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Hlqiÿkuxqj l{

4 Wudmhnwrulhq lq ghu Rswlplhuxqj 4

414 Sureohpvwhooxqj 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 4

415 Wudmhnwrulhq 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

41514 Prwlydwlrq xqg wkhruhwlvfkhu Dqvdw} 1 1 1 1 1 1 1 1 1 1 7

41515 Hljhqvfkdiwhq xqg Fkdudnwhulvlhuxqj 1 1 1 1 1 1 1 1 1 1 8

41516 Qxphulvfkh Dqvçw}h 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;

416 Nodvvlvfkh Qhzwrq0Wudmhnwrulh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 46

41614 ]xjdqj ÿehu hlqh Gl�huhqwldojohlfkxqj 1 1 1 1 1 1 1 1 1 46

41615 ]xjdqj ÿehu hlq qlfkwolqhduhv Johlfkxqjvv|vwhp 1 1 1 1 48

41616 ]xjdqj ÿehu hlqh yrujhjhehqh Ulfkwxqj 1 1 1 1 1 1 1 1 56

417 Ulfkwxqjvihog0Wudmhnwrulh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 58

41714 ]xjdqj ÿehu hlq Ulfkwxqjvihog 1 1 1 1 1 1 1 1 1 1 1 1 1 1 58

41715 ]xjdqj ÿehu hlq qlfkwolqhduhv Johlfkxqjvv|vwhp 1 1 1 1 5:

41716 Ulfkwxqjvihog0Wudmhnwrulh

plw phkuhuhq yrujhjhehqhq Vwduwsxqnwhq 1 1 1 1 1 1 1 1 63

41717 Ulfkwxqjvihog0Wudmhnwrulh

iÿu uhvwulqjlhuwh Sureohph 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 77

5 Vxfkh qdfk ghq Wudmhnwrulhqnrpsrqhqwhq 88

514 Uhnxuvlyh Nrqvwuxnwlrq ghv Yhuidkuhqv 1 1 1 1 1 1 1 1 1 1 1 1 1 88

51414 Qhzwrq0Eoçwwhu 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 88

51415 Uhnxuvlyh Nrqvwuxnwlrq iÿu nodvvlvfkh

Qhzwrq0Wudmhnwrulhq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8;

51416 Uhnxuvlyh Nrqvwuxnwlrq iÿu

Ulfkwxqjvihog0Wudmhnwrulhq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 97

515 Vwudwhjlhq }xu Ehvwlppxqj ghu Jlwwhusxqnwh 1 1 1 1 1 1 1 1 1 1 :3

51514 Vwudwhjlh ghu Ehuÿkuxqjvsxqnwh 1 1 1 1 1 1 1 1 1 1 1 1 1 :3

51515 Vwudwhjlh ghv çtxlglvwdqwhq Qhw}hv 1 1 1 1 1 1 1 1 1 1 1 1 :8

51516 Vwudwhjlh ghv lqçtxlglvwdqwhq Qhw}hv 1 1 1 1 1 1 1 1 1 1 ::

lll
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51517 Yhujohlfk ghu Jlwwhusxqnwvwudwhjlhq 1 1 1 1 1 1 1 1 1 1 1 :;

516 Judskhqwkhruhwlvfkh Ehwudfkwxqj 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :<

517 Uhnxuvlrqvdojrulwkpxv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;8

51714 EIV Dojrulwkpxv +euhdgwk �uvw vhdufk, 1 1 1 1 1 1 1 1 1 ;8

51715 GIV Dojrulwkpxv +ghswk �uvw vhdufk, 1 1 1 1 1 1 1 1 1 1 ;<

51716 Yhujohlfk ghu yrujhvwhoowhq Dojrulwkphq 1 1 1 1 1 1 1 1 1 <4

6 Dxvjhzçkowh Yhuidkuhq <6

614 Sulq}ls ghv Suçglnwru0Nruuhnwru0

Yhuidkuhqv 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 <6

61414 Suçglnwruphwkrgh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <7

61415 Nruuhnwruphwkrgh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <8

615 Nrqwlqxhuolfkhv Qhzwrq0Yhuidkuhq +NQY, 1 1 1 1 1 1 1 1 1 1 1 <9

61514 Nruuhnwru 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 <9

61515 Vfkulwwoçqjhqvwhxhuxqj 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <<

616 Nrqwlqxlhuolfkhv Txdvl0Qhzwrq0Yhuidkuhq +NTQY, 1 1 1 1 1 1 434

61614 Eur|ghq Dxigdwlhuxqjvirupho 1 1 1 1 1 1 1 1 1 1 1 1 1 1 435

61615 Eur|ghq Dxigdwlhuxqjvirupho

ehl ghu Wudmhnwrulhquhnrqvwuxnwlrq 1 1 1 1 1 1 1 1 1 1 1 436

61616 Ihkohunrqwurooh ghu dxigdwlhuwhq Pdwul}hq 1 1 1 1 1 1 1 1 439

61617 TU0Dxigdwlhuxqj 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 439

617 Deohlwxqjviuhlhv Vxuurjdwh0Yhuidkuhq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 43<

61714 Prghooelogxqj 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 443

61715 Prghoodqsdvvxqj 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 456

7 Qxphulvfkh Hujheqlvvh 45<

714 Whvwsureohph rkqh Uhvwulnwlrqhq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 463

71414 ]zhlglphqvlrqdoh Whvwixqnwlrqhq 1 1 1 1 1 1 1 1 1 1 1 1 463

71415 Phkuglphqvlrqdoh Whvwixqnwlrqhq 1 1 1 1 1 1 1 1 1 1 1 1 468

715 Wudmhnwrulhq 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 1 473

716 Jlwwhusxqnw0Vwudwhjlhq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 475

717 Yhuidkuhq 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 1 477

718 Whvwsureohph plw Uhvwulnwlrqhq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 478

71814 ]zhlglphqvlrqdoh Whvwixqnwlrqhq 1 1 1 1 1 1 1 1 1 1 1 1 478

71815 Phkuglphqvlrqdoh Whvwixqnwlrqhq 1 1 1 1 1 1 1 1 1 1 1 1 483

719 Uhvwulqjlhuwh Rswlplhuxqj 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 485

]xvdpphqidvvxqj xqg Dxveolfn 488

Olwhudwxuyhu}hlfkqlv 48:
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414 Ehlvslhowudmhnwrulhq A�/A2 xqg A� iÿu glh Ixqnwlrq s@ 1 1 1 1 1 43

415 Ehlvslhowudmhnwrulh Ae iÿu glh ]lhoixqnwlrq s@ 1 1 1 1 1 1 1 1 1 1 45

416 Ehlvslhowudmhnwrulh AD iÿu glh ]lhoixqnwlrq s@ 1 1 1 1 1 1 1 1 1 1 46

417 Ehlvslhowudmhnwrulhq A� xqg A2 lpJudglhqwhqihog ghu Whvwixqn0

wlrq s@ 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 57

418 Ulfkwxqjvihog iÿu glh Ulfkwxqjvihog0Wudmhnwrulh plw }zhl Vwduw0

sxqnwhq 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 66

419 Ulfkwxqjvihog iÿu glh Ulfkwxqjvihog0Wudmhnwrulh plw guhl Vwduw0

sxqnwhq 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 67

41: Ulfkwxqjvihog0Wudmhnwrulh plw }zhl yrujhjhehqhq Sxqnwhq 5f
xqg 5� lp Nrqwxusorw ghu ]lhoixqnwlrq s@1 1 1 1 1 1 1 1 1 1 1 1 75

41; Ulfkwxqjvihog0Wudmhnwrulh plw guhl yrujhjhehqhq Sxqnwhq 5f/

5� xqg 52 lp Nrqwxusorw ghu ]lhoixqnwlrq s@1 1 1 1 1 1 1 1 1 1 1 76

41< Ulfkwxqjvihog yduldeohq Vslhjhoxqjplw guhl yrujhjhehqhq Sxqn0

whq 5f/ 5� xqg 52 xqg glh ]lhoixqnwlrq s@1 1 1 1 1 1 1 1 1 1 1 1 1 78

4143 Ulfkwxqjvihog0Wudmhnwrulh yduldeohq Vslhjhoxqj plw guhl yrujh0

jhehqhq Sxqnwhq 5f/ 5� xqg 52 lp Nrqwxusorw ghu ]lhoixqnwlrq

s@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 1 1 1 78

4144 Ulfkwxqjvihog iÿu hlq uhvwulqjlhuwhv Rswlplhuxqjvsureohp plw

nuhlviùupljhp ]xoçvvljnhlwvehuhlfk 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7<

4145 Ulfkwxqjvihog0Wudmhnwrulh iÿu gdv uhvwulqjlhuwh Rswlplhuxqjv0

sureohp plw nuhlvirupljhp ]xoçvvljnhlwvehuhlfk 1 1 1 1 1 1 1 1 83

4146 Ulfkwxqjvihog iÿu hlq Rswlplhuxqjvsureohp plw guhlhfnljhp

]xoçvvljnhlwvehuhlfk 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 85

4147 Ulfkwxqjvihog0Wudmhnwrulh iÿu gdv uhvwulqjlhuwh Rswlplhuxqjv0

sureohp plw guhlhfnljhp ]xoçvvljnhlwvehuhlfk 1 1 1 1 1 1 1 1 1 1 87

514 Ehuÿkuxqjvsxqnwh +|�c |�c |ec |D, hlqhu Wudmhnwrulh e}jo1 ghu

Ulfkwxqj ^1 |2 lvw nhlq Ehuÿkuxqjvsxqnw ghu Wudmhnwrulh A Es � � :4

515 Vxfkh qdfk hlqhp Ehuÿkuxqjvsxqnw 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :4

516 Wudmhnwrulhqqhw} }xu Vwudwhjlh ghu Ehuÿkuxqjvsxqnwh 1 1 1 1 1 :6

517 Wudmhnwrulhqqhw} }xu Vwudwhjlh ghv çtxlglvwdqwhq Qhw}hv 1 1 1 1 :9

y
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518 Wudmhnwrulhqqhw} }xu Vwudwhjlh ghv lqçtxlglvwdqwhq Qhw}hv 1 1 1 :;

519 Gljudsk ghv uhnxuvly nrqvwuxlhuwhq Wudmhnwrulhqqhw}hv 1 1 1 1 1 ;3

51: Gljudsk C�� iÿu gdv qdfk Ehlvslho ghu Vwudwhjlh ghu Ehuÿk0

uxqjvsxqnwh hu}hxjwh Wudmhnwrulhqqhw} 1 1 1 1 1 1 1 1 1 1 1 1 1 ;4

51; Hu}hxjhqghu Edxp ��� Egf� ghu yrq ghu Nrpsrqhqwh gf

plwwhov ghu Yhuelqgxqjvwudmhnwrulhq huuhlfkeduhq Nrpsrqhqwhq ;5

51< Glh Nrpsrqhqwh g� zlug gxufk phkuhuh Yhuelqgxqjvwudmhn0

wrulhq jhvfkqlwwhq/ ehvlw}w dehu nhlqh Ehuÿkusxqnwh1 1 1 1 1 1 ;6

5143 Edxp ��� Eg2� ghu yrq ghu Nrpsrqhqwh g2 plwwhov ghu Yhu0

elqgxqjvwudmhnwrulhq huuhlfkeduhq Nrpsrqhqwhq1 1 1 1 1 1 1 1 ;6

5144 Edxp ��� Eg�� ghu yrq ghu Nrpsrqhqwh g� plwwhov ghu Yhu0

elqgxqjvwudmhnwrulhq huuhlfkeduhq Nrpsrqhqwhq1 1 1 1 1 1 1 1 ;6

5145 Xqjhulfkwhwhu Judsk iÿu gdv qdfk Ehlvslho ghu Vwudwhjlh ghv

çtxlglvwdqwhq Qhw}hv hu}hxjwhv Wudmhnwrulhqqhw} 1 1 1 1 1 1 1 1 ;7

5146 Nodvvhqgldjudpp plw ghu XPO0Qrwdwlrq 1 1 1 1 1 1 1 1 1 1 1 1 ;:

614 Suçglnwru0Nruuhnwru0Vfkulww 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <9

615 Zlqnhowhvw ehl ghu Uhnrqvwuxnwlrq hlqhu Wudmhnwrulh 1 1 1 1 1 1 433

616 Vsuÿqjh ehl ghu Uhnrqvwuxnwlrq hlqhu Wudmhnwrulh 1 1 1 1 1 1 1 434

617 Uhjxoçuhu Vlpsoh{ 7 plw ghp Plwwhosxqnw %f ' Efc f�A 1 1 1 1 457

618 Ehvwlppxqj ghu Lqwhusrodwlrqvsxqnwh iÿu glh Vxuurjdwh0Ixqnwlrq45:

714 60Sxqnwh0Ehlvslhowudmhnwrulh iÿu glh Whvwixqnwlrq sS>

Vwduwsxqnwh= ii�f�ec f�bjc i�f�.c����jc if�Hc����jj 1 1 1 1 1 464

715 50Sxqnwh0Ehlvslhowudmhnwrulh iÿu glh Whvwixqnwlrq se>

Vwduwsxqnwh= iif�Sc��jc if�Dc���jj 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 465

716 Ehlvslhowudmhnwrulh iÿu glh Whvwixqnwlrq s|>

Vwduwsxqnw= if�ebc f�2Dj 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 467

717 40Sxqnw0Ehlvslhowudmhnwrulh iÿu glh Whvwixqnwlrq s}>

Vwduwsxqnw= if�Sc ��fj 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 467
718 Vwdppixqnwlrq ghv Wvfkhe|vfkh�0Sro|qrphv AS 1 1 1 1 1 1 1 1 46<

719 Odjxhuuh0Sro|qrp ue 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 473

71: Uhvwulnwlrqvphqjh iÿu gdv }zhlglphqvlrqdoh Whvwsureohp 4 1 1 47:

71; Ehlvslhowudmhnwrulh iÿu glh Whvwixqnwlrq s�>

Vwduwsxqnw= i��fc ��Dj 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 47:
71< Uhvwulnwlrqvphqjh iÿu gdv }zhlglphqvlrqdoh Whvwsureohp 5 1 1 47<

7143 Ehlvslhowudmhnwrulh iÿu glh Whvwixqnwlrq s2>

Vwduwsxqnw= i��fc ��Dj 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 47<
7144 Uhvwulnwlrqvphqjh iÿu gdv }zhlglphqvlrqdoh Whvwsureohp 6 1 1 484

7145 Ehlvslhowudmhnwrulh iÿu glh Whvwixqnwlrq s�>

Vwduwsxqnw= i��2c ��Hj 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 484
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714 Yhujohlfk ghu Wudmhnwrulhq +Dq}dko ghu jhixqghqhq nulwlvfkhq

Sxqnwh, 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 1 474

715 Yhujohlfk ghu Wudmhnwrulhq 2 Dq}dko ghu Nrpsrqhqwhq 1 1 1 1 474

716 Phkusxqnwwudmhnwrulhq iÿu glh Whvwixqnwlrq sr 1 1 1 1 1 1 1 1 474

717 Yhujohlfk ghu Jlwwhusxqnw0Vwudwhjlhq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 476

718 Yhujohlfk ghu Jlwwhusxqnw0Vwudwhjlhq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 477

719 Qrwzhqgljh Ehuhfkqxqjhq ghu yrujhvwhoowhq Yhuidkuhq 1 1 1 1 1 477

71: Jhjhqÿehuvwhooxqj yrq NQY xqg DIVY 1 1 1 1 1 1 1 1 1 1 1 1 478

71; Wuh�hutxrwh iÿu glh uhvwulqjlhuwhq Sureohph 1 1 1 1 1 1 1 1 1 1 486
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Qhzwrq 0 ghu Qdph hlqhv ghu ehuÿkpwhvwhq Zlvvhqvfkdiwohu doohu ]hlwhq lvw

xqwhu dqghuhq plw ghu Qhzwrq0Phwkrgh }xu Oùvxqj yrq qlfkwolqhduhq Johl0

fkxqjvv|vwhphq yhuexqghq1 Ehvrqghuv lqwhuhvvdqw 0 zhjhq lkuhu joredohq

vfkqhoohq Nrqyhujhq} 0 lvw glh jhgçpsiwh Irup ghu Qhzwrq0Phwkrgh1

Zlug glh jhgçpsiwh Qhzwrq0Phwkrgh iÿu hlqh }zhlpdo vwhwlj gl�huhq}lhu0

eduh Ixqnwlrq s G LU? $ LU dxi gdv Johlfkxqjvv|vwhp

us E%� ' f

dqjhzdqgw/ vr iÿkuw glhv +yjo1 Devfkqlww 416, }xu Hxohu0Glvnuhwlvlhuxqj ghu

Oùvxqjvnxuyh  Ek� irojhqghu lpsol}lhwhu Gl�huhqwldojohlfkxqj=

Y

Yk
us E Ek�� ' �us E Ek�� m  Ef� ' %f�

Iÿu glh Oùvxqjvnxuyh  Ek� nùqqhq xqwhu dqghuhp irojhqgh Hljhqvfkdiwhq

ehzlhvhq zhughq=

41 Glh Ulfkwxqj ghv Judglhqwhqus E%� eohlew hqwodqj ghu Nxuyh nrqvwdqw/

51 Glh Nxuyh  Ek� iÿkuw yrp Vwduwsxqnw %f }x hlqhp nulwlvfkhq Sxqnw

%W ghu Ixqnwlrq s +us E%W� ' f,1

Glh Hljhqvfkdiwhq ghu Qhzwrqvfkhq Oùvxqjvnxuyh zxughq yrq Eudqlq lq

^9` }xp Dqod� jhqrpphq/ hlqh huzhlwhuwh Qhzwrq0Wudmhnwrulh +dxfk Eudqlq0

Wudmhnwrulh jhqdqqw, }x gh�qlhuhq/ glh dooh Oùvxqjhq ghv Johlfkxqjvv|vwhpv

us E%� ' f hqwkçow=

A Es� G'
�
% 5 LU?m <

bMLU us E%� ' bus
�
%f
��

�

Glh Uhnrqvwuxnwlrq ghu Wudmhnwrulh A Es� zlug ghpqdfk qlfkw qdfk ghu

Hqwghfnxqj hlqhv nulwlvfkhq Sxqnwhv dejheurfkhq/ vrqghuq zhlwhu iruwjhvhw}w

l{
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+Vwlfkzruw= Nrqwlqxlwçwvphwkrghq,/ elv/ qdfk Pùjolfknhlw/ dooh Ndqglgdwhq

iÿu jhvxfkwh joredoh H{wuhpd jhixqghq zxughq1

Glh jhrphwulvfkh Ehvfkd�hqkhlw ghu Wudmhnwrulh ndqq vhku nrpsol}lhuw

vhlq +yjo1 Devfkqlww 41516,1 Glh Wudmhnwrulh ndqq }1E1 Yhu}zhljxqjvsxqnwh

hqwkdowhq xqg2rghu dxv phkuhuhq Nrpsrqhqwhq ehvwhkhq1 Glh yroovwçqgljh

Uhnrqvwuxnwlrq ghu Wudmhnwrulh lvw ghvkdoe riw plw Vfkzlhuljnhlwhq yhuexq0

ghq1

Yrq Glhqhu xqg Vfkdedfn zxugh lq ^48` hlqh Phwkrgh yrujhvfkodjhq/

yhuvfklhghqh Wudmhnwrulhqnrpsrqhqwhq plw Kloih yrq uhnxuvly nrqvwuxlhuwhq

Kloivwudmhnwrulhq }x yhuelqghq1 Lq ghu Glsorpduehlw ^6` zxugh glhvh Ph0

wkrgh lpsohphqwlhuw xqg dxviÿkuolfk jhwhvwhw1 Hv zxugh gdehl ihvwjhvwhoow/

gd�/ wurw} jxwhu wkhruhwlvfkhu Uhvxowdwh ^4;`/ glh xqwhuvxfkwh Phwkrgh lq

qlfkw zhqljhq Içoohq yhuvdjw +yjo1 Ehlvslho <9,1 Lq ghu yruolhjhqghq Du0

ehlw zxughq ghvkdoe irojhqgh Yhuehvvhuxqjv0 xqg Hujçq}xqjvpùjolfknhlwhq

yrujhvwhoow xqg jhwhvwhw=

41 Wudmhnwrulhq plw phkuhuhq Vwduwsxqnwhq +yjo1 Devfkqlww 41716,/

51 Yhudoojhphlqhuwh uhnxuvlyh Nrqvwuxnwlrq ghuKloivwudmhnwrulhq +yjo1 De0

vfkqlww 51416,/

61 Qhxh Vwudwhjlhq }xu Ehvwlppxqj ghu Jlwwhusxqnwh +Vwduwsxqnwh iÿu

glh Kloivwudmhnwrulhq/ yjo1 Devfkqlww 515,1

Glh ehvfkulhehqh Wudmhnwrulh plw phkuhuhq Vwduwsxqnwhq ndqq dov Yhudoo0

jhphlqhuxqj ghu Qhzwrq0Wudmhnwrulh dxijhid�w xqg dov Ulfkwxqjvihog0Wudmhn0

wrulh gdujhvwhoow zhughq1 Glh Ulfkwxqj ghv Judglhqwhq hqwodqj ghu Wudmhn0

wrulh lvw lq glhvhp Idoo dovr qlfkw phku nrqvwdqw/ vrqghuq vwlppw plw hlqhp

yrujhjhehqhq Ulfkwxqjvihog ÿehuhlq1 Glh Ulfkwxqjvihog0Wudmhnwrulhq hqwkdo0

whq qdwÿuolfk dooh nulwlvfkhq Sxqnwh ghu ]lhoixqnwlrq s xqg nùqqhq rkqh

Hlqvfkuçqnxqj }xu Oùvxqj xquhvwulqjlhuwhu Rswlplhuxqjvsureohph hlqjhvhw}w

zhughq1

Glhv jlow lp doojhphlqhq qlfkw iÿu Rswlplhuxqjvsureohph plw Uhvwulnwlr0

qhq1 Glh nodvvlvfkh Qhzwrq0Wudmhnwrulh xqg dxfk glh hlqjhiÿkuwh Wudmhnwrulh

plw phkuhuhq Vwduwsxqnwhq hqwkdowhq lq ghu Uhjho qlfkw glh Udqgsxqnwh ghu

Uhvwulnwlrqvphqjh/ glh glh qrwzhqgljh Rswlpdolwçwvehglqjxqj 41 Rugqxqj

huiÿoohq xqg dov Oùvxqjhq ghv jhvwhoowhq Sureohpv lq Iudjh nrpphq1

Iÿu uhvwulqjlhuwh Rswlplhuxqjvsureohph zxugh ghvkdoe hlqh Ulfkwxqjvihog0

Wudmhnwrulh gh�qlhuw/ glh dx�hu ghq nulwlvfkhq Sxqnwhq ghu ]lhoixqnwlrq dxfk

glh lqwhuhvvdqwhq Udqgsxqnwh hqwkçow +yjo1 Devfkqlww 41717,1

Iÿu glh Uhnrqvwuxnwlrq ghu Wudmhnwrulhq zxugh dx�hu ghp nodvvlvfkhq

nrqwlqxlhuolfkhq Qhzwrq0Yhuidkuhq +NQY, xqg ghp nrqwlqxlhuolfkhq Txdvl0

Qhzwrq0Yhuidkuhq +NTQY, dxfk hlq qhxhv deohlwxqjviuhlhv Vxuurjdwh0Yhuidkuhq
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+yjo1 Devfkqlww 617, ehvfkulhehq/ lpsohphqwlhuw xqg jhwhvwhw1 Ghu Hlqvdw}

ghv Vxuurjdwh0Yhuidkuhqv hupùjolfkw glh Oùvxqj yrq Rswlplhuxqjvsureohphq

plw hlqhu nrpsol}lhuwhq ]lhoixqnwlrq/ ehl ghuhq glh Ehuhfkqxqj e}z1 Dxv0

zhuwxqj ghv Judglhqwhq plw ylho Dxizdqg yhuexqghq rghu vrjdu xqpùjolfk

lvw1 Dqkdqg yrq hlqljhq Ixqnwlrqvzhuwhq lq jhhljqhw jhzçkowhq Lqwhusrodwl0

rqvsxqnwhq zlug dqvwhooh ghu ]lhoixqnwlrq hlqh txdgudwlvfkh Prghooixqnwlrq

ehuhfkqhw xqg hlqh orndoh Qçkhuxqj ghu jhvxfkwhq Wudmhnwrulh nrqvwuxlhuw1

Glh Prghooixqnwlrq zlug gdqq hqwodqj ghu Wudmhnwrulh yrq Vfkulww }x Vfkulww

qhx dqjhsd�w1

Glh Duehlw zxugh gxufk ylhoh Ehlvslhoh hujçq}w/ glh hlqhuvhlwv Vfkzlhulj0

nhlwhq ghu Wudmhnwrulhq0Yhuidkuhq dxi}hljhq xqg glh Hljhqvfkdiwhq ghu hlqjh0

iÿkuwhq Wudmhnwrulhq yhudqvfkdxolfkhq vroowhq1 Dqghuvhlwv vroowh gdgxufk ghp

Ohvhu huohlfkwhuw zhughq/ glh yrujhvwhoowhq Yhuidkuhq }x lpsohphqwlhuhq xqg

}x whvwhq1 Glh uhnxuvlyh Nrqvwuxnwlrq/ dov vfkzlhuljvwhu xqg dxizhqgljvwhu

Whlo ghv Yhuidkuhqv/ zxugh ghvkdoe ghwdloolhuw ehvfkulhehq xqg remhnwrulhq0

wlhuw prghoolhuw1

Lfk pùfkwh plfk jdq} khu}olfk ehl Suri1 Gu1 Nodxv Jodvkr� iÿu glh Eh0

wuhxxqj glhvhu Duehlw ehgdqnhq1

Dx�hughp pùfkwh lfk phlqhu Iudx Mrod yrq jdq}hq Khu}hq iÿu gdv Yhu0

vwçqgqlv xqg glh Olheh gdqnhq/ plw ghu vlh mhgh Skdvh glhvhu Duehlw plwjh0

wudjhq kdw1
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414 Sureohpvwhooxqj

Jhjhqvwdqg glhvhu Duehlw lvw gdv irojhqgh Sureohp=

Sureohp 4 +Xquhvwulqjlhuwhv Rswlplhuxqjvsureohp,
Jhjhehq vhl hlqh vwhwlj gl�huhq}lhueduh ]lhoixqnwlrq s 5 �� ELU?�

s G LU?
$ LU�

Jhvxfkw lvw hlq Sxqnw %W 5 LU?/ vr gd� iÿu dooh % 5 LU? jlow=

s E%W� � s E%� �

Ylhoh Sureohph dxv ghu Whfkqln/ Sk|vln/ Ùnrqrplh/ Phgl}lq xqg dqgh0
uhq Zlvvhqvfkdiwhq odvvhq vlfk dov vrofkh Sureohph irupxolhuhq1 Riw wuhwhq
}xvçw}olfkh Ehvfkuçqnxqjhq dq glh Yduldeohq xqg2rghu Uhodwlrqhq }zlvfkhq
vrofkhq dxi/ vr gd� glh ]lhoixqnwlrq qxu lq hlqhp ehvwlppwhq Ehuhlfk gh�qlhuw

e}z1 ehwudfkwhw zlug1

Sureohp 5 +Uhvwulqjlhuwhv Rswlplhuxqjvsureohp,
Jhjhehq vhlhq=
0 hlqh vwhwlj gl�huhq}lhueduh Ixqnwlrq S 5 �� ELU?�

S G LU?
$ LUc

0 glh Phqjh ghu }xoçvvljhq Sxqnwh � � LU?

� ' i% 5 LU?
m S E%� � fj

4
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xqg hlqh vwhwlj gl�huhq}lhueduh ]lhoixqnwlrq s 5 �� E� � �
Jhvxfkw lvw hlq }xoçvvljhu Sxqnw %W 5 � / vr gd� iÿu dooh % 5 LU? jlow=

s E%W� � s E%� �

Hv zhughq klhu Sureohph plw hlqhu Xqjohlfkkhlwuhvwulnwlrq ehwudfkwhw1

Glh yrujhvwhoowhq Phwkrghq nùqqhq ohlfkw dxi Sureohph plw phkuhuhq Uh0

vwulnwlrqhq ÿehuwudjhq zhughq +v1 Devfkqlww 41717,1

Glh Ehkdqgoxqj glhvhu nodvvlvfkhq Rswlplhuxqjvsureohph lvw wkhruhwlvfk

jxw dxvjhduehlwhw1 Hv jlew iÿu Sudnwlnhu hlqh Uhlkh yrq Yhuidkuhq/ glh ohlfkw

lpsohphqwlhuedu xqg dxi hqwvsuhfkhqg irupxolhuwh Dxijdehq dqzhqgedu vlqg1

Iÿu glh xquhvwulqjlhuwhq Dxijdehq +Sureohp 4, }çkohq klhu}x yru doohp gdv

Qhzwrq0Yhuidkuhq/ glh Txdvl0Qhzwrq0Yhuidkuhq xqg glh Yhuidkuhq ghu nrq0

mxjlhuwhq Ulfkwxqjhq1 Iÿu glh uhvwulqjlhuwhq Yhuidkuhq +Sureohp 5, nrppw
}1E1 glh VTS0Phwkrgh +Vhtxhqwlho Txdgudwlf Surjudpplqj, }xp Dqvdw}1
]xu Oùvxqj ghv Rswlplhuxqjvsureohpv plw Kloih ghu rehq jhqdqqwhq Ph0
wkrghq yhuzhqghw zhughq glh qrwzhqgljhq xqg klquhlfkhqghq Ehglqjxqjhq
iÿu glh orndoh Rswlpdolwçw ghu jhvxfkwhq Oùvxqj1 Iÿu xqvhuh Ehwudfkwxqjv0

zhlvh lvw ohgljolfk glh qrwzhqgljh Ehglqjxqj 41 Rugqxqj yrq Ehghxwxqj1
Iÿu zhlwhuh Ehglqjxqjhq zlug dxi nodvvlvfkh Kdqgeÿfkhu xqg Vnulswh }xu
qlfkwolqhduhq Rswlplhuxqj klqjhzlhvhq ^53` ^56`^59`1

]xhuvw zlug gdv xquhvwulqjlhuwh Rswlplhuxqjvsureohp 4 xqwhuvxfkw1

Vdw} 6 +qrwzhqgljh Ehglqjxqj 41 Rugqxqj,1
Lvw %W orndohv Plqlpxp yrq s 5 �� ELU?�/ vr jlow=

us E%W� ' f� +414,

Gh�qlwlrq 7 Lvw glh qrwzhqgljh Ehglqjxqj 41 Rugqxqj iÿu hlqh Ixqnwlrq s
xqg hlqhq Sxqnw %W huiÿoow/ vr lvw %W hlq nulwlvfkhu rghu vwdwlrqçuhu Sxqnw
yrq s 1

Glh Phqjh ghu nulwlvfkhq Sxqnwh ghu Ixqnwlrq s zlug lp zhlwhuhq plw

go�| Es� eh}hlfkqhw1
Glh qrwzhqgljh Ehglqjxqj 41 Rugqxqj iÿu xquhvwulqjlhuwh Sureohph

vfkolh�w glh H{lvwhq} hlqhu Devwlhjvulfkwxqj r +g1k1 us E%W�A r 	 f, lq Sxqnw
%W dxv1 Ehl hlqhp uhvwulqjlhuwhq Sureohp +2, zçuh glh Irughuxqj +414, iÿu
glh Udqgsxqnwh %S 5 Y� ghv }xoçvvljhq Ehuhlfkhv � }x vwdun1 Lq hlqhp

vrofkhq Idoo px� ohgljolfk vlfkhujhvwhoow zhughq/ gd� glh Phqjh ghu e}jo1 ghu
}xoçvvljhq Phqjh � }xoçvvljhq Ulfkwxqjhq nhlqh Devwlhjvulfkwxqj hqwkçow1

Gh�qlwlrq 8 %W 5� khl�w uhjxoçuhu Sxqnw yrq � / zhqq uS E%W� 9' f�
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Gh�qlwlrq 9 r 5 LU? khl�w }xoçvvljh Devwlhjvulfkwxqj iÿu s lq hlqhp
uhjxoçuhq Sxqnw %W e}jo1 ghu }xoçvvljhq Phqjh � / zhqq

us E%W�A r 	 f +415,

uS E%W�A r : f� +416,

Iÿu uhvwulqjlhuwh Rswlplhuxqjvsureohph ndqq irojhqgh qrwzhqgljh Eh0

glqjxqj 41 Rugqxqj dxijhvwhoow zhughq/ glh glh H{lvwhq} hlqhu }xoçvvljhq

Devwlhjvulfkwxqj r lq hlqhp yhuphlqwolfkhq Plqlpxp %W dxvvfkolh�w=

Vdw} : +qrwz1 Ehglqjxqj 41 Rugqxqj iÿu uhvwu1 Rswlplhuxqjvsureohph,1
Lvw %W 5 Y� orndohv Plqlpxp yrq s dxi � xqg lvw %W hlq uhjxoçuhu Sxqnw
yrq � / vr jlew hv hlqh ]dko b/ vr gd� jlow

us E%W�� buS E%W� ' f� +417,

Ghu Odjudqjh0Dqvdw} elhwhw hlqhq dqghuhq ]xjdqj }x pùjolfkhq rswlpd0
ohq Sxqnwhq/ glh dxi ghp Udqg Y� ghu }xoçvvljhq Phqjh � olhjhq1 Glh
Odjudqjh0Ixqnwlrq zlug klhuehl dov Vxpph ghu ]lhoixqnwlrq s E%� xqg ghu
plw ghp yduldeohq Odjudqjh0Idnwru b pxowlsol}lhuwhq Uhvwulnwlrq S E%� jhelo0
ghw=

u E%c b� G' s E%�� bS E%� � +418,

Hlq Udqgsxqnw %W 5 Y� / ghu glh qrwzhqgljh Ehglqjxqj 41 Rugqxqj iÿu glh

uhvwulqjlhuwh Rswlplhuxqjvsureohph huiÿoow/ ndqq gdqq lp Sddu plw ghp hqw0
vsuhfkhqghq Odjudqjh0Sdudphwhu bW 5 LU dov nulwlvfkhu Sxqnw ghu Odjudqjh0
Ixqnwlrq dxijhid�w zhughq1

Vdw} ; +Odjudqjh Fkdudnwhulvlhuxqj,
Vhl %W hlq uhjxoçuhu Sxqnw yrq ��
Hlq Sddu E%Wc bW� lvw jhqdx gdqq hlq nulwlvfkhu Sxqnw ghu Odjudqjh0Ixqnwlrq
u E%c b�/ zhqq %W hlq Udqgsxqnw ghu }xoçvvljhq Phqjh� lvw/ ghu glh qrwzhq0
gljh Ehglqjxqj 41 Rugqxqj iÿu uhvwulqjlhuwh Rswlplhuxqjvsureohph huiÿoow1

Ehzhlv1 Ghu Judglhqw ghu Odjudqjh0Ixqnwlrq oç�w vlfk zlh irojw ehuhfk0

qhq=

uu E%Wc bW� '

�
us E%W�� bWuS E%W�

S E%W�

�
�

Glh Ehglqjxqj uu E%Wc bW� ' f lvw gdqq çtxlydohqw plw

us E%W�� buS E%W� ' f a %W 5 Y��
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415 Wudmhnwrulhq

41514 Prwlydwlrq xqg wkhruhwlvfkhu Dqvdw}

Glh joredoh Rswlpdolwçw hlqhv jhixqghqhq nulwlvfkhq Sxqnwhv %W lvw lp doo0

jhphlqhq qxu ehl ghq }xvçw}olfkhq +vhku vwdunhq, Yrudxvvhw}xqjhq iÿu gdv

Sureohp zlh }1E1 Nrqyh{lwçw ghu ]lhoixqnwlrq vlfkhujhvwhoow1

Jlew hv phkuhuh/ pùjolfkhuzhlvh ylhoh nulwlvfkh Sxqnwh/ vr pÿvvhq Zhjh jh0

vxfkw zhughq/ xp qlfkw qxu hlqh orndoh/ vrqghuq glh joredo ehvwh Oùvxqj ghv

Rswlplhuxqjvsureohpv }x �qghq1

Pùjolfk lvw hv/ glh Vxfkh lpphu zlhghu yrq yhuvfklhghqhq/ qdfk hlqhp ]x0

idoovsulq}ls dxvjhvxfkwhq Vwduwsxqnwhq }x zlhghukrohq1 +v1 Prqwh0Fduor0

Phwkrghq, rghu zçkuhqg ghu Vxfkh de xqg }x hlqhq ]xidoovvfkulww dxv}x0

iÿkuhq/ xp hyhqwxhoo dxv hlqhu yhuphlqwolfkhq Jdvvh khudxv}xnrpphq +v1
jhqhwlvfkh Yhuidkuhq/ Vwlfkzruw= Pxwdwlrqhq,1
Ehl ehlghq Phwkrghq px� ohw}whqgolfk ghu ]xidoo hqwvfkhlghq/ re glh ulfkwljh
joredoh Oùvxqj jhixqghq zlug1 Hlqh ulfkwljh Sdudphwhuzdko iÿu gdv dxvjh0
zçkowh Yhuidkuhq vlfkhuw doohuglqjv jur�h vwdwlvwlvfkh ]xyhuoçvvljnhlw1

Lq glhvhu Duehlw zxugh hlq dqghuhu Dqvdw} jhzçkow1 Xp pùjolfkvw dooh yhu0
phlqwolfkhq Ndqglgdwhq iÿu gdv joredoh Rswlpxp }x �qghq/ zlug hlqh Yhu0
elqgxqj +Sidg/ Wudmhnwrulh, }zlvfkhq ghq hlq}hoqhq nulwlvfkhq Sxqnwhq nrq0
vwuxlhuw1 Glh Wudmhnwrulh zlug klhu doojhphlq plw hlqhu Kloivixqnwlrq M fkd0
udnwhulvlhuw/ glh irojhqgh Yrudxvvhw}xqjhq huiÿoohq vroo=

Gh�qlwlrq < Hlqh Ixqnwlrq M G LU?
$ LU?3� khl�w hlqh e}jo1 ghu Ixqn0

wlrq s wudmhnwrulhqlqgx}lhuhqgh Kloivixqnwlrq idoov

+l, glh Ixqnwlrq M vwhwlj gl�huhq}lhuedu lvw xqg

+ll, dooh nulwlvfkhq Sxqnwh ghu ]lhoixqnwlrq s yrq ghu Ixqnwlrq M lq ghq
Qxooyhnwru dejheloghw zhughq=

;%Mgo�|Es�M E%� ' f +419,

Glh lqgx}lhuwh Wudmhnwrulh AM Es � zlug dov glh Qxoophqjh ghu Ixqnwlrq M
gh�qlhuw=

Gh�qlwlrq 43 Iÿu hlqh vwhwlj gl�huhq}lhueduh ]lhoixqnwlrq s 5 �� E�� xqg
hlqh Kloivixqnwlrq M/ glh glh Ehglqjxqjhq +l, xqg +ll, huiÿoow/ zlug glh Wud0
mhnwrulh AM Es� gh�qlhuw dov=

AM Es� G' i% 5 LU?
m M E%� ' fj �
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Ehphunxqj 44 Dxv ghu Ehglqjxqj +419, irojw gluhnw/ gd� glh hlqjhiÿkuwh
Wudmhnwrulh AM Es � dooh nulwlvfkhq Sxqnwh ghu ]lhoixqnwlrq hqwkçow1

Ehl hlqhu uhvwulqjlhuwhq Dxijdeh nrpphq dx�hu ghq nulwlvfkhq Sxqnwhq

dxfk orndo rswlpdohq Udqgsxqnwh dov pùjolfkh Rswlpdooùvxqj lq Iudjh1 Xp

glh rswlpdohq Udqgsxqnwh }x �qghq/ nùqqwh hlqh hqwvsuhfkhqgh Wudmhnwrulh

iÿu glh Odjudqjh0Ixqnwlrq nrqvwuxlhuw zhughq1 Hlq dqghuhu Zhj plw hlqhu

jhhljqhw +v1 Ehglqjxqj 419, gh�qlhuwhq Kloivixqnwlrq M E%�/ glh dx�hu ghq

nulwlvfkhq Sxqnwhq dxfk orndo rswlpdohq Udqgsxqnwh lq ghq Qxooyhnwru de0

eloghw/ zlug lp Devfkqlww 41717 yrujhvfkodjhq xqg xqwhuvxfkw1 Lq ghq ÿeuljhq

Whlohq ghu Duehlw zlug ghu xquhvwulqjlhuwh Idoo ehwudfkwhw1

41515 Hljhqvfkdiwhq xqg Fkdudnwhulvlhuxqj

Glh orndohq Hljhqvfkdiwhq ghu Wudmhnwrulh AM Es� lq hlqhp Sxqnw % 5 AM Es�
vlqg yrp Udqj ghu Mdfrel0Pdwul{ (M E%� ghu Ixqnwlrq M lq glhvhp Sxqnw
dekçqjlj1 Dxv glhvhp Juxqg zhughq glh Ehjul�h hlqhv uhjxoçuhq e}z1 vlq0
jxoçuhq Sxqnwhv xqg Zhuwhv iÿu glh Ixqnwlrq M hlqjhiÿkuw1

Gh�qlwlrq 45 Vhl M G LU?
$ LU?3� hlqh vwhwlj gl�huhq}lhueduh Ixqnwlrq1

Hlq Sxqnw % 5� khl�w hlq uhjxoçuhu Sxqnw yrq K/ zhqq glh Mdfrel0Pdwul{
(M E%� h{lvwlhuw xqg ghq pd{lpdohq Udqj kdw=

-@?} E(M E%�� ' ?� ��

Hlq Sxqnw + 5 +
?3� khl�w hlq uhjxoçuhu Zhuw yrq M/ zhqq dooh Xueloghu

yrq + uhjxoçuh Sxqnwh yrq K vlqg=

;5MM3�E+�-@?} E(M E5�� ' ?� ��

Sxqnwh xqg Zhuwh khl�hq vlqjxoçu/ zhqq vlh qlfkw uhjxoçu vlqg1

Xqwhu ehvwlppwhq Yrudxvvhw}xqjhq ndqq gdqq ehzlhvhq zhughq/ gd� glh
Wudmhnwrulh AM Es � orndo hlqhu hlqglphqvlrqdohq Oùvxqjvnxuyh hlqhu ehvwlpp0
whq Gl�huhqwldojohlfkxqj hqwvsulfkw1 Dxv ghp Vdw} ÿehu lpsol}lwh Ixqnwlrqhq

irojw=

Vdw} 46 Lvw %f 5 AM Es � hlq uhjxoçuhu Sxqnw yrq M/ vr h{lvwlhuw hlq r�hqhv
Lqwhuydoo a ' E�Bc B�/ B : f xqg hlqh gl�huhq}lhueduh sdudphwulvlhuwh Nxuyh
% Ek� G a $ LU?/ vr gd� iÿu dooh k 5 a jlow=

% Ef� ' %f +41:,

M E% Ek�� ' f +41;,

-@?} E(M E% Ek��� ' ?� � +41<,

�% Ek� 9' f� +4143,
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Iÿu ghq Wdqjhqwhqyhnwru �% Ek� ghu Nxuyh % Ek� jlow dx�hughp=

(M E% Ek�� �% Ek� ' f� +4144,

Ehzhlv1 Gd glh Mdfrel0Pdwul{(M E%f� lp uhjxoçuhq Sxqnw %f ghq yroohq

Udqj kdw/ jlew hv hlqhq Lqgh{ � 5 i�c ���c ?j vr gd� glh Xqwhupdwul{ (� ghu

Pdwul{ (M E%f�/ glh gxufk Zhjodvvhq ghu �0whq Vsdowh hqwvwhkw/ qlfkwvlqjxoçu

lvw=

(� G'

�
YM E%f�

Y%�
c ���c

YM E%f�

Y%�3�
c
YM E%f�

Y%�n�
c ���c

YM E%f�

Y%?

�
�

Zlh irojw zlug hlqh Huzhlwhuxqj 7M E%c k� ghu Ixqnwlrq M E%� nrqvwuxlhuw=

7M E%c k� G'

�
M E%�

%� � %f
�
� k

�
�

Glh Mdfrel0Pdwul{ ( 7M E%f� ghu huzhlwhuwhq Ixqnwlrq 7M E%c k� lvw gdqq jhjh0

ehq gxufk=

( 7M
�
%f
�
'

�
Y 7M E%f�

Y%
c
Y 7M E%f�

Yk

�
'

�
(M E%f� f

eA
�

��

�
�

Dxv ghu Qlfkwvlqjxodulwçw ghu Pdwul{ (� irojw gdqq glh Qlfkwvlqjxodulwçw

ghu Pdwul{
Y 7ME%f�

Y%
1 Gdv Ixqnwlrqhqv|vwhp 7M E%c k� ' f ndqq dovr qdfk %

dxijhoùvw zhughq1 Lq glhvhu Zhlvh hqwvwhkw hlqh sdudphwulvlhuwh Nxuyh % Ek�/
glh dooh Ehglqjxqjhq +41:, elv +4143, huiÿoow1
Glh Johlfkxqj +4144, irojw gluhnw gxufk glh Gl�huhq}lhuxqj ghu Johlfkxqj
+41;,1

Glh Gl�huhqwldojohlfkxqj +4144, zlug klhu dov yhudoojhphlqhuwh Qhzwrq0
Johlfkxqj xqg glh Oùvxqjvnxuyh % Ek� dov yhudoojhphlqhuwh Qhzwrq0Nxuyh

eh}hlfkqhw1 Iÿu zhlwhuh Dxviÿkuxqjhq lvw hv klhuehl ehtxhp/ glh Oùvxqjv0

nxuyh qdfk ghu Erjhqoçqjh r }x sdudphwulhvlhuhq ^57`=

_r '

%
?[

�'�

�
_%� Ek�

_k

�2
& �

2

_kc

zrehl plw %� glh �0wh Nrpsrqhqwh yrq % eh}hlfkqhw1

Ehphunxqj 47 Qdfk ghu Johlfkxqj +4144, olhjw ghu Wdqjhqwhqyhnwru �% Er�
hqwodqj ghu uhsdudphwulvlhuwhq Nxuyh % Er� lpphu lp Nhuq ghu Mdfrel0Pdwul{
(M E% Er�� c

�% Er� 5 !ih E(M E% Er��� �
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Dxijuxqg ghu Erjhqoçqjhsdudphwulvlhuxqj jlow=

n �% Er�n ' ��

Rkqh Ehvfkuçqnxqj ghu Doojhphlqkhlw ndqq zhlwhuklq hlqh srvlwlyh Rulhqwlh0
uxqj dqjhqrpphq zhughq

_i|

�
(M E% Er��

�% Er�A

�
: f�

Glhvh Hljhqvfkdiw ehuhfkwljw irojhqgh Gh�qlwlrq/ glh vsh}lhoo ehl ghu qx0

phulvfkhq Uhnrqvwuxnwlrq ghu wkhruhwlvfk gh�qlhuwhq Wudmhnwrulhq lkuh Dq0

zhqgxqj �qghw1

Ohppd 48 Iÿu mhgh ?� ��? Pdwul{ � yroohq Udqjhv h{lvwlhuw hlq hlqghx0
wljhu Yhnwru | E�� plw irojhqghq Hljhqvfkdiwhq=

�| E�� ' f

n| E��n ' �

_i|

�
�

| E��A

�
: f�

Ghu Yhnwru | E�� khl�w ghu yrq ghu Pdwul{ D lqgx}lhuwh Wdqjhqwhq0

yhnwru1

Nruroodu 49 Glh Nxuyh % Er� ndqq dov hlqh orndoh Oùvxqj ghu irojhqghq Dq0
idqjvzhuwdxijdeh gh�qlhuw zhughq +yjo1 ^4`,=

�% Er� ' | E(M E% Er��� m % Ef� ' %f� +4145,

Glh uhfkwh Vhlwh ghu dxijhvwhoowhq Gl�huhqwldojohlfkxqj +4145, lvw jhqdx
gdqq ulfkwlj gh�qlhuw/ zhqq glh Mdfrel0Pdwul{ (M E%� ghq yroohq Udqj kdw=

-@?} E(M E%�� ' ?� �� +4146,

Glh Ehglqjxqj +4146, jlow qxu iÿu uhjxoçuh Sxqnwh ghu Ixqnwlrq M xqg lvw
qlfkw gluhnw yrq ghu Hljhqvfkdiwhq ghu Ixqnwlrq s rghu ghuhq Judglhqwhq us

dekçqjlj1 Lq ghu Duehlw ^4` zxughq irojhqgh jhrphwulvfkh Hljhqvfkdiwhq ghu
Oùvxqjvnxuyh % Er� ehzlhvhq1

Vdw} 4: Zhqq f hlq uhjxoçuhu Zhuw yrq M lvw/ gdqq lvw glh Nxuyh % Ek�
gh�qlhuw dxi ghp jdq}hq LU xqg huiÿoow jhqdx hlqh yrq irojhqghq }zhl Eh0
glqjxqjhq=
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+l, glh Nxuyh % Er� lvw gl�hrprusk }x hlqhp Nuhlv

+ll, glh Nxuyh % Er� lvw gl�hrprusk }x hlqhu Jhudgh1

Glh Wudmhnwrulh AM Es� ndqq dov Huzhlwhuxqj ghu Oùvxqjvnxuyh % Er� iÿu
glh qlfkw uhjxoçuhq Sxqnwh ghu Kloivixqnwlrq M dxijhid�w zhughq xqg zlug

dov yhudoojhphlqhuwh Qhzwrq0Wudmhnwrulh eh}hlfkqhw1

Ehphunxqj 4; Idoov f hlq uhjxoçuhu Zhuw yrq M lvw/ vwhoow glh Nxuyh % Er�
hlqh Nrpsrqhqwh ghu Wudmhnwrulh AM Es �1

Nruroodu 4< Glh Wudmhnwrulh AM Es� lvw dxfk iÿu glh Sxqnwh ghu Qxoophqjh
yrq M gh�qlhuw/ zr glh Mdfrel0Pdwul{ (M E%� vlqjxoçu lvw xqg glh Nxuyh
% Ek� qlfkw phku gh�qlhuw lvw1 Lq hlqhp vrofkhq Sxqnw lvw glh Wudmhnwrulh
AM Es � qlfkw phku orndo hlqglphqvlrqdo1

41516 Qxphulvfkh Dqvçw}h

Dxi ghu Vxfkh qdfk ghq nulwlvfkhq Sxqnwhq ghu ]lhoixqnwlrq s zlug dovr hlqh
yhudoojhphlqhuwh Qhzwrq0Wudmhnwrulh AM Es� nrqvwuxlhuw1 Xp dxvjhkhqg yrq
hlqhp Dqidqjvsxqnw %f ghu Wudmhnwrulh AM Es � irojhqg }x nulwlvfkhq Sxqnwhq
}x jhodqjhq/ px� glh Wudmhnwrulh qxphulvfk uhnrqvwuxlhuw zhughq1

Hlqh hlqidfkh Uhdolvlhuxqj glhvhu Dxijdeh zçuh/ glh Gl�huhqwldojohlfkxqj
+4145, plw hlqhp husurewhp dxv hlqhu Surjudppeleolrwkhn vwdpphqghq Yhu0
idkuhq qxphulvfk }x lqwhjulhuhq1 Gd doohuglqjv dx�hu ghu Mdfrel0Pdwul{ (M
glh Kloivixqnwlrq M }xu Yhuiÿjxqj vwhkw/ lvw ghu lp Ndslwho 6 ehvfkulhehqh

Suçglnwru0Nruuhnwru Dqvdw} }xu Oùvxqj ghv qlfkwolqhduhq Johlfkxqjvv|vwhp
M E%� ' f ehvvhu iÿu glh Uhnrqvwuxnwlrq ghu Wudmhnwrulh AM Es� jhhljqhw ^58`1
Ghu ]xjdqj }xu Wudmhnwrulh AM Es� ÿehu gdv qlfkwolqhduh Johlfkxqjvv|vwhp
M E%� ' f lvw gdkhu/ dxv qxphulvfkhu Vlfkw/ ghp ]xjdqj ÿehu glh Gl�huhqwl0
dojohlfkxqj +4145, yru}x}lhkhq +yjo1 Devfkqlwwh 416 xqg 417,1

Lp irojhqghq Ehlvslho zhughq zhlwhuh pùjolfkh Vfkzlhuljnhlwhq/ glh ehl

ghu qxphulvfkhq Uhnrqvwuxnwlrq hlqhu yhudoojhphlqhuwhq Qhzwrq0Wudmhnwrulh

dxiwuhwhq nùqqhq/ dqjhghxwhw1 Iÿu hlqh hlqidfkh Whvwixqnwlrq zhughq klhu}x
hlqljh w|slvfkh Vwuxnwxuhq nodvvlvfkhu Qhzwrq0Wudmhnwrulhq dxijh}hljw1

Ehlvslho 53 Vhl glh irojhqgh ]lhoixqnwlrq s@ GLU2 $ LU plw ghu Yduldeohq
5 ' E%c +�A 5LU2 jhjhehq=

s@E5� '
�

�

�
%� � +�

�
� %n +�
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Ghu Judglhqw ghu Ixqnwlrq s@ xqg gdplw dxfk glh nulwlvfkhq Sxqnwh nùqqhq
ohlfkw ehuhfkqhw zhughq=

us@ E5� '
�
%2 � �c �� +2

�
�

Glh Ixqnwlrq ehvlw}w dovr ylhu nulwlvfkh Sxqnwh=

5W
�
' E	�c	��A c � ' �c ���ce�

Plw Kloih ghu Khvvh0Pdwul{ (2s@ E%�/

(2s@ E%� '

�
2% f
f �2+

�
c

ndqq ghu Fkdudnwhu ghu nulwlvfkhq Sxqnwh 5W
�
ihvwjhvwhoow zhughq1 Gxufk Xq0

whuvxfkxqj ghv Yru}hlfkhqv ghu Hljhqzhuwh ghu Pdwul{ (2s@ E%� huzhlvhq
vlfk ghu Sxqnw 5W2 ' E�c���A dov orndohv Plqlpxp/ ghu Sxqnw 5We ' E��c ��A

dov orndohv Pd{lpxp xqg glh Sxqnwh 5W� ' E�c��A xqg 5W
�
' E��c���A dov

}zhl Vdwwhosxqnwh1
Dekçqjlj yrq ghp Dxvjdqjvsxqnw 5f ' E%fc +f�

A ndqq glh KloivixqnwlrqM E%�
zlh irojw nrqvwuxlhuw zhughq=

M E5� '
Ys@ E5f�

Y+

�
%2 � �

�
�
Ys@ E5f�

Y%

�
� � +2

�
�

Glh Ehglqjxqjhq dxv ghu Gh�qlwlrq < vlqg klhu wulyldohuzhlvh huiÿoow1 Iÿu
ghq Dxvjdqjvsxqnw 5f jlow gdqq dx�hughp

M E5f� ' f�

Dxi glhvh Zhlvh zlug vlfkhujhvwhoow/ gd� dx�hu ghq nulwlvfkhq Sxqnwhq dxfk
ghu Dxvjdqjvsxqnw 5f ghu Wudmhnwrulh jhkùuw1 Glh nodvvlvfkh Qhzwrq0Wudmhnwrulh
lvw gdqq +yjo1 Devfkqlww 416 xqg lqvehvrqghuv Ehlvslho 5<, gh�qlhuw gxufk=

A Es@c 5f� ' AM Es@� �

Hv nùqqhq ehlvslhozhlvh/ dekçqjlj yrp Sxqnw 5f/ irojhqgh Qhzwrq0Wudmhnwrulhq
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nrqvwuxlhuw zhughq=

5�f ' E��2c f�S�
A� G' A Es@c 5

�
f� '

�
5 5 LU2

m M� E5� G' f�Se%2 n f�ee+2 � ��fH ' f
�

52f ' Ef�ec f�S�
A2 G' A Es@c 5

2
f� '

�
5 5 LU2

m M2 E5� G' f�Se%2 � f�He+2 n f�2 ' f
�

5�f ' E��fc f�f�
A� G' A Es@c 5

�
f� '

�
5 5 LU2

m M� E5� G' %2 � � ' f
�

5ef ' Ef�2c f�2�
Ae G' A Es@c 5

e
f� '

�
5 5 LU2

m Me E5� G' f�bS%2 � f�bS+2 ' f
�

5Df ' Ef�2�c f�2�
AD G' A Es@c 5Df� '

�
5 5 LU2

m MD E5� G' f�bS%2 � f�bDDb+2 � f�ffe� ' f
�
�

Glh Qhzwrq0Wudmhnwrulh A Es@c 5f� ndqq dovr hlqh Hoolsvh +A�,/ hlqh K|shueho
plw zddjhuhfkw +A2, rghu vhqnuhfkw +AD, yhuodxihqghq Ioÿjho/ }zhl sdudoohoh
+A�, rghu ruwkrjrqdohq +Ae, Jhudghq zhughq1
Glh Wudmhnwrulhq A�/A2 xqg A� zhughq lq ghu Deelogxqj +414, gdujhvwhoow1
Glh Wudmhnwrulhq Ae xqg AD zhughq lq ghq Eloghuq +415, xqg +416, jhwuhqqw
jh}hljw1
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T + fa,z0
3/

z1
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z0
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2

z0
3

Deelogxqj 414= Ehlvslhowudmhnwrulhq A�/A2 xqg A� iÿu glh Ixqnwlrq s@
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Glh yrujhvwhoowhq Wudmhnwrulhq ehlqkdowhq qdwÿuolfk dxfk dooh nulwlvfkhq

Sxqnwh ghu Ixqnwlrq s@1 Glh jhrphwulvfkh Ehvfkd�hqkhlw ghu Wudmhnwrulhq

lvw dehu gxufkdxv xqwhuvfklhgolfk1

Wudmhnwrulhqnrpsrqhqwhq

Zçkuhqg glh Wudmhnwrulhq A� xqg Ae }xvdpphqkçqjhqg vlqg/ ehvwhkhq glh

Wudmhnwrulhq A2/A� xqg AD dxv }zhl jhwuhqqwhq Nrpsrqhqwhq1 Hv lvw ehl

hlqhp sudnwlvfkhq Rswlplhuxqjvsureohp riw vfkzhu yrukhu}xvhkhq/ zlhylhoh

Nrpsrqhqwhq glh gh�qlhuwh Wudmhnwrulh eloghq1 Glh Vxfkh qdfk ghq Wud0

mhnwrulhqnrpsrqhqwh lvw iÿu hlq qxphulvfkhv Uhnrqvwuxnwlrqvyhuidkuhq hlq

vfkzlhuljhv Sureohp1

Lp Ndslwho 5 zhughq Phwkrghq yrujhvwhoow/ glh hv hupùjolfkhq/ plwwhov uh0

nxuvly nrqvwuxlhuwhq Yhuelqgxqjvwudmhnwrulhq glh Nrpsrqhqwhq ghu Kdxsw0
wudmhnwrulh }x �qghq1 Lp Devfkqlww 41716 zlug dx�hughp hlqh qhxh Wudmhn0

wrulhqnodvvh hlqjhiÿkuw/ glh phkuhuh yrujhjhehqhq Vwduwsxqnwh hqwkçow1 Dxi
glhvh Zhlvh lvw hv gdqq lq ghu Uhjho pùjolfk/ hlqljh +xqg qlfkw qxu hlqh$,
Wudmhnwrulhqnrpsrqhqwhq ehuhlwv ehlp huvwhq Dqodxi }x uhnrqvwuxlhuhq1

]|nolvfkh xqg qlfkw }|nolvfkh Nrpsrqhqwhq

Glh hlq}hoqhq Wudmhnwrulhqnrpsrqhqwhq vlqg xqwhu ehvwlppwhq Yrudxvvhw0
}xqjhq hqwzhghu }x hlqhp Nuhlv +Wudmhnwrulh A�, rghu hlqhu Jhudgh +Wudmhn0
wrulhq A2/A� xqg AD, gl�hrprusk +v1 Vdw} 4:,1
Glh qxphulvfkh Ehkdqgoxqj ghu }|nolvfkhq Nrpsrqhqwhq huirughuw hlqhq

~)!*�t|it|/ ghu plw Kloih fkdudnwhulvwlvfkhu Sxqnwh hunhqqw/ re glh Nrp0
srqhqwh yroovwçqglj uhnrqvwuxlhuw zxugh1 Glh qlfkw}|nolvfkh Nrpsrqhqwhq
nùqqhq dqghuvhlwv/ zhjhq lkuhu xqhqgolfkhq Oçqjh/ qlfkw yroovwçqglj uhnrq0
vwuxlhuw zhughq1 Dxv glhvhp Juxqgh zlug glh Vxfkh dxi hlqhq Ehuhlfk �
ehvfkuçqnw/ lq ghp dooh nulwlvfkh Sxqnwh yhupxwhw zhughq1 Ehvlw}w glh ]lho0
ixqnwlrq qxu hqgolfk ylhoh nulwlvfkh Sxqnwh/ vr h{lvwlhuw hlq nrqyh{hu Ehuhlfk

� � LU?/ iÿu ghq jlow=

go�| Es� � ��

Vlqjxoçuh Sxqnwh xqg Vsuÿqjh }zlvfkhq ghq Nrpsrqhqwhq

Hlq dqghuhv Sureohp vwhoohq Yhu}zhljxqjvsxqnwh gdu1 Zlh dq ghp Ehl0
vslho ghu Wudmhnwrulh Ae }x hunhqqhq lvw +yjo1 Deelogxqj 415,/ nùqqhq vrofkh
Sxqnwh gdqq dxiwuhwhq/ zhqq hlq Wudmhnwrulhqsxqnw hlq vlqjxoçuhv Sxqnw ghu

Kloivixqnwlrq M E5� lvw1 Iÿu glh Wudmhnwrulh Ae xqg ghq Wudmhnwrulhqsxqnw
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�5 ' Efc f�A jlow klhu

(Me E�5� ' E��b2�%c ��b2�+� ' Efc f� c

vr gd� ghu Udqj ghu Pdwul{ (Me E�5� johlfk ��,, lvw1 Iÿu glh dqghuhq Wud0

mhnwrulhq ndqq pdq }hljhq/ gd� ghu Sxqnw �5 ' Efc f�A dxfk hlq vlqjxoçuhu

Sxqnw ghu Kloivixqnwlrq M lvw1 Gd �5 dehu gdqq qlfkw }xu Wudmhnwrulh jhkùuw/

vwhoow glhv lq glhvhq Içooh nhlqh Vfkzlhuljnhlw gdu1
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Deelogxqj 415= Ehlvslhowudmhnwrulh Ae iÿu glh ]lhoixqnwlrq s@

Xp Yhu}zhljxqjvsxqnwh ehl hlqhu qxphulvfk ehuhfkqhwhq Wudmhnwrulh }x
yhuphlghq/ uhlfkw hv/ lp doojhphlqhq ghq Dxvjdqjvsxqnw hlq zhqlj }x vwùuhq
+v1 Deelogxqj 416,1 Glh dxi glhvh Zhlvh qhx gh�qlhuwh Wudmhnwrulh kdw nhlqh

Yhu}zhljxqjvsxqnwh phku1

Ghpqdfk jlew hv sureohpdwlvfkh Vwhoohq/ dq ghqhq yhuvfklhghqh Wudmhnwr0

ulhqnrpsrqhqwhq qdkh ehlhlqdqghu yhuodxihq1 Hv ehvwhkw gdqq glh Jhidku/
gd� gdv Uhnrqvwuxnwlrqvyhuidkuhq içovfkolfkhuzhlvh yrq hlqhu Nrpsrqhqwh

dxi glh dqghuh vsulqjw1 Gdqn hlqhu jhhljqhwhq Vfkulwwoçqjhvwhxhuxqj +yjo1
Devfkqlww 61515, ndqq glhv yhuplhghq zhughq1 Gdv Yhuidkuhq lvw doohuglqjv

ghxwolfk odqjvdphu1

Lvw hv iÿu hlqh gh�qlhuwh Wudmhnwrulh pùjolfk/ vlh de}xidkuhq/ vr nùqqhq

dooh nulwlvfkhq Sxqnwh iÿu gdv Sureohp jhixqghq zhughq1 Gxufk ghq hlq0

idfkhq Yhujohlfk ghu Ixqnwlrqvzhuwh ndqq gdqq ghu joredo rswlpdoh Sxqnw
ehvwlppw zhughq1
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Deelogxqj 416= Ehlvslhowudmhnwrulh AD iÿu glh ]lhoixqnwlrq s@

Glh nulwlvfkhq Sxqnwh zhughq plw Kloih hlqhv Wudmhnwrulhqyhuidkuhqv lp
doojhphlqhq qxu vhku xqjhqdx ehvwlppw1 Hv jhkw lq glhvhp Idoo ylhophku
gduxp/ vlfk hlqhq Jhvdpwÿehueolfn ÿehu glh Hljhqvfkdiwhq ghu ]lhoixqnwlrq
}x yhuvfkd�hq xqg glh Vwuxnwxu ghv Sureohpv }x hunhqqhq1 Glh jhixqghqhq
nulwlvfkhq Sxqnwh nùqqhq gdqq dov �jxwh� Vwduwsxqnwh iÿu glh nodvvlvfkhq

orndo nrqyhujhqwhq Rswlplhuxqjvyhuidkuhq jhqrpphq zhughq1

416 Nodvvlvfkh Qhzwrq0Wudmhnwrulh

41614 ]xjdqj ÿehu hlqh Gl�huhqwldojohlfkxqj

Ghu Qdph ghu lp irojhqghq nrqvwuxlhuwhq Wudmhnwrulh nrppw yrq ghu eh0

ndqqwhq Phwkrgh/ glh lq Irup hlqhu lp zhlwhuhq dqjhjhehqhq Lwhudwlrqviru0

pho +4147, }xu Oùvxqj ghv Johlfkxqjvv|vwhpv +414, dqjhzdqgw zhughq ndqq1
Vhl s hlqh }zhlpdo vwhwlj gl�huhq}lhueduh Ixqnwlrq s G LU?

$ LU plw ghq
Judglhqwhq us xqg ghu Khvvhpdwul{ (2s 1 Glh Qhzwrq0Lwhudwlrqvirupho lvw

gdqq jhjhehq gxufk=

%�n� G' %� � R�(
2s E%��

3�
us E%�� � +4147,

Ghu gxufk glh Sxqnwh i%�j�'fc�c��� ehvwlppwh Sro|jrq}xj ndqq dov hlqh Hxohu0
Glvnuhwlvlhuxqj plw ghu Vfkulwwoçqjh R� ghu gxufk irojhqgh Dqidqjvzhuwdxi0
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jdeh gh�qlhuwhq Nxuyh  Ek� dqjhvhkhq zhughq=

�% Ek� ' �(2s E% Ek��3�us E% Ek�� m % Ef� ' %f� +4148,

Hv lvw lq glhvhp Nrqwh{w ÿeolfk/ dq Vwhooh ghu Gl�huhqwldojohlfkxqj 4148 iro0

jhqgh Dxijdeh }x ehwudfkwhq +yjo1 ^49`,=

�% Ek� ' �@_�(2s E% Ek��us E% Ek�� m % Ef� ' %f� +4149,

Plw @_�(2s zlug glh Dgmxqjlhuwh ghu Khvvh0Pdwul{ (2s eh}hlfkqhw/ glh dxfk

iÿu glhmhqljh Sxqnwh h{lvwlhuw/ iÿu glh glh Khvvh0Pdwul{ vlqjxoçu xqg gdplw

qlfkw lqyhuwlhuedu lvw1 Lvw dqghuvhlwv glh Khvvh0Pdwul{ (2s uhjxoçu/ vr ndqq

glh Lqyhuvh E(2s �
3�

zlh irojw gdujhvwhoow zhughq=

�
(2s

�3�
'

�

_i|(2s
@_�(2s�

Iÿu glh Kloivixqnwlrq ME%� G' CAus E%�/ plw hlqhu eholheljhq yrujhjh0
ehqhq ? � ? � � Pdwul{ C yroohq Udqjhv/ zxugh lq ^6` jh}hljw/ gd� ghu
Wdqjhqwhqyhnwru | E(M E%�� ghu Mdfrel0Pdwul{ (M E%�/ zlh irojw gdujhvwhoow
zhughq ndqq=

| E(M E%�� ' j
@_�(2s E% Ek��us E% Ek��

n@_�(2s E% Ek��us E% Ek��n
c j ' 	��

Zlug glh Nxuyh  Ek� qdfk ghu Erjhqoçqjh r sdudphwulvlhuw/ vr ndqq glh
Dqidqjvzhuwdxijdeh +4149, dxi glh Gl�huhqwldojohlfkxqj +4145, }xuÿfnjhiÿkuw
zhughq1

Glh lpsol}lhwh Irup ghu Gl�huhqwldojohlfkxqj 4149 plw ghq hqwvsuhfkhqghq
Dqidqjvzhuwehglqjxqj

Y

Yk
us E% Ek�� ' �us E% Ek�� m % Ef� ' %f

iÿkuw gdqq }x irojhqghq Hljhqvfkdiwhq ghu Oùvxqjvnxuyh  Ek� +yjo1 ^4;`,=

Vdw} 54 Iÿu glh Oùvxqjvnxuyh  Ek� ghu Qhzwrqvfkhq Gl�huhqwldojohlfkxqj
4148 jlow=

+l, glh Ulfkwxqj ghv Judglhqwhq us E% Ek�� eohlew hqwodqj ghu Nxuyh xq0
yhuçqghuw=

;%Ek�M Ek�us E% Ek�� ' us
�
%f
�
e3kc



4161 NODVVLVFKH QHZWRQ0WUDMHNWRULH 48

+ll, plw k $ 4 iÿkuw glh Nxuyh  Ek� yrq ghp Vwduwsxqnw %f }x hlqhp
nulwlvfkhq Sxqnw ghu Ixqnwlrq s 1

Ghu Sidg/ ghu hqwodqj ghu Oùvxqjvnxuyh  Ek� yrq ghp Vwduwsxqnw %f }x

hlqhp nulwlvfkhq Sxqnw %W ghu Ixqnwlrq s iÿkuw/ zlug dov Qhzwrq0Nxuyh eh0

}hlfkqhw1 Lq ghq qçfkvwhq Devçw}hq zhughq glh jhqdqqwhq Hljhqvfkdiwhq ghu

Qhzwrq0Nxuyh jhqxw}w/ xp glh nodvvlvfkh Qhzwrq0Wudmhnwrulh }x gh�qlhuhq/

glh dooh nulwlvfkh Sxqnwh hqwkçow +v1 ^4<`,1

41615 ]xjdqj ÿehu hlq qlfkwolqhduhv Johlfkxqjvv|vwhp

Glh Phqjh ghu nulwlvfkhq Sxqnwh ghu ]lhoixqnwlrq s GLU? $LU zlug gxufk glh

Devfkzçfkxqj ghv qrwzhqgljhq Rswlpdolwçwvnulwhulxpv +yjo1 Vdw} 6, huzhl0

whuw1 Klhu}x zhughq glh ? Johlfkxqjhq ghv qlfkwolqhduhq Johlfkxqjvv|whpv
+414, gxufk ?� � olqhdu xqdekçqjljh Johlfkxqjvnrpelqdwlrqhq huvhw}w=

us E%� ' f$

5
7 }A�us E%� ' f

���

}A
?3�us E%� ' f

6
8 � +414:,

Gdv Johlfkxqjvv|vwhp +414:, ndqq plw Kloih hlqhu eholheljhq ?�?�� Pdwul{
C yroohq Udqjhv

C ' E}�c ���c }?3��

-@?} EC� ' ?� �

rghu ghu hqwvsuhfkhqg gh�qlhuwhq Kloivixqnwlrq M G LU?
$ LU?3� nxu} jh0

vfkulhehq zhughq=

M E%� G' CAus E%� ' f� +414;,

Glh Oùvxqjvphqjh AC Es � ghv dxi glhvh Zhlvh dejhvfkzçfkwhq Johlfkxqjvv|0

vwhp +414:, hqwkçow qdwÿuolfk dooh nulwlvfkhq Sxqnwh ghu ]lhoixqnwlrq s =

go�| Es� � AC Es� G' i% 5 LU?
m M E%� ' fj � +414<,

Gh�qlwlrq 55 Iÿu hlqh ?� ?� � Pdwul{ C plw

-@?} EC� ' ?� �

lvw glh gxufk glh Pdwul{ C lqgx}lhuwh Wudmhnwrulh jhjhehq plw=

AC Es � G'
�
% 5 LU?

m M E%� G' CAus E%� ' f
�
� +4153,
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Ehphunxqj 56 Glh Ehglqjxqj CAus E%� ' f lvw }xu Dxvvdjh çtxlydohqw/
gd� ghu Judglhqw us E%� lp Nhuq ghu Pdwul{ C olhjw1 Glh Wudmhnwrulh AC Es �
lvw gxufk ghq hlqglphqvlrqdohq Nhuq ghu Pdwul{ C hlqghxwlj ehvwlppw1 Iÿu
dooh ? � ? � � Pdwul}hq C yroohq Udqjhv plw ghp johlfkhq Nhuq vlqg dxfk
glh gxufk glhvh Pdwul}hq lqgx}lhuwhq Wudmhnwrulhq johlfk$

Ghu dxijuxqg ghu Udqjehglqjxqj hlqglphqvlrqdoh Nhuq lvw dehu gxufk

hlqhp eholheljhq Yhnwru

f 9' } 5 !ih EC�

hlqghxwlj ihvwjhohjw1 Glhvh Hljhqvfkdiw ehjuÿqghw irojhqgh Gh�qlwlrq=

Gh�qlwlrq 57 Iÿu hlqhq Yhnwru } 5 LU? xqg hlqhu Pdwul{ C plw

-@?} EC� ' ? � �

} 5 !ihCA c

lvw glh gxufk ghq Yhnwru } lqgx}lhuwh Wudmhnwrulh jhjhehq gxufk=

A} Es� G' AC Es� � +4154,

} zlug lp Zhlwhuhq hlq lqgx}lhuhqghu Yhnwru jhqdqqw1

Dov lqgx}lhuhqghu Yhnwru } 5 LU? ndqq ghu Judglhqw ghu Ixqnwlrq s lq
hlqhp qlfkwnulwlvfkhq Sxqnw %f +us E%f� 9' f, jhqrpphq zhughq=

} G' us E%f� � +4155,

Ghu Sxqnw %f ndqq gdqq dov Vwduwsxqnw iÿu gdv Uhnrqvwuxnwlrqvyhuidkuhq

ehqxw}w zhughq +yjo1 Ehlvslho 53,1 Lq glhvhp Idoo lvw glh Wudmhnwrulh A Es �
gxufk ghq Yhnwru } rghu çtxlydohqw gxufk ghq Vwduwsxqnw %f hlqghxwlj eh0
vwlppw xqg zlug gdkhu zhlwhu plw A} Es� e}z1 plw A Esc%f� eh}hlfkqhw1

Vdw} 58 Vhl } G' us E%f� 9' f xqg s hlqh }zhlpdo vwhwlj gl�huhq}lhueduh
Ixqnwlrq s 5 �2 ELU?�1 Iÿu glh gxufk ghq Yhnwru } lqgx}lhuwh Wudmhnwrulh
A} Es� nùqqhq gdqq irojhqgh Hljhqvfkdiwhq ehzlhvhq zhughq=

+l, Glh Ulfkwxqj ghv Judglhqwhq us lvw iÿu dooh Sxqnwh ghu Wudmhnwrulh
A} Es� johlfk ghu Ulfkwxqj ghv lqgx}lhuhqghq Yhnwruv }=

;%MA}Es�<bMLUus E%� ' b}�
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+ll, Lvw ghu Judglhqw us ghu Ixqnwlrq s lq hlqhp Sxqnw % olqhdu dekçqjlj
yrq }/ vr jhkùuw % gdplw }xu Wudmhnwrulh A} Es�

<
bMLUus E%� ' b}, % 5 A} Es� �

+lll, Glh Wudmhnwrulh A} Es� lvw hlqh Huzhlwhuxqj ghu lp yruljhq Devfkqlww
gh�qlhuwhq Qhzwrq0Nxuyh  Ek�=

 Ek� � A} Es� �

Ehzhlv1 Glh Dxvvdjhq +l, xqg +ll, irojhq gluhnw dxv ghu Ehphunxqj +56,1

Qdfk ghp Vdw} 54 eohlew glh Ulfkwxqj ghv Judglhqwhqus E%� ghu ]lhoixqnwlrq
s hqwodqj ghu Nxuyh  Ek� xqyhuçqghuw1 Gd ghu Judglhqw us E%f� lp Vwduw0

sxqnw %f dov lqgx}lhuhqghu Yhnwru } jhzçkow zxugh/ irojw iÿu dooh Sxqnwh %
ghu Oùvxqjvnxuyh  Ek�=

;%M Ek�<bMLUus E%� ' bus E%f� ' b}

xqg plw +ll, gdqq dxfk

;%M Ek�% 5 A} Es � �

Gh�qlwlrq 59 Glh Wudmhnwrulh A} Es�/

A} Es� G' i% 5 LU?
m us E%� sdudooho }x }j c

zlug dov nodvvlvfkh Qhzwrq0Wudmhnwrulh eh}hlfkqhw xqg lvw plw ghu gxufk
Yhnwru } lqgx}lhuwhq Wudmhnwrulh lghqwlvfk +yjo1 Gh�qlwlrq 57,1

LpDevfkqlww 417 zlug hlqh dqghuh huzhlwhuwh Idplolh ghu Qhzwrq0Wudmhnwrulhq

hlqjhiÿkuw1

Nrqvwuxnwlrq ghv Johlfkxqjvv|vwhpv

Lp irojhqghq zlug iÿu hlqhp yrujhjhehqhq Yhnwru } ' us E%f� hlqh ?�?��
Pdwul{ C ehvwlppw iÿu glh jlow=

!ihC ' rR@?i}j�

Glhvh Ehglqjxqj vlfkhuw glh ]xjhkùuljnhlw ghv Dxvjdqjvsxqnwhv %f }xu Wud0
mhnwrulh AC Es�1
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Gluhnwh Nrqvwuxnwlrq Lvw hlq lqgx}lhuhqghu Yhnwru } 5 LU? xqg hlqh

Ruwkrqrupdoedvlv 	' G' i 	̂�c ���c 	̂?j plw }A 	̂? 9' f jhjhehq/ vr ndqq hlq Johl0

fkxqjvv|vwhp +414:, dxi irojhqgh Zhlvh nrqvwuxlhuw zhughq=

	CAus E%� '

5
7

�
}A 	̂�

�
	̂A
?
�
�
}A 	̂?

�
	̂A� cus E%�

�
' f

����
}A 	̂?3�

�
	̂A
?
�
�
}A 	̂?

�
	̂A
?3�cus E%�

�
' f

6
8 � +4156,

Glh Vsdowhq 	}�c � ' �c ���c ? � � ghu Pdwul{ 	C nùqqhq dovr qdfk irojhqghu

Yruvfkuliw ehvwlppw zhughq=

	}� G'
�
}A 	̂�

�
	̂? �

�
}A 	̂?

�
	̂�� +4157,

Glh nrqvwuxlhuwh Pdwul{ 	C kdw glh lq ghu Gh�qlwlrq +57, jhirughuwh Hljhq0

vfkdiwhq=

Ohppd 5: Glh Pdwul{ 	C kdw ghq yroohq Udqj xqg lvw ruwkrjrqdo }xp lq0
gx}lhuhqghq Yhnwru }=

-@?}
�
	C
�

' ? � �

	CA } ' f

Ehzhlv1 Lqgluhnw zlug klhu dqjhqrpphq/ gd� glh Pdwul{ C qlfkw yroohq
Udqjhv lvw

-@?} EC� 	 ?� ��

Gdqq jlew hv hlqh Olqhdunrpelqdwlrq ghu Vsdowhq 	}�c � ' �c ���c ?� � plw ghq
uhhoohq Nrh!}lhqwhq k� 5 LUc � ' �c ���c ?� �/ glh qlfkw dooh johlfk}hlwlj johlfk
��,, vlqg/ iÿu glh irojhqgh Ehglqjxqj jlow=

?3�[
�'�

k�	}� '
?3�[
�'�

k�

��
}A 	̂�

�
	̂? �

�
}A 	̂?

�
	̂�
�

'
?3�[
�'�

k�

�
}A 	̂�

�
	̂? �

?3�[
�'�

k�

�
}A 	̂?

�
	̂� ' f

Gd glh Vsdowhq 	̂� ghuPdwul{' olqhdu xqdekçqjlj vlqg xqg }A 	̂? 9' f jhirughuw
zxugh/ pÿvvhq dooh Nrh!}lhqwhq k�c � ' �c ���c ? � � johlfk}hlwlj yhuvfkzlq0
ghq1 Glhv lvw dehu çtxlydohqw ghu olqhduhq Xqdekçqjljnhlw ghu Yhnwruhq 	}�
xqg zlghuvsulfkw ghu lqgluhnwhq Dqqdkph1
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Iÿu glh Vsdowhq 	}�c � ' �c ���c ?� � jlow gdqq dx�hughp=

	}A
�
} G'

�
}A 	̂�

� �
	̂A
?
}
�
�
�
}A 	̂?

� �
	̂A
�
}
�
' f�

Nruroodu 5; Iÿu glh Wudmhnwrulh

A 	C Es� G'
q
% 5 LU?

m 	CA
us E%� ' f

r
c

jlow gdqq=

%f 5 A 	C Es� �

Ehzhlv1 Iÿu ghq yrujhjhehqhq Sxqnw %f jlow=

	CA
us E%f� ' 	CA } ' f�

Ehlvslho 5< Iÿu hlqh }zhlglphqvlrqdoh ]lhoixqnwlrq s GLU2 $ LU/ hlqh Pd0
wul{ ' ' U2 xqg hlqhq Yhnwru } G' us E5f� lvw gdqq glh Wudmhnwrulh A} Esc 5f�
+yjo1 Ehlvslho 53, jhjhehq plw=

A Esc 5f� '

�
5 5 LU2

m
Ys E5f�

Y+

Ys E5�

Y%
�
Ys E5f�

Y%

Ys E5�

Y+
' f

�
� +4158,

Dxv ghu Johlfkxqj +4158, irojw iÿu mhghq Wudmhnwrulhqsxqnw 5

	CAus E%� G'

�
Ys E5f�

Y+
c�

Ys E5f�

Y%

�
us E5� ' f

vr gd� plw

	}� G'

�
Ys E5f�

Y+
c�

Ys E5f�

Y%

�
A

ghu Judglhqw us E5� ruwkrjrqdo }xp Yhnwru 	}� xqg gdplw sdudooho }xp Jud0
glhqwhq us E5f� olhjw1
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Ehlvslho 63 Iÿu hlqh guhlglphqvlrqdoh ]lhoixqnwlrq s GLU� $ LU plw ghu
Yduldeohq 5 ' E�c �c ��A / hlqhu Pdwul{ ' ' U� xqg hlqhp Yhnwru } G' us E5f�
lvw gdqq glh Wudmhnwrulh A} Esc 5f� jhjhehq plw=

A Esc 5f� '

+
5 5 LU�

m

#
YsE5f�

Y�

YsE5�

Y�
�

YsE5f�

Y�

YsE5�

Y�
YsE5f�

Y�

YsE5�

Y�
�

YsE5f�

Y�

YsE5�

Y�

$
' f

,
� +4159,

Dxv ghu Johlfkxqj +4159, irojw iÿu mhghq Wudmhnwrulhqsxqnw 5

	CAus E%� G'

#
YsE5f�

Y�
f �

YsE5f�

Y�

f YsE5f�

Y�
�

YsE5f�

Y�

$
us E5� ' f

vr gd� plw

	}� G '

�
Ys E5f�

Y�
c fc�

Ys E5f�

Y�

�
A

	}2 G '

�
fc
Ys E5f�

Y�
c�

Ys E5f�

Y�

�
A

ghu Judglhqw us E5� ruwkrjrqdo }x Yhnwruhq 	}� e}z1 	}2 olhjw1
Dxv ghu lq ghu Yruvfkuliw +4156, dxijhvwhoowhq Irughuxqj

us E5f�
A 	̂? ' }A 	̂? 9' f

irojw gdqq

Ys E5f�

Y�
9' f�

Glh Yhnwruhq 	}� xqg 	}2 vlqg olqhdu xqdekçqjlj1 Iÿu ghq Udqj ghu Pdwul{ 	C
jlow dovr

-@?}
�
	C
�
' 2�

Ghu Judglhqw us E5�/ ghu lp hlqglphqvlrqdohq Nhuq ghu Pdwul{ C olhjw/ lvw
dovr sdudooho }xp Judglhqwhq us E5f� +yjo1 Ehphunxqj 56,1
Iÿu glh Yhnwruhq 	}� xqg 	}2 jlow dx�hughp=

	}A� 	}2 '
Ys E5f�

Y�

Ys E5f�

Y�
�

Gdv Vndodusurgxnw 	}A� 	}2 lvw lq ghu Uhjho xqjohlfk ��,,> g1k1 Yhnwruhq 	}� xqg
	}2 vlqg qlfkw ruwkrjrqdo$
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Nrqvwuxnwlrq plwwhov Vslhjhoxqj Lq pdqfkhq Içoohq lvw hv yrq Yruwhlo/

zhqq glh Pdwul{ C ' E}�c ���c }?3�� ruwkrqrupdo lvw1 Glh Vsdowhq }�c ���c }?3�
pÿvvhq dovr vr nrqvwuxlhuw zhughq/ gd� glh irojhqgh Ehglqjxqj huiÿoow lvw=

}�}& '

�
fc � 9' &

�c � ' &
�

Glhv lvw ehl ghu Pdwul{ 	C qlfkw lpphu ghu Idoo +v1 Ehlvslho 63,1 Glh Nrq0

vwuxnwlrq hlqhu ruwkrjrqdohq Pdwul{ C lvw dxizhqgljhu xqg ndqq }1E1 plw0

whov hlqhu Ruwkrjrqdowudqvirupdwlrq 7 hlqhu eholheljhq ruwkrqrupdohq Edvlv

' G' i^�c ���c ^?j gxufkjhiÿkuw zhughq1 Zlug ghu Edvlvyhnwru ^? dxi ghq

qruplhuwhq lqgx}lhuhqghq Yhnwru �} G' }

8}8 dejheloghw

7^? ' �}c +415:,

vr vwhoohq glh Deeloghu ghu dqghuhq Edvlvyhnwruhq ^�c ���c ^?3� glh Vsdowhq ghu
jhvxfkwhq ruwkrqrupdohq Pdwul{

C G' E}� G' 7^�c ���c }?3� G' 7^?3���

Lvw }xiçooljhuzhlvh ^? ' �}c vr lvw nhlqh Wudqvirupdwlrq ghu Edvlvyhnwruhq
^�c ���c ^?3� qrwzhqglj1 Glh Pdwul{C lvw gdqq gh�qlhuw gxufkC G' E^�c ���c ^?3���
Lvw ^? 9' �}c vr ndqq dov Wudqvirupdwlrq 7 glh Krxvhkroghu0Vslhjhoxqj U? �

2��A dq ghu }x hlqhp Hlqkhlwvyhnwru � +n�n ' �, ruwkrjrqdohq K|shuheh0
qh �z jhqrpphq zhughq1 Dxv ghu jhirughuwhq Ehglqjxqj +415:, ndqq ghu
Yhnwru � dejhohlwhw zhughq +yjo1 ^5`,=

Ohppd 64 Lvw hlq qruplhuwhu Yhnwru �} xqg hlqh ruwkrqrupdoh Edvlv ' G'
i^�c ���c ^?j plw ^? 9' �} jhjhehq/ vr h{lvwlhuw plw � G' �}3^?

8�}3^?8 hlqh hlqghxwljh

Vslhjhoxqj �7 G' U � 2��A plw ghu Hljhqvfkdiw +415:,1

Iÿu glh plw Kloih ghu Vslhjhoxqj �7 nrqvwuxlhuwh Pdwul{ �C nùqqhq irojhqgh

Hljhqvfkdiwhq qdfkjhzlhvhq zhughq=

Nruroodu 65 Lvw hlq qruplhuwhu lqgx}lhuhqghu Yhnwru �} xqg hlqh ruwkrqru0
pdoh Edvlv ' G' i^�c ���c ^?j jhjhehq xqg zlug hlqh Vslhjhoxqj �7 G' U�2��A /
glh glh Ehglqjxqj +415:, huiÿoow/ nrqvwuxlhuw/ vr jlow iÿu glh Pdwul{

�C G' E�}� G' �7^�c ���c �}?3� G' �7^?3��

�CA �C ' U?3�
�CA } ' f�
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Ehzhlv1 Gd �7 hlqh Ruwkrqrupdowudqvirupdwlrq lvw/ irojw iÿu glh Pdwul{
�C xqg ghq lqgx}lhuhqghq Yhnwruhq }=�

�Cc �}
�
A
�
�Cc �}

�
'
�
�7'
�
A
�
�7'
�
' 'A �7A �7' ' 'A' ' U?�

Gdv Johlfkxqjvv|vwhp +414:, ndqq dovr zlh irojw dxijhvwhoow zhughq=

�CAus E%� '

5
997

G
�7^�cus E%�

H
' f

���G
�7^?3�cus E%�

H
' f

6
::8 � +415;,

Nruroodu 66 Iÿu glh Wudmhnwrulh

A �C Es� G'
q
% 5 LU?

m �CAus E%� ' f
r
c

jlow gdqq=

%f 5 A �C Es� �

Ehzhlv1 Iÿu ghq yrujhjhehqhq Sxqnw %f jlow=

�CAus E%f� ' �CA } ' f�

Ehlvslho 67 Vhl s GLU� $ LU hlqh guhlglphqvlrqdoh ]lhoixqnwlrq plw ghu
Yduldeohq 5 ' E�c �c��A xqg glh Pdwul{ ' ' U� jhjhehq1 Vhlhq zhlwhuklq
Yhnwruhq } xqg �} gh�qlhuw gxufk=

} ' E}�c }�c }�� G' us E5f�

�} ' E�}�c �}�c ��� G' us E5f� * nus E5f�n �

Ghu glh jhvxfkwh Vslhjhoxqj �7 lqgx}lhuhqgh Yhnwru � lvw gdqq jhjhehq plw=

� '
�
�}�c �}�c �}� � �

�
A

*
��� �}�c �}�c �}� � �

��� �
Glh Pdwul{ �7 ghu hqwvsuhfkhqghq Krxvkroghu0Vslhjhoxqj ndqq zlh irojw eh0
uhfkqhw zhughq=

�7 ' U� �
2��� �}�c �}�c �}� � �

���2
3
C �}2

�
�}��}� �}� E�}� � ��

�}��}� �}2
�

�}� E�}� � ��

E�}� � �� �}� E�}� � �� �}� E�}� � ��2

4
D �
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Lvw ghu Judglhqw us E5f� ghu ]lhoixqnwlrq s lp Sxqnw %f ehlvslhovzhlvh johlfk

us E5f� '
�
@c @c f

�
A

c f 9' @ 5 LU

vr nùqqhq ghu Yhnwru � xqg glh Pdwul{ �7 h{sol}lw dqjhjhehq zhughq

� '
�

�
2
c �

2
c �

I
2
2

�
A

�7 '

3
EC

�
2

��
2

I
2
2

��
2

�
2

I
2
2I

2
2

I
2
2

f

4
FD �

Iÿu glh Wudmhnwrulh A} Esc 5f� lqgx}lhuhqgh Pdwul{ �C

�C G' E �7e�c �7e2� '

#
�
2

��
2

I
2
2

��
2

�
2

I
2
2

$
A

c

vlqg glh jhirughuwhq Ehglqjxqjhq wulyldo huiÿoow=

�CA �C ' U2
�CAus E5f� ' f�

Glh Wudmhnwrulh A} Esc 5f� lvw gdqq jhjhehq plw=

A Esc 5f� '

+
5 5 LU�

m

#
�
2

YsE5�

Y�
� �

2

YsE5�

Y�
n

I
2
2

YsE5�

Y�

��
2

YsE5�

Y�
n �

2

YsE5�

Y�
n

I
2
2

YsE5�

Y�

$
' f

,
�

Ehphunxqj 68 Glh hqwvsuhfkhqgh Ehglqjxqj }A 	̂? 9' f lvw klhuehl qlfkw
phku uhohydqw1 Glh ruwkrqrupdoh Edvlv ' G' i^�c ���c ^?j ndqq dovr eholhelj
jhzçkow zhughq1

41616 ]xjdqj ÿehu hlqh yrujhjhehqh Ulfkwxqj

Glh Wudmhnwrulh A} Es� ndqq dxfk dov glh Phqjh ghu Sxqnwh dqjhvhkhq zhughq/

lq ghqhq glh Ulfkwxqj ghv Judglhqwhq ghu ]lhoixqnwlrq s plw ghu yrujhjheh0

qhq Ulfkwxqj ÿehuhlqvwlppw +v1 Vdw} 58,=

A} Es� '
�
% 5 LU?

m <
bMLUus E%� ' b}

�
� +415<,

Gd ghu Judglhqw us E%� ghu ]lhoixqnwlrq s lq nulwlvfkhq Sxqnwhq ghu Qxoo0

yhnwru lvw/ jhkùuhq dxfk glhvh Sxqnwh +pdq zçkoh b ' f, }x ghu dxi vrofkh
Duw xqg Zhlvh gh�qlhuwhq Phqjh +v1 Deelogxqj 417/ yjo1 Ehlvslho 53,1

Dqghuvhlwv ndqq ohlfkw jh}hljw zhughq/ gd� mhghu qlfkwnulwlvfkh Sxqnw hl0

qhu nodvvlvfkhq Qhzwrq0Wudmhnwrulh hlqghxwlj }xjhrugqhw zhughq ndqq1
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Deelogxqj 417= Ehlvslhowudmhnwrulhq A� xqg A2 lp Judglhqwhqihog ghu Whvw0
ixqnwlrq s@

Nruroodu 69 Glh Vfkqlwwphqjh }zhl yhuvfklhghqhu nodvvlvfkhq Qhzwrq0Wudmhn0
wrulhq lvw plw ghu Phqjh ghu nulwlvfkhq Sxqnwh ghu ]lhoixqnwlrq s lghqwlvfk=

EA}� Es� 9' A}2 Es��, go�| Es � ' A}� Es � _ A}2 Es� �

Ehzhlv1 Dxv +414<, irojw gluhnw go�| Es � � A}� Es� _ A}2 Es�1
H{lvwlhuw hlq Sxqnw % 5 A}� Es � _ A}2 Es� plw us E%� 9' f/ vr jlow

b�}� ' us E%� ' b2}2

xqg plw b�b2 9' f irojw

}�n}2�

Glh nodvvlvfkhq Qhzwrq0Wudmhnwrulhq A}� Es� xqg A}2 Es� vlqg dehu jhqdx gdqq
yhuvfklhghq/ zhqq }� 2 }21 Glhv iÿkuw }xp Zlhghuvsuxfk1

Ehphunxqj 6: Zhlo glh lqgx}lhuhqgh Ixqnwlrq M iÿu glh yhudoojhphlqhu0
whq Qhzwrq0Wudmhnwrulhq AM Es� +v1 Gh�qlwlrq 43, plw xqwhuvfklhgolfkhq Dq0
vçw}hq +yjo1 Devfkqlwwh 41716 rghu 41717, jhzçkow zhughq ndqq/ jlow glh Eh0
kdxswxqj dxv ghp Nruroodu 69 qxu iÿu glh nodvvlvfkhq Qhzwrq0Wudmhnwrulhq
xqg qlfkw iÿu glh yhudoojhphlqhuwh Qhzwrq0Wudmhnwrulhq AM Es�1
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Glh yrujhjhehqh Ulfkwxqj } lvw yru doohp gdqq yrq gluhnwhu Ehghxwxqj/

zhqq hlq Dxvjdqjvsxqnw iÿu glh Uhnrqvwuxnwlrq ghu Wudmhnwrulh ehvwlppw

zhughq px� +yjo1 4155,1 Dxfk hlq ehndqqwhu rghu plwwhov nodvvlvfkhq Rswl0

plhuxqj ehuhfkqhwhu nulwlvfkhu Sxqnw ndqq dov Dxvjdqjvsxqnw iÿu gdv Uh0

nrqvwuxnwlrqvyhuidkuhq jhqxw}w zhughq +yjo1 ^66`,1

417 Ulfkwxqjvihog0Wudmhnwrulh

Glh Ulfkwxqjv ghv Judglhqwhq ghu ]lhoixqnwlrq s eohlew hqwodqj ghu nodvvl0

vfkhq Qhzwrq0Wudmhnwrulh nrqvwdqw +yjo159,1 Xqwhu Xpvwçqghq ndqq dxfk

hlqh yduldeoh Ulfkwxqj } E%� }xjhodvvhq zhughq1 Glhvh Ehwudfkwxqjvzhlvh

zlug klhu dov Dqod� }xu Gh�qlwlrq xqg Xqwhuvxfkxqj gxufk hlq Ulfkwxqjv0

ihog lqgx}lhuwhq Wudmhnwrulhq jhqrpphq1

41714 ]xjdqj ÿehu hlq Ulfkwxqjvihog

Lqghp glh nrqvwdqwh Ulfkwxqj } gxufk hlq yrujhehqhv Ulfkwxqjvihog o G LU? $
LU? huvhw}w zlug/ zlug klhu hlqh qhxh Wudmhnwrulh Ao Es� dov glh Phqjh ghu

Sxqnwh gh�qlhuw/ lq ghqhq glh Ulfkwxqj ghv Judglhqwhq ghu ]lhoixqnwlrq s

plw ghp Ulfkwxqjvihog o ÿehuhlqvwlppw1

Gh�qlwlrq 6; Vhl o hlqh vwhwljh Deelogxqj o G LU? $ LU?/ glh nhlqh Qxoo0
vwhoohq kdw=

o
3� Ef� ' >� +4163,

Glh gxufk gdv Ulfkwxqjvihog o E%� lqgx}lhuwh Wudmhnwrulh A J

o
Es� +nxu} Ulfkwxqjv0

ihog0Wudmhnwrulh, lvw gh�qlhuw dov=

A
J

o
Es� G'

q
% 5 LU?m <

bE%�MLUus E%� ' b E%� o E%�
r
�

Glh qhx gh�qlhuwh Wudmhnwrulh A J

o
Es � hqwkçow dooh nulwlvfkhq Sxqnwh ghu

]lhoixqnwlrq s E%�1 Lp Idooh hlqhv nrqvwdqwhq Ulfkwxqjvihoghv o E%� � } hqw0

vsulfkw glh Wudmhnwrulh A
J

o
Es� ghu gxufk Yhnwru } lqgx}lhuwhq nodvvlvfkhq

Qhzwrq0Wudmhnwrulh A} Es�1
Hv lvw qlfkw lpphu pùjolfk hlq Ulfkwxqjvihog }x nrqvwuxlhuhq/ gdv jhzÿqvfkwh

Hljhqvfkdiwhq +yjo1 Devfkqlwwh 41716 xqg 41717, xqg johlfk}hlwlj nhlqh Qxoo0

vwhoohq kdw1 Plw hlqhu Xpirupxolhuxqj ghu Gh�qlwlrq 6; zhughq ghvkdoe glh

Qxoovwhoohq ghv Ulfkwxqjvihoghv }xjhodvvhq xqg lq glh Wudmhnwrulh plwdxijh0

qrpphq=
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Gh�qlwlrq 6< Vhl o hlqh vwhwljh Deelogxqj o G LU? $ LU? +plw Qxoovwhoohq,1

Glh gxufk gdv Ulfkwxqjvihog o E%� lqgx}lhuwh Wudmhnwrulh Ao Es� lvw

gh�qlhuw dov=

Ao Es � G'
q
% 5 LU?m <

bE%�MLUus E%� no E%�n ' b E%� o E%�
r
� +4164,

Glh Qxoovwhoohq ghu Ixqnwlrq o E%� vlqg klhu lq ghu Wudmhnwrulh Ao Es � hqw0
kdowhq1 Hlq Ulfkwxqjvihog plw xqhqgolfk ylhohq Qxoovwhoohq lvw ghvkdoe/ iÿu

ghq sudnwlvfkhq Dqvdw}/ zhqlj vlqqyroo1 Ehvlw}w gdv Ulfkwxqjvihog qxu hqg0

olfk ylhoh Qxoovwhoohq/ vr nùqqhq glhvh/ lvrolhuwh Hlq0Sxqnw0Nrpsrqhqwhq ghu

Wudmhnwrulh eloghq1 Vrofkh Nrpsrqhqwhq vlqg dehu iÿu xqvhuh Dqzhqgxqj

xqlqwhuhvvdqw xqg nùqqhq ghvkdoe yhuqdfkoçvvljw zhughq1 Lp ]xvdpphq0

kdqj plw ghu Ulfkwxqjvihog0Wudmhnwrulh zlug lp zhlwhuhq vwhwv glh huzhlwhuwh

Gh�qlwlrq 6< jhphlqw1

Lp irojhqghq Ohppd zlug jh}hljw/ gd� ghu Sdudphwhu b E%� dov Qrup ghv

Judglhqwhq us E%� ehuhfkqhw zhughq ndqq1

Ohppd 73 Vhl hlqh vwhwljh Deelogxqj o G LU? $ LU? xqg hlqh gxufk o E%�
lqgx}lhuwh Wudmhnwrulh Ao Es � jhjhehq/ gdqq jlow=

go�| Es � � Ao Es�

;%MAoEs�us E%� no E%�n ' 	nus E%�n o E%� �

Ehzhlv1 Ehwudfkwhw zhughq glh nulwlvfkhq Sxqnwh ghu ]lhoixqnwlrq s / glh

Qxoovwhoohq ghv Ulfkwxqjvihoghv o xqg glh ÿeuljhq Wudmhnwrulhqsxqnwh1

Iÿu mhghq nulwlvfkhq Sxqnw %W lvw glh Ehglqjxqj +4164, plw b E%W� G' nus E%W�n '
f wulyldohuzhlvh huiÿoow=

us E%W� no E%W�n ' f ' b E%W� o E%W� �

Iÿu hlqh Qxoovwhooh %o ghv Ulfkwxqjvihoghv lvw glh Zdko ghv Sdudphwhuv b E%o�
qlfkw uhohydqw1 Lqvehvrqghuh ndqq dovr dxfk glh Qrup ghv Judglhqwhq dqjh0

qrpphq zhughq=

b E%o� G' nus E%o�n �

Lvw doohuglqjv iÿu hlq Wudmhnwrulhqsxqnw % 5 Ao Es� ghu Zhuw ghv Ulfkwxqjv0

ihoghv xqjohlfk ��,,/ vr irojw=

us E%�

b E%�
'

o E%�

no E%�n �

Iÿu ghq Sdudphwhu b E%� jlow gdqq=

b E%� ' 	nus E%�n �
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41715 ]xjdqj ÿehu hlq qlfkwolqhduhv Johlfkxqjvv|vwhp

Dxfk glh prgl�}lhuwh Wudmhnwrulh ndqq dov Oùvxqjvphqjh hlqhv qlfkwolqhd0

uhq Johlfkxqjvv|vwhpv e}z1 dov Qxoophqjh hlqhu ehvwlppwhq Kloivixqnwlrq

Mo G LU
? $ LU?3� gdujhvwhoow zhughq1 Klhu}x zlug lp zhlwhuhq +v1 Devfkqlww

Nrqvwuxnwlrq ghv Johlfkxqjvv|vwhpv, hlqh yduldeoh Pdwul{ Co E%� plw irojhq0
ghq Hljhqvfkdiwhq nrqvwuxlhuw=

;
%MLU

? o E%� 5 !ihCA

o
E%� +4165,

;
%MLU

? -@?} ECo E%�� ' ?� �� +4166,

Gdv Johlfkxqjvv|vwhp +414:, ndqq plw Kloih ghu Pdwul{ Co E%� doojhphlqhu
gdujhvwhoow zhughq=

C
A

o
E%�us E%� ' f� +4167,

Glh Kloivixqnwlrq Mo E%� zlug gdqq zlh irojw gh�qlhuw +yjo1 Yruvfkuliw 414;,=

Mo E%� G'

�
C
A

o
E%�us E%� c o E%� 9' f

fc o E%� ' f
� +4168,

Glh pùjolfkh Xqvwhwljnhlwvvwhoohq ghu Ixqnwlrq Mo E%� lq ghq +hqgolfk ylhohq,
Qxoovwhoohq ghv Ulfkwxqjvihoghv o E%� nùqqhq yrq ghu Wudmhnwrulh A J

o
Es� lvr0

olhuw zhughq xqg vlqg ghvkdoe iÿu xqvhuh Ehwudfkwxqj xqlqwhuhvvdqw1

Glh dov Qxoophqjh ghu Ixqnwlrq Mo E%� gh�qlhuwh/ yhudoojhphlqhuwh Qhzwrq0
Wudmhnwrulh AMo

Es � +yjo1 Gh�qlwlrq 43, vwlppw plw ghu gxufk gdv Ulfkwxqjv0
ihog o E%� lqgx}lhuwhq Wudmhnwrulh Ao Es � ÿehuhlq1

Vdw} 74 Iÿu hlq Ulfkwxqjvihog o G LU? $ LU? xqg glh plw Kloih ghu Yruvfkuliw
+4168, dxijhvwhoowh Ixqnwlrq Mo/ jlow=

Ao Es � ' AMo
Es � �

Ehzhlv1 Gd glh Qxoovwhoohq ghu Deelogxqj o E%� wulyldohuzhlvh }x ehlghq

Wudmhnwrulhq Ao Es� xqg AMo
Es� jhkùuhq/ zlug lp zhlwhuhq o E%� 9' f yrudxv0

jhvhw}w1

Iÿu mhghq Sxqnw % 5 AMo
Es � lvw glh Ehglqjxqj

Mo E%� G' C
A

o
E%�us E%� ' f

plw ghu Dxvvdjh çtxlydohqw/ gd� ghu Judglhqw us E%� lp Nhuq ghu yduldeohq

Pdwul{ Co E%� olhjw=

us E%� 5 !ihCA

o
E%� �
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Ghu hqwvsuhfkhqgh Ulfkwxqjvyhnwru o E%� olhjw hehqidoov lp Nhuq yrq Co E%�
+v1 Ehglqjxqj 4165,1 Gd ghu Nhuq ghu Pdwul{ Co E%� ÿehudoo hlqglphqvlrqdo
vhlq vroo +v1 Ehglqjxqj 4166, xqg o E%� 9' f/ lvw ghu Judglhqw us E%� olqhdu
dekçqjlj yrq o E%�/ vr gd� % 5 Ao Es� irojw1

Dqghuhuvhlwv jlow iÿu mhghq % 5 Ao Es� plw o E%� 9' f dxfk

C
A

o
E%�us E%� ' 	nus E%�n

no E%�n C
A

o
E%� o E%� ' fc

vr gd� Mo E%� ' f xqg gdplw % 5 AMo
Es� irojw1

Nrqvwuxnwlrq ghv Johlfkxqjvv|vwhpv

Xp hlqh yduldeoh Pdwul{ Co E%� xqg gdplw dxfk hlqh Ixqnwlrq Mo iÿu hlq

Ulfkwxqjvihog o G LU? $ LU? }x nrqvwuxlhuhq/ zlug }xhuvw hlqh eholheljh ru0

wkrqrupdoh Edvlv' ' i^�c ���c ^?j yrq LU? dxvjhvxfkw1 Glh Ulfkwxqjvixqnwlrq

o E%� zlug gdqq e}jo1 ghu Edvlv ' lq ? Nrruglqdwhqixqnwlrqhq o� G LU
? $ LU�

}huohjw =

o E%� '
?[
�'�

o� E%� ^�

o� E%� ' ^
A

�
o E%� �

Glh Nrqvwuxnwlrqvphwkrghq dxv ghp Devfkqlww +416, nùqqhq gdqq ohlfkw

ÿehuwudjhq zhughq1

Gluhnwh Nrqvwuxnwlrq Gdv qlfkwolqhduh Johlfkxqjvv|vwhp +4156, zlug

xpjhvfkulhehq lq=


o� E%� ^

A

?
� o? E%� ^

A

� cus E%�
�
' f

���
o?3� E%� ^A? � o? E%� ^A?3�cus E%�

�
' f�

+4169,

Iÿu glh hqwvsuhfkhqg gh�qlhuwh Pdwul{/

	Co E%� G' Eo� E%� ^
A

?
� o? E%� ^

A

� c ���c o?3� E%� ^
A

?
� o? E%� ^

A

?3��c

olhjw glh Ulfkwxqj o E%� vwhwv lp Nhuq ghu Pdwul{ 	Co E%� �

Ohppd 75 Glh Pdwul{ 	Co E%� lvw ÿehudoo ruwkrjrqdo }x o E%�

	Co E%�
A
o E%� ' f�
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Ehzhlv1 Vhl 	}, E%� glh ,0wh Vsdowh ghu Pdwul{ 	Co E%�/ gdqq jlow=

	}A
,
eo E%� '

�
o, E%� ^

A

?
� o? E%� ^

A

,

�
A

?[
�'�

o� E%� ^�

' o, E%� o? E%�� o? E%� o, E%� ' f�

Plw ghu yduldeohq Pdwul{ 	Co E%� lvw gdqq hlqh hqwvsuhfkhqgh Kloivixqnwlrq
	Mo jhjhehq gxufk=

	Mo E%� G' 	CA

o
E%�us E%� ' f� +416:,

Hv vroo klhu ehdfkwhw zhughq/ gd� iÿu glh Qxoovwhoohq ghv Ulfkwxqjvihoghv o E%�
glh Ehglqjxqj 	Mo E%� ' f plw 	Co E%� ' f?c?3� qdwÿuolfkhuzhlvh huiÿoow lvw1

Ehphunxqj 76 Glh irojhqgh Ehglqjxqj

o? E%� G' ko E%� c ^?l 9' fc

ndqq ohlghu lp doojhphlqhq qlfkw iÿu mhghq Sxqnw % 5 � jhvlfkhuw zhughq/ vr
gd� glh Pdwul{ 	Co E%� qlfkw qrwzhqgljhuzhlvh ÿehudoo yroohq Udqj kdw1 Gdv
ndqq }x qxphulvfkhq Lqvwdelolwçwhq ghv Uhnrqvwuxnwlrqvyhuidkuhq iÿkuhq +yjo1

Devfkqlww 614,1

Nrqvwuxnwlrq plwwhov Vslhjhoxqj Glh klhu yrujhvwhoowh Nrqvwuxnwlrqv0

sur}hgxu edvlhuw dxi hlqhu yduldeohq Krxvhkroghu0Vslhjhoxqj

�7o E%c R� G LU
?f? $ LU?

�

Lvw gdv Ulfkwxqjvihog o G LU? $ LU? lq hlqhp Sxqnw % 5 LU? xqjohlfk ��,,/

vr ndqq hlq qruplhuwhu Ulfkwxqjvyhnwru �o E%� nrqvwuxlhuw zhughq=

�o E%� G'
o E%�

no E%�n �

Plw ghp yduldeohq Yhnwru � E%� c

� E%� G'
�o E%�� ^?

n�o E%�� ^?n
c

zlug glh Vslhjhoxqj �7o E%c R� zlh irojw gh�qlhuw=

�7o E%c R� G' U? � 2� E%��A E%� �
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Zlh lp Ohppd 64 ehuhlwv jh}hljw zxugh/ zlug gdehl ghu Edvlv0Yhnwru ^? dxi

�o E%� jhvslhjhow=

�7 E%c ^?� ' �o E%� �

Glh Eloghu ghu dqghuhq Edvlvyhnwruhq vwhoohq gdqq glh Vsdowhq ghu jhvxfkwhq

yduldeohq ruwkrqrupdohq Pdwul{ �Co E%�/

�Co E%� G' E �7 E%c ^�� c ���c �7 E%c ^?3���� +416;,

Ohppd 77 Vhl o G LU? $ LU? hlq Ulfkwxqjvihog xqg ' ' i^�c ���c ^?j hlqh

ruwkrqrupdoh Edvlv yrq LU?1 Iÿu glh hqwvsuhfkhqg ghu Yruvfkuliw +416;,

nrqvwuxlhuwh yduldeoh Pdwul{ �Co E%� jlow ÿehudoo=

�CA

o
E%� �Co E%� ' U?3�

�CA

o
E%� o E%� ' f�

Ehzhlv1 Iÿu mhghq hlq}hoqhq Sxqnw % ndqq ghu Ehzhlv ghv Ohppdv +64,

gluhnw ÿehuwudjhq zhughq1

Gdv qlfkwolqhduh Johlfkxqjvv|vwhp +415;, zlug xpjhvfkulhehq lq=

�CA

o
E%�us E%� '

5997
G
�7 E%c ^�� cus E%�

H
' f

���G
�7 E%c ^?3�� cus E%�

H
' f

6::8 � +416<,

41716 Ulfkwxqjvihog0Wudmhnwrulh

plw phkuhuhq yrujhjhehqhq Vwduwsxqnwhq

Zlh lp Ehlvslho 53 jh}hljw zxugh/ ndqq hlqh yhudoojhphlqhuwh Qhzwrq0Wudmhn0

wrulh AM Es� dxv phkuhuhq Nrpsrqhqwhq ehvwhkhq1 Ghu lq Ndslwho 5 yrujh0

vwhoowh uhnxuvlyh Uhnrqvwuxnwlrqvdojrulwkpxv iÿkuw qlfkw lpphu }x doohq Wud0

mhnwrulhqnrpsrqhqwhq1 Lq hlqhp vrofkhq Idoo zhughq pùjolfkhuzhlvh qlfkw

dooh nulwlvfkhq Sxqnwh ghu ]lhoixqnwlrq s E%� jhixqghq1 Lqvehvrqghuh ndqq hv

sdvvlhuhq/ gd� glh Wudmhnwrulh qxu lq hlqhu nohlqhq Uhjlrq ghv Ehuhlfkv/ ghu

gxufkvxfkw zhughq vroo/ vwhfnhqeohlew1

Xp glhvh Vlwxdwlrq zhlwjhkhqg dxv}xvfkolh�hqg/ zlug klhu hlqh Ulfkwxqjvihog0

Wudmhnwrulh gh�qlhuw/ glh dx�hu ghq jhvxfkwhq nulwlvfkhq Sxqnwhq elv }x ?n�
yrujhjhehqh Sxqnwh %&c & ' fc ���c6 � ? hqwkçow1 Glh yrujhjhehqhq Sxqnwh

%& nùqqhq dov Vwduwsxqnwh iÿu phkuhuh Nrpsrqhqwhq ghu Wudmhnwrulh jhqxw}w

zhughq1 Glh Sxqnwh %& vroowhq dov Hfnhq hlqhv 60glphqvlrqdohq Sro|hghuv lq

LU? jhzçkow zhughq +v1 Ehphunxqj 84,1 Zhughq glh Sxqnwh ghq Yrunhqqw0

qlvvhq xqg Zÿqvfkhq hqwvsuhfkhqg yhuwhlow/ vr zlug gdplw vlfkhujhvwhoow/ gd�

glh Wudmhnwrulh AM Es � plw ghq Sxqnwhq %& dxfk ehvrqghuv lqwhuhvvdqwh Uh0

jlrqhq/ zr glh nulwlvfkhq Sxqnwh yhupxwhw zhughq/ huuhlfkw1
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Ulfkwxqjvihog

Nrqyh{h Nrpelqdwlrq yrujhjhehqhu Ulfkwxqjhq Vroohq glh Sxqnwh

%&c & ' fc ���c6 � ? ghu Wudmhnwrulh dqjhkùuhq/ vr zlug hlq Ulfkwxqjvihogeo E%� dov nrqyh{h Nrpelqdwlrq ghu Judglhqwhq us E%&� ghu ]lhoixqnwlrq s lq

ghq yrujhjhehqhq Sxqnwhq %& ehvwlppw=

eo E%� G' 6[
&'f

>
&
E%�us E%&� �

Glh Ehvwlppxqj ghu Nrh!}lhqwhq >
&
E%� xqg gdplw ghu Ulfkwxqj eo E%� lq

hlqhp Sxqnw % 5LU? ndqq lq }zhl Vfkulwwhq huirojhq=

41 Ghu Sxqnw % zlug plw Kloih hlqhu ruwkrjrqdohq Deelogxqj � dxi glh

gxufk glh Sxqnwh %& dxijhvsdqqwh olqhduh Pdqqljidowljnhlw �%f c%� c���c%6
c

surml}lhuw=

�%fc%�c���c%6
G'

+
% 5 LU?m % '

6[
&'f

>
&
E%�%& a

6[
&'f

>
&
' �

,
�

51 Ghu surml}lhuwh Sxqnw � E%� zlug gdqq dov nrqyh{h Nrpelqdwlrq ghu

yrujhjhehqhq Sxqnwh %& gdujhvwhoow=

� E%� G'
6[
&'f

>
&
E%�%&� +4173,

Glhv iÿkuw }xp irojhqghq Dssur{lpdwlrqvsureohp=

Sureohp 78 Iÿu 6n � yrujhjhehqh Sxqnwh %fc ���c %6 5 LU?
c 6 � ?

zhughq nrqyh{h Nrh!}lhqwhq >fc ���c >6 5 LUc
S

6

&'f >& ' � jhvxfkw/
iÿu glh jlow= �����%�

6[
&'f

>
&
E%�%&

�����$ 4�? �

Plw ��c � ' �c ���c6 zhughq lp zhlwhuhq glh Gl�huhq}hqyhnwruhq %� � %f

xqg plw C��c���c�6
glh Judpvfkh Pdwul{ C��c���c�6

eh}hlfkqhw=

C��c���c�6
G'

3EC �
A

� �� � � � �
A

� �6
111

111

�
A

6
�� � � � �

A

6
�6

4FD �
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Glh Sdudphwhu >� E%� c ���c >6 E%� nùqqhq dov Oùvxqj ghv irojhqghq olqhduhq

Johlfkxqjvv|vwhpv ehvwlppw zhughq=

C�� c���c�6

3EC >� E%�
111

>
6
E%�

4FD '

3EC �
A

� E%� %f�
111

�
A

6
E%� %f�

4FD � +4174,

Ghu Sdudphwhu >f E%� lvw gdqq gxufk irojhqgh Ehglqjxqj ehvwlppw=

>f E%� ' ��
6[
&'�

>
&
�

Ehphunxqj 79 Vlqg glh Yhnwruhq ��c ���c �6 olqhdu xqdekçqjlj/ vr lvw glh

Judpvfkh Pdwul{ C��c���c�6
uhjxoçu/ xqg glh Sdudphwhu >� E%� c ���c >6 E%� vlqg

hlqghxwlj ehvwlppedu1

Xqwhu ghu Uhjxodulwçwvyrudxvvhw}xqj ghuPdwul{C��c���c�6
vwlppw gdv Ulfk0

wxqjvihog eo E%� lq ghq yrujhjhehqhq Sxqnwhq %& plw ghu Ulfkwxqj ghu Jud0

glhqwhq us E%&� ghu Ixqnwlrq s ÿehuhlq +yjo1 Vdw} 7<,1

Ehlvslho 7: Iÿu glh }zhlglphqvlrqdoh ]lhoixqnwlrq s@ GLU2 $ LU dxv ghp
Ehlvslho 53

s@E5� '
�

�

�
%
� � +

�
�
� %n +c

zhughq }zhl eholheljh Sxqnwh 5f/ 5� 5 LU2 dxvjhvxfkw1 Iÿu glh lq glhvhq

Sxqnwhq yrujhjhehqh Ulfkwxqjhq jlow=

}� G' us E5�� '
�
%
2
�
� �c � � +

2
�

�
c � ' fc ��

Plw ghp Yhnwru � G' 5� � 5f xqg ghu � � � Pdwul{ C� G' �
2 nùqqhq glh

Nrh!}lhqwhq >� E5� xqg >f E5� ohlfkw ehvwlppw zhughq gxufk=

>� E5� '
�
A E5 � 5f�

�A�
c

>f E5� ' �� >� E5� '
�
A E5� � 5�

�A�
�

Gdv Ulfkwxqjvihog lvw gdqq jhjhehq plw=

eo E5� ' �
A E5� � 5�

�A �
}f n

�
A E5 � 5f�

�A �
}��
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Iÿu glh Sxqnwh 5f G' E�2c���A xqg 5� G' E�c�2�A hujlew vlfk gdqq

� ' E�c���A C� ' E�f�

>f '
�
�f

ED� �%n +� }f ' E�c f�A

>� '
�
�f

E�D � �%n +� }� ' Efc��� �

Gdv lq ghu Deelogxqj 418 gdujhvwhoowh Ulfkwxqjvihog eo E%� lvw gdqq jhjhehq

gxufk=

eo E%� ' �

�f

�
D� �%n +

�D� �%n +

�
�

-2 -1 0 1 2

-2

-1

0

1

2

z0

z1

Deelogxqj 418= Ulfkwxqjvihog iÿu glh Ulfkwxqjvihog0Wudmhnwrulh plw }zhl

Vwduwsxqnwhq

Ehlvslho 7; Iÿu glh }zhlglphqvlrqdoh ]lhoixqnwlrq s@ GLU2 $ LU dxv ghp
Ehlvslho 53

s@E5� '
�

�

�
%
� � +

�
�
� %n +c

zhughq klhu guhl Sxqnwh 5fc 5�c 52 5 LU? yrujhjhehq=

5f ' E�2c���A

5� ' E�c�2�A

52 ' Efc ��A �
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Iÿu glh Yhnwruhq ��/ �2 xqg glh Judpvfkh Pdwul{ C�� c�2
hujlew vlfk gdqq=

�� ' E�c���A �2 ' E2c 2�A c

C� '

�
�f e
e H

�
�

Glh Nrh!}lhqwhq >
�
E%� xqg glh Ulfkwxqjvyhnwruhq }� nùqqhq gdqq ohlfkw

ehuhfkqhw zhughq=

>f '
�
H
E� � �%� +� }f ' E�cf�A

>� '
�
H
ED n %n �+� }� ' Efc���A

>2 '
�
e
E� n %� +� }2 ' E��c f� �

Gdv lq ghu Deelogxqj 419 gdujhvwhoowh Ulfkwxqjvihog eo E%� lvw gdqq jhjhehq

plw=

eo E5� ' �

e

�
��� D%� �+
�� � �%n �+

�
�

-2 -1 0 1 2

-2

-1

0

1

2

z0

z1

z2

Deelogxqj 419= Ulfkwxqjvihog iÿu glh Ulfkwxqjvihog0Wudmhnwrulh plw guhl

Vwduwsxqnwhq

Lp Vdw} 7< zlug ehzlhvhq/ gd� glh gxufk gdv Ulfkwxqjvihog eo E%� lqgx}lhuwh
Wudmhnwrulh A

eo Es� dx�hu ghq nulwlvfkhq Sxqnwh ghu ]lhoixqnwlrq s dxfk glh

yrujhjhehqhq Sxqnwh %& hqwkçow 1
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Vdw} 7< Iÿu glh yrujhjhehqhq Sxqnwh %fc %�c ���c %6 vhl glh Judpvfkh Pdwul{

C��c���c�6
uhjxoçu1 Iÿu glh Wudmhnwrulh

A	o Es� G'
q
% 5 LU?m <

bE%�MLUus E%� n	o E%�n ' b E%� 	o E%�
r
c

jlow gdqq=

+l, Glh Wudmhnwrulh hqwkçow dooh nulwlvfkhq Sxqnwh=

go�| Es� � A
eo Es� �

+ll, Glh Wudmhnwrulh hqwkçow dooh yrujhehqhq Sxqnwh=

;&'�c���c6%& 5 A
eo Es � �

Ehzhlv1 Glh Ehkdxswxqj +l, irojw gluhnw dxv ghp Ohppd 731

Xp glh Ehkdxswxqj +ll, }x ehzhlvhq/ zhughq }xhuvw glh yduldeohq Nrh!}lhq0

whq >f E%� c >� E%� c ���c >6 E%� ehvwlppw1
Iÿu ghq Dxvjdqjvsxqnw %f lvw glh uhfkwh Vhlwh ghv Johlfkxqjvv|vwhpv +4174,

johlfk��,,/ vr gd� dxijuxqg ghu Uhjxodulwçw ghu Pdwul{ C�� c���c�6
glh Sdudph0

whu >� E%� c ���c >6 E%� yhuvfkzlqghq pÿvvhq1 Ghu Sdudphwhu >f E%f� lvw gdqq
johlfk �=

>
&
E%f� '

�
fc & ' �c ���c6
�c & ' f

�

Iÿu hlqhq yrujhehqhq Sxqnw %� +� 5 i�c 2c ���c6j, qlppw gdv Johlfkxqjv0
v|vwhp +4174, irojhqgh Irup dq3EC �

A

� �� � � � �
A

� �6
111

111

�
A

6
�� � � � �

A

6
�6

4FD
3EC >� E%�

111

>
6
E%�

4FD '

3EC �
A

� E%� � %f�
111

�
A

6
E%� � %f�

4FD '

3EC �
A

� ��
111

�
A

6
��

4FD �

Glh �0wh Vsdowh ghu Judpvfkhq Pdwul{ C�� c���c�6
vwlppw gdqq plw ghu uhfkwhq

Vhlwh ghv Johlfkxqjvv|vwhpv ÿehuhlq/ vr gd� plw

>
&
E%f� '

�
fc & 9' �

�c & ' �
c

glh hlqghxwljh Oùvxqj ghv V|vwhpv jhixqghq zxugh1

Iÿu mhghq yrujhjhehqhq Sxqnw %� +� 5 ifc �c ���c6j, jlow dovr=

eo E%�� G' 6[
&'f

>
&
E%��us E%&� ' us E%��

xqg ghu Sxqnw jhkùuw gdplw ghu Wudmhnwrulh A
eo Es�1
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H!}lhqwh Nrqvwuxnwlrq ghv Ulfkwxqjvihoghv Glh Oùvxqj hlqhv olqhd0

uhq Johlfkxqjvv|vwhp +4174, lq mhghp Sxqnw % ndqq vhku xpvwçqgolfk vhlq1

Gd vlfk glh Nrh!}lhqwhq ghv V|vwhpv qlfkw çqghuq/ lvw hv qdkholhjhqg/ gdv V|0

vwhp lq hlqh hlqidfkhuh Irup }x eulqjhq1 Plwwhov Judp0Vfkplgw0Ruwkrjrqdol0

vlhuxqj ghu Yhnwruhq �� zlug dovr }xqçfkvw hlq Ruwkrqrupdov|vwhp i��c ���c �6�j
nrqvwuxlhuw1 Glh yrujhjhehqhq Sxqnwh %�c ���c %6 nùqqhq gdqq plw %f xqg ghq

Edvlvyhnwruhq ��c ���c �6�/ zlh irojw gdujhvwhoow zhughq=

%� ' %f n
6

�[
&'f

�
A

�
�&�&�

Glh Ulfkwxqjvyhnwruhq }�c ���c }6 pÿvvhq gdehl lq glh qhxh Edvlvgduvwhooxqj

ÿehuwudjhq zhughq=

}� ' }f n
6

�[
&'f

�
A

�
�&�}&�

Dojrulwkp 83 Nrqvwuxnwlrq hlqhv Ruwkrqrupdov|vwhpv1

iru & ' �c 2c ���c6
R& # }& � }f(

6
� # 6(

�� # ��

8��8
(

�}� # R�

8��8
(

iru � ' 2c �c ���6

�� # �� �
S

�3�
�'� �

A

�
����(

li En��n '' f�
wkhq vfkolh�h Sxqnw %� dxv

��6
�(

hovh �� # ��

8��8
(

�}� #
�
R� �

S
�3�
�'� �

A

�
���}�

�
* n��n (

Ehphunxqj 84 Vlqg glh Gl�huhq}hqyhnwruhq ��c ���c �6 olqhdu dekçqjlj/ vr
lvw glh Dq}dko 63 ghu dxi ehvfkulhehqh Duw xqg Zhlvh nrqvwuxlhuwhq ruwkrjr0

qdohq Edvlvyhnwruhq ��c ���c �6�/ nohlqhu dov 61
Lq hlqhp vrofkhq Idoo ndqq hv xqwhu Xpvwçqghq jhvfkhkhq/ gd� qlfkw dooh

yrujhjhehqhq Sxqnwh plw ghu Wudmhnwrulh huuhlfkw zhughq1

Glh olqhduh Pdqqljidowljnhlw �%fc%�c���c%6
zlug plw Kloih ghv jhzrqqhqhq

Ruwkrqrupdov|vwhpv ��c ���c �6� zlh irojw ehvfkulhehq +yjo1 Ohppd 85,1 Hv
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vhl=

�%fc�� c���c�6�
G'

+
% 5 LU?m % ' %f n

6�[
&'�

�
&
E%��&

,
�

Ohppd 85 Glh Pdqqljidowljnhlwhq �%fc%�c���c%6
xqg �%f c��c���c�6�

vlqg lghq0

wlvfk=

�%fc�� c���c�6�
' �%fc%�c���c%6

�

Ehzhlv1 Mhghu Yhnwru �& oç�w vlfk dov olqhduh Nrpelqdwlrq ghu Yhnwruhq

��c ���c �6 gduvwhoohq1 Iÿu mhghq eholheljhq Sxqnw % 5�%f c��c���c�6�
jlow dovr=

% ' %f n
6�[
&'�

�
&
E%��& ' %f n

6[
&'�

k& E%� �& ' %f n
6[
&'�

k& E%� E%& � %f� �

Plw ghq Sdudphwhuq

>
&
E%� '

�
k&c & ' �c ���c6

��
S

6

&'�
k&c & ' f

irojw gdqq gluhnw=

% '
6[
&'f

>
&
E%�%& a

6[
&'f

>
&
' ��

Gd glh Yhnwruhq��c ���c �6� hehqidoov hlqh Edvlv iÿu gdv Yhnwruhqv|vwhp ��c ���c �6

eloghq/ oç�w vlfk dxfk mhghu Yhnwru �& dov Olqhduh Nrpelqdwlrq ghu Yhnwruhq

��c ���c�6� gduvwhoohq1 Iÿu mhghq eholheljhq Sxqnw % 5 �%f c%� c���c%6
oç�w vlfk

glh ]xjhkùuljnhlw % }x �%f c��c���c�6�
dxi ghp johlfkhq Zhj }hljhq1

Glh Ruwkrjrqdosurmhnwlrq � E%� +yjo1 4173, ndqq plw ghp Dxvjdqjvsxqnw

%f xqg ghq Edvlv0Yhnwruhq ��c ���c �6� hlqidfkhu gdujhvwhoow zhughq=

� E%� ' %f n
6�[
&'�

�
&
E%��&�

Glh Nrh!}lhqwhq �f E%� c ���c �6� E%� nùqqhq dxi irojhqgh Zhlvh gluhnw ehuhfk0

qhw zhughq=

�
&
E%� ' E%� %f�

A
�&�

Glh Oùvxqj hlqhv olqhduhq Johlfkxqjvv|vwhpv lvw klhu qlfkw phku huirughuolfk$
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Ghu qhxh Dqvdw} iÿkuw }xp irojhqghq Ulfkwxqjvihog �o G LU? $ LU?

�o E%� G' }f n
6�[
&'�

�
&
E%� �}&�

Iÿu glh Sxqnwh �%� G' %f n ��c � ' �c ���c6� ndqq ohlfkw irojhqghv jh}hljw

zhughq=

�
&
E�%�� ' �

A

�
�& '

�
�c � ' &

fc � 9' &
�

Glh qhxhq Ulfkwxqjvyhnwruhq �}�c � ' �c ���c6� hqwvsuhfkhq dovr ghq yrp Ulfk0

wxqjvihog �o E%� lq ghq Sxqnwhq �%� yrujhjhehqhq Ulfkwxqjhq �o E�%��1 Gdv dxi
glhvh Zhlvh nrqvwuxlhuwh Ulfkwxqjvihog �o E%� vwlppw plw ghp xuvsuÿqjolfkhq

Ulfkwxqjvihog eo E%� ÿehuhlq1
Vdw} 86 Glh Ulfkwxqjvihoghu eo E%� xqg �o E%� vlqg lghqwlvfk

eo E%� � �o E%� �

Ehzhlv1 Hv zxugh ehuhlwv ehzlhvhq +v1 Ohppd 85,/ gd� glh Phqjhq

�%fc%�c���c%6
xqg �%f c��c���c�6�

johlfk vlqg1

Glh Ruwkrjrqdosurmhnwlrq hlqhv eholheljhq Sxqnwhv % 5 LU? dxi glh mhzhl0

oljh Phqjh eloghw ghq Sxqnw % dxi ghq johlfkhq Sxqnw %z 5 �%fc��c���c�6�
1

Hv uhlfkw dovr glh ßehuhlqvwlppxqj ehlghu Ulfkwxqjvihoghu dxi ghu Phqjh

�%fc%�c���c%6
e}z1 �%fc�� c���c�6�

}x }hljhq1

Vhl hlq eholheljhu Sxqnw % 5�%fc��c���c�6�
jhjhehq

% ' %f n
6�[
&'�

�
&
E%��& ' %f n

6[
&'�

k& E%� �& ' %f n
6[
&'�

k& E%� E%& � %f� �

Gd glh Yhnwruhq }�c ���c }6� plw Kloih ghu johlfkhqWudqvirupdwlrqhq dxv R�c ���c R6
hqwvwdqghq vlqg zlh ��c ���c �6� dxv ��c ���c �6/ jlow gdqq dxfk hqwvsuhfkhqg=

6�[
&'�

�
&
E%� }& '

6[
&'�

k& E%� }& ' %f n
6[
&'�

k& E%� E}& � }f� �

Gxufk ghq Ulfkwxqjvihog eo E%� zlug lq % irojhqgh Ulfkwxqj jhvhw}w=

�o E%� G' }f n
6�[
&'�

�
&
E%� }& ' }f n

6[
&'�

k& E%� E}& � }f� �
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Plw ghq Sdudphwhuq

>
&
E%� '

�
k&c & ' �c ���c6

��
S

6

&'�
k&c & ' f

irojw gdqq gluhnw

eo E%� ' 6[
&'f

>
&
E%� }&�

Ehlvslho 87 Iÿu glh }zhlglphqvlrqdoh ]lhoixqnwlrq s@ GLU2 $ LU xqg guhl

Sxqnwh 5fc 5�c 52 5 LU? dxv ghp Ehlvslho 7;

s@E5� '
�

�

�
%
� � +

�
�
� %n +c

5f ' E�2c���A

5� ' E�c�2�A

52 ' Efc ��A c

vlqg glh Yhnwruhq ��/ �2 xqg glh ruwkrjrqdohq Edvlvyhnwruhq �� xqg �2 jh0
jhehq plw=

�� ' E�c���A �2 ' E2c 2�A

�� '
I
�f
�f

E�c���A �2 '
I
�f
�f

E�c ��A �

Glh Nrh!}lhqwhq �
�
E%� xqg glh Ulfkwxqjvyhnwruhq �}� nùqqhq gdqq ohlfkw

ehuhfkqhw zhughq=

�� E%� '
I
�f
�f

ED n �%� +� �}� ' �
I
�f
�f

E�c��A

�2 E%� '
I
�f
�f

ED n %n �+� �}2 ' �
I
�f
�f

E��Dc���D�A �

Iÿu gdv Ulfkwxqjvihog �o E%� hujlew vlfk=

�o E%� ' E�c f�A � �

�f
ED n �%� +� E�c ��A � �

�f
ED n %n �+� E��Dc���D�A

'
�

e

�
��� D%� �+
��� �%n �+

�
�

Zlh huzduwhw/ vwlppw gdv Ulfkwxqjvihog �o E%� plw ghp Ulfkwxqjvihog 	o E%�
dxv ghp Ehlvslho 7; ÿehuhlq1
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Nrqvwuxnwlrq ghv Johlfkxqjvv|vwhp

Glh Nrqvwuxnwlrq ghv Johlfkxqjvv|vwhpv +4167, iÿu glh Ulfkwxqjvihog0Wudmhn0

wrulhq plw phkuhuhq Vwduwsxqnwhq ndqq hwzdv yhuhlqidfkw zhughq1

Ehl ghu gluhnwhq Nrqvwuxnwlrq ghu Pdwul{ 	C E%� zlug vlh gxufk nrqyh{h Nrp0
elqdwlrq ghu nrqvwdqwhq Pdwul}hq 	C E%&� c & ' fc ���c6 huvhw}w1 Gdv Ulfk0

wxqjvihog eo E%� xqg gdplw dxfk glh Wudmhnwrulh A
eo Es� eohlehq xqyhuçqghuw1

Gd hlqh nrqyh{h Nrpelqdwlrq ghu ruwkrjrqdohq Pdwul}hq qlfkw qrwzhqgljhu0

zhlvh ruwkrjrqdo eohlew/ lvw ghu johlfkh Zhj ehl ghu Nrqvwuxnwlrq ghu Pdwul{
�C E%� qlfkw pùjolfk1 Lq glhvhp Idoo ndqq ohgljolfk ghu Yhnwru � E%� gxufk
qruplhuwh nrqyh{h Nrpelqdwlrq ghu Yhnwruhq � E%&� c & ' fc ���c6 huvhw}w

zhughq1

Gluhnwh Nrqvwuxnwlrq Glh lq ghq yrujhjhehqhq Sxqnwhq ehuhfkqhwhq

Judglhqwhq us E%&� zhughq klhu dov olqhduh Nrpelqdwlrq ghu Edvlvyhnwruhq

i^�c ���c ^?j gdujhvwhoow=

us E%&� '
?[
�'�

^
A

�
us E%&� ^�c & ' fc ���c6�

Glh Ulfkwxqjvixqnwlrq eo zlug e}jo1 ghu Edvlv ' lq ? Nrruglqdwhqixqn0

wlrqhq eo� G LU? $ LU� }huohjw=

eo E%� ' 6[
&'f

eo� E%� ^��
Glh Ixqnwlrqhq eo� E%� nùqqhq zlh irojw ehvwlppw zhughq=

eo E%� '
6[
&'f

>
&
E%�us E%&� '

6[
&'f

>
&
E%�

?[
�'�

^
A

�
us E%&� ^�

'
?[
�'�

#
6[
&'f

>
&
E%� ^A

�
us E%&�

$
^��

Gdplw hujlew vlfk=

eo� E%� ' 6[
&'f

>
&
E%� ^A

�
us E%&� �

Gdv qlfkwolqhduh Johlfkxqjvv|vwhp +4169, zlug xpjhvfkulhehq lq=

	C E%�A us E%� '
#

6[
&'f

>
&
E%� 	C&

$
A

us E%� ' f� +4175,
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Gdv Johlfkxqjvv|vwhp +4175, zlug klhu gxufk nrqyh{h Nrpelqdwlrq ghu nrq0

vwdqwhq Pdwul}hq 	C& ehvwlppw/ glh ghq yrujhjhehqhq Sxqnwhq %& }xjhrug0

qhwhq zhughq nùqqhq

	CA

&
G'

3C ^
A

�us E%&� ^A? � ^
A

?
us E%&� ^A�

� � �
^
A

?3�us E%&� ^
A

?
� ^

A

?
us E%&� ^A?3�

4D �

Ohppd 88 Glh Pdwul{ 	C E%� lvw ÿehudoo ruwkrjrqdo }x 	o E%� G

	C E%�A 	o E%� ' f�

Ehzhlv1 Vhl 	}&, glh ,0wh Vsdowh ghu Pdwul{ 	C& xqg 	}, E%� glh ,0wh Vsdowh
ghu Pdwul{ 	C E%�/ gdqq jlow=

}
A

&,
eo E%� '

�
^
A

,
us E%&� ^

A

?
� ^

A

?
us E%&� ^

A

,

� ?[
�'�

eo� E%� ^�
' ^

A

,
us E%&� eo? E%�� ^

A

?
us E%&� eo, E%�

xqg hv irojw

	}A
,
eo E%� '

6[
�'f

>
�
E%�
�
^
A

,
us E%&� eo? E%�� ^

A

?
us E%&� eo, E%��

' eo, E%� eo? E%�� eo? E%� eo, E%� ' f

Ehphunxqj 89 Gxufk jhhljqhwh Zdko ghu Edvlvyhnwruhq i^�c ���c ^?j ndqq
jhzçkuohlvwhw zhughq/ gd� glh Ehglqjxqj

;&'fc�c���c?^
A

?
us E%&� 9' f

huiÿoow lvw xqg gdplw glh Pdwul}hq 	C& yroohq Udqj kdehq +v1 5:,1 Glhv jlow

dehu qlfkw iÿu mhgh nrqyh{h Nrpelqdwlrq ghu Pdwul}hq 	C& xqg vrplw dxfk
qlfkw ÿehudoo iÿu glh Pdwul{ 	C E%�1

Ehlvslho 8: Iÿu glh }zhlglphqvlrqdoh ]lhoixqnwlrq s@ GLU2 $ LU dxv ghp
Ehlvslho 53

s@E5� '
�

�

�
%
� � +

�
�
� %n +c
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xqg }zhl yrujhjhehqh Sxqnwh 5f ' E�2c���A xqg 5� ' E�c�2�A zxugh lq

Ehlvslho 7: irojhqghv Ulfkwxqjvihog dxijhvwhoow=

eo E%� ' �

�f

�
D� �%n +

�D � �%n +

�
�

Glh hqwvsuhfkhqgh Wudmhnwrulh A
eo Es � oç�w vlfk klhuehl plwwhov hlqhu yduldeohq

�� 2 Pdwul{ 	C E%�

	C E%� '
�

�f
ED n �%� +c D� �%n +� c

zlh irojw ehvfkuhlehq=

A Esc 5fc 5�� '
q
5 5 LU2m 	CA E%�us E%� ' f

r
�

Iÿu glh lq ghu Deelogxqj 41: gdujhvwhoowh Wudmhnwrulh A Esc 5fc 5�� jlow dovr=

ED n �%� +�
�
%
2 � �

�
n ED � �%n +�

�
�� +

2
�
' f

-2 -1 0 1 2

-2

-1

0

1

2

z1


z2
z3



z4


z0

z1

T+ fa,z0,z1/

Deelogxqj 41:= Ulfkwxqjvihog0Wudmhnwrulh plw }zhl yrujhjhehqhq Sxqnwhq 5f
xqg 5� lp Nrqwxusorw ghu ]lhoixqnwlrq s@1
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Ehlvslho 8; Iÿu glh }zhlglphqvlrqdoh ]lhoixqnwlrq s@ GLU2 $ LU dxv ghp

Ehlvslho 53

s@E5� '
�

�

�
%
� � +

�
�
� %n +c

xqg guhl yrujhjhehqh Sxqnwh 5f ' E�2c���A / 5� ' E�c�2�A xqg 52 ' Efc ��A

zxugh lq Ehlvslho 7; irojhqghv Ulfkwxqjvihog dxijhvwhoow=

eo E%� ' �

e

�
�� � D%� �+
�� � �%n �+

�
�

Iÿu glh lq ghu Deelogxqj gdujhvwhoowh Wudmhnwrulh A Esc 5fc 5�c 5f� jlow dovr=

E� n �%� �+�
�
%
2 � �

�
� E� n D%n �+�

�
�� +

2
�
' f

-2 -1 0 1 2

-2

-1

0

1

2

z1


z2
z3



z4


z0

z1

z2

T+ fa,z0,z1,z2/

Deelogxqj 41;= Ulfkwxqjvihog0Wudmhnwrulh plw guhl yrujhjhehqhq Sxqnwhq 5f/

5� xqg 52 lp Nrqwxusorw ghu ]lhoixqnwlrq s@1

Nrqvwuxnwlrq plwwhov Vslhjhoxqj Iÿu glh yrujhjhehqhq Sxqnwh %& xqg

qruplhuwhq Ulfkwxqjhq �}& zhughq glh nrqvwdqwhq Yhnwruhq �& nrqvwuxlhuw=

�& G'
�}& � ^?

n�}& � ^?n
�
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Plw ghp yduldeohq Yhnwru

� E%� G'
6[
&'f

>
&
E%��&

zlug gdqq glh Vslhjhoxqj �7o E%c R� gh�qlhuw gxufk=

�7o E%c R� G' U? � 2� E%��A E%� �

Glh irojhqgh Hljhqvfkdiw ghu Vslhjhoxqj �7o E%c R�

�7 E%&c ^?� '
us E%&�

nus E%&�n
c

lvw wulyldohuzhlvh huiÿoow1 Glhv huodxew glh Nrqvwuxnwlrq ghu ruwkrjrqdohq

yduldeohq Pdwul{ �C E%� gxufk glh Vslhjhoxqj ghu Edvlvyhnwruhq ^�c ���c ^?3�

�C E%� G' �7o E%c ^�� c ���c �7o E%c ^?3����

Gdv Ulfkwxqjvihog eo E%� lvw }zdu qlfkw phku ruwkrjrqdo }xu nrqvwuxlhuwhq

Pdwul{ �C E%�1 Hlq qhxhv Ulfkwxqjvihog �o E%� ndqq dehu zlh irojw nrqvwuxlhuw

zhughq=

�o E%� ' �7o E%c ^?� �

Gdv qhxh Ulfkwxqjvihog �o E%� vwlppw lq ghq yrujhjhehqhq Sxqnwhq %&c & '
fc ���c6 plw ghp xuvsuÿqjolfkhq Ihog eo E%� ÿehuhlq1 Glh qhxh Wudmhnwrulh

A�o Es� hqwkçow vrplw glh Sxqnwh %&1

Ehlvslho 8< Iÿu glh }zhlglphqvlrqdoh ]lhoixqnwlrq s@ GLU2 $ LU xqg guhl
yrujhjhehqh Sxqnwh 5f/ 5� xqg 52 dxv ghp Ehlvslho 7; zxugh gdv qdfk ghp
Sulq}ls ghu yduldeohq Vslhjhoxqj dxijhvwhoowh Ulfkwxqjvihog �o E%� lq Deelogxqj

41< gdujhvwhoow1
Glh hqwvsuhfkhqgh Wudmhnwrulh A Esc 5fc 5�c 52� lvw lq ghu Deelogxqj 4143 vnl}0
}lhuw1 Rezrko glh nrqvwuxlhuwh Wudmhnwrulh A Esc 5fc 5�c 52� glh Sxqnwh 5fc 5�c 52
hqwkçow/ vwlppw vlh qlfkw plw ghu Wudmhnwrulh dxv Ehlvslho 8; ÿehuhlq +yjo1 De0
elogxqj 41;,1

41717 Ulfkwxqjvihog0Wudmhnwrulh

iÿu uhvwulqjlhuwh Sureohph

Ehl hlqhp uhvwulqjlhuwhq Sureohp pÿvvhq glh Udqgsxqnwh ghv ]xoçvvljnhlwv0

ehuhlfkhv ehvrqghuhv ehuÿfnvlfkwljw zhughq1 Glh qrwzhqgljh Rswlpdolwçwv0

ehglqjxqj 41 Rugqxqj iÿu uhvwulqjlhuwh Sureohph +v1 Devfkqlww 414, ndqq



4171 ULFKWXQJVIHOG0WUDMHNWRULH 78

-2 -1 0 1 2

-2

-1

0

1

2

z0

z1

z2

Deelogxqj 41<= Ulfkwxqjvihog yduldeohq Vslhjhoxqj plw guhl yrujhjhehqhq

Sxqnwhq 5f/ 5� xqg 52 xqg glh ]lhoixqnwlrq s@1

-2 -1 0 1 2

-2

-1

0

1

2

z1


z2
z3



z4


z0

z1

z2

T+ fa,z0,z1,z2/

Deelogxqj 4143= Ulfkwxqjvihog0Wudmhnwrulh yduldeohq Vslhjhoxqj plw guhl yru0

jhjhehqhq Sxqnwhq 5f/ 5� xqg 52 lp Nrqwxusorw ghu ]lhoixqnwlrq s@1
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dov hlqh Ulfkwxqjvehglqjxqj iÿu ghq Judglhqwhq us E%� ghu ]lhoixqnwlrq s

dxijhid�w zhughq=

<
bMLUus E%� ' buS E%� �

Lq glhvhp Devfkqlww zlug hlqh Wudmhnwrulh gh�qlhuw/ glh dx�hu ghq nulwlvfkhq

Sxqnwh ghu ]lhoixqnwlrq dxfk glh Udqgsxqnwh ghv ]xoçvvljnhlwvehuhlfkhv hqw0

kçow/ glh qrwzhqgljh Rswlpdolwçwvehglqjxqj huiÿoohq1

Ulfkwxqjvihog

Xp lq hlqhu Wudmhnwrulh Ao Es� glh dxv Vlfkw ghu Rswlplhuxqjvdxijdeh lqwhu0
hvvdqwhq Udqgsxqnwh }x huidvvhq/ zlug hlq wudmhnwrulhqlqgx}lhuhqghv Ulfk0

wxqjvihog oS E%� zlh irojw gh�qlhuw=

Gh�qlwlrq 93 Vhlhq hlqh uhvwulqjlhuwh Rswlplhuxqjvdxijdeh 5 plw ghu ]lho0
ixqnwlrq s E%� xqg ghu Uhvwulnwlrq S E%� vrzlh hlq Dqidqjvsxqnw %f 5 LU?

jhjhehq1
Hlq Ulfkwxqjvihog oS E%f� khl�w iÿu glh jhvwhoowh Rswlplhuxqjvdxijdeh wudmhn0
wrulhqlqgx}lhuhqg idoov irojhqghv jlow=

41 Glh Ulfkwxqj oS E%f� vwlppw plw ghu Ulfkwxqj ghv Judglhqwhq us E%f�
ghu Ixqnwlrq s lp Sxqnw %f ÿehuhlq=

<
bMLUus E%f� ' boS E%f� �

51 Glh Ulfkwxqj oS E%S� vwlppw plw ghu Ulfkwxqj ghv Judglhqwhq uS E%S�
ghu Uhvwulnwlrq S iÿu dooh Udqgsxqnwh %S ÿehuhlq=

;%SMY�<bMLUuS E%S� ' boS E%S� �

Gdv Ulfkwxqjvihog oS E%� ndqq dov qlfkwolqhduh Nrpelqdwlrq ghv Judglhq0

whq us E%f� ghu ]lhoixqnwlrq s lq ghp yrujhjhehqhq Dxvjdqjvsxqnw %f 5
� q Y� xqg ghv Judglhqwhq uS E%� ghu Udqgixqnwlrq S E%� lq Sxqnw % nrq0

vwuxlhuw zhughq=

oS E%� G' S E%�us E%f� n ES E%f�� S E%��uS E%� � +4176,

Glh Nrh!}lhqwhq S E%� xqg ES E%f�� S E%�� vlqg klhuehl yrp Zhuw ghu Udqg0

ixqnwlrq S E%� dekçqjlj1
Hv vlqg dxfk dqghuh Dqvçw}h pùjolfk/ ehlvslhovzhlvh=

oScR E%� G' S E%�Rus E%f� n ES E%f�
R � S E%�R�uS E%� c R 5 LUn� +4177,

Lp zhlwhuhq zlug ghu Hlqidfkkhlw kdoehu vwhwv glh Yruvfkuliw 4176 hlqjh0

vhw}w1
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Ehphunxqj 94 Ghu Dxvjdqjvsxqnw %f gdui qlfkw dxi ghp Udqg olhjhq1 Jlow

qçpolfk %f 5 Y� xqg gdplw S E%f� ' f/ vr lvw gdv Ulfkwxqjvihog oS E%� dxi
ghp jhvdpwhq Udqg Y� johlfk ��,,1

Sureohph plw phkuhuhq Uhvwulnwlrqhq

Iÿu glh Sureohphplw phkuhuhq dehu hqgolfk ylhohq Uhvwulnwlrqhq S� E%� c ���c S6 E%�
xqg ghq hqwvsuhfkhqghq ]xooçvvljnhlwvehuhlfk=

� '
�
% 5 LU?m ;�Mt�c���c6� S� E%� � f

�
c

ndqq ohlfkw hlqh Ixqnwlrq S E%� nrqvwuxlhuw zhughq/ ghuhq Judglhqw uS E%� lq
ghq uhjxoçuhq Udqgsxqnwhq %S 5 Y� ruwkrjrqdo }xp Udqg Y� ghu Phqjh

� olhjw1 Glhv jlow gdqq/ zhqq glh Ixqnwlrq SE%� lq ghu Xpjhexqj yrq %S

dxi ghp Udqg Y� nrqvwdqw lvw1 Iÿu gdv Surgxnw ghu Uhvwulnwlrqvixqnwlrqhq

S� E%� c ���c S6 E%� lvw glhvh Ehglqjxqj ehlvslhovzhlvh huiÿoow1 Dxi ghu Juxqgodjh
hlqhu vrofkhq Ixqnwlrq ndqq gdqq hlq jhhljqhwhv Ulfkwxqjvihog oS E%� dqkdqg
ghu Yruvfkuliw +4176, e}z1 +4177, nrqvwuxlhuw zhughq1

Ehphunxqj 95 Glh Qxoophqjh ghu Ixqnwlrq S E%� px� klhuehl qlfkw plw
ghp Udqg ghv ]xooçvvljnhlwvehuhlfkhv ÿehuhlqvwlpphq vrqghuq ohgljolfk glh

uhjxoçuhq Udqgsxqnwh %S hqwkdowhq1 Glh ]xooçvvljnhlw hlqhv Ndqglgdwhv iÿu
glh joredoh Oùvxqj ghv Rswlplhuxqjvsureohpv px� lq mhghp Idoo dqkdqg ghu
Uhvwulnwlrqhq S� E%� � f/ � 5 i�c ���c6j jhsuÿiw zhughq1 Glh Ehglqjxqj
S E%� � f lvw lp dojhphlqhq Idoo zhghu dxvuhlfkhqg qrfk qrwzhqglj$

Wudmhnwrulh iÿu uhvwulqljhuwhv Rswlplhuxqjvsureohp

Glh hqwvsuhfkhqg gxufk gdv Ulfkwxqjvihog oS E%� lqgx}lhuwh Wudmhnwrulh AoS Es�
hqwkçow ghq Vwduwsxqnw %f xqg dooh Sxqnwh dxv ghp ]xoçvvljnhlwvehuhlfk/ glh

glh qrwzhqgljh Rswlpdolwçwvehglqjxqj ghu uhvwulqjlhuwhq Dxijdeh huiÿoohq1

Vdw} 96 Vhl oS E%� gdv iÿu gdv uhvwulqjlhuwh Rswlplhuxqjvsureohp 5 nrqvwux0

lhuwh Ulfkwxqjvihog1 Iÿu glh Wudmhnwrulh AoS Es� jlow gdqq=

+l, Glh Wudmhnwrulh hqwkçow ghq Dxvjdqjvsxqnw %f�

+ll, Glh Wudmhnwrulh hqwkçow dooh Udqgsxqnwh %W
S
/ iÿu glh glh Rswlpdolwçwveh0

glqjxqj +417, huiÿoow lvw=

+lll, Glh Wudmhnwrulh hqwkçow dooh nulwlvfkhq Sxqnwh=

go�| Es� � AoS Es� �
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Ehzhlv1

+l, Iÿu % ' %f irojw=

oS E%f� ' S E%f�us E%f� n ES E%f�� S E%f��uS E%f� ' S E%f�us E%f�

xqg glh Wudmhnwrulhq}xjhkùuljnhlwvehglqjxqj +4164, lvw wulyldohuzhlvh

huiÿoow1

+ll, Iÿu mhghq Udqgsxqnw %S jlow +zhjhq S E%S� ' f,=

oS E%S� G' S E%S�us E%f� n ES E%f�� S E%S��uS E%S� ' S E%f�uS E%S� �

Iÿu glh jhvxfkwhq Udqgsxqnwh %W
S
jlow dx�hughp +yjo1 Ehglqjxqj 417,

us E%W
S
�� buS E%W

S
� ' fc

vr gd� plw

S E%f�us E%WS� ' S E%f�buS E%WS� ' boS E%
W
S
�

glh Ehglqjxqj +4164, huiÿoow lvw1

+lll, Glh nulwlvfkhq Sxqnwh ghu ]lhoixqnwlrq jhkùuhq qdfk ghp Ohppd 73

}xu gxufk oS E%� lqgx}lhuwhq Wudmhnwrulh1

Glh sudnwlvfkh Dqzhqgxqj ghu Ulfkwxqjvihog0Wudmhnwrulhq iÿu uhvwulqjlhu0

wh Sureohph zlug klhu dp Ehlvslho }zhlhu hlqidfkhu Udqgixqnwlrqhq yrujh0

vwhoow lvw dehu lp Sulq}ls dxi dqghuh Rswlplhuxqjvsureohph plw hlqhu eholh0

eljhq Uhvwulnwlrq S E%� ÿehuwudjedu +yjo1 Devfkqlww 718,1

Ehlvslho 97 +q0glphqvlrqdoh Nxjho,

Plw ghu Udqgixqnwlrq

SgErc4� E%� G' 4
2 � E%� r�2

oç�w vlfk hlqh nxjhoiùupljh ]xoçvvljnhlwvphqjh plw ghp Plwwhosxqnw r xqg
ghp Udglxv 4 ehvfkuhlehq1 Gdv hqwvsuhfkhqgh Ulfkwxqjvihog ndqq zlh irojw

ehuhfkqhw zhughq=

oS E%� G'
�
4
2 � E%� r�2

�
us

�
%
f
�
� 2

�
E%� r�2 � E%f � r�2

�
E%� r� �
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Iÿu glh }zhlglphqvlrqdoh ]lhoixqnwlrq s@ dxv ghp Ehlvslho 53/ ghq Dxvjdqjv0

sxqnw 5f ' Efc f�A xqg glh Udqgixqnwlrq

SgEEfcf�c2� ' e� %
2 � +

2
c +4178,

zxugh gdv hqwvsuhfkhqgh Ulfkwxqjvihog

oS E%� G'
�
e� %

2 � +
2
�� ��

�

�
� 2

�
%
2 n +

2
�� %

+

�
+4179,

lq ghu Deelogxqj 4144 gdujhvwhoow1 Iÿu gdv uhvwulqjlhuwh Sureohp jlew hv dx�hu

-2 -1 0 1 2

-2

-1

0

1

2

z0

cK ++0,0/,2/

Deelogxqj 4144= Ulfkwxqjvihog iÿu hlq uhvwulqjlhuwhv Rswlplhuxqjvsureohp

plw nuhlviùupljhp ]xoçvvljnhlwvehuhlfk

ghq ylhu nulwlvfkhq Sxqnwhq

5
W
�
' E	�c	��A c � ' �c ���c ec

qrfk vhfkv zhlwhuh Udqgsxqnwh 5W
�
c � ' Dc ���c �f/

5
W
Scb '

�


s
2c	

s
2
�
A

5
W
Dc�f '

�
	
t

2�
s
�c	

t
2 n

s
�

�A

5
W
.cH '

�
	
t

2 n
s
�c	

t
2�

s
�

�A

c
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glh dov Ndqglgdwhq iÿu gdv joredoh Plqlpxp e}z1 gdv joredoh Pd{lpxp lq

Ehwudfkw nrpphq1 Glh Ndqglgdwhqsxqnwh nùqqhq gxufk Oùvxqj ghv irojhq0

ghq Johlfkxqjvv|vwhpv +yjo1 Odjudqjh0Fkdudnwhulvlhuxqj 0 Vdw} ;, ehuhfkqhw

zhughq=

+
�
� � %

2
�
n %

�
�� +

2
�

' f

e � %
2 � +

2 ' f�

Iÿu glh lq ghu Deelogxqj 4145 gdujhvwhoowh/ gxufk gdv Ulfkwxqjvihog oS E%�
lqgx}lhuwh Wudmhnwrulh AoS Es@� jlow klhu=�
e� %

2 � +
2 n 2%

�
%
2 n +

2
�� �

� � %
2
�
�
�
e� %

2 � +
2 � 2+

�
%
2 n +

2
�� �

� � +
2
�
' f�

Glh Wudmhnwrulh AoS Es@� hqwkçow dooh pùjolfkhq Ndqglgdwhqsxqnwh 5
W
�
c � '

�c ���c �f1 Ghu Yhujohlfk ghu Ixqnwlrqvzhuwh lq ghq jhixqghqhq }xoçvvljhq

-2 -1 0 1 2

-2

-1

0

1

2

z0

cK ++0,0/,2/

Tr+ fa/

z1


z2
z3



z4


z5


z6


z7


z8


z9


z10


Deelogxqj 4145= Ulfkwxqjvihog0Wudmhnwrulh iÿu gdv uhvwulqjlhuwh Rswlplh0

uxqjvsureohp plw nuhlvirupljhp ]xoçvvljnhlwvehuhlfk

Sxqnwhq 5
W
�
/ iÿkuw }xu irojhqghq Hunhqqwqlv ÿehu glh joredohq Plqlpd xqg

Pd{lpd iÿu gdv dxijhvwhoowh uhvwulqjlhuwh Sureohp=

41 Joredohv Plqlpxp=

5
W
2c plw ghp Ixqnwlrqvzhuw s@ E5

W
2� ' �e

�
�
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51 Joredohv Pd{lpxp

5
W
e plw ghp Ixqnwlrqvzhuw s@ E5

W
2� '

e

�
�

Ehlvslho 98 Hlq q0glphqvlrqdohu Vlpsoh{

Ghu Udqg hlqhv q0glphqvlrqdohu Vlpsoh{ lq LU? ndqq plw Kloih yrq ? n �
K|shuhehqhq

#
@�cK�

G'
�
% 5 LU?m @

A

�
E%� K�� ' f

�
dov Whlophqjh ghu Qxoophqjh irojhqghu Ixqnwlrq +yjo1 Ehphunxqj 95, eh0

vwlppw zhughq=

S( E%� G'
?\
�'f

@
A

�
E%� K�� �

Glh Yhnwruhq @� vlqg gdehl dov qrupdoh +ruwkrjrqdoh, Yhnwruhq ghu K|shuheh0
qhq #

@�cK�
/ glh lq gdv Lqqhuh ghv Vlpsoh{ }hljhq/ }x zçkohq1 Dov Yhnwruhq K�

nùqqhq eholheljh Sxqnwh ghu K|shuhehqhq #
@�cK�

jhzçkow zhughq1 Glh Udqg0
ixqnwlrq S( E%� lvw hlq q0glphqvlrqdohu Sro|qrp ?n �0whq Judghv1
Iÿu hlqhq Udqgsxqnw %S ghv }xoçvvljhq Ehuhlfkhv lvw glh Ulfkwxqj oS E%� gxufk
irojhqgh Ehglqjxqj ehvwlppw=

o E%� '

�
@�c % 5 #

@�cK�
a % *5 #

@� cK�
c � 9' �

fc % 5 M@�
a % 5 #

@� cK�
c � 9' �

�

Iÿu glh }zhlglphqvlrqdoh ]lhoixqnwlrq s@ dxv ghp Ehlvslho 53/ ghq Dxvjdqjv0
sxqnw 5f ' Efc f�A xqg glh gxufk Yhnwruhq

@� ' Efc ��A K� ' Efc�2�A

@2 ' E2c���A K2 ' E��c f�A

@� ' E�2c���A K2 ' E�c f�A c

lqgx}lhuwh Udqgixqnwlrq

S( E%� ' E2%n + � 2� E2%� + n 2� E+ n 2� c +417:,

zxugh gdv hqwvsuhfkhqgh Ulfkwxqjvihog oS E%� lq ghu Deelogxqj 4144 gdujh0
vwhoow1 Iÿu gdv uhvwulqjlhuwh Sureohp jlew hv dx�hu ghq ylhu nulwlvfkhq Sxqn0

whq

5
W
�
' E	�c	��A c � ' �c ���c ec
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-2 -1 0 1 2

-2

-1

0

1

2

z0

Ka1,b1

Ka2 ,b2
Ka3,b3

Deelogxqj 4146= Ulfkwxqjvihog iÿu hlq Rswlplhuxqjvsureohp plw guhlhfnljhp

]xoçvvljnhlwvehuhlfk

qrfk vhfkv zhlwhuh Udqgsxqnwh 5
W
�
c � ' Dc ���c �f vrzlh guhl Vlpsoh{hfnhq

5
W
�
c � ' ��c ���c ��/ glh dov Ndqglgdwhq iÿu gdv joredoh Plqlpxp e}z1 gdv

joredoh Pd{lpxp lq Ehwudfkw nrpphq1
Glh Sxqnwh 5W

�
c � ' Dc ���c �f nùqqhq/ dekçqjlj yrq ghp Udqg/ dxi ghp vlh

olhjhq/ gxufk Oùvxqj hlqhv ghu irojhqghq Johlfkxqjvv|vwhph +yjo1 Odjudqjh0
Fkdudnwhulvlhuxqj 0 Vdw} ;, ehuhfkqhw zhughq1
Iÿu glh Udqgsxqnwh ghu K|shuhehqh #

@�cK�
jlow glh Irughuxqj=�

� � %
2 ' f

+ n 2 ' f
� +417;,

Glh Ehglqjxqj 417; iÿkuw }xp irojhqghq Ndqglgdwhqsxqnwhq=

5
W
D ' E�2c���A

5
W
S ' E�2c ��A �

Iÿu glh Udqgsxqnwh ghu K|shuhehqh #
@2cK2

jlow glh Irughuxqj=�
� E� � %

2� n 2 E�� +
2� ' f

2%� + n 2 ' f
� +417<,
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Glh Ehglqjxqj 417< iÿkuw }x irojhqghq Ndqglgdwhqsxqnwhq=

5
W
.cb '

�
�

.

�
�H	

s
�D
�
c
2

.

�
�� 	

s
�D
��A

�

Iÿu glh Udqgsxqnwh ghu K|shuhehqh #
@�cK�

jlow glh Irughuxqj=�
� E� � %

2�� 2 E�� +
2� ' f

2 � 2%� + ' f
� +4183,

Glh Ehglqjxqj 4183 iÿkuw }x irojhqghq Ndqglgdwhqsxqnwhq=

5
W
Hc�f '

�
�

b

�
H 


s
�b
�
c
2

b

�
� 	

s
�b
��A

�

Glh Hfnsxqnwh 5W
�
c � ' ��c ���c�� vlqg jhjhehq gxufk

5
W
�� ' Efc 2�A c

5
W
�2 ' E2c�2�A c

5
W
�� ' E�2c�2�A �

Glh gxufk gdv Ulfkwxqjvihog oS E%� lqgx}lhuwh Wudmhnwrulh AoS Es@� hqwkçow dooh
pùjolfkhq Ndqglgdwhqsxqnwh +yjo1 Deelogxqj 4147,1

Ghu Yhujohlfk ghu Ixqnwlrqvzhuwh lq ghq jhixqghqhq }xoçvvljhq Sxqn0
whq 5

W
�
c � ' 2c �c Dc ���c �� +5W� xqg 5

W
e vlqg qlfkw }xoçvvlj, iÿkuw }x irojhqghq

Hunhqqwqlv ÿehu glh joredohq Plqlpd xqg Pd{lpd iÿu gdv dxijhvwhoowh uh0
vwulqjlhuwh Sureohp=

41 Joredohv Plqlpxp=

5
W
2c plw ghp Ixqnwlrqvzhuw s@ E5

W
2� ' �e

�
�

51 Joredoh Pd{lpd

5
W
D xqg 5

W
�2 plw ghp Ixqnwlrqvzhuw s@ E5

W
2� '

e

�
�
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Deelogxqj 4147= Ulfkwxqjvihog0Wudmhnwrulh iÿu gdv uhvwulqjlhuwh Rswlplh0

uxqjvsureohp plw guhlhfnljhp ]xoçvvljnhlwvehuhlfk
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514 Uhnxuvlyh Nrqvwuxnwlrq ghv Yhuidkuhqv

Zlh ehuhlwv huzçkqw zxugh/ vlqg glh yrujhvwhoowhq Wudmhnwrulhq qlfkw lpphu

}xvdpphqkçqjhqg xqg ehvwhkhq ghvkdoe pùjolfkhuzhlvh dxv phkuhuhq Nrp0

srqhqwhq1 Hlqh pùjolfkh Vwudwhjlh/ Yhuelqgxqjvwudmhnwrulhq }zlvfkhq ghq

Wudmhnwrulhqnrpsrqhqwhq }x nrqvwuxlhuhq/ zxugh lq ^48` yrujhvwhoow1 Glh wr0

srorjlvfkh xqg jhrphwulvfkh Hljhqvfkdiwhq ghu Yhuelqgxqjvwudmhnwrulhq zxu0

ghq lq ^4:` wkhruhwlvfk xqwhuvxfkw1

Glh Juxqglghh glhvhu Phwkrgh lvw/ glh vsh}lhoohq Xqwhusureohph dxi}xvwhoohq/

ghuhq Glphqvlrq xp hlqv qlhguljhu lvw dov glh Glphqvlrq ghv Kdxswsureohpv1

Iÿu glh Xqwhusureohph zhughq Kloivwudmhnwrulhq nrqvwuxlhuw/ glh gdqq glh xu0

vsuÿqjolfkhq Wudmhnwrulhqnrpsrqhqwhq plwhlqdqghu yhuelqghq1

Gd glh Yhuelqgxqjvwudmhnwrulhq vhoehu dxfk dxv phkuhuhq Nrpsrqhqwhq eh0

vwhkhq nùqqhq/ zlug hlq Qhw} dxv ghq uhnxuvly nrqvwuxlhuwhq Wudmhnwrulhq

jhedxw1 Dxi glhvh Zhlvh zlug ghu Yhuvxfk xqwhuqrpphq/ dooh Nrpsrqhqwhq

ghu Kdxswwudmhnwrulh xqg gdplw dxfk dooh lp Vlqq ghu Rswlplhuxqjvdxijdeh

lqwhuhvvdqwhq Sxqnwh }x huuhlfkhq1

51414 Qhzwrq0Eoçwwhu

Plw ' ' E^�c ���c ^?� zlug hlqh eholheljh ruwkrjrqdoh ?�? Pdwul{
�
'A' ' U

�
hlqjhiÿkuw xqg plw '& G' E^�c ���c ^,� glh dxi ,0Vsdowhq uhgx}lhuwh ?� , Whlopd0

wul{ ghu Pdwul{ ' eh}hlfkqhw1 Dxvjhkhqg yrp Johlfkxqjvv|vwhp +414:, iÿu

nodvvlvfkh Qhzwrq0Wudmhnwrulh zhughq glh Hljhqvfkdiwhq ghu Oùvxqjvphqjh

88
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ghv irojhqghq Johlfkxqjvv|vwhpv

'A

,
us E%� ' f +514,

xqwhuvxfkw1

Gh�qlwlrq 99 Vhl s 5 �� ELU?c LU?� xqg ' hlqh ruwkrjrqdoh ?� ? Pdwul{1

Glh Oùvxqjvphqjh ghv Johlfkxqjvv|vwhpv +514, plw , ' ?�&/ E& ' fc ���c ?� ��

I' Es � G'
�
% 5 LU?

m 'A

?3&
us E%� ' f

�
zlug dov &0Qhzwrq0Eodww ghu ]lhoixqnwlrq s e}jo1 ghu Pdwul{ ' eh0

}hlfkqhw1

Plw ghu TU0]huohjxqj hlqhu uhjxoçuhq ?� ? Pdwul{ � 5 LU?f?

� ' '-c

ndqq glh Gh�qlwlrq 99 dxi uhjxoçuh Pdwul}hq huzhlwhuw zhughq1 Glh ruwkrjr0

qdoh Pdwul{' xqg rehuh Guhlhfnvpdwul{ - +plw srvlwlyhq Gldjrqdohlqwuçjhq,

vlqg klhuehl hlqghxwlj ehvwlppw ^5:`1

Gh�qlwlrq 9: Vhl s 5 �� ELU?c LU?� xqg � ' '- hlqh uhjxoçuh Pdwul{1
Glh Oùvxqjvphqjh ghv Johlfkxqjvv|vwhpv +514, plw , ' ?�&/ E& ' fc ���c ?� ��

I� Esc &� G'
�
% 5 LU?

m 'A

?3&
us E%� ' f

�
zlug dov &0Qhzwrq0Eodww ghu ]lhoixqnwlrq s e}jo1 ghu Pdwul{ � E& ' fc ���c ?� ��

eh}hlfkqhw1

Hv nùqqhq gdqq irojhqgh Eh}lhkxqjhq qdfkjhzlhvhq zhughq1

Nruroodu 9; Glh Phqjh ghu nulwlvfkhq Sxqnwh ghu Ixqnwlrq s lvw hlq f0
Qhzwrq0Eodww e}jo1 mhghu uhjxoçuhu Pdwul{ � ' '-=

I� Esc f� ' go�| Es� �

Ehzhlv1 Glh Ehglqjxqj 'Aus E%� ' f lvw jhqdx gdqq huiÿoow/ zhqq

us E%� ' f1

Nruroodu 9< Vhlhq hlqh ?�?�� Pdwul{ C yroohq Udqjhv +-@?} EC� ' ?��,

xqg hlq Yhnwru f 9' } 5 !ihCA jhjhehq1

Glh gxufk glh Ixqnwlrq M E%� G' CAus E%� lqgx}lhuwh nodvvlvfkh Qhzwrq0

Wudmhnwrulh AM Es� lvw hlq �0Qhzwrq0Eodww ghu Ixqnwlrq s e}jo1 � ' ECc }�=

I� Esc �� ' AM Es � �
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Ehzhlv1 Plw ghu TU0]huohjxqj ghu Pdwul{ � ndqq glh Pdwul{ C zlh

irojw gdujhvwhoow zhughq=

C ' '-?3��

Plw -?3� zlug klhu ? � ? � � Pdwul{ eh}hlfkqhw/ glh gxufk Zhjodvvhq ghu

ohw}whq Vsdowh dxv ghu Pdwul{ - hqwvwhkw1 Gd glh ohw}wh ]hloh ghu uhgx}lhuwhq

Pdwul{ -?3� dxv odxwhu ��,,e? ehvwhkw/ ndqq dxfk glhvh zhjjhodvvhq zhughq

+-?3� $ -?3�c?3�,1 Iÿu glh Pdwul{ C jlow gdqq=

C ' '?3�-?3�c?3��

Plw ghu Pdwul{ - lvw dxfk glh uhgx}lhuwh Pdwul{ -?3�c?3� uhjxoçu/ vr gd�

irojw=

'A

?3�us E%� ' f/ CA
us E%� ' f�

Ehlvslho :3 Iÿu hlqh }zhlglphqvlrqdoh ]lhoixqnwlrq s GLU2 $ LU xqg hlqhq

Yhnwru } G' us E5f� +yjo1 Ehlvslho 5<, lvw glh glh nodvvlvfkh Qhzwrq0Wudmhnwrulh
A Esc 5f� lqgx}lhuhqgh Pdwul{ � jhjhehq gxufk=

� '

3
C Ys@E5�f�

Y+

Ys@E5�f�
Y%

�
Ys@E5�f�

Y%

Ys@E5�f�
Y+

4
D �

Plw ghu ruwkrjrqdohq Pdwul{ ' xqg ghu gldjrqdohq Pdwul{ - G

' '
�

nus@ E5f�n
� xqg - ' nus@ E5f�n U2

lvw gdqq glh TU0]huohjxqj ghu Pdwul{ � jhjhehq1
Iÿu ghq �0Qhzwrq0Eodww I� Esc �� ghu Ixqnwlrq s e}jo1 ghu Pdwul{ � hujlew
vlfk gdqq +yjo1 Irupho 4158,=

I� Esc �� '
�
% 5 LU?

m 'A

�us E%� ' f
�

'

�
% 5 LU?

m
Ys E5f�

Y+

Ys E5�

Y%
�
Ys E5f�

Y%

Ys E5�

Y+
' f

�

' A Esc 5f� �

Xqwhu ghu Yrudxvvhw}xqj orndohu Uhjxodulwçw ghu Deelogxqj M?3& E%� G'

'A

?3&
us E%� /

-@?} E(M?3& E%�� ' -@?}
�
'A

?3&
(2s E%�

�
' ?� &c
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ndqq jh}hljw zhughq +yjo1 Devfkqlww 41515,/ gd� gdv n0Qhzwrq0Eodww I� Esc &�

ghu Ixqnwlrq s hlqh orndo &0glphqvlrqdoh qlfkwolqhduh Pdqqljidowljnhlw gdu0

vwhoow1 Plw Kloih ghu ruwkrjrqdohq Pdwul}hq '?3& zhughq dqghuvhlwv johlfk}hl0

wlj dxfk olqhduh Pdqqljidowljnhlwhq ghu Glphqvlrq , ' ?� & lq LU? gh�qlhuw=

P� E|c &� G' i% 5 LU?
m % ' |n',1j �

Ehphunxqj :4 Ghu Sxqnw | zlug dov Dxvjdqjvsxqnw iÿu hlqh Yhuelqgxqjv0

wudmhnwrulh ehqxw}w xqg zlug zhlwhu dov Jlwwhusxqnw eh}hlfkqhw1 Glh Jlw0

whusxqnwh zhughq zçkuhqg ghu Uhnrqvwuxnwlrq hlqhu Wudmhnwrulh qdfk hlqhu

ehvwlppwhq Vwudwhjlh +yjo1 Devfkqlww 515, ehvwlppw1

GlhPhqjh ghu nulwlvfkhq Sxqnwh ghu hlqjhvfkuçqnwhq Ixqnwlrq s m}�E|c&� E%�

ndqq dov Vfkqlww ghu Pdqqljidowljnhlw P� E|c &� plw ghp hqwvsuhfkhqghq &0

Qhzwrq0Eodww I� Esc &� gdujhvwhoow zhughq1

Ohppd :5 Vhlhq hlqh Ixqnwlrq s 5 �� ELU?c LU?� xqg hlqh ruwkrjrqdoh Pd0
wul{ ' 5 LU?f? jhjhehq1
Iÿu glh Ixqnwlrq �,

|
E1� G' s m}�E|c&� E%� ' s E|n'?3&1� c 1 5 LU?3& jlow=

u�,
|
E1� ' f

p

% ' |n'?3&1 5 P� E|c &� _ I� Esc &� �

Ehzhlv1 Qdfk ghu Nhwwhquhjho ndqq pdq ghq Judglhqwhqyhnwru u�,
|
E1�

ghu hlqjhvfkuçqnwhq Ixqnwlrq �,
|
dov Surmhnwlrq ghv Judglhqwhq us E%� ghu

]lhoixqnwlrq s gduvwhoohq=

u�,
|
E1� ' 'A

?3&
us E%� �

Glh Vwdwlrqdulwçwvehglqjxqj u�,
|
E1� ' f lvw dovr jhqdx gdqq huiÿoow/ zhqq

ghu Judglhqw us E%� ghu ]lhoixqnwlrq s lp Nhuq ghu Pdwul{ '?3& olhjw1

51415 Uhnxuvlyh Nrqvwuxnwlrq iÿu nodvvlvfkh

Qhzwrq0Wudmhnwrulhq

Glh nodvvlvfkh Qhzwrq0Wudmhnwrulh dxv ghp Devfkqlww 416 zxugh dxi guhl

çtxlydohqwhq Zhjhq nrqvwuxlhuw=

41 Plw Kloih hlqhu Pdwul{ C ' E}�c ���c }?3��

AC Es � G'
�
% 5 LU?

m CA
us E%� ' f

�
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51 Plw Kloih hlqhv Yhnwruv f 9' } 5 !ihCA

A} Es� '
�
% 5 LU?

m <
bMLUus E%� ' b}

�

61 Plw Kloih hlqhu Ixqnwlrq M E%�

AM Es� G' i% 5 LU?
m M E%� ' fj �

Nrqvwuxnwlrq ghu Xqwhusureohph

Vhl } 5 LU? hlq yrq Qxoo yhuvfklhghqhu Yhnwru dxv ghp Nhuq ghu Pdwul{ C1

Plw #
}
E|� zlug glh }xp Yhnwru } qrupdoh K|shuhehqh/ glh ghq Jlwwhusxqnw

| hqwkçow/ eh}hlfkqhw=

#
}
E|� G'

�
% 5 LU?

m }A E%� |� ' f
�
� +515,

Ohppd :6 Iÿu glh Pdwul{ � ' ECc }� hqwvsulfkw glh K|shuhehqh #
}
E|� ghu

Pdqqljidowljnhlw P� E|c ? � ��

#
}
E|� 'P� E|c ?� �� � +516,

Ehzhlv1 Plw ghu TU0]huohjxqj ghu Pdwul{ �/ ndqq glh Pdwul{ C dov

olqhduh Nrpelqdwlrq ghu Vsdowhqyhnwruhq ^�c ���c ^?3� ghu Pdwul{ ' gdujhvwhoow

zhughq +yjo1 Nruroodu 9<,=

C ' '?3�-?3�c?3��

Gdudxv irojw/ gd� ghu Vsdowhqyhnwru ^? }xvdpphq plw ghp Yhnwru } lp Nhuq

ghu Pdwul{ C olhjw xqg ghvkdoe vlfk zlh irojw gduvwhoohq oç�w=

^? ' j
}

n}n
c j 5 i��c �j �

Glh Çtxlydohq} ghu ehlghqPhqjhq #
}
E|� xqgP� E|c ?� �� irojw gdqq wulyldo1

Dxv ghpOhppd +:5, irojw/ gd� glh Wudmhnwrulh A} Es� xqg glh K|shuhehqh

#
}
E|� vlfk jhqdx lq ghq nulwlvfkhq Sxqnwhq ghu dxi glh K|shuhehqh #

}
E|�

hlqjhvfkuçqnwhq ]lhoixqnwlrq s m#}E|� E%� vfkqhlghq1 Jholqjw hv/ glhvh Sxqnwh

}x �qghq/ vr nùqqwhq vlh dov Vwduwsxqnwh iÿu glh qhxhq Nrpsrqhqwhq ghu

Wudmhnwrulh A} Es� ehqxw}w zhughq1 Glhv iÿkuw }xp irojhqghq Kloivsureohp=

Sureohp :7 Vhl �
|
G LU?3�

$ LU jhjhehq gxufk=

�
|
E1� G' s m#}E|� E%� ' s E|nC1� �

Jhvxfkw vlqg glh nulwlvfkhq Sxqnwh ghu Ixqnwlrq �
|
=

u�
|
E1� ' f�
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Ehlvslho :8 Iÿu glh }zhlglphqvlrqdoh ]lhoixqnwlrq s@ GLU2 $ LU xqg ghq

Vwduwsxqnw 5�f dxv ghp Ehlvslho 53

5�f ' E��2c f�S�

s@E5� '
�

�

�
%� � +�

�
� %n +c

lvw ghu lqgx}lhuhqgh Yhnwru } ' us E5�f� jhjhehq gxufk=

} ' Ef�eec f�Se�
A
�

Hlqh jhljqhwh 2 � � Pdwul{ C ndqq klhu gluhnw dqjhjhehq zhughq=

C ' Ef�Sec�f�ee�
A
�

Iÿu hlqhq Jlwwhusxqnw | ' E|�c|2� ndqq glh Kloivixqnwlrq �
|
E1� dxv ghp Sur0

eohp :7 zlh irojw ehuhfkqhw zhughq=

�
|
E1� '

�

�

�
E|� n f�Se1�

�
� E|2 � f�ee1�

�
� E|� n f�Se1� n E|2 � f�ee1�

�
�

Iÿu glh nulwlvfkhq Sxqnwh 1W ghu Ixqnwlrq �
|
E1� jlow=

��
|
E1W� ' f�Se E|� n f�Se1W�

2
n f�ee E|2 � f�ee1W�

2
� ��fH ' f�

Gdv Kloivsureohp kdw dovr dekçqjlj yrp Sxqnw | }zhl/ hlqh rghu nhlqh Oùvxqj1

Gdv ehghxwhw/ gd� glh K|shuhehqh #
}
E|�/ glh lq glhvhp Idoo hlqhu Jhudgh

hqwvsulfkw/ xqg glh Wudmhnwrulh A} Es� vlfk hqwvsuhfkhqg lq }zhl/ hlqhp rghu
nhlqhp Sxqnw vfkqhlghq1

Iÿu gdv Kloivsureohp :7 zlug hlqh nodvvlvfkh Qhzwrq0Wudmhnwrulh A E�
|
�

nrqvwuxlhuw1 Glh Wudmhnwrulh A E�
|
� hqwkçow dooh nulwlvfkhq Sxqnwh ghu Ixqnwl0

rq �
|
xqg yhuelqghw ghvkdoe dooh Nrpsrqhqwhq ghu Kdxswwudmhnwrulh A} Es�/

glh glh K|shuhehqh #
}
E|� vfkqhlghq1 Glh Yhuelqgxqjvwudmhnwrulh A E�

|
� lvw

doohuglqjv vhoehu qlfkw qrwzhqgljhuzhlvh }xvdpphqkçqjhqg1

Glh Vsdowhq }�c ���c }?3� ghu Pdwul{ C zxughq elv mhw}w dov vfkolfkw olqhdu

xqdekçqjlj jhzçkow1 Xp glh hqwvsuhfkhqghq Kloivsureohph iÿu glh uhnxuvly

gh�qlhuwh Yhuelqgxqjvwudmhnwrulhq dxi}xvwhoohq/ zlug lp zhlwhuhq hlqh ruwkr0

qrupdoh Edvlv T ' i^�c ���c ^?j plw ghu Hljhqvfkdiw ^? ' }

8}8
nrqvwuxlhuw1 Glh

Edvlv T ndqq plwwhov ghv Judp0Vfkplgw0Ruwkrjrqdolvlhuxqjvyhuidkuhqv rghu

çtxlydohqw gxufk TU0]huohjxqj ghu Pdwul{ � ' ECc }� jhzrqqhq zhughq

+yjo1 Nruroodu 9< xqg Ohppd :6,1
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Glh olqhduh Pdqqljidowljnhlw P� E|c &� ndqq gdqq dov Vfkqlwwphqjh ghu }x

ghq Yhnwruhq ^?3&n�c ���c ^? qrupdohq K|shuhehqhq gdujhvwhoow zhughq=

P� E|c &� '

?_
�'?3&n�

#
^�
E|� � +517,

Iÿu glh dxi ghp Qlyhdx ?� &c +f � & 	 ?� �, jhvxfkwh Yhuelqgxqjvwudmhn0

wrulh A ?3&

C
Esc |� zlug dxi irojhqgh Zhlvh hlq Kloivsureohp gh�qlhuw

Sureohp :9 Kloivsureohp dxi ghp Uhnxuvlrqvqlyhdx , ' ?� &1

Iÿu glh uhjxoçuh Pdwul{ � ' ECc }� xqg hlqhq Jlwwhusxqnw | 5 LU? vhlhq glh

Pdqqljidowljnhlw P� E|c &� xqg glh Kloivixqnwlrq �,
|
G LU,

$ LUc

�,
|
E1� G' s m}�E|c&� E%� ' s

�
|n'A

,
1
�
c +518,

jhjhehq1
Jhvxfkw vlqg glh nulwlvfkhq Sxqnwh ghu Ixqnwlrq �,

|
=

u�,
|
E1� ' f�

Uhnxuvlrqvvfkhpd iÿu nodvvlvfkh Qhzwrq0Wudmhnwrulhq

Gdv Ohppd :5 }hljw dxi/ zlh hlq Wudmhnwrulhqqhw} ghu Kdxsw0 xqg Yhuelq0

gxqjvwudmhnwrulhq uhnxuvly dxijhedxw zhughq ndqq1 Lp zhlwhuhq iÿkuhq zlu

irojhqgh Eh}hlfkqxqjhq hlq=

A & Esc |�0glh dxi ghp Uhnxuvlrqvqlyhdx & dxvjhkhqg yrp Jlwwhusxqnw | uh0

nrqvwuxlhuwh Yhuelqgxqjvwudmhnwrulh

S
�
A & Esc |�

�
0glh Phqjh ghu dxi ghu Wudmhnwrulh A & Esc |� jhixqghqhq Jlwwhu0

sxqnwh

F
�
A & Esc |�

�
0glh Phqjh ghu dxi ghu Wudmhnwrulh A & Esc |� jhixqghqhq nulwl0

vfkhq Sxqnwh

Gdv Uhnxuvlrqvfkhpd ndqq gdqq zlh irojw dxijhedxw zhughq=

Uhnxuvlrqvvfkhpd :: +iÿu nodvvlvfkh Qhzwrq0Wudmhnwrulhq,

41 Dxvjhkhqg yrq ghp Dxvjdqjvsxqnw %f zlug hlqh Nrpsrqhqwh ghu jh0

vxfkwhq Wudmhnwrulh A Es� uhnrqvwuxlhuw xqg glh dxi ghu Nrpsrqhqwh

olhjhqghq nulwlvfkhq Sxqnwh ghu ]lhoixqnwlrq lghqwl�}lhuw1 Qdfk hl0
qhu ehvwlppwhq Vwudwhjlh zhughq johlfk}hlwlj Jlwwhusxqnwh iÿu glh qhx0
hq dxi ghp Uhnxuvlrqvqlyhdx ? � � olhjhqghq Yhuelqgxqjvwudmhnwrulhq

A ?3� Esc |� ehvwlppw xqg jhvshlfkhuw1
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51 Dxvjhkhqg yrq ghp mhzhloljhq Jlwwhusxqnw | zhughq glh Yhuelqgxqjv0

wudmhnrulhq A ?3� Esc |� uhnrqvwuxlhuw1 Glh jhixqghqhq nulwlvfkhq Sxqnwh

F EA ?3� Esc |�� nùqqhq gdqq dov Vwduwsxqnwh iÿu glh Uhnrqvwuxnwlrq ghu

qhxhq Nrpsrqhqwhq ghu Kdxswwudmhnwrulh A Es� ehqxw}w zhughq1

61 Glh Yhuelqgxqjvwudmhnwrulhq A?3� Esc |� hqwkdowhq qdwÿuolfk qhxh Jlw0

whusxqnwh S EA?3� Esc |��/ glh dov Vwduwsxqnwh iÿu glh dxi ghp Uhnxuvl0

rqvqlyhdx ? � 2 olhjhqghq Yhuelqgxqjvwudmhnwrulhq A ?32 Esc |� ehqxw}w

zhughq nùqqhq1

71 Zlug doojhphlq hlqh Yhuelqgxqjvwudmhnwrulh A & Esc |� dxi ghp Uhnxuvl0

rqvqlyhdx & uhnrqvwuxlhuw/ vr zhughq glh jhixqghqhq nulwlvfkhq Sxqnwh

F
�
A & Esc |�

�
dov Vwduwsxqnwh iÿu glh Yhuelqgxqjvwudmhnwrulhq dxi ghp

Uhnxuvlrqvqlyhdx &n� +yjo1 Ohppd :5, xqg glh Jlwwhusxqnwh S
�
A & Esc |�

�
dov Vwduwsxqnwh iÿu glh Yhuelqgxqjvwudmhnwrulhq dxi ghp Uhnxuvlrqvql0
yhdx & � � ehqxw}w1

Yhuelqgxqjvwudmhnwrulhq

Gdv Sureohp :9 lpsol}lhuw irojhqgh Wudmhnwrulh A ,

C
Esc |�=

A ,

C
Esc |� G'

�
% 5 P� E|c &� m 'A

,3�us E%� ' f
�
� +519,

Ohppd :; Glh Wudmhnwrulh A ,

C
Esc |� lvw glh Oùvxqjvphqjh ghv irojhqghq

Johlfkxqjvv|vwhpv yrq & olqhduhq xqg , � � qlfkwolqhduhq Johlfkxqjhq=

�
E^,n�c���c^?�

A
E%� |� ' f

E^�c ���c ^,3��
A
us E%� ' f

xqg hqwkçow dooh nulwlvfkhq Sxqnwh yrq �,
|
E1� e}z1 s m}�E|c&� E%�1

Ehzhlv1 Glh & olqhduh Johlfkxqjhq vlqg çtxlydohqw }x ghu ]xjhkùuljnhlw

mhghv Wudmhnwrulhqsxqnwhv % ghu VfkqlwwphqjhP� E|c &�=

% 5 P� E|c &�+, E^,n�c���c^?�
A
E%� |� ' f�

Glh ,� � qlfkwolqhduhq Johlfkxqjhq irojhq gluhnw dxv ghu Gh�qlwlrq ghu Wud0

mhnwrulh A ,

C
Esc |�1

Gd glh Ixqnwlrq s m}�E|c&� E%� qxu iÿu % ' | n 1 dxv P� E|c &� gh�qlhuw lvw/

jlow iÿu ghq nulwlvfkhq Sxqnw %W=

|n 1W 'G %W 5 P� E|c &� �
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Dqghuhuvhlwv jlow iÿu hlqhq nulwlvfkhq Sxqnw 1W ghu Ixqnwlrq �&
|
dxfk=

f ' u�,
|
E1W� ' 'A

,
us E%W�, 'A

,3�us E%� ' f�

Ghu Sxqnw %W jhkùuw dovr }x ghu Wudmhnwrulh A ,

C
Esc |�1

Glh irojhqgh Hljhqvfkdiw vlfkhuw/ gd� gdv uhnxuvlyh Yhuidkuhq dxi ghp

Qlyhdx , ' � dejhvfkorvvhq zhughq ndqq xqg qlfkw lq hlqh hqgorvvfkohlih

jhulhw1

Nruroodu :< Glh Wudmhnwrulh A �
C
Esc |� lvw hlqh gxufk gdv Johlfkxqjvv|vwhp

E}2c���c}?�
A
E%� |� ' f

gh�qlhuwh Jhudgh xqg ehvwhkw ghvkdoe dxv hlqhu Nrpsrqhqwh1

Ehlvslho ;3 Iÿu gdv lp Ehlvslho :8 gh�qlhuwh Kloivsureohp lvw glh hqwvsuh0
fkhqgh Kloivwudmhnwrulh A �

C
Es@c |� gh�qlhuw gxufk=

f�ee E%� |�� n f�Se E+ � |2� ' f�

rghu çtxlydohqw gxufk=

E%c +� ' E|� n f�Se1c |2 � f�ee1� �

Iÿu glh Sxqnwh ghu Wudmhnwrulh A �
C
Es@c |� ndqq glh Deohlwxqj ��

|
E1� ghu Ixqn0

wlrq �
|
E1� zlh irojw gdujhvwhoow zhughq=

��
|
E1� ' f�Se%2 n f�ee+2 � ��fH�

Glh nulwlvfkhq Sxqnwh ghu Kloivixqnwlrq �
|
E1� jhkùuhq dovr johlfk}hlwlj ghu

Kloivwudmhnwrulh A �
C
Es@c |� xqg ghu Kdxswwudmhnwrulh A Es@c 5

�
f� Glh Kloivwudmhn0

wrulh A �
C
Es@c |� lvw lq glhvhp Idoo hlqh Jhudgh xqg hqwvsulfkw ghu K|shuehqh

#
}
E|� +yjo1 Ehlvslho 53,1

Glh ehl ghu Uhnrqvwuxnwlrq ghu Wudmhnwrulh A ,

C
Esc |� hqwghfnwhq nulwlvfkhq

Sxqnwh ghu Ixqnwlrq �,
|
nùqqhq dov Vwduwsxqnwh iÿu qhxh Nrpsrqhqwhq ghu

Yhuelqgxqjvwudmhnwrulh A ,n�
C

Esc |� ehqxw}w zhughq1

Vdw} ;4 Iÿu hlqhq eholheljhq Sxqnw | 5 LU? xqg glh uhnxuvly gh�qlhuwhq
Wudmhnwrulhq A ,

C
Esc |� xqg A ,n�

C
Esc |� jlow=

%W ' |n�1W 5�' E|c &� _ A ,n�
C

Esc |�

p

u�&
|
E1W� ' f�
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Ehzhlv1 Dxv ghp Ohppd +:;, irojw=

%W 5�' E|c &� _ A?3&n�
C

Esc |�

p�
E^?3&n�c���c^?�

A
E%� |� ' f

E^�c ���c ^?3&3��
A
us E%� ' f�

p

u�,
|
E1W� ' f�

51416 Uhnxuvlyh Nrqvwuxnwlrq iÿu

Ulfkwxqjvihog0Wudmhnwrulhq

Glh Ulfkwxqjvihog�Wudmhnwrulh dxv ghp Devfkqlww +417, zxugh hehqidoov dxi

guhl çtxlydohqwhq Zhjhq nrqvwuxlhuw=

41 Plw Kloih ghv Ulfkwxqjvihoghv o E%�

Ao Es � '
�
% 5 LU?

m <
bMLUus E%� ' bo E%�

�

51 Plw Kloih hlqhu yduldeohq/ }xp Ulfkwxqjvihog o E%� ruwkrjrqdohq Pdwul{

C E%� ' E}� E%� c ���c }?3� E%��/ C E%�
A
o E%� ' f

AC Es � G'
q
% 5 LU?

m C E%�
A
us E%� ' f

r

61 Plw Kloih hlqhu Ixqnwlrq M E%�

AM Es � G' i% 5 LU?
m M E%� ' fj �

Nrqvwuxnwlrq ghu Xqwhusureohph

Glh yduldeoh Pdwul{ C E%� ndqq klhu qlfkw }xu Nrqvwuxnwlrq ghu Kloivsureoh0

ph ehqxw}w zhughq1 Vwdwwghvvhq zlug hlqh ruwkrjrqdoh Pdwul{ ' hlqjhvhw}w=

' ' E^�c ���c ^?�

'A' ' ''A ' U�

Glh Pdwul{ ' lvw yrq ghu Pdwul{ C E%� qlfkw dekçqjlj1 Lq mhghp Sxqnw

% 5 LU ndqq dehu ghu Ulfkwxqjvyhnwru o E%� 5 LU? xqg glh yduldeoh ?� ?� �
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Pdwul{ C E%� dov Olqhdunrpelqdwlrq ghu Vsdowhq ^�c ���c ^? ghu ruwkrjrqdohq

Pdwul{ ' gdujhvwhoow zhughq=

EC E%� c o E%�� ' 'A� E%� �

Glh Nrh!}lhqwhqpdwul{ � E%� ' E��c ���c �?
� nùqqhq ohlfkw ehuhfkqhw zhughq=

�
�
'

�
'}� E%� c � ' �c ���c ?� �

'o E%� � ' ?�

Iÿu ghq Yhnwru ^ G' ^? xqg hlqhq Sxqnw | 5 LU? zlug mhw}w glh dxi glh

K|shuhehqh #
^
E|� hlqjhvfkuçqnwh ]lhoixqnwlrq �

|
E1� G' s m#^E|� E%� ehwudfkwhw

xqg hlq hqwvsuhfkhqghv Rswlplhuxqjvsureohp gh�qlhuw=

Sureohp ;5 Iÿu glh ]lhoixqnwlrq s vhl �
|
G LU?3�

$ LU jhjhehq gxufk=

�
|
E1� ' s

�
|n'A

?3�1
�
�

Jhvxfkw vlqg glh nulwlvfkhq Sxqnwh ghu Ixqnwlrq �
|
=

u�
|
E1� ' f�

Iÿu gdv Kloivsureohp ;5 nùqqhq Wudmhnwrulhq nrqvwuxlhuw zhughq/ glh do0

oh nulwlvfkhq Sxqnwh ghu Ixqnwlrq �
|
hqwkdowhq1 Ghu Judglhqw us E%� ghu

]lhoixqnwlrq olhjw gdqq lp Nhuq ghu Pdwul{ 'A

?3�/

u�
|
E1� ' f/ 'A

?3�us E%� ' f�

Ehphunxqj ;6 Gd glh yduldeoh Ulfkwxqj o E%� lp doojhphlqhq qlfkw lp

Nhuq ghu Pdwul{ 'A

?3� olhjw/ jhkùuhq glh nulwlvfkhq Sxqnwh ghu Ixqnwlrq �
|

qlfkw dxwrpdwlvfk }x ghu Kdxswwudmhnwrulh Ao Es�1

Gdv Ohppd :5 �qghw klhu dovr nhlqh Dqzhqgxqj$

Ehlvslho ;7 Iÿu glh }zhlglphqvlrqdoh ]lhoixqnwlrq s@ G LU2
$ LU xqg ghq

Vwduwsxqnw 5�f dxv ghp 53

5�f ' E��2c f�S�

s@E5� '
�

�

�
%� � +�

�
� %n +c

zlug klhu glh ruwkrjrqdoh Pdwul{ ' ' U2 jhzçkow1 Iÿu hlqhq Jlwwhusxqnw
| ' E|�c|2� ndqq glh dxi glh K|shuhehqh #Efc�� ' iE%c +� 5 U-2m + � |2 ' fj

hlqjhvfkuçqnwh Kloivixqnwlrq �
|
E1� zlh irojw ehuhfkqhw zhughq=

�
|
E1� '

�

�

�
E|� n 1�

�
� |2

�
� E|� n 1� n |2

�
�
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Iÿu glh nulwlvfkhq Sxqnwh 1W ghu Ixqnwlrq �
|
E1� jlow=

��
|
E1W� ' E|� n 1W�

2
� � ' f�

Gdudxv irojw iÿu glh jhixqghqhq nulwlvfkhq Sxqnwh E%Wc +W� ghu Ixqnwlrq s@m#Efc��E|� E5�

E%Wc +W� '
�
�|� n 1Wc |2

�
' E	�c |2� �

Idoov |2 9' 	� jhkùuhq glh Sxqnwh E%Wc +W� qlfkw ghu Kdxswwudmhnwrulh A Es@c 5
�
f�1

Glh Nrqvwuxnwlrq ghu Kloivsureohph iÿu glh nodvvlvfkhq Qhzwrq0Wudmhnwrulhq

+yjo1 Sureohp :9, ndqq klhu qlfkw gluhnw ÿehuwudjhq zhughq1 Hv px� dovr

hlqh jhhljqhwh Yhuelqgxqjvwudmhnwrulh A ?3�
o

Es� nrqvwuxlhuw zhughq/ glh dx�hu

ghq nulwlvfkhq Sxqnwhq ghv Kloivsureohpv dxfk qrfk glh Vfkqlwwsxqnwh ghu

Wudmhnwrulh Ao Es� xqg ghu K|shuhehqh #
^
E|� hqwkçow1

Glhv jlow iÿu hlqh Ulfkwxqjvihog0Wudmhnwrulh A?3�
o

Esc |� ghv Kloivsureohpv gdqq/

zhqq gdv Ulfkwxqjvihog o E%� dxi glh K|shuhehqh #
^
E|� surml}lhuw zlug=

A?3�
o

Esc |� G'
q
% 5 #

^
E|� m <

bE%�MLUu�| E1� ' b E%�'A

?3�o E%�
r
�

Glhvh Yrujhkhqvzhlvh ndqq dxi dooh Uhnxuvlrqvqlyhdxv yhudoojhphlqhuw zhu0

ghq1 Plw ghu ehuhlwv hlqjhiÿkuwhq Eh}hlfkqxqjhq ghu VfkqlwwphqjhP� E|c &�

+yjo1 517, xqg ghu hlqjhvfkuçqnwhq Ixqnwlrq �,
|
E1� +yjo1 518, iÿkuw glhv }x

irojhqghq Gh�qlwlrq ;8 +yjo1 dxfk 519,1

Gh�qlwlrq ;8 Glh Yhuelqgxqjvwudmhnwrulh A ,

o
Es � dxi ghp Uhnxuvlrqvqlyhdx

, ' ?� & zlug doojhphlq gh�qlhuw gxufk=

A ,

o
Esc |� G'

q
% 5 P� E|c &� m <

bE%�MLUu�
,

|
E1� ' b E%�'A

,
o E%�

r
�

Jlow lq hlqhu Xpjhexqj L E|� � LU? ghv Sxqnwhv | 5 LU?=

;%MLE|� ^A
,
o E%� 9' fc +51:,

vr ndqq ghu Sdudphwhu b E%� xqg glh Wudmhnwrulh A ,

o
Esc |� zlh irojw gdujhvwhoow

zhughq +yjo1 519,=

b E%� '
^A
,
us E%�

^A
,
o E%�

c

A ,

o
Esc |� G '

�
% 5 P� E|c &� m 'A

,3�us E%� ' b E%�'A

,3�o E%�
�
�

Lq glhvhp Idoo ndqq gdv Ohppd :; glhuhnw ÿehuwudjhq zhughq=
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Ohppd ;9 Glh Wudmhnwrulh A ,

o
Esc |� lvw glh Oùvxqjvphqjh ghv irojhqghq Johl0

fkxqjvv|vwhpv yrq & olqhduhq xqg , � � qlfkwolqhduhq Johlfkxqjhq=

�
E^,n�c���c^?�

A
E%� |� ' f

E^�c ���c ^,3��
A
us E%� ' b E%� E^�c ���c ^,3��

A
o E%�

xqg hqwkçow dooh nulwlvfkhq Sxqnwh yrq �,
|
E1� e}z1 s m}�E|c&� E%�1

Ehzhlv1 Yjo1 :;1

Ehphunxqj ;: Glh Ehglqjxqj +51:, px� doohuglqjv iÿu mhghv Uhnxuvlrqv0

qlyhdx , jhsuÿiw zhughq1 Glhvhu Dxizdqg ndqq uhgx}lhuw zhughq/ lq ghp glh

Ehglqjxqj +51:, gxufk irojhqgh huvhw}w zlug=

;%MLE|� ^A� o E%� 9' f� +51;,

Glh Wudmhnwrulh A ,

o
Esc |� lvw gdqq glh Oùvxqjvphqjh ghv irojhqghq Johlfkxqjv0

v|vwhpv=

�
E^,n�c���c^?�

A
E%� |� ' f

E^2c ���c ^,�
A
us E%� ' b E%� E^2c ���c ^,�

A
o E%�

Iÿu glh qhxgh�qlhuwhq Ulfkwxqjvihog0Yhuelqgxqjvwudmhnwrulhq nùqqhq gdqq

glh jhzÿqvfkwhq Hljhqvfkdiwhq ehzlhvhq zhughq=

Vdw} ;; Iÿu glh Yhuelqgxqjvwudmhnwrulhq A ,

o
Esc |�/ +� � , 	 ?, jlow=

+l, glh Wudmhnwrulh A ?3�
o

Es� hqwkçow dooh nulwlvfkhq Sxqnwh ghu hlqjhvfkuçqn0

whq ]lhoixqnwlrq �
|
dxv ghp Sureohp ;5=

Eu�
|
E1� ' f�,

�
% G' |n'A

?3�1 5 A ?3�
o

Es�
�

+ll, dooh Vfkqlwwsxqnwh ghu Wudmhnwrulh Ao Es � xqg ghu K|shuhehqh #
^
E|� jh0

kùuhq }x ghu Wudmhnwrulh A?3�
o

Es�=

�
% 5 Ao Es� _ #^ E|�

�
, % 5 A?3�

o
Es�

+lll, dooh Vfkqlwwsxqnwh ghu Wudmhnwrulh A ,n�
o

Es � xqg }x ghu K|shuhehqh #
^,
E|�

jhkùuhq ghu Wudmhnwrulh A ,

o
Es�

�
% 5 A ,n�

o
Esc |� _ #

^
E|�
�
, % 5 A ,

o
Es� �

Ehzhlv1
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+l, Plw ghu Zdko b ' f lvw glh Ehkdxswxqj wulyldo ehzlhvhq1

+ll, Iÿu mhghq Wudmhnwrulhqsxqnw % G' | n 'A

?3�1 5 Ao Es � _ #
^
E|�/ jlew hv

hlqh ]dko b E%�/ vr gd� jlow=

u�
|
E1� ' 'A

?3�us E%� ' b E%�'A

?3�o E%�

.

% 5 A?3�
o

Es� �

+lll, Iÿu glh Sxqnwh ghu Wudmhnwrulh A ,n�
o

Esc |� jlow=

'A

,n�us E%� ' u�,n�
|

E1� ' b E%�'A

,n�o E%� �

Lqvehvrqghuh iÿu glh Vfkqlwwsxqnwh ghu Wudmhnwrulh A ,n�
o

Esc |� xqg ghu

K|shuhehqh #
^,
E|� jlow dovr=

u�,
|
E1� ' 'A

,
us E%� ' b E%�'A

,
o E%� �

Glh ehl ghu Uhnrqvwuxnwlrq ghu Wudmhnwrulh A ,

o
Esc |� jhixqghqhq Vfkqlww0

sxqnwh yrq A ,n�
o

Esc |� xqg #
^,
E|� nùqqhq dov Vwduwsxqnwh dxi ghu Vxfkh qdfk

qhxhq Nrpsrqhqwhq ghu Wudmhnwrulh A ,n�
o

Esc |� ehqxw}w zhughq1

Ehphunxqj ;< Glh Wudmhnwrulh A?3�
o

Es� yhuelqghw dooh Nrpsrqhqwhq ghu
Kdxswwudmhnwrulh Ao Es �/ glh glh K|shuhehqh #^ E|� vfkqhlghq xqg uhnxuvly=
Glh Wudmhnwrulh A ,

o
Esc |� yhuelqghw dooh Nrpsrqhqwhq ghu Wudmhnwrulh A ,n�

o
Esc |�/

glh glh K|shuhehqh #
^,
E|� vfkqhlghq1

Uhnxuvlrqvvfkhpd iÿu Ulfkwxqjvihog0Wudmhnwrulhq

Dxi ghu Juxqgodjh ghv Vdw}hv ;; ndqq hlq doojhphlqhv Uhnxuvlrqvvfkhpd iÿu

Ulfkwxqjvihog0Wudmhnwrulhq irupxolhuw zhughq=

Uhnxuvlrqvvfkhpd <3 +iÿu Ulfkwxqjvihog0Wudmhnwrulhq,

41 Dxvjhkhqg yrq ghp Dxvjdqjvsxqnw %f zlug hlqh Nrpsrqhqwh ghu jh0

vxfkwhq Wudmhnwrulh Ao Es� uhnrqvwuxlhuw xqg glh dxi ghu Nrpsrqhq0

wh olhjhqghq nulwlvfkhq Sxqnwh ghu ]lhoixqnwlrq lghqwl�}lhuw1 Qdfk hl0
qhu ehvwlppwhq Vwudwhjlh zhughq johlfk}hlwlj Jlwwhusxqnwh iÿu glh qhx0
hq dxi ghp Uhnxuvlrqvqlyhdx ? � � olhjhqghq Yhuelqgxqjvwudmhnwrulhq

A?3�
o

Esc |� ehvwlppw xqg jhvshlfkhuw1
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51 Dxvjhkhqg yrq ghp mhzhloljhq Jlwwhusxqnw | zhughq glh Yhuelqgxqjv0

wudmhnrulhq A ?3�
o

Esc |� uhnrqvwuxlhuw1 Glh Vfkqlwwsxqnwh ghu Yhuelq0

gxqjvwudmhnwrulh plw ghu Kdxswwudmhnwrulh Ao Es� zhughq hundqqw xqg dov

Vwduwsxqnwh iÿu glh Uhnrqvwuxnwlrq ghu qhxhq Nrpsrqhqwhq ehqxw}w1

61 Glh Yhuelqgxqjvwudmhnwrulhq A?3�
o

Esc |� hqwkdowhq qdwÿuolfk qhxh Jlw0

whusxqnwh/ glh dov Vwduwsxqnwh iÿu glh dxi ghp Uhnxuvlrqvqlyhdx ?� 2

olhjhqghq Yhuelqgxqjvwudmhnwrulhq A?32
o

Esc |� ehqxw}w zhughq nùqqhq1

71 Zlug doojhphlq hlqh Yhuelqgxqjvwudmhnwrulh A &

o
Esc |� dxi ghp Uhnxuvl0

rqvqlyhdx & uhnrqvwuxlhuw/ vr zhughq glh Vfkqlwwsxqnwh plw ghu Wudmhn0

wrulh A &n�
o

Esc |� jhvxfkw xqg dov Vwduwsxqnwh iÿu glh Yhuelqgxqjvwudmhn0

wrulhq dxi ghp Uhnxuvlrqvqlyhdx & n � ehqxw}w1

Glh dxi ghu Wudmhnwrulh A &

o
Esc |� jhixqghqhq Jlwwhusxqnwh glhqhq dov

Vwduwsxqnwh iÿu glh Yhuelqgxqjvwudmhnwrulhq dxi ghp Uhnxuvlrqvqlyhdx
& � �1

Hunhqqxqj ghu Vfkqlwwsxqnwh

Glh Vfkqlwwsxqnwh yrq A ,n�
o

Esc |� xqg #
^,
E|� vlqg klhu nhlqh nulwlvfkhq Sxqnwh

ghu Kloivixqnwlrq �,
|
E1�/ nùqqhq dehu plw Kloih ghv Idnwruv b E%� +yjo1 Gh�ql0

wlrq ;8, fkdudnwhulvlhuw zhughq1 Ehl ghu Uhnrqvwuxnwlrq ghu Wudmhnwrulh ghu

Wudmhnwrulh A ,

o
Esc |� ndqq ghu Idnwru b E%� +yjo1 Ehglqjxqjhq 51: e}z1 51;,

plw zhqlj Dxizdqg plwehvwlppw zhughq1 Xp glh Hunhqqxqj ghu jhvxfkwhq

Vfkqlwwsxqnwh }x hupùjolfkhq zlug klhu hlqh Dewdvwixqnwlrq � , E%� G LU
?
$ LU

hlqjhiÿkuw=

� , E%� G' ^A
,n�us E%� � b E%� ^A

,n�o E%� �

Vdw} <4 Lvw iÿu hlqhq Wudmhnwrulhqsxqnw % 5 A ,

o
Esc |� glh Dewdvwixqnwlrq

� , E%� johlfk Qxoo/ vr jhkùuw ghu Sxqnw dxfk }x ghu Wudmhnwrulh A ,n�
o

Esc |�=

E� , E%� ' f�, % 5 A ,n�
o

Es� �

Ehzhlv1 Iÿu mhghq Wudmhnwrulhqsxqnw % 5 A ,

o
Esc |� jlow=

% 5 A ,

o
Esc |�, % 5 #, E|�, % 5 #,n� E|�

'A

,
us E%� ' b E%�'A

,
o E%� �

Plw ghu Ehglqjxqj � , E%� ' f irojw gdqq dxfk=

u�,n�
|

E1� ' 'A

,n�us E%� ' E',c ^,n��
A
us E%�

'
�
'A

,
us E%� c ^A

,n�us E%�
�A

'
�
b E%�'A

,
o E%� c b E%� ^A

,n�o E%�
�A

' b E%�'A

,n�o E%� �
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515 Vwudwhjlhq }xu Ehvwlppxqj ghu Jlwwhu0

sxqnwh

Hlqh zlfkwljh Urooh lp yrujhvwhoowhq Uhnxuvlrqvvfkhpd vslhow glh Vwudwhjlh ghu

Ehvwlppxqj ghu Dxvjdqjvsxqnwhq iÿu glh Yhuelqgxqjvwudmhnwrulhq1 Lq ^48`

zxugh glh Vwudwhjlh ghu Ehuÿkuxqjvsxqnwh yrujhvfkodjhq1 Dxfk glh Nrq0

vwuxnwlrq hlqhv çtxlglvwdqwhq e}z1 dqjhsd�whq lqçtxlglvwdqwhq Qhw}hv lvw

pùjolfk1 Glhv zlug plw Kloih ghu hqwvsuhfkhqg gh�qlhuwhq Jlwwhusxqnwh lq

ghq Devfkqlwwhq 51515 xqg 51516 yrujhiÿkuw1 Glh Vwudwhjlhq zhughq lp zhl0

whuhq dq hlqhp Ehlvslhosureohp glvnxwlhuw1

Iÿu glh Nrqvwuxnwlrq ghv Wudmhnwrulhqqhw}hv zhughq K|shuhehqhq ehqùwljw/

glh }x hlqhu ehvwlppwhq Ulfkwxqj ^ ruwkrjrqdo olhjhq1 Klhu}x zhughq }x0

qçfkvw irojhqgh Eh}hlfkqxqjhq hlqjhiÿkuw1

Gh�qlwlrq <5 Vhl K^ '
�
#
^
E|� m | 5 LU?

�
ghu Udxp ghu }x hlqhp Yhnwru

^ ruwkrjrqdohq K|shuhehqhq1 Ghu Udxp K^ lvw plw irojhqghq Krpùrpru0
sklvpxv � G K^ $ LU krpùrprusk }x LU=

�
�
#
^
E|�
�
$ ^A |

Plw Y� E#� zlug glh Phqjh ghu Udqgsxqnwh ghu Elogphqjh � E#� � LU eh}hlfk0

qhw1
Plw Z E|� ' #

^
E|� lvw zhlwhu hlqh vwhwljh Deelogxqj yrq LU? lq K^ jhjhehq 1

51514 Vwudwhjlh ghu Ehuÿkuxqjvsxqnwh

Hlq Ehuÿkuxqjvsxqnw | ghu Wudmhnwrulh A Es � e}jo1 ghu Ulfkwxqj ^ zlug zlh

irojw fkdudnwhulvlhuw1

Gh�qlwlrq <6 Hlq Wudmhnwrulhqsxqnw | 5 A Es � khl�w Ehuÿkuxqjvsxqnw

yrq A Es� eh}ÿjolfk ghu Ulfkwxqj ^/ zhqq irojhqgh Ehglqjxqj huiÿoow lvw=

<
LE|�aLU

?m � EZ E|�� ' ^A | 5 Y� EZ EL E|� _ A Es ��� �

Plw #
^
E|� lvw glh ehuÿkuhqgh K|shuhehqh ghu Idplolh K^ e}jo1 ghu Wudmhn0

wrulh A Es� jhjhehq1

Hv jlew dovr hlqh r�hqh Xpjhexqj L E|� � LU? yrq |/ vr gd� glh K|shuheh0

qh #
^
E|� hlq Udqgsxqnw ghu lq K^ dejheloghwhq Vfkqlwwphqjh L E|� _ A Es �

lvw +v1 Deelogxqj 514,1
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( ) ( )( )fTtU ∩1π

( ) ( )( )fTtU ∩2π

( ) ( )( )fTtU ∩3π

( ) ( )( )fTtU ∩4π

( ) ( )( )fTtU ∩5π

( )1tqη

( )2tqη

( )3tqη

( )4tqη

( )5tqη

q

( )1tU

( )2t

( )3t

( )4tU

( )5tU
( )fT

Deelogxqj 514= Ehuÿkuxqjvsxqnwh +|�c |�c |ec |D, hlqhu Wudmhnwrulh e}jo1 ghu

Ulfkwxqj ^1 |2 lvw nhlq Ehuÿkuxqjvsxqnw ghu Wudmhnwrulh A Es � �

Gd glh Ehuÿkuxqjvsxqnwh johlfk}hlwlj dxfk Wudmhnwrulhqsxqnwh vlqg/ nùq0

qhq vlh zçkuhqg ghu Uhnrqvwuxnwlrq ghu Wudmhnwrulh plw zhqlj Dxizdqg plw0

ehvwlppw zhughq1 Irojw pdq ghu Wudmhnwrulh A Es� lq ghu Qçkh hlqhv Ehuÿk0

uxqjvsxqnwhv |/ vr qçkhuw pdq vlfk ghu ehuÿkuhqghq K|shuhehqh #
^
E|�1 Pdq

huuhlfkw vlh gdqq lp Sxqnw | xqg hqwihuqw vlfk gdqq zlhghu yrq lku +v1 De0

elogxqj 515,1 Pdq eohlew yruhuvw dxi ghu johlfkhq Vhlwh ghu K|shuhehqh1 Glh

K|shuhehqh zlug qlfkw lp Ehuÿkuxqjvsxqnw | yrq ghu Wudmhnwrulh A Es� jh0

vfkqlwwhq +yjo1 Deelogxqj 514,1

x( )αx ( )α−x

( )0xt =

q

( )tqη

( )( )xtDH
( )fT

Deelogxqj 515= Vxfkh qdfk hlqhp Ehuÿkuxqjvsxqnw
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Xp glh Ehuÿkuxqjvsxqnwh zçkuhqg ghu Uhnrqvwuxnwlrq ghu Wudmhnwrulh

}x hunhqqhq/ zhughq klhu Dewdvwixqnwlrqhq �
^
c � ^ G A Es�$ LU gh�qlhuw1 Glh

Ehuÿkuxqjvsxqnwh vlqg gdqq hqwvsuhfkhqg H{wuhpd rghu Qxoovwhoohq glhvhu

Ixqnwlrqhq1

Ohppd <7 Vhl |W 5 A Es � hlq Wudmhnwrulhqsxqnw xqg % Ek� c % Ef� ' |W hlqh

orndoh Sdudphwulvlhuxqj ghu Wudmhnwrulh A Es� lp Sxqnw |W1 Vhlhq zhlwhu glh

Dewdvwixqnwlrqhq jhjhehq gxufk=

�
^
E% Ek�� G ' % Ek�

A
^

� ^ E% Ek�� G ' �% Ek�
A
^�

Ghu Sxqnw |W lvw hlq Ehuÿkuxqjvsxqnw ghu Wudmhnwrulh A Es � eh}ÿjolfk ghu

Ulfkwxqj ^ jhqdx gdqq/ zhqq

+l, glh Dewdvwixqnwlrq �
^
lq |W hlq orndohv H{wuhpxp dqqlppw=

<0:f;f	k	0
�
�
^
E|W�� �

^
E% Ek��

� �
�
^
E|W�� �

^
E% E�k��

�
� fc

+ll, zhqq glh Dewdvwixqnwlrq � ^ lq |W lku Yru}hlfkhq zhfkvhow=

<0:f;f	k	0
� ^ E% Ek�� � ^ E% E�@�� � f�

Ehzhlv1 +l, Glh K|shuhehqhq #
^
E|� vlqg johlfk}hlwlj dxfk Qlyhdxphqjh

ghu Kloivixqnwlrq �
^
=

%c + 5 #
^
E|�,

�
^
E%� ' %A ^ ' %A ^ n E|� %�

A
^ n E+ � |�

A
^ ' +A ^ ' �

^
E%� �

Gd glh Wudmhnwrulh A Es� glh K|shuhehqh #
^
E|W� lp Sxqnw |W huuhlfkw/ dehu

qlfkw vfkqhlghw/ px� glh Kloivixqnwlrq �
^
E% Ek�� lq |W lkuhq orndohq H{wuh0

pdozhuw dqqhkphq1

+ll, Glh Ehkdxswxqj irojw gxufk Deohlwxqj gluhnw dxv +l,1

Gdv Yru}hlfkhq ghu Kloivixqnwlrq � ^ lvw yrp Frvlqxv0Zhuw ghv Zlqnhov }zl0

vfkhq ghp Wdqjhqwldoyhnwru �% Ek� xqg ghp yrujhjhehqhq Yhnwru ^ dekçqjlj1

Glh ehlghq Yhnwruhq vlqg lp Sxqnw |W ruwkrjrqdo1 Dxi ghu hlqhq Vhlwh ghv

Sxqnwhv |W lvw ghu Zlqnho vslw} xqg dxi ghu dqghuhq vwxpsi/ vr gd� gdv

Yru}hlfkhq ghu Ixqnwlrq � ^ E% Ek�� vlfk lq |W çqghuq px�1

Ehphunxqj <8 Vhl S^ EA Es�� glh Phqjh ghu Ehuÿkuxqjvsxqnwh yrq A Es �

eh}ÿjolfk ghu Ulfkwxqj ^1 Xqwhu ehvwlppwhq Yrudxvvhw}xqjhq ndqq iÿu hlqhq

ehvfkuçqnwhq Ehuhlfk � � LU? ehzlhvhq zhughq ^48`/ gd� glh K|shuhehqhq
Z ES^ EA Es ��� dooh Nrpsrqhqwhq ghu Wudmhnwrulh A Es � yhuelqghq1 Dxijuxqg
glhvhv Hujheqlvvhv lvw hv qdkholhjhqg/ glh Ehuÿkuxqjvsxqnwh dov Vwduwsxqnwh

iÿu glh Kloivsureohph }x zçkohq1
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Lp zhlwhuhq zlug glh uhnxuvlyh Nrqvwuxnwlrq dqkdqg hlqhv }zhlglphqvlr0

qdohq Ehlvslhov qrfk hlqpdo hunoçuw1 ]xhuvw zhughq hlqljh zhlwhuh Eh}hlfk0

qxqjhq hlqjhiÿkuw=

S� 0 nulwlvfkh Sxqnwh ghu ]lhoixqnwlrq/

|� 0 Ehuÿkuxqjvsxqnwh ghu Wudmhnwrulh A} Es� eh}ÿjolfk ghu Ulfkwxqj }/

A � 0 hqwvsuhfkhqg iÿu ghq Ehuÿkuxqjvsxqnw |� nrqvwuxlhuwh Yhuelqgxqjv0

wudmhnwrulh

r& 0 plwwhov ghu Yhuelqgxqjvwudmhnwrulhq jhixqghqh Dxvjdqjvsxqnwh }xu Uh0

nrqvwuxnwlrq ghu qhxhq Nrpsrqhqwhq ghu Kdxswwudmhnwrulh A Es �/

g& 0 hqwvsuhfkhqg yrp Dxvjdqjvsxqnw r& nrqvwuxlhuwh Nrpsrqhqwh ghu

Wudmhnwrulh A Es �

-4 -2 0 2 4

-4

-2

0

2

4

�

K0K1 K2

K3

T1

T2

T3
T4

T5

T6
s1 s2

s3

c1

c2

c3

c4

c5

c6

c7
c8

c9

Deelogxqj 516= Wudmhnwrulhqqhw} }xu Vwudwhjlh ghu Ehuÿkuxqjvsxqnwh

Ehlvslho <9 Ehlvslho }xu Vwudwhjlh ghu Ehuÿkuxqjvsxqnwh
Glh Wudmhnwrulh A Es � ehvwhkw dxv ylhu Nrpsrqhqwhq/ glh plw Kloih vhfkv hlq0
glphqvlrqdohu Kloivwudmhnwrulhq yhuexqghq vlqg +yjo1 Deelogxqj 516,1 Glh

Uhnrqvwuxnwlrq ghu Wudmhnwrulh qdkp irojhqghq Yhuodxi =
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41 Dxvjhkhqg yrp Vwduwsxqnw %r zxugh glh }|nolvfkh Nrpsrqhqwh g
f uh0

nrqvwuxlhuw1 Gdehl zxughq }zhl nulwlvfkh Sxqnwh S� xqg S2 vrzlh }zhl

Ehuÿkuxqjvsxqnwh |� xqg |2 jhixqghq1

51 Iÿu glh jhixqghqhq Ehuÿkuxqjvsxqnwh zxughq gdqq hqwvsuhfkhqgh Kloiv0

sureohph dxijhvwhoow xqg glh Yhuelqgxqjvwudmhnwrulhq A � xqg A 2 nrq0

vwuxlhuw1 Vhfkv qhxh Dxvjdqjvsxqnwh zxughq gdehl hqwghfnw1

61 Dxvjhkhqg yrq ghq Sxqnwhq r� xqg r2 nrqqwhq }zhl qhxh Nrpsrqhqwhq

g� xqg g2 ghu Kdxswwudmhnwrulh jhixqghq zhughq1 Glh dqghuhq Sxqnwh

iÿkuwhq qlfkw }x qhxhq Nrpsrqhqwhq1

71 Glh Nrpsrqhqwh g� lvw lp xqwhuvxfkwhq Ehuhlfk qlfkw }|nolvfk xqg

hqwkçow hlqhq qhxhq nulwlvfkhq Sxqnw S�/ dehu nhlqhq Ehuÿkuxqjvsxqnw1

81 Glh Nrpsrqhqwh g2 lvw }|nolvfk xqg hqwkçow ylhu qhxh nulwlvfkh Sxqnwh
Sec ���c S. xqg }zhl Ehuÿkuxqjvsxqnwh |� xqg |e1 Iÿu glh qhxhq Ehuÿk0
uxqjvsxqnwh zxughq glh Yhuelqgxqjvwudmhnwrulhq A � xqg A e nrqvwuxlhuw

xqg guhl qhxh Dxvjdqjvsxqnwh hqwghfnw1

91 Dxvjhkhqg yrp Sxqnw r� nrqqwh gdqq glh ohw}wh Nrpsrqhqwh g� ghu

Kdxswwudmhnwrulh jhixqghq zhughq/ glh glh uhvwolfkhq nulwlvfkhq Sxqnwh
SH xqg Sb ghu ]lhoixqnwlrq vrzlh }zhl zhlwhuh Ehuÿkuxqjvsxqnwh |D xqg
|S hqwkçow1

:1 Lp zhlwhuhq Yhuodxi ghv Yhuidkuhqv zxughq qrfk glh Yhuelqgxqjvwudmhn0
wrulhq A D xqg A S nrqvwuxlhuw xqg ylhu qhxh Dxvjdqjvsxqnwh hqwghfnw/
glh dehu qlfkw phku }x hlqhu qhxhq Nrpsrqhqwh ghu Wudmhnwrulh A Es �

iÿkuwhq1

Ehphunxqj <: ]xp Yhuodxi ghv Yhuidkuhqv xqg }xu gdujhvwhoowhq Wudmhn0
wrulh oç�w vlfk irojhqghv dqphunhq=

d, Hlqh Wudmhnwrulh A Es� ndqq }|nolvfkh xqg2rghu qlfkw}|nolvfkh Nrpsr0

qhqwhq hqwkdowhq1

e, Mhgh }|nolvfkh Nrpsrqhqwh hqwkçow plqghvwhqv }zhl Ehuÿkuxqjvsxqnwh

eh}ÿjolfk mhghu eholheljhq Ulfkwxqj ^1

f, Plw Kloih ghu nulwlvfkhq Sxqnwh xqg Ehuÿkuxqjvsxqnwh ndqq ohlfkw jh0
suÿiw zhughq/ re hlqh Nrpsrqhqwh }|nolvfk lvw1 Ghu huvwh zçkuhqg ghu

Uhnrqvwuxnwlrq ghu Nrpsrqhqwh jhixqghqh nulwlvfkh Sxqnw e}z1 Ehuÿk0

uxqjvsxqnw vroowh plw ghq qhx hqwghfnwhq Sxqnwhq yhujolfkhq zhughq1
Zlug hlqh ßehuhlqvwlppxqj ihvwjhvwhoow/ vr ndqq glh Uhnrqvwuxnwlrq ghu
Nrpsrqhqwh dejhvfkorvvhq zhughq1
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g, Zlug ghu huvwh zçkuhqg ghu Uhnrqvwuxnwlrq ghu Nrpsrqhqwh jhixqgh0

qh nulwlvfkh Sxqnw e}z1 Ehuÿkuxqjvsxqnw plw doohq elvkhu hqwghfnwhq

yhujolfkhq/ vr ndqq glh zlhghukrowh Uhnrqvwuxnwlrq hlqhu ehuhlwv jhixq0

ghqhq xqg uhnrqvwuxlhuwhq Nrpsrqhqwh vriruw jhvwrssw zhughq1

h, Rezrko gdv jhvdpwh Wudmhnwrulhqqhw}/ g1k1 glh Kdxswwudmhnwrulh A Es�

jhphlqvdp plw ghp Yhuelqgxqjvwudmhnwrulhq A �c ���c A S/ }xvdpphqkçq0

jhqg lvw/ zhughq qlfkw lpphu dooh Nrpsrqhqwhq ghu Kdxswwudmhnwrulh

jhixqghq1

Zhqq dov Vwduwsxqnw iÿu gdv Yhuidkuhq ehlvslhozhlvh hlq Sxqnw dxv ghu

Nrpsrqhqwh g2 dxvjhvxfkw zlug/ vr zhughq glh dqghuhq Nrpsrqhqwhq

qlfkw hqwghfnw1 Glh Nrpsrqhqwh g2 hqwkçow qçpolfk nhlqh Ehuÿkuxqjv0

sxqnwh1

Vhoevw zhqq dov Vwduwsxqnw hlq Sxqnw dxv ghu Nrpsrqhqwh g� rghu g�

jhzçkow zlug/ ndqq glh Nrpsrqhqwh gf qlfkw huuhlfkw zhughq/ zhlo glh

Yhuelqgxqjvwudmhnwrulhq A �c ���c A S vlh qlfkw wuh�hq1

51515 Vwudwhjlh ghv çtxlglvwdqwhq Qhw}hv

Gd glh Vwudwhjlh ghu Ehuÿkuxqjvsxqnwh qlfkw lpphu }xp Huiroj iÿkuw +yjo1

Ehphunxqj <:,/ ndqq glhvh gxufk glh çtxlglvwdqwh Qhw}elogxqj huvhw}w rghu

hujçq}w zhughq1 Plw ghu yrujhjhehqhq Jlwwhueuhlwh B zhughq glh Jlwwhusxqn0

wh zlh irojw ehvwlppw1

Gh�qlwlrq <; Hlq Wudmhnwrulhqsxqnw | 5 A Es� khl�w Jlwwhusxqnw yrq

A Es � eh}ÿjolfk ghu Ulfkwxqj ^ xqg ghu Jlwwhueuhlwh B/ idoov ghu Zhuw
ghu Ixqnwlrq �

^
+yjo1 Ohppd <7, vlfk dov jdq}}dkoljh Ylhoidfkhv 6 yrq B

gduvwhoohq oç�w=

�
^
E|� ' 6B�

Zlh Ehuÿkuxqjvsxqnwh nùqqhq dxfk glh Jlwwhusxqnwh ohlfkw zçkuhqg ghu

Uhnrqvwuxnwlrq ghu Wudmhnwrulh A Es� hundqqw zhughq1

Ehlvslho << Ehlvslho }xu Vwudwhjlh ghv çtxlglvwdqwhq Qhw}hv

Gdv çtxlglvwdqwh Qhw} iÿu glh Wudmhnwrulh A Es� dxv ghp Ehlvslho <9 zxugh
klhu plw ghu Jlwwhueuhlwh B ' ��D ehvwlppw1 Glh Uhnrqvwuxnwlrq ghu Wudmhn0

wrulh A Es� qdkp glhvpdo irojhqghq Yhuodxi=

41 Dxvjhkhqg yrp Vwduwsxqnw %r zxugh glh }|nolvfkh Nrpsrqhqwh gf uh0
nrqvwuxlhuw1 Gdehl zxughq }zhl nulwlvfkh Sxqnwh S� xqg S2 vrzlh ylhu
Jlwwhusxqnwh |� xqg |�K vrzlh |2 xqg |2K jhixqghq1
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51 Glh Jlwwhusxqnwh |� xqg |�K vrzlh glh Sxqnwh |2 xqg |2K iÿkuhq }x Yhu0

elqgxqjvwudmhnwrulhq A � xqg A 21 Dxi ghq Wudmhnwrulhq A � xqg A 2 zxu0

ghq vhfkv qhxh Dxvjdqjvsxqnwh hqwghfnw1

61 Dxvjhkhqg yrq ghq Sxqnwhq r� xqg r2 nrqqwhq }zhl qhxh Nrpsrqhqwhq

g� xqg g2 jhixqghq zhughq1 Glh dqghuhq Sxqnwh iÿkuwhq qlfkw }x

qhxhq Nrpsrqhqwhq1

71 Glh Nrpsrqhqwh g� lvw lq ghp xqwhuvxfkwhq Ehuhlfk qlfkw }|nolvfk/

hqwkçow dehu iÿqi zhlwhuh Jlwwhusxqnwh |2c ���c |. vrzlh hlqhq nulwlvfkhq

Sxqnw S�1

81 Glh Nrpsrqhqwh g2 lvw }|nolvfk xqg hqwkçow ylhu qhxh nulwlvfkh Sxqn0

wh Sec ���c S. vrzlh zhlwhuh Jlwwhusxqnwh/ glh dehu qlfkw phku }x qhxhq

Yhuelqgxqjvwudmhnwrulhq iÿkuhq1

91 Plw Kloih ghu Yhuelqgxqjvwudmhnwrulh A D nrqqwh gdqq dxfk glh ohw}wh
Nrpsrqhqwh g� huuhlfkw zhughq/ glh glh uhvwolfkhq nulwlvfkhq Sxqnwh
Sb xqg gdqq SH ghu ]lhoixqnwlrq hqwkçow1
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Deelogxqj 517= Wudmhnwrulhqqhw} }xu Vwudwhjlh ghv çtxlglvwdqwhq Qhw}hv

Ehphunxqj 433 ]xp Yhuodxi ghv Yhuidkuhqv xqg }xu gdujhvwhoowhq Wudmhn0
wrulh oç�w vlfk irojhqghv dqphunhq=



5151 VWUDWHJLHQ ]XU EHVWLPPXQJ GHU JLWWHUSXQNWH ::

d, Glh Vfkqlwwsxqnwh ghu Kdxswwudmhnwrulh A Es � plw hlqhu Yhuelqgxqjvwud0

mhnwrulh vlqg johlfk}hlwlj dxfk glh Jlwwhusxqnwh yrq A Es� eh}ÿjolfk ghu

Ulfkwxqj ^ xqg ghu Jlwwhueuhlwh B1 Glh Yhuelqgxqjvwudmhnwrulh ndqq do0

vr yrq mhghu vfkqhlghqghq Nrpsrqhqwh ghu Wudmhnwrulh A Es� jhixqghq

zhughq1

e, Vfkqhlghw hlqh Yhuelqgxqjvwudmhnwrulh }zhl yhuvfklhghqh Nrpsrqhqwhq/

vr ndqq lpphu glh hlqh Nrpsrqhqwh yrq ghu dqghuhq dxv huuhlfkw zhu0

ghq1 Lvw gdv Wudmhnwrulhqqhw} }xvdpphqkçqjhqg/ vr ndqq dov Vwduw0

sxqnw iÿu gdv Uhnrqvwuxnwlrqvyhuidkuhq hlq eholheljhu Wudmhnwrulhqsxqnw

jhqrpphq zhughq1

51516 Vwudwhjlh ghv lqçtxlglvwdqwhq Qhw}hv

Zhughq nulwlvfkh Sxqnwh lq ehvwlppwhq Uhjlrqhq ghv yrujhjhehqhq Ehuhl0

fkhv yhupxwhw/ vr ndqq hlq jhhljqhwhv Udvwhu dov hqgolfkh Whlophqjh ghu Sxqn0

wh dxv � gh�qlhuw zhughq=

f ' i%� 5 �m � ' �c 2c ���c aj �

Gdv Qhw} ghu Yhuelqgxqjvwudmhnwrulhq zlug gdqq vr nrqvwuxlhuw/ gd� hv lq

ghq lqwhuhvvdqwhq Uhjlrqhq glfkwhu xqg dx�hukdoe juùehu lvw1

Gh�qlwlrq 434 Hlq Wudmhnwrulhqsxqnw | 5 A Es� khl�w Jlwwhusxqnw yrq

A Es � eh}ÿjolfk ghv Udvwhuv f/ idoov ghu Zhuw ghu Ixqnwlrq �
^
ghp Zhuw

lq hlqhp ghu Sxqnwh ghv Udvwhuv johlfk lvw=

<%�Mf m �
^
E|� ' � E%�� �

Gdv Uhnrqvwuxnwlrqvyhuidkuhq yhuoçxiw klhu çkqolfk zlh lp yrukhuljhq Ehl0

vslho << +v1 Deelogxqj 518,1 Dxvjhkhqg yrq ghu Nrpsrqhqwh gf zhughq

}xhuvw ylhu Yhuelqgxqjvwudmhnwrulhq xqg gdqq glh Nrpsrqhqwhq g� xqg g2

jhixqghq1 Jlwwhusxqnwh iÿu zhlwhuh Yhuelqgxqjvwudmhnwrulhq zhughq dxi ghu

Nrpsrqhqwh g� hqwghfnw1 Hlqh zhlwhuh Yhuelqgxqjvwudmhnwrulh iÿkuw gdqq

}xu Nrpsrqhqwhg�1 Glh Dxvvdjhq ghu Ehphunxqj 433 vlqg dxfk klhu jÿowlj1

Ehphunxqj 435 Glh Sxqnwh ghv Udvwhuv f nùqqhq lp doojhphlqhq qlfkw

dov Vwduwsxqnwh iÿu glh Yhuelqgxqjvwudmhnwrulhq hlqjhvhw}w zhughq1 Qxu dxi
ghp qlhguljvwhq Uhnxuvlrqvqlyhdx , ' � jhkùuhq vlh }x ghq Yhuelqgxqjvwud0

mhnwrulhq1
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Deelogxqj 518= Wudmhnwrulhqqhw} }xu Vwudwhjlh ghv lqçtxlglvwdqwhq Qhw}hv

51517 Yhujohlfk ghu Jlwwhusxqnwvwudwhjlhq

Lq glhvhp Devdw} zhughq glh Yru0 xqg Qdfkwhloh yhuvfklhghqhu Jlwwhusxqnw0

Vwudwhjlhq glvnxwlhuw1 ]xqçfkvw zhughq irojhqgh Eh}hlfkqxqjhq hlqjhiÿkuw=

E0Vwudwhjlh Vwudwhjlh ghu Ehuÿkuxqjvsxqnwh

D0Vwudwhjlh Vwudwhjlh ghv çtxlglvwdqwhq Qhw}hv

F0Vwudwhjlh Vwudwhjlhq ghv lqçtxlglvwdqwhq Qhw}hv/

P0Vwudwhjlh pl{hg Vwudwhjlh +ED rghu EF,

41 ]xvvdphqkçqjljnhlw ghv jhvdpwhq Qhw}hv1

Iÿu glh E0Vwudwhjlh ndqq xqwhu ehvwlppwhq Yrudxvvhw}xqjhq ehzlhvhq

zhughq +yjo1 ^48`,/ gd� gdv Qhw} }xvdpphqkçqjhqg lvw1 Glhv jlow gdqq

qdwÿuolfk dxfk iÿu glh P0Vwudwhjlh1 Iÿu glh Vwudwhjlh D xqg F jlew hv

nhlqh hqwvsuhfkhqghq Dxvvdjhq1

51 Huuhlfkedunhlw ghu Nrpsrqhqwhq1

Zlh lp Ehlvslho <9 jh}hljw zxugh/ nùqqhq qlfkw lpphu xqg yrq mhghp

Vwduwsxqnw dooh Nrpsrqhqwhq ghu Kdxswwudmhnwrulh huuhlfkw zhughq1

Glhv jlow dxfk gdqq/ zhqq gdv Qhw} }xvdpphqkçqjhqg lvw1 Lp De0

vfkqlww 51515 zxugh jh}hljw/ gd� glhvh Jhidku ehl hlqhp glfkwhq D0Qhw}
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e}z1 F0Qhw} }zdu xqzdkuvfkhlqolfk jhpdfkw/ dehu qlfkw dxvjhvfkorvvhq

zhughq ndqq1

61 Vfkpdoh +e}jo1 hlqhu ehvwlppwhq Ulfkwxqj, Nrpsrqhqwhq1

Glh Glfkwh ghv E0Qhw}hv ndqq qlfkw ehhlq x�w xqg dxfk qlfkw dejh0

vfkçw}w zhughq1 Glh Srvlwlrq ghu Ehuÿkuxqjvsxqnwh kçqjw doohlqh yrq

ghu Jhvwdow ghu Wudmhnwrulh de1 Hv ndqq lpphu sdvvlhuhq/ gd� }zlvfkhq

ghq Yhuelqgxqjvwudmhnwrulhq jur�h Ehuhlfkh iuhl eohlehq xqg qlfkw gxufk0

vxfkw zhughq1

Glh Glfkwh hlqhv D0 e}z10 F0Qhw}hv ndqq gdjhjhq iuhl yrujhjhehq zhu0

ghq1 Wurw}ghp ndqq hv sdvvlhuhq/ gd� glh Wudmhnwrulh lq ghu Hfnh ghv

yrujhjhehqhq Ehuhlfkhv/ ghu gxufkvxfkw zhughq vroowh/ vwhfnhqeohlew1

71 Glh Dq}dko ghu Yhuelqgxqjvwudmhnwrulhq1

Gd glh Jlwwhueuhlwh lq ghu D0Vwudwhjlh ÿeolfkhuzhlvh qlfkw vhku jur�

jhzçkow zlug/ iÿkuw glhvh Vwudwhjlh phlvwhqv }xu juù�huhq Dq}dko ghu

Yhuelqgxqjvwudmhnwrulhq1

Ehl kùkhuglphqvlrqdohq Sureohphq/ lqvehvrqghuh zhqq gdv Uhnxuvl0

rqvvfkhpd zhlw qdfk xqwhq dejhduehlwhw zhughq vroo/ zçfkvw glh Dq}dko

ghu Sureohph vhku vfkqhoo1

Ghu Dxizdqg }xu Huvwhooxqj hlqhv D0Qhw}hv lvw lp doojhphlqhq ghxwolfk

kùkhu/ dov gd� ehl ghu E0Vwudwhjlh ghu Idoo zçuh1 Lp Idoo ghu F0Vwudwhjlh

lvw ghu Dxizdqg qlfkw phku vr jur�1 Dxfk glh P0Vwudwhjlh plw hlqhp

jurehq D0 e}z1 F0Qhw} ndqq lq glhvhp Eh}xj hpsirkohq zhughq1

81 Gdv Sureohp/ ghu qdk ehlhlqdqghu olhjhqghq Yhuelqgxqjvwudmhnwrulhq1

Lp Idoo ghu E0Vwudwhjlh sdvvlhuw hv qlfkw vhowhq/ gd� yhuvfklhghqh Ehuÿk0

uxqjvsxqnwh +glh ylhoohlfkw vrjdu dxi yhuvfklhghqhq Nrpsrqhqwhq ghu

Kdxswwudmhnwrulh olhjhq, qdk ehlhlqdqghu olhjhqgh Yhuelqgxqjvwudmhn0

wrulhq lqgx}lhuhq1 Glh dxizhqgljh Uhnrqvwuxnwlrq vrofkhu Wudmhnwrulhq

iÿkuw lq phlvwhq Içoohq qlfkw phku }x qhxhq Nrpsrqhqwhq ghu Kdxsw0

wudmhnwrulh1

Lp Idoo ghu E0 e}z1 F0Vwudwhjlh vlqg glh Yhuelqgxqjvwudmhnwrulhq hqw0

zhghu lghqwlvfk rghu plqghvwhqv dxi glh Jlwwhueuhlwh B hqwihuqw1 Ghu

}xvçw}olfkh Dxizdqg eudxfkw klhu qlfkw ehiÿufkwhw zhughq1

516 Judskhqwkhruhwlvfkh Ehwudfkwxqj

Lq glhvhp Devfkqlww zlug gdv uhnxuvly nrqvwuxlhuwh Wudmhnwrulhqqhw} dov hlq

Gljudsk +jhulfkwhwhu Judsk, gdujhvwhoow1 Dqkdqg ghu Ehlvslhoh zhughq Hl0

jhqvfkdiwhq ghu Judskhq xqwhuvxfkw1 Dqvfkolh�hqg zlug gdv Sureohp ghu
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Uhnrqvwuxnwlrq ghv Wudmhnwrulhqqhw}hv dov Sureohp ghu Nrqvwuxnwlrq hlqhv

hu}hxjhqghv Edxphv gdujhvwhoow1 Glhv zlug lp qçfkvwhq Devfkqlww huodxehq/

jhhljqhwh Dojrulwkphq }xu Uhnrqvwuxnwlrq ghv Wudmhnwrulhqqhw}hv }x �qghq1

Hv zhughq klhu hlqljh Ehjul�h ghu Judskhqwkhrulh yhuzhqghw/ glh dehu qlfkw

h{sol}lw hlqjhiÿkuw zhughq1 Ghu Ohvhu zlug dxi gdv Kdqgexfk ^5;` yhuzlhvhq1

Lvw hlq Wudmhnwrulhqqhw} jhjhehq/ vr zlug dxi irojhqgh Zlhvh hlq Gljudsk

jhqhulhuw1

41 Mhgh Nrpsrqhqwh ghu hlq}hoqhq Wudmhnwrulhq lvw hlqh Judskhfnh +Judsk0

nqrwhq,1

51 Glh Nrpsrqhqwhq/ glh }xu johlfkhq Wudmhnwrulh jhkùuhq/ zhughq lq Nqr0

whqjuxsshq }xvdpphqjhid�w +v1 Deelogxqj 519,1

61 Glh Juxsshq vlqg/ dekçqjlj yrp Uhnxuvlrqvqlyhdx ghu hqwvsuhfkhqghq

Wudmhnwrulhq/ hqwzhghu xqwhu0 rghu qhehqhlqdqghu dqjhrugqhw1

71 Glh qdfk xqwhq yhuodxihqghq Eùjhq +jhulfkwhwhq Ndqwhq, iÿkuhq yrp

Nqrwhq @,
�
}xp Nqrwhq @,3�

�
/ zhqq dxi ghu hqwvsuhfkhqghq Nrpsrqhqwh

g ,

�
hlq Jlwwhusxqnw olhjw/ ghu dov Dxvjdqjvsxqnw ghu Nrpsrqhqwh g ,3�

�

ehqxw}w zhughq ndqq1

81 Glh qdfk rehq yhuodxihqghq Eùjhq iÿkuhq yrp Nqrwhq @,
�
}xp Nqrwhq

@,n�
�

/ zhqq glh Nrpsrqhqwhq g ,

�
xqg g ,3�

�
vlfk vfkqhlghq1 Hv eh0

vwhkw gdqq hlq ßehujdqj yrq ghu Nrpsrqhqwh g ,3�
�

ghu Yhuelqgxqjv0

wudmhnwrulh dxi ghp Uhnxuvlrqvqlyhdx , � � }xu Nrpsrqhqwh g ,

�
ghu

xuvsuÿqjolfkhq Wudmhnwrulh dxi ghp Uhnxuvlrqvqlyhdx ,�

Deelogxqj 519= Gljudsk ghv uhnxuvly nrqvwuxlhuwhq Wudmhnwrulhqqhw}hv
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Ehphunxqj 436 Hv lvw }x ehdfkwhq/ gd� glh dxi ghp johlfkhq Uhnxuvlrq0

qlyhdx nrqvwuxlhuwhq Nrpsrqhqwhq qlfkw xqehglqjw }xu johlfkhq Wudmhnwrulh

jhkùuhq1 Mhghu Jlwwhusxqnw ndqq }x hlqhp qhxhq Kloivsureohp xqg gdplw

dxfk }x hlqhu qhxhq Yhuelqgxqjvwudmhnwrulh iÿkuhq1

Glh Nqrwhq/ glh jhphlqvdph Qdfkirojhu kdehq/ hqwvsuhfkhq ghq Nrpsrqhq0

whq hlqhu Wudmhnwrulh> glh Qdfkirojhunqrwhq hqwvsuhfkhq gdqq Yhuelgxqjvwud0

mhnwrulhq1

Glh dqghuhq Nqrwhq nùqqhq xqwhu Xpvwçqghq yhuvfklhghqhq Wudmhnwrulhq

dqjhkùuhq/ dxfk zhqq vlh dxi ghp johlfkhq Uhnxuvlrqvqlyhdx olhjhq1

Vwudwhjlh ghu Ehuÿkuxqjvsxqnwh

Iÿu gdv Wudmhnwrulhqqhw} dxv ghp Ehlvslho <9 hqwvwhkw gdqq irojhqghu Gl0

judsk C�� +v1 Deelogxqj 51:,=

K0 K1 K2 K3

T1 T2 T3 T4 T5 T6

Deelogxqj 51:= Gljudsk C�� iÿu gdv qdfk Ehlvslho ghu Vwudwhjlh ghu Ehuÿk0

uxqjvsxqnwh hu}hxjwh Wudmhnwrulhqqhw}

Glh ylhu Nqrwhq lq ghu rehuhq Uhlkh hqwvsuhfkhq ghq ylhu Nrpsrqhqwhq

ghu Kdxswwudmhnwrulh1 Glh vhfkv Nqrwhq ghu xqwhuhq Uhlkh vwhoohq glh vhfkv

Yhuelqgxqjvwudmhnwrulhq gdu1 Glh qdfk xqwhq yhuodxihqghq Eùjhq }hljhq/

zlh glh Yhuelqgxqjvwudmhnwrulhq dxvjhkhqg yrq ghq Ehuÿkuxqjvsxqnwhq ghu

hqwvsuhfkhqghq Nrpsrqhqwhq ghu Kdxswwudmhnwrulh nrqvwuxlhuw zxughq1 Glh

qdfk rehq yhuodxihqghq Eùjhq }hljhq/ zhofkh Nrpsrqhqwhq ghu Kdxswwud0

mhnwrulh vlfk plw hqwvsuhfkhqghq Yhuelqgxqjvwudmhnwrulhq vfkqhlghq1

Hlq Yhuidkuhq ndqq gdv Wudmhnwrulhqqhw} qxu ÿehuhlqvwlpphqg plw ghp hqw0

vsuhfkhqghq Gljudsk uhnrqvwuxlhuhq1 Hlq pùjolfkhu Yhuodxi ghu Uhnrqvwuxn0

wlrq/ dxvjhkhqg yrq ghu Nrpsrqhqwh gf/ zxugh klhu gdujhvwhoow1 Glh Eùjhq/

glh }x ehuhlwv uhnrqvwuxlhuwhq Nrpsrqhqwhq iÿkuhq/ zxughq klhu zhjjhodvvhq1

Dxi glhvh Zhlvh zxugh iÿu ghq Gljudskhq C�� hlq hu}hxjhqghu Edxp

��� Egf� nrqvwuxlhuw +v1 Deelogxqj 51;,1 Hlq hu}hxjhqghu Edxp hqwkçow
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K0 K1 K2 K3

T1 T2 T3 T4 T5 T6

Deelogxqj 51;= Hu}hxjhqghu Edxp ��� Egf� ghu yrq ghu Nrpsrqhqwh gf

plwwhov ghu Yhuelqgxqjvwudmhnwrulhq huuhlfkeduhq Nrpsrqhqwhq

dooh Nqrwhq ghv xuvsuÿqjolfkhq Judskhq xqg }hljw/ gd� gdv uhnrqvwuxlhuwh

Wudmhnwrulhqqhw} dooh Nrpsrqhqwhq ghu jhvxfkwhq Wudmhnwrulh hqwkçow1

Glh Iudjh/ re iÿu hlqhq jhjhehqhq Gljudskhq hlq hu}hxjhqghu Edxp lwhud0

wly +dxvjhkhqg yrq hlqhu jhzçkowhq Hfnh, nrqvwuxlhuedu lvw/ lvw dovr ghu Iudjh

qdfk ghu Huuhlfkedunhlw doohu Wudmhnwrulhqnrpsrqhqwhq çtxlydohqw1 Xp glhvh

Iudjhvwhooxqj }x xqwhuvxfkhq/ zhughq klhu zhlwhuh judskhqwkhruhwlvfkh Eh0

jul�h hlqjhiÿkuw1

Gh�qlwlrq 437 Zhqq zlu mhghq Eùjhq hlqhv Gljudskhq gxufk hlqh xqjh0
ulfkwhwh Ndqwh huvhw}hq/ vr hukdowhq zlu ghq }xjhkùuljhq Pxwoljudskhq1
Hlq Gljudsk khl�w }xvdpphqkçqjhqg/ zhqq ghu }xjhkùuljh Pxowljudsk }x0
vdpphqkçqjhqg lvw1 Hlq Gljudsk khl�w vwdun }xvdpphqkçqjhqg/ zhqq

mhghu Nqrwhq yrq mhghp dqghuhq dxv lq ßehuhlqvwlppxqj plw ghu Rulhqwlh0
uxqj ghu Ndqwhq huuhlfkedu lvw1

Hv ndqq ohlfkw jhsuÿiw zhughq/ gd� ghu Gljudsk C�� }zdu }xvdpphq0

kçqjhqg/ dehu qlfkw vwdun }xvdpphqkçqjhqg lvw1 Ghu Nqrwhq g� ndqq }zdu

yrq mhghq dqghuhq Judskhfnh dxv huuhlfkw zhughq/ ghu Zhj yrq ghp Nqrwhq

dxv lvw dehu qlfkw pùjolfk +v1 Deelogxqj 51<*,1 Glh dqghuhq Nqrwhq zhughq

qlfkw huuhlfkw1

Dxvjhkhqg yrq hlqhp ghu Nqrwhq g2 rghu g� ndqq ghu Nqrwhq gf qlfkw

huuhlfkw zhughq1 Glh nrqvwuxlhuwhq Eçxph ��� Eg2� +v1 Deelogxqj 5143, xqg

��� Eg�� +v1 Deelogxqj 5144, hqwkdowhq qlfkw dooh Nqrwhq ghv Gljudskhq

C�� 1

Ehphunxqj 438 Lp Idoo ghu Ulfkwxqjvihog0Wudmhnwrulh plw phkuhuhq Vwduw0
sxqnwhq +yjo1 Devfkqlww 41716, vwhkhq phkuhuh Dxvjdqjvsxqnwh }xu Yhuiÿ0

jxqj1 Gdv uhnrqvwuxlhuwh Wudmhnwrulhqqhw} hqwvsulfkw gdqq ghu Yhuhlqljxqj
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K0 K1 K2 K3

T1 T2 T3 T4 T5 T6

Deelogxqj 51<= Glh Nrpsrqhqwh g� zlug gxufk phkuhuh Yhuelqgxqjvwudmhn0

wrulhq jhvfkqlwwhq/ ehvlw}w dehu nhlqh Ehuÿkusxqnwh1

K0 K1 K2 K3

T1 T2 T3 T4 T5 T6

Deelogxqj 5143= Edxp ��� Eg2� ghu yrq ghu Nrpsrqhqwh g2 plwwhov ghu

Yhuelqgxqjvwudmhnwrulhq huuhlfkeduhq Nrpsrqhqwhq1

K0 K1 K2 K3

T1 T2 T3 T4 T5 T6

Deelogxqj 5144= Edxp ��� Eg�� ghu yrq ghu Nrpsrqhqwh g� plwwhov ghu

Yhuelqgxqjvwudmhnwrulhq huuhlfkeduhq Nrpsrqhqwhq1
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ghu Qhw}h/ glh dxvjhkhqg yrq hlq}hoqhq Sxqnwhq uhnrqvwuxlhuw zhughq1

Gxufk jhhljqhwh Zdko ghu Dxvjdqjvsxqnwh ndqq }zdu jhvlfkhuw zhughq/ gd�

glh uhnrqvwuxlhuwh Wudmhnwrulh ehvwlppwh Uhjlrqhq xqg gdplw zdkuvfkhlqolfk

dxfk gruw sod}lhuwh nulwlvfkh Sxqnwh huuhlfkw1 Glhv lpsol}lhuw doohuglqjv qlfkw/

gd� zlunolfk dooh Nrpsrqhqwhq ghu Wudmhnwrulh xqg dooh nulwlvfkhq Sxqnwh ghu

]lhoixqnwlrq jhixqghq zhughq1

Vwudwhjlh ghv çtxlglvwdqwhq e}z1 lqçtxlglvwdqwhq Qhw}hv

Hv zxugh ehuhlwv dqjhvsurfkhq +yjo1 Ehphunxqj 433,/ gd� glh Jlwwhusxqn0

wh hlqhv çtxlglvwdqwhq e}z1 lqçtxlglvwdqwhq Qhw}hv johlfk}hlwlj dxfk glh

Vfkqlwwsxqnwh ghu Wudmhnwrulh plw ghq hqwvsuhfkhqghq Yhuelqgxqjvwudmhnwr0

ulhq vlqg1 Mhgh Yhuelqgxqjvwudmhnwrulh ndqq dovr yrq eholheljhq vlh vfkqhl0

ghqghq Nrpsrqhqwhq huuhlfkedu zhughq1 Ghu Gljudsk C�� ghv Wudmhnwrul0

hqqhw}hv dxv ghp Ehlvslho << ndqq ghvkdoe gxufk hlqhq }xjhkùuljhq xqjh0

ulfkwhwhq Pxowljudskhq ��� +v1 Deelogxqj 5145, huvhw}w zhughq1

K0 K1 K2 K3

T1 T2 T3 T4 T5 T6 T7

Deelogxqj 5145= Xqjhulfkwhwhu Judsk iÿu gdv qdfk Ehlvslho ghu Vwudwhjlh ghv

çtxlglvwdqwhq Qhw}hv hu}hxjwhv Wudmhnwrulhqqhw}

Glh Ehjul�h }xvdpphqkçqjhqg xqg vwdun }xvdpphqkçqjhqg vlqg

gdqq çtxlydohqw/ vr gd� ghu hu}hxjhqghu Edxp yrq mhghp Nqrwhq dxv nrq0

vwuxlhuw zhughq ndqq$

Devfkolh�hqgh Ehphunxqjhq

Glh judskhqwkhruhwlvfkh Ehwudfkwxqvzhlvh hupùjolfkwh hlqh noduh Yruvwhooxqj

ghu Deoçxih ghu uhnxuvlyhq Nrqvwuxnwlrq ghv Wudmhnwrulhqqhw}hv1 Hv lvw gd0

ehl huvlfkwolfk jhzrughq/ zdqq xqg zduxp gdv Wudmhnwrulhqqhw} qlfkw uhnrq0

vwuxlhuw zhughq ndqq1 Hv nrqqwh xqwhuvxfkw zhughq/ zhofkh Urooh gdehl glh

Vwudwhjlh ghu Jlwwhusxqnwh vslhow1
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Dqghuvhlwv dehu jlew glhvh Ehwudfkwxqjvzhlvh dxfk Dxivfkoÿvvh ÿehu glh Vwuxn0

wxu ghv Sureohpv1 Glh dxv ghu Judskhqwkhrulh ehndqqwhq Gdwhqvwuxnwxuhq/

zlh Lq}lghq}olvwhq/ Dgmd}hq}olvwhq rghu Dgmd}hq}pdwul}hq ^5;`/ nùqqhq gdqq

ohlfkw ÿehuwudjhq zhughq1

Glh h!}lhqwhq Dojrulwkphq ghu Judskhqwkhrulh/ zlh EIV +euhdgwk �uvw vhdufk,

rghu GIV +ghswk �uvw vhdufk, nùqqhq dqjhzdqgw zhughq1

517 Uhnxuvlrqvdojrulwkpxv

Lq glhvhp Devfkqlww zhughq }zhl pùjolfkh Dojrulwkphq }xu Uhnrqvwuxnwlrq

ghv Wudmhnwrulhqqhw}hv ehvfkulhehq1 Glh Dojrulwkphq zhughq plwwhov ghu Pr0

ghoolhuxqjvvsudfkh XPO +xql�hg prghoolqj odqjxdjh, remhnwrulhqwlhuw gdu0

jhvwhoow +yjo1 ^7`^55`,1 Klhu}x zhughq glh zlfkwljhq Nodvvhq Nrpsrqhqwh/

Sxqnwolvwh xqg Vfklfkw vnl}}lhuw1 Glh Eh}lhkxqjhq +Dvvr}ldwlrqhq xqg Dj0

juhjdwlrqhq, }zlvfkhq ghq Nodvvhq zhughq lq Nodvvhqgldjudpphq judsklvfk

gdujhvwhoow1 Gdv hqwvsuhfkhqgh Kdxswsurjudpp zlug dqvfkolh�hqg dxviÿku0

olfk ehvfkulhehq1

51714 EIV Dojrulwkpxv +euhdgwk �uvw vhdufk,

Dxi ghu Edvlv ghv euhdgwk �uvw vhdufk Dojrulwkpxv }xu Ehvwlppxqj nÿu0

}hvwhu Zhjh lq hlqhp Judsk zlug klhu hlq Yhuidkuhq }xu Uhnrqvwuxnwlrq ghv

Wudmhnwrulhqqhw}hv dxijhedxw1 Dekçqjlj yrp Uhnxuvlrqvqlyhdx ghu Wudmhn0

wrulh zhughq ghuhq Nrpsrqhqwhq hqwvsuhfkhqghq Vfklfkwhq }xjhrugqhw1 Glh

Vfklfkwhq/ glh Olvwhq yrq Dxvjdqjvsxqnwhq ghu Wudmhnwrulhqnrpsrqhqwhq

hqwkdowhq/ zhughq gdqq qdfk ghu devwhljhqghq Rugqxqj ehduehlwhw1

Nodvvhq

]xqçfkvw zhughq Remhnwh ghu Nodvvh Sxqnw dov Yhnwruhq ghu yrujhjhehqhq

Oçqjh ? gh�qlhuw xqg hqwvsuhfkhqgh Rshudwlrqhq +Dgglwlrq/ Pxowlsolndwlrq

plw hlqhp Vndodu/ Vndodusurgxnw xvz1 lpsohphqwlhuw,1

Glh Nodvvh SxqnwOlvwh vwhoow gdqq iÿu hlq ?0glphqvlrqdohv Sureohp yhunhw0

whwh Olvwhq yrq ?0glphqvlrqdohq Sxqnwhq }xu Yhuiÿjxqj1 Dx�hu ghu Deiudjh/

re glh Olvwh ohhu lvw/ vwhkhq qrfk glh Rshudwlrq ghu Uÿfnjdeh jhwSxqnw+,/ gdv

Oùvfkhq ghoSxqnw+, xqg Klq}xiÿjhq ghv huvwhq Hohphqwv dggSxqnw+Sxqnw,

vrzlh gdv Klq}xiÿjhq hlqhu dqghuhq Olvwh dggOlvw+SxqnwOlvwh, }xu Yhuiÿ0
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jxqj1

SxqnwOlvwh

Sxqnw {

SxqnwOlvwh Uhvw>

SxqnwOlvwh+,>
Errohdq LvwOhhu+,>

Sxqnw jhwSxqnw+,>

ghoSxqnw+,>
dggSxqnw+Sxqnw,>

dggOlvw+SxqnwOlvwh,>

Glh Remhnwh ghu NodvvhNrpsrqhqwh vlqg glh Edxvwhlqh ghv Uhnrqvwuxn0

wlrqvyhuidkuhqv1 Lghqwl�}lhuw gxufk ghq Dxvjdqjvsxqnw/ hqwvsuhfkhq vlh ghq

Nqrwhq ghv Uhnxuvlrqvjudskhq1 Ghu Dwwulexw Uhnxuvlrqvqlyhdx }hljw/ zr

vlfk gdv Remhnw lq ghu Vfklfkwvwuxnwxu ghv Judskhq eh�qghw/ xqg glh Olvwhq

Udxi xqg Uxqwhu hqwvsuhfkhq ghq Dgmd}hq}olvwhq plw ghq Qdfkeduq/ glh dxi

ghq kùkhu rghu qlhguljhu jhvhw}whq Vfklfkw olhjhq1 Plw Kloih ghu Phwkrgh

LvwQhx+SxqnwOlvwh,> ndqq dqkdqg ghu Olvwh NrqwurooSxqnwh> jhsuÿiw zhughq/

re glh Nrpsrqhqwh ehuhlwv uhnrqvwuxlhuw zxugh1

Nrpsrqhqwh

Sxqnw Dxvjdqjvsxqnw>

lqw Uhnxuvlrqvqlyhdx>

SxqnwOlvwh Udxi >

SxqnwOlvwh Uxqwhu>

Nrpsrqhqwh+Sxqnw`,>

�Nrpsrqhqwh+,>
Errohdq LvwQhx+SxqnwOlvwh,>

SxqnwOlvwh jhwUdxi +,>
SxqnwOlvwh jhwUxqwhu+,>

Lq hlqhp Remhnw ghu Nodvvh Vfklfkw zhughq glh Nrpsrqhqwhqremhnwh }x0

vdpphqjhid�w/ glh ghp johlfkhq Uhnxuvlrqvqlyhdx hqwvsuhfkhq1 Glh Sxqnw0

Olvwh NrqwurooSxqnwh hqwkçow glh Dxvjdqjsxqnwh ghu Nrpsrqhqwhq/ glh eh0

uhlwv ehduehlwhw zxughq1 Lq ghu Olvwh VwduwSxqnwh zhughq glh Dxvjdqjvsxqn0
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wh jhvshlfkhuw/ glh qrfk qlfkw ehduehlwhw zxughq1

Vfklfkw

lqw Uhnxuvlrqvqlyhdx>

SxqnwOlvwh NrqwurooSxqnwh>

SxqnwOlvwh VwduwSxqnwh>

Vfklfkw+,>

Uhvhw+,>
Errohdq LvwDejhduehlwhw+,>

SxqnwOlvwh jhwNrqwurooSxqnwh+,>

dggNrqwurooSxqnw+Sxqnw,
Sxqnw jhwVwduwSxqnw+,>

dggVwduwSxqnw+,>
ghoVwduwSxqnw+,

Glh Dvvr}ldwlrqhq xqg Djjuhjdwlrqhq ghu gh�qlhuwhq Nodvvhq zxughq plw

XPO0ÿeolfkhu Qrwdwlrq lq ghu Deelogxqj 5146 judsklvfk gdujhvwhoow1

Komponente Schicht

PunktlistePunkt
* 1..3

* 1

2

0..1
1

*

0..1

2

Deelogxqj 5146= Nodvvhqgldjudpp plw ghu XPO0Qrwdwlrq

Dvvr}ldwlrqhq=

Nrpsrqhqwh2Sxqnw

Yrq hlqhp Sxqnw zlug jhqdx hlqh Nrpsrqhqwh uhnrqvwuxlhuw1

Mhgh Nrpsrqhqwh ndqq yrq phkuhuhq Sxqnwhq dxv huuhlfkw zhu0

ghq1
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Nrpsrqhqwh2Vfklfkw

Hlqhu Vfklfkw nùqqhq phkuhuh Nrpsrqhqwh }xjhrugqhw zhughq1

Mhgh Nrpsrqhqwh olhjw lq hlqhu ehvwlppwhq Vfklfkw1

Djjuhjdwlrqhq +Whlo0yrq0Eh}lhkxqj,=

Sxqnw2Sxqnwolvwh

Sxqnwolvwh ndqq phkuhuh Sxqnwh hqwkdowhq1

Hlq Sxqnw ndqq }x hlqhu elv guhl Olvwhq jhkùuhq=

Vfklfkw$VwduwSxqnwh rghu NrqwurooSxqnwh

Nrpsrqhqwh$udxi rghu uxqwhu

xqg dxfk }x ghu Olvwh NulwlvfkhSxqnwh1

Sxqnwolvwh2Nrpsrqhqwh

Mhgh Nrpsrqhqwh hqwkçow }zhl Sxqnwolvwhq1

Mhgh Sxqnwolvwh jhkùuw }x kùfkvwhqv hlqhu Nrpsrqhqwh1

Sxqnwolvwh2Vfklfkw

Mhgh Vfklfkw hqwkçow }zhl Sxqnwolvwhq1

Mhgh Sxqnwolvwh jhkùuw }x kùfkvwhqv hlqhu Vfklfkw1

Dojrulwkpxv

Plw ghu jhjhehqhq Glphqvlrq ghv Sureohpv ? ndqq ghu Yhuodxi ghv Dojrulwk0

pxv zlh irojw ehvfkulhehq zhughq1

+406, ]x Dqidqj zlug hlqh SxqnwOlvwh NulwlvfkhSxqnwh vrzlh ? Remhnwh 7d�o/

� ' fc ���c ?�� ghu Nodvvh Vfklfkw lqlwldolvlhuw1 Lq glh Olvwh VwduwSxqnwh

ghv Remhnwhv 7d?� �o zlug hlq +e}z1 phkuhuh, yrujhjhehqhu Sxqnw %f
dxijhqrpphq1

+7, Ghu Deodxi ghv Yhuidkuhqv zlug gdqq plw Kloih ghu Qlyhdx}dko , jhvwhx0

huw1 Glhvh ]dko }hljw dxi glh kùfkvwjhohjhqh Vfklfkw 7d,o/ glh }x glhvhp

]hlwsxqnw hlqh qlfkwohhuh Olvwh VwduwSxqnwh hqwkçow1

+804;, Qdfk xqg qdfk zhughq dooh VwduwSxqnwh0Olvwhq ehduehlwhw1

+90<, Iÿu mhghq qhxhq Sxqnw ghu Olvwhq zlug hlqh Nrpsrqhqwh nrqvwuxlhuw

xqg ghu Dxvjdqjvsxqnw dxv ghu Olvwh VwduwSxqnwh hqwihuqw xqg ghu

Olvwh NrqwurooSxqnwh klq}xjhiÿjw1

+43049, Hv zlug nrqwuroolhuw/ re glh Nrpsrqhqwh ehuhlwv ehduehlwhw zxugh1

Zhqq glhv qlfkw ghu Idoo lvw/ zhughq glh Olvwhq Udxi xqg Uxqwhu ehl

hqwvsuhfkhqghq Vfklfkwhq ghq VwduwSxqnwh Olvwhq klq}xjhiÿjw1
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+4:04;, Dqvfkolh�hqg zlug glh Nrpsrqhqwh zlhghu jhoùvfkw xqg ghu qhxh Zhuw

ghu Qlyhdx}dko , yru ghp qhxhq Gxufkodxi huplwwhow1 Ghu Yrujdqj zlug

vrodqjh zlhghukrow elv glh Qlyhdx}dko , gdv plqlpdoh Uhnxuvlrqvqlyhdx

xqwhuvfkuhlwhw1

Dojrulwkp 439 EIV0Uhnrqvwuxnwlrq ghv Wudmhnwrulhqqhw}hv

Lqlwldolvlhuxqj

4 SxqnwOlvwh NulwlvfkhSxqnwh>
5 Vfklfkw V^`@qhz Vfklfkw^q`>

6 V^q`1dggVwduwSxqnw+%f,>

7 lqw o@q>

8 zkloh +, � f,

9 Sxqnw {@V^,`1jhwVwduwSxqnw+,>
: Nrpsrqhqwh N@Nrpsrqhqwh+{,>
; V^,`1ghoVwduwSxqnw+,>

< V^,`1dggNrqwurooSxqnw+{,>
43 SxqnwOlvwh NrqwurooSxqnwh@V^,`1jhwNrqwurooSxqnwh+,>

44 li +N1LvwQhx+NrqwurooSxqnwh,,

45 wkhq li +, : f,
46 wkhq V^,� �`1dggVwduwSxqnwh+N1jhwUxqwhu+,,>
47 li +, 	 ?� �,
48 wkhq V^nn ,`1dggVwduwSxqnwh+N1jhwUdxi+,,>

49 hovh NulwlvfkhSxqnwh1dggOlvw+N1jhwUdxi+,,>
4: N==�Nrpsrqhqwh+,>
4; zkloh +, � f mm V^,`1LvwDejhduehlwhw+,, , ��>

51715 GIV Dojrulwkpxv +ghswk �uvw vhdufk,

Zçkuhqg ghu EIV Dojrulwkpxv ghq Uhnxuvlrqvjudskhq �ghu Euhlwh qdfk�

uhnrqvwuxlhuw/ jhkw ghu �ghswk �uvw vhdufk� Dojrulwkpxv mhzhlov vr zhlw zlh

pùjolfk lq ghq Judskhq klqhlq dovr plw ghp Uhnxuvlrqvqlyhdx qdfk xqwhq1

Zxugh gdv plqlpdoh Uhnxuvlrqvqlyhdx huuhlfkw rghu zxughq nhlqh Jlwwhu0

sxqnwh phku jhixqghq/ vr nùqqhq nhlqh Yhuelqgxqjvwudmhnwrulhq nrqvwuxlhuw

zhughq1 Ghu Zhj lq glh Wlhih ghv Judskhq lvw qlfkw phku pùjolfk1 Lq glh0

vhp Idoo nrppw pdq }xp Pxwwhunqrwhq }xuÿfn xqg yhuvxfkw dqghuh ]zhljh

de}xidkuhq1 Zxugh hlq ]zhlj yroovwçqglj gxufkvxfkw/ vr zhughq glh jhvdp0

phowhq Lqirupdwlrqhq qlfkw phku jheudxfkw xqg nùqqhq dxv ghp Vshlfkhu

ghu Nodvvh Vfklfkw hqwihuqw zhughq1 Glh Remhnwh glhvhu Nodvvh hqwvsuhfkhq

gdqq dovr ghq Yhuelqgxqjvwudmhnwrulhq1
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Dojrulwkpxv

Plw ghu jhjhehqhq Glphqvlrq ghv Sureohpv ? ndqq ghu Yhuodxi ghv Dojrulwk0

pxv zlh irojw ehvfkulhehq zhughq1

+406, ]xu Dqidqj zlug hlqh SxqnwOlvwhNulwlvfkhSxqnwh vrzlh ?Remhnwh A d�o/

� ' fc ���c ?�� ghu Nodvvh Vfklfkw lqlwldolvlhuw1 Lq glh Olvwh VwduwSxqnwh

ghu Kdxswwudmhnwrulh A d? � �o zlug hlq +e}z1 phkuhuh, yrujhjhehqhu

Sxqnw %f dxijhqrpphq1

+7, Ghu Deodxi ghv Yhuidkuhqv zlug gdqq plw Kloih ghu Qlyhdx}dko , jhvwhx0

huw1 Glh ]dko }hljw dxi glh lq ghu Uhnxuvlrqvklhudufklh qlhguljvwjhohjhqh

Wudmhnwrulh A d,o/ glh }xp glhvhq ]hlwsxqnw hlqh qlfkwohhuh Olvwh Vwduw0

Sxqnwh hqwkçow1

+90<, Ghu huvwh Sxqnw zlug gdqq dxv ghu Olvwh VwduwSxqnwh jhohvhq/ hqwihuqw

xqg ghu Olvwh NrqwurooSxqnwh klq}xjhiÿjw1

+43049, Iÿkuw glhvhu Sxqnw }x hlqhu qhxhq Nrpsrqhqwh ghu Wudmhnwrulh A d,o/ vr

zhughq glh Olvwhq Udxi xqg Uxqwhu ghu hqwvsuhfkhqghq Wudmhnwrulhq

A d,n �o xqg A d, � �o klq}xjhiÿjw1

+4:04;, Dqvfkolh�hqg zlug glh Nrpsrqhqwh zlhghu jhoùvfkw xqg ghu qhxh Zhuw

ghu Qlyhdx}dko , yru ghp qhxhq Gxufkodxi huplwwhow1 Zxugh hlqh Yhu0

elqgxqjvwudmhnwrulh A d,o dejhduehlwhw +g1k1 glh Olvwh A d,o1VwduwSxqnwh

lvw ohhu,/ vr zlug glh qlfkw phku jheudxfkw xqg gdv nruuhvsrqglhuhqgh

Remhnw ndqq }xuÿfnjhvhw}w zhughq1

+804;, Ghu Yrujdqj zlug vrodqjh zlhghukrow elv glh Olvwh A d?��o1VwduwSxqnwh

ghu Kdxswwudmhnwrulh A d?� �o dejhduehlwhw lvw1
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Dojrulwkp 43: GIV0Uhnrqvwuxnwlrq ghv Wudmhnwrulhqqhw}hv

Lqlwldolvlhuxqj

4 SxqnwOlvwh NulwlvfkhSxqnwh>

5 Vfklfkw W^`@qhz Vfklfkw^q`>
6 W^q`1dggVwduwSxqnw+%f,>

7 lqw o@q>

8 gr

9 Sxqnw {@W^,`1jhwVwduwSxqnw+,>

: Nrpsrqhqwh N@Nrpsrqhqwh+{,>

; W^,`1ghoVwduwSxqnw+,>
< W^,`1dggNrqwurooSxqnw+{,>

43 SxqnwOlvwh NrqwurooSxqnwh@W^,`1jhwNrqwurooSxqnwh+,>

44 li +N1LvwQhx+NrqwurooSxqnwh,,
45 wkhq li +, 	 ?,

46 wkhq W^,n �`1dggVwduwSxqnwh+N1jhwUdxi+,,>
47 hovh NulwlvfkhSxqnwh1dggOlvw+N1jhwUdxi+,,>
48 li +, : �,
49 wkhq W^�� ,`1dggVwduwSxqnwh+N1jhwUxqwhu+,,>

4: N==�Nrpsrqhqwh+,>

4; zkloh +W^,`1LvwDejhduehlwhw+, mm , � ?, W^,nno1Uhvhw+,>
zkloh +, � ?,

51716 Yhujohlfk ghu yrujhvwhoowhq Dojrulwkphq

Glh Nrpsoh{lwçw ghu Dojrulwkphq lvw lp zhvhqwolfkhq gxufk glh dxizhqgljh

Uhnrqvwuxnwlrq ghu hlq}hoqhq Wudmhnwrulhqnrpsrqhqwhq ehvwlppw1 Zlug gdv

jhvdpwh Wudmhnwrulhqqhw} uhnrqvwuxlhuw/ vr lvw glh Nrpsoh{lwçw ghu ehlghq

Dojrulwkphq yhujohlfkedu1 Glh Yruwhloh ghv GIV0Dojrulwkpxv olhjhq gdqq lq

irojhqghq Hljhqvfkdiwhq=

41 Gxufk glh Ehuÿfnvlfkwljxqj ghu ]xvdppqhkçqjh }zlvfkhq ghq hlq}ho0

qhq Nrpsrqhqwhq ghu Yhuelqgxqjvwudmhnwrulhq zhughq qxu glh }xu hl0

qhp ehvwlppwhq ]hlwsxqnw uhohydqwhq Lqirupdwlrqhq jhvshlfkhuw1 Glh

Vshlfkhundsd}lwçw zlug klhugxufk g|qdplvfk rswlpdo yhuzdowhw1

51 Glh qhxnrqvwuxlhuwhq Nrpsrqhqwhq hlqhu Yhuelqgxqjvwudmhnwrulh zhu0

ghq ohgljolfk plw ghq dqghuhq ehuhlwv nrqvwuxlhuwhq Nrpsrqhqwhq ghu0

vhoehq Wudmhnwrulh yhujolfkhq xqg qlfkw zlh ehlp EIV0Dojrulwkpxv plw

doohq Nrpsrqhqwhq ghu dxi ghp hqwvsuhfkhqghq Uhnxuvlrqvqlyhdx olh0

jhqghq Wudmhnwrulhq1 Gdv GIV0Yhuidkuhq zlug gdgxufk hwzdv vfkqhoohu1
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Lq hlqljhq Içoohq ndqq dehu gdv EIV0Yhuidkuhq jÿqvwljhu vhlq/ gd gdv Uh0

nxuvlrqvqlyhdx gdehl pùjolfkvw krfk jhkdowhq zlug1 Gdv EIV0Yhuidkuhq iÿkuw

ghvkdoe lp doojhphlqhq vfkqhoohu }x jhvxfkwhq nulwlvfkhq Sxqnwhq1 Zlug glh

Uhnrqvwuxnwlrq ghv Wudmhnwrulhqqhw}hv dejheurfkhq/ vr lvw glh Dq}dko ghu

jhixqghqhq nulwlvfkhq Sxqnwhq lp Yhujohlfk }xp GIV0Yhuidkuhq riw juù�hu1

Lvw glh Dq}dko ghu yrukdqghqhq nulwlvfkhq Sxqnwh ehndqqw/ vr ndqq gdqq gdv

EIV0Yhuidkuhq dejheurfkhq zhughq/ qrfk ehyru gdv jhvdpwh Wudmhnwrulhq0

qhw} uhnrqvwuxlhuw zxugh1
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Lq glhvhp Devfkqlww zhughq Yhuidkuhq yrujhvwhoow/ plw ghuhq Kloih hlqh }x0

vdpphqkçqjhqgh Wudmhnwrulhqnrpsrqhqwh hlqhu yhudoojhphlqhuwhq Qhzwrq0

Wudmhnwrulh A Es�/

A Es � G' i% 5 LU?m M E%� ' fj c
uhnrqvwuxlhuw zhughq ndqq +yjo1 Gh�qlwlrq 43,1 Glh Kloivixqnwlrq M G LU? $
LU?3� vhl gdehl vwhwlj gl�huhq}lhuedu1

Glh Dxijdeh lvw/ hlqhu Nrpsrqhqwh ghu Wudmhnwrulh/ dxvjhkhqg yrq hlqhp

Sxqnw %f/ vr odqjh }x irojhq/ elv hqwzhghu ghu Udqg ghv jhjhehqhq Ehuhlfkhv

E/ ghu dooh nulwlvfkhq Sxqnwh hqwkdowhq vroo/ huuhlfkw rghu hlq ]|noxv hqwghfnw

zlug1 Lp huvwhq Idoo zlug ghu Nxuyh lq dqghuhu Ulfkwxqj jhirojw> gdqdfk

xqg lp }zhlwhq Idoo zlug hlq Vwduwsxqnw iÿu hlqh qhxh Nrpsrqhqwh jhvxfkw1

]xu Yhuirojxqj ghu Wudmhnwrulh zxugh klhu ghu Suçglnwru0Nruuhnwru Dqvdw}

jhzçkow1

614 Sulq}ls ghv Suçglnwru0Nruuhnwru0

Yhuidkuhqv

Vhlhq %fc %�c ���c %�c glh lp Odxih ghv Yhuidkuhqv jhixqghqhq Sxqnwh hlqhu Wud0

mhnwrulhqnrpsrqhqwh1 Plw Kloih ghu jhzçkowhq Suçglnwruphwkrgh zlug gdqq

hlq Suçglnwrusxqnw %�n�cf dov Qçkhuxqjvzhuw hlqhv zhlwhuhq dxi ghu Nxuyh olh0

jhqghq Sxqnwhv %�n� ehvwlppw1 Plw Kloih hlqhu jhhljqhwhq Nruuhnwruphwkrgh

ndqq gdqq ghu Sxqnw %�n� plw yrujhjhehqhq Jhqdxljnhlw ehuhfkqhw zhughq1

Glh Nrqyhujhq} ghv Nruuhnwruvyhuidkuhqv zlug gxufk Vfkulwwzhlwhqvwhxhuxqj

jhvlfkhuw1

<6
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61414 Suçglnwruphwkrgh

Dov Suçglnwruphwkrgh ndqq glh Hxohu0Phwkrgh }xu qxphulvfkhq Lqwhjudwlrq

ghu Gl�huhqwldojohlfkxqj +4145,

�% Ek� ' | E(M E% Ek��� m % Ef� ' %f�

jhqrpphq zhughq1 Hlq Suçglnwrusxqnw lvw gdqq lwhudwly jhjhehq gxufk=

%�n�cf G' %� n R � | E(M E%��� c

zrehl plw R glh Vfkulwwzhlwh ghv Suçglnwruvfkulwwhv eh}hlfkqhw lvw1 Iÿu glh

? � � � ? Mdfrel0Pdwul{ (M E%�� ndqq ghu Wdqjhqwhqyhnwru | E(M E%��� +v1
Gh�qlwlrq 48, ohlfkw dxv ghu TU0]huohjxqj ghu wudqvsrqlhuwhq Mdfrel0Pdwul{

jhzrqqhq zhughq1

Ohppd 43; Vhl hlqh TU0]huohjxqj ghu wudqvsrqlhuwhq Mdfrel0Pdwul{(M E%��
A

lq hlqhp uhjxoçuhq Sxqnw %� ghu Ixqnwlrq M E%� jhjhehq=

(M E%��
A ' '�

�
-�

f

�A

�

Gdehl lvw '� G' E^�c�c ���c ^�c?� hlqh ?� ? ruwkrjrqdoh Pdwul{
�
'A

�
'� ' U

�
xqg

- hlqh ? � � � ?� � rehuh Guhlhfnvpdwul{ plw ghq Gldjrqdohohphqwhq o�c�1
Iÿu ghq Wdqjhqwhqyhnwru | E(M E%��� ghu Pdwul{ (M E%�� irojw gdqq=

| E(M E%��� ' j^�c?c

j ' _i|'A t�}?

#
?3�\
�'�

o�c�

$
�

Ehzhlv1 Mhgh Vsdowh ghu Pdwul{ (M E%�� ndqq dov olqhduh Nrpelqdwlrq

ghu Vsdowhq ^�c�c ���c ^�c?3� ghu ruwkrjrqdohq Pdwul{ ' gdujhvwhoow zhughq1 Iÿu

glh ohw}wh Vsdowh ^�c? ghu Pdwul{ ' jlow dovr=

(M E%��
A
^�c? ' f�

Dxi Juxqg ghu Uhjxodulwçw ghv Sxqnwhv %� lvw ghu Udqj ghu Mdfrel0Pdwul{

(M E%�� johlfk ? � �/ vr gd� glh Yhnwruhq lp Nhuq ghu Mdfrel0Pdwul{ dooh

olqhdu dekçqjlj vlqg1 Ghu Wdqjhqwhqyhnwru | E(M E%��� lvw dovr odxw Gh�qlwlrq
48 elv dxi glh Rulhqwlhuxqj j johlfk ghu ohw}whq Vsdowh ghu Pdwul{ '=

| E(M E%��� ' j^�c?c j ' 	��
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Glh Rulhqwlhuxqj j oç�w vlfk gdqq zlh irojw ehvwlpphq=

j ' t�}?

�
_i|

�
(M E%��
^�c?

��
' _i|'A t�}?

�
_i|

�
-A c f
eA
?

��

' _i|'A t�}?

#
?3�\
�'�

o�c�

$
�

Ehphunxqj 43< Iÿu glh Ghwhuplqdqwh ghu ruwkrjrqdohq Pdwul{ ' jlow=

_i|'A ' 	��
Gdv Yru}hlfkhq ghu Ghwhuplqdqwh ndqq ehl ghu Zdko ghv Ruwkrjrqdolvlh0

uxqjvyhuidkuhq dxi n� +Jlyhqvurwdwlrqhq, rghu E���SE?� plw hlqhu glphq0
vlrqvdekçqjljhq Nrqvwdqwh S E?� +Krxvhkroghu0Vslhjhoxqjhq, ihvwjhohjw zhu0
ghq1

61415 Nruuhnwruphwkrgh

LpNruuhnwruvfkulww zlug hlq Wudmhnwrulhqsxqnw %�n� jhvxfkw/ ghvvhq Devwdqg

}xp Suçglnwrusxqnw %�n�cf pùjolfkvw nohlq lvw1 Hv zlug dovr hlqh Oùvxqj ghv

irojhqghq Plqlplhuxqjvsureohpv jhvxfkw=

4�?
%MA Es�

n%�n�cf � %n �

Glh qrwzhqgljh Ehglqjxqj iÿu hlqh Oùvxqj %W ghv Sureohpv odxwhw=

M E%W� ' f

%W � %�n�cf ' (M E%W�A bc b 5 LU?3�� +614,

Glh Ehglqjxqj +614, vdjw/ gd� ghu Gl�huhq}hqyhnwru %W � %�n�cf dov olqhduh

Nrpelqdwlrq ghu ]hlohq ghu Pdwul{ (M E%W� gdujhvwhoow zhughq ndqq xqg gd0
plw ruwkrjrqdo }xp Wdqjhqwhqyhnwru | E(M E%W�� olhjhq px� +v1 Deelogxqj

614,1

Glh Ehglqjxqj +614, ndqq dovr gxufk irojhqgh Johlfkxqj huvhw}w zhughq=

| E(M E%W��A E%W � %�n�cf� ' f�

Ghu Wudmhnwrulhqsxqnw %�n� lvw dov glh Oùvxqj ghv irojhqghq qlfkwolqhduhq

Johlfkxqjvv|vwhpv jhjhehq=�
M E%� ' f

| E(M E%��A E%� %�n�cf� ' f�
+615,
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( )( )ixDHt ( )( )11 ++ ii xDHtp( )( )ii xDHtp

ix

1+ix

0,1+ix

Deelogxqj 614= Suçglnwru0Nruuhnwru0Vfkulww

]xu Oùvxqj ghv Johlfkxqjvv|vwhpv zlug lq ghq phlvwhq Içoohq gdv Qhzwrq0

Yhuidkuhq rghu Txdvl0Qhzwrq0Yhuidkuhq hlqjhvhw}w1 Hlqh qhxh Pùjolfknhlw

iÿu glh �dqdo|wlvfk vfkzlhuljhq� ]lhoixqnwlrqhq elhwhw gdv Deohlwxqjviuhlh

Vxuurjdwh0Yhuidkuhq1 Glh dqjhjhehqhq Yhuidkuhq edvlhuhq dooh dxi ghp Suç0

glnwru0Nruuhnwru Vfkhpd xqg zhughq lp zhlwhuhq qçkhu ehvfkulhehq1

Glh Yhuidkuhq odvvhq vlfk rkqh Hlqvfkuçqnxqj vrzrko }xu Uhnrqvwuxnwlrq

ghu nodvvlvfkhq Qhzwrq0Wudmhnwrulh dov dxfk ghu hlqjhiÿkuwhq Ulfkwxqjvihog0

Wudmhnwrulhq hlqvhw}whq1

615 Nrqwlqxhuolfkhv Qhzwrq0Yhuidkuhq +NQY,

Gdv nrqwlqxlhuolfkh Qhzwrq0Yhuidkuhq lvw glh ÿeolfkh Uhdolvlhuxqj ghv Suçgln0

wru0Nruuhnwru Vfkhpd }xu Uhnrqvwuxnwlrq ghu Qhzwrq0Wudmhnwrulh1 Glh Mdfrel0

Pdwul{ (M E%� zlug klhuehl lq mhghp Vfkulww h{sol}lw dqdo|wlvfk rghu qxph0

ulvfk ehuhfkqhw1 Qdfkghp ghu Wdqjhqwhqyhnwru | E(M E%�� xqg glh Vfkulww0

oçqjh R iÿu ghq Suçglnwruvfkulww ehvwlppw zxughq/ ndqq ghu Suçglnwrusxqnw

%�n�cf plwwhov ghv Nruuhnwruyhuidkuhqv dq glh Wudmhnwrulh surml}lhuw zhughq1

61514 Nruuhnwru

Vhl plw 	M G LU? $ LU? glh olqnh Vhlwh ghv Johlfkxqjvv|vwhpv +615, eh}hlfkqhw=

	M E%� G'

�
M E%�

| E(M E%��A E%� %�n�cf� �
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Ghu huvwh Vfkulww ghv Qhzwrq0Yhuidkuhqv }xu Oùvxqj ghv Johlfkxqjvv|vwhpv
	M E%� ' f lvw gdqq jhjhehq gxufk=

%�n�c� ' %�n�cf �( 	M E%�n�cf�
3� 	M E%�n�cf�

' %�n�cf �
�

(M E%�n�cf�

| E(M E%�n�cf��
A

�3��
M E%�n�cf�

f

�
� +616,

Glh Yruvfkuliwvirupho +616, oç�w vlfk plw Kloih ghu Svhxgrlqyhuvh ghu Mdfrel0

Pdwul{ (M E%�n�cf� yhuhlqidfkhq1

Gh�qlwlrq 443 +Prruh/Shqurvh,

Vhl � hlqh uhjxoçuh 6� ? Pdwul{/ gdqq khl�w glh ?�6 Pdwul{ �n/

�n G' �A
�
��A

�3�
c

glh Svhxgrlqyhuvh yrq �1

Ohppd 444 Iÿu hlqh uhjxoçuh ? � � � ? Pdwul{ � plw ghu Svhxgrlqyhuvh

�n jlow= �
�

| E��A

�3�

'
�
�nc | E��

�
�

Ehzhlv1 Dxv ghu Gh�qlwlrq ghv Wdqjhqwhqyhnwruv | E�� irojw=

�| E�� ' f

| E��A | E�� ' ��

Dxv ghu Gh�qlwlrq ghu Svhxgrlqyhuvh �n irojw zhlwhuklq=

��n ' ��A
�
��A

�3�
' U?3�

| E��A �n ' | E��A �A
�
��A

�3�
' E�| E���A

�
��A

�3�
' f

Gdudxv hujlew vlfk gdqq=�
�

| E��A

��
�nc | E��

�
'

�
��n �| E��

| E��A �n | E��A | E��

�
' U?�

Ghu huvwh Vfkulww ghv Qhzwrq0Yhuidkuhqv }xu Oùvxqj ghv Johlfkxqjvv|0

vwhpv 	M E�� ' f odxwhw dovr=

%�n�c� ' %�n�cf �
�
(M E%�n�cf�

n
c | E(M E%�n�cf��

�� M E%�n�cf�
f

�
' %�n�cf �(M E%�n�cf�

n
M E%�n�cf� �
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Glhv ndqq }xp Dqod� iÿu hlq Nruuhnwruyhuidkuhq jhqrpphq zhughq1 Hqw0

vsuhfkhqg gxufk=

%�n�c�n� ' %�n�c� �(M E%�n�c��
n
M E%�n�c��

lvw gdv ehndqqwh Qhzwrq0Yhuidkuhq }xu Oùvxqj ghv xqwhuehvwlppwhq qlfkw0

olqhduhq Johlfkxqjvv|vwhpv M E%� ' f ehvfkulhehq1 Gdv Yhuidkuhq olhihuw glh

Oùvxqj yrq M E%� ' f/ glh ghp Suçglnwrusxqnw %�n�cf dp Qçfkvwhq olhjw1

Glhvhv Yhuidkuhq vwlppw plw ghp ÿeolfkhq Qhzwrq0Yhuidkuhq }xu Oùvxqj ghu

Johlfkxqjvv|vwhph ÿehuhlq/ lqghp glh Lqyhuvh ghu Mdfrel0Pdwul{ gxufk glh

Svhxgrlqyhuvh huvhw}w zlug1 Iÿu gdv Yhuidkuhq ndqq glh orndoh txdgudwlvfkh

Nrqyhujhq} ehzlhvhq zhughq ^63`1

Plwwhov ghu TU0]huohjxqj ghu wudqvsrqlhuwhq Mdfrel0Pdwul{(M E%�A oç�w

vlfk glh Svhxgrlqyhuvh (M E%�n ohlfkw ehvwlpphq1

Ohppd 445 Vhl plw hlqhu ruwkrjrqdohq ? � ? Pdwul{ ' xqg hlqhu rehuhq
?� �� ?� � Guhlhfnvpdwul{ -

(M E%�A ' '

�
-

f

�
c

gdqq jlow=

(M E%�n ' '

� �
-A
�3�

f

�
�

Ehzhlv1 Dxv ghu Gh�qlwlrq ghu Svhxgrlqyhuvh irojw gluhnw=

(M E%�n ' (M E%�A
�
(M E%�(M E%�A

�3�

' '

�
-

f

���
-A c f

�
'A'

�
-

f

��3�

' '

�
-

f

��
-A-

�3�
' '

�
--3�

�
-A
�3�

f

�

' '

� �
-A
�3�

f

�
�

Ghu Nruuhnwruvfkulww &�n�c� ' �(M E%�n�c��
n
M E%�n�c�� ndqq gdqq dxi

irojhqgh Zhlvh ehuhfkqhw zhughq=

41 Gxufk Yruzçuwvvxevwlwxwlrq zlug }xqçfkvw glh Oùvxqj +W ghv Johl0

fkxqjvv|vwhpv -A + ' M E%� ehuhfkqhw1

51 Ghu Nruuhnwruvfkulww zlug gdqq gxufk ruwkrjrqdoh Surmhnwlrq ehvwlppw=

&�n�c� ' '

�
+W

f

�
�
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61515 Vfkulwwoçqjhqvwhxhuxqj

Glh Vwhxhuxqj ghu Suçglnwruvfkulwwzhlwh R lvw vhku zlfkwlj iÿu glh h!}lhq0

wh Wudmhnwrulhquhnrqvwuxnwlrq1 Hv zlug ghvkdoe yhuvxfkw/ glh Vfkulwwoçqjh R

pùjolfkvw jur� }x kdowhq1 Xp dehu dooh Nuÿppxqjhq ghu jhvxfkwhq Wudmhn0

wrulh A Es � ulfkwlj zlhghukhu}xvwhoohq xqg glh Nrqyhujhq} ghv Nruuhnwruyhu0

idkuhqv }x vlfkhuq/ px� ghu ehuhfkqhwh Suçglnwrusxqnw vwhwv jhqÿjhqg qdk

ghu Wudmhnwrulh olhjhq1 Plw Kloih yrq yhuvfklhghqhq Whvwv ndqq glhv nrqwuro0

olhuw zhughq1

Uhvlgxdowhvw

Lq huvwhu Olqlh zlug glh Hqwihuqxqj ghv Suçglnwrusxqnwhv yrq ghu Wudmhnwrulh

jhsuÿiw1 Hlqh jxwh Dssur{lpdwlrq glhvhu Hqwihuqxqj lvw glh Oçqjh ghv huvwhq

Nruuhnwruvfkulwwhv n&�c�n1 Lvw dovr ghu huvwh Nruuhnwruvfkulww }x jur�=

n&�c�n : &4@ c

vr zlug ghu Suçglnwruvfkulww qlfkw dn}hswlhuw1 Glh Vfkulwwoçqjh R zlug kdoelhuw

+rghu lq hlqhp dqghuhq Yhukçowqlv yhunÿu}w R?e� ' kRc k 	 �, xqg ghu

Suçglnwruvfkulww zlhghukrow1

Nrqwudnwlrqvwhvw

Glh Nrqyhujhq} ghv Qhzwrq0Yhuidkuhqv lvw qxu orndo +g1k1 lq ghu Qçkh ghu

Wudmhnwrulh, jhvlfkhuw1 Hv lvw ghvzhjhq huirughuolfk/ gdv Nrqyhujhq}yhukdowhq

ghv Nruuhnwruyhuidkuhqv lq mhghp Vfkulww }x suÿihq1 Klhu}x zlug glh Nrq0

wudnwlrqvudwh y E&�c� c &�c�n�� }zhlhu qdfkhlqdqghu irojhqghu Nruuhnwruvfkulwwh
jhwhvwhw

y E&�c� c &�c�n�� '
n&�c�n
n&�c�n�n �

Vwhoow pdq nhlqh dxvuhlfkhqgh Nrqyhujhq} ghv Nruuhnwruyhuidkuhq ihvw=

y E&�c�c &�c�n�� : y4@ c

vr olhjw ghu Suçglnwruvfkulww zdkuvfkhlqolfk }x zhlw zhj yrq ghu Wudmhnwr0

ulh1 Gdv Nruuhnwruyhuidkuhq zlug dejheurfkhq1 Ghu Suçglnwruvfkulww px�

yhunÿu}w zlhghukrow zhughq1
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Zlqnhowhvw

Hv lvw dqvfkdxolfk nodu/ gd� ehl hlqhu vhku nuÿpphqghq Wudmhnwrulh glh Suç0

glnwruvfkulwwoçqjh nohlqhu jhzçkow zhughq px�/ xp doo lkuh Nuÿppxqjhq }x

uhnrqvwuxlhuhq1 Yru hlqhp qhxhq Suçglnwruvfkulww zlug ghvkdoe lpphu glh

Ulfkwxqj ghv qhxhq xqg ghv dowhq Wdqjhqwhqyhnwruv plwhlqdqghu yhujolfkhq

+v1 Deelogxqj 615,1 Lvw ghu Zlqnho }zlvfkhq ghq ehlghq Ulfkwxqjhq }x jur�=

| E(M E%���
A
| E(M E%�n��� 	 ULt E�4@ � c

zlug ghu ohw}wh Vfkulww qlfkw dn}hswlhuw xqg px� nrpsohww plw nohlqhuhq R

zlhghukrow zhughq1

( )( )1+ixDHt( )( )ixDHt

ix

1+ix

0,1+ix

( )( )ixDHt

Deelogxqj 615= Zlqnhowhvw ehl ghu Uhnrqvwuxnwlrq hlqhu Wudmhnwrulh

Lq glhvh Zhlvh nùqqhq dxfk ehl ghu Wudmhnwrulhquhnrqvwuxnwlrq Vsuÿq0

jh }zlvfkhq }zhl qdk ehlhlqdqghu olhjhqghq Wudmhnwrulhqnrpsrqhqwhq +e}z1

}zhl yhuvfklhghqhq ]zhljhq hlqhu Nrpsrqhqwh, yhuplhghq zhughq +v1 Deelo0

gxqj 616,1

]xvdpphqidvvxqj

Zxugh ghu Vfkulww lq doohq Whvwv dn}hswlhuw/ vr ndqq glh Vfkulwwzhlwh R zr0

pùjolfk juù�hu jhzçkow zhughq +R?e� G' qRc q : �,1 Glh qhxh Vfkulwwzhlwh

zlug dehu huvw lp qçfkvwhq Vfkulww hlqjhvhw}w1 Ghu dn}hswlhuwh Vfkulww zlug

qlfkw zlhghukrow1

Vroowh lp Odxih ghv Yhuidkuhqv glh Vfkulwwzhlwh }x nxu} zhughq +R 	 R4�?,/

vr px� glh Uhnrqvwuxnwlrq ghu Wudmhnwrulhqnrpsrqhqwh dejheurfkhq zhu0

ghq1 Glh Uhnrqvwuxnwlrq zlug yrq hlqhp zhlwhuhq Dxvjdqjvsxqnw plw hlqhu

qhxhq Nrpsrqhqwh iruwjhvhw}w +v1 Ndslwho 5,1 Zlug gdv Yhuidkuhq yru}hlwlj
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Deelogxqj 616= Vsuÿqjh ehl ghu Uhnrqvwuxnwlrq hlqhu Wudmhnwrulh

dejheurfkhq +g1k1 ehyru dooh nulwlvfkh Sxqnwh jhixqghq zhughq nrqqwhq,/

vr pÿvvhq glh Sdudphwhu +&4@ cy4@ c �4@ , xqg2rghu Vwduwsxqnwh jhçqghuw

zhughq1

616 Nrqwlqxlhuolfkhv Txdvl0Qhzwrq0Yhuidkuhq

+NTQY,

Gdv lp Devfkqlww 615 ehvfkulhehqh Yhuidkuhq ehqùwljw lq mhghp Suçglnwru0

xqg Nruuhnwruvfkulww hlqh Dxvzhuwxqj ghu Mdfrel0Pdwul{ (M E%� ghu Kloiv0
ixqnwlrqM E%�1 Xp glhvh Pdwul{ jhqdx }x ehvwlpphq/ px� glh Khvvh0Pdwul{

(2s E%� ghu ]lhoixqnwlrq s E%� ehuhfkqhw zhughq1 Glhv lvw riw plw ylho Sur0

judpplhudxizdqg xqg odqjhu Ehuhfkqxqjv}hlw yhuexqghq1

]xhuvw pÿvvhq qçpolfk dooh Deohlwxqjvixqnwlrqhq s%� c%� v|perolvfk ehuhfkqhw

xqg lpsohphqwlhuw zhughq1 Glh Dxvzhuwxqj ghu ylhohq Deohlwxqjvixqnwlrqhq

lq phkuhuhq Sxqnwhq ndqq gd}x vhku dxizhqglj vhlq1 Gdqq pÿvvhq qrfk

glh Mdfrel0Pdwul{ (M xqg ghu lqgx}lhuwh Wdqjhqwhqyhnwru | E(M� ehuhfk0
qhw xqg ehl Ehgdui glh Nruuhnwxu gxufkjhiÿkuw zhughq1 Gdgxufk zlug ghu

Dxizdqg zhlwhu hukùkw1

Hv zhughq ghvkdoe Dxigdwlhuxqjvphwkrghq hqwzlfnhow/ glh r1j1 Vfkzlhuljnhl0

whq yhuphlghq xqg ghq Dxizdqg ghv Yhuidkuhqv pùjolfkhuzhlvh yhuplqghuq1

Glh iÿu ghq Dxvjdqjvsxqnw ghu Wudmhnwrulh ehuhfkqhwh rghu dssur{lplhuwh

Mdfrel0Pdwul{ (M zlug lq mhghp Vfkulww qdfk ghp Jheudxfk qlfkw yhuzru0
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ihq/ vrqghuq vr prgl�}lhuw/ vr gd� glh vrjhqdqqwh Txdvl0Qhzwrq0Ehglqjxqj

huiÿoow lvw1 Glh vr prgl�}lhuwh Pdwul{ lvw iÿu ghq qhxhq Suçglnwru0 e}z1 Nru0

uhnwrusxqnw hlqh iÿu dqvfkoçjljh ]zhfnh jxw jhhljqhwh +qlfkw xqehglqjw e}jo1

ghu Hxnolglvfkhq Qrup jxwh, Dssur{lpdwlrq ghu Mdfrel0Pdwul{ (M1

61614 Eur|ghq Dxigdwlhuxqjvirupho

Glh Dxigdwlhuxqjvphwkrgh zlug dqkdqg ghv jhgçpsiwhq Qhzwrq0Yhuidkuhqv

%�n� ' %� � k�(C E%��
3�
C E%�� +617,

}xu Oùvxqj ghv Johlfkxqjvv|vwhpv C E%� ' f iÿu hlqh jodwwh Deelogxqj

C 5 �� ELU?c LU?� ehvfkulhehq1 Xp ghq krkhq qxphulvfkhq Dxizdqg ghv

Yhuidkuhqv }x uhgx}lhuhq/ ndqq glh Mdfrel0Pdwul{ (C E%�� lq ghu Qhzwrq0

Yruvfkuliwvirupho +617, gxufk hlqh Dssur{lpdwlrq �� huvhw}w zhughq=

%�n� ' %� � k��
3�
�
C E%�� �

Dxv ghu Wd|oruhqwzlfnoxqj yrq C lq %�

C E%�n�� ' C E%�� n(C E%�� E%�n� � %�� n�
�n%�n� � %�n2

�
irojw/ gd� iÿu qdkolhjhqgh Sxqnwh %�n� xqg %�/ hlqh Dssur{lpdwlrq �� ghu

Mdfrel0Pdwul{ (C E%�� vlqqyroohuzhlvh irojhqgh Vhndqqwhqehglqjxqj +Txdvl0
Qhzwrq Ehglqjxqj, huiÿoohq vroowh=

�� E%�n� � %�� ' C E%�n���C E%�� � +618,

Glh Phqjh ghu Pdwul}hq/ glh iÿu glh yrujhjhehqhq Gl�huhq}hqyhnwruhq r� xqg

5�

r� ' %�n� � %�

5� ' C E%�n�� �C E%��

glh Vhndqqwhqehglqjxqj huiÿoohq zlug klhu plw ' Er�c 5�� eh}hlfkqhw=

' Er�c 5�� G' i� 5 u ELU?� m �r� ' 5�j �
]xu Ehuhfkqxqj ghu Pdwul{ �� zhughq gdqq ÿeolfkhuzhlvh hlqh Dxvjdqjvpd0

wul{ ��3� xqg glh Yhnwruhq r� xqg 5� ehqxw}w=

�� G' x E��3�c r�c 5�� �

Lq glhvhp Idoo zlug �� glh Dxigdwlhuxqjvpdwul{ xqg x glh Dxigdwlh0

uxqjvirupho jhqdqqw1 Klhu xqg lp irojhqghq zlug yrudxvjhvhw}w/ gd� glh

Sxqnwh %�n� xqg %� yhuvfklhghq vlqg1 Vlqg glh Sxqnwh johlfk/ lvw glh Dxigd0

wlhuxqj ghu Mdfrel0Pdwul{ qlfkw qrwzhqglj1
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Gh�qlwlrq 446 Vhlhq %f 5 LU? xqg �f 5 u ELU?� jhjhehq1
Vhlhq zhlwhuklq %� xqg �� E� ' �c 2c ���� uhnxuvly gh�qlhuw gxufk=

%�n� G ' %� n k��
3�
�
C E%��

��n� G ' x E��c r�n�c 5�n�� �

Lvw iÿu glh Pdwul}hq �� glh Vhndqqwhqehglqjxqj huiÿoow/ vr khl�w gdv gxufk

glh Uhnxuvlrqvyruvfkuliw gh�qlhuwh Yhuidkuhq Txdvl0Qhzwrq0Yhuidkuhq1

Lq ^:` zxugh yrq Eur|ghq irojhqgh Dxigdwlhuxqjvirupho yrujhvfkodjhq=

��

�n� G' x� E��c r�n�c 5�n�� ' �� n
E5� ���r�� rA�

rA
�
r�

� +619,

Iÿu gdv hqwvsuhfkhqgh Txdvl0Qhzwrq0Yhuidkuhq

%�n� G' %� n
�
��

�

�3�
C E%��

nrqqwh lq ^47` vxshuolqhduh Nrqyhujhq} ehzlhvhq zhughq1 Gdv Yhuidkuhq

kdw vlfk dov vhku huirojuhlfk ehl ghu Oùvxqj qlfkwolqhduhu Johlfkxqjvv|vwhph

huzlhvhq/ lqvehvrqghuh gdqq/ zhqq nhlqh }xvçw}olfkhq Lqirupdwlrqhq ÿehu glh

Ehvfkd�hqkhlw ghu Mdfrel0Pdwul{ (C E%� yrukdqghq vlqg1

61615 Eur|ghq Dxigdwlhuxqjvirupho

ehl ghu Wudmhnwrulhquhnrqvwuxnwlrq

Glh Eur|ghqvfkh Dxigdwlhuxqjvirupho ndqq dxfk iÿu xqwhuehvwlppwh Johl0

fkxqjvv|vwhph

C E%� ' fc C 5 �� ELU?c LU6� c6 	 ?

}xu Dxigdwlhuxqj ghu qlfkw txdgudwlvfkhq Mdfrel0Pdwul}hq (C E%� plwwhov

ghu Yhnwruhq r 5 LU? xqg 5 5LU6 dqjhzhqghw zhughq=

�� G' x� E�crc 5� ' �n
E5 ��r� rA

rA r
�

Glh Eur|ghqvfkh Pdwul{ �� lvw gdehl vwhwv glh ehvwh Dssur{lpdwlrq ghu

Dxvjdqjvpdwul{ � e}jo1 ghu Phqjh ' Erc 5� lq ghu Iurehqlxv0Qrup nn
8
1

Vdw} 447 Vhlhq � 5 u ELU?c LU6� c f 9' r 5 LU? xqg 5 5 LU6 jhjhehq1
Glh Dssur{lpdwlrqvdxijdeh

4�?
�M'Erc5�

n� ��n
8
' 4�?

�M'Erc5�

#
?[

&'�

nK& � @&n2
$�*2

+61:,

ehvlw}w hlqh hlqghxwljh Oùvxqj 	� ' ��1
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Ehzhlv1 Vhlhq plw @&c K&c	K& hqwvsuhfkhqg glh ]hlohq ghu Pdwul}hq�c�c 	�
xqg plw 5& glh n0wh Nrpsrqhqwh ghv Yhnwruv 5 eh}hlfkqhw1

Plw ^& Erc 5� E& ' �c ���c ?� zlug gdqq glh Phqjh ghu Yhnwruhq K 5 LU? jhphlqw/

iÿu glh glh hqwvsuhfkhqgh Vhndqqwhqehglqjxqj huiÿoow lvw=

^& Erc 5� G'
�
K 5 LU?m KA r ' 5&

�
�

Glh Dssur{lpdwlrqvdxijdeh +61:, ndqq jhwuhqqw e}jo1 ghu ]hlohq K& ghu Pd0

wul{ � jhoùvw zhughq=

4�?
K
A
& M^&Erc5�

nK& � @&n2 �

Jhvxfkw lvw dovr hlq Yhnwru 	KA
&
dxi ghu K|shuhehqh ^& Erc 5�/ ghu ghp Sxqnw @&

pùjolfkvw qdkh olhjw1 Glhv ndqq hlqghxwlj gxufk glh Surmhnwlrq ghv Yhnwruv

@A
&
dxi glh K|shuhehqh ^& Erc 5� jhoùvw zhughq1

Hv ndqq ohlfkw qdfkjhsuÿiw zhughq/ gd� glh ]hlohq 	K& ghu Eur|ghqvfkhq Pd0

wul{ �� / glh ruwkrjrqdoh Surmhnwlrq yrq @& dxi ^& Erc 5� vlqg1 Hv jlow qçpolfk=

	K&r '

�
@& n

5& � @&r

rA r
rA
�
r ' 5& ', 	K& 5 ^& Erc 5�

xqg zhlwhu iÿu hlqhq eholheljhq Yhnwru K 5 ^& Erc 5�=

�
KA � 	K&

��
	KA
&
� @A

&

�
'

5& � @&r

rA r

�
KA � 	K&

�
r ' f�

Iÿu gdv hljhqwolfkh Sureohp ghu Uhnrqvwuxnwlrq ghu Wudmhnwrulh A Es� vhl
glh Mdfrel0Pdwul{ (M E%f� ghu Kloivixqnwlrq M lq hlqhp Dxvjdqjvsxqnw %f
jhjhehq1 Xp hlqh Sxqnwirojh i%�j hqwodqj ghu hqwvsuhfkhqghq Wudmhnwrul0

hqnrpsrqhqwh }x hu}hxjhq/ zhughq glh Dxigdwlhuxqjvpdwul}hq ��

�c�
lq mhghp

Suçglnwru0 xqg Nruuhnwrusxqnw nrqvwuxlhuw1

Plw irojhqghq Eh}hlfkqxqjhq ndqq glh Eur|ghqvfkh Dxigdwlhuxqjvirupho iÿu

ghq Suçglnwru0 xqg Nruuhnwruvfkulww ghv Wudmhnwrulhqyhuidkuhqv hlqidfk gdu0

jhvwhoow zhughq=

� E%c +� G '
5 ��r

nrn '
M E+��M E5��� E+ � %�

n+ � %n
�E%c +� G '

r

nrn '
E+ � %�

n+ � %n �
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Eur|ghq0Irupho iÿu ghq Suçglnwruvfkulww

Iÿu ghq Suçglnwruvfkulww R� G' R � | ���

�

�
ghu Oçqjh R/

%�n�cf ' %� n R�c

ndqq glh qhxh Pdwul{ ��

�n�cf zlh irojw ehuhfkqhw zhughq=

��

�n�cf G' ��

�
n � E%�c %�n�cf� � E%�c %�n�cf�

A
�

Glh Kloivyhnwruhq � E%�c %�n�cf� xqg � E%�c %�n�cf� vlqg klhuehl jhjhehq gxufk=

� E%�c %�n�cf� '
M E%���M E%�n�cf�

R

� E%�c %�n�cf� ' | E�� �

Ehphunxqj 448 Lq hlqhp Suçglnwruvfkulww olhjw ghu Yhnwru {% ghu Yhuçq0

ghuxqj ghv Eh}xjvsxqnwhv/

{% G' %�n�cf � %� ' R|
�
��

�

�
c

lp Nhuq ghu Dxvjdqjvpdwul{ ��

�
+wdqjhqwldohu Vfkulww,1 Glh Svhxgrlqyhuvh�

��

�

�n
zlug dovr ehl glhvhp Dxigdwlhuxqjvvfkulww lpphu qxu dxi hlqhq qhxhq

Nhuq surml}lhuw ^58`1

Eur|ghq0Irupho iÿu ghq Nruuhnwruvfkulww

Iÿu ghq Nruuhnwruvfkulww &�c� G' � ���

�c�

�n
M E%�c�� ghv Wudmhnwrulhqyhuidkuhqv

%�c�n� ' %�c� n &�c�

ndqq glh qhxh Pdwul{ ��

�c�n� zlh irojw ehuhfkqhw zhughq=

��

�c�n� G' ��

�c�
n � E%�c� c %�c�n�� � E%�c�c %�c�n��

A
�

Glh Kloivyhnwruhq � E%�c %�n�cf� xqg � E%�c %�n�cf� vlqg klhuehl jhjhehq gxufk=

� E%�c %�n�cf� '
M E%�c�n��

n&�c�n
� E%�c %�n�cf� '

&�c�

n&�c�n �

Ehphunxqj 449 Lq hlqhp Nruuhnwvfkulww olhjw ghu Yhnwru {% ghu Yhuçqgh0

uxqj ghv Eh}xjvsxqnwhv/

{% G' %�c�n� � %�c� ' � ���

�c�

�n
M E%�c�� c

ruwkrjrqdo }xp Nhuq ghu Dxvjdqjvpdwul{ ��

�c�
+Qhzwrq0Vfkulww,1 Ghu Nhuq

ghu dxigdwlhuwhq Pdwul{ ��

�c�n� zlug vlfk klhuehl qlfkw çqghuq1
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61616 Ihkohunrqwurooh ghu dxigdwlhuwhq Pdwul}hq

Zlh hv lp yrukhuljhq Devfkqlww 61615 ehuhlwv ehvfkulhehq zxugh/ vlqg lq hl0

qhp Suçglnwru0Nruuhnwru Yhuidkuhq }zhl yhuvfklhghqh Dxigdwlhuxqjvprghooh

yrujhvhkhq1 Dxi Juxqg ghu dqjhvsurfkhqhq Hljhqvfkdiwhq glhvhu Dxigdwlh0

uxqjvvfkulwwh +yjo1 Ehphunxqjhq 448 xqg 449, vroowh qlfkw dxi hlqv ghu ehlghq

Prghooh yhu}lfkwhq zhughq1 Dxfk gdqq qlfkw/ zhqq glh Suçglnwrusxqnwh qdk

ehl ghu Wudmhnwrulh olhjhq vroowhq xqg qxu hlqh jhulqjh Nruuhnwxu qrwzhqglj

zçuh1

Hv lvw ghvkdoe qdkholhjhqg/ ehlgh Dxigdwlhuxqjvpùjolfknhlwhq }x plvfkhq

^57`1 Lq ^58` zxugh ehvfkulhehq/ zlh pdq glh jhplvfkwh Dxigdwlhuxqj johlfk0

}hlwlj/ dovr lq hlqhpDxigdwlhuxqjvvfkulww iÿu ghq wdqjhqwldohq xqg ghq Qhzwrq0

Vfkulww h!}lhqw gxufkiÿkuhq ndqq1

Re glh plw Kloih ghu Dxigdwlhuxqjvirupho ehuhfkqhwh Dssur{lpdwlrq ghu

Mdfrel0Pdwul{ (M E%� ghq Dqirughuxqjhq hqwvsulfkw xqg hlqh nruuhnwh Uh0

nrqvwuxnwlrq ghu Wudmhnwrulh }xoç�w/ lvw gluhnw qxu vhku vfkzhu }x suÿihq1

Plw Kloih ghv lp Devfkqlww 61515 ehvfkulhehqhq Nrqwudnwlrqvwhvwv ndqq glh

�Jÿwh� ghu Dssur{lpdwlrq lqgluhnw jhsuÿiw zhughq1

Lvw qçpolfk glh Dxigdwlhuxqjvpdwul{ hlqh vhku vfkohfkwh Dssur{lpdwlrq ghu

Mdfrel0Pdwul{ (M E%�/ vr lvw hv xqzdkuvfkhlqolfk/ gd� gdv Nruuhnwruyhuidk0

uhq nrqyhujlhuw1 Lq glhvhp Idoo vroowh ghu Suçglnwruvfkulww jhnÿu}w rghu glh

Mdfrel0Pdwul{ (M E%� plw hlqhu dqghuhq Phwkrgh +}1E1 Gl�huhq}hqyhuidk0

uhq, jhqdxhu ehvwlppw zhughq1

Dqghuvhlwv/ zhqq glh Nrqyhujhq} ghv Nruuhnwru0Yhuidkuhqv ihvwjhvwhoow

xqg hlq jxwh Qçkhuxqj iÿu ghq qhxhq Wudmhnwrulhqsxqnw jhixqghq zxugh/ vr

ndqq dxfk glh Dxigdwlhuxqjvpdwul{ dn}hswlhuw zhughq1

61617 TU0Dxigdwlhuxqj

Glh Ehuhfkqxqj ghv Wdqjhqwhqyhnwruv | E(M E%�� xqg ghv Nruuhnwruvfkulwwhv
�(M E%�n�c��

n
M E%�n�c�� ndqq plw Kloih ghu TU0]huohjxqj ghu Mdfrel0Pdwul{

(M E%� h!}lhqw ehzçowljw zhughq1 Glh TU0]huohjxqj hlqhu jhjhehqhq Pd0

wul{ � ndqq plw Kloih ghu Krxvhkroghu0Wudqvirupdwlrq rghu ghu Jlyhqvurwd0

wlrqhq gxufkjhiÿkuw zhughq1

Xp ghq Dxizdqg ghu ]huohjxqj lq mhghp Vfkulww }x yhuphlghq/ lvw hv dqjh0

eudfkw gdv Dxigdwlhuxqjvyhuidkuhq gluhnw dxi glh Pdwul}hq ' xqg - dq}x0

zhqghq1

Glh TU0Dxigdwlhuxqj plw Kloih ghu Jlyhqvurwdwlrqhq zxugh lq ^4` dxv0

iÿkuolfk ehvfkulhehq xqg ghuhq Vwdelolwçwvhljhqvfkdiwhq xqwhuvxfkw1

Hlq pùjolfkhu Lpsohphqwlhuxqjvzhj zlug klhu nxu} vnl}}lhuw1
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Jlyhqvurwdwlrqhq lq ghu TU0]huohjxqj

Jlyhqvurwdwlrq J&, E�� GLU? $ LU? +dxfk hehqh Urwdwlrq jhqdqqw, lvw hlqh

olqhduh Deelogxqj/ glh dov Urwdwlrq lq ghu Hehqh rR@? ie&c e,j xp ghqZlqnho

� lqwhusuhwlhuw zhughq ndqq1 Glhvh ruwkrjrqdoh Wudqvirupdwlrq lvw plw Kloih

hlqhu Pdwul{ C&, E�� ehvfkulhehq/ glh vlfk yrq ghu Hlqkhlwvpdwul{ U? qxu

gxufk irojhqgh Hlqwuçjh xqwhuvfkhlghw=

}&& ' },, ' ULt E��

}&, ' �},& ' t�? E�� �

Zhqghw pdq glh Urwdwlrq dxi hlqhq eholheljhq Yhnwru % dq/ vr çqghuq vlfk

qxu glh Hlqwuçjh %& xqg %,/ glh dqghuhq Hlqwuçjh eohlehq xqyhuçqghuw1 Iÿu

+ G' C&,% jlow dovr=

+� '

;?
=

%& ULt E�� n %, t�? E�� c � ' &

�%& t�? E�� n %, ULt E�� c � ' ,

%�c rJ?r|�

Xp hlqh ?� ? � � Pdwul{ �A lq hlqh ruwkrjrqdoh ?� ? Pdwul{ ' xqg hlqh

rehuh ? � � � ? � � Guhlhfnvpdwul{ - }x }huohjhq/ zhughq dxi ehlgh Vhlwhq

ghu Vwduwirupho

'A

f�
A ' -f

�
'f G' U?( -f G' �A

�
c

? E?� �� *2 Urwdwlrqhq J&, E�� E& ' �c ���c ?� �( , ' & n �c ���c ?� dqjhzhq0
ghw

EC?3�c? E� ���C�c� E�C�c2 E� U?��
A ' C?3�c? E� ���C�c� E�C�c2 E��

A �

Lq mhghp Vfkulww ghu ]huohjxqj zhughq glh Pdwul}hq ' xqg - dxi irojhqgh

Zhlvh prgl�}lhuw=

'?e� ' C&,'@,|

-?e� ' C&,-@,|�

Glh Pdwul{ C&, zlug gdehl vr jhzçkow/ gd� gdv Hohphqw o,&/ ghu Pdwul{ -

��,, zlug1 Glh Uhlkhqirojh ghu Wudqvirupdwlrq vlfkhuw/ gd� glh ehuhlwv dxi

��,, jhvhw}whq Hlqwuçjh ghu Pdwul{ - qlfkw phku jhçqghuw zhughq1 Dxi glhvh

Zlhvh hqwvwhkhq glh jhvxfkwhq Pdwul}hq ' xqg -=

' ' EC?3�c? E� ���C�c� E�C�c2 E� U?�
A

- ' C?3�c? E� ���C�c� E�C�c2 E��
A �

Glh Pdwul{ ' lvw dov Surgxnw ghu ruwkrjrqdohq Pdwul}hq C&, qdwÿuolfk ru0

wkrjrqdo1
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Ehphunxqj 44: Gd lq mhghp Vfkulww ohgljolfk }zhl ]hlohq ghu Pdwul}hq

' xqg - qhx ehuhfkqhw zhughq pÿvvhq/ lvw ghu Jhvdpwdxizdqg ghu TU0

]huohjxqj � E?��1

Jlyhqvurwdwlrq lq ghu TU0Dxigdwlhuxqj

Sureohp 44; Vhl plw ' xqg - glh TU0]huohjxqj iÿu hlqh ?�?�� Pdwul{

�A jhjhehq1 Plw ghq Yhnwruhq � 5 LU? xqg � 5 LU?3� vhl zhlwhuklq ghu

Suçglnwru0 e}z1 ghu Nruuhnwruvfkulww +v1 Devfkqlww 61615, ehvfkulhehq1 Plw

� zlug klhu glh Eur|ghqvfkh Dxigdwlhuxqjvpdwul{ eh}hlfkqhw=

� G' �n ��A �

Jhvxfkw zhughq=

hlqh ruwkrjrqdoh ?�? Pdwul{ '� xqg hlqh rehuh ?���?�� Guhlhfnvpdwul{
-�/ iÿu glh jlow=

'A

�
�A ' -��

Plw ghq jhjhehqhq Pdwul}hq ' xqg - jlow klhu iÿu glh Pdwul{ �=

'A�A ' 'A�A n'A��A ' -n'��A � +61;,

Glh qhxhq Pdwul}hq '� xqg -� nùqqhq zlh irojw h!}lhqw ehvwlppw zhu0

ghq=

Dxigdwlhuxqjvvfkhpd 44< +TU0Dxigdwlhuxqj,

41 Dxi ehlghq Vhlwhq ghu Irupho +61;, zhughq Jlyhqvurwdwlrqhq dqjhzhq0
ghw/ vr gd� ghu Whup '��A hlqh hlqidfkh Irup dqqlppw/ dehu glh
Vwuxnwxu ghu Pdwul{ - gdehl qlfkw nrpsohww }huvwùuw zlug1

51 Plw Kloih zhlwhuhu jhhljqhw jhzçkowhu Urwdwlrqhq zlug glh Guhlhfnvvwuxn0
wxu ghu Pdwul{ - zlhghu uhnrqvwuxlhuw

]xqçfkvw zhughq ?�� Urwdwlrqhq 	C?3�c? E� c ���c 	C2c� E� c 	C�c2 E� hlqjhvhw}w/
glh ghq Yhnwru � G' '� dxi glh %�0Dfkvh surml}lhuhq=

	� G' 	C�c2 E� 	C2c� E� ��� 	C?3�c? E�� ' E	��c fc ���c f�
A
�

Plw ghp Yhnwru 	� xqg ghq Pdwul}hq 	' xqg 	-

	' G ' 	C�c2 E� 	C2c� E� ��� 	C?3�c? E�'

	- G ' 	C�c2 E� 	C2c� E� ��� 	C?3�c? E�-c
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qlppw glh Irupho +61;, irojhqgh Jhvwdow=

	'�A ' 	- n 	��A �

Glh Pdwul{ 	- lvw nhlqh Guhlhfnvpdwul{ phku1 Glh Hlqwuçjh ghu Qhehqgldjrqd0

oh Eo2�c o�2c ���c o?c?3��� kdehq vlfk gxufk glh Dqzhqgxqj ghu Jlyhqvurwdwlrqhq

jhçqghuw1 Glh Pdwul{ 	- kdw dovr glh Khvvhqehujvfkh Irup1 Dooh Hlqwuçjh ghu

Pdwul{ 	��A / dxvjhqrpphq ghu huvwhq ]hloh/ vlqg johlfk ��,,1 Glh Pdwul{
	-n 	��A kdw dovr hehqidoov Khvvhqehujvfkh Irup1

Plw Kloih ghu jhhljqhw jhzçkowhq Urwdwlrqhq �C�c2 E� c �C2c� E� c ���c �C?3�c? E�
nùqqhq gdqq glh Hohphqwh ghu ehvdjwhq Qhehqgldjrqdoh zlhghu dxi ��,,

jhvhw}w zhughq1 Glh jhvxfkwhq Pdwul}hq '� xqg -� vlqg gdqq jhjhehq

gxufk=

'� G ' �C?3�c? E� ��� �C2c� E� �C�c2 E� 	'

-� G ' �C?3�c? E� ��� �C2c� E� �C�c2 E�
�
	- n 	��A

�
�

Ehphunxqj 453 Gd lq glhvhp Idoo ohgljolfk 2 E?� �� Jlyhqvurwdwlrqhq gxufk0
jhiÿkuw zhughq px�whq/ lvw ghu Jhvdpwdxizdqg ghu TU0Dxigdwlhuxqj � E?2�1

617 Deohlwxqjviuhlhv Vxuurjdwh0Yhuidkuhq

Lq pdqfkhq sudnwlvfkhq Rswlplhuxqjvsureohphq lvw glh dqdo|wlvfkh e}z1 qx0

phulvfkh Dxvzhuwxqj ghu Deohlwxqjhq ghu ]lhoixqnwlrq qlfkw pùjolfk rghu

xqyhukçowqlvpç�lj whxhu1

Hlq Vwdqgdug0Yhuidkuhq }xu deohlwxqjviuhlhq Oùvxqj nodvvlvfkhu Rswlplh0

uxqjvsureohph +qxu hlq xqg qlfkw dooh nulwlvfkh Sxqnwh zlug jhvxfkw, zxugh

yrq Qhoghu xqg Phdq lq ^5<` yrujhvfkodjhq1 Lq glhvhp Vlpsoh{0Yhuidkuhq

zlug gdv Plqlpxp ghu ]lhoixqnwlrq gxufk Zhuwyhujohlfkh xqg Dxvwdxvfk0

vfkulwwh huuhlfkw1 Hlq pùjolfkhu Dqvdw} }xu Oùvxqj ghu Sureohph plw phk0

uhuhq orndohq Plqlpd zçuh/ glh Vxfkh lpphu zlhghu yrq hlqhp qhxhq Dxv0

jdqjvsxqnw }x vwduwhq1 Hv lvw dehu r�hqvlfkwolfk/ gd� hlq vrofkhv Yhuidkuhq

lp doojhphlqhq qlfkw vhku h!}lhqw zçuh1

Lq ghq ohw}whq Mdkuhq zxughq qhxh deohlwxqjviuhlh Yhuidkuhq hqwzlfnhow/ glh

plw Kloih ghu Vxuurjdwh0Whfkqln hlqhq nulwlvfkhq Sxqnw ghu ]lhoixqnwlrq �q0

ghq ^8`1

Lq mhghp Lwhudwlrqvvfkulww ghv dxi ghu Edvlv ghu Vxuurjdwh0Whfkqln lpsohphq0

wlhuwhq Yhuidkuhqv zlug glh ]lhoixqnwlrq dqkdqg ghu jhvdpphowhq Lqirupdwlr0

qhq gxufk hlqh Vxuurjdwh0Ixqnwlrq +Prghooixqnwlrq, huvhw}w xqg glhvh gdqq

plqlplhuw1 Iÿu ghq jhzrqqhqhq yhuphlqwolfk rswlpdohq Sxqnw zlug glh ]lho0

ixqnwlrq dxvjhzhuwhw1 Glh Txdolwçw ghu Prghooixqnwlrq zlug dqvfkolh�hqg



443 NDSLWHO 61 DXVJHZÇKOWH YHUIDKUHQ

jhsuÿiw xqg orndo yhuehvvhuw1

Lq ghq Duehlwhq ^44`^;`^<`^43` zxughq glh Wkhrulh xqg sudnwlvfkh Xpvhw}xqj

glhvhu Whfkqln plw Kloih ghu pxowlglphqvlrqdohq txdgudwlvfkhq Lqwhusrodwlrq

yrujhvwhoow1 Lq ^45` ^46`^65`^64` zxughq jhhljqhwh Yhuidkuhq ghu pxowlglphq0

vlrqdohq Odjudqjh0 xqg Qhzwrq0Lqwhusrodwlrq ehvfkulhehq1

Lq ghu yruolhjhqghq Duehlw zlug yrujhvfkodjhq/ glh Vxuurjdwh0Whfkqln iÿu

ghq Wudmhnwrulhq0Dqvdw} }x qxw}hq1 Iÿu glh Prghooixqnwlrq ghu ]lhoixqnwlrq

ndqq gdqq dov Qçkhuxqj ghu nodvvlvfkhq Qhzwrq0Wudmhnwrulh e}z1 Ulfkwxqjv0

ihog0Wudmhnwrulh hlq Wudmhnwrulhqvwÿfn dssur{lplhuw zhughq1 Hqwodqj ghu Wud0

mhnwrulh zlug gdv Prghoo nrqwlqxlhuolfk dqjhsd�w xqg glh Wudmhnwrulh vwÿfn0

zhlvh uhnrqvwuxlhuw1 Glh Txdolwçw ghu dxijhvwhoowhq Prghooh zlug ehl ghu

Vfkulwwoçqjhqvwhxhuxqj ehuÿfnvlfkwljw1

61714 Prghooelogxqj

Dxijdehqvwhooxqj

Glh ]lhoixqnwlrq s E%� zlug orndo lq hlqhp Sxqnw 5f gxufk hlqh txdgudwlvfkh

Prghooixqnwlrq 6 E5f n r� huvhw}w=

6 E5f n r� G' s E5f� n }A rn
�

2
rAMr� +61<,

Ghu Yhnwru } 5 LU? xqg glh v|pphwulvfkh ?� ? Pdwul{ M zhughq klhu qlfkw

dov Judglhqwus E5f� xqg Khvvh0Pdwul{(2s E5f� ghu ]lhoixqnwlrq s ehuhfkqhw

rghu dssur{lplhuw ^44`1 Gdv Prghoo zlug vwdwwghvvhq dov Oùvxqj ghv irojhqghq

Lqwhusrodwlrqvsureohpv ehvwlppw1

Sureohp 454 Vhl hlqh hqgolfkh Phqjh U ghu Lqwhusrodwlrqvsxqnwh jhjhehq

U ' i5fc ���c 5�3�j � LU?�

Iÿu glh ]lhoixqnwlrq s vhlhq zhlwhuklq glh Ixqnwlrqvzhuwh s E5f� c ���c s E5�3��
ehndqqw1

Jhvxfkw lvw hlqh pxowlglphqvlrqdoh txdgudwlvfkh Ixqnwlrq 6 E%� ghu Irup

+61<,/ iÿu glh irojhqgh Lqwhusrodwlrqvehglqjxqj huiÿoow lvw=

6 E5�� ' s E5�� c 5� 5 U� +6143,

Xp glh H{lvwhq} xqg Hlqghxwljnhlw ghu Oùvxqj }x vlfkhuq/ px� glh Phqjh

U ghu Lqwhusrodwlrqvsxqnwh jhzlvvh Ehglqjxqjhq huiÿoohq1

]xhuvw vroowh glh Dq}dko ghu Lqwhusrodwlrqvsxqnwh � ghu Dq}dko ghu jhvxfk0

whq Nrh!}lhqwhq ghu Prghooixqnwlrq 6 E%� johlfkhq1
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Gh�qlwlrq 455 Glh Phqjh ghu Lqwhusrodwlrqvsxqnwh U � LU? khl�w yroo0

vwçqglj/ idoov iÿu glh Dq}dko ghu Lqwhusrodwlrqvsxqnwh � jlow=

� ' � n ?n

�
?n �

2

�
'

�
?n 2

2

�
� +6144,

Iÿu glh H{lvwhq} xqg glh Hlqghxwljnhlw ghu Lqwhusrodqwh lvw glh Ehglqjxqj

+6144, lp doojhphlqhq qlfkw dxvuhlfkhqg1 Olhjhq glh Sxqnwh ehlvslhozhlvh dxi

hlqhu K|shuhehqh +hlqhu Jhudgh/ hlqhp Nuhlv/ K|shueho/ hwf,/ vr lvw glh Lq0

whusrodqwh hqwzhghu qlfkw hlqghxwlj rghu h{lvwlhuw jdu qlfkw1

Plw Kloih ghu jhhljqhw jhzçkowhq txdgudwlvfkhq Edvlvsro|qrph R� E%� c � '
�c ���c� ndqq gdv Lqwhusrodwlrqvsureohp 454 }x irojhqghq olqhduhq Johlfkxqjv0

v|vwhp prgl�}lhuw zhughq=

� EU�k '

3
EC R� E5�� � � � R� E5��

111
111

R� E5� � � � � R� E5� �

4
FD
3
EC k�

111

k�

4
FD '

3
EC s E5��

111

s E5��

4
FD � +6145,

Glh Lqwhusrodwlrqvehglqjxqj +6143, lvw gdqq iÿu glh hqwvsuhfkhqgh Olqhdu0

nrpelqdwlrq 6 E%� ghu Edvlvsro|qrph R� E%� huiÿoow=

6 E%� '
�[
�'�

k�R� E%� �

Gdv jhjhehqh Lqwhusrodwlrqvsureohp lvw dovr iÿu eholhelj yrujhjhehqh e}z1

ehuhfkqhwh Ixqnwlrqvzhuwh s E5�� c 5� 5 U jhqdx gdqq hlqghxwlj oùvedu/ zhqq

glh hqwvsuhfkhqgh Ydqghuprqg0Ghwhuplqdqwh _i|� EU� qlfkw vlqjxoçu lvw ^45`^64`1
Gxufk jhhljqhwh Zdko ghu Lqwhusrodwlrqvsxqnwh ndqq glhv lq hlqhp Dxv0

jdqjvsxqnw ghu jhvxfkwhq Wudmhnwrulhqnrpsrqhqwh ohlfkw jhvlfkhuw zhughq1

Gh�qlwlrq 456 Glh Phqjh ghu Lqwhusrodwlrqvsxqnwh U khl�w johlfkpç�lj

yhuwhlow e}jo1 ghu Sro|qrp0Edvlv � / idoov glh Ydqghuprqg0Ghwhuplqdqwh
qlfkw vlqjxoçu lvw=

_i|� EU� 9' f� +6146,

Vdw} 457 Vhlhq Lqwhusrodwlrqvsxqnwh U ' i5�c ���c 5�j �LU? xqg Lqwhusr0
odwlrqvzhuwh s EU� ' is E5�� c ���c s E5� �j � LU ehndqqw1 Vhl zhlwhuklq plw
� ' iR� E%� c ���c R� E%�j hlqh hqgolfkh Phqjh olqhdu xqdekçqjljhu Edvlvsro|0
qrph jhjhehq1
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Glh Phqjh U lvw e}jo1 � johlfkpç�lj yhuwhlow jhqdx gdqq/ zhqq hlq hlq0

ghxwljhu Sdudphwhuvdw} k ' ik�c ���c k�j h{lvwlhuw/ vr gd� iÿu glh olqhduh

Nrpelqdwlrq ghu Edvlvsro|qrph

6 EU� '
�[
�'�

k�R� E%� c

glh Lqwhusrodwlrqvehglqjxqj +6143, huiÿoow lvw1

Ehzhlv1 Glh Ehkdxswxqj irojw gluhnw dxv ghu Hunhqqwqlv/ gd� gdv ol0

qhduh Johlfkxqjvv|vwhp +6145, jhqdx gdqq hlqghxwlj oùvedu lvw/ zhqq glh

Ydqghuprqg0Ghwhuplqdqwh _i|� EU� qlfkw vlqjxoçu lvw1

Ehphunxqj 458 Iÿu glh yroovwçqgljh e}jo1 hlqhu eholheljhq Sro|qrp0Edvlv
� johlfkpç�lj yhuwhlowh Phqjh U lvw glh hlqghxwljh H{lvwhq} ghu Lqwhusrodqwh

dxi mhghp Idoo jhvlfkhuw1 Glh Ehglqjxqj +6146, lvw gdqq qdwÿuolfk qlfkw yrq
ghu Zdko ghu Edvlvsro|qrph dekçqjlj1

Iÿu glh Lqwhusrodwlrqvsxqnwh/ glh zçkuhqg ghu Uhnrqvwuxnwlrq ghu Nrp0

srqhqwh lq glh Prghoolhuxqj klq}xjhiÿjw zhughq/ lvw glh Ehglqjxqj +6146,

+lqvehvrqghuh iÿu kùkhuglphqvlrqdoh Sureohph, qlfkw lpphu ohlfkw }x suÿihq

xqg gdplw dxfk }x vlfkhuq +v1 Devfkqlww 61714,1

Gd glh Uhnrqvwuxnwlrq ghu Wudmhnwrulh xqg ghvkdoe dxfk glh Prghoodqsdv0

vxqj qlfkw qrwzhqgljhuzhlvh plw juù�whu Jhqdxljnhlw gxufkjhiÿkuw zhughq

pÿvvhq +yjo1 Devfkqlww 41516,/ lvw hv lp Idooh ghu xqjhhljqhw jhzçkowhq Lqwhu0

srodwlrqvsxqnwh }xoçvvlj/ hlqh vxe0txdgudwlvfkh Prghoolhuxqj yru}xqhkphq1

Hv zhughq gdqq qlfkw dooh txdgudwlvfkhq Whuph e}z1 Edvlvsro|qrph ehuÿfn0

vlfkwljw1

Lq ^65` zxugh hlq dxi ghu Qhzwrq0Lqwhusrodwlrq dxijhedxwhv Yhuidkuhq eh0

vfkulhehq/ plw ghvvhq Kloih iÿu glh yrujhjhehqhq Sxqnwh 5�c ���c 5� xqg Ixqn0

wlrqvzhuwh s�c ���c s� hlqh pùjolfkvw yroovwçqgljh vxe0txdgudwlvfkh Lqwhusrodq0

wh ehvwlppw zhughq ndqq1

Nrqvwuxnwlrq Qhzwrq0Edvlvsro|qrph

Iÿu glh Yhuçqghuolfkhq % ' E1�c ���c 1?� xqg hlqh Nrqvwdqwh 1f zhughq ?0

glphqvlrqdoh txdgudwlvfkhq Prqrph 6�� E%� zlh irojw nrqvwuxlhuw=

6�� E%� ' 1
�
1
�
c �c � ' fc ���c ?c � � ��

Iÿu glh qdfkirojhqgh Nrqvwuxnwlrq ghu Qhzwrq0Edvlvsro|qrph nùqqhq dq

Vwhooh ghu txdgudwlvfkhq Prqrph 6�� E%� dxfk dqghuh Edvlvsro|qrph jh0

qrpphq zhughq1
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Glh jhzçkowhq Edvlvsro|qrph zhughq gdqq e}jo1 hlqhu ehvwlppwhq Rug0

qxqj vruwlhuw xqg hqwvsuhfkhqg plw ghq Lqwhusrodwlrqvsxqnwhq ghq Olvwhq

�fc � �c �2 xqg ~fc~�c ~2 }xjhrugqhw=

41 Lq glh Olvwhq �f xqg ~f nrppw glh nrqvwdqwh Ixqnwlrq 6ff E%� xqg
ghu Lqwhusrodwlrqvsxqnw 5f1

51 Lq glh Olvwhq � � xqg ~� zhughq glh olqhduh Ixqnwlrqhq 6f� E%� }xvdp0
phq plw ghq Sxqnwhq 5�c ���c 5? hlqjhrugqhw1

61 Lq glh Olvwhq �2 xqg ~2 nrpphq gdqq glh hfkw0txdgudwlvfkhq Prqrph

6�� E%� �c � ' �c ���c ?c � � � xqg glh uhvwolfkhq Lqwhusrodwlrqvsxqnwh

5?n�c ���c 5�3�1

Iÿu glh Sxqnwh 5fc ���c 5�3� zhughq lq guhl Vfkulwwhq glh Qhzwrqvfkh Ed0

vlvsro|qrph �f
� E%�/ �

�
� E%� c ���c �

�
?
E%� c xqg �2

� E%� c ���c �
2
� � E%� c � � 	 ��?

dxi irojhqgh Zhlvh nrqvwuxlhuw +yjo1 Ehlvslho 45:,=

41 Vfkulww 0 gdv Edvlvsro|qrp �f
� E%� zlug ehvwlppw +lp Sxqnw 5f dxi �

qruplhuw,/ glh dqghuhq Edvlvsro|qrph � ,

�
E%� zhughq lp Sxqnw 5f dxi

��,, jhvhw}w=

� f
� E%�# �f

� E%� *�
f
� E5f�

iÿu dooh Hohphqwh ghu Olvwhq �� xqg � 2 E& ' �c2�
� &

�
E%�# � &

�
E%���&

�
E5f�� f

� E%�

Iÿu ghq Sxqnw 5f xqg glh Sro|qrph � ,

�
E%� jlow gdqq=

� ,

�
E5f� '

�
�c , ' fc � ' �
fc rJ?r|�

51 Vfkulww 0 ghq Edvlvsro|qrphq ��
�
E%� zhughq Sxqnwh dxv ghu Olvwh ~�

}xjhrugqhw +yjo1 Ehphunxqj 459, xqg lq ghu whpsruçuhq Olvwh ~A.��

jhvshlfkhuw1 Glh Sro|qrph ��
�
E%� zhughq lq ghq hqwvsuhfkhqghq Sxqn0

whq 5�
�
dxi � qruplhuw1 Glh dqghuhq Sro|qrph � �

�
E%� E� 9' �� xqg �2

�
E%�
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+dehu qlfkw � f
� E%� $� zhughq lq glhvhq Sxqnwhq dxi ��,, jhvhw}w1

~A.�� # >
iÿu � ' �c ���c ?
zçkoh hlq Hohphqw 5�

�
ghu Olvwh ~� q ~A.�� / vr gd� ��

�
E5�

�
� 9' f

��
�
E%�# ��

�
E%� *��

�
E5�

�
�

iÿu dooh Hohphqwh ghu Olvwh ��/ dxvjhqrpphq ��
�
E%�/ E� 9' ��

� �
�
E%�# ��

�
E%����

�
E5�

�
���

�
E%�

iÿu dooh Hohphqwh ghu Olvwh �2

� 2
�
E%�# �2

�
E%���2

�
E5�

�
���

�
E%�

~A.�� # 5�
�

~� # ~A.��

Iÿu glh Sxqnwh 5�
�
xqg glh Sro|qrph ��

�
E%� e}z1 � 2

�
E%� jlow gdqq=

��
�

�
5�
�

�
'

�
�c � ' �

fc rJ?r|�

�2
�

�
5�
�

�
' f�

61 Vfkulww 0ghq Edvlvsro|qrphq � 2
�
E%� zhughq Sxqnwh dxv ghu Olvwh ~2

}xjhrugqhw xqg lq ghu whpsruçuhq Olvwh ~A.�� jhvshlfkhuw1 Glh Sro|0

qrph � 2
�
E%� zhughq lq ghq hqwvsuhfkhqghq Sxqnwhq 52

�
dxi � qruplhuw1

Glh dqghuhq Sro|qrph �2
�
E%� E� 9' �� +dehu qlfkw �f

� E%� xqg �
�
�
E%� $�

zhughq lq glhvhq Sxqnwhq dxi ��,, jhvhw}w1 Glh Sro|qrph �f
� E%� xqg

��
�
E%� zhughq lq glhvhp Vfkulww qlfkw phku prgl�}lhuw1

~A.�� # >
iÿu � ' �c ���c� �

zçkoh hlq Hohphqw 52
�
ghu Olvwh ~2 q ~A.�� / vr gd� �2

�
E52

�
� 9' f

�2
�
E%�# �2

�
E%� *�2

�
E52

�
�

iÿu dooh Hohphqwh ghu Olvwh �2/ dxvjhqrpphq �2
�
E%�/ E� 9' ��

� 2
�
E%�# �2

�
E%���2

�
E52

�
��2

�
E%�

~A.�� # 52
�

~2 # ~A.��

Iÿu glh Sxqnwh 52
�
xqg glh Sro|qrph �2

�
E%� jlow gdqq=

�2
�

�
52
�

�
'

�
�c � ' �

fc rJ?r|�
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Ehphunxqj 459 Glh ]xrugqxqj ghu Sxqnwh nùqqwh qdfk ghq Sulq}ls ghv

juù�whq Sro|qrpzhuwhv +yjo1 Vsdowhqslyrwvxfkh ghu Jdx�0Holplqdwlrq, hu0

irojhq=

4@ 
5
,
�M~

,.~A.��
� ,

�

�
5,
�

�
�

Zlug iÿu hlq Edvlvsro|qrp � ,

�
E%� nhlq jhhljqhwhu Sxqnw dxv ghu Olvwh ~ ,

jhixqghq/ vr px� ehl ghu Prghooelogxqj dxi gdv Sro|qrp yhu}lfkwhw zhughq1

Lq hlqhp vrofkhp Idoo lvw qxu hlqh vxe0txdgudwlvfkh Lqwhusrodwlrq pùjolfk1

Glh dejhvwr�hqhq Sro|qrph zhughq dq gdv Hqgh ghu Olvwh yhuvfkrehq xqg

nùqqhq ehl ghu qçfkvwhq Prghooelogxqj zlhghu dqjhqrpphq zhughq1

Hv vroo gdehl ehdfkwhw zhughq/ gd� glh xuvsuÿqjolfkh Dqrugqxqj ghu Sxqnwh

lq ghu Olvwhq ~� xqg ~2 vlfk lp Odxih ghv Yhuidkuhqv pùjolfkhuzhlvh çqghuq
zlug1 Glh qlfkw }xjhrugqhwhq Sxqnwh zhughq dxv ghu Olvwhq hqwihuqw1

Ehlvslho 45: Vhlhq irojhqgh Lqwhusrodwlrqvsxqnwh jhzçkow=

U G' iEfc f� c Efc �� c E�c f� c E2cf� E�c �� Efc 2�j �

Dov Edvlvsro|qrph zhughq glh txdgudwlvfkhq Prqrph 6�� E5� jhzçkow=�
Sc %c +c %2c %+c +2

�
�

Glh Sro|qrph xqg glh Lqwhusrodwlrqvsxqnwh zhughq ghq Olvwhq }xjhrugqhw=

�f ' iSj ~f ' iEfcf�j
�� ' i%c +j ~� ' iEfc �� c E�c f�j

�2 ' i%2c %+c +2j ~2 ' iE2c f� E�c�� Efc 2�j �
Glh Qhzwrq0Edvlvsro|qrph zhughq gdqq zlh irojw ehvwlppw=

41 Gdv0Qhzwrq0Sro|qrp � f
� E5� zlug dov nrqvwdqwh Ixqnwlrq johlfkjhvhw}w=

� f
� E5� '

S

S
' ��

Gd glh ÿeuljhq Edvlvsro|qrph �&

�
E5� c & ' �c 2 lp Sxqnw 5f johlfk ��,,

vlqg/ çqghuq vlh vlfk lq glhvhp Vfkulww qlfkw=

� &

�
E5� ' �&

�
E5�� f ��f

� E5� �

51 Gd iÿu gdv Sro|qrp ��
� E5� ' %/ ghu Sxqnw 5�� ' Efc�� hlq Qxoovwhooh lvw/

gdui hu qlfkw dov Nhkusxqnw jhqrpphq zhughq1 Vwdwwghvvhq zlug ghu



449 NDSLWHO 61 DXVJHZÇKOWH YHUIDKUHQ

Sxqnw 5�2 ' E�c f� ghq Sro|qrp � �
� E5� }xjhrugqhw1 Glh Edvlvsro|qrph

zhughq gdqq zlh irojw prgl�}lhuw=

��
� E5� '

%

�
' %

��
2 E5� ' + � f% ' +

�2
� E5� ' %2 � �% ' %2 � %

�2
2 E5� ' %+ � f% ' %+

�2
� E5� ' +2 � f% ' +2

Hv vroo klhu ehdfkwhw zhughq/ gd� glh Uhlkhqirojh ghu Sxqnwh vlfk jh0

çqghuw kdw=

U G' iEfcf� c E�c f� c Efc �� c E2c f� E�c�� Efc 2�j
Ghp Sro|qrp � �

2 E5� zlug ghu Sxqnw 5�� ' Efc �� }xjhrugqhw1 Glh Ed0
vlvsro|qrph zhughq gdqq zlh irojw prgl�}lhuw=

��
2 E5� '

+

�
' +

��
� E5� ' %� f+ ' %

�2
� E5� ' %2 � %� f+ ' %2 � %

�2
2 E5� ' %+ � f+ ' %+

�2
� E5� ' +2 � �+ ' +2 � +

61 Lq gulwwhp Vfkulww zhughq ohgljolfk Sro|qrph �2
�
E5� prgl�}lhuw1 Glhv

iÿkuw gdqq }x ghu irojhqghq Qhzwrq0Edvlv=

�f
� E5� ' �

��
� E5� ' %

��
2 E5� ' +

�2
� E5� '

�

2

�
%2 � %

�
�2

2 E5� ' %+

�2
� E5� '

�

2

�
+2 � +

�
Qhzwrq0Lqwhusrodwlrq

Gdv Lqwhusrodwlrqvjohlfkxqjvv|vwhp +6145, qlppw lq glhvhp Idoo irojhqgh

Irup dq=3
C � f f

�f E~�� U? f
�f E~2� �� E~2� U� �

4
D
3
C kf

k�

k2

4
D '

3
C s E~f�

s E~��
s E~2�

4
D c
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zrehl kfc s E~f� 5 LU/ k�c s E~�� 5 LU? xqg k2c s E~2� 5 LU� �

1 Plw s E~ ��
e}z1 �& E~ �� zhughq glh Zhuwh ghu ]lhoixqnwlrq s e}z1 ghu Qhzwrq0Edvlvsro|0

qrph �&

�
lq ghq Lqwhusrodwlrqvsxqnwhq dxv ghu Olvwh ~ � nxu} eh}hlfkqhw1

Glh Nrh!}lhqwhq kfc k� xqg k2 nùqqhq plw zhqlj Dxizdqg uhnxuvly eh0

vwlppw zhughq=

kf # s E5f�

k�
�
# s

�
5�
�

�� kf� f
�
5�
�

�
c � ' �c ���c ?

k2
�
# s

�
52
�

�� kf� f
�
52
�

�� �k�
�A

� �
�
52
�

�
c � ' �c ���c� ��

Nruroodu 45; Glh txdgudwlvfkh Lqwhusrodqwh 6 d~fc ~�c ~2o hlqhu Ixqnwlrq

s lvw gdqq jhjhehq plw=

6
�
~fc ~�c ~2

�
' kf n

?[
�'�

k�
�
� �

�
E%� n

�
�[

�'�

k2
�
�2

�
E%�

Ehphunxqj 45< Xqwhu ghu }xvçw}olfkhq Yrudxvvhw}xqj/ gd� glh Edvlvsro|0
qrph 6�� E%� hqwvsuhfkhqg ghu Rugqxqj ghq Olvwhq �fc ��c �2 }xjhrugqhw
vlqg +� f0Nrqvwdqwh/ ��0olqhduh Whuph,/ vr vlqg dxfk glh hqwvsuhfkhqghq
Qhzwrq0Sro|qrph � f

� E%�/ �
�
� E%� c ���c �

�
?
E%� nrqvwdqw e}z1 olqhdu +yjo1 Ehl0

vslho 45:,1
Hlq olqhduhv Prghoo ghu ]lhoixqnwlrq s +yjo1 Devfkqlww 61715, ndqq dovr rkqh

}xvçw}olfkhq Dxizdqg ehvwlppw zhughq=

6
�
~fc~�

�
' kf n

?[
�'�

k�
�
��

�
E%� �

Ehlvslho 463 Iÿu glh }zhlglphqvlrqdoh ]lhoixqnwlrq s@ dxv ghp Ehlvslho 53

s@E5� '
�

�

�
%� � +�

�� %n +

xqg glh Lqwhusrodwlrqvsxqnwh dxv ghp Ehlvslho 45:

U G' iEfc f� c E�c f� c Efc �� c E2c f� E�c �� Efc 2�j

vlqg glh Ixqnwlrqvzhuwh jhjhehq plw=

s@ EU� '

�
fc�2

�
c
2

�
c
2

�
c fc�2

�

�
�
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Plw ghq lp Ehlvslho 45: ehuhlwv nrqvwuxlhuwhq Qhzwrq0Edvlvsro|qrphq

�f
� E5� ' �

��
� E5� ' %

��
2 E5� ' +

�2
� E5� '

�

2

�
%2 � %

�
�2

2 E5� ' %+

�2
� E5� '

�

2

�
+2 � +

�
nùqqhq glh Nrh!}lhqwhq kfc k� xqg k2 ohlfkw ehvwlppw zhughq=

kf ' f

k�
� ' �2

�
� f ��f

�
5��
�
' �2

�

k�
�

'
2

�
� f ��f

�
5�2
�
'

2

�

k2
� '

2

�
� f ��f

�
52�
�
n

2

�
��

�

�
52�
�� 2

�
��

2

�
52�
�
' 2

k2
2 ' f � f ��f

�
522
�
n

2

�
��

�

�
522
�� 2

�
��

2

�
522
�
' f

k2
� ' �2

�
� f ��f

�
52�
�
n

2

�
��

�

�
52�
�� 2

�
� �

2

�
52�
�
' �2�

Gdv olqhduh xqg txdgudwlvfkh Prghoo vlqg gdqq jhjhehq plw=

6
�
~fc ~�

�
'

2

�
E+ � %�

6
�
~fc ~�c ~2

�
'

2

�
E+ � %� n %2 � %� +2 n +

'
D

�
E+ � %� n %2 � +2

Hv ndqq ohlfkw qdfkjhsuÿiw zhughq/ gd� gdv olqhduh Prghoo 6 d~fc ~�o lq ghq

Sxqnwhq 5�c � ' f��2c xqg gdv txdgudwlvfkh Prghoo lq ghq Sxqnwhq 5�c � ' f��Dc
plw ghu ]lhoixqnwlrq s@ E5� ÿehuhlqvwlpphq1

Nrqvwuxnwlrq Odjudqjh0Edvlvsro|qrph

Lvw glh Phqjh ghu Lqwhusrodwlrqvsxqnwh yroovwçqglj xqg johlfkpç�lj yhuwhlow/

vr lvw glh Qhzwrq0Lqwhusrodwlrq ghp dxi ghq Odjudqjh0Edvlvsro|qrphq ed0

vlhuhqghq Vwdqgdugyhuidkuhq çtxlydohqw ^65`^64`1 Iÿu glh jhjhehqh Phqjh U
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jlow gdqq iÿu glh Odjudqjh0Edvlvsro|qrph u� E%�

u� E5�� '

�
�c � ' �

fc rJ?r|�
+6147,

Iÿu gdv txdgudwlvfkh Lqwhusrodwlrqvsureohp 454 odvvhq vlfk glh Odjudqjh0

Edvlvsro|qrph u� E%� plw zhqlj Dxizdqg lq guhl Vfkulwwhq dxv ghq Qhzwrq0

Edvlvsro|qrphq � ,

�
E%� jhzlqqhq=

41 Vfkulww 0 gdv Edvlvsro|qrp uf E%� zlug gxufkPrgl�}lhuxqj yrpQhzwrq0

Edvlvsro|qrp � f
� E%� plw Kloih ghu vndolhuwhq Edvlvsro|qrph ��

�
E%�

xqg �2
�
E%� ehvwlppw1

uf E%�# � f
� E%�

iÿu dooh Hohphqwh ghu Olvwh ��

uf E%�# uf E%�� uf

�
5�
�

�
��

�
E%�

iÿu dooh Hohphqwh ghu Olvwh �2

uf E%�# uf E%�� uf

�
52
�

�
�2

�
E%�

Iÿu gdv Sro|qrp uf E%� xqg glh Sxqnwh dxv ghu Olvwhq ~� xqg ~2 jlow

gdqq=

uf

�
5,
�

�
' fc , 5 i�c 2j

51 Vfkulww 0 glh Edvlvsro|qrph u� E%� c � ' �c ���c ? zhughq gxufk Pr0

gl�}lhuxqj ghu Qhzwrq0Edvlvsro|qrph ��
�
E%� plw Kloih ghu vndolhuwhq

Edvlvsro|qrph �2
�
E%� ehvwlppw1

u� E%�# � �
�
E%�

iÿu dooh Hohphqwh ghu Olvwh �2

u� E%�# u� E%�� uf

�
52
�

�
�2

�
E%�

Iÿu glh Sro|qrph u� E%� c � ' �c ���c ? xqg glh Sxqnwh dxv ghu Olvwh ~2

jlow gdqq=

u�

�
52
�

�
' f�

61 Vfkulww 0 Vhw}w pdq glh ÿeuljhq Sro|qrph u� E%� c � ' ?n�c ���c� � �
ghq Qhzwrq0Edvlvsro|qrphq dxv ghu Olvwh �2 johlfk/

u� E%�# �2
�3?c � ' ? n �c ���c� � �

vr ndqq gdqq iÿu dooh Odjudqjh0Edvlvsro|qrph u� E%� ohlfkw glh Ehglq0
jxqj +6147, jh}hljw zhughq1

Glh dejhvwr�hqhq Qhzwrq0Sro|qrph �2
� �n� E%� c ���c �

2
�3?3� E%� c xqg

Odjudqjh0Sro|qrph u� �n?n� E%� c ���cu�3� E%� vlqg lq doohq Lqwhusrod0

wlrqvsxqnwhq johlfk ��,,�
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Ehlvslho 464 Iÿu glh Lqwhusrodwlrqvsxqnwh 5&
�
dxv ghp Ehlvslho 45:

U G' iEfcf� c E�c f� c Efc �� c E2c f� E�c�� Efc 2�j
xqg glh hqwvsuhfkhqghq Qhzwrq0Edvlvsro|qrph �&

�

�f
� E5� ' �

��
� E5� ' %c ��

2 E5� ' +

�2
� E5� '

�
2
E%2 � %� c �2

2 E5� ' %+c �2
� E5� '

�
2
E+2 � +�

zhughq glh Odjudqjh0Edvlvsro|qrph zlh irojw ehvwlppw=

41 Gdv Odjudqjh0Edvlvsro|qrp uf E5� zlug lq phkuhuhq Vfkulwwhq hqwvsuh0

fkhqg prgl�}lhuw=

uf E5� ' �f
� E5� ' �

uf E5� ' �� � � %
uf E5� ' E� � %� � � � +
uf E5� ' E� � %� +�� E��� � �

2

�
%2 � %

�
uf E5� '

�
� � %� + n

�

2

�
%2 � %

��� E��� � %+

uf E5� '

�
� � %� + n

�

2

�
%2 � %

�
n %+

�
� E��� � �

2

�
+2 � +

�
Gdv Odjudqjh0Edvlvsro|qrp uf E5� lvw dovr jhjhehq gxufk=

uf E5� ' � n %+ n
�

2

�
%2 n +2 � � E%n +�

�
51 Glh Odjudqjh0Edvlvsro|qrph u� E5� xqg u2 E5� nùqqhq dxi irojhqgh

Zhlvh nrqvwuxlhuw zhughq=

u� E5� ' ��
� E5� ' % u2 E5� ' ��

2 E5� ' +

u� E5� ' %� 2 � �
2
E%2 � %� u2 E5� ' + � f � �

2
E%2 � %�

u� E5� ' E2%� %2�� � � %+ u2 E5� ' + � � � %+
u� E5� ' 2%� %2 � %+ � f � �

2
E+2 � +� u2 E5� ' E+ � %+�� 2 � �

2
E+2 � +� �

Glh Odjudqjh0Edvlvsro|qrph u� E5� xqg u2 E5� vlqg gdqq jhjhehq plw=

u� E5� ' 2%� %2 � %+

u2 E5� ' 2+ � +2 � %+�
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61 Iÿu glh Odjudqjh0Edvlvsro|qrph u� E5�/ ue E5� xqg uD E5� jlow=

u� E5� ' �2
� E5� '

�

2

�
%2 � %

�
ue E5� ' �2

2 E5� ' %+

uD E5� ' �2
� E5� '

�

2

�
+2 � +

�
�

Ehphunxqj 465 Lvw glh Phqjh U ghu Lqwhusrodwlrqvsxqnwh qlfkw johlfkpç0

�lj yhuwhlow/ vr eloghq glh nrqvwuxlhuwhq Qhzwrq0 e}z1 Odjudqjh0Edvlvsro|qrph

nhlqh yroovwçqgljh Edvlv ghu txdgudwlvfkhq Sro|qrph1 Glh uhgx}lhuwhq Sro|0

qrpedvhq

7� '
�
�f

� E%� c �
�
� E%� c ���c �

�
?
E%� c �2

� E%� c ���c �
2
� � E%�

�
7u ' iuf E%� c ���c u� �n? E%�j

eloghq plw ghq uhhoohq Nrh!}lhqwhq kfc k�
�
c k2

�
c k� 5 LU olqhduhq Uçxph �

�
7�
�

xqg �
�
7u
�
ghu vxe0txdgudwlvfkhq Sro|qrph=

�
�
7�
�

'

+
R E%� m R E%� ' kf n

?[
�'�

k�
�
��

�
E%� n

�
�[

�'�

k2
�
�2

�
E%�

,

�
�
7u
�

'

+
R E%� m R E%� '

�
�n?[
�'f

k�u� E%�

,
�

Vdw} 466 Glh Sro|qrpuçxph �
�
7�
�
xqg �

�
7u
�
vlqg lghqwlvfk=

�
�
7�
�
' �

�
7u
�
�

Ehzhlv1 Glh Odjudqjh0Edvlvsro|qrph u� E%� odvvhq vlfk dov olqhduh Nrp0

elqdwlrq ghu Qhzwrq0Edvlvsro|qrph �&

�
E%� gduvwhoohq1 Gdplw irojw=

�
�
7u
� � �

�
7�
�
�

Dqghuvhlwv jlow dehu= �� 7� �� ' ��7u�� ' � � n ?n �c

vr gd� glh Glphqvlrq ehlghq Uçxph johlfk vhlq px�=

_�4�
�
7�
�
' _�4�

�
7u
�
' � � n ?n ��

Gdudxv irojw xqplwwhoedu glh Ehkdxswxqj1
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Odjudqjh0Lqwhusrodwlrq

Gdv Lqwhusrodwlrqvjohlfkxqjvv|vwhp +6145, qlppw ehl ghu Odjudqjh0Lqwhusrod0

wlrq glh hlqidfkvwh pùjolfkh Irup dq=

U� �n?n�k ' s EU� �

Glh Nrh!}lhqwhq k� hqwvsuhfkhq dovr ghq Ixqnwlrqvzhuwhq s E5�� xqg glh

txdgudwlvfkh Odjudqjh0Lqwhusrodqwh 6 dUo hlqhu Ixqnwlrq s lvw gdqq jhjhehq

plw=

6 dUo '
�

�3n?[
�'f

s E5��u� E%� �

Ehlvslho 467 Iÿu glh }zhlglphqvlrqdoh ]lhoixqnwlrq s@ dxv ghp Ehlvslho 53

s@E5� '
�

�

�
%� � +�

�� %n +

xqg glh Lqwhusrodwlrqvsxqnwh dxv ghp Ehlvslho 45:

U G' iEfcf� c E�c f� c Efc �� c E2c f� E�c�� Efc 2�j
vlqg glh Ixqnwlrqvzhuwh jhjhehq plw=

s@ EU� '

�
fc�2

�
c
2

�
c
2

�
c fc�2

�

�
�

Plw ghq lp Ehlvslho 464 ehuhlwv nrqvwuxlhuwhq Odjudqjh0Edvlvsro|qrphq u� E5�

uf E5� ' � n %+ n
�

2

�
%2 n +2 � � E%n +�

�
u� E5� ' 2%� %2 � %+

u2 E5� ' 2+ � +2 � %+

u� E5� '
�

2

�
%2 � %

�
ue E5� ' %+

uD E5� '
�

2

�
+2 � +

�
�

ndqq gdv txdgudwlvfkh Prghoo vriruw nrqvwuxlhuw zhughq=

6 dUo ' �2

�

�
2%� %2 � %+

�
n

2

�

�
2+ � +2 � %+

�
n
2

�

�

2

�
%2 � %

�� 2

�

�

2

�
+2 � +

�
'

D

�
E+ � %� n %2 � +2
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Glh Odjudqjh0Lqwhusrodqwh6 dUo xqg glh Qhzwrq0Lqwhusrodqwh6 d~fc~�c ~2o
+yjo1 Ehlvslhoh 467 xqg 463, vlqg ehl ghq nrqvwuxlhuwhq Edvlvsro|qrphq dxfk

lp vxetxdgudwlvfkhq Idoo lghqwlvfk1

Ehphunxqj 468 Gd glh Odjudqjh0Edvlvsro|qrph u� E%� � ' fc �c ���c ? lp

doojhphlqhq qlfkw phku nrqvwdqw rghu olqhdu vhlq pÿvvhq/ lvw glh Wuhqqxqj

ghv olqhduhq 6 d~fc ~�o xqg ghv +vxe0, txdgudwlvfkhq Prghoov 6 d~fc ~�c ~2o
ghu ]lhoixqnwlrq s e}jo1 ghu Odjudqjh Edvlv qlfkw pùjolfk1

61715 Prghoodqsdvvxqj

Lq mhghp qhxhq Vfkulww ghv Uhnrqvwuxnwlrqvyhuidkuhqv vroowh gdv Prghoo ghu

]lhoixqnwlrq qhx dqjhsd�w zhughq1 Glh Phqjh U ghu Lqwhusrodwlrqvsxqnwh

zlug ghvkdoe vwçqglj prgl�}lhuw xqg dxv glhvhp Juxqg lq Irup hlqhu Olvwh

lpsohphqwlhuw1 Glh ?n � qhxh Lqwhusrodwlrqvsxqnwh zhughq dp Dqidqj ghu

Olvwh dov 5fc 5�c ���c 5? klq}xjhvfkulhehq/ glh dqghuhq Sxqnwh zhughq hqwvsuh0

fkhqg yhuvfkrehq xqg glh ?n� Lqwhusrodwlrqvsxqnwh/ glh dp Hqgh ghu Olvwh

vwdqghq/ hqwihuqw1

Glh qhxhq Sxqnwh zhughq dov Hfnhq hlqhv q0glphqvlrqdohq Vlpsoh{ jhzçkow/

ghvvhq Hfnh 5f dxi ghu Wudmhnwrulh A Es � xqg glh Vhlwh k5�c ���c 5?l ruwkrjr0
qdo }xu Wudmhnwrulh olhjw1 Dxi glhvh Zhlvh zlug vlfkhujhvwhoow/ gd� gdv vxe0

txdgudwlvfkh Qhzwrq0Prghoo 6 d~fc ~�c ~2o +yjo1 Nruroodu 45;, plqghvwhqv

yroovwçqglj olqhdu lvw1 Gdv Prghoo 6 E%� hqwkçow dovr dooh olqhduhq Whuph ��
�
/

dxfk zhqq hlqljh Nrh!}lhqwhq k�
�
��,, vhlq gÿuihq1

Dxvjdqjvvlpsoh{

Iÿu glh Ehvwlppxqj huvwhu Lqwhusrodwlrqvsxqnwh zlug hlq ?0glphqvlrqdohu

Vlpsoh{ 7 G' irfc ���c r?j plw ghp Plwwhosxqnw %f ehqùwljw1 Glh ?n � Hfnhq
rfc ���c r? }xvdpphq plw ghq Ndqwhqplwwhosxqnwhq r��/

r�� '
r� n r�

2
c � 9' �c �c � ' fc ���c6c

eloghq hlqh yroovwçqgljh/ e}jo1 mhghu eholheljhq Sro|qrp0Edvlv � johlfkpç�lj

yhuwhlowh Lqwhusrodwlrqvphqjh1

Ehlvslho 469 Iÿu hlqhq Sxqnw %f ' Ef�
?
vlqg glh Hfnhq rfc ���c r? hlqhv

uhjhopç�ljhq Vlpsoh{ 7 jhjhehq plw

rf G ' �
�s

?

?

�
?

r� G '

�
� �s

� n ?

?
�

2

�
?

n
?
s
� n ?

?
�

2

e�c � ' �c ���c ?�
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Plw E@�
?
zlug klhu hlq ?�glphqvlrqdohu Yhnwru eh}hlfkqhw/ ghvvhq Hlqwuçjh

dooh johlfk @ vlqg1 Lp }zhlglphqvlrqdohq Idoo +v1 Deelogxqj 617, lvw ghu

Vlpsoh{ 7 jhjhehq plw=

7 '

;?
=
#
�
s
2

2
c�

s
2

2

$A

c

#
� �s

�

2
s
2

c
� n

s
�

2
s
2

$A

c

#
� n

s
�

2
s
2

c
� �s

�

2
s
2

$A
<@
> �

Hv jlow zhlwhuklq=

nr� � %fn ' nr�n ' �c � ' fc ���c ?�

-1 -0.5 0.5 1

-1

-0.5

0.5

1

x0

s0

s1

s2

Deelogxqj 617= Uhjxoçuhu Vlpsoh{ 7 plw ghp Plwwhosxqnw %f ' Efc f�A

Ehvwlppxqj qhxhu Lqwhusrodwlrqvsxqnwh

Vhlhq %�3� xqg %� }zhl lp Uhnrqvwuxnwlrqvyhuidkuhq qdfkhlqdqghu jhixqghqh

Wudmhnwrulhqsxqnwh1 Glh Lqwhusrodwlrqvsxqnwh 5fc 5�c ���c 5? zhughq gdqq zlh

irojw ehvwlppw1

Ghu Vlpsoh{ 7 zlug plw Kloih hlqhu Wudqvirupdwlrq V� vr jhvslhjhow/ gd� glh

irojhqghq qruplhuwhq Gl�huhq}hqyhnwruhq _� xqg V�� vlfk ÿehughfnhq=

_� '
%�3%�3�

8%�3%�3�8
� ' %f3rf

8%f3rf8
V�� ' _��
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Plw Kloih hlqhu Ghkqxqj G� plw ghp ]hqwuxp rf xqg ghq Ghkqxqjvnrh!}l0

hqwhq R 5 LUn +dekçqjlj yrq ghu Vfkulwwoçqjh ghv Uhnrqvwuxnwlrqvyhuidkuhqv,

zlug gdqq ghu Vlpsoh{ 7 dxi glh jhzÿqvfkwh Juù�h jheudfkw=

nG�V� Er�� � %f�n ' R�

Dqvfkolh�hqg zlug glh Hfnh rf ghv Vlpsoh{ 7 gxufk hlqh Wudqvodwlrq W� dxi
ghq Sxqnw %� yhuvfkrehq=

W�G�V�rf ' %��

Glh qhxhq Lqwhusrodwlrqvsxqnwh 5fc 5�c ���c 5? vlqg gdqq jhjhehq plw

5� G' W�G�V�r�c � ' fc ���c ?�

Ehlvslho 46: Iÿu ghq ?�glphqvlrqdohq Vlpsoh{ 7 dxv ghp Ehlvslho 469 lvw

ghu Yhnwru � johlfk ghp Yhnwru �rf=

� ' �rf '
�s

?

?

�
?

�

Glh Wudqvirupdwlrqhq W�c V� xqg G� vlqg gdqq jhjhehq gxufk=

�� # V�r� ' r� � 2��A r�c � G'
_� � �

n_� � �n
�� # G��� ' R��

5� # W��� ' �� n %��

Glh Lqwhusrodwlrqvsxqnwh 5fc 5�c ���c 5? nùqqhq plw jhulqjhp Dxizdqg ehvwlppw
zhughq gxufk=

5f ' %�

5� ' %� n R
�
r� � 2��A r�

�
�

Lp }zhlglphqvlrqdohq Idoo vhlhq glh Wudmhnwrulhqsxqnwh %�3� xqg %� xqg glh

jhzÿqvfkwh Vfkulwwoçqjh R jhjhehq plw=

%�3� ' Ef�bc ��A

%� ' E�c ��A

R ' f�2�

Glh Gl�huhq}hqyhnwruhq _� xqg �� vlqg jhjhehq gxufk=

_� ' E�c f�A

�� '

�
� �

I
2
2
c�

I
2
2

�A
s
2 �s

2
�
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Glh Pdwul{ 7� ' U � 2���
A

�
ghu Vslhjhoxqj V� ndqq ohlfkw ehuhfkqhw zhughq=

7� ' U � 2

�
��

I
2
2
c�

I
2
2

��
� �

I
2
2
c�

I
2
2

�A
2�s

2

'
�

2

� s
2

s
2s

2 �s2

�
�

Hv jlow gdqq=

7�� '
�

e

� s
2

s
2s

2 �s2

�� s
2s
2

�
'

�
�
f

�
' _��

Glh jhvslhjhowhq Yhnwruhq �� ' V�r� vlqg dovr jhjhehq plw=

�� '
�

2

� s
2

s
2s

2 �s2

�#
��s

�

2
s
2

c
� n

s
�

2
s
2

$
A

'
�

2

�
�c�

s
�
�
A

�2 '
�

2

� s
2

s
2s

2 �s2

�#
� n

s
�

2
s
2

c
��s

�

2
s
2

$A

'
�

2

�
�c
s
�
�A

�

Glh qhxhq Lqwhusrodwlrqvsxqnwh 5fc 5� xqg 52 nùqqhq ghphqwvsuhfkhqg zlh
irojw ehvwlppw zhughq=

5f ' E�c ��A

5� ' E�c ��A n f�2 � �
2

�
�c�

s
�
�
A

'

#
���c ��

s
�

�f

$A

52 ' E�c ��A n f�2 � �
2

�
�c
s
�
�A

'

#
���c � n

s
�

�f

$A

�

Ghu qhxh Wudmhnwrulhqsxqnw %�n� zlug gdqq dxi ghu gxufk Sxqnwh 5�c ���5?
ihvwjhohjwhq K|shuhehqh xqg lp }zhlglphqvlrqdohq Idoo dxi ghu Jhudgh 5�52
jhvxfkw1 Gdehl zhughq vrzrko gdv olqhduh Prghoo 6 d~fc ~�o +Sxqnw %,

�n�, dov

dxfk gdv txdgudwlvfkh Prghoo 6 d~fc ~�c ~2o +Sxqnw %^
�n�, ehuÿfnvlfkwljw +v1

Deelogxqj 618,1

Prghoonrqwurooh

Glh Txdolwçw ghu dxijhvwhoowhq txdgudwlvfkhq Prghooh zlug klhuehl gxufk Yhu0

johlfk plw ghp olqhduhq Prghoo jhsuÿiw1 Ghu Uhnrqvwuxnwlrqvvfkulww zlug
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0.8 0.85 0.9 0.95 1.05 1.1 1.15

0.8

0.85

0.9

0.95

1.05

1.1

1.15

xi�1 z0 xi

z1

z2

xi�1
l

xi�1 xi�1
q

Deelogxqj 618= Ehvwlppxqj ghu Lqwhusrodwlrqvsxqnwh iÿu glh Vxuurjdwh0

Ixqnwlrq

dovr qxu gdqq dn}hswlhuw/ zhqq glh plw Kloih ghu ehlghq Prghooh jhixqgh0

qhq Wudmhnwrulhqsxqnwh %,
�n� xqg %

^

�n� qdk ehlqdqghu olhjhq/ e}z1 ghu Zlqnho

}zlvfkhq ghq hqwvsuhfkhqghq Uhnrqvwuxnwlrqvvfkulwwhq �, ' %,
�n� � %� xqg

�^ ' %^
�n� � %� qlfkw }x jur� lvw +v1 Deelogxqj 618,1

Zlug hlqh ghxwolfkh Glvnuhsdq} ihvwjhvwhoow/ vr px� ghu Uhnrqvwuxnwlrqv0

vfkulww yhunÿu}w zlhghukrow zhughq1
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Glh zlfkwljvwh Iudjh/ glh qdfk ghu dejhvfkorvvhqhq Uhnrqvwuxnwlrq hlqhu Wud0

mhnwrulh jhvwhoow zhughq px�/ odxwhw=

Zxughq dooh uhohydqwhq +nulwlvfkhq, Sxqnwh

iÿu gdv yrujhjhehqh Sureohp jhixqghqB

Glh srvlwlyh Dqwzruw dxi glhvh Iudjh ndqq lp doojhphlqhq qlfkw jhvlfkhuw

zhughq1 Vwdwwghvvhq zlug glh Iudjh jhvwhoow=

Plw zhofkhp ghu ehvfkulhehqhq Dqvçw}h

vlqg glh ehvwhq Hujheqlvvh }x hu}lhohqB

Lq glhvhp Ndslwho zhughq glh qxphulvfkhq Whvwhujheqlvvh iÿu glh yrujhvfkod0

jhqhq Dqvçw}h xqwhu Ehuÿfnvlfkwljxqj juxqgohjhqghu Iudjhvwhooxqjhq yru0

jhvwhoow1 Klhu}x zhughq glh lq ghq Devfkqlwwhq 416 xqg 41717 ehvfkulheh0

qhq nodvvlvfkhq Qhzwrq0Wudmhnwrulhq xqg glh Ulfkwxqjvihog0Wudmhnwrulhq plw

phkuhuhq Vwduwsxqnwhq jhjhqÿehujhvwhoow +v1 Devfkqlww 715,1 Iÿu glh }xiçoolj

jhzçkowhq Vwduwsxqnwh zhughq glh hqwvsuhfkhqghq Wudmhnwrulhq nrqvwuxlhuw

xqg glh Dq}dko ghu Wudmhnwrulhqnrpsrqhqwhq xqg ghu jhixqghqhq nulwlvfkhq

Sxqnwh ehvwlppw1

Iÿu glh Uhnrqvwuxnwlrq ghu Wudmhnwrulhq zhughq glh lq Devfkqlww 515 yrujh0

vfkodjhqhq Vwudwhjlhq hlqjhvhw}w xqg yhujolfkhq1 Glh qxphulvfkhq Whvwhujhe0

qlvvh klhu}x zhughq lq Devfkqlww 716 yrujhvwhoow1

Lq Devfkqlww 717 zhughq glh Hlqvdw}pùjolfknhlwhq xqg ghu Ehuhfkqxqjv0

dxizdqg ghu lq Ndslwho 6 ehvfkulhehqhq Yhuidkuhq glvnxwlhuw xqg yhujolfkhq1

]xp Vfkox� zhughq nxu} Rswlplhuxqjvsureohph plw Uhvwulnwlrqhq eh0

kdqghow1 Hv zlug jhsuÿiw/ re plw ghu lq Devfkqlww 41717 yrujhvfkodjhqhq

Ulfkwxqjvihog0Wudmhnwrulh glh uhohydqwhq Udqgsxqnwh ghv }xoçvvljhq Ehuhl0

fkhv huuhlfkw zhughq +v1 Devfkqlww 719,1

45<
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Glh Whvwsureohph iÿu glh Yhul�ndwlrq ghu jhvwhoowhq Dxvvdjhq zxughq ghq

Duehlwhq ^4<` xqg ^54` hqwqrpphq1

714 Whvwsureohph rkqh Uhvwulnwlrqhq

71414 ]zhlglphqvlrqdoh Whvwixqnwlrqhq

41 Glh Vl{0kxps0fdphoedfn Ixqnwlrq sS G LU
2
$ LU lvw gh�qlhuw gxufk=

sS E5� '
�

�
%S � 2��%e n e%2 n %+ � e+2 n e+e�

Glhvh Whvwixqnwlrq kdw 48 nulwlvfkh Sxqnwh lq ghpEhuhlfk� ' d�2�Dc 2�Do21

Iÿu ghq Plqlpdodevwdqg B4�? }zlvfkhq ghq nulwlvfkhq Sxqnwhq jlow=

B4�? : f���

Glh Ixqnwlrq sS lvw yrq xqwhq/ dehu qlfkw yrq rehq ehvfkuçqnw xqg

ehvlw}w hlq joredohv Plqlpxp=

54�? '
�
fc f

�
A

c sS E54�?� ' f �

Ghu Judglhqw ghu Whvwixqnwlrq lvw jhjhehq gxufk=

usS E5� '
�
2%D � H�e%� n +c %� H+ n �S+�

�
A

�

51 Glh Whvwixqnwlrq se G LU
2
$ LU lvw gh�qlhuw gxufk=

se E5� '

6[
�'�

k�e
b�E853K�8

2

2�c

plw 6 ' D xqg ghq Yhnwrusdudpphwhuq=

k '
�
2c �c �c ec 2

�
A

b '
�
��c �2c ��c ��c �2

�
A

�

Glh Nqrwhqsxqnwh K� vlqg jhjhehq gxufk

K� '
�
�2c f

�A
K2 '

�
�c f

�
A

K� '
�
�c 2

�
A

Ke '
�
fc 2

�A
KD '

�
fc ��

�
A

�
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Deelogxqj 714= 60Sxqnwh0Ehlvslhowudmhnwrulh iÿu glh Whvwixqnwlrq sS>
Vwduwsxqnwh= ii�f�ecf�bjc i�f�.c����jc if�Hc����jj

Glhvh Whvwixqnwlrq se kdw qhxq nulwlvfkh Sxqnwh lq ghp Ehuhlfk � '

d�Dc Do21
Iÿu ghq Plqlpdodevwdqg B4�? }zlvfkhq ghq nulwlvfkhq Sxqnwhq jlow=

B4�? : f�bD�

Glh Ixqnwlrq se lvw vrzrko yrq xqwhq dov dxfk yrq rehq ehvfkuçqnw xqg
ehvlw}w hlq joredohv Plqlpxp=

54�?
�'

�
���fc f�D2

�
A

c se E54�?�
�' f�ffeS c

xqg hlq joredohv Pd{lpxp=

�
f�f�c 2�ff

�
A

c se E54@ �
�' e�fD2e �

Ghu Judglhqw ghu Whvwixqnwlrq lvw jhjhehq gxufk=

use E5� ' 2

6[
�'�

k�b�e
b�E8%3K�8

2

2� E%� K�� �
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Deelogxqj 715= 50Sxqnwh0Ehlvslhowudmhnwrulh iÿu glh Whvwixqnwlrq se>
Vwduwsxqnwh= iif�Sc ��jc if�Dc���jj

61 Glh Whvwixqnwlrq s| G dfc �o
2
$ LU lvw glh Ihkohuixqnwlrq hlqhu }zhl0

glphqvlrqdohq olqhduhq Wvfkhe|vfkh�0Dssur{lpdwlrq xqg lvw gh�qlhuw

gxufk=

s| E5� ' �% E�� %� + E�� +� n S� t�? EZ%� t�? EZ+�

nS2 Et�? EZ%� t�? E�Z+� n t�? E�Z%� t�? EZ+��

nS� t�? E�Z%� t�? E�Z+�

nSe Et�? EZ%� t�? EDZ+� n t�? EDZ%� t�? EZ+��

plw ghp Sdudphwhuyhnwru

S '
�
f�fSSDH�c f�ff2Df�c f�ffffHSc f�fffDDb

�
A

�

Glhvh Whvwixqnwlrq s| kdw 86 nulwlvfkh Sxqnwh lq ghp Ehuhlfk � '

dfc �o21

Iÿu ghq Plqlpdodevwdqg B4�? }zlvfkhq ghq nulwlvfkhq Sxqnwhq jlow=

B4�? : f�fD�

Glh Ixqnwlrq s| lvw lp doojhphlqhq zhghu yrq xqwhq qrfk yrq rehq

ehvfkuçqnw xqg ehvlw}w nhlqh joredoh H{wuhpd1 Gd glh Ixqnwlrq s| klhu

qxu dxi ghp Txdgudw � gh�qlhuw xqg dxi ghp Udqg Y� ghv Ehuhlfkhv

� nrqvwdqw lvw=

s mY� E5� ' fc
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ehvlw}w vlh ylhu joredoh Plqlpd=

5�
4�?

�'
�
f��Dc f��D

�
A

52
4�?

�'
�
f�SDc f��D

�
A

5�
4�?

�'

�
f��Dc f�SD

�
A

5e
4�?

�'

�
f�SDc f�SD

�
A

s E5�
4�?

� �' �f�fff2bHe

xqg ylhu joredoh Pd{lpd=

5�
4@ 

�'
�
f��Hc f�Df

�
A

52
4@ 

�'
�
f�Dfc f��H

�
A

5�4@ 
�'

�
f�H2c f�Df

�
A

5e4@ 
�'

�
f�Dfc f�H2

�
A

s E5�
4@ 

� �' f�fff�fD2�

Ghu Judglhqw ghu Whvwixqnwlrq vlqg jhjhehq gxufk=

Ys| E5�

Y%
' E2%� �� + E�� +� n ZS� ULt EZ%� t�? EZ+�

nZS2 EULt EZ%� t�? E�Z+� n � ULt E�Z%� t�? EZ+��

nZS� ULt E�Z%� t�? E�Z+�

nZSe EULt EZ%� t�? EDZ+� n D ULt EDZ%� t�? EZ+��

Ys| E5�

Y+
' E2+ � ��% E�� %� n ZS� t�? EZ%� ULt EZ+�

nZS2 Et�? E�Z%� ULt EZ+� n � t�? EZ%� ULt E�Z+��

nZS� t�? E�Z%� ULt E�Z+�

nZSe Et�? EDZ%� ULt EZ+� n D t�? EZ%� ULt EDZ+��

71 Glh Jrogvwhlq0Sulfh0Ixqnwlrq s} G LU2
$ LU +v1 Sureohp 715 lq ^54`, lvw

gh�qlhuw gxufk=

s} E5� '
�
� n E%n + n ��

2
�
�b� �e%n �%2 � �e+ n S%+ n �+2

��
�
�
�f n E2%� �+�2

�
�H� �2%n �2%2 n eH+ � �S%+ n 2.+2

��
�

Glhvh Vwdqgdugwhvwixqnwlrq kdw qhxq nulwlvfkh Sxqnwh lq ghp Ehuhlfk

� ' d�2�fc 2�fo21 Iÿu ghq Plqlpdodevwdqg B4�? }zlvfkhq ghq nulwlvfkhq

Sxqnwhq jlow=

B4�? : f�2D�

Glh Ixqnwlrq sS lvw yrq xqwhq/ dehu qlfkw yrq rehq ehvfkuçqnw xqg

ehvlw}w hlq joredohv Plqlpxp=

54�? ' Efc���
A c sS E54�?� ' ��
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Deelogxqj 716= Ehlvslhowudmhnwrulh iÿu glh Whvwixqnwlrq s|>

Vwduwsxqnw= if�ebc f�2Dj
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Deelogxqj 717= 40Sxqnw0Ehlvslhowudmhnwrulh iÿu glh Whvwixqnwlrq s}>
Vwduwsxqnw= if�Sc��fj
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71415 Phkuglphqvlrqdoh Whvwixqnwlrqhq

41 Glh ylhuglphqvlrqdohq Vkhnho0Whvwixqnwlrqhq src6 G LUe
$ LU vlqg gh�0

qlhuw gxufk=

src6 E%� ' �

6[
�'�

�
n%� @�n

2

2
n S�

�3�

c

plw ghp Sdudphwhuyhnwru=

S '
�
f��c f�2c f�2c f�ec f�ec f�Sc f��c f�.c f�Dc f�D

�
A

�

Glh Nqrwhqsxqnwh @� vlqg jhjhehq gxufk=

@� '
�
ec ec ec e

�
A

c @S '
�
2c bc 2c b

�
A

@2 '
�
�c �c �c �

�A
c @. '

�
Dc Dc �c �

�A
@� '

�
Hc Hc Hc H

�
A

c @H '
�
Hc �c Hc �

�
A

@e '
�
Sc Sc Sc S

�
A

c @b '
�
Sc 2c Sc 2

�
A

@D '
�
�c .c �c .

�
A

c @�f '
�
.c ��Sc .c ��S

�
A

�

Glh Vkhnho0Ixqnwlrqhq src6 plw ghq ÿeolfkhq Zhuwhq yrq 6 ' Dc .

xqg �f zhughq lq ghu Olwhudwxu dxfk nxu} plw 7'-�D/ 7'-�. e}z1

7'-��f eh}hlfkqhw1 Glh Dq}dko ghu nulwlvfkhq Sxqnwh lq ghp Ehuhlfk

� ' dfc�2oe vrzlh ghq Plqlpdodevwdqg B4�? gd}zlvfkhq ndqq iÿu glhvh

Ixqnwlrqhq dxv ghu irojhqghq Wdehooh dejhohvhq zhughq=

6 �g�

D ��

. ��

�f 2�

B4�? :

f�DD

f�bf

f�.D

�

Glh Ixqnwlrqhq src6 vlqg vrzrko yrq rehq dov dxfk yrq xqwhq eh0

vfkuçqnw xqg ehvlw}w mh hlq joredohv Pd{lpxp xqg hlq joredohv Pl0

qlpxp=

6 ' D

%4�?
�'

�
e�ffff�.c e�fff���c e�ffff�.c e�fff���

�
A

srcD E%4�?�
�' ��f��D�2

%4@ 
�'
�
2�ef2HS2c 2�ebeeHHc 2�ef2HS2c 2�ebeeb�

�A
srcD E%4@ �

�' �f�2.f.�
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6 ' .

%4�?
�'
�
e�fffD.�c e�fffSHbc ��bbbebfc ��bbbSfS

�
A

src. E%4�?�
�' ��f�ef2b

%4@ 
�'
�
2�e�SeDHc 2�D2Hf�ec 2���2Sf.c 2�22e�S�

�
A

src. E%4@ �
�' �f��D�e�

6 ' �f

%4�?
�'

�
e�fff.e.c e�fffDb�c ��bbbSS�c ��bbbD�f

�
A

src�f E%4�?�
�' ��f�D�Se

%4@ 
�'
�
2�ebSHeDc 2��2Sbffc 2�2eHHD�c 2�f.Hb2f

�
A

src�f E%4@ �
�' �f�e2D��

Glh Judglhqwhqixqnwlrqhq ghu Whvwixqnwlrq src6 vlqg jhjhehq gxufk=

usrc6 ' 2

6[
�'�

�
n%� @�n

2

2
n S�

�32

E%� @�� �

51 Glh Whvwixqnwlrq sR G LU
H
$ LU lvw gh�qlhuw gxufk=

sR E%� '

e\
�'�

n%� @�n
2

2
�

Glh Nqrwhqsxqnwh @�c � ' �c ���c e vlqg jhjhehq gxufk=

@� '
�
�c �c 2c 2c fc ��c fc ��

�
A

@2 '
�
�2c �2c ��c �c �c fc �c 2

�
A

@� '
�
fc ��c fc fc �2c �c �2c �2

�
A

@e '
�
��c 2c fc �c �c �2c �c ��

�
A

Glh Whvwixqnwlrq sR kdw vlhehq nulwlvfkh Sxqnwh lq ghp Ehuhlfk � '

d��c �oH1 Iÿu ghq Plqlpdodevwdqg B4�? }zlvfkhq ghq nulwlvfkhq Sxqn0

whq jlow=

B4�? : f�.D�

Glh Ixqnwlrq sR lvw yrq xqwhq/ dehu qlfkw yrq rehq ehvfkuçqnw xqg

ehvlw}w ylhu joredoh Plqlpd lq ghq Nqrwhqsxqnwhq @�� Ghu Judglhqw

ghu Whvwixqnwlrq sR lvw jhjhehq gxufk=

usR E%� ' 2

e[
�'�

3
EECE%� @��

e\
�'�

� �'�

n%� @�n
2

2

4
FFD �
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61 Whvwixqnwlrq s_ G LU?
$ LU lvw gh�qlhuw gxufk=

s_ E%� '

_[
�'�

@hU|@?
�
n%� @�n

2

2

�
�

Glh Dq}dko ghu Nqrwhqsxqnwh xqg glh Sxqnwh vhoevw vlqg qdfk hlqhp

]xidoovsulq}ls jhzçkow1 Glh Dq}dko ghu nulwlvfkhq Sxqnwh ghu Ixqnwlrq

s_ vrzlh ghuhq Plqlpdodevwdqg B4�? vlqg yrq ghq Nqrwhqsxqnwhq de0

kçqjlj1 Dooh nulwlvfkhq Sxqnwh ghu Ixqnwlrq s_ olhjhq lq ghu nrqyh{hq

Kÿooh ghu Nqrwhqsxqnwh @�=

� '

@�c ���c @_

�
�

Glh Ixqnwlrq s_ lvw yrq xqwhq xqg yrq rehq ehvfkuçqnw1 Glh Ixqnwlrq

ehvlw}w }zdu joredoh Plqlpd/ dehu nhlqh joredoh Pd{lpd� Ghu Judglhqw
ghu Whvwixqnwlrq lvw jhjhehq gxufk=

us_ E%� '

_[
�'�

2 E%� @��

� n n%� @�n
e

2

�

Hlqh Idplolh ?�glphqvlrqdohu Whvwixqnwlrqhq

Lp zhlwhuhq zlug klhu hlqh Idplolh I� ?0glphqvlrqdohu Whvwixqnwlrqhq iro0

jhqghu Irup nrqvwuxlhuw=

I
�
G'

+
s� G LU?

$ LUm s� E%� ' � E%�� n

?3�[
�'�

E%�n� � �
�
E%���

2

,
c

plw ghq hlqglphqvlrqdohq uhhoozhuwljhq Sdudphwhuixqnwlrqhq �c ��c ���c �?3�1

Glh sduwlhooh Deohlwxqjvixqnwlrqhq vlqg gdqq jhjhehq gxufk=

Ys�
E%�

Y%�
' �� E%��� 2 E%2 � �� E%����

�
� E%��

Ys�
E%�

Y%2
' 2 E%2 � �� E%���� 2 E%� � �2 E%2���

�
2 E%2�

���
Ys�

E%�

Y%?3�

' 2
�
%?3� � �

?32 E%?32�
�
� 2

�
%? � �

?3� E%?3��
�
��
?3�

E%?3��

Ys�
E%�

Y%?
' 2

�
%? � �

?3� E%?3��
�
�
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Gxufk Uÿfnzçuwvvxevwlwxwlrq ndqq gdv Johlfkxqjvv|vwhpus� E%� ' f ohlfkw

jhoùvw zhughq1 Iÿu glh nulwlvfkhq Sxqnwh %W ghu Whvwixqnwlrq s� jlow gdqq=

%W
?

' �
?3�

�
%W
?3�

�
���

%W
2

' �� E%
W
�
�

�� E%�� ' f�

Glh Whvwixqnwlrq s� kdw dovr jhqdx vr ylhoh nulwlvfkh Sxqnwh zlh glh Sdud0

phwhuixqnwlrq �1 Iÿu mhghq nulwlvfkhq Sxqnw jlow dx�hughp=

s� E%W� ' � E%W�� �

Lvw glh Ixqnwlrq � yrq xqwhq ehvfkuçqnw xqg ehvlw}w hlq joredohv Plqlpxp

%W�/ vr lvw glh Ixqnwlrq s� E%� dxfk yrq xqwhq ehvfkuçqnw xqg ehvlw}w hlq

joredohv Plqlpxp=

%W '
�
%W�c �� E%

W
�� c ���c �

?3�

�
%W
?3�

� �A
�

41 Iÿu glh hlqglphqvlrqdohq Sdudphwhuixqnwlrqhq

� E1� '
�

�2

�
�2

.
1. �

eH

D
1D n

�H

�
1� � %

�

�
�
E1� '

�

�
t�? E1� c

kdw glh hqwvsuhfkhqgh sK 5 I
� irojhqgh Hljhqvfkdiwhq=

+d, Glh Deohlwxqjvixqnwlrq ghu Sdudphwhuixqnwlrq � E1� lvw ghu Wvfkh0
e|vfkh�0Sro|qrp vhfkvwhq Judghv=

�� E1� ' AS E1� '
�

�2

�
�21S � eH1e n �H12 � �

�
xqg ehvlw}w irojhqgh vhfkv uhhooh Qxoovwhoohq=

1W
&
' ULt

�
2& n �

�2
Z

�
c & ' fc ���c D�

Glh Ixqnwlrq sK kdw dovr vhfkv nulwlvfkh Sxqnwh1

+e, Hv ndqq ohlfkw qdfkjhsuÿiw zhughq/ gd� dooh nulwlvfkhq Sxqnwh ghu

Ixqnwlrq sK lq ghp Ehuhlfk � ' d��c �o? olhjhq1
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Deelogxqj 718= Vwdppixqnwlrq ghv Wvfkhe|vfkh�0Sro|qrphv AS

+f, Glh Sdudphwhuixqnwlrq � kdw hlq joredohv Plqlpxp +yjo1 Deelo0

gxqj 718,=

14�?
�' f�2DHH�.Sc � E14�?�

�' �f�ffD�.eS�

Glh Ixqnwlrq sK ehvlw}w hlq joredohv Plqlpxp=

%4�?
�'

�
f�2DHH�.Sc ���

�
c sK E%4�?�

�' �f�ffD�.eS�

51 Iÿu glh hlqglphqvlrqdohq Sdudphwhuixqnwlrqhq

� E1� '
�

2e

�
1e � �S1� n .212 � bS%n 2e

�
�
�
E1� ' �f� 1c

kdw glh hqwvsuhfkhqgh sK 5 I
� irojhqgh Hljhqvfkdiwhq=

+d, Glh Sdudphwhuixqnwlrq � E1� lvw ghu Odjxhuu0Sro|qrp ylhuwhq Jud0

ghv xqg kdw irojhqgh guhl H{wuhpd +v1 Deelogxqj 719,=

1W
�

' f�b�DH22

1W2 ' ���fDe�f

1W� ' .�.DH..f

Glh Ixqnwlrq sK kdw dovr guhl nulwlvfkh Sxqnwh1

+e, Hv ndqq ohlfkw qdfkjhsuÿiw zhughq/ gd� dooh nulwlvfkhq Sxqnwh ghu

Ixqnwlrq sK lq ghp Ehuhlfk � ' dfc �fo? olhjhq1
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+f, Glh Sdudphwhuixqnwlrq � kdw hlq joredohv Plqlpxp +yjo1 Deelo0

gxqj 719,=

14�?
�' .�.DH..fc � E14�?�

�' �b�H22bD�

Glh Ixqnwlrq sK ehvlw}w hlq joredohv Plqlpxp=

%4�?
�'

�
.�.DH..fc ���

�
c sK E%4�?�

�' �b�H22bD�

2 4 6 8 10

-10

-5

5

10

Deelogxqj 719= Odjxhuuh0Sro|qrp ue

715 Jhjhqÿehuvwhooxqj ghu Wudmhnwrulhq

plw phkuhuhq Vwduwsxqnwhq

Dqkdqg ghu }zhlglphqvlrqdohq Whvwixqnwlrqhq sS +qhxq nulwlvfkh Sxqnwh,

xqg se +�D nulwlvfkh Sxqnwh, zxughq lq mhzhlov 433 Gxufkoçxihq plw ghq }x0

idoovjhqhulhuwhq Vwduwsxqnwhq glh �� elv ��Sxqnw0Wudmhnwrulhq yhujolfkhq1

]xvçw}olfk zxughq 433 +P,60Sxqnw0Wudmhnwrulhq ehuhfkqhw/ zrehl glh Vwduw0

sxqnwh dxv guhl glvmxqnwhq johlfkpç�lj yhuwhlowhq Vhnwruhq jhzçkow zxughq1

Dov Nhqq}dkohq zhughq klhu glh Wuh�hutxrwh A' xqg glh Dq}dko ghu Nrp0

srqhqwhq �g zlh irojw gh�qlhuw=

A' G Dq}dko ghu jhixqghqhq nulwlvfkhq Sxqnwh/

�g G Dq}dko ghu Nrpsrqhqwhq ghu Kdxswwudmhnwrulh1

Glh Gxufkvfkqlwwvzhuwh ghu Nhqq}dkohq A' xqg �g zxughq plw ghu

hqwvsuhfkhqghq Vwdqgdugdezhlfkxqj lq ghu Wdehoohq 714 xqg 715 gdujhvwhoow1
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Whvwixqnwlrq JS0Vwduwhjlh � � � 2 � � �� � ��� �

sS D0Vwudwhjlh ���S	 ��S ���D 	 ��2 ���S	 ��2 �e�.	 e�f

E0Vwudwhjlh �2�D	 e�e �2�H 	 ��S ����	 ��2 �e�S	 e�f

se D0Vwudwhjlh H�2 	 ��H H�. 	 ��2 H�S	 ��2 H�b	 f�D

E0Vwudwhjlh .�S 	 2�D H�f 	 2�f H�f	 ��2 H�D	 ���

Wdehooh 714= Yhujohlfk ghu Wudmhnwrulhq +Dq}dko ghu jhixqghqhq nulwlvfkhq

Sxqnwh,

Whvwixqnwlrq �� � 2 � � �� � �� � �

sS ��.	 ��2 ��2 	 ��2 ���	 ��� ��2	 ���

se 2��	 ��� ��� 	 ��f ���	 ��� ��f	 ���

Wdehooh 715= Yhujohlfk ghu Wudmhnwrulhq 2 Dq}dko ghu Nrpsrqhqwhq

Iÿu glh ylhuglphqvlrqdoh Whvwixqnwlrq sr +hoi nulwlvfkh Sxqnwh, zxughq
mhzhlov }zdq}lj �� xqg e�Sxqnw0Wudmhnwrulhq ehuhfkqhw1 Glh gxufkvfkqlwwol0

fkh Wuh�hutxrwh A' xqg glh Jhvdpwodxi}hlw u~ ghu Uhnrqvwuxnwlrq zxughq

lq ghu Wdehooh 716 suçvhqwlhuw1

Lq Devfkqlww 41716 zxugh glh Ulfkwxqjvihog0Wudmhnwrulh plw phkuhuhq yru0

jhjhehqhq Sxqnwhq hlqjhiÿkuw1 Gxufk glh Yrujdeh yrq elv }x ? n � +? 0

Glphqvlrq ghv Sureohpv, Vwduwsxqnwhq vroowh ghp Dqzhqghu glh Pùjolfk0

nhlw jhjhehq zhughq/ gluhnwhq Hlq x� dxi ghq Yhuodxi ghu Wudmhnwrulh }x

qhkphq1 Glh Wuh�hutxrwh A' ghv Wudmhnwrulhqyhuidkuhqv +Dq}dko ghu jh0

ixqghqhq nulwlvfkhq Sxqnwh, vroowh gdgxufk yhuehvvhuw zhughq1 Dqkdqg ghu

gxufkjhiÿkuwhq Whvwv nrqqwh glhv wdwvçfkolfk ehvwçwljw zhughq +yjo1 Wdehoohq

714/ 717 xqg 716,1

Glh Yruwhloh ghu Phku0Sxqnw0Wudmhnwrulhq nrqqwhq gxufk gdv irojhqgh

H{shulphqw jh}hljw zhughq1 Iÿu glh D�Sxqnw0Wudmhnwrulhq ghu Whvwixqnwlrq

sr zxughq johlfkpç�lj lq ghp jhvdpwhq Ehuhlfk yhuwhlowh }xiçoolj jhqhulhuwh

� � � e� �

Whvwixqnwlrq A' u~ ^plq` A' u~ ^plq`

sr b�H	 2�2 2e�e	 �.�� �f�D	 f�b HS��	 22�b

Wdehooh 716= Phkusxqnwwudmhnwrulhq iÿu glh Whvwixqnwlrq sr
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Vwduwsxqnwh jhqrpphq=

rf '
�
��Hc ��Sc ��bc ��e

�
A

c

r� '
�
���fc e�ec e�Hc ��b

�
A

c

r2 '
�
e�2c �f�fc 2�Sc e�f

�
A

c

r� '
�
2�Hc D�bc .�Sc ��S

�
A

c

re '
�
���c ��.c D�Sc b�f

�
A

�

Glh iÿqi Sxqnwh iÿkuwhq vriruw }x iÿqi Nrpsrqhqwhq/ glh dooh hoi nulwlvfkhq

Sxqnwhq ghu ]lhoixqnwlrq hqwklhowhq1 Lq glhvhp Idoo nrqqwh glh Vxfkh qdfk

ghu Uhnrqvwuxnwlrq ghu Kdxswnrpsrqhqwhq dejheurfkhq zhughq1 Glh uhnxu0

vlyh Qhw}nrqvwuxnwlrq zdu dovr qlfkw phku qrwzhqglj1 Glh Ehuhfkqxqjv}hlw

ehwuxj SD Vhnxqghq$

Glh Hlqelqgxqj yrq }xvçw}olfkhq Vwduwsxqnwhq lvw doohuglqjv plw }xvçw}ol0

fkhp Dxizdqg yhuexqghq= ghu Judg ghu Qlfkwolqhdulwçw ghu Kloivixqnwlrq M
vwhljw1 Glhv çx�huw vlfk lp doojhphlqhq lq kùkhuhu Dq}dko �g ghu Wudmhnwr0

ulhqnrpsrqhqwhq +yjo1 Wdehoohq 715 xqg 716, rghu oçqjhuhu Ehduehlwxqjv}hlw

+yjo1 Wdehooh 716,1

716 Jhjhqÿehuvwhooxqj yrujhvfkodjhqhu

Jlwwhusxqnw0Vwudwhjlhq

Wkhruhwlvfkh Yruwhloh xqg Qdfkwhloh yhuvfklhghqhu Jlwwhusxqnwvwudwhjlhq zxu0

ghq ehuhlwv lp Devfkqlww 515 dxviÿkuolfk glvnxwlhuw1 Lq glhvhp Devfkqlww

zhughq glh qxphulvfkhq Hujheqlvvh ghu Vwudwhjlh ghu Ehuÿkuxqjvsxqnwh +E0

Vwudwhjlh, xqg ghu Vwudwhjlh ghv çtxlglvwdqwhq Qhw}hv +D0Vwudwhjlh, jhjhq0

ÿehujhvwhoow1 Glh Yhuvxfkvuhlkhq plw ghq 40 elv 60Sxqnw0Wudmhnwrulhq iÿu glh

}zhlglphqvlrqdohq Whvwixqnwlrqhq se xqg s} zhughq klhuiÿu nxu} }xvdpphq0
jhid�w1

Gxufk jhhljqhwh Zdko ghu Glfkwh B ghv çtxlglvwdqwhq Qhw}hv zxugh klhuehl

ghu Yhuvxfk xqwhuqrpphq/ ghq Dxizdqg ghv Yhuidkuhqv iÿu glh ehlghq Vwud0

whjlhq yhujohlfkedu }x kdowhq1 Qlfkwvghvwrwurw} lvw glhvhu yrq ghu jhrphwul0

vfkhq Ehvfkd�xqj ghu Wudmhnwrulh xqg gdplw yrq ghu Zdko ghu yrujhjhehqhq

Vwduwsxqnwh dekçqjlj xqg dxv glhvhp Juxqgh qlfkw johlfk }x kdowhq1

Dov Nhqq}dkohq zhughq glh Huirojvtxrwh .' xqg ghu Uhnxuvlrqvdxizdqg

-� zlh irojw gh�qlhuw=

.' G Dq}dko ghu Whvwgxufkoçxih +yrq lqvjhvdpw kxqghuw, lq ghqhq dooh nul0

wlvfkh Sxqnwh jhixqghq zxughq1
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D0Vwudwhjlh E0Vwudwhjlh

Whvwixqnwlrq Wudmhnwrulh .' -� .' -�

sS � � � HS D��	 2�f .e e�S	 2�b
sS 2 � � .e S�f	 ��e Db D�D	 2�b
sS � � � .H S�f	 ��D SH S�.	 ���

sS �� � � Hf S�f	 ��� .S .�e	 2�b

se � � � He D�D	 2�2 .f e�2	 ��.

se 2 � � Hb S��	 ��D .� e�b	 2�b

se � � � H. S�f	 ��D .e D�H	 ��D

se �� � � b. S��	 ��2 HD S�e	 2�S

Wdehooh 717= Yhujohlfk ghu Jlwwhusxqnw0Vwudwhjlhq

-� G Gxufkvfkqlwwolfkh Dq}dko ghu uhnrqvwuxlhuwhq Kloivwudmhnwrulhq 	 Vwdq0

gdugdezhlfkxqj

Glh Nhqq}dkohq .' xqg -� ghu ehlghq Vwudwhjlhq nùqqhq dxv Wdehooh

717 dejhohvhq zhughq1

Glh D0Vwudwhjlh kdw iÿu glh xqwhuvxfkwhq Sureohph ehvvhuh Hujheqlvvh jh0

olhihuw +yjo1 Wdehoohq 717 xqg 71;,1 Glh Wuh�hutxrwh zdu lp Yhujohlfk }x ghu

E0Vwudwhjlh lq doohq Içoohq ehvvhu xqg ghu Dxizdqg lq ghq phlvwhq Içoohq

qxu jhulqjiÿjlj juù�hu1 Glh E0Vwudwhjlh iÿkuwh }zdu lp doojhphlqhq }x zhql0

jhu Kloivwudmhnwrulhq/ lq hlqljhq Hlq}hoiçoohq zdu ghu Uhnxuvlrqdxizdqg vhku

jur�1 Glhv uhvxowlhuwh lq ghu juù�huhq Vwdqgdugdezhlfkxqj ghu Juù�h -�1

Hlqhq jur�hq Hlq x� dxi glh Huirojvtxrwh ghv Yhuidkuhqv ndqq dxfk glh

Ulfkwxqj ghu Kloivwudmhnwrulhq kdehq1 Lp Idoo ghu lq ^48` yrujhvfkodjhqhq

uhnxuvlyhq Nrqvwuxnwlrq iÿu glh nodvvlvfkhq Qhzwrq0Wudmhnwrulh +yjo1 De0

vfkqlww 51415, vwlppw glhvh plw ghu Ulfkwxqj ghv Judglhqwhq lq ghp yrujhjh0

ehqhq Dxvjdqjvsxqnw ÿehuhlq xqg ndqq qxu lpIdoo ghu 40Sxqnw0Wudmhnwrulhq

dqjhzhqghw zhughq1 Lp Idoo ghu iÿu glh Ulfkwxqjvihog0Wudmhnwrulhq yrujh0

vfkodjhqhq doojhphlqhuhq Nrqvwuxnwlrq +yjo1 Devfkqlww 51416, lvw glh Ulfk0

wxqj gxufk glh Zdko ghv Ruwkrjrqdovv|vwhpv ' lqgx}lhuw xqg gdplw iuhl ihvw0

}xohjhq1 Glh Huirojvtxrwh iÿu glh 40Sxqnw0Wudmhnwrulhq plw ghu zddjhuhfkw/

vhqnuhfkw xqg nodvvlvfk jhzçkowhq Kloivwudmhnwrulhq zxughq lq ghu Wdehooh

718 gdujhvwhoow1

Glh ehvwh Zdko ghu Ulfkwxqj ghu Kloivwudmhnwrulhq nùqqwh dxfk zçkuhqg

ghu Ehuhfkqxqj ghu huvwhq Nrpsrqhqwhq/ dekçqjlj yrq ghuhq Odjh huplwwhow

zhughq1
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zddjhuhfkw vhqnuhfkw nodvvlvfk

Whvwixqnwlrq Jlwwhusxqnw0Vwudwhjlh .' .' .'

sS D0Vwudwhjlh be .H bH

E0Vwudwhjlh HS S2 .H

se D0Vwudwhjlh be .e �ff

E0Vwudwhjlh He DS Hf

Wdehooh 718= Yhujohlfk ghu Jlwwhusxqnw0Vwudwhjlhq

]lhoixqnwlrqvzhuwh Judglhqwhq Khvvh0Pdwul{

NQY ehuhfkqhw ehuhfkqhw ehuhfkqhw

NTQY ehuhfkqhw ehuhfkqhw dssur{lplhuw

VY ehuhfkqhw dssur{lplhuw dssur{lplhuw

Wdehooh 719= Qrwzhqgljh Ehuhfkqxqjhq ghu yrujhvwhoowhq Yhuidkuhq

717 Nrpsoh{lwçwvyhujohlfk

yrujhvwhoowhu Yhuidkuhq

Lq glhvhp Ndslwho zhughq guhl Yhuidkuhq yrujhvwhoow/ plw ghuhq Kloih hlq lq

ghq Ndslwhoq 4 xqg 5 gh�qlhuwhv Wudmhnwrulhqqhw} uhnrqvwuxlhuw zhughq ndqq1

Glh Yhuirojxqj ghu Wudmhnwrulhqnxuyh edvlhuw klhuehl dxi ghp Suçglnwru0

Nruuhnwru0Sulq}ls +v1 614,1

Dooh guhl Yhuidkuhq vlqg dxi johlfkh Zhlvh uhnxuvly dxijhedxw +yjo1 Devfkqlww

517, xqg iÿkuhq ghvkdoe }x johlfkhq Wudmhnwrulhqnrpsrqhqwhq1

Gd glh Yhuidkuhq qxu lq Dxvqdkphiçoohq dejheurfkhq zhughq pÿvvhq +yjo1

Devfkqlwwh 61515/ 61616/ 61715,/ vlqg glh hu}lhowhq Hujheqlvvh phlvwhqv lghq0

wlvfk1 Xqdekçqjlj yrq ghp Yhuidkuhq zhughq dovr lpphu glh johlfkhq nulwl0

vfkhq Sxqnwh jhixqghq1

Ghu Xqwhuvfklhg }zlvfkhq ghq Yhuidkuhq olhjw lq ghu Duw xqg Zhlvh/ zlh

glh Lqirupdwlrq ÿehu glh ]lhoixqnwlrq jhzrqqhq xqg hlqjhvhw}w zlug1 Hlqh

ßehuvlfkw zxugh lq ghu Wdehooh 719 }xvdpphqjhvwhoow1

Lq ghu Glsorpduehlw ^6` zxughq glh nodvvlvfkhq Yhuidkuhq/ NQY xqg

NTQY/ lp Hlqvdw} iÿu �0Sxqnw0Wudmhnwrulhq dxviÿkuolfk jhwhvwhw1 Gdv NQY

kdw vlfk lq ghq phlvwhq Içoohq dov yruwhlokdiw huzlhvhq1 Lp Yhujohlfk plw

Vxuurjdwh0Yhuidkuhq vlqg glh Yruwhloh yrp NQY qrfk juù�hu1 Rezrko ghu

Ehuhfkqxqjvdxizdqg sur Vfkulww iÿu glh ehlghq Yhuidkuhq yhujohlfkedu lvw/

lvw glh Dq}dko ghu iÿu glh nruuhnwh Uhnrqvwuxnwlrq ghu Wudmhnwrulh qrwzhq0

gljhq Vfkulwwh iÿu NQY nohlqhu xqg gdplw dxfk glh Ehduehlwxqjv}hlw ylho

nÿu}hu1 Klhu}x zxugh glh Uhnrqvwuxnwlrq ghu ��Nrpsrqhqwhq Wudmhnwrulhq

ghu Whvwixqnwlrqhq sS/ se xqg s| yhujolfkhq1 Glh Dq}dko ghu Uhnrqvwuxn0
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NQY DIVY

Whvwixqnwlrq �7 u~ ^v` u~*�7 �7 u~ ^v` u~*�7

sS ;8 418 3134; 843 4319 31354

se 753 441; 3135; 4964 6816 31355

s| 8:3 431; 3134< 4797 6419 31355

Wdehooh 71:= Jhjhqÿehuvwhooxqj yrq NQY xqg DIVY

wlrqvvfkulwwh +DV,/ glh Ehduehlwxqjv}hlw +O], xqg ghu Ehuhfkqxqjvdxizdqg

sur Vfkulww +u~*�7, zxughq lq ghu Wdehooh 71: gdujhvwhoow1

Glh H!}lhq} ghv Yhuidkuhqv lvw yrq ylhohq Idnwruhq dekçqjlj1 Glh Vwuxn0

wxu ghv Sureohpv/ dehu dxfk glh jhzçkowhq Sdudphwhu ghu Vfkulwwoçqjhqvwhxh0

uxqj vslhohq klhuehl hlqh zlfkwljh Urooh1

Hv lvw qlfkw pùjolfk/ sdxvfkdo }x hqwvfkhlghq/ zhofkhv Yhuidkuhq iÿu hlq eh0

vwlppwhv Sureohp dp ehvwhq jhhljqhw lvw1 Hlqh Idxvwuhjho lvw/ pùjolfkvw

dooh Lqirupdwlrqhq/ glh }xu Yhuiÿjxqj vwhkhq/ }x qxw}hq1 Glh Khvvh0Pdwul{

xqg2rghu ghu Judglhqw ghu ]lhoixqnwlrq vroowhq qdfk Pùjolfknhlw jhqdx dxv0

jhzhuwhw zhughq1 Hlqh Dssur{lpdwlrq glhvhu Zhuwh lvw lp ]zhlihovidoo qxu

gdqq }x hpsihkohq/ zhqq glh jhqdxh Dxvzhuwxqj qlfkw pùjolfk rghu vhku

dxizhqglj lvw1

718 Whvwsureohph plw Uhvwulnwlrqhq

71814 ]zhlglphqvlrqdoh Whvwixqnwlrqhq

41 Iÿu gdv irojhqgh Rswlplhuxqjvsureohp +yjo1 Sureohp 616 lq ^54`,=

s� E5� ' �2D E%� 2�
2
� E+ � 2�

2
$ 4�?-

2 � %n �+ � f

2 n %� + � f

S� %� + � f

�2 n %n + � fc

ndqq hlqh ulfkwxqjvihoglqgx}lhuhqgh Ixqnwlrq S� E5� zlh irojw gh�qlhuw

zhughq +yjo1 Ehphunxqj 95,=

S� E5� ' E2 � %n �+� E2 n %� +� ES� %� +� E�2 n %n +� �

Ghu ]xoçvvljnhlwvehuhlfk ghv Sureohpv zxugh lq ghu Deelogxqj 71: gdu0

jhvwhoow1 Iÿu gdv uhvwulqjlhuwh Sureohp jlew hv dx�hu ghq nulwlvfkhq
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Sxqnw=

5W� ' E2c2�A c

qrfk ylhu zhlwhuh Udqgsxqnwh 5W
�
c � ' 2c ���c D G

5W2 '

�
2

�

���
c

�

���

�
A

5W
�

'

�
�
�2

��
c �

�2

��

�
A

5We '

�
2
�

��
c �

�2

��

�
A

5WD '

�
�
�2

��
c
�

��

�
A

vrzlh ylhu Hfnhq 5W
�
c � ' Sc ���c b G

5W
S

' Efc 2�A

5W. ' E2c f�A

5WH ' E2c e�
A

5Wb ' EDc ��A

ghv Uhvwulnwlrqvehuhlfkhv/ glh dov Ndqglgdwhq iÿu gdv joredoh Plqlpxp

e}z1 gdv joredoh Pd{lpxp lq Ehwudfkw nrpphq +v1 Deelogxqj 71;,1

Gdv joredoh Plqlpxp xqg Pd{lpxp iÿu gdv dxijhvwhoowh uhvwulqjlhuwh

Sureohp vlqg jhjhehq plw=

Joredohv Plqlpxp=

5Wbc plw ghp Ixqnwlrqvzhuw s� E5
W
b� ' �22S�

Joredohv Pd{lpxp=

5W
�
plw ghp Ixqnwlrqvzhuw s� E5

W
�
� ' f�

51 Iÿu gdv irojhqgh Rswlplhuxqjvsureohp +yjo1 Sureohp 616 lq ^54`,=

s2 E5� ' � E%� e�
2
� E+ � ��

2
$ 4�?-

S � % � f

+ � � � f

D � + � f

�e n %n E+ � ��
2
� fc
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Deelogxqj 71:= Uhvwulnwlrqvphqjh iÿu gdv }zhlglphqvlrqdoh Whvwsureohp 4

0 1 2 3 4 5

0

1

2

3

4

Deelogxqj 71;= Ehlvslhowudmhnwrulh iÿu glh Whvwixqnwlrq s�>

Vwduwsxqnw= i��fc ��Dj
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ndqq hlqh ulfkwxqjvihoglqgx}lhuhqgh Ixqnwlrq S2 E5� zlh irojw gh�qlhuw

zhughq +yjo1 Ehphunxqj 95,=

S2 E5� ' ES� %� E+ � �� ED� +�
�
�e n %n E+ � ��

2
�
�

Ghu ]xoçvvljnhlwvehuhlfk ghv Sureohpv zxugh lq ghu Deelogxqj 71< gdu0

jhvwhoow1 Iÿu gdv uhvwulqjlhuwh Sureohp jlew hv dx�hu ghq nulwlvfkhq

Sxqnw=

5W
�
' Eec��A c

qrfk }zhl zhlwhuh Udqgsxqnwh 5W
�
c � ' 2c � G

5W
2

' Eec D�A

5W� ' E���f2D.c 2��SeHH�A

vrzlh ylhu Hfnhq 5W
�
c � ' ec ���c . G

5We ' Efc ��A

5W
D

' Efc D�A

5WS ' ESc ��A

5W. ' ESc D�A

ghv Uhvwulnwlrqvehuhlfkhv/ glh dov Ndqglgdwhq iÿu gdv joredoh Plqlpxp

e}z1 gdv joredoh Pd{lpxp lq Ehwudfkw nrpphq +v1 Deelogxqj 7143,1

Gdv joredoh Plqlpxp xqg Pd{lpxp iÿu gdv dxijhvwhoowh uhvwulqjlhuwh

Sureohp vlqg jhjhehq plw=

Joredohv Plqlpxp=

5WDc plw ghp Ixqnwlrqvzhuw s2 E5
W
D� ' ��2�

Joredohv Pd{lpxp=

5W� plw ghp Ixqnwlrqvzhuw s2 E5
W
�� ' f�

61 Iÿu gdv irojhqgh Rswlplhuxqjvsureohp +yjo1 Sureohp 719 lq ^54`,=

s� E5� ' �%� + $ 4�?-

f � % � �

f � +

+ � 2%e � H%� n H%2 n 2

+ � e%e � �2%� n HH%2 � bS%n �Sc
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Deelogxqj 71<= Uhvwulnwlrqvphqjh iÿu gdv }zhlglphqvlrqdoh Whvwsureohp 5

0 1 2 3 4 5 6

0

1

2

3

4

5

Deelogxqj 7143= Ehlvslhowudmhnwrulh iÿu glh Whvwixqnwlrq s2>
Vwduwsxqnw= i��fc ��Dj
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ndqq hlqh ulfkwxqjvihoglqgx}lhuhqgh Ixqnwlrq S� E5� zlh irojw gh�qlhuw

zhughq +yjo1 Ehphunxqj 95,=

S� E5� ' % E�� %� +
�
2%e � H%� n H%2 n 2 � +

�
�
�
e%e � �2%� n HH%2 � bS%n �S� +

�
�

Ghu ]xoçvvljnhlwvehuhlfk ghv Sureohpv zxugh lq ghu Deelogxqj 7144

gdujhvwhoow1 Iÿu gdv uhvwulqjlhuwh Sureohp jlew hv nhlqh nulwlvfkhq Sxqn0

wh1 Dov Ndqglgdwhq iÿu gdv joredoh Plqlpxp e}z1 gdv joredoh Pd{l0

pxp nrpphq guhl Udqgsxqnwh 5W
�
c � ' �c ���c � G

5W
�

' Ef�b.f�fc f�f�e.��A

5W2 ' E��b�fefc 2�f�S�f�A

5W� ' E2�bS.�Dc f�f�S.f�
A

vrzlh vlhehq Hfnhq 5W
�
c � ' ec ���c �f G

5We ' Efc f�A

5WD ' Efc 2�
A

5W
S

' Ef�S��Sfc ��ee2�f�A

5W. ' E�c f�A

5WH ' E��DbbS2c 2�H2f�S�
A

5Wb ' E2��2bDfc ���.H�f�A

5W�f ' E�c f�A

ghv Uhvwulnwlrqvehuhlfkhv lq Ehwudfkw +v1 Deelogxqj 7145,1 Gdv joredoh

Plqlpxp xqg Pd{lpxp iÿu gdv dxijhvwhoowh uhvwulqjlhuwh Sureohp vlqg

jhjhehq plw=

Joredohv Plqlpxp=

5Wbc plw ghp Ixqnwlrqvzhuw s� E5
W
b� ' �D�Df.b�

Joredohv Pd{lpxp=

5We plw ghp Ixqnwlrqvzhuw s� E5
W
e� ' f�

71815 Phkuglphqvlrqdoh Whvwixqnwlrqhq

41 Glh }zhlglphqvlrqdohq Whvwsureohph 4 xqg 5 zhughq klhu }xvdpphq0

jhid�w +yjo1 Sureohp 616 lq ^54`,=

se E%�c %2c %�c %e� ' s� E%�c %2� n s2 E%�c %e� $ 4�?-
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Deelogxqj 7144= Uhvwulnwlrqvphqjh iÿu gdv }zhlglphqvlrqdoh Whvwsureohp 6

0 0.5 1 1.5 2 2.5 3 3.5

0

1

2

3

4

Deelogxqj 7145= Ehlvslhowudmhnwrulh iÿu glh Whvwixqnwlrq s�>
Vwduwsxqnw= i��2c ��Hj
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2 � %� n �%2 � f
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2
� f

Hlqh ulfkwxqjvihoglqgx}lhuhqgh Ixqnwlrq Se E5� ndqq zlh irojw gh�qlhuw

zhughq +yjo1 Ehphunxqj 95,=

Se E%�c %2c %�c %ec %Dc %S� ' S� E%�c%2� S2 E%�c %e� �

Hv jlew klhu b � . ' S� Ndqglgdwhqsxqnwh1 Gdv joredoh Plqlpxp xqg

Pd{lpxp iÿu gdv dxijhvwhoowh uhvwulqjlhuwh Sureohp vlqg jhjhehq plw=

Joredohv Plqlpxp=

5WbcD ' EDc�c fc D�
A
c plw ghp Ixqnwlrqvzhuw se

�
5WbcD
�
' �2DH�

Joredohv Pd{lpxp=

5W
�c�

' E2c 2cec ��A plw ghp Ixqnwlrqvzhuw se
�
5W
�c�

�
' f�

719 Wudmhnwrulhqdqvdw}

lq uhvwulqjlhuwhq Rswlplhuxqj

Zlh lp Devfkqlww 41717 ehuhlwv ehvsurfkhq zxugh/ hupùjolfkw ghu Dqvdw}

ghu Ulfkwxqjvihog0Wudmhnwrulh hlqhq ]xjdqj }xu joredohq Rswlplhuxqj iÿu

uhvwulqjlhuwh Sureohph1 Kdw ghu ]xoçvvljnhlwvehuhlfk hlqh hlqidfkh Irup +hl0

qh ?0glphqvlrqdoh Nxjho/ Zÿuiho/ hwf1,/ vr ndqq gdv Ulfkwxqjvihog plw zhqlj

Dxizdqg ehvwlppw xqg hlqjhvhw}w zhughq1 Dxfk iÿu nrpsol}lhuwh rghu dxfk

}xvdpphqjhvhw}wh }xoçvvljh Phqjhq nùqqhq Wudmhnwrulhq gh�qlhuw xqg eh0

uhfkqhw zhughq/ vrodqjh hlq jhhljqhwhv Ulfkwxqjvihog nrqvwuxlhuw zhughq ndqq

+yjo1 Whvwsureohph 5 xqg 6> Deelogxqjhq 71< xqg 7144,1

Gdv Ulfkwxqjvihog xqg gdplw dxfk glh gxufk gdv Ulfkwxqjvihog lqgx}lhuwh

Wudmhnwrulh vlqg lq ghu Uhjho dxfk dx�hukdoe ghv }xoçvvljhq Ehuhlfkhv gh�0

qlhuw1 Glh Uhnrqvwuxnwlrq ghu Wudmhnwrulh px� qlfkw xqg vroowh dxfk qlfkw dxi

ghq }xoçvvljhq Ehuhlfk ehvfkuçqnw zhughq1 Hv nùqqwhq vrqvw glh Nrpsrqhq0

whq ghu Wudmhnwrulhq qlfkw hqwghfnw zhughq/ glh glh uhohydqwhq Udqgsxqnwh
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D0Vwudwhjlh E0Vwudwhjlh

s� +. nulw1 Sxqnwh, S�f 	 ��� D�S	 ���

s2 +b nulw1 Sxqnwh, b�f 	 f�f H�D	 ���
s� +�f nulw1 Sxqnwh, �f�f 	 f�f �f�f	 f�f

Wdehooh 71;= Wuh�hutxrwh iÿu glh uhvwulqjlhuwhq Sureohph

hqwkdowhq dehu kdxswvçfkolfk rghu vrjdu yroovwçqglj dx�hukdoe ghv }xoçvvljhq

Ehuhlfkhv yhuodxihq +yjo1 Ehlvslhowudmhnwrulh iÿu glh Whvwixqnwlrq s2> Deelo0

gxqj 7143,1

Lq glhvhp ]xvdpphqkdqj vlqg dovr dxfk glh Vwduwsxqnwh lqwhuhvvdqw/

glh qlfkw ghu }xoçvvljhq Phqjh dqjhkùuhq +yjo1 Ehlvslhowudmhnwrulh iÿu glh

Whvwixqnwlrq s�> Deelogxqj 7145,1 Ohgljolfk glh Udqgsxqnwh ghv }xoçvvljhq

Ehuhlfkhv gÿuihq qlfkw dov Vwduwsxqnwh iÿu glh Ulfkwxqjvihog0Wudmhnwrulh jh0

qrpphq zhughq +yjo1 Ehphunxqj 94,1

Glh Wuh�hutxrwh iÿu glh Uhnrqvwuxnwlrq ghu lpDevfkqlww 41717 gh�qlhuwhq

Wudmhnwrulh lvw iÿu glh ehvfkulhehqhq }zhlglphqvlrqdohq Ehlvslhosureohph 4

elv 6 vhku }xiulhghqvwhoohqg +v1 Wdehooh 71;,1

Iÿu glh Sureohph plw ylhohq Uhvwulnwlrqhq +yjo1 Whvwixqnwlrq se, lvw

glh Ehuhfkqxqj ghv Ulfkwxqjvihoghv plw juù�huhp Dxizdqg yhuexqghq1 Gdv

Yhuidkuhq kdw }zdu dxfk lq ghp Idoo ghu Whvwixqnwlrq se ylhoh ghu nulwlvfkhq
Sxqnwh hqwghfnw1 Hv zxughq dehu dxfk }xvçw}olfkh Sxqnwh hqwghfnw/ glh

dov vlqjxoçuh Sxqnwh ghv Ulfkwxqjvihoghv lghqwl�}lhuw zxughq xqg iÿu glh

Iudjhvwhooxqj qlfkw uhohydqw zduhq1 Iÿu glh Sureohph plw ylhohq e}z1 krfk

qlfkwolqhduhq Uhvwulnwlrqhq lvw ghu Dqvdw} ghu Ulfkwxqjvihog0Wudmhnwrulh dovr

zhqlj jhhljqhw1 Ghu Odjudqjh0Dqvdw} +yjo1 Devfkqlww 414, nùqqwh ylhoohlfkw

lq hlqhp vrofkhq Idoo Dekloih vfkd�hq1
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Lq ghu yruolhjhqghq Duehlw zxugh dov Yhudoojhphlqhuxqj ghu nodvvlvfkhq Qhzwrq0

Wudmhnwrulh ghu Ehjul� ghu gxufk hlq Ulfkwxqjvihog lqgx}lhuwhq Wudmhnwrulh

hlqjhiÿkuw1 Glhvh Yhudoojhphlqhuxqj ghu nodvvlvfkhq Qhzwrq0Wudmhnwrulh hu0

ù�qhwh qhxh Pùjolfknhlwhq/ Hlq x� dxi ghq Yhuodxi ghu Wudmhnwrulh }x qhk0

phq1

Lq glhvhp ]xvdpphqkdqj zxughq Wudmhnwrulhq plw phkuhuhq Vwduwsxqn0

whq gh�qlhuw +v1 Devfkqlww 41716,1 Glh dxijhiÿkuwhq Whvwuhfkqxqjhq ehohjhq/

gd� ghu Dqvdw} dxfk }xu Yhuehvvhuxqj ghu Wuh�hutxrwh ghv Wudmhnwrulhqyhu0

idkuhqv iÿkuw1 Glh iuhlh Zdko ghu Vwduwsxqnwh lvw lqvehvrqghuh gdqq yrq

Yruwhlo/ zhqq }xvçw}olfkh Lqirupdwlrqhq ÿehu glh Yhuwhloxqj ghu nulwlvfkhq

Sxqnwh yruolhjhq +v1 Devfkqlww 715,1

Iÿu uhvwulqjlhuwh Rswlplhuxqjvsureohph vlqg glh Udqgsxqnwh ghu }xoçvvl0

jhq Phqjh/ glh glh qrwzhqgljh Rswlpdolwçwvehglqjxqj huvwhu Rugqxqj huiÿo0

ohq/ yrq ehvrqghuhp Lqwhuhvvh1 Glh nrqvwuxlhuwhq Ulfkwxqjvihog0Wudmhnwrulhq

hqwkdowhq dx�hu ghq nulwlvfkhq Sxqnwhq ghu ]lhoixqnwlrq dxfk glh jhqdqqwhq

Udqgsxqnwh +v1 Devfkqlww 41717,1 Ghu Dqvdw} ghu Ulfkwxqjvihog0Wudmhnwrulhq

lvw dehu qxu iÿu glh uhvwulqjlhuwhq Sureohph }x hpsihkohq/ iÿu glh hlq hlqidfkhv

Ulfkwxqjvihog plw nhlqhq +rghu zhqljhq, Vlqjxodulwçwhq nrqvwuxlhuw zhughq

ndqq1+v1 Devfkqlww 719,1

Glh uhnxuvlyh Nrqvwuxnwlrq ghv Wudmhnwrulhqqhw}hv zxugh iÿu glh hlqjh0

iÿkuwhq Ulfkwxqjvihog0Wudmhnwrulhq dqjhsd�w xqg px�wh yrq ghu Ulfkwxqj

ghv Judglhqwhq +glh mhw}w qlfkw phku nrqvwdqw vhlq px�, hqwnrsshow zhughq

+v1 Devfkqlww 51416,1 Glh yrujhjhehqhq Ulfkwxqjhq ghv nrqvwuxlhuwhq Jlwwhuv

kdehq jur�hq Hlq x� dxi glh Huirojvtxrwh ghv Yhuidkuhqv1 Glh ehvwh Ulfk0

wxqj ndqq dxfk lp Odxih ghu Ehuhfkqxqj huplwwhow zhughq +v1 Devfkqlww

716,1

Hlqh dqghuh Pùjolfknhlw/ glh Huirojvtxrwh ghv Yhuidkuhqv }x yhuehvvhuq/

olhjw lq ghu Vwudwhjlh ghu Ehvwlppxqj ghu Jlwwhusxqnwh +Vwduwsxqnwh iÿu glh

Yhuelqgxqjvwudmhnwrulhq,1 Yhujolfkhq zxughq glh Vwudwhjlhq ghu Ehuÿkuxqjv0

sxqnwh xqg ghv çtxlglvwdqwhq Qhw}hv1 Glh çtxlglvwdqwh Vwudwhjlh kdw vlfk ehl

ghq yrq xqv ehkdqghowhq Sureohphq dov yruwhlokdiw khudxvjhvwhoow +v1 De0

488
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vfkqlww 716,1 Vwhkhq doohuglqjv }xvçw}olfkh Lqirupdwlrqhq ÿehu glh Yhuwhloxqj

ghu nulwlvfkhq Sxqnwh }xu Yhuiÿjxqj/ vr nùqqwhq qlfkw çtxlglvwdqwh Qhw}h

e}z1 k|eulgh Vwudwhjlhq Yruwhloh elhwhq1

Hlq ehvrqghuhv Dxjhqphun zxugh dxi glh Lpsohphqwlhuxqj ghu ehvfkulh0

ehqhq Yhuidkuhq jhohjw1

]xu uhnxuvlyhq Nrqvwuxnwlrq ghv Wudmhnwrulhqqhw}hv zxughq EIV +euhdgwk

�uvw vhdufk, xqg GIV +ghswk �uvw vhdufk, dov remhnwrulhqwlhuwh Dojrulwkphq

ehvfkulhehq +v1 Devfkqlww 517,1

]xu Uhnrqvwuxnwlrq ghu Wudmhnwrulhqnrpsrqhqwhq zxugh gdv nrqwlqxlhuolfkh

Qhzwrq0Yhuidkuhq +yjo1 Devfkqlww 615,/ gdv nrqwlqxlhuolfkh Txdvl0Qhzwrq0

Yhuidkuhq +yjo1 Devfkqlww 616, xqg gdv deohlwxqjviuhlh Vxuurjdwh0Yhuidkuhq

+yjo1 Devfkqlww 617, yrujhvwhoow1 Glh Lpsohphqwlhuxqj ghu ehvfkulhehqhq

Phwkrghq zlug gxufk }dkouhlfkh Ehlvslhoh huohlfkwhuw1

Glh hlqjhiÿkuwhq Lghhq xqg yrujhvfkodjhqhq Vwudwhjlhq hupùjolfkhq hlqhq

ylhovhlwljhq Hlqvdw} }xu Oùvxqj sudnwlvfkhu Sureohph1 Glh odqjh Ehuhfk0

qxqjv}hlw nùqqwh gxufk glh h!}lhqwh Lpsohphqwlhuxqj lq hlqhu ohlvwxqjvvwdu0

nhq remhnwrulhqwlhuwhq Vsudfkh +}1E1 F.., ghxwolfk yhunÿu}w zhughq1 Glh

jh}lhowh Zdko ghu Vwduwsxqnwh zÿugh glh Wuh�hutxrwh ghv Yhuidkuhqv }xvçw}0

olfk yhuehvvhuq1
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^4` H1 O1 Doojrzhu dqg N1 Jhruj1 Qxphulfdo Frqwlqxdwlrq Ph0

wkrgv Dq Lqwurgxfwlrq1 Vsulqjhu/ 4<<31

^5` U1 Dqvrujh dqg K1M1 Rehuoh1 Pdwkhpdwln Iÿu Lqjhqlhxuh1

Dndghplh Yhuodj JpeK/ 4<<71

^6` O1 Edmruvnl1 ßehu Gdv Nrqwlqxlhuolfkh Txdvl0Qhzwrq0

Yhuidkuhq1 Pdvwhu*v wkhvlv/ Xqlyhuvlwçw Kdpexuj/ 4<<61

^7` J1 Edqqhuw dqg P1 Zhlw}ho1 Remhnwrulhqwlhuwhu Vriwzduhhqw0

zxui plw XPO1 Dgglvrq Zhvoh| Orqjpdq Yhuodj JpeK/

4<<<1

^8` D1 Errnhu/ M1H1 Mxq1 Ghqqlv/ S1 G1 Iudqn/ G1 E1 Vhud�ql/

dqg Y1 Wruf}rq1 Rswlpl}dwlrq xvlqj vxuurjdwh remhfwlyhv

rq d kholfrswhu whvw h{dpsoh1 Surj1 V|vw1 Frqwuro Wkhru|1/

57=7<�8;/ 4<<;1

^9` I1K1 Eudqlq1 D zlgho| frqyhujhqw phwkrg iru �qglqj pxo0

wlsoh vroxwlrqv ri vlpxowdqhrxv qrqolqhdu htxdwlrqv1 LEP

Mrxuqdo ri Uhvhdufk dqg Ghyhorsphqw/ 49=837�855/ 4<:51

^:` F1 J1 Eur|ghq1 D fodvv ri phwkrgv iru vroylqj qrqolqhdu

vlpxowdqhrxv htxdwlrq1 Pdwk1 Frps1/ 4<=8::�8<6/ 4<981

^;` D1U1 Frqq/ N1 Vfkhlqehuj/ dqg Sk1O1 Wrlqw1 Rq wkh frqyhu0

jhqfh ri ghulydwlyh0iuhh phwkrgv iru xqfrqvwudlqhg rswlpl0

}dwlrq1 Lqylwhg suhvhqwdwlrq dw wkh Srzhooihvw/ Fdpeulgjh/

4<<91

^<` D1U1 Frqq/ N1 Vfkhlqehuj/ dqg Sk1O1 Wrlqw1 Uhfhqw surjuhvv

lq xqfrqvwudlqhg qrqolqhdu rswlpl}dwlrq zlwkrxw ghulydwlyhv1

Pdwk1 Surj1/ :<=6<:�747/ 4<<:1

^43` D1U1 Frqq/ N1 Vfkhlqehuj/ dqg Sk1O1 Wrlqw1 D ghulydwlyh

iuhh rswlpl}dwlrq lq sudfwlfh1 4<<;1

48:
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^44` D1U1 Frqq dqg Sk1O1 Wrlqw1 Dq dojrulwkp xvlqj txdgud0

wlf lqwhusrodwlrq iru xqfrqvwudlqhg ghulydwlyh iuhh rswlpl}d0

wlrq1 Wr dsshdu lq Qrqolqhdu Rswlpl}dwlrq dqg Dssolfdwlrqv/

4<<81

^45` F1 gh Erru dqg D1 Urq1 Rq pxowlyduldwh sro|qrpldo lqwhu0

srodwlrq1 Frqvwuxfwlyh Dssur{lpdwlrq/ 9=5;:�635/ 4<<31

^46` F1 gh Erru dqg D1 Urq1 Frpsxwdwlrqdo dvshfwv ri sro|0

qrpldo lqwhusrodwlrq lq vhyhudo yduldeohv1 Pdwk1 Frpsxw1/

8;=:38�:5:/ 4<<51

^47` M1H1 Mxq1 Ghqqlv dqg M1M1 Pruh1 Txdvl0qhzwrq phwkrgv/

prwlydwlrq dqg wkhru|1 VLDP Uhylhz/ 4<=79�;</ 4<::1

^48` L1 Glhqhu1 Wudmhfwru| qhwv frqqhfwlqj doo fulwlfdo srlqwv ri d

vprrwk ixqfwlrq1 Pdwk1 Surj1/ 69=8::�8<6/ 4<;91

^49` L1 Glhqhu1 Rq wkh joredo frqyhujhqfh ri sdwk0iroorzlqj ph0

wkrgv wr ghwhuplqh doo vroxwlrqv wr d v|vwhp ri qrqolqhdu

htxdwlrqv1 Pdwk1 Surjudp1/ 6<=4;4�4;;/ 4<;:1

^4:` L1 Glhqhu1 Qhzwrq ohdyhv dqg wkh frqwlqxrxv qhzwrq phwkrg1

Lq Mxhujhq +Hg1, hw Do1 Jxggdw/ hglwru/ Sdudphwulf Rswlpl0

}dwlrq dqg Uhodwhg Wrslfv1 LLL1/ sdjhv 454�4671 Iudqnixuw dp

Pdlq= Shwhu Odqj Yhuodj1/ 4<<61

^4;` L1 Glhqhu1 Wudmhfwru| phwkrgv lq joredo rswlpl}dwlrq1 Lq

Uhlqhu hw Do1 Kruvw/ hglwru/ Kdqgerrn ri Joredo Rswlpl}d0

wlrq1/ sdjhv 97<�99;1 Gruguhfkw= Noxzhu Dfdghplf Sxeolv0

khuv1/ 4<<81

^4<` L1 Glhqhu dqg U1 Vfkdedfn1 Dq h{whqghg frqwlqxrxv qhzwrq

phwkrg1 Mrxuqdo ri Rswlpl}dwlrq Wkhru| dqg Dssolfdwlrqv/

9:=8:�::/ 4<<31

^53` U1 Iohwfkhu1 Sudfwlfdo Phwkrgv ri Rswlpl}dwlrq +Vhfrqg Hg1,1

Mrkq Zloh| dqg Vrqv/ Fklfkhvwhu/ 4<;:1

^54` F1 D1 Iorxgdv dqg S1 D1 Sdugdorv1 D Froohfwlrq ri Whvw

Sureohpv iru Frqvwudlqgh Joredo Rswlpl}dwlrq Dojrulwkpv1

Vsulqjhu0Yhuodj/ 4<;:1

^55` P1 Irzohu dqg N1 Vfrww1 XPO0Nrq}hqwulhuw/ Glh Vwdq0

gdugremhnwprghoolhuxqjvvsudfkh Dqzhqghq1 Dgglvrq Zhvoh|

Orqjpdq Yhuodj JpeK/ 4<<;1

^56` F1 Jhljhu1 Rswlplhuxqj1 Yruohvxqjvvnulsw/ Xqlyhuvlwdhw

Kdpexuj/ 4<<31
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^57` N1 Jhruj1 Qxphulfdo lqwhjudwlrq ri wkh gdylghqnr htxdwlrq1

Lq Vsulqjhu Ohfwxuh Qrwhv lq Pdwk1/ hglwru/ Qxphulfdo Vr0

oxwlrq ri Qrq Olqhdu Htxdwlrqv/ sdjhv 44:�45:1 Doojrzhu H1

dqg Jodvkr� N1 dqg Shlwjhq K1/ 4<;41

^58` N1 Jhruj1 ]xu Qxphulvfkhq Uhdolvlhxqj Yrq Nrqwlqxlwdhwv0

phwkrghq plw Sudhglnwru0Nruuhnwru0/ Rghu Vlpsol}ldohq Yhu0

idkuhq1 SkG wkhvlv/ Xqlyhuvlwdhw Erqq/ 4<;51

^59` Sk1H1 Jloo/ Z1 Pxuud|/ dqg P1K1 Zuljkw1 Sudfwlfdo Rswlpl0

}dwlrq1 Dfdghplf Suhvv/ Orqgrq/ 4<;41

^5:` U1 D1 Kruq dqg F1 U1 Mrkqvrq1 Pdwul{ Dqdo|vlv1 Fdpeulgjh

Xqlyhuvlw| Suhvv/ 4<;81

^5;` G1 Mxqjqlfnho1 Judskhq/ Qhw}zhunh xqg Dojrulwkphq1 Zlv0

vhqvfkdiwvyhuodj Pdqqkhlp2Zlhq2]ÿulfk/ 4<<31

^5<` M1D1 Qhoghu dqg U1 Phdg1 D vlpsoh{ phwkrg iru ixqfwlrq

plqlpl}dwlrq1 Frpsxwhu Mrxuqdo/ :=63;�646/ 4<981

^63` L1P1 Ruwhjd dqgZ1F1 Ukhlqerogw1 Lwhudwlyh Vroxwlrq ri Qrq0

olqhdu Htxdwlrqv lq Vhyhudo Yduldeohv1 Dfdghplf Suhvv/ 4<:31

^64` W1 Vdxhu1 Frpsxwdwlrqdo dvshfwv ri pxowlyduldwh sro|qrpldo

lqwhusrodwlrq1 Dgy1 Frpsxw1 Pdwk1/ 6/ Qr16=54<�56:/ 4<<81

^65` W1 Vdxhu dqg \1 [x1 Rq pxowlyduldwh odjudqjh lqwhusrodwlrq1

Pdwk1 Frpsxw1/ 97/ Qr1544=447:�44:3/ 4<<81

^66` F1P1 \dqj dqg M1O1 Ehfn1 Jhqhudol}hg wudmhfwru| phwkrgv

iru �qglqj pxowlsoh h{wuhpd dqg urrwv ri ixqfwlrqv1 Mrxuqdo

ri Rswlpl}dwlrq Wkhru| dqg Dssolfdwlrqv/ <:=544�55:/ 4<<;1
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Ehuÿkuxqjvsxqnw/ :3

EIV Dojrulwkpxv/ ;;

GIV Dojrulwkpxv/ <3

gxufk hlqh Pdwul{ lqgx}lhuwh Wudmhnwrulh/ 48

gxufk hlqhq Yhnwru lqgx}lhuwh Wudmhnwrulh/ 49

gxufk Ulfkwxqjvihog lqgx}lhuwh Wudmhnwrulh/ 59

Jlwwhusxqnw/ 8;

lqgx}lhuhqghu Yhnwru/ 49

lqgx}lhuwhu Wdqjhqwhqyhnwru/ :

nodvvlvfkh Qhzwrq0Wudmhnwrulh/ 4:

nulwlvfkhu Sxqnw/ 5

Qhzwrq0Eodww/ 89

uhjxoçuhu Sxqnw/ 8

uhjxoçuhu Zhuw/ 8

Ulfkwxqjvihog0Wudmhnwrulh/ 58

vlqjxoçuhu Sxqnw/ 8

vlqjxoçuhu Zhuw/ 8

vwdwlrqçuhu Sxqnw/ 5

wudmhnwrulhqlqgx}lhuhqgh Kloivixqnwlrq/ 7

yhudoojhphlqhuwh Qhzwrq0Nxuyh/ 9

yhudoojhphlqhuwh Qhzwrq0Wudmhnwrulh/ ;

Yhuelqgxqjvwudmhnwrulhq/ 95

}xoçvvljh Devwlhjvulfkwxqj/ 6
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Shuvùqolfkh Gdwhq

Qdph Edmruvnl

Yruqdph Ohv}hn

Jhexuwvgdwxp 61 Qryhpehu 4<99

Jhexuwvruw Mdurvodz +Srohq,

Idplolhqvwdqg yhukhludwhw/ }zhl Nlqghu

Vfkxodxvelogxqj

Vhsw1 �;4 0 Mxql �;8 Doojhphlqeloghqgh Rehuvfkxoh/ Euhvodx

Mxql �;8 Devfkox�= Delwxu +Srohq,

Vwxglxp

Rnw1 �;8 0 Mxql �;< Idfk= Pdwkhpdwln/ Xqlyhuvlwçw Euhvodx 2 Srohq

Rnw1 �;9 0 Mxql �;< Sdudoohohv Vwxglxp Idfk= Lqirupdwln/ Xqlyhuvlwçw Euhvodx

Rnw1 �<3 0 Pdl �<6 Idfk= Dqjhzdqgwh Pdwkhpdwln/ Xqlyhuvlwçw Kdpexuj

Pdl �<6 Glsorp lp Vwxglhqjdqj Pdwkhpdwln

Mdq1 �<9 0 Pçu} 5333 Surprwlrqvvwxglxp dp Idfkehuhlfk Pdwkhpdwln

ghu Xqlyhuvlwçw Kdpexuj

Ehux lfkh Wçwljnhlwhq

Vhsw1 �<6 0 Gh}1 �<8 Zlvvhqvfkdiwolfkhu Plwduehlwhu

ghu Iruvfkxqjvjuxssh �Fkluxujlvfkh Iruvfkxqj�

dq ghu Phgl}lqlvfkhq Xqlyhuvlwçw }x Oÿehfn

Dsulo �<: 0 Pçu} 5333 Zlvvhqvfkdiwolfkhu Plwduehlwhu

dp Idfkehuhlfk Pdwkhpdwln ghu Xqlyhuvlwçw Kdpexuj
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