
Xqlyhuvlgdgh Hvwdgxdo gh Fdpslqdv 0 XQLFDPS

Idfxogdgh gh Hqjhqkduld Hoìwulfd h gh Frpsxwdêær 0 IHHF

Ghsduwdphqwr gh Whohpäwlfd 0 GW

Frgl�fdêær gh Jhrgìvlfdv Ihfkdgdv Vlpsohv
hp Vxshuiðflhv Klshueöolfdv

Pdulqdogr Iholsh gd Vloyd

�h�i?|@_Lh G Suri1Gu1UhjlqdogrSdod}}r Mu1

Edqfd H{dplqdgrud=

Suri1Gu1\x}r Ldqr0IHHF2XQLFDPS

Suri1Gu1PdufhorIluhu0LPHFF2XQLFDPS

Suri1Gu1Qlu}lJ1 ghDqgudgh0LP2XIUM

Suri1Gu1Dqwrqlr ghDqgudghhVloyd0GP2XISE

Suri1Gu1Khqultxh Od}dul0GP2XQHVS2ULRFODUR

Whvh gh Grxwrxudgr dsuhvhqwdgd ã Idfxogdgh

gh Hqjhqkduld Hoìwulfd h gh Frpsxwdêær gd

Xqlyhuvlgdgh Hvwdgxdo gh Fdpslqdv/ frpr

sduwh grv uhtxlvlwrv h{ljlgrvsdudd rewhqêærgr

wðwxor gh Grxwru hp Hqjhqkduld Hoìwulfd1

Fdpslqdv 0 VS
Pduêr gh 5335

l



Drv phxv sdlv

Dqwrqlr Iholsh +lq phpruldp, h Pduld gdv

Qhyhv1

D plqkd hvsrvd Udl

h drv phxv �okrv Uhqdwd/ Iholsh h Ydqhvvd1

ll
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Dr Suri1Gu1Uhjlqdogr Sdod}}r Mxqlru> shod vxd ghglfdêær/ sdflíqfld h frpsuhhqvær

vrpdgdv d lqfrphqvxuäyho fdsdflgdgh gh rulhqwdu1

Drv surihvvruhv gd edqfd h{dplqdgrud= Suri1Gu1\x}r Ldqr EIHHF2XQLFDPS�/

Suri1Gu1Pdufhor Iluhu ELPHFF2XQLFDPS�/ Suri1Gu1Qlu}l Jrqêdoyhv gh Dqgudgh

ELPH2XIUM�/ Suri1Gu1 Mrvì Fduphor Lqwhuodqgr ELELOFH2XQHVS�/ Suri1Gu1Dqwrqlr

Dqgudgh h Vloyd EGP2XISE� h Suri1Gu1Khqultxh Od}dulEXQHVS2UF�1

Dr Suri1Gu1Khqultxh Od}dul shod froderudêær luuhvwulwd>

Drv Surihvvruhv= Gu1Wudmdqr Sluhv gd Qöeuhjd/ Gu1Dqwrqlr gh Dqgudgh h Vloyd/

Gu1 Mrvì Fduphor Lqwhuodqgr/ Oxlv Fduorv Ihuqdqghv/ Gu1 Hgvrq Prvfklp/ Gu1Edvlolr

Plodql h Gu1Sdxor Urehuwr gh Sdxod h Vloyd shor lqfhqwlyr h dpl}dgh qr ghfruuhu ghvwd

mruqdgd>

Drv ixqflrqäulrv gd IHHF= Zdvklqjwrq/ Zduoh|/ Qrípld h Dqd Ioäyld shod froder0

udêær h frqylyíqfld dpljäyho>

Drv dpljrv txh gluhwd rx lqgluhwdphqwh frqwulexðudp sdud d uhdol}dêær ghvwh wud0

edokr= Khqultxh Od}dul/ Dgdxwr/ Dguldqr/ Dohvvdqgur/ Dqguìd/ Grql}hwh/ Holdqh/ Mrær

gh Ghxv h hvsrvd/ Ox}lqhwh/ Pdjqr Urfkd/ Päufld/ Pduwlqkr/ Vdpðvld/ Urguljr/ Urplv/

Uýeld/ Sdwulfld h Wdwldqh>

Dr phx �okr Iholsh shod dfhvvruld frpsxwdflrqdo h sorwdjhp gh yäuldv �jxudv>

Ã Xqlyhuvlgdgh Ihghudo gh Urqg÷qld0XQLU>

Ã FDSHV/ shor dsrlr �qdqfhlur1

lll
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Jhrgìvlfdv ihfkdgdv vreuh vxshuiðflhv prgxoduhv dvvrfldgdv d fodvvhv gh

frqmxjdêær gh pdwul}hv klshueöolfdv hp 7uE2c]� srghp vhu frgl�fdgdv gh

gxdv irupdv glvwlqwdv= rv fögljrv dulwpìwlfrv h rv fögljrv jhrpìwulfrv1 Qhvwh

wudedokr ì ihlwd xpd ghvfulêær frpsohwd gdv jhrgìvlfdv ihfkdgdv sdud dv txdlv

wdlv fögljrv frlqflghp1 Sdud wdo r sodqr klshueöolfr irl whvvhodgr sru wulåqjx0

orv gh gxdv irupdv glvwlqwdv/ glihuhqfldqgr sruwdqwr dv fodvvhv gh jhrgìvlfdv

frgl�fäyhlv1

Gh prgr ã iruqhfhu vxsruwh d h{whqvær ghvwd shvtxlvd/ irudp frqvwuxðgrv=

r juxsr gh fodvvhv gh ixqêøhv PFJEP�� gr wrur �0yh} sxqflrqdgr/ dvvr0

fldgr ã whvvhodêær gr sodqr klshueöolfr djrud sru txdgudgrv> xpd pätxlqd

gh hvwdgrv �qlwrv/ txh prvwud gh txh irupd r juxsr gh fodvvhv gh ixqêøhv

ghvwd sduwlfxodu vxshuiðflh djh vreuh r frqmxqwr I gdv fìoxodv pd{lpdlv> h d

pätxlqd gh sdodyudv0glihuhqêd txh hvwdehohfh vxd hvwuxwxud dxwrpäwlfd1

ly
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Forvhg jhrghvlfv rq prgxodu vxuidfhv dvvrfldwhg wr fodvvhv ri k|shuerolf

pdwulfhv lq 7uE2c]� duh erxqg wr frglqj lq wzr glvwlqfw zd|v= dulwkphwlf dqg

jhrphwulf frglqj1 Lq wklv zrun/ d frpsohwh ghvfulswlrq ri forvhg jhrghvlfv

iru zklfk wkh wzr w|shv ri frghv duh htxlydohqwv lv hvwdeolvkhg1

Wr dfklhyh wklv jrdo/ wkh k|shuerolf sodqh zdv whvvhodwhg e| wuldqjohv xqghu

wzr gl�huhqw uhvwulfwlrqv jlylqj ulvh wr wzr fodvvhv ri frghg jhrghvlfv1

Lq rughu wr h{whqg wkh uhvxowv ri wklv uhvhdufk zh frqvlghuhg wkh pdsslqj

fodvv jurxs PFJEP�� ri wkh rqfh sxqfwxuhg wruxv/ dvvrfldwhg wr wkh ixq0

gdphqwdo uhjlrq edvhg rq vtxduhv zklfk whvvhodwh wkh k|shuerolf sodqh> d

�qlwh0vwdwh pdfklqh/ zklfk vkrzv krz wkh pdsslqj fodvv jurxs dfwv rq wkh

vhw ri pd{lpdo fhoov> dqg wkh zrug0gl�huhqfh pdfklqh zklfk hvwdeolvkhv wkh

dxwrpdwlf vwuxfwxuh ri wkh pdsslqj fodvv jurxs1

y
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4 Lqwurgxêær 4

5 Frqfhlwrv Ixqgdphqwdlv <

514 Rv Lqwhlurv Pögxor 6 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 43

515 Uhodêøhv gh Htxlydoíqfld 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 44

516 Juxsrv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 44

517 Hvsdêrv Pìwulfrv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4;

51714 Frqfhlwrv eävlfrv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4;

51715 R Sodqr klshueöolfr 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 53

6 Uhylvær gh Wìfqlfdv gh Frgl�fdêær gh Irqwhv Glvfuhwdv 56

614 VlvwhpdvghFrpxqlfdêøhv=Prghorv hGh�qlêøhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 56

61414 Prghor vlpsol�fdgrgr vlvwhpdghfrpxqlfdêøhv 1 1 1 1 1 1 1 1 1 1 1 56

61415 Frgl�fdêær gh irqwhv= phglgdv fdudfwhuðvwlfdv 1 1 1 1 1 1 1 1 1 1 1 59

61416 Whruhpd gh frgl�fdêær gh irqwh glvfuhwd vhp phpöuld 1 1 1 1 1 1 5<

615 Fögljrv gh Kx�pdq/ Holdv h Pìwrgrv gh Ohpsho0]ly 1 1 1 1 1 1 1 1 1 1 1 64

61514 Fögljrv olyuh gh suh�{r= fögljrv gh Kx�pdq 1 1 1 1 1 1 1 1 1 1 1 1 66

61515 Frgl�fdêær dulwpìwlfd= rv fögljrv gh Holdv 1 1 1 1 1 1 1 1 1 1 1 1 1 68

61516 Frgl�fdêær xqlyhuvdo= pìwrgrv gh Ohpsho h ]ly 1 1 1 1 1 1 1 1 1 1 6<

7 Frgl�fdêær gh Jhrgìvlfdv hp Vxshuiðflhv gh Fxuydwxud Qhjdwlyd=

Hvihud 60yh}hv Sxqflrqdgd 78

714 Frgl�fdêær gh Jhrgìvlfdv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 79

l



71414 Fögljrv jhrpìwulfrv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 79

71415 Fögljrv dulwpìwlfrv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 84

71416 Frqglêøhv gh htxlydoíqfld grv fögljrv jhrpìwulfrv h dulwpìwlfrv 1 93

715 Vxshuiðflh Prgxodu h Iudêøhv Frqwðqxdv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 96

71514 Jhrgìvlfdv hp vxshuiðflhv prgxoduhv h iudêøhv frqwðqxdv 1 1 1 1 1 97

71515 Vhtÿíqfldv fruwdqwhv h iudêøhv frqwðqxdv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 9:

8 Frgl�fdêær gh Jhrgìvlfdv hp Vxshuiðflhv gh Fxuydwxud Qhjdwlyd= Wrur

40yh} Sxqflrqdgr :6

814 Frqfhlwrv h Gh�qlêøhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :8

81414 Ixqêøhv gh Pdunry h juxsrv dxwrpäwlfrv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :8

81415 Pdokd vlpsohv h Z�0wudlq wudfnv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :;

81416 Fxuydv ihfkdgdv luuhgxwðyhlv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;3

81417 Wruêøhv gh Ghkq h r juxsr gh fodvvhv gh ixqêøhvPFJEP� 1 1 1 1 ;4

815 R Juxsr gh Fodvvhv gh Ixqêøhv sdud P� 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;5

81514 Z�0wudlq wudfnv h d hvwuxwxud gh fìoxodv pd{lpdlv 1 1 1 1 1 1 1 1 1 ;5

81515 Wruêøhv gh Ghkq h r juxsr gh fodvvhv gh ixqêøhvPFJ EP�� 1 1 1 1 ;9

81516 D ixqêær gh Pdunry h rv sduhv gh Iduh| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;<

81517 D Irupd qrupdo h d pätxlqd gh hvwdgrv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <6

81518 D hvwuxwxud dxwrpäwlfd sdudPFJEP�� 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <9

9 Frqfoxvøhv h Vxjhvwøhv sdud Wudedokrv Ixwxurv 436

914 Frqfoxvøhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 436

915 Vxjhvwøhv sdud Wudedokrv Ixwxurv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 438

ll
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414 Iox{r jhrgìvlfr vreuh xpd vxshuiðflh1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6

514 Sroðjrqrv gh D h S odgrv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 46

614 Gldjudpd gh eorfrv gh xp vlvwhpd gh frpxqlfdêøhv1 1 1 1 1 1 1 1 1 1 1 1 57

615 Gldjudpd gh eorfrv gh xp vlvwhpd gh frpxqlfdêøhv vlpsol�fdgr1 1 1 1 1 58

616 Ixqêær hqwursld elqäuld 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5<

617 H{hpsor gh dsolfdêær gr dojrulwpr gh frgl�fdêær gh Kx�pdq1 1 1 1 1 1 1 68

618 Frgl�fdêær gh Holdv= vdðgd gd irqwh1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6:

619 Frgl�fdêær gh Holdv= vdðgd gr frgl�fdgru gd irqwh1 1 1 1 1 1 1 1 1 1 1 1 1 6:

61: Frgl�fdêær u~..� 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 73

714 D uhjlær gh Glulfkohw h vxdv lpdjhqv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7;

715 Ohydqwdphqwr gd Iljxud 714 sdud r sodqr klshueöolfr1 1 1 1 1 1 1 1 1 1 1 1 7<

716 Frgl�fdêær jhrpìwulfd1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 83

717 Frq�qdphqwr gd Iljxud 716 ã uhjlær ixqgdphqwdo 8� 1 1 1 1 1 1 1 1 1 1 1 84

718 Vhjphqwrv jhrgìvlfrv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 89

719 Loxvwudêær gr Whruhpd 7141531 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 94

71: Wulåqjxor lghdo1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 97

71; D whvvhodêær gh Iduh|1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 98

71< Vhjphqwrv jhrgìvlfrv grv wlsrv H h G1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 99

7143 Uhjlær ixqgdphqwdo frqvlvwlqgr gdv duhvwdv ��c @�c @2 h �21 1 1 1 1 1 1 1 1 1 9:

7144 Uhjlær ixqgdphqwdo wudqvodgdgd1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 9;

7145 Loxvwudêær gdv lpdjhqv vh Uc7 h 72 vreuh d uhjlær 8� 1 1 1 1 1 1 1 1 1 1 1 1 9;

lll



7146 Vhtÿíqfldv gh Iduh|1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 9<

814 Grpðqlr ixqgdphqwdo klshueöolfr - sdud P�/ rqgh 7/ A ghqrwdp 7
3�
c A

3�
� ;6

815 Z�0wudlq wudfnv hohphqwduhv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;7

816 Dv gxdv srvvðyhlv frq�jxudêøhv sdud xp Z�0wudlq wudfn pd{lpdo

srqghudgr1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;8

817 Dv olqkdv gh lqfolqdêær �*D wudêdgdv vreuh - h vhx uhvshfwlyr Z�0wudlq

wudfn srqghudgr1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;8

818 D sduwlêær ghPOEP�� hp fìoxodv pd{lpdlv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;9

819 Surfhvvr gh uhgxêær gh xp Z�0wudlq wudfn qær uhgx}lgr1 1 1 1 1 1 1 1 1 1 ;;

81: D dêær gdv wruêøhv gh Ghkq qrv srqwrv gh Uf1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <3

81; D pätxlqd gh hvwdgrv �qlwr1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <8

81< Gldjudpd 41 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <9

8143 Gldjudpd 51 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <:

8144 Gldjudpd 61 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <:

8145 Gldjudpd 71 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <;

8146 Gldjudpd 91 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <<

8147 Gldjudpd :1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <<

8148 Gldjudpd ;1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 433

8149 Pätxlqd gh sdodyudv0glihuhqêd1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 434

814: Gldjudpd <1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 435

ly
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614 Fögljr Pruvh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 63

615 Fögljrv olyuhv gh suh�{r rx qær1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 66

y
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� E4L_6� G frqjuxíqfld pögxor 6

]6 G frqmxqwrv grv qýphurv lqwhlurv 4L_6

� G uhodêær gh htxlydoíqfld

ECc �� G juxsr

7? G juxsr vlpìwulfr gh rughp ?

C z C
� G C ì lvrpruir d C�

U2f2 G juxsr dglwlyr gdv pdwul}hv uhdlv 2 � 2

CuE2cU� G juxsr olqhdu jhudo

7uE2cU� G juxsr hvshfldo olqhdu

�7uE2cU� G juxsr hvshfldo olqhdu surmhwlyr

� EP� G fdudfwhuðvwlfd gh Hÿohu0Srlfduì gh P

_� E%c +� G glvwåqfld gh % ã + qr hvsdêr pìwulfr �

K2 G prghor gr vhplsodqr vxshulru gr sodqr klshueöolfr

f
� G lqwhulru gr frqmxqwr f

f G ihfkr gr frqmxqwr f

Yf G iurqwhlud gr frqmxqwr f

ME7� G hqwursld gh 7

u G frpsulphqwr pìglr

# G h�flíqfld

u~ G pìwrgr gh Ohpsho0]ly

7uE2c]� G juxsr prgxodu

�7uE2c]� G juxsr prgxodu surmhwlyr

� G jhrgìvlfd

G G uhjlær gh Glulfkohw

yl



8 G uhjlær ixqgdphqwdo

E�� G fögljr dulwpìwlfr dvvrfldgr d pdwul} �

dd%oo G sduwh lqwhlud gr qýphur uhdo %

Ah� G wudêr gd pdwul} �

�� G pdwul} gr wlsr

3
C � ��

� f

4
D

��c �� G srqwrv �{rv gd wudqvirupdêær �

(c. G vhjphqwrv jhrgìvlfrv urwxodgrv sru gluhlwd h hvtxhugd

� G vxshuiðflh prgxodu

I G whvvhodêær gh Iduh|

{ G wulåqjxor lghdo

P G vxshuiðflh srvvlyhophqwh sxqflrqdgd

PR G wrur R0yh}hv sxqflrqdgr

PFJEP� G juxsr gh fodvvhv gh ixqêøhv gh P

W EP� G hvsdêr gh Whlfkpÿoohu

SPOEP� G hvsdêr gdv odplqdêøhv surmhwlydv

\EK� G frqmxqwr olplwh gh K

D G doidehwr

O G olqjxdjhp vreuh xp doidehwr

D^imj G doidehwr hvwhqglgr

U� G fìoxodv pd{lpdlv

h� G wudlq wudfn hohphqwduhv

� G vlphwuldv gr txdgudgr

B
��
�

G wruêøhv gh Ghkq

U� G fìoxodv pd{lpdlv sdud POEP��

yll
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R suhvhqwh wudedokr whp frpr remhwlyr d lqwurgxêær gh wìfqlfdv gh frgl�fdêær gh

irqwhv/ fdudfwhul}dgdv frpr vlvwhpdv glqåplfrv glvfuhwrv1 Hvwdv wìfqlfdv ohydp hp

frqvlghudêær d frgl�fdêær gh jhrgìvlfdv qr sodqr klshueöolfr1

Dv wìfqlfdv gh frgl�fdêær gh irqwhv Euhylvdgdv qr Fdsðwxor 6� vær qd uhdolgdgh

fdvrv sduwlfxoduhv gh vlvwhpdv glqåplfrv glvfuhwrv qr whpsr1 Rv vlvwhpdv glqåplfrv

frqvlghudgrv qhvwh wudedokr vær vlvwhpdv glqåplfrv glvfuhwrv qr whpsr= r whpsr ì

glvfuhwr srutxh xpd öuelwd i�?E%�j?M] ì ylvwd frpr d hyroxêær gh xp srqwr % qrv

lqvwdqwhv gh whpsr �c 2c �c ���1

Hqwuhwdqwr/ vlvwhpdv glqåplfrv frqwðqxrv qr whpsr/ rqgh dv öuelwdv vær

sdudphwul}dgdv shor frqmxqwr grv qýphurv uhdlv/ vær wdpeìp gh judqgh lpsruwåqfld1

Wdlv vlvwhpdv vxujhp qdwxudophqwh gh htxdêøhv glihuhqfldlv1 D whruld grv vlvwhpdv

glqåplfrv fuhvfhx ghylgr d hviruêrv sdud hqwhqghu vlvwhpdv glqåplfrv frqwðqxrv qr

whpsr/ wdlv frpr=  x{rv jhrgìvlfrv vreuh vxshuiðflhv frp fxuydwxud frqvwdqwh h qhjdwlyd1

Dwxdophqwh/ hvwxgd0vh frp pdlv iuhtÿíqfld/ rv vlvwhpdv glqåplfrv vreuh hvsdêrv

frpsdfwrv/ pxlwr hperud/ h{lvwd wdpeìp pxlwr lqwhuhvvh hp vlvwhpdv glqåplfrv vreuh

hvsdêrv qær0frpsdfwrv1 Sru h{hpsor/  x{rv jhrgìvlfrv vreuh hvsdêrv qær0frpsdfwrv gh

fxuydwxud qhjdwlyd h vkliwv vreuh doidehwrv lq�qlwr0hqxphuäyhlv1

D glqåplfd vlpeöolfd/ shod vxd uhohyåqfld/ rfxsd erd sduwh gd whruld grv vlvwhpdv

glqåplfrv1 Ghvwd irupd/ iduhprv xpd euhyh lqwurgxêær ghvwd whruld/ h gh frpr d

glqåplfd vlpeöolfd vh dmxvwd qr suhvhqwh wudedokr1 Dojxpdv qrêøhv eävlfdv gh glqåplfd

4



vær= frqwlqxlgdgh/ frpsdflgdgh h frqmxjdêær wrsroöjlfd1

Rv vlvwhpdv iðvlfrv srghp vhu ghvfulwrv dwudyìv grv ydoruhv gh xp qýphur �qlwr gh

phglgdv1 Frpr h{lvwh r hqyroylphqwr whpsrudo/ hvwhv ydoruhv pxgdp1 Vhmd � Exp

hvsdêr pìwulfr� r frqmxqwr ghvwhv srvvðyhlv ydoruhv sdud xp vlvwhpd1 Lpdjlqhprv xp

�oph Eh{dph� gr vlvwhpd/ frp xp txdgur d fdgd vhjxqgr1 Fdgd txdgur ghshqgh gr

dqwhulru/ d vdehu/ frpr r vlvwhpd vh frpsruwrx gxudqwh r lqwhuydor gh xp vhjxqgr1

Dvvxplqgr txh dv ohlv txh jryhuqdp wdo vlvwhpd vær lqyduldqwhv frp r whpsr/ d

ghshqgíqfld ghvwh txdgur frp r txdgur dqwhulru iruqhfh xpd ixqêær � G � $ � /

qrupdophqwh frqwðqxd1 Dvvlp/ vh % ghvfuhyh r vlvwhpd qr lqvwdqwh gh whpsr | ' f ti}/

hqwær �E%� ghvfuhyh r vlvwhpd qr lqvwdqwh gh whpsr | ' � ti}/ �2E%� hp | ' 2 ti}/ h dvvlp

sru gldqwh1 Dvvlp/ sdud hvwxgdu frpr r vlvwhpd vh frpsruwd qr whpsr/ edvwd hvwxgdu

frpr %c �E%�c �2E%�c � � � vh frpsruwd1 Hvwdv frqvlghudêøhv prwlydp d vhjxlqwh qrêær1

Xp vlvwhpd glqåplfr E�c�� frqvlvwh gh xp hvsdêr pìwulfr frpsdfwr �

mxqwdphqwh frp xpd ixqêær frqwðqxd � G � $ � 1 Vh � ì xp krphrpru�vpr/ hqwær

E�c�� ì glwr vhu vlvwhpd glqåplfr lqyhuwðyho1

Iuhtxhqwhphqwh deuhyldprv E�c�� sru �/ sdud hqidwl}du d glqåplfd1

Vhmd E�c�� xp vlvwhpd glqåplfr1 D öuelwd gh xp srqwr % 5 � ì r frqmxqwr

i�?E%�j?M] txdqgr � ì lqyhuwðyho h/ i�?E%�j?Df fdvr frqwuäulr1 Xp srqwr shulöglfr

ì xp srqwr % 5 � wdo txh �?E%� ' % sdud dojxp ? : f1 Xpd öuelwd ì fkdpdgd xpd

öuelwd shulöglfd vh % ì xp srqwr shulöglfr1

Xp prghor pdlv uhdoðvwlfr gh xp vlvwhpd iðvlfr xvd frqwlqxlgdgh qr whpsr sdud

prghodu d hyroxêær1 R prghor pdwhpäwlfr sdud lvwr ì fkdpdgr xp  x{r frqwðqxr

frqvlvwlqgr gh xpd idpðold i�
|
j|MU G f $ f gh krphrpru�vprv �

|
gh xp hvsdêr

pìwulfr frpsdfwr vreuh vl phvpr/ wdo txh

41 �
|
E%� ì frqmxqwdphqwh frqwðqxd hp | h %(

51 �
r
� �

|
' �

rn|
/ sdud wrgr rc | 5 U1

D öuelwd gh xp srqwr % 5 f vreuh xp  x{r frqwðqxr i�
|
j ì r frqmxqwr i�

|
E%� G | 5

Uj1 Dv vroxêøhv gh xp vlvwhpd gh htxdêøhv glihuhqfldlv srghp vhu ylvwdv frpr xp  x{r

5



frqwðqxr1 Xpd fodvvh gh  x{rv frqwðqxrv gh judqgh lqwhuhvvh qd glqåplfd vlpeöolfd ì d

fodvvh grv  x{rv jhrgìvlfrv1

Gdgd xpd vxshuiðflh 7/ h{lvwhp dv qrêøhv foävvlfdv gh yhwru wdqjhqwh/ fxuydwxud h

jhrgìvlfd1 Jhrgìvlfdv vær fxuydv txh plqlpl}dp Eorfdophqwh� glvwåqfld1 Vreuh xpd

vxshuiðflh frpsdfwd 7 gh fxuydwxud qhjdwlyd/ sdud fdgd srqwr % vreuh 7 h sdud fdgd

yhwru � wdqjhqwh d 7 hp %/ h{lvwh xpd ýqlfd jhrgìvlfd �
�c%

sdvvdqgr sru % qd gluhêær

gh �1 Dv jhrgìvlfdv vær qrupdophqwh sdudphwul}dgdv sru U/ r sduåphwur ì ylvwr frpr

vhqgr r whpsr1 Ghqrwdprv sru �
�c%

E|� d srvlêær gd jhrgìvlfd �
�c%

qr lqvwdqwh gh whpsr

|�

R  x{r jhrgìvlfr ì r  x{r frqwðqxr i�
|
j|MU G f $ f gh�qlgr sru �

|
E%c�� ' E+c ��/

rqgh + ' �
�c%

E|� h � ì r yhwru xqlwäulr wdqjhqwh d �
�c%

hp +/ frpr prvwudgr qd Iljxud

4141

V

Y W

Z

5

Iljxud 414= Iox{r jhrgìvlfr vreuh xpd vxshuiðflh1

Qr fdvr grv vlvwhpdv glqåplfrv glvfuhwrv qr whpsr/ d lgìld gd glqåplfd vlpeöolfd

ì dvvrfldu vhtÿíqfldv gh vðperorv frp öuelwdv gh  x{rv frqwðqxrv h/ ghgx}lu dv

sursulhgdghv gdv öuelwdv dwudyìv gdv sursulhgdghv gdv vhtÿíqfldv1

Grlv  x{rv jhrgìvlfrv i�
|
j|MU G f $ f h i�

|
j|MU G t $ t vær htxlydohqwhv vh

h{lvwh xp krphrpru�vpr Etxh suhvhuyd rulhqwdêær� Z G f $ t txh pdshld öuelwdv gh

i�
|
j hp öuelwdv gh i�

|
j1

Gduhprv djrud xpd shtxhqd prvwud gh frpr hvwh wudedokr vh lqvhuh qr frqwh{wr gd

glqåplfd vlpeöolfd1
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Qr Fdsðwxor 6/ d wìfqlfd gh frgl�fdêær gh Holdv ^57`/ srgh vhu ylvwd frpr xp  x{r

jhrgìvlfr txh lqwhuvhfwd xpd vxshu�flh 71 D vhtÿíqfld c f��f�f���f�f � � � ' B d vhu

frgl�fdgd hvwä dvvrfldgd dr  x{r jhrgìvlfr txh lqwhuvhfwd wdo vxshuiðflh1

Qr txh vhjxh/ xvduhprv d qrwdêær gd sduwh iudflrqäuld gh xp qýphur uhdo/ lvwr ì/

fdgd o 5 U/ srgh vhu hvfulwr gh pdqhlud ýqlfd frpr o ' ?n r/ rqgh ? 5 ] h r 5 dfc ��1

Qhvwh fdvr hvfuhyhprv o � r E4L_ �� h fkdpdprv r d sduwh iudflrqäuld gr qýphur

uhdo o1

Frp hvwd qrwdêær d ixqêær �
o
G U$ U gh�qlgd sru �

o
E%� ' % n o E4L_ �� ì xp

krphrpru�vpr1 Ghvvd irupd EUc �
o
� ì xp vlvwhpd glqåplfr lqyhuwðyho1

Rv dxwrpru�vprv gr wrur lqwurgx}lgrv qr Fdsðwxor 8/ vær vlvwhpdv glqåplfrv

glvfuhwrv qr whpsr txh frpsduwlokdp pxlwdv sursulhgdghv glqåplfdv frp  x{rv

jhrgìvlfrv1

Frpr h{hpsor/ vhmd � ' W2 r wrur el0glphqvlrqdo/ ghvfulwr frpr r txdgudgr

xqlwäulr dfc �o�dfc �o frp odgrv rsrvwrv urwxodgrv frqiruph prvwud d Iljxud 814/ ER�@}�H��1

Dvvlp/ r srqwr Efc |� ì frodgr qr srqwr E�c |� sdud f � | � � h Erc f� ì frodgr hp Erc ��

sdud f � r � �1 D ixqêær � G W2 $ W2 gh�qlgd sru �Erc |� ' Er n |c |� E4L_ �� whp

lqyhuvd frqwðqxd gdgd sru �3�Erc |� ' E|c r � |� E4L_ ��1 Frqvhtxhqwhphqwh/ EW2
c �� ì

xp vlvwhpd glqåplfr lqyhuwðyho1

Fkdpdprv d dwhqêær sdud r idwr gh txh d glqåplfd �Erc |� ì remhwr gd Sursrvlêær

815151

Dv wìfqlfdv gh frgl�fdêær gh jhrgìvlfdv qr sodqr klshueöolfr rud sursrvwdv vær= d

frgl�fdêær jhrpìwulfd h d frgl�fdêær dulwpìwlfd1

R whruhpd fhqwudo ghvwh wudedokr Ee���2�� hvwdehohfh frqglêøhv gh h{lvwíqfld sdud d

htxlydoíqfld hqwuh wdlv fögljrv1

Whqgr hp ylvwd r sdsho txh wdlv fögljrv srghuær ylu d ghvhpshqkdu h shqvdqgr

hp iruqhfhu vxsruwh ã frqwlqxlgdgh gd shvtxlvd sdud fdvrv pdlv jhudlv/ ì frqvwuxðgr

r juxsr gh fodvvhv gh ixqêøhv sdud xpd sduwlfxodu vxshuiðflh1 D frgl�fdêær ihlwd

xvdqgr0vh rv hohphqwrv gr juxsr gh fodvvhv gh ixqêøhv gh xpd vxshuiðflh frp fxuydwxud

frqvwdqwh h qhjdwlyd whp d vhjxlqwh udflrqdolgdgh= hvwduhprv frgl�fdqgr qær xpd fxuyd

vlpsohvphqwh/ pdv xpd fodvvh gh fxuydv fxmd fxuyd hp txhvwær ì d uhsuhvhqwdqwh gd
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fodvvh1

Hperud qær whqkdprv frqkhflphqwr gh wudedokrv dqwhulruhv uhodflrqdgrv frp hvwd

whpäwlfd qd äuhd gh Hqjhqkduld/ h{lvwhp dojxqv duwljrv qr frqwh{wr gd pdwhpäwlfd

hqyroyhqgr jhrphwuld klshueöolfd txh irudp uhohydqwhv sdud r ghvhqyroylphqwr gr

suhvhqwh wudedokr1

Sru h{hpsor/ hp ^56`/ Pruvh surs÷v d frgl�fdêær gh jhrgìvlfdv hp uhodêær d xpd

gdgd uhjlær gh Glulfkohw sdud xp juxsr Ixfkvldqr K1

Hp ^63`/^5<` h ^49`/ irl sursrvwr r xvr gh iudêøhv frqwðqxdv sdud d frgl�fdêær gh

jhrgìvlfdv hp vxshuiðflhv prgxoduhv1 Rxwurv wudedokrv uhodflrqdgrv dsduhfhp hp ^5`/

^5:`/ ^6` h ^45`1

Hp ^48`/ irl sursrvwr xp dojrulwpr sdud d frqvwuxêær gh fögljrv dulwpìwlfrv whqgr

frpr edvh r pìwrgr gh uhgxêær gh Jdxvv1

Hp ^58`/ irl sursrvwr xp surfhglphqwr sdud d frqwuxêær gr juxsr gh fodvvhv gh

ixqêøhv sdud r wrur 50yh}hv sxqflrqdgr/ edvhdgr qr frqfhlwr gh wudlq wudfnv sursrvwr

hp ^7`1

Xpd gdv gl�fxogdghv ghvwd äuhd gh shvtxlvd/ uhvlgh qr idwr gh txh wdlv wìfqlfdv

hqyroyhp frqfhlwrv pdwhpäwlfrv gh dqäolvh/ äojheud/ jhrphwuld h wrsrorjld gh qðyho qær

hohphqwdu1

Sruwdqwr/ sdud r hvwxgr h sursrvwd gh qrydv wìfqlfdv ì lpshudwlyr txh pìwrgrv

ghvhqyroylgrv vhmdp dsursuldgdphqwh fdudfwhul}dgrv sdud vhuyluhp gh uhihuhqfldo qr

hvwxgr hp txhvwær/ ehp frpr vhmdp plqrudgdv dv gl�fxogdghv dwudyìv gd frqvlghudêær

gh fdvrv sduwlfxoduhv gh iäflo hqwhqglphqwr1

Qd whqwdwlyd gh dwhqghu hvvhv remhwlyrv/ lqvhulprv/ qr Fdsðwxor 5/ rv frqfhlwrv gh

hvwuxwxudv pdwhpäwlfdv Ejuxsrv h hvsdêrv pìwulfrv�/ qýphurv lqwhlurv h dojxpdv gh vxdv

sursulhgdghv txh/ qr qrvvr hqwhqglphqwr vær hvvhqfldlv sdud r ghvhqyroylphqwr gd whruld

gh frgl�fdêær sursrvwd qrv Fdsðwxorv 7 h 81

Qr Fdsðwxor 6/ vær derugdgrv rv vlvwhpdv gh frpxqlfdêøhv wðslfr h vlpsol�fdgr/

grv txdlv ì ghvfulwr fdgd xp grv eorfrv frpsrqhqwhv1 Vhqgr qrvvr remhwr gh hvwxgr d

frgl�fdêær gh irqwhv/ lqvhulprv rv frqfhlwrv gh lqirupdêær/ lqfhuwh}d h hqwursld1 Frpr

qær srghuld ghl{du gh vhu/ hqxqfldprv r whruhpd gh frgl�fdêær gh irqwhv/ ^57`1
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Dlqgd qhvwh fdsðwxor/ id}hprv xpd uhylvær gh dojxpdv wìfqlfdv gh frgl�fdêær gh

irqwhv glvfuhwdv1 Qd Vhêær 615/ uhylvdprv rv fögljrv olyuhv gh suh�{r/ d vdehu/ rv fögljrv

gh Kx�pdq/ ^9`/ ^57`1 Qd vhtÿíqfld ghvfuhyhprv rv fögljrv gh Holdv ^57`/ sru phlr gh xp

h{hpsor gh frpsdfwdêær gh xpd irqwh elqäuld1 Ilqdol}dqgr hvwd vhêær/ dsuhvhqwdprv rv

pìwrgrv gh u~.. h u~.H ghylgrv d Deudkdp Ohpsho h Mdfre ]ly ^53`/ ^54`1

Qr Fdsðwxor 7/ ghvhqyroyhprv xpd whruld gh frgl�fdêær gh jhrgìvlfdv1 Sdud wdo/ r

sodqr klshueöolfr irl whvvhodgr sru wulåqjxorv1 D Vhêær 714/ uhsruwd vreuh d frgl�fdêær

gh jhrgìvlfdv qr sodqr klshueöolfr1 Ì gh ixqgdphqwdo lpsruwåqfld revhuydu txh d

glylvær ghvwd vhêær qær ì phudphqwh irupdo/ pdv uhwudwd uhdophqwh d vhtÿíqfld oöjlfd

gr sureohpd phqflrqdgr hp fdgd xp gh vhxv uhvshfwlyrv wðwxorv1 Wdo frgl�fdêær/ hvwä

dvvrfldgd d xpd pdwul}

� '

3
C @ K

S _

4
D

shuwhqfhqwh dr juxsr 7uE2c]�/ txh sru vxd yh} hvwä dvvrfldgd ã wudqvirupdêær gh Pùelxv

A G 5 $ @5 n K

S5 n _
�

Gh srvvh gh wdo wudqvirupdêær/ hqfrqwudprv vhxv srqwrv �{rv/ sdud rv txdlv

ghwhuplqdprv d jhrgìvlfd qr sodqr klshueöolfr txh rv xqh1 D sduwlu ghvvd jhrgìvlfd ì

ihlwd d frqvwuxêær grv fögljrv jhrpìwulfrv h dulwpìwlfrv/ hvwxgdgrv qdv Vxevhêøhv 71414

h 71415/ uhvshfwlydphqwh1 Dv frqglêøhv qhfhvväuldv h vx�flhqwhv sdud txh xp

fögljr jhrpìwulfr frlqflgd frp xp fögljr dulwpìwlfr ì xp grv sulqflsdlv

uhvxowdgrv ghvwh wudedokr/ h/ ì remhwr gr Whruhpd 7141541

Qd Vhêær 715/ frqvlghudprv d frgl�fdêær gh jhrgìvlfdv qr sodqr klshueöolfr1

Hqwuhwdqwr/ h{lvwhp gxdv glihuhqêdv hp uhodêær d frgl�fdêær dsuhvhqwdgd qd Vhêær 7141

D sulphlud/ ì txh r vhpl0sodqr vxshulru K2 ì whvvhodgr sru phlr gh wulåqjxorv lghdlv/

lvwr ì/ wulåqjxorv fxmrv yìuwlfhv hvwær qd iurqwhlud gr glvfr gh Srlqfduì1 Hqtxdqwr txh qd

Vhêær 714/ r sodqr irl whvvhodgr sru wulåqjxorv frp xp yìuwlfh qr lq�qlwr h rv rxwurv grlv

hpK21 D vhjxqgd judqgh glihuhqêd hvwä qd vhtÿíqfld gh frgl�fdêær1 Hqtxdqwr qd Vhêær

714 rv hohphqwrv gd vhtÿíqfld vær srwíqfldv gh wudqvirupdêøhv gh Pùelxv hvshfð�fdv/

qd suhvhqwh vhêær/ rv hohphqwrv gd vhtÿíqfld vær vhjphqwrv jhrgìvlfrv ghylgdphqwh

urwxodgrv1
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Hvvd irupd gh whvvhodu r sodqr klshueöolfr Esru wulåqjxorv� whp d vhjxlqwh h{solfdêær=

txdotxhu jhrgìvlfd qr sodqr klshueöolfr lqwhuvhfwdqgr d uhjlær ixqgdphqwdo fruwd odgrv

dgmdfhqwhv ghvvd uhjlær1 Qd whvvhodêær ihlwd sru wulåqjxorv fxmrv yìuwlfhv hvwær wrgrv

qd iurqwhlud gr glvfr gh Srlqfduì Efrqkhflgd frpr whvvhodêær gh Iduh|� txdotxhu

jhrgìvlfd lqwhuvhfwd d uhjlær ixqgdphqwdo Ewulåqjxor�/ lvwr ì/ ì frgl�fäyho1 Wdo uhjlær

ì lghqwl�fdgd shor juxsr txrflhqwh K2
*K Euhjlær ixqgdphqwdo� vhqgr wrsrorjlfdphqwh

fdudfwhul}dgd frpr d vxshuiðflh hviìulfd frp � sxqflrqdphqwrv1

Shujxqwd= Ì srvvðyho uhdol}du d frgl�fdêær gh jhrgìvlfdv whqgr frpr juxsr

txrflhqwh K2
*K Euhjlær ixqgdphqwdo� xp sroðjrqr gh ? odgrv/ ? � ec frp dshqdv xp

srqwr h{fhsflrqdo qr 4/ rqgh dv jhrgìvlfdv fruwdp odgrv qær dgmdfhqwhv gr sroðjrqrq

D uhvsrvwd ì vlp$/ h/ sdud yhu lvwr/ lqvhulprv qr Fdsðwxor 8/ d frgl�fdêær gh

jhrgìvlfdv qr sodqr klshueöolfr/ rqgh r sodqr ì whvvhodgr sru txdgudgrv frqiruph prvwud

d Iljxud 8141 Qhvwh prghor/ d frgl�fdêær ì ihlwd dwudyìv gh krphrpru�vprv Ewruêøhv gh

Ghkq� txh qr frqwh{wr grv vlvwhpdv glqåplfrv/ ghvhpshqkdp r sdsho gd glqåplfd1

Qhvwh fdsðwxor/ frqvwuxðprv r juxsr gh fodvvhv gh ixqêøhv h d pätxlqd gh hvwdgrv

�qlwrv sdud r wrur 40yh} sxqflrqdgr P�1 Qd Vhêær 814/ gh xpd irupd jhudo/ iruqhfhprv

rv frqfhlwrv h gh�qlêøhv qhfhvväulrv sdud r ghvhqyroylphqwr gr suhvhqwh fdsðwxor1 Hvwd

vhêær hvwä ghvphpeudgd hp txdwur vxevhêøhv1 Qd vxevhêær 81414 gh�qlprv d ixqêær gh

Pdunry h rv juxsrv dxwrpäwlfrv1 Hvwd vxevhêær frqwìp xpd dpsod glvfxvvær vreuh

pätxlqdv gh sdodyudv0glihuhqêd1 Qd Vxevhêær 81415/ gh�qlprv dv pdokdv vlpsohv h

frqvlghudprv r frqfhlwr grv wudlq wudfnv ^7`1 Hvwh frqfhlwr hqyroyh d hvfrokd gh xpd

hvwuxwxud klshueöolfd vreuh d vxshuiðflh frqvlghudgd1 Qd Vxevhêær 81416/ frqwuxðprv

r hvsdêr ` E� � gdv fìoxodv pd{lpdlv jhudgdv shodv frpelqdêøhv olqhduhv gdv fxuydv

luuhgxwðyhlv � vreuh P h/ �qdophqwh/ qd Vxevhêær 81417 gh�qlprv dv wruêøhv gh Ghkq1

Wdlv wruêøhv vær krphrpru�vprv vreuh P djlqgr vreuh dv fìoxodv pd{lpdlv Ufc U�c U2 h

U�1

Qd Vhêær 815 ì ihlwr/ frp ghwdokhv/ r hvwxgr sursrvwr qd Vhêær 814 sdud xpd

sduwl0 fxodu vxshuiðflh P�c d vdehu= r wrur 40yh} sxqflrqdgr1 Dlqgd qhvwh fdsðwxor/

frqvwuxðprv d pätxlqd gh hvwdgrv �qlwrv1 Wdo pätxlqd iruqhfh d dêær gr juxsr gh fodvvhv

gh ixqêøhvPFJEP�� vreuh dv fìoxodv pd{lpdlv irupdgrudv gd sduwlêær gh Pdunry1 Sdud

:



�qdol}du r fdsðwxor frqvwuxðprv d pätxlqd gh sdodyudv0glihuhqêd txh iruqhfh d hvwuxwxud

dxwrpäwlfd sdud r juxsr hp txhvwær1

Qr Fdsðwxor Sc dsuhvhqwdprv dv frqfoxvøhv h sursrvwdv sdud ixwxurv wudedokrv1

;



����
��� �

�����
�	 �������
��	

Qhvwh wudedokr luhprv frgl�fdu irqwhv frqwðqxdv1 Hvwd frgl�fdêær ì ihlwd gh

gxdv pdqhludv glvwlqwdv/ r fögljr jhrpìwulfr/ hp uhodêær d xpd uhjlær ixqgdphqwdo

hvwdehohflgd d sulrul/ hvwä dvvrfldgr ã jhrphwuld gh xp hohphqwr jhrgìvlfr shuwhqfhqwh

d xp juxsr ixfkvldqr K/ hqtxdqwr txh r fögljr dulwpìwlfr hvwä dvvrfldgr ã h{sdqvær

hp iudêøhv frqwðqxdv gr srqwr �{r dwudwru gh wdo hohphqwr1

Vdolhqwdprv txh hperud rv frqfhlwrv hqyroylgrv vhmdp qær pxlwr hohphqwduhv/ wruqdu0

vh0ær edvwdqwhv vlpsohv txdqgr qrv uhvwulqjluprv d xpd sduwlfxodu vxshuiðflh/ sdud d

txdo wdpeìp frqvwuxðprv r juxsr gh fodvvhv gh ixqêøhv1 Edvhdgr qhvvhv sduåphwurv/

�dsrqwdprv� r fdplqkr sdud r hvwxgr gh vxshuiðflhv pdlv jhudlv1

R suhvhqwh fdsðwxor sursruflrqd xpd lqwurgxêær d dojxqv frqfhlwrv pdwhpäwlfrv

lqglvshqväyhlv sdud r ghvhqyroylphqwr gh wdo whruld/ sdud wdo iduhprv xpd uhvxplgd

uhylvær grv frqfhlwrv dedl{r uhodflrqdgrv1

Qýphurv lqwhlurv= d frqjuxíqfld pögxor 6 h rv lqwhlurv pögxor 6�

Uhodêøhv gh htxlydoíqfld= fodvvhv gh htxlydoíqfld h uhsuhvhqwdqwh gh xpd fodvvh1

Juxsrv= gh�qlêær/ juxsrv gh shupxwdêær/ juxsrv fðfolfrv/ juxsrv gh vlphwuldv/ fodvvh

odwhudo/ frqmxjdêær/ dxwrpru�vpr gh juxsrv h dojxqv juxsrv hvshfldlv1

Hvsdêrv pìwulfrv= gh�qlêær h h{hpsorv/ lvrphwuld/ krphrpru�vpr/ vhtÿíqfldv h

uhvxowdgrv uhodflrqdgrv1

R sodqr klshueöolfr= gh�qlêær/ prghorv/ pìwulfd klshueöolfd/ jhrgìvlfdv h frqmxqwr

olplwh1

<



Dv uhihuíqfldv eävlfdv sdud hvvh fdsðwxor vær= ^4`/ ^55`/ ^;`/ ^<`/ ^43`/ ^46`/ ^4<`/ ^4:` h

^57`1

514 Rv Lqwhlurv Pögxor 6

Vhmd 6 xp lqwhlur �{r1 Gl}0vh txh grlv qýphurv lqwhlurv @ h K vær f÷qjuxrv pögxor

6 vh @ � K ì glylvðyho sru 61 Qhvwh fdvr hvfuhyh0vh @ � K E4L_6� � D frqjuxíqfld

pögxor 6 vdwlvid} dv vhjxlqwhv sursulhgdghv=

E�� @ � @ E4L_6� ( Esursulhgdgh uh h{lyd��

E��� Vh @ � K E4L_6� c hqwær K � @ E4L_6� ( Esursulhgdgh vlpìwulfd��

E���� Vh @ � K E4L_6� h K � S E4L_6� c hqwær @ � S E4L_6� ( Esursulhgdgh

wudqvlwlyd��

Qdv txhvwøhv gh frqjuxíqfldv ì frqyhqlhqwh vxsruprv txh 6 ì srvlwlyr/ mä txh

@ � K E4L_6� vh/ h vrphqwh vh/ @ � K E4L_ E�6�� � Vxsrqkdprv txh 6 � 21 Gr srqwr

gh ylvwd gh frqjuxíqfldvpögxor 6 qær kä glihuhqêd hqwuh � h 6n� rx hqwuh f h 61 Qd

yhugdgh wrgrv rv pýowlsorv gh 6 vær lghqwl�fdgrv yld frqjuxíqfldv h srgh0vh shqvdu qr

frqmxqwr �f ' i+ 5 ]( + � f E4L_6�j ' ifc	6c	26c ���c	&6c ���j&Df frpr xp qryr

remhwr1 Wudwd0vh/ dvvlp/ gh 6 qryrv remhwrv= �� ' i�	 &6j&Dfc �2 ' i2	 &6j&Dfc ���c
�63� ' i6��	 &6j&Df1 Fdgd xp ghvvhv remhwrv ì fkdpdgr xp lqwhlur pögxor 61

R frqmxqwr grv lqwhlurv pögxor 6 ì lqglfdgr frpr ]6�

Revhuydêær 51414 Ghvhmdprv uhvvdowdu txh rv qryrv remhwrv/ d vdehu/ rv lqwhlurv

pögxor 6/ vær uhsuhvhqwdgrv qd irupd �% ' i+ 5 ]( + � % E4L_6�j h r

uhsuhvhqwdqwh % vh ylqfxod d hvwd uhsuhvhqwdêær1 Dvvlp/ whprv txh xvdu xp grv vhxv

uhsuhvhqwdqwhv dr idoduprv qxp lqwhlur pögxor 61 Vhpsuh txh gh�qlprv xpd ixqêær rx

xpd rshudêær hqwuh rv lqwhlurv pögxor 6/ vrprv reuljdgrv d yhul�fdu txh d gh�qlêær

lqghshqgh grv uhsuhvhqwdqwhv grv lqwhlurv pögxor 6 hp txhvwær1 Txdqgr lvvr rfruuh

gl}hprv txh d ixqêær rx rshudêær ì ehp gh�qlgd1
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515 Uhodêøhv gh Htxlydoíqfld

Vhmd f xp frqmxqwr1 Xpd uhodêær y ì fkdpdgd gh xpd uhodêær gh htxlydoíqfld

vh vær yäolgdv dv vhjxlqwhv sursulhgdghv=

E�� Sdud wrgr % 5 fc % y %� Euh h{lyd�

E��� Vh % y + hqwær + y %/ ; %c + 5 f Evlpìwulfd�

E���� Vh % y + h + y 5 hqwær % y 5/ ; %c +c 5 5 f Ewudqvlwlyd�

Qrwh txh d frqjuxíqfld ì xpd uhodêær gh htxlydoíqfld1 Frpr qr fdvr gdv

frqjuxíqfldv/ xpd uhodêær gh htxlydoíqfld y srvvlelolwd d gh�qlêær gh xp qryr remhwr1

Frp hihlwr/ vh % 5 f/ vhmd % ' i+ 5 f( + y %j( % ì fkdpdgr d fodvvh gh htxlydoíqfld

pögxor y ghwhuplqdgd shor hohphqwr % gh f1 R hohphqwr % sru vxd yh} ì fkdpdgr

uhsuhvhqwdqwh gd fodvvh gh htxlydoíqfld %1

Revhuydêær 51514 Wrgr hohphqwr gh f gh�qh xpd fodvvh gh htxlydoíqfld/ h xpd

ghwhuplqdgd fodvvh gh htxlydoíqfld srgh dgplwlu yäulrv uhsuhvhqwdqwhv1 Ì lpsruwdqwh

vdolhqwdu txh xpd fodvvh gh htxlydoíqfld ì/ sru vxd qdwxuh}d/ gh�qlgd d sduwlu gh xp

uhsuhvhqwdqwh1

516 Juxsrv

Vhmd C xp frqmxqwr qær yd}lr pxqlgr gh xpd rshudêær � G C � C $ C hqwuh rv

sduhv gh C gh�qlgd sru= E%c +�# % � +1
Gl}0vh txh r sdu ECc�� ì xp juxsr vh vdwlvid} dv wuív vhjxlqwhv sursulhgdghv=

41 ; @c Kc S 5 Cc @ � EK � S� ' E@ � K� � S Edvvrfldwlylgdgh�

51 < e 5 C wdo txh @ � e ' e � @ ' @ ; @ 5 C Ehohphqwr qhxwur rx lghqwlgdgh�

61 ; @ 5 Cc < K 5 C wdo txh @ � K ' K � @ ' e Ehohphqwr lqyhuvr��
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71 Vh hp xp juxsr ECc �� yhul�fd0vh d sursulhgdgh= @ � K ' K � @ ; @c K 5 C

gl}hprv txh r juxsr ECc �� ì xp juxsr deholdqr rx frpxwdwlyr1

H{hpsor 51614 E]cn� c ETcn�c EUcn�c EFcn�c vær juxsrv dglwlyrv lq�qlwrv1

H{hpsor 51615 E]6c��/ ì xp juxsr �qlwr frp h{dwdphqwh 6 hohphqwrv/ rqgh � ì d

rshudêær vrpd pögxor 6/ lvwr ì/ @� K ì r uhvwr gd glylvær gh @n K sru 6�

H{hpsor 51616 R juxsr gh Nohlq/ g ' iec @c Kc Sj ì xp juxsr �qlwr frp e hohphqwrv/

fxmd rshudêær � G g �g �$ g ì gh�qlgd frqiruph d wdehod dedl{r1

� e @ K S

e e @ K S

@ @ e S K

K K S e @

S S K @ e

H{hpsor 51617 Vhmd 7 xp frqmxqwr qær yd}lr h C ' is G 7 $ 7c elmhwlydvj� Vh � ì d

rshudêær frpsrvlêær gh ixqêøhv/ lvwr ì/ � G C�C$ C txh dvvrfld E}c s�# }�s ' }�s /
hqwær ECc �� ì xp juxsr whqgr Ur G 7 $ 7 frpr hohphqwr lghqwlgdgh1 Hvvh juxsr ì

fkdpdgr gh juxsr gh shupxwdêøhv gr frqmxqwr 71 Vh 7 ' i�c 2c ���c ?j ghqrwduhprv

hvvh juxsr sru 7?/ h whprv txh r qýphur gh hohphqwrv gh 7? ì h{dwdphqwh ?-1

Hp sduwlfxodu/ 7� ì xp h{hpsor gh juxsr/ qær deholdqr/ frp h{dwdphqwh S hohphqwrv1

Ì xvxdo ghqrwdu xp hohphqwr gh 7? sru=

s '

3
C � 2 � ��� ?

s E�� s E2� s E�� ��� s E?�

4
D �

Dvvlp/ r juxsr 7� ì frpsrvwr grv vhjxlqwhv S hohphqwrv=

e '

3
C � 2 �

� 2 �

4
D ( s� '

3
C � 2 �

2 � �

4
D

s2 '

3
C � 2 �

� � 2

4
D ( s� '

3
C � 2 �

� 2 �

4
D

se '

3
C � 2 �

2 � �

4
D ( sD '

3
C � 2 �

� � 2

4
D �
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Vhmdp J xp juxsr hM xp vxefrqmxqwr qær yd}lr gh C1 Gl}hprv txhM ì xp vxejuxsr

gh C/ vh M iru hoh suösulr xp juxsr frp d phvpd rshudêær gh C1 Sdud ghqrwdu txh

M � C ì xp vxejuxsr gh C/ hvfuhyhprv M � C1 Frp hvwd qrwdêær/ vh ghqrwduprv

k%l ' i%6 G 6 5 ]j �C/ frp %
? '

;AAA?
AAA=

%
?3� � %c re ? : f

e/ re ? ' f

E%3��
3�
c re ? 	 f

/ hqwær r frqmxqwr k%l ì

glwr vhu xp juxsr fðfolfr jhudgr shor hohphqwr % 5 C/ h r hohphqwr % xp jhudgru gr

juxsr C�

Vhmd i�c 2c �c ���c ?j/ ? � �/ r frqmxqwr grv yìuwlfhv gh xp sroðjrqr uhjxodu gh ? odgrv1

Frqvlghudqgr 7? r juxsr gh wrgdv dv shupxwdêøhv gr frqmxqwr gh yìuwlfhv i�c 2c�c ���c ?j c
ydprv djrud yhu xp h{hpsor gh xp vxejuxsr gh 7?/ qær deholdqr/ frqwhqgr h{dwdphqwh

2? hohphqwrv1

Vhmd w 5 7? d shupxwdêær ghwhuplqdgd shor hihlwr gd urwdêær gh xp åqjxor gh
2Z

?
o_

qr vhqwlgr wuljrqrpìwulfr / lvwr ì/

w '

3
C � 2 � ��� ? � � ?

2 � e ��� ? �

4
D �

Sdud �{du lgìldv/ lqvhulprv rv sroðjrqrv uhjxoduhv frp D h S odgrv/ frpr srgh vhu

revhuydgr qd Iljxud 5141

{

|

q @ 8

8

4

5

6

7

|

7

6 5

4 {

8 9

q @ 9

0

0

Iljxud 514= Sroðjrqrv gh D h S odgrv1
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Frqvlghuhprv o 5 7? d shupxwdêær ghwhuplqdgd shor hihlwr gd uh h{ær gd �jxud hp

wruqr gr hl{r J%/ lvwr ì/ vh ? ì sdu/ hqwær o �{d rv yìuwlfhv � h
? n 2

2
h/ ì uhsuhvhqwdgr

sru

o '

3
C � 2 � ���

?n2
2

��� ? � � ?

� ? ?� � ���
?n2
2

��� � 2

4
D

vh ? ì lpsdu/ hqwær o �{d dshqdv r yìuwlfh � h/ ì uhsuhvhqwdgd sru

o '

3
C � 2 � ��� ? � � ?

� ? ?� � ��� � 2

4
D �

Vhmd (? ' koc wl r phqru vxejuxsr gh 7? frqwhqgr o h w1 Hqwær (? '

iec oc wc w2c ���c w?3�c owc ow2c ���c ow?3�j ì xp juxsr qær deholdqr frqwhqgr h{dwdphqwh 2?

hohphqwrv1 Wdo juxsr ì fkdpdgr juxsr glkhgudo gh rughp 2? rx juxsr gh

vlphwuldv gr sroðjrqr uhjxodu gh ? odgrv1

Revhuydêær 51618 R juxsr (e ' iec oc wc w2c w�c owc ow2c ow�j gdv vlphwuldv gr txdgudgr

ì xp h{hpsor gh xp juxsr qær deholdqr frqwhqgr h{dwdphqwh H hohphqwrv1

Frqvlghuhprvf ' i�c 2c�c ec Dj� Xp hohphqwr gh 7D/ lvwr ì/ xpd shupxwdêær/ ì gdgr

sru=

j '

3
C � 2 � e D

� e � D 2

4
D �

Srghprv xvdu d qrwdêær gh flforv sdud uhsuhvhqwdu xpd gdgd shupxwdêær jc dwudyìv

gd vhjxlqwh uhjud= deud xp sduíqwhvlv h hvfuhyd r phqru lqwhlur txh ì wurfdgr shod

shupxwdêær1 Olvwh d lpdjhp ghvwh lqwhlur vre d shupxwdêær j vhjxlgr gh vxd lpdjhp h

dvvlp sru gldqwh1 Ihfkh r sduíqwhvlv txdqgr r flfor vh ihfkdu/ lvwr ì/ txdqgr r sulphlur

lqwhlur gd olvwd iru lpdjhp gr ýowlpr1 Deud djrud xp qryr sduíqwhvlv h hvfuhyd r phqru

lqwhlur txh dlqgd qær irl olvwdgr h frqwlqxh r surfhvvr gh irupd dqäorjd1 Qr h{hpsor

dflpd frqvlghudgr

j ' E���E2eD��

Xpd shupxwdêær gd irupd E@�c @2c ���c @&� ì fkdpdgd xp flfor/ whqgr hp ylvwd txh d

phvpd shupxwd flfolfdphqwh rv hohphqwrv @�c @2c ���c @& gh f h �{d rv ghpdlv1
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Sursrvlêær 51619 d4o/ Vhmdp C xp juxsr h M � C1 Vh %c + 5 C/ hqwær d uhodêær

% � + E4L_M�+, %+
3� 5 M gh�qh xpd uhodêær gh htxlydoíqfld qr frqmxqwr C1

Frqvlghuhprv djrud d fodvvh gh htxlydoíqfld % ' i+ 5 C ( + � % E4L_M�j�
Dvvlp/

+ 5 % / + � % E4L_M� / +%
3� ' �/ sdud dojxp � 5 M / + ' �%/ sdud dojxp

� 5 M� Vh ghqrwduprv M% ' i�% (� 5 Mjc hqwær % ' M%c ì fkdpdgd xpd fodvvh

odwhudo Eã gluhlwd� gh M hp C� Fkdpdprv gh frqmxqwr txrflhqwh h uhsuhvhqwdprv

sru C*M/ dr frqmxqwr i% G % 5 Mj/ lvwr ì/ C*M ' iM% G % 5 Cj ì r frqmxqwr gh wrgdv

dv fodvvhv odwhudlv Eã gluhlwd� gh M hp C1

Vxsrqkdprv txh C*M srvvxl h{dwdphqwh ? fodvvhv odwhudlv/ dvvlp vhqgr C*M '

iM%�cM%2c ���cM%?j rqgh/ %�c %2c ���c %? 5 C� Frpr r frqmxqwr iM%�cM%2c ���cM%?j ì

xpd sduwlêær gh C whprv txh= M%� _M%� ' B vh � 9' � h doìp glvvr/ C ' M%�

�^ M%2

�^
���

�^ M%?/ rqgh
�^ vljql�fd xqlær glvmxqwd�

Vh f ì xp frqmxqwr �qlwr/ uhsuhvhqwdprv sru mfm r qýphur gh hohphqwrv gh f�

Vh C ì xp juxsr �qlwr gh�qlprv d rughp gh B frpr vhqgr r qýphur mCm gh hohphqwrv

gh C�

Sursrvlêær 5161: d4o/ Vhmdp C xp juxsr h %c + 5 C� D uhodêær % q
C

+ / < } 5 C ( + '

}%}
3� gh�qh xpd uhodêær gh htxlydoíqfld hp C1

Vh % q
C

+ gl}hprv txh % h + vær hohphqwrv frqmxjdgrv hp C� D fodvvh % ' i+ 5
C G % q

C

+j ì fkdpdgd fodvvh gh frqmxjdêær Ehp C� ghwhuplqdgd shor hohphqwr

% 5 C�

Ydprv djrud gh�qlu d qrêær gh krprpru�vpr gh juxsrv 1 Vhmdp ECc�� h EC�
c ���

juxsrv h � G C$ C
� xpd ixqêær gh C hp C

�
� Gl}hprv txh � ì xp krprpru�vpr vh

�E%�+� ' �E%����E+�1 Vh r krprpru�vpr � G C$ C
� iru elmhwlyr gl}hprv txh � ì xp

lvrpru�vpr h qhvwh fdvr gl}hprv txh C ì lvrpruir d C
� h ghqrwdprv sru C z C

�1

Xp lvrpru�vpr � G C$ C gl}0vh xp dxwrpru�vpr gh C1

R h{hpsor d vhjxlu ì gh ylwdo lpsruwåfld sdud rv qrvvrv sursövlwrv/ r phvpr vhuä

xpd gh qrvvdv sulqflsdlv ihuudphqwdv gh wudedokr qrv Fdsðwxorv 7 h 81
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H{hpsor 5161; Frqvlghuh r frqmxqwr U2f2 gdv pdwul}hv 2� 2 frp hqwudgdv uhdlv/ lvwr

ì/

U2f2 '

;?
=
3
C @ K

S _

4
D G @c Kc Sc _ 5 U

<@
> c

hqwær r sdu EU2f2
cn� ì xp juxsr/ rqgh n ì d rshudêær vrpd gh pdwul}hv1 Vh frqvlgh0

uduprv r frqmxqwr CuE2cU� � U2f2>

CuE2cU� '

;?
=� '

3
C @ K

S _

4
D G @c Kc Sc _ 5 U ( @_ � KS 9' f

<@
>

hqwær ECuE2cU�c �� ì xp juxsr/ rqgh E � � ghqrwd d rshudêær surgxwr gh pdwul}hv1 Wdo

juxsr ì ghqrplqdgr juxsr olqhdu jhudo gdv pdwul}hv 2 � 2 vreuh U1 Frqvlghuhprv

hp CuE2cU� r vhjxlqwh vxefrqmxqwr=

7u
WE2cU� ' i� 5 CuE2cU� G _i|� ' 	�j�

Frp d phvpd rshudêær gh CuE2cU�c 7uWE2cU� ì xp juxsr/ txh whp frpr vxejuxsr

qdwxudo r vhjxlqwh juxsr=

7uE2cU� ' i� 5 CuE2cU� G _i|� ' �j

fkdpdgr juxsr hvshfldo1

Sdud rv qrvvrv sursövlwrv ì wdpeìp gh uhohydgd lpsruwåqfld r juxsr hvshfldo olqhdu

surmhwlyr

�7uE2cU� ' 7uE2cU�* i	Uj �

H{hpsor 5161< Frqvlghuh C ' i5 $ @5 n K

S5 n _
G @c Kc Sc _ 5 U h @_ � KS ' �j/ h

) G 7uE2c]�$C gh�qlgd sru )

3
C @ K

S _

4
D '

@5 n K

S5 n _
1 Hqwær ) ì xp krprpru�vpr

vreuhmhwru1 Sruwdqwr/ rv juxsrv 7uE2c]�h C vær lvrpruirv/ lvwr ì/ 7uE2c]� �'C1

Qrwh txh/

3
C @ K

S _

4
D 5 kih) / @5 n K

S5 n _
' 5c ; 5 5 F/ gdð/ rewhprv S5

2 n

E_� @� 5� K ' fc ; 5 5 F/ 5 9' � S

_
1 Qrwh dlqgd txh/ 7uE2c]� h C wíp frpsruwdphqwrv
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jhrpìwulfrv glihuhqwhv txdqgr djhp vreuh U2 Elghqwl�fdqgr U2 frp F�1 Sru h{hpsor/3
C f ��

� f

4
D
3
C �

�

4
D ' E��c �� h ��

5

3
C �

�

4
D '

��
� n �

' ��

2
n

�

2
��

Ydprv hvwhqghu C d hF ' F ^ i4j/ gh�qlqgr A E� S

_
� ' 4 h A E4� ' A�Ef�/ rqgh

A�E5� ' A E
�

5
� '

K5 n @

_5 n S
1

Frqvlghuhprv r vxejuxsr �7uE2c]� � �7uE2cU�� Wdo vxejuxsr ì d lpdjhp gr

vxejuxsr 7uE2c]� � 7uE2cU� shod surmhêær frqwðqxd Z G 7uE2cU� $ �7uE2cU�� Hvwh

juxsr ì fkdpdgr juxsr prgxodu h/ ì lvrpruir dr juxsr gdv wudqirupdêøhv olqhduhv

iudflrqäuldv A G hF$ hF gh�qlgdv sru

5 $ @5 n K

S5 n _
G @c Kc Sc _ 5 ]

fkdpdgdv wudqvirupdêøhv gh Pùelxv1 Dvvlp/

�7uE2c]� '

;?
=
3
C @ K

S _

4
D G @c Kc Sc _ 5 ] h @_� KS ' �

<@
> �

Vhmdp f 9' B xp frqmxqwr h C xp juxsr1 Xpd dêær gh C vreuh f ì xpd ixqêær

� G C�f $ f gh�qlgd sru E}c %�$ } � % vdwlvid}hqgr=

41 e% ' %/

51 E}�}2� E%� ' }�E}2%�c ; % 5 f h ; }�c }2 5 C�

D öuelwd gh xp hohphqwr % 5 � sru xp juxsr C ì r frqmxqwr C% ' i}%( } 5 Cj�

H{hpsor 516143 R juxsr C ' �7uE2c]� djh vreuh r frqmxqwrf ' i5 5 F G W4 5 : fj
frpr wudqvirupdêøhv gh Pùelxv1

Xp judir ì xpd wulsod rughqdgd E�c�c }�/ rqgh

� ' xp frqmxqwr qær0yd}lr gh yìuwlfhv Eqöv rx qrgrv�

� ' xp frqmxqwr gh duhvwdv Edufrv�

} ' xpd ixqêær txh dvvrfld fdgd duhvwd @ d xp sdu qær rughqdgr %0+ gh yìuwlfhv

fkdpdgrv h{wuhprv gh ��

4:



517 Hvsdêrv Pìwulfrv

51714 Frqfhlwrv eävlfrv

Xpd pìwulfd qxp frqmxqwr � ì xpd ixqêær _ G � �� $ -c txh dvvrfld d fdgd

sdu rughqdgr E%c +� 5 � �� xp qýphur uhdo _E%c +�/ fkdpdgr d glvwåqfld gh % d +/

vdwlvid}hqgr dv vhjxlqwhv frqglêøhv sdud txdlvtxhu %c +c 5 5� =

_�� _E%c %� ' f(

_2� Vh % 9' + hqwær _E%c +� : f(

_�� _E%c +� ' _E+c %�(

_e� _E%c 5� � _E%c +� n _E+c 5��

Xp hvsdêr pìwulfr ì xp sdu E�c_�/ rqgh � ì xp frqmxqwr h _ ì xpd pìwulfd hp

� 1

H{hpsor 51714 D uhwd/ rx vhmd/ r frqmxqwr U/ grv qýphurv uhdlv ì r h{hpsor pdlv

lpsruwdqwh gh hvsdêr pìwulfr1 D glvwåqfld hqwuh grlv srqwrv %c + 5 U/ ì gdgd sru

_E%c +� ' m%� +m1

Vhmd @ xp srqwr qxp hvsdêr pìwulfr/ h o : f xp qýphur uhdo1 D erod dehuwd gh

fhqwur @ h udlr o ì r frqmxqwr �E@( o� grv srqwrv gh� fxmd glvwåqfld dr srqwr @ ì phqru

gr txh o� Rx vhmd/

�E@( o� ' i% 5� G _E@c %� 	 oj�

Xp srqwr @ 5 � fkdpd0vh xp srqwr lvrodgr txdqgr hoh ì xpd erod dehuwd hp

� / rx vhmd/ txdqgr h{lvwh o : f wdo txh �E@( o� ' i@j1 Xp hvsdêr pìwulfr fkdpd0vh

glvfuhwr txdqgr wrgr srqwr gh � ì lvrodgr�

Vhmdp E�c_� �c E�c _� � hvsdêrv pìwulfrv1 Xpd elmhêær s G � $ � fkdpd0vh xpd

lvrphwuld vh _�Es E%�c s E+�� ' _� E%c +� sdud txdlvtxhu %c + 5� 1 D frpsrvwd gh gxdv

lvrphwuldv h d lqyhuvd gh xpd lvrphwuld vær dlqgd lvrphwuldv1 Xpd dsolfdêær s G � $ �

ì glwd frqwðqxd qr srqwr @ 5 � txdqgr/ sdud wrgr 0 : f gdgr/ ì srvvðyho hqfrqwudu

B : f wdo txh _Es E%�c sE+� 	 0 vhpsuh txh _E@c %� 	 B1 Xp krphrpru�vpr gh �
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vreuh � ì xpd elmhêær frqwðqxd s G � $ � fxmd lqyhuvd s
3� G � $ � wdpeìp ì

frqwðqxd1 Qhvwh fdvr/ gl}hprv txh � h � vær krphrpruirv1

Vhmd f xp vxefrqmxqwr gh xp hvsdêr pìulfr � 1 Xp srqwr @ 5 f gl}0vh xp srqwr

lqwhulru d f txdqgr ì fhqwur gh xpd erod dehuwd frqwlgd hp f/ rx vhmd/ txdqgr h{lvwh

o : f wdo txh _E@c %� 	 o , % 5 f1 Fkdpd0vh r lqwhulru gh f hp � dr frqmxqwr

f
� irupdgr shorv srqwrv lqwhulruhv d f� D iurqwhlud gh f hp � ì r frqmxqwr Yf/

irupdgr shorv srqwrv K 5 � wdlv txh wrgd erod dehuwd gh fhqwur K frqwìp shor phqrv

xp srqwr gh f h xp srqwr gh � �f1

R lqwhulru gr frqmxqwr dfc �� hp U ì r lqwhuydor dehuwr Efc �� h vxd iurqwhlud frqvwd

grv srqwrv f h � dshqdv1

Xp vxefrqmxqwr � gh xp hvsdêr pìwulfr � gl}0vh dehuwr hp � txdqgr wrgrv rv

vhxv srqwrv vær lqwhulruhv/ lvwr ì/ �� ' �1 Xp vxefrqmxqwr 8 � � ì glwr vhu ihfkdgr

txdqgr � � 8 ì dehuwr1

Vhmd f xp vxefrqmxqwr gh xp hvsdêr pìwulfr �� Xpd frehuwxud gh f ì xpd

idpðold F ' EFb�bMu gh vxefrqmxqwrv gh � wdo txh f � �^
bMu

�b

�
1 Xp hvsdêr pìwulfr

fkdpd0vh frpsdfwr txdqgr wrgd frehuwxud dehuwd srvvxl xpd vxefrehuwxud �qlwd1

Xp vxefrqmxqwr f gh xp hvsdêr pìwulfr � fkdpd0vh xp vxefrqmxqwr frpsdfwr

vh/ h vrphqwh vh/ gh fdgd frehwxud gh f sru frqmxqwrv dehuwrv iru srvvðyho h{wudlu xpd

vxefrehuwxud �qlwd1

H{hpsor 51715 Vhmd T r frqmxqwr grv qýphurv udflrqdlv1 R lqwhulru gh T hp U ì

yd}lr srlv qhqkxp lqwhuydor dehuwr srgh vhu irupdgr dshqdv sru qýphurv udflrqdlv1

Sru rxwur odgr/ d iurqwhlud gh T ì wrgd uhwd U srutxh txdotxhu lqwhuydor dehuwr frqwìp

qýphurv udflrqdlv h luudflrqdlv1

Revhuydêær 51716 Xpd sursulhgdgh gh txh jr}d xp hvsdêr pìwulfr � fkdpd0vh

xpd sursulhgdgh wrsroöjlfd txdqgr wrgr hvsdêr pìwulfr krphrpruir d � wdpeìp

jr}d gdtxhod sursulhgdgh1 Dv sursulhgdghv wrsroöjlfdv vh ghvwlqjxhp gdv sursulhgdghv

pìwulfdv gh � / txh vær dtxhodv txh vær suhvhuydgdv sru lvrphwuldv1

Xpd vhtÿíqfld qxp frqmxqwr � ì xpd dsolfdêær % G Q$�c gh�qlgd qr frqmxqwr

Q ' i�c 2c ���c ?c ���j1 R ydoru txh d vhtÿíqfld % dvvxph qr qýphur ? 5 Q vhuä lqglfdgr
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sru %?/ hp yh} gh %E?�/ h fkdpdu0vh0ä r ?0ìvlpr whupr gd vhtÿíqfld1 Xvduhprv

d qrwdêær E%?�?MQ/ rx E%?� sdud uhsuhvhqwdu d vhtÿíqfld1 Xpd vhtÿíqfld qr hvsdêr

pìwulfr � ì olplwdgd txdqgr r frqmxqwr gh vhxv srqwrv ì olplwdgr1 Gl}0vh txh xp

srqwr @ 5� ì olplwh gh xpd vhtÿíqfld E%?� txdqgr/ sdud wrgr qýphur " : f gdgr

duelwuduldphqwh/ ì srvvðyho rewhu xp ?f 5 Q wdo txh ? : ?f , _E%?c @� 	 "1 Hvfuhyh0vh

@ ' *�4%?� Txdqgr h{lvwh @ ' *�4%? 5 �c gl}0vh txh d vhtÿíqfld gh srqwrv %? 5 � ì

frqyhujhqwh1 Xpd vhtÿíqfld gh qýphurv uhdlv ì glwd olplwdgd vh h{lvwh � : f wdo txh

m%?m 	 �c ; ? 5 Q h/ wrgd vhtÿíqfld olplwdgd gh qýphurv uhdlv srvvxl xpd vxevhtÿíqfld

frqyhujhqwh/ ESs� d55o�1

Xp srqwr @ gl}0vh dghuhqwh d xp vxefrqmxqwr f gh xp hvsdêr pìwulfr � txdqgr

_E@cf� ' f/ rx vhmd/ sdud fdgd 0 : f/ srghprv hqfrqwudu % 5 f wdo txh _E@c %� 	 01 R

ihfkr gh f qxp hvsdêr pìwulfr � ì r frqmxqwr f grv srqwrv gh � txh vær dghuhqwhv

d f1

H{hpsor 51717 Vhmd � ' U h f ' dfc ��/ hqwær � ì dghuhqwh d f h/ f ' dfc �o1

Xpd sduwlêær gh xp frqmxqwr f � � / ì xpd frohêær �qlwd � ' iUfc U�c ���c U�3�j
gh frqmxqwrv dehuwrv h glvmxqwrv fxmd xqlær gh vhxv ihfkrv freuh f/ lvwr ì/ f '

Uf ^ U� ^ ��� ^ U�3��

Xp vxefrqmxqwr f � � gl}0vh ghqvr hp � txdqgr f ' � 1 Sru h{hpsor/ T ì

ghqvr hp U1

Vhmdp �c� hvsdêrv pìwulfrv1 Xpd dsolfdêær s G � $ � ì dehuwd txdqgr sdud

fdgd � �� dehuwr/ vxd lpdjhp s E�� ì xp vxefrqmxqwr dehuwr hp � 1 Rx vhmd/ txdqgr

s wudqvirupd dehuwrv hp dehuwrv1

51715 R Sodqr klshueöolfr

Vhmd F r sodqr frpsoh{r1 Xvduhprv dv qrwdêøhv xvxdlv sdud dv sduwhv uhdo h

lpdjlqäuld gh 5 ' %n �+ 5 F/ +i 5 ' % h W4 5 ' +1 Frqvlghuhprv r frqmxqwr

K2 ' i5 5 F G W4 5 : fj
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pxqlgr gd pìwulfd

_K2E5c�� ' *L}
m5 � �mn m5 � �m
m5 � �m � m5 ��m�

Frp hvwd hvwuxwxud/ r vhpl0hvsdêr K2 ì fkdpdgr gh hvsdêr klshueöolfr el0glphq0

vlrqdo rx sodqr klshueöolfr h d pìwulfd dflpd gh�qlgd ghpìwulfd klshueöolfd1 Hvvh

prghor ì frqkhflgr frpr prghor gh Oredfkhyvnl1

Sdud rv qrvvrv sursövlwrv EFdsðwxor 8� luhprv frqvlghudu xp rxwur prghor gd jhr0

phwuld klshueöolfd sodqd/ wrpdqgr r frqmxqwr G ' i5 5 F G m5m � �j pxqlgr gd pìwulfd

_GE5c�� ' *L}
m�� 5�mn m5 ��m
m� � 5�m � m5 � �m

frqkhflgr frpr glvfr gh Srlqfduì1

Xpd fxuyd � G d@c Ko$ K2 ì glwd vhu xpd jhrgìvlfd/ vh � plqlpl}d glvwåqfldv hqwuh

srqwrv gh vhx wudêdgr h/ xpd wudqvirupdêær hp K2 ì glwd xpd lvrphwuld vh suhvhuyd

glvwåqfld klshueöolfd hp K21

Xp juxsr ixfkvldqr ì xp vxejuxsr glvfuhwr K gh �7uE2cU��

Hqxqflduhprv dojxqv uhvxowdgrv ixqgdphqwdlv fxmdv ghprqvwudêøhv hqfrqwudp0vh qdv

uhihuíqfldv ^;`/ ^4<`/ ^4:`1

41 Dv jhrgìvlfdv hp K2 vær vhplflufxorv h vhpluhwdv ruwrjrqdlv dr hl{r uhdo U1

51 Txdotxhu wudqvirupdêær A 5 �7uE2cU� ohyd jhrgìvlfdv gh K2 hp jhrgìvlfdv gh

K21

61 R juxsr �7uE2cU� hvwä frqwlgr qr juxsr gdv lvrphwuldv gh K21

71 D äuhd gh xp wuldqjxor klshueöolfr {/ frp åqjxorv kc q h � ì gdgd sru >E{� '

Z � k � q � �1

81 D äuhd klshueöolfd ì lqyduldqwh sru lvrphwuldv/ txh vær dv wudvqirupdêøhv gh

�7uE2cU�1

91 D iurqwhlud gh K2 ì r frqmxqwr Y"K
2 ' i5 5 F( W4 5 ' fj ^ i4j�

H{hpsor 51718 Frqvlghuh K2 ' i5 5 F G W4 5 : fj � F1 D iurqwhuld gh K2 hp F ì

U ^ i4j/ srlv gdgrv @ 5 U ^ i4j h o : f/ txdotxhu erod dehuwd gh fhqwur @ h udlr o

frqwìp srqwrv gh K2 h gh F�K2 ' i5 5 F G W4 5 � fj1
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Mä ylprv txh xp juxsr ixfkvldqr K ì xp vxejuxsr glvfuhwr gh �7uE2cU�� Ydprv

djrud lqwurgx}lu r frqfhlwr gh juxsr ixfkvldqr gr sulphlur wlsr1

Vhmdp K xp juxsr ixfkvldqr h 5 5 K2
�

E�� Fkdpdprv gh frqmxqwr olplwh gh K ghwhuplqdgr sru xp srqwr 5 dr frqmxqwr

\5 ' il 5 K2( l ì srqwr gh dfxpxodêær gh KE5�j�

E��� Fkdpdprv gh frqmxqwr olplwh gh K dr frqmxqwr

\EK� ' il 5 K2( l ì srqwr gh dfxpxodêær gh KE5� sdud dojxp 5 5 K2j

' ^5MK2\5�

Gluhprv txh xp juxsr ixfkvldqr K ì gr sulphlur wlsr vh \EK� ' Y"K
21 R juxsr K

vhuä glwr gr vhjxqgr wlsr vh \EK� 9' Y"K
2
�

H{hpsor 51719 Vhmd K ' �7uE2c]�/ hqwær \EK� ' U ^ i4j ' Y"K
2/ lvwr ì/

�7uE2c]� ì xp juxsr ixfkvldqr gr sulphlur wlsr1

Xp juxsr ixfkvldqr K ì glwr fr0frpsdfwr vh r hvsdêr txrflhqwhK2
*K iru frpsdfwr1

D fdudfwhuðvwlfd gh Hÿohu gh xpd vxshuiðflh P ì r qxphur �EP� ' Y �Dn I/
rqgh Y/ D h I vær rv qýphurv gh yìuwlfhv/ duhvwdv h idfhv gh P uhvshfwlydphqwh1

Qd Vhêær 614/ derugduhprv rv prghorv gh vlvwhpdv gh frpxqlfdêøhv/ wðslfr h

vlpsol�fdgr/ h iduhprv dojxpdv gh�qlêøhv hp whruld gd lqirupdêær dv txdlv vhuær ýwhlv

qr ghvhqyroylphqwr gd Vhêær 6151
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614 Vlvwhpdv ghFrpxqlfdêøhv=Prghorv hGh�qlêøhv

61414 Prghor vlpsol�fdgrgr vlvwhpdgh frpxqlfdêøhv

Qhvwh wudedokr luhprv derugdu dojxqv fdvrv gh frgl�fdêær gh irqwhv1 R gldjudpd gh

eorfrv gh xp vlvwhpd gh frpxqlfdêøhv wðslfr ì prvwudgr qd Iljxud 6141 Frpr qrvvr

lqwhuhvvh pdlru ì r surfhvvr gh frgl�fdêær gh irqwhv/ srghprv vlpsol�fdu r prghor

loxvwudgr qd Iljxud 614/ frqvlghudqgr rv eorfrv frgl�fdgru gh fdqdo/ prgxodgru/ fdqdo/

ghprgxodgru h ghfrgl�fdgru gh fdqdo/ frpr xp ýqlfr eorfr fkdpdgr fdqdo glvfuhwr

vhp uxðgr1 Wdo surfhglphqwr/ hvwä vxsruwdgr qr idwr gh txh wdqwr r fögljr fruuhwru

gh huurv d vhu xwlol}dgr dsuhvhqwd xpd fdsdflgdgh gh fruuhêær edvwdqwh judqgh frpr r

prgxodgru hpsuhjd xpd prgxodêær dsursuldgd sdud d wudqvplvvær gh gdgrv shor fdqdo

frp uxðgr1 Ghvwd irupd/ r prghor gr vlvwhpd gh frpxqlfdêøhv wðslfr sdvvd hqwær d vhu r

prghor frqkhflgr frpr vlvwhpd gh frpxqlfdêøhv vlpsol�fdgr/ prvwudgr qd Iljxud

6151

D vhjxlu gh�qlprv fdgd xp grv eorfrv frpsrqhqwhv gh xp vlvwhpd gh frpxqlfdêøhv

wðslfr1
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Iljxud 614= Gldjudpd gh eorfrv gh xp vlvwhpd gh frpxqlfdêøhv1

Irqwh= jhudgru gd lqirupdêær d vhu wudqvplwlgd Evhu kxpdqr rx pätxlqd�1 Srgh

jhudu xp vlqdo frqwðqxr rx xpd vhtÿíqfld gh vðperorv glvfuhwrv1

Frgl�fdgru gh Irqwh= frqyhuwh r vlqdo gh vdðgd gd irqwh hp xpd vhtÿíqfld gh

gðjlwrv elqäulrv1 Vh d irqwh ì frqwðqxd/ xpd frqyhuvær D2G Edqdoöjlfd sdud gljlwdo�

ì ihlwd1 Ì surmhwdgr gh irupd d plqlpl}du r qýphur gh elwv sru xqlgdgh gh whpsr

qhfhvväulr sdud uhsuhvhqwdu r vlqdo gh vdðgd gd irqwh h gh irupd txh hvwh vlqdo srvvd vhu

uhfrqvwlwxðgr vhp dpeljxlgdghv1

Frgl�fdgru gh Fdqdo= wudqvirupd d vhtÿíqfld gh vdðgd gr frgl�fdgru gh irqwh hp

xpd vhtÿíqfld frgl�fdgd Esdodyud0fögljr� shod dglêær gh uhgxqgåqfld sdud frpedwhu rv

hihlwrv gr uxðgr lqwurgx}lgr dwudyìv gr fdqdo1

Prgxodgru= frqyhuwh d vdðgd gr frgl�fdgru gh fdqdo hp xpd irupd gh rqgd

dghtxdgd sdud wudqvplvvær dwudyìv gr fdqdo1

Fdqdo= phlr iðvlfr txh oljd r wudqvplvvru dr uhfhswru1 R vlqdo prgxodgr d vhu

frqgx}lgr shor fdqdo srgh rx qær vriuhu dêær gh uxðgr1
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Ghprgxodgru= d sduwlu gr vlqdo uhfhelgr gr fdqdo/ hvwlpd r vlqdo wudqvplwlgr h

hqyld sdud r ghfrgl�fdgru gh fdqdo d yhuvær gljlwdo fruuhvsrqghqwh1

Ghfrgl�fdgru gh Fdqdo= whqwd fruuljlu srvvðyhlv huurv Evh krxyhu� qrv gðjlwrv

iruqhflgrv shor ghprgxodgru/ surgx}lqgr xpd hvwlpdwlyd grv gðjlwrv gd vdðgd gr

frgl�fdgru gh irqwh1

Ghfrgl�fdgru gh Irqwh= wudqvirupd d vhtÿíqfld hvwlpdgd gh vdðgd gr

ghfrgl�fdgru gh fdqdo hp xpd hvwlpdwlyd gd vdðgd gd irqwh1 Vh d irqwh iru frqwðqxd hvwh

surfhvvr srgh hqyroyhu xpd frqyhuvær G2D Egljlwdo sdud dqdoöjlfr�1

Destino
Codificador

de
canal

Fonte
Codificador

de
Fonte

Canal Sem Ruído

Iljxud 615= Gldjudpd gh eorfrv gh xp vlvwhpd gh frpxqlfdêøhv vlpsol�fdgr1

Gh prgr d dofdqêdu rv remhwlyrv hp ghfruuíqfld gd vlpsol�fdêær dgrwdgd/ r surfhvvr

gh frgl�fdêær gh fdqdo jdudqwluä txh d wd{d gh huurv vhuä dghtxdgdphqwh edl{d1 Hvwd

klsöwhvh hvwä ehp ixqgdphqwdgd dwudyìv gr Whruhpd gh Frgl�fdêær gh fdqdo EWhruhpd

����e/ sdj1 ��� sursrvwr sru Vkdqqrq E�beH�/ lvwr ì/ dwudyìv gh xpd frgl�fdêær gh fdqdo

dghtxdgd gd lqirupdêær/ huurv lqgx}lgrv shor fdqdo srghp vhu uhgx}lgrv d txdotxhu

qðyho ghvhmdgr vhp vdful�fdu d wd{d gh wudqvplvvær gd lqirupdêær1

Wlsrv gh huurv

Huurv Dohdwöulrv= rv hihlwrv gr uxðgr dihwdp fdgd vðperor wudqvplwlgr gh irupd

lqghshqghqwh/ lvwr ì/ vh xp elw4 wudqvplwlgr srvvxl xpd suredelolgdgh R gh vhu

wudqvplwlgr lqfruuhwdphqwh/ hqwær hvvd suredelolgdgh lqghshqgh grv ghpdlv elwv

wudqvplwlgrv1 Rv fdqdlv txh surgx}hp hvwh wlsr gh huur vær fkdpdgrv fdqdlv vhp

phpöuld1

4elw @ elqdu| gljlw
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Huurv hp vxuwr= r uxðgr qær ì lqghshqghqwh gh wudqvplvvær sdud wudqvplvvær1 Rv

huurv rfruuhp gh irupd djuxsdgd rx hp vxuwrv1 Rv fdqdlv txh surgx}hp hvwh wlsr gh

huur vær fkdpdgrv fdqdlv frp phpöuld rx fdqdlv gh huurv hp vxuwrv1

Revhuydêær 61414 Dojxqv fdqdlv surgx}hp huurv dohdwöulrv h huurv hp vxuwrv1 Hvvhv

fdqdlv vær fkdpdgrv gh fdqdlv frpsrvwrv1

61415 Frgl�fdêær gh irqwhv= phglgdv fdudfwhuðvwlfdv

R surfhvvr jhudo gh frgl�fdêær/ vhmd gh irqwh rx gh fdqdo/ whp frpr edvh xp

pdshdphqwr xp0d0xp Elqmhwlyr�/ lvwr ì/ d frqyhuvær gh xpd gdgd vhtÿíqfld rx frqmxqwr

gh gðjlwrv Erx vðperorv� hp xpd rxwud vhtÿíqfld rx frqmxqwr gh gðjlwrv Erx vðperorv�1

Hvwh surfhvvr gh frqyhuvær whp frpr remhwlyr uhdol}du r wudwdphqwr grv vðperorv rx

vhtÿíqfld gh vðperorv gh prgr d jdudqwlu rx dofdqêdu d lpxqlgdgh ãv lqwhuihuíqfldv rx

d frq�delolgdgh ghvhmdgd1

Xp grv remhwlyrv gd whruld gd lqirupdêær ì hvwdehohfhu xp frqmxqwr gh phglgdv

txdqwlwdwlydv gd lqirupdêær gdgd fdsdflgdgh gh ghwhuplqdgrv vlvwhpdv wudqvplwluhp/

dupd}hqduhp h surfhvvduhp d lqirupdêær1 Dojxqv grv sureohpdv wudwdgrv dtxl wíp d yhu

frp d sursrvwd gh pìwrgrv gh frgl�fdêær gh irqwhv sdud vhuhp xwlol}dgrv hp vlvwhpdv

gh frpxqlfdêøhv gh prgr d wruqä0orv pdlv h�flhqwhv vhjxqgr fulwìulrv gh rwlpdolgdgh

frqyhqlhqwhv drv sursövlwrv gr sureohpd hp frqvlghudêær1

Qdv suö{lpdv vxevhêøhv dsuhvhqwdprv dojxqv frqfhlwrv gd whruld gd lqirupdêær/ wdlv

frpr= lqirupdêær/ lqfhuwh}d/ hqwursld gh xpd irqwh h r whruhpd gd frgl�fdêær gd irqwh/

txh vhuyluær frpr uhihuhqfldo sdud rv pìwrgrv gh frgl�fdêær gh irqwhv1 Wrgdyld/ hvvdv

phglgdv qær vær derugdgdv qrv ghpdlv fdsðwxorv1

Frqfhlwrv gh lqirupdêær h lqfhuwh}d

Txdqgr vh ghvfuhyh xp surfhvvr gh vhohêær gh xp remhwr hqwuh yäulrv rxwurv dsduhfhp

qdwxudophqwh dv qrêøhv gh lqirupdêær h lqfhuwh}d1
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Vxsrqkd txh glvsrprv gh xp glvsrvlwlyr +irqwh, fdsd} gh hplwlu wuív vðperorv

glihuhqwhv �c� h �1 Vhp shugd gh jhqhudolgdghv/ vxsrqkd txh r sulphlur vðperor

hplwlgr shod irqwh irl �1 Hqtxdqwr vh hvshud shor dsduhflphqwr gr suö{lpr vðperor

pdqwhprv xpd fhuwd lqfhuwh}d vreuh txdo vðperor dsduhfhuä1 Txdqgr r vðperor dsduhfh

hvvd lqfhuwh}d �ghvdsduhfh� h srghprv gl}hu txh vh �jdqkrx� xpd fhuwd lqirupdêær1

Srghprv ghgx}lu txh d lqirupdêær fruuhvsrqgh d xpd phglgd gd lqfhuwh}d1 D

txhvwær txh vh frorfd ì= frpr txh srghprv phglu hvvd lqfhuwh}dB

D lqfhuwh}d gh xpd irqwh hvwä dvvlp dvvrfldgd ã iuhtÿíqfld uhodwlyd gh fdgd xp

grv vðperorv glihuhqwhv sru hod surgx}lgrv1 Vhqgr � r qýphur gh vðperorv glihuhqwhv

surgx}lgrv shod irqwh 7/ xpd irupd frqyhqlhqwh gh phglu d lqfhuwh}d ì vxsru txh rv �

vðperorv vær ljxdophqwh suryäyhlv/ lvwr ì/ R '
�

�
h frp lvvr dvvrfldu r ydoru *L}2 R

3�

d fdgd vðperor1 Hvwh ydoru ì ghqrplqdgr d txdqwlgdgh gh lqirupdêær dwuhodgd

dr fruuhvsrqghqwh vðperor1 Frp lvvr/ d lqfhuwh}d hvwä uhodflrqdgd frp d iuhtÿíqfld

uhodwlyd Esuredelolgdgh� hqtxdqwr txh d lqirupdêær hvwä uhodflrqdgd frp r orjdulwpr

qd edvh 2 Ephglgd hp elwv� gr lqyhuvr gd iuhtÿíqfld uhodwlyd1

Hqwursld gh xpd irqwh

Frqvlghuh xpd irqwh glvfuhwd frp � vðperorv rqgh fdgd vðperor rfruuh frp

suredelolgdgh R� wdo txh=
�[
�'�

R� ' �1

D lqirupdêær dvvrfldgd dr dsduhflphqwr gr �0ìvlpr vðperor vhuä

�� ' � *L}2 R��

D lqfhuwh}d gd irqwh srgh vhu gh�qlgd frpr d lqfhuwh}d pìgld sdud r dsduhflphqwr

gh xp gdgr vðperor1 Vxsrqkd txh xpd vhtÿíqfld hplwlgd shod irqwh frqvlvwd gh �

vðperorv/ rqgh fdgd vðperor � rfruuh �� yh}hv1 Wrgd yh} txh r vðperor � rfruuh/

d lqirupdêær dvvrfldgd ì ��1 Dvvlp/ d txdqwlgdgh gh lqirupdêær dvvrfldgd ãv ��

rfruuíqfldv vhuä ����1 Frp lvvr/ d txdqwlgdgh wrwdo gh lqirupdêær qd vhtÿíqfld frp �
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vðperorv vhuä
S

�

�'�
����1 Sruwdqwr/ d lqirupdêær wrwdo pìgld vhuä

�

�

�[
�'�

���� '
�[
�'�

��

�
��

Sdud xpd vhtÿíqfld pxlwr orqjd gh vðperorv/ d ud}ær
��

�
Eiuhtxíqfld uhodwlyd�

frqyhujh sdud d suredelolgdgh gh rfruuíqfld gr vðperor �/ R�1 Dvvlp vhqgr/ d lqirupdêær

pìgld/rx hqwursld M/ ì gdgd sru=

M '
�[
�'�

R���c

rx vhmd/

M ' �
�[
�'�

R� *L}2 R� K�|r*r�=6KJ,J1

Frqvlghudqgr djrud txh h{lvwhp � vðperorv wrgrv htxlsuryäyhlv/ lvwr ì/ R� '
�

�
/

hqwær d hqwursld ì gdgd sru

M ' �
�[
�'�

�

�
*L}2

�

�
' �
�

�

�
*L}2

�

�

�
� ' *L}2�

, M ' *L}2� 1

Sdud� vðperorv/ r pä{lpr ghM ì dwlqjlgr txdqgr rv� vðperorv vær htxlsuryäyhlv1

Sru rxwur odgr/ txdqgr grv � vðperorv dshqdv xp ghohv dsduhfh whprv= M ' f1

D Iljxud 616/ loxvwud fodudphqwh d vlwxdêær gh xpd irqwh txh hplwh r vðperor f frp

suredelolgdgh R h r vðperor � frp suredelolgdgh E� � R�1

MER� '
�iR � *L}ER� n E� � R� � *L}E�� R�j

*L} 2

D fxuyd ì vlpìwulfd/ h dwlqjh vhx pä{lpr qr srqwr ER ' f�D�1 Dsur{lpd0vh gh f

txdqgr d suredelolgdgh gh dsduhflphqwr gh xp grv srqwrv vh dsur{lpd gh }hur rx gh �1

Yhuhprv d vhjxlu dojxqv h{hpsorv txh vhuær xwlol}dgrv d srvwhulrul1

H{hpsor 61415 D hqwursld gd irqwh txh hplwh txdwur vðperorv i�c�c�c(j frp

suredelolgdghv if�Dc f�2Dc f��2Dcf��2Dj/ uhvshfwlydphqwh/ ì=

M ' ��

2
� *L}2

�
�

2

�
� �

e
� *L}2

�
�

e

�
� 2 � �

H
� *L}2

�
�

H

�
' ��.D K�|r�

H{hpsor 61416 Dqdorjdphqwh/ d hqwursld gd irqwh txh hplwh rv vðperorv i�c�c�j
frp suredelolgdghv if�2Dcf�2Dc f�Dj/ uhvshfwlydphqwh/ ì M ' ��D K�|r�
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Iljxud 616= Ixqêær hqwursld elqäuld

61416 Whruhpd gh frgl�fdêær gh irqwh glvfuhwd vhp phpöuld

Frqvlghuh r H{hpsor 61415 gd vhêær dqwhulru1 Vxsrqkd txh vh suhwhqgh dupd}hqdu

xpd vhtÿíqfld pxlwr orqjd gh � vðperorv1

Shujxqwd= Frpr ghyhprv frgl�fdu rv vðperorv �c�c� h ( hp elwv gh prgr d

plqlpl}du d phpöuld rfxsdgdB

Vh �}huprv/ � ' ffc� ' f�c � ' �fc( ' �� luhprv jdvwdu 5 elwv sru vðperor1

Vh �}huprv/ � ' �c � ' f�c � ' fffc( ' ff� luhprv jdvwdu

� � f�D n 2 � f�2D n 2 � � � f��2D ' ��.D K�|r*r�=6KJ,J�

Hvwh h{hpsor vxjhuh txh vh xvh sdodyudv0fögljr fxuwdv sdud uhsuhvhqwdu rv vðperorv

pdlv suryäyhlv h sdodyudv0fögljr orqjdv sdud uhsuhvhqwdu vðperorv phqrv suryäyhlv1 Xp

h{hpsor ghvwd derugdjhp ì r fögljr gh Pruvh51

D pdlru sduwh gdv irqwhv uhdlv vær uhgxqgdqwhv1 Sdud vh frqvhjxlu xpd wudqvplvvær

h�flhqwh d lqirupdêær uhgxqgdqwh srgh vhu uhprylgd grv vðperorv d wudqvplwlu1 Hvwd

rshudêær hp txh qær vh shugh lqirupdêær/ fkdpd0vh frpsdfwdêær gh gdgrv rx

frpsuhvvær gh gdgrv vhp shugdv1

5Lqyhqwdgr sru Vdpxho Pruvh hp 4;6;/ r Fögljr Pruvh shuplwlx d wudqvplvvær gh vlqdlv hoìwulfrv txh

frqvlvwldp gh sxovrv fxuwrv +srqwrv, rx orqjrv +wudêrv,/ frpr loxvwudgrv qd Wdehod 6=41 D frpelqdêær

ghvvhv srqwrv h wudêrv irupdyd fdudfwhuhv/ rv txdlv/ sru vxd yh} irupdydp sdodyudv txh irupdydp

iudvhv1 D dyldêær ehqh�flrx0vh ghvvh phlr gh frpxqlfdêær sdud d wudqvplvvær gh phqvdjhqv uhodwlydv ã

qdyhjdêær/ frqwuroh h vhjxudqêd gh y÷r1
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Wdehod 614= Fögljr Pruvh

R remhwlyr gd phvpd ì uhsuhvhqwdu gh irupd h�flhqwh rv gdgrv jhudgrv sru xpd irqwh

gh lqirupdêær1 R glvsrvlwlyr txh uhdol}d hvvh surfhglphqwr ì fkdpdgr frgl�fdgru gh

irqwh1

Xpd gdv irupdv gh frqvwuxlu hvvh frgl�fdgru ì frqkhfhu d hvwdwðvwlfd gd irqwh1

Vxsrqgr txh vh xvd xp fögljr gh frpsulphqwr yduläyho srghprv=

� Dvvrfldu sdodyudv0fögljr fxuwdv drv vðperorv pdlv iuhtxhqwhv>

rx

� Dvvrfldu sdodyudv0fögljrv orqjdv drv vðperorv srxfrv iuhtxhqwhv1

Suhwhqgh0vh txh r frgl�fdgru vdwlvidêd ãv vhjxlqwhv fdudfwhuðvwlfdv=

� R doidehwr gr fögljr vhmd elqäulr>

� R fögljr surgx}lgr whqkd ghfrgl�fdêær ýqlfd Elvwr ì/ gdgd xpd vhtÿíqfld fr0

gl�fdgd qær h{lvwh dpeljxlgdgh frp uhodêær ã vhtÿíqfld ghfrgl�fdgd1�1

Frqvlghuh r frgl�fdgru gh irqwh/ Iljxud 615/ dsolfdgr d xpd irqwh frp g vðperorv1

Frqvlghuh txh r vðperor r& fruuhvsrqgh ã sdodyud0fögljr elqäuld K& irupdgd sru ,&

gðjlwrv elqäulrv1 R frpsulphqwr pìglr gdv sdodyudv0fögljr ì gdgr sru=
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u '
g3�[
&'f

R&,&� +614,

Vhqgr u6�? r frpsulphqwr pìglr pðqlpr/ d h�flíqfld gd frgl�fdêær ì gdgd sru=

# '
u6�?

u
� +615,

Qrwh txh d h�flíqfld gr frgl�fdgru ì pä{lpd txdqgr u6�? $ u1

Vhqgr 7 xpd irqwh glvfuhwd h vhp phpöuld/ r whruhpd gd frgl�fdêær gd irqwh

hqxqfldgr d vhjxlu/ gl} txh u6�? ì d hqwursld gd irqwh1

Whruhpd 61417 +Vkdqqrq/ �beH, Gdgd xpd yduläyho dohdwöuld 7 frp lqfhuwh}d ME7�/

h{lvwh xp fögljr xqlfdphqwh ghfrgl�fäyho frp doidehwr u0äulr sdud d yduläyho dohdwöuld

7 fxmr frpsulphqwr pìglr gdv sdodyudv0fögljr u vdwlvid}

ME7�

*L} o
� u � ME7�

*L} o
n �1

Frp edvh qhvvh whruhpd/ srghprv hvfuhyhu

# '
ME7�

u
1

Whqgr frpr edvh r whruhpd gd frgl�fdêær gd irqwh/ glyhuvdv wìfqlfdv gh frgl�fdêær

gh irqwhv glvfuhwdv irudp sursrvwdv1 Dojxpdv ghvwdv sursrvwdv wdlv frpr/ r fögljr gh

Kx�pdq/ gh Holdv h rv pìwrgrv gh Ohpsho0]ly u~ .. h u~ .H vhuær ghvfulwdv qd suö{lpd

Vhêær1

615 Fögljrv gh Kx�pdq/ Holdv h Pìwrgrv gh

Ohpsho0]ly

Qd pdlruld gdv dsolfdêøhv gh frgl�fdêær gh irqwhv glvfuhwdv/ r frgl�fdgru ì

dolphqwdgr sru vðperorv gd vdðgd gd irqwh/ wdlv txh rv phvprv vær fdudfwhul}dgrv frpr

vhqgr yduläyhlv dohdwöuldv lghqwlfdphqwh glvwulexðgdv h hvwdwlvwlfdphqwh lqghshqghqwhv1
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Qhvwh wlsr gh dsolfdêær rv pìwrgrv gh dwulexlêær gh sdodyudv0fögljr qær ohydp hp

frqvlgh0 udêær d phpöuld dvvrfldgd ã irqwh/ lvwr ì/ d ghshqgíqfld hvwdwðvwlfd txh h{lvwh

hqwuh rv vðperorv1

Wìfqlfdv gh frgl�fdêær gh wdlv irqwhv vær ehp frqkhflgdv1 Ghqwuh hodv ghvwdfdprv

d wìfqlfd gh frgl�fdêær gh Kx�pdq h d wìfqlfd gh frgl�fdêær Dulwpìwlfd1

Qr fdvr gd frgl�fdêær gh Kx�pdq/ fdgd vðperor qd hqwudgd gr frgl�fdgru whuä

dvvrfldgr xpd sdodyud0fögljr1 Qr fdvr gd frgl�fdêær dulwpìwlfd fdgd vðperor lpsolfduä

qd glylvær gh xp lqwhuydor suhyldphqwh �{dgr fruuhvsrqghqwh ã uhsuhvhqwdêær gd

vhtÿíqfld gh vðperorv1

Wrgdyld/ irqwhv glvfuhwdv srghp dsuhvhqwdu ghshqgíqfld hqwuh rv vðperorv hplwlgrv1

Txdqgr lvvr dfrqwhfh/ gl}hprv txh wdlv irqwhv srvvxhp phpöuld1 Sdud hvwd fodvvh

gh irqwhv wdqwr rv fögljrv gh Kx�pdq txdqwr r dulwpìwlfr qær id}hp xvr h�flhqwh

gd phpöuld rx gd ghshqgíqfld hqwuh rv vðperorv hplwlgrv1 Hp jhudo/ d prghodjhp

xwlol}dgd/ sdud r fdvr gh irqwhv frp phpöuld/ ì d gh fdghldv gh Pdunry rx dv srvvðyhlv

jhqhudol}dêøhv1 Wrgdyld/ h{lvwhp irqwhv frp phpöuld fxmd hvwdwðvwlfd ì ghvfrqkhflgd1

Qhvwhv fdvrv/ dv wìfqlfdv gh frgl�fdêær xqlyhuvdo vær xwlol}dgdv frp judqgh h�flíqfld1

Xp hvwxgr ghwdokdgr ghvwd wìfqlfd srgh vhu hqfrqwudgr hp ^4;`1

Xp fögljr ì glwr xqlyhuvdo txdqgr=

41 D frgl�fdêær ì uhdol}dgd hp eorfrv>

51 R ghvhpshqkr ì dvvlqwrwlfdphqwh öwlpr hp dojxp vhqwlgr1

Vhjxqgr hvvd irupxodêær rv frgl�fdgruhv xqlyhuvdlv suhvwdp0vh pxlwr ehp sdud

frgl�fdu irqwhv frp fdudfwhuðvwlfdv hvwdwðvwlfdv ghvfrqkhflgdv gh dqwhpær h wdpeìp

pxwäyhlv frp r whpsr1 Lvwr srutxh d frgl�fdêær uhdol}d0vh hp eorfrv1 Wrgd d lqirupdêær

uhodwlyd ã fdudfwhul}dêær hvwrfävwlfd gd irqwh whp txh vhu h{wudðgd gr eorfr txh hvwä vhqgr

frgl�fdgr/ h qær gr frqkhflphqwr d sulrul rx gr sdvvdgr lqwhlur gd irqwh1

Rv wudedokrv ^53` h ^54` sxeolfdgrv sru Mdfre ]ly h Deudkdp Ohpsho qr �qdo

gd gìfdgd gh :3 uhyroxflrqdudp d frgl�fdêær xqlyhuvdo1 Krmh hp gld txdvh wrgrv

rv frpsuhvvruhv gh gdgrv gh xvr jhqìulfr Efrpsdfwdgruhv gh dutxlyrv/ frpsdfwdgruhv

gh gdgrv sdud dupd}hqdphqwr hp glvfr/ frpsuhvvruhv gh gdgrv sdud frpxqlfdêær yld
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Vðperor gd Irqwh Suredelolgdgh Fögljr L Fögljr LL Fögljr LLL

rf f�D f f f

r� f�2D � �f f�

r2 f��2D ff ��f f��

r� f��2D �� ��� f���

Wdehod 615= Fögljrv olyuhv gh suh�{r rx qær1

prghp� edvhldp0vh hp xp grv pìwrgrv sursrvwrv sru Ohpsho h ]ly1 Sruwdqwr/ ydoh d

shqd frqkhfí0orv sdud txh dxphqwhprv r uro gh ihuudphqwdv ýwhlv sdud qryrv dojrulwprv

gh frpxqlfdêøhv1

61514 Fögljrv olyuh gh suh�{r= fögljrv gh Kx�pdq

Frqvlghuh xpd irqwh glvfuhwd vhp phpöuld frpsrvwd shorv vðperorv ir�c r2c ���c r&j/
rqgh fdgd vðperor rfruuh frp suredelolgdgh R�c R2c ���c R&/ uhvshfwlydphqwh1 D

fdgd vðperor r& fruuhvsrqgh xpd sdodyud0fögljr �& frqvwlwxðgd gh xpd vhtÿíqfld

E6&�
c6&2

c ���c6&?
�/ rqgh rv 6&�

sdud � ' �c ���c ? shuwhqfhp dr doidehwr gr fögljr h/

? ì r frpsulphqwr gd sdodyud0fögljr1

Hvwd fruuhvsrqgíqfld whp txh vdwlvid}hu d sursulhgdgh gh txh r fögljr vhmd

xqlfdphqwh ghfrgl�fäyho1 Xpd fodvvh lpsruwdqwh gh fögljrv vdwlvid}hqgr wdo sursulhgdgh

ì d fodvvh grv fögljrv olyuh gh suh�{r1

Vhmd r& r vðperor gd irqwh frgl�fdgr frpr E6&�
c6&2

c ���c6&?
�1 Txdotxhu vhtÿíqfld

E6&�
c6&2

c ���c6&�
�/ frp � � ?/ ì glwd vhu xp suh�{r gd sdodyud0fögljr �&1 Xp fögljr

gl}0vh olyuh gh suh�{r txdqgr sdud txdlvtxhu gxdv sdodyudv0fögljr �� h ��/ �� qær ì

suh�{r gh ��1

Revhuydêær 61514 Xp fögljr olyuh gh suh�{r ì vhpsuh xqlfdphqwh ghfrgl�fäyho1

H{hpsor 61515 Frqvlghuh d Wdehod ��2=

R Fögljr L/ qær ì xp fögljr olyuh gh suh�{r xpd yh} txh d sdodyud0fögljr f uhihuhqwh
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dr vðperor gd irqwh rf ì suh�{r gd sdodyud fögljr ff/ uhihuhqwh d frgl�fdêær gr vðperor

r21 R Fögljr LLL wdpeìp qær ì xp fögljr olyuh gh suh�{r pdv r Fögljr LL ì1

Xpd fodvvh gh fögljrv olyuh gh suh�{r vær rv fögljrv gh Kx�pdq1 R sulqfðslr

jhudo hp txh hohv vh edvhldp ì dwulexlu d fdgd vðperor gd irqwh xpd vhtÿíqfld gh vðperorv

gr doidehwr gr fögljr fxmr frpsulphqwr ì r pdlv dsur{lpdgr srvvðyho gd txdqwlgdgh gh

lqirupdêær dvvrfldgd dr dsduhflphqwr ghvwh vðperor1

R dojrulwpr gh frgl�fdêær sursrvwr sru Kx�pdq ì r vhjxlqwh=

41 V ì r frqmxqwr gh vðperorv gd irqwh>

51 Rv vðperorv gd irqwh vær rughqdgrv hp rughp ghfuhvfhqwh gh suredelolgdgh>

61 Drv grlv vðperorv phqrv suryäyhlv ì dwulexðgr xp f h xp �>

71 Hvvhv grlv vðperorv vær frpelqdgrv gh wdo irupd d gdu ruljhp dr frqmxqwr 7
�1

D suredelolgdgh gr qryr vðperor ì d vrpd gdv suredelolgdghv grv vðperorv

frpelqdgrv>

81 Vh vö uhvwd xp vðperor lu sdud 91 Fdvr frqwuäulr yrowdu sdud 5>

91 R fögljr sdud fdgd xp grv vðperorv lqlfldlv ì rewlgr sduwlqgr gr vðperor �qdo

h uhjlvwudqgr d vhtÿíqfld gh elwv hqfrqwudgd dwì fkhjdu d fdgd xp grv vðperorv

lqlfldlv1

H{hpsor 61516 Frqvlghuh xpd irqwh frp vðperorv irfc r�c r2c r�c rej fdudfwhul}dgrv sh0

odv suredelolgdghv iRfc R�c R2c R�c Rej1 Vxsrqkd txh vh ghvhmd frgl�fdu wdlv vðperorv dwudyìv

gh xp doidehwr elqäulr1 D Iljxud 617 loxvwud r surfhglphqwr xvdgr qd frgl�fdêær gh

Kx�pdq1

Vðperor rf r� r2 r� re

Suredelolgdgh f�e f�2 f�2 f�� f��

Rewhqgr0vh r vhjxlqwh fögljr= � ' iffc �fc ��c f�fc f��j�
R frpsulphqwr pìglr ghvwh fögljr ì =
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Iljxud 617= H{hpsor gh dsolfdêær gr dojrulwpr gh frgl�fdêær gh Kx�pdq1

u ' f�e � 2 n f�2 � 2 n f�2 � 2 n f�� � � n f�� � � ' 2�2 K�|r�

D hqwursld gd irqwh ì=

M ' f�e � *L}2
�

�

f�e

�
n 2 � f�2 � *L}2

�
�

f�2

�
n 2 � f�� � *L}2

�
�

f��

�
' 2��2�b K�|r�

Sruwdqwr/ d h�flíqfld ghvwh fögljr ì=

# '
M

u
' bSceDI�

61515 Frgl�fdêær dulwpìwlfd= rv fögljrv gh Holdv

Gr txh irl ylvwr dqwhulruphqwh/ d hqwursld gh xpd irqwh ì gdgd sru �S
�
R� *L} R�/ h

r frpsulphqwr pìglr gdv sdodyudv0fögljr gh xp fögljr gh Kx�pdq ì gdgr sru
S

�
R� ,�1

Gh prgr d frgl�fdu d xpd wd{d ljxdo d hqwursld gd irqwh/ dv sdodyudv0fögljr ghyhuær

vhu hvfroklgdv gh wdo irupd txh r vhx frpsulphqwr vdwlvidêd

,� ' � *L} R�� +616,
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Shor idwr gh vhu r frpsulphqwr gh xpd sdodyud0fögljr xp qýphur lqwhlur/ qær vhuä

srvvðyho/ frp h{fhêær gh dojxqv fdvrv hvshfldlv/ vdwlvid}hu hvwd frqglêær1 Ylprv txh

rv fögljrv gh Kx�pdq vær xpd dowhuqdwlyd gh uhdol}du d txdqwl}dêær gh � *L} R� sdud

ydoruhv lqwhlurv1

R fögljr gh Holdv ì xp fögljr gh frpsulphqwr yduläyho xvdgr sdud frpsdfwdêær gh

irqwhv frp d vhjxlqwh fdudfwhuðvwlfd= wudqvirupd xpd vhtÿíqfld pxlwr orqjd gh vðperorv

gd vdðgd gd irqwh hp xpd rxwud vhtÿíqfld pxlwr orqjd gh vðperorv gr doidehwr gr

fögljr1 D rshudêær gh frgl�fdêær srvvxl xpd sursulhgdgh ghvol}dqwh qr vhqwlgr gh txh

sdud srxfrv vðperorv gd irqwh hqwudqgr qr frgl�fdgru/ srxfrv elwv gd sdodyud0fögljr

vdhp gr frgl�fdgru1 R qýphur gh gðjlwrv gd sdodyud0fögljr ghl{dqgr r frgl�fdgru sru

vðperor gh hqwudgd ì yduläyho/ ghshqghqgr gr sdguær sduwlfxodu gh vðperorv surgx}lgrv

shod irqwh1

Vxsrqkd txh ghvhmdprv frpsdfwdu xpd irqwh elqäuld fxmr doidehwr ì i@�c @2j frp

suredelolgdghv if�.cf��j1 D hqwursld ghvwd irqwh ì=

M ' f�� � *L}2
�

�

f��

�
n f�. � *L}2

�
�

f�.

�
' f�HH�2b K�|r�

Qr lqvwdqwh }hur/ d irqwh hplwh xpd vhtÿíqfld pxlwr orqjd gh vðperorv gh vdðgd1

Hvwd vhtÿíqfld vhpl0lq�qlwd gh vðperorv gh vdðgd gd irqwh srgh vhu uhsuhvhqwdgd frpr

xpd vhtÿíqfld Ewdpeìp vhpl0lq�qlwd� gh elwv1 Sru h{hpsor/

c f��f�f���f�f��� ' B

rqgh rv vðperorv @� h @2 vær uhsuhvhqwdgrv sru f h �/ uhvshfwlydphqwh1 Qrwh txh/

frorfdprv xpd yðujxod qd iuhqwh gr }hur/ frp lvwr/ wruqdprv hvwd vhtÿíqfld xpd

h{sdqvær elqäuld lq�qlwd gh xp qýphur uhdo1 Ghvvd irupd/ srghprv gl}hu txh hvwd

h{sdqvær uhsuhvhqwd xpd h{sdqvær elqäuld lq�qlwd qr lqwhuydor dfc ��1

R surfhvvr sdud d jhudêær gd vhtÿíqfld ì r vhjxlqwh= glylgd r lqwhuydor vhpl0dehuwr

dfc �� hp grlv vxe0lqwhuydorv dfc f�.� h df�.c ��1 Xvh r sulphlur vðperor gd irqwh/ vh

iru f/ sdud hvshfl�fdu txh B hvwä qr sulphlur vxe0lqwhuydor/ vh iru �/ sdud hvshfl�fdu

txh B hvwä qr vhjxqgr vxe0lqwhuydor1 Qrydphqwh/ glylgd fdgd vxe0lqwhuydor qd phvpd

sursruêær/ lvwr ì> dfc f�.� qrv vxe0lqwhuydorv dfc f�eb� h df�ebc f�.� h/ df�.c �� qrv vxe0
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Iljxud 618= Frgl�fdêær gh Holdv= vdðgd gd irqwh1

0 1

0

1/ 2

1

0 1

0

0

1

1

1/ 4 2/ 4 3/ 4

1/ 8 2/ 8 3/ 8 4/ 8 5/ 8 6/ 8 7/ 8

1/ 16

2/ 16

3/ 16

4/ 16

5/ 16

6/ 16

7/ 16

8/ 16 10/ 16

9/ 16

12/ 16

13/ 1611/ 16

14/ 16

15/ 16

00 01 10 11

000 001 010 011 100 101 110 111

0 0 0 0 1 1 1 10 0 0 1 0 0 1 0 0 0 1 1 0 1 0 0 0 1 0 1 1 0 1 00 1 1 0 0 1 1 1 1 0 0 0 1 0 0 1 1 0 1 1 1 1 0 0 1 1 0 1 1 1 1 0

Iljxud 619= Frgl�fdêær gh Holdv= vdðgd gr frgl�fdgru gd irqwh1

lqwhuydorv df�.c f�b�� h df�b�c ��1 Xvh r vhjxqgr vðperor gd irqwh sdud hvshfl�fdu xp

ghvwhv vxe0lqwhuydorv1 Fdgd vðperor gd irqwh ì xvdgr qdv vxeglylvøhv txh vhjxhp1

D uhjud jhudo gh irupdêær gd vhtÿíqfld ì d vhjxlqwh= vhmd R d suredelolgdgh gr

vðperor gd irqwh @� h � � R d suredelolgdgh gr vðperor gd irqwh @21 Dsöv ?� � elwv gd

irqwh/ r lqwhuydor dk?3�c q?3�� hvwä hvshfl�fdgr1 Vh r ?0ìvlpr vðperor gd irqwh ì @�/ r

qryr lqwhuydor vhuä hvshfl�fdgr shodv h{wuhplgdghv

k? ' k?3�

q
?

' k?3� n R
�
q
?3� � k?3�

�
�

6:



Vh r ?0ìvlpr vðperor gd irqwh ì @2/ r qryr lqwhuydor vhuä hvshfl�fdgr shodv

h{wuhplgdghv

k? ' k?3� n R
�
q
?3� � k?3�

�
q
?

' q
?3��

Ghvwh prgr/ r lqwhuydor hvshfl�fdgr sru txdotxhu vhtÿíqfld gh vðperorv gd irqwh

whuä xp frpsulphqwr ljxdo ã suredelolgdgh gdtxhod vhtÿíqfld1 Qrwh txh/ rv lqwhuydorv

�fdp fdgd yh} phqruhv ã phglgd txh d vhtÿíqfld fuhvfh1 Qr olplwh txdqgr d vhtÿíqfld

whqgh d lq�qlwr/ h{dwdphqwh xp srqwr vhuä hvshfl�fdgr1

D sdodyud0fögljr/ sru rxwur odgr/ ì d uhsuhvhqwdêær elqäuld gr srqwr B/ frpr srgh

vhu ylvwr qd Iljxud 6191 Wær orjr whqkd xp qýphur vx�flhqwh gh vðperorv gd irqwh/ r

frgl�fdgru whuä d frqglêær gh ghwhuplqdu vh B hvwä qr lqwhuydor dfc f�D� rx qr lqwhuydor

df�Dc ��/ h frp lvvr r sulphlur elw gd sdodyud0fögljr srghuä vhu hqyldgr1 Gd phvpd

irupd/ r vhjxqgr elw gd sdodyud0fögljr srghuä vhu hqyldgr d sduwlu gr frqkhflphqhwr gr

lqwhuydor hp txh B hvwä vlwxdgr/ lvwr ì/ dfc f�2D� rx df�2Dc f�D� rx hp xp grv vxe0lqwhuydorv

df�Dc f�.D� rx df�.Dc��1 H r surfhglphqwr gh frgl�fdêær vhjxh ghvwd irupd1

R ghfrgl�fdgru frphêd d uhfxshudu rv vðperorv gd irqwh vrphqwh dsöv uhfhehu dojxqv

elwv gd sdodyud0fögljr1 Sru h{hpsor/ vh d vhtÿíqfld elqäuld gd sdodyud0fögljr lqlfld frp

f��f���/ hqwær r qýphur uhdo B ghyh hvwdu hqwuh f��.D h f�e�.D> hqwær rv wuív sulphlurv

vðperorv gd irqwh vhuær @�@�@2/ srlv r lqwhuydor df��.Dc f�e�.Do hvwä frqwlgr qr lqwhuydor

df�e�c f�eeDbo qd txduwd olqkd gd Iljxud 6181 Vh d vhtÿíqfld elqäuld gd sdodyud0fögljr

lqlfld frp f�����/ hqwær r qýphur uhdo B ghyh hvwdu hqwuh f��.D h f�D> revhuyh txh qd

sulphlud olqkd gd Iljxud 618 r lqwhuydor d f��.Dc f�Do hvwä frqwlgr qr lqwhuydor dfc f�.o/

sruwdqwr/ vö whprv lqirupdêær gr sulphlur vðperor gd irqwh txh ì @�1

Frpr frqvhtÿíqfld ghvwh h{hpsor/ yhprv txh h{lvwh xpd fhuwd lpsuhflvær gr fögljr

gh Holdv sdud vhtÿíqfldv gh frpsulphqwr shtxhqr1
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61516 Frgl�fdêær xqlyhuvdo= pìwrgrv gh Ohpsho h ]ly

Rv pìwrgrv gh Ohpsho h ]ly uhyroxflrqdudp d frgl�fdêær xqlyhuvdo sulqflsdophqwh

shod hihflíqfld qd xwlol}dêær grv gdgrv klvwöulfrv gdv irqwhv gh lqirupdêær1 Doìp glvvr/ d

vlpsolflgdgh grv pìwrgrv ih} frp txh vxdv lpsohphqwdêøhv sdvvdvvhp d vhu fruultxhludv

qdv pdqlsxodêøhv gh gdgrv gr gld0d0gld1

R sulphlur pìwrgr/ fkdpdgr u~� rx u~../ irl sxeolfdgr hp �b../ d53o� Hqtxdqwr

txh r vhjxqgr/ ghqrplqdgr u~2 rx u~.H irl sxeolfdgr hp �b.H/ d54o1 Dperv vh

edvhldp qd lgìld gh dupd}hqdu r sdvvdgr uhfhqwh gh xpd irqwh/ h frgl�fdu fdghldv

gh hohphqwrv dwudyìv gh lghqwl�fdgruhv gd rfruuíqfld dqwhulru gd fdghld qhvvh sdvvdgr

uhfhqwh dupd}hqdgr1 Dv gxdv suö{lpdv vxevhêøhv dsuhvhqwdp rv dojrulwprv u~� h u~2

gh irupd vxflqwd1 Pdlruhv ghwdokhv srghp vhu hqfrqwudgrv hp ^53` h ^54`1

Pìwrgr O]4 rx O]::

R pìwrgr u~� dupd}hqd r sdvvdgr uhfhqwh qxpd mdqhod gh wh{wr1 Hvwd mdqhod ì

frpsrvwd grv hohphqwrv mä jhudgrv shod irqwh h mä frgl�fdgrv1 Hvwhv hohphqwrv vær

rughqdgrv gh dfrugr frp vxd rughp gh jhudêær shod irqwh1 Rv hohphqwrv qryrv vær

dupd}hqdgrv qxpd äuhd gh wudedokr dqwhv gh vhuhp frgl�fdgrv1 Wdqwr d mdqhod gh wh{wr

txdqwr d äuhd gh wudedokr wíp wdpdqkrv pä{lprv ghqrwdgrv/ uhvshfwlydphqwh/ sru | h

r1 D Iljxud ��. loxvwud r surfhvvr gh frgl�fdêær1

D mdqhod gh wh{wr srgh vhu hqwhqglgd frpr xp glflrqäulr qr txdo dv fdghldv qrydv

surfxuduær dqwljdv rfruuíqfldv qr klvwöulfr gd irqwh1

D äuhd gh wudedokr ydl vhqgr suhhqfklgd hqtxdqwr d fdghld gh hohphqwrv txh hod

frqwìp iru hqfrqwudgd hp dojxpd srvlêær qd mdqhod gh wh{wr/ h hqtxdqwr r wdpdqkr gd

fdghld iru phqru txh r1

Wær orjr xpd ghvwdv frqglêøhv vhmd ylrodgd/ d fdghld gd äuhd gh wudedokr ì frgl�fdgd/

vhxv hohphqwrv sdvvdp d id}hu sduwh gd mdqhod gh wh{wr h d äuhd gh wudedokr vh uhqryd

sdud uhfhehu qryrv hohphqwrv1 D frgl�fdêær gh xpd fdghld ì ihlwd sru lqwhupìglr gh

xpd wulsod frqwhqgr rv vhjxlqwhv fdpsrv=
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TEXTO SENDO
CODIFICADO PELO

PROCESSO DE
JANELA DE TEXTO

CODIFICA A
ÁREA DE

TRABALHO
Saída

Entrada de
novos

elementos

Iljxud 61:= Frgl�fdêær u~..�

� Lghqwl�fdêær gr srvlflrqdphqwr gd fdghld gh hohphqwrv gd mdqhod gh wh{wr txh

frlqflgh frp d fdghld gd äuhd gh wudedokr>

� Qýphur gh hohphqwrv frlqflghqwhv qdv fdghldv gd mdqhod gh wh{wr h gd äuhd gh

wudedokr>

� Ýowlpr hohphqwr lqvhulgr qd äuhd gh wudedokr1

Ydprv ghvfuhyhu r surfhvvr gh frgl�fdêær frp pdlv ghwdokhv1

Lqlfldophqwh xp hohphqwr @ jhudgr shod irqwh ì lqvhulgr qd äuhd gh wudedokr1 Fdvr

r hohphqwr h{lvwd qd mdqhod gh wh{wr r pìwrgr survvhjxh1 Fdvr frqwuäulr/ r hohphqwr

ì frgl�fdgr lvrodgdphqwh/ h ì wudqvihulgr gd äuhd gh wudedokr sdud d mdqhod gh wh{wr

Esdvvd d id}hu sduwh gr klvwöulfr gd irqwh�� Hvwd frgl�fdêær ì ihlwd frp d wulsod Efc fc @��

Vhmd xpd fdghld 7 gh frpsulphqwr f 	 �E7� 	 r E� ì d ixqêær txh dwulexl d xpd

fdghld gh hohphqwrv r vhx frpsulphqwr� txh vh hqfrqwud qd äuhd gh wudedokr1 Shod

gh�qlêær grpìwrgr hvwd fdghld h{lvwh qd mdqhod gh wh{wr1 Rv suö{lprv sdvvrv gr surfhvvr

gh frgl�fdêær ghshqghp gr qryr hohphqwr jhudgr @ shod irqwh h gr frpsulphqwr gd

fdghld �E7�=

� Fdvr @ vhmd wdo txh 7 ^ @/ lvwr ì/ d fdghld irupdgd shod frqfdwhqdêær gh 7 h @c

dlqgd hvwhmd qd mdqhod gh wh{wr h �E7 ^ @� 	 r/ hqwær r hohphqwr @ ì lqfrusrudgr

shod fdghld 7 h r surfhvvr frqwlqxd>
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� Fdvr 7 ^ @/ dlqgd hvwhmd qd mdqhod gh wh{wr h �E7 ^ @� ' r hqwær r hohphqwr @ ì

lqfrusrudgr shod fdghld 7 h hvwd ì frgl�fdgd dwudyìv gd wulsod

Ehqghuhêr gd fdghld ljxdo d 7 qd mdqhod gh wh{wrc �E7�c @�1

D mdqhod gh wh{wr ì ghvorfdgd gh �E7� hohphqwrv sdud txh d fdghld vhmd d hod

frqfdwhqdgd1 D äuhd gh wudedokr ì hvyd}ldgd sdud txh srvvd uhfhehu qryrv

hohphqwrv>

� Fdvr 7 ^ @/ qær hvwhmd pdlv qd mdqhod gh wh{wr/ r qryr hohphqwr @ ì lqfrusrudgr d

7 txh ì frgl�fdgd dwudyìv gd wulsod

Ehqghuhêr gd fdghld ljxdo d 7 qd mdqhod gh wh{wrc �E7�� �c @��

D mdqhod gh wh{wr ì ghvorfdgd gh �E7� hohphqwrv sdud txh d fdghld vhmd d hod

frqfdwhqdgd1 D äuhd gh wudedokr �fd qrydphqwh yd}ld dsöv d frgl�fdêær gh 7�

Ghvwd irupd shufheh0vh txh d frgl�fdêær ì uhdol}dgd gh gxdv pdqhlud glvwlqwdv= sdud

fdghldv hqfrqwudgdv qd mdqhod gh wh{wr h sdud hohphqwrv lvrodgrv1 Sdud txh srvvd kdyhu

d ghfrgl�fdêær ì qhfhvväulr h{lvwlu xp fdpsr d pdlv qdv sdodyudv0fögljr lqirupdqgr r

wlsr gh fögljr Efögljr gh fdghld rx gh hohphqwr lvrodgr��

Rv frpsulphqwrv gdv mdqhodv gh wh{wr h gd äuhd gh wudedokr vær grlv sduåphwurv

gh surmhwr gr frgl�fdgru u~�1 Txdqwr pdlru iru |/ pdlru vhuä r sdvvdgr frqvlghudgr

gd irqwh1 Sruwdqwr/ pdlru vhuä d fkdqfh gh fdvdphqwr gh fdghldv qrydv dr sdvvdgr

gd irqwh1 Txdqwr pdlru iru rc sru vxd yh}/ phqru vhuä d fkdqfh gh vh frgl�fdu xpd

fdghld sru fdxvd gr hqfklphqwr gd äuhd gh wudedokr E�E7� ' r/ rx vhmd/ vxe0xwlol}dêær

gr frgl�fdgru��

Hvwhv sduåphwurv/ sru rxwur odgr/ qær srghp vhu dxphqwdgrv lqglvfulplqdgdphqwh/

srlv d frpsoh{lgdgh frpsxwdflrqdo gd exvfd gh xp �hohphqwr� gd äuhd gh wudedokr qd

mdqhod gh wh{wrv fuhvfh olqhduphqwh frp r h qd phokru gdv klsöwhvhv/ orjdulwplfdphqwh

frp |� Doìp glvvr/ rv qýphurv gh elwv xwlol}dgrv sdud uhsuhvhqwdu d fdghld ljxdo ã

frgl�fdgd qd mdqhod gh wh{wr h r frpsulphqwr gd fdghld ghshqghp/ uhvshfwlydphqwh/ gh

*L}2 | h *L}2 r� Fdvr r h | fuhvêdp gh irupd vljql�fdwlyd/ d suösuld frgl�fdêær elqäuld

gdv gxsodv fruuhvsrqghqwhv ãv fdghldv frgl�fdgdv fuhvfhuä ghvqhfhvvduldphqwh1
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Pìwrgr O]5 rx O]:;

Wdo frpr r u~�/ r u~2 surfxud fdvdu fdghldv qrydv Edupd}hqdgdv qd äuhd gh

wudedokr� ãv rfruuíqfldv dqwhulruhv gr klvwöulfr gd irqwh1 Gh irupd vlplodu/ dv fdghldv

vær frgl�fdgdv dwudyìv gh xp lghqwl�fdgru gh rfruuíqfld dqwhulru qr klvwöulfr1

D glihuhqêd hqwuh rv grlv pìwrgrv uhvlgh qd irupd frp txh r klvwöulfr gd irqwh ì

dupd}hqdgr1 Dr lqyìv gh xpd mdqhod gh wh{wr/ dupd}hqd0vh xp glflrqäulr gh iudvhv

rfruulgdv1 Fdgd hqwudgd gr glflrqäulr frqwìp xpd vhtÿíqfld gh hohphqwrv gd iudvh h

vhx frpsulphqwr1

Xp ghwdokh gh lpsohphqwdêær wdpeìp frqwulexl sdud glihuhqfldu rv grlv pìwrgrv1

R glflrqäulr gh iudvhv ì suhhqfklgr lqlfldophqwh frp iudvhv gh frpsulphqwr �/

fruuhvsrqghqgr d wrgrv rv hohphqwrv gr doidehwr1 Dvvlp/ qær kä qhfhvvlgdgh gh

frgl�fdêær hvshfldo sdud hohphqwrv lvrodgrv1

D äuhd gh wudedokr ydl vhqgr suhhqfklgd hqtxdqwr d fdghld gh hohphqwrv txh hod

frqwìp qær iru hqfrqwudgd hp dojxpd hqwudgd gr glflrqäulr1 Qr prphqwr hp txh xp

qryr hohphqwr @/ dglflrqdgr ã äuhd gh wudedokr/ �}hu frp txh d fdghld qhod dupd}hqdgd

qær vhmd pdlv hqfrqwudgd qr glflrqäulr/ hvwd fdghld ì frgl�fdgd dwudyìv gh gxsodv

frpsrvwdv sru=

Esrvlêær gd iudvh gr glflrqäulr frlqflghqwh frp d fdghld dqwhulru ã dglêær gr ýowlpr

hohphqwr @/ hohphqwr @��

H{hpsor 61517 Vhtÿíqfld gh vðperorv d frgl�fdu vhjxqgr r dojrulwpr u~.H� Frqvlghuh

d vhjxlqwh vhtÿíqfld ����������

Surfhvvr gh frgl�fdêær

Srvlêær Glflrqäulr Vdðgd

� � Efc ��

2 � Efc ��

� �� E2c ��

e ��� E�c ��

D �� E2c ��
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Xpd vhtÿíqfld frpsdfwdgd/ lvwr ì/ dsöv dsolfdgr r pìwrgr gh Ohpsho0]ly/ frqvlvwh

gh xpd olvwd gh SE?� sduhv1 Qr h{hpsor hp frqvlghudêær/ whprv d vhtÿíqfld gh

vðperorv ��������� vhsdudgd hp D iudvhv/ d vdehu/ �c�c��c���c�� fxmrv sduhv

frgl�fdgrv wíp d vhjxlqwh udflrqdolgdgh= Efc �� h Efc �� vljql�fd txh rv vðperorv � h �

vær iudvhv gh frpsulphqwr �/ lvwr ì/ vær hohphqwrv gr doidehwr1 R qýphur f/ vljql�fd txh

qær h{lvwhp iudvhv dqwhulruhv frqfdwhqdgd qhp frp � qhp frp �1 Sdud r sdu E�c ��/

r vðperor �/ vljql�fd r qryr vðperor frqfdwhqdgr d iudvh �� h r qýphur �/ d srvlêær

gd iudvh dqwhulru dr vðperor frqfdwhqdgr1 Qrv ghpdlv sduhv r surfhglphqwr ì vlplodu

dr fdvr E�c ��1

D vhjxlu/ luhprv lqwurgx}lu uhvxowdgrv gh hqwursld uhihuhqwh dr pìwrgr gh Ohpsho0

]ly/ hp dqdorjld drv frqfhlwrv gh hqwursld sdud rv fögljrv olyuh gh suh�{r1 Sdud wdo/

id}0vh qhfhvväulr dv vhjxlqwhv gh�qlêøhv=

Xpd vhsdudêær 7 gh xpd vhtÿíqfld elqäuld %�%2 � � �%? ì xpd glylvær ghvvd

vhtÿíqfld hp iudvhv/ vhsdudgdv sru yðujxodv1 Xpd vhsdudêær glvwlqwd ì xpd vhsdudfær

txh qær srvvxl iudvhv lghqwlfdv1

Sru h{hpsor/ fc���c� ì xpd vhsdudêær glvwlqwd gh f����/ pdv fc ��c �� ì xpd

vhsdudêær txh qær ì glvwlqwd1

R pìwrgr gh Ohpsho0]ly ghvfulwr iruqhfh xpd vhsdudêær glvwlqwd gd vhtÿíqfld gd

irqwh1

D frpelqdêær grv uhvxowdgrv hqxqfldgrv d vhjxlu/ iruqhfh xp whruhpd dqäorjr dr

whruhpd gh frgl�fdêær gh irqwh EWhruhpd 61417�1

Ohpd 61518 +Ohpsho0]ly, ^9` R qýphur gh iudvhv SE?� qxpd vhsdudêær glvwlqwd gh

xpd vhtÿíqfld elqäuld f�cf2c ���cf? vdwlvid}

SE?� � ?

E�� "?� *L} ?

rqgh "? $ f txdqgr q $41

Xp surfhvvr hvwdflrqäulr ì hujöglfr qd pìgld frp suredelolgdgh � txdqgr/ qr

olplwh/ d pìgld hvwdwðvwlfd h d pìgld whpsrudo frlqflghp1
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Whruhpd 61519 ^9`/ Vhmd if?j xp surfhvvr hvwäflrqäulr hujöglfr/ frp hqwursld M Ef�/

h SE?� r qýphur gh iudvhv qxpd vhsdudêær glvwlqwd gh xpd dprvwud gh frpsulphqwr ?

ghvwh surfhvvr1 Hqwær

*�4 t�T
?<"

SE?� *L} SE?�

?
� M Ef�

frp suredelolgdgh ��

Whruhpd 6151: ^9`/ Vhmdp if�j�M] xp surfhvvr hvwrfävwlfr hujöglfr hvwdflrqäulr h

,Ef�cf2c ���cf?� rv frpsulphqwrv gdv sdodyudv0fögljr dvvrfldgdv ä f�cf2c ���cf?1 Hqwær

*�4 t�T
?<"

�

?
,Ef�cf2c ���cf?� � M Ef� +617,

frp suredelolgdgh �1

Txdqgr f ì xpd irqwh hujöglfd hvwdflrqäuld/ rv uhvxowdgrv suryhqlhqwhv gr Ohpd

61518 h grv Whruhpdv 61519 h 6151:/ lpsolfdp txh

*�4 t�T
? <"

,Ef�cf2c ���cf?�

?
'*�4 t�T

? <"

SE?� *L} SE?�

?
� M Ef� � +618,
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Qhvwh fdsðwxor luhprv frqvlghudu d frgl�fdêær gh jhrgìvlfdv ihfkdgdv dvvrfldgdv

d fodvvhv gh pdwul}hv klshueöolfdv hp 7u E2c]� gh gxdv irupdv glihuhqwhv1 R fögljr

jhrpìwulfr/ frp uhvshlwr d xpd gdgd uhjlær ixqgdphqwdo/ ì rewlgr sru xpd frqvwuxêær

xqlyhuvdo sdud wrgrv rv juxsrv ixfkvldqrv/ hqtxdqwr r fögljr dulwpìwlfr gdgr sru

iudêøhv frqwðqxdv yhp gd whruld gd uhgxêær gh Jdxvv h/ ì hvshfð�fr sdud 7u E2c]�1

Qrvvr remhwlyr ì gdu xpd ghvfulêær frpsohwd gh wrgdv dv jhrgìvlfdv ihfkdgdv sdud dv

txdlv rv grlv fögljrv frlqflghp1

Ì lpsruwdqwh revhuydu txh d frgl�fdêær dulwpìwlfd qd Vhêær 615 ì ihlwd dwudyìv gh

öuelwdv glvfuhwdv hqtxdqwr txh qr suhvhqwh fdsðwxor/ d phvpd ì ihlwd sru phlr gh öuelwdv

frqwðqxdv/ d vdehu> dv öuelwdv gdv jhrgìvlfdv qr sodqr klshueöolfr1 Dv uhihuíqfldv sdud

hvwh fdsðwxor vær= ^5`/ ^6`/ ^44`/ ^48`/ ^49`/ ^4:`/ ^56`/ ^5;`/ ^5<`/ ^63` h ^64`1
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714 Frgl�fdêær gh Jhrgìvlfdv

D frgl�fdêær gh jhrgìvlfdv qr sodqr klshueöolfr hvwä dvvrfldgd dr hohphqwr jhrgìvlfr

sulplwlyr Ejhrgìvlfd txh lqwhuvhfwd d uhjlær ixqgdphqwdo� gh xp gdgr �0flfor1 Rv

fögljrv jhrpìwulfrv hvwær dvvrfldgrv ã �jhrphwuld� gd jhrgìvlfd hqtxdqwr txh rv fögljrv

dulwpìwlfrv hvwær dvvrfldgrv d �xpd dulwpìwlfd� Eiudêøhv frqwðqxdv� grv srqwrv �{rv gh

xpd wudqvirupdêær olqhdu iudflrqäuld Ewudqvirupdêøhv gh Pùelxv�1 D hvwd wudqvirupdêær

hvwä dvvrfldgd xpd pdwul} klshueöolfd gr juxsr 7u E2c]�1

71414 Fögljrv jhrpìwulfrv

R juxsr �7u E2cU� ' 7u E2cU� * i	Uj ' ^
�M7uE2cU�

i��c�j djh qr vhpl0sodqr

vxshulru K2 ' i5 5 Fm W4 5 : fj shodv wudqvirupdêøhv gh Pùelxv=

A G 5 $ @5 n K

S5 n _
+714,

dv txdlv vær lvrphwuldv Etxh suhvhuydp rulhqwdêær� gh K2 pxqlgd gd pìwulfd klshueöolfd1

Hvwd dêær vh hvwhqgh sdud d iurqwhlud gh K2/ U ^ i4j/ shod phvpd iöupxod1 Rv srqwrv

�{rv gh � 5 �7u E2cU� vær hqfrqwudgrv uhvroyhqgr0vh d htxdêær= 5 ' � E5� '
@5 n K

S5 n _
1

Vh d pdwul}

� '

3
C @ K

S _

4
D

dvvrfldgd ã wudqvirupdêær ì klshueöolfd/ lvwr ì/ m|h�m : 2/ hqwær � whp grlv srqwrv �{rv

hp U ^ i4j/ d vdehu= dv udð}hv gr srolq÷plr txdguäwlfr

'� E5� ' S5
2 n E_ � @� 5 � K ' f +715,

gh ghvfulplqdqwh

( ' E@n _�2 � e : f�

Xp srqwr �{r/ ghqrwdgr sru �/ ì glwr dwudwru/ lvwr ì/

�
�E�� '

_

_5
A E5��5'� '

�

ES� n _�2
	 �
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h r rxwur/ ghqrwdgr sru �/ ì glwr uhsxovru/ ��E�� : �1 Xpd jhrgìvlfd hp K2 gh �

sdud �/ fkdpdgd hl{r gh � h ghqrwdgd sru F E��/ �fd lqyduldqwh txdqgr hvfrokhprv d

pdwul} �� dr lqyìv gh �1 Vh � shuwhqfh d xp juxsr ixfkvldqr Kc lvwr ì/ xp vxejuxsr

glvfuhwr gh �7uE2cU�/ vhx hl{r wruqd0vh xpd jhrgìvlfd ihfkdgd qr hvsdêr txrflhqwh

K2
*K/ ^4:`1

Revhuydêær 71414 ^49`/ Vh grlv hohphqwrv �� h �2 vær frqmxjdgrv hp K/ lvwr ì/

�� ' ��2�
3� sdud dojxp � 5 K/ hqwær � pdshld r hl{r gh �2 vreuh r hl{r gh ��1

Frqvhtxhqwhphqwh/ �� h �2 uhsuhvhqwdp d phvpd jhrgìvlfd ihfkdgd rulhqwdgd hp K2
*K1

Uhflsurfdphqwh/ wrgd jhrgìvlfd ihfkdgd h rulhqwdgd hp K2
*K uhsuhvhqwd d fodvvh gh

frqmxjdêær gh xpd wudqvirupdêær klshueöolfd sulplwlyd hp K1

Qr txh vhjxh wrgdv dv jhrgìvlfdv ihfkdgdv vær frqvlghudgdv rulhqwdgdv1

Vhmd K xp juxsr ixfkvldqr gr sulphlur wlsr1 R remhwlyr ì frgl�fdu jhrgìvlfdv hp

uhodêær d xpd gdgd uhjlær ixqgdphqwdo gh Glulfkohw G EIljxud 714� sdud K/ d5;o1 Wdo

uhjlær vhpsuh whp xp qýphur sdu gh odgrv lghqwl�fdgrv shorv jhudgruhv gh K h ghqrwdgrv

sru i�
�
j1 R surfhglphqwr d vhu xwlol}dgr ì r gh urwxodu rv odgrv gh G shorv hohphqwrv

gr frqmxqwr i�
�
j frpr vhjxh= vh xp odgr r gh G ì lghqwl�fdgr hp G frp r odgr

�
�
Er�/ urwxodprv r odgr r sru �

�
1 Sru urwxodphqwr gdv lpdjhqv gh xp odgr r vreuh

K shor phvpr jhudgru �
�
rewhprv r urwxodphqwr gh wrgr uhwlfxodgr Q gh lpdjhqv gh

odgrv gh G/ wdo txh/ fdgd odgr hp Q whqkd grlv uöwxorv fruuhvsrqghqwhv ãv lpdjhqv

gh G frpsduwlokdgdv sru hvwh odgr1 Txdotxhu jhrgìvlfd rulhqwdgd hp K2 srgh vhu

frgl�fdgd sru xpd vhtÿíqfld gh jhudgruhv gh K/ wdo jhrgìvlfd urwxod rv vxfhvvlyrv odgrv

gr uhwlfxodgr Q sru hod fruwdgrv1 Hp fdgd fruwh hvfrokhprv r uöwxor fruuhvsrqghqwh d

lpdjhp gd jhrgìvlfd gh hqwudgd1 Vhp shugd gh jhqhudolgdghv / ghvfuhyh0vh d vhtÿíqfld

gh frgl�fdêær gh xpd jhrgìvlfd vhpsuh vxsrqgr txh hod qær sdvvd shorv yìuwlfhv gr

uhwlfxodgrQ E�JoJ,�@o�Je���2�� �Dvvlp/ srghprv dvvxplu txh hod lqwhuvhfwdG h hvfrokhu

xp srqwr lqlfldo qr lqwhulru gh G1 Dsöv vdlu gh G hvwd jhrgìvlfd hqwud qxpd rxwud uhjlær

yl}lqkd gh G/ d vdehu= d lpdjhp gh G sru xp hohphqwr gr frqmxqwr
�
�

�

�
dwudyìv gr

odgr urwxodgr/ gljdprv/ sru ��/ frqiruph hvwä loxvwudgr qd Iljxud e��1 Sruwdqwr/ hvwd

lpdjhp ì ��EG� h r sulphlur vðperor gr fögljr ì ��1 Vh hod hqwud qd vhjxqgd lpdjhp gh

7:



G dwudyìv gr odgr urwxodgr sru �2/ d vhjxqgd lpdjhp ì E���2�
3�
� �E��EG�� ' ���2EG�/

h r vhjxqgr vðperor gr fögljr ì �2/ h dvvlp sru gldqwh1 Ghvwh prgr/ rewhp0vh xpd

vhtÿíqfld gh wrgdv dv lpdjhqv gh G fruwdgdv sru hvvd jhrgìvlfd qd gluhêær gh vxd

rulhqwdêær/ d vdehu= Gc ��EG�c ���2EG�c � � �1

^49`/ Vh d jhrgìvlfd ì r hl{r gh xp hohphqwr klshueöolfr sulplwlyr � 5 K/ whp0vh

� ' ���2 � � � �? +716,

sdud dojxp ?1 Qhvwh fdvr/ d vhtÿíqfld ì shulöglfd frp shuðrgr pðqlpr d��c �2c ���c �?o1

γ

1

γ (D)

γ (D)
2

D

γ

γ

γ

2

1

γ

γ γ
γ

γ

γ

-1

1

γ

3

2

2
-1

-1

1

1

1

-1

2

3

Iljxud 714= D uhjlær gh Glulfkohw h vxdv lpdjhqv1

Vhjxlqgr0vh rv vhjphqwrv jhrgìvlfrv rulhqwdgrv gr uhwlfxodgrQ hqwuh wrgrv rv fruwhv

frqvhfxwlyrv/ fkhjd0vh qrydphqwh hp G/ frpr srgh vhu ylvwr qd Iljxud 7141 Ghvwd

pdqhlud rewhprv xpd jhrgìvlfd hp G1

Revhuydêær 71415 Qr frqwh{wr/ d sdodyud ohydqwdphqwr vljql�fd r lqyhuvr gd surmhêær1

D vhtÿíqfld gh frgl�fdêær ghvfulwd dflpd/ srgh wdpeìp vhu rewlgd wrpdqgr rv

lqyhuvrv grv jhudgruhv gh K/ lvwr ì/ �
3� ' �

3�
?

����
3�
2 �

3�
� frqiruph prvwudgr qd Iljxud

7141 R hl{r gh xp hohphqwr klshueöolfr sulplwlyr FE�� wruqd0vh xpd jhrgìvlfd ihfkdgd
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γ

2

Iljxud 715= Ohydqwdphqwr gd Iljxud 714 sdud r sodqr klshueöolfr1

hpG1 Srghprv vhpsuh vxsru txh dv jhrgìvlfdv qær sdvvdp shorv yìuwlfhv gh G1 Txdqgr

lvwr dfrqwhfh/ jhud xpd dpeljÿlgdgh/ txh srgh vhpsuh vhu uhprylgd/ ^49`1

Vh grlv hohphqwrv vær frqmxjdgrv hp K/ vxdv jhrgìvlfdv ihfkdgdv frlqflghp/ h

frqvhtxhqwhphqwh/ r shuðrgr gh vxdv vhtÿíqfldv gh frgl�fdêær glihuhp sru xp flfor

gh shupxwdêær1 Uhflsurfdphqwh/ vh grlv hohphqwrv sulplwlyrv klshueöolfrv wíp vhxv

shuðrgrv hp vxdv vhtÿíqfldv gh frgl�fdêær txh glihuhp sru xp flfor gh shupxwdêær/

hqwær sru Ee��� hohv vær frqmxjdgrv hp K/ h frqvhtxhqwhphqwh/ vxdv jhrgìvlfdv ihfkdgdv

frlqflghp1 Fkdpdprv r shuðrgr gd vhtÿíqfld gh frgl�fdêær gh FE�� hp uhodêær d

xpd uhjlær gh Glulfkohw/ d phqrv gh xp flfor gh shupxwdêær/ r fögljr gh Pruvh gh

xpd jhrgìvlfd ihfkdgd dvvrfldgd d xpd fodvvh gh frqmxjdêær gh �/ h ghqrwdpr0or sru

d�o ' d��c �2c ���c �?o1 R hl{r gd wudqvirupdêær lqyhuvd/ FE�3��/ ì d phvpd jhrgìvlfd txh

FE��/ vö txh rulhqwdgd qd gluhêær rsrvwd1 Ì fodur txh vhx fögljr gh Pruvh ì gdgr sru

d�3�o ' d�3�
?
c �
3�
?3�c ���c �

3�
� o1 R fögljr gh Pruvh gd pdwul} � '

3
C e ��

� f

4
D/ ghqrwdgr

wdpeìp sru d�o/ ì r fögljr gh Pruvh gd fruuhvsrqghqwh wudqvirupdêær gh Pùelxv1

R fögljr gh Pruvh gd pdwul} � 5 7uE2c]� hp uhodêær ã uhjlær ixqgdphqwdo

8 ' i5 5 K2( m5m � �c m+i 5m � �

2
j

srgh vhu ghvfulwr sru xpd vhtÿíqfld �qlwd gh qýphurv lqwhlurv1
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Iljxud 716= Frgl�fdêær jhrpìwulfd1

Ì frqyhqlhqwh frqvlghudu 8 frpr qd Iljxud e�e/ lvwr ì/ frpr xp txdguloäwhur dr lqyìv

gh xp wulåqjxor/ frp r srqwr � vhsdudqgr hp grlv odgrv/ r dufr gr fðufxor xqlwäulr1

R odgr yhuwlfdo hvtxhugr �� ì lghqwl�fdgr frp r odgr gluhlwr �2 shod wudqvirupdêær

A E5� ' 5n�/ h rv grlv dufrv gr flufxor xqlwäulr/ ghqrwdgrv sru @� h @2 uhvshfwlydphqwh/

vær shupxwdgrv shod wudqvirupdfær 7E5� ' ��*5/ d txdo �{d r srqwr �1 Gh dfrugr

frp qrvvd frqyhqêær rv odgrv �� h �2 vær urwxodgrv sru A h A
3� uhvshfwlydphqwh/ h

dperv rv odgrv @� h @2 sru 71 Qhvwd sduwlfxodu vlwxdêær/ r fögljr gh Pruvh d�o ì xpd

vhtÿíqfld frqwhqgr rv vðperorv( Ac A3� h 71 Hvwd vhtÿíqfld ghyh frqwhu shor phqrv

xp 7/ gh wdo irupd txhG xp 7 qær srgh vhu vhjxlgr gh rxwur 7/ xp A qær srgh vhu

vhjxlgr gh A
3� h ylfh0yhuvd1 Sruwdqwr/ d�o ì xpd vhtÿíqfld �qlwd gh eorfrv/ gh�qlgd

d phqrv gh xp flfor gh shupxwdêær/ frqvlvwlqgr gh A
�
r h A

3��
r txh vær vhsdudgrv sru

7
�
r1 Frpr hod qær srgh frphêdu h whuplqdu frp 7/ ydprv dvvxplu txh hod vhpsuh

whuplqd frp 7� Sdud fdgd eorfr gh A
�
r dvvrfldprv xp qýphur lqwhlur srvlwlyr ljxdo

dr vhx frpsulphqwr/ h d fdgd eorfr gh A3��
r dvvrfldprv xp lqwhlur qhjdwlyr fxmr ydoru

devroxwr Epögxor� ì ljxdo dr vhx frpsulphqwr1 Dvvlp/ rewhprv xpd vhtÿíqfld �qlwd

gh lqwhlurv d?�c ?2c ���c ?6o/ fkdpdgd r fögljr jhrpìwulfr gh �/ wdpeìp ghqrwdgr sru

d�o/ r txdo fodvvl�fd jhrgìvlfdv ihfkdgdv vreuh d vxshuiðflh prgxodu K2
*�7uE2c]�1 D

vhtÿíqfld gh frgl�fdêær gh xpd jhrgìvlfd sdvvdqgr shor yìuwlfh 4 gh 8 qr vhqwlgr
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Iljxud 717= Frq�qdphqwr gd Iljxud 716 ã uhjlær ixqgdphqwdo 8�

kruäulr ì rewlgd shod frqyhqêær gh txh h{lvwh 8 hp dperv rv odgrv gh �21 R hl{r gh

�e '

3
C e ��

� f

4
D/ sdvvdqgr shor yìuwlfh 4c h fruuhvsrqghqwh ã jhrgìvlfd ihfkdgd FE�e�

hp 8 / ì prvwudgr qd Iljxud 7171 Gh dfrugr frp d qrvvd frqyhqêær/ r fögljr gh Pruvh

ì dAc AcAc Ac7oc h r fruuhvsrqghqwh fögljr jhrpìwulfr ì deo1

71415 Fögljrv dulwpìwlfrv

Qhvwd vxevhêær iduhprv xvr gdv iudêøhv frqwðqxdv qd frqvwuxêær gh fögljrv d vhuhp

xwlol}dgrv qd frgl�fdêær gh jhrgìvlfdv vreuh vxshuiðflhv prgxoduhv ESursrvlêær 714144�/

xvdqgr d whruld gd uhgxêær gh Jdxvv1 Wdlv fögljrv vær vhtÿíqfldv gh qýphurv lqwhlurv

E?�c ?2c ���c ?6�/ frp ?� � 2/ gh�qlgrv d phqrv gh xp flfor gh shupxwdêær1 Fkdpd0
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or0hprv gh fögljr dulwpìwlfr gd fodvvh gh frqmxjdêær gh �/ ghqrwdgr sru E��1 R

Whruhpd 714154 iruqhfh xpd ghvfulêær frpsohwd gh wrgdv dv jhrgìvlfdv ihfkdgdv sdud dv

txdlv rv fögljrv dulwpìwlfrv h jhrpìwulfrv frlqflghp1

Vxsrqkd djrud txh whprv xp frqmxqwr pxqlgr gh xpd uhodêær gh htxlydoíqfld1 Hp

whuprv jhudlv/ d whruld gd uhgxêær ESs� d48o� ì xp dojrulwpr sdud dfkdu uhsuhvhqwdqwhv

fdq÷qlfrv hp fdgd fodvvh gh htxlydoíqfld1 Wdlv uhsuhvhqwdqwhv vær fkdpdgrv hohphqwrv

uhgx}lgrv1 Fdgd fodvvh gh htxlydoíqfld frqwìp xp frqmxqwr fdq÷qlfr E�qlwr h qær0

yd}lr� gh hohphqwrv uhgx}lgrv/ rv txdlv irupdp xp flfor1 Vhjxlqgr r dojrulwpr gh

uhgxêær ESursrvlêær 714147�/ srghprv sdvvdu gh xp gdgr hohphqwr ghqwur gd fodvvh gh

htxlydoíqfld sdud r hohphqwr uhgx}lgr/ sru xp qýphur �qlwr gh hwdsdv1 Dsolfdqgr r

phvpr dojrulwpr sdud xp hohphqwr uhgx}lgr/ rewhprv wrgrv rv hohphqwrv uhgx}lgrv gr

flfor1

Gh prgr d wruqdu fodur hvvhv frqfhlwrv/ frqvlghuh r dojrulwpr gh uhgxêær sdud

juxsrv ixfkvldqrv fr0frpsdfwrv ^48`1 Rv hohphqwrv fxmr hl{r lqwhuvhfwd xpd gdgd

uhjlær ixqgdphqwdo G vær rv hohphqwrv uhgx}lgrv1 R flfor gh vhxv hohphqwrv uhgx}lgrv

K0frqmxjdgrv vær wrgrv rv hohphqwrv uhgx}lgrv frp r phvpr fögljr gh Pruvh/ h d

lqwhuvhfêær gh vxdv jhrgìvlfdv frp d uhjlær G frpsuhhqgh wrgdv dv jhrgìvlfdv ihfkdgdv

dvvrfldgdv d hvwd sduwlfxodu fodvvh gh frqmxjdêær1

Xpd pdwul} klshueöolfd hp 7uE2c]� ì fkdpdgd uhgx}lgd vh dwudl h uhshoh srqwrv

�{rv � h � uhvshfwlydphqwh/ vdwlvid}hqgr=

� : �c f 	 � 	 � +717,

R frqmxqwr gh wrgdv dv pdwul}hv uhgx}lgdv frqmxjdgdv gh xpd gdgd pdwul} � 5
7uE2c]� ì fkdpdgr gh �0flfor1

Yhuhprv dgldqwh ESursrvlêær 714147� txh sdud txdotxhu pdwul} � 5 7uE2c]� r �0

flfor frqvlvwlqgr gh wrgdv dv pdwul}hv � wdlv txh E�� ' E�� ì �qlwr h qær0yd}lr1 Ghfruuh

gr Fruroäulr 71414:/ txh d 60xsod gh lqwhlurv E?�c ?2c ���c ?6�/ frp ?� � 2/ ì xp fögljr

dulwpìwlfr gh dojxp �0flfor h{soðflwr1
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Vhmd G xpd uhjlær ixqgdphqwdo hp K21 Xpd pdwul} � 5 7uE2c]� ì fkdpdgd G0
uhgx}lgd vh ì uhgx}lgd h vhx hl{r lqwhuvhfwd G1

Qr txh vhjxh G vhuä d uhjlær ixqgdphqwdo 8 frqwlgd qd Iljxud 717 rx xpd gh vxdv

lpdjhqv sru hohphqwrv gh 7uE2c]�1

Xpd pdwul} klshueöolfd hp 7uE2c]� ì fkdpdgd wrwdophqwh 8 0uhgx}lgd vh wrgdv

dv pdwul}hv qr �0flfor vær 8 0uhgx}lgdv1

Revhuydêær 71416 ^49`/ sdj18/ D gluhêær gr hl{r gh xpd wudqvirupdêær klshueöolfd

qær ì lqyduldqwh sru frqmxjdêær/ lvwr ì/ dojxpdv jhrgìvlfdv hp 8 srghp vhu rulhqwdgdv

qr vhqwlgr kruäulr/ h rxwudv qr vhqwlgr dqwl0kruäulr1 Hvwh idwr srgh vhu fodudphqwh

revhuydgr qd Iljxud e�D1 Xp fdvr txdqgr wrgrv rv vhjphqwrv jhrgìvlfrv vær rulhqwdgrv

qr vhqwlgr kruäulr ì hvshfldo h vhuä remhwr gr Whruhpd e���2f/ Vxevhêær e����1

Whruld gdv iudêøhv frqwðqxdv

Vhmdp ?fc ?�c ?2c ��� xpd vhtÿíqfld gh qýphurv lqwhlurv vdwlvid}hqgr ?�c ?2c ��� � 2�

Ydprv ghqrwdu sru E?fc ?�c ���c ?r� d iudêær frqwðqxd �qlwd

E?fc ?�c ���c ?r� ' ?f �
�

?� �
�

?2 �
�

1 1 1 � �

?r

+718,

h sru E?fc ?�c ?2c ���� r olplwh *�4r<"E?fc ?�c ���c ?r�� Uhflsurfdphqwh/ Eshod xqlflgdgh gr

olplwh,/ wrgr qýphur k whp xpd ýqlfd h{sdqvær hp iudêøhv frqwðqxdv k ' E?fc ?�c ?2c ����

frp ?� 5 ] h ?�c ?2c ��� � 2/ id}hqgr>

?f ' ddkoo n � h/ lqgxwlydphqwh>

?� ' ddk�oo n �/ rqgh k�n� '
�

?� � k�

h/ dd%oo ghqrwd d sduwh lqwhlud gh %1

Lvwr hvwdehohfh xpd fruuhvsrqgíqfld elxqðyrfd hqwuh r frqmxqwr gh qýphurv uhdlv k

h r frqmxqwr gdv vhtÿíqfldv lq�qlwdv E?fc ?�c ?2c ���� frp ?� 5 ]c h ?�c ?2c ��� � 21

Hvvd fruuhvsrqgíqfld vdwlvid} dv vhjxlqwhv sursulhgdghv/ ^49`=

E���� k ì udflrqdo vh/ h vrphqwh vh/ d sduwlu gh dojxp srqwr wrgrv rv ?�
�
r vær ljxdlv d 2>
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+415, k ì xpd luudflrqdolgdgh txdguäwlfd/ lvwr ì/ xpd udl} gh xp srolq÷plr txdguäwlfr

frp frh�flhqwhv hp ] vh/ h vrphqwh vh/ vxd h{sdqvær hp iudêøhv frqwðqxdv

ì hyhqwxdophqwh shulöglfd/ lvwr ì/ gh xp fhuwr srqwr hp gldqwh vh uhshwh

shulrglfdphqwh/ rx vhmd/ k ' E?fc ?�c ���?&c ?&n�c ?&n2c ���c ?&n6�/ rqgh d eduud vreuh

?&n�c ?&n2c ���c ?&n6 vljql�fd txh hvvhv qýphurv vh uhshwhp shulrglfdphqwh/ h vhx

shuðrgr pðqlpr ì 6>

E���� k whp xpd h{sdqvær hp iudêøhv frqwðqxdv shulöglfd sxud vh/ h vrphqwh vh/ k : �c

h f 	 k
�
	 �/ rqgh k� ì d udl} frqmxjdgd gh k/ lvwr ì/ d rxwud udl} gr phvpr

srolq÷plr txdguäwlfr gr txdo k ì udl}>

E��e� Vh k ' E?�c ?2c ���c ?6�/ hqwær �*k� ' E?6c ?63�c ���c ?��1

Revhuydêær 71417 D sursulhgdgh E���� ì ghyhudv lpsruwdqwh1 Hod gä xpd gh�qlêær

htxlydohqwh sdud xpd pdwul} uhgx}lgd= Xpd pdwul} ì uhgx}lgd vh/ h vrphqwh vh/ vhx

srqwr �{r dwudwru whp xpd h{sdqvær hp iudêøhv frqwðqxdv shulöglfd sxud1

D sursrvlêær d vhjxlu ì fuxfldo sdud rv qrvvrv sursövlwrv1 Hod prvwud txh r shuðrgr

gh xpd h{sdqvær hp iudêøhv frqwðqxdv ì xp vlvwhpd frpsohwr gh 7uE2c]�0lqyduldqwhv1

Sursrvlêær 71418 ^49`/ Gxdv luudflrqdolgdghv txdguäwlfdv vær rewlgdv xpd gd rxwud

shod dsolfdêær gh xpd wudqvirupdêær gh 7uE2c]� vh/ h vrphqwh vh/ rv shuðrgrv gh vxdv

h{sdqvøhv hp iudêøhv frqwðqxdv vær shupxwdêøhv fðfolfdv xpd gd rxwud1

H{hpsorv

H{hpsor 71419 Frqvlghuh d pdwul} � '

3
C �e ��

D ��

4
D 5 7uE2c]�1 Uhvroyhqgr0vh

d htxdêær A E5� '
�e5 � �

D5 � �
' 5/ hqfrqwudprv rv srqwrv �{rv gd wudqvirupdêær A

dvvrfldgd d pdwul} �/ d vdehu> 5 '
�D	s�SD

�f
1 Wrph � '

�D n
s
�SD

�f
z 2c.HeD : �

h f 	 � '
�D�

s
�SD

�f
z fc 2�De 	 �1 Uhsuhvhqwdgr frpr iudêær frqwðqxd � ' E�c D�/

frqvhtxhqwhphqwh r fögljr dulwpìwlfr ì E�� ' E�c D��
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H{hpsor 7141: Ydprv fdofxodu � ' E�cD� xvdqgr r whruld gdv iudêøhv frqwðqxdv1 Idêd

k '
�D n

s
�SD

�f
z 2c .HeDc

gdð

?f ' ddkfoo n � ' dd2c .HeDoo n � ' ��

?� ' ddk�oo n �c rqgh

k� '
�

?f � kf

' e�Sefe, ?� ' ddec Sefeoo n � ' D�

?2 ' ddk2oo n �/ rqgh

k2 '
�

?� � k�

' 2c .Hff ', ?2 ' dd2c .Hffoo n � ' ��

?� ' ddk�oo n �c rqgh/

k� '
�

?2 � k2

' ec DeDe ', ?� ' ddec DeDeoo n � ' D�

Frqwlqxdqgr dvvlp/ rewhprv txh

� ' E�c Dc�c Dc � � �� ' E�c D��

H{hpsor 7141; D jhrgìvlfd ihfkdgd hp 8 fruuhvsrqghqwh ã fodvvh gh frqmxjdêær gh

�/ prvwudgd qd Iljxud e�D/ frqvlvwh gh �f vhjphqwrv jhrgìvlfrv rulhqwdgrv/ d vdehu=

rv vhjphqwrv qxphudgrv gh �0. vær rulhqwdgrv qr vhqwlgr kruäulr/ hqtxdqwr txh rv

vhjphqwrv qxphudgrv gh H0�f vær rulhqwdgrv qr vhqwlgr dqwl0kruäulr1 Vhjxlqgr d

jhrgìvlfd ihfkdgd hp 8 rewhprv vhx fögljr jhrpìwulfr d�o ' dSc�2o / txh ì glihuhqwh gh

vhx fögljr dulwpìwlfr E�� ' EHc 2�� Qrwh txh � qær ì wrwdophqwh 8 0uhgx}lgd E8 qær ì

uhgx}lgd� srlv vhx srqwr �{r uhsxovru dvvrfldgr ã � ì � ' e� 2
s
� z fc D�Db :

�

2
�

H{hpsor 7141< Dv pdwul}hv � '

3
C �e ��

D ��

4
D h � '

3
C SD ��.

2� �S

4
D vær uhgx}lgdv/

pdv qær vær wrwdophqwh 8 0uhgx}lgdv1 Vhxv fögljrv dulwpìwlfrv h jhrpìwulfrv vær

uhvshfwlydphqwh>

E�� ' E�cD�/ pdv d�o ' d��c �c��c �o h/
E�� ' E�cSc e�/ pdv d�o ' d��c �c��cDc �o1
R Whruhpd 714155/ Vxevhêær 71416 iruqhfh xpd frqglêær qhfhvväuld h vx�flhqwh sdud

txh xpd pdwul} vhmd wrwdophqwh 8 0uhgx}lgd hp ixqêær gh vhx fögljr dulwpìwlfr1
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5

4

43

6

7

8

9

:

;

<

Iljxud 718= Vhjphqwrv jhrgìvlfrv

Whruld gd uhgxêær gh Jdxvv h idwrudêær gh pdwul}hv uhgx}lgdv

Sdud hqwhqghu d frqh{ær hqwuh rv fögljrv dulwpìwlfrv h jhrpìwulfrv dsuhvhqwdprv

dtxl xpd whruld htxlydohqwh ã whruld gd uhgxêær gh Jdxvv sdud pdwul}hv hp 7uE2c]�1

Xp grv uhvxowdgrv lpsruwdqwhv ì r hvwdehohflgr qr vhjxlqwh=

Ohpd 714143 d49oc Vhmdp K xp juxsr ixfkvldqr h ��c �2 5 K hohphqwrv klshueöolfrv

whqgr xp srqwr �{r frpxp1 Hqwær rv vhjxqgrv srqwrv �{rv wdpeìp frlqflghp/ h

frqvhtxhqwhphqwh/ hohv wíp r phvpr hl{r/ h dperv vær srwíqfld gh xpd pdwul} sulplwlyd

frp r phvpr hl{r1

Ghprqvwudêær1 Sru frqmxjdêær srghprv vxsru txh �� h �2 �{dp4/ dvvlp

��E5� ' b5 Eb : ��c h �2E5� ' >5 n & E> 9' �c & 9' f��

Hqwær

�
3?

� �2�
?

� E5� ' b
3?E>Eb?5� n &� ' >5 n b

3?
&�
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Sruwdqwr/
���3?� �2�

?

�

�� ì olplwdgd txdqgr ? $ 4c h frqvhtxhqwhphqwh d vhtÿíqfld

i�3?� �2�
?

�j frqwìp xpd vxevhtÿíqfld frqyhujhqwh gh whuprv glvwlqwrv/ r txh ì xpd

frqwudglêær srlv K ì glvfuhwr1

D sursrvlêær d vhjxlu iruqhfh xpd fdudfwhul}dêær gdv pdwul}hv frqmxjdgdv hp

7uE2c]�1

Sursrvlêær 714144 ^49`/ Gxdv pdwul}hv klshueöolfdv �c� 5 7uE2c]� frp r phvpr

wudêr vær frqmxjdgdv hp 7uE2c]� vh/ h vrphqwh vh/ vhxv srqwrv �{rv dwudwruhv

EoeR�,rJoer� wíp shuðrgrv qdv vxdv h{sdqvøhv hp iudêøhv frqwðqxdv txh vær shupxwdêøhv

fðfolfdv xp gr rxwur1

Ghprqvwudêær1 Vhmdp�� h �� rv srqwrv �{rv dwudwruhv gh� h �/ uhvshfwlydphqwh/

wdlv txh rv shuðrgrv gdv fruuhvsrqghqwhv h{sdqvøhv hp iudêøhv frqwðqxdv glihuhp sru

xp flfor gh shupxwdêær1 Hqwær/ shod Sursrvlêær 71418/ h{lvwh � 5 7uE2c]� wdo txh

�� ' ��� 1 Gdð/ ���
3�E��� ' ���

3�E���� ' ��E��� ' �E��� ' �� ' �E���/

lvwr ì/ ��� h � wíp r phvpr srqwr �{r ��/ h shor Ohpd 714143 hohv wíp r phvpr

wudêr/ rx vhmd/ ���
3� ' � rx ���

3� ' ��1 Frpr wdqwr �� h �� vær dwudwruhv h ��

ì dwudwru sdud ���
3� h �c uhvxowd txh ���

3� ' �1 Uhflsurfdphqwh/ vxsrqkdprv txh

�c� 5 7uE2c]� vær frqmxjdgdv1 Hqwær vhxv srqwrv �{rv dwudwruhv �� h �� vær rewlgrv

xp gr rxwur sru dsolfdêær gh xpd pdwul} � 5 7uE2c]�1 Gdð/ shod Sursrvlêær 71418 rv

shuðrgrv gh vxdv h{sdqvøhv hp iudêøhv frqwðqxdv gh �� h �� glihuhp sru xp flfor gh

shupxwdêær1

Dvvlp/ hp dglêær drv fögljrv jhrpìwulfrv ghvfulwrv qd Vxevhêær 71414/ rewhprv grlv

rxwurv lqyduldqwhv gh xpd jhrgìvlfd ihfkdgd/ wdpeìp gh�qlgrv d phqrv gh xp flfor gh

shupxwdêær= rv shuðrgrv gh vxdv h{sdqvøhv hp iudêøhv frqwðqxdv gh vhxv srqwrv �{rv

dwudwru h uhsxovru1 R sulphlur lqyduldqwh/ r txdo fkdpdprv gh fögljr dulwpìwlfr gh

� h ghqrwdprv sru E��/ frlqflgh frp r fögljr jhrpìwulfr sdud xpd dpsod fodvvh gh

jhrgìvlfdv ihfkdgdv lghqwl�fdgdv qr Whruhpd e���2f1 R vhjxqgr ì r fögljr dulwpìwlfr

dvvrfldgr d pdwul} E�3�� txh fruuhvsrqgh ã phvpd jhrgìvlfd dvvrfldgd d pdwul} � frp

rulhqwdêær rsrvwd1 Qrwh txh/ vh � ì uhgx}lgd/ d uhodêær E��e� gd Vxevhêær e���� ì yäolgd1

8:



D vhjxlu hqxqfldprv dojxqv uhvxowdgrv/ txh gl}hp uhvshlwr d pdwul}hv uhgx}lgdv/

qhfhvväulrv qdv ghprvwudêøhv grv Whruhpdv 714153 h 7141551 R ohpd d vhjxlu ghvfuhyh dv

pdwul}hv uhgx}lgdv hp ixqêær gh vxdv hqwudgdv1

Ohpd 714145 d49o Vhmd � '

3
C @ K

S _

4
D xpd pdwul} hp 7uE2c]� frp m@n _m : 21 � ì

uhgx}lgd vh/ h vrphqwh vh/ S : fc @n K� S � _ : f h K 	 f1 Sdud xpd pdwul} uhgx}lgd

� frp srqwr �{r dwudwru � : � wdpeìp whprv=

+l, @ : fc Sn _ : fc _ � f>

+ll,
@n K

Sn _
	 � 	

@

S
1

Fruroäulr 714146 ^49`/ Vhmd � xpd pdwul} uhgx}lgd frp srqwr �{r dwudwru �1 Hqwær/

frqvlghudgd frpr xpd ixqêær vreuh U^ i4j c � E%� ì fuhvfhqwh sdud % : �1 Sdud

txdotxhu qýphur �{dgr % : � d vhtÿíqfld i�?E%�j Efrqyhujlqgr sdud �� ì ghfuhvfhqwh

vh % : � h fuhvfhqwh vh � 	 % 	 �1

Sursrvlêær 714147 +Dojrulwpr gh uhgxêær, d49o/ d48o/ H{lvwh xp qýphur �qlwr gh

pdwul}hv hp 7uE2c]� frp xp gdgr wudêr |c m|m : 2� Xpd pdwul} klshueöolfd hp

7uE2c]� frp xp gdgr wudêr | srgh vhpsuh vhu uhgx}lgd sru xp qýphur �qlwr gh

frqmxjdêøhv1 Dsolfdgd d xpd pdwul} uhgx}lgd �/ hvwd frqmxjdêær gä xpd rxwud pdwul}

uhgx}lgd1 Dvvlp/ txdotxhu pdwul} uhgx}lgd frqmxjdgd ã pdwul} �c srgh vhu rewlgd gh

� sru frqmxjdêær1 Ghvvh prgr/ r frqmxqwr gdv pdwul}hv uhgx}lgdv srgh vhpsuh vhu

ghfrpsrvwr hp flforv glvmxqwrv gh pdwul}hv frqmxjdgdv1

Sursrvlêær 714148 d49o/ Vhmdp ?�c ?2c ���c ?6 � 2 qýphurv lqwhlurv/ h � '

3
C @ K

S _

4
D

xpd pdwul} klshueöolfd EmAh �m : 2� sulplwlyd frp wudêr srvlwlyr h srqwr �{r dwudwru

� ' E?�c ?2c ����c ?6� 1 +719,

Hqwær � srgh vhu uhsuhvhqwdgd qd irupd

� ' A
?�7A

?27 � � �A ?67/

8;



rqgh A '

3
C � �

f �

4
D h 7 '

3
C f ��

� f

4
D �

Hqxqfldprv djrud xp uhvxowdgr txh ì xvdgr hp ^49`/ qd ghprqvwudêær gd Sursrvlêær

714148/ ehp frpr vhuä xwlol}dgr qd ghprvwudêær gr Whruhpd 7141551

Ohpd 714149 d49o/ Vhmdp ? � 2 xp qýphur lqwhlur/ � '

3
C @ K

S _

4
D 5 7uE2c]� h �

xp qýphur uhdo vdwlvid}hqgr dv vhjxlqwhv frqglêøhv=

+l, Sc Sn _ : f(

E��� ?� � 	 � 	 ?(

E����
@n K

Sn _
	 � 	

@

S
�

Hqwær/ ?� � 	
@

S
	 ?�

Ghprqvwudêær1 D ghvljxdogdgh gd hvtxhugd vhjxh gh E��� h E���� sru wudqvlwlylgdgh1

Sdud surydu d ghvljxdogdgh gr odgr gluhlwr/ vxsrqkd sru devxugr txh ? 	
@

S
1 Hqwær sru

E���� h E���c
@n K

Sn _
	 ? 	

@

S

gdð/ @S n KS 	 ?SES n _� 	 @S n @_ , KS 	 ?SES n _� 	 @_ � KS ' �� R txh ì xpd

frqwudglêær1 Srlv ? � 2c S : f h ESn _� : f�

Fruroäulr 71414: d49o/ Vhmdp ?�c ?2c ���c ?6 qýphurv lqwhlurv pdlruhv rx ljxdlv d 2/

A '

3
C � �

f �

4
D h 7 '

3
C f ��

� f

4
D � Hqwær

� ' A
?�7A

?27 � � � A?67c

ì xpd pdwul} klshueöolfd frp wudêr srvlwlyr/ uhgx}lgd/ h E�� ' E?�c ?2c ����c ?6� �

Revhuydêær 71414; Rv fögljrv dulwpìwlfrv vær ghqrwdgrv sru � ' E?�c ?2c ���c ?6�

frp ?� � 2c ;� ' �c ���c6� Sruwdqwr/ xpd frqglêær qhfhvväuld sdud txh xp fögljr

jhrpìwulfr vhmd ljxdo d xp fögljr dulwpìwlfr ì txh hoh qær whqkd qýphurv qhjdwlyrv hp

vxd uhsuhvhqwdêær1 Sru h{hpsor/ r fögljr jhrpìwulfr dSc�2o mdpdlv frlqflgluä frp xp

fögljr dulwpìwlfr1

8<



Ohpd 71414< Xpd pdwul} � 5 7uE2c]� ì 8 0uhgx}lgd vh +E�*2� �
s
�

2
c rqgh + ' +E%�

ì gh�qlgr shod htxdêær

SE%2 n +
2� n E_� @�%� K ' f1

Revhuyh0vh txh hvwh ohpd fdudfwhul}d wrgdv jhrgìvlfdv 8 0uhgx}lgdv1 Doìp glvvr/

qær vhqgr 8 0uhgx}lgd/ xpd wdo jhrgìvlfd qær vhuä wrwdophqwh 8 0uhgx}lgd/ hqwær/ shor

Whruhpd 714153 d vhjxlu/ r fögljr dulwpìwlfr dvvrfldgr d phvpd/ qær frlqflgluä frp

txdotxhu fögljr jhrpìwulfr gdgr1 D Iljxud 716 loxvwud hvwh idwr1

71416 Frqglêøhv gh htxlydoíqfld grv fögljrv jhrpìwulfrv h

dulwpìwlfrv

Ydprv uhohpeudu txh xpd pdwul} � ì wrwdophqwh 8 0uhgx}lgd vh wrgdv dv pdwul}hv qr

�0flfor vær 8 0uhgx}lgdv1 R whruhpd d vhjxlu iruqhfh d frqglêær qhfhvväuld h vx�flhqwh

sdud txh xpd pdwul} klshueöolfd � 5 7uE2c]� vhmd wrwdophqwh 8 0uhgx}lgd hp ixqêær

gh vhx fögljr dulwpìwlfr1

Whruhpd 714153 ^49`/ Vhmd � 5 7uE2c]� xpd pdwul} klshueöolfd1 Dv vhjxlqwhv

d�updêøhv vær htxlydohqwhv=

+4, � ì wrwdophqwh 8 0uhgx}lgd1

+5, Rv fögljrv dulwpìwlfrv h jhrpìwulfrv gh � frlqflghp1

+6, Wrgrv rv vhjphqwrv jhrgìvlfrv Efrpsrqhqwhv gd jhrgìvlfd� hp 8 fruuhvsrqghqwhv

d fodvvh gh frqmxjdêær gh � vær rulhqwdgrv qr vhqwlgr kruäulr1

Ghprqvwudêær1 E�� , E2� Vxsrqkd txh � ì wrwdophqwh 8 0uhgx}lgd1 Hqwær rv

hl{rv gh wrgdv dv pdwul}hv gr �0flfor ghyhp hqwudu hp 8 dwudyìv gr odgr @21 Frpr hodv

vær rulhqwdgdv qr vhqwlgr kruäulr/ ghyhp vdlu gh 8 shor odgr �21 Vhmd E?�c ?2c ���c ?6� d

h{sdqvær hp iudêøhv frqwðqxdv gr srqwr �{r dwudwru � gh �1 Hqwær r hl{r gh A
3�
�A

hqwud hp 8 shor odgr �� h vdl shor odgr �21 Vxsrqkd txh rv hl{rv gh A
3�
�A

� wíp d
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phvpd sursulhgdgh sdud wrgr � � � 	 &/ h txh r hl{r gh A3&
�A

& hqwud hp 8 sru �� h

ghl{d 8 sru @� rx @21 Txhuhprv prvwudu txh & ' ?�1 Vh & 	 ?�c hqwær r hl{r A
3?��A

?�

qær lqwhuvhfwd 8 / r txh frqwudgl} r idwr gh txh 73�
A

3?��A
?�7 ì 8 0uhgx}lgd1 Sru rxwur

odgr/ r hl{r gh A
3?�n��A

?�n� qær lqwhuvhfwd 8 / frqvhtxhqwhphqwh/ & ' ?� h r hl{r gh

A
3?��A

?� ghyh vdlu gh 8 sru @� h r sulphlur vðperor gh d�o ì ?�1 ER hl{r gh xpd pdwul}

uhgx}lgd � '

3
C @ K

S _

4
D qær srgh sdvvdu shor srqwr �1 Srlv vh lvvr dfrqwhfh/ wrpdqgr

5 ' � qd htxdêær

S m5m2 n E_� @�%� K ' f +71:,

rewhp0vh S ' K/ r txh frqwudgl} r idwr gh txh � ì uhgx}lgd frqiruph Ohpd 714145/ srlv

qr uhihulgr ohpd S : f h K 	 f1 R dujxphqwr dlqgd ì yäolgr vh r hl{r gh � sdvvd

shor yìuwlfh 4 gh 8 1 Qhvwh fdvr/ r hl{r gh A
3?��A

?� sdvvd shor yìuwlfh 4 � �c frpr

prvwud d Iljxud 7191 Prvwuduhprv d srvwhulrul EFruroäulr 714156� txh h{lvwhp vrphqwh

wuív pdwul}hv sulplwlydv 8 0uhgx}lgdv fxmrv hl{rv sdvvdp shor yìuwlfh 4�1 Frqwlqxdqgr

hvvh surfhvvr h/ frqwdqgr r qýphur gh A �
r hqwuh rv 7�

r rewhprv r fögljr jhrpìwulfr gh

� qd irupd d?�c ?2c ���c ?6oc r txdo ì ljxdo dr fögljr dulwpìwlfr1

. .

0 1-1/2-1

6

y
4

1/2

y
5

d
4

d
5

6
�

WV+y
5
,

ρ−1
ρl. .

Iljxud 719= Loxvwudêær gr Whruhpd 7141531

E��, E�� Qrwh txh d lqwhuvhêfær grv hl{rv gdv pdwul}hv qr �0flfor frp 8 frqvwlwxl

vrphqwh xpd sduwh gd jhrgìvlfd ihfkdgd hp 8 uhsuhvhqwdqgr d fodvvh gh frqmxjdêær

gh �c rx vhmd/ d sduwh �uhgx}lgd�/ dv sduwhv uhvwdqwhv uhsuhvhqwdp r hl{r grv vkliwv gdv
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jhrgìvlfdv uhgx}lgdv1 Ylprv txh wrgrv rv vhjphqwrv jhrgìvlfrv rewlgrv qhvwh surfhvvr/

wruqdp0vh rulhqwdgrv qr vhqwlgr kruäulr1

E2� , E�� Vxsrqkd djrud txh � qær ì wrwdophqwh 8 0uhgx}lgd1 Hqwær h{lvwh shor

phqrv xpd pdwul} qr �0flfor txh qær ì 8 0uhgx}lgd1 Vhp shugd gh jhqhudolgdghv/

ydprv vxsru txh � ì uhgx}lgd/ pdv qær ì 8 0uhgx}lgd1 Hqwær hod ì 8�0uhgx}lgd/ rqgh

8� ' A7 E8 � h vhx hl{r ghyh hqwudu hp 8� sru A7 E�2� frpr srgh vhu ylvwr qd Iljxud 7191

Frqvhtxhqwhphqwh/ r hl{r gh vxd frqmxjdgd A
3�
7
3�
A
3�
�A7A lqwhuvhfwd 8 qd gluhêær

dqwl0kruäuld h vdl qr odgr �� gh 8 1 Lvwr vljql�fd txh r fögljr jhrpìwulfr gh � frqwìp qr

pðqlpr xp A
3�
c hp rxwudv sdodyudv/ qr pðqlpr xp grv qýphurv lqwhlurv frpsrqhqwhv

ì qhjdwlyr1 Ghvwd irupd/ hoh qær srgh frlqflglu frp txdotxhu fögljr dulwpìwlfr1

E�� , E�� Vh � qær ì wrwdophqwh 8 0uhgx}lgd/ shor dujxphqwr dqwhulru xp grv

vhjphqwrv jhrgìvlfrv frpsrqhqwhv gd jhrgìvlfd dvvrfldgd ã fodvvh gh frqmxjdêær gh

�/ ì rulhqwdgd qr vhqwlgr dqwl0kruäulr/ r txh ì xpd frqwudglêær1

R whruhpd d vhjxlu/ ì r uhvxowdgr sulqflsdo gr suhvhqwh wudedokr1 R phvpr hvwdehohfh

frqglêøhv gh h{lvwíqfld gh xp fögljr dulwpìwlfr frlqflghqwh frp xp fögljr jhrpìwulfr

gdgr1 Irl edvhdgr qd Revhuydêær 71414;/ txh qrwdprv d h{lvwíqfld gh wdlv frqglêøhv txh

jhududp r suhvhqwh uhvxowdgr1

Whruhpd 714154 Vhmdp ?�c ?2c ���c ?6 qýphurv lqwhlurv pdlruhv rx ljxdlv d 2 h d�o '

d?�c ?2c ���c ?6o xp fögljr jhrpìwulfr� Hqwær h{lvwh xp fögljr dulwpìwlfr E�� wdo txh r

fögljr jhrpìwulfr d�o frlqflgh frp E���

Ghprqvwudêær1 Vhqgr ?�c ?2c ���c ?6 qýphurv lqwhlurv pdlruhv rx ljxdlv d 2/

frqvlghuhprv A '

3
C � �

f �

4
D h 7 '

3
C f ��

� f

4
D1 Hqwær shor Fruroäulr 71414:/ d

pdwul} � ' A
?�7A

?27���A
?67 ì xpd pdwul} klshueöolfd frp wudêr srvlwlyr/ uhgx}lgd/

h E�� ' E?�c ?2c ����c ?6�/ rqgh A
? '

3
C � ?

f �

4
D1

R whruhpd d vhjxlu lghqwl�fd wrgdv dv pdwul}hv uhgx}lgdv hp ixqêær gh vhxv fögljrv

dulwpìwlfrv1

Whruhpd 714155 d49oc Vhmd E�� ' E?�c ?2c ���c ?6�1 � ì wrwdophqwh 8 0uhgx}lgd vh/ h
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vrphqwh vh/
�

?�
n

�

?�n�
� �

2
sdud wrgr � E4L_ 6�c lvwr ì/ r fögljr dulwpìwlfr E�� qær

srgh frqwhu 2/ qhp rv vhjxlqwhv sduhv= i�c �jci�c ejc iec �jc i�c Dj h iDc �j1

Ghprqvwudêær1 D ghprvwudêær ì ihlwd sru devxugr1 Vhmd E�� ' E?�c ?2c ���c ?6�1

Sulphludphqwh/ prvwud0vh txh vh � frqwìp xpd gdv frpelqdêøhv surlelgdv/ hqwær �

qær ì wrwdophqwh 8 0uhgx}lgd1

Sdud surydu d uhfðsurfd gr whruhpd/ prvwud0vh txh txdotxhu fögljr qær frqwhqgr

sduhv surlelgrv hvwä dvvrfldgr d xpd pdwul} wrwdophqwh 8 0uhgx}lgd1

Fruroäulr 714156 d49o/ Dv ýqlfdv pdwul}hv sulplwlydv wrwdophqwh 8 0uhgx}lgdv fxmrv

hl{rv sdvvdp shor yìuwlfh 4 gd uhjlær ixqgdphqwdo 8 vær �ec ���S h �S��/ rqgh

�� ' A
�
7 '

3
C � ��

� f

4
D1

715 Vxshuiðflh Prgxodu h Iudêøhv Frqwðqxdv

Qhvwd vhêær luhprv frqvlghudu d frgl�fdêær gh jhrgìvlfdv qr sodqr klshueöolfr1

Wrgdyld/ h{lvwhp gxdv glihuhqêdv hp uhodêær ã frgl�fdêær dsuhvhqwdgd qd Vhêær 7141 D

sulphlud ì txh qhvwd vhêær/ d whvvhodêær gr vhpl0sodqr vxshulru K2 ' i5 5 F( W4 5 : fj
ì ihlwd sru wulåqjxorv fxmrv yìuwlfhv hvwær qd iurqwhlud gr glvfr gh Srlqfduì/ pdlv

shflvdphqwh/ xp yìuwlfh qr lq�qlwr h rv rxwurv grlv hp U ^ i4j/ hqtxdqwr txh qd

Vhêær 714/ r sodqr irl whvvhodgr sru wulåqjxorv frp xp yìuwlfh qr lq�qlwr/ h rv rxwurv

grlv hp K21 D vhjxqgd glihuhqêd hvwä uhodflrqdgd frp rv hohphqwrv gd vhtÿíqfld gh

frgl�fdêær1 Hqtxdqwr qd Vhêær 714/ rv hohphqwrv gd vhtÿíqfld vær srwíqfldv dvvrfldgdv

ãv wudqvirupdêøhv A h A3� vhsdudgrv sru 7/ ghvgh txh vhmdp vdwlvihlwdv dv klsöwhvhv gr

Whruhpd 714155/ qhvwd vhêær wdlv hohphqwrv vær vhjphqwrv jhrgìvlfrv urwxodgrv sru (

Egluhlwd� h . Ehvtxhugd�/ wdpeìp frp d uhvwulêær txh wdlv vhjphqwrv qær frlqflgdp

frp fxvsv1 Ì qrwöulr sruwdqwr txh/ wdo frpr ãv wìfqlfdv gh frgl�fdêær gh irqwhv

glvfuhwdv/ h{lvwhp fhuwdv uhvwulêøhv dv frgl�fdêøhv rud dsuhvhqwdgdv1 D Iljxud 71: loxvwud

r frphqwäulr dflpd1
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11
2

3

S

T

.

..
.

Iljxud 71:= Wulåqjxor lghdo1

71514 Jhrgìvlfdv hp vxshuiðflhv prgxoduhv h iudêøhv frqwðqxdv

R remhwlyr ì hvwdehohfhu xpd frqh{ær hqwuh jhrgìvlfdv hp xpd vxshuiðflh prgxodu� /

Euhvxowdqwh gr txrflhqwh hqwuh r juxsr txh dwxd wudqvlwlydphqwh qr vhpl0sodqr vxshulru

h r fruuhvsrqghqwh vxejuxsr� h dv iudêøhv frqwðqxdv1 Hvwd frqh{ær irl revhuydgd sru

Duwlq ^6` txdqgr/ dsolfdqgr qdwxudophqwh iudêøhv frqwðqxdv ghgx}lx d h{lvwíqfld gh xpd

jhrgìvlfd ghqvd vreuh ��

D lgìld txh d vhtÿíqfld qd txdo xpd jhrgìvlfd � fruwd fhuwdv olqkdv �{dgdv vreuh

� Erx vreuh vhx ohydqwdphqwr sdud K2� irl remhwr gh pxlwdv shvtxlvdv1 Qd Vhêær 714/

xvdprv dv olqkdv gd whvvhodêær fdq÷qlfd W gh K2 sru fösldv gd uhjlær ixqgdphqwdo

8 ' i5 5 F( m+i 5m � �

2
c m5m � �j/ rqgh dfkdprv xpd uhodêær hqwuh d vhtÿíqfld

fruwdqwh gh � h dv h{sdqvøhv hp iudêøhv frqwðqxdv gh srqwrv whuplqdlv gh dghtxdgrv

ohydqwdphqwrv gh �1 Rxwudv gxdv srvvðyhlv vroxêøhv/ qhqkxpd ghodv wrwdophqwh vlpsohv/

vær hqfrqwudgdv hp ^5` h ^5<`1

Qhvwd vhêær vxevwlwxlprv W shod whvvhodêær gh Iduh| I/ ghvfulwd qd Vxevhêær 71515

h prvwudgd qd Iljxud 71;1 Wdo whvvhodêær/ ì xpd whvvhodêær gh K2 sru wulåqjxorv lghdlv1

R frqmxqwr gh yìuwlfhv ì suhflvdphqwh T^ i4j �
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04 3 4 5

Iljxud 71;= D whvvhodêær gh Iduh|1

Revhuydêær 71514 Vh rv qýphurv udflrqdlv luuhgxwðyhlv
R

^
h
R

�

^�
vær yìuwlfhv whuplqdlv

gh xp odgr gh xp wulåqjxor hp I/ hqwær R^3n R3^ ' 	�� Rv odgrv gh I vær dv lpdjhqv

gr hl{r lpdjlqäulr sru 7uE2c]��

Xpd jhrgìvlfd rulhqwdgd hp K2 ì glylglgd hp vhjphqwrv txdqgr hod fruwd

wudqvyhuvdophqwh rv wulåqjxorv txh frpsøhp I1 Qr fruwh gh xp wdo wulåqjxor {/ xp

vhjphqwr r fruwd grlv odgrv txh vh hqfrqwudp qxp yìuwlfh qd iurqwhlud EU ^ i4j�1 Hvvhv
vhjphqwrv Erulhqwdgrv� vær urwxodgrv sru ( rx . gh dfrugr frp d srvlêær txh r yìuwlfh

vh vlwxd ã gluhlwd rx ã hvtxhugd gr odgr r frpr ì prvwudgr qd Iljxud 71<1

Hvwh urwxodphqwr ì lqyduldqwh shod dêær gr juxsr 7uE2c]�1 Frqvhtxhqwhphqwh/ sdud

txdotxhu jhrgìvlfd � hp�c srghprv dvvrfldu xpd vhtÿíqfld fruwdqwh irupdgd gh (�
r h

.
�
r/ d vdehu> � � �(?f.

?�(
?2���/ rqgh ?� 5 Q1 Vh % 5 � hqfrqwud0vh qr �p gh xp vhjphqwr

urwxodgr sru (/ luhprv prvwudu EAeJoe6@ 71517� txh h{lvwh xp ýqlfr ohydqwdphqwr �

gh � wdo txh r ohydqwdphqwr 1 gh % ì gd irupd 1 ' �+/ h rv srqwrv whuplqdlv srvlwlyr h

qhjdwlyr gh � vreuh U vær gdgrv sru=
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Tipo E
Tipo D

Iljxud 71<= Vhjphqwrv jhrgìvlfrv grv wlsrv H h G1

�
"

' ?� n
�

?2 n
�

?� n ���

c �
3"

'
��

?f n
�

?3� n
�

?32 n ���

c

uhvshfwlydphqwh1

Frpr qd Vhêær 714/ frqvlghuhprv K2 pxqlgr gd pìwulfd klshueöolfd1 Jhrgìvlfdv

hp K2 vær vhpl0fðufxorv fhqwudgrv hp srqwrv gh U rx uhwdv yhuwlfdlv1 R juxsr prgxodu

7uE2c]� djh vreuh K2 sru lvrphwuldv/ d vdehu> shodv wudqvirupdêøhv gh Pùelxv

A G 5$ E@5 n K�

ES5 n _�
�

R vhpl0sodqr K2 ì surmhwdgr qd vxshuiðflh prgxodu � ' K2
*7uE2c]� shod ixqêær

Z G K2 $ K2
*7uE2c]� fkdpdgd ixqêær surmhêær1 Jhrgìvlfdv vreuh� vær h{dwdphqwh

dv lpdjhqv gdv jhrgìvlfdv gh K2 shod wudqvirupdêær Z1 Qr txh vhjxh wrgdv dv jhrgìvlfdv

vær frqvlghudgdv rulhqwdgdv1

Luhprv xvdu d phvpd qrwdêær E?�c ?2c ���� sdud uhsuhvhqwdu d iudêær frqwðqxd ?� n
�

?2 n
�

?� n ���

h wdpeìp dd%oo sdud d sduwh lqwhlud gh %c % : f�
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71515 Vhtÿíqfldv fruwdqwhv h iudêøhv frqwðqxdv

D Whvvhodêær gh Iduh|

D uhjlær ixqgdphqwdo m+i 5m � �

2
c m5m � � sdud 7uE2c]� ì glylglgd dr phlr shor hl{r

lpdjlqäulr1 Pryhqgr0vh r odgr hvtxhugr Eghqrwdgr sru �� gd uhjlær qd Iljxud 7143

xvdqgr d wudqvirupdêær 5 $ 5 n � h frodqgr0vh dv gxdv phwdghv/ rewhp0vh dvvlp/ xpd

qryd uhjlær ixqgdphqwdo sdud 7uE2c]�c d vdehu= r txdguloäwhur vxshulru loxvwudgr qd

Iljxud 71441

04 0425 425 4

Iljxud 7143= Uhjlær ixqgdphqwdo frqvlvwlqgr gdv duhvwdv ��c @�c @2 h �21

Vh 7 ghqrwd d pdwul}

3
C f ��

� ��

4
D 5 7uE2c]�/ hqwær dv wuív lpdjhqv ghvwh

txdguloäwhur sru Uc 7 h 72 gä h{dwdphqwh r wulåqjxor lghdo{ fxmrv yìuwlfhv hvwær hp fc �c

h 4c frpr srgh vhu revhuydgr qd Iljxud 71451 Dv lpdjhqv gh { sru 7uE2c]� whvvhod

K21 Hvvd whvvhodêær ì fkdpdgd whvvhodêær gh Iduh|/ h vhuä ghqrwdgd sru I1 Qrwh txh

I srgh vhu frqvlghudgd frpr dv lpdjhqv gr hl{r lpdjlqäulr sru 7uE2c]�1

Qær ì gliðflo yhu txh dv lpdjhqv gh ifc �c4j sru 7uE2c]� vær h{dwdphqwh rv srqwrv

9:



43

Iljxud 7144= Uhjlær ixqgdphqwdo wudqvodgdgd1

T^i4j h/ txh grlv srqwrv
R

^
h
R

�

^�
vær oljdgrv sru xp odgr gh I vh/ h vrphqwh vh/

3
C R R

�

^ ^
�

4
D 5 7uE2c]��

DE

V+D,V+E,

V
5
+D,V

5
+E,

0 1

J

Iljxud 7145= Loxvwudêær gdv lpdjhqv vh Uc 7 h 7
2 vreuh d uhjlær 8�

H{lvwh xpd ghvfulêær gh I hp ixqêær gdv vhtÿíqfldv gh Iduh|/ lvwr ì/

9;



Gh�qlêær 71515 D ?0ìvlpd vhtÿíqfld gh Iduh|/ I?/ ì r frqmxqwr grv qýphurv

udflrqdlv
R

^
frp mRm c m^m � ? duudqmdgrv hp rughp fuhvfhqwh1

Gd Gh�qlêær 71515/ uhvxowd txh

8� ' i�4c��c fc �c4j

82 ' i�4c�2c��c��

2
c fc

�

2
c �c 2c4j

8� ' i�4c��c�2c��*2 � �c�2*� � �*2c��*�c fc�*�c�*2c2*�c�c �*2c 2c �c4j
111

111
111

111
111

111
111

111

h/ dvvlp sru gldqwh1

Revhuydêær 71516 Grlv qýphurv udflrqdlv
R

^
h
R

�

^�
vær dgmdfhqwhv hp dojxpd vhtÿíqfld

gh Iduh| vh/ h vrphqwh vh/ 3
C R R

�

^ ^
�

4
D 5 7uE2c]�c ESs� d44o� 1

Gd revhuydêær dflpd frqfoxðprv txh I srgh vhu rewlgd shor wudêr gd olqkd yhuwlfdo

sdvvdqgr shor srqwr f h srvwhulruphqwh oljdqgr rv srqwrv dgmdfhqwhv hp fdgd vhtÿíqfld

gh Iduh|/ frpr srgh vhu ylvwr qd Iljxud e���1

63 4 5425426 526 625

Iljxud 7146= Vhtÿíqfldv gh Iduh|1

9<



Vhtÿíqfldv fruwdqwhv

Wrsrorjlfdphqwh/ d vxshuiðflh prgxodu � ì d hvihud �0yh}hv sxqflrqdgd/ frp

vlqjxodulgdghv qdv lpdjhqv gh �c
�

2

�
� n �

s
�
�
h 4/ uhvshfwlydphqwh1 Dv olqkdv gd

whvvhodêær gh Iduh| vær surmhwdgdv sdud d olqkd vlqjxodu txh ydl gd lpdjhp ZE4�

sdud ZE�� h yrowd qrydphqwh1 Vh wrpduprv txdotxhu jhrgìvlfd � 5 �c rxwud txh qær

vhmd 7 '

3
C f ��

� ��

4
D/ srghprv ohydqwd0od sdud xpd jhrgìvlfd � 5 K2 h rewhu xpd

vhtÿíqfld fruwdqwh � � �.?3�(
?f.

?� � � � frpr ghvfulwd qd Vxevhêær 715141 Frpr glihuhqwhv

ohydqwdphqwrv gh � glihuhp sru wudqvodêøhv Etxh ghl{dp I lqyduldqwh� h suhvhuydp

rulhqwdêær/ rv uöwxorv gh xp vhjphqwr h/ frqvhtxhqwhphqwh d vhtÿíqfld fruwdqwh rewlgd/

lqghshqghp gr ohydqwdphqwr hvfroklgr1 D vhtÿíqfld fruwdqwh whuplqd vh/ h vrphqwh vh/

� frphêd h whuplqd qd lpd0 jhp ZE4�1 Qhvwh fdvr/ r uöwxor gr vhjphqwr lqlfldo Erx

�qdo� srgh vhu ( Erx .�1 Wdlv vhjphqwrv vær fkdpdgrv lqlfldo rx �qdo h ghqrwd0or0hprv

sru (" rx ."1 Vh % 5 � _ 7 hqwær srghprv lqglfdu d srvlêær gh % qd vhtÿíqfld

fruwdqwh hvfuhyhqgr � � �(?f%.
?� � � �1 Gl}hprv txh xpd vhtÿíqfld pxgd gh wlsr hp

% 5 7/ vh rv vhjphqwrv pxgdp r uöwxor gh ( sdud . rx ylfh0yhuvd/ lqfoxlqgr rv srqwrv

lphgldwdphqwh suhfhghqwhv Erx vhjxlqwhv� dr vhjphqwr lqlfldo Erx �qdo�1

Vhmd � r frqmxqwr gdv jhrgìvlfdv hp K2 frp srqwrv whuplqdlv vdwlvid}hqgr m�
"
m � �

h f 	
���
3"

�� � �1 Wdo jhrgìvlfd lqwhuvhfwd r hl{r lpdjlqäulr �U qr srqwr 1
�
1 Qrwh txh/

d vhtÿíqfld fruwdqwh gh wdo jhrgìvlfd � pxgd gh wlsr hp 1
�
1

Frpr dv jhrgìvlfdv vreuh � fruwdp uhshwlgdphqwh d olqkd vlqjxodu 7/ lvwr jhud

qdwxudophqwh xpd vhêær wudqvyhuvdo f irupdgd sru xp frqmxqwr gh yhwruhv wdqjhqwhv

A�� / d vdehu/ r frqmxqwr grv yhwruhv wdqjhqwhv xqlwäulrv frp edvh qr srqwr % 5 7 frp

srqwrv dr orqjr gdv jhrgìvlfdv fxmdv vhtÿíqfldv fruwdqwhv pxgdp gh wlsr hp %1

Vh � 5 �/ hqwær r yhwru xqlwäulr wdqjhqwh �� sdud � hp 1
�
ì surmhwdgr sdud xp

hohphqwr hp f1 Hvwd lghqwl�fdêær gh � frp f ì �txdvh� xp krphrpru�vpr1

Whruhpd 71517 d63o D ixqêær � G � $ f/ gh�qlgd sru �E%� ' ZE��� ì vreuhmhwlyd Elvwr

ì/ ZE�� ' f�/ frqwðqxd h dehuwd1 Hod ì txdvh lqmhwlyd/ lvwr ì/ ì lqmhwlyd h{fhwr qdv

gxdv jhrgìvlfdv rulhqwdgdv rsrvwdphqwh oljdqgr n� ã �� whqgr d phvpd lpdjhp1 Doìp
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glvvr/ vh �% 5 f gh�qh xpd jhrgìvlfd frp vhtÿíqfld fruwdqwh � � �(?f%.
?� � � � c hqwær

� ' �
3�E�%� whp srqwrv whuplqdlv gdgrv sru

�
"

' E?�c ?2c ����c
��
�
3"

' E?fc ?3�c ?32c ����c

rqgh/ vh d vhtÿíqfld fruwdqwh whuplqd hp xp rx rxwur Egrv srqwrv whuplqdlv�/ whprv d

fruuhvsrqghqwh iudêær frqwðqxd1

Vh qd vhtÿíqfld fruwdqwh ( h . vær shupxwdgrv/ hqwær

�
"

' �E?�c ?2c ����c
�

�
3"

' E?fc ?3�c ?32c �����

Revhuydêær 71518 Qrwh txh �
"

ì lqghshqghqwh gh �
3"

h gd sduwh gd vhtÿíqfld

fruwdqwh txh suhfhgh 1 h ylfh0yhuvd1

Revhuydêær 71519 Frpr ?on� ' ?on
�

� n f
c dv vhtÿíqfldv � � �.?on� h � � �.?o( jhudp

d phvpd h{sdqvær qr srqwr whuplqdo/ fdxvdgd shod dpeljÿlgdgh gr urwxodphqwr gh xp

srqwr whuplqdqgr qxp U�tT1 D phvpd revhuydêær wdpeìp ì yäolgd sdud xpd vhtÿíqfld

frphêdqgr frp .(
?3o � � � rx (

?3on� � � �1

Ghprqvwudêær1 E_J Whruhpd 71517� Vhmd � xpd jhrgìvlfd hp K2 txh lqwhuvhfwd

�U1 Frpr { ì frqyh{r/ �
"
� � vh/ h vrphqwh vh/ r vhjphqwr � _ { ì gr wlsr ./ h

�� � �
3"

	 f vh/ h vrphqwh vh/ r vhjphqwr lphgldwdphqwh suhfhghqwh d { ì gr wlsr

(1 Revhuydêær dqäorjd vh dsolfd txdqgr �
"
� �� h f 	 �

3"
� �1 Frpr txdotxhu

jhrgìvlfd vreuh � fruwdqgr 7 hp % srgh vhu ohydqwdgd sdud xpd jhrgìvlfd hp K2

lqwhuvhfwdqgr �U qr ohydqwdphqwr 1 gh %c ylprv txh/ � pdshld � vreuh f1 Doìp glvvr/

vrsrqkd txh �c �3 5 � frp �E�� ' �E�3�1 Frpr d ýqlfd lghqwl�fdêær gh sduhv gh srqwrv

hp �U sru 7uE2c]� ì gdgd sru ' G 5 $ ��*5 yhprv txh/ vh � 9' �3c hqwær 'E�� ' �31
Dv ýqlfdv jhrgìvlfdv � 5 � wdlv txh 'E�� 5 � vær dv jhrgìvlfdv oljdqgr n� ã �� h vxd

lqyhuvd1 Lvwr suryd d sulphlud sduwh gr whruhpd1

Vxsrqkd/ djrud/ txh � 5 � h �
"

: �1 Vhmd �
"

' d?�c ?2c ���o1 Wrph R� ' ?� vh

�
"
: ?� h R� ' ?�� � vh �

"
' ?�1 Vhmd #� ' � _ E+i 5 ' R��1 Hqwuh 1� h #

�
d whvvhodêær

gh I sduwlflrqd � hp R� vhjphqwrv qdv olqkdv yhuwlfdlv +i 5 ' fc �c ���c R�1 Dvvlp/ d
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vhtÿíqfld fruwdqwh gh � hqwuh 1
�
h #

�
ì .R� 1 Ilqdophqwh/ vh �

"
' �/ hqwær d vhtÿíqfld

frphêdqgr hp 1
�
ì (" rx .

"1

Frqvlghuh d ixqêær 4� ' ��* E5 � R��1 Qrwh txh 4� 5 7uE2c]�> doìp glvvr

4�E��" � �� / f 	 4�E��3" � � h 4�E#�� ' 1
4
�
E��1 Frpr 4� 5 7uE2c]�c 4�E�� ì

wdpeìp xp ohydqwdphqwr gh ZE�� h/ dvvlp/ d vhtÿíqfld fruwdqwh gh � frphêdqgr hp

#
�
ì d phvpd vhtÿíqfld fruwdqwh gh 4�E�� frphêdqgr hp 1

4�E��
1 Vh 4�E�"� ' ��/ hvwd

vhtÿíqfld whuplqd frp xp vhjphqwr dpeðjxr (
" rx .

"( fdvr frqwuäulr/ �{h R2 ' ?2

vh �4�E�"� *5 Q h R2 ' ?2 � � vh 4�E�"� 5 Qc d vhtÿíqfld fruwdqwh frphêd frp R2

vhjphqwrv gr wlsr (� Dsolfdqgr 42 ' ��* E5 � R2� c r dujxphqwr vh uhshwh1 Dujxphqwr

dqäorjr vh dsolfd vh �
"
� ��1

Qrwh txh/ vh �
"
5 Q/ �

"
: �/ hqwær hvvd vhtÿíqfld ì dpeljxdphqwh .?�( rx .?�n�/

frqvlvwhqwh frp d dpeljÿlgdgh qdv h{sdqvøhv hp iudêøhv frqwðqxdv1

Sdud hvwxgdu r srqwr whuplqdo qhjdwlyr �
3"

dsolfdprv d ixqêær ' G 5$ ��*51 Vh �

whp vhtÿíqfld fruwdqwh � � �.?3�(
?f1

�
.
?�(

?2 � � � c hqwær frpr ' 5 7uE2c]�/ d jhrgìvlfd

'E��3� oljdqgr 'E�
"
� ã 'E�

3"
� whp vhtÿíqfld fruwdqwh � � �.?�'E1

�
�(?f.

?3� � � �1
Fodudphqwh/ 'E��3� 5 � h 1

'E��3� ' 'E1
�
�� Dvvlp 'E�

3"
� ' d?fc ?3�c ���oc r txh suryd

r uhvxowdgr1

Fruroäulr 7151: d63o/ Gxdv jhrgìvlfdv frp d phvpd vhtÿíqfld fruwdqwh frlqflghp1

Ghprqvwudêær1 Il{h rv srqwrv lqlfldlv %c %� qrv phvprv srqwrv gh glylvær hp fdgd

vhtÿíqfld/ h ohydqwh rv srqwrv 1c 1 � 5 �Un frpr qr Whruhpd 715171 Frpr rv srqwrv

whuplqdlv qr lq�qlwr grv ohydqwdphqwrv gdv gxdv jhrgìvlfdv wíp d phvpd h{sdqvær hp

iudêøhv frqwðqxdv/ dv jhrgìvlfdv frlqflghp1
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Vhmd P xpd vxshuiðflh Esrvvlyhophqwh sxqflrqdgd/ lvwr ì/ xpd vxshuiðflh gh rqgh

irl uhwludgr xp rx pdlv srqwrv� frp fdudfwhuðvwlfd gh Hxohu qhjdwlyd/ h vhmd FEP� r

frqmxqwr gh fodvvhv gh idpðoldv lvrwöslfdv Efxuydv krprwöslfdv txh suhvhuydp rulhqwdêær�

gh fxuydv ihfkdgdv glvmxqwdv1 Qrvvr hvwxgr ì edvhdgr qd frqvwuxêær gd ixqêær gh

Pdunry ihlwd hp ^8` h ^64` sdud juxsrv ixfkvldqrv/ rqgh irl jhqhudol}dgd d uhodêær hqwuh

r �7uE2c]� Eshqvdgr frpr xp juxsr ixfkvldqr txh djh vreuh r sodqr klshueöolfr� h dv

iudêøhv frqwðqxdv Eshqvdgdv frpr srqwrv qr frqmxqwr olplwh gh �7uE2c]��/ sdud xpd

dpsod fodvvh gh juxsrv ixfkvldqrv1

Hperud hqyroyd frqfhlwrv pdwhpäwlfrv qær pxlwr hohphqwduhv/ hvwd whruld wruqd0vh

ghyhudv vlpsohv txdqgr qrv uhvwulqjlprv dr hvwxgr gh xpd sduwlfxodu vxshuiðflh1

Qrvvr remhwlyr ì frqvwuxlu r juxsr gh fodvvhv gh ixqêøhv PFJEP� h d pätxlqd

gh hvwdgrv �qlwrv/ txdqgr P ' P� ì r wrur 40yh} sxqflrqdgr1

Hvvd lgìld hvwä vxsruwdgd qd dqdorjld hqwuh d dêær gh xp juxsr ixfkvldqr K vreuh

r sodqr klshueöolfr h d dêær gr juxsr gh fodvvhv gh ixqêøhv PFJEP� vreuh r hvsdêr

gh Whlfkpÿoohu W EP�/ d;o/ R@}��Db1 Qhvwd dqdorjld/ d iurqwhlud 7
� gr sodqr klshueöolfr

Erx frqmxqwr olplwh gh K� ì vxevwlwxðgd sru xpd iurqwhlud dghtxdgd gh W EP�� Xvdprv
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dtxl d iurqwhlud gh Wkxuvwrq/ d vdehu/ r hvsdêr gh phglgdv gdv odplqdêøhv surmhwlydv

SPOEP� ghvfulwd qd Vxevhêær 814161 R juxsr gh fodvvhv gh ixqêøhvPFJEP� frqvwuxðgr
qd Vhêær 815 djh hp dperv W EP� h SPOEP�1 Hp dqrorjld frp d frqvwuxêær ihlwd hp ^8`/

gh�qlprv d ixqêær gh Pdunry s vreuh SPOEP� fxmd dêær ghPFJEP� vreuh SPOEP�
hvwä gluhwdphqwh uhodflrqdgd frp d dêær gh K vreuh \EK� ' 7

�1

Xp wudwdgr gd whruld grv wudlq wudfnv srgh vhu hqfrqwudgr hp ^59`1 Dtxl xvdprv

xpd fodvvh sduwlfxodu gh wudlq wudfnv/ d vdehu= rv Z�0wudlq wudfnv lqwurgx}lgrv sru Elupdq

dqg Vhulhv hp ^7`1 Hvvd fodvvh hvshfldo gh wudlq wudfnv whp vxd gh�qlêær frqglflrqdgd

d hvfrokd gh xp grpðqlr ixqgdphqwdo �{r/ h dvvrfldgrv d jhudgruhv jhrpìwulfrv gh

Z�EP�/ gh wdo irupd txh xpd shvdjhp lqwhlud uhvxowh qær vrphqwh qxpd fxuyd ihfkdgd

vlpsohv rx qxpd pdokd/ pdv vlpxowdqhdphqwh shuplwd0qrv ohu lqwhludphqwh xp phqru

uhsuhvhqwdqwh frpr xp flfor gh sdodyudv hp Z�EP�1 Dvvlp/ r hvsdêr POEP� ì

sduwlflrqdgr hp xp qýphur �qlwr gh fìoxodv pd{lpdlv fruuhvsrqghqgr ãv shvdjhqv

vreuh rv srvvðyhlv E�qlwrv� wudlq wudfnv dvvrfldgrv d xp grpðqlr ixqgdphqwdo gh P�1

Qhvwh fdsðwxor dqdolvdprv r fdvr hvshfldo gr wrur �0yh} sxqflrqdgr P�� Xvdprv

vhx juxsr gh fodvvhv gh ixqêøhv sdud frqvwuxlu d ixqêær gh Pdunry s vreuh POEP���

D sduwlêær gh Pdunry frqvlvwh gr frqmxqwr gh fìoxodv pd{lpdlv h uhvwulêær gh s d

fdgd fìoxod/ rqgh/ fdgd uhvwulêær/ ì xp hohphqwr hvshfð�fr gh PFJEP��/ r txdo

djh olqhduphqwh vreuh r frqmxqwr gh shvrv1 Urwxodqgr dv fìoxodv shorv hohphqwrv

fruuhvsrqghqwhv gh PFJEP��/ prvwuduhprv txh dv s 0h{sdqvøhv Elvwr ì/ rv wudmhwrv

gdv öuelwdv urwxodgdv gh s � iruqhfhp xpd ýqlfd irupd qrupdo sdud rv hohphqwrv gh

PFJEP��� Hp sduwlfxodu/ rv uöwxorv vær xp frqmxqwr gh jhudgruhv gh PFJEP��1

Frpsdudqgr dv irupdv qrupdlv sdud hohphqwrv suö{lprv/ srghprv ghwhuplqdu xpd

suhvhqwdêær sdud PFJEP��1 Vhqgr s xpd ixqêær Pdunryldqd/ dv s0h{sdqvøhv

shuwhqfhp d xp vxevkliw gr wlsr �qlwr r txdo ì gh idwr xpd jhrgìvlfd ihfkdgd frp

uhodêær dr frqmxqwr gh jhudgruhv hp txhvwær1

Qd olqjxdjhp grv juxsrv dxwrpäwlfrv EVxevhêær 81414�/ hvwd irupd qrupdo shuplwh0

qrv frqvwuxlu d pätxlqd gh hvwdgrv1 Vh prvwuduprv txh hvwd irupd qrupdo vdwlvid}

d sursulhgdgh gh frpsdqkhlulvpr EVxevhêær 81414�/ hqwær hod iruqhfh xpd hvwuxwxud

dxwrpäwlfd sdud PFJEP��� Frqfoxluhprv hvwh fdsðwxor prvwudqgr txh gh idwr hvwh ì r
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fdvr1 D glphqvær gh SPOEP�� ì �c mä txh SPOEP�� y 7
�
� Qr qrvvr fdvr sduwlfxodu/

r hvsdêr gh Whlfkpÿoohu ì r vhpl0sodqr vxshulru h r juxsr gh fodvvhv gh ixqêøhv ì r

�7uE2c]��

Qd Vhêær 814/ lqwurgx}lprv dv gh�qlêøhv eävlfdv sdud r ghvhqyroylphqwr ghvwh

fdsðwxor1 Qd Vhêær 815/ frqvwuxluhprv r juxsr gh fodvvhv gh ixqêøhv sdud r wrur P�/

d pätxlqd gh hvwdgrv �qlwrv h d hvwuxwxud dxwrpäwlfd sdud r juxsr gh fodvvhv gh ixqêøhv

PFJEP���

814 Frqfhlwrv h Gh�qlêøhv

81414 Ixqêøhv gh Pdunry h juxsrv dxwrpäwlfrv

D ixqêær gh Pdunry vreuh xp frqmxqwr f ì xpd ixqêær s G f �$ f mxqwdphqwh

frp xpd sduwlêær Ehp jhudo �qlwd� gh f hp frqmxqwrv U�c � 5 Q/ wdo txh s EU�� ì xpd

xqlær h{dwd gh frqmxqwrv U� 1

Gl}0vh txh i vdwlvid} d sursulhgdgh gh Pdunry vh s EU�

�
� _ U

�

�
9' B lpsolfdu txh

U� � s EU��1 Sdud 1 5 fc frqvlghuh d ixqêær R G f $ Q/ gh�qlgd sru= RE1� ' � vh

1 5 U�1 D vhtÿíqfld RE1�c REs E1��c REs2E1��c ��� ì fkdpdgd d s0h{sdqvær gh 11 Dvvrfldgd

d s h{lvwh xpd pdwul} gh f�
r h ��

r lqirupdqgr txdlv wudqvlêøhv srghp rfruuhu1 Frpr s

ì Pdunry/ wrgdv dv vhtÿíqfldv lq�qlwdv txh vær shuplvvðylhv rfruuhp1 Rv eorfrv �qlwrv

txh rfruuhp qhvwdv h{sdqvøhv vær fkdpdgrv dgplvvðyhlv1

D frqvwuxêær gh Erzhq0Vhulhv ^8`/ ì edvhdgd qd uhodêær hqwuh r �7uE2c]�/ djlqgr

qr sodqr klshueöolfr K2/ h dv wudqvirupdêøhv iudêøhv frqwðqxdv djlqgr vreuh r frqmxqwr

grv qýphurv uhdlv hvwhqglgr/ U ^ i4j1

H{hpsor 81414 D wudqvirupdêær iudêær frqwðqxd

sE%� '

;AAA?
AAA=

%� � vh % � �

%n � vh % � ��
��
%

vh m%m � �

+814,
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srgh vhu frqvlghudgd frpr xp h{hpsor gh xpd ixqêær gh Pdunry frp sduwlêær � '

id4c��oc d��c foc dfc �oc d�c4oj1

D s0h{sdqvær gh xp srqwr 1 5 U ì hvvhqfldophqwh d phvpd txh vxd h{sdqvær hp

iudêøhv frqwðqxdv1 Qrwh txh d uhvwulêær gh s d fdgd hohphqwr gd sduwlêær � shuwhqfh dr

vxefxqmxqwr Kf ' i% �$ %� �c % $ % n �c % $ ��*%j � �7uE2c]�1 EXp uhvxowdgr

edvwdqwh frqkhflgr qd jhrphwuld klshueöolfd ì txh kKfl ' �7uE2c]�/ ^64`�1

Qd frqvwuxêær gd ixqêær gh Pdunry s vreuh d iurqwhlud lq�qlwd/ ^8` h ^64`/ d vdehu/ r

fðufxor xqlwäulr 7�/ rv hohphqwrv gd sduwlêær vær lqwhuydorv U�/ h / sdud fdgd �/ d uhvwulêær

gh s m
U�
shuwhqfh d Kf1

Xp doidehwr D ì xp frqmxqwr �qlwr1 Xpd olqjxdjhp O vreuh xp doidehwr D ì

xpd frohêær gh vhtÿíqfldv �qlwdv gh D fkdpdgdv sdodyudv1 R frpsulphqwr gh xpd

sdodyud � ' E@�c @2c ���c @?� vhuä ghqrwdgr sru m�m ' ?1 Xpd pätxlqd gh hvwdgrv

vreuh xp doidehwr D ì xp judir �qlwr/ rulhqwdgr/ fxmrv yìuwlfhv vær rv hvwdgrv oljdgrv

sru duhvwdv rulhqwdgdv h urwxodgdv1 H{lvwh xp hvwdgr fkdpdgr hvwdgr lqlfldo h xpd

sduwlêær grv hvwdgrv hp grlv frqmxqwrv glvmxqwrv/ rv hvwdgrv dfhlwrv h rv hvwdgrv

qær dfhlwrv1 Wrgd duhvwd vdlqgr gh xp hvwdgr ì urwxodgd frp xp vðperor gh D h qær

h{lvwhp gxdv duhvwdv vdlqgr gh xp phvpr hvwdgr frp r phvpr uöwxor1 Gdgd txdotxhu

sdodyud � ' E@�c @2c ���c @?� vreuh D h txdotxhu hvwdgr r h{lvwh qr pä{lpr xp fdplqkr

frphêdqgr hp r wdo txh d �0�er�6@ duhvwd ì urwxodgd sru @�1 Hvwh hvwdgr r whuplqd qxp

hvwdgr r
�1 Qhvwh fdvr gl}0vh txh � ydl gh r sdud r

�1

D olqjxdjhp dfhlwd sru hvwd pätxlqd ì xpd frohêær gh sdodyudv � vreuh D txh ydl

gh xp hvwdgr lqlfldo sdud dojxp rxwur hvwdgr1 Xpd olqjxdjxhp O vreuh D ì fkdpdgd

uhjxodu vh hod ì dfhlwd sru dojxpd pätxlqd gh hvwdgrv �qlwrv vreuh D h gl}0vh txh hvwd

pätxlqd uhfrqkhfh d olqjxdjhp O1 Vhmd C xp juxsr frp lghqwlgdgh e� Frqvlghuh d

ixqêær s G D �$ C gh�qlgd sru @ $ @1 D gh�qlêær ghvwd ixqêær vh hvwhqgh sdud xpd

frohêær gh sdodyudv gh D sdud C sru � ' E@�c @2c ���c @?� $ � ' @� � � � @?/ r surgxwr gdv

lpdjhqv gdv ohwudv gh �1 Vh wrgrv rv hohphqwrv gh C srghp vhu ghvfulwrv ghvwd irupd

gl}0vh txh D ì xp frqmxqwr �qlwr jhudgru gh C1 Xpd olqjxdjhp O ' O EC� vreuh D ì

fkdpdgd xpd hvwuxwxud dxwrpäwlfd sdud C vh vdwlvid} dv vhjxlqwhv sursulhgdghv1

Sulphlud/ O EC� ì xpd olqjxdjhp uhjxodu vreuh C/ lvwr ì/ h{lvwh xpd pätxlqd gh
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hvwdgrv �qlwr Z EC� wdo txh wrgr hohphqwr gh C srgh vhu ghvfulwr sru +qr pðqlpr,

xp fdplqkr qhvwd pätxlqd1 D vhjxqgd sursulhgdgh ì frqkhflgd frpr sursulhgdgh gh

�frpsdqkhlulvpr� frpr ghvfulwd dedl{r1 Vh xp juxsr whpxpd hvwuxwxud dxwrpäwlfd/

hqwær C ì fkdpdgr xp juxsr dxwrpäwlfr1

Vhmd C xp juxsr frp xp frqmxqwr jhudgru �qlwr D1 R frpsulphqwr gh xpd

sdodyud } 5 C/ ghqrwdgr sru m}m hp uhodêær d D/ ì sru gh�qlêær r phqru frpsulphqwr

hqwuh wrgdv dv sdodyudv txh uhsuhvhqwdp }1 D pìwulfd vreuh C ì gh�qlgd sru

_ E}c �� ' m}3��m1 Gdgd xpd sdodyud � ' E@�c @2c ���c @?� vreuh D/ sdud fdgd f � | � ?/

ghqrwd0vh sru � E|� ' E@�c @2c ���c @|� r suh�{r gh � gh frpsulphqwr |/ h sdud lqwhlurv

| � ? ghqrwd0vh � E|� ' �1 Gdgd xpd frqvwdqwh &/ gxdv sdodyudv �c � vreuh D vær

&0frpsdqkhludv vh _ E� E|� c � E|�� � & sdud wrgr | � f1 D frqvwdqwh & ì fkdpdgd

frqvwdqwh gh frpsdqkhlulvpr sdud � h �1 R juxsr C vdwlvid} d sursulhgdgh gh

frpsdqkhlulvpr vh h{lvwh xpd frqvwdqwh & wdo txh sdud txdlvtxhu sdodyudv �c � vreuh

O frp _ E�c �� � � hqwær � h � vær &0frpsdqkhludv1

Vhmdp� h � gxdv sdodyudv h @ 5 D ^iij wdo txh�@ ' �1 Vh � h � vær &0frpsdqkhludv/

hqwær �E|� ' �E|�3��E|� whp frpsulphqwr qr pä{lpr &/ sdud wrgr | � f�

Dvvlp/ sdud txdotxhu hvfrokd gh � h � frp _E�c �� � �/ �E|� shuwhqfh d xp

frqmxqwr �qlwr G/ d vdehu> d frohêær gdv sdodyudv0glihuhqêd h D ^iij �G � O1 R

frqkhflphqwr gdv sdodyudv0glihuhqêd shuplwh0qrv uhfrqvwuxlu d hvwuxwxud pxowlsolfdwlyd

gh C gh pdqhlud dxwrpdwl}dgd1

Pdlv suhflvdphqwh/ d sursulhgdgh gh frpsdqkhlulvpr ì htxlydohqwh d h{lvwíqfld gh

xpd pätxlqd pxowlsolfdwlyd P@/ @ 5 D ^ imj/ sdud C1 Fdgd P@ ì xpd dxwrpdwd

gh frpsulphqwr 2/ fxmr doidehwr ì D� � D�/ rqgh D� ì r doidehwr hvwhqglgr D ^imj1
Wdo pätxlqd dfhlwd r sdu hvwhqglgr E�n

c �
n� gdv sdodyudv E�c �� vreuh D vhpsuh txh �c �

vær hvwdgrv dfhlwrv gd pätxlqd gh hvwdgrv �qlwr ZEC� h �@ ' �1 Rv vðperorv �n h �n

lqglfdp r dfuìvflpr gr vðperor m dr doidehwr D1 Wdo vðperor pdshld d lghqwlgdgh hp C

h r phvpr srgh vhu dglflrqdgr ã phqru gdv sdodyudv hqwuh � h �/ gh prgr d wruqd0odv

frp r phvpr frpsulphqwr1 D pätxlqd Pm uhfrqkhfh d lghqwlgdgh gh C/ vxevwlwxlqgr

d frqglêær �@ ' � sru � ' �1

Dv pätxlqdv pxowlsolfdgrudv P@/ @ 5 D ^imj/ srghp vhu frqvwuxðgdv sru phlr gh

::



xpd pätxlqd gh sdodyudv0glihuhqêd1 Lvwr/ qd uhdolgdgh ì xpd frohêær gh qrydv

pätxlqdv/ wrgdv whqgr r phvpr hvsdêr gh hvwdgrv/ rx vhmd/ r frqmxqwr gdv whuqdv

Er�c r2c �� wdo txh r� h r2 vær hvwdgrv gh OEC� h � 5 G1 R hvwdgr lqlfldo ì Erfc rfc e�

rqgh rf ì r hvwdgr lqlfldo gh OEC� h e/ ì d lghqwlgdgh gh C1 Sdud @c K 5 D/ h{lvwh
xpd duhvwd gh Er�c r2c �� sdud Er��c r

�

2c �
�� vh/ h vrphqwh vh/ h{lvwhp duhvwdv gh r�

@$ r
�

� h

r2
K$ r

�

2 qd pätxlqd gh hvwdgrv h vh �
� ' %3��+1 Qd pätxlqdP@/ r hvwdgr Er�c r2c ��

ì xp hvwdgr gh vxfhvvr Edfhlwr� vh r� h r2 shuwhqfhp d O h vh � ' @1

H{lvwh xpd wìfqlfd h{wud sdud qhjrfldu frp r vðperor dglflrqdgr1 D vdehu/ whprv

txh dglflrqdu xp hvwdgr h{wud qd pätxlqd gh hvwdgrvZEC� r txdo ì dofdqêdgr txdqgr

ZEC� hvwä qxp hvwdgr dfhlwr h r vðperor dglflrqdgr ì olgr1 Vh r� rx r2 ì hvwh hvwdgr

h{wud / hqwær % rx + dflpd gh�qlgr/ vhuä vxevwlwxðgr shor vðperor dglflrqdgr m h d

frqglêær �
� ' %3��+ vhuä vxevwlwxðgd sru �

� ' �+ rx �
� ' %3��1 Iuhtxhqwhphqwh/

shqvduhprv qhvvdv frqglêøhv frpr wulåqjxorv rx txdgudgrv frpxwdwlyrv uhodflrqdgrv sru

hohphqwrv qxp juxsr EVhêær 81518�1 Vh sxghuprv frqvwuxlu xpd pätxlqd gh sdodyudv0

glihuhqêd xvdqgr xp frqmxqwr �qlwr gh sdodyudv0glihuhqêd G�/ hqwær whuhprv yhul�fdgr

d sursulhgdgh gh frpsdqkhlulvpr h frp lvvr/ srghprv xvdu r surfhvvr ghvfulwr sdud

frqvwuxlu vlpxowdqhdphqwh wrgdv dv pätxlqdv pxowlsolfdwlydv P@1 Hvvh surfhvvr srgh

vhu ylvwr frpr xpd frqfdwhqdêær gh txdgudgrv rx wulåqjxorv uhvxowdqgr qxpd frohêær

gh fdplqkrv fux}dgrv hp G hqwuh wrgrv rv suh�{rv �E|� h �@E|� rfruuhqgr qdv irupdv

qrupdlv gh txdlvtxhu grlv fdplqkrv � h �@ sdud @ 5 D1 D frohêær gh wrgrv rv txdgudgrv

h wulåqjxorv hvwdehohfh xpd suhvhqwdêær sdud r juxsr1

81415 Pdokd vlpsohv h Z
4
0wudlq wudfnv

Frqvlghuh xpd fxuyd ihfkdgd vreuh xpd vxshuiðflh P Evxshuiðflh frp fdudfwhuðvwlfd

gh Hxohu qhjdwlyd/ srvvlyhophqwh sxqflrqdgd�1 Wdo fxuyd ì fkdpdgd vlpsohv vh qær

whp dxwr lqwhuvhêøhv h/ ì glwd sdudohod ã iurqwhlud rx shuliìulfd vh ì krprwöslfd Evh

srgh vhu ghirupdgd qd fxuyd hp txhvwær� d xpd fxuyd hp wruqr gr srqwr sxqflrqdgr

gd vxshuiðflh1 Xpd pdokd vlpsohv ì xpd frohêær gh fxuydv ihfkdgdv vlpsohv gxdv d

gxdv glvmxqwdv qhqkxpd gdv txdlv ì krprwõslfdphqwh wulyldo rx sdudohod d iurqwhlud1

:;



D gh�qlêær d vhjxlu frqvlghud xpd hvwuxwxud klshueöolfd vreuh P1 Vhmd - � K2 d

uhjlær ixqgdphqwdo gh P fxmrv yìuwlfhv vær lghdlv/ lvwr ì/ hqfrqwudp0vh qd iurqwhlud gr

glvfr gh Srlqfduì41

Vxsrqkd txh - whqkd odgrv j& h ixqêær hpsduhokdphqwr gh odgrv >
&
G j& �$ j&�

rqgh j&� ' j
3�
&

sdud fdgd &1 Vhmd - r ihfkr gh - hp K21 Xp Z�0wudlq wudfn � ì xpd

frohêær gh dufrv k� G dfc�o �$ - grlv d grlv glvmxqwrv wdlv txh=

E�� k� Ef� 5 j& h k� E�� 5 j,>

E��� k� Eb� 5 -
J sdud b 5 Efc ��>

E���� Qr pä{lpr xp dufr oljd fdgd sdu gh odgrv>

E��� Qhqkxp dufr oljd xp odgr d vl phvpr/ lvwr ì/ vh & h , vær frpr hp E�� hqwær & 9' ,1

Xp dufr gh � ì fkdpdgr xp dufr txlqd vh r phvpr oljd odgrv dgmdfhqwhv gh

-1 Fdgd dufr txlqd yí xp yìuwlfh sduwlfxodu gh - h/ sdud fdgd flfor gh yìuwlfhv qr

hpsduhokdphqwr gh odgrv h{lvwh xp fruuhvsrqghqwh flfor gh txlqdv frqvlvwlqgr gh wrgdv

dv elixufdêøhv gdv txlqdv fruuhvsrqghqwhv dr phvpr srqwr +uhwludgr gd vxshuiðflh,1

Xpd shvdjhp / vreuh xp Z�0wudlq wudfn � ì xpd ghvljqdêær gh xp qýphur qær0

qhjdwlyr / Ek�� sdud fdgd dufr k� gh � 1 Xpd shvdjhp ì lqwhlud vh fdgd shvr ì xp lqwhlur

qær0qhjdwlyr1 Gh�qh0vh r shvr gh // h ghqrwdgr sru m/m/ frpr m/m ' S/ Ek�� rqgh d

vrpd ì vreuh wrgrv rv dufrv k� gh � � Luhprv frqvlghudu/ d sduwlu gh xp pdokd vlpsohv

�/ frpr rewhu xp Z�0wudlq wudfn frp shvdjhp lqwhlud1 Lqlflduhprv frp d uhdol}dêær

gr ohydqwdphqwr gd pdokd vlpsohv � sdud d uhjlær ixqgdphqwdo -1 D pdokd vlpsohv �

wruqd0vh xpd frohêær gh dufrv/ fkdpdgrv frugøhv/ oljdqgr rv odgrv gh -1 Gl}0vh txh

xp pdokd vlpsohv � hvwä vxsruwdgd sru xp Z�0wudlq wudfn � vh/ sdud wrgr frugær gh

� h{lvwh xp dufr gh � oljdqgr r phvpr sdu gh odgrv1 Vh � hvwä vxsruwdgr sru � hqwær

srghprv hvwdehohfhu ã � xpd shvdjhp lqwhlud /� �{dqgr sdud fdgd dufr gh � r qýphur

gh frugøhv gh � oljdqgr rv phvprv sduhv gh odgrv1 Hvwd shvdjhp whp dv vhjxlqwhv

sursulhgdghv=

4D whruld grv wudlq wudfnv hqyroyh jhrphwuld klshueöolfd/ sruwdqwr id}0vh qhfhvväulr d hvfrokd gh xpd

hvwuxwxud klshueöolfd vreuh 	=

:<



E�� Sdud fdgd hpsduhokdphqwr gh odgrv >
&
G j& �$ j&� / d vrpd grv shvrv grv dufrv

frp srqwrv whuplqdlv vreuh j& ì ljxdo d vrpd grv shvrv grv dufrv frp srqwrv whuplqdlv

hp j&� 1

E��� Shor phqrv xp dufr hp fdgd flfor gh txlqdv ghyh whu shvr }hur1

Xpd shvdjhp +qær0qhjdwlyd pdv qær qhfhvvduldphqwh lqwhlud, ì glwd vhu xpd

shvdjhp irupdo vh vdwlvid} E�� h E��� dflpd1 Uhflsurfdphqwh/ wrgd shvdjhp lqwhlud

irupdo gä ruljhp d xpd pdokd vlpsohv �1 Lvwr vljql�fd txh hvwxgdu dv pdokdv vlpsohv

ì htxlydohqwh d hvwxgdu dv shvdjhqv lqwhludv irupdlv vreuh rv Z�0wudlq wudfnv1 Ghqrwd0vh

sru` E� � d frohêær gh wrgdv dv shvdjhqv irupdlv vreuh r Z�0wudlq wudfn � h sru`� E� �

d frohêær gh wrgdv dv shvdjhqv lqwhludv irupdlv vreuh � 1

81416 Fxuydv ihfkdgdv luuhgxwðyhlv

Xp Z�0wudlq wudfn � ì glwr vhu uhfruuhqwh vh h{lvwh xpd shvdjhp lqwhlud irupdo

/ 5 `� E� � wdo txh / Ek�� 9' f sdud wrgrv rv udprv k� gh � 1 Xp Z�0wudlq wudfn uhfruuhqwh

� ì glwr pd{lpdo vh qær h{lvwh rxwur Z�0wudlq wudfn uhfruuhqwh �
� wdo txh � - �

�1 Vh �

ì xp wudlq wudfn pd{lpdo uhfruuhqwh hqwær d glphqvær gh ` E� � ì S} � S n 2R/ rqgh P

ì xpd vxshuiðflh gh jíqhur } frp R srqwrv uhprylgrv/ ESs� d58o�1 D frohêær gh wrgdv dv

shvdjhqv irupdlv ` E� � vreuh xp Z�0wudlq wudfn uhfruuhqwh pd{lpdo � ì fkdpdgd xpd

fìoxod pd{lpdo1

Txdotxhu fxuyd ihfkdgd vlpsohv � gh�qh xp Z�0wudlq wudfn uhfruuhqwh � ' � E��

frp shvdjhp / E�� frpr dflpd1 Xpd fxuyd ihfkdgd � ì glwd vhu luuhgxwðyho txdqgr

/ E�� 9' /� n /2/ txdlvtxhu txh vhmdp /�c /2 5 `� E� E��� h /� 9' f sdud � ' �c 21

D frohêær gh wrgdv dv fodvvhv krprwöslfdv gh pdokdv vlpsohv vreuh P qær0sdudohodv

ã iurqwhlud ì ghqrwdgd sru PO�EP� h/ d frohêær gh wrgdv dv phglgdv gh odplqdêøhv

jhrgìvlfdv vreuh P sru POEP�/ d58o1 Rv frqmxqwrv PO�EP� h POEP� srghp vhu

lghqwl�fdgrv d7oc frpr dv frohêøhv gdv shvdjhqv irupdlv lqwhludv h shvdjhqv irupdlv/

uhvshfwlydphqwh/ vreuh rv Z�0wudlq wudfnv vreuh P1 Sdud PO�EP� d suryd vhjxh gr

frphqwäulr ihlwr dflpd1 Vh / 5 POEP�/ hqwær / hvwä frqwlgr hp dojxpd fìoxod pä{lpd

` E� �1 Dvvlp/ POEP� ì d xqlær gh fìoxodv pä{lpdv ` E� �� rqgh � � shufruuh wrgrv rv

;3



Z�0wudlq wudfnv uhfruuhqwhv pd{lpdlv vreuh P1 Lvwr gä d POEP� xpd hvwuxwxud qdwxudo

gh fìoxod/ frpr hvwdehohfh r suö{lpr uhvxowdgr1

Sursrvlêær 81415 d58o/ Sdud R ' �c 2/ vhmd PR r wrur frp R srqwrv uhprylgrv1 H{lvwh xp

qýphur �qlwr gh fxuydv ihfkdgdv luuhgxwðyhlv i�c ���c i& vreuh PR wdo txh sdud fdgd Z�0wudlq

wudfn pd{lpdo � / d fruuhvsrqghqwh fìoxod pä{lpd ` E� � ì d frpelqdêær olqhdu srvlwlyd

gh 2R fxuydv ihfkdgdv luuhgxwðyhlv= ` E� � ' rR
nii��

c ���c i�2R
j rqgh �� 5 i�c ���c &j/ h d

lqwhuvhêær gh gxdv fìoxodv ì gdgd sru=

` E� � _` E� �� ' rR
n
��

i�� c ���c i�2R
�
_ ii�

�

�
c ���c i��

2R
j
�
/

rqgh

` E�� ' rR
nii�� c ���c i�2R

j e ` E� �� ' rR
nii�

�

�
c ���c i�

�

2R
j�

R hvsdêr ` E� � srgh vhu surmhwdgr gh xpd pdqhlud qdwxudo sdud rewhu0vh r frqh

S` E� �1 Dqdorjdphqwh/ `�E� � srgh vhu surmhwdgr sdud rewhu0vh r frqmxqwr gdv shvdjhqv

udflrqdlv S`�E� �1 R hvsdêr SPO ' SPO EP� ì d xqlær vreuh wrgrv rv � grv

fruuhvsrqghqwhv frqhv S` E��c rv txdlv vær fkdpdgrv Z�0frqhv1 Gd phvpd irupd

gh�qh0vh SPO� EP� frpr d xqlær gh wrgdv dv shvdjhqv udflrqdlv S`�E� �1 Xvdqgr

d lghqwl�fdêær gh Elupdq h Vhulhv ^7`/ r hvsdêr SPO EP� irl prvwudgr sru Wkxuvwrq

^59`/ vhu d hvihud gh glphqvær S} � S n 2R1 Dvvlp/ qr fdvr gr wrur P� whp0vh r fðufxor

xqlwäulr 7
� E} ' � h R ' ��1

81417 Wruêøhv gh Ghkq h r juxsr gh fodvvhv gh ixqêøhvPFJEP�

R juxsr gh fodvvhv gh ixqêøhvPFJ 'PFJEP� gh P Elvrphwuldv txh suhvhuydp

rulhqwdêær�/ ì r juxsr gh wrgdv dv fodvvhv lvrwöslfdv gh dxwrpru�vprv gh P +txh

suhvhuydp rulhqwdêær,/ lvwr ì/ xp hohphqwr ghPFJ ì xp krphrpru�vpr +txh suhvhuyd

rulhqwdêær, gh P vreuh vl phvpr h/ grlv wdlv krphrpru�vprv uhsuhvhqwdp r phvpr

hohphqwr gh PFJ vh xp srgh vhu ghirupdgr qr rxwur lvrwrslfdphqwh dr orqjr gh xp

fdplqkr frqwðqxr gh krphrpru�vprv gh P vreuh vl phvpr1 H{lvwh xpd dêær qdwxudo gr

juxsr gh fodvvhv gh ixqêøhv vreuh r hvsdêr gh Whlfkpÿoohu gh P frpr r juxsr prgxodu
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gh Whlfkpÿoohu1 Hvwd dêær srgh vhu hvwhqglgd sdud SPOEP�c h vhuä frqvlghudgd qr txh

vhjxh1

Vhmd �f xpd fxuyd ihfkdgd vreuh xpd vxshuiðflh Pc sdudphwul}dgd shor frpsulphqwr

gh dufr 1 5 dfc ,�f
o rqgh ,�f

ì r frpsulphqwr gh �f1 Frqvlghuh xpd yl}lqkdqêd wxexodu

hp wruqr gh �f hp P ghqrwdgd sru ��J
' dfc �o��J1 Xpd wruêær gh Ghkq/ hp wruqr

gh �f Ed hvtxhugd�/ ì xp krphrpru�vpr vreuh P ghqrwdgr sru B�f
h gh�qlgr frpr

vhqgr d lghqwlgdgh hp P���J
h/ vh E#c 1� 5 dfc�o� �f hqwær B�f

E#c 1� ' E#c 1 � #,�f
�/

rqgh # 5 dfc �o h 1 � #,�f
ì gh�qlgr 4L_ ,�f

1 Revhuyh txh/ vh # ' f rx �/ hqwær B�f
ì d

lghqwlgdgh1

815 R Juxsr gh Fodvvhv gh Ixqêøhv sdud P�

Qhvwd vhêær frqvwuxluhprv rv Z�0wudlq wudfnv/ d ixqêær gh Pdunry h xpd hvwuxwxud

dxwrpäwlfd sdud r wrur P�� Qdv Vxevhêøhv 81514 h 81515 prvwuduhprv frpr dv wruêøhv

hohphqwduhv gh Ghkq djhp vreuh P� gd phvpd pdqhlud frpr dv iudêøhv frqwðqxdv djhp

vreuh U ^ i4j� Qd Vxevhêær 81516 frqvwuxluhprv d ixqêær gh Pdunry h/ qd Vxevhêær

81517 frqvwuxluhprv d irupd qrupdo h d pätxlqd gh hvwdgrv1

81514 Z
4
0wudlq wudfnv h d hvwuxwxud gh fìoxodv pd{lpdlv

Frpr irl revhuydgr qd Vxevhêær 81415/ �{duhprv djrud/ frpr srgh vhu ylvwr qd

Iljxud 814/ xpd hvwuxwxud klshueöolfd sdud P� h xp grpðqlr ixqgdphqwdo - � K2 sdud

d dêær gh Z� EP� vreuh r sodqr klshueöolfr1

R grpðqlr ixqgdphqwdo - txh hvfrokhprv ì r sdguær uhwdqjxodu frp odgrv rsrvwrv

lghqwl�fdgrv sru hpsduhokdphqwrv gdv duhvwdv1 D uhjlær ixqgdphqwdo whp txdwur

yìuwlfhv lghdlv/ wrgrv frqwlgrv qd iurqwhlud gr glvfr gh Srlqfduì/ yhmd Iljxud D��1 Rv

yìuwlfhv vær urwxodgrv sru ��c ���c �e qr vhqwlgr kruäulr1 Ghqrwdqgr sru ���� r odgr

oljdqgr �� d ��/ r hpsduhokdphqwr gh odgrv ohydqgr ���2 sdud �e�� h ���e sdud �2��

vhuær ghqrwdgrv sru 7 h Ac uhvshfwlydphqwh1 Dv ixqêøhv 7 h A fruuhvsrqghp ãv fodvvhv
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Iljxud 814= Grpðqlr ixqgdphqwdo klshueöolfr - sdud P�/ rqgh 7/ A ghqrwdp 7
3�
c A
3�
�

krprwöslfdv gh fxuydv ihfkdgdv vlpsohv dv txdlv jhudp olyuhphqwh r juxsr ixqgdphqwdo1

Ydprv lqwurgx}lu/ djrud/ dv fxuydv ihfkdgdv luuhgxwðyhlv hf/ h�/ h"/ h h3� irupdqgr

xpd edvh sdud PO EP��/ frqiruph hvwdehohfh d Sursrvlêær 814151 Wdlv fxuydv ihfkdgdv

luuhgxwðyhlv/ loxvwudgdv qd Iljxud 815/ vær gh�qlgdv frpr

� hf frqvlvwh gh xp dufr vlpsohv oljdqgr ���2 d ���e(

� h� frqvlvwh gh xp dufr oljdqgr ���2 d �2�� h xp dufr oljdqgr ���e d �e��>

� h" frqvlvwh gh xp dufr vlpsohv oljdqgr �2�� d �e��>

� h3� frqvlvwh gh xp dufr oljdqgr �2�� d ���e h xp dufr oljdqgr �e�� d ���2�

Gr txh irl ylvwr qr Fdsðwxor 7/ srghprv gh�qlu dv fxuydv ihfkdgdv luuhgxwðylhv frpr

rv whuprv gdv vhtÿíqfldv fruwdqwhv= hf ' 7c h� ' 7A / h" ' A / h3� ' 7
3�
A 1 Frpr dv

fxuydv ihfkdgdv vær qær0rulhqwdgdv srghprv hvfuhyhu hf ' 7 rx hf ' 7
3�
�

D vhjxlu gh�qlprv dv fìoxodv hpPO EP�� h prvwuduhprv txh hodv vær pd{lpdlv1 Dv

fìoxodv vær=

Uf ' rR
n iifc i�j / U� ' rR

n iifc i3�j / U2 ' rR
n ii"c i3�j / U� ' rR

n ii"c i�j
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Iljxud 815= Z�0wudlq wudfnv hohphqwduhv1

Sursrvlêær 81514 d58o/ Dv fìoxodv Ufc U�c U2c U� vær pd{lpdlv h vxd xqlær ì POEP���

Ghprqvwudêær1 Ì vx�flhqwh surydu txh qhqkxp rxwur dufr srgh vhu dglflrqdgr d

hvvhv txdwur Z�0wudlq wudfnv h txh txdotxhu fxuyd ihfkdgd hvwä vxsruwdgd sru xp ghohv1

Revhuyh txh/ txdotxhu Z�0wudlq wudfn vreuhP� ghyh whu xpd gdv gxdv irupdv loxvwudgdv qd

Iljxud 8161 Vrpdqgr0vh rv shvrv vreuh rv grlv sduhv gh odgrv lghqwl�fdgrv h fdqfhodqgr0

vh @ rewhprv dv gxdv htxdêøhv= Kn e ' Sn _c Kn S ' e n _� Glvvr rewhprv txh K ' _

h S ' e1 Gr idwr gh txh xp flfor gh txlqdv qær srgh whu shvrv wrgrv qxorv/ vhjxh txh

K ' f rx S ' f� Frpr wrgrv rv shvrv vær qær qhjdwlyrv/ vljql�fd txh h{lvwhp vrphqwh

txdwur frq�jxudêøhv gh Z�0wudlq wudfnv fruuhvsrqghqwhv ãv fxuydv ihfkdgdv vlpsohv vreuh

P� qær sdudohodv ã iurqwhlud1

Shod Sursrvlêær 81514 txdotxhu fxuyd ihfkdgd vlpsohv � srgh vhu uhsuhvhqwdgd sru

@i� n Ki�/ rqgh � E�� 5 U& sdud dojxp & ' fc �c 2c�1

Luhprv xvdu d qrwdêær E@c K� sdud uhsuhvhqwdu rv vhjxlqwhv idwrv

E@c K� '

;AAAAAA?
AAAAAA=

@if n Ki�/ vh � E�� 5 Uf

@if n Ki3�/ vh � E�� 5 U�

@i" n Ki3�/ vh � E�� 5 U2

@i" n Ki�/ vh � E�� 5 U��

+815,

D qrwdêær sdud rv h� whp d vhjxlqwh udflrqdolgdgh1 Frqvlghuh - frpr vhqgr r

txdgudgr frp yìuwlfh �� qr fdqwr lqihulru hvtxhugr/ h r hpsduhokdphqwr gh odgrv

sru wudqvodêøhv Hxfolgldqdv1 Shod Sursrvlêær 81514/ txdotxhu fxuyd ihfkdgd vlpsohv �

vreuh P� hvwä vxsruwdgd sru xpd gdv txdwur fìoxodv pd{lpdlv U&1 Dvvlp/ d phqrv gh

;7
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Iljxud 816= Dv gxdv srvvðyhlv frq�jxudêøhv sdud xp Z�0wudlq wudfn pd{lpdo srqghudgr1

�

6

5

Iljxud 817= Dv olqkdv gh lqfolqdêær �*D wudêdgdv vreuh - h vhx uhvshfwlyr Z�0wudlq wudfn

srqghudgr1

krprwrsld/ � ì htxlydohqwh d xpd idpðold gh uhwdv fruwdqgr -� R ohydqwdphqwr gh �

sdud r sodqr Hxfolgldqr Euhfreulphqwr xqlyhuvdo gh -�/ lvwr ì/ U2/ wdo idpðold gh uhwdv vh

xqhp sdud irupdu xpd uhwd gh lqfolqdêær udflrqdo vreuh r sodqr1 Frp hvwd lghqwl�fdêær

d fxuyd urwxodgd sru h� whp lqfolqdêær �1

Gh xpd pdqhlud jhudo/ rewhp0vh xpd lghqwl�fdêær gh SPOEP�� frp rv uhdlv

hvwhqglgrv/ U^ i4j/ pdshdqgr E@c K� 5 Uf qr srqwr
K

@n K
/ E@c K� 5 U� qr srqwr

�K
@n K

/

E@c K� 5 U2 qr srqwr
� E@n K�

K
/ E@c K� 5 U� qr srqwr

@n K

K
1 Xp h{hpsor gh xpd fxuyd

uhsuhvhqwdgd sru E2c �� ' 2ifn�i� 5 Uf ì prvwudgd qd Iljxud 817� Hvwd uhwd fruuhvsrqgh

d uhwd gh lqfolqdêær
�

D
hp U2

�

Dv fìoxodv pä{lpdv Ufc U�c U2c U�c wíp vxdv iurqwhludv lghqwl�fdgdv shod Sursrvlêær

814151 Qhvwh fdvr ì iäflo yhu txh Uf _ U� ' rR
niifjc U� _ U2 ' rR

nii3�jc U2 _ U� '

;8
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Iljxud 818= D sduwlêær gh POEP�� hp fìoxodv pd{lpdlv1

rR
nii"jc U� _ Uf ' rR

nii�jc Uf _ U2 ' U� _ U� ' >� Lvwr hvwä loxvwudgr qd Iljxud 818/ qd

txdo qrwd0vh fodudphqwh txh SPOEP�� q 7
�1

81515 Wruêøhv gh Ghkq h r juxsr gh fodvvhv gh ixqêøhvPFJ EP
4
�

Ydprv ghqrwdu dv wruêøhv gh Ghkq hp wruqr gh h" h hf sru Bf h B�/ uhvshfwlydphqwh1

R remhwlyr ì hqwhughu d dêær ghvwdv wruêøhv vreuh d hvwuxwxud surmhwlyd gr hvsdêr grv

wudlq wudfnv frqvwuxðgrv qd vxevhêær dqwhulru1

Sdud vlpsol�fdu/ xvduhprv dojxpdv vlphwuldv gh - h rv Z�0wudlq wudfnv1 Hvvdv

vlphwuldv vær gh�qlgdv frpr vhjxh=

� � lqwhufdpeld rv sduhv E��c �e� h E�2c ��� (

� 2 shupxwd flfolfdphqwh rv yìuwlfhv �� sdud �2c �2 sdud �� h dvvlp sru gldqwh>

� � �{d �� h �� h lqwhufdpeld E�2c �e�1

;9



Txdqgr qhfhvväulr iru hvfuhyhuhprv f sdud ghqrwdu d lghqwlgdgh1

Revhuyh txh dsolfdqgr 2 gxdv yh}hv rewhprv xpd urwdêær gh �Hf� hp - d txdo

shupxwd ��c �� h �2c �e1 Hperud qær vhmd d lghqwlgdgh vreuh - hod djh frpr d wdo vreuh

fdgd U�� EHvwd ixqêær ì h{dwdphqwh d ixqêær txh ohyd xpd fxuyd vreuh vl phvpd frp

rulhqwdêær rsrvwd�1 Rv � djhp vreuh SPO EP�� frpr r juxsr gh Nohlq1 Vreuh dv fxuydv

ihfkdgdv luuhgxwðyhlv vxd dêær ì gdgd sru=

� G if $ ifc i� $ i3�c i" $ i"c i3� $ i�c

2 G if $ i"c i� $ i3�c i" $ ifc i3� $ i�c

� G if $ i"c i� $ i�c i" $ ifc i3� $ i3��

Hvwd dêær vh hvwhqgh gh prgr qdwxudo sdud rv U�/ frpr srgh vhu ylvwr dedl{r=

� EUf� ' U�c � EU�� ' Ufc � EU2� ' U�c � EU�� ' U2c

2 EUf� ' U2c 2 EU�� ' U�c 2 EU2� ' Ufc 2 EU�� ' U�c

� EUf� ' U�c � EU�� ' U2c � EU2� ' U�c � EU�� ' Uf�

D ydqwdjhp gh dsolfdu hvvdv vlphwuldv ì txh vrphqwh suhflvdprv frqvlghudu d dêær gh Bf

vreuhPO EP�� � D dêær gh B
3�
f h B

��
� vhjxh sru vlphwuld>

�Bf� ' B
3�
f c 2Bf2 ' B�c �Bf� ' B

3�
�

�B�� ' B
3�
� c 2B�2 ' Bfc �B�� ' B

3�
f 1

Lvwr dfrqwhfh srutxh � h � uhyhuwhp rulhqwdêær/ sruwdqwr/ frqmxjdp wruêøhv ã gluhlwd

sdud wruêøhv ã hvtxhugd/ hqtxdqwr 2 suhvhuyd rulhqwdêær pdv wurfd if frp i"�

Dsolfdqgr0vh xpd wruêær gh Ghkq d xp Z�0wudlq wudfn dojxpdv yh}hv uhvxowd qxp

Z�0wudlq wudfn qær uhgx}lgr/ lvwr ì> xp Z�0wudlq wudfn txh vdwlvid} dv frqglêøhv E��0E����

gd Vxevhêær 81415/ pdv qær vdwlvid} E���� H{lvwh xp surfhvvr sdud frqyhuwhu xp Z�0wudlq

wudfn qær uhgx}lgr qxp Z�0wudlq wudfn uhgx}lgr loxvwudgr qd Iljxud 819/ txh frqvlvwh qr

vhjxlqwh= vxsrqkd txh r Z�0wudlq wudfn � qær uhgx}lgr whqkd xp dufr k oljdqgr xp odgr

j& d vl phvpr h/ txh hvwh dufr whqkd shvr �Ek�1 Vxsrqkd wdpeìp txh � whqkd xpd

;:
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Iljxud 819= Surfhvvr gh uhgxêær gh xp Z�0wudlq wudfn qær uhgx}lgr1

shvdjhp lqwhlud irupdo1 Frphêdprv frqyhuwhqgr0r hp xpd pdokd vlpsohv vreuh -� Lvwr

vljql�fd txh vxevwlwxðprv fdgd dufr k� frp shvr � Ek�� sru � Ek�� frugøhv oljdqgr rv

phvprv sduhv gh odgrv txh rv oljdgrv sru k� � Hp sduwlfxodu whprv � Ek� frugøhv gh j&

vreuh vl phvpr1 Uhdol}d0vh hqwær xpd krprwrsld gh P� txh uhpryhuä dv lqwhuvhêøhv gh

wrgrv rv frugøhv frp j&1 Lvwr ì ihlwr frpr vhjxh= vhmd q r frugær pdlv lqwhuqr frp

srqwrv whuplqdlv %3 h %n vreuh j&1 Frqvlghuh/ djrud/ dv lpdjhqv gh %3 h %n vreuh r

hpsduhokdphqwr gh odgrv j&1 Hvvhv srqwrv hvwær hp j
�

&
h vær whuplqdlv grv frugøhv q

3
h

qn/ uhvshfwlydphqwh1 Rv rxwurv srqwrv whuplqdlv gh q
3
h qn/ vær srqwrv +3 h +n vreuh

rv odgrv j3 h jn1 Djrud/ vxevwlwxl0vh qc qn h q
3
sru xp frugær vlpsohv lqgr gh +3 sdud

+n1 Frp lvvr/ r qýphur gh frugøhv irl uhgx}lgr hp grlv1 Hvwh surfhvvr whuplqd dsöv xp

qýphur �qlwr gh dsolfdêøhv/ fxoplqdqgr frp xpd pdokd vlpsohv txh qær whp frugøhv

frp dperv srqwrv whuplqdlv hp j&� Uhshwlqgr r surfhvvr sdud wrgrv rv ydoruhv gh &

rewhp0vh xp Z�0wudlq wudfn uhgx}lgr vreuh - frp xpd shvdjhp lqwhlud irupdo1

Sursrvlêær 81515 ^58`/ Vhmd E@c K� 5 Uf� Dv wruêøhv gh Ghkq djhp vreuh Uf frpr vhjxh=

Bf E@c K� ' EKc @n K� 5 U�

B
3�
f E@c K� ' EKc @� 5 U�

B� E@c K� '

;?
= E@� Kc K� 5 Uf vh @ � K

EK� @c @� 5 U� vh @ � K

B
3�
� E@c K� ' E@n Kc K� 5 Uf�

;;



Ghprqvwudêær1 Hvwd ghprqvwudêær vhuyh pdlv frpr loxvwudêær gh frpr xvdu rv

Z�0wudlq wudfnv/ frpr prvwudgd qd Iljxud 81:1 Vhmd E@c K� 5 Uf� Txhuhprv uhdol}du dv

wruêøhv B��
�
/ sdud � ' fc �c vreuh d fxuyd �

�
fdudfwhul}dgd sru i" rx if/ uhvshfwlydphqwh1

Ydprv frqvlghudu xpd yl}lqkdqêd wxexodu hp wruqr gh �
�
frpr vhqgr xpd idl{d lqgr

gh xp odgr sdud r odgr rsrvwr1 Hvwd idl{d ì olplwdgd sru olqkdv srqwlokdgdv frpr srgh

vhu revhuydgr qd Iljxud 81:1 Frpr ylvwr dqwhulruphqwh/ d wruêær gh Ghkq ì d lghqwlgdgh

irud ghvwd idl{d h ghqwur ghod �{d xpd frpsrqhqwh gd iurqwhlud gr flolqgur hqtxdqwr

urwdflrqd d rxwud qxp jlur wrwdo1 Sdud phokru hqwhqglphqwr hvwdprv lqwhusrodqgr xp

hvwäjlr lqwhuphgläulr/ rqgh prvwud gh txh irupd xp dufr gr wudlq wudfn irl gluhwdphqwh

urwdflrqdgr xpd yh} dr uhgru gr flolqgur dqwhv gh hphujlu gr rxwur odgr1 Hvwh wudlq

wudfn dlqgd srvvxl r phvpr shvr uhsuhvhqwdqgr r qýphur gh frugøhv qd fruuhvsrqghqwh

pdokd vlpsohv1 Qrv fdvrv loxvwudgrv qr gldjudpd gd Iljxud 81:/ frqvlghudqgr r sulphlur

h txduwr fdvrv/ r txh whprv d id}hu ì mxqwdu rv dufrv fxmrv srqwrv whuplqdlv hvwær qr

phvpr odgr h vrpdu vhxv shvrv1 Qrv fdvrv lqwhuphgläulrv/ d lpdjhp grv wudlq wudfnv

vær wudlq wudfnv qær uhgx}lgrv h/ sruwdqwr/ suhflvdprv uhgx}l0orv frqiruph ghvfulwr1

Dv wruêøhv gh Ghkq Bf h B� jhudp r juxsr gh fodvvhv gh ixqêøhvPFJ EP��1 Gh idwr=

whp0vh 2 ' B�BfB�/ 2B�2 ' Bf h vrpdqgr0vh r idwr gh txh 2 whp rughp 2 vhjxh txh=

B�BfB� ' BfB�Bfc EBfB��
� ' e�

Lvwr frqgx} d suhvhqwdêær gr juxsr PFJ EP�� frpr vhqgr

PFJ EP�� ' kBfc B� G B�BfB� ' BfB�Bfc EBfB��
� ' el�

Sdud rewhu d lghqwl�fdêær ghPFJ EP�� frp �7u E2c]�/ frqvlghuh d lghqwl�fdêær gh

SPO EP�� frp U^ i4j gdgd qd Vxevhêær 815141

81516 D ixqêær gh Pdunry h rv sduhv gh Iduh|

Gh�qluhprv d vhjxlu d ixqêær gh Pdunry s vreuh PO EP�� gd txdo frqvwuxluhprv

d hvwuxwxud dxwrpäwlfd sdud r juxsr PFJ EP�� � D sduwlêær gh Pdunry frqvlvwluä gdv

;<
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Iljxud 81:= D dêær gdv wruêøhv gh Ghkq qrv srqwrv gh Uf1
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fìoxodv Ufc U�c U2 h U�1 D ixqêær gh Pdunry s mU� vhuä hvfroklgd ghqwuh rv hohphqwrv gr

frqmxqwr
�
B
��
f c B

��
�

�
gh wdo irupd txh vdwlvidêd d sursulhgdgh gh Pdunry1

Ohpd 81516 ^58`/ B� EUf� ' Uf ^ U�1

Ghprqvwudêær1 Shod Sursrvlêær 81515/ B� EUf� � Uf ^ U�1 Sru rxwur odgr/ B3�� EUf� �
Uf h B

3�
� EU�� ' �Bf� E�Uf� ' �Bf EUf� � � EU�� ' Uf1

Gh�qdprv djrud d ixqêær gh Pdunry frpr=

s m
Uf

' B� G Uf :�$ Uf ^ U�

s m
U�

' B
3�
� G U� :�$ U� ^ U2

s mU2 ' Bf G U2 :�$ U� ^ U2

s m
U�

' B
3�
f G U� :�$ Uf ^ U�

Revhuyh txh vreuh d iurqwhlud U� _ U� d ixqêær s whp grlv ydoruhv h shor Ohpd 81516

hod vdwlvid} d sursulhgdgh gh Pdunry ylvwd qd Vxevhêær 814141

Ohpd 81517 ^58`/ Vhmd � 5 PO� EP�� xpd shvdjhp lqwhlud irupdo vreuh xp Z�0wudlq

wudfn � 1 Hqwær ms E��m � m�m frp ljxdogdgh yäolgd vh/ h vrphqwh vh/ � ' @if rx @i"1

Ghprqvwudêær1 Edvwd ohpeudu d gh�qlêær gh frpsulphqwr gdgd qd Vxevhêær 814151

Qr qrvvr fdvr Esdud P ' P�� srghprv yhu gluhwdphqwh txh vh � ' E@c K� 5 U�/ hqwær

m�m ' @n 2K sdud � ' fc�c 2c �/ h hp vhjxlgd xvdu d Sursrvlêær 815151

Xpd sursrvwd vlpsol�fdgd gh frqvwuxêær gh xpd pätxlqd gh hvwdgrv sdudPFJ EP��

ì xvdu dv txdwur fìoxodv Ufc U�c U2c U� frpr hvwdgrv h gh�qlu dv duhvwdv xvdqgr d pdwul}

gh wudqvlêær dvvrfldgd ã ixqêær gh Pdunry s 1 Hqwuhwdqwr/ h{lvwh xp sureohpd frp hvwd

sursrvwd/ srlv r juxsr PFJ EP�� qær djh olyuhphqwh vreuh PO EP��/ lvwr ì/ � E�� ' �

sdud � 5 PFJ EP��/ rqgh � ì xpd fxuyd ihfkdgd vlpsohv vreuh P�/ qær lpsolfd txh �

ì d lghqwlgdgh1 Sruwdqwr/ suhflvdprv frqvlghudu d dêær gr juxsr PFJ EP�� vreuh xp

hvsdêr pdlv dghtxdgr qr txdo vxd dêær vhmd olyuh1 Sdud hvwh �p/ lqwurgx}luhprv d vhjxlu

rv sduhv gh Iduh|1

Gxdv +fodvvhv krpöwrslfdv gh, fxuydv ihfkdgdv vlpsohv vreuh P� vær fkdpdgdv

yl}lqkdqêdv gh Iduh| vh hodv +wíp uhsuhvhqwdqwhv txh, vh lqwhuvhfwdp h{dwdphqwh
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xpd yh}1 Qrwh txh/ hvwd frqglêær sru vl vö lpsolfd txh hvwdv fxuydv qær glylghp r wrur

sxqflrqdgr/ dvvlp vhqgr hodv qær srghp vhu sdudohodv ã iurqwhlud rx krprwrslfdphqwh

wulyldlv1 Fkdpduhprv sduhv gh Iduh| drv sduhv rughqdgrv gh ylq}lqkdqêdv gh Iduh|

E��c �2�1 Ì fodur txh Eifci"� h Ei"c if� vær dperv sduhv gh Iduh|1 R frqmxqwr gh wrgrv

rv sduhv gh Iduh| vhuä ghqrwdgr sru I 1

Qrwh txh Eifc i"� whp hvwdelolgdgh wulyldo hpPFJ EP�� h txh/ gdgr txdotxhu rxwur

sdu gh Iduh| E��c �2�/ h{lvwh xp hohphqwr � 5 PFJ EP�� wdo txh � E��c �2� ' Eifc i"� �

Frpr Eifc i"� whp hvwdelolgdgh wulyldo hvwh hohphqwr ì ýqlfr1 Hp sduwlfxodu 2 ohyd

Eifc i"� hp Eifc i"�1 Ihol}phqwh/ d qrêær gh sduhv gh Iduh| ì frpsdwðyho frp d hvwuxwxud

gh fìoxodv gh PFJ EP�� qr vhjxlqwh vhqwlgr=

Sursrvlêær 81518 d58o/ Vhmd E��c �2� xp sdu gh Iduh|1 Vh i��c �2j 9' iefc e"j/ hqwær

�� h �2 hvwær dperv frqwlgrv qd phvpd fìoxod U� sdud dojxp � ' fc �c 2c��

Ghprqvwudêær1 Xvdqgr d lghqwl�fdêær gh SPOEP�� frp U^ i4j +yhu Vxevhêær

81514, xp sdu gh yl}lqkdqêdv gh Iduh| fruuhvsrqgh d xp sdu gh qýphurv udflrqdlv
R

^
e
o

r
/

srqwrv whuplqdlv grv wulåqjxorv gd whvvhodêær ylvwd qr Fdsðwxor 7/ rx vhmd/ Rr�^o ' 	�1
Glvvr vhjxh txh

�
	R

^
c	o

r

�
9'
�
f '

f

�
c4 '

�

f

�
c r txh prvwud txh

R

^
e
o

r
hvwær dperv

frqwlgrv hp xp grv lqwhuydorv d�4c��o c d��c fo c dfc �o rx d�c4o � R uhvxowdgr vhjxh gd

glvfxvvær ihlwd qd Vxevhêær 815141

Vreuh xpd fìoxod U� d ixqfær s ì frqvwdqwh h ljxdo d xp hohphqwr �{r k� 5 PFJ EP��

frp srvvðyhlv dpeljÿlgdghv qrv srqwrv whuplqdlv1 D Sursrvlêær 81518 shuplwh0qrv

hvwhqghu d dêær gh s sdud I�iEifc i"� c Ei"c if�j1 Lvwr ì ihlwr frpr vhjxh= s E��c �2� '

Ek� E��� c k� E�2�� vhpsuh txh �� h �2 hvwlyhuhp qd phvpd fìoxod U� 1 Frpr r juxsr gh

fodvvhv gh ixqêøhv suhvhuyd dv yl}lqkdqêdv gh Iduh|/ vhjxh txh Ek� E��� c k� E�2�� 5 I1
Frp lvvr/ srghprv frqwlqxdu d lqwhudêær gh s dwì txh s? E��c �2� 5 iEifci"� c Ei"c if�j1
R ohpd d vhjxlu prvwud txh hvvh surfhvvr ì �qlwr1

Ohpd 81519 ^58`/ Vxsrqkd txh E��c �2� 5 I h i��c �2j 9' iifc i"j � Hqwær

msE���mn msE�2�m 	 m��mn m�2m �
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Ghprqvwudêær1 Frqvhtxíqfld gr Ohpd 815171

Vxsrqkd/ djrud/ txh � 5 PFJ EP��1 Frpr d frqglêær gh vhu yl}lqkdqêd gh Iduh|

ì wrsroöjlfd/ r sdu E� Eif� c � Ei"�� ì dlqgd xpd yl}lqkdqêd gh Iduh|1 D irupd qrupdo

uhvxowd gd vhjxlqwh sursrvlêær=

Sursrvlêær 8151: ^58`/ Vhmd � 5 PFJ EP�� � Hqwær h{lvwh xp lqwhlur qær0qhjdwlyr ?

wdo txh 
0

2s
? E� Eif� c � Ei"�� ' Eifc i"�/ rqgh 0 ' f rx �1

Ghprqvwudêær1 Vhjxh gd dujxphqwdêær dqwhulru h gr Ohpd 815191

Revhuydêær 8151; D Sursrvlêær 8151:/ prvwud txh d dêær gh s h PFJ EP�� vreuh

r hvsdêr gh yl}lqkdêdv gh Iduh| vær öuelwdv htxlydohqwhv1 Hp rxwud sdodyudv/

sdud txdlvtxhu sduhv gh yl}lqkdqêdv gh Iduh| i��c �2j h i� ��c � �2j whprv i� ��c � �2j '

i� E��� c � E�2�j sdud dojxp � 5 PFJ EP�� vh/ h vrphqwh vh/ h{lvwhp lqwhlurv qær

qhjdwlyrv 6c? wdlv txh s
? i��c �2j ' s

6i� ��c � �2j�

81517 D Irupd qrupdo h d pätxlqd gh hvwdgrv

Ghqrwduhprv rv sduhv gh Iduh| Eifc i"� h Ei"c if� sru gf h g2/ uhvshfwlydphqwh1

Frp lvvr/ srghprv hvwhqghu d gh�qlêær gh s �{dqgr= s�gf
' f ' e h s�g2

' 2 ' B�BfB��

Dvvlp/ r frqmxqwr I srgh vhu hvfulwr frpr I ' Uf ^ U� ^ U2 ^ U� ^gf ^g2�

R iruwh gd Sursrvlêær 8151: ì txh shuplwh gh�qlu d irupd qrupdo sdud hohphqwrv

gh PFJEP�� frpr vhjxh= Sdud fdgd � 5 PFJ EP��/ r sdu E� Eif� c � Ei"�� shuwhqfh

d dojxpd fìoxod L?/ rqgh L? ì xp grv hohphqwrv gr frqmxqwr iUfc U�c U2c U�cgfcg2j1
Txdqgr gd dsolfdêær gd ixqêær s uhvxowd hp pryhu d vhtÿíqfld frqiruph r hvtxhpd

dedl{r>

L? $ L?3� $ � � � $ L� $ Lf ' gf�

Fdgd fìoxod L�/ � � 2/ ì xpd gdv txdwur fìoxodv Ufc U�c U2c U�/ hqtxdqwr txh L� ì

xpd gdv flqfr fìoxodv Ufc U�c U2c U�cg2� Hp fdgd hvwäjlr/ s�L� ' k� ì xp hohphqwr �{r gr

frqmxqwr
�
B
��
f c B

��
�

�
+rx srvvlyhophqwh 2 vh L� ' g2,1 Dvvlp whprv

s
?

� E�Eif�c E�Ei"�� ' Ek�k2 � � �k?�Eif�c k�k2 � � �k?�Ei"� ' Eifci"� �
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Frpr PFJ EP�� djh olyuhphqwh vreuh r hvsdêr I / d h{suhvvær k�k2 � � �k?� ' e qrv

iruqhfh d irupd qrupdo � ' k
3�
?
� � �k3�� gh xp hohphqwr duelwuäulr � 5 PFJ EP��/ r

txh prvwud vhu PFJ EP�� jhudgr sru
�
B
��
f c B

��
�

�
1

H{hpsor 8151< Vhmd � ' B
2
fB� xp hohphqwr gh PFJ EP��1 Ydprv prvwudu txh d

irupd qrupdo sdud � ì BfB
3�
� 21 Gd Sursrvlêær 81515 whprv txh �Eif� ' E�c �� 5 U�

h �Ei"� ' Efc�� 5 U�1 Dvvlp/ suhflvdprv dfkdu d s0h{sdqvær sdud r sdu gh Iduh|

E�Eif�c �Ei"�� 5 U�1 Dsolfdqgr s mU� ' B
3�
f rewhprv s� Eif� ' Efc �� 5 Uf h s� Ei"� '

E�c f� 5 Uf1 Dsolfdqgr s mUf ' B� rewhprv g2 h/ dsolfdqgr s mg2 ' 2 yrowdprv sdud gf1

Glvvr vhjxh txh

s
� E�Eif�c �Ei"�� ' E2B�B

3�
f �Eif�c 2B�B

3�
f �Ei"�� ' Eifc i"� /

grqgh frqfoxðprv txh 2B�B
3�
f � ' e/ r txh dfduuhwd � ' BfB

3�
� 21

R suö{lpr sdvvr ì frqvwuxlu xpd pätxlqd gh hvwdgrv txh uhfrqkhêd d irupd qrupdo1

Sdud lvvr suhflvdprv hvwhqghu d gh�qlêær gd ixqêær gh Pdunry sdud r frqmxqwr I grv

sduhv gh Iduh|=

s m
Uf

' B� G Uf :�$ Uf ^ U� ^gf ^g2

s m
U�

' B
3�
� G U� :�$ U� ^ U2 ^gf ^g2

s mU2 ' Bf G U2 :�$ U� ^ U2 ^gf ^g2

s m
U�

' B
3�
f G U� :�$ Uf ^ U� ^gf ^g2

s mgf
' e G gf :�$ gf

s mg2
' 2 G g2 :�$ gf�

Sdud frqvwuxlu d pätxlqd gh hvwdgrv gh�qlprv rv vhlv hvwdgrv Ufc U�c U2c U�cgfcg21

Xpd duhvwd rulhqwdgd vdluä gh xp hvwdgr L sdud xp hvwdgr T urwxodgd sru k vh

L � s ET � h s mT ' k
3�1 R hvwdgr lqlfldo ì gf1 Qrwh txh h{lvwh qr pä{lpr xpd duhvwd

urwxodgd frp xp gdgr uöwxor vdlqgr gh fdgd hvwdgr h txh wrgdv dv duhvwdv whuplqdqgr

hp xp ghwhuplqdgr hvwdgr wíp r phvpr uöwxor1 Hvwd ì d sursulhgdgh txh wrgd irqwh
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ghyh vdwlvid}hu sdud vhu xql�odu1 Txdotxhu fdplqkr qhvwh judir frphêdqgr hp gf h

vhjxlqgr dv duhvwdv qxpd gdgd gluhêær iruqhfh d irupd qrupdo sdud dojxp hohphqwr

gh PFJEP��/ edvwdqgr/ sdud lvvr/ ohu rv uöwxorv gdv duhvwdv gr fdplqkr1 Doìp glvvr/

txdotxhu � 5 PFJEP�� whp xpd ýqlfd irupd qrupdo gdgd qhvwh fdplqkr1 Sdud r

hqwhqglphqwr gr surfhvvr/ d Iljxud 81;/ prvwud d pätxlqd gh hvwdgrv dvvrfldgd1

I
3

I
0

I
2

I
1

K
0

K
2

-

--

-
--

-

--

--

-

-

-

-

1 1

1

1

1
1 -1

1

0
0

0

0

0

0

0

0

-1

-1

-1

-1

-1

-1

-1

-1

3
2

Iljxud 81;= D pätxlqd gh hvwdgrv �qlwr1

Frqvlghudqgr wdpeìp d whruld gh frpsrvlêær gh ixqêøhv/ dv vhtxíqfldv vær olgdv gd

gluhlwd sdud d hvtxhugd1 Xpd revhuydêær lpsruwdqwh ì txh dv irupdv qrupdlv surgx}lgdv

sru hvwd pätxlqd vær gd irupd

`
�
Bfc B

3�
�

�

0

2 rx `
�
B
3�
f c B�

�

0

2/

rqgh ` Ekc q� ì xpd sdodyud txh vö frqwìp dv ohwudv k h q h r h{srhqwh 0 ' f rx �1
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H{hpsor 815143 R hohphqwr � ' B
2
fB� 5 PFJEP�� fruuhvsrqgh dr vhjxlqwh fdplqkr

qd pätxlqd gh hvwdgrv1

gf
2$ g2

B
3�

�$ Uf
Bf$ U��

81518 D hvwuxwxud dxwrpäwlfd sdud PFJEP
4
�

D �p gh surgx}lu xpd hvwuxwxud dxwrpäwlfd sdud r juxsr gh fodvvhv gh ixqêøhv

gr wrur �0yh} sxqflrqdgr PFJEP��/ sdvvdprv d h{solfdu frpr frqvwuxlu d pätxlqd

gh sdodyudv0glihuhqêd1 Qrvvr remhwlyr ì hqfrqwudu xp frqmxqwr �qlwr G � PFJEP��/

fkdpdgr frqmxqwr gh sdodyudv0glihuhqêd1 Fdgd xp gh vhxv hohphqwrv ì glwr vhu xpd

sdodyud0glihuhqêd1 Hvwh frqmxqwr ghyhuä whu dv vhjxlqwhv sursulhgdghv=

Sulphlud/ r frqmxqwr G ghyhuä frqwhu d lghqwlgdgh e 5 PFJEP�� h wrgdv dv ohwudv gr

doidehwr D1 D vhjxqgd sursulhgdgh ì phqrv vlpsohv1 Vxsrqkd txh � 5 G h txh LcT vær

grlv vxefrqmxqwrv gh U� sdud � ' fc �c 2c� rx g� sdud � ' fc 2 frp d sursulhgdgh gh txh

�EL � ' T 1 Vhmdp s�L ' k h s�T ' q dv uhvwlêøhv gd ixqêær s ã L h T / uhvshfwlydphqwh/

rqgh k h q vær hohphqwrv gr doidehwr D1 Hqwær q�k
3�EkEL�� ' q�EL� ' qET �1 Gdð/

wrpdqgr �
� ' q�k

3�/ whprv txh �
� ohyd kEL � hp qET �� D vhjxqgd h{ljíqfld vreuh

G ì txh sdud wrgr � 5 G whqkdprv �� 5 G lqghshqghqwh gd hvfrokd gh L h T 1 Lvwr

vljql�fd txh rewlyhprv xp gldjudpd frpxwdwlyr/ frpr srgh vhu ylvwr qd Iljxud 81<1

Wdo gldjudpd vhuä gdtxl hp gldqwh fkdpdgr gh txdgudgr1

X

α

α+X , β+Y ,

ψ

ψ'

β

Y

Iljxud 81<= Gldjudpd 41

Hvwh txdgudgr fruuhvsrqgh ã uhodêær �
� ' q�k

3� hpPFJEP��1

Ghvhmdprv frqfdwhqdu yäulrv txdgudgrv yhuwlfdophqwh1 Hp jhudo/ kEL� h qET �

frqwhuær srqwrv hp glyhuvrv hohphqwrv gd sduwlêær gh I hp U� h g�1 Lvwr vljql�fd

txh s srgh qær vhu xp hohphqwr �{r gh PFJEP�� vreuh kEL� h qET �1 Vhmdp L
� h
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T
� vxefrqmxqwrv gh L h T / uhvshfwlydphqwh/ fdgd xp ghohv shuwhqfhqwh d xpd ýqlfd

sduwlêær h vdwlvid}hqgr �
�EL �� ' T

�1 Vhpsuh srghprv sduwlflrqdu kEL � h qET � hp xp

qýphur �qlwr gh vxe0lqwhuydorv qrv txdlv d sursulhgdgh ydoh1 Frpr L
� h T � hvwær fdgd

xp frqwlgr qxp ýqlfr frqmxqwr gd sduwlêær/ d uhvwulêær gh s ã fdgd xp ghvvhv frqmxqwrv

ì xp hohphqwr �{r gh PFJEP��1 Ghvvd irupd/ srghprv frqvwuxlu glyhuvrv txdgudgrv

frqiruph r prghor prvwudgr qd Iljxud 8143/ fdgd xp grv txdlv srghqgr vhu frorfdgr

X'

α'

α'+X', β'+Y',

ψ'

ψ''

β'

Y'

Iljxud 8143= Gldjudpd 51

xp dedl{r gr rxwur1 Hp rxwudv sdodyudv/ srghprv frqfdwhqdu txdgudgrv yhuwlfdophqwh1

Xp fdvr hvshfldo srgh vhu revhuydgr qr Gldjudpd 6/ loxvwudgr qd Iljxud 8144/ txh ì

txdqgr d sdodyud0glihuhqêd ì d lghqwlgdgh e�

X

α

α'+X , α+X ,

F

F

X

α

Iljxud 8144= Gldjudpd 61

Sru h{hpsor/ vh L ' Uf/ T ' U� h � ' B
3�
f / shod Sursrvlêær 81515 h shor frphqwäulr

ihlwr qd Vxevhêær 81517/ srghprv frqvwuxlu r txdgudgr fruuhvsrqghqwh dr gldjudpd

frqwlgr qd Iljxud 81451

D �p gh frqfdwhqdu rv txdgudgrv yhuwlfdophqwh/ suhflvdprv vxeglylglu rv frqmxqwrv

gdv olqkdv lqihulruhv ghvwh txdgudgr1 Hvwh txdgudgr srgh vhu vhjxlgr sru rxwurv

txdgudgrv fxmdv olqkdv vxshulruhv vhmdp xpd gdv ghvfulwdv d vhjxlu1

Uf
2$ U2c U�

2$ U�c gf
2$ g2c g2

2$ gf�

Sru h{hpsor/ wdo txdgudgr srghuld vhu vhjxlgr shor txdgudgr frp L
� ' Uf h T

� ' U2/

frqiruph Gldjudpd 81
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Iljxud 8145= Gldjudpd 71

L
3

L
4
X L

5
X N

3
X N

5

L
3
X L

6
X N

3
X N

5

L
5

i
4
� L

5
@δ

3i
4
�L

3
@δ

4

ι

5
ι

5

Gldjudpd 81

D �p gh vlpsol�fdu wdlv gldjudpdv/ frqvlghuhprv

'f ' Uf ^ U� ^gf ^g2c h '2 ' U� ^ U2 ^gf ^g2�

Vh � ' k rx � ' q
3� gh�qdprv rv txdgudgrv ghjhqhudgrv rx wulåqjxorv frpr vhjxh=

qr fdvr rqgh � ' k/ qær dsolfdprv s ã T 1 Lvwr vljql�fd txh T srgh frqwhu srqwrv gh

glyhuvrv frqmxqwrv qd sduwlêær1 Sruwdqwr/ srghprv wrpdu T ' kEL�1 Gh prgr dqäorjr/

vh � ' q
3� gh�qlprv xp wulåqjxor qær dsolfdqgr s ã L� Hp dperv rv fdvrv/ �� ì d

ixqêær lghqwlgdgh e1 D Iljxud 81461 loxvwud hvwh frphqwäulr1

Ydprv

prvwudu txh srghprv wrpdu r frqmxqwr gh sdodyudv0glihuhqêd frpr vhqgr

G' iic �
f
c�

3�
f c��c �

3�
� c 2j�

Sulphludphqwh/ lqglfdprv wrgrv rv txdgudgrv sdud rv txdlv L � Uf1 Qrv fdvrv
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α+X,

X α+X,
ψ= α

ψ'
@h

α

β+Y, Y

β+Y,

ψ'@h
β

ψ=β04

Iljxud 8146= Gldjudpd 91

grv wulåqjxorv rqgh � ' q
3� vxevwlwxðprv L sru qET � h lqfoxðprv rv fdvrv qrv txdlv

Uf � qET � qd qrvvd uhodêær1

T
3

T
3

L
3

L
4

L
3

T
3

T
5

δ
0

−1

δ
4

04δ
1

ι
5

δ
1

δ
1

h

h

T
3

T
3

L
3

δ
1

δ
1

−1

T
3

δ
0
−1

T
3

h

δ
0 Ι

3

ι
5

T
3

T
5

L
3

L
5

δ
0

ι
5

δ
1

Iljxud 8147= Gldjudpd :1

Rv txdgudgrv h wulåqjxorv rqgh L 5 U�c U2 rx U� rx qET � ' '2 srghp vhu rewlgrv d

sduwlu ghvvdv vlphwuldv1

Ilqdophqwh/ vxsrqkdprv txh L ' gf rx g21 Vh d sdodyud0glihuhqêd � ì B
��
�

sdud

� ' fc �/ rv wulåqjxorv h txdgudgrv uhohydqwhv mä hvwær lqfoxðgrv qd olvwd dflpd1 Doìp

glvvr/ sdud wdlv sdodyudv0glihuhqêd/ d qryd sdodyud0glihuhqêd ì e1 Sru rxwur odgr/ vh d

sdodyud0glihuhqêd ì 2/ hqwær rewhprv rv wulåqjxorv prvwudgrv qrv gldjudpdv gd Iljxud

81481

D Iljxud 8149/ qrv gä xpd lgìld gd pätxlqd gh sdodyudv0glihuhqêd1

Ydprv h{solfdu frpr frqvwuxlu d pätxlqd gh sdodyudv0glihuhqêd uhihuhqwh d hvvhv

txdgudgrv h wulåqjxorv1 Vhjxlqgr r hverêr ihlwr qd Vxevhêær 81414/ rv hvwdgrv gd

pätxlqd ghyhuldp vhu xpd wulsod ELcTc�� txh dsduhfh qd olqkd vxshulru gh xp grv

qrvvrv txdgudgrv rx wulåqjxorv1 Gh txdotxhu prgr/ frpr d ýqlfd ixqêær gd hvfrokd

gh L h T ì ghwhuplqdu r ydoru gd ixqêær s / srghprv wrpdu rv hvwdgrv gd pätxlqd
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K
0

K
0

K
2

K
0

K
0

K
2

ι
2

ι
2

ι
2

ι
2

F
F

Iljxud 8148= Gldjudpd ;1

gh sdodyudv0glihuhqêd frpr vhqgr rv hohphqwrv gh G1 Dv duhvwdv vhuær sduhv rughqdgrv

E%c +� 5 D^i�j/ rqgh % h + vær hvvhqfldophqwh rv lqyhuvrv gh k h q1 Hp rxwudv sdodyudv/

gdgr xp txdgudgr gd irupd loxvwudgd qdv Iljxudv 81< h 8143/ wudêdprv xpd duhvwd gh

�
� sdud � h urwxodpr0od sru Ek3�

c q
3��1 Dqdorjdphqwh/ rv wulåqjxorv loxvwudgrv qd

Iljxud 8146c fruuhvsrqghp ãv duhvwdv gh e sdud � vær uxwxodgdv sru Ek3�
c�� h E�c q3��/

uhvshfwlydphqwh1 D Iljxud 8149 loxvwud hvwhv idwrv1 Hp dglêær d hvwdv/ ghyh kdyhu duhvwdv

urwxodgdv Ekck� gh e sdud vl phvpr/ sdud wrgr k 5 D1
Ì dxwrpäwlfr gd frqvwuxêær txh sdud txdotxhu fdplqkr qd pätxlqd gh sdodyudv0

glihuhqêd frp duhvwdv urwxodgdv sru Ek3�
�
c q

3�
�
�/ dv duhvwdv urwxodgdv sru k3� h q

3� vær

duhvwdv gd pätxlqd gh hvwdgrv �qlwr loxvwudgd qd Iljxud 81;1

Xp uhvxowdgr ghvwd frqvwuxêær ì txh yhul�fdprv d suhvhqwdêær gh PFJEP��

EVxevhêær 81515�1 Sdud yhu lvwr/ revhuyh txh txdotxhu fdplqkr ihfkdgr qr judir gh

Fd|oh| srgh vhu ghfrpsrvwr qxpd xqlær gh wulåqjxorv fdgd xp grv txdlv whqgr xp odgr

gh frpsulphqwr qr pä{lpr xp h rv rxwurv grlv odgrv vær fdplqkrv qd irupd qrupdo

yrowdqgr sdud d lghqwlgdgh1 Lvwr irupd xp gldjudpd Efrqkhflgr frpr gldjudpd gh Ydq

Ndpshq� sdud rv fdplqkrv ihfkdgrv freulqgr0r frp wulåqjxorv h txdgudgrv gd irupd

txh frqvwuxðprv1 Qær ì gliðflo yhul�fdu txh d fdgd xp ghvvhv wulåqjxorv h txdgudgrv

fruuhvsrqgh xpd uhodêær txh srgh vhu ghulydgd gh B�BfB� ' BfB�Bf rx EB�Bf�
� ' e1

Hvvh surfhglphqwr srvvlelolwrx d frqvwuxêær gr dxwrpdwd gh frpsulphqwr 2 sdud d

pätxlqd gh sdodyudv0glihuhqêd1 H{lvwh dlqgd xp sureohpd wìfqlfr d vhu vxshudgr1 D

vdehu/ d pätxlqd ì dvvðqfurqd1 Lvwr srutxh/ dojxqv gh vhxv uöwxorv wíp d irupd Ek3�
c��

rx E�c q3��1 Gh idwr/ lvwr rfruuhuä h{dwdphqwh xpd yh} txdqgr hvwdprv wudedokdqgr frp

sduhv gh hohphqwrv gr juxsr txh glihuhp sru xpd sdodyud gh frpsulphqwr h{dwdphqwh
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Iljxud 8149= Pätxlqd gh sdodyudv0glihuhqêd1

xp1 Hvshfl�fdphqwh/ d sulqfðslr wrgdv dv irupdv qrupdlv grv suh�{rv gd pätxlqd gh

hvwdgrv glihuhp shor vðperor R�� hp xpd gdv duhvwdv qd pätxlqd gh sdodyudv0glihuhqêd1

Lvwr srutxh/ wrgdv dv duhvwdv vdlqgr gh e sdud txdotxhu rxwur hvwdgr whp hvwd irupd h

qhqkxpd rxwud whp1

Sdud frqwruqdu hvvd gl�fxogdgh suhflvdprv vlqfurql}du d pätxlqd gh sdodyudv0

glihuhqêd1 Lvwr ì ihlwr frpr vhjxh1 Qd gh�qlêær gr dxwrpdwd gh frpsulphqwr 2/

suhflvdprv frorfdu xp vðperor dglflrqdo m qr �qdo gh xpd gdv sdodyudv sdud dvvhjxudu

txh wrgdv dv sdodyudv whqkdp r phvpr frpsulphqwr1 Dvvlp/ suhflvdprv pryhu r

vðperor R�� qr phlr gd sdodyud sdud xp vðperor m qr �p gd sdodyud1 Lvwr ì frqvhjxlgr
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dglflrqdqgr dr frqmxqwr gh sdodyudv0glihuhqêd dv gldjrqdlv hp fdgd txdgudgr1 Lvwr ì/

sdud txdgudgrv gr wlsr loxvwudgr qdv Iljxudv 81< h 8143/ dv sdodyudv0glihuhqêd gldjrqdlv

q
3�

�
� ' �

�
k
3� h q� ' �

�
k1 Revhuyh txh/ sru lqvshêær/ hvvd qryd sdodyud0glihuhqêd

srgh vhu uhduudqmdgd qd irupd 2B
��
�

sdud � ' fc �� Lvwr whp r vhjxlwh hihlwr= vxsrqkd

txh d irupd qrupdo sdud d pätxlqd gh hvwdgrv glihulqgr sru � vær k
3�
� k

3�
2 k

3�
� k

3�
e h

q
3�
� q

3�
2 k

3�
e 1 Rv gldjudpdv prvwudgrv qd Iljxud 814:/ iruqhfhp rv fdplqkrv qd pätxlqd

gh sdodyudv0glihuhqêd Eolgrv gh edl{r sdud flpd�/ rv fruuhvsrqghqwhv txdgudgrv/ rv

txdgudgrv hphqgdgrv h r fdplqkr qd pätxlqd glihuhqêd vlqfurql}dgd1
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Qdwxudophqwh/ h{lvwhp djrud pdlv dojxqv hvwdgrv h duhvwdv qd pätxlqd gh sdodyudv0

glihuhqêd vlqfurql}dgd1 Rv qryrv hvwdgrv vær

G� ' iec �fc �3�
f c ��c �

3�
� c 2c 2�fc 2�

3�
f c 2��c 2�

3�
� j�

435



����
��� -

������	.	  ���	
.	 ����

������/�	 ��
���	

914 Frqfoxvøhv

Jhrgìvlfdv ihfkdgdv vreuh vxshuiðflhv prgxoduhv dvvrfldgdv ã fodvvhv gh frqmxjdêær

gh pdwul}hv klshueöolfdv hp 7uE2c]� srghp vhu frgl�fdgdv gh gxdv irupdv glvwlqwdv=

rv fögljrv dulwpìwlfrv h rv fögljrv jhrpìwulfrv1 Qhvwh wudedokr ì ihlwd xpd ghvfulêær

frpsohwd gdv jhrgìvlfdv ihfkdgdv sdud dv txdlv wdlv fögljrv frlqflghp1 Sdud wdo r sodqr

klshueöolfr irl whvvhodgr sru wulåqjxorv gh gxdv irupdv glvwlqwdv/ glihuhqfldqgr sruwdqwr

dv fodvvhv gh jhrgìvlfdv frgl�fäyhlv1

Gh prgr d iruqhfhu vxsruwh ã h{whqvær ghvwd shvtxlvd/ irudp frqvwuxðgrv= r juxsr gh

fodvvhv gh ixqêøhv PFJEP�� gr wrur �0yh} sxqflrqdgr dvvrfldgr ã whvvhodêær gr sodqr

klshueöolfr djrud sru txdgudgrv> xpd pätxlqd gh hvwdgrv �qlwrv/ txh prvwud gh txh

irupd r juxsr gh fodvvhv gh ixqêøhv ghvwd sduwlfxodu vxshuiðflh djh vreuh r frqmxqwr I
gdv fìoxodv pd{lpdlv> h d pätxlqd gh sdodyudv0glihuhqêd txh hvwdehohfh vxd hvwuxwxud

dxwrpäwlfd gr juxsr PFJEP��1

Qd vhtÿíqfld/ sdvvdprv phqflrqdu rv ixqgdphqwrv h frqwulexlêøhv1

Qr Fdsðwxor �c irl ihlwd xpd lqwurgxêær gr wudedokr/ rqgh irl prvwudgd d irupd gh

frpr r phvpr vh lqvhuh qr frqwh{wr gd glqåplfd vlpeöolfd/ ^47`1
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Qr Fdsðwxor 2/ irudp iruqhflgrv rv ixqgdphqwrv pdwhpäwlfrv qhfhvväulrv sdud r

ghvhqyroylphqwr gr suhvhqwh wudedokr1

Qr Fdsðwxor �/ irudp uhylvdgrv rv vhjxlqwhv frqfhlwrv gh whruld gd lqirupdêær=

lqirupdêær h lqfhuwh}d/ hqwursld gh xpd irqwh/ r whruhpd gh frgl�fdêær gh irqwhv glvfuhwd

vhp phpöuld h dojxpdv wìfqlfdv gh frgl�fdêær gh irqwhv glvfuhwdv/ d vdehu= fögljrv gh

Kx�pdq/ Holdv h rv pìwrgrv gh Ohpsho0]ly1

Qr Fdsðwxor e/ irudp lqwurgx}lgdv wìfqlfdv gh frgl�fdêær gh jhrgìvlfdv ihfkdgdv

dvvrfldgdv d fodvvhv gh pdwul}hv klshueöolfdv hp 7uE2c]� hp gxdv irupdv glihuhqwhv1

D frgl�fdêær jhrpìwulfd h d frgl�fdêær dulwpìwlfd1 Edvhdgr qd Revhuydêær 71414;/

qrwdprv d h{lvwíqfld gh xp fögljr dulwpìwlfr frlqflghqwh frp xp fögljr jhrpìwulfr

gdgr1 Hvvd frlqflgíqfld irl hvwdehohflgd qr Whruhpd 714154/ ER�@}�S2�1 Hvwh uhvxowdgr

irphqwd d exvfd gh fögljrv öwlprv qr frqwh{wr klshueöolfr1

D frgl�fdêær jhrpìwulfd= sdud hvwh prghor gh frgl�fdêær irudp iruqhflgdv gxdv

wìfqlfdv1 Wdlv wìfqlfdv frqvlvwhp hp urwxodu vhjphqwrv jhrgìvlfrv txdqgr hvwhv fruwdp

rv sroðjrqrv gd whvvhodêær gr sodqr klshueöolfr1 D sulphlud/ irl rewlgd frp d whvvhodêær

fdq÷qlfd/ lvwr ì/ sru wulåqjxorv frp xp yìuwlfh qr lq�qlwr h rv rxwurv grlv hp K21

Sdud hvwd wìfqlfd/ irudp fdudfwhul}dgdv wrgdv dv jhrgìvlfdv frgl�fäyhlv1 D vhjxqgd/ irl

rewlgd whvvhodqgr0vh r sodqr klshueöolfr dwudyìv gd whvvhodêær gh Iduh|/ lvwr ì/ dwudyìv

gh wulåqjxorv fxmrv yìuwlfhv hvwær qd iurqwhlud gr glvfr gh Srlqfduì1

D frgl�fdêær dulwpìwlfd irl rewlgd frqvlghudqgr d h{sdqvær hp iudêøhv frqwðqxdv

gr srqwr �{r dwudwru gd wudqvirupdêær gh Pùelxv dvvrfldgd d xpd gdgd pdwul}

� 5 7uE2c]�1

Dlqgd qhvwh fdsðwxor/ irl ihlwd xpd dpsod glvfxvvær vreuh iudêøhv frqwðqxdv/ rqgh irl

lqvhulgd xp vhêær gh h{hpsorv frp r remhwlyr gh h{solflwdu frpr vh fdofxod d h{sdqvær

hp iudêøhv frqwðqxdv gh xp qýphur uhdo d txdo hvwä gluhwdphqwh uhodflrqdgd r fögljr

dulwpìwlfr1

Wdo frpr dv wìfqlfdv wudglflrqdlv gh frgl�fdêær gh irqwhv glvfuhwdv/ dv wìfqlfdv hp

frqvlghudêær wdpeìp dsuhvhqwdp xpd fhuwd lpsuhflvær txdqgr frqvlghudprv vhtÿíqfldv

gh frpsulphqwr shtxhqr1

Qr Fdsðwxor 8/ irl hvwhqwlgr r hvwxgr ihlwr qr Fdsðwxor ec frqvlghudqgr r sodqr
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klshueöolfr whvvhodgr sru txdgudgrv fxmrv yìuwlfhv vh vlwxdp qd iurqwhlud gr glvfr gh

Srlqfduì/ frp d sduwlfxodulgdgh gh txh wdlv yìuwlfhv vær htxlydohqwhv h frqvlvwlqgr gh

xp srqwr h{fhsflrqdo/ d vdehu= r lq�qlwr1 D frgl�fdêær irl uhdol}dgd xvdqgr0vh d

glqåplfd gh xpd pätxlqd gh hvwdgrv fxmrv hvwdgrv vær rv hohphqwrv gd sduwlêær gh

Pdunry/ oljdgrv sru duhvwdv urwxodgdv shorv jhudgruhv gr juxsr gh fodvvhv gh ixqêøhv gd

vxshuiðflh prgxodu uhsuhvhqwdgd shod uhjlær ixqgdphqwdo Etxdgudgr klshueöolfr�1

D �p gh surgx}lu xpd hvwuxwxud dxwrpäwlfd sdud r juxsr gh fodvvhv gh ixqêøhv gr

wrur �0yh} sxqflrqdgr PFJEP��/ irl frqvwuxðgd d pätxlqd gh sdodyudv0glihuhqêd1

915 Vxjhvwøhv sdud Wudedokrv Ixwxurv

� Frqfdwhqdu d suhvhqwh whruld frp d vroxêær Egh vlvwhpdv� gh htxdêøhv glihuhqfldlv

sdufldlv Ed prghodjhp pdwhpäwlfd gh ghwhuplqdgrv ihq÷phqrv iðvlfrv/ rqgdv/

fdoru/ hwf� sdud wudqvplvvær gh gdgrv dwudyìv gh Esru h{hpsor� olqkdv gh

wudqvplvvær1

� H{whqvær gdv wìfqlfdv gh frgl�fdêær rud sursrvwdv/ whvvhodqgr0vh r sodqr

klshueöolfr sru sroðjrqrv gh ? odgrv/ sdud ? � D�

� Exvfdu frqglêøhv sdud jdudqwlu d rwlpdolgdgh ghvvhv fögljrv xwlol}dqgr0vh gd

frlqflgíqfld E�xqlflgdgh�� hqwuh rv fögljrv dulwpìwlfrv h jhrpìwulfrv1
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