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414 Xp srxfr gh klvwöuld grv qýphurv frpsoh{rv1
Frqvlghuh0vh d vhjxlqwh htxdêær

5 + n 25 n D ' f�
Dsolfdqgr suhflslwdgdphqwh d iöupxod uhvroyhqwh sdud htxdêøhv txdguäwlfdv rewhprv dv udð0
}hv=

5 ' �� ns�e h 5 ' ���s�e�
Gr srqwr gh ylvwd gd dqäolvh uhdo r vðperor s�e qær hvwä gh�qlgr h sru rxwur odgr d
lghqwl�fdêær gd h{suhvvær 5 + n25nD frp r juä�fr gh xpd sduäerod uhwlud txdotxhu gýylgd
vreuh r idfwr gd htxdêær 5 + n 25 n D ' f qær whu udð}hv uhdlv1
Frqwxgr/ vh xwlol}duprv dv vhjxlqwhv dv uhjudv irupdlv=s�@ + ' m@m s�� h �s��� + ' ��c
rewhprv remhfwrv %lpdjlqäulrv%

5 ' ��	s�e ' ��	 2s��c
txh srghp vhu frqvlghudgrv udð}hv gd htxdêær 5 + n25nD ' f1 Gh idfwr/ irupdophqwh whprv=

���	 2s���
+
n 2 ���	 2s���n D ' �
 es��� e� 2	 es�� n D

' f�

Hvwh wlsr gh frqvlghudêøhv whyh xpd lpsruwåqfld klvwöulfd qd uhvroxêær gh htxdêøhv/ qær gr
vhjxqgr judx +txh hudp ehp frpsuhhqglgdv qd dowxud,/ pdv gr whufhlur judx txdqgr dlqgd
vh ghvfrqkhfld xp irupd gh uhvroxêær jhudo ghvwdv htxdêøhv1
Qr vìfxor [YL/ r pdwhpäwlfr Fdugdqr dshuihlêrrx xpd plvwhulrvd iöupxod uhvroyhqwh sdud
htxdêøhv gr 6 , judx +iöupxod gh Fdugdqr,1 Hvwd iöupxod dsolfd0vh d htxdêøhv gd irupd -
qrupdo % . n R%n ^ ' f h hvfuhyh0vh +hp qrwdêær dfwxdo,
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Frqwxgr/ hperud hvwd iöupxod ixqflrqdvvh pxlwr ehp hp fhuwrv fdvrv + 0 /+�1 N � 243
5 ,/ kdyld

rxwurv + 0 /+�1 	 � 243
5 , hp txh d iöupxod hqyroyld dv lpdjlqäuldv udð}hv txdgudgdv gh qýphurv

qhjdwlydv1 R fdvr hud dlqgd pdlv plvwhulrvr srlv hudp frqkhflgrv h{hpsorv gh htxdêøhv
fýelfdv frp wuív udð}hv uhdlv hp txh d uhihulgd iöupxod vxsrvwdphqwh qær ixqflrqdyd sru
hqyroyhu udð}hv txdgudgdv gh qýphurv qhjdwlydv1

6 Txdotxhu htxdêær gr 6 7 judx vh srgh wudqvirupdu qxpd htxdêær frp hvwd irupd dwudyìv gh xpd pxgdqêd
gh yduläyhlv olqhdu1
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H{hpsor 414 Sdud d htxdêær

% . � �D%� e ' fc +414,
J1 Fdugdqr +sulqfðslr gr vìf1 [YL, rewhyh d vroxêær T

% ' /t2 ns��2� n /t2�s��2��
Pdlv wdugh U1 Erpehool +phdgrv gr vìf1 [YL, revhuyrx txh irupdophqwh

�2 ns��� . ' 2 ns��2�
h

�2�s��� . ' 2�s��2�
Shor txh xpd vroxêær gd htxdêær +414, ì

% ' 2 ns�� n 2�s��
' e

Dv rxwudv gxdv vroxêøhv +uhdlv$,/ �2ns� h �2�s� srghp vhu rewlgdv gh irupd vhphokdqwh
rx dwudyìv gd uhjud gh Ux!ql1

R plvwìulr dghqvdyd0vh1 Vö qr sulqfðslr gr vìf1 [L[ ì txh Jdxvv h rxwurv pdwhpäwlfrv/
frqvhjxludp xp dydqêr vljql�fdwlyr qhvwh sureohpd/ lghqwl�fdqgr fdgd qýphur lpdjlqäulr
gd irupd %n+s�� frp xp srqwr E%c +� gr sodqr +uhdo0 U + ,1 Rxwud eduuhlud svlfroöjlfd txh
irl xowudsdvvdgd/ irl d gh yhu r vðperor s��/ qær frpr xpd udl} lqh{lvwhqwh gh xpd fhuwd
htxdêær/ pdv frpr xp qýphur gh sohqr gluhlwr/ ghvljqdgr sru �/ txh hud h{whulru dr frusr
gh qýphurv uhdlv frqkhflgrv/ h txh vdwlvid}ld d sursulhgdgh � + ' ��1 Sruwdqwr/ sru xp odgr
frqfuhwl}rx0vh frp xpd lqwhusuhwdêær jhrpìwulfd/ sru rxwur odgr lghdol}rx0vh dodujdqgr r
frqfhlwr gh qýphur1

U Id}hqgr { @ x. y/ yhp {
V
@ x

V
. y

V
. 6xy{/ shor txh d htxdêær �fd

x
V
. y

V
. 6xy{� 48{� 7 @ 3=

Hvwd ì vdwlvihlwd vh
�

x
V
. y

V � 7 @ 3
xy @ 8 >
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Uhvroyhqgr hvwd htxdêær �fdprv frp x
V
@ 5	s�4541 Ghwhuplqdgr dv wuív udð}hv fýelfdv gh +sru h{hpsor,
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415 Sursulhgdghv dojìeulfdv h jhrpìwulfdv
Rv qýphurv frpsoh{rv +rx qýphurv lpdjlqäulrv, srghp vhu ylvwrv frpr r frqmxqwr grv
srqwrv gr sodqr +Sodqr frpsoh{r rx gldjudpd gh Dujdqg, pxqlgrv gd dglêær yhfwruldo h gh
xp surgxwr dedl{r ghvfulwr1 Whprv srlv xpd lghqwl�fdêær qdwxudo hqwuh U

+ h F=
E@c K� ' @ n �K�

Rv qýphurv frpsoh{rv irupdp xp frusr
F ' i%n �+ G % 5 Uc + 5 Uj c

pxqlgr gd vrpd
5 Y n 5 + ' E% Y n �+ Y � n E% + n �+ + � ' % Y n % + n � E+ Y n + + �

h gr surgxwr
5 Y 5 + ' E% Y n �+ Y � E% + n �+ + � ' % Y % + � + Y + + n � E+ Y % + n % Y + + � �

Qrwh0vh txh d vrpd ì d vrpd yhfwruldo xvxdo h r surgxwr jhqhudol}d r surgxwr gh xp hvfdodu
sru xp yhfwru ++ Y ' f,1
Gdu xp qýphur frpsoh{r 5 5 F/ 5 ' % n �+/ ì sruwdqwr gdu xp sdu gh qýphurv uhdlv/
%c + 5 U/ ghvljqdgrv uhvshfwlydphqwh sru sduwh uhdo + % ' +i 5, h sru sduwh lpdjlqäuld
++ ' W4 5, ghvvh qýphur frpsoh{r 51 Qrwh0vh txh 5 ' +i 5 n � W4 5 h txh W4 5 5 U1
R hl{r uhdo i5 5 F G W4 5 ' fj fruuhvsrqgh dr hl{r gdv deflvvdv/ txh srgh vhu frqvlghudgr
r frqmxqwr grv qýphurv uhdlv U frpr vxefrqmxqwr gr sodqr F grv qýphurv frpsoh{rv + vh
% 5 U/ hqwær % ' % n �f 5 F,/ qrwdqgr txh d vrpd h r surgxwr hp U vær d uhvwulêær gd
vrpd h gr surgxwr hp F ++ Y ' f h + + ' f,1
Gd phvpd irupd whprv r hl{r lpdjlqäulr i5 5 F G +i 5 ' fj fruuhvsrqgh dr hl{r gdv frru0
ghqdgdv1
R frqmxjdgr gh xp qýphur frpsoh{r 5 ' %n�+ ì r qýphur frpsoh{r 5 ' %��+ ' %n�E�+�1
Fruuhvsrqgh dr srqwr txh vh rewìp sru vlphwuld hp uhodêær dr hl{r uhdo1 Pxqlgrv ghvwd
rshudêær srghprv hvfuhyhu

+i 5 ' 5 n 5
2 h W4 5 ' 5 � 5

2� �

Ì lphgldwr yhul�fdu d vhjxlqwh sursulhgdgh
5 Y 5 + ' 5 Y 5 + c

l1 h1 r frqmxjdgr gr surgxwr ì ljxdo dr surgxwr grv frqmxjdgrv1 Gr phvpr prgr vh yhul�fd
txh r surgxwr gh xp qýphur shor vhx frqmxjdgr ì vhpsuh xp qýphur uhdo qær qhjdwlyr=

55 ' % + n + + �
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R Pögxor gh xp qýphur frpsoh{r ì gh�qlgr sru

m5m ' s55 ' s% + n + +

fruuhvsrqgh ã qrupd hp U
+ 1 R pögxor gd glihuhqêd hqwuh grlv qýphurv frpsoh{rv 5 Y '

% Y n �+ Y h 5 + ' % + n �+ + ì ljxdo/ sruwdqwr/ ã glvwåqfld hqwuh rv srqwrv gr sodqr txh hvwhv
qýphurv uhsuhvhqwdp

m5 Y � 5 + m ' t

E% Y � % + � + n E+ Y � + + � + �
Sru rxwur odgr/ vh W4 5 ' + ' f/ hqwær m5m ' s% + ' m%m/ frqfoxlqgr0vh txh r pögxor gh xp
qýphur frpsoh{r ì wdpeìp d jhqhudol}dêær gd ixqêær pögxor uhdo gh yduläyho uhdo1
Whprv hqwær txh m5m ì xp qýphur uhdo qær qhjdwlyr/ vhqgr qxor dshqdv qr fdvr 5 ' f1 Whprv
dlqgd dv vhjxlqwhv sursulhgdghv ehp frqkhflgdv=

mm5 Y m � m5 + mm � m5 Y n 5 + m � m5 Y mn m5 + m
+ghvljxdogdgh wuldqjxodu, h

4@ im+i 5m c mW4 5mj � m5m � m+i 5mn mW4 5m
+ m%m � s% + n + + � m%mn m+m,1 Sru rxwur odgr

m5 Y 5 + m ' m5 Y m m5 + m
+r pögxor gr surgxwr ì ljxdo dr surgxwr grv pögxorv,/ gh idfwr

m5 Y 5 + m + ' 5 Y 5 + 5 Y 5 + ' 5 Y 5 + 5 Y 5 + ' 5 Y 5 Y 5 + 5 + ' m5 Y m + m5 + m + �
Idflophqwh vh yhul�fd txh F ì xp frusr hp txh r hohphqwr qhxwur gd dglêær ì f ' f n �f h
r hohphqwr qhxwur gh pxowlsolfdêær ì � ' �n �f1 Hp sduwlfxodu sdud fdgd 5 5 F q ifj h{lvwh
xp +ýqlfr, lqyhuvr � 5 F +l1 h1 �5 ' � rx � ' �

5 ' 5 Z Y ,/ txh idflophqwh vh yhul�fd vhu
gdgr shod h{suhvvær

5 Z Y ' �m5m + 5�
Gh idfwr Y[ \�[ 3 55 ' Y[ \�[ 3 m5m + ' �1 Rx vhmd

E%n �+� Z Y ' %
% + n + + � � +

% + n + +

Vhqgr F xp frusr/ wdo frpr U/ glihuhqfld0vh ghvwh/ srutxh F qær ì rughqdgr1 Sru rxwur
odgr d glihuhqêd frp U

+ frqvlvwh qd rshudêær surgxwr> hp F d pxowlsolfdêær gh grlv srqwrv
gr sodqr ì dlqgd xp srqwr gr sodqr1


