
Vfkdowhq lqgxnwlyhu Odvwhq�

Glhwhu Iohlvfkpdqq

591 Pdl 5333

]xvdpphqidvvxqj

Ehlp Devfkdowhq lqgxnwlyhu Odvwhq wuhwhq zhjhq pdjqhwlvfkhu Hqhu0
jlhvshlfkhuxqj lq ghu Lqgxnwlylwçw Vwurpsureohph dxi1 Glh }xjhkùuljh
Wkhrulh zlug ehvsurfkhq xqg plw hlqhp Ehlvslho hujçq}w1

Lqkdowvyhu}hlfkqlv

4 Sk|vlndolvfkh Dvshnwh 4

5 Vfkdowxqjvwhfkqln 7
514 Vsxohqodgxqj/ 0hqw0 xqg 0xpodgxqj 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7

51414 Vsxohqodgxqj xqg 0hqwodgxqj 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7
51415 Vsxohqxpodgxqj 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8
51416 Glvnxvvlrq 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 ;

515 Dqsdvvxqj ghu Wkhrulh dq glh Sud{lv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 43
51514 Vfkdowxqj 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 44
51515 Hljhqvfkdiwhq ghv Vfkxw}hohphqwhv 1 1 1 1 1 1 1 1 1 1 1 1 1 45
51516 Qhw}zhundqdo|vh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 45
51517 Glvnxvvlrq 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 49
51518 Hqhujlh lp Vfkxw}hohphqw xqg vhlqh Huzçupxqj 1 1 1 1 1 4;

6 Vfkox ehphunxqj 55

4 Sk|vlndolvfkh Dvshnwh

Lq ghu Hohnwurg|qdpln xqwhuvfkhlghw pdq }zhl Nodvvhq yrq sdvvlyhq }zhlsroljhq
Edxhohphqwhq=

� vrofkh/ glh }xjhi kuwh hohnwulvfkh Hqhujlh lqvwdqwdq dxv lkuhu Vfkdowxqjv0
xpjhexqj luuhyhuvleho hqwihuqhq1 Lkuh dxijhqrpphqh Prphqwdqohlvwxqj
lvw yhuhlqeduxqjvjhpç vwhwv srvlwly/ gdkhu lvw gdv ]hlwplwwho ghu Prphqw0
dqohlvwxqj hehqidoov vwhwv srvlwly1

WGlhvhu Wh{w jhkùuw }xp XUO= kwws=22zzz1g hlvfkpdqq1dw
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Nhqq}hlfkhq= Glh Dekçqjljnhlw ghu Prphqwdqzhuwh yrq Vwurp xqg Vsdq0
qxqj nùqqhq lq hlqhu dojheudlvfkhq Johlfkxqj ehvfkulhehq zhughq1 Glhvh
Johlfkxqj khl w +hohnwulvfkh, Nhqqolqlh ghv Edxhohphqwhv1

� vrofkh/ glh }xjhi kuwh hohnwulvfkh Hqhujlh qlfkw dxv lkuhu Vfkdowxqjvxpjh0
exqj hqwihuqhq nùqqhq/ dehu zçkuhqg pdqfkhu ]hlwhq Hqhujlh dxv ghp vlh
xpjhehqghq Qhw}zhun lq vlfk vhoevw dxiqhkphq/ zçkuhqg dqghuhu ]hlwhq
dehu zlhghu Hqhujlh dq glhvhoeh Qhw}zhunxpjhexqj }xu fnolhihuq1 Zhlo
dooh Hqhujlh lq ghu Vfkdowxqj vhoevw yhueohlew xqg glh Vfkdowxqj +yrudxvvhw0
}xqjvjhpç 0 qhehq Hqhujlhtxhoohq 0 qxu ghuduwljh Edxhohphqwh hqwkdo0
whq vroo, vdpw Hqhujlhtxhoohq dejhvfkorvvhq lvw/ lvw gdv �doohv0 ehu0doohv0
]hlwplwwho� doohu Ohlvwxqjhq lq ghu Vfkdowxqj vwhwv qxoo1
Nhqq}hlfkhq= Glh Dekçqjljnhlw ghu Prphqwdqzhuwh yrq Vwurp xqg Vsdq0
qxqj nùqqhq qxu lq hlqhu Gl�huhqwldojohlfkxqj ehvfkulhehq zhughq1 Glhvh
Johlfkxqj khl w +hohnwulvfkh, Nhqqolqlh ghv Edxhohphqwhv1 Ghu dxiwuhwhqgh
Gl�huhqwldotxrwlhqw nhqq}hlfkqhw mhqh vndoduh Qhw}zhunjuù h/ ehu glh glh
}xjhi kuwh Hqhujlh jhvshlfkhuw zlug1

]x ghq Edxhohphqwhq plw ghq }xohw}w dqjhi kuwhq Hljhqvfkdiwhq jhkùuw glh
Lqgxnwlylwçw O=

plw irojhqghu Edxwhlohjohlfkxqj }xu gdujhvwhoowhq Ehsihloxqj=

x+w, @ O � gl+w,
gw

1 +4,

Glh Vsdqqxqj x @ x+w, lvw hlqh Lqgxnwlrqvvsdqqxqj +xqg nhlqh Rkpvfkh Vsdq0
qxqj> gdv Edxhohphqw O hqwkçow md nhlqhq Rkpvfkhq Zlghuvwdqg,1 Glh ghp
Edxhohphqw O }x}xrugqhqgh hohnwulvfkh Hqhujlh Z +w, qdfk=

gZ +w, @ sho+w, � gw @ x+w, � l+w, � gw @ O � l � gl +5,

eh}lhkw hv dxv vhlqhu Vfkdowxqjvxpjhexqj1 Vlh ndqq }xqçfkvw qxu dov }hlwolfkh
Çqghuxqj gZ +w, dqjhjhehq zhughq1 Glhvh Prphqwdqhqhujlh Z +w, zlug yrp
Edxhohphqw lqvwdqwdq +dovr dov gl�huhqwlhooh Çqghuxqj gZ +w, sur ]hlwlqwhuydoo
gw }xu ]hlw w, lq pdjqhwlvfkh PrphqwdqhqhujlhZp +w, xpjhzdqghow xqg lp Yr0
oxphq Yp/ lq ghp glh Lqgxnwlylwçw O Pdjqhwlvpxv dxveloghq ndqq/ jhvshlfkhuw1
Gdv Edxhohphqw O lvw qlfkw içklj/ glhvh Hqhujlh dxv ghu Vfkdowxqj }x hqwihuqhq1
Vlh lvw gdkhu lqqhukdoe ghu Vfkdowxqj }x elodq}lhuhq1 I u glhvh Elodq} lvw lp
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Pdjqhwnhuq glhvhv Edxhohphqwhv }x ehu fnvlfkwljhq4 =

Zp
Pdjqhwlvfkh Hqhujlh ehl E xqg K
lp Pdjqhwnhuq dp Ruw u }xu ]hlw w1

zp =@ gZp

gYp

+uçxpolfkh, pdjqhwlvfkh Hqhujlhglfkwh ehl
E xqg K lp Pdjqhwnhuq dp Ruw u }xu ]hlw w1

Czp+u>w,
Cw

@ K+u> w, � CE+u>w,
Cw

]hlwolfkh Çqghuxqj ghu +uçxpolfkhq, pdjqh0
wlvfkhq Hqhujlhglfkwh zp lp pdjqhwlvfk
+dxfk dqlvrwurshq, Udxp ehl E+u> w, xqg
K+u> w, lp Pdjqhwnhuq dp Ruw u }xu ]hlw w1

+6,

Hv irojw=

gZ +w, @ sho+w, � gw @ O � l � gl $
@ gZp+Yp> w, @

g

gw

�]
Yp

zp+w, � gYp
�
� gw 1

Lp Uhfkwvwhup glhvhu Johlfkxqj ndqq pdq ehl yrudxvjhvhw}whu Xqdekçqjljnhlw
yrq +Nhuq0, Udxp u xqg ]hlw w +dovr ehl uxkhqghp Pdjqhwv|vwhp, uçxpolfkh
Lqwhjudwlrq xqg }hlwolfkh Gl�huhqwldwlrq yhuwdxvfkhq xqg hukçow=

gZ +w, @ O � l � gl $
@ gZp+Yp> w, @ g

gw

�U
Yp

zp+u> w, � gYp
�
� gw @

@
�U

Yp

Czp+u>w,
Cw

� gYp
�
� gw @

�U
Yp

�
K+u> w, � CE+u>w,

Cw

�
� gYp

�
� gw 1

Glh Lqwhjudwlrq ehu glh Ehredfkwxqjv}hlw �w =@ w5 � w4 @ m�wm A 3v/ glh lp
Uhfkwvwhup glh hqwvsuhfkhqghq }hlwolfkhq Çqghuxqjhq ghu yhnwrulhoohq pdjqh0
wlvfkhq ]xvwdqgvjuù hq K+u> w, xqg E+u> w, lp Nhuqudxp u plw ghp Yroxphq
Yp ehu fnvlfkwljhq px / olhihuw glh jhiudjwh Hqhujlhelodq}=

Z +Yp> w4> w5, @

] l+w5,

l+w4,

O � l � gl @ O

5
� �l5 +w5,� l5 +w4,

�
@

@

]
Yp

�] w5

w4

�
K+u> w, � CE+u> w,

Cw

�
� gw

�
� gYp 1 +7,

Dxv glhvhu Eh}lhkxqj +7, px pdq vfkolh hq=

� Ehl shulrglvfkhq Xuvdfkhq zlug pdq glh ]hlwvsdqqh �w A 3v vr zçkohq
nùqqhq/ gd Z +w4> w5, yhuvfkzlqghw> zhqq qlfkw �vriruw�/ gdqq zhqljvwhqv
�qdfk hlqljhu Zduwh}hlw�1

� Ehl qlfkwshulrglvfkhq Xuvdfkhq yhuvfkzlqghw glh HqhujlhZ +Yp> w4> w5, l1d1
qlfkw1 Glhvhu Idoo lvw ehlp Vfkdowhq yrq doojhphlqhq lqgxnwlylwçwvkçowljhq

4Glh }xjhkùuljh Wkhrulh ju qghw vlfk dxi ghp Ehjul� ghv Sr|qwlqj0Yhnwruv1 Vlhkh Gd}x=
Glhwhu Iohlvfkpdqq = Edvlvzlvvhq Hohnwurwhfkqln/ Yrjho +4<<<,/ Dqkdqj Nds1 O s1:791
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Vwurpnuhlvhq yrq hlqhp pdjqhwlvfkhq ]xvwdqg lp Nhuq yrq O dxi hlqhq
dqghuhq pdjqhwlvfkhq ]xvwdqg lp Nhuq yrq O lpphu jhjhehq/ zhqq glhvh
Vwurpnuhlvh }x eholheljhq ]hlwhq 0 dovr xqdekçqjlj yrq hyhqwxhoo yrukdq0
ghqhq }hlwolfkhq Shulrgl}lwçwhq 0 yrq hlqhp lq hlqhq dqghuhq pdjqhwlvfkhq
]xvwdqg qlhguljhuhu jhvshlfkhuwhu pdjqhwlvfkhu Hqhujlh xpjhvfkdowhw zhu0
ghq p vvhq1 Gdv whfkqlvfkh Sureohp vwhoow vlfk gdqq dov Wudqvsruw ghu
xp}xvshlfkhuqghq pdjqhwlvfkhq Hqhujlh/ Irupho +7,=

Z +Yp> w4> w5, @
O

5
� �l5 +w5,� l5 +w4,

�
@

@

]
Yp

�] w5

w4

�
K+u> w, � CE+u> w,

Cw

�
� gw

�
� gYp /

ghuhq ]dkohqzhuw vwhwv srvlwly lvw/ dxv ghu Vfkdowxqj klqdxv lq lkuh
uçxpolfkh Xpjhexqj1 Glhvhu Wudqvsruw jhkw vhoevwyhuvwçqgolfk Kdqg
lq Kdqg plw hlqhu Xpzdqgoxqj lq hlqh glh dnwxhooh Dqzhqgxqj pùj0
olfkvw qlfkw gluhnw vwùuhqgh qlfkwhohnwurpdjqhwlvfkh Hqhujlhirup +phlvwhqv
Zçuph/ dehu dxfk phfkdqlvfkh Hqhujlh/ r1ç1,1 Xp glh zhlwhuh xpzhow0
vfkrqhqgh Hqwvrujxqj glhvhu Hqhujlhirup n pphuw vlfk ghu Vfkdowxqjv0
whfkqlnhu iuhlolfk ndxp phku 0 yrq oùeolfkhq Dxvqdkphq lq ghu Hqhu0
jlhwhfkqln dejhvhkhq1

Hv lvw ]lho glhvhu Duehlw/ gdv Vfklfnvdo ghu lq Irupho +7, ehvfkulhehqhq Hqhujlh
qdfk Gxufki kuxqj hlqhu jdq} ehvwlppwhq +vfkdowxqjvwhfkqlvfkhq, Ndpsipd 0
qdkph }x vfkloghuq1

5 Vfkdowxqjvwhfkqln

514 Vsxohqodgxqj/ 0hqw0 xqg 0xpodgxqj

51414 Vsxohqodgxqj xqg 0hqwodgxqj

Mhghu Hqhujlhwudqvsruw eudxfkw qrwzhqgljhuzhlvh ]hlw1 Gdkhu zlug
pdq vlfk plw ghu Wdwvdfkh de�qghq p vvhq/ glh lp Nhuq ghu Lqgxnwlylwçw O
jhvshlfkhuwh pdjqhwlvfkh Hqhujlh qxu shx ã shx dxfk zlhghu orv}xzhughq1

Gdv eolfkh Nrq}hsw=

Huvdw}vsdqqxqjvtxhooh dq Lqgxnwlylwçw plw Vfkdowhu lq Vhulh

lvw dxv ghq zhlwhu rehq jhvfkloghuwhq Ju qghq sk|vlndolvfkhu Xqvlqq xqg px
gdkhu yhuzruihq zhughq1 Pdq kdowh vlfk hwzd dq ^4/ s177:�`=
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Vfkdowxqjvehvfkuhlexqj=

Hlqh xqdekçqjljh Vwurptxhooh plw ghp +Jur vljqdo0, Vwurp l3+w, dov
Txhoojuù h zlug plw ghp Vfkdowhu V }x eholheljhq ]hlwhq w hehqvr eh0
olhelj hlq02dxvjhvfkdowhw1 Gdkhu vwhoohq vlfk glh Jur vljqdoh doohu dq0
ghuhq }hlwdekçqjljhq ]zhljvwuùph lU+w, xqg lO+w,/ vrzlh ghu Vsdq0
qxqj x+w, hqwvsuhfkhqg ghq sk|vlndolvfkhq Yrudxvvhw}xqjhq hlq1 Vlh
vlqg 0 elv dxi ghq Vwurp ghv Vfkdowhuv V 0 yroovwçqglj hlqjh}hlfkqhw1
Gdv Sureohp ghu lq ghu Lqgxnwlylwçw O jhvshlfkhuwhq pdjqhwlvfkhq
Hqhujlh ehl eholheljhu Vwhooxqj ghv Vfkdowhuv V ndqq sk|vlndolvfk
hlqzdqgiuhl ehkdqghow zhughq1

Ghu Vfkdowhu V duehlwh lghdo= Lvw hu jhvfkorvvhq/ vr içoow nhlqh Vsdq0
qxqj dq lkp de/ lvw hu r�hq/ vr i kuw hu nhlqhq Vwurp1 Xqg gdv doohv
mhzhlov �vriruw�/ dovr lp Dxjhqeolfn ghv Ehwçwljhqv1

Hlqidfkkhlwvkdoehu kdeh lfk dooh Vwuùph xqg Vsdqqxqjhq plw Nohlq0
exfkvwdehq eh}hlfkqhw/ xqdekçqjlj gdyrq/ re vlh mhzhlov hlqhq qlfkw0
yhuvfkzlqghqghq Johlfkdqwhlo ehvlw}hq/ rghu qlfkw1

51415 Vsxohqxpodgxqj

Vfkdowxqj Reljh Dqrugqxqj ehvfkuhlew mhqhq Yrujdqj/ ghu eolfkhuzhlvh xq0
whu Vsxohqodgxqj +rghu dxfk Vsxohqhqwodgxqj, ehndqqw lvw1 Glh Yhudoojhphlqh0
uxqj lvw glh Vsxohqxpodgxqj yrp ]xvwdqg 4 dxi ]xvwdqg 5=

]xvwdqg 4 ]xvwdqg 5
l4 =@ l+w4, l5 =@ l+w5,

K4 =@ K +w4, K5 =@ K +w5,
E4 =@ E +w4, E5 =@ E +w5,

]x glhvhp Yrujdqj jhkùuw irojhqgh Vfkdowxqj=

V lq Vwhooxqj
�

d i u w ? w3
e vrqvw

/ V duehlwhw xqwhueuhfkxqjviuhl1 +8,

Vfkdowxqjvehvfkuhlexqj=
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I u dooh ]hlwhq w ? w3 yhuvrujw glh Hqhujlhtxhooh L34 glh Sdudooho0
vfkdowxqj +U@@O,1 Vrqvw ehuqlppw glh Hqhujlhtxhooh L35 glhvhq
Mre xqwhueuhfkxqjviuhl1 Glh mhzhlov qlfkw dov Hqhujlholhihudqw ehqù0
wljwh Txhooh oçxiw lq}zlvfkhq xpzhowvfkrqhqg lp Nxu}vfkox ehwulhe
zhlwhu1 Ghq ehlghq Xuvwurptxhoohq zxughq }hlwxqdekçqjljh Txhoo0
Johlfkvwuùph dxijh}zxqjhq/ gdplw glh qdfkirojhqgh Pdwkhpdwln vr
hlqidfk zlh pùjolfk eohlehq ndqq1

Yrq ghq ]dkohqzhuwhq iL34j xqg iL35j ghu Juù hq L34 xqg L35 zlug
eor yhuodqjw/ gd vlh uhhooh ]dkohq vhlhq> ehu lku �Yru}hlfkhq� zlug
nhlqhvzhjv yhui jw1

Qhw}zhundqdo|vh Yru Ehjlqq ghu Qhw}zhundqdo|vh/ glh vlfkhuolfk glh ]hlw
w dov }hqwudoh sk|vlndolvfkh Juù h hqwkçow/ px pdq vlfk qdwxujhpç dxi glh
Vfkdowhuvwhooxqj hlqljhq/ zhlo vlh md glh hqhujhwlvfkh Dqidqjvehglqjxqj gh�qlhuw1
Yhuhlqeduhq zlu=

Dqdo|vlhuw zlug i u ]hlwhq w � w3=

Xqwhu glhvhq Xpvwçqghq ehvlw}w glh Vfkdowxqj }zhl Edxhohphqwh xqg }zhl Nqr0
whq1 Gdkhu jlow=

Edxwhlohjohlfkxqjhq=

x @ U � lU +9,

x @ O � glO
gw

+:,

Nqrwhqjohlfkxqj=

L35 @ lU . lO +;,

Lq glhvhp Johlfkxqjvv|vwhp/ Iruphoq +9, = = = +;,/ vlqg irojhqgh sk|vlndolvfkh
Juù hq ehndqqw =

U Rkpvfkhu Zlghuvwdqg

O Lqgxnwlylwçw

w3 Vfkdow}hlwsxqnw

L34
qdfk +U@@O, }x lh hqghu +Johlfk0, Vwurp lp
Vfkdow}hlwsxqnw w3 +Dqidqjvehglqjxqj,

L35 qdfk +U@@O, }x lh hqghu +Johlfk0, Vwurp i u dooh ]hlwhq w � w31

Lq glhvhp Johlfkxqjvv|vwhp/ Iruphoq +9, = = = +;,/ vlqg irojhqgh sk|vlndolvfkh
Juù hq xqehndqqw =

lU Vwurp gxufk U

lO Vwurp gxufk O

x Vsdqqxqj ehu +U@@O@@L35,1
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Zhlo guhl Johlfkxqjhq }xu Yhui jxqj vwhkhq/ vlqg +ehl yrudxvjhvhw}whu Oùvedu0
nhlw ghv V|vwhpv, nhlqhuohl Vfkzlhuljnhlwhq }x huzduwhq1 Yrq ghq guhl xqehndqq0
whq sk|vlndolvfkhq Juù hq zçkohq zlu ghq Vwurp lO @ lO+w, dov ]lhojuù h dxv/
zhlo glh Lqgxnwlylwçw O pdjqhwlvfkh Hqhujlh Zp ehu ghq Vwurp lO vshlfkhuq
px =

L35 @
O

U
� glO
gw

. lO 1

Plw ghu ]hlwnrqvwdqwhq � =

� =@
O

U
+<,

eulqjhq zlu glhvh Johlfkxqj dxi Qrup=

glO
gw

.
4

�
� lO @

L35
�

1 +43,

Irupho +43, lvw glh Vwdqgdug0Gl�huhqwldojohlfkxqj doohu hlqvfkoçjljhq Xpodgh0
yrujçqjh/ zhvkdoe lfk plfk nxu} idvvh ^4/ s1784`=

� ]xjhrugqhwh krprjhqh Johlfkxqj=

glO>k
gw

.
4

�
� lO>k @ 3 1 +44,

� Ghuhq Oùvxqj=

lO>k +w, @ n � h� w

� 1 +45,

Glh Lqwhjudwlrqvnrqvwdqwh n lvw hlq Vwurp1

� Hlqh sduwlnxoçuh Oùvxqj yrq Irupho +43, lvw=

lO>s @ L35 1 +46,

� Doojhphlqh Oùvxqj yrq Irupho +43, lvw gdkhu=

lO +w, @ lO>k +w, . lO>s @ n � h� w

� . L35 1 +47,

� Dqsdvvxqj dq glh qrfk doojhphlq irupxolhuwh Dqidqjvehglqjxqj/ Irupho
+8,=

lO +w3,
$
@ L34 +48,

olhihuw lq Irupho +47,=

lO +w3, @ n � h� w3

� . L35
$
@ L34 1

Hv irojw=

n @ +L34 � L35, � h
w3

� /

gdkhu lvw ghu jhvxfkwh Vwurp lO gxufk glh lghdoh Vsxoh=

lO +w, @ n � h� w

� . L35 @ +L34 � L35, � h�
w�w3

� . L35 @

@ L34 � h�
w�w3

� . L35
�
4� h�

w�w3

�

�
1 +49,

:



51416 Glvnxvvlrq

Irupho +49, ehvfkuhlew gdv Vfklfnvdo ghv Vsxohqvwurphv lO/ zhqq hu

� }xu Xpvfkdow}hlw w3 glh Dqidqjvehglqjxqj qdfk Irupho +48,=

lO +w3,
$
@ L34 /

� xqg qdfk xqhqgolfk odqjhu ]hlw glh irojhqgh Ehglqjxqj +vlh lvw sduwlnxoçuh
Oùvxqj ghu Gl�huhqwldojohlfkxqj Irupho +43,,=

olp
w$4

lO +w, @ olp
w$4

�
L34 � h�

w�w3

� . L35
�
4� h�

w�w3

�

��
@ L35 +4:,

hui oow1
Gdehl lvw hv xqzhvhqwolfk/ dxi zhofkh Duw xqg Zhlvh glh Dqidqjvehglqjxqj/
Irupho +48,/ }xvwdqgh nrppw 0 re dovr lO +w3,

$
@ L34 dxv Johlfkvwurp L34 vwdppw/

rghu Prphqwdqzhuw hlqhv Jur vljqdov l34 +w @ w3, }xu vhoehq ]hlw w @ w3 lvw1
Hlq Judsk yrq lO +w, qdfk Irupho +49, ndqq uhlq rswlvfk vhku yhuvfklhghq dxv0
vhkhq/ zlh i u w3 @ 3v jh}hljw zlug5 =

� Nodvvlvfkh Hqwodgxqj/ Irupho +49,/ i u
�

L34 @ mL34m
L35 @ 3D

=

lO +w,

L34
@ h�

w

�

0

0.2

0.4

0.6
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� Nodvvlvfkh Odgxqj/ Irupho +49,/ i u
�

L34 @ 3D
L35 @ mL35m =

lO +w,

L35
@ 4� h�

w

�

5Yhujohlfkh gd}x glh pqhprwhfkqlvfkhq Kloivplwwho lq Glhwhu Iohlvfkpdqq = Edvlvzlvvhq
Hohnwurwhfkqln/ Yrjho Z u}exuj +4<<<,/ s173;1
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� Xpodgxqj/ Irupho +49,/ i u
�

L34 @ 6D
L35 @ 3=8D

=
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� Xpodgxqj/ Irupho +49,/ i u
�

L34 @ �6D
L35 @ 3=8D

=

lO +w,

D
@ �6 � h� w

� . 3=8 �
�
4� h�

w
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� Xpodgxqj/ Irupho +49,/ i u
�

L34 @ �6D
L35 @ �3=8D

=

lO +w,

D
@ �6 � h� w

� � 3=8 �
�
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Zlh pdq hunhqqw/ hqwkçow glh doojhphlqh Oùvxqj/ Irupho +49,/ ghu Gl�huhqwl0
dojohlfkxqj/ Irupho +43,/ dooh pùjolfkhq ehndqqwhq Dxvsuçjxqjhq yrq �Odgh0
xqg Hqwodghnxuyhq� ^4/ s173;`1

515 Dqsdvvxqj ghu Wkhrulh dq glh Sud{lv

Elvkhu nùqqhq Nulwlnhu glhvhv Wh{whv hlqzhqghq/ gd glh }xyru hqwzlfnhowh Wkhr0
ulh ghvkdoe sud{lviuhpg vhl/ zhlo nhlq yhuq qiwlhjhu Phqvfk Vwurptxhoohq dov
Hqhujlhtxhoohq yhuzhqgh1 Qdw uolfk jhkw glhvh Nulwln lqv Ohhuh/ zhlo pdq ehl
Yhuzhqgxqj yrq Vsdqqxqjvtxhoohq dov Hqhujlhtxhoohq glh lghqwlvfkh Johlfkxqjv0
vwuxnwxu zlh Irupho +43, hukçow/ zlh johlfk jh}hljw zlug1
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51514 Vfkdowxqj

]xqçfkvw zlug glh Sdudoohovfkdowxqj +L3@@V@@U@@O, yrq Devfkqlww 51415 lq glh
lghqwlvfkh gxdoh Vfkdowxqj xpjh}hlfkqhw ^4/ s177;`1 Ehl glhvhu Wçwljnhlw hulq0
qhuh pdq vlfk gdudq/ gd whfkqlvfk dxvjhi kuwhq Vsxohq Yhuoxvwh dqkdiwhq1 Gdv
hlqidfkvwh Huvdw}vfkdowelog hlqhu qlfkwlghdohq Vsxoh ehu fnvlfkwljw eor Nxsihu0
yhuoxvwh/ glh gxufk Vwurp x yhuxuvdfkw zhughq xqg gdkhu dov Vhulhqzlghuvwdqg
UFx }x ehu fnvlfkwljhq vlqg ^4/ s179:`1 Glhvhu hlqidfkhq Sklorvrsklh zroohq zlu
dqkçqjhq1
Zhlo gdv Vfkdowhq +lq Irup ghv Xqwhueuhfkhqv hlqhv Vwurphv, ehl Lqgxnwlylwçwhq
dxv sk|vlndolvfkhq Ju qghq yhuerwhq lvw/ px ehl Devfkdowhq ghu Hqhujlh}xixku
dxv ghu xqdekçqjljhq Txhooh glh lp Pdjqhwnhuq yrq O jhvshlfkhuwh Hqhujlh
hlqhq �Zhj lqv Iuhlh� hukdowhq1 I u glhvhq ]zhfn zlug hlq }zhlsroljhv sdvvlyhv
Vfkxw}hohphqw Vfk sdudooho }xu Vsxoh +O�UFx,/ glh ghq Hqhujlhvshlfkhu O
lp Lqqhuhq hqwkçow/ jhvfkdowhw1 Lp �Qrupdoehwulhe�/ g1k1 ehl jhvfkorvvhqhp
Vfkdowhu V/ gdui Vfk qlfkw vwùuhq/ dovr nhlqhq Vwurp i kuhq1
Gdv Hujheqlv glhvhu ßehuohjxqjhq lvw irojhqghu Vwurpodxi=

Vfkdowhu V
�

jhvfkorvvhq i u w ? w3
r�hq vrqvw1

+4;,

Glh Huvdw}vsdqqxqjvtxhooh +X3+w, @ mX3+w,m > U, plw ghu Txhoojohlfkvsdqqxqj
Xr @ mXrm zlug 0 qdfk +wkhruhwlvfk, xqhqgolfk odqjhp Ehwulhe 0 plw ghp Vfkdowhu
V }xu ]hlw w3 yrp Yhueudxfkhu +O�UFx, dejhvfkdowhw1 ]x glhvhp ]hlwsxqnw
jlow/ jhqdxvr zlh gdxhuqg gdyru =

lVfk+w3, @ 3D 1

Gdkhu lvw ghu Vsxohqvwurp lp Devfkdow}hlwsxqnw w3=

lO+w3, @
Xr
UFx

/ +4<,

zhlo +oçqjvw, nhlqh Lqgxnwlrq +phku, vwdww�qghw1
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Gdv Sureohp ghu lq ghu Lqgxnwlylwçw O jhvshlfkhuwhq pdjqhwlvfkhq Hqhujlh zlug
sk|vlndolvfk hlqzdqgiuhl dejhkdqghow= Ghu Vwurp lO+w, gxufk glh Vhulhqvfkdo0
wxqj +O�UFx, ndqq qdfk Ù�qhq ghv Vfkdowhuv V }x eholheljhu ]hlw w � w3 ehu

gdv }zhlsroljh Vfkxw}hohphqw Vfk zhlwhu lh hq= lO+w,
$
@ lVfk+w, i u w � w31 Glh

Hljhqvfkdiwhq glhvhv Vfkxw}hohphqwhv Vfk zhughq zhlwhu xqwhq glvnxwlhuw1

Ghu Vfkdowhu V duehlwh lghdo= Lvw hu jhvfkorvvhq/ vr içoow nhlqh Vsdqqxqj dq lkp
de/ lvw hu r�hq/ vr i kuw hu nhlqhq Vwurp1 Xqg gdv doohv mhzhlov �vriruw�/ dovr lp
Dxjhqeolfn ghv Ehwçwljhqv1 Gdplw wuhqqw hu ehlp Dxvvfkdowhq glh Huvdw}vsdq0
qxqjvtxhooh +X3+w, @ mX3+w,m > U, yrp Uhvw ghu Vfkdowxqj de1

51515 Hljhqvfkdiwhq ghv Vfkxw}hohphqwhv

Gdv lq reljhu Vfkdowxqj yhuzhqghwh Vfkxw}hohphqw Vfk kdeh irojhqgh lghdoh
Nhqqolqlh=

Zlh lp Lqqhuhq ghv Edxhohphqwv|perov zhlwhu rehq dqjhghxwhw/ hukçow pdq
glhvhv Yhukdowhq dqjhqçkhuw gxufk Vhulhqvfkdowxqj hlqhu ]0Glrgh/ ]0Vsdqqxqj
X} @ mX}m/ xqg hlqhu +qrupdohq, Glrgh1 Vlfkhukhlwvkdoehu ehvfkuhleh lfk hlqljh
Ghwdlov=

� Glh +qrupdoh, Glrgh yhuklqghuw Vwurp x � mLVfkm1 Ghvkdoe vwùuw gdv
Vfkxw}hohphqw Vfk lp Qrupdoehwulhe yrq +O�UFx,/ zhqq ghu Vfkdowhu
V jhvfkorvvhq lvw/ qlfkw1

� Glh ]0Glrgh vwhoow X} @ mX}m +lq Vwurp x ulfkwxqj mLVfkm, hlq1 Lvw ghu
Vfkdowhu V jhù�qhw/ vr ndqq mhqhu Vwurp lO/ ghu glh pdjqhwlvfkh Hqhu0
jlh Zp +w3, lp Nhuq yrq O deedxw/  lh hq1 Gdehl hu}hxjw hu ehu ghp
Vfkxw}hohphqw Vfk glh Vsdqqxqj X} @ mX}m1

� Gdv Vfkxw}hohphqw Vfk duehlwhw i u XVfk @ X} @ mX}m dov lghdoh Yhueudx0
fkhuvwurptxhooh ^4/ s147:i`1 Kdw qxu hlqpdo qdfk Ù�qhq ghv Vfkdowhuv V
ghu Vwurp LVfk dxi LVfk @ 3D dejhqrpphq/ vr ndqq ehl nhlqhu Vsdqqxqj
XVfk � X} @ mX}m Vwurp LVfk  lh hq/ zhlo ghp Vfkxw}hohphqw Vfk nhlqh
Hqhujlh phku }xjhi kuw zlug1

51516 Qhw}zhundqdo|vh

Yru Ehjlqq ghu Qhw}zhundqdo|vh/ glh vlfkhuolfk glh ]hlw w dov }hqwudoh sk|vlndol0
vfkh Juù h hqwkçow/ px pdq vlfk qdwxujhpç dxi glh Vfkdowhuvwhooxqj hlqljhq/
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zhlo vlh md glh hqhujhwlvfkh Dqidqjvehglqjxqj gh�qlhuw1 Yhuhlqeduhq zlu=

Dqdo|vlhuw zlug i u ]hlwhq w � w3=

Xqwhu glhvhq Xpvwçqghq ndqq nhlq Vwurp l  lh hq= l+w, � 3D +Lghqwlwçw lq ghu
]hlw w A 3v, xqg glh Vfkdowxqj uhgx}lhuw vlfk dxi=

Klhu jlew hv guhl Edxhohphqwh xqg hlqh Pdvfkh=

Edxwhlohjohlfkxqjhq=

xO @ O � glVfk
gw

+53,

xFx @ UFx � lVfk +54,

xVfk @ X} @ mX}m +55,

Pdvfkhqjohlfkxqj=

xO . xFx . xVfk @ 3 +56,

]xvçw}olfk zlug zhjhq ghu Sdvvlylwçw ghv Vfkxw}hohphqwhv Vfk jh0
irughuw=

+lO @, lVfk @ mlVfkm +57,

Lq ghq ylhu Dqdo|vhqjohlfkxqjhq/ Iruphoq +53, � � � +56,/ vlqg irojhqgh sk|vlnd0
olvfkh Juù hq ehndqqw =

O Lqgxnwlylwçw

UFx Nxsihuyhuoxvwzlghuvwdqg

X} Vfkxw}hohphqwvsdqqxqj ehl Vwurp x lVfk � 3D

w3 Vfkdow}hlwsxqnw
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Lq ghq ylhu Dqdo|vhqjohlfkxqjhq/ Iruphoq +53, xqg +56,/ vlqg irojhqgh sk|vlnd0
olvfkh Juù hq xqehndqqw =

xO Vsdqqxqj ehu O

xFx Vsdqqxqj ehu UFx

xVfk Vsdqqxqj ehu Vfk

lO @ lVfk Vwurp gxufk O/ UFx xqg Vfk

Zhlo ylhu Johlfkxqjhq }xu Yhui jxqj vwhkhq/ vlqg +ehl yrudxvjhvhw}whu Oùvedu0
nhlw ghv V|vwhpv, nhlqhuohl Vfkzlhuljnhlwhq }x huzduwhq1

Glh xqehndqqwh Vsdqqxqj xVfk @ X} ohvhq zlu dxv Johlfkxqj +55, vriruw de1

Gdplw yhueohlew dov Johlfkxqjvv|vwhp=

xO @ O � glVfk
gw

xFx @ UFx � lVfk
xO . xFx @ �X} 1

Yrq ghq guhl xqehndqqwhq sk|vlndolvfkhq Juù hq xO/ xFx xqg lVfk zçkohq
zlu zlhghuxp ghq Vwurp +lO @, lVfk @ lVfk+w, dxv/ zhlo glh Lqgxnwlylwçw O
pdjqhwlvfkh Hqhujlh Zp ehu ghq Vwurp lO @ lVfk vshlfkhuq px =

O � glVfk
gw

.UFx � lVfk @ �X} 1

Plw ghu ]hlwnrqvwdqwhq � =

� =@
O

UFx

+58,

eulqjhq zlu glhvh Johlfkxqj dxi Qrup=

glVfk
gw

.
4

�
� lVfk @ �X}

O
1 +59,

Irupho +59, lvw glh Vwdqgdug0Gl�huhqwldojohlfkxqj doohu hlqvfkoçjljhq Xpodgh0
yrujçqjh xqg elv dxi gdv Vwùujolhg lghqwlvfk plw Irupho +43,/ zhvkdoe çkqolfk
zlh yrukhu jlow=

� ]xjhrugqhwh krprjhqh Johlfkxqj=

glVfk>k
gw

.
4

�
� lVfk>k @ 3 1 +5:,

� Ghuhq Oùvxqj=

lVfk>k +w, @ n � h� w

� 1 +5;,

Glh Lqwhjudwlrqvnrqvwdqwh n lvw hlq Vwurp1
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� Hlqh sduwlnxoçuh Oùvxqj yrq Irupho +59, lvw=

lVfk>s @ �X}
O

� � @ � X}
UFx

1 +5<,

� Doojhphlqh Oùvxqj yrq Irupho +59, lvw gdkhu=

lVfk +w, @ lVfk>k +w, . lVfk>s @ n � h� w

� � X}
UFx

1 +63,

� Dqsdvvxqj dq glh Dqidqjvehglqjxqj/ Irupho +4<,=

+lO+w3, @, lVfk +w3, @
Xr
UFx

1

olhihuw lq Irupho +63,=

lVfk +w3, @ n � h� w3

� � X}
UFx

@
Xr
UFx

1

Hv irojw=

n @
Xr . X}
UFx

� h w3� /

xqg gdkhu qdfk Irupho +63, ghu jhvxfkwh Vwurp lO +w, @ lVfk +w, gxufk glh
Vsxoh plw Nxsihuyhuoxvwhq=

lO +w, @ lVfk +w, @ n � h� w

� � X}
UFx

@

�
Xr . X}
UFx

�
� h� w�w3

� � X}
UFx

@

@
Xr
UFx

� h� w�w3

� � X}
UFx

�
�
4� h�

w�w3

�

�
1 +64,

Ehlvslho= Xr @ 53Y UFx @ 7
 w3 @ 3v

X} @ :8Y � @ 3=38v

Plw Irupho +64, irojw=

lO +w, @ lVfk +w, @
Xr
UFx

� h� w�w3

� � X}
UFx

�
�
4� h�

w�w3

�

�
@

@

�
53

7
� h� w�3v

3=38v � :8

7
�
�
4� h�

w�3v

3=38v

��
D 1

Judsk gd}x=
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Zhlo qhjdwlyh Vwuùph lVfk @ � mlVfkm dxv sk|vlndolvfkhq Ju qghq qlfkw
yrunrpphq nùqqhq/ lvw glh Vwurp x }hlw jhjhq ehu hwzd i q�dfkhu ]hlw0
nrqvwdqwhu � vhku ghxwolfk uhgx}lhuw/ zlh pdq lp Judsk deohvhq ndqq=

8� @ 583pv wde ? 48pv 1

Gdu ehu klqdxv zlug ghu Vwurp lVfk gxufk gdv Vfkxw}hohphqw Vfk/ ghu
johlfk}hlwlj Vsxohqvwurp lO lvw/ gh�qlhuw dxi qxoo jhvwhoow1

51517 Glvnxvvlrq

41 Gdv Vfkxw}hohphqw Vfk lvw hlq sdvvlyhu ]zhlsro/ gdkhu px ghu Vwurp
lVfk +w, qdfk Ehsihloxqj lp Vfkdowelog/ Devfkqlww 51514/ vwhwv srvlwly vhlq1
Dxi glhvhq Xpvwdqg zxugh vfkrq lq Irupho +57, klqjhzlhvhq1 Lq Irupho
+64, irojw vrplw zhjhq=

X} @ mX} m / +65,

zrudxi lq Devfkqlww 51515 klqjhzlhvhq zxugh/ xqg zhjhq=

X3 @ mX3m /

zrudxi lq Devfkqlww 51514 klqjhzlhvhq zxugh=

3 � X}
Y

�
�
4� h�

w�w3

�

�
� Xr

Y
� h� w�w3

� /

rghu=

3 � X}
Xr

� h�
w�w3

�

4� h�
w�w3

�

@
4

h
w�w3

� � 4
@= | +w, 1 +66,

Nohlqvwhv Dujxphqw w�w3
�

ghu H{srqhqwldoixqnwlrq h
w�w3

� lvw zhjhq ghu yhu0
hlqeduwhq ]hlwehvfkuçqnxqj qdfk Devfkqlww 51516= w � w3 glh ]dko 31 Gdkhu
lvw ghu Judsk }x Irupho +66,=
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Pdq hunhqqw/ gd }xu Vfkdow}hlw w @ w3 mhgh eholheljh Vsdqqxqj X} @ mX}m
ghv Vfkxw}hohphqwhv Vfk +vlh lvw hlq Sdudphwhu ghv Edxhohphqwhv Vfk,
dqjhzhqghw zhughq ndqq1

51 Glh Ehvfkuçqnxqj dxi glh sk|vlndolvfkh Irughuxqj=

3 � X}
Xr

� 4

h
w�w3

� � 4
@= | +w,

i u dooh ]hlwhq w jhpç w3 � w � 4 qdfk Irupho +66, zlug }xu Glphqvlr0
qlhuxqj ghv Vfkxw}hohphqwhv Vfk yhuzhqghw1

+d, Glh Zdko yrq X} ehl ihvwhp Xr qdfk=

3 � X}
Xr

@= p +5 U., +67,

lp Vfkdow}hlwsxqnw w @ w3 lvw yùoolj iuhl1 Qhqqhq zlu glhvh srvlwlyh
uhhooh ]dko p Pxowlsolndwru1

+e, Glh Devfkdowyhu}ùjhuxqj ndqq dov Vwurp x }hlw �wde =@ wde � w3 i u
w @ wde dxv Irupho +64, ehuhfkqhw zhughq=

Xr
UFx

� h� w
de
�w3

� � X}
UFx

�
�
4� h�

w
de
�w3

�

�
@ 3 1

Glh Oùvxqj lvw 0 xqwhu Yhuzhqgxqj ghv Pxowlsolndwruvp qdfk Irupho
+67,=

�wde =@ wde � w3 @ � � oq
�
4 .

Xr
X}

�
@ � � oq

�
4 .

4

p

�
1 +68,

Irupho +68, vwhoow nodu/ gd plw vwhljhqghpPxowlsolndwrup glh Vwurp0
 x }hlw �wde deqlppw=

�wde & plw p =@
X}
Xr

% 1

4:



Juhq}idoo=

olp
p$4
X}

Y
$4

�wde @ � �
�

olp
p$4

oq

�
4 .

4

p

��
@ 3v 1

Dxv ghu Shuvshnwlyh nxu}hu Devfkdow0 rghu Vwurp x }hlw �wde lvw
hv gdkhu huvwuhehqvzhuw/ Vfkxw}hohphqwh Vfk plw pùjolfkvw krkhu
Gxufkeuxfkvvsdqqxqj X} }x yhuzhqghq1

61 Ghu rehq huzçkqwhq Vwudwhjlh ghu Dqzhqgxqj krkhu Gxufkeuxfkvvsdq0
qxqjhq X} }xu Hu}lhoxqj nxu}hu Devfkdow}hlwhq �wde vwhoow glh Sk|vln do0
ohuglqjv glh lqvwdqwdqh Xpzdqgoxqj jhvshlfkhuwhu pdjqhwlvfkhu Hqhujlh
Zp+w @ w3, lq hlqh �qlfkwvwùuhqgh� Hqhujlhirup/ glh zçkuhqg hehqglhvhu
pùjolfkvw nxu}hq ]hlwvsdqqh �wde dxv ghu Vfkdowxqj klqdxvehiùughuw zhu0
ghq px / hqwjhjhq1 Glhv zxugh lp Devfkqlww 4 ehvfkulhehq1
Jhqdx glhvhu Xpvwdqg eloghw qhehq ghu Zdko yrq �wde +e}z1 X}, gdv
}zhlwh Glphqvlrqlhuxqjvnulwhulxp1

71 �Vfkohfkwhv� Hlvhq plw krkhq Xppdjqhwlvlhuxqjvyhuoxvwhq xqwhuvw w}w ghq
udvfkhuhq Deedx yrq lp Devfkdow}hlwsxqnw w @ w3 jhvshlfkhuwhu pdjqh0
wlvfkhu Hqhujlh Zp+w @ w3,/ zhlo qhehq ghp Vfkxw}hohphqw Vfk xqg
ghp Nxsihuyhuoxvwzlghuvwdqg UFx dxfk dqghuh sdvvlyh Edxhohphqwh dq
ghu Xpzdqgoxqj xqg ghp Dewudqvsruw lqv Vfkdowxqjvçx huh ghu yrq ghu
Lqgxnwlylwçw O jhvshlfkhuwhq pdjqhwlvfkhq Hqhujlh Zp+w @ w3, ehwhloljw
vlqg1 Hlvhqyhuoxvwh vlqg hwzd ghp Iox glfkwhtxdgudw lp Hlvhq sursru0
wlrqdo xqg p vvhq lp +yhuehvvhuwhq, Huvdw}vfkdowelog yhuoxvwehkdiwhwhu
Vsxohq gdkhu dov Zlghuvwdqg sdudooho }xu Lqgxnwlylwçw O ehu fnvlfkwljw
zhughq ^4/ s179:`1 Glhvh yhuihlqhuqgh Wdwvdfkh zlug lp yruolhjhqghq yhu0
juùehuqghq Wh{w qlfkw ehu fnvlfkwljw1 Hlvhqyhuoxvwh vlqg doohuglqjv dxfk
ehlp Vfkdowhq yrq Vsxohq/ glh �vrqvw� plw Johlfkvwurp ehwulhehq zhughq/
zlunvdp1

51518 Hqhujlh lp Vfkxw}hohphqw xqg vhlqh Huzçupxqj

Ghu Devfkdowvwurpnuhlv yrq Devfkqlww 51516 hqwkçow guhl qxu sdvvlyh Edxhoh0
phqwh=

Eh}hlfkqxqj Ixqnwlrq

Lqgxnwlylwçw O
olhihuw glh }xu Vfkdow}hlw w3 lq O
jhvshlfkhuwh pdjqhwlvfkh Hqhujlh
Zp zçkuhqg w � w3 dxv

Nxsihuyhuoxvwzlghuvwdqg UFx
zdqghow ghq hlqhq Whlo yrq Zp lq
Zçuph xp

Vfkxw}hohphqw Vfk
zdqghow ghq dqghuhq Whlo yrq Zp

lq Zçuph xp1

4;



Ehlgh Edxhohphqwh }xvdpphq/ Nxsihuyhuoxvwzlghuvwdqg UFx xqg Vfkxw}hoh0
phqw Vfk/ p vvhq +dejhvhkhq yrq dqghuhq H�hnwhq zlh hwzd Xppdjqhwlvlh0
uxqjvyhuoxvwhq lp Hlvhqnhuq yrq O, zçkuhqg ghu lq Irupho +68, dqjhjhehqhq
Vwurp x }hlw �wde glh lp Devfkdow}hlwsxqnw w3 lq ghu Lqgxnwlylwçw O jhvshl0
fkhuwh pdjqhwlvfkh Hqhujlh Zp+w @ w3, lq Zçuph xpzdqghoq1 Glhvh Zçuph
lvw dxv ghu Vfkdowxqj klqdxv lq glh Odqgvfkdiw }x wudqvsruwlhuhq1

Vhoevwyhuvwçqgolfk lqwhuhvvlhuhq zlu xqv lq glhvhp Wh{w dxv0
vfkolh olfk i u glh Duehlwvzhlvh ghv Vfkxw}hohphqwhv Vfk
xqg qlfkw i u glh ghv Nxsihuyhuoxvwzlghuvwdqghv UFx1

Zlug eor �klq xqg zlhghu pdo� jhvfkdowhw/ vr orkqw hlqh Uhfkqxqj ndxp1 Zlug
dehu shulrglvfk plw ghu Iuhtxhq} i jhvfkdowhw/ vr vroowh glh Hljhqhuzçupxqj ghv
Vfkxw}hohphqwhv Vfk lp vwdwlrqçuhq Vfkdowehwulhe dejhvfkçw}w zhughq1

Lp Vfkxw}hohphqw Vfk shulrglvfk xp}xzdqghoqgh pdjqhwlvfkh Hqhu0
jlh Qdfk Irupho +7, lvw i u

l+w4, @ 3D xqg= l+w5,
$
@ l+w3, @

Xr
UFx

=

glh lqvjhvdpw yrp Nxsihuyhuoxvwzlghuvwdqg UFx xqg ghp Vfkxw}hohphqw Vfk
de}xedxhqgh pdjqhwlvfkh Hqhujlh=

Zp+w3, @

] l+w5,

l+w4,

O � l � gl @ O

5
� l5 +w3, @ O

5
�
�

Xr
UFx

�5

1 +69,

Ehl shulrglvfkhp Devfkdowhq/ Shulrghqgdxhu W }xu Vfkdowiuhtxhq} i / xqg yru0
khujhkhqghp yùooljhq Hqwodghq ghu Lqgxnwlylwçw O wulww glhvh Hqhujlh
hehqvr shulrglvfk plw ghu Iuhtxhq} i dxi1

Lp Vfkxw}hohphqw Vfk shulrglvfk xpjhzdqghowh Hqhujlh Hlq Whlo ghu
lq Irupho +69, dqjhjhehqhq Hqhujlh Zp zlug ghp Vfkxw}hohphqw Vfk dxijh0
e ughw1 Gdehl lvw glh Vsdqqxqj xVfk @ X} ehu ghp Edxhohphqw Vfk +qçkh0
uxqjvzhlvh, }hlwolfk nrqvwdqw/ zçkuhqg Vwurp lVfk+w, qdfk Irupho +64, zçkuhqg
ghu ]hlwvsdqqh �wde }hlwdekçqjlj  lh w1 Glh Hqhujlh lp Vfkxw}hohphqw lvw gdkhu
i u w3 @ 3v +dxv ghu Vwurp x }hlw �wde zlug gdqq qdfk Gh�qlwlrq/ Irupho +68,/
hlqidfk wde,=

Zp @
O

5
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�

Xr
UFx

�5

A ZVfk @

] wde
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Zhjhq
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] wde

3

h�
w

� � gw @ � �
�
4� h�

w
de

�

�
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xqg plw Irupho +68,=
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�
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irojw=

Zp @
O
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Xr
UFx
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Qdfk zhlwhuhu nxu}hu Xpirupxqj hukçow pdq ghq xqjhphlq hlqidfkhq Dxvguxfn=

Zp @
O

5
�
�

Xr
UFx

�5

A
X5
}

UFx

�
� �

p
� wde

�
1 +6<,

Lq Zçuphvwurp lqvwdqwdq xpjhzdqghowh Ohlvwxqj lp Vfkxw}hohphqw
Glh ehlp shulrglvfkhq Vfkdowhq yrq V plw ghu Iuhtxhq} i =@ 4

W
lqvwdqwdq lp

Vfkxw}hohphqw Vfk lq Zçuphvwurp xpjhzdqghowh Ohlvwxqj SVfk lvw i u glh
Vwurp x }hlw wde=

SVfk =@
ZVfk

W
@ ZVfk � i @

X5
}

UFx

�
� �

p
� wde

�
� i 1 +73,

Lq ^5` zlug glh jhvdpwh de}xedxhqgh Hqhujlh ghp Vfkxw}hohphqw Vfk dxijhkdovw=

Sp =@
Zp

W
@ Zp � i @

O

5
�
�

Xr
UFx

�5

� i A SVfk 1 +74,

Gdplw eh�qghw vlfk ghu Khuvwhoohu glhvhu Vfkxw}hohphqwh dxi ghu vlfkhuhq Gl0
phqvlrqlhuxqjvvhlwh1

Whpshudwxu ghv Vfkxw}hohphqwhv Vfk Glh lp Edxhohphqwhv Vfk lq Zçu0
phvwurp xpjhvhw}wh Yhuoxvwohlvwxqj qdfk Irupho +73, zlug lp vwdwlrqçuhq Idoo
+g1k1 qdfk xqhqgolfk odqjhu ]hlw ghv Vfkdowhqv plw ghu Iuhtxhq} i =@ 4

W
xq0

whu xqyhuçqghuolfkhq Ehglqjxqjhq, qdfk ßehuzlqgxqj ghv wkhuplvfkhq Zlghu0
vwdqghv Uwk yrq Vfk dq glh Xpjhexqj ghu Vfkdowxqj/ glh dxi xqyhuçqghuolfkhu
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Whpshudwxu &dpe olhjh/ dejhi kuw1 Gdehl huzçupw vlfk gdv Vfkxw}hohphqw Vfk
dxi glh Whpshudwxu &Vfk=

�& =@ &Vfk � &dpe @ Uwk � SVfk 1

I u glh Whpshudwxu & ghv Vfkxw}hohphqwhv Vfk jlow dovr=

&Vfk @ Uwk � SVfk . &dpe 1 +75,

Ehlvslho=
Vhw}hq zlu gdv ]dkohqehlvslho yrq Vhlwh 48 iruw=

Xr @ 53Y UFx @ 7
 w3 @ 3v Uwk @ 3=:N@Z

X} @ :8Y � @ 3=38v i @ 83K} &dpe @ 73�F

Pxowlsolndwru p/ Irupho +67,=

p =@
X}
Xr

@
:8

53
@ 6=:8 1

Vwurp x }hlw wde qdfk Irupho +68,=

wde @ � � oq
�
4 .
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�
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�
3=38 � oq

�
4 .
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6=:8

��
v @ 44=;pv 1

Ohlvwxqj +Zçuphvwurp, SVfk lp Vfkxw}hohphqw Vfk qdfk Irupho +73,=

SVfk @
X5
}

UFx

�
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p
� wde

�
� i @
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�
:85
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�
3=38

6=:8
� 3=344;

�
� 83

�
Z @ 43;Z 1

Whpshudwxu &Vfk ghv Vfkxw}hohphqwhv qdfk Irupho +75,=

&Vfk @ Uwk � SVfk . &dpe @ +3=; � 43; . 73,�F @ 459�F 1

Ehq w}w pdq glh Iluphqxqwhuodjhq ^5`/ vr px pdq }xqçfkvw glh Lqgxnwlylwçw
O uhfkqhq/ Irupho +58,=

O @ � �UFx @ +3=38 � 7,K @ 3=5K 1

Dxv Irupho +74, irojw=

Sp @
O

5
�
�

Xr
UFx

�5

� i @

#
3=5

5
�
�
53

7

�5

� 83
$
Z @ 458Z 1

Zhlo zlu zlvvhq zlh �ghu Kdvh oçxiw�/ nùqqhq zlu plw jxwhp Jhzlvvhq ehkdxs0
whq/ gd 0 doohuglqjv xqwhu ghq lghdolvlhuhqghq Dqqdkphq xqvhuhv Vfkxw}hohphq0
whv Vfk 0 ghu Nxsihuyhuoxvwzlghuvwdqg UFx glh Gl�huhq}ohlvwxqj SFx=

SFx @ Sp � SVfk @ +458� 43;,Z @ 4:Z

glvvlslhuw1
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Hujçq}xqj Lq ^5` zlug hlqh hwzdv jhqdxhuh Vwuxnwxu ghu Nhqqolqlh ghv Vfkxw0
}hohphqwhv Vfk/ vrzlh ghuhq Whpshudwxudekçqjljnhlw lq glh Devfkçw}xqj hlq0
eh}rjhq1

6 Vfkox ehphunxqj

Glh Sureohpvwhooxqj zxugh dqoç olfk hlqhv Vhplqduv ghu Ilupd JLQ]LQJHU
hqjlqhhulqj/ kwws=22zzz1jlq}lqjhu1frp/ Dqidqj ghv Mdkuhv 5333 dq Kdqg yrq
Xqwhuodjhq yrq VJV0Wkrpvrq ^5` glvnxwlhuw1 Gdv XqwhuqhkphqJLQ]LQJHU
hqjlqhhulqj kdw x1d1 jur h Huidkuxqj plw ghu Kdqgkdexqj yrq Vfkdowyrujçq0
jhq ehl Prwruhq1

Olwhudwxu
^4` Glhwhu Iohlvfkpdqq= Edvlvzlvvhq Hohnwurwhfkqln/ Yrjho Z u}exuj +4<<<,

^5` Surwhfwlrq Ghylfhv/ VJV0Wkrpvrq/ 51 Dx +4<<6,
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