j � � � n

�

H
j � �

Gh dtxð/
�\ � '

�
�*H �*H �*H �*H

�
c

rewhqlhqgr ho uhvxowdgr=

� � d�(�o ' �\ � �E�� �\ '
��

e
�

Hvwh uhvxowdgr hud suhylvleoh/ |d txh fxdqgr vh fdofxodq vhplydoruhv prgl�fdgrv
vh wudedmd hq grv qlyhohv= sru xqd sduwh/ d qlyho gh odv fodvhv gh od hvwuxfwxud
gh frdolflöq |/ sru rwud sduwh/ ghqwur gh od sursld frdolflöq d od txh shuwhqhfh
ho mxjdgru fx|r vhplydoru prgl�fdgr vh suhwhqgh fdofxodu1 Hq hvwh fdvr dperv
qlyhohv vh fruuhvsrqghq d mxhjrv elshuvrqdohv grqgh orv vhplydoruhv lqgxflgrv sru
Vkdsoh| | sru Edq}kdi wlhqhq orv plvprv frh�flhqwhv/ E�*2c �*2�1

+f, Frqvlghudprv dkrud frq ho plvpr mxhjr lqlfldo � od hvwuxfwxud gh frdolflöq
� � ' ii�jc i2c �c ejj1

D sduwlu gh od HPO gho mxhjr lqlfldo sdvdprv d fdofxodu od ixqflöq } 	 E% 	 c % 
 c % � c + � �/
txh qr hv rwud txh od plvpd s hq od txh vh kd fdpeldgr % � sru + � 1 Frpr suh0
whqghprv hydoxdu od prgl�fdflöq fruuhvsrqglhqwh do vhjxqgr mxjdgru ghulydprv
uhvshfwr d % 	 =

Y} 	
Y% 	

E% 	 c % 
 c % � c + � � ' � � + � n % 
 % � n �% 
 % � + � �

Fdpeldqgr % 
 c % � sru k� | + � sru k 
 rewhqhprv=

@� 
 E2� ' � � k 
 n k
	

� n �k
	

� k 
 �

Yroyhprv d wrpdu orv plvprv vhplydoruhv elqrpldohv sdud irupdu od pdwul} �E2�=

�E2� '

3
EEEEEEC

� 2*� �*� f

�f*b H*b 2*� e*b

��*b �e*b D*� �S*b

2 H*� �f*� e

4
FFFFFFD

�
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Frpr dqwhv/ ho ydoru gh Edq}kdi frpr vhplydoru sdud mxhjrv frq fxdwur mxjdgruhv
vh h{suhvd frpr frpelqdflöq olqhdo gh hvwrv vhplydoruhv elqrpldohv gdqgr oxjdu d
od pdwul} \=

\ � '
�

��*�S b*�S b*�S ��*�S
�

�

Gh dtxð=

� � d�(�
�
o ' \ � �E2� \ '

b

H
�

Ho ydoru gh Vkdsoh| sxhgh h{suhvduvh gh od plvpd pdqhud/ gdqgr oxjdu d od pdwul}
�\=

�\ � '
�
�*H �*H �*H �*H

�
�

Uhvxowd hqwrqfhv=
� � d�(�

�
o ' �\ � �E2� �\ '

e

�
�

+g, Sdud ho plvpr mxhjr lqlfldo � | frqvlghudqgr od hvwuxfwxud gh frdolflöq �
�
/

yroyhprv d fdofxodu vhplydoruhv prgl�fdgrv sdud ho vhjxqgr mxjdgru1 Hq hvwh
fdvr hvfrjhprv frpr vhplydoruhv elqrpldohv gh uhihuhqfld orv txh fruuhvsrqghq d
orv ydoruhv k � ' �*Hc k � ' �*Hc k � ' D*Hc k � ' .*H1 Vxvwlwx|hqgr hvwrv ydoruhv
hq od h{suhvlöq gh @� � E2� rewhqhprv orv glihuhqwhv hohphqwrv gh od pdwul} �E2�=

@� � E2� ' � � k � n k
�

� n �k
�

� k � c

�E2� '
�

D�2

3
EEEEC

eDb ��. 2�D b�f

De. e.� �bb �2D

.2� .eD .S. .Hb

bH. ��D� ���b �eHD

4
FFFFD

�

Sdud fdofxodu dkrud ho ydoru gh Edq}kdi � prgl�fdgr sru �
�
sdud ho vhjxqgr mx0

jdgru/ qhfhvlwdprv whqhu hvwh vhplydoru frpr frpelqdflöq olqhdo gh orv vhplydoruhv
elqrpldohv hvfrjlgrv=

� '
��

�S
j � � 	 n

b

�S
j 
 � 	 n

b

�S
j � � 	 n

��

�S
j 
 � � �

Gh dtxð/
\ � '

�
��*�S b*�S b*�S ��*�S

�
c
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rewhqlhqgr ho uhvxowdgr=

� � d�(�
�
o ' \

�
�E2� \ '

b

H
�

Or plvpr sdud ho ydoru gh Vkdsoh|/

� '
��

eH
j � � � n

��

eH
j � � � n

��

eH
j � � � n

��

eH
j � � � c

�\
�
'

�
��*eH ��*eH ��*eH ��*eH

�
c

rewhqlhqgr ho uhvxowdgr=

� � d�(�
�
o ' �\

�
�E2� �\ '

e

�
�

Hq orv dsduwdgrv +f, | +g, vh uhvxhoyh ho plvpr sureohpd/ wrpdqgr frpr vhplyd0
oruhv elqrpldohv dx{lolduhv glihuhqwhv vlvwhpdv gh uhihuhqfld/ frq od lghd gh prvwudu
txh ho uhvxowdgr hv lqghshqglhqwh gh vx hohfflöq1

518 Xqd fdudfwhul}dflöq d{lrpäwlfd

Gh�qlflöq 5166
Sdud � 5 C 	 c m� m � 2/ | fxdohvtxlhud �c � 5 �c � 9' �/ vh gh�qh ho mxhjr � 
 � � 5 C 
 /
ghqrplqdgr mxhjr gh ghohjdflöq/ hq od irupd vljxlhqwh=

� � � � E7� '

+
�E7 ^ i�j� vl � 5 7c

�E7pi�j� vl � *5 7�

Hq wìuplqrv gh xwlolgdg/ ho mxhjr � � � � dwulex|h d odv frdolflrqhv hq odv txh �jxud
ho mxjdgru � od xwlolgdg txh vh rewhqguðd vl wdpelìq �jxudvh ho mxjdgru �/ plhqwudv
txh odv uhvwdqwhv frdolflrqhv slhughq od frqwulexflöq pdujlqdo fruuhvsrqglhqwh do
mxjdgru �1 Dvð/ od suhvhqfld r od dxvhqfld gho mxjdgru � hq xqd frdolflöq htxlydoh d
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od gh orv mxjdgruhv �c � vlpxowäqhdphqwh> ho mxjdgru � kd ghohjdgr hq ho mxjdgru �

vx dfwxdflöq hq ho hvfhqdulr gho mxhjr1

Ho mxhjr frrshudwlyr � 5 C � wudqvirupdgr sru od ghohjdflöq gho mxjdgru � hq ho
mxjdgru � hv � � � � 5 C � 1

Ohpd 5167
+d, Sdud � 5 C � c m� m � 2/ | fxdohvtxlhud �c � 5 �c � 9' �/ ho mxjdgru � 5 � hv qxor
hq ho mxhjr � � � � 5 C � 1

+e, Sdud fxdotxlhu mxhjr gh xqdqlplgdg � � 5 C � c 7 � �c m� m � 2/ vh yhul�fd=

�c � 5 7 , E� � � � � � ' � � � � � � (

� *5 7c � 5 7 , E� � � � � � ' � � � � � � � 	 
 � � � (

� *5 7 , E� � � � � � ' � � �

Ghprvwudflöq
+d, Vl frqvlghudprv fxdotxlhu frdolflöq 7 � � p i�j sxhgh vxfhghu=

� 5 7 , � � � � E7 ^ i�j� � � � � � E7� ' �E7 ^ i�j� � �E7 ^ i�j� ' fc

� *5 7 , � � � � E7 ^ i�j� � � � � � E7� ' �E7� � �E7� ' f(

hq dperv fdvrv/ � � � � E7 ^ i�j� � � � � � E7� ' f/ sdud 7 � � p i�j/ gh grqgh � hv
qxor hq � � � � 1

+e, Vxsrqhprv �c � 5 7 | frqvlghudprv fxdotxlhu frdolflöq A � 7 p i�j> frpr
� 5 7 wdpelìq � 5 A / gh grqgh/

E� � � � � � EA � ' � � EA ^ i�j� ' �c |d txh A ^ i�j � 7�

Sdud fxdotxlhu frdolflöq A . 7 p i�j vh fxpsoh A ^ i�j . 7/ A p i�j . 71 Hq
hvwd vlwxdflöq sxhgh vxfhghu=

� 5 A , E� � � � 
 � EA � ' � � EA ^ i�j� ' fc

� *5 A , E� � � � 
 � EA � ' � � EA pi�j� ' f�
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Ho mxhjr E� � � � � � fxpsoh E� � � � � � EA � ' �/ vl A � 7 pi�j/ plhqwudv txh E� � � � � � EA � '
f/ hq fdvr frqwudulr> hq frqvhfxhqfld/ E� � � � � � ' � � � � � � 1 Orv ghpäv fdvrv sxhghq
sureduvh hq irupd vlplodu1 �

Revhuydflöq 5168
Frqvlghudprv hq ho frqmxqwr gh mxjdgruhv �c m� m � 2/ od hvwuxfwxud gh frdolflöq
hq od txh vh irupd xq ýqlfr eortxh frdolflrqdo gh grv mxjdgruhv i�c �jc �c � 5 � / |
ho uhvwr dlvodgrv1 Vl ghqrwdprv sru � � � ho mxhjr frflhqwh/ srghprv hvwdeohfhu hqwuh
� � � � | � � � od uhodflöq txh vh h{suhvd d frqwlqxdflöq1

Sdud 7 � � � p i�c �j=

� � � � E7 � ^ i�j� ' �E7 � ^ i�c �j� ' � � � E7 � ^ i��j�c

� � � � E7 � � ' �E7 � � ' � � � E7 � �c

grqgh �� lqglfd od fodvh gh orv mxjdgruhv �c � hq ho mxhjr frflhqwh1

Gh hvwd irupd/ od xwlolgdg txh sxhgd rewhqhu ho eortxh i�c �j do frdoljduvh frq
fxdohvtxlhud rwurv mxjdgruhv/ �E7 � ^i�c �j�c 7 � � � pi�c �j/ vh dvljqd d od frdolflöq
7 � ^ i�j hq ho mxhjr � � � � 1

Ho mxhjr frflhqwh � � � 5 C � c m� m ' m� m � �1 Gh hvwd pdqhud/ odv 2 	 
 � � � frqgl0
flrqhv dqwhulruhv ghwhuplqdq frpsohwdphqwh ho mxhjr � � � � 5 C � / mxqwr d odv 2 	 
 �
frqglflrqhv vljxlhqwhv txh uhfrjhq od frqglflöq gh mxjdgru qxor gh � hq ho mxhjr
� � � � =

� � � � E7 � � ^ i�j� ' � � � � E7 � � � sdud 7 � � � � pi�j�

Hmhpsor 5169
Vh frqvlghud ho mxhjr � 5 C � c � ' i�c 2c �j/ gh�qlgr hq od irupd=

�Ei�j� ' �c �Ei2j� ' 2c �Ei�j� ' �c

�Ei�c 2j� ' ec �Ei�c �j� ' �c �Ei2c �j� ' �c �Ei�c 2c �j� ' .�

Hvfulwr frpr yhfwru gh U 
 / grqgh odv frpsrqhqwhv lqglfdq odv xwlolgdghv txh re0
wlhqhq odv glihuhqwhv frdolflrqhv rughqdgdv sru fduglqdohv fuhflhqwhv |/ ghqwur gh
xq plvpr fduglqdo/ oh{lfrjuä�fdphqwh/ ho mxhjr � hv=

� ' E � c 2 c � c e c � c � c . ��
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Vxsrqlhqgr txh vh hvwdeohfh od hvwuxfwxud gh frdolflöq ii�c 2jc i�jj/ ho mxhjr fr0
flhqwh hv=

� � � Ei�2j� ' ec � � � Ei�j� ' �c � � � Ei�2c �j� ' .�

D sduwlu gh hvwrv ydoruhv/ sdud ho mxhjr � � � � / vh fxpsoh=

� � � � Ei�j� ' ec � � � � Ei�j� ' �c � � � � Ei�c �j� ' .�

Ho uhvwr gh xwlolgdghv vh rewlhqh lpsrqlhqgr txh ho mxjdgru 2 hv qxor hq ho mxhjr
� 	 
 � 1

� 	 
 � Ei2j� ' � 	 
 � E>� ' fc � 	 
 � Ei�c 2j� ' � 	 
 � Ei�j� ' ec

� 	 
 � Ei2c �j� ' � 	 
 � Ei�j� ' �c � 	 
 � Ei�c 2c �j� ' � 	 
 � Ei�c �j� ' .c

uhvxowdqgr=
� 	 
 � ' E e c f c � c e c . c � c . ��

Hmhpsor 516:
Frqvlghudprv ho mxhjr vlpsoh � dvrfldgr do M1P1S1 gh�qlgr sru

� � d D� ( eDc �fc �Dc �f o�

Hvwh mxhjr/ txh ghvfuleh xq frqvhmr gh dgplqlvwudflöq grqgh vxv fxdwur frpsr0
qhqwhv srvhhq hq wdqwrv sru flhqwr ho qýphur gh dfflrqhv fruuhvsrqglhqwh d vx
shvr/ hvfulwr frpr yhfwru hv

� ' E fc fc fc fc �c �c �c fc fc fc �c �c �c �c � ��

Sdud hvwh fdvr/ ho mxhjr � � 
 � hv

� � 
 � ' E fc fc fc fc �c �c fc �c fc fc �c �c �c �c � �c

grqgh odv ýqlfdv glihuhqfldv frq ho mxhjr � vrq=

� � 
 � Ei�c ej� ' �Ei�j� ' f 9' � ' �Ei�c ej�c

� � 
 � Ei2c �j� ' �Ei2c �c ej� ' � 9' f ' �Ei2c �j��

Ho mxhjr � � 
 � uhvxowd vhu h{dfwdphqwh ho mxhjr vlpsoh � dvrfldgr do M1P1S1

� � d D� ( eDc efc �Dc f oc
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|d txh
� ' E fc fc fc fc �c �c fc �c fc fc �c �c �c �c � ��

Hq ho mxhjr � ho shvr fruuhvsrqglhqwh do mxjdgru 2/ R � ' ef/ hv od vxpd gh orv shvrv
gh orv mxjdgruhv 2 | e hq ho mxhjr lqlfldo �/ R � ' �f/ R � ' �f/ plhqwudv txh ho shvr
gho mxjdgru e hq � hv R � ' f/ wudwäqgrvh/ sru wdqwr/ gh xq mxjdgru qxor1

Vhjýq od vroxflöq gh Edq}kdi/ odv dvljqdflrqhv d orv mxhjrv � | � � � � vrq

�d�o ' E�*ec �*ec �*ec �*e�c �d� � � � o ' E�*2c �*2c �*2c f�c

fxpsolhqgr
� � d� � � � o ' � � d�o n � � d�o�

Txhgd uh hmdgr hq hvwh hmhpsor frpr ho mxhjr � � � � vxsrqh od ghohjdflöq gho mxjdgru
� hq ho mxjdgru � gh orv lqvwuxphqwrv hvhqfldohv gh srghu hq xq mxhjr gh pd|ruðd
srqghudgd/ txh hq hvwh fdvr dgrswdq od irupd gh dfflrqhv gh xqd vrflhgdg1

Revhuydflöq 516;
Vl C � ghqrwd ho hvsdflr gh mxhjrv frrshudwlyrv gh ? mxjdgruhv | E � uhsuhvhqwd
ho frqmxqwr gh hvwuxfwxudv gh frdolflöq txh sxhghq irupduvh hq ho frqmxqwr gh
mxjdgruhv � / sdud odv uhjodv gh dvljqdflöq

f G C � � E � $ U �

E�c �� $ fd�(�o

vh frqvlghudq odv vljxlhqwhv surslhgdghv=

E4 Dglwlylgdg1 fd� n �(�o ' fd�(�o n fd�(�oc ;�c � 5 C � c ;� 5 E � �

E5 Wðwhuhv1 Vl � 5 � hv wðwhuh hq ho mxhjr � 5 C � / hqwrqfhv f � d�(�o ' �Ei�j�1

E6 Vlphwuðd ghqwur gh orv eortxhv1 Vl �E7 ^ i� 	 j� ' �E7 ^ i� 
 j�c ;7 � �pi� 	 c � 
 j/
frq � 	 c � 
 5 �� / E�� 5 ��/ hqwrqfhv f � � d�(�o ' f � 
 d�(�o�

E7 Vl � 	 c � 
 5 �� | & *5 �� / hqwrqfhv f � d� � � � � 
 (�o ' f � d�(�o1

E8 Vl � 	 c � 
 5 �� / hqwrqfhv f � � d� � � � � 
 (�o ' f � � d�(�o n f � 
 d�(�o1
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E9 Vl � 5 E � hv fxdotxlhu hvwuxfwxud gh frdolflöq hq od txh �jxud hq fdgd eortxh
frdolflrqdo/ frpr pä{lpr/ xq mxjdgru qr qxor vhjýq ho mxhjr � 5 C � | i�j hv od
hvwuxfwxud frq xq ýqlfr eortxh/ hqwrqfhv fd�(�o ' fd�( i�jo1

Odv surslhgdghv E4/ E5 | E6 vh hqfxhqwudq dpsoldphqwh uhihuhqfldgdv hq od whruðd
ghglfdgd d vroxflrqhv sdud mxhjrv frrshudwlyrv1 Odv surslhgdghv E7 | E8 vh uh�huhq
hvshfð�fdphqwh do mxhjr gh ghohjdflöq1 Od surslhgdg E7 hvwdeohfh txh od h{lvwhqfld
gh ghohjdflöq hqwuh grv mxjdgruhv gh xqd plvpd frdolflöq qr kd gh dihfwdu do
sdjr txh sxhgdq uhflelu orv mxjdgruhv gh odv uhvwdqwhv frdolflrqhv/ plhqwudv txh
E8 d�upd txh ho mxjdgru txh uhfleh od ghohjdflöq wdpelìq uhfleh ho sdjr txh oh
fruuhvsrqghuðd do mxjdgru txh kd ghohjdgr1

Od surslhgdg E8 hvwä uhodflrqdgd frq xqr gh orv d{lrpdv sursxhvwrv sru Ohkuhu
+4<;;, sdud fdudfwhul}du ho ydoru gh Edq}kdi1 Hq dtxho d{lrpd vh frqvlghud ho mxhjr
frflhqwh frq xqd hvwuxfwxud gh frdolflöq irupdgd sru xqd fodvh frq grv mxjdgruhv
�� ' i�c �j | ho uhvwr dlvodgrv1 Hq od revhydflöq 5168 khprv ylvwr od hvwuhfkd
uhodflöq hqwuh ho mxhjr gh ghohjdflöq � � � � | ho mxhjr frflhqwh sru hvd hvwuxfwxud gh
frdolflöq � � � txh vh uhvxph hq � � � � E7 ^ i�j� ' � � � E7 ^ i��j�/ � � � � E7� ' � � � E7�/ sdud
7 � � p i�c �j1

Vl ho d{lrpd gh Ohkuhu h{ljh do ydoru gh Edq}kdi � fxpsolu � � d�on� � d�o � � � � d� � � o/
hq qxhvwur fdvr/ od frqglflöq vh wudqvirupd hq ljxdogdg/ ghpdqgdqgr sdud do
ydoru gh Edq}kdi prgl�fdgr sdud mxhjrv frq hvwuxfwxud gh frdolflöq txh vdwlvidjd
� � d�(�o n � � d�(�o ' � � d� � � � (�o/ fxdqgr �c � shuwhqhfhq d xq plvpr eortxh frdol0
flrqdo gh od hvwuxfwxud �1

Hq ho fdsðwxor vljxlhqwh ghglfdgr d frdolflrqhv elshuvrqdohv sureduhprv txh/ gh
hqwuh wrgrv orv vhplydoruhv/ ho ydoru gh Edq}kdi hv ho ýqlfr txh fxpsoh od ljxdogdg
� � d�o n� � d�o ' � � � d� � � o1 Hvwh uhvxowdgr/ gh dojxqd pdqhud/ lqvslud od surslhgdg E8
sdud orv mxhjrv frq hvwuxfwxud gh frdolflöq1 Dghpäv/ od lqwurgxfflöq gho mxhjr gh
ghohjdflöq hq oxjdu gho mxhjr frflhqwh wlhqh od yhqwdmd gh pdqwhqhu ho frqmxqwr gh
mxjdgruhv gho mxhjr lqlfldo1

D frqwlqxdflöq ghprvwuduhprv txh fxdotxlhu vhplydoru prgl�fdgr sdud mxhjrv
frq hvwuxfwxud gh frdolflöq vdwlvidfh odv surslhgdghv E4/ E5/ E6/ E7 | E91 Vlq
hpedujr/ ho ydoru frdolflrqdo gh Rzhq qr vdwlvidfh/ hq jhqhudo/ ho d{lrpd E81 Hvwh
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khfkr jdudqwl}d od lqghshqghqfld gh E8 uhvshfwr d odv ghpäv surslhgdghv1

Od surslhgdg E9 lqglfd txh vl hq fdgd eortxh frdolflrqdo h{lvwh/ frpr pä{lpr/ xq
mxjdgru qr qxor/ hqwrqfhv hvwd hvwuxfwxud frdolflrqdo hv htxlydohqwh/ hq wìuplqrv gh
dvljqdflrqhv/ d od hvwuxfwxud wulyldo hq od txh vh irupd xq ýqlfr eortxh frdolflrqdo
frq wrgrv orv mxjdgruhv1

Wdpelìq hv srvleoh frpsuredu od lqghshqghqfld gh E9 uhvshfwr d odv uhvwdqwhv
surslhgdghv1 Sdud hoor vh frqvlghuduðd xqd uhjod gh dvljqdflöq pl{wd/ hv ghflu/
txh hpsohd ydoruhv glihuhqwhv hq ho qlyho gho mxhjr frflhqwh | hq ho uhsduwr hq ho
lqwhulru gh fdgd frdolflöq1 Vl ho qýphur gh frdolflrqhv hv pd|ru r ljxdo d wuhv |
fdgd eortxh frdolflrqdo lqfox|h/ frpr pä{lpr/ xq mxjdgru qr qxor/ ho hpsohr gho
ydoru gh Vkdsoh| hq ho frflhqwh | gho ydoru gh Edq}kdi hq ho vð gh odv frdolflrqhv
frqvljxh ho hihfwr ghvhdgr1

Sursrvlflöq 516<
Wrgr vhplydoru j prgl�fdgr sdud mxhjrv frq hvwuxfwxud gh frdolflöq yhul�fd odv
surslhgdghv E4/ E5/ E6/ E7 | E91

Ghprvwudflöq
Odv surslhgdghv E4/ E5 | E6 vrq h{dfwdphqwh odv ghprvwudgdv hq orv dsduwdgrv
+f,/ +i, | +e, gh od sursrvlflöq 515:/ uhvshfwlydphqwh1

Sdud suredu txh vh fxpsoh od surslhgdg E7/ vxsrqhprv txh od hvwuxfwxud gh frdol0
flöq hv � ' i� � c ���c � � j/ � � c � � 5 �� / & 5 �� | R 9' �1 Hq hvwh fdvr od h{suhvlöq
sdud j � d�(�o hv/ d sduwlu gh od iöupxod +516,=

j � d�(�o '
[

� � � 	 
 � � �

[

 � � 
 � � �

R
� 	
� � � R

�� � �
k

�E ^� � 
 �
�

^ 7 ^ i&j� � �E ^� � 
 �
�

^ 7�
l

c

grqgh orv frh�flhqwhv R
� 	
� � � c � � r n � � K� / | R

�� � � c � � | n � � 6/ vrq orv txh
fruuhvsrqghq d orv vhplydoruhv lqgxflgrv sru j hq hvsdflrv gh mxhjrv frq fduglqdohv
gh orv frqmxqwrv gh mxjdgruhv K� | 6/ uhvshfwlydphqwh1

Sxhgh vxfhghu dkrud grv fdvrv hq uhodflöq do eortxh �� hq ho txh vh hqfxhqwudq
� � c � � 1 Vl � 5 A / � � c � � 5 ^� � 
 �

�
^ 7 ^ i&jc ^� � 
 �

�
^ 7/ plhqwudv txh vl � *5 A ql � � ql
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� � shuwhqhfhq d hvrv frqmxqwrv1 Hq dperv fdvrv=

� � � � � � E ^� � � � � ^ 7 ^ i&j� � � � � � � � E ^� � � � � ^ 7� ' �E ^� � � � � ^ 7 ^ i&j� � �E ^� � � � � ^ 7�c

gh grqgh vh vljxh txh j � d� � � � � � (�o ' j � d�(�o/ sdud & *5 �	 1

Sdud ghprvwudu txh fxdotxlhu vhplydoru prgl�fdgr sdud mxhjrv frq hvwuxfwxud gh
frdolflöq fxpsoh od surslhgdg E9/ vxsrqguhprv/ vlq sìuglgd gh jhqhudolgdg/ txh
orv mxjdgruhv �c 2c ���c � 5 � vrq orv ýqlfrv mxjdgruhv qr qxorv gho mxhjr � 5 C 
 /
� � ?1

Frqvlghudprv dfwr vhjxlgr xqr gh hvrv mxjdgruhv +sru hmhpsor ho �, | fdofxodprv
ho sdjr txh oh fruuhvsrqgh sru xq vhplydoru fxdotxlhud vreuh C 
 txh whqjd sru
frh�flhqwhv R � c � � r � ?1

j � d�o '
[


 � 

 � �

R � d�E7� � �E7pi�j�o '
[


 � 
 � � � �
R � � � d�E7 ^ i�j� � �E7�o�

Fdgd 7 � � p i�j sxhgh hvfuleluvh frpr 7 ' 7 � ^ 7 � � frq 7 � � M p i�j/
7 � � � � p M/ grqgh M ' i�c 2c ���c �j1 Fxdotxlhud gh hvwrv vxefrqmxqwrv 7 � � hvwä
irupdgr h{foxvlydphqwh sru mxjdgruhv qxorv/ gh pdqhud txh vh fxpsoh=

�E7 ^ i�j� ' �E7 � ^ 7 � � ^ i�j� ' �E7 � ^ i�j�c

sxglhqgr hvfulelu

j � d�o '
[

� � � � � � � �

� �  ![

" # # $ %

�
? � �

r & &

�
R " # ' " # # ' �

�
d�E7 & ^ i�j� � �E7 & �o�

Uhfrugdqgr od h{suhvlöq +515, sdud orv frh�flhqwhv gh orv vhplydoruhv lqgxflgrv hq
hvsdflrv gh mxhjrv frq phqrv mxjdgruhv srghprv frqfoxlu txh

j � d�o '
[

( # ) � � � � �
R !" # ' � d�E7 & ^ i�j� � �E7 & �o� +51:,

Sru rwur odgr/ frqvlghudprv xqd hvwuxfwxud gh frdolflöq � txh whqjd/ frpr pä0
{lpr/ xq ýqlfr mxjdgru qr qxor hq fdgd eortxh frdolflrqdo1 Vljxlhqgr ho hvtxhpd
suhfhghqwh vxsrqhprv �c 2c ���c � 5 � ýqlfrv mxjdgruhv qr qxorv/ � 5 � � c 2 5
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� � c � � � c � 5 � � / vlhqgr � ' i� � c � � c ���c � � c � � � � c ���c � � j/ � � � � 6 � ?1 Sdud
ho mxjdgru �/ ho sdjr txh oh dvljqd ho vhplydoru prgl�fdgr hv=

j � d�(�o '
[

� � � � 	 � 


[
� � � 
 � 	 � 


R
�� � � R

� 

� � �

k
�E ^� � � �

�
^ 7 ^ i�j� � �E ^� � � �

�
^ 7�

l
�

Sdud fxdotxlhu 7 � � � p i�j wrgrv vxv hohphqwrv vrq mxjdgruhv qxorv | vh fxpsoh=

�E ^� � � �
�

^ 7 ^ i�j� � �E ^� � � �
�

^ 7� ' �E ^� � � �
�

^ i�j� � �E ^� � � �
�
�c

dsduhflhqgr hvwd glihuhqfld wdqwdv yhfhv frpr vxefrqmxqwrv 7 hvwäq lqfoxlgrv hq
� � p i�j1 Hq frqvhfxhqfld/

j � d�(�o '
[

� � � � 	 � 

R

�� � �
� � 
 � �[

� � �

�
K � � �

r

�
R

� 

� � �

� k
�E ^� � � �

�
^ i�j� � �E ^� � � �

�
�

l
�

Frpr txh R
� 

� � � c � � r n � � K � / vrq orv frh�flhqwhv gh xq vhplydoru gh�qlgr sdud

mxhjrv frq K � mxjdgruhv vh yhul�fd
S � 
 � �� � �

� � 
 � ��
�
R

� 

� � � ' � | od h{suhvlöq dqwhulru

txhgd uhgxflgd d=

j � d�(�o '
[

� � � � 	 � 

R

�� � �
k

�E ^� � � �
�

^ i�j� � �E ^� � � �
�
�

l
�

Fdgd A � � p i�j sxhgh hvfuleluvh frpr A ' A � ^ A � � frq A � � M p i�j/
A � � � � p M/ grqgh M ' i�c 2c ���c �j1 Do vhu 2 5 � � c � � � c � 5 � � orv ýqlfrv
mxjdgruhv qr qxorv uhvxowd

�E ^� � � �
�

^ i�j� � �E ^� � � �
�
� ' �EA � ^ i�j� � �EA � �c

dsduhflhqgr hvwdv glihuhqfldv wdqwdv yhfhv frpr vxefrqmxqwrv A � � sxhgdq hqfrq0
wuduvh hq � p M/ sdud fdgd A � � M p i�j txh vh frqvlghuh1 Hqwrqfhv/

j � d�(�o '
[

� � � � � 	 � 


� � � �[
� � � � �

�
6 � �

| � �

�
R

�� � � � � � � �
�
d�EA � ^ i�j� � �EA � �o�

D sduwlu gh od h{suhvlöq gh orv frh�flhqwhv gh orv vhplydoruhv lqgxflgrv=

R
� � '

� � �[
� � �

� � � �� �
R

� � � � c � � r � 6 � ? ,

� � �[
� � � � �

� � � �� � � �
R

�� � � � � � � � ' R
�� � � � c � � | � n� � �c
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txhgdqgr �qdophqwh od h{suhvlöq sdud j � d�(�o uhgxflgd d=

j � d�(�o '
[

� � � � � � � �
R

�	 � 
 � d�EA � ^ i�j� � �EA � �o� +51;,

Odv h{suhvlrqhv hqfrqwudgdv sdud j � d�o hq +51:, | sdud j � d�(�o hq +51;,/ uhvshfwl0
ydphqwh/ vrq h{whqvleohv d fxdotxlhu mxjdgru qr qxor hq � 5 C � 1 Sdud fxdotxlhud
gh orv rwurv mxjdgruhv/ do wudwduvh gh mxjdgruhv qxorv/ odv dvljqdflrqhv sru xq vhpl0
ydoru j r sru vx prgl�fdflöq sdud mxhjrv frq hvwuxfwxud gh frdolflöq vrq qxodv1

Whqlhqgr hq fxhqwd txh sru od frqvhfxhqfld 5159+e, od dvljqdflöq sru ho vhpl0
ydoru prgl�fdgr sdud mxhjrv frq xq ýqlfr eortxh frdolflrqdo i�j frlqflgh frq od
dvljqdflöq sru ho surslr vhplydoru/ srghprv frqfoxlu

jd�(�o ' jd�o ' jd�( i�jo� �

Whruhpd 5173
Ho ydoru gh Edq}kdi prgl�fdgr hv od ýqlfd uhjod gh dvljqdflöq f G C � �E � $ U �

txh yhul�fd odv surslhgdghv E4/ E5/ E6/ E7/ E8 | E91

Ghprvwudflöq
Vhjýq od sursrvlflöq 515: ho ydoru gh Edq}kdi prgl�fdgr/ frpr fxdotxlhu rwur
vhplydoru prgl�fdgr/ fxpsoh odv surslhgdghv E4/ E5 | E6> wdpelìq/ vhjýq od
sursrvlflöq dqwhulru/ wrgr vhplydoru prgl�fdgr yhul�fd odv surslhgdghv E7 | E91
Txhgd sru suredu txh ho ydoru gh Edq}kdi prgl�fdgr vdwlvidfh od surslhgdg E81

Od h{suhvlöq rewhqlgd hq Rzhq +4<;4, sdud od dvljqdflöq d xq mxjdgru sru ho ydoru
gh Edq}kdi prgl�fdgr sdud mxhjrv frq hvwuxfwxud gh frdolflöq hv=

� 
 d�(�o '
�

2 �

 � � � �

[
� � � � � � �

[
� � � � � � 
 �

k
�E ^	 � � � 	 ^ 7 ^ i�j� � �E ^	 � � � 	 ^ 7�

l
c

grqgh � 5 �� c �� eortxh frdolflrqdo gh od hvwuxfwxud � ' i� � c ���c � � j�

Sdud ho fdvr sduwlfxodu gho mxjdgru � � / frq � � c � � 5 �� / | ho mxhjr � 
 � � 
 � 5 C � =

� 
 � d� 
 � � 
 � (�o'

'
�

2 �

 � � � �

[
� � � � � � �

[
� � � � � � 
 � �

k
� 
 � � 
 � E ^	 � � � 	 ^ 7 ^ i� � j� � � 
 � � 
 � E ^	 � � � 	 ^ 7�

l
�
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Ghvduuroodqgr ho vxpdwrulr fruuhvsrqglhqwh d odv frdolflrqhv 7 � �� pi� � j/ srghprv
hvfulelu=

[
� � � � � � � 	 
� � � �

k
� � 	 
 � � E ^� � � � � ^ 7 ^ i� � j� � � � 	 
 � � E ^� � � � � ^ 7�

l
n

n
[

� � � � � � � 	 
� �� � �

k
� � 	 
 � � E ^� � � � � ^ 7 ^ i� � j� � � � 	 
 � � E ^� � � � � ^ 7�

l
'

'
[

� � � � � � � 	 
� � � �

k
�E ^� � � � � ^ 7 ^ i� � j� � �E ^� � � � � ^ 7 p i� � j�

l
n

n
[

� � � � � � � 	 
� �� � �

k
�E ^� � � � � ^ 7 ^ i� � c � � j� � �E ^� � � � � ^ 7�

l
�

Hvwrv grv vxpdwrulrv sxhghq djuxsduvh hq xqr ýqlfr frq 7 � � �� p i� � c � � j gdqgr
oxjdu d od h{suhvlöq

2
[

� � � � � � � � 	 � � � 

k

�E ^� � � � � ^ 7 � ^ i� � c � � j� � �E ^� � � � � ^ 7 � �
l

� +51<,

Sru rwur odgr/ do frqvlghudu � � c � � 5 �� / vh sxhgh hvfulelu sdud ho mxhjr � 5 C � =

� � 	 d�(�o n � � � d�(�o '
�

2 � � � � � �
[

� � � � � � 

q [

� � � � � � � 	 

k

�E ^� � � � � ^ 7 ^ i� � j��

��E ^� � � � � ^ 7�
l
n

[
� � � � � � � � � 


k
�E ^� � � � � ^ 7 � ^ i� � j� � �E ^� � � � � ^ 7 � �

l r
�

Ghvduuroodqgr orv vxpdwrulrv lqwhulruhv sdud 7 � �� p i� � j | sdud 7 � � �� p i� � j/
| djuxsäqgrorv srvwhulruphqwh hq xq ýqlfr vxpdwrulr sdud 7 � �� p i� � c � � j/ vh
rewlhqh=

� [
� � � � � � � 	 
� � � �

n
[

� � � � � � � 	 
� �� � �

� k
�E ^� � � � � ^ 7 ^ i� � j� � �E ^� � � � � ^ 7�

l
n

n
� [

� � � � � � � � � 
� � � � 	
n

[
� � � � � � � � � 
� � �� � 	

� k
�E ^� � � � � ^ 7 � ^ i� � j� � �E ^� � � � � ^ 7 � �

l
'



5181 XQD FDUDFWHUL]DFLÖQ D[LRPÄWLFD 438

'
[

� � � � � � � � � � 	 


k
�E ^� � 
 � � ^ 7 ^ i� � c � � j� � �E ^� � 
 � � ^ 7 ^ i� � j�n

n�E ^� � 
 � � ^ 7 ^ i� � j� � �E ^� � 
 � � ^ 7� n �E ^� � 
 � � ^ 7 ^ i� � c � � j��

��E ^� � 
 � � ^ 7 ^ i� � j� n �E ^� � 
 � � ^ 7 ^ i� � j� � �E ^� � 
 � � ^ 7�
l
'

' 2
[

� � � � � � � � � � 	 


k
�E ^� � 
 � � ^ 7 ^ i� � c � � j� � �E ^� � 
 � � ^ 7�

l
� +5143,

Od ljxdogdg hqwuh +51<, | +5143, kdfh txh � � � d� � � � � 	 (�o ' � � � d�(�on� � 	 d�(�o/ sdud
fxdohvtxlhud mxjdgruhv � � c � � shuwhqhflhqwhv do plvpr eortxh frdolflrqdo �� / or txh
ghpxhvwud txh ho ydoru gh Edq}kdi prgl�fdgr fxpsoh od surslhgdg E81

Uhfðsurfdphqwh/ vxsrqjdprv txh f G C � � E � $ U � hv xqd uhjod gh dvljqdflöq
txh yhul�fd odv surslhgdghv E4 d E91 Txhuhprv suredu txh hvwdv vhlv surslhgdghv
ghwhuplqdq xqðyrfdphqwh orv ydoruhv gh od uhjod gh dvljqdflöq sdud fxdohvtxlhud
E�c �� 5 C � � E � 1 Vdehprv txh wrgr mxhjr � 5 C � sxhgh h{suhvduvh hq irupd
ýqlfd frpr

� '
[

� � �
S � � � c

grqgh i� � 5 C � * 7 � �j hv od edvh gh C � irupdgd sru orv mxhjrv gh xqdqlplgdg1
Sru od surslhgdg E4 gh dglwlylgdg/ edvwd frqrfhu od dfwxdflöq gh f sdud mxhjrv
gho wlsr S� � / grqgh - hv fxdotxlhu vxefrqmxqwr gh � | S 5 U1

Vxsrqjdprv dkrud txh � ' i� � c ���c � � j hv xqd hvwuxfwxud gh frdolflöq hq � 1
Ho vxefrqmxqwr - lqwhuvhfduä d flhuwr qýphur gh eortxhv frdolflrqdohv gh �1 Sru
frprglgdg vxsrqhprv txh - lqwhuvhfd ýqlfdphqwh d orv 6 � sulphurv eortxhv
frdolflrqdohv E6 � � 6� | txh vh fxpsoh=

m� � m ' K � c m- _ � � m ' S � c � � , � 6 � c

� �[
� � �

S � ' o ' m-m�

Wrgrv orv mxjdgruhv � *5 - vrq qxorv hq ho mxhjr � � 5 C � > sru od surslhgdg E5/
f � dS� � (�o ' f/ sdud � *5 -1 Frqvlghudprv dkrud fxdotxlhud gh orv mxjdgruhv
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qr qxorv � 5 -1 Hvfrjhprv ho mxjdgru � � 5 - _ � � / d od yh} txh xqr gh orv
rwurv mxjdgruhv gh - hq fdgd rwur gh orv eortxhv frdolflrqdohv frq lqwhuvhfflöq/
& � 5 - _ � � / 2 � , � 6 � 1

Wrgrv orv hohphqwrv gh -_� � ' i� � c � � c ���c � � � j vrq vlpìwulfrv uhvshfwr do mxhjr S� � 1
Dsolfdqgr od surslhgdg E6 gh vlphwuðd ghqwur gh orv eortxhv mxqwr d od surslhgdg
E8=

f � � dS� � (�o '
�

2
f� � dES� � � � � � � 	 (�o '

�

2
f � � dS� � 
 � � 	 � (�o

'
�

2

�

2
f � � dES� � 
 � � 	 � � � � � � 
 (�o '

�

2 �
f � � dS� � � � � � � � 
 � (�o

' � � � '
�

2 � � � � f � � dS� � � � � � � � 
 � � � � � � � � � (�o�

Plhqwudv/ sdud orv mxjdgruhv ixhud gho eortxh � � / sru od surslhgdg E7=

f � dS�  (�o ' f � dS�  ! " # $ % # & % ' ' ' % # � � � (�oc & *5 � � �

Hihfwxdqgr ho plvpr surfhvr sdud orv eortxhv frdolflrqdohv � ( c ���c � ) * / od dvljqd0
flöq sru f qr vh dowhud sdud orv hohphqwrv gh ixhud gh hvrv eortxhv/ hq sduwlfxodu/
sdud orv hohphqwrv gh � � 1 Dvð srghprv hvfulelu=

f # � dS�  (�o '
�

2 + � , � f # � dS� " # � % � $ % ' ' ' % � - . / (�o�

Sdud ho mxhjr S� 0 1 2 3 4 5 3 6 6 6 3 4 - . / / � hv xqd hvwuxfwxud gh frdolflöq txh wlhqh/ frpr
pä{lpr/ xq ýqlfr hohphqwr qr qxor hq fdgd eortxh frdolflrqdo1 Dsolfdqgr od
surslhgdg E9=

f 1 2 dS� 7 (�o '
�

2 8 2 9 : f 1 2 dS� 0 1 2 3 4 5 3 6 6 6 3 4 - . / (�o '
�

2 8 2 9 : f 1 2 dS� 0 1 2 3 4 5 3 6 6 6 3 4 - . / ( i�jo�

Hq od hvwuxfwxud i�j ho ýqlfr eortxh frdolflrqdo wlhqh h{dfwdphqwh 6 7 mxjdgruhv
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qr qxorv1 Yroylhqgr d dsolfdu odv surslhgdghv E6 | E8=

f � � dS� � � � � � � � � � � � � � � 	 ( i�jo '
�

2
f � � dES� � � � � � � � � � � � � � � 	 � � � 
 � � ( i�jo

'
�

2
f � � dS� � � � � � � � � � � � � � � 	 ( i�jo

� � �

'
�

2 �
� 
 � f � � dS� � � � 	 ( i�jo

'
�

2 �
� 
 � S�

Od ýowlpd ljxdogdg hv frqvhfxhqfld gh od surslhgdg E5/ |d txh ho mxjdgru � � 5 �

hv xq wðwhuh hq ho mxhjr S� � � � 	 5 C � 1 Ilqdophqwh/ sdud xq mxjdgru qr qxor frpr
� � 5 - _ � � =

f � � dS� � (�o '
�

2 � � 
 �
�

2 � � 
 � S '
S

2 � � � � � 
 � c

grqgh S � ' m- _ � � m | 6 � hv ho qýphur gh eortxhv frdolflrqdohv gh � txh wlhqhq
lqwhuvhfflöq qr ydfðd frq -1

Odv vhlv surslhgdghv E4 d E9 ghwhuplqdq frpsohwdphqwh od uhjod gh dvljqdflöq f

sdud fdgd sduhmd E�c �� 5 C � �E � 1 Frpr txh ho ydoru gh Edq}kdi prgl�fdgr sdud
mxhjrv frq hvwuxfwxud gh frdolflöq yhul�fd hvwdv vhlv surslhgdghv/ qhfhvduldphqwh
f ' �/ or fxdo frpsohwd od ghprvwudflöq1 �

Revhuydflöq 5174
Vh sxhgh frpsuredu föpr ho ydoru gh Edq}kdi prgl�fdgr dvljqd orv plvprv ydoruhv
txh od uhjod gh dvljqdflöq f d xq mxhjr S� � 5 C � c > 9' - � � / | d fxdotxlhu
hvwuxfwxud gh frdolflöq � gh�qlgd hq � 1

Vl ho mxjdgru � *5 -/ � hv qxor hq S� � / hqwrqfhv � � dS� � (�o ' f1

Yroyhprv d frqvlghudu xq mxjdgru qr qxor hq S� � / � � 5 - _ � � / hqwrqfhv

� � � dS� � (�o '
S

2 � � � � 
 �
[

� � � � � � 	

[
� � � � � � � � 	

k
� � E ^� � � � � ^7 ^i� � j��� � E ^� � � � � ^7�

l
�

Fdgd xqr gh orv vxefrqmxqwrv txh jhqhudq orv vxpdwrulrv/ A | 7/ sxhgh h{suhvduvh
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frpr xqlöq gh rwurv grv hq od irupd=

A ' A � ^ A � � c A � � i2c ���c 6 � jc A � � � � pi�c 2c ���c 6 � jc

7 ' 7 � ^ 7 � � c 7 � � E� � pi� � j� _ -c 7 � � � � � p-�

Od glihuhqfld � � E ^� � � � � ^ 7 ^ i� � j� � � � E ^� � � � � ^ 7� wrpd ydoru � h{foxvlydphqwh

fxdqgr 7 � ' E� � pi� � j� _ - | A � ' i2c ���c 6 � j/ vlpxowäqhdphqwh1 Hq wdo fdvr
orv vxefrqmxqwrv 7 � � � � � p- | A � � � � pi�c 2c ���c 6 � j sxhghq vhu fxdohvtxlhud
fxpsolhqgr hvdv frqglflrqhv1
Hq ho uhvwr gh fdvrv � � E ^� � � � � ^ 7 ^ i� � j� � � � E ^� � � � � ^ 7� ' f1

Dvð/ od iöupxod sdud fdofxodu � � � dS� � (�o vh wudqvirupd hq=

� � � dS� � (�o '
S

2
� 	 
 � � �

� � � 
[
� � � � �

�
6 � 6 �

| � �

� 
 � � � �[

� � � � �

�
K � � S �

r � �

�
c

� � � dS� � (�o '
S

2
� 	 
 � � � 2

� � � 

2


 � � � �
'

S

2
� 
 	 � � � � c

vlhqgr � � 5 - _ � � c S � ' m- _ � � m | 6 � ho qýphur gh eortxhv frdolflrqdohv gh od
hvwuxfwxud � txh wlhqhq lqwhuvhfflöq qr ydfðd frq -1



6

Frdolflrqhv elshuvrqdohv

614 Vhplydoruhv | mxhjr frflhqwh

Vxsrqjdprv txh � 5 C � hv xq mxhjr frrshudwlyr gh�qlgr vreuh xq frqmxqwr �

gh ? mxjdgruhv | txh j G C � $ U � hv xq vhplydoru gh frh�flhqwhv R � c � � r � ?1

Frqvlghudprv od vlwxdflöq hq od txh vh irupd xqd hvwuxfwxud gh frdolflöq gh0
whuplqdgd sru od djuxsdflöq gh grv mxjdgruhv hq xqd fodvh | ho uhvwr dlvodgrv1
Vxsrqhprv txh orv grv mxjdgruhv txh vh frdoljdq vrq orv grv sulphurv gh irupd
txh od hvwuxfwxud gh frdolflöq txhgd=

� � � ' ii�c 2jc i�jc � � � c i?jj�

Qrv sursrqhprv hvwxgldu od uhodflöq hqwuh orv sdjrv txh sru ho vhplydoru j uhflehq
orv mxjdgruhv � | 2 hq ho mxhjr lqlfldo �/ frq uhvshfwr do sdjr txh hq ho mxhjr frflhqwh
uhfleh od fodvh i�c 2j1 Ho frqmxqwr frflhqwh hvwä irupdgr sru ? � � mxjdgruhv/ frq
od vljxlhqwh qrwdflöq=

�*� � � ' i�2c �c � � � c ?j�

Ho mxhjr hqwuh fodvhv or ghqrwdprv sru � � � ( � � � 5 C � c m� m ' ? � ��

43<
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Sursrvlflöq 614
Vl � 5 C � | j G C � $ U � hv xq vhplydoru gh frh�flhqwhv R � c � � r � ?/ od
glihuhqfld gh dvljqdflrqhv sru hvwh vhplydoru d xqd frdolflöq ýqlfd gh grv mxjdgruhv
frq uhvshfwr d od vxpd gh vxv dvljqdflrqhv lqglylgxdohv sru j rehghfh d od vljxlhqwh
h{suhvlöq=

j � � d� � � o � Ej � d�o n j � d�o� '

'
[

� � � � �
ER � � � � R � �d�E7� � �E7pi�j� � �E7pi2j� n �E7pi�c 2j�o�

+614,

Ghprvwudflöq
Od dvljqdflöq fruuhvsrqglhqwh do sulphu mxjdgru sru j hq ho mxhjr lqlfldo � sxhgh
hvfuleluvh frpr=

j � d�o '
[

� � �
R � d�E7� � �E7pi�j�oc

j � d�o '
[

� � � � �
R � d�E7� � �E7pi�j�o n

[
� � � � � �� �

R � d�E7� � �E7pi�j�o�

Vl hq ho vhjxqgr vxpdwrulr kdfhprv 7 	 ' 7 ^ i2j/ frq 2 *5 7/ hqwrqfhv r 	 ' r n �

| srghprv hvfulelu=

j � d�o '
[

� � � � �
R � d�E7� � �E7pi�j�o n

[
� 
 � � � �

R � 
 � � d�E7 	 pi2j� � �E7 	 pi�c 2j�o(

djuxsdqgr orv grv vxpdwrulrv hq xqr=

j � d�o '
[

� � � � �
iR � d�E7� � �E7pi�j�o n R � � � d�E7pi2j� � �E7pi�c 2j�oj � +615,

Dqäorjdphqwh sdud ho vhjxqgr mxjdgru=

j � d�o '
[

� � � � �
iR � d�E7� � �E7pi2j�o n R � � � d�E7pi�j� � �E7pi�c 2j�oj �

Dkrud kdfhprv ho fäofxor gh od dvljqdflöq sdud ho sulphu mxjdgru gho mxhjr frflhqwh/
txh hv �21 Orv frh�flhqwhv fruuhvsrqglhqwhv do vhplydoru lqgxflgr sru j sdud mxhjrv
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frq ? � � mxjdgruhv vrq R �
� �� ' R � n R � � � c � � r � ? � �1 Odv frdolflrqhv txh vh

kdq gh whqhu hq fxhqwd vh ghvljqdq sru 7c 7 � �*� � � 1 Frq hvwdv qrwdflrqhv=

j � � d� � � o '
[

� � � �
ER � n R � � � �d� � � E7� � � � � E7pi�2j�oc m7m ' r�

Hqwuh ho mxhjr frflhqwh � � � | ho mxhjr lqlfldo � hq � srghprv hvwdeohfhu odv uhod0
flrqhv vljxlhqwhv=

+d, Vl �2 5 7/ hqwrqfhv= � � � E7� ' �EE7 p i�2j� ^ i�c 2j�� ' �EA ^ i�c 2j�/ grqgh
khprv lghqwl�fdgr od frdolflöq 7 p i�2j � �*� � � frq od frdolflöq A � � p i�c 2j/
hq fx|r fdvr | ' r � ��

+e, Vl �2 *5 7/ hqwrqfhv= � � � E7� ' �EA �/ lghqwl�fdqgr od frdolflöq 7 � �*� � � frq
od frdolflöq A � � p i�c 2j/ hq fx|r fdvr | ' r�

Dvð/ od iöupxod sdud j � � d� � � o sxhgh hvfuleluvh frpr=

j � � d� � � o '
[

� 	� � 
 �
ER � � � n R � � � �d�EA ^ i�c 2j� � �EA �oc mA m ' |�

Oodpdqgr 7 ' A ^ i�c 2j/ frq �c 2 *5 A / hqwrqfhv r ' | n 2/ | txhgd=

j � � d� � � o '
[

� � � 
 �
ER � � � n R � �d�E7� � �E7pi�c 2j�oc m7m ' r�

Edvwd dkrud uhxqlu hq xqd vrod h{suhvlöq orv ydoruhv gh j � � d� � � oc j � d�oc j � d�o sdud
rewhqhu ho uhvxowdgr txh vh hqxqfld hq od sursrvlflöq1

j � � d� � � o � Ej � d�o n j � d�o� '
[

� � � 
 �
ER � n R � � � �d�E7� � �E7pi�c 2j�o�

�
[

� � � 
 �
R � d2�E7� � �E7pi�j� � �E7pi2j�o�

�
[

� � � 
 �
R � � � d�E7pi2j� n �E7pi�j� � 2�E7pi�c 2j�oc
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j � � d� � � o � Ej � d�o n j � d�o�'

'
[

� � � � �
ER � � � � R � �d�E7� � �E7pi�j� � �E7pi2j� n �E7pi�c 2j�o� �

Revhuydflöq 615
Xq vlvwhpd gh d{lrpdv lpsxhvwr sru Ohkuhu +4<;;, txh fdudfwhul}d ho ydoru gh
Edq}kdi sdud orv mxhjrv frrshudwlyrv hv ho vljxlhqwh=

41 Vl � 5 � hv xq wðwhuh hq � 5 C � / hqwrqfhv � � d�o ' �Ei�j��

51 Vl �c � 5 � vrq lqglihuhqwhv sru � 5 C � / � � d�o ' � 	 d�o�

61 Sdud fdgd sdu i�c �j � � | fdgd � 5 C � / � � d�o n � 	 d�o � � � 	 d� � 	 o�

71 Sdud fdgd �c � 5 C � / �d� n �o ' �d�o n �d�o�

Hq ho whufhu d{lrpd vh kdfh uhihuhqfld do mxhjr frflhqwh � � 	 / txh vljxlhqgr od qr0
wdflöq txh hpsohdprv uhsuhvhqwd ho mxhjr frflhqwh hq ho txh vh kdq djuxsdgr
irupdqgr frdolflöq orv mxjdgruhv �c � 5 � / plhqwudv txh ho uhvwr irupd frdolflrqhv
lqglylgxdohv1 Dvð � � 	 d� � 	 o uhsuhvhqwd ho sdjr txh uhfleh hq ho frflhqwh od fodvh iru0
pdgd sru orv mxjdgruhv �c �/ txh vlperol}dprv sru ��1

Hq Pdjdôd +4<<9, vh suxhed txh/ gh khfkr/ ho ydoru gh Edq}kdi vdwlvidfh od ljxdo0
gdg/ hv ghflu/ od vxpd gh or txh rewlhqhq grv mxjdgruhv hq ho mxhjr lqlfldo sru ho
ydoru gh Edq}kdi hv ljxdo d or txh rewlhqh vx frdolflöq hq ho mxhjr frflhqwh � � 	 1
Hvwdprv dkrud hq frqglflrqhv gh hqxqfldu xq uhfðsurfr/ dvhjxudqgr txh ho ýqlfr
vhplydoru txh yhul�fd hvwd ljxdogdg hv suhflvdphqwh ho gh Edq}kdi1 Vlq sìuglgd
gh jhqhudolgdg/ frqwlqxdprv frqvlghudqgr orv grv sulphurv mxjdgruhv/ hq oxjdu gh
grv fxdohvtxlhud1

Whruhpd 616
Vhdq � 5 C � / j G C � $ U � vhplydoru fxdotxlhud | � � � ' ii�c 2jc i�jc � � � c i?jj1
Vl ghvljqdprv sru � � � ho mxhjr frflhqwh gh � sru � � � / hqwrqfhv=

j � d�o n j � d�o ' j � � d� � � oc ;� 5 C � vl | vöor vl j hv ho ydoru gh Edq}kdi1
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Ghprvwudflöq
Vl j hv ho ydoru gh Edq}kdi vreuh C � / vxv frh�flhqwhv vrq R � ' �*2

� � �
c � � r � ?1

Frpr txh orv frh�flhqwhv txh dsduhfhq hq orv wìuplqrv gho vxpdwrulr gh od iöupxod
+614, vrq R � � � � R � c 2 � r � ?/ vh vljxh txh j � � d� � � o� Ej � d�onj � d�o� ' f/ ;� 5 C � 1

Uhfðsurfdphqwh/ vxsrqjdprv txh j � � d� � � o � Ej � d�o n j � d�o� ' f sdud fxdotxlhu
� 5 C � / hqwrqfhv R � � � � R � ' f/ sdud r ' 2c � � � c ?/ gh grqgh R � ' R � ' � � � ' R � 1
Sru od frqglflöq txh kdq gh fxpsolu orv frh�flhqwhv gh fxdotxlhu vhplydoru=

�[

� � �

�
? � �

r � �

�
R � ' �c R �

�[

� � �

�
? � �

r � �

�
' � , R � '

�

2
� � � �

Hqwrqfhv/ R � '
�

2
� � � c � � r � ?/ | j hv ho ydoru gh Edq}kdi1 �

Frqvhfxhqfld 617
+d, Vl frqvlghudprv frpr vhplydoru ho ydoru gh Vkdsoh|/ od h{suhvlöq txh uhodflrqd
orv sdjrv d orv grv mxjdgruhv lqglylgxdohv hq � frq ho sdjr d vx frdolflöq hq ho
frflhqwh uhvxowd=

� � � d� � � o � E� � d�o n � � d�o� '
[

� � � 	 �
E? � 2r n 2�

Er � 2�-E? � r�-

?-
�

�d�E7� � �E7pi�j� � �E7pi2j� n �E7pi�c 2j�o�

+e, Sdud xq vhplydoru elprpldo j 
 c f 	 k 	 �/ od fruuhvsrqglhqwh h{suhvlöq gh od
glihuhqfld gh sdjrv dgrswd od irupd=

Ej 
 � � � d� � � o � iEj 
 � � d�o n Ej 
 � � d�oj '

'
[

� � � 	 �
E� � 2k�k

� � �
E� � k�

� � �
d�E7� � �E7pi�j� � �E7pi2j� n �E7pi�c 2j�o�

Orv fdvrv h{wuhprv k ' fc k ' �/ uhvxowdq vhu=

Ej � � � � d� � � o � iEj � � � d�o n Ej � � � d�oj ' �Ei�c 2j� � �Ei�j� � �Ei2j�c

Ej � � � � d� � � o � iEj � � � d�o n Ej � � � d�oj '

' �d�E�� � �E� pi�j� � �E� pi2j� n �E� pi�c 2j�o�
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Ghprvwudflöq
+d, Edvwd hvfulelu orv frh�flhqwhv fruuhvsrqglhqwhv do ydoru gh Vkdsoh| hq ho vxpd0
wrulr gh od h{suhvlöq +614, | hihfwxdu ho fäofxor=

R � � � � R � ' �E?c r � �� � �E?c r� '
Er � 2�-E? � r n ��-

?-
�

Er � ��-E? � r�-

?-
c

R � � � � R � ' E? � 2r n 2�
Er � 2�-E? � r�-

?-
�

+e, Or plvpr txh hq ho dsduwdgr dqwhulru/ shur dkrud sdud orv frh�flhqwhv gh xq
j � c f 	 k 	 �=

R � � � � R � ' k
� � �

E� � k�
� � � � �

� k
� � �

E� � k�
� � �

' E� � 2k�k
� � �

E� � k�
� � �

�

Orv fdvrv h{wuhprv k ' fc k ' �/ vh rewlhqhq gh pdqhud dqäorjd1 �

615 Hihfwr gh od prgl�fdflöq gh vhplydoruhv

Hq hvwd vhfflöq qrv sursrqhprv hvwxgldu od uhodflöq hqwuh ho sdjr d orv mxjdgruhv
gh flhuwr mxhjr � 5 C � sru xq vhplydoru | ho sdjr txh ho vhplydoru prgl�fdgr sdud
mxhjrv frq hvwuxfwxud gh frdolflöq dvljqd d orv glihuhqwhv mxjdgruhv gh � fxdqgr
vh frqvlghud od hvwuxfwxud � � � ' ii�c 2jc i�jc � � � c i?jj1

Sursrvlflöq 618
Vhdq � 5 C � | j G C � $ U � vhplydoru gh frh�flhqwhv R � c � � r � ?1 Vxsrqjdprv
txh vh irupd od hvwuxfwxud gh frdolflöq � � � ' ii�c 2jc i�jc � � � c i?jj/ hqwrqfhv
od glihuhqfld hqwuh od dvljqdflöq sru ho vhplydoru j prgl�fdgr sdud mxhjrv frq
hvwuxfwxud gh frdolflöq � � � sdud xq mxjdgru gh od frdolflöq i�c 2j | od dvljqdflöq
sru j d hvh plvpr mxjdgru uhvsrqgh d od vljxlhqwh h{suhvlöq=

j � d�(� � � o � j � d�o '

'
[

	 
 � � �
d& � R � � � � E� � & � �R � od�E7� � �E7pi�j� � �E7pi2j� n �E7pi�c 2j�oc

+616,
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grqgh & � '

� � �[
� � �

� � � �
�

�
R � � � | od iöupxod hv yäolgd sdud � ' �c 2�

Ghprvwudflöq
Fdofxodprv/ hq sulphu oxjdu/ od dvljqdflöq fruuhvsrqglhqwh do sulphu mxjdgru sru
ho vhplydoru prgl�fdgr sdud mxhjrv frq hvwuxfwxud gh frdolflöq | txh ghqrwdprv
sru j � d�(� � � o1 Vhjxlprv hq wrgr prphqwr odv qrwdflrqhv txh vh hpsohdurq hq od
frqvwuxfflöq gho vhplydoru prgl�fdgr sdud mxhjrv frq hvwuxfwxud gh frdolflöq1

Pìwrgr 41 Hq hvwh fdvr= � 5 � � ' i�c 2jc m� � � m ' ? � ��

Vxefrqmxqwrv gh � � G g ' >c i�jc i2jc i�c 2j�

Vhplydoru hq C 	 G j1 Vhplydoru lqgxflgr hq C 
 c � � m� m 	 ? G j � 1

Sru od gh�qlflöq gh vhplydoru prgl�fdgr=

j � d�(� � � o ' Ej
�
� � d� � oc

|d txh ho mxhjr � � hv ho txh vh mxhjd ghqwur gh od fodvh � � / txh wlhqh grv mxjdgruhv1
Orv frh�flhqwhv fruuhvsrqglhqwhv do vhplydoru j

�
orv ghqrwdprv sru R

�
� c R

�
� 1 Dvð

srghprv hvfulelu=

j � d�(� � � o ' R
�
� d� � Ei�c 2j� � � � Ei2j�o n R

�
� d� � Ei�j� � � � E>�o�

Vhjýq kdeðdprv suredgr sdud orv frh�flhqwhv gh orv vhplydoruhv lqgxflgrv/ ìvwrv
sxhghq h{suhvduvh d sduwlu gh orv frh�flhqwhv gho vhplydoru lqlfldo sru phglr gh odv
uhodflrqhv vljxlhqwhv=

R
�

� '

� � �[
� � �

�
? � 2

�

�
R � � � c R

�
� '

� � �[
� � �

�
? � 2

�

�
R � � � �

Whqlhqgr hq fxhqwd od gh�qlflöq gho hqxqfldgr/ suhflvdphqwh hv R
�
� ' & � 1 Do vhu

R
�
� c R

�
� frh�flhqwhv gh xq vhplydoru gh�qlgr vreuh mxhjrv elshuvrqdohv vh fxpsoh

R
�
� n R

�
� ' �/ sru or txh srghprv hvfulelu= R

�
� ' � � & � 1 Frq hvwd qrwdflöq/ od

iöupxod sdud j � d�(� � � o hv/

j � d�(� � � o ' & � d� � Ei�c 2j� � � � Ei2j�o n E� � & � �d� � Ei�j� � � � E>�o�
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Od h{suhvlöq & � qrv uhfxhugd od ghshqghqfld gh hvwh ydoru gh orv frh�flhqwhv gho
vhplydoru lqlfldo j1 Dkrud vxvwlwxlprv odv h{suhvlrqhv gh � � sru vx gh�qlflöq=

j � d�(� � � o ' & �
�
Ej

� � �
� � d� � � � � � 	 � 
 o � Ej

� � �
� � d� � � � � � 
 o

�
n

n E� � & � �
�
Ej

� � �
� � d� � � � � � 
 o � Ej

� � �
� � d� � � � � o

�
�

Ho mxhjr � � 
 � � hv ho mxhjr frflhqwh prgl�fdgr1 Do whqhu ho frflhqwh ?�� hohphqwrv/
ho vhplydoru fruuhvsrqglhqwh hv j � � � / fx|rv frh�flhqwhv hq ixqflöq gh orv gh j vrq=
R � � �� ' R � n R � � � c � � r � ? � �1 Ho ghvduuroor sdud fdgd Ej � � � � � d� � 
 � � o/ vhjýq orv
srvleohv vxefrqmxqwrv g � � � ' i�c 2j | uhihulgr ghvsxìv d vxefrqmxqwrv gh � /
hv ho vljxlhqwh=

Ej � � � � � d� � 
 � � � � �
� o '

[
� � � � � 
 � �

� �
� �

R � � ��
�
� � 
 � � � � �

� E7� � � � 
 � � � � �
� E7pi�2j�

�
c

vlhqgr R � � �� ' R � n R � � � 1 Sdud 7 6 �2/ srghprv hvfulelu=

� � 
 � � � � �
� E7� ' �

�
E7pi�2j� ^ i�c 2j

�
' �EA ^ i�c 2j�c

� � 
 � � � � �
� E7pi�2j� ' �EA �c

grqgh A � � p i�c 2jc | ' r � �1 Hqwrqfhv=

Ej � � � � � d� � 
 � � � � �
� o '

[
�  �

� � �
ER ! � � n R ! � � �d�EA ^ i�c 2j� � �EA �oc

| oodpdqgr A ^ i�c 2j ' 7c | n 2 ' r/ rewhqhprv od h{suhvlöq exvfdgd=

Ej � � � � � d� � 
 � � � � �
� o '

[
� �

� � �
ER � � � n R � �d�E7� � �E7pi�c 2j�o�

Dqäorjdphqwh/ odv rwudv h{suhvlrqhv vrq=

Ej � � � � � d� � 
 � � �
� o '

[
� �

� � �
ER � � � n R � �d�E7pi�j� � �E7pi�c 2j�oc

Ej � � � � � d� � 
 � � �
� o '

[
� �

� � �
ER � � � n R � �d�E7pi2j� � �E7pi�c 2j�oc
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Ej � � �
� � d� � � � � o '

[
� � � 	 


ER � � � n R � �d�E7pi�c 2j� � �E7pi�c 2j�o ' f�

Vxvwlwx|hqgr hvwrv fxdwur wìuplqrv hq od iöupxod gh j � d�(� � 
 o txhgd=

j � d�(� � 
 o ' & �
[

� � � 	 

ER � � � n R � �d�E7� � �E7pi�j�on

n E� � & � �
[

� � � 	 

ER � � � n R � �d�E7pi2j� � �E7pi�c 2j�o�

j � d�(� � 
 o '

'
[

� � � 	 

ER � � � n R � �

q
& � d�E7� � �E7pi�j�o n E� � & � �d�E7pi2j� � �E7pi�c 2j�o

r
�

Pìwrgr 51 Dsolfdprv od iöupxod jhqhudo sdud fxdotxlhu vhplydoru prgl�fdgr txh
vh rewlhqh d sduwlu gh od h{suhvlöq +516, gho fdsðwxor dqwhulru=

j 
 d�(�o '
[

� � � � � � �

[
� � � � � � 
 �

R �� � � R
� �
� � �

k
�E ^� � � � � ^ 7 ^ i�j� � �E ^� � � � � ^ 7�

l

sdud � 5 �� / �� eortxh frdolflrqdo gh i� � c ���c � � j sduwlflöq gh � 1

Hq qxhvwr fdvr sduwlfxodu/ � � 
 ' ii�c 2jc i�jc � � � c i?jj/ ydprv d fdofxodu ho vhpl0
ydoru prgl�fdgr sdud � 5 � � 1 Hqwrqfhv/ m� � m ' K � ' 2 | ho qýphur gh eortxhv
frdolflrqdohv 6 ' ? � �1

Srvleohv vxefrqmxqwrv 7 � � � p i�j G 7 ' i2jc r ' �( 7 ' >c r ' f1

Orv frh�flhqwhv R �� � � / � � | n � � 6/ vrq orv fruuhvsrqglhqwhv do vhplydoru txh
dfwýd vreuh ho frflhqwh prgl�fdgr1 Hq hvwh fdvr/ R � � �� � � / � � | n � � ? � �1

Orv frh�flhqwhv R
� �
� � � / � � r n � � K � / vrq orv fruuhvsrqglhqwhv do vhplydoru txh

dfwýd vreuh xq mxhjr elshuvrqdo hq � � > ìvwrv vrq R

 � / R



 | dgrswdq/ hq ixqflöq gh
& � / orv ydoruhv/

R


� '

� � 
[
� � �

�
? � 2

�

�
R � � � ' � � & � c R




 '

� � 
[
� � �

�
? � 2

�

�
R 
 � � ' & � �
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Hq frqvhfxhqfld/ od iöupxod sdud j � d�(� � � o hv/

j � d�(� � � o '
[

� � � � � � �
R � 	 �
 � �

q
R

��
k

�E ^
 � � � 
 ^ i�c 2j� � �E ^
 � � � 
 ^ i2j�
l
n

nR
� �

k
�E ^
 � � � 
 ^ i�j� � �E ^
 � � � 
 �

l r
�

Wrgdv odv xqlrqhv gh frdolflrqhv gh od irupd ^
 � � � 
 / sdud A � � p i�j/ vrq/ gh

khfkr/ vxefrqmxqwrv gh � p i�c 2j/ sru or txh srghprv hvfulelu=

j � d�(� � � o '
[


 � � � � � � � � �
R � 	 �� � � �

q
& � d�E7 � ^ i�c 2j� � �E7 � ^ i2j�o n

nE� � & � �d�E7 � ^ i�j� � �E7 � �o
r

�

Vl hq hvwd iöupxod frqvlghudprv 7 ' 7 � ^i�c 2j sdud 7 � � � pi�c 2j/ r ' r � n2/ gh
irupd txh fdgd frh�flhqwh vh wudqvirupd hq R � 	 ��

	 � / � � r � � � ? � �1 Uhfrugdqgr
od uhodflöq hqwuh orv frh�flhqwhv gho vhplydoru lqgxflgr j � 	 � | orv gho vhplydoru j/
txh hv R � 	 ��

	 � ' R �
	 � n R � / 2 � r � ?/ oohjdprv d rewhqhu=

j � d�(� � � o '

'
[


 � � � �
ER �

	 � n R � �
q

& � d�E7� � �E7pi�j�o n E� � & � �d�E7pi2j� � �E7pi�c 2j�o
r

�

Vl od h{suhvlöq gh j � d�(� � � o od frpsdudprv frq od h{suhvlöq gh j � d�o rewhqlgd hq
od iöupxod +615,/

j � d�o '
[


 � � � �

q
R � d�E7� � �E7pi�j�o n R �

	 � d�E7pi2j� � �E7pi�c 2j�o
r

c

srghprv frqfoxlu txh od uhodflöq hqwuh dperv sdjrv hv=

j � d�(� � � o � j � d�o '

'
[


 � � � �
d& � R �

	 � � E� � & � �R � od�E7� � �E7pi�j� � �E7pi2j� n �E7pi�c 2j�o�
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Ho plvpr uhvxowdgr vh rewlhqh sdud ho mxjdgru 21 �

Frqvhfxhqfld 619
Hq odv plvpdv frqglflrqhv gh od sursrvlflöq dqwhulru/ sdud orv mxjdgruhv �c 2 txh
irupdq od ýqlfd frdolflöq elshuvrqdo=

j � d�(� � � o � j � d�o ' j � d�(� � � o � j � d�o�

Hvwr vxsrqh txh ho ehqh�flr txh vh suhwhqgh sru ho khfkr gh fuhdu hvd frdolflöq
elshuvrqdo/ phglgr frpr ho lqfuhphqwr gh dvljqdflrqhv/ hv ho plvpr sdud dperv
mxjdgruhv/ frq lqghshqghqfld gh vx vlwxdflöq hq ho mxhjr lqlfldo/ sdud fxdotxlhu
vhplydoru j vreuh C � 1

Frqvhfxhqfld 61:
+d, Vl frqvlghudprv frpr vhplydoru ho ydoru gh Vkdsoh|/ od h{suhvlöq txh uhodflrqd
od dvljqdflöq sru ho vhplydoru prgl�fdgr frq uhvshfwr d od dvljqdflöq sru ho surslr
vhplydoru dgrswd/ sdud � ' �c 2/ od irupd=

� � d�(� � � o � � � d�o '
�

2

[
� � � � �

E? � 2r n 2�
Er � 2�-E? � r�-

?-
�

�d�E7� � �E7pi�j� � �E7pi2j� n �E7pi�c 2j�o�

+e, Hq ho fdvr hq txh vh frqvlghud ho ydoru gh Edq}kdi=

� � d�(� � � o ' � � d�oc � ' �c 2�

Ghprvwudflöq
+d, Edvwd hvfulelu ho frh�flhqwh gh fdgd wìuplqr gho vxpdwrulr gh od iöupxod jhqhudo
sdud ho fdvr sduwlfxodu gho ydoru gh Vkdsoh|1 Hvwh frh�flhqwh hv=

& � R � 	 � � E� � & � �R � �

Uhfrughprv txh/ hq jhqhudo/ & � ' R
�
� | sdud ho ydoru gh Vkdsoh| hq mxhjrv elshuvr0

qdohv R
�
� ' �*21 Dvð/ ho frh�flhqwh txh khprv gh hydoxdu dgrswd od irupd=

�

2
�E?c r � �� �

�

2
�E?c r� '

�

2

k Er � 2�-E? � r n ��-

?-
�

Er � ��-E? � r�-

?-

l
c
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�

2
�E?c r � �� �

�

2
�E?c r� '

�

2
E? � 2r n 2�

Er � 2�-E? � r�-

?-
�

+e, Wudedmdqgr rwud yh} frq orv frh�flhqwhv gho vxpdwrulr/ frpr txh ho ydoru gh
Edq}kdi wdpelìq yhul�fd sdud orv mxhjrv elshuvrqdohv R

�
� ' �*2/ qrv txhgd sdud

hydoxdu=
�

2
R � � � �

�

2
R � '

�

2

k �

2
� � � �

�

2
� � �

l
' f�

Wrgrv orv frh�flhqwhv vrq f/ | ho lqfuhphqwr hv/ hq hvwh fdvr/ qxor1 �

Revhuydflöq 61;
Vhjýq ho fdvr sduwlfxodu +e, txh dfdedprv gh dqdol}du/ hv vx�flhqwh txh ho vhplydoru
txh vh frqvlghud vhd ho gh Edq}kdi sdud dvhjxudu txh ho lqfuhphqwr hqwuh ho sdjr
prgl�fdgr | ho sdjr lqlfldo hv qxor1 Od suhjxqwd txh srguðdprv irupxodu hv vl hvwd
frqglflöq hv/ dghpäv/ qhfhvduld1 Od uhvsxhvwd ylhqh gdgd hq od vljxlhqwh surslhgdg/
hq od txh vh hvwdeohfh xqd fodvh päv dpsold gh vhplydoruhv hq orv txh vh yhul�fd
txh ho lqfuhphqwr hv qxor

Whruhpd 61<
Vhdq � 5 C � | j G C � $ U � vhplydoru gh frh�flhqwhv R � c � � r � ?1 Vxsrqjdprv
txh vh irupd od hvwuxfwxud gh frdolflöq � � � ' ii�c 2jc i�jc � � � c i?jj1 Vl ghqrwdprv
sru jd�(� � � o od dvljqdflöq sru ho vhplydoru prgl�fdgr sdud mxhjrv frq hvwuxfwxud
gh frdolflöq � � � / hqwrqfhv=

j � d�(� � � o ' j � d�oc � ' �c 2c ;� 5 C � vl | vöor vl j hv xq vhplydoru elqrpldo1

Ghprvwudflöq
Suredprv/ hq sulphu oxjdu/ txh vh yhul�fd od frqglflöq sdud fxdotxlhu vhplydoru
elqrpldo j � G C � $ U �

c f 	 k 	 �1 Orv frh�flhqwhv gh hvwrv vhplydoruhv vrq
R � � � ' k

� � �
E� � k�

� � �
c � � r � ?1

Ho ydoru gh & 	 fruuhvsrqgh do vhjxqgr frh�flhqwh gho vhplydoru lqgxflgr sru xq
vhplydoru j vreuh mxhjrv elshuvrqdohv | hq hvwh fdvr hv=

& 	 
 ' R
�
� 
 � ' k

�
E� � k�

�
' k�
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Orv frh�flhqwhv gh orv wìuplqrv gho vxpdwrulr txh dsduhfh hq od h{suhvlöq gh
j � d�(� � � o � j � d�oc � ' �c 2/ dgrswdq sdud xq vhplydoru elqrpldo frq k 5 Efc �� od
irupd vljxlhqwh/ sdud 2 � r � ?=

& � � R � � � � � � E� � & � � �R � � � ' k k
� � �

E� � k�
	 � � 
 �

� E� � k�k
� � �

E� � k�
	 � �

' fc

gh grqgh vh vljxh txh vl k 5 Efc ��= Ej � � � d�(� � � o ' Ej � � � d�oc � ' �c 2c ;� 5 C � �

Orv fdvrv h{wuhprv k ' fc k ' �/ yhul�fdq wdpelìq od plvpd surslhgdg1

Uhfðsurfdphqwh/ vxsrqjdprv dkrud txh j � d�(� � � o ' j � d�oc � ' �c 2c ;� 5 C � 1
Hq wdo fdvr vhuäq qxorv wrgrv orv frh�flhqwhv txh dsduh}fdq hq orv wìuplqrv gho
vxpdwrulr/ hv ghflu=

& � R � � � � E� � & � �R � ' fc r ' 2c � � � c ?�

Vxsrqlhqgr txh hv & � 9' �/ srghprv hvfulelu=

R � '
& �

� � & �
R � � � c r ' 2c � � � c ?( R � '

k & �

� � & �

l � � �

R � c r ' 2c � � � c ?�

Vxvwlwx|hqgr hvwrv ydoruhv hq od frqglflöq txh kdq gh fxpsolu orv frh�flhqwhv gh
fxdotxlhu vhplydoru/

S 	
� � �

� 	 � �
� � �

�
R � ' �=

R �

	[

� � �

�
? � �

r � �

� k & �

� � & �

l � � �

' �( R �

	 � �[

 � �

�
? � �

|

� k & �

� � & �

l 


' �(

R �
k
� n

& �

� � & �

l 	 � �

' � , R � ' E� � & � �
	 � �

c

| orv ghpäv frh�flhqwhv vrq=

R � '
k & �

� � & �

l � � �

E� � & � �
	 � �

' &
� � �

� E� � & � �
	 � �

c r ' 2c � � � c ?�

Hvfulelhqgr k ' & � / orv frh�flhqwhv gh j vh fruuhvsrqghq d orv gh xq vhplydoru
elqrpldo=

R � ' k
� � �

E� � k�
	 � �

c r ' �c � � � c ?c k 9' ��

Txhgd sru hvwxgldu ho fdvr & � ' �1 Dkrud orv frh�flhqwhv gh orv wìuplqrv gho
vxpdwrulr vrq R � � � ' f/ r ' 2c � � � c ?/ gh pdqhud txh qhfhvduldphqwh wlhqh txh
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vhu R � ' �/ | ìvwrv vrq orv frh�flhqwhv fruuhvsrqglhqwhv do vhplydoru elqrpldo sdud
k ' �1 �

Revhuydflöq 6143
Sru ho khfkr gh kdehuvh irupdgr xqd ýqlfd frdolflöq elshuvrqdo hq ho frqmxqwr gh
mxjdgruhv gh xq mxhjr � 5 C � vh kd oohydgr d fder grv wlsrv gh hvwxglr1

Hq sulphu oxjdu/ ghvljqdqgr d orv mxjdgruhv frdoljdgrv frpr �c 2/ vh kd frpsdudgr
ho sdjr hq ho mxhjr frflhqwh � � � do mxjdgru �2/ txh uhsuhvhqwd od frdolflöq/ frq
uhvshfwr d od vxpd gh sdjrv lqlfldohv hq �1 Vl ghvljqdprv sru { � � � d�c � � � (jo ho
lqfuhphqwr gh sdjrv/

{ � � � d�c � � � (jo ' j � � d� � � o � Ej � d�o n j � d�o�c

sru od sursrvlflöq 614=

{ � � � d�c � � � (jo '
[

� � � � �
ER 	 
 � � R 	 �d�E7� � �E7pi�j� � �E7pi2j� n �E7pi�c 2j�o�

Hq vhjxqgr oxjdu/ vh kd hvwxgldgr föpr ydulded od dvljqdflöq d fxdotxlhud gh
orv grv mxjdgruhv fxdqgr ho vhplydoru j vh prgl�fded sdud mxhjrv frq hvwuxfwxud
gh frdolflöq frq hvd ýqlfd frdolflöq elshuvrqdo1 Vl ghvljqdprv od vxpd gh orv
lqfuhphqwrv gh odv uhvshfwlydv dvljqdflrqhv d dperv mxjdgruhv sru { � � � d�c j(� � � o/
hv ghflu/

{ � � � d�c j(� � � o ' j � d�(� � � o n j � d�(� � � o � Ej � d�o n j � d�o�c

sru od sursrvlflöq 618=

{ � � � d�c j(� � � o ' 2
[

� � � � �
d& � R 	 
 � �E��& � �R 	 od�E7���E7pi�j���E7pi2j�n�E7pi�c 2j�oc

grqgh & � '

� 
 �[

 � �

� � 
 �



�
R � � 
 1

Frq odv qrwdflrqhv txh dfdedprv gh lqwurgxflu/ srghprv frpsdudu xqr | rwur
lqfuhphqwrv/ gdqgr oxjdu d od vljxlhqwh surslhgdg1
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Whruhpd 6144
Vhdq � 5 C � / j G C � $ U � vhplydoru gh frh�flhqwhv R � c � � r � ?1 Vxsrqjdprv
txh vh irupd od hvwuxfwxud gh frdolflöq � � � ' ii�c 2jc i�jc � � � c i?jj/ hqwrqfhv=

{ � � � d�c � � � (jo ' { � � � d�c j(� � � oc ;� 5 C � vl | vöor vl j hv hvwäqgdu sdud
mxhjrv elshuvrqdohv1

Ghprvwudflöq
Frpsdudqgr odv h{suhvlrqhv gh { � � � d�c � � � (jo | gh { � � � d�c j(� � � o/ oohjdprv d od
ljxdogdg=

{ � � � d�c � � � (jo � { � � � d�c j(� � � o '

'
[

� � � � �
d� � 2& � oER � � � n R � �d�E7� � �E7pi�j� � �E7pi2j� n �E7pi�c 2j�oc

vlhqgr & � '

	 � �[

 � �

� 	 � �



�
R � 
 
 1

Vdehprv txh & � ' R
�
� / hv ghflu/ hv ho vhjxqgr frh�flhqwh gho vhplydoru j

�
/ txh hv

ho lqgxflgr sru j sdud mxhjrv frq grv mxjdgruhv1

Sru rwur odgr/ xq vhplydoru j hv hvwäqgdu sdud mxhjrv elshuvrqdohv vl=

j � d�o ' �Ei�j� n
�

2
d�Ei�c �j� � �Ei�j� � �Ei�j�oc ;� 5 C � c � ' i�c �jc

j � d�o '
�

2
d�Ei�c �j� � �Ei�j�o n

�

2
d�Ei�j� � �E>�oc

vlhqgr/ sru wdqwr/ vxv frh�flhqwhv= ER � c R � � ' E�*2c �*2�1

Dvð/ vxsrqlhqgr txh j hv hvwäqgdu sdud mxhjrv elshuvrqdohv/ wrgrv orv vxpdqgrv
hq od iöupxod gh od glihuhqfld gh lqfuhphqwrv vrq qxorv/ sxhvwr txh hq hoorv dsduhfh
ho idfwru d� � 2& � o txh vh dqxod sdud & � ' R

�
� ' �*21

Uhfðsurfdphqwh/ vl { � � � d�c � � � (jo ' { � � � d�c j(� � � oc ;� 5 C � / wrgrv orv frh�flhqwhv
gh orv wìuplqrv gho vxpdwrulr vhuäq qxorv/

d� � 2& � oER � � � n R � � ' f�
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Sxhgh vxfhghu hqwrqfhv txh 2& � �� ' f/ frq or txh & � ' �*2c ER
�

� c R
�
� � ' E�*2c �*2�

| ho vhplydoru j hv hvwäqgdu sdud mxhjrv elshuvrqdohv1

Shur srguðd vhu txh �� 2& � 9' f/ hq fx|r fdvr vhuðd R � � � n R � ' fc r ' 2c � � � c ?/ hv
ghflu=

R � n R � ' R � n R � ' � � � ' R � � � n R � ' f�

Frpr txh hvwrv frh�flhqwhv kdq gh fxpsolu R � � fc � � r � ?/ qhfhvduldphqwh
vhuðd= R � ' fc � � r � ?1 Shur hqwrqfhv qr vh fxpsoluðd od rwud frqglflöq txh
dihfwd d orv frh�flhqwhv gh xq vhplydoru fxdotxlhud/ txh hv

S �
� � �

� � � �
� � �

�
R � ' �1

Oxhjr/ j hv hvwäqgdu sdud mxhjrv elshuvrqdohv1 �

Sursrvlflöq 6145
Vhdq � 5 C � | j G C � $ U � vhplydoru gh frh�flhqwhv R � c � � r � ?/ frq m� m � �1
Vxsrqjdprv txh vh irupd od hvwuxfwxud gh frdolflöq � � � ' ii�c 2jc i�jc � � � c i?jj/
hqwrqfhv od glihuhqfld hqwuh ho sdjr txh ho vhplydoru prgl�fdgr dvljqd d xq mxjdgru
txh qr hv gh od frdolflöq elshuvrqdo | ho sdjr txh d hvh mxjdgru oh dvljqd ho vhplydoru
j uhvsrqgh d od vljxlhqwh h{suhvlöq=

j � d�(� � � o � j � d�o '
[

	 
 � � � � �
R � � � d�E7� � �E7pi�j� � �E7pi2j� � �E7pi�j�n

n�E7pi�c 2j� n �E7pi�c �j� n �E7pi2c �j� � �E7pi�c 2c �j�oc

grqgh � uhsuhvhqwd xqr fxdotxlhud gh orv mxjdgruhv ixhud gh od frdolflöq elshuvrqdo
i�c 2j1

Ghprvwudflöq
Fdofxodprv/ hq sulphu oxjdu/ xqd h{suhvlöq sdud ho sdjr fruuhvsrqglhqwh do mxjdgru
� sru ho vhplydoru j/ uhsuhvhqwdqgr hvwh mxjdgru � xqr fxdotxlhud gh orv mxjdgruhv
txh qr irupd sduwh gh od frdolflöq elshuvrqdo ýqlfd txh frqyhqlprv hq uhsuhvhqwdu
sru i�c 2j1

j � d�o '
[

	 
 �
R � d�E7� � �E7pi�j�oc r ' m7m�

Vhsdudprv hvwh vxpdwrulr vhjýq vl � ö 2 shuwhqhfhq r qr d od frdolflöq 71
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j � d�o '
[

� � � � � � �
R � d�E7� � �E7pi�j�o n

[
� � � � �� �� �

R � d�E7� � �E7pi�j�on

n
[

� � � � �� �� �
R � d�E7� � �E7pi�j�o n

[
� � �� �� � � �

R � d�E7� � �E7pi�j�o�

Vl hq ho vhjxqgr vxpdwrulr kdfhprv 7 � ' 7 ^i2jc r � ' rn�/ hq ho whufhu vxpdwrulr
kdfhprv 7 � ' 7 ^ i�jc r � ' r n �/ | hq ho fxduwr vxpdwrulr kdfhprv 7 � '

7 ^ i�c 2jc r � ' r n 2=

j � d�o '
[

� � � � � � �
R � d�E7� � �E7pi�j�o n

[
� 	 � � � � � �

R � 	 
 � d�E7 � pi2j� � �E7 � pi2c �j�on

n
[

� 	 � � � � � �
R � 	 
 � d�E7 � pi�j� � �E7 � pi�c �j�on

n
[

� 	 � � � � � �
R � 	 
 � d�E7 � pi�c 2j� � �E7 � pi�c 2c �j�o�

Djuxsdqgr hq xq plvpr vxpdwrulr oohjdprv d od h{suhvlöq=

j � d�o '
[

� � � � � � �

q
R � d�E7� � �E7pi�j�o n R � 
 � d�E7pi2j� � �E7pi2c �j�n

n �E7pi�j� � �E7pi�c �j�o n R � 
 � d�E7pi�c 2j� � �E7pi�c 2c �j�o
r

�

Sdud rewhqhu od h{suhvlöq gh j � d�(� � � o dsolfdprv od iöupxod jhqhudo sdud fxdotxlhu
vhplydoru prgl�fdgr txh vh rewlhqh d sduwlu gh od h{suhvlöq +516, gho fdsðwxor
dqwhulru/

j � d�(�o '
[

� 
 � � � � �
[

� 
 � � � � � �
R �� � � R

� �
� � �

k
�E ^� � � � � ^ 7 ^ i�j� � �E ^� � � � � ^ 7�

l
c

sdud � 5 �� / �� eortxh frdolflrqdo gh i� � c ���c � � j sduwlflöq gh � 1
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Hq qxhvwur fdvr/ � � � ' ii�c 2jc i�jc iejc � � � c i?jj/ ydprv d fdofxodu ho vhplydoru
prgl�fdgr sdud � 5 � � = m� � m ' � | ho qýphur gh eortxhv frdolflrqdohv 6 ' ? � �1

Srvleohv vxefrqmxqwrv 7 � � � p i�j G 7 ' >c r ' f1

Orv frh�flhqwhv R
�� � � / � � | n � � 6/ vrq orv fruuhvsrqglhqwhv do vhplydoru txh

dfwýd vreuh ho frflhqwh prgl�fdgr1 Hq hvwh fdvr/ R
� � �� � � / � � | n � � ? � �1 Orv

frh�flhqwhv R
� �
	 � � / � � r n � � K
 / vrq orv fruuhvsrqglhqwhv do vhplydoru txh dfwýd

vreuh xq mxhjr xqlshuvrqdo hq � � = vh wudwd h{foxvlydphqwh gh R
�� ' �1

Hq frqvhfxhqfld/ od iöupxod sdud j � d�(� � � o hv/

j � d�(� � � o '
[

� 
 � � � � �
R

� � �� � �
k

�E ^� � � �
�

^ i�j� � �E ^� � � �
�
�

l
�

Gh hqwuh orv vxefrqmxqwrv A � � p i2j sxhgh kdehu gh grv wlsrv=

+d, dtxhoorv A wdohv txh � 5 A / hv ghflu/ txh sxhghq lghqwl�fduvh frq vxefrqmxqwrv
gh i�c 2c ec � � � c ?j/

+e, dtxhoorv A wdohv txh � *5 A / sru or txh sxhghq lghqwl�fduvh frq vxefrqmxqwrv
gh iec � � � c ?j1

Vhjýq hvwd glihuhqfldflöq/ ho vxpdwrulr hq od h{suhvlöq gh j � d�(� � � o sxhgh ghvfrp0
srqhuvh hq grv= xqr frq 7 � � � wdohv txh �c 2 5 7 � c � *5 7 � c r � ' | n �/ sdud orv
vxefrqmxqwrv gho wlsr +d,/ | rwur frq 7 � � � wdohv txh �c 2c � *5 7 � c r � ' |/ sdud orv
gho wlsr +e,1

j � d�(� � � o '
[

� � 
 �� � � � � � � � � �� �
R

� � �	 � d�E7 � ^ i�j� � �E7 � �o n
[

� � 
 �� � �� � � � � �
R

� � �	 � � � d�E7 � ^ i�j� � �E7 � �o�

Vl hq ho sulphu vxpdwrulr hvfulelprv 7 ' 7 � ^ i�jc r ' r � n �/ | hq ho vhjxqgr
hvfulelprv 7 ' 7 � ^ i�c 2c �jc r ' r� n �/ rewhqhprv=

j � d�(� � � o '
[

� � � � � � �

q
R

� � �	 � � d�E7���E7pi�j�onR
� � �	 � � d�E7pi�c 2j���E7pi�c 2c �j�o

r
�
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Shur orv frh�flhqwhv hq orv wìuplqrv gho vxpdwrulr vrq frh�flhqwhv gho vhplydoru
lqgxflgr j �

� � = R �
� �� � � ' R � � � n R � / R�

� �� � � ' R � � � n R � � � / sdud � � r � ?1 Gh dtxð=

j � d�(� � � o '
[

� � � � � � �

q
ER � � � n R � �d�E7� � �E7pi�j�on

nER � � � n R � � � �d�E7pi�c 2j� � �E7pi�c 2c �j�o
r

�

Ilqdophqwh/ uhvwdqgr d hvwd h{suhvlöq od iöpxod txh khprv hqfrqwudgr suhyldphqwh
sdud j � d�o/ rewhqhprv od ljxdogdg=

j � d�(� � � o � j � d�o '
[

� � � � � � �
R � � � d�E7� � �E7pi�j� � �E7pi2j� � �E7pi�j�n

n�E7pi�c 2j� n �E7pi�c �j� n �E7pi2c �j� � �E7pi�c 2c �j�o� �

Frqvhfxhqfld 6146
Sdud ghwhuplqdgrv vhplydoruhv/ od h{suhvlöq fruuhvsrqglhqwh do frh�flhqwh gh fdgd
wìuplqr gho vxpdwrulr dgrswd od irupd vljxlhqwh=

+d, Ydoru gh Vkdsoh|= R � � � ' �E?c r � �� '
Er � 2�-E? � r n ��-

?-
c � � r � ?1

+e, Vhplydoruhv elqrpldohv= R � � � ' k
� � �

E� � k� �
� � 	 �

c � � r � ?c f � k � �1
Ghqwur gh ìvwrv ho ydoru gh Edq}kdi hv ho fruuhvsrqglhqwh d k ' �*2/ hq fx|r fdvr/
ho frh�flhqwh hv R � � � ' �*2 �

� � / � � r � ?/ txh do qr ghshqghu gho fduglqdo gh 7

sxhgh vdolu frpr idfwru frpýq gho vxpdwrulr1

Gh�qlflöq 6147
Xq vhplydoru j G C 
 $ U 
 ghflprv txh hv xq vhplydoru h{wuhpr vl hv xqd
frpelqdflöq olqhdo frqyh{d gho ðqglfh glfwdwruldo | gho ðqglfh pdujlqdo=

j ' E� � k�� � n k � � c f � k � ��

Sru vxv frh�flhqwhv=

ER 
 c R � c � � � c R � � 
 c R� � ' E� � k�E�c fc � � � c fc f� n kEfc fc � � � c fc ��c f � k � �c

ER 
 c R � c � � � c R � � 
 c R � � ' E� � kc fc � � � c fc k�c f � k � ��
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Whruhpd 6148
Vhdq � 5 C � | j G C � $ U � vhplydoru gh frh�flhqwhv R � c � � r � ?/ frq m� m � �1
Vxsrqjdprv txh vh irupd od hvwuxfwxud gh frdolflöq � � � ' ii�c 2jc i�jc � � � c i?jj/
hqwrqfhv=

j � d�(� � � o ' j � d�oc ;� 5 �pi�c 2jc ;� 5 C � / vl | vöor vl j hv xq vhplydoru h{wuhpr1

Ghprvwudflöq
Od h{suhvlöq txh khprv rewhqlgr hq od sursrvlflöq dqwhulru vluyh sdud fxdotxlhu
mxjdgru � 5 �c � 9' �c 21 Dvð/ hq wrgrv hvwrv fdvrv orv frh�flhqwhv txh dsduhfhq
hq orv wìuplqrv gho vxpdwrulr vrq= R � � � c � � r � ?/ r or txh hv or plvpr/
R � c 2 � r � ? � �1

Vl ho vhplydoru j hv h{wuhpr fxpsoh R � ' fc 2 � r � ? � �/ gh grqgh wrgrv orv
wìuplqrv gho vxpdwrulr vrq qxorv | j � d�(� � � o ' j � d�oc � 9' �c 21

Uhfðsurfdphqwh/ vl j � d�(� � � o ' j � d�oc ;� 5 � p i�c 2jc ;� 5 C � / wrgrv orv
frh�flhqwhv gh orv wìuplqrv gho vxpdwrulr vhuäq qxorv/ gh grqgh R � ' fc 2 � r �

? � �1 Txhgdq sru ghwhuplqdu R � c R � > shur hvwrv frh�flhqwhv kdq gh fxpsolu odv
frqglflrqhv sursldv gh fxdohvtxlhud frh�flhqwhv gh xq vhplydoru=

�[

� � �

�
? � �

r � �

�
R � ' �

R � � fc � � r � ?

<
A@
A>

,
R � n R 	 ' �

R � c R 	 � f

,
,

R 
 ' � � k

R � ' k

,

f � k � �c

oxhjr j hv xq vhplydoru h{wuhpr1 �

Frqvhfxhqfld 6149
Vhdq � 5 C � | j G C � $ U � vhplydoru gh frh�flhqwhv R 
 c � � r � ?/ frq m� m � �1
Vxsrqjdprv txh vh irupd od hvwuxfwxud gh frdolflöq � 
 � ' ii�c 2jc i�jc � � � c i?jj/
hqwrqfhv=

j � d�(� 
 � o ' j � d�oc ;� 5 �c ;� 5 C � vl | vöor vl j hv ho ðqglfh glfwdwruldo
r j hv ho ðqglfh pdujlqdo1

Ghprvwudflöq
Sru ho whruhpd 61</ j � d�(� 
 � o ' j � d�oc � ' �c 2c ;� 5 C � vl | vöor vl j hv xq vhpl0
ydoru elqrpldo1 Sru ho whruhpd dqwhulru/ j � d�(� 
 � o ' j � d�oc ;� 5 � p i�c 2jc ;� 5
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C � vl | vöor vl j hv xq vhplydoru h{wuhpr1 Frpr orv ýqlfrv vhplydoruhv txh vrq/
d od yh}/ elqrpldohv | h{wuhprv sdud m� m � �/ vrq ho ðqglfh glfwdwruldo | ho ðqglfh
pdujlqdo/ vh vljxh od d�updflöq gho hqxqfldgr1 �

616 HPO | frdolflrqhv gh grv mxjdgruhv

Hq hvwd vhfflöq riuhfhprv xq pìwrgr gh fäofxor gh orv lqfuhphqwrv gh dvljqdflöq
txh vh kdq rewhqlgr hq odv vhfflrqhv suhfhghqwhv fxdqgr vh kd frqvlghudgr xqd
ýqlfd frdolflöq elshuvrqdo hq ho frqmxqwr gh mxjdgruhv1 Od vlvwhpdwl}dflöq gh orv
fäofxorv vh hihfwýd phgldqwh od h{whqvlöq pxowlolqhdo gho mxhjr frrshudwlyr1

Hq Pdjdôd +4<<9, vh riuhfh xqd h{suhvlöq sdud od h{whqvlöq pxowlolqhdo gho mxhjr
frflhqwh/ hq jhqhudo/ | gho frflhqwh frq xqd ýqlfd frdolflöq elshuvrqdo/ hq sdu0
wlfxodu1 Dkrud/ pdqlsxodflrqhv vlploduhv gh od h{whqvlöq pxowlolqhdo uhfrjlgdv hq
ho vljxlhqwh ohpd frqgxfhq d odv iöupxodv sdud ho fäofxor gh orv fruuhvsrqglhqwhv
lqfuhphqwrv vhjýq od dvljqdflöq riuhflgd sru fxdotxlhu vhplydoru1 Hvwrv uhvxowdgrv
hqjoredq orv riuhflgrv hq od uhihuhqfld txh vh flwd sdud orv ydoruhv gh Vkdsoh| | gh
Edq}kdi1

Ohpd 614:
Vxsrqjdprv txh s ' sE% � c � � � c % � � hv od HPO gh xq mxhjr � 5 C � 1

+d, Vl �c � 5 �c m� m � 2/ | ghqrwdprv k ' Ekc � � � c k�/ hqwrqfhv=

Y
�
sEk�

Y% � Y% �
'

[
� � � � �

k 	 

�
E� � k�

�

 	 d�E7� � �E7pi�j� � �E7pi�j� n �E7pi�c �j�o�

+e, Vl �c �c & 5 �c m� m � �/ | ghqrwdprv k ' Ekc � � � c k�/ hqwrqfhv=

Y
�
sEk�

Y% � Y% � Y% �
'

[
� � � � � � �

k 	 

�
E� � k�

�

 	 d�E7� � �E7pi�j� � �E7pi�j��

� �E7pi&j� n �E7pi�c �j� n �E7pi�c &j�n
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n �E7pi�c &j� � �E7pi�c �c &j�o�

Ghprvwudflöq
+d, Od h{suhvlöq gh od HPO gho mxhjr �/

sE% � c � � � c % � � '
[

� � �
\

� � � % � \

� �� � E� � % � ��E7�c

od vhsdudprv hq fxdwur vxpdwrulrv vhjýq vl �c � shuwhqhfhq r qr d fdgd frdolflöq
7=

sE% � c � � � c % � � '
[

� 	 
 � � % 
 %� \
� � � 
 � 
 � � � % � \

� �� � E� � % � ��E7�n

n
[

� 	 
 � � �	 � % 
 E� � % � �
\

� � � 
 � 
 � % � \

� �� � � � � � E� � % � ��E7�n

n
[

� �	 
 � � 	 � E� � % 
 �% � \
� � � 
 � � � % � \

� �� � � � 
 � E� � % � ��E7�n

n
[

� �	 
 � � E� � % 
 �E� � % � �
\

� � � % � \

� �� � � � 
 � � � E� � % � ��E7��

Ghulydqgr uhvshfwr d % 
 c %� / rewhqhprv Y � s

Y% 
 Y% � frpr vxpd gh fxdwur wìuplqrv=

[
� 	 
 � �

\
� � � 
 � 
 � � � % � \

� �� � E� � % � ��E7� �
[

� 	 
 � � �	 �
\

� � � 
 � 
 � % � \

� �� � � � � � E� � % � ��E7��

�
[

� �	 
 � � 	 �
\

� � � 
 � � � % � \

� �� � � � 
 � E� � % � ��E7� n
[

� �	 
 � �
\

� � � % � \

� �� � � � 
 � � � E� � % � ��E7��

Vl hq ho vhjxqgr vxpdwrulr kdfhprv 7 � ' 7 ^ i�jc r� ' r n �/ hq ho whufhur
7 � ' 7 ^ i�jc r � ' r n �/ | hq ho fxduwr 7 � ' 7 ^ i�c �jc r � ' r n 2/ od h{suhvlöq
dqwhulru vh wudqvirupd hq=
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[
� � � � �

\
� � � � � � � � 	 % � \


 �� � E� � % 
 ��E7� �
[

� � � � � �
\

� � � � � � � � � 	 % � \


 �� � � E� � % 
 ��E7 
 pi�j��

�
[

� � � � � �
\

� � � � � � � � � 	 % � \


 �� � � E� � % 
 ��E7 
 pi�j�n

n
[

� � � � � �
\

� � � � � � � � � 	 % � \


 �� � � E� � % 
 ��E7 
 pi�c �j��

Hvwd h{suhvlöq sxhgh djuxsduvh edmr xq ýqlfr vxpdwrulr=

Y � sE% � c � � � c % � �
Y% � Y%� '

[
� � � � �

\
� � � � � � � � 	 % � \


 �� � E� � % 
 �d�E7� � �E7pi�j��

��E7pi�j� n �E7pi�c �j�o�

Vl vh vxvwlwx|h E% � c � � � c % � � sru Ekc � � � c k�/ hq fdgd wìuplqr gho vxpdwrulr dsduhfh
frpr frh�flhqwh k � � � E� � k�

� � � / | khprv rewhqlgr od h{suhvlöq gho hqxqfldgr gho
dsduwdgr +d,1

+e, Sdud rewhqhu od iöupxod gh hvwh dsduwdgr/ sduwlprv gh od h{suhvlöq dqwhulru/
vhsdudqgr hq grv vxpdwrulrv vhjýq odv frdolflrqhv 7= sru xq odgr orv wìuplqrv frq
7 wdo txh �c �c & 5 7/ | sru rwur odgr orv wìuplqrv frq 7 wdo txh �c � 5 7c & *5 71
Hq ho sulphu wlsr gh wìuplqrv vdfdprv idfwru frpýq % � / | hq ho vhjxqgr � � % � 1
Do ghulydu sdufldophqwh uhvshfwr d % � / orv sulphurv wìuplqrv vh wudqvirupdq hq
� | orv vhjxqgrv hq ��/ | od iöupxod sdud od ghulydgd sdufldo whufhud uhvshfwr d
% � c % � c % � wlhqh sru h{suhvlöq=

[
� � � � � � �

\
� � �� �� � � � � �

% � \


 �� � E� � % 
 �d�E7� � �E7pi�j� � �E7pi�j� n �E7pi�c �j�o�

�
[

� � � � �� �� �

\
� � �� �� � � �

% � \


 �� �
 �� �
E� � % 
 �d�E7� � �E7pi�j� � �E7pi�j� n �E7pi�c �j�o�

Vl hq ho vhjxqgr vxpdwrulr hvfulelprv 7 
 ' 7^i&jc r 
 ' rn�/ | ghvsxìv djuxsdprv
dperv vxpdwrulrv hq xqr=
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Y � sE% � c � � � c % � �
Y% � Y%� Y% �

'
[

� � � � � � �

\
	 
 �	 �� � � � � �

% 	 \


 �
 �
E� � % 
 �d�E7� � �E7pi�j� � �E7pi�j��

��E7pi&j� n �E7pi�c �j� n �E7pi�c &j� n �E7pi�c &j� � �E7pi�c �c &j�o�

Ilqdophqwh/ vl vxvwlwxlprv E% � c � � � c % � � sru Ekc � � � c k�/ hq fdgd wìuplqr gho vxpd0
wrulr dsduhfh frpr frh�flhqwh k � � � E� � k�

� � � / | khprv rewhqlgr od h{suhvlöq txh
fruuhvsrqgh do hqxqfldgr gho dsduwdgr +e,1 �

Sursrvlflöq 614;
Vhd s ' sE% � c � � � c % � � od HPO gho mxhjr � 5 C � 1
Vhdq f � k � 	 � � � 	 k � � �/ ? qýphurv uhdohv/ gh pdqhud txh ho vhplydoru
j G C � $ U � / gh frh�flhqwhv R � / � � r � ?/ vh h{suhvd hq irupd ýqlfd frpr
j '

S �
� � � b� j � � / frq

S �
� � � b� ' �1

Vl \ hv od pdwul} froxpqd gh orv frh�flhqwhv gh j frpr frpelqdflöq olqhdo gh orv
vhplydoruhv elqrpldohv sdud k � c � � � c k � / hqwrqfhv=

+d, j � � d� � � o � Ej � d�o n j � d�o� ' � \c

+e, j � d�(� � � o � j � d�o ' ( � \c � ' �c 2c

+f, j � d�(� � � o � j � d�o ' .
�
\c & 9' �c 2c

grqgh �c ( � c .
� vrq odv pdwulfhv �od vljxlhqwhv=

� ' ES� �c S� ' E� � 2k � �
Y

�
sEk � �

Y% � Y% �
c � � � � ?c

( � ' E_ �� �c _ �� ' E& � � k � �
Y

�
sEk � �

Y% � Y% �
c � � � � ?c

.
�
' Ee

�� �c e
�� ' k � E� � k� �

Y � sEk � �
Y% � Y% � Y% �

c � � � � ?c & 9' �c 2c

frq odv qrwdflrqhv= & � '

� � �[

� � �

� � � �
�

�
R � � � c k� ' Ek � c � � � c k � ��
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Ghprvwudflöq
+d, D sduwlu gh od iöupxod txh hq od sursrvlflöq 614 khprv suredgr sdud hvwh
lqfuhphqwr/

j � � d� � � o � Ej � d�o n j � d�o� '

'
[

� � � � �
ER � � � � R � �d�E7� � �E7pi�j� � �E7pi2j� n �E7pi�c 2j�oc

vxvwlwxlprv fdgd frh�flhqwh gho vxpdwrulr hq ixqflöq gh orv frh�flhqwhv gh orv
vhplydoruhv elqrpldohv hvfrjlgrv frpr vlvwhpd gh uhihuhqfld/ rewhqlhqgr/ sdud
k 5 Efc ��=

R � � � � R � '

�[
� 	 �

b� k
� � �� E� � k � �

� � � 
 �
�

�[
� 	 �

b� k
� � �� E� � k� �

� � �

'

�[
� 	 �

b� E� � 2k � �k
� � �

� E� � k � �
� � �

�

Lqwhufdpeldqgr ho rughq gh orv vxpdwrulrv hq od h{suhvlöq gho lqfuhphqwr | wh0
qlhqgr hq fxhqwd od iöupxod gh od ghulydgd vhjxqgd gh od HPO rewhqlgd hq ho
dsduwdgr +d, gho ohpd 614:/ srghprv hvfulelu=

j � � d� � � o � Ej � d�o n j � d�o� '

�[
� 	 �

b� E� � 2k � �
Y

�
sEk � �

Y% � Y% �
' � \�

+e, Dkrud/ od iöupxod rewhqlgd hq od sursrvlflöq 618 sdud hvwh lqfuhphqwr hv=

j � d�(� � � o � j � d�o '

'
[

� � � � �
d& � R � � � � E� � & � �R � od�E7� � �E7pi�j� � �E7pi2j� n �E7pi�c 2j�oc

grqgh & � '
� � �S

� 	 


� � � �
�

�
R � 
 � | od iöupxod hv yäolgd sdud � ' �c 2�

Vxvwlwx|hqgr fdgd frh�flhqwh gho vxpdwrulr hq ixqflöq gh orv frh�flhqwhv gh orv
vhplydoruhv elqrpldohv txhgd=
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& � R � � � � E� � & � �R � '

�[
� � �

b� d& � E� � k � � � E� � & � �k � ok
� � �� E� � k � �

� � �

'
�S

� � �
b� d& � � k � ok

� � �� E� � k � �
� � �

�

Lqwhufdpeldqgr ho rughq gh orv vxpdwrulrv | dsolfdqgr qxhydphqwh od surslhgdg
+d, gho ohpd 614: vh rewlhqh=

j � d�(� � � o � j � d�o '

�[
� � �

b� E& � � k � �
Y

�
sEk � �

Y% � Y% �
' (

�
\/ sdud � ' �c 2�

+f, Sru ýowlpr/ od h{suhvlöq gh hvwh lqfuhphqwr hv/ vhjýq od sursrvlflöq 6145/

j 	 d�(� � � o � j 	 d�o '
[


 � � � � � 	
R � � � d�E7� � �E7pi�j� � �E7pi2j� � �E7pi�j�n

n�E7pi�c 2j� n �E7pi�c �j� n �E7pi2c �j� � �E7pi�c 2c �j�o�

Vl hvfulelprv orv frh�flhqwhv R � � � hq ixqflöq gh orv frh�flhqwhv gh orv vhplydoruhv
elqrpldohv | djuxsdprv txhgd=

R � � � '

�[
� � �

b� k
� � �� E� � k � �

� � � 
 �
'

�[
� � �

b� k� E� � k � �k
� � 	� E� � k� �

� � �
�

Lqwhufdpeldqgr ho rughq gh orv vxpdwrulrv hq od iöupxod gho lqfuhphqwr | hpsoh0
dqgr od h{suhvlöq gh od ghulydgd whufhud gh od HPO ylvwd hq ho dsduwdgr +e, gho
ohpd 614: vh oohjd d rewhqhu=

j � d�(� � � o � j � d�o '

�[
� � �

b� k � E� � k � �
Y

	
sEk � �

Y% � Y% � Y% �
' .

�
\/ sdud & 9' �c 2�

Hq fxdotxlhud gh orv dsduwdgrv +d,/ +e,/ +f,/ vh rewlhqhq h{suhvlrqhv vlploduhv
fxdqgr vh frqvlghudq orv fdvrv hq orv txh orv vhplydoruhv elqrpldohv gh uhihuhqfld
vrq orv fruuhvsrqglhqwhv d k � ' fc k � 9' �( k � 9' fc k � ' �( k � ' fc k � ' �1 �
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Revhuydflöq 614<
Odv pdwulfhv ghqrplqdgdv �c .

�
qr ghshqghq gho vhplydoru j frq ho txh hq frq0

fuhwr vh hvwì wudedmdqgr1 Hvwdv pdwulfhv/ txh ghshqghq gho mxhjr � 5 C � txh vh
frqvlghuh d wudyìv gh vx h{whqvlöq pxowlolqhdo s / txhgdq gh�qlgdv xqd yh} ghwhu0
plqdgr ho vlvwhpd gh uhihuhqfld hq ho klshusodqr gh vhplydoruhv gdgr sru orv ?

vhplydoruhv elqrpldohv hvfrjlgrv j � � / � � � � ?1

Dvð/ orv fäofxorv fruuhvsrqglhqwhv d orv lqfuhphqwrv uh hmdgrv hq orv dsduwdgrv
+d, | +f, sxhghq hihfwxduvh sdud glihuhqwhv vhplydoruhv j vlq päv txh fdpeldu
odv pdwulfhv \ gh fdgd vhplydoru txh vh hvwxglh1 Sdud ho fdvr +e,/ od glihuhqfld
j � d�(� � � o� j � d�o/ � ' �c 2/ uhtxlhuh/ dghpäv/ ho fäofxor gh od frqvwdqwh & � txh gheh
rewhqhuvh sdud fdgd vhplydoru1

Hmhpsor 6153
Frqvlghudprv ho mxhjr � 5 C � c � ' i�c 2c �c ejc gh�qlgr hq od irupd= �E7� ' e vl
� 5 7 9' �c �E7� ' 2

� 	 �
vl � *5 7 | �E�� ' H1 Hq wrgr ho hmhpsor vxsrqguhprv

txh vh irupd xqd ýqlfd frdolflöq elshuvrqdo hqwuh orv mxjdgruhv 2 | �/ gh pdqhud
txh od hvwuxfwxud gh frdolflrqhv hv � � 
 ' ii�jc i2c �jc iejj�

Od HPO dvrfldgd d hvwh mxhjr hv=

sE% � c % � c % 
 c % � � ' e% � n % � n % 
 n % � � % � % � � % � % 
 � % � % � n % � % 
 % � n �% � % � % 
 % � �

Frpr txh od frdolflöq elshuvrqdo txh vh irupd hv i2c �j fdofxodprv=

Y
�
s

Y% � Y% 

' % � n �% � % � �

+d, Ydprv d ghwhuplqdu ho lqfuhphqwr gh dvljqdflöq sru ho ydoru gh Edq}kdi sdud
od fodvh 2� gho frflhqwh uhvshfwr d od vxpd gh dvljqdflrqhv sdud orv mxjdgruhv 2/ �
hq ho mxhjr ruljlqdo/ wrpdqgr frpr vlvwhpd gh uhihuhqfld vhplydoruhv elqrpldohv
sdud k � ' fc k � ' �*�c k 
 ' 2*�c k � ' ��

Ixqflöq dx{loldu 8 � sdud rewhqhu od pdwul} ghqrplqdgd �=

8 � Ek� ' E� � 2k�
Y



sEk�

Y% 
 Y% �
' E� � 2k�Ek n �k



��

8 � Ef� ' fc 8 � E�*�� ' 2*bc 8 � E2*�� ' �2*�c 8 � E�� ' �e�



469 61 FRDOLFLRQHV ELSHUVRQDOHV

Vdehprv txh ho ydoru gh Edq}kdi hq hvwh vlvwhpd gh uhihuhqfld hv=

� '
��

�S
j � n

b

�S
j � � � n

b

�S
j � � � n

��

�S
j � �

Sru or wdqwr=

� � � d� � � o � E� � d�o n � � d�o� ' � \ '
�

�S

�
f 2*b �2*� �e

�
3
EEEC

��

b

b

��

4
FFFD ' f�

Hvwh uhvxowdgr hv ho hvshudgr |d txh ho ydoru gh Edq}kdi fxpsoh txh hvwh lqfuhphqwr
hv qxor sdud fxdotxlhu mxhjr1

+e, Ho plvpr fäofxor txh hq ho dsduwdgr +d,/ shur dkrud sdud ho ydoru gh Vkdsoh|1

Hq hvwh fdvr vluyh od plvpd pdwul} � gho dsduwdgr dqwhulru/ vlhqgr vx�flhqwh
fdpeldu od pdwul} gh orv frh�flhqwhv fruuhvsrqglhqwhv do vhplydoru/ txh dkrud gh0
qrwdprv sru h\1 Sdud rewhqhu hvrv frh�flhqwhv edvwd uhfrugdu txh=

� '
�

H
j � n

�

H
j � � � n

�

H
j 	 � � n

�

H
j � �

Hqwrqfhv=

� 	 � d� 	 � o � E� 	 d�o n � � d�o� ' � h\ '
�

H

�
f 2*b �2*� �e

�
3
EEEC

�

�

�

�

4
FFFD '

�2

�
�

+f, Rewhqflöq gh orv lqfuhphqwrv uhvshfwlyrv gh dvljqdflöq sru orv ydoruhv gh
Edq}kdi | gh Vkdsoh| sdud od fodvh 2� gho frflhqwh uhvshfwr d od vxpd gh dvljqd0
flrqhv sdud orv mxjdgruhv 2/ � hq ho mxhjr ruljlqdo/ wrpdqgr frpr vlvwhpd gh uhih0
uhqfld vhplydoruhv elqrpldohv sdud k � ' �*Hc k 	 ' �*Hc k � ' D*Hc k 
 ' .*H�

Hq hvwh fdvr/ od ixqflöq dx{loldu 8 � ' E�� 2k�Ekn�k
	
� hv od plvpd txh |d kdeðd

vlgr hpsohdgd sdud rewhqhu od pdwul} � hq orv dsduwdgrv +d, | +e,1 Dkrud gheh
ydoruduvh hq orv qxhyrv ydoruhv gh k1

8 � E�*H� '
��

2DS
c 8 � E�*H� '

D�

2DS
c 8 � ED*H� '

���D

2DS
c 8 � E.*H� '

�Sfb

2DS
�
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Do vhu/ uhvshfwlydphqwh/

� '
��

�S
j � � � n

b

�S
j � � � n

b

�S
j � � � n

��

�S
j � � � c

� '
��

eH
j � � � n

��

eH
j � � � n

��

eH
j � � � n

��

eH
j � � � c

vh rewlhqhq orv uhvxowdgrv=

� � � d� � � o � E� � d�o n � � d�o� ' � \ '
�

efbS

�
�� D� ���D �Sfb

�
3
EEEC

��

b

b

��

4
FFFD ' fc

� � � d� � � o� E� � d�on� � d�o� ' � h\ '
�

�22HH

�
�� D� ���D �Sfb

�
3
EEEC

��

��

��

��

4
FFFD '

�2

�
�

Hvwrv uhvxowdgrv/ mxqwr frq orv gh orv dsduwdgrv +d, | +e,/ qrv shuplwhq frpsuredu
od lqghshqghqfld gh orv fäofxorv gh od hohfflöq gho vlvwhpd gh uhihuhqfld hq ho
klshusodqr gh vhplydoruhv1

+g, Rewhqflöq sdud fxdotxlhud gh orv mxjdgruhv 2/ � gho lqfuhphqwr gh dvljqd0
flrqhv hqwuh ho vhplydoru prgl�fdgr sru od irupdflöq gh od frdolflöq elshuvrqdo |
ho vhplydoru lqlfldo/ sdud Edq}kdi | sdud Vkdsoh|1

Hq hvwd rfdvlöq khprv gh fdofxodu od pdwul} ( � / or fxdo kdfhprv sru phglr gh od
ixqflöq dx{loldu/

8 � 	 Ek� ' E& 
 � k�
Y � sEk�

Y% � Y% �
' E& 
 � k�Ek n �k � ��

Pdv txh gh xqd ixqflöq/ vh wudwd gh xqd idplold gh ixqflrqhv/ |d txh ghshqgh gh
fdgd vhplydoru d wudyìv gho frh�flhqwh & 
 1 Hq ho fdvr gho ydoru gh Edq}kdi vh wlhqh
& 
 ' �*2/ gh grqgh=

8 � � Ek� ' E�*2 � k�Ek n �k
�
��
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Hq hvwh fdvr/ frqvlghudprv vhplydoruhv elqrpldohv gh uhihuhqfld sdud k � ' fc k � '

�*�c k � ' 2*�c k � ' �/ | hq hoorv ydorudprv od ixqflöq=

8 � � Ef� ' fc 8 � � E�*�� ' �*bc 8 � � E2*�� ' ��*�c 8 � � E�� ' �2�

Gh hvwd pdqhud/ sdud � ' 2c �=

� � d�(� � � o � � � d�o ' (
	
\ '

�

�S

�
f �*b ��*� �2

�
3
EEEC

��

b

b

��

4
FFFD ' f�

Dkrud sdud ho ydoru gh Vkdsoh| & 
 ' �*2/ sru or txh od ixqflöq dx{loldu hv od plvpd
| wdpelìq od pdwul} (



' (

�
1 Sru or wdqwr/ sdud � ' 2c �=

� � d�(� 
 � o � �� d�o ' (


\ '

�

H

�
f �*b ��*� �2

�
3
EEEC

�

�

�

�

4
FFFD '

��

�
�

Dperv uhvxowdgrv hudq suhylvleohv1 Txh ho lqfuhphqwr fruuhvsrqglhqwh do ydoru gh
Edq}kdi vhd qxor hv ghelgr d txh vh sureö txh hvwr vxfhgðd sdud wrgr vhplydoru
elqrpldo | ìvwh qr hv vlqr ho fdvr sduwlfxodu sdud k ' �*21

Hq fxdqwr do uhvxowdgr sdud ho ydoru gh Vkdsoh|/ wdpelìq vh sureö txh sdud mxhjrv
hvwäqgdu sdud elshuvrqdohv/ ho lqfuhphqwr hqwuh od dvljqdflöq hq ho frflhqwh uhvshfwr
d od vxpd gh odv grv dvljqdflrqhv hq ho mxhjr lqlfldo hv ho plvpr txh ho lqfuhphqwr
hqwuh od vxpd gh dvljqdflrqhv prgl�fdgdv uhvshfwr d od vxpd gh dvljqdflrqhv
lqlfldohv1 Vl hq ho dsduwdgr +e, rewxylprv xq uhvxowdgr gh �2*�/ dkrud hvshuäedprv
rewhqhu ��*�/ |d txh od sulphud fdqwlgdg vh kd gh uhsduwlu hq sduwhv ljxdohv sdud
orv lqfuhphqwrv lqglylgxdohv gh fdgd mxjdgru1

+h, Ilqdophqwh/ fdofxodprv föpr dihfwd do uhvwr gh mxjdgruhv ho khfkr gh kdehuvh
irupdgr od frdolflöq i2c �j1 Od ghulydgd vhjxqgd gh od HPO uhvshfwr d % 
 | % � hv/
hq hvwh fdvr/ % � n �% � % � 1 Sdud hvwxgldu ho lqfuhphqwr sdud ho mxjdgru � khprv gh
ghulydu dkrud uhvshfwr d od yduldeoh % � =

Y
�
s

Y% 
 Y% � Y% �
' �% � �
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D sduwlu gh hvwd ghulydgd sdufldo srghprv frqvwuxlu od ixqflöq dx{loldu 8 � � Ek� txh
qrv shuplwh frqvwuxlu od pdwul} .

�
sdud ho sulphu mxjdgru=

8 � � Ek� ' kE� � k�
Y

�
sEk�

Y% � Y% � Y% �
' kE� � k��k ' �k

�
E� � k��

Ydorudqgr qxhydphqwh hq k � ' fc k � ' �*�c k � ' 2*�c k � ' �/ vh rewlhqh=

8 � � Ef� ' fc 8 � � E�*�� ' 2*bc 8 � � E2*�� ' e*bc 8 � � E�� ' f�

Gh dtxð/ sdud ho ydoru gh Edq}kdi/

� � d�(� � � o � � � d�o ' .
�
\ '

�

�S

�
f 2*b e*b f

�
3
EEEC

��

b

b

��

4
FFFD '

�

H
c

| sdud ho ydoru gh Vkdsoh|/

� � d�(� � � o � � � d�o ' .
� h\ '

�

H

�
f 2*b e*b f

�
3
EEEC

�

�

�

�

4
FFFD '

�

e
�

Xq surfhglplhqwr dqäorjr shuplwh fdofxodu ho lqfuhphqwr gh dvljqdflöq hqwuh ho
vhplydoru prgl�fdgr | ho lqlfldo sdud ho mxjdgru e=

Y
�
s

Y% � Y% � Y% �
' � n �% � , 8 � � Ek� ' kE� � k�

Y
�
sEk�

Y% � Y% � Y% 	
' kE� � k�E� n �k��

Vxvwlwx|hqgr hq orv plvprv ydoruhv gh k/ rewhqhprv od pdwul} .
	 sdud ho fxduwr

mxjdgru/ | d sduwlu gh ìvwd orv uhvxowdgrv=

� 	 d�(� � � o � � 	 d�o ' .
	
\ '

�

b

�

�S

�
f e S f

�
3
EEEC

��

b

b

��

4
FFFD '

D

H
c

� 	 d�(� � � o � � 	 d�o ' .
	 h\ '

�

b

�

H

�
f e S f

�
3
EEEC

�

�

�

�

4
FFFD '

D

�2
�
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617 Xq sureohpd lqyhuvr

Frqvlghudprv xq mxhjr frrshudwlyr frqfuhwr � 5 C � c m� m ' ?/ | vxsrqhprv txh
hq ho frqmxqwr � gh orv mxjdgruhv vh irupd xqd ýqlfd frdolflöq elshuvrqdo hqwuh
grv mxjdgruhv/ txh ghvljqduhprv sru �/ 21

Ho sureohpd txh wudwdprv gh uhvroyhu hv ho gh kdoodu orv vhplydoruhv j G C � $ U �

wdohv txh od glihuhqfld hqwuh od dvljqdflöq hq ho mxhjr frflhqwh d od fodvh irupdgd
sru orv grv mxjdgruhv frq uhvshfwr d od vxpd gh vxv dvljqdflrqhv lqglylgxdohv hq
ho mxhjr lqlfldo vhd xq ydoru gdgr1 Dvð sxhv/ vh wudwd gh uhvroyhu od hfxdflöq

j � � d� � � o � Ej � d�o n j � d�o� ' @c +617,

r or txh hv or plvpr/
[

� � � � �
ER � � � � R � �d�E7� � �E7pi�j� � �E7pi2j� n �E7pi�c 2j�o ' @�

Od uhvroxflöq gh hvwh sureohpd sdvd sru grv hvwdglrv glihuhqwhv=

� Hqfrqwudu orv ydoruhv gh @ txh vrq dgplvleohv/ hv ghflu/ dtxhoorv sdud orv txh
h{lvwd vhplydoruhv txh vhdq vroxflöq gh od hfxdflöq dqwhulru1

� Xqd yh} ghwhuplqdgrv orv ydoruhv srvleohv gh @/ hqfrqwudu wrgdv odv vrox0
flrqhv txh vdwlvidjdq od hfxdflöq sdud xq ydoru frqfuhwr/ gh hqwuh orv txh vrq
dgplvleohv1

Gh�qlflöq 6154
Sdud xq mxhjr frrshudwlyr �mdgr � 5 C � c m� m � 2/ vxsxhvwd od frdolflöq elshuvrqdo
ýqlfd i�c 2j/ gh�qlprv od vxfhvlöq gh frqvwdqwhv

i & � c & � c � � � c & � c & � 	 � j

hq od irupd vljxlhqwh=

& � ' fc

& � '
[

� � � � � � 
 � 
 � �
d�E7� � �E7pi�j� � �E7pi2j� n �E7pi�c 2j�oc 2 � r � ?c

& � 	 � ' f�
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Sursrvlflöq 6155
Orv ydoruhv dgplvleohv gh @ hq od hfxdflöq +617, vrq orv qýphurv gho lqwhuydor uhdo
d/ c l o/ grqgh=

/ ' 4�?� � � � � � � � �

+
d& � � � � & � o

�
? � �

r � �

� � � ,
c l ' 4@ � � � � � � � � �

+
d& � � � � & � o

�
? � �

r � �

� � � ,
�

Ghprvwudflöq
Frq od qrwdflöq txh dfdedprv gh lqwurgxflu/ srghprv hvfulelu=

[
� 	 � � 


ER � � � � R � �d�E7� � �E7pi�j� � �E7pi2j� n �E7pi�c 2j�o '

'

�[
� � 


ER � � � � R � �
[

� 	 � � 
 �
� � � � �

d�E7� � �E7pi�j� � �E7pi2j� n �E7pi�c 2j�o '

'

�[
� � 


& � ER � � � � R � � '

�[
� � �

E& � � � � & � �R � �

Dvð/ kdoodu ho pä{lpr | ho pðqlpr gh hvwd h{suhvlöq hq ixqflöq gh orv glihuhqwhv
vhplydoruhv j gh�qlgrv vreuh ho hvsdflr gh mxhjrv frrshudwlyrv C � vxsrqh uhvroyhu
orv surjudpdv olqhdohv vljxlhqwhv=

pd{lpl}du +plqlpl}du,=

�[
� � �

E& � � � � & � �R � c

frq od uhvwulfflöq=

�[
� � �

�
? � �

r � �

�
R � ' �c

| odv frqglflrqhv gh qr qhjdwlylgdg= R � � fc � � r � ?�

Hq hvwh fdvr/ ho frqmxqwr gh rsruwxqlgdghv hv xqd uhjlöq frqyh{d | dfrwdgd gh
U

�
1 Ho pä{lpr +pðqlpr, gh xq surjudpd olqhdo vh dofdq}d vreuh dojýq yìuwlfh

gho frqmxqwr gh rsruwxqlgdghv1 Orv yìuwlfhv vrq orv sxqwrv T � c � � r � ?/ fx|dv
frrughqdgdv vrq/ uhvshfwlydphqwh/

R � '

�
? � �

r � �

� � �

c R 
 ' fc | 9' r�
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Hydoxdu od ixqflöq remhwlyr hq fdgd xqr gh orv yìuwlfhv vxsrqh fdofxodu=

d& � � � � & � o

�
? � �

r � �

� � �

/ sdud � � r � ?c

gh wdo pdqhud txh ho pä{lpr | ho pðqlpr srvleohv vrq/ uhvshfwlydphqwh/ orv txh
�jxudq hq ho hqxqfldgr gh od surslhgdg1 �

Revhuydflöq 6156
Sdud fxdotxlhu mxhjr � 5 C � / ho ydoru gh Edq}kdi yhul�fd=

� � � d� � � o � E� � d�o n � � d�o� ' f�

Dvð/ sdud fxdotxlhu mxhjr � 5 C � / vlhpsuh / � fc l � f1

Ilmdgr @ 5 E/ c l�c / 9' l/ srghprv frqvwuxlu xq vhplydoru j txh yhul�txh

j � � d� � � o � Ej � d�o n j � d�o� ' @�

Orv frh�flhqwhv gh xq wdo vhplydoru vrq odv frrughqdgdv gho sxqwr � txh vh rewlhqh
hq od irupd vljxlhqwh=

� '
l � @

l � /
T � � n

@ � /

l � /
T � � � c

vlhqgr T � � xq yìuwlfh gho frqmxqwr gh rsruwxqlgdghv hq ho txh vh dofdq}d ho ydoru
pðqlpr / | T � � � xq yìuwlfh hq ho txh vh dofdq}d ho ydoru pä{lpr l1

Wdpelìq/ vljxlhqgr od plvpd qrwdflöq/ sxhgh rewhqhuvh xqd vroxflöq hq od irupd
vljxlhqwh=

sdud f 	 @ 	 l G � '
l � @

l
�� n

@

l
T � � � c

sdud / 	 @ 	 f G � '
@

/
T � � n

/ � @

/
�� c

grqgh �� ' E�*2
� � �

c ���c �*2
� � �

� hv ho sxqwr fruuhvsrqglhqwh do ydoru gh Edq}kdi1

Hq dperv fdvrv/ vh wudwd gh frqfuhwdu xq sxqwr vreuh ho vhjphqwr txh xqh rwurv
grv fx|r hihfwr vreuh od hfxdflöq +617, hv frqrflgr1 Hq ho sulphu fdvr/ vreuh ho
vhjphqwr txh xqh xq yìuwlfh grqgh vh dofdq}d ho pðqlpr frq rwur grqgh vh dofdq}d
ho pä{lpr1 Wrgrv orv ydoruhv vh dofdq}dq vreuh hvh vhjphqwr | wrgrv orv sxqwrv
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gho vhjphqwr vrq gho frqmxqwr gh rsruwxqlgdghv/ |d txh ìvwh hv frqyh{r1 Hq ho
vhjxqgr fdvr/ vh hpsohdq grv vhjphqwrv/ xqlhqgr ho sxqwr �� fruuhvsrqglhqwh do
ydoru gh Edq}kdi frq xq yìuwlfh grqgh vh dofdqfh ho pä{lpr | frq xqr hq ho txh
vh dofdqfh ho pðqlpr/ | dfwxdqgr gh ljxdo pdqhud1

Hmhpsor 6157
Frqvlghudprv ho mxhjr � 5 C � c � ' i�c 2c �c ejc gh�qlgr hq od irupd= �E7� ' e

vl � 5 7 9' �c �E7� ' 2
� � �

vl � *5 7 | �E�� ' H1 Vxsrqhprv txh vh irupd od
frdolflöq elshuvrqdo ýqlfd i�c 2j1 Sdud hvwd frdolflöq ydprv d fdofxodu ho pä{lpr
| ho pðqlpr gh od glihuhqfld hqwuh od dvljqdflöq j � � d� � � o hq ho mxhjr frflhqwh | od
vxpd gh dvljqdflrqhv j � d�o n j � d�o hq ho mxhjr lqlfldo1

Hq sulphu oxjdu/ rewhqhprv od vxfhvlöq gh frqvwdqwhv i & � c & � c & � c & � c & � j txh hq
hvwh fdvr gheh fdofxoduvh frqvlghudqgr odv frdolflrqhv 7 � � wdohv txh 7 6 �c 21

Sdud m7m ' 2c 7 ' i�c 2j= & � ' �Ei�c 2j� � �Ei2j� � �Ei�j� ' ���

Sdud m7m ' �c 7 ' i�c 2c �jc i�c 2c ej=

& � ' �Ei�c 2c �j� � �Ei2c �j� � �Ei�c �j� n �Ei�j�n

n�Ei�c 2c ej� � �Ei2c ej� � �Ei�c ej� n �Eiej� ' �2�

Sdud m7m ' ec 7 ' i�c 2c �c ej=

& � ' �Ei�c 2c �c ej� � �Ei2c �c ej� � �Ei�c �c ej� n �Ei�c ej� ' 2�

D hvwrv ydoruhv khprv gh dôdglu & � ' & � ' f | fdofxodu ho pä{lpr | ho pðqlpr gh=
+
d& � � � � & � o

�
e � �

r � �

� � � ,

� 	 � 	 �

'

�
�� c �

�

�
c
e

�
c �2

�
�

Orv ydoruhv dgplvleohv sdud j 
 � d� 
 � o�Ej 
 d�onj � d�o� vrq orv gho lqwhuydor d�2 c e*� o1

Ho pä{lpr vh dofdq}d hq ho yìuwlfh gh frrughqdgdv T � ' Ef c f c �*� c f �/ | ho
pðqlpr hq ho yìuwlfh gh frrughqdgdv T 
 ' E f c f c f c � �1
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Sdud rewhqhu xqd vroxflöq gh od hfxdflöq hq xqr gh orv fdvrv dgplvleohv/ frpr sru
hmhpsor @ ' �/

j � � d� � � o � Ej � d�o n j � d�o� ' �c

srghprv hpsohdu xqr gh orv pìwrgrv gh od revhuydflöq 61561 Xq vhplydoru j txh
vhd vroxflöq sduwlfxodu vhuä dtxìo fx|rv frh�flhqwhv vhdq odv frrughqdgdv gho sxqwr
� =

� '
e*� � �

e*�
�� n

�

e*�
T � c

� '
�

e

�
�

H
c
�

H
c
�

H
c
�

H

�
n

�

e

�
f c f c

�

�
c f

�
'

�
�

�2
c
�

�2
c
b

�2
c
�

�2

�
�

Revhuydflöq 6158
Od sursrvlflöq 6155 qrv sursruflrqd ho frqmxqwr srvleoh gh qýphurv @ dgplvleohv
frpr wìuplqr lqghshqglhqwh hq od hfxdflöq olqhdo

j � � d� � � o � Ej � d�o n j � d�o� ' @�

Vl ghvljqdprv sru M ho �klshusodqr gh vhplydoruhv�/ hv ghflu/ od lqwhuvhfflöq gho
klshusodqr gh U

�
gh hfxdflöq

S �
� � �

� � � �
� � �

�
R � ' � frq orv vhplhvsdflrv gh hfxdflrqhv

uhvshfwlydv R � � fc � � r � ?/ whqhprv sdud fdgd sxqwr gh M xq ydoru gho
lqfuhphqwr j � � d� � � o�Ej � d�onj � d�o�/ gh pdqhud txh srghprv hvwdeohfhu od vljxlhqwh
dsolfdflöq/

{ � � G M $ d/ c l o

ER � c ���c R � � $ j � � d� � � o � Ej � d�o n j � d�o�

Do vhu { � � ER � c ���c R � � ' j � � d� � � o � Ej � d�o n j � d�o� '
S �

� � � E& � � � � & � �R � / od ixqflöq
{ � � hv xqd ixqflöq olqhdo |/ sru wdqwr/ frqwlqxd gh M vreuh d/ c l o1 Ilmdgr xq
ydoru frqfuhwr @ 5 E/ c l� txhuhprv hqfrqwudu wrgrv orv sxqwrv ER � c ���c R � � 5 M/
txh vhdq dqwllpdjhq sru { � � gho ydoru @1

Sursrvlflöq 6159
Ilmdgr xq ydoru @ 5 E/ c l�/ wrgrv orv vhplydoruhv j gh�qlgrv vreuh ho hvsdflr gh
mxhjrv C � txh yhul�fdq j � � d� � � o�Ej � d�onj � d�o� ' @ vrq dtxhoorv fx|rv frh�flhqwhv
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vrq vroxflöq gho vlvwhpd olqhdo
�[

� � �
E& � � � � & � �R � ' @

�[
� � �

�
? � �

r � �

�
R � ' �

<
AAA@
AAA>

+618,

mxqwr frq odv frqglflrqhv gh qr qhjdwlylgdg R � � fc � � r � ?1 Hqwrqfhv=

+d, Ho ýqlfr ydoru dgplvleoh hv @ ' f | wrgrv orv vhplydoruhv vrq vroxflöq gh
j � � d� � � o � Ej � d�o n j � d�o� ' f vl | vöor vl & � ' fc 2 � r � ?1

+e, Vl dojýq & � 9' fc 2 � r � ?/ odv vroxflrqhv gho vlvwhpd +618, irupdq xqd ydulhgdg
olqhdo gh U

�
gh glphqvlöq ?�2/ gh pdqhud txh vx lqwhuvhfflöq frq orv vhplhvsdflrv

gh hfxdflrqhv uhvshfwlydv R � � fc � � r � ?/ hv xq frqyh{r txh vhsdud M hq grv
sduwhv= gh xq odgr od uhjlöq fx|rv sxqwrv fruuhvsrqghq d vhplydoruhv sdud orv
fxdohv ho lqfuhphqwr hv vxshulru d @/ | gh rwur od uhjlöq fx|rv sxqwrv fruuhvsrqghq
d vhplydoruhv sdud orv fxdohv ho lqfuhphqwr hv lqihulru d @1

Ghprvwudflöq
+d, Orv frh�flhqwhv gh od vhjxqgd hfxdflöq gho vlvwhpd +618, vrq wrgrv qr qxorv/
gh irupd txh od pdwul} gh hvh vlvwhpd wlhqh udqjr � vl | vöor vl

& � � � � & � ' b

�
? � �

r � �

�
c � � r � ?�

Gh dtxð/ do vhu & � ' fc & � ' b
� � � �

�
�
/ |/ hq jhqhudo/ & � ' b

S � � �
� � �

� � � �
� � �

�
c 2 � r � ?1

Wdpelìq/ & � � � ' f/ gh grqgh/ �& � ' b
� � � �

� � �
�
/ hv ghflu/ & � ' �b1 Frpsdudqgr=

& � ' b

� � �[
� � �

�
? � �

� � �

�
' �b/ gh grqgh/ qhfhvduldphqwh/ b ' f�

Hqwrqfhv & � � � � & � ' fc � � r � ?1 Sru vhu & � ' f ö & � � � ' f vh vljxh txh/
qhfhvduldphqwh/ & � ' fc 2 � r � ?1 Hq hvwh fdvr/ sdud txh ho vlvwhpd +618, vhd
frpsdwleoh vöor hv dgplvleoh ho ydoru @ ' f/ | wrgrv orv vhplydoruhv vrq vroxflöq
hq j � � d� � � o � Ej � d�o n j � d�o� ' f1

+e, Vl dojýq & � 9' fc 2 � r � ?/ ho vlvwhpd +618, wlhqh udqjr 2/ gh pdqhud txh
vx vroxflöq hv xqd ydulhgdg olqhdo gh U

�
gh glphqvlöq ? � 21 Do lqwhuvhfdu hvwd
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vroxflöq frq orv vhplhvsdflrv R � � fc � � r � ?/ vh rewlhqh xq frqyh{r/ sru vhu
wrgrv hoorv frqyh{rv/ frq lqwhuvhfflöq qr ydfðd> frpr hvwd lqwhuvhfflöq hv dfrwdgd/
vh wudwd gh xq srolhgur hq U

�
1

Ho klshusodqr gh hfxdflöq
S �

� � � E& � � � � & � �R � ' @ E/ 	 @ 	 l� vhsdud hq grv
sduwhv do oodpdgr �klshusodqr gh vhplydoruhv� M1 Vl hq xqd gh hvdv grv sduwhvS �

� � � E& � � � �& � �R � : @ |
S �

� � � E& � � � �& � �R � 	 @/ hq xq sxqwr lqwhuphglr vh whqguðdS �
� � � E& � � � � & � �R � ' @/ sru olqhdolgdg/ | od vroxflöq gho vlvwhpd +618, qr whqguðd

glphqvlöq ? � 2/ or fxdo vhuðd xqd frqwudglfflöq1 �

Frqvhfxhqfld 615:
Vl dojýq & � 9' fc 2 � r � ?/ hq od hfxdflöq j � � d� � � o� Ej � d�onj � d�o� ' @/ orv ydoruhv
pðqlpr | pä{lpr dgplvleohv frpr wìuplqrv lqghshqglhqwhv @/ vrq/ uhvshfwlyd0
phqwh/ / 	 fc l : f/ hv ghflu/ vlhpsuh srghprv hqfrqwudu dojxqrv vhplydoruhv
sdud orv fxdohv od djuxsdflöq hq ho frflhqwh uhvxowh srvlwlyd/ plhqwudv txh sdud
rwurv uhvxowh qhjdwlyd1

Ghprvwudflöq
Vhjýq od revhuydflöq 6156/ / � fc l � f1

Frpr vhplydoru/ lghqwl�fdprv ho ydoru gh Edq}kdi frq ho sxqwr gho klshusodqr gh
vhplydoruhv txh ghvljqdprv sru �� ' E�*2

� � �
c ���c �*2

� � �
�1 Ìvwh qr hv xq yìuwlfh

gho frqmxqwr gh rsruwxqlgdghv/ ql wdpsrfr irupd sduwh gh qlqjxqd dulvwd/ hv xq
sxqwr lqwhulru/ sdud ho txh vh fxpsoh � � � d� � � o � E� � d�o n � � d�o� ' f1 Srghprv
frqfoxlu txh vreuh ho sxqwr �� qr vh dofdq}d ql ho pä{lpr ql ho pðqlpr/ hvwr hv
/ 9' fc l 9' f/ gh grqgh vh vljxh od d�updflöq gho hqxqfldgr1 �

Revhuydflöq 615;
Ho �klshusodqr gh vhplydoruhv� M hv xq frqyh{r gh U

	
fx|rv yìuwlfhv vrq orv sxqwrv

T 
 c � � r � ?/ gh frrughqdgdv uhvshfwlydv

R 
 '

�
? � �

r � �

� � �

c R � ' fc | 9' r�

Do kdfhu lqwhuvhfflöq frq ho klshusodqr
	[


 
 �
E& 
 � � � & 
 �R 
 ' @c / 	 @ 	 lc +619,
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vh rewlhqh rwur frqyh{r fx|rv yìuwlfhv vrq yìuwlfhv gh M r sxqwrv txh vh hqfxhq0
wudq vreuh odv dulvwdv gho surslr M1 Sdud ghwhuplqdu fxäohv gh odv dulvwdv gh M

wlhqhq r qr lqwhuvhfflöq frq ho klshusodqr vroxflöq gh +619, surfhghprv gh od irupd
vljxlhqwh=

+d, rughqdprv orv yìuwlfhv gh M vhjýq ho ydoru rewhqlgr= d& � � � � & � o
� � � �

� � �
� � �

/ � �

r � ?c hq rughq fuhflhqwh1

+e, frorfdprv ho ydoru @ 5 E/ c l� hq ho oxjdu txh sru rughq oh fruuhvsrqgd1
Sxhgh hqwrqfhv vxfhghu txh hvh ydoru gh @ frlqflgd frq & ydoruhv gh flhuwrv yìuwlfhv
Ef � & � ?�2�/ txhgdqgr r ydoruhv vxshulruhv E� � r � ?���/ | ho uhvwr/ ?�&�r/
lqihulruhv d @1

Ho qýphur wrwdo gh dulvwdv gh M txhgd ghvfrpsxhvwr hq vhlv juxsrv=

�
?

2

�
'

�
? � & � r

2

�
n

�
r

2

�
n

�
&

2

�
n E? � & � r� & n & r n E? � & � r� r�

Hq ho sulphu juxsr gh dulvwdv qr vh dofdq}d ho ydoru @/ sxhv vrq odv txh wrpdq hq
dperv h{wuhprv ydoru lqihulru d @1 Hq odv gho vhjxqgr juxsr wdpsrfr vh dofdq}d
@/ sxhv hq dperv h{wuhprv ho ydoru hv vxshulru d @1 Hq odv gho whufhu juxsr ho ydoru
vh dofdq}d hq wrgd od dulvwd/ sru dofdq}duvh hq dperv h{wuhprv1 Hq odv gho fxduwr
juxsr ho ydoru @ vh dofdq}d vöor hq ho yìuwlfh grqgh wrpd ho ydoru pd|ru1 Hq odv
gho txlqwr juxsr vöor hq ho yìuwlfh grqgh wrpd ho ydoru phqru1 Ilqdophqwh/ hq odv
gho vh{wr juxsr/ ho ydoru @ vh dofdq}d hq xq ýqlfr sxqwr lqwhuphglr gh fdgd xqd/
|d txh hq xq yìuwlfh wrpdq ydoru hvwulfwdphqwh phqru | hq ho rwur hvwulfwdphqwh
pd|ru txh @1

+f, Frqvlghudprv dkrud orv & yìuwlfhv hq orv txh vh dofdq}d ho plvpr ydoru @/
txh uhxqhq orv juxsrv whufhur/ fxduwr | txlqwr gho dsduwdgr dqwhulru/ mxqwr d orv
E? � & � r� r sxqwrv gh odv dulvwdv gho vh{wr juxsr1 Sdud ghwhuplqdu hvwrv sxqwrv
hpsohdprv xq surfhglplhqwr dqäorjr do gh od revhuydflöq 61561

Vxsrqjdprv txh hq od dulvwd gh yìuwlfhv T � c T � vh wrpdq/ uhvshfwlydphqwh/ orv
ydoruhv Rc ^c frq / � R 	 @ 	 ^ � l1 Ho sxqwr � fruuhvsrqglhqwh d hvd dulvwd/
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grqgh vh wrpd ho ydoru @/ whqguä sru frrughqdgdv=

� '
^ � @

^ � R
T � n

@ � R

^ � R
T� �

Orv &nE? � & � r� r ' 6 yìuwlfhv r lqwhuphglrv gh dulvwdv gh M hq orv txh vh wrpd
ho ydoru @/ vrq orv yìuwlfhv gho frqyh{r hq grqgh/ dghpäv/ vh yhul�fd od hfxdflöq
+619,1

+g, Dvð/ wrgrv orv vhplydoruhv txh vrq vroxflöq gh

j � � d� � � o � Ej � d�o n j � d�o� ' @/ frq / 	 @ 	 lc

vrq dtxhoorv fx|rv frh�flhqwhv vh fruuhvsrqghq d odv frpelqdflrqhv olqhdohv frq0
yh{dv gh orv 6 sxqwrv rewhqlgrv hq ho dsduwdgr +f,=

� '

�[
� � �

b � � � c frq

�[
� � �

b � ' �( b � � fc � � � � 6�

Hmhpsor 615<
Od frpsrvlflöq gho Sduodphqwr Ydvfr vxujlgr gh odv hohfflrqhv gho dôr 4<<; hv od
vljxlhqwh=

Sduwlgr Qdflrqdolvwd Ydvfr +SQY,/ 54 glsxwdgrv> Sduwlgr Srsxodu +SS,/ 49 glsxwd0
grv> Hxvndo Khuulwduurn +HK,/ 47 glsxwdgrv> Sduwlgr Vrfldolvwd gh Hxvndgl +SVH,/
47 glsxwdgrv> Hxvnr Donduwdvxqd +HD,/ 9 glsxwdgrv> L}txlhugd Xqlgd +LX,/ 5
glsxwdgrv> Xqlgdg Dodyhvd +XD,/ 5 glsxwdgrv1

Ho qýphur wrwdo gh glsxwdgrv gh hvwd fäpdud hv gh :8/ gh irupd txh sdud frqvhjxlu
od pd|ruðd devroxwd vh qhfhvlwdq/ do phqrv/ 6;1 Hq frqvhfxhqfld/ od vlwxdflöq gh
hvwh Sduodphqwr frpr mxhjr gh pd|ruðd srqghudgd hv=

d �H ( 2� c �S c �e c �e c S c 2 c 2 o�

Odv frqyhuvdflrqhv hqwuh orv glihuhqwhv juxsrv sroðwlfrv kdq oohydgr d od irupdflöq
gh xqd ýqlfd frdolflöq hqwuh orv mxjdgruhv 4 0Sduwlgr Qdflrqdolvwd Ydvfr0 | 8 0Hxvnr
Donduwdvxqd01
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Hq hvwd vlwxdflöq/ ydprv d ghwhuplqdu=

+d, Ho pä{lpr | ho pðqlpr gh od glihuhqfld hqwuh od dvljqdflöq d od frdolflöq i�c Dj

hq ho mxhjr frflhqwh | od vxpd gh dvljqdflrqhv d orv mxjdgruhv � | D/ hq ho mxhjr
lqlfldo1

+e, Wrgrv orv vhplydoruhv sdud orv fxdohv ho lqfuhphqwr dqwhulru vhd qxor1

+d, Ghwhuplqdprv hq sulphu oxjdu od vxfhvlöq gh frqvwdqwhv1 Frpr ho qýphur gh
mxjdgruhv hv ? ' ./ & � ' & � ' f1 Odv ghpäv frqvwdqwhv vrq

& � '
[

� � � � � � � � � � �
d�E7� � �E7pi�j� � �E7piDj� n �E7pi�c Dj�oc 2 � r � .c

rewhqlìqgrvh orv ydoruhv=

& 	 ' fc & 
 ' �c & � ' ec & � ' �ec & � ' ��c & 
 ' f�

D sduwlu gh dtxð=
+
d& � � � � & � o

�
. � �

r � �

� � � ,

� � � � 

'

�
f c

�

2
c
�

�D
c �

2

D
c
�

�D
c
�

2
c f

�
�

Ho pðqlpr hv �
2

D
| vh dofdq}d hq T � ' Efc fc fc �*2fc fc fc f�1

Ho pä{lpr hv
�

2
| vh dofdq}d hq T 	 ' Efc �*Sc fc fc fc fc f�c T � ' Efc fc fc fc fc �*Sc f�1

Gh hvwd irupd/ od hfxdflöq j � � d� � � o � Ej � d�o n j � d�o� ' @ wlhqh frpr ydoruhv dgpl0
vleohv gh @ orv gho lqwhuydor uhdo d�2*Dc �*2 o1

+e, Ho ydoru @ ' f vlhpsuh hv dgplvleoh1 Sdud ghwhuplqdu ho frqyh{r gh U � fx|dv
frrughqdgdv vrq frh�flhqwhv gh vhplydoruhv j sdud orv fxdohv ho lqfuhphqwr hv qxor/
dfwxdprv frpr lqglfd od revhuydflöq 615;/ rughqdqgr orv ydoruhv hq orv yìuwlfhv gh
phqru d pd|ru=

�
2

D
ET � � � f ET � � � f ET 
 � �

�

�D
ET 
 � �

�

�D
ET � � �

�

2
ET 	 � �

�

2
ET � �

Hq hvwh fdvr/ & ' 2 ydoruhv gh orv yìuwlfhv frlqflghq frq ho ydoru @ ' f gho
lqfuhphqwr= orv yìuwlfhv T � c T 
 vrq yìuwlfhv gh od vroxflöq1
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Sru rwur odgr/ r ' e ydoruhv gh orv yìuwlfhv vrq vxshulruhv do ydoru @ ' f/ plhqwudv
txh ? � & � r ' . � 2 � e ' � hv lqihulru1 Rewhqhprv hqwrqfhv fxdwur yìuwlfhv gho
frqyh{r vroxflöq vreuh sxqwrv gh odv dulvwdv=

� � hq od dulvwd txh xqh T � frq T � G � � ' Efc fc 2*�Dc �*�efc fc fc f�c

� � hq od dulvwd txh xqh T � frq T � G � � ' Efc fc fc �*�efc 2*�Dc fc f�c

� � hq od dulvwd txh xqh T � frq T � G � � ' Efc 2*2.c fc �*�Sc fc fc f�c

� � hq od dulvwd txh xqh T � frq T � G � � ' Efc fc fc �*�Sc fc 2*2.c f��

Dvð/ wrgrv orv sxqwrv � fx|dv frrughqdgdv vrq frh�flhqwhv gh vhplydoruhv txh gdq
lqfuhphqwr qxor vrq=

� ' b � T � n b � T � n b � � � n b � � � n b � � � n b � � � c

�[
� � �

b � ' �c b � � fc � � � � Sc

� '

�
b � c

2

2.
b � c

2

�D
b � c

�

�ef
Eb � n b� � n

�

�S
Eb � n b � � c

2

�D
b� c

2

2.
b � c b �

�
c

�[
� � �

b � ' �c b � � fc � � � � S�

Sxhgh frpsureduvh txh sdud orv ydoruhv

b � ' b � ' �*Sec b � ' b � ' �D*�2Hc b � ' b � ' 2.*�2Hc

ho sxqwr � fruuhvsrqglhqwh wlhqh wrgdv vxv frrughqdgdv ljxdohv d �*2
� / txh vrq

orv frh�flhqwhv gho ydoru gh Edq}kdi1 Hvwh sxqwr whqðd txh shuwhqhfhu do frqyh{r
gh lqfuhphqwr qxor/ |d txh ho ydoru gh Edq}kdi vlhpsuh gd lqfuhphqwr qxor sdud
fxdotxlhu mxhjr | fxdotxlhu frdolflöq elshuvrqdo ýqlfd/ hvwr hv=

� � � d� � � o � E� � d�o n � � d�o� ' f�



7

Frrshudflöq sdufldo

714 Ho mxhjr lqfuhphqwr

Frqvlghudprv mxhjrv frrshudwlyrv gho hvsdflr C � 1 Ghqrwdprv frpr C-E�� ho
frqmxqwr gh wrgrv orv judirv frq yìuwlfhv hq orv hohphqwrv gho frqmxqwr gh mxjdgruhv
� 1

Vljxlhqgr ho prghor sursxhvwr sru P|huvrq +4<::,/ fdgd srvleoh vlwxdflöq gh fr0
rshudflöq sdufldo hqwuh orv mxjdgruhv gh � ylhqh ghwhuplqdgd sru xq judir gh
frrshudflöq } 5 C-E��1 Grv mxjdgruhv fxdohvtxlhud gh � sxhghq froderudu hqwuh
vð vl hvwäq xqlgrv gluhfwdphqwh sru xqd dulvwd gho judir } r/ ghqwur gh xqd frdol0
flöq 7/ vl hvwäq hvwäq xqlgrv d wudyìv gh xq fdplqr txh whqjd orv rwurv mxjdgruhv
lqwhuphglrv ghqwur gh 71

Dvð/ ho mxhjr � 5 C � prgl�fdgr sru od hvwuxfwxud gh frrshudflöq gho judir } vh
gh�qh sru=

�*}E7� '
[

� � � � �
�EA �c 7 � �c

grqgh 7*} ghqrwd od sduwlflöq hq frpsrqhqwhv frqh{dv sru ho judir } gh od frdolflöq
71

484
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Txhuhprv hvwxgldu od uhodflöq hqwuh ho mxhjr �*} | ho mxhjr �*E}p& G ,�/ grqgh do
judir } vh oh kd vxsulplgr xqd gh vxv dulvwdv & G ,1 Dqäorjdphqwh=

�*E}p& G ,�E7� '
[

� � � � � � � � � 	 
 �
�EA � �c 7 � �c & G , 5 }�

Gh�qlflöq 714
Oodpdprv mxhjr lqfuhphqwr gh � sru od vxsuhvlöq gh od dulvwd & G , gho judir }/ | or
ghvljqdprv sru {�� 
 � 	 
 / do mxhjr shuwhqhflhqwh d C � gh�qlgr sru=

{�� 
 � 	 
 E7� ' �*}E7� � �*E}p& G ,�E7�c 7 � ��

Hvwh mxhjr uhfrjh od yduldflöq hqwuh dperv mxhjrv prgl�fdgrv1

Sursrvlflöq 715
Vl A � 
 ghqrwd od frpsrqhqwh frqh{d gh 7*} grqgh vh hqfxhqwudq & | , sru ho
judir } | A � c A 
 odv frpsrqhqwhv frqh{dv gh 7*E} p & G ,� grqgh vh hqfxhqwudq/
uhvshfwlydphqwh/ & | , sru ho judir }p& G ,/ hqwrqfhv=

{� � 
 � 	 
 E7� '

;
AA?
AA=

�EA � 
 � � d�EA � � n �EA 
 �o vl A � 
 txhgd ghvfrqhfwdgd
do vxsulplu od dulvwd & G ,/

f hq fdvr frqwudulr1

Odv frpsrqhqwhv A � 
 c A � c A 
 ghshqghq gh fdgd 7c 7 � ��

Ghprvwudflöq
Do vhu {� � 
 � 	 
 E7� ' �*}E7� � �*E}p& G ,�E7�c 7 � � / khprv gh hydoxdu orv mxhjrv
gh od ghuhfkd gh od ljxdogdg vhjýq orv fdvrv txh sxhgdq suhvhqwduvh1

+4, Vl i&c ,j - 7/ od vxsuhvlöq gh od dulvwd & G , qr fuhd hq 7 qxhydv frpsrqhqwhv
frqh{dv/ dvð txh �*}E7� ' �*E}p& G ,�E7�1

+5, Vl i&c ,j � 7 | ghqrwdprv sru A � � 5 7*} od frpsrqhqwh frqh{d gh 7 hq od
txh vh hqfxhqwudq & | ,/ |d txh hvwäq xqlgrv sru od dulvwd & G , 5 }/ vöor sxhgh
vxfhghu txh od vxsuhvlöq gh hvd dulvwd ghvfrqhfwh A � � hq grv frpsrqhqwhv frqh{dv
gh 7*E}p& G ,� txh ghqrwdprv/ uhvshfwlydphqwh/ A � | A � 1 Dvð vh wlhqh=
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�*}E7� � �*E}p& G ,�E7� '
[

� � � � � �EA � �
[

� � � � � � � � � 	 
 � �EA � �

' �EA � 
 � � d�EA � � n �EA 
 �o�

Ho uhvwr gh frpsrqhqwhv frqh{dv gh 7*} qr sxhghq yhuvh dowhudgdv sru od vxsuhvlöq
gh od dulvwd & G , |d txh qr hvwä frqwhqlgd hq hvdv frpsrqhqwhv1 Gh od ljxdogdg
dqwhulru vh vljxh od h{suhvlöq gho hqxqfldgr gh od surslhgdg1 �

Revhuydflöq 716
Od ixqflöq {�� 
 � 	 
 E7� vöor kd gh vhu hydoxdgd hq orv 2 � � � vxefrqmxqwrv wdohv txh
i&c ,j � 7> hq orv uhvwdqwhv/ {� � 
 � 	 
 E7� ' fc 7 . i&c ,j1 Dghpäv/ vl ghqwur gh dojýq
7 frq i&c ,j � 7 h{lvwh dojýq fdplqr dowhuqdwlyr d & G ,/ wdpelìq/ {� � 
 � 	 
 E7� ' f�

715 Vhplydoruhv | judirv gh frrshudflöq

Hq hvwd vhfflöq qrv sursrqhprv hvwxgldu odv vlwxdflrqhv gh frrshudflöq sdufldo
prghol}dgdv sru judirv gh frrshudflöq uhvshfwr d odv dvljqdflrqhv txh orv glihuhqwhv
vhplydoruhv sursrqhq sdud fdgd mxhjr frrshudwlyr1 Hvwh hvwxglr vh uhdol}d vreuh ho
mxhjr lqfuhphqwr gh�qlgr hq od vhfflöq suhfhghqwh/ vlhqgr ho txh srqh gh pdql�hvwr
odv surslhgdghv txh vh txlhuh rewhqhu1

Sursrvlflöq 717
Vl � 5 C � c } 5 C-E�� | j hv xq vhplydoru gh�qlgr vreuh C � gh frh�flhqwhv
R � c � � r � ?/ sdud od dulvwd & G , 5 } vh fxpsoh=

+d, j � d{�� 
 � 	 
 o ' j 
 d{�� 
 � 	 
 o '
[

� � �� � � 
 

R � {�� 
 � 	 
 E7��

+e, j � d{�� 
 � 	 
 o '
[

� � �� � � 
 � 
 

R � d{�� 
 � 	 
 E7� � {� � 
 � 	 
 E7pi�j�oc � 9' &c ,�
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Ghprvwudflöq
+d, Sdud & 5 � / grqgh & G , hv od dulvwd txh vh vxsulph=

j � d{�� � � � � o '
[

� � � � �
R � d{�� � � � � E7� � {�� � � � � E7pi&j�o�

Hq od surslhgdg dqwhulru khprv ylvwr {�� � � � � E7� ' f/ vl i&c ,j - 7/ dvð edvwd txh
ho vxpdwrulr vh h{wlhqgd d odv frdolflrqhv 7 wdohv txh 7 6 &c ,1 Dghpäv/ ghqwur gho
vxpdwrulr/ 7pi&j qr frqwlhqh d &/ oxhjr {�� � � � � E7pi&j� ' f/ txhgdqgr=

j � d{�� � � � � o '
[

� � 	
� 
 � � �

R � {�� � � � � E7��

Dqäorjd h{suhvlöq sxhgh sureduvh sdud j � d{�� � � � � o�

+e, Sdud � 5 � / � 9' &c ,=

j � d{�� � � � � o '
[

� � � � �
R � d{� � � � � � E7� � {�� � � � � E7pi�j�o�

Ljxdo txh dqwhv {�� � � � � E7� ' f/ vl i&c ,j - 7/ dvð txh ho vxpdwrulr vh h{wlhqgh
ýqlfdphqwh d orv 2 � 


�
vxefrqmxqwrv 7 wdohv txh �c &c , 5 7� �

Whruhpd 718
Gdgr � 5 C 	 / vl j hv fxdotxlhu vhplydoru gh�qlgr vreuh C 	 gh frh�flhqwhv R � c � �

r � ?/ hqwrqfhv odv uhjodv gh dvljqdflöq gh�qlgdv sru=

t � G C-E�� $ U
	

} $ jd�*}o

+d, yhul�fdq od surslhgdg gh mxvwlfld/

+e, yhul�fdq od surslhgdg gh hvwdelolgdg/ sdud mxhjrv vxshudglwlyrv1

Ghprvwudflöq
+d, Od surslhgdg gh mxvwlfld sdud xqd uhjod gh dvljqdflöq gh�qlgd vhjýq xq vhpl0
ydoru j vxsrqh txh vh fxpsod=

j � d�*}o � j � d�*E}p& G ,�o ' j � d�*}o � j � d�*E}p& G ,�oc & G , 5 }c
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r or txh hv or plvpr=

j � d{�� � � � � o ' j � d{�� � � � � oc & G , 5 }c

hvwdqgr hvwd ljxdogdg suredgd hq ho dsduwdgr +d, gh od sursrvlflöq 7171

+e, Sdud suredu od hvwdelolgdg sdud mxhjrv vxshudglwlyrv edvwd frqvlghudu txh vl od
vxsuhvlöq gh od dulvwd & G , fuhd grv qxhydv frpsrqhqwhv frqh{dv A � | A � hq 7/ do
vhu A � ^ A � ' A � � c A � _ A � ' >/ vh fxpsoh sru od vxshudglwlylgdg gh �=

�EA � � � ' �EA � ^ A � � � �EA � � n �EA � ��

Gh dtxð=

j � d�*}o � j � d�*E}p& G ,�o ' j � d{�� � � � � o '
[

� � �
� � � � �

R 	 {�� � � � � E7� � fc

|d txh vl 7 qr txhgd ghvfrqhfwdgr {�� � � � � E7� ' f/ plhqwudv txh vl txhgd ghvfrqhf0
wdgr {� � � � � � E7� ' �EA � � � � d�EA � � n �EA � �o � f/ | hq fxdotxlhu fdvr R 	 � f sdud
� � r � ?1

Od ghvljxdogdg j � d�*}o � j � d�*E}p& G ,�o � f vxsrqh txh ho mxjdgru & rewlhqh xq
lqfuhphqwr qr srvlwlyr do vxsulpluvh od dulvwd txh or xqh frq ho mxjdgru ,/ vl � hv
vxshudglwlyr1 Ho plvpr uhvxowdgr sxhgh sureduvh sdud ho mxjdgru ,/ gh grqgh vh
vljxh od hvwdelolgdg gh od dvljqdflöq sru j1 �

Revhuydflöq 719
Hq od gh�qlflöq gho mxhjr lqfuhphqwr gh � sru od vxsuhvlöq gh od dulvwd & G , gho
judir }/ {�� � � � � E7� ' �*}E7� � �*E} p& G ,�E7�c 7 � � / vl frpsdudprv orv sdjrv
txh xq vhplydoru j dvljqd d xq mxhjr | d rwur/ srghprv hvfulelu=

j 
 d�*E}p& G ,�o � j 
 d�*}o ' �j 
 d{�� � � � � oc � 5 ��

Vl ghvljqdprv sru {j 
 E�c }c & G ,� ho lqfuhphqwr gh dvljqdflöq do mxjdgru � 5 � do
sdvdu gho mxhjr �*} do mxhjr �*E}p& G ,�/ srghprv hvfulelu=

{jE�c }c & G ,� ' �jd{�� � � � � o�

Hv ghflu/ ho lqfuhphqwr gh dvljqdflöq sru xq ghwhuplqdgr vhplydoru do sdvdu gho
judir } do judir }p& G , hv ho rsxhvwr gh od glvwulexflöq gh sdjrv do mxhjr lqfuhphqwr
sru ho vhplydoru txh vh frqvlghuh1
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Hmhpsor 71:
Frqvlghudprv ho mxhjr � 5 C � c � ' i�c 2c �c ej/ gh�qlgr gh od vljxlhqwh pdqhud=
�Ei�j� ' fc �Ei�c �j� ' 4@ i�c �jc �Ei�c �c &j� ' � n � n &c �c �c & 5 � / �E�� ' �f1
Vxsrqjdprv txh hq � hvwä gh�qlgr ho judir gh frrshudflöq

} ' i�G2c 2G�c �Gec eG�j

| txh gh ìvwh vxsulplprv od dulvwd �G21 Txhuhprv hvwxgldu=

+d, od yduldflöq gh dvljqdflöq sru fxdotxlhu vhplydoru j gh�qlgr vreuh mxhjrv fr0
rshudwlyrv gh fxdwur mxjdgruhv/
+e, od yduldflöq sdud orv fdvrv sduwlfxoduhv ydoru gh Edq}kdi | ydoru gh Vkdsoh|1

+d, Ho mxhjr lqfuhphqwr {�� � � � � hvwä gh�qlgr vreuh odv frdolflrqhv gh � | or hyd0
oxdprv vreuh dtxhoodv frdolflrqhv 7 frq i�c 2j � 71 Sdud ho uhvwr gh frdolflrqhv
{�� � � � � E7� ' fc 7 . i�c 2j1 Hq wrwdo hihfwxdprv e ydorudflrqhv txh srghprv
uhfrjhu hq xqd wdeod=

7 i�c 2j i�c 2c �j i�c 2c ej �

{�� � � � � E7� 2 � � f

{�� � � � � E�� ' f |d txh � qr txhgd ghvfrqhfwdgr do vxsulplu od dulvwd �G21

Vhjýq od revhuydflöq 719/ od yduldflöq gh dvljqdflöq sru fxdotxlhu vhplydoru j gh
frh�flhqwhv ER � c R � c R � c R � � sdud ho sulphu mxjdgru hv=

{j � E�c }c �G2� ' � dR � {�� � � � � Ei�c 2j� n R � {�� � � � � Ei�c 2c �j� n R � {�� � � � � Ei�c 2c ej�oc

{j � E�c }c �G2� ' �2R � � SR � �

Sru od frqglflöq gh mxvwlfld= {j � E�c }c �G2� ' {j � E�c }c �G2� ' �2R � � SR � �

Ho mxhjr � txh khprv gh�qlgr hv vxshudglwlyr= vh revhuyd frpr orv grv mxjdgruhv
ghvfrqhfwdgrv rewlhqhq vlhpsuh xq lqfuhphqwr qr srvlwlyr/ vhd fxdo vhd ho vhplydoru
frq ho txh vh wudedmh1

Sdud orv rwurv mxjdgruhv=

{j � E�c }c �G2� ' � iR � d{�� � � � � Ei�c 2c �j� � {�� � � � � Ei�c 2j�o n

nR � d{�� � � � � E�� � {�� � � � � Ei�c 2c ej�oj c
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{j � E�c }c �G2� ' �R � n �R � �

{j � E�c }c �G2� ' � iR � d{�� � � � � Ei�c 2c ej� � {�� � � � � Ei�c 2j�o n

nR � d{�� � � � � E�� � {�� � � � � Ei�c 2c �j�oj c

{j � E�c }c �G2� ' �R � n �R � �

Gh hvwd irupd/ sdud fxdotxlhu vhplydoru j/ ho yhfwru gh lqfuhphqwrv sru od vxsuhvlöq
gh od dulvwd �G2 hv=

{jE�c }c �G2� ' E�2R � � SR � c �2R � � SR � c �R � n �R � c �R � n �R � ��

+e, Hq frqfuhwr/ sdud ho ydoru gh Edq}kdi=

{�E�c }c �G2� ' E��c ��c �*ec �*e��

Ho sdjr txh ho ydoru gh Edq}kdi dvljqd d orv mxjdgruhv hq ho mxhjr �*} hv=

�d�*}o ' E2�*Hc 2�*Hc 2.*Hc ��*H��

Sdud rewhqhu od glvwulexflöq fruuhvsrqglhqwh do mxhjr �*E}p�G2� edvwduä vxpdu ho
lqfuhphqwr fruuhvsrqglhqwh d od vxsuhvlöq gh od dulvwd/ hvwr hv=

�d�*E}p�G2�o ' �d�*}o n {�E�c }c �G2� ' E��*Hc ��*Hc 2b*Hc ��*H��

Sdud ho ydoru gh Vkdsoh|=

{�E�c }c �G2� ' E�2*�c �2*�c 2*�c 2*���

Frpr txh ho sdjr txh uhflehq orv mxjdgruhv gh � hq ho mxhjr �*} hv=

�d�*}o ' E2�*�2c 2D*�2c ��*�2c �b*�2�c

hq ho mxhjr �*E}p�G2� vhuä=

�d�*E}p�G2�o ' �d�*}o n {�E�c }c �G2� ' E�D*�2c �.*�2c e�*�2c e.*�2��
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Sursrvlflöq 71;
Vxsrqjdprv � 5 7 � / mxhjr vlpsoh frq ? mxjdgruhv/ ? � �/ | ho judir gh frr0
shudflöq lqlfldo ho judir frpsohwr }

� 1 Vl vh vxsulph xqd dulvwd fxdotxlhud & G ,/
hqwrqfhv/ sdud fxdotxlhu vhplydoru j gh frh�flhqwhv R � c � � r � ?=

+d, i&c ,j *5 ` , jd�*E}
� p& G ,�o ' jd�o�

+e, i&c ,j 5 `
�

, j � d�*E}
� p& G ,�o ' j � d�o � R � c � ' &c ,c

j � d�*E}
� p& G ,�o ' j � d�o n R � c � 9' &c ,c

grqgh ` lqglfd ho frqmxqwr gh frdolflrqhv jdqdgrudv/ �E7� ' �/ gho mxhjr � 5 7 �

| `
�
lqglfd ho frqmxqwr gh frdolflrqhv jdqdgrudv plqlpdohv gh �1

Ghprvwudflöq
Hq fxdotxlhu fdvr/ vl gho judir frpsohwr }

� vh vxsulph xqd dulvwd fxdotxlhud & G ,/
ho ýqlfr vxefrqmxqwr txh txhgd ghvfrqhfwdgr gh hqwuh orv txh frqwlhqhq &c , hv ho
surslr i&c ,j1 Fxdotxlhu rwud frdolflöq frqwhqlhqgr &c , | rwur mxjdgru qr txhgd
ghvfrqhfwdgd1

+d, Vl i&c ,j *5 ` / {�� � � 	 
 � Ei&c ,j� ' �Ei&c ,j� � d�Ei&j� n �Ei,j�o ' f> gh dtxð=

{jE�c }
�

c & G ,� ' �jd{� 
 � � 	 
 � o ' fc

| vh vljxh od ljxdogdg gho hqxqfldgr1

+e, Vl i&c ,j 5 `
�
/ {�
 � � 	 
 � Ei&c ,j� ' �Ei&c ,j� � d�Ei&j� n �Ei,j�o ' �> hqwrqfhv=

{j � E�c }
�

c & G ,� ' �j � d{�
 � � 	 
 � o ' �
[

� � 	 � �
R � {�
 � � 	 
 � E7� ' �R � c � ' &c ,c

gh grqgh vh vljxh od ljxdogdg gho hqxqfldgr sdud � ' &c ,1

Sdud � 9' &c ,=

{j � E�c }
�

c & G ,� ' �j � d{�
 � � 	 
 � o ' �
[

� � 	 � � � �
R � d{�
 � � 	 
 � E7� � {� 
 � � 	 
 � E7pi�j�o

' �R � d{�
 � � 	 
 � Ei�c &c ,j� � {� 
 � � 	 
 � Ei&c ,j�o ' R � c
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vlhqgr orv ghpäv lqfuhphqwrv qxorv sdud fxdotxlhu 7 txh frqwhqjd �c &c , | vhd gh
fduglqdo vxshulru1 �

Fdvrv sduwlfxoduhv 71<
Hq odv frqglflrqhv gh od sursrvlflöq dqwhulru/ sdud ho ydoru gh Vkdsoh| � | sdud ho
ydoru gh Edq}kdi � vh fxpsoh=

+d, i&c ,j *5 ` , �d�*E}
�

p& G ,�o ' �d�oc

�d�*E}
�

p& G ,�o ' �d�o�

+e, i&c ,j 5 `
�

, �� d�*E}
�

p& G ,�o ' � � d�o �
�

?E? � ��
c � ' &c ,c

�� d�*E}
�

p& G ,�o ' � � d�o n
2

?E? � ��E? � 2�
c � 9' &c ,c

� � d�*E}
�

p& G ,�o ' � � d�o �
�

2
� � � c � ' &c ,c

� � d�*E}
�

p& G ,�o ' � � d�o n
�

2
� � � c � 9' &c ,�

Hmhpsor 7143
Od frpsrvlflöq gho Sduodphqwr gh Fdwdoxôd uhvxowdqwh gh odv hohfflrqhv fhoheudgdv
ho 4< gh qrylhpeuh gh 4<<8 ixh od vljxlhqwh= Frqyhujëqfld l Xqlö FlX/ 93 glsxwd0
grv> Sduwlw ghov Vrfldolvwhv gh Fdwdoxq|d SVF/ 67 glsxwdgrv> Sduwlw Srsxodu SS/
4: glsxwdgrv> Lqlfldwlyd shu Fdwdoxq|d0Hov Yhugv LF/ 46 glsxwdgrv> Hvtxhuud Uh0
sxeolfdqd gh Fdwdoxq|d HUF/ 44 glsxwdgrv1
Frpr mxhjr gh pd|ruðd srqghudgd/ od vlwxdflöq gho sduodphqwr gh Fdwdoxôd ylhqh
ghvfulwd hq od irupd=

d SH ( Sf c �e c �. c �� c �� o�

Sdud hvwh mxhjr ho ydoru gh Vkdsoh| fruuhvsrqglhqwh hv=

�d�o ' Ef�Sc f��c f��c f��c f���c

| ho ydoru gh Edq}kdi=

�d�o ' E.*Hc �*Hc �*Hc �*Hc �*H��
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Hvwrv vrq orv ydoruhv fruuhvsrqglhqwhv d odv dvljqdflrqhv sdud ho mxhjr � frq ho
judir gh frrshudflöq frpsohwr/ hv ghflu/ �*}

�
1

Txhuhprv hvwxgldu fxäohv vhuðdq orv hihfwrv gh od vxsuhvlöq gh xqd dulvwd gho judir
gh frrshudflöq1 Hq frqfuhwr/ vxsulplprv od dulvwd � Ge1 Hvwd vxsuhvlöq vxsrqh od
qr froderudflöq odwhudo hqwuh orv mxjdgruhv � +FlX, | e +LF, grfxphqwdgd/ hq vx
prphqwr/ hq orv phglrv gh frpxqlfdflöq1

Vhjýq or txh khprv ylvwr/ odv dvljqdflrqhv sru ho ydoru gh Vkdsoh| r sru ho ydoru
gh Edq}kdi vxiuluäq odv vljxlhqwhv yduldflrqhv=

�d�*E}
�

p�Ge�o ' �d�*}
�
o n {�E�c }

�
c �Ge�

' Ef�Sc f��c f��c f��c f��� n E�f�fDc f�f�c f�f�c �f�fDc f�f��

' Ef�DDc f���c f���c f�fDc f����c

�d�*E}
�

p�Ge�o ' �d�*}
�
o n {�E�c }

�
c �Ge�

' E.*Hc �*Hc �*Hc �*Hc �*H� n E��*�Sc �*�Sc �*�Sc ��*�Sc �*�S�

' E��*�Sc �*�Sc �*�Sc �*�Sc �*�S��

Frpr sxhgh revhuyduvh/ hq dperv fdvrv/ od sìuglgd hv od plvpd sdud orv mxjdgruhv
� | e/ sru od frqglflöq gh mxvwlfld1 Vlq hpedujr/ sursruflrqdophqwh/ ho mxjdgru
frq phqru srghu txhgd päv dihfwdgr sru od qr frrshudflöq1

Sursrvlflöq 7144
Vxsrqjdprv � 5 7 � / mxhjr vlpsoh frq ? mxjdgruhv/ ? � �/ | ho judir gh frr0
shudflöq lqlfldo } ' i� G �c 2 � � � ?j/ judir udgldo frq fhqwur hq � | vdwìolwhv
2c ���c ?1 Vl vh vxsulph xqd dulvwd fxdotxlhud frpr � G 2/ hqwrqfhv/ sdud fxdotxlhu
vhplydoru j gh frh�flhqwhv R � c � � r � ?=

+d, Vl odv frdolflrqhv jdqdgrudv plqlpdohv vrq dtxhoodv txh frqwlhqhq ho sxqwr
fhqwudo � | wlhqhq fduglqdo 6c 2 � 6 	 ? G

{j � E�c }c �G2� ' {j � E�c }c �G2� ' �
� � � �

� � �
�
R � c

{j � E�c }c �G2� ' �
� � � �

� � �
�
R � n

� � � �
� � �

�
R � 	 � c � 9' �c 2�
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+e, Vl od ýqlfd frdolflöq jdqdgrud plqlpdo hv � =

{j � E�c }c �G2� ' �R � c ;� 5 �

Ghprvwudflöq
Khprv gh hydoxdu orv ydoruhv gh {�� � � � � E7� sdud odv glihuhqwhv frdolflrqhv1 Vdehprv
txh {�� � � � � E7� ' f vl 7 . i�c 2j1
Ho uhvwr gh frdolflrqhv frqwhqlhqgr d i�c 2j vrq gh dojxqr gh orv wlsrv vljxlhqwhv=

7 ' i�c 2jc xqd ýqlfd frdolflöq/
� � � ��

�
' �c

7 ' i�c 2c ^j/ frq ^ 5 � pi�c 2j/ hq qýphur gh
� � � �

�
�
c

� � �

7 ' i�c 2c ^ � c ���c ^ 	 � � j/ frq ^ � c ���c ^ 	 � � 5 � pi�c 2j/ hq qýphur gh
� � � �

	 � �
�
c

� � �

7 ' � / hq qýphur gh
� � � �

� � �
�
' ��

+d, Vl odv frdolflrqhv jdqdgrudv plqlpdohv vrq gh fduglqdo 6/ orv ýqlfrv vxefrqmxq0
wrv sdud orv txh {�� � � � � E7� 9' f vrq h{dfwdphqwh orv gho wlsr 7 ' i�c 2c ^ � c ���c ^ 	 � � j=

{�� � � � � Ei�c 2c ^ � c ���c ^ 	 � � j� ' �c ^ � c ���c ^ 	 � � 5 � pi�c 2j�

Hvwdv frdolflrqhv sdvdq gh vhu jdqdgrudv d vhu shughgrudv/ do vxsulpluvh od dulvwd
� G 21 Odv frdolflrqhv gh fduglqdo lqihulru qr ghmdq gh vhu shughgrudv do vxsulplu
�G2/ dvð txh vx lqfuhphqwr hv qxor/ ljxdo txh odv gh fduglqdo vxshulru d 6c txh qr
ghmdq gh vhu jdqdgrudv wudv od vxsuhvlöq1

Vhjýq hvwdv frqvlghudflrqhv/ sdud � ' �c 2=

{j � E�c }c �G2� ' �R 	
[


 � � � � � 
 
 � � � � � � � � � �
{�� � � � � Ei�c 2c ^ � c ���c ^ 	 � � j� ' �

� � � �
	 � �

�
R 	 c

vlhqgr hvwd h{suhvlöq yäolgd sdud 2 � 6 � ?�

Dkrud/ sdud � 9' �c 2 | 2 � 6 � ? � �/ khprv gh frqvlghudu dtxhoodv frdolflrqhv
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txh frqwhqjdq i�c 2c �j=

{j � E�c }c �G2� ' �R �
[

� � � � � � � � � � 	 
 � � 
 � � � � �
d{� � � 
 � � Ei�c 2c �c ^ 
 c ���c ^ � � � j��

�{�� � 
 � � Ei�c 2c ^ 
 c ���c ^ � � � j�o�

�R � � 

[

� � � � � � � � � � 	 
 � � 
 � � � � �
d{�� � 
 � � Ei�c 2c �c ^ 
 c ���c ^ � � � j��

�{�� � 
 � � Ei�c 2c ^ 
 c ���c ^ � � � j�o�

Hq ho sulphu vxpdwrulr gh hvwd h{suhvlöq ^ 
 c ��c ^ � � � 5 � p i�c 2c �j/ dvð txh ho
qýphur gh vxpdqgrv hv gh

� � � �
� � �

�
| {� � � 
 � � Ei�c 2c ^ 
 c ���c ^ � � � j� ' f/ sxhvwr txh ho

fduglqdo gh hvwdv frdolflrqhv hv 6 � �1
Hq ho vhjxqgr vxpdwrulr ^ 
 c ��c ^ � � � 5 �pi�c 2c �j/ dvð txh ho qýphur gh vxpdqgrv
hv gh

� � � �
� � �

�
| {�� � 
 � � Ei�c 2c �c ^ 
 c ���c ^ � � � j� ' f/ sxhvwr txh ho fduglqdo gh hvwdv

frdolflrqhv hv 6 n �1
Hq frqvhfxhqfld/ od h{suhvlöq dqwhulru vh wudqvirupd hq=

{j � E�c }c �G2� ' �
� � � �

� � �
�
R � n

� � � �
� � �

�
R � � 
 c � 9' �c 2( 2 � 6 � ? � ��

+e, Sdud ho fdvr hq txh od ýqlfd frdolflöq jdqdgrud plqlpdo hv � / od h{suhvlöq
gho lqfuhphqwr sdud orv mxjdgruhv h{wuhprv gh od dulvwd txh vh vxsulph ylvwd hq ho
dsduwdgr +d,/ hv wdpelìq yäolgd sdud 6 ' ?/ txhgdqgr= {j � E�c }c �G2� ' �R � c � '

�c 21

Sdud � 9' �c 2 | 6 ' ?/ od h{suhvlöq gho lqfuhphqwr txhgd uhgxflgd d=

{j � E�c }c �G2� ' �R � d{�� � 
 � � E�� � {�� � 
 � � E� pi�j�o ' �R � c

or fxdo frqfox|h od ghprvwudflöq gho hqxqfldgr1 �

Hvwh wlsr gh judirv dsduhfh hq glyhuvrv hvwxglrv gh vlvwhpdv gh frpxqlfdflöq1
Ghvgh xq sxqwr fhqwudo hvwäq frpxqlfdgrv glihuhqwhv shuliìulfrv> od vxsuhvlöq gh
xqd dulvwd gh frrshudflöq vxsrqh od sìuglgd gh frpxqlfdflöq hqwuh ho sxqwr fhq0
wudo | ho vdwìolwh1
Ho vljql�fdgr txh sxhgh dwulexluvh d odv frdolflrqhv jdqdgrudv plqlpdohv hv ho
vljxlhqwh= sdud 6 ' 2 vxsrqh txh vh frqvljxh hplwlu ghvgh ho fhqwur d fxdotxlhu
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shuliìulfr> sdud 6 ' � vxsrqh txh vh frqvljxh hplwlu hqod}dqgr grv shuliìulfrv d
wudyìv gho sxqwr fhqwudo/ dfwxdqgr ìvwh frpr hplvru0uhfhswru gh/ sru hmhpsor/ xq
vlvwhpd gh udglrhqodfhv> sdud xq 6 fxdotxlhud vxsrqguðd xqd jhqhudol}dflöq gho
fdvr 6 ' �/ grqgh sru sureohpdv gh rshudwlylgdg r gh frvwhv vh uhtxlhuh dvhjxudu
xq qýphur pðqlpr 6 gh sxqwrv hqod}dgrv1
Ho hvwxglr gh orv lqfuhphqwrv gh dvljqdflöq sru xq ghwhuplqdgr vhplydoru do
vxsulplu xqd dulvwd gh frrshudflöq gh xqr gh hvwrv judirv udgldohv vxsrqh frqvl0
ghudu föpr ghehq glvwulexluvh orv hihfwrv gh od sìuglgd gh frpxqlfdflöq hqwuh orv
djhqwhv txh lqwhuylhqhq hq ho vlvwhpd1

Fdvr sduwlfxodu 7145
Hvwdqgr hq odv frqglflrqhv gh od sursrvlflöq dqwhulru/ od vxsuhvlöq gh od dulvwd
� G 2 gho judir udgldo gh fhqwur � vxsrqh sdud ho ydoru gh Vkdsoh| orv vljxlhqwhv
lqfuhphqwrv1

+d, Sdud frdolflrqhv jdqdgrudv plqlpdohv gh fduglqdo 6c 2 � 6 	 ?=

{� � E�c }c �G2� ' {� � E�c }c �G2� ' �
6 � �

?E? � ��
c

{� � E�c }c �G2� '
2E6 � ��

?E? � ��E? � 2�
c � 9' �c 2�

+e, Vl od ýqlfd frdolflöq jdqdgrud plqlpdo hv � =

{� � E�c }c �G2� ' �
�

?
c ;� 5 ��

716 Qrupdol}dflöq dglwlyd | judirv gh frrshudflöq

Hq od vhfflöq dqwhulru khprv suredgr txh/ hq odv vlwxdflrqhv gh frrshudflöq sdu0
fldo prghol}dgdv sru judirv gh frrshudflöq gh�qlgrv vreuh ho frqmxqwr gh yìuwlfhv
irupdgr sru orv mxjdgruhv gh xq mxhjr frrshudwlyr/ wrgr vhplydoru shuplwh rewhqhu
xqd uhjod gh dvljqdflöq mxvwd/ txh dghpäv hv hvwdeoh sdud mxhjrv vxshudglwlyrv1
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Hvwä suredgr hq P|huvrq +4<::, txh ho ýqlfr yhfwru gh sdjrv txh gd oxjdu d
xqd uhjod gh dvljqdflöq mxvwd | h�flhqwh sru frpsrqhqwhv frqh{dv hv ho ydoru gh
Vkdsoh|1 Dvð/ sdud ho fdvr gh orv vhplydoruhv |d hvwxgldgr/ qr vh srgðd suhwhqghu od
h�flhqfld sru frpsrqhqwhv frqh{dv/ sxhvwr txh vöor ho ydoru gh Vkdsoh| od yhul�fd1
Sdud lqwhqwdu sdoldu gh dojxqd pdqhud hvwd fduhqfld uhfxuulprv d od qrupdol}dflöq
dglwlyd gh orv vhplydoruhv1

Od qrupdol}dflöq dglwlyd gh xqd vroxflöq frqvlvwh hq holplqdu ho h{fhvr gh od vxpd
gh orv sdjrv d orv mxjdgruhv uhvshfwr d od xwlolgdg txh sxhgh rewhqhu hq ho mxhjr od
frdolflöq wrwdo1 Od holplqdflöq gho h{fhvr vh rewlhqh ghvfrqwdqgr d fdgd mxjdgru
xqd plvpd fdqwlgdg/ hv ghflu/ od q0ìvlpd sduwh gh hvh h{fhvr1 Od h{suhvlöq frqfuhwd
gh od qrupdol}dflöq dglwlyd gh xq vhplydoru dgrswd hq vx ghvduuroor hvtxhpdv
vlploduhv d orv txh vh riuhfhq hq Uxl} hw do1 +4<<8,> dkrud orv uhvxowdgrv vh rulhqwdq
do wudwdplhqwr gh od vxsuhvlöq gh xqd dulvwd hq xq judir gh frrshudflöq1

Gh�qlflöq 7146
Sdud fxdotxlhu vhplydoru j gh�qlgr vreuh ho hvsdflr gh mxhjrv frrshudwlyrv C � vh
gh�qh vx qrupdol}dflöq dglwlyd j

�
hq od irupd

j
�
G C � $ U �

� $ j
�
d�o

grqgh j
�� d�o ' j � d�o n

�

?

k
�E�� �

S
� � �

j � d�o
l
/ sdud fdgd � 5 ��

Ohpd 7147
Sdud fxdotxlhu vhplydoru j gh�qlgr vreuh orv mxhjrv gh C � fx|rv frh�flhqwhv vhdq
R � c � � r � ?/ vh yhul�fd od vljxlhqwh uhodflöq=

[
� � �

R � �E7pi�j� �
[

� � �
R � �E7pi�j� '

[
� � �

� 	
 �

R � � � �E7� �
[

� � �
� 	
 �

R � � � �E7��

Ghprvwudflöq

[
� � �

R � �E7pi�j� �
[

� � �
R � �E7pi�j� '

[
� � � 
 �

R � �E7pi�j�n
[

� � � �� �
� � �

R � �E7pi�j��
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�
[

� � � � � R � �E7pi�j� �
[

� � � � �� �� �
R � �E7pi�j�c

[
� � � R � �E7pi�j� �

[
� � � R � �E7pi�j� '

[
� � � � � R � �E7pi�j� �

[
� � � � � R � �E7pi�j��

Vl hq ho sulphu vxpdwrulr gh od ghuhfkd gh od ljxdogdg oodpdprv 7 	 ' 7pi�j | hq
ho vhjxqgr 7 	 ' 7pi�j=

[
� � � R � �E7pi�j� �

[
� � � R � �E7pi�j� '

[
� 
 � � � � 
� �� � 


R � 
 � � �E7 	 � �
[

� 
 � � �� � 
� � � 

R � 
 � � �E7 	 ��

Vl hq hvwd ljxdogdg vh vxpd | uhvwd
[

� � � � � � � � � 
� �
R � � � �E7� vh rewlhqh

[
� � � R � �E7pi�j� �

[
� � � R � �E7pi�j� '

[
� � � � �� �� �

R � � � �E7� n
[

� � � � �� 
� �
R � � � �E7��

�
[

� � � � �� 
� �
R � � � �E7� �

[
� � � �� �� � �

R � � � �E7�c

oohjdqgr d od iöupxod gho hqxqfldgr=
[

� � � R � �E7pi�j� �
[

� � � R � �E7pi�j� '
[

� � �� 
� �
R � � � �E7� �

[
� � �� 
� �

R � � � �E7�� �

Sursrvlflöq 7148
Od qrupdol}dflöq dglwlyd j � gh xq vhplydoru j gh frh�flhqwhv R � c � � r � ?/
gh�qlgr vreuh ho hvsdflr gh mxhjrv C � rehghfh d od vljxlhqwh h{suhvlöq=

j �� d�o ' �E��

?
n @ �� E�� �

�

?

[
� � �

@ �� E��/ sdud fdgd � 5 �c ;� 5 C � c

grqgh
@ �� E�� '

[
� � �� 
� �

ER � n R � � � ��E7��
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Ghprvwudflöq
Hq od gh�qlflöq gh j �� d�oc � 5 � / vxvwlwxlprv fdgd h{suhvlöq frq j � d�o hq ixqflöq
gh orv frh�flhqwhv R � gho vhplydoru | djuxsdprv hq xq vxpdwrulr=

j �� d�o ' �E��

?
n

[
� � �

R � d�E7� � �E7pi�j�o �
�

?

[
� � �

[
� � �

R � d�E7� � �E7pi�j�oc

j �� d�o '
�E��

?
n

�

?

[
� � � � 	 � 


q [
� � �

R � d�E7�� �E7pi�j�o�
[

� � �
R � d�E7�� �E7pi�j�o

r
�

Vl dkrud ghvduuroodprv fdgd xqr gh orv vxpdqgrv hq ho vxpdwrulr sdud � 5 �pi�j

| dsolfdprv ho ohpd suhylr=

[
� � �

R � �E7� �
[

� � �
R � �E7� n

[
� � �

R � �E7pi�j� �
[

� � �
R � �E7pi�j� '

'
[

� � �
R � �E7� �

[
� � �

R � �E7� n
[

� � �� �� �
R � 
 � �E7� �

[
� � �� �� �

R � 
 � �E7� '

'
[

� � �� �� �
ER � n R � 
 � ��E7� �

[
� � �� �� �

ER � n R � 
 � ��E7� ' @ �� E�� � @ �� E���

Dvð od iöupxod sdud j �� d�oc � 5 � / txhgd=

j �� d�o '
�E��

?
n

�

?

[
� � � � 	 � 


�
@ �� E�� � @ �� E��

�
'

�E��

?
n @ �� E�� �

�

?

[
� � �

@ �� E��� �

Fdvr sduwlfxodu 7149
Sdud od qrupdol}dflöq dglwlyd gho ydoru gh Edq}kdi vh wlhqh=

R � '
�

2 � � � c � � r � ? , @
�
� E�� '

�

2 � � �
[

� � �� �� �
�E7� '

�

2 � � �

k [
� � �

�E7� � �E��
l

�

Od iöupxod rewhqlgd gd oxjdu d od vljxlhqwh/ sdud fdgd � 5 � =

� �� d�o '
�E��

?
n

�

2 � � �

k [
� � �

�E7� � �E��
l

�
�

?

�

2 � � �
[
� � �

k [
� � �

�E7� � �E��
l

�
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Vl hq hvwh fdvr hq frqfuhwr oodpdprv @ � E�� '
[

� � �
�E7�/ srghprv hvfulelu=

�
�
� d�o '

�E��

?
n

�

2 � �
� @ � E�� �

�

?

�

2 � �
�

[
� � 	

@� E��c � 5 �c

�
�

� d�o '
�E��

?
n

�

?2 � �
�

k
?@ � E�� �

[
� � 	

@� E��
l
' b � d�oc � 5 �c

vlhqgr ìvwd od h{suhvlöq rewhqlgd sdud ho b0suhqxfohror/ txh hv od qrupdol}dflöq
dglwlyd gho ydoru gh Edq}kdi1

Sursrvlflöq 714:
Vl � 5 C 	 c } 5 C-E��/ j hv xq vhplydoru gh�qlgr vreuh C 	 gh frh�flhqwhv
R 
 c � � r � ?/ | od dulvwd & G , 5 }/ hqwrqfhv=

+d, sdud � ' &c ,=

j
�

� d�*E}p& G ,�o ' j
�

� d�*}o�
�

?
{�� � 
 � � E���

�
�

?

[
� � 	 � � 
 � � �

k [
� � 
 � � � � �� �

ER 
 n R 
 � � �{� � � 
 � � E7�
l

c

+e, sdud � 9' &c ,=

j
�

� d�*E}p& G ,�o ' j
�

� d�*}o�
�

?
{�� � 
 � � E���

�
�

?

[
� � 	 � � � �

k [
� � � � 
 � � � � �� �

ER 
 n R 
 � � �{�� � 
 � � E7� �
[

� � � � 
 � � � � �� �
ER 
 n R 
 � � �{� � � 
 � � E7�

l
�

Ghprvwudflöq
Odv h{suhvlrqhv sdud orv sdjrv txh od qrupdol}dflöq dglwlyd gh xq vhplydoru j

dvljqd d xq mxjdgru fxdotxlhud � 5 � hq ho mxhjr �*} | hq ho mxhjr �*E}p& G ,� vrq/
uhvshfwlydphqwh=

j
�
� d�*}o '

�*}E��

?
n

�

?

[
� � 	 � � � �

�
@ �� E�*}� � @ �� E�*}�

�
c

j
�

� d�*E}p& G ,�o '
�*E}p& G ,�E��

?
n

�

?

[
� � 	 � � � �

�
@ �� E�*E}p& G ,�� � @ �� E�*E}p& G ,��

�
�
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Frpsdudqgr xqd h{suhvlöq frq od rwud | whqlhqgr hq fxhqwd txh ho mxhjr lqfuh0
phqwr gh � sru od vxsuhvlöq gh od dulvwd & G , gho judir } hvwä gh�qlgr sdud fdgd
7 � � hq od irupd {�� � � � � E7� ' �*}E7� � �*E}p& G ,�E7�/ srghprv hvfulelu=

j
�� d�*E}p& G ,�o ' j

�� d�*}o �
�

?
{�� � � � � E���

�
�

?

[
� � 	 
 � � �

�
@ 
� E�*}� � @ 
� E�*E}p& G ,�� �

�
@ 
� E�*}� � @ 
� E�*E}p& G ,��

��
�

Ghqwur gho vxpdwrulr dsduhfhq h{suhvlrqhv frpr od vljxlhqwh=

@ 
� E�*}� � @ 
� E�*E}p& G ,�� '
[

� � �
� �� 	

ER � n R � � � �d�*}E7� � �*E}p& G ,�E7�o '

'
[

� � �
� �� 	

ER � n R � � � �{�� � � � � E7� '
[

� � � � � � �� �� 	

ER � n R � � � �{�� � � � � E7��

Gh hvwd irupd od h{suhvlöq txh uhodflrqd orv sdjrv hq orv mxhjrv �*} | �*E}p& G ,�/
hv/ sdud fxdotxlhu mxjdgru � 5 � =

j
�� d�*E}p& G ,�o ' j

�� d�*}o �
�

?
{�� � � � � E���

�
�

?

[
� � 	 
 � � �

k [
� � � � � � � � � �� 	

ER � n R � � � �{�� � � � � E7� �
[

� � � � � � � � � �� 	
ER � n R � � � �{�� � � � � E7�

l
�

+714,

+d, Sdud ho mxjdgru � ' &/ xqr gh orv yìuwlfhv gh od dulvwd txh vh vxsulph/ ho
vxpdwrulr hq od iöupxod dqwhulru vh h{wlhqgh d orv wìuplqrv frq � 5 � pi&j> shur
fxdqgr � ' , ho wìuplqr fruuhvsrqglhqwh vh dqxod/ |d txh dperv vxpdwrulrv hq hvh
wìuplqr vrq ljxdohv1 Sru or wdqwr=

j
�
� d�*E}p& G ,�o ' j

�
� d�*}o �

�

?
{�� � � � � E���

�
�

?

[
� � 	 
 � � � � �

k [
� � � � � � � �� 	

ER � n R � � � �{�� � � � � E7� �
[

� � � � � � � � � �� 	
ER � n R � � � �{�� � � � � E7�

l
c
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j � � d�*E}p& G ,�o ' j � � d�*}o �
�

?
{�� � � � � E���

�
�

?

[
� � � 	 
 � � � �

k [
� 
 � � � � � �
 �

ER � n R � � � �{�� � � � � E7�
l

�

Xqd h{suhvlöq vhphmdqwh sxhgh rewhqhuvh sdud ho mxjdgru ,/ frq or txh txhgd
suredgd od sduwh +d, gh od surslhgdg1

+e, Hq hvwh fdvr � 9' &c ,1 Hq od iöupxod +714, orv vxpdwrulrv txh dsduhfhq sxhghq
ghvfrpsrqhuvh gho prgr vljxlhqwh=

7 G �c &c , 5 7c 7 9' � $

;
A?
A=

7 G �c �c &c , 5 7c 7 9' � +l,

7 G �c &c , 5 7c � *5 7 +ll,

7 G �c &c , 5 7c 7 9' � $

;
A?
A=

7 G �c �c &c , 5 7c 7 9' � +lll,

7 G �c &c , 5 7c � *5 7 +ly,

Orv wìuplqrv +l, | +lll, vh holplqdq/ gh pdqhud txh vh rewlhqh od h{suhvlöq gho
hqxqfldgr1 �

Whruhpd 714;
Gdgr � 5 C � / vl j hv fxdotxlhu vhplydoru gh�qlgr vreuh C � gh frh�flhqwhv R � c � �

r � ?/ hqwrqfhv odv uhjodv gh dvljqdflöq gh�qlgdv sru=

t � � G C-E�� $ U �
} $ j � d�*}o

+d, yhul�fdq od surslhgdg gh mxvwlfld/

+e, yhul�fdq od surslhgdg gh hvwdelolgdg/ sdud mxhjrv vxshudglwlyrv1

Ghprvwudflöq
+d, Od surslhgdg gh mxvwlfld sdud xqd uhjod gh dvljqdflöq gh�qlgd vhjýq od qru0
pdol}dflöq dglwlyd gh xq vhplydoru j vxsrqh txh vh fxpsod=

j � � d�*}o � j � � d�*E}p& G ,�o ' j �� d�*}o � j �� d�*E}p& G ,�oc & G , 5 }c
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shur hvwd ljxdogdg hv hylghqwh/ sru ho dsduwdgr +d, gh od sursrvlflöq 714:1

+e, Hq od iöupxod gho dsduwdgr +d, gh od sursrvlflöq 714: dsduhfhq h{suhvlrqhv gh
od ixqflöq lqfuhphqwr gh � sru od vxsuhvlöq gh od dulvwd & G , gho judir gh frrshudflöq
}> ìvwdv vrq {�� � � � � E�� | {�� � � � � E7� sdud 7 wdohv txh &c , 5 7/ � *5 7/ � 5 �pi&c ,j1

Vdehprv txh{�� � � � � E7� � fc ;7 � � / vl ho mxhjr � hv vxshudglwlyr/ | sdud fxdotxlhu
vhplydoru orv frh�flhqwhv R � � fc � � r � ?/ hqwrqfhv=

j
�
� d�*}o � j

�
� d�*E}p& G ,�oc � ' &c ,c

| hvwr vxsrqh od surslhgdg gh hvwdelolgdg1 �

Revhuydflöq 714<
Dfdedprv gh suredu txh od qrupdol}dflöq dglwlyd gh fxdotxlhu vhplydoru gd oxjdu
d xqd uhjod gh dvljqdflöq mxvwd |/ sdud mxhjrv vxshudglwlyrv/ hvwdeoh1 Vl ho judir
gh frrshudflöq } qr ghvfrqhfwd od frdolflöq wrwdo � / ql wdpsrfr od vxsuhvlöq gh
od dulvwd & G , frqvljxh hvwh hihfwr/ vh fxpsoh=

�*}E�� ' �*E}p& G ,�E�� ' �E���

Sru od sursld fdudfwhuðvwlfd gh od frqvwuxfflöq gh od qrupdol}dflöq dglwlyd/ xq
vhplydoru qrupdol}dgr fxdotxlhud hv h�flhqwh/ hv ghflu/ od vxpd gh sdjrv txh dvljqd
d orv glihuhqwhv mxjdgruhv hv ljxdo d od xwlolgdg txh hv fdsd} gh rewhqhu od frdolflöq
wrwdo/ �E��1 Vh frqvljxh/ gh hvwd pdqhud/ rewhqhu yhfwruhv gh sdjrv txh vhdq
joredophqwh h�flhqwhv/ hvwr hv/ h�flhqwhv vreuh � 1 Vl � hv od ýqlfd frpsrqhqwh
frqh{d wrgrv hoorv vrq h�flhqwhv vreuh hvd frpsrqhqwh frqh{d1

Sursrvlflöq 7153
Vxsrqjdprv � 5 7 � / mxhjr vlpsoh frq ? mxjdgruhv/ ? � �/ | ho judir gh frr0
shudflöq lqlfldo ho judir frpsohwr }

� 1 Vl vh vxsulph xqd dulvwd fxdotxlhud & G ,/
hqwrqfhv/ sdud fxdotxlhu vhplydoru j gh frh�flhqwhv R � c � � r � ?/ vx fruuhvsrq0
glhqwh qrupdol}dflöq dglwlyd j

�
yhul�fd=

+d, i&c ,j *5 ` , j
�
d�*E}

� p& G ,�o ' j
�
d�o�
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+e, i&c ,j 5 `
�

, j
�� d�*E}

�
p& G ,�o ' j

�� d�o �
? � 2

?
ER � n R � �c � ' &c ,c

j
�� d�*E}

�
p& G ,�o ' j

�� d�o n
2

?
ER � n R � �c � 9' &c ,c

grqgh ` lqglfd ho frqmxqwr gh frdolflrqhv jdqdgrudv/ �E7� ' �/ gho mxhjr � 5 7 �

| `
�
lqglfd ho frqmxqwr gh frdolflrqhv jdqdgrudv plqlpdohv gh �1

Ghprvwudflöq
Sdud uhodflrqdu ho sdjr d orv mxjdgruhv &c , sru od qrupdol}dflöq dglwlyd j

�
/ hq orv

mxhjrv � | �*E}
�

p& G ,�/ kdfhprv vhuylu od h{suhvlöq +d, gh od sursrvlflöq 714:1 Vl
} ' }

�
c ? � �/ od vxsuhvlöq gh xqd dulvwd fxdotxlhud & G , qr ghvfrqhfwd � / oxhjr

{�� � � 	 
 � E�� ' f1 Dghpäv=

[
� 
 � � � 	 � � �

k [
� � 	 � � � � �� �

ER � n R � � � �{�� � � 	 
 � E7�
l
' E? � 2�ER � n R � �{� � � � 	 
 � Ei&c ,j�c

|d txh wrgd frdolflöq 7 txh frqwhqjd orv mxjdgruhv &c , | fxdotxlhu rwur mxjdgru/
qr txhgd ghvfrqhfwdgd sru od vxsuhvlöq gh & G , |/ sru or wdqwr/ {�� � � 	 
 � E7� ' f1
Hq frqvhfxhqfld=

0 vl i&c ,j *5 ` / hqwrqfhv {�� � � 	 
 � Ei&c ,j� ' f | vh fxpsoh +d, sdud � ' &c ,1

0 vl i&c ,j 5 `
�
/ hqwrqfhv {� � � � 	 
 � Ei&c ,j� ' �/ gh grqgh=

j
�� d�*E}

�
p& G ,�o ' j

�� d�o �
�

?
E? � 2�ER � n R � �

| vh fxpsoh ho dsduwdgr +e, sdud � ' &c ,1

Dkrud/ sdud hvwxgldu ho frpsruwdplqwr vreuh orv mxjdgruhv � 9' &c , kdfhprv vhuylu
od h{suhvlöq +e, gh od sursrvlflöq 714:> frpr dqwhv/ {�� � � 	 
 � E�� ' f vl ? � �1 Ho
vxpdwrulr txh dsduhfh hq hvd h{suhvlöq/

[
� 
 � � � � �

k [
� � � � 	 � � � � �� �

ER � n R � � � �{�� � � 	 
 � E7� �
[

� � � � 	 � � � � �� �
ER � n R � � � �{�� � � 	 
 � E7�

l
c

kd gh hvwxglduvh hq grv fdvrv glihuhqwhv=

0 vl � ' &c ,/ txhgd uhgxflgr d xq ýqlfr wìuplqr= �ER � n R � �{�� � � 	 
 � Ei&c ,j�1
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0 vl � 5 �pi�jc � 9' &c ,/ wrgrv orv wìuplqrv txh dsduhfhq vrq qxorv/ |d txh qlqjxqd
frdolflöq 7 txhgd ghvfrqhfwdgd do frqwdu frq wuhv r päv mxjdgruhv1

Hq frqvhfxhqfld/ sdud � 9' &c , vh wlhqh=

j �� d�*E}
�

p& G ,�o ' j �� d�o n
2

?
ER � n R � �{�� � � � 	 
 Ei&c ,j�(

0 vl i&c ,j *5 ` / hqwrqfhv {�� � � � 	 
 Ei&c ,j� ' f | vh fxpsoh +d, sdud � 9' &c ,1

0 vl i&c ,j 5 `
�
/ hqwrqfhv {�� � � � 	 
 Ei&c ,j� ' � | vh fxpsoh +e, sdud � 9' &c ,1 �

Fdvr sduwlfxodu 7154
Sdud ho b0suhqxfohror/ qrupdol}dflöq dglwlyd gho ydoru gh Edq}kdi/ b ' � � / hq odv
frqglflrqhv gh od sursrvlflöq dqwhulru/ vh fxpsoh=

+d, i&c ,j *5 ` , bd�*E}
�

p& G ,�o ' bd�o�

+e, i&c ,j 5 `
�

, b � d�*E}
�

p& G ,�o ' b � d�o �
? � 2

?2
� 
 � c � ' &c ,c

b � d�*E}
�

p& G ,�o ' b � d�o n
�

?2
� 
 � c � 9' &c ,�

Hmhpsor 7155
Uhwrpdprv ho hmhpsor 7143 uhodwlyr do Sduodphqwr gh Fdwdoxôd uhvxowdqwh gh odv
hohfflrqhv gho 4< gh qrylhpeuh gh 4<<81 Orv sduwlgrv frq uhsuhvhqwdflöq/ FlX/
SVF/ SS/ LF/ HUF/ mxhjdq ho MPS vljxlhqwh=

d SH ( Sf c �e c �. c �� c �� o�

Sdud hvwh mxhjr/ fruuhvsrqglhqwh do judir frpsohwr }
�
/ ho b0suhqxfohror rwrujd od

glvwulexflöq gh srghu

bd�o ' Ee*Dc �*2fc �*2fc �*2fc �*2f��

Vl vxsulplprv od dulvwd gh frrshudflöq �Ge/ frpr i�c ej 5 `
�
/ od dvljqdflöq txh ho

b0suhqxfohror vxsrqguä sdud hvd qxhyd vlwxdflöq gh frrshudflöq hvwduä uhodflrqdgd
frq od lqlfldo hq od irupd vljxlhqwh=

bd�*E}
�

p�Ge�o ' bd�o n E��*efc �*2fc �*2fc ��*efc �*2f�

' E2b*efc �*�fc �*�fc ��*efc �*�f��
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717 Vlphwuðd sru od vxsuhvlöq gh xqd dulvwd

Hq ho hvwxglr gh odv uhjodv gh dvljqdflöq dsduhfhq surslhgdghv frpr mxvwlfld r
hvwdelolgdg txh kdfhq uhihuhqfld d orv mxjdgruhv h{wuhprv gh od dulvwd gho judir
gh frrshudflöq txh vh vxsulph1 Dkrud qrv sursrqhprv ghwhuplqdu ho hihfwr gh od
vxsuhvlöq gh od dulvwd gh frrshudflöq vreuh rwurv mxjdgruhv/ dghpäv gh vreuh orv
surslrv h{wuhprv1

Gh�qlflöq 7156
Sdud fxdotxlhu uhjod gh dvljqdflöq t G C-E�� $ U

�
ghflprv txh orv mxjdgruhv

�c � 5 � vrq vlpìwulfrv sru od vxsuhvlöq gh od dulvwd & G , gho judir gh frrshudflöq
} vl

t � E}� � t � E}p& G ,� ' t� E}� � t� E}p& G ,�c �c � 5 �c & G , 5 }�

Revhuydflöq 7157
Od vlphwuðd sru od vxsuhvlöq gh od dulvwd & G , gho judir gh frrshudflöq } hv xqd
uhodflöq gh htxlydohqfld gh�qlgd hq ho frqmxqwr gh mxjdgruhv � 1 Gh hvwd irupd/ �

txhgd glylglgr hq fodvhv gh htxlydohqfld sru hvd uhodflöq1
Od frqglflöq gh mxvwlfld sru od vxsuhvlöq gh xqd dulvwd gh frrshudflöq & G , hv xq
fdvr sduwlfxodu gh vlphwuðd/ suhflvdphqwh sdud orv mxjdgruhv &c ,/ h{wuhprv gh od
dulvwd txh vh vxsulph1

Sursrvlflöq 7158
Vxsrqjdprv txh � 5 C � hv xq mxhjr vxshudglwlyr | txh gho judir gh frrshudflöq }

vh vxsulph od dulvwd & G ,1 Sdud fxdotxlhu vhplydoru j gh frh�flhqwhv R � c � � r � ?/
gh�qlgr vreuh C � vh fxpsoh=

+d, Orv mxjdgruhv &c , shuwhqhfhq d od fodvh txh rewlhqh xq phqru lqfuhphqwr sru
od vxsuhvlöq gh od dulvwd & G ,1

+e, Vl �Ei&c ,j� : �Ei&j� n �Ei,j� | R � : f/ hqwrqfhv/ orv mxjdgruhv & | , vrq orv
ýqlfrv hohphqwrv gh od fodvh txh päv slhugh1

Ghprvwudflöq
+d, Sru ho whruhpd 718/ vdehprv txh sdud fxdotxlhu vhplydoru j/ sru od frqglflöq
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gh mxvwlfld/ orv mxjdgruhv & | , vxiuhq ho plvpr lqfuhphqwr do vxsulplu od dulvwd
& G ,1 Vl ho mxhjr � hv vxshudglwlyr/ sru od frqglflöq gh hvwdelolgdg/ ho lqfuhphqwr
sdud dperv mxjdgruhv hv qhjdwlyr r qxor1 Txhgd sru frpsuredu txh/ sdud mxhjrv
vxshudglwlyrv/ qr h{lvwh qlqjýq mxjdgru txh vxiud xq lqfuhphqwr phqru1

Ydprv d frpsdudu orv lqfuhphqwrv txh vxiuhq sru od vxsuhvlöq gh od dulvwd & G , gho
judir }/ sru xq odgr/ orv mxjdgruhv & | ,/ | sru rwur/ xqr fxdotxlhud gh orv uhvwdqwhv
mxjdgruhv � 9' &c ,1 Vhjýq odv h{suhvlrqhv sdud hvwrv lqfuhphqwrv rewhqlgdv hq od
sursrvlflöq 717=

{j � E�c }c & G ,� ' �j � d{�� � � � � o ' �
[

� � � � �
R � {� � � � � � E7��

{j � E�c }c & G ,� ' �j � d{�� � � � � o ' �
[

� � � � � � �
R � d{�� � � � � E7� � {�� � � � � E7pi�j�oc

{j � E�c }c & G ,� ' �
[

� � � � � � �
R � {� � � � � � E7� n

[
� � � � �� 	� �

R � 
 � {� � � � � � E7�c � 9' &c ,�

Hvwdv h{suhvlrqhv sdud {j vrq yäolgdv sdud fxdotxlhu vhplydoru gh�qlgr vreuh C � 1
Ho vxpdwrulr sdud {j � E�c }c & G ,� frqvwd gh 2 
 �

�
wìuplqrv1 Ho vxpdwrulr suhfhglgr

gh vljqr qhjdwlyr hq {j � E�c }c & G ,�c � 9' &c ,/ frqvwd gh 2 
 �
�
wìuplqrv/ gh hqwuh

orv txh �jxudq hq ho vxpdwrulr gho lqfuhphqwr sdud &/ dsduhflhqgr dghpäv xq
vhjxqgr vxpdwrulr suhfhglgr gh vljqr srvlwlyr1 Wrgrv orv wìuplqrv hq orv wuhv
vxpdwrulrv vrq srvlwlyrv r qxorv/ |d txh {�� � � � � E7� � f sdud mxhjrv vxshudglwlyrv/
| R � � fc � � r � ?/ sdud fxdotxlhu vhplydoru j1 Hq frqvhfxhqfld=

{j � E�c }c & G ,� � {j � E�c }c & G ,� ' {j � E�c }c & G ,�c � 9' &c ,�

+e, Vl �Ei&c ,j� : �Ei&j� n �Ei,j�/ hvwr hv or plvpr txh ghflu/ {�� � � � � Ei&c ,j� : f>
ìvwh hv xqr gh orv wìuplqrv txh dsduhfh hq {j � E�c }c & G ,�/ shur txh qr dsduhfh hq
{j � E�c }c & G ,�c � 9' &c ,1 Vl dghpäv/ ho frh�flhqwh txh dfrpsdôd d hvh wìuplqr hv
R � : f/ srghprv d�updu txh od ghvljxdogdg dqwhulru hv hvwulfwd

{j � E�c }c & G ,� : {j � E�c }c & G ,� ' {j � E�c }c & G ,�c � 9' &c ,c

| &c , vrq orv ýqlfrv hohphqwrv txh shuwhqhfhq d od fodvh txh päv slhugh1 �
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Sursrvlflöq 7159
Vxsrqjdprv txh � 5 C � hv xq mxhjr vxshudglwlyr | txh j hv fxdotxlhu vhplydoru
gh frh�flhqwhv R � c � � r � ?/ gh�qlgr vreuh C � 1 Vl h{lvwh xq fdplqr frq xq
mxjdgru lqwhuphglr/ i& G �c � G ,j/ dowhuqdwlyr d od dulvwd & G , txh vh vxsulph/ hqwrqfhv/
hvh mxjdgru � irupd sduwh gh od fodvh txh rewlhqh xq pd|ru lqfuhphqwr sru od
vxsuhvlöq gh od dulvwd gh frrshudflöq1

Ghprvwudflöq
Hq sulphu oxjdu/ ydprv d suredu txh xq mxjdgru � vlwxdgr hq xq fdplqr dowhuqdwlyr
i& G �c � G ,j qr slhugh do vxsulpluvh od dulvwd & G ,1 Vhjýq od h{suhvlöq gho lqfuhphqwr
rewhqlgd hq od sursrvlflöq 717 sdud xq mxjdgru � 9' &c ,=

{j � E�c }c & G ,� ' �j � d{�� � � � � o ' �
[

� 	 � � � � �
R � d{�� � � � � E7� � {�� � � � � E7pi�j�oc

shur dkrud {�� � � � � E7� ' f/ vl 7 6 �c &c ,/ |d txh sdud hvwdv frdolflrqhv h{lvwh ho
fdplqr dowhuqdwlyr i& G �c � G ,j | qr vh surgxfh ghvfrqh{löq1 Hqwrqfhv=

{j � E�c }c & G ,� '
[

� 	 � � � � �
R � {�� � � � � E7pi�j� '

[
� 	 � � �� 
	 �

R � � � {�� � � � � E7� � fc

|d txh {�� � � � � E7� � f sdud mxhjrv vxshudglwlyrv/ | R � � fc � � r � ?/ sdud
fxdotxlhu vhplydoru j1

Frqvlghudprv dkrud rwur mxjdgru � 9' �c &c , | hydoxdprv vx lqfuhphqwr=

{j 
 E�c }c & G ,� ' �j 
 d{�� � � � � o ' �
[

� 	 
 � � � �
R � d{�� � � � � E7� � {�� � � � � E7pi�j�oc

{j 
 E�c }c & G ,� ' �
[

� 	 � � 
 � � � �
R � d{�� � � � � E7� � {�� � � � � E7pi�j�o�

�
[

� 	 
 � � � �� 
	 �

R � d{�� � � � � E7� � {�� � � � � E7pi�j�o�

Hq ho sulphu vxpdwrulr {�� � � � � E7� ' {�� � � � � E7pi�j� ' f/ |d txh �c &c , 5 7c 7pi�j/
| do vhu i& G �c � G ,j xq fdplqr dowhuqdwlyr d & G , qr vh fuhdq ql hq 7 ql hq 7 pi�j

qxhydv frpsrqhqwhv frqh{dv1 Hqwrqfhv=

{j 
 E�c }c & G ,� '
[

� 	 � � �� 
	 � � 


R � � � {� � � � � � E7� �
[

� 	 
 � � � �� 
	 �

R � {�� � � � � E7�c � 9' �c &c ,�
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Hq{j � E�c }c & G ,�c � 9' �c &c ,/ sdud � vxshudglwlyr/ orv wìuplqrv gh dperv vxpdwrulrv
vrq qr qhjdwlyrv1 Ho sulphu vxpdwrulr frqvwd gh 2 � �

�
wìuplqrv/ gh hqwuh orv 2 � �

�

txh frqvwdq hq ho vxpdwrulr sdud {j � E�c }c & G ,�/ | txhgd dghpäv glvplqxlgr sru
orv wìuplqrv gho vhjxqgr vxpdwrulr1 Sru or wdqwr=

{j � E�c }c & G ,� � {j � E�c }c & G ,�c � 5 � pi�j� �

Sursrvlflöq 715:
Sdud fxdotxlhu mxhjr frrshudwlyr � 5 C � | sdud fxdotxlhu vhplydoru j gh frh0
�flhqwhv R � c � � r � ?/ gh�qlgr vreuh C � / vl h{lvwhq glihuhqwhv fdplqrv frq xq
mxjdgru lqwhuphglr/ i& G � � c � � G ,jc ���c i& G � 	 c � 	 G ,j/ dowhuqdwlyrv d od dulvwd & G , txh vh
vxsulph/ hqwrqfhv/ orv mxjdgruhv � � c ���c � 	 shuwhqhfhq d od plvpd fodvh gh vlphwuðd
sru od vxsuhvlöq gh od dulvwd1

Ghprvwudflöq
Frqvlghudprv xqr fxdotxlhud gh hvwrv mxjdgruhv � 
 c � � 6 � ^/ | hvfulelprv od
h{suhvlöq gho lqfuhphqwr txh oh fruuhvsrqgh do vxsulplu od dulvwd & G ,=

{j � � E�c }c & G ,� ' �j � � d{�� 
 � � � o ' �
[

� � � � 
 � 
 �
R � d{�� 
 � � � E7� � {� � 
 � � � E7pi� 
 j�oc

{j � � E�c }c & G ,� ' �
[

� � � � 
 � 
 �� �� � � 
 � � 
 � � � � 
 � � � � 
 � � 
 � �
R � d{� � 
 � � � E7� � {�� 
 � � � E7pi� 
 j�o�

�
[

� � � � 
 � 
 �� � � � � � � � � � �  � � � � ! � � � � � � " # $% &
R ' d{�( � ) * + E7� � {�( � ) * + E7pi� , j�o�

Hq dperv vxpdwrulrv/ {�( � ) * + E7� ' f/ |d txh 7 6 � , c &c , | ho fdplqr dowhuqd0
wlyr i& G � , c � , G ,j hvwä frqwhqlgr hq wrgdv hvdv frdolflrqhv/ qr fuhäqgrvh qlqjxqd
qxhyd frpsrqhqwh frqh{d do vxsulplu & G ,1 Hq ho vhjxqgr vxpdwrulr/ wdpelìq
{�( � ) * + E7 p i� , j� ' f/ sxhvwr txh 7 p i� , j frqwlhqh dojxqr gh orv hohphqwrv
� - c ���c � , . - c � , / - c ���c � 0 / h{lvwlhqgr/ sru wdqwr/ fdplqr dowhuqdwlyr d & G , vlq vdolu
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gh 71 Hq frqvhfxhqfld=

{j � � E�c }c & G ,� '
[

� � � � � � � �� �� � � � 	 	 � � � 
 � � � � � � � 	 	 � � �

R 
 {�� � � � � E7pi� � j�

'
[

� � � � �� �� � � � 	 	 � � � 
 � � � � � � � � � � 	 	 � � �

R 
 � � {�� � � � � E7�c � � 6 � ^�

Txhgd dvð suredgr txh orv mxjdgruhv � � c ���c � � shuwhqhfhq d od plvpd fodvh gh
vlphwuðd sru od vxsuhvlöq gh od dulvwd & G ,1 �

Sursrvlflöq 715;
Vxsrqjdprv txh � 5 C � hv xq mxhjr vxshudglwlyr | txh j hv fxdotxlhu vhplydoru gh
frh�flhqwhv R 
 c � � r � ?/ gh�qlgr vreuh C � 1 Frqvlghudprv ho vxefrqmxqwr ' gh
wrgrv orv mxjdgruhv txh vh hqfxhqwudq hq fdplqrv frq xq lqwhuphglr dowhuqdwlyrv
d od dulvwd & G , txh vh vxsulph hq ho judir gh frrshudflöq }=

' ' i � 5 � * < i& G �c � G ,j � } j�

Vl ' 9' > | sdud wrgr � *5 'c � 9' &c ,/ {�� � � � � Ei&c ,c �j� : f | R � 9' f ö R� 9' f/
hqwrqfhv/ orv mxjdgruhv gho vxefrqmxqwr ' vrq orv ýqlfrv txh dofdq}dq ho lqfuhphqwr
pä{lpr gh od dvljqdflöq sru j do vxsulplu od dulvwd & G ,1

Ghprvwudflöq
Sru od sursrvlflöq 715:/ ho lqfuhphqwr fruuhvsrqglhqwh d orv mxjdgruhv gho vxefrq0
mxqwr ' hv ho plvpr/ | rehghfh d od h{suhvlöq/

{j � E�c }c & G ,� '
[

� � � � � � � �  ! "
R # $ % {�� � � � � E7�c � 5 '�

Sru od sursrvlflöq 7159/ do vhu � vxshudglwlyr/ orv mxjdgruhv gh ' irupdq sduwh gh
od fodvh txh rewlhqh xq lqfuhphqwr pd|ru sru od vxsuhvlöq gh od dulvwd & G , gho judir
gh frrshudflöq }1 Ydprv dkrud d frpsdudu hvwh lqfuhphqwr frq ho fruuhvsrqglhqwh
d xq mxjdgru � *5 'c � 9' &c ,1

{j & E�c }c & G ,� ' �
[

� � & � � � �� �  ! "

R # d{�� � � � � E7� � {� � � � � � E7pi�j�o

'
[

� � � � � � � '� &� �  ! "

R # $ % {�� � � � � E7� �
[

� � & � � � �� �  ! "

R # {�� � � � � E7��
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Hq od h{suhvlöq gh {j � E�c }c & G ,�/ ho sulphu vxpdwrulr frqwlhqh 2 � �
�

� � wìuplqrv gh
hqwuh orv 2 � �

�
� � wìuplqrv txh frqwlhqh od h{suhvlöq gh {j � E�c }c & G ,� sdud � 5 '/

hvwdqgr hvh sulphu vxpdwrulr glvplqxlgr sru xq vhjxqgr1 Wrgrv orv wìuplqrv hq
hvrv grv vxpdwrulrv | hq ho vxpdwrulr sdud {j � E�c }c & G ,�c � 5 '/ vrq srvlwlyrv/ gh
grqgh vh frqfox|h od ghvljxdogdg=

{j � E�c }c & G ,� � {j � E�c }c & G ,�c ;� *5 'c � 9' &c ,( ;� 5 '�

Vl ;� *5 'c � 9' &c ,c {�� � 	 
 � Ei&c ,c �j� : f | R � : f od ghvljxdogdg vh yxhoyh hvwulfwd
|d txh{�� � 	 
 � Ei&c ,c �j� hv xqr gh orv lqfuhphqwrv txh �jxud hq{j � E�c }c & G ,�c � 5 '

| qr �jxud hq ho sulphu vxpdwrulr gh {j � E�c }c & G ,�c � *5 'c � 9' &c ,1 Or plvpr
rfxuuh vl ;� *5 'c � 9' &c ,c {�� � 	 
 � Ei&c ,c �j� : f | R � : f sxhvwr txh hqwrqfhv ìvwh
hv xqr gh orv lqfuhphqwrv txh �jxud hq ho vxpdwrulr suhfhglgr gh vljqr qhjdwlyr
gh {j � E�c }c & G ,�1 �

Revhuydflöq 715<
Sdud xq mxhjr � 5 C 
 vxshudglwlyr | fxdotxlhu vhplydoru j vreuh orv mxhjrv gh
C 
 khprv suredgr txh ho pðqlpr gho lqfuhphqwr +pä{lpd sìuglgd, vh surgxfh hq
orv mxjdgruhv h{wuhprv gh od dulvwd gho judir gh frrshudflöq txh vh vxsulph1 D vx
yh}/ ho pä{lpr gho lqfuhphqwr vh dofdq}d hq orv mxjdgruhv txh irupdq xq fdplqr
dowhuqdwlyr hq wuläqjxor frq uhvshfwr d od dulvwd txh vh vxsulph/ vl hvrv mxjdgruhv
h{lvwhq1

Qrv suhjxqwdprv txì rfxuuluðd vl qr h{lvwlhvh qlqjýq fdplqr frq xq lqwhuphglr/
dohuqdwlyr d od dulvwd txh vh vxsulph1 Sru hmhpsor/ ho fdvr päv vhqfloor vhuðd
dtxho hq ho txh xq fdplqr dowhuqdwlyr gh orqjlwxg pðqlpd wxylhud grv yìuwlfhv
lqwhuphglrv1 Ho vljxlhqwh hmhpsor qrv pxhvwud txh qr sxhgh gduvh xqd uhvsxhvwd
jhqhudo frpr hq ho fdvr gh fdplqrv dowhuqdwlyrv frq xq yìuwlfh lqwhuphglr1

Hmhpsor 7163
Frqvlghudprv ho fdvr gh xqd uhg gh frpxqlfdflöq r gh wudqvsruwh hqwuh fxdwur
sxqwrv glihuhqwhv/ txh sxhghq vhu flxgdghv1 Kdelwxdophqwh/ hvwh wlsr gh uhghv
vxhoh vhu uhgxqgdqwh= h{lvwh xq vlvwhpd gh frqwdfwr hqwuh frodwhudohv/ txh uhfleh ho
qrpeuh gh hvfdorqdgr/ | xq vlvwhpd txh xqh odv fdehfhudv/ txh uhfleh ho qrpeuh
gh vhohfwlyr/ hqwhqglhqgr txh dpedv fdehfhudv vrq qýfohrv gh pd|ru lpsruwdqfld
| uhtxlhuhq xq vhuylflr gluhfwr1 Juä�fdphqwh/ ho hvtxhpd vhuðd=
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Od vlwxdflöq dqwhulru sxhgh prghol}duvh sru phglr gho vljxlhqwh judir=

Od vxsuhvlöq gh xqd gh hvwdv dulvwdv vxsrqh txh xqr gh orv wudprv gh frpxqlfdflöq
r wudqvsruwh kd txhgdgr vlq vhuylflr1 Hvwxgldu ho lqfuhphqwr sru od vxsuhvlöq gh
xqd dulvwd frqvlvwh hq ghwhuplqdu föpr vh uhglvwulex|hq orv ehqh�flrv gho vlvwhpd
hqwuh orv djhqwhv txh lqwhuylhqhq/ whqlhqgr hq fxhqwd txh odv ýqlfdv srvlelolgdghv
gh frrshudflöq vrq d wudyìv gh odv dulvwdv gho judir/ |d txh ho uhvwr gh uhodflrqhv
qr hvwäq hvwdeohflgdv1

Vxsrqguhprv txh hq ho judir } ' i�G2c 2G�c �Gec eG�j vh vxsulph od dulvwd �G21 Hq
hvwh fdvr/ txhgd xq ýqlfr fdplqr dowhuqdwlyr frq grv yìuwlfhv lqwhuphglrv � | e1
Qrv sursrqhprv hvwxgldu fýdo hv ho hihfwr gh od vxsuhvlöq vreuh hvwrv mxjdgruhv1

Od ixqflöq lqfuhphqwr {�� � � � � wrpd ydoruhv txh sxhghq vhu qr qxorv vreuh orv e
vxefrqmxqwrv txh frqwlhqhq d � | 2=

{�� � � � � Ei�c 2j� ' �Ei�c 2j� � d�Ei�j� n �Ei2j�o ' @c

{�� � � � � Ei�c 2c �j� ' �Ei�c 2c �j� � d�Ei�j� n �Ei2c �j�o ' Kc

{�� � � � � Ei�c 2c ej� ' �Ei�c 2c ej� � d�Ei�c ej� n �Ei2j�o ' Sc

{�� � � � � Ei�c 2c �c ej� ' f/ |d txh i�c 2c �c ej qr txhgd ghvfrqhfwdgr1

Khprv ghvljqdgr odv fdqwlgdghv txh hqwudq hq mxhjr phgldqwh @c Kc S> vl � hv vxshud0
glwlyr/ @c Kc S � f1 Orv lqfuhphqwrv gh dvljqdflöq fruuhvsrqglhqwhv d orv mxjdgruhv
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� | e vrq=

{j � E�c }c �G2� ' �j � d{� � � � � � o ' �
[

� � � � � � �
R � d{� � � � � � E7� � {�� � � � � E7pi�j�oc

{j � E�c }c �G2� ' R � @ n R 	 S � R � K�

{j 	 E�c }c �G2� ' �j 	 d{� � � � � � o ' �
[

� � � � � � 	
R � d{� � � � � � E7� � {�� � � � � E7piej�oc

{j 	 E�c }c �G2� ' R � @ n R 	 K � R � S�

Hq sduwlfxodu/ sdud xq vhplydoru j txh fxpsod R � ' R 	 ' R : f +sru hmhpsor/ ho
ydoru gh Edq}kdi, srghprv hvfulelu=

{j � E�c }c �G2� ' RE@ n S � K�c {j 	 E�c }c �G2� ' RE@ n K � S�(

vl S � K : @/ hqwrqfhv= {j � E�c }c �G2� : fc {j 	 E�c }c �G2� 	 f(

vl K � S : @/ hqwrqfhv= {j � E�c }c �G2� 	 fc {j 	 E�c }c �G2� : f�

Sru rwur odgr/ hq ho fdvr sduwlfxodu @ ' fc K ' S : f/ srghprv hvfulelu=

{j � E�c }c �G2� ' ER 	 � R � �Sc {j 	 E�c }c �G2� ' ER 	 � R � �S(

sdud vhplydoruhv frq R 	 : R � vhuä= {j � E�c }c �G2� ' {j 	 E�c }c �G2� : f(

sdud vhplydoruhv frq R 	 	 R � vhuä= {j � E�c }c �G2� ' {j 	 E�c }c �G2� 	 f�

Hvwh hmhpsor qrv pxhvwud/ hq ho fdvr päv vhqfloor srvleoh/ xq ýqlfr fdplqr dowhuqd0
wlyr frq grv lqwhuphglrv/ txh orv lqfuhphqwrv gh dvljqdflöq sdud hvrv lqwhuphglrv
sxhghq vhu dperv srvlwlyrv/ dperv qhjdwlyrv/ r whqhu vljqrv frqwudulrv/ ghshq0
glhqgr gho vhplydoru frq ho txh vh wudedmh r gh odv fdudfwhuðvwlfdv gho mxhjr txh vh
hvwxglh1

Sursrvlflöq 7164
Vxsrqjdprv txh j hv fxdotxlhu vhplydoru gh�qlgr vreuh C 
 | j

�
hv vx qrupd0

ol}dflöq dglwlyd1 Hqwrqfhv/ od sduwlflöq gh � hq fodvhv gh htxlydohqfld sru od
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vxsuhvlöq gh xqd dulvwd & G , gho judir gh frrshudflöq } vh frqvhuyd wdqwr vl od uhjod
gh dvljqdflöq hv od fruuhvsrqglhqwh d j frpr vl hv od fruuhvsrqglhqwh d j

�
1

Ghprvwudflöq
Vxsrqjdprv txh �c � shuwhqhfhq d od plvpd fodvh sru od vxsuhvlöq gh & G , 5 } sru
od dvljqdflöq fruuhvsrqglhqwh do vhplydoru j=

j � d�*}o � j � d�*E}p& G ,�o ' j � d�*}o � j � d�*E}p& G ,�o�

Sdud rewhqhu od qrupdol}dflöq dglwlyd gh jd�*}o vxpdprv d fdgd xqd gh vxv frp0
srqhqwhv i�*}E���

S
� � � j � d�*}oj*? | sdud rewhqhu od gh jd�*E}p& G ,�o vxpdprv

d fdgd frpsrqhqwh i�*E}p& G ,�E���
S

� � � j � d�*E}p& G ,�oj*?1 Dvð/ gh od frqglflöq
dqwhulru vh oohjd d=

j
�
� d�*}o � j

�
� d�*E}p& G ,�o ' j

�
� d�*}o � j

�
� d�*E}p& G ,�oc

oxhjr �c � shuwhqhfhq d od plvpd fodvh sru od vxsuhvlöq gh & G , 5 } sru od
dvljqdflöq txh fruuhvsrqgh d j

�
1 Gh irupd dqäorjd/ uhvwdqgr hvdv fdqwlgdghv/

vl �c � shuwhqhfhq d od plvpd fodvh sru j
�
shuwhqhfhuäq d od plvpd fodvh sru j1 �

D hihfwrv suäfwlfrv/ hvwd sursrvlflöq vxsrqh txh vl fdgd fodvh gh htxlydohqfld sru
od vxsuhvlöq gh & G , vh hwltxhwdud frq xq ydoru/ ho gh vx lqfuhphqwr {j � E�c }c & G ,�/
� hohphqwr fxdotxlhud gh od fodvh/ do fdpeldu j sru j

�
fdpelduðd od hwltxhwd shur

qr orv hohphqwrv txh irupdq od fodvh1

Frqvhfxhqfld 7165
+d, Sdud fxdotxlhu vhplydoru j gh�qlgr vreuh ho hvsdflr gh mxhjrv C � / odv uhjodv
gh dvljqdflöq t � � G C-E�� $ U � gh�qlgdv sru t � � E}� ' j

�
d�*}o yhul�fdq od

surslhgdg gh mxvwlfld1

+e, Wrgrv orv hqxqfldgrv gh odv sursrvlflrqhv 7158/ 7159/ 715: | 715; sxhghq uh0
hvfuleluvh fdpeldqgr xq vhplydoru fxdotxlhud j sru vx qrupdol}dflöq dglwlyd j

�
1

Ghprvwudflöq
+d, Od frqglflöq gh mxvwlfld hv htxlydohqwh d ghflu txh & | , irupdq sduwh gh od
plvpd fodvh gh htxlydohqfld sru od vxsuhvlöq gh od dulvwd & G ,1 Frpr hvwdv fodvhv
vrq odv plvpdv sru j | sru j

�
vh vljxh od surslhgdg gho hqxqfldgr1
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+e, Odv sursrvlflrqhv 7158 d 715; kdfhq uhihuhqfld hq wrgr prphqwr d fodvhv gh
htxlydohqfld sru j/ |d vhd od fodvh txh vxiuh xq pd|ru lqfuhphqwr/ r xq phqru
lqfuhphqwr/ r vl flhuwrv hohphqwrv vrq orv ýqlfrv gh dojxqd gh hvdv fodvhv1 Sru od
frqvhuydflöq gh odv fodvhv do fdpeldu j sru j � wrgdv hvdv sursrvlflrqhv vrq wdpelìq
yäolgdv sdud od qrupdol}dflöq dglwlyd gh fxdotxlhu vhplydoru1 �

Sursrvlflöq 7166
Sdud fxdotxlhu mxhjr � 5 C � / vl �*}E�� ' �*E} p & G ,�E��/ hqwrqfhv ho lqfuh0
phqwr txh shuplwh rewhqhu od dvljqdflöq j � d�*E} p & G ,�o d sduwlu gh j � d�*}o hv
od qrupdol}dflöq dglwlyd d fhur gho lqfuhphqwr txh shuplwh rewhqhu od dvljqdflöq
jd�*E}p& G ,�o d sduwlu gh jd�*}o/ hvwr hv=

j � d�*E}p& G ,�o ' j � d�*}o n � �� E{jE�c }c & G ,���

Ghprvwudflöq
Sdud fxdotxlhu � 5 � / fxdotxlhu judir gh frrshudflöq } | fxdotxlhu dulvwd & G , 5 }/
vh yhul�fd/ sru xq odgr/

j �� d�*}o ' j � d�*}o n
�

?
�*}E�� �

�

?

[
� � �

j � d�*}oc

plhqwudv txh sru rwur/

j � d�*E}p& G ,�o ' j � d�*}o n {j � E�c }c & G ,��

Hqwrqfhv=

j �� d�*E}p& G ,�o ' j � d�*}o n {j � E�c }c & G ,�n
�

?
�*E}p& G ,�E���

�
�

?

[
� � �

dj � d�*}o n {j � E�c }c & G ,�oc

j �� d�*E}p& G ,�o ' j � d�*}o n
�

?
�*E}p& G ,�E�� �

�

?

[
� � �

j � d�*}on

n{j � E�c }c & G ,� �
�

?

[
� � �

{j � E�c }c & G ,��
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Frpsdudqgr j �� d�*E}p& G ,�o frq j �� d�*}oc

j �� d�*E}p& G ,�o ' j �� d�*}on
�

?
d�*E}p& G ,�E�� � �*}E��on

n{j � E�c }c & G ,� n
�

?

k
f �

[
� � �

{j � E�c }c & G ,�
l

c � 5 ��

+715,

Vl �*E}p& G ,�E�� ' �*}E�� od iöupxod dqwhulru txhgd/ sdud fdgd � 5 � =

j �� d�*E}p& G ,�o ' j �� d�*}o n {j � E�c }c & G ,� n
�

?

k
f �

[
� � �

{j � E�c }c & G ,�
l

c

r or txh hv or plvpr=

j � d�*E}p& G ,�o ' j � d�*}o n � �� E{jE�c }c & G ,��� �

Frqvhfxhqfld 7167
Vxsrqjdprv txh ho mxhjr � 5 C � hv vxshudglwlyr1 Odv uhjodv gh dvljqdflöq t � � G

C-E�� $ U
�
gh�qlgdv sru t � � E}� ' j � d�*}o yhul�fdq od surslhgdg gh hvwdel0

olgdg/ sdud fxdotxlhu vhplydoru j gh�qlgr vreuh ho hvsdflr gh mxhjrv C � 1

Ghprvwudflöq
Od iöupxod +715, sxhgh hvfuleluvh frpr=

j �� d�*E}p& G ,�o � j �� d�*}o '
�

?
d�*E}p& G ,�E�� � �*}E��o n {j � E�c }c & G ,��

�
�

?

[
� � �

{j � E�c }c & G ,�c � 5 �c

{j �� E�c }c & G ,� ' �
�

?
{� � 	 
 � � E�� n {j � E�c }c & G ,� �

�

?

[
� � �

{j � E�c }c & G ,�c � 5 ��

+716,

Od hvwdelolgdg sru j � vxsrqh suredu txh {j � 
 E�c }c & G ,� ' {j �� E�c }c & G ,� � f1

Vh yhul�fd {j 
 E�c }c & G ,� ' {j � E�c }c & G ,� � f/ sru od hvwdelolgdg gh od dvljqdflöq
t � sdud mxhjrv vxshudglwlyrv1 Sureduhprv dkrud txh

{j � E�c }c & G ,� �
�

?

[
� � �

{j � E�c }c & G ,� � f/ sdud � ' &c ,1 +717,
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Vl +717, qr vh yhul�fd/ {j � E�c }c & G ,� �
�

?

[
� � �

{j � E�c }c & G ,� : f/ sdud � ' &c ,1

Sru od sursrvlflöq 7158/ {j � E�c }c & G ,�c � ' &c ,/ hv ho phqru gh orv lqfuhphqwrv
sdud fxdotxlhu mxjdgru gh � do vxsulplu od dulvwd & G ,1 Hqwrqfhv=

{j � E�c }c & G ,� �
�

?

[
� � �

{j � E�c }c & G ,� : f/ sdud wrgr � 5 � 1

Vxpdqgr= [

� � �

k
{j � E�c }c & G ,� �

�

?

[
� � �

{j � E�c }c & G ,�
l

: fc

[

� � �
{j � E�c }c & G ,� �

[
� � �

{j � E�c }c & G ,� : fc

or fxdo hv frqwudglfwrulr/ dvð txh +717, vh yhul�fd1

Ilqdophqwh/ frpr {�� � � � � E�� � f sdud mxhjrv vxshudglwlyrv/ od iöupxod +716, sdud
� ' &c , shuplwh hvfulelu=

{j
	
� E�c }c & G ,� ' {j

	
� E�c }c & G ,� � f� �

Hmhpsor 7168
Ydprv d frpsuredu/ sdud od qrupdol}dflöq dglwlyd gho ydoru gh Edq}kdi/ txh ho
lqfuhphqwr sru od vxsuhvlöq gh xqd dulvwd sxhgh fdofxoduvh phgldqwh od qrupd0
ol}dflöq dglwlyd d fhur gho lqfuhphqwr txh sru od plvpd vxsuhvlöq vxsrqh ho ydoru
gh Edq}kdi1

Sdud ho Sduodphqwr gh Fdwdoxôd uhvxowdqwh gh odv hohfflrqhv gh qrylhpeuh gh 4<<8/
orv sduwlgrv frq uhsuhvhqwdflöq/ FlX/ SVF/ SS/ LF/ HUF/ mxhjdq ho MPS vljxlhqwh=

d SH ( Sf c �e c �. c �� c �� o�

Frqvlghudprv ho judir frpsohwr }
�
frpr judir lqlfldo | vxsulplprv od dulvwd �Ge1

Orv uhvxowdgrv |d rewhqlgrv vrq=

�d�*}
�
o ' E f�H.Df c f��2Df c f��2Df c f��2Df c f��2Df �c

{�E�c }
�

c �Ge� ' E�f�fS2D c f�fS2D c f�fS2D c �f�fS2D c f�fS2D �c

�d�*E}
�

p�Ge�o ' E f�H�2D c f��H.D c f��H.D c f�fS2D c f��H.D ��
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Sdud od dvljqdflöq qrupdol}dgd=

bd�*}
�
o ' E f�Hfff c f�fDff c f�fDff c f�fDff c f�fDff �c

bd�*E}
�

p�Ge�o ' E f�.2Df c f��fff c f��fff c �f�f2Df c f��fff ��

Ydprv d frpsuredu hvwh uhvxowdgr kdflhqgr ho fäofxor frq od qrupdol}dflöq dglwlyd
d fhur gh {�E�c }

�
c �Ge�=

�
�

D

�
[

� � �
{� � E�c }

�
c �Ge� ' �

�

D
f�fS2D ' �f�f�2D(

� �� E{�E�c }
�

c �Ge�� ' E�f�f.Df c f�fDff c f�fDff c �f�f.Df c f�fDff ��

Hpsohdqgr od h{suhvlöq bd�*E}
�

p� G e�o ' bd�*}
�
o n � �� E{�E�c }

�
c � G e��/ vh

rewlhqh=

bd�*E}
�

p�Ge�o ' E f�.2Df c f��fff c f��fff c �f�f2Df c f��fff �c

txh hv or txh txhuðdprv frpsuredu1

718 HPO | judirv gh frrshudflöq

Sursrvlflöq 7169
Sdud fxdotxlhu mxhjr � 5 C � / fxdotxlhu judir gh frrshudflöq } 5 C-E�� |
fxdotxlhu dulvwd & G , 5 }/ vl ghqrwdprv sru

sE% � c ���c % � � HPO gho mxhjr �*}/ 7sE% � c ���c % � � HPO gho mxhjr �*E}p& G ,�c

vh yhul�fd=
7sE% � c ���c % � � ' sE% � c ���c % � � n {sE% � c ���c % � �c

vlhqgr
{sE% � c ���c % � � ' �% � % 	

[

 � �


 � � 
 	

\
� � 
 � � � 
 	 �

% �
\
� �� 


E� � %� �{�� 
 � � 	 E7�c
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grqgh {� � � � � � E7� ' �EA � � � � d�EA � � n �EA � �o vl od vxsuhvlöq gh od dulvwd & G , vhsdud
od frpsrqhqwh frqh{d A � � gh 7*}/ grqgh vh hqfxhqwudq & | , sru ho judir }/ hq odv
frpsrqhqwhv frqh{dv A � c A � gh 7*E}p& G ,� grqgh vh hqfxhqwudq/ uhvshfwlydphqwh/
& | , sru ho judir }p& G ,1 Hq fxdotxlhu rwur fdvr {�� � � � � E7� ' f1

Ghprvwudflöq
Odv h{whqvlrqhv pxowlolqhdohv uhvshfwlydv gh �*} | gh �*E}p& G ,� vrq=

sE% � c ���c % � � '
[

� � 	

\

 � �

% 

\
� 
� �

E� � %� ��*}E7�c

7sE% � c ���c % � � '
[

� � 	

\

 � �

% 

\
� 
� �

E� � % � ��*E}p& G ,�E7��

Sdud srghu frpsdudu xqd frq rwud edvwd frpsdudu �*}E7� frq �*E} p & G ,�E7�1
Vhjýq od gh�qlflöq 714 {�� � � � � E7� ' �*}E7� � �*E} p & G ,�E7�c 7 � � / vlhqgr
{�� � � � � E7� ' f sdud 7 . i&c ,j/ sru or wdqwr=

sE% � c ���c % � � � 7sE% � c ���c % � � '
[

� � 	
� � � � �

% � % �
\


 � � � � � � � �
% 


\
� 
� �

E� � % � �{� � � � � � E7��

Hq od sursrvlflöq 715 vh sureö txh {�� � � � � E7� ' �EA � � �� d�EA � �n�EA � �o hq dtxhoorv
vxefrqmxqwrv 7 � i&c ,j sdud orv txh od vxsuhvlöq gh od dulvwd & G , vxsrqh od
ghvfrqh{löq gh A � � hq grv frpsrqhqwhv frqh{dv A � | A � / plhqwudv txh{�� � � � � E7� ' f

hq fxdotxlhu rwur fdvr1 Dvð=

7sE% � c ���c % � � ' sE% � c ���c % � � � % � % �
[

� � 	
� � � � �

\

 � � � � � � � �

% 

\
� 
� �

E� � %� �{�� � � � � E7�

| od h{suhvlöq gh {sE% � c ���c % � � hv od gho hqxqfldgr1 �

Revhuydflöq 716:
Ho qýphur gh wìuplqrv txh dsduhfhq hq ho vxpdwrulr gho lqfuhphqwr gh od HPO do
sdvdu gho mxhjr �*} do mxhjr �*E}p& G ,� vh fruuhvsrqgh do qýphur gh vxefrqmxqwrv
7 � � wdohv txh 7 6 &c ,/ hv ghflu/ 2 � � � 1 Vlq hpedujr/ od ixqflöq {�� � � � � wrpd
wdpelìq ydoruhv qxorv sdud wrgrv dtxhoorv vxefrqmxqwrv txh frqwlhqhq xq fdplqr
dowhuqdwlyr d od dulvwd & G , txh vh vxsulph/ hvwr hv/ sdud dtxhoorv txh qr txhgdq
ghvfrqhfwdgrv1
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Vxsrqjdprv txh h{lvwh xq fdplqr dowhuqdwlyr d od dulvwd & G , frq 6 yìuwlfhv
lqwhuphglrv/ i& G � � c � � G � � c ���c � � G ,jc � � c ���c � � 9' &c ,1 Orv vxefrqmxqwrv 7 �

i&c � � c ���c � � c ,j qr qhfhvlwdq vhu hydoxdgrv sxhv sdud hoorv {�� � � � � E7� ' f | vx
qýphur hv gh 2

� 	 
 � � � � 1 Gh hvwd irupd/ ho qýphur gh vxpdqgrv hihfwlyrv hq od
h{suhvlöq gh {sE% � c ���c % � � vh uhgxfh d=

2
� 	 �

� 2
� 	 
 � � � �

' 2
� 	 �

�
� �

�

2 �

�
�

Vl/ sru hmhpsor/ h{lvwh xq fdplqr dowhuqdwlyr frq xq lqwhuphglr/ 6 ' �/ ho qýphur
gh vxpdqgrv hihfwlyrv hq {s vh uhgxfh d od plwdg/ 2

� 	 

> vl h{lvwh xq fdplqr

dowhuqdwlyr frq 6 ' 2 lqwhuphglrv ho qýphur gh vxpdqgrv hihfwlyrv vh uhgxfh d


� 2

� 	 � / hwf1

Revhuydflöq 716;
Vxsrqjdprv txh j � c f � k � �/ hv xq vhplydoru elqrpldo gh�qlgr vreuh ho hvsdflr
gh mxhjrv C � 1 Sdud fxdotxlhu � 5 � =

Y 7s

Y% �
E7k� '

Ys

Y% �
E7k� n

Y{s

Y% �
E7k�c 7k ' Ekc ���c k�c

r or txh hv or plvpr

Ej � � � d�*E}p& G ,�o ' Ej � � � d�*}o n
Y{s

Y% �
E7k�c � 5 ��

Gh dtxð=

{Ej � � � E�c }c & G ,� '
Y{s

Y% �
E7k�c � 5 ��

Sdud orv ydoruhv � ' &c ,/ revhuydqgr od vlphwuðd gho lqfuhphqwr {s gh od HPO
sdud odv yduldeohv % � | % � / srghprv d�updu txh=

{Ej � � � E�c }c & G ,� ' {Ej � � � E�c }c & G ,� ' �
[

� � � � �
k �

	 �
E� � k�

� 	
� {� � � � � � E7�c

gh grqgh vh vljxh od frqglflöq gh mxvwlfld sru od vxsuhvlöq gh od dulvwd & G ,/ sdud
fxdotxlhu vhplydoru elqrpldo j � 1

Frpr txh hvfrjlgrv ? qýphurv glihuhqwhv k � c f � k � � �c � ' �c ���c ?/ xq vhpl0
ydoru fxdotxlhud j gh�qlgr vreuh C � sxhgh h{suhvduvh frpr frpelqdflöq olqhdo gh
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vhplydoruhv elqrpldohv

j '

�[
� � �

b� j � � c frq

�[
� � �

b � ' �c

vh vljxh wdpelìq od mxvwlfld sru od vxsuhvlöq gh od dulvwd & G , sdud fxdotxlhu vhpl0
ydoru1

Sru rwud sduwh/ vl � 5 C � hv vxshudglwlyr/ {�� � 	 
 � E7� � fc ;7 � � / hqwrqfhv=

{Ej � � 	 E�c }c & G ,� ' {Ej � � � E�c }c & G ,� ' �
[

� 
 	 � �
k

� � �
E� � k�

� � �
{� � � 	 
 � E7� � fc

gh grqgh vh vljxh od hvwdelolgdg sru vhplydoruhv elqrpldohv sdud mxhjrv vxshudgl0
wlyrv1 Sdud xq vhplydoru fxdotxlhud=

{j 	 E�c }c & G ,� '

�[
� � �

b � {Ej � � � 	 E�c }c & G ,� '

�[
� � �

b �
k

�
[

� 
 	 � �
k

� � �
� E��k � �

� � �
{�� � 	 
 � E7�

l

{j 	 E�c }c & G ,� ' �
[

� 
 	 � �

�[
� � �

b � k
� � �

� E� � k � �
� � �

{�� � 	 
 � E7� ' �
[

� 
 	 � �
R � {� � � 	 
 � E7� � f�

Hq od h{suhvlöq dqwhulru R � � fc � � r � ?/ sxhv vrq orv frh�flhqwhv gho vhplydoru
j/ | frpr dqwhv/ {�� � 	 
 � E7� � fc ;7 � � / sdud � vxshudglwlyr1 Od plvpd h{suhvlöq
hv yäolgd sdud {j � E�c }c & G ,�/ frq or txh txhgd suredgd od hvwdelolgdg sru fxdotxlhu
vhplydoru sdud mxhjrv vxshudglwlyrv1

Ho ghvduuroor hq hvwd revhuydflöq frqvwlwx|h xqd ghprvwudflöq dowhuqdwlyd sdud ho
whruhpd 7181

Hmhpsor 716<
Sdud ho mxhjr � 5 C � c � ' i�c 2c �c ej/ gh�qlgr hq od irupd= �Ei�j� ' fc �Ei�c �j� '

4@ i�c �jc �Ei�c �c &j� ' � n � n &c �c �c & 5 � / �E�� ' �f/ vxsrqlhqgr txh hq �

hvwä gh�qlgr ho judir gh frrshudflöq

} ' i�G2c 2G�c �Gec eG�j

| txh gh ìvwh vh vxsulph od dulvwd �G2/ txhuhprv hvwxgldu=
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+d, od prgl�fdflöq gh od HPO sru glfkd vxsuhvlöq/
+e, od yduldflöq gh dvljqdflöq sru fxdotxlhu vhplydoru elqrpldo surgxflgd do vxsul0
pluvh hvd dulvwd1

+d, Od HPO gho mxhjr �*} txh uhfrjh od vlwxflöq lqlfldo gh frrshudflöq hv=

sE% � c % � c % � c % � � ' 2% � % � n e% � % � n �% � % � n e% � % � n % � % � % � n % � % � % � n

n2% � % � % � � .% � % � % � % � �

Do vxsulplu od dulvwd � G 2/ sdud fdofxodu {sE% � c % � c % � c % � �/ suhflvdprv orv ydoruhv
gh {�� � � � � E7�c 7 � i�c 2j/

{�� � � � � Ei�c 2j� ' 2c {�� � � � � Ei�c 2c �j� ' �c {�� � � � � Ei�c 2c ej� ' �c {�� � � � � E�� ' f�

Hqwrqfhv=

{sE% � c % � c % � c % � � ' �% � % � d2 n % � n % � � e% � % � oc

{sE% � c % � c % � c % � � ' �2% � % � � % � % � % � � % � % � % � n e% � % � % � % � �

Dkrud/ od HPO gho mxhjr �*E}p� G 2�/ ghqrwdgd sru 7sE% � c % � c % � c % � �/ vh rewlhqh d
sduwlu gh od ljxdogdg=

7sE% � c % � c % � c % � � ' sE% � c % � c % � c % � � n {sE% � c % � c % � c % � �c

7sE% � c % � c % � c % � � ' e% � % � n �% � % � n e% � % � n 2% � % � % � � �% � % � % � % � �

+e, Sdud hydoxdu ho hihfwr gh od vxsuhvlöq gh od dulvwd �G2 sru fxdotxlhu vhplydoru
elqrpldo j � c f � k � �/ dfwxdprv vreuh ho lqfuhphqwr {sE% � c % � c % � c % � � gh od
vljxlhqwh pdqhud=

{j � E�c }c �G2� ' uE{s�E7k�c 7k ' Ekc ���c k�c

{j � E�c }c �G2� ' E�2k � 2k
�
n ek

�
c �2k � 2k

�
n ek

�
c �k

�
n ek

�
c �k

�
n ek

�
��

Vl/ sru hmhpsor/ vxvwlwxlprv k sru �*2 rewhqhprv ho lqfuhphqwr sru ho ydoru gh
Edq}kdi=

{�E�c }c �G2� ' uE{s�E�*2� ' E�� c �� c �*e c �*e ��
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Vl exvfdprv ho lqfuhphqwr sru ho b0suhqxfohror/ edvwd fdofxodu od qrupdol}dflöq
dglwlyd d fhur gho lqfuhphqwr sru ho ydoru gh Edq}kdi=

{bE�c }c �G2� ' E�D*H c �D*H c D*H c D*H ��

Ohpd 7173
Vl sE% � c ���c % � � hv od HPO gho mxhjr � 5 C � / sdud fxdotxlhu � ' �c ���c ?/ vh fxpsoh=

+d, sE@ � c ��c @
��
n @

� ��
c ��c @ � � ' sE@ � c ��c @

��
c ��c @ � � n sE@ � c ��c @

� ��
c ��c @ � �� sE@ � c ��c fc ��c @ � �/

+e, sE@ � c ��c b@
�
c ��c @ � � ' bsE@ � c ��c @

�
c ��c @ � � n E� � b�sE@ � c ��c fc ��c @ � �/

vlhqgr bc @ � c ��c @
�
c ��c @ � 5 U�

Ghprvwudflöq
Vl hq od h{suhvlöq gh od HPO gho mxhjr �/

sE% � c ���c % � � '
[

� � �

\
� � � %� \

	 
� � E� � % 	 ��E7�c

ghvduuroodprv orv surgxfwrv gh fdgd wìuplqr gho vxpdwrulr rewhqhprv xqdv h{suh0
vlrqhv hq odv txh dsduhfh xqd ghwhuplqdgd yduldeoh %

�
mxqwr d rwudv h{suhvlrqhv hq

odv txh qr dsduhfh hvd plvpd yduldeoh1 Dvð srghprv hvfulelu=

sE% � c ��c %
�
c ��c % � � ' �E% � c ��c %

� �
� c %

� �
� c ��c % � �%

�
n �E% � c ��c %

� �
� c %

� �
� c ��c % � �� +718,

+d, Hpsohdqgr od h{suhvlöq dqwhulru=

sE@ � c ��c @
��
n@

� ��
c ��c @ � � ' �E@ � c ��c @

� �
� c @

� �
� c ��c @ � �E@

��
n@

� ��
�n�E@ � c ��c @

� �
� c @

� �
� c ��c @ � �c

sE@ � c ��c @
��
n @

� ��
c ��c @ � � ' �E@ � c ��c @

� �
� c @

� �
� c ��c @ � �@ ��

n �E@ � c ��c @
� �

� c @
� �

� c ��c @ � �n
n�E@ � c ��c @

� �
� c @

� �
� c ��c @ � �@ � ��

n �E@ � c ��c @
� �

� c @
� �

� c ��c @ � ��
� �E@ � c ��c @

� �
� c @

� �
� c ��c @ � ��

Hq od h{suhvlöq +718, vh revhuyd txh sE% � c ��c fc ��c % � � ' �E% � c ��c %
� �

� c %
� �

� c ��c % � �/
sru or wdqwr/ hq od iöupxod dqwhulru od sulphud oðqhd hv sE@ � c ��c @

��
c ��c @ � �/ od vhjxqgd

sE@ � c ��c @
� ��
c ��c @ � � | od whufhud sE@ � c ��c fc ��c @ � �/ txhgdqgr suredgd od sduwh +d, gho

hqxqfldgr1
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+e, Rwud yh} d sduwlu gh +718,=

sE@ � c ��c b@ � c ��c @ � � ' �E@ � c ��c @ � � � c @ � � � c ��c @ � �b@ � n �E@ � c ��c @ � � � c @ � � � c ��c @ � �c

sE@ � c ��c b@ � c ��c @ � � ' bd�E@ � c ��c @ � � � c @ � � � c ��c @ � �@ � n �E@ � c ��c @ � � � c @ � � � c ��c @ � �on

n E� � b��E@ � c ��c @ � � � c @ � � � c ��c @ � ��

Od sulphud oðqhd hv bsE@ � c ��c @ � c ��c @ � � plhqwudv txh od vhjxqgd/ sru od plvpd re0
vhuydflöq txh hq ho dsduwdgr +d,/ hv E� � b�sE@ � c ��c fc ��c @ � � | txhgd suredgd od
sduwh +e, gho hqxqfldgr1 �

Sursrvlflöq 7174
Vl sE% � c ���c % � � hv od HPO gho mxhjr � 5 C � / sdud � ' �c ���c ?/ vh yhul�fd=

Ys

Y% �
E@ � c ��c @ � c ��c @ � � '

�

&
dsE@ � c ��c R n &c ��c @ � � � sE@ � c ��c Rc ��c @ � �o

sdud fxdohvtxlhud Rc &c @ � c ��c @ � c ��c @ � 5 Uc & 9' f�

Ghprvwudflöq
Ghulydqgr uhvshfwr d % � hq od h{suhvlöq

sE% � c ��c % � c ��c % � � ' �E% � c ��c % � � � c % � � � c ��c % � �% � n �E% � c ��c % � � � c % � � � c ��c % � �c

vh rewlhqh=
Ys

Y% �
E% � c ��c % � c ��c % � � ' �E% � c ��c % � � � c % � � � c ��c % � ��

Vxvwlwx|hqgr hq E@ � c ��c @ � c ��c @ � �=

Ys

Y% �
E@ � c ��c @ � c ��c @ � � ' �E@ � c ��c @ � � � c @ � � � c ��c @ � ��

Sru rwur odgr=
�

&
dsE@ � c ��c R n &c ��c @ � � � sE@ � c ��c Rc ��c @ � �o '

'
�

&
dsE@ � c ��c Rc ��c @ � � n sE@ � c ��c &c ��c @ � � � sE@ � c ��c fc ��c @ � � � sE@ � c ��c Rc ��c @ � �o '

'
�

&
dsE@ � c ��c &c ��c @ � � � sE@ � c ��c fc ��c @ � �o '

'
�

&
d&sE@ � c ��c �c ��c @ � � n E� � &�sE@ � c ��c fc ��c @ � � � sE@ � c ��c fc ��c @ � �o '
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' sE@ � c ��c �c ��c @ � � � sE@ � c ��c fc ��c @ � � '

' �E@ � c ��c @ � � � c @ � � � c ��c @ � � n �E@ � c ��c @ � � � c @ � � � c ��c @ � � � �E@ � c ��c @ � � � c @ � � � c ��c @ � � '

' �E@ � c ��c @ � � � c @ � � � c ��c @ � � '
Ys

Y% �
E@ � c ��c @ � c ��c @ � �� �

Sursrvlflöq 7175
Vl sE% � c ���c % � � hv od HPO gho mxhjr � 5 C � | j � c f 	 k � �/ hv xq vhplydoru
elqrpldo vreuh C � / hqwrqfhv/ ho sdjr d xq mxjdgru � 5 � sru j

�
� / qrupdol}dflöq

dglwlyd gho vhplydoru j � / sxhgh fdofxoduvh frpr=

Ej
�
� � � d�o '

�E��

?
n

�

?k

[
� 	 �

s � 
 � � � E7k� �
�

k
s � 
 � � � E7k�c

grqgh s � 
 � � � E% � c ��c % � c ��c % � � ' sE% � c ��c % � � � c fc % � � � c ��c % � �1

Ghprvwudflöq
Ho sdjr sru xq vhplydoru elqrpldo j � c f � k � �/ sxhgh fdofxoduvh phgldqwh od
HPO gho mxhjr � hq od irupd=

Ej � � � d�o '
Ys

Y% �
Ekc ��c kc ��c k�c � 5 ��

Od qrupdol}dflöq dglwlyd vh fdofxod phgldqwh=

Ej
�
� � � d�o '

Ys

Y% �
Ekc ��c kc ��c k� n

�

?

k
�E�� �

[
� 	 �

Ys

Y%� Ekc ��c kc ��c k�
l

c � 5 �c

Ej
�
� � � d�o '

�E��

?
n

�

?

[
� 	 � 
 � � �

k Ys

Y% �
Ekc ��c kc ��c k� �

Ys

Y%� Ekc ��c kc ��c k�
l

c � 5 ��

Sru od sursrvlflöq 7174/ sdud k 9' f/

Ys

Y% �
Ekc ��c kc ��c k� '

�

k
dsEkc ��c kc ��c k� � sEkc ��c

� 

fc ��c k�oc

gh irupd txh fdgd vxpdqgr hq od h{suhvlöq gh Ej
�
� � � d�oc k 9' f/ uhvxowd vhu=

�

k
dsEkc ��c

� 

kc ��c

� 

fc ��c k� � sEkc ��c

� 

fc ��c

� 

kc ��c k�o�
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Dvð sxhv=

Ej �� � � d�o '
�E��

?
n

�

?k

[
� � �

sEkc ��c kc ��c

� �
fc ��c k� �

�

k
sEkc ��c

� �
fc ��c kc ��c k��

Hpsohdqgr od qrwdflöq s � � � � 	 E% 
 c ��c % � c ��c % � � ' sE% 
 c ��c % � � 
 c fc % � 
 
 c ��c % � � vh re0
wlhqh od h{suhvlöq gho hqxqfldgr1 �

Sursrvlflöq 7176
Vxsrqjdprv txh j/ vhplydoru vreuh ho hvsdflr gh mxhjrv C � / vh h{suhvd frpr
frpelqdflöq olqhdo gh ? vhplydoruhv elqrpldohv j � � c f � k� � �/ k� glihuhqwhv/ hq
od irupd=

j '

�[

� � 

b� j � � c frq b� 5 Uc � � R � ?(

�[

� � 

b� ' ��

Hqwrqfhv/ od qrupdol}dflöq dglwlyd gh j vh h{suhvd gh pdqhud dqäorjd frpr frp0
elqdflöq olqhdo gh odv qrupdol}dflrqhv dglwlydv gh orv j � � / hv ghflu=

j � '

�[

� � 

b� j �� � c frq b� 5 Uc � � R � ?(

�[

� � 

b� ' ��

Ghprvwudflöq
Sdud xq � 5 � fxdotxlhud/

j �� d�o ' j � d�o n
�

?

k
�E�� �

[
� � �

j � d�o
l

'

�[

� � 

b� Ej � � � � d�o n

�

?

k
�E�� �

[
� � �

� �[

� � 

b� Ej � � � � d�o

� l

'

�[

� � 

b� Ej � � � � d�o n

�

?

k
�E�� �

�[

� � 

b�

[
� � �

Ej � � � � d�o
l

'

�[

� � 

b�

q
Ej � � � � d�o n

�

?

k
�E�� �

[
� � �

Ej � � � � d�o
l r

'

�[

� � 

b� Ej �� � � � d�o� �
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Frqvhfxhqfld 7177
Sdud xq vhplydoru fxdotxlhud j gh�qlgr vreuh ho hvsdflr gh mxhjrv C � =

j
�� d�o ' �

?
�E�� n u\c � 5 �c

grqgh odv pdwulfhv uc \ vrq=

u ' E,� � � � � � � c ,� '
�

?

[
� � �

�

k� s � 	 
 � � Ek� � �
�

k� s � 	 
 � � Ek� �c

\ � ' Eb � � � � b � �/ vl j '

�[

� 
 �
b� j � � / frq f 	 k � 	 ��� 	 k � � ��

Ghprvwudflöq
Sdud xq � 5 � fxdotxlhud/ edvwd hvfulelu=

j
�� d�o '

�[

� 
 �
b� Ej

�
� � � � d�o '�E��

?
n

�[

� 
 �
b�

k �

?k�
[
� � �

s � 	 
 � � E7k� � �
�

k� s � 	 
 � � E7k� �
l

h lghqwl�fdu frq odv qrwdflrqhv gho hqxqfldgr1 �

Revhuydflöq 7178
Od iöupxod gh od frqvhfxhqfld 7177 hvfulwd sdud ho mxhjr {�� � � � � shuplwh fdofxodu ho
frpsruwdplhqwr gh j

�
sdud ho fdvr hq txh gh xq judir gh frrshudflöq } vh vxsulph

xqd gh vxv dulvwdv & G ,1

{j
�� E�c }c & G ,� ' �j

�� d{�� � � � � o ' �
�

?
{�� � � � � E�� � u � \c � 5 �c

vlhqgr u � ' E, � � � � � � � � c , � � '
�

?

[
� � �

�

k� {s � � � �  Ek� � �
�

k� {s � � � !  Ek� ��

Hq hvwdv h{suhvlrqhv/ ghelgr d od irupd txh wlhqh {s / vl hvfulelprv/

8 ! Ek� ' �

k
{s � � � !  Ek�c k 9' fc

vh fxpsoh/ sdud orv h{wuhprv gh od dulvwd & G ,/ 8 " Ek� ' 8 # Ek� ' f1

Hmhpsor 7179
Vl uhwrpdprv ho mxhjr � gho hmhpsor 716< vh yhul�fd txh sru od vxsuhvlöq gh od
dulvwd �G2 ho lqfuhphqwr gh od HPO hv=

{sE% � c % $ c % % c % & � ' �% � % $ d2 n % % n % & � e% % % & o�
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Gh�qlhqgr frpr hq od revhuydflöq dqwhulru odv ixqflrqhv 8 � Ek�c � ' �c 2c �c e=

8 � Ek� ' fc 8 � Ek� ' fc 8 � Ek� ' �kE2 n k�c 8 � Ek� ' �kE2 n k��

Gh dtxð/
�

e

�[
� � �

8 � Ek� ' �
�

2
kE2 n k� gh pdqhud txh/ sdud fxdotxlhu k 9' f=

{j �� E�c }c �G2� ' E�kE2 n k�*2 c �kE2 n k�*2 c kE2 n k�*2 c kE2 n k�*2 � �

Sru hmhpsor/ sdud k ' �*2 rewhqhprv ho lqfuhphqwr sru ho b0suhqxfohror=

{bE�c }c �G2� ' E�D*H c �D*H c D*H c D*H ��
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8

Srwhqfldo

814 Srwhqfldo sdud vhplydoruhv elqrpldohv

Frqvlghudprv mxhjrv frrshudwlyrv frq xwlolgdg wudqvihuleoh gh�qlgrv vreuh xq frq0
mxqwr gh ? mxjdgruhv/ hv ghflu/ mxhjrv � 5 C � 1

Sdud fxdotxlhu qýphur uhdo f 	 k 	 �/ ho vhplydoru oodpdgr elqrpldo j � hv dtxìo
txh wlhqh sru frh�flhqwhv R � � � ' k

� � �
E� � k�

� � �
c � � r � ?/ gh irupd txh ho sdjr

txh j � dvljqd d fdgd mxjdgru � 5 � uhvxowd vhu=

Ej � � � d�o '
[

� 	 � 
 �
k

� � �
E� � k�

� � �
d�E7� � �E7pi�j�o�

Ho mxhjr � hvwä gh�qlgr vreuh ho frqmxqwr gh mxjdgruhv � 1 Vl A � � hv fxdotxlhu
vxefrqmxqwr gh � ghqrwdprv sru EAc �� d od uhvwulfflöq gh � hq A 1 Dvð ho surslr
mxhjr � or ghqrwdprv sru E�c ��1

Gh�qlflöq 814
Oodpdprv srghu gho mxhjr E�c �� sru ho vhplydoru j � c f � k � �/ d od vxpd gh orv
sdjrv txh hvh vhplydoru dvljqd d wrgrv orv mxjdgruhv � 5 � | or uhsuhvhqwdprv sru

4<:
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� � E�c ��1 Sdud f 	 k 	 �=

� � E�c �� '
[

� � �
Ej � � � d�c �o '

[
� � �

[
� � � � �

k
� � �

E� � k�
	 � �

d�E7� � �E7pi�j�o�

Orv fdvrv k ' f | k ' � fruuhvsrqglhqwhv/ uhvshfwlydphqwh/ do ðqglfh glfwdwruldo |
do ðqglfh pdujlqdo/ wlhqhq frpr h{suhvlöq gho srghu=

� 
 E�c �� '
[

� � �
Ej 
 � � d�c �o '

[
� � �

�Ei�j�c

� � E�c �� '
[

� � �
Ej � � � d�c �o '

[
� � �

d�E�� � �E� pi�j�o�

Suhwhqghprv gh�qlu xq srwhqfldo � � sdud fdgd vhplydoru j � c f � k � �/ gh pdqhud
txh vh fxpsod=

� � E�c �� � � � E� pi�jc �� ' Ej � � � d�c �oc ;� 5 ��

Sdud frqvhjxlu hvwh remhwlyr hpsohdprv xqd h{suhvlöq uhfxuvlyd frpr od txh vh
hqfxhqwud hq Gudjdq +4<<8, sdud ho ydoru gh Edq}kdi/ shur dkrud hpsohdgd sdud
fdgd xqr gh orv vhplydoruhv elqrpldohv1

Gh�qlflöq 815
Gh�qlprv ho srwhqfldo � � sdud ho vhplydoru j � c f � k � �/ hq irupd uhfxuvlyd d
wudyìv gh od h{suhvlöq

� � EAc �� '
�

|

k
� � EAc �� n

[
� � �

� � EA pi�jc ��
l

c A 9' >c A � �c

frq od frqglflöq= � � E>c �� ' f1

Dtxð � � EAc �� hv ho srghu gho mxhjr EAc �� sru ho vhplydoru j � / frqvlghudqgr hq A

od uhvwulfflöq gho mxhjr � gh�qlgr hq � 1

Ohpd 816
Sdud fdgd vxefrqmxqwr A � �c A 9' >/ ho srghu � � EAc �� gho mxhjr EAc �� sru ho
vhplydoru j � / f 	 k 	 �/ wlhqh od vljxlhqwh h{suhvlöq=

� � EAc �� '
[


 � �
k

� � �
E� � k�

� � �
d� �

k

� � k
E| � ��o�EL��
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Ghprvwudflöq
Hq od h{suhvlöq gho srghu gho mxhjr EAc ��

� � EAc �� '
[

� � �
Ej � � � dAc �o '

[
� � �

[
� � � � �

� � �

k
� � 	

E� � k�

 � �

d�E7� � �E7pi�j�oc

djuxsdprv sru vxefrqmxqwrv lqfoxlgrv hq A =

� � EAc �� '
[

� � �

�
dk

� � 	
E� � k�


 � �
�o�EL� � dk

�
E� � k�


 � 
 � � 	 �
E| � ��o�EL�

�
c

� � EAc �� '
[

� � �
k

� � 	
E� � k�


 � �
d� �

k

� � k
E| � ��o�EL��

H{suhvlöq txh wdpelìq sxhgh hvfuleluvh frpr=

� � EAc �� '
[

� � �
k

� � 	
E� � k�


 � �
�

�

� � k
� �

k

� � k
|

�
�EL�� �

Sursrvlflöq 817
Vl � � hv ho srwhqfldo gh xq vhplydoru j � vh yhul�fd=

+d, Sdud f 	 k 	 �/ � � EAc �� '
[
� � �

k
� � 	

E� � k�

 � �

�E7�c ;A � �c A 9' >�

+e, Sdud k ' f/ � � EAc �� '
[

� � �
�Ei�j�c ;A � �c A 9' >�

+f, Sdud k ' �/ � 	 EAc �� ' �EA �c ;A � �c A 9' >�

Ghprvwudflöq
+d, Dfwxdprv sru lqgxfflöq vreuh ho fduglqdo gh A 1 Sdud mA m ' �c A ' i�jc

� � Ei�jc �� '
�

�
d� � Ei�jc �� n � � E>c ��o ' � � Ei�jc ���

Hpsohdqgr od h{suhvlöq gho srghu ylvwd hq ho ohpd dqwhulru=

� � Ei�jc �� ' � � Ei�jc �� ' k
	 � 	

E� � k�
	 � 	

d� �
k

� � k
fo�Ei�j� ' �Ei�j��
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Dkrud vxsrqhprv txh od iöupxod d ghprvwudu hv flhuwd sdud frdolflrqhv gh fduglqdo
kdvwd | � � | ydprv d sureduod sdud fduglqdo |1 Sru klsöwhvlv gh lqgxfflöq=

[
� � �

� � EA pi�jc �� '
[

� � �

k [
� � � � � � �

k 	 
 � E� � k� � 
 � 
 	 �E7�
l

'
[


 � �
k � � � E� � k� � � � � � E| � ���EL�c

|d txh fdgd vxefrqmxqwr L � A dsduhfh wdqwdv yhfhv hq ho greoh vxpdwrulr frpr
hohphqwrv gh A ghmh gh frqwhqhu/ hv ghflu/ | � � yhfhv1 Gh hvwd irupd/ ho srwhqfldo
sdud EAc ��c A 9' >/ txh wlhqh sru h{suhvlöq

� � EAc �� '
�

|

k
� � EAc �� n

[
� � �

� � EA pi�jc ��
l

sxhgh hvfuleluvh frpr/

� � EAc �� '
�

|

+
k � � � | �EA � n

[
� � �

k � � � E� � k� � � �
�

� �
k

� � k
E| � ��

�
�EL�n

n
[

� � �
k � � � E� � k� � � � � � E| � ���EL�

,
c

� � EAc �� ' k � � � �EA � n
�

|

[
� � �

k � � � E� � k� � � �
�

� �
k

� � k
E| � �� n

| � �

� � k

�
�EL�c

� � EAc �� ' k � � � �EA � n
[

� � �
k � � � E� � k� � � � �EL�c

rewhqlhqgr od h{suhvlöq exvfdgd=

� � EAc �� '
[

� � �
k � � � E� � k� � � � �EL��

+e, Sdud k ' f/ ho vhplydoru j � wlhqh sru frh�flhqwhv R � ' �c R � ' � � � ' R� ' f1
Hq od iöupxod gho srwhqfldo � � / sdud k ' f/ vh fxpsoh sdud mA m ' � G

� � Ei�jc �� ' �d� � Ei�jc �� n fo ' �d�Ei�j� � �E>�o ' �Ei�j��
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Vxsrqlhqgr od iöupxod flhuwd kdvwd fduglqdo | � �/ ydprv d sureduod sdud |1 Hq
sulphu oxjdu/

[
� � �

� � EA pi�jc �� '
[

� � �

[
� � � � � � �

�Ei�j� ' E| � ��
[

� � �
�Ei�j�c

hqwrqfhv=

� � EAc �� '
�

|

k
� � EAc �� n

[
� � �

� � EA pi�jc ��
l

'
�

|

k [
� � �

�Ei�j� n E| � ��
[

� � �
�Ei�j�

l

'
[

� � �
�Ei�j��

+f, Sdud k ' �/ ho vhplydoru j � wlhqh sru frh�flhqwhv R � ' � � � ' R	 
 � ' fc R 	 ' �1
Hq od iöupxod gho srwhqfldo � � / sdud k ' �/ vh fxpsoh sdud mA m ' � G

� � Ei�jc �� ' �d� � Ei�jc �� n fo ' �d�Ei�j� � �E>�o ' �Ei�j��

Vxsrqlhqgr od iöupxod txh vh suhwhqgh ghprvwudu flhuwd kdvwd fduglqdo gh orv
vxefrqmxqwrv | � �/ ydprv d sureduod sdud fduglqdo |1 Sdud frdolflrqhv frpr
A p i�j vh fxpsoh=

[
� � �

� � EA pi�jc �� '
[

� � �
�EA pi�j��

Gh dtxð=

� � EAc �� '
�

|

k
� � EAc �� n

[
� � �

� � EA pi�jc ��
l

'
�

|

k [
� � �

d�EA � � �EA pi�j�o n
[

� � �
�EA pi�j�

l

'
�

|

[
� � �

�EA � ' �EA �� �
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Whruhpd 818
Vl � � hv ho srwhqfldo gh xq vhplydoru j � / f � k � �/ hqwrqfhv=

� � E�c �� � � � E� pi�jc �� ' Ej � � � d�c �oc ;� 5 �

Ghprvwudflöq
Glvwlqjxlprv/ frpr hq od surslhgdg dqwhulru/ wuhv fdvrv vhjýq orv glihuhqwhv ydoruhv
gh k1

+d, Sdud f 	 k 	 �/ vhsdudprv odv frdolflrqhv 7 txh frqwlhqhq ho mxjdgru � gh odv
txh qr or frqwlhqhq=

� � E�c �� � � � E� pi�jc �� '

'
[

� � � k � �
�
E� � k� � � � �E7� �

[
� 	 � � 
 � � �

k �
	

�
�
E� � k� � �

�
� �

	
�E7 
 �c

� � E�c �� � � � E� pi�jc �� '
[

� � �� � �
k � �

�
E� � k� � � � �E7�n

n
[

� � � 
 � � �
k � �

�
E� � k� � � � �E7� � �

[
� � �� � �

k � � � E� � k� � � � �E7pi�j��

Hq ho ýowlpr vxpdwrulr vh kd frqvlghudgr 7 ' 7 � ^ i�j/ gh grqgh r ' r � n �1
Hvwh vxpdwrulr vh ghvfrpsrqh d frqwlqxdflöq hq grv frq orv frh�flhqwhv vhjýq od
ljxdogdg � ' k n E� � k�/ gh pdqhud txh hq ho vljxlhqwh sdvr sxhghq djuxsduvh
frq ljxdohv frh�flhqwhv gh k | gh E� � k�1

� � E�c �� � � � E� pi�jc �� '
[

� � �� � �
k � � � E� � k� � � � �E7��

�k
[

� � �� � �
k � � � E� � k� � � � �E7pi�j� � E� � k�

[
� � �� � �

k � � � E� � k� � � � �E7pi�j�n

n
[

� � � � � � �
k � � � E� � k� � � � �E7�c
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� � E�c �� � � � E� pi�jc �� '
[

� � �� � �
k � �

�
E� � k� 	 � � d�E7� � �E7pi�j�o�

�
[

� 
 � �
� 
 �� �

k �



�
�
E� � k� 	 � �



�E7 � � n

[
� � � 
 � � �

k � �
�
E� � k� 	 � � �E7��

Hq ho shqýowlpr vxpdwrulr gh od h{suhvlöq dqwhulru vh kd frqvlghudgr 7 � ' 7 pi�j/
gh grqgh r � ' r��1 Dvð orv grv ýowlprv vxpdwrulrv vrq ljxdohv | vh oohjd d rewhqhu
od iöupxod ghvhdgd sdud xq mxjdgru fxdotxlhud � 5 � =

� � E�c �� � � � E� pi�jc �� ' Ej � � � d�c �o�

+e, Sdud k ' f | fxdotxlhu � 5 � vh fxpsoh=

� � E�c �� � � � E� pi�jc �� '
[

� � � �Ei�j� �
[

� � � 
 � � �
�Ei�j� ' �Ei�j� ' Ej � �� d�c �o�

+f, Sdud k ' � | fxdotxlhu � 5 � vh yhul�fd=

� � E�c �� � � � E� pi�jc �� ' �E�� � �E� pi�j� ' Ej � �� d�c �o� �

Sursrvlflöq 819
Vhdq � � 5 C � c A � �c A 9' >c orv mxhjrv gh xqdqlplgdg hq ho hvsdflr gh mxhjrv
C � / gh�qlgrv hq od irupd=

� � E7� '
+

� vl 7 � Ac

f hq fdvr frqwudulr1

Sdud xq mxhjr fxdotxlhud � 5 C � txh vh h{suhvh frpr frpelqdflöq olqhdo gh orv
mxhjrv gh xqdqlplgdg hq od irupd � '

S
� � � k � � � vh yhul�fd=

+d, Sdud f 	 k � �c � � E�c �� '
[

� � � k � �
�
k � �

+e, Sdud k ' fc � � E�c �� '
[

� � � k � � � �
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Ghprvwudflöq
Hq od sursrvlflöq 817 khprv ylvwr txh ho srwhqfldo � � sdud f 	 k 	 � dgrswd od
h{suhvlöq � � EAc �� '

S � � � k � �
�
E��k�

� � � �E7�/ � � EAc �� '
S 	 
 � �Ei�j�/ � � EAc �� '

�EA �/ sdud fxdotxlhu frdolflöq A � � / A 9' >1 Sru or wdqwr/ � � sdud f � k � � hv
olqhdo sdud mxhjrv gh C � / sru or txh edvwduä fdofxodu ho srwhqfldo sdud orv mxhjrv
gh xqdqlplgdg � � 1 Glvwlqjxlprv orv glihuhqwhv fdvrv vhjýq orv ydoruhv gh k1

+d4, Sdud f 	 k 	 � srghprv hvfulelu=

� � E�c � � � '
[

� � �
k � �

�
E� � k�

� � � � � E7� '
[

� 
 � k
� � �

E� � k�
� � �

�

Ghvfrpsrqhprv ho vxpdwrulr vhjýq ho fduglqdo gh odv frdolflrqhv 7=

� � E�c � � � '
[
� 
 �� � � � �

k
� � �

E� � k�
� � �

n
[

� 
 �� � � � � � �
k

�
E� � k�

� � � � �
n � � �

� � � n
[
� 
 �� � � � � � �

k
� � �

E� � k� n
[

� 
 �� � � � �
k

� � �
�

� � E�c � � � '
�

? � |

f

�
k

� � �
E� � k�

� � �
n

�
? � |

�

�
k

�
E� � k�

� � � � �
n � � �

� � � n

�
? � |

? � | � �

�
k

� � �
E� � k� n

�
? � |

? � |

�
k

� � �
�

Vdfdqgr idfwru frpýq gh wrgrv orv vxpdqgrv ho wìuplqr k
� � �

/ oohjdprv d rewhqhu=

� � E�c � � � ' k
� � �

� � �
[

� � �

�
? � |

�

�
E� � k�

� � � � �
k

�
' k

� � �
dE� � k� n ko

� � �
' k

� � �
�

Wrpdqgr hq frqvlghudflöq od olqhdolgdg gh � � frqfoxlprv txh=

� � E�c �� ' � � E�c
[

� � � k � � � � '
[

� � � k � � � E�c � � � '
[

� � � k
� � �

k � �

+d5, Sdud k ' � vdehprv txh � � EAc �� ' �EA �/ sru or txh sdud orv mxhjrv gh
xqdqlplgdg=

� � E�c � � � ' � � E�� ' �c ;A � �c A 9' >�



8141 SRWHQFLDO SDUD VHPLYDORUHV ELQRPLDOHV 538

Frqvlghudqgr dkrud od olqhdolgdg gh � � =

� � E�c �� ' � � E�c
[

� � �
k � � � � '

[
� � �

k � � � E�c � � � '
[

� � �
k � c

gh irupd txh vh fxpsoh od iöupxod gho dsduwdgr +d, gho hqxqfldgr wdpelìq sdud
k ' �1

+e, Sdud ho fdvr k ' f khprv ylvwr txh � � EAc �� '
[

� � �
�Ei�j�1 Sru or wdqwr=

� � E�c � � � '
[

� � �
� � Ei�j� '

;
?
=

� vl mA m ' �c

f vl mA m 9' ��

� � E�c �� ' � � E�c
[

� � �
k � � � � '

[
� � �

k � � � E�c � � � '
[

� � � � �
k � �

Frpr txh odv frdolflrqhv gh fduglqdo � vrq odv gh orv mxjdgruhv lqglylgxdohv/ frq0
foxlprv od h{suhvlöq gho dsduwdgr +e, gho hqxqfldgr= � � E�c �� '

[
� � �

k 	 � 
 1 �

Fdvr sduwlfxodu 81:
Wrgdv odv h{suhvlrqhv txh vh kdq ghgxflgr sdud ydoruhv gh k frq f 	 k 	 �/
dgrswdq xqd h{suhvlöq sduwlfxoduphqwh vhqflood sdud ho fdvr k ' �*2/ txh frpr
vdehprv fruuhvsrqgh do ydoru gh Edq}kdi1 Gh hvwd pdqhud vh sxhgh d�pdu txh=

� � � � EAc �� '
�

2 
 � �
[
� � �

�E7�c ;A � �c A 9' >�

� � � � E�c �� � � � � � E� pi�jc �� ' � � d�c �oc ;� 5 ��

� � � � E�c �� '
[

� � �
�

2 
 � � k � c sdud � '
[

� � �
k � � � �

Dtxð � � d�c �o ghqrwd ho sdjr txh ho ydoru gh Edq}kdi dvljqd do mxjdgru � 5 �

hq ho mxhjr E�c ��1 Sxhghq frpsduduvh hvwrv uhvxowdgrv frq orv txh vh riuhfhq hq
Gudjdq +4<<8,/ hq grqgh vh hvwxgldq qxhydv surslhgdghv gho ydoru gh Edq}kdi1
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815 Srwhqfldo sdud fxdotxlhu vhplydoru

Vhjxlprv frqvlghudqgr mxhjrv frrshudwlyrv gho hvsdflr C � 1

Fxdotxlhu vhplydoru j gh�qlgr vreuh orv mxhjrv gh C � sxhgh h{suhvduvh frpr
frpelqdflöq olqhdo gh vhplydoruhv elqrpldohv1 Gh hvwd irupd/ vl vxsrqhprv gdgrv
? qýphurv uhdohv f 	 k � 	 k � 	 � � � 	 k � 	 �/ srghprv rewhqhu orv frh�flhqwhv
gho vhplydoru j/ R � / � � r � ?/ hq irupd ýqlfd frpr=

R � '

�[
� � �

b� R � � 	 � c

grqgh orv R � � 	 � vrq orv frh�flhqwhv fruuhvsrqglhqwhv do vhplydoru elqrpldo j � � sdud
� ' �c � � � c ?/ hv ghflu/ R � � 	 � ' k

� 
 �� E�� k � �
� 
 � sdud � � r � ?/ fxpsolhqgr dghpäv

txh
S �

� � � b� ' �1

D sduwlu gh hvwdv frqvlghudflrqhv srghprv hvfulelu sdud fdgd � 5 � =

j � d�c �o '
[

� 
 �
R � d�E7� � �E7pi�jo

'
[

� 
 �

� �[
� � �

b� k
� 
 �� E� � k � �

� 
 �
�
d�E7� � �E7pi�jo

'

�[
� � �

b�
� [

� 
 �
k

� 
 �� E� � k� �
� 
 �

d�E7� � �E7pi�jo
�

c

gh grqgh=

j � d�c �o '

�[
� � �

b� Ej � � � � d�c �oc ;� 5 ��

Kdfhprv vhuylu od plvpd qrwdflöq txh hq od vhfflöq dqwhulru1 Sdud xq mxhjr � 5 C �

| fxdotxlhu frdolflöq A � � ghqrwdprv sru EAc �� d od uhvwulfflöq gh � hq A 1 Dvð
ho surslr mxhjr � or ghqrwdprv sru E�c ���

Gh�qlflöq 81;
Oodpdprv srghu gho mxhjr E�c �� sru ho vhplydoru j d od vxpd gh orv sdjrv txh
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hvh vhplydoru dvljqd d wrgrv orv mxjdgruhv � 5 � | or uhsuhvhqwdprv sru � � E�c ��1

� � E�c �� '
[

� � �
j � d�c �o '

[
� � �

�[
� � �

b� Ej � 	 � � d�c �o '

�[
� � �

b�
[

� � �
Ej � 	 � � d�c �o�

Gh hvwd irupd ho srghu gho mxhjr E�c �� sru ho vhplydoru j hv xqd frpelqdflöq olqhdo
gh srghuhv sru vhplydoruhv j � 	 = od plvpd frpelqdflöq olqhdo txh shuplwh h{suhvdu
ho surslr vhplydoru j frpr frpelqdflöq olqhdo gh orv vhplydoruhv elqrpldohv j � 	 1

Suhwhqghprv gh�qlu dkrud xq srwhqfldo � � sdud xq vhplydoru fxdotxlhud j gh�qlgr
vreuh mxhjrv gh C � / gh pdqhud txh vh fxpsod od uhodflöq=

� � E�c �� � � � E� pi�jc �� ' j � d�c �oc ;� 5 ��

Gh�qlflöq 81<
Gh�qlprv ho srwhqfldo � � sdud ho vhplydoru j hq irupd uhfxuvlyd d wudyìv gh od
h{suhvlöq

� � EAc �� '
�

|

k
� � EAc �� n

[
� � 


� � EA pi�jc ��
l

c A 9' >c A � �c

frq od frqglflöq= � � E>c �� ' f1

D sduwlu gh hvwdv gh�qflrqhv gh srghu | gh srwhqfldo sdud xq vhplydoru fxdotxlhud
j gh�qlgr vreuh mxhjrv gh C � / txh qr vrq vlqr od h{whqvlöq sru frpelqdflrqhv
olqhdohv gh odv fruuhvsrqglhqwhv qrflrqhv sdud vhplydoruhv elqrpldohv/ srghprv
suredu surslhgdghv dqäorjdv d odv ghprvwudgdv hq od vhfflöq dqwhulru | txh vh
uhvxphq hq ho vljxlhqwh hqxqfldgr1

Whruhpd 8143
Vl � � hv ho srwhqfldo gh xq vhplydoru j gh�qlgr vreuh C � / fx|rv frh�flhqwhv vrq
R � / � � r � ?/ | j '

S �
� � � b� j � 	 frq f 	 k � 	 k � 	 � � � 	 k � 	 �/ hqwrqfhv=

+d, � � EAc �� '
[

 � 


k �[
� � �

b� k
� � �

� E� � k� �
� � �

l
�E7� '

[

 � 


R
�

� �E7� '

'
[

 � 


k � � �[
� � �

�
? � |

�

�
R � � �

l
�E7�c A � �c A 9' >�
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+e, � � E�c �� � � � E� pi�jc �� ' j � d�c �oc ;� 5 ��

+f, Sdud � '
[

� � � k � � � G

� � E�c �� '
[

� � �

� �[
� � �

b� k
	 
 �
�

�
k � '

[
� � �

R
	
	 k � '

[
� � �

k � 
 	[
� � �

�
? � |

�

�
R 	 � �

l
k � �

Ghprvwudflöq
+d, Sdud A � �c A 9' >/ whqlhqgr hq fxhqwd od h{suhvlöq gho srghu � � frpr
frpelqdflöq olqhdo gh srghuhv gh vhplydoruhv elqrpldohv | od irupd uhfxuvlyd sdud
od rewhqflöq gho srwhqfldo/ srghprv hvfulelu=

� � EAc �� '
�[

� � �
b� � 
 � EAc �� '

�[
� � �

b�
[

� � �
k �


 �
� E� � k� �

	 

� �E7�

'
[
� � �

k �[
� � �

b� k �

 �

� E� � k� �
	 


�
l

�E7�

'
[
� � �

R
	
�
�E7� '

[
� � �

k � 
 	[
� � �

�
? � |

�

�
R �

� �
l

�E7��

+e, Vl � 5 � =

� � E�c �� � � � E� pi�jc �� '
�[

� � �
b� � 
 � E�c �� �

�[
� � �

b� � 
 � E� pi�jc ��

'
�[

� � �
b� �

� 
 � E�c �� � � 
 � E� pi�jc ��
�

'
�[

� � �
b� Ej 
 � � � E�c �� ' j � d�c �o�

+f, Vl � '
S � � � k � � � / grqgh � � vrq orv mxhjrv gh xqdqlplgdg gh C � / hqwrqfhv=

� � E�c �� '
�[

� � �
b� � 
 � E�c �� '

�[
� � �

b�
[

� � �
k

	 
 �
� k � '

[
� � �

� �[
� � �

b� k
	 
 �

�
�

k � �
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� � E�c �� '
[

� � �
R

�
� k � '

[
� � �

k � �
�[

� � 	

�
? � |

�

�
R � 
 �

l
k � � �

Hq odv ghprvwudflrqhv gh orv dsduwdgrv +d, | +f, dsduhfhq orv frh�flhqwhv gh orv
vhplydoruhv lqgxflgrv sru j hq hvsdflrv gh mxhjrv frq fduglqdo gho frqmxqwr gh
mxjdgruhv lqihulru do gh � / R

�
� / � � r � | � ?1 Odv rwudv grv h{suhvlrqhv fruuhvsrq0

ghq do ghvduuroor gh hvwrv frh�flhqwhv frpr frpelqdflrqhv olqhdohv gh frh�flhqwhv
gh vhplydoruhv elqrpldohv/ r elhq/ d vx ghvduuroor hq wìuplqrv gh orv surslrv frh0
�flhqwhv gho vhplydoru j1

Fdvr sduwlfxodu 8144
Frqvlghudprv frpr vhplydoru j gh�qlgr vreuh mxhjrv gh C � ho ydoru gh Vkdsoh|/
txh ghqrwdprv frpr �1 Vxv frh�flhqwhv frpr vhplydoru vrq=

R � � ' �E?c r� '
Er � ��-E? � r�-

?-
c � � r � ?�

Vl hvfulelprv xq mxhjr fxdotxlhud � frpr frpelqdflöq olqhdo gh orv mxhjrv gh xqd0
qlplgdg � '

S
� � � k � � � | hpsohdprv ho uhvxowdgr gho dsduwdgr +f, gho whruhpd

dqwhulru=
� � E�c �� '

[
� � �

R
�
� k � '

[
� � �

�E|c |�k � '
[

� � �

�

|
k � �

Sxhgh frpsduduvh hvwh uhvxowdgr frq Kduw | Pdv0Frohoo +4<;;,/ grqgh vh lqwurgxfh
ho frqfhswr gh srwhqfldo sdud ho ydoru gh Vkdsoh|1

Ohpd 8145
Vl s ' sE% 
 c � � �c % � � hv od HPO gho mxhjr � 5 C � / od HPO gho mxhjr � uhvwulqjlgr d
od frdolflöq A � � / s � / sxhgh rewhqhuvh vxvwlwx|hqgr hq od ixqflöq s odv yduldeohv
fruuhvsrqglhqwhv d orv hohphqwrv gh � p A sru f1

Ghprvwudflöq
Od HPO gh xq mxhjr � 5 C � hv=

sE% 
 c � � �c % � � '
[

� � �

\
� � �

% �
\
� �� �

E� � % � ��E7��

Sdud xqd frdolflöq A � � / srghprv vhsdudu ho vxpdwrulr hqwuh orv vxefrqmxqwrv
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wrwdophqwh frqwhqlgrv hq A | orv txh qr or hvwäq=

sE% � c � � �c % � � '
[
� � �

\
� � �

% �
\

� � � 	 �
E� � % � ��E7� n

[
� 
 �

\
� 
 �

% �
\

� 
 � � �
E� � %� ��E7��

Sru frprglgdg vxsrqguhprv txh A hvwä irupdgd sru orv | sulphurv mxjdgruhv gh
� 1 Gh hvwd irupd=

sE% � c � � �c % � c fc � � �c f� '
[
� � �

\
� 
 �

% �
\

� 
 � � �
E� � %� ��E7�c

|d txh vl 7 - A h{lvwluä/ do phqrv/ xq � 5 7 wdo txh � *5 A | do vxvwlwxlu % � sru f
dqxoduä ho fruuhvsrqglhqwh wìuplqr gho vhjxqgr vxpdwrulr1

Od h{suhvlöq gh s � / HPO gh od uhvwulfflöq gho mxhjr � do vxefrqmxqwr A / hv=

s � E% � c � � �c % � � '
[
� � �

\
� 
 �

% �
\
� �
 �

E� � %� ��E7��

Gh odv grv ýowlpdv h{suhvlrqhv vh vljxh od ljxdogdg gho hqxqfldgr=

s � E% � c � � �c % � � ' sE% � c � � �c % � c fc � � �c f�� �

Whruhpd 8146
+d, Sdud xq vhplydoru elqrpldo j � / f 	 k 	 �/ ho srwhqfldo sdud fxdotxlhu mxhjr
uhvwulqjlgr EAc ��c A � � / sxhgh rewhqhuvh d sduwlu gh od HPO s gho mxhjr E�c ��

hq od irupd vljxlhqwh=

� � EAc �� '
�

k
s � Ek�c

grqgh k ' Ekc � � �c k� 5 U � | s � hv od HPO gho mxhjr EAc ��1

+e, Sdud xq vhplydoru j '
S �

� � � b� j � � c f 	 k � 	 � � � 	 k � 	 �/ ho srwhqfldo sdud
fxdotxlhu mxhjr uhvwulqjlgr EAc ��c A � � / rehghfh d od vljxlhqwh h{suhvlöq=

� � EAc �� ' ' � \ c

grqgh ' � ' E^ � � � � � � � � hv od pdwul} txh wlhqh sru hohphqwrv

^ � � '
�

k � s � Ek � �c � � � � ?c
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| \ � ' Eb � � � � b � � hv ho yhfwru gh odv frpsrqhqwhv gho vhplydoru j hq ho vlvwhpd
gh uhihuhqfld ij � � j � � � � � 1

Ghprvwudflöq
+d, Od sursrvlflöq 817 hvwdeohfh sdud f 	 k 	 � txh ho srwhqfldo � � wlhqh sru
h{suhvlöq=

� � EAc �� '
[
� � 	

k 
 � �
E� � k� � � 
 �E7�c ;A � �c A 9' >�

Sru rwur odgr/ vl hq od h{suhvlöq gh od HPO gho mxhjr EAc ��/

s 	 E% � c � � �c % � � '
[
� � 	

\
� 
 �

% �
\

� �
 �
E� � %� ��E7�c

vxvwlwxlprv odv | yduldeohv sru k/ vh rewlhqh=

s 	 Ek� '
[
� � 	

k 
 E� � k� � � 
 �E7��

Frpsdudqgr od sulphud | od whufhud h{suhvlrqhv=

� � EAc �� '
�

k
s 	 Ek�/ sdud f 	 k 	 �c A � �c A 9' >�

+e, Vhjýq ho dsduwdgr +d, gho whruhpd 8143 ho srwhqfldo sdud xq vhplydoru j gh�qlgr
vreuh mxhjrv gh C � hv=

� � EAc �� '
[
� � 	

k �[

� � �
b� k 
 � �

� E� � k� � � � 

l

�E7�c A � �c A 9' >�

grqgh j '
S �

� � � b� j � � c f 	 k � 	 � � � 	 k � 	 �1 Lqwhufdpeldqgr ho rughq gh orv
vxpdwrulrv | dsolfdqgr ho dsduwdgr +d,=

� � EAc �� '

�[

� � �
b�

k [
� � 	

k 
 � �
� E� � k � � � � 
 �E7�

l
'

�[

� � �
b�

k �

k �
s 	 Ek � �

l
' ' 	 \c

vlhqgr ' 	 | \ h{dfwdphqwh odv pdwulfhv gho hqxqfldgr gh od surslhgdg1 �



545 81 SRWHQFLDO

816 Edvh srwhqfldo sdud vhplydoruhv

Gh�qlflöq 8147
Hq jhqhudo/ xqd edvh sdud ho hvsdflr gh mxhjrv frrshudwlyrv C � hv xqd edvh sr0
whqfldo frq uhvshfwr d flhuwr ydoru f txh srvhd xq srwhqfldo/ vl odv frpsrqhqwhv
gh fdgd mxhjr � 5 C � uhodwlydv d hvd edvh vrq/ h{dfwdphqwh/ orv srwhqfldohv gh f

sdud E�c �� | wrgrv vxv mxhjrv uhvwulqjlgrv EAc ��c A � �c A 9' >1

Xq hmhpsor gh hvwd vlwxdflöq sxhgh hqfrqwuduvh hq Gudjdq +4<<4, sdud ho ydoru gh
Vkdsoh|1 Dkrud vhjxluhprv xq surfhglplhqwr jhqhudo gh rewhqflöq/ sulphur sdud
vhplydoruhv elqrpldohv | ghvsxìv/ hq jhqhudo/ sdud fxdotxlhu vhplydoru1

Ohpd 8148
Vxsrqjdprv txh f hv xq ydoru vreuh C � frq xq srwhqfldo olqhdo M1
Od edvh i� � 5 C � G 7 � �c 7 9' >j gho hvsdflr C � hv xqd edvh srwhqfldo vl | vöor
vl sdud fdgd 7 � � / 7 9' >/

ME7c � � � ' �( MEAc � � � ' fc ;A � �c A 9' 7�

Ghprvwudflöq
Vl i� � 5 C � G 7 � �c 7 9' >j hv edvh gh C � / fdgd � 5 C � vh h{suhvd hq irupd
ýqlfd frpr frpelqdflöq olqhdo gh orv mxhjrv gh od edvh=

� '
[

� � �

k � � � �

Hq sduwlfxodu/ sdud � ' � � G � � '
[

� � �

q � � � vlhqgr q � ' � | q � ' fc ;A 9' 71

Vl od edvh hv srwhqfldo=

� ' q � ' ME7c � � �( f ' q � ' MEAc � � �c ;A � �c A 9' 7�

Uhfðsurfdphqwh/ vl hvfulelprv � 5 C � frpr frpelqdflöq olqhdo gh orv mxhjrv gh
od edvh | fdofxodprv ho srwhqfldo=

ME7c �� ' ME7c
[

� � �

k � � � � '
[

� � �

k � ME7c � � � ' k � ME7c � � � ' k � �
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Dvð/ fdgd frh�flhqwh k � gh od frpelqdflöq olqhdo hv ho srwhqfldo ME7c �� | od edvh
frqvlghudgd hv edvh srwhqfldo1 �

Sursrvlflöq 8149
Sdud fxdotxlhu k 5 Efc �o/ vl � � ghqrwd ho srwhqfldo sdud ho vhplydoru elqrpldo
j � gh�qlgr vreuh mxhjrv gh C � / xq mxhjr fxdotxlhud � 5 C � sxhgh uhfrqvwuxluvh
uhfxuvlydphqwh d sduwlu gho srwhqfldo sru phglr gh od vljxlhqwh h{suhvlöq=

�EA � '
�

k
� � �

k
� � EAc �� �

[

� � �
k

� � �
E� � k�

� � �
�E7�

l
c ;A � �c A 9' >�

Sdud k ' f/ xq mxhjr � 5 C � qr sxhgh uhfrqvwuxluvh d sduwlu gho srwhqfldo � 	 1

Ghprvwudflöq
Sdud f 	 k 	 �/ ho dsduwdgr +d, gh od sursrvlflöq 817 shuplwh rewhqhu ho srwhqfldo
� � d sduwlu gh orv ydoruhv �E7� gho mxhjr � 5 C � =

� � EAc �� '
[

� 
 �
k

� � �
E� � k�

� � �
�E7�c ;A � �c A 9' >�

Vl hq hvwd h{suhvlöq vhsdudprv gho vxpdwrulr sdud 7 � A ho surslr vxefrqmxqwr
A /

� � EAc �� ' k
� � �

�EA � n
[

� � �
k

� � �
E� � k�

� � �
�E7��

Srghprv dkrud ghvshmdu �EA � | oohjdu d od h{suhvlöq gho hqxqfldgr sdud fxdotxlhu
frdolflöq A � �c A 9' >1 Hq xq sulphu hvwdglr gho surfhvr uhfxuvlyr mA m ' �=
�Ei�j� ' � � Ei�jc ��1

Sdud ho fdvr k ' �/ od plvpd sursrvlflöq 817 hq vx dsduwdgr +f, hvwdeohfh txh
� � EAc �� ' �EA �/ frq or txh orv ydoruhv gho mxhjr � vrq h{dfwdphqwh orv ydoruhv gho
srwhqfldo/ fxpsolìqgrvh od iöupxod gho hqxqfldgr vxvwlwx|hqgr k sru �1

Sdud ho ydoru gh k ' f/ ho srwhqfldo uhvxowd vhu � 	 EAc �� '
[

� � �
�Ei�j�1

Hq hvwh fdvr ho srwhqfldo sdud j 	 vöor frqwhpsod orv ydoruhv gh orv mxjdgruhv lqgl0
ylgxdohv sru xq mxhjr � 5 C � 1 Hq frqvhfxhqfld/ qr vh sxhgh uhfrqvwuxlu ho ydoru
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gh �EA � sdud frdolflrqhv frq mA m � 21 �

Sursrvlflöq 814:
Sdud fdgd 7 � �c 7 9' >/ h{lvwh xq ýqlfr mxhjr S � � � 5 C � fxpsolhqgr=

� � E7c S � � � � ' �( � � EAc S � � � � ' fc ;A � �c A 9' 7c

txh uhvxowd vhu=

S � � � EA � '

;
A?
A=

E���
� � �

k
� � �

E� � k�
� � �

vl A � 7c

f hq fdvr frqwudulr/

grqgh � � ghqrwd ho srwhqfldo gho vhplydoru elqrpldo j � gh�qlgr vreuh mxhjrv gh
C � / sdud f 	 k 	 �1

Ghprvwudflöq
D sduwlu gh od iöupxod rewhqlgd hq od sursrvlflöq dqwhulru srghprv d�updu txh
sdud odv frdolflrqhv A wdohv txh mA m 	 m7m vh fxpsoh=

S � � � EA � ' fc

|d txh orv ydoruhv S � � � EA � vh rewlhqhq gh pdqhud uhfxuvlyd | wrgrv orv srwhqfldohv
� � EAc S � � � � vrq qxorv sdud A 9' 71

Yroylhqgr d hpsohdu od plvpd iöupxod sdud mA m ' m7m/ vlhqgr orv srwhqfldohv
� � E7c S � � � � ' �c � � EAc S � � � � ' fc ;A � �c A 9' 7c | S � � � EA � ' f sdud wrgr A � 7/
vh fxpsoh=

S � � � E7� '
�

k
� � � ( S � � � EA � ' fc A 9' 7�

Dkrud/ frq od plvpd iöupxod dqwhulru sdud orv vxefrqmxqwrv A wdohv txh mA m : m7m/
A � 7/ | sdud ho mxhjr S � 	 
 =

S � 	 
 EA � ' �
[

� � 

k

� � �
E� � k�

� � �
S � 	 
 EL�c

|d txh wdpelìq sdud hvwrv A vh fxpsoh � � EAc S � 	 
 � ' f1

D sduwlu gh hvwd ýowlpd h{suhvlöq ydprv d suredu/ sru lqgxfflöq/ txh vh yhul�fd
od iöupxod gho hqxqfldgr1
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Sdud mA m ' m7m n �/ ho ýqlfr vxefrqmxqwr txh gd ydoru qr qxor hq ho vxpdwrulr hv
L ' 7 G S � � � E7� ' �*k

� � �
1 Hq frqvhfxhqfld/

S � � � EA � ' �k
� �
E� � k�

�

k
� � � ' �k

� �
E� � k�c A � 7c mA m ' m7m n ��

Vxsrqjdprv txh vh fxpsoh od iöupxod gho hqxqfldgr sdud A � 7 frq | � r 	 & |
sureìprvod sdud A � 7 frq | � r ' &1

Orv vxefrqmxqwrv L � A txh dsduhfhq hq ho vxpdwrulr orv djuxsdprv vhjýq vx
fduglqdo=

Sdud L ' 7c
� � � �

�
�
wìuplqrv> sdud L ' 7 ^ i�jc � 5 A p 7c

� � � �
�

�
wìuplqrv> sdud

L ' 7 ^ i�c &jc �c & 5 A p 7c � 9' &c
� � � �

�
�
wìuplqrv> 1 1 1 > sdud L ' A p i�jc � 5

A p 7c
� � � �

� � � � �
�
wìuplqrv1

Hqwrqfhv/ frpr hq od h{suhvlöq gh S � � � EA � orv ydoruhv txh dsduhfhq sdud S � � � EL�

vöor ghshqghq gho fduglqdo gh L / sdud 7 � L � A srghprv hvfulelu=

S � � � EA � ' �k
� � �

E� � k�
� � �

�
� �

�
|�r

�

�
n

�
|�r

2

�
� � � � n E���

� � � � �
�

|�r

|�r��

��

' �k
� � �

E� � k�
� � � k � � �[

	 
 �

�
| � r

�

�
E���

	
� E���

� � � l

' �k
� � �

E� � k�
� � �

E���
� � � � �

c

oohjdqgr d rewhqhu=

S � � � EA � ' E���
� � �

k
� � �

E� � k�
� � �

c sdud A � 71

Ilqdophqwh/ vl mA m : m7m shur A 9� 7 uhvxowd S � � � EA � ' f sru od irupd uhfxuvlyd
frpr vh rewlhqhq orv ydoruhv gh S � � � EA � d sduwlu gh orv srwhqfldohv/ |d txh ìvwrv
vrq wrgrv qxorv sxhv orv vxefrqmxqwrv gh A wdpsrfr frqwlhqhq d 71 �

Fdvr sduwlfxodu 814;
Sdud k ' �*2 ho vhplydoru elqrpldo fruuhvsrqglhqwh hv ho ydoru gh Edq}kdi1 Hq
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hvwh fdvr=

S � � � � � EA � '

;
AAA?
AAA=

E��� � � �
�
�

2

� � � � �
�

2

� � � �
' E��� � � � 2 � � � vl A � 7c

f hq fdvr frqwudulr1

Hmhpsor 814<
Sdud mxhjrv gh C � frq m� m ' e | ho vhplydoru fruuhvsrqglhqwh d k ' �*�/ od idplold
gh mxhjrv gh od surslhgdg dqwhulru dgrswd od h{suhvlöq vljxlhqwh=

S � � 	 � � EA � '

;
AAA?
AAA=

E��� � � �
�
�

�

� � � � �
2

�

� � � �
' E��� � � � 2 � � � � � � � vl A � 7c

f hq fdvr frqwudulr1

Vh frqvlghudq odv frdolflrqhv irupdgdv sru mxjdgruhv gh � ' i�c 2c �c ej hq ho rughq
gh fduglqdohv fuhflhqwhv |/ ghqwur gh xq plvpr fduglqdo/ hq rughq oh{lfrjuä�fr1

Vl uhihulprv fdgd mxhjr gh od idplold S � � 	 � � c 7 � �c 7 9' >/ sru vx ydoru dfwxdqgr
vreuh fdgd xqd gh odv frdolflrqhv lqfoxlgdv hq � hq ho rughq hvwdeohflgr dqwhulru0
phqwh/ vx h{suhvlöq hv=

S � � 	 � 
 � � ' E�c fc fc fc �2c �2c �2c fc fc fc ec ec ec fc �H�c

S � � 	 � 
 � � ' Efc �c fc fc �2c fc fc �2c �2c fc ec ec fc ec �H�c

S � � 	 � 
 	 � ' Efc fc �c fc fc �2c fc �2c fc �2c ec fc ec ec �H�c

S � � 	 � 
 � � ' Efc fc fc �c fc fc �2c fc �2c �2c fc ec ec ec �H�c

S � � 	 � 
 � � � � ' Efc fc fc fc �c fc fc fc fc fc �Sc �Sc fc fc �2�c

S � � 	 � 
 � � 	 � ' Efc fc fc fc fc �c fc fc fc fc �Sc fc �Sc fc �2�c
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� � � � � � �

S � � � � � � � � � ' Efc fc fc fc fc fc fc fc fc �c fc fc �Sc �Sc �2�c

S � � � � � � � � � � � ' Efc fc fc fc fc fc fc fc fc fc bc fc fc fc ��H�c

� � � � � � �

S � � � � � � � � � � � ' Efc fc fc fc fc fc fc fc fc fc fc fc fc bc ��H�c

S � � � � � � � � � � � � � ' Efc fc fc fc fc fc fc fc fc fc fc fc fc fc 2.��

Sursrvlflöq 8153
Vxsrqjdprv txh j hv xq vhplydoru gh�qlgr vreuh ho hvsdflr gh mxhjrv frrsh0
udwlyrv C � fx|rv frh�flhqwhv vrq R 	 c � � r � ?1 Xq mxhjr fxdotxlhud � 5 C �
sxhgh uhfrqvwuxluvh uhfxuvlydphqwh d sduwlu gho srwhqfldo � 
 gho vhplydoru j sru
phglr gh od h{suhvlöq

�EA � '
�

R ��

k
� 
 EAc �� �

[
� 
 �

R � 	 �E7�
l

c

;A � �c A 9' >/ vl | vöor vl ho q0ìvlpr frh�flhqwh gho vhplydoru j hv hvwulfwd0
phqwh srvlwlyr ER � : f�1 Orv frh�flhqwhv R � 	 / � � r � | � ?/ fruuhvsrqghq d orv
vhplydoruhv lqgxflgrv sru j vreuh hvsdflrv gh mxhjrv frq fduglqdo gho frqmxqwr gh
mxjdgruhv | � ?1

Ghprvwudflöq
Sdud ho vhplydoru j G C � $ U � / ho dsduwdgr +d, gho whruhpd 8143 shuplwh rewhqhu
ho srwhqfldo � 
 d sduwlu gh orv ydoruhv �E7� gho mxhjr � 5 C � =

� 
 EAc �� '
[
� � �

R � 	 �E7�c A � �c A 9' >�

Vl hq hvwd h{suhvlöq vhsdudprv gho vxpdwrulr sdud 7 � A ho surslr vxefrqmxqwr
A / rewhqhprv=

� 
 EAc �� ' R �
� �EA � n

[
� 
 �

R � 	 �E7�c A � �c A 9' >�
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Sdud srghu ghvshmdu �EA � hv qhfhvdulr txh ho frh�flhqwh txh or dfrpsdôd vhd
glihuhqwh gh fhur1 Hvwh frh�flhqwh uhvxowd vhu ho ýowlpr gh orv frh�flhqwhv gh fdgd
vhplydoru lqgxflgr sru j hq mxhjrv frq fduglqdo gho frqmxqwr gh mxjdgruhv lqihulru
r ljxdo do gh � = R �� / | ' �c � � � c ?�

Hq sduwlfxodu/ sdud | ' ?/ R
�� ' R � 9' f/ gh grqgh= R � : f1

Uhfðsurfdphqwh1 Vl R � : f/ do vhu R � � fc � � r � ?/ vh fxpsoh=

R � ' R
�� : fc R

� � �� � � ' R � � � n R � : fc R
� � �� � � ' R � � � n 2R � � � n R � : fc � � �

|/ hq jhqhudo/

R �� '
� � �[
� � �

�
? � |

�

�
R �

	 � : fc | ' �c � � � c ?c

gh pdqhud txh sxhgh ghvshmduvh �EA �/ sdud mA m ' | ' �c � � � c ?1

Dlvodqgr �EA �=

�EA � '
�

R ��

k
� 
 EAc �� �

[
� � 


R � � �E7�
l

c

vlhqgr hvwd h{suhvlöq yäolgd sdud fxdotxlhu A � �c A 9' >1 �

Hq od vljxlhqwh sursrvlflöq vh frqvwux|h xqd idplold gh mxhjrv txh/ sdud fdgd
vhplydoru j G C � $ U � frq R � : f/ yhul�fd odv surslhgdghv txh vh h{ljh d orv
mxhjrv gh xqd edvh sdud irupdu edvh srwhqfldo1 D frqwlqxdflöq vh frpsuxhed txh
hihfwlydphqwh orv mxhjrv hqfrqwudgrv irupdq xqd edvh gh C � frq or txh vh kdeuä
frqvhjxlgr frqvwuxlu xqd edvh srwhqfldo sdud wrgrv hvwrv vhplydoruhv1

Sursrvlflöq 8154
Vl � 
 ghqrwd ho srwhqfldo gho vhplydoru j/ frq R � : f/ gh�qlgr vreuh mxhjrv gh C � /
sdud fdgd 7 � �c 7 9' >/ h{lvwh xq ýqlfr mxhjr S 
 � � 5 C � fxpsolhqgr=

� 
 E7c S 
 � � � ' �( � 
 EAc S 
 � � � ' fc ;A � �c A 9' 7c

txh uhvxowd vhu=

S 
 � � EA � '

;
AAAA?
AAAA=

E��� � � � � � �[
� � �

�
| � r

�

�
E���

�

R � � �
� � � vl A � 7c

f hq fdvr frqwudulr1
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Ghprvwudflöq
Od iöupxod gh od sursrvlflöq dqwhulru srghprv hvfuleluod sdud fdgd S � � � / 7 � � /
A � �c 7c A 9' >/ gh od pdqhud vljxlhqwh=

S � � � EA � '
�

R
�
� � � EAc S � � � � �

�

R
�
�

[
� � �

R
�
� S � � � EL��

Sdud suredu od iöupxod gho hqxqfldgr glvwlqjxlprv fxdwur fdvrv=

+d, Vl mA m 	 m7m/ frpr orv ydoruhv gh S � � � EA � vh rewlhqhq uhfxuvlydphqwh | sdud
wrgrv hvwrv vxefrqmxqwrv � � EAc S � � � � ' f/ srghprv d�updu txh S � � � EA � ' f1

+e, Vl mA m ' m7m/ sxhgh vxfhghu txh A 9' 7 hq fx|r fdvr � � EAc S � � � � ' f | sru ho
dsduwdgr dqwhulru S � � � EL� ' f sdud L � A / gh grqgh= S � � � EA � ' f1 Sdud ho fdvr
A ' 7/ � � E7c S � � � � ' � d od yh} txh S � � � EL� ' f sdud L � 71 Hq frqvhfxhqfld=

S � � � E7� '
�

R ��
�

+f, Vl mA m : m7m shur A 9� 7/ sru xq odgr � � EAc S � � � � ' f | sru rwur S � � � EL� ' f

sdud L � A / |d txh L . 71 Dvð sxhv/ S � � � EA � ' f1

+g, Txhgd sru frpsuredu txì rfxuuh sdud ho fdvr mA m : m7m frq A � 71

Sdud ghprvwudu od iöupxod sru lqgxfflöq vreuh mA m � m7m hpsh}dprv hvwxgldqgr ho
fdvr | � r ' �/ hv ghflu/ A ' 7 ^ i�jc � 5 A p 7=

S � � � E7 ^ i�j� ' f �
�

R �
	 


�
	 


[
� � � � � 
 �

R �
	 


� S � � � EL��

Gh hqwuh wrgrv orv vxefrqmxqwrv L � 7 ^ i�j vöor S � � � EL� wrpd xq ydoru qr qxor
sdud L ' 7/ txh vhjýq ho dsduwdgr +e, hv S � � � E7� ' �*R �

� 1 Sru wdqwr=

S � � � E7 ^ i�j� '
��

R �
	 


�
	 


R �
	 


�
�

R ��
'

��

R �
	 


�
	 


�
R �

� � R �
	 


�
	 


� �

R ��

' E���

�
�

R �
	 


�
	 


�
�

R ��

�
c
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| vh fxpsoh od iöupxod sdud A � 7 frq | � r ' �=

S � � � E7 ^ i�j� ' E���
�

�
[

� � �

�
�

�

�
E���

�

R
� � � 	 �
� � � 	 � �

Frqvlghudprv dkrud ho fdvr A ' 7 ^ i� � c � � � c � 
 j/ hvwr hv/ A � 7 frq | � r ' &1
Sru klsöwhvlv gh lqgxfflöq vxsrqhprv txh od iöupxod gho hqxqfldgr hv yäolgd sdud
A � 7 frq | � r 	 & | txhuhprv ghprvwudu txh

S � � � E7 ^ i� � c � � � c � 
 j� ' E���




[
� � �

�
&

�

�
E���

�

R
� � 
 	 �
� � 
 	 � �

Od iöupxod gh od sursrvlflöq 8153 sdud ho mxhjr S � � � | sdud od frdolflöq 7 ^

i� � c � � � c � 
 j dgrswd od vljxlhqwh h{suhvlöq=

S � � � E7 ^ i� � c ���c � 
 j� '
��

R
� � 
� � 


[
� � � 
 � � � � � � � � � �

R � �
�

� S � � � EL��

Orv vxefrqmxqwrv L � 7 ^ i� � c � � � c � � j sdud orv txh S � � � EL� 9' f vrq=

A�RJ T @,Jo _e S � � � EL�

7 S � � � E7� ' �

R ��

7 ^ i�� j� � � � � � � � � S � � � E7 ^ i�� j� ' E���

�
�

R � � �
� � �

�
�

R ��

�

7 ^ i�� c � � j� � � � � � � � � � � S � � � E7 ^ i�� c � � j� ' E���  
 [

! � "

�
2

�

�
E���

!

R � �  #
!

� �  #
!

7 ^ i�� c � � c � $ j� % � � � � $ % � S � � � E7 ^ i�� c � � c � $ j� ' E��� &
&[

! � "

�
�

�

�
E���

!

R � � & #
!

� � & #
!
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� � � � � � � �

7 ^ i� � � c ��c � � � � � j� � � � � � � � � � � � � �

S 	 � 
 E7 ^ i� � � c ��c � � � � � j� '

' E���
� � �

� � �
[

� 
 �

�
& � �

�

�
E���

�

R
� � � � � � �
� � � � � � �

Ho qýphur gh vxefrqmxqwrv gho wlsr 7 hv
� �

�
�
> gho wlsr 7 ^ i�� jc � � R � &/ hv

� �
�
�
>

gho wlsr 7 ^ i�� c � � jc � � Rc ^ � &/ hv
� �

�
�
> gho wlsr 7 ^ i�� c � � c � � jc � � Rc ^c o � &/ hv� �

�
�
> 1 1 1 > gho wlsr 7 ^ i� � � c ���c � � � � � jc � � k � c ���c k � � � � &/ hv

� �
� � �

�
1

D sduwlu gh hvwdv frqvlghudflrqhv srghprv hvfulelu xqd h{suhvlöq ghvduuroodgd sdud
S 	 � 
 E7 ^ i� � c � � � c � � j�=

S 	 � 
 E7 ^ i� � c � � � c � � j� '
��

R
� � �
� � �

+ �
&

f

�
R

� � �
�

�

R
�
�
n

�
&

�

�
R

� � �
� � � E���

�
�

�

R
� � �
� � � �

�

R
�
�

�
n

n

�
&

2

�
R

� � �
� � � E���

�
�

[
� 
 �

�
2

�

�
E���

�

R
� � � � �
� � � � �

n

�
&

�

�
R

� � �
� � � E���

�
�

[
� 
 �

�
�

�

�
E���

�

R
� � � � �
� � � � �

n

n � � � n

�
&

& � �

�
R

� � �
� � � � � E���

� � �
� � �
[

� 
 �

�
& � �

�

�
E���

�

R
� � � � � � �
� � � � � � �

,
�

Djuxsdqgr=

S 	 � 
 E7 ^ i� � c � � � c � � j� '
��

R
� � �
� � �

� � �
[

� 
 �

+ �
&

@

�
R

� � �
� � � E���

�
�[

� 
 �

�
@

K

�
E���

�

R
� � � � �
� � � � �

,
�

Dkrud fdgd idfwru gho wlsr R
� � �
� � � / f � @ � & � �/ sxhgh h{suhvduvh hq ixqflöq gh orv

ýowlprv frh�flhqwhv gh fdgd vhplydoru lqgxflgr vreuh mxhjrv frq phqru fduglqdo
gho frqmxqwr gh mxjdgruhv1 Hq frqfuhwr=

R
� � �
� � � '

� � �[
� 
 �

�
& � @

S

�
E���

�
R

� � � � �
� � � � � c f � @ � & � ��
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Sdud suredu od h{suhvlöq dqwhulru vxsrqguhprv j '
S �� � � b� j � � frq

S �� � � b� ' �/
gh pdqhud txh orv frh�flhqwhv gho vhplydoru j | gh vxv vhplydoruhv lqgxflgrv vh
h{suhvdq frpr frpelqdflöq olqhdo gh frh�flhqwhv gh vhplydoruhv elqrpldohv1

R �
� �

�
� 	 '

�[
� � �

b� k �
� 	 
 �

� E� � k � �
� 
 	

'

�[
� � �

b� k �
� 	 
 �

�
� 
 	[

� � �

�
& � @

S

�
E���

�
k

��

'

�[
� � �

b�
� 
 	[

� � �

�
& � @

S

�
E���

�
k �

� 	 � � 
 �
�

'

� 
 	[
� � �

�
& � @

S

�
E���

�
�[

� � �
b� k �

� 	 � � 
 �
�

'

� 
 	[
� � �

�
& � @

S

�
E���

�
R �

� 	 � �
�

� 	 � � c sdud f � @ � & � ��

Hqwrqfhv/ od h{suhvlöq sdud S 
 � � E7 ^ i� � c � � � c � � j� vh wudqvirupd hq=

S 
 � � E7 ^ i� � c � � � c � � j� '

'
��

R �
� �

�
� �

� 
 �
[

	 � �

+�
&

@

� % � � �
[

� � �

�
& � @

S

�
E���

�
R

� � � � �� � � � �

&
E��� �

�[
� � �

�
@

K

�
E���

�

R �
�

� �
�

�
�

� �
�

,
�

Ilmdgr xq qýphur @ hqwuh f | &�� dsduhfhq h{suhvlrqhv frq orv ýowlprv frh�flhqwhv
gh orv vhplydoruhv lqgxflgrv hq ho qxphudgru | hq ho ghqrplqdgru1 Orv frh�flhqwhv
txh dsduhfhq hq ho qxphudgru yduðdq ghvgh S ' f kdvwd S ' & � @/ hv ghflu=

R �
�

�
�

�
� c � � � c R �

� �
�

� � �

Sru vx odgr/ orv frh�flhqwhv txh dsduhfhq hq ho ghqrplqdgru yduðdq ghvgh K ' f

kdvwd K ' @/ hvwr hv=
�

R �
�

�
�

�
�

c � � � c
�

R ��
�

Gh hvwd irupd/ orv ðqglfhv gh orv frh�flhqwhv gho qxphudgru vrq vlhpsuh pd|ruhv r
ljxdohv txh orv ðqglfhv gh orv frh�flhqwhv gho ghqrplqdgru | vöor frlqflghq fxdqgr
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hv=

R �
� �

�
� � c

�

R �
� �

�
� � c sdud f � @ � & � ��

Hvwh sulphu wlsr gh wìuplqrv gd oxjdu d frqvwdqwhv ghqwur gh od h{suhvlöq hqwuh
oodyhv hq od iöupxod gh S � � � E7 ^ i� � c � � � c � � j� dvð txh hv ho frh�flhqwh txh dihfwd d
��*R �

� �
�

� � / uhvxowdqgr vhu ho fruuhvsrqglhqwh d S ' f hq ho sulphu idfwru | K ' f hq
ho vhjxqgr/ hvwr hv=

��

R �
� �

�
� �

� � �[
� 	 


��
&

@

��
& � @

f

�
E���



R �

� �

�
� � E���

�
�

@

f

�
E���




R �
� �

�
� �

�
'

'
��

R �
� �

�
� �

� � �[
� 	 


�
&

@

�
E���

�
'

��

R �
� �

�
� �

% �[
� 	 


�
&

@

�
E���

�
� E���

�
&
'

E���
�

R �
� �

�
� �

c

| khprv rewhqlgr ho wìuplqr sdud � ' f gh od iöupxod txh txhuhprv suredu1

Ho uhvwr gh wìuplqrv hq od iöupxod txh vh suhwhqgh ghprvwudu hvwä frqvwlwxlgr sru
dtxhoorv txh wlhqhq ho idfwru R �

� �
�

� � hq ho qxphudgru/ gh pdqhud txh ìvwh vh dqxod
frq ho txh dsduhfh ixhud gh od h{suhvlöq hqwuh oodyhv1

Sdud txh vh fxpsod or dqwhulru rn @n S ' rn &/ gh grqgh @n S ' &/ hv ghflu/ vrq
orv wìuplqrv sdud S ' & � @1

��

R �
� �

�
� �

� � �[
� 	 
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& � @

& � @

�
E���

� � �
R �

� �
�

� � E���
�

�[
� 	 


�
@

K

�
E���

�

R �
� � � �

�
� � � �

&
'

' �

% � � �[
� 	 


�
&

@

�
E���

�
�[

� 	 


�
@

K

�
E���

�

R �
� � � �

�
� � � �

&
' E���

� � �
� � �[
� 	 


�[
� 	 


�
&

@

��
@

K

�
E���

�

R �
� � � �

�
� � � �

�

Od yduldflöq gh R �
� � � �

�
� � � � hv ghvgh @ ' f frq K ' f/ hq grqgh dsduhfh R �

�
/ kdvwd

@ ' & � � txh frq K ' f kdfh txh dsduh}fd R �
� � � �

�
� � � � 1 Vl djuxsdprv vdfdqgr idfwru

frpýq orv wìuplqrv �*R �
� � � �

�
� � � � / kdflhqgr @ � K ' ^c f � ^ � & � �/ srghprv ljxdodu

od ýowlpd h{suhvlöq d od vljxlhqwh=
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E���
� � �

� � �
[

� � �

� � � � �
[

� � �

�
&

^ n K

��
^ n K

K

�
E���

�

R
� � �
� � �

'

' E���
� � �

� � �
[

� � �

�

R
� � �
� � �

� � � � �
[

� � �

&-

E& � ^ � K�-

�

K-^-
E���

�
'

' E���
� � �

� � �
[

� � �

�

R
� � �
� � �

&-

^-

�

E& � ^�-

� � � � �
[

� � �

E& � ^�-

K-E& � ^ � K�-
E���

�
'

' E���
� � �

� � �
[

� � �

�

R
� � �
� � �

�
&

^

� % � � �[
� � �

�
& � R

K

�
E���

�
� E���

� � �
&
'

' E���
� � �

� � �
[

� � �

�

R
� � �
� � �

�
&

^

�
E���

� � � � �
'

� � �
[

� � �

�
&

^

�
E���

	 � � �

R
� � �
� � �

�

Vl hq od ýowlpd ljxdogdg lghqwl�fdprv rn ^ frq rn & � � whqhprv= ^ ' & � �1 Dvð
od h{suhvlöq vh wudqvirupd hq=

�
[


 � �

�
&

& � �

�
E���

	 � � � � 


R
� � � � 

� � � � 


' E���
�

�
[


 � �

�
&

�

�
E���




R
� � � � 

� � � � 


�

Vöor txhgd dkrud sru suredu txh orv uhvwdqwhv wìuplqrv txh dsduhfhq wlhqhq frh0
�flhqwh qxor1 Hvwrv wìuplqrv vh hqfxhqwudq dihfwdgrv sru xq frflhqwh gho wlsr=

R
� � �
� � �

R
� � �
� � �

c frq f � ^ 	 o � & � ��

Sdud ghwhuplqdu ho frh�flhqwh txh dihfwd d hvwh wlsr gh wìuplqrv hq od iöupxod txh
shuplwh rewhqhu S � 
 � E7 ^ i� � c � � � c � � j� lghqwl�fdprv=

r n o ' r n @ n S

r n ^ ' r n @ � K

,
,

+
S ' o � @

K ' @ � ^
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Gh hvwd pdqhud/ hq ho sulphu vxpdwrulr lqwhulru d odv oodyhv frqvlghudprv vöor ho
wìuplqr S ' o � @/ plhqwudv txh hq ho vhjxqgr frqvlghudprv vöor K ' @ � ^1 Dvð/
xqr fxdotxlhud gh hvwrv wìuplqrv dgrswd od irupd=

�[
� � �

�
&

@

� %�
& � @

o � @

�
E���

� � �
R

� � �
� � � E���

�
�

@

@ � ^

�
E���

� � �

R
� � �
� � �

&
'

'

% �[
� � �

E���
� � � � �

�
&

@

��
& � @

o � @

��
@

@ � ^

�&
R

� � �
� � �

R
� � �
� � �

�

Rshudqgr vreuh ho frh�flhqwh/ ìvwh uhvxowd vhu=

E���
� � � &-

E& � o�-^-

�[
� � �

�

Eo � @�-E@ � ^�-
E���

�
�

Vl kdfhprv _ ' @ � ^/ ho vxpdwrulr vh wudqvirupd hq=

� � �[
� � �

�

Eo � _ � ^�-_-
E���

� � �
' E���

� �

Eo � ^�-

� � �[
� � �

Eo � ^�-

_-Eo � ^ � _�-
E���

�
'

' E���
� �

Eo � ^�-

� � �[
� � �

�
o � ^

_

�
E���

�
' f�

Hvwr frqfox|h od ghprvwudflöq1 �

Whruhpd 8155
Vl j hv xq vhplydoru gh frh�flhqwhv R � c � � r � ?/ gh�qlgr vreuh ho hvsdflr gh
mxhjrv C 	 / frq R 
 : f/ hqwrqfhv od idplold gh mxhjrv

� � ' iS � � 
 5 C 	 * 7 � �c 7 9' >j

irupd xqd edvh srwhqfldo gho hvsdflr C 	 uhvshfwr do vhplydoru j1

Ghprvwudflöq
Hq sulphu oxjdu m� � m ' 2


 � � ' _�4C 	 1 Edvwd ghprvwudu txh orv mxhjrv gh
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� � vrq olqhdophqwh lqghshqglhqwhv1 Sdud hoor rughqdprv orv mxhjrv S � � � vhjýq ho
fduglqdo gh 7 |/ ghqwur gho plvpr fduglqdo/ oh{lfrjuä�fdphqwh1

Vl irupdprv od pdwul} frq odv frpsrqhqwhv gh fdgd S � � � / grqgh fdgd frpsrqhqwh
uhsuhvhqwd od dfwxdflöq gh S � � � vreuh odv glihuhqwhv frdolflrqhv A � �c A 9' >/
rughqdgdv gho plvpr prgr txh odv 7 gh S � � � / rewhqhprv xqd pdwul} wuldqjxodu
lqihulru |d txh S � � � EA � ' f vl mA m 	 m7m r vl mA m ' m7m frq A 9' 71 Orv hohphqwrv
txh dsduhfhq hq od gldjrqdo gh hvwd pdwul} vrq=

S � � � E7� '
�

R ��
c � � r � ?�

Frpr |d kdeðdprv ylvwr hq od iöupxod txh shuplwh uhfrqvwuxlu ho mxhjr d sduwlu gho
srwhqfldo/ R � : f kdfh txh R �

� : fc � � r � ?1 Dvð/ ho ghwhuplqdqwh gh od pdwul}
gh orv mxhjrv gh � � uhvxowd vhu=

\

� � �

�

R ��
: fc

| orv yhfwruhv gh � � vrq olqhdophqwh lqghshqglhqwhv1

Ho khfkr gh txh hvwd edvh vhd srwhqfldo hv ghelgr d odv frqglflrqhv txh vh h{ljhq
hq od sursld gh�qlflöq gh fdgd S � � � 1 �

Fdvr sduwlfxodu 8156
Frqvlghudprv xq vhplydoru elqrpldo j � c f 	 k 	 �/ gh�qlgr vreuh ho hvsdflr gh
mxhjrv C � 1 Hq hvwh fdvr vh fxpsoh=

� 	
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E� � k�
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� �

Gh dtxð=

S � � � EA � '

;
A?
A=

E���
� 	

� k

 	 �

E� � k�
� 	

� vl A � 7c

f hq fdvr frqwudulr1



8161 EDVH SRWHQFLDO SDUD VHPLYDORUHV 55:

Gh hvwd pdqhud/ od idplold � � ' iS � � � 5 C � * 7 � �c 7 9' >j irupd xqd edvh
srwhqfldo sdud ho vhplydoru elqrpldo j � c f 	 k 	 �/ gh�qlgr vreuh mxhjrv gh C � 1

Fdvr sduwlfxodu 8157
Frqvlghudprv ho ydoru gh Vkdsoh| frpr vhplydoru vreuh mxhjrv gh C � | or ghqr0
wdprv sru �1 Vxv frh�flhqwhv vrq=

R
�

� ' �E?c r� '
Er � ��-E? � r�-

?-
c � � r � ?�

Od h{suhvlöq gh R
� � �
� � � hv/ hq hvwh fdvr/

R
� � �
� � � ' �E | � �c | � � � '

�

| � �
c

| od iöupxod gh S 	 � � EA � sdud j ' � | A � 7 gd oxjdu d=

S 
 � � EA � ' E���
� � �

� � �[
� � �

�
| � r

�

�
E���

�

R
� � �
� � �

' E���
� � �

� � �[
� � �

�
| � r

�

�
E���

�
E| � ���

Glvwlqjxlprv glihuhqwhv frdolflrqhv A � 7 sdud hydoxdu orv ydoruhv txh wrpd
S 	 � � EA �1 Sdud A ' 7=

S 
 � � E7� ' E���
�
r ' r�

Sdud A ' 7 ^ i�jc � *5 7=

S 
 � � E7 ^ i�j� ' E���

 �� 


�
�
E���

�
Er n �� n

� 



�
E���



r
�
' ���

Sdud A ' 7 ^ i�c �jc �c � *5 7=

S 
 � � E7 ^ i�c �j� ' E���
� �� �

�
�
Er n 2� n
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�
E���Er n �� n

� �
�
�
r
�
' f�

Hq jhqhudo/ sdud A ' 7 ^ i� 
 c ���c � � jc � 
 c ���c � � *5 7/ 2 	 ^ � ? � r=

S 
 � � E7 ^ i� 
 c ���c � � j� ' E���
�
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Sdud odv ghpäv frdolflrqhv A . 7c S � � � EA � ' f1

Vhjýq khprv ylvwr/ od idplold � � ' iS � � � 5 C � * 7 � �c 7 9' >j irupd xqd edvh
srwhqfldo sdud ho ydoru gh Vkdsoh| gh�qlgr vreuh mxhjrv gh C � 1 Sxhgh frpsduduvh
hvwh uhvxowdgr frq ho dqäorjr hq Gudjdq +4<<4,1

Hmhpsor 8158
+d, Frqvlghudprv ho hvsdflr gh mxhjrv gh wuhv mxjdgruhv C � / m� m ' �/ | vreuh
hvwh hvsdflr xq vhplydoru j gh frh�flhqwhv ER � c R � c R � � ' E�*2c �*Dc �*�f�1 Ydprv d
ghwhuplqdu od edvh srwhqfldo hq C � / m� m ' �/ uhvshfwr do vhplydoru j1

Hvwh vhplydoru ylhqh d lqglfdu txh vh dwulex|h xq DfI gh suredelolgdg d txh xq
mxjdgru fxdotxlhud gh orv wuhv dfwýh hq vrolwdulr/ xq 2fI d txh or kdjd irupdqgr
fdgd xqd gh odv grv srvleohv frdolflrqhv elshuvrqdohv gh odv txh sxhgh irupdu sduwh
| xq �fI d txh iruph sduwh gh od frdolflöq wrwdo1

Vhjýq od iöupxod rewhqlgd sdud ghwhuplqdu orv mxhjrv gh od edvh srwhqfldo S � � � /
grqgh orv vxefrqmxqwrv 7 wlhqhq fduglqdohv r ' �c 2c �/ qhfhvlwdprv fdofxodu=

R
�� ' R � ' �

�f
c R

�� ' R � n R � ' �

�f
c R

�� ' ��

Ho sulphu mxhjr gh od edvh srwhqfldo sru ho vhplydoru j hv S � � � � 	 / ho fxdo dfwýd vreuh
odv frdolflrqhv txh frqwhqjdq do mxjdgru � hq od irupd=

S � � � � 	 Ei�j� ' E��� 
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f

f

�
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' �c

S � � � � 	 Ei�c 2j� ' E���
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S � � � � 	 Ei�c 2c �j� ' E���
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R ��
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R ��
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�

R ��
'
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�
�

Od dfwxdflöq vreuh od frdolflöq i�c �j hv od plvpd txh vreuh i�c 2j/ |d txh vöor
ghshqgh gho khfkr gh frqwhqhu do mxjdgru � | gho fduglqdo gh od sursld frdolflöq1
Orv plvprv ydoruhv kdoodgrv vluyhq sdud orv mxhjrv S � � � � 	 c S � � � � 	 / ghshqglhqgr dkrud
gho fduglqdo gh od frdolflöq txh frqwhqjd/ uhvshfwlydphqwh/ d orv mxjdgruhv 2 ö �1
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Vl uhihulprv hvwrv mxhjrv hq frpsrqhqwhv vhjýq vx dfwxdflöq vreuh odv glihuhqwhv
frdolflrqhv/ rughqdgdv sulphur sru fduglqdo | ghqwur gh xq plvpr fduglqdo oh{l0
frjuä�fdphqwh/ vh wlhqh=

S � � � � � ' E�c fc fc �.*�c �.*�c fc ��*��c

S � � � � � ' Efc �c fc �.*�c fc �.*�c ��*��c

S � � � � � ' Efc fc �c fc �.*�c �.*�c ��*���

Ydprv d fdofxodu dkrud ho frpsruwdplhqwr gh xq mxhjr S � � � c m7m ' 2/ vreuh frdol0
flrqhv txh frqwhqjdq d 7 | txh sxhghq vhu gh fduglqdo 2 ö �1 Sru hmhpsor=

S � � � � � � � Ei�c 2j� ' E��� �
�
f

f

�
E��� �

R ��
'

�f

�
c

S � � � � � � � Ei�c 2c �j� ' E���
�

�[
	 


�

�
�

�

�
E���

	

R
� � 	
� � 	 ' �

�
�

R ��
�

�

R ��

�
' �

2f

�
�

Gh dtxð=
S � � � � � � � ' Efc fc fc �f*�c fc fc �2f*��c

S � � � � � � � ' Efc fc fc fc �f*�c fc �2f*��c

S � � � � � � � ' Efc fc fc fc fc �f*�c �2f*���

Sru ýowlpr=

S � � � � � � � � � Ei�c 2c �j� ' E��� �
�
f

f

�
E��� �

R ��
' �fc

gh grqgh/

S � � � � � � � � � ' Efc fc fc fc fc fc �f��

Vh sxhgh frpsuredu txh hvwrv . yhfwruhv irupdq edvh gh C � / m� m ' �1 Ho gh0
whuplqdqwh gh od pdwul} irupdgd sru vxv frpsrqhqwhv wrpd ho ydoru txh vh kd
suredgr=

{ '
\

� 
 �
�

R ��
' �

�
�
�f

�

� �
�f : f�
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+e, Frqvlghudprv xq mxhjr frqfuhwr shuwhqhflhqwh d C � / m� m ' �/ gh�qlgr frpr
vljxh=

� ' E2c �c �c �c ec Dc .�c

grqgh fdgd frpsrqhqwh uhsuhvhqwd od dfwxdflöq gh � vreuh odv glihuhqwhv frdolflrqhv
rughqdgdv frpr gh frvwxpeuh1

Wudwdprv gh h{suhvdu hvwh mxhjr � 5 C � frpr frpelqdflöq olqhdo gh od edvh
rewhqlgd hq ho dsduwdgr +d,/ iS � � � 5 C � * 7 � �c m� m ' �c 7 9' >j/ | oxhjr
frpsuredu txh hvrv frh�flhqwhv vrq suhflvdphqwh orv srwhqfldohv sru ho vhplydoru
j gho mxhjr � uhvwulqjlgr d fdgd vxefrqmxqwr 71

Sdud h{suhvdu ho mxhjr � frpr frpelqdflöq olqhdo gh od irupd

� '
[

� � � � � �� �
k � S � � � c

sodqwhdprv xq vlvwhpd olqhdo frq lqföjqlwdv k � fx|d vroxflöq hv=

Ek � c k 	 c k 
 c k � 	 c k � 
 c k 	 
 c k � 	 
 � ' E2c �c �c �c ���c 2�bc D���c

grqgh khprv lghqwl�fdgr fdgd frh�flhqwh frq xqrv vxeðqglfhv txh vh fruuhvsrqghq
d orv hohphqwrv txh shuwhqhfhq d fdgd vxefrqmxqwr 71

Frpsuredprv dkrud ho srwhqfldo sru ho vhplydoru j sdud fdgd mxhjr uhvwulqjlgr
hpsohdqgr od iöupxod gho dsduwdgr +d, gho whruhpd 8143=

� � EAc �� '
[

� � �
R

�

 �E7�c A � �c A 9' >�

Sdud vxefrqmxqwrv gh fduglqdo �=

� � Ei�jc �� ' R
�
� �Ei�j� ' �Ei�j�c

gh grqgh/
� � Ei�jc �� ' 2c � � Ei2jc �� ' �c � � Ei�jc �� ' ��

Sdud vxefrqmxqwrv gh fduglqdo 2=

� � Ei�c �jc �� ' R
	

� d�Ei�j� n �Ei�j�o n R
	
	 �Ei�c �j�

' ER � n R 	 � d�Ei�j� n �Ei�j�o n ER 	 n R 
 ��Ei�c �j�c
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gh grqgh/

� � Ei�c 2jc �� ' �c � � Ei�c �jc �� ' ���c � � Ei2c �jc �� ' 2�b�

Hq ýowlpr oxjdu/ sdud � ' i�c 2c �j=

� � E�c �� ' R � d�Ei�j� n �Ei2j� n �Ei�j�o n R � d�Ei�c 2j� n

n �Ei�c �j� n �Ei2c �j�o n R � �Ei�c 2c �j�c

gh grqgh/
� � Ei�c 2c �jc �� ' D���

Wdpelìq srghprv fdofxodu orv srwhqfldohv uhvshfwr do vhplydoru j hpsohdqgr od
HPO1 Hq sulphu oxjdu h{suhvdprv j frpr frpelqdflöq olqhdo gh vhplydoruhv el0
qrpldohv sdud k ' �*Sc �*2c D*S=

j '
2�

ef
j � � � n 22

ef
j � � � n ��

ef
j � � � �

Od HPO gho mxhjr � txh wudwdprv hv

sE% � c % � c % � � ' 2% � n % � n % � n % � % � n �% � % � � % � % � % � �

Sdud fdofxodu ho srwhqfldo d wudyìv gh od HPO hpsohdprv od h{suhvlöq=

� � EAc �� '

�[
� � �

b� � 	 
 EAc �� ' ' � \c A � �c

grqgh ' � ' E^ � � �c ^ � � ' s � Ek � �*k � c � � � � �/ frq \ � ' E2�*ef 22*ef � �*ef�1

Frpsuredprv/ sru hmhpsor/ ho fäofxor sdud od frdolflöq i2c �j=

s 
 � � � � ' % � n % � n �% � % � c

s 
 � � � � Ek� ' 2k n �k
� , � 	 Ei2c �jc �� ' 2 n �kc

� � EAc �� '

�
D

2

.

2

b

2

�
3
EC

2�*ef

22*ef

��*ef

4
FD ' 2�b�

Ho uhvwr gh srwhqfldohv uhvshfwr d j sxhgh fdofxoduvh gh pdqhud dqäorjd1
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817 Orv hvsdflrv qxorv

Sursrvlflöq 8159
Hq ho hvsdflr gh mxhjrv C � / �mdgr xq vhplydoru j gh frh�flhqwhv R � c � � r � ?/
frq R � : f/ sdud orv mxhjrv gh od edvh srwhqfldo S � � � c 7 � �c 7 9' >/ vh yhul�fd=

+d, jd�c S � � � o ' �c

+e, jd�c S � � � � � � 	 o ' �e� c ;� 5 �

+f, jd�c S � � � o ' fc ;7 � �c � � m7m � ? � 2c

grqgh e� hv ho m0ìvlpr yhfwru gh od edvh fdqöqlfd gh U � | � ' E�c �c ���c ��1

Ghprvwudflöq
D sduwlu gho srwhqfldo/ ho sdjr d xq mxjdgru � 5 � sru ho vhplydoru j sxhgh
fdofxoduvh sru phglr gh od h{suhvlöq=

j 
 d�c �o ' � � E�c �� � � � E� pi�jc ���

+d, Dsolfdqgr od h{suhvlöq dqwhulru sdud � ' S � � � =

j 
 d�c S � � � o ' � � E�c S � � � � � � � E� pi�jc S � � � � ' � � f ' �c

gh grqgh vh vljxh txh jd�c S � � � o ' �1

+e, Dsolfdqgr od plvpd h{suhvlöq sdud ho mxhjr S � � � � � � 	 =

j 
 d�c S � � � � � � 	 o ' � � E�c S � � � � � � 	 � � � � E� pi�jc S � � � � � � 	 � ' f � B � � ' �B � � c

gh grqgh vh frqfox|h txh jd�c S 
 � � � � � � o ' �e� / sdud � 5 � 1

+f, Sru ýowlpr/ dsolfdqgr od h{suhvlöq sdud 7 � �c m7m � ? � 2=

j � d�c S 
 � � o ' � 
 E�c S 
 � � � � � 
 E� pi�jc S 
 � � � ' fc

gh grqgh vh rewlhqh jd�c S 
 � � o ' f sdud 7 � �c � � m7m � ? � 21 �
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Gh�qlflöq 815:
Sdud xq vhplydoru j vreuh ho hvsdflr gh mxhjrv frrshudwlyrv C � oodpdprv hvsdflr
qxor sru hvwh vhplydoru do frqmxqwr gh mxhjrv � wdohv txh jd�o ' f1 Or ghvljqdprv
sru .�Ej�1

.�Ej� ' i� 5 C � * jd�o ' fj�

Hvwh frqmxqwr hv xq vxehvsdflr yhfwruldo gho hvsdflr gh mxhjrv C � 1

Sursrvlflöq 815;
Hq ho hvsdflr gh mxhjrv C � / �mdgr xq vhplydoru j gh frh�flhqwhv R � c � � r � ?/
frq R � : f/ ho hvsdflr qxor sru ho vhplydoru j wlhqh glphqvlöq 2

� � ? � � | hvwä
jhqhudgr sru od idplold gh mxhjrv

q
S � � � n

�[
� � �

S � � � � 	 � 
 c S � � � * � � m7m � ? � 2

�
�

Ghprvwudflöq
Hq sulphu oxjdu yhprv txh wrgrv orv mxhjrv gh hvwd idplold shuwhqhfhq d .�Ej�/
|d txh sru od sursrvlflöq dqwhulru=

jd�c S � � � n

�[
� � �

S � � � � 	 � 
 o ' � n

�[
� � �

E�e� � ' fc

jd�c S � � � o ' fc ;7 � �c � � m7m � ? � 2�

Dghpäv/ irupdq xqd idplold olqhdophqwh lqghshqglhqwh1

Dkrud ydprv d suredu txh fxdotxlhu mxhjr � 5 .�Ej� hv frpelqdflöq olqhdo gh
orv mxhjrv gh hvwd idplold1

Sdud xq mxhjr fxdotxlhud � 5 C � hvfulelprv vx h{suhvlöq frpr frpelqdflöq olqhdo
gh orv yhfwruhv gh od edvh srwhqfldo1 Hq hvwd edvh orv frh�flhqwhv uhvxowdq vhu orv
srwhqfldohv gh � | gh wrgdv odv uhvwulfflrqhv gh � d fdgd frdolflöq=

� '
[

� � �
� � E7c ��S � � � �
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Frpr txh ho mxhjr � hv xq mxhjr frqfuhwr | ho vhplydoru j hvwä �mdgr/ orv srwhqfldohv
txh dsduhfhq hq od h{suhvlöq gh � vrq xqrv qýphurv ghwhuplqdgrv txh srghprv
ghvljqdu sru ^ � ' � � E7c ��1 Gh hvwd irupd=

� '
[

� � �� � � � � � � � 	
^ � S � 
 � n

[
� � �

^ � 
 � � � S � 
 � 
 � � � n ^ � S � 
 � c

� '
[

� � �� � � � � � � � 	
^ � S � 
 � n ^ �

k
S � 
 � n

[
� � �

S � 
 � 
 � � �
l

�
[
� � �

�
^ � � ^ � 
 � � � �

S � 
 � 
 � � � �

Hq hvwd h{suhvlöq/ orv frh�flhqwhv hq ho ýowlpr vxpdwrulr vrq

^ � � ^ � 
 � � � ' � � E�c �� � � � E� pi�jc �� ' j � d�c �oc

gh pdqhud txh sdud xq mxhjr � 5 C � srghprv hvfulelu=

� '
[

� � �� � � � � � � � 	
^ � S � 
 � n ^ �

k
S � 
 � n

[
� � �

S � 
 � 
 � � �
l

�
[
� � �

j � d�c �oS � 
 � 
 � � � � +814,

Vl � 5 .�Ej�c j � d�c �o ' fc ;� 5 �c gh wdo pdqhud txh wrgr mxhjr gh .�Ej�

vh h{suhvd frpr frpelqdflöq olqhdo gh orv mxhjrv gho hqxqfldgr |/ dghpäv/ orv
frh�flhqwhv gh od frpelqdflöq vrq h{dfwdphqwh orv srwhqfldohv � � E7c �� sdud orv
mxhjrv S � 
 � c � � m7m � ? � 2/ | � � E�c �� sdud ho mxhjr S � 
 � n

S
� � �

S � 
 � 
 � � � 1 �

Frqvhfxhqfld 815<
Hq ho hvsdflr gh mxhjrv C � / �mdgr xq vhplydoru j gh frh�flhqwhv R � c � � r � ?/
frq R � : f/ od vroxflöq gh od hfxdflöq

jd�c �o ' #c

grqgh # ' E# � c ���c # � � hv xq yhfwru gdgr gh U
�
/ ylhqh gdgd sru od h{suhvlöq=

� '
[

� � �� � � � � � � � 	
^ � S � 
 � n ^ �

k
S � 
 � n

[
� � �

S � 
 � 
 � � �
l

�
[
� � �

# � S � 
 � 
 � � � c +815,
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vlhqgr orv frh�flhqwhv ^ � c ^ � c � � m7m � ? � 2/ judgrv gh olehuwdg gho frqmxqwr
gh vroxflrqhv/ uhvxowdqgr vhu oxhjr/ sdud fdgd hohfflöq/ orv srwhqfldohv gho mxhjr �

sdud � | sdud � uhvwulqjlgr d 7c � � m7m � ? � 2/ uhvshfwlydphqwh1

Ghprvwudflöq
Edvwd uhhvfulelu od h{suhvlöq +814, lpsrqlhqgr j � d�c �o ' # � c � 5 � / sdud rewhqhu
wrgrv orv mxhjrv txh wlhqhq frpr vhplydoru ho yhfwru # gdgr1 �

Frqvhfxhqfld 8163
Hq odv plvpdv frqglflrqhv txh od frqvhfxhqfld 815</ ydprv d hvfrjhu xqd vroxflöq
sduwlfxodu gh od hfxdflöq jd�c �o ' # lpsrqlhqgr orv vljxlhqwhv srwhqfldohv=

^ � ' � � E�c �� ' f( ^ � ' � � E7c �� ' fc � � m7m � ? � 2�

Hvwd vroxflöq sduwlfxodu dgrswd od irupd=

� � '�
[

� � �
# � S � � � � � � � �

Ho mxhjr � � hv frpelqdflöq olqhdo gh orv mxhjrv S � � � � � � � c � 5 � / txh wrpdq orv
ydoruhv vljxlhqwhv=

S � � � � � � � E� pi�j� '
�

R 	 

�

	 

� '

�

R
	
n R

	 

� c

S � � � � � � � E�� ' E���

�
�

R 		
n

��

R 	 

�

	 

�

�
'

�

R
	
n R

	 

� �

�

R
	
'

�R
	 


�

R
	

�

R
	
n R

	 

� c

S � � � � � � � E7� ' fc vl 7 9' �c � pi�j�

Dvð/ od vroxflöq sduwlfxodu gh jd�c �o ' # txh khprv hvfrjlgr hv=

� � E7� '

;
AAAAAAAAA?
AAAAAAAAA=

R
	 


�

R
	

�

R
	
n R

	 

�

[

� � �
# � vl 7 ' �c

��

R
	
n R

	 

� # � vl 7 ' � pi�jc � � � � ?c

f hq rwur fdvr1
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D hvwh mxhjr � � txh yhul�fd jd�c �o ' # oh oodpduhprv mxhjr �vhqfloor� txh vd0
wlvidfh hvwd hfxdflöq1 Vh sxhgh frpsuredu txh/ hihfwlydphqwh/ fxpsoh j � d�c �o '

# � c ;� 5 � =

j � d�c �o ' R �
k R � � �

R �

�

R � n R � � �

[

� � �
# � �

�# �

R � n R � � �

l
n R � � �

k [
� �	 �

�# �

R � n R � � �

l

'
R � � �

R � n R � � �

[

� � �
# � n

R �

R � n R � � �
# � �

R � � �

R � n R � � �

[
� �	 �

# �

'
R � � �

R � n R � � �
# � n

R �

R � n R � � �
# � ' # � �

Fdvrv sduwlfxoduhv 8164
Sdud ho ydoru gh Edq}kdi=

R � ' R � � � '
�

2 � � � ,
�

R � n R � � �
'

R � � �

R �

�

R � n R � � �
' 2

� � 

�

� � E7� '

;
AAAAAAA?
AAAAAAA=

2
� � 
 [

� � �
# � vl 7 ' �c

�2
� � 


# � vl 7 ' � pi�jc � � � � ?c

f hq rwur fdvr1

Sdud ho ydoru gh Vkdsoh|=

R � ' �E?c ?� '
�

?
c R � � � ' �E?c ? � �� '

�

?E? � ��

,
�

R � n R � � �
' ? � �c

R � � �

R �

�

R � n R � � �
' ��

� � E7� '

;
AAAAAAA?
AAAAAAA=

[

� � �
# � vl 7 ' �c

E� � ?� # � vl 7 ' � pi�jc � � � � ?c

f hq rwur fdvr1
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Hmhpsor 8165
+d, Ho mxhjr �vhqfloor� gh fxdwur mxjdgruhv txh sru ho ydoru gh Edq}kdi rewlhqh
frpr yhfwru gh sdjrv # ' E�c ec Dc .� uhvxowd vhu=

� � E7� '

;
AAAAAAAA?
AAAAAAAA=

.S

��2

��S

�2f

�2H

f

7 ' �c

7 ' i2c �c ejc

7 ' i�c �c ejc

7 ' i�c 2c ejc

7 ' i�c 2c �jc

hq rwur fdvr1

+e, Ho mxhjr �vhqfloor� gh fxdwur mxjdgruhv txh sru ho ydoru gh Vkdsoh| rewlhqh
frpr yhfwru gh sdjrv # ' E�c ec Dc .� uhvxowd vhu=

� � E7� '

;
AAAAAAAA?
AAAAAAAA=

�b

�b

��2

��D

�2�

f

7 ' �c

7 ' i2c �c ejc

7 ' i�c �c ejc

7 ' i�c 2c ejc

7 ' i�c 2c �jc

hq rwur fdvr1

Frqvhfxhqfld 8166
Hq ho hvsdflr gh mxhjrv C � / �mdgr xq vhplydoru j gh frh�flhqwhv R � c � � r � ?/
frq R � : f/ od vroxflöq gh od hfxdflöq qr krprjìqhd

jd�c �o ' #c

grqgh # ' E# � c ���c # � � hv xq yhfwru gdgr gh U � / vh rewlhqh frpr od vxpd gh od
vroxflöq jhqhudo gh od hfxdflöq krprjìqhd/ jd�c �o ' f/ päv xqd vroxflöq sduwl0
fxodu gh od qr krprjìqhd1

Ghprvwudflöq
Od h{suhvlöq +815, hv od vroxflöq jhqhudo gh od hfxdflöq jd�c �o ' #1 Hvwd h{suhvlöq
hv h{dfwdphqwh=

� ' .�Ej� n � � �

Gh hvwd pdqhud/ od vroxflöq gh fxdotxlhu hfxdflöq jd�c �o ' #c # 5 U � / wlhqh
xqd sduwh frpýq txh hv ho hvsdflr qxor sru ho vhplydoru j | xqd sduwh hvshfð�fd
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fx|d vroxflöq hv ho mxhjr �vhqfloor� txh vh kd ghwhuplqdgr h{soðflwdphqwh hq od
frqvhfxhqfld 81631 �

818 Ho mxhjr gh srghu

Hq ho ohpd 816 gh od vhfflöq ghglfdgd do srwhqfldo sdud vhplydoruhv elqrpldohv j �

vh kd suredgr txh ho srghu sru xqr gh wdohv vhplydoruhv wlhqh sru h{suhvlöq=

� � E7c �� '
[

� � �
k

� � �
E� � k�

� � �
�

�

� � k
� �

k

� � k
r

�
�EL�c

sdud wrgr vxefrqmxqwr 7 � �c 7 9' >/ | f 	 k 	 �1

Vl hq ho vxpdwrulr vhsdudprv ho surslr vxefrqmxqwr 7 rewhqhprv=

� � E7c �� ' rk
� � �

�E7� n
[

� � �
k

� � �
E� � k�

� � � � �
d� � rko �EL��

Sdud xq vhplydoru fxdotxlhud j gh�qlgr vreuh ho hvsdflr gh mxhjrv C 	 txh whqjd
sru frh�flhqwhv R � c � � r � ?/ | gdgrv ? qýphurv uhdohv glihuhqwhv k 
 c f 	 k
 	 �/
gh pdqhud txh ho vhplydoru j vh hvfuled frpr j '

S �

 � � b
 j � 
 / ho srghu sru ho

vhplydoru j wlhqh sru h{suhvlöq=

� � E7c �� ' r

�[


 � �
b
 k

� � �

 �E7� n

[
� � �

k �[


 � �
b
 k

� � �

 E� � k 
 �

� � � � �
E� � rk 
 �

l
�EL�c

sdud wrgr vxefrqmxqwr 7 � �c 7 9' >1

Rshudqgr ho frh�flhqwh gho vhjxqgr vxpdwrulr sdud L � 7 srghprv hvfulelu=
�[


 � �
b
 k

� � �

 E�� k
 �

� � � � �
E�� rk 
 �'

�[


 � �
b
 k

� � �

 E��k 
 �

� � � � �
dE��k 
 ��� k
 Er���o'

' �

�[


 � �
b
 k

� � �

 E� � k 
 �

� � �
� Er � ��

�[


 � �
b
 k

�
E� � k 
 �

� � � � �
' � R

�
� � Er � �� R

�
� � � c
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grqgh R �� / R �� � � vrq frh�flhqwhv gho vhplydoru lqgxflgr sru j hq ho hvsdflr gh mxhjrv
frq fduglqdo gho frqmxqwr gh mxjdgruhv r E� � r � ?�1 Gh hvwd irupd od h{suhvlöq
gh � � E7c �� vh wudqvirupd hq=

� � E7c �� ' r R �� �E7� n
[

� � �
k

� R �� � Er � �� R �� � �
l

�EL�c sdud 7 � �c 7 9' >�

D sduwlu gh hvwd ýowlpd h{suhvlöq/ vl orv frh�flhqwhv txh dfrpsdôdq d fdgd �E7�

vrq glvwlqwrv gh fhur vh sxhgh dlvodu fdgd �E7�=

�E7� '
�

r R ��

q
� � E7c �� �

[
� � �

k
� R �� � Er � �� R �� � �

l
�EL�

r
c

sdud fxdotxlhu frdolflöq 7 � �c 7 9' >/ vlhpsuh txh vh fxpsod

R �� 9' fc � � r � ?�

Hq od ghprvwudflöq gh od sursrvlflöq 8153 vh sureö txh hvwdv frqglflrqhv htxlydoðdq
d R � : f1 Frpr frqvhfxhqfld/ srghprv hqxqfldu od vljxlhqwh surslhgdg1

Sursrvlflöq 8167
Ilmdgr xq vhplydoru j gh�qlgr vreuh ho hvsdflr gh mxhjrv frrshudwlyrv C 	 txh
whqjd sru frh�flhqwhv R � c � � r � ?/ h{lvwh xqd fruuhvsrqghqfld el|hfwlyd

C 	 $ C 	
� $ � � E c ��

gh�qlgd d wudyìv gh od uhodflöq= � � E7c �� '
S 
 � � Ej � �



d7c �oc ;7 � �c 7 9' >/ vl |

vöor vl R � : f1

Ghprvwudflöq
Odv iöupxodv txh vh kdq hvfulwr dqwhv shuplwhq rewhqhu ho srghu vl vh frqrfh ho mxhjr
| shuplwhq frqrfhu ho mxhjr vl vh frqrfh ho srghu/ vlhqgr dvð frpr txhgd hvwdeohflgd
od fruuhvsrqghqfld el|hfwlyd1 Ho srghu gh fdgd mxhjr uhvwulqjlgr � � E7c �� hv xq
qýphur uhdo/ gh irupd txh � � E c �� dvljqd d fdgd frdolflöq 7 xq qýphur uhdo1 Vh
wudwd sru or wdqwr gh xq mxhjr gh C 	 / ho mxhjr gh srghu1

Od ýqlfd frqglflöq sdud txh sxhgd uhfxshuduvh uhfxuvlydphqwh ho mxhjr � d sduwlu
gho srghu � � hv txh wrgrv orv frh�flhqwhv gh �E7� vhdq qr qxorv | hvwr htxlydoh d
R � : f/ wdo | frpr vh sureö hq od sursrvlflöq 81531 �
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Frqvhfxhqfld 8168
Gdgrv 2 � � � qýphurv uhdohv duelwudulrv/ h{lvwh xq ýqlfr mxhjr � 5 C � txh wlhqh
sru flhuwr vhplydoru j/ frq R

�
: f/ orv srghuhv sdud E�c �� | wrgrv vxv mxhjrv

uhvwulqjlgrv gdgrv sru hvrv ydoruhv1

Hmhpsor 8169
Txhuhprv frqvwuxlu xq mxhjr gh wuhv mxjdgruhv txh sru ho vhplydoru j gh frh�0
flhqwhv ER � c R � c R � � ' E�*2c �*Dc �*�f� whqjd sdud ho surslr mxhjr | wrgrv vxv mxhjrv
uhvwulqjlgrv orv vljxlhqwhv srghuhv=

� � Ei�jc �� ' �c � � Ei2jc �� ' 2c � � Ei�jc �� ' �c

� � Ei�c 2jc �� ' ec � � Ei�c �jc �� ' ec � � Ei2c �jc �� ' �c

� � Ei�c 2c �jc �� ' .�

Sdud ghwhuplqdu ho mxhjr � or kdfhprv vhjýq ho fduglqdo gh odv frdolflrqhv 7 � � /
hpsh}dqgr sru odv txh vrq gh xq vror mxjdgru/ m7m ' r ' �/

�Ei�j� '
�

� R �
�
d� � Ei�jc �� � fo ' � � Ei�jc ��c � 5 ��

Gh dtxð=

�Ei�j� ' �c �Ei2j� ' 2c �Ei�j� ' ��

Sdud frdolflrqhv 7 frq m7m ' r ' 2=

�Ei�c �j� '
�

2 R �
�

q
� � Ei�c �jc �� � d� R

�
� � E2 � �� R

�
� o d�Ei�j� n �Ei�j�o

r
�

Orv frh�flhqwhv txh dsduhfhq hq od h{suhvlöq qr ghshqghq gh odv frdolflrqhv 7

frqfuhwdv/ vöor ghshqghq gho fduglqdo gh 7 | gh odv frdolflrqhv frqwhqlgdv hq 71
Hq hvwh fdvr=

R
�
� ' R � n R � '

�

�f
c R

�
� � R

�
� '

.

�f
�

�

�f
'

2

D
c

�Ei�c �j� '
D

�

�
� � Ei�c �jc �� �

2

D
d�Ei�j� n �Ei�j�o

�
�
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Hq frqvhfxhqfld=

�Ei�c 2j� '
�e

�
c �Ei�c �j� '

�S

�
c �Ei2c �j� ' ��

Dfdedprv frq odv frdolflrqhv frq m7m ' r ' �/ txh hv ho surslr � =

�E�� '
�

� R
�
�

q
� � E�c �� � d2 R

�
� � E� � 2� R

�
� o d�Ei�c 2j� n �Ei�c �j�n

n�Ei2c �j�o � d� R
�

� � E� � �� R
�
� o d�Ei�j� n �Ei2j� n �Ei�j�o

r
�

Dkrud orv frh�flhqwhv vrq=

R
�
� ' R � '

�

�f
c 2 R

�
� � R

�
� '

2

D
�

�

�f
'

�

�f
c R

�
� � 2 R

�
� '

�

2
�

2

D
'

�

�f
�

Ilqdophqwh=

�Ei�c 2c �j� '
�f

�

�
. �

�

�f
�� �

�

�f
e

�
' b�

Dvð/ ho mxhjr txh fxpsoh odv frqglflrqhv gh srghu sru ho vhplydoru j txh vh kdq
hqxqfldgr hv=

�Ei�j�' �c �Ei2j� ' 2c �Ei�j� ' �c

�Ei�c 2j� ' �e*�c �Ei�c �j� ' �S*�c �Ei2c �j� ' �c �Ei�c 2c �j� ' b�

Srghprv frpsuredu txh ho mxhjr � fxpsoh hvd glvwulexflöq gh srghu1 Vx HPO hv

sE% � c % � c % � � ' % � n 2% � n % � n
D

�
% � % � n

�f

�
% � % � �

Hq wdo fdvr=

Ys

Y% �
Ek� ' � n Dkc

Ys

Y% �
Ek� ' 2 n

D

�
kc

Ys

Y% �
Ek� ' � n

�f

�
k�

D vx yh}/ ho vhplydoru j frpr frpelqdflöq olqhdo gh vhplydoruhv elqrpldohv sdud
k ' �*Sc �*2c D*S hv=

j '
2�

ef
j � � � n

22

ef
j � � � n

��

ef
j � � � �
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Hqwrqfhv=

jd�o '

3
EC

��*S .*2 ��*S

e�*�H �.*S S�*�H

�e*b H*� �e*b

4
FD

3
EC

2�*ef

22*ef

��*ef

4
FD '

3
EC

D*2

D*2

2

4
FD c

| ho srghu gho mxhjr � hv
T �

E�c �� ' .1 Gh pdqhud dqäorjd srguðd hqfrqwuduvh
ho srghu sdud fxdotxlhu mxhjr uhvwulqjlgr E7c ��c 7 � �c 7 9' >/ frqvlghudqgr od
HPO s � fruuhvsrqglhqwh1

Frqvhfxhqfld 816:
Od fruuhvsrqghqfld C � $ C � / gh�qlgd sru � $

T �
E c ��/ hv od lghqwlgdg vl |

vöor vl ho vhplydoru j hv ho ydoru gh Vkdsoh|1

Ghprvwudflöq
Vl ho vhplydoru j hv ho ydoru gh Vkdsoh|/ do vhu h�flhqwh/

T �
E7c �� ' �E7�c ;7 �

�c 7 9' >1 Sru frqvljxlhqwh/ od fruuhvsrqghqfld hv od lghqwlgdg1

Sdud yhu ho uhfðsurfr/ vxsrqjdprv txh j hv xq vhplydoru vreuh C � txh fxpsoh=

T �
E7c �� ' �E7�c ;� 5 C � c ;7 � �c 7 9' >�

Hqwrqfhv/ sru od iöupxod txh shuplwh rewhqhu ho srghu d sduwlu gho mxhjr/ vxvwl0
wx|hqgr

T �
E7c �� sru �E7�/ vh wlhqh=

�E7� ' r R
�� �E7� n

[
� � �

k
� R

�� � Er � �� R
�� � �

l
�EL��

Frpr hvwd h{suhvlöq hv yäolgd ;� 5 C � c ;7 � �c 7 9' >/ ljxdodqgr frh�flhqwhv=

� ' r R
�� c � � r � ?c

f ' � R
�� � Er � �� R

�� � � c � � � 	 r�

Ghvshmdqgr hq od sulphud idplold gh ljxdogdghv=

R
�� ' �

r
' �Erc r�c � � r � ?�
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Vl kdfhprv � ' r � � E� 	 r � ?� hq od vhjxqgd idplold gh ljxdogdghv=

Er � ��R
�
� � � � R

�
� ' f , R

�
� � � '

�

r � �
R

�
� '

�

r � �

�

r
' �Erc r � ���

Vxsrqjdprv dkrud txh R
��
' �Erc &� sdud � 	 & � ? | yhdprv fýdo hv hqwrqfhv ho

ydoru gh R
��

� � 1 Hpsohdqgr od plvpd h{suhvlöq dkrud sdud � ' & � �=

E& � ��R
��

� � � Er � & n �� R
��
' fc � � & � � 	 rc

R
��

� � '
r � & n �

& � �
R

��
'

r � & n �

& � �
�Erc &� '

r � & n �

& � �

E& � ��-Er � &�-

r-
c

R
��

� � '
E& � 2�-Er � & n ��-

r-
' �Erc & � ��c � � & � � 	 r � ?�

Gh grqgh/ qhfhvduldphqwh/ ho vhplydoru j hv ho ydoru gh Vkdsoh|1 �

Gh�qlflöq 816;
Gdgr xq vhplydoru j vreuh ho hvsdflr gh mxhjrv C � frq R � 9' f/ sdud fdgd vhplydoru
j

�
vreuh C � | sdud fdgd A � �c A 9' >/ gh�qlprv xq mxhjr uhgxflgr �

� �	 sru phglr
gho mxhjr gh srghu hq od irupd vljxlhqwh=

T
� E7c �

� �	 � '
T

� E7 ^ A


c �� �

[
� � 	 


j
�� d7 ^ A



c �oc ;7 � Ac 7 9' >c

grqgh A


ghqrwd ho vxefrqmxqwr � p A | j

�� d7 ^ A


c �o hv ho sdjr txh ho vhplydoru

lqgxflgr sru j
�
dvljqd do mxjdgru � 5 A



hq ho mxhjr � uhvwulqjlgr d 7 ^ A



1

Ho srghu gho mxhjr uhvwulqjlgr E7c �
� �	 � hv ljxdo do srghu txh hq ho mxhjr � whqguðdq

orv mxjdgruhv gh 7 xqlgr do frpsohphqwdulr gh A / ghvfrqwdqgr ho sdjr d hvrv
mxjdgruhv sru ho vhplydoru j

�
1

Frpr hv T
� E7 ^ A



c �� '

[
� � � � 	 


j � d7 ^ A


c �oc ;7 � Ac 7 9' >c

srghprv gdu od vljxlhqwh gh�qlflöq sdud ho srghu gho mxhjr �
�	 1

Gh�qlflöq 816<
Sdud ho vhplydoru j vreuh ho hvsdflr gh mxhjrv C � / frq R � 9' f/ | sdud fdgd



577 81 SRWHQFLDO

A � �c A 9' >/ gh�qlprv ho mxhjr uhgxflgr � �� sru phglr gho mxhjr gh srghu hq od
irupd= T

�
E7c � �� � '

[
� � �

j � d7 ^ A
�
c �oc ;7 � Ac 7 9' >�

Ho srghu gh od frdolflöq 7 sru ho vhplydoru j hq ho mxhjr uhgxflgr � �� hv od vxpd
gh orv sdjrv txh vh dvljqdq d orv mxjdgruhv gh 7 hq ho mxhjr � uhvwulqjlgr d 7 ^ A

�

sru ho vhplydoru txh vh frqvlghud1

Gh�qlgr gh hvwd pdqhud/ ho mxhjr uhgxflgr � �� hv ho fruuhvsrqglhqwh sru od el|hfflöq
gh od sursrvlflöq 8167 do mxhjr gh srghu txh vh kd frqvwuxlgr1

Sursrvlflöq 8173
Ho vhplydoru j hv frqvlvwhqwh uhvshfwr d orv mxhjrv uhgxflgrv � �� / hv ghflu=

j � dAc � �� o ' j � d�c �oc ;� 5 Ac ;A � �c A 9' >�

Ghprvwudflöq
Hq sulphu oxjdu/ hvfulelprv=

T
�
E7c � �� � '

[
� � �

j � d7c � �� o '
[

� � �
d�

�
E7c � �� � � �

�
E7pi�jc � �� �o c 7 � A�

Sru rwur odgr/ wdpelìq sdud 7 � A =

T
�
E7c � �� � '

[
� � �

j � d7 ^ A
�
c �o '

[
� � �

d�
�
E7 ^ A

�
c �� � �

�
E7 ^ A

�
pi�jc ��o �

Ljxdodqgr dpedv h{suhvlrqhv=
[

� � �
d�

�
E7c � �� � � �

�
E7pi�jc � �� �o '

'
[

� � �
d�

�
E7 ^ A

�
c �� � �

�
E7 ^ A

�
pi�jc ��o c 7 � A�

+816,

D sduwlu gh od iöupxod dqwhulru lqwhqwdprv suredu=

�
�
E7c � �� � ' �

�
E7 ^ A

�
c �� � �

�
EA

�
c ��c 7 � A� +817,
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Sdud m7m ' �c 7 ' i�j | od iöupxod +816, vh wudqvirupd hq od +817,1 Vxsrqjdprv
dkrud txh od iöpxod +817, hv flhuwd sdud wrgd frdolflöq u frq mum 	 r | yhdprv txh
hv flhuwd sdud 7 frq m7m ' r1 Hq hvwh fdvr +816, dgrswd od irupd=

r� � E7c �
�� ��

[
� � �

� � E7pi�jc �
�� � ' r� � E7 ^ A � c �� �

[
� � �

� � E7 ^ A � pi�jc ��c

r� � E7c �
�� � ' r� � E7 ^ A � c �� n

[
� � �

d� � E7pi�jc �
�� � � � � E7 ^ A � pi�jc ��o �

Hpsohdqgr od klsöwhvlv gh lqgxfflöq sdud 7 p i�j=

r� � E7c �
�� � ' r� � E7 ^ A � c �� � r� � EA � c ��c 7 � Ac

| txhgd ghprvwudgd od iöupxod +817,1 D sduwlu gh hvwh uhvxowdgr frqvlghudqgr
7 ' A rewhqhprv=

j � dAc �
�� o ' � � EAc �

�� � � � � EA pi�jc �
�� �

' � � E�c �� � � � EA � c �� � d� � E� pi�jc �� � � � EA � c ��o

' � � E�c �� � � � E� pi�jc �� ' j � d�c �o�

txh/ sdud fdgd � 5 Ac A � � / hv or txh txhuðdprv suredu1 �

Gh�qlflöq 8174
Xq vhplydoru j hv /0hvwäqgdu Ef � / � �� sdud mxhjrv elshuvrqdohv vl sdud
fxdotxlhu � 5 C � / m� m ' 2/ fxpsoh=

j � Ei�c �jc �� ' �Ei�j� n / d�Ei�c �j� � �Ei�j� � �Ei�j�o c � 9' ��

Hv ghflu/ ho sdjr do mxjdgru � sru ho vhplydoru j frqvlvwh hq or txh ho surslr
mxjdgru rewhqguðd hq ho mxhjr/ �Ei�j�/ dôdglìqgroh ho h{fhvr gh od frdolflöq gh orv
grv mxjdgruhv/ �Ei�c �j� � �Ei�j� � �Ei�j�/ pxowlsolfdgr sru xq idfwru hqwuh f | �1

Ho fdvr / ' �*2 hv ho txh vh frqrfh frpr hvwäqgdu sdud mxhjrv elshuvrqdohv1
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Sursrvlflöq 8175
+d, Vl j hv xq vhplydoru gh�qlgr vreuh orv mxhjrv gh C � txh vh h{suhvd frpr
j '

S �
� � � b� j � � c k � glihuhqwhv/ f � k� � �/ hqwrqfhv j hv /0hvwäqgdu sdud mxhjrv

elshuvrqdohv frq=

/ '

�[
� � �

b� k � �

+e, Vl j hv xq vhplydoru gh�qlgr vreuh orv mxhjrv gh C � txh wlhqh sru frh�flhqwhv
R � c � � r � ?/ hqwrqfhv j hv /0hvwäqgdu sdud mxhjrv elshuvrqdohv frq=

/ '

� � 	[
� � 


�
? � 2

�

�
R 	 � � �

Ghprvwudflöq
Hq od h{suhvlöq gh od gh�qlflöq gh /0hvwäqgdu srghprv djuxsdu gh irupd txh vh
rewlhqh=

j � Ei�c �jc �� ' E� � /��Ei�j� n / d�Ei�c �j� � �Ei�j�o c � 9' ��

Dvð orv frh�flhqwhv gh j frpr vhplydoru vreuh mxhjrv elshuvrqdohv vrq=

R � ' � � / c R 	 ' /�

+d, Vl j '
S �

� � � b� j � � / hqwrqfhv orv vhplydoruhv lqgxflgrv sru j sdud mxhjrv frq
phqrv mxjdgruhv wlhqhq frpr frh�flhqwhv=

R



� '

�[
� � �

b� k
� � �

� E� � k� �

 � �

c � � r � 6 	 ?�

Hq sduwlfxodu/ ho frh�flhqwh R
	
	 gho vhplydoru lqgxflgr j

	
hv ho gh�qlgr frpr // gh

grqgh=

/ ' R
	
	 '

�[
� � �

b� k
	 � �

� E� � k � �
	 � 	

'

�[
� � �

b� k � �

+e, Od iöupxod jhqhudo txh shuplwh rewhqhu orv frh�flhqwhv gh orv vhplydoruhv
lqgxflgrv sru j hq hvsdflrv gh mxhjrv frq phqrv mxjdgruhv j



c � � 6 	 ?/ hv=

R



� '

� � 
[
� � 


�
? � 6

�

�
R � � � �
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Sdud ho fdvr 6 ' 2 | r ' 2 hv=

/ ' R
�� '

� � �
[

� � �

�
? � 2

�

�
R � � � � �

Whruhpd 8176
Vxsrqjdprv txh j hv xq vhplydoru gh�qlgr vreuh orv mxhjrv gh C � frq R � 9' f |
txh hv /0hvwäqgdu sdud mxhjrv elshuvrqdohv/ f 	 / 	 �1
Ho ýqlfr vhplydoru gh�qlgr vreuh orv mxhjrv gh C � txh hv d od yh} /0hvwäqgdu sdud
mxhjrv elshuvrqdohv | frqvlvwhqwh uhvshfwr d orv mxhjrv uhgxflgrv � �	 E;A � �� hv
ho surslr vhplydoru j1

Ghprvwudflöq
Vdehprv txh ho vhplydoru j hv frqvlvwhqwh uhvshfwr d od idplold gh mxhjrv uhgxflgrv
� �	 E;A � ��1 Txhuhprv yhu txh hv ho ýqlfr txh hv frqvlvwhqwh gh hqwuh orv txh vrq
/0hvwäqgdu sdud mxhjrv elshuvrqdohv1

Vl h{lvwh rwur vhplydoru j


vreuh orv mxhjrv gh C � txh fxpsoh dpedv frqglflrqhv/

sureduhprv txh= [
� � � j


� d7c �o '
T

� E7c ��c ;7 � ��

Sdud m7m ' �c 7 ' i�j=

j



di�jc �o ' �Ei�j� '

T
� Ei�jc ���

Sdud m7m ' 2c 7 ' i�c �j=

j

 �
di�c �jc �o ' �Ei&j� n / d�Ei�c �j� � �Ei�j� � �Ei�j�o ' j

�
di�c �jc �oc & ' �c ��

Sdud m7m : 2/ frqvlghudprv A frq mA m ' 2c A � ' 7 p A 1 Hqwrqfhv=

[
� � � j


� d7c �o '
[

� � 	 j

� d7c �o n

[
� � � � � 	 � j


� d7c �o

'
[

� � 	 j

� dAc � �

�	 o n
[

� � � � � 	 � j

� d7c �o

'
T

� EAc � �
�	 � n

[
� � � � � 	 � j


� d7c �o '
T

� E7c ���



57; 81 SRWHQFLDO

Ho sdvr gh od sulphud d od vhjxqgd oðqhd hv ghelgr d txh j � hv frqvlvwhqwh/ plhqwudv
txh ho sdvr gh od vhjxqgd d od whufhud hv sru klsöwhvlv gh lqgxfflöq1

Hq sduwlfxodu/ khprv ghprvwudgr txh sdud m7m ' �c 2 vh yhul�fd=

j �� d7c �o ' j � d7c �oc � 5 7�

Txhuhprv suredu txh hvwd ljxdogdg vh fxpsoh sdud wrgr 7 � � 1 Sdud ghprvwuduor
vxsrqhprv txh j �� duc �o ' j � duc �oc ;� 5 uc ;u � �c mum 	 r1 Frpr txh od
ljxdogdg hvwä suredgd sdud r ' �c 2/ frqvlghudprv m7m � � | dooð hvfrjhprv A '

i�c �jc �c � 5 7c � 9' �1

Sdud orv uhvshfwlyrv mxhjrv uhgxflgrv �
� �� c �

�� vh yhul�fd=

T
� Ei�jc �

� �� � '
T

� E7pi�jc �� �
[

� � � � 	 � 

j �� d7pi�jc �o ' j � d7pi�jc �oc

T
� Ei�jc �

�� � '
T

� E7pi�jc �� �
[

� � � � 	 � 

j � d7pi�jc �o ' j � d7pi�jc �o�

Gh hvwdv grv ljxdogdghv=
T

� Ei�jc �
� �� � '

T
� Ei�jc �

�� � , �
� �� Ei�j� ' �

�� Ei�j��

Dqäorjdphqwh=
T

� Ei�jc �
� �� � '

T
� Ei�jc �

�� � , �
� �� Ei�j� ' �

�� Ei�j��

Gh hvwd irupd vh wlhqh=

j �� dAc �
� �� o � j �� dAc �

�� o / � �
�


 EA � � � �
 EA � / j �� dAc � �
�


 o � j �� dAc � �
 o�

Hq frqvhfxhqfld=

j �� d7c �o ' j �� dAc � �
�


 o � j �� dAc � �
 o ' j � dAc � �
 o ' j � d7c �o

p

j �� d7c �o ' j �� dAc � �
�

� o � j �� dAc � �� o ' j � dAc � �� o ' j � d7c �oc
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grqgh orv grv sduhv gh ljxdogdghv gh orv h{wuhprv vrq sru odv uhvshfwlydv surslh0
gdghv gh frqvlvwhqfld | odv grv ljxdogdghv fhqwudohv vrq sru klsöwhvlv gh lqgxfflöq1
Sru or wdqwr/ sdud fdgd �c � 5 7 vh yhul�fd=

j �� d7c �o � j � d7c �o / j �� d7c �o � j � d7c �o�

Shur
[

� � �
j �� d7c �o '

[
� � �

j � d7c �o/ gh grqgh/ qhfhvduldphqwh=

j �� d7c �o ' j � d7c �oc ;� 5 7c ;7 � �� �

819 Xq hmhpsor frqfuhwr

Od iöupxod txh shuplwh uhfxshudu xq mxhjr frqrflgr ho srghu sru xq vhplydoru j

gh�qlgr hq ho hvsdflr gh mxhjrv frrshudwlyrv C � c frq R � 9' f/ hv/ sdud 7 � � =

�E7� '
�

r R ��

q
� � E7c �� �

[
	 
 �

k
� R �� � Er � �� R �� � 


l
�EL�

r
�

Hvfulwd sdud ho mxhjr �
�� uhvxowd/ sdud fdgd 7 � A =

�
�� E7� '

�

r R ��

q
� � E7c �

�� � �
[

	 
 �

k
� R �� � Er � �� R �� � 


l
�

�� EL�
r

�

Shur do vhu � � E7c �
�� � '

[

� � �
j � d7 ^ A � c �o frq A � ' � p A / srghprv hvfulelu=

�
�� E7� '

�

r R ��

q [

� � �
j � d7 ^ A � c �o �

[
	 
 �

k
� R �� � Er � �� R �� � 


l
�

�� EL�
r

c 7 � A�

Hvwd iöupxod shuplwh frqvwuxlu hq irupd uhfxuvlyd ho mxhjr uhgxflgr �
�� E;A � ��

frqrflgr ho srghu sru ho vhplydoru j gho mxhjr � uhvwulqjlgr d frdolflrqhv gho wlsr
7 ^ A � 1
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Sdud ho fdvr sduwlfxodu gh xq vhplydoru elqrpldo j � c f 	 k 	 �/ ghqrwdprv �
� �

�

sru �
�� | od h{suhvlöq dqwhulru dgrswd od irupd=

�
�� E7� '

�

rk
� � �

q [
� � 	

Ej � � � d7 ^ A


c �o �

[
� � 	

k

 � �

E� � k�
� � 
 � �

E� � rk��
�� EL�

r
c

7 � A �

Ho D|xqwdplhqwr gh Pdquhvd +4<<804<<<,
Hq odv hohfflrqhv pxqlflsdohv fhoheudgdv ho dôr 4<<8/ flqfr juxsrv sroðwlfrv rewx0
ylhurq uhsuhvhqwdflöq hq ho frqvlvwrulr pxqlflsdo gh od flxgdg gh Pdquhvd/ uhsdu0
wlìqgrvh gh od pdqhud txh vh lqglfd odv 58 dfwdv gh frqfhmdo txh hvwdedq hq mxhjr1

Frqyhujëqfld l Xqlö/ FlX/ < frqfhmdohv1
Sduwlw ghov Vrfldolvwhv gh Fdwdoxq|d/ SVF/ ; frqfhmdohv1
Hvtxhuud Uhsxeolfdqd gh Fdwdoxq|d/ HUF/ 6 frqfhmdohv1
Sduwlw Srsxodu/ SS/ 6 frqfhmdohv1
Lqlfldwlyd shu Fdwdoxq|d 0 Hov yhugv/ LF/ 5 frqfhmdohv1

Ghvfulwd frpr mxhjr gh pd|ruðd srqghudgd/ od vlwxdflöq gho D|xqwdplhqwr gh
Pdquhvd hq ho shulrgr gh uhihuhqfld hv=

�

FlX

�

SVF

�

HUF

�

SS

�

LF
d ^ ( R o ' d �� ( b c H c � c � c 2 o

Hq hvwh MPS/ odv frdolflrqhv jdqdgrudv plqlpdohv vrq=

`
�
' ii�c 2jc i�c �c ejc i�c �c Djc i�c ec Djc i2c �c ejc i2c �c Djc i2c ec Djj�

Frpr iuxwr gh orv dfxhugrv hqwuh orv glihuhqwhv juxsrv sroðwlfrv/ hv suhflvdphqwh
od frdolflöq jdqdgrud plqlpdo i2c �c Dj od txh vh irupd frq fduäfwhu hvwdeoh | od
txh shuplwh dffhghu d od dofdogðd gh od flxgdg do sulphu fdqglgdwr gh od olvwd gho
SVF1

Ydprv d hvwxgldu xqd srvleoh glvwulexflöq suhyld gho srghu hqwuh orv glihuhqwhv
mxjdgruhv gh hvwh mxhjr1 Vl/ sru hmhpsor/ frqvlghudprv txh wrgdv odv frdolflrqhv
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hqwuh orv glihuhqwhv sduwlgrv vrq ljxdophqwh suredeohv/ ho vhplydoru txh uhfrjh hvwd
vxsrvlflöq hv ho ðqglfh gh Edq}kdi1 Sru ho frqwudulr/ srghprv vxsrqhu txh qr wrgdv
odv frdolflrqhv wlhqhq od plvpd suredelolgdg gh irupduvh1

Vl hvwlpdprv/ frpr qrv sduhfh sodxvleoh/ txh od suredelolgdg gh txh vh iruph xqd
ghwhuplqdgd frdolflöq ghshqgh gh vx fduglqdo/ gh pdqhud txh fxdqwr pd|ru vhd ìvwh
phqru vhd vx suredelolgdg/ oohjduhprv d frqvlghudu rwurv glihuhqwhv vhplydoruhv1

Hq frqfuhwr/ vl frqvlghudprv txh od suredelolgdg gh irupduvh xqd frdolflöq gh
fduglqdo rn� hv od plwdg txh od gh irupduvh xqd frdolflöq gh fduglqdo r/ ho vhplydoru
txh ghvfuleh hvwd vlwxdflöq hv xq vhplydoru elqrpldo/ frq ho ydoru gh k txh vh lqglfd=

R � � �
R �

'
k

�
E� � k�

� � � � �

k � � � E� � k�
� � � '

k

� � k
'

�

2
c � � r 	 ? , k '

�

�
�

Hq sduwlfxodu/ sdud mxhjrv frq ? ' D mxjdgruhv orv frh�flhqwhv gho vhplydoru elqr0
pldo sdud k ' �*� vrq=

ER � c R � c R � c R � c R � � '
�
�S

H�
c
H

H�
c
e

H�
c
2

H�
c
�

H�

�
c

| h{suhvdgrv hq wdqwrv sru flhqwr R � �' �bc .DIc R 	 �' bc H.Ic R 
 �' ec beIc R � �'

2c e.Ic R � �' �c 2�I1 Ìvwdv vrq odv suredeolgdghv dvrfldgdv d od irupdflöq gh
frdolflrqhv gh 4/ 5/ 6/ 7 ö 8 mxjdgruhv/ uhvshfwlydphqwh1

Fdofxodprv dkrud ho sdjr txh sru ho vhplydoru elqrpldo sdud k ' �*� fruuhvsrqgh
d orv mxjdgruhv gho mxhjr txh hvwdprv wudwdqgr/ fx|d HPO hv=

sE% 
 c ���c % � � ' % 
 % 	 n % 
 % 
 % � n % 
 % 
 % � n % 
 % � % � n % 	 % 
 % � n % 	 % 
 % � n % 	 % � % � �

�2% 
 % 	 % 
 % � � 2% 
 % 	 % 
 % � � 2% 
 % 	 % � % � � 2% 
 % 
 % � % � � 2% 	 % 
 % � % � n e% 
 % 	 % 
 % � % � �

Orv mxjdgruhv �c 2 vrq lqglihuhqwhv hq ho mxhjr �/ dvð frpr orv mxjdgruhv �c ec D1
Fdofxodprv vöor sdud � | �=

Ys

Y% 

Ek� ' k n �k

	 � Hk


n ek

� , Ej 
 � 
 � 
 d�o '
Ys

Y% 

E�*�� '

�e

H�
(

Ys

Y% 

Ek� ' ek

	 � Hk


n ek

� , Ej 
 � 
 � 
 d�o '
Ys

Y% 

E�*�� '

�S

H�
�
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Gh hvwd irupd/ od glvwulexflöq gh srghu sdud ho mxhjr � sru ho vhplydoru elqrpldo
sdud k ' �*� hv=

j � � � d�o '

�
�e

H�
c
�e

H�
c
�S

H�
c
�S

H�
c
�S

H�

�
�

Khprv frphqwdgr dqwhv txh orv sduwlgrv SVF/ HUF/ LF kdq irupdgr xqd frdolflöq
hvwdeoh/ txh vh fruuhvsrqgh frq od frdolflöq jdqdgrud plqlpdo i2c �c Dj1 Hvwrv wuhv
sduwlgrv irupdq od Frplvlöq gh Jrelhuqr gho frqvlvwrulr/ plhqwudv txh orv rwurv
grv/ FlX | SS/ txhgdq hq od rsrvlflöq1

Od Frplvlöq gh Jrelhuqr/ txh d sduwlu gh dkrud ghvljqduhprv sru A ' i2c �c Dj/
hv xq vxefrqmxqwr gh wuhv mxjdgruhv gho frqmxqwr lqlfldo � 1 Ydprv d frqvwuxlu xq
mxhjr txh whqjd sru frqmxqwr gh mxjdgruhv A / gh pdqhud txh sru ho vhplydoru txh
vh frqvlghud j � � � ho sdjr d fdgd xqr gh orv lqwhjudqwhv gh A vhd ho plvpr txh j � � �

ohv dvljqd hq ho mxhjr lqlfldo �= ìvwh qr hv vlqr ho mxhjr uhgxflgr �
� � �� 1

Od h{suhvlöq sdud hvwh wlsr gh mxhjrv uhgxflgrv/ sdud ho fdvr k ' �*�/ vh wudqvirupd
hq=

�
� � �� E7� '

�

r

k
� � � � [

� � �
Ej � � � � � d7 ^ i�c ejc �o �

[
	 
 �

2 � � � � �
E�� � r� �

� � �� EL�
l

c

7� i2c �c Djc 7 9' >c

|d txh vl � ' i�c 2c �c ec Dj | A ' i2c �c Dj hqwrqfhv A � ' i�c ej1

Sdud ghwhuplqdu gh irupd uhfxuvlyd wrgrv orv ydoruhv gh �
� � �� E7� sdud 7 � i2c �c Dj/

7 9' >c qhfhvlwdprv=

sdud 7 ' i2jc Ej � � � � 
 di�c 2c ejc �o ' �*�(

sdud 7 ' i�jc Ej � � � � � di�c �c ejc �o ' �*b(

sdud 7 ' iDjc Ej � � � � � di�c ec Djc �o ' �*b�

Hqwrqfhv=

�
� � �� Ei�j� ' �

�
Ej � � � � � di�c ec �jc �o � f ' Ej � � � � � di�c ec �jc �oc � ' 2c �c D�

Gh dtxð=

�
� � �� Ei2j� '

�

�
c �

� � �� Ei�j� '
�

b
c �

� � �� EiDj� '
�

b
�
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Dkrud/ sdud ghwhuplqdu orv ydoruhv �
� � �� E7�c 7 � i2c �c Djc m7m ' 2/ qhfhvlwdprv=

sdud 7 ' i2c �jc Ej � � � � � di�c 2c �c ejc �o ' �f*2.c Ej � � � � � di�c 2c �c ejc �o ' e*2.(

sdud 7 ' i2c Djc Ej � � � � � di�c 2c ec Djc �o ' �f*2.c Ej � � � � � di�c 2c ec Djc �o ' e*2.(

sdud 7 ' i�c Djc Ej � � � � � di�c �c ec Djc �o ' e*2.c Ej � � � � � di�c �c ec Djc �o ' e*2.�

Hvwrv ydoruhv vh kdq rewhqlgr d sduwlu gh od HPO gho mxhjr E�c ��1 Sru hmhpsor=

s � � � � � � � � 	 ' % � % � n % � % � % � n % � % � % � � 2% � % � % � % � c

Ys � � � � � � � � 	
Y% � Ek� ' k n k

� � 2k
�

, Ej � � � � � di�c 2c �c ejc �o '
Ys � � � � � � � � 	

Y% � E�*�� '
�f

2.
c

Ys � � � � � � � � 	
Y% � Ek� ' 2k

� � 2k
�

, Ej � � � � � di�c 2c �c ejc �o '
Ys � � � � � � � � 	

Y% � E�*�� '
e

2.
�

Hqwrqfhv/ sdud �c � ' 2c �c Dc � 9' �/

�
� � �� Ei�c �j� '

�

2

�
�

�
iEj � � � � 
 di�c ec �c �jc �o n Ej � � � � � di�c ec �c �oc ��j�

�2 � E� � 2�d�
� � �� Ei�j� n �

� � �� Ei�j�o
l

c

gh grqgh=

�
� � �� Ei2c �j� '

D

b
c �

� � �� Ei2c Dj� '
D

b
c �

� � �� Ei�c Dj� '
�

�
�

Sru ýowlpr/ sdud ho surslr vxefrqmxqwr A ' i2c �c Dj qhfhvlwdprv=

Ej � � � � � d�c �o ' �e*H�c Ej � � � � � d�c �o ' �S*H�c Ej � � � � � d�c �o ' �S*H��

Gh dtxð=

�
� � �� Ei2c �c Dj� '

�

�

k
�

� [


 
 � � � � �
Ej � � � � 
 d�c �o � 2 � ES � ��

[


 � � 
 � � � � � � 
 �
 �
�

� � �� Ei�c �j�
l
' ��



587 81 SRWHQFLDO

Hvwh mxhjr txh dfdedprv gh frqvwuxlu hv ho mxhjr uhgxflgr vhjýq ho vhplydoru
elqrpldo sdud k ' �*� txh mxjduðdq orv mxjdgruhv gh A ' i2c �c Dj/ gh pdqhud txh
sru hvh vhplydoru orv sdjrv txh rewhqguðdq vhuðdq orv plvprv/ sdud fdgd xqr gh
orv mxjdgruhv/ txh hq ho mxhjr lqlfldo E�c ��1

Srghprv frpsuredu dkrud hvwd ýowlpd d�updflöq1 Ho mxhjr uhgxflgr �
� � �

� hv xq
mxhjr frrshudwlyr gh wuhv mxjdgruhv | hvwä gh�qlgr sru vx dfwxdflöq vreuh odv
glihuhqwhv frdolflrqhv hvfulwdv hq ho rughq kdelwxdo hq od irupd vljxlhqwh=

�
� � �

� '

�
�

�
c
�

b
c
�

b
c
D

b
c
D

b
c
�

�
c �

�
�

Vx HPO hv=

sE% � c % � c % � � '
�

b
E�% � n % � n % � n % � % � n % � % � n % � % � n % � % � % � �c

usEk� '
�

b
E� n 2k n k

�
c � n 2k n k

�
c � n 2k n k

�
��

Hqwrqfhv=

j � � � dAc �
� � �

� o ' usE�*�� '

�
�e

H�
c
�S

H�
c
�S

H�

�
�

Dvð khprv frpsuredgr txh ho vhplydoru elqrpldo j � � � yhul�fd od surslhgdg gh
frqvlvwhqfld uhvshfwr do mxhjr uhgxflgr �

� � �
� 1 Dghpäv/ ho whruhpd 8176 gh od vhf0

flöq dqwhulru d�upd txh/ gh hqwuh wrgrv orv vhplydoruhv txh vrq �*�0hvwäqgdu sdud
mxhjrv elshuvrqdohv/ ìvwh hv suhflvdphqwh ho ýqlfr txh hv frqvlvwhqwh frq hvwh mxhjr
uhgxflgr | frq fxdotxlhu rwur mxhjr uhgxflgr txh sxglhud gh�qluvh hq xq vxefrq0
mxqwr duelwudulr gh � sru phglr gho vhplydoru j � � � 1
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Mxhjrv lqglvwlqjxleohv

914 Od lqwhuvhfflöq gh orv hvsdflrv qxorv

Hq dojxqrv fdvrv/ odv vroxflrqhv gh Vkdsoh| r gh Edq}kdi dvljqdq xq plvpr yhfwru
gh sdjrv d mxhjrv glihuhqwhv1 Hq jhqhudo/ �mdgr xq vhplydoru j gh�qlgr vreuh orv
mxhjrv gh C � / sxhgh vxfhghu txh mxhjrv glvwlqwrv rewhqjdq xq plvpr yhfwru gh
sdjrv1 Ho hvwxglr gh hvwd vlwxdflöq ghulyd hq od frqvlghudflöq gh orv mxhjrv txh
vlhqgr glihuhqwhv gho mxhjr qxor rewlhqhq frpr yhfwru gh sdjrv ho yhfwru fhur1 Ho
frqmxqwr gh hvwrv mxhjrv wlhqh hvwuxfwxud gh vxehvsdflr yhfwruldo gh C � | uhfleh
ho qrpeuh gh hvsdflr qxor sru ho vhplydoru j/ .�Ej�1

Ho sureohpd txh suhwhqghprv derugdu frqvlvwh hq ghwhuplqdu orv mxhjrv gh C � txh/
sdud fdgd vhplydoru txh sxhgd frqvlghuduvh/ whqjdq dvljqdgr xq plvpr yhfwru gh
sdjrv/ d shvdu gh wudwduvh gh mxhjrv glihuhqwhv1 Ho qrpeuh gh mxhjrv lqglvwlqjxleohv
surylhqh gh hvwd fdudfwhuðvwlfd= d od ylvwd gh orv sdjrv dvljqdgrv sru fxdotxlhu
vhplydoru/ orv mxhjrv qr sxhghq glihuhqflduvh/ hv ghflu/ orv vhplydoruhv qr frqvljxhq
glvfulplqdu xq mxhjr gh rwur lqglvwlqjxleoh1

Sdud fdgd mxhjr frrshudwlyr � 5 C � / ho frqmxqwr gh vxv mxhjrv lqglvwlqjxleohv

588
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irupd xqd ydulhgdg olqhdo txh sdvd sru �1 Ho vxehvsdflr gluhfwru gh hvwd ydulhgdg
hvwä irupdgr sru od lqwhuvhfflöq gh orv hvsdflrv qxorv sru fxdotxlhu vhplydoru
gh�qlgr vreuh C � 1 Hq odv grv sulphudv vhfflrqhv gh hvwh fdsðwxor vh ghwhuplqd
od glphqvlöq gh hvwh vxehvsdflr | vh frqvwux|h xqd edvh gho plvpr irupdgd sru
mxhjrv gho wlsr päv vhqfloor srvleoh= hvwrv mxhjrv vrq orv txh vh lqwurgxfhq edmr ho
qrpeuh gh mxhjrv gh frqpxwdflöq1

Gh�qlflöq 914
Hq ho hvsdflr gh mxhjrv frrshudwlyrv gh ? mxjdgruhv C � / grv mxhjrv �c �

�
5 C �

ghflprv txh vrq lqglvwlqjxleohv sru vhplydoruhv | hvfulelprv � � �
�
vl | vöor vl

jd�o ' jd�
�
o sdud wrgr vhplydoru j gh�qlgr vreuh ho hvsdflr gh mxhjrv C � 1

Sursrvlflöq 915
Grv mxhjrv vrq lqglvwlqjxleohv sru vhplydoruhv vl | vöor vl rewlhqhq orv plvprv
yhfwruhv gh sdjrv sru orv vhplydoruhv gh fxdotxlhu vlvwhpd gh uhihuhqfld1

Ghprvwudflöq
Vl � � �

�
vh fxpsoh jd�o ' jd�

�
o ;j vhplydoru vreuh orv mxhjrv gh C � |/ hq

sduwlfxodu/ sdud orv ? vhplydoruhv gh fxdotxlhu vlvwhpd gh uhihuhqfld ij � c ���c j � j1

Vl ij � c ���c j � j hv xq vlvwhpd gh uhihuhqfld gh vhplydoruhv vreuh C � fxdotxlhu vhpl0
ydoru j sxhgh hvfuleluvh frpr

j '

�[
� � �

b� j � / frq
�[

� � �
b� ' �c

hqwrqfhv=

jd�o '

�[
� � �

b� j � d�o '

�[
� � �

b� j � d�
�
o ' jd�

�
o� �

Revhuydflöq 916
Sru od olqhdolgdg gh orv vhplydoruhv/

� � �
�

/ � � �
�

� f�

Qrv ghglfdprv/ hq frqvhfxhqfld/ d hvwxgldu orv mxhjrv � 5 C � wdohv txh jd�o ' f

sdud wrgr vhplydoru j gh�qlgr vreuh ho hvsdflr gh mxhjrv C � 1
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Hvfrjlgr xq vlvwhpd gh uhihuhqfld hq ho klshusodqr gh vhplydoruhv ij � c ���c j � j/
frqvlghudprv od dsolfdflöq olqhdo s � � � � � � � gh�qlgd sru

s � � � � � � � G C � $ P � � 	 EU�

� $ � ' EK 
 � � grqgh K 
 � ' Ej � � 
 d�oc � � �c � � ?�

Frq hvwd gh�qlflöq vh yhul�fd txh orv mxhjrv � 5 C � lqglvwlqjxleohv sru vhplydoruhv
gho mxhjr f 5 C � vrq suhflvdphqwh orv txh shuwhqhfhq do qýfohr gh od dsolfdflöq/
hv ghflu=

!ih s 
 � � � � 
 � '
_

� � � � �
.�Ej � � '

_
�

.�Ej�c

grqgh od ýowlpd lqwhuvhfflöq vh hqwlhqgh h{whqglgd d wrgrv orv vhplydoruhv gh�qlgrv
vreuh C � 1

Do vhu !ih s � � � � � � � � f/ wrgrv orv mxhjrv lqglvwlqjxleohv sru vhplydoruhv gh fxdotxlhu
mxhjr � 5 C � irupdq xqd ydulhgdg olqhdo fx|d gluhfflöq hv mxvwdphqwh hvwh qýfohr/
hv ghflu=

� n !ih s � � � � � � � � ��

Gh�qlflöq 917
Sdud xq mxhjr frrshudwlyr fxdotxlhud � 5 C � / m� m ' ?/ gh�qlprv odv vljxlhqwhv
fdqwlgdghv=

@ � � � E�� '
[

� � �� � �  �

�E7�/ � � � � ?c � � r � ?�

Frq hvwd qrwdflöq vh yhul�fd=
�

[
�  �

@� � � E�� '

�
[

�  �

[
� � �

� � �  �

�E7� ' r
[

� ! � � �  �
�E7��

Sursrvlflöq 918
Vl ghqrwdprv sru j " # c � � r � ?/ orv vhplydoruhv yìuwlfhv vreuh orv mxhjrv gh C $ /
vh fxpsoh/ sdud fdgd � 5 � /
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+d, Ej � � � � d�o ' @ � � � E���

+e, Ej � � � � d�o '
�� � � �

� � �
�

k
@ � � � E�� �

�

r � �

�[
	 
 �

@ 	 � � � � E�� n @ � � � � � E��
l

c 2 � r � ?�

Ghprvwudflöq
Ho vhplydoru yìuwlfh j � � c � � r � ?/ vreuh orv mxhjrv gh C � hv dtxìo fx|rv
frh�flhqwhv vrq

R � '
�� � � �

� � �
� ( R � ' fc | 9' r�

+d, Sdud j � � orv frh�flhqwhv vrq E�c fc ���c f�c

Ej � � � � d�o '
[


 � �� 
 � 
 �

d�E7� � �E7pi�j�o ' �Ei�j� ' @ � � � E��c sdud fdgd � 5 � 1

+e, Sdud orv r wdohv txh 2 � r � ? | fxdotxlhu � 5 � =

Ej � � � � d�o '
�� � � �

� � �
�

k [

 � � � � 
 � 
 �

�E7� �
[


 � � � � 
 � 
 �
�E7pi�j�

l

'
�� � � �

� � �
�

k
@ � � � E�� �

[

 �� � � � 
 � 
 � � �

�E7�
l

'
�� � � �

� � �
�

k
@ � � � E�� �

[

 � � 
 � 
 � � �

�E7� n
[


 � � � � 
 � 
 � � �
�E7�

l

'
�� � � �

� � �
�

k
@ � � � E�� �

�

r � �

�[
	 
 �

@ 	 � � � � E�� n @ � � � � � E��
l

� �

Sursrvlflöq 919
Od lqwhuvhfflöq gh orv hvsdflrv qxorv sru fxdotxlhu vhplydoru gh�qlgr vreuh ho
hvsdflr gh mxhjrv C � wlhqh frpr h{suhvlöq

_
�

.�Ej� ' i� 5 C � * @ � � � E�� ' fc � � � � ?c � � r � ?j�
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Ghprvwudflöq
Vhjýq od sursrvlflöq 5146/ orv vhplydoruhv yìuwlfhv j � � c � � r � ?/ irupdq xq
vlvwhpd gh uhihuhqfld sdud vhplydoruhv vreuh C � 1 Hqwrqfhv=

_
�

.�Ej� ' .�Ej � � � _ .�Ej � � � _ � � � _ .�Ej � � ��

Sdud ghprvwudu od h{suhvlöq gho hqxqfldgr frqvwuxluhprv od lqwhuvhfflöq gh orv ?

hvsdflrv qxorv hpsh}dqgr sru .�Ej � � � dôdglhqgr fruuhodwlydphqwh orv hvsdflrv
qxorv kdvwd .�Ej � � �1 Dvð=

.�Ej � � � ' i� 5 C � * j � � d�o ' fj ' i� 5 C � * @ � � 	 E�� ' fc � � � � ?jc

|d txh sru od sursrvlflöq dqwhulru Ej � � � � d�o ' @ � � 	 E��/ � � � � ?1

D frqwlqxdflöq

.�Ej � � � _ .�Ej � � � ' i� 5 C � * j � � d�o ' j � � d�o ' fj�

Do yhul�fduvh/ sdud fdgd � 5 � /

f ' Ej � � � � d�o ' @ � � 	 E��

f ' Ej � � � � d�o '
�� 
 � 	

	
�

k
@ � � � E�� �


[

 � 	

@
 � 	 E�� n @ � � 	 E��
l

<
AAA@
AAA>

c

htxlydoh d @ � � 	 E�� ' @ � � � E�� ' fc � � � � ?/ gh grqgh/

.�Ej � � � _ .�Ej � � � ' i� 5 C � * @ � � 	 E�� ' @ � � � E�� ' fc � � � � ?j�

Vxsrqjdprv dkrud txh sdud r ' & E2 � & 	 ?� vh yhul�fd=

.�Ej � � � _ � � � _ .�Ej � � � ' i� 5 C � * @ � � � E�� ' fc � � � � ?c � � r � &j�

Hqwrqfhv/ frpr sdud r ' & n � hv

.�Ej � � � _ � � � _ .�Ej � � � � � ' i� 5 C � * j � � d�o ' � � � ' j � � � � d�o ' fjc
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sru od iöupxod +e, gh od sursrvlflöq dqwhulru=

f ' Ej � � � � � � d�o '
�� � � �

�
�

k
@ � 	 � 
 � E�� �

�

&

�[
� � �

@� 	 � E�� n @ � 	 � E��
l

c sdud fdgd � 5 ��

Sru klsöwhvlv @ � 	 � E�� ' fc � � � � ?/ gh grqgh @ � 	 � 
 � E�� ' fc � � � � ?/ or fxdo
frpsohwd od ghprvwudflöq1 �

Revhuydflöq 91:
Odv ? uhvwulfflrqhv @ � 	 � E�� ' fc � � � � ?/ vrq htxlydohqwhv d od frqglflöq �E�� '

f/ |d txh
@ � 	 � E�� '

[

 � � 	 � 
 � � �

�E7� ' �E��/ sdud fdgd � 5 ��

Whruhpd 91;
Od lqwhuvhfflöq gh orv hvsdflrv qxorv sru fxdotxlhu vhplydoru gh�qlgr vreuh ho
hvsdflr gh mxhjrv C � yhul�fd

_�4
_

�
.�Ej� ' 2

�
� ?

�
n ? � 2�

Ghprvwudflöq
Hq od h{suhvlöq gh od lqwhuvhfflöq gh orv hvsdflrv qxorv sru fxdotxlhu vhplydoru
kdoodgd hq od sursrvlflöq dqwhulru

_
�

.�Ej� ' i� 5 C � * @ � 	 � E�� ' fc � � � � ?c � � r � ? � �( �E�� ' fjc

dsduhfh xq wrwdo gh E? � ��?n� uhvwulfflrqhv txh dihfwdq d odv frpsrqhqwhv gh orv
yhfwruhv gho hvsdflr gh mxhjrv frrshudwlyrv C � / fx|d glphqvlöq hv 2

�
��1 Edvwduä

suredu txh hvdv uhvwulfflrqhv vrq hfxdflrqhv olqhdophqwh lqghshqglhqwhv sdud srghu
d�updu txh

_�4
_

�
.�Ej� ' 2

�
� � � dE? � ��? n �o ' 2

�
� ?

�
n ? � 2�

Sdud frpsuredu od lqghshqghqfld olqhdo gh odv uhvwulfflrqhv/ djuxsdprv ìvwdv vhjýq
ho fduglqdo gh odv frdolflrqhv d odv txh dihfwdq=

@ � 	 � E�� ' fc � � � � ? ( � � � ( @ � 	 � � � E�� ' fc � � � � ? ( �E�� ' f�
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Hv hylghqwh txh xqd fxdotxlhud gh odv uhvwulfflrqhv dihfwdqgr d xq ghwhuplqdgr
fduglqdo hv lqghshqglhqwh gh fxdohvtxlhud rwudv uhvwulfflrqhv dihfwdqgr d fduglqdohv
glihuhqwhv do frqvlghudgr1

Odv uhvwulfflrqhv fruuhvsrqglhqwhv d xq plvpr fduglqdo r E� � r � ? � �� irupdq
xq vlvwhpd gh ? hfxdflrqhv olqhdohv frq

� �
�
�
lqföjqlwdv1

Ilmdgr ho fduglqdo r E� � r � ? � �� irupdprv od pdwul} gho vlvwhpd vxsxhvwr ho
rughq oh{lfrjuä�fr hqwuh odv frdolflrqhv/ hvfrjlhqgr odv froxpqdv fruuhvsrqglhqwhv
d odv lqföjqlwdv �E7� sdud odv vljxlhqwhv frdolflrqhv 7=

7 � � � ' i�c 2c ���c r � �c rj

7 � � � ' i2c �c ���c rc r n �j

7 � � � ' i�c ec ���c r n �c r n 2j

� � � � �

7 � � � � � � � ' i? � r � �c ? � rc ���c ? � �c ? � 2j

7 � � � � � ' i? � rc ? � r n �c ���c ? � 2c ? � �j

7 � � � � � ' i? � rc ? � r n �c ���c ? � 2c ?j

� � � � �

7 � � � � � ' i? � rc ? � r n 2c ���c ? � �c ?j

7 � � � � � � � ' i? � r n �c ? � r n 2c ���c ? � �c ?j

Vl ghvljqdprv frpr L � | M � � � odv pdwulfhv

L � '

3
EEEEEEEEEEEEEEEC

� f � � � f
111 � �

111

�
111 � f

f � �
111 f �

111
111 � �
111 f

f � � � � � � f

4
FFFFFFFFFFFFFFFD

c M � � � '

3
EEEEC

� � � � � f
111 � � �

� f �
111

f � � � � �

4
FFFFD

c

uhvxowdq vhu L � 5 P � � 	 � � � � � 
 EU� | M � � � 5 P 	 � � � 
 � 	 � � � 
 EU�1

Frq hvwdv qrwdflrqhv/ frqvlghudqgr odv froxpqdv fruuhvsrqglhqwhv d odv lqföjqlwdv
�E7 � � � �/ 1 1 1 / �E7 � � � � � � � �/ �E7 � � � � � �/ 1 1 1 / �E7 � � � � � �/ �E7 � � � � � � � � rewhqhprv ho
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vljxlhqwh phqru gh rughq ? gho vlvwhpd gh hfxdflrqhv=

_i|

3
EEEEC

L � f

M � � �

4
FFFFD

' _i|M � � � ' E���
� � � � � � � 	

r�

Frpr txh orv ydoruhv gh r yhul�fdq � � r � ?��/ ho udqjr gh od pdwul} gho vlvwhpd
gh hfxdflrqhv fruuhvsrqglhqwh hv ?/ or txh jdudqwl}d od lqghshqghqfld olqhdo gh
odv uhvwulfflrqhv txh dihfwdq d fdgd xqr gh orv fduglqdohv gh odv frdolflrqhv sdud
� � r � ? � �1 �

Revhuydflöq 91<
Hvwdprv frqvlghudqgr ho vxehvsdflr yhfwruldo gh orv mxhjrv lqglvwlqjxleohv sru vhpl0
ydoruhv gho mxhjr f 5 C 
 /

_
�

.�Ej� ' i� 5 C 
 * @ � 
 � E�� ' fc � � � � ?c � � r � ? � �( �E�� ' fjc

| fdgd mxhjr gh C 
 h{suhvdgr phgldqwh frpsrqhqwhv djuxsdgdv sru orv fduglqdohv
gh odv frdolflrqhv/ gh irupd txh odv sulphudv fruuhvsrqghq d �Ei�j�c � � � � ?/
ghvsxìv �Ei�c �j�c � � �c � � ?/ 1 1 1 / kdvwd �E��1

Sdud fdgd xqr gh orv fduglqdohv gh odv frdolflrqhv/ ghvgh � kdvwd ? � �/ dsduhfhq ?

uhvwulfflrqhv olqhdohv lqghshqglhqwhv gh pdqhud txh orv judgrv gh olehuwdg uhvxowdq
vhu=

fduglqdo gh odv frdolflrqhv judgrv gh olehuwdg

r ' �
� �

�
�

� ? ' f

r ' 2
� �

�
�

� ?

� � � � � �

r ' ? � 2
� �

� � �
�

� ?

r ' ? � �
� �

� � �
�

� ? ' f

r ' ? � � � ' f

Sdud orv fduglqdohv �c ? � �c ? ho qýphur gh uhvwulfflrqhv lqghshqglhqwhv frlqflgh
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frq ho gh yduldeohv/ gh irupd txh od vroxflöq ýqlfd hv od vroxflöq qxod1 Od vxpd
gh wrgrv orv judgrv gh olehuwdg qrv gduä od glphqvlöq gho vxehvsdflr gh mxhjrv
lqglvwlqjxleohv sru vhplydoruhv gho mxhjr f 5 C � =

_�4
_

�
.�Ej� '

� � �[
� � �

��
?

r

�
� ?

�
'

� � �[
� � �

�
?

r

�
� E? � ��? ' 2

�
� ?

�
n ? � 2�

Sdud ydoruhv shtxhôrv gho fduglqdo ? gho frqmxqwr gh mxjdgruhv vh yhul�fd=

? 2 � e D S . � � �

_�4
W

�
.�Ej� f f 2 �f �2 He � � �

Hq frqvhfxhqfld/ sdud ? ' 2 | sdud ? ' � wrgrv orv mxhjrv frrshudwlyrv vrq
glvwlqjxleohv sru vhplydoruhv/ plhqwudv txh/ sdud fduglqdo ? ' e od fodvh gh htxl0
ydohqfld gh mxhjrv lqglvwlqjxleohv sru vhplydoruhv hv/ sdud fdgd mxhjr/ xq sodqr
txh sdvd sru glfkr mxhjr1 D phglgd txh dxphqwd ho ydoru gh ? dxphqwd hq rughq
h{srqhqfldo od glphqvlöq gho vxehvsdflr gh mxhjrv lqglvwlqjxleohv gho qxor1

Hmhpsor 9143
Ghwhuplqdflöq gho vxehvsdflr gh mxhjrv gh e mxjdgruhv lqglvwlqjxleohv sru vhpl0
ydoruhv gho mxhjr qxor1

Hpsohdqgr od qrphqfodwxud lqwurgxflgd/ hvwrv mxhjrv fxpsoluäq=

@ � 	 
 E�� ' fc � � � � ec � � r � �( �E�� ' f�

Vhjýq od revhuydflöq dqwhulru/ odv frpsrqhqwhv gh orv mxhjrv lqglvwlqjxleohv gho
mxhjr qxor fruuhvsrqglhqwhv d frdolflrqhv gh fduglqdo r ' � | r ' � vrq qxodv/
txhgdqgr odv frqglflrqhv uhgxflgdv d

@ � 	 � E�� ' fc � � � � ec

r or txh hv or plvpr=
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�Ei�c 2j� n �Ei�c �j� n �Ei�c ej� ' f

�Ei�c 2j� n �Ei2c �j� n �Ei2c ej� ' f

�Ei�c �j� n �Ei2c �j� n �Ei�c ej� ' f

�Ei�c ej� n �Ei2c ej� n �Ei�c ej� ' f

<
AAAAA@
AAAAA>

�

Odv vroxflrqhv gh hvwh vlvwhpd krprjìqhr hvwäq frqvwlwxlgdv sru ho vxehvsdflr
yhfwruldo gh orv mxhjrv frrshudwlyrv gh e mxjdgruhv vljxlhqwh=

	 Efc fc fc fc �c ��c fc fc ��c �c fc fc fc fc f� c Efc fc fc fc �c fc ��c ��c fc �c fc fc fc fc f� : �

Sursrvlflöq 9144
Vl s ' sE% � c ���c % � � hv od HPO gho mxhjr � 5 C � vh yhul�fd=

� � f / usE7k� ' fc 7k ' Ekc ���c k�c ;k 5 dfc �o�

Ghprvwudflöq
Od HPO gho mxhjr � 5 C � hv sE% � c ���c % � � '

[
� � �

\
� � �

%�
\
� �� �

E� � %� ��E7��

Vl � � fc jd�o ' jdfo ' f sdud wrgr vhplydoru j gh�qlgr vreuh C � |/ hq sduwlfxodu/
sdud orv vhplydoruhv gho wlsr j � frq k 5 dfc �o/ hqwrqfhv=

Ys

Y% 	
E7k� ' Ej � � 	 d�o ' fc � ' �c ���c ? , usE7k� ' fc ;k 5 dfc �o�

Uhfðsurfdphqwh/ vl usE7k� ' fc 7k ' Ekc ���c k�c k 5 dfc �o/ hvfrjhprv ? qýphurv
uhdohv f � k � 	 k 
 	 � � � 	 k � � �/ gh pdqhud txh ij � � j� � � 
 � � � 
 � irupd xq vlvwhpd
gh uhihuhqfld | fxdotxlhu j vhplydoru vreuh C � vh h{suhvd frpr j '

S �
� � � b� j � � /

hqwrqfhv=

jd�o '

�[
� � �

b� j � � d�o '

�[
� � �

b� usE7k� � ' f , � � f� �

Hmhpsor 9145
Frqvlghudprv ho mxhjr frrshudwlyr � 5 C � c � ' i�c 2c �c ej/ gh�qlgr hq od irupd=

�Ei�c 2j� ' �Ei�c ej� ' �c �Ei�c �j� ' �Ei2c ej� ' ��c �E7� ' f hq rwur fdvr1
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Sdud suredu txh � hv xq mxhjr lqglvwlqjxleoh sru vhplydoruhv gho mxhjr f 5 C �

frqvlghuduhprv vx HPO s ' sE% � c % � c % � c % � � txh uhvxowd vhu=

% � % � E��% � �E��% � ��% � % � E��% � �E��% � ��% � % � E��% � �E��% � �n% � % � E��% � �E��% � ��

Ghulydqgr=

Ys

Y% �
' % � E� � % � �E� � % � � � % � E� � % � �E� � % � � n % � % � E� � % � � � % � % � E� � % � �c

� � �
Ys

Y% �
' �% � % � E� � % � � n % � % � E� � % � � � % � E� � % � �E� � % � � n % � E� � % � �E� � % � ��

Gh dtxð=

usE7k� ' Efc fc fc f�c 7k ' Ekc ���c k�c ;k 5 dfc �o�

Gh�qlflöq 9146
Sdud fxdotxlhu hvsdflr gh mxhjrv frrshudwlyrv/ gh�qlprv fdoleuh gho mxhjr � 5 C �

hq od irupd=

S@,E�� ' mA � m/ grqgh A � ' i7 � � * �E7� 9' fj�

Revhuydflöq 9147
Ho frqfhswr gh fdoleuh fxpsoh odv surslhgdghv

S@,E��� fc ;� 5 C � ( S@,E�� ' f vl | vöor vl � ' f(

S@,E� n �� � S@,E�� n S@,E��c ;�c � 5 C � �

Vlq hpedujr/ qr vh wudwd gh xqd qrupd gh�qlgd vreuh C � / sxhvwr txh/ hq jhqhudo/
S@,Eb�� 9' mbm S@,E�� sdud b 5 U1

Frpr suhwhqghprv fdudfwhul}du orv mxhjrv � 5 C � txh vhdq lqglvwlqjxleohv sru
vhplydoruhv gho mxhjr f 5 C � / od qrflöq gh fdoleuh suhwhqgh phglu/ gh dojxqd
pdqhud/ od vlplolwxg txh sxhgd kdehu hqwuh orv mxhjrv lqglvwlqjxleohv gho mxhjr
qxor frq ho surslr mxhjr qxor1
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Sursrvlflöq 9148
Sdud fxdotxlhu hvsdflr gh mxhjrv frrshudwlyrv C � / qr h{lvwhq mxhjrv lqglvwlqjxleohv
sru vhplydoruhv gho mxhjr f 5 C � txh whqjdq fdoleuh phqru r ljxdo d wuhv1

Ghprvwudflöq
Sureduhprv od d�updflöq gho hqxqfldgr vxfhvlydphqwh sdud orv fdoleuhv 4/ 5 | 61

+d, Frqvlghudprv xq mxhjr � 5 C � frq S@,E�� ' �1 H{lvwh xqd ýqlfd frdolflöq
7 � �c 7 9' >/ wdo txh �E7� 9' f1 Vl hvfrjhprv xq hohphqwr � 5 7 yhul�fduä

@ � � � E�� ' �E7� 9' fc r ' m7mc

gh grqgh � qr hv lqglvwlqjxleoh sru vhplydoruhv gho mxhjr f 5 C � / vhjýq od sursrvl0
flöq 9191

+e, Frqvlghudprv dkrud xq mxhjr � 5 C � frq S@,E�� ' 21 H{lvwhq grv ýqlfdv
frdolflrqhv glihuhqwhv 7 � c 7 � � �c 7 � c 7 � 9' >/ wdohv txh �E7 � �c �E7 � � 9' f1 Vl hvwdv
frdolflrqhv wlhqhq fduglqdohv glihuhqwhv/ dfwxdqgr frpr hq ho dsduwdgr +d,/ � hv
glvwlqjxleoh sru vhplydoruhv gh f 5 C � 1

Vxsrqhprv hqwrqfhv txh �E7 � �c �E7 � � 9' fc m7 � m ' m7 � m ' rc � � r � ? � �c �E7� '

f vl 7 9' 7 � c 7 � 1 Do vhu 7 � 9' 7 � | m7 � m ' m7 � m/ h{lvwluä dojýq � 5 7 � wdo txh � *5 7 �

fxpsolhqgr
@ � � � E�� ' �E7 � � 9' fc r ' m7mc

| � hv glvwlqjxleoh sru vhplydoruhv gh f 5 C � 1

+f, Sru ýowlpr/ frqvlghudprv fxdotxlhu mxhjr � 5 C � frq S@,E�� ' �1 H{lvwluäq
wuhv ýqlfdv frdolflrqhv glihuhqwhv 7 � c 7 � c 7 � � �c 7 � c 7 � c 7 � 9' >/ wdohv txh �E7 � � 9'

fc � ' �c 2c �1 Vl xqr gh orv fduglqdohv gh hvwdv frdolflrqhv hv glihuhqwh d fxdotxlhud
gh orv rwurv grv/ dfwxdqgr frpr hq ho dsduwdgr +d, vreuh od frdolflöq gh fduglqdo
ýqlfr/ frqfoxlprv txh � hv glvwlqjxleoh sru vhplydoruhv gh f 5 C � 1

Vxsrqhprv hqwrqfhv txh �E7 � � 9' fc m7 � m ' rc � ' �c 2c �c � � r � ? � �c �E7� ' f

vl 7 9' 7 � c � ' �c 2c � | txh � � f1 Vhjýq od sursrvlflöq 919/ do vhu � � f/

@� � � E�� ' fc � � � � ? ,

�[

� 	 �
@� � � E�� ' r

[

 � � 
 � 	 �

�E7� ' fc
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txh/ hq hvwh fdvr/ gd oxjdu d=

�E7 � � n �E7 � � n �E7 � � ' fc

�E7 � � ' �@ � Kc �E7 � � ' @c �E7 � � ' Kc @c Kc �@ � K 9' f�

Do vhu 7 � c 7 � c 7 � glvwlqwdv/ shur gho plvpr fduglqdo/ h{lvwluä/ do phqrv/ xq � 5 7 �

wdo txh � *5 7 � c � *5 7 � ö � *5 7 � c � 5 7 � ö � 5 7 � c � *5 7 � 1 Sdud hvwrv wuhv vxsxhvwrv/
uhvshfwlydphqwh/

@ � � � E�� ' �E7 � � ' �@ � K 9' fc

@ � � � E�� ' �E7 � � n �E7 � � ' �@ 9' fc

@ � � � E�� ' �E7 � � n �E7 � � ' �K 9' f�

Odv wuhv srvlelolgdghv frqwudglfhq od vxsrvlflöq gh txh � � f1 �

915 Mxhjrv gh frqpxwdflöq

Hq od vhfflöq dqwhulru khprv ghwhuplqdgr od glphqvlöq gh od ydulhgdg gh orv mxhjrv
lqglvwlqjxleohv sru vhplydoruhv uhvshfwr d xq mxhjr fxdotxlhud1 Dghpäv/ khprv
suredgr txh qr h{lvwhq mxhjrv lqglvwlqjxleohv txh wrphq ýqlfdphqwh xqr/ grv r
wuhv ydoruhv vreuh vxv frdolflrqhv txh vhdq glvwlqwrv d orv gho mxhjr frq ho txh/ hq
frqfuhwr/ vh hvwì wudwdqgr1

Hq oðqhd frq hvwdv frqvlghudflrqhv | wudedmdqgr vlhpsuh hq uhihuhqfld do mxhjr
qxor/ gh�qlprv dkrud xqrv mxhjrv gh wlsr edvwdqwh vlpsoh txh qrv ydq d shuplwlu
frqrfhu fxäo hv od hvwuxfwxud gho frqmxqwr gh mxhjrv lqglvwlqjxleohv sru vhplydoruhv
uhvshfwr do mxhjr f 5 C � / hq ho vhqwlgr gh frqrfhu txì hohphqwrv or jhqhudq frpr
vxehvsdflr yhfwruldo hq fdgd hvsdflr gh mxhjrv C � 1

Gh�qlflöq 9149
Frqvlghudprv hvsdflrv gh mxhjrv frrshudwlyrv C � frq m� m � e1
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Sdud xq ghwhuplqdgr fduglqdo gh odv frdolflrqhv gh mxjdgruhv r E2 � r � ? � 2�/
gdgrv xq vxefrqmxqwr 8 � � frq S@o_E8 � ' r �2 / fxdwur mxjdgruhv � � c � � c � � c � � 5

�p8 | xq qýphur uhdo & 9' f/ gh�qlprv ho mxhjr gh frqpxwdflöq � � � � � � � 	 � � 
 � � � hq od
irupd vljxlhqwh=

� � � � � � � 	 � � 
 � � � ' & d� � 
 � � � � � 	 � n � � 
 � � 
 � � � � � � � 
 � � � � � 
 � � � � 
 � � 	 � � � � o/

grqgh � � 5 C � hv ho mxhjr xqlgdg gh�qlgr frpr � � EA � ' f vl A 9' 7 | � � E7� ' �1

Hq hvwd gh�qlflöq vh kd gh frqvlghudu 8 � � frpr xq vxefrqmxqwr | qr frpr
xqd frdolflöq/ shuplwlhqgr/ sru or wdqwr/ txh sxhgd vhu 8 ' >1 Hq od gh�qlflöq
gho mxhjr gh frqpxwdflöq dsduhfhq fxdwur frdolflrqhv txh wrpdq ydoru qr qxor>
orv hohphqwrv gh 8 irupdq sduwh gh hvdv fxdwur frdolflrqhv1 Hq ho fdvr hq txh odv
frdolflrqhv vhdq gh fduglqdo r ' 2/ qr vh hqfxhqwud qlqjýq mxjdgru frpýq d wrgdv
hoodv/ vlhqgr hqwrqfhv 8 ' >1

Hmhpsor 914:
Ghvljqdprv sru � � ho mxhjr gh frqpxwdflöq fxdqgr ho fduglqdo gh odv frdolflrqhv
hv r ' 2/ orv mxjdgruhv vrq E� � c � � c � � c � � � ' E�c 2c �c e� | & ' �1 Hq hvwh fdvr odv
frdolflrqhv frq ydoru qr qxor dgrswdq ho hvtxhpd vljxlhqwh=

� � E7� ' � � � E7� ' ��

4 5
6 7

4 5
6 7

�

�

2

e

�

�

2

e

� � E7� ' f hq rwur fdvr1

Vl oodpdprv � � do mxhjr gh frqpxwdflöq gh�qlgr frpr ho dqwhulru shur dkrud frq
E� � c � � c � � c � � � ' E�c 2c ec ��/ whqhprv ho hvtxhpd vljxlhqwh=
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� � E7� ' � � � E7� ' ��

4 5
6 7

4 5
6 7

4 5
6 7

4 5
6 7

� � E7� ' f hq rwur fdvr1

Shqvdgrv frpr yhfwruhv gh xq hvsdflr gh mxhjrv C � frq m� m � e/ orv mxhjrv �
�
c � �

uhvxowdq vhu olqhdophqwh lqghshqglhqwhv1

Hvwrv grv mxhjrv uhsuhvhqwdq/ sdud xqd ghwhuplqdgd djuxsdflöq sru sduhmdv i�c 2j

| i�c ej/ odv grv srvleohv djuxsdflrqhv hq sduhmdv glvwlqwdv txh sxhghq irupduvh
hqwuh orv hohphqwrv gdgrv/ hvwr hv/ i�c �j | i2c ej sdud �

�
/ i�c ej | i2c �j sdud � � 1

Hq dperv fdvrv/ fdgd lqwhufdpelr gh sduhmdv r frqpxwdflöq vxsrqh fdpelr gh
vljqr hq ho ydoru dwulexlgr d od frdolflöq1

Hmhpsor 914;
Orv mxhjrv gh frqpxwdflöq sdud fduglqdo gh odv frdolflrqhv r ' D/ frq 8 ' i�c 2c �j/
mxjdgruhv E� � c � � c � � c � � � ' Eec Dc Sc .� | E� � c � � c � � c � � � ' Eec Dc .c S�/ ghvljqdgrv uhvshf0
wlydphqwh �

�
| � � / frq & ' �/ dgrswdq orv hvtxhpdv txh vh ghwdoodq d frqwlqxdflöq1

�
�
E7� ' � �

�
E7� ' ��

7 8
4 5 6

9 :

7 8
4 5 6

9 :

7 8
4 5 6

9 :

7 8
4 5 6

9 :

�
�
E7� ' f hq rwur fdvr1
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�
�
E7� ' � �

�
E7� ' ��

7 8
4 5 6

9 :

7 8
4 5 6

9 :

7 8
4 5 6

9 :

7 8
4 5 6

9 :

�
�
E7� ' f hq rwur fdvr1

Hq dperv mxhjrv/ orv hohphqwrv gh 8 shuwhqhfhq d odv fxdwur frdolflrqhv txh wrpdq
ydoru qr qxor/ txh hq hvwh hmhpsor vrq orv mxjdgruhv �/ 2 | �1 Orv mxjdgruhv e/ D/
S/ . vrq orv txh frqpxwdq/ irupdqgr sduwh gh grv frdolflrqhv/ xqd frq ydoru � |
rwud frq ydoru ��/ do lqwhufdpelduvh hqwuh vð orv hohphqwrv gh odv sduhmdv irupdgdv
sru hvwrv mxjdgruhv1

Sursrvlflöq 914<
Orv mxhjrv gh frqpxwdflöq vrq mxhjrv frrshudwlyrv gh fdoleuh e lqglvwlqjxleohv sru
vhplydoruhv gho mxhjr f 5 C � sdud m� m � e1

Ghprvwudflöq
Hpsohduhprv od HPO sdud suredu txh vrq lqglvwlqjxleohv gho mxhjr qxor1

Hq ho fdvr gh mxhjrv gh frqpxwdflöq sdud r ' 2 |d vh kd ylvwr od surslhgdg hq ho
hmhpsor 9145/ hq ho fdvr sduwlfxodu & ' � | � � ' �c � � ' 2c � � ' �c � � ' e1 Ho uhvwr
gh srvlelolgdghv whqguðd xq wudwdplhqwr vlplodu1

Sdud fduglqdo gh odv frdolflrqhv rc 2 	 r � ? � 2/ od HPO gh xq mxhjr gh frq0
pxwdflöq dgrswd od h{suhvlöq vljxlhqwh=

s ' &
\

� � �
% �

\
� 	� 


E� � %� �
�
%� � 
 � %� � E� � %� � � � �E� � % � � � � � n %� � � � % � � � � E� � % � � � � ��

�E� � % � � � � % � � 
 � %� � � � E� � %� � �E� � %� � � � � � %� � % � � � � E� � % � � 
 � �E� � % � � � � �
�

c

grqgh 8 ' i� � c ���c � � � � j | C ' 8 ^ i� � � � c � � c � � � � c � � � � j1
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Sdud � 5 8 =
Ys

Y%�
E7k� ' & k � �

�
k � � � �

�
� f ' fc 7k ' Ekc ���c k�c k 5 dfc �o�

Sdud � *5 C=
Ys

Y%�
E7k� ' �& k � �

�
k � � � �

�
� f ' fc 7k ' Ekc ���c k�c k 5 dfc �o�

Sdud � ' � � �
� c � � c � �

� � c � �
� � hvwdv yduldeohv dsduhfhq ýqlfdphqwh hq od h{suhvlöq

hqwuh frufkhwhv hq od HPO txh vh fruuhvsrqgh d od HPO gho fdvr r ' 2 sdud
hvwdv plvpdv yduldeohv/ gh irupd txh odv fruuhvsrqglhqwhv ghulydflrqhv hq 7k '

Ekc ���c k�c k 5 dfc �o/ vrq wdpelìq qxodv1 �

Sursrvlflöq 9153
Sdud fxdotxlhu hvsdflr gh mxhjrv frrshudwlyrv C � frq m� m � e/ �mdgr xq ydoru r gho
fduglqdo gh odv frdolflrqhv gh mxjdgruhv E2 � r � ?�2�/ orv mxhjrv gh frqpxwdflöq
uhvshfwlyrv jhqhudq xq vxehvsdflr yhfwruldo gh glphqvlöq

�
�

�
�

� ?1

Ghprvwudflöq
Sdud suredu od d�updflöq gho hqxqfldgr frqvwuxluhprv d sduwlu gh mxhjrv gh frq0
pxwdflöq xqd idplold olqhdophqwh lqghshqglhqwh/ glihuhqfldqgr orv fdvrv r ' 2 |
r : 21

+d, Sdud r ' 2/ frqvlghudprv grv wlsrv gh mxhjrv gh frqpxwdflöq1 Ho sulphu wlsr
gh mxhjrv hv ho frqvwlwxlgr ghvgh orv mxhjrv=

;
AAAAA?
AAAAA=

� 	� 
 � Ei�c 2j� ' � 	� 
 � Ei�c ej� ' �c

� 	� 
 � Ei�c �j� ' � 	� 
 � Ei2c ej� ' ��c

� 	� 
 � E7� ' f hq rwur fdvr>

;
AAAAA?
AAAAA=

�
�� 
 � Ei�c 2j� ' �

�� 
 � Ei�c ej� ' �c

�
�� 
 � Ei�c ej� ' �

�� 
 � Ei2c �j� ' ��c

�
�� 
 � E7� ' f hq rwur fdvr>

kdvwd orv mxhjrv=

;
AAAAA?
AAAAA=

� 	� 

� Ei�c 2j� ' � 	� 


� Ei�c ?j� ' �c

� 	� 

� Ei�c �j� ' � 	� 


� Ei2c ?j� ' ��c

� 	� 

� E7� ' f hq rwur fdvr>

;
AAAAA?
AAAAA=

�
�� 


� Ei�c 2j� ' �
�� 


� Ei�c ?j� ' �c

�
�� 


� Ei�c ?j� ' �
�� 


� Ei2c �j� ' ��c

�
�� 


� E7� ' f hq rwur fdvr1
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Hvwrv mxhjrv hvwäq uhodflrqdgrv frq frdolflrqhv gh mxjdgruhv ghvgh i�c ej kdvwd
i�c ?j/ vlhqgr/ sru wdqwr/ hq qýphur 2E?��� ' 2?�S1 Hvwrv mxhjrv vrq olqhdophqwh
lqghshqglhqwhv |d txh orv gho wlsr � � vrq orv ýqlfrv txh wrpdq ydoru glihuhqwh gh
fhur vreuh odv frdolflrqhv vljxlhqwhv=

� �� � � Ei2c ej� ' � � � ' � �� � � Ei2c ?j� ' ��c

vxfhglhqgr or plvpr frq odv frdolflrqhv txh vh lqglfdq sdud orv gho wlsr �
�
=

�
�� � � Ei�c ej� ' � � � ' �

�� � � Ei�c ?j� ' ���

Ho vhjxqgr wlsr gh mxhjrv txh vh hvfrjh +sdud ? : e, hvwä uhodflrqdgr frq odv
frdolflrqhv gh mxjdgruhv ghvgh iec Dj kdvwd i? � �c ?j | vh wudwd gh orv vljxlhqwhv=

;
AAAAA?
AAAAA=

� � � � Ei�c 2j� ' � � � � Eiec Dj� ' �c

� � � � Ei�c ej� ' � � � � Ei2c Dj� ' ��c

� � � � E7� ' f hq rwur fdvr>

���

;
AAAAA?
AAAAA=

� � � � � � Ei�c 2j� ' � � � � � � Ei? � �c ?j� ' �c

� � � � � � Ei�c ? � �j� ' � � � � � � Ei2c ?j� ' ��c

� � � � � � E7� ' f hq rwur fdvr1

Ho qýphur gh mxhjrv gh hvwh wlsr hv ho plvpr txh ho gh frdolflrqhv ghvgh od iec Dj

kdvwd od i? � �c ?j rughqdgdv oh{lfrjuä�fdphqwh/ hv ghflu/
�

?

2

�
� d? � � n ? � 2 n ? � �o '

�
?

2

�
� �? n Sc

wudwäqgrvh gh mxhjrv olqhdophqwh lqghshqglhqwhv hqwuh vð | frq orv gho wlsr dqwhulru/
|d txh fdgd xqr gh hoorv hv ho ýqlfr txh dwulex|h ydoru qr qxor d od frdolflöq fx|rv
hohphqwrv frlqflghq frq orv vxeðqglfhv gho surslr mxhjr=

� 	 � 
 Ei�c �j� ' �c e � � 	 � � ?�

Ho qýphur wrwdo gh mxhjrv txh vh kd frqvlghudgr hqwuh orv gho sulphu | orv gho
vhjxqgr wlsr uhvxowd vhu

� �
�
�

� ?/ txh hv od fdqwlgdg uhtxhulgd sdud ho fdvr r ' 21

+e, Sdud r : 2 Er � ? � 2� frqvlghudprv fxdwur wlsrv gh mxhjrv gh frqpxwdflöq1
Ho sulphu wlsr gh mxhjrv hv ho frqvwlwxlgr sru orv mxhjrv=
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;
AAAAA?
AAAAA=

� �� � � � � Ei�c ���c r � 2c r � �c rj� ' � �� � � � � Ei�c ���c r � 2c r n �c &j� ' �c

� �� � � � � Ei�c ���c r � 2c r � �c r n �j� ' � �� � � � � Ei�c ���c r � 2c rc &j� ' ��c

� �� � � � � E7� ' f hq rwur fdvr>

;
AAAAA?
AAAAA=

�
�

� � � � � Ei�c ���c r � 2c r � �c rj� ' �
�

� � � � � Ei�c ���c r � 2c r n �c &j� ' �c

�
�

� � � � � Ei�c ���c r � 2c r � �c &j� ' �
�

� � � � � Ei�c ���c r � 2c rc r n �j� ' ��c

�
�

� � � � � E7� ' f hq rwur fdvr>

grqgh & wrpd ydoruhv ghvgh r n 2 kdvwd ?1

Frqvlghudqgr od yduldflöq gh &/ ho qýphur gh mxhjrv gh hvwh sulphu wlsr hv gh
2d? � Er n 2� n �o ' 2E? � r � ��1 Hvwrv mxhjrv vrq olqhdophqwh lqghshqglhqwhv
|d txh orv gho wlsr � � vrq orv ýqlfrv txh wrpdq ydoru glihuhqwh gh fhur vreuh odv
frdolflrqhv vljxlhqwhv=

� �� � � � � Ei�c ���c r � 2c rc &j� ' ��c r n 2 � & � ?c

vxfhglhqgr or plvpr frq odv frdolflrqhv txh vh lqglfdq sdud orv gho wlsr �
�
=

�
�

� � � � � Ei�c ���c r � 2c r � �c &j� ' ��c r n 2 � & � ?�

Ho vhjxqgr wlsr gh mxhjrv vh frqvlghud vöor vl r � ? � � | hvwä uhodflrqdgr frq odv
frdolflrqhv

i�c ���c r � 2c r n 2c r n �jc ����c i�c ���c r � 2c ? � �c ?jc

txh wlhqhq �mrv orv hohphqwrv �c ���c r � 2/ yduldqgr orv grv ýowlprv hohphqwrv ghvgh
irn2c rn�j kdvwd i? � �c ?j/ hq rughq oh{lfrjuä�fr1 Hvwrv mxhjrv hvwäq gh�qlgrv
hq od irupd=
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;
AAAAA?
AAAAA=

� � � � Ei�c ���c r � 2c r � �c rj� ' � � � � Ei�c ���c r � 2c �c �j� ' �c

� � � � Ei�c ���c r � 2c r � �c �j� ' � � � � Ei�c ���c r � 2c rc �j� ' ��c

� � � � E7� ' f hq rwur fdvr1

rn2 � � 	 � � ?�

Ho qýphur gh mxhjrv gh hvwh wlsr hv
�

? � Er n 2� n �

2

�
'

�
? � r � �

2

�
c

wudwäqgrvh gh mxhjrv olqhdophqwh lqghshqglhqwhv hqwuh vð | frq orv gho wlsr dqwhulru
|d txh fdgd xqr gh hoorv hv ho ýqlfr txh dwulex|h ydoru qr qxor d od frdolflöq fx|rv
grv ýowlprv hohphqwrv frlqflghq frq orv vxeðqglfhv gho surslr mxhjr=

� � � � Ei�c ���c r � 2c �c �j� ' �c r n 2 � � 	 � � ?�

Hq ho vxsxhvwr r � e Er � ? � 2� vh sdvd d frqvlghudu ho whufhu wlsr gh mxhjrv gh
frqpxwdflöq uhodflrqdgrv frq odv frdolflrqhv 7 gh fduglqdo r wdohv txh

7 6 � | 7 9� i2c �c ���c r � 2j�

Hqwuh hvwdv frdolflrqhv dsduhfhuäq odv vljxlhqwhv r�� txh vh fdudfwhul}dq sru ghmdu
gh frqwhqhu xq ýqlfr hohphqwr hqwuh orv gh i2c �c ���c r � 2j | ho uhvwr gh hohphqwrv
fruuhodwlyrv1 Vl ghvljqdprv sru A do vxefrqmxqwr i�c 2c ���c r � 2c r � �c rc r n �j

srghprv hvfulelu=

A pir � 2j ' i�c 2c ���c r � ec r � �c r � �c rc r n �j

A pir � �j ' i�c 2c ���c r � ec r � 2c r � �c rc r n �j

� � �

A pi�j ' i�c 2c ec ���c r � 2c r � �c rc r n �j

A pi2j ' i�c �c ec ���c r � 2c r � �c rc r n �j

Hqwrqfhv/ sdud fdgd 7 wdo txh 7 6 �c 7 9� i2c �c ���c r � 2jc 7 9' A p ir � 2jc

A pir � �jc � � � c A pi�jc A pi2j/ ghvfulwrv vxv hohphqwrv hq od irupd

7 ' i�c � � c ���c � � � � c � � � � c � � jc � 	 � � 	 � � � 	 � � � � 	 � � � � 	 � � c
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h{lvwluäq/ sru or phqrv/ grv hohphqwrv �c � 5 � p7 wdohv txh

� 	 � 	 � 	 � � a � 	 � � � � c

gh pdqhud txh srghprv frqvlghudu orv mxhjrv=
;
AAAAA?
AAAAA=

�� � � � � � � � � � 	 � � � Ei�c ��c �c ��c � � � � c �j� ' �� � � � � � � � � � 	 � � � Ei�c �����c � � � � c � � � 
 c � � j� ' �c

�� � � � � � � � � � 	 � � � Ei�c ��c �c ��c � � � � c � � j� ' �� � � � � � � � � � 	 � � � Ei�c �����c � � � � c � � � 
 c �j� ' ��c

�� � � � � � � � � � 	 � � � E7� ' f hq rwur fdvr1

Ho qýphur gh mxhjrv gh hvwh wlsr vhuä ljxdo do gh frdolflrqhv txh frqwlhqhq ho
hohphqwr �/ ghvfrqwdqgr odv txh frqwlhqhq wrgrv orv hohphqwrv gh i2c �c ���c r � 2j

| odv r � � frdolflrqhv A pir � 2jc ���c A pi2j/ hv ghflu=
�

? � �

r � �

�
�

�
? � r n 2

2

�
� Er � ���

Hvwrv mxhjrv vrq olqhdophqwh lqghshqglhqwhv hqwuh vð | frq orv gh wlsrv dqwhulruhv/ |d
txh glvsxhvwdv odv frdolflrqhv 7 ' i�c � � c ���c � � � � c � � � 
 c � � j gho wlsr txh vh frqvlghud
hq rughq oh{lfrjuä�fr/ fdgd mxhjr hv ho sulphur txh yhul�fd

�� � � � � � � � � � 	 � � � Ei�c �����c � � � � c � � � 
 c � � j� ' �c

vlhqgr �� � � � � � � � � � 	 � � � E7� ' f sdud fxdotxlhu frdolflöq txh rfxsh xq oxjdu srvwhulru d
i�c �����c � � � � c � � � 
 c � � j hq rughq oh{lfrjuä�fr1

Ilqdophqwh/ ho fxduwr wlsr gh mxhjrv gh frqpxwdflöq txh vh frqvlghud hvwä uhod0
flrqdgr frq odv frdolflrqhv 7 wdohv txh 7 96 � | 7 9' i2c �c ���c rc r n �j1 Dvð/ vl
ghvfulelprv fdgd xqd gh hvwdv frdolflrqhv frpr

7 ' i� 
 c � � c ���c � � jc � 	 � 
 	 � � 	 � � � 	 � � c i� 
 c � � c ���c � � j 9' i2c �c ���c rc r n �jc

h{lvwluä sdud fdgd xqd gh hvwdv 7/ do phqrv/ xq � 5 � p7 wdo txh � 9' �c � 	 �� /
sdud flhuwr R � r/ gh pdqhud txh srghprv frqvlghudu orv mxhjrv=

;
AAAAA?
AAAAA=

�� 	 � � � � � � � Ei�c � 
 c ��c � � � � c �j� ' � � 	 � � � � � � � Ei� 
 c ��c � � � � c � � � 
 c � � j� ' �c

�� 	 � � � � � � � Ei�c � 
 c ���c � � � � c � � j� ' �� 	 � � � � � � � Ei� 
 c ���c � � � � c � � � 
 c �j� ' ��c

�� 	 � � � � � � � E7� ' f hq rwur fdvr1
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Ho qýphur gh mxhjrv gh hvwh wlsr vhuä ljxdo do gh frdolflrqhv gh fduglqdo r txh
sxhgdq irupduvh frq ? � � hohphqwrv +txh qr frqwhqjdq ho �,/ ghvfrqwdqgr od
frdolflöq i2c �c ���c rc r n �j/ hv ghflu=

�
? � �

r

�
� ��

Hvwrv mxhjrv vrq olqhdophqwh lqghshqglhqwhv hqwuh vð | frq orv gh wlsrv dqwhulruhv/
|d txh rughqdgdv oh{lfrjuä�fdphqwh odv frdolflrqhv 7 ' i� � c � � c ���c � � j gho wlsr txh
vh frqvlghud/ fdgd mxhjr hv ho sulphur txh yhul�fd

�� � � � � � � � � Ei� � c ��c � � � � c � � � � c � � j� ' �c

vlhqgr �� � � � � � � � � E7� ' f sdud fxdotxlhu frdolflöq txh rfxsh xq oxjdu srvwhulru d
i� � c ��c � � � � c � � � � c � � j� hq rughq oh{lfrjuä�fr1

Uhxqlhqgr orv fxdwur wlsrv gh mxhjrv gh frqpxwdflöq txh vh kdq ghvfulwr/ vx
qýphur uhvxowd vhu ljxdo d=
�

? � �

r

�
��n

�
? � �

r � �

�
�

�
? � r n 2

2

�
�Er���n

�
? � r � �

2

�
n2E?�r��� '

�
?

r

�
�?�

Frpr hvwrv mxhjrv gh frqpxwdflöq sdud frdolflrqhv gh fduglqdo r E2 	 r � ? �

2� vrq olqhdophqwh lqghshqglhqwhv/ ho vxehvsdflr yhfwruldo txh jhqhudq wlhqh od
glphqvlöq txh hvwdeohfh ho hqxqfldgr1 �

Whruhpd 9154
Xq mxhjr frrshudwlyr � 5 C 	 c m� m � e/ hv lqglvwlqjxleoh sru vhplydoruhv gho mxhjr
f 5 C 	 vl | vöor vl hv frpelqdflöq olqhdo gh mxhjrv gh frqpxwdflöq1

Ghprvwudflöq
Vhjýq od sursrvlflöq 914</ wrgr mxhjr gh frqpxwdflöq hv lqglvwlqjxleoh sru vhpl0
ydoruhv gho mxhjr qxor1 Sru olqhdolgdg/ wrgd frpelqdflöq olqhdo gh mxhjrv gh frq0
pxwdflöq vhuä/ hq frqvhfxhqfld/ lqglvwlqjxleoh gho mxhjr f 5 C 	 1

Uhfðsurfdphqwh/ sru od sursrvlflöq 9153/ sdud fdgd fduglqdo r gh odv frdolflrqhv
gh mxjdgruhv/ 2 � r � ? � 2/ orv mxhjrv gh frqpxwdflöq uhvshfwlyrv jhqhudq xq
vxehvsdflr yhfwruldo gh glphqvlöq

� 

�
�

� ?1 Fdgd xqr gh hvwrv vxehvsdflrv hvwä hq
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vxpd gluhfwd frq fxdotxlhud gh orv rwurv/ gh pdqhud txh od glphqvlöq gh vx vxpd
uhvxowd vhu � � �[

� � �

��
?

r

�
� ?

�
' 2

�
� ?

�
n ? � 2c

h{dfwdphqwh ljxdo d od glphqvlöq gh
W

� .�Ej�/ grqgh j hv fxdotxlhu vhplydoru
vreuh orv mxhjrv gh C � 1

Do hvwdu wrgrv orv vxehvsdflrv jhqhudgrv sru mxhjrv gh frqpxwdflöq lqfoxlgrv hq
od lqwhuvhfflöq gh orv hvsdflrv qxorv sru vhplydoruhv/ vh vljxh vx ljxdogdg/ or txh
suxhed txh wrgr mxhjr lqglvwlqjxleoh sru vhplydoruhv gh f 5 C � sxhgh h{suhvduvh
frpr frpelqdflöq olqhdo gh mxhjrv gh frqpxwdflöq1 �

Hmhpsor 9155
Frqvlghudprv ho fdvr hq txh ho fduglqdo gho frqmxqwr gh mxjdgruhv hv ? ' .1 Vh
suhwhqgh ghwhuplqdu/ hpsohdqgr ho surfhglplhqwr frqvwuxfwlyr gh od sursrvlflöq
9153/ xqd idplold gh mxhjrv gh frqpxwdflöq sdud fduglqdo gh odv frdolflrqhv r ' 2

irupdgd sru
� �

�
�

� . ' �e mxhjrv olqhdophqwh lqghshqglhqwhv1

Ho sulphu wlsr gh mxhjrv hvwduðd frqvwlwxlgr sru dtxhoorv txh wrpdq orv ydoruhv
vljxlhqwhv=

� � � 	 � 
 � � � � � � � 	 � 
 � � � � � � 	 
 	 � 	 � 	 �

4 04 04 4
4 04 04 4
4 04 04 4
4 04 04 4
4 04 04 4
4 04 04 4
4 04 04 4
4 04 04 4

Hvwh wlsr gh mxhjrv vrq orv uhodflrqdgrv frq odv frdolflrqhv i�c ej/ i�c Dj/ i�c Sj |
i�c .j/ grqgh vöor yduðd ho ýowlpr hohphqwr1 Do frqvlghudu sdud fdgd frdolflöq xq
mxhjr �



| rwur �

�
/ vx qýphur hv gh H mxhjrv/ txh fruuhvsrqgh d od fdqwlgdg jhqhudo

2? � S sdud ? ' .1



5:; 91 MXHJRV LQGLVWLQJXLEOHV

Sxhgh revhuyduvh frpr fdgd xqr gh hvwrv mxhjrv hv ho ýqlfr txh dwulex|h ydoru qr
qxor d odv frdolflrqhv txh vh hvshfl�fdq=

�
�

� � � Ei2c ej� ' �
�

� � � Ei2c Dj� ' �
�

� � � Ei2c Sj� ' �
�

� � � Ei2c .j� ' ��c

�
�

� � � Ei�c ej� ' �
�

� � � Ei�c Dj� ' �
�

� � � Ei�c Sj� ' �
�

� � � Ei�c .j� ' ��c

or txh jdudqwl}d vx lqghshqghqfld olqhdo1

Orv vxeðqglfhv hq fdgd mxhjr ghqrwdq od ýowlpd frdolflöq/ hq rughq oh{lfrjuä�fr/
sdud od txh wrpdq ydoru qr qxor1

Ho vhjxqgr wlsr gh mxhjrv vhuðd=

� 	 � � � � � � � � � � 	 � 	 � 	 � 	 � 	 � 
 
 
 � � � � � � � � � � � � � �

4 04 04 4
4 04 04 4
4 04 04 4
4 04 04 4
4 04 04 4
4 04 04 4

Hvwh vhjxqgr wlsr hvwä uhodflrqdgr frq odv frdolflrqhv gh mxjdgruhv iec Dj/ iec Sj/
iec .j/ iDc Sj/ iDc .j | iSc .j1 Vx qýphur hv gh S mxhjrv/ txh fruuhvsrqgh d od
fdqwlgdg jhqhudo

� �
	
�

� �? n S sdud ? ' .1

Fdgd xqr gh hvwrv mxhjrv hv ho ýqlfr gh hqwuh orv gh vx wlsr | gh hqwuh orv gho wlsr
dqwhulru txh fxpsoh

� � � � Eiec Dj� ' � � � � Eiec Sj� ' � � � ' � � � � EiSc .j� ' �c

or txh dvhjxud od lqghshqghqfld olqhdo gh od xqlöq gh dperv wlsrv1

Rwud yh}/ orv vxeðqglfhv hq fdgd mxhjr ghqrwdq od ýowlpd frdolflöq/ hq rughq oh{l0
frjuä�fr/ sdud od txh wrpdq ydoru qr qxor1
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Hq odv grv wdeodv txh vh kdq frqvwuxlgr/ odv srvlflrqhv hq eodqfr fruuhvsrqghq d
ydoruhv qxorv sdud od frdolflöq fruuhvsrqglhqwh do mxhjr gh od �od1

Hmhpsor 9156
Frqvlghudprv ho fdvr hq txh ho fduglqdo gho frqmxqwr gh mxjdgruhv hv ? ' H1 Dkrud
vh suhwhqgh ghwhuplqdu/ hpsohdqgr ho surfhglplhqwr frqvwuxfwlyr gh od sursrvlflöq
9153/ xqd idplold gh mxhjrv gh frqpxwdflöq sdud fduglqdo gh odv frdolflrqhv r ' e

irupdgd sru
� �

�
�

� H ' S2 mxhjrv olqhdophqwh lqghshqglhqwhv1

Hq hvwdv frqglflrqhv/ ho sulphu | vhjxqgr wlsr gh mxhjrv hvwduðd frqvwlwxlgr sru
orv txh wrpdq orv ydoruhv vljxlhqwhv=

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�
�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�
�
�

�
�
�
�

�
�

�
�

�
�
�
�

�
�
�
�

�
�
�

�

4 04 04 4
4 04 04 4
4 04 04 4
4 04 04 4
4 04 04 4
4 04 04 4
4 04 04 4
4 04 04 4
4 04 04 4

Orv mxhjrv gho sulphu wlsr hvwäq uhodflrqdgrv frq odv frdolflrqhv

i�c 2c Dc Sjc i�c 2c Dc .jc i�c 2c Dc Hj1

Do frqvlghudu/ sdud fdgd xqd gh hvwdv frdolflrqhv/ xq mxhjr �
�
frq & ' � | xq mxhjr

�
	
frq & ' � rewhqhprv xq qýphur wrwdo gh S mxhjrv/ txh fruuhvsrqgh d od fdqwlgdg

2E? � r � �� sdud ? ' H | r ' e1 Od frqglflöq txh jdudqwl}d vx lqghshqghqfld
olqhdo hv txh fdgd xqr gh hoorv hv ho ýqlfr gh vx wlsr txh wrpd ydoru qr qxor vreuh
odv frdolflrqhv txh vh ghwdoodq=

�
�

� 
 � Ei�c 2c ec Sj� ' �
�

� 
 � Ei�c 2c ec .j� ' �
�

� 
 � Ei�c 2c ec Hj� ' ��c

�
	

� 
 � Ei�c 2c �c Sj� ' �
	

� 
 � Ei�c 2c �c .j� ' �
	

� 
 � Ei�c 2c �c Hj� ' ���
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Hvwrv mxhjrv gho sulphu wlsr hvwäq uhodflrqdgrv frq dtxhoodv frdolflrqhv txh wlhqhq
�mrv orv r�� ' � sulphurv mxjdgruhv yduldqgr vöor ho ýowlpr1 Sru vx odgr/ orv mxhjrv
gho vhjxqgr wlsr hvwäq uhodflrqdgrv frq dtxhoodv frdolflrqhv txh pdqwlhqhq �mrv
orv r � 2 ' 2 sulphurv mxjdgruhv yduldqgr orv grv ýowlprv hq rughq oh{lfrjuä�fr d
sduwlu gh od ýowlpd frdolflöq frqvlghudgd hq orv gho wlsr sulphur/ hvwr hv=

i�c 2c Sc .jc i�c 2c Sc Hjc i�c 2c .c Hj1

Dkrud orv mxhjrv txh vh lqfrusrudq vrq orv sulphurv txh fxpsohq=

� � � � Ei�c 2c Sc .j� ' � � � � Ei�c 2c Sc Hj� ' � � � � Ei�c 2c .c Hj� ' �c

wrpdqgr fdgd xqr gh hoorv ydoru qxor vreuh frdolflrqhv txh/ hq rughq oh{lfrjuä�fr/
rfxshq oxjduhv srvwhulruhv1 Hvwr jdudqwl}d vx lqghshqghqfld olqhdo hqwuh vð | frq
orv gho sulphu wlsr1

Ho qýphur gh mxhjrv gho vhjxqgr wlsr hv gh �/ fruuhvsrqglhqwh d od fdqwlgdg jhqhudo� � � � � �
�

�
sdud ? ' H | r ' e1

Dperv wlsrv gh mxhjrv vh kdq ghvljqdgr frq grv vxeðqglfhv fruuhvsrqglhqwhv d orv
grv hohphqwrv �qdohv gh od ýowlpd frdolflöq sdud od txh wrpdq ydoru qr qxor1

Sdud frqvwuxlu orv mxhjrv gho whufhu wlsr khprv gh frqvlghudu odv frdolflrqhv 7 txh
fxpsohq

7 6 � | 7 9� i2jc

|d txh/ od frqglflöq jhqhudo 7 9� i2c �c ���c r � 2j txhgd uhgxflgd d od vhjxqgd hq
ho fdvr r ' e1 Dghpäv/ ho vxefrqmxqwr A ' i�c 2c �c ���c rc r n �j hv/ hq hvwh fdvr/
A ' i�c 2c �c ec Dj/ gh pdqhud txh A pir � 2jc ���c A pi2j vh uhgxfh d A pi2j1

Gh hvwd irupd/ sdud fdgd frdolflöq 7 wdo txh

7 6 �c 7 9� i2jc 7 9' i�c �c ec Djc

h{lvwluäq/ sru or phqrv/ grv hohphqwrv �c � 5 � p7/ wdohv txh � 	 � 	 �/ vlhqgr �

phqru txh ho ýowlpr hohphqwr gh 7 | � phqru txh ho dqwhshqýowlpr1 Vl �c � sxhgh
whqhu päv gh xqd srvlelolgdg hvfrjhuhprv orv hohphqwrv phqruhv1
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Sru hmhpsor/ sdud 7 ' i�c �c ec Sj qhfhvduldphqwh � ' 2c � ' D1 Hqwrqfhv=

;
AAAAA?
AAAAA=

� � � � � � Ei�c 2c �c Dj� ' � � � � � � Ei�c �c ec Sj� ' �c

� � � � � � Ei�c 2c �c Sj� ' � � � � � � Ei�c �c ec Dj� ' ��c

� � � � � � E7� ' f hq rwur fdvr1

Hvwh vhuðd ho sulphu mxhjr gh od wdeod txh vh dgmxqwd1

Sru hmhpsor/ sdud 7 ' i�c Dc .c Hj hvfrjhprv � ' 2c � ' �1 Hqwrqfhv=

;
AAAAA?
AAAAA=

� � � � � � Ei�c 2c �c Dj� ' � � � � � � Ei�c Dc .c Hj� ' �c

� � � � � � Ei�c 2c Dc Hj� ' � � � � � � Ei�c �c Dc .j� ' ��c

� � � � � � E7� ' f hq rwur fdvr1

Phgldqwh hvwh surfhvr oohjduðdprv d frqvwuxlu ho whufhu wlsr gh mxhjrv txh vh uh0
vxphq hq od vljxlhqwh wdeod=
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�
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Ho qýphur gh mxhjrv gho whufhu wlsr hv ho plvpr txh ho gh frdolflrqhv hvfulwdv
hq rughq oh{lfrjuä�fr ghvgh i�c �c ec Dj kdvwd i�c Sc .c Hj/ h{fhswxdqgr od frdolflöq
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A p i2j ' i�c �c ec Dj/ hv ghflu/
� �

�
�

� � ' �b/ fruuhvsrqglhqwh do fdvr jhqhudo� � � �
� � �

�
�

� � � � � �
�

�
� Er � �� sdud ? ' H | r ' e1

Hvwh wlsr gh mxhjrv hv wdo txh fdgd xqr gh hoorv hv ho sulphur gh hqwuh orv gh vx
wlsr | gh hqwuh orv grv wlsrv dqwhulruhv hq yhul�fdu

� � � 	 � � Ei�c �c ec Sj� ' � � � 	 � 
 Ei�c �c ec .j� ' � � � ' � � � 
 � � Ei�c Sc .c Hj� ' �c

wrpdqgr fdgd xqr ydoru qxor vreuh frdolflrqhv txh/ hq rughq oh{lfrjuä�fr/ rfxshq
oxjduhv srvwhulruhv1 Hoor jdudqwl}d od lqghshqghqfld olqhdo gh orv wuhv wlsrv gh
mxhjrv1 Fdgd xqr gh hvwrv mxhjrv vh kd ghvljqdgr frq wuhv vxeðqglfhv txh fruuhv0
srqghq d orv wuhv hohphqwrv �qdohv txh mxqwr do � frqvwlwx|hq od ýowlpd frdolflöq
vreuh od txh fdgd mxhjr wrpd ydoru qr qxor1

Ilqdophqwh/ sdud frqvwuxlu ho fxduwr wlsr gh mxhjrv khprv gh frqvlghudu dtxhoodv
frdolflrqhv 7 wdohv txh

7 96 � | 7 9' i2c �c ec Dj�

Sdud fdgd xqd gh hoodv srguhprv ghwhuplqdu/ do phqrv/ xq hohphqwr � 5 �p7 wdo
txh � 9' � | txh vhd phqru txh dojxqr gh orv hohphqwrv gh 71 Rwud yh}/ vl h{lvwhq
glyhuvdv dowhuqdwlydv sdud � hvfrjhuhprv ho qýphur phqru1

Sru hmhpsor/ sdud 7 ' i2c �c ec Sj qhfhvduldphqwh � ' D1 Hqwrqfhv=
;
AAAAA?
AAAAA=

� � � � � 	 � � Ei�c 2c �c Dj� ' � � � � � 	 � � Ei2c �c ec Sj� ' �c

� � � � � 	 � � Ei�c 2c �c Sj� ' � � � � � 	 � � Ei2c �c ec Dj� ' ��c

� � � � � 	 � � E7� ' f hq rwur fdvr1

Hvwh vhuðd ho sulphu mxhjr gh od wdeod txh vh dgmxqwd1

Sru hmhpsor/ sdud 7 ' i2c �c ec .j srguðd vhu � ' D ö � ' S/ shur hvfrjhprv � ' D1
Hqwrqfhv= ;

AAAAA?
AAAAA=

� � � � � 	 � 
 Ei�c 2c �c Dj� ' � � � � � 	 � 
 Ei2c �c ec .j� ' �c

� � � � � 	 � 
 Ei�c 2c �c .j� ' � � � � � 	 � 
 Ei2c �c ec Dj� ' ��c

� � � � � 	 � 
 E7� ' f hq rwur fdvr1
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Hvwh vhuðd ho vhjxqgr mxhjr gh od wdeod txh vh dgmxqwd1

Vljxlhqgr hvwh surfhvr oohjduðdprv d frqvwuxlu ho fxduwr wlsr gh mxhjrv txh sxhghq
hvtxhpdwl}duvh hq od vljxlhqwh wdeod=
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��� ���

��� 1��
��� 1��

4 04 04 4

Ho qýphur gh mxhjrv gho fxduwr wlsr hv ho plvpr txh ho gh frdolflrqhv hvfulwdv
hq rughq oh{lfrjuä�fr ghvgh i2c �c ec Dj kdvwd iDc Sc .c Hj/ h{fhswxdqgr od frdolflöq
i2c �c ec Dj/ hv ghflu/

� �
�
�

� � ' �e/ fruuhvsrqglhqwh do fdvr jhqhudo
� 	 
 �

�
�

� � sdud
? ' H | r ' e1

Hvwh wlsr gh mxhjrv hv wdo txh fdgd xqr gh hoorv hv ho sulphur gh hqwuh orv gh vx
wlsr | gh hqwuh orv wuhv wlsrv dqwhulruhv hq yhul�fdu

� � � � � � � � Ei2c �c ec Sj� ' � � � � � � � � Ei2c �c ec .j� ' � � � ' � � � � � � � � EiDc Sc .c Hj� ' �c

wrpdqgr fdgd xqr ydoru qxor vreuh frdolflrqhv txh/ hq rughq oh{lfrjuä�fr/ rfxshq
oxjduhv srvwhulruhv1 Hoor jdudqwl}d od lqghshqghqfld olqhdo gh orv fxdwur wlsrv
gh mxhjrv1 Fdgd xqr gh hvwrv mxhjrv vh kd ghvljqdgr frq fxdwur vxeðqglfhv txh
fruuhvsrqghq d orv hohphqwrv gh od ýowlpd frdolflöq vreuh od txh fdgd mxhjr wrpd
ydoru qr qxor1

Qxhydphqwh/ odv srvlflrqhv hq eodqfr hq fdgd wdeod vxsrqhq ydoruhv qxorv sdud od
frdolflöq fruuhvsrqglhqwh1
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916 Frrshudflöq prgl�fdgd

Hq odv vhfflrqhv suhfhghqwhv vh kd wudwdgr ho sureohpd gh od ghvfulsflöq gh orv
mxhjrv lqglvwlqjxleohv sru fxdotxlhu vhplydoru1 D frqwlqxdflöq vh lqwurgxfh ho
frqfhswr gh mxhjr lqglvwlqjxleoh sru vhplydoruhv prgl�fdgrv sdud mxhjrv frq hv0
wuxfwxud gh frdolflöq | vh suhwhqgh ghvfulelu orv mxhjrv lqglvwlqjxleohv hq hvwh qxhyr
vhqwlgr1 Hq xq sulphu hvwdglr vh revhuyd föpr od frqglflöq gh lqglvwlqjxleoh vh
frqvhuyd r vh slhugh ghshqglhqgr gho fduglqdo gho frqmxqwr gh mxjdgruhv vreuh ho
txh hvwä gh�qlgr ho mxhjr1

D sduwlu gh od revhuydflöq dqwhulru vh surfhgh d hvwxgldu frqglflrqhv qhfhvduldv
sdud txh xq mxhjr frrshudwlyr qr sxhgd glvwlqjxluvh gho mxhjr qxor/ vhdq fxdohv
vhdq ho vhplydoru hpsohdgr | od hvwuxfwxud gh frdolflöq txh sxhgd irupduvh hq ho
frqmxqwr gh mxjdgruhv1 Vh frqvljxh suredu txh/ sdud mxhjrv frq päv gh fxdwur
mxjdgruhv/ od irupdflöq gh hvwuxfwxudv gh frdolflöq frqvljxh uhgxflu gh pdqhud
vljql�fdwlyd od glphqvlöq gh orv vxehvsdflrv gh mxhjrv lqglvwlqjxleohv gho qxor1
Ho hvwxglr frqfox|h ghwhuplqdqgr xqd edvh sdud fdgd xqr gh hvwrv vxehvsdflrv
irupdgd sru mxhjrv txh vh rewlhqhq d sduwlu gh orv mxhjrv gh frqpxwdflöq | txh
vh lqwurgxfhq frq ho qrpeuh gh h{sdqglgrv1

Gh�qlflöq 9157
Ho mxhjr frrshudwlyr � 5 C � hv lqglvwlqjxleoh gho mxhjr f 5 C � sru vhplydoruhv
prgl�fdgrv sdud mxhjrv frq hvwuxfwxud gh frdolflöq vl sdud fxdotxlhu vhplydoru j

gh�qlgr vreuh C � | fxdotxlhu hvwuxfwxud gh frdolflöq � hq � vh fxpsoh

jd�(�o ' f�

Uhvshfwr d od prgl�fdflöq gh orv vhplydoruhv sdud mxhjrv frq hvwuxfwxud gh frdol0
flöq hq � ghehq glihuhqflduvh grv fdvrv/ vhjýq vl ho fduglqdo gho frqmxqwr gh mx0
jdgruhv hv m� m ' e ö m� m � D1

Sdud m� m ' e od lqwurgxfflöq gh orv vhplydoruhv prgl�fdgrv sdud mxhjrv frq hv0
wuxfwxud gh frdolflöq qr frqvljxh prgl�fdu od frqglflöq gh lqglvwlqjxleoh sru vhpl0
ydoruhv gho mxhjr f 5 C � / plhqwudv txh sdud m� m � D sxhgh frqvhjxluvh txh vh
slhugd glfkd frqglflöq1 Hvwdv grv vlwxdflrqhv vh frqfuhwdq d frqwlqxdflöq1
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Sursrvlflöq 9158
Sdud m� m ' e/ xq mxhjr � 5 C � hv lqglvwlqjxleoh gho mxhjr f 5 C � sru vhplydoruhv
vl | vöor vl hv lqglvwlqjxleoh gho mxhjr f 5 C � sru vhplydoruhv prgl�fdgrv sdud
mxhjrv frq hvwuxfwxud gh frdolflöq1

Ghprvwudflöq
Hq ho fdvr m� m ' e ho vxehvsdflr gh C � irupdgr sru orv mxhjrv lqglvwlqjxleohv sru
vhplydoruhv gho mxhjr f 5 C � wlhqh glphqvlöq 21 Xqd edvh hvwä frqvwlwxlgd sru orv
mxhjrv gh frqpxwdflöq ghqrplqdgrv �

�
| �

�
=

�
�
Ei�c 2j� ' �

�
Ei�c ej� ' �c �

�
Ei�c �j� ' �

�
Ei2c ej� ' ��c �

�
E7� ' f hq rwur fdvr>

�
�
Ei�c 2j� ' �

�
Ei�c ej� ' �c �

�
Ei�c ej� ' �

�
Ei2c �j� ' ��c �

�
E7� ' f hq rwur fdvr1

Sdud suredu txh wrgr mxhjr lqglvwlqjxleoh sru vhplydoruhv gho mxhjr f 5 C � hv
wdpelìq lqglvwlqjxleoh sru fxdotxlhu vhplydoru prgl�fdgr sureduhprv od d�upd0
flöq vreuh orv mxhjrv gh od edvh | h{whqghuhprv sru olqhdolgdg ho uhvxowdgr do uhvwr
gh mxhjrv gho vxehvsdflr1

Gh hvwd irupd/ frqvlghudprv ho mxhjr �
�
| wrgdv odv srvleohv hvwuxfwxudv gh frdolflöq

vreuh � ' i�c 2c �c ej glvwlqjxlhqgr orv fdvrv vljxlhqwhv=

+d, Fxdwur frdolflrqhv lqglylgxdohv1

+e, Xqd frdolflöq elshuvrqdo dihfwdqgr d xqd sduhmd gh mxjdgruhv vreuh od txh �
�

wrpd ydoru qr qxor | grv frdolflrqhv lqglylgxdohv1

+f, Xqd frdolflöq elshuvrqdo dihfwdqgr d xqd sduhmd gh mxjdgruhv vreuh od txh �
�

wrpd ydoru qxor | grv frdolflrqhv lqglylgxdohv1

+g, Grv frdolflrqhv elshuvrqdohv dihfwdqgr d vhqgdv sduhmdv vreuh odv txh �
�
wrpd

ydoru qr qxor1

+h, Grv frdolflrqhv elshuvrqdohv dihfwdqgr d vhqgdv sduhmdv vreuh odv txh �
�
wrpd

ydoru qxor1

+i, Xqd frdolflöq gh wuhv mxjdgruhv | rwud lqglylgxdo1
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+j, Xqd frdolflöq ýqlfd gh fxdwur mxjdgruhv1

Orv fdvrv +d, | +j, fruuhvsrqglhqwhv d odv hvwuxfwxudv h{wuhpdv gh frdolflöq pdqwlh0
qhq/ vhjýq od frqvhfxhqfld 5159/ ho sdjr sru ho vhplydoru prgl�fdgr uhvshfwr do
lqlfldo

j � d�(�o ' j � d�o ' fc � ' �c 2c �c ec

wdqwr sdud � ' ii�jc i2jc i�jc iejj frpr sdud � ' ii�c 2c �c ejj1

Sdud derugdu ho uhvwr gh fdvrv hpsohdprv od HPO gho mxhjr �
�

s '% � % � E��% � �E��% � ��% � % � E��% � �E��% � ��% � % � E��% � �E��% � �n% � % � E��% � �E��% � ��

Fdvr +e,1 Hvwuxfwxud gh frdolflöq � ' ii�c 2jc i�jc iejj1 Sdud fdofxodu j � d�(�o/
vljxlhqgr ho surfhvr gho whruhpd 5164/ rewhqhprv sulphur od HPO prgl�fdgd } �

ghmdqgr lqdowhudgdv % � c % � / vxvwlwx|hqgr % � sru + � | % � sru + � / | ghulydprv ghvsxìv
uhvshfwr d % � =

Y} �

Y% �
' % � E� � + � �E� � + � � � + � E� � % � �E� � + � � n % � + � E� � + � � � + � + � E� � % � �c

@� � E�� '
Y} �

Y% �
Ek� c k � � ' k� � k � �

Ho ydoru @� � E�� hv ho hohphqwr gh od �od R froxpqd ^ gh od pdwul} �E�� txh shuplwh
fdofxodu ho vhplydoru prgl�fdgr j � d�(�o1 Vl ho vhplydoru j vh h{suhvd frpr

j '

�[
� 	 �

b� j 
 � c f � k � 	 k � 	 k � 	 k � � �c

hvfulelhqgr \
�
' Eb � b � b � b � � rewhqhprv=

j � d�(�o ' \
�
�E��\ ' f�

Hvwh uhvxowdgr hv frqvhfxhqfld gh txh od pdwul} �E�� hv dqwlvlpìwulfd=

@� � E�� ' k� � k � ' �Ek � � k� � ' �@ � � E��c � � Rc ^ � e�

Xq wudwdplhqwr dqäorjr suxhed txh j � d�(�o ' f1
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Sdud fdofxodu j � d�(�o/ txh hv ho prgl�fdgr sdud xq mxjdgru gh xqd gh odv frdol0
flrqhv lqglylgxdohv/ rewhqhprv } � wudqvirupdqgr % � c % � hq + � / % � hq + � | uhgxflhqgr
h{srqhqwhv d od xqlgdg=

} � ' + � E� � % � �E� � + � � n % � + � E� � + � �c

Y} �

Y% �
' �+ � E� � + � � n + � E� � + � � , @� � E�� '

Y} �

Y% �
Ek� c k � � ' fc

gh grqgh/ j � d�(�o ' f1 Dqäorjdphqwh/ j � d�(�o ' f1

Fdvr +f,1 Hvwuxfwxud gh frdolflöq � ' ii�c ejc i2jc i�jj1 Sdud fdofxodu j � d�(�o

rewhqhprv sulphur od HPO prgl�fdgd } � wudqvirupdqgr % � hq + � | % � hq + � / |
ghulydprv srvwhulruphqwh uhvshfwr d % � =

Y} �

Y% �
' + � E� � + � �E� � % � � � + � E� � + � �E� � % � � n + � % � E� � + � � � + � % � E� � + � �c

@� � E�� '
Y} �

Y% �
Ek� c k � � ' k � E� � k � �d� � k� � � n k� n k� � k� o ' f�

Hq frqvhfxhqfld/ j � d�(�o ' f1 Dqäorjdphqwh/ j � d�(�o ' f1

Sdud fdofxodu j � d�(�o/ ho fruuhvsrqglhqwh prgl�fdgr sdud xq mxjdgru gh xqd gh
odv frdolflrqhv lqglylgxdohv/ rewhqhprv } � wudqvirupdqgr % � c % � hq + � / % � hq + � |
uhgxflhqgr h{srqhqwhv d od xqlgdg/ uhvxowdqgr vhu } � ' f1 Gh dtxð/ j � d�(�o ' f1
Gh od plvpd irupd/ j � d�(�o ' f1

Fdvr +g,1 Hvwuxfwxud gh frdolflöq � ' ii�c 2jc i�c ejj1 Sdud fdofxodu j � d�(�o

rewhqhprv sulphur od HPO prgl�fdgd } � wudqvirupdqgr % � / % � hq + � | uhgxflhqgr
h{srqhqwhv d od xqlgdg=

} � ' % � % � E� � + � � n + � E� � % � �E� � % � �c

@� � E�� '
Y} �

Y% �
Ek� c k � � ' k� E� � k � � � k � E� � k� � ' k� � k � �

Hvwdqgr hq odv plvpdv frqglflrqhv txh hq ho fdvr +e,/ j � d�(�o ' f1

Xqrv fäofxorv vlploduhv suxhedq txh j � d�(�o ' j � d�(�o ' j � d�(�o ' f1
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Fdvr +h,1 Hvwuxfwxud gh frdolflöq � ' ii�c ejc i2c �jj1 Sdud ghwhuplqdu } � vh
wudqvirupdq % � | % � hq + � / vh uhgxfhq h{srqhqwhv d od xqlgdg/ rewhqlhqgr } � ' f1
Sru wdqwr/ j � d�(�o ' j � d�(�o ' f1 Gh pdqhud vlplodu j � d�(�o ' j � d�(�o ' f1

Fdvr +i,1 Hvwuxfwxud gh frdolflöq � ' ii�c 2c �jc iejj1 Vh rewlhqh } � wudqviru0
pdqgr % � hq + � 1 Hqwrqfhv=

Y} �

Y% �
' % � E� � % � �E� � + � � � % � E� � % � �E� � + � � n % � + � E� � % � � � % � + � E� � % � �c

@� � E�� '
Y} �

Y% �
Ek� c k � � ' k� E� � k� �d� � k � � � n k � n k � � k � o ' f�

Hq frqvhfxhqfld/ j � d�(�o ' f1 Ghulydqgr dkrud uhvshfwr d % � =

Y} �

Y% �
' % � E� � % � �E� � + � � n % � % � E� � + � � � + � E� � % � �E� � % � � � % � + � E� � % � �c

@� � E2� '
Y} �

Y% �
Ek� c k � � ' k� � k � �

Rwud yh}/ ljxdo txh hq ho fdvr +e,/ srghprv frqfoxlu txh j � d�(�o ' f1 Xq fäofxor
vlplodu shuplwh rewhqhu txh j � d�(�o ' f1

Sru ýowlpr/ sdud ghwhuplqdu j � d�(�o khprv gh fdofxodu } � d sduwlu gh od HPO
gho mxhjr �

�
wudqvirupdqgr % � c % � c % � hq + � | uhgxflhqgr h{srqhqwhv d od xqlgdg1

Rewhqhprv } � ' f | frqfoxlprv txh j � d�(�o ' f1

Wrgrv hvwrv fäofxorv frqfox|hq od ghprvwudflöq gh xqd lpsolfdflöq gho hqxqfldgr
gh od surslhgdg1 Sdud suredu ho uhfðsurfr edvwd whqhu hq fxhqwd txh vl xq mxhjr
hv lqglvwlqjxleoh gho mxhjr f 5 C � sru fxdotxlhu vhplydoru prgl�fdgr sdud mxhjrv
frq hvwuxfwxud gh frdolflöq/ hq sduwlfxodu/ or hv sru od hvwuxfwxud gh frdolflrqhv
lqglylgxdohv/ vlhqgr orv ydoruhv txh dvljqd orv plvprv txh dvljqd ho vhplydoru vlq
prgl�fdflöq1 �

Sursrvlflöq 9159
Frqvlghudprv C � frq m� m � D1 Sdud fdgd mxhjr gh frqpxwdflöq � 5 C � h{lvwhq
xqd hvwuxfwxud gh frdolflöq � hq � | xq vhplydoru j gh�qlgr vreuh C � txh
frqvljxhq glvwlqjxluor gho mxhjr f 5 C � / hv ghflu/ j | � vrq wdohv txh

jd�(�o 9' f�
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Ghprvwudflöq
Glihuhqfldprv grv fdvrv vhjýq vl r ' 2 ö r : 21

Sdud r ' 2/ frqvlghudprv/ vlq sìuglgd gh jhqhudolgdg/ ho mxhjr gh frqpxwdflöq �

frq 8 ' > | mxjdgruhv E� � c � � c � � c � � � ' E�c 2c �c e�1 Vx HPO sdud & 9' f hv=

s ' &
\

� �� � � � � � � �
E� � % � � d% � % � E� � % � �E� � % � � � % � % � E� � % � �E� � % � ��

�% � % � E� � % � �E� � % � � n % � % � E� � % � �E� � % � �o�

Sru od hvwuxfwxud gh frdolflöq � ' ii�c 2jc i�c ec Dc ���c ?jj/ od HPO prgl�fdgd } �

uhvxowd vhu

} � ' &E� � + � �% � % � c

|d txh frpr m� m � D hq od h{suhvlöq gho surgxfwr sdud � 9' �c 2c �c e dsduhfh/ sru
or phqrv/ E� � %� � sdud � ' D1 Ghvsxìv gh uhgxflu h{srqhqwhv d od xqlgdg vöor
txhgd ho sulphu wìuplqr gho lqwhulru gho frufkhwh1 Hqwrqfhv=

Y} �

Y% �
' &E� � + � �% � ,

Y} �

Y% �
E�*2c �*2� '

&

e
9' fc

| ho ydoru gh Edq}kdi prgl�fdgr sdud mxhjrv frq hvwuxfwxud gh frdolflöq glvwlqjxh
ho mxhjr � frqvlghudgr gho mxhjr f 5 C � 1

Sdud r : 2 Er � ? � 2�/ frqvlghudprv ho mxhjr gh frqpxwdflöq � sdud ho txh vh
wrpd 8 ' i�c ���c r � 2j | mxjdgruhv txh frqpxwdq r � �c rc r n �c r n 21 Vx HPO
sdud & 9' f hv=

s ' &
\

� 	 

%�

\
� �	 �

E� � % � � d% � 
 � % � E� � % � � � �E� � % � � � � � % � 
 � % � � � E� � % � ��

�E� � % � � � � � % � % � � � E� � % � 
 � �E� � % � � � � n % � � � % � � � E� � % � 
 � �E� � % � �oc

grqgh C ' 8 ^ ir � �c rc r n �c r n 2j1

Sdud ho fduglqdo r ' ? � 2/ ho idfwru
T

� �	 � E� � %� � qr �jxud hq od h{suhvlöq gh od
HPO |d txh C ' � 1
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Sru od hvwuxfwxud gh frdolflöq � ' ii�c ���c r�2c rn�c rn2jc ir��c rc rn�c ���c ?jj/
od HPO prgl�fdgd } � uhvxowd vhu

} � ' & + � E� � % � � � �E� � % � �
\

� �� �
E� � %� �c

|d txh frpr m� m � D | r : 2 ho frqmxqwr 8 frqwlhqh/ do phqrv/ ho mxjdgru �/ gh
pdqhud txh do vxvwlwxlu wrgdv odv yduldeohv gh orv mxjdgruhv gh od sulphud frdolflöq
sru + � | uhgxflu h{srqhqwhv d od xqlgdg txhgd ýqlfdphqwh ho ýowlpr wìuplqr gho
lqwhulru gho frufkhwh1 Hqwrqfhv=

Y} �
Y% � � �

' �& + � E� � % � �
\

� �� �
E� � % � � ,

Y} �
Y% � � �

E�*2c �*2� '
�&

2 � � � 9' fc

|/ rwud yh}/ ho ydoru gh Edq}kdi prgl�fdgr sdud mxhjrv frq hvwuxfwxud gh frdolflöq
glvwlqjxh ho mxhjr � frqvlghudgr gho mxhjr f 5 C 	 1 �

Sursrvlflöq 915:
Sdud m� m � e/ vl ho mxhjr � 5 C 	 hv lqglvwlqjxleoh gho mxhjr f 5 C 	 sru vhplydoruhv
prgl�fdgrv sdud mxhjrv frq hvwuxfwxud gh frdolflöq/ hqwrqfhv �E7� ' �E� p 7�/
;7 � � 1

Ghprvwudflöq
Vl ho mxhjr � 5 C 	 hv lqglvwlqjxleoh gho mxhjr f 5 C 	 sru vhplydoruhv prgl�fdgrv
sdud mxhjrv frq hvwuxfwxud gh frdolflöq/ hq sduwlfxodu/ hv lqglvwlqjxleoh gh f 5

C 	 sru vhplydoruhv/ gh grqgh �E7� ' f/ m7m ' �c ? � �/ | �E�� ' f/ vhjýq
od revhuydflöq 91<1 Vxsrqjdprv txh h{lvwh dojxqd frdolflöq 7 � � frq �E7� 9'

�E� p7�1 Frqvlghudprv xqd gh hvwdv 7 gh fduglqdo pðqlpr | od ghvljqdprv sru 7 
 /
yhul�fdqgr 2 � m7 
 m � ?*21 Od HPO gho mxhjr � 5 C 	 sxhgh hqwrqfhv hvfuleluvh
frpr=

s '
[

� � 	
� 
 � � � � � �

k \
� � �

% �
\

� � 	 � �
E� � % � � �E7� n

\
� � 	 � �

% �
\
� � �

E� � %� � �E� p7�
l
n

n
[

� � 	
� � � � � �

k \
� � �

% �
\

� � 	 � �
E� � %� � �E7� n

\
� � 	 � �

% �
\
� � �

E� � % � � �E� p7�
l
n

n
[

� � 	
� � � � � � � � � � �

\
� � �

% �
\

� � 	 � �
E� � %� � �E7��
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Wrpdqgr frpr hvwuxfwxud gh frdolflöq hq � � � � ' i7
�
c � p 7

�
j ghwhuplqdprv od

HPO prgl�fdgd } � fruuhvsrqglhqwh d orv hohphqwrv gh 7
�
1 Wrgdv odv yduldeohv sdud

orv hohphqwrv gh � p7
�
vh vxvwlwx|hq sru + � uhgxflhqgr ghvsxìv orv h{srqhqwhv d od

xqlgdg1 Gh hvwd irupd txhgdq hq ho sulphu vxpdwrulr ýqlfdphqwh odv frdolflrqhv
7 � 7

�
/ hq ho vhjxqgr vxpdwrulr h{dfwdphqwh od frdolflöq 7

�
| ghvdsduhfhq wrgrv

orv wìuplqrv gho whufhu vxpdwrulr/ |d txh do frqwhqhu hohphqwrv gh � p 7
�
hq 7 |

hq � p 7 dsduhfhq idfwruhv frpr + � E�� + � � txh hq od uhgxfflöq sdvdq d vhu qxorv1

} � '
[

� � � �� � �

k
E� � + � �

\
	 
 �

% 	
\

� 
 � 
 � �
E� � % � � �E7� n + �

\
	 
 � 
 � �

% 	
\
� 
 �

E� � % � � �E� p7�
l
n

nE� � + � �
\

	 
 � 

% 	 �E7

�
� n + �

\
� 
 � 


E� � %� � �E� p7
�
��

Vl hvfrjhprv xq hohphqwr & 5 7
�
| ghulydprv uhvshfwr d od yduldeoh % � =

Y} �
Y% �

'
[

� � � 

� � � � � � �

k
E� � + � �

\
	 
 � � � � �

% 	
\

� 
 � 
 � �
E� � %� � �E7��

� + �
\

	 
 � 
 � �
% 	

\
� 
 � � � � �

E� � %� � �E� p7�
l
n

n
[

� � � 

� � � � � �� �

k
� E� � + � �

\
	 
 �

% 	
\

� 
 � 
 � � � � � � � �
E� � % � � �E7�n

n + �
\

	 
 � 
 � � � � � � � �
% 	

\
� 
 �

E� � %� � �E� p7�
l
n

nE� � + � �
\

	 
 � 
 � � � �
% 	 �E7

�
� � + �

\
� 
 � 
 � � � �

E� � % � � �E� p7
�
��

Y} �
Y% �

E�*2c �*2� '
[

� � � 

� � � � � � �

�
�

2

�

2
� � �

�

2
� 
 � � �E7� �

�

2

�

2
� 
 � �

�

2
� � � �E� p7�

�
n

n
[

� � � 

� � � � � �� �

�
�
�

2

�

2
�

�

2
� 
 � � � � � � �E7� n

�

2

�

2
� 
 � � � � � �

�

2
� �E� p7�

�
n

n
�

2

�

2
� 
 � � d�E7

�
� � �E� p7

�
�o �
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Hq od h{suhvlöq dqwhulru orv grv sulphurv vxpdwrulrv vrq qxorv/ |d txh vl 7 � 7 � /
m7m 	 m7 � m | �E7� ' �E� p 7�1 Sru ho frqwudulr/ ho whufhu vxpdwrulr hv qr qxor |d
txh �E7 � � 9' �E� p 7 � � gh pdqhud txh vh oohjd d rewhqhu

Ej � � � � � d�(� � � o 9' f sdud & 5 7 � c

| ho ydoru gh Edq}kdi prgl�fdgr sdud mxhjrv frq hvwuxfwxud gh frdolflöq glvwlqjxh
ho mxhjr � gho mxhjr f 5 C � 1 �

Revhuydflöq 915;
Vhjýq od sursrvlflöq dqwhulru/ sdud ghwhuplqdu orv mxhjrv � 5 C � lqglvwlqjxleohv
gho mxhjr f sru vhplydoruhv prgl�fdgrv sdud mxhjrv frq hvwuxfwxud gh frdolflöq/
khprv gh frqvlghudu mxhjrv lqglvwlqjxleohv gh f sru vhplydoruhv txh dghpäv yhul0
�txhq �E7� ' �E� p 7�/ ;7 � � 1

+d, Sdud m� m ' e/ od lqwhuvhfflöq gh orv hvsdflrv qxorv sru vhplydoruhv wlhqh gl0
phqvlöq 2= _

�
.�Ej� '	 � 	 c �



: �

Orv mxhjrv gh frqpxwdflöq � 	 / �


vrq/ uhvshfwlydphqwh/

� 	 ' Efc fc fc fc �c ��c fc fc ��c �c fc fc fc fc f�c

�



' Efc fc fc fc �c fc ��c ��c fc �c fc fc fc fc f��

Hvwrv grv mxhjrv |/ hq frqvhfxhqfld/ orv mxhjrv gho vxehvsdflr txh jhqhudq/ yhul�fdq
od frqglflöq �E7� ' �E� p 7�/ ;7 � � 1 Hq od sursrvlflöq 9158 hvwä suredgr txh
sdud hvwh fduglqdo gho frqmxqwr gh mxjdgruhv orv mxhjrv lqglvwlqjxleohv gho mxhjr qxor
sru vhplydoruhv vrq h{dfwdphqwh orv plvprv txh orv lqglvwlqjxleohv sru vhplydoruhv
prgl�fdgrv sdud mxhjrv frq hvwuxfwxud gh frdolflöq1

+e, Sdud m� m ' D/ ho vxehvsdflr gh mxhjrv lqglvwlqjxleohv gh f sru vhplydoruhv txh
dghpäv fxpsohq �E7� ' �E� p 7�/ ;7 � � / wlhqh glphqvlöq

� �
�
�

� D ' D1

Sdud frpsuredu hvwd ýowlpd d�updflöq/ edvwd shqvdu hq ho qýphur gh judgrv
gh olehuwdg vhjýq orv fduglqdohv gh odv frdolflrqhv hq orv mxhjrv gh D mxjdgruhv
lqglvwlqjxleohv gho mxhjr f sru vhplydoruhv/ mxqwr d od frqglflöq gh �vlphwuðd�
�E7� ' �E� p 7�/ ;7 � � 1 Sdud fduglqdohv r ' �c ec D qr kd| judgrv gh olehuwdg>
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sdud fduglqdo r ' 2/
� �

�
�

� D ' D judgrv gh olehuwdg | sdud fduglqdo r ' � qlqjýq
judgr gh olehuwdg/ sru vhu �E7� ' �E� p 7� | m� p 7m ' 2 fxdqgr m7m ' �1

Frqvlghudqgr orv mxhjrv �vlphwul}dgrv� gh od edvh gh mxhjrv gh frqpxwdflöq sdud
fduglqdo r ' 2 frq ? ' D/ hpsohdqgr od qrwdflöq fruuhvsrqglhqwh gh od sursrvlflöq
9153 dôdglhqgr / rewhqhprv xqd edvh gho vxehvsdflr gh mxhjrv lqglvwlqjxleohv
gh f sru vhplydoruhv lqwhuvhfflöq frq ho vxehvsdflr gh orv mxhjrv � 5 C � wdohv
txh �E7� ' �E� p 7�/ ;7 � �c m� m ' D1 Hvwrv mxhjrv sru vx dfwxflöq vreuh odv
glihuhqwhv frdolflrqhv vrq=

�
��

� � ' Efc fc fc fc fc �c��c fc fc fc��c fc �c fc fc fc fc �c fc��c fc fc fc��c �c fc fc fc fc fc f�c

�
��

� � ' Efc fc fc fc fc �c fc��c fc��c fc fc �c fc fc fc fc �c fc fc��c fc��c fc �c fc fc fc fc fc f�c

�
��

� � ' Efc fc fc fc fc �c��c fc fc fc fc��c fc �c fc fc �c fc��c fc fc fc fc��c �c fc fc fc fc fc f�c

�
��

� � ' Efc fc fc fc fc �c fc fc��c��c fc fc fc �c fc fc �c fc fc fc��c��c fc fc �c fc fc fc fc fc f�c

� � � � ' Efc fc fc fc fc �c fc��c fc fc fc��c fc fc �c �c fc fc��c fc fc fc��c fc �c fc fc fc fc fc f��

Od HPO gho vlphwul}dgr gh xq mxhjr gh frqpxwdflöq sdud fduglqdo gh odv frd0
olflrqhv r ' 2 E? ' D� frlqflgh frq od HPO gh xq mxhjr gh frqpxwdflöq sdud
fduglqdo gh odv frdolflrqhv r ' 2/ grqgh ho frqmxqwr gh mxjdgruhv wlhqh fduglqdo e1

Frpsuredprv hvwd surslhgdg sdud ho mxhjr �
��

� � ghvljqdqgr sru s vx HPO | sru s

od gho mxhjr gh frqpxwdflöq �
�
1 Hq hvwh ýowlpr mxhjr orv mxjdgruhv txh frqpxwdq

vrq E� � c � � c �
�
c � � � ' E�c 2c �c e��

s ' E� � % � �d% � % � E� � %
�
�E� � % � � � % � %

�
E� � % � �E� � % � ��

�% � % � E� � % � �E� � %
�
� n %

�
% � E� � % � �E� � % � �o n

n% � d% � % � E� � %
�
�E� � % � � � % � %

�
E� � % � �E� � % � ��

�% � % � E� � % � �E� � %
�
� n %

�
% � E� � % � �E� � % � �oc

s ' dE� � % � � n % � os ' s�

Do frlqflglu od HPO gh �
��

� � frq od gh �
�
/ �

�
5 C 	 / m� m ' e/ vljxlhqgr ho surfh0

glplhqwr gh od sursrvlflöq 9158/ sdud fxdotxlhu vhplydoru j G C � $ U �
c m� m ' D/

| fxdotxlhu hvwuxfwxud gh frdolflöq � hq � / vh yhul�fd=

j 
 d�
��

� � c �o ' f sdud � ' �c 2c �c e�
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Sru rwur odgr/ j � d� ��
� � c �o ' f/ |d txh od yduldeoh % � qr �jxud hq od HPO gh �

��
� � 1

Xq uhvxowdgr vlplodu sxhgh sureduvh sdud orv ghpäv mxhjrv gh frqpxwdflöq vlphwul0
}dgrv1 Sdud �

��
� � / vx HPO frlqflgh frq od gh �

�
5 C � c m� m ' e/ mxhjr gh�qlgr

frpr hq ho dsduwdgr +d, gh hvwd plvpd revhuydflöq1 Sdud orv mxhjrv �
��

� � / �
��

� � /
vxv uhvshfwlydv HPO frlqflghq frq odv gh mxhjrv gh frqpxwdflöq sdud fduglqdo
gh odv frdolflrqhv r ' 2 E6 ' e�/ vlhqgr hq hvwh fdvr orv mxjdgruhv txh frqpxwdq
� ' i�c 2c �c Dj/ edvwdqgr qrpeudu gh hvwd irupd orv mxjdgruhv hq � 1 Ilqdophqwh/
sdud ho mxhjr � � � � orv mxjdgruhv txh frqpxwdq vrq �c 2c ec D | vx HPO hv ljxdo d od
gh xq mxhjr gh frqpxwdflöq sdud m� m ' e frq � ' i�c 2c ec Dj1

Frpr frqvhfxhqfld gh wrgdv hvwdv frqvlghudflrqhv/ ho vljxlhqwh hqxqfldgr uhvxph
od vlwxdflöq sdud orv mxhjrv gh D mxjdgruhv1

Sursrvlflöq 915<
Sdud m� m ' D | j fxdotxlhu vhplydoru vreuh C � / wrgr mxhjr � 5

W � .�Ej� hv lqglv0
wlqjxleoh gho mxhjr f 5 C � sru vhplydoruhv prgl�fdgrv sdud mxhjrv frq hvwuxfwxud
gh frdolflöq vl | vöor vl ho mxhjr � yhul�fd �E7� ' �E� p 7�/ ;7 � � 1

Ghprvwudflöq
Vl ho mxhjr � 5 C � hv lqglvwlqjxleoh gho mxhjr f 5 C � sru vhplydoruhv prgl�fdgrv
sdud mxhjrv frq hvwuxfwxud gh frdolflöq kd gh yhul�fdu/ vhjýq od sursrvlflöq 915:/
od frqglflöq �E7� ' �E� p 7�/ ;7 � � 1

Uhfðsurfdphqwh/ vl � 5 C � / m� m ' D/ yhul�fd �E7� ' �E� p 7�/ ;7 � � / |
hv lqglvwlqjxleoh gho mxhjr f sru vhplydoruhv/ hqwrqfhv � hv frpelqdflöq olqhdo
gh vlphwul}dgrv gh mxhjrv gh frqpxwdflöq sdud fduglqdo r ' 2 frq ? ' D1 Sru
od sduwh +e, gh od revhuydflöq dqwhulru wrgrv hvwrv mxhjrv vrq lqglvwlqjxleohv gho
mxhjr f 5 C � / m� m ' D/ sru vhplydoruhv prgl�fdgrv sdud mxhjrv frq hvwuxfwxud gh
frdolflöq |/ sru olqhdolgdg/ ho mxhjr � fxpsoh hvd plvpd frqglflöq1 �

Sursrvlflöq 9163
Sdud m� m � S/ frqvlghudprv � 5 C � fxpsolhqgr �E7� ' �E� p 7�/ ;7 � � / |
�Ei�j� ' fc ;� 5 � 1 Vl h{lvwh xqd frdolflöq 7

	
� � frq � � m7

	
m � ?*2 wdo txh

�E7
	
� 9'

[

 � � 
 � � 
 � � �

�EA �c



9161 FRRSHUDFLÖQ PRGLILFDGD 5<8

hqwrqfhv ho mxhjr � hv glvwlqjxleoh gho mxhjr f 5 C � sru vhplydoruhv prgl�fdgrv
sdud mxhjrv frq hvwuxfwxud gh frdolflöq1

Ghprvwudflöq
Od HPO s gh xq mxhjr � 5 C � fxpsolhqgr �E7� ' �E� p 7�/ ;7 � � / sxhgh
hvfuleluvh frpr=

s '
[

� � �� � � � � � �

k \
� 	 �

% � \

 	 � � �

E� � %
 � n
\

� 	 � � �
% � \


 	 �
E� � % 
 �

l
�E7� n

n
[

� � �� � � � � � �

\
� 	 �

% � \

 	 � � �

E� � %
 � �E7��

Gh orv grv vxpdqgrv hq od h{suhvlöq gh s / ho vhjxqgr vöor dsduhfh hq ho fdvr hq
txh ? vhd xq qýphur sdu1

Sru rwur odgr/ hq ho fdvr txh qrv rfxsd/ ho sulphu vxpdwrulr suhvhqwd wìuplqrv
sdud m7m fxpsolhqgr 2 � m7m 	 ?*2/ |d txh �Ei�j� ' fc ;� 5 � 1 Gh hqwuh wrgdv odv
frdolflrqhv txh yhul�fdq od ghvljxdogdg gho hqxqfldgr hvfrjhprv xqd 7 
 gh fduglqdo
pðqlpr | irupdprv hq � od hvwuxfwxud gh frdolflöq � � � ' i7 
 c � p 7 
 j

Vxsrqlhqgr txh 7 
 hv xqd gh odv frdolflrqhv hq ho sulphu vxpdwrulr gh od HPO s /
hv ghflu/ m7 
 m 	 ?*2/ od HPO prgl�fdgd sdud orv hohphqwrv gh 7 
 dgrswd od irupd=

} � '
[

� � � �� � � � � �

k
E� � + � �

\
� 	 �

% � \

 	 � � � �

E� � %
 � n + � \
� 	 � � � �

% � \

 	 �

E� � %
 �
l

�E7� n

n
k
E� � + � �

\
� 	 � �

% � n + � \

 	 � �

E� � %
 �
l

�E7 
 �c

|d txh ho uhvwr gh frdolflrqhv wlhqhq dojýq r dojxqrv hohphqwrv hq frpýq frq � p7 

vlq frqwhqhuorv d wrgrv/ wudqvirupäqgrvh hq od vxvwlwxflöq hq surgxfwrv hq orv txh
�jxudq srwhqfldv gh + � | gh E� � + � �/ orv fxdohv/ srvwhulruphqwh/ vh dqxodq hq od
uhgxfflöq gh h{srqhqwhv gh + � d od xqlgdg1

D frqwlqxdflöq frqvlghudprv xq hohphqwr � � 5 7 
 / fdofxodprv od ghulydgd sdufldo



5<9 91 MXHJRV LQGLVWLQJXLEOHV

gh } � uhvshfwr d od yduldeoh %� � | vxvwlwxlprv wrgdv odv yduldeohv sru k/ k 5 dfc �o1

Y} �
Y%� � Ekc k� '

[
� � � � � � � � �� 	 
 � 
 �

dE� � k�k

 � �

E� � k�

 � � 


� k k

 � � 


E� � k�

 � �

o �E7�n

n
[

� � � � � � 
� � �� 	 
 � 
 �
d�E� � k�k



E� � k�


 � � 
 � �
n k k


 � � 
 � �
E� � k�



o �E7�n

ndE� � k�k

 � � � � kE� � k�


 � � �
o �E7 � ��

Y} �
Y% � � Ekc k� '

[
� � � � � � � � �� � � � �

dkE� � k�

 � � � � k


 � � �
E� � k�o �E7�n

n
[

� � � � � � � � �� � 
 � 
 �
dk


 � �
E� � k�


 � � 
 � � � k

 � � 
 � �

E� � k�

 � �

o �E7�n

n
[

� � � � � � 
� � �� 	 
 � 
 � � �
dk


 � � 

E� � k�



� k



E� � k�


 � � 

o �E7�n

n dk E� � k�

 � � � � k


 � � �
E� � k�o �E7 � pi� � j�n

ndk

 � � �

E� � k� � kE� � k�

 � � �

o �E7 � ��

Djuxsdqgr=

Y} �
Y%� � Ekc k� ' k E� � k�dE� � k�


 � � �
� k


 � � �
o�

�
q [

� � � � � � � � � � � � � � �
�E7� n �E7 � pi� � j� � �E7 � �

r
n

n
[

� � � � � � � � �� � 
 � 
 �
dk


 � �
E� � k�


 � � 
 � � � k

 � � 
 � �

E� � k�

 � �

o �E7�n

n
[

� � � � � � � � �� � � � 
 �
dk


 � � � � �
E� � k�

� � � � k
� � �

E� � k�

 � � � � �

o �EA pi� � j�c

grqgh hq ho ýowlpr vxpdwrulr vh kd hvfulwr A ' 7 ^ i� � j sdud 7 96 � � / gh pdqhud
txh | ' r n � kdfh txh 2 � r 	 r � � � gì oxjdu d � � | 	 r � 1
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Hvfulelprv R � � Ek� hq oxjdu gho srolqrplr E��k�
� � � �

�k
� � � � 1 Dghpäv 7

�
pi� � j wlhqh

fduglqdo r
�
� � gh irupd txh �E7

�
p i� � j� hv vxpd gh orv ydoruhv gh odv frdolflrqhv

elshuvrqdohv frqwhqlgdv hq 7
�
pi� � j/ |d txh khprv hvfrjlgr 7

�
gh fduglqdo pðqlpr

qr fxpsolhqgr hvwd frqglflöq1 Sru wdqwr=

Y} �
Y%� �

Ekc k� ' k E� � k�R � � Ek�

%
[

� 	 � � 
 � � � �� � � 
 �

�E7� n
[

� � � � � � � � �� � � 
 �

�EA � � �E7
�
�

&
n

n
[

� 	 � � 
 � � � �
� � � � � �

dk
� � �

E� � k�
� � � � � � � k

� � � � � �
E� � k�

� � �
o d�E7� � �E7pi� � j�o �

Vh sxhgh hqfrqwudu frdolflrqhv 7 wdohv txh 7 � 7
�
/ 7 6 � � / 2 	 r 	 r

�
/ hq ho fdvr

hq txh r
�

� e Er
�

� ?*2�1 Hq hvwh vxsxhvwr/ ho vhjxqgr vxpdqgr gh od h{suhvlöq
dqwhulru sxhgh hvfuleluvh frpr=

[
� 	 � � 
 � � � �� � � � � � � � � �

dk
� � �

E� � k�
� � � � � �

� k
� � � � � �

E� � k�
� � �

o d�E7� � �E7pi� � j�o n

n
[

� 	 � � 
 � � � �
� � � � � � � � � � � � �

dk
� � �

E� � k�
� � � � � �

� k
� � � � � �

E� � k�
� � �

o d�EA � � �EA pi� � j�o �

Hq od ghvfrpsrvlflöq dqwhulru qr vh kd frqvlghudgr ho fdvr r ' � n r
�
*2 |d txh vl

r
�
hv lpsdu m7m qr sxhgh wrpdu hvh ydoru/ plhqwudv txh vl r

�
hv sdu ho frh�flhqwh

fruuhvsrqglhqwh hv qxor1 Hq hihfwr/ vl vxsrqhprv r
�
' 26 hqwrqfhv r ' m7m '

� n r
�
*2 ' 6 n � | ho frh�flhqwh sdud hvdv frdolflrqhv hv=

k
� � �

E� � k�
� � � � � �

� k
� � � � � �

E� � k�
� � �

' k � E� � k�
� � � � � k

� � � � E� � k� � ' f�

Dkrud/ hq hvwd ghvfrpsrvlflöq sxhghq lghqwl�fduvh orv frh�flhqwhv gh �E7� sdud
� � r 	 � n r

�
*2 frq orv gh �EA � sdud � n r

�
*2 	 | � r

�
� �/

| � � ' r
�
� r n �

r � � ' r
�
� | n �

,
, | ' r

�
� r n 2c

txhgdqgr ho vxpdwrulr uhgxflgr d=
[

� � � � � � � � � �
dk

� � �
E� � k�

� � � � � �
� k

� � � � � �
E� � k�

� � �
o �
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�

%
[

� � � � � � � � �� � � � 	
d�E7� � �E7pi� 
 j�o �

[
� � � � � � � � �� � � � 	 � � 	 
 �

d�EA � � �EA pi� 
 j�o

&
�

Ilmdgr xq fduglqdo fxdotxlhud r/ � � r 	 � n r � *2/ od glihuhqfld gh vxpdwrulrv hq
od h{suhvlöq dqwhulru sxhgh hvfuleluvh=

[
� � � � � � � � �� � � � 	

d�E7� � �E7pi� 
 j�o �
[

� � � � � � � � �� � � � 	 � � 	 
 �
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'
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[
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'
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%
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&
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&
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%

[
� � � � � � � � � � � �� � � � 	

� �
[

� � � � � � � � � � � �� � � � 	 � � 	 
 �
�

&
'
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	 �
[

� � �

��
r � � 2

r � 2

�
�

�
r � � 2

r � � r

��
�Ei� 
 c � � j� ' fc

vxsrqlhqgr txh 7 � ' i� 
 c � � c ���c � 	 � j1

Ghvsxìv gh hvwdv frqvlghudflrqhv/ od iöupxod rewhqlgd sdud Y} 
 *Y% � � Ekc k� txhgd
uhgxflgd d=

Y} 

Y%� � Ekc k� ' k E� � k�R 	 � Ek�

%
[

� � � � � � � � �� � � � �
�E7� n

[
� � � � � � � � �� � � � �

�EA � � �E7 � �
&

' k E� � k�R 	 � Ek�
k [

� � � � � � � � � � �EA � � �E7 � �
l

�

Ho srolqrplr R 	 � Ek� ' E� � k�
	 � � �

� k
	 � � �

wlhqh frpr ýqlfd udl} uhdo k ' �*2 sdud
fxdotxlhu r � � �/ gh pdqhud txh ho frh�flhqwh k E� � k�R 	 � Ek� hv qr qxor sdud
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k 9' fc �c �*21 Sru odv frqglflrqhv gho hqxqfldgr

�E7 � � 9'
[

� � � � � � � � � �
�EA �c

gh grqgh vh vljxh txh

Ej 	 �
 � d�(� � � o ' Y} �
Y%
 � Ekc k� 9' f sdud k 9' fc �c �*2c

| ho mxhjr � 5 C 
 txh vh frqvlghud hv glvwlqjxleoh gho mxhjr f 5 C 
 sru vhplydoruhv
prgl�fdgrv sdud mxhjrv frq hvwuxfwxud gh frdolflöq1

Txhgd sru frqvlghudu ho fdvr hq txh od frdolflöq 7 � gh fduglqdo pðqlpr fxpsolhqgr
odv frqglflrqhv gho hqxqfldgr hv wdo txh m7 � m ' ?*21 Vl hvwr vxfhgh ? hv sdu | orv
wìuplqrv gho vhjxqgr vxpdwrulr hq od h{suhvlöq gh od HPO s gho mxhjr � 5 C 

sxhghq djuxsduvh sru sduhmdv= 7 | � p 7 frq m7m ' m� p 7m ' ?*2/ kdflhqgr
frqvwdu vöor od plwdg gh odv frdolflrqhv gh fduglqdo ?*21

Od frdolflöq 7 � gh fduglqdo ?*2 txh vh frqvlghud shuwhqhfhuä d xqd r d rwud plwdg gh
odv frdolflrqhv gh fduglqdo ?*2/ glvsxhvwdv ìvwdv hq rughq oh{lfrjuä�fr/ gh pdqhud
txh sdud ghvfulelu orv wìuplqrv gh hvwh vhjxqgr vxpdwrulr hvfrjhprv od plwdg hq
od txh vh hqfxhqwuh 7 � 1 Xqd yh} uhdol}dgd hvwd hohfflöq/ dfwxdqgr ljxdo txh hq ho
vxsxhvwr dqwhulru/ m7 � m 	 ?*2/ vh oohjd d od plvpd frqfoxvlöq1 Hvwr frpsohwd od
ghprvwudflöq1 �

917 Mxhjrv gh frqpxwdflöq h{sdqglgrv

Gh�qlflöq 9164
Frqvlghudprv hvsdflrv gh mxhjrv frrshudwlyrv C 
 frq m� m � D1 Vl � 5 C 
 hv xq
mxhjr gh frqpxwdflöq sdud fduglqdo gh odv frdolflrqhv r ' 2 txh sdud & 9' f |
mxjdgruhv � � c � � c � � c � � 5 � wrpd orv ydoruhv

;
AA?
AA=

�Ei� � c � � j� ' �Ei� � c � � j� ' &c

�Ei� � c � � j� ' �Ei� � c � � j� ' �&c

�E7� ' f hq rwur fdvr/
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vh gh�qh ho h{sdqglgr gho mxhjr gh frqpxwdflöq � frpr ho mxhjr � � 5 C � wdo txh/
sdud fxdotxlhu vxefrqmxqwr A � � p i� � c � � c � � c � � j/ wrpd orv ydoruhv=

;
AA?
AA=

� �Ei� � c � � j ^ A � ' � �Ei� � c � � j ^ A � ' &c

� �Ei� � c � � j ^ A � ' � �Ei� � c � � j ^ A � ' �&c

� �E7� ' f hq rwur fdvr1

Revhuydflöq 9165
Sdud fxdotxlhu C � frq m� m � e qrwduhprv orv mxhjrv gh frqpxwdflöq sdud fduglqdo
gh odv frdolflrqhv r ' 2 phgldqwh e vxeðqglfhv fruuhvsrqglhqwhv d orv e mxjdgruhv
txh frqpxwdq1 Hvwr hv/ vl � � c � � c � � c � � 5 � | & 9' f=

;
AA?
AA=

�� � � � 	 � � 
 � � � Ei� � c � � j� ' �� � � � 	 � � 
 � � � Ei� � c � � j� ' &c

�� � � � 	 � � 
 � � � Ei� � c � � j� ' �� � � � 	 � � 
 � � � Ei� � c � � j� ' �&c

�� � � � 	 � � 
 � � � E7� ' f hq rwur fdvr1

Sdud fduglqdo gh odv frdolflrqhv r/ � � r � ? � 2/ hpsohdprv frpr qrwdflöq sdud
odv mxhjrv gh frqpxwdflöq � � 
 � � � � 	 � � 
 � � � / grqgh 8 � � p i� � c � � c � � c � � jc 8 9' >/ hv ho
vxefrqmxqwr gh mxjdgruhv txh shuwhqhfhq d odv fxdwur frdolflrqhv vreuh odv txh ho
mxhjr wrpd ydoru qr qxor/ hvwr hv=

;
AA?
AA=

� � 
 � � � � 	 � � 
 � � � E8 ^ i� � c � � j� ' � � 
 � � � � 	 � � 
 � � � E8 ^ i� � c � � j� ' &c

� � 
 � � � � 	 � � 
 � � � E8 ^ i� � c � � j� ' � � 
 � � � � 	 � � 
 � � � E8 ^ i� � c � � j� ' �&c

� � 
 � � � � 	 � � 
 � � � E7� ' f hq rwur fdvr1

Frq hvwdv qrwdflrqhv/ wdo | frpr vh kd gh�qlgr ho mxhjr h{sdqglgr � � gh xq mxhjr
gh frqpxwdflöq � 5 C � / vh fxpsoh=

� � � � � � 	 � � 
 � � � ' �� � � � 	 � � 
 � � � n
[

� � � � � � � � � 	 � � 
 � � � �� �� �

� � 
 � � � � 	 � � 
 � � � �

Hmhpsor 9166
+d, Hq C � frq m� m ' D ho h{sdqglgr � � gho mxhjr gh frqpxwdflöq sdud fduglqdo
gh odv frdolflrqhv r ' 2 frq & ' � | mxjdgruhv E� � c � � c � � c � � � ' E�c 2c �c e� hv=

;
AA?
AA=

� �Ei�c 2j� ' � �Ei�c ej� ' � �Ei�c 2c Dj� ' � �Ei�c ec Dj� ' �c

� �Ei�c �j� ' � �Ei2c ej� ' � �Ei�c �c Dj� ' � �Ei2c ec Dj� ' ��c

� �E7� ' f hq rwur fdvr1
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Vh fxpsoh= � � � � � � � � � ' � � � � � � � � n � � � � 	 � � � � � � � �

+e, Hq C 
 frq m� m ' S ho h{sdqglgr � � gho mxhjr gh frqpxwdflöq sdud fduglqdo
gh odv frdolflrqhv r ' 2 frq & ' � | mxjdgruhv E� � c � � c � � c � � � ' E�c 2c �c e� hv=

;
AAAAAAA?
AAAAAAA=

� �Ei�c 2j� ' � �Ei�c ej� ' � �Ei�c 2c Dj� ' � �Ei�c 2c Sj� ' �c

� �Ei�c ec Dj� ' � �Ei�c ec Sj� ' � �Ei�c 2c Dc Sj� ' � �Ei�c ec Dc Sj� ' �c

� �Ei�c �j� ' � �Ei2c ej� ' � �Ei�c �c Dj� ' � �Ei�c �c Sj� ' ��c

� �Ei2c ec Dj� ' � �Ei2c ec Sj� ' � �Ei�c �c Dc Sj� ' � �Ei2c ec Dc Sj� ' ��c

� �E7� ' f hq rwur fdvr1

Vh fxpsoh= � � � � � � � � � ' � � � � � � � � n � � � � 	 � � � � � � � n � � � � 	 � � � � � � � n � � � � � � 	 � � � � � � � �

Sursrvlflöq 9167
Hq C 
 frq m� m � D/ vl � 5 C 
 hv xq mxhjr gh frqpxwdflöq sdud fduglqdo gh odv
frdolflrqhv r ' 2 | � � hv vx mxhjr h{sdqglgr/ hqwrqfhv=

+d, � �E7� ' � �E� p7�c ;7 � � 1

+e, � �E7� '
[

� 
 � � � � � � �
� �EA �c ;7 � �c � � m7m � ?1

+f, Vl � wlhqh frpr mxjdgruhv txh frqpxwdq � � c � � c � � c � � + � ' �� � � � � � � � � � � ,/ � s hv od
HPO gho h{sdqglgr � � | s hv od HPO gho mxhjr gh frqpxwdflöq �� � � � � � � � � � � 5 C � /
frq � ' i� � c � � c � � c � � j/ vh fxpsoh= � s ' s�

Ghprvwudflöq
D or odujr gh hvwd ghprvwudflöq frqvlghudprv txh ho mxhjr gh frqpxwdflöq hv
� ' � � � � � � � � frq ydoru & ' �/ vlhqgr vx�flhqwh uhqrpeudu odv yduldeohv sdud suredu
od surslhgdg sdud fxdotxlhu rwur mxhjr gh frqpxwdflöq1

+d, Sdud frdolflrqhv 7 � � frq � � r � ? � �=

0 vl 7 � i�c 2c �c ejc E� p7� 96 �c 2c �c e , � �E7� ' f ' � �E� p7�(

vxsrqjdprv txh i� � c � � c � � c � � j ' i�c 2c �c ej/ hqwrqfhv=

0 vl 7 � i� � c � � c � � jc E� p7� 6 � � , � �E7� ' f ' � �E� p7�c
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0 vl 7 � i� � c � � jc E� p 7� � i� � c � � j ,
�
�E7� ' �Ei� � c � � j� ' �Ei� � c � � j� '

�
�E� p7��

Sru rwur odgr= � � i�c 2c �c ej/
�
�E�� ' f '

�
�E>�1

Hvwdv frqvlghudflrqhv shuplwhq d�updu txh
�
�E7� '

�
�E� p7�c ;7 � � 1

+e, Sdud ho mxhjr h{sdqglgr
�
� gh xq mxhjr gh frqpxwdflöq �/ odv ýqlfdv frdolflrqhv

elshuvrqdohv txh wrpdq ydoru qr qxor vrq odv fxdwur txh surylhqhq gho surslr mxhjr
gh frqpxwdflöq1 Sdud fxdotxlhu 7 � � =

0 vl 7 � i�c 2c �c ej/ hqwrqfhv=

[
� � � � 	 � 	 
 �

�
�EA � ' �Ei�c 2j� n �Ei�c ej� n �Ei�c �j� n �Ei2c ej� ' f '

�
�E7�(

0 vl 7 � i� � c � � c � � jc 7 96 � � / hqwrqfhv=
[

� � � � 	 � 	 
 �

�
�EA � ' �Ei� � c � � j� n �Ei� � c � � j� n �Ei� � c � � j� ' f '

�
�E7�(

0 vl 7 � i� � c � � jc 7 96 � � c � � ,
[

� � � � 	 � 	 
 �
�
�EA � ' �Ei� � c � � j� '

�
�E7�(

0 vl 7 6 � � c 7 96 � � c � � c � � ,
[

� � � � 	 � 	 
 �
�
�EA � ' f '

�
�E7�(

0 vl 7 _ i�c 2c �c ej ' > ,
[

� � � � 	 � 	 
 �
�
�EA � ' f '

�
�E7��

+f, D sduwlu gh od h{suhvlöq gho mxhjr h{sdqglgr
�
� gh xq mxhjr gh frqpxwdflöq

� 5 C � rewhqlgd hq od revhuydflöq 9165/ srghprv hvfulelu sdud ho mxhjr txh hvwdprv
frqvlghudqgr=

�
� � � � � � � � ' � � � � � � � � n

[
� � � 
 � � � � � � � � �� �
 �

� � � � � � � � � � �

Frpr txh od HPO s gho mxhjr gh frqpxwdflöq � � � � � � � � 5 C � c � ' i�c 2c �c ej/ hv=

s '% � % � E��% � �E��% � ��% � % � E��% � �E��% � ��% � % � E��% � �E��% � �n% � % � E��% � �E��% � �c
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srghprv hvfulelu sdud od HPO � s gho mxhjr h{sdqglgr � �=

� s ' s
k \

� � � � �
E� � % � � n

[
� � � � �

� �	 


\
� � �

% �
\

� � � � � � 
 � �
E� � %� � n

\
� � � � �

% �
l

c

grqgh � ' i�c 2c �c ej hv ho frqmxqwr gh mxjdgruhv txh frqpxwdq1

Od ixqflöq � s hv od HPO gh xq mxhjr shuwhqhflhqwh d C � frq m� m � D/ plhqwudv
txh s hv od HPO gh xq mxhjr shuwhqhflhqwh d C � frq m�m ' e1 Dvð/ odv yduldeohv
sdud � s vrq % � c % � c % � c % � c % � c ���c % � / plhqwudv txh sdud s vrq % � c % � c % � c % � 1

Hq ho odgr ghuhfkr gh od ljxdogdg dqwhulru dsduhfhq odv yduldeohv vhsdudgdv= % � / % � /
% � / % � �jxudq hq s / plhqwudv txh % � c ���c % � �jxudq hq od h{suhvlöq txh pxowlsolfd d
s 1 Hvwd h{suhvlöq hv lgìqwlfdphqwh ljxdo d � sdud fxdotxlhu ydorudflöq gh % � c ���c % �

sru f ö �=

0 vl E% � c ���c % � � ' Efc ���c f� vöor ho sulphu vxpdqgr hv
\

� � � � �
E� � %� � ' �>

0 vl E% � c ���c % � � ' E�c ���c �� vöor ho ýowlpr vxpdqgr hv
\

� � � � �
% � ' �>

0 vl % � c ���c % � wrpdq ho ydoru � sdud odv yduldeohv fruuhvsrqglhqwhv d mxjdgruhv gh
A � � p �c A 9' >/ | ho uhvwr gh yduldeohv wrpdq ydoru f/ ho ýqlfr vxpdqgr hqwuh
wrgrv txh dofdq}d ho ydoru � hv h{dfwdphqh ho fruuhvsrqglhqwh d od frdolflöq A /
> 9' A � � p �1

Hq frqvhfxhqfld � s ' s / txhgdqgr ghprvwudgd od surslhgdg1 �

Sursrvlflöq 9168
Vl ho mxhjr � 5 C � frq m� m � D hv xq mxhjr gh frqpxwdflöq sdud fduglqdo gh
odv frdolflrqhv r ' 2/ hqwrqfhv vx mxhjr h{sdqglgr � � hv lqglvwlqjxleoh gho mxhjr
f 5 C � sru vhplydoruhv prgl�fdgrv sdud mxhjrv frq hvwuxfwxud gh frdolflöq1

Ghprvwudflöq
Rwud yh} frqvlghudprv txh ho mxhjr gh frqpxwdflöq hv � ' � � � � � � � � frq ydoru & ' �1
Od frqglflöq gh lqglvwlqjxleoh gho mxhjr f 5 C � sru vhplydoruhv prgl�fdgrv sdud
mxhjrv frq hvwuxfwxud gh frdolflöq vh hvwxgld sru phglr gh od HPO gho mxhjr txh vh
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hvwì frqvlghudqgr/ kdelhqgr suredgr hq od surslhgdg dqwhulru txh vl � s hv od HPO
gho mxhjr h{sdqglgr � � | s hv od HPO gho mxhjr gh frqpxwdflöq � � � � � � � � 5 C � / frq
� ' i�c 2c �c ej/ hqwrqfhv � s ' s 1

Dvð/ orv mxjdgruhv gh � ' i�c 2c �c ej fxdqgr vh iruph fxdotxlhu hvwuxfwxud gh
frdolflöq hq � sxhghq hqfrqwuduvh hq glihuhqwhv eortxhv frdolflrqdohv wdo | frpr
vxfhgh frq orv mxjdgruhv hq od ghprvwudflöq gh od sursrvlflöq 9158/ vöor txh dkrud
hq fxdotxlhud gh orv eortxhv frdolflrqdohv sxhghq hqfrqwuduvh r qr mxjdgruhv gh
hqwuh ho uhvwr/ hv ghflu/ gh � p � ' iDc ���c ?j1

Dfwxdqgr frpr hq dtxhood ghprvwudflöq/ do vhu � s ' s / odv yduldeohv % � c ���c % � qr
dowhudq orv surfhvrv gh fäofxor gh orv vhplydoruhv prgl�fdgrv/ gh pdqhud txh sdud
fxdotxlhu hvwuxfwxud gh frdolflöq hq � =

j 	 d � �(�o ' f/ sdud � ' �c 2c �c e�

Dghpäv/ j 
 d � �(�o ' fc � ' Dc ���c ?/ |d txh od yduldeoh %
 qr �jxud hq od HPO � s 1

Sdud fxdotxlhu rwur mxhjr gh frqpxwdflöq h{sdqglgr � �
 � � 
 � � 
 
 � 
 � c � � c � � c � � c � � 5 � /
edvwd uhqrpeudu odv yduldeohv sdud frqfoxlu od plvpd d�updflöq1 �

Whruhpd 9169
Frqvlghudprv ho hvsdflr gh mxhjrv frrshudwlyrv C � frq m� m � D1

+d, Od glphqvlöq gho vxehvsdflr gh mxhjrv gh C � lqglvwlqjxleohv gho mxhjr f 5 C �

sru vhplydoruhv prgl�fdgrv sdud mxhjrv frq hvwuxfwxud gh frdolflöq hv
� �

�
�

� ?1

+e, Ho vxehvsdflr dqwhulru hvwä jhqhudgr sru h{sdqglgrv gh mxhjrv gh frqpxwdflöq
sdud fduglqdo gh odv frdolflrqhv r ' 21

Ghprvwudflöq
D sduwlu gho pìwrgr frqvwuxfwlyr gho dsduwdgr +d, gh od sursrvlflöq 9153/ sdud fdgd
fduglqdo ? � e gho frqmxqwr gh mxjdgruhv � vh frqvljxh xqd idplold olqhdophqwh
lqghshqglhqwh irupdgd sru

� �
�
�

� ? mxhjrv gh frqpxwdflöq sdud fduglqdo gh odv
frdolflrqhv r ' 21 Orv mxhjrv h{sdqglgrv gh od idplold dqwhulru vljxhq vlhqgr ol0
qhdophqwh lqghshqglhqwhv |/ sru od sursrvlflöq 9168/ vrq lqglvwlqjxleohv gho mxhjr
f sru vhplydoruhv prgl�fdgrv sdud mxhjrv frq hvwuxfwxud gh frdolflöq1 Dvð sxhv/
ho vxehvsdflr gh glphqvlöq

� �
�
�

� ? txh jhqhudq hvwä lqfoxlgr hq ho vxehvsdflr
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gh lqglvwlqjxleohv gh f sru vhplydoruhv prgl�fdgrv sdud mxhjrv frq hvwuxfwxud gh
frdolflöq/ sdud m� m � D1

Sru rwur odgr/ vhjýq odv sursrvlflrqhv 915: | 9163/ sdud txh � 5 C � vhd lqglv0
wlqjxleoh gho mxhjr f sru vhplydoruhv prgl�fdgrv sdud mxhjrv frq hvwuxfwxud gh
frdolflöq hv qhfhvdulr txh=

�E7�' �E� p7�c ;7 � � / vl ? � e(

�E7� '
[

� � � � � � � � �
�EA �c � � r � ?*2/ vl ? � S�

Dghpäv/ sdud txh xq mxhjr � vhd lqglvwlqjxleoh sru vhplydoruhv prgl�fdgrv kd gh
vhu/ hq sduwlfxodu/ lqglvwlqjxleoh sru vhplydoruhv1 Hvwd frqglflöq lpsrqh/ frpr vh
sureö hq od revhuydflöq 91</ txh=

�E7� ' fc r ' �c ? � �( �E�� ' f�

Hq frqvhfxhqfld/ ho ydoru gh �E7�/ ;7 � � / txhgd ghwhuplqdgr sru orv ydoruhv
gh �EA � sdud mA m ' 21 Dvð od glphqvlöq gho vxehvsdflr gh mxhjrv lqglvwlqjxleohv
gh f sru vhplydoruhv prgl�fdgrv sdud mxhjrv frq hvwuxfwxud gh frdolflöq hv/ frpr
pä{lpr/

� �
�
�

� ? |d txh ìvwrv vrq orv judgrv gh olehuwdg txh vhjýq od revhuydflöq
91< wlhqhq orv ydoruhv gh �EA �/ mA m ' 2/ sdud txh ho mxhjr � 5 C � vhd lqglvwlqjxleoh
gho mxhjr f sru vhplydoruhv1

Uhxqlhqgr odv grv oðqhdv gh frqvlghudflrqhv/ od glphqvlöq gho vxehvsdflr gh mxhjrv
gh C � lqglvwlqjxleohv gho mxhjr f 5 C � sru vhplydoruhv prgl�fdgrv sdud mxh0
jrv frq hvwuxfwxud gh frdolflöq hv

� �
�
�

� ?/ hvwdqgr hvwh vxehvsdflr jhqhudgr sru
h{sdqglgrv gh mxhjrv gh frqpxwdflöq sdud fduglqdo gh odv frdolflrqhv r ' 21 �

Revhuydflöq 916:
Od surslhgdg txh dfded gh ghprvwuduvh hqjored orv uhvxowdgrv sdud orv mxhjrv gh
C � / m� m ' D/ rewhqlgrv hq ho dsduwdgr +e, gh od revhuydflöq 915; | hq od sursrvlflöq
915</ |d txh hq hvwh fdvr ho mxhjr h{sdqglgr gh xq mxhjr gh frqpxwdflöq sdud
fduglqdo gh odv frdolflrqhv r ' 2 frlqflgh frq vx vlphwul}dgr= 	 � ' �1

Sdud ho fdvr m� m ' e/ vh sxhgh frqvlghudu txh vl � hv xq mxhjr gh frqpxwdflöq sdud
r ' 2 ho h{sdqglgr hv ho plvpr mxhjr= 	 � ' �1 Sru hvwh prwlyr/ orv vxehvsdflrv
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gh lqglvwlqjxleohv gh f sru vhplydoruhv | sru vhplydoruhv prgl�fdgrv frlqflghq/
vlhqgr vx glphqvlöq

� �
�
�

� e ' 21

Hq od vljxlhqwh wdeod vh pxhvwudq/ sdud ydoruhv shtxhôrv gho fduglqdo gho frqmxqwr
gh mxjdgruhv/ odv glphqvlrqhv gh orv vxehvsdflrv gh mxhjrv lqglvwlqjxleohv gho mxhjr
qxor1

fduglqdo gh � 2 � e D S . � � � ? � � �

_�4 C � � . �D �� S� �2. � � � 2
�

� � � � �

_�4
W

�
.�Ej� f f 2 �f �2 He � � � 2

�
�?

�
n?�2 � � �

_�4
W

� � � � �
.�Ejc �� f f 2 D b �e � � �

�
?

2

�
� ? � � �

Hq od qrwdflöq kdelwxdo/
W

� .�Ej� lqglfd od lqwhuvhfflöq gh orv hvsdflrv qxorv sru
vhplydoruhv j gh�qlgrv vreuh fdgd C � / hv ghflu/ ho vxehvsdflr gh mxhjrv lqglvwlq0
jxleohv gho mxhjr f sru vhplydoruhv/ plhqwudv txh

W � � � � � .�Ejc �� suhwhqgh lqglfdu
ho vxehvsdflr gh lqglvwlqjxleohv gh f sru vhplydoruhv prgl�fdgrv sdud mxhjrv frq
hvwuxfwxud gh frdolflöq1

Sdud fduglqdohv ? ' 2 | ? ' �/ od glphqvlöq gh orv vxehvsdflrv gh mxhjrv lq0
glvwlqjxleohv sru vhplydoruhv prgl�fdgrv hv f/ |d txh ìvwd hv od glphqvlöq txh
fruuhvsrqgh d orv uhvshfwlyrv vxehvsdflrv gh lqglvwlqjxleohv sru vhplydoruhv1 Od
h{suhvlöq

� �
�
�

� ? dgrswd ho ydoru dghfxdgr sdud ? ' � shur qr or kdfh sdud ? ' 2/
gh pdqhud txh srghprv frqvlghudu frpr iöupxod jhqhudo=

_�4
_

� � � � �
.�Ejc �� '

�
?

2

�
� ?/ ? � �/

uhfrugdqgr txh od glphqvlöq hv qxod sdud ? ' 21



:

Frqfoxvlrqhv

Ho fuhflhqwh lqwhuìv txh orv hvwxglrv gh hfrqrpðd/ gh sroðwlfd r gh flhqfldv vrfldohv
pxhvwudq sru od Whruðd gh Mxhjrv frq�upd txh orv mxhjrv frrshudwlyrv frq xwl0
olgdg wudqvihuleoh vrq prghorv dghfxdgrv sdud dqdol}du vlwxdflrqhv gh frq lfwr |
frrshudflöq txh vxujhq hq odv dfwlylgdghv kxpdqdv1 Od Whruðd gh Mxhjrv sursrqh
vroxflrqhv sdud hvwh wlsr gh vlwxdflrqhv/ rfxsdqgr xq oxjdu ghvwdfdgr odv sursxhv0
wdv sru Vkdsoh| | sru Edq}kdi> dpedv vh edvdq hq odv frqwulexflrqhv pdujlqdohv
gh fdgd mxjdgru d odv frdolflrqhv d odv txh shuwhqhfh/ srqghudgdv vhjýq xqrv shvrv
suhhvwdeohflgrv1 Od jhqhudol}dflöq d fxdotxlhu vlvwhpd gh srqghudflöq/ grqgh orv
shvrv ghshqghq gho fduglqdo gh odv frdolflrqhv/ gd oxjdu do frqfhswr gh vhplydoru
lqwurgxflgr sru Gxeh|/ Qh|pdq | Zhehu hq 4<;41

Hq ho ohqjxdmh gh mxhjrv frrshudwlyrv ho wìuplqr frdolflöq htxlydoh d vxefrqmxqwr
gh mxjdgruhv1 Ho frqrflplhqwr gh odv srvlelolgdghv gh fdgd frdolflöq hq ho ghvhq0
odfh gho mxhjr hv ho lqvwuxphqwr txh shuplwh frqvwuxlu orv frqfhswrv gh vroxflöq
dqwhv phqflrqdgrv1 Odv prgl�fdflrqhv hq od frrshudflöq sru od irupdflöq gh frd0
olflrqhv �mdv/ ghqrplqdgdv eortxhv frdolflrqdohv/ gdq oxjdu d glihuhqwhv vroxflrqhv/
hqwuh odv txh fdeh flwdu ho ydoru frdolflrqdo/ prgl�fdqgr od vroxflöq gh Vkdsoh|/
r ho ydoru gh Edq}kdi prgl�fdgr/ lqwurgxflgdv dpedv sru Rzhq hq 4<:: | hq
4<;4/ uhvshfwlydphqwh1 Fxdqgr odv prgl�fdflrqhv hq od frrshudflöq vh surgxfhq
sru uhvwulfflrqhv hq od frrshudflöq ghelgdv d idowd gh frpxqlfdflöq hqwuh orv mx0
jdgruhv dsduhfhq frqfhswrv gh vroxflöq frpr ho sursxhvwr sru P|huvrq hq 4<::/

63:
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prghol}dqgr wdohv vlwxdflrqhv phgldqwh judirv1

Ho frqrflplhqwr gh xq mxhjr frrshudwlyr frq xwlolgdg wudqvihuleoh vxsrqh od gh0
whuplqdflöq gh vx ixqflöq fdudfwhuðvwlfd1 D vx yh}/ od h{whqvlrq pxowlolqhdo/ lqwur0
gxflgd sru Rzhq hq 4<:5/ frqwlhqh wrgd od lqirupdflöq gh od ixqflöq fdudfwhuðvwlfd
| shuplwh fdofxodu/ phgldqwh odv pdqlsxodflrqhv dghfxdgdv/ orv frqfhswrv gh vrox0
flöq gh Vkdsoh| | gh Edq}kdi/ dvð frpr vxv uhvshfwlydv prgl�fdflrqhv sru od
irupdflöq gh hvwuxfwxudv gh frdolflöq1

Ho sulphu fdsðwxor gh od suhvhqwh phpruld vh kd ghglfdgr d lqwurgxflu orv mxhjrv
frrshudwlyrv frq xwlolgdg wudqvihuleoh/ dvð frpr odv vroxflrqhv txh vh kdq ghvfulwr/
mxqwr d rwurv frqwhqlgrv hqwuh orv txh ghvwdfdprv ho srwhqfldo sdud ho ydoru gh
Vkdsoh|1 Vh kd frqvlghudgr txh hvwd lqwurgxfflöq srguðd d|xgdu d xqd phmru
frpsuhqvlöq gh orv frqfhswrv | gh orv pìwrgrv txh vh ghvduurooduäq hq orv vxfhvlyrv
fdsðwxorv1

Ho vhjxqgr fdsðwxor suhvhqwd xqd pdufdgd lq xhqfld jhrpìwulfd/ hvwdeohflhqgr
xqd idplold gh vhplydoruhv d sduwlu gh od fxdo vh irupdq vlvwhpdv gh uhihuhqfld hq
ho frqmxqwr gh vhplydoruhv/ d lpdjhq gh hvh plvpr frqfhswr hq od jhrphwuðd diðq1
Orv vhplydoruhv elqrpldohv txh vh lqwurgxfhq jr}dq gh xqd srvlflöq sulylohjldgd
hq vx lqwhusuhwdflöq dvð frpr hq ho fäofxor gh vxv sdjrv sru phglr gh od HPO1 D vx
yh}/ orv vhplydoruhv elqrpldohv irupdq idploldv frq xq hohphqwr sdud fdgd hvsdflr
gh mxhjrv frrshudwlyrv/ sxglìqgrvh frqvwuxlu vhplydoruhv lqgxflgrv hq hvsdflrv
gh mxhjrv frq phqru fduglqdo gho frqmxqwr gh mxjdgruhv/ frq lqghshqghqfld gho
vlvwhpd gh uhihuhqfld hvfrjlgr1 Hvwd frqvlghudflöq shuplwh jhqhudol}du ho surfhvr
txh oohyd gho ydoru gh Vkdsoh| do ydoru frdolflrqdo gh Rzhq/ gdqgr oxjdu do frqfhswr
gh vhplydoru prgl�fdgr sdud mxhjrv frq hvwuxfwxud gh frdolflöq1

Hq frqvhfxhqfld/ xqd pdwul} fx|rv hohphqwrv vh rewlhqhq d sduwlu gh od HPO uh0
vxph hq vð plvpd orv sdjrv d wrgrv orv mxjdgruhv sru fxdotxlhu vhplydoru/ plhqwudv
txh rwud pdwul} kdfh or surslr sdud fdgd mxjdgru uhvshfwr d fxdotxlhu sdjr sru
vhplydoruhv prgl�fdgrv sru xqd hvwuxfwxud gh frdolflöq1 Hq dperv fdvrv/ od h{0
suhvlöq olqhdo gh fxdotxlhu vhplydoru d sduwlu gh orv elqrpldohv shuplwh rewhqhu
odv vroxflrqhv sru phglr gh vhqfloorv surgxfwrv pdwulfldohv1 Ho fdsðwxor �qdol0
}d hvwdeohflhqgr xqdv surslhgdghv txh frqvljxhq fdudfwhul}du d{lrpäwlfdphqwh od
prgl�fdflöq gh od vroxflöq gh Edq}kdi sdud mxhjrv frq hvwuxfwxud gh frdolflöq1
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Hq ho whufhu fdsðwxor vh hpsohdq gh prgr sduwlfxodu wìfqlfdv | uhvxowdgrv suryh0
qlhqwhv gho vhjxqgr fdsðwxor frq ho remhwlyr gh hvwxgldu/ ghvgh ho sxqwr gh ylvwd
gh fxdotxlhu vhplydoru/ odv frqvhfxhqfldv gh od irupdflöq gh xqd ýqlfd frdolflöq
elshuvrqdo hvwdeoh1 Dghpäv gh frqvhjxlu ho fäofxor hihfwlyr gh orv uhvxowdgrv wdqwr
d sduwlu gh od ixqflöq fdudfwhuðvwlfd frpr gh od HPO/ hvwh hvwxglr frqvljxh fd0
udfwhul}du glihuhqwhv vhplydoruhv hq dwhqflöq d vx frpsruwdplhqwr uhvshfwr d hvwd
vlwxdflöq gh frrshudflöq prgl�fdgd1 Frpsdudqgr od dvljqdflöq hq ho mxhjr fr0
flhqwh d od frdolflöq elshuvrqdo uhvshfwr d od vxpd gh dvljqdflrqhv hq ho mxhjr
lqlfldo/ vh frqfox|h txh/ hq jhqhudo/ vlhpsuh h{lvwhq vhplydoruhv sdud orv txh ho lq0
fuhphqwr hv srvlwlyr | rwurv sdud orv txh hv qhjdwlyr> vh ghwhuplqdq wrgrv dtxhoorv
vhplydoruhv txh riuhfhq xq ghwhuplqdgr lqfuhphqwr/ hvwdeohflhqgr ho pä{lpr | ho
pðqlpr dofdq}deohv1

Ho fxduwr fdsðwxor vh fhqwud hq od frqvlghudflöq gh rwud vlwxdflöq gh frrshudflöq
prgl�fdgd= od frrshudflöq sdufldo prghol}dgd sru judirv gh frpxqlfdflöq hq ho
frqmxqwr gh mxjdgruhv1 Dooð vh suxhed txh wrgr vhplydoru/ frpr uhjod gh dvljqdflöq
sdud hvwdv vlwxdflrqhv gh frrshudflöq/ fxpsoh surslhgdghv ghvhdeohv vhjýq od iru0
pxodflöq gh P|huvrq1 Wdpelìq vh d�upd txh od qrupdol}dflöq dglwlyd gh fxdotxlhu
vhplydoru yhul�fd hvdv plvpdv surslhgdghv/ uhvxowdqgr txh qrupdol}dflöq dglwlyd
| frrshudflöq sdufldo vrq frqfhswrv dpsoldphqwh frpsdwleohv1 Dghpäv/ vh frq0
vljxh ghwhuplqdu txì mxjdgruhv uhvxowdq päv ehqh�fldgrv r päv shumxglfdgrv sru
od vxsuhvlöq gh xqd dulvwd gh xq judir gh frrshudflöq | edmr txì flufxqvwdqfldv vh
surgxfhq hvrv lqfuhphqwrv/ gh irupd txh orv hihfwrv gh od vxsuhvlöq vh hvwxgldq |
frpsdudq sdud wrgrv orv djhqwhv gho mxhjr1

Ho txlqwr fdsðwxor hvwä ghglfdgr do srwhqfldo1 Dtxð vh frqvljxh gh�qlu | hvwuxfwxudu
xq frqfhswr gh srwhqfldo sdud fdgd vhplydoru frqvwuxlgr gh prgr uhfxuuhqwh/ hq
prgr dqäorjr d frpr Kduw | Pdv0Frohoo +4<;;, | Gudjdq +4<<8, lqwurgxfhq hvrv
frqfhswrv sdud odv vroxflrqhv gh Vkdsoh| | gh Edq}kdi/ uhvshfwlydphqwh1 Wdpelìq
vh riuhfh xq surfhglplhqwr sdud fdofxodu ho srwhqfldo sdud fdgd vhplydoru elqr0
pldo phgldqwh pdqlsxodflrqhv dghfxdgdv gh od HPO/ shuplwlhqgr/ sru olqhdolgdg/
rewhqhu ho srwhqfldo sdud wrgr vhplydoru hihfwxdqgr xq surgxfwr pdwulfldo1 Rwudv
qrflrqhv ghulydgdv gho srwhqfldo/ frpr edvh srwhqfldo r hvsdflr qxor/ vh h{wlhqghq
d wrgrv orv vhplydoruhv1 Vh uhvxhoyhq sureohpdv lqyhuvrv frpr od ghwhuplqdflöq gh
orv mxhjrv txh wlhqhq xqd vroxflöq suh�mdgd r od ghwhuplqdflöq gho mxhjr frqrflgr
ho srghu gh ìvwh | gh vxv mxhjrv uhvwulqjlgrv1 Ilqdophqwh vh frqvljxh fdudfwhul}du



643 :1 FRQFOXVLRQHV

fdgd vhplydoru hqwuh orv txh wlhqhq ljxdo frpsruwdplhqwr vreuh orv mxhjrv elshu0
vrqdohv | vrq frqvlvwhqwhv frq wrgrv vxv mxhjrv uhgxflgrv1

Ho vh{wr fdsðwxor vxsrqh xqd frqwlqxdflöq gho txlqwr hq ho vhqwlgr gh txh derugd
ho sureohpd gh od ghwhuplqdflöq gho vxehvsdflr lqwhuvhfflöq gh wrgrv orv hvsdflrv
qxorv sru vhplydoruhv1 Hq hvwd lqwhuvhfflöq vh hqfxhqwudq orv mxhjrv txh qr sxhghq
glvwlqjxluvh gho qxor sru qlqjýq vhplydoru/ gh grqgh vxujh od ghqrplqdflöq gh mxh0
jrv lqglvwlqjxleohv1 Od wìfqlfd sdud od rewhqflöq gh od glphqvlöq gh hvh vxehvsdflr
dvð frpr gh orv mxhjrv txh or jhqhudq surylhqh gho vhjxqgr fdsðwxor/ sxhvwr txh
yxhoyhq d frqvlghuduvh grv vlvwhpdv gh uhihuhqfld gh vhplydoruhv= orv vhplydoruhv
yìuwlfhv sdud fdofxodu od glphqvlöq | orv vhplydoruhv elqrpldohv sdud wudgxflu od
frqglflöq gh lqglvwlqjxleoh hq wìuplqrv gh od HPO1 Uhvxhowr ho sureohpd dqwhulru
frq od lqwurgxfflöq gh orv mxhjrv gh frqpxwdflöq/ vh frqvlghudq vhplydoruhv prgl0
�fdgrv sdud mxhjrv frq hvwuxfwxud gh frdolflöq | vh exvfd ghwhuplqdu ho vxehvsdflr
gh lqglvwlqjxleohv gho qxor sru hvwh wlsr gh vroxflrqhv1 Hq hvwh fdvr od wìfqlfd gh
uhvroxflöq uhtxlhuh qhfhvduldphqwh od h{whqvlöq pxowlolqhdo | vxv fruuhvsrqglhqwhv
prgl�fdflrqhv/ wdo | frpr vh hvwdeohflhurq hq ho vhjxqgr fdsðwxor1 Sdud orv mxh0
jrv gh päv gh fxdwur mxjdgruhv/ od lqwurgxfflöq gh odv hvwuxfwxudv gh frdolflöq
frqvljxh uhgxflu gh prgr vljql�fdwlyr od glphqvlöq gh fdgd vxehvsdflr gh mxhjrv
lqglvwlqjxleohv gho qxor1

Ho remhwlyr joredo gh hvwd phpruld hv ho gh frqwulexlu/ hq od phglgd gh qxhvwudv
srvlelolgdghv/ do ghvduuroor gh od Whruðd gh Mxhjrv hq vx yhuwlhqwh ghglfdgd d orv
mxhjrv frrshudwlyrv | hq ho hvwxglr gh dtxhoodv vroxflrqhv txh vh edvdq hq phgldv
gh odv frqwulexflrqhv pdujlqdohv gh fdgd mxjdgru/ srqghudgdv vhjýq ho fduglqdo gh
odv frdolflrqhv1 Rwurv dvshfwrv txh ghvhdprv ghvwdfdu vrq orv vljxlhqwhv=

� Vh kd jhqhudol}dgr d wrgrv orv vhplydoruhv frqfhswrv frpr prgl�fdflöq sdud
mxhjrv frq hvwuxfwxud gh frdolflöq/ srwhqfldo r vxv qrflrqhv ghulydgdv hpsoh0
dqgr vlvwhpdv gh uhihuhqfld | h{whqglhqgr ghvsxìv orv uhvxowdgrv do frqmxqwr
gh orv vhplydoruhv/ prvwudqgr gh hvwd pdqhud od dghfxdflöq gh od hvwuxfwxud
jhrpìwulfd gh orv plvprv sdud vx hvwxglr joredol}dgr1

� Ho surfhvr txh vh lqlfld hq fdgd vhplydoru elqrpldo/ sdvd sru xqrv vlvwhpdv
gh uhihuhqfld | frqfox|h hq ho frqmxqwr gh vhplydoruhv kd vlgr ho fdplqr
kdelwxdo sdud rewhqhu uhvxowdgrv/ kdelìqgrvh oohydgr d fder sru grv yðdv
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sdudohodv= sru xq odgr vh kdq gh�qlgr | hvwuxfwxudgr orv frqfhswrv d sduwlu
gh od ixqflöq fdudfwhuðvwlfd/ plhqwudv txh sru rwur/ vh kdq fdofxodgr orv
uhvxowdgrv hpsohdqgr od h{whqvlöq pxowlolqhdo frqyhqlhqwhphqwh prgl�fdgd1

� Ho wudwdplhqwr gh dojxqrv sureohpdv lqyhuvrv phuhfh xqd phqflöq dsduwh/
|d txh qr sxhghq derugduvh frqvlghudqgr od olqhdolgdg txh vh kd sxhvwr gh
pdql�hvwr hq od hvwuxfwxud gh orv vhplydoruhv1 Vh uhtxlhuh/ hq fdgd fdvr/
wìfqlfdv frqfuhwdv sdud vx uhvroxflöq/ yduldqgr vljql�fdwlydphqwh ho judgr
gh gl�fxowdg gh xq sureohpd d rwur1 Ho vh{wr | ýowlpr fdsðwxor wudwd vreuh
od uhvroxflöq gh grv sureohpdv lqyhuvrv1 Od h{whqvlöq | frpsohmlgdg gh vx
wudwdplhqwr kd gdgr oxjdu do ghvduuroor frpsohwr gho fdsðwxor1

� D or odujr gh hvwh wudedmr vh kdq suhvhqwdgr glihuhqwhv hmhpsorv | vh kdq
dsolfdgr vreuh hoorv orv frqfhswrv | odv wìfqlfdv txh vh kdq lqwurgxflgr suh0
yldphqwh frq od �qdolgdg gh prvwudu vx dghfxdflöq sdud od uhvroxflöq gh odv
vlwxdflrqhv txh vh kdq ghvfulwr1 Sru phglr gh hvwrv hmhpsorv vh kd exvfdgr
hylghqfldu od ydolgh} gh odv dfwxdflrqhv hq uhihuhqfld d fxdotxlhu vhplydoru
vlq wrpdu sduwlgr sru dojxqr r dojxqrv gh orv plvprv/ suhflvdphqwh sdud
srqhu ìqidvlv hq ho fduäfwhu jhqhudol}dgru gh orv hvwxglrv txh vh kdq oohydgr
d wìuplqr1

� Frpr srvleohv ghulydflrqhv gh hvwd phpruld srguðdq flwduvh odv vljxlhqwhv
oðqhdv gh wudedmr= od jhqhudol}dflöq gh od frqvlghudflöq gh vlwxdflrqhv gh
frrshudflöq prgl�fdgd phgldqwh ho hpsohr gh ðqglfhv gh frrshudflöq hq
odv frdolflrqhv/ od rewhqflöq gh vlvwhpdv gh surslhgdghv txh shuplwdq od
fdudfwhul}dflöq gh glihuhqwhv vhplydoruhv/ ho hvwxglr | od ghvfulsflöq gh rwudv
idploldv gh vhplydoruhv | od lqwurgxfflöq gh frqfhswrv | wìfqlfdv vlploduhv
hq ho wudwdplhqwr gh orv u0mxhjrv/ hq jhqhudo/ | gh orv 60mxhjrv/ hq sduwlfxodu1
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Eleolrjudiðd

^4` Dphu/ U1 +4<<8,
Mxhjrv/ ydoruhv h ðqglfhv gh frrshudflöq1
Whvlv grfwrudo1 Ghsduwdphqwr gh Pdwhpäwlfd Dsolfdgd LL1 Xqlyhuvlwdw Srol0
wëfqlfd gh Fdwdoxq|d1

^5` Dphu/ U1> Fduuhudv/ I1> Pdjdôd/ D1> Rzhq/ J1 +4<<9,
Pxowlolqhdu h{whqvlrqv dqg txrwlhqwv ri vlpsoh jdphv1
Qdydo Uhvhdufk Orjlvwlfv 76/ qýp1 4/ säjv1 436044;1

^6` Dphu/ U1> Fduuhudv/ I1> Jlpìqh}/ M1 P1 +5333,
Rq wkh Edq}kdi0Frohpdq lqgh{ zlwk d sulrul xqlrqv1
Hq= Grfxphqwrv gh wudedmr gho Ghsduwdphqwr gh Pdwhpäwlfd Dsolfdgd LL1
PD50LU03303333:1 Xqlyhuvlwdw Srolwëfqlfd gh Fdwdoxq|d1

^7` Dphu/ U1> Jlpìqh}/ M1 P1 +5333,
Frrshudflöq sdufldo hq mxhjrv frrshudwlyrv1
Hq= Grfxphqwrv gh wudedmr gho Ghsduwdphqwr gh Pdwhpäwlfd Dsolfdgd LL1
PD50LU0330333461 Xqlyhuvlwdw Srolwëfqlfd gh Fdwdoxq|d1

^8` Dphu/ U1> Jlpìqh}/ M1 P1 +5333,
Xq frqfhswr gh srwhqfldo sdud vhplydoruhv vreuh mxhjrv frrshudwlyrv1
Hq= Grfxphqwrv gh wudedmr gho Ghsduwdphqwr gh Pdwhpäwlfd Dsolfdgd LL1
PD50LU0330333471 Xqlyhuvlwdw Srolwëfqlfd gh Fdwdoxq|d1
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^9` Dphu/ U1> Jlpìqh}/ M1 P1 +5333,
Lqvhsdudeoh jdphv e| vhplydoxhv1
Hq= Grfxphqwrv gh wudedmr gho Ghsduwdphqwr gh Pdwhpäwlfd Dsolfdgd LL1
PD50LU0330333481 Xqlyhuvlwdw Srolwëfqlfd gh Fdwdoxq|d1

^:` Dphu/ U1> Fduuhudv/ I1> Jlpìqh}/ M1 P1 +5334,

Wkh prgl�hg Edq}kdi ydoxh iru jdphv zlwk frdolwlrq vwuxfwxuh= Dq d{lrpdwlf
fkdudfwhul}dwlrq1
Pdwkhpdwlfdo Vrfldo Vflhqfhv +Dfhswdgr1 Shqglhqwh gh sxeolfdflöq,

^;` Dphu/ U1> Jlpìqh}/ M1 P1 +5334,
Xqd fdudfwhul}dflöq d{lrpäwlfd sdud od idplold gh vhplydoruhv elqrpldohv1
Hq= Grfxphqwrv gh wudedmr gho Ghsduwdphqwr gh Pdwhpäwlfd Dsolfdgd LL1
PD50LU03403333<1 Xqlyhuvlwdw Srolwëfqlfd gh Fdwdoxq|d1

^<` Dxpdqq/ U1 M1> Guë}h/ M1 +4<:7,
Frrshudwlyh jdphv zlwk frdolwlrq vwuxfwxuhv1
Lqwhuqdwlrqdo Mrxuqdo ri Jdph Wkhru| 6/ säjv1 54:056:1

^43` Dxpdqq/ U1 M1> Pdvfkohu/ P1 +4<;8,
Jdph wkhruhwlf dqdo|vlv ri d edqnuxsw| sureohp iurp wkh Wdopxg1
Mrxuqdo ri Hfrqrplf Wkhru| 69/ säjv1 4<805461

^44` Edq}kdi/ M1 I1 +4<98,
Zhljkwhg yrwlqj grhvq*w zrun= D pdwkhpdwlfdo dqdo|vlv1
Uxwjhuv Odz Uhylhz 4</ säjv1 64:06761

^45` Ehujdqwlôrv/ J1 +4<<6,
Dsruwdflrqhv d od Whruðd gh Mxhjrv1
Whvlv grfwrudo1 Ghsduwdphqwr gh Hvwdgðvwlfd h Lqyhvwljdflöq Rshudwlyd1 Xql0
yhuvlgdg gh Vdqwldjr gh Frpsrvwhod1

^46` Erup/ S1> ydq ghq Qrxzhodqg/ D1> Rzhq/ J1 +4<<6,
Frvw doorfdwlrq dqg frppxqlfdwlrq1
Qdydo Uhvhdufk Orjlvwlfv 73/ säjv1 :660:771

^47` Fdoyr/ H1> Vdqwrv/ M1 F1 +4<<:,
Srwhqwldov lq frrshudwlyh WX0jdphv1
Pdwkhpdwlfdo Vrfldo Vflhqfhv 67/ säjv1 4:804<31
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^48` Fduuhudv/ I1> Rzhq/ J1 +4<;;,
Hydoxdwlrq ri wkh Fdwdorqldq Sduoldphqw 4<;304<;71
Pdwkhpdwlfdo Vrfldo Vflhqfhv 48/ säjv1 ;:0<51

^49` Fduuhudv/ I1 +4<<4,
Uhvwulfwlrq ri vlpsoh jdphv1
Pdwkhpdwlfdo Vrfldo Vflhqfhv 54/ säjv1 57805931

^4:` Fduuhudv/ I1> Pdjdôd/ D1 +4<<7,
Wkh pxowlolqhdu h{whqvlrq dqg wkh prgl�hg Edq}kdi0Frohpdq lqgh{1
Pdwkhpdwlfdo Vrfldo Vflhqfhv 5;/ säjv1 54805551

^4;` Fdvwhoohw/ P1> Oohuhqd/ L1 +4<<3,
Ãojheud Olqhdo l Jhrphwuld/ 5 � hg1
Vhuyhl gh Sxeolfdflrqv gh od Xqlyhuvlwdw Dxwõqrpd gh Edufhorqd1 Ehoodwhuud1

^4<` Fkduwudqg/ J1> Ohvqldn/ O1 +4<;9,
Judskv dqg Gljudskv1
Zdgvzruwk ) Eurrnv1

^53` Frohpdq/ M1 V1 +4<:4,
Frqwuro ri froohfwlylwlhv dqg wkh srzhu ri d froohfwlylw| wr dfw1
Olhehupdq/ E1 +hgv1, Vrfldo Fkrlfh1 Jrugrq dqg Euhdfk/ Qhz \run/ säjv1
59<06331

^54` Gdylv/ P1 G1 +4<;9,
Lqwurgxfflöq d od Whruðd gh Mxhjrv/ 7

�
hg1

Doldq}d Hglwruldo1 Pdgulg1

^55` Gudjdq/ L1 +4<<4,
Wkh srwhqwldo edvlv dqg wkh zhljkwhg Vkdsoh| ydoxh1
Olehuwdv Pdwkhpdwlfd 44/ säjv1 46<04831

^56` Gudjdq/ L1 +4<<8,
Qhz pdwkhpdwlfdo surshuwlhv ri wkh Edq}kdi ydoxh1
WU&6331 Ghsduwphqw ri Pdwkhpdwlfv1 Xqlyhuvlw| ri Wh{dv dw Duolqjwrq1
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^57` Gudjdq/ L1 +4<<<,
Srwhqwldo dqg frqvlvwhqf| iru vhplydoxhv ri �qlwh frrshudwlyh WX jdphv1
Lqwhuqdwlrqdo Mrxuqdo ri Pdwkhpdwlfv/ Jdph Wkhru| dqg Dojheud </ qýp1
5/ säjv1 ;80<:1

^58` Gulhvvhq/ W1 +4<;;,
Frrshudwlyh Jdphv/ Vroxwlrqv dqg Dssolfdwlrqv1
Wkhru| dqg Ghflvlrqv Oleudu|1 Noxzhu Dfdghplf Suhvv/ Wkh Qhghuodqgv1

^59` Gxeh|/ S1> Qh|pdq/ D1> Zhehu/ U1 M1 +4<;4,
Ydoxh wkhru| zlwkrxw h!flhqf|1
Pdwkhpdwlfv ri Rshudwlrqv Uhvhdufk 9/ säjv1 455045;1

^5:` Ihowndps/ Y1 +4<<8,
Dowhuqdwlyh d{lrpdwlf fkdudfwhul}dwlrqv ri wkh Vkdsoh| dqg Edq}kdi ydoxhv1
Lqwhuqdwlrqdo Mrxuqdo ri Jdph Wkhru| 57/ säjv1 4:<04;91

^5;` Kduw/ V1> Pdv0Frohoo/ D1 +4<;;,
Wkh srwhqwldo ri wkh Vkdsoh| ydoxh1
Hq= Wkh Vkdsoh| ydoxh= Hvvd|v lq krqru ri O1 V1 Vkdsoh|1 +hg1 sru D1 H1
Urwk,1 Fdpeulgjh Xqlyhuvlw| Suhvv/ säjv1 45:046:1

^5<` Kduw/ V1> Pdv0Frohoo/ D1 +4<;<,
Srwhqwldo/ ydoxh dqg frqvlvwhqf|1
Hfrqrphwulfd 8:/ säjv1 8;<09471

^63` Ohkuhu/ H1 +4<;;,
Dq d{lrpdwl}dwlrq ri wkh Edq}kdi ydoxh1
Lqwhuqdwlrqdo Mrxuqdo ri Jdph Wkhru| 4:/ säjv1 ;<0<<1

^64` Oxfdv/ Z1 I1 +4<9;,
D jdph zlwk qr vroxwlrq
Exoohwlq ri wkh Dphulfdq Pdwkhpdwlfdo Vrflhw| :7/ säjv1 56:056<1

^65` Oxfdv/ Z1 I1 +4<9<,
Wkh surri wkdw d jdph pd| qrw kdyh d vroxwlrq1
Wudqvdfwlrqv ri wkh Dphulfdq Pdwkhpdwlfdo Vrflhw| 46:/ säjv1 54<055<1
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^66` Oxfdv/ Z1 I1> Udelh/ P1 +4<;5,
Jdphv zlwk qr vroxwlrqv dqg hpsw| Fruhv1
Pdwkhpdwlfv ri Rshudwlrqv Uhvhdufk :/ säjv1 7<408331

^67` Pdjdôd/ D1 +4<<9,
Irupdflöq gh frdolflrqhv hq orv mxhjrv frrshudwlyrv | mxhjrv frq pýowlsohv
dowhuqdwlydv1
Whvlv grfwrudo1 Ghsduwdphqwr gh Pdwhpäwlfd Dsolfdgd LL1 Xqlyhuvlwdw Srol0
wëfqlfd gh Fdwdoxq|d1

^68` P|huvrq/ U1 E1 +4<::,
Judskv dqg frrshudwlrq lq jdphv1
Pdwkhpdwlfv ri Rshudwlrqv Uhvhdufk 5/ säjv1 558055<1

^69` Rzhq/ J1 +4<:5,
Pxowlolqhdu h{whqvlrqv ri jdphv1
Pdqdjhphqw Vflhqfh 4;/ säjv1 970:<1

^6:` Rzhq/ J1 +4<:8,
Pxowlolqhdu h{whqvlrqv dqg wkh Edq}kdi ydoxh1
Qdydo Uhvhdufk Orjlvwlfv Txduwhuo| 55/ säjv1 :740:831

^6;` Rzhq/ J1 +4<::,
Ydoxhv ri jdphv zlwk d sulrul xqlrqv1
Hq= Hvvd|v lq Pdwkhpdwlfdo Hfrqrplfv dqg Jdph Wkhru| +hg1 sru U1 Khqq
| R1 Prhvfkolq,1 Vsulqjhu0Yhuodj/ säjv1 :90;;1

^6<` Rzhq/ J1 +4<:;,
D fkdudfwhul}dwlrq ri wkh Edq}kdi0Frohpdq lqgh{1
VLDP Mrxuqdo ri Dssolhg Pdwkhpdwlfv 68/ säjv1 648065:1

^73` Rzhq/ J1 +4<;4,
Prgl�fdwlrq ri wkh Edq}kdi0Frohpdq lqgh{ iru jdphv zlwk d sulrul xqlrqv1
Hq= Srzhu/ yrwlqj dqg yrwlqj srzhu +hg1 sru P1 M1 Kroohu,1 Sk|vlfd0Yhuodj/
säjv1 565056;1

^74` Rzhq/ J1> Zlqwhu/ H1 +4<<5,
Pxowlolqhdu h{whqvlrqv dqg wkh frdolwlrq ydoxh1
Jdphv dqg Hfrqrplf Ehkdylru 7/ säjv1 8;508;:1
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^75` Rzhq/ J1 +4<<8,
Jdph Wkhru|/ 6

�

hg1
Dfdghplf Suhvv1

^76` Uxl}/ O1 P1> Ydohqfldqr/ I1> ]du}xhor/ M1 P1 +4<<8,
Wkh idplo| ri ohdvw vtxduh ydoxhv iru WX jdphv1
Hq= Grfxphqwrv gh wudedmr gh Hfrqrpðd Dsolfdgd GW824<<81 Xqlyhuvlgdg
gho Sdðv Ydvfr1 Eloedr1

^77` Uxl}/ O1 P1> Ydohqfldqr/ I1> ]du}xhor/ M1 P1 +4<<9,
Wkh ohdvw vtxduh suhqxfohroxv dqg wkh ohdvw vtxduh qxfohroxv1 Wzr ydoxhv iru
WX jdphv edvhg rq wkh h{fhvv yhfwru1
Lqwhuqdwlrqdo Mrxuqdo ri Jdph Wkhru| 58/ qýp1 4/ säjv1 44604671

^78` Vkdsoh|/ O1 V1 +4<86,
D ydoxh iru q0shuvrq jdphv1
Hq= Frqwulexwlrqv wr wkh Wkhru| ri Jdphv LL +hg1 sru K1 Z1 Nxkq | D1 Z1
Wxfnhu,1 Sulqfhwrq Xqlyhuvlw| Suhvv/ säjv1 63:064:1

^79` Vkdsoh|/ O1 V1> Vkxeln/ P1 +4<87,
D phwkrg iru hydoxdwlqj wkh glvwulexwlrq ri srzhu lq d frpplwwhh v|vwhp1
Dphulfdq Srolwlfdo Vflhqfh Uhylhz 7;/ säjv1 :;:0:<51

^7:` Vlqjohwrq/ U1 U1> W|qgdoo/ Z1 I1 +4<::,
Lqwurgxfflöq d od Whruðd gh Mxhjrv | d od Surjudpdflöq Olqhdo1
Hglwruldo Oderu1 Edufhorqd1

^7;` Vwud!q/ S1 G1 +4<;;,
Wkh Vkdsoh|0Vkxeln dqg Edq}kdi srzhu lqglfhv dv suredelolvwlfv1
Hq= Wkh Vkdsoh| ydoxh= Hvvd|v lq krqru ri O1 V1 Vkdsoh|1 +hg1 sru D1 H1
Urwk,1 Fdpeulgjh Xqlyhuvlw| Suhvv/ säjv1 :40;41

^7<` yrq Qhxpdqq/ M1> Prujhqvwhuq/ R1 +4<77,
Wkhru| ri Jdphv dqg Hfrqrplf Ehkdylru1
Sulqfhwrq Xqlyhuvlw| Suhvv1 Sulqfhwrq1 Qhz Mhuvh|1
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^83` Zhehu/ U1 M1 +4<;;,
Suredelolvwlf ydoxhv iru jdphv1
Hq= Wkh Vkdsoh| ydoxh= Hvvd|v lq krqru ri O1 V1 Vkdsoh|1 +hg1 sru D1 H1
Urwk,1 Fdpeulgjh Xqlyhuvlw| Suhvv/ säjv1 434044<1

^84` \rxqj/ K1 S1 +4<;8,
Prqrwrqlf vroxwlrqv ri frrshudwlyh jdphv1
Lqwhuqdwlrqdo Mrxuqdo ri Jdph Wkhru| 47/ säjv1 980:51


