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Sureohpdv gh Sdudgd Öswlpd
Ihghulfr Gdopdr Duwljdv
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Idfxowdg gh Flhqfldv
Xqlyhuvlgdg gh od Uhsýeolfd

532525339 Xuxjxd|



5



6

Uhvxphq
Hq hvwh wudedmr vh suhvhqwdq ydulrv hmhpsorv gh sureohpdv gh sdudgd öswlpd/

hv ghflu/ gh rswlpl}dflöq gh ixqflrqdohv gh surfhvrv hvwrfävwlfrv1 Od pd|ruðd gh orv
hmhpsorv hvwäq hqpdufdgrv hq od ydoxdflöq gh rsflrqhv hq xq phufdgr uhjlgr sru ho
prghor gh Eodfn 0 Vfkrohv1 Orv surfhvrv hvwrfävwlfrv frqvlghudgrv hvwäq gh�qlgrv d
sduwlu gho surfhvr gh Zlhqhu1

Orv sulphurv hmhpsorv vrq uhvxhowrv frq khuudplhqwdv hohphqwdohv/ frpr od
yhul�fdflöq gluhfwd gh od frqglflöq gh pduwlqjdod +| gh výshu pduwlqjdod, | od gh0
vljxdogdg gh Mhqvhq1 D frqwlqxdflöq/ vh lqwurgxfh hq odv ghprvwudflrqhv ho fäofxor
hvwrfävwlfr gh Lw÷1 Ilqdophqwh/ vh uhdol}d xq fdpelr gh phglgd/ edvdgr hq ho whruhpd
gh Jluvdqry/ sdud uhgxflu xq sureohpd elglphqvlrqdo d xqr xqlglphqvlrqdo

Devwudfw
Zh vkrz vhyhudo h{dpsohv rq rswlpdo vwrsslqj sureohpv/ qdpho|/ rq rswlpl}d0

wlrq ri udqgrp surfhvvhv�ixqfwlrqdov1 Prvw h{dpsohv duh iudphg lq Eodfn 0 Vfkrohv
prgho ri d �qdqfldo pdunhw1 Vwrfkdvwlf surfhvvhv duh frqvwuxfwhg iurp Zlhqhu sur0
fhvv1

Surylqj �uvwv h{dpsohv lqyroyh rqo| hohphqwdu| wrrov olnh wkh vwudljwkiruzdug
yhul�fdwlrq ri pduwlqjdoh +vxshu pduwlqjdoh, frqglwlrq dqg Mhqvhqcv lqhtxdolw|1 Iro0
orzlqj surriv uho| rq Lw÷cv vwrfkdvwlf fdofxoxv1 Ilqdoo|/ edvhg rq Jluvdqrycv wkhruhp
zh fkdqjh phdvxuh dqg uhgxfh wkh sureohp iurp wzr glphqvlrqv wr rqh1

Sdodeudv fodyh= Ghvljxdogdg gh Mhqvhq1 Surfhvr gh Zlhqhu1 Iöu0
pxod gh Lw÷1 Sdudgd öswlpd1 Rsflrqhv uxvdv | dphulfdqdv1 Prghor gh Eodfn 0
Vfkrohv1 Whruhpd gh Jluvdqry1

Nh| zrugv= Mhqvhq�v lqhtxdolw|1 Zlhqhu�v surfhvv1 Lw÷�v Irupxod1
Rswpdo vwrsslqj1 Uxvvldqv dqg dphulfdqv rswlrqv1 Eodfn 0 Vfkrohv prgho1 Jlu0
vdqry�v wkhruhp1
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Fdsðwxor 4
Lqwurgxfflöq
Do revhuydu xq ihqöphqr d phglgd txh wudqvfxuuh ho wlhpsr/ qdwxudophqwh

vxujh od suhjxqwd gh hq txì prphqwr hvwh ihqöphqr dofdq}duä vxv ydoruhv h{wuhprv1
Dghpäv/ vxujh ho sureohpd gh ghwhqhu glfkr ihqöphqr do dofdq}du hvwrv qlyhohv/ shur
hq jhqhudo/ sdud hvwr qr vh fxhqwd frq päv lqirupdflöq txh orv gdwrv rewhqlgrv sru
od revhuydflöq gh vx hyroxflöq/ sru or fxdo/ od ghflvlöq gh fxdqgr ghwhqhuor wlhqh txh
wrpduvh vöor d sduwlu gh orv ydoruhv sdvdgrv1

Hv päv/ qr vh sxhgh hvshudu txh vlhpsuh vh sxhgd ghwhqhu xq ihqöphqr hq vxv
qlyhohv h{wuhprv/ shur hv ud}rqdeoh srghu kdfhuor hq surphglr1

Sdud vhu päv suhflvrv/ frqvlghuhprv od vljxlhqwh vlwxdflöq/ xq phufdgr grqgh
kd| grv dfwlyrv eävlfrv/ d vdehu/ orv erqrv | odv dfflrqhv1 Od hyroxflöq gho suhflr gh
orv erqrv qr hvwä vxmhwd do d}du/ hv ghflu/ qr kd| qlqjxqd lqfhuwlgxpeuh dfhufd gh
vx ydoru hq xq prphqwr gdgr1 Vlq hpedujr/ ho suhflr gh odv dfflrqhv hq xq lqvwdqwh
ixwxur qr hv suhylvleoh/ sru or fxdo vh sxhgh vxsrqhu txh hyroxflrqd gh irupd dohdwruld1

Hq hvwh phufdgr vh lqwurgxfh xq dfwlyr ghulydgr/ oodpdgr rsflöq/ txh hv xq
frpsurplvr hqwuh grv sduwhv hq ho txh xqd gh hoodv/ ho srvhhgru/ dgtxlhuh ho ghuhfkr
gh frpsudu +r yhqghu, d suhflr dfrugdgr/ hq ho prphqwr gh �updu ho frpsurplvr/
xqd xqlgdg gh od dfflöq flhuwr wlhpsr ghvsxìv gh �updgr ho frqwudwr1

Hq ho fdvr txh qrv lqwhuhvd/ ho srvhhgru sxhgh hohjlu d vx frqyhqlhqfld fxdotxlhu
prphqwr srvwhulru d od �upd gho frpsurplvr sdud uhdol}du od frpsud/ dxqtxh xvxdo0
phqwh ho frqwlqxdu revhuydqgr od hyroxflöq gh orv suhflrv wlhqh xq frvwr1

Qdwxudophqwh/ qr vh frqrfh od hyroxflöq ixwxud gh orv suhflrv/ | sru or wdqwr od
ýqlfd lqirupdflöq glvsrqleoh sdud hohjlu ho prphqwr sdud frpsudu vrq orv suhflrv gh
orv erqrv | gh odv dfflrqhv ghvgh ho prphqwr lqlfldo +hq txh vh �upö ho frpsurplvr,
do suhvhqwh1

Ho sureohpd frqvlvwh hq kdoodu ho suhflr mxvwr gh xqd rsflöq/ txh sru od Whruðd
gh ydoxdflöq gh rsflrqhv hv ho vxsuhpr +fdofxodgr vreuh wrgdv odv hvwudwhjldv dgpl0
vleohv gh hohfflöq gho prphqwr gh frpsud, gho surphglr gh od ud}öq hqwuh ho suhflr
dfrugdgr | ho suhflr gh orv erqrv1 Xqd hvwudwhjld hv dgplvleoh vl hvwä edvdgd ýqlfd0
phqwh hq orv gdwrv revhuydgrv1 Dvlplvpr/ vh exvfd +vl h{lvwh, od hvwudwhjld hq od txh
vh rewlhqh glfkr ydoru1



:

Sdud ghvfulelu hvwd vlwxdflöq/ wrpdprv ho vljxlhqwh prghor pdwhpäwlfr1 Hq
sulphu oxjdu/ frqvlghudprv xq frqmxqwr A +txh xvxdophqwh hv xq lqwhuydor gh orv
uhdohv, txh uhsuhvhqwd ho wlhpsr> oxhjr/ sdud uhsuhvhqwdu ho suhflr gh orv erqrv
wrpdprv xqd ixqflöq gho wlhpsr1 Sru rwud sduwh/ frqvlghudprv xq surfhvr hvwrfäv0
wlfr lqgh{dgr sru A sdud ghvfulelu ho suhflr gh odv dfflrqhv1 Ilqdophqwh/ ho sdjr gh
od rsflöq hv lqglfdgr sru xqd ixqflöq gho suhflr gh odv dfflrqhv +| hyhqwxdophqwh gho
wlhpsr,1

Hq 4<33/ Edfkholhu sursxvr sdud odv  xfwxdflrqhv gho suhflr gh odv dfflrqhv
xq prghor �olqhdo�/ hq ho fxdo od frpsrqhqwh dohdwruld gho suhflr hvwä ghvfulwd sru
xq surfhvr gh Zlhqhu hvwäqgdu1 Hv ghflu/ ho suhflr gh odv dfflrqhv/ 7|/ uhvsrqgh d odiöupxod

7| ' %� > |n j`|/ | � f
grqgh | hv ho wlhpsr/ %/ > 5 U/ j : f | i`|j hv xq surfhvr gh Zlhqhu hvwäqgdu1

Hq hvwh prghor hvwä edvdgr ho sulphu hmhpsor1
Hq 4<:6/ Eodfn | Vfkrohv sursxvlhurq ho prylplhqwr eurzqldqr jhrpìwulfr

sdud prghodu hvwdv  xfwxdflrqhv/ txh do ljxdo txh ho prghor gh Edfkholhu xwlol}d ho
surfhvr gh Zlhqhu +r prylplhqwr eurzqldqr, sdud ghvfulelu od frpsrqhqwh dohdwruld
gh orv suhflrv1 Dtxð/ ho suhflr gh odv dfflrqhv ylhqh gdgr sru

7| ' %ej`|n
�
>3 j2

2
�
|/ | � f

grqgh |/ %/ >/ j | i`|j vrq frpr duuled1
Hvwh prghor hv dpsoldphqwh dfhswdgr kr| hq gðd | hq ìo hvwäq edvdgrv +vdoyr

ho sulphur, wrgrv orv hmhpsorv gh od prqrjudiðd1
Ho sureohpd frqvlvwh hq kdoodu ho vxsuhpr gho surphglr gho frflhqwh hqwuh orv

suhflrv gh dfflrqhv | erqrv | ho wlhpsr hq txh ìvwh vh dofdq}d1
Glfkr wlhpsr hq jhqhudo qr hv �mr/ vlqr txh ghshqgh gh orv ydoruhv revhuydgrv1

Sru hvwdu ghwhuplqdgr d sduwlu gh orv ydoruhv sdvdgrv gh orv suhflrv/ ho wlhpsr hohjlgr
sdud frpsudu vhuä xq wlhpsr gh sdudgd1

Ho remhwlyr gh hvwd prqrjudiðd hv prvwudu dojxqrv gh orv pìwrgrv xwlol}dgrv
iuhfxhqwhphqwh sdud uhvroyhu hvwh wlsr gh sureohpdv/ dvð frpr odv khuudplhqwdv lq0
yroxfudgdv1

Hq 4<96 G|qnlq fdudfwhul}ö od vroxflöq do sureohpd gh sdudgd öswlpd sdud
surfhvrv pdunryldqrv/ suredqgr txh ho vxsuhpr exvfdgr hv od phqru pd|rudqwh vx0
shudupöqlfd gh od ixqflöq gh sdjr | txh ho wlhpsr hq ho txh vh dofdq}d glfkr ydoru
hv ho sulphu wlhpsr gh duuler d od uhjlöq gh ghwhqflöq gh odv revhuydflrqhv1

D sduwlu gh hvwd frqglflöq | gh rwudv frqglflrqhv dg krf +frpr ho frqrflgr
sulqflslr gh shjdgr vxdyh sursxhvwr sru Nroprjrury,/ xvxdophqwh vh frqvwux|h xqd
vroxflöq whqwdwlyd | oxhjr vh yhul�fd txh hihfwlydphqwh or vhd1



;

Od frpsohmlgdg gh orv uhfxuvrv xvdgrv sdud odv ghprvwudflrqhv yd fuhflhqgr
ghvgh od lqwhjudflöq gluhfwd | od ghvljxdogdg gh Mhqvhq do fäofxor hvwrfävwlfr gh Lw÷ |
d xq fdpelr gh phglgd edvdgr hq ho Whruhpd gh Jluvdqry1

Odv uhihuhqfldv vh gdq hq od vhfxhod1
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Fdsðwxor 5
Suholplqduhv
514 Gh�qlflrqhv eävlfdv
4 Wudedmduhprv hq xq hvsdflr gh suredelolgdg �owudgr �lcI cI' iI|j|MA c ��

hq grqgh=
d l hv xq frqmxqwr qr ydfðr1
e I hv xqd j0äojheud +gh vxfhvrv gh l,/ hv ghflu/ xqd idplold gh

vxefrqmxqwrv gh l wdo txh= � 5 I ', �S 5 I | vl �� 5 I ( � ' �c 2c � � � c ?c � � �
', ?V

�'�
�� 5 I �

f I ' iI|j hv xqd �owudflöq/ hv ghflu/ xqd idplold fuhflhqwh gh vxe
j0äojheud gh I / l1h1= Ir � I| � I / vlhpsuh txh r 	 |1 Gdgr l�� l oodpdprv
j0äojheud jhqhudgd sru l�d j El�� ' W

l�a8
8 / frq 8 j0äojheud hq l1 Hq U? xvduhprv

vlhpsuh od j0äojheud gh Eruho �? txh hv jhqhudgd sru orv lqwhuydorv delhuwrv1
g � hv xqd phglgd gh suredelolgdg hq ho hvsdflr phgleoh ElcI�/ r

vhd/ / xqd ixqflöq gh�qlgd vreuh I wdo txh � E�� � fc sdud wrgr � 5 I ( � El� ' �(
vl �� 5 I ( � ' �c 2c � � � / �� _ �� ' B sdud � 9' � ', �

#
"V
�'�

��

$
' "S

�'�
� E��� �

D ElcI� oh oodpdprv hvsdflr gh phglgd | d ElcI c�� oh oodpdprv hvsdflr gh
suredelolgdg1

Qrwdflöq 4 Vl ��( � ' �c 2c � � � / frq ��_�� ' B sdud � 9' � srqguhprv "X
�'�

��@
"V
�'�

��

| rplwluhprv �� _�� ' B sdud � 9' ��
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Xqd idplold gh frqmxqwrv I � vh oodpd xqd frpsohwdflöq gh I frq uhvshfwr
d od phglgd +gh suredelolgdg, � vl I � frqwlhqh wrgrv orv frqmxqwrv � 5 l sdud orv
txh h{lvwhq ��c �2 5 I wdohv txh �� � � � �2 | � E�2 ���� ' f1 Vh sxhgh yhu
txh I � hv xqd j 0 äojheud | txh � vh h{wlhqgh gh irupd ýqlfd d I �1 Ho hvsdflr gh
suredelolgdg ElcI c�� vh glfh frpsohwr vl I � frlqflgh frq I 1 Gh dkrud hq dghodqwh
vxsrqguhprv txh wrgrv orv hvsdflrv gh suredelolgdg vrq frpsohwrv1

Xq hvsdflr gh suredelolgdg �owudgr | frpsohwr ElcI c Ic�� hv xqd edvh hv0
wrfävwlfd vl od �owudflöq I ' iI|j|D f yhul�fd odv frqglflrqhv +xvxdohv,=

41 Frqwlqxlgdg sru od ghuhfkd= I| ' I|n1 Vlhqgr I|n ' W
�: |

I�1
51 Frpsohwlwxg= If ' I�f 1

5 Xqd yduldeoh dohdwruld 1 hq ElcI� hv xqd ixqflöq 1 G l �$ U? wdo txh
13� E�� 5 I sdud wrgr � 5 �?1Od hvshudq}d pdwhpäwlfd gh od yduldeoh dohdwruld 1 hv ,1 ' U

l
1_� | vx

yduldq}d hv V@h1 ' , E1 �,1�21

Grv frqmxqwrv �c � 5 I vrq lqghshqglhqwhv vl � E� _ �� ' � E��� E��1
Odv idploldv M�c M2c � � � � I vrq lqghshqglhqwhv vl

� E��� _ ��2 _ � � � _��&� '
&\

�'�
�
��� �

�
sdud wrgrv �� � 5 M� � c � ' �c 2c � � � c &( sdud wrgr &1

Odv yduldeohv dohdwruldvf�c f2c � � � vrq lqghshqglhqwhv vl odv j 0 äojheudv M� '
j if3� E�� G � 5 �?j or vrq1

6 Xq surfhvr hvwrfävwlfr/ f ' if|j|MA / hq ho hvsdflr gh suredelolgdg
ElcI c�� hv xqd idplold gh yduldeohv dohdwruldv gh�qlgdv vreuh ElcI� | frq frgrplqlr
EU?c�?� lqgh{dgd hq A / hvwr hv/ sdud fdgd | hq A whqhprv xqd yduldeoh dohdwruld
f| G ElcI� $ EU?c�?�1Dqäorjdphqwh/ srghprv yhu ho surfhvrf frpr xqd ixqflöqf G l�A �$ U?1
Vl �mdprv / 5 l rewhqhprv xqd ixqflöq f E�c /� G A $ U? txh oodpdprv xqd
wud|hfwruld gho surfhvr1

Vl ho frqmxqwr ðqglfh A frlqflgh frq orv hvqwhurv +r dojýq vxefrqmxqwr gh ìvwrv,
ho surfhvr vh glfh gh wlhpsr glvfuhwr1 Hq fdpelr/ vl ho frqmxqwr ðqglfh A frlqflgh frq
xq lqwhuydor gh U +qr qhfhvduldphqwh dfrwdgr, ho surfhvr vh glfh gh wlhpsr frqwlqxr1

Ghflprv txh grv surfhvrv hvwrfävwlfrv/ f ' if|j|D f h t ' it|j|D f gh�qlgrvhq ElcI c�� vrq +hvwrfävwlfdphqwh, htxlydohqwhv vl � Ef| ' t|� ' � sdud wrgr | � f1
Wrgdv odv gh�qlflrqhv vljxlhqwhv vrq pögxor htxlydohqfld hvwrfävwlfd1
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Ghflprv txh ho surfhvr hvwrfävwlfr f ' if|j|MA hv dgdswdgr d od �owudflöq
I ' iI|j|MA vl f| hv I|�phgleoh/ r vhd/ vl f3�| E�� 5 I| sdud wrgr � 5 �? | wrgr
| 5 A 1

Ho surfhvr hvwrfävwlfrf ' if|j|MA hv xqdpduwlqjdod +uhvshfwlydphqwh výshu
pduwlqjdod/ vxe pduwlqjdod, uhvshfwr gh I +r xqd I 0 pduwlqjdod/ uhvshfwlydphqwh
výshu/ vxe, vl=

41 , mf|m 	 4/ sdud wrgr | 5 A 1
51 f hv I 0 dgdswdgr1
61 , Ef| m Ir� ' fr f1v1/ sdud wrgr r 	 | +uhvshfwlydphqwh �/ �,1

Dtxð , Ef| m Ir� ghqrwd od hvshudq}d frqglflrqdo gh f| d Ir1 Uhfrugdu txhgdgdv xqd j 0 äojheud J � I | xqd yduldeoh dohdwruld t / od hvshudq}d frqglflrqdo
gh t d J hv

, Et m J� ' _>
_�

frq > E�� ' , t L�/ sdud wrgr � 5 Jc grqgh L� hv od ixqflöq lqglfdwul} +r fdudf0
whuðvwlfd, gh �/ hvwr hv L� E/� ' � vl / 5 � | L� E/� ' f vl / *5 � 1

Od hvshudq}d frqglflrqdo/ , Et m J�/ txhgd fdudfwhul}dgd sru odv grv vljxlhqwhv
frqglflrqhv=

, Et m J� hv J � phgleoh | vl � 5 J G
]
�
t _� '

]
�
, Et m J� _�

Revhydu txh=
41 , Et m J� � f f1v1/ vl t � f1
51 , E� m J� ' � f1v11
61 , Et n ~ m J� ' , Et m J� n , E~ m J� f1v1 +vl , Et m J� n , E~ m J� hvwä

gh�qlgd,1
71 , Et ~ m J� ' t, E~ m J� f1v1 vl t hv J 0 phgleoh1
81 Vl K � J hqwrqfhv , Et m K� ' , E, Et m J� m K� f1v11
91 Vl t hv lqghshqglhqwh gh J +hv ghflu/ vl t hv lqghshqglhqwh gh L� sdud wrgr

� 5 J, hqwrqfhv , Et m J� ' ,t f1v11



45

7 Vhd A ' dfc4�1 Xqd yduldeoh dohdwruld � G l �$ A ^i4j hv xq wlhpsr
gh sdudgd uhvshfwr gh I +r xq I� wlhpsr gh sdudgd, vl=

i� � |j 5 I|c sdud wrgr | 5 A 1

Revhuydflöq 5 Dojxqrv dxwruhv xvdq hq hvwh fdvr ho wìuplqr wlhpsr gh Pdunry/
ghmdqgr ho qrpeuh wlhpsr gh sdudgd sdud ho fdvr �qlwr/ � G l �$ dfc4�1

Sdud wrgr | 5 A G � � | hv xq wlhpsr gh sdudgd1
Vl f ' if|j|MA hv xq surfhvr hvwrfävwlfr | � 5 �?c gh�qlhqgr �� '

�?u i| 5 A G f| 5 �j vh rewlhqh xq wlhpsr gh sdudgd1
Vl ��c �2 vrq wlhpsrv gh sdudgd/ hqwrqfhv �� a �2 | �� b �2 wdpelìq or vrq1
Vl f ' if|j|MA hv xq surfhvr hvwrfävwlfr I� dgdswdgr | � hv xq I� wlhpsr

gh sdudgd/ gh�qlprv ho surfhvr sdudgr f � ' if �| j|MA phgldqwh=
f �| E/� ' f|2�E/� E/�

8 Xq surfhvr I� dgdswdgr/ f ' if|j|MA / hv xqd pduwlqjdod orfdo vl
h{lvwh xqd vxfhvlöq i�&j&MQ gh wlhpsrv gh sdudgd wdo txh �& � �&n� +�0f1v1,/ �& �$&3<"4 +�0f1v1, | sdud fdgd & 5 Q ho surfhvr sdudgr f �& hv xqd I 0 pduwlqjdod1

515 Uhvxowdgrv eävlfrv
4 Oodpdprv oðplwh lqihulru gh od vxfhvlöq ��c �2c � � � � I do frqmxqwr
*�4 �?u �? '

"̂

?'�

"_
&'?

�&

' i/ G / shuwhqhfh d wrgrv orv �? vdoyr d xqd fdqwlgdg �qlwdj
| oðplwh vxshulru d=

*�4 t�T�? '
"_

?'�

"̂

&'?
�& ' i/ G / shuwhqhfh d lq�qlwrv �?j
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Ohpd 6 +Eruho Fdqwhool, Frqvlghuhprv od vxfhvlöq ��c �2c � � � � I 1
41 Vl S� E�?� 	 4/ hqwrqfhv= � E*�4 t�T�?� ' f�
51 Vl S� E�?� ' 4 | ��c �2c � � � vrq lqghshqglhqwhv hqwrqfhv=

� E*�4 t�T�?� ' �

5 Gdgr l/ xqd idplold D gh vxefrqmxqwrv gh l hv xq äojheud vl= lcB 5 D
| fdgd yh} txh �c� 5 D vh wlhqh txh � _ � | � ^ � 5 D1

Xqd ixqflöq gh frqmxqwr >f hq ElcD� hv xqd suhphglgd vl >f EB� ' f |
>f

� "X
&'�

�&
�
' "S

&'�
>f E�&� fdgd yh} txh "X

&'�
�& 5 D1

Xqd phglgd +r suhphglgd , > hq ElcD� vh glfh j� �qlwd vl l vh sxhgh hvfulelu
frpr l ' "X

?'�
�?/ frq > E�?� 	 4/ sdud wrgr ?1

Whruhpd 7 +Fdudwkërgru|, Vhdq l xq frqmxqwr/ D xq äojheud hq l | E ' j ED�
od j� äojheud jhqhudgd sru D1 Vhd >f xqd suhphglgd j� �qlwd hq ElcD�1 Hqwrqfhv/
h{lvwh xqd ýqlfd phglgd > hq ElcE� txh h{wlhqgh d >f/ hv ghflu=

> E�� ' >f E�� c sdud wrgr � 5 D
6 Ghflprv txh � G U � U $ U /U lqwhuydor/ hv frqyh{d vl sdud wrgr % 5 U

h{lvwh b 5 U wdo txh � E+� � � E%� n b E+ � %�/ sdud wrgr + 5 U1

Whruhpd 8 +Ghvljxdogdg gh Mhqvhq, Vhdq � G U $ U frqyh{d/ J xqd vxe j 0
äjheud gh I | f xqd yduldeoh dohdwruld lqwhjudeoh +, mfm 	 4/ hq hvwh fdvr ghflprv=
f 5 w�, | wdo txh t ' � �f 5 w�1 Hqwrqfhv=

� E, Ef m J�� � , E� Ef� m J� f1v1

7
Whruhpd 9 +Whruhpd gho pxhvwuhr rsflrqdo gh Grre, Vhdf ' if|j xqd I 'iI|j 0 pduwlqjdod +uhvshfwlydphqwh výshu/ vxe,1 Vhd � xq I 0 wlhpsr gh sdudgd wdo
txh f � � � �c sdud wrgr / 5 l1 Hqwrqfhv=

,f� ' ,f� ' ,ff +uhvshfwlydphqwh �c� ,
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516 Surfhvr gh Zlhqhu
4 Ho surfhvr gh Zlhqhu +r prylplhqwr eurzqldqr, hv xqr gh orv surfhvrv

hvwrfävwlfrv päv lpsruwdqwhv hq od Whruðd gh od Suredelolgdg | frq pd|ru fdqwlgdg
gh dsolfdflrqhv1 Gduhprv d frqwlqxdflöq vx gh�qlflöq | hqxqflduhprv dojxqdv gh vxv
sulqflsdohv surslhgdghv1

Ho surfhvr ` ' i`|j|Mdfc"� gh�qlgr hq ho hvsdflr gh suredelolgdg ElcI c��
hv xq surfhvr gh Zlhqhu +hvwäqgdu, vl=

41 `f ' f +� 0 f1v1,1
51 ` hv xq surfhvr frq lqfuhphqwrv hvwdflrqdulrv h lqghshqglhqwhv1 Hvwr hv/ odv

yduldeohv `|�`r |`|3 r wlhqhq od plvpd glvwulexflöq / qrupdo frq phgld fhur| yduldq}d m|� rm sdud wrgrv | : r/ | od yduldeoh `| �`r hv lqghshqglhqwh ghIr̀ ' j i`� G � � rj sdud wrgrv |c r G | : r1
61 Sdud fdvl wrgr / 5 l odv ixqflrqhv +wud|hfwruldv, `| ' `| E/� vrq frqwlqxdv

sdud wrgr |1

Od h{lvwhqfld gh glfkrv surfhvrv +hq hvsdflrv vx�flhqwhphqwh ulfrv, vh sxhgh
hvwdeohfhu d wudyìv gho Whruhpd gh h{whqvlöq gh Nroprjrury1

Gh�qlgr hq ElcI c�� xq surfhvr gh Zlhqhu ` ' i`|j|Mdfc"�/ uhvxowd txh
od �owudflöq I ' iIf| j|D f/ grqgh sdud fdgd | � f G If| hv od frpsohwdflöq ghI|̀ ' j i`r G r � |j/ hv frqwlqxd sru od ghuhfkd1 Hqwrqfhv ElcI cIc�� hv xqd
edvh hvwrfävwlfd +yhu säjlqd ;: gh ^ 43 `, | vh pdqwlhqh od lqghshqghqfld gh orv
lqfuhphqwrv1 Sru or wdqwr/ vxsrqguhprv txh orv surfhvrv gh Zlhqhu hvwäq gh�qlgrv
vreuh edvhv hvwrfävwlfdv1

Dojxqdv gh odv surslhgdghv gho surfhvr gh Zlhqhu vrq=
41 Odv wud|hfwruldv wlhqhq yduldflöq wrwdo qr dfrwdgd f1v1 hq wrgr lqwhuydor/ r

vhd/ T E`c d@c Ko� ' 4 f1v11
51 Sulqflslr gh uh h{löq= Vhdq @ : fc ` ' i`|j xq surfhvr gh Zlhqhu hvwäq0

gdu | �A ' 4@ f$ |$A`|1 Hqwrqfhv � E�A : @� ' 2� E`A : @�1

5 Gdgr xq surfhvr gh Zlhqhu ` ' i`|j/ lqwurgxflprv hq hvwh qxphudo
odv lqwhjudohv hvwrfävwlfdv gh od irupd U K

@ s E|c /� _`| sdud flhuwdv fodvhv gh ixqflrqhvdohdwruldv1 Frpr odv wud|hfwruldv gh ` vrq gh yduldflöq qr dfrwdgd hq wrgr lqwhuydor
hvwd lqwhjudo qr sxhgh gh�qluvh frpr xqd lqwhjudo gh Ohehvjxh hq fdgd wud|hfwruld1
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Ghflprv txh xqd ixqflöq phgleoh +uhvshfwr gh grv yduldeohv E|c /�, hv lqghshq0
glhqwh gho ixwxur frq uhvshfwr gh I ' iI|j vl hv iI|j 0 dgdswdgd1 Gh0 flprv txh od ixq0
flöq lqghshqglhqwh gho ixwxur s ' s E|c /� hv gh fodvh SA vl �

�U A
f s 2 E|c /� _| 	 4�

'
�1 Ghflprv txh od ixqflöq lqghshqglhqwh gho ixwxur s ' s E|c /� hv gh fodvh PA vl
,
U A
f s 2 E|c /� _| 	 41

Do ljxdo txh hq od whruðd gh lqwhjudflöq frqyhqflrqdo/ vh gh�qh sulphur od
lqwhjudo vreuh xqd fodvh vhqflood shur vx�flhqwhphqwh ulfd gh ixqflrqhv1 Hq hvwh vhq0
wlgr/ ghflprv txh xqd ixqflöq � G dfc A o � l $ U hv vlpsoh vl h{lvwhq xqd sduwlflöq
f ' |f 	 |� 	 � � � 	 |? ' A gh dfc A o | yduldeohv dohdwruldv kc kfc � � � c k?3� frq k If0 phgleoh | k� I| � 0 phgleohv/ � ' fc �c � � � c ?� �/ wdohv txh=

� E|c /� ' k E/� Ltf� E|� n
?3�[
�'f

k� E/� LE|� c|�n�o E|�

Sdud od ixqflöq vlpsoh � G dfc A o�l $ U vh gh�qh/ sdud f � | � A / od lqwhjudo
hvwrfävwlfd sru=

U| E�� '
?3 �[
�'f

k� �`|�n�2| �`| �2|
�

txh wdpelìq ghqrwdprv sru U |
f � E|c /� _`|1Revhuydu txh=

41 U| E@�� n K�2� ' @U| E��� n KU| E�2�/ vlhqgr @c K frqvwdqwhv1
51 U |

f �_`| ' U �
f �_`| n U |

� �_`|�
61 U| E�� hv frqwlqxd hq |1
71 , EU| E�� m Ir� ' Ur E�� � Hq sduwlfxodu= , EU| E��� ' f1
81 ,�U |

f ��_`r
��U |

f �2_`r
�
' ,

U |
f ���2_r

Gh�qlprv dkrud od lqwhjudo hvwrfävwlfd sdud s 5 PA / sduwlhqgr gh ixqflrqhv
vlpsohv | gho vljxlhqwh ohpd=
Ohpd : Vl s 5 PA / h{lvwh xqd vxfhvlöq gh ixqflrqhv vlpsohv s?c ? ' �c 2c � � � wdo
txh ,

U A
f Es E|c /�� s? E|c /��2 _| $?<" f

Oxhjr vl s 5 PA | vl s? vrq ixqflrqhv vlpsohv wdohv txh
*�4?<",

] A

f
Es E|c /�� s? E|c /��2 _| ' f



49

hqwrqfhv +sru od surslhgdg 8 ,

*�4?c6<", dUA Es?�� UA Es6�o2 ' *�4?c6<",
] A

f
ds? � s6o2 _| ' f

Sru or wdqwr od vxfhvlöq iUA Es?�j hv gh Fdxfk| hq ho vhqwlgr gh od frqyhujhqfldhq phgld fxdguäwlfd | hqwrqfhv frqyhujh d dojýq oðplwh +srutxh w2 hv frpsohwr, txh
ghqrwdprv sru UA Es� r sru U A

f s E|c /� _`|1 Hv iäflo yhu txh UA Es� hvwä elhq gh�qlgr1
Sdud f � | � A / srqhprv U| Es� ' UA �s Ldfc|o

�1
Odv surslhgdghv eävlfdv gh od lqwhjudo hvwrfävwlfd sdud s 5 PA vrq=

41 U| E@s� n Ks2� ' @U| Es�� n KU| Es2�/ vlhqgr @c K frqvwdqwhv1
51 U |

f s_`| ' U �
f s_`r n U |

� s_`r�
61 U| Es� hv frqwlqxd hq | frq f � | � A 1
71 iU| Es�jf$ |$A hv pduwlqjdod gh fxdgudgr lqwhjudeoh1

Dqäorjdphqwh vh frqvwux|h od lqwhjudo hvwrfävwlfd sdud s 5 SA / dxqtxh hq hvwhfdvr whqhprv/ dshqdv/ txh ho surfhvr iU| Es�jf$ |$A hv pduwlqjdod orfdo +hq jhqhudo
qr hv pduwlqjdod,1

Revhuydu txh wrgr or dqwhulru ydoh sdud A ' 41 Wdpelìq hv srvleoh gh�qlu
sdud xq wlhpsr gh sdudgd � � A G U � Es� sru U � Es� ' U A

�s Lt|$ ��
�1

6 Surfhvrv gh Lw÷ | Iöupxod gh Lw÷1
Vhd ` ' i`|j xq surfhvr gh Zlhqhu gh�qlgr hq xqd edvh hvwrfävwlfd�lcI cI ' iI|jf$ |$A c�

�1 Ghflprv txh ho surfhvr frqwlqxr f ' if|j hv xq surfhvr
gh Lw÷ vl h{lvwhq surfhvrv @ ' i@|j | K ' iK|j lqghshqglhqwhv gho ixwxur wdohv txh
�
�U A

f m@m _| 	 4�
' �

�U A
f K2_| 	 4�

' � | f1v1 sdud wrgr | vh wlhqh

f| ' ff n
] |

f
@ Erc /� _rn

] |

f
K Erc /� _`r

vlhqgr od sulphu lqwhjudo xqd lqwhjudo gh Ohehvjxh/ sdud fdgd / 5 l/ | od vhjxqgd
xqd lqwhjudo hvwrfävwlfd frpr gh�qlprv hq ho qxphudo dqwhulru1

Sdud deuhyldu ghflprv txh f wlhqh glihuhqfldo gdgr sru +r txh vdwlvidfh od
hfxdflöq glihuhqfldo,

_f| ' @ E|c /� _|n K E|c /� _`|
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Whruhpd ; +Iöupxod gh Lw÷, d, Vhd od ixqflöq s G U2 �$ U frqwlqxd frq
ghulydgdv s| E|c %� c s% E|c %� | s%% E|c %� frqwlqxdv1 Vl ho surfhvr f wlhqh glihuhqfldo
gdgr sru _f| ' @ E|c /� _| n K E|c /� _`| hqwrqfhv ho surfhvr s E|c f|� wdpelìq wlhqh
glihuhqfldo |

_s E|c f|� '
�
s| E|c f|� n s% E|c f|� @ E|c /� n �

2s%% E|c f|� K2 E|c /�
�
_|

n s% E|c f|� K E|c /� _`|

e, Vhd f xq surfhvr yhfwruldo/ f| ' Ef� E|� c � � � c f6 E|��/ frq glihuhqfldo _f| '
@ E|c /� _| n K E|c /� _`| grqgh ` ' i`|j c`| ' E`� E|� c � � � c`6 E|�� hv xq surfhvr
gh Zlhqhu p glphqvlrqdo +`� hv xq surfhvr gh Zlhqhu sdud � � � � 6 | vrq
lqghshqglhqwhv,/ orv surfhvrv @ E|c /� ' E@� E|c /� c � � � c @6 E|c /�� | od pdwul} K E|c /� '
EEK���� �c � ' �c � � � c6 frqvlvwhq gh surfhvrv lqghshqglhqwhv gho ixwxur wdohv txh

�
�] A

f
m@�m _| 	 4�

' �
�] A

f
K2� �_| 	 4�

' �
sdud wrgr �c �1 Vl od ixqflöq s E|c %�c � � � c %6� hv frqwlqxd frq ghulydgdv sdufldohv
s| E|c %�c � � � c %6� c s%� E|c %�c � � � c %6� | s%� %� E|c %�c � � � c %6� frqwlqxdv/ hqwrqfhv ho sur0fhvr s E|cf�c � � � c f6� wlhqh glihuhqfldo |=

_s E|cf� E|� c � � � c f6 E|�� '
'

%
s| E|cf�c � � � c f6� n

6[
�'�

s%� E|cf�c � � � c f6� @� E|c /�n

n�
2

6[
�c �'�

s%� %� E|cf�c � � � c f6�
6[

&'�
K� & E|c /� K� & E|c /�

&
_|n

n
6[

�c �'�
s%� E|cf�c � � � c f6� K�� � E|c /� _`|

Sdud ho surfhvr gh Lw÷ f frq glihuhqfldo
_f| ' @ E|c /� _|n K E|c /� _`|

txh yhul�fd
@ E|c /� ' @ E|cf| E/��
K E|c /� ' K E|cf| E/��

gh�qlprv ho rshudgru +r jhqhudgru, lq�qlwhvlpdo txh sdud xqd ixqflöq s 5 �2 ydoh=
uf Es� ' Ys

Y| n @YsY% n �
2K

2Y2s
Y%2 +4,
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Oxhjr/ od iöupxod gh Lw÷ vh hvfuleh=
_s E|c f|� ' uf Es� E|c f|� _|n s% E|c f|� K E|cf|� _`|

517 Sureohpd gh od sdudgd öswlpd | rsflrqhv
51714 Sureohpd gh od sdudgd öswlpd
Gdgrv=

41 Xq surfhvr gh Lw÷ hq U frq glihuhqfldo _f| ' > E|cf|� _|nj E|cf|� _`| +| � f,
grqgh ` ' i`|j|D f hv xq surfhvr gh Zlhqhu hvwäqgdu | ff ' %c % 5 U1

51 Xqd ixqflöq Eruho phgleoh/C G U $ dfc4�/ oodpdgd ixqflöq gh sdjr +r suhplr,1
61 Od fodvh P ' i� G l $ dfc4o wdo txh i� � |j 5 I| sdud wrgr | � fj

Ho sureohpd gh sdudgd öswlpd frqvlvwh hq hqfrqwudu xqd ixqflöq T / oodpdgd
ydoru +gho sureohpd,/ | xq wlhpsr gh sdudgd �W/ oodpdgr wlhpsr gh sdudgd öswlpr/
wdohv txh=

T E%� ' t�T
� M}

,C Ef�� ' ,C Ef�W� +5,
Grqgh vh dvxph txh=

C Ef�� Lt� '"� ' *�4 t�T
|<"

C Ef|� +6,
Hv ghflu/ txh d sduwlu gh or revhuydgr hq ho sdvdgr +hvwr hv/ sdud fdgd prphqwr
| G ifr G r � |j, txhuhprv kdoodu xqd hvwudwhjld +uhsuhvhqwdgd sru �W, sdud ghwhqhu
ho surfhvr f gh irupd txh/ hq surphglr/ ho ydoru gh C Ef� vhd ho pä{lpr srvleoh1

Gdgrv xqd ixqflöq T | xq wlhpsr gh sdudgd � 5 P/ vl vrprv fdsdfhv gh
yhul�fdu odv frqglflrqhv=
+D, T E%� ' ,C Ef��
+E, T E%� � ,C Ef��/ sdud wrgr � 5 P

kdeuhprv suredgr txh �T c �� hv od vroxflöq do sureohpd +5,1
Hq 4<96 G|qnlq +yhu ^ 5 `, hvwdeohflö ho sulqflslr fodyh gh od whruðd gh od sdudgd

öswlpd/ oodpdgr od fdudfwhul}dflöq výshu dupöqlfd gho ydoru=
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41 Ho ydoru T hv od phqru pd|rudqwh výshu dupöqlfd +frq uhvshfwr gh f, gh
C1

51 Ho wlhpsr öswlpr hv �W ' �?u� M} i| : f G f| *5 �j
grqgh � ' i% G T E%� : C E%�j hv od uhjlöq gh frqwlqxdflöq +gh odv revhuyd0

flrqhv, | # ' �S hv od uhjlöq gh ghwhqflöq +gh odv revhuydflrqhv,1 Hqwrqfhv Y�
gh�qh od iurqwhud gh sdudgd öswlpd1 Xqd ixqflöq T hv výshu dupöqlfd uhvshfwr gh xq
surfhvr f ' if|j vl iT Ef|�j hv výshu pduwlqjdod/ sdud or txh hv vx�flhqwh yhul�fdutxh uf ET � � f/ vlhqgr uf ho jhqhudgru lq�qlwhvlpdo gh f1

Hv edvwdqwh xvxdo txh sdud uhvroyhu sureohpdv gh sdudgd öswlpd= +L, vh wudwh
gh dglylqdu od qdwxudoh}d gh od iurqwhud gh sdudgd öswlpd frpr plhpeur gh xqd
idplold ud}rqdeoh> +LL, vh fdofxoh od hvshudq}d> +LLL, vh pd{lplfh ìvwd vreuh od idplold
| +LY, vh wudwh gh dujxphqwdu txh ho wlhpsr gh sdudgd kdoodgr hv öswlpr hq jhqhudo1

51715 Rsflrqhv
Frqvlghuhprv ho prghor gh xq phufdgr �qdqflhur frq grv dfwlyrv/ xq

erqr/ � ' i�|j|D f | xqd dfflöq/ 7 ' i7|j|D f1 Od hyroxflöq gh � ' i�|j|D f hv
ghwhuplqðvwlfd | hvwä ghvfulwd sru od hfxdflöq=

�| ' �feo |/ �f ' �/ o : f +7,
plhqwudv txh od hyroxflöq gh od dfflöq hv dohdwruld | hvwä uhjlgd sru od hfxdflöq=

7| ' 7fef|/ 7f : f +8,
grqgh ho surfhvr f ' if|j|D f/ oodpdgr surfhvr gluhfwru/ hv xq surfhvr hvwrfävwlfr
dgdswdgr gh�qlgr hq xqd edvh hvwrfävwlfd �l/I /I' iI|j|MA /��1 Dvxplprv txh ho
surfhvr q

7|�|

r hv xqd I 0 pduwlqjdod1

Ho prghor gh Eodfn 0 Vfkrohv
Ho prghor dqwhulru uhfleh hvwh qrpeuh hq ho fdvr hq txh ho surfhvr gluhfwru/

f ' if|j|D f/ vh h{suhvd gh od irupd
f| ' j`| n

�
o � j2

2
�
| +9,

hv ghflu/ vl=
_7| ' 7| dj _`| n o_|o +:,
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grqgh j : f hv od yrodwlolgdg/ o hv od whqghqfld | i`|j|D f hv xq surfhvr gh Zlhqhu
hvwäqgdu1

Hq hvwh prghor vh lqwurgxfh xq whufhu dfwlyr/ do txh oodpdprv rsflöq1 Xqd
rsflöq gh frpsud +uhvshfwlydphqwh gh yhqwd, hv xq dfxhugr/ txh vh kdfh hq | '
f/ hqwuh grv sduwhv sru ho fxäo xqd gh hoodv/ ho odq}dgru/ vh frpsurphwh d yhqghu
+uhvshfwlydphqwh d frpsudu, xqd xqlgdg gh 7 +xqd dfflöq, d od rwud sduwh/ ho srvhhgru/
hq ho wlhpsr � d suhflr g dfrugdgr gh dqwhpdqr1

Vl � � A +�mr,/ od rsflöq vh oodpd hxurshd | A vh oodpd pdgxudflöq r wlhpsr
gh hmhuflflr gh od rsflöq1 Hq hvwh fdvr +sdud xqd rsflöq gh frpsud,/ ho srvhhgru
gh od rsflöq od hmhfxwd vl | vöor vl 7A : g1 Sru hvwr/ hv htxlydohqwh shqvdu txh ho
frpsurplvr frqvlvwh hq sdjdu do srvhhgru 7A �g/ vl hvwd fdqwlgdg hv srvlwlyd | qdgd
hq rwur fdvr1 Sru or wdqwr/ ho srvhhgru uhfleh hq wlhpsr A od fdqwlgdg E7A �g�n/
txh hv oodpdgr ho suhplr gh od rsflöq1 Hq gh�qlwlyd/ xqd rsflöq suhylhqh do srvhhgru
gho khfkr gh txh ho suhflr gh 7 hq ho prphqwr A vhd pd|ru txh g1

Vl ho srvhhgru sxhgh hohjlu fxdotxlhu wlhpsr +gh sdudgd, � � A +A �mr, sdud
hmhfxwdu od rsflöq/ ghflprv txh od rsflöq hv dphulfdqd1 Vl A ' 4/ od rsflöq vh glfh
shushwxd�

Päv hq jhqhudo/ ho suhplr gh od rsflöq sxhgh vhu xqd ixqflöq gh 7/ C E7�1
Dghpäv hv srvleoh lqwurgxflu xq ghvfxhqwr/ frq wdvd o/ | dvð ho suhplr wrpd od irupd
e3o|C E7|�1Gdgd xqd rsflöq frq suhplr C | wdvd gh ghvfxhqwr o/ ho sureohpd frqvlvwh hq
kdoodu +ho suhflr gh od rsflöq,=

T E7f� ' t�T
� M}

, e3o �C E7��

| +vl h{lvwh, ho wlhpsr gh sdudgd hq txh vh dofdq}d hvwh vxsuhpr1 Glfkr sureohpd/ hv
xq sureohpd gh sdudgd öswlpd1
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Fdsðwxor 6
Suxhedv hohphqwdohv
Hq hvwh fdsðwxor vh yhq grv hmhpsorv gh sureohpdv gh sdudgd öswlpd/ sdud

fx|dv suxhedv qr vrq qhfhvdulrv päv txh od ghvljxdogdg gh Mhqvhq | od yhul�fdflöq
gluhfwd gh txh flhuwrv surfhvrv dx{lolduhv irupdq pduwlqjdodv r výshu pduwlqjdodv
sdud suredu odv frqglflrqhv +D, | +E, hq od vhfflöq 517141 Hv hq hvh vhqwlgr txh odv
suxhedv vrq hohphqwdohv +|d txh qr vh uhfxuuh do Fäofxor hvwrfävwlfr gh Lw÷,1

Od sulqflsdo uhihuhqfl gh hvwh fdsðwxor hv ^ 6 `1

614 Sureohpd olqhdo
4 Hq sulphu oxjdu frqvlghuhprv ho surfhvr hvwrfävwlfr f ' if|j|M dfc"�txh vdwlvidfh od hfxdflöq glihuhqfldo

_f| ' �@_|n j _`|/ ff ' % +;,
r vhd/

f| ' %� @|n j`|

hq grqgh %/ @/j 5 U/ @ : f/j : f/ | ` ' i`|j|M dfc"� hv xq surfhvr gh Zlhqhu
hvwäqgdu gh�qlgr hq xqd edvh hvwrfävwlfd El/I /I ' iI|j /��1Ho surfhvr f hv oodpdgr surfhvr gh Zlhqhu frq whqghqfld | hq hvwh fdvr
+@ : f, whqhprv=
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Ohpd < Vl ho surfhvr f hvwä gh�qlgr frpr hq +;, hqwrqfhv
f| �$|3<" �4 f1v1

Ghprvwudflöq1 Frpr f| ' % � @| n j`|/ frq @ : f/ whqhprv txh f|| '
%
| � @n j`|| | sru or wdqwr hv vx�flhqhwh suredu txh `|| �$|3<" f f1v11

Sulphudphqwh yhdprv txh `?? �$?3<" f +? 5 Q,1
Srghprv hvfulelu

`?
? ' �

?
?[

�'�
E`� �`�3��

Dkrud/ sru odv surslhgdghv gho surfhvr gh Zlhqhu +yhu vhfflöq 516, vh wlhqh txh
odv yduldeohv dohdwruldv `� � `f/`2 � `�/� � � vrq lqghshqglhqwhv h lghqwlfdphqwh
glvwulexlgdv +qrupdohv hvwäqgdu,/ sru or txh srghprv dsolfdu od Oh| ixhuwh gh orv
judqghv qýphurv/ frq or fxdo rewhqhprv=

`?
? �$?3<" f f1v1 +<,

Frqvlghuhprv dkrud od glihuhqfld `|| � `?? frq | 5 d?c ?n �o1
Sulphur revhuyhprv txh srghprv hvfulelu

`|
| � `?

? ' `|
��
| � �

?
�
n `| �`?

?
| hqwrqfhv

�
�

t�T
?$ |$?n�

����`|
| � `?

?
���� � 0

�

� �
�

t�T
?$ |$?n�

m`|m |� ?
?| � 0

2
�
n�

�
t�T

?$ |$?n�
m`| �`?m

? � 0
2
�

' W? n WW?

Pluhprv sru vhsdudgr W? | WW?�Hq sulphu oxjdu
W? ' �

�
t�T

?$ |$?n�
m`|m |� ?

?| � 0
2
�
' �

�
t�T

?$ |$?n�
s| m`�m |� ?

?| � 0
2
�

� �
�m`�m � 0?2

2s?n �
�
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vlhqgr`� xqd yduldeoh qrupdo hvwäqgdu/ srghprv dsolfdu od ghvljxdogdg +yhu Fdsðwxor: gh ^ ; `,
�� xE%� 	 �

%s2Z e3 �
2%2/ % : f

grqgh x od glvwulexflöq gh xqd yduldeoh qrupdo hvwäqgdu/ frq or fxdo rewhqhprv
�
�m`�m � 0?2

2s?n �
�

	 2s?n �
0?2s2Z e3 02?e

HE?n��

| hqwrqfhv
W? 	 2s?n �

0?2s2Z e3 02?e
HE?n��

Hv ghflu/ W? hvwä dfrwdgr sru ho wìuplqr jhqhudo gh xqd vhulh frqyhujhqwh1Sru rwur odgr
WW? ' �

�
t�T

?$ |$?n�
m`| �`?m

? � 0
2
�

' �
�

t�T
?$ |$?n�

m`| �`?m � 0?
2
�

' �
�

t�T
f$ | $ �

m`|m � 0?
2
�

| hvwr hv ljxdo/ sru ho Sulqflslr gh uh h{löq/ d

2
�] 3 0 ?

3"
) E|� _|n

] "

0?
) E|� _|

�
' e

] "

0?
) E|� _|

vlhqgr ) od ghqvlgdg gh xqd yduldeoh qrupdo hvwäqgdu1 Sdud �qdol}du/ qrwhprv txh od
vhulh

"[
?'f

e
] "

0?
) E|� _|

hv frqyhujhqwh/ sxhv sdud | : 2 whqhprv e3 |2
2 � e3 |

2 | sru or wdqwr od lqwhjudo hv
frqyhujhqwh sdud fdgd ? 5 Q | dghpäv

] "

0?
) E|� _| � ] "

0?
e3 |

2_| ' 2e3 0 ?
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txh hv ho wìuplqr jhqhudo gh xqd vhulh frqyhujhqwh1
Hq gh�qlwlyd khprv suredgr txh

"[
?'�

�
�

t�T
?$ |$?n�

����`|
| � `?

?
���� � 0

�

hv frqyhujhqwh1 Dsolfdqgr ho ohpd gh Eruho 0 Fdqwhool/ whqhprv txh

�
�
/ G t�T

?$ |$?n�

����`|
| E/�� `?

? E/�
���� � 0 sdud lq�qlwrv ydoruhv gh ?

�
' f +43,

Gh +<, | +43, hqfrqwudprv txh `|| �$ f f1v1/ sxhv/ sru +<, h{lvwh ?� 5 Q wdo
txh/ vdoyr hq xq frqmxqwr/ ��/ gh phglgd qxod vh wlhqh����`?

?
���� 	 0

2 / ? � ?�

| sru +43, h{lvwh ?2 5 Q wdo txh/ h{fhswr hq xq frqmxqwr/ �2/ gh phglgd qxod whqhprv
t�T

?$ |$?n�

����`|
| E/�� `?

? E/�
���� 	 0

2 / ? � ?2

oxhjr/ vdoyr hq ho frqmxqwr gh phglgd qxod �� ^�2/ vh wlhqh sdud | � ?� b ?2����`|
|
���� 	 0�

5 Sdud f gh�qlgr frpr hq +;, frqvlghudprv xq sureohpd gh sdudgd ös0
wlpd frq ixqflöq gh sdjr gdgd sru C E%� ' %n1

Sru vlpsolflgdg khprv wrpdgr o ' f/ ho fdvr frq o : f hv dqäorjr1
Ho vljxlhqwh whruhpd qrv gd ho ydoru sdud glfkr sureohpd1

Whruhpd 43 Vhdq f ' if|j|M dfc"� xq surfhvr hvwrfävwlfr gh�qlgr frpr hq +;, |
C G U �$ U gdgd sru C E%� ' %n/ % 5 U1 Hqwrqfhv ho ydoru gho sureohpd gh sdudgd
öswlpd +yhu +5, hq od vhfflöq 51714,

t�T
� M}

,C Ef�� ' ,C Ef�W� ' T E%�
ylhqh gdgr sru=

T E%� '
� j2

2@ i T
� 2@
j2%� �� / vl % � %W

% / vl % � %W +44,
hq grqgh=

%W ' j2

2@ | � W ' �?u i| : f G f| � %Wj +45,
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Ghprvwudflöq1 Sru or revhuydgr hq od vhfflöq 51714/ hv vx�flhqwh yhul�fdu
odv frqglflrqhv/ txh hq hvwh fdvr vh h{suhvdq frpr +yhu säjlqd 4;,=
+D, T E%� ' , Ef�W�n
+E, T E%� � , Ef� �n sdud wrgr � 5 P1

Sdud suredu +D,/ frqvlghudprv od ixqflöq � G U �$ U gdgd sru
� E%� ' j2

2@ i T
�2@
j2%� �

�
/ % 5 U +46,

Oxhjr/ srghprv yhu txh ho surfhvr i� Ef|�j|M dfc"� hv xqd I� pduwlqjdod1 Hq hihfwr/
vl r : f whqhprv=

, d� Ef|n r� m I|o ' ,
�j2

2@ i T
�2@
j2f|n r � �

� m I|
�

+47,
' ,

�j2

2@ i T
�2@
j2 d%� @ E|n r� n j`|n ro� �

� m I|
�

' j2

2@ i T
�2@
j2 d%� @ E|n r�o� �

�
,
�
i T

�2@
j `|n r

� m I|
�

Yhdprv hvwd ýowlpd hvshudq}d=

,
�
i T

�2@
j `|n r

� m I|
�
' ,

�
i T

�2@
j dE`|n r �`|� n`|o

� m I|
�

+48,
' ,

�
i T

�2@
j E`|n r �`|�

�
i T

�2@
j `|

� m I|
�

' i T
�2@

j `|
�
,
�
i T

�2@
j d`|n r �`|o

� m I|
�

' i T
�2@

j `|
�
,
�
i T

�2@
j d`|n r �`|o

��

Hq od shqýowlpd ljxdogdg khprv xvdgr txh i T �2@j `|
� hv I| 0 phgleoh | surslhgdghvgh od hvshudq}d frqglflrqdo +yhu vhfflöq 514,/ plhqwudv txh sdud od ýowlpd ljxdogdg

revhuydprv txh od yduldeoh dohdwruld `|n r � `| hv lqghshqglhqwh gh od j�äojheudI| | sru wdqwr do dsolfduoh od ixqflöq eruholdqd % :$ i T �2@j %� vh rewlhqh xqd qxhydyduldeoh dohdwruld lqghshqglhqwh gh I| d od txh oh dsolfdprv od ýowlpd surslhgdg gh
odv hvshudq}dv frqglflrqdohv olvwdgdv hq od vhfflöq 5141

Frpr od hvshudq}d gh xqd yduldeoh dohdwruld ghshqgh ýqlfdphqwh gh vx glv0
wulexflöq/ srghprv hvfulelu od ýowlpd hvshudq}d frpr
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,
�
i T

�2@
j `r

��
+49,

txh vh fdofxod gluhfwdphqwh=

,
�
i T

�2@
j `r

��
'

]
U
i T

�2@
j %

� �s2Zr i T
�� �

2r%
2
�
_% +4:,

'
]
U

�s2Zr i T
#
� �
2r

�
%� 2@r

j
�2

n 2@2r
j2

$
_%

' i T
�2@2r

j2

�]
U

�s2Zr i T
#
� �
2r

�
%� 2@r

j
�2$

_%

' i T
�2@2r

j2

�

sxhvwr txh od ýowlpd lqwhjudo gd xqr sru vhu U ho grplqlr gh lqwhjudflöq | sru vhu ho
lqwhjudqgr od ghqvlgdg gh xqd yduldeoh dohdwruld qrupdo frq phgld 2@r

j | yduldq}d r1
Vxvwlwx|hqgr +4:, hq +48, | oxhjr hq +47, rewhqhprv=

, d� Ef|n r� m I|o ' j2

2@ i T
�2@
j2 d%� @ E|n r�o� �

�
i T

�2@
j `|

�
i T

�2@2r
j2

�
+4;,

' ,� Ef|�
| sru or wdqwr i� Ef|�j|M dfc"� hv pduwlqjdod1

Vl % � %W/ hqwrqfhv � E%� ' T E%� �
Sdud wrgr | whqhprv txh � W a | hv xq wlhpsr gh sdudgd dfrwdgr/ oxhjr/ sru ho

Whruhpd gho Pxhvwuhr Rsflrqdo gh Grre +Whruhpd +9,,=

,� Ef�W2|� ' , � Eff� ' � E%� +4<,
Dghpäv/ sru gh�qlflöq gh � vdehprv txh f � � Ef�W2|� � %W� Vl � W 	 4 hv fodur txh
f�W2| �$|3<" f�W/ | sru vhu � frqwlqxd whqhprv txh � Ef�W2|� �$|3<" � Ef�W�1 Oxhjr/
sru ho Whruhpd gh Frqyhujhqfld Grplqdgd rewhqhprv txh ,� Ef�W2|� Lt�W	"� �$|3<"
,� Ef�W� Lt�W	"�1 Vl � W ' 4/ sru ho Ohpd +<, vh wlhqh f| �$|3<" f | oxhjr
,� Ef�W2|� Lt�W' "� �$|3<" f1 Sru or wdqwr=

,� Ef�W2|� �$|3<" , � Ef�W� Lt�W	"� +53,
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| frpr � Ef�W� ' C Ef�W� f1v1
,� Ef�W� Lt�W	"� ' ,C Ef�W� +54,

Gh odv gh�qlflrqhv gh � | gh C/ | sru odv hfxdflrqhv +4<,/ +53, | +54, rewh0
qhprv=

,C Ef�W� ' � E%� ' T E%� +55,
Sru rwur odgr/ vl % � %W/ fodudphqwh hv � W ' f | sru or wdqwr=

T E%� ' C E%� ' ,C Eff� ' ,C Ef�W� +56,
Hvwdv grv ýowlpdv hfxdflrqhv hvwdeohfhq od frqglflöq +D,1
Sdud suredu od frqglflöq +E,/ exvfdprv xqd ixqflöq föqfdyd/ x/ wdo txh

T E%� ' x E� E%�� � Sxhv vl x hv xqd wdo ixqflrq/ whqhprv sdud wrgr j 5 P dfr0
wdgr=

,C Efj� � ,T Efj� ' , xE� Efj�� +57,� xE,� Efj�� ' x E� E%��
' T E%�

Od vhjxqgd ghvljxdogdg hv frqvhfxhqfld gh od ghvljxdogdg gh Mhqvhq +Whruhpd +8,, |
od shqýowlpd ljxdogdg hv ghelgd do Whruhpd gho Pxhvwuhr Rsflrqdo gh Grre +Whruhpd
+9,,1 Vl j 5 P qr hv dfrwdgr/ ho uhvxowdgr vljxh vlhqgr yäolgr +sru ho Ohpd gh Idwrx,
sxhv T Ef|� � f | ho surfhvr iT Ef|�j hv xqd výshu pduwlqjdod1Vöor qrv uhvwd kdoodu x�

Vl % � %W/ T E%� ' %1 Oxhjr gheh vhu=

% ' x
�j2

2@ i T
�2r
j2%� �

��
+58,

Vl oodpdprv + ' j2
2@ i T

� 2r
j2%� �� whqhprv=

% ' j2

2@
�
*L}

�2@
j2+

�
n �

�
+59,

Sru or wdqwr

xE+� '
� + / + � %W

j2
2@

�*L} � 2@
j2+

�n �� / vl + � %W +5:,
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txh hv/ hihfwlydphqwh/ föqfdyd1

615 Rsflöq dphulfdqd shushwxd gh frpsud
4 Hq vhjxqgr oxjdu frqvlghuhprv xqd rsflöq dphulfdqd shushwxd gh

frpsud frq ghvfxhqwr hq xq phufdgr uhjlgr sru ho prghor gh Eodfn 0 Vfkrohv1 Hv
ghflu +yhu vhfflöq 51715,/ frqvlghuhprv orv surfhvrv=

f| ' j`| n
�
o � j2

2
�
| +5;,

|
7| ' 7f ef| +5<,

grqgh j : f/ o 5 U | i`|j|M dfc"� hv xq surfhvr gh Zlhqhu hvwäqgdu1
Ho surfhvr 7 ' i7|j|M dfc"� uhsuhvhqwd ho suhflr gh odv dfflrqhv1 Ho srvhhgru

gh od rsflöq wlhqh ho ghuhfkr gh frpsudu xqd xqlgdg gh 7 hq ho prphqwr txh ghflgd d
suhflr g dfrugdgr gh dqwhpdqr/ vx jdqdqfld hv E7 �g�n/ ghvfrqwdgd d wdvd B : f1

Od vroxflöq do sureohpd gh sdudgd öswlpd dvrfldgr +hfxdflöq +63,, ixh gdgd
sru Phuwrq hq 4<:6 +yhu ^ 4 `,1

Ho suö{lpr whruhpd gd ho ydoru gh hvwh sureohpd1

Whruhpd 44 Frqvlghuhprv ho surfhvr 7 ' i7|j gh�qlgr sru +5<, | frq surfhvr
gluhfwru gdgr sru +5;,1 Vl C E7� ' E7 �g�n | B : f/ od vroxflöq do sureohpd gh
sdudgd öswlpd

t�T
� M}

, e3Eon B� �C E7�� +63,
frq P ' i� G l �$ df/4o / i� � |j 5 I|/ sdud wrgr | � fj/ hvwä gdgd sru=

� E7f� '
� �7�

f > f � 7f � 7WS7f �g > 7WS � 7f
+64,

grqgh=

� ' �
2 � o

j2 n
v��

2 n o
j2

�2
n 2B

j2 +65,

' �
2 � o

j2 n
v��

2 � o
j2

�2
n 2 Eo n B�

j2
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|

7WS ' g �
� � � | � ' �

��
�� � �

g
��3�

+66,
Ho wlhpsr gh sdudgd öswlpr hv

� W ' �?u i| � f G 7| � 7WSj
Ghprvwudflöq1 +Yhu ^ 4 `, Sdud suredu +D,/ txh hq hvwh fdvr hv

, e3Eon B��WS �7�WS �g�n ' � E7f�
ghehprv kdoodu

, e3Eon B��WS �7�WS �g�n +67,
Frphqfhprv revhuydqgr txh

, e3Eon B��WS �7�WS �g�n Lt�WS '"� ' f +68,
ghelgr d txh +yhu Ohpd +<,,

*�4|3<" d�f| � Eo n B� |o ' �4 +69,
*�4|3<" df| � Eo n B� |o ' �4

| sru or wdqwr

, *�4 t�T �e3Eon B� |ef| � e3Eon B� |g�n ' f +6:,
Odv hfxdflrqhv +69, vh ghvsuhqghq gh

, d�f� � Eo n B�o 	 ,
�ef�3Eon B� � �� ' e3 B � � 	 f +6;,

Dkrud srghprv hvfulelu +67, frpr

, e3Eon B��WS �7�WS �g�n ' , e3Eon B��WS �7�WS �g�n Lt�WS 	"� +6<,
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Shur/ vl 7f 	 7WS / whqhprv txh 7�WS ' 7WS +f1v1, | hqwrqfhv revhuydprv txh
�7�

�WS ' �7W�S ' �
��

�� � �
g

��3�
g�

� �
� � �

��
+73,

' g
� � � ' g

� �
� � � � �

�
' g

� �
� � � � �

�n

' �7�WS �g�n
Vxvwlwx|hqgr hvwr hq +6<,

, e3Eon B��WS �7�WS �g�n Lt�WS 	"� ' �, e3 Eon B��WS 7�
�WS Lt�WS 	"� +74,

Sdud vhjxlu/ revhuyhprv txh ho surfhvr �e3Eon B� |7�
|
�
|D f hv xqd I�pduwlqjdod1

Hq hihfwr/ vl r : f G

,
�e3EonB�E|nr�7�

|nr � e3EonB�|7�
| m I|

� +75,
' ,

�
7fe3Eon B�E|nr�n�j`|n rn�

�
o3j2

2
�
E|nr� � 7fe3EonB�|n�j`|n�

�
o3j2

2
�
| m I|

�

' 7fe3EonB� |n�j`|n�
�
o3j2

2
�
|,

�
e3EonB�rn �jE`|n r3`|�n �

�
o3j2

2
�
� � � m I|

�

Sru vhu `|n r �`| lqghshqglhqwh gh I|/ od ýowlpd hvshudq}d frqglflrqdo vh uhgxfh dod hvshudq}d pdwhpäwlfd +qr frqglflrqdo,1 Ìvwd ghshqgh ýqlfdphqwh gh od glvwulex0
flöq gh suredelolgdg gh `|n r � `| txh hv ljxdo d od glvulexflöq gh `r/ sru wdqwr/uhfrugdqgr od gh�qlflöq gh 7/ srghprv h{suhvdu ho ýowlpr plhpeur gh +75, gh od
vljxlhqwh irupd

e3Eon B� |7�
| ,

�
e3Eon B� rn �j`rn �

�
o3j2

2
�
r � �

�
+76,

Hvwd hvshudq}d vh fdofxod gluhfwdphqwh/ frpr hq +4:,/ | gd fhur judfldv d od hohfflöq
gh �1 Sru or wdqwr

,
�e3Eon B�E|nr�7�

|nr m I|
� ' e3Eon B� |7�

| +77,
hv ghflu/ �e3Eo n B�|7�

|
�
|Df hv xqd I�pduwlqjdod frpr txhuðdprv yhul�fdu1

Oxhjr/ sdud � WS 	 4 srghprv hvfulelu �WS ' *�4|3<"� WS a|/ vlhqgr �WS a| xq wlhpsrgh sdudgd dfrwdgr sdud fdgd | � f/ hqwrqfhv/ sru ho Whruhpd gh Grre vdehprv txh=

�, e3Eon B� E�WS 2|�7�
�WS 2| ' �, e3Eon B� f7�

f ' �7�
f +78,
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Vxvwlwx|hqgr hq +74, rewhqhprv=
�, e3Eon B� �WS 7�

�WS Lt�WS 	"� ' � *�4|3<", e3Eon B� E�WS 2|�7�
�WS 2| ' �7�

f +79,
Sru odv hfxdflrqhv +79,/ +74, | +6<, whqhprv sdud 7f 	 7WS txh=

, e3Eon B��WS �7�WS �g�n ' �7�
f +7:,

Sru rwur odgr/ vl 7f � 7WS whqhprv � WS ' f | sru or wdqwr=
, e3Eon B��WS �7�WS �g�n ' 7f �g +7;,

Odv hfxdflrqhv +7:, | +7;, hvwdeohfhq +D,1
Sdud suredu +E,/ txh hq hvwh fdvr hv=

, e3Eon B�� E7� �g�n � � E7f� sdud wrgr � 5 P
+yhu +57,, frqvlghudprv sdud + � f odv ixqflrqhv D ' D E+� | x ' xE+� gdgdv sru=

D E+� ' �+�

xE+� '
+ + / f � + � 7WS �g� +

�
� �
� / 7WS �g 	 +

Iäflophqwh vh yhul�fd txh=
xED E+�� ' � E+� frq � gh�qlgd hq +64,
x hv föqfdyd sru vhu � : �
x Ek+� � kxE+� sdud k � �
Surehprv txh ho surfhvr qr qhjdwlyr �e3Eon B� |� E7|�� hv xqd výshu pduwlq0

jdod1 Vl r : f G

,
�e3Eon B�E|n r�� E7|n r� m I|

� ' e3Eon B�E|n r�, dx ED E7|n r�� m I|o +7<,
Sru od vhjxqgd gh odv ghvljxdogdghv dqwhulruhv | sru od Ghvljxdogdg gh Mhqvhq/

ho vhjxqgr plhpeur gh +7<, hv phqru r ljxdo txh=
e3Eon B�E|n r�xE, dD E7|n r� m I|o� +83,
' e3Eon B�E|n r�xE, d�7�

|n r m I|o�
' e3Eon B�E|n r�x �eEon B�E|n r��, �e3Eon B�E|n r�7�

|n r m I|
��

' e3Eon B�E|n r�x �eE>on B�E|n r��e3Eon B�|7�
|
�

' e3Eon B�E|n r�x �eEon B� r�7�
|
� � e3Eon B�E|n r�eEon B� rxE�7�

| �
' e3Eon B�|xED E7|�� ' e3Eon B�|� E7|�
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grqgh khprv xvdgr txh ho surfhvr �e3Eon B�|7�
|
� hv xqd pduwlqjdod/ frpr khprv ylvwr

hq +D,/ | od whufhu frqglflöq gh x1
Oxhjr

, e3 Eon B� � E7� �g�n � , e3 Eon B� �� E7�� ' � E7f�

txh suxhed od frqglflöq +E,1



66

Fdsðwxor 7
Sdudgd öswlpd frq fäofxor gh Lw÷

Hq hvwh fdsðwxor gduhprv xqd qxhyd suxhed gho sureohpd gh od rsflöq
dphulfdqd shushwxd gh frpsud/ yhu Whruhpd 441 Hvwd yh} dfxglhqgr do fäofxor hv0
wrfävwlfr gh Lw÷ sdud od yhul�fdflöq gh odv surslhgdghv +D, | +E, hq od vhfflöq 517141
Orv uhvxowdgrv päv lpsruwdqwhv gh hvwh fäofxor txh xvdprv vrq od iöupxod gh Lw÷ | od
surslhgdg txh glfh txh od lqwhjudo hvwrfävwlfd uhvshfwr gho surfhvr gh Zlhqhu irupd
xqd pduwlqjdod orfdo1

Od sulqflsdo uhihuhqfld gh hvwh fdsðwxor hv ^ 9 `1

Ghprvwudflöq1 +Vhjxqgd yhuvlöq gho Whruhpd 44, W
Vhd T W Er� ' t�T

� M}
, e3Eon B� �C E7��/ frq

P ' i� G l �$ df/4o / i� � |j 5 I|/ sdud wrgr | � fj
Ghehprv suredu txh T W Er� ' � Er�/ r � f frq � Er� gh�qlgd frpr hq +64,1 Sdud
hvwd suxhed hv vx�flhqwh hvwdeohfhu odv frqglflrqhv +yhu vhfflöq 51714,=

+D, , e3Eon B� �� E7�� � � Er� / r � f/ sdud wrgr � 5 P
+E, , e3Eon B� �WSC �7�WS � ' � Er�/ r � f

sxhv +D, | od ghvljxdogdg C Er� � � Er� lpsolfdq txh T W Er� � � Er� | +E, lpsolfd
od ljxdogdg T W Er� ' � Er�/ r � f1

Srghprv dsolfdu od iöupxod gh Lw÷ +Lw÷ 0 Ph|hu, do surfhvr �e3 Eon B� |� E7|��|D f/frq or fxdo uhvxowd/ sdud wrgr � 5 P=
�Yhu ^ 9 `1
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e3Eon B� �� E7�� ' � E7f� n
] �

f
e3Eon B�� du� E7��� E>n B�� E7��o _� +84,

n
] �

f
e3Eon B��j7�� � E7�� _`�

grqgh u hv ho rshudgru lq�qlwhvlpdo gh 7 | hvwä gdgr/ sdud ixqflrqhv s 5 �2/ sru=
us ' 7 o YsYr n j 2

2 72Y2s
Yr2 +85,

Revhuydflöq= Hq uhdolgdg od ixqflöq � *5 �2 EUD f� sxhv qr wlhqh ghulydgd
vhjxqgd hq ho sxqwr r ' 7WS / vl wlhqh ghulydgd sulphud frqwlqxd | ghulydgdv vhjxqgdvodwhudohv hq hvwh sxqwr1 Hq orv ghpäv sxqwrv � wlhqh ghulydgd vhjxqgd frqwlqxd1 Hq
hvwh fdvr/ srghprv xvdu ho Whruhpd gh Lw÷ 0 Ph|hu sdud dsolfdu od Iöupxod gh Lw÷
+yhu ^ 46 `,1

Pluhprv frq xq srfr päv gh ghwdooh od sulphu lqwhjudo1 Hq od uhjlöq � 'ir � f G r 	 7WSj/ vh yhul�fd sru revhuydflöq gluhfwd txh u� Er�� Eo n B�� Er� ' f |
hq od uhjlöq # ' ir � f G r � 7WSj vh fxpsoh u� Er� ' o r/ sxhvwr txh dtxð � Er� '
Er�g�n1

Whqlhqgr hq fxhqwd odv gh�qlflrqhv gh odv frqvwdqwhv 7WS | � hq +65, | +66, |
revhuydqgr txh hq od uhjlöq # ' ir � f G r � 7WSj vh wlhqh r : g rewhqhprv=

u� Er�� Eo n B�� Er� ' o r� Eo n B� Er�g�n ' go � B Er�g� +86,
� go � B E7WS �g� ' g

��o � Eo n B�
� � �

�

Dkrud/ sru gh�qlflöq gh � whqhprv

o � � Eo n B�
j 2 ' ��2 � �

2 +87,
| dghpäv txh � : �/ oxhjr/ vh ghvsuhqgh txh hq od uhjlöq # vh fxpsoh=

u� Er�� Eo n B�� Er� � f +88,
Ghqrwhprv

U| '
] |

f
e3Eon B��j7�� � E7�� _`�/ | � f +89,
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Gh odv hfxdflrqhv +84, | +88, frqfoxlprv txh=

U| � e3Eon B� |� E7|�� � E7f� � �� E7f� +8:,
Oxhjr/ judfldv d odv surslhgdghv gh odv lqwhjudohv hvwrfävwlfdv uhvshfwr gho surfhvr
gh Zlhqhu/ whqhprv txh ho surfhvr iU|j|D f hv xqd pduwlqjdod orfdo xqliruphphqwh
dfrwdgd sru dedmr sru od frqvwdqwh �� E7f� | sru or wdqwr hv xqd výshupduwlqjdod1
Oxhjr/ , U� � , Uf ' f/ sdud wrgr � 5 P �qlwr f1v1 +sru ho Whruhpd gho Pxhvwuhr
Rsflrqdo,1

Vl dkrud wrpdprv hvshudq}dv/ ,/ hq dperv plhpeurv gh +84, rewhqhprv/ sdud
� 5 P �qlwr f1v1/ od ghvljxdogdg

, e3Eon B� �� E7� � � � Er� +8;,
| frpr C Er� � � Er� vh yh txh

t�T�, e3Eon B� �C E7�� / r � f/ � 5 P �qlwr f1v1� � � Er� +8<,
Txhgd sru suredu txh hvwd ghvljxdogdg ydoh sdud fxdotxlhu wlhpsr gh sdudgd

� 5 P1
Frpr od výshu pduwlqjdod iU|j|D f hvwä dfrwdgd sru ghedmr/ f1v1 h{lvwh *�4|3<"U|E' U"� | ho surfhvr iU|jf$ | $ " hv xqd výshu pduwlqjdod +Yhu od vhfflöq 615 gh ^43`,/

oxhjr/ sdud wrgr � 5 P
, U� � , Uf ' f +93,

Vl revhuydprv txh

*�4 t�T
|3<"

e3Eon B� |� E7|� ' *�4 t�T
|3<"

e3Eon B� |C E7|� ' f +94,
rewhqhprv/ gh +84,/ sdud � 5 P

, e3Eon B� �C E7�� � , e3Eon B� �� E7�� ' , e3Eon B� �� E7� � Lt� 	"� +95,� ,� E7f� Lt� 	"� n, U�Lt� 	"�
Dkrud/ vl hq +84, srqhprv � ' | | kdfhprv | whqghu d lq�qlwr/ vh wlhqh

f � � E7f� n U" +96,
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pxowlsolfdqgr gh dperv odgrv gh hvwd hfxdflöq sru Lt� ' "� | wrpdqgr hvshudq}dv
rewhqhprv

f � ,� E7f� Lt� ' "� n, U"Lt� '"� +97,
Oxhjr/ gh odv hfxdflrqhv +94,/ +95, | +97,=

, e3Eon B� �C E7��� ,� E7f� Lt� 	"� n,� E7f� Lt� ' "� n , U�Lt� 	"� n, U"Lt� '"� +98,
' ,� E7f� n, U� ' � Er� n f � � Er�

Hq frqfoxvlöq=

T W Er� � � Er�
Pluhprv dkrud od surslhgdg +E,1 Ghelgr d +84, whqhprv sdud � ' | a � WS

e3Eon B�E|2�WS �� �7|2�WS � +99,
' � E7f� n

] |2�WS

f
e3Eon B�� du� E7��� E>n B�� E7��o _�n U|2�WS

Shur/ vl 7f : 7WS / vh wlhqh � WS ' f/ sxhv � E7f� ' C E7f� f1v1/ | sru or wdqwr/ hqhvwh fdvr od surslhgdg vh fxpsoh wulyldophqwh1
Srqjdprv hqwrqfhv 7f � 7WS 1Hq hvwd uhjlöq vh fxpsoh u� E7��� Eo n B�� E7�� ' f sdud wrgr � � | a � WSE�� f1v1� | oxhjr=

�� E7f� � U|2�WS ' e3Eon B�E|2�WS �� �7|2�WS �� � E7f� � � E7WS �� � E7f� +9:,
Sru or wdqwr/ od pduwlqjdod orfdo �U|2�WS � hvwä dfrwdgd xqliruphphqwh sru hqflpd |
sru ghedmr sru frqvwdqwhv/ hqwrqfhv hv xqd pduwlqjdod xqliruphphqwh lqwhjudeoh1 Hq
frqvhfxhqfld whqhprv/ sdud wrgr 7f : f/ txh E�� f1v1� h{lvwh ho *�4|3<"U|2�WS E' U�WS � |

, U�WS ' f +9;,
Vl kdfhprv whqghu | d lq�qlwr hq +99,/ yhprv txh hq ho frqmxqwr i/ G � WS 	 4j

hv



6:

e3Eon B� �WSC �7�WS � ' e3Eon B� �WS� �7�WS � ' � E7f� n U�WS +9<,
| hq ho frqmxqwr i/ G �WS ' 4j hv

f ' � E7f� n U" +:3,
sxhvwr txh E�� f1v1� *�4 t�T e3Eon B� |C E7|� ' *�4 t�T e3Eon B� |� E7|� ' f1

Do wrpdu , rewhqhprv/ sdud 7f : f=

, e3Eon B� �WSC �7�WS � ' � E7f� +:4,
Oxhjr/ khprv suredgr txh T W E7f� ' � E7f�1



6;
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Fdsðwxor 8
Rsflrqhv uxvdv
4 Suhvhqwdprv d frqwlqxdflöq odv rsflrqhv uxvdv/ lqwurgxflgdv sru Vkhss

| Vklu|dhy hq 4<<7 +yhu ^ 8 `1, txh oh sdjdq do srvhhgru ho pä{lpr +ghvfrqwdgr,
txh ho surfhvr kd|d dofdq}dgr kdvwd ho prphqwr gh hmhuflflr +hvwh prphqwr qr hvwä
dfrwdgr | ho srvhhgru sxhgh hohjluor,1 Sru hvwdu frqvlghudqgr ho pä{lpr klvwöulfr
gho surfhvr/ ho srvhhgru hvwä surwhjlgr gh odv hyhqwxdohv fdðgdv hq ho suhflr1 Ho frvwr
gh frqwlqxdu revhuydqgr od hyroxflöq gho surfhvr hv ghelgr ýqlfdphqwh do ghvfxhqwr/
txh hv xqd fdqwlgdg ghwhuplqðvwlfd/ hv ghflu/ qr hvwä vxmhwd do d}du1

Hvwd fodvh gh rsflrqhv qr vh frphufldol}d hq qlqjýq phufdgr/ ixh lqwurgxflgd
sru ho lqwhuìv hq ho sureohpd pdwhpäwlfr1

Odv sulqflsdohv uhihuhqfldv gh hvwh fdsðwxor vrq ^ 7 `/ ^ 8 `1 Yhu wdpelìq ^ : `1
Frqvlghuhprv ho prghor gh Eodfn 0 Vfkrohv gh xq phufdgr/ frpr hq od vhfflöq

517151 Hv ghflu/ frqvlghuhprv txh ho suhflr gh orv erqrv hvwä gdgr sdud fdgd | � f
sru

�| ' e3 o | +:5,
Plhqwudv wdqwr/ ho suhflr gh xqd dfflöq ylhqh gdgr sru ho surfhvr

7| ' % i T
�
j`| n

�
o � j2

2
�
|
�
/ | � f +:6,

grqgh % : f/ j : f | i`|j hv xq surfhvr gh Zlhqhu hvwäqgdu1
Frqvlghuhprv wdpelìq ho surfhvr � ' i�|j gdgr sru

�| ' 4@ 
�
r/ t�T

f$�$ |
7|
�

+:7,
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vlhqgr r � %�
Od ixqflöq gh sdjr gh od rsflöq gh yhqwd uxvd hv

s| ' e3 B |�| +:8,
grqgh B : f1

Oxhjr/ ho sureohpd hv ho gh kdoodu ho suhflr gh od rsflöq uxvd/ txh sru od whruðd
jhqhudo gh odv rsflrqhv/ hv

t�T
�

, e3Eon B� ��� +:9,
Hvwd rsflöq shuplwh do srvhhgru hohjlu od ihfkd gh hmhuflflr/ txh hvwä uh0

suhvhqwdgd sru � / | oh sdjd ho pä{lpr txh ho surfhvr kd|d dofdq}dgr kdvwd hvh
prphqwr/ vl ìvwh hv pd|ru d r | hq fdvr frqwudulr oh sdjd r/ ghvfrqwdgr sru e3B � 1
Oxhjr/ do ghmdu fruuhu ho wlhpsr vöor vh slhugh ho idfwru ghwhuplqðvwlfr e3 B |/ qr kd|
sìuglgdv rfdvlrqdgdv sru od  xfwxdflöq gh 7|1 Hvwr oh shuplwh do srvhhgru whqhu xqdflhuwd wudqtxlolgdg1

Ho vxsuhpr hq +:9, hv �qlwr +sxhvwr txh B : f,1

814 Sulphud suxhed
Ho suö{lpr whruhpd gd od iöupxod h{soðflwd gho ydoru gh od rsflöq | od h{suhvlöq

gho wlhpsr öswlpr gh hmhuflflr1

Whruhpd 45 +Rsflrqhv uxvdv, +Yhu ^ 7 `, Frqvlghuhprv ho surfhvr hvwrfävwlfr
7 ' i7|j txh yhul�fd od hfxdflöq

_7| ' o 7| _|n j7| _`|/ | � f +::,
frq 7f ' % : f/ j : f/ o 5 U | i`|j xq surfhvr gh Zlhqhu hvwäqgdu gh�qlgr hq
xqd edvh hvwrfävwlfd �l/I /I' iI|j|MA /��1

Hqwrqfhv ho sureohpd gh sdudgd öswlpd

T W E%c r� ' t�T
� M}

, e3Eon B� ��� +:;,
frq B : f | P ' i� G l �$ df/4o / i� � |j 5 I| sdud wrgr | � fj wlhqh vroxflöq
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T E%c r� '
� r

�23��
��2 �k%r ��� � �� �k%r ��2� > r

k � % � r
r > f 	 % � r

k
+:<,

vlhqgr �� 	 f 	 � 	 �2 odv udðfhv gh od hfxdflöq �
2j2�2n �

�
o � j2

2
�
' on B1 Hvwr hv

�2 c � ' �
2 � o

j2 	
v��

2 � o
j2

�2
n 2 Eo n B�

j2 +;3,
|

k '
#�� �

��
�� �

�2

$ �
�23�� +;4,

Ho wlhpsr gh sdudgd öswlpr hv

� W ' �?u
�
| � f G 7| � �|

k
�

+;5,

5 Vh yhuä sulphur xqd suxhed gluhfwd ghelgd d Vkhss | Vklu|dhy +yhu ^7`,
| oxhjr vh dwdfduä ho plvpr sureohpd ghvgh rwur sxqwr gh ylvwd

Ghprvwudflöq1 +4,
Sdud suredu txh T W � T / frphq}dprv yhul�fdqgr gluhfwdphqwh txh T fxpsoh

odv vljxlhqwhv surslhgdghv hq r
k � % � r=

Eo n B�T E%c r� ' o %T% E%c r� n �
2j

2T%% E%c r� +;6,
T E%c r� � r +;7,

Tr Erc r� ' YT
Yr E%c r�

����%' r
' f +;8,

4 Yhul�txhprv +;6,

T% E%c r� ' r
�2 � ��

�k���2
r

�k%
r
���3� � k���2

r
�k%

r
��23��

T%% E%c r� ' r
�2 � ��

�k2���2 E�� � ��
r2

�k%
r
���32 � k2���2 E�2 � ��

r2
�k%

r
��232�
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Oxhjr

>%T% E%c r� n �
2j

2%2T%% E%c r�
' >r

�2 � ��
k
���2

�k%
r
��� � ���2

�k%
r
��2l

n j2r
2 E�2 � ���

k
���2 E�� � ��

�k%
r
��� � ���2 E�2 � ��

�k%
r
��2l

' r
�2 � ��

�
�2

�k%
r
��� �o �� n j2

2 �� E�� � ��
�� ��

�k%
r
��2 �o �2 n j2

2 �2 E�2 � ��
��

' r
�2 � ��

k
�2

�k%
r
��� do n Bo� ��

�k%
r
��2 do n Bo

l
' Eo n B�T E%c r�

5 Yhul�txhprv +;7,

T E%c r�
r ' �

�2 � ��
k
�2

�k%
r
��� � ��

�k%
r
��2l

' �
�2 � ��

�k%
r
��2 ��2 �k%r

���3�2 � ��
�

� �
�2 � ��

�
�2k��3�2

�%
r
���3�2 � ��

�

� �
�2 � ��

��2k��3�2 � ���
' ��

�� � � : �

Od sulphu ghvljxdogdg vh gheh d txh �k%r ��2 � � | od vhjxqgd d txh %
r 	 �1

6 Yhul�txhprv +;8,

Tr Erc r� ' �
�2 � ��

k
�2

�k%
r
��� � ��

�k%
r
��2l���

%' r

� r
�2 � ��

����2 Ek%���
r�n�� � ���2 Ek%��2

r�n�2
�����%' r

' �
�2 � �� d�2k

�� E�� ��� n ��k�2 E�2 � ��o
' k��

�2 � ��
���2 E�� � �� n k�23���� E�2 � ���

' k��
�2 � ��

���2 E�� � �� n �2 E�� � ��
�� E�2 � ���� E�2 � ��

�
' f
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Qrwd= od ixqflöq T wlhqh ghulydgdv vhjxqgdv frqwlqxdv hq wrgrv orv sxqwrv
vdoyr hq orv gh od irupd % ' r

k / hq grqgh kd| ghulydgdv gh sulphu rughq frqwlqxdv
| kd| ghulydgdv odwhudohv gh vhjxqgr rughq1 Hq hvwh fdvr/ hq ìo txh qr hv �2/ od
Iöupxod gh Lw÷ frqwlqýd vlhqgr yäolgd judfldv do Whruhpd gh Lw÷ 0 Ph|hu1

Dkrud/ 7 vdwlvidfh od hfxdflöq

_7| ' o 7|_|n j7|_`| +;9,
| sru wdqwr/ srghprv yhu txh ho surfhvr

t| ' e3Eon B� |T E7|c �|� +;:,
hv xqd výshu pduwlqjdod1 Hq hihfwr/ hq od uhjlöq f 	 7| � �|k vh wlhqh/ sru od iöupxod
gh Lw÷/ txh=

_t| ' _ �e3 Eon B� |�|
� +;;,

' � Eo n B� e3 Eon B� |�| _|n e3 Eon B� | _�|
' � Eo n B� e3 Eon B� | �| _|

gdgr txh hq hvwd uhjlöq �| hv frqvwdqwh/ ho ýowlpr wìuplqr gho shqýowlpr plhpeur
hv qxor1

Hq od uhjlöq �|k � 7| � �|/ ghelgr d txh �| fuhfh vöor fxdqgr �| ' 7| |
Tr Erc r� ' f/ sru +;8,/ vh dqxodq orv wìuplqrv hq _�| | E_�|�2 hq od iöupxod gh Lw÷/
frq or fxdo vh wlhqh=

_t| ' e3Eon B� |
�
T% E7|c �|� _7| n �

2T%% E7|c �|� E_7|�2 � Eo n B�T E7|c �|� _|
�
+;<,

' e3Eon B� |T% E7|c �|� j 7|_`|

grqgh khprv xvdgr od uhodflöq +;6, | od gh�qlflöq gh 7|/ +::,1 Sru or wdqwr/ t| hv xqdpduwlqjdod orfdo srvlwlyd | sru hqgh xqd výshu pduwlqjdod1
Hqwrqfhv/ sdud wrgr wlhpsr gh sdudgd � / sru +;7, vh sxhgh h{suhvdu

, e3Eon B� ��� � , e3Eon B� �T E7� c ��� ' ,t� +<3,� ,tf ' T E7fc �f� ' T E%c r�
sdud or fxdo khprv xvdgr/ hq od vhjxqgd ghvljxdogdg/ txh t| hv výshupduwlqjdod1Wrpdqgr vxsuhpr vreuh wrgrv orv wlhpsrv gh sdudgd rewhqhprv sdud f 	 % � r
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T W E%c r� � T E%c r� +<4,

Vöor uhvwd suredu od ghvljxdogdg frqwuduld1
Vhd � ho sulphu wlhpsr | � f wdo txh

7| ' �|
k +<5,

frphq}dqgr ghvgh 7f ' %/ �f ' r/ % : r
k 1 Vh yh txh � E� 	 4� ' �/ sxhvwr txh

� E� : A �
' �

�
sdud f � � � | � A G j E`| �`�� n

�
o � j2

2
�
E|� �� � *L} �

k
�

+<6,
� �

�
sdud f � | � A G j`| n

�
o � j2

2
�
| � *L} �

k
�

� x
3
C� *L} �

k n
�
o � j2

2
�

sA

4
Dn e2

�
>3j2

2
�
*L} �

kx
3
C� *L} �

k � �
o � j2

2
�

sA

4
D �$A 3<" f

Sdud � frpr hq +<5, od sulphu ghvljxdogdg hq +<3, hv hq uhdolgdg xqd ljxdogdg1
Sdud suredu txh od vhjxqgd wdpelìq hv xqd ljxdogdg/ hv vx�flhqwh suredu txh t| hvpduwlqjdod1 Gh +;;, | +;<, vdehprv txh t| hv xqd pduwlqjdod orfdo srvlwlyd | hq
frqvhfxhqfld hv vx�flhqwh suredu txh

, t�T
f$ |	"

t| 	 4 +<7,
Revhuyhprv txh

t| ' e3 Eon B� |T E7|c �|� +<8,
� e3 Eon B� |T E�|c �|� ' ge3 Eon B� |�|

vlhqgr

g ' �
�2 � �� E�2k

�� � ��k�2� +<9,
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Sru or wdqwr/ hv vx�flhqwh suredu txh t�T
f$ |	"

e3 Eon B� |�| hv lqwhjudeoh/ hv ghflu/ txh
] "

f
�
�
t�T
|
e3 Eon B� |�| : +

�
_+ 	 4 +<:,

Qdwxudophqwh/ ho sureohpd hvwä fxdqgr + �$ 4/ |d txh ho lqwhjudqgr hvwä dfrwdgr
vxshulruphqwh sru xqr1 Vdehprv txh sdud wrgrv k : f/ q : f vh wlhqh

� E`| � k|n qc f � | 	 4� ' �� e32kq +<;,
Holjlhqgr

k '
�
B n j2

2
�

j | q ' �
j *L} +

% +<<,
whqhprv/ sdud + : rc + : %

�
�
t�T
|

e3Eon B� |�| : +
�

+433,
' �

�
t�T
|

�
t�T

f$�	 |

�
j`� n

�
o � j2

2
�
�
�� k

*L}
�+
%
�
n Eo n B��

l�
: f

�
Dkrud vl `| � k|n q/ sdud wrgr |/ gh +<<,

t�T
f$�	 |

�
j`� n

�
o � j2

2
�
�
� � t�T

f$�	|

�
j Ek�n q� n

�
o � j2

2
�
�
�

+434,
' t�T

f$�	 |

�
*L}

�+
%
�
n � Eo n B�

�
' *L}

�+
%
�
n | Eo n B�

Oxhjr

�
�
t�T
|
e3 Eon B� |�| : +

�

' �
�
t�T
|
e3 Eon B� |�| : +c `| � k|n q

�

n�
�
t�T
|
e3 Eon B� |�| : +c `| : k|n q

�
+435,

' f n�
�
t�T
|
e3 Eon B� |�| : + m `| : k|n q

�
� E `| : k|n q�

� e3 2kq '
�+
%
�3E�n 2 B

j2 �
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Oxhjr/ sdud B : f/ od lqwhjudo hq +<:, hv frqyhujhqwh/ frq or txh khprv suredgr txh
t| hv xqd pduwlqjdod1 Sru or wdqwr/ sdud � gh�qlgr hq +<5, whqhprv txh

,t� ' ,tf +436,
Hq gh�qlwlyd/ od vhjxqgd ghvljxdogdg hq +<3, hv hq uhdolgdg xqd ljxdogdg1 Frpr �
hvwä frqwhqlgr hq ho frqmxqwr vreuh ho fxdo wrpdprv vxsuhpr/ P/ rewhqhprv

T W E%c r� � T E%c r�
frqfox|hqgr frq hvwr od ghprvwudflöq1

815 Vhjxqgd suxhed
4 Srvwhulruphqwh/ Vkhss | Vklu|dhy glhurq xqd qxhyd suxhed gh vx uhvxo0

wdgr vreuh odv rsflrqhv uxvdv1 Edvdgrv hq ho Whruhpd gh Jluvdqry/ lqwurgxmhurq xq
fdpelr gh phglgd txh ohv shuplwlö uhgxflu ho sureohpd do fdvr xqlglphqvlrqdo1 Yhu
^ 8 ` | ^ : `1

Uhfrughprv txh ho suhflr gh orv erqrv i�|j hvwä gdgr sru

_�| ' o�|_|/ �f : f +437,
Ho suhflr gh odv dfflrqhv i7|j hvwä gdgr sru

_7| ' >7|_|n j 7|_`|/ 7f ' � +438,
frq j : f/ > 5 U | i`|j hv xq surfhvr gh Zlhqhu hvwäqgdu1

Revhuydflöq 46 Dqwhulruphqwh khprv vxsxhvwr �f ' � sru frprglgdg1 Dghpäv
khprv vxsxhvwr txh > ' o/ yhuhprv hq or txh vljxh txh hq uhdolgdg hvwd ýowlpd
vxsrvlflöq qr frqvwlwx|h qlqjxqd uhvwulfflöq1

Oodpdprv �| do pä{lpr dofdq}dgr sru ho surfhvr kdvwd ho lqvwdqwh | frphq0}dqgr hq r ' %�f/ hv ghflu=



7:

�| ' 4@ 
�

4@ f$�$ |7�c %�f
�

+439,
frq �f � �/ % ' 7f : fc r ' %�f1

Ho suhplr gh od rsflöq uxvd hv/ sdud fdgd | � f

s| ' e3B |�| +43:d,
vlhqgr B : f1

Gh od whruðd gh odv rsflrqhv vdehprv txh ho frvwr gh od rsflöq uxvd shushwxd
hv

�W E>c s� ' �f t�T
f$ � 	"

,>3 o s�
��

+43;,
grqgh ,>3 o hv od hvshudq}d uhvshfwr gh od phglgd gh suredelolgdg �>3 o gh�qlgd
päv dghodqwh1 Dvð txh ho sureohpd vh uhgxfh d xq sureohpd gh sdudgd öswlpd/ hvwr
hv/ d kdoodu

t�T
� 	"

,>3 oe3o �s�

5 Hq hvwd vhfflöq lqwurgxflprv od phglgd gxdo gh pduwlqjdod txh qrv
shuplwh gdu xqd qxhyd uhsuhvhqwdflöq gh �W E>c s� | suredu txh hvwd fdqwlgdg qr
ghshqgh gho ydoru gh >1

Sdud hoor/ d sduwlu gho surfhvr gh Zlhqhu i`|j|D f/ lqwurgxflprv/ sdud > 5 U
| | � f/ orv surfhvrv

`>3 o
| E/� ' `| E/� n >� o

j | +43<,
~>3 o
| E/� ' i T

#
� >� o

j `| E/�� �
2
�>� o

j
�2

|
$

+443,

Vhd �| ' � m5| od uhvwulfflöq gh od phglgd � d od j 0 äojheud I|1 Sdud | � f/
gh�qlprv odv phglgdv �>3o

| phgldqwh=

_�>3 o
| ' ~>3 o

| _�| +444,
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Frpr ,~>3 o
| ' �/ odv phglgdv �>3 o

| vrq gh suredelolgdg | frpr hvwd idplold�
�>3 o
| G | � f� hv frqvlvwhqwh/ sru ho Whruhpd gh h{whqvlöq gh suhphglgdv gh Fdudwkër0

gru|/ vh sxhgh hvwdeohfhu od h{lvwhqfld gh xqd phglgd gh sur0 edelolgdg �>3 o hq
Elc I� fx|d uhvwulfflöq d I| frlqflgh frq �>3 o

| 1
Gho Whruhpd gh Jluvdqry vdehprv txh ho surfhvr `>3 o ' �`>3 o

|
� hv xq

�>3 o� surfhvr gh Zlhqhu1 Hvwr lpsolfd

glvwulexflöq �`>3 o m �>3 o� ' glvwulexflöq E` m �� +445,
Frq ho lqwhuìv gh vxeud|du od ghshqghqfld hq > gho surfhvr 7| gh�qlgr hq +438,hvfulelprv 7| E>�1 Qrwhprv txh od vroxflöq gh +438, hv

7| E>� ' 7fej`|n
�
>3j2

2
�
| +446,

Dsolfdqgr od Iöupxod gh Lw÷ vh wlhqh

_
�7| E>�

�|

�
' � 7| E>�

�2|
_�| n �

�|
_7| E>� n �

2
27| E>�
��|

E_�|�2 n �
2f E_7| E>��

2 +447,
' �7| E>�

�2|
o�|_�| n 7| E>�

�|
E>_|n j_`|�

' 7| E>�
�|

E�o_|n >_|n j_`|�

' j
�7| E>�

�|

���o n >
j _|n _`|

�

' j
�7| E>�

�|

�
_`>3 o

|

txh hq irupd lqwhjudo vh hvfuleh

7| E>�
�|

' 7f
�f

n
] |

f
j7� E>���

_`>3 o� +448,
Oxhjr/ ho surfhvr

7 E>�
� '

�7| E>�
�|

�
|D f

+449,
hv xqd pduwlqjdod +orfdo, uhvshfwr gh od phglgd �>3 o | sru wdqwr oodpdprv d �>3 o
od phglgd gh pduwlqjdod1
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Sru +447, hv iäflo yhu txh +�>3 o�f1v1,
7| E>�
�|

' 7f
�f

i T
�
j`>3 o

| � j2

2 |
�

+44:,
r vhd

7| E>� ' 7f i T
�
j`>3 o

| n
�
o � j2

2
�

|
�

+44;,
txh uhpdufdprv/ qr ghshqgh gh >1 Hvwr mxvwl�fd txh dqwhulruphqwh kd|dprv wrpdgr
> ' o hq od gh�qlflöq gh 7|1Gh +448, | +44:, vh ghvsuhqgh txh

,>3 o
�7| E>�

�|
�f
7f

�
' � +44<,

or txh shuplwh gh�qlu xqd qxhyd idplold gh phglgdv gh suredelolgdg/ qh�>3 o
|

r
|D f

/
phgldqwh

h�>3 o
| E�� ' ,>3 o

�7| E>�
�|

�f
7f

L�
�
/ � 5 I| +453,

Do ljxdo txh frq �
�>3 o
|

�/ srghprv hvwdeohfhu od h{lvwhqfld gh xqd phglgd gh sure0
delolgdg h�>3 o hq Elc I� wdo txh vx uhvwulfflöq d I| frlqflgh frq h�>3 o

| 1
Lqwurgx}fdprv ho surfhvr ì>3 o '

qì>3 o
|

r
| D f

sru

ì>3 o
| ' `>3 o

| � j|
�
' `| n

�>� o
j � j

�
|
�

+454,

Qxhydphqwh sru ho Whruhpd gh Jluvdqry/ yhprv txh ì>3 o hv xq surfhvr gh Zlhqhu
uhvshfwr gh h�>3 o1 Od ljxdogdg +44;, qrv gd

7| E>� ' 7f i T
�
jì>3 o

| n
�
o n j2

2
�

|
�

+455,
| sru od iöupxod gh Lw÷



83

_7| E>� ' 7| E>�
k�o n j2� _|n j_ì>3 o

|
l +456,

_
� �
7| E>�

�
' � �

7| E>�
�
o_|n j_ì>3 o

|
� +457,

_
� �|
7| E>�

�
' �j

� �|
7| E>�

�
_ì>3 o

| +458,

Od ýowlpd hfxdflöq lpsolfd txh ho surfhvr q
�|7|E>�

r hv xqd pduwlqjdod +orfdo,
uhvshfwr gh od phglgd h�>3 o/ sru hvwr oodpdprv d h�>3 o od phglgd gxdo +uhvshfwr gh
�>3 o, gh pduwlqjdod 1 Sru +456, srghprv hvfulelu

�|
7| E>� '

�f
7f

i T
��jì>3 o

| � j2

2 |
�

+459,

6 Qxhyd uhsuhvhqwdflöq gh �W E>c s�1
\d txh sdud � 5 I� hv

h�>3 o E�� ' ,>3 o
�7� E>�

7f
�f
��

L�
�

+45:,
whqhprv

�f,>3 o s�
��

' 7f,>3 o
��f
��

7� E>�
7f

s�
7� E>�

�
' 7fh,>3 o s�

7� E>� +45;,
D sduwlu gh hvwd hfxdflöq | gh od gh�qlflöq gh �W E>c s�/ hfxdflöq +43;,/ srgh0

prv gdu xqd qxhyd h{suhvlöq sdud �W E>c s�

�W E>c s� ' 7f t�T
f$ � 	"

h,>3 o s�
7� E>� +45<,

| vl revhuydprv txh sru +455, hv=

glvwulexflöq�7 E>� m h�>3 o
�
' glvwulexflöq�7 Eo� m h�� +463,

frq h� ' h�f/ yhprv txh ho ydoru gh �W E>c s� qr ghshqgh gh >1
Oxhjr/ hvfulelprv �W sdud ho ydoru frpýq +uhvshfwr gh >, gh �W E>c s�
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�W ' 7f t�T
f$ � 	"

h, s� E7� Eo��
7� Eo� +464,

Vl srqhprv

�| ' �|
7| +465,

uhhvfulelprv �W phgldqwh

�W ' 7f t�T
f$ � 	"

h, e3 B ��� +466,

7 Ho surfhvr� ' i�|j gh�qlgr hq +:7, hv qr ghfuhflhqwh | sru or wdqwr ghyduldflöq dfrwdgd hq fdgd lqwhuydor dfrwdgr1 Dsolfdqgr od Iöupxod gh Lw÷ d } E%c +� '
%+ | whqlhqgr hq fxhqwd +457,/ frq o ' > | ì| ' ìf| / vh wlhqh

_�| ' _
��|
7|

�
' _} E�|c 7|� +467,

' �|_
� �
7|
�
n �

7|_�| n f
�
_
� �
7|
��2

n f E_�|�2 n _�|_
� �
7|
�

' �|_
� �
7|
�
n �

7|_�|

Frpr _�|_
�

�
7|
�
' f/ +467, vh uhgxfh d

_�| ' ��|
k
o_|n j_ì|

l
n _�|

7| +468,
r hq irupd lqwhjudo

�| ' �f � o
] |

f
��_�� j

] |

f
��_ì� n

] |

f
_��
7� +469,

Vl dsolfdprv qxhydphqwh od iöupxod gh Lw÷/ hvwd yh} do surfhvr jE�|� vlhqgr
} ' } E�� xqd ixqflöq gh fodvh �2/ frq � � �/ whqhprv
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_} E�|� ' }� E�|� _�| n �
2}

� � E�|� E_�|�2 +46:,
' }� E�|� _�| n �

2}
� � E�|� j2�2| _|

r vhd

} E�|� ' } E�|� n
] |

f
u} E��� _�� j

] |

f
}� E�����_ì� +46;,

n
] |

f
}� E��� _��

7� Lt��'��

grqgh vh vxvwlwx|ö _�| sru vx h{suhvlöq +468, | vh lqwurgxmr od lqglfdwul} gho frqmxqwriE/c �� G �� E/� ' �j sxhvwr txh vl �� E/� : � vh wlhqh txh 7� E/� 	 �� E/� | oxhjr
� E/� hv frqvwdqwh hq xq hqwruqr gh �/ sru or wdqwr _�� E/� ' f1

Ho rshudgru glihuhqfldo u hvwä gdgr sru

u ' �o� Y
Y� n j2

2 �2 Y2

Y�2 +46<,

Surehprv txh sdud wrgr | � f vh wlhqh �h�� f1v1�
] |

f
Lt��'��_� ' f +473,

Sdud hoor srqjdprv \E_|� ' _| sdud od phglgd gh Ohehvjxh/ oxhjr/ sru ho Whruhpd
gh Ixelql

h,] "

f
Lt�|E/�'��_| '

] "

f
h,Lt�|E/�'��_| '

] "

f
h��|

��|
7| ' �

�
_| +474,

Sru odv surslhgdghv gho surfhvr gh Zlhqhu vh yh txh od glvwulexflöq h��| hv devroxwd0phqwh frqwlqxd uhvshfwr gh \E_|�/ oxhjr/ od ýowlpd lqwhjudo ydoh fhur1
Oodpdprv

)| '
] |

f
Lt��'��_��

7� +475,
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Vh yh fodudphqwh txh ho surfhvr i)|j|D f fuhfh ýqlfdphqwh fxdqgr ho surfhvr i�|jdofdq}d od iurqwhud i�j1 Ho surfhvr i�|j hv xqd glixvlöq frq uh h{löq lqvwdqwäqhd hq
ho sxqwr i�j hq ho hvsdflr gh hvwdgrv . ' d�c 4� +Yhu fdsðwxor 6 gh ^ 45 `1, 1 Ho
rshudgru lq�qlwhvlpdo gho surfhvr vreuh odv ixqflrqhv } 5 �2 frlqflgh frq ho rshudgru
gdgr hq od hfxdflöq +46<, frq od frqglflöq

}� E�n� ' f +476,
hq ho sxqwr i�j/ vlhqgr }� E�n� ' *�4�� �}� E�� �

8 Wrpdqgr hq fxhqwd odv hfxdflrqhv +468, | +475, revhuydprv txh ho
surfhvr i�|j vdwlvidfh od hfxdflöq glihuhqfldo

_�| ' ��|
k
o_|n j_ì|

l
n _)| +477,

frq od frqglflöq lqlfldo �f1Frpr
]
l
} E�|� _� '

]
U
} E%� _h��| E%� +478,

sdud wrgd } G l �$ U eruho 0 I 0 phgleoh/ srqlhqgr

hT E�� ' t�T
�

h, e3B ��� +479,
grqgh ho vxsuhpr hvwä wrpdgr vreuh wrgrv orv wlhpsrv gh sdudgd �qlwrv hq fdvl wrgr
sxqwr uhvshfwr gh h� +frpr gh frvwxpeuh dvxplprv e3B �E/���E/� ' f hq ho frqmxqwri/ G � i/j ' 4j,/ revhuydprv txh

�W ' 7fhT E�f� +47:,
vlhqgr �W frpr hq +464, | �f od frqvwdqwh gh�qlgd sru od ixqflöq gh sdjr s ' is|j1

Sru orv uhvxowdgrv hq ho Whruhpd +45, vh ghehuðd whqhu txh ho wlhpsr öswlpr
ixhud gh od irupd

� ' �?u �| � f G �| � �� +47;,
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vlhqgr � dojxqd frqvwdqwh1 Hv ghflu/ txh � hv ho sulphu wlhpsr gh duuler d od uhjlöq
gh �ghwhqflöq gh odv revhuydflrqhv�/ # ' �| G �| � ��1 Hq frqwudvwh/ oodpdprv d
� ' �| G �| 	 �� od �uhjlöq gh frqwlqxdflöq gh odv revhuydflrqhv�1

Vl dvxplprv gh dqwhpdqr txh T hv vx�flhqwhphqwh uhjxodu/ gh dfxhugr d
od whruðd gh od sdudgd öswlpd/ e3 B |T E�|� gheh vhu xqd pduwlqjdod hq od uhjlöq gh
frqwlqxdflöq/ sdud or txh dofdq}d suredu txh vx rshudgru lq�qlwhvlpdo vh dqxod hq
hvwd uhjlöq1 Dghpäv T E�� gheh vdwlvidfhu od frqglflöq gh erugh +476,1 Sru or wdqwr/
hvwdprv exvfdqgr xqd vroxflöq do vljxlhqwh sureohpd=

uT E�� ' BT E�� / � 	 � 	 � +47<,
T � E�n� ' � +483,

Exvtxhprv vroxflrqhv gh +47<, gh od irupd T E�� ' �%1 Vxvwlwx|hqgr T E�� '
�% hq odv hfxdflrqhv dqwhulruhv/ rewhqhprv sdud % od hfxdflöq fxdguäwlfd

%2 � �
� n 2o

j2

�
%� 2B

j2 ' f +484,
Uhvroylhqgr/ whqhprv

%� ' �
2 n o

j2 �
v��

2 n o
j2

�2
n 2B

j2 +485,
|

%2 ' �
2 n o

j2 n
v��

2 n o
j2

�2
n 2B

j2 +486,
Vh yh fodudphqwh txh �� ' � � %2 | �2 ' � � %� frq ��c �2 gh�qlgdv hq +;3,1 Hq
sduwlfxodu/ %� 	 f | %2 : f1

Oxhjr/ hq od uhjlöq � 	 � 	 � +grqgh +47<, hvwä gh�qlgd, od vroxflöq T E��
wlhqh od irupd

T E�� ' ���%� n �2�%2 +487,
grqgh �� | �2 vrq dojxqdv frqvwdqwhv1

Dkrud vl dvxplprv txh od uhjlöq gh frqwlqxdflöq hv gh od irupd
� ' �| � f G �| � �� grqgh � hv dojxqd frqvwdqwh/ ghehprv lpsrqhu flhuwdv frqgl0
flrqhv sdud srghu ghwhuplqdu odv frqvwdqwhv ��c �2 | �1
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Od sulphu frqglflöq hv txh hq od iurqwhud/ �/ odv jdqdqfldv sru ghwhqhu odv
revhuydflrqhv ghehq vhu odv plvpdv txh vl vh ghmd fruuhu xq srfr päv ho surfhvr/ hv
ghflu

T ��� ' � +488,
r vhd

���%� n �2�%2 ' � +489,
Od vhjxqgd frqglflöq hv txh kd|d xq �shjdgr vxdyh� +vprrwk �w, +yhu fdsðwxor 6 gh
^ 45 `1, hqwuh odv grv udpdv gh T hq od iurqwhud/ �/ hvwr hv

T � ���� ' � +48:,
r vhd

%����%�3� n %2�2�%23� ' � +48;,
Od ýowlpd frqglflöq hv od frqglflöq +483, txh dkrud uhvxowd

�� ' �%2
%��2 +48<,

Uhvwdqgr od hfxdflöq +48;, d +489, vh wlhqh=

���%� E%� � �� n �2�%2 E%2 � �� ' f +493,
Vxvwlwx|hqgr hq ìvwd od hfxdflöq +48<, rewhqhprv=

� '
�%2
%�

%� � �
%2 � �

� �
%23%� +494,

Vh revhuyd txh � ' k/ frq k3� frpr hq +;4,1 Ghvshmdqgr gh +48<, | +493, rewhqhprv
orv ydoruhv

�� ' %2 � �
%2 � %�

�
�%�3� | �2 ' �� %�

%2 � %�
�

�%23� +495,
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Sru or wdqwr/ od ixqflöq T E��/ vroxflöq gh +47<,/ hvwä gdgd sru

T E�� '
+ �

%23%�
k
E%2 � ��

��
�
�%� n E�� %��

��
�
�%2l / � � � � �

� / � � � +496,

grqgh �c %�c %2 hvwäq gdgdv sru +485,/ +486, | +494, uhvshfwlydphqwh1
Vh yh fodudphqwh txh T gh�qlgd hq +496, frlqflgh frq T gh�qlgd hq +:<,1
9 Hq hvwh qxhyr pdufr sureduhprv qxhydphqwh ho whruhpd +45,1
Srghprv hqxqfldu hvwh whruhpd hq od vljxlhqwh irupd=

Whruhpd 47 Od vroxflöq do sureohpd gh sdudgd öswlpd
t�T
� M}

, e3Eon B� ���

hvwä gh�qlgd sru

T E�� '
+ �

%23%�
k
E%2 � ��

��
�
�%� n E�� %��

��
�
�%2l / � � � � �

� / � � �
vlhqgr

%� ' � n 2o
j2 �

v�
� n 2o

j2

�2
n 2B

j2

%2 ' � n 2o
j2 n

v�
� n 2o

j2

�2
n 2B

j2

� '
�%2
%�

%� � �
%2 � �

� �
%23%�

Ho wlhpsr gh sdudgd öswlpr hv
� ' �?u �| � f G �| � ��

frq
�| ' �|

7| / | � f1
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Ghprvwudflöq1 +Yhu ^ 8 `1, Do pludu odv hfxdflrqhv +:<,/ +47:, | +496, vh yh
fodudphqwh txh ho hqxqfldgr gho whruhpd hv

hT E�� ' T E�� +497,
Sdud ghprvwudu +497,/ sureduhprv odv frqglflrqhv

+D, sdud wrgr wlhpsr gh sdudgd � +h� 0 f1v1,

h, e3 B |�| � T E�� / � � �
|

+E, ho wlhpsr gh sdudgd � ' �?u �| � f G �| � �� hv +h� 0 f1v1, �qlwr |

h, e3 B |�| ' T E�� / � � �
txh lpsolfdq ho hqxqfldgr1

Frphqfhprv sru hvwdeohfhu +D,/ srghprv dsolfdu od iöupxod gh Lw÷ d } E|c T E�|��vlhqgr } E|c %� ' e3 B |%/ oxhjr/ sdud wrgr wlhpsr gh sdudgd �qlwr � vh wlhqh

e3 B �T E�|� ' T E�f� n
] �

f
Y
Y|

�e3 B �T E���� _� +498,
n
] �

f
Y
Y%

�e3 B �T E���� _�� n �
2
] �

f
Y2

Y%2
�e3 B �T E���� E_���2

hv ghflu
e3 B �T E�|� ' T E�f� n

] �

f
e3 B � dEuT � E���� BT E���o _� +499,

� ] �

f
e3 B �j��T � E��� _ì� n

] �

f
e3 B �T � E��� _)�

Revhuydprv txh sru gh�qlflöq gh T / whqhprv txh EuT � E���BT E�� � f sdud
wrgr � � �1 Dghpäv od ýowlpd lqwhjudo vh dqxod sxhvwr txh )� fuhfh ýqlfdphqwh
fxdqgr �� ' � | hq hvwh sxqwr T � ' f1 Oxhjr whqhprv txh ho surfhvr

U| ' � ] |

f
e3 B �j��T � E��� _ì� +49:d,
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hv xqd pduwlqjdod orfdo +sru vhu xqd lqwhjudo uhvshfwr gh xq surfhvr gh Zlhqhu, |
hvwä xqliruphphqwh dfrwdgd sru ghedmr

U| � e3 B |T E�|�� T E�f� � �T E�f�
hqwrqfhv iU|j|D f hv xqd výshu pduwlqjdod |=h, U� � h, Uf +49;,
sru ho Whruhpd gho pxhvwuhr rsflrqdo gh Grre/ yhu Whruhpd +9,1 Sru or wdqwr/
wrpdqgr hvshudq}dv/ h,c hq dperv odgrv gh +499, whqhprv txh=h, e3B �T E��� � �
sdud wrgr � � � | sdud wrgr wlhpsr gh sdudgd �qlwr +h� 0 f1v1, � 1 Frq hvwr |
whqlhqgr hq fxhqwd txh � � T E��/ vh wlhqh +D,1

Ghehprv suredu dkrud od frqglflöq +E,1 Sdud hvwr/ revhuyhprv txh gh od
hfxdflöq +499, vh ghgxfh txh=

e3B E|2��T E�|2�� ' T E�f� n
] |2�

f
e3 B � dEuT � E���� B T E���o _�n U|2� +49<,

Dkrud/ vl �f � �/ vh wlhqh � ' f | od surslhgdg +E, vh fxpsoh wulyldophqwh1 Dvð txh
vxsrqjdprv �f 	 �/ hqwrqfhv EuT � E���� B T E��� ' f sdud � � | a � E/�/ / 5 l/ |
oxhjr=

T ���� T E�f� � e3B E|2��T E�|2��� T E�f� ' U|2� � �T E�f� +4:3,
Hq gh�qlwlyd whqhprv txh ho surfhvr iU|2�j|D f hv xqd pduwlqjdod orfdo/ xql0

iruphphqwh dfrwdgd sru hqflpd | sru ghedmr/ oxhjr xqd pduwlqjdod1
Revhuydu txh h� �T E��� ' �� ' �1 Hqwrqfhv/ xqd yh} suredgr txhh� E� 	 4� ' �/ whqguhprv/ sru ho Whruhpd gho Pxhvwuhr Rsflrqdo/ txh h, U� 'h, Uf ' f | sru wdqwr/ +49<, lpsolfduä txh h, e3 B �T E��� ' T E��1
Hq frqfoxvlöq/ vöor txhgd suredu txh h� E� 	 4� ' �1 Uhfrughprv txh � '

�?u� M}
�| � f G �| � �� sdud fdgd � � �1
Revhuyhprv txh sdud xq hqwhur A � � G

h� �
4@ f$ |$A �| � �

� � h� �
4@ f$ �$ |$A

7�
7| � �

�
+4:4,

' h� �
4@ f$ �$ |$A e

j Eì�3ì |�n�onj 2
2
�
E�3|� � �

�

� h� �
e
�
onj 2

2
�
4@ 

k
ej Eì�3ìf�c ej Eì23ì��c � � � c ej EìA 3 ìA3��l � �

�
' h� �

4@ 
kì� � ìfc ì2 � ì�c � � � c ìA � ìA3�

l � g
�
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vlhqgrg ' *L}�3
�
onj2

2
�

j 1 Hv foduðvlpr/ sru odv surslhgdghv gho surfhvr gh Zlhqhu/ txh
sdud fxdotxlhu qýphur uhdo g od suredelolgdg hq od ýowlpd oðqhd gh od hfxdflöq +4:4,
wlhqgh d � fxdqgr A $ 4/ dvð ho surfhvr �| dofdq}d fxdotxlhu qlyho frq suredelolgdg
xqr/ hq sduwlfxodu ho qlyho �1 Hvwr suxhed txh +h� 0 f1v1/ � � �, ho wlhpsr gh sdudgd
� hv �qlwr | sru or wdqwr ho whruhpd1
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Uhihuhqfldv
^ 4 ` 0 F1 Phuwrq/ Wkhru| ri udwlrqdo rswlrq sulflqj/ Ehoo M1 Hfrqrplfv dqg pdqdjh0

phqw vflhqfh/ 7/ 4<:61
^ 5 ` 0 H1 G|qnlq/ Wkh rswlpxp fkrlfh ri wkh lqvwdqw iru vwrsslqj d Pdunry surfhvv/

Vrylhw pdwk/ Grno1/ 7/ 4<961
^ 6 ` 0 H1 Prughfnl/ Hohphqwdu| surriv rq rswlpdo vwrsslqj/ Suhsxeolfdflrqhv gh od

Xqlyhuvlgdg gh od Uhsýeolfd/ 53331
^ 7 ` 0 O1D Vkhss dqg D1Q1 Vklu|dhy/ Wkh uxvvldq rswlrq �uhgxfhg uhjuhw�/ Dqq1 Dsso1

Surede1/4<<61
^ 8 ` 0 O1D Vkhss dqg D1Q1 Vklu|dhy/ D qhz orrn dw wkh sulflqj ri Uxvvldq rswlrq/

Wkhru| Surede1 Dsso1 6</ 4<<71
^ 9 ` 0 D1Q1 Vklu|dhy/ \xP1 Ndedqry dqg G1R1 Nudpnry/ Wrzdug wkh wkhru| ri sulflqj

ri rswlrqv ri erwk Hxurshdqv dqg Dphulfdqv w|shv LL frqwlqxrv wlph/ Wkhru|
Surede1 Dsso1 6</ 4<<71

^ : ` 0 H1 Prughfnl dqg G1R1 Nudpnry/ Lqwhjudo rswlrqv/ Wkhru| Surede1 Dsso1 6</
4<<71

^ ; ` 0 Y1 Shwury | H1 Prughfnl/ Whruðd gh suredelolgdghv/ Hglwruldo XUVV/ Prvfý/
53341

^ < ` 0 D1Q1 Vklu|dhy/ Rswlpdo vwrsslqj uxohv/ Vsulqjhu 0 Yhuodj/ Ehuoðq 0 Qhz \run/
4<:;1

^ 43 ` 0 U1Vk1 Olswvhu dqg D1Q1 Vklu|dhy/ Vwdwlvwlf ri udqgrp surfhvvhv/ Vsulqjhu 0
Yhuodj/ Ehuoðq 0 Khlghoehuj/ 4<::1

^ 44 ` 0 J1 Shvnlu/ Sulqflsohv ri rswlpdo vwrsslqj dqg iuhh 0 erxqgdu| sureohpv/ Xqlhuvlw|
ri Ddukxv/ 53341

^ 45 ` 0 E1 Rnvhqgdo/ Vwrfkdvwlf gl�huhqwldo htxdwlrqv 5qg Hglwlrq/ Vsulqjhu 0 Yhuodj1
^ 46 ` 0 S1 Surwwhu/ Vwrfkdvwlf lqwhjudwlrq dqg gl�huhqwldo htxdwlrqv 5qg Hglwlrq/ Vsulqjhu

0 Yhuodj/ Ehuoðq 0 Khlghoehuj/ 53371


