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Gl� ì uhqwhv irup hv gh o*D{ lr p h gx Fkr l{ 1
Dssolf dwlrqv glyhuvhv1

4 O*d{ lr p h gx f kr l{ ox l0p í p h

Gdqv wr xwh od vxlwh/ +DF, gì vlj qh o*ì qr qf ì vxlydqw/ t xh qr xv suhqgur qv f r p p h � D{ lr p h <� gh qr wuh
wkì r ulh1

+DF , = sr xu wr xwhqvhp eoh [ / loh{ lvwh xqh � ir qf wlr q gh fkr l{ � vxu [ / l1h1 xqh dssolf dwlr q
s GSEf � � i >j $ f whooh t xh
; t 5 SEf � � i >j csEt � 5 t
^ i � f kr lvlw� xq ì oì p hqwgdqv f kdt xh vr xv0hqvhp eoh qr q ylgh gh [ `1

Gr qqr qv wr xwgh vxlwh xqh ir up h suhvt xh wulyldohp hqwì t xlydohqwh gh o*d{ lr p h gx fkr l{ 1

+DF *, = Vr lwLxq hqvhp eoh qr q ylgh/ hwEf � � � � � xqh idp looh g*hqvhp eohv lqgh{ ì v sdu L1

Vl ; � 5 Uc f � 9' >/ dor uv
\

� � �

f � 9' >

Wkì r uëp h 4 = +DF, + , E� �
�

�

Gì p r qvwudwlr q = , �

Vr lw. '
^

� 	 


f �

^ H h{ lvwh g*dsuëv o*d{ lr p h gh od uì xqlr q `1
Vr lwi xqh ir qf wlr q gh fkr l{ vxu H
s GSE. � � i >j $ .
Rq d ; � 5 Ucf � 5 SE. � hwf � 9' >
gr qf sEf � � 5 f �

Vr lw%� ' sEf � �
Rq d ; � 5 Uc%� 5 f �

hwgr qf E%� � � 
 � 5
\

� 
 �

f �

+ � Vr lw[ xq hqvhp eoh/ hwvr lwU' SEf � � i >j

G*dsuëv +DF*, /
\

� � �

t 9' >
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Vr lwE%� � 5
\

� � �

t

Rq gì � qlwvxu SEf � � i >j od ir qf wlr q s sdu =
; t 5 SEf � � i >j csEt � ' %�

hwr q d elhq %� 5 t sdu gì � qlwlr q gx sur gxlwf duwì vlhq1
s hvwelhq xqh ir qf wlr q gh fkr l{ vxu [ 1

Qr xv door qv p dlqwhqdqwh{dp lqhu xqh f r qvì t xhqfh lp p ìgldwh gh o*d{ lr p h gx f kr l{ / t xl yd f r p eohu
xqh ghv odf xqhv gh qr wuh suì f ìghqwh wkì r ulh1

Ohp p h 4 +DF, =V*loh{ lvwh xqh vxumhf wlr q ) Gf $ t / dor uv loh{ lvwh xqh lqmhf wlr q � Gt $ f

Gì p r qvwudwlr q = ) ì wdqwvxumhf wlyh/ r q d ; + 5 t c) �

�

E+� 9' >
Vr lws xqh ir qf wlr q gh fkr l{ vxu [
Rq gì � qlwo*dssolf dwlr q � vxu \ sdu =
; + 5 t c�E+� ' s E) �

�

E+� �
Fr p p h ) �

�

E+� � f hw) �

�

E+� 9' >/ l hvwelhq gì � qlh1
P r qwur qv t xh l hvwlqmhf wlyh =
Vl �E+� ' �E+

�

� / dor uv s E) �

�

E+� � ' s E) �

�

E+
�

� � ' %
Rq d gr qf %5 )

�

�

E+� _ ) �

 

E+
!

�

gr qf
) E%� ' +

hw) E%� ' +
!

�
, + ' +

"

/ FT I G1

F r qvì t xhqf h = Rq d yx o*h{ lvwhqf h g*xqh vxumhf wlr q gh U vxu / # �
Loh{ lvwh gr qf xqh lqmhf wlr q gh / $ gdqv U�
Fhod sur xyh t xh oh soxv shwlw r uglqdo qr q gì qr p eudeoh shxw í wuh � sor qj ì � gdqv o*hqvhp eoh ghv

qr p euhv uì hov1

5 X q ohp p h gh wkì r ulh ghv hqvhp eohv

Gì � qlwlr q 4 = [ hqvhp eoh qr q ylgh
@xqh idp looh gh vr xv0hqvhp eohv gh [ +l1h1 @� SEf � ,
Vr lwx � @
Rq glud t xh x hvwxqh � f kdñqh� gh @vvl x hvwwr wdohp hqwr ugr qqìh sdu od uhodwlr q g*lqf oxvlr q
�̂ 5 x c � 5 x , � � � r x � � � `

Od uì xqlr q gh wr xv ohv ì oì p hqwv gh x v*dsshoohud o*xqlr q gh x / hwvhud qr wì h L Ex �1

H{ hp soh 4 = f ' ]
@' o*hqvhp eoh gh wr xv ohv lgìdx{ gh ]
gr qf @' i @] G@5 Qj
s xq qr p euh suhp lhu
x ' i R

%

] G? 5 Q
&

j
x hvwwulyldohp hqwxqh f kdñqh gh @/ hwL Ex � ' R]

Ohp p h 5 = Vr lw[ xq hqvhp eoh qr q ylgh/ hw@xqh idp looh qr q ylgh gh vr xv0hqvhp eohv gh [ / whooh t xh/
sr xu wr xwh f kdñqh x � @/ r q dlwL Ex � 5 @�

Vr lw} G@$ @whooh t xh
+4, ; � 5 @c� � } E� �
+5, ; � 5 @cm} E� � � � m� •
dor uv loh{ lvwh � 5 @whot xh } E� � ' �
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Uhp dut xh 4 = Fh ohp p h q*xwlolvh t xh ohv d{ lr p hv ì oì p hqwdluhv +3 ã ; , gh od wkì r ulh ghv hqvhp eohv/ hw
qh idlwsdv dsshoã o*d{ lr p h gx f kr l{1

Gì p r qvwudwlr q gx ohp p h = I l{ r qv � ' 5 @
Xqh vr xv0idp looh @

(

gh @hvwxqh � wr xu� vvl @
(

sr vvëgh ohv 6 sur sulì wì v vxlydqwhv =
+4, � ) 5 @

*

+5, ; x f kdñqh gh @
+

/ L Ex � 5 @
+

+6, Vl � 5 @
+

/ dor uv } E� � 5 @
+

�

$ Od idp looh gh wr xwhv ohv wr xuv q*hvwsdv ylgh1
Hq h� hw/ vr lw@, ' i � 5 @m� - � � j
@, hvwxqh wr xu1
Yhuli1=+4, � . � � . hw� . 5 @/ gr qf � . 5 @/

+5, Vl x fkdñqh gh @/ G; f 5 x c� . � f hwx fkdñqh gh @c
gr qf � . � L Ex � hwL Ex � 5 @c
gr qf L Ex � 5 @/ �
+6, Wulyldo1

$ Vr lw@0 o*lqwhuvhf wlr q gh wr xwhv ohv wr xuv1
@0 hvwxqh wr xu ^ f *hvwì ylghqwfdu ohv 6 sur sulì wì v vh f r qvhuyhqwsdu sdvvdj h ã o*lqwhuvhf wlr q `/ hw

dxf xqh vr xv0idp looh sur suh gh @1 q*hvwxqh wr xu1
Rq yd p r qwuhu t xh @1 hvwxqh fkdñqh gh @�

$ Vr lwK ' i � 5 @2 m; � 5 @2 c � � � r x � � � j
K 9' > f du � 2 5 K
^ Vl r q duulyh ã p r qwuhu t xh K ' @2 / r q d j dj qì `1

$ sr xu wr xw� 5 K G
vr lwx E� � ' i � 5 @2 m� � � r x } E� � � � j
Rq d x E� � � @2

Rq yd p r qwuhu t xh x E� � hvwxqh wr xu1
+4, � 2 5 x E� �
yudl f du � 5 K/ gr qf � 5 @2 /gr qf � 2 � �
+5, [ f kdñqh gh x E� �
+- , Vr lwwr xv ohv f 5 [ yì ul� hqwf � �
gdqv f h f dv/ L E[ � � �
hwgr qf L E[ � 5 x E� �
+- - , Vr lwo*xq ghv [ yì ul� h } E� � � f
hwgr qf } E� � � L E[ �
+6, Vr lw� 5 x E� � / lov*dj lwgh p r qwuhu t xh } E� � 5 x E� �

Suhp lhu f dv = � � � dyhf � 9' �
Fr p p h � 5 K hw} E� � 5 @3 / r q d } E� � � � r x � � } E� �
Vl r q dydlwF lqf oxv vwulf whp hqwgdqv j +D,/ f r p p h D hvwvwulf whp hqwlqf oxv gdqv F/ } E� � � � f r q0

wlhqgudlwdx p r lqv 5 ì oì p hqwv1
gr qf } E� � � �
gr qf } E� � 5 x E� �

Ghx{ lëp h f dv = � ' �
dor uv } E� � ' } E� � / gr qf hq sduwlf xolhu } E� � � } E� �
gr qf } E� � 5 x E� �
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Wur lvlëp h f dv = } E� � � �
Fr p p h � � } E� � cr q d } E� � � } E� � , } E� � 5 x E� �

P r udolwì = x E� � hvwxqh wr xu1
p dlv x E� � � @4 / t xl hvwod soxv shwlwh gh wr xwhv ohv wr xuv1
gr qf x E� � ' @4 / hwf h ; � 5 K�

$ Rq yd p r qwuhu p dlqwhqdqwt xh K hvwxqh wr xu1
+4, ; � 5 @4 c� 4 � � / gr qf � 4 5 K
+5, [ f kdñqh gh K/ hwvr lw� 5 @4 � { ì 1
+- , Vr lw; � 5 [ c� � � / gr qf � � L E[ �
+- - , Vr lwo*xq ghv F yì ul� h � � � / gr qf � � L E[ � / hwgdqv wr xv ohv f dv L E[ � 5 K�
+6, Rq d yx t xh ; � 5 Kcx E� � ' @4

l1h1 ; � 5 @4 c; � 5 Kc� � � r x } E� � � �
hq sduwlf xolhu/ ; � 5 @4 c; � 5 Kc� � } E� � r x } E� � � �
; � 5 Kc; � 5 @4 c� � } E� � r x } E� � � �
; � 5 Kc} E� � 5 K�

gr qf K hvwxqh wr xu1
p dlv K � @4

gr qf K ' @4

F r qf oxvlr q = ; � 5 @4 c; � 5 @4 c� � � r x � � �
Gr qf / @4 hvwxqh fkdñqh1

Vr lw� ' L E@4 �
G*dsuëv +5,/ r q d � 5 @4

G*dsuëv +6,/ r q d } E� � 5 @4

gr qf } E� � � L E@4 � / l1h1 } E� � � �
p dlv/ sdu k| sr wkëvh/ � � } E� �
gr qf } E� � ' � / FT I G1

6 Oh sulqf ls h gh p d{ lp dolwì gh K dxvgr u�

Rq qr wh +SP , o*ì qr qf ì vxlydqw=

+SP , = Wr xwhqvhp eoh qr q ylgh S/ sduwlhoohp hqwr ugr qqì / f r qwlhqwxq vr xv0hqvhp eoh wr wdohp hqwr u0
gr qqì p d{ lp do1

H{ solf dwlr q = E� c� � r uguh sduwlho
<� � � ( E� c� � wr wdohp hqwr ugr qqì
hw; � ( � / E� c� � q*hvwsdv wr wdohp hqwr ugr qqì 1

Wkì r uëp h 5 = E� � � , E� • �
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Gì p r qvwudwlr q = Vr lw@od idp looh gh wr xv ohv vr xv0hqvhp eohv wr wdohp hqwr ugr qqì v gh S1
$ @9' > f du i %j hvwwr wdohp hqwr ugr qqì 1
$ O*xqlr q gh wr xwh fkdñqh gh @hvwgdqv @+wulyldo,1

Vr lws xqh ir qf wlr q gh fkr l{ sr xu S1

s G
SE� � � i >j $ �

t :$ sEt � 5 t
sr xu wr xwD5 @/ sr vr qv �

5

' i %5 � � � m� ^ i %j 5 @j
Vl �

6

9' >/ r q sr vh } E� � ' � ^ i sE�
6

� j
Vl �

6

' >cr q sr vh } E� � ' �
G*dsuëv oh ohp p h/ loh{ lvwh � 5 @whot xh } E� � ' � /
l1h1 <� 5 @c�

6

' >
f h t xl yhxwelhq gluh t xh D hvwxq vr xv0hqvhp eoh wr wdohp hqwr ugr qqì p d{ lp do1

7 Oh ohp p h gh ] r uq

E. c� � sduwlhoohp hqwr ugr qqì / � � .

Gì � qlwlr q 5 = • 5 . hvwxq p dmr udqwgh D vvl ; %5 � c%� •

Gì � qlwlr q 6 = • 5 . hvwxq ì oì p hqwp d{ lp dogh H vvl ; %5 . / r q q*d sdv • 	 %
+l1h1 ; %5 . c• � %, • ' %,

Gì � qlwlr q 7 = E. c� � hvwlqgxf wli vvl wr xwh sduwlh wr wdohp hqwr ugr qqìh gh H sr vvëgh xq p dmr udqw1

Gdqv wr xwh od vxlwh/ qr xv qr whur qv +] r uq, o*ì qr qf ì vxlydqw

Ohp p h 6 gh ] r uq = Wr xwhqvhp eoh r ugr qqì qr q ylgh hwlqgxf wli sr vvëgh xq ì oì p hqwp d{ lp do1

Wkì r uëp h 6 = E� • � , E~ Jo?�

Gì p r qvwudwlr q = Vr lwD xq vr xv0hqvhp eoh wr wdohp hqwr ugr qqì p d{ lp do1
D sr vvëgh xq p dmr udqw/ vr lwP 1
Vr lw%5 . =vl %5 � cdor uv %� • whup lqì 1
Vlqr q/ f r p p h D hvwp d{ lp do/ � ^ i %j q*hvwsdv wr wdohp hqwr ugr qqì /
gr qf <+ 5 � c� %� +� idx{ hw� + � %� idx{ 1
Vl r q dydlw• 	 %/ f r p p h + � • / r q dxudlw+ 	 %/ devxugh1
gr qf P hvwelhq xq ì oì p hqwp d{ lp do1

8 T xhot xhv dssolf dwlr qv gx ohp p h gh ] r uq

814 H{ lvwhqf h gh edvhv gdqv xq hvsdf h yhf wr ulhogh glp hqvlr q t xhof r qt xh

Gì � qlwlr q 8 = N f r usv f r p p xwdwli/ H hvsdfh yhf wr ulhovxu N�
E� 7 � 7 8 9 idp looh g*ì oì p hqwv gh H1
E� 7 � 7 8 9 hvwxqh idp looh oleuh vvl ; a � Uca � ql/

[

: ; <

k = � = ' f , ; � 5 ack > ' f

^Wr xwh f r p elqdlvr q olqì dluh � qlh t xl dqqxoh E� ? � ? @ A d wr xv vhv f r h! f lhqwv qxov `1
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Gì � qlwlr q 9 = E� B � B C D hvwxqh idp looh j ì qì udwulfh gh H vvl

; %5 . c <a � Uc a s�?�c <Ek E � E C F c k E 5 Nc %'
[

E C F

k E � E

^Wr xwyhf whxu gh H v*ì f ulwf r p p h xqh f r p elqdlvr q olqì dluh � qlh g*ì oì p hqwv gh od idp looh `1

Gì � qlwlr q : = E� G � G H I hvwxqh edvh gh H vvl E� G � G H I hvwã od ir lv oleuh hwj ì qì udwulfh1

Wkì r uëp h 7 = Vr lwu J xqh idp looh oleuh gh H/ hwJ xqh idp looh j ì qì udwulfh gh H/ dyhf u K � C�
Dor uv loh{ lvwh xqh edvh E gh H whooh t xh u L � E � C

Gì p r qvwudwlr q = Vr lwO o*hqvhp eoh ghv idp loohv oleuhv gh H t xl f r qwlhqqhqwu M hwt xl vr qwlqf oxvhv
gdqv J 1

O ' i u Gu oleuh/ u N � u � Cj
O 9' > f du u N 5 O
Rq yd p r qwuhu t xh O hvwlqgxf wli =

Vr lwEu O � O P Q xqh idp looh wr wdohp hqwr ugr qqì h gh Oc hwvr lwu '
^

O P Q

u O

Lohvwf odlu t xh ; � 5 Ucu O � u
Uhvwh ã p r qwuhu t xh O5 O/ l1h1 t xh O hvwoleuh1
Vr lhqw, R c, S c���c, T 5 u whov t xh

T[

U V W

k X , X ' f

<� W c� Y c���c� Z whov t xh , W 5 u [ \ c, ] 5 u ^ _ c���c, ` 5 u a b

Fr p p h od idp looh Eu c � c d e hvwwr wdohp hqwr ugr qqì h/ <& 5 i • c���c?j whot xh , f c, g c���c, h 5 u i j

u k j ì wdqwoleuh/ r q d ; � 5 i • c���c?j ck k ' f �

Gr qf / O dgp hwxq ì oì p hqwp d{ lp do/ vr lwu�
Rq yd p r qwuhu t xh O hvwxqh edvh/ l1h1 t xh O hvwj ì qì udwulf h1
Vr lw%5 .
$ Vl %5 u/ { hvwf r p elqdlvr q olqì dluh wulyldoh g*ì oì p hqwv gh O1
$ Vl %*5 u/ O ì wdqwp d{ lp do/ u ^ i %j q*hvwsdv oleuh/ gr qf <Ek l c���ck m ck � 9' Ef c���f cf � whot xh

m[

n o

l

k n , n n k%' f

Fr p p h O hvwoleuh/ r q q*d sdv k ' f
^ Vlqr q/ +k p c���ck q � 9' Ef c���cf � / lqwhuglw`
Rq shxwgr qf glylvhu sdu k
%' � r s

t

, u �
t v

t

, w � ��� �
t x

t

, y / FT I G1

Dssolf dwlr q = Loh{ lvwh gr qf xqh edvh gh U f r qvlgì uì f r p p h hvsdf h yhf wr ulhovxu T �
Xqh whooh edvh hvwdsshoì h edvh gh Kdp ho1
Hooh hvwlp sr vvleoh ã h{ klehu1
^ Loidxwxwlolvhu o*d{ lr p h gx f kr l{ r x/ fh t xl uhylhqwdx p í p h/ oh ohp p h gh ] r uq `
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815 H{ lvwhqf h g*lgì dx{ p d{ lp dx {

Wkì r uëp h 8 gh Nuxoo0Dnl}xnl = E� cn c� � dqqhdx f r p p xwdwli xqlwdluh/ L lgìdosur suh gh D1
Dor uv loh{ lvwh xq lgìdop d{ lp doP � U�

Gì p r qvwudwlr q = Vr lwL ' i a Ga lgì dosur suh gh D/ a � Uj
L hvwqr q ylgh/ f du U5 Lchwsduwlhoohp hqwr ugr qqì sdu od uhodwlr q g*lqf oxvlr q1
P r qwur qv t xh L hvwlqgxf wli1
Vr lwEUz � z { | xqh idp looh wr wdohp hqwr ugr qqì h gh L�

Rq yd p r qwuhu t xh U} '
^

~ •

|

U~ hvwxq p dmr udqwgh L�

$ U} hvwxq lgì dogh D =

+4, %c+ 5 U} G
�

<& 5 g c %5 U€

<, 5 g c + 5 U•

p dlv EU‚ � ‚ ƒ „ hvwwr wdohp hqwr ugr qqì h/ gr qf U‚ � U• r x U• � U‚

sdu h{ hp soh U‚ � U•

gr qf %c+ 5 U• , %� + 5 U• , %� + 5 U…

gr qf EU… cn � vr xv0j ur xsh gh D1
+5, %5 U… c@5 �
<& 5 g c%5 U‚ , @%5 U‚ , @%5 U…

$ U… lgì dosur suh gh D =
Vl U… ' � c@,Jor • 5 U† cgr qf <& 5 g c• 5 U‡ , U‡ ' � / Fr qwudglf wlr q1

$ U
†

� U+wulyldo,

$ ; & 5 g cU
‡

� U
†

+wulyldo,1

G*dsuëv ] r uq/ L sr vvëgh xq ì oì p hqwp d{ lp do/ vr lwP �
Rq yd p r qwuhu t xh P hvwxq lgì dop d{ lp dogh D1
Vr lwMxq lgì dosur suh t xhof r qt xh gh D whot xh P � a�
P hvwxq ì oì p hqwp d{ lp dogh L/ gr qf hq sduwlf xolhu P 5 L�
l1h1 P � U
gr qf a � U
gr qf a 5 L
Fr p p h P ì oì p hqwp d{ lp dogh L/ o*lqf oxvlr q P � a sur xyh t x*hq idlwP ' a/ FT I G1

Uhp dut xh 5 g*r uguh f xowxuho = Oh wkì r uëp h gh Nuxoo sr vvëgh gh qr p euhxvhv dssolfdwlr qv hq doj ëeuh
f r p p xwdwlyh1

Flwr qv od soxv � p ìgldwlvìh g*hqwuh hoohv� 1

Wkì r uëp h 9 gh Vwhlqlw} = Wr xwf r usv dgp hwxqh f o÷wxuh doj ì eult xh1

l1h1 sr xu wr xwf r usv f r p p xwdwli Nc loh{ lvwh xq f r usv l / f r qwhqdqwN ã lvr p r usklvp h suëv/ whot xh
wr xwsr o| q÷p h ã f r h! f lhqwv gdqv l sr vvëgh dx p r lqv xqh udf lqh +gdqv l , hwwhot xh l vr lwxqh h{ whqvlr q
doj ì eult xh gh N hq f h vhqv t xh wr xwì oì p hqwgh l hvwudf lqh g*xq sr o| q÷p h ã f r h! f lhqwv gdqv N�

Gh soxv/ oh f r usv l dlqvl f r qvwuxlw/ dsshoì f o÷wxuh doj ì eult xh gh N/ hvwxqlt xh ã lvr p r usklvp h odlvvdqw
N lqyduldqwsuëv1

:



816 H{ lvwhqf h g*xowud� owuhv

Gì � qlwlr q ; = H hqvhp eoh1
Rq dsshooh � owuh vxu H wr xwhqvhp eoh @� SE. � yì ul� dqwohv 7 sur sulì wì v vxlydqwhv =
+4, @9' >
+5, > *5 @
+6, ; 8 ˆ c8 ‰ 5 @c<8 5 @c8 � 8 ˆ _ 8 ‰

+7, ; 8 5 @c8 � � , � 5 @

Ghvvlq = Dyhf ehdxf r xs g*lp dj lqdwlr q/ r q shxwduulyhuã � ylvxdolvhu� xq � owuh gh od idêr q vxlydqwh
Š

=

H{ hp soh 5 = . ' Q
@� owuh gh I uì f khw=
8 5 @+ , Q � 8 hvw� ql1

H{ hp soh 6 = H hvsdfh wr sr or j lt xh/ %5 .
@� owuh ghv yr lvlqdj hv gh { =
8 5 @+ , <L r xyhuw/ %5 LcL � 8

Gì � qlwlr q < = H hqvhp eoh1
@hw@

‹

5 � owuhv vxu H1
@hvwsoxv � q t xh @

‹

+ , @� @
‹

Gì � qlwlr q 43 = H hqvhp eoh1
X � owuh vxu H1
X xowud� owuh + , X hvwp d{ lp dosr xu od � qhvvh1

^Loq*h{ lvwh sdv gh � owuh vwulf whp hqwsoxv � q t xh X `1

Wkì r uëp h : = H hqvhp eoh/ X � owuh vxu H1
X xowud� owuh + , ; � 5 SE. � c � 5 X r x E. � � � 5 X +r x h{ f oxvli ,1
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Gì p r qvwudwlr q = + � Vr lw@� X
Vl @f r qwlhqwvwulf whp hqwX/ <� 5 @c� *5 X
p ì }dor u E. � � � 5 X/ gr qf E. � � � 5 @
g*r ü � _ E. � � � 5 @
> 5 @/ Fr qwudglf wlr q1

, � X xowud� owuh
V*loh{ lvwh � 5 SE. � whot xh � *5 X hwE. � � � *5 X/ vr lwY gì � ql sdu =
T 5 Y vvl T 5 X r x <8 5 Xc� _ 8 � T
^ yr lu ghvvlq hq sdj h vxlydqwh `1

Rq yd p r qwuhu t xh Y hvwxq � owuh1
+4, Y 9' > f du Y � X hwX 9' >
+5, > *5 Y f du > *5 X hw; 8 5 Xc� _ 8 9' >
^ vlqr q/ r q dxudlw8 � E. � � � / gr qf E. � � � 5 X/ h{ f ox `1
+6, T � cT� 5 Y
$ T � cT� 5 X , T � _ T� 5 X , T � _ T� 5 Y
$ T � � � _ 8 � c8 � 5 X/ hwT� 5 X , T � _ T� � � _ 8 � _ T�

Ru/ 8 � _ T� 5 X/ gr qf T � _ T� 5 Y
+7, T 5 Y hwY� `
$ T 5 X , ` 5 X , ` 5 Y
$ T � � _ 8 , ` � � _ 8 , ` 5 Y
Y hvwgr qf xq � owuh vwulf whp hqwsoxv � q t xh X
+f du � 5 Y hw� *5 X,/ Fr qwudglf wlr q1

Wkì r uëp h ; = @� owuh vxu H1
Dor uv loh{ lvwh xq xowud� owuh vxu H/ soxv � q t xh @�

Gì p r qvwudwlr q = Vr lw] ' i J GJ � owuh vxu H/ J � I j
] 9' > f du 8 5 ]
P r qwur qv t xh ] hvwlqgxf wli1
E@� � � � � xqh idp looh wr wdohp hqwr ugr qqì h gh ]

J '
^

� � �

@�

Rq yì ul� h wulyldohp hqwt xh J hvwxq � owuh f r qwhqdqw@/ gr qf J 5 ] �
G*dsuëv ] r uq/ ] dgp hwxq ì oì p hqwp d{ lp doX/ t xl hvwelhq xq xowud� owuh soxv � q t xh @�

Uhp dut xh 6 = Rq fr qqdñwelhq ohv xowud� owuhv wulyldx{ =
H hqvhp eoh/ @5 .
X� ' i 8 5 SE. � G@5 8 j
Fh vr qwp dokhxuhxvhp hqwohv vhxov t x*r q vdf kh h{klehu1
Ohv dxwuhv q*h{ lvwhqwt xh sdu oh eldlv gh o*d{ lr p h gx f kr l{1

O*lqwì uí whvvhqwlhogh od qr wlr q g*xowud� owuh uì vlgh gdqv oh idlwt x*xq hvsdf h wr sr or j lt xh N hvwf r p sdf w
vvl lohvwvì sduì hwwr xwxowud� owuhvxuN hvwf r qyhuj hqw1Rq vhvhuwgh f hwwh f dudf wì ulvdwlr q sr xugì p r qwuhu
oh f ì oëeuh

Wkì r uëp h < gh W| f kr qr y = Wr xwsurgxlwgh f r p sdf wv hvwfr p sdf w1

Ohv xowud� owuhv lqwhuylhqqhqwdxvvl gh idêr q f uxf ldoh gdqv ghv wkì r ulhv soxv vr sklvwlt xì hv +f r p sdf wl� 0
f dwlr qv gh Vwr qh0
Fhfk/ h{ lvwhqf h gh f duglqdx{ p hvxudeohv hwf 1,1
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817 Oh wkì r uëp h gh K dkq0Edqdf k

Vr lwH xq hvsdf h yhf wr ulhovxu U�
Xqh ir up h olqì dluh hvwxqh dssolf dwlr q olqì dluh gì � qlh vxu H/ r x vxu xq vr xv0hvsdf h yhf wr ulhogh H/ ã

ydohxuv gdqv U�
Xqh dssolf dwlr q vr xv0dgglwlyh hvwxqh dssolf dwlr q RG. $ U yì ul� dqw=
+4, ; %5 . c; b : f cREb%� ' bRE%�
+5, ; E%c+� 5 . � cRE%n +� � RE%� n RE+�

Wkì r uëp h gh K dkq0Edqdf k / i r up h dqdo| wlt xh = Vr lwRG. $ U xqh dssolf dwlr q vr xv0dgglwlyh1
Vr lw/ g*dxwuh sduw/ C � . xq vr xv0hvsdf h yhf wr ulho/ hwvr lw} GC $ U xqh ir up h olqì dluh whooh t xh

; %5 Cc} E%� � RE%�
Dor uv/ loh{ lvwh xqh ir up h olqì dluh s/ gì � qlh vxu H/ t xl sur or qj h j / l1h1 whooh t xh ; %5 CcsE%� ' } E%� /

hwwhooh t xh ; %5 . csE%� � RE%�

Gì p r qvwudwlr q = Rq f r qvlgëuh o*hqvhp eoh
� ' i � G( E� � � . $ Uc G+k, vhy gh H/ k olqì dluh/ ( E� � � Cc k sur or qj h j hw; %5 ( E� � c� E%� � RE%� j
S hvwp xql gh od uhodwlr q g*r uguh
E� � � � � � + , E( E� � � � ( E� � � hw� � sur or qj h � � �
Rq d � 9' > f du } 5 �
G*dxwuh sduw/ S hvwlqgxf wli1
Hq h� hw/vr lw' ' E� � � � � � xqh idp looh wr wdohp hqwr ugr qqì h gh S1

Rq sr vh ( E� � '
^

� � �

( E� � �

hwr q gì � qlwk sdu =; %5 ( E� � c� E%� ' � � E%�
Rq yì ul� h wulyldohp hqwt xh f hwwh gì � qlwlr q d elhq xq vhqv/ t xh � 5 � hwt xh k hvwxq p dmr udqwgh T 1
G*dsuëv ] r uq/ S dgp hwxq ì oì p hqwp d{ lp do/ qr wì s1
Rq yd p r qwuhu t xh ( Es� ' . / f h t xl df këyhud elhq od gì p r qvwudwlr q gx wkì r uëp h1

Vlqr q/ vr lw%� *5 ( Es�
Rq sr vh ( E� � ' ( Es� n U%�

hwr q gì � qlwk vxu G+k, sdu =
Vl %5 ( Es�c| 5 Uc� E%n |% � ' sE%� n |k / r ü k hvwxqh f r qvwdqwh t xl vhud � { ì h xowì ulhxuhp hqwgh

p dqlëuh ã f h t xh � 5 � �

Rq gr lwgr qf v*dvvxuhu t xh ; %5 ( Es�c; | 5 UcsE%� n |k � RE%n |%! �
p dlv/ j uåf h ã +4,/ lovx! wgh yì ul� hu t xh
; %5 ( Es�csE%� n k � RE%n %" �

e|
; %5 ( Es�csE%� � k � RE%n %# �

<
@

>

Dxwuhp hqwglw/ loidxwfkr lvlu k whot xh
7� Ri sE+� � RE+ � %$ � G+ 5 ( Es� j � k � U?s i RE%n %% � � sE%� G%5 ( Es� j
Xq whofkr l{ hvwsr vvleoh sxlvt xh
sE+� � RE+ � %% � � RE%n %% � � sE%% � chwf hf l ; %c+ 5 ( Es�
Rq qr whud hq h� hwt xh
sE%� n sE+� � RE%n +� � RE%n %& � n RE+ � %& � j uåfh ã +5,1
Rq f r qf oxwt xh i hvwp dmr uì h sdu k hwt xh s 9' � / f h t xl f r qwuhglwod p d{ lp dolwì gh s1
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F r p p hqwdluhv = Xqh ir up h xq shx soxv idleoh gh Kdkq0Edqdfk f r qvlvwh ã gluh t x*xqh ir up h olqì dluh
f r qwlqxh vxu xq vr xv0hvsdf h yhf wr ulhogh H shxwí wuh sur or qj ì h hq xqh ir up h olqì dluh f r qwlqxh vxu H hw
gh p í p h qr up h1

Oh wkì r uëp h gh Kdkq0Edqdfk sr vvëgh gh qr p euhxvhv dssolf dwlr qv hq dqdo| vh/ qr wdp p hqwgdqv od
j ì r p ì wulh ghv hvsdf hv yhf wr ulhov qr up ì v1

Yr lu sdu h{hp soh K1Euh}lv = � Dqdo| vh ir qf wlr qqhooh1Wkì r ulh hwdssolfdwlr qv� 1

818 Dxwuhv dssolf dwlr qv gx ohp p h gh ] r uq

Hoohvvr qwp xowlsohv1Flwr qvsr xup ì p r luhohidlwt xhwr xwdqqhdx sulqf lsdohvwidf wr ulho+gr qwr q gì p r qwuh
sdu dloohxuv t xh f *hvwì t xlydohqwã o*d{ lr p h gx f kr l{ , / o*h{ lvwhqf h g*xqh edvh gh wudqvf hqgdqf h gh F vxu
T hw/ elhq vþu/ oh idp hx{ � wkì r uëp h gh ] hup hor � dxt xhoqr xv door qv f r qvdf uhu oh sdudj udskh vxlydqw1

9 Oh wkì r uëp h gh ] hup hor

D o*dyhqlu/ qr xv gì vlj qhur qv sdu +] hup hor , o*ì qr qf ì vxlydqw/ gr qwqr xv door qv gì p r qwuhu t x*lohvwì t xly0
dohqwã o*d{ lr p h gx fkr l{ / dx sulqf lsh gh p d{ lp dolwì gh Kdxvgr u� hwdx ohp p h gh ] r uq1

+] hup hor , = Wr xwhqvhp eoh shxwí wuh elhq r ugr qqì 1

Wkì r uëp h 43 = E~ Jo?� , E~ eo6 e,J�

Gì p r qvwudwlr q = [ hqvhp eoh qr q ylgh
Vr lwH ' i k� c- l c� � f c- er q r uguh vxu Dj
p xql gh od uhodwlr q g*r uguh � gì � qlh sdu =
k� c- l � k� c7l vvl � � � hwV sur or qj h U dx vhqv vxlydqw=
+4, ; E%c+� 5 � ' c%- + + , %7+
+5, ; %5 � c; + 5 E� � � � c%7+
^ O*hqvhp eoh elhq r ugr qqì k� c- l hvwxqh vhf wlr q f r p p hqêdqwh gh o*hqvhp eoh elhq r ugr qqì k� c7l `1

H 9' > f du � ' i %j hvwelhq r ugr qqì 1
P r qwur qv t xh H hvwlqgxf wli1
Vr lwEk� ( c- ( l �

( ) *

xqh idp looh wr wdohp hqwr ugr qqì h gh H

hwvr lw� '
^

( ) *

� ( / p xql gh od uhodwlr q g*r uguh U gì � qlh sdu =

%c+ 5 � G%- + + , <� 5 Uc%- + +

Uhp dut xh suì olp lqdluh = sdu gì � qlwlr q gh � / vl %- +/ dor uv sr xu wr xw� 5 U who t xh % 5 � , hw
+ 5 � , cr q dxud %- , +

Hq h� hw/ vl � , � � - cr q d %- - +/ gr qf %- , +
Vl � - � � , cf r p p h - - hw- , f r òqf lghqwvxu � . / r q dxud dxvvl %- / +
Hq idlw/ %- + + , sr xu wr xwl sr xu oht xhof hod d xq vhqv/ %- . +

$ P r qwur qv t xh U hvwxqh uhodwlr q g*r uguh vxu D

Uì  h{ lyh = Vr lw%5 �
<� 5 Uc%5 � 0

gr qf %- 0 %
gr qf %- %
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Dqwlv| p ì wult xh = Vr lhqw%c+ 5 �
<� 5 Uc%5 � 1 hw+ 5 � 1

%- + hw+- %, %- 1 + hw+- 1 %, %' +

Wudqvlwlyh = Vr lhqw%c+c5 5 �
<� 5 Uc%5 � 2 c+ 5 � 2 hw5 5 � 2

%- + hw+- 5 , %- 2 + hw+- 2 5 , %- 2 5 , %- 5

$ P r qwur qv t xh U hvwxq er q r uguh vxu D =
Vr lwF xqh sduwlh qr q ylgh gh D

� ' � _ � ' � _
^

3 4 5

� 3 '
^

3 4 5

E� _ � 3 �

Fr p p h � 9' >c<� 5 Uc� _ � 3 9' >
� _ � 3 sr vvëgh xq soxv shwlwì oì p hqwsr xu - 3 / vr lw{ 1
Rq yd yr lu t xh { hvwoh soxv shwlwì oì p hqwgh F sr xu U
Vr lw+ 5 �
+- , Vl | 5 � 6 c%- 6 +/ gr qf %- +
+- - , Vl + 5 � q� 7 c<� 5 Uc+ 5 � 8 q� 7

hwgr qf %- 8 +
hwgr qf %- +

F r qf oxvlr q = Rq d elhq k� c- l 5 H
$ P r qwur qv t xh ; � 5 Uck� 7 c- 7 l � k� c- l
� 7 � � wulyldo
+4, %c+ 5 � 7 G%- 7 + + , %- + sdu gì � qlwlr q
+5, %5 � 7 c+ 5 � q� 7 , %- + gì mã yx
k� c- l hvwelhq xq p dmr udqwgh Ek� 7 c- 7 l �

7 9 :

/ gr qf EHc� � hvwlqgxf wli1

G*dsuëv ] r uq/ H sr vvëgh xq ì oì p hqwp d{ lp dok� c- l
Vl � ' f whup lqì 1
Vlqr q/ vr lw| 5 f q� / sr vr qv � ; ' � ^ i | j
hwgì � qlvvr qv U* sdu =
+4, %c+ 5 � G%- < + + , %- +
+5, ; %5 � c%- < |
Lohvwf odlu t xh k� = c- = l hvwelhq r ugr qqì / Fr qwudglf wlr q1

: X qh dssolf dwlr q gx wkì r uëp h gh ] hup hor

Rq yd yr lu t xh/ j uåf h ã ] hup hor /lohvwsr vvleoh g*dssuì khqghu f r uuhf whp hqwo*r uglqdo/ > / p í p h vl r q qh
p dñwulvh sdv elhq od qr wlr q g*r uglqdo1

G*dsuëv ] hup hor / loh{ lvwh xq er q r uguh � vxu U�
Gdqv wr xwh od vxlwh/r q dsshooh vhf wlr q f r p p hqêdqwh df c@oo*hqvhp eoh
7 ? ' i %5 U m%� @j
Vr lwH ' i %5 U Gdf c%o vr lwqr q gì qr p eudeohj
Vl H ' >/ f hod vlj ql� h t xh wr xwh vhf wlr q f r p p hqêdqwh gh U hvwgì qr p eudeoh +p dlv U oxl0p í p h qh

o*hvwsdv,1
Vl H 9' >/ H dgp hwxq soxv shwlwì oì p hqw/ vr lw{
gr qf df c%oq*hvwsdv gì qr p eudeoh
hw; + 	 %cdf c+ohvwgì qr p eudeoh1
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P r udolwì = Loh{ lvwh xq hqvhp eoh H/ elhq r ugr qqì sdu xqh uhodwlr q � / qr q gì qr p eudeoh/ hwgr qwwr xwh
vhf wlr q f r p p hqêdqwh hvwgì qr p eudeoh1

O*hqvhp eoh H dlqvl f r qvwuxlwd h{ df whp hqwohv p í p hv sur sulì wì v � vwuxf wxuhoohv� t xh o*r uglqdo/ @ �
^ hq idlw/ /

@
' A+Re k. c� l `1

Sdudloohxuv/ ] hup hor qr xv shup hwg*ì qr qf huoh wkì r uëp h vxlydqw/ t xl hvwxqh f r qvì t xhqf h lp p ì gldwh
gh o*ì wxgh idlwh dx Fkds1 431

Wkì r uëp h 44 = Wr xwhqvhp eoh d xqh fduglqdolwì 1
Hq sduwlf xolhu/ U d xq fduglqdohw� @o_U � / A

; Uhwr xu ã od f dvh gì sduw

Wkì r uëp h 45 = E~ eo6 e,J� , E� � �

Gì p r qvwudwlr q = [ hqvhp eoh qr q ylgh
[ shxwí wuh elhq r ugr qqì sdu xqh uhodwlr q �
Vr lws GSEf � � i >j $ f

t :$ sEt �
r ü sEt � hvwoh soxv shwlwì oì p hqwgh \ 1
s hvwelhq xqh ir qf wlr q gh fkr l{ vxu [ 1

P r udolwì = E� � � , E� • � , E~ Jo?� , E~ eo6 e,J� , E� � �
Od er xf oh hvwer xf oì h1

F r qf oxvlr q j ì qì udoh = E� � B � + , E� � � + , E� • � + , E~ Jo?� + , E~ eo6 e,J�

< F r p soì p hqw

Vl r q hvwsuhvvì / r q shxwgì p r qwuhu gluhf whp hqwt xh E� � � + , E~ eo6 e,J� vdqv sdvvhu sdu ] r uq/ t xl hvw
o*ì wdsh od soxv gl! f loh/ p dlv hq xwlolvdqwod qr wlr q g*r uglqdx{ 1

+ � gì mã idlw
, � [ hqvhp eoh qr q ylgh
Vr lwR *5 f � { ì / hwF xqh ir qf wlr q gh fkr l{ vxu [
Rq yd gì � qlu xqh ir qf wlr q I vxu ohv r uglqdx{ / ã ydohxuv gdqv f ^ i Rj / sdu uì f xuuhqf h wudqv� qlh =
8 Ef � ' R
8 E• � ' � Ef �
8 E2� ' � Ef � i 8 E• � j �
8 E� � ' � Ef � i 8 E• � c8 E2� j �
hw/ sr xu wr xwr uglqdokc
8 Ek � ' � Ef � i 8 E1� G1 	 k j �
dyhf od f r qyhqwlr q � E>� ' R

$ V*loh{ lvwh xq r uglqdok 9' f whot xh 8 Ek � ' Rc
vr lwk C oh soxv shwlwg*hqwuh hx{
dor uv f � i 8 E1� G1 	 k C j ' >
l1h1 i 8 E1� G1 	 k C j ' f
I hvwxqh vxumhf wlr q gh o*r uglqdok vxu f ^ i Rj
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p dlv/ sdu f r qvwuxf wlr q/ I hvwlqmhf wlyh
gr qf I elm1=k $ f ^ i Rj
Rq gì � qlwdor uv xq er q r uguh vxu [ hq sr vdqw
%� + + , 8 D E E%� � 8 D E E+�

$ Vlqr q/ ; kcf � i 8 E1� G/ 	 k j 9' >
l1h1 ; kci 8 E1� G1 	 k j hvwvwulf whp hqwlqf oxv gdqv f ^ i Rj
Vr lw] ' i | 5 f m<kc8 Ek� ' | j
] hvwgr qf vwulf whp hqwlqf oxv gdqv [
^ hq idlw/ ] ' W4 E8 � � i Rj `
Vr lwk ' 8 F G E] � ^ i f j
k ' i 1 G1 r uglqdohw8 E1� 5 ] j ^ i f j
k hvwxqh vhf wlr q f r p p hqêdqwh g*r uglqdx{ / gr qf k hvwxq r uglqdo
hwgr qf ] ' i 8 E1� G1 	 k j � i Rj
g*r ü 8 Ek � ' � Ef � ] � 5 f � ]
p dlv 8 Ek � 5 ] cFr qwudglf wlr q1

43 X q s hx gh sk lor vr sk lh

G*xqh idêr q j ì qì udoh/ o*d{ lr p h gx fkr l{ hvwhp sor | ì sr xu d! up hu o*h{ lvwhqf h g*xq r emhwt xh o*r q hvw
lqf dsdeoh gh ideult xhu � ã od p dlq� 1 F*hvwoh f dv/ sdu h{ hp soh/ ghv xowud� owuhv qr q wulyldx{ 1 Wr xwoh
p r qgh vh sur p ëqh dooëj uhp hqwgdqv ghv xowud� owuhv soxv � qv t xh oh � owuh gh I uì f khw/ p dlv shuvr qqh q*hq
d mdp dlv yx/ hwq*hq yhuud mdp dlv1

Soxv idf loh ã f r p suhqguh/ f *hvwoh f dv/ ì j dohp hqw/ ghv ir qf wlr qv r x hqvhp eohv qr q p hvxudeohv sr xu od
p hvxuh gh Ohehvj xh1Wr xwh whqwdwlyh gh f r qvwuxf wlr q g*xq whor emhwidlwqì f hvvdluhp hqwdsshoã o*d{ lr p h
gx fkr l{ 1 Gr qqr qv0hq xq dshuêx1

Oh f r qwuh0h{ hp soh f odvvlt xh gh sduwlh qr q Ohehvj xh0p hvxudeoh gh od gur lwh uì hooh hvwgì � ql dlqvl =
Rq f r qvlgëuh/ gdqv df c• o/ od uhodwlr q g*ì t xlydohqf h U gì � qlh sdu
%U+ + , %� + 5 T
hwr q dsshooh D xq hqvhp eoh ir up ì g*xq ì oì p hqwsulv gdqv fkdt xh f odvvh g*ì t xlydohqf h +r x/ vl r q

suì iëuh/ g*xq uhsuì vhqwdqwgh fkdt xh f odvvh,1
Lohvwf odlu t x*xq whohqvhp eoh qh shxwdyr lu t x*xqh � vdoh wur qfkh� / p dlv lo | d sluh t xh f hod1 Hq

h� hw/ xq whohqvhp eoh hvwlp sr vvleoh ã h{ klehu1Yr xv dyh} sduidlwhp hqwoh gur lwgh fkr lvluxq uhsuì vhqwdqw
g*xqh f odvvh t x*r q dsshoohud od f odvvh q H • / sxlv g*xqh f odvvh q H 2 hwdlqvl gh vxlwh/ p dlv oh sur eoëp h f *hvw
t x*lo| d dxwdqwgh f odvvhv t xh gh qr p euhv uì hov/ ã vdyr lu2I J / hwulhq qh j dudqwlwt x*loyr xv uhvwhud t xhot xh
fkr vh ã o*duulyì h111ulhq/ vdxi suì f lvì p hqwo*d{ lr p h gx fkr l{ 1 P dlv r q vhqwelhq t x*r q q*hvwsdv wuëv ã o*dlvh
dyhf f h w| sh gh f r qvwuxf wlr qv1

Klvwr ult xhp hqw/ ohv fkr vhv qh vh vr qwsdv wr xmr xuv sdvvì hv dlqvl1 Fdqwr u/ oxl/ qh vh sr vdlwsdv hqf r uh
f h j hquh gh t xhvwlr qv1 O*h{ lvwhqf h g*xq er q r uguh vxuU gì f r xodlwsr xuoxl gh o*h{ suhvvlr q gx soxv vlp soh
er q vhqv1 Mh fkr lvlv xq ì oì p hqwdx kdvdug gdqv U/ mh o*dsshooh 3/ mh fkr lvlv xq ì oì p hqwdx kdvdug gdqv
U� i f j / mh o*dsshooh 4/ hwdx er xwg*xq p r p hqwmh ydlv elhq � qlu sdu p dqj hu o*hqvhp eoh gh wr xv ohv
qr p euhv uì hov1 Fh ã t xr l ohv qlklolvwhv hwdxwuhv Vdlqw0Wkr p dv gh od � q gx f Uf K L

M N O

uì wr ut xëuhqwt xh/
sxlvt xh f *ì wdlwdxvvl lqwxlwli/ loq*dydlwt x*ã qr xv oh p r qwuhu/ vr q er q r uguh1 F*hvwvhxohp hqwdx gì exw
gh f h vlëf oh t xh ] hup hor vh uì vr oxwã dmr xwhu xq d{ lr p h vxssoì p hqwdluh vhor q oht xhowr xwhqvhp eoh shxw
í wuh elhq r ugr qqì / p hwwdqwdlqvl � q dx{ t xhuhoohv gh f r p swr lu1Ylquhqwhqvxlwh o*d{ lr p h gx fkr l{ vr xv vd
ir up h gì � qlwlyh/ dlqvl t xh vhv qr p euhxvhv yduldqwhv/ gr qwqr xv yhqr qv g*h{ dp lqhu t xhot xhv ì f kdqwloor qv1

O*dyhqlughydlwdssuhqguh ã ] hup hor t x*lodydlwudlvr q/ sxlvt xh J ùgho+* •b� � , d f r qvwuxlwxq p r gëoh
gh od wkì r ulh ghv hqvhp eohv gdqv oht xhoo*d{ lr p h gx fkr l{ hvwyudl/ hwFr khq +* •bS2, hq d f r qvwuxlwxq
dxwuh r ü o*d{ lr p h gx fkr l{ hvwidx{ 1 Hq j ur v/ o*xwlolvdwlr q gh yhuvlr qv � vr sklvwlt xì hv� gh o*d{ lr p h gx
fkr l{ / f r p p h sduh{ hp soh oh ohp p h gh ] r uq/ shup hwg*ì ylwhughv svhxgr 0lwì udwlr qv p dof r qwu÷oì hv vxuod
� q1 Xq h{ hp soh idf loh ã f r p suhqguh hvwf hoxl gh o*h{ lvwhqf h g*xqh edvh sr xu wr xwhvsdf h yhf wr ulho/ t xh
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qr xv dyr qv gì p r qwuì h � sur suhp hqw� gdqv f h f kdslwuh1 Hq h� hw/oh sur idqh sr xuudlwvh f r qwhqwhu gh gluh
=mh fkr lvlv xq yhf whxu eP qr q qxo/ v*lohqj hqguh wr xwo*hvsdf h wdqwp lhx{ / vlqr q f *hvwt x*loh{ lvwh t xhot xh
sduwxq yhf whxueQ *5 T eS|EeR � � Vl T eS|EeR ceS � ' . wdqwp lhx{ / hwdlqvl gh vxlwh1Oh sur eoëp h f *hvwt x*r q
qh vdlwsdv wur s t x*hvw0f h t xl vh sdvvh hqwuh oh � . T U

V W V

yhf whxu hwoh f duglqdolq� ql qr q gì qr p eudeoh t xh
uhsuì vhqwh od glp hqvlr q gh H1Lohq hvwgh p í p h sr xuo*h{ lvwhqf h g*xq lgì dop d{ lp dof r qwhqdqwxq lgì doL
gr qqì 1 Mh vxlv ã shx suëv vþut xh oh udlvr qqhp hqwf r qvlvwdqwã gluh � vl Lhvwp d{ lp do/wdqwp lhx{ >vlqr q/
f *hvwt x*loh{ lvwh xq lgì dosur suh UX f r qwhqdqwvwulf whp hqwLhwf 1� qh vdwlvidlwsohlqhp hqwshuvr qqh1

P dlv ohv fkr vhv qh vr qwp í p h sdv hqf r uh dxvvl vlp sohv1 Wr xwh f hwwh ehooh wkì r ulh d idlool í wuh uhp lvh
hq t xhvwlr q gdqv ohv dqqì hv Vr l{ dqwh/ ã o*r f f dvlr q gh gì f r xyhuwhv f r qf huqdqwod wkì r ulh ghv mhx{ 1 Mh ydlv
hvvd| hu gh yr xv h{ solt xhu gh t xr l louhwr xuqh1

Rq qr wh QY o*hqvhp eoh gh wr xwhv ohv dssolf dwlr qv gh Q gdqv Q r x/ f h t xl uhylhqwdx p í p h/ o*hqvhp eoh
ghv vxlwhv ã ydohxuv hqwlëuhv/ hwr q vh gr qqh d sulr ul xqh sduwlh � � QZ / dsshoì h uëj oh gx mhx1 Oh mr xhxu
L fkr lvlwxq hqwlhu � [ c sxlv oh mr xhxu LL fkr lvlwxq hqwlhu � \ c hqvxlwh gh t xr l oh mr xhxu L fkr lvlwã vr q
wr xu xq hqwlhu � ] hwdlqvl gh vxlwh1 D od � q gh od sduwlh ohv 5 mr xhxuv r qwf r qvwuxlwxqh vxlwh E� ^ � _ ` a /
dsshoì h uì vxowdwgh od sduwlh1 Oh mr xhxu Lhvwgì f oduì j dj qdqwvl oh uì vxowdwhvwì oì p hqwgh o*hqvhp eoh D/
hwshugdqwgdqv oh f dv f r qwudluh1 Od t xhvwlr q t xl vh sr vh gh idêr q qdwxuhooh hvwgh vdyr lu vl r xl r x qr q
o*xq ghv mr xhxuv glvsr vh g*xqh vwudwì j lh j dj qdqwh1

Lqwxlwlyhp hqw/ r q d hqylhgh gluh t xhvl ohmr xhxuLq*d sdv ghvwudwì j lh j dj qdqwh/ f *hvwt xh t xhot xhvr lw
vr q f r p sr uwhp hqwloyd � qlu xq mr xu r x o*dxwuh sdu í wuh � f r lqf ì � / f h t xl vhp eoh dxj xuhu g*xqh vwudwì j lh
idyr udeoh dx mr xhxu LL1Fr p p h t xr l lo idxwvh p ì � hu ghv lqwxlwlr qv/ f du f h udlvr qqhp hqwhvwidx{ 1 Hq
idlw/vl o*hqvhp eoh D hvwr xyhuwr x ihup ì gdqv Qb c oh mhx hvwh� hf wlyhp hqwgì whup lqì / hwGr qdog P duwlq
d gì p r qwuì hq 4<: 8/ dx sul{ g*xq wr xu gh sdvvh0sdvvh glder olt xh xwlolvdqwwr xwhv ohv uhvvr xuf hv/ p í p h
f dfkì hv/ gh od wkì r ulh ghv hqvhp eohv/ t x*lohq hvwgh p í p h vl D hvwer uì olhq1 Flqt dqv dxsdudydqw/ oh
p í p h P duwlq dydlwgì p r qwuì t xh/ v*loh{ lvwh xq f duglqdop hvxudeoh/ f *hvw0ã0gluh xq f duglqdoHQRUP H/
dor uv xqh f odvvh xq shx soxv oduj h g*hqvhp eohv/ dsshoì v ohv hqvhp eohv dqdo| wlt xhv/ gr qqh olhx ã ghv mhx{
gì whup lqì v/ p dlv shuvr qqh q*d idlwp lhx{ ghsxlv1 Hq idlw/ vl r q vxssr vh o*d{ lr p h gx fkr l{ / r q shxw
ideult xhu xq hqvhp eoh D sr xu oht xhooh mhx hvwlqgì whup lqì 1 Sdu f r qwuh/ o*d{ lr p h gh gì whup lqdwlr q gh
wr xv ohv mhx{ vxu/ / t xl f r qvlvwh ã gluh =� ; � 5 SEQ� / o*xq ghv mr xhxuv glvsr vh g*xqh vwudwì j lh j dj qdqwh�
d od p í p h f r qvlvwdqf h t xh ] I F1Hq f odlu/ o*d{ lr p h gx fkr l{ hwo*d{ lr p h gh gì whup lqdwlr q r qwoh p í p h
� sr lgv� g*xq sr lqwgh yxh or j lt xh/ p dlv vr qwwr wdohp hqwdqwdj r qlvwhv o*xq gh o*dxwuh1 Loidxwfkr lvlu111

F*hvwsuì f lvì p hqwf h t xh f huwdlqv p dwkì p dwlf lhqv r qwidlool idluh yhuv od � q ghv dqqì hv 93/ dsuëv
t xh Vr oryd| dlwgì p r qwuì t xh/ vl o*d{ lr p h gh gì whup lqdwlr q hvwyudl/ dor uv sohlq gh wuxf v/ hq sduwlf xolhu
wr xwvr xv0hqvhp eoh gh U hvwOhehvj xh0p hvxudeoh/ f h t xl/ loidxwelhq o*dyr xhu/ vhudlwelhq sudwlt xh1 Ohv
ghvf hqgdqwv vslulwxhov ghv Vdlqw0Wkr p dv gh wr xw0ã0o*khxuh vr qwdor uv ghvf hqgxv gh ohxuslì ghvwdoo*hvsdf h
g*xqh iudf wlr q gh vhf r qgh sr xusur sr vhugh uhp sodf hu gì � qlwlyhp hqwE� � � sdu E� ( � � Wr xwhir lv ohv j hqv
vhqvì v qh ohv r qwsdv ì f r xwì v/ hwelhq ohxu hq d sulv f du/ vl +DG� qr xv sulydlwgh t xhot xhv sdwkr or j lhv
el}duur ògdohv vxu U/ loqr xv dxudlwsulyì dxvvl gh ir uwmr olhv fkr vhv f r p p h oh f r p sdf wl� ì gh Vwr qh0
Fhfk
gh Q +hqvhp eoh ghv xowud� owuhv vxuQ,/ ohv edvhv gh wudqvf hqgdqf h gh F vxuT hwo*h{ lvwhqf h g*xqh f o÷wxuh
doj ì eult xh sr xu wr xwf r usv f r p p xwdwli1

Ehdxf r xs soxv sur fkh gh qr xv/ uhsuhqr qv od gì p r qvwudwlr q f odvvlt xh gh od uì f lsur t xh gh Er o}dqr 0
Z hlhuvwudvv1 Gdqv od ghx{ lëp h sduwlh gh od gì p r qvwudwlr q/ r q vh gr qqh xq uì ho4 : f / hwlov*dj lwgh
sur xyhu t x*lohvwsr vvleoh gh uhf r xyulu H sdu xq qr p euh � ql gh er xohv gh ud| r q 4� Oh udlvr qqhp hqwhvw
dor uv oh vxlydqw=

Vlqr q =Vr lw%c 5 .
Hq sduwlf xolhu/ � E%d c4� qh uhf r xyuh sdv H/ gr qf <%e 5 . � � E%f c4�
E+{ f c4� ^ � E%g c4� qh uhf r xyuh sdv H/ gr qf <%h 5 . � d� E%i c4� ^ � E%j c4�ochwdlqvl gh vxlwh1
Rq f r qvwuxlwgr qf sdu uì f xuuhqf h xqh vxlwh E%k � whooh t xh

; ? 5 Ql c%m *5

n o p

^

q r s

� E%t c4�
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Mh glv t x*r q d xwlolvì lf l o*d{ lr p h gx fkr l{ / vdqv oh idluh h{ suëv111 hw

Mh p *h{ solt xh = D| dqwã qr wuhglvsr vlwlr q f h idp hx{ hvsdf hp ì wult xhH/ lohvwf odlut xhwr xwxq fkdf xq
d oh gur lwgh fkr lvlu xq %u 5 . hwg*hq idluh f h t x*lohq yhxw1 D sduwlu gx p r p hqwr ü lohvwì wdeol t xh
od er xoh � E%v c4� qh uhf r xyuh sdv H/ gr qf t xh o*hqvhp eoh . � � E%v c4� q*hvwsdv ylgh/ oh p í p h wr xwxq
fkdf xq d elhq hqwhqgx oh gur lwgh vh suhqguh xq %w 5 . � � E%v c4� hwgh o*xwlolvhuf r p p h looh vr xkdlwh/ hw
dlqvl gh vxlwh1Oh sur eoëp h/ f *hvwt xh sr xusr xyr lusduohugh od vxlwh E%x � / loidxwuì dolvhuo*r sì udwlr q xqh
lq� qlwì gh ir lv/ hwf *hvwoã t xh od wkì r ulh ghv hqvhp eohv f odvvlt xh qh vx! wsoxv soxv sr xusr xyr lud! up hu
o*h{ lvwhqf h gh o*r emhw1 Hq h� hw/ uhf r qqdñwuh o*h{ lvwhqf h gh od vxlwh E%y � uhylhqwã xwlolvhu xqh yduldqwh
d� dleolh gh o*d{ lr p h gx fkr l{ / t x*r q dsshooh o*d{ lr p h gx fkr l{ gì shqgdqw+DFG,/ hwt xl glwod fkr vh
vxlydqwh = � Vr lwH xq hqvhp eoh hwU xqh uhodwlr q elqdluh vxu H whooh t xh sr xu wr xw{ loh{ lvwh | whot xh
U+{ >| ,1 Dor uv loh{ lvwh xqh vxlwh E%z � g*ì oì p hqwv gh H whooh t xh sr xu wr xw?/ - E%{ c%{ | } � � 1

Uhp dut xh 7 = Vl m*dl hp sor | ì xq wr q xq shx sì uhp swr luh gdqv fhwwh h{solfdwlr q/ f *hvwsdufh t x*lo
h{ lvwh gdqv od qdwxuh ghv shuvr qqhv p dohp er xf kìhv t xl f ulhqwdx vfdqgdoh t xdqg yr xv ohxu h{solt xh}
j hqwlp hqwt x*lo idxwxwlolvhu o*d{ lr p h gx f kr l{ sr xu gì p r qwuhu od uì f lsur t xh gh Er o}dqr 0Z hlhuvwudvv/
yr luh sr xu gì p r qwuhu t xh wr xwdqqhdx sulqf lsdohvwidf wr ulho1 Lohvwsdu dloohxuv lqwì uhvvdqwgh qr whu t xh
fhv P r qvlhxu Mr xugdlq/ t xl vr qwohv sulqf lsdx{ gì wudf whxuv gh o*d{ lr p h gx f kr l{ hwsdvvhqwohxu ylh ã
f ulwlt xhu qr v xowud� owuhv hwdxwuhv r emhwv � lqvdlvlvvdeohv� / vr qwsuì f lvì p hqwohv p í p hv t xl o*xwlolvhqwã
or qj xhxu gh mr xuqìh hq dqdo| vh/ vdqv oh vdyr lu111 od suhxyh1

Euhi/ o*d{ lr p h gx fkr l{ hvwp dlqwhqdqwuhf r qqx sdu o*hqvhp eoh gh od f r p p xqdxwì p dwkì p dwlt xh
lqwhuqdwlr qdoh/ r q shxwgr qf o*xwlolvhuã sur ixvlr q/ oxl hwvhv qr p euhxvhv yduldqwhv/ f kr vh t xh qr xv q*door qv
sdv qr xv sulyhu gh idluh gdqv ohv ghx{ ghuqlëuhv vì t xhqf hv gh f h f r xuv1
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