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4: gh Mxqlr gh 4<<<

4 Sulphud Sduwh

Hmhuflflr 4 + 5 sxqwrv, Od ixqflöq

sE%� ' t�?% t�?
�

%

fduhfh gh vhqwlgr fxdqgr % ' f� Ghwhuplqdu ho qýphur sEf� gh wdo prgr txh
s vhd frqwlqxd hq % ' f�

Vroxflöq=

Od ixqflöq sE%� hv surgxfwr gh grv ixqflrqhv/ od ixqflöq t�?% | od ixqflöq

t�? �

%
� Sru xqd sduwh

*�4
%<f

t�?% ' f

| sru rwud sdud wrgr % 9' f

�� � t�?
�

%
� ��

Phgldqwh od surslhgdg gh orv oðplwhv txh hvwdeohfh txh vl xqd ixqflöq wlhqgh d

fhur | rwud hvwä dfrwdgd vx surgxfwr wdpelìq wlhqgh d fhur srghprv d�updu

txh

*�4
%<f

t�?% t�?
�

%
' f�

Sru wdqwr/ sdud txh s vhd frqwlqxd hq % ' f hv qhfhvdulr gh�qlu sEf� ' f�

4



Hmhuflflr 5 +5 sxqwrv, Vhd s xqd ixqflöq ghulydeoh wdo txh

*�4
%<f

sE2%��

D%�
' ��

41 Mxvwl�fdu txh sEf� ' f�

51 Suredu txh s �Ef� ' D*2�

61 Fdofxodu

*�4
%<f

Es � s�E2%�
�s3�E%�

vxsrqlhqgr s � frqwlqxd1

Vroxflöq=

41 Wrpdqgr 0 ' � hq od gh�qlflöq gh oðplwh srghprv dvhjxudu od h{lvwhqfld

gh xq B : f wdo txh

����sE2%
��

D%�
� �

���� 	 �

sdud wrgr % wdo txh f 	 m%m 	 B� Gh od ghvljxdogdg dqwhulru vh vljxh

�� 	
sE2%��

D%�
� � 	 �

r or txh hv htxlydohqwh

f 	 sE2%�� 	 �f%��

Wrpdqgr oðplwhv | xwlol}dqgr od uhjod gho hqfdmh vh rewlhqh

*�4
%<f

sE2%�� ' f�

Sru rwud sduwh/ sru vhu s ghulydeoh/ kd gh vhu frqwlqxd/ or txh lpsolfd

*�4
%<f

sE2%�� ' sE*�4
%<f

2%�� ' sEf��

Gh od xqlflgdg gho oðplwh vh vljxh sEf� ' f�
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51 Sru od gh�qlflöq gh ghulydgd

s �Ef� ' *�4
�<f

sEf n ��� sEf�

�
' *�4

�<f

sE��

�

Kdflhqgr � ' 2%� | whqlhqgr hq fxhqwd txh fxdqgr �cwlhqgh d fhurc
% ' �

s
�*2 wdpelìq wlhqgh d fhur/ uhvxowd

s �Ef� ' *�4
%<f

sE2%��

2%�
'

D

2
*�4
%<f

sE2%��

D%�
'

D

2
�

61 Fxdqgr % wlhqgh d fhur ho oðplwh hv gh od irupd f*f |d txh

*�4
%<f

Es � s�E2%�
�s3�E%�

' *�4
%<f

sEsE2%��

�s3�E%�
'

sEsEf��

�s3�Ef�
'

f

f
�

Xwlol}dqgr O*Krslwdo

*�4
%<f

Es � s�E2%�
�s3�E%�

' *�4
%<f

Es � s��E2%�
� Es3��� E%�

Phgldqwh od uhjod gh od fdghqd

Es � s��E2%� ' dsEsE2%��o� ' s �EsE2%��s �E2%�2

| sru od uhjod gh od ghulydgd gh od lqyhuvd

�
s3�

�
�

E%� '
�

s �E%�
�

Sru wdqwr/

*�4
%<f

Es � s�E2%�
�s3�E%�

' *�4
%<f

s �EsE2%��s �E2%�2

� �
s �E%�

' *�4
%<f

s �E%�s �EsE2%��s �E%�2

�

'
D

2

D

2
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2

2
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'
�2D

�2
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Hmhuflflr 6 + 5 sxqwrv, Suredu od ghvljxdogdg

� n 2 *?%� %2 � f

sdud wrgr % : f�

Vroxflöq=

Vhd

sE%� ' � n 2 *?%� %2�

Hv fodur txh od ixqflöq qr hvwä gh�qlgd sdud % 	 f | txh sE�� ' f� Dghpäv

vx ghulydgd hv

s �E%� '
2

%
� 2% ' 2

�� %2

%
�

Sru or txh

s �E%� : f vl f 	 % 	 �

s �E%� ' f vl % ' �

s �E%� 	 f vl % : ��

Hvwrv ydoruhv gh od ghulydgd lpsolfdq txh s srvhh xq pä{lpr hq % ' � vlhqgr
fuhflhqwh hq ho lqwhuydor Efc �� | ghfuhflhqwh hq ho lqwhuydor E�c4�� Sru wdqwr/
ho pä{lpr hv devroxwr |

sE%� � sE�� ' f

sdud wrgr % : f�
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Hmhuflflr 7 + 5 sxqwrv, Hydoxdu od lqwhjudo

]
�

3�

� n %2

� n %e
_%

phgldqwh ho fdpelr gh yduldeoh

%� �

%
' |�

Vroxflöq=

Glylglhqgr qxphudgru | ghqrplqdgru sru %2 | whqlhqgr hq fxhqwd txh od

ixqflöq d lqwhjudu hv sdu uhvxowd

]
�

3�

� n %2

� n %e
_% ' 2

]
�

f

�

%
2 n �

�

%
2 n %2

_%�

Glihuhqfldqgr od hfxdflöq gho fdpelr gh yduldeoh vh wlhqh�
� n

�

%2

�
_% ' _|�

Sru rwud sduwh hohydqgr do fxdgudgr glfkd hfxdflöq rewhqhprv

%2 n
�

%2
� 2 ' |2

| sru wdqwr

%2 n
�

%2
' |2 n 2�

Sru frqvljxlhqwh/

]
�
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� n %2

� n %e
_% ' 2

]
f
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|2 n 2
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]
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Hmhuflflr 8 + 5 sxqwrv, Ghwhuplqdu ho yroxphq gho vöolgr txh wlhqh sru edvh
od holsvh

%2 n 2+2 ' �

| fx|dv vhfflrqhv wudqvyhuvdohv do hmh �f vrq wuläqjxorv htxloäwhurv gh edvh
od fxhugd shushqglfxodu d glfkr hmh1

Vroxflöq=

Ho yroxphq ylhqh ghwhuplqdgr sru od lqwhjudo

T '

]
�

3�

�E%� _%

grqgh �E%� uhsuhvhqwd ho äuhd gh od vhfflöq wuldqjxodu fx|d edvh hv od fxhugd

shushqglfxodu do hmh �f1

Edvh gho vöolgr

Vhfflöq gho vöolgr
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Ho äuhd gh glfkd vhfflöq hv sru wdqwr

�E%� '
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2
edvh� dowxud
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'
s
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Sru frqvljxlhqwh/
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5 Vhjxqgd Sduwh

Hmhuflflr 9 + 5 sxqwrv,

41 Hydoxdu od lqwhjudo

]
"

f

_%

e% n e3%

51 Hvwxgldu od frqyhujhqfld gh od vhulh

"[
?'2

?-

E?n ��?

Vroxflöq=

:



41 Pxowlsolfdqgr qxphudgru | ghqrplqdgru sru e% | hihfwxdqgr ho fdpelr

� ' e% uhvxowd ]
"

f
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e% n e3%
'
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f

e% _%
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51 Vhd
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Hqwrqfhv/
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Sxhvwr txh u 	 �c dsolfdqgr ho fulwhulr gho frflhqwh srghprv d�updu

txh od vhulh frqyhujh1

Hmhuflflr : +5 sxqwrv, Ghwhuplqdu ho äuhd eduulgd sru ho udglr yhfwru gh od
hvsludo o ' @w gxudqwh od vhjxqgd uhyroxflöq txh qr kxelhud vlgr eduulgd |d
gxudqwh od sulphud1

Vroxflöq=

Sxhvwr txh vh wudwd gh xqd hvsludo od vxshu�flh eduulgd sru udglr yhfwru

gxudqwh od vhjxqgd uhyroxflöq vh vxshusrqh d od vxshu�flh eduulgd gxudqwh

od sulphud uhyroxflöq1

Ho duhd gh od vxshu�flh eduulgd gxudqwh od vhjxqgd uhyroxflöq hv
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Ho duhd gh od vxshu�flh eduulgd gxudqwh od sulphud uhyroxflöq hv
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Sru frqvljxlhqwh ho äuhd shglgd hv
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Hmhuflflr ; + 5 sxqwrv, Hvwxgldu od glihuhqfldelolgdg gh od ixqflöq

sE%c +� '
%+2

%2 n +2
( sEfc f� ' f(

hq ho sxqwr Efc f��

Vroxflöq=

Hq sulphu oxjdu ghehprv fdofxodu odv ghulydgdv sdufldohv1 Ghulydgd sdu0

fldo frq uhvshfwr gh %

s%Efc f� ' *�4
�<f

sEf n �c f�� sEfc f�

�

' *�4
�<f

�f2

�2 n f2
� f

�

' *�4
�<f

f

�
' f�

Dqäorjdphqwh/ ghulydgd sdufldo frq uhvshfwr gh +

s+Efc f� ' *�4
&<f

sEfc f n &�� sEfc f�

&

' *�4
&<f

f&2

f2 n &2
� f

&

' *�4
&<f

f

&
' f�

Xqd yh} frpsuredgd od h{lvwhqfld gh odv ghulydgdv sdufldohv hv qhfhvdulr
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yhul�fdu txh

u ' *�4
E�c&�<Efcf�

sEf n �c f n &�� sEfc f�� s%Efc f��� s+Efc f�&s
�2 n &2

' *�4
E�c&�<Efcf�

�&2

�2 n &2
� f� f�� f&

s
�2 n &2

' *�4
E�c&�<Efcf�

�&2

�2 n &2
� f� f�� f&

s
�2 n &2

' *�4
E�c&�<Efcf�

�&2

E�2 n &2��*2

h{lvwh | hv fhur1 Dkrud elhq/ d or odujr gh od uhfwd � ' f

ut�'f� ' *�4
&<f

f&2

Ef2 n &2��*2
' *�4

&<f

f

&�
' f

| d or odujr gh od uhfwd � ' &

ut�'&� ' *�4
&<f

&&2

E&2 n &2��*2
' *�4

&<f

&�

2�*2&�
'

�

2
s
2

sru or txh srghprv dvhjxudu txh ho oðplwh qr h{lvwh do qr frlqflglu sru grv

fdplqrv1 Hq frqfoxvlöq/ od ixqflöq qr hv glihuhqfldeoh hq ho sxqwr lqglfdgr1

Hmhuflflr < + 5 sxqwrv, Suredu txh odv vxshu�flhv

e%2 n +2 n b52 ' �fH

|

%+5 ' �S

vrq wdqjhqwhv hq ho sxqwr E�c Sc 2��

Vroxflöq=

Edvwd frpsuredu txh dpedv vxshu�flhv srvhhq ho plvpr sodqr wdjhqwh

hq ho sxqwr hq fxhvwlöq r txh orv yhfwruhv qrupdohv vrq sursruflrqdohv1 Vhdq

sE%c +c 5� ' e%2 n +2 n b52 � �fH
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|

}E%c +c 5� ' %+5 � �S�

Xq yhfwru qrupdo d od vxshu�flh sE%c +c 5� ' f hv

?� ' usE�c Sc 2�

' s%E�c Sc 2� �n s+E�c Sc 2� �ns5E�c Sc 2�!

' H%mE�cSc2� �n 2+mE�cSc2� �n �H5mE�cSc2� !
' 2e �n �2 �n�S!�

Xq yhfwru qrupdo d od vxshu�flh }E%c +c 5� ' f hv

?2 ' u}E�c Sc 2�

' }%E�c Sc 2� �n }+E�c Sc 2� �n}5E�c Sc 2�!

' +5mE�cSc2� �n %5mE�cSc2� �n %+mE�cSc2� !
' �2 �n S �n�H!�

Sxhvwr txh ?� ' 2?2 dperv yhfwruhv gh�qhq ho plvpr sodqr wdqjhqwh hq ho

sxqwr E�c Sc 2��

Hmhuflflr 43 + 5 sxqwrv, Od whpshudwxud hq xqd uhjlöq hvsdfldo ylhqh gdgd
sru od ixqflöq

A ' eff%+52�

Ghwhuplqdu orv sxqwrv gh pd|ru | phqru whpshudwxud vreuh od hvihud

%2 n +2 n 52 ' �

Vroxflöq=

Vh wudwd gh hvwxgldu orv pä{lprv | pðqlprv gh

sE%c +c 5� '
A

eff
' %+52

hq od uhjlöq

%2 n +2 n 52 � � ' f�
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Vhjýq ho pìwrgr gh Odjudqjh orv h{wuhprv gho sureohpd dqwhulru vrq sxqwrv

fuðwlfrv gh od ixqflöq

uE%c +c 5c b� ' %+52 n bE%2 n +2 n 52 � ���

Glfkrv sxqwrv fuðwlfrv vrq odv vroxflrqhv gho vlvwhpd

u% ' +52 n 2b% ' f

u+ ' %52 n 2b+ ' f

u5 ' 2%+5 n 2b5 ' f

ub ' %2 n +2 n 52 � � ' f�

Pxowlsolfdqgr odv wuhv sulphudv hfxdflrqhv sru 2%c 2+ | 5 uhvshfwlydphqwh

uhvxowd

2%+52 n eb%2 ' f

2%+52 n eb+2 ' f

2%+52 n 2b52 ' f

gh grqgh vh vljxh

eb%2 ' eb+2 ' 2b52�

Sdud b 9' f vh wlhqh

%2 ' +2 '
52

2
�

Vxevwlwx|hqgr hq od hfxdflöq gh od hvihud uhvxowd

52

2
n

52

2
n 52 ' �

| sru wdqwr odv vroxflrqhv gho vlvwhpd yhul�fdq

%2 ' +2 '
52

2
'

�

e
�

Glfkdv hfxdflrqhv sursruflrqdq H sxqwrv fuðwlfrv fx|dv frrughqdgdv vrq

% ' 	�

2
( + ' 	�

2
( 5 ' 	

s
2

2
�
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Sdud b ' f odv wuhv sulphudv hfxdflrqhv vh uhgxfhq d

+52 ' f

%52 ' f

%+5 ' f

txh lpsolfdq + ' 5 ' f r % ' 5 ' f r % ' + ' f� Glfkdv hfxdflrqhv vrq
odv hfxdflrqhv gh orv wuhv hmh frrughqdgrv fx|rv sxqwrv gh fruwh frq od hvihud

vrq orv sxqwrv

E	�c fc f�c Efc	�c f�c Efc fc	��

uhvshfwlydphqwh1

Sxhvwr txh od ixqflöq A | sru frqvljxlhqwh s hv xqd ixqflöq frqwlqxd | od

hvihud hv xq frqmxqwr fhuudgr | dfrwdgr kd gh h{lvwlu pä{lpr | pðqlpr de0

vroxwrv1 Hvwrv vh dofdq}duäq qhfhvduldphqwh hq dojxqr gh orv fdwrufh sxqwrv

rewhqlgrv dqwhulruphqwh1
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Ho pä{lpr A ' Df vh dofdq}d hq orv fxdwur sulphurv sxqwrv | ho pðqlpr

A ' �Df hq orv fxdwur vljxlhqwhv1
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