
Frqwhýgr

4 Hvihud 5

414 Uhfrqvwlwxlêær gd Hvihud 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5

5 Flufxqihuíqfld 6

514 Flufxqihuíqfld vlwxdgd qxp Sodqr Frrughqdgr Sulqflsdo 1 1 1 1 1 6

515 Flufxqihuíqfld vlwxdgd qxp Sodqr txdotxhu gr Hvsdêr 1 1 1 1 1 1 6

6 Frqh{øhv 7

614 Glvwåqfldv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7

615 Surmhfêøhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :

616 Lqwhuvhfêøhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;

7 Eleolrjud�d 48

Olvwd gh Iljxudv

4 Lqwhuvhfêær gh xpd hvihud frp xp sodqr1 1 1 1 1 1 1 1 1 1 1 1 1 1 <

5 Lqwhuvhfêær gh xpd hvihud frp xpd uhfwd1 1 1 1 1 1 1 1 1 1 1 1 1 1 44

6 Lqwhuvhfêær gh gxdv hvihudv +sulphlur fdvr,1 1 1 1 1 1 1 1 1 1 1 1 1 46

7 Lqwhuvhfêær gh gxdv hvihudv +vhjxqgr fdvr,1 1 1 1 1 1 1 1 1 1 1 1 1 47

4



Hohphqwrv Jhrpìwulfrv= Hvihud h

Flufxqihuíqfld1 Frqh{øhv1

Pdqxho Dqwöqlr Idfdv Ylfhqwh

Vhwhpeur gh 5333

4 Hvihud

Frqvlghuh0vh r hvsdêr dpelhqwh/ wulglphqvlrqdo/ pxqlgr frp xp uhihuhqfldo

ruwrjrqdo gluhfwr R{|}/ irupdgr sru wuív hl{rv ruwrjrqdlv h txh vh lqwhuvhfwdp

qr srqwr R1

Xpd hvihud ì r hohphqwr jhrpìwulfr frqvwlwxðgr shorv srqwrv fxmd glvwåqfld

d xp srqwr gdgr +d txh fkdpdprv r vhx fhqwur, ì frqvwdqwh +d hvvh ydoru

fkdpdprv udlr gd hvihud,1 Hp frqvhtxíqfld/ xpd hvihud whuä sru htxdêær

+{� {3,
5
. +| � |3,

5
. +} � }3,

5
@ u5>

rqgh +{3> |3> }3, vær dv frrughqdgdv gr fhqwur gd hvihud h u r frpsulphqwr gr

vhx udlr1

D hvihud �fd ehp gh�qlgd dwudyìv gd vhtxíqfld

i{3> |3> }3> uj

rqgh rv sduåphwurv dð suhvhqwhv wíp r vljql�fdgr dqwhulruphqwh uhihulgr1

414 Uhfrqvwlwxlêær gd Hvihud

Sdud uhfrqvwlwxlu d hvihud vær qhfhvväulrv/ qr pðqlpr/ 7 srqwrv gd vxd vxshuiðflh=

+{4> |4> }4, > +{5> |5> }5, > +{6> |6> }6, > +{7> |7> }7,

frp rv txdlv irupdprv r vlvwhpd qær0olqhdu

q
+{l � {3,

5
. +|l � |3,

5
. +}l � }3,

5
@ u5

+l @ 4> 5> 6> 7,1

Hvfuhyhqgr

� @ �{3>

5



� @ �|3>

� @ �}3

h

G @ u5 � {53 � |53 � }53 >

hvwh vlvwhpd wudqvirupd0vh qr vlvwhpd olqhdu;AA?
AA=

5{4�. 5|4� . 5}4� �G @ �
�
{5
4
. |5

4
. }5

4

�
5{5�. 5|5� . 5}5� �G @ �

�
{55 . |55 . }55

�
5{6�. 5|6� . 5}6� �G @ �

�
{5
6
. |5

6
. }5

6

�
5{7�. 5|7� . 5}7� �G @ �

�
{57 . |57 . }57

�
fxmdv lqföjqlwdv vær �/ �/ �/ G1 Uhvroylgr r vlvwhpd/ hp rughp d hvwdv lqföjql0

wdv/ dsolfdp0vh dv uhodêøhv � @ �{3/ � @ �|3/ � @ �}3 h G @ u5�{5
3
� |5

3
� }5

3
/

txh shuplwhp fdofxodu dv frrughqdgdv gr fhqwur h r udlr

u @

t
G. {5

3
. |5

3
. }5

3
=

5 Flufxqihuíqfld

514 Flufxqihuíqfld vlwxdgd qxp Sodqr Frrughqdgr Sulq0

flsdo

Frqvlghuh0vh/ pdlv xpd yh}/ xp uhihuhqfldo ruwrjrqdo gluhfwr R{|}1

Frqvlghuhprv djrud xpd flufxqihuíqfld gh udlr u/ vlwxdgd qr sodqr R{|/

frp fhqwur qr srqwr S3 ghvvh sodqr frrughqdgr/ fxmd deflvvd ì {3 h d rughqdgd

ì |3/ rx vhmd/ qr srqwr gh frrughqdgdv +{3> |3> 3,1 D flufxqihuíqfld ghvfulwd ì r

oxjdu jhrpìwulfr grv srqwrv ghvvh sodqr htxlglvwdqwhv gr fhqwur S3/ vhqgr hvvd

glvwåqfld r udlr u gd flufxqihuíqfld1 Hvwd flufxqihuíqfld whuä dvvlp sru htxdêær

+{� {3,
5
. +| � |3,

5
@ u5=

515 Flufxqihuíqfld vlwxdgd qxp Sodqr txdotxhu gr Hvsdêr

Qr hvsdêr wulglphqvlrqdo/ xpd flufxqihuíqfld �fd ehp ghwhuplqdgd gdgrv

xp srqwr +r vhx fhqwur,/ r udlr h rv frvvhqrv gluhfwruhv gr hl{r gr sodqr txh

d frqwìp1 Hp frqvhtxíqfld/ ã lpdjhp gh rxwurv hohphqwrv jhrpìwulfrv/ d

flufxqihuíqfld �fd ehp ghvfulwd dwudyìv gh xpd vhtxíqfld

i{3> |3> }3> D>E>F> uj

hp txh +{3> |3> }3, vær dv frrughqdgdv gr fhqwur gd flufxqihuíqfld/ u r frpsul0

phqwr gr vhx udlr h D/ E/ F rv frvvhqrv gluhfwruhv gh xp hl{r gr sodqr rqgh

hod hvwä frqwlgd/ txh frqvlghuduhprv qrupdol}dgrv

D5
.E5

. F5
@ 4=

6



Frqwuduldphqwh dr fdvr elglphqvlrqdo/ qær h{lvwh xpd ýqlfd htxdêær txh

ghvfuhyd rv srqwrv gd flufxqihuíqfld qr hvsdêr1 Qr hqwdqwr/ hvwd srgh vhu ylvwd

frpr r frqmxqwr grv srqwrv gr sodqr gdgr/ vlwxdgrv ã glvwåqfld u +ydoru gr udlr,

gr vhx fhqwur/ r txh/ qr ixqgr/ fruuhvsrqgh ã lqwhuvhfêær gd hvihud gh fhqwur

gh frrughqdgdv +{3> |3> }3, h udlr u frp r sodqr txh frqwìp r phvpr srqwr

+{3> |3> }3, h whp D/ E h F sru frvvhqrv gluhfwruhv gh xp grv vhxv hl{rv1

Sru rxwudv sdodyudv/ d flufxqihuíqfld suhwhqglgd ì d lqwhuvhfêær grv hohphq0

wrv jhrpìwulfrv=

0 hvihud

i{3> |3> }3> uj

gh htxdêær

+{� {3,
5
. +| � |3,

5
. +} � }3,

5
@ u5>

0 sodqr

i{3> |3> }3> D>E>Fj

gh htxdêær

D{.E| . F} @ G>

frp G @ D{3 .E|3 . F}31

Dvvlp/ ghvfuhyhprv dqdolwlfdphqwh d flufxqihuíqfld suhwhqglgd shodv htxdêøhv

�
+{� {3,

5
. +| � |3,

5
. +} � }3,

5
@ u5

D{.E| . F} @ G
=

Qr fdvr gd flufxqihuíqfld qr sodqr R{| ghvfulwd qd vxevhfêær dqwhulru/ rv

vhxv sduåphwurv vhuær

i{3> |3> 3> 3> 3> 4> uj =

6 Frqh{øhv

614 Glvwåqfldv

� Dojrulwpr 56 0 Glvwåqfld gh xp Srqwr d xpd Hvihud1 Vhmd gdgd d

hvihud gh sduåphwurv

i{3> |3> }3> uj

h r srqwr

+{4> |4> }4,

7



D glvwåqfld gr srqwr ã hvihud ì ljxdo ã glvwåqfld gr srqwr dr fhqwur gd

hvihud/ vxewudðgd gr udlr gd hvihud=

g @ glvw ++{3> |3> }3, > +{4> |4> }4,,� u>

rx vhmd/

g @

t
+{4 � {3,

5
. +|4 � |3,

5
. +}4 � }3,

5
� u=

Vh r ydoru rewlgr iru qhjdwlyr/ lvvr vljql�fd txh r srqwr hvwä pdlv suö{lpr

gr fhqwur gd hvihud gr txh rv srqwrv gd vxd vxshuiðflh/ rx vhmd/ r srqwr

hqfrqwud0vh ghqwur gd vxshuiðflh hviìulfd1

� Dojrulwpr 57 0 Glvwåqfld gh xpd Uhfwd d xpd Hvihud1 Vhmd gdgd

d hvihud gh sduåphwurv

i{3> |3> }3> uj

h d uhfwd

i{4> |4> }4> d> e> fj =

D glvwåqfld gd uhfwd ã hvihud fdofxod0vh sru phlr gr vhjxlqwh dojrulwpr=

41 surmhfwd0vh vreuh d uhfwd r fhqwur gd hvihud +shor dojrulwpr 49,/

rewhqgr0vh r srqwr gh frrughqdgdv

+{5> |5> }5, >

51 fdofxod0vh d glvwåqfld hqwuh hvwh srqwr surmhfwdgr h r fhqwur gd hvihud/

vxewudlqgr0vh/ gh vhjxlgd/ r udlr gd hvihud=

g @ glvw ++{3> |3> }3, > +{5> |5> }5,,� u>

lvwr ì/

g @

t
+{5 � {3,

5
. +|5 � |3,

5
. +}5 � }3,

5
� u=

Pdlv xpd yh}/ r ydoru rewlgr srgh vhu qhjdwlyr/ r txh vljql�fd txh d uhfwd

lqwhuvhfwd d hvihud1

� Dojrulwpr 58 0 Glvwåqfld gh xp Sodqr d xpd Hvihud1 Vhmd gdgd d

hvihud gh sduåphwurv

i{3> |3> }3> uj

h r sodqr

i{4> |4> }4> D>E>Fj =

D glvwåqfld gr sodqr ã hvihud fdofxod0vh sru phlr gr vhjxlqwh dojrulwpr=

8



41 surmhfwd0vh r fhqwur gd hvihud vreuh r sodqr +vhjxqgr r dojrulwpr 48,/

rewhqgr0vh r srqwr gh frrughqdgdv

+{5> |5> }5, >

51 fdofxod0vh d glvwåqfld hqwuh hvwh srqwr surmhfwdgr h r fhqwur gd hvihud/

vxewudlqgr0vh/ gh vhjxlgd/ r udlr gd hvihud=

g @ glvw ++{3> |3> }3, > +{5> |5> }5,,� u>

r txh ì htxlydohqwh d hvfuhyhu

g @

t
+{5 � {3,

5
. +|5 � |3,

5
. +}5 � }3,

5
� u=

Vh r ydoru rewlgr iru qhjdwlyr/ lvvr vljql�fd/ qhvwh fdvr/ txh r sodqr lqwhu0

vhfwd d hvihud1

� Dojrulwpr 59 0 Glvwåqfld hqwuh gxdv Hvihudv1 Vhmdp gdgdv gxdv

hvihudv V4 h V5/ gh sduåphwurv

i{4> |4> }4> u4j

h

i{5> |5> }5> u5j >

uhvshfwlydphqwh1

D glvwåqfld hqwuh dv gxdv hvihudv V4 h V5 rewìp0vh sru phlr gr vhjxlqwh

dojrulwpr=

41 fdofxod0vh d glvwåqfld g3 hqwuh rv fhqwurv gdv gxdv hvihudv/ dwudyìv gr

dojrulwpr 6=

g3
@ glvw ++{4> |4> }4, > +{5> |5> }5,, >

rx/

g3
@

t
+{5 � {4,

5
. +|5 � |4,

5
. +}5 � }4,

5
>

51 d glvwåqfld g hqwuh dv gxdv hvihudv/ rx vhmd/ d glvwåqfld hqwuh dv vxshu0

iðflhv gdv gxdv hvihudv/ srgh rewhu0vh vxewudlqgr d g3 rv frpsulphqwrv

grv udlrv gdv phvpdv/ lvwr ì/ ì gdgd sru phlr gh=

g @ glvw +V4> V5,

@ g3 � u4 � u5=

Hp uhodêær dr ydoru gh g srghp rfruuhu wuív vlwxdêøhv=

0 vh g A 3 hqwær dv gxdv hvihudv vær glvmxqwdv4 >

0 vh g @ 3/ dv gxdv hvihudv vær wdqjhqwhv qxp srqwr>

0 vh g ? 3 hqwær/ rx dv gxdv hvihudv lqwhuvhfwdp0vh/ rx d hvihud gh udlr gh

phqru frpsulphqwr hvwä frqwlgd ghqwur gd hvihud gh pdlru udlr1

4Frp glvmxqwdv txhuhprv gl}hu txh qær vh lqwhuvhfwdp h txh xpd hvihud qær hvwä wrwdophqwh

frqwlgd ghqwur gd rxwud1

9



615 Surmhfêøhv

� Dojrulwpr 5: 0 Surmhfêær +ruwrjrqdo, gh xpd Hvihud vreuh xp

Sodqr1 Vhmd gdgd d hvihud gh sduåphwurv

i{3> |3> }3> uj

h r sodqr

i{4> |4> }4> D>E>Fj =

D surmhfêær +ruwrjrqdo, gd hvihud vreuh r sodqr ruljlqduä qhvwh xpd flu0

fxqihuíqfld gh fhqwur qd surmhfêær gr fhqwur gd hvihud vreuh r sodqr gdgr

h gh udlr gh frpsulphqwr ljxdo dr frpsulphqwr gr udlr gd hvihud gdgd1

Dvvlp/ lqlfldophqwh surmhfwd0vh r fhqwur gd hvihud vreuh r sodqr gdgr/

rewhqgr0vh r srqwr gh frrughqdgdv +{5> |5> }5,/ vhjxqgr r dojrulwpr 481

Frpr d flufxqihuíqfld uhvxowdqwh gd lqwhuvhfêær hvwä frqwlgd qr sodqr

gdgr/ rv frvvhqrv gluhfwruhv gr vhx hl{r srghuær vhu rv frvvhqrv gluhfwruhv

gr hl{r gr sodqr gdgr/ rx vhmd D/ E/ F1 Ghvwh prgr/ xpd yh} txh r udlr

gd flufxqihuíqfld ì ljxdo dr udlr gd hvihud/ d flufxqihuíqfld uhvxowdqwh whuä

frpr sduåphwurv=

i{5> |5> }5> D>E>F> uj

� Dojrulwpr 5; 0 Surmhfêær +ruwrjrqdo, gh xpd Hvihud vreuh xpd

Uhfwd1 Vhmd gdgd d hvihud V gh sduåphwurv

i{3> |3> }3> uj

h xpd uhfwd � gh sduåphwurv

i{4> |4> }4> d> e> fj =

D surmhfêær gh xpd hvihud vreuh xpd uhfwd ruljlqd/ vreuh d uhfwd/ xp

vhjphqwr gh uhfwd/ gh frpsulphqwr ljxdo dr glåphwur gd hvihud/ rx vhmd

5u/ frp h{wuhprv hp grlv srqwrv gh frrughqdgdv d ghwhuplqdu1

Frpr vh srgh yhul�fdu idflophqwh/ r srqwr pìglr ghvvh vhjphqwr fruuh0

vsrqgh ã surmhfêær gr fhqwur gd hvihud V vreuh d uhfwd � gdgd1 Dvvlp/ hp

sulphlur oxjdu/ fdofxod0vh d surmhfêær gr fhqwur +{3> |3> }3, gd hvihud vreuh

�/ vhjxqgr r dojrulwpr 49/ rewhqgr0vh r srqwr gh frrughqdgdv

+{5> |5> }5, =

Ilqdophqwh/ xpd yh} txh r yhfwru gluhfwru gd uhfwd �/ ^d> e> f`/ mä vh hqfrq0

wud qrupdol}dgr5 / dv frrughqdgdv +{6> |6> }6, h +{7> |7> }7,/ grv grlv srqwrv

h{wuhprv gr vhjphqwr vær gdgdv sru

+{6> |6> }6, @ +{5> |5> }5, . u +d> e> f,

5Rx vhmd/ @2 n K2 n S2 ' �1

:



h

+{7> |7> }7, @ +{5> |5> }5,� u +d> e> f, >

rx dlqgd sru/

;?
=

{6 @ {5 . ud

|6 @ |5 . ue

}6 @ }5 . uf

h ;?
=

{7 @ {5 � ud

|7 @ |5 � ue

}7 @ }5 � uf

=

616 Lqwhuvhfêøhv

� Dojrulwpr 5< 0 Lqwhuvhfêær gh xpd Hvihud frp xp Sodqr1 Vhmd

gdgd d hvihud gh sduåphwurv

i{3> |3> }3> uj

h r sodqr

i{4> |4> }4> D>E>Fj =

D lqwhuvhfêær gd hvihud frp r sodqr srgh vhu yd}ld/ xp srqwr rx xpd

flufxqihuíqfld/ frqvrdqwh d glvwåqfld hqwuh r sodqr h r fhqwur gd hvihud1

Ghvwh prgr/ hp sulphlur oxjdu/ fdofxod0vh d glvwåqfld gr fhqwur gd hvihud

dr sodqr gdgr/ vhjxqgr r dojrulwpr 81

D lqwhuvhfêær ì=

+l, yd}ld � vh d glvwåqfld hqwuh r sodqr h r fhqwur gd hvihud iru vxshulru

dr udlr ghvwd1

+ll, xp srqwr � vh d glvwåqfld hqwuh r sodqr h r fhqwur gd hvihud iru ljxdo

dr udlr ghvwd1 Qhvvh fdvr d hvihud ì wdqjhqwh dr sodqr qxp srqwr h

dv vxdv frrughqdgdv srghp vhu fdofxodgdv dwudyìv gh=

41 frqvlghud0vh r hl{r gr sodqr gdgr txh sdvvd shor fhqwur gd hvihud

i{3> |3> }3> D>E>Fj >

51 r srqwr gh wdqjíqfld gd hvihud frp r sodqr ì r srqwr gh lqwhu0

vhfêær gdtxhoh hl{r gr sodqr frp r sodqr +yhu dojrulwpr 46,1

Qr ixqgr/ wrgr hvwh surfhvvr ì htxlydohqwh d hihfwxdu d surmhfêær gr

fhqwur gd hvihud vreuh r sodqr gdgr +yhu dojrulwpr 48,1

;



+lll, xpd flufxqihuíqfld � fdvr d glvwåqfld hqwuh r sodqr h r fhqwur gd

hvihud vhmd lqihulru dr udlr ghvwd1 Hvwd flufxqihuíqfld hvwä vlwxdgd qr

sodqr gdgr/ lvwr ì/ r vhx hl{r srgh vhu r hl{r gr sodqr gdgr1 R fhqwur

gd flufxqihuíqfld uhvxowd gd lqwhuvhfêær gr hl{r gr sodqr txh sdvvd

shor fhqwur gd hvihud/ gh sduåphwurv

i{3> |3> }3> D>E>Fj >

frp r sodqr +vhjxqgr r dojrulwpr 46,/ rx vhmd/ surmhfwdqgr r fhqwur

gd hvihud vreuh r sodqr +dojrulwpr 48,1

Ilqdophqwh/ r udlr gd flufxqihuíqfld srgh vhu rewlgr shor whruhpd gh

Slwäjrudv +yhu �jxud vhjxlqwh,/ frqvlghudqgr r wulåqjxor uhfwåqjxor

gh odgrv gh frpsulphqwrv u +udlr gd hvihud,/ g +glvwåqfld gr fhqwur

gd hvihud dr fhqwur gd flufxqihuíqfld, h U +udlr gd flufxqihuíqfld

suhwhqglgd,1

d

C
d

r

R

Iljxud 4= Lqwhuvhfêær gh xpd hvihud frp xp sodqr1

Hp uhvxpr=

41 frqvlghud0vh r hl{r gr sodqr gdgr txh sdvvd shor fhqwur gd hvihud

i{3> |3> }3> D>E>Fj >

51 r fhqwur gd flufxqihuíqfld ì r srqwr gh lqwhuvhfêær ghvwh hl{r

gr sodqr frp r sodqr +vhjxqgr dojrulwpr 46,/ gh frrughqdgdv6

+{5> |5> }5,>

61 fdofxod0vh d glvwåqfld g hqwuh r fhqwur gd flufxqihuíqfld h r fhqwur

gd hvihud

g @ glvw ++{3> |3> }3, > +{5> |5> }5,, >

6Rv sdvvrv 4 h 5 srghp vhu uhvxplgrv qxp vö/ rewhqgr0vh dv frrughqdgdv E%2c +2c 52�

id}hqgr d surmhfêær gr fhqwur E%fc +fc 5f� gd hvihud vreuh r sodqr gdgr/ xwlol}dqgr0vh sdud wdo

r dojrulwpr 481

<



rx/

g @

t
+{5 � {3,

5
. +|5 � |3,

5
. +}5 � }3,

5
>

vhjxqgr r dojrulwpr 6>

71 fdofxod0vh r udlr U gd flufxqihuíqfld dwudyìv gh

U5
@ u5 � g5>

81 d flufxqihuíqfld whp sduåphwurv

i{5> |5> }5> D>E>F>Uj =

� Dojrulwpr 63 0 Lqwhuvhfêær gh xpd Hvihud frp xpd Uhfwd1 Vhmd

gdgd d hvihud gh sduåphwurv

i{3> |3> }3> uj

h xpd uhfwd

i{4> |4> }4> d> e> fj =

D lqwhuvhfêær gd hvihud frp d uhfwd srgh vhu yd}ld/ xp srqwr rx grlv

srqwrv/ frqvrdqwh d glvwåqfld hqwuh d uhfwd h r fhqwur gd hvihud1 Dvvlp/

hp sulphlur oxjdu/ fdofxod0vh d glvwåqfld hqwuh r fhqwur gd hvihud h d uhfwd/

vhjxqgr r dojrulwpr 71

D lqwhuvhfêær ì=

+l, yd}ld � vh d glvwåqfld hqwuh d uhfwd h r fhqwur gd hvihud iru vxshulru

dr udlr ghvwd1

+ll, xp srqwr� vh d glvwåqfld hqwuh d uhfwd h r fhqwur gd hvihud iru ljxdo dr

udlr ghvwd1 Qhvvh fdvr d hvihud ì wdqjhqwh ã uhfwd qxp srqwr h dv vxdv

frrughqdgdv vær dv frrughqdgdv gr srqwr gd hvihud fruuhvsrqghqwh

ã surmhfêær gr fhqwur gd hvihud vreuh d uhfwd gdgd1 Sdud d rewhqêær

ghvwh srqwr/ uhvroyh0vh/ gh vhjxlgd/ shor dojrulwpr 491

+lll, grlv srqwrv � fdvr d glvwåqfld hqwuh d uhfwd h r fhqwur gd hvihud vhmd

lqihulru dr udlr ghvwd1 Qhvwh fdvr srgh uhvroyhu0vh r sureohpd shor

vhjxlqwh dojrulwpr +yhu �jxud vhjxlqwh,=

41 surmhfwd0vh r fhqwur S3 � +{3> |3> }3, gd hvihud vreuh d uhfwd/

vhjxqgr r dojrulwpr 48/ rewhqgr0vh r srqwr S5 gh frrughqdgdv

+{5> |5> }5,>

51 fdofxod0vh d glvwåqfld g hqwuh r fhqwur gd hvihud h dtxhoh srqwr=

g @ glvw +S3> S5, >

rx vhmd/

g @ glvw ++{3> |3> }3, > +{5> |5> }5,, >

vhjxqgr r dojrulwpr 6>
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d

C
d

r

R

Iljxud 5= Lqwhuvhfêær gh xpd hvihud frp xpd uhfwd1

61 fdofxod0vh d txdqwlgdgh dx{loldu ghvljqdgd sru U/ dwudyìv gh

U5
@ u5 � g5>

71 rv srqwrv gh lqwhuvhfêær uhvxowdp gh7 =

+{> |> }, @ +{5> |5> }5,	U +d> e> f, >

rx vhmd/ wíp frrughqdgdv;?
=

{ @ {5 .Ud

| @ |5 .Ue

} @ }5 .Uf

h ;?
=

{ @ {5 �Ud

| @ |5 �Ue

} @ }5 �Uf

=

� Dojrulwpr 64 0 Lqwhuvhfêær gh gxdv Hvihudv1 Vhmdp gdgdv dv hvihudv

V4 h V5 gh sduåphwurv

i{4> |4> }4> u4j

h

i{5> |5> }5> u5j >

uhvshfwlydphqwh1

D lqwhuvhfêær gdv gxdv hvihudv srgh vhu yd}ld/ xp srqwr rx xpd flufxq0

ihuíqfld/ frqvrdqwh r ydoru gd glvwåqfld hqwuh rv fhqwurv gdv gxdv hvihudv1

7Qrwh txh/ pdlv xpd yh}/ ì reuljdwöulr txh r yhfwru gluhfwru gd uhfwd hvwhmd qrupdol}dgr/

lvwr ì/ @2 n K2 n S2 ' �1
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Dvvlp/ hp sulphlur oxjdu/ fdofxod0vh d glvwåqfld g hqwuh rv fhqwurv gdv

gxdv hvihudv/ vhjxqgr r dojrulwpr 6=

g @

t
+{5 � {4,

5
. +|5 � |4,

5
. +}5 � }4,

5

D lqwhuvhfêær ì=

+l, yd}ld � vh g A u4 . u51

+ll, xp srqwr � vh g @ u4 . u51 Qhvwh fdvr dv gxdv hvihudv vær wdqjhqwhv

qxp srqwr1 Hvvh srqwr shuwhqfh ã uhfwd txh frqwìp rv fhqwurv gdv

gxdv hvihudv1 D vxd htxdêær ì

{� {4

d
@

| � |4

e
@

} � }4

f
>

frp

^d> e> f` @ qru +^{5 � {4> |5 � |4> }5 � }4`, =

Dv frrughqdgdv gr srqwr gh wdqjíqfld srghp vhu rewlgdv dwudyìv gh

+{> |> }, @ +{4> |4> }4, . u4 +d> e> f, >

rx vhmd/ ;?
=

{ @ {4 . u4d

| @ |4 . u4e

} @ }4 . u4f

>

rx/ dwudyìv gh

+{> |> }, @ +{5> |5> }5,� u5 +d> e> f, >

rx vhmd/ dlqgd/ ;?
=

{ @ {5 � u5d

| @ |5 � u5e

} @ }5 � u5f

=

+lll, xpd flufxqihuíqfld � fdvr g ? u4 . u5 h g A uP � up/ rqgh uP
uhsuhvhqwd r pdlru grv udlrv u4 h u5/ uP @ pd{ +u4> u5,/ h up r phqru

ghvwhv udlrv/ u
p

@ plq +u4> u5,
8 1 Xp hl{r gr sodqr txh frqwìp d

flufxqihuíqfld ì d uhfwd txh xqh rv fhqwurv gdv gxdv hvihudv/ rx vhmd/

rv vhxv frvvhqrv gluhfwruhv srghuær vhu rewlgrv sru

^D>E>F` @ qru +^{4 � {5> |4 � |5> }4 � }5`, =

D flufxqihuíqfld uhvxowdqwh gd lqwhuvhfêær whuä fhqwur vlwxdgr vreuh

hvwh vhjphqwr1 Sdud vh ghwhuplqduhp dv frrughqdgdv gr fhqwur h r

udlr ghvwd flufxqihuíqfld/ dwhqwh0vh ãv �jxudv vhjxlqwhv1
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d

r1 r2

θ
X

C1 C2

h

Iljxud 6= Lqwhuvhfêær gh gxdv hvihudv +sulphlur fdvr,1

Dv frrughqdgdv gr fhqwur h udlr gd flufxqihuíqfld rewíp0vh dwudyìv

gr vhjxlqwh dojrulwpr=

41 fdofxod0vh d glvwåqfld g hqwuh rv fhqwurv F4 � +{4> |4> }4, h F5 �
+{5> |5> }5, gdv gxdv hvihudv/ sru phlr gr dojrulwpr 6/

g @

t
+{4 � {5,

5
. +|4 � |5,

5
. +}4 � }5,

5
>

51 frqvwuöl0vh r wulåqjxor gh odgrv gh frpsulphqwrv u4/ u5 h g h/

xvdqgr r whruhpd gh Fduqrw/ ghwhuplqd0vh r åqjxor lqwhuqr gr

wulåqjxor gh yìuwlfh hp F5/ txh ghvljqdprv sru �/ dwudyìv gh

frv � @
+u5,

5
. g5 � +u4,

5

5u5g
>

61 gh vhjxlgd/ fdofxod0vh d dowxud ghvwh wulåqjxor hp uhodêær dr odgr

g/ ghvljqdgd sru k qdv �jxudv dqwhulruhv/ fxmr ydoru fruuhvsrqgh

dr udlr u gd flufxqihuíqfld gh lqwhuvhfêær=

u @ k @ u5 vlq �>

8Fdvr _ 	 o
�
3o6/ xpd hvihud ì lqwhulru ã rxwud/ qær kdyhqgr lqwhuvhfêær1 Vh _ ' o

�
3o6/

hqwær dv gxdv hvihudv vær wdqjhqwhv/ hvwdqgr xpd hvihud vlwxdgd qr lqwhulru gd rxwud1 Qrwh0vh

txh/ hp dperv rv fdvrv/ lvwr vö dfrqwhfh vh _ 	 o6 n o
� 1
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d

r1

r2

θ
X C1

C2

h

Iljxud 7= Lqwhuvhfêær gh gxdv hvihudv +vhjxqgr fdvr,1

71 �qdophqwh/ dv frrughqdgdv +{3> |3> }3, gr fhqwur [ gd flufxqihu0

íqfld lqwhuvhfêær srghp vhu rewlgdv dwudyìv gh

+{3> |3> }3, @ +{5> |5> }5, . u5 frv � +D>E>F,

xpd yh} txh wrgrv hvwhv srqwrv vh hqfrqwudp vreuh d uhfwd txh

xqh rv fhqwurv F4 h F5 gdv gxdv hvihudv/ srghqgr frqvlghudu0

vh frpr yhfwru gluhfwru ghvwd uhfwd r phvpr yhfwru gluhfwru gr

sodqr gd flufxqihuíqfld/ ^D>E>F`/ fdofxodgr dflpd9 h d glvwåqfld

gr fhqwur F5 gd hvihud V5 dr fhqwur [ gd flufxqihuíqfld srgh vhu

rewlgd shod surmhfêær gr odgr gh frpsulphqwr u5 vreuh r odgr gh

frpsulphqwr g/ rx vhmd/ sru phlr gh u5 frv �1

Dvvlp/ d flufxqihuíqfld suhwhqglgd whp sduåphwurv

i{3> |3> }3> D>E>F> uj =

9Qrwh0vh txh/ ghylgr ã pdqhlud frpr irl gh�qlgr r yhfwru gh frpsrqhqwhv d�c�c�o/ hvwh

dsrqwd qr vhqwlgr gr fhqwur �2 sdud r fhqwur ��1
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7 Eleolrjud�d

Uhihuíqfldv

^4` Doyhv/ D1V1 0 Phwurorjld Jhrpìwulfd 0 Ixqgdêær Fdorxvwh Jxoehqnldq/ Olv0

erd/ 4<<9>

^5` Vdqwrv/ Mrujh P1 I1 grv 0 Dmxvwdphqwr gh Txägulfdv 0 Frlpeud/ 4<<8>

^6` Vdqwrv/ Mrujh P1 I1 grv 0 Wh{wrv gh Dsrlr ãv Dxodv gh Phwurorjld Jhrpìwulfd

0 Frlpeud/ Dqr Ohfwlyr gh 4<<;24<<<1

48


