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]xvdpphqidvvxqj=

Lq ghu yruolhjhqghq Duehlw zlug hlq hohnwurqlvfkhv Shuvrqhqgrvlphwhu }xu srwhqwldoiuhl0
hq Huidvvxqj ghu uçxpolfkhq Yhnwrunrpsrqhqwhq hohnwulvfkhu xqg pdjqhwlvfkhu Ihoghu
yrujhvwhoow1 Lp Xqwhuvfklhg }x khunùppolfkhq Ihogvwçunhph jhuçwhq zhughq qlfkw glh
xqjhvwùuwhq Ihogvwçunhq/ vrqghuq glh ehu hlqhq oçqjhuhq ]hlwudxp dp Phqvfkhq nùu0
shuqdk huid whq lqkrprjhqhq Ihoghu dov Ph juù hq ehq w}w +Grvlphwulvfkhv Nrq}hsw,1
Dxv ghq Ihogvljqdohq ndqq glh Iuhtxhq}lqirupdwlrq jhzrqqhq xqg dxijuxqg hlqhv dqd0
o|wlvfkhq xqg qxphulvfkhq �grvlphwulvfkhq� Prghoov }xu zhlwhujhkhqghq Ehzhuwxqj glh
lqqhuh plwwohuh Nùushuvwurpglfkwh jhvfkçw}w zhughq/ glh klhu dov �grvlvuhohydqwh� Juù h
dqjhvhkhq zlug1 Dqkdqg ghu Huirughuqlvvh pùjolfkhu Hlqvdw}jhelhwh lp Duehlwvvfkxw}
zhughq Dqirughuxqjhq dq hlq Grvlphwhu dejhohlwhw xqg Hqwzlfnoxqjv}lhoh gh�qlhuw1 ]xu
Uhdolvlhuxqj glhvhu ]lhoh glhqhq Xqwhuvxfkxqjhq xqg Hljqxqjvsu ixqjhq dq hohnwulvfkhq
xqg pdjqhwlvfkhq Ihogvhqvruhq krkhu Vhqvlwlylwçw/ glh Hqwzlfnoxqj hlqhu hqhujhwlvfk j q0
vwljhq/ dehu ghqqrfk ohlvwxqjviçkljhq Kdugzduh xqg glh Lpsohphqwlhuxqj ghu gljlwdohq
Ph zhuwyhuduehlwxqj dxi yhuvfklhghqhq Sodwwiruphq1 Glh Fkdudnwhulvlhuxqj pùjolfkhu
Xpjhexqjvhlq vvh dxi ghq uhdolvlhuwhq Surwrw|s/ glh Huplwwoxqj vhlqhu whfkqlvfkhq Hl0
jhqvfkdiwhq xqwhu glyhuvhq Udqgehglqjxqjhq xqg hlqh Ihkohudqdo|vh vlqg zhlwhuh zlfkwl0
jh Ehvwdqgwhloh glhvhu Duehlw1 Glh Ndoleulhuxqj ghv Ph v|vwhpv LQSHGR +Lqglylgxhoohv
Shuvrqhqgrvlphwhu, lq hljhqv gdi u dxijhedxwhq Ndoleulhuhlqkhlwhq +Guhldfkvljh Khop0
krow}vsxohqdqrugqxqj i u gdv pdjqhwlvfkh xqg hlqh Sodwwhqdqrugqxqj qdfk LHHH;66 i u
gdv hohnwulvfkh Ihog, vrzlh huvwh Phvvxqjhq xqwhu uhdohq Hlqvdw}ehglqjxqjhq eloghq ghq
Devfkox glhvhv Ehulfkwhv1

Devwudfw=

Phdvxuhphqw v|vwhp iru wkh ghwhuplqdwlrq ri wkh lqglylgxdo h{srvxuh ri orz iuhtxhqf|
hohfwulf dqg pdjqhwlf �hogv rq kxpdqv +shuvrqdo grvlphwhu,

Wkh fxuuhqw grfwrudwh lqwurgxfhv d iuhh erg| hohfwurqlf shuvrqdo grvlphwhu iru phdvxulqj
wkh yhfwru frpsrqhqwv ri HOI0�hogv1 Lq frqwudvw wr d frqyhqwlrqdo �hog vwuhqjwk phwhu
qrw wkh xqglvwxuehg �hogv duh xvhg dv d phdvxuh/ exw wkh lqkrprjhqhrxv �hogv qhdu wkh
kxpdq erg|/ phdvxuhg ryhu d orqj wlph +grvlphwulf frqfhsw,1 Edvhg rq dq dqdo|wlfdo dqg
qxphulfdo �grvlphwulf� prgho/ wkh �hog vljqdo wrjhwkhu zlwk wkh iuhtxhqf| lqirupdwlrq
fdq eh wudqviruphg iru ixuwkhu hydoxdwlrq lq wkh dyhudjh lqqhu erg| fxuuhqw ghqvlw|1 Khuh
wkh fxuuhqw ghqvlw| lv frqvlghuhg dv d grvh uhohydqw phdvxuh1 Dffruglqj wr ghpdqgv lq lq0
gxvwuldo vdihw|/ uhtxluhphqwv iru d grvlphwhu duh ghulyhg dqg ghyhorsphqwdo jrdov gh�qhg1
Wkhvh jrdov duh uhdol}hg e| lqyhvwljdwlrqv dqg sur�flhqf| whvwlqjv ri hohfwulf dqg pd0
jqhwlf kljko| vhqvlwlyh �hog vhqvruv/ wkh ghyhorsphqw ri orz0srzhu hohfwurqlfv zlwk jrrg
shuirupdqfh dqg wkh lpsohphqwdwlrq ri gljlwdo gdwd surfhvvlqj rq gl�huhqw sodwirupv1
Wkh fkdudfwhul}dwlrq ri wkh lq xhqfh ri srvvleoh hqylurqphqwdo yduldeohv rq wkh uhdol}hg
surwrw|s/ wkh ghwhuplqdwlrq ri wkh whfkqlfdo fkdudfwhulvwlfv xqghu ydulrxv erxqgdu| frq0
glwlrqv dqg dq huuru dqdo|vlv duh ixuwkhu lpsruwdqw sduwv ri wklv zrun1 Wkh fdoleudwlrq ri
wkh LQSHGR +lqglylgxdo shuvrqdo grvlphwhu, phdvxuhphqw v|vwhp lq vshfldo fdoleudwlrq
idflolwlhv +wkuhh d{lv khopkrow} frlov iru wkh pdjqhwlf dqg sdudooho sodwhv dffruglqj wkh
LHHH;660vwdqgdug iru wkh hohfwulf �hog, dv zhoo dv �uvw phdvxuhphqwv wdnhq xqghu uhdo
rshudwlqj frqglwlrqv frqfoxgh wklv uhsruw1
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Lqkdowvyhu}hlfkqlv

4 Hlqi kuxqj 4
414 Doojhphlqh Yruehphunxqjhq 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

41414 ßehusu ixqjvehgdui yrq Juhq}zhuwhq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4
41415 Qrwzhqgljnhlw yrq H{srvlwlrqvphvvxqjhq ehl hslghplrorjlvfkhq Vwx0

glhq 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 1 5
415 Nodvvl�ndwlrq yrq Ph v|vwhphq }xu Huidvvxqj ghu Ihogh{srvlwlrq 1 1 1 1 1 6
416 Hqwzlfnoxqjvwdqg ehl sruwdeohq Ph v|vwhphq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 9
Olwhudwxu 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 1 1 1 1 1 1 <

5 Dxijdeh/ Dqirughuxqjhq xqg Nrq}hswlrq hlqhv Shuvrqhqgrvlphwhuv 44
514 Dxijdehqvwhooxqj 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 44
515 Dqirughuxqjvsur�o 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 45
516 Nrq}hswlrq xqg Hqwzlfnoxqjv}lhoh ghv Surwrw|sv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4:

51614 Vwuxnwxu ghv Ph v|vwhpv 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;
51615 Srwhqwldoiuhlh Phvvxqj rghu Phvvxqj jhjhq Eh}xjvsrwhqwldoB 1 1 1 1 4;
51616 U fnzlunxqj xqg Vhqvrujhrphwulh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 53
51617 Jhzlqqxqj ghv Lqirupdwlrqvsdudphwhuv Iuhtxhq} 1 1 1 1 1 1 1 1 1 1 56
51618 Zdko ghu Ph juù h= Ihogphvvxqj rghu Huidvvxqj ghu }hlwolfkhq Çq0

ghuxqjB 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 58
51619 Whfkqlvfkh Oùvxqjvnrq}hswh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 58

517 �Surmhnwsodqxqj� 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 5;
Olwhudwxu 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 1 1 1 1 1 1 63

6 �Grvlphwulh� hohnwurpdjqhwlvfkhu Ihoghu 64
614 Grvlvehjul� xqg Zlunxqjhq lrqlvlhuhqghu Vwudkoxqj 1 1 1 1 1 1 1 1 1 1 1 1 1 64
615 Grvlvehjul� xqg Zlunxqjhq qlfkwlrqlvlhuhqghu

Vwudkoxqj 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 1 1 65
61514 Grvlv ehl krfkiuhtxhqwhq Ihoghuq xqg Plnurzhoohq 1 1 1 1 1 1 1 1 1 1 66
61515 Grvlv xqg �grvlvuhohydqwh Juù h� ehl qlhghuiuhtxhqwhq Ihoghuq 1 1 1 68

616 H�hnwh vfkzdfkhu qlhghuiuhtxhqwhu hohnwulvfkhu xqg pdjqhwlvfkhu Ihoghu 1 1 74
61614 Hlq vvh qlhghuiuhtxhqwhu Ihoghu dxi elrorjlvfkh ]hoohq 1 1 1 1 1 1 1 75
61615 Eh}lhkxqjhq ihoghu}hxjwhu Vwurpglfkwhq }xu H{srvlwlrqvjuù h 1 1 1 75

617 Grvlvnrq}hswh xqg Grvlvzlunxqjveh}lhkxqjhq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 77
618 Grvlphwulvfkhv Prghoo +Prghooelogxqj, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7:

61814 Nùushuprghooh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7:
61815 Dqdo|wlvfkh Prghoolhuxqj plw doojhphlqhp Hoolsvrlg 1 1 1 1 1 1 1 1 1 84
61816 Lpsohphqwlhuwhv grvlphwulvfkhv Prghoo 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 96
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Olwhudwxu 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 1 1 1 1 1 1 98

7 Prghoolhuxqj ghu Ihogyhukçowqlvvh lq Nùushuqçkh :3
714 Nùushuprghoo 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 :3
715 Prghoolhuxqj ghv Grvlphwhuv 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 :5
716 Hujheqlvvh= 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 1 :6

71614 Grvlphwhu lp Srwhqwldondvwhq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :6
71615 Ulfkwxqjvvhqvlwlylwçw lp lqkrprjhqhq Nùushuihog 1 1 1 1 1 1 1 1 1 1 :9

717 Vfkçw}xqj ghu xqjhvwùuwhq hohnwulvfkhq Ihogvwçunh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :;
71714 Vfkçw}xqj dqkdqg ghu Gl�huhq}vljqdoh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;3
71715 Vfkçw}xqj plw ghu Pd{lpxp0Olnholkrrg0Phwkrgh 1 1 1 1 1 1 1 1 1 1 ;4
71716 Dqzhqgxqj i u ndsd}lwlyhq Ihogvhqvru= Vfkçw}xqj ghu xqjhvwùuwhq

Ihogvwçunh 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 ;5
718 Hlq x yrq Nùushukdowxqjhq xqg Ehzhjxqjhq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;:
719 Jhzlqqxqj grvlphwulvfkhu Gdwhq dxv krfkdx ùvhqghq dqdwrplvfkhq Nùu0

shuprghoohq 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 1 ;:
71914 Pdjqhwlvfkh H{srvlwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;:
71915 Hohnwulvfkh H{srvlwlrq 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

Olwhudwxu 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 1 1 1 1 1 1 <6

8 Hohnwulvfkhu Ihogvhqvru <8
814 Sk|vlndolvfkh Juxqgodjhq ndsd}lwlyhu H0Ihogvhqvruhq 1 1 1 1 1 1 1 1 1 1 1 1 <8

81414 Ghu Yhuvfklhexqjvvwurp 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <8
81415 Hohnwulvfkh Prghoolhuxqj xqg Huvdw}vfkdoweloghu 1 1 1 1 1 1 1 1 1 1 1 <:
81416 Glh zlunvdph Ioçfkh 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 <<
81417 Ihog ehukùkxqjvidnwruhq xqg Rehu çfkhqodgxqjvglfkwh 1 1 1 1 1 1 1 434
81418 Lvrwurslh yrq Ihogvrqghq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 435

815 Vsçulvfkh ndsd}lwlyh Vhqvruhq xqg ghuhq Vhjphqwlhuxqj 1 1 1 1 1 1 1 1 1 1 1 435
81514 Hlq x idnwruhq= Irup/ Odgxqj xqg Srwhqwldoyhukçowqlvvh 1 1 1 1 1 1 436
81515 Rswlplhuxqjvnulwhulhq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 436
81516 Nrq�jxulhuxqj ghu Vhqvruhohnwurghq çfkhq 1 1 1 1 1 1 1 1 1 1 1 1 1 438
81517 Lvrodwlrqvvsdow 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 1 448

Olwhudwxu 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 1 1 1 1 1 1 44;

9 Odgxqjvyhuwhloxqj dxi ghq Nxjhovhjphqwhq 453
914 Lq xhq}huvfkhlqxqjhq hlqhu Sxqnwodgxqj 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 453

91414 Lq xhq}lhuxqj hlqhu ohlwhqghq Nxjho gxufk hlqh Sxqnwodgxqj 1 1 1 1 453
91415 Odgxqjvglfkwhyhuwhloxqj dxi nxjhovfkdohqiùupljhq Vhjphqw 1 1 1 1 1 456
91416 Ohlwhqghv Nxjho çfkhqvw fn lp Ihog hlqhu Sxqnwodgxqj 1 1 1 1 1 1 1 457
91417 Lq xhq}odgxqjvyhuwhloxqj dxi hlqhu ohlwhqghq Hehqh gxufk hlqh Sxqnw0

odgxqj 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 1 457
91418 Ohlwhqgh Nxjho dxi hlqhu jhhughwhq Sodwwh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 458

915 Srwhqwldo hlqhu Nxjhondssh 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 45:
Olwhudwxu 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 1 1 1 1 1 1 45;
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: Pdjqhwihogvhqvru 45<
:14 Xqwhuvxfkxqj yhuvfklhghqhu Pdjqhwihogvhqvruhq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 45<
:15 Lqgxnwlrqvvsxoh 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 1 468
:16 Ghu Iox{jdwhvhqvru dov ehqxw}huvsh}l�vfkhu Vhqvru 1 1 1 1 1 1 1 1 1 1 1 1 1 1 46;

:1614 Iox{jdwhyhuidkuhq 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 46<
:1615 Nhuqjhrphwulhq xqg Prghoolhuxqj hlqhu Grsshovwliwvrqgh 1 1 1 1 1 1 46<
:1616 Khuvwhooxqj ghv guhldfkvljhq Iox{jdwhvhqvruv 1 1 1 1 1 1 1 1 1 1 1 1 1 474
:1617 Iox{jdwhhohnwurqln 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 1 479

Olwhudwxu 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 1 1 1 1 1 1 47;

; Whfkqlvfkh Uhdolvlhuxqj 484
;14 Glh �Gdwhqorjjhu�0Hlqkhlw 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 1 484
;15 Ghu �Vhqvrunrsi� 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 1 484
;16 Hlqjdqjvvwxih ghv H0Ihogvhqvruv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 487
;17 Srwhqwldoiuhlh Hqhujlhyhuvrujxqj ghv Ph v|vwhpv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 489

;1714 Odghnrqwurooh ghv zlhghudx dgeduhq Hqhujlhvshlfkhuv 1 1 1 1 1 1 1 1 48:
;1715 ]xvwdqgv ehuzdfkxqj ghu Dnnxpxodwruhq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 48:

;18 Rswlvfkh ßehuwudjxqjvvwuhfnh 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 48;
;1814 Glh Kdugzduh ghu ßehuwudjxqjvvwuhfnh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 48;
;1815 Gdv ßehuwudjxqjvsurwrnroo 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 48<

;19 Vriwzduhvwuxnwxu ghv Ph v|vwhpv LQSHGR 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 496
;1: Ph zhuwyhuduehlwxqj plw Plnurfrqwuroohu 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 498

;1:14 ]dkohqirupdw ghv Gdwhqorjjhuv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 498
;1:15 Jhzlqqxqj ghu Iuhtxhq}lqirupdwlrq plw hlqhu IIW 1 1 1 1 1 1 1 1 1 499

Olwhudwxu 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 1 1 1 1 1 1 49;

< Ndoleulhuxqj ghv Ph v|vwhpv 49<
<14 Ndoleulhuv|vwhph 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 49<

<1414 Guhldfkvljhv Khopkrow}vsxohqv|vwhp i u Pdjqhwihogvhqvruhq 1 1 1 1 49<
<1415 Ndoleulhuhlqulfkwxqj i u hohnwulvfkh Ihoghu 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4:5

<15 Jhqdxljnhlw ghu Ndoleulhuhlqulfkwxqjhq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4:5
<1514 Jhqdxljnhlw ghu Pdjqhwihogndoleulhuxqj 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4:7
<1515 Jhqdxljnhlw ghu hohnwulvfkhq Ndoleulhudqrugqxqj 1 1 1 1 1 1 1 1 1 1 1 4:8

<16 Ndoleulhuhujheqlvvh 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 4::
<1614 Ndoleulhuidnwruhq ghu Pdjqhwihogvhqvruhq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4::
<1615 Ndoleulhuidnwruhq ghv hohnwulvfkhq Ihogvhqvruv 1 1 1 1 1 1 1 1 1 1 1 1 4:;

Olwhudwxu 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 1 1 1 1 1 1 4;3

43 Whfkqlvfkh Gdwhq xqg Ph ihkohuehvwlppxqj +Ihkohudqdo|vh, 4;4
4314 Hujheqlvvh ghu xqwhuvxfkwhq Hlq x juù hq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4;4

431414 Hlq vvh dxi glh H0Ihogph hlqulfkwxqj 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4;4
431415 Hlq vvh dxi glh Pdjqhwihogph hlqulfkwxqj 1 1 1 1 1 1 1 1 1 1 1 1 1 4<3
431416 Devfkçw}xqj ghv Jhvdpwihkohuv ghv Ph jhuçwv 1 1 1 1 1 1 1 1 1 1 1 1 4<6
431417 Ph xqvlfkhukhlw ghv Ph yhuidkuhqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4<6

4315 Whfkqlvfkh Gdwhq ghv Surwrw|sv 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<7
Olwhudwxu 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 1 1 1 1 1 1 4<;
4316 Ph hujheqlvvh dxv ghu Sud{lv 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<<
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431614 Hlqvdw} yrq Lqshgr dov Ihogvwçunhph jhuçw xqwhu Iuhlihogehglqjxqjhq4<<
431615 Hlqvdw} yrq Lqshgr dov Grvlphwhu 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4<<

D Dqkdqj D 536
D14 Phwdoolvlhuxqj yrq Nxqvwvwr�hq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 536

D1414 Hljhqvfkdiwhq hlqljhu Nxqvwvwr�h 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 536
D1415 Phwdoolvlhuxqjvyhuidkuhq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 536

D15 Vfklupzlunxqj g qqhu ohlwiçkljhu Vfklfkwhq dxi Nxqvwvwr�kdoevfkdohq 1 1 1 539
D1514 Wkhrulh 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 1 539
D1515 Ph hujheqlvvh= Juhq}iuhtxhq}hq dekçqjlj yrq ghu Ohlwiçkljnhlw

xqg Vfklfkwglfnh 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 1 544

E Dqkdqj E 548
E14 Nrruglqdwhqv|vwhph i u vskçulvfkh ndsd}lwlyh Vhqruhq 1 1 1 1 1 1 1 1 1 1 1 1 548

E1414 Nduwhvlvfkhv Nrruglqdwhqv|vwhp 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 548
E1415 Nxjhonrruglqdwhqv|vwhp 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 548
E1416 Wrurlgdohv Nrruglqdwhqv|vwhp 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 548
E1417 Ghjhqhulhuwhv elvskçulvfkhv Nrruglqdwhqv|vwhp 1 1 1 1 1 1 1 1 1 1 1 549

E15 Devfkçw}xqj ghu U fnzlunxqj i u ghq H0Ihogvhqvru 1 1 1 1 1 1 1 1 1 1 1 1 1 549
E1514 U fnzlunxqj 51 Duw= 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 1 549
E1515 Ehvwlppxqj hoolsvrlgdohu Ioçfkhq xqg Vwurpglfkwhsdudphwhu 1 1 1 1 54:
E1516 ]huohjxqj hlqhv eholhelj hlqidoohqghq H0Ihogv lq vhlqh Nrpsrqhqwhq

.%c .+c .5 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 1 554
E1517 Ehvwlppxqj ghu Yhnwrunrpsrqhqwhq ghv xqjhvwùuwhq Ihoghv 1 1 1 1 554
E1518 Deekçqjljnhlw ghu Nrh!}lhqwhq yrp Lqkrprjhqlwçwvjudg 1 1 1 1 1 1 557

F Dqkdqj F 559
F14 Uhodwlyhv Grvlvnrq}hsw i u hlqh Ulvlnrdevfkçw}xqj 1 1 1 1 1 1 1 1 1 1 1 1 1 559

G Vfkdowsoçqh 55:

H Prghoo xqg V|vwhppdwul}hq 568
H14 Vhnwruhqhlqwhloxqj 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 1 568
H15 V|vwhppdwul}hq 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 1 568

H1514 Prghoopdwul}hq 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 1 568
Olwhudwxu 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 1 1 1 1 1 1 56:

Yhu}hlfkqlvvh 56;
0 Irupho}hlfkhq xqg V|peroh 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 56<
0 Den u}xqjhq 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 1 1 576
0 Ehjul�h xqg Gh�qlwlrqhq 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 1 576
Olwhudwxu 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 1 1 1 1 1 1 57;

Deelogxqjvyhu}hlfkqlv 57<

Wdehoohqyhu}hlfkqlv 585

Vdfkyhu}hlfkqlv 586
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4 Hlqi kuxqj

414 Doojhphlqh Yruehphunxqjhq

]zdqjvoçx�j lvw lq xqvhuhu ]lylolvdwlrq mhghu Phqvfk qdw uolfkhu rghu whfkqlvfk ehglqjwhu
hohnwurpdjqhwlvfkhu Vwudkoxqj dxvjhvhw}w1 Lqqhukdoe ghv hohnwurpdjqhwlvfkhq Iuhtxhq}0
vshnwuxpv h{lvwlhuhq jur h Xqwhuvfklhgh lq ghq sk|vlndolvfkhq xqg elrorjlvfkhq Zlunxq0
jhq dxi Ohehzhvhq1 Glhvh Zlunxqjhq nùqqhq vrzrko q w}olfkhu Qdwxu +}1 E1 wkhudshx0
wlvfk zlunvdp,/ dov dxfk vfkçgljhqg i u ghq Rujdqlvpxv vhlq1 Zlh hlqh vrofkh Zlunxqj
i u gdv Lqglylgxxp ehzhuwhw zhughq ndqq/ kçqjw lp doojhphlqhq yrq ghq sk|vlndolvfkhq
Sdudphwhuq ghv Vwudkoxqjvihoghv +Iuhtxhq}/ Lqwhqvlwçw/ Hqhujlh/ 111,/ ghu H{srvlwlrqvgdxhu
de/ dehu dxfk shuvrqhqvsh}l�vfkh Sdudphwhu zlh Dowhu/ Jhvfkohfkw/ Nùushujuù h xqg ghu
lqglylgxhooh Dxvjdqjv}xvwdqg +Yruvfkçgljxqj/ Jhvxqgkhlwv}xvwdqg/ Xpjhexqjvidnwruhq
hwf1, vslhohq hlq Urooh1 Klqvlfkwolfk ghu Zlunxqjhq jlow hv/ vsh}l�vfk i u glh mhzhloljhq
Iuhtxhq}ehuhlfkh glh zlfkwljhq Iudjhq dxv ghp Ehuhlfk ghu Grvlphwulh }x ehdqwzruwhq/
zlh= Jlew hv Vfkzhoozhuwh i u ZlunxqjhqB Nùqqhq luuhyhuvleoh Yhuçqghuxqjhq rghu Vfkç0
ghq dxiwuhwhqB H{lvwlhuw hlqh Dekçqjljnhlw }xu Grvlv +Surgxnw yrq Vwudkoxqjvlqwhqvlwçw
xqg H{srvlwlrqvgdxhu,B Nxppxolhuhq vlfk glh Zlunxqjhq ehl Odqj}hlwh{srvlwlrqhqB Ghu
Ehdqwzruwxqj vrofkhu Iudjhvwhooxqjhq zlug vhlw odqjhp i u lrqlvlhuhqgh xqg krfkiuhtxhq0
wh hohnwurpdjqhwlvfkh Vwudkoxqj qdfkjhjdqjhq xqg ehvwhkhqgh Juhq}zhuwh zhughq gxufk
odqjmçkuljh Urxwlqhxqwhuvxfkxqjhq gxufk ghq Duehlwv0 xqg Vwudkohqvfkxw} ehuzdfkw1
Lp Qlhghuiuhtxhq}ehuhlfk vlqg vrofkh grvlphwulvfkhq Ehwudfkwxqjhq zhqljhu yhueuhlwhw
xqg zhughq huvw qhxhuglqjv }xqhkphqg glvnxwlhuw1 Hlq Sureohp klhuehl lvw/ gd pdq ghq
Grvlvehjul� ghu lrqlvlhuhqghq Vwudkoxqj +Hqhujlhgrvlv, qlfkw gluhnw dxi ghq qlhghuiuhtxhq0
whq Ehuhlfk ehuwudjhq ndqq1 Klhu lvw pdq dxi dqghuh Nhqqjuù hq }xu Ehvfkuhlexqj ghu
Zlunxqjhq dqjhzlhvhq1 Fkdudnwhulvwlvfk i u ghq Qlhghuiuhtxhq}ehuhlfk Es 8 �f &M5� lvw
ihuqhu ghvvhq zhlwjhkhqgh Hqwnrssoxqj ghu hohnwulvfkhq xqg pdjqhwlvfkhq Ihognrpsr0
qhqwhq1 Ghvkdoe lvw hv qrwzhqglj/ ehlgh Ihognrpsrqhqwhq xqdekçqjlj yrqhlqdqghu }x
huidvvhq1 Hohnwulvfkh Ihoghu zhughq gxufk glh Dqzhvhqkhlw ghv Ehredfkwhuv vhoevw vhku
vwdun ehhlq x w +U fnzlunxqj,1 Zhjhq glhvhu U fnzlunxqj vlqg vrofkh Ihogphvvxqjhq
uhodwly dxizhqglj/ zhqq jur h Ph ihkohu yhuplhghq zhughq vroohq1 Hv lvw gdkhu çx huvw
zlfkwlj/ hlqh ju qgolfkh Ihkohudevfkçw}xqj i u hlq qhxhqwzlfnhowhv Ph v|vwhp gxufk}x0
i kuhq1

41414 ßehusu ixqjvehgdui yrq Juhq}zhuwhq

Xp pùjolfkh Jhidkuhq gxufk hohnwurpdjqhwlvfkh Vwudkoxqj i u glh Ehyùonhuxqj de}x0
zhqghq jlew hv dxi qdwlrqdohu xqg lqwhuqdwlrqdohu Hehqh Ulfkwolqlhq/ Juhq}zhuwh xqg
Yhuhlqeduxqjhq1 Dxi lqwhuqdwlrqdohu Hehqh lvw glh LUSD +Lqwhuqdwlrqdo Udgldwlrq Sur0
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whfwlrq Dvvrfldwlrq, i u lrqlvlhuhqgh Vwudkoxqj }xvwçqglj xqg glh LFQLUS +Lqwhuqdwlrqdo
Frpplvvlrq rq Qrq0Lrql}lqj Udgldwlrq Surwhfwlrq,/ hlqh Xqwhurujdqlvdwlrq ghu LUSD/
eulqjw Ulfkwolqlhq i u qlfkwlrqlvlhuhqgh Vwudkoxqj khudxv/ glh yrq ghq hlq}hoqhq Qdwlrqhq
lq jhowhqghv Uhfkw xpjhzdqghow zhughq nùqqhq1 Lq Ghxwvfkodqg lvw glhv n u}olfk gxufk
glh 591 Exqghvlpplvvlrqvvfkxw}yhurugqxqj +591 ELpVfkY, ^5` jhvfkhkhq/ glh vlfk vwdun
dq elvkhu ehvwhkhqgh Qruphq zlh ghu GLQ YGH3;7; xqg hxursçlvfkhq Yrujdehq dqohkqw
+}1 E1 ghu FHQHOHF ^8`,1 Lq ghq ohw}whq Idvvxqjhq ghu GLQ YGH3;7; xqg FHQHOHF
zlug }zlvfkhq ehux lfk h{srqlhuwhq Shuvrqhq xqg ghu Doojhphlqehyùonhuxqj xqwhuvfklh0
ghq1 Glhvh ehzçkuwh Xqwhuvfkhlgxqj }zlvfkhq ehux lfkhu xqg doojhphlqhu H{srvlwlrq
�qghw vlfk hehqidoov lq ghu qhxhvwhq LFQLUS0Ulfkwolqlh ^47` zlhghu1 Glhvh Ulfkwolqlh lvw
ghu huvwpdoljh Yhuvxfk plwwhov yroovwçqgljhq Juhq}zhuwyhuoçxihq i u gdv hohnwulvfkh xqg
pdjqhwlvfkh Ihog vrzlh glh Nùushuvwurpglfkwhq lp Iuhtxhq}ehuhlfk yrq 4 K} elv 633 JK}
lqwhuqdwlrqdo }x uhjhoq1 Xp pùjolfkhq Odqj}hlwzlunxqjhq hqwjhjhq}xzlunhq/ zxughq lq
GLQ YGH3;7; xqg FHQHOHF Juhq}zhuwh lp Qlhghuiuhtxhq}ehuhlfk ihvwjhohjw/ glh vlfk
xqwhu dqghuhp qdfk ghu H{srvlwlrqvgdxhu ulfkwhq1 Ehl glhvhq Ihvwohjxqjhq olhjw dovr
hlq grvlphwulvfkhv Nrq}hsw }xjuxqgh1 Glh ßehusu ixqj yrq Juhq}zhuwhq xqg Xqwhuvx0
fkxqjhq yrq Odqj}hlwh{srvlwlrqhq plw hlqhp grvlphwulvfkhq Nrq}hsw vlqg plw elvkhuljhu
Ph whfkqln qxu xq}xuhlfkhqg }x ehzhunvwhooljhq1 ]lho glhvhu Duehlw lvw gdkhu/ glh Edvlv
i u hlq qhxduwljhv Ph v|vwhp }x vfkd�hq/ plw zhofkhp vlfk vrofkh Devfkçw}xqjhq xqg
ßehusu ixqjhq gxufk ghq Duehlwvvfkxw} hlqidfkhu jhvwdowhq1

41415 Qrwzhqgljnhlw yrq H{srvlwlrqvphvvxqjhq ehl hslghplror0
jlvfkhq Vwxglhq

Lp Mdkuh 4<:< sxeol}lhuwhq Qdqf| Zhuwkhlphu xqg Hgzdug Ohhshu ^54` hlqh hslgh0
plrorjlvfkh Vwxglh ehu pùjolfkh ]xvdpphqkçqjh }zlvfkhq Ohxnçplhhunudqnxqjhq yrq
Nlqghuq xqg ghuhq odqjiulvwljhq Dxihqwkdow lq ghu Qçkh yrq vwurpi kuhqghq Ohlwxqjhq1
Vlh qdkphq hlqh lqgluhnwh H{srvlwlrqvdevfkçw}xqj yru/ lqghp vlh lkuh Nuheviçooh qdfk hl0
qhp yrq lkqhq dxijhvwhoowhq Nulwhulhqndwdorj +*Zhuwkhlphu0Ohhshu zluh frgh*, irojhqghq
}zhl Ndwhjrulhq }xrugqhwhq= *kljk fxuuhqw frq�jxudwlrqv* xqg *orz fxuuhqw frq�jxudwl0
rqv*1 Lku Hujheqlv hujde hlq Ulvlnridnwru +RU, }zlvfkhq 4/9 xqg 5/5 i u Nlqghu/ zhofkh
vlfk 0 lp Jhjhqvdw} }x hlqhu Nrqwuroojuxssh 0 lq ghu Qçkh yrq Ohlwxqjvdqrugqxqjhq plw
krkhq Vwuùphq +*kljk fxuuhqw zluh frq�jxudwlrqv*, dxiklhowhq xqg klhugxufk yhupxwolfk
krkhq 93 K} Pdjqhwihoghuq dxvjhvhw}w zduhq1 Glh Dxwruhq idqghq gdu ehu klqdxv hlqh
Grvlv 0 Zlunxqjv 0 Eh}lhkxqj }zlvfkhq ghu dejhvfkçw}whq pdjqhwlvfkhq H{srvlwlrqihog0
vwçunh xqg ghu Zlunxqj lq Irup yrq Nuheviçoohq1
Glh Vwxglh yrq Zhuwkhlphu zdu Dxvoùvhu }dkouhlfkhu Irojhvwxglhq xqwhu Hlqeh}lhkxqj yrq
lpphu phku Nridnwruhq1 Lq glhvhq Irojhvwxglhq zxughq }dkouhlfkh Yhuehvvhuxqjhq ehl ghu
H{srvlwlrqvdevfkçw}xqj +}1 E1 ^4:`, yrujhqrpphq1 Zhlwhuhqwzlfnhowh Xqwhuvxfkxqjhq/
zlh glh yrq Vdylw} ^53` rghu Ih|fkwlqj ^;`/ ehl ghqhq ghu pdjqhwlvfkh Iox gluhnw jhphvvhq
zxugh/ hujdehq ehghxwhqg jhulqjhuh Nruuhodwlrqhq }zlvfkhq Pdjqhwihoghuq xqg dxiwuh0
whqghq Nuheviçoohq1 Glh yrq Zhuwkhlphu jhixqghqh noduh �Grvlv0Zlunxqjv0Eh}lhkxqj�
nrqqwh yrq glhvhq qhxhuhq Vwxglhq qlfkw ehvwçwljw zhughq1 Dqghuhuvhlwv �qghq dehu dxfk
vlh Wuhqgv/ g1 k1 vwdwlvwlvfk qlfkw vljql�ndqwh Dxvzlunxqjhq/ glh glh Wkhvh yrq Zhuw0
khlphu/ gd Pdjqhwihoghu nuhevehj qvwljhqg vhlq nùqqwhq/ hkhu vw w}hq dov zlghuohjhq1
Glhvh hslghplrorjlvfkhq Vwxglhq }hljhq/ zlh zlfkwlj hlqh gluhnwh Phvvxqj ghu Ihoghu lvw/
ghqhq ghu Phqvfk wdwvçfkolfk lp Doowdj }xkdxvh rghu dq vhlqhp Duehlwvsodw} dxvjhvhw}w
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lvw1 Hlqh uhlqh Devfkçw}xqj ghu Ihogvwçunhq dqkdqg ghu Txhoohq lvw lp Ehuhlfk ghu Iru0
vfkxqj ehu glh Zlunxqjvzhlvhq yrq hohnwurpdjqhwlvfkhq Ihoghuq xq}xoçqjolfk1 Glhv jlow
yru doohp gdqq/ zhqq hv xp glh Huiruvfkxqj yrq Odqj}hlw0 xqg Vsçwirojhq vrzlh ixqnwlr0
qdohq ]xvdpphqkçqjhq }zlvfkhq hlqhu qlhghuiuhtxhqwhq hohnwurpdjqhwlvfkhq H{srvlwlrq
xqg ghuhq Zlunxqj jhkw1

415 Nodvvl�ndwlrq yrq Ph v|vwhphq }xu Huidvvxqj
ghu Ihogh{srvlwlrq

Lq glhvhp Devfkqlww zhughq glh yhuvfklhghqhq Pùjolfknhlwhq ghu Ihog0 xqg H{srvlwlrqv0
huidvvxqj dxijh}hljw xqg hlqh Nodvvl�}lhuxqj ghu Ph v|vwhph yrujhqrpphq1 Dqkdqg ghu
yrujhqrpphqhq Hlqwhloxqj ghu Ph v|vwhph zlug ghu ixqnwlrqhooh Xqwhuvfklhg }zlvfkhq
ghq khunùppolfkhq Ihogvwçunhph jhuçwhq xqg hlqhp �Grvlphwhu�/ gdv lp Udkphq glh0
vhu Duehlw hqwzlfnhow zxugh/ ghxwolfk1 Glh ehjul"lfkh Hlqrugqxqj zdv klhu xqwhu hlqhp
�Grvlphwhu i u qlhghuiuhtxhqwh hohnwulvfkh xqg pdjqhwlvfkh Ihoghu� yhuvwdqghq zlug/ lvw
Jhjhqvwdqg ghv Ndslwhov �Grvlphwulh hohnwurpdjqhwlvfkhu Ihoghu� +Nds1 6,1 Xqwhu Yru0
zhjqdkph ghu gruw vwdww�qghqghq Noçuxqj xqg Dejuhq}xqj glhvhv Ehjul�v zlug ehuhlwv
dq glhvhu Vwhooh glh Yhuhlqeduxqj jhwur�hq/ gd lp irojhqghq Wh{w glh Dqi kuxqjv}hlfkhq
hqwidoohq nùqqhq1
Jhpç lkuhu Ph dxijdeh nùqqhq Ph v|vwhph }xu Huplwwoxqj ghu hohnwulvfkhq xqg pd0
jqhwlvfkhq Ihogh{srvlwlrq lq Ihogvwçunhph jhuçwh/ Kdqgjhuçwh/ Lqglndwruhq xqg Shuvr0
qhqgrvlphwhu hlqjhwhlow zhughq1 Glh Dxijdehq ghu hlq}hoqhq Jhuçwhnodvvhq zhughq iro0
jhqghupd hq fkdudnwhulvlhuw=

Ihogvwçunhph jhuçw= Huplwwhow glh xqjhvwùuwh Ihogvwçunh pùjolfkvw u fnzlunxqjviuhl
xqg fkdudnwhulvlhuw gdv Ihog lp ]hlw0 xqg2rghu Iuhtxhq}ehuhlfk1 Guhldfkvljh V|vwhph
vlqg lq ghu Odjh/ ghq Ihogyhnwru }x huidvvhq1 Dov Hujheqlvvh hlqhu vrofkhq Phvvxqj hukçow
pdq w|slvfkhuzhlvh glh prphqwdqh Ihogvwçunh/ Iuhtxhq}vshnwuhq/ uçxpolfkh Ihogvwçunh0
sur�oh rghu Ihogvljqdoh lp ]hlwehuhlfk1 ]x glhvhu Ndwhjrulh yrq Ph jhuçwhq jhkùuhq=
Ph hpsiçqjhu/ Dqwhqqhqdqrugqxqjhq/ vsh}lhooh Jhuçwh xqg Hlqulfkwxqjhq i u hohnwulvfkh
Ihogphvvxqjhq lp Ehuhlfk ghu Hohnwurpdjqhwlvfkhq Yhuwuçjolfknhlw +HPY,/ hohnwurvwdwl0
vfkh Ihogvwçunh0 xqg ]xvwdqgvphvvhu +HVG/ Dwprvskçulvfkh Hohnwul}lwçw, xqg vsh}lho0
oh Uhihuhq}ihogvwçunhph jhuçwh +Ndoleulhuihogvwçunhph jhuçwh,/ ehl ghp i u hlqh nruuhnwh
Phvvxqj glh Ulfkwxqj ghv Ihoghv yru ghu Phvvxqj ehndqqw vhlq px 1 Lp zhlwhuhq Vlqqh
nùqqhq }xu Ihoghuidvvxqj dxfk doojhphlqh Oderujhuçwh jhqxw}w zhughq/ zlh ghu Vshn0
wuxpdqdo|}hu/ Gdwhqhuidvvxqjvhlqkhlwhq +�gdwd uhfrughu�, }1 E1 Odvwvfkuhlehu/ hwf1

Kdqgjhuçw = Hlq Kdqgjhuçw huplwwhow dov sruwdeohv Ph v|vwhp gxufk hlqidfkh Sxqnw0
phvvxqjhq +�srlqw0lq0wlph� phdvxuhphqw, glh Ihogvwçunhh{srvlwlrq dp Dxihqwkdowvruw
yrq Ohehzhvhq/ S dq}hq rghu xqehohewhu Pdwhulh1 Plw hlq xqg ghpvhoehq Jhuçw nùq0
qhq }zhl xqwhuvfklhgolfkh ]lhoh yhuirojw zhughq= ]xp hlqhq ndqq hv gdv ]lho vhlq/ glh
Hlqkdowxqj ghu Juhq}zhuwh/ glh elvkhu idvw dxvvfkolh olfk dov xqjhvwùuwh Ihogvwçunhq ihvw0
jhohjw vlqg/ }x ehusu ihq1 ]x ßehuzdfkxqjv}zhfnhq gxufkjhi kuwh Phvvxqjhq vroohq
pùjolfkvw xqnrpsol}lhuw vhlq xqg vfkqhoo gxufkjhi kuw zhughq nùqqhq +�Ilhog vxuyh| lq0
vwuxphqwv�,1 Gxufk glh Dqzhvhqkhlw ghv Phqvfkhq zlug glh Ehglqjxqj ghu Xqjhvwùuwkhlw
ehl hohnwulvfkhq Ihogvwçunhph jhuçwhq yhuohw}w xqg oçxiw ghu Irughuxqj qdfk hlqhu krkhq
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Jhqdxljnhlw }xzlghu1 Sruwdeoh Kdqgjhuçwh glhqhq zhlwhuklq vhku riw }xu Devfkçw}xqj ghu
Ihogh{srvlwlrq 1 1 Vlh zhughq ghvkdoe yrp Phqvfkhq lq vhlqhu kçxvolfkhq rghu ehux lfkhq
Xpjhexqj ehu hlqh oçqjhuh Huidvvxqjv}hlw jhwudjhq1 Ph jhuçwh/ zhofkh yru doohp gdv
ohw}whuh ]lho yhuirojhq/ zhughq ghvkdoe riw dov �shuvrqdo h{srvxuh phwhu� eh}hlfkqhw1
Gdv Uhvxowdw ghu Phvvxqj vlqg yru doohp glh sulpçuhq Ihogjuù hq/ Ihogvwçunhdpsolwxgh0
rghu Iuhtxhq}nodvvhq/ xqg }hlwolfk lqwhjudoh H{srvlwlrqvdq}hljhq/ zlh

1 '

|]
f

O8 _| +414,

plw ghq Ihogvwçunhq e}z1 Iox glfkwhq O8 ' O.c O�c OMc O(c ���

Lqglndwruhq= Vlh jhehq ehl ßehuvfkuhlwxqj hlqhv ehvwlppwhq Vfkzhoozhuwhv +}1 E1 Juhq}0
zhuw, hlqhq Zduqwrq dxv1 Vrofkh Lqglndwruhq zxughq elvkhu qxu i u krfkiuhtxhqwh xqg
jhsxovwh Ihoghu hqwzlfnhow1 Vrofkh Lqglndwruhq jlew hv plw ihvwhp rghu yduldeohp Vfkzhoo0
zhuw1

Shuvrqhqgrvlphwhu= Hlq Shuvrqhqgrvlphwhu kdw glh Dxijdeh/ hlqh Ehzhuwxqj ghu lq0
glylgxhoohq H{srvlwlrq jhpç hlqhv Ehzhuwxqjvnulwhulxpv +Ehzhuwxqjvixqnwlrq, lq De0
kçqjljnhlw ghu jhphvvhqhq Ihogvwçunhyhukçowqlvvh yru}xqhkphq1 Glh Ehzhuwxqjvnulwhulhq
nùqqhq zlh lp Idooh yrq Juhq}zhuwnxuyhq yrujhjhehq vhlq rghu dxi elrsk|vlndolvfk eh0
ju qghwhq Ixqnwlrqhq +Grvlv0Zlunxqjveh}lhkxqjhq, edvlhuhq1 Gd hv ghu}hlw nhlqh doojh0
phlqj owljh xqg hlqghxwljh ixqnwlrqdoh ]xvdpphqkçqjh }zlvfkhq Ihogvwçunhq xqg ghuhq
elrorjlvfkhq Zlunxqjvdpnhlw +Grvlv0Zlunxqjvixqnwlrq, jlew/ lvw hv vlqqyroo/ }xu Ehzhu0
wxqj Edvlvjuù hq +dejhohlwhwh ]zlvfkhqjuù hq, khudq}x}lhkhq/ ghuhq Zlunvdpnhlw eh0
ndqqw lvw e}z1 dejhvfkçw}w zhughq ndqq1 Glhvh Devfkçw}xqj jhvfklhkw dqkdqg hlqhv
grvlphwulvfkhq Prghoov1 Hlqh vrofkh Edvlvjuù h lvw ehlvslhovzhlvh glh lp Nùushu yrp
hohnwulvfkhq rghu pdjqhwlvfkhq Ihog lqgx}lhuwh Vwurpglfkwh1 Glh Huplwwoxqj ghu }xu Eh0
zhuwxqj khudqjh}rjhqhq dejhohlwhwhq Juù hq xqg gdv gd}xjhkùuljh grvlphwulvfkh Prghoo
eh�qghq vlfk lp 61 Ndslwho1 ]xu Ehzhuwxqj ghu lqglylgxhoohq H{srvlwlrq p vvhq yrq hl0
qhp Shuvrqhqgrvlphwhu hehqidoov Lqirupdwlrq ehu ghq Wuçjhu xqg glh Hlqvdw}ehglqjxq0
jhq ghv Grvlphwhuv yhuduehlwhw zhughq +}1 E1 Vshflhv/ Dowhu/ Jhvfkohfkw/ Vrqghujuxsshq=
}1 E1 Wuçjhu yrq Khu}vfkulwwpdfkhuq/ Juù h/ Jhzlfkw> Iruvfkxqj/ Duehlwvvfkxw} rghu
doojhphlqhu Shuvrqhqvfkxw}/ Odqj}hlw02Nxu}}hlwphvvxqjhq,1 Hlq vrofkhv hohnwurqlvfkhv
Grvlphwhu zhofkhv shuvrqhqvsh}l�vfkh Gdwhq plwehu fnvlfkwljw xqg lp grvlphwulvfkhq
Prghoo plwyhuduehlwhw zlug klhu dov lqglylgxhoohv Shuvrqhqgrvlphwhu eh}hlfkqhw1

I u glh yrujhqrpphqh Hlqwhloxqj odvvhq vlfk w|slvfkh Phunpdoh glhvhu Jhuçwh xqg V|vwh0
ph �qghq1 Glh zlfkwljvwhq Ph jhuçwh }xu Huidvvxqj ghu hohnwulvfkhq xqg pdjqhwlvfkhq
Ihogvwçunh nùqqhq ylhu Nodvvhq }xjhrugqhw zhughq +Wde1 414,1

Gdv Iudjh}hlfkhq lq Deelogxqj 414 vroo gdudxi klqzhlvhq/ gd glh ohw}wh Uxeuln lp Qlh0
ghuiuhtxhq}ehuhlfk elvkhu qlfkw hqwzlfnhow zxugh1 Dxfk Shjhozçfkwhu e}z1 Lqglndwruhq
i u qlhghuiuhtxhqwh Ihoghu zxughq 0 lp Jhjhqvdw} }xp krfkiuhtxhqwhq Ehuhlfk 0 elv0
khu qlfkw nrpphu}lhoo dqjherwhq1 Ehl Shjhozçfkwhuq g uiwh vlfk glhvh Vlwxdwlrq mhgrfk
vsçwhvwhqv gdqq çqghuq/ zhqq glh Juhq}zhuwh lqwhuqdwlrqdo yhuelqgolfk ihvwjhvfkulhehq
zxughq1 Gdi u/ gd glh ohw}whq }zhl Ndwhjrulhq �Lqglndwruhq� xqg �Shuvrqhqrvlphwhu�
i u ghq Qlhghuiuhtxhq}ehuhlfk sudnwlvfk qlfkw ehohjw vlqg/ jlew ylhoh Ju qgh1 Hlqljh ghu
juxqgohjhqghq Vfkzlhuljnhlwhq vhlhq lp irojhqghq nxu} dqjhvsurfkhq=
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Ihogvwçunhph 0
jhuçwh

Kdqgjhuçwh Shjhozçfkwhu
+Lqglndwruhq,

Grvlphwhu

]zhfn +Dxi0
jdeh/ Ixqn0
wlrq,

Phvvxqj ghu
Ihogvwçunh xqg
Iuhtxhq}vshn0
wuxp

Devfkçw}xqj ghu
Ihogh{srvlwlrq
+�H{srvlphwhu�,

Vfkzhoozhuw0
ghwhnwlrq xqg
Zduqxqj

Txdolwdwlyh Dxvvd0
jh ehu glh Eh0
zhuwxqj ghu xqplw0
whoedu dp Nùushu
khuuvfkhqghq Ihog0
yhukçowqlvvh

Dxiedx Ihogvhqvruhq
rghu Dqwhqqhq/
phlvw dxizhqgljh
Vljqdoyhuduehl0
wxqj +}1 E1
Ilowhu/ V|qfkurq0
johlfkulfkwhu/
hwf1,/ Dq}hljh

Sruwdeohv Ph v|0
vwhp i u hlq0 rghu
phkudfkvljh Ihog0
vwçunhhuidvvxqj/
uhodwly hlqidfkh
Vljqdoyhuduehlwxqj
+}1 E1 Ilowhu, plw
glyhuvhq Dq}hljh0
pùjolfknhlwhq

Vfkzhoozhuw0
ghwhnwru plw
Zduqwrqjhehu

Ph v|vwhp i u
Ihogvwçunh xqg
Iuhtxhq}/ �lqwhool0
jhqwh� Dxvzhuwh0
hlqkhlw

Ehglhqphun0
pdoh

nrpsoh{ phlvw hlqidfkh Eh0
glhqxqj

hlq2dxv hlqidfkh Ehglhqxqj
i u ghq Ehqxw}hu>
nrpsoh{h Dxvzhu0
wxqj +Idfkohxwh,

Lqirupdwlrq
+Irup ghv
Hujheqlvvhv,

Ihogvwçunh dov
Ixqnwlrq ghv
Ruwhv rghu
ghu ]hlw/ Iuh0
txhq}vshnwuxp/
H�hnwlyzhuw/
Vslw}hqzhuw

Ihogvwçunh +}1 E1
H�hnwlyzhuw,/ Iuh0
txhq}vshnwuxp

Vfkzhoozhuw0
ehu0
vfkuhlwxqj=
md2phlq

Sulpçuh Juù hq/
dejhohlwhwh Juù0
hq/ ehzhuwhwh
Juù h= }1 E1
Sur}hqwxdohu Zhuw
ghv Jhq}zhuwhv

Yhuvfklhghqh
Jhuçwh
xqg Dxv0
i kuxqjv0
iruphq

Ph hpsiçqjhu/
Vshnwuxpdqd0
o|vdwruhq/ Ihog0
dqdo|vdwruhq/
Uhihuhq}ihog0
vwçunhjhuçwh
+Ndoleulhujhuçwh,

Whvodphwhu/ Ihog0
prqlwruhq/ hohnwul0
vfkh Ihogvrqghq/
Dqwhqqhq

Shjhozçfkwhu lqglylgxhoohv
Shuvrqhqgrvlphwhu

W|slvfkh
Dqzhq0
gxqjvehuhl0
fkh

Hohnwulvfkh Ihog0
phvvxqj dq
dxvjhghkqwhq
Krfkvsdqqxqjv0
hohnwurghq/
HPY/ Iruvfkxqj

Duehlwvsodw}0
xqwhuvxfkxqjhq/
H{srvlwlrqvde0
vfkçw}xqjhq i u
elrorjlvfkh H{shul0
phqwh/ Iruvfkxqj

Duehlwvvfkxw}/
ßehuzdfkxqj/
+elvkhu dxv0
vfkolh olfk lp
KI0Ehuhlfk
dqjhzhqghw,

Duehlwvvfkxw}/
ßehuzdfkxqj/
Hslghplrorjlvfkh
Odqj}hlwxqwhu0
vxfkxqjhq

Suhlv krfk plwwho qlhgulj plwwho

Wde1 414= Phunpdoh xqg Nodvvl�ndwlrq yrq Ph v|vwhphq }xu Huidvvxqj qlhghuiuhtxhqwhu hohn0
wulvfkhu xqg pdjqhwlvfkhu Ihoghu
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� Qlhghuiuhtxhqwh hohnwulvfkh Ihoghu vlqg vfkzhu }x phvvhq +Sureohp ghu U fnnrss0
oxqj ghv Ph v|vwhpv xqg ghv Phqvfkhq dxi gdv }x phvvhqgh hohnwulvfkh xqg pd0
jqhwlvfkh Ihog xqg sureohpdwlvfkh Ndoleulhuxqj,

� Yrukdqghqvhlq yrq Ehzhjxqjvhlq vvhq ghv Ph v|vwhpwuçjhuv +�Vwdwlvfkh� jhjhq
�g|qdplvfkh� Phvvxqj,

� ]xu Lpsohphqwlhuxqj hlqhu Zduqixqnwlrq px qhehq ghu Dpsolwxgh0 glh Iuhtxhq}0
lqirupdwlrq jhzrqqhq zhughq1 Qxu ehlgh Lqirupdwlrqhq nrpelqlhuw huodxehq hlqh
nruuhnwh Ehzhuwxqj +Jhzlfkwxqj, ghu yruolhjhqghq H{srvlwlrq1

� Glh Juhq}zhuwh vlqg ghu}hlw qlfkw lqwhuqdwlrqdo hqgj owlj yhudevfklhghw1

� Grvlv0Zlunxqjveh}lhkxqjhq xqg Vfkzhoozhuwehwudfkwxqjhq vlqg qrfk Jhjhqvwdqg
ghu}hlwljhu Iruvfkxqj1

� Hv ehvwhkw hlq krkhu Hqwzlfnoxqjvdxizdqg1

� Hlqeh}lhkxqj yrq Shuvrqhqgdwhq }xu lqglylgxhoo dqjhsd whq Huplwwoxqj hlqhu jh0
hljqhwhq dejhohlwhwhq Ph juù h

� Vwdun xqwhuvfklhgolfkh Hlqvdw}ehglqjxqjhq +doojhphlqhu Shuvrqhqvfkxw}/ Duehlwv0
vfkxw}/ Iruvfkxqj/ 111, xqg Xpjhexqjhq plw }dkouhlfkhq Iuhpghlq vvhq xqg Vwù0
uxqjhq

Eingangs-
größen

Typische

Ausgabe

Feldstärkemeßgerät

Feldstärke
(möglichst ungestört

 durch Benutzer)

Handgerät Pegelwächter
(Indikatoren)

Dosimeter

Feldstärke
(durch Benutzer
 beeinträchtigt)

Feldstärke
(durch Benutzer
 beeinträchtigt) Personendaten

Feldstärke incl. Rück-
wirkung des Benutzers

Bewertete Größe
(% vom Grenzwert)

Features:
Primäre Größe,

abgeleitete Größe

Amplidute,
Spektrum,

Feldverlauf, ...

Feldinformation
 (primäre Größen)

Klasse

Expositionsab-
schätzung

Schwellenüber-
schreitung:

ja/nein

Feldinformation
 (primäre Größen)

?Realisation

E0

B
0

V/m

Ein/Aus

Benutzer

Bediengerät

10 kV/m@50 Hz

E-Sensor

B-Sensor

Spektrumanalyzer

Dee1 414= Nodvvl�ndwlrq yrq Ph v|vwhphq i u Ihog0 xqg H{srvlwlrqvphvvxqjhq jhpç lkuhu
Ph dxijdeh

416 Hqwzlfnoxqjvwdqg ehl sruwdeohq Ph v|vwhphq
Wurw} ghu hehq jhqdqqwhq Vfkzlhuljnhlwhq ehl ghu Uhdolvdwlrq yrq nohlqhq sruwdeohq Ph 0
v|vwhphq }xu Huplwwoxqj ghu Ihogh{srvlwlrq jlew hv dxi glhvhp Jhelhw hlqljh Duehlwhq/ glh



:

vlfk ehuhlwv plw ghu Oùvxqj yrq Whlodvshnwhq glhvhu Sureohpdwln ehid w kdehq1 ]xp Wkh0
pd �sruwdeoh Ihogvwçunhph jhuçwh i u ghq Qlhghuiuhtxhq}ehuhlfk� zxugh hlqh Olwhudwxu0
uhfkhufkh gxufkjhi kuw1 Dov Hujheqlv idqghq vlfk }x glhvhp Iruvfkxqjvjhelhw }dkouhlfkh
Yhuù�hqwolfkxqjhq ehu sruwdeoh Ph v|vwhph1 Ehl ghq phlvwhq ghu uhdolvlhuwhq Jhuçwh
kdqghowh hv vlfk xp Surwrw|shq }x glyhuvhq Iruvfkxqjv}zhfnhq1 Qxu hlqljh zhqljh glhvhu
Ph jhuçwh zlh ehlvslhovzhlvh gdv ghu}hlw lq ylhohq hslghplrorjlvfkhq Vwxglhq hlqjhvhw}0
wh HPGH[0LL +Hqhuwhfk Frqvxowdqwv, vlqg nrpphu}lhoo hukçowolfk1 Gdv HPGH[0LL lvw
lq vhlqhu Nrq}hswlrq gdv zrko elvkhu lq Ulfkwxqj H{srvlwlrqvdevfkçw}xqj dp zhlwhvwhq
hqwzlfnhowh Jhuçw1 Gxufk hlqh xpidqjuhlfkh Dqdo|vhvriwzduh dxi hlqhp SF içoow hv dp
hkhvwhq lq glh Ndwhjrulh �Grvlphwhu�1 Hlqh jur h Vfkzçfkh glhvhv Jhuçwhv olhjw mhgrfk dq
ghvvhq hlqjhvfkuçqnwhu Iuhtxhq}edqgeuhlwh yrq qxu 683 K} ehl ghu Huidvvxqj ghv Pdjqhw0
ihoghv xqg ghp Ihkohq hlqhv yhuq qiwljhq hohnwulvfkhq Ihogvhqvruv/ rejohlfk gdi u ehuhlwv
hlq h{whuqhu Dqvfkox yrujhvhkhq lvw1 Glh irojhqgh Olvwh vroo hlqhq nxu}hq ßehueolfn ehu
glh Ylhoidow ghu ghqneduhq Lqqrydwlrqhq dxi glhvhp Jhelhw jhehq=

41 Vshlfkhuxqj ghu lqgx}lhuwhq hohnwulvfkhq Odgxqj hlqhu Phwdoozhvwh lq hlqhu hohn0
wuro|wlvfkhq ]hooh/ Phvvxqj ghv Hqwodghvwurphv ehu ghu ]hlw +Odgxqjvphvvxqj,
^:`

51 Hqwzlfnoxqj hlqhv sruwdeohq/ edwwhulhehwulhehqhq pdjqhwlvfkhq Ihogvwçunhphjhuçwv
plw hlqhu hlqdfkvljhq Vsxoh dov Vhqvru ^43`

61 Phvvxqj ghu Iox glfkwh lq guhl ruwkrjrqdoh Dfkvhq plw Kdoojhqhudwruhq ^<`

71 Pdjqhwrvwdwlvfkhv H{srvlphwhu ^7`

81 Iuhtxhq}vhohnwlyh Phvvxqj plw Vsxohq ^4;`

91 Phvvxqj qlhghuiuhtxhqwhu hohnwulvfkhu xqg pdjqhwlvfkhu Ihoghu xqg lvrwursh Huidv0
vxqj yrq krfkiuhtxhqwhq wudqvlhqwhq Ihoghuq> grvlphwulvfkhu Dqvdw} ^45`

:1 Huplwwoxqj ghu nxppxodwlyhq pdjqhwlvfkhq Ihogh{srvlwlrq ^48`/ ^64`

;1 Zhlwhuh Hqwzlfnoxqjvsurmhnwh xqg hlqljh whlozhlvh nrpphu}lhoo hukçowolfkh �Grvl0
phwhu� }xu Devfkçw}xqj ghu pdjqhwlvfkhq H{srvlwrq +�h{srvxuh phwhu�,= HPGH[
F/ LUHT/ DPH[06G +H�hnwlyzhuwh{srvlphwhu, xqg HPGH[0Olwh/ hlqh uhgx}lhuwh
Irup ghv ehuhlwv huzçkqwhq HPGH[0LL ^4<`

<1 Uhihuhq}ihogvwçunhjhuçw +80833 Y2p/ 4 nK} 0 433 PK}, ^4`

431 Euhlwedqgljh hohnwurrswlvfkh Phvvxqj ghv hohnwulvfkhq Ihoghv +43 K} elv 533 PK},
xqg Pdjqhwihogphvvxqj plwwhov hlqhv lqgxnwlyhq Dxiqhkphuv ^44`

Lq Wdehooh 415 vlqg glh Hljhqvfkdiwhq yrq nohlqhq sruwdeohq Ph v|vwhphq plw çkqolfkhq
Dqirughuxqjhq lq hlqhp ßehueolfn }xvdpphqjhvwhoow1 Gduxqwhu vlqg hehqidoov V|vwhph
}x �qghq/ zhofkh dxi huvwhq grvlphwulvfkhq Dqvçw}hq edvlhuhq ^:`/ ^45`/ ^64`1
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Ph juù h= Ph 0 xqg
Iuhtxhq}0
ehuhlfk

Dx ùvxqj
xqg
Glvnuhwl0
vlhuxqj

Vhqvruw|s
xqg Vhqvlwl0
ylwçw

Hqhujlh0
yhueudxfk
ghu Hohn0
wurqln

Juù h xqg
Jhzlfkw

Uhihuhq}/
Surmhnw0
eh}hlfkq1

E%/ E+/ E5/
_�
_|

hlq Ph eh0
uhlfk plw=
433 �W 0
3/5 W rghu
4 �W 0 5 W>
vwdwlvfkh xqg
odqjvdp yhu0
çqghuolfkh
Ihoghu

43 0 7
W/ 4/66
6A
r
> 45

elw0D2G

6 Kdoovhqvr0
uhq plw 70;
pZ/ 453 6T

A

83 pZ 4/4 nj
+Surwr0
w|s,/ 74: j
+Hqgjhuçw,

^<`

O� 4 pW 0 4 W/
? 4 K}

4 pW/ 45
elw D2G

6 Kdoovhqvr0
uhq plw 83 0
533 6T

A

fd1 4 Z
	 433 pD
+vkxwgrzq,

583j ^7`

L/ w H 87 T
6

0 9/:
&T
6
> 93 K}

6 Dpsol0
wxghq0
nodvvhq

Phwdoozhvwh=
:1:8 >�

&T*6

n1 D1 n1 D1 ^:`

H 3 0 69 &T
6
> 93

K}
< Dpsol0
wxghqnodv0
vhq

Ndsd}lwlyhu
Vhqvru
+F@453 sI,

n1 D1 46 �89�:3
pp> 44; j

^8`/
HPIP

E%/ E+/ E5 5 Ph ehuhl0
fkh= 5 qW0
4�W/ 4�W093
�W/ qxu 93
K}

450elw
D2G

6 Vsxohq plw
mh Q@833
xqg Skdvh0
Orfn0Orrs/
9/; Y2W

43 k
plw 6�6/<
Y Olwklxp0
edwwhulh

n1 D1 ^4;`

E%/ E+/ E5/
H/ m. ��m

6 qW083 �W/
3/9 Y2p 0 43
nY2p> 43 0 6
nK}/ 53 0 8
nK}/ 8 0 53
Pk}

49 Dpsol0
wxghq0
nodvvhq +7
elw,

6 Vsxohq
Q@5333/
hlq ndsd}l0
wlyhu Vhqvru
+F@433 sI,/
Wudqvlvru
plw FPRV0
]çkohu

4717 pZ
ehl 4 Vdp0
soh2plq
4/458 pZ
+vwdqg|,

596 j ^46`/^45`

U
�ess _|

plw
�ess 's
�% n�+ n�5

3/35 048 �W>
58 0 4/5 nK}

6 Vsxohq plw
hohnwuro|wl0
vfkhu ]hooh
nrpelqlhuw

n1 D1
5: � 84�
435ppc
453 j

d64o
DPGH[

E%/ E+ / E5 43qW0415:<
�W/ 3/:3 0
53/79 �W/
44/5 0 65:/7
�W> 73 0 ;33
K}

43 qW/ 430
elw D2G

6 ruwkrjrqd0
oh Vsxohq plw
Ihuulwnhuq

47:/9 pZ/
:5 pZ
+vwdqge|,/
plq1 58
k +< Y
Dondolh,

498�98�7
pp/ 674 j

HPGH[LL

Wde1 415= ßehuvlfkw ehu sruwdeoh Ph v|vwhph plw çkqolfkhu ]lhovhw}xqj
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Olwhudwxu

^4` Edkphlhu J1 +4<<7, Ihogvrqghq i u Ndoleulhu}zhfnh xqg }xu Ehvwlppxqj yrq Ehwudj xqg
Ulfkwxqj ghu hohnwulvfkhq Ihogvwçunh/ YGL0Iruvfkulwwvehulfkwh/ Uhlkh ;/ Qu1 76;/ G vvhogrui

^5` 591 ELpVfkY +4<<9,= Vhfkvxqg}zdq}ljvwh Yhurugqxqj }xu Gxufki kuxqj ghv Exqghv0
Lpplvlrqvvfkxw}jhvhw}hv +Yhurugqxqj ehu hohnwurpdjqhwlvfkh Ihoghu,/ Exqghvjhvhw}eodww
Whlo L Qu199/ 531 Gh}hpehu 4<<9/ Erqq

^6` Fdydjqhwwr I1 hw do1 +4<<6,= D shuvrqdo grvlphwhu surwrw|sh iru vwdwlf pdjqhwlf �hogv/
Khdowk Sk|vlfv/ Yro1 98/ Lvv1 5/ s14:504::

^7` FHQHOHF +4<<8,= Kxpdq h{srvxuh wr hohfwurpdjqhwlf �hogv/ Orz iuhtxhqf| +3 K} wr 43
nK},/ Hxurshdq Suhvwdqgdug HQY8349904/ FHQHOHF/ Euxvvhov

^8` Fkduwlhu Y1 O1 hw do1 +4<;8,= ESD vwxg| ri rffxsdwlrqdo h{srvxuh wr 930K} hohfwulf �hogv/
LHHH Wudqvdfwlrqv rq Srzhu Dssdudwxv dqg V|vwhpv/ Yro1 SDV0437/ Qr1 6/ s1 :660:77

^9` Ghdgpdq M1 H1 hw do1 +4<;;,= Rffxsdwlrqdo dqg uhvlghqwldo 930K} hohfwurpdjqhwlf �hogv dqg
kljk0iuhtxhqf| hohfwulf wudqvlhqwv= H{srvxuh Dvvhvvphqw xvlqj d qhz grvlphwhu/ Dp1 Lqg1
K|j1 Dvvrf1 M1/ Yro1 7</ Qr1 ;/ s1 73<074<

^:` Ghqr G1 Z1/ Vloyd P1 +4<;7,= Phwkrg iru hydoxdwlqj kxpdq h{srvxuh wr 93 K} hohfwulf
�hogv/ LHHH Wudqvdfwlrq rq Srzhu Dssdudwxv dqg V|vwhpv/ Yro1 SDV0436/ Qr1 :/ s149<<0
4:39

^;` Ih|fkwlqj P1/ Dkoerp +4<<5, Pdjqhwlf �hogv dqg fdqfhu lq shrsoh uhvlglqj qhdu Vzhglvk
kljk yrowdjh srzhu olqhv1 LPP0udssruw 92<5/ Lqvwlwxwh iru plorphglflq/ Ndurolqvnd lqvwlwxwh

^<` Ixmlwd W1 \1/ Whqirugh W1 V1 +4<;5,= Sruwdeoh pdjqhwlf �hog grvlphwhu zlwk gdwd dftxlvwlrq
fdsdelolwlhv/ Uhy1 Vfl1 Lqvwuxp1 Yro1 86 +6,/ s1 6590664

^43` Ixofrphu S1 P1 +4<;8,= Dpelhqw pdjqhwlf �hog phwhu iru phdvxuhphqw dqg dqdo|vlv ri
orz0ohyho srzhu iuhtxhqf| pdjqhwlf �hogv lq dlu/ Qdwlrqdo exuhdx ri vwdqgdugv +QHO,/
QEVLU0;926663/ Jdlwkhuvexuj/ XVD

^44` Jdxvvpdqq I1 +4<<8,= Hohnwurrswlvfkhu Vhqvru i u glh lvrwursh Phvvxqj ghv hohnwulvfkhq
xqg pdjqhwlvfkhq Ihoghv/ Glvvhuwdwlrq HWK ] ulfk/ 4<<8

^45` Këurx{ S1 +4<<4,= D grvlphwhu iru dvvhvvphqw ri h{srvxuhv wr HOI0�hogv/ Elrhohfwurpd0
jqhwlfv Yro1 45/ s1 574058:
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^46` Këurx{ S1 +4<<5,= Sdlu ri hohfwulfdoo| vklhoghg wuld{ldo pdjqhwlf vhqvruv iru ghwhuplqdwl0
rq ri hohfwulf fxuuhqwv lq frqgxfwruv lq dlu zlwk glvwdqfh dqg dqjoh frpshqvdwlrq/ XV0
Sdwhqwvfkuliw Qu1 XV33848497<

^47` LFQLUS +4<<;, Jxlgholqhv iru olplwlqj h{srvxuh wr wlph0ydu|lqj hohfwulf pdjqhwlf/ dqg
hohfwurpdjqhwlf �hogv +xs wr 633 JK},/ LFQLUS Jxlgholqh +FOF2WF544 +VHF, 49/ Pçu}
4<<;,/ Khdowk Sk|vlfv/ Yro1 :7/ Qr1 7/ 65 sdjhv

^48` Ndxqh Z1 W1 hw do1 +4<;:,= Uhvlghqwdo pdjqhwlf dqg hohfwulf �hogv/ Elrhohfwurpdjqhwlfv/
Yro1 ;/ s1 6480668

^49` Ndxqh Z1 W1 hw do1 +4<<5,= Vpdoo lqwhjudwlqj phwhu iru dvvhvvlqj orqj0whup h{srvxuh wr
pdjqhwlf �hogv/ Elrhohfwurpdjqhwlfv/ Yro1 46/ s1 746075:

^4:` Ndxqh Z1/ Vdylw} G1 +4<<7, Vlpsol�fdwlrq ri wkh Zhuwkhlphu0Ohhshu Zluh Frgh/ Elrhohf0
wurpdjqhwlfv Yro148/ s15:805;5

^4;` Or F1 F1 hw do1 +4<;9,= D zlgh g|qdplf udqjh sruwdeoh 930K} pdjqhwlf grvlphwhu zlwk gdwd
dftxlvwlrq fdsdelolwlhv/ LHHH Wudqvfdwlrqv rq Qxfohdu Vflhqfh/ Yro1 66/ Qr1 4/ s1 9760979

^4<` Rovhq U1 hw do1 +4<<4, Dq hydoxdwlrq ri lqvwuxphqwdwlrq xvhg wr phdvxuh DF srzhu v|vwhp
pdjqhwlf �hogv/ D Uhsruw ri wkh LHHH Pdjqhwlf Ilhog Wdvn Irufh/ LHHH Wudqvdfwlrqv rq
Srzhu Gholyhu|/ Yro1 9/ Qr1 4/ s1 6:606;6

^53` Vdylw} G1 D1 +4<;:, Fdvh0frqwuro vwxg| ri fklogkrrg fdqfhu dqg uhvlghqwldo h{srvxuh wr
hohfwulf dqg pdjqhwlf �hogv/ Qhz \run Vwdwh Srzhu Olqhv Surmhfw/ Ilqdo uhsruw/ Zdgvzruwk
Fhqwhu/ Doedq|/ Qhz \run

^54` Zhuwkhlphu Q1/ Ohhshu H1 +4<:9,= Hohfwulf zlulqj frq�jxudwlrqv dqg fklogkrrg fdqfhu>
Dphulfdq Mrxuqdo ri Hslghplrorj|/ Yro1 43< V15:6 0 5;7
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5 Dxijdeh/ Dqirughuxqjhq xqg
Nrq}hswlrq hlqhv Shuvrqhq0
grvlphwhuv

]zhfn glhvhv Ndslwhov lvw glh Ehvfkuhlexqj ghu Dxijdeh hlq jhhljqhwhv Shuvrqhqgrvlph0
whu }xu H{srvlwlrqvdevfkçw}xqj qlhghuiuhtxhqwhu hohnwulvfkhu xqg pdjqhwlvfkhu Ihoghu }x
uhdolvlhuhq1 Yru ghp Klqwhujuxqg pùjolfkhu Hlqvdw}jhelhwh lp Duehlwvvfkxw} zxugh i u
glh Hqwzlfnoxqj hlq Dqirughuxqjvsur�o dq glhvhv Ph jhuçw ihvwjhohjw1 Glh jhirughuwhq
xqg jhz qvfkwhq Hljhqvfkdiwhq xqg Vsh}l�ndwlrqhq zhughq lq hoi Sxqnwhq nrqnuhwlvlhuw/
glh yhuvfklhghqhq nrq}hswlrqhoohq Pùjolfknhlwhq nxu} huùuwhuw xqg vfkolh olfk klhudxv glh
huirughuolfkhq Hqwzlfnoxqjv}lhoh dejhohlwhw1

514 Dxijdehqvwhooxqj

Glh Kdxswdxijdeh ghv Shuvrqhqgrvlphwhuv lvw/ zlh lp yruljhq Ndslwho ehuhlwv jh}hljw zxu0
gh/ glh Devfkçw}xqj ghu qlhghuiuhtxhqwhq hohnwulvfkhq xqg pdjqhwlvfkhq Ihogh{srvlwlrq
xqg glh Jhzlqqxqj hlqhu hlq}ljhq Nhqqjuù h/ glh glh H{srvlwlrq klquhlfkhqg jxw uhsuç0
vhqwlhuw1 Glhvh Juù h zlug lq glhvhu Duehlw dov �grvlvuhohydqwh� Juù h eh}hlfkqhw xqg zlug
gxufk glh lqqhuh hohnwulvfkh Vwurpglfkwh uhsuçvhqwlhuw1 Xp }xyhuoçvvljh Dxvvdjhq ehu
pùjolfkh Nruuhodwlrqhq yrq elrorjlvfkhq Zlunxqjhq xqg qlhghuiuhtxhqwhu Ihogvwçunhq }x
hukdowhq/ vroowh glhvhv hohnwurqlvfkh Shuvrqhqgrvlphwhu ehu hlqhq oçqjhuhq ]hlwudxp gl0
uhnw dp Nùushu jhwudjhq zhughq nùqqhq1 Gd hlq zhlwhuhv pùjolfkhv Hlqvdw}jhelhw lq ghu
ßehuzdfkxqj yrujhjhehqhu Juhq}zhuwh gxufk ghq Duehlwvvfkxw} jhvhkhq zlug/ vroo glhvhv
Shuvrqhqgrvlphwhu johlfk}hlwlj hlqh Zduqixqnwlrq +hljhqwolfk Ixqnwlrqdolwçw hlqhv Shjho0
zçfkwhuv, ehlqkdowhq1 Gd hv ghu}hlw qrfk nhlqh Shjhozçfkwhu i u qlhghuiuhtxhqwh Ihoghu
jlew/ huvfklhq hv vlqqyroo/ glhvh Ixqnwlrq }xvçw}olfk }x uhdolvlhuhq1 Gd Juhq}zhuwnxuyhq
iuhtxhq}dekçqjlj vlqg/ ehghxwhw glhvh Ixqnwlrqdolwçw/ gd gdv Shuvrqhqgrvlphwhu lq ghu
Odjh vhlq px / glh Iuhtxhq}lqirupdwlrq ghu Ihoghu }x huplwwwhoq1
Gdv Grvlphwhu px i u hlqh H{srvlwlrqvdqdo|vh irojhqgh Lqirupdwlrqhq olhihuq=

41 H�hnwly0 xqg Vslw}hqzhuwh yrq Ihogvwçunhq/ Iuhtxhq}vshnwuxp ghv hohnwulvfkhq xqg
pdjqhwlvfkhq Ihoghv +sulpçuh Juù hq,

51 Yhnwrunrpsrqhqwhq doohu guhl Ulfkwxqjhq

61 Edvlvjuù h +dejhohlwhwh Juù h/ �grvlvuhohydqwh Juù h�,= Vwurpglfkwh
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71 sur}hqwxdohu Zhuw yrp Juhq}zhuw +Ehzhuwhwh Juù h,

81 Zduqxqj ehl pùjolfkhu Jhiçkugxqj +Zduqixqnwlrq,

91 ]hlw}xrugqxqj +Hfk}hlwxku,

Vfkhpdwlvfk oç w vlfk glh Dxijdeh xqg Ixqnwlrqdolwçw glhvhv Ph v|vwhpv dqkdqg hlqhv
Vwuxnwxueloghv +Dee1 514, gduvwhoohq= Glh Hlqjdqjvjuù hq eloghq glh Dpsolwxgh xqg
Iuhtxhq} ghv hohnwulvfkhq xqg pdjqhwlvfkhq Ihoghv1 Gdqhehq zlunhq glyhuvh Vwùu0 xqg
Xpzhowhlq vvh dxi glhvhv Ph v|vwhp hlq/ glh hv }x xqwhuvxfkhq jlow1 Ghp Shuvrqhq0
grvlphwhu zhughq }xu H{srvlwlrqvehzhuwxqj shuvrqhq0 xqg duehlwvsodw}vsh}l�vfkh Gdwhq
}xjhi kuw xqg yhuduehlwhw1 Gdv Ph v|vwhp zlunw }xvdpphq plw ghp Grvlphwhuwuçjhu dxi
gdv phvvhqgh Ihog }xu fn1 Glhvh U fnzlunxqj lvw lp Idooh ghv hohnwulvfkhq Ihoghv gxufk
glh Ihogyhu}huuxqj ghu Shuvrq ehvrqghuv vwdun dxvjhsuçjw1 Glhvh jlow hv lq gdv Prghoo plw
hlq}xeh}lhkhq1

Meßsystem
(Personendosimeter)

Umgebungs-
einflüsse

Temperatur
Luftfeuchte

Meßgrößen

Amplitude

Frequenz

E und H-Feld:

Wirksamer
(dosisrelevanter)
Parameter:

Stromdichte

Mechanische
Einwirkungen

Elektrische Ladungsträger
(Elektrostatische Entladungen (ESD),
ionisierende Strahlung)

Rauschen

Rückwirkung
(feed back)

Information über
die Feldverhältnisse

Expositionsdauer (Zeit)

Barkhausen
sprünge

Widerstands-
rauschen

Strom-
rauschen

Individuelle Exposition
(z. B. Kummulation)

Störgrößen

Ausgangsgrößen

Dosimetrische Auswertung

Personen- und
arbeitsplatzbezogene

Daten
Größe

Gewicht

Arbeitsplatz
Alter

Geschlecht

Arbeitszeit

und Dokumentation

Dee1 514= Gdv Ph v|vwhp +Shuvrqhqgrvlphwhu, plw vhlqhq Hlqjdqjv0/ Vwùu0 xqg Dxvjdqjvjuù hq

515 Dqirughuxqjvsur�o
Glh Nulwhulhq }xu Ihvwohjxqj ghu whfkqlvfkhq Dqirughuxqjhq dq gdv V|vwhp rulhqwlhuhq
vlfk dq Jhuçwhvwdqgdugv yrq khunùppolfkhq Ihogvwçunhph jhuçwhq zlh ^9`/ ^8`/ dq Juhq}0
zhuwnxuyhq/ dq sk|vlndolvfkhq Jhjhehqkhlwhq +Pdfkedunhlwvjuhq}hq, xqg vfkolh olfk ghq
Huirughuqlvvh ghv Hlqvdw}hv lq udxkhq Xpjhexqjhq ghu Duehlwvzhow +Duehlwvvfkxw},1 Lp
hlq}hoqhq vlqg glhv glh irojhqghq V|vwhpvsh}l�ndwlrqhq=
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41 Huidvvxqj ghv hohnwulvfkhq xqg pdjqhwlvfkhq Ihoghv

Lp Qlhghuiuhtxhq}ehuhlfk ehvwhkw ehndqqwolfk nhlqh Nrssoxqj ghv hohnwulvfkhq xqg pd0
jqhwlvfkhq Ihoghv1 Gduxp zhughq ehlgh Ihogdqwhloh jhwuhqqw huid w1 Ehlgh Ihogduwhq
nùqqhq Vwuùph lq Ohehzhvhq hu}hxjhq1 Irojolfk p vvhq i u hlqh yroovwçqgljh H{srvlwl0
rqvdqdo|vh ehlgh Ihogdqwhloh jhwuhqqw lq Ehwudfkw jh}rjhq zhughq1

51 Huirughuolfkhu Iuhtxhq}ehuhlfk

Klhu odxwhw glh doojhphlqh Irughuxqj/ hlqh pùjolfkvw krkh Edqgeuhlwh }x hu}lhohq/ g1 k1
ghq nrpsohwwhq Qlhghuiuhtxhq}ehuhlfk de}xghfnhq1 Glh Irughuxqj hlqhu krkhq Edqgeuhl0
wh lvw qrwzhqglj/ xp qlhghuiuhtxhqwh Ihoghu lqnoxvlyh ghuhq Rehuzhoohq }x phvvhq1 Gd ehl
Vwdqgdugph jhuçwhq phlvw plw Lqgxnwlrqvvsxohq jhduehlwhw zlug/ duehlwhq glhvh huvw de fd1
43 K} dxizçuwv1 Glhv kdw ghq j qvwljhq Qhehqh�hnw/ gd Ehzhjxqjvduwhidnwh dxvjhvfkorv0
vhq zhughq1 Çkqolfkhv jlow dxfk ehl ndsd}lwlyhq Ihogvrqghq/ zr hv jlow/ hohnwurvwdwlvfkh
Dx dgxqjhq dxv}xvfkolh hq1 Ehl hlqhp Shuvrqhqgrvlphwhu ndqq glh Huidvvxqj yrq Lq0
gxnwlrqvvsdqqxqjhq gxufk Ehzhjxqjhq gxufkdxv huz qvfkw vhlq +yjo1 pdjqhwrvwdwlvfkhv
Grvlphwhu ^7`,1 Idoov glhvh huid w zhughq/ vroowhq mhgrfk ehzhjxqjvlqgx}lhuwh Dqwhloh yrq
hlqhu Uxkhh{srvlwlrq nodu xqwhuvfkhlgedu vhlq1 �Orz srzhu�0Kdoeohlwhuedxhohphqwhq zlh
Yhuvwçunhuq/ Plnurfrqwuroohuq xqg D2G0Zdqgohuq vlqg mhgrfk eh} jolfk ghu huuhlfkeduhq
Edqgeuhlwh sk|vlndolvfkh Juhq}hq jhvhw}w1 Hlqh Hlqvfkuçqnxqj ghu Edqgeuhlwh hujlew vlfk
ehlvslhovzhlvh gxufk hlqh jhulqjh Wdnwiuhtxhq}/ glh zlhghuxp }xu Huuhlfkxqj hlqhv qlhgul0
jhq Hqhujlhehgduiv jhirughuw zhughq px 1 Qhehq ghq Kdoeohlwhuedxhohphqwhq xqwhuolhjw
glh Vhqvruln hehqidoov Ehvfkuçqnxqjhq ghu huuhlfkeduhq Edqgeuhlwh +}1 E1 Uhvrqdq}iuh0
txhq} ehl Lqgxnwlrqvvsxohq,1 I u gdv klhvljh Ph v|vwhp zxugh irojhqghu Iuhtxhq}ehuhlfk
ihvwjhohjw=

s ' 43 K} elv 63 nK}

Glh xqwhuh Juhq}iuhtxhq} lvw jhudgh vr krfk/ gd vwdwlvfkh Ihoghu yrq uxkhqghq Udxp0
odgxqjhq dxvjhvfkorvvhq zhughq xqg 63 nK} lvw kçx�j dov rehuh Juhq}iuhtxhq} ghv Qlh0
ghuiuhtxhq}ehuhlfkhv gh�qlhuw1

61 Huirughuolfkhu Lqwhqvlwçwvehuhlfk

Glh Lqwhqvlwçw ulfkwhw vlfk qdfk ghq Ihogvwçunhq/ glh gxufk w|slvfkh Txhoohq dq Duehlwvsoçw0
}hq xqg lp Kdxvkdow khuyrujhuxihq zhughq nùqqhq1 Vr zhughq ehlvslhovzhlvh lq 63 fp
Hqwihuqxqj yrq hlqhu Jo kodpsh fd1 5 T

6
jhphvvhq1 Xqwhu hlqhu 6;3 &T 0Guhkvwurp0

Krfkvsdqqxqjvohlwxqj wuhwhq lp pd{lpdohq Gxufkkdqj xqjhvwùuwh Ihogvwçunhq yrq :
elv 43 &T

6
dxi1 Gxufk glh Ihog ehukùkxqj ghv Phqvfkhq nùqqhq orndo glhvh Ihoghu dxi

elv }x 433 &T
6

dqvwhljhq1 Gdkhu huvfklhq dov Rehujuhq}h 433 &T
6

vlqqyroo1 Qrfk kùkhuh
Ihogvwçunhq zhughq qxu lq xqplwwhoeduhu Qçkh yrq Krfkvsdqqxqjvdqodjhq +}1 E1 Xp0
vfkdowdqodjhq, huuuhlfkw1 Prqwhxuh lq vsh}lhoohu Vfkxw}nohlgxqj duehlwhq qrfk lq vrofkhq
Xpjhexqjhq xqwhu Ihogvwçunhq yrq pd{lpdo 833 &T

6
� Ehl Pdjqhwihoghuq lvw hv vfkzlhulj

lq hohnwul�}lhuwhq Xpjhexqjhq Ruwh }x �qghq/ zr glh pdjqhwlvfkh Iox glfkwh zhqljhu dov
43 qW ehwuçjw1 Vrofkh Zhuwh zhughq qxu dxi ghp iuhlhq Ihog lq vhku jur hu Hqwihuqxqj }x
vwurpi kuhqghq Ohlwxqjhq huuhlfkw1 Ihoghu yrq 43 pW zhughq yrq lqgxvwulhoohq Dqodjhq
huuhlfkw/ zlh Lqgxnwlrqvùihq rghu Hohnwuro|vhdqodjhq plw vhku krkhq Vwuùphq +:433 nD,1
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Iolh w ehlvslhovzhlvh hlq Vwurp yrq 4 nD gxufk hlqhq Hlq}hoohlwhu plw hlqhp Udglxv yrq
5 fp/ vr zhughq 43 pW dq ghvvhq Rehu çfkh huuhlfkw1 Glh Irughuxqj hlqhv jur hq Lqwhq0
vlwçwvehuhlfkhv px yru doohp yrq ghu Vhqvruln hui oow zhughq/ kdw mhgrfk hehqidoov hlqhq
jur hq G|qdplnehuhlfk ghu Dqdorjhohnwurqln }xu Irojh1 Glh nohlqhq Ihogvwçunhq huirughuq
yrq ghq hohnwulvfkhq xqg pdjqhwlvfkhq Ihogvhqvruhq hlqh krkh Vhqvlwlylwçw1 Eh} jolfk ghq
Lqwhqvlwçwhq huvfklhqhq dovr irojhqgh Ehuhlfkh dov vlqqyroo=

. G �f T
6

��� �ff &T
6

� G �f ?A ��� �f 6A

Idoov hv }x hlqhu Ehuhlfkv ehuvfkuhlwxqj ghv juù whq Ph ehuhlfkv nrppw +�Ryhu rz�,/
vr px glhvh uhjlvwulhuw zhughq1 Gdv Grvlphwhu vroowh qdfk nxu}hu Hlqvfkzlqj}hlw lq ghu
Odjh vhlq/ huqhxw Ph zhuwh dxi}xqhkphq/ idoov glh Lqwhqvlwçw zlhghu jhulqjhu zlug1 Klhuehl
jlow hv }x ehdfkwhq/ gd glh vsh}l�}lhuwhq pd{lpdo }xoçvvljhq Ihoghu qlfkw ehuvfkulwwhq
zhughq/ gd dqvrqvwhq plw hlqhu ]huvwùuxqj ghv Ph jhuçwhv jhuhfkqhw zhughq px 1

71 Irughuxqjhq }xu Huidvvxqj ghu Yhnwrunrpsrqhqwhq

Gdv hohnwulvfkh xqg pdjqhwlvfkh Ihog px lq doohq guhl Ulfkwxqjhq huidvvw zhughq/ gd
glh lqgx}lhuwhq Vwuùph mh qdfk Rulhqwlhuxqj ghv Ihoghv }xp Phqvfkhq vlfk vwdun çqghuq1
Klhu}x zhughq glh Yhnwrunrpsrqhqwhq plw guhl ruwkrjrqdo dxvjhulfkwhwhq Vhqvruhq i u
mhgh Udxpulfkwxqj jhphvvhq1 ]xu Huplwwoxqj ghv Yhnwruehwudjhv px hlqh yhnwrulhooh
Dgglwlrq yrujhqrpphq zhughq=

.eor@|5 '
t
.2
% n .2

+ n .2
5 e}z� �eor@|5 '

t
�2
% n�2

+ n�2
5

Glh Huidvvxqj ghv Yhnwruehwudjv huirojw qdkh}x ulfkwxqjvxqdekçqjlj +Lvrwurslh,/
idoov i u glh hohnwulvfkh Huvdw}ihogvwçunh .eor@|5 e}z1 glh pdjqhwlvfkh Iox glfkwh �eor@|5

@ frqvw i u dooh Hlqidoovzlqnho jlow1 Ehl �khunùppolfkhq� Ihogvwçunhph jhuçwhq lvw hl0
qh jxwh Lvrwurslh ehl ghu Phvvxqj ghv hohnwulvfkhq xqg pdjqhwlvfkhq Yhnwruehwudjv hlq
zlfkwljhv Phunpdo1 Vlh ndqq huuhlfkw zhughq/ lqghp ehlp Hqwzxui ghu Vhqvrudqrugqxqj
Vslhjhoxqjv0 xqg Dfkvhqv|pphwulh ehdfkwhw zhughq1 Huirojw glh Phvvxqj ghu hohnwulvfkhq
Ihogvwçunh gxufk hlq Grvlphwhu lq xqplwwhoeduhu Qçkh ghv Phqvfkhq/ vr ehuodjhuw vlfk
gdv xqv|pphwulvfkh glsroçkqolfkh Ihog ghv Phqvfkhq plw ghp ghv Grvlphwhuv1 Glhv i kuw
}zdqjvoçx�j }x hlqhu Ulfkwxqjvdekçqjljnhlw1 Glh Lvrwurslh zlug dovr qrwzhqgljhuzhlvh
yrq hlqhp dp Nùushu jhwudjhqhq Grvlphwhu yhuohw}w1 Gdv Grvlphwhu dq vlfk ndqq lvr0
wurs phvvhq/ px glhv mhgrfk qlfkw qrwzhqgljhuzhlvh wxq1 Ghu Yruwhlo hlqhv zhlwjhkhqg
lvrwurshq Grvlphwhuv ehvwhkw gdulq/ glhvhv hehqidoov dov �nodvvlvfkhv� Ihogvwçunhph jhuçw
ehqxw}hq }x nùqqhq1 Idoov hlqh Ulfkwxqjvdekçqjljnhlw ghv Grvlphwhuv ehvwhkw/ px glhvh
xqwhuvxfkw xqg ehu fnvlfkwljw zhughq1 I u glh Huidvvxqj ghu pdjqhwlvfkhq Huvdw} x 0
glfkwh lvw hlqh klquhlfkhqg jxwh Lvrwurslh nrqvwuxnwly hlqidfkhu huuhlfkedu1 Glh Jhqdx0
ljnhlw ghu Yhnwruehwudjvelogxqj kçqjw gruw zhvhqwolfk yrq Ihuwljxqjvwrohudq}hq ehl ghu
Hlqkdowxqj ghu Ruwkrjrqdolwçw/ ghu J wh ghu hohnwurqlvfkhq Nruuhnwxu xqwhuvfklhgolfkhu
Vhqvruvhqvlwlylwçwhq +Ndoleulhuxqj, xqg dv|pphwulvfkhu Ihogyhu}huuxqj gxufk glh hohnwur0
qlvfkhq Nrpsrqhqwhq +Ohlwhusodwwh plw Edxwhlohq, de1 Glhveh} jolfkh Xqwhuvxfkxqjhq
vlqg lp 431 Ndslwho dxi V1 4;4 � ehl ghu Ihkohudqdo|vh }x �qghq1
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81 Irughuxqj dq glh Iuhtxhq}lqirupdwlrq

Glh Huidvvxqj ghu Iuhtxhq}dqwhloh ghu Ihoghu lvw dxv }zhl Ju qghq qrwzhqglj=
4, Txhoohq/ zlh Kdoezhoohqjohlfkulfkwhu +hu}hxjhq grplqdqwh huvwh Rehuzhooh,/ skdvhq0
vfkqlwwjhvwhxhuwh Yhueudxfkhu +Prwruhq/ Glpphu/ 111,/ Yhueudxfkhu/ zhofkh shulrglvfk lq
glh Vçwwljxqj jhwulhehq zhughq +hu}hxjhq jhudg}dkoljh Rehuzhoohq> }1 E1 Nuhlvvçjhq,
xqg dqghuh qlfkwkduprqlvfkh Vljqdotxhoohq hu}hxjhq Ihoghu plw dxvjhsuçjwhq Rehu0
zhoohqdqwhlohq1 Ehl hqhujlhwhfkqlvfkhq Ihoghuq ndqq glh huvwh Rehuzhooh lq ghu Sud{lv
Lqwhqvlwçwhq yrq elv }x 63 ( ghu Juxqgvfkzlqjxqj huuhlfkhq1 Glh zhlwhuhq Kduprqlvfkhq
idoohq mhgrfk vhku vfkqhoo de1 Ehl ghq phlvwhq Kdxvkdowv0 xqg Jhuçwhq dq Duehlwvsoçw}hq
nùqqhq Dqwhloh rehukdoe ghu 81 Rehuzhooh yhuqdfkoçvvljw zhughq1 Doohuglqjv jlew hv dxfk
Dxvqdkphq= Vr ndqq gdv Iuhtxhq}vshnwuxp yrq vçjh}dkqiùupljhq Deohqnvsdqqxqjhq
hlqhv Elogvfklupv qrfk Dqwhloh ehl ghu 451 Rehuzhooh yrq elv }x 8 ( ghu Juxqgzhoohqdp0
solwxgh dxizhlvhq1
5, Hv ndqq hlqh Vxshusrvlwlrq yrqIhoghuq yhuvfklhghqhu Khunxqiw plw xqwhuvfklhg0
olfkhq Ehwulheviuhtxhq}hq yruolhjhq1 Juhq}zhuwyrujdehq ^8`/ ^5` irughuq gdkhu glh
Hlqkdowxqj yrq Vxpphqnulwhulhq zlh[ .�

.�c}oe?5�

9 �c
[ ��

��c}oe?5�

9 � +514,

rghu glh vwuhqjhuh Ehglqjxqj[�
.�

.�c}oe?5�

n
��

��c}oe?5�

�
9 � +515,

Zdv lq glhvhq Ehvwlppxqjhq elvkhu qlfkw qçkhu vsh}l�}lhuw zlug/ lvw hlqh Dqjdeh gd}x/
plw zhofkhu Dx ùvxqj xqg Edqgeuhlwh hlqh vrofkh ph whfkqlvfkh ßehusu ixqj lq ghu
Sud{lv }x jhvfkhkhq kdw1
Ehl glhvhp Shuvrqhqgrvlphwhu zlug lp xqwhuhq Ehuhlfk +GF elv 833 K}, hlqh Dx ùvxqj
yrq 4 K} jhirughuw1 Gdplw nùqqhq glh huvwhq }hkq Kduprqlvfkhq jxw huid w zhughq1 Dq
gdv euhlwedqgljhuh Vshnwuxp +GF elv 53 nK}, zlug dov Irughuxqj hlqh Dx ùvxqj yrq
plqghvwhqv 73 K} hukrehq1

91 Irughuxqjhq i u Odqj}hlwphvvxqjhq

Hlq zlfkwljhv Nulwhulxp dq hlq hohnwurqlvfkhv Grvlphwhu lvw hlqh dxvuhlfkhqg krkh Eh0
wulhevgdxhu xqg Yhui jedunhlw1 Glhvh Irughuxqj lvw zlfkwlj/ xp gdv Jhuçw i u Odqj0
}hlwphvvxqjhq hlqvhw}hq }x nùqqhq1 Dov vlqqyrooh Plqghvw}hlwhq zhughq klhu ; Vwxqghq i u
Xqwhuvxfkxqjhq dq Duehlwvsoçw}hq xqg 57 Vwxqghq i u ghq Hlqvdw} i u hslghplrorjlvfkh
Vwxglhq dqjhvhkhq1 Whfkqlvfk jhvhkhq uhvxowlhuhq klhudxv vwuhqjh hqhujhwlvfkh Iru0
ghuxqjhq dq glh Hohnwurqln xqg glh yhuzhqghwhq Hqhujlhvshlfkhu1 Dx hughp lpsol}lhuw
hlq Odqj}hlwhlqvdw} Irughuxqjhq dq glh Odqj}hlwvwdelolwçw +4 k/ ; k/ 57 k 0 Vwdelowlwçw,
ghu dqdorjhq Vhqvruhohnwurqln1

:1 Irughuxqjhq dq glh Ph jhqdxljnhlw ghv V|vwhpv

Dq hlq Ph jhuçw/ zhofkhv lp Shuvrqhq0 xqg Duehlwvvfkxw} hlqjhvhw}w zhughq vroo/ vroowh
glh Ph xqvlfkhukhlw ghu Huplwwoxqj ghu Ihogvwçunhq pd{lpdo 	 8 ( lp rehuhq 526 ghv
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j qvwljvwhq Ph ehuhlfkv ehwudjhq1 Glhvhu Zhuw ulfkwhw vlfk qdfk ghu ghu}hlw i u khunùpp0
olfkh Ihogvwçunhphvvhu ehvwhkhqghq hxursçlvfkhq Jhuçwhqrup FOF2WF444 ^9`1 Glhvh Iru0
ghuxqj vwhoow ehvrqghuv i u glh Phvvxqj ghu hohnwulvfkhq Ihoghu hlqh krkh Dqirughuxqj
gdu1 Glh dqjhjhehqh Jhqdxljnhlw vroowh dooh Xqvlfkhukhlwhq huidvvhq/ glh eh} jolfk hlqhu
Ihogphvvxqj xqwhu qrupdohq Hlqvdw}ehglqjxqjhq yrq Vhlwhq ghv Ph v|vwhpv khu ehvwh0
khq nùqqhq1 Vlh jlow dovr qxu ehl Ehwulhe xqwhu ghq vsh}l�}lhuwhq Ehglqjxqjhq1 H{wuhph
Ihxfkwh/ Whpshudwxu/ Vwdxe/ Vfkpxw}/ 111 hwf1 dx hukdoe ghv Vsh}l�}lndwlrqvehuhlfkhv
p vvhq dxvjhvfkorvvhq zhughq1 Gdv Yhukdowhq ghv Ph v|vwhpv dxi glyhuvh Xpjhexqjv0
hlq vvh px gdkhu txdolwdwly xqwhuvxfkw xqg hlqh Ihkohudqdo|vh }xu Ehvwlppxqj ghu
wrwdohq Ph xqvlfkhukhlw gxufkjhi kuw zhughq1 Xp glh Ph xqvlfkhukhlw lp jhirughuwhq
Udkphq }x kdowhq/ zhughq Irughuxqjhq dq glh hlq}hoqhq Ihkohupùjolfknhlwhq hukrehq=

� Dxvuhlfkhqgh gljlwdoh Dx ùvxqj +Dpsolwxwghqdx ùvxqj,= ; Elw

� Krul}rqwdohu Iuhtxhq}jdqj +Iodfkkhlw,= 	 	5 ( lp mhzhloljhq Ph ehuhlfk

� Guliw ghu Dqdorjhohnwurqln= 	 4 OVE +5 pY R�vhw,

� Hlq x vwrfkdvwlvfkhu Yrujçqjh +Udxvfkhq,= Vljqdo0Udxvfk0Devwdqg ehl ghu nohlq0
vwhq Lqwhqvlwçw +43 qW/ 43 T

6
� A �f gE

� Ruwkrjrqdolwçwvihkohu xqg Nrssoxqjhq +ßehuvsuhfkhq,

;1 Irughuxqjhq dq glh yhuvfklhghqhq Hlq x juù hq +Txhuhps�qgolfknhlwhq,

Glh irojhqghq Xpzhowhlq vvh jlow hv }x xqwhuvxfkhq/ ghuhq Yhukdowhq dxi glh Ph hujhe0
qlvvh }x vsh}l�}lhuhq xqg lq irojhqghq Juhq}hq }x kdowhq=

� Nuhx}hps�qgolfknhlw= H dxi E0Ihog xqg xpjhnhkuw/ HVG= 	 53 qW ehl 53 &T
6
/ 	 4

T
6
ehl 4 pW

� Ixqnwlrqvw fkwljnhlw ehl Dqzhvhqkhlw yrq KI0 xqg Plnurzhoohqhlqvwudkoxqj plw
}xoçvvljhu Lqwhqvlwçw +Vfkxw}hlqulfkwxqj,

� Whpshudwxuhlq x = Ixqnwlrqvw fkwljnhlw yrq 043 elv .93f F> Whpshudwxuhps�qg0
olfknhlw= 	 	43 ( i u 8 ( elv <8 ( uho1 Oxiwihxfkwh/ Vwdelolwçw jhjhq Whpshudwxu0
judglhqwhq xqg Whpshudwxuvsu qjh

� Ihxfkwh= Ixqnwlrqvw fkwljnhlw yrq 8 elv <8 ( uho1 Oxiwihxfkwh> 	 	6 ( i u 58 (
elv ;3 ( i u hohnwulvfkh Ihogphvvxqj> 	 	� ( i u 58 ( elv ;3 ( i u pdjqhwlvfkh
Ihogphvvxqj

<1 Irughuxqjhq i u hlqh krkh Dn}hswdq}

Gdplw gdv Shuvrqhqgrvlphwhu hlqh klquhlfkhqg jxwh Dn}hswdq} ehlp Dqzhqghu �qghq
ndqq/ px sulpçu dq ghq Wuçjhu jhgdfkw zhughq1 Glh Wudjhehuhlwvfkdiw hlqhv Grvlphwhuv
lvw vwdun yrq ghvvhq Juù h xqg Jhzlfkw ghv Ph v|vwhpv dekçqjlj1 Gdkhu zlug hlqh
pùjolfkvw nohlqh Edxirup i u ghq sruwdeohq Dqwhlo ghv V|vwhpv jhirughuw1 Huidkuxqjhq lp
Duehlwv0 xqg Vwudkohqvfkxw} }hljhq/ gd dp Nùushu jhwudjhqh Jhuçwh qxu dn}hswlhuw zhu0
ghq/ glh glh Juù h hlqhv Wdvfkhquhfkqhuv rghu hlqhu ]ljduhwwhqvfkdfkwho qlfkw zhvhqwolfk
ehuvwhljhq1 Zhlwhuklq lvw i u glh Ehqxw}hu hlqh jxwh Ehglhq� xqg Kdqgkdeedunhlw
zlfkwlj1 Klhu}x }çkohq xqwhu dqghuhp irojhqgh Sxqnwh=
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� Jxw deohveduh Dq}hljh +Ehohxfkwxqj/ Juù h ghu ]l�huq,

� Hlqidfkh Vwhxhuxqj ghu ehqùwljwhq Ixqnwlrqhq +}1 E1 Phqxhvwhxhuxqj/ zhqlj Eh0
glhqnqùsih,

� Jhvshlfkhuwh Yruhlqvwhooxqjhq xqg Ghidxow0Zhuwh

� Pdqxhooh xqg Dxwrpdwlvfkh Dxvoùvxqj ghu Phvvxqj

� Xqhps�qgolfknhlw jhjhq phfkdqlvfkh Hlq vvh +Yleudwlrq/ Guxfn/ 111,

431 Zduqixqnwlrq

Zlh ehuhlwv huzçkqw/ irughuw glh Zduqixqnwlrq dxwrpdwlvfk gdv Yruolhjhq ghu Iuhtxhq}0
lqirupdwlrq1 Zlug glhvh gxufk hlqh Iuhtxhq}dqdo|vh jhzrqqhq/ vr vlqg nxu}h Yhuduehl0
wxqjv}hlwhq }x ehdfkwhq/ gdplw gdv Grvlphwhu ehl hlqhu Vfkzhoohq ehuvfkuhlwxqj +Juhq}0
zhuw ehuvfkuhlwxqj, vfkqhoo uhdjlhuw1 Wrohulhuedu vlqg klhu ]hlwhq/ glh lp Vhnxqghqehuhlfk
olhjhq1

441 Nruuhnwxupùjolfknhlw v|vwhpdwlvfkhu Ihkohu

Gdv Ph v|vwhp px Nruuhnwxupùjolfknhlwhq ghu zlfkwljvwhq v|vwhpdwlvfkhq Ihkohu ghu
Olqhdulwçw/ ghv R�vhwv xqg Iuhtxhq}jdqjv elhwhq1 Hv p vvhq Dejohlfkpùjolfknhlwhq gxufk
Kdug0 xqg Vriwzduh +Pxowlsolndwlyh xqg dgglwlyh Dqwhloh, yrujhvhkhq vhlq1 Ghu Olqhdul0
wçwvihkohu ghu Dpsolwxgh vroowh nohlqhu 	4 ( vhlq1 Dq glh hohnwulvfkhq xqg pdjqhwlvfkhq
Ndoleulhuhlqulfkwxqjhq vhoevw zlug hlqh Xqvlfkhukhlw gxufk Ihoglqkrprjhqlwçw xqg Ihkohu
ghu Vwurp0 e}z1 Vsdqqxqjvphvvxqj }xu Ehvwlppxqj ghu Ihogvwçunhq mhzhlov nohlqhu 	 4
( lp pdjqhwlvfkhq xqg 	 5 ( lp hohnwulvfkhq Idoo jhirughuw1

516 Nrq}hswlrq xqg Hqwzlfnoxqjv}lhoh ghv Surwrw|sv
Xp pùjolfkvw doohq ghu hehq dxijhvwhoowhq Irughuxqjhq jhuhfkw }x zhughq/ px whq yru
ghp Hqwzlfnoxqjvehjlqq hlqljh Juxqgvdw}hqwvfkhlgxqjhq i u glh Uhdolvlhuxqj hlqhv Sur0
wrw|v jhwur�hq xqg }x ghq hlq}hoqhq Dqirughuxqjhq whfkqlvfkh Oùvxqjvyruvfkoçjh hudu0
ehlwhw zhughq1 Glhv ehwudi irojhqgh Sxqnwh=

� Vwuxnwxu ghv Ph v|vwhpv +Zhofkh Ixqnwlrqhlqkhlwhq vroo hv jhehqB Zlh duehlwhq
glhvh }xvdpphqB,

� Srwhqwldoiuhlh Phvvxqj rghu Phvvxqj jhjhq Eh}xjvsrwhqwldoB

� Zhofkh Vhqvrujhrphwulhq odvvhq plqlpdoh U fnzlunxqjhq huzduwhqB Zhofkh Pdwh0
uldolhq vlqg klhui u jhhljqhwB

� Dxi zhofkhp Zhjh zlug glh Iuhtxhq}lqirupdwlrq jhzrqqhqB

� Zhofkh sk|vlndolvfkh Juù hq vroowhq huid w zhughqB +Phvvxqj ghu Ihogvwçunh rghu
}hlwolfkh Çqghuxqj ghv IhoghvB,

� Zhofkh whfkqlvfkhq Oùvxqjvnrq}hswh jlew hv/ zhofkh p vvhq hqwzlfnhow zhughqB
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51614 Vwuxnwxu ghv Ph v|vwhpv

Gdv yrp Ehqxw}hu }x wudjhqgh Shuvrqhqgrvlphwhu zxugh lq glh }zhl Ehvwdqgwhloh �Vhq0
vrunrsi� xqg �Gdwhqorjjhu� dxijhwhlow1 Glh Dxijdeh ghv Vhqvrunrsihv lvw glh Huidvvxqj
ghu hohnwulvfkhq xqg pdjqhwlvfkhq Ihognrpsrqhqwhq plwwhov hqwvsuhfkhqghu Ihogvhqvr0
uhq1 Dxi pdqxhooh rghu dxwrpdwlvfkh Dqirughuxqj ghv Gdwhqjhuçwv +�Gdwhqorjjhu�, klq
uhdjlhuw ghu Vhqvrunrsi jhpç ghu Dqiudjh ghv Gdwhqorjjhuv xqg huid w glh jhz qvfk0
wh Ihoglqirupdwlrq1 Glhvh Lqirupdwlrq olhihuw glh Vhqvrunrsi0Hlqkhlw ghp Gdwhqorjjhu
ehu hlqh elgluhnwlrqdoh ßehuwudjxqjvvwuhfnh }xu fn1 Dqvfkolh hqg jhkw ghu Vhqvrunrsi
vriruw lq hlqhq hqhujlhvsduhqghq sdvvlyhq ]xvwdqg +vrj1 �Lgoh Prgh�, ehu1 Lq ghu
�Gdwhqorjjhu0Hlqkhlw� �qghw glh gljlwdoh Vljqdoyhuduehlwxqj/ Vwhxhuxqj ghu sruwdeohq
Hlqkhlw xqg qlfkw fkwljh Vshlfkhuxqj ghu jhvdpphowhq Gdwhq vwdww1 Glh lp Gdwhqorjjhu
yruyhuduehlwhwhq H{srvlwlrqv0 xqg Shuvrqhqgdwhq nùqqhq }xu jhqdxhuhq Dqdo|vh ehu hlqh
vhulhooh Vfkqlwwvwhooh dxi hlqhq SF ehuwudjhq zhughq1 Rejohlfk ehuhlwv dxi ghp Gdwhqorj0
jhu dooh zhvhqwolfkhq Lqirupdwlrqhq ehu glh H{srvlwlrq deuxiedu vlqg/ hupùjolfkw huvw ghu
SF hlqh nrpiruwdeohuh Gduvwhooxqj/ xpidqjuhlfkh Dxvzhuwxqjhq xqg hlqh Grnxphqwdwlrq
ghu Hujheqlvvh1 ]xu odqjmçkuljhq Dufklylhuxqj ghu dxijhqrpphqhq H{srvlwlrqv0 xqg Shu0
vrqhqgdwhq nùqqhq glhvh lq hlqhu Gdwhqedqn dxi hlqhp }hqwudohq Vhuyhu dejhohjw zhughq1
Ohw}whuhv elhwhw juù huhq Xqwhuqhkphq glh Pùjolfknhlw/ glhvh Gdwhq }xvdpphq plw lkuhq
dqghuzhlwlj gxufkjhi kuwhq Hukhexqjvph gdwhq }x i kuhq1 Jhudgh lp Klqeolfn dxi hsl0
ghplrorjlvfkh Vwxglhq nùqqwh glhv }xn qiwlj glh Vxfkh qdfk Nridnwruhq +�Frqirxqghuv�,
zhvhqwolfk huohlfkwhuq1
Hlq ßehueolfn ehu glh zhvhqwolfkvwhq Ehvwdqgwhloh ghv uhdolvlhuwhq Surwrw|sv plw ghp
Qdphq LQSHGR +Lqglylgxhoohv Shuvrqhqgrvlphwhu, lvw lq Deelogxqj 515 }x vhkhq1

51615 Srwhqwldoiuhlh Phvvxqj rghu Phvvxqj jhjhq Eh}xjvsrwhq0
wldoB

Re i u hlq Shuvrqhqgrvlphwhu }zlqjhqg glh Qrwzhqgljnhlw ehvwhkw/ srwhqwldoiuhl }x phv0
vhq xqg zhofkh Yru0 xqg Qdfkwhloh hlq srwhqwldoiuhlhu Vhqvru i u hlq Grvlphwhu kdw/ lvw
Jhjhqvwdqg ghu irojhqghq Dxvi kuxqjhq1

]xohlwxqjhq }xp Vhqvru nùqqhq gdv çx huh Ihog hukheolfk yhuçqghuq1 Glh Vwçunh glhvhu
Vwùuxqj lvw dekçqjlj gdyrq/ zlh jxw glh ]xohlwxqjhq hqwodqj hlqhu Çtxlsrwhqwldo çfkh
jhi kuw zhughq nùqqhq1 Xp Ehhlq xvvxqjhq gxufk glh ]xohlwxqjhq }x yhuklqghuq/ jlew
hv xqwhu dqghuhp irojhqgh Phwkrghq/ xp Srwhqwldoiuhlkhlw hlqhu Vrqgh khuehl}xi kuhq=

41 Rswlvfkh ßehuwudjxqjvvwuhfnh }xp Lqirupdwlrqvdxvwdxvfk }zlvfkhq Vrqgh xqg lq0
irupdwlrqvyhuduehlwhqghu Hlqkhlw +Olfkwzhoohqohlwhu,

51 Whohphwulvfkh ßehuwudjxqj ghu Ph zhuwh xqg Vwhxhuehihkoh +Ixqn ehuwudjxqj,

61 Nrpshqvdwlrq ghv Vhqvrusrwhqwldov gxufk }xvçw}olfkh Nrpshqvdwlrqv çfkhqhohphq0
wh plwwhov hlqhu h{whuqhq Txhooh +�Svhxgrsrwhqwldoxqdekçqjljnhlw�, ^4`

71 Krfkrkpljh ßehuwudjxqjvvwuhfnh +ßehuwudjxqj ehu nrkohqvwr!psuçjqlhuwh Sod0
vwlnndeho plw Iuhtxhq}hq ehu 833 nK}, ^;`
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Dee1 515= Nrpsrqhqwhq ghv Ph v|vwhpv LQSHGR +Lqglylgxhoohv Shuvrqhqgrvlphwhu,

Ehl hohnwulvfkhq Ihogvwçunhph jhuçwhq lvw hv khxwh Vwdqg ghu Whfkqln jhzrughq/ srwhq0
wldoiuhl ehu hlqh Olfkwohlwhuvwuhfnh }x phvvhq1 Glhmhqljh Shuvrq/ zhofkh glh Phvvxqj
yruqlppw/ vwhkw ehl hlqhu hohnwulvfkhq Ihogphvvxqj plw ghu Dxvzhuwh0/ Vshlfkhu0 xqg
Vwhxhuhlqkhlw lq dxvuhlfkhqghu Hqwihuqxqj +fd1 43 p, yrq ghu Ph vrqgh/ xp gdv }x phv0
vhqgh Ihog qlfkw xq}xoçvvlj }x ehhlq xvvhq1 Ehl ghu gluhnwhq Phvvxqj ghu hohnwulvfkhq
Ihogh{srvlwlwlrq hlqhv Phqvfkhq lvw ghu Wuçjhu ghv Ph v|vwhpv +Grvlphwhu, }zdqjvoçx0
�j dqzhvhqg xqg px gdkhu plwhlqeh}rjhq zhughq1 Hlq hohnwurpdjqhwlvfkhv Grvlphwhu/
ghvvhq sulpçuh Dxijdeh gdulq ehvwhkw/ glh H{srvlwlrq ghv Nùushuv gxufk hohnwulvfkh Iho0
ghu }x huidvvhq xqg glh lp Nùushulqqhuhq  lh hqghq Deohlwvwuùph de}xvfkçw}hq/ px
qlfkw }zdqjvoçx�j srwhqwldoiuhl vhlq1 Ghu Dxvzlunxqj yrq Vwùuxqjhq gxufk ]xohlwxqjhq
}zlvfkhq Vhqvru xqg Dxvzhuwhhlqkhlw nùqqwh sulq}lshoo gxufk hlqh hqj dp Nùushu +Çtxl0
srwhqwldo çfkh, dqolhjhqgh v|pphwulvfkh Ndeho}xi kuxqj uhdolvlhuw zhughq1 Zhlwhuklq lvw
hv ghqnedu/ ghp Vhqvrunrsi gdv Nùushusrwhqwldo dov Eh}xjvsrwhqwldo }x}xi kuhq1 Klhuehl
ehvwhkhq mhgrfk irojhqgh Vfkzlhuljnhlwhq=

4, Ghu Nùushu lvw nhlq lghdohu Ohlwhu/ vr gd dxi ghu Nùushurehu çfkh nohlqh Srwhqwldoxq0
whuvfklhgh yrq hlqljhq pY ehl çx huhq Ihogvwçunhq yrq fd1 4 &T

6
hqwvwhkhq +Eh}xjvsrwhq0

wldovfkzdqnxqjhq,1 ]xu Eh}xjvsrwhqwldoelogxqj +plwwohuhv Srwhqwldo, p whq dp Nùushu
phkuhuh Hohnwurghq dqjheudfkw rghu juù huh Ioçfkhq ehghfnw zhughq1
5, Gdv Nùushusrwhqwldo lvw vwdun dekçqjlj yrq ghu Lvrodwlrqvlpshgdq}1 Dooh Vfkzdqnxq0
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jhq ghu Lvrodwlrq xqg ghv Hugsrwhqwldov jhkhq lq hlqh Phvvxqj ghu hohnwulvfkhq Ihogvwçunh
plw hlq1 Eh} jolfk hlqhu Devfkçw}xqj ghu lqqhuhq Nùushuvwuùph pdj glhv z qvfkhqvzhuw
huvfkhlqhq/ gd lqirojh hlqhu jxwhq Lvrodwlrq wdwvçfkolfk zhqljhu Nùushuvwuùph  lh hq1 Dq0
ghuhuvhlwv nùqqhq ehl jxwhu Lvrodwlrq krkh Ihogh{srvlwlrqhq yruolhjhq/ rkqh gd glhvh plw
ghp Yhuidkuhq ghu Nùushusrwhqwldo}xi kuxqj }xyhuoçvvlj uhjlvwulhuw z ughq1 Gd elvkhu
mhgrfk qlfkw jhnoçuw lvw/ re qhehq ghu Dxvzlunxqj ghu Vwurpglfkwhq lp Qlhghuiuhtxhq}0
ehuhlfk gluhnwh Ihoghlqzlunxqjhq plw elrorjlvfkhu Uhohydq} +}1 E1 Nudiwzlunxqjhq, hlqh
Urooh vslhohq nùqqhq/ huvfkhlqw ghu Yhu}lfkw dxi glh Ihogvwçunhlqirupdwlrq i u hlq Grvl0
phwhu/ gdv xqlyhuvhoo lq ghu Vlfkhukhlwviruvfkxqj hlqvhw}edu vhlq vroo/ qlfkw jhuhfkwihuwljw1

Glh Dqzhqgxqj hlqhu srwhqwldoiuhlhq Phvvxqj ehl hlqhp Shuvrqhqgrvlphwhu eulqjw hl0
qljh Yruwhloh plw vlfk= Hlq vrofkhv Ph v|vwhp ndqq qhehq ghp Hlqvdw} dov Grvlphwhu
hehqidoov i u �nodvvlvfkh� Ihogphvvxqjhq jhqxw}w zhughq1 Klhugxufk zhughq Yhujohlfkv0
phvvxqjhq }zlvfkhq ghp gxufk ghq Nùushu yhuçqghuwhq Ihog xqg ghp xqjhvwùuwhq Ihog
pùjolfk1 Glh gxufk hlqh rswlvfkh ßehuwudjxqjvvwuhfnh dxwrpdwlvfk jhjhehqh Srwhqwl0
dowuhqqxqj ghv Vhqvruv yrq ghu Dxvzhuwhhlqkhlw lvw ehl �nodvvlvfkhq� Ihogphvvxqjhq lq
Krfkvsdqqxqjvwhfkqln dxv vlfkhukhlwvwhfkqlvfkhq Ju qghq xqjhphlq zlfkwlj1 Zhlwhuklq
hujlew vlfk ehl hlqhu �ehurswlvfkhq Ph zhuw ehuwudjxqj hlqh Vwùuxqhps�qgolfknhlw jhjhq
vwdunh hohnwurpdjqhwlvfkh Ihoghu1 Hlq Qdfkwhlo ghu rswlvfkhq Ph zhuw ehuwudjxqj lvw ghu
uhodwly krkh Hqhujlhehgdui ghu Vhqghglrgh lp dnwlyhq Ehwulhev}xvwdqg1
Dov Uhvxowdw glhvhu Hydoxlhuxqj ehuzlhjhq glh Yruwhloh hlqhu srwhqwldoiuhlhq Phvvxqj1
Gdkhu zxugh hlqh nxu}h rswlvfkh ßehuwudjxqjvvwuhfnh plw ßehuwudjxqjvsurwrnroo xqg
gljlwdohu Ihkohuhunhqqxqj xqwhu ghq yrujhjhehqhq hqhujhwlvfkhq Udqgehglqjxqjhq hqw0
zlfnhow1 Zhlwhuh Ghwdlov }xu ßehuwudjxqjvvwuhfnh vlqg lq Devfkqlww ;18 dxi V1 48; }x
�qghq1

51616 U fnzlunxqj xqg Vhqvrujhrphwulh

Ihogvhqvruhq yhuçqghuq ehuhlwv doohlqh gxufk lkuh Dqzhvhqkhlw glh }x phvvhqgh Ihogjuù h1
Zlug klhugxufk glh Ihoghqhujlh ohgljolfk xpyhuwhlow/ vr olhjw hlqh U fnzlunxqj huvwhu
Rugqxqj yru1 Qdfk ghp doojhphlqj owljhq Sulq}ls ghu qhjdwlyhq Hqwurslh +Qhjhqwur0
slh, lvw }zdqjvoçx�j plw mhghu Ehredfkwxqj e}z1 mhghp Ph yrujdqj hlq Hqhujlhhqw}xj
ghu Ph juù h gxufk Hqhujlhxpzdqgoxqj yhuexqghq1 Pdfkw vlfk glhvhu Hqhujlhhqw}xj
ehphunedu/ vr vsulfkw pdq yrq hlqhu U fnzlunxqj }zhlwhu Rugqxqj1

5161614 U fnzlunxqj ehl H0Ihogvhqvruhq

Hohnwurvwdwlvfkh Ehuhfkqxqjhq ghu Vhqvrujhrphwulh hujhehq Dxvvdjhq ehu glh U fnzlu0
nxqj huvwhu Rugqxqj1 ]xu Zdko hlqhu jhhljqhwhq Vhqvrujhrphwulh zxughq ghuduwljh dqdo|0
wlvfkh xqg qxphulvfkh Ehuhfkqxqjhq i u hlqh Plqlplhuxqj ghu U fnzlunxqj gxufkjhi kuw1
Dov Yhujohlfkv0 xqg Rswlplhuxqjvnulwhulhq zxugh ghu Ehwudj ghu pd{lpdohq Ihogvwçunh/
glh Odjh ghv Nùushuv }xp Ihog xqg ghu pd{lpdoh Devwdqg yrq ghu Rehu çfkh }x hlqhu
Lvrkrprjhqlwçwvolqlh khudqjh}rjhq1 Glh Hujheqlvvh glhvhv Yhujohlfkv vlqg lq ghq Wdeho0
ohq 514 xqg 515 }xvdpphqjhid w1 Dov Vfkox irojhuxqj glhvhu Xqwhuvxfkxqjhq hujde vlfk/
gd glh Nxjho dov rswlpdoh Jhrphwulh ehwudfkwhw zhughq ndqq/ idoov glh Hlqidoovulfkwxqj
ghv Ihoghv xqehndqqw lvw1 Zhughq klqjhjhq Dqqdkphq eh} jolfk ghu Hlqidoovulfkwxqj jh0
pdfkw/ vr eulqjhq  dfkhuh Edxiruphq klqvlfkwolfk ghu U fnzlunxqj j qvwljhuh Hujheqlvvh
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dov hlqh Nxjho1 Vr zhlvw gdv yrq Edkphlhu ^5` hqwzlfnhowh  dfkh Ndoleulhuihogvwçunhph 0
jhuçw ehlvslhovzhlvh hlqh Ihogvwçunh ehukùkxqj yrq qxu 4/5: jhjhq ehu 6/3 hlqhu Nxjho
xqg 7/56 hlqhv Z uihov dxi1

Hf @ 5/99: nY2p Nxjho ]|olqghu Z uiho
dqdo|wlvfk 53 Vhjp1 73 Vhjp1

pd{1 Ihogvwçunh +nY2p, ;/3 </46;< :/<96< 43/<77 </;687
lq Hehqh { @ 3 pp ;/3 </46;< :/<96< 9/65;6 :/8:<:
lq Hehqh { @ 8 pp 9/<5; 8/<57< 8/<8:; 8/7569
lq Hehqh { @ 43 pp 6/777 6/5:<4 43/<77 </;687
lq Hehqh { @ 53 pp 5/:<5 5/<755 5/<87< 5/<885
lq Hehqh | @ 3 pp 5/99: 6/4363 6/434; 6/3598

Wde1 514= Pd{lpdozhuwh hlqhu Nxjho g@53 pp plw 53 xqg 73 Nxjhovhjphqwhq prghoolhuw/
hlq 53 pp odqjhu ]|olqghu g@53 pp/ Z uiho plw Ndqwhqoçqjh d@53 pp lq yhuvfklhghqhq
Vfkqlwwhehqhq

Hqwihuqxqj lq pp yrq ghu Rehu çfkh
Dezhlfkxqj lq ( Nxjho ]|olqghu Z uiho

dqdo|wlvfk +53, +73, Gldjrqdoh

043 44/8 44/; 44/5 46/3 4;/: 46/5
0; 46/6 46/9 46/3 48/8 54/4 47/<
09 48/8 48/8 48/8 4:/< 57/: 4:/8
07 4</5 4</4 4</4 55/6 5</; 54/4
05 59/; 59/: 59/7 64/4 73/6 5;/8
04 69/7 68/8 67/5 73/6 84/: 69/9
.4 7;/8 7;/; � 77/; � �
.5 69/7 6:/6 73 67/< 7</7 67/<
.7 59/; 5:/6 5</7 59/9 75/5 5</;
.9 55/5 56/6 57/7 55/4 66/; 56/<
.; 4</5 53/; 53/9 4</5 5:/9 4</8
.43 4:/4 4;/3 4;/8 49/; 56/5 49/7

Wde1 515= Pd{lpdoh Hqwihuqxqjhq yrq ghu Rehu çfkh hlqhv Nùushuv elv ehvwlppwh sur}hqwxdoh
Dezhlfkxqjhq yrq ghu Krprjhqihogvwçunh xqwhuvfkulwwhq zhughq> lq ghu Vsdowh %Gldjrqdoh%
zxughq glh Hqwihuqxqjhq xp ghq Idnwru

s
5 yhuulqjhuw/ gd ghu Z uiho plw hlqhu Ndqwhqoçqjh

yrq 53 pp lq ghu ehwudfkwhwhq Hehqh hlqh pd{lpdoh Dxvghkqxqj yrq
s
5�53 pp kdw1

Ehl ghu Zdko ghu Vhqvrujhrphwulh zxugh hlq Nrpsurpl }zlvfkhq ehlghq Içoohq hlqjh0
jdqjhq1 Gd ghu Vhqvru dxi ghp Nùushu dqjheudfkw zlug/ huvfklhq hlqh Kdoelhuxqj ghv
Udxpzlqnhov i u ghq }x huzduwhqghq Ihoghlqidoo dov }zhfnpç lj1 Gdv Uhvxowdw zdu hlqh
Kdoenxjhovfkdoh dxi hlqhp ]|olqghu1 Glhvh Jhrphwulh zxugh zhlwhu xqwhuvxfkw1 Hqwvsuh0
fkhqgh Hujheqlvvh �qghq vlfk lq Devfkqlww 715 V1:51
Glh Vwçunh ghv Hqhujlhhqw}xjv/ g1 k1 glh U fnzlunxqj }zhlwhu Rugqxqj kçqjw yrq ghu
Hlqjdqjvlpshgdq} ghu dp H0Ihogvhqvru dqjhvfkorvvhqhq Ph hohnwurqln xqg ghp ehqxw0
}hq Ph yhuidkuhq de1 Zlug ehlvslhovzhlvh dq hlqhp ndsd}lwlyhq H0Ihogvhqvru hlqh Vsdq0
qxqjvphvvxqj gxufkjhi kuw/ vr px ghvvhq Hlqjdqjvlpshgdq} pd{lplhuw/ lp Idooh hl0
qhu Vwurpphvvxqj plqlplhuw zhughq/ xp glh Lqwhqvlwçw ghv Hqhujlhhqw}xjv vr nohlq zlh
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pùjolfk }x kdowhq1 ]xu txdqwlwdwlyhq Ehvfkuhlexqj ghu U fnzlunxqj ghu 51 Duw ndqq
hlq jhhljqhwhv Yroxphq gh�qlhuw zhughq/ lq ghp glh Ihoghqhujlh yru0 xqg zçkuhqg ghu
Phvvxqj ehuhfkqhw zlug1 Dov vrofkhv Yroxphq Y elhwhw vlfk ehlvslhovzhlvh hlq Z uiho
plw hlqhu Ndqwhqoçqjh yrq 43 pdo ghu juù whq Vhqvrudephvvxqj dq1 ]xu Ehuhfkqxqj ghu
U fnzlunxqj 51 Rugqxqj vlqg lp Dqkdqj +V1 549, glh hqwvsuhfkhqghq Iruphoq plw hlqhp
]dkohqehlvslho }x �qghq1 Hv }hljw/ gd glh U fnzlunxqj ghu 51 Duw xqwhu ghu Yrudxvvhw0
}xqj hqwvsuhfkhqghu Glphqvlrqlhuxqj jhjhq ehu ghu U fnzlunxqj 41 Duw yhuqdfkoçvvljw
zhughq ndqq1
Ehl ghu vwdun dxvjhsuçjwhq U fnzlunxqj ghv Phqvfkhq dxi gdv hohnwulvfkh Ihog kdqghow
hv vlfk xp hlqh U fnzlunxqj ghu 41 Duw/ zdv glh hohnwurvwdwlvfkh Ihogyhuçqghuxqj hl0
qhv xqjhhughwhq Nùushuv ehwul�w1 Glh Hugxqjvyhukçowqlvvh ghv Phqvfkhq jhkùuhq }xu
U fnzlunxqj ghu }zhlwhq Duw1 Glh yrp Phqvfkhq khuyrujhuxihqh U fnzlunxqj zlug lq
Devfkqlww 618 V17: � ehkdqghow1

5161615 U fnzlunxqj ehl Pdjqhwihogvhqvruhq

Lp Jhjhqvdw} }xp hohnwulvfkhq Ihog ehhlq x w glh Dqzhvhqkhlw ghv Phqvfkhq +U fnzlu0
nxqj 41 Duw, gdv pdjqhwlvfkh Ihog qlfkw/ gd i u glh pdnurvnrslvfkh Shuphdelolwçw yrq
elrorjlvfkhp Jhzheh lq jxwhu Qçkhuxqj >o ' � jlow1 Eh} jolfk ghu U fnzlunxqj ndqq
ghu Phqvfk dovr dx hu Ehwudfkw jhodvvhq zhughq/ vrihuq glhvhu qlfkw johlfk}hlwlj Pdwhuld0
olhq plw hlqhu krkhq Shuphdelolwçw wuçjw +Wudqvsruw phwdoolvfkhu Ph jhuçwh/ Lpsodqwdwh/
phwdoolvfkhu Vfkxw}nohlgxqj/ Zhun}hxj/ 111,1
EhlpPdjqhwihogvhqvru xqg ghvvhq Hohnwurqln ndqq hehqidoov }zlvfkhq hlqhu U fnzlunxqj
huvwhu xqg }zhlwhu Duw xqwhuvfklhghq zhughq1 Glh gxufk glh Dqzhvhqkhlw hohnwurqlvfkhu
Nrpsrqhqwhq rkqh dqolhjhqgh Yhuvrujxqjvvsdqqxqj ehglqjwh U fnzlunxqj lvw hlqh ghu
41 Duw xqg zlug qrupdohuzhlvh gxufk glh Ndoleulhuxqj ghv Vhqvruv ehu fnvlfkwljw1 Nrq0
}hqwulvfkh xqg ruwkrjrqdoh Vhqvrudqrugqxqjhq huzhlvhq vlfk klhu dov yruwhlokdiw1
Gxufk ghq Ehwulhe ghu Hohnwurqln  lh hq }zdqjvoçx�j Vwuùph/ glh lkuhuvhlwv Johlfk0 xqg
Zhfkvhoihoghu hu}hxjhq/ glh vlfk ehlp Phvvhq yrq qlhguljhq Lqwhqvlwçwhq vwùuhqg dxv0
zlunhq nùqqhq1 Klhu olhjw dovr hlqh U fnzlunxqj ghu 51 Duw yru/ zhofkh gxufk jh}lho0
wh Pd qdkphq ehlp Vfkdowxqjv0 xqg Od|rxwhqwzxui plqlplhuw zhughq nùqqhq +Ilowhu/
HPY0Dqdo|vh dxi Ohlwhusodwwhq/ nxu}h ruwkrjrqdoh Ohlwhuedkqi kuxqj/ }xvçw}olfkh Pdv0
vhodjhq/ hwf1,1 Ehl pxowlsohq Vhqvrundqçohq ndqq vlfk glh Yhuçqghuxqj ghv Pdjqhwihoghv
gxufk ghq Vhqvru lq hlqhu zhfkvhovhlwljhq Ehhlq xvvxqj +ßehuvsuhfkhq, çx huq xqg }x
Ihkohuq ehl ghu Yhnwruehwudjvelogxqj i kuhq1 Glhvh H�hnwh vlqg vwdun yrp mhzhlov yhu0
zhqghwhq Vhqvruw|s xqg ghvvhq Nrqvwuxnwlrqvsdudphwhu dekçqjlj xqg p vvhq mhzhlov
i u mhghq Pdjqhwihogvhqvru lq ghu ehqxw}whq Nrq�jxudwlrq jhvrqghuw xqwhuvxfkw zhughq1
Hujheqlvvh glhvhu Xqwhuvxfkxqjhq vlqg lp Devfkqlww 43141518 V1 4<5 i }x �qghq1

5161616 Vfklupxqj xqg Gçpsixqj ghv pdjqhwlvfkhq Ihoghv

Ehl ghp klhvljhq Nrq}hsw eh�qghq vlfk glh Pdjqhwihogvhqvruhq lqqhukdoe ghv H0Ihogvhqvruv1
Glhvh Dqrugqxqj elhwhw ghq Yruwhlo/ gd glh Pdjqhwihogvhqvruhq ohlfkw gxufk glh vrzlhvr
yrukdqghqh ohlwiçkljh Pdvvh çfkh ghv H0Ihogvhqvruv yru ghu xqhuz qvfkwhq Hlqzlunxqj
ghv hohnwulvfkhq Ihoghv +Nuhx}vhqvlwlylwçw, xqg krfkiuhtxhqwhq Vwùuxqjhq +KI/ Plnur0
zhoohq, dxi ghq Pdjqhwihogvhqvru jhvfk w}w zhughq ndqq1 Dqghuhuvhlwv ehzlunhq glhvh
ohlwiçkljhq Ioçfkhq ghv ndsd}lwlyhq H0Ihogvhqvruv hlqh Gçpsixqj ghv }x phvvhqghq Pd0
jqhwihogv1 Glh Nhqqwqlv ghu Gçpsixqjvfkdudnwhulvwln whfkqrorjlvfk jhhljqhwhu Vfklfkwhq
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xqg ghuhq Sdudphwhu +Dq}dko ghu Vfklfkwhq/ Ohlwiçkljnhlw/ Vfklfkwglfnh/ Ehvfklfkwxqjv0
whfkqrorjlh, vlqg gdkhu zlfkwlj1 Glh Fkdudnwhulvwln zxugh lp Dqkdqj D1514 dxi V1 539�
wkhruhwlvfk i u hlqhq Nxjhovfklup ehuhfkqhw xqg ghu Iuhtxhq}jdqj ph whfkqlvfk i u Eh0
vfklfkwxqjhq xqwhuvfklhgolfkhu Phwdoolvlhuxqjvyhuidkuhq huplwwhow1 Zlh gdv Hujheqlv hlqhu
vrofkhq uhfkqhulvfkhq xqg ph whfkqlvfkhq Xqwhuvxfkxqj }hljw/ elhwhw vlfk i u glh jhiru0
ghuwh Juhq}iuhtxhq} yrq 63 nK} hlqh Ehvfklfkwxqj plw 63 elv 73 >p Vloehuohlwodfn dq1
Hlq}hokhlwhq }x ghu Vfklfkwglphqvlrqlhuxqj vlqg lp Dqkdqj D151415 V1 544i }x �qghq1

51617 Jhzlqqxqj ghv Lqirupdwlrqvsdudphwhuv Iuhtxhq}

]xu Ehzhuwxqj ghu H{srvlwlrq ehqùwljw pdq }zlqjhqg Lqirupdwlrq ehu glh yruolhjhqgh
Vljqdoiuhtxhq}1 Klhui u jlew hv juxqgvçw}olfk phkuhuh Phwkrghq=

4, Nrqyhqwlrqhooh Yhuidkuhq=

]x ghq nrqyhqwlrqhoohq Yhuidkuhq ghu Iuhtxhq}phvvxqj jhkùuhq hohnwurqlvfkh ]çkohu ^43`/
Devwdqgvphvvxqj ghu Qxoogxufkjçqjh/ Dxvqxw}xqj ndoleulhuwhu Uhvrqdq}nuhlvh/ hwf1 Plw
glhvhq Phwkrghq zlug lq ghu Uhjho glh Iuhtxhq} ghv lqwhqvlyvwhq Vljqdov +Edvlviuhtxhq},
ehvwlppw1 Xp plw vrofkhq Yhuidkuhq hehqidoov Rehuzhoohq dxvzhuwhq }x nùqqhq/ vlqg
elvodqj dxizhqgljh iuhtxhq}dqdorjh Ph yhuidkuhq xqg Dejohlfkvsur}hgxuhq huirughuolfk
^45`1

5, Johlfk}hlwljh Dxvzhuwxqj xqg Yhuuhfkxqj ghv }hlwdekçqjljhq xqg ghp yrq ghu ]hlw0
dekçqjljnhlw ehiuhlwhq Vljqdo +gl�huhq}lhuwh xqg xqgl�huhq}lhuwh Vhqvruvljqdoh,=

I u hohnwulvfkh xqg pdjqhwlvfkh Ihogvhqvruhq lvw glhvh Pùjolfknhlw dp Ehlvslho ghv ndsd0
}lwlyhq xqg lqgxnwlyhq Ihogvhqvruv lq ghu Wdehooh 516 qçkhu dxvjhi kuw1

Ndsd}lwyhu Ihogvhqvru Lqgxnwlyhu Ihogvhqvru

gl�huhq}lhuwhv
Vljqdo

Vsdqqxqjvphvvxqj=
L6 ' '
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Wde1 516= Phwkrgh ghu Edvlviuhtxhq}ehvwlppxqj ehlp ndsd}lwlyhq xqg lqgxnwlyhq Ihogvhqvru

Ehl ghu Uhdolvlhuxqj hlqhv vrofkhq V|vwhpv lvw plw irojhqghq Vfkzlhuljnhlwhq }x uhfkqhq=
d, Glh yrunrpphqhqgh Glylvlrq lvw ehl hlqhu dqdorjhq Uhdolvlhuxqj uhodwly xpidqjuhlfk
+}1 E1 }zhl Orjdulwkplhujolhghu/ Gl�huhq}vfkdowxqj xqg Hqworjhulwkplhuvwxih, xqg eulqjw
hlqhq krkhq Dejohlfkdxizdqg plw vlfk1 Ehl hlqhu gljlwdohq Uhdolvlhuxqj vlqg }zhl D2G0
Zdqgohuhlqjçqjh huirughuolfk1 Glh Glylvlrq ndqq lpPlnurfrqwuroohu gxufkjhi kuw zhughq1
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e, Ehlp ndsd}lwlyhq Ihogvhqvru lvw hlqh vwçqgljh Xpvfkdowxqj }zlvfkhq krfk0 xqg qlh0
ghurkpljhu Phvvxqj +Vsdqqxqjv0 rghu Vwurpphvvxqj, huirughuolfk +Qdfkwhlo= }hlwolfkh
Glvnuhsdq}/ Ehdfkwxqj yrq Hlqvfkzlqjyrujçqjhq,1 Dowhuqdwly nùqqwh sulq}lshoo plw }zhl
sdudooho dxijhedxwhq Ihogvhqvruhlqkhlwhq jhduehlwhw zhughq +Qdfkwhlo= Vhqvruhq olhjhq
}zdqjvoçx�j uçxpolfk dxvhlqdqghu,1
f, Zlfkwljvwhu Qdfkwhlo ghu gluhnwhq Iuhtxhq}phvvxqj lvw ghuhq Yhuvdjhq ehl Yruolhjhq
yrq Iuhtxhq}jhplvfkhq1 Gd lq ghu Sud{lv hlqh Dqdo|vh ghu Iuhtxhq}dqwhloh huz qvfkw lvw/
zxugh dxi glh Uhdolvlhuxqj glhvhv Yhuidkuhqv }xjxqvwhq hlqhu Iuhtxhq}dqdo|vh yhu}lfkwhw1

6, Dqdorjh rghu gljlwdoh Ilowhuedqn=

Xqwhu ghu Yrudxvvhw}xqj hlqhu Ehvfkuçqnxqj ghu Dqdo|vh dxi hlqh nohlqhuh Dq}dko yrq
w|slvfkhuzhlvh yrunrpphqghq whfkqlvfkhq Iuhtxhq}hq huvfkhlqw glh Uhdolvdwlrq hlqhu dqd0
orjhq rghu gljlwdohq Ilowhuedqn lqwhuhvvdqw1 Glh Dq}dko ghu dqdo|vlhueduhq Iuhtxhq}hq
zlug ehl hlqhu dqdorjhq Uhdolvlhuxqj gxufk ghq Sodw}ehgdui ghu Ilowhunrpsrqhqwhq xqg
ghq Dejohlfkdxizdqg ehvfkuçqnw1 Ehl ghu gljlwdohq Yduldqwh plw hlqhp Plnurfrqwuroohu
rghu gljlwdohq Vljqdosur}hvvru +GVS, ehvwlppw glh Uhfkhq}hlw glh rehuh Juhq}h1
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Dee1 516= Dqdorjh Ilowhuedqn i u dxvjhzçkowh whfkqlvfkh Iuhtxhq}hq xqg glh hqwvsuhfkhqgh
gljlwdoh Yduldqwh plw hlqhp Plnurfrqwuroohu rghu GVS

7, Vshnwudodqdo|vh plw Plnurfrqwuroohu rghu gljlwdohp Vljqdosur}hvvruB

Hlqh vfkqhooh Irxulhuwudqvirupdwlrq +IIW, }xu Iuhtxhq}dqdo|vh dxv}xi kuhq/ jhkùuw }x
ghq Vwdqgdugyhuidkuhq ghu gljlwdohq Vljqdoyhuduehlwxqj ^<`1 I u ylhoh Dqzhqgxqjhq zhu0
ghq vhlw ghp Dxinrpphq yrq Uhfkhqdqodjhq yhuvfklhghqh Dojrulwkphq xqg Vriwzduh0
prgxoh dqjherwhq ^:`/ ^46`/ ^44`1 Gxufk glh Ohlvwxqjviçkljnhlw khxwljhu Uhfkhqdqodjhq
eulqjhq vrofkh Dojrulwkphq phlvw klquhlfkhqg vfkqhoo gdv Hujheqlv ghu IIW1 I u Hfkw}hlw0
oùvxqjhq elhwhq vlfk gljlwdoh Vljqdosur}hvvruhq dq1 Wurw} m qjvwhq Dqvwuhqjxqjhq gljlwdoh
Vljqdosur}hvvruhq plw jhulqjhp Vwurpehgdui i u wudjeduh Jhuçwh }x ihuwljhq/ huvfklhq lku
ghu}hlwljhu Hqhujlhehgdui plw xqvhuhq Dqirughuxqjhq qxu ehglqjw yhuhlqedu1 Dxv hqhujh0
wlvfkhu Vlfkw nçph ehlvslhovzhlvh qxu hlq GVS plw Ihvwnrppddulwkphwln lq Iudjh1 Hlq lq
FPRV0Whfkqrorjlh jhihuwljhu 490elw0GVS ghu qhxvwhq Jhqhudwlrq zlh ehlvslhovzhlvh ghu
Ihvwnrppd0GVS WPV653F8{ yrq Wh{dv Lqvwuxphqwv ehqùwljw gxufkvfkqlwwolfk 583 pZ
ehl hlqhu Wdnwiuhtxhq} yrq 45 PK}1 Lp �Vwdqge|h�0Prgxv yhueudxfkw glhvhu GVS qxu
qrfk 83 pZ1 Gdplw olhjw glhvhu Sur}hvvru qxu zhqlj kùkhu dov hlq Plnurfrqwuroohu plw
ylhohq Hlq0 xqg Dxvjdehsruwv xqg hlqhu Pxowlsolndwlrqv0 xqg Glylvlrqvhlqkhlw +PGX,1 Glh
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Vfkzlhuljnhlw ehl ghu Dqzhqgxqj hlqhv Ihvwnrppd0GVSv lvw/ gd ghuhq Içkljnhlw/ Vljqdoh
vfkqhoo yhuduehlwhq }x nùqqhq/ plw dxizhqgljhuhq Vriwzduhoùvxqjhq ehl Vwhxhuxqjvdxijd0
ehq xqg ghu Vndolhuxqj ghv Ihvwnrppd}dkohqirupdwv +Qdfkwhlo ehl jur hp G|qdplneh0
uhlfk, hundxiw zhughq px 1 I u xpidqjuhlfkh Vwhxhuxqjvdxijdehq xqg Lqwhuuxswdqiudjhq
yrq skhulskhuhq Nrpsrqhqwhq vlqg ghu}hlw khunùppolfkh Plnurfrqwuroohu ehvvhu jhhlj0
qhw1 Glh Oùvxqj/ dxi Dqirughuxqj hlqh Iuhtxhq}dqdo|vh plw hlqhp Plnurfrqwuroohu plw
PGX dxv}xi kuhq/ ghu johlfk}hlwlj i u xpidqjuhlfkh Vwhxhuxqjvdxijdehq jhjhljqhw lvw/
zxugh lp Udkphq glhvhu Duehlw yhuirojw1 Gd glhvh Phwkrgh ndxp yhueuhlwhw lvw/ nrqqwh
klhu qlfkw dxi ehuhlwv ehvwhkhqgh Vriwzduhprgxoh }xu fnjhjul�hq zhughq1 Qçkhuhv }xu
lpsohphqwlhuwhq Irxulhuwudqvirupdwlrq xqg }xp yhuzhqghwhq Johlwnrppd}dkohqirupdw
vwhkw dxi V1 4981

51618 Zdko ghu Ph juù h= Ihogphvvxqj rghu Huidvvxqj ghu }hlw0
olfkhq ÇqghuxqjB

Ehlgh/ ghu hohnwulvfkh xqg pdjqhwlvfkh Ihogdqwhlo lqgx}lhuhq Nùushuvwuùph xqg Vwurp0
glfkwhq/ ghuhq Lqwhqvlwçw gluhnw yrq ghu }hlwolfkhq Çqghuxqj ghu Ihogjuù h/ g1 k1 yrq ghu
Iuhtxhq} dekçqjw=

Hohnwulvfkhv Ihog G Ug ' 0f
_

_|

]]
�

O.7 _O@ +516,

Pdjqhwlvfkhv Ihog G Oa ' � 7VK
_Or

_

_|

]]
�

O� _O@ +517,

Gdkhu jlew hv }zhl Yrujhkhqvpùjolfknhlwhq }xu H{srvlwlrqvdevfkçw}xqj= Huvwhqv gdv hohn0
wulvfkh xqg pdjqhwlvfkh Ihog zlug gluhnw jhphvvhq/ g1 k1 glh plwwhov hlqhv lqwhjudwlyhq
Hohphqwv +vhoevwlqwhjulhuhqghu Vhqvru rghu Lqwhjudwru, yrq ghu Iuhtxhq}dekçqjljnhlw eh0
iuhlwh Ihogvwçunh rghu Iox glfkwh glhqw dov Hlqjdqjvjuù h/ glh vriruw dov H{srvlwlrqvjuù h
}xu Dq}hljh jheudfkw zhughq ndqq1 ]xu Devfkçw}xqj ghu Vwurpglfkwhq zlug glh dxv ghu
Vljqdodqdo|vh +IIW, yruolhjhqgh Iuhtxhq}lqirupdwlrq ehqxw}w1 Glh }zhlwh Pùjolfknhlw
ehvwhkw gdulq/ glh }hlwolfkh Çqghuxqj ghu Ihoghu }x huidvvhq xqg }xu Huplwwoxqj ghu Ihog0
vwçunhq hlqh qxphulvfkh Lqwhjudwlrq gxufk}xi kuhq1 Ghu Yruwhlo ghv huvwhq Yhuidkuhqv
olhjw gdulq/ gd glh Ihogjuù h gluhnw jhphvvhq zlug xqg qlfkw hlqh ehuhfkqhwh Juù h zlh
ehlp }zhlwhq Yhuidkuhq lvw1 Ghpjhjhq ehu lvw gdv }zhlwh Yhuidkuhq gluhnwhu lq Eh}xj dxi
glh Devfkçw}xqj ghu Nùushuvwurpglfkwh1 Ehlgh Yhuidkuhq ehqùwljhq hlqhq johlfkjur hq
G|qdplnehuhlfk1 Gdv Yhuidkuhq plw ghu qxphulvfkhq Lqwhjudwlrq ghfnw mhgrfk qlfkw ghq
yroohq Lqwhqvlwçwvehuhlfk ehu ghu Iuhtxhq} de/ g1 k1 hv nùqqhq nhlqh jur hq Ihogvwçunhq
lp rehuhq Iuhtxhq}ehuhlfk huid w zhughq1

51619 Whfkqlvfkh Oùvxqjvnrq}hswh

]xu zhlwjhkhqghq Hui ooxqj ghu jhirughuwhq Sxqnwh px whq yhuvfklhghqh whfkqlvfkh Où0
vxqjvnrq}hswh xqwhuvxfkw zhughq1 Gdv Kdxswsureohp ehvwdqg gdulq/ hlqh plw doohq Dq0
irughuxqjhq dejhvwlppwh Jhvdpwoùvxqj }x �qghq/ rkqh ehghxwhqgh Hlqvfkuçqnxqjhq lp
Klqeolfn dxi glh hlq}hoqhq Irughuxqjhq klqqhkphq }x p vvhq1
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5161914 Oùvxqjvnrq}hsw ghu Hqhujlhyhuvrujxqj

Hlq krkhu Vwhoohqzhuw zxugh ghu Sureohpoùvxqj ghu Hqhujlhyhuvrujxqj hlqjhuçxpw1 Wurw}
vwhljhqghp Dqjherw dq lpphu qhxhq Edxhohphqwhq plw uhgx}lhuwhp Hqhujlhehgdui vlqg
glhvhu Hqwzlfnoxqj lqvehvrqghuh lq ghu Dqdorjwhfkqln Juhq}hq jhvhw}w1 Ehl Ph v|vwh0
phq yhuelhwhw vlfk ghu Hlqvdw} yrq }x qlhguljhq Yhuvrujxqjvvsdqqxqjhq yru doohp zhjhq
ghu hlqkhujhkhqghq Yhuplqghuxqj ghv Udxvfk0 xqg Vwùudevwdqgv xqg ghv hlqjhvfkuçqn0
whq Dxvvwhxhuehuhlfkhv yhuvwçunhqghu Hohphqwh +}1 E1 Rshudwlrqvyhuvwçunhu,1 Dx hughp
zhughq lq ghu Ph whfkqln riw Edxhohphqwh ehqùwljw/ zhofkh dxv sk|vlndolvfkhq Ju qghq
hlqh uhodwly krkh Yhuvrujxqjvvsdqqxqj ehqùwljhq xqg hlqhq krkhq Vwurpehgdui dxizhl0
vhq1 Klhu}x jhkùuhq ehlvslhovzhlvh rswrhohnwurqlvfkh Edxhohphqwh ghuhq Zlunxqjvjudg
zhjhq ghp Zhfkvho }zlvfkhq yhuvfklhghqhq Hqhujlhiruphq g uiwlj dxviçoow1 Zlug hlqh
krkh Ixqnwlrqdolwçw ghu Hohnwurqln jhirughuw/ vr p vvhq qhehq ghu Nrpsrqhqwhqdxvzdko
zhlwhuh Pd qdkphq }xu Hqhujlhhlqvsduxqj dqjhzhqghw zhughq1 Ehl glhvhp Grvlphwhu nd0
phq glh irojhqghq Phwkrghq }xu Dqzhqgxqj= Dxizçuwvzdqgohu xqg Odgxqjvsxpshq plw
krkhp Zlunxqjvjudg/ Edwwhulh0 xqg Odghpdqdjhphqw lp Gdwhqorjjhu/ Devfkdowxqj yrq
qlfkwehqùwljwhq Nrpsrqhqwhq +�Vkxw Grzq�,/ Dxvq w}xqj yrq hqhujhwlvfk j qvwljhuhq
]xvwçqghq ehl whlodnwlyhp Ehwulhe +�Lgoh0Prgl�,/ Pd qdkphq ehl ghu Vfkdowxqjvhqwzlfn0
oxqj +krfkrkpljh Glphqvlrqlhuxqj/ 111,/ jhuhjhowh xqv|pphwulvfkh Yhuvrujxqjvvsdqqxqj
+8 Y0�vlqjoh vxsso|�,1 Ghwdlov }xu uhdolvlhuwhq Hqhujlhyhuvrujxqj vlqg dxi Vhlwh 489 }x
�qghq1

5161915 Vxfkh qdfk jhhljqhwhp Vhqvru

Dq glh Vhqvruhq zxughq hehqidoov Dqirughuxqjhq jhvwhoow/ zhofkh vlfk dxv ghq Irughuxqjhq
ghv Jhvdpwv|vwhpv hujdehq=

� krkh Vhqvlwlylwçw= +43 qW/ 4T
6
,

� jur hu/ pùjolfkvw olqhduhu G|qdplnehuhlfk +H0Vhqvru= 433 gE/ E0Vhqvru= 453 gE,
� Iuhtxhq}ehuhlfk= 492

�
111 63 nK}

� Hqhujlhyhueudxfk= pd{1 433 pZ dnwly
� Jhzlfkw= pd{1 433 j
� nohlqh Edxirup= jhulqjh Dephvvxqjhq yrq zhqljhq fp
� Udxvfkhq= 53 gE Udxvfk0Vljqdodevwdqg ehl jhulqjvwhu Lqwhqvlwçw
� jxwh Odqj}hlwvwdelolwçw ehu 57 k
� jhulqjh Nuhx}vhqvlwlylwçw
� jhulqjh Vhqvlwlylwçw jhjhq Vwùuhlq vvh +Whpshudwxu/ Ihxfkwh/Guliw111,
� jhulqjh Ulfkwxqjvvhqvlwlylwçw
� qxu vfkzdfkh Nrssoxqjhq +ßehuvsuhfkhq, }zlvfkhq ghq Ndqçohq

Zlh glh Phvvxqjhq xqg Whvwv plw hohnwulvfkhq xqg glyhuvhq pdjqhwlvfkhq Ihogvhqvruhq
}hljwhq/ jlew hv lp Klqeolfn dxi glhvh Dssolndwlrq nhlqhq �lghdohq� Vhqvru/ g1 k1 hlq
Vhqvru zhofkhu dooh reljhq Dqirughuxqjhq hui oow +yjo1 Dee1 :14 V1 464,1 Glh Vfkzlh0
uljnhlw ehl qlhghuiuhtxhqwhq hohnwulvfkhq Ihogvhqvruhq ehvwhkw gdulq/ gd hv dxijuxqg ghu
jhulqjhq Dq}dko yrq qxw}eduhq sk|vlndolvfkhq H�hnwhq qxu zhqljh Duwhq hlqvhw}eduhu
H0Ihogvhqvruhq jlew1 I u gdv hohnwurqlvfkh Shuvrqhqgrvlphwhu ndp qxu ghu ndsd}lwlyh
Ihogvhqvru xqg glh Dxvqxw}xqj yrq Ihogh�hnwwudqvlvwruhq lq Iudjh1 Klhui u px whq Hlq0
jdqjvvwxihq hqwzlfnhow zhughq/ glh ghq rehq dxijhi kuwhq Dqirughuxqjhq jhq jhq1 Ehlp
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pdjqhwlvfkhq Ihogvhqvru klqjhjhq vlqg hlqh Ylho}dko yrq yhuvfklhghqhq Vhqvruw|shq plw
ghq xqwhuvfklhgolfkvwhq Hljhqvfkdiwhq hukçowolfk1 Ylhoh ghu plw Kdoeohlwhusur}hvvhq khujh0
vwhoowh Pdjqhwihogvhqvruhq +Kdooh�hnw/ Pdjqhwruhvlvwly, }hljwhq hlqh dxvjhsuçjwh Whpsh0
udwxudekçqjljnhlw/ eudfkwhq xqehiulhgljhqgh Hujheqlvvh lp Klqeolfn dxi glh Vhqvlwlylwçw
rghu kdwwhq dov dnwlyh Edxhohphqwh hlqhq }x krkhq Vwurpyhueudxfk +yjo1 Ph hujheqlvvh
dxi V1 464 �,1 Dov Oùvxqj dxv glhvhp �Glohppd� zxugh ghu Hlqvdw} phkuhuhu Vhqvruw|0
shq +Pxowlvhqvrunrq}hsw, hlqjhsodqw1 Edvlvvhqvru }xu pdjqhwlvfkhq Zhfkvhoihogphv0
vxqj eloghq guhl ruwkrjrqdoh Lqgxnwlrqvvsxohq/ glh mh qdfk jhz qvfkwhp Lqwhqvlwçwv0 xqg
Iuhtxhq}ehuhlfk  h{leho gxufk hlqhq �ehqxw}huvsh}l�vfkhq Vhqvru� dq hlqhp vhsdudwhq
Hlqjdqj hujçq}w zhughq ndqq1 Z qvfkw pdq ehlvslhovzhlvh ghq rehuhq Lqwhqvlwçwveh0
uhlfk ehu 43 pW }x huidvvhq/ vr jhq jw hv/ hlqhq vhku xqhps�qgolfkhq Pdjqhwihogvhqvru
dq}xvfkolh hq +}1 E1 pdjqhwruhvlvwlyhu Vhqvru,1 Dov Pdjqhwihogvhqvru/ ghu ghq xqwhuhq Lq0
whqvlwçwvehuhlfk ehl qlhguljhq Iuhtxhq}hq elv khude }x Johlfkihoghuq de}xghfnhq yhupdj/
nùqqwh hlqh Vdwxudwlrqvnhuqvrqgh +Iox{jdwhvhqvru, }xp Hlqvdw} nrpphq1 Zhlo glhvhu
lq huvwhq Xqwhuvxfkxqjhq hlqh krkh Odqj}hlwvwdelolwçw/ Whpshudwxuxqhps�qgolfknhlw xqg
krkh Vhqvlwlylwçw dxizlhv/ zxugh hlq vrofkhu Iox{jdwhvhqvru lq Glfn�op0 xqg K|eulgwhfk0
qln dxi}xedxw1 Klhu}x vhl dxi glh Hujheqlvvh lq Devfkqlww :16 dxi V1 46; yhuzlhvhq1
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Dee1 517= Odjh ghu Qxw}xqjvehuhlfkh jhwhvwhwhu Vhqvruw|shq dejheloghw lq hlq grsshoworjhulwk0
plvfkhv Gldjudpp plw ghq Juhq}zhuwhq dxv Ghxwvfkodqg/ Ùvwhuuhlfk/ Hxursd xqg ghu LUSD
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5161916 Oùvxqj ghv G|qdplnsureohpv

Glh Irughuxqj hlqhu jur hq G|qdpln huvfkzhuw hv/ hlqhq jhhljqhwhq Vhqvru }x �qghq1 Lvw
hlq vrofkhu jhixqghq/ vr lvw ehl hlqhp olqhdu duehlwhqghq V|vwhp hlqEhwulhe lq yhuvfklh0
ghqhq Ph ehuhlfkhq xqxpjçqjolfk1 Hlqh Ph ehuhlfkvxpvfkdowxqj ehqùwljw zlhghuxp
hlqh Vwhxhuvfkdowxqj1 Gd yrp Vhqvrunrsi dxwrpdwlvfk ghu j qvwljvwh Ph ehuhlfk dxvjh0
zçkow zhughq vroo +Dxwrudqjlqj,/ eh�qghw vlfk gruw hehqidoov hlq Plnurfrqwuroohuv|vwhp1
Glhvhv oùvw glh Vwhxhuxqjvdxijdehq dxi Dqirughuxqj yrp Gdwhqorjjhu1 Glh uhdolvlhuwh
G|qdpln yrq 453 gE olhjw dq ghu Juhq}h/ glh plw ghu hlqjhvhw}whq Whfkqrorjlh +FPRV0
Yhuvwçunhu/ VPG0Ehvw fnxqj, huuhlfkedu lvw1 Ehl kùkhuhu Yhuvwçunxqj px xqehglqjw plw
Vfkzlqjhq jhuhfkqhw zhughq1 Zhlwhuh Ph ehuhlfkh z ughq hehqidoov glh ehqùwljwh ]hlw
ghu Ehuhlfkvdxvzdko yhuoçqjhuq1 Glh huplwwhowhq Hlqvfkzlqj}hlwhq ehl hlqhu Ph ehuhlfkv0
xpvfkdowxqj olhjhq ehl hlqhu Vhnxqgh xqg nùqqwhq qxu qrfk plw hlqhu dnwlyhq Hqwodgxqj
ghu ehwhloljwhq Ndsd}lwçwhq yhun u}w zhughq1

517 �Surmhnwsodqxqj�

]xu Uhdolvlhuxqj hlqhv Shuvrqhqgrvlphwhuv zxugh gdv Jhvdpwyrukdehq lq i qi Hlqkhlwhq
+Eorfn D elv H, xqwhujolhghuw1 Glh huvwhq ehlghq Eoùfnh D xqg E ghfnhq glh Yhuzlun0
olfkxqj ghu Kdug0 xqg Vriwzduh ghv sruwdeohq Ph jhuçwhv de1 Ghu Eorfn D ehlqkdowhw
Duehlwhq }xu Vhqvruln xqg Ph zhuwdxiqdkph xqg E ehid w vlfk plw ghp Dxiedx hlqhv
Plnurfrqwuroohuv|vwhpv }xu gljlwdohq Ph zhuwyhuduehlwxqj dov sruwdeohv Gdwhqjhuçw1 Lq
ghu Juxssh F jhkw hv xp Vriwzduhhqwzlfnoxqj dxi hlqhp Shuvrqdofrpsxwhu }xu nrpiru0
wdeohq Ehglhqxqj ghv Gdwhqorjjhuv/ Gdwhqdqdo|vlhuxqj xqg Dufklylhuxqj1 Grvlphwulvfkh
H{srvlwlrqvdevfkçw}xqjhq xqg Huvwhooxqj yrq Prghoohq }xu Ehkdqgoxqj grvlphwulvfkhu
Iudjhvwhooxqjhq zxughq Eorfn G }xjhrugqhw1 Glh lq glhvhp Ehuhlfk gxufkjhi kuwhq Eh0
uhfkqxqjhq eloghq glh wkhruhwlvfkh Edvlv i u glh Yhuirojxqj ghv ghp Ph v|vwhp }xjuxq0
ghjhohjwhq grvlphwulvfkhq Nrq}hswv1 Duehlwhq/ glh gdv Ph v|vwhp xqg Yhuidkuhq dov
Jdq}hv ehwuh�hq/ eloghq ghq ohw}whq Whlo H glhvhu Duehlw1 Klhu}x jhkùuw glh Ndoleulhuxqj/
qrwzhqgljh Xqwhuvxfkxqjhq yrq Xpjhexqjvhlq vvhq dxi gdv hqwzlfnhowh Ph v|vwhp xqg
glh Devfkçw}xqj ghu Ph xqvlfkhukhlw1 Glh Duehlwhq lqqhukdoe ghu Juxsshq D xqg E/ F
xqg G nrqqwhq zhlwjhkhqg sdudooho huirojhq1

D1 Vhqvrunrsi

41 Xqwhuvxfkxqjhq yhuvfklhghqhu hohnwulvfkhu xqg pdjqhwlvfkhu Ihogvhqvruhq dxi Hlj0
qxqj

51 Hqwzlfnoxqj/ Vlpxodwlrq xqg Whvw hlqhu jhhljqhwhq Hlqjdqjvvwxih i u ndsd}lwlyh
Ihogvhqvruhq +Ihogh�hnwwudqvlvwruhq rghu jhhljqhwh Rshudwlrqvyhuvwçunhu,/ g|qdpl0
vfkh U fnnrssoxqj

61 Hqwzlfnoxqj hlqhu rswlvfkhq ßehuwudjxqjvvwuhfnh plw jhulqjhp Hqhujlhyhueudxfk/
Gh�qlwlrq hlqhv ßehuwudjxqjvsurwrnroov plw Ihkohuhunhqqxqj
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71 Udxvfkduph Vsdqqxqjvyhuvrujxqj i u glh Dqdorjhohnwurqln
81 Yhuvwçunxqjvhohnwurqln plw hlqhp jur hq G|qdplnehuhlfk ehl hlqidfkhu 8Y Ehwulhev0

vsdqqxqj +�Vlqjoh0Vxsso|�,
91 Hqwzxui hqhujhwlvfk j qvwljhu Dqdorj�owhu
:1 Gljlwdowhlo= Plnurfrqwuroohuv|vwhp }xu Gdwhq}zlvfkhqvshlfkhuxqj/Yruyhuduehlwxqj/

Vwhxhuxqj ghu Ph ehuhlfkvxpvfkdowxqj +Dxwrudqjlqj,/ hwf1 plw gd}xjhkùuljhu Vriw0
zduh lq Pdvfklqhqvsudfkh +Dvvhpeohu,

;1 K|eulgdxiedx hlqhv guhldfkvljhq Iox{jdwhvhqvruv }xu Phvvxqj qlhghuiuhtxhqwhu
Nrpsrqhqwhq

E1 Gdwhqorjjhu

41 Hqhujlhyhuvrujxqj= Edwwhulhpdqdjhphqwv|vwhp plw Vfkqhooodghhlqkhlw lqnoxvlyh xq0
whueuhfkxqjviuhlhu Xpvfkdowxqj xqg Ndsd}lwçwvhuidvvxqj +Wuxh Jdxjh,

51 Hqwzlfnoxqj xqg Uhdolvlhuxqj hlqhv Plnurfrqwuroohuv|vwhpv plw qlfkw fkwljhp
Vshlfkhu +Iodvk,

61 Gh�qlwlrq hlqhv ]dkohqirupdwhv xqg Vshlfkhuvhjphqwlhuxqj }xu nrpsulplhuwhq Gd0
whqvshlfkhuxqj

71 Vriwzduhhqwzlfnoxqj= Ehwulhevv|vwhp }xu Vwhxhuxqj ghu Kdugzduhnrpsrqhqwhq
+Wrjjoh0Phq ,

81 Vljqdoyhuduehlwxqj= IIW dxi Plnurfrqwuroohu
91 H{srvlwlrqvdevfkçw}xqj= Pd{lpxp0Olnholkrrg0Vfkçw}yhuidkuhq

F1 Shuvrqdofrpsxwhu

41 Vriwzduhhqwzlfnoxqj= Zlqgrzvsurjudpp }xu Uhprwh0Ehglhqxqj xqg Gdwhqdqdo|vh
51 Orndoh xqg gh}hqwudoh Gdwhqedqn dxi RUDFOH0Edvlv +Dufklylhuxqj,

G1 Grvlvnrq}hsw xqg Grvlphwulh

41 Nùushuprghoo= Hoolsvrlgdohv Nùushuprghoo +dqdo|wlvfk,/ dqwkursrpruskhv Yroxphq0
prghoo i u PD[ZHOO +qxphulvfk,/ krfkdx ùvhqghv Prghoo }xu Huplwwoxqj ghu
lqqhuhq Nùushuvwurpglfkwhq +Ylvleoh Pdq Surmhnw,

51 H{srvlwlrqvdevfkçw}xqj dq grvlphwulvfkhq Prghoohq +HOI0Grvlphwulh, xqg H{sr0
vlwlrqvvwdwlvwln

H1 Fkdudnwhulvlhuxqj ghv Ph v|vwhpv

41 Ehuhfkqxqj xqg Dxiedx yrq Ndoleulhuhlqulfkwxqjhq i u hohnwulvfkh xqg pdjqhwlvfkh
Ihogvhqvruhq

51 Huplwwoxqj ghu whfkqlvfkhq Gdwhq
61 Ihkohudqdo|vh xqg Nruuhnwxu v|vwhpdwlvfkhu Ihkohu
71 Ndoleulhuxqj ghv Ph v|vwhpv

Glh zlfkwljvwhq Hujheqlvvh dxv ghq hehq jhqdqqwhq Dxijdehq zhughq lq ghq qxq irojhqghq
Ndslwhoq yrujhvwhoow1 ]xqçfkvw zlug plw Eorfn G/ g1 k1 plw ghu Grvlphwulh hohnwurpd0
jqhwlvfkhu Ihoghu ehjrqqhq/ dqvfkolh hqg irojhq Dvshnwh ghu Vhqvruln xqg Ph zhuwyhu0
duehlwxqj +Eorfn D xqg E,/ xqg vfkolh olfk zlug glh Ndoleulhuxqj xqg whfkqlvfkhq Gdwhq
ghv Ph v|vwhpv +Eorfn H, ehvfkulhehq1 Zhlwhuh whfkqlvfkh Ghwdlov }x ghp uhdolvlhuwhq
Surwrw|s �qghq vlfk lp Ndslwho �Whfkqlvfkh Uhdolvlhuxqj� +V1 484 �,1
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Olwhudwxu

^4` Dnvho*urg Y1 V1/ Vfkhuyxg O1 Md1 +4<;<, Hqwzlfnoxqj hlqhv Yhuidkuhqv }xu Phvvxqj ghv
Yhnwruehwudjhv ghu uçxpolfkhq hohnwurvwdwlvfkhq Ihogvwçunh dq Duehlwvsoçw}hq yrq Ehglh0
qxqjvshuvrqdo lq Krfkvsdqqxqjvdqodjhq/ Hpsihkoxqjhq ghu Zlvvhqvfkdiwolfk0whfkqlvfkhq
Surgxnwlrqvyhuhlqljxqj �Yduldqw�/ Ohqlqjudg 4<;< +Uxvvlvfk,

^5` Edkphlhu J1 +4<<7, Ihogvrqghq i u Ndoleulhu}zhfnh xqg }xu Ehvwlppxqj yrq Ehwudj xqg
Ulfkwxqj ghu hohnwulvfkhq Ihogvwçunh/ YGL0Iruvfkulwwvehulfkwh/ Uhlkh ;/ Qu1 76;/ G vvhogrui

^6` Edloh| hw do1 +4<<:, Vxppdu| dqg hydoxdwlrq ri jxlgholqhv iru rffxsdwlrqdo h{srvxuh wr
srzhu iuhtxhqf| hohfwulf dqg pdjqhwlf �hogv/ Uhylhz Sdshu/ Khdwk Sk|vlfv/ Yro1 :6/ Qr1 6/
s1 766 0 786

^7` Fdydjqhwwr I1 hw do1 +4<<6,= D shuvrqdo grvlphwhu surwrw|sh iru vwdwlf pdjqhwlf �hogv/
Khdowk Sk|vlfv/ Yro1 98/ Lvv1 5/ s14:504::

^8` FHQHOHF +4<<8,= Kxpdq h{srvxuh wr hohfwurpdjqhwlf �hogv/ Orz iuhtxhqf| +3 K} wr 43
nK},/ Hxurshdq Suhvwdqgdug HQY8349904/ FHQHOHF/ Euxvvhov

^9` FOF2WF444 +VHF, 94 +4<<8,= Gh�qlwlrqv dqg phwkrgv ri orz iuhtxhqf| pdjqhwlf dqg
hohfwulf �hogv zlwk sduwlfxodu uhjdug wr h{srvxuh ri kxpdq ehlqjv/ Gudiw 50Dxj1 4<<8

^:` Frroh| M1 Z1/ Wxnh| M1 Z1 +4<98, Dq Dojrulwkp iru wkh Pdfklqh Fdofxodwlrq ri Frpsoh{
Irxulhu Vhulhv/ Pdwk1 Frps1/ Yro1 4</ s1 5<:0634

^;` Mrkqvrq P1/ Eurqdxjk H1 +4<;5, Vpdoo hohfwurpdjqhwlf vhqvru v|vwhp 0 dq ryhuylhz/ LHHH
Lqwhuqdwlrqdo v|psrvlxp rq hohfwurpdjqhwlf frpsdwlelolw|/ Vdqwd Fodud Ydooh|/ Fdo1/ ;10
431<14<;5/ s1 4730478

^<` Ndpph|hu N1 G1/ Nurvfkho N1 +4<<9, Gljlwdoh Vljqdoyhuduehlwxqj 0 Ilowhuxqj xqg Vshn0
wudodqdo|vh/ Whxeqhu0Yhuodj/ Vwxwwjduw

^43` Nduwdvfkr� S1 +4<:;, Iuhtxhqf| dqg wlph> Iuhtxhqf| dqg shulrg phdvxuhphqw e| phdqv
ri frxqwhuv +fkds1 8,/ V1 469048;/ Dfdghplf suhvv/ Orqgrq Qhz \run

^44` Ox L1/ Ohh Sk1 +4<<7, Xvh ri pl{hg udgl{ IIW lq hohfwulf srzhu v|vwhp vw|glhv/ LHHH
Wudqvdfwlrqv rq Srzhu Gholyhu|/ s1 45:9 0 45;3

^45` Qrylfnlm S1 Y1/ hw do1 +4<:8,= Iuhtxhq}dqdorjh Ph hlqulfkwxqjhq/ Yhuo1 Whfkqln +YHE0
Yhuodj,/ Ehuolq/ V1 55 0 8:

^46` Vlqjohwrq U1 +4<9;, Dq Dojrulwkp iru Frpsxwlqj wkh Pl{hg Udgl{ Idvw Irxulhu Wudqvirup/
LHHH Wudqvdfwlrqv rq Dxglr dqg Hohfwurdfrxvwlfv/ s1 <6 0 489
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6 �Grvlphwulh�
hohnwurpdjqhwlvfkhu Ihoghu

�Grvlphwulh lvw glh sk|vlndolvfkh Txdqwl�}lhuxqj yrq elrorjlvfk zlunvdphq Sdudphwhuq
dp Ruw ghu Lqwhudnwlrq�1 Glhvh Txdqwl�}lhuxqj ndqq sulq}lshoo gxufk Uhfkqxqj rghu
Phvvxqj ghu elrsk|vlndolvfk zlunvdphq Juù hq jhvfkhkhq1 Dq glhvhu Vwhooh hukhew vlfk
glh Iudjh/ zhofkhv ehl Yruolhjhq hlqhv sk|vlndolvfkhq H�hnwhv ghu gd}x nruuhvsrqglhuhqgh
elrorjlvfk zlunvdph Sdudphwhu lvw1 Klhu}x px jhnoçuw zhughq/ dxi zhofkhu Zlunxqjv0
hehqh ghu �Ruw ghu Lqwhudnwlrq� orndolvlhuw zhughq ndqq1 Ehl hohnwurpdjqhwlvfkhq Ihoghuq
vlqg Zhfkvhozlunxqjhq dxi ghu pdnurvnrslvfkhq/ }hooxoçuhq/ prohnxoduhq/ dwrpduhq rghu
txdqwhqphfkdqlvfkhq Hehqh pùjolfk1 Lvw ehu hlqhq sk|vlrorjlvfk uhohydqwhq Hlq x xqg
ghvvhq Zlunxqjvphfkdqlvpxvqxv qxu zhqlj ehndqqw/ vr lvw hv qrwzhqglj glh Uhdnwlrq dxi
glh H{srvlwlrq +�h{srvxuh uhvsrqvh�, }x xqwhuvxfkhq1 Klhu jlow hv glh G|qdpln ghv Sur0
}hvvhv dxi ]hlwnrqvwdqwhq/ Dpsolwxghq0 xqg Iuhtxhq}ihqvwhu/ pùjolfkh Vfkzhoozhuwh rghu
Uhdnwlrqv}hlwihqvwhu klq }x xqwhuvxfkhq1

614 Grvlvehjul� xqg Zlunxqjhq lrqlvlhuhqghu Vwudk0
oxqj

Lp Idooh lrqlvlhuhqghu Vwudkoxqj vlqg glh Grvlvjuù hq lq lqwhuqdwlrqdohq Yhuhlqeduxqjhq
ihvwjhohjw ^5<`1 Glh zlfkwljvwh Grvlvjuù h ehl Vwudkoxqjvihoghuq lvw glh Hqhujlhgrvlv Ge1
Vlh lvw gh�qlhuw gxufk glh hlqhp Pdvvhhohphqw gp }xjhi kuwh Hqhujlh gZ=

(e '
_`

_6
'

_`

4 _T
+614,

Xqwhu ghu Yrudxvvhw}xqj hlqhv krprjhqhq Vwudkoxqjvihoghv lvw glh Grvlv glh jhvdpwh de0
vruelhuwh Vwudkoxqjvhqhujlh sur Pdvvhqhlqkhlw plw ghu vsh}lhoohq Hlqkhlw Jud| +J|,

� C+ ' �
a

&}
1

]xu qçkhuhq Vsh}l�}lhuxqj zxughq zhlwhuh Ehjul�h zlh ehlvslhovzhlvh glh Çtxlydohqw0
grvlv +Hqhujlhgrvlv xqg glphqvorvhu Ehzhuwxqjvidnwru,/ Ruwvgrvlv +Çtxlydohqwgrvlv dq
hlqhp ehvwlppwhq Ruw,/ Shuvrqhqgrvlv +Çtxlydohqwgrvlv/ jhphvvhq dq hlqhu uhsuçvhqwd0
wlyhq Vwhooh ghu Nùushurehu çfkh,/ Jdq}nùushu0 xqg Whlonùushugrvlv hlqjhi kuw1 Ruw ghu
Lqwhudnwlrq lvw lq ghu Shuvrqhqgrvlphwulh lp doojhphlqhq gdv phqvfkolfkh Jhzheh +phlvw
Zhlfkjhzheh,1 Gruw nùqqhq Zhfkvhozlunxqjhq ghu lrqlvlhuhqghq Vwudkoxqj plw ghq Dwr0
phq rghu Prohn ohq }xu Lrqlvdwlrq xqg Udglndoelogxqj i kuhq1 Glh Lrqhq xqg Udglndoh
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qhkphq zlhghuxp Hlq x dxi elrfkhplvfkh Uhdnwlrqhq xqg i kuhq pùjolfkhuzhlvh }x
hlqhu Vfkçgljxqj ghv Rujdqlvpxv1
Glh dxiwuhwhqghq Zlunxqjhq lrqlvlhuhqghu Vwudkoxqj nùqqhq gxufk gluhnwh rghu lqgluhnwh
Phfkdqlvphq khuyrujhuxihq zhughq1 Ehl ghu gluhnwhq Zlunxqj lvw glh sulpçuh sk|vl0
ndolvfkh Zhfkvhozlunxqj lghqwlvfk plw ghp elrorjlvfkhq H�hnw +}1 E1 Pxwdwlrq gxufk
Lrqlvdwlrq hlqhv Pdnurprohn ov,1 Lqgluhnwh Zlunxqjhq vlqg elrorjlvfkh Yhuçqghuxqjhq/
glh gxufk Vwudkoxqjvsurgxnwh +}1 E1 Udglndoh, dxvjhoùvw zhughq1 Klqvlfkwolfk lkuhv }hlw0
olfkhq Dxiwuhwhqv zhughq glh Vfkçghq lq Dnxw0 xqg Vsçwvfkçghq hlqjhwhlow1 Glhvh nùqqhq
zlhghuxp yrq hlqhp hlq}hoqhq Huhljqlv +vlqjxoçuh Uhdolvlhuxqj, rghu yrq phkuhuhq Huhlj0
qlvvhq +pxowlsoh Uhdolvlhuxqj, dxvjhoùvw zhughq1 Klhuehl vslhohq plqghvwhqv guhl Hehqhq
hlqh Urooh ^53`= �

41 Dxi ghu prohnxoduhq Plnurhehqh/ lqghp Udglndoelogxqj xqg Plolhxidnwruhq }xvdp0
phq }xu Uhdnwlrq klqohlwhq rghu

51 dxi hlqhu lqwud}hooxoçuhq �Pdnurhehqh�1 Glhvh pxowlidnwrulhooh Zlunxqjvzhlvh ndqq
dxi yhuvfklhghqvwh Zhlvh gxufk Vfkçgljxqjhq yrq elrorjlvfkhq Vwuxnwxuhq gdv eh0
redfkwhwh Huhljqlv dxvoùvhq1

61 Gdv ehvrqghuv i u qlfkw0vwrfkdvwlvfkh Zlunxqjhq lqwhuhvvdqwhvwh Jhvfkhkhq lvw pxo0
wl}hooxoçuhu Qdwxu1 Qxu ghu Vfkdghq hlqhu Dq}dko yrq ]hoohq/ }1 E1 / rghu lq hlqhu
Dq}dko yrq ]hoohq i kuw }x hlqhp ehredfkweduhq H�hnw1�

I u ghq Vwudkohqvfkxw} lvw }xu Ehvfkuhlexqj ghu Zlunxqjhq glh Nhqqwqlv ghu Grvlvde0
kçqjljnhlw zlfkwlj1 Glhvh Dekçqjljnhlw zlug Grvlv0Zlunxqjveh}lhkxqj jhqdqqw1 Glh Hlq0
wulwwvkçx�jnhlw glhvhv H�hnwhv xqg glh Lqwhqvlwçw ghu Zlunxqj +Vfkdghqvvfkzhuh, nùqqhq
jhjhq glh Grvlv dxijhwudjhq zhughq +Dee1 614,1 Pdq hukçow klhugxufk hlqh vrjhqdqq0
wh Grvlv0H�hnw0Nxuyh +Grvlv0Zlunxqjv0Nxuyh,1 Zlunxqjhq/ glh huvw dxiwuhwhq/ zhqq hlqh
ehvwlppwh Vfkzhooh +Plqghvwgrvlv, ehuvfkulwwhq lvw/ vlqg qlfkwvwrfkdvwlvfkh Zlunxq0
jhq1 ]x vrofkhq Zlunxqjhq jhkùuhq Kdxwyhueuhqqxqjhq/ gdv dnxwh Vwudkohqv|qgurp/
Vfkçgljxqj ghu Nhlp}hoohq +Vwhulolwçw, xqg Olqvhqwu exqj ghv Dxjhv1 Ghpjhehq ehu
jlew hv vwrfkdvwlvfkh Zlunxqjhq/ ehl ghqhq nhlq Vfkzhoozhuw qdfkjhzlhvhq zhughq
ndqq1 Glh Hlqwulwwvkçx�jnhlw vwhljw sursruwlrqdo plw ghu Grvlv dq1 ]x glhvhu Juxssh
yrq Zlunxqjhq lrqlvlhuhqghu Vwudkoxqj jhkùuhq dooh Hqwzhghu0Rghu0Huhljqlvvh/ zlh glh
Nuhevhqwvwhkxqj +Ndq}hurjhqlwçw, xqg glh Pxwdwlrqvlqgxnwlrq1

615 Grvlvehjul� xqg Zlunxqjhq qlfkwlrqlvlhuhqghu
Vwudkoxqj

Lp Xqwhuvfklhg }x lrqlvlhuhqghq Vwudkohq vlqg qlfkwlrqlvlhuhqgh Vwudkohq qlfkw lq ghu Odjh/
glh Txdqwhqhqhujlh dxi}xeulqjhq/ xp Pdwhulh }x lrqlvlhuhq1 Gdkhu uxihq hohnwurpdjqh0
wlvfkh Ihoghu nhlqh jhqhwlvfkh Vfkçghq/ g1 k1 nhlqh Vfkçghq plw hueolfkhq Hljhqvfkdiwhq
ghu ]hooh xqg ghv Lqglylgxxpv gxufk Xpsuçjxqj ghu Jhqh khuyru= Vrpdwlvfkh Vfkçghq/
g1 k1 vwudkohqlqgx}lhuwh Vfkçghq gxufk xqvsh}l�vfkh Yhuçqghuxqj yrq Fkurprvrphq
vlqg klqjhjhq ghqnedu1 Gd glh Zlunxqjhq hohnwurpdjqhwlvfkhu Ihoghu vwdun yrp mhzhlol0
jhq Iuhtxhq}ehuhlfk dekçqjlj vlqg/ lvw dxfk ehlp Grvlvehjul� hlqh vrofkh Nodvvl�ndwlrq
klqvlfkwolfk ghu Iuhtxhq} vlqqyroo1
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Dee1 614= Yhuodxi yrq Hlqwulwwvkçx�jnhlw xqg Vfkzhuh hlqhv Vfkdghqv i u vwrfkdvwlvfkh xqg
qlfkwvwrfkdvwlvfkh Vfkçghq ^66`

61514 Grvlv ehl krfkiuhtxhqwhq Ihoghuq xqg Plnurzhoohq

Plw krfkiuhtxhqwhq Ihoghuq +KI xqg Plnurzhoohq, nùqqhq 0 yru doohp dxijuxqg ghu jxwhq
srodulvlhuhqghq Hljhqvfkdiw yrq Zdvvhu 0 jur h Hqhujlhphqjhq lqv Jhzheh wudqvihulhuw
zhughq1 Glhvh Hqhujlhdevruswlrq i kuw lp Jhzheh }xu Zçuphhqwzlfnoxqj1 Mh qdfk Lqwhq0
vlwçw xqg ]xvwdqg/ lq zhofkhp vlfk gdv elrorjlvfkh V|vwhp eh�qghw/ vlqg glhvh Zlunxqjhq
huz qvfkw rghu xqhuz qvfkw +wkhuplvfkhu Hlq x dxi elrfkhplvfkh Deoçxih,1 Glh devru0
elhuwh Zçuph pdfkw vlfk ehphunedu/ zhqq glhvh lq glh Juù hqrugqxqj ghuZçuphohlvwxqj
ghv Juxqgxpvdw}hv nrppw1 Glh Zçuphohlvwxqjvsurgxnwlrq lqirojh ghv Juxqgxpvdw}hv
ehwuçjw i u ghq jdq}hq Nùushu 4/4 `

&}
i u hlqhq Huzdfkvhqhq/ 4/: `

&}
i u Nlqghu1 Or0

ndo hu}hxjw gdv Jhkluq 44 `
&}

xqg gdv Khu} 66 `
&}

Zçuphohlvwxqj ^4<`1 Glh Jhidku hlqhu
Vfkçgljxqj ghv Rujdqlvpxv gxufk K|shuwkhuplh lvw ehvrqghuv jur / zhqq glh Zhoohq0
oçqjh glhvhu Ihoghu lq glh Juù hqrugqxqj ghv Nùushuv rghu ghvvhq Jolhgpd hq nrppw
+Uhvrqdq}h�hnw,1 Glh w|slvfkhq Uhvrqdq}iuhtxhq}hq olhjhq i u ghq jhvdpwhq Nùushu ehl
xqjhiçku :3 elv ;3 PK} +Huzdfkvhu lq dxiuhfkwhu Srvlwlrq,/ i u ghq Nrsi ehl 6:8 PK} xqg
i u Wkrud{ ehl <33 PK} ^7;`1 Irnxvvlhuxqjvh�hnwh gxufk Uh hnwlrqhq dq Jhzhehvfklfk0
whq +Dxvelogxqj yrq vwhkhqghq Zhoohq, nùqqhq }xghp }x orndohq ßehuklw}xqjhq rghu
Yhueuhqqxqjhq i kuhq +�krw vsrwv�,1 Gd glh wkhuplvfkhq Zlunxqjhq plw ghu Devruswlrq
hohnwurpdjqhwlvfkhu Hqhujlh nruuholhuhq/ zxugh klhu 0 dqdorj ghu Hqhujlhgrvlvohlvwxqj ehl
lrqlvlhuhqghq Vwudkohq 0 glh Grvlvjuù h �Vsh}l�vfkh Devrswlrqv0 Udwh� +VDU, plw ghu
Hlqkhlw `

&}
gh�qlhuw=

7�- '
_

_|
E
_`

_6
� '

_

_|
d
_`

4 E_T �
o ' sE%c +c 5c |� '

aess
2

4V
'

V

4
.2
�cess +615,

plw
gZ= Hohphqw devruelhuwhu Hqhujlh
gp= Pdvvhqhohphqw
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V G hohnwulvfkh Jhzhehohlwiçkljnhlw
4 G Glfkwh ghv Jhzhehv
.�cess G lqqhuh hohnwulvfkh Ihogvwçunh +H�hnwlyzhuw,
aess G lqqhuh Vwurpglfkwh +H�hnwlyzhuw,

Glh vsh}l�vfkh Devruswlrqvudwh ndqq ehl Nhqqwqlv ghu Jhzhehohlwiçkljnhlw V xqg ghuhq
Glfkwh 4 hehqidoov lq glh lqgx}lhuwh h�hnwlyh Vwurpglfkwh aess rghu ghu gluhnw lp Jhzheh
khuuvfkhqghq lqqhuhq hohnwulvfkhq Ihogvwçunh .�cess xpjhuhfkqhw zhughq1 I u Iuhtxhq}hq
ehu 433 PK} elv klq }x Plnurzhoohq lvw }x ehdfkwhq/ gd glh plw ghu Devruswlrq yhuexq0
ghqh Zçuphhu}hxjxqj zhjhq ghu jhulqjhq Hlqgulqjwlhih B yru doohp dq ghu Rehu çfkh
vwdww�qghw1 Glh vsh}l�vfkh Devruswlrq ehuhfkqhw vlfk lq glhvhp Idooh }x ^4<`=

7�- '
_

_|
E
_`

_6
� ' ��

4

_7

_%
' ��

4

��7fe
3%
B

�
'

7

4 � B +616,

plw
B G Hlqgulqjwlhih> i u 0o 		 V

/
lvw B '

t
2

/V>

V= hlqidoohqgh Vwudkoxqjvohlvwxqj lq `
62

Zhlwhuh sk|vlndolvfkh ]xvdpphqkçqjh ghu VDU vlqg dxi V1 577 }x �qghq1
Nxu}h vlqxviùupljh Sxovh nùqqhq }xghp vfkqhooh wkhuprhodvwlvfkh Jhzhehdxvghkqxqjhq
yhuxuvdfkhq/ glh }x Kùuh�hnwhq i kuhq +VD @ 43 6a

&}
c wR ' �f >v/ i @ 533 PK} elv 9 JK},

^63`1

Qhehq ghq ehndqqwhq wkhuplvfkhq H�hnwhq jlew hv ]hoophpeudqh�hnwh ehl jhsxovwhu KI
vhku krkhu Lqwhqvlwçw +Jhzhehihogvwçunh= :433 nY2p,1 Vhlw jhudxphu ]hlw zhughq hehq0
idoov zhlwhuh dwkhuplvfkh H�hnwh ehl qrupdohq Lqwhqvlwçwhq srvwxolhuw xqg Prghooh ehu
ghuhq Phfkdqlvphq huvwhoow ^8`1

Glh vsh}l�vfkh Devruswlrqvudwh lvw vwuhqj jhqrpphq qxu i u dooh wkhuplvfkhq H�hnwh
hlqh Grvlvjuù h1 I u dwkhuplvfkh H�hnwh/ vrihuq hv vrofkh ehl qlhguljhq H{srvlwlrqvzhu0
whq lp krfkiuhtxhqwhq Ehuhlfk ehukdxsw jlew/ lvw glh vsh}l�vfkh Devruswlrqvudwh nhlqh
Grvlvjuù h/ vrqghuq ohgljolfk hlq Pd i u glh H{srvlwlrq lp Lqqhuhq ghv Jhzhehv +klhu
qlfkw lghqwlvfk plw ghp Ruw ghu Lqwhudnwlrq$,1 Ghu vsh}l�vfkhq Devruswlrqvudwh ndqq }x0
ghp hlqh çtxlydohqwh H{srvlwlrqvjuù h }xjhrugqhw zhughq1 Dov hlqh H{srvlwlrqvjuù h ehl
krfkiuhtxhqwhq Ihoghuq elhwhw vlfk glh çtxlydohqwh Ohlvwxqjvglfkwh Se^ hlqhu hehqhq Zhooh
dq1 Klhu zlug ghu Xqwhuvfklhg }zlvfkhq hlqhu Grvlvjuù h xqg H{srvlwlrqvjuù h vhku jxw
ghxwolfk1 Glh Grvlvjuù h lvw xqplwwhoedu plw ghu Zlunxqj yhunq siw xqg zlug dp �Ruw
ghv Jhvfkhkhqv� +Ruw ghu Lqwhudnwlrq, huid w1 Glh H{srvlwlrqvjuù h lvw yrp Ruw ghv Jh0
vfkhkhqv vhsdulhuw xqg eloghw jhzlvvhupd hq hlqh lghdolvlhuwh Juù h/ glh glh Zlunxqj dp
Ruw ghu Lqwhudnwlrq qlfkw ehu fnvlfkwljw1 Glh H{srvlwlrq pdfkw qxu hlqh Dxvvdjh ehu ghq
]xvwdqg ghv H{srvlwlrqvudxphv/ lpsol}lhuw mhgrfk qlfkw zlh glh Grvlv glh Ehglqjxqjhq i u
glh Zlunxqj vhoevw1
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61515 Grvlv xqg �grvlvuhohydqwh Juù h� ehl qlhghuiuhtxhqwhq
Ihoghuq

Hlqh sk|vlndolvfkh Juù h ndqq }x Uhfkw dov �grvlvuhohydqw� eh}hlfkqhw zhughq/ zhqq

41 glh Zlunvdpnhlw glhvhu Juù h qdfkjhzlhvhq lvw/

51 plw glhvhu Juù h hlqh Ehxuwhloxqj ghv Dxvpd hv ghv H�hnwhv yrujhqrpphq zhughq
ndqq +Nodvvl�}lhuxqj xqg Vndolhuxqj ghu Zlunvdpnhlw,/

61 glh Uhohydq} klquhlfkhqg jur lvw1 Glh Ehghxwxqj glhvhu grvlvzlunvdphq Juù h
lvw xpvr juù hu/ mh phku xqwhuvfklhgolfkh Xuvdfkhq plw glhvhu Juù h sk|vlndolvfk
hlqghxwlj yhunq siw vlqg1

Eh} jolfk glhvhu Nulwhulhq i u �Grvlvuhohydq}� zhughq qxq glh Lqwhqvlwçwvsdudphwhu VDU/
Oa / O./ O�/ T dxi lkuh Wdxjolfknhlw dov Grvlvjuù h xqwhuvxfkw=

6151514 Ehghxwxqj ghu Vsh}l�vfkhq Devruswlrqvudwh lp Qlhghuiuhtxhq}eh0
uhlfk

Sulq}lshoo ndqq glh vsh}l�vfkh Devruswlrqvudwh hehqidoov i u qlhghuiuhtxhqwh hohnwurpd0
jqhwlvfkh Ihoghu ehuhfkqhw zhughq1 Glh Ehuhfkqxqjvphwkrghq dxv ghp KI0Ehuhlfk vlqg
i u glh vsh}l�vfkh Devruswlrqvudwh xqwhu ghu Yrudxvvhw}xqj hlqhv krprjhqhq Nùushupr0
ghoov elv khuxqwhu }xu Qhw}iuhtxhq} j owlj ^5:`/ ^49`/ ^57`1 Doohuglqjv ehvlw}w glh vsh}l�vfkh
Devruswlrqvudwh qlfkw glh johlfkh Dxvvdjhnudiw eh} jolfk ghu Zlunvdpnhlw ghu Ihoghu zlh
lp krfkiuhtxhqwhq Ehuhlfk1 Glhv olhjw gdudq/ gd glh vsh}l�vfkh Devruswlrqvudwh hlqh
uçxpolfk xqg }hlwolfk lqwhjudoh Juù h lvw/ glh irojhqghq Hlqvfkuçqnxqjhq xqwhuolhjw=

� Glh VDU jlow vwuhqj jhqrpphq qxu i u Ihuqihogehglqjxqjhq/ g1 k1 glh Ihog0
vwçunhq H xqg K vlqg qlfkw xqdekçqjlj yrqhlqdqghu +.

M
' �.. l,

� Qlfkwwkhuplvfkh Zlunxqjhq }1 E1 Nudiwzlunxqjhq zhughq qlfkw huid w1

� Glh Ulfkwxqjvlqirupdwlrq ghv H0Ihoghv jhkw yhuoruhq1 Vlh vslhow ehl ylhohq
elrorjlvfkhq H�hnwhq hlqh zlfkwljh Urooh1

� Yhuqdfkoçvvljxqj yrq pùjolfkhq H�hnwhq ghv Pdjqhwihoghv/ gd glh Shuphdel0
olwçw yrq Oxiw i u ghq jdq}hq Nùushu dqjhqrpphq zxugh1

� Prgxodwlrqvh�hnwh ghu Ihoghu zhughq qlfkw ehu fnvlfkwljw1

� Glh vsh}l�vfkh Devruswlrqvudwh edvlhuw dxi ghu Dqqdkph yrq krprjhqhq hohn0
wulvfkhq Yhukçowqlvvhq1

Gd glh vsh}l�vfkh Devruswlrqvudwh dxiwuhwhqgh Zlunxqjhq hohnwulvfkhu xqg pdjqhwlvfkhu
Ihoghu ehl Qlhghuiuhtxhq} qlfkw dxvuhlfkhqg ehvfkuhlehq ndqq/ lvw glhvh irojolfk qlfkw dov
Grvlvjuù h jhhljqhw1 Gdkhu px gdv Grvlvnrq}hsw prgl�}lhuw zhughq/ g1 k1 hlqh dqghuh
sk|vlndolvfkh Juù h dov �grvlvuhohydqwh� Juù h hlqjhi kuw zhughq1 Johlfkxqj I1: }hljw/
gd glh vsh}l�vfkh Devruswlrqvudwh lq glh lqgx}lhuwhq h�hnwlyhq Nùushuvwurpglfkwhq aess /
zhofkh dq ghq yhuvfklhghqhq Jhzhehlpshgdq}hq plw ghu Ohlwiçkljnhlw j 0 dekçqjlj yrq
ghu Glfkwh 4 ghv Jhzhehv 0 Zçuph hu}hxjhq/ xpjhuhfkqhw zhughq ndqq1 Lp Qlhghuiuh0
txhq}ehuhlfk +i 	 63 nK}, grplqlhuhq mhgrfk dwkhuplvfkh H�hnwh +}1 E1 Uhl}zlunxqjhq,1
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6151515 Glh Vwurpglfkwh dov �grvlvuhohydqwh Juù h�

Glh Vwurpglfkwh lvw hlqh sk|vlndolvfkh Juù h/ zhofkh lqirojh pdjqhwlvfkhu Lqgxnwlrq/ hohn0
wulvfkhq Yhuvfklhexqjvvwuùphq +Lq xhq}odgxqjvyhuvfklhexqjhq, rghu gluhnwhu Vwurphlq0
vshlvxqj plw Kloih yrq Hohnwurghq dxiwulww1 Gdv Ehwudjvtxdgudw ghu Vwurpglfkwh lvw plw
Zçuphzlunxqjhq yhuexqghq xqg hv lvw gdkhu i u wkhuplvfkh Zlunxqjhq hlq ]xvdpphq0
kdqj }xu vsh}l�vfkhq Devruswlrqvudwh jhjhehq +yjo1 V1 577,1 Lp Jhjhqvdw} }xu vsh}l�0
vfkhq Devruswlrqvudwh lvw glh Vwurpglfkwh mhgrfk hlqh yhnwrulhooh Juù h/ glh jhhljqhw lvw/
ulfkwxqjvdekçqjljh H�hnwh +dqlvrwursh Huvfkhlqxqjhq, }x ehvfkuhlehq1 Doohuglqjv lvw glh
Vwurpglfkwh qlfkw phku gluhnw plw ghu devruelhuwhq Hqhujlh yhunq siw xqg ghp}xirojh lp
vwuhqjhq Vlqqh nhlqh �Hqhujlhgrvlv� e}z1 �Hqhujlhgrvlvohlvwxqj� phku1 Gd glh Vwurp0
glfkwh dqghuhuvhlwv vhku xqplwwhoedu plw ylhohq elrorjlvfkhq Zlunxqjhq yhunq siw }x vhlq
vfkhlqw/ wuçjw vlh hlqhq �grvlvuhohydqwhq� g1 k1 glh elrorjlvfkh Zlunxqj ehvfkuhlehqghq
Fkdudnwhu1
Glh lqqhuh Vwurpglfkwh Oa� lvw hlqh Ixqnwlrq i+O.c O�c s , ghu hohnwulvfkhq Ihogvwçunh O.� glh
lp Lqqhuhq ghv Phqvfkhq khuuvfkw/ ghu pdjqhwlvfkhq Iox glfkwh O� xqg ghu yrunrpphqghq
Vljqdoiuhtxhq}hq s& +Juxqg0 xqg Rehuzhoohq,1

Oa� '
?[

&'f

s
�
O.�c O�c s&

�
+617,

Zhofkh Zlunxqjhq plw glhvhu Juù h yhuexqghq vlqg xqg zdv i u ]xvdpphqkçqjh plw
ghu çx huhq xqjhvwùuwhq Ihogvwçunh +H{srvlwlrqvjuù h, ehvwhkhq/ lvw Jhjhqvwdqg ghv iro0
jhqghq Devfkqlwwv1

Zlunvdpnhlw yrq Nùushuvwurpglfkwhq Juxqgvçw}olfk px }zlvfkhq ihoghu}hxjwhq
xqg plwwhov Hohnwurghq gluhnw dssol}lhuwhq Vwurpglfkwhq xqwhuvfklhghq zhughq/ gd glhv
hlqhq hukheolfkhq Hlq x dxi glh lqqhuh Vwurpglfkwhyhuwhloxqj kdw1 I u glh Zlunvdpnhlw
dxi }hooxoçuhu Hehqh lvw glh Khunxqiw ghu Vwurpglfkwhq mhgrfk xqzhvhqwolfk1 Glhv oç w
vlfk ehlvslhovzhlvh dqkdqg ghv Iuhtxhq}yhuodxihv ghu vrjhqdqqwhq �Hohnwur0� +g1 k1 gl0
uhnw dssol}lhuwh Vwurpglfkwhq, xqg �Pdjqhwrskrvkhqh� +g1 k1 lqgx}lhuwh Vwurpglfkwhq,
ehohjhq1 Dxv ghu Olwhudwxu zxughq lq Wdehooh 614 jxw ehvwçwljwh Zlunxqjhq }xvdpphq0
jhwudjhq1 Glh dqjhjhehqhq Zhuwh vwlpphq lp zhvhqwolfkhq plw ghq yrq ghu ghxwvfkhq
Vwudkohqvfkxw}nrpplvvlrq xqg ZKR khudxvjhjhehqhq ßehuvlfkw ehuhlq ^89`1

Nodvvl�}lhuxqj ghu Vfkzhoozhuwh ]xu Nodvvl�}lhuxqj xqg Vndolhuxqj hlqhu grvlvuh0
ohydqwhq Juù h lvw hv q w}olfk/ ghq Judg ghu Zlunxqj lq Irup hlqhv txdolwdwlyhq rghu
txdqwlwdwlyhq Pd hv }x nhqqhq1 Klhuehl nùqqhq vwhwljh rghu glvnrqwlqxlhuolfkh ßehujçq0
jh dxiwuhwhq1 Ehl ghq dqjhjhehqhq Zhuwhq ghu zlfkwljvwhq wkhuplvfkhq xqg dwkhuplvfkhq
Zlunxqjhq +Uhl}zlunxqjhq ghv huuhjeduhq Jhzhehv xqg glh Ehhlq xvvxqj elrorjlvfkhu
Sur}hvvh dxi }hooxoçuhu Hehqh, lvw }x ehdfkwhq/ gd glhvh yrq Lqglylgxxp }x Lqglylgxxp
vwuhxhq nùqqhq +w|slvfkh elrorjlvfkh Yduldq} ghu Uhl}vfkzhoohq= Idnwru � 6, xqg gdqhehq
yrq }dkouhlfkhq Yduldeohq ehhlq xvvw zhughq1 ]x glhvhq Yduldeohq jhkùuhq ehlvslhovzhl0
vh glh Hohnwurghqjuù h/ ßehujdqjvlpshgdq}/ Odjh ghu Hohnwurghq/ Kdxwwhpshudwxu xqg
Ihxfkwljnhlw/ H{srvlwlrqvsrvlwlrq/ Duw ghv Vwlpxoxv +Iuhtxhq}/ Dpsolwxgh/ Irup/ Srodul0
wçw/ Zlhghukroxqjvudwh/ Dssolndwlrqvgdxhu/ 111,1
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Wde1 614= Dxiwuhwhqgh pdnurvnrslvfkh H�hnwh xqg Zlunxqjhq lq Dekçqjljnhlw ghu hohnwulvfkhq
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Uhohydq} ghu Vwurpglfkwh Ehlgh/ gdv hohnwulvfkh xqg gdv pdjqhwlvfkh Ihog/ hu}hxjhq

Nùushuvwuùph1 Rezrko glh Vwuùph xqwhuvfklhgolfkhu Qdwxu vlqg +Odgxqjvyhuvfklhexqj
ghu lq xhq}lhuwhq Odgxqj gxufk gdv hohnwulvfkh Ihog xqg zluehokdiwh Vwuùph gxufk gdv
Pdjqhwihog,/ eloghw glh khuuvfkhqgh Vwurpglfkwh hlqh jhphlqvdph sk|vlndolvfk yrukdq0
ghqh xqg hlqghxwlj zlunvdph Juù h1 Glh }hqwudoh Ehghxwxqj ghu lqqhuhq Vwurpglfkwh
lqqhukdoe ghu yrq qlhghuiuhtxhqwhu Ihogh{srvlwrq khuyrujhuxihqhq Zlunxqjvnhwwh zlug lq
Dee1 615 ghxwolfk1 Gruw lvw huvlfkwolfk/ gd hlqh Txhooh ehu hlqh jdoydqlvfkh/ ndsd}l0
wlyh/ lqgxnwlyh xqg Vwudkoxqjvnrssoxqj dxi ghq phqvfkolfkhq Nùushu hlqzlunhq ndqq1
H{srvlwlrqvjuù hq vlqg gdv yrq Ohfn0 xqg Ehu kuxqjvvwuùphq khuu kuhqgh Vwuùpxqjv0
ihog/ glh xqjhvwùuwh hohnwulvfkh Ihogvwçunh/ glh pdjqhwlvfkh Iox glfkwh xqg gdv hlqidoohqgh
hohnwurpdjqhwlvfkh Vwudkoxqjvihog1 Dooh glhvh H{srvlwlrqvjuù hq ehzlunhq xqplwwhoedu
hlqh uhvxowlhuhqgh lqqhuh Vwurpglfkwh M�/ zhofkh wkhuplvfkh xqg dwkhuplvfkh Zlu0
nxqjhq lp Jhzheh yhuxuvdfkhq nùqqhq1 Glhvh Sulpçu0 xqg Vhnxqgçuzlunxqjhq odvvhq
vlfk zlhghuxp dxi ghu }hooxoçuhq Hehqh lq lkuh elrfkhplvfkhq Uhdnwlrqhq xqg sk|vlrorjl0
vfkhq ]hoodqwzruwhq zhlwhuyhuirojhq1 Ehdfkwhqvzhuw lvw/ gd ylhoh }hoosk|vlrorjlvfkhq xqg
fkhplvfkhq Yrujçqjh +xqwhuh Hehqh, vhku xqwhuvfklhgolfkh Uhdnwlrqv}hlwhq dxizhl0
vhq1 Zçkuhqg glh ]hlwnrqvwdqwhq i u gdv Dxvzlunhq yrq hohnwuro|wlvfkhq ]huvhw}xqjv0 xqg
Nrqyhnwlrqvyrujçqjhq lp Plqxwhqehuhlfk olhjhq/ huirojw hlqh Uhdnwlrq dxi hlqh Vwlpxodwl0
rq ehuhlwv lq zhqljhq Plnur0 rghu Ploolvhnxqghq1 Elrfkhplvfkh xqg kruprqhooh Yrujçqjh
nùqqhq Vwxqghq rghu Wdjh ehqùwljhq/ ghuhq pdnurvnrslvfkh Irojhzlunxqjhq zrpùjolfk
huvw qdfk Zrfkhq rghu Mdkuhq ihvwjhvwhoow zhughq nùqqhq +Odqj}hlwdxvzlunxqjhq,1

Vfkzlhuljnhlwhq ghu lqqhuhq Vwurpglfkwh Glh Vwurpglfkwh kdw ghq Yruwhlo/ hlq yrq
ghu Hohnwurghq0 xqg Hlqzlunxqjv çfkh xqdekçqjljhv Lqwhqvlwçwvpd }x vhlq1 Vlh lvw dovr
hlq lqirupdwlyhuhu Lqwhqvlwçwvsdudphwhu dov glh Vwurpvwçunh1 I u hlqh klquhlfkhqg jhqdxh
Devfkçw}xqj vlqg mhgrfk Hlqvfkuçqnxqjhq ghu Ioçfkhqsursruwlrqdolwçw ehl Dqzhqgxqj
yrq Hohnwurghq zhjhq ghu ßehukùkxqj dq ghq Hohnwurghquçqghuq/ qlfkwolqhduh hohnwul0
vfkh Kdxwhljhqvfkdiwhq i u M : 5 6�

S62 xqg Yduldq} ghu ßehujdqjvlpshgdq} +Ihxfkwh/
Dqkdiwguxfn/ 111, }x ehdfkwhq1 Dx hughp lvw hv phlvw vfkzlhulj/ glh jhqdxhq Vwurpsidgh
+]hoosruhq/ Vfkzhl sruhq/ 111, }x nhqqhq1 Dekçqjlj yrq ghu Sdfnxqjvglfkwh ghu ]hoohq
nrppw hv }x Yhuhqjxqjhq ghv H{wud}hooxoçuudxphv +Lqwhuvwlwlxp,1 Glhv i kuw }x gxufk0
vfkqlwwolfkhq ßehukùkxqjhq ghu orndohq Vwurpglfkwh xp Idnwru 43 elv 4331

6151516 Glh hohnwulvfkh Ihogvwçunh

Glh lqqhuh/ gxufk Lqgxnwlrq xqg hohnwulvfkh Yhuvfklhexqj khuyrujhuxihqh Vwurpglfkwh Oa�
vwhkw gxufk glh Pdwhuldojohlfkxqj

Oa� ' V � O.� +618,

plw ghu Jhzhehohlwiçkljnhlw V xqg lqqhuhq hohnwulvfkhq Ihogvwçunh O.� lq gluhnwhu Eh}lh0
kxqj1 Ghu Yruwhlo ghu lqqhuhq Vwurpglfkwh dov grvlvuhohydqwh Juù h jhjhq ehu ghu lq0
qhuhq Ihogvwçunh olhjw gdulq/ gd glh Jhzhehhljhqvfkdiwhq lq ghu Vwurpglfkwh lpsol}lw
ehuhlwv hqwkdowhq vlqg1 Glh h{dnwh Ehvwlppxqj ghu lqqhuhq hohnwulvfkhq Ihogvwçunh xqg
ghuhq Yhuwhloxqj xqwhuolhjw ghu johlfkhq Sureohpdwln zlh glh ghu hohnwulvfkhq Vwurpglfk0
whq1 Ehvrqghuh Ehghxwxqj nrppw ghu wudqvyhuvdohq Nrpsrqhqwh +}0Nrpsrqhqwh, ghu
hohnwulvfkhq Ihogvwçunh ehl ghu Dxvoùvxqj hlqhv Dnwlrqvsrwhqwldov dq hlqhp Qhuyhqvwudqj
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Dee1 615= ]xvdpphqkçqjh dxvjhkhqg yrq ghu hohnwurpdjqhwlvfkhq Txhooh elv klq }xu elrsk|vl0
ndolvfkhq Zlunxqj

}x

O.��5 ' � }o@_5 x6 '
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Y |
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'

�

�

Yx6

Y |
+619,

plw ghp Wudqvphpeudqsrwhqwldo )6 xqg ghu Iruwohlwxqjvjhvfkzlqgljnhlw y1

Zlunxqj Hohnwulvfkh Ihogvwçunh Uhihuhq}
Wkhuplvfkhv Udxvfkhq dq Vshurlg +u@43 >p/
g@8 qp,

H� ' 3/4: T
6

^4`

Dquhjxqj ghu Rvwhrjhqhvh +Nqrfkhqkhloxqj, H� ' 3/4 111 4 T
6

^4;` V1 573
Zdkuqhkpedunhlwvvfkzhooh ghv hohnwulvfkhq
Ihoghv +iuhtxhq}xqdekçqjlj ehl qlhguljhq
Iuhtxhq}hq,

Hf ' 7/8 &T
6

9DfM5 ^6<` V1 99

Ehoçvwljxqj +6 ( ghu Shuvrqhq, Hf ' 43 &T
6

9DfM5
Vfkrfnzlunxqj gxufk Ixqnhqhqwodgxqj yrq
Exvvhq

Hf ' 57 &T
6

9DfM5 ^6<`

Wde1 615= Zlunxqjhq h{whuqhu xqg lqwhuqhu hohnwulvfkhu Ihoghu
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6151517 Glh Odgxqj

Çkqolfk zlh lp Idooh ghu hohnwulvfkhq Ihogvwçunh jlew hv ehndqqwhuzhlvh dxfk i u glh Od0
gxqj hlqh hlqidfkh Eh}lhkxqj }xu Vwurpglfkwh=

Oa� ' � � U ' � � _'
_|

' � � � � _L
_|

+61:,

Glh Odgxqj elhwhw vlfk dov Lqwhqvlwçwvjuù h ehl hlqpdoljhq rghu uhswhwlyhq Hqwodgxqjv0
yrujçqjhq dq/ ehl ghqhq glh ehwhloljwhq Ndsd}lwçwhq ehndqqw vlqg1 Glh Ndsd}lwçw hlqhv
jhhughwhq Phqvfkhq ghu Juù h k ehwuçjw fd1 :8 sI� �

d6o
1 Glh Zlunvdpnhlw ghu Odgxqj oç w

vlfk hehqidoov lq Irup yrq Vfkzhoohqlqwhqvlwçwhq dxvgu fnhq +Vndolhuxqj,1 Ehlvslhovzhlvh
zxughq i u prqrskdvlvfkh Uhl}h xqg Nxu}}hlwhqwodgxqjhq plw hlqhu Hohnwurgh yrq 4 fp2

dq Ilqjhu xqg Kdqg irojhqgh Vfkzhoozhuwh huplwwhow= Zdkuqhkpxqj= 3/56 >F/ Xqeh0
kdjhq= 3/86 >F/ Vfkphu}= 3/;4 >F/ Wrohudq}vfkzhooh= 4/96 >F ^84`1 Zlh lp irojhqghq
Devfkqlww jh}hljw zlug/ lvw glh Odgxqj e}z1 glh Odgxqjvglfkwh i u vhku nxu}h Uhl}h hlqh
grvlvuhohydqwh Juù h1

6151518 Vwurpglfkwh dov sk|vlrorjlvfkhu Uhl}sdudphwhu lp olqhduhq Lqwhqvlwçwv0
]hlwgdxhu0Prghoo=

I u Uhl}lpsxovh jhulqjhu Uhl}gdxhu/ g1 k1 i u �
{|

	 � lvw glh lqml}lhuwh Odgxqjvphqjh T
e}z1 glh Ioçfkhqodgxqjvglfkwh j }xu Fkdudnwhulvlhuxqj ghu Huuhjxqj glh jhhljqhwh Juù h/
i u hlqh jur h Uhl}gdxhu/ g1 k1 �

{|
: � lvw glhv ghu Vwurp L e}z1 glh Vwurpglfkwh M1 Glh

ehqùwljwh Hqhujlh ghv Vwlpxoxv lvw 0 zlh lq Dee1 616 huvlfkwolfk 0 }xu Ehvfkuhlexqj ghu
Huuhjedunhlwvvfkzhoohq nhlqh hlqghxwljh Juù h1 Zlug glh Odgxqjv0 xqg Vwurpglfkwh plw
ghu Ohlwiçkljnhlw V ghv lqqhuhq Phglxpv pxowlsol}lhuw/ vr ndqq dqdorjhv i u glh lqqhuhq
hohnwulvfkhq Jhzhehihogvwçunhq dejhohlwhw zhughq= Glh lqqhuh Ihogvwçunh H� '

a
V
lvw }x0

vdpphq plw ghu lqqhuhq Vwurpglfkwh M� ghu jhhljqhwh Sdudphwhu/ xp odqjvdph
Huuhjxqjvvwlpxol }x fkdudnwhulvlhuhq/ zçkuhqg glh lqqhuh Ihogvwçunh H� �{| ' 4

V
i u

nxu}h Uhl}lpsxovh uhohydqw lvw1 Zhlo glh Fkurqd{lhqrupdozhuwh � 	 � pv vlqg/ jlow i u
glh Juhq}iuhtxhq} i} ghu Uhl}lpsxovh=

s} : � nK}

Dov Id}lw ndqq klhudxv jhvfkorvvhq zhughq/ gd i u Iuhtxhq}hq xqwhu 4 nK}plw ghq lqqhuhq
Ihogvwçunhq e}z1 Vwurpglfkwhq hlq jhhljqhwhu Sdudphwhu jhixqghq lvw/ xp Uhl}zlunxqjhq
}x ehvfkuhlehq/ glh ghp olqhduhq Lqwhqvlwçwv0]hlwgdxhu0Prghoo jhq jhq1 Lp ßehujdqjveh0
uhlfk yrq 4 nK} elv 45/8 nK} jhq jw glh Dqjdeh ghu Ihoglqwhqvlwçw doohlqh ehl odqjvdphq
Qhuyhqidvhuq qlfkw phku1 Klhu px }xu Ehxuwhloxqj ghv Devwdqgv }xu Huuhjxqjvvfkzhooh
qhehq ghu Lqwhqvlwçw qrfk glh Sxov0 e}z1 Vljqdoiuhtxhq} ghv Vwlpxoxv ehvwlppw zhughq1
Glh Vljqdoirup vhoevw vslhow lp Ehuhlfk yrq �

{|
@ � i u glh Huuhjxqjvzlunxqj hlqh qxu

xqwhujhrugqhwh Urooh1 I u �
{|

8 � kdw glh Dqvwlhjv}hlw ghv Vljqdov hlqhq jur hq Hlq x
dxi glh Odjh ghu Vfkzhooh +xp Idnwru 418 elv 6 kùkhu gxufk Hlqvfkohlfkh�hnw dxijuxqg
ghu Dnnrpprgdwlrq ghv Qhuyhq,1
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Q(t)

100 mA

10 mA

I(t)

1 mA

100 µA

1 µs 10 µs 100 µs 1 ms 10 ms 100 ms

0.01 µC

0.1 µC

1 µC

10 µC

Energie

τ

I0

2* I0

Dee1 616= Lqwhqvlwçwv0Uhl}gdxhu0Gldjudpp i u prqrskdvlvfkh Hlq}holpsxovuhl}xqj +Uhfkwhfn,
hlqhv p|holhuwhq Qhuyhq plw ghp Gxfkphvvhu g @ 53 �p lqnoxvlyh ghu lqml}lhuwhq Odgxqjvphqjh
xqg dssol}lhuwhq Hqhujlh/ � @ 3> 5 7

6 +ehuhfkqhw lq Dqohkqxqj dq ^84`,

616 H�hnwh vfkzdfkhu qlhghuiuhtxhqwhu hohnwulvfkhu
xqg pdjqhwlvfkhu Ihoghu

Qlhghuiuhtxhqwh hohnwulvfkh xqg pdjqhwlvfkh Ihoghu nùqqhq dqkdqg ghu Lqwhqvlwçw ghu lp
Jhzheh hu}hxjwhq lqqhuhq hohnwulvfkhq Ihogvwçunh xqg Vwurpglfkwh lq vfkzdfkh/ prghud0
wh/ vwdunh xqg xowudvwdunh Ihoghu hlqjhwhlow zhughq1 Yrq Xqwhuvxfkxqjhq ehu Zlunxqjhq
prghudwhu xqg vwdunhu Ihoghu xqg ghuhq Phfkdqlvphq zxugh elqqhq ghu ohw}whq }zhl Gh0
ndghq ylho ehulfkwhw1 Yrq vfkzdfkhq Ihoghuq lvw ehndqqw/ gd nhlqhuohl dnxwh Vfkçgljxqjhq
rghu Jhidkuhq dxvjhkhq1 Eh} jolfk Zlunxqjhq yrq Odqj}hlwh{srvlwlrqhq ehu Prqdwh
xqg Mdkuh klqzhj jlew hv mhgrfk ndxp Hunhqqwqlvvh/ glh hlqh çkqolfkh Dxvvdjh }xodvvhq1
Hslghplrorjlvfkh Vwxglhq nùqqhq klhu qxu Dqkdowvsxqnwh jhehq/ xqwhu zhofkhq Ehglq0
jxqjhq vwdwlvwlvfkh Kçxixqjhq xqg Nruuhodwlrqhq dxiwudwhq1 Vlh yhupùjhq mhgrfk nhlqh
sk|vlndolvfkhq ]xvdpphqkçqjh dxi}xghfnhq1 Klhu}x vlqg sk|vlndolvfkh/ sk|vlrorjlvfkh
xqg elrorjlvfkh H{shulphqwh xqg wkhruhwlvfkh Ehwudfkwxqjhq qrwzhqglj1 Hlq w|slvfkhv
Ehlvslho/ zhofkhu Duw vrofkh Odqj}hlwxqwhuvxfkxqjhq vhlq nùqqwhq/ lvw ghu Yhuvxfk yrq
Zhyhu ^95`1 Glhvhu yru 63 Mdkuhq gxufkjhi kuwh Yhuvxfk hujde hlqhq ehvfkohxqljhqghq
Hlq x dxi glh flufdgldqh Shulrgln ghv Phqvfkhq plw uhfkwhfniùupljhq hohnwulvfkhq 43
K}0Ihoghuq ghu Ihogvwçunh 5/8 Trr

6
1 Hv zxugh gdyrq dxvjhjdqjhq/ gd gdv hohnwulvfkh Ihog

klhu dov v|qfkurqlvlhuhqghu ]hlwjhehu ixqjlhuw1 Rejohlfk glh Skçqrphqrorjlh ghu flufd0
gldqhq Shulrgln lkuhq ihvwhq Sodw} lq ghu Sk|vlrorjlh kdw/ }1 E1 ^8;` V147: �/ lvw hlq
Uhsurgxnwlrqvyhuvxfk ghv zrko oçqjvw lq Yhujhvvhqkhlw jhudwhqhq H{shulphqwv yrq Zh0
yhu ghp Dxwru qlfkw ehndqqw1 Glhv lvw huvwdxqolfk/ gd Dvvr}ldwlrqhq }x ghq m qjvwhq
lp Udkphq ghu �Phodwrqlq�0K|srwkhvh ^85` gxufkjhi kuwhq Yhuvxfkh ehvwhkhq1 Sul}lsl0
hoo px ihvwjhvwhoow zhughq/ gd ehu hlqghxwljh/ Uhsolndwlrqhq vwdqgkdowhqgh Zlunxqjhq
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vfkzdfkhu Ihoghu qrfk zhqlj ehndqqw lvw1 Glhv ehwul�w Nxu}0 xqg Odqj}hlwxqwhuvxfkxqjhq
ehlghupd hq1

61614 Hlq vvh qlhghuiuhtxhqwhu Ihoghu dxi elrorjlvfkh ]hoohq

Hlqh ]xvdpphqvwhooxqj ghu ylhoiçowljhq elrorjlvfkhq xqg elrfkhplvfkhq Uhdnwlrqhq yrq
]hoohq dxi glh H{srvwlrq qlhghuiuhtxhqwhu/ vfkzdfkhu xqg prghudwhu hohnwulvfkhu xqg pd0
jqhwlvfkhu Ihoghu lvw lq ^6` }x �qghq1 ]x ghq xqwhuvxfkwhq ]hoouhdnwlrqhq jhkùuhq xqwhu
dqghuhp gdv ]hoozdfkvwxp/ lkuh Surolihudwlrq xqg Gl�huhq}lhuxqj/ glh ]hoodwpxqj/ phwd0
erolvwlvfkh H�hnwh/ Hlqzlunxqj dxi glh ]hoouhjxodwlrq xqg Ixqnwlrq +}1 E1 Ehhlq xvvxqj
yrq �vhfrqg phvvhqjhu�0V|vwhphq,/ Çqghuxqj yrq Hq}|pdnwlylwçwhq xqg ghu Jhqh{suhv0
vlrq +�hsljhqhwlvfkh H�hnwh�,1 Hlqljh H�hnwh wuhwhq qxu lq ehvwlppwhq Lqwhqvlwçwv0 rghu
Iuhtxhq}ehuhlfkhq dxi1 Vrofkh H�hnwh plw hlqhu Rswlpdolqwhqvlwçw rghu Iuhtxhq} zhughq
lq ghu Elrsk|vln dov �Zlqgrzvh�hnwh� eh}hlfkqhw1 Hlq vrofkhu Ihqvwhuh�hnw wulww ehl0
vslhovzhlvh ehl ghu Dnwlylhuxqj ghu Qd2N0 xqg Fd0DWSdvh lq phqvfkolfkhq Hu|wkur}|whq
+urwh Eoxwnùushufkhq, dxi1 Glh Rswlpdoiuhtxhq}hq +Uhvrqdq}iuhtxhq}, olhjhq klhu vsh}l0
�vfk i u glh ehwhloljwhq Lrqhq }zlvfkhq 4 nK} xqg 4 PK} xqg ghuhq Rswlpdolqwhqvlwçwhq
}zlvfkhq 53 xqg 63 T

S6
^93`� Glh ehl ghu Qd2N0DWSdvh dxiwuhwhqghq Vfkzhooh olhjw ehl 3/8

6T
6

i u gdv hohnwulvfkh Ihog lp Phglxp xqg glh huirughuolfkh Iox glfkwh zlug plw 3/5 elv
3/6 >WC93 K} eh}l�huw1 Ehl pdjqhwlvfkhq Johlfkihoghuq wudw nhlq H�hnw dxi ^9`1

61615 Eh}lhkxqjhq ihoghu}hxjwhu Vwurpglfkwhq }xu H{srvlwlrqv0
juù h

I u hlqljh �nodvvlvfkh� H{srvlwlrqvvlwxdwlrqhq zlh ehlvslhovzhlvh i u hlqhq xqwhu hlqhu
Krfkvsdqqxqjvohlwxqj dxi Qxoosrwhqwldo vwhkhqghq Phqvfkhq zxughq ehuhlwv iu k dqkdqg
hlqidfkhu Prghooh Devfkçw}xqjhq gxufkjhi kuw/ xp glh lqqhuhq Vwuùph xqg Ihogvwçunhq
}x ehuhfkqhq1 Sulpçu jlqj hv gdehl }xqçfkvw xp glh Huplwwoxqj ghu Juù hqrugqxqj ghu
lp Nùushu hu}hxjwhq Vwuùph lq Dekçqjljnhlw ghu Iuhtxhq}/ Nùushujuù h/ Ohlwiçkljnhlw/
jhvshlfkhuwhq Odgxqjvphqjh/ hwf1

6161514 Lqgx}lhuwh Vwurpglfkwh

Glh gxufk pdjqhwlvfkh Ihoghu khuyrujhuxihqhq Zluehovwurpglfkwhq nùqqhq i u kduprql0
vfkh Ihoghu vhku hlqidfk dxv ghu 51 Pd{zhoovfkhq JohlfkxqjL

�

O.� _O, ' � Y

Y|

]]
�

O� _O@ +61;,

i u }lunxoçuh Vwurpsidgh plw ghp Udglxv u +Nxjhoprghoo, ehvwlppw zhughq }x=

Oa� ' V O.� ' � /Vo

2
� � EOeo � Oe�� +61<,

Zlh lq glhvhu Johlfkxqj huvlfkwolfk/ vlqg glh pd{lpdohq Vwurpglfkwhehwuçjh zhjhq ghu
Udglxvdekçqjljnhlw dq ghq Uçqghuq ghv ohlwiçkljhq Ehuhlfkhv }x huzduwhq1 Xqwhu ]x0
juxqghohjxqj hlqhv Udglxv yrq u @ 46/8 fp/ hlqhu Ohlwiçkljnhlw V ' fc 2D 7

6
xqg hlqhu

pdjqhwlvfkhq Iox glfkwh yrq 4 pW oç w vlfk gdplw glh pd{lpdo lqgx}lhuwh Vwurpglfkwh
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lp Uxpsi }x 3/86 >�
S62 ehvwlpphq1 I u ghq Khu}ehuhlfk ndqq ghu Udglxv plw u @ 9 fp xqg

glh Ohlwiçkljnhlw plw V ' fc 2D 7
6
c i u gdv Jhkluq fd1 u @ ; fp xqg V ' fc � 7

6
dqjhvhw}w

zhughq1 Glhv hujlew i u gdv Khu} hlqh Vwurpglfkwh yrq 3/57 >�
S62 xqg gdv Jhkluq 3/46 >�

S62 1

6161515 Vwuùph gxufk hohnwulvfkh Ihogh{srvwlrq

Dxijuxqg ghu uhodwly }xu Oxiw vhku jxwhq hohnwulvfkhq Ohlwiçkljnhlw ghv Nùushuv zlug glh
xqjhvwùuwh hohnwulvfkh Ihogvwçunh +H{srvlwlrqvjuù h, gxufk ghq Nùushu vwdun yhuçqghuw1
Yhujolfkhq plw ghp pdjqhwlvfkhq Idoo lvw hv gdkhu ehghxwhqg vfkzlhuljhu/ glh lqgx}lhuwh
hohnwulvfkh Ihogvwçunh de}xvfkçw}hq1 Hlqh vhku ohlfkw }xjçqjolfkh Juù h lvw mhgrfk ghu
vrjhqdqqwh �Nxu}vfkox vwurp� Lg 1 Glhvhu Vwurp lvw glh Vxpph doohu dxi ghu Nùushurehu0
 çfkh hu}hxjwhq Yhuvfklhexqjvvwuùph/ glh jhjhq Hugsrwhqwldo jhphvvhq zhughq nùqqhq/
idoov ghu Phqvfk dxi hlqhu lvrolhuhqghq Pdwwh vwhkw1 Plw glhvhu Ph phwkrgh zxugh hlqh
hpslulvfkh Irupho i u ghq Nxu}vfkox vwurp jhzrqqhq +^:`/ Ghqr x1 ]d�dqhood/ HSUL
4<;5,=

Ug ' fc fb � �2s � >�

&T*6
+6143,

Glhvh Nxu}vfkox vwurpirupho plw ghu xqjhvwùuwhq hohnwulvfkhq Ihogvwçunh yrq 4 &T
6

dov
Eh}xjvjuù h ehvlw}w i u Phqvfkhq plw hlqhu Nùushujuù h k }zlvfkhq 4 xqg 5 p J owlj0
nhlw1 Dov Prghooh i u glhvh hpslulvfkh Nxu}vfkox irupho ndqq gdv Nhjhoprghoo yrq Ghqr
^47` rghu gdv ]|olqghuprghoo yrq Uhloo| ^84` qdfk hqwvsuhfkhqghu Sdudphwhudqsdvvxqj
Yhuzhqgxqj �qghq +yjo1 Wde1 619,1 Edvlhuhqg dxi ghp Nhjhoprghoo hujlew vlfk ghu
Nxu}vfkox vwurp }x=

Ug ' �ge}e,K@r�r � /0f.f ' /0fZ�
2 � |@?2 i �.f +6144,

plw
�ge}e,K@r�r ' Z � o2 ' Z � E� � |@?i�2= h�hnwlyh Rehu çfkh uhsuçvhqwlhuw gxufk glh
Edvlv çfkh ghv Nhjhov +lghqwlvfk plw h�hnwlyhu Hlq}xjv çfkh D�, +813; p2,
u @ � � |@?i= Udglxv ghu Juxqg çfkh hlqhv Nhjhov
i= Kdoezlqnho ghv Nhjhov +681:�,
k= Nùushujuù h +41:: p,
/= Nuhlviuhtxhq} ghv dssol}lhuwhq Ihoghv

Ghu Nxu}vfkox vwurp lvw dov lqwhjudoh Lqwhqvlwçwvjuù h qlfkw lq ghu Odjh/ ghwdloolhuwh Dxv0
vdjhq ehu glh Ihog0 xqg Vwurpyhuwhloxqj lqqhukdoe ghv Nùushuv }x wuh�hq1 Phvvxqjhq
ghu Ihogvwçunh0 xqg Vwurpglfkwhyhuwhloxqj zxughq dq lrqdo ohlwiçkljhq Nùushuskdqwrphq
+}1 E1 sk|vlrorjlvfkh Nrfkvdo}oùvxqj, gxufkjhi kuw1 Glhvh vwlpphq jxw plw ehuhfkqh0
whq Vwurpglfkwhq ehuhlq/ zhofkh i u hlqh yhuwlndoh H{srvlwlrq plw 43 &T

6
lp Ehuhlfk yrq

3/7 >�
S62 elv 6 >�

S629V ' fc 2 7
6
c93K} olhjhq1 Ghu hqwvsuhfkhqgh lqqhuh Ihogvwçunhehuhlfk

uhlfkw yrq 3/35 T
6
elv fc �DT

6
9�f&T

6
c V ' fc 2 7

6
� Glh gxufkvfkqlwwolfkh Rehu çfkhqihogvwçu0

nh ehwuçjw 5: &T
6
c zdv hlq gxufkvfkqlwwolfkhu Ihog ehukùkxqjvidnwru yrq 5/: hujlew1

Glh ehu glh krul}rqwdoh Vfkqlww çfkh jhplwwhowh d{ldoh Vwurpglfkwhq �M5 dp Kdov/ Euxvw/
Degrphq xqg Ix nqùfkho ehwudjhq lq ghu jhqdqqwhq Uhlkhqirojh= �M5 ' 78;/ 48;/ 53;/
4999 ?�

S62C43&T6 c Df K}1 I u ghwdloolhuwhuh Ehwudfkwxqjhq p vvhq mhgrfk }xvçw}olfk glh
Hugxqjvyhukçowqlvvh plwehu fnvlfkwljw zhughq1 Dxv Wdehooh 616 jhkw khuyru/ gd ehl Sr0
whqwldoiuhlkhlw ghv h{srqlhuwhq Nùushuv glh lqqhuhq Vwurpglfkwhq mh qdfk Orndolvdwlrq xp
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53 elv 94 ( yhuplqghuw zhughq1 Nrqvwlwxwlrqvdekçqjlj ndqq glh Vwurpglfkwh lq ghu Euxvw0
xqg Jhkluquhjlrq xp Idnwru 5 ydullhuhq ^49`1 Lp Jhjhqvdw} }xp pdjqhwlvfkhq Ihog zxu0
ghq kdowxqjvehglqjwh Yduldwlrqhq lq ghu Vwurpyhuwhloxqj gxufk qxphulvfkh Uhfkqxqjhq
qlfkw gxufkjhi kuw1

�&T
6
c Sf K}c E�f 7

6
--� a�c5jhhughw M�c5xqjhhughw

a�c5jhhughw

a�c5xqjhhughw

Qdfnhq e� ?�
S62 2S ?�

S62 fc S�
Nqlh �2S ?�

S62 2. ?�
S62 fc 2�

Ix nqùfkho 2ff ?�
S62 �b ?�

S62 fc 2f
Dfkvhokùkoh eH ?�

S62 0 0
Euxvw �H ?�

S62 0 0

Wde1 616= Lq jhhughwhq xqg xqjhhughwhq Shuvrqhq lqgx}lhuwh Vwurpglfkwh

617 Grvlvnrq}hswh xqg Grvlvzlunxqjveh}lhkxqjhq

Hlqhu ghu huvwhq/ ghu yhuvxfkwh hlq Grvlvnrq}hsw i u gdv hohnwulvfkh Ihog }x gh�qlhuhq
xqg dxi hlqh ph whfkqlvfkh Edvlv }x vwhoohq zdu Ghqr ^47`1 Hu pd glh dq ghu Nùu0
shurehu çfkh lqgx}lhuwhq Vwuùph plw Kloih hlqhu Nxsihuirolh dov Vhqvru xqg ehvwlppwh
ghuhq Dekçqjljnhlw yrq yhuvfklhghqhq Nùushusrvlwlrqhq1 Vhlqh Hujheqlvvh olhihuwhq zlfk0
wljh sudnwlvfkh xqg wkhruhwlvfkh Juxqgodjhq }xu Gh�qlwlrq ghu Grvlv G dov Pd i u glh
hohnwulvfkh Ihogh{srvlwlrq1 Zçkuhqg Ghqr dqidqjv qrfk yrq ghu lqwxlwly ihvwjhohjwhq
lqwhjudohq Grvlvgh�qlwlrq
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f

.f _| +6145,

dxvjlqj/ ehu fnvlfkwljwh hu ehl vhlqhq vsçwhuhq Xqwhuvxfkxqjhq ghq Hlqzdqg yrq Eulgjhv
^<`/ gd ylhoh elrorjlvfkh xqg sk|vlndolvfkh Yrujçqjh Vfkzhoozhuwh ehvlw}hq1 Hf lvw klhuehl
glh xqjhvwùuwh Ihogvwçunh/ g1 k1 glh H{srvlwlrqvjuù h ghv Ihoghv1

]xu Ehu fnvlfkwljxqj glhvhu Vfkzhoozhuwh whlowh Ghqr ^48` glh Ihogvwçunh lq yhuvfklhghqh
Dpsolwxghqnodvvhq hlq xqg i kuwh lqqhukdoe glhvhu Lqwhuydooh zhlwhuklq hlqh }hlwolfkh Lq0
whjudwlrq dxv1 Pdwkhpdwlvfk oç w vlfk hlqh vrofkh gl�huhq}lhuwh Ehzhuwxqj plw Kloih yrq
Jhzlfkwvidnwruhq }� yruqhkphq=

( '
?[
�'�

;AAAA?AAAA=
}?

U |

f
.f _| i u .?3� 	 .f 	 .?

��� ���
��� ���

}2
U |

f
.

f
_| i u .� 	 .f 	 .2

}�
U |

f
.f _| i u f 	 .f 	 .�

'
?[
�'�

}�

] |

f

.f _| i u .�3� 	 .f 	 .�
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]xu Huidvvxqj glhvhu vr gh�qlhuwhq �Grvlv� uhdolvlhuwh Ghqr hlq qlhghuiuhtxhqwhv hohn0
wulvfkhv �Grvlphwhu�/ lqghp hu qlfkw gdv hohnwulvfkh Ihog gluhnw/ vrqghuq ghq dxi hlqhu
ohlwhqghq Ioçfkh hu}hxjwhq Yhuvfklhexqjvwurp dov Ph kloivjuù h khudq}rj1 Zlh Ghqr
vhoevw klhu}x dqphunwh/ jlew hlq vrofkhv Yrujhkhq qxu i u hlqh vwdwlvfkh Nùushusrvlwlrq
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Vsh}lhv Nxu}vfkox vwurp Ug lq pD

Phqvfk �D � �f3Hs �6 2
�.f5

Sihug Hc D � �f3Hs �62
�.f5

Nxk Hc S � �f3Hs �62
�.f5

Vfkzhlq .c . � �f3Hs �62
�.f5

Phhuvfkzhlqfkhq ec 2 � �f3Hs �62
�.f5

Udwwh ec f � �f3Hs �62
�.f5

Wde1 617= Nxu}vfkox vwuùph +Jhvdpwvwuùph, Lg jhhughwhu Vsh}lhv khuyrujhuxihq gxufk hlq yhu0
wlndohv hohnwulvfkhv Ihog plw ghu Iuhtxhq} i lq K}/ ghu xqjhvwùuwhq hohnwulvfkhq Ihogvwçunh Hf5

lq T
6 xqg ghu Pdvvh p ghu Ohehzhvhq lq Judpp ^64`

nruuhnwh Zhuwh1 Lvw glhvh Yrudxvvhw}xqj mhgrfk qlfkw jhjhehq/ vr p vvhq i u hlqh jhqdxh0
uh Dqdo|vh glh lqgx}lhuwhq Vwuùph lq ghq yhuvfklhghqhq Nùushuwhlohq xqg ghuhq Odjh }xp
Ihog jhvrqghuw ehwudfkwhw xqg jhzlfkwhw zhughq1 Glh Dqwzruw dxi glh Iudjh/ zlh hlqh
vrofkh Jhzlfkwxqj yrujhqrpphq zhughq px / eolhe hu vfkxoglj1

Glh Jhzlfkwxqj lvw qhehq ghp }xjuxqghjhohjwhq Grvlvnrq}hsw hlqh Iudjh ghv yhuzhqgh0
whq Nùushuprghoov +Nhqqjuù hq ghv Nùushuv zlh Kùkh/ Jhzlfkw/ Dephvvxqjhq/ Kdowxqj
hwf1,1 Dxi glhvhp Jhelhw sxeol}lhuwhq ehvrqghuv Zlooldp Ndxqh xqg vhlqh dphulndql0
vfkhq Nroohjhq juxqgohjhqgh Duehlwhq ^64`/ ^8<`1 Vlh ehvwlppwhq zlh Ghqr glh lqgx}lhuwhq
Nxu}vfkox vwuùph Lg dq jhhughwhq Wlhu0 xqg Phqvfkhqprghoohq/ gu fnwhq glhv mhgrfk lq
Dekçqjljnhlw ghv Nùushujhzlfkwv J +Prghoosdudphwhu,/ ghu Vljqdoiuhtxhq} i +4 K} elv
433 nK}, xqg ghu xqjhvwùuwhq Ihogvwçunh +H{srvlwlrqvjuù h, dxv1 Vlhkh klhu}x Wde1 6171

Grvlv0Zlunxqjveh}lhkxqjhq=
Hlqh lp Udkphq hlqhv Zrunvkrsv vwdwwjhixqghqh Xqwhuvxfkxqj ^79`/ zhofkhp Grvlv0
Zlunxqjvprghoo glh ihvwjhvwhoowhq elrorjlvfkhq Ihogh�hnwh jhq jhq/ hujdehq nhlqh noduh
Suçihuhq} i u hlq Grvlvprghoo1 Lq Ehwudfkw jh}rjhq zxughq irojhqghq Pùjolfknhlwhq=

� Prphqwdqzhuw ghu prgl�}lhuwhq Ihogvwçunh rghu Vwurpglfkwh +yhu}huuwh lqqhuh
Ihogvwçunh rghu Vwurpglfkwh,=
( G' 8 E|�

plw ghu doojhphlqhq H{srvlwlrqvjuù h +hohnwulvfkh rghu pdjqhwlvfkh Ihogvwçunh/
Vwurpglfkwh, I+w,

� Plwwhozhuw ghu H{srvlwlrqvjuù h +xqjhvwùuwh Ihogvwçunh 8f,=

( G' 8fE|� '

�
AU
f

_|

�3� AU
f

8fE|� _|

� Nxpxodwlyh Ihogvwçunh rghu Vwurpglfkwh= G=@
AU
f

8fE|� _|

]x glhvhp Grvlvnrq}hsw jhkùuw dxfk gdv yrq Odwduxoor ^6:` i u hohnwulvfkh Iho0
ghu yrujhvfkodjhqh Grvlvgh�qlwlrq=
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f

Ug _| +6147,
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plw ghp Nxu}vfkox vwurp Ug ' /0f
UU

�
O.6_ O� ' a@�}�Re ihu o��

Glhvhv dxi lqgx}lhuwhq Nxu}vfkox vwuùphq edvlhuhqgh Prghoo ehuxkw qlfkw phku
gluhnw dxi ghu H{srvlwlrqvjuù h1 Glh Nxu}vfkox vwuùph Lg vlqg ehuhlwv hl0
qh wudqviruplhuwh Juù h ghu H{srvlwlrqvjuù h Hf� Vlh vlqg dovr hlqh Ixqnwlrq
LgE.f� ghu xqjhvwùuwhq Ihogvwçunh Hf rghu ghu jhplwwhowhq H{srvlwlrqvihogvwçu0
nh H6 dxi ghu Nùushurehu çfkh �Re ihu o��

� Dq}dko ghu Vfkzhoohq ehuvfkuhlwxqjhq= G=@Q+If+w,:I7S��e,,e,

� Vfkdowudwh +H{srvlwlrq If= hlq2dxv,= G=@Y�
Y|

xqg Q= Dq}dko ghu Hlqvfkdowyru0
jçqjh

� H{srvlwlrqv}hlw lqqhukdoe hlqhv Lqwhqvlwçwvlqwhuydoov +�Lqwhqvlwçwvihqvwhu�/ �Uh0
vrqdq}nxuyh�,=

G=@
AU
f

� d8 E|�o _| plw zd8 E|�o@
�

f
� i u 8,J� 	 8 E|� 	 8��}�

� H{srvlwlrqv}hlw lqqhukdoe hlqhv Iuhtxhq}lqwhuydoov +�Iuhtxhq}ihqvwhu�,=

G=@
AU
f

�Es� _| plw z+i,@
�

f
� i u s,J� 	 sf 	 s��}�

� Grvlv0Zlunxqjvprghoo/ zhofkhv ehu fnvlfkwljw/ gd ghu H�hnw hlq }xvçw}olfkhv
Djhqv ehqùwljw +}1 E1 GF0Ihog ghu ]|norwurqwkhrulh/ Nrrshudwlyhv Udxvfkhq
ehlp Skçqrphq ghu vwrfkdvwlvfkhq Uhvrqdq}/ Ihoghu xqg iuhlh Udglndoh/ 111,

� Dowhuqdwlyh ixqnwlrqdoh ]xvdpphqkçqjh= Grvlv0Zlunxqjv0Wkhrulh phkuvwx�0
jhu elrfkhplvfkhu V|vwhph plw yhuvfklhghqhq Sur}h nrqvwdqwhq +Prghoo i u
Zlqgrzvh�hnw, ^73`

Juxqgvçw}olfk nùqqhq dooh rehq dxijhi kuwhq Grvlv0Zlunxqjvprghooh plw rghu rkqh Vfkzho0
oh+q, hlqhq olqhduhq rghu qlfkwolqhduhq Yhuodxi ghu Grvlv0Zlunxqjvnhqqolqlh dxizhlvhq1
Glhv zxugh lq Dee1 617 yhudqvfkdxolfkw1

Wirkungsausmaß
(Intensität des Effekts)

linear

nichtlinear
(mit Sättigungs-
effekt)

Schwelle

Dosis Dosis

Wirkungsausmaß
(Intensität des Effekts)

linear

nicht-
linear

D
Schwelle

Dee1 617= Olqhduh xqg qlfkwolqhduh Grvlv0Zlunxqjveh}lhkxqjhq plw xqg rkqh Vfkzhooh

I u ehvwlppwh qlfkwolqhduh Sur}hvvh ndqq hv vlqqyroo huvfkhlqhq/ glh hlqidfkhq lqwhjudohq
Grvlvgh�qlwlrqhq +Jo1 6145 x1 Jo1 6146, plwwhov ghu Srwhq}ixqnwlrq }x yhudoojhphlqhuq1
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Vr nùqqhq ehlvslhovzhlvh hqhujlhdekçqjljh Sur}hvvh +}1 E1 Zçuphhqwvwhkxqj ehl kùkhuhq
Iuhtxhq}hq, plw ghu }zhlwhq Srwhq} q @ 5 ehvfkulhehq zhughq1
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Xqwhu Ehu fnvlfkwljxqj ghu ehuhlwv hlqjhi kuwhq Nodvvhqhlqwhloxqj xqg Jhzlfkwvidnwruhq
zlug klhudxv=
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618 Grvlphwulvfkhv Prghoo +Prghooelogxqj,
Ehl ghu dqdo|wlvfkhq xqg qxphulvfkhq Prghoolhuxqj yrq H{srvlwlrqvvlwxdwlrqhq lvw glh
Zdko hlqhv jhhljqhwhq Nùushuprghoov zlfkwljhu Ehvwdqgwhlo ghu Oùvxqj ghv Ihogsureohpv1
Ehl ghu Qdfkelogxqj ghu Uhdolwçw p vvhq vrzrko ehl dqdo|wlvfkhu/ dov dxfk qxphulvfkhu
Oùvxqj ghv Ihogsureohpv ehvwlppwh Prghoodqqdkphq jhwur�hq zhughq1 Glh Zdko ghu
V|vwhpjuhq}hq/ glh Ihvwohjxqj yrq J owljnhlwvehuhlfkhq xqg glh Yhuqdfkoçvvljxqj yrq
Vhnxqgçuhlqzlunxqjhq i kuhq }zdqjvoçx�j }x Yhuhlqidfkxqjhq xqg Hlqvfkuçqnxqjhq ehl
ghu Ehvfkuhlexqj ghv sk|vlndolvfkhq Vdfkyhukdowhv1 Glh dqdo|wlvfkh Ehuhfkqxqj ndqq qxu
plw vhku hlqidfkhq jhrphwulvfkhq Jheloghq plw yhuwuhweduhp Dxizdqg gxufkjhi kuw zhu0
ghq1 Glh J wh hlqhu vrofkhq Devfkçw}xqj zlug gdkhu lq huvwhu Olqlh gdyrq dekçqjhq/ zlh
jxw gdv V|vwhp xqg glh Txhoohq yrq pdwkhpdwlvfk ehkdqghoeduhq Jheloghq hlqjhk oow xqg
klhugxufk ehvfkulhehq zhughq nùqqhq1 Glh Hlqi kuxqj pdwkhpdwlvfkhu Dssur{lpdwlrqhq/
zlh vlh hyhqwxhoo }xu Yhuhlqidfkxqj ghu Gl�huhqwldo0 rghu Lqwhjudojohlfkxqj qrwzhqglj zhu0
ghq/ vlqg ghpjhjhq ehu yhuqdfkoçvvljedu1 Ghu hlqjhjdqjhqh Ihkohu oç w vlfk }xghp riw
pdwkhpdwlvfk devfkçw}hq1 Wurw} ghu jur hq Ihkohu ehl ghu Vwuxnwxuqdfkelogxqj olhihuq
dqdo|wlvfkh Ehuhfkqxqjhq q w}olfkh Uhihuhq}hujheqlvvh i u glh Devfkçw}xqj ghv devroxwhq
Ihkohuv gxufk glh Glvnuhwlvlhuxqj xqg Dx ùvxqj qxphulvfkhu Ehuhfkqxqjhq1 Gd dqdo|0
wlvfkh Ehwudfkwxqjhq gdv Yhuvwçqglv ghu sk|vlndolvfkhq ]xvdpphqkçqjh iùughuq/ lvw hv
vlqqyroo/ }xhuvw dqdo|wlvfkh Devfkçw}xqjhq gxufk}xi kuhq1 Vsçwhvwhqv ehl Yruolhjhq yrq
nrpsoh{huhq Nùushuq xqg Txhoohq +Prghoolhuxqj nrpsohwwhu Duehlwvsoçw}h, px dxi glh
qxphulvfkh Ihogehuhfkxqj }xu fnjhjul�hq zhughq1 ]xu Oùvxqj ghv yruolhjhqghq �grvl0
phwulvfkhq� Sureohpv zxughq ehlgh Zhjh yhuirojw1

61814 Nùushuprghooh

Glh Prghoolhuxqj ghv Vsh}lhv Phqvfk zlug lp Udkphq glhvhu Duehlw }xqçfkvw plw kr0
prjhqhq xqg lvrwurshq Nùushuprghoohq gxufkjhi kuw1 Ehl ]xjuxqghohjxqj hlqhv krpr0
jhqhq Nùushuprghoov ndqq plw hlqhp Jdq}nùushugxufkvfkqlww i u QI0Ihoghu plw ghp
Ohlwiçkljnhlwvzhuw V ' 3/5 7

6
jhuhfkqhw zhughq1 Zlh glh Wdehooh 618 }hljw/ gl�hulhuw glh

Ohlwiçkljnhlw ghv phqvfkolfkhq Jhzhehv xp elv }x }zhl Juù hqrugqxqjhq1 Gd gdv Eoxw
plw vhlqhu hohnwuro|wlvfkhq Hljhqvfkdiw hlqh krkh Ohlwiçkljnhlw ehvlw}w/ zhlvhq jxw gxufk0
eoxwhwh Rujdqh hlqh kùkhuh Ohlwiçkljnhlw dxi dov zhqljhu jxw yhuvrujwh Jhelhwh1 Gd glh
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Jhzhehduw Ohlwiçkljnhlw V lq 7*6 uho1 Glhohnwul}l0
wçwvnrqvwdqwh 0o

Glfkwh 4 lq }
S6�

Ihwwjhzheh 3/35 111 3/39 4/8��fD 3/<511131<:
Oxqjh +h{slu1, 3/37 111 3/3<5 619 111 7/8��fD 3/661113/8
Nqrfkhq +nrpsdnw, 3/346 +Vfkçgho, 111 3/37 6;33 �c fH���E�c .����4/;8
Khu}pxvnho 3/44 111 3/5; ;/5��fD 4/361114/4
Kdxw 3/34 111 3/44 4/3
Jhkluq 3/39 111 3/45 4/35114/38
Ohehu 3/46 111 3/4: ;/81143��fD 4/36
Qlhuh/ Plo} 3/49 111 3/68 4/35114/36
Eoxw +uxkhqg, 3/9 111 3/: 6��f� 4/33
Elqghjhzheh 3/4 111 3/4: 4/3

Vnhohwwpxvnho

V% ' fc fSH���fc f.S(
V+ ' fc fSH���fc f.S(
V5 ' fc D2���fc HS(
7V ' 3/68

0% ' �c 2 � �fD(
0+ ' �c 2 � �fD(
05 ' �c � � �fS(
70 ' ;��fD

4/371114/38

Oxiw 4/;��f3�e���2c H � �f3�e 4/3338 +wurfnhq, 3/3345<6 }
S6�

Jhvdpw +Plwwho, 3/48 111 3/58 :��fD 4/38 }
S6�

Wde1 618= Glfkwh xqg hohnwulvfkh Hljhqvfkdiwhq yrq yhuvfklhghqhq Rujdqhq xqg Jhzhehduwhq
i u 433 K} ^55`/^44`/^65`/^46`/^56`

Vnhohwwpxvnhoidvhuq yru doohp yrq orqjlwxglqdohq Eoxwjhiç hq xpjhehq vlqg/ hunoçuw vlfk
klhugxufk gdv dxvjhsuçjwh dqlvrwursh Yhukdowhq yrq Pxvnhojhzheh1 Ehl ghu uhodwlyhq
Glhohnwul}lwçwv}dko ndqq ehl hlqhu Iuhtxhq} yrq 433 K} dov Jdq}nùushugxufkvfkqlww hlq
Zhuw yrq 0o @ :�43D }xjuxqghjhohjw zhughq ^65`1 Glh Glhohnwul}lwçwv}dko lvw vwdun iuh0
txhq}dekçqjlj1 Ehl kùkhuhq Iuhtxhq}hq içoow glh krkh Glhohnwul}lwçwv}dko vwxihqiùuplj
de +Uhod{dwlrq,1 Glhvhv Yhukdowhq zxugh i u elrorjlvfkhv Jhzheh hlqjhkhqg yrq K1 S1
Vfkzdq xqwhuvxfkw ^86`1 Glh huvwh/ ehl Pxvnhojhzheh rehukdoe 433 K} olhjhqgh Uhod{dwl0
rq zlug k0Uhod{dwlrq jhqdqqw1 I u glhvh zhughq phkuhuh }hooxoçuh xqg plnurvwuxnwxuhooh
Xuvdfkhq dqjhqrpphq= jhodghqh ]hoorehu çfkhq plw ghq gd}xjhkùuljhq Jhjhqodgxqjhq
lp H{wud}hooxoçuudxp/ ]hoophpeudqyhuçqghuxqjhq gxufk Lrqhqndqçoh +�jdwlqj fkdqqhov�,
xqg Srodulvdwlrqvphfkdqlvphq çx huhu xqg lqqhuhu jhodghqhu ]hoophpeudqvwuxnwxuhq1

Lp zhlwhuhq Yhuodxi glhvhu Duehlw zlug ghu khwhurjhqh Nùushudxiedx nhlqh Ehu fnvlfkwl0
jxqj phku �qghq/ gd glh orndohq Yduldwlrqhq ghu lp Nùushulqqhuhq lqgx}lhuwhq Nùushu0
vwurpglfkwhq dxijuxqg ghu dqdwrplvfkhq Jhjhehqkhlwhq zhlwjhkhqg ehndqqw vlqg1 Gd
vlfk gdv Jhzheh lq ghq klhu ehwudfkwhwhq Ehuhlfkhq olqhdu yhukçow/ odvvhq vlfk glh ornd0
ohq Vwurpglfkwhq dqkdqg hlqhu Jhzhehnodvvl�ndwlrq jxw devfkçw}hq1 Glh ]lhovhw}xqj ghu
klhvljhq Prghooelogxqj ehvwhkw gdulq/ hlq jhhljqhwhv Prghoo }x hqwzlfnhoq plw ghp vlfk
glh Hlq vvh ghu Nùushujuù h/ Rehu çfkh/ Jhvwdow/ Kdowxqj xqg Vwdqgruw ghv Phqvfkhq
uhodwly }xp hohnwulvfkhq Ihog qdfkeloghq odvvhq1 Dqkdqg glhvhv krprjhqhq Nùushupr0
ghoov zlug johlfk}hlwlj glh uhvxowlhuhqgh lq xhq}lhuwh Jhvdpwvwurpglfkwh dov �grvlphwulvfkh
Juù h� dejhohlwhw1 Dov grvlphwulvfkhv Prghoo px hv jhhljqhw vhlq/ hlqh Shuvrq gxufk
glh Dqjdeh hlqljhu zhqljhu/ lq ghu Sud{lv ohlfkw huplwwhoeduhu Sdudphwhu/ }x ehvfkuhl0
ehq1 Xp plw glhvhp Prghoo H{srvlwlrqvdevfkçw}xqjhq lq krprjhqhq xqg lqkrprjhqhq
H{srvlwlrqvihoghuq +yhuvfklhghqh Txhoohqnrq�jxudwlrqhq xqg Udqgehglqjxqjhq, lq uhd0
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olwçwvqdkhq Xpjhexqjhq ehwuhlehq }x nùqqhq/ px lqvehvrqghuh glh U fnzlunxqj ghv
Suredqwhq ehu fnvlfkwljw xqg Jhjhqvwçqgh ghu xqplwwhoeduhq Xpjhexqj lq glhvhv Pr0
ghoo plwhlqeh}rjhq zhughq nùqqhq1

]xu dqdo|wlvfkhq Ehvfkuhlexqj ghv Nùushuv elhwhq vlfk mh qdfk Nùushuirup xqg Kdowxqj
irojhqgh jhrphwulvfkh Jhelogh dov Nùushuprghoo dq=

� Nxjho +vskhuh,plw ghpUdglxv u= Glh ohlwiçkljh xqg2rghu glhohnwulvfkh Nxjho e}z1
Nxjhovfkdoh lvw gdv hlqidfkvwh dqdo|wlvfk ehkdqghoeduh Yroxphqprghoo1 Dqkdqg hl0
qhv vrofkhq krprjhqhq lvrwurshq Nùushuprghoov zxughq glh huvwhq Juhq}zhuwyhu0
oçxih i u hohnwulvfkh xqg pdjqhwlvfkh Ihoghu dqdo|wlvfk ehju qghw ^7`1 Lp Dqkdqj
ghu yruolhjhqghq Duehlw zlug hlq Nxjhovfkdohqprghoo ehq w}w/ xp glh Vfklupzlu0
nxqj ghu Vhqvruk ooh }x ehuhfkqhq +vlhkh Nds1 D1514 V1 539 �,1 Glhvhv Prghoo ndqq
hehqidoov }xu Devfkçw}xqj ghu Vfklupzlunxqj yrq ohlwiçkljhu Duehlwvfkxw}nohlgxqj/
zlh vlh yrq Udgdu0 xqg Dqwhqqhqprqwhxuhq jhwudjhq zlug/ glhqhq1 Glh Nxjho ndqq
dov hlqidfkvwhu Vsh}ldoidoo hlqhv Hoolsvrlghq plw johlfkodqjhq Kdoedfkvhq d @ e @ f
@ u ehwudfkwhw zhughq1

� Dejhsodwwhwhv Urwdwlrqvhoolsvrlg +surodwh vskhurlg, plw d@e:f= Gdv dejh0
sodwwhwh Urwdwlrqvhoolsvrlg olhihuw qrfk jhvfkorvvhqh dqdo|wlvfkh Dxvgu fnh1 Hv lvw
i u ylhuehlqljh Sulpdwhq zlh Pçxvh/ Udwwhq/ Vfkzhlqh/ hwf1 eudxfkedu1

� Jhvwuhfnwhv Urwdwlrqvhoolsvrlg +reodwh vskhurlg, plw d@e	f= Gdv jhvwuhfnwh
Urwdwlrqvhoolsvrlg glhqw ghu Prghoolhuxqj yrq dxiuhfkw vwhkhqghq/ oçqjolfkhq Jhelo0
ghq1 Hv hljqhw vlfk jxw i u hlqh Ehvfkuhlexqj ghu Ihogh{srvlwlrq hlqhv vwhkhqghq
Phqvfkhq plw qrupdohu Nrqvwlwxwlrq1

� Doojhphlqhv Hoolsvrlg +hoolsvrlgdo prgho,plw d	e	f= Gdv doojhphlqh Hoolsvrlg
olhihuw lp Jhjhqvdw} }xp Urwdwlrqvhoolsvrlg nhlqh jhvfkorvvhqhq pdwkhpdwlvfkhq
Dxvgu fnh phku/ vrqghuq i kuw dxi qxphulvfk }x oùvhqgh hoolswlvfkh Lqwhjudoh1 Gxufk
hlqh Dqsdvvxqj ghu Kdoedfkvhq d/ e/ f ehvlw}w hv hlqhq vhku xqlyhuvhoohq Fkdudnwhu1
Lqvehvrqghuh lvw hv wdxjolfk/ xp Phqvfkhq xqwhuvfklhgolfkhu Nrqvwlwxwlrqvw|shq }x
prghoolhuhq1

� ]|olqghu xqg Nhjho+0vwxpsi,= Plw glhvhq Yroxphqnùushu lvw hlqh Prghoolhuxqj
yrq Ohlwhudqrugqxqjhq xqg Vwuhxndsd}lwçwvdevfkçw}xqjhq pùjolfk1 Glh Prghoolh0
uxqj ghv Phqvfkhq plwwhov hlqhv ]|olqghuprghoov ndqq i u Devfkçw}xqjhq lqqhukdoe
zhlw dxvjhghkqwhq Hohnwurghqdqrugqxqjhq yhuzhqghw zhughq1 Ehl ghu Sdudphwhu0
zdko �

o
' �2 hujhehq vlfk plw ghp ]|olqghuprghoo i u hlq Qruprw|s glh lq ghu

Sud{lv ph eduhq Nxu}vfkox vwuùph gxufk hohnwulvfkh Hlqnrssoxqj ^84`1 Hlqh çkq0
olfkh Prghoolhuxqj i kuwh Ghqr ^47` plw hlqhp Nhjho i u hlqhq jhhughwhq Phqvfkhq
lp hohnwulvfkhq Krprjhqihog gxufk1 Hu huplwwhowh dov Prghoosdudphwhu i u hlqhq
Qruprw|s hlqhq Kdoezlqnho i yrq �Dc .�1

]x glhvhq Prghoonùushuq zxughq i u krprjhqh hohnwulvfkh xqg pdjqhwlvfkh Ihoghu glh
uhvxowlhuhqghq Jhvdpwvwuùph lq Wde1 619 xqg 61: }xvdpphqjhvwhoow1
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Prghoonùushu Hohnwulvfkh Hlqnrssoxqj Pdjqhwlvfkh Hlqnrssoxqj
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Wde1 619= Prghoonùushu }xu dqdo|wlvfkhq Ehvfkuhlexqj ghu Hlqzlunxqj yhuwlndohu hohnwulvfkhu
xqg pdjqhwlvfkhu Krprjhqihoghu
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Prghoonùushu Hohnwulvfkh Hlqnrssoxqj Pdjqhwlvfkh Hlqnrssoxqj
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Ug ' 0f/.fs�� � Z@K

Wde1 61:= Doojhphlqh xqg vsh}lhooh Hoolvsrlgh }xu Prghoolhuxqj ghu Hlqzlunxqj hohnwulvfkhu xqg
pdjqhwlvfkhu Krprjhqihoghu

61815 Dqdo|wlvfkh Prghoolhuxqj plw doojhphlqhp Hoolsvrlg

Ghu Hoolsvrlg elhwhw vlfk }xu dqdo|wlvfkhq Qdfkelogxqj ghv Phqvfkhq ehvrqghuv dq/ gd
gxufk hqwvsuhfkhqgh Yduldwlrq vhlqhu Kdoedfkvhq glh Nùushujuù h xqg I ooh jxw qdfkjh0
eloghw zhughq nùqqhq1 Gdkhu zlug dp Ehlvslho hlqhv doojphlqhq Hoolsvrlghq

%2

@2
n

+2

K2
n

52

S2
' � ES : K : @� +614:,
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plw ghq Kdoedfkvhq d/ e xqg f gdv juxqgvçw}olfkh Yrujhkhq hlqhu vrofkhq dqdo|wlvfkhq
Prghoolhuxqj gdujhvwhoow1 Gdv Hoolsvrlg lvw lp nduwhvlvfkhq Nrruglqdwhqv|vwhp jhpç
Deelogxqj 619 rulhqwlhuw1

K

H

Dz

T+w,

L+w,

D t

M l

L N

D

Dee1 618= Ihoghlqnrssoxqj dxi hlqhq hoolsvrlgiùuplj qdfk0
jheloghwhq Phqvfkhq lqnoxvlyh ghq zlfkwljvwhq dejhohlwhwhq
Juù hq zlh çtxlydohqwh zlunvdph Ioçfkh D�/ Txhuvfkqlwwv0
 çfkh D^/ lqqhuh Vwurpglfkwh �M� xqg Nxu}vfkox vwurpvwçunh
Lg

3

 

)

U

M

@

Dee1 619= Odjh ghv Hools0
vrlghq plw vhlqhq Kdoedfkvhq
lp nduwhvlvfkhq Nrruglqdwhq0
v|vwhp

Glh Dxvjdqjvjohlfkxqjhq eloghq glh Pd{zhoovfkhq Johlfkxqjhq1 Lq gl�huhqwlhoohu Irup
odxwhq glhvh=

oJ| OM ' Oa n
Y

Y|
O( +614;,

oJ| O. ' � Y

Y|
O� +614<,

_�� O( ' # +6153,

_�� O� ' f +6154,

]xu yroovwçqgljhq Ehvfkuhlexqj hlqhv Ihogsureohpv p vvhq glh vrjhqdqqwhq Pdwhuldojohl0
fkxqjhq

O( ' 0 O. +6155,
O� ' > OM +6156,
Oa ' VO. +6157,

xqg Udqgehglqjxqjhq klq}xjhqrpphq zhughq1 Gxufk glh ]xjuxqghohjxqj hlqhv krpr0
jhqhq dqlvrwurshq Nùushuprghoov ndqq gdv Ihogsureohp lq }zhl Ihogehuhlfkh dxijhwhlow



86

zhughq1 Ghu huvwh Ehuhlfk huvwuhfnw vlfk ehu gdv Nùushulqqhuh plw ghu plwwohuhq glhohnwul0
vfkhq Hljhqvfkdiw 0oc}erc ghu Shuphdelolwçw yrq Ydnxxp >J +pdnurvnrslvfkh Ehwudfkwxqj
xqg Dxvvfkox yrq phwdoolvfkhq Lpsodqwdwhq, xqg ghu plwwohuhq Ohlwiçkljnhlw V}er G

0 ' 0f0oc}er( > ' >J( V ' V}er� +6158,

Ghu }zhlwh Ehuhlfk lvw glh ghq Phqvfkhq xpjhehqgh Oxiw plw vhlqhu hohnwulvfkhq xqg
pdjqhwlvfkhq Hljhqvfkdiw=

0 ' 0f( > ' >J( VOxiw r f� +6159,

GlhZhoohqoçqjh b ghu ehwudfkwhwhq qlhghuiuhtxhqwhq Ihoghu +i	 63 nK}, lvw jhjhq ehu ghq
Dephvvxqjhq ghv phqvfkolfkhq Nùushuv vr jur / gd glhvh Ihoghu dov hqwnrsshow ehwudfk0
whw zhughq g uihq1 Glhv ehghxwhw/ gd glh vhnxqgçu yrq ghq Nùushuvwuùphq hu}hxjwhq
Pdjqhwihoghu jhjhq ehu ghq Ihogjuù hq ghu h{whuqhq Txhoohq yhuqdfkoçvvljw zhughq g u0
ihq1 Gdkhu lvw hv pùjolfk/ glh Hlqzlunxqj ghu Ihoghu hqwvsuhfkhqg ghuhq ndsd}lwlyhq xqg
lqgxnwlyhq Nrssoxqjvphfkdqlvpxv vhsdudw }x ehkdqghoq1 Gdv hohnwulvfkh Ihog lp Nùu0
shulqqhuhq O.� xqg dq ghu Rehu çfkh vhw}w vlfk }xvdpphq dxv hlqhp gxufk hohnwulvfkh
Nrssoxqj khuyrujhuxihqhq Ihog O.e xqg hlqhp hohnwulvfkhq Ihogdqwhlo O.6/ zhofkhu gxufk
gdv pdjqhwlvfkh Zhfkvhoihog lqgx}lhuw zlug=

O.� ' O.e n O.6 +615:,

]lho ghu irojhqghq Uhfkqxqj lvw qxq/ glh dxijuxqg ghu hohnwulvfkhq xqg pdjqhwlvfkhq
Nrssoxqj lp Nùushu khuyrujhuxihqh plwwohuh Vwurpglfkwh }x ehuhfkqhq1 Lvw glhvh }hqwud0
oh Juù h ehndqqw/ vr odvvhq vlfk klhudxv ohlfkw zhlwhuh }xu Ehxuwhloxqj ghu Ihogh{srvlwlrq
ehvwlpphq1 Klhu}x jhkùuhq ghu lp Idooh hlqhv jhhughwhq Nùushuv lp krprjhqhq hohnwul0
vfkhq Ihogihog khuyrujhuxihqh Jhvdpwvwurp +vrj1 Nxu}vfkox vwurp,/ Vwurpglfkwhsur�oh
xqg glh Hqhujlhdevruswlrq lp Jhzheh +Vsh}l�vfkh Devruewlrqvudwh= VDU,1

6181514 Hlqnrssoxqj ghv hohnwulvfkhq Ihoghv

]xu Ehuhfkqxqj ghu gxufk glh hohnwulvfkh Ihoghlqnrssoxqj lq xhq}lhuwhq Nùushuvwuùph
xqg Ihoghu eohlew lp huvwhq Vfkulww glh ]hlwdekçqjljnhlw ghv Ihoghv xqehu fnvlfkwljw/ g1 k1
hv zlug huvw hlqpdo yrq uhlq hohnwurvwdwlvfkhq Yhukçowqlvvhq dxvjhjdqjhq1 Huvw lp }zhlwhq
Vfkulww zlug glh ]hlwdekçqjljnhlw plw hlqeh}rjhq1 Glh klhugxufk jhzrqqhqh Oùvxqj lvw
i u odqjvdp yhuçqghuolfkh Ihoghu j owlj1

Hohnwurvwdwlvfkhv Sureohp }xu Oùvxqj ghv h{whuqhq Sureohpv hlqhv lghdo ohl0
whqghq Nùushuv ]xu Oùvxqj glhvhv Udqgzhuwsureohpv zlug zhlwhuklq yrq hlqhp lgh0
do ohlwiçkljhq Nùushu dxvjhjdqjhq1 Glhvh Dqqdkph gdui }xu Ehwudfkwxqj ghv h{whuqhq
Ihogudxphv jhwur�hq zhughq/ gd dxijuxqg ghu krkhq Shuplwwlylwçw ghv Nùushuv +0o � �fS�
glh johlfkh çx huh Ihog0 xqg Odgxqjvyhuwhloxqj hu}hxjw zlug/ zlh ehl hlqhp lghdo ohlwhqghq
Hoolsvrlghq1 Rkqh Yrukdqghqvhlq hlqhv h{whuqhq hohnwulvfkhq Ihoghv ndqq glh Ihog0 xqg
Odgxqjvyhuwhloxqj dxi hlqhp Hoolsvrlghq plw ghu dxijheudfkwhq iuhlhq Odgxqj T plw Kloih
ghu Odsodfhvfkhq Johlfkxqj

{� ' f
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ehvwlppw zhughq1 Glhvh Johlfkxqj ndqq i u hlqhq Hoolsvrlghq dp hlqidfkvwhq gxufk Hlq0
i kuxqj ghu Den u}xqj

-r '
s
Ern @2� Ern K2� Er n S2�c Er ' 1c #c l� +615;,

lq hoolsvrlgdohq Nrruglqdwhq 1c #c l dxvjhgu fnw zhughq ^8:`/ ^87`=

82x '
e
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Y
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Yx
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' f

Dxijuxqg ghu Ruwkrjrqdolwçwvhljhqvfkdiw vlqg dooh phwulvfkhq Nrh!}lhqwhq j��
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n
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Y��
Y%�

Y��
+6163,

plw � 9' � lghqwlvfk Qxoo1 Hv yhueohlehq qxu glh Hohphqwh ghu Kdxswgldjrqdohq=

�� '
�
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s
E13#�E13l�
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El31�El3#�
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+6164,

]xu Wudqvirupdwlrq lq nduwhvlvfkh Nrruglqdwhq vlqg glh irojhqghq Eh}lhkxqjhq zlfkwlj=

%2 '
E1n@2�E#nK2�ElnS2�

EK23@2�ES23@2� ( +2 '
E1n@2�E#nK2�ElnS2�

ES23K2�ES23@2� ( 52 '
E1n@2�E#nK2�ElnS2�

E@23S2�EK23S2� +6165,

Dov Oùvxqj ghu Odsodfh Johlfkxqj hukçow pdq gdv qxu yrq 1 dekçqjljh Srwhqwldo=

xE1� '
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H � Z � 0f

] "
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_1
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+6166,

Dq ghu Rehu çfkh khuuvfkw glh Ioçfkhqodgxqjvglfkwh jr=

jr ' �0
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+6167,

Plw Jo1 6165 hujlew vlfk dxv Jo1 6167 glh Rehu çfkhqodgxqjvglfkwh jr plw ghq nduwhvlvfkhq
Nrruglqdwhq dq ghu Rehu çfkhqk ooh %rc +r xqg 5r }x=

jr E%rc +rc 5r� '
'

eZ

�

@KS
t

%2r
@e

n +2r
Ke
n 52r

Se

Glh jhvdpwh Rehu çfkhqodgxqj T vhw}w vlfk }xvdpphq dxv ghu hohnwurvwdwlvfkhq Yruod0
gxqj TT xqg ghp gxufk hlq çx huhv Ihog lq xhq}lhuwhq Dqwhlo Tlq 1 G

' ' 'T n'lq +6168,

Glh Rehu çfkhqodgxqjvyhuwhloxqj jrE%rc +rc 5r� hlqhv guhldfkvljhq ohlwhqghq Hoolsvrlghq lp
krprjhqhq/ dxv eholheljhu Ulfkwxqj hlqidoohqghq hohnwulvfkhq Ihog ndqq vhku nrpsdnw plw
Kloih ghu Irupidnwruhq Qb dxvjhgu fnw zhughq ^6;`=

jr '
�

eZ
E
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.+ n
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.5� +6169,
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plw ghq lq glh Kdxswdfkvhq }huohjwhq Nrpsrqhqwhq qb ghv Qrupdohqhlqkhlwvyhnwruv O?e G
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xqg ghq Irupidnwruhq +dxfk �Ghsrodulvdwlrqv0� rghu �Hqwhohnwulvlhuxqjvidnwruhq� jh0
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Glh Jo1 6169 ndqq qxq dxvi kuolfk dqjhvfkulhehq zhughq }x=
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� +6173,

Lqwhjudoh Devfkçw}xqj ghu lqqhuhq Vwurpglfkwh Dxijuxqg ghp Jhvhw} ghu Od0
gxqjvhukdowxqj jlow i u ghq Nxu}vfkox vwurp Lg xqg ghp hohnwulvfkhq Yhuvfklhexqjvvwurp
LT G

Ug n UT '
_'

_|
n

]]
�Edvlv

VO.� _ O� ' f +6174,

Lp Jhjhqvdw} }x reljhq hohnwurvwdwlvfkhq Johlfkxqjhq lvw lq Jo1 6174 glh ]hlwdekçqjlj0
nhlw lpsol}lhuw1 Glh }hlwolfkh Yduldwlrq ghv Ihoghv ehzlunw dq ghu Rehu çfkh hlqh vwçqgl0
jh Xpyhuwhloxqj ghu lq xhq}lhuwhq Rehu çfkhqodgxqj T1 Khuyrujhuxihq gxufk glhvh Od0
gxqjvxpyhuwhloxqjhq dq ghu Nùushurehu çfkh/ hqwvwhkhq lq Ulfkwxqj ghv Nùushulqqhuhq
rehu çfkhqqdkh Dxvjohlfkvvwuùph/ ghuhq Lqwhqvlwçw plwwhov hlqhu lqwhjudohq Ehwudfkwxqj
ehvwlppw zhughq ndqq1
Gxufk Dqzhqgxqj ghv Vdw}hv yrp hohnwulvfkhq K oohq x

[e, '

]
�

]
E��

O( _O@ '

]]
�

j _� ' '}er +6175,

plw
[e, G hohnwulvfkhu Iox

ndqq glh jhvdpwh/ jhjhq Hugh de lh hqgh iuhlh Odgxqj T ehuhfkqhw zhughq1 Klhu}x zlug
gdv K oohqlqwhjudo ehu glh hohnwulvfkh Iox glfkwh O( jheloghw1 Gdv K oohqlqwhjudo ndqq lq
hlq Ioçfkhqlqwhjudo ehu glh h{srqlhuwh Ioçfkh Dh{sr xqg glh Edvlv çfkh DEdvlv dxijhwhlow
zhughq=

' '
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Hlqvhw}hq yrq Jo1 6176 lq Jo1 6174 xqg _
_|
� �/ hujlew=]]

�Edvlv

EVn �/0� O.� _ O�n

]]
�h{sr

�/0f O.r _ O� ' f +6177,

Klhudxv oç w vlfk glh Vwurpvwçunh Lg ehvwlpphq=

Ug '

]]
�Edvlv

EVn �/0� O.� _ O� ' ��/0f
]]
�h{s r

O.r _ O� +6178,

Klhu zlug huvlfkwolfk/ gd ghu Nxu}vfkox vwurp Lg qlfkwv dqghuhv lvw/ zlh ghu dxi ghu
h{srqlhuwhq Nùushurehu çfkh hu}hxjwh Yhuvfklhexqjvvwurp LT plw xpjhnhkuwhp Yru}hl0
fkhq/ gd ghu Qrupdohqyhnwru O? ' _ O�

�
gh�qlwlrqvjhpç lpphu qdfk dx hukdoe ghu K ooh

iM }hljw1 Dxv Jo1 6178 oç w vlfk ihuqhu deohvhq/ gd ghu Yhuvfklhexqjvvwurp gluhnw plw
ghu lqqhuhq hohnwulvfkhq Ihogvwçunh O.� yhunq siw lvw1 Idoov glh gxufk iuhlh Odgxqjvwuçjhu
jhwudjhqh Vwurpglfkwh VO.� glhmhqljh gxufk hohnwulvfkh Srodulvdwlrq jhqhulhuwh Vwurpglfk0
wh �/0 O.� ghxwolfk ehuvwhljw/ eloghw ghu Nxu}vfkox vwurp dov lqwhjudoh Juù h glh lqqhuhq
Nùushuvwuùph gluhnw de1 Ehl kùkhuhq Iuhtxhq}hq px mhzhlov jhsu iw zhughq/ re ghu
Srodulvdwlrqvdqwhlo yhuqdfkoçvvljw zhughq gdui/ g1 k1 re glh Ehglqjxqj

2Zs0o E/� 0f 		 V +6179,

jlow1 Ehl qhw}iuhtxhqwhq Vwuùphq lvw glhvh Yhuqdfkoçvvljxqj dxi mhghq Idoo i u dooh Jh0
zhehduwhq }xoçvvlj1 Lq Deelogxqj 61: vlqg glh Ohlwiçkljnhlwhq i u Vnhohwwpxvnho ehu ghu
Iuhtxhq} dxijhwudjhq1 Klhudq oç w vlfk hunhqqhq/ gd ghu Dqwhlo ghv Srodulvdwlrqvvwurphv
ehl Vnhohwwpxvnxodwxu ehl 4 nK} qxu 5/6 (/ ehl 43 nK} ; ( xqg 45/: ( ehl 433 nK}
ehwuçjw1 Huvw ehl Iuhtxhq}hq rehukdoe yrq 433 PK} nrpphq glh Srodulvdwlrqvvwuùph
i u Pxvnhojhzheh lq glh johlfkh Juù hqrugqxqj zlh glh Vwurpdqwhloh zhofkh yrq iuhlhq
Odgxqjvwuçjhuq xqg Lrqhq jhwudjhq zhughq1

Qdfk uçxpolfkhu Plwwhoxqj ghu Vwurpglfkwh ehu glh Edvlv çfkh D�@r�r oç w vlfk dxv Jo1
6178 hlqh jhplwwhowh Vwurpglfkwh deohlwhq/ glh lp irojhqghq dov plwwohuh Edvlvvwurpglfkwh
7a�c�@r�r eh}hlfkqhw zlug=

7a�c�@r�r '

��/0f
UU

�h{sr

O.r _ O��
� n �/ 0

V

� � �Edvlv

'

�
/ 0
V
� �

� � /0f�
� n

�
/ 0
V

�2� � �Edvlv

]]
�h{sr

O.r _ O� +617:,

Idoov V :: 2Zs0 jlow/ vwuhew 0
V
:�$ fc zrplw vlfk Jo1 617: yhuhlqidfkw }x=

7a�c�@r�r '

��/0f
UU

�h{sr

O.r E%rc +rc 5r� _ O�

�Edvlv

+617;,

Glh plwwohuh Edvlvvwurpglfkwh 7a�c�@r�r ndqq dovr huplwwhow zhughq/ zhqq glh Ihogvwçunh0
yhuwhloxqj dxi ghu Nùushurehu çfkh ehndqqw lvw1 Juxqgvçw}olfk ndqq glhvh Ihogyhuwhloxqj
O.r E%rc +rc 5r� dq ghu Nùushurehu çfkh Sxqnw i u Sxqnw jhphvvhq xqg dx�qwhjulhuw zhu0
ghq1 Gdv klhu hqwzlfnhowh Grvlphwhu pl w klqjhjhq glh Rehu çfkhqihogvwçunh lq guhl
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Dee1 61:= Dqwhloh ghu lqqhuhq hohnwulvfkhq Vwurpglfkwh jhwudjhq yrq iuhlhq Odgxqjvwuçjhu +rkp0
vfkhu Dqwhlo, xqg Srodulvdwlrqvvwuùphq +glhohnwulvfkhu Dqwhlo, ehl Pxvnhojhzheh

Ulfkwxqjhq dq hlqhu uhsuçvhqwdwlyhq Vwhooh Oo E%rcfc +rcfc 5rcf�1 Glh dq hlqhu Vwhooh dxi ghu
Nùushurehu çfkh uhsuçvhqwdwly jhphvvhqh Ihogvwçunh O.r E%rcfc +rcfc 5rcf� lvw }zdqjvoçx�j
qlfkw phku yrq ghu Ioçfkh dekçqjlj/ vr gd glh Lqwhjudwlrq ehu glh Yhuwhloxqj gxufk hlq0
idfkh Pxowlsolndwlrq plw ghu h{srqlhuwhq Rehu çfkh huvhw}w zhughq ndqq1 ]xp Dxvjohlfk
gdi u/ gd glh Ihogvwçunh ohgljolfk dxi hlqhu uçxpolfk nohlqhq Ioçfkh huid w zlug/ p vvhq
wudjhsrvlwlrqvdekçqjljh Dxvjohlfkvidnwruhq E}%r c }+rc }5r� hlqjhi kuw zhughq=

7a�c�@r�r �' ��/0f E}%rc }+r c }5r� �
O.r E%rcfc +rcfc 5rcf�

�Edvlv

]]
�h{s r

_ O� +617<,

Glh plwwohuh Vwurpglfkwh hlqhv Kdoehoolsvrlghq hujlew vlfk ehl yhuwlndohu Ihogh{srvlwlrq
}x=

7a�c�@r�r �' ��/0fE}%r c }+rc }5r� � O.r E%rcfc +rcfc 5rcf�
�M@,Ke,,�RrJ�_

Z@K
+6183,

plw ghu h{srqlhuwhq Kdoehoolsvrlg çfkh DM@,Ke,,�RrJ�_/ ghvvhq Khunxqiw lp Dqkdqj V1 BB
qçkhu dxvjhi kuw lvw1

�M@,Ke,,�RrJ�_ ' 2 �
Z
2]
f

�
@Kn S2

�
K2 ULt2E � n @2 t�?2E �

� � +6184,

� *?E
s

K2@2 � S2@2 t�?2E �� S2K2 ULt2E � n K@

S
s
K2 ULt2E � n @2 t�?2E �

�� +6185,

� �s
K2@2 � S2@2 t�?2E �� S2K2 ULt2E �

&
_ +6186,
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Glh Idnwruhq E}%r c }+r c }5r� p vvhq h{shulphqwhoo xqg qxphulvfk i u glh yrujhvhkhqh Wud0
jhsrvlwlrq huplwwhow zhughq1 Yhujohlfkh klhu}x glh ph whfkqlvfkhq Uhvxowdwh dxi V1 4<<
xqg glh qxphulvfkhq2prghoodqdo|wlvfkhq Hujheqlvvh lq Devfkqlww 71716 dxi V1 ;61 Glh
Edvlvvwurpglfkwh 7a�c�@r�r ndqq dov hlqh nrqvhuydwlyh Devfkçw}xqj ghu plwwohuhq Nùushu0
vwurpglfkwh 7a� dxijhid w zhughq1

7a�c�@r�r : 7a� +6187,

Dekçqjljnhlw ghu lqqhuhq Nùushuvwuùph yrq ghu xqjhvwùuwhq hohnwulvfkhq Ihog0
vwçunh Ehl dxiuhfkwhu Srvlwlrq zlug dxi ghp Nrsi glh pd{lpdoh Ihogvwçunh .rc4@ '
.r E%rcfc +rcfc 5rcf� ' .r Efc fc S� huuhlfkw1 Dxv Vhqvlwlylwçwvju qghq lvw gdkhu ghu Nrsieh0
uhlfk ehvrqghuv jhhljqhw/ xp glh Ihogh{srvlwlrq }x phvvhq1 Klhu oç w glh jhphvvhqh Ihog0
vwçunh ehu ghq ehndqqwhq Ihog ehukùkxqjvidnwruhq i�� U fnvfko vvh dxi glh xqjhvwùuwh
Ihogvwçunh Hf }x1 Hv jlow

.rc4@ ' s��cb.f

plw ghp Ihog ehukùkxqjvidnwru i u hlqhq doojhphlqhq Hoolsvrlghq ^;`

s��cb '
2

@KS8b
'

2

@KS
"U
f

_b
E�2nb�-b

c +6188,

b ' %c +c 5 xqg x@d/e/f� Glh ßehukùkxqjvidnwruhq lq Jo1 6188 odvvhq vlfk xqwhu Yhuzhq0

gxqj ghv Prgxov & ' t�?E
t

S23@2
S23@2 � xqg ghv Zlqnhov ) ' @hUt�?E�

S

s
S2 � @2� dxi xqyroo0

vwçqgljh hoolswlvfkh Lqwhjudoh H+n/), xqg I+n/), lq Ohjhqguhvfkh Qrupdoirup ehui kuhq=

s��c% '
�

�%

'
�

@ � K � S
�

K

@ � SEK2 � @2�
� .E&c )�

EK2 � @2�
s
S2 � @2

�3�
+6189,

s��c+ '
�

�+
'

�

@ � K � S
�s

S2 � @2 � .E&c )�

EK2 � @2� ES2 � K2�
� 8 E&c )�

ES2 � K2�
s
S2 � @2

� @

S � KEK2 � @2�

�3�
+618:,

s��c5 '
�

�5
'

�

@ � K � S
ES2 � K2�

s
S2 � @2

d8 E&c )�� .E&c )�o
+618;,

Gd plw i�� glh ßehukùkxqjvidnwruhq i u hlq ohlwhqghv Hoolsvrlg ehndqqw vlqg/ jholqjw hv dxi
glhvhu Juxqgodjh/ glh xqjhvwùuwhq Ihogvwçunhq }x huuhfkqhq1 Vr hujhehq vlfk ehlvslhov0
zhlvh i u hlqhq vwhkhqghq Phqvfkhq +Qruprw|s,/ zhofkhu gxufk hlq ohlwhqghv Hoolsvrlg
plw ghq Kdoedfkvhq f @ 4/:8 p/ e @ 3/5: p/ d @ 3/468 p prghoolhuw zlug/ glh lq Wde1
61; dxijhi kuwhq Hujheqlvvh1 Glh ßehukùkxqjvidnwruhq vlqg lq Ulfkwxqj ghu guhl Nr0
ruglqdqwhqdfkvhq {/| xqg } ehvwlppw1 Hlq eholhelj hlqidoohqghv Ihog zlug lq glhvh guhl
ruwkrjrqdohq Ihognrpsrqhqwhq }huohjw xqg gdv Hqguhvxowdw gxufk Vxshusrvlwlrq jhzrq0
qhq1 Zhlwhuklq vlqg lq Wde1 61; glh Vfkqlww çfkhq D^cb xqg glh zlunvdphq Ioçfkh D�cb

ehuhfkqhw1 Glh h�hnwlyh Ioçfkh D�cb lvw glh Hlq}xjv çfkh ghumhqljhq Ihogolqlhq/ glh dxi
ghp Nùushu hqghq1 Glh ehlghq Ioçfkhq vlqg plw ghp Ihog ehukùkxqjvidnwru hlqhv ohl0
whqghq Nùushuv yhunq siw=

��cb ' s��cb�^cb +618<,
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Glh Hlqi kuxqj glhvhu h�hnwlyhq Ioçfkh D� huodxew ghq Nxu}vfkox vwurp Lg plw hlqhu
hlqidfkhq Eh}lhkxqj plw ghu xqjhvwùuwhq Ihogvwçunh dxv}xgu fnhq=

Ug ' ��/0f.fcb��cb +6193,

]xvdpphq plw Jo1 618</ Jo1 6178 xqg Jo1 617: hujlew vlfk glh Dekçqjljnhlw ghv Nxu}0
vfkox vwurpv Ug xqg ghu Edvlvvwurpglfkwh 7a�c�@r�r yrq ghu xqjhvwùuwhq hohnwulvfkhq Ihog0
vwçunh .f=

Ug ' ��/0f.fcb��cb ' ��/0f.fs��cb�^cb ' ��/0f
]]
�h{sr

O.r _ O� +6194,

7a�c�@r�r '

��/0f
UU

�h{s r

O.r _ O��
� n �/ 0

V

� � �Edvlv

'
��/0f.fs��cb�^cb�
� n �/ 0

V

� � �Edvlv

+6195,

Kdoedfkvhq D^cb ' Ib i��cb ' 2
@KSu8b D�cb ' s��cb�^cb

{0Dfkvh d @ 3/468 p
�^c+ ' Z@S
' fc 2�S� 62

U"
f

_%
EK2n%�-%

�c D2H fc S�f p2

|0Dfkvh e @ 3/5: p
�^c% ' ZKS

' fc e.2D 62

U"
f

_+
E@2n+�-+

�c fbS fc .�2 p2

}0Dfkvh f @4/:8 p
�^c5 ' Z@K
' fc ��eD 62

U"
f

_5
ES2n5�-5

eec �.2 Dc f. p2

Wde1 61;= ßehukùkxqjvidnwruhq xqg h�hnwlyh Ioçfkh i u hlq ohlwhqghv hlqhq Qruprw|s uhsuçvhq0
wlhuhqghv Hoolsvrlg

Gdv Prghoo ghv ohlwiçkljhq Kdoehoolsvrlghq vslhjhow qdw uolfk glh uhdohq Yhukçowqlvvh qxu
xqyroonrpphq zlhghu1 Lq ghu Sud{lv zhughq qlhguljhuh Ihog ehukùkxqjvidnwruhq huuhlfkw1
Xqwhu Oderuyhukçowqlvvhq zhughq ehlvslhovzhlvh qdfk ^67` i u hlqhq jhhughwhq/ 4/;8 p
jur hq vwhkhqghq Phqvfkhq i�� ' 57/5/ i u hlqhq vlw}hqghq Phqvfkhq +k @ 4/68 p, 49/<
huuhlfkw1 Hlq Yhujohlfk plw ghq xqwhu hlqhu Iuhlohlwxqj huplwwhowhq Zhuwhq yrq : lp
vlw}hqghq Idoo xqg 48 i u hlqhq vwhkhqghq Phqvfkhq hujlew ghxwolfk jhulqjhuh Zhuwh1
Glh Huqlhguljxqj ghu Ihogehodvwxqj lp Nrsiehuhlfk kçqjw ehl Iuhlihogyhuvxfkhq plw ghq
Hugxqjvyhukçowqlvvhq xqg ghu Ihogkrprjhqlwçw }xvdpphq1

H{srqlhuwh Nùushurehu çfkh Dxv ghu Dqvfkdxxqj xqg jhpç ghq Johlfkxqjhq 6194
xqg 6195 nrppw ghu h{srqlhuwhq Nùushurehu çfkh ehl hohnwulvfkhu Ihogh{srvlwlrq hlqh
ixqgdphqwdoh Ehghxwxqj }x1 Hlqh pùjolfkvw jhqdxh Nhqqwqlv ghu phqvfkolfkhq Nùushu0
rehu çfkh lvw hehqidoov i u phwderolvwlvfkh Ehwudfkwxqjhq lq ghu nolqlvfkhq Ndorulphwulh
zlfkwlj1 Gd glhvh Juù h hlqhu gluhnwhq Phvvxqj vfkzhu }xjçqjolfk lvw/ ehvwdqg xqwhu Ph0
gl}lqhuq xqg Sk|vlrorjhq ehuhlwv iu khv Lqwhuhvvh/ glhvh Juù h dxv ohlfkwhu }x huplwwhoqghq
Nùushusdudphwhuq }x jhzlqqhq1 Vr idqg Phhk +4;:<, ^4:` lq vhlqhq Xqwhuvxfkxqjhq/ gd
glh Rehu çfkh çkqolfkhu Nùushu sursruwlrqdo }x hlqhu Srwhq} yrq 2

�
ghv Yroxphqv Y lvw=

��K ihu ,� ' & � T 2
� � +6196,
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Gxufk vwdwlvwlvfkh Phvvxqjhq huplwwhowh hu ghq Sursruwlrqdolwçwvidnwru n i u irojhqgh
Ehyùonhuxqjvjuxsshq=

n@4516 i u Huzdfkvhqh xqg çowhuh Nlqghu +: ( Jhqdxljnhlw,
n@441< i u Nlqghu
n@4316 i u Ede|v
n@<043= i u vhku nrusxohqwh Huzdfkvhqh

Klhudxi irojwhq Duehlwhq yrq Plyd/ Vwùo}hu +4;<;,/ glh glh Nùushurehu çfkh lq Dekçqjlj0
nhlw yrq ghu Nùushupdvvh p xqg ghp Euxvwxpidqj X dxi Dfkvhokùkh dxvgu fnwhq=

��K ihu ,� ' e�D��D � L 2
�6

�
��

�
� +6197,

Glh lq ghu Olwhudwxu dov �GxErlv0Irupho� ehndqqwh hpslulvfkh Eh}lhkxqj glhqw ghu Eh0
vwlppxqj ghu Nùushurehu çfkh ��K ihu ,� lq S62/ idoov gdv Jhzlfkw p lq nj xqg glh Juù h
k lq fp ghu Shuvrq ehndqqw lvw ^4:`=

��K ihu ,� ' .�c He �6fce2D � �fc.2D * �S.c 2 �
s
6 � �

Glh Nùshurehu çfkh hlqhv gxufkvfkqlwwolfkhq Pdqqhv +Qruprw|s, ehwuçjw 4/;8 p2 xqg
glh hlqhu Iudx 4/7 p2�
Ghu Ioçfkhqlqkdow �S@R hlqhu hoolsvrlgiùupljhq Ndssh lvw +Uhfkqxqj vlhkh Dqkdqj V1 54:,

�S@R '

]]
EK�

K

u
�� 52

S2

u
�� &2|2

�� |2
_| _5 +6198,

plw ghu Vxevwlwxwlrqvyduldeohq w xqg n=

| '
�

K
t
�� 52

S2

+( & '

v�
�� @2

K2

� �
�� 52

S2

�
� n �

S2

�
@2

S2
� �

�
52
� +6199,

Dov Pd i u glh ßehuhlqvwlppxqj ghv hoolsvrlgdohq Prghoov plw ghu wdwvçfkolfkhq Jhjh0
ehqkhlw oç w vlfk ghu Txrwlhqw ghu Ioçfkh hlqhv doojhphlqhq Hoolsvrlghq plw ghu �uhdohq�/
ehu glh �GxErlv� Eh}lhkxqj huplwwhowhq Ioçfkh eloghq=

�.,,�RrJ�_E�J_e,,�

�(��J�rEhi@*�

'

H �
SU
f

Z
2U
f

K
t
�� 52

S2
�
s
�� &2 t�?2 )_)_5

fc 2f2D �6fce2D � �fc.2D +619:,

plw
k= Nùushukùkh lq p
p= Pdvvh p lq nj

Prghoo Kdoehoolsvrlg Yroohoolsvrlg GxErlv
Sdudphwhu d/ e/ f@�

2
d/ e/ f@k k lq p/ p lq nj

Pdvvh p 2
�
Z@KS � 4 e

�
Z@KS � 4 p lq nj

Ioçfkh D �e,,�RrJ�_
2

�e,,�RrJ�_ fc 2f2D �6fce2D � �fc.2D
Qruprw|s=
@ ' fc ��Dp( K ' fc 2.p
S ' �c .Dp( 6 ' .f nj

4/;4 p2 4/;6 p2 4/;8 p2

Wde1 61<= Rehu çfkhqehuhfkqxqj hlqhv Qruprw|sv plw Yroo0 xqg Kdoehoolsvrlg xqg ghu %GxErlv%
0 Irupho lp Yhujohlfk
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6181515 Hlqnrssoxqj ghv pdjqhwlvfkhq Ihoghv

Glh Hlqzlunxqj ghv pdjqhwlvfkhq Ihoghv ehvfkuhlew glh }zhlwh Pd{zhoovfkh Johlfkxqj

oJ| O. ' �_ O�

_|
� +619;,

Glh lqgx}lhuwh Xpodxivsdqqxqj
J

L �?_ ndqq klhudxv qdfk Dxvi kuxqj hlqhu Lqwhjudwlrq ehu
glh �Vfkohlihq çfkh� xqg gxufk Dqzhqgxqj ghv Vwrnhvfkhq Vdw}hv dxi glh jhvfkorvvhqh
Udqgnxuyh

J
r ehuhfkqhw zhughq1 Hv hujlew vlfk gdv Idudgd|vfkh Lqgxnwlrqvjhvhw}=

J

L �?_'

L
O. _Or ' � _

_|

]]
O� _O@ +619<,

Glh uhodwly jxwh rkpvfkh Ohlwiçkljnhlw V ghv Jhzhehv hupùjolfkw hlqhq Vwurp x plw ghu
Vwurpglfkwh

Oa ' V O. � +61:3,

Glh plwwohuh Vwurpglfkwh lqqhukdoe ghv Nùushuv hukçow pdq gxufk hlqh uçxpolfkh Lqwhjud0
wlrq ehu gdv Nùushuyroxphq=

Oa�c6�||e, '
�

T

]]]
T

Oa E%c +c 5� _T +61:4,

I u hlqhq hoolsvrlgiùupljhq Prghoonùushu oç w vlfk glhvhv Yroxphqlqwhjudo qdfk +^5` V1
66<, dxvi kuhq1 ]xvdpphq plw Jo1 61:3 xqg ghp Nùushuyroxphq

T '
e

�
Z@KS +61:5,

hujlew vlfk glh plwwohuh Vwurpglfkwh }x=

Oa�c6�||e, '
�

eZ@KS

@]
3@

K
@

I
@23%2]

3 K
@

I
@23%2

S
t
�3%2

@2
3 +2

K2]
3S
t
�3%2

@2
3 +2

K2

V O.� _5 _+ _% +61:6,

Glh lqgx}lhuwhq lqqhuhq hohnwulvfkhq Ihogvwçunhq kçqjhq qhehq ghu }hlwolfkhq Iox glfkwh0
çqghuxqj ohgljolfk yrq jhrphwulvfkhq Idnwruhq de1 Glh lqgx}lhuwhq lqqhuhq Ihogvwçunh0
nrpsrqhqwhq zxughq yrq phkuhuhq Dxwruhq i u hlqhq ohlwiçkljhq Hoolsvrlghq xqwhu yhu0
vfklhghqhq Udqgehglqjxqjhq dejhohlwhw }1 E1 ^76` +H{srvlwlrq gxufk Odqjzhoohq,/ ^68`/
^69` +hoolsvrlgiùupljhv Vfkdohqprghoo,/ ^88` +Urwdwlrqvhoolsvrlg,1 Klhuehl lvw }x ehdfkwhq/
gd glhvh Dxwruhq phlvw dqghuh Nrruglqdwhqv|vwhph yhuzhqghq1 Lp klhvljhq Nrruglqd0
whqv|vwhp gu fnhq vlfk glh lqqhuhq hohnwulvfkhq Ihoghu i u hlqhq doojhphlqhq Hoolsvrlghq
lq ghu }xu hlqidoohqghq nduwhvlvfkhq Iox glfkwhnrpsrqhqwh vhqnuhfkwhq Hehqh irojhqghu0
pd hq dxv=

.�E5c +� ' �_�%

_|

�
K2 n S2

�3� �
S2+Oe5 � K25Oe+

�
+61:7,

.�E%c 5� ' �_�+

_|

�
@2 n S2

�3� �
@25Oe% � S2%Oe5

�
+61:8,

.�E%c +� ' �_�5

_|

�
@2 n K2
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I u yruvwhkhqgh Iruphoq h{lvwlhuw hlqh kloiuhlfkh Uhjho }xu }|nolvfkhq Yhuwdxvfkxqj }zl0
vfkhq ghq Nrruglqdwhq xqg ghq Kdoedfkvhq= Lp Qhqqhu wuhwhq qxu txdgulhuwh Kdoedfkvhq
dxi/ glh ruwkrjrqdo }xu Hlqidoovulfkwxqj vwhkhq1 Lp ]çkohu lvw glhv hehqvr ehl ghq Nrru0
glqdwhq1 Glh Nrruglqdwh zlug vfkolh olfk qrfk plw hlqhp Vxppdqghq dxv ghp Qhqqhu
pxowlsol}lhuw/ ghu qlfkw }xu hqwvsuhfkhqghq Nrruglqdwh lp ]çkohu jhkùuw1

Qxq ndqq qdfk ghq Hlqkhlwvyhnwruhq nrpsrqhqwhqzhlvh vruwlhuw zhughq=
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Gxufk Hlqvhw}xqj ghu lqqhuhq Ihogvwçunhqnrpsrqhqwhq lq Jo1 61:6 xqg Surmhnwlrq ghu
Iox glfkwhçqghuxqj lq glh Kdxswhehqhq
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61816 Lpsohphqwlhuwhv grvlphwulvfkhv Prghoo

]xu Ehvwlppxqj ghu grvlvuhohydqwhq Vwurpglfkwh dxv ghq Ihogvljqdohq doohu guhl Udxp0
ulfkwxqjhq zlug lp hohnwulvfkhq Idoo yrq Jo1 617< dxvjhjdqjhq1 Glh hqwvsuhfkhqghq
Nrpsrqhqwhq lp ]hlwehuhlfk odxwhq gdqq=�� 7a�cb�� �' 0f}b

�h{sr

�Edvlv

_.b

_|
plw b ' %c +c 5 +61;9,

Gd lp hohnwulvfkhq Ihog idvw dooh Vwurpglfkwhnrpsrqhqwhq yhuwlndo }xu Hugh jhulfkwhw vlqg/
zlug i u mhgh Nrpsrqhqwh plw ghuvhoehq Edvlv çfkh D�@r�r jhuhfkqhw1 I u glh h{srqlhuwh
Ioçfkh ndqq zdkozhlvh glh Ioçfkh hlqhv Yroo0 rghu Kdoehoolsvrlghq plw ghq hqwvsuhfkhqghq
Kdoedfkvhq d/ e/ f dov Nùushusdudphwhu jhzçkow zhughq1

Glh Dxvi kuxqj ghu Gl�huhqwldwlrq jhvfklhkw qxphulvfk ehu glh Elogxqj ghv Gl�huhq}hq0
txrwlhqwhq _.b

_|

��
|'|�
� .bE|�n��3.bE|��

|�n�3|� 1 Gdplw plw ghq Vljqdohq jhqdxvr jhuhfkqhw zhughq
ndqq zlh plw dqghuhq Juxqg0Gdwhqw|shq +}1 E1 jhzùkqolfkhq Iordw ]dkohq, zxugh dxi
hlqhp SF hlqh Nodvvh �Vljqdo� jheloghw +remhnwrulhqwlhuwh Surjudpplhuxqj,1 Qhehq ghu
Gl�huhqwldwlrq zxughq Ixqnwlrqhq }xu H�hnwlyzhuwelogxqj/ }xu Elogxqj ghu Vwdppixqn0
wlrq xqg Lqwhjudwlrq dov F..0Prgxoh lpsohphqwlhuw1 Zhlo glhvh pçfkwljhq remhnwrulhq0
wlhuwhq Rshudwlrqhq uhfkw }hlwnulwlvfk vlqg/ zxughq glhvh ehl ghu Ehuhfkqxqj ghu Hoolsvrlg0
rehu çfkh yhuplhghq1 Dxv ghpvhoehq Juxqg zxugh }xu Oùvxqj ghv Guhlidfklqwhjudov i u
glh Ehuhfkqxqj ghu yrp Pdjqhwihog lqgx}lhuwhq Vwurpglfkwhq gdudxi zhlwjhqg yhu}lfkwhw
xqg irojhqgh Phwkrgh hlqjhvfkodjhq=

Lp pdjqhwlvfkhq Idoo zlug yrq ghq Johlfkxqjhq Jo1 61;6 elv 61;8 dxvjhjdqjhq1 Glh
Vwurpglfkwhnrpsrqhqwhq vhw}hq vlfk dxv hlqhp jhrphwulh0 xqg ihogulfkwxqjvdekçqjljhq
Dqwhlo Nb xqg ghu }hlwolfkhq Çqghuxqj ghv uhvxowlhuhqghq Ihogvljqdov +}1 E1 i u glh
{0Nrpsrqhqwh ghp Ihog E+5 lq ghu {|0Hehqh, }xvdpphq=
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]xu Ehu fnvlfkwljxqj ghu Ulfkwxqjvdekçqjljnhlw zlug ghu H�hnwlyzhuw ghu Vljqdoh plw
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.ssE�%E|��
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xqg n5+ '

.ssE�+E|��

.ssE�5E|��
ehvwlppw1 Glh gluhnwh qxphulvfkh Oùvxqj ghv Guhlidfklq0

whjudov ehqùwljw i u 433 Vw w}vwhoohq ghv Hlqidfklqwhjudov ehuhlwv 6 Ploolrqhq Iolh nrp0
pdrshudwlrqhq +Uhfkhq}hlw fd1 8 Vhnxqghq dxi hlqhp vfkqhoohq Shqwlxp0Frpsxwhu,1 Gd
glhvhv Lqwhjudo i u mhghv Vljqdo qhx ehuhfkqhw zhughq px / vwù w glhvh Phwkrgh vfkqhoo
dq lkuh Juhq}hq1 Reljh Guhlidfk0Lqwhjudoh ehvlw}hq mhgrfk hlqh jhphlqvdph Irup/ vr gd
glhvh Ixqnwlrq qxu hlqpdo uhdolvlhuw }x zhughq eudxfkw1 Vlh odxwhw=
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Gdv lqqhuh Lqwhjudo kdw dov Lqwhjudqghq hlqh Jhudghqjohlfkxqj/ glh jhoùvw zhughq ndqq=
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Gxufk glhvh Pd qdkph oç w vlfk ghu Uhfkhqdxizdqg yrq R+q�� dxi R+q2, uhgx}lhuhq1
Plw 633 Vw w}vwhoohq lvw glhvhv Guhlidfklqwhjudo dxi hlqhp Shqwlxp0Frpsxwhu xqwhu hlqhu
Vhnxqgh dxvzhuwedu1
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Olwhudwxu

^4` Dgdlu U1 +4<<4, Frqvwudlqwv rq elrorjlfdo h�hfwv ri zhdn h{wuhpho|0orz0iuhtxhqf| hohfwur0
pdjqhwlf �hogv/ Sk|vlfdo uhylhz D/ Yro1 76/ Qr1 5/ s1436<0437;

^5` Edloh| Z1/ hw do1 +4<<:, Vxppdu| dqg hydoxdwlrq ri jxlgholqhv iru rffxsdwlrqdo h{srvxuh
wr srzhu iuhtxhqf| hohfwulf dqg pdjqhwlf �hogv/ Uhylhz sdjhu/ Khdowk sk|vlfv/ Yro1 :6/ s1
7660786

^6` Ehuj K1 +4<<6, Hohfwurvwlpxodwlrq ri fhoo phwderolvp e| orz iuhtxhqf| hohfwulf dqg hohfwur0
pdjqhwlf �hogv/ Elrhohfwurfkhplvwu| dqg Elrhqhujhwlfv/ Yro1 64/ s1 4058

^7` Ehuqkdugw M1 K1 +4<:<, Wkh gluhfw lq xhqfh ri hohfwurpdjqhwlf �hogv rq qhuyh0 dqg pxvfoh
fhoov ri pdq zlwklq wkh iuhtxhqf| udqjh ri 4 K} wr 63 PK]/ Udgldwlrq dqg hqylurphqwdo
elrsk|vlfv/ Yro1 49/ s1 63<0656

^8` Ehuqkdugw M1 K1/ Pdwwkhv U1/ Uhsdfkrol P1 K1 +4<<9, Qrq0wkhupdo h�hfwv ri UI hohfwurpd0
jqhwlf �hogv/ Surfhhglqjv ri wkh lqwhuqdwlrqdo vhplqdu rq Elrorjlfdo h�hfwv ri qrq0wkhupdo
sxovhg dp dpsolwxgh prgxodwhg UI hohfwurpdjqhwlf �hogv dqg uhodwhg khdowk ulvnv/ 53 0
541 Qryhpehu/ LFQLUS 62<:/ P qfkhq

^9` Eodqn P1/ Vrr O1 +4<<:, Iuhtxhqf| ghshqghqfh ri QdN0DWSdvh ixqfwlrq lq pdjqhwlf �hogv/
Elrhohfwurfkhplvwu| dqg elrhqhujhwlfv/ Yro1 75/ s1 5640567

^:` Eudfnhq W1 G1 +4<:9, Ilhog phdvxuhphqwv dqg fdofxodwlrqv ri hohfwurvwdwlf h�hfwv ri ryhu0
khdg wudqvplvvlrq olqhv/ LHHH Wudqvdfwlrqv rq Srzhu Dssdudwxv dqg V|vwhpv/ Yro1 SDV0<8/
Qr1 5/ s1 7<70836

^;` Eudpelood U1 +4<;8, Pdwkhpdwlfdo prghov ri erglhv h{srvhg wr HOI �hogv dqg vfdolqj
fulwhuld/ lq= Judqgroir hw do1 Elrorjlfdo h�hfwv dqg grvlphwu| ri qrqlrql}lqj udgldwlrq/
sohqxp suhvv/ Orqgrq/ Qhz \run/ s1 49:04;5

^<` Eulgjhv M1 H1 +4<::, Grvh Frqvlghudwlrqv LHHH Wudqvdfwlrqv rq Srzhu Dssdudwxv dqg
V|vwhpv/ Yro1 SDV0<9/ Qu18/ V14859

^43` Eurqvwhlq L1 Q1/ Vhphqgmdmhz N1 D1 +4<;8,= Wdvfkhqexfk ghu Pdwkhpdwln/ 551 Dx djh/
EVE E1 J1 Whxeqhu0Yhuodj/ Ohls}lj

^44` Euxfkhu U1/ Ph|hu0Zddughq N1 +4<;8, Uhfkqhujhvw w}wh Huplwwoxqj jhiçkuolfkhu Jhvdpw0
vwuùph lp phqvfkolfkhq Nùushu/ Phgl}lqlvfk0Whfkqlvfkhu Ehulfkw/ Ehuxivjhqrvvhqvfkdiw ghu
Ihlqphfkdqln xqg Hohnwurwhfkqln/ Nùoq



99

^45` Fdrod U1 hw do1 +4<;6, Phdvxuhphqwv ri hohfwulf dqg pdjqhwlf �hogv lq dqg durxqg krphv
qhdu d 833 nY wudqvplvvlrq olqh/ LHHH Wudqvdfwlrqv rq Srzhu Dssdudwxv dqg V|vwhpv/ Yro1
435/ Qr1 43/ s1 666; 0 667:

^46` Gdzvrq W1 Z1 hw do1 +4<<:, Lq xhq}h ri kxpdq prgho uhvroxwlrq rq frpsxwhg fxuuhqwv
lqgxfhg lq rujdqv e| 93 K} pdjqhwlf �hogv/ Elrhohfwurpdjqhwlfv Yro1 4;/ s17:;07<3

^47` Ghqr G1 +4<::, Fxuuhqwv lqgxfhg lq wkh erg| e| kljk yrowdjh wudqvplvvlrq olqh hohfwulf
�hog 0 phdvxuhphqw dqg fdofxodwlrq ri glvwulexwlrq dqg grvh> LHHH Wudqvdfwlrqv rq Srzhu
Dssdudwxv dqg V|vwhpv/ Yro1 SDV0<9/ Qu1 8/ V1 484: 0 485:

^48` Ghqr G1 +4<:<, Prqlwrulqj ri Shuvrqqho H{srvhg wr d 930K} hohf wulf �hog1 Lq= Skloolsv/
U1 G1 hw do1+4<:<, Elrorjlfdo H�hfwv ri HOI HP0Ilhogv> Surfhhglqjv ri wkh 4;0wk Kdqgirug
Olih Vflhqfh V|psrvlxp/ Ulfkodqg/ Zdvklqjwrq/ Rfw1 4<:;> FRQI0:;43491 Vsulqj�hog/
Ylujlqld= Qdwlrqdo Whfkqlfdo Lqirupdwlrq Vhuylfh

^49` Glpe|orz S1 M1 +4<;;, Wkh fdofxodwlrq ri lqgxfhg fxuuhqwv dqg devruehg srzhu lq d uhdolvwlf/
khwhurjhqrxv prgho ri wkh orzhu ohj iru dssolhg hohfwulf �hogv iurp 93 K} wr 63 PK}> Sk|v1
Phg1 Elro1 Yro1 66/ Qr1 45/ V1 4786 0 479;

^4:` Gxerlv H1 I1/ Gxerlv G1 +4<49, D irupxod wr hvwlpdwh wkh dssur{lpdwh vxuidfh duhd li
khljkw dqg zhljkw eh nqrzq/ Dufk1 Lqwhuqdwlrqdo Phg1/ Yro1 4: s1 ;96

^4;` Hgho K1 +4<<4, Ileho ghu Hohnwurgldjqrvwln xqg Hohnwurwkhudslh/ 91 Dx djh/ Yhuodj Jh0
vxqgkhlw/ Ehuolq/ V163 0 6:

^4<` Hlfkphlhu M1 +4<<4, Phgl}lqlvfkh Hohnwurqln/ 51 Dx 1/ Vsulqjhu0Yhuodj/ Khlghoehuj/ V1 <50<6

^53` Ilw}0Qljjol K1 +4<;;, Vwudkohqjhiçkugxqj2Vwudkohqvfkxw}/ 51 Dx 1/ Kxehu0Yhuodj/ Ehuq>
Vwxwwjduw> Wrurqwr/ V1 940V198

^54` Iudvhu0Vplwk F1/ Erzhq P1 +4<<5, Wkh qdwxudo edfnjurxqg ohyhov ri 83293 K} Udglr Qrlvh/
LHHH Wudqvdfwlrqv rq Hohfwurpdjqhwlf Frpsdwlelolw|/ Yro1 67/ Qr1 6/ s1663066:

^55` Irvwhu N1 U1/ Vfkzdq K1 S1 +4<;9, Glhohfwulf surshuwlhv ri wlvvxhv/ lq= Sron F1/ Srvwrz H1
+hgv1, FUF Kdqgerrn ri Elrorjlfdo H�hfwv ri Hohfwurpdjqhwlf Ilhogv/ FUF Suhvv Lqf/ Erfd
Udwrq/ Iorulgd/ s1 5:0<9

^56` Jdqgkl R1 hw do1 +4<<5, Vshfl�f devruswlrq udwhv dqg lqgxfhg fxuuhqw glvwulexwlrqv lq dq
dqdwrplfdoo| edvhg kxpdq prgho iru sodqh0zdyh h{srvxuhv/ Khdowk sk|vlfv/ Yro1 96+6,/ s1
5;405<3

^57` Jdqgkl R1/ Fkhq/ M1 +4<<5, Qxphulfdo Grvlphwu| dw Srzhu0Olqh Iuhtxhqflhv Xvlqj Dqdwr0
plfdoo| Edvhg Prghov> Elrhohfwurpdjqhwlfv Vxssohphqw 4/ V1 76 0 93

^58` Judkdp F1/ Frrn P1/ Frkhq K1/ Jhunrylfk P1 +4<<7, Grvh Uhvsrqvh Vwxg| ri Kxpdq
H{srvxuh wr 93 K} Hohfwulf dqg Pdjqhwlf Ilhogv> Elrhohfwurpdjqhwlfv 48= V1 77: 0 796

^59` Judqgroir hw do1 +4<;8, Elrorjlfdo h�hfwv dqg grvlphwu| ri qrqlrql}lqj udgldwlrq/ 0 Pd0
wkhpdwlfdo prghov ri erglhv h{srvhg wr HOI �hogv dqg vfdolqj fulwhuld +Eudpelood U1, 0/
Sohqxp suhvv/ Qhz \run 0 Orqgrq/ s1 49: 0 4;5
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^5:` Jx| D1 +4<;:, Grvlphwu| dvvrfldwhg zlwk h{srvxuh wr qrq0lrql}lqj udgldwlrq= yhu| orz
iuhtxhqf| wr plfurzdyhv> Khdowk Sk|vlfv/ Yro1 86/ Qr1 9/ s1 89<08;7

^5;` Kduw I1 [1 +4<<5, Qxphulfdo dqg dqdo|wlfdo phwkrgv wr ghwhuplqh wkh fxuuhqw ghqvlw|
glvwulexwlrqv surgxfhg lq kxpdq dqg udw prghov e| hohfwulf dqg pdjqhwlf �hogv/ Elrhohf0
wurpdjqhwlfv Vxssohphqw Yro1 4/ s1 5:075

^5<` LFUX Uhsruw 84 +4<<6,= Txdqwlwlhv dqg xqlwv lq udgldwlrq surwhfwlrq grvlphwu|/ Lqwhuqd0
wlrqdo frpplvvlrq rq udgldwlrq xqlwv dqg phdvxuhphqwv/ Ehwkhvgd/ X1 V1 D1

^63` Mrnhod N1 +4<<:, Hohfwursk|vlrorjlfdo frqvlghudwlrqv uhohydqw wr wkh olplwlqj ri sxovhg hohf0
wulf dqg pdjqhwlf �hogv/ Khdowk sk|vlfv/ Yro1 :5/ Qr1 6/ s173;074:

^64` Ndxqh Z1/ Dqghuvrq O1 +4<<3, Sk|vlfdo Dvshfwv ri HOI Hohfwulf dqg Pdjqhwlf Ilhogv=
Phdvxuhphqwv dqg Grvlphwu|
lq Zlovrq/ Vwhyhqv/ Dqghuvrq H{wuhpho| Orz Iuhtxhqf| Hohfwurpdjqhwlf Ilhogv= Wkh txh0
vwlrq ri fdqfhu> Edwwoh suhvv/ Froxpexv0Ulfkodqg/ V14: 0 78

^65` Ndxqh Z1 hw do1 +4<<:, Frpsdulvrq ri frxsolqj ri kxpdqv wr hohfwulf dqg pdjqhwlf �hogv
zlwk iuhtxhqflhv ehwzhhq 433 K} dqg 433 nK}/ Elrhohfwurpdjqhwlfv Yro1 4;/ s19:0:9

^66` Nlhihu K1/ Nrho}hu Z1 +4<<5, Vwudkohq xqg Vwudkohqvfkxw}/ 61 Dx 1/ Vsulqjhu0Yhuodj/ Ehuolq>
Khlghoehuj> Qhz \run> V1 43<044<

^67` N kqh E1 +4<;3, Hlq x hohnwulvfkhu 83 K}0Ihoghu krkhu Ihogvwçunh dxi ghq phqvfkolfkhq
Rujdqlvpxv/ Phgl}lqlvfk0Whfkqlvfkhu0Ehulfkw/ Ehuxivjhqrvvhqvfkdiw ghu Ihlqphfkdqln xqg
Hohnwurwhfkqln/ Nùoq/ V1 4704:

^68` Odwwduxor I1/ Pdvwurqdugl J1 +4<;4, Htxlydohqfh fulwhuld dprqj pdq dqg dqlpdov lq h{0
shulphqwdo lqyhvwljdwlrqv ri kljk yrowdjh srzhu iuhtxhqf| h{srvxuh kd}dugv/ Dsso1 Pdwk1
Prghoolqj/ Yro1 8/ s1 <5 0 <9

^69` Odwwduxoor I1 +4<;5, Rq wkh srvvlelolw| ri olqhphq*v surwhfwlrq djdlqvw pdjqhwlf �hogv dw
srzhu iuhtxhqf|/ Dsso1 Pdwk1 Prghoolqj/ Yro1 9/ s1 7< 0 87

^6:` Odwwduxor I1 +4<;8, Grvlphwulf surehv dqg frqfhsw ri grvh iru srzhu iuhtxhqf| hohfwulf �hog
h{srvxuhv/ lq Judqgroir hw do1 Elrorjlfdo h�hfwv dqg grvlphwu| ri vwdwlf dqg HOI0HP0Ilhogv/
Qhz \run/ Orqgrq/ s1 4;6 0 4;9

^6;` Odqgdx O1 G1/ Olivklw} H1 P1 +4<93, Hohfwurg|qdplfv ri frqwlqrxv phgld/ Shujprq Suhvv/
R{irug 0 Orqgrq 0 Qhz \run 0 Sdulv/ s1 53 0 5<

^6<` Ohlwjhe Q1 +4<<5, Hohnwurvprj dov Jhiçkugxqj ghv PhqvfkhqB Elrorjlvfkh H�hnwh yrq
hohnwurpdjqhwlvfkhq Ihoghuq/ Whfkqlvfkh Uxqgvfkdx/ Khiw 7/ V1 67

^73` Olwrylw} W1/ Prqwurvh F1/ Zdqj Z1 +4<<5,= Grvh0uhvsrqvh lpsol�fdwlrqv ri wkh wudqvlhqw
qdwxuh ri hohfwurpdjqhwlf0�hog0lqgxfhg elrh�hfwv= Wkhruhwlfdo k|srwkhvhv dqg suhglfwlrqv>
Elrhohfwurpdjqhwlfv Vxssohphqw 4= V1 56: 0 579

^74` Oùyvxqg S1 +4<;3, Pdjqhwr0 dqg hohfwurskrvskhqhv= d frpsdudwlyh vwxg|/ Phg1 Elro1 Hqj1
Frpsxw1/ Yro1 4</ s1 9:<09;8
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^75` PdfJlqlwlh O1 +4<<8, Vwuhdplqj dqg Slh}rhohfwulf Srwhqwldov lq Frqqhfwlyh Wlvvxhv/ lq=
Eodqn/ Hohfwurpdjqhwlf Ilhogv/ Elrorjlfdo Lqwhudfwlrqv dqg Phfkdqlvpv/ s1 458 0 475

^76` Pdvvrxgl K1 hw do1 +4<::, Orqj0zdyhohqjwk dqdo|vlv ri sodqh zdyh luudgldwlrq ri dq hoolsvrl0
gdo prgho ri pdq/ LHHH Wudqvdfwlrqv rq plfurzdyh wkhru| dqg whfkqltxhv/ Yro1 PWW058/
Qr1 4/ s1 74085

^77` Pdvlq Y1 hw do1 +4<<;, Phwurorjlvfkh Dqdo|vh hlqhv Ph v|vwhpv }xu Ehvwlppxqj ghu H{0
srvlwlrq ghv Phqvfkhq lq qlhghuiuhtxhqwhq hohnwulvfkhq xqg pdjqhwlvfkhq Ihoghuq/ Zlvvhq0
vfkdiwolfkhu Ehulfkw I]ND93<3/ Iruvfkxqjv}hqwuxp Nduovuxkh

^78` Ploohu +4<<9, Plqldwxuh0sureh phdvxuhphqwv ri hohfwulf �ohgv lqgxfhg e| 93 K} pdjqhwlf
�hogv lq udwv/ Elrhohfwurpdjqhwlfv 4:=49: 0 4:6

^79` Prujdq J1/ Qdlu L1 +4<<5, Dowhuqdwlyh Ixqfwlrqdo Uhodwlrqvklsv ehwzhhq HOI Ilhog H{srv0
xuh dqg Srvvleoh Khdowk H�hfwv= Uhsruw rq dq H{shuw Zrunvkrs/ Elrhohfwurpdjqhwlfv/ Yro1
46/ s1 6680683

^7:` Pruwlphu Wk1 +4<;4, Prwru survwkhvhv/ lq= Eurrnkdugw M1 P1/ Prxqwfdvwoh hw1 do11/ Kdqg0
errn ri Sk|vlrorj|/ Vhf1 L/ Fkdswhu 8/ Dp1 Sk|vlro1 Vrf1/ Ehwkhvgd/ P1 G1/ s1 48804;:

^7;` Prvhoh| K1 +4<;;, Qrq0lrqlvlqj udgldwlrq/ Plurzdyhv/ xowudylrohw dqg odvhu udgldwlrq/ Dgdp
Klojhu/ Eulvwro/ Hqjodqg

^7<` Qxfflwhool U1 +4<<8, Hqgrjhrxv hohfwulf �hogv phdvxuhg lq ghyhorslqj hpeu|rv/ lq= Eodqn
+4<<8, Hohfwurpdjqhwlf �hogv 0 Elrorjlfdo lqwhudfwlrqv dqg phfkdqlvpxv/ Dgydqfhv lq fkh0
plvwu| vhulhv 583/ Zdvklqjwrq GF/ V1 4430457

^83` Suhvpdq D1 V1 +4<:3, Hohfwurpdjqhwlf �hogv dqg olih/ Sohqxp Suhvv/ Qhz \run/ V1 ;<

^84` Uhloo| S1 M1 +4<<5, Hohfwulfdo vwlpxodwlrq dqg hohfwursdwkrorj|/ Xqlyhuvlw| suhvv/ Fdpeulgjh

^85` Uhlwhu U1 +4<<7, Wkh slqhdo jodqg dqg phodwrqlq v|qwkhvlv= Wkhlu uhvsrqvhv wr pdqlsxod0
wlrqv ri vwdwlf pdjqhwlf �hogv/ lq= Fdushqwhu G1/ D|udshw|dq/ Elrorjlfdo h�hfwv ri hohfwulf
dqg pdjqhwlf �hogv/ vrxufhv dqg phfkdqlvpv/ s1 59405;8

^86` Vfkzdq K1 S1 +4<8:, Hohfwulfdo Surshuwlhv ri Wlvvxh dqg Fhoov> lq= Dgydqfhv lq Elrorjlfdo
dqg Phglfdo Sk|vlfv> Dfdghplf suhvv Lqf1> Qhz \run

^87` Vlprq| N1 +4<;<, Wkhruhwlvfkh Hohnwurwhfkqln/ <1 Dx djh/ YHE Ghxwvfkhu Yhuodj ghu Zlv0
vhqvfkdiwhq/ Ehuolq/ V1 5;605;8> V1 868

^88` Vslhjho U1 M1 +4<::, Pdjqhwlf frxsolqj wr d surodwh vskhurlg prgho ri pdq/ LHHH Wudqvdf0
wlrqv rq Srzhu Dssdudwxv dqg V|vwhpv/ Yro1 <9/ Qr1 4/ s153;0545

^89` Vwudkohqvfkxw}nrpplvvlrq ~VVN� +4<<7, Zlunxqjhq qlhghuiuhtxhqwhu Ihoghu/ V|psrvlxp
ghv Exqghvdpwhv i u Vwudkohqvfkxw} xqg ghu Vwudkohqvfkxw}nrpplvvlrq/ Edqg 5;/ Jxvwdy0
Ilvfkhu0Yhuodj/ Vwxwwjduw/ V145;

^8:` Vwudwwrq M1 D1 +4<74, Hohfwurpdjqhwlf Wkhru|/ PfJudz0Kloo/ Qhz \run 0 Orqgrq/ s1 53:
0544
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^8;` Vfkplgw U1 I1/ Wkhzv J1 +4<;9, Sk|vlrorjlh ghv Phqvfkhq/ 571 Dx djh/ Vsulqjhu/ Ehuolq 0
Khlghoehuj/ V1 54077

^8<` Whqirugh W1 V1/ Ndxqh Z1 W1 +4<;:, Lqwhudfwlrq ri h{wuhpho| orz iuhtxhqf| hohfwulf dqg
pdjqhwlf �hogv zlwk kxpdqv Khdowk Sk|vlfv/ Yro1 86 s1 8;8 0 939> Shujdprq Mrxuqdov Owg1/
X1V1D1

^93` Wvrqj W1/ Jurvv F1 +4<<7, Hohfwulf Dfwlydwlrq ri Phpeudq Hq}|phv/ lq= Fdushqwhu G1/
D|udshw|dq V1/ Elrorjlfdo H�hfwv ri Hohfwulf dqg Pdjqhwlf Ilhogv/ Vrxufhv dqg Phfkdqlvpv/
Yro1 4/ Dfdghplf Suhvv/ Vdq Glhjr/ Qhz \run/ Orqgrq/ s1 4760497

^94` Zdfkwho K1 +4<<5, Elrhohfwulf edfnjurxqg �hogv dqg wkhlu lpsolfdwlrqv iru HOI grvlphwu|/
Elrhohfwurpdjqhwlfv Vxssohphqw/ Yro1 4/ s1 46<0478

^95` Zhyhu U1 +4<9;, Hlq x vfkzdfkhu hohnwurpdjqhwlvfkhu Ihoghu dxi glh flufdgldqh Shulrgln
ghv Phqvfkhq/ ]hlwvfkuliw ghu Qdwxuzlvvhqvfkdiwhq/ Khiw 4/ V1 5<065
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7 Prghoolhuxqj ghu Ihogyhukçowqlv0
vh lq Nùushuqçkh

Glh Ehuhfkqxqj xqg Vlpxodwlrq ghu Ihogyhukçowqlvvh dp Vhqvru lp Qdkehuhlfk ghv Nùu0
shuv nùqqhq lp zhvhqwolfkhq qxu qxphulvfk huirojhq1 ]xu qxphulvfkhq Oùvxqj yrq Ihog0
sureohphq h{lvwlhuhq nrpphu}lhoo hukçowolfkh Frpsxwhusurjudpph/ zhofkh dxi hlqhu ghu
}dkouhlfkhq Ihogehuhfkqxqjvphwkrghq zlh glh Ilqlwh Gl�huhq}hq +IG,/ Ilqlwh Hohphqwh
+IH,/ Huvdw}odgxqjvyhuidkuhq/ Ilqlwh Lqwhjudwlrqvwhfkqln +ILW,/ hwf1 ehuxkhq1 Glh Yru} 0
jh xqg Qdfkwhloh glhvhu qxphulvfkhq Yhuidkuhq zhughq lp Klqeolfn dxi Ihogehuhfkqxqjhq
dp phqvfkolfkhq Nùushu lq ^;` glvnxwlhuw1 Lp Udkphq glhvhu Duehlw zlug plw hlqhp Ilqlwh
Hohphqwh +IH, Surjudpp jhduehlwhw1 Glh IH0Phwkrgh lvw jxw jhhljqhw/ uhfkw nrpsoh{h
Jhrphwulhq xqg lqkrprjhqh Jhelhwh qdfk}xeloghq/ gd hlqh krkh Ioh{lelolwçw ehl ghu ]huoh0
jxqj ghv Oùvxqjvudxpv ehvwhkw1 Glh Vfkzçfkh glhvhu/ zlh dxfk ghu IG xqg ILW0Phwkrgh
olhjhq lq ghu Ehkdqgoxqj vhku dxvjhghkqwhu Oùvxqjvuçxph +Iuhlihogehglqjxqjhq,1 Zh0
jhq ghu Glvnuhwlvlhuxqj ghu nrpsohwwhq Vwuxnwxu vwhljw ehl hlqhu dgçtxdwhq Dx ùvxqj ghu
Uhfkhqdxizdqg hukheolfk dq1
Gdv klhu ehqxw}wh IH0Ihogehuhfkqxqjvsurjudpp PD[ZHOO +Dqvriw, ^B` yhui jw ehu
Dojrulwkphq/ zhofkh hlqh çx huvw ih{leoh/ dxwrpdwlvfkh xqg dgdswlyh Qhw}jhqhulhuxqj hu0
pùjolfkw1 Wurw}ghp vroowh glh Dx ùvxqj phku dov guhl Juù hqrugqxqjhq qlfkw ehuvfkuhl0
whq1 Gdv Surjudpp zhlvw hlqhq nodu vwuxnwxulhuwhq Dxiedx dxi1 Hv ehvwhkw dxv hlqhp 6G0
Prghoohu +Vrolg0Prghoohu,/ Oùvhu xqg xpidqjuhlfkhq �Srvwsur}hvvru�0Ixqnwlrqhq1 Ghu lq
ghq �Srvwsur}hvvru� lqwhjulhuwh Ihoguhfkqhu +��hog fdofxodwru�, huodxew/ glyhuvh yhnwrudqd0
o|wlvfkh Rshudwlrqhq dxi glh Ihogoùvxqj dq}xzhqghq1 Klhuyrq zlug ehl ghu Ehuhfkqxqj
ghu lqgx}lhuwhq Yhuvfklhexqjvvwuùph dxi glh hlq}hoqhq Vhqvrurehu çfkhq Jheudxfk jh0
pdfkw1 Gdu ehu klqdxv elhwhw gdv Ihogehuhfkqxqjvsurjudpp hlqljh Vriwzduhvfkqlwwvwho0
ohq1 Plw Kloih glhvhu Vfkqlwwvwhoohq nùqqhq dqghuh �Vriwzduhwrrov� dxv ghp FDG0Ehuhlfk
rghu hljhqh ehqxw}huvsh}l�vfkh Surjudpph hlqjhvhw}w zhughq1 Glh Deelogxqj 714 }hljw
glh Vriwzduhvwuxnwxu hlqhu Xpjhexqj/ zlh vlh }xu Oùvxqj ghu klhvljhq Ihogsureohph hlq0
jhvhw}w zxugh1

714 Nùushuprghoo

Xp glh Ihog0 xqg Srwhqwldoyhukçowqlvvh dp phqvfkolfkhq Nùushu vlpxolhuhq }x nùqqhq/
zxughq yhuvfklhghqh dqwkursrpruskh Nùushuprghooh dxv Yroxphqnùushuhohphqwhq +Vrolg0
Prghoo lp DFLV0Irupdw ^5`, i u gdv Ihogehuhfkqxqjvsurjudpp PD[ZHOO huvwhoow ^46`1
Glh yhuvfklhghqh Hohphqwh glhvhv Yroxphqprghoov vlqg ehzhjolfk xqg ghq hlq}hoqhq Jolhg0
pd hq nùqqhq xqwhuvfklhgolfkhPdwhuldohljhqvfkdiwhq +olqhdu2qlfkwolqhdu/ lvrwurs2dqlvrwurs/
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Dee1 714= Deodxi xqg Vriwzduhvwuxnwxu ghu Vlpxodwlrq ghu Ihogh{srvlwlrq }xu Xqwhuvxfkxqj
grvlphwulvfkhu Iudjhvwhooxqjhq

iuhtxhq}dekçqjlj, }xjhrugqhw zhughq1 Ehl glhvhq Prghoohq zxugh yhuvxfkw/ glh Whwud0
hghudq}dko ghv �qlwhq Qhw}hv +�Pdvk�, vr jhulqj zlh pùjolfk }x kdowhq/ xp glh Oùvxqj
qrfk plw hlqhp SF ehzçowljhq }x nùqqhq1 Gd Uxqgxqjhq }x hlqhp vwdunhq Dqvwlhj ghu
Whwudhghudq}dko i kuhq/ zxugh dxi glhvh zr pùjolfk yhu}lfkwhw1 Zlh glh qdfkirojhqghq
Hujheqlvvh }hljhq/ odvvhq vlfk plw hlqhp vrofkhq uhodwly hlqidfkhq Nùushuprghoo ehuhlwv
}dkouhlfkh Sdudphwhu xqwhuvxfkhq/ zlh=

� Hlq vvh yrq Hugxqjv0 xqg Srwhqwldoyhukçowqlvvhq +hlqjhi kuwh Zlghuvwdqgvpdwwh,/

� Ehhlq xvvxqj ghv hohnwulvfkhq Ihoghv gxufk Jolhgpd hqehzhjxqjhq xqg yhuvfklh0
ghqh Nùushukdowxqjhq/

� Hljqxqj pùjolfkhu Wudjhsrvlwlrqhq/

� Odgxqjv0/ Ihogvwçunh0 xqg Rehu çfkhqihogyhuwhloxqj ghv Grvlphwhuv/

� Ihoghuidvvxqjvehuhlfk +Ulfkwxqjvvhqvlwlylwçw,/

� Dxvzlunxqj ghv Lqkrprjhqlwçwvjudghv dxi glh Ph juù h ghv Grvlphwhuv +Ihkohude0
vfkçw}xqj,1

Glhvhv Prghoo olhihuw sudnwlvfk nhlqh Dxvvdjhq ehu Ihoghu lqqhukdoe ghv Nùushuv1 Glh
Huvwhooxqj yrq krfkdx ùvhqghq Nùushuprghoohq }xu Ehuhfkqxqj hqgrjhqhu Ihoghu xqg
Nùushuvwuùph vlqg Jhjhqvwdqg yrq Duehlwhq zlh ^9`/ ^<`/ ^7`/ ^49`1
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Nrq�jxudwlrq Ihog ehukùkxqjv0
idnwru dp Vfkhl0
whosxqnw

Ehphunxqjhq

Ohlwhqgh Nxjho dxi hlqhu jh0
hughwhq Sodwwh

7/5449:9 Hf dqdo|wlvfkhv Hujheqlv ^9`

Ohlwhqgh Kdoenxjho dxi jh0
hughwhu Sodwwh

6 Hf dqdo|wlvfkhv Hujheqlv> hehqidoov i u hl0
qh ohlwhqgh Nxjho lp iuhlhq Udxp j o0
wlj +Vslhojhoxqjvphwkrgh,

Ohlwhqgh Kdoenxjho dxi ]|0
olqghu plw ghu Kùkh k@o

2
dxi

jhhughwhu Sodwwh

6/947 Hf Qxphulvfkhv Hujheqlv plw Jhqdxlj0
nhlw= 	4 (

Ohlwhqgh Kdoenxjho dxi ]|0
olqghu plw ghu Kùkh k@o

2
lp

iuhlhq Udxp

5/5; Hf +qxphulvfkhv Hujheqlv,

Ohlwhqghu Urwdwlrqvhoolsvr0
lg plw k@�

2
o dxi jhhughwhu

Sodwwh

7/5<54;:Hf dqdo|wlvfkhv Hujheqlv> hehqidoov i u
ohlwhqghq Hoolsvrlg lp iuhlhq Udxp
j owlj

Wde1 714= Ihog ehukùkxqjvidnwruhq yhuvfklhghqhu ohlwiçkljhu Yroonùushu

715 Prghoolhuxqj ghv Grvlphwhuv

Ghu Vhqvrunrsi ghv Ph v|vwhpv yhu}huuw lp Qdkehuhlfk gdv hohnwulvfkh Ihog1 I u hlq0
idoohqghv hohnwulvfkhv Ihog hqwvwhkw hlqh orndoh Ihog ehukùkxqj1 Glh Dxvsuçjxqj glhvhu
ßehukùkxqj lvw dekçqjlj yrq ghu jhrphwulvfkhq Irup/ ghq Pdwhuldohljhqvfkdiwhq ghu
Hohphqwh ghv Vhqvrunrsihv xqg ghq Hugxqjvyhukçowqlvvhq +Udqgehglqjxqjhq,1 ]xu De0
vfkçw}xqj ghu Juù hqrugqxqj glhvhu Ihog ehukùkxqj zxughq }xqçfkvw plw qxphulvfkhq
xqg dqdo|wlvfkhq Phwkrghq glh Ihog ehukùkxqjvidnwruhq dp Vfkhlwhosxqnw yrq ohlwiçkl0
jhq Yroonùushuq lp krprjhqhq Yhuwlndoihog ehuhfkqhw1 Glh lq Wdehooh 714 dxijhi kuwhq
Hujheqlvvh eloghq Uhihuhq}zhuwh/ plw ghqhq ghu devroxwh Ihkohu ghu qxphulvfkhq Ihog0
uhfkqxqj ehvwlppw zhughq ndqq1
]xu Ehuhfkqxqj ghu Ulfkwxqjvvhqvlwlylwçw px wh ghu Vhqvrunrsi ghwdloolhuwhu qdfkjheloghw
zhughq1 Klhu}x zxugh gdv Grvlphwhu dov guhlvfklfkwljhv Vfkdohqprghoo lqnoxvlyh ndsd0
}lwlyhq Guhlehlqhohnwurghq dxv Vloehu dxvjhi kuw1 Zhlo glh ndsd}lwlyhq Hohnwurghq vhku
krfkrkpljh Hlqjçqjh ehvlw}hq/ nrqqwh glhvhq vfkzhehqgh Udqgzhuwehglqjxqjhq }xjh0
zlhvhq zhughq +� rdwlqj erxqgdu| frqglwlrqv�,1 Glhvhv Grvlphwhu eh�qghw vlfk lq hlqhp
dxvjhghkqwhq Srwhqwldondvwhq dxi hlqhu jhhughwhq Sodwwh1 Gdv jhvdpwh Prghoo/ zlh hv lq
Deelogxqj 715 }x vhkhq lvw/ zlug lq ghu huvwhq Lqlwldolvlhuxqjvskdvh ghu dgdswlyhq Qhw}jh0
qhulhuxqj gxufk gdv Ihogehuhfkqxqjvsurjudpp plw xqjhiçku 9833 Whwudhghuq yhuqhw}w1
Plw ghp Vfkdohqprghoo oç w vlfk glh lq xhq}lhuwh Rehu çfkhqodgxqj ' plwwhov hlqhu qx0
phulvfkhq Lqwhjudwlrq ehu glh hlq}hoqhq Vhqvruhohnwurghqrehu çfkhq ehu glh nduwhvl0
vfkhq Qrupdohqyhnwrunrpsrqhqwhq ghu hohnwulvfkhq Iox glfkwh O(? ehvwlpphq=

' '

]]
�7e?rJos,�@S�e

t
(2

%c? n(2
+c? n(2

5c?_� �
[
�

[ t
(2

%c? n(2
+c? n(2

5c?

���
�
{�� +714,

I u txdvlvwdwlrqçuh Ihoghu odvvhq vlfk klhudxv glh lqgx}lhuwhq Yhuvfklhexqjvvwurpglfkwhq
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Dee1 715= Prghoo ghv Vhqvrunrshv= Gudxi0 xqg Vhlwhqdqvlfkw ghu Guhlehlqhohnwurghq +rehq,/
Srwhqwldondvwhq +xqwhq olqnv,/ Vfkdohqdxiedx +xqwhq uhfkwv,

dxi ghq Vhqvruhohnwurghq deohlwhq=

a '
_
_|

UU
�
O( _O@

�7e?rJo
'

_
_|

UU
�
(? _@

�7e?rJo
'

_
_|
'

�7e?rJo
+715,

I u kduprqlvfkh Vljqdoh hujlew ghu Vwurpglfkwhehwudj vlfk lp Iuhtxhq}ehuhlfk }x=

ma m ' /'

�7e?rJo

+716,

716 Hujheqlvvh=

71614 Grvlphwhu lp Srwhqwldondvwhq

7161414 Lp krprjhqhq Yhuwlndoihog=

Glh Nrq�jxudwlrq ghv Vhqvrunrsihv ehvlw}w hlqh Ihog ehukùkxqj lp Vfkhlwhosxqnw yrq
6/75 +Jhqdxljnhlw fd1 4 (,1 Glh Ehuhfkqxqj plw ghp Vfkdohqprghoo hujde i u glh Ihog0
ehukùkxqj dq ghu Vslw}h yhujolfkhq plw ghp phwdoolvfkhq Yroonùushuprghoo ghu johlfkhq
Jhvwdow qxu hlqhq xp 8/6 ( nohlqhuhq Zhuw1 Dxv V|pphwulhju qghq p vvhq vlfk i u
glh Odgxqj T mhzhlov ehl doohq guhl Vhqvruhohnwurghq glh johlfkhq Zhuwh hujhehq1 Ghu
Odgxqjvxqwhuvfklhg }zlvfkhq glhvhq Hohnwurghq vslhjhow gdkhu glh Jhqdxljnhlw ghu qx0
phulvfkhq Oùvxqj lq ghu Xpjhexqj ghu Hohnwurghq zlhghu1 Ghu uhodwlyh Ihkohu lvw klhu
nohlqhu dov 3/5 (1

� Hohnwurgh 4 +{
�

0Dfkvh/ ) ' f,= T� ' 9/:<6��f3���
� Hohnwurgh 5 +) ' 453f,= T2 ' 9/;45��f3���
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w Odgxqj dxi ghu
h�0Hohnwurgh +{0
Ulfkwxqj,

qruplhuw dxi
pd{1 Vhqvlwl0
ylwçw

Odgxqj dxi
ghu h2 xqg
h�0Hohnwurgh

0:8f 3/:5��f3��� 3/4< 4/79��f3���
093f 4/4:��f3��� 3/64 5/5:��f3���
078f 4/7:��f3��� 3/6; 5/:6��f3���
063f 4/<;��f3��� 3/85 6/3<��f3���
048f 5/65��f3��� 3/94 6/34��f3���
3f 5/:4��f3��� 3/:4 5/:3��f3���
48f 6/77��f3��� 3/<3 5/87��f3���
58f 6/98��f3��� 3/<6 5/67��f3���
63f 6/;5��f3��� 4 5/5:��f3���
68f 6/:8��f3��� 3/<; 5/46��f3���
78f 6/96��f3��� 3/<8 4/;<��f3���
93f 6/34��f3��� 3/:< 4/77��f3���
:8f 5/33��f3��� 3/85 3/;<��f3���

Wde1 715= Ulfkwxqjvdekçqjljnhlw ghu Vhqvlwlylwçw> hohnwulvfkh Txhooh plw u @ 73 pp/ Devwdqg
yrq Edvlv çfkh= 4;3 pp> uhodwlyh Jhqdxljnhlw= ? 3/:(

� Hohnwurgh 6 +) ' 573f,= T� ' 9/:;<��f3���
� Pdvvhhohnwurgh= T6 ' �c 22D � �f3�f�

Dxi ghu Nxjhondsshq çfkh� ' Z
�
o2S@R n �2

�
' 22c 2 S62 hlqhu Vhqvruhohnwurgh yhuxuvdfkw

gdv hohnwulvfkh Ihog ehl 83 K} hlqh Yhuvfklhexqjvvwurpglfkwh yrq 2�c�S?�
22c2 S62 ' fc bS ?�

S62 1

7161415 Ulfkwxqjvvhqvlwlylwçw ghv Grvlphwhuv rkqh Nùushuihog

]lho ghu irojhqghq Vlpxodwlrq lvw glh Huplwwoxqj ghu Ihog0 xqg Rehu çfkhqodgxqjvyhuwhl0
oxqj dxi ghp Vhqvru xqwhu ulfkwxqjvdekçqjljhp Ihoghlqidoo1 Lq glhvhu Dqrugqxqj zlug
}xqçfkvw gdv lqkrprjhqh Ihog ghv phqvfkolfkhq Nùushu qlfkw ehu fnvlfkwljw +e}z1 dov
krprjhq dqjhqrpphq,/ xp gdv xqjhvwùuwh Yhukdowhq hlqhv srwhqwldoiuhlhq Grvlphwhuv
fkdudnwhulvlhuhq }x nùqqhq1 Klhu}x zlug qhehq ghu Ehvwlppxqj ghu Odgxqjvyhuwhloxqj
hlqh qxphulvfkh Lqwhjudwlrq qdfk Jo1 714 dxi ghq Hohnwurghq yrujhqrpphq/ xp glh lq0
 xhq}lhuwh Odgxqj }x ehuhfkqhq1 Gdv Hujheqlv ndqq lq Srodugldjudpphq gdujhvwhoow
zhughq1 Klhu}x zxugh ghu Vhqvrunrsi gxufk hlq hohnwulvfkhv Ihog hlqhu ohlwiçkljhq ]|0
olqghuvfkhleh +g@;3 pp, plw ghp Srwhqwldo yrq 533 Y h{srqlhuw xqg ghu Kùkhq0 xqg
D}lpxwzlqnho ghu Txhooh ydulhuw1 Glh Juxqg çfkh prghoolhuw hlqh  dfkh Nùushurehu ç0
fkh xqg wuçjw gdkhu Hugsrwhqwldo1 Gdv Hujheqlv glhvhu Ihoguhfkqxqjhq lvw lq Wdehooh 715
}xvdpphqjhid w1 Glh Deelogxqjhq 716 xqg 717 }hljhq ghq Ehwudj ghu hohnwulvfkhq Ihog0
vwçunh dq ghq Vhqvrurehu çfkhq xqg lq ghuhq xqplwwhoeduhq Xpjhexqj i u w ' ff xqg
78f1
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Dee1 716= Ehwudj ghu hohnwulvfkhq Ihogvwçunh dxi ghu Rehu çfkh xqg lq ghu xqplwwhoeduhq Xp0
jhexqj ghv Vhqvruv i u � @ 3f=

Dee1 717= Ehwudj ghu hohnwulvfkhq Ihogvwçunh dxi ghu Rehu çfkh xqg lq xqplwwhoeduhu Xpjhexqj
i u � @ 78f=
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Lq Deelogxqj 718 vlqg glh Hujheqlvvh ghu ulfkwxqjvdekçqjljhq Vhqvlwlylwçw lq ghu {}0
Hehqh gdujhvwhoow1 Hv lvw gdv Yhuwlndogldjudpp ghu uçxpolfkhq Ulfkwfkdudnwhulvwln1 Lp
Xqwhuvfklhg }x ghu lq ghu Dqqwhqqhqwhfkqln eolfkhq qruplhuwhq Gduvwhooxqj zxughq glh
devroxwhq Zhuwh dxijhwudjhq1 Glh lq Srodunrruglqdwhq gdujhvwhoowhq Nxuyhq vlqg Vfkqlwwh
gxufk glh uçxpolfkh Ulfkwfkdudnwhulvwln ghv Guhlehlqvhqvruv1 Glh Nxuyh ghv h40Vhqvruv lp
Yhuwlndogldjudpp lvw hlq v|pphwulvfkhu Vfkqlww gxufk glh �Ulfkwxqjvnhxoh�1 Gdv Pd{lxp
olhjw klhu ehl 63f� Glh jhvwulfkhowh Nxuyh vwhoow hlq Vfkqlww gxufk glh Ulfkwfkdudnwhulvln
gdu/ glh qlfkw lq ghu Kdxswdxvulfkwxqj ghu }zhl Nhxohq ghu Vhqvruhq h50 xqg h6 olhjhq1

Dee1 718= Yhuwlndogldjudpp ghu Ulfkwxqjvvhqvlwlylwçw ghv H0Ihogvhqvruv lq ghu {}0Hehqh

71615 Ulfkwxqjvvhqvlwlylwçw lp lqkrprjhqhq Nùushuihog

Qdfkghp glh yrukhuljhq Xqwhuvxfkxqjhq }hljhq/ gd gdv srwhqwldoiuhlh Grvlphwhu plw vhl0
qhq Guhlehlqhohnwurghq içklj lvw/ lp xqjhvwùuwhq Idoo glh Ulfkwxqj }x huidvvhq/ px glhv
qxq hehqidoov lqqhukdoe ghv vwdun yhu}huuwhq hohnwulvfkhq Ihoghv dq ghu Nùushurehu çfkh
qdfkjhzlhvhq zhughq1 Klhu}x zxughq i u glh Xqwhuvxfkxqjhq }zhl w|slvfkh Wudjhsrvl0
wlrqhq ihvwjhohjw= ]hqwudo dxi ghp Wkrud{ +vrj1 �Euxvwgrvlphwhu�, xqg dxi ghp �Nrsi�
+vrj1 �Nrsigrvlphwhu�,1 Ehl ghu ohw}whq/ }xqçfkvw ylhoohlfkw xqjhzùkqolfk dqpxwhqghq
Wudjhsrvlwlrq/ px pdq vlfk hlqh Lqwhjudwlrq lq hlqhq Duehlwvvfkxw}khop yruvwhoohq1 Glh
qxphulvfkhq Ehuhfkqxqjhq zxughq dqkdqg hlqhv Yroxphqprghoov hlqhv vwhkhqghq Phq0
vfkhq +4/; p jur hu �Qruprw|s� plw kçqjhqghq Duphq, yrujhqrpphq1 Glh Pd h ghv



::

txdghuiùupljhq Oùvxqjvudxpv ehwudjhq ; p { ; p { 7 p xqg glh ihogyhuxuvdfkhqgh Txho0
oh ehvwhkw dxv hlqhu  dfkhq ]|olqghuvfkhleh +u @ 58 fp, plw hlqhu Vsdqqxqj yrq 4 nY
jhjhq ehu ghu Hugh1 Ghu Devwdqg ghu Txhooh yrq ghu Nùushudfkvh ehwuçjw hlq Phwhu1 Glh
Txhooh zxugh lq ghu D}lpxwdohehqh lq 48�0Vfkulwwhq xp ghq Nùushu jhguhkw1 Qdfk hl0
qhu Lqwhjudwlrq ehu glh Hohnwurghq zxugh zlhghu glh lq xhq}lhuwh Odgxqj ehvwlppw xqg
lq hlqhp Krul}rqwdogldjudpp dxijhwudjhq1 Gdv Hujheqlv lvw i u gdv dxi ghp Euxvwnrue
jhwudjhqh Grvlphwhu lq Dee1 719 xqg i u gdv �Nrsigrvlphwhu� lq Dee1 71: }x vhkhq1

Dee1 719= Krul}rqwdogldjudpp ghv Euxvwgrvlphwhuv +Guhlehlq dxv H0Ihogvhqvruhq,

Zlh glhvhq Ulfkwgldjudpphq hqwqrpphq zhughq ndqq/ zhlvhq glh Hohnwurghq ehlghu Wud0
jhsrvlwlrqhq qdkh}x glh johlfkh Ulfkwxqjvdekçqjljnhlw dxi1 Ghu Juxqg gdi u/ gd 0 lp
Xqwhuvfklhg }xp srwhqwldoiuhlhq Grvlphwhu dxi jhhughwhu Sodwwh 0 glh Ulfkwxqjvdekçqjlj0
nhlw qxu vfkzdfk dxvjhsuçjw lvw/ olhjw gdulq/ gd gdv lqkrprjhqh/ glsroçkqolfkh Nùushuihog
vlfk ghp Txhoohqihog ehuodjhuw xqg lq ghu Xpjhexqj ghv Grvlphwhuv grplqlhuw1 Gd glh
Ihogolqlhq lpphu vhqnuhfkw dxi ghu Nùushurehu çfkh vwhkhq/ uhjlvwulhuhq glh ndsd}lwlyhq
Vhqvruhohnwurghq mhzhlov hlqh Ihogvwçunh/ glh dooh lq ghu johlfkhq Juù hqrugqxqj olhjhq1
Gd hv jholqjw/ dxv glhvhq jhulqjhq Xqwhuvfklhghq ghu Ihogvljqdoh glh Ulfkwxqjvlqirupd0
wlrq }x h{wudklhuhq/ zlug lp irojhqghq Devfkqlww jh}hljw1
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Dee1 71:= Ulfkwgldjudpp hlqhv dxi ghp Nrsi jhwudjhqhq Grvlphwhuv

717 Vfkçw}xqj ghu xqjhvwùuwhq hohnwulvfkhq Ihogvwçunh
]xu Ehzhuwxqj ghu yruolhjhqghq H{srvlwlrq dqkdqg gh�qlhuwhu Juhq}zhuwh lvw glh Nhqqw0
qlv ghu çtxlydohqwhq xqjhvwùuwhq Ihogvwçunhq zlfkwlj1 Glh yrudxvjhkhqgh dqdo|wlvfkh Pr0
ghoolhuxqj plw hlqhp Hoolsvrlghq +Devfkq1 61815, huodxewh glh ]xvdpphqkçqjh }zlvfkhq
ghu lqqhuhq Vwurpglfkwh xqg ghq h{whuq hlqzlunhqghq Ihoghuq khu}xohlwhq1 ßehu glh hi0
ihnwlyh Zlunxqjv çfkh D� xqg ghq Ihog ehukùkxqjvidnwru i �L zxugh hlqh Eh}lhkxqj ghu
Vwurpglfkwh vrzrko }x ghq jhvwùuwhq +lqkrprjhqhq Rehu çfkhqihogvwçunhq, dov dxfk xq0
jhvwùuwhq hohnwulvfkhq Ihoghuq jhixqghq1 Qxq zhughq }zhl Yhuidkuhq ehwudfkwhw/ glh hv
huodxehq/ glh Yhnwrunrpsrqhqwh ghu xqjhvwùuwhq Ihogvwçunh/ ehvwhkhqg dxv Ulfkwxqj xqg
Ehwudj/ dxv ghq uhjlvwulhuwhq Ihogvljqdohq }x vfkçw}hq1 Dov Prghooh glhqhq klhu dqwkur0
srpruskh Nùushuprghooh +Dee1 71;/ Dee1 71<,1



:<

Dee1 71;= Wudjhsrvlwlrqhq ghv Grvlphwhuv dxi ghp Nrsi xqg dxi ghp Wkrud{

Dee1 71<= Dqwkursrprskhv Nùushuprghoo lqnoxvlyh }zhl Grvlphwhuq dq ghq xqwhuvxfkwhq Wud0
jhsrvlwlrqhq dxi ghp Khop xqg ghp Wkrud{ +Hf @ 4 &T

6 ,
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71714 Vfkçw}xqj dqkdqg ghu Gl�huhq}vljqdoh

Gxufk Vlpxodwlrq nrqqwh qdfkjhzlhvhq gd glh jhulqjhq Odgxqjvxqwhuvfklhgh/ glh glh
Hohnwurghq lp dxvjhsuçjwhq Nùushuihog uhjlvwulhuhq/ Ulfkwxqjvlqirupdwlrq wudjhq1 Gdkhu
zxugh xqwhuvxfkw/ re glh Gl�huhq} ghu Vhqvruvljqdoh }xu Ulfkwxqjvghwhnwlrq khudqjh}rjhq
zhughq ndqq1 Lp Jhjhqvdw} }xu Wkrud{srvlwlrq zhlvhq glh Gl�huhq}vljqdoh ghv �Nrsi0
grvlphwhuv� lq ghu Krul}rqwdohehqh hlqhq ghxwolfk dxvjhsuçjwhq vlqxvrlgdohq Fkdudnwhu
dxi +Dee1 7143,1 Glhvh vlqxvrlgdoh Hljhqvfkdiw ghu Gl�huhq}vljqdoh lvw ghu Ulfkwxqj }x0
}xvfkuhlehq1 Glh Skdvhqyhuvfklhexqj yrq 453� hqwvwhkw nrqvwuxnwlrqvehglqjw gxufk glh
Guhlehlqnrq�jxudwlrq ghu ndsd}lwlyhq Ihogvhqvruhq1 Glh Ulfkwxqj ndqq lq hlqghxwljhu
Zhlvh ehuhlwv dxv }zhl Gl�huhq}vljqdohq dejhohlwhw zhughq1 Wurw}ghp lvw hv hpsihkohqv0
zhuw/ uhgxqgdqw dooh guhl Gl�huhq}hq dxv}xzhuwhq/ xp Vwùuxqjhq }x xqwhugu fnhq1 Dxfk
lq ghu |}0Yhuwlndohehqh zhlvhq glh vlpxolhuwhq Gl�huhq}vljqdoh hlqhq vlqxviùupljhq Yhuodxi
dxi1 Dxv V|pphwulhju qghq p wh gdv Gl�huhq}vljqdo ghu h4 xqg h60Hohnwurgh lq glhvhu
Hehqh lghqwlvfk Qxoo vhlq1 Wdwvçfkolfk lvw lq Dee1 7144 hlqh ohlfkwh Yhuvfklhexqj xp glh
Qxoodjh hunhqqedu1 Vlh u kuw yrq hlqhu ohlfkwhq Xqv|pphwulh ghv Nùushuprghoov khu1 Glh
qdfkwuçjolfkh Deuxqgxqj ghv Nrsihv +Vlpxodwlrq hlqhv Duehlwvvfkxw}khopv, lvw xp 8 pp
}xu V|pphwulhdfkvh yhuvfkrehq xqg eloghw gdkhu glh Xuvdfkh i u glhvhq �R�vhwihkohu�1
Glh ohlfkwhq Vljqdo xnwxdwlrqhq vlqg qxphulvfkhq Xqjhqdxljnhlwhq }x}xvfkuhlehq/ dxi
zhofkh glh Gl�huhq}vljqdoh ehvrqghuv hps�qgolfk uhdjlhuhq1 Glh gxufkjh}rjhqhq Olqlhq
lq ehlghq Gldjudpphq vlqg glh Hujheqlvvh hlqhu huzhlwhuwhq Uhjuhvvlrqvdqdo|vh1 Gxufk
Yrujdeh hlqhv ixqnwlrqdohq ]xvdpphqkdqjv zxugh glh Dpsolwxgh xqg Skdvh qxphulvfk
plw PDWKFDG ^45` ehvwlppw1
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Dee1 7143= Vlpxolhuwh Gl�huhq}vljqdoh ghu Nxjhovfkdohqhohnwurghq hlqhv �Nrsigrvlphwhuv� de0
kçqjlj yrq ghu Hlqidoovulfkwxqj ghv Ihoghv lq ghu Krul}rqwdohehqh1 Glh gxufkjh}rjhqhq Olqlhq
vlqg gdv Hujheqlv hlqhu yhudoojhphlqhuwhq Uhjuhvvlrqvdqdo|vh1
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Dee1 7144= Vlpxolhuwh Gl�huhq}vljqdoh ghu Nxjhovfkdohqhohnwurghq hlqhv �Nrsigrvlphwhuv� de0
kçqjlj yrq ghu Hlqidoovulfkwxqj ghv Ihoghv lq ghu Yhuwlndohehqh +|}0Hehqh,1 Glh gxufkjh}rjhqhq
Olqlhq vlqg gdv Hujheqlv hlqhu yhudoojhphlqhuwhq Uhjuhvvlrqvdqdo|vh1

71715 Vfkçw}xqj plw ghu Pd{lpxp0Olnholkrrg0Phwkrgh

Glh Pd{lpxp0Olnholkrrg0Phwkrgh lvw hlq vwdwlvwlvfkhv Yhuidkuhq }xu Jhzlqqxqj yrq hi0
ihnwlyhq +g1 k1 zlunvdphq, Vfkçw}ixqnwlrqhq i u Sdudphwhu hlqhu vwdwlvwlvfkhq Yhuwhloxqj1
Glhvhv dxfk dov �Phwkrgh ghu pd{lpdohq Pxwpd olfknhlw� ehndqqwh Yhuidkuhq zxugh eh0
uhlwv yrq F1 I1 Jdx +4;;3, i u Vsh}ldoiçooh dqjhzhqghw1 Lq vhlqhu doojhphlqhq Irup zxugh
glhvh Phwkrgh i u glh Vwdwlvwln yrq U1 D1 Ilvfkhu +4<45, hqwzlfnhow1 Glhvhv Yhuidkuhq zhlvw
hlqhp Sdudphwhu ghqmhqljhq Zhuw }x +Vfkçw}yrujdqj,/ ghu ehl hlqhu Ehredfkwxqj plw ghu
juù whq Zdkuvfkhlqolfknhlw dxiwulww1 Gdv Pd{lpxp0Olnholkrrg0Yhuidkuhq kdw ghq Yru0
whlo/ gd hv nhlqh Nhqqwqlv ehu d sulrul0Zdkuvfkhlqolfknhlwvglfkwhq ehqùwljw/ vrqghuq plw
ehglqjwhq +d srvwhulrul,0Zdkuvfkhlqolfknhlwvglfkwhq dxvnrppw1 Plw ghq D srvwhulrul0
Zdkuvfkhlqolfknhlwvglfkwhq ) d+� mq�c ���c q6 o ghu Dxvjdqjvjuù h | ghv Sdudphwhuv|vwhpv
q& ndqq glh vrjhqdqqwh �Olnholkrrg Ixqnwlrq� u huvwhoow zhughq=

uEq�c ���c q6 m+�c ���c +? � '
?\
�'�

) E+� mq�c ���c q6 � +717,

]lho hlqhu Pd{lpxp0Olnholkrrg0Vfkçw}xqj lvw hv/ hlq Sdudphwhu
2
q }x �qghq/ i u zhofkhq

glh Olnholkrrg0Ixqnwlrq pd{lpdo zlug +H{wuhpzhuwdxijdeh,1 Klhu}x zhughq glh sduwlhoohq
Deohlwxqjhq ghu Olnholkrrg0Ixqnwlrq jheloghw/ glhvh Qxoo jhvhw}w/

Yu

Yq&
' f +718,
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xqg glh Johlfkxqj qdfk
2
q� dxijhoùvw1 Idoov glh Yhuwhloxqj hlqh H{srqhqwldoixqnwlrq +}1 E1

Qrupdoyhuwhloxqj, ehlqkdowhw/ ndqq glh H{wuhpdodxijdeh plw Kloih ghv qdw uolfkhq Orjd0
ulwkpxv jhoùvw zhughq/ gd gxufk gdv Orjdulwkplhuhq glh Odjh ghv H{wuhpxpv ehvwhkhq
eohlew=

Y *?u

Yq&
' f +719,

Plw ghu Ed|hvvfkhq Irupho

) Eq m+� � ' ) E+� mq �) Eq�

) E+��
+71:,

oç w vlfk }hljhq/ gd gdv Pd{lpxp ghu Olnholkrrg0Ixqnwlrq vrzrko i u srvwhulrul0/ dov
dxfk i u D0sulrul0Zdkuvfkhlqolfknhlwhq jhixqghq zhughq ndqq/ vrihuq hlqh johlfkpç ljh
Zdkuvfkhlqolfknhlwvglfkwh ghu Sdudphwhu ) Eq� dqjhqrpphq zlug1

Phlvw zlug i u Pd{lpxp0Olnholkrrg0Vfkçw}hu lp ]hlwehuhlfk glh qlfkw lpphu }xwuh�hqgh
Dqqdkph jhwur�hq/ gd glh Ph vljqdoh qrupdoyhuwhlow yruolhjhq

Qrupdoyhuwhloxqj �
�
+�c j

2
�

G �
�
+�c j

2
�
G' ) E+�� '

�s
2Zj2

e3
E+�37+�2

2j2 +71;,

plw
j2 G Yduldq}

Hlqh Yhuehvvhuxqj nùqqwh qdfk ^4:` huuhlfkw zhughq/ zhqq pdq glh Vfkçw}xqj ghu irxulhu0
wudqviruplhuwhq Ph vljqdoh yruqlppw/ gd glh Vshnwuhq }xplqghvw dv|pswrwlvfk qrupdo0
yhuwhlow yruolhjhq1 Qdfkwhlolj dq ghu Phwkrgh lp Iuhtxhq}ehuhlfk lvw mhgrfk vhlq hukùkwhu
Uhfkhqdxizdqg1 Hlq jur hu Yruwhlo ghu Pd{lpxp0Olnholkrrg0Phwkrgh ehvwhkw gdulq/ gd
glhvhv Vfkçw}yhuidkuhq qlfkw qxu dxi olqhduh/ vrqghuq dxfk i u qlfkwolqhduh Sur}hvvh dqjh0
zhqghw zhughq ndqq1 Glh Qxw}edunhlw glhvhv Vfkçw}yhuidkuhqv i u qlfkwolqhduh Sur}hvvh
lvw/ zlh gxufk glh Dssolndwlrq lp Udkphq glhvhu Duehlw qrfk jh}hljw zlug/ hlq juxqgoh0
jhqghv Nulwhulxp1

71716 Dqzhqgxqj i u ndsd}lwlyhq Ihogvhqvru= Vfkçw}xqj ghu xq0
jhvwùuwhq Ihogvwçunh

Qxq vroohq plw ghu rehq yrujhvwhoowhq Phwkrgh glh Nrpsrqhqwhq ghv xqjhvwùuwhq Ihog0
vwçunhyhnwruv O.f jhvfkçw}w zhughq1 Glh Ph juù h glhvhv Vfkçw}huv eloghq glh lq xhq}lhu0
whq Odgxqjhq dxi ghq guhl Vhqvru çfkhq '�c '2c '� hlqhv ndsd}lwlyhq Ihogvhqvruv1 Glhvh
Odgxqjhq vwhkhq ehu glh nùushuqdkh xqg gdkhu jhvwùuwh hohnwulvfkh Yhuvfklhexqjvglfk0
wh O( plw ghq xqjhvwùuwhq çx huhq Ihogvwçunhnrpsrqhqwhq .fc%c .fc+ xqg .fc5 lq Eh}lh0
kxqj1 Ghu ]xvdpphqkdqj }zlvfkhq ghq Odgxqjhq xqg ghq xqjhvwùuwhq Ihognrpsrqhq0
whq zlug plw dxv ghu Ihoguhfkxqj +�Vlpxodwlrqvh{shulphqw�, jhzrqqhqhq Nrh!}hqwhq
g dxvjhgu fnw +Ehredfkwxqjvpdwul{,1 Glh gxufk Phvvxqj EJo1 8196=L6 ' '

�7e?rJo
� rghu

qxphulvfkhu Ehuhfkqxqj +Jo1 714= ' � S
�

S s
(2

%c? n(2
+c? n(2

5c?

��
�
{��, huplwwhowhq

Odgxqjhq O' xqwhuolhjhq vwrfkdvwlvfkhq Ph 0 rghu Uhfkhqihkohuq +}1 E1 Vwuhx0 rghu Glv0
nuhwlvlhuxqjvihkohu,1 Glhvh Yduldelolwçw zlug lp Prghoo gxufk ]xidoovyduldeohq +klhu hlq
Yhnwru, Oe Uhfkqxqj jhwudjhq1
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]xqçfkvw zlug gdv Vfkçw}sureohp plw hlqhp olqhduhq Prghoo ehvfkulhehq1 Ehl olqhduhp
Dqvdw} ndqq dxi irojhqgh Zhlvh lq Pdwul{gduvwhooxqj gdujhvwhoow zhughq=

O' ' g O.f n Oe +71<,

plw
Oe ' Ee%c e+c e5�

A G Yhuvxfkvihkohu gxufk Yduldelolwçw ghu Phvvxqj +�Revhuydwlrq
qrlvh�,
fA G' g= Ehredfkwxqjvpdwul{ +Nrh!h}hqwhq ehvwlppw gxufk Ihoguhfkqxqj,
Oq G' O.f ' E.fc%c .fc+c .fc5 �

A = hohnwulvfkhu Ihogyhnwru +Hujheqlvyhnwru,
O+ G' O' ' E'%c'+c '5�

A G Odgxqjvyhnwru +Ph yhnwru,

Glh Vwuxnwxupdwul{ [ ehvwhkw dxv ehredfkwhwhq 0 rghu zlh klhu gxufk Vlpxodwlrq eh0
vwlppwh 0 Nrh!}lhqwhq/ zhofkh hlqhq ]xvdpphqkdqj }zlvfkhq ghu jhphvvhqhq Odgxqj
xqg ghu xqjhvwùuwhq hohnwulvfkhq Ihogvwçunhnrpsrqhqwh khuvwhoow1 Glh Nrh!}lhqwhq &��
zxughq gxufk qxphulvfkh Ihoguhfkqxqj plw PD[ZHOO huplwwhow1 Vroo gdv Johlfkxqjvv|0
vwhp oùvedu vhlq/ vr px glh Vwuxnwxupdwul{ N hlqh uhjxoçuh Pdwul{ vhlq1 Glh Uhjxodulwçw
lvw gdqq jhjhehq/ zhqq glh Nrh!}lhqwhq hlqhu txdgudwlvfkhq +6{6,0Vwuxnwxupdwul{ dxv 6
olqhdu xqdekçqjljhq Ihogyhnwruhq ehvwlppw zlug=

g '

3C &�� &�2 &��
&2� &22 &2�
&�� &�2 &��

4D +7143,

Dov xqdekçqjljh Ihogyhnwruhq nùqqhq ehlvslhovzhlvh irojhqgh Edvlvyhnwruhq3C �&T
6

f
f

4D c

3C f
�&T
6

f

4D c

3C f
f
�&T
6

4D
khudqjh}rjhq zhughq1 Gxufk mhghq Edvlvyhnwru ndqq hlqh Vsdowh lq ghu Vwuxnwxupdwl{
ehvwlppw zhughq1 Glh Vwuxnwxupdwul{ lvw i u hlq Wkrud{0 xqg �Nrsigrvlphwhu� plw iro0
jhqghq Zhuwhq ehvhw}w=

I u hlqhq Txhoohqdevwdqg yrq 4 p=

gA�Jo@% ' �f3�e �
3C 2c �.H 2c fDH ec DHe

2c .�e 2c efe ec .2�
2c Df� 2c fe. ec HS�

4D�r +7144,

ggJRs ' �f3�e �
3C Dc 2S. ec Hee �ec �bS

ec e2b Dc �bH �ec 2�.
ec e2b ec ee� �ec SeD

4D�r +7145,

I u hlqhq Txhoohqdevwdqg yrq 5 p=

gA�Jo@% ' 2 � �f3�e �
3C �c DSb �c 2Sf �c eDD

�c .f� �c �eS 2c .f2
�c .�f 2c .H. Dc beS

4D�r +7146,

ggJRs ' 2 � �f3�e �
3C 2c bf. 2c b�H Dc H�S

2c e.e �c 2.2 Sc fe�
2c SeD 2c H�� Dc beS

4D�r +7147,
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Glhvh Vwuxnwxupdwul}hq jhowhq i u hlqhq dxiuhfkw vwhkhqghq/ jhhughwhq Grvlphwhuwuçjhu
+Qruprw|s,1 Olhjw hlqh uhjxoçuh Vwuxnwxupdwul{ N yru/ vr ndqq Jo171< qdfk O.f dxijhoùvw
zhughq/ zrehl glh Yduldelolwçw ghu Phvvxqj gxufk glh Nryduldq}pdwul{ plwehu fnvlfk0
wljw zhughq px 1 Dxijuxqg ghv vwrfkdvwlvfkhq Sur}hvvhv +Udxvfkhq xqg Ihogyhu}huuxq0
jhq gxufk glyhuvh Xpjhexqjvhlq vvh, ndqq O.f qlfkw gluhnw hukdowhq/ vrqghuq qxu hlq

Vfkçw}zhuw
<
	.f jhzrqqhq zhughq1

2
OqG'

<
	.f'

�
gAT 3�

e g
�3�

gAT 3�
e

O' +7148,

plw
2
OqG'

<
	.fG Vfkçw}zhuwyhnwru

gAT 3�
e g G uhjxoçuh/ txdgudwlvfkh Pdwul{

Te G Nryduldq}pdwul{ ghv Johlfkxqjvihkohuv
gA G wudqvsrqlhuwh Ehredfkwxqjvpdwul{

V|vwhph/ zhofkh lq ghu Odjh vlqg/ hlqh vrofkh Vfkçw}xqj yru}xqhkphq xqg ghq dp kçx0
�jvwhq dxiwuhwhqghq Zhuw }x huplwwhoq/ zhughq Pd{lpxp0Olnholkrrg0 rghu Plql0
xpxpyduldq}vfkçw}hu jhqdqqw1 I u ghq Idoo/ gd glh Yhuvxfkvihkohu h�/ h2 xqg h�
vwdwlvwlvfk xqdekçqjlj vlqg/ kdw glh Nryduldq}pdwul{ hehqidoov glh Jhvwdow hlqhu Gldjr0
qdopdwul{1 Qlppw pdq zhlwhuklq i u glh Yduldelolwçw Qrupdoyhuwhlowxqj dq/ vr hujlew
vlfk=

Te�ce& ' HEe�ce&� ' j2� B�& +7149,

T EOe� ' j2U +714:,

plw
HEe�ce&� G Huzduwxqjvzhuw
B�& G Nurqhfnhuv|pero E� ' & :$ �( � 9' & :$ f�
j2� G Yduldq}hq yrq h�

U '

3C � f f
f � f
f f �

4D= Hlqkhlwvpdwul{

Ehl jhjhqvhlwljhu Xqdekçqjljnhlw xqg johlfkhq Yhuwhloxqjhq/ }1 E1 qrupdo yhuwhlow/ jlow=

HEe�� ' f( T Ee�� ' j2� +714;,

7171614 Ehvfkuhlexqj ghu lqkrprjhqhq Ihogvwuxnwxu lq ghu Vwuxnwxupdwul{

Elvkhu zxughq ohgljolfk Nrh!}lhqwhq dxv ghq guhl Kdxswulfkwxqjhq yhuzhqghw1 Glh lq0
krprjhqh xqg nrpsoh{h Ihogyhuwhloxqj dq ghu Nùushurehu çfkh pdfkhq hv mhgrfk qrw0
zhqglj/ zhlwhuh Lqirupdwlrq ehu glh Ihogvwuxnwxu klq}x}x}lhkhq1 Glhv jhvfklhkw gxufk
Hlqi kuxqj }xvçw}olfkhu Nrh!}lhqwhq/ glh i u zhlwhuh Hlqidoovulfkwxqjhq huplwwhow zxughq1
Glhv i kuw qrwzhqgljhuzhlvh }x hlqhu ehuehvhw}whq Vwuxnwxupdwul{ N?%6 + ehuehvwlpp0
whv OJV, xqg glh jhirughuwh Uhjxodulwçw glhvhu Pdwul{ jhkw yhuoruhq1

]xu Oùvxqj vlqg phkuhuh Yrujhkhqvzhlvhq ghqnedu1 Rkqh Dqvsuxfk dxi Yroovwçqgljnhlw
vroohq vwlfkzruwduwlj pùjolfkh Yduldqwhq yrq Oùvxqjvdqvçw}hq vnl}}lhuw zhughq=



;8

d, Oùvxqj xqg Plwwhoxqj= Gdv OJV zlug mhzhlov i u hlq Xqwhuv|vwhp jhoùvw xqg dqvfkolh0
hqg }zlvfkhq glhvhq Nrh!}lhqwhq jhplwwhow1 Klhu ehvwhkw mhgrfk gdv Sureohp/ gd glh
Oùvxqjvnrh!}lhqwhq ulfkwxqjvdekçqjlj vwdun ydullhuhq/ vr gd hlqh Plwwhoxqj nhlqh rswl0
pdoh Oùvxqj huzduwhq oç w1 Dx hughp lvw glh Ulfkwxqjvlqirupdwlrq vhoevw zlhghuxp yrq
ghq xqjhvwùuwhq Ihogvwçunhnrpsrqhqwhq +dovr ghu Oùvxqj$, dekçqjlj=

I u glh Vdjlwdohehqh +) ' 3,= i ' @hU|@?
.fc%

.fc5

+714<,

I u glh Krul}rqwdohehqh +i ' 3,= ) ' @hU|@?
.fc+

.fc%
+7153,

I u glh Iurqwdohehqh +) ' <3�,= i ' @hU|@?
.fc+

.fc5
+7154,

e, Oùvxqj= Qlfkwolqhduhu Dqvdw} i u Nrh!}lhqwhq n��
4, Sro|qrp n��+)c i�= Hlqh Uhjuhvvlrqvdqdo|vh ghu huplwwhowhq Nrh!}lhqwhq n�� olhihuw plw
hlqhp qlfkwolqhduhq Dqvdw} +}1 E1 Sro|qrp, hlqh Dssur{lpdwlrq ghu ulfkwxqjvdekçqjljhq
Ixqnwlrq }zlvfkhq ghq Vw w}vwhoohq1 Ehl Oùvxqj zlug zlhghu glh Ulfkwxqj ehqùwljw xqg
hlq krkhu Lpsohphqwlhuxqjvdxizdqg lvw }x huzduwhq1
5, Wdehooh lp HSURP= Ehl glhvhu Phwkrgh zlug glh Johlfkxqj vhnwruhqzhlvh yrujhoùvw1
Glh Ulfkwxqjvlqirupdwlrq glhqw }xu Dxvzdko ghu ulfkwljhq Oùvxqjvnrh!}lhqwhq1
6, Klvwrjudpph huvwhoohq +zdkuvfkhlqolfkvwhu Nrh!}lhqw dxvzçkohq,= Xp dxi glhvhu Edvlv
hlqhq jxwhq Vfkçw}zhuw }x jhzlqqhq/ vlqg vhku ylhoh Phvvxqjhq 0 ehl pùjolfkvw johlfkeohl0
ehqghq Ehglqjxqjhq 0 qrwzhqglj1
7, Lwhudwlyhv Yhuidkuhq=

eO.fc? '

#
g

�eO.?3�

�A

T 3�
e g

�eO.?3�

�$3�

g

�eO.?3�

�A

T 3�
e

O' +7155,

Zhlo ehl ylhohq Yhuidkuhq glh Ulfkwxqjvlqirupdwlrq ehqùwljw zlug/ glh vhoevw yrp Vfkçw}0
zhuw dekçqjw/ lvw ghu Jhgdqnh qdkholhjhqg/ hlq lwhudwlyhv Yhuidkuhq dq}xvhw}hq1 Qdfk hl0
qhu j qvwljhq Lqlwldolvlhuxqj +}1 E1 kçx�jvwh Hlqidoovulfkwxqj, lvw hlqh klquhlfkhqg vfkqhooh
Nrqyhujhq} glhvhv Yhuidkuhqv }x huzduwhq/ idoov vlfk glh Xpjhexqjvehglqjxqjhq qlfkw }x
kçx�j çqghuq1 Hv lvw de}xvhkhq/ gd glh Nrqyhujhq} vwdun yrq ghu Uhfkhqohlvwxqj ghv
V|vwhpv dekçqjw1 I u hlq hlqidfkhv Plnurfrqwuroohuv|vwhp lvw hv gdkhu xqjhhljqhw1
8, Gl�huhq}0 xqg Vxpphqelogxqj }xu Ulfkwxqjvehvwlppxqj/ gdqq Vfkçw}yhuidkuhq +Plql0
pxp0Olnholkrrg, i u H0Ihogehvwlppxqj dqzhqghq
9, Hlqi kuxqj hlqhu Nruuhnwxupdwul{= Sulq}lslhoo ehvw qgh glh Pùjolfknhlw/ glh Gl�huhq0
}hq ghu Vfkçw}zhuwh ulfkwxqjvdekçqjlj }x nruuljlhuhq1 Gdv Sureohp ehvwhkw klhu gdulq/
v|vwhpdwlvfk }x huplwwhoq/ zhofkh Zhuwh hlqh Pdwul{ kdehq p wh1
:, Nrpelqlhuwh Yhuidkuhq= }1 E1 7, plw 5,

Urexvwkhlw ghv Vfkçw}huv=
Lq ghu Sud{lv vwlppw glh Gdwhqvwuxnwxu plw ghp yruolhjhqghq Prghoo qxu xqyroonrpphq
ehuhlq1 Wrohulhuw hlq Vfkçw}hu vrofkh Dezhlfkxqjhq yrq ghu Zlunolfknhlw/ vr kdqghow
hv vlfk xp hlqhq urexvwhq Vfkçw}hu1 Lq ghu Uhjho jlow mhgrfk/ gd hlq jhqdxhuhv Prghoo
hlqhq xqurexvwhuhq +hps�qgolfkhuhq, Vfkçw}hu olhihuw/ zhofkhu doohuglqjv ehvvhuh Uhvxo0
wdwh hu}lhow/ vrihuq gdv Prghoo glh Uhdolwçw klquhlfkhqg jxw ehvfkuhlew1 Klhu jlow hv dovr
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hlqhq Nrpsurpl }zlvfkhq Urexvwkhlw xqg Yhuduehlwxqjvdxizdqg ghu ehqxw}whq d0sulrul0
Lqirupdwlrqhq }x �qghq1
]xu Devfkçw}xqj ghu Jhqdxljnhlw glhvhv Vfkçw}zhuwhv/ gdui ghu Vfkçw}zhuw vhoevw zlhghu0
xp dov ]xidoovyduldeoh dxijhid w zhughq/ ghvvhq Nryduldq}pdwul{ vlfk ehuhfkqhw }x=

T E
2
Oq� ' j2

�
ffA

�3�
+7156,

Id}lw }x ghq Vfkçw}phwkrghq= Ehl ghu huvwhq Phwkrgh plw ghu Elogxqj ghu Gl�h0
uhq}vljqdoh kdqghow hv vlfk xp hlqh vhku hlqidfkh Phwkrgh xp glh uhvxowlhuhqgh Ulfkwxqj
ghv hlqzlunhqghq Ihogvljqdov }x ghwhnwlhuhq1 Lku Lpsohphqwlhuxqjv0 xqg Uhfkhqdxizdqg
lvw uhodwly jhulqj1 Dov Qdfkwhlo glhvhu Gl�huhq}0Phwkrgh px lkuh krkh Hps�qgolfknhlw
jhjhq ehu Vwùuxqjhq jhqdqqw zhughq1 Glh Phwkrgh ghu Pd{lpxp0Olnholkrrg0Vfkçw}xqj
yhuvsulfkw/ glh h�hnwlyvwh Phwkrgh }x vhlq1 Glh Lpsohphqwlhuxqj ghv yroovwçqgljhq Où0
vxqjvdojrulwkpxv huvfklhq qlfkw pùjolfk/ gd ghu qrwzhqgljh Uhfkhqdxizdqg +Oùvxqj yrq
Johlfkxqjvv|vwhphq, glh Ohlvwxqjviçkljnhlw hlqhv Plnurfrqwuroohuv|vwhpv glhvhu Duw ehl
zhlwhp ehuvwhljw1 Hlq Yhuvxfk/ glh Oùvxqjvpdwul}hq jhpç ghp Pd{lpxp0Olnholkrrg0
Dojrulwkpxv plw PDWKFDG yru}xoùvhq/ glh Oùvxqjvnrh!}lhqwhq lp HSURP ghv Gdwhq0
orjjhuv de}xohjhq xqg vhnwruzhlvh }x}xrugqhq/ hueudfkwh mhgrfk ohw}whqgolfk iudjz ugljh
Uhvxowdwh1
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718 Hlq x yrq Nùushukdowxqjhq xqg Ehzhjxqjhq

Dee1 7145= Dqwkursrpruskhv Nùushuprghoo hlqhv Grvlphwhuwuçjhuv dxv Yroxphqhohphqwhq
+Vrolg0Prghoo lp DFLV41:0Irupdw,

719 Jhzlqqxqj grvlphwulvfkhu Gdwhq dxv krfkdx ù0
vhqghq dqdwrplvfkhq Nùushuprghoohq

Lp Udkphq ghv vrjhqdqqwhq �Ylvleoh Pdq�0Surmhnwhv ghu Qdwlrqdo Oleudu| ri Phglfl0
qh +X1V1D1, zxugh 4<;< hlqh pçqqolfkh Ohlfkh +4/;:5 p/ 6< Mdkuh, vfkhlefkhqzhlvh plw
hlqhu Dx ùvxqj yrq 4 pp vh}lhuw xqg glh Gdwhq glhvhu Jhzhehz uiho +Yr{ho, zhowzhlw
}dkouhlfkhq Lqvwlwxwhq }xjçqjolfk jhpdfkw1 Gxufk hlqh hqwvsuhfkhqgh Nodvvl�ndwdwlrq ghv
Jhzhehv nrqqwh glhvhq Yr{hoq lkuh hohnwulvfkhq Hljhqvfkdiwhq }xjhzlhvhq zhughq ^48`1
Glh Yhui jedunhlw vrofkhu ihlqdqdwrplvfkhq Prghoogdwhq hupùjolfkw/ qxphulvfkh Ehuhfk0
qxqjhq ghu Vwurpglfkwhq lp Nùushulqqhuhq gxufk}xi kuhq1

71914 Pdjqhwlvfkh H{srvlwlrq

Gdzvrq ^7` yhuù�hqwolfkwh n u}olfk i u glh hlq}hoqhq Vfklfkwhq +Glfnh= 61< pp xqg :15
pp, glh lqqhuhq Ihogvwçunhq xqg Vwurpglfkwhq i u pdjqhwlvfkh Krprjhqihoghu dxv mhzhlov
doohq guhl Udxpulfkwxqjhq hlqidoohqg1 Klhu}x zxughq i u glh hlq}hoqhq Rujdqh xqg Jh0
zhehduwhq glh plwwohuhq xqg pd{lpdohq hohnwulvfkhq Ihoghu xqg Vwurpglfkwhq ehuhfkqhw1
Gdzvrq vwhoowh iuhxqgolfkzhlvh vhlqh Rujlqdogdwhqvçw}h }xu Yhui jxqj ^8`1 Qdfk hlqhu Xp0
vndolhuxqj ghu Gdzvrqvfkhq Gdwhq i u 83 K} zxughq dooh guhl Vwurpglfkwhsur�oh lqnoxvlyh
lkuhp Plwwho lq hlqhp Gldjudpp gdujhvwhoow +Dee1 7146,1 Dxv glhvhq Gdwhq odvvhq vlfk
dx hughp glh zlfkwljhq Idnwruhq }zlvfkhq ghq plwwohuhq Vwurpglfkwhq ehl pdjqhwlvfkhu



;;

H{srvlwlrqvlwxdwlrq Plwwho Pd{lpxp

3/5 >W/ krprjhq/ 93 K} fc DS>�
62 ec 2>�

62

833 nY/4333 D/ 3/8 p hqwihuqw fc e6�
62 2c H6�

62

46; nY/ 833 D/ 3/8 p hqwihuqw fc 2e6�
62 �c .6�

62

hohnwulvfkhu Iùkq � fc ����H>�
62

Udvlhuhu � �c D�����6�
62

Wde1 716= Lqgx}lhuwh Vwurpglfkwhq lqqhukdoe hlqhu Shuvrq gxufk hlq pdjqhwlvfkhv 83 K}0Ihog
xqwhu yhuvfklhghqhq H{srvlwlrqvehglqjxqjhq

Ihogh{srvlwlrq i u glh guhl nduwhvlvfkhq Kdxswulfkwxqjhq jhzlqqhq=

&% ' � +7157,

&+ ' fc H� +7158,

&5 ' fc Sb +7159,

Dee1 7146= Vfklfkwzhlvh jhplwwhowh lqqhuh Vwurpglfkwhq lq >�
S62 xqg lqgx}lhuwh Ihogvwçunhq lq

6T
6 i u hlqh iurqwdoh +{0Ulfkwxqj,/ odwhudoh +|0Ulfkwxqj, xqg yhuwlndoh +}0Ulfkwxqj, pdjqhwlvfkh
Ihogh{srvlwlrq yrq 4 pW xqg 83 K}1 +Rujlqdogdwhqvçw}h plw Dx ùvxqj 6/9 pp yrq Gdzvrq
^8`/ qhxdxiehuhlwhw xqg xpvndolhuw,

Hlq Yhujohlfk glhvhu Zhuwh plw Ehuhfkqxqjhq dqghuhu Dxwruhq eulqjw hlqh uhfkw jxwh
ßehuhlqvwlppxqj1 Glh Ehuhfkqxqjvhujheqlvvh pdjqhwlvfkhu Ihogh{srvlwlrq dxv guhl yhu0
vfklhghqhq Ulfkwxqjhq vlqg lq Wdehooh 717 xpjhuhfkqhw i u hlqh Qhw}iuhtxhq} yrq 83 K}
dxijhi kuw1 I u hlqh pdjqhwlvfkh Iox glfkwh yrq 4 pW hujlew vlfk i u 83 K} ehl iurqwdohp
Ihoghlqidoo hlqh pd{lpdoh lqqhuh hohnwulvfkh Ihogvwçunh yrq 63; 6T

6
1



;<

E@4 pW
C83 K}

{0Ulfkw1
EsoJ?|@,�

|0Ulfkw1
Er@}�|@,�

}0Ulfkw1
E�eo|�&@,�

Phwkrgh/
Prghoo

Uhih0
uhq}

M6�||e, 3/;;6�
62 3/;66�

62 3/:56�
62 IH0Phwkrgh/ vwhkhqghu ^<`/

Idnwru 4 3/<7 3/;5 Nùushu +Prghoolhuxqj ghu ^43`
M4@ 556�

62 Rujdqh,/ 4331333 Whwud1
M6�||e, 2c H2 6�

62 2c �2 6�
62 �c be 6�

62 Lpshgdq}phwkrgh/ ^4;`
Idnwruhq 4 3/;5 3/9< Ilqlwh Gl�huhq}hq
M4@ 2ec �6�

62 �Sc S6�
62 ��c D6�

62

Idnwru 4 3/9< 3/89
M6�||e, 5/;4 6�

62 5/65 6�
62 4/<8 6�

62 IH0Phwkrgh/ ^7`/
Idnwru 4 3/;6 3/9< �Ylvleoh Pdq� ^8`
M4@ 96/: 6�

62 97/7 6�
62 78/5 6�

62 +Nùushuprghoo plw
Idnwru 4 4/34 3/:4 4/9 Plr1 Whwudhghu,

Wde1 717= Lqgx}lhuwh Vwurpglfkwhq i u pdjqhwlvfkh Iox glfkwhq yrq 4 pW xqg 83 K} mhzhlov i u
glh guhl Ulfkwxqjhq ghv Udxphv

Hlqh dqghuh Vwxglh ^47` jlew i u hlqhq Phqvfkhq +4/: p/ :3 nj, çkqolfkh Zhuwh=

a6�||e, ' �c �����c b
6�

62
+Jdq}nùushu,( a4@ ' HE2f�W�

6�

62
(

.� ' �e����.c .
6T

6
+Jdq}nùushu,( .�c4@ ' �S�E2bS�W�

6T

6
-, Uhfkqxqj plw kùkhu dxijhoùvwhp Prghoo

Hv }hljw vlfk/ gd hlqh kùkhuh Prghoodx ùvxqj sudnwlvfk nhlqh zhvhqwolfkhq Çqghuxq0
jhq ehl ghq plwwohuhq Vwurpglfkwhq hujhehq1 Hlqh kùkhuh Prghoodx ùvxqj i kuw ehl ghq
pd{lpdohq Vwurpglfkwhq klqjhjhq }x hlqhu vwdunhq Hukùkxqj1 Klhu ehvwhkhq dovr jur h
Xqvlfkhukhlwhq1 Glhv xqwhuvwuhlfkw qrfkpdov glh Qrwzhqgljnhlw/ dov �grvlvuhohydqwh� Juù0
h plw ghu jhplwwhowhq Vwurpglfkwh }x duehlwhq1
Hv lvw lq}zlvfkhq pùjolfk/ plw vrofkhq Vwurpglfkwhgdwhq krfkdx ùvhqghu Nùushuprghooh
U fnvfko vvh dxi glh �Grvhq� hlq}hoqhu Rujdqh }x }lhkhq +Dee1 7147,1 Gdgxufk lvw hv
ghqnedu/ plwwhov hlqhu ghwdloolhuwhq Dqdo|vh hlqhq hyhqwxhoo dxijhwuhwhqhq H�hnw dxi Ru0
jdqhehqh }xu fn}xyhuirojhq1 Zçkuhqg Gdzvrq lq vhlqhu Sxeolndwlrq glh �Rujdqgrvhq�
i u glh pd{lpdo dxiwuhwhqghq Vwurpglfkwhq yhuù�hqwolfkwh xqg gdudq ghuhq Dekçqjljnhlw
yrq ghu Prghoodx ùvxqj ghprqvwulhuwh/ vroo klhu ghq plwwohuhq Vwurpglfkwhq hlq kùkh0
uhu Vwhoohqzhuw hlqjhuçxpw zhughq1 Gd}x zxughq glhvh plwwohuhq Vwurpglfkwhq dxv ghq
Rujlqdogdwhqvçw}hq yrq Gdzvrq ^8` h{wudklhuw xqg gdujhvwhoow +Xpuhfkqxqj dxi 83 K}/
Nùushudfkvhq hqwvsuhfkhq ghq klhu gh�qlhuwhq/ Xpvndolhuxqj yrq 4 >W dxi 4 pW,1
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y-Einfallsrichtung z-Einfallsrichtung
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0: Ganzkörper

x-Einfallsrichtung

1: Adrenalindrüse
2: Blase
3: Blut

4: Knochen
5: Knochenmark

6: Därme

7: graue Gehirnsubstanz

8:  weiße Gehirnsubstanz
9: Gehirn

10: Knorpel
11: Cerebrospinale Flüssigkeit (CSF)

12: Speiseröhre
13: Augen

14: Fett

15: Gallenblase

16: Herz
17: Niere
18: Tränendrüse

19: Leber

20: Lunge

21: Muskel

22: Bauchspeicheldrüse

23: Parotiddrüse

24: Prostata

25: Haut

26: Nervenstrang

27: Milz 

28: Magen

29: Hoden

30: Zwirbeldrüse
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Dee1 7147= Plwwohuh Vwurpglfkwh lq 6�
62 rujdqvsh}l�vfk i u glh guhl pdjqhwlvfkhq H{srvlwlrqv0

ulfkwxqjhq dxijhwudjhq +E%@E+ @E5 @4 pW/ i @ 83 K}/ Nrruglqdqwhqv|vwhp zlh lq glhvhu
Duehlw gxufkjçqjlj yhuzhqghw/ dxv ghq Rujlqdogdwhqvçw}hq yrq ^8` h{wudklhuw,
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71915 Hohnwulvfkh H{srvlwlrq

I u hlqh hohnwulvfkh Ihogh{srvlwlrq odjhq nhlqh vrofkh Gdwhq yru/ vr gd lq ]xvdpphqdu0
ehlw plw ghu Xqlyhuvlwçw Nduouxkh +Lqvwlwxw i u Elrphgl}lqlvfkh Whfkqln, hljhqh Uhfkqxq0
jhq plw ghp nodvvl�}lhuwhq �Ylvleoh pdq�0Prghoo gxufkjhi kuw zhughq px whq1 Klhu}x
zxugh gdv Nùushuprghoo dxi hlqh ohlwhqgh Hehqh jhvwhoow xqg glh Txhoohqhohnwurghq lq
gdv ehuhlwv yhuqhw}wh Prghoo hlqjhi jw1 Glh Txhoohqnrq�jxudwlrq hqwvsudfk ghumhqljhq
ghv Vrolgprghoov lq PD[ZHOO +Txhoohq= ]|olqghu= u @ 58 fp/ 4 p Devwdqg yrq ghu
Nùushudfkvh,1 Dov Hujheqlv hlqhu hohnwurvwdwlvfkhq Ihoguhfkqxqj plw hlqhp dq ghu Xql0
yhuvlwçw Nduovuxkh hqwzlfnhowhq Ilqlwh Hohphqwh Surjudpp hujde glh irojhqghq/ ehu 67
Vfklfkwhq jhplwwhowh/ Idnwruhq +Jdq}nùushuplwwhoxqj, i u glh d{ldohq Nùushuvwuùph=

&% '
7U%
7U5

' fc .e +715:,

&+ '
7U+
7U5

' fc .. +715;,

&5 ' � +715<,

xqg glh plwwohuh Vwurpglfkwhq �M� G

&% '
7a%
7a5

' fc He +7163,

&+ '
7a+
7a5

' fc He +7164,

&5 ' � +7165,

Dq ghq lq Deelogxqj 7148 gdujhvwhoohq Vwurpsur�ohq oç w vlfk hunhqqhq/ gd ghu Nxu}0
vfkox vwurp Lg ndxp yrq ghu Hohnwurghqsrvlwlrq dekçqjw +433(/ <4(/ <9(,1 Ghphqwjh0
jhq ehhlq x w glh Hlqidoovulfkwxqj glh Yhuwhloxqj lq ghu rehuhq Nùushusduwlh vhku ghxwolfk1
Lp Nrsiehuhlfk ehwuxj glh Vwurpglfkwhnrpsrqhqwh M�c5 ehl iurqwdohu rghu vhlwolfkhu H{0
srvlwlrq lq glhvhu Nrqvwhoodwlrq ohgljolfk fd1 76 ( ghumhqljhq ehl yhuwlndohu H{srvlwlrq1
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Dee1 7148= Sur�oh ghv d{ldohq Nùushuvwurphv/ khuyrujhuxihq gxufk gdv Ihog yrq guhl ]|olqghu0
hohnwurghq dxv xqwhuvfklhgolfkhq Ulfkxqjhq +qruplhuwh Gduvwhooxqj,> Dq}dko ghu Txhuvfkqlwwh=
67 Vfklfkwhq
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Olwhudwxu

^4` Ihogehuhfkqxqjvsurjudpp PD[ZHOO Yhuv1 713147/ Id1 Dqvriw Fru1/ Slwwvexuj/ XVD

^5` DFLV lvw hlq FDG0Vwdqgdug Irupdw i u Vrolgprghoohu yrq Vsdwldo Whfkqrorj| Lqf1/ Erxoghu/
XVD

^6` Eurqvwhlq L1 Q1/ Vhphqgmdmhz N1 D1 +4<;8,= Wdvfkhqexfk ghu Pdwkhpdwln/ 551 Dx djh/
EVE E1 J1 Whxeqhu0Yhuodj/ Ohls}lj

^7` Gdzvrq W1 Z1 hw do1 +4<<:, Lq xhq}h ri kxpdq prgho uhvroxwlrq rq frpsxwhg fxuuhqwv
lqgxfhg lq rujdqv e| 93 K} pdjqhwlf �hogv/ Elrhohfwurpdjqhwlfv Yro1 4;/ s17:;07<3

^8` Gdzvrq W1 Z1 +4<<:, Shuvùqolfkh Plwwhloxqj yrp 5;1431<:= Grvlphwulvfkh Gdwhq i u Rujd0
qh xqg jhvfklfkwhwh Yr{hogdwhq ghv Ylvvleoh Pdq0Surmhnwhv/ Xqlyhuvlwçw ri Ylfwruld/ Eulwlvk
Froxpeld/ Fdqdgd

^9` Glpe|orz S1 M1 +4<;;, Wkh fdofxodwlrq ri lqgxfhg fxuuhqwv dqg devruehg srzhu lq d uhdolvwlf/
khwhurjhqrxv prgho ri wkh orzhu ohj iru dssolhg hohfwulf �hogv iurp 93 K} wr 63 PK}> Sk|v1
Phg1 Elro1 Yro1 66/ Qr1 45/ V1 4786 0 479;

^:` GlSodflgr M1/ hw do1 +4<:;, Dqdo|vlv ri wkh sur{lplw| h�hfwv lq hohfwulf �hog phdvxuhphqwv/
LHHH Wudqvdfwlrqv rq Srzhu Dssdudwxv dqg V|vwhpv/ Yro1 <:/ Qr1 9/ s1549:054::

^;` Kdqvhq Y1/ Hlehuw Wk1 +4<<6, Qxphulvfkh Yhuidkuhq }xu Ehuhfkqxqj ghu yrq hohnwurpdjqh0
wlvfkhq Txhoohq lp phqvfkolfkhq Nùushu hu}hxjwhq Ihoghu/ Yruwudj dxi ghu YGH0Idfkwdjxqj
�Elrorjlvfkh Zlunxqjhq hohnwurpdjqhwlvfkhu Ihoghu� lq Edg Qdxkhlp/ YGH0Idfkehulfkw
78/ V1<<043;

^<` Kxw}ohu E1 hw do1 +4<<7,= H{srvxuh wr 83 K} pdjqhwlf �hogv gxulqj olyh zrun/ Fljuì/ Qr1
690439/ Sdulv/ s1 40<

^43` Kxw}ohu E1 hw do1 +4<<6, Wkuhh glphqvlrqdo frpsxwdwlrq ri wkh hohfwulf �hogv lqgxfhg lq d
kxpdq erg| e| pdjqhwlf �hogv/ Whfkq1 Uhs1 <6QY33346/ Hohfwulflwì gh Iudqfh

^44` Nurqp oohu K1 +4<<4, Gljlwdoh Vljqdoyhuduehlwxqj/ Vsulqjhu0Yhuodj/ Khlghoehuj/ V1 53<�

^45` Pdwkfdg : Surihvvlrqdo/ Pdwk Vriw/ Lqf1/ Fdpeulgjh/ Xqlwhg Nlqjgrp

^46` huvwhoow lq Nrrshudwlrq plw= Phglfdo Yluwxdo Uhdolw| Vwxglr JpeK/ Oùuudfk

^47` Qdwlrqdo Uhvhdufk Frxqflo +4<<:, Srvvleoh Khdowk H�hfwv ri H{srvxuh wr Uhvlghqwldo Hohf0
wulf dqg Pdjqhwlf Ilhogv/ Qdwlrqdo Dfdghp| Suhvv/ Zdvklqjwrq/ G1 F1
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^48` Vdfkvh I1 hw do1 +4<<8, Huvwhooxqj yrq jhzhehnodvvl�}lhuwhq Prghoohq ghv phqvfkolfkhq
Nùushuv= qxphulvfkh Ihogehuhfkqxqj edvlhuhqg dxi elogjhehqghq Yhuidkuhq lq ghu Phgl}lq/
5<1 Mdkuhvwdjxqj ghu Gw1 Jhvhoovfkdiw i u Elrphgl}lqlvfkhq Whfkqln

^49` Vdfkvh I1 +4<<;, Prghooh ghv phqvfkolfkhq Nùushuv }xu Ehuhfkqxqj yrq sk|vlndolvfkhq
Ihoghuq/ Glvvhuwdwlrq dq ghu Xqlyhuvlwçw Nduovuxkh/ Vkdnhu Yhuodj/ Ddfkhq

^4:` Vdqgn kohu X1 +4<;:, Pd{lpxp0Olnholkrrg0Vfkçw}hu }xu Dqdo|vh vwdwlrqçuhu Zhoohqihoghu/
Iruwvfkulwwvehulfkw Uhlkh 43 Qu1 :8/ YGL0Yhuodj/ G vvhogrui

^4;` Vwxfko| P1 D1/ ]kdr V1 +4<<9, Pdjqhwlf �hog0lqgxfhg fxuuhqwv lq kh kxpdq erg| lq sru{lpl0
w| ri srzhu olqhv/ LHHH Wudqvdfwlrqv rq Srzhu Dssdudwxv dqg V|vwhpv/ Yro1 44/ s1435043;
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8 Hohnwulvfkhu Ihogvhqvru

Lp Jhjhqvdw} }xu Huidvvxqj ghv Pdjqhwihoghv jlew hv }xu Phvvxqj ghu hohnwulvfkhq Ihog0
vwçunh qxu zhqljh H�hnwh/ glh dov Ph sulq}lslhq }xu hohnwulvfkhq Ihogphvvxqj jhqxw}w
zhughq nùqqhq1 Hlqhq ßehueolfn ehu glh H�hnwh xqg Ph sulq}lslhq jlew Wdehooh 8141
Klhu}x jhkùuw ehlvslhovzhlvh glh Nudiwzlunxqj dxi hlqh Surehodgxqj +}1 E1 Hohnwurqhq0
vwudkodeohqnxqj,/ hohnwurrswlvfkh H�hnwh zlh ghu Srfnhov0 xqg Nhuuh�hnw/ glh Hohnwur0
vwulnwlrq/ ghu Lq xhq}0 xqg Lqgxnwlrqvh�hnw +ndsd}lwlyh Vhqvruhq,/ Hlqzlunxqjhq dxi glh
Odgxqjvyhuwhloxqj yrq Ihogh�hnwwudqvlvwruhq1 ]xu h�hnwlyhq Ehhlq xvvxqj ghu Odgxqjv0
wuçjhu lq hlqhp q grwlhuwhq Ndqdo hlqhv PRVIHW0Ihogh�hnwwudqvlvwru yrp Yhudupxqjv0
w|s ndqq hehqidoov yrq ghu ndsd}lwlyhq Hlqnrssoxqj Jheudxfk jhpdfkw zhughq1 Lp ]x0
vdpphqkdqj glhvhu Duehlw zxughq dxv hqhujhwlvfkhq xqg Vhqlwlylwçwvju qghq hohnwulvfkh
Ihogvhqvruhq dxi ghu Edvlv yrq ndsd}lwlyhq Ihogvhqvruhq hqwzlfnhow1 Klhu}x zxughq }zhl
Hlqjdqjvvfkdowxqjhq hqwzlfnhow= Glh hlqh zxugh glvnuhw plw hlqhp Ihogh�hnwwudqvlvwru/
glh dqghuh dxi ghu Juxqgodjh yrq lqwhjulhuwhq FPRV0Yhuvwçunhu1

814 Sk|vlndolvfkh Juxqgodjhq ndsd}lwlyhu H0Ihogvhq0
vruhq

81414 Ghu Yhuvfklhexqjvvwurp

Edvlhuhqg dxi ghu Lq xhq}zlunxqj nrppw hv ehl hlqhp }hlwolfk vlfk çqghuqghq hohnwulvfkhq
Ihog }x Odgxqjvyhuvfklhexqjhq1 ]zlvfkhq ohlwhqghq Ioçfkhq yhuxuvdfkhq glhvh Yhuvfklh0
exqjhq Dxvjohlfkvvwuùph/ glh dov Vhqvruvwurp ph edu vlqg1 Glhvhu Yrujdqj zlug gxufk
glh huvwh Pd{zhoovfkh Johlfkxqj ehvfkulhehq=L

OM _Or '

]]
�

Oa _O@ n
_

_ |

]]
�

O( _O@ +8166,

Lp Ihogudxp ndqq ghu Whup
UU

�
Oa _O@ '

UU
�
V O. _O@ zhjhq ghu qlhguljhq Ohlwiçkljnhlw V

ghu Oxiw yhuqdfkoçvvljw zhughq1 Klhugxufk hukçow pdq i u ghq Ihogudxp=L
OM _Or '

_

_ |

]]
�

O( _O@ +8167,

Gdv Lqqhuh hlqhu jxw ohlwiçkljhq Vhqvruk oo çfkh lvw ihogiuhl1 Gdkhu jlow lqqhukdoe ghv
Vhqvruv _O(

_ |
' f1 Glh huvwh Pd{zhoovfkh Johlfkxqj uhgx}lhuw vlfk lp Vhqvru }x=L

OM _Or '

]]
�

Oa _O@ ' U +8168,
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H�hnw Ph sulq}ls Uhdolvlhuxqj +vfkhpdwlvfk,

Nudiwzlunxqj
dxi Odgxqjv0
wuçjhu

Hohnwurqhqvwudko0
deohqnxqj

α

Q

E

F

Hohnwurrswl0
vfkhu H�hnw

Srfnhov0
xqg Nhuu}hoohq

Licht-
quelle

Polarisator
Analysator

Kerr-Zelle U = E d
Detektor

Lq xhq}0 xqg
Lqgxnwlrqv0
h�hnw

hohnwurvwdwlvfkh
Jhqhudwruhq
+�Ihogp kohq�,/
Ndsd}lwlyh
Ihogvhqvruhq

R

d
E

Çqghuxqj ghu
Odgxqjvyhu0
whloxqj

Ihogh�hnw0
wudqvlvwruhq

Sensor

+

U
meß

meß
R

FET
RE1

D

S

G
C -

R
E2

Wde1 814= Sulq}lshooh Pùjolfknhlwhq }xu Phvvxqj hlqhv hohnwulvfkhq Ihoghv

Gxufk Johlfkvhw}hq yrq Jo1 8168 xqg 8167 oç w vlfk plw O( ' " O.r ghu Yhuvfklhexqjvvwurp
L hlqhu eholhelj jhirupwhq Ioçfkh D deohlwhq=

U '

]]
�

_

_ |
O( _O@ '

_

_ |

]]
�

" O.r _O@ +8169,

plw
H@ G Hohnwulvfkh Ihogvwçunh dq ghu Rehu çfkh

Glh hqwvsuhfkhqgh nrpsoh{h Gduvwhooxqj ghv Yhuvfklhexqjvvwurphv U odxwhw=

U ' �/"

]]
�

O.r _O@ +816:,
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Xqwhu ghu Ehglqjxqj gd glh hohnwulvfkh Rehu çfkhqihogvwçunh .r ehu glh Ioçfkh nrq0
vwdqw lvw/ g1 k1 hlq krprjhqhv Ihog yruolhjw/ yhuhlqidfkw vlfk Jo1 816: }x=

U ' � / ".r� ' � E2Zs� ".r� +816;,

Glh Hlqi kuxqj ghv Vhqvruv lq gdv Krprjhqihog i kuw }x Yhu}huuxqjhq ghv hohnwulvfkhq
Ihoghv1 Gdkhu zlug glh reljh Ehglqjxqj lq qdkh}x doohq Içoohq yhuohw}w1 Wrw}ghp oç w
vlfk glh hlqidfkh Ehuhfkqxqj ghv Yhuvfklhexqjvvwurphv ehlehkdowhq/ zhqq dqvwhooh ghu
wdwvçfkolfk yrukdqghqhq Vhqvru çfkh D plw ghu �nwlyhq �zlunvdphq Ioçfkh� �� xqg vwdww
ghu Rehu çfkhqihogvwçunh .r plw ghu Ihogvwçunh ghv xqyhu}huuwhq Ihoghv .f jhuhfkqhw
zlug=

U ' � / ".f�� +816<,

Dxi glh zlunvdph Ioçfkh �� zlug lq Devfkqlww 81416 qrfk hlqpdo dxvi kuolfk hlqjhjdqjhq1

81415 Hohnwulvfkh Prghoolhuxqj xqg Huvdw}vfkdoweloghu

Glh Qhw}zhunwkhrulh nhqqw i u olqhduh 0 gxufk xqdekçqjljh Jhqhudwruhq huuhjwh 0 Qhw}0
zhunh gdv Wkìyhqlqvfkh xqg Qruwrqvfkh Wkhruhp1 Gxufk Dqzhqgxqj glhvhu Wkhruhph
dxi ndsd}lwlyh Vhqvruhq odvvhq glh }zhl lq Deelogxqj 814 gdujhvwhoowhq çtxlydohqwh Huvdw}0
vfkdoweloghu jhzlqqhq1 �Gdv Wkìyhqlqlq0Qruwrqvfkh Wkhruhp ehvdjw qxq/ gd gdv jdq}h
Qhw}zhun i u glh Ehodvwxqj gxufk hlqhq hlq}ljhq Vsdqqxqjvjhqhudwru +e}z1 Vwurpjh0
qhudwru, huvhw}w zhughq ndqq/ ghu plw ghp ghvdnwlylhuwhq Qhw}zhun 0 glhvhv dov ]zhlsro
ehwudfkwhw 0 lq Uhlkh +e}z1 sdudooho, jhvfkdowhw lvw1 Glh Vsdqqxqj ghv Vsdqqxqjvjh0
qhudwruv +e}z1 ghu Vwurp ghv Vwurpjhqhudwruv, lvw gxufk glh Ohhuodxivsdqqxqj +e}z1
gxufk ghq Nxu}vfkox vwurp, jhjhehq1� ^54` Gdv hlq}lj }xjçqjolfkh Nohpphqsddu ghv

]p

F
]p

F

p
X

p
X

L + ,@m H Dω
k z

ωε

X @o Hhii k3

n

Dee1 814= Qruwrqvfkhv xqg Wkìyhqlqvfkhv Huvdw}vfkdowelog i u ndsd}lwlyh Vhqvruhq

dnwlyhq olqhduhq Qhw}zhunhv ndqq klhuehl vrzrko olqhdu dov dxfk qlfkwolqhdu ehodvwhw vhlq1
Glh Lq xhq}zlunxqj dq ndsd}lwlyhq Vhqvruhq plw ghu Vhqvrundsd}lwçw �7 zlug plw hlqhu
iuhtxhq}dekçqjljhq Vwurptxhooh plw ghp Nxu}vfkox vwurp

U& E/� ' �/"�. ' �/�7L f +8173,
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prghoolhuw1 Glh Vwurptxhooh lp Qruwrqvfkhq Huvdw}vfkdowelog olhihuw hlqhq Vwurp/ ghu
johlfk ghp gxufk gdv hohnwulvfkh Ihog dxi ghq Vhqvru çfkhq jhqhulhuwhq Yhuvfklhexqjv0
vwurp lvw1 Gdv Wkìyhqlqvfkh Huvdw}vfkdowelog �qghw xqwhu dqghuhp lq ghu Dqwhqqhqwkhrulh
vhlqh Dqzhqgxqj1 Lq ghu Wdw ndqq hlq krfkrkplj dejhvfkorvvhqhu ndsd}lwlyhu Vhqvru dov
hqwduwhwh sdvvlyh Prqr0 rghu Glsrodqwhqqh dxijhid w zhughq1 Glh Ohhuodxivsdqqxqj L f

ehuhfkqhw vlfk dxv ghu vrjhqdqqwhq �h�hnwlyhq +zlunvdphq, Dqwhqqhqkùkh� ,� xqg ghp
Ehwudj ghu }xu Dqwhqqhqdfkvh sdudooho dqolhjhqghq hohnwulvfkhq Ihognrpsrqhqwh H1

L f ' ,�. ' _�. +8174,

Ghu ndsd}lwlyh Vhqvru plw ghu Ndsd}lwçw �7 zlug plw ghu Lpshgdq} ~6 ehodvwhw1 Glhvh
vhw}w vlfk }xvdpphq dxv ghp rkpvfkhq Hlqjdqjvzlghuvwdqg U6/ ghu Hlqjdqjvndsd}lwçw
Fe�? ghu Yhuvwçunhuvfkdowxqj/ ghq Ndsd}lwçwhq ghv ndsd}lwlyhq Vsdqqxqjvwhlohuv �Keoe�S�

lq ghq rehuhq Ph ehuhlfkhq/ xqg ghq Vwuhxndsd}lwçwhq F7|o gxufk glh lqqhuh Hohnwur0
qln/ vrzlh ghu Vsdowndsd}lwçw F7R }xvdpphq1 Glh Yhuvfkdowxqj glhvhu yrukdqghqhq xqg
sdudvlwçuhq Nrpsrqhqwhq lvw lq Dee1 815 vnl}lhuw1 Gd glh Nrsshondsd}lwçw Fg vhku
jur jhjhq ehu ghq sdudooho jhvfkdowhwhq vhku nohlqh Ndsd}lwçwhq lvw/ ndqq glhvh lq huvwhu
Qçkhuxqj yhuqdfkoçvvljw zhughq1 Vrplw ehuhfkqhw vlfk glh ehodvwhqgh Lpshgdq} ~6 G

~6 ' -6mm
�

�

�/�e�?

�
mm
�

�

�/�7|o

�
mm
�

�

�/�7R

�
mm
�

�

�/�Keoe�S�

�
+8175,

'
-6 � �/-2

6 E�e�? n �7|o n �7R n �Keoe�S��

� n /2-6E�e�? n �7|o n �7R n �Keoe�S��
+8176,

]xvdpphq plw ghu Vhqvrundsd}lwçw �7 hujlew vlfk i u glhvhv V|vwhp Krfksd yhukdowhq
plw ghu xqwhuhq Juhq}iuhtxhq}

s� '
�

2Z-6

3EC�7 n �e�? n �7|o n �7R n �Keoe�S�� ~} �
�}er

4FD
� +8177,

Ghu Vhqvruvwurp �f ehvwhkw lp doojhphlqhq dxv hlqhp ndsd}lwlyhq Dqwhlo �S ' � _L
_|

xqg
hlqhp rkpvfkhq Dqwhlo �- ' L

-
1 I u hlqhq qlhghurkplj dejhvfkorvvhqhq Vhqvru +Vwurp0

phvvxqj, jlow �-  �S xqg hv hujlew vlfk glh Ph vsdqqxqj L6 }x=

L6 ' -6

]]
�

_O(

_|
_O@ ' "�-6

_ O.@

_|
' "��-6

_ O.�

_|
+8178,

Gdv gl�huhq}lhuhqgh Yhukdowhq ghv Vhqvruv px qrfk plwwhov hlqhv lqwhjulhuhqghq Hoh0
phqwhv +Lqwhjudwru rghu qxphulvfkh Lqwhjudwlrq, nrpshqvlhuw zhughq1 Ehl krfkrkpljhp
Devfkox +Vsdqqxqjvphvvxqj, jlow ��  �-1 Glh Vhqruvsdqqxqj lvw lq glhvhp Idooh iuh0
txhq}xqdekçqjlj xqg xpjhnhkuw sursruwlrqdo }xu jhvdpwhq Ndsd}lwçw �}er1

L6 '
�

�}er

]]
�

O( _O@ '
"��

�}er

.� ' _�.� ' ,� .� +8179,
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Dee1 815= Vfkhpdwlvfkhv xqg yhuhlqidfkwhv Huvdw}vfkdowelog ixqnwlrqhoohu xqg sdudvlwçuhu Hoh0
phqwh hlqhv ndsd}lwlyhq Ihogvhqvruv

Lq Johlfkxqj 8179 lvw hunhqqedu/ gd ghu zlunvdph Sodwwhqdevwdqg _� ghu zlunvdphq +rghu
h�hnwlyhq, Dqwhqqhqoçqjh dxv ghu Dqwhqqhqwkhrulh ,� hqwvsulfkw1 Gdv gxufk hlqh Vsdq0
qxqjvphvvxqj jhzrqqhqh Ph vljqdo huid w gluhnw glh hohnwulvfkh Ihogvwçunh1 Gdv Vljqdo
eudxfkw qlfkw huvw zlh lp Idooh ghu Vwurpphvvxqj gxufk hlqh Lqwhjudwlrq dxiehuhlwhw zhu0
ghq1 Glhv lvw hlq hqwvfkhlghqghu Yruwhlo ghu krfkrkpljhq Vsdqqxqjvphvvxqj1 Gdkhu zlug
glhvhu Vhqvruw|s dxfk dov �vhoevwlqwhjulhuhqghu Vhqvru� eh}hlfkqhw1 Lq Wdehooh 815 vlqg glh
ehlghq Vhqvruw|shq plw lkuhq zhvhqwolfkvwhq Hljhqvfkdiwhq qrfkpdov }xvdpphqidvvhqg
jhjhq ehujhvwhoow1

Vhqvruw|s �#0Vhqvru ,0Vhqvru
Ph yhuidkuhq Vwurpphvvxqj Vsdqqxqjvphvvxqj
Ph lpshgdq} qlhghurkplj krfkrkplj

Ph vsdqqxqj L6 ' "��-6
_O.�
_|

L6 ' "��
�}er

O.� ' _� O.�

xqwhuh Juhq}iuhtxhq} gxufk Udxvfkvsdqqxqj xo
ehjuhq}w> /}oc� '

�o
"��-6.�

/}oc� '
�

-6�}er

rehuh Juhq}iuhtxhq} /}ocJ '
�

-6�7
/}ocJ '

�s
u7�}er

Wde1 815= Yhujohlfk hlqhv bG0 plw hlqhp H0Ihogvhqvru

81416 Glh zlunvdph Ioçfkh

Glh zlunvdph Ioçfkh lvw hlqh ghu Dqwhqqhqwkhrulh hqwohkqwh Juù h1 Glh zlunvdph Dqwhq0
qhq çfkh lvw hlqh �nwlyh Ioçfkh/ plw ghu vlfk dxi hlqidfkhp Zhjh glh Hpsidqjvohlvwxqj
hlqhu Dqwhqqh ehuhfkqhq oç w +Wde1 816,1 Zlug glh zlunvdph Ioçfkh hlqhu Hpsidqjvdq0
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whqqh plw ghu Vwudkoxqjvglfkwh V +Ehwudj ghv Sr|qwlqjyhnwruv,

7 '
�

2
.M '

�

2

.2

~J
+817:,

ghv hohnwurpdjqhwlvfkhq Ihoghv pxowlsol}lhuw/ hujlew vlfk glh ghp Hpsiçqjhu }xjhi kuwh
Ohlvwxqj1 Glhvh Ohlvwxqj zlug ghp Vwudkoxqjvihog hqwqrpphq1 Glhvhu Ohlvwxqjvhqw}xj
i kuw }x hlqhu Yhu}huuxqj ghv xuvsu qjolfkhq Ihoghv1

I u ndsd}lwlyh Ihogvrqghq lvw glh zlunvdph Ioçfkh D� qdfk ^5` irojhqghupd hq gh�qlhuw=
�Glh Ioçfkh/ glh ghu Yhuvfklhexqjvvwurp/ ghu }x ghq Vhqvruhohnwurghq jhodqjw/ lp xqjh0
vwùuwhq +krprjhqhq, Ehuhlfk ghv Ihoghv vhqnuhfkw gxufkvwuùpw/ zlug �zlunvdph Ioçfkh
D�� jhqdqqw1�

Lq Deelogxqj 816 vlqg glh zlunvdphq Ioçfkhq dp Ehlvslho hlqhu Nxjho xqg hlqhv Z uihov
gdujhvwhoow1 Glh Ehjuhq}xqj ghu zlunvdphq Ioçfkh zlug yrq ghu ohw}whq Ihogolqlh jheloghw/
zhofkh ghq Nùushu jhudgh qrfk ehuu kuw1 Hlqh vrofkh Juhq}vwurpolqlh khl w Vhsdudwul{1

D

D @ 6 D
z D @ 5/56 Dz

D @ 7/56 Dz

Dee1 816= Zlunvdph Ioçfkh� hlqhv nxjho0 xqg z uihoiùupljhq H0Ihogvhqvruv +qdfk ^5`,> glh
Ehjuhq}xqj ghu zlunvdphq Ioçfkh zhughq gxufk glh Vhshudwulfhv +Juhq}vwurpolqlhq, jheloghw1

Qhehq ghu Vhqvruirup vslhow dxfk glh Hlqjdqjvlpshgdq} ghu Vhqvrudqrugqxqj hlqh zlfk0
wljh Urooh1 Glh Yhu}huuxqjhq vlqg i u nxu}jhvfkorvvhqh Vhqvru çfkhq vwçunhu dxvjhsuçjw
zlh i u Ioçfkhq plw hlqhu krkhq Hlqjdqjvlpshgdq}1 Gdkhu i kuw Edkphlhu ^5` dxfk hlqh
zlunvdph Ioçfkh ��c& i u nxu}jhvfkorvvhqh Vhqvru çfkhq hlq/ i u glh jlow=

� 	 �� 	 ��c& +817;,

Glh �zlunvdph Ioçfkh� nrppw xqwhu Eh}xjqdkph dxi hlq krprjhqhv Sodwwhqihog }xvwdq0
gh1 Glhvh huodxew glh Huplwwoxqj yrq Ndoleulhuidnwruhq xqg glh Ehxuwhloxqj ghu Vwçunh
ghu Yhu}huuxqj ghv krprjhqhq Ndoleulhuihoghv gxufk glh Hlqi kuxqj yhuvfklhghqhu Nùushu
lq hlqh Sdudoohosodwwhqdqrugqxqj1
Qhehq ghp Yhukdowhq lp krprjhqhq Ihog vslhow ehl Qdkihogphvvxqjhq glh Ehxuwhloxqj
ghu U fnzlunxqj i u lqkrprjhqh Ihoghu hlqh zlfkwljh Urooh1 Hehqvr kçqjw glh zlunvd0
ph Ioçfkh yrq ghq yhuvfklhghqhq Hlqidoovzlqnhoq ghu hohnwulvfkhq Ihoghu de1 Gdkhu vroo
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lp qçfkvwhq Ndslwho glh rehq jhjhehqh Gh�qlwlrq hwzdv huzhlwhuw xqg yhudoojhphlqhuw
zhughq1

Hpsidqjvdqwhqqh Vhqvru
Vhqvlhuhqghv Hohphqw Vwdedqwhqqh +Prqr0 rghu

Glsrodqwhqqh,
Vhqvru çfkh
+Sdudoohosodwwhq0 rghu
vskçulvfkh ndsd}lwlyh Vhq0
vruhq,

lqgx}lhuwh Vsdqqxqj L6 ' ,� O.� L6 ' _�
-u

-un
�

�/�7

O.�

L6 ' _� O.� i u Uu :: �
/�7

+krfkrkpljh Ehodvwxqj/ g1
k1 Vsdqqxqjvphvvxqj,
L6 ' �/0��-u

O.� i u
Uu 		 �

/�7
+qlhghurkpljh

Ehodvwxqj/ g1 k1 Vwurpphv0
vxqj,

Vwurpyhuwhloxqj Ioçfkhqodgxqjvyhuwhloxqj
zlunvdph Oçqjh h�hnwlyh Dqwhqqhqoçqjh ,� g� ' 0��

�}er

,� ' b
e
�3ULt qJ,
t�?qJ,

i u jhud0
gh Dqwhqqhq lp dqwhqqhq0
sdudoohohq Ihog plw qf '
/
s
u�� �

]xvdpphqkçqjh plw dqgh0
uhq w|slvfkhq Juù hq

plw Dqwhqqhqjhzlqq= ,� '
C&

b2

eZ

zlunvdph Ioçfkh D� zlunvdph Dqwhqqhq çfkh=
�� ' ,2�~J

e-o

zlunvdph Ioçfkh D�

Lpshgdq} lp Wkìyhqlq0
vfkhq Huvdw}vfkdowelog=

i u hlqh nxu}h +g1 k1 qJ��
�, Glsrodqwhqqh= ~� E/� �

�
�/��

' ��~J

k
*?
�

�
o�

�
3�

l

ZqJ�
plw

ghp Udglxv ghv ohlwhqghq
Glsrovwdehv o� ^6`

~� E/� � �
�/�7

U fnzlunxqj Vhnxqgçuvwudkoxqj
+U fnvwuhxxqj,

Ihogyhu}huuxqj +U fnzlu0
nxqj,

Udxvfkihogvwçunh .2
? '

L2

f?

,2�
' R2

e&A87+r{s-�
,2�

(
R ' 2 i u Prqrsro> s@4 i u
Glsro

Wde1 816= Yhujohlfk yrq fkdudnwhulvwlvfkhq Juù hq yrq Dqwhqqhq xqg ndsd}lwlyhq Ihogvhqvruhq

81417 Ihog ehukùkxqjvidnwruhq xqg Rehu çfkhqodgxqjvglfkwh

Dqdorj ghq Ehwudfkwxqjhq }xu hohnwulvfkhq Ihogyhu}huuxqj gxufk ghq phqvfkolfkhq Nùu0
shu +Nds1 6, yhuçqghuw ghu Vhqvrunùushu vhoevw hehqidoov gdv hohnwulvfkh Ihog1 Glhv ndqq
dqdo|wlvfk dxi çkqolfkh Zhlvh ehkdqghow zhughq1 Vr lvw glh pd{lpdoh Ihogvwçunh lp ]hqlw
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ghv Vhqvrunùushuv xp ghq Idnwru i jhjhq ehu ghu xqjhvwùuwhq Ihogvwçunh .J ehukùkw=

.4@ ' s .J +817<,

I u hlqh xqjhodghqh Nxjho/ Kdoenxjho xqg ]|olqghu lvw glh lq xhq}lhuwh Rehu çfkhqod0
gxqjvglfkwh

jr ' 0f.4@ ULti +8183,

qxu yrp Kùkhqzlqnho i dekçqjlj1 Odgxqjvxpyhuwhloxqjhq gxufk gdv Zhfkvhoihog hu}hx0
jhq glh Rehu çfkhqvwurpglfkwh

ar '
_jr
_|

� +8184,

]xu Ehuhfkqxqj ghv Ihog ehukùkxqjvidnwruv i ndqq zlhghu Jo1 6188 dxi V1 8; dqjhzhqghw
zhughq=

s '
2

@ � K � S � 8b
'

2

@ � K � S � U"
f

_�

ES2n��
s

E@2n��EK2n��ES2n��

+8185,

I u hlq Urwdwlrqvhoolsvrlg plw ghq Kdoedfkvhq d @ e xqg f : d lvw hv pùjolfk/ gdv vsh}lhooh
hoolswlvfkh Lqwhjudo 8b plw hohphqwduhq Ixqnwlrqhq dxv}xgu fnhq +^7` V1 4;<,1 Qdfk hlqljhu
Xpuhfkqxqj hujlew vlfk ghu ßehukùkxqjvidnwru }x=

s '
�

k2 � �

�

k @hUUL|�k� �
'

�

k2 � �

�
k
2
*?
�
kn�
k3�

�� �
+8186,

plw

k '
Ss

S2 � @2
+8187,

Ghu Vhqvrunrsi ghv Grvlphwhuv +Kdoenxjho plw ]|olqghugrvh, ndqq plw ghp vsh}lhoohq
Urwdwlrqvhoolsvrlg f @ 4/8 d qdfkjheloghw zhughq1 Klhudxv uhxowlhuw hlq Ihog ehukùkxqjv0
idnwru yrq i @ 7/5<54;:1

81418 Lvrwurslh yrq Ihogvrqghq

Lvrwurslh +Ulfkwxqjvxqdekçqjljnhlw, yrq Ihogvrqghq olhjw yru/ zhqq glh Ph vljqdoh mL6m�'%c+c5
ghu txdgulhuwhq Ihogvwçunhnrpsrqhqwh dxv ghq guhl Udxpulfkwxqjhq {/| xqg } dxivxp0
plhuw hlqh nrqvwdqwh Juù h hujhehq/ xqdekçqjlj gdyrq/ zlh glh Vrqgh jhguhkw zlug ^6`1

?[
�'�

mL6m� ' �
?[
�'�

m.�m2 ' SJ?r| +8188,

815 Vsçulvfkh ndsd}lwlyh Vhqvruhq xqg ghuhq Vhjphq0
wlhuxqj

I u hohnwulvfkh Ihoghu/ ghuhq Hlqidoovulfkwxqj lp yrudxv xqehndqqw lvw/ ehvlw}w glh Nxjho
eh} jolfk ghu Ihogu fnzlunxqj glh j qvwljvwh Jhrphwulh1 Hlqh i u plqlpdoh U fnzlunxqj
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rswlplhuwh Vhqvruirup +Jhvdpwdqrugqxqj, xqg Vhjphqwlhuxqj +Dqrugqxqj yrq Vhqvru0
 çfkhq, huirughuw Johlfkxqjhq }xu Ehuhfkqxqj ghu �zlunvdphq Ioçfkh�/ glh Nhqqwqlv ghu
Srwhqwldoyhuoçxih xqg glh Oùvxqj ghu Odsodfh0Johlfkxqj lq nuxppolqljhq Nrruglqdwhq0
v|vwhphq1 ]lho glhvhv Ndslwhov vlqg dqdo|wlvfkh Ehuhfkqxqjhq xqg Xqwhuvxfkxqjhq yhu0
vfklhghqhu Vhqvruiruphq xqg Vhjphqwlhuxqjvpùjolfknhlwhq hlqhu Nxjho/ Kdoenxjho xqg
Nxjhondssh1

81514 Hlq x idnwruhq= Irup/ Odgxqj xqg Srwhqwldoyhukçowqlvvh

Ihogw|s Dqrugqxqj Ph juù h sk|vlndolvfkhu
]xvdpphqkdqj

hohnwurvwdwlvfkhv
Ihog

Hohnwurvwdwlvfkhu
Zdqgohu +�Ihog0
p koh�,

Vwurp gxufk hu0
}zxqjhqh Çqgh0
uxqj ghv hohnwul0
vfkhq Iox hv

U ' _[
_|

'
_
UU

�
O( _O@

_|
' _�

_|
" .

hohnwulvfkh Zhfkvho0
ihoghu +QI,

Vsdqqxqjvphvvxqj
}zlvfkhq }zhl
Sxqnwhq rghu Çtxl0
srwhqwldo çfkhq

Srwhqwldogl�huhq} L ' T2 � T� ' _ .

hohnwulvfkh Zhfkvho0
ihoghu +QI,

Vwurpphvvxqj }zl0
vfkhq ohlwhqghq Ioç0
fkhq

Lq xhq}lhuwhu Vwurp U ' / � " .

Wde1 817= Sulq}lslhq }xu Huidvvxqj ghv hohnwulvfkhq Ihoghv H plw Kloih yrq ndsd}lylwhq Vhqvruhq
xqg sk|vlndolvfkh ]xvdpphqkçqjh }zlvfkhq Ph juù h xqg H0Ihog

81515 Rswlplhuxqjvnulwhulhq

Juxqgvçw}olfk jlew hv yhuvfklhghqh Nulwhulhq qdfk ghqhq glh Vhqvrudqrugqxqj dxvjhohjw
zhughq ndqq1 Ghu Hqwzlfnohu z qvfkw vlfk ehlvslhovzhlvh hlq jur hv Vhqvruyroxphq/ xp
glh Vhqvruhohnwurqln xqg Vwurpyhuvruxqj ehtxhp lqqhukdoe ghv Vhqvruv xqwhueulqjhq }x
nùqqhq1 Dqghuvhlwv vwhkw qdw uolfk hlqhp jur hq Yroxphq hlqh i u ghq Qxw}hu ghv Ph 0
v|vwhpv xqhuz qvfkwh Vshuuljnhlw xqg lq ghu Uhjho hlq juù huhv Jhzlfkw hqwjhjhq1 Dxv
ghu Vlfkw ghv Wuçjhuv lvw gdv Vhqvruyroxphq dovr }x plqlplhuhq/ yrq ghu whfkqlvfkhq
Vhlwh khu }x pd{lplhuhq1 Hlq çkqolfk nrqwuryhuvhu Sdudphwhu lvw glh Vhqvru çfkh1 Gd
ehl hlqhp ndsd}lwlyhq Vhqvru glh Vhqvru çfkh gluhnw lq glh Vhqvlwlylwçw hlqjhkw/ lvw glh
Ioçfkh }x pd{lplhuhq1 Dqghuhuvhlwv yhu}huuhq jur h ndsd}lwlyh Ihogvrqghq gdv }x phv0
vhqgh Ihog vwdun1 Glhv eulqjw lqvehvrqghuh ehl lqkrprjhqhq Ihoghuq zlh ghp Qdkihog lq
Nùushuqçkh hlq vfkzhu devfkçw}eduhu Ph ihkohu plw vlfk1 Gdkhu vroowh lp Lqwhuhvvh hlqhu
klquhlfkhqg jxwhq Ph jhqdxljnhlw glh Vhqvruhq pùjolfkvw nohlqh Dephvvxqjhq ehvlw}hq1
Ehl ghu Hqwvfkhlgxqj/ glh Yhu}huuxqj }x plqlplhuhq/ vslhowhq irojhqgh ßehuohjxqjhq hlqh
Urooh=

41 Glh Vhqvlwlylwçwvhlqex hq gxufk glh Yhunohlqhuxqj ghv Vhqvruv nùqqhq gxufk hqwvsuh0
fkhqgh hohnwurqlvfkh Vfkdowxqjvwhfkqln xqg udxvfkduph Yhuvwçunhu zlhghu whlozhlvh
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dxvjhjolfkhq zhughq1 Qdw uolfk ehvwhkhq klhu whfkqrorjlvfkh Juhq}hq/ glh ehdfkwhw
zhughq p vvhq1

51 Ghp Udxpyhuoxvw gxufk glh Yhunohlqhuxqj ghv Yroxphqv ndqq gxufk hlqh krkh
Sdfnxqjvglfkwh/ Lqwhjudwlrq xqg Dqzhqgxqj yrq Whfkqlnhq ghu Plqldwxulvlhuxqj
hqwjhjhqjhzlunw zhughq1

61 Ghu Irughuxqj qdfk plqlpdohu U fnzlunxqj +Yhu}huuxqj, ndqq 0 qhehq ghu vfkrq
ehvfkulhehqhq Srwhqwldoiuhlkhlw ghv Vhqvruv 0 gxufk Zdko hlqhu j qvwljhq Irup/ nohl0
qhq Vhqvrudephvvxqjhq hqwvsurfkhq zhughq1 Glh Vwçunh xqg Ulfkwxqj ghv u fnzlu0
nhqghq Ihoghv ndqq dx hughp qrfk gxufk hlqh hqwvsuhfkhqgh Vhjphqwlhuxqj xqg
hlqh krfkrkpljh Ehvfkdowxqj ghu Vhqvruhohnwurghq çfkhq ehhlq x w zhughq1 Glhvh
Nulwhulhq ehvwlpphq pd jheolfk glh Ph jhqdxljnhlw ghv V|vwhpv1

8151514 Plqlpdoh Yhu}huuxqj +U fnzlunxqj,

Xp glh U fnzlunxqj plqlplhuhq }x nùqqhq/ px glhvh }xhuvw gh�qlhuw zhughq1 Xuvdfkh
ghu U fnzlunxqj lvw glh Yhu}huuxqj ghv hohnwulvfkhq Ihoghv gxufk gdv Hlqi kuhq hlqhv
jhodghqhq rghu xqjhodghqhq Nùushuv lq gdv }x phvvhqgh Ihog1 Dov Pd i u glh plql0
pdoh Yhu}huuxqj ndqq ehlvslhovzhlvh glh dxi glh pd{lpdoh Txhuvfkqlwwv çfkh eh}rjhqh
vrjhqdqqwh �zlunvdph Ioçfkh� khudqjh}rjhq zhughq1 Zhlwhuklq vlqg zhjhq ghu Ihog0
ehukùkxqj Ndqwhq xqg Hfnhq ehl ghu Vhqvrujhrphwulh }x yhuphlghq1 Lq Wdehooh 818 vlqg
yhuvfklhghqh Vhqvrujhrphwulhq plw lkuhq Ihog ehukùkxqjhq/ h�hnwlyhq Zlunxqjv çfkhq
xqg Yroxpld dxijholvwhw1

Vhqvruirup Rehu çfkh I
+Vhqvlwlylwçw,

Yroxphq Y �zlunvdph
Ioçfkh� ��

Ihog ehu0
kùkxqjv0
idnwru

Nuhlv çfkh plw Udgl0
xv @ ' o

Z o2 3 Z o2 4

]|olqghu plw Udglxv
@ ' o xqg ghu Kùkh
� ' 2o

SZ o2 2Z o� 5 +udgldo,

Lqqhqz uiho plw
Ndqwhqoçqjh
@ '
s
2 o

�HZ o2 2
s
2 o� ec 2� � 2 o2 7/56

Kdoenxjho plw Udgl0
xv @ ' o

2Z o2 2
�
Z o� � � � Z o2 6

Nxjho plw Udglxv
@ ' o

eZ o2 e
�
Z o� � � Z o2 6

Dx hqz uiho plw
Ndqwhqoçqjh @ ' 2 o

2eZ o2 H o� ec 2� � e o2 7/56

Wde1 818= Rswlplhuxqjvnulwhulhq hlqidfkhu Vhqvruiruphq> glh vrj1 �zlunvdph Ioçfkh� lvw hlq Pd
i u glh Ihogyhu}huuxqj +Dqphunxqj= Gdv Qçkhuxqjv}hlfkhq ehghxwhw xqwhu Yhuqdfkoçvvljxqj ghu
Udqgyhu}huuxqjhq,
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81516 Nrq�jxulhuxqj ghu Vhqvruhohnwurghq çfkhq

ßehu v|vwhpdwlvfkh Xqwhuvxfkxqjhq guhldfkvljhu Dqrugqxqjhq yrq Vhqvru çfkhq i u nd0
sd}lwlyh hohnwulvfkh Ihogvwçunhvhqvruhq olhjhq qxu zhqljh zlvvhqvfkdiwolfkh Duehlwhq yru1
I u }|olqgulvfkh xqg nxjhoiùupljh qdfk ghp �Ihogp kohqsulq}ls� duehlwhqgh hohnwurvwd0
wlvfkh Zdqgohu zxughq vrofkh Xqwhuvxfkxqjhq yrq hlqljhq uxvvlvfkhq Zlvvhqvfkdiwohuq ^4`
gxufkjhi kuw1 Glhvh Duehlwhq vlqg ghvkdoe yrq Lqwhuhvvh/ gd gruw yrq ghq vrqvw doojhphlq
eolfkhq ruwkrjrqdohq Vhqvrudfkvhq dejhjdqjhq zlug1 Zhlwhuklq jlew hv hlqljh Ehwudfk0
wxqjhq xqg qxphulvfkh Ehuhfkqxqjhq }x glyhuvhq hqwduwhwhq Glsrovrqghqiruphq zlh lq
^48`1 Glh Vhjphqwlhuxqj ndsd}lwlyhu nxjhoiùupljhu Vrqghq zxugh lq ^49` ehkdqghow1 I u
ndsd}lwlyh Kdoenxjhovrqghq vlqg nhlqh Duehlwhq }xp Wkhpd Vhjphqwlhuxqj ehndqqw1
Lq ghq irojhqghq }zhl Devfkqlwwhq zhughq hlqljh Hujheqlvvh reljhu Duehlwhq }xvdpphq0
jhidw/ xp klhudxv zlfkwljh Nulwhulhq xqg Vfko vvh i u glh Nrq�jxulhuxqj ghu Kdoenxjho0
vhjphqwh de}xohlwhq1

8151614 ]|olqghunrq�jxudwlrqhq

Hohnwurvwdwlvfkh Zdqgohu Hohnwulvfkh Ihoghu nùqqhq gxufk Phvvxqj ghu dxi hlqhp
Ohlwhu lq xhq}lhuwhq Odgxqj ehvwlppw zhughq1 Xp Johlfkihoghu }x phvvhq/ px gxufk
phfkdqlvfkh Urwdwlrq hlqhu Devfklup çfkh +Io jhoudg, hlq shulrglvfkhu Odgxqjvzhfkvho
khuyrujhuxihq zhughq1 Glhvhu Odgxqjvzhfkvho ndqq ehu hlqhq Zlghuvwdqg dov Vwurp0
 x jhphvvhq zhughq1 Gdv Ixqnwlrqvsulq}ls hlqhv vrofkhq hohnwurvwdwlvfkhq Jhqhudwruv
+vrj1 �Ihogp koh� rghu �Ndsd}lwçwvpdvfklqh�, lvw lq Deelogxqj 817 }xvdpphq plw hlqhp
guhldfkvljhq }|olqgulvfkhq Zdqgohu }x vhkhq1

x
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z

ω

i(  t)

A(  t)

0 α (n-1) n 2n(n+1) (2n-1) (2n+1)

ω

ω

α α α α α α

tω

tω

Sensorfläche

a) b)

Eω ω

Flügelrad Flügelrad

(Abschirm-
  flächen)

Dee1 817= Ixqnwlrqvsulq}ls hlqhu Ihogp koh xqg Io jhoudg +Urwru çfkhq, i u hlqhq ]|olqghu dov
Vhqvru +Prgxodwru, }xu Huidvvxqj ghu Yhnwrunrpsrqhqwhq hlqhv uçxpolfkhq hohnwurvwdwlvfkhq
Ihoghv

I u Zhfkvhoihoghu de Iuhtxhq}hq yrq hlqljhq K} ndqq dxi glh phfkdqlvfkh Urwdwlrq yrq
Devfklup çfkhq yhu}lfkwhw zhughq/ gd ghu Odgxqjvzhfkvho gxufk glh Çqghuxqj ghv Iho0
ghv jhvfklhkw xqg qlfkw zlh ehl uhlq vwdwlvfkhq Ihoghuq hu}zxqjhq zhughq px 1 Glh
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phfkdqlvfkh Urwdwlrq ghu Devfklup çfkhq lvw dxv hqhujhwlvfkhu Vlfkw vfkzlhulj plw hl0
qhp edwwhulhehwulhehqhq Ph v|vwhp }x uhdolvlhuhq1 Gdkhu zxugh dxi glh Phvvxqj yrq
uhlq vwdwlvfkhq Ihoghuq yhu}lfkwhw1
Ehphunhqvzhuw dp Zdqgohuw|s lq Deelogxqj 818 f, lvw/ gd glh Dfkvhq ghu Vhqvru çfkhq
nhlq ruwkrjrqdohv V|vwhp phku eloghq1 Glh ]huohjxqj lq glh nduwhvlvfkhq Yhnwrunrpsr0
qhqwhq px gdkhu yrq ghu Dxvzhuwhhohnwurqln jhohlvwhw zhughq +Kdugzduh rghu Vriwzduh0
oùvxqj,1 Plw ghu Hlqi kuxqj yrq }xvwçw}olfkhq Kloivhohnwurghq çfkhq nùqqhq Nruuhnwxuhq
yrujhqrpphq zhughq rghu }xvçw}olfk gdv Zdqgohusrwhqwldo jhphvvhq zhughq1

y

z

x y

z

e

x
e1

2

e 3

Dee1 818= Guhl yhuvfklhghqh Dqrugqxqjhq yrq Vhqvru çfkhq +�Nrq}hqwudwru�, i u hlqh guhldfk0
vljh Ihogp koh= d, glh }0Dfkvh ghv Nrruglqdwhqv|vwhpv vwlppw plw ghu ]|olqghudfkvh ehuhlq/
e, glh }0Dfkvh vwhkw vhqnuhfkw }xu ]|olqghudfkvh xqg f, glh ]|olqghudfkvh vwlppw plw ghu Olqlh
{@|@} ehuhlq +qdfk ^4`,1

]|olqghuvrqgh i u yhuçqghuolfkh Ihoghu Glh Nrqvwuxnwlrqvsulq}lslhq hohnwurvwdwl0
vfkhuZdqgohu +dxfk �Nrq}hqwudwruhq� jhqdqqw, xqwhuvfkhlghq vlfk hwzdv jhjhq ehu �sdv0
vlyhq� Zdqgohuq +Vrqghq, }xu Phvvxqj yrq Zhfkvhoihoghuq1 Vr eudxfkw ehlvslhovzhlvh glh
Ioçfkh ghv Zdqgohuv lq Deelogxqj 818d, lq }0Ulfkwxqj ehlp Yruolhjhq yrq Zhfkvhoihoghuq
qlfkw phku xqwhuwhlow }x zhughq1 Glhvh Sulq}lslhq zhughq lq Wde1 819 jhjhq ehujhvwhoow1

8151615 Nxjhonrq�jxudwlrqhq

HohnwurvwdwlvfkhZdqgohu Dqdorjh Nrqvwuxnwlrqvsulq}lslhq zlh ehl ghq }|olqgulvfkhq
Dqrugqxqjhq zxughq ghq lq Deelogxqj 819 gdujhvwhoowhq nxjhoiùupljhqZdqgohuq }xjuxq0
ghjhohjw1
Glh yhuvfklhghqhq Nrqvwuxnwlrqv0 xqg Vhjphqwlhuxqjvpùjolfknhlwhq yrq hohnwurvwdwlvfkhq
Zdqgohuq vlqg klhu nhlqhvzhjv huvfkùsihqg gdujhvwhoow1 Vr vlqg ehlvslhovzhlvh klhu qxu
vfkdohqiùupljh Devfklupxqjhq ehwudfkwhw zrughq1 Juxqgvçw}olfk ghqnedu zçuhq mhgrfk
hehqidoov eholhelj jhirupwh sxqnw0 xqg dfkvhqv|pphwulvfkh Vfkolw}h lq urwlhuhqghq De0
vfklupeohfkhq plw hqwvsuhfkhqghq Vhqvru çfkhq1 Ihuqhu nùqqhq zhlwhuh Iuhlkhlwvjudgh
jhzrqqhq zhughq/ lqghp phkuvfkdoljh Devfklup çfkhq yhuzhqghw zhughq/ glh vlfk }x0
ghp qrfk lq hlqhu ndugdqlvfkhq Kdowhuxqj guhkhq nùqqwhq1
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Hohnwurvwdwlvfkhu Zdqgohu Vrqgh i u Zhfkvhoihoghu
V|pphwulhehglqjxqjhq i u
glh Vhqvru çfkhq

Sxqnw0 xqg Dfkvhqv|pph0
wulh ghu Hu}hxjhqghq hlqhu
Ioçfkh }xu Dfkvh ghu Vhq0
vru çfkh +Plwwhosxqnw,

Sxqnw0 xqg Dfkvhqv|pph0
wulh ghu Hu}hxjhqghq hlqhu
Ioçfkh }xu Dfkvh ghu Vhq0
vru çfkh +Plwwhosxqnw,

Xqwhuwhloxqj ghu Vhqvru0
 çfkhq

Vhqvru çfkhq/ glh hlqh Vhq0
vru çfkhqdfkvh sdudooho }xu
Urwdwlrqvdfkvh kdehq/ p v0
vhq xqwhuwhlow zhughq1

hlqh Xqwhuwhloxqj lvw qlfkw
huirughuolfk/ mhgrfk xqwhu
Xpvwçqghq vlqqyroo +Hlq0
i kuhq yrq dxvjhvsduwhq
Nruuhnwxu çfkhq }xu Yhu0
ehvvhuxqj ghv Ph ihkohuv
i u Qdkihogphvvxqjhq,

Odjh ghv Eh}xjvsxqnwhv ghv
Zdqgohusrwhqwldov

Zdqgohu}hqwuxp Zdqgohu}hqwuxp/ hlqjh0
i kuwh Pdvvhhohnwurghq

Xuvdfkh ghu Çqghuxqj ghu
lq xhq}lhuwhq Odgxqjvyhu0
whloxqj

Phfkdqlvfkh Ehzhjxqj
+Urwdwlrq rghu Wudqvodwlrq,

}hlwolfkh Çqghuxqj ghv Iho0
ghv

Sdudphwhu/ glh glh Ph hps0
�qgolfknhlw ehvwlpphq

lq xhq}lhuwh Ioçfkh/ Xp0
guhkxqjv}dko ghu Devfklu0
pxqj> gdkhu Pd{lplhuxqj
ghu Ioçfkh rghu Hukùkxqj
ghu Xpguhkxqjv}dko

lq xhq}lhuwh Ioçfkh> gdkhu
Irughuxqj= Pd{lplhuxqj
ghu Ioçfkh

Wde1 819= Nrqvwuxnwlrqvsulq}lslhq hohnwurvwdwlvfkhu Zdqgohu xqg Vrqghq i u Zhfkvhoihoghu
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Dee1 819= Nxjhoiùupljh hohnwurvwdwlvfkh Zdqgohu plw lq guhl Ulfkwxqjhq dxvjhulfkwhwhq Vhqvru0
 çfkhq1 Glh hqwvsuhfkhqghq Urwruvfkdohq dov Devfklup çfkhq +Io jhoudg, ehvwhkhq dxv vlfk
xp glh Urwdwlrqvdfkvh guhkhqghq ]zhlhfnsdduhq1 Zdqgohuw|shq zlh lq d, ehqùwljhq 5? De0
vfklupsdduh/ Zdqgohuw|shq zlh lq e, hlqh Dq}dko/ zhofkh gxufk guhl whloedu lvw +lq Dqohkqxqj
dq ^4`,1

Nxjhovrqghq i u yhuçqghuolfkh Ihoghu Hlqh çkqolfkh Pdqqljidowljnhlw khuuvfkw ehl
ghq Vhjphqwlhuxqjvpùjolfknhlwhq yrq ndsd}lwyhq Nxjhovrqghq i u Zhfkvhoihoghu1 Elv0
khu zxughq nuhlviùupljh xqg nxjhoylhuhfniùupljh Ph  çfkhq plw xqg rkqh dxvjhvsduwh
Nruuhnwxu çfkhq qçkhu xqwhuvxfkw ^49` +Dee1 81: xqg 81;,1
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Einfallsrichtung 
des elektrischen
Feldes Einfallsrichtung

des elektrischenn
Feldes

Meßfläche

Dee1 81:= Nxjho lp Krprjhqihog plw nuhlviùupljhu xqg nxjhoylhuhfniùupljhq Vhqvru çfkhq
+qdfk ^49`,

Meßfläche

Massefläche

Aussparung

Meßfläche

Dee1 81;= Nxjhoihogvrqgh plw nuhlviùupljhq xqg nxjhoylhuhfniùupljhq Ph  çfkhq1 Xqwhq vlqg
glh hqvsuhfkhqghq Içooh plw nuhx}iùuplj dxvjhvsduwhq Nruuhnwxu çfkhq }x vhkhq +qdfk ^49`>
Ihogvrqgh xqwhq olqnv lq prgl�}lhuwhu Irup,1
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8151616 Kdoenxjhonrq�jxudwlrq
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Dee1 81<= Nrqvwuxnwlrqvsulq}lslhq i u H0Ihogvrqghq= olqnv rehq= Doojhphlqhu Nùushu plw q ohlw0
içkljhq vhqvlhuhqghq Hohphqwhq rkqh ehvrqghuh V|pphwulhehglqjxqjhq> olqnv xqwhq= Vfkqlww
gxufk ]|olqghu0 rghu Nxjhovrqgh/ V|pphwulh }x hlqhp nduwhvlvfkhq Nrruglqdwhqv|vwhp/ Gl0
srovwuxnwxu> uhfkwv xqwhq= Nxjho0 rghu ]|olqghuvrqgh plw Prqrsrovwuxnwxu xqg uhgxqdqwhu
Ihoghuidvvxqj> uhfkwv rehq= Prqrsrovwuxnwxu hlqhu Nxjhokdoevfkdoh/ Hohnwurghq lq Guhlehlnrq0
�jxudwlrq +Dqrugqxqj ghv Vhqvrunrsiv yrq LQSHGR,

Nrqvwuxnwlrq ghu Kdoenxjhovrqgh Zlh dqkdqg yrq Dee1 81< huvlfkwolfk lvw/ px
vwuhqj }zlvfkhq hlqhu hohnwulvfkhq Ihog0 xqg Srwhqwldophvvxqj xqwhuvfklhghq zhughq1 I u
hlqh Ihoglqwhqvlwçwvphvvxqj zlug glh Srwhqwldogl�huhq} }zlvfkhq mhzhlov hlqhp ohlwiçkl0
jhq Hohnwurghqsddu dxvjhzhuwhw/ jhpç

O.�2 ' �}o@_ x ' Ex2 � x�� � Oe�2� +8189,

Glh hohnwulvfkh Ihognrpsrqhqwh zlug hqwodqj ghu Yhuelqgxqjvolqlh }zlvfkhq ghq Hohn0
wurghq ehvwlppw1 Lp doojhphlqhq Idoo/ idoov nhlqhuohl V|pphwulhehglqjxqjhq dq ghq
Vhqvrunùushu jhvwhoow zhughq/ lvw glh Ulfkwxqj ghu Yhuelqgxqjvolqlh qlfk lghqwlvfk plw
ghu Ulfkwxqj ghu pd{lpdohq Vhqvlwlylwçw ghu vhqvlhuhqghq Ioçfkh1 Glh Ehvwlppxqj ghv
Vrqghqsrwhqwldov +Uhihuhq}srwhqwldo, jhvfklhkw gxufk Vxpphqelogxqj ghu Srwhqwldoh
ehu dooh uxqg xp ghq Vhqvrunùushu yhuwhlowh vhqvlhuhqghq Hohphqwh=
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xo '
?[

	='f

x� +818:,

Ehl hlqhu srwhqwldoiuhlhq Vrqgh lvw glhv gdvmhqljh Srwhqwldo/ gdv Ihog lp Vrqghq}hqwuxp
+Uhihuhq}sxqnw, ] jhkhuuvfkw kdw/ ehyru glh Vrqgh lq gdv Ihog hlqjhi kuw zxugh1 Lq BB
zlug qdfkjhzlhvhq/ gd plwwhov hlqhu jhvfklfnwhq Nrppxwdwlrq ghu Vhqvru çfkhq plw
hlqhp Jhuçw vrzrko hlqh Srwhqwldo0/ dovdxfk hlqh Ihoglqwhqvlwçwvphvvxqj pùjolfk lvw1

]xu uçxpolfkhq Huidvvxqj ghu Yhnwrunrpsrqhqwh lvw hv yruwhlokdiw/ glh Vhqvru çfkhq v|p0
phwulvfk qdfk ghq Nrruglqdwhqdfkvhq dxv}xulfkwhq1 Glhv ndqq lq Glsro0 rghu Prqr0
srovwuxnwxu jhvfkhkhq +Dee1 81< xqwhq olqnv xqg uhfkwv,1 Ghu Yruwhlo yrq Glsrodqrug0
qxqjhq olhjw lq hlqhu juù huhq Vhqvlwlylwçw zhjhq ghv pd{lpdo pùjolfkhq Vhqvru çfkhq0
devwdqghv1 Ghu Qdfkwhlo ehvwhkw lq ghu jhulqjhuhq Ndsd}lwçw ghu Glsrodqrugqxqj xqg
gdplw ghp Sureohp/ vfkzlhuljhu hlqh jhulqjh xqwhuh Juhq}iuhtxhq} }x huuhlfkhq +yjo1 Jo1
8199 V1 446,1 Nrqvwuxnwly px dx hughp Vrujh jhwudjhq zhughq/ gd ehlgh Vhqvru çfkhq
iuhlolhjhq1 Glhv lvw i u hlqh Vrqgh i u xqjhvwùuwh Phvvxqjhq +Ihogvwçunhph jhuçw, rkqh
zhlwhuhv plw v|pphwulvfkhq Yroonùushuq +]|olqghu/ Nxjho/ Txdghu, huuhlfkedu1 Zlug mh0
grfk hlq Sro hlqhu Glsrodqrugqxqj/ zlh glhv ehl hlqhp dp Nùushu dqolhjhqghq Grvlphwhu
ghu Idoo }zdqjvoçx�j lvw/ dejhghfnw/ vr hqwvwhkw hlqh prqrsroçkqolfkh Vwuxnwxu1 Klhu lvw hv
yruwhlokdiwhu johlfk plw hlqhu Prqrsrovwuxnwxu }x duehlwhq1 Glh hqwvwhkhqgh Uhgxqgdq}/
zhofkh lp Vslhjhoxqjvsulq}ls vhlqh Xuvdfkh kdw/ ndqq ghujhvwdow dxvjhq w}w zhughq/ gd
hlqh Kçoiwh ghv Yroxphqnùushuv hqwidoohq ndqq1 Dxi glhvh Zhlvh jhodqjw pdq }xu Kdoenx0
jho1 Xp plw hlqhu Kdoenxjho dooh guhl Yhnwrunrpsrqhqwhq ghv Udxphv dxi}xqhkphq zlug
ehl ghp Vhqvrunrsi ghv Ph v|vwhpv LQSHGR plw hlqhu Guhlehlqnrq�jxudwlrq jhphvvhq1
Xp ghq Dxiedx ghu Vrqgh }xqçfkvw vr hlqidfk zlh pùjolfk }x jhvwdowhq/ zxugh dxi hlqh
Rswlplhuxqj plw Kloivhohnwurghq +srwhqwldohuidvvhqgh Hohphqwh }zlvfkhq ghq glh Ihogvwçu0
nhnrpsrqhqwh vhqvlhuhqgh Hohphqwh xqg Nruuhnwxuhohnwurghq, yhu}lfkwhw1 Lp Udkphq
glhvhu Duehlw zxugh gdyrq dxvjhjdqjhq/ gd vlfk gxufk glh Srwhqwldoiuhlkhlw ghu Vrqgh
dov Uhihuhq}srwhqwldo lq jxwhu Qçkhuxqj

xo '
�[
�'�

xe� * xf +818;,

hlqvwhoow1 Glh hohnwulvfkhq Ihogvwçunhnrpsrqhqwhq hqwodqj ghu Guhlehlqdfkvhq huplwwhoq
vlfk gdkhu hlqidfk }x=

.e� ' }o@_x ' xe� � xo ' xe� � xfc

.e2 ' xe2 � xo ' xe� � xfc

.e� ' xe� � xo ' xe� � xf�

Ndsd}lwçw hlqhu Nxjhondssh Glh Vhqvrundsd}lwçw hlqhu Nxjhondssh F7/ ehvwhkhqg
dxv }zhl nrq}hqwulvfkhq Nxjhovfkdohq plw ghq Udgll u@ xqg u� xqg ghp Udxpzlqnho X/
ehuhfkqhw vlfk qdfk irojhqghu Eh}lhkxqj=

�7 ' "
o@o�

o@ � o�
X ' "

o@o�
_

X +818<,
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Vsh}ldoiçooh=
Nxjho= X ' eZ
Kdoenxjho= X ' 2Z

Dxvjhgu fnw plw ghu Kùkh kS@R ghu Nxjhondssh odxwhw glh Johlfkxqj 818< }xu Ehvwlppxqj
ghu Vhqvrundsd}lwçw=

�7 ' 2"
o@o�
_

@hUULt

�
�� �S@R
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�
� 2"

o2

_
@hUULt

�
�� �S@R

o

�
+8193,

Pdqfkpdo oç w vlfk glh Kùkh kS@R hlqhu Nxjhondsshqndsd}lwçw vfkzlhulj phvvhq/ zhqq
glhvh Whlo hlqhv Vhqvruv|vwhpv lvw1 Gdkhu lvw hv q w}olfk glh Nxjhondsshqndsd}lwçw Fr de0
kçqjlj yrp Nohlqnuhlvudglxv oS@R ' o@ t�?

X
2
}x nhqqhq1 Dx ùvxqj qdfk ghp Udxpzlqnho

X ' 2@hUt�?
�
oS@R
o@

�
xqg hlqvhw}hq lq Jo1 818< olhihuw=

�7 ' 2"
o@o�
_

@hUt�?

�
oS@R
o@

�
� 2"

o2g
_

@hUt�?

�
oS@R
og

�
+8194,

Ehlvslhovzhlvh hujlew vlfk glh Nxjhondsshqndsd}lwçw i u hlq Nxjhovfkdohqudglxv u& ' ef
pp xqg hlq Ndsshqudglxv yrq uS@R ' 2D pp ehl hlqhp Nxjhovfkdohqdevwdqg yrq g @ 4
pp xqg 0o ' 2 hlqh Ndsd}lwçw yrq 6;/59 sI1

Nxjhovfkdohqdevwdqg ghu Vhqvru çfkhq Gdv hohnwulvfkh Zhfkvhoihog lqgx}lhuw dxi
hlqhu Ioçfkh D hlqh ghu hohnwulvfkhq Rehu çfkhqihogvwçunh H@ sursruwlrqdoh Odgxqjvphq0
jh T=

' '

]]
�

O(@ _O@ ' 0

]]
�

O.@ _O@ +8195,

Zlug glh Ioçfkh D xqg glh Ihogvwçunh dov ihvw jhjhehq yrudxvjhvhw}w/ vr lvw dxfk gdv Yhu0
kçowqlv ghu hu}hxjwhq Odgxqj }xu Ioçfkh hehqidoov hlqh Xqyhuçqghuolfkh1 Glh Ph vsdqqxqj
X6 hlqhv  dfkhq ndsd}lwlyhq Vhqvruv kçqjw qxq qxu qrfk yrp Nxjhovfkdohqdevwdqg g de
xqg vwhkw lp uh}lsurjhq Yhukçowqlv }xu uhodwlyhq Glhohnwul}lwçwv}dko }zlvfkhq ghq Sodwwhq
0o=

L6 '
'

�7
'

'

0J��~}�
'SJ?r|

_

0o
+8196,

I u hlqh g qqzdqgljh grsshoehvfklfkwhwh Nxjhondssh hujlew vlfk glh Ph vsdqqxqj plw
Johlfkxqj 8194 }x=

L6 '
'

�7
'

'

20Jo2 @hUt�?
� oS@R

o

� _

0o
+8197,

Dxfk klhu ehvwlppw ghu Sodwwhqdevwdqg glh Vhqvlwlylwçw ghv Vhqvruv1 Dxv ghu Vlfkw ghu
Vhqvlwlylwçw lvw ghu Devwdqg g }x pd{lplhuhq/ gdv Glhohnwulnxp "o }x plqlplhuhq1 Doohu0
glqjv vlqnw ehl vwhljhqghp Sodwwhqdevwdqg glh Vhqvrundsd}lwçw jhjhq ehu ghu Juù h ghu
sdudvlwçuhq Gdfk0 xqg Vwuhxndsd}lwçwhq1 Glh Devfkçw}xqj glhvhu sdudvlwçuhq Ndsd}lwçwhq
lvw Jhjhqvwdqg yrq Devfkqlww 81517161
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Zhlwhuklq kçqjw glh huuhlfkeduh xqwhuh Juhq}iuhtxhq} qhehq ghp Hlqjdqjvzlghuvwdqg
U� ghv Ph v|vwhpv yrq ghu Juù h ghu Vhqvrundsd}lwçw F7 de=

s}c� '
�

2Z-� E�7 n ���
+8198,

Ehl qhxhuhq FPRV0Rshudwlrqvyhuvwçunhuq zlh ghp OPF993 +Qdwlrqdo Vhplfrqgxfwru,
lvw ghu Hlqjdqjvzlghuvwdqg juù hu dov 4 Wl xqg glh Hlqjdqjvndsd}lwçw fd1 F� � �f sI1
Ghu rkpvfkh Hlqjdqjvzlghuvwdqg Ue�? ghv Rshudwlrqvyhuvwçunhuv ndqq jhjhq ehu ghq
sdudvlwçuhq Hlqjdqjvzlghuvwçqghq xqg ghq Zlghuvwçqghq ghu Hlqjdqjvehvfkdowxqj yhu0
qdfkoçvvljw zhughq1 Ehl hlqhu jhirughuwhq xqwhuhq Juhq}iuhtxhq} s}c� yrq 8 K} px glh
Vhqvrundsd}lwçw �r plqghvwhqv Frc4�? ehwudjhq1

�rc4�? '
�

2Zs}c�-�
� �� +8199,

Plw Johlfkxqjhq 8194 xqg 8199 oç w vlfk ghu pd{lpdoh Vfkdohqdevwdqg g4@ jhzlqqhq1

_4@ ' 20
o2

�
/}c�-�

� ��

@hUt�?
�oS@R

o

�
+819:,

I u glh lq Wdehooh 81: ehuhfkqhwhq Glphqvlrqlhuxqjvjuù hq zxugh dov Glhohnwulnxp hlq
Zhuw yrq 0o ' 2 dqjhqrpphq1 Glh hqwvsuhfkhqghq Glhohnwulv}lwçwvzhuwh xqg hohnwulvfkhq
Hljhqvfkdiwhq hlqljhu zlfkwljhu whfkqlvfkhu Nxqvwvwr�h nùqqhq ghu Wdehooh D14 hqwqrp0
phq zhughq1

U� F7c4�? g4@ 

433Pl 63; sI 3/45 pp
4 Jl 54 sI 4/; pp

Wde1 81:= Zlfkwljh Juù hq xp hlqh xqwhuh Juhq}iuhtxhq} yrq 8 K} }x huuhlfkhq= Hlqjdqjvzlghu0
vwdqg/ plqlpdoh Nxjhondsshqndsd}lwçw xqg pd{lpdohu Vfkdohqdevwdqg i u �o @ 5 +Sro|vw|uro,

Edvlvv|vwhp ghv Vhqvruv +�Guhlehlq�, ]xu Huidvvxqj ghu guhl uçxpolfkhq Yhnwru0
nrpsrqhqwhq ghv uhvxowlhuhqghq hohnwulvfkhq Ihogyhnwruv px glh Ihogvwçunh lq plqghvwhqv
guhl Ulfkwxqjhq jhphvvhq zhughq1 Ehl vhjphqwlhuwhq Yroonxjhovrqghq zdu hv elvkhu lpphu
eolfk/ ghq uhvxowlhuhqghq hohnwulvfkhq Ihogyhnwru dxv hlqhp V|vwhp yrq guhl ruwkrjrqd0
ohq +lq ghu Uhjho nduwkhvlvfkhq, Edvlvyhnwruhq }x jhzlqqhq1 Hlq jhhljqhwhv Edvlvv|vwhp
eloghw hlq �Guhlehlq� +g1 k1 Glphqvlrq q@6, lp Uhfkwvv|vwhp/ ehvwhkhqg dxv guhl olqhdu
xqdekçqjljhq Yhnwruhq +Oe�c Oe2c Oe�,1 Mhghu glhvhu Yhnwruhq vfkolh w plw Oe5 +}0 e}z1 Urwd0
wlrqvdfkvh, hlqhq Zlqnho w hlq1 Glhvhv �Guhlehlq�0Edvlvv|vwhp +3/ Oe�c Oe2c Oe�, oç w vlfk dxv
ghp jhzrkqwhq nduwkhvlvfkh Uhfkwvv|vwhp +3/ Oe%c Oe+c Oe5,/ ehvwhkhqg dxv ghq ruwkrjrqdohq
Hlqkhlwvyhnwruhq +Oe%c Oe+c Oe5, irojhqghupd hq jhzlqqhq=

Oe� '

3C t�? w
f
ULt w

4D3C Oe%
Oe+
Oe5

4D c Oe2 '

3C ��
2
t�? w

�
2
t�? w

ULt w

4D3C Oe%
Oe+
Oe5

4D c Oe� '

3C ��
2
t�? w

��
2
t�? w

ULt w

4D3C Oe%
Oe+
Oe5

4D
+819;,
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Dee1 8143= Guhlehlq dov Edvlvv|vwhp }xu Huidvvxqj ghu Yhnwrunrpsrqhqwhq plw hlqhp Kdoenx0
jhovhqvru

Ehl Yduldwlrq ghv Kùkhqzlqnhov w lp Ehuhlfk yrq 3 elv Z
2
+ ehu ghu Kdoenxjho, hujhehq

vlfk irojhqgh Vsh}ldoiçooh=

w ' f G Gdv �Guhlehlq� hqwduwhw }x hlqhu Olqlh dxi ghu }0Dfkvh +Glphqvlrq q@4,> glh Yhn0
wruhq vsdqqhq nhlqhq Udxp phku dxi +olqhdu dekçqjljh Yhnwruhq/ Hlqkhlwvyhnwruhq
vlqg lghqwlvfk,1 Plw glhvhu Dqrugqxqj lvw hv qlfkw pùjolfk/ glh Yhnwrunrpsrqhqwhq
}x huidvvhq1 Glhvhu Idoo px gdkhu dxvjhvfkorvvhq zhughq1

w ' @hUt�?
�
�
�

s
S
�
= Gdv Guhlehlq eloghw hlq ruwkrjrqdohv V|vwhp1 Glhvhu Idoo �qghw

ehl Dqrugqxqj yrq nxu}hq Glsrohq +olqhduh Glsrodqwhqqhq, ehuhlwv Dqzhqgxqj ^6`1
Ehl prqrsroduhq ndsd}lwlyhq Vhqvru çfkhq dxi Kdoenxjhoq xqg Nxjhondsshq lvw ghu
Jheudxfk klhuyrq mhgrfk qhx1

w ' Z
�
= Glh �Ioçfkhqqhxwudoh� ghu Kdoenxjho zlug gxufkvwr hq/ g1 k1 Ioçfkh rehu0 xqg
xqwhukdoe ghu Euhlwhqolqlh w ' Z

�
vlqg johlfk jur 1

w ' @hUULt
�
�
2
� ��

o

�
= Gdv Guhlehlq gxufkvwù w glh �Ioçfkhqqhxwudoh� ehl Yrukdqghqvhlq

hlqhu Srondssh plw ghu Kùkh k� dov Dxvvsduxqj

w ' Z
2
= Glh Yhnwruhq ghv Guhlehlqv vsdqqhq glh {0|0Hehqh +Glphqvlrq q@5, dxi xqg vlqg
qlfkw phku olqhdu xqdekçqjlj1 Glhvhu Idoo px hehqidoov dxvjhvfkorvvhq zhughq1

Xp ghp Plnurfrqwuroohuv|vwhp +Gdwhqorjjhu, hlqh hlqidfkhuh Xpuhfkqqxqj lqv nduwhvl0
vfkh Nrruglqdwhqv|vwhp }x hupùjolfkhq/ zxugh ehl ghu Uhdolvlhuxqj ghp ruwkrjrqdohq
Idoo ghq Yru}xj jhjhehq1
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81517 Lvrodwlrqvvsdow

I u glh Glphqvlrqlhuxqj ghu Lvrodwlrqvvsdoweuhlwh }zlvfkhq ghq Vhqvru çfkhq p vvhq iro0
jhqgh Sxqnwh Ehdfkwxqj �qghq=

41 Hlq Lqhlqdqghujuhlihq ghu Udqgvwùuxqjhq ehzlunw hlq ßehuvsuhfkhq +vwdunh Txhu0
hps�qgolfknhlw,1 Xp glhvh Ehhlq xvvxqj }x yhuklqghuq/ px hlq plqlpdohu Lvrod0
wlrqvdevwdqg yrq e_

Z
hlqjhkdowhq zhughq1 Glhv }hljhq Hujheqlvvh ghu dqdo|wlvfkhq

Ehuhfkqxqjhq lq Devfkqlww 81517141

51 Hlqhu jhjhqvhlwljhq Ehhlq xvvxqj gxufk glh Vwuhx0 e}z1 Gdfkndsd}lwçwhq ghu Vhq0
vru çfkhq px gxufk hlqhq dxvuhlfkhqg jur hq Lvrodwlrqvdevwdqg hqwjhjhqjhzlunw
zhughq1

61 Hlqh Yhujuù huxqj ghu Vsdoweuhlwh ghu Lvrodwlrqvqdkw ehzlunw }zdqjvoçx�j hlqh Uh0
gx}lhuxqj ghu }xu Yhui jxqj vwhkhqghq vhqvlwlyhq Ioçfkh1 Gdkhu vroowh glhvh Dxv0
vsduxqj qlfkw }x jur jhzçkow zhughq1

8151714 Udqgvwùuxqjhq ghu Vhqvru çfkhq

Glh Udqgvwùuxqjhq }zlvfkhq ghq vhqvlwlyhq/ vskçulvfkhq Ioçfkhq nùqqhq lq vhku jxwhu
Qçkhuxqj gxufk gdv Udqgihog }zhlhu hehqhu Sodwwhq dejhvfkçw}w zhughq1 I u xqhqg0
olfk dxvjhghkqwh Sodwwhq lvw glhv dqdo|wlvfk plw ghu Phwkrgh ghu nrqiruphq Deelogxqj
pùjolfk1 Glh Ihog0 xqg Srwhqwldoolqlhq glhvhu Sodwwhqdqrugqxqj vlqg lq Deelogxqj 8144
gdujhvwhoow1 Vlh nùqqhq plw ghu yrq Pd{zhoo ^46` jhixqghqhq nrpsoh{hq Ixqnwlrq

5 ' %n �+ '
_

Z
E� n � n e�� +819<,

ehuhfkqhw zhughq1 Plw � ' �n �� xqg � ' f hukçow pdq glh Juhq}ihogolqlh ghv jhvwùuwhq
Udqgehuhlfkhv }x=

5 '
_

Z

�
� n �� n e��

�
+81:3,

Gdujhvwhoow dov hehqh Juhq}nxuyh lq sdudphwulvfkhu Irup plw ghp Sdudphwhu y@0Z � � �nZ
odxwhw glhvh=

% '
_

Z
E� n ULt �� +81:4,

+ '
_

Z
E� n t�? �� +81:5,

Glh Juhq}nxuyh +Juhq}ihogolqlh, ghv jhvwùuwhq Udqgehuhlfkhv vfkqhlghw glh {0Dfkvh +|@3/
y@3, ehl % ' 2_

Z
� Glh {0Dfkvh lvw johlfk}hlwlj V|pphwulhdfkvh ghu Sodwwhqdqrugqxqj xqg

ghv Ihogeloghv1 Gdkhu gdui qdfk ghu Vslhjhoxqjvphwkrgh dqvwhooh ghu {0Dfkvh hlqh xq0
hqgolfk dxvjhghkqwh ohlwhqgh Sodwwh dxi Hugsrwhqlwdo ruwkrjrqdo }xu Deelogxqjvhehqh
hlqjhi kuw zhughq1 Klhugxufk �qghw lp huvwhq xqg }zhlwhq Txdgudqwhq nhlqh Çqghuxqj
ghu Ihogolqlhqyhuwhloxqj vwdww1 Zdu glh xqwhuh Sodwwh yru Hlqi kuxqj jhhughw/ vr zlug
}xghp gxufk glhvh Pd qdkph ghu gulwwh xqg ylhuwh Txdgudqw ihogiuhl1

Ehl ghu Qdfkelogxqj ghv vskçulvfkhq ndsd}lwlyhq Ihogvhqvruv hqwvsulfkw glh hlqjhi kuwh
jhhughwh Sodwwh ghu Pdvvh çfkh lqqhukdoe ghv Vhqvrunrsihv1 Glh nxjhoiùupljh Jhvwdow
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ndqq ehu hlqh zhlwhuh nrqiruph Deelogxqj lq ghq hehqhq Sodwwhqnrqghqvdwru ehui kuw
zhughq +Dee1 8144,1 Ghu gruw hlqjh}hlfkqhwh kdoeh Sodwwhqdevwdqg hqwvsulfkw dovr ghp
yroohq Devwdqg g ghu Prqrsrodqrugqxqj ghv vskçulvfkhq ndsd}lwlyhq Vhqvruv1

5 g
π

g

|

{

7 g
π

Vhsdudwul{

g

Vhsdudwulfhv

Pdvvh

Schnitt durch 
Sensorkopf

Ausschnitt

Dee1 8144= Udqgvwùuxqjhq hlqhv Sodwwhqnrqghqvdwruv1 Glh Nxuyhq zxughq ehu nrqiruph De0
elogxqj plw ghp Dqvdw} yrq Pd{zhoo hukdowhq1 Glh gd}xjhkùuljh nrpsoh{h Ixqnwlrq odxwhw=
} @ _

Z +z . 4 . h�,

8151715 Qlfkwvhqvlwlyh ]zlvfkhq çfkh +Dxvvsduxqj,

Qhehq ghu Ixqnwlrq ghu Wuhqqxqj }zhlhu Vhqvru çfkhq gxufk hlqh uhodwly vfkpdoh Lvrod0
wlrqvqdkw ndqq dxfk hlqh }xvçw}olfkh/ qlfkwvhqvlwlyh ]zlvfkhq çfkh dxi iuhlhp rghu ihvw0
jhohjwhq Srwhqwldo hlqjhi jw zhughq1 Plw vrofkhq Srwhqwldonruuhnwxu çfkhq nùqqhq Yhu0
ehvvhuxqjhq eh} jolfk hlqhv lqkrprjhqhq Ihoghv hu}lhow zhughq1

8151716 Gdfk0 xqg Vwuhxndsd}lwçwhq/ Vsdowndsd}lwçwhq

Ghu Yhuodxi yrq Gdfk0/ Vwuhxndsd}lwçwhq rghu Vsdowndsd}lwçwhq �7|o }zlvfkhq }zhl Nx0
jhokdoevfkdohq rghu dxfk qçkhuxqjvzhlvh i u glh juù huhq Nxjhondsshq ghu nuhlviùupljhq
Hohnwurghq plw ghp Vhsdudwlrqvdevwdqg d ndqq hlqh yrq ^55` dejhohlwhwh Irupho dqjhzhq0
ghw zhughq1 Vr hujlew vlfk i u glh Vhqvrundsd}lwçw hlqhu Glsrovrqgh ehvwhkhqg dxv }zhl
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plw ghp Lvrodwlrqvdevwdqg d vhsdulhuwhq Kdoenxjhoq=

�rc(�RJ, ' �7|o ' Z " o
[

?�?}eo@_e

?n �

?
�?n� Ef� d�?n� E%�� �?3� E%�o +81:6,

' Z " o
"[
�'f

2� n 2

2� n �
�2�n2 Ef� d�2�n2 E%�� �2� E%�o

plw
S = Ohjhqguhixqnwlrq 41 Rugqxqj
Sf E%� ' �
S� E%� ' %
S?n�E%� '

2?n�
?n�

%�?n�Ef� d�?n�E%� n �?3�E%�o
d @ Lvrodwlrqvdevwdqg
{ @ @

2uo

1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0

1.5

2.0

2.5

3.0

3.5

Kapazität zweier separierter Kugelhalbschalen mit Radius r = 40 mm und 25 mm

Separationsabstand a in mm

Ka
pa

zit
ät

 in
 p

F

0

1.0

4.0

Radius r = 40 mm

r = 25 mm

Dee1 8145= Ndsd}lwçw }zhlhu lp Devwdqg d vhsdulhuwhu Nxjhokdoevfkdohq plw ghp Udglxv u @ 73
pp xqg u @ 58 pp
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Olwhudwxu

^4` Dnvho*urg Y1 V1/ Vfkhuyxg O1 Md1 +4<;<, Hqwzlfnoxqj hlqhv Yhuidkuhqv }xu Phvvxqj ghv
Yhnwruehwudjhv ghu uçxpolfkhq hohnwurvwdwlvfkhq Ihogvwçunh dq Duehlwvsoçw}hq yrq Ehglh0
qxqjvshuvrqdo lq Krfkvsdqqxqjvdqodjhq/ Hpsihkoxqjhq ghu Zlvvhqvfkdiwolfk0whfkqlvfkhq
Surgxnwlrqvyhuhlqljxqj �Yduldqw�/ Ohqlqjudg 4<;< +Uxvvlvfk,

^5` Edkphlhu J1 +4<<7, Ihogvrqghq i u Ndoleulhu}zhfnh xqg }xu Ehvwlppxqj yrq Ehwudj xqg
Ulfkwxqj ghu hohnwulvfkhq Ihogvwçunh/ YGL0Iruvfkulwwvehulfkwh/ Uhlkh ;/ Qu1 76;/ G vvhogrui

^6` Edvvhq K1/ Vplwk J1 +4<;6, Hohfwulf �hog surehv 0 d uhylhz/ LHHH Wudqvdfwlrqv rq dqwhqqdv
dqg sursdjdwlrq/ yro1 64/ Qr1 8/ s1 :43 0 :4:

^7` Eurqvwhlq L1 Q1/ Vhphqgmdmhz N1 D1 +4<;8,= Wdvfkhqexfk ghu Pdwkhpdwln/ 551 Dx djh/
EVE E1 J1 Whxeqhu0Yhuodj/ Ohls}lj

^8` Exfkkro} K1 +4<8:, Hohnwulvfkh xqg pdjqhwlvfkh Srwhqwldoihoghu/ Vsulqjhu0Yhuodj/ Ehuolq/
V14<< 0 566

^9` Io jjh V1 +4<8;, Kdqgexfk ghu Sk|vln> Hohnwulvfkh Ihoghu xqg Zhoohq/ Edqg [YL/ Vsulqjhu0
Yhuodj/ Ehuolq/ V1 45; 0 467

^:` Jolpp M1 +4<<5, Ihogvrqghq 0 Vwdqg ghu Whfkqln xqg dnwxhooh Sureohph ehl Ihogphvvxqjhq
0 Yruwuçjh ghv 4361 SWE0Vhplqdu/ SWE0Ehulfkw H078/ Eudxqvfkzhlj

^;` Jrudnksxuzdood K1 hw do1 +4<;7, D vskhulfdo glsroh sureh v|vwhp +VSGSV, iru wkh phdvx0
uhphqw ri hohfwulf �hogv iurp 63 K}04 PK}/ LHHH Qdwlrqdo v|srvlxp rq hohfwurpdjqhwlf
frpsdwlelolw| HPF/ Vdq Dqwrqlr/ Wh{dv/ s1 4:404:<

^<` Kluvfk K1 +4<<3, Qhw}xqdekçqjljhv/ srwhqwldoiuhlhv Ihogphv|vwhp i u whfkqlvfkh Iuhtxhq0
}hq/ Whfkqlvfkhv Phvvhq wp 8:/ V1 7:6 0 7::

^43` Kxl ]1/ Ihl|x \1 +4<<8, Wkh lq xhqfh ri sureh rq wkh phdvxulqj dffxudf| ri hohfwulf �hog/
<wk Lqwhuqdwlrqdo v|psrvlxp rq kljk yrowdjh hqjlqhhulqj/ uhsruw0qr1 ;659/ s1 407

^44` Mrkqvrq P1/ Eurqdxjk H1 +4<;5, Vpdoo hohfwurpdjqhwlf vhqvru v|vwhp 0 dq ryhuylhz/ LHHH
Lqwhuqdwlrqdo v|psrvlxp rq hohfwurpdjqhwlf frpsdwlelolw|/ Vdqwd Fodud Ydooh|/ Fdo1/ ;10
431<14<;5/ s1 4730478

^45` Olq Z1 +4<;7, Wkh sureohp ri d frqgxfwlqj vskhuh uhvwlqj rq dq hduwkhg sodqh lq d xqlirup
shushqglfxodu �hog dqg lwv dssolfdwlrqv/ Hohfwurqlf ohwwhuv/ Yro1 53/ Qr1 6/ s1 4550457

^46` Pd{zhoo M1 F1 +4;<4, D wuhdwlvh rq hohfwulflw| dqg pdjqhwlvp/ Uhsxeolndwlrq ghu 61 Dx djh
+Foduhqgrq Suhvv,/ Gryhu Sxeolfdwlrqv/ Lqf1/ 61 Dx 1/ Qhz \run/ Yro14/ Duw1 535/ s1 63<0643
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^47` Phlqnh K1/ Jxqgodfk I1 Z1 +4<9;, Wdvfkhqexfk ghu Krfkiuhtxhq}whfkqln/ Vsulqjhu0Yhuodj/
Ehuolq

^48` Prqlhq J1/ Vlqjhu K1 +4<<9, Ihogyhu}huuxqjhq gxufk hohnwulvfkh Ihogvrqghq xqg Dxvzlu0
nxqjhq dxi uhvxowlhuhqgh Ph dezhlfkxqjhq/ lq= HPY<9/ YGH0Yhuodj JpeK/ Ehuolq/ Ri0
ihqedfk/ V1 ;760;83

^49` Sid� Z1 U1 +4<;<, Srwhqwldoiuhlh Nxjhoihogvrqghq }xu Phvvxqj hohnwurpdjqhwlvfkhu Ihoghu
lq Krfkvsdqqxqjvdqrugqxqjhq/ Glvvhuwdwlrq/ Xqlyhuvlwçw Vwxwwjduw

^4:` Suhvpdq D1 V1 +4<:3, Hohfwurpdjqhwlf �hogv dqg olih/ Sohqxp Suhvv/ Qhz \run/ Orqgrq/
V1 75076

^4;` Vfkzdq K1 S1 +4<8:, Dgydqfhv lq elrorjlfdo dqg phglfdo sk|vlfv/ Hohfwulfdo surshuwlhv ri
wlvvxh dqg fhoo vxvshqvlrqv/ Dfdghplf suhvv Lqf1/ Qhz \run/ V147:053<

^4<` Vfkzdq K1 S1 hw do1 +4<;8, Lqwhudfwlrqv ehwzhhq hohfwurpdjqhwlf �hogv dqg fhoov/ glhohfwulf
surshuwlhv ri fhoov dqg wlvvxhv/ Sohqxp suhvv/ Qhz \run/ s1 :80<:

^53` Vkfkljoryvnll N1 E1/ Dvho*urg Y1 V1 +4<:;, Phdvxulqj lqvwuxphqwv iru wkh sdudphwhuv ri dq
hohfwurvwdwlf �hog dqg wkhlu fdoleudwlrq/ Phdvxuhphqw Whfkqltxhv/ Yro1 54/ Qr1 8/ s1 9;;09<5

^54` Vlprq| N1 +4<;<, Wkhruhwlvfkh Hohnwurwhfkqln/ <1 Dx djh/ YHE Ghxwvfkhu Yhuodj ghu Zlv0
vhqvfkdiwhq/ Ehuolq/ V1 868

^55` Vslhjho hw do1 +4<:<, D vpdoo/ dffxudwh/ rswlfdoo| lvrodwhg hohfwulf �hog sureh/ Surf1 4<:<
LHHH Srzhu V|vwhpv dqg Dssdudwxv +SHV, Vxpphu Phhwlqj/ Sdshu D:<83:08/ Ydqfrxyhu/
E1 F1 Mxo| 4<:<

^56` Zlokhop| O1 +4<:5, Srwhqwldoiuhlh Ihogvwçunhphvvxqj lp udxpodgxqjviuhlhq shulrglvfk }hlw0
dekçqjljhq xqg wudqvlhqwhq hohnwulvfkhq Ihog/ Glvvhuwdwlrq dq ghu Xqlyhuvlwçw Vwxwwjduw
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9 Odgxqjvyhuwhloxqj dxi ghq
Nxjhovhjphqwhq

Glh Rehu çfkhqodgxqjvglfkwh jr ghv Vhqvruv +rghu hlqhv dqghuhq ohlwhqghq Remhnwhv,
zlug dxv ghp hohnwulvfkhq Srwhqwldo x gxufk glh Qrupdohqdeohlwxqj dq ghu Rehu çfkh
ghu vhqvlwlyhq Vhqvru çfkh � Eo ' o&� jhzrqqhq=

jr '
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'
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' 0f.r ' �0f }o@_x ' �0f
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+914,

]xu Ehuhfkqxqj ghu Ioçfkhqodgxqjvglfkwh lvw glh Nhqqwqlv ghv Srwhqwldoyhuodxihv huiru0
ghuolfk1 Gdkhu zlug ehl ghq irojhqghq Dqrugqxqjhq }xhuvw gdv Srwhqwldo jhvxfkw1 ]x
glhvhp ]zhfnh vhl klhu gdudq hulqqhuw/ gd gdv Srwhqwldo yrq q Sxqnwodgxqjhq gxufk
Vxshusrvlwrq jhzrqqhq zhughq ndqq=

x '
?[
�'f

x� '
�

eZ0

?[
�'f

^�
o�

+915,

914 Lq xhq}huvfkhlqxqjhq hlqhu Sxqnwodgxqj

91414 Lq xhq}lhuxqj hlqhu ohlwhqghq Nxjho gxufk hlqh Sxqnwod0
gxqj

]xu Ehuhfkqxqj ghv Srwhqwldov hlqhu ohlwhqghq Nxjho/ glh xqwhu ghp Ihoghlq x hlqhu
Sxqnwodgxqj vwhkw/ lvw hlqh vfkrq yrq Orug Nhoylq^5` ehqxw}wh Eh}lhkxqj +Lqyhuvlrq dq
hlqhu Nxjho plw Udglxv u&,

o2& ' _ o� +916,

plw
_ G Devwdqg �' ghu Sxqnwodgxqj t }xp Nxjhoplwwhosxqnw P
o

�

G Devwdqg �'� ghu Elogodgxqj ^
�

}xp Nxjhoplwwhosxqnw P
q w}olfk/ zhofkh vlfk zlhghuxp yrq hlqhp jhrphwulvfkhq Vdw} yrq Dsroorqlxv +Kduprql0
vfkh Whloxqj, deohlwhq oç w ^6`1 Qdfk ^:` ndqq gdv çx huh Udxpsrwhqwldo hlqhu ohlwhqghq
Nxjho lp Ihog hlqhu Sxqnwodgxqj t dxv ghp Srwhqwldo yrq t plw ghp Devwdqg g }xp ]hq0
wuxp ghu Nxjho/ hlqhu glh lq xhq}lhuwh Odgxqj uhsuçvhqwlhuhqgh Vslhjhoodgxqj ^

�

' �^ o&
_

+�hohnwulvfkhv Elog� qdfk Nhoylq ^5`, plw ghp ]hqwudodevwdqg o
�

/ hlqhu Dqidqjvodgxqj tf
xqg hlqhu Odgxqj ^ o&

_
lp Nxjho}hqwuxp }xvdpphqjhvhw}w zhughq1 Ghu ohw}wh Whup u kuw
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gdkhu/ gd hlqh xqjhodghqh Nxjho gdv Srwhqwldo dqqlppw/ zhofkhv dp Ruw lkuhv Plwwho0
sxqnwhv yru Hlqeulqjhq lq gdv Ihog ehvwdqg1 Glhvhu Whup ehzlunw dovr hlq Dqkhehq ghv
Srwhqwldov ghu srwhqwldoiuhlhq Nxjho dxi ghq Zhuw/ ghu gxufk gdv hohnwulvfkh Ihog yrq ghu
Sxqnwodgxqj hlqjhsuçjw zlug1 Gdv Srwhqwldo x� lq hlqhp h{whuqhq Dxisxqnw S hujlew
vlfk gdkhu plw ghq Eh}hlfkqxqjhq lq Deelogxqj 914 }x=
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yrp ]hqwuxp ghu jhgdfkwhq Vslhjhood0
gxqj1 Gdv Srwhqwldo x� xp hlqh Nxjho kdw dqvfkdxolfk }huohjw lq vhlqh hlq}hoqhq Ehlwuçjh
irojhqgh Irup=
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Dee1 914= Ohlwhqgh Nxjho lp Ihog hlqhu Sxqnwodgxqj t

Gxufk Dqzhqgxqj yrq Jo1 +914, jhzlqqw pdq qdfk hlqljhu Uhfkqxqj plw Jo1 +918, glh
lq xhq}lhuwh Ioçfkhqodgxqjvglfkwh dxi ghu Nxjhorehu çfkh }x=

j ' �0
�
Yx

Yo

�����
o'o&

'
�

eZ

%
� ^

o��'
� _

2 � o2&
o&

n
^J
o2&

n
^

_ o&

&
+919,

Gxufk Hlqi kuhq hlqhv Lqkrprjhqlwçwvidnwruv

@ G'
o&
_

+91:,



455

irojw=

j ' � ^

eZ
� �

@ � _2 �
%

�� @2

E� n @2 � 2@ ULti�
�

2

� �

&
n

^J
eZ � @2 _2 +91;,

Ghu Devwdqg �
o^|
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Dee1 915= Nxjho lp Ihog hlqhu Sxqnwodgxqj ehl yhuvfklhghqhq Devwçqghq ghuvhoehq/ uhsuçvhqwlhuw
gxufk ghq Lqkrprjhqlwçwvidnwru d
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ghu Vslhjhoodgxqj oç w vlfk plw ghu Lqyhuvlrqveh}lhkxqj Jo1

+916, xqwhu Yhuzhqgxqj yrq Ohjhqguhvfkhq Sro|qrphq ehuhfkqhq=
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plw
gG Devwdqg ghu Sxqnwodgxqj t yrp Nxjho}hqwuxp
�? EULt w�= Ohjhqguh Sro|qrph huvwhu Rugqxqj

Gdv yrq hlqhu vlfk dxi ghu }0Dfkvh eh�qgolfkhq Sxqnwodgxqj ^ lp Dxisxqnw S khuyru0
jhuxihqh Srwhqwldo x� ndqq lq Nxjhokduprqlvfkh hqwzlfnhow irojhqghupd hq gdujhvwhoow
zhughq=
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plw
u^|= Oçqjh yrq ghu Sxqnwodgxqj t }xp Dxisxqnw S

Dxi ghu ohlwhqghq Nxjhorehu çfkh vhoevw lq xhq}lhuw glh Sxqnwodgxqj gdv Srwhqwldo x7

x7 '
�

eZ0f

�
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�
c +9145,

zhqq ^f glh Dqidqjvodgxqj lvw�

91415 Odgxqjvglfkwhyhuwhloxqj dxi nxjhovfkdohqiùupljhq Vhjphqw

Glh lqqhuh xqg çx huh Odgxqjvglfkwhyhuwhloxqj lvw qdfk Orug Nhoylq ^5` +¢574, dxi hlqhp
nxjhovfkdohqiùupljhq Vhjphqw ehndqqw/ zhqq gdv Srwhqwldo xf dxi ghu Ioçfkh yrujhjhehq
lvw=
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Glh gxufk hlqh Sxqnwodgxqj t khuyrujhuxihqh Odgxqjvglfkwh lp Sxqnw S dxi hlqhu Nx0
jhovfkdoh lvw plw ghp n u}hvwhq Devwdqg k yrq ghu Txhooh T }xu Rehu çfkh jhjhehq
gxufk=

j�E� � '
^� E_� ��

2Z2_ �'
�

;?=�'

('

v
(g (u

�g �u
� �'

('
@hU|@?

v
(g (u

�g �u

<@> +9148,

j@E� � ' j�E� � n
^� E_� ��

2Z_ �'
� +9149,

Lq hlqhu Udqgqrwl} kçow Pd{zhoo lq ^9` Duw14;4 ihvw/ gd glh Hljhqndsd}lwçw hlqhv Nxjho0
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Dee1 916= Jhrphwulvfkh Eh}hlfkqxqjhq }xu Ehuhfkqxqj ghu Odgxqjvglfkwhyhuwhloxqj dxi hlqhu
ohlwhqghq Nxjhondssh lp Ihog hlqhu Sxqnwodgxqj t



457

vfkdohqvhjphqwhv plw ghp Ù�qxqjvzlqnho X ' 2k

� ' e � 0 � o& Ek n t�?k� +914:,

lvw1 Dov Vsh}ldoidoo klhudxv lvw glh Hljhqndsd}lwçw � ' eZ0o& hlqhu Yroonxjho +X ' 2Z,
hqwkdowhq1

91416 Ohlwhqghv Nxjho çfkhqvw fn lp Ihog hlqhu Sxqnwodgxqj

Lp Idooh hlqhv lq�qlwhvlpdohq Ioçfkhqvw fnv _� ' o2& t�? w _w _) dxi hlqhu Nxjhorehu çfkh
lvw glhv=
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Yo
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+914;,

Glh jhvdpwh Odgxqj T dxi ghu Vhqvru çfkh hujlew vlfk plw hlqhp Ioçfkhqlqwhjudo ehu
glh Rehu çfkh D dxi ghu Nxjho }x=

' '
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plw ghq Lqwhjudwlrqvjuhq}hq i u hlqh Yroonxjho

w� ' f( w2 ' Z

)� ' f( )2 ' 2Zc

i u hlqh Kdoenxjho

w� ' f( w2 '
Z

2
)� ' f( )2 ' 2Z

xqg i u hlqh Nxjhondssh dp Sro plw ghu Ehjuhq}xqjvolqlh ehl w ' w� G

w� ' f( w2 ' w�

)� ' f( )2 ' 2Z�

91417 Lq xhq}odgxqjvyhuwhloxqj dxi hlqhu ohlwhqghq Hehqh gxufk
hlqh Sxqnwodgxqj

Gxufk glh Dqqçkhuxqj hlqhv jhodghqhq Nùushuv dq hlqh ohlwhqgh Ioçfkh ehzlunw Lq xhq}/
gd vlfk ghuhq Rehu çfkhqodgxqjvyhuwhloxqj dekçqjlj yrp Devwdqg judylhuhqg çqghuw
+Sur{lplw|0H�hnw,1 Glhvhu H�hnw vroo dp Ehlvslho ghu Dqqçkhuxqj hlqhu Sxqnwodgxqj
jhjhq hlqh ohlwhqgh Sodwwh dxvjhi kuw zhughq1 Gxufk Vxshusrvlwlrq ndqq hv jholqjhq/
ghq Dqqçkhuxqjvh�hnw dxfk yrq jhphwulvfk nrpsoh{huhq Dqrugqxqjhq dqdo|wlvfk }x eh0
vfkuhlehq1 Eh} jolfk ghu klhvljhq Dxijdehqvwhooxqj vslhow glhvhu H�hnw ehl ghu hohnwulvfkhq
Ndoleulhudqrugqxqj xqg ehl ghp Hlq x ghv Ehredfkwhuv dxi hlqh xqjhvwùuwh Ihogphvvxqj
hlqh Urooh1
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Gdv Srwhqwldo hlqhu Sxqnwodgxqj yru hlqhu ohlwhqghq Hehqh ndqq gxufk Dqzhqgxqj ghv
Vslhjhoxqjvsulq}lsv vriruw dqjhvfkulhehq zhughq=
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Gxufk glh sduwlhooh Deohlwxqj jhjhq glh lq xhq}lhqgh Odgxqj hujlew vlfk=
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Glh Çqghuxqj ghu Rehu çfkhqyhuwhloxqj lvw dekçqjlj yrp Devwdqg k ghu lq xhq}lhuhqghq
Odgxqj }xu ohlwhqghq Sodwwh xqg lq Dee1 917 qruplhuw gdujhvwhoow1
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Dee1 917= Qruplhuwh Odgxqjvglfkwhyhuwhloxqjhq dxi hlqhu ohlwhqghq Hehqh ehl Dqqçkhuxqj hlqhu
Sxqnwodgxqj

91418 Ohlwhqgh Nxjho dxi hlqhu jhhughwhq Sodwwh

Hlqh ohlwhqgh Nxjho dxi hlqhu jhhughwhq Ioçfkh olhjhqg lvw hlq eudxfkeduhv dqdo|wlvfkhv
Prghoo i u hlq xqplwwhoedu dp ohlwiçkljhq Nùushu dqjheudfkwhv Grvlphwhu lp yhuwlndo
hlqidoohqghq Krprjhqihog1 Glh Qrupdonrpsrqhqwh ghu hohnwulvfkhq Ihogvwçunh oç w vlfk
lq ghp dxi V1 549 hlqjhi kuwhq ghjhqhulhuwhq elsroduhq Nrruglqdwhqv|vwhp +kc qc S, dxv0
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Glh Ihog ehukùkxqj dp rehuhq Sro ghu Nxjho oç w vlfk i u glhvh Dqrugqxqj qdfk ^8` plw

ghu Ulhpdqvfkhq ]hwdixqnwlrq lE%� '
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Glh Deelogxqj 918 }hljw glh gdudxv dejhohlwhwhq Ihog ehukùkxqjvidnwruhq ghu Udgldonrp0
srqhqwh1 Ehl ghu jhzçkowhq Gduvwhooxqj lvw }x ehdfkwhq/ gd klhu ghu Qxoosxqnw qlfkw
zlh ehl hlqhp jhzùkqolfkhq sroduhq Nrruglqdqwhqv|vwhp lp ]hqwuxp dov Sxqnw yruolhjw/
vrqghuq glh Nxjhorehu çfkh vhoevw dov Xuvsuxqj }x ehwudfkwhq lvw1

0

10

20

30

40

50

60

70
80

90
10

0
11

0

12
0

13
0

14
0

15
0

16
0

17
0

18
0 19
0 20

0

21
0

22
0

23
0

24
0

25
0

26
0

27
0

28
0

29
0

30
0

31
0

32
0

33
0

34
035

0

4.
2

3.
7

3.
2

2.
6

2.
1

1.
6

1.
1

0.
6

10

20

30

40
50

60
70

80

90

10
0

11
0

12
0

0

θ

Ε
Ε

θ

0

Ε0

Dee1 918= Ihog ehukùkxqjvidnwruhq ghu Udgldonrpsrqhqwh ghv uhvxolhuhqghq Ihoghv hlqhu ohlwhq0
ghq Nxjho dxi hlqhu jhhughwhq Sodwwh lp xuvsu qjolfk krprjhqhq hohnwulvfkhq Ihog
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915 Srwhqwldo hlqhu Nxjhondssh
Qdfk ^4` lvw gdv Srwhqwldo lq hlqhp dxi ghu nrqyh{hq Vhlwh olhjhqghq Sxqnw S ehl yrujh0
jhehqhu nrqvwdqwhu Ioçfkhqodgxqjvglfkwh jJ=
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plw
k GZlqnho }zlvfkhq ghu Yhuwlndohq xqg Vwudko yrp Plwwhosxqnw }x hlqhp Udqgsxqnw
ghu Nxjhondsshq çfkh +kdoehu Ù�qxqjvzlqnho X,
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plw
uS@R= Udglxv ghv Nxjhodevfkqlwwv +Nxjhondssh,
u&= Nxjhoudglxv
u= Udglxv }xp Dxisxqnw S +iuhlhu Udglxv,
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Olwhudwxu

^4` Mhdqv M1 +4<58, Wkh pdwkhpdwlfdo wkhru| ri hohfwulflw| dqg pdjqhwlvp/ 810wk hglwlrq/
Fdpeulgjh xqlyhuvlw| suhvv/ Orqgrq/ s1 558

^5` Wkrpvrq Z1 +4;9<, Ghwhuplqdwlrq ri wkh glvwulexwlrq ri hohfwulflw| rq d flufxodu vhj0
phqw ri sodqh ru vskhulfdo frqgxfwlqj vxuidfh/ xqghu dq| jlyhq lq xhqfh/ lq= Uhsulqw
ri sdshuv rq hohfwurvwdwlfv dqg pdjqhwlvp/ 51 Dx 1 4;;7/ Pdfploodq)Fr/ Orqgrq
¢564057;

^6` N sip oohu N1/ Nrkq J1 +4<<6, Wkhruhwlvfkh Hohnwurwhfkqln xqg Hohnwurqln/ 471 Dx 1/
Vsulqjhu0Yhuodj/ Ehuolq/ V1 <70435

^7` Nuxvhpdq Q1 +4;;:, Rq wkh srwhqwldo ri wkh hohfwulf �hog lq wkh qhljkerxukrrg ri d
vkhulfdo erzo/ fkdujhg ru xqghu lq xhqfh/ Sklo1 Pdj1 {{ly1 6;

^8` Olq Z1 +4<<4, Wkh urwdwlrqdo ghjhqhudwhg elsrodu frruglqdwh v|vwhp dqg lwv qhz
dssolfdwlrqv/ Mrxuqdo ri Hohfwurvwdwlfv/ Hovhylhu/ Yro1 59/ s1 54069

^9` Pd{zhoo M1 F1 +4;<4, D wuhdwlvh rq hohfwulflw| dqg pdjqhwlvp/ Uhsxeolndwlrq ghu 61
Dx djh +Foduhqgrq Suhvv,/ Gryhu Sxeolfdwlrqv/ Lqf1/ 61 Dx 1/ Qhz \run/ Yro14/ Duw1
4:904;4

^:` Vwudwwrq M1 D1 +4<74, Hohfwurpdjqhwlf wkhru|/ PfJudz0Kloo/ Qhz \run/ Orqgrq/ s1
4:504:7
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: Pdjqhwihogvhqvru

]xu Phvvxqj ghv qlhghuiuhtxhqwhq Pdjqhwihoghv px wh hlq jhhljqhwhu Vhqvru jhixqghq
zhughq/ ghu ghq krkhq Dqirughuxqjhq hlqhv Grvlphwhuv jhuhfkw zlug1 Klhu}x zxughq
v|vwhpdwlvfkh Hljqxqjvsu ixqjhq plw glyhuvhq Pdjqhwihogvhqvruhq gxufkjhi kuw1 Hlqljh
gdyrq zduhq nrpphu}lhoo hukçowolfk +dooh Pdjqhwkdoeohlwhu,/ dqghuh vwdqghq dov Ixqnwlrqv0
rghu Oderupxvwhu +Wxqqhoglrghqvhqvru/ }zhldfkvljhu Iox{jdwhvhqvru, }xu Yhui jxqj1 Glh
yhuvfklhghqduwljhq Lqgxnwlrqvvsxohq klqjhjhq zxughq dooh vhoevw khujhvwhoow1 I u glh phl0
vwhq ghu Vhqvruhq px whq i u glhvh Xqwhuvxfkxqjhq dgçtxdwh Ph vfkdowxqjhq uhdolvlhuw
zhughq1 Ehl ghqPhvvxqjhq plw ghq huvwhq Whvwvfkdowxqjhq nulvwdoolvlhuwh vlfk edog khudxv/
gd hv xqwhu ghq jhirughuwhq Udqgehglqjxqjhq ndxp hlqh Dowhuqdwlyh }xu khunùppolfkhq
Lqgxnwlrqvvsxoh jlew1 Gdkhu glhqw glhvhu Vhqvruw|s }xu Huidvvxqj ghv Zhfkvhoihoghv dov
Edvlvvhqvru1 I u Dqzhqgxqjhq/ glh ghq zhlwhuhq Qxw}xqjvehuhlfk +yjo1 Dee1517 V15:, ghu
ruwkrjrqdohq Lqgxnwlrqvvsxohq ehuvwhljhq +eh} jolfk Iuhtxhq}0 rghu Lqwhqvlwçw,/ ehvwhkw
glh Pùjolfknhlw/ hlqhq zhlwhuhq �ehqxw}huvsh}l�vfkhu Vhqvru� klq}x}xvfkdowhq1 ]xu Dxv0
zdko hlqhv vrofkhq }xvçw}olfkhq Pdjqhwihogvhqvruv g uiwhq glh irojhqghq Xqwhuvxfkxqjv0
hujheqlvvh kloiuhlfk vhlq1

:14 Xqwhuvxfkxqj yhuvfklhghqhu Pdjqhwihogvhqvruhq

Hv jlew hlqh Ylho}dko pdjqhwihogdekçqjljh sk|vlndolvfkh Huvfkhlqxqjhq1 ]x vrofkhq Hi0
ihnwhq jhkùuhq ehlvslhovzhlvh ghu ehndqqwh Kdooh�hnw/ ghu pdjqhwruhvlvwlyh H�hnw/ glh
Nudiwzlunxqj dxi ehzhjwh Odgxqjvwuçjhu gxufk glh Oruhqw}nudiw/ ghu Mrvhskvrq0H�hnw
xqg glh Vsdqqxqjvlqgxnwlrq1 Zhqljhu kçx�j zlug yrq ghp Zlhjdqg0H�hnw +Vl{wxv
Wrqnv h�hfw,/ ghp Idudgd|0 +pdjqhwrrswlvfkhu H�hnw, rghu pdjqhwrvwulnwlyhq H�hnwhq
Jheudxfk jhpdfkw1 Dxv glhvhu I ooh yrq sk|vlndolvfkhq Yrujçqjhq uhvxowlhuhq pdqqljido0
wljh Vhqvruduwhq plw mhzhlov fkdudnwhulvwlvfkhq Hljhqvfkdiwhq1 Ghu hps�qgolfkvwh W|s lvw
hlq dxv vxsudohlwhqghq Kdoeohlwhupdwhudolhq dxijhedxwhu Vhqvru/ ghu vrjhqdqqwh VTXLG
+Vxshu TXdqwxp Lqwhuihuhqfh Ghylfh,1 Plw glhvhp/ dxi ghp Mrvhivrq0H�hnw ehuxkhqghq
Vhqvru/ nùqqhq pdjqhwlvfkh Iox glfkwhq elv lq ghq iW0Ehuhlfk jhphvvhq zhughq1 Zhjhq
vhlqhv krkhq hqhujhwlvfkhq xqg whfkqlvfkhq Dxizdqghv +Vwlfnvwr�n koxqj, lvw glhvhu Vhq0
vru ehlp khxwljhq Hqwzlfnoxqjvvwdqg ghu Vxsudohlwhuwhfkqln lp Klqeolfn dxi gdv klhvljh
Ph v|vwhp yùoolj xqjhhljqhw1 Idvw hehqvr vfkzlhulj huvfklhq hv hlqh Pdjqhwihogphvvxqj
dxi ghu Edvlv ghv Idudgd|h�hnwv }x uhdolvlhuhq1 Sureohpdwlvfk lvw klhuehl glh Lqwhjud0
wlrq krfkzhuwljhu rswrhohnwurqlvfkhu Hohphqwh +}1 E1 Dqdo|vdwruhq, lq hlq kdqgolfkhv
Jhuçw1 Vr z ugh ehlvslhovzhlvh hlqh Olfkwtxhooh krkhu vshnwudohu Uhlqkhlw +Odvhuglrgh,
plw hlqhp jhulqjhq Hqhujlhehgdui ehqùwljw1 Zlhjdqgvhqvruhq xqg pdjqhwruhvlvwlyh Ihog0
sodwwhq vlqg zhqljhu hqhujlhdxizhqglj/ lkuh Hps�qgolfknhlw jhq jw mhgrfk qlfkw ghq klhu
jhvwhoowhq Dqirughuxqjhq1 Hehqvr huuhlfkhq pdjqhwhps�qgolfkh Kdoeohlwhuedxhohphqwhq
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zlh Pdjqhwglrghq/ Pdjqhwrwudqvlvwruhq +PDJWUDQV,/ Pdjqhwrihogh�hnwwudqvlvwruhq
+PDJIHW, xqg Pdjqhwrrshudwlrqvyhuvwçunhu +PRS, glh qrwzhqgljh Hps�qgolfknhlw
qlfkw1 Hlqh dnwxhooh ßehuvlfkw ehu ghu}hlwljh Hqwzlfnoxqjhq ehl Pdjqhwihogvhqvruhq �q0
ghw vlfk lq ^63`1

Vhqvruw|s H�hnw rghu sk|vlndolvfkhv Sulq}ls Uhi1
Pdjqhwglrgh/ Pdjqhwrwudqvlvwru/ Oruhqw}nudiw ^43`/^<`/
Pdjqhwrihogh�hnwwudqvlvwru/ ^4;`/
Pdjqhwrrshudwlrqvyhuvwçunhu ^5;`
Kdoovhqvru xqg Kdoojhqhudwru Oruhqw}nudiw/ Kdooh�hnw ^55`
Pdjqhwruhvlvwlyh Ihogsodwwh Yhujuù huxqj ghv Edkqzlghuvwdqgv ^67`
Pdjqhwruhvlvwlyh Vhqvru pdjqhwruhvlvwlyhu H�hnw/ ^47`

wudqvyhuvdohu Kdooh�hnw
Zlhjdqg0Vhqvru Zlhjdqg0H�hnw ^9`
Ihogvsxohq/ lqgxnwlyh Dxiqhkphu Lqgxnwlrq ^46`
Iox{jdwhvhqvru +Vdwxudwlrqvnhuqvrqgh, Vdwxudwlrqvnhuqsulq}ls ^64`/ ^:`
VTXLG Mrvhskvrq0H�hnw ^44`
Pdjqhwrrswlvfkhu Vhqvru Idudgd|0H�hnw/ Nhuu0H�hnw ^45`
+}1 E1 dxi Phwjodv0Edvlv,
Wxqqhoglrghqvhqvru Shuphdelolwçw xqg uhvlvwlyhu H�hnw ^58`

dq dpruskhq Phwdoovwuhlihq
Pdjqhwrhodvwlvfkhu Vhqvru +PHV, Pdjqhwrvwulnwlrq ^5<`

Wde1 :14= Yhuvfklhghqh Pdjqhwihogvhqvruhq plw lkuhp sk|vlndolvfkhq Sulq}ls

Dxv ghq lq Wde1:14 dxijhi kuwhq Vhqvruw|shq zxugh yrude dqkdqg yrq lq ghu Olwhudwxu
ehndqqwhq Vhqvrunhqqzhuwhq xqg Hljhqvfkdiwhq hlqh Dxvzdko ghumhqljhq Vhqvruhq jhwuri0
ihq/ glh i u glh Dqzhqgxqj lq hlqhp Grvlphwhu dov pùjolfkhuzhlvh jhhljqhw huvfkhlqhq1
I qi Vhqvruhq ndphq klhuehl lq glh hqjhuh Zdko xqg zxughq eh} jolfk ghu Hljqxqj i u
hlq Grvlphwhu jhwhvwhw xqg fkdudnwhulvlhuw1 Glh xqwhuvxfkwhq Pdjqhwihogvhqvruhq vlqg lq
Wde1:15 dxijholvwhw=

Vhqvruw|s Xqwhuvxfkwhu Yhuwuhwhu glhvhu Nodvvh Uhihuhq}
Vsxohq Iodfkvsxohq/ ruwkrjrqdoh Vsxohq/

Vsxohq plw Ihuulw dov Nhuqpdwhuldo/ 111
Wxqqhoglrghqvhqvru Oderupxvwhu hlqhv Surwrw|sv +Jk Ndvvho, ^6`/^7`
Pdjqhwruhvlvwlyh Vhqvruhq NP] 43 E/ NP] 43D> plw xqg rkqh Ihuulw ^57`
Kdoojhqhudwruhq Kdoojhqhudwru JK 934 ^8`
Iox{jdwhvhqvruhq hlqdfkvljhv Ixqnwlrqvpxvwhu IJ5325/ ^66`
+Vdwxudwlrqvnhuqvrqgh, }zhldfkvljhv Ixqnwlrqvpxvwhu IJY36

Wde1 :15= Dxi Hljqxqj jhsu iwh Vhqvruw|shq

Glh Fkdudnwhulvlhuxqj ehwudi yru doohp glh Ihvwvwhooxqj ghu Iuhtxhq}edqgeuhlwh/ glh Hps0
�qgolfknhlw/ ghu Hqhujlhehgdui ghv Vhqvruv lqnoxvlyh Dxvzhuwhohnwurqln/ glh Ulfkwxqjv0
hps�qgolfknhlw/ gdv Jhzlfkw xqg glh Dephvvxqjhq1 Gdv Hujheqlv glhvhu Xqwhuvxfkxq0
jhq lvw lq Wdehooh :16 xqg glh Juù h lkuhv Lqwhqvlwçwv0 xqg olqhduhq Iuhtxhq}ehuhlfk lvw
judsklvfk lq Dee1 :14 }xvdpphqjhid w1
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f
0 Hz 10 Hz 100 Hz 1 kHz 10 kHz 100 kHz1 Hz1 nT 10 nT 100 nT 1 µT 10 µT 100 µT

B

Tunneldiodenoszillator

Hallgenerator GH601
(ohne Ferrit)

Induktiver Sensor (Flachspule)

Frequenzgang (linearer Bereich)Intensitätsbereich (linearer Bereich)

Hallgeneraotr GH 601
(mit Ferrit, kompensiert)

Magnetoresistiver Sensor
KMZ 10 B (ohne Ferrit)
Magnetoresistiver Sensor
KMZ 10 B (mit Ferrit)

1 mT

idealer Sensor idealer Sensor

10 mT

Fluxgatesensor
FG20/2 Fluxgatesensor

FG20/2

Tunneldiodenoszillator

Magnetoresistiver Sensor
KMZ 10 B (ohne Ferrit)

Magnetoresistiver Sensor
KMZ 10 B (mit Ferrit)

Hallgenerator GH601
(ohne Ferrit)
Hallgeneraotr GH 601
(mit Ferrit, kompensiert)
Induktiver Sensor

 (Flachspule)

Dee1 :14= Pdjqhwihogvhqvruhq lp Yhujohlfk lkuhv Lqwhqvlwçwvehuhlfkhv xqg Iuhtxhq}jdqjv

Ghu dov Oderupxvwhu yrq ghu Xqlyhuvlwçw Jk Ndvvho +Gu1 Edumhqeuxfk, }xu Yhui jxqj
jhvwhoowh qhxduwljh Wxqqhoglrghqvhqvru zdu xqwhu ghq dxvjhzçkowhq Vhqvruhq ghumh0
qljh/ ghu glh kùfkvwh Dx ùvxqj huuhlfkwh1 Hlq Wxqqhoglrghqvhqvru lvw lp zhvhqwolfkhq
hlq UOF0Vfkzlqjnuhlv/ jheloghw gxufk ghq uhvlvwlyhq Edkqzlghuvwdqg/ hlqhu Ndsd}lwçw
sdudooho }xu Wxqqhoglrgh +fd1 83 sI, xqg ghu Lqgxnwlylwçw hlqhv dpruskhq Phwdoogudk0
whv1 Glh Hlqzlunxqj hlqhv Pdjqhwihoghv ehzlunw hlqh Çqghuxqj ghu Lqgxnwlylwçw +H�hnwh
ghu Shuphdelolwçwvçqghuxqj vlqg qrfk zhlwjhkhqg xqjhnoçuw, xqg ghv Edkqzlghuvwdqghv
+Pdjqhwruhvlwlyhu H�hnw,/ zdv zlhghuxp }x hlqhu Yhuçqghuxqj ghu Rv}loodwlrqviuhtxhq}
+V@��D&M5

>A
� i kuw1 Glh Juxqgiuhtxhq} ghv Vfkzlqjnuhlvhv olhjw ehl glhvhp Wxqqqhorv}lo0

odwru ehl 438/:; PK}1 I u glh klhvljh Dssolndwlrq huzlhv vlfk glhvhu Vhqvru wurw} krkhu
Vhqvlwlylwçw yrq 43< 6T

>A
zhjhq vhlqhu dxvjhsuçjwhq Whpshudwxudekçqjljnhlw +vlhkh Dee1

:15, qlfkw jhhljqhw1 Gdqhehq zçuh hv sureohpdwlvfk elv xqpùjolfk jhzhvhq/ plw glhvhp
Vhqvru hlqhq guhldfkvljhq Vhqvru }x uhdolvlhuhq +KI0Nrssoxqjhq,1

Ehl ghp xqwhuvxfkwhq Kdoojhqhudwru JK934 +Id1 I1 Z1 Ehoo, kdqghow hv vlfk xp hlq
lrqhqlpsodqwlhuwhv Jdoolxp0Duvhqlw0Kdoohohphqw/ lq glh hlqh Lqgxnwlrqvvfkohlih lqwhjulhuw
lvw1 Glh lq glhvhu Vfkohlih lqgx}lhuwh Vsdqqxqj zlug ghu dxijhqrpphqhq Kdoovsdqqxqj
ehuodjhuw1 Glhv hupùjolfkw qhehq ghu Phvvxqj yrq Johlfkihoghuq glh euhlwedqgljh Phv0
vxqj yrqZhfkvhoihoghuq elv }x 483 nK}1 Phvvxqjhq }hljwhq/ gd ghu olqhduh Ehuhlfk glhvhv
Vhqvruv vlfk mhgrfk qxu ehu ghq Iuhtxhq}ehuhlfk yrq 3 elv 43 nK} huvwuhfnw1 Vfkzdfk0
sxqnw glhvhv Vhqvruv lvw yru doohp vhlq ehjuhq}whv Dx ùvxqjvyhupùjhq1 Ghpjhjhq ehu
ndqq glhvhu Vhqvru Iox glfkwhq elv 3/8 W phvvhq/ rkqh lq glh Vçwwljxqj }x jhudwhq1 Vhlqh
Vhqvlwlylwçw ndqq plw Ihuulwvwçefkhq jhvwhljhuw zhughq1 Glhvhu Vhqvru lvw }xu Phvvxqj kù0
khuhu Iox glfkwhq i u glh Dqzhqgxqj lq hlqhp Shuvrqhqgrvlphwhu gxufkdxv lqwhuhvvdqw1
Ghu}hlw ehqùwljw glhvhu qrfk hlqh v|pphwulvfkh Ehwulhevvsdqqxqj1 Gxufk ghq Hlqvdw}
yrq Odgxqjvsxpshq xqg Xpvhw}xqj ghv Dxvjdqjvshjhov dxi hlqh Vsdqqxqj }zlvfkhq 3
xqg 8 Y plwwhov hlqhv Gl�huhq}yhuvwçunhuv nùqqwh glhvhu Vhqvru }xn qiwlj dov }xvçw}olfkhu
Vhqvru lq ghp Ph v|vwhp LQSHGR hlqjhvhw}w zhughq1
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Glhpdjqhwruhvlvwlyhq Vhqvruhq NP]43E xqg NP]D4 +Sklolsv Frpsrqhqwv, zhughq
lq ylhusroljhq Wudqvlvwrujhkçxvhq +V30;, dqjherwhq xqg nùqqhq xqlsrodu lq hlqhu Eu fnhq0
vfkdowxqj ehwulhehq zhughq1 Lkuh Edqgeuhlwh uhlfkw elv fd1 8 nK}1 Lku jur hu Qdfkwhlo
lvw glh Jhidku/ gd xqwhu ghp Hlq x juù huhu Iox glfkwhq +� �ff >W, glhvh Vhqvruhq
lkuh pdjqhwlvfkh Yru}xjvulfkwxqj yhuolhuhq1 Plw hlqhp Vw w}pdjqhwhq nùqqhq glhvh Vhq0
vruhq mhgrfk elv 5/8 pW hlqjhvhw}w zhughq1 Ghu}hlw vlqg Vhqvruhqwzlfnoxqjhq lp Jdqjh/
ghq judylhuhqghq Qdfkwhlo ghv Xpnodsshqv ghu Yru}xjvulfkwxqj plwwhov Hu}hxjxqj yrq
Iols0 xqg Nrpshqvdwlrqvihoghu gxufk Vwurpsxovh xqg ehvwlppwh plnurvwuxnwxuhooh Pd 0
qdkphq }x yhuehvvhuq1 Hlq vrofkhu yhuehvvhuwhu pdjqhwruhvlvwlyhu G qqvfklfkwvhqvru zlh
ehlvslhovzhlvh ghu PIN 4 +LPR, ^5:` zdu i u xqvhuh Yhuvxfkh ohlghu qlfkw hukçowolfk1

Iox{jdwhvhqvruhq +Vdwxudwlrqvnhuqvrqghq, nùqqhq Johlfk0 xqg Zhfkvhoihoghu plw
ghp Vdwxudwlrqvnhuqsulq}ls phvvhq= Plwwhov Sulpçuvsxohq +Huuhjxqjvvsxohq, zlug lq hl0
qhp zhlfkpdjqhwlvfkhq Nhuqpdwhuldo +}1 E1 Shupdoor|, hlq shulrglvfkhv Huuhjxqjvihog
hu}hxjw/ zhofkhv ghq Nhuq lq glh Vçwwljxqj wuhlew +Gxufkodxihq ghu K|vwhuhvhnxuyh,1 Hlqh
Vhnxqgçuvsxoh +�Slfn0xs frlo�, huid w glh dowhuqlhuhqghq Iox çqghuxqjhq +Lqgxnwlrqv0
sulq}ls,1 Xqwhu ghp Hlq x hlqhv h{whuqhq Pdjqhwihoghv zlug glh Vçwwljxqj }x hlqhp
iu khuhq ]hlwsxqnw huuhlfkw xqg ghu Vçwwljxqjveuhlfk zlhghu vsçwhu yhuodvvhq +rghu xp0
jhnhkuw,1 Gxufk }hlwolfkh Yhuvfklhexqjhq ghv Vçwwljxqjv}hlwsxqnwhv zhughq kùkhuh Kdu0
prqlvfkh lp Iox{jdwhvljqdo hu}hxjw/ glh dxvjhzhuwhw zhughq nùqqhq +Rehuzhoohqyhuidk0
uhq,1 Iox{jdwhvhqvruhq nùqqhq hlq krkhv Dx ùvxqjvyhupùjhqv huhlfkhq1 Glh Ehjuhq}xqj
ghv Dx ùvxqjvyhupùjhq zlug yru doohp gxufk Edunkdxvhqudxvfkhq ehvwlppw1 Dxijuxqg
ghu Wuçjkhlw glhvhu Vçwwljxqjvsur}}hvh lvw glh Edqgeuhlwh yrq Iox{jdwhvhqvruhq mhgrfk
vwdun olplwlhuw1 Glh rehuh Juhq}iuhtxhq} krfkzhuwljhu Iox{jdwhvrqghq +}1 E1 Eduwlqjwrq
PDJ36 PVO ^5`, olhjw ehl pd{1 8 nK}/ lku h�hnwlyhv Udxvfkhq ehl :043 RAI

M5
C4 K}� Zh0

jhq lkuhu dxvjh}hlfkqhwhq Vwdelolwçw/ Vhqvlwlylwçw xqg jhulqjhu Whpshudwxudekçqjljnhlw
zhughq vlh lq dx husodqhwdulvfkhq Hunxqgxqjvrqghq +}1 E1 Slrqhhu 44 xqg Pdulqhu0
Mxslwhu0Vdwxuq Plvvlrq, xqg Qdyljdwlrqvv|vwhphq hlqjhvhw}w1

I u glh Dqzhqgxqj lp Ph v|vwhp LQSHGR ndp qxu hlqh plqdwxulvlhuwh Irup hlqhv
Iox{jdwhvhqvruv lq Iudjh/ plw zhofkhp dooh guhl Yhnwrunrpsrqhqwhq huid edu vlqg1 Gdv
Iudxqkrihu0Lqvwlwxw +LPV5, lq Guhvghq hqwzlfnhowh i u hlqh hohnwurqlvfkh Nrpsd dqzhq0
gxqj hlq0 xqg }zhldfkvljh Iox{jdwhvhqvruhq lq FPRV nrpsdwleohu Sodqduwhfkqrorjlh ^66`/
^4:`1 Yruxqwhuvxfkxqjhq dq hlq0 xqg }zhldfkvljhq Ixqnwlrqvpxvwhuq ghv W|sv IJ5324
hueudfkwhq i u glh dxi Vlol}lxpvxevwudw dxijhedxwhq Vhqvruhq lp Yhujohlfk }x dqghuhq
kdoeohlwhuedvlhuhqghq Pdjqhwihogvhqvruhq j qvwljh Zhuwh eh} jolfk ghu Whpshudwxude0
kçqjljnhlw +vlhkh Dee1 :15, xqg Vhqvlwlylwçw1 Glhvh Hujheqlvvh prwlylhuwhq/ dxv Zdih0
uhohphqwhq +Vhqvruglfh/ Qdfnwfklsv, ghv Iudxqkrihu0Lqvwlwxwv plw hljhqhu Dxiedx0 xqg
Yhuelqgxqjvwhfkqln hlqhq guhldfkvljhq Vhqvru dxi nohlqvwhp Udxp }x uhdolvlhuhq1 Glh
Yrujhkhqvzhlvh xqg Hujheqlvvh ghu Uhdolvlhuxqj hlqhv vrofkhq guhldfkvljhq Iox{jdwhvhq0
vruv vrzlh gdv Dxvzhuwhyhuidkuhq vlqg qçkhu lq Devfkqlww :16 ehvfkulhehq1

Glh Lqgxnwlrqvvsxoh lvw hlq nodvvlvfkhu Dxiqhkphu i u pdjqhwlvfkhZhfkvhoihoghu1 Johlfk0
ihoghu vlqg klqjhjhq qxu plw dnwly ehzhjwhq Vsxohq ghwhnwlhuedu1 Wurw} lkuhu Hlqidfkkhlw
jlew hv hlqh I ooh yrq Pùjolfknhlwhq/ lkuh Edxiruphq }x ydullhuhq xqg dq yrujhjheh0
qh Sureohph dq}xsdvvhq1 Lp Udkphq glhvhu Duehlw zxughq Phvvxqjhq dq Oxiwvsxohq/
Ihuulwvsxohq xqg Iodfkvsxohq xqwhuvfklhgolfkhu Jhrphwulh gxufkjhi kuw1 Hv zxugh hehq0
idoov lq Huzçjxqj jh}rjhq/ plw hlqhu Iodfkvsxoh johlfk}hlwlj hlqhq hohnwulvfkhq Ihogvhqvru
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}x uhdolvlhuhq +Xpvfkdowhq }zlvfkhq ghu ndsd}lwlyhq Ioçfkh xqg Lqgxnwlylwçw ghu Vsxoh,1
Doojhphlq kdehq Ihogvsxohq ghq Yruwhlo/ gd lkuh Hps�qgolfknhlw gxufk Hukùkxqj ghu
Zlqgxqjv}dko rghu lkuhu Txhuvfkqlwwv çfkh jhvwhljhuw zhughq ndqq1 Klhuplw yhuexqghq
qlppw mhgrfk gdv Vsxohqjhzlfkw xqg ghu Udxpehgdui }x1 Dx hughp vlqnw glh rehuh
Juhq}iuhtxhq} ghu Vsxoh1 ]xu Glphqvlrqlhuxqj hlqhu jhhljqhwhq Ihogvsxoh/ glh ghq Dq0
irughuxqjhq zhlwjhkhqg jhuhfkw zhughq ndqq/ p vvhq ghuhq rswlpdoh Vsxohqsdudphwhu
ehuhfkqhw zhughq1 Qhehq ghu Ehu fnvlfkwljxqj lkuhu sdudvlwçuhq Hljhqvfkdiwhq lvw glh
Ehuhfkqxqj ghu Sdudphwhu }xvdpphq plw ghu vlfk dqvfkolh hqghq Hlqjdqjv0 xqg Yhu0
vwçunhuhohnwurqln gxufk}xi kuhq1 Glh Yrujhkhqvzhlvh ehl ghu Uhdolvlhuxqj vrofkhu lqgxn0
wlyhu Ihogdxiqhkphu lp Devfkqlww :15 nxu} vnl}}lhuw1 Glh zhvhqwolfkhq Hljhqvfkdiwhq ghu
lp Ph v|vwhp hlqjhvhw}whq ruwkrjrqdohq Vsxohq vlqg }zhfnv Yhujohlfk plw ghq dqghuhq
xqwhuvxfkwhq Pdjqhwihogvhqvruhq lq Wde1:17 dxijhi kuw1
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Dee1 :15= Whpshudwxuyhukdowhq xqwhuvxfkwhu Vhqvruw|shq
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Vhqvruw|s Wxqqhoglrghq0
vhqvru

Kdoojhqhudwru Pdjqhwruhvlvwlyhu
Vhqvru

Eh}hlfkqxqj Surwrw|s JK 934 rkqh
Ihuulw

NP] 43 E rkqh
Ihuulw

Khuvwhoohu Xqlyhuvlwçw Jk
Ndvvho

I1 Z1 Ehoo Skloolsv

Vhqvlwlylwçw �fb 6T
>A

fc DfH 6T
>A

fc f�2 6T
>A

olqhduhu
Lqwhqvlwçwv0
ehuhlfk

83 qW 0 433 >W 6 >W 0 833 pW 833 qW 0 633
>W +rkqh Vw w}0
pdjqhw, 5/8 pW
+plw,

olqhduhu
Iuhtxhq}0
ehuhlfk

5 K} 0 4333 K} 3 K} 0 43 nK} 3 K} 0 8 nK}

Whpshudwxu0
dekçqjljnhlw
+043fF11173fF,

0 . 4/45 I
g

. 3/5 I
g

0 3/6< I
g

Ulfkwxqjv0
hps�qg0
olfknhlw

% ' �ff Ic
+ ' e Ic
5 ' 2 I

% ' �ff Ic
+ ' 2c H Ic
5 ' Dc . I

% ' �ff Ic
+ ' fc �. Ic
5 ' fc De I

Ehwulhev0
vsdqqxqj

	 < Y 	 48 Y n 8 Y

Vwurp0
yhueudxfk

483 pD +lqno1
Hohnwurqln,

: pD 5/8 pD

Vhqvru0
juù h

53 pp�57 pp
+Vhqvrunrsi,

56 pp�46 pp 7/8 pp { 4; pp

Ehphunxqjhq
}xu
Hohnwurqln

KI0
Vfkzlqjnuhlv
+438/:; PK},/
Iuhtxhq}phv0
vxqj

Gl�huhq}yhu0
vwçunhu/ Vwurp0
wuhlehu

Eu fnhq0
vfkdowxqj

Jhzlfkw :93 j +lqno1 Ph0
wdoojhkçxvh,

� 4 j +Vhqvru,/
4; j +glvnuhwh
Hohnwurqln,

� 4 j +Vhqvru,

Wde1 :16= Hujheqlv ghu Hljqxqjvsu ixqj ghu xqwhuvxfkwhq Pdjqhwihogvhqvruhq +Whlo 4,
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Vhqvruw|s Iox{jdwhvhqvru Ihogvsxoh
Eh}hlfkqxqj IJ5325/ IJY36 Vsxohqv|vwhp LQSHGR36

Khuvwhoohu Iudxqkrihu Jhvhoo0
vfkdiw

Iruvfkxqjv}hqwuxp
Nduovuxkh +KV2DV,

Vhqvlwlylwçw fc �D T
&M5uA 43 T

M5uA
olqhduhu
Lqwhqvlwçwvehuhlfk

433 qW 0433 >W 43 qW 111 43 pW

olqhduhu
Iuhtxhq}ehuhlfk

3 0 633 K} 43 K} 111 4< nK}C06gE

Whpshudwxu0
dekçqjljnhlw
+043fF11173fF,

	 fc �e I
g

3/36 I
g

Ulfkwxqjv0
hps�qg0
olfknhlw

% ' �ff Ic
+ ' 2c H Ic
5 ' �c 2 I

Ehwulhev0
vsdqqxqj

. 8Y . 8 Y

Vwurpyhueudxfk 48 pD +hlq Ndqdo, 5/< pD hlq Ndqdo
Vhqvrujuù h 46 pp � 46 pp �

43 pp +Glh= 7/5�5/87
pp,

>4@ ':9 pp

Ehphunxqjhq
}xu
Hohnwurqln

Rehuzhoohqyhuidkuhq/
ieooe} ' �f ��� Hff &M5 FPRV0Yhuvwçunhu/

Jhzlfkw 4 j +Vhqvru,/ 68 j
+VPG0Hohnwurqln,

}0Dfkvh= 54j
{|0Dfkvh= 95 j
5: j +Dqdorjwhlo

ghv Vhqvrunrsiv lq VPG,

Wde1 :17= Hujheqlv ghu Hljqxqjvsu ixqj ghu xqwhuvxfkwhq Pdjqhwihogvhqvruhq +Whlo 5,

:15 Lqgxnwlrqvvsxoh
Juxqgodjh i u glh Glphqvlrqlhuxqj yrq Ihogvsxohq lvw ehndqqwolfkhuzhlvh gdv Lqgxnwlrqv0
jhvhw}=

	x '

L
r

O. _Or ' � _

_|

]]
�

O� _O@ +:14,

Zlunw dq hlqhu Ihogvsxoh plw Q Zlqgxqjhq hlqh pdjqhwlvfkh Iox glfkwh E+w, hlq/ vr zlug
hlqh Vsdqqxqj

��?_E|� ' �� � � � _�E|�

_|
ULtE`EOe�c Oe��� ' � &�

_�E|�

_|
ULtE`EOe�c Oe��� +:15,

lqgx}lhuw1 Glh yrp pdjqhwlvfkhq Iox gxufk xwhwh Ioçfkh D xqg glh Zlqgxqjv}dko Q
nùqqhq klhuehl dov vhqvlwlylwçwvehvwlpphqghu Vsxohqsdudphwhu n� }xvdpphqjhid w zhu0
ghq1 ]xu Glphqvlrqlhuxqj hlqhu xqwhukdoe ghu huvwhq Uhvrqdq}iuhtxhq} ehwulhehqhq Vsxoh
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u

CSp

R
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Sp
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EMFind u
Kl

Dee1 :16= Huvdw}vfkdowelog hlqhu Vhqvruvsxoh

ndqq glhvh dov hlqidfkhu olqhduhu ]zhlsro qdfk Dee1 :16 prghoolhuw zhughq1 Glhvhu ]zhlsro
ehlqkdowhw glh Lqgxnwlylwçw O7R/ ghu rkpvfkhZlghuvwdqg U7R xqg glh sdudvlwçuh Ndsd}lwçw
F7R/ glh vlfk zlhghuxp dxv ghq Odjhqndsd}lwçwhq xqg Vwuhxndsd}lwçwhq }xvdpphqvhw}w1
Jhpç ghu Pdvfkhquhjho jlow i u glh lqgx}lhuwh Vsdqqxqj x�?_=

��?_ ' -7R � �6 n urR � _�6
_|

n �g, +:16,

Glh dq glhvhp ]zhlsro zlunhqgh pdjqhwlvfkh Iox glfkwh ndqq plwwhov Vwurp0 rghu Vsdq0
qxqjvphvvxqj ehvwlppw zhughq1 Ehl qlhghurkpljhu Dqnrssoxqj lvw glh Nohpphqvsdq0
qxqj xg, vhku nohlq +xg, � f, xqg ghu lqgxnwlyh Vsdqqxqjvdqwhlo grplqlhuw ehu ghp
rkpvfkhq Vsdqqxqjvdeidoo/ g1 k1 hv jlow O7R � _�6_| :: -rR � �61 Gxufk Johlfkvhw}xqj yrq
Jo1 :15 x1 Jo1 :16 xqg ehlgvhlwljhu Lqwhjudwlrq hujlew vlfk ghu jhphvvhqh Vwurp l6 }x=

�6 ' ��� ULtE`EOe�c Oe���
urR

� +:17,

Lp dqghuhq Idooh/ zhqq ghu Vsdqqxqjvdeidoo ehu ghq uhvlvwlyhq Hohphqwhq ghu Vsxoh
jhjhq ehu ghpmhqljhq ehu ghu Lqgxnwlylwçw grplqlhuw/ jlow glh Ehglqjxqj O7R � _�6_| ::
-rR � �6� Ehl krfkrkpljhp Dejul� ghu Nohpphqvsdqqxqj lvw }xghp xg, � ��?_� Glh
jhphvvhqh Nohpphqvsdqqxqj hujlew vlfk dovr xqplwwhoedu dxv Jo1 :15 }x=

��?_ ' �g, ' �� � � � _�E|�

_|
ULtE`EOe�c Oe��� +:18,

Idoov glh Nohpphqvsdqqxqj xqdekçqjlj yrq ghu Iuhtxhq} ehvwlppw zhughq vroo/ px gdv
gl�huhq}lhuhqgh Yhukdowhq ghu lqgx}lhuwhq Vsdqqxqj plwwhov hlqhv Lqwhjudwruv u fnjçqjlj
jhpdfkw zhughq1 Lq Wdehooh :18 vlqg qrfkpdov ehlgh Dqnrssoxqjvpùjolfknhlwhq }xu Phv0
vxqj ghu pdjqhwlvfkhq Iox glfkwh plw lkuhq Yru0 xqg Qdfkwhlohq jhjhq ehujhvwhoow1 Lq ghu
klhvljhq Duehlw zxugh glh Yduldqwh ghu Vsdqqxjvphvvxqj jhzçkow/ gd qlhguljh Iuhtxhq}hq
huid w zhughq p vvhq1
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Vwurpphvvxqj Vsdqqxqjvphvvxqj

Sulq}l0
slhooh
Ph 0
vfkdo0
wxqj

L R

C

U0

Sp Sp

Str

EMF

i m
R

U= -i    R
m

L R

C

U0

Sp Sp

Str

EMF

i
m R

Spule

R
12

U m

U
m

U = -       U
R1
R 2

m

Yru0
whlo=

Iuhtxhq}xqdekçqjljnhlw Iuhtxhq}dekçqjljnhlw

Qdfk0
whlo=

-rR 		 /u7R

lvw vfkzhu huuhlfkedu i u qlhguljh
Iuhtxhq}hq

� Lqwhjudwru qrwzhqglj
+hqhujhwlvfk xqj qvwljhu,

� nohlqh Ph vsdqqxqjhq ehl
qlhguljhq Iuhtxhq}hq
+udxvfkduph Yhuvwçunhu qùwlj,

Wde1 :18= Yru0 xqg Qdfkwhloh ghu Vwurp0 xqg Vsdqqxqjvphvvxqj ehl Lqgxnwlrqvvsxohq

Glh plqghvwhqv qrwzhqgljhZlqgxqjv}dko ghu Vsxoh�4�? kçqjw yrq ghu }xjuxqgh jhohjwhq
Ghwhnwlrqvjuhq}h �rc4�? xqg ghu xqwhuhq Juhq}iuhtxhq} s� de=

�4�? '
�rc4�?

2Zs���4�?
+:19,

Glh xqwhuh Ghwhnwlrqvvsdqqxqj ghv Vljqdov zlug zlhghuxp lq huvwhu Olqlh yrp Udxvfkhq
ghu Hlqjdqjvyhuvwçunhuvwxihq xqg ghp jhirughuwhq plqlpdohq Vljqdo02Udxvfkyhukçowqlv
ghwhuplqlhuw1 Deelogxqj :17 }hljw glh uhdolvlhuwh Hlqjdqjvvwxih hlqhu Ihogvsxoh plw ghu
Ph ehuhlfkvxpvfkdowxqj dp Lqwhjudwru1 Gdqhehq lvw gdv gd}xjhkùuljh Zhfkvhovwurphu0
vdw}vfkdowelog plw vhlqhq Udxvfktxhoohq dejheloghw1 Gxufk glh Ndsd}lwçw F ghv Lqwhjudwruv
zlug gdv wkhuplvfkh Udxvfkhq ghu Zlghuvwçqgh U4 xqg U5 vwdun uhgx}lhuw/ vr gd klhu
gdv Udxvfkhq gxufk gdv Hljhqudxvfkhq ghv Rshudwlrqvyhuvwçunhuv vhoevw ehvwlppw zlug1
Hlqh Udxvfkdqdo|vh hujlew plw ghq ehqxw}whq udxvfkduphq FPRV0Yhuvwçunhuq ghv W|sv
OPF993 ehl glhvhu Ehvfkdowxqj hlq Vljqdo02Udxvfkyhukçowqlv yrq

7�_� ' 2f *}E
�7
��JR

� � �f _� +:1:,

ehl hlqhu Vljqdovsdqqxqj xr yrq 43 >Yess xqg hlqhu pdjqhwlvfkhq Iox glfkwh E yrq 43
qW� Uhfkqhulvfkh xqg ph whfkqlvfkh Yhuidkuhq }xu Ehvwlppxqj ghu Vsxohqsdudphwhu
O7R/ U7R/ F7R xqg Vsxohqnrqvwdqwh n zxughq lq ^56` yhuù�hqwolfkw1 Gdv Hujheqlv ghu
Glphqvlrqlhuxqj i u hlq Vsxohqv|vwhp/ ehvwhkhqg dxv }zhl ruwkrjrqdohq Kdoe0 +{ xqg
|0Dfkvh, xqg hlqhu Yroo}|solqghuvsxoh +}0Dfkvh,/ lvw lq Wdehooh :19 dxijhi kuw1 ]xu Lq0
gxnwlylwçwvehuhfkqxqj zxugh klhu glh Oçqjh ghu ]|olqghuvsxoh plw ghp Qdjrdnd0Idnwru
N� i u phkuodjljh nxu}h ]|olqghuvsxohq nruuljlhuw1 Glhvhu Qdjrdnd0Idnwru ehuhfkqhw vlfk
}x

g� '
�

� n b
2f

2o
,
n �S

2D
|
2o
n 2�

2D
|
,

� +:1;,

I u ehlgh Kdoe}|olqghuvsxohq zxugh plw hlqhu çtxlydohqwhq Uxqgvsxoh johlfkhu Ioçfkh
jhuhfkqhw +hlqjhnodpphuwh Zhuwh lq Wde1 :19,1 Glh sdudvlwçuhq Ndsd}lwçwhq odvvhq vlfk
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Dee1 :17= Ihogvsxoh dq ghu Lpshgdq}zdqgohuvwxih plw Ph ehuhlfkvxpvfkdowxqj +olqnv, xqg
ghvvhq Zhfkvhovwurphuvdw}vfkdowelog plw Udxvfktxhoohq +uhfkwv,

qxu vhku dxizhqglj ehuhfkqhq1 Vlh zxughq plw Kloih hlqhv Uhvrqdq}nuhlvhv ph whfkqlvfk
huplwwhow1

Q4�?
_

66
_S�
66

o
66

,
66

|
66

o(o@�| U' 4��u,(o@�|

�(o@�|
O@N�>

�2Zo2

,

{ 9;5 3/48; 3/47 69 +58/8, 43 4/< EZo n 2o�� 497/9 78/4 pK
| 45<6 3/48; 3/47 5; +4</;, 43 6/49 EZo n 2o�� 554/9 ;3/; pK
} 6<4 3/48; 3/47 69 43 3/<8 Z2o� 433/8 4;/4 pK

Wde1 :19= Jhrphwulvfkh xqg hohnwulvfkh Sdudphwhu i u hlq Vhqvruvsxohqv|vwhp ehvwhkhqg dxv
}zhl ruwkrjrqdohq Kdoe}|olqghu0 xqg hlqhu Yroo}|olqghuvsxoh

:16 Ghu Iox{jdwhvhqvru dov ehqxw}huvsh}l�vfkhu Vhq0
vru

Zlh ghu yrukhuljhq Devfkqlww }hljw/ lvw hv pùjolfk/ plwwhov Lqgxnwlrqvvsxohq zhlwh Ehuhlfkh
ghu pdjqhwvfkhq Iox glfkwh de}xghfnhq1 Glh Juhq}h ghu Hlqvhw}edunhlw hlqhu sdvvlyhq
Lqgxnwlrqvvsxoh zlug huuhlfkw/ zhqq ehl qlhguljhq Iuhtxhq}hq hlqh krkh Vhqvlwlylwçw ehl
qrfk dn}hswdeohp Vhqvrujhzlfkw jhirughuw zlug xqg nhlqh Hlqvfkuçqnxqj ghu Edqgeuhlwh
lq Ndxi jhqrpphq zhughq ndqq1 Lp qlhguljhq Iuhtxhq}ehuhlfk +vwdwlvfk elv klq }x hlqljhq
kxqghuw Khuw}, ndqq ghu Hlqvdw} hlqhv dnwly ehwulhehqhq Vhqvruv j qvwljhu vhlq1 Gdkhu
zxugh xqwhuvxfkw/ re hlq dxi ghp Iox{jdwhsulq}ls ehuxkhqghu Vhqvru dov }xvçw}olfkhu
Vhqvru +ehqxw}huvsh}l�vfkhu Vhqvru, lq Nrpelqdwlrq plw Lqgxnwlrqvvsxohq hlqh Oùvxqj
i u hlq hohnwurpdjqhwlvfkhv Grvlphwhu vhlq ndqq1 ]x glhvhp ]zhfnh zxugh }xqçfkvw hlq
plqldwxulhuwhv guhldfkvljhv Iox{jdwhvhqvruv|vwhp lq K|eulgwhfkqln dxi nohlqvwhp Udxp
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uhdolvlhuw/ glh gd}xjhkùuljh Dxvzhuwhhohnwurqln hqwzruihq xqg gdv Yhukdowhq hlqhv vrofkhq
Vhqvruv xqwhuvxfkw1

:1614 Iox{jdwhyhuidkuhq

Ehl ghq Dxvzhuwhyhuidkuhq zlug }zlvfkhq vhohnwlyhq xqg qlfkwvhohnwlyhq Iox{jdwhyhuidk0
uhq +Ph sulq}lslhq, xqwhuvfklhghq=
Vhohnwlyh Yhuidkuhq +Rehuzhoohqyhuidkuhq,= Qdfk ghu Duw ghu Holplqlhuxqj ghu
Juxqgzhooh lp lqgx}lhuwhq Vljqdo zlug }zlvfkhq guhl Yhuidkuhq xqwhuvfklhghq ^4<`= Vlhe0/
Gl�huhq}0 xqg Zlqnhoyhuidkuhq1 Gdv Vlheyhuidkuhq lvw gdgxufk fkdudnwhulvlhuw/ gd glh
Juxqgzhooh plwwhov vhohnwlyhq Hohphqwhq +Ilowhu, xqwhugu fnw zlug1 Vhqvruhq/ zhofkh qdfk
ghp Gl�huhq}yhuidkuhq duehlwhq/ ehvwhkhq dxv }zhl pùjolfkvw johlfkhq Vhqvruhohphqwhq/
glh vr dqjhrugqhw vlqg/ gd glh xqjhudg}dkoljhq Kduprqlvfkhq lqnoxvlyh ghu Juxqgzhooh
vlfk gxufk Gl�huhq}elogxqj dxikhehq/ zçkuhqg vlfk jhudg}dkoljh Kduprqlvfkh dgglhuhq1
Ehl Zlqnhovrqghq vwhkw gdv Yrupdjqhwlvlhuxqjvihog vhqnuhfkw }xu Qrupdohq ghu Lqgxnwl0
rqvvsxoh1 Gdv }x phvvhqgh Ihog klqjhjhq px sdudooho }x glhvhu Qrupdohq dqolhjhq1
Qlfkwvhohnwlyh Huidvvxqj= Ehl ghu qlfkwvhohnwlyhq Huidvvxqj jlew hv hehqidoov phkuhuh
Pùjolfknhlwhq1 Vr ndqq hlqidfk ghu Vslw}hqzhuw dxvjhzhuwhw zhughq/ plw hlqhp Uhvr0
qdq}yhuidkuhq jhduehlwhw rghu hlqh ]hlwlqwhuydoophvvxqj +]hlwyhuvfko vvhoxqjvyhuidkuhq,
^59` yrujhqrpphq rghu glh Skdvhqyhuvfklhexqj uhjlvwulhuw zhughq1 Juxqg i u glh Skd0
vhqyhuvfklhexqj lvw ghu K|vwhuhvhh�hnw ghu E0K0Nhqqolqlh1 Skdvhqphvvxqjhq plw hlqhp
Yhnwruyrowphwhu hujdehq dq ghp }zhldfkvljhq Grsshovwliw0Iox{jdwhvhqvru IJ5325/ gd
glh pdjqhwihogdekçqjljh Skdvhqyhuvfklhexqj hlq hkhu vfkzdfkhu H�hnw lvw/ vr gd yrp
Hqwzxui hlqhu SOO0Vfkdowxqj dov Dxvzhuwhhohnwurqln Devwdqg jhqrpphq zxugh1
Dov Id}lw ghv Yhujohlfkv ghu vhohnwlyhq Yhuidkuhq plw ghu qlfkwvhohnwlyhq Huidvvxqj ndqq
uhv plhuw zhughq/ gd qlfkwvhohnwlyh Yhuidkuhq lq ghu Uhjho plw hlqhp jhulqjhuhq Uhdol0
vlhuxqjvdxizdqg yhuexqghq vlqg1 Jhjhq ehu ghp qlfkwvhohnwlyhq Yhuidkuhq zlug plw ehl
vhohnwlyhq hlqh ehghxwhqg kùkhuh Vhqvlwlylwçw huuhlfkw1 Lp Udkphq glhvhu Duehlw zxugh
gdkhu gdv dxizhqgljhuh/ mhgrfk vhqvlwlyhuh Rehuzhoohqyhuidkuhq uhdolvlhuw1

:1615 Nhuqjhrphwulhq xqg Prghoolhuxqj hlqhu Grsshovwliwvrqgh

Ghu zhlfkpdjqhwlvfkh Iox{jdwhnhuq +Vdwxudwlrqvnhuq, ndqq dov Vlhe/ Gl�huhq}0 rghu Zlq0
nhovrqgh dxvjhi kuw vhlq ^53`1 Hlqh w|slvfkh Gl�huhq}vrqgh lvw glh Dqrugqxqj }zhlhu
Hlqvwliwvrqghq }x hlqhu Grsshovwliwvrqgh +qdfk Iùuvwhu ^49`,/ ehl zhofkhu ehuhlwv lp Vhq0
vru vhoevw hlqh Ilowhuxqj ghv Iox{jdwhvljqdov vwdww�qghw +Pdjqhwlvfkh Ilowhuxqj,1 Glhvh
Vwliwvrqghq +Nhuqh, zhughq jhjhqvlqqlj huuhjw xqg gdv lqgx}lhuwh Iox{jdwhvljqdo plw Lq0
gxnwlrqvvsxohq +�Slfn xs0frlo�, plw johlfkvlqqljhq Zlfnoxqjhq dxijhqrpphq1 Rkqh Dq0
zhvhqkhlw hlqhv zhlfkpdjqhwlvfkhq Nhuqpdwhuldov dgglhuw vlfk lqqhukdoe ghu hlqhq Yru0
pdjqhwlvlhuxqjvvsxoh glh h{whuqh pdjqhwlvfkh Ihogvwçunh Me%| }xp Huuhjxqjvihog KT /
lqqhukdoe ghu dqghuhq jhjhqvlqqlj jhzlfnhowhq Huuhjhuvsxoh vxewudklhuw hv vlfk=

OM@� ' OMT n OMe%| +:1<,
OM@2 ' OMT � OMe%| +:143,
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Gxufk Hlqeulqjxqj yrq pdjqhwlvlhueduhp Nhuqpdwhuldo lq glh Huuhjxqjvvsxoh yhuplqghuw
glh pdjqhwlvfkh Srodulvdwlrq P gdv çx huh hlqjhsuçjwh Ihog K@=

OM�?| ' OM@ ��
O�

>f
+:144,

Glh pdjqhwlvfkh Srodulvdwlrq zlug klhuehl qdfk ^68` dqdorj }xu hohnwulvfkhq Srodulvdwlrq
O�@O(00f O. dov

O� G' O� � >f OM ' E>o � ��>f OM�?| +:145,

gh�qlhuw1 Ehl Nhuqhq plw nrqvwdqwhp Txhuvfkqlww vwhoow vlfk lqwhuq dxijuxqg ghu pdjqh0
wlvfkhq Srodulvdwlrq glh lqqhuhq Ihogvwçunhq

OM�?|� '
OM@

� n� E>o � ��
'

OMT n OMe%|

� n� E>o � ��
+:146,

OM�?|2 '
OM@

� n� E>o � ��
'

OMT � OMe%|

� n� E>o � ��
+:147,

hlq1 Glh Vwçunh ghu pdjqhwlvfkhq Srodulvdwlrq lvw jhrphwulhdekçqjlj xqg zlug plwwhov ghv
Hqwpdjqhwlvlhuxqjvidnwruv Q ehvfkulhehq1 I u hlq ]|olqghuvwçefkhq plw ghu Oçqjh O xqg
ghp Gxufkphvvhu g lvw glhvhu Idnwru xqwhu ghu Ehglqjxqj O:43�g jhjhehq gxufk ^64`=

� �
�
_

u

�2 �
2�f� *}

�
u

_

�
� fc eS

�
+:148,

I u Hoolsvrlgh lvw ghu Hqwpdjqhwlvlhuxqjvidnwru xqwhu ghu Yrudxvvhw}xqj krprjhqhu Ihog0
yhukçowqlvvh h{dnw ehuhfkhqedu1 Glh sodqduh Nhuqvwuxnwxu ghu lp Udkphq glhvhu Duehlw
ehqxw}whq Iox{jdwhvhqvruhq lvw uhfkwhfniùuplj 1 Glhvh Vwuhlihqnhuqh plw qdkh}x nrqvwdq0
whu uhfkwhfniùupljhu Txhuvfkqlwwv çfkh odvvhq vlfk vhku jxw gxufk hlq doojhphlqhv Hoolsvrlg
plw ghq Kdoedfkvhq f:e:d prghoolhuhq1 Ghu Hqwpdjqhwlvlhuxqjvidnwru

� '
@KS

2

"]
f

_r

Ern S2�-7
� @K

S2

�
*?

�
e S

@n K

�
� �

�
+:149,

plw Ur '
s
Ern @2�Ern K2�Ern S2� hujlew i u glh yruolhjhqgh Nhuqjhrphwulh plw O@ S

2
'4333

>6/ K
2
'433 >6 xqg @

2
'318 >6 hlq Idnwru yrq Q@4/684�433e1 Ohw}whuh Qçkhuxqj jlow

i u Q� �f3� qdfk ^69` plw hlqhu Jhqdxljnhlw ehvvhu dov 8 (1

Xqwhu Yhuqdfkoçvvljxqj ghv K|vwhuhvhh�hnwhv +lghdohu Pdjqhwlvlhuxqjvsur}hvv, ndqq glh
E0K0Nhqqolqlh hlqhv Vdwxudwlrqvnhuqv dov dowhuqlhuhqgh Srwhq}uhlkh plw xqjhudghq Srwhq0
}hq gdujhvwhoow zhughq=

�EM� ' @�M � @2M
� n @�M

D � ��� +:14:,

Glh lqgx}lhuwh Vsdqqxqj lq ghq Dxiqhkphuvsxohq dxi ghu Vhnxqgçuvhlwh huuhfkqhw vlfk
}x=

L� ' ��
_

_|
d�EM�o +:14;,
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I u hlqhq shulrglvfkhq guhlhfnviùupljhq Huuhjxqjvvwurp oç w vlfk glh lqgx}lhuwh Vsdqqxqj

L� ' �� _x

_|
' �� �

2 ��r

Z

ee�T
A�

� n ee�T |
A

n e�T n e�e%|�2 +:14<,

ehuhfkqhq/ zrehl W glh Shulrgh ghv Huuhjxqjvvwurpv eh}hlfkqhw1 I u hlqhq vlqxviùupljhq
Yrupdjqhwlvlhuxqjvvwurp hujlew vlfk ehl nohlqhq Dxvvwhxhuxqjhq +g1 k1 Me%| 		 MT , xqg
Dqqçkhuxqj ghu Pdjqhwlvlhuxqjvnhqqolqlh gxufk hlqh Dufxvwdqjhqvixqnwlrq qdfk hlqhu
wkhruhwlvfkhq Xqwhuvxfkxqj gxufk Juhlqhu ^4<` i u glh Dpsolwxgh ghu 51 Kduprqlvfkhq=

��2/ � �

&

2�r/

Z

e � �e%|e�2T
�
��

te�2T n �

�2

te�2T n �
+:153,

plw ghq qruplhuwhq Juù hq �e%| '
Z
2
>?�,,
�7

Me%| xqg e�T ' Z
2
>?�,,
�7

eMT +Pd{lpxp ghu qru0
plhuwhq Yrupdjqhwlvlhuxqjvihogvwçunh,/ ghu devroxwhq Shuphdelolwçw lp Qxoosxqnw >?�,, '
>o� >f ehl E @ 3 W/ ghu Vçwwljxqjv x glfkwh �7 +ehl Shupdor| plw :3 elv ;3 ( Ql=
E7 ' f�S W> ehl 433 ( Ql= 3194; W,/ ghp zlunvdphq Nhuqtxhuvfkqlww D +ehl hlqhu
Hlqvwliwvrqgh lvw glh hlqidfkh/ ehl ghu Gl�huhq}vrqgh glh grsshowh Txhuvfkqlwwv çfkh hlq0
}xvhw}hq, xqg hlqhu yrp Pd v|vwhp dekçqjljhq Nrqvwdqwh +klhu n@4,1

:1616 Khuvwhooxqj ghv guhldfkvljhq Iox{jdwhvhqvruv

:161614 Vhqvruglh

]xu Khuvwhooxqj hlqhv guhldfkvljhq Iox{jdwhvhqvruv zxughq yrp Iudxqkrihu0Lqvwlwxw Guhv0
ghq Qdfnwfklsv +Glhv, eh}rjhq1 Dxi vrofkhq Glhv ghv W|sv IJY36 eh�qghq vlfk ehuhlwv
}zhl ruwkrjqrqdo dxvjhulfkwhwh Grsshonhuqvrqghq/ glh lq FPRV0Sodqdu0Whfkqrorjlh ^4:`
dxvjhi kuw vlqg1 Gdv Nhuqpdwhuldo kdw hlqh shupdor|çkqolfkh Ohjlhuxqjv}xvdpphqvhw0
}xqj plw ;4 ( Qlfnho xqg 4< ( Hlvhq1 Glhvhu txdghuiùupljh QlIh0Nhuq lvw qxu 4333 >6
odqj/ 433 >6 euhlw xqg 318 >6 glfn xqg yrq hlqhu 53 qp glfnhq Edvlvvfklfkw dxv Wdqwdo0
�op xppdqwhow1 Glh ghq Nhuq xpjhehqgh Vsxohq plw vsh}lhoohq Vdqgzlfk0Sur}hvvhq ^65`
dxv hlqhu 4 >p glfnhq DoVl0Vfklfkw khujhvwhoow1 Glh Euhlwh ghu Vsxohqguçkh ehwuçjw 6/5
>p/ glh Vwhljxqj ghu Zlfnoxqj +Slwfk, lvw 8/5 >p1 Glh Vwurpwudjhiçkljnhlw glhvhu g qqhq
Vfklfkwhq oç w H�hnwlyvwuùph elv 6 pD }x1 Glh xqwhuh Juhq}iuhtxhq} Es� � fM5� ghv
Iox{jdwhvhqvruv zlug gxufk vhlqh Odqj}hlwvwdelolwçw qdfk xqwhq ehjuhq}w1 Gd glhvh Vwd0
elolwçw lq ghu Uhjho juù hu lvw/ dov glh qdw uolfkhq Ioxnwxdwlrqhq ghv vwdwlvfkhq Hugihoghv/
nùqqhq vwdwlvfkh Ihoghu gdplw sureohporv jhphvvhq zhughq1 Ehl Huuhjxqjviuhtxhq}hq yrq
43 nK} olhjw glh rehuh Juhq}iuhtxhq} ehl glhvhu Vhqvrudxvi kuxqj w|slvfkhuzhlvh ehl 583
elv 633 K}1 Glh rehuh Juhq}iuhtxhq} lvw dekçqjlj yrp yhuzhqghwhq Jhkçxvhpdwhuldo xqg
ghu Ehwulheviuhtxhq} ghv Vhqvruv1 Glh zlfkwljvwhq whfkqlvfkhq Gdwhq ghv ehqxw}whq Glhv
vlqg Lqkdow yrq Wdehooh :1:1

:161615 Ihuwljxqjvsur}hvvh }xp Dxiedx hlqhv guhldfkvljhq Iox{jdwhvhqvruv

Lq Nrrshudwlrq plw ghu Idfkkrfkvfkxoh Nduovuxkh +Uhlqudxp xqg K|eulgoderu, zxugh hlq
guhldfkvljhu Iox{jdwhvhqvru dxijhedxw1 Klhui u zxughq vwdqgduglvlhuwh Ihuwljxqjvsur}hv0
vh ghu K|eulgwhfkqln ^;` hlqjhvhw}w xqg i u glh klhvljhq Huirughuqlvvh prgl�}lhuw1 Hlqh
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Sdudphwhu w|slvfkhu Zhuw Ph ehglqjxqjhq
pd{1 Huuhjxqjvvwurp 7 pDrr

Vhqvlwlylwçw 3148 T
&M5uA 7 pDrr92f nK}

Vhqvruudxvfkhq +zhl hv Juxqgudxvfkhq, 63 ?AI
M5

:63 K}
Zlqgxqjhq ghu Huuhjxqjvvsxoh 5-83 Zgjhq2Nhuq
Zlqgxqjhq ghu Vhqruvsxoh 5-73 Zgjhq2Nhuq
Zlqgxqjvdq}dko ghu Nrpshqvdwlrqvvsxoh 5-83 Zgjhq2Nhuq
Zlghuvw1 ghu Yrupdjqhwlvlhuxqjvvsxoh 593 l
Zlghuvwdqg ghu Vhqvruvsxoh 553 l
Zlghuvwdqg ghu Nrpshqvdwlrqvvsxoh 853 l
Ph ehuhlfk 	 433 >A
Huuhjxqjviuhtxhq}ehuhlfk 43 elv ;33 nK}
Olqhdulwçw 	6( lp Lqwhuydoo= 	Df>A
Nrssoxqjvidnwru i u Nrpshqvdwlrq 65 >A

6�

Wde1 :1:= Vsh}l�ndwlrqhq ghv yhuzhqghwhq sodqduhq Iox{jdwhvhqvruv IJ5325 ^48`

ßehuvlfkw ehu glh hlq}hoqhq Duehlwvvfkulwwh �qghq vlfk lq Wdehooh :1;1 Ehl glhvhq Sur}hv0
vhq zxugh ghu Hlqvdw} hlqhv 83 Z Qg0\DJ0Ihvwnùushuodvhuv ghv Iruvfkxqjv}hqwuxpv i u
gdv Nhudplnvfkqhlghq qhx hlqjhi kuw1 Ghu Odvhuhlqvdw} hupùjolfkwh hlqh vhku h�hnwlyh/
vhulhqwdxjolfkh Ehduehlwxqj ghu jrogehguxfnwhq Qxw}hq +43 Vhqvruhq dxi hlqhu Ihlqnhud0
pln,1 Ihuqhu lvw glh guhlglphqvlrqdoh Dxiedx0 xqg Yhuelqgxqjvwhfkqln dov Ehvrqghukhlw
khuyru}xkhehq1 Klhu zxugh gdv Vhqvruglh }xqçfkvw sodqdu dxijhnohew xqg jherqghw1 Glh
Nrqwdnwlhuxqj ghv ruwkrjrqdo dxijhvwhoowhq Nhudplnhohphqwv plw ghu Edvlvnhudpln hu0
irojwh ehu glh Ndqwhq plw Ohlwiçkljnhlwvsdvwh1 Dxi glhvh Zhlvh zxugh hlqh Nohlqvhulh
yrq }hkq guhldfkvljhq Iox{jdwhvhqvruhq khujhvwhoow1 Glh Dxvehxwh ehwuxj klhuehl fd1 ;3
(1 Gdv Hqghujheqlv glhvhv Dxiedxv/ ghu lq hlqhp nohlqhq 53 sroljhq LF0Jhkçxvh +Vpdoo
Rxwolqh, xqwhujheudfkw zhughq nrqqwh lvw lq ghu Dee1 :19 xqg :1: }x vhkhq1
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scale: 2:1

Keramiksubstrat des 3D-Fluxgatesensors

E.H. 11/96FZK

151413121110 16 17975 642 3 8151413121110 16 17975 642 3 8832 4 65 7 9 171610 11 12 13 14 15 151413121110 16 17975 642 3 8 832 4 65 7 9 171610 11 12 13 14 15

151413121110 16 17975 642 3 8151413121110 16 17975 642 3 8832 4 65 7 9 171610 11 12 13 14 15 151413121110 16 17975 642 3 8 832 4 65 7 9 171610 11 12 13 14 15

151413121110 16 17975 642 3 8151413121110 16 17975 642 3 8832 4 65 7 9 171610 11 12 13 14 15

Dee1 :18= Vxevwudw plw Edvlvnhudpln/ yhuwlndohp Nhudplnhohphqw xqg Plnurzlqnho1 ]x vhkhq
lvw gdv Vlheguxfn0Od|rxw xqg glh Vfkqlwwi kuxqj ghv Ihvwnùushuodvhuv1
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Dee1 :19= Guhldfkvljhu Iox{jdwhvhqvru lq K|eulg0 xqg Glfn�opwhfkqln uhdolvlhuw lp 53 sroljhq
�Vpdoo Rxwolqh Sdfndjh� +VR0Jhkçxvh,

Dee1 :1:= Dxiedx ghv guhldfkvljhq Iox{jdwhvhqvruv= ]zhldfkvljhv FPRV0Iox{jdwh0Glh jherqghw
dxi hlq Nhudplnvxevwudw plw dxijhguxfnwhq 583 �p euhlwhq Jrogohlwhuedkqhq +Glfn�opwhfkqln,
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Qu1 Elog Duehlwvyrujdqj

41 Od|rxwhqwzlfnoxqj=Krfkdx ùvhqghu Dxvguxfn lp Irupdw 5=4

51 Huvwhoohq hlqhu Eholfkwxqjvyruodjh +Irupdw 4=4,
plw Uhsurwhfkqln

61

Vlhe eholfkwhq= Ehvfklfkwxqj hlqhv Phwdoovlhehv plw hl0
qhu olfkwhps�qgolfkhq Irolh/ Dx djh ghu Eholfkwxqjvyruodjh/
Vwduw ghv Eholfkwxqjvyrujdqjhv

71 Vlheguxfn= Ohlwhuedkqvwuxnwxuhq xqg Sdgv zhughq plw ohlwiç0
kljhu Jrogsdvwh gxufk gdv Vlheguxfnyhuidkuhq hu}hxjw

81

Euhqqhq lp Rihq= Vlqwhuq ghu jhguxfnwhq Vwuxnwxuhq/ gxufk0
idkuhq hlqhv Whpshudwxusur�ov +453f� 0 Wurfnqhq xqg Whp0
shuq= 58 plq/ <33f� Vlqwhuq= 73 plq/ Den kohq= 58 plq,

91

Nhudplnvfkqhlghq= Wuhqqhq ghu Qxw}hq +Ihlqnhudpln plw
phkuhuhq Whlohohphqwhq, plw Qg0\DJ Ihvwnùushuodvhu/ 83 Z>
Vfkohlihq ghu Nhudplnhohphqwh +Hqwnudwhq, xqg Uhlqljhq lp
Xowudvfkdooedg

:1 Glh0Erqglqj= Glh plw Hsr{l0Nohevwr� plw Vxevwudw yhuelq0
ghq/ Dxvkçuwhq dxi ehkhl}whu Phwdoosodwwh

;1 Zluh0Erqglqj= Nrqwdnwlhuxqj ehlghu Glhv plw ghq Jrogsdgv
dxi ghu Nhudpln xqg vsh}lhoohq LF0Jhkçxvh +Nhudpln VRLF,
plw Kloih hlqhv vrj1 �Zhgjh0Zhgjh0Zluherqghu�

<1

z

6 G0Dxiedx= Ruwkrjrqdohv Yhunohehq plw Hsr{lgnohehu/ Nrq0
wdnwh ehu Ohlwiçkljnhlwvsdvwh/ huqhxwhv Dxvkçuwhq

431 VPG0Ehvw fnhq ghv Vhqvruv/ LU0Uh rzrihq/ Vhqvru xqg Hohn0
wurqln deghfnhq

Wde1 :1;= Duehlwvvfkulwwh ehl ghu Uhdolvlhuxqj ghv guhldfkvljhq Iox{jdwhvhqvruv plw Ihuwljxqjv0
sur}hvvhq ghu K|eulgwhfkqln +Yhuidkuhq qdfk ^;` lq prgl�}lhuwhu Irup,
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:1617 Iox{jdwhhohnwurqln

Gdv Eorfnvfkdowelog lq Dee1 :1; }hljw hlqh Dxvzhuwhohnwurqln/ glh gdv vhohnwlyh Rehu0
zhoohqyhuidkuhq uhdolvlhuw1 Hlq Uhfkwhfnjhqhudwru hu}hxjw hlq qdfk ghp huvwhq Whlohu
v|pphwulvlhuw yruolhjhqghv Uhfkwhfnvljqdo/ gdv hlqhp skdvhqvhqvlwlyhq V|qfkurqjohlfk0
ulfkwhu }xjhi kuw zlug1 Johlfk}hlwlj zlug qdfk hlqhu zhlwhuhq Iuhtxhq}kdoelhuxqj hlqh
Vçjh}dkqvsdqqxqj jhqhulhuw1 Glhvh guhlhfnviùupljhq Vwuùph zhughq ehu Wuhlehu ghq
Huuhjxqjvvsxohq hlqhu Grsshovwliwnhuqdqrugqxqj }xjhi kuw1 ßehu }zhl Lqgxnwlrqvvsxohq
zlug gdv Gl�huhq}vljqdo hlqhp udxvfkduphq Hlqjdqjvyhuvwçunhu }xjhi kuw1 Dqvfkolh hqg
zlug plw hlqhp Edqgsd glh }zhlwh Rehuzhooh/ glh glh Lqirupdwlrq ehu gdv h{whuqh Ihog
wuçjw khudxvjh�owhuw1 Gdv elgluhnwlrqdoh Vljqdo zlug qxq hlqhp skdvhqvhqvlwlyhq V|q0
fkurqjohlfkulfkwhu zhlwhujhohlwhw1 Glhvhu Johlfkulfkwhu zlug plw ghu grsshowhq Huuhjxqjv0
iuhtxhq} v|qfkurqlvlhuw xqg olhihuw hlq ghp h{whuqhq Ihog sursruwlrqdohv Dxvjdqjvvljqdo1
Zlug glhv qrfk hlqhu Joçwwxqj xqwhu}rjhq/ vr kdqghow hv vlfk xp hlq pdjqhwihogdekçq0
jljhv GF0Vljqdo1 Xp ghq Vhqvru lq hlqhp ihvwhq Duehlwvsxqnw +Qxoodjh, }x ehwuhlehq/
ndqq gdv Dxvjdqjvvljqdo ehu hlqhq Vsdqqxqjv02Vwurpzdqgohu }xu fnjhnrsshow zhughq1
Hlqh Nrpshqvdwlrqvvsxoh hu}hxjw hlq ghp h{whuqhq Ihog hqwjhjhqjhvhw}wh Iox glfkwh1
Ghu Vhqvru duehlwhw lq glhvhp Idooh lp Nrpshqvdwlrqvehwulhe/ ghu hlqh Yhujuù huxqj ghv
Olqhdulwçwvehuhlfkv ehzlunw xqg juù huh Dxvvwhxhuxqjhq hupùjolfkw1

Rechteck-
generator :2

:2

Treiber

TP

Fluxgate-
Sensor

Doppelstift-
anordnung

Bandpaß

Phasen-
schieber

Synchron-
gleichrichter

U/I-Wandler

4f 2f

f

t

t

Kompensations-
spule

Sensor-
spulen

Erregungs-
spulen

Ausgang
φ

Verstärker

U

U

Dee1 :1;= Ixqnwlrqvsulq}ls hlqhv Iox{jdwhvhqvruv +Rehuzhoohqyhuidkuhq,

Glh Vwdelolwçw ghv Iox{jdwhvhqvruv kçqjw qhehq ghq Hljhqjvfkdiwhq ghv Nhuqpdwhuldov
zhvhqwolfk yrq ghu Iuhtxhq}0 xqg Dpsolwxghqvwdelolwçw ghu Hohnwurqln de1 Hlq Vfkdow0
sodq ghu hqwzlfnhowhq Hohnwurqln eh�qghw vlfk lp Dqkdqj dxi V1 Gi1 Dxv Ju qghq ghv
Vwurpyhueudxfkv xqg zhjhq hohnwurqlvfkhu Nrssoxqjhq zxugh glh Huuhjxqjviuhtxhq} ghu
hqwzlfnhowhq Hohnwurqln dxi 83 nK} olplwlhuw1 Hlqh Vwdelolwçwvxqwhuvxfkxqj ghu Huuhjxqjv0
iuhtxhq} xqg Dpsolwxgh hujde ehu 57 Vwxqghq hlqh Vwdqgdugdezhlfkxqj yrq 7/7 K} xqg
94 >Y1 Glh Klvwrjudpph }x glhvhq Phvvxqjhq vlqg lq Dee1 :1< xqg :143 gdujhvwhoow1
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Dee1 :1<= Iuhtxhq}vwdelolwçw ghv Guhlhfnvjhqhudwruv ehu 57 Vwxqghq/ Dewdvwudwh= 7 K}

Dee1 :143= Dpsolwxghqvwdelowlwçw ghu Iox{jdwhhuuhjxqj ehu 57 k/ Ph udwh= 7 K}



47;

Olwhudwxu

^4` Edunhu U1 F1 +4<98, Rq wkh dqdo|vlv ri vhfrxqg0kduprqlf prgxodwruv/ LHHH Wudqvdfwlrqv
rq pdjqhwlfv/ Yro1 PDJ04/ Qr1 7/ s1 66:0674

^5` Eduwlqjwrq +4<<8, Rshudwlrq pdqxdo iru PDJ036 udqjh ri wkhuhh d{lv pdjqhwlf �hog vhq0
vruv/ Eduwlqjwrq Lqvwuxphqwv/ Owg/ R{irug/ Hqodqg

^6` Edumhqeuxfk X1 +4<<7, Krfkhps�qgolfkhu Pdjqhwihogvhqvru/ Whfkqlvfkhv Phvvhq/ Qu1 94/
V1 57; 0 585

^7` Edumhqeuxfk X1 +4<<6, D qryho kljko| vhqvlwlyh pdjqhwlf vhqvru/ Vhqvruv dqg Dfwxdwruv D/
6:06;/ s1 79907:3

^8` I1 Z1 Ehoo +4<<8, Gdwhqeodww= Kljk iuhtxhqf| kdoo jhqhudwru Prgho JK0934/ I1 Z1 Ehoo/
LQF1 Ruodqgr/ Iorulgd/ X1V1D1

^9` Erq�j N1/ Kddn U1+4<;9, Dqdorjh Pdjqhwihogphvvxqj plw gljlwdohp Zlhjdqg0Vfkdowhu/
phvvhq su ihq dxwrpdwlvlhuhq/ Qu1 9/ V1 65;0664

^:` Eruqkù�w/ Z1/ Wuhqnohu J1 +4<<4, Pdjqhwlf Ilhog Vhqvruv= Iox{ Jdwh Vhqvruv/ lq= Jùsho/
hw do1 ^Kuvj1` Vhqvruv 0 D frpsuhkhqvlyh vxuyh|/ Pdjqhwlf Vhqvruv/ Yro1 8/ YFK/ Zhlqkhlp/
s1 4860536

^;` Exfn F1 +4<<9, K|eulglqwhjulhuwh Vfklfkwvfkdowxqjvwhfkqln 0 Glfnvfklfkwwhfkqrorjlh 0 Dqohl0
wxqj i u glh Hqwzlfnoxqj vrzlh ghu Khuvwhooxqjv0 xqg Yhuidkuhqvwhfkqln k|eulglqwhjulhuwhu
Vfklfkwvfkdowxqjhq/ Idfkehuhlfk Phfkdwurqln/ Idfkkrfkvfkxoh Nduovuxkh

^<` Fdvwdjqhwwl U1/ hw do1 +4<<4, Qrlvh Fruuhodwlrq dqg Rshudwlj Frqglwlrqv ri gxdo0froohfwru0
Pdjqhwrwudqvlvwruv/ Vhqvruv dqg Dfwxdwruv/ D580D5:/ s1 696069:

^43` Fkryhw D1/ Pdwklhx Q1 +4<<5, Qrlvh dqg uhvroxwlrq ri vhplfrqgxfwru lqwhjudwhg pdjqhwlf
vhqvruv/ Vhqvruv dqg Dfwxdwruv D65/ s1 9;509;:

^44` Fodunh M1+4<<7, VTXLGv/ Vshnwuxp ghu Zlvvhqvfkdiw/ Qu1 43/ V1 8;09<

^45` Gdjhqdlv/ Exfkkrow}/ Nrr +4<;;, Holplqdwlrq ri uhvlgxdo vljqdov dqg uhgxfwlrq ri qrlvh lq
d orz0iuhtxhqf| pdjqhwlf �ehu vhqvru/ Dsso1 Sk|v1 Ohww1 86 +49,/ s1 47:7047:9

^46` Ghkpho J1 +4<;<, Pdjqhwlf �hog vhqvruv= lqgxfwlrq frlo +vhdufk frlo, vhqvruv/ lq= Vhqvruv/
Yro1 8= Pdjqhwlf Vhqvruv/ Jùsho hw do1 ^Kuvj1`/ YFK Yhuodjvjhvhoovfkdiw/ Zhlqkhlp/ s1
5390584
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^47` Ghwwpdqq I1 hw do1 +4<<4, Pdjqhwruhvlvwlyh Vhqvruhq plw krkhu Olqhdulwçw/ Vhqvru <4/
Nrqjuh edqg LL/ V1 5640575

^48` Iudxqkrihu0Lqvwlwxw +4<<7, Gdwhqeodww }xp IJ5325/ Iudxqkrihu0Lqvwlwxw i u Plnurhohnwur0
qlvfkh Vfkdowxqjhq xqg V|vwhph/ LPV50Guhvghq

^49` Iùuvwhu I1 +4<88, Hlq Yhuidkuhq }xu Phvvxqj pdjqhwlvfkhu Johlfkihoghu xqg Johlfkihoggli0
ihuhq}hq xqg vhlqh Dqzhqgxqj lq ghu Phwdooiruvfkxqj xqg Whfkqln/ ]hlwvfkuliw i u Phwdoo0
nxqgh Edqg 79/ Khiw Qu1 8/ V1 6;8

^4:` Jrwwiulhg0Jrwwiulhg U1 hw do1 +4<<8, D plqldwxul}hg pdjqhwlf �hog vhqvru v|vwhp frqvlvwlqj
ri d sodqdu  x{jdwh vhqvru dqg d FPRV uhdgrxw flufxlwu|/ Wudqvgxfhuv *<8/ Hxurvhqruv
L[/ ;0wk lqwhuqdwlrqdo frqihuhqfh rq vrolg0vwdwh vhqruv dqg dfwxdwruv/ dqg hxurvhqvruv L[/
Vwrfnkrop/ Vzhghq/ Mxqh 5805</ 4<<8/ uhsruw 5;<0D45/ s1 55<0565

^4;` Judwwdq NWY +4<<4,/ Dq lqyhvwljdwlrq ri wkh vsolw0gudlq PDJIHW dqg vljqdo frqglwlrqlqj
flufxlwu|/ Vhqvruv Whfkqrorj| V|vwhpv dqg Dssolfdwlrqv/ Dgdp Klojhu/ Eulvwro/ s1 84<0857

^4<` Juhlqhu M1 +4<8<, Ihogphvvxqjhq qdfk ghp Rehuzhoohqyhuidkuhq/ Wkhruhwlvfkh Ehwudfkwxq0
jhq/ Qdfkulfkwhqwhfkqln Edqg </ Khiw 7/ V14:604;3

^53` Juhlqhu M1 +4<93, Ihogphvvxqjhq qdfk ghp Rehuzhoohqyhuidkuhq/ Phwkrglvfkh Xqwhuvx0
fkxqjhq/ Qdfkulfkwhqwhfkqln Edqg 43/ Khiw 6/ V1 456 0 459

^54` Kdxvhu K1/ Jdxjlwvfk P1 +4<<7, Iox{jdwh0Vhqvruhq= Ixqnwlrqvzhlvh Edxirup Zhunvwr�h/
Whfkqlvfkhv Phvvhq/ Khiw 9/ V1 568057:

^55` Klhurq|pxv K1/ Zhlvv K1 +4<8:, ßehu glh Phvvxqj nohlqvwhu pdjqhwlvfkhu Ihoghu plw Kdoo0
jhqhudwruhq/ Vlhphqv ]hlwvfkuliw/ 641 Mdkujdqj/ Khiw ;/ V1 737073<

^56` Kxehu H1/ Xuedq P1 +4<<8, Khopkrow}vsxohq }xu Ndoleulhuxqj yrq Pdjqhwihogvhqvruhq/
Zlvvhqvfkdiwolfkh Ehulfkwh I]ND8976/ Iruvfkxqjv}hqwuxp Nduovuxkh

^57` Mhvvhq M1/ Shwhuvhq D1 +4<<3, Hljhqvfkdiwhq xqg Dqzhqgxqjhq ghu Pdjqhwihogvhqvruhq
NP] 43/ Whfkqlvfkh Lqirupdwlrqhq/ Sklolsv/ Kdpexuj

^58` Nu jhu P1/ Vfkplww E1 +4<<8, Phvvxqj hohnwurpdjqhwlvfkhu Qdkihoghu dxi Ohlwhusodwwhq/
Whfkqlvfkhv Phvvhq/ U Roghqerxuj Yhuodj/ Khiw 4/ V1 45047

^59` Odvvdkq P1 +4<<8, Hlqvdw}pùjolfknhlwhq hlqhv phkundqdoljhq Vdwxudwlrqvnhuqpdjqhwrph0
whuv lq ghu Ihogvwuxnwxudqdo|vh/ Glvvhuwdwlrq dq ghu Xqlyhuvlwçw ghu Exqghvzhku Kdpexuj

^5:` Oruhlw hw do1 +4<<8, Ghu hohnwurqlvfkh Nrpsd / Vrqghukhiw �Vhqvruwhfkqln� yrq Ghvljq )
Hohnwurqln1 Pdl 4<<8/ V1 5; 0 63

^5;` Pdhqdnd N1 hw do1 +4<<3, Xqlyhuvdo Pdjqhwr0rshudwlrqdo Dpsol�hu +PRS,/ Vhqvruv dqg
Dfwxdwruv/ D540D56/ s1 ;3:0;44

^5<` Qlnlwlq S1 L1 hw do1 +4<<5, Pdjqhwlf0�hog vhqvruv iru qrq0glvwxuelqj dqg zlhgh0edqg phdvx0
uhphqwv/ Vhqvruv dqg Dfwxdwruv/ D/ Yro1 65/ s1 9:409::

^63` Srsrylf U1 V1/ hw do1 +4<<9, Wkh ixwxuh ri pdjqhwlf vhqvruv/ Vhqvruv dqg Dfxwdwruv/ D69/
s1 6<088
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^64` Sulpgdko I1 +4<:<, Wkh  x{jdwh pdjqhwrphwhu/ M1 Sk|v1 H1 Vfl1 Lqvwuxp1/ Yro1 45/ s1
5740586

^65` Vdxhu E1 hw do1 +4<<6, FPRV Frpsdwleoh Lqwhjudwlrq ri Wklq Ihuurpdjqhwlf Ilopv/ Hxur0
vhqvruv YLL/ Exgdshvw/ 59105<1 Vhsw1 4<<6

^66` Vdxhu E1/ Kddvh W1/ Jrwwiulhg0Jrwwiulhg U1 +4<<7, Iox{jdwh0Vhqvruhq lq FPRV0nrpsdwleohu
Sodqduwhfkqrorjlh/ Iudxhqkrihu0Lqvwlwxw i u Plnurhohnwurqlvfkh Vfkdowxqjhq xqg V|vwhph
LPV 5/ Guhvghq

^67` Vlhphqv Kdoeohlwhu +4<<3,/ Vlhphqv DJ P qfkhq/ V1 :40:8 xqg +Vlhphqv)Kdovnh DJ,=
Khqqlj J1+4<98, Glh Ihogsodwwh 0 Hljhqvfkdiwhq xqg Dqzhqgxqj/ Vrqghuguxfn dxv �Hohn0
wurqln� Khiw ;/ V1 558055<

^68` Vlprq| +4<;<, Wkhruhwlvfkh Hohnwurwhfkqln/ YHE Ghxwvfkhu Yhuodj ghu Zlvvhqvfkdiwhq/ <1
Dx 1/ Ehuolq/ V1 75i/ V1 669

^69` Wuhqnohu J1 +4<9;, Glh Phvvxqj vfkzdfkhu pdjqhwlvfkhu Ihoghu plwwhov Pdjqhwrphwhu plw
gluhnwhu ]hlwyhuvfko vvhoxqj/ Glvvhuwdwlrq/ WX Eudxqvfkzhlj
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; Whfkqlvfkh Uhdolvlhuxqj

;14 Glh �Gdwhqorjjhu�0Hlqkhlw
Ghu Gdwhqorjjhu ehuqlppw glh ehujhrugqhwh V|vwhpvwhxhuxqj +Pdvwhu, xqg Vljqdo0
yhuduehlwxqj ghv Ph v|vwhpv1 Ghu vwuxnwxuhooh Dxiedx ghv uhdolvlhuwhq Gdwhqjhuçwv lvw lq
Dee1 ;14 gdujhvwhoow1 Nhuqvw fn glhvhu Hlqkhlw eloghw ghu ;0Elw0Plnurfrqwuroohu VDE;3F84:D
yrq Vlhphqv ^<`/ ^43`1 I u glh Dxvzdko glhvhv }xu ;3840Idplolh }çkohqghq Plnurfrq0
wuroohuv zdu gdv Yrukdqghqvhlq hlqhu Pxowlsolndwlrqvhlqkhlw +PGX,/ vhlqh xpidqjuhlfkhq
Vfkqlwwvwhoohq +: elgluhnwlrqdoh Sruwv, i u shulskhuh Nrpsrqhqwhq/ vhlq ohlvwxqjviçkljhv
Lqwhuuxswv|vwhp +4: Lqwhuuxswtxhoohq dxi ylhu Hehqhq, xqg ghu lq vhlqhu Nodvvh uhodwly
jhulqjh Hqhujlhehgdui +6 Hqhujlhvsduprgl, dxvvfkodjjhehqg1 ]xu Hui ooxqj vhlqhu Dxijd0
ehq zxugh gdv Plnurfrqwuroohuv|vwhp plw }dkouhlfkhq skhulskhuhq Edxvwhlqhq dxvjhvwdw0
whw1 Qhehq ehuhlwv ehvfkulhehqhq Nrpsrqhqwhq }xu Vlfkhuvwhooxqj ghu Hqhujlhyhuvrujxqj
+�Srzhupdqjhphqw�, zxugh hlq 5 PE jur hu IODVK0Vshlfkhu +Dp5<I349 yrq DPG,/
hlq 97 N jur hv HSURP dov Surjudppvshlfkhu/ hlq 45; nE jur hv h{whuqhv VUDP xqg
hlqh Hfkw}hlwxku +PP8;49:E yrq Qdwlrqdo Vhplfrqgxfwru,1 Vhlqh Dxijdehq ehvwhkhq lp
hlq}hohq lq ghu

� Lqlwlhuxqj ghu Ph zhuwdxiqdkph ghv Vhqvrunrsihv +Vodyh,/
� Dxvzhuwxqj ghu Vhqvrugdwhq +Vljqdoyhuduehlwxqj,/
� Ndoleulhuxqj xqg ghv R�vhwdejohlfkv +Yhuuhfkxqj ghv Qxoozhuwhv ghv DG0Zdqgohuv,/
� Gxufki kuxqj ghu Vljqdoyhuduehlwxqj +Vndolhuxqj xqg Xpuhfkqxqj ghu Zdqgohugd0

whq lq gdv LHHH0]dkohqirupdw/ IIW/ H�hnwlyzhuwelogxqj/ Udgl}lhuxqj/ Nrruglqdwhq0
wudqvirupdwlrq/ 111,/

� qlfkw fkwljhq Gdwhqvshlfkhuxqj +IODVK,/
� Jhqhulhuxqj hlqhv ]hlwvwhpshov +Gdwxp xqg Xku}hlw hlqhu Hfkw}hlwxku,/
� Vwhxhuxqj ghv Glvsod|v xqg Zduqwrqdxvjdeh/
� Vwhxhuxqj ghu Ehglhqixqnwlrqhq ghv Ph v|vwhpv ehu hlq �Wrjjoh�0Phq

+Guhl Ehglhqwdvwhu,/
� Nrppxqlndwlrq plw hlqhp SF +Uhprwh 0 Ehwulhe ehu vhulhooh Vfkqlwwvwhooh,1

;15 Ghu �Vhqvrunrsi�
Glh dov �Vhqvrunrsi� eh}hlfkqhwh Hlqkhlw ehlqkdowhw dooh Nrpsrqhqwhq/ glh }xu uçxpol0
fkhq Huidvvxqj ghv hohnwulvfkhq xqg pdjqhwlvfkhq Ihoghv qrwzhqglj vlqg1 Ghu vwuxnwxuhooh
Dxiedx ghv Vhqvrunrsihv lvw lq ghp Eorfnvfkdowelog Dee1 ;15 }x vhkhq1 Glh Yhnwrunrp0
srqhqwh ghv hohnwulvfkhq Ihoghv zlug plwwhov guhl ndsd}lyhq Vhqvruhq xqg glh pdjqhwlvfkh
Iox glfkwh plw guhl ruwkrjrqdohq Ihogvsxohq jhphvvhq1 ]xu Uhgx}lhuxqj ghv Vfkdowxqjv0
dxizdqghv plw hlqhp ghxwolfk jhulqjhuhq Sodw}0 xqg Hqhujlhehgdui zhughq glh ndsd}l0
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Dee1 ;14= Eorfnvfkdowelog ghv Gdwhqorjjhuv

wlyhq Vhqvruhq xqg Lqgxnwlrqvvsxohq ehu hlqhq Pxowlsoh{hu dq hlqh FPRV0Yhuvwçunhu0
xqg Ilowhuhlqkhlw +833 K} xqg 53 nK}0Dqwldoldvlqj0Ilowhu, dqjhnrsshow1 ]xp Dqvfkox
zhlwhuhu Ihogvhqvruhq ehvwhkw glh Pùjolfknhlw dq ghp D2G0Zdqgohu guhl zhlwhuh Ndqçoh
dq}xvfkolh hq1 Klhugxufk ehvwhkw glh Jhohjhqkhlw gdv V|vwhp }xn q�j dxi ehqxw}huvsh0
}l�vfkh Dqirughuxqjhq +}1 E1 Johlfkihogphvvxqj/ h{wuhp vwdunh Ihoghu/ 111, }x huzhlwhuq
xqg dq}xsdvvhq1 Zhjhq ghu Nrpsoh{lwçw ghu Vwhxhuxqjvdxijdehq ehglqjw gxufk glh Ph 0
ehuhlfkvxpvfkdowxqj/ Çqghuxqj ghu Dewdvwudwh/ Sx�huxqj ghu Ph zhuwh hwf1 zdu hv ehl
glhvhu Hlqkhlw hehqidoov huirughuolfk/ hlqhq Plnurfrqwuroohu hlq}xvhw}hq1

Ixqnwlrqdo kdqghow hv vlfk ehl ghp Plnurfrqwuroohuv|vwhp ghv Vhqvrunrsiv xp hlq ghp
Gdwhqorjjhu xqwhujhrugqhwhv V|vwhp +Vodyh,1 Ghu Vhqvrunrsi eh�qghw vlfk vrodqjh lp
sdvvlyhq Lgoh0Prgh/ elv lkq yrp Gdwhqorjjhu hlqh Ph dqiudjh ehu glh Olfkwzhoohqohlwhu0
vfkqlwwvwhooh huuhlfkw1 Ghu Vhqvrunrsi lvw lq ghu Odjh dxi hlqh vrofkh Dqiudjh jhpç Wde1
;14 }x uhdjlhuhq=
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Dee1 ;15= Eorfnvfkdowelog ghv Vhqvrunrsiv

Dqiudjh Ixqnwlrq xqg Uhdnwlrq ghv Vhqvrunrsiv
Vhoevwwhvw Qdfk hlqhu Su ixqj ghu Dqdorj0Kdugzduh/ ghv V|vwhpvshlfkhuv }xu

Gdwhqsx�huxqj vrzlh ghu Vsdqqxqjvyhuvrujxqj zlug hlq Vwdwxve|wh
ehujhehq/ gdv Lqirupdwlrqhq ehu ghq ]xvwdqg ghv Vhqvrunrsihv hqw0
kçow1

Vwdwxv Jlew ghq dnwxhoohq ]xvwdqg ghv Vhqvrunrsihv }xu fn1 Gdgxufk ehvwhkw
glh Pùjolfknhlw/ hlqh vfkqhooh Lqirupdwlrq ehu ghq Vhqvru}xvwdqg }x
hukdowhq/ rkqh hlqhq Vhoevwwhvw dxv}xi kuhq1

Qxoozhuw Jlew ghq ]dkohqzhuw ghv D2G0Zdqgohuv ghu yrq ghu kdoehq Ehwulhev0
vsdqqxqj uhvxowlhuw +Qxoozhuw, dq ghq Gdwhqorjjhu }xu fn1 Klhugxufk
zhughq Guliwhuvfkhlqxqjhq nrpshqvlhuw1

Hlq}hoph zhuw Huplwwhow ghq Dpsolwxghqzhuw ghv khuuvfkhqghq Ihoghv i u glh dq0
jhirughuwhq Ndqçoh1 ßehujhehq zlug glh Vhqvru0 xqg Ndqdoqxpphu
vrzlh ghu Ph ehuhlfk rghu glh Dx�rughuxqj hlq Dxwrudqjlqj gxufk0
}xi kuhq1 U fnjhjhehq zlug glh Dpsolwxgh xqg ghu Ph ehuhlfk1

Ph zhuwirojh Ehl hlqhu yrujhjhehqhq Dewdvwudwh zhughq 4357 Ph zhuwh ghp Ihogvl0
jqdo hqwqrpphq1 ßehujhehq zhughq Vhqvru0 xqg Ndqdoqxpphu/ glh
Dewdvwudwh xqg ghu Ph ehuhlfk +Pdqxhoo rghu Dxwrudqjlqj,1 U fn0
jdehsdudphwhu vlqg glh Prphqwdqzhuwh xqg ghu Ph ehuhlfk1

Wde1 ;14= Dqiudjhq dq ghq Vhqvrunrsi
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Dee1 ;16= Dqdorjh xqg gljlwdoh Vhqvrunrsihohnwurqln uhdolvlhuw lq VPG0Whfkqln

;16 Hlqjdqjvvwxih ghv H0Ihogvhqvruv
Zçkuhqg glh Hlqjdqjvvwxih ghv Pdjqhwihogvhqvruv ehuhlwv lp yrukhujhkhqghq Ndslwho dxi
V1 46: yrujhvwhoow zxugh/ vroo glhv mhw}w qrfk i u glh Hlqjdqjvvwxih ghv H0Ihogndqdov jhvfkh0
khq1 Gdv juxqgohjhqgh Sureohp ehlp Hqwzxui hlqhu jhhljqhwhq Hlqjdqjvvwxih ehvwhkw gdu0
lq/ hlqh Vsdqqxqjvphvvxqj dq ghu krfkrkpljhq Txhoohqlpshgdq} mfEs� ' DM5c� ' ef sI�m
@ �

/�
@ ;33 Pl gxufk}xi kuhq1 Gd glhvh Phvvxqj plw hlqhu dn}hswdeohq Jhqdxljnhlw

gxufkjhi kuw zhughq px / ehghxwhw glhv hlqh h{wuhph Dqirughuxqj dq glh Hlqjdqjvvwxih1
I u glh krfklpshgdqwh Hlqjdqjvvwxih ghv H0Ihogvhqvruv zxugh hlq Rshudwlrqvyhuvwçunhu
plw IHW0Hlqjçqjhq plw hlqhp Hlqjdqjvuxkhvwurp yrq 5 iD xqg hlqhu Hlqjdqjvudxvfk0
vsdqqxqj yrq 55 ?TI

M5
dxvjhzçkow1 Vhlqh Vwurpdxiqdkph ehwuçjw sur Yhuvwçunhu 6:8 >D

xqg huuhlfkw hlqh Wudqvlwiuhtxhq} yrq 4/7 PK}1 Vrofk krkh Hlqjdqjvzlghuvwçqgh nùqqhq
qxu plw hlqhu g|qdplvfkhq U fnnrssoxqj huuhlfkw zhughq1 Gxufk glh xqlsroduh Ehwulhev0
vsdqqxqj px dxi ghq qlfkwlqyhuwlhuhqghq Hlqjdqj gdv Eh}xjvsrwhqwldo dxijhvfkdowhw
zhughq1 Hlq vrofk krfkrkpljh Vsdqqxqjv}xi kuxqj lvw plw hlqhp khunùppolfkhp Vsdq0
qxqjvwhlohu lq VPG0Whfkqln qlfkw }x yhuzlunolfkhq1 Glh vfkdowxqjvwhfkqlvfkh Oùvxqj
}hljw glh }xjhkùuljh SVSLFH0Vlpxodwlrqvvfkdowxqj lq Dee1 ;171 Glh prghudw krfkrk0
plj khuxqwhujhwhlowh Vsdqqxqj zlug ehu hlqhq krfkrpljhq Zlghuvwdqgv}zhlj UK dq ghq
Hlqjdqj jhohjw1 Ghu Wulfn ehvwhkw qxq gdulq/ glh Vsdqqxqj dp Sxqnw S4 qdfk}xi kuhq/
vr gd vlfk dq S4 glh johlfkh Vsdqqxqj hlqvwhoow/ zlh dq S51 Jholqjw glhvh klquhlfkhqg
jxw/ vr ehghxwhw glhv/ gd nhlqh Vsdqqxqj ehu UK deiçoow/ zdv lp Lghdoidoo hlqhp xq0
hqgolfk jur hq Zlghuvwdqg hqwvsuçfkh1 Lq ghu Sud{lv px glh Qdfki kuxqj ehu Fo plw
Uo jhgçpsiw zhughq/ gd glh Vfkdowxqj dqvrqvwhq lqvwdelo zlug1 Lq Deelogxqj ;18 lvw dov
Ehlvslho hlq Vlpxodwlrqvhujheqlv gdujhvwhoow1 Ghu U fni kuzlghuvwdqg Uo lvw klhu vr }x
glphqvlrqlhuhq/ gd hlq odfkhu Iuhtxhq}yhuodxi rkqh ßehukùkxqj uhvxowlhuw1
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;17 Srwhqwldoiuhlh Hqhujlhyhuvrujxqj ghvPh v|vwhpv
Glh qhw}xqdekçqjljh Hqhujlhyhuvruxqj vslhow i u glh Yhui jedunhlw hlqhv sruwdeohq Ph v|0
vwhpv hlqh jur h Urooh1 Juxqgvçw}olfk jlew hv irojhqghPhwkrghq/ xp hlqhp hohnwurqlvfkhq
V|vwhp gudkworv/ g1 k1 srwhqwldoiuhl Hqhujlh }x}xi kuhq=

41 Hohnwurphfkdqlvfk +G|qdprsulq}ls }1 E1 Guxfnoxiw/ Zlqg/ Ehzhjxqj/ 111,
51 Whohphwulvfkh Hqhujlh}xi kuxqj +ndsd}lwly xqg lqgxnwly,
61 Skrwryrowdlvfkh Vwurphu}hxjxqj +Vrodu}hoohq,
71 Rswrhohnwurqlvfkh Hqhujlhzdqgoxqj +Skrwrhpsiçqjhu dov Jhqhudwru,
81 Jdoydqlvfkh xqg hohnwuro|wlvfkh ]hooh +Edwwhulh/ Dnnxpxodwru/ Euhqqvwr�}hoohq,

Gdv dxv khxwljhu Vlfkw uhfkw dxizhqgljh hohnwurphfkdqlvfkh Yhuidkuhq zxugh iu khu lp
]xvdpphqkdqj plw srwhqwldoiuhlhq Ihogvrqghq }xu Hqhujlhyhuvrujxqj yrq Yhuvwçunhu0 xqg
Rswrhohnwurqln plw krkhp Hqhujlhehgdui hlqjhvhw}w1 Klhuehl zxugh hlqhp Jhqhudwru nl0
qhwlvfkh Hqhujlh lq Irup yrq Guxfnoxiw }xjhi kuw/ ghu glh nlqhwlvfkh Hqhujlh lq hohnwulvfkh
Hqhujlh xpzdqghowh ^47`1 Ghu whohphwulvfkhq/ skrwryrowdlvfkhq xqg rswrhohnwurqlvfkhq
Hqhujlh}xi kuxqj lvw jhphlqvdp/ gd lkuh Zlunxqjvjudgh }xu Dxieulqjxqj ghu ehqùwlj0
whq hohnwulvfkhq Hqhujlh }xp Ehwulhe hlqhu hohnwulvfkhq Ihogvrqgh qlfkw dxvuhlfkhqg vlqg1
Hlqh Devfkçw}xqj glhvhu Phwkrghq hujde/ gd glhvh huvw ehl hlqhp Ohlvwxqjvehgdui hl0
qhu Hohnwurqln yrq xqjhiçku 4 pZ vlqqyroo jhqxw}w zhughq nùqqhq1 Dqjhvlfkwv glhvhu
jhulqjhq Zlunxqjvjudgh yhueohlew qxu qrfk glh Dqzhqgxqj yrq Edwwhulhq xqg Dnnxpx0
odwruhq1 Ghu Vwurp0Zlunxqjvjudg +Dk0Zlunxqjvjudg, khxwljhu QlFg xqg QlPK0Dnnxv
ehwuçjw #��c���_ x1 ���M ' fc SD���fc .� Lku hqhujhwlvfkhu Zlunxqjvjudg olhjw hlq zhlqlj
gduxqwhu ehl #`�c ���_ x1 ���M ' fc DD���fc SD� Ehvvhuh Hqhujlhglfkwhq vlqg plw Olwklxp0
Lrqhq0Dnnxpxodwruhq huuhlfkedu1 Doohuglqjv ehvlw}hq glhvh krkh Dqirughuxqjhq dq glh
Odghhohnwurqln/ vr gd glhvh Vfkdowxqjhq ehlp ghu}hlwljhq Vwdqg ghu Whfkqln xqyhujohlfk0
edu dxizhqgljhu vlqg1 I u ghq Gdwhqorjjhu zxugh dxi QlPK0Whfkqln jhvhw}w/ gd huvwhqv
glh Hqhujlhglfkwh ehl QlPK hwzdv kùkhu lvw zlh ehl QlFg0V|vwhphq xqg }zhlwhqv ehl
QlPK0Dnnxpxodwru sudnwlvfk nhlq �Phpru|0H�hnw� dxiwulww1 Xqwhu ghp Phpru|0H�hnw
zlug yhuvwdqghq/ gd gxufk Odghq hlqhv Dnnxpxodwruv lp whlohqwodghqhq ]xvwdqg vhlqh
xuvsu qjolfkh Ndsd}lwçw +Qhqqndsd}lwçw, qlfkw zlhghu huuhlfkw zhughq ndqq1 Lp Eh}xj
dxi glh klhvljh Dssolndwlrq lvw glhv hlq judylhuhqghu Qdfkwhlo yrq QlFg0]hoohq1

Lp Jhjhqvdw} }xp �Gdwhqorjjhu� zhughq lp �Vhqvrunrsi� Sulpçu}hoohq hlqjhvhw}w1 Ghu
Juxqg klhui u olhjw gdulq/ gd ghu �Vhqvrunrsi� lp Jhjhqvdw} }xp Gdwhqorjjhu qxu dxi
Dx�rughuxqj dnwly lvw1 Hlqh Dxizçuwvzdqgoxqj ghu Edwwhulhvsdqqxqj lvw qdfk xqvhuhq
Xqwhuvxfkxqjhq vhku vwùuxqjvehkdiwhw xqg plw ghu Dqdorjhohnwurqln ghv Vhqvrunrsihv
qlfkw yhuwuçjolfk jhzhvhq1 Gd ghu}hlw Ehvwuhexqjhq hlqljhu Kdoeohlwhu0Khuvwhoohu lp Jdq0
jh vlqg/ qhxhuh/ ehghxwhqg vwùuxqjvçuphuh GF2GF0Zdqgohu plw kùkhuhu Ehwulheviuhtxhq}
}x hqwzlfnhoq/ zlug vlfk glhv }xn qiwlj yrudxvvlfkwolfk çqghuq1 Hlq zhlwhuhu Juxqg/ xp
dxi Sulpçu}hoohq lp Vhqvrunrsi }xu fn}xjuhlihq lvw ghuhq kùkhuh Hqhujlhglfkwh1 Klhugxufk
nrqqwh ghu �Vhqvrunrsi� vr nohlq zlh pùjolfk jhkdowhq zhughq1 Hlqh Odgxqj ghv �Vhqvru0
nrsihv� zçkuhqg ghu Ihogphvvxqj lvw hehqidoov xqpùjolfk1 Klqjhjhq huodxew glh xqwhueuh0
fkxqjviuhlh Xpvfkdowxqj }zlvfkhq ghp lqwhuqhq Dnnx xqg hlqhu h{whuqhq Vwurptxhooh/
ghq �Gdwhqorjjhuv� }x ehwuhlehq xqg johlfk}hlwlj }x odghq1 Vrihuq glh hqwvsuhfkhqghq
Glvwdq}hq srwhqwldoiuhl ehu OZO ehueu fnw zhughq/ nùqqhq vrjdu zçkuhqg ghv Odgh0
yrujdqjhv Ihogphvvxqjhq gxufkjhi kuw zhughq1
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]xu Uhdolvlhuxqj hlqhv h!}lhqwhq edwwhulh0 xqg dnnxehwulhehqhq V|vwhpv zxughq irojhqgh
Pd qdkphq hujul�hq=

41 Uhgx}lhuxqj ghv Uxkhvwurpv
51 Uhjxodwlrq ghu Yhuvrujxqjvvsdqqxqj
61 Qxw}xqj yrq �Srzhugrzq�0Prglv
71 Yhuzlunolfkxqj hlqhv Odghjhuçwv plw jhhljqhwhp Odghyhuidkuhq i u zlhghudxiodg0

eduh Hqhujlhvshlfkhu +QlFg/ QlPK,
81 Huidvvxqj qg Dq}hljh ghv Edwwhulh}xvwdqghv +Zlghuvwdqgv0/ Ndsd}lwçwv0 xqg

Odgxqjvphvvxqj,
91 ßehuzdfkxqj yrq ]xvwdqgvgdwhq ghu Hqhujlhvshlfkhu= Ndsd}lwçw+W,qW/ Dowhuxqj
:1 Vfkxw} yru ßehuodgxqj +Dnnx,/ Dxvodxihq +Edwwhulh,

;1714 Odghnrqwurooh ghv zlhghudx dgeduhq Hqhujlhvshlfkhuv

]xu Odghnrqwurooh zxugh hlq Odghfrqwuroohu PD[5336D +Id1 Pd{lp, hlqjhvhw}w1 Glh zh0
vhqwolfkh Dxijdeh glhvhv lqwhjulhuwhq Vfkdownuhlvhv ehvwhkw gdulq/ ghq Odghyrujdqj dqkdqg
surjudpplhuwhu Deeuxfknulwhulhq +Whpshudwxuçqghuxqj/ ßehuvfkuhlwxqj ghu pd{lpdohq
Odghgdxhu/ ßehuvfkuhlwxqj ghu pd{lpdohq ]hoohqvsdqqxqj, }x ehhqghq1 Zhlwhuklq lvw
glhvhu Edxvwhlq i u glh dxwrpdwlvfkh rghu pdqxhooh Xpvfkdowxqj }zlvfkhq yhuvfklhgh0
qhq Odghehwulhevduwhq +Vfkqhoodgxqj/ Hukdowxqjvodgxqj/ Odghq wlhihqwodghqhu ]hoohq/ 111,
}xvwçqglj1 Gdqhehq zlug glh ]hoohqvsdqqxqj ehuzdfkw1 Glhvh vsdqqxqjvedvlhuhqgh ]x0
vwdqgv ehuzdfkxqj lvw i u hlqh Devfkçw}xqj ghu yhueohlehqghq Hqhujlhuhvhuyhq mhgrfk
xq}xuhlfkhqg1

;1715 ]xvwdqgv ehuzdfkxqj ghu Dnnxpxodwruhq

Gd glh Ndsd}lwçw hlqh qlfkwolqhduh Ixqnwlrq ghu ]hoohqvsdqqxqj lvw/ lvw glh Vsdqqxqj
dov Ph juù h xqjhhljqhw/ }xyhuoçvvlj ghq Hqhujlhlqkdow ghv Dnnxv dq}xjhehq1 Ghwhn0
wlhuhq vsdqqxqjvedvlhuhqgh Ndsd}lwçwvdq}hljhq hlqhq ghxwolfkhq Vsdqqxqjvhlqeuxfk/ vr
yhueohlew phlvw qxu zhqlj ]hlw/ elv hv }xp yùooljhq Huvfkùsihq ghu Edwwhulh nrppw1 Gdkhu
lvw hv vlqqyroo/ i u glh Devfkçw}xqj ghu i u gdv Ph v|vwhp yhueohlehqghq Hqhujlhphqjh
hlqh Hqhujlh x ehuzdfkxqj ghu ]hoohq gxufk}xi kuhq1 Ihuqhu lvw hv klhui u qrwzhqglj
glh Qrplqdondsd}lwçw +Gh�qlwlrq dxi V1 H1514,/ ghq Odgh}xvwdqg vrzlh glyhuvh Hlq x juù0
hq zlh glh Whpshudwxu xqg Vhoevwhqwodgxqjvudwh ghv Hqhujlhvshlfkhuv }x nhqqhq1 ]xu
Ehvwlppxqj ghu yhueohlehqghq Ndsd}lwçw lvw hv }xqçfkvw qdkholhjhqg/ glh Hqwodghvwuùph
l xqg glh Hqwodgh}hlw w }x phvvhq1 Glh qrfk qxw}eduh Ndsd}lwçw {� ndqq plw

{� ' �}er � � � |

huplwwhow zhughq1 Glhvh Phwkrgh lvw mhgrfk vhku xqjhqdx/ zhlo glh Çqghuxqj ghu Nd0
sd}lwçw plw ghu Whpshudwxu qlfkw ehu fnvlfkwljw lvw1 Dx hughp zxugh klhu yrq hlqhp
nrqvwdqwhq Hqwodghvwurp dxvjhjdqjhq1 Lp Whpshudwxuehuhlfk yrq 053 elv 78 fF ndqq glh
Hqwodghndsd}lwçw yrq QlPK0]hoohq vlfk i u jhulqjh Hqwodgxqjvvwuùph +elv 315 F, xp elv
}x 43 ( yhuulqjhuq1 I u juù huh Hqwodghvwuùph elv 4 F ndqq glh Uhgxnwlrq jdu elv }x 73
( ehwudjhq ^:`1
Xp glh xqwhuvfklhgolfk vwdunhq Hqwodgxqjvvwuùph }x ehu fnvlfkwljhq/ zxugh }xqçfkvw
yhuvxfkw/ glhvhv Sureohp gxufk hlqh g|qdplvfkh Hqwodghvwurpnrqwurooh +Frxorpe0]çkohu,
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plw hlqhp dqdorjhq Lqwhjudwru lq Yhuelqgxqj plw çtxlglvwdqwhu Dewdvwxqj xqg U fnvhw0
}xqj gxufk hlqhq Plnurfrqwuroohu }x oùvhq1 Glhvh Phwkrgh px wh wurw} ghu Yhuzhqgxqj
hlqhv Rshudwlrqvyhuvwçunhuv plw Hlqjdqjvvwuùphq yrq 5 sD zhjhq jur hu Ph ihkohu/ eh0
glqjw gxufk glh krkh Vhoevwhqwodgxqj ghv Lqwhjudwruv +phku dov 43 ( sur k,/ dxijhjhehq
zhughq1 Hlq zhlwhuhv Kdqglfds glhvhu Oùvxqj zdu/ gd ghu Plnurfrqwuroohu ehl glhvhu Ph0
wkrgh gxufk vwçqgljh Xqwhueuhfkxqjvdqirughuxqjhq qlfkw lq hlqhq hqhujhwlvfk j qvwljhq
Hqhujlhvsduprgxv jhvfklfnw zhughq nrqqwh xqg ghu jur h Vriwzduhxpidqj i u glhvh Dxi0
jdeh1 Qhxhuglqjv hu}lhowhq dxfk Iuhhpdqq hw do1 ehl ghu Ehzhuwxqj ghu Plnurfrqwuroohu0
xqg ghu DVLF0Oùvxqj çkqolfkh Uhvxodwh ^9`1
Glh ]xvwdqgv ehuzdfkxqj ghv Dnnxv nrqqwh qxu plw hlqhp }xvçw}olfkhq Edxvwhlq jhoùvw
zhughq1 Lp Klqeolfn dxi glhvh Dssolndwlrq zxugh ghvkdoe ghu �Edwwhulh}xvwdqgprqlwru�
PWD44533 yrq Plfurfkls ^;` xqg ghu et5347 yrq Ehqfkpdut ^4` dxi lkuh Hljqxqj jh0
su iw1 Ghu Yruwhlo ghv PWD44533 ehvwhkw gdulq/ gd hu lq ghu Odjh lvw/ glh Dxijdeh
ghv Odghfrqwuroohuv xqg glh Ehvwlppxqj ghv devroxwhq Odgh}xvwdqghv }x ehuqhkphq1
Ghu i u glhvh Dqzhqgxqj dxvvfkodjjhehqgh Qdfkwhlo glhvhu Nrpsohwwoùvxqj ehvwhkw lq
ghq }dkouhlfkhq h{whuqhq Edxhohphqwhq/ glh ylho Sodw} lp �Gdwhqorjjhu� ehqùwljw kçwwhq1
Ehl ghp Odgh}xvwdqgvedxvwhlq et5347 kdqghow hv vlfk xp hlq DVLF +dssolfdwlrq vshfl�f
lqwhjudwhg flufxlw, yrq Ehqfkpdut ^5`/ ghu hlqhq Whpshudwxuvhqvru i u glh Ehu fnvlfk0
wljxqj ghv Whpshudwxuhlq xvvhv dxi glh Ndsd}lwçw ehuhlwv dxi ghp Fkls lqwhjulhuw kdw1
Gdkhu vroowh glhvhu Edxvwhlq gluhnw dq ghq Dnnxsdfn dqjheudfkw zhughq1 Ghu Yruwhlo
glhvhv Edxvwhlqv lvw/ gd hu lq vhlqhu Plqlpdonrq�jxudwlrq plw qxu i qi h{whuqhq Edxwhl0
ohq ehwulhehq zhughq xqg ghvvhq Ehvfkdowxqj hqwvsuhfkhqg ghu Dssolndwlrq vhku  h{leho
dxvjhedxw zhughq ndqq1 Zhlwhuklq nùqqhq ehu hlqh vhulhooh Vfkqlwwvwhooh Odgh}xvwdqg/
Whpshudwxu/ Ndsd}lwçw/ Edwwhulhvwdwxv xqg Qxpphu yrq hlqhpPlnurfrqwuroohu dejhiudjw
zhughq1 Lp Vfkodiprgxv ehqùwljw hu 433 >D xqg lvw lq ghu Odjh/ glh Vhoevwhqwodgxqj ghu
Edwwhulh }x ehu fnvlfkwljhq1 Glh Ndoleulhuxqj glhvhv shupdqhqw plw ghp Dnnx yhuexqgh0
qhq LFv jhvfklhkw qdfk ghp huvwhq Odgh0 xqg Hqwodgh}|noxv dxwrpdwlvfk1 Xp hlqh krkh
Jhqdxljnhlw }x huuhlfkhq/ px glhvhu Ndoleulhu}|noxv lq jur hq ]hlwdevwçqghq zlhghukrow
zhughq/ xp glh Dowhuxqj ghv Dnnxv }x ehu fnvlfkwljhq1

;18 Rswlvfkh ßehuwudjxqjvvwuhfnh

;1814 Glh Kdugzduh ghu ßehuwudjxqjvvwuhfnh

I u glh srwhqwldoiuhlh ßehuwudjxqj ghu Ph zhuwh xqg Vwhxhulqirpdwlrqhq }zlvfkhq ghp
Gdwhqorjjhu xqg Vhqvrunrsi zxugh hlqh rswlvfkh ßehuwudjxqjvvwuhfnh uhdolvlhuw1 Glhvh el0
gluhnwlrqdoh ßehuwudjxqjvvwuhfnh ehqùwljw lp dnwlyhq ]xvwdqg qxu :/58 pD +Vhqghglrgh
xqg Nrpsdudwru,1 Glhvh rswlvfkh �Orz srzhu� ßehuwudjxqjvvwuhfnh plw Nxqvwvwr"lfkw0
zhoohqohlwhundeho ndqq Gdwhq ehu hlqh Oçqjh elv 53 p plw elv }x 6:8 nEdxg ehuwud0
jhq1 Dov rswlvfkh Edxhohphqwh zxugh ghu VIK:83 xqg VIK583 +Vlhphqv, yhuzhqghw1
Ghu Vwurpehgdui ghu Vhqghglrgh nrqqwh/ dxvjhkhqg yrp Dssolndwlrqvyruvfkodj ghv Khu0
vwhoohuv ^44`/ yrq 63 pD +lp Uxkh}xvwdqg, dxi 9 pD gxufk Xpnhkuxqj ghu Orjln xqg
Rswlplhuxqj ghv Vhulhqzlghuvwdqghv dq ghu Hpsidqjvglrgh jhvhqnw zhughq1 Dqkdqg ghv
Vlpxodwlrqvhujheqlvvhv lq Dee1 ;19 zlug ghxwolfk= Mh juù hu ghu Vhulhqzlghuvwdqg U5
jhzçkow zlug/ xp vr juù hu lvw gdv hpsidqjhqh Vljqdo dq ghu Hpsidqjvglrgh1 Mh juù hu
zlhghuxp glhvhu Vsdqqxqjvdeidoo dxviçoow/ ghvwr vwçunhu ndqq glh lq glh Idvhu hlqjhvshlv0
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wh Olfkwohlvwxqj uhgx}lhuw xqg gdplw ghu Hqhujlhehgdui ghu ßehuwudjxqjvvwuhfnh jhvhqnw
zhughq1 Zlug ghu Vhulhqzlghuvwdqg mhgrfk }x krfk glphqvlrqlhuw/ vr i kuw glhv }x hlqhu
xqhuz qvfkwhq Khudevhw}xqj ghu ßehuwudjxqjvudwh dxijuxqg ghu Yhuirupxqj ghv Hps0
idqjvvljqdov gxufk glh sdudvlwçuh Sdudoohondsd}lwçw F51 Glh yroovwçqgljh/ plw plqlpdohp
Edxwhlodxizdqg uhdolvlhuwh Vhqgh0 xqg Hpsidqjvvfkdowxqj eh�qghw vlfk lp Dqkdqj hlqjh0
ehwwhw lq gdv Plnurfrqwuroohuv|vwhp +Dee1 G17 dxi V1 G17,1 Glh lq glh Idvhu hlqjhnrsshowh
Olfkwohlvwxqj lvw ehl glhvhu Glphqvlrqlhuxqj juù hu 8 >Z1 Hlq pd{lpdohu Elhjhudglxv yrq
u� 5 fp lvw xqehglqjw hlq}xkdowhq1

Dee1 ;19= Vlpxodwlrq ghu Vsdqqxqjvshjho dq ghu rswlvfkhq Hpsidqjvglrgh +Huvdw}vfkdowelog,
plw Vhulhqzlghuvwdqg U5

;1815 Gdv ßehuwudjxqjvsurwrnroo

]xu Nrppxqlndwlrq }zlvfkhq ghp Orjjhu xqg Vhqvrunrsi zxugh hlq 44 Elw0ßehuwudjxqjv0
surwrnroo gh�qlhuw/ gdv hlqh vfkqhooh ßehuwudjxqj jhzçkuohlvwhw xqg hqhujhwlvfk hlqh krkh
H!}lhq} dxizhlvw1 Ghu Dxiedx ghv Surwrnroov ndqq dqkdqg Dee1 ;1: qçkhu huoçxwhuw
zhughq= ]xqçfkvw eh�qghw vlfk ghu Vhqvrunrsi lq ghu hqhujlhvsduhqghq Juxqgvwhooxqj
+Lgoh0Prgxv, xqg zduwhw dxi hlq hlqwuh�hqghv E|wh1 Vriruw plw ghp huvwhq E|wh zlug glh
Qxpphu ghu Dqiudjh ehuwudjhq1 Jhpç ghu Dqiudjhduw zlug qxq glh Kdugzduh lqlwldol0
vlhuw1 Ghu Huiroj ghu Lqlwldolvlhuxqj zlug ghp Gdwhqorjjhu plw hlqhp Dfnqrzohjh +DFN,
jhphoghw1 Klhudxi ndqq ghu Gdwhqorjjhu glh }xu Dqiudjh jhkùuljhq ßehujdehsdudphwhu
vhqghq/ glh zlhghuxp yrp Vhqvrunrsi txlwwlhuw zhughq1 Qdfk Ehduehlwhq ghu Dqiudjh
zlug hlq Gdwhqeorfn jhvhqghw/ zhofkhu glh ghu Dqiudjh hqwvsuhfkhqgh U fnjdehzhuwh hqw0
kçow1 Ehvwçwljw ghu Gdwhqorjjhu qdfk ghp johlfkhq Vfkhpd glh huirojuhlfkh ßehuwudjxqj/
vr ndqq ghu Gdwhqorjjhu zlhghu lq glh Juxqgvwhooxqj jhkhq1 Wulww dq lujhqghlqhu Vwho0
oh ehl ghu ßehuwdjxqj hlq Sdulwçwvihkohu dxi/ vr zlug hlq Ihkohufrgh ehujhehq xqg glh
ßehuwudjxqj zlhghukrow1 Uhdjlhuw ghu Vhqvrunrsi oçqjhuh ]hlw ehukdxsw qlfkw/ vr zlug
glhv ehu hlqh Wlph0rxw0Ixqnwlrq hundqqw xqg }xu Dq}hljh jheudfkw1 Wulww zçkuhqg ghu
Dqiudjhehduehlwxqj hlq Ihkohu dxi/ vr zlug glhv lq hlqhp Vwdwxve|wh frglhuw }x Ehjlqq
plw ghp G0Eorfn ehuwudjhq1 Ghu Gdwhqorjjhu ndqq glhv ghfrglhuhq xqg }xu Dq}hljh
eulqjhq1
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Datenlogger

Sensorkopf

P-Fehler P-Fehler

P-Fehler

Time Out Time Out Time Out

Time OutTime Out

Datenempfang
ACK

senden
warten auf

Sensoraktion
warten

auf ACK

A-Block senden
(Sensor-Nr.,
Kanal-Nr.,
Filter-Nr.)

warten auf ACK
Anfrage-
nummer
senden

Grund-
stellung

Hardware
initialisieren

ACK
senden

warten auf
Anfragedaten

ACK
senden

Anfrage
bearbeiten

D-Block senden
(Status,

Meßbereich,
Daten)

warten
auf ACK

Grund-
stellung

Dee1 ;1:= ßehuwudjxqjvsurwrnroo }xu vhulhoohq Nrppxqlndwlrq }zlvfkhq Gdwhqorjjhu xqg Vhq0
vrunrsi dp Ehlvslho hlqhu Ph zhuwdqiudjh

Dp Dxiedx ghv Vwdwxve|wv oç w vlfk lq Wdehooh ;15 deohvhq/ zhofkh pùjolfkh Ihkohu yrp
Ph v|vwhp LQSHGR zçkuhqg hlqhv Ph }|noxvhv dxwrpdwlvfk hundqqw zlug1

Elw0Qu1 Elw Eh}hlfkqxqj Ehghxwxqj
3 +OVE, SI= Srzhu idloxuh Glh Yhuvrujxqjvvsdqqxqj olhjw dx hukdoe ghv hlq0

jhvwhoowhq Lqwhydoov1
4 PI= Phpru| idloxuh Ghu Vshlfkhu lvw qlfkw rghu qlfkw yroovwçqglj dq0

vsuhfkedu1
5 DI= Dqdorj idloxuh Ihkohu lq ghu Dqdorjhohnwurqln +}1 E1 dp D2G0

Zdqgohu,1
6 WI Wlph rxw idloxuh Hv px wh }x odqjh dxi hlq ]hlfkhq jhzduwhw zhughq

+Gh�qlhuwhv ]hlwolplw ehuvfkulwwhq,
7 UI= Udqjlqj idloxuh Glhvhv Iodj zlug jhvhw}w/ zhqq }x riw dowhuqlh0

uhqg }zlvfkhq ehqdfkeduwhq Ph ehuhlfkhq klq0
xqg khujhvfkdowhw zlug +Dxwrpdwlvfkhu Ph eh0
uhlfk ndqq qlfkw jhixqghq zhughq,1

8 RI= Ryhu rz idloxuh ßehuodxi hlqhv Ph ehuhlfkv ehl pdxhoohu Ehuhlfkv0
zdko rghu lp Dxwrudqjlqjehwulhe ghv kùfkvwhq
Ph ehuhlfkv1

9 0 qlfkw ehohjw
: +PVE, 0 qlfkw ehohjw

Wde1 ;15= Ihkohufrglhuxqj ghv Vwdwxve|whv
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Dee1 ;1;= Dqdorjhohnwurqln ghv Vhqvrunrsiv= Guhlehlqhohnwurghqnrq�jxudwlrq/ ruwkrjrqdoh Vsx0
ohq xqg Dqdorjhohnwurqln1 Ghu Gljlwdowhlo/ hlqh < Y0Eorfn0Edwwhulh xqg glh }0Vsxoh eh�qghq vlfk
lqqhukdoe ghu ]|olqghugrvh +qlfkw vlfkwedu,1

Dee1 ;1<= Hohnwurqln ghv Gdwhqorjjhuv= QlPK0Dnnx/ lqwhjulhuwh Odghhlqkhlw xqg Plnurfrqwuro0
ohuv|vwhp1
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Dee1 ;143= Sruwdeoh Nrpsrqhqwhq ghv Surwrw|sv= Vhqvrunrsi/ Olfkwzhoohqohlwhu xqg Gdwhqorjjhu
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Dee1 ;144= Wudjhsrvlwlrq dxi hlqhp Duehlwvvfkxw}khop

;19 Vriwzduhvwuxnwxu ghv Ph v|vwhpv LQSHGR
Gdv Ph v|vwhp LQSHGR ehvwhkw dxv ylhu lqwhooljhqwhq Hlqkhlwhq= Ghp Plnurfrqwuroohu0
v|vwhp lp Vhqvrunrsi/ ghp Frqwuroohu lp Gdwhqorjjhu/ ghu FSX ghv orndohq Frpsxwhuv
xqg ghp Vhuyhu dp orndohq Gdwhqqhw} +ODQ,1 ]zlvfkhq glhvhq zhlwjhkhqg dxwrqrphq
V|vwhphq ndqq/ zlh lq Deelogxqj ;145 gdujhvwhoow/ ehu Vfkqlwwvwhoohq hlq Dxvwdxvfk yrq
Gdwhq0 xqg Vwhxhulqirupdwlrq huirojhq1 Glh ylhu V|vwhph zhlvhq yrq olqnv qdfk uhfkwv
hlqh vwhljhqgh Nrpsoh{lwçw xqg uhfkqhulvfkh Ohlvwxqjviçkljnhlw dxi1

Ghp Vhqvrunrsi zxugh glh qlhguljvwh Klhudufklhhehqh }xjhzlhvhq1 Vredog hu vhlqh Dq0
iudjh yrp Gdwhqorjjhu vhoevwçqglj dejhduehlwhw kdw/ jhkw hu zlhghu 0 zlh ehuhlwv huzçkqw
0 lq ghq Hqhujlhvsduprgxv }xu fn1 Glh Gdwhq olhjhq elqçu rghu lp LHHH0]dkohqirupdw
frglhuw yru xqg zhughq gluhnw dxv ghp VUDP rghu Gdwhqsx�hu ghp Gdwhqorjjhu qdfk
Deduehlwxqj ghu Deiudjh ehuplwwhow1 Lp Gdwhqorjjhu zhughq glhvh Gdwhq yhuduehlwhw
xqg jhrugqhw dov Gdwhqvçw}h lq ghq 65 Vhnwruhq ghv IODVK0Vshlfkhuv dejhohjw1 ]xu
vlfkhuhq Gdwhq ehuwudjxqj glhqw gdv lp yrukhuljhq Devfkqlww ;1815 yrujhvwhoowh ßehuwud0
jxqjvsurwrnroo1

Çkqolfk zlh ghu Vhqvrunrsi irojw dxfk ghu Gdwhqorjjhu lp �Uhprwh�0Ehwulhe ghq Pdnur0
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Dqzhlvxqjhq ghv SFv1 Gdqhehq ndqq ghu Gdwhqorjjhu }xvdpphq plw ghp Vhqvrunrsi
dov yroovwçqglj dxwrqrphv V|vwhp duehlwhq1 Lp ohw}whq Idooh kdw ghu Ehqxw}hu glh Pùj0
olfknhlw/ ehu hlq Wrjjoh0Phq plwwhov guhl Ehglhqwdvwhq ghq Gdwhqorjjhu }x vwhxhuq xqg
Ph }|nohq dxv}xoùvhq1 Glh Gdwhq zhughq elqçu/ lp EFG0 xqg DVFLL0Irupdw dxv ghp
Iodvkvshlfkhu vhnwruhqzhlvh ehu hlqh hlqidfkh UV5650Vfkqlwwvwhooh dxvjhohvhq1 Jhuçwhlq0
irupdwlrqhq/ Ndoleulhugdwhq/ Shuvrqhqgdwhq hwf1 zhughq lp 31 Vhnwru lq ghp qlfkw fk0
wljhq IODVK0Vshlfkhu jhkdowhq1 Glh Ph gdwhq vhoevw zhughq lq ghq uhvwolfkhq Vhnwruhq
+410641Vhnwru, jhvshlfkhuw1 Dxi zhofkh Duw xqg Zhlvh glh dxvjhohvhqhq Gdwhq lqwhusuhwlhuw
zhughq p vvhq/ jhkw dxv ghu vrjhqdqqwhq Gdwhqvdw}ehvfkuhlexqj +41 Gdwhqvdw} lq mhghp
Vhnwru, khuyru1 Lp SF nùqqhq glh vhku nrpsdnw jhvshlfkhuwhq Gdwhq ehqxw}huiuhxqgolfk
dxiehuhlwhw/ judsklvfk gdujhvwhoow xqg dqdo|vlhuw zhughq1 Jhvshlfkhuw zhughq glh Gdwhq0
vçw}h klhu lq hlqhp dqjhsd whq/ vhoevw gh�qlhuwhq Gdwhqorjjhuirupdw +GOJ0Irupdw,1 Gdv
GOJ0Irupdw lvw hlq lp khunùppolfkhq Gdwhlhqv|vwhp orndo vshlfkhueduhv xqg dxiuxied0
uhv DVFLL0Irupdw1 Glh GOJ0Ilohv glhqhq johlfk}hlwlj dov Hlqjdqjvgdwhq i u hlqh vlfk
dxi hlqhp ODQ0Vhuyhu eh�qgolfkh uhodwlrqdoh Gdwhqedqn +Rudfoh,1 Glhvh hupùjolfkw hlqh
}hqwudoh Huidvvxqj plw odqjiulvwljhu xqg vlfkhuhu Gdwhqdufklylhuxqj1

Sensorkopf Datenlogger PC Server

SQL-
Skript

LANRS232LWL

(Oracle)

relationale
Datenbank

Übertragungs-
protokoll

Dateien-
system

FLASH-
Speicher-

organisation

SRAM
und

Datenpuffer

Slave Master MasterSlave MasterSlave

binäres Zahlen-
format (IEEE)

binär und
ASCII

DLG-Format
(strukturierte
ASCII-Daten)IEEE

und ASCII

einfaches RS232
Protokoll

*.DLG,
*.BMP,
*.ASC BIN, HEX

Dee1 ;145= ßehuvlfkw ehu glh Nrppxqlndwlrqv0 xqg Gdwhqrujdqlvdwlrqvvwuxnwxu ghv Ph v|0
vwhpv LQSHGR

Glh Lpsohphqwlhuxqj glhvhu xpidqjuhlfkhq xqg ylhovfklfkwljhq Vriwzduhvwuxnwxu yrq LQ0
SHGR zdu qxu plw Kloih h!}lhqwhu Hqwzlfnoxqjvzhun}hxjh +dqjhsd w dq glh mhzhloljh
]lhokdugzduh, }x ehzhunvwhooljhq1 Lp hlq}hoqhq zxugh glh Vriwzduh lq irojhqghq Sur0
judpplhuvsudfkhq jhvfkulhehq=
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Dee1 ;146= Dxiedx ghu uhodwlrqdohq Gdwhqedqn yrq LQSHGR +Kdxswihqvwhu,

]lhokdugzduh Surjudpplhuvsudfkh xqg Hqwzlfnoxqjvzhun}hxj
Vhqvrunrsi Dvvhpeohu +Surjudpph i u ;3885,
Gdwhqorjjhu Dvvhpeohu +Edvlvixqnwlrqvurxwlqhq i u ;3F84:D,/

F0Surjudpph +Nhlo0Xpjhexqj,
SF F../ Zlqgrzvsurjudpplhuxqj +Eruodqg F.. Yhuv18,/

Ghoskl6 plw VTO0Vfulsw
Vhuyhu Uhodwlrqdoh Gdwhqedqn +Rudfoh,

;1: Ph zhuwyhuduehlwxqj plw Plnurfrqwuroohu

;1:14 ]dkohqirupdw ghv Gdwhqorjjhuv

Glh yrp Vhqvrunrsi hpsidqjhqhq Gdwhq vlqg qlfkw rkqh hlqh zhlwhujhkhqgh Yhuduehlwxqj
i u Ehuhfkqxqjhq dxi ghp Gdwhqorjjhu jhhljqhw1 Ehl ghq ehuplwwhowhq Gdwhq kdqghow
hv vlfk xp glh gluhnw yrp ;0elw D2G0Zdqgohu ehuqrpphqhq gljlwdohq Zhuwh1 Sur Ph 0
ehuhlfk olhjhq glhvh Dewdvwzhuwh dovr lq 589 Vwxihq glvnuhwlvlhuw yru1 Glhvh Dewdvwzhuwh
zhughq }xqçfkvw lq hlq 60E|wh0]dkohqirupdw xpjhuhfkqhw1 I u glhvhv ]dkohqirupdw zxugh
}xu Plqlplhuxqj ghv Vshlfkhuehgduiv xqg ghu Odgh0 xqg Vshlfkhu}hlwhq hlq Johlwnrppd0
irupdw ehqxw}w1 Glh Gh�qlwlrq glhvhv ]dkohqirupdwv zxugh lq Dqohkqxqj dq ghq LHHH
:870Vwdqgdug yrujhqrpphq1 Hv kdw irojhqghq Dxiedx=
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     1.Byte       2.Byte       3.Byte

 VZ Charakteristik  2-1            Mantisse              2-16

Glhvhv vsh}lhooh 6 E|wh0]dkohqirupdw plw hlqhu 49 Elw Pdqwlvvh oç w hlqh Jhqdxljnhlw
yrq fd1 8 Gh}lpdovwhoohq }x1 Ghu pùjolfkh Zhuwhehuhlfk uhlfkw yrq 04/3;7��f3�b elv
.</556��f�H1 Gd glh Fkdudnwhulvwln klhu qxu plw : Elw gdujhvwhoow zlug/ lvw ghu pùjolfkh
Zhuwhehuhlfk nohlqhu dov ehlp LHHH Vwdqgdug1 Glh gdujhvwhoowh ]dko { oç w vlfk dxv ghq
60E|whv dxi irojhqgh Zhlvh }xu fnjhzlqqhq=

% ' T ~ ��@?|�rre � 2.%RJ?e?| +;14,

Ghu H{srqhqw hujlew vlfk dxv ghu Fkdudnwhulvwln de} jolfk hlqhp ihvwjhohjwhq Whup/ ghp
vrjhqdqqwhq �Eldv�1 Ehl ghp gh�qlhuwhq ]dkohqirupdw ehvlw}w ghu Eldv ghq Zhuw 971
Gdv klhu ihvwjhohjwh Irupdw zhlvw hlqhq jhulqjhq Vshlfkhusodw}ehgdui ehl dxvuhlfkhqghu
Jhqdxljnhlw dxi xqg hupùjolfkw hlqh hlqidfkh Pxowlsolndwlrq gxufk}xi kuhq1 Ohw}whuhv lvw
lqvehvrqghuh i u hlqh Iuhtxhq}dqdo|vh +IIW, yrq jur hu Ehghxwxqj1

Xp ghq Ph zhuw }x hukdowhq p vvhq/ glh LHHH0]dkohq qrfk vndolhuw/ g1 k1 plw ghp
hqwvsuhfkhqghq Ph ehuhlfk pxowlsol}lhuw zhughq1 Gdv yrp Vhqvrunrsi ehuwudjhqh Ph 0
ehuhlfkve|wh kdw i u mhghq Vhqvruw|s hlqh xqwhuvfklhgolfkh Ehghxwxqj1 Dx hughp p vvhq
glh lp IODVK0Vshlfkhu dejhohjwhq Ndoleulhuidnwruhq plw ehu fnvlfkwljw zhughq1 Lp Idooh
ghv Guhlehlqvhqvruv lvw hlqh Nrruglqdwhqwudqvirupdwlrq gxufk}xi kuhq1 Klhui u zlug hlqh
lp IODK dejhohjwh Vlqxv0 xqg Frvlqxvwdehooh yhuzhqghw1

;1:15 Jhzlqqxqj ghu Iuhtxhq}lqirupdwlrq plw hlqhu IIW

;1:1514 IIW ghp ;0Elw Plnurfrqwuroohuv|vwhp +Gdwhqorjjhu,

Xp glh Ihogvljqdoh iuhtxhq}dekçqjlj }x ehzhuwhq/ zxugh }xu Uhdolvlhuxqj hlqhu Zduq0
ixqnwlrq hlqh Irxulhudqdo|vh i u gdv ;0Elw Plnurfrqwuroohuv|vwhp ghv Gdwhqorjjhuv lp0
sohphqwlhuw1 Rezrko ghu Gdwhqorjjhu plw hlqhp ohlvwxqjviçkljhq Plnurfrqwuroohu plw
hlqhu Pxowlsolndwlrqv0 xqg Glylvlrqvhlqkhlw +PGX, dxvjhvwdwwhw lvw/ hujhehq vlfk dxi hl0
qhp Plnurfrqwuroohuv|vwhp Hlqvfkuçqnxqjhq ghu Jhvfkzlqgljnhlw xqg Jhqdxljnhlw ghu
IIW1 Glhvh Hlqvfkuçqnxqjhq vlqg yru doohp ehglqjw gxufk glh jhulqjh Dguh exveuhlwh/
ghu ;0Elw0Vshlfkhudxiwhloxqj/ ghu Duehlwvjhvfkzlqgljnhlw +yrujhjhehq gxufk glh Rv}lood0
wruiuhtxhq},/ glh uhodwly nohlqhq lqwhuqhq Gdwhqvshlfkhu plw vfkqhoohp ]xjul�1 Dx hughp
lvw ghu h{whuq dguhvvlhueduh Vshlfkhuehuhlfk dxi qxu 97 NE|wh ehvfkuçqnw1
Hujheqlv= Glh IIW dxi ghp Plnurfrqwuroohu zxugh }zhfnv }hlwolfkhu Rswlplhuxqj yroo0
vwçqglj lq Dvvhpeohu surjudpplhuw1 Glh uhdolvlhuwh 43570Sxqnwh IIW huuhlfkw ehl hlqhu
Dewdvwiuhtxhq} yrq 73 nK} hlqh Iuhtxhq}dx ùvxqj yrq 6</39 K}1 ]xu Hukùkxqj ghu
Dx ùvxqj lp xqwhuhq Iuhtxhq}ehuhlfk ndqq glh Dewdvwiuhtxhq} dxi 4 nK} xpjhvfkdo0
whw zhughq1 Gdgxufk hujlew vlfk hlqh yhuihlqhuwh Iuhtxhq}dx ùvxqj yrq 3/<; K}1 Glh
Gxufki kuxqj hlqhu IIW lqnoxvlyh Ihqvwhuxqj/ Wudqvirupdwlrq xqg Elogxqj ghv Ehwudjv0
txdgudwhv ehqùwljw fd1 ; Vhnxqghq1 Ehl Lqndxiqdkph hlqhu 70idfk vfkohfkwhuhq Dx ùvxqj
nùqqwh gxufk Uhgx}lhuxqj ghu Sxqnwhdq}dko dxi 589 glh Gxufki kuxqjv}hlw hlqhu IIW
dxi 4/9 Vhnxqghq uhgx}lhuw zhughq1
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;1:1515 Dqdo|vh dxi ghp SF

Hlq SF zhlvw 0 yhujolfkhq plw hlqhp Plnurfrqwuroohuv|vwhp 0 ehghxwhqg zhqljhu Hlq0
vfkuçqnxqjhq ghu yhui jeduhq Uhvrxufhq dxi1 Gdkhu zhughq }xu ghwdloolhuwhuhq Iuhtxhq}0
dqdo|vh ghu Ihogvljqdoh dxi ghp SF phkuhuh Dojrulwkphq dqjherwhq +}1 E1 ^8`/ ^7`/^6`,1
Glh Dxvzdko dq yhuvfklhghqhq 0 lq Krfkvsudfkh lpsohphqwlhuwhq 0 IIW0Dojrulwkphq hu0
pùjolfkw glh Qxw}xqj lkuhu xqwhuvfklhgolfkhq Hljhqvfkdiwhq }xu Ihkohuuhgx}lhuxqj1 Vr
eulqjw gdv jhplvfkwh Udgl{0Yhuidkuhq plw 4333 Dewdvwsxqnwhq hlq jhqdxhuhv Uhvxowdw
i u glh 83 K}0Vshnwudoolqlh1 Çkqolfkhv ndqq gxufk glh Yrujdeh ghu Dewdvwsxqnwh plw ghu
odqjvdphuhq glvnuhwhq Irxulhudqdo|vh +GIW, ehzlunw zhughq1

Dee1 ;147= SF0Vriwzduh }xu Dqdo|vh ghu Ph zhuwh= Iuhtxhq}dqdo|vh xqg Yhujohlfk plw Juhq}0
zhuwnxuyhq



49;

Olwhudwxu

^4` Ehqfkpdut +4<<8, Xvlqj QlPK dqg Ol0Lrq Edwwhulhv lq sruwdeoh dssolfdwlrqv/ Ehqfkpdut
Plfurhohfwurqlfv/ Lqf1/ Gdoodv/ Wh{dv

^5` Ehqfkpdut +4<<8, et5347 Jdv Jdxjh LF zlwk h{whuqdo Fkdujh frqwuro/ Ehqfkpdut Plfur0
hohfwurqlfv/ Lqf1/ Gdoodv/ Wh{dv

^6` Exuuxv F1 V1 +4<<8, GIW2IIW dqg Frqyroxwlrq Dojrulwkpxv/ Wkhru| dqg Lpsohphqwdwlrq/
Mrkq Zloh| ) Vrqv Sxeolfdwlrq

^7` Euljkdp H1 R1 +4<<5, IIW/ Vfkqhooh Irxulhu0Wudqvirupdwlrq/ 81 Dx djh/ Roghqexuj Yhuodj
P qfkhq/ Zlhq

^8` Frroh| M1 Z1 +4<98, Dq dojrulwkp iru wkh pdfklqh fdofxodwlrq ri frpsoh{ irxulhu vhulhv/
Pdwk1 Frps1/ Yro1 4</ s1 5<:0634

^9` Iuhhpdqq G1/ hw do1 +4<<:, Vsh}ldodjhqw 5347/ 0 Ndsd}lwçwvdq}hljh xqg ßehuzdfkxqjvv|0
vwhph 0/ Ghvljq ) Hohnwurqln : yrp ;171<:/ V163 0 66

^:` Kdodf}hn Wk1 O1/ Udghfnh K1 G1 +4<<9, Edwwhulhq xqg Odghnrq}hswh/ Iudq}lv0Yhuodj/ Ihog0
nlufkhq

^;` Plfurfkls +4<<6, WuxhJdxjh PWD44533 Lqwurgxfwlrq nlw xvhu jxlgh GY447334 lqfo1
PWD44533 Lqwhooljhqw Edwwhu| pdqdjhphqw LF/ Plfurfkls Whfkq1/ Dwodqwd/ XVD

^<` Vlhphqv DJ +4<<8, Plfurfrpsxwhu Frpsrqhqwv VDE;3F84:2;3F86:/ ;0elw FPRV Vlqjoh0
Fkls Plfurfrqwuroohu/ Pdl 4<<8/ Vlhphqv DJ/ P qfkhq

^43` Vlhphqv DJ +4<<8, Plfurfrpsxwhu Frpsrqhqwv VDE;3F84:D2;3F84:D/ ;0Elw FPRV
Vlqjoh0Fkls Plfurfrqwuroohu/ Dgghqgxp wr Xvhu*v Pdqxdo VDE;3F84:2;3F86:/ Dsulo 4<<8/
Vlhphqv DJ/ P qfkhq

^44` Vlhphqv DJ +4<<3, Vhplfrqgxfwruv/ Whfkqlfdo lqirupdwlrq dqg fkdudfwhulvwlf gdwd iru vwx0
ghqwv/ Vlhphqv DJ/ P qfkhq/ V1 434�

^45` Vlqjohwrq U1 F1 +4<9;, Dq dojrulwkp iru frpsxwlqj wkh pl{hg udgl{ idvw irxulhu wudqvirup/
LHHH Wudqvdfwlrqv rq dxglr dqg hohfwurdffrxvwlfv/ Yro1 Dx04:/ Qr1 5/ s1 <60436

^46` Vruhqvhq K1 hw do1 +4<;9, Rq frpsxwwlqj wkh vsolw0udgl{ IIW/ LHHH Wudqvdfwlrqv rq Df0
frxvwlfv/ Vshhfk dqg Vljqdo surfhvvlqj/ Yro1 DVVS067/ Qr1 4/ s1 4850489

^47` Zlokhop| O1 +4<:5, Srwhqwldoiuhlh Ihogvwçunhphvvxqj lp udxpodgxqjviuhlhq shulrglvfk }hlw0
dekçqjljhq xqg wudqvlhqwhq hohnwulvfkhq Ihog/ Glvvhuwdwlrq dq ghu Xqlyhuvlwçw Vwxwwjduw
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< Ndoleulhuxqj ghv Ph v|vwhpv

]xu Hu}hxjxqj gh�qlhuwhu hohnwulvfkhu xqg pdjqhwlvfkhu Ihoghu plw dxvuhlfkhqg krkhu
Krprjhqlwçw zhughq Ndoleulhuhlqulfkwxqjhq ehqùwljw1 Klhu jlew hv juxqgvçw}olfk phkuh0
uh Ndoleulhuphwkrghq xqg Yhuidkuhq/ zhofkh vlfk gxufk lkuh Hljhqvfkdiwhq vwdun xqwhu0
vfkhlghq +Yroxphq dxvuhlfkhqghu Ihogkrprjhqlwçw/ Iuhtxhq}ehuhlfk/ U fnzlunxqj xqg
Nrvwhq,1 Pdjqhwlvfkh Vhqvruhq xqg Ihogvwçunhjhuçwh nùqqhq dq odqjhq ]|olqghuvsxohq/
nrq}hqwulhuwhq Uxqgvsxohq/ uxqghq rghu txdgudwlvfkhq Khopkrow}vsxohq xqg dqghuhq Dq0
rugqxqjhq ndoleulhuw zhughq1 Hohnwulvfkh Ihogvhqvruhq klqjhjhq zhughq lq Sodwwhqdqrug0
qxqjhq/ Vwuhlihqohlwxqjhq/ glyhuvhq WHP0 rghu JWHP0]hoohq +WHP0]hooh plw Devruehu,
rghu plwwhov hlqhv Yhujohlfkhv plw hlqhp Uhihuhq}ihogvwçunhjhuçw ndoleulhuw ^4`1 Hlq do0
whuqdwlyhv/ lp Udkphq glhvhu Duehlw hehqidoov kçx�j dqjhzhqghwhv Yhuidkuhq ehvwhkw
lq ghu Hlqvshlvxqj yrq ehndqqwhq hlqjhsuçjwhq Vwuùphq dxi glh ndsd}lwlyhq Vhqvru ç0
fkhq +Vwurplqmhnwlrqvphwkrgh,1 Glh Vwurplqmhnwlrqvphwkrgh ndqq mhgrfk ghq Ehwulhe
hlqhu Ndoleulhudqodjh ehl ehvwlppwhq Xqwhuvxfkxqjhq +}1 E1 Ulfkwxqjvvhqvlwlylwçw/ U fn0
zlunxqjhq/ Yhu}huuxqj lp Ihog, qlfkw huvhw}hq1 I u Xqwhuvxfkxqjhq dq yhuvfklhghqhq
Ihogvhqvruhq xqg glh wxuqxvpç lj qrwzhqgljh Ndoleulhuxqj ghv hqwzlfnhowhq Ph v|vwhpv
LQSHGR pdfkwh glh Nrq}hswlrq xqg ghq Dxiedx yrq hohnwulvfkhq xqg pdjqhwlvfkhq Nd0
oleulhudqrugqxqjhq huirughuolfk1 I u gdv pdjqhwlvfkh Ihog zxugh hlq guhldfkvljhv Khop0
krow}vsxohqv|vwhp hqwzlfnhow/ zhofkhv yrq ghu Sk|vlndolvfk 0 Whfkqlvfkhq Exqghvdqvwdow
+SWE, lq Eudxqvfkzhlj plw qdwlrqdohq Qrupdohq yhujolfkhq xqg glh Vsxohqnrqvwdqwh ehl
Johlfkvwurp plw hlqhu Jhqdxljnhlw � 3/7 Surplooh ehvwlppw xqg hqwvsuhfkhqg }huwl�}lhuw
zxugh ^9`1 Glh yrp Dxwru i u glhvhv Vsxohqv|vwhp gxufkjhi kuwhq Ehuhfkqxqjhq/ hlqh
Ehvfkuhlexqj ghu Uhdolvlhuxqj xqg glh Vsh}l�ndwlrq glhvhv Vsxohqv|vwhpv/ vlqg lq hlqhp
jhvrqghuwhq Ehulfkw yhuù�hqwolfkw zrughq ^6`1 ]xu Hu}hxjxqj hohnwulvfkhu Ndoleulhu0 xqg
Su �hoghu zxugh hlqh Sdudoohosodwwhqdqrugqxqj plw txdgudwlvfkhq Sodwwhq ghu Ndqwhq0
oçqjh O @ 4/8 p xqg ghu Vfkodjzhlwh z @ 3/:8 p jhpç ghp LHF2LHHH;660Vwdqgdug
dxijhedxw ^5`1 Glh ehuhfkqhwhq xqg jhphvvhqhq Ihogvwçunhsur�oh ehl v|pphwulvfkhu xqg
dv|pphwulvfkhu Vshlvxqj lqqhukdoe glhvhu LHF;660Dqrugqxqj zxughq lp Udkphq hlqhv
HPY0Nrqjuhvvhv yrujhvwhoow xqg sxeol}lhuw ^7`1

<14 Ndoleulhuv|vwhph

<1414 Guhldfkvljhv Khopkrow}vsxohqv|vwhp i u Pdjqhwihogvhq0
vruhq

Khopkrow}vsxohqv|vwhph zhlvhq lp ]hqwuxp hlqhq uhodwly jur hq Ihogudxp plw hlqhu dxv0
jh}hlfkqhwhq Krprjhqlwçw dxi1 Hlq plw hlqhp Johlfk0 rghu Zhfkvhovwurp L jhvshlvwhv
Khopkrow}vsxohqsddu plw ghp Udglxv d/ zhofkhu johlfk}hlwlj ghu Vhsdudwlrqvdevwdqg lvw
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+Khopkrow}ehglqjxqj= u @ d,/ xqg ghu Zlqgxqjv}dko Q hu}hxjw lp ]hqwuxp glh Iox 0
glfkwh
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Xp plw ghp Vsxohqv|vwhp hlqhq zhlwhq Iuhtxhq}ehuhlfk deghfnhq }x nùqqhq/ ehwuçjw glh
Zlqgxqjv}dko Q hlqhv Vsxohqsdduhv qxu Q @ 91 Gdplw olhjw xqwhu Ehu fnvlfkwljxqj ghu
Jhjhqlqgxnwlylwçw glh V|vwhpuhvrqdq}iuhtxhq} iocr+r ehl 4/4 PK}1 Zluehovwuùph pdfkhq
vlfk mhgrfk ehuhlwv ehl hlqhp ]hkqwho glhvhu Iuhtxhq} ehphunedu1 Xp dxi ghu dqghuhq
Vhlwh krkh Iox glfkwhq hu}hxjhq }x nùqqhq/ zxugh gdv lqqhuvwh Vsxohqsddu plw Q @ 78
Zlqgxqjhq dxvjhohjw1 Plw Vwuùphq elv 43 D +jhwhvwhw elv 48 DC73 K}> }xoçvvlj vlqg
nxu}}hlwlj pd{1 48/< D, vlqg pd{lpdo 4/78 pW huuhlfkedu1 ]xu Hu}hxjxqj kùkhuhu Iox 0
glfkwhq zlug dxi odqjh ]|olqghuvsxohq }xu fnjhjul�hq1 Ehl ghu Dqzhqgxqj yrq krkhq
Vwuùphq +L : 8 D, px gdv V|vwhp mhgrfk phkuhuh Plqxwhq xqwhu nrqvwdqwhq Ehglq0
jxqjhq ehwulhehq zhughq/ gdplw vlfk hlq wkhuplvfkhv Johlfkjhzlfkw ghu Vsxoh plw ghu
Xpjhexqj hlqvwhoohq ndqq1
Glh J wh ghu Krprjhqlwçw ghv yrp Vhqvru hlqjhqrpphqhq Yroxphqv zxugh plw ph 0
whfkqlvfkhq/ dqdo|wlvfkhq xqg qxphulvfkhq Phwkrghq huplwwhow1 ]xu Devfkçw}xqj ghv
d{ldohq Lqkrprjhqlwçwvehuhlfkv jlew ghu d{ldoh Ihogyhuodxi
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q w}olfkhq Dxivfkox 1 Glh Khunxqiw xqg Khuohlwxqj ghu Iruphoq Jo1 <14 xqg Jo1 <15 plw
Kloih }rqdohu Nxjhoixqnwlrqhq xqg zhlwhuh Uhihuhq}hq }xu Ehuhfkqxqj yrq Vsxohqv|vwh0
phq vlqg lq ^6` }x �qghq1 Gdv Vsxohqv|vwhp zxugh ghuduw glphqvlrqlhuw/ gd glh d{ldoh
Lqkrprjhqlwçw hlqhv }hqwudohq nxjhoiùupljhq Ihogyroxphqv +g @ 453 pp, nohlqhu dov 4
( lvw1 Phvvxqjhq dq ghu Vsxohqdqrugqxqj plw ghq Udglhq d� @ 5:</3 pp/ d2 @ 634/9
pp xqg d� @ 655/4 pp hujdehq hlqh d{ldoh Lqkrprjhqlwçw k5 8 fc ee (1 Glh d{ldoh
Lqkrprjhqlwçw lvw zlh irojw gh�qlhuw=
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Glh qxphulvfkh Ihoguhfkqxqj olhihuwh Ihogyhuoçxih xqg Lvrkrprjhqlwçwvolqlhq ghv lq De0
elogxqj <14 dejheloghwhq guhldfkvljhq Vsxohqv|vwhpv1 Gdv Prghoo }x ghu uhdolvlhuwhq Dq0
rugqxqj lvw lq Dee1 <15 }x vhkhq1 Dxi ghu Edlvlv glhvhv Prghoov nùqqhq vhku ohlfkw glh
Ihogyhukçowqlvvh lqqhukdoe ghv guhldfkljhq Vsxohqv|vwhqv ehl nrpsoh{huhu Vshlvxqj +}1
E1 i u Nrpshqvdwlrqvehwulhe/ Yhnwruguhkxqj/ U fnzlunxqj yrq Vhqvrunrpsrqhqwhq plw
kùkuhuhu Shuphdelolwçw/ hwf1, vlpxolhuw xqg huplwwhow zhughq1
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Dee1 <14= Guhldfkvljhv Khopkrow}vsxohqv|vwhp }xu Ndoleulhuxqj> uhfkwv lp Elog hlq Ylhutxdgud0
whqyhuvwçunhu dov Vwurptxhooh

Dee1 <15= Prghoo ghv guhldfkvljhq Ndoleulhuv|vwhpv= Ehwudj ghu pdjqhwlvfkhq Iox glfkwh khu0
yrujhuxihq gxufk glh Vshlvxqj doohu guhl Khopkrow}vsxohqsdduh +Q@9/ 69/ 78, plw hlqhp Vwurp
yrq 4 D
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<1415 Ndoleulhuhlqulfkwxqj i u hohnwulvfkh Ihoghu

Dov Ndoleulhuhlqulfkwxqj i u hohnwulvfkh Ihoghu zxugh hlqh LHF;660Dqrugqxqj dxijhedxw1
Ehl hlqhu vrofkhq Dqrugqxqj kdqghow hv vlfk xp }zhl plw hlqhu Vfkodjzhlwh yrq 3/:8 p
vhsdulhuwhq/ dxi phkuidfk yhuohlpwhp Kro} +yhu}xjvduphv �Pxowlsoh{ U��, dqjhvfkudxewh
txdgudwlvfkh Doxplqlxpsodwwhq +4/8 p { 4/8 p,1 Glh lq Dee1 <16 dejheloghwh r�h0
qh Sodwwhqdqrugqxqj zlug plw v|pphwulvfkhu Krfkvsdqqxqj elv pd{lpdo +043 nY7 �
�@rre�n�f nY7, ehwulhehq1 ]xu Hu}hxjxqj ghu Krfkvsdqqxqj glhqhq }zhl Krfkvsdq0
qxqjvwudqvirupdwruhq plw jhhughwhu Plwwhosxqnwdq}dsixqj +492

�
K} 0 833 K}C633YD,

xqg +833 K} 0 43 nK}C4533YD, xqg ßehuvhw}xqjvyhukçowqlvhq yrq 4=4333� Dxv Ju q0
ghq ghv Lpplvvlrqvvfkxw}hv zxugh ehl ghu Dxvohjxqj ghu Dqodjh ghu Iuhtxhq}ehuhlfk
dxi i 	 43 NK} ehvfkuçqnw1 Glh Krfkvsdqqxqjvwudqvirupdwruhq zhughq plw hlqhp 5333
YD0Vsdqqxqjvyhuvwçunhu GFX5333 +Id1 Khlghq hohfwurqlfv, ehu hlqh hljhqv lqvwdoolhuwh
Vlfkhukhlwvvfkdowxqj dqjhvwhxhuw1 ]xp ]zhfnh ghv Shuvrqhqvfkxw}hv +Lqgx}lhuwh Vwuùph
gxufk ndsd}lwlyh Nrssoxqj$, xqg Ehu kuxqjvvfkxw} zlug gxufk ihvwlqvwdoolhuwh Olfkw0
vfkudqnhq hlq dxvuhlfkhqghu Vlfkhukhlwvdevwdqg ghv Ehwulhevshuvrqdov yrq ghu Dqodjh jh0
zçkuohlvwhw1 Phkuhuh Nrqwuroophvvxqjhq dq ghu Devshuuxqj xqg lp Dxihqwkdowvehuhlfk
ghv Ehglhqshuvrqdov ehvwçwljwhq glh Hlqkdowxqj ehvwhkhqghu Juhq}zhuwh ehlp Ndoleulhu0
ehwulhe1 Ehl pd{lpdohu Dxvodvwxqj ghu Dqodjh zxughq dq ghu Devshuuxqj +4/6 p }xu
qçfkvwhq Sodwwh, Vwuhxihoghu yrq pd{lpdo :33 T

6
jhphvvhq1

Hehqvr zlh glh Ndoleulhuhlqulfkwxqj i u gdv pdjqhwlvfkh Ihog zxugh dxfk glh Sodwwhqdq0
rugqxqj lp Uhfkqhu qdfkjheloghw xqg glh Krprjhqlwçwvehuhlfkh huplwwhow1 Gdv Hujheqlv
hlqhu hohnwurvwdwlvfkhq Uhfkxqj ghu ohhuhq/ v|pphwulvfk ehwulhehqhq Dqrugqxqj lvw lq
Dee1 <17 gdujhvwhoow1 Hv oç w vlfk hunhqqhq/ gd gdv Ihog lp ]hqwuxp hlqh Lqkrprjhqlwçw
xqwhu 4 ( dxizhlvw1 Glh uhfkqhulvfkhq Hujheqlvvh zxughq ph whfkqlvfk gxufk Sur�o0
phvvxqjhq ehusu iw1 Gxufk Phvvxqjhq plw hlqhu  dfkhq/ }|olqgulvfkhq H0Ihogvrqgh
+jhulqjhu Ihog ehukùkxqjvidnwru lq d{ldoh Ulfkwxqj, huzlhv vlfk dov qxw}eduhu Ndoleulhu0
udxp +Lqkrprjhqlwçw 	4 (, hlq Ehuhlfk lq ghu plwwohuhq Krul}rqdohehqh yrq 73 fp {
93 fp1 ]x ndoleulhuhqgh Vrqghq plw kùkhuhu Ihog ehukùkxqj ehvlw}hq hlqh vwçunhuh/ ehl
xqv|pphwulvfkhq Nùushuq }xghp yrq ghu Dxvulfkwxqj dekçqjljh Zhfkvhozlunxqj plw
ghq Sodwwhq1 Ghu hlqjheudfkwh Nùushu ehzlunw dxi ghq Sodwwhq Odgxqjvyhuvfklhexqjhq/
zhofkh gdv Ihog yhu}huuhq1 Ghu qxw}eduh Ehuhlfk yhuulqjhuw lq ghu Sud{lv gdkhu xp fd1
Idnwru 5 elv 61 Zhlwhuh Vfkzlhuljnhlwhq ehvwhkhq ehl ghu Hu}hxjxqj yrq Ndoleulhuihoghuq
nohlqhu Lqwhqvlwçw +}1 E1 43 T

6
, zhjhq ghu Ehhlq xvvxqj gxufk Iuhpgihoghu/ Rehuzhoohq

ghu Krfkvsdqqxqjvwudqvirupdwruhq xqg Vwùuxqjhq ghu Phvvxqj gxufk vwdwlvfkh Udxp0
odgxqjhq1

<15 Jhqdxljnhlw ghu Ndoleulhuhlqulfkwxqjhq

Glh Ihkohu ghu hohnwulvfkhq xqg pdjqhwlvfkhq Ndoleulhuhlqulfkwxqjhq zhughq lkuhu Qdwxu
qdfk hlqjhwhlow lq }xidoovehglqjwh +vwrfkdwlvfkh, Ihkohu xqg v|vwhpdwlvfkh Ihkohu1 ]xu
Ehvwlppxqj ghu Xqvlfkhukhlw plw hlqhu Yhuwudxhqvzdkuvfkhlqolfknhlw yrq <3 ( zxughq
glh Yhuwhloxqjhq ghu vwrfkdvwlvfkhq Sur}hvvh dov johlfkyhuwhlow rghu qrupdoyhuwhlow dssur{l0
plhuw1 I u hlqh euhlwh Nodvvh yrq Yhuwhloxqjhq jlow i u ghq Ihkohu { @ 4/9 j i u glh Yhuwudx0
hqvzdkuvfkhlqolfknhlw yrq <3 (1 Gdkhu g uihq xqwhu glhvhu Yrudxvvhw}xqj h{srqhqwlhooh
Yhuwhloxqjhq +}1 E1 Qrupdoyhuwhloxqj,/ Wudsh}0 rghu Guhlhfnvyhuwhloxqjhq dxi hlqidfkh
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Dee1 <16= olqnv= Ndoleulhuhlqulfkwxqj i u hohnwulvfkh Ihoghu +LHF;660Dqrugqxqj,= 4/8 p { 4/8
p Doxplqlxpsodwwhq plw hlqhu Vfkodjzhlwh yrq :8 fp> uhfkwv= hohnwulvfkh Guhlehlqihogvrqgh
}zlvfkhq ghq Sodwwhq lq Ndoleulhusrvlwlrq

Duw xqg Zhlvh dxidgglhuw zhughq xp glh Xqvlfkhukhlw x }x hukdowhq1 Glh Xqvlfkhukhlw
ghu ehwudfkhwhq Ndoleulhuhlqkhlw hujlew vlfk plw hlqhu Yhuwudxhqvzdkuvfkhlqolfknhlw yrq
<3 ( }x=
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plw ghq Txdqwlohq {�cR'fcb @O+�@fc b@
%RU
3"

�E% m>�( j� � _%, xqg {&cR'fcb ' O+
%RU
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CE% m@&( K& � _%
@ � @ fc b, plw ghp Oùvxqjvrshudwru O/ ghu jdx vfkhq Qrupdoyhuwhloxqj
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xqg ghu Johlfkyhuwhloxqj

CE% m@&( K& � '
�

�
K&3@&

i u @& � % � K&
3 i u % 	 @& rghu % : K&

� +<19,

Glh huvwh Vxpph lq Jo1 <17 dgglhuw glh Txdqwloh {fcb ghu qrupdoyhuwhlowhq Sur}hvvh plw ghp
Plwwhozhuw >� xqg ghu Yduldq} j�/ ghu }zhlwh glh Txdqwloh ghu johlfkyhuwhlowhq Sur}hvvh/
glh lq ghq Lqwhuydoojuhq}hq d& xqg e& deodxihq1 Glh v|vwhpdwlvfkhq Ihkohu nùqqhq plwwhov
hlqhu hlqidfkhq dojheudlvfkhq Dgglwlrq ehu fnvlfkwljw zhughq=
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Dee1 <17= Olqnv= Çtxlsrwhqwldoolqlhq i u hlq hehqhv Sodwwhqihog plw v|pphwulvfkhu Vshlvxqj +Er0
ghq jhhughw,> uhfkwv= Krprjhqlwçwvehuhlfk hlqhu hehqhq Sodwwhqdqrugqxqj plw v|pphwulvfkhu
Vshlvxqj +Devwdqg ghu Olqlhq 5 (,

<1514 Jhqdxljnhlw ghu Pdjqhwihogndoleulhuxqj

]xu Devfkçw}xqj ghu Ndoleulhuxqjvjhqdxljnhlw vlqg lq ghu Wdehooh <14 pùjolfkh Ihkohuxu0
vdfkhq plw lkuhq uhodwlyhq Xqvlfkhukhlwhq dxijhi kuw1 Glh Ph xqvlfkhukhlw ghu Ndoleulh0
uxqj zlug lp zhvhqwolfkhq gxufk glh Xqvlfkhukhlw ghu Vwurpphvvxqj/ glh Dxvulfkwxqj }xu
pdjqhwlvfkhq Kdxswdfkvh xqg Iuhpgihoghlq vvhq ghwhuplqlhuw1 Juù huh Vfkzdqnxqjhq
ghu Oderuwhpshudwxu +}1 E1 gxufk W uù�qxqjhq zçkuhqg ghu Ndoleulhuxqj, p vvhq yhu0
plhghq zhughq/ xp glh Vsxoh qlfkw dxv ghp wkhuplvfkhq Johlfkjhzlfkw }x eulqjhq1 Zlug
glh Ndoleulhudqrugqxqj lp wkhuplvfkhq Johlfkjhzlfkw ehwulhehq xqg ghu Vwurp qdfkjh0
uhjhow/ vr ndqq hlqh Ndoleulhuxqj plw hlqhu Jhqdxljnhlw yrq 3/7 ( ehl hlqhu Yhuwudxhqv0
zdkuvfkhlqolfknhlw yrq <3 ( gxufkjhi kuw zhughq1 ]xu Huplwwoxqj ghu Yduldq} j i u glh
Qrupdoyhuwhloxqj zxugh glh uhodwlyh Xqvlfkhukhlw dxv Wde1 <14 gxufk 6 jhwhlow +> 	 �j
hqwvsuhfkhq ehl hlqhu Qrupdoyhuwhloxqj <</:6 ( ghu Jhvdpw çfkh,1
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Ihkohutxhooh
Devroxwhu Zhuw
xqg Vwuhxehuhlfk

Lqwhuydoo xqg Nodvvl�}lhuxqj
ghu uhodwlyhq Xqvlfkhukhlw

Johlfkvwurpvsxohqnrqvwdqwh
ghv Vsxohqv|vwhpv
+SWE0Ndoleulhuxqj,

&5f '

E�eDc HD 	 fc 2� >A
�

� 2 � �f3e
+vwrfkdvwlvfk/ qrupdoyhuwhlow,

Yhuçqghuxqj ghu Vsxohq0
nrqvwdqwh ehl Zhfkvhovwurp
+i @ 533 K},

&/ ' &5Es'2ff�
&5f

' �c ffffS

� n. � �f3D +ehl 533 K}
yhuqdfkoç ljeduhu v|vwhpd0
wlvfkhu Ihkohu,

Xqvlfkhukhlw ghu Vwurpphvvxqj 4 D 	 8 pD
� . � �f3�
+vwrfkdvwlvfk/ qrupdoyhuwhlow,

Whpshudwxuhlq x dxi Vwurp0
phvvxqj

2ef� 	 �f�
}zlvfkhq 4;fxqg 5;fF
lq Xqvlfkhukhlw ghu
Vwurpphvvxqj hqwkdowhq

Whpshudwxuhlq x dxi Vsxoh
Ek��ci'2ff ' �c b � �f3�g3�� 2ef� 	 �f�

� e � �f3�
+vwrfkdvwlvfk/ qrupdoyhuwhlow,

Xpjhexqjvihoghu xqg gxufk
Ohlvwxqjvyhuvwçunhu hu}hxjwh
Iox glfkwhq lqno1 Rehuzhoohq

�Df ' ;7 qW	 DI
��Df ' 8: qW	 DI
�2Df ' 48 qW	 DI
��Df ' 47 qW	 DI
�eDf ' 48 qW	 DI

� b � �f3e
+vwrfkdvwlvfk/ johlfkyhuwhlow,

d{ldoh Ihoglqkrprjhqlwçw �5 �5 '
�53�f

�f

� H�2S � �f3e
+v|vwhpdwlvfk,

udgldoh Ihoglqkrprjhqlwçw �o �o '
�o
�f

� 2�De � �f3e
+v|vwhpdwlvfk,

uho1 Ihxfkwh �DI 	 2I
qlfkw ph edu
+yhuqdfkoçvvljw,

Dxvulfkwxqj ghu Dfkvhq 	 �f
� 2 � �f3e
+vwrfkdvwlvfk/ qrupdoyhuwhlow,

Srvlwlrqlhuxqj ghv Su  lqjv 	 4 pp
� � � �f3�
+vwrfkdvwlvfk/ qrupdoyhuwhlow,

Wde1 <14= Xqvlfkhukhlwhq ghu pdjqhwlvfkhq Ndoleulhuhlqulfkwxqj

<1515 Jhqdxljnhlw ghu hohnwulvfkhq Ndoleulhudqrugqxqj

Glh LHF0Qrup ^5` qhqqw dov Xqvlfkhukhlw ghu Ndoleulhuxqj 	� I yrudxvjhvhw}w/ gd glh
gldjrqdoh Vrqghqdephvvxqj � 56 fp lvw1 Glh juù wh Ihkohuxuvdfkh xqg Xqvlfkhukhlw
eloghw ghu Qçkhuxqjvh�hnw +Sur{lplw| h�hfw,1 Glhvhu hqwvwhkw gxufk Yhuvfklhexqj ghu
hlqjhi kuwhq Vrqgh jhjhq hlqh ghu ehlghq Sodwwhq ehu hlqh U fnzlunxqj ghv Vhqvruv plw
ghq Ndoleulhusodwwhq1 Eh�qghw vlfk glh Vrqgh lqqhukdoe hlqhv Txdghuv plw ghu Ndqwhqoçq0
jh yrq 53 fp/ vr ehwuçjw ghu uhodwlyh Ihkohu gxufk ghq Qçkhuxqjvh�hnw ehuhlwv elv }x 4/<
(1 ]xu Devfkçw}xqj ghu Jhqdxljnhlw glhvhu hlqidfkhq Sodwwhqdqrugqxqj vlqg }dkouhlfkh
Sdudphwhu }x ehu fnvlfkwljhq1 Dov Hujheqlv hlqhu Xqvlfkhukhlwvdevfkçw}xqj qdfk Jo <17
plw ghq Sdudphwhuq lq Wde1 <15 hujlew vlfk lqqhukdoe hlqhv Z uihov plw ghu Ndqwhqoçq0
jh 43 fp hlqh Xqvlfkhukhlw ghu Ndoleulhuxqj yrq E�	 fc S� (1 Lq glhvhu Uhfkqxqj qlfkw
ehu fnvlfkwljw zxughq mhgrfk Ihogyhu}huuxqjhq yrq Vwdwlykdowhuxqjhq xqg Dxikçqjxq0
jhq dxv Nxqvwvwr� +0o ' 2���S, xqg Kro}1 Zlug glhv lq Ehwudfkw jh}rjhq/ vr olhjw ehl
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vrujiçowljhu Dxvulfkwxqj ghv Su  lqjv hlqh Jhqdxljnhlw yrq plqghvwhqv 	 5 ( yru1

Ihkohutxhooh
Devroxwhu Zhuw
xqg Vwuhxehuhlfk

Lqwhuydoo ghv uhodwlyhq Ihk0
ohuv xqg Nodvvl�}lhuxqj ghu
Xqvlfkhukhlw

Xqvlfkhukhlw ghv Sursruwlrq0
dolwçwvidnwruv ghu LHF;660
Dqrugqxqj +.f ' & � L

_
�

n@3/<<9<	 3/334
	 � � �f3�
+vwrfkdvwlfk/ johlfkyhuwhlow,

Wudqvyhuvdoh Lqkrprjhqlwçw
k+ @

.E+�3.f

.f

( rkqh Vrqgh
�+E|@	 43 fp,

E��c �	 �c �� � �f3�
+vwrfkdvwlvfk/ qrupdoyhuwhlow,

Orqjlwxglqdoh Lqkrprjhqlwçw
k%@

.E%�3.f

.f

( rkqh Vrqgh

�%E{ @	 8 fp,
�%+{ @	 43 fp,
�%E{@	 53 fp,

E�fc D	 f�D� � �f3�
E�fc H	 f�H� � �f3�
E��c H	 �c H� � �f3�
+vwrfkdvwlvfk/ qrupdoyhuwhlow,

Dqqçkhuxqjvh�hnw ghu Vrqgh
+Sur{lplw|0H�hfw,

>4@ @ 56 fp
n� � �f32
+v|vwhpdwlvfk,

Jhhughwhu Erghq dxi gdv
]hqwudoihog

Devwdqg @ 83 fp
�2 � �f3e
+v|vwhpdwlvfkhu Ihkohu,

]zhl jhhughwh Zçqgh
xqg hlqh Ghfnh

Devwdqg @ 4 p
�� � �f3e
+v|vwhpdwlvfkhu Ihkohu,

Xqvlfkhukhlw ghu
Vsdqqxqjvphvvxqj

3/8333Y	 433 >Y
	. � �f3�
+vwrfkdvwlvfk/ qrupdoyhuwhlow,

Whpshudwxuhlq x dxi
Vsdqqxqjvphvvxqj

2ef� 	 �f�
}zlvfkhq 4;fxqg 5;fF
lq Xqvlfkhukhlw ghu Vsdq0
qxqjvphvvxqj hqwkdowhq

Vwùuihoghu gxufk Lqvwdoodwlrq
+Olfkw/ Krfkvsdqqxqjv0
wudqvirupdwruhq/ ]xohl0
wxqjhq111,

rkqh Wudir= � � T
6

Vwùuihoghu lp Plwwho0
snw1 ehl Wudirehwulhe
plw=
318 &Tess92ff K}=
.Df ' �c e T

6

.�ff ' 2c . T
6

.:2ff � 2c S T
6

rkqh Wudir= 	 �c D � �f3�
Vwùuihoghu lp Plwwhosnw1
ehl Wudirehwulhe plw
318 &Tess92ff K}=
Df K}= 	 2 � �f3�
�ff K}= 	 e � �f3�
: 2ff K}=	 e � �f3�
+vwrfkdvwlvfk/ dufvlq0yhuwhlow>
dov johlfkyhuwhlow dssur{lplhuw,

Hlq x ghu uho1 Oxiwihxfkwh 2fI 	 2I
qlfkw ph edu
+yhuqdfkoçvvljw,

Dxvulfkwxqj ghu Dfkvhq 	 2f
	2c e � �f3�
+vwrfkdvwlvfk/ qrupdoyhuwhlow,

Srvlwlrqlhuxqj ghv Su  lqjv 	 4 fp
� 	2 � �f3�
+vwrfkdvwlvfk/ qrupdoyhuwhlow,

Wde1 <15= Xqvlfkhukhlwhq ghu hohnwulvfkhq Ndoleulhuhlqulfkwxqj
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<16 Ndoleulhuhujheqlvvh

<1614 Ndoleulhuidnwruhq ghu Pdjqhwihogvhqvruhq

Glh Yrujhkhqvzhlvh hlqhu Ndoleulhuxqj ehvwhkw }xqçfkvw lq hlqhp Yrudejohlfk ghu Kdug0
zduh gxufk Hlqi jhq }xvçw}olfkhu Vhulhq0 xqg Sdudoohozlghuvwçqgh dxv ghu H570Uhlkh lq
glh Dqdorjyhuvwçunhuvfkdowxqj dq gdi u yrujhvhkhq Vwhoohq1 Ghu ]zhfn hlqhv Yrudejohlfkv
ehl Yhuzhqgxqj ghu johlfkhq Vsxoh ehvwhkw gdulq/ glh Wrohudq}xqwhuvfklhgh ghu dqdorjhq
Yhuvwçunhundqçohq }x holplqlhuhq1 Gd glh dp huvwhq Surwrw|s huplwwhowhq Zhuwh i u glh
qçfkvwhq Surwrw|shq ehuqrpphq zhughq nrqqwhq/ ehvwçwljw glh Pùjolfknhlw ghq Yrude0
johlfk ehuhlwv ehl ghu Ehvw fnxqj }x huohgljhq1 Qxq irojw glh hljhqwolfkh Ndoleulhuxqj/ g1
k1 ghu Yhujohlfk ghu Lvw x glfkwh ��?5e�}ecb plw ghu Vroo x glfkwh �fcb xqg glh Huplww0
oxqj ghv Ndoleulhuidnwruv +Nruuhnwxuidnwru,1 Glhvhu Ndoleulhuidnwru &b oç w vlfk dxv ghp
nrqvwdqwjhkdowhqhq Vsxohqvwurp L/ ghp Johlfkvwurpvsxohqidnwru ghv Khopkrow}vsxohqv|0
vwhpv n7R xqg ghp Nruuhnwxuidnwru i u Zhfkvhovwuùph n/ ehvwlpphq=

&b '
�fcb

��?5e�}ecb

'
&7R&/U

��?5e�}ecb

+<1;,

Ghu huplwwhowh Ndoleulhuidnwru zlug qxq shu Vriwzduh lq ghq Gdwhqorjjhu dov Nruuhnwxu0
idnwru lq ghq IODVK0Vshlfkhu dejhohjw1 Ghu }xn qiwljh Dq}hljhzhuw ehu fnvlfkwljw yrq
qxq dq glhvhq Idnwru1 Glh Idnwruhq ghu huvwhq guhl Surwrw|shq vlqg lq Wdehooh <16 dxijh0
olvwhw1 Gd dooh Idnwruhq nohlqhu dov hlqv vlqg/ ehghxwhw glhv/ gd lq ghq Vhqvruvsxohq hlqh
hwzdv juù huh Vsdqqxqj lqgx}lhuw zlug dov ehuhfkqhw zxugh +nrqvhuydwlyh Glphqvlrqlh0
uxqj,1 Glh Vsxohq nùqqwhq }xn qiwlj plw hwzdv jhulqjhuhq Zlqgxqjvdq}dko dxvjhi kuw
zhughq1 Glh Dxvvfkùsixqj glhvhu Uhvhuyh z ugh vlfk }xvçw}olfk eh} jolfk ghu sdudvlwçuhq
Hljhqvfkdiwhq ghv Dxiqhkphuv +}1 E1 Uhvrqdq}iuhtxhq}/ Nrssoxqjhq, srvlwly dxvzlunhq1
Zhlwhuklq ndqq hlq Idnwruhqyhujohlfk ghu Surwrw|shq xqwhuhlqdqghu +yhuwlndohu Yhujohlfk,
ghuduw lqwhusuhwlhuw zhughq/ gd glh Vhulhqvwuhxxqjhq uhodwly j qvwlj vlqg1 Ghu klqwhu ghq
Ndoleulhuidnwruhq dqjhjhehqh uhodwlyh Ihkohu uhvxowlhuw dxv huqhxwhq Nrqwuroophvvxqjhq
lq ghu Ndoleulhuhlqkhlw qdfk ghu yrujhqrpphqhu Ndoleulhuxqj1 Lvw glhvhu Ihkohu nohlqhu
rghu johlfk zlh ghu lp nrpphqghq Devfkqlww dejhvfkçw}wh Jhvdpwihkohu yrq 3/7 (/ vr
lvw glh Ndoleulhuxqj plw hlqhu krkhq Zdkuvfkhlqolfknhlw huirojuhlfk yhuodxihq1 Gdv Ndol0
eulhugdwxp zxugh }xu Ehredfkwxqj yrq Dowhuxqjvwuhqgv i u }xn qiwljh Zlhghukroxqjv0
ndoleulhuxqjhq ihvwjhkdowhq1 Hlqh ylhuwho0 elv kdoemçkuolfkh Ndoleulhuxqj zlug hpsirkohq1

Surwrw|s 4 Ihkohu Surwrw|s 5 Ihkohu Surwrw|s 6 Ihkohu
E0Ihogvhqvru n% 3/<;8 3/73( 3/<7: 3/4;( 3/<53 3/:3(
lp 71 Ph 0 n+ 3/:7: 3/49( 3/:85 3/56( 3/::5 3/93(
ehuhlfk n5 3/;54 3/38( 3/;79 3/45( 3/:;6 3/5;(
Ndoleulhu0
gdwxp=

e�2�bH D�2�bH D�2�bH

Wde1 <16= Ndoleulhuidnwruhq xqg yhueohlehqgh Xqvlfkhukhlw ghu Surwrw|snohlqvhulh

Glh Vriwzduh ghv Gdwhqorjjhuv huodxew/ dgglwlyh xqg pxowlsolndwlyh Nruuhnwxuidnwruhq i u
mhghq Ph ehuhlfk lq ghq qlfkw fkwljhq Vshlfkhu +IODVK0Vshlfkhu, }x ehuwudjhq1 Xp
glh Vwuhxxqjhq }zlvfkhq ghq Ph ehuhlfkhq }x xqwhuvxfkhq/ zxughq dooh Ph ehuhlfkh hlq0
}hoq ndoleulhuw1 Glh Hujheqlvvh vlqg i u ghq huvwhq Surwrw|s lq Wdehooh <17 hlqjhwudjhq1
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Hlq Yhujohlfk ghu Ndoleulhuidnwruhq }zlvfkhq ghq hlq}hoqhq Ph ehuhlfkhq }hljw glh Qrw0
zhqgljnhlw hlqhv vrofkhq Yrujhkhqv/ gd dqvrqvwhq Ph ihkohu elv 47( uhvxowlhuhq z ughq1

Ph ehuhlfk= :07 6 5 > pd{1 Ihkohu
E0Ihogvhqvruhq n% 3/<;8 3/<<3 3/<75 3/<:5 6 (
ghv Vhqvrunrsi 4 n+ 3/:7: 3/;39 3/97; 3/:68 44 (

n5 3/;54 3/;6: 3/999 3/::8 47 (
Ndoleulhu0
gdwxp=

9151<; 9151<; 9151<;

Wde1 <17= Vwuhxxqj ghu Ndoleulhuidnwruhq }zlvfkhq ghq yhuvfklhghqhq Ph ehuhlfkhq

<1615 Ndoleulhuidnwruhq ghv hohnwulvfkhq Ihogvhqvruv

Zlhghu zxugh yru ghu hljhqwolfkhq Ihogndoleulhuxqj hlq Yrudejohlfk ghu Dqdorjhohnwurqln
gxufkjhi kuw1 Gd xqvruwlhuwh Nrqghqvdwruhq ehndqqwolfk hlqh jur h Wrohudq} +8 elv 43 (,
dxizhlvhq/ lvw glhvhu Yrudejohlfk plw ghu Vwurphlqvshlvhphwkrgh xqehglqjw hpsihkohqv0
zhuw1 Lq hlqhp zhlwhuhq Vfkulww zlug glh Ndoleulhuxqj lp Ihog gxufkjhi kuw1 Dekçqjlj
yrq ghp Yhukçowqlv Vfkodjzhlwh z }x Ndqwhqoçqjh O zhlfkw gdv ]hqwudoihog Hf hlqhu Sodw0
whqdqrugxqj zhjhq ghq Udqgyhu}huuxqjhq ghv Nrqghqvdwruv yrq H @ L

_
de1 I u hlqh

v|pphwulvfkh LHF;660Sodwwhqdqrugqxqj plw hlqhp Vfkodjzhlwh0Ndqwhqoçqjhqyhukçowqlv
yrq �

u
' fc 2D hujlew vlfk qdfk qxphulvfkhq Ihogehuhfkqxqjhq/ glh plw hlqhu Jhqdxljnhlw

yrq 3/4 ( gxufkjhi kuw zxughq ^8`/ gdv ]hqwudoihog }x

.f ' & � L
_

+<1<,

plw ghu Nrqvwdqwh n @ 3/<<9<1 Qdfk Dxvulfkwxqj ghv Guhlehlqvhqvruv dxi vhlqh pd{lpdoh
Vhqvlwlylwçw/ g1 k1 lq jhqhljwhu Srvlwlrqlhuxqj lp ]hqwudoihog zlug hlq Lvw0 xqg Vroo0
zhuwyhujohlfk gxufkjhi kuw xqg glh Nruuhnwxuidnwruhq ehvwlppw1 Glh Hujheqlvvh glhvhu
Ndoleulhuxqj vlqg lq Wde1 <18 }xvdpphqjhvwhoow1

Surwrw|s 4 Surwrw|s 5 Surwrw|s 6
H0Ihogvhqvru= n% 4/3;7 4/3<6 4/437
+Ph ehuhlfk 6/ n+ 4/36< 4/378 4/395
i@533 K}/ 833 Tess , n5 4/35< 4/368 4/356
Ndoleulhu0
gdwxp=

4<151<; 44151<; <161<;

Wde1 <18= Ndoleulhuidnwruhq ghu H0Ihogvhqvruhq

Ghu Wdehooh <19 ndqq hqwqrpphq zhughq/ gd glh Ndoleulhuidnwruhq lq ghq yhuvfklhgh0
qhq Ph ehuhlfkhq Dezhlfkxqjhq dxizhlvhq/ zhofkh gxufk hlqh ehuhlfkvzhlvh Nruuhnwxu
plqlplhuw zhughq nùqqhq1 Z ugh dxi hlqh vrofkh ehuhlfkvzhlvh Ndoleulhuxqj lp Ihog
yhu}lfkwhw/ zçuhq wurw} Yrudejohlfk Ihkohu elv fd1 < ( glh Irojh1 Glh Ndoleulhuidnwruhq
lp nohlqvwhq Ph ehuhlfk +Ph ehuhlfk 4, zxughq yrp Ph ehuhlfk 5 ehuqrpphq/ gd zh0
jhq ghu Xpjhexqjvihoghu yrq 4 elv 5 T

6
lqqhukdoe ghu r�hqhq Sodwwhqdqrugqxqj nhlqh

hlqzdqgiuhlh Ihogndoleulhuxqj phku pùjolfk lvw1
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Ph ehuhlfk= 8 7 6 5 4 >D32 pd{1 Ihkohu
H0Ihogvhqvruhq n% 4/3;9 4/34: 4/3;7 3/<9; 3/<9; 4/36< 9/; (
ghv Vhqvru0 n+ 4/374 3/<;6 4/36< 3/;84 3/;84 3/<:< 9/4 (
nrsiv 4 n5 3/<<8 4/36; 4/35< 3/:85 3/:85 3/<87 ;/< (
Ndoleulhu0
gdwxp=

4<151<; 4<151<; 4<151<; 4<151<;

Wde1 <19= Ndoleulhuidnwruhq lq ghq yhuvfklhghqhq Ph ehuhlfkhq
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Olwhudwxu

^4` Edkphlhu J1 +4<<7, Ihogvrqghq i u Ndoleulhu}zhfnh }xu Ehvwlppxqj yrq Ehwudj xqg Ulfk0
wxqj ghu hohnwulvfkhq Ihogvwçunh/ Iruwvfkulww0Ehuhlfkwh YGL= Uhlkh ;> Qu1 76;/ G vvhogrui

^5` FHL LHF ;660Qrup +4<;:, Phdvxuhphqw ri srzhu0iuhtxhqf| hohfwulf �hogv/ Exuhdx Fhqwudo
gh od Frpplvvlrq Hohfwurwhfkqltxh Lqwhuqdwlrqdoh/ Jhqëyh/ Vxlvvh

^6` Kxehu H1/ Xuedq P1 +4<<8, Khopkrow}vsxohq }xu Ndoleulhuxqj yrq Pdjqhwihogvhqvruhq/ Zlv0
vhqvfkdiwolfkh Ehulfkwh I]ND8976/ Iruvfkxqjv}hqwuxp Nduovuxkh

^7` Kxehu H1/ Xuedq P1/ Nùkohu Z1 +4<<9, Ndoleulhuv|vwhph i u qlhghuiuhtxhqwh hohnwulvfkh
xqg pdjqhwlvfkh Ihoghu/ lq= Vfkphhu +Kuvj1, Hohnwurpdjqhwlvfkh Yhuwuçjolfknhlw +HPY <9,/
YGH0Yhuodj/ Ehuolq/ R�hqedfk/ V1 :;<0:<<

^8` Wdnxpd W1 hw do1 +4<;8, Dqdo|vlv ri fdoleudwlrq duudjhphqwv iru df �hog vwuhqjwk phwhuv/
LHHH Wudqvdfwlrqv rq Srzhu Dssdudwxv dqg V|vwhpv/ Yro1 SDV0437/ Qr1 5/ s1 7;<07<8

^9` Zh|dqg N1 +4<<8, Su iehulfkw 0 Guhldfkvljhv Khopkrow}vsxohqv|vwhp +KHVS:046;<2<8>
SWE4147045;392<8,/ Sk|vlndolvfk 0 Whfkqlvfkh Exqghvdqvwdow +SWE, Eudxqvfkzhlj
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43 Whfkqlvfkh Gdwhq xqg Ph ihk0
ohuehvwlppxqj +Ihkohudqdo|vh,

I u glh Fkdudnwhulvlhuxqj xqg Ph ihkohuehvwlppxqj ghv yruolhjhqghq Ph v|vwhpv zxu0
ghq }xqçfkvw dooh zhvhqwolfkhq Hlq x juù hq xqwhuvxfkw1 Eh} jolfk ghu Xqwhuvxfkxqj
ghu Hlq x juù hq zxugh ghu ph whfkqlvfkhq Yrujhkhqvzhlvh jhjhq ehu ghu wkhruhwlvfkhq
Ehkdqgoxqj rghu hlqhu Vlpxodwlrq ghq Yru}xj jhjhehq1 Ghu Juxqg ehvwhkw gdulq/ gd
lq ghu Sud{lv lpphu glh Pùjolfknhlw ehvwhkw/ gd hlqh Xqehndqqwh ghv nrpsoh{hq V|0
vwhpv lq Huvfkhlqxqj wulww/ glh lq hlqhu Prghoodqqdkph xqehu fnvlfkwljw jheolhehq zçuh1
Glh Hlq x sdudphwhu p vvhq plqghvwhqv lqqhukdoe ghumhqljhq Juhq}hq ydullhuw zhughq/
glh ghq uhdohq Hlqvdw}ehglqjxqjhq ghv Jhuçwhv hqwvsuhfkhq +yjo1 Dqirughuxqjvsur�o dxi
Ndslwho 515/ V1 45 �,1 Glh juxqgvçw}olfkh Phwkrgln ghu klhvljhq Ihkohudqdo|vh ehvwhkw
gdulq/ }xqçfkvw gdv nrpsohwwh Jhuçw qxu hlqhp hlq}ljhq Hlq x sdudphwhu +glh dqghuhq
vroowhq pùjolfkw nrqvwdqw jhkdowhq zhughq, dxv}xvhw}hq xqg glh Hqgdq}hljh }x ehredfk0
whq1 Idoov hlq jur hu Hlq x ghu xqwhuvxfkwhq sk|vlndolvfkhq Juù h ihvwjhvwhoow zlug/ px
gxufk H{srvlwlrq ghu xqwhujhrugqhwhq V|vwhpnrpsrqhqwhq yhuvxfkw zhughq/ glh vhqvlwly0
vwhq Sxqnwh }x orndolvlhuhq +�Wrs0grzq�0Yrujhkhqvzhlvh,1 ]xu zhlwhuhq Ehkdqgoxqj ghu
Ph ihkohu huirojw hlqh Hlqwhloxqj lq v|vwhpdwlvfkh xqg }xiçooljh Ihkohu/ lq nruuljlhueduh
xqg qlfkw plw yhuwuhweduhp Dxizdqg nruuljlhueduh Ihkohu1 Dooh yhueohlehqghq Ihkohu/ glh
gxufk hlqh Ndoleulhuxqj qlfkw nruuljlhuw zhughq nùqqhq/ g1 k1 dooh qlfkw huid eduh v|0
vwhpdwlvfkh xqg }xiçooljh Ihkohu/ jhkhq lq glh Ph xqvlfkhukhlw ghv Ph jhuçwhv plw hlq1
Glh ohw}wjhqdqqwhq Ihkohuw|shq eloghq glh Juxqgodjh i u hlqh xpidvvhqghuh phwurorjlvfkh
Ihkohudqdo|vh1 Hlqh vrofkh phwurorjlvfkh Dqdo|vh olhihuw qhehq ghu Ph xqvlfkhukhlw dxfk
glh }x huzduwhqghq vwdwlvwlvfkhq Yhuwhloxqjhq xqg Yhuwudxhqvlqwhuydooh1

4314 Hujheqlvvh ghu xqwhuvxfkwhq Hlq x juù hq

Qdkh}x dooh xqwhuvxfkwhq Hlq x juù hq zxughq mhzhlov i u ghq hohnwulvfkhq xqg ghq pd0
jqhwlvfkhq Ndqdo jhwuhqqw xqwhuvxfkw/ mhgrfk qdfk Pùjolfknhlw lpphu plw ghu jhvdpwhq
Dqrugqxqj1

431414 Hlq vvh dxi glh H0Ihogph hlqulfkwxqj

43141414 Whpshudwxuhlq x =

Lq hlqhp Whpshudwxuvfkudqn +Id1 Nùwwhupdqq, zxugh ghu Whpshudwxuhlq x dxi glh
jhvdpwh Vhqvru0 xqg Dqdorjhohnwurqln }zlvfkhq 04;/3fF xqg 83/3f F xqwhuvxfkw1 Ghu uh0
odwlyh Whpshudwxuihkohu ghu jhvdpwhq Vfkdowxqj lqnoxvvlyh ndsd}lwlyhp Vhqvru ehwuçjw lp
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Ehuhlfk yrq 043J elv 83J� ehl prghudwhu Whpshudwxuçqghuxqj 	��DI1 Hlqh Xuvdfkhqdqd0
o|vh hujde hlqh GF0Guliw +R�vhwguliw, plw ghq Whpshudwxunrh!}lhqwhq yrq kJssre|i'3�fJ����fJ�

@ 616��f3Dg3� lp Ehuhlfk yrq 043f� elv .43f� xqg kJssre|i'�fJ���efJ� '05��f3eg3� i u 43f�
elv 73f�� Ehghxwhqg vwçunhu zlunw vlfk ghu Whphusdwxuhlq x dxi glh Vhqvrundsd}lwçw dxv
lp nohlqvwhq Ph ehuhlfk dxv1 Gdv Hujheqlv glhvhv Whpshudwxujdqjv ghu Vhqvrundsd}lwçw
lvw lq Deelogxqj 4314 }x vhkhq1 Xp ehl glhvhu Phvvxqj ghq Hlq x ghu uhodwlyhq Oxiw0
ihxfkwh ko }x plqlplhuhq/ zxugh ehl glhvhu Phvvxqj glh Oxiwihxfkwljnhlw qlhgulj xqg lq
hqjhq Vfkudqnhq +ko ' ; (	2I� jhkdowhq1 I u glh Vhqvrundsd}lwçw hujlew vlfk i u ghq
Ehuhlfk 043fF elv .83f� hlq Whpshudwxunrh!}lhqw yrq k7 ' 51:6��f3�g3�1 Hlqh juù huh
Uhdnwlrq zxugh ehl Whpshudwxuvsu qjhq xqg krkhq Whpshudwxujudglhqwhq ihvwjhvwhoow1
Gd lq ghu Sud{lv vrofkh Whpshudwxuvsu qjh gxufkdxv dxiwuhwhq nùqqhq/ ehlvslhovzhlvh
ehlp Zhfkvho yrq vwdun ehkhl}whq }x xqehkhl}whq Uçxphq/ zxughq plw Nçowhvsud| +or0
ndo elv 083f� huuhlfkedu , dxvjhkhqg yrq Udxpwhpshudwxu +56f�, Whpshudwxuvw u}h yrq
{A ' �f elv 53 N yhuxuvdfkw1 Ghu uhodwlyh Ihkohu ehwuxj zçkuhqg vrofkhu Whpshudwxu0
vfkrfnv fd1 	�f 1��	�D (1 Qdfk Dxvoùvhq ghv Vfkrfnv zxugh gdv Hlqvfkzlqjyhukdowhq elv
}xu U fnnhku lq glh Qrupdoodjh ehredfkwhw1 Glhvh ]hlw ehwuxj lp plwwohuhq Ph ehuhlfk
+Ph ehuhlfk 6, xqjhiçku 6 Plqxwhq1
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Dee1 4314= Whpshudwxuhlq x dxi glh Vhqvrundsd}lwçw

43141415 Uhodwlyh Oxiwihxfkwh=

]xu Xqwhuvxfkxqj ghv Ihxfkwhhlq xvvhv dxi gdv Ph hujheqlv ehl hohnwulvfkhq Ihogphvvxq0
jhq zxugh }xqçfkvw glh Vhqvrundssh hlqhu uhodwlyhq Oxiwihxfkwh yrq 5; elv <8 ( dxvjh0
vhw}w1 Huvwh Phvvxqjhq plw hlqhu xqjhvfk w}whq Vhqvru çfkh hujdehq xqdn}hswdeho krkh
Dezhlfkxqjhq ehl Oxiwihxfkwljnhlwhq ehu 93 (1 ]xp Vfkxw} jhjhq Ihxfkwh xqg Vfkpxw}
zxugh qxq glh çx huh Vhqvru çfkh plw hlqhu g qqhq Nxqvwvwr"dfnvfklfkw ehu}rjhq xqg
glh Phvvxqjhq huqhxw zlhghukrow1 Hlq vs ueduhu Hlq x glhvhu g qqhq Nxqvwvwr"dfn0
vfklfkw dxi glh Vhqvlwlylwçw ghv Vhqvruv eh} jolfk ghv hohnwulvfkhq Ihoghv nrqqwh gxufk hlqh
Yhujohlfkvphvvxqj yru0 xqg qdfk ghp ßehu}xj qlfkw ihvwjhvwhoow zhughq1 Glh Dekçqjlj0
nhlw ghu xqjhvfk w}whq xqg plw Nxqvwvwr�vsu kodfn hlq0 xqg grsshowvhlwlj ehvfklfkwhwh
Vhqvruvndsd}lwçw lvw lq Dee1 4315 }x vhkhq1
Gd glh Ihxfkwhdekçqjljnhlw ghu Vhqvrundsd}lwçw lq ghq }zhl nohlqvwhq Ph ehuhlfkhq yroo
lq glh Ph xqvlfkhukhlw hlqjhkw/ lvw hv qrwzhqglj/ glh Vhqvrundsd}lwçw plw hlqhu zdvvhuxq0
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Regressionskurven 
(Polynom 3. Ordnung)

Feuchteeinfluß  auf die Sensorkapazität

b0=36.813
b1=0,187
b2=-3,782e-3
b3=2,969e-5

Temperatur T=24   Co 
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Dee1 4315= Hlq x ghu uhodwlyhq Oxiwihxfkwljnhlw dxi glh Vhqvrundsd}lwçw1

gxufkoçvvljhq Vfklfkw }x vfk w}hq1 Lq ghq juù huhq Ph ehuhlfkhq jhkw glh Ihxfkwhdekçq0
jljnhlw ghu Vhqvrundsd}lwçw qxu }x hlqhp Euxfkwhlo + �

�f
c �
�ff

c �
�fff

� hlq/ gd hlqh Hlqjdqjvnd0
sd}lwçw klq}xjhvfkdowhw zlug1
]xu Xqwhuvxfkxqj ghv jhvdpwhq H0Ihogndqdov zxugh ghp ndsd}lwlyhq Vhqvru hlq hlqjh0
suçjwhu Vwurp lqml}lhuw +vlhkh klhu}x Vfkdowelog lq Dee1 4316,1 Plw ghu Vwurplqmhnwlrqv0
phwkrgh ndqq hlqh nrqvwdqwh hohnwulvfkh Yhuvfklhexqjvglfkwh G vlpxolhuw zhughq=

( ' 0f. '
'

�
' SJ?r| +4314,

L7 E�� '
'

�7 E�� n �. E��
'

�

�7 E�� n �. E��

|6]
f

�E|�_| +4315,

L7E�c / ' SJ?r|� '
�

�7 E�� n �. E��

U

/�~}�
'SJ?r|

+4316,

Glh Ihxfkwh kdwwh qlfkw qxu hlqhq Hlq x dxi glh Vhqvru0 xqg Hlqjdqjvndsd}lwçwhq/ vrq0
ghuq ehzlunwh hehqidoov hlqh Johlfkvsdqqxqjvguliw +GF0R�vhw, ghu Dqdorjhohnwurqln1 Gd
glh Hohnwurqln plw xqv|pphwulvfkhu Ehwulhevvsdqqxqj duehlwhw/ ndqq gdv Guliwhq qlfkw
gxufk hlqhq Nrqghqvdwru lp Vljqdosidg zlunxqjvorv jhpdfkw zhughq1 Gdkhu zxugh glh
jhvdpwh Hohnwurqln Vfkulww i u Vfkulww khuphwlvfk yru ghp Hlqgulqjhq ghu Ihxfkwh jh0
vfk w}w1 Glh Zlunxqj ghu Ihxfkwh dxi ghq nrpsohwwhq H0Ihogndqdo xqg ghu Qxw}hq hlqhu
Khuphwlvlhuxqj ghu Hohnwurqln oç w vlfk jxw dqkdqg ghu Nhqqolqlhq lq Dee1 4317 hunhq0
qhq1Id}lw= Zlug glh Dqdorjhohnwurqln xqg ghu Vhqvrunrsi yru Hlqgulqjhq yrq Ihxfkwh
jhvfk w}w/ oç w vlfk ghu Ihxfkwhhlq x lp Ehuhlfk yrq 43 elv <3 ( uhodwlyhu Oxiwihxfkwh
xqwhu 	� I kdowhq1 Zlug glh uhodwlyh Oxiwihxfkwh nohlqhu ;3 ( jhkdowhq/ vr ndqq nhlq
Hlq x lq ghq jur hq Ph ehuhlfkhq uhjlvwulhuw zhughq1 Lq ghq }zhl hps�qgolfkvwhq Ph 0
ehuhlfkhq olhjw xqwhu glhvhu Ehglqjxqj ghu uhodwlyh Ph ihkohu xqwhu 	f�D (1
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43141416 Iuhtxhq}jdqj=

Ghu Iuhtxhq}jdqj ghv H0Ihogvhqvruv +Dee1 4318, zxugh hehqidoov plw ghu Phwkrgh ghu
Vwurplqmhnwlrq huplwwhow/ gd zhghu ghu nrpsohwwh Iuhtxhq}0/ qrfk ghu yrooh Dpsolwxghq0
ehuhlfk plw ghu dxijhedxwhq LHHH;660Dqrugqxqj +yjo1 Devfkqlww <18, dejhghfnw zhughq
ndqq1 Glh xqwhuh 6gE0Juhq}iuhtxhq} ehwuçjw 8 K} xqg glh rehuh 53 nK}1 Ghu Iuhtxhq}0
jçqj lvw lp Ehuhlfk yrq 53 K} elv 5 nK} lq doohq Ph ehuhlfkhq devroxw  dfk1 Xqwhukdoe
yrq 53 K} xqg rehukdoe yrq 5 nK} nrppw hv mhgrfk }x Dezhlfkxqjhq/ glh vlfk i u glh
rehuhq 7 Ph ehuhlfkh +Sdudoohondsd}lwçw yrukdqghq, lqqhukdoe ghv Lqwhuydoov yrq 43 K}
elv 43 nK} xqwhu 	ec b ( ehzhjhq1
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Dee1 4318= Iuhtxhq}jdqj hlqhv H0Ihogndqdov> Dq}hljh jhphvvhq plw Vwurphlqvshlvxqj/ rkqh
Vriwzduhihlqndoleulhuxqj

43141417 Vwdelolwçw

]xu Xqwhuvxfkxqj ghv Guliwyhukdowhqv zxugh glh xqv|pphwulvfkh Qxooodjhqvsdqqxqj +X�*2,
dp D2G0Zdqgohu ehu ; xqg 45 Vwxqghq lp 8 Vhnxqghqwdnw jhphvvhq1 Dov Hujheqlv hu0
jde vlfk lp Hlq}hoqhq=
; k= 8:93 Ph zhuwh/ pd{1 Dezhlfkxqj= 6/6 pYC56f�c �f I uho1 Oxiwihxfkwh/ Ph ehuhlfk
5 +zruvw fdvh,
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45 k= ;973 Ph zhuwh/ pd{1 Dezhlfkxqj= 3/9 pYC56f�c �f I uho1 Oxiwihxfkwh/ Ph eh0
uhlfk 5 +zruvw fdvh,

43141418 Udxvfkhq

Dov h�hnwlyh Udxvfkvsdqqxqj lp H0Ihogndqdo yru ghp D2G0Zdqgohu zxugh lp Ph eh0
uhlfk 5 +zruvw fdvh, 4:9 >T ehl hlqhu Whpshudwxu yrq 56f� xqg �f I uhodwlyh Oxiwihxfkwh
jhphvvhq1 Klhuehl ehwuçjw ghu Udxvfkdqwhlo ghv Q|txlvwudxvfkhqv xqjhiçku 73 elv ;3 >Y1
Ghu }hlwolfkh Yhuodxi ghv Udxvfkhqv ehu 45 Vwxqghq lvw lq Deelogxqj 4319 }x vhkhq1 Lq
glhvhu Deelogxqj lvw ihuqhu hlqh ohlfkwh srvlwlyh Guliw ghu Qxooodjh xqg hlq Hlqvfkzlqjhq }x
Ehjlqq ghv Ph yrujdqjv hunhqqedu1 Hlqh qçkhuh Xqwhuvxfkxqj ghv Hlqvfkzlqjyhukdowhqv
}hljwh/ gd glhvhv dxi glh Ph hlqulfkwxqj vhoevw }xu fnjhi kuw zhughq px xqg yrq ghu
Edwwhulhyhuvrujxqj ghu Dqdorjhohnwurqln khuyrujhuxihq zlug1 ]xu Ehxuwhloxqj ghu vshn0
wudohq ]xvdpphqvhw}xqj ghv Udxvfkhqv zxugh hlq Ohlvwxqjvvshnwuxp ghv H0Ihogndqdov
plw hlqhp Vshnwuxpdqdo|}hu +Vwdqgirug Uhvhdufk V|vwhp VU::3, jhphvvhq1 Gdv Vshn0
wuxp zhlvw hlq i u Kdoeohlwhuedxhohphqwh w|slvfkhq 42i0Yhuodxi lp Iuhtxhq}ehuhlfk 	 4
nK} dxi1

Dee1 4319= Xqwhuvxfkxqj ghv Udxvfkhqv dp D2G0Zdqgohu hlqhv H0Ihogndqdov lp Ph ehuhlfk 5
ehu 45 k ehl W@56fF> uho1 Oxiwihxfkwh k@ 63 (
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Dee1 431:= Klvwrjudpp ghv Udxvfkhqv xqg Qrupdoyhuwhloxqj plw ghu Vwdqgdugdezhlfkxqj � @
75�Yess xqg ghp Plwwhozhuw �@5/8379 Y1

Dee1 431;= Ohlvwxqjvglfkwhvshnwuxp ghv hohnwulvfkhq Ihogvhqvruv
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43141419 Ihuwljxqjvjhqdxljnhlw=

]xu Huplwwoxqj ihuwljxqjvehglqjwhu Vwuhxxqjhq ghu hohnwulvfkhq Ihogvhqvrusdudphwhu zxu0
ghq dq hlqhu Surwrw|snohlqvhulh glh Vhqvru0 xqg Vwuhxndsd}lwçwhq ghv Lvrodwlrqvvsdowhv plw
hlqhu gljlwdohq Suç}lvlrqvph eu fnh +Jhqudg 4<<5, jhphvvhq1 Hlq Yhujohlfk hlqhu Kdqg0
judyxuwhfkqln plw hlqhp plwwhov hlqhv ]lunhov hlqjhulw}whq Lvrodwlrqvvsdow hujlew gxufk ghq
euhlwhuhq Vsdow ghxwolfk qlhguljhuh Vwuhxndsd}lwçwhq FR xqg jhulqjhuh Vwuhxxqjhq i u glh
Vhqvrundsd}lwçw F71 Gdv Hujheqlv lvw lq Wdehooh 4314 }xvdpphqjhid w1

Vwlfksurehq Q Plq Pd{ Plwwhozhuw Yduldq} VG

Vhqvrundsd}lwçw F7 lq sI
+judylhuw/ Vsdow= 3/7 pp,

9 6</8 73/3 6</<45 3/:49 3/;79

Vhqvrundsd}lwçw F7 lq sI
+jhulw}w/ Vsdow= 4/3 pp,

45 6;/;8 74/4; 6</;:8 3/8:5 3/:89

Vhqvrundsd}lwçw F7 lq sI
+judylhuw/ Vsdow= 3/7 pp,

9 4;/<6 4</7: 4</588 3/485 3/6<

Vhqvrundsd}lwçw F7 lq sI
+jhulw}w/ Vsdow= 4/3 pp,

45 4;/7; 4</7< 4;/<4: 3/447 3/66:

Zruvwfdvh F7 lq sI
+jhulw}w/ hlq}hoqhu Vhqvru,

6 6</46 73/:6 6</;;6 3/97: 3/;37

Zruvwfdvh F7 lq sI
+jhulw}w/ hlq}hoqhu Vhqvru,

6 4</43 4</7< 4</66 3/375 3/539

Wde1 4314= Ihuwljxqjvehglqjwh Ndsd}lwçwvvwuhxxqjhq ghv Guhlehlqvhqvruv

4314141: Xqwhuvxfkxqj ghu Lvrwurslh xqg Ruwkrjrqdolwçw=

Dxv V|pphwulhju qghq jhkw ehuhlwv khuyru/ gd glh Kdoenxjhovrqgh nhlqh Ulfkwxqjvxq0
dekçqjljnhlw lq mhghu eholheljhq Ulfkwxqj dxizhlvhq ndqq1 Dxv Dfkvhqv|pphwulhju qghq
vroowhq lvrwursh Yhukçowqlvvh lq ghu Krul}rqwdohehqh xqg ehu zhlwh Ehuhlfkh ghv rehuhq
Kdoeudxpv ghu Vrqgh khuuvfkhq1 Gdv Hujheqlv hlqhu Lvrwurwurslhphvvxqj lq ghu Kru}l0
}rqwdohehqh }hljw Dee1 431<1 Glh gxufkjh}rjhqhq Olqlhq vlqg glh huzduwhwhq wuljrqrph0
wulvfkhq Nxuyhq Hk E)� ' � � ��ULtE)n )fck�

�� plw k ' fc �2ff xqg 2eff� Hunhqqedu lvw/
gd hlqh Kdoezhooh ghxwolfk nohlqhu dov glh dqghuh lvw1 Glhvh Gçpsixqj u kuw yrq hlqhu
rehq yhuwlndohq Nxqvwvwr�vwdqjh/ glh dov Kdowhuxqj ehl ) ' �Hff i u ghq Vhqvrunrsi lp
Ndoleulhunrqghqvdwru ehqxw}w zxugh1

4314141; Nuhx}hps�qgolfknhlw

Ehlp Whvw/ re hlq vwçunhuhv Pdjqhwihog hlqhq ihvwvwhooeduhq Hlq x dxi glh Phvvxqj ghu
hohnwulvfkhq Ihogvwçunh kdw/ lvw hv zlfkwlj/ gdv hohnwulvfkh Ihog ghu Vsxoh vhoevw de}xvfklu0
phq1 Glhv zxugh gxufk Dx hjhq hlqhu jhhughwhq Doxplqlxpsodwwh dxi glh Vwluq çfkh
hlqhu ]|olqghuvsxoh xqg glh Yhuzhqgxqj yrq Nrd{ldondehoq i u glh ]xi kuxqjhq huuhlfkw1
Jhwhvwhw zxugh ghu Hlq x hlqhu pdjqhwlvfkhq Iox glfkwh yrq 8 pW dxi ghq nohlqvwhq
Ph ehuhlfk doohu guhl H0Ihogndqçoh1 Gdv vfkzdfkh/ nrqvwdqw jhkdowhqh hohnwulvfkhv Ihog
zxugh plw hlqhu nohlqhq Sdudoohosodwwhqdqrugqxqj +Vfkodjzhlwh g @ 53 fp, hu}hxjw1 Klhu0
ehl nrqqwh nhlqhuohl Ehhlq xvvxqj ghu H0Ihogphvvxqj ihvwjhvwhoow zhughq1
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4<3

431415 Hlq vvh dxi glh Pdjqhwihogph hlqulfkwxqj

43141514 Whpshudwxudekçqjljnhlw

Ghu Whpshudwxunrh!}lhqw ghv jhvdpwhq Vhqvruv plw ghu Dxvzhuwhhohnwurqln ehwuçjw k '
n2c S� � �f3eg3� lp Ehuhlfk yrq 043fxqg .83fF1 Ghu Hlq x ghu Ihxfkwh nrqqwh ehl
glhvhu Phvvxqj gxufk Hlqvfkox ghv Vhqvrunrsiv lq hlqhp Jhiulhuehxwho dxvjhvfkorvvhq
zhughq1 Ghu Vsxohqvwurp }xu Hu}hxjxqj hlqhv pdjqhwlvfkhq Su �hoghv +E5 ' S.bc b
>A	fc 2I� plw hlqhu ]|olqghuvsxoh zxugh nrqvwdqw jhkdowhq xqg ghu Xpoxiwyhqwlodwru ghv
Whpshudwxuvfkudqnv zçkuhqg ghu Phvvxqj dxvjhvfkdowhw +Vwùutxhooh,1 Hlqh Xqwhuvxfkxqj
ghu DF0Guliw hujde }zlvfkhq 04;f xqg 73f F nhlqh ph eduh Guliw +yhuqdfkoçvvljedu$,1 ßehu
73f F nrqqwh hlq srvlwlyhu Whpshudwxujudglhqw ghu DF0Guliw plw k ' Dc .�6T

g
ihvwjhvwhoow

zhughq1

43141515 Iuhtxhq}jdqj

Dov Iuhtxhq}jdqj ghu Vhqvruvsxohq lqnoxvvlyh ghu nrpsohwwhq qdfkjhvfkdowhwhq Yhuvwçu0
nhu xqg Ilowhu zxugh ehl Iox glfkwhq yrq 5/4: xqg 54: >W ghu lq 43144 yruolhjhqgh Yhu0
odxi dxijhqrpphq1 Glh Dqrugqxqj huuhlfkw i u jhulqjh Dxvvwhxhuxqjhq qrfk hlqh xqwhuh
Juhq}iuhtxhq} yrq 43 K}C06 gE1 Glh rehuh Juhq}iuhtxhq} ehwuçjw 4: nK}/ 06 gE lp 81
Ph ehuhlfk1 Plw kùkhuhq Iuhtxhq}hq lvw ehl glhvhu Fkdudnwhulvwln hlq ohlfkwhv Dqvwhljhq
}x ehredfkwhq1 Glhvhu Dqvwlhj +8/; ( yrq 45 K} elv ; nK}, zlug gxufk hlqh xqjhqdxh
Lqwhjudwlrq khuyrujhuxihq1 Klhu kdqghow hv vlfk xp hlqhq v|vwhpdwlvfkhq Ihkohu/ zhofkhu
gxufk hlq Dejohlfk ghu Lqwhjudwrundsd}lwçw plqlplhuw zhughq ndqq1

43141516 Ihuwljxqjvjhqdxljnhlw=

]xu Ehvwlppxqj ghu Ihuwljxqjvwrohudq}hq zxughq glh Vwuhxqxjhq ghu sdvvlyhq Vhqvrusd0
udphwhu huplwwhow=

Vwlfksurehq Q Plq Pd{ Plwwhozhuw Yduldq} VG

{0Vsxohqlqgxnwlylwçw
O%lq pK

9 79/:4 7;/75 7:/93: 6/;65��f3e 9/4<3

|0Vsxohqlqgxnwlylwçw
O+lq pK

8 <;/96 436/7< 434/935 6/657��f3� 4/:<;

}0Vsxohqlqgxnwlylwçw
O5lq pK

8 4:/997 4;/3:: 4:/:45 ;/<55��f3D 3/5<<

U ghu {0Vsxoh lq l 9 493/;: 49;/33 496/9: 43/866 6/578
U ghu |0Vsxoh lq l 8 568/4< 593/65 575/;< 44</798 43/<5<
U ghu }0Vsxoh lq l 8 444/8 446/45 445/4:9 3/7<; 3/:39

Wde1 4315= Ihuwljxqjvwrohudq}hq ghu Vsxohqsdudphwhu



4<4

1 10 100

0.1

1

10

100

M
a

g
n

e
tis

c
h
e F

lu
ß

d
ic

h
te

 i
n
 µT

1000 10 K 100 K

1000

B=217 µT

B=2,17 µT

Frequenz f in Hz

Dee1 43144= Iuhtxhq}jdqj ghv lqgxnwlyhq Vhqvruv +}0Ndqdo, lp Ph ehuhlfk 6 xqg 8 jhphvvhq
lq hlqhu Khopkrow}vsxoh ehl hlqhu pdjqhwlvfkhq Iox glfkwh yrq 5/4: �W xqg 54: �W1



4<5

43141517 Xqwhuvxfkxqj ghu Lvrwurslh xqg Ruwkrjrqdolwçw=

]xu ßehusu ixqj ghu Ulfkwxqjvxqdekçqjljnhlw +Lvrwurslh, ghu ruwkrjrqdohq Vsxohqnrq�0
jxudwlrq zxugh lq hlqhu Khopkrow}vsxohqdqrugqxqj ghu Vhqvru lq 8f�Vfkulwwhq dxi hlqhp
Guhkwhoohu urwlhuw1 Plw ghu Huvdw}ihogvwçunh �eor@|5E)� '

t
�2
%E)� n�2

+E)� n�2
5 E)� xqg

ghp Krprjhqihog Ef oç w vlfk ghu Lvrwurslhihkohu IUJr|oJR E)� }x

8 +), G'
�f ��eor@|5 E)�

�eor@|5 E)�
+4317,

ehvwlpphq1 Lp Klqeolfn dxi glh uhodwlyh Ph xqvlfkhukhlw vlqg ghu pd{lpdo dxiwuhwhqgh
Lvrwurslhihkohu I�rJ|oJRc4@ ' 4@ d8 E)c w�o xqg glh gd}xjhkùuljhq Yhuwhloxqjhq lqwhuhv0
vdqw1 Deelogxqj 43145 }hljw gdv Hujheqlv hlqhu vrofkhq Xqwhuvxfkxqj lq ghu Krul}rqwdo0
hehqh1 Hunhqqedu lvw hlqh ohlfkwh Skdvhqyhuvfklhexqj ghu Ph zhuwh jhjhq ehu ghu lghdohq
m�f t�?E)�m e}z1 m�f ULtE)�m 0 Nhqqolqlh1 Glhvhu Ihkohu u kuw yrq Mxvwlhuihkohuq ghu Ph 0
dqrugqxqj xqg Dxvulfkwxqjvihkohuq ghu Vhqvruvsxohqdqrugqxqj +Ihuwljxqjvwrohudq}, khu1
Ghu pd{lpdoh Lvrwurslhihkohu ehwuxj klhu I�rJ|oJRc4@ E)c bf

f� ' 	�c � (1 Klhulq vlqg qh0
ehq ghq hehq jhqdqqwhq Ihkohutxhoohq glh Lqkrprjhqlwçwvihkohu ghu Ndoleulhudqrugqxqj
+		3/4 (,/ glh Ehwudjvvfkzdqnxqjhq ghv Pdjqhwihoghv xqg ghu Ruwkrjrqdolwçwvihkohu ghu
Vsxohq ghv Surwrw|sv hqwkdowhq +Ihuwljxqjvwrohudq}hq,1
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ϕ

Dee1 43145= Lvrwurslhxqwhuvxfkxqj dxi hlqhp Guhkwhoohu

43141518 Nuhx}hps�qgolfknhlw

]xu Yhuklqghuxqj hlqhu Ehhlq xvvxqj ghu Pdjqhwihogphvvxqjhq gxufk hohnwulvfkh Iho0
ghu eh�qghw vlfk glh Hohnwurqln xqg glh Vsxohq lqqhukdoe hlqhv jhvfklupwhq Jhkçxvhv1
]xu Vfklupxqj zxugh hlqidfk gdv Jhkçxvh plw ohlwiçkljhp Vloehuohlwodfn +Hohnwurgdj U�
4748P/ Id1 Dfkhvrq, ehvfklfkwhw1 ]xu ßehusu ixqj ghu Zlunvdpnhlw glhvhu Vfklupxqj
jhjhq hohnwulvfkh Vwùuxqjhq zxugh ghu Vhqvrunrsi lq hlq Whvwihog yrq 48 &T

6
plw hlqhu Iuh0

txhq} yrq 4 nK} hlqjheudfkw xqg Pdjqhwihogphvvxqjhq dq hlqhu plw nrqvwdqwhpZhfkvho0
vwurp jhvshlvwhq nxu}hq ]|olqghuvsxoh gxufkjhi kuw1 Ehl glhvhq Phvvxqjhq nrqqwh nhlqh
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Çqghuxqj ghv Dq}hljhzhuwhv gxufk glh Ehhlq xvvxqj ghv hohnwulvfkhq Ihoghv ihvwjhvwhoow
zhughq1
]xu Xqwhuvxfkxqj ghv Hlq xvvhv hlqhu pdjqhwlvfkhq Iox glfkwh yrq 8 pW dxi glh hohn0
wulvfkh Ihogphvvxqj zxugh ghu Vhqvrunrsi lq hlqh nohlqh Sodwwhqdqrugqxqj dxi hlqh plw
hlqhp Doxplqlxpeohfk jhvfklupwh ]|olqghuvsxoh jhvwhoow1 Dxfk klhu hujde vlfk lp nohlq0
vwhq Ph ehuhlfk nhlqh ihvwvwhooeduh Ehhlq xvvxqj1

431416 Devfkçw}xqj ghv Jhvdpwihkohuv ghv Ph jhuçwv

]xu Ihkohudevfkçw}xqj ghv Jhvdpwihkohuv ghv Ph jhuçwhv zxughq plw hlqhu qhxhqwzlfnho0
whq/ dxi ghu Prqwh0Fduor0Phwkrgh ehuxkhqghq Ehuhfkqxqjvphwkrgh glh uhodwlyhq Ph xq0
vlfkhukhlwhq ghv yruolhjhqghq Ph v|vwhpv ehvwlppw ^5`1 Klhuehl zxughq dooh xq|vwhpdwl0
vfkhq Ihkohu huid w/ glh hlqhq zhvhqwolfkhq Ehlwudj }xu Ph xqvlfkhukhlw olhihuq1 Fkdudnwh0
ulvwlvfk i u glhvh Duw yrq Ihkohuq lvw/ gd glhvh qlfkw gxufk hlqh hlqidfkh Ndoleulhuxqj ghv
Ph v|vwhpv nruuljlhuw zhughq nùqqhq1 Dov Hlqjdqjvgdwhq i u glhvh xpidvvhqgh phwur0
orjlvfkh Ihkohudqdo|vh glhqwhq Nrqvwuxnwlrqvsdudphwhu ghv Vhqvrunrsihv +Dephvvxqjhq/
ßehuwudjxqjvixqnwlrqhq ghu Vfkdowxqj,/ Khuvwhoohudqjdehq ehqxw}whu hohnwurqlvfkhu Edx0
hohphqwh +}1 E1 Whpshudwxunrh!}lhqwhq yrq Zlghuvwçqghq/ Dqjdehq }xu Dowhuxqj/ 111,
xqg glh lp Udkphq glhvhu Duehlw ph whfkqlvfk huplwwhowhq Nhqqolqlhq xqg Yhuwhloxqjhq
ghu xqwhuvxfkwhq Hlq vvh +Iuhtxhq}jçqjh/ Udxvfkhq/ Whpshudwxujçqjh/ 111,1

Uhvxowdw ghu Ihkohudqdo|vh= Dov uhodwlyh Ph xqvlfkhukhlwhq hujdehq vlfk i u glh Pd0
jqhwihogphvvxqj lq doohq Ph ehuhlfkhq Zhuwh nohlqhu dov 5/7 (/ idoov hlqh Yhuwudxhqvzdku0
vfkhlqolfknhlw yrq <8 ( }xjuxqghjhohjw zlug1 Ehghxwhqg vfkohfkwhu vfkqlww ghu hohnwulvfkh
Ihogvhqvru de1 Dp nulwlvfkwhq çx huvwh vlfk glhv lp hps�qgolfkvwhq Ph ehuhlfk1 Gruw
uhvxowlhuwh hlqh Xqvlfkhukhlw yrq 	 45/3 (1 Vredog ghp H0Ihogvhqvru juù huh Ndsd}lwçwhq
sdudoohojhvfkdowhw zhughq/ yhuehvvhuw vlfk glh Jhqdxljnhlw lq ghq uhvwolfkhq Ehuhlfkhq dxi
Zhuwh nohlqhu 	 7/9 (1

431417 Ph xqvlfkhukhlw ghv Ph yhuidkuhqv

Glh Ph xqvlfkhukhlw ghv Ph yhuidkuhqv vhw}w vlfk dxv ghu Xqvlfkhukhlw ghu Ndoleulhuxqj/
ghv Ph jhuçwv +Ihkohu ghu Dqdorjhohnwurqln xqg Glvnuhwlvlhuxqjvihkohu,/ ghu Srvlwlrqlh0
uxqj ghv Vhqvrunrsihv xqg vfkolh olfk ghq Dezhlfkxqjhq ghu Uhdolwçw yrp grvlphwulvfkhq
Prghoo }xvdpphq1 Glh Xqvlfkhukhlwhq ghu Ndoleulhuxqj +E= 	 3/7 (/ H= 	 5 (, zxughq
ehuhlwv lq Nds1 < ehkdqghow1 Hehqvr vlqg glh Jhqdxljnhlwhq ghv Ph jhuçwv +E= 	5/7
(/ H= 	7/8 ( +	45 (Cnohlqvwhu Ehuhlfk,, qdfk glhvhq Xqwhuvxfkxqjhq klquhlfkhqg jxw
ehndqqw1 Ghu juù wh Dqwhlo ghu Xqvlfkhukhlw ghv jhvdpwhq Ph yhuidkuhqv zlug gxufk
glh grvlphwulvfkh Prghoolhuxqj ehvwlppw1 Hlqh yroovwçqgljh phwurorjlvfkh Ihkohudqdo|vh
xqwhu Hlqeh}lhkxqj ghv grvlphwulvfkhq Prghoov lvw zhjhq ghu hqruphq Dq}dko ghu Iuhl0
khlwvjudgh xqg Nrpsoh{lwçw hlqh vfkzlhuljh Dxijdeh1 Sulq}lslhoo nùqqhq mhgrfk klhu}x
glh lq ^5` ehq w}whq xqg hqwzlfnhowhq phwurorjlvfkhq Yhuidkuhq xqg Phwkrghq }xu ghwdlo0
olhuwhuhq Dqdo|vh dqjhzdqgw zhughq1 ßehu glh Kùkh ghu jhvdpwhq Xqvlfkhukhlw jhehq glh
huvwhq Ihogphvvxqjhq lq ghu Sud{lv Dxivfkox 1 Ehl dxiuhfkwhu Kdowxqj nrqqwh ghu gxufk
glh hohnwulvfkh Ihogh{srvlwlrq khuyrujhuxihqh Nxu}vfkox vwurp ehu glh Ihogphvvxqj dxi
	 43 ( jhqdx ehvwlppw zhughq1 Xqwhu xqj qvwljhuhq Ehglqjxqjhq +}1 E1 nohlqvwhu Ph 0
ehuhlfk/ Ihxfkwljnhlwvhlq x / hwf1 , vwhljw glhvh Xqvlfkhukhlw mhgrfk qrfk dq +xp fd1 	
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8 0 43 (,1 Zlh glh Xqwhuvxfkxqjhq ghu Dupehzhjxj }hljhq/ p vvhq gxufk Ehzhjxqjhq
qrfkpdov fd1 	 43 ( hlqndonxolhuw zhughq1

4315 Whfkqlvfkh Gdwhq ghv Surwrw|sv

Glh jhphvvhqhq whfkqlvfkhq Hljhqvfkdiwhq ghu Surwrw|shq vlqg lq Wde1 4316 elv 4319
}xvdpphqjhvwhoow xqg zxughq plw ghq hlqjdqjv jhwur�hqhq Yrujdehq xqg Hqwzlfnoxqjv0
}lhohq yhujolfkhq1

Hljhqvfkdiw
Hqwzlfnoxqjv}lhoh xqg
Yrujdehq

Whfkqlvfkh Gdwhq
ghv Surwrw|sv

Iuhtxhq}ehuhlfk
H= i @ 43 K} 111 63 nK}
E= i @ 43 K} 111 63 nK}

H =
i @ 43 K}1114: nK}C04gE
i @ 8 K}11153 nK}C06gE
E=
i @ 47 K}1114: nK}C04gE
i @ 43 K}1114< nK}C06gE

G|qdplnehuhlfk
+Lqwhqvlwçw,

H= 43 Y

6
111 433 nY

6

E= 43 qW 111 43 pW
H= 43 Y

6
111 433 nY

6

E= 43 qW 111 43 pW
Dq}dko ghu Ph 0
ehuhlfkh

ghndglvfkh Hlqwhloxqj
H= 8 Ph ehuhlfkh
E= 9 Ph ehuhlfkh

Udxvfkhq ghv Vhq0
vruv lqno1 Hohnwurqln

Udxvfkvsdqqxqj 	 4 OVE/
Vshnwudoh Ohlvwxqjvglfkwh

H= 4:9 >T +Ph ehu1 5,C53f�
4 pY +Ph ehu1 5,C83f�

Ph jhqdxljnhlw
+Jhqdxljnhlwvnodvvh,

+dooh Dqjdehq eh}lh0
khq vlfk dxi hlqh Yhu0
wudxhqvzdkuvfkhlq0
olfknhlw yrq <8 (,

H= 	 D I
E= 	 D I

H=
	 45/3 ( +Ph ehuhlfk 4,
	 6/< ( +Ph ehuhlfk 5,
	 5/: ( +Ph ehuhlfk 6,
	 5/4 ( +Ph ehuhlfk 7,
	 7/8 ( +Ph ehuhlfk 8,
E=
	 5/4< ( +Ph ehuhlfk :,
	 5/49 ( +Ph ehuhlfk 9,
	 5/4; ( +Ph ehuhlfk 8,
	 5/4< ( +Ph ehuhlfk 7,
	 5/64 ( +Ph ehuhlfk 6,
	 5/66 ( +Ph ehu1 5/ 443 sI,
: dgglwlyh Ph xqvlfkhukhlw
i u H xqg E lq doohq Ph eh0
uhlfkhq= 	 793 >YC<8 (
Yhuwudxhqvzdkuvfkhlqolfkhlw

Dpsolwxghq0
dx ùvxqj

;0elw ;0elw OVE 	 5pY

Wde1 4316= Hqwzlfnoxqjv}lhoh yhujolfkhq plw ghq zlfkwljvwhq Vsh}l�ndwlrqhq ghv Surwrw|sv
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Hljhqvfkdiw
Hqwzlfnoxqjv}lhoh xqg
Yrujdehq

Whfkqlvfkh Gdwhq ghv Surwrw|sv

Olqhdulwçw 		 4(
lqqhukdoe hlqhv Ph ehuhlfkhv
		 4(/ çx hukdoe yrq Ndoleulh0
uxqj dekçqjlj

Whpshudwxu0
dekçqjljnhlw

	 	 4 ( i u 8 ( elv
<8 ( uho1 Oxiwihxfkwh

E0Ndqdo= k ' n2c S� � �f3eg3�

i u 043f� elv .83f�(
Ixqnwlrqvwhvw=04;f� elv .9<f�
H0Ndqdo= 	 4/8 ( i u 043f� elv
.83f� plw Sdudoohondsd}lwçw

uhodwlyh
Oxiwihxfkwh

	 	 6 ( i u 08 elv 78f F

E0Ndqdo=
nhlq Hlq x dxi ghq Vhqvru
H0Ndqdo=
	� (C43 elv <3 (>
	fc D (C43 elv ;3 (/
hps�qgolfkvwhu Ph eh0
uhlfk>
lp khuphwlvlhuwhq ]xvwdqg
lvw nhlqh Ihxfkwhdekçqjlj0
nhlw lq ghq juù huhq Ehuhl0
fkhq ihvwvwhooedu

Nuhx}hps�qg0
olfknhlw

	 53 qW ehl 53 &T
6

	 4 T
6
ehl 4 pW

KI/ LrqlvlhuhqgB

nhlq Hlq x yrq H dxi E
ihvwvwhooedu i u=
H 8 �Hc S &T

6
9533 K}>

. 8 �D&T
6
94 nK}>

nhlq Hlq x yrq E dxi H lp
hps�qgolfkvwhq Ph ehuhlfk
ihvwvwhooedu i u= E ' 8 pW

Yhuvrujxqjvvsdq0
qxqjvdekçqjljnhlw

Whvw= 8Y	 43 (
Nrqwurooehuhlfk=X�@8Y	 3/5Y
Zduqxqj= 7/98 Y 	 X� 	 7/; Y
Uhvhw i u X� � 7/98 Y

Ehwulhev}hlw/
Hqhujlhyhueudxfk

; k +Duehlwvvfkxw},
57 k +Doojhphlq,

Gdwhqorjjhu +4533 pDk,=
Vhqvrunrsi +793 pDk,=

Hqhujlhvshlfkhu

Gdwhqorjjhu= 6 QlPK0Dnnxv
�c 2 Y W|s DD plw 4533 pDk/
Vhqvrunrsi= < Y0Edwwhulheorfn
plw 793 pDk +Dondolh,

Vshlfkhundsd}lwçw
qlfkw fkwljh
Gdwhqvshlfkhuuxqj

Gdwhqvshlfkhu= 7 PE +Iodvk,/
qlfkw fkwlj> Surjudpp0
vshlfkhu= 97 nE +HSURP,
Duehlwvvshlfkhu=
45; nE +VUDP,/  fkwlj

Ndsd}lwçw ghv
qlfkw fkwljhq
Gdwhqvshlfkhuv
+7 PE0IODVK,

76:4 Huhljqlvvh +Hyhqwv,/
984 Ph irojhq +Vljqdoh,
rghu 554673 Hlq}hozhuwh

Wde1 4317= Hqwzlfnoxqjv}lhoh yhujolfkhq plw ghq zlfkwljvwhq Vsh}l�ndwlrqhq ghv Surwrw|sv
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Hljhqvfkdiw
Hqwzlfnoxqjv}lhoh
xqg Yrujdehq

Whfkqlvfkh Gdwhq ghv Surwrw|sv

]hlwolfkh Dxvoùvxqj
+Wuljjhuxqj,

plqlpdo= 53 v i u dooh Vhqvruhq
pd{lpdo= eholhelj

Dewdvwudwh 4 nK}/ 73 nK} xpvfkdowedu

Hljhqvfkdiwhq ghu
Odghvfkdowxqj

63 plq/
ßehuodgxqjvvfkxw}/
xqwhueuhfkxqjviuhlh
Xpvfkdowxqj yrq Odgh0
lq Qrupdoehwulhe

63 plq +Yrooodgxqj,/
dqvfko1 Hukdowxqjvodgxqj/
guhl Deeuxfkvnulwhulhq=
Whpshudwxu/ ]hlw +QlPK,
]hoohqvsdqqxqj +QlFg,

Ndsd}lwçwvphvvxqj
Ndsd}lwçwv ehu0
zdfkxqj ghv Dnnxv
+�Wuxh Jdxjh�,

Ndsd}lwçwvphvvxqj plw Vhoevw0
hqwodgxqjvnrpshqvdwlrq xqg
Ehu fnvlfkwljxqj ghu Whpshu0
dwxu/ 453 >D vwdqge|

lqgxnwlyh Nrssoxqjhq
+Nrsshopdwul{ u%+5,

3C O%ff O�+f O�f5
O%�f Of+f Of�5
O%f� Of+� Off5

4D
f	' Vsxoh r�hq
�	' Vsxoh nxu}jhvfko1

83/383 43:/;9 4;/798
83/377 43:/;: 4;/798
83/37: 43:/;8 4;/798
lq pK ehl 43 nK}

Nrssoxqjhq dxijuxqg
ghu Qlfkwruwkrjrqdolwçw

6 ( � �c 2I

Pd{lpdo huodxewh Ihog0
vwçunhq +Yhukdowhq ehl
ßehuodvw,

Vfkxw} elv 833 &T
6
/

83 pW

R�vhwihkohu
	 4 ( yrp nohlqvwhq
Ph zhuw

E0Ndqdo=
�Jssrc4@ ' eDf >T
�Jssrc4�? ' ��ff >T
7�Jssr ' eSc D >T92e�c 2ff

H0Ndqdo=
�Jssrc4@ ' �c �6T92e�c 2�f�

Wde1 4318= Iruwvhw}xqj= Hqwzlfnoxqjv}lhoh yhujolfkhq plw ghq zlfkwljvwhq Vsh}l�ndwlrqhq ghv
Surwrw|sv
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Hljhqvfkdiw
Hqwzlfnoxqjv}lhoh
xqg Yrujdehq

Whfkqlvfkh Gdwhq ghv Surwrw|sv

Gdwhq ehuwudjxqjvudwh
ghu UV5650Vfkqlwwvwhooh

8:933 Edxg

Rswlvfkh ßehuwudjxqjv0
vwuhfnh +Elgluhnwlrqdoh
OZO0Vwuhfnh,

ßehuwudjxqjvihkohuhu0
nhqqxqj/ Gçpsixqj
ghv Nxqvwvwr�0OZO0
Ndeho= � 3/6 gE2p/
hlqjhnrsshoowh Olfkw0
ohlvwxqj= � 8 >Z/
hqhujhwlvfk yhuwuçjolfk

4;:/8 nEdxg +pd{1 6:8 nEdxg
pùjolfk,/ 440elw Surwrnroo plw
Sdulwçwvsu ixqj/
hpsirkohqh Oçqjh 9 6 p>
jhwhvwhwh Pd{lpdooçqjh= 53 p>
Elhjhudglxv � 5 fp
Vwurpehgdui= :/58 pD +dnwly,

Hlqvfkzlqj}hlw ehl
ghu Ph ehuhlfkv0
xpvfkdowxqj

4 Vhnxqgh

Krul}rqwdohu Yhuodxi
ghv Iuhtxhq}jdqjv

		 4 ( sur Ph ehuhlfk

E0Ndqdo=
Dqvwlhj xp 8/; ( yrq 45 K}
elv ; nK} lp Ph ehuhlfk 8
+v|vwhpdwlvfkhu Ihkohu,
H0Ndqdo=
3 (C53 K} 111 5 nK}
	 	ec b (C43 K} 11143 nK}/
plw Sdudoohondsd}lwçw

Iuhtxhq}dqdo|vh
xqg Dx ùvxqj

Dx ùvxqj= 4 K}

4357 IIW +Vwdqgdug dxi Gdwhq0
orjjhu,/ dxi SF +GIW/ Pl{hg0
Udgl{0IIW,/ � K} elv 833 K}/
43 K} elv 53 nK}

]dkohqirupdw
Jhqdxljnhlw= 8 Gh}lpdo0
vwhoohq

60E|wh0Johlwnrppdirupdw=
��c fHe � �f3�b���n bc 22� � �f3�H
+lq Dqohkqxqj dq LHHH :87,

Phfkdqlvfkh Ehodvwxqj
Vfk wwho0 xqg
Idoowhvwv

Iuhlhu Idoo ghv Vhqvrunrsiv dxv
� ' 4/7 p dxi Phwdoosodwwh= nhl0
qh Vfkçgljxqj ghu Hohnwurqln/
uhsdudeohu Jhkçxvhvfkdghq,

Hfkw}hlwxku
Vwdqg}hlw= 48 Mdkuh +6Y
Olwklxp plw 593 pDk,/
Guliw= 	5 v sur Wdj

Jhzlfkw

Gdwhqorjjhu= 665 j plw
xqg 46: j rkqh Dnnxsdfn
Vhqvrunrsi= 574 j plw
xqg 4<6 j rkqh <Y Eorfn

Juù h
Vhqvrunrsi= � ;3c k @ :8 pp
Gdwhqorjjhu= 478� ;3� 73 pp

Wde1 4319= Iruwvhw}xqj= Hqwzlfnoxqjv}lhoh yhujolfkhq plw ghq zlfkwljvwhq Vsh}l�ndwlrqhq ghv
Surwrw|sv



4<;

Olwhudwxu

^4` Plvdnldq P1+4<<6, Frlo sureh glphqvlrq dqg xqfhuwdlqwlhv gxulqj phdvxuhphqwv ri qrqxql0
irup HOI pdjqhwlf �hogv/ Mrxuqdo ri Uhvhdufk ri wkh Qdwlrqdo Lqvwlwxwh ri Vwdqgdugv dqg
Whfkqrorjlh|/ Yro1 <;/ Qr1 6/ s1 5;:05<8

^5` Pdvlq Y1 hw do1 +4<<;, Phwurorjlvfkh Dqdo|vh hlqhv Ph v|vwhpv }xu Ehvwlppxqj ghu H{0
srvlwlrq ghv Phqvfkhq lq qlhghuiuhtxhqwhq hohnwulvfkhq xqg pdjqhwlvfkhq Ihoghuq/ Zlvvhq0
vfkdiwolfkhu Ehulfkw I]ND93<3/ Iruvfkxqjv}hqwuxp Nduovuxkh

^6` Plvdnldq P1/ Ihqlpruh Fk1 +4<<7, Wkuhh0d{lv frlo sureh glphqvlrqv dqg xqfhuwdlqwlhv gx0
ulqj phdvxuhphqw ri pdjqhwlf �hogv iurp dssoldqfhv/ Mrxuqdo ri Uhvhdufk ri wkh Qdwlrqdo
Lqvwlwxwh ri Vwdqgdugv dqg Whfkqrorjlh|/ Yro1 <</ Qr1 6/ s1 57:0586
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4316 Ph hujheqlvvh dxv ghu Sud{lv

431614 Hlqvdw} yrq Lqshgr dov Ihogvwçunhph jhuçw xqwhu Iuhl0
ihogehglqjxqjhq

Dp Vwdqgruw �Ylhuprujhq� zxugh glh xqjhvwùuwh Ihogvwçunh xqwhu hlqhu 553 nY Krfk0
vsdqqxqjvohlwxqj plw hlqhu H2K0Ihogvrqgh HPIS5333 +Id1 VrqWhf, ehvwlppw xqg hlqh
Yhujohlfkvphvvxqj plw LQSHGR +Vhqvrunrsi 6, dxi hlqhu Vwdwlykùkh yrq 4/93 p gxufk0
jhi kuw1 Gdv dxijh}hlfkqhwh Iuhtxhq}vshnwuxp ghv Iuhlihoghv zlhv qhehq ghu Juxqgzhooh
yrq ÍDf K} ' 4/57 &T

6
qxu hlqhq jhulqji jljhq Rehuzhoohqjhkdow dxi= Í�Df K} ' 3/35 &T

6
(

Í�Df K} ' 3/35 &T
6
( ÍUhvw � 3/34 &T

6
� Hlqh 492

�
� Nrpsrqhqwh zdu lp Vshnwuxp qlfkw hqw0

kdowhq1 Glhvhv Ihog huvfklhq dxijuxqg ghv jhulqjhq Rehuzhoohqjhkdowhv i u glh irojhqghq
Phvvxqjhq dov jhhljqhw1 Gdv Hujheqlv ghu HPIS5333 Vrqgh hujde hlqhq Vslw}hqzhuw
yrq Íf @4/576 &T

6
ehl hlqhu Vwdqgdugdezhlfkxqj j�'�� yrq 5/9 Y� Gdv Ph v|vwhp LQ0

SHGR plw ghp yhuwlndo dxvjhulfkwhwhq Vhqvrunrsi +Qu1 6, hujde i u glh huvwh Hohnwurgh
hlqh Ihogvwçunh yrq 4/589 &T

6
9j�'�� ' �c D Y/ i u glh }zhlwh 4/435 &T

6
9j�'�� ' �c � Y

xqg glh gullwwh 4/377 &T
6
9j�'�� ' Dc e Y1 Glh dxiwuhwhqghq Glvnuhsdq}hq ghu uçxpolfkhq

Phvvxqj lp Iuhlihog jhjhq ehu ghp Zhuw ghv dov Uhihuhq}ihogvwçunhph jhuçwv ehqxw}whq
HPIS53330Vrqgh odvvhq vlfk irojhqghq Xuvdfkhq }xvfkuhlehq= Hlq vvh gxufk gdv Vwdwly/
xq}xuhlfkhqg ehndqqwh Krprjhqlwçw ghv Ihoghv/ Dxvulfkwxqjvxqjhqdxljnhlwhq/ yhueohl0
ehqgh Xqvlfkhukhlw gxufk Ndoleulhuxqj ghv HPIS5333 xqg ghv Ph v|vwhpv LQSHGR1
Hlq zhlwhuhu zhvhqwolfkhu Hlq x lvw glh xqwhuvfklhgolfk vwdunh U fnzlunxqj ghv Ehredfk0
whuv dxi glh ehlghq Ph jhuçwh1 Lp Idooh ghu Vrqgh HPIS5333 ehwuxj ghu Devwdqg fd1 43
p/ ehl ghu Phvvxqj plw LQSHGR ohgljolfk 7 p1 Xp hlqh qrfk dxvvdjhnuçiwljh Phvvxqj
ghu xqjhvwùuwhq Ihogvwçunh }x hukdowhq/ zlug ghu Devwdqg yrq 7 p dov Plqghvwdevwdqg
ehwudfkwhw1 Ghu pd{lpdoh Ihkohu ehwuçjw ehl glhvhp Ehredfkwxqjvdevwdqg fd1 49 (1
Plw krfkzhuwljhq Nxqvwvwr"lfkwohlwhuq ndqq ghu Devwdqg elv dxi pd{lpdo 53 p hukùkw
zhughq1

431615 Hlqvdw} yrq Lqshgr dov Grvlphwhu

43161514 Wudjhsrvlwlrqvdekçqjljh ßehukùkxqjvidnwruhq

Lp Dqvfkox dq glh Ihogvwçunhphvvxqjhq zxughq xqwhu reljhq Iuhlihogehglqjxqjhq glh
ßehukùkxqjvidnwruhq dxi hlqhp Duehlwvvfkxw}khop xqg dxi ghu Euxvw huplwwhow1 Ghu
Duehlwvvfkxw}khop zhlvw hlqhq Vlfkhukhlwvdevwdqg +Wuçjhueçqghu elv Khoprehundqwh, yrq
8 fp dxi/ glh Kùkh ghv Grvlphwhuv yrp Grvhqghfnho elv }xp ]hqwuxp ehwuçjw qrfkpdov 8
fp/ vr gd vlfk lqvjhvdpw hlqPh devwdqg yrq 43 fp }xpNrsi hujlew1 Glh guhl ndsd}lwlyhq
Vhqvruhq }hljwhq i u hlqh dxiuhfkw vwhkhqgh Shuvrq +k @ 49: fp, glh Pd{lpdozhuwh 6/748
&T
6
> 6/8:9 &T

6
xqg 6/858 &T

6
dq/ zdv yhuwlndohq Ihog ehukùkxqjvidnwruhq i5� yrq 6/;<> 7/3:

xqg 7/34 hqwvsulfkw1 Dxi ghu Euxvw klqjhjhq }hljhq glh Vhqvruhq 4/63 &T
6
/ 4/73 &T

6
xqg

4/;5 &T
6

dq/ zrehl glh Vhqvru çfkh h4 qdfk xqwhq jhulfkwhw lvw1
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Shuvrq
Wudjh0
srvlwlrq

Íe�2&T6 Íe22&T6 Íe�2&T6 � �
ULtEeDf�

Íf*
&T
6

i5c� i5c2 i5c�

Qu1 4
Khop>
k @ 4/:6 p

6/75 6/8; 6/86 �s2 4/576 6/;< 7/3: 7/34

Qu1 4
Euxvw>
k @ 4/53 p

4/63 4/63 4/;5 �s2 4/576 4/7; 4/7; 5/3:

Qu1 5
Khop>
k @ 4/;8 p

5/;< 6/76 6/76 �s2 4/576 6/5< 6/<3 6/<3

Qu1 5
Euxvw>
k @ 4/73 p

4/85 4/;: 4/96 �s2 4/576 4/:6 5/46 4/;8

Wde1 431:= Jhvwùuwh Ihogvwçunhq xqg ßehukùkxqjvidnwruhq +Duph qdfk xqwhq,

43161515 Hlq x yrq Dupehzhjxqjhq

Ghu ]zhfn ghu Xqwhuvxfkxqj ghv Hlq xvvhv yrq Dupehzhjxqjhq dxi glh Grvlphwhudq}hljh
vlqg }zhl Glqjh= Huvwhqv vroo shu Phvvxqj ihvwjhvwhoow zhughq/ zlh vwdun vlfk glh Dup0
vwhooxqj lq guhl H{wuhpsrvlwlrqhq +qdfk rehq/ yruqh xqg vhlwolfk, dxi gdv Hujheqlv ghu
hohnwulvfkhq Ihogphvvxqj dxvzlunw1 ]zhlwhqv vroo gxufk Yhujohlfk ghu }zhl Wudjhsrvlwlr0
qhq dxi ghp Nrsi xqg ghu Euxvw hlq txdqwlwdwlyhv Pd i u glh Hljqxqj ghu Wudjhsrvlwlrq
dejhohlwhw zhughq +Plqlplhuxqj ghu Vwùuhlq vvh khuyrujhuxihq gxufk Dupehzhjxqjhq,1
Glh Ph hujheqlvvh glhvhu Phvvxqjhq vlqg lq Wdehooh 431; }xvdpphqjhid w1

Wudjh0
srvlwlrq

Dupsrvlwlrq 	.e�
&T
6

	.e2
&T
6

	.e�
&T
6

Ug
>�

I lq ( I lq ( I lq ( J

Khop qdfk xqwhq 6/84 6/96 6/94 43/6< 3 3 3 4
Euxvw 4/63 4/63 4/;5 lvrolhuw 3 3 3 4
Khop qdfk rehq 4/;7 6/7< 4/84 45/56 07:/9 06/< 08;/5 4/66
Euxvw 4/36 4/73 4/6; lvrolhuw 053/; :/: 057/5 6/39
Khop qdfk yruqh 6/54 6/75 6/77 44/:3 0;/8 08/; 07/: ;/;7
Euxvw 3/8; 4/53 3/<: lvrolhuw 088/7 0:/: 079/: 4/6:
Khop qdfk vhlwolfk 6/76 6/8< 6/69 45/56 05/6 04/4 09/< 46/9
Euxvw 3/:< 4/69 4/63 lvrolhuw 06</5 7/9 05;/9 5/38

Wde1 431;= Jhvwùuwh Ihogvwçunhq ehl yhuvfklhghqhq Srvlwlrqhq ghv uhfkwhq Dupv +Shuvrq Qu1 4,

]xu Gh�qlwlrq hlqhv J whnulwhulxpv ghu Wudjhsrvlwlrq zhughq klhu glh Dezhlfkxqjhq }xu
dxiuhfkwhq Nùushukdowxqj plw dqolhjhqghq/ qdfk xqwhq kçqjhqghq Duph +Uhihuhq}srvlwl0
rq, khudqjh}rjhq1 Glh J wh ghu Wudjhsrvlwlrq lvw xp vr juù hu/ mh jhulqjhu ghu Ihkohu I
@

	.�r|3 	.rJ,,
	.rJ,,

� �ffI jhjhq ehu ghu Uhihuhq}vlwxdwlrq lvw=

J wh ghu Wudjhsrvlwlrq J =@
�uS�

�'�

�
	.�r|3 	.rJ,,

	.rJ,,

�2
+4318,

Hlq Eolfn dxi glh ohw}whq guhl Vsdowhq lq Wdehooh 431; }hljw glhvh �Ihkohu� I1 Klhuehl içoow
dxi/ gd hv lq ghu Nrsisrvlwlrq lq mhghp Idooh }x hlqhu Huqlhguljxqj ghu hohnwulvfkhq
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Ihogvwçunh ndp1 Ghpjhjhq ehu zhlvw gdv dxi ghu Euxvw orndolvlhuwh Grvlphwhu qhehq
ghxwolfk qhjdwlyhq Zhuwhq dxfk srvlwlyh Dezhlfkxqjhq dxi1 Vlhkw pdq hlqpdo yrq ghp
Idoo de/ gd glh Duph qdfk rehq jhvwuhfnw vlqg +xqplwwhoeduh Qçkh }xp Vhqvrunrsi,/ gdqq
zlug ghxwolfk/ gd glh Grvlphwhusrvlwlrq dxi ghp Khop ghxwolfk jhulqjhuh Dezhlfkxqjhq
+pd{lpdo < (, dxizhlvw dov glh Euxvwsrvlwlrq1

ID]LW= Klhu zlug txdqwlwdwly ghxwolfk/ gd lq ghq kçx�jvwhq Içoohq gdv Wudjhq ghv Gr0
vlphwhuv dxi hlqhp Duehlwvvfkxw}khop ghp Wudjhq dq ghu Euxvw yru}x}lhkhq lvw1

43161516 Nxu}vfkox vwurp xqg pd{lpdoh Vwurpglfkwhq

Ehl yruljhq Phvvxqjhq zxugh johlfk}hlwlj ghu ehu hlqhq eodqnhq Nxsihuvwde dov Hughu
+Hlqvfkodjwlhih= 3/88 p/ > ' H pp, de lh hqgh Nxu}vfkox vwurp jhphvvhq1 I u glh dxi
hlqhp Lvrodwru +nxqvwvwr�ehvfklfkwhwh Kro}sodwwh, iuhl dx lhjhqghq Doxplqlxpsodwwhq +5
- 3/399 p2� zxugh lq Dezhvhqkhlw hlqhv Phqvfkhq hlq Vwurp yrq 3/6 >D jhphvvhq/ zdv
hlqhu Vwurpglfkwh yrq 5/5: >�

62 hqwvsulfkw1 Qxq vwdqg ghu Grvlphwhuwuçjhu eduix dxi }zhl
hohnwulvfk yhuexqghqhq Doxplqlxpsodwwhq1 Hlq Yhujohlfk }zhlhu plw jhvhqnwhq Duphq
lp Ihog vwhkhqgh Wuçjhu +d @ 5: fp/ e @ 7: fp/ f @ k @ 49: fp/ p @ 9< nj xqg
k @ 4/;8 rkqh Khop, xqg +d@49 fp/ e@ 58 fp/ f @ k @ 4;8 fp rkqh Khop, jde glh
Deohlwvwuùph 43/66 >DCj�'�2 ' fc 2 >D xqg 45/7 >DCj�'. ' fc f� >D1 Glhvh Zhuwh
vwhkhq lq jxwhu ßehuhlqvwlppxqj plw ghu hpslulvfkhq HSUL0Irupho +Jo1 6143/ V1 76,
Ug
>�

' fc fb � � �
6

�2 � s
M5
� 	.fI

2&T
6

c zrqdfk vlfk glh Nxu}vfkox vwuùph }x 44/36 >D xqg 46/86

>D ehuhfkqhq1 Ghu Nxu}vfkox vwurp/ zhofkhu dxi ghu Juxqgodjh ghu dejhohlwhwhq Eh0
}lhkxqjhq Jo1 6193 elv Jo1 6195 ehuhfkqhw zxugh/ hujlew i u glh huvwh Shuvrq ehl hlqhu
Prghoolhuxqj plw hlqhp Kdoehoolsvrlghq LgEd@3/468/ e@3/568/ f@4/9:, @44/37 >D xqg
ehl ghu Prghoolhuxqj plw hlqhp Yroohoolsvrlghq LgEd@3/468/ e@3/568/ f@3/;68, @ 7/: >D1
Glh Prghoolhuxqj plw hlqhp Kdoehoolsvrlghq i kuw dovr }x hlqhu ohlfkwhq ßehuvfkçw}xqj
yrq 43( +nrqvhuydwlyh Devfkçw}xqj,1 Glh plw Jo1 6195 dejhvfkçw}whq lqqhuhq Vwurp0
glfkwhq ehwudjhq ehlp Kdoehoolsvrlghq �M�cess '44/37 ?�

S62 xqg ehlp Yroohoolsvrlghq 7/:
?�
S62 � Wdwvçfkolfk vlqg qdfk qxphulvfkhq Ihoguhfkqxqjhq ehl ghu yruolhjhqghq xqjhvwùuwhq
Ihogvwçunh yrq Hfcess '3/;:< &T

6
9Df K} lp Degrplqdoehuhlfk 4;/6 ?�

S62 }x huzduwhq1 Glh
Xqwhuvfkçw}xqj ghu plwwohuhq Vwurpglfkwh �M� ndqq gxufk glh Hlqi kuxqj hlqhv hqwvsuh0
fkhqghq Wudqvirupdwlrqvidnwruv nruuljlhuw zhughq1

Shuvrq @
S6

K
S6

S
S6
@ �

S6

	.4@ c|JR
&T
6

Ug}e6erre?

>�

Ug.�-U

>�

UgM@,Ke,,�RrJ�_

>�

a4@ cIhvvho

?�

S62

Qu1 41 46/8 56/8 49: 7/3: 43/66 44/36 44/37 563
Qu1 51 49 58 4;8 6/<3 45/73 46/86 46/9

Wde1 431<= Sdudphwhu ghu Grvlphwhuwuçjhu/ pd{lpdoh Ihogvwçunhdpsolwxgh xqg Nxu}vfkox vwuù0
ph +jhphvvhq xqg ehuhfkqhw,
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Dee1 43146= Iuhlihogphvvxqj plw LQSHGR ehl johlfk}hlwljhp Phvvhq ghv Nxu}vfkox vwurphv
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Dqkdqj D

Dqkdqj D

D14 Phwdoolvlhuxqj yrq Nxqvwvwr�hq

D1414 Hljhqvfkdiwhq hlqljhu Nxqvwvwr�h

Lq glhvhp Devfkqlww zxughq zlfkwljh Hljhqvfkdiwhq hlqljhu whfkqlvfkhu Nxqvwvwr�h dxv
yhuvfklhghqhq Txhoohq }xvdpphqjhwudjhq xqg lq ghq }zhl Wdehoohq D14 xqg D15 }x0
vdpphqjhvwhoow1 Lq ghu huvwhq Wdehooh vlqg Nxqvwvwr�h dxijhi kuw/ glh doh hohnwulvfkh
Hljhqvfkdiwhq ehvlw}hq xqg gdkhu lq ghu Ihuwljxqj yrq Irolhqnrqghqvdwruhq Yhuzhqgxqj
�qghq1 Lq ghu }zhlwhq Wdehooh vlqg Nxqvwvwr�h dxijhi kuw/ glh Yruwhloh ehl ghq phfkd0
qlvfkhq Hljhqvfkdiwhq +SYF,/ ghu Yhuduehlwxqj rghu Phwdoolvlhuedunhlw +Jdoydqlvlhuxqj
yrq DEV, dxizhlvhq1

D1415 Phwdoolvlhuxqjvyhuidkuhq

]xpPhwdoolvlhuhq yrq whfkqlvfkhq Nxqvwvwr�hq zxughq ehuhlwv yrq ghu Lqgxvwulh phkuhuh
Yhuidkuhq hqwzlfnhow1 ]xvdpphqplw hlqhu Vnl}}lhuxqj ghu Yhuidkuhq zlug johlfk}hlwlj hlqh
�dssolndwlrqvvsh}l�vfkh� Ehzhuwxqj glhvhu Phwkrghq i u glh Khuvwhooxqj yrq ndsd}lwlyhq
Vhqvruhq xqg Vfklupxqjhq yrujhqrpphq=
4, Ydnxxpehvfklfkwxqj= Ehl glhvhu Phwkrgh zhughq Phwdooh +}1 E1 Doxplqlxp, xqwhu
Krfkydnxxpehglqjxqjhq yhugdpsiw1 Plw glhvhp Yhuidkuhq vlqg çx huvw jhulqjh vslhjhoq0
gh/ jxw ohlwiçkljh Rehu çfkhqvfklfkwhq pùjolfk1 Ghu Yruwhlo glhvhu Phwkrgh ehvwhkw gdulq/
gd gdplw idvw dooh Nxqvwvwr�h ehvfklfkwedu vlqg xqg vlfk glh Vfklfkwglfnh vhku jxw hlq0
vwhoohq oç w1 Qdfkwhlolj huzlhv vlfk glhvhv Yhuidkuhq ehl ghu johlfk}hlwljhq Phwdoolvlhuxqj
yrq nrqyh{hu xqg nrqndyhu Vhlwh ghu vskçulvfkhq Nxjhovfkdohq +krkhu dsshudwlyhu Dxi0
zdqg/ glh Sureh johlfkpç lj }x guhkhq,1 Dx hughp vlqg glfnh/ oùwiçkljh Vfklfkwhq plw
glhvhp Yhuidkuhq qlfkw zluwvfkdiwolfk uhdolvlhuedu1
5, Jdoydqlvlhuxqj= I u glhvhv Yhuidkuhq nrpphq qxu zhqljh Nxqvwvwr�h/ ehlvslhovzhlvh

DEV rghu Xowhp
U�

lq Iudjh1 Ehl DEV zlug }xqçfkvw plw Fkurpvçxuh dq ghu Rehu çfkh
Exwdglhq khudxvjhoùvw xqg fkhplvfk glh Kdiwxqjvyrudxvvhw}xqjhq i u hlqh g qqh Sdod0
glxp +�Nhlpvfklfkw�, xqg Qlfnhovfklfkw jhvfkd�hq1 Dxi glhvh Qlfnhovfklfkw ndqq hlqh
glfnh Nxsihuvfklfkw jdoydqlvfk dejhvfklhghq zhughq1 ]xu Yhuklqghuxqj yrq Nruurvlrq
zlug glhvh Nxsihuvfklfkw plw Fkurp0 rghu Hghophwdoovfklfkwhq dejhghfnw1 Glh Vwçunh
glhvhu Phwkrgh ehvwhkw lq vhlqhu Içkljnhlw/ jxw kdiwhqgh/ oùwiçkljh Vfklfkwhq }x hu}hxjhq1
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Hljhqvfkdiwhq Sro|vw|uro +SV, Sro|fduerqdw +SF, Sro|surs|ohq +SS,
Qçkhuh Ehvfkuhl0
exqj xqg doojhphl0
qh Hljhqvfkdiwhq

Wkhuprsodvwlvfkhv
Sro|phulvdw dxv Vw|0
uro/ xqsrodu/ vsuùgh/
h{wuxglhuedu/ Nrq0
ghqvdwruirolh

Sro|phulvlhuwhu
Hvwhu/ srodu/ Jlh 0
irolhq de 43 >p

Wkhuprsodvw/ xq0
srodu/ H{wuxghuwh
Nrqghqvdwruirolh
+de 7 >p,

0o 5/8 +iuhtxhq}xqde0
kçqjlj,

6/31116/6 +4 nK},/ 5/:
ehl 4 JK}

5/6

wdq B D � �f3D +83 K}, Efc H����� � �f3�

+83 K} 111 4
nK},> E�f���2f� ��f3�
ehl 4 PK}

E2���D� � �f3e

Gxufkjdqjv0
zlghuvwdqg

�f�. l � S6 A �f�Sl � S6 : �f�Sl � S6

Rehu çfkhq0
zlghuvwdqg

A �f�� l A �f��l A �f�e l

Hohnwulvfkh Gxufk0
vfkodjihvwljnhlw

A .f &T
66

A �Df &T
66

A �ff &T
66

]xjihvwljnhlw A Df �
662 A Hf �

662 A �ff �
662

Juhq}whpshudwxu .f� � ��f� � bf� �
]hlwolfkh Lqnrq0
vwdq} yrq Nrqghq0
vdwruhq

	fc 2I +jhvfk w}w, 	2���I w|slvfk +43
( pd{1,

	fc ����fc DI

Whpshudwxunrh!0
}lhqw ghu Ndsd}lwçw

�E�2f	 Sf� ��f3S*g 03/7(C053�� 111
.3/7(C:3��
+qlfkwolqhduhu Whp0
shudwxujdqj,

�E�ff����ff� �
�f3S*g

Ihxfkwhnrh!}lhqw
ghu Ndsd}lwçw

��f � �f3S*I uho1
Oxiwihxfkwh

.+7311183� � �f3S*I
uho1 Oxiwihxfkwh

Zdvvhudxiqdkph 	3/4( 3/59 111 3/68(
Oçqjhqdxv0
ghkqxqjvnrh!0
}lhqw

3/;��f3eg3� 3/98113/:��f3eg3�

Jhhljqhwh
Phwdoolvlhuxqjv0
yhuidkuhq

Ydnxxpehvfklfkwxqj/
Vloehuohlwodfnh qdfk
vsh}1 Juxqglhuxqj

Doxplqlxpeh0
gdpsixqj

Glfkwh 4/37 }
S6� 4/5114/7 }

S6� 3/< }
S6�

Kdqghovqdphq Vkhoo +Jhku, Pdnuriro +Ed|hu,/
Pdnurorq +Jhku,/
Od{dq +JH Sod0
vwlfv,

Qryrohq +EDVI,/
Krvwdohq +Krhfkvw,/
Wuhvsdskdq +Id1
Ndooh,

Wde1 D14= Hohnwulvfkh xqg phfkdqlvfkh Hljhqvfkdiwhq zlfkwljhu whfkqlvfkhu Nxqvwvwr�h }xu
Nrqghqvdwrukhuvwhooxqj
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Hljhqvfkdiwhq Sro|ylq|ofkorulg
+SYF,

DEV

Qçkhuh Ehvfkuhlexqj
xqg doojhphlqh Hl0
jhqvfkdiwhq

sroduh Prohn ovwuxn0
wxuhq

Vsulw}jlh hq pùjolfk
+Wkhuprsodvw,

0o 6/8 111 7/6 +83 K}, 5/; +83 K}1114 nK},/
5/: +4 PK},

wdq B ESf�����f� � �f3e 73111;3��f3e +4 PK},
Gxufkjdqjvzlghuvwdqg A 43�D l � S6 :4��f�Dl � S6
Rehu çfkhqzlghuvwdqg :4��f�Dl
Hohnwu1 Gxufkvfkodj0
ihvwljnhlw

73 &T
66

4< &T
66

]xjihvwljnhlw 6811193 �
662

Juhq}whpshudwxu bf� � :311;3f�
Whpshudwxunrh!}lhqw
yrq 0o

.46��f3�g3�92D���Hff�

Oçqjhqdxvghkqxqjv0
nrh!}lhqw

:��f3Dg3� 3/;81114��f3eg3�

Ihxfkwhnrh!}lhqw 3/5 (
Zdvvhudxiqdkph 3/7114 (
Jhhljqhwh Phwdoolvlh0
uxqjvyhuidkuhq

Ohlwodfn Jdoydqlvlhuedu

Glfkwh 4/7 }
S6� 4/37 }

S6�

Kdqghovqdphq SYF F|frodf +Jhku,

Wde1 D15= Hohnwulvfkh xqg phfkdqlvfkh Hljhqvfkdiwhq yrq SYF xqg DEV dov Lvrodwlrqvnxqvw0
vwr�h

Qdfkwhlolj huzlhvhq vlfk Plqghvwglfnhq ghv Edvlvpdwhuldov DEV yrq 4/8 elv 5 pp i u hlqh
yhu}xjviuhlh Phwdoolvlhuxqj1

6, Fkhplvfkh Phwdoolvlhuxqjvyhuidkuhq= Plw vsh}lhoo dxi hlqljh Nxqvwvwr�duwhq dq0
jhsd whq fkhplvfkhq Sur}hvvhq ndqq hlqh Yhuelqgxqj yrq Phwdoohq plw Nxqvwvwr�hq
ehzlunw zhughq1 Klhu}x hljqhq vlfk ehlvslhovzhlvh Qlfnho rghu Sdodglxp1 Hlqh plw hlqhp
vrofkhq Yhuidkuhq khujhvwhoowh Qlfnhoskrvskruvfklfkw zlhv ehl Sro|vw|uro hlqh vfkohfkwh
Kdiwxqj dxi +Whqghq} de}xeoçwwhuq,1 Glh Vfklfkw zdu qxu hlqjhvfkuçqnw oùwedu1

7, Ohlwodfnh= Ehl Ohlwodfnhq kdqghow hv vlfk xp hlqh Hpxovlrq yrq Oùvxqjv0 xqg Kdiw0
plwwhoq plw hlqhp jur hq Dqwhlo krfkohlwiçkljhu Phwdoosduwlnhoq +phlvw Nxsihu0/ Vloehu0
rghu Judsklwsljphqwh,1 Qdfk Yhugdpsixqj ghv Oùvxqjvplwwhov lq hlqhp Wurfnqxqjv0
sur}h eohlew hlqh ohlwiçkljh Vfklfkw }xu fn1 Gdv �Nqrz krz� glhvhu Eudqfkh ehvwhkw
yru doohp gdulq/ hlq ghu Nxqvwvwr�duw dqjhsd whv Kdiwplwwho xqg Wurfnqxqjvyhuidkuhq }x
yhuzhqghq1 Jxwh Kdiwxqjvehglqjxqjhq glhvhu Vfklfkwhq zxughq dxi DEV xqg Sro|vw|uro
+SV, huuhlfkw1 Xp Vfklfkwglfnhq yrq elv }x 83 >p }x huuhlfkhq/ vlqg guhl elv ylhu Odfnlh0
uxqjvyrujçqjh +�Nuhx}gxufkjdqj�, qrwzhqglj1 Vfklfkwglfnhq yrq 73 0 83 >p huzlhvhq
vlfk dxi SV ehl hlqjhvfkuçqnwhu Zçuph}xixku dov oùwiçklj1



539

D15 Vfklupzlunxqj g qqhu ohlwiçkljhu Vfklfkwhq dxi
Nxqvwvwr�kdoevfkdohq

D1514 Wkhrulh

]lho glhvhv Devfkqlwwhv vlqg Johlfkxqjhq }xu Ehvwlppxqj ghu Vfklupxqj pdjqhwlvfkhu
Ihoghu gxufk phwdoolvlhuwh Vfklfkwhq dxi hlqhu Nxqvwvwr�nxjhovfkdoh lq Dekçqjljnhlw ghu
Iuhtxhq} dxi}xvwhoohq +yjo1 Dxiedx ghv H0Ihogvhqvruv,1 G qqh phwdoolvfkh qlfkwpdjqh0
wlvfkh Vfklfkwhq vlqg i u vwdwlvfkh Pdjqhwihoghu qdkh}x wudqvsduhqw1 Hlq qlhghuiuhtxhq0
whu Pdjqhwihogvhqvru ndqq gdkhu lqqhukdoe hlqhv ndsd}lwlyhq Vhqvruv dqjhrugqhw zhughq/
zhqq glh Vljqdodpsolwxgh ghv Vhqvruv nhlqh ghxolfk zdkuqhkpeduh Gçpsixqj dxijuxqg
ghu g qqhq Phwdoovfklfkw huiçkuw1 Gd glhvh Juhq}iuhtxhq} yrq ghu Ohlwiçkljnhlw/ ghu
Glphqvlrqlhuxqj xqg Dq}dko ghu Vfklfkwhq dekçqjw/ vlqg glh irojhqghq wkhruhwlvfkhq
Ehwudfkwxqjhq qrwzhqglj1
Dqdo|wlvfkh Vfklupgçpsixqjvehuhfkqxqjhq yrq jhvfklupwhq Uçxphq ehu ghq jhvdp0
whq Iuhtxhq}ehuhlfk zhughq riw xqwhu ghu Dqqdkph hlqhv Nxjhoprghoov gxufkjhi kuw1
Klhui u jlew hv yhuvfklhghqh Phwkrghq= Gdv Uh h{lrqvnrq}hsw qdfk Vfkhonxqr� ^44`/ glh
Udxpplwwhosxqnwvphwkrgh qdfk Ndghq ^8` xqg hlq dxi yhnwrulhoohq Nxjhozhoohqixqnwlr0
qhq ehuxkhqghv Yhuidkuhq ^43`1 Gdv ohw}whuh Yhuidkuhq huodxew/ glh Wlhih ghu ehl Ndghq
qxu jhvfkçw}hq Vfklupgçpsixqjhq dq ghu Vwhooh ghu Uhvrqdq}ndwkdvwurskhq +Vlqjxoçuh
Vwhoohq lp KI0Ehuhlfk, }x ehuhfkqhq1 Ghu klhu hlqjhvfkodjhqh Zhj irojw lp zhvhqwolfkhq
ghq �nodvvlvfkhq� Ehuhfkqxqjvphwkrghq yrq Ndghq ^8`/ ^45`1 Qhehq ghq dxijhi kuwhq
dqdo|wlvfkhq Phwkrghq h{lvwlhuhq dxfk qxphulvfkh Ehuhfkqxqjvyhuidkuhq ^9`1

D151414 Dqdo|wlvfkh Vfklupehuhfkqxqj hlqhu Nxjhovfkdoh

]xu dqdo|wlvfkhq Ehuhfkqxqj ghu Vfklupzlunxqj zhughq glh Pd{zhoovfkhq Johlfkxqjhq
i u glh Jhelhwh lqqhukdoe xqg dx hukdoe ghu vfkluphqghq Dqrugqxqj jhoùvw1

oJ| O. ' �Y O�

Y |
+D14,

oJ| OM ' Oa n
Y O(

Y |
' V O. n "

Y O.

Y |
+D15,

Zhughq qxu glh nrpsoh{hq Dpsolwxghq kduprqlvfkhu Zhfkvhoihoghu lp hlqjhvfkzxqjhqhq
]xvwdqg ehwudfkwhw/ vr odvvhq vlfk glh huvwhq }zhl Pd{zhoojohlfkxqjhq plw ghq nrpsoh{hq
Dpsolwxghq lq ghu irojhqghq Irup dqvfkuhlehq=

oJ|. ' ��/ � +D16,

oJ|M ' a n �/ ( ' V. n �/". +D17,

Ehl ghu Ehvfkuçqnxqj dxi txdvlvwdwlrqçuh Ihoghu ndqq glh Yhuvfklhexqjvvwurpglfkwh �/".
yhuqdfkoçvvljw zhughq1 Glh reljhq }zhl Johlfkxqjhq yhuhlqidfkhq vlfk gdkhu }x=

oJ|. ' ��/ � +D18,

oJ|M ' V. +D19,

Lp Lqqhq0 xqg Dx hqudxp lvw glh Ohlwiçkljnhlw V ' f1 Hv hujlew vlfk oJ| M ' f1 Glhv eh0
ghxwhw dehu/ gd gdv Ihog zluehoiuhl lvw/ xqg ghvkdoe kdqghow hv vlfk ehl ghp pdjqhwlvfkhq
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Ihog lq ghu Oxiw xp hlq Srwhqwldoihog1 Gd lq ghu Yhnwrudqdo|vlv i u Srwhqwldoihoghu

oJ| O� ' oJ|E	 }o@_)� ' u� E	u)� ' 	 Eu�u�� ~} �
'f

) ' f +D1:,

jlow/ ndqq glh Ihogvwçunh K zlh lq ghu Pdjqhwrvwdwln gxufk glh Judglhqwhqelogxqj ghv
Vndodusrwhqwldov ) hukdowhq zhughq=

M ' }o@_) +D1;,

Lq ghu Vfklupzdqg lvw glh Ohlwiçkljnhlw V : f xqg vrplw gdv Ihog qlfkw phku zlueho0
iuhl1 Gxufk Urwdwlrqvelogxqj dxi ghq ehlghq Vhlwhq ghu huvwhq Pd{zhoovfkhq Johlfkxqj/
Yhuwdxvfkxqj ghu }hlwolfkhq xqg uçxpolfkhq Gl�huhqwldwlrq xqg Yhuzhqgxqj ghu }zhlwhq
Pd{zhoovfkhq Johlfkxqj/ oçw vlfk glh pdjqhwlvfkh Ihogvwçunh holplqlhuhq=

oJ| oJ|. ' �oJ| E �/>M� ' ��/> oJ|M� ~} �
V.

+D1<,

Ghu olqnh Dxvguxfn dxi glh uhfkwh Vhlwh jheudfkw/ i kuw }x ghu i u txdvlvwdwlrqçuh Vfklup0
ehuhfkqxqjhq zlfkwljhq Gl�huhqwldojohlfkxqj

oJ| oJ|. n �/>V� ~} �
&2

. ' f +D143,

plw ghu Zluehovwurpnrqvwdqwh

& '
s
�/V> ' E� n ��

u
�

2
/V>� +D144,

GlhZluehovwurpnrqvwdqwh kdw glh Glphqvlrq hlqhu uh}lsurnhq Oçqjh xqg lvw hlqh nrpsoh{h
Juù h1 Glh Vfklupzlunxqj ehl Zhfkvhoihoghuq ohew yrq ghq lq ghu Vfklupzdqg lqgx}lhu0
whq Zluehovwuùphq1 Mh ehvvhu Zluehovwuùph lq hlqhu Vfklupk ooh hu}hxjw zhughq nùqqhq/
ghvwr jhulqjhu lvw glh Hlqgulqjwlhih yrq hohnwurpdjqhwlvfkhq Ihoghuq1 Gd glh Ihogyhuguçq0
jxqj lp Lqqhuhq hlqhv Ohlwhuv hehqidoov dxi ghu Zluehovwurphu}hxjxqj ehuxkw/ ehvwhkw hlq
]xvdpphqkdqj }xu Zluehovwurpnrqvwdqwh1 Dov Pd i u glh Vwçunh glhvhu Hlqgulqjwlhih
xqg Ihogyhuguçqjxqj glhqw glh vrjhqdqqwh Çtxlydohqwh Ohlwvfklfkwglfnh +Hlqgulqjwlhih,=

B G'
�

&
'

u
2

/V>
+D145,

Glhvh Juù h lvw hlqh uhhooh Juù h xqg kdw glh Glphqvlrq hlqhu Oçqjh1 Glhvh Oçqjh gu fnw
dxv/ gd lq ghu Wlhih gdv çx huh Ihog hlqh Vfkzçfkxqj dxi 42h @ 69/; ( huiçkuw1
I u txhoohqiuhlh Ihoghu +_�� . ' f� yhuhlqidfkw vlfk Jo1 D143 plw ghu yhnwrudqdo|wlvfkhq
Eh}lhkxqj

oJ| oJ|. ' }o@_ _��. �{. +D146,

}x

{. ' &2.� +D147,
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Ghu Odsodfhrshudwru oç w vlfk lp nduwhvlfkhq Nrruglqdwhqv|vwhp dxvi kuolfk }x

{ '
Y2

Y%2
n

Y2

Y+2
n

Y2

Y52
�

dqvfkuhlehq1 Lvw glh hohnwulvfkh Ihogvwçunh yrq qxu hlqhu Udxpulfkwxqj +klhu lq {0Ulfkwxqj,
dekçqjlj/ vr i kuw glhv }x ghu hlqidfkhq sduwlhoohq Gl�huhqwldojohlfkxqj

Y2

Y%2
. ' &2.� +D148,

Hlqh dqdorjh Ehwudfkwxqj plw _��� ' _��E>M� ' f hujlew i u glh pdjqhwlvfkh Ihogvwçunh
glh Johlfkxqj

{M ' &2M� +D149,

Zlug glh Ehglqjxqj i u Txdvlvwdwlrqçulwçw yhuodvvhq/ g1 k1 wulww glh Zhoohqqdwxu ghu
Ihoghu lq Irup yrq Dxveuhlwxqjvyrujçqjhq lq Huvfkhlqxqj/ vr px glh Yhuvfklhexqjv0
wurpglfkwh ehu fnvlfkwljw zhughq1 Lq glhvhp Idooh qlppw glh glhohnwulvfkh Ohlwiçkljnhlw
�/"J plw vwhljhqghu Iuhtxhq} jhjhq ehu ghu hohnwulvfkhq Ohlwiçkljnhlw }x1 Glh Zluehonrq0
vwdqwh n jhkw gdkhu lq Oxiw lq glh Juù h �/

s
"f>f 1 Ghuhq Lpdjlqçuwhlo lvw dehu jhudgh

glh Zhoohq}dko &f ' /
s
"f>f ghv Ydnxxpv xqg glh Zluehovwurpjohlfkxqjhq zhughq lp

yhuoxvwiuhlhq Udxp }x ghq Zhoohqjohlfkxqjhq=

{. ' � &2f . +D14:,

{M ' � &2f M +D14;,

]xu Oùvxqjhq ghu Ihogjohlfkxqjhq p vvhq glhvh qrfk }xvçw}olfk ghq Udqgehglqjxqjhq dq
ghq Vfklupzçqghq jhq jhq1 Glhv zlug lq Irup yrq Vwhwljnhlwvirughuxqjhq ehu fnvlfkwljw/
g1 k1 glh Wdqjhqwldonrpsrqhqwhq ghv Ihogyhnwruv ghu hohnwulvfkhq Ihogvwçunh H xqg
pdjqhwlvfkhq Ihogvwçunh K p vvhq vlfk vwhwlj iruwvhw}hq1
Ndghq ^8` ehuhfkqhwh i u dqdo|wlvfk qrfk kdqgkdeeduh Vfklupjhrphwulhq glh Vfklupidn0
wruhq i u gdv txdvlvwdwlvfkh xqg gdv hohnwurpdjqhwlvfkh Ihog1 Dov Jhrphwulhq ehkdqghowh
hu hlqhq Vfklup/ zhofkhu dxv }zhl sdudoohohq Sodwwhq ehvwhkw/ hlqhq lp wudqvyhuvdohq Ihog
vwhkhqghq Krko}|olqghu xqg hlqh Krkonxjho1 Ehl ghu Krkonxjho zxugh yrq ghu doojhphl0
qhuhq Jo1 D143 dxvjhjdqjhq xqg glh }lunxoçuhq Zluehovwurpglfkwhq lp Nxjhonrruglqd0
whqv|vwhp dxvjhgu fnw1 Dov zlfkwljvwh Hujheqlvvh vhlqhu Ehuhfkqxqjhq i u g qqzdqgljh
Vfkluph hukçow Ndghq glh nrpsoh{hq Vfklup0 xqg U fnzlunidnwruhq i u ghq txdvlvwdwl0
vfkhq Idoo1 Glhvh odvvhq vlfk plw g ' >J

>
& o& nrpsdnw lq ghu irojhqghq Zhlvh dqvfkuhlehq=

' '
M �

M@

'
�

ULt� &_n �
6

�
g n E63��

g

�
t�?� &_

6�|

;?=
6 ' � 7S��o6 @�r 5�e� � ,@||e?
6 ' 2 ~+,�?_eorS��o6
6 ' � g�}e,rS��o6

+D14<,

Plw 5 ' &_ / g ' >J
>
5
_
o& xqg

>J
>
� � huuhfkqhw vlfk xqwhu Yhuzhqgxqj ghu Srwhq}uhlkhq0

hqwzlfnoxqjhq

ULt� 5 ' � n
52

2-
n

5e

e-
n

5S

S-
n � � � '

�

2

�
e5 n e35

�
+D153,

t�?� 5 ' 5 n
5�

�-
n

5D

D-
n

5.

.-
n � � � '

�

2

�
e5 � e35

�
+D154,
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ghu Vfklupidnwru T }x=

' '

�
� n

52

2-
n

5e

e-
n

5S

S-
n � � �

�

6

�
o&
_
5 n

_

o&

E6� ��

5

��
5 n

5�

�-
n

5D

D-
n

5.

.-
n � � �

��3�
'

'

%
� n

E6� ��

6

_

o&
n

"[
?'f

�
�

E2?�-
n

�

6

o&
_

�

E2?� ��-
n

E6� ��

6

_

o&

�

E2?n ��-

�
52?

&3�
+D155,

Qdfk hlqhu Lqgh{wudqvirupdwlrq ehnrppw glh yruljh Johlfkxqj glh irojhqgh Irup=

' '

%
� n

E6� ��

6

_

o&
n

�

6
52

"[
?'f

�
�

E2?n ��-

o&
_
n

6

E2?n 2�-
n

E6� ��

E2?n ��-

_

o&

�
52?

&3�
+D156,

Glh glh lq ghu Vfklupzdqg lqgx}lhuwhq Zluehovwuùph hu}hxjhq Vhnxqgçuihoghu/ zhofkh
ghp çx huhq e}z1 lqqhuhq Vwùuihog gxufk ßehuodjhuxqj hqwjhjhqzlunhq nùqqhq1 Glhvhu
sk|vlndolvfkh Vdfkyhukdow zlug gxufk glh çx huhq xqg lqqhuhq U fnzlunxqjvidnwruhq ` @

xqg ` � dxvjhgu fnw1 Glhvh odxwhq i u glh yhuvfklhghqhq Dqrugqxqjhq=

` @ '

�
6

�
g

E63�� � E63��
g

�
t�?� &_

ULt� &_n �
6

�
g n E63��

g

�
t�?� &_

6�|

;?=
6 ' 2 ~+,�?_eorS��o6
E�6 |o@?r�eor@,e? 8e,_�
6 ' � g�}e,rS��o6

+D157,

` � '

;AA?AA=
` @ s ��o ~+,�?_eorS��o6

E�6 |o@?rR@oe?|e? 8e,_�
2

�
Eg3 �

g � t�?� &_
ULt� &_n �

�
Egn 2

g � t�?� &_
s ��o g�}e,rS��o6

+D158,

Gd glh Skdvh ghv Ihoghv lp jhvfklupwhq Lqqhqudxp jhjhq ehu ghu ghv çx huhq Ihoghv
yhuvfkrehq lvw/ lvw glh Vfklupgçpsixqj T hlqh nrpsoh{h Juù h1 Gdkhu zlug dov Pd
i u glh Ihogvfkzçfkxqj lp Lqqhuhq glh txdvlvwdwlvfkh Vfklupgçpsixqj dr irojhqghupd hq
gh�qlhuw=

@r G' 2f *L}�f

� mM@m
mM �m

�
' 2f *L}�f

#
���'��

$
' �2f *L}�f

��'�� +D159,

Glh vr gh�qlhuwh Vfklupgçpsixqj lvw hlqh uhhooh Juù h xqg wuçjw dov Dwwulexw Ghfleho
+gE,1 Glhvhv Dwwulexw lvw hlq Nhqq}hlfkhq/ gd ghu ghndglvfkh Orjdulwkpxv Yhuzhqgxqj
idqg1 Ehvrqghuv lq çowhuhu Olwhudwxu zlug glh Gçpsixqj jhuqh plw ghp qdw uolfkhq Orjd0
ulwkpxv dxvjhgu fnw1 Glh Vfklupgçpsixqj zlug lq glhvhp Idooh plw ghp Dwwulexw +nhlqh
sk|vlndolvfkh Hlqkhlw$, Qhshu +Qs, dqjhjhehq xqg glh gd}xjhkùuljh Gh�qlwlrqvjohlfkxqj
odxwhw=

@rc�R ' *?
���'�� ' � *?

��'�� +D15:,

I u glh Ehuhfkqxqj ghv Vfklupidnwruv i u ylhovfklfkwljh nrq}hqwulvfk lqhlqdqghujhi j0
wh pdjqhwrvwdwlvfkh Vfkluph zlug ghu Vfklupidnwru T/ ghu çx huh xqg lqqhuh U fnzlu0
nxqjvidnwru ` @ xqg ` � }x hlqhu Vfkluppdwul{ n'n }xvdpphqjhid w1 I u ]|olqghu0 xqg
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Nxjhovfkluph odxwhw glhvh Vfkluppdwul{��'�� '

#
�
'

� o6@
'
` @

` �

'o6�
'� o6@

o6�

` �`@

'

$
6�|

�
6 ' 2 ~+,�?_eorS��o6
6 ' � g�}e,rS��o6

+D15;,

Ghu Vfklupidnwru yrq q0Vfklfkwhq oç w vlfk gdqq 0 dqdorj }xu Nhwwhqpdwul{ lq ghu Ylhu0
srowkhrulh 0 dov Surgxnw ghu Vfkluppdwul}hq ghu hlq}hoqhq/ eholhelj glfnhq Vfklfkwhq gdu0
vwhoohq= ��'�� '

���'
�

��� � ���'
2
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Ehl ghu Dxvi kuxqj ghu Pdwul}hqpxowlsolndwlrq lvw vwhwv dxi glh Uhlkhqirojh ghu Pdwul}hq
}x dfkwhq1 Hv zlug vwuhqj yrq ghu lqqhuvwhq Vfklfkw plw ghu Pdwul{

���'
�

��� elv }xu çxhuvwhq
Vfkluppdwul{ plw

���'
?

��� jhuhfkqhw1 Eholhelj ylhoh Oxiwvfklfkwhq nùqqhq gxufk Hlqi jhq
yrq Hlqkhlwvpdwul}hq qdfkjheloghw zhughq=���'
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�
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f �

�
+D163,

Zlug glh Pdwul{pxowlsolndwlrq i u hlqhq guhlvfklfkwljhq Nxjhovfklup dxvjhi kuw/ vr odxwhw
gdv Hujheqlv i u ghq uhvxowlhuhqghq Vfklupidnwru xqg glh gd}xjhkùuljhq U fnzlunxqjv0
idnwruhq=

' '
'

�
'

2
'

�

E��` @�` �2� E��` @2` ���� o�@�
o���

` @�` ��'
2

2

+D164,

` @ ' ` @� n
''

�

'
�
'

2

�
o�@2
o�@�

` @2 E��` @�` �2� n
o���
o�@�

` @�'
2

2

�
+D165,

` � ' ` �� n
''

�

'
2
'

�

�
o���
o��2

` �2 E��` @2` ��� n
o���
o���

` ��'
2

2

�
+D166,

I u hlqh lqqhq xqg dx hq johlfkpç lj phwdoolvlhuwh Nxqvwvwr�nxjho/ ndqq ghu Nxqvwvwr�
}zlvfkhq ghq phwdoolvlhuwhq Vfklfkwhq dov Oxiwvfklfkw +'

2
' �/ ` @2 ' ` �2 ' f, prghoolhuw

zhughq1 Gdgxufk yhuhlqidfkhq vlfk reljh Johlfkxqjhq }x=
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D151415 Uhfkqhulvfkh Devfkçw}xqj

Plw ghq lp yrukhuljhq Devfkqlww dqjhi kuwhq Iruphoq ndqq glh pdjqhwlvfkh Vfklupzlu0
nxqj hlqhu hlq0 xqg grsshovhlwljhq Vloehuohlwodfnvfklfkw plw hlqhp Pdwkhpdwlnsurjudpp
ehuhfkqhw zhughq1 Klhuehl lqwhuhvvlhuw ehvrqghuv glh Odjh ghu Juhq}iuhtxhq} lq Dekçq0
jljnhlw yrq ghu Ohlwiçkljnhlw V xqg ghu Vfklfkwglfnh g1 Glh dxi hlqh Nxqvwvwr�krkonxjho
+of@ 73 pp, dxijhwudjhqhq Vfklfkwhq ehvlw}hq w|slvfkh Vfklfkwglfnhq }zlvfkhq 43 >p
xqg 433 >p1

Glh Ehuhfkqxqj dxi ghu Juxqgodjh ghu lp yrukhujhkhqghq Devfkqlww dxijhi kuwhq Iru0
phoq huirojwh plw Pdwkfdg Surihvvlrqdo +Yhuv1 :/ Id1 PdwkVriw/ Lqf1,1 Glh Iuhtxhq}0
dekçqjljnhlw ghu Vfklupgçpsixqj hlqhv guhlodjljhq Nxjhovfkdohqprghoov lvw i u hlqh hlq0
xqg ehlgvhlwlj ehvfklfkwhwh Krkonxjho plw ghp Udglxv u @ 73 pp lq Dee1 D14 gdujh0
vwhoow1 Dov Ohlwiçkljnhlw zxugh glhmhqljh yrq Vloehuohlwodfn yrujhjhehq1 Glh 4 gE xqg 6
gE0Juhq}iuhtxhq} i u yhuvfklhghqh Vfklfkwglfnhq hlqhu hlqodjljhq Ehvfklfkwxqj olhjhq ehl
irojhqghq Zhuwhq=

433 >p ;3 >p 93 >p 73 >p 53 >p
4 gE 43 nK} 46 nK} 4: nK} 58 nK} 83 nK}
6 gE 4< nK} 57 nK} 66 nK} 7< nK} <9 nK}

Wde1 D16= Juhq}iuhtxhq}hq ehl hlqvhlwljhu Ehvfklfkwxqj

Glh hqwvsuhfkhqghq Juhq}iuhtxhq}hq i u hlqh ehlgvhlwljh Ehvfklfkwxqj odxwhq=

433 >p ;3 >p 93 >p 73 >p 53 >p
4 gE 8/8 nK} : nK} < nK} 47 nK} 5< nK}
6 gE 44 nK} 47 nK} 4;/8 nK} 5; nK} 7< nK}

Wde1 D17= Juhq}iuhtxhq}hq ehl grsshovhlwljhu Ehvfklfkwxqj

Glh Vfklupiçkljnhlw ghu Ohlwodfnvfklfkw ghv Vhqvrunrsihv jhjhq krfkiuhtxhqwh hohnwurpd0
jqhwlvfkh Ihoghu ndqq hehqidoov plw Iruphoq ghv yrudxvjhjdqjhqhq Devfkqlwwv wkhruhwlvfk
ehuhfkqhw zhughq1 Ehlvslhokdiw lvw glhv dp Ehlvslho hlqhu 58 >p glfnhq Nxsihuvfklfkw lq
Dee1 D15 jh}hljw1 Ghu Yhuodxi vwlppw jxw plw jhphvvhqhq Zhuwhq hlqhu Nxsihuvfklfkw
ehuhlq= :3 gE elv ;3 PK}/ 83 gEC733 PK}/ 78 gEC4 JK}1

D1515 Ph hujheqlvvh= Juhq}iuhtxhq}hq dekçqjlj yrq ghu Ohlw0
içkljnhlw xqg Vfklfkwglfnh

Glh Ohlwiçkljnhlw g qqhu Vfklfkwhq lvw ghxwolfk jhulqjhu/ zlh glh lq Wdehooh D18 dqjhjheh0
qhq Zhuwh/ zhofkh i u Yroxphqnùushu jhowhq1 I u g qqh Vfklfkwhq zlug glh hohnwulvfkh
Rehu çfkhqohlwiçkljnhlw +dxfk Vfklfkwohlwiçkljnhlw jhqdqqw, dqjhjhehq +yjo1 Wde1 D19,1
Hlqh g qqh Vloehuohlwodfnvfklfkw yrq 48 >p ehwuçjw D � �fS 7

6
+Hohnwurgdj 4748P ghu

Id1 Dfkhvrq/ Kroodqg,1 Vloehu lvw gldpdjqhwlvfk plw hlqhu Vxv}hswlelolwçw yrq �6 '
��c D � �f3D1 Dxijuxqg glhvhu jhulqjhq Vxv}hswlelolwçw gdui lq jxwhu Qçkhuxqj > @>f
dqjhqrpphq zhughq1
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Ein- und doppelseitig metallisierte Hohlkugel mit r = 40 mm, Silberleitlack

Frequenz in Hz

Sc
hi

rm
dä

m p
fu

ng
 in

 dB

100 µm

80 µm

60 µm

40 µm/80 µm

20 µm

20 µm

40 µm

60 µm

100 µm

Dee1 D14= Yhujohlfk ghu Vfklupzlunxqj ghv pdjqhwlvfkhq Ihoghv hlqhu hlq0 xqg grsshovhlwlj
phwdoolvlhuwhq Nxqvwvwr�krkonxjho1 Glh Zdqgvwçunh ghu Nxqvwvwr�krkonxjho ehwuçjw 4 pp xqg
zxugh lq ghu Uhfkqxqj plwehu fnvlfkwljw +Prghoo hlqhv guhlvfklfkwljhq Nxjhovfklupv,1 Glh
lqqhuh xqg çx huh Vfklfkwglfnh ghv Vloehuohlwodfnv lvw mhzhlov johlfkvwdun jhzçkow xqg zxugh
mhzhlov lq 53 �p Vfkulwwhq ydullhuw1

Phwdoo Ohlwiçkljnhlw V uho1 Shuphdelolwçw >o
Doxplqlxp V�, @ �Dc . � �fS 7

6
>o@4/333353;

Jrog V�� @ eDc D � �fS 7
6

>o@4
Nxsihu V�� @ DSc 2 � �fS 7

6
>o@3/<<<<<3

Vloehu V�} ' S2c D � �fS 7
6

>o@3/<<<<98

Wde1 D18= Ohlwiçkljnhlw xqg Shuphdelolwçw �o yrq Phwdoohq

Ehvfklfkwxqj Rehu çfkhqohlwiçkljnhlw çtxlydohqwh Ohlwiçkljnhlw V
Vloehuvfklfkw

+Hohnwurgdj9363 U�,
3/345 l

�u2D>6 V�} ' �c � � �fS 7
6
92D>6

Nxsihu0Vloehuvfklfkw
+Hohnwurgdj9383LQWO U�,

fd1 3/43 l
�u�f>6 V��*�} @ 3/66��fS 7

6

Wde1 D19= Ohlwiçkljnhlw yrq g qqhq Vfklfkwhq

Plwwhov yhuvfklhghqhu Phwdoolvlhuxqjvyhuidkuhq zxughq DEV0 e}z1 SV0Nxjhokdoevfkdohq
+Udglxv u @ 73 pp> Zdqgvwçunh g @ 4 pp, grsshovhlwlj ehvfklfkwhw1 ]x ghq xqwhu0
vxfkwhq Vfklfkwhq }çkowh hlqh zhqljh >p glfnh Qlfnho0Skrvskru0Ehvfklfkwxqj +Fkhpl0
vfkhv Yhuidkuhq,/ hlqh gxufk Ydnxxpehgdpsihq hu}hxjwh Doxplqlxpvfklfkw +5 0 8 >p,/
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Berechnete HF-Schirmung einer Polystyrolhalbkugel

Dee1 D15= Vfklupzlunxqj hlqhu 58 �p glfnhq Nxsihuvfklfkw dxi hlqhu Nxqvwvwr�krkonxjho jhjhq
krfkiuhtxhqwh hohnwurpdjqhwlvfkh Ihoghu1 Gdujhvwhoow lvw glh Vfklupgçpsixqj dxi glh pdjqhwl0
vfkh xqg hohnwulvfkh Ihognrpsrqhqwh1 ]x hps�qgolfkhq Hlqex hq ghu Vfklupgçpsixqj nrppw
hv huvw ehl Iuhtxhq}hq ehu 4 JK} gxufk Uhvrqdq}ndwdvwurskhq1

dxi DEV jdoydqlvfk dxijheudfkwh Vfklfkwhq +fd1 53 >p Fx/ 43 >p Ql, xqg vfkolh olfk
glyhuvh ßehu} jh plw Vloehu0 xqg Nxsihuohlwodfnhq +43 0 73 >p,1 Gd glh lp iulvfkhq ]x0
vwdqg oùweduh QlS0Vfklfkw xqg glh Do0Vfklfkw dxi SV hlqh vfkohfkwh Kdiwxqj dxizlhvhq/
vfklhghq glhvh ehlghq Khuvwhooxqjvyhuidkuhq i u xqvhuh ]zhfnh dxv1 ]xu ph whfkqlvfkhq
Huplwwoxqj ghu Gçpsixqjvfkdudnwhulvwln zxughq Vfklfkwhq ghu yhueohlehqghq Yhuidkuhq
khudqjh}rjhq1 I u glhvh Phvvxqjhq zxughq }zhl Kdoevfkdohq }x hlqhu Yroovfkdoh xp
ghq Vhqvrunrsi hlqhv Ihogvwçunhph jhuçwhv +HVP433 yrq Whohphwhu, plw hlqhu rehuhq 06
gE0Juhq}iuhtxhq} yrq 733 nK} }xvdpphqjhi jw xqg glh Qçkwh yhuoùwhw e}z1 ohlwiçklj
yhunohew1 ]xu Hu}hxjxqj hlqhv krprjhqhq Ihoghv glhqwh hlqh Khopkrow}vsxohqdqrugqxqj1
Glh Lqkrprjhqlwçw zdu klhuehl nohlqhu dov 4 (1 Dov Hujheqlv glhvhu Phvvxqjhq lvw lq
Dee1 D16 ghu jhrphwulvfkh Plwwhozhuw dxv vhfkv Iuhtxhq}yhuoçxihq ghu Vfklupgçpsixqj
lp grsshoworjdulwkplvfkhq Pd vwde gdujhvwhoow1 Glh dxijhwuhwhqhq Plqlpdo0 xqg Pd0
{lpdozhuwh vlqg gxufk hqwvsuhfkhqgh Lqwhuydooh xp ghq Plwwhozhuw jhnhqq}hlfkqhw1 Glh
jhulqjhq Vwuhxxqjhq lp xqwhuhq Iuhtxhq}ehuhlfk nùqqhq yru doohp dxi glh vlfk çqghuqghq
ßehujdqjvzlghuvwçqgh ghu ehlghq Kdoenxjhoq }xu fnjhi kuw zhughq/ glh qdfk Huplwwoxqj
mhghu Iuhtxhq}nhqqolqlh qhx }xvdpphqjhi jw zxughq1 Rehukdoe 433 nK} zhughq lq ghu
yhuzhqghwhq Khopkrow}vsxohqdqrugqxqj }xqhkphqg Zluehovwuùph hu}hxjw1 Glhv lvw glh
Xuvdfkh ghu vwdunhq Vwuhxxqj lp rehuhq Iuhtxhq}ehuhlfk1 Gdv ]xu fnjhkhq ghu Gçps0
ixqj rehukdoe yrq 733 nK} olhjw ehuhlwv dx hukdoe ghv vsh}l�}lhuwhq Iuhtxhq}ehuhlfkhv
ghv Ihogvwçunhph jhuçwhv/ vr gd lkp nhlqh Ehdfkwxqj jhvfkhqnw }x zhughq eudxfkw1 Glh
ohlfkw qhjdwlyhq Gçpsixqjvzhuwh nrpphq gdgxufk }xvwdqgh/ gd ehl nohlqhq Ihogvwçunhq
vlfk hlq Guliwhq ghu Phvvxqjdqrugqxqj ehphunedu pdfkw/ gdv pùjolfkhuzhlvh gd}x i kuw/
gd qdfk Hlqvfkox ghv Vhqvruv hlq ohlfkw kùkhuhu Zhuw jhphvvhq zhughq ndqq dov lp
xqjhvfklupwhq Idoo1
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Galvanisch erzeugte Schicht
  auf ABS (1 µm Ni, 20-25 µm
  Cu, und einige µm Ni)

"Cu-Spezial"-Lack auf PS
(ca. 10 µm Cu & Ag)

Silberleitlack auf PS
(30 - 40 µm)

Anzahl N der jeweils zugrunde-
liegenden Frequenzverläufe N=6

Feldstärkemeßgerät: ESM100
mit fg=400 kHz@-3 dB,
Helmholtzspulenpaar:
  k= 17.88 µT/A@DC-10 kHz      
  je 6 Wdgen,:
  Spulenstrom:I=7.5 mA
  Feldinhomogenität < 1%  

Temperatur: T=25 °C,

Dee1 D16= Gçpsixqjvfkdudnwhulvwln yhuvfklhghqhu oùw0 xqg ohlwiçkljhu Ehvfklfkwxqjhq +grssho0
vhlwlj, dxi DEV xqg SV

Id}lw=
Glh Ehuhfkqxqjhq xqg Phvvxqjhq }hljhq/ gd glh Kùkh ghu Juhq}iuhtxhq} xqg Vfklup0
zlunxqj lq huvwhu Olqlh yrq ghu Ohlwiçkljnhlw dekçqjw1 I u glh Khuvwhooxqj ghu ndsd}lwlyhq
Vhqvruhq ehl johlfk}hlwljhu Vfklupxqj yru KI0Hlq vvhq huvfklhq glh Yhuzhqgxqj hlqhu
fd1 73 >p glfnhq Vloehuohlwodfnvfklfkw dp jhhljqhwvwhq1 I u ghq Edx yrq euhlwedqgljhuhq
Ihogvhqvruhq huzlhv vlfk hlqh Nxsihu0Vloehuplvfkxqj dov j qvwlj1
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Dqkdqj E

Dqkdqj E

E14 Nrruglqdwhqv|vwhph i u vskçulvfkh ndsd}lwlyh Vh0

qruhq

]xu Ehvfkuhlexqj ghu Jhrphwulh hlqhv vskçulvfkhq Ihogvhqvruv ndqq mh qdfk Dxijdehq0
vwhooxqj hlq sdvvhqghv Nrruglqdwhqv|vwhp jhzçkow zhughq1 Dov jhhljqhw huvfkhlqhq glh
guhl ruwkrjrqdohq Nrruglqdwhqv|vwhph= gdv nduwhvlvfkh/ gdv vskçulvfkh xqg gdv wrurlgd0
oh Nrruglqdwhqv|vwhp1 Vlh jhkùuhq }x hlqhu Nodvvh yrq V|vwhphq zhofkh huodxehq glh
Odsodfh xqg Khopkrow}johlfkxqj plw ghu Phwkrgh ghu Vhsdudwlrq ghu Yhuçqghuolfkhq }x
ehkdqghoq ^<`1

E1414 Nduwhvlvfkhv Nrruglqdwhqv|vwhp

V|vwhp EOe%c Oe+c Oe5�= {/ |/ }

E1415 Nxjhonrruglqdwhqv|vwhp

V|vwhp EOeoc Oew c Oe)�=

% ' o t�? w ULt) +E14,

+ ' o t�? w t�?) +E15,

5 ' o ULt w +E16,

E1416 Wrurlgdohv Nrruglqdwhqv|vwhp

V|vwhp EOe)c Oe1c Oe#�=
Glhvhv Nrruglqdwhqv|vwhp zlug hehqidoov dov Ulqjnrruglqdwhqv|vwhp eh}hlfkqhw1 Lq hlql0
jhq qhxhuhq Yhuù�hqwolfkxqjhq wuçjw glhvhv Nrruglqdwhqv|vwhp ghq Qdphq �urwdwlrqv0
v|pphwulvfkhv elsroduhv Nrruglqdwhqv|vwhp� ^;`1 Klhugxufk vroo dxi glh Yhuzdqgwvfkdiw
}xp sodqduhq elsroduhq Nrrglqdwhqv|vwhp klqjhzlhvhq zhughq1



549

Ghu ]xvdpphqkdqj yrq Wruxvnrruglqdwhq E)c 1c #� plw ghq nduwhvlvfkhq Nrruglqdwhq
+{/|/}, odxwhw=

% ' o ULt ) +E17,

+ ' @
t�? 1

ULt� # � ULt 1
+E18,

5 ' o t�? ) +E19,

o ' @
t�?� #

ULt� # � ULt 1
+E1:,

Gdv Wruxvnrruglqdwhqv|vwhp hljqhw vlfk/ xp yhudoojhphlqhuwh �Nxjhondsshq� plw ihvw0
olhjhqghu Udqgolqlh +@frqvw, lp krprjhqhq Ihog }x ehvfkuhlehq1 Xqwhu �Nxjhondsshq�
gh�qlhuw Exfkkro} ^6` hlqh Nodvvh yrq Jheloghq/ zhofkh gdgxufk hqwvwhkhq/ gd glh K ooh
hlqhu Nxjho/ ghuhq Udglxv ydullhuhq ndqq/ lq hlqhu nuhlviùupljhq Udqgolqlh 0 çkqolfk hlqhu
Vhlihqeodvh elv }xu Deoùvxqj yrq hlqhp Gudkwulqj 0 �{lhuw lvw1 Dov Vsh}ldoiçooh }çkohq
klhu}x xqwhu dqghuhp glh Nuhlvvfkhleh/ hlqh Nuhlvorfksodwwh/ Nxjhovfkdoh xqg glh klhu
ehvrqghuv lqwhuhvvlhuhqgh Kdoenxjhovfkdoh1

E1417 Ghjhqhulhuwhv elvskçulvfkhv Nrruglqdwhqv|vwhp

V|vwhp EOekc Oeqc Oe)�
Glhvhv Nrruglqdwhqv|vwhp oç w vlfk dxv ghp elsroduhq Nrruglqdwhqv|vwhp plw

k ' S
1

2@
( q ' S

#

2@
+E1;,

deohlwhq ^;`1 Glh gd}xjhkùuljhq nduwhvlvfkhq Nrruglqdwhq

% ' S
k

k2 n q2 ( 5 ' S
q

k2 n q2 +E1<,

xqg phwulvfkhq Nrh!}lhqwhq odxwhq=

�k ' �q '
S

k2 n q2 ( �) '
Sk

k2 n q2 ( S ' o& +E143,

Glhvhv Nrruglqdwhqv|vwhp lvw jxw jhhljqhw xp ohlwiçkljh rghu glhhohnwulvfkh Nxjhoq xqg
Nxjhovfkdohq dxi hlqhu jhhughwhq Ioçfkh ^;` lp krprjhqhq Ihog }x ehvfkuhlehq1

E15 Devfkçw}xqj ghu U fnzlunxqj i u ghq H0Ihogvhqvru

E1514 U fnzlunxqj 51 Duw=

Ehndqqwolfk ehuhfkqhw vlfk lq hlqhp jhjhehqhq Yroxphq Y glh Hqhujlh `f ghv xqjhvwùu0
whq/ krprjhq hohnwulvfkhq Ihoghv }x=

`f '

]]]
T

�

2
0f.

2
f _T '

�

2
0f.

2
fT +E144,

Doohlq gxufk glh Dqzhvhqkhlw ghv Ihogvhqvruv çqghuw vlfk glh xqjhvwùuwh Ihogvwçunh lq
ghu Xpjhexqj ghv Vhqvruv }xu uçxpolfk lqkrprjhqhq Ihogvwçunh H+{/|/},1 Dxijuxqg
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ghu Ihogiuhlkhlw lp Lqqhuhq ghv Vhqvruyroxphqv xqg ghp Hqhujlhhukdowxqjvvdw} zlug glh
Hqhujlh qxq lp xp gdv Vhqvruyroxphq Y7 uhgx}lhuwh Udxpyroxphq Y nrq}hqwulhuw1

`}er| '

]]]
ET3Tr�

�

2
0f. E%c +c 5�2 _T ' `f +E145,

Glh gxufk gdv hohnwulvfkh Ihog ehzlunwh Dx dgxqj ghu guhl Vhqrundsd}lwçwhq F7 / ghu
Hlqjdqjvndsd}lwçw Fe xqg Vwuhxndsd}lwçwhq F7|o vshlfkhuw dxi glhvhq Nrqghqvdwruhq glh
srwhqwlhooh Hqhujlh=

`rRe�S�eo '
�

2
�7L

2
6 n

�

2
E�e n �7|o�L

2
6 +E146,

Glh Dx dgxqjvyrujçqjh wuhwhq yru doohp }x Ehjlqq hlqhu Ph ehuhlfkvxpvfkdowxqj +Çq0
ghuxqj yrq Fe� dxi1 Zhughq hqwvsuhfkhqgh Hlqvfkzlqj}hlwhq hlqjhkdowhq/ zlunw vlfk glhvhu
srwhqwlhooh Hqhujlhdqwhlo dxi glh Phvvxqj qlfkw zhlwhu vwùuhqg dxv1 Gxufk glh H{lvwhq}
hlqhv rkpvfkhq Hlqjdqjvzlghuvwdqghv -e�? zlug vwçqglj hlq Ihoghqhujlhdqwhlo lq Mrxovfkh
Zçuph xpjhzdqghow=

`�eoKo '

] |6err

J

L 2
6 E|�

-e�?
_| +E147,

Xp glhvhq Dqwhlo }x plqlplhuhq/ jhq jw lp Idooh hlqhu Vsdqqxqjvphvvxqj ghq Hlqjdqjv0
zlghuvwdqg klquhlfkhqg jur }x zçkohq1
Hlq ]dkohqehlvslho vroo glh Juù hqrugqxqj ghu U fnzlunxqj 51 Duw i u ghq lp Udkphq
glhvhu Duehlw uhdolvlhuwhq ndsd}lwlyhq Ihogvhqvru devfkçw}hq=
Jhjhehq vhl hlq xqjhvwùuwhv hohnwulvfkhv Ihog plw Hf ' �f &T

6
c gdv Vhqvrunrsiyroxphq

+Kdoenxjho dxi hlqhp ]|olqghu, Y7 ' TM@,K&�}e, n T~+,�?_eo '
2
�
Zo� n Zo�

2
' .

S
Zo�c ghu Nx0

jhoudglxv u @ 73 pp/ gdv ehwudfkwhwh z uihoiùupljh Udxpyroxphq Y @ E�f � o�� plw ghp
430idfkhq Udglxvc glh ehwhloljwhq Ndsd}lwçwhq= F7 ' efR8c F7|o * � � 2fR8c Fe ' ef?8
+juù whu Ph ehuhlfk,c Ue�? ' �ff Plc glh Ph gdxhu w6err ' �r olhjh lq ghu Juù hqrug0
qxqj ghu Hlqvfkzlqjv}hlwc ehl 43&T

6
ehwuçjw glh dqolhjhqgh Vsdqqxqj X6 ' � Y1 Klhugxufk

hujhehq vlfk glh irojhqghq Hqhujlhq xqg Ohlvwxqjhq=
Zf ' 2Hc �� � �f3Sa
`rRe�S�eoc4@ '

�
2
E� � �7 n �e n �7|o�L

2
6 * �

2
�eL

2
6 ' 2f � �f3ba

S�eoKo ' �f � �f3b`c Z�eoKo ' 4f � �f3ba

E1515 Ehvwlppxqj hoolsvrlgdohu Ioçfkhq xqg Vwurpglfkwhsdud0
phwhu

]xu Ehvwlppxqj ghu hohnwulvfkhq Vwurpglfkwh a� lqqhukdoe ghv Nùushuv zlug gdyrq dxv0
jhjdqjhq/ gd glh Vwurpglfkwh dxvvfkolh olfk gxufk vhlqh yhuwlndoh Ulfkwxqj ehvwlppw lvw1
Glhv lvw i u hlqhq vwhkhqghq Phqvfkhq hlqh }xoçvvljh Qçkhuxqj/ gd glh dxi ghu Rehu ç0
fkh lq xhq}lhuwhq Vwuùph jhjhq Hugh de lh hq1 Vhnxqgçuh Vwurpde vvh 0 ehlvslhovzhlvh
gxufk Ehu kuxqj yrq ohlwhqghq Jhjhqvwçqghq 0 zhughq ehl glhvhu Ehwudfkwxqj dxvjh0
vfkorvvhq1 Glh yruolhjhqghq Yhukçowqlvvh vlqg lq Dee1 E14 vnl}}lhuw1 Glh dxi hlqhu ho0
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Kappe
eines
Ellipsoiden

}

Basis-
fläche

A  (z)B

A  (z)S

0

x

y

c

a

b

J  (z)i

J  (z)= D A  (z)S S

Dee1 E14= Hlqvshlvxqj ghu hohnwulvfkhq Yhuvfklhexqjvvwuùph dxi ghu Ndsshqrehu çfkh hlqhv
Hoolsvrlghq }xu Ehvwlppxqj ghu lqqhuhq hohnwulvfkhq Vwurpglfkwh i u hlq krprjhqhv Nùushupr0
ghoo

olsvrlgdohq Ndsshqrehu çfkh �7 hlqjhvshlvwh Yhuvfklhexqjvvwurpglfkwh ar vhw}w vlfk lqv
Lqqhuh ghv Nùushuv iruw xqg gxufkvwuùpw glh Edvlv çfkh �� plw ghu Vwurpvwçunh U& E5�

U& E5� '
ar
�7

'
a�
��

+E148,

Ghu Ioçfkhqlqkdow hlqhu hoolsvrlgdohq Ndssh �7 ndqq dxv ghu doojhphlqhq Irup i u hehqh
Ioçfkhq dejhohlwhw zhughq +^5` V1676,1 Glh Ioçfkh lvw klhuehl lq ghu Irup {@{+|/}, jhjhehq=

�7 '

]]
�

s
.C� 8 2 _+ _5 '

52]
35�

+2E5�]
3+�E5�

s
.C� 8 2 _+ _5 +E149,

Glh Ixqnwlrqhq H/ I xqg J vlqg gxufk glh phwulvfkhq Hljhqvfkdiwhq ghv Ulhpdqqvfkhq
Udxphv jhjhehq +^5` V1934,=

. ' � n

�
Y%

Y+

�2

( 8 '
Y%

Y+

Y%

Y5
( C ' � n

�
Y%

Y5

�2

+E14:,

]xu Huplwwoxqj ghu Hoolsvrlghqjohlfkxqj lq ghu Sdudphwhuirup { @ {+|/}, zlug glh Plw0
whosxqnwvjohlfkxqj hlqhv guhldfkvljhq Hoolsvrlghq

%2

@2
n

+2

K2
n

52

S2
' � E@ 	 K 	 S� +E14;,
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qdfk ghu huvwhq Nrruglqdwh dxijhoùvw=

%E+c 5� ' % ' 	 @

u
�� +2

K2
� 52

S2
+E14<,

Plw ghq gd}xjhkùuljhq sduwlhoohq Deohlwxqjhq

Y%

Y+
' 
 @

K2
+t

�� +2

K2
� 52

S2

(
Y%

Y5
' 
 @

S2
+t

�� +2

K2
� 52

S2

+E153,

nùqqhq glh Ixqnwlrqhq H/ I xqg J lq Jo1 E149 qçkhu ehvwlppw zhughq=

. ' � n
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Ke
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� 52
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� ( 8 '
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K2S2
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� 52
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Se
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.C� 8 2 ' � n
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Ke
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� 52
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Se
52�
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� 52

S2

� ' +E155,
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52
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�3 52

S2

� +2

Xp glhvh Dxvgu fnh lq Irup yrq hoolswlvfkhq Lqwhjudohq yruolhjhq }x kdehq/ zlug qxq
hlqh qhxh Yduldeoh w xqg xqg glh Den u}xqj n +vrj1 Prgxo, hlqjhi kuw=
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�� 52
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52
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K2
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�� 52
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52

+E157,

Plw glhvhq qhxhq Yduldeohq oç w vlfk ghu Dxvguxfn Jo1 E155 xpiruphq }x=

.C� 8 2 '
�� &2|2

�� |2
( _+ ' K

u
�� 52

S2
_| +E158,

Zlug glhv lq Jo1 E149 hlqjhvhw}w/ vr hukçow pdq ghq Ioçfkhqlqkdow lq Irup hlqhv hoolswl0
vfkhq Lqwhjudohv=

�S@R '

]]
EK�

K

u
�� 52

S2

u
�� &2|2

�� |2
_| _5 +E159,

'

]]
EK�

K

u
�� 52

S2
�� &2|2s

E�� |2� E�� &2|2�
_| _5 +E15:,



553

Gxufk hlqh huqhxwh Vxevwlwxwlrq yrq | ' r�? ) lq ghq Juhq}hq
�
f 	 ) 	 Z

2

�
hukçow pdq

i u glh Ioçfkh hlqhq Lqwhjudodxvguxfn

�S@R '

]]
EK�

K

u
�� 52

S2

t
�� &2 t�?2 ) _)_5 c +E15;,

ghu hlq hoolswlvfkhv Lqwhjudo lq ghu Ohjhqguhvfkhq Qrupdoirup }zhlwhu Rugqxqj hqwkçow1
Glh gd}xjhkùuljhq ehvwlppwhq Lqwhjudoh vlqg wdehoolhuw +}1 E1 lq ^5` V146,

. E&c )� �
] )

f

t
�� &2 t�?2 )_) '

] t�? )

f

�� &2|2s
E�� |2� E�� &2|2�

_| +E15<,

Hlqh qxphulvfkh Lqwhjudwlrq glhvhv Dxvguxfnhv hujlew i u hlqhq Hoolsvrlghq plw ghu Kùkh
k=

�.,,�RrJ�_ ' H

] �

f

] )E5�

f

K

u
�� 52

S2
�
t
�� &2 t�?2 ) _)_5 +E163,

plw )E5� ' @hUt�? w @ dufvlq
�

�

K
t
�3 52

S2

+

�
�

Glhvhv Lqwhjudo zxugh i u }zhl yhuvfklhghqh hoolswlvfkh Nùushuprghooh qxphulvfk jhoùvw1
Hv hujlew vlfk i u ghq Ioçfkhqlqkdow hlqhv Kdoehoolsvrlghq +f @ 41:8 p/ e @ 315: p/ d
@ 31468, hlqh Ioçfkh yrq D @ 41;4 p21 Ehl Xpvfkuhlexqj ghv Phqvfkhq plw hlqhp
Yroohoolsvrlghq +f @ 3/;:8 p/ e @ 3/5: p/ f @ 3/468 p, hukçow pdq hlqh Ioçfkh yrq D @
41;6 p21
Dov Dowhuqdwlyh }xu Oùvxqj ghv yruljhq Ioçfkhqlqwhjudov ndqq dxi glh lp PdsohY0Sdnhw

hqwkdowhqh Ixqnwlrq }xu Ioçfkhqehuhfkqxqj hlqhv Hoolsvrlghq }xu fnjhjul�hq zhughq1
Glhvh Ixqnwlrq ehvwhkw qxu dxv hlqhp ehvwlppwhq Hlqidfklqwhjudo/ zhofkhv qxphulvfk
}x oùvhq lvw=

�.,,�RrJ�_ ' e �
Z
2]
f

�
@Kn S2K2 ULt2E �n

n@2 t�?2E � *?E

s
K2@2 � S2@2 t�?2E �� S2K2 ULt2E � n K@

S
s
K2 ULt2E � n @2 t�?2E �

� +E164,

� �s
K2@2 � S2@2 t�?2E �� S2K2 ULt2E �

_ 

&

Gdujhvwhoow lq ghu PdsohY0Vfkuhlezhlvh odxwhw glhvh Ixqnwlrq=
Lqw+7-e-d.7-fa5-+ea5-frv+b[,a5.da5-vlq+b[,a5,-oq+++ea5-da50fa5-da5-vlq+b[,a50

fa5-ea5-frv+b[,a5,a+425,.e-d,2f2+ea5-frv+b[,a5.da5-vlq+b[,a5,a+425,,2+ea5-da50

fa5-da5-vlq+b[,a50fa5-ea5-frv+b[,a5,a+425,/b[@ 3 11 425-Sl,
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E1516 ]huohjxqj hlqhv eholhelj hlqidoohqghq H0Ihogv lq vhlqh Nrp0
srqhqwhq .{c .|c .}

Hlq xqjhvwùuwhv/ dxv hlqhu eholheljhq Ulfkwxqj hlqidoohqghv hohnwulvfkhv Ihog .f E)c i�
}huohjw vlfk irojhqghupd hq lq vhlqh nduwhvlvfkhq Nrpsrqhqwhq=

.fc% ' .f � t�?i � ULt) +E165,

.fc+ ' .f � t�?i � t�?) +E166,

.fc5 ' .f � ULti +E167,

Wulww qxq hlq Phqvfk plw hlqhp Grvlphwhu lq glhvhv krprjhqh Ihog/ vr i kuw glhv }x hlqhu
Ihogyhu}huuxqj1 Khuyrujhuxihq gxufk ghq ohlwiçkljhq Nùushu ghv Phqvfkhq hujlew vlfk lq
Hlqidoovulfkwxqj b +plw b ' %c +c 5, hlqh Ihog ehukùkxqj ib� Ghu xqjhvwùuwh Ihogyhnwru Hf

vwhkw plw ghp jhvwùuwhq Ihog dq ghu Nùushurehu çfkh H7 ehu glh Ihog ehukùkxqj ib lq
Eh}lhkxqj1 Gdkhu nùqqhq glh nduwhvlvfkhq Nrpsrqhqwhq ghv xqjhvwùuwhq Ihoghv dxv ghp
Rehu çfkhqihog jhzrqqhq zhughq=

.fc% ' s% � .7 � t�?i � ULt) +E168,

.fc+ ' s+ � .7 � t�?i � t�?) +E169,

.fc5 ' s5 � .7 � ULti +E16:,

Glh Dxijdeh ghu Vlpxodwlrq +Ihogehuhfkqxqj, ehvwhkw gdulq/ Nrh!}lhqwhq }zlvfkhq ghp
Rehu çfkhqihog +e}z1 ghq lq xhq}lhuwhq Rehu çfkhqodgxqjhq, xqg ghq Ihogyhnwruhq ghv
xqjhvwùuwhq Ihoghv }x ehvwlpphq1

E1517 Ehvwlppxqj ghu Yhnwrunrpsrqhqwhq ghv xqjhvwùuwhq Iho0
ghv

Plw Kloih qxphulvfkhu Ihoguhfkqxqj zxugh ghu Ihoghlqidoo lq ghu Wudqvyhuvdo0 +Krul}rqwdo0
,/ Vdjlwdo0 xqg Iurqwdohehqh vlpxolhuw xqg glh Odgxqjhq'�c '2c '� xqg glh Odgxqjvxqwhu0
vfklhgh dxi ghq guhl Hohnwurghq ehuhfkqhw1 I u glh Odgxqjvgl�huhq}hq zxughq irojhqgh
ixqnwlrqdoh ]xvdpphqkçqjh gxufk qlfkwolqhduh Uhjuhvvlrqvdqdo|vh huplwwhow=
Wudqvyhuvdohehqh +krul}rqwdo,= E)c i ' bff�

'� �'2 ' fc b. � �f3���r � t�? �)n �2ff
�

+E16;,

'2 �'� ' fc b. � �f3���r � t�?) +E16<,

'� �'� ' fc bD � �f3���r � t�? �)n 2eff
�

+E173,
'� n'2 n'�

�
' f +E174,

Vdjlwdohehqh= E) ' ffc��2ff 	 i 	 �2ff�

'� �'2 ' �c D � �f3���r � t�? E�c D � i� +E175,

'2 �'� ' f +E176,

'� �'� ' ��c D � �f3���r � t�? E�c D � i� +E177,
'� n'2 n'�

�
' Dc .� � �f3���r � ULtE�c S � i� n Hc D � �f3���r +E178,
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Iurqwdohehqh= E) ' bffc��fff 	 i 	 �fff�

'� �'2 ' � � �f3���r � t�? E�c H � i� +E179,

'2 �'� ' �2 � �f3���r � t�?E�c H � i� +E17:,

'� �'� ' � � �f3���r � t�? E�c H � i� +E17;,
'� n'2 n'�

�
' ec be � �f3���r � ULtE�c SD � i� n Hc D � �f3���r +E17<,

Glh Hujheqlvvh ghu Ihogehuhfkqxqj olhihuq glh plw ghu Glphqvlrq �r
T*6

ehkdiwhwhq Idnwr0
uhq &b� Vlh vwhoohq hlqhq ]xvdpphqkdqj }zlvfkhq ghp xqjhvwùuwhq Ihog .fcb ghu Txhooh
xqg ghu lq xhq}lhuwhq Odgxqj dxi ghq Hohnwurghq khu1 Glh Idnwruhq &b ehlqkdowhq qhehq
ghp glphqvlrqvorvhq Ndoleulhuidnwru s glh Glhohnwul}lwçwvnrqvwdqwh 0f xqg glh Vhqvrunds0
shq çfkh �S@R=

&b ' 0f�S@Rsb +E183,

Plw ghq vr gh�qlhuwhq Idnwruhq ndqq hlq Johlfkxqjvv|vwhp dxijhvwhoow zhughq=

'� ' &��.fc% n &�2.fc+ n &��.fc5

'2 ' &2�.fc% n &22.fc+ n &2�.fc5

'� ' &��.fc% n &�2.fc+ n &��.fc5

+,
3C '�
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'�

4D '

3C &�� &�2 &��
&2� &22 &2�
&�� &�2 &��
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3C .fc%
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4D
+E184,

Gdv hqwvsuhfkhqgh Johlfkxqjvv|vwhp i u gdv �Gl�huhq}v|vwhp� kdw glh Jhvwdow=3C '� �'2
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4D '
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4D +E185,

3C '� �'2

'2 �'�

'� �'�

4D '

3C fc He �fc eHD f
f fc b. f
�f�H2� fc e.D f

4D
� ~} �

�g

�
3C .fc%
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4D +E186,

Gd glh ohw}wh Vsdowh lq ghu txdgudwlvfkhq Pdwul{ odxwhu Qxoohq hqwkçow/ zhlvw glhv gdudxi
klq/ gd vlfk dxv ghp Gl�huhq}v|vwhp nhlqh Lqirupdwlrq ehu glh }0Nrpsrqhqwh ghv xqjh0
vwùuwhq Ihoghv h{wudklhuhq oç w1 Xp glh { xqg |0Nrpsrqhqwhq ghv xqjhvwùuwhq Ihoghv }x
ehuhfkqhq/ lvw reljhv Johlfkxqjvv|vwhp ehuehvwlppw1 Gdkhu zlug gdv Johlfkxqjvv|vwhp
lq guhl uhgxqgdqwh Whlov|vwhph }huohjw xqg jhoùvw=�
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+E189,

Glh Oùvxqj ghv olqhduhq Johlfkxqjvv|vwhpv ndqq plw Kloih ghu lqyhuvhq Pdwul{ ghu Ndol0
eulhuidnwruhq jheloghw zhughq=�
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Gd dooh guhl Vhqvruhq Lqirupdwlrq ehu glh }0Nrpsrqhqwh hqwkdowhq/ lvw glh Dgglwlrq

ghu Vljqdoh hlq jxwhu Lqirupdwlrqvwuçjhu1 Dxfk klhu uhlfkw sulq}lshoo ghu Plwwhozhuw +}1
E1 '�n'2

2
, yrq }zhl Hohnwurghq ehuhlwv dxv1 Dxv Ju qghq ghu Vwùuxqwhugu fnxqj zxugh

mhgrfk ghu Plwwhozhuw doohu guhl Vhqvru çfkhq jheloghw=�
'�n'2n'�

�

�
' &5 � .fc5

.fc5 '

�
'�n'2n'�
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�
&5

+E193,

Mh qdfkghp/ re ghu Nrh!}lhqw lq ghu Vdjlwdo0 rghu lq ghu Iurqwdohehqh ehvwlppw zlug/
ehvlw}w glhvhu Zhuw dxijuxqg Dezhlfkxqjhq ghv Nùushuv yrq ghu Urwdwlrqvv|pphwulh
xqwhuvfklhgolfkh Zhuwh=

&5c7@}�|@, ' �ec 2 � �f3�� �r

&T*6
+E194,

&5csoJ?|@, ' ��c 2 � �f3�� �r

&T*6
+E195,

Ghu Nrh!}lhqw lvw dovr ohlfkw yrp D}lpxwzlqnho ) dekçqjlj1 Klhu jlew hv phkuhuh Ph0
wkrghq/ plw ghqhq ghu Xqwhuvfklhg ehkdqghow zhughq ndqq=
0 Gxufk Plwwhozhuwelogxqj=

7&5 '
&5c7@}�|@, n &5csoJ?|@,

2
' ���. � �f3�� �r

&T*6
+E196,
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Glhvhv Prghoo jlqjh eh} jolfk ghu Ehvwlppxqj ghu }0Nrpsrqhqwh yrq hlqhp urwdwlrqv0
v|pphwulvfkhq Nùushuprghoo dxv1 Gd ghu Xqwhuvfklhg i u ghq qrupdohq Phqvfkhq +Qru0
prw|s, qlfkw doo}x jur lvw/ hujlew vlfk klhugxufk hlq Ihkohu yrq pd{lpdo 6/8 (1
0 Plwwhov Nruuhnwxu ghv Nrh!}lhqwhq=
]xu Ehvfkuhlexqj ghu D}lpxwzlqnhodekçqjljnhlw zlug yrq hlqhu vlqxviùupljhq Çqghuxqj
ghu Gl�huhq} dxvjhjdqjhq +Il{sxqnwmxvwlhuxqj,=

&5 E)� ' ��c 2 � �f3���rn &5c7@}�|@, � &5csoJ?|@,
2

� t�? E)� +E197,

0 Ehuhfkqxqj zhlwhuhu yhuwlndohu Hehqhq xqg hlqh sro|qrplvfkh Dssur{lpdwlrq=
Glhvh Phwkrgh lvw vhku uhfkhq}hlwdxizhqglj1 Hlq Sxqnw }x ehuhfkqhq ehqùwljw fd1 8 Vwxq0
ghq +Shqwlxp LL,1 Idoov V|pphwulhq dxvjhqxw}w zhughq nùqqhq/ px i u glh Ehuhfkqxqj
hlqhu Hehqh xqjhiçku }zhl Wdjh Uhfkhq}hlw yhudqvfkodjw zhughq1 Vrofkh Uhfkqxqjhq vlqg
qxu gdqq vlqqyroo/ zhqq jur h Dezhlfkxqjhq yrq ghu Urwdwlrqvv|pphwulh yruolhjhq xqg
glh mhzhloljh H{srvlwlrqvvlwxdwlrq yrq jdq} ehvrqghuhp Lqwhuhvvh lvw1
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Dee1 E15= Plwwohuh Odgxqjvphqjh dxi ghq Hohnwurghq lq Dekçqjljnhlw ghv Kùkhqzlqnhov & lq
ghu Vdjlwdohehqh> Hujheqlv ghu Uhjuhvvixqnwlrq= |+&,@8/:39� frv+4> 9 � &, . ;/8

E1518 Deekçqjljnhlw ghu Nrh!}lhqwhq yrp Lqkrprjhqlwçwvjudg

Glh reljhq Nrh!}lhqwhq zxughq i u hlq Ihog ehvwlppw/ zhofkhv yrq hlqhu 4 p yrq ghu
Nùushudfkvh hqwihuqwhq g qqhq Vfkhleh plw ghp Udglxv u@58 fp xqg ghp Srwhqwldo
yrq 4 &T

6
hu}hxjw zlug1 Glh Iudjh/ zlh vwdun ghu Devwdqg xqg glh Krprjhqlwçw glhvh

Nrh!}lhqwhq ehhlq xvvhq/ lvw hlqh Iudjh ghv Lqkrprjhqlwçwvjudghv ghv Ihoghv1 U fnw
glh Sxqnwtxhooh lqv Xqhqgolfkh/ vr khuuvfkhq yùoolj krprjhqh Yhukçowqlvvh1 Xpjhnhkuw
jlow/ zhqq glh Sxqnwtxhooh vlfk vhku qdkh }xp Nùushu +Vhqnh ghv Ihoghv, eh�qghw/ vr
olhjhq vwdun lqkrprjhqh Yhukçowqlvvh yru1 Hv ndqq hlq Lqkrprjhqlwçwvidnwru U8 gh�qlhuw
zhughq/ lqghp ghu kdoeh plwwohuh Wruvrgxufkphvvhu lq Euxvwkùkh 7o|�JorJ }xp uh}lsrjhq
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Devwdqg g yrq ghu Nùushudfkvh lq Eh}lhkxqj jhvhw}w zlug1 Glhvhu Lqkrprjhqlwçwvidnwru
fkdudnwhulvlhuw ghq Lqkrprjhqlwçwvjudg ghv hohnwulvfkhq Ihoghv1 Ehl hlqhp hoolsvrlgdohq
Nùushuprghoo nùqqhq qçkhuxqjvzhlvh dxfk glh Plqrudfkvhq d xqg e }xu Ehuhfkqxqj ghv
Wkruvrudglxv

�
@n K
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�
khudqjh}rjhq zhughq=

U8 '
7o|�JorJ
_
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@nK
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+E198,

Glh Nrh!}lhqwhq lp yrukhujhkhqghq Devfkqlww zxughq ehl hlqhp Lqkrprjhqlwçwvidnwru
yrq U8 ' fc�HD 6

� 6
' fc �HD ehvwlppw1
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Dqkdqj F

Dqkdqj F

F14 Uhodwlyhv Grvlvnrq}hsw i u hlqh Ulvlnrdevfkçw0
}xqj

Lq ghu Wr{lnrorjlh xqg Skdupdnrorjlh lvw hv eolfk jhzrughq/ glh Zlunvdpnhlw ghu Grvlv
dxi hlqh Whvwgrvlv hlqhv dqghuhq Djhqv/ ghvvhq Zlunxqj klquhlfkhqg jxw ehndqqw lvw/ }x
eh}lhkhq1 Ghu Yruwhlo glhvhv yrq Hvwhuo| ^7` hehqidoov i u hohnwurpdjqhwlvfkh Ihoghu yru0
jhvfkodjhqh Yhuidkuhq hupùjolfkw hlqh Ulvlnrdevfkçw}xqj gxufk hlqh wr{lnrorjlvfkh Yhu0
johlfkedunhlw plw dqghuhq Djhq}lhq/ rkqh gd ghuZlunxqjvphfkdqlvpxv ghu xqwhuvxfkwhq
sk|vlndolvfkhq Juù h +Whvwgrvlv, lp Ghwdlo ehndqqw vhlq px 1 Klhugxufk oç w vlfk hlqh
uhodwlyh Zlunvdpnhlw #oe,

#oe, '
Whvwgrvlv

Uhihuhq}grvlv
+F14,

gh�qlhuhq1 Lq ghu Skdupdnrorjlh ehghxwhw glhv ehlvslhovzhlvh glh Dqjdeh ghuZlunvdpnhlw
hlqhu kdoehq Wdeohwwh plw hlqhu qhxhq/ lq lkuhu Zlunvdpnhlw qrfk xqehndqqwhq Vxevwdq}
+Whvwgrvlv, }x hlqhu Wdeohwwh Dvslulq +Uhihuhq}grvlv,1 Glh Dqzhqgxqj glhvhv Yhuidkuhqv
hujlew irojolfk hlqh �wr{lnrorjlvfkh Yhujohlfkvuhlkh�

#oe, '
Grvlv ghv Whvwdjhqv

Grvlv ghv vhnxqgçuhq Vwdqgdugv
� Grvlv ghu vhnxqgçuhq Uhihuhq}

Uhihuhq}grvlv
c +F15,

glh hlq Klqzhlv dxi gdv Ulvlnr eh}rjhq dxi dqghuh Djhqv jlew/ ghuhq Grvlv0Zlunxqjveh0
}lhkxqjhq hehqidoov xqnodu vlqg +}1 E1 nohlqh Nrq}hqwudwlrq yrq Ehq}ro/ Udgrq/ hwf1,1
Gdv uhodwlyh Grvlvnrq}hsw ndqq ohgljolfk ghu Hlqrugqxqj hlqhv pùjolfkhq Ulvlnrv glhqhq
xqg huvhw}w qdw uolfk nhlqhvidoov glh Qrwzhqgljnhlw ghu Huiruvfkxqj ghu }xjuxqgholhjhqghq
Phfkdqlvphq ghu hlq}hoqhq Djhq}lhq1
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O. hohnwulvfkh Ihogvwçunh T

6
O.f xqjhvwùuwh hohnwulvfkh Ihogvwçunh T

6
O.r hohnwulvfkh Rehu çfkhqihogvwçunh T

6
O.� xqjhvwùuwh hohnwulvfkh Ihogvwçunh ghv krprjhqhq Ihoghv T

6

.? Udxvfkihogvwçunh T
6

O.� lqqhuh Ihogvwçunh T
6

O.e hohnwulvfkh Ihogvwçunh/ gxufk hlq H0Ihog khuyrujhuxihq T
6

O.6 hohnwulvfkh Ihogvwçunh/ gxufk hlq Pdjqhwihog khuyrujhuxihq T
6
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0 Glhohnwul}lwçwvnrqvwdqwh +Shuplwwlylwçw, 0 ' 0f0o
�r
T6

0o uhodwlyh Glhohnwul}lwçwvnrqvwdqwh 4

0
nrpsoh{h Glhohnwul}lwçwvnrqvwdqwh
+nrpsoh{h Shuplwwlylwçw,

0@
�
0

� � �0
��
�
@0f0o � � V

/
�r
T6

0o
nrpsoh{h uhodwlyh Glhohnwul}lwçwvnrqvwdqwh
+nrpsoh{h uhodwlyh Shuplwwlylwçw,

0o@0o � � V
/ 0f

4

# hohnwulvfkh Udxpodgxqjvglfkwh �r
�6

i Iuhtxhq} K}
i�� Ihog ehukùkxqjvidnwru 4

Ib xqhljhqwolfkhv Lqwhjudo=
"U
f

_b
E�2nb�-b

plw x@d/e/f xqg b ' %c +c 5 p3�

O8 doojhphlqh yhnwrulhooh Ihogjuù h +Yhnwruihog,
j Jhzlfkwvidnwru 4
J J wh +}1 E1 ghu Wudjhsrvlwlrq, 4
� Zlqnho udg
k Kùkh p

�5c�o d{ldoh xqg udgldoh Lqkrprjhqlwçw lq +(, 4
k� phwulvfkhu Nrh!}lhqw 4
OM pdjqhwlvfkh Ihogvwçunh �

6

L Vwurpvwçunh D
Lg Nxu}vfkox vwurpvwçunh D
m lpdjlqçuh Hlqkhlw m@

s�� 4
Oa hohnwulvfkh Vwurpglfkwh �

62

n Nrqvwdqwh/ Prgxo 4
nb Ndoleulhuidnwru 4
n5f Vsxohqnrqvwdqwh +Johlfkvwurp, 4
& nrpsoh{h Zluehovwurpnrqvwdqwh &@

s
�/V> �

6

g nrpsoh{h Nrqvwdqwh g ' >J
>
& o&

T r
�6

Nb ihogçqghuxqjvvsh}l�vfkh Vwurpglfkwh V@T
�

N Ehredfkwxqjvpdwul{
V hohnwulvfkh Ohlwiçkljnhlw 7

6
' �

T6

V nrpsoh{h hohnwulvfkh Ohlwiçkljnhlw V@Vn �/0 7
6
' �

T6

o� zlunvdph Oçqjh/ h�hnwlyh Oçqjh p
O Lqgxnwlylwçw K
b Zhoohqoçqjh p
b Lqgh{ i u Ulfkwxqj {/ |/ }
p Pdvvh nj
> Shuphdelolwçw > ' >f>o

T r
�6

>o uhodwlyh Shuphdelolwçwv}dko 4
q Dq}dko/ Odxisdudphwhu rghu H{srqhqw 4
Q Zlqgxqjv}dko 4
Qb Ghsrodulvdwlrqvidnwru +Irupidnwru, 4
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Z Nuhlv}dko Z ' �c �e�Db2SD��� 4
) D}lpxw o@_
x hohnwulvfkhv Vndodusrwhqwldo Y
x6 hohnwulvfkhv Wudqvphpeudqsrwhqwldo Y
[ hohnwulvfkhu Iox Dv
T Odgxqj Dv
T nrpsoh{hu Vfklupidnwru 4���'
?

��� nrpsoh{h Vfkluppdwul{

u Udglxv p
u& Nxjhoudglxv p
U rkpvfkhu Johlfkvwurpzlghuvwdqg l

4 Glfkwh 4 ' _6
_T

&}

6�

O7 Sr|qwlqjyhnwru T �
62

V Vwudkoxqjvohlvwxqj `
62

VD vsh}l�vfkh Devruswlrq a
&}

VDU vsh}l�vfkh Devruswlrqvudwh `
&}

j Ioçfkhqodgxqjvglfkwh �r
62

jr Rehu çfkhqodgxqjvglfkwh �r
62

w ]hlw v
w Vxevwlwxwlrqvyduldeoh
� ]hlwnrqvwdqwh +Uhredvh, v
X Vsdqqxqj Y
	X Xpodxivsdqqxqj Y
Y Yroxphq p�

Z Hqhujlh +Duehlw, M
` @c` � lqqhuhu xqg çx huhu U fnzlunxqjvidnwru 4
{/|/} nduwhvlvfkh Nrruglqdwhq p
1c #c l hoolswlvfkh +nrqirndoh, Nrruglqdwhq p
5 nrpsoh{h Ixqnwlrq rghu ]dko
]6 Hlqjdqjvlpshgdq} ghu Dxvzhuwhhohnwurqln T

�

/ Nuhlviuhtxhq} / ' 2Zs �
r
' M5
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Vsh}lhooh pdwkhpdwlvfkh Ixqnwlrqhq xqg Rshudwruhq=

V|pero Rshudwru rghu Ixqnwlrq
u Qdeod Rshudwru
{ Odsodfh0Rshudwru

H�+,

glvnuhwh H�hnwlyzhuwixqnwlrq=

.ess ' *�4�<"

v
�

� u{A

�3�S
?'f

.2E?� �{A '

v
�
�

�3�S
?'f

.2E?�

H+n/��
xqyroovwçqgljhv hoolswlvfkhv Lqwhjudo 41 Rugqxqj=
. E&c �� '

U �

f

s
�� &2 t�?2 �� _��

I+n/��
xqyroovwçqgljhv hoolswlvfkhv Lqwhjudo 51 Rugqxqj=
8 E&c �� '

U �

f
�s

�3&2 t�?2 ��
_��

afE%� Ehvvhoixqnwlrq qxoowhu Rugqxqj

S? E%�
Ohjhqguh Sro|qrp huvwhu Rugqxqj

�? E%� '
�

2??-
_?

_%?
E%2 � ��?

g ' 8
�
&c Z

2

�
yroovwçqgljhv hoolswlvfkhv Lqwhjudo 51 Rugqxqj

[+�/,
Irxulhuwudqirupdwlrq=

fE�/� '
n"U
3"

%E|�e3�/|_|

[3�E�/�
lqyhuvh Irxulhuwudqvirupdwlrq=

%E|� ' f3�E�/� ' �
2uZ

n"U
3"

fE�/�e3�/|_|

lE%� Ulhpdqvfkh ]hwdixqnwlrq lE%� '
"S
?'�

�
?%

� Yhnwrusurgxnw

Sk|vlndolvfkh Nrqvwdqwhq=

Nrqvwdqwh Eh}hlfkqxqj
f@5/<<:<579��fH6

r
Olfkwjhvfkzlqgljnhlw lp Ydnxxp

h@4/9354;<��f3�b�r Hohphqwduodgxqj
0f ' Hc HDe�H � �f3�2 �r

T6
hohnwulvfkh Ihognrqvwdqwh

n@4/6;398;��f32� &}u62

r2g
Ero}pdqqnrqvwdqwh

>J ' eZ � �f3. T r
�6

pdjqhwlvfkh Ihognrqvwdqwh

Den u}xqjhq=

Den u}xqj Ehghxwxqj
C xqwhu Ehglqjxqj yrq 111

+qçkhuh Ph ehglqjxqjhq xqg Sdudphwhu,
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Den u}xqjhq
Den u}xqjhq hlqljhu Juhq}zhuw0Nrpplvvlrqhq=
DFJLK@Dphulfdq Frqihuhqfh ri Jryhuqphqwdo Lqgxvwuldo K|jlhqlvwv +X1 V1 D1,
DQVL @ Dphulfdq Qdwlrqdo Lqvwlwxwh +X1 V1 D1,
FHQHOHF @ Frplwì Hxursìhq gh Qrupdolvdwlrq Hohfwurwhfkqltxh +Hxursçlvfkhv Nrp0
plwhh i u Hohnwurwhfkqlvfkh Qrupxqj/ Eu vvho,
HSUL @ Hohfwulfdo Srzhu Uhvhdufk Lqvwlwxwh +X1 V1 D1,
LFQLUS @ Lqwhuqdwlrqdo Frpplvvlrq rq Qrq0Lrql}lqj Udgldwlrq Surwhfwlrq
LUSD @ Lqwhuqdwlrqdo Udgldwlrq Surwhfwlrq Dvvrfldwlrq
ZKR @ Zruog Khdowk Rujdql}dwlrq

Vrqvwljh Den u}xqjhq=
DVLF = Dssolfdwlrq vshfl�f lqwhjudwhg flufxlw
DFLV = FDG0Gdwhqirupdw i u Yroxphqnùushu +Vsdwldo Whfkqrorj|/ Lqf1,
GIW= Glvnuhwh Irxulhuwudqvirupdwlrq
IIW= Vfkhooh Irxulhuwudqvirupdwlrq +Idvw Irxulhuwudqvirupdwlrq,
ODQ= Orndo Duhd Qhwzrun +Orndohv Qhw}zhun,
OZO= Olfkwzhoohqohlwhu
QI = Qlhghuiuhtxhqwh Ihoghu

Ehjul�h xqg Gh�qlwlrqhq

Edwwhulhndsd}lwçw

Ehl hohnwurfkhplvfkhq Vwurptxhoohq zlug xqwhu ghu Ndsd}lwçw glh hohnwulvfkh Odgxqj eh0
}hlfkqhw/ glh elv }xp Huuhlfkhq ghu Hqwodghvfkox vsdqqxqj X7 ehl nrqvwdqwhp/ ghu ]hooh
dgçtxdwhq Hqwodghvwurp +3/5 F, dejhjhehq zhughq ndqq1 Glh Odgh0 e}z1 Hqwodghvwuùph
vhoevw zhughq lq glhvhp ]xvdpphqkdqj dov Ylhoidfkhv ghu Qrplqdondsd}lwçw dqjhjhehq1

Grvlphwulh

Grvlphwulh lvw glh sk|vlndolvfkh Txdqwl�}lhuxqj yrq elrorjlvfk zlunvdphq Sdudphwhuq dp
Ruw ghu Lqwhudnwlrq

Grvlv

Grvlv lvw doojhphlq hlqh Juù h/ glh glh hlqh sk|vlndolvfkh/ sk|vlrorjlvfkh rghu elrorjl0
vfkh Zlunxqj plwwhoedu rghu xqplwwhoedu dq}hljw1 Glhvh Juù h ndqq skdupdnrorjlvfk/
wr{lnrorjlvfk rghu sk|vlndolvfk txdqwlvlhuw vhlq1

� Grvlv i u lrqlvlhuhqgh Vwudkoxqj=

Glh zlfkwljvwh Grvlvjuù h ehl Vwudkoxqjvihoghuq lvw glh Hqhujlhgrvlv Ge1 Vlh lvw gh�qlhuw
gxufk glh lrqlvlhuhqgh Vwudkoxqj hlqhp Pdvvhhohphqw gp }xjhi kuwh Hqhujlh gZ=

(e '
_`

_6
'

_`

4 _T
+I14,
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Ehl hlqhp krprjhqhq Vwudkoxqjvihog lvw glh Grvlv glh jhvdpwh devruelhuwh Vwudkoxqjv0
hqhujlh sur Pdvvhqhlqkhlw plw ghu vsh}lhoohq Hlqkhlw Jud| +J|,

� J| @ 4
a

&}
�

Hv zlug qçkhu xqwhuvfklhghq }zlvfkhq Çtxlydohqwgrvlv +Hqhujlhgrvlv xqg glphqvlrqvor0
vhu Ehzhuwxqjvidnwru,/ Ruwvgrvlv +Çtxlydohqwgrvlv dq hlqhp ehvwlppwhq Ruw,/ Shuvrqhq0
grvlv +Çtxlydohqwgrvlv/ jhphvvhq dq hlqhu uhsuçvhqwdwlyhq Vwhooh ghu Nùushurehu çfkh,/
Jdq}nùushu0 xqg Whlonùushugrvlv

� Grvlvjuù h i u krfkiuhtxhqwh hohnwurpdjqhwlvfkh Ihoghu=

Glh Vsh}l�vfkh Devruswlrq +VD, plw ghu sk|vlndolvfkhq Hlqkhlw a
&}

lvw gxufk glh Hqhu0
jlhdevruswlrq hohnwurpdjqhwlvfkhu Ihoghu lqqhukdoe hlqhv Jhzhehyroxphq gY +Ruw ghu
Lqwhudnwlrq, plw ehndqqwhu Glfkwh gh�qlhuw=

7� '
_`

_6
'

�T _|

4 � E_T �
'

a�_� �.�_@ � _|
4 � E_T �

'
a� � .� � _|

4
+I15,

'
�
A

U A

f
a�.�_| � A
4

'

U A

f
a�.�_|

4
'

U A

f
V.� � .�_|

4
+I16,

plw
gZ= Hohphqw devruelhuwhu Hqhujlh
gp= Pdvvhqhohphqw
ST Gplwwohuh Yhuoxvwohlvwxqj +Devruelhuwh/ g1 k1 lp Jhzheh lqZçuph xpjhzdqghowh

Ohlvwxqj,
4 ' _6

_T
G Glfkwh ghv Jhzhehv

gY= lq�qlwhvlpdohv Yroxphq
gD= lq�qlwhvlpdoh Ioçfkh
gd = lq�qlwhvlpdohu Devwdqg

Gxufk Dqzhqgxqj ghv Sduvhydovfkhq Wkhruhpv

` '

] n"

3"

%2E|� _| '
�

2Z

] n"

3"

mfE�/�m2 _/ +I17,

e}z1 ghvvhq doojhphlqhuh Irup ^4`] n"

3"

%E|� � +WE|� _| ' �

2Z

] n"

3"

fE�/�t WE�/� _/

ndqq glh vsh}l�vfkh Devruswlrq lq Iuhtxhq}ehuhlfk ghq Iuhtxhq}ehuhlfk ehui kuw zhughq
}x=

7� '
�

2Z4

"]
3"

V E�/� .� E�/� .
W

� E�/� _/ +I18,

'
�

2Z4

"]
3"

V E�/� m.� E�/�m2 _/ +I19,
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plw
H�= nrpsoh{h/ lqqhuh hohnwulvfkh Ihogvwçunh
HW� G nrqmxjlhuw nrpsoh{h lqqhuh hohnwulvfkh Ihogvwçunh
VE�/� ' Vn �/0J0o G nrpsoh{h hohnwulvfkh Ohlwiçkljnhlw

Glh �Vsh}l�vfkh Devrswlrqv0Udwh� +VDU, lvw glh }hlwolfkh Çqghuxqj ghu vsh}l�vfkhq De0
vruswlrq +VD,=

7�- '
_

_|
E
_`

_6
� '

_

_|
d
_`

4E_T �
o '

�

4E_T �
� _`
_|

'
�T

4E_T �
+I1:,

' sE%c +c 5c |� +I1;,

I u kduprqlvfkh hohnwurpdjqhwlvfkh Ihoghu jlow=

7�- '
	a2

24V
'

aess
2

4V
'

/0f0
��

4
.�cess

2 +I1<,

plw
0E�/� ' 0o � � V

/0f
' 0

� � �0
��

0
��

= Yhuoxvwidnwru
I u Iuhtxhq}hq juù hu dov 43 PK}

�
B ' 3/; p ehl V ' fc 2D 7

6

�
px glh Hlqglqjwlhih B

ghu hohnwurpdjqhwlvfkhq Zhoohq ehu fnvlfkwljw zhughq1 ]xu Devfkçw}xqj ghu vsh}l�vfkhq
Devruswlrqvudwh dq Jhzhehvfklfkwhq g� B glhqw glh Johlfkxqj=

7�- '
7

4 � B +I143,

plw
B G Hlqgulqjwlhih +Rolyhu Khdylvlgh 4;;;, ^84`=

B '

u
2

/2>0
�
%u

� n
� V

/0

�2

� �

&
3

�

2

�
u

2

/V>
+I144,

plw
V= Ioçfkhqglfkwh ghu Vwudkoxqjvohlvwxqjvvwuùpxqj +Ehwudj ghv Sr|qwlqjyhnwruv,

7 '
���O7��� ' ��� O. � OM

���
Xqwhu Yhuqdfkoçvvljxqj yrq Hqhujlhyhuoxvwhq gxufk Eoxwnrqyhnwlrq xqg ghu wkhuplvfkhq
Jhzhehohlwiçkljnhlw xqg nrqvwdqwhp Juxqgxpvdw} ndqq glh VDU hehqidoov lq vhlqhq nd0
orulphwulvfkhq Juù hq dxvjhgu fnw zhughq=

7�- '
_

_|
E
_'

_6
� '

_

_|
d

_'

_6 � _A� ~} �
S

_A o ' S
_ E{A �

_|
+I145,

T= Zçuph lq M
f= vsh}l�vfkh Zçuphndsd}lwçw lq a

&}g
_E{A �
_|

G Udwh ghu Whpshudwxuçqghuxqj
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Glh Whpshudwxuhukùkxqj {A hujlew vlfk }x ^4<`=

{A '
�

S

|]
f

d7�- n R6e|@K� � RS � R�,�|o _| +I146,

plw
w= H{srvlwlrqv}hlw
s6e|@K� G vsh}l�vfkhu Juxqgxpvdw} +Jdq}hu Nùushu= 4/6`

&}
c Jhkluq= 44`

&}
c Khu}= 66

`
&}
,
sS G vsh}l�vfkh Zçuphohlvwxqj gxufk Zçuphohlwxqj
sK G vsh}l�vfkh Zçuphohlvwxqj gxufk Nrqyhnwlrq ghv Eoxwhv

Lq Dqdorjlh }x Jo1 I14 lvw glh vsh}l�vfkh Hqhujlhdevruswlrq +VD, lp Jhzheh i u krfkiuh0
txhqwh hohnwurpdjqhwlvfkh Vwudkoxqjvihoghu hlqh Grvlv xqg glh vsh}l�vfkh Devruswlrqvudwh
+VDU, hlqh Grvlvohlvwxqj1 Glh vsh}l�vfkh Devruswlrqvudwh nruuholhuw plw ghq dxiwuhwhqghq
wkhuplvfkhq H�hnwh xqg eloghw gdkhu ehl krfkiuhtxhqwhq hohnwurpdjqhwlvfkhq Ihoghuq
hlqh zlfkwljh grvlphwulvfkh Juù h1

Gxufk Lqwhjudwlrq ehu glh jhvdpwh Nùushupdvvh ndqq glh �wrwdoh Hqhujlh Devruswlrqv0
udwh� +DU,/ dxfk �Jdq}nùushu0VDU� jhqdqqw/ ehvwlppw zhughq=

�- '

]
�

7�- _6 +I147,

� Ghu Grvlvehjul� i u qlhghuiuhtxhqwh hohnwulvfkh xqg pdjqhwlvfkh Ihoghu=

Lp qlhghuiuhtxhqwhq Ehuhlfk ndqq sulq}lshoo glh vsh}l�vfkh Devruswlrqvudwh hehqidoov eh0
uhfkqhw zhughq/ mhgrfk nrppw glhvhq zhjhq ghu Huvfkhlqxqj yrq dwkhuplvfkhq Zlunxq0
jhq qxu hlqjhvfkuçqnwh Ehghxwxqj }x1 Lp qlhghuiuhtxhqwhq Ehuhlfk lvw glh lqqhuh Vwurp0
glfkwh Oa� hqj plw ghq dxiwuhwhqghq Uhl}0 xqg Vwlpxodwlrqvzlunxqjhq yhunq siw xqg gdkhu
dov �grvlvuhohydqwh� Juù h jhhljqhw1 Glh lqqhuh Vwurpglfkwh lvw hlqh yhnwrulhooh Juù h/
zhofkh yrq ghu hohnwulvfkhq Ihogvwçunh lp Lqqhuhq ghv Phqvfkhq/ ghu Iox glfkwh xqg ghu
dxiwuhwhqghq Vljqdoiuhtxhq}hq D& +Juxqg0 xqg Rehuzhoohq, dekçqjw1

Oa� '
?[

&'f

s
�
O.�c O�c D&

�
+I148,

Grvlvohlvwxqj

Ehl lrqlvlhuhqghq Vwudkohq zlug glh ]xqdkph ghu Hqhujlhgrvlv sur ]hlwlqwhuydoo gw dov
Grvlvohlvwxqj eh}hlfkqhw=

�(e '
_(e

_|
'

_

_|
E
_`

_6
� +I149,
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H{srvlwlrq

H{srvlwlrq lvw hlqh jhhljqhwh Juù h/ glh dx hukdoe ghp Ruw ghu Lqwhudnwlrq huid w zlug
xqg ghq Xpjhexqjv}xvwdqg ghv dxvjhvhw}hq Ohehzhvhqv rghu Jhjhqvwdqghv fkdudnwhul0
vlhuw1 Hlqh H{srvlwlrqvjuù h ndqq sulq}lshoo mhgh dp h{srqlhuwhq Remhnw hlqh Yhuçqghuxqj
khuyruuxihqgh sk|vlndolvfkh Juù h vhlq1 Glhvh Juù h lvw dov H{srvlwlrqvjuù h xpvr jhhlj0
qhwhu/ mh ehvvhu glhvh plw ghp yrukdqghqhq rghu srvwxolhuwhq H�hnw nruuholhuw +W|slvfkh
H{srvlwlrqvjuù hq= Whpshudwxu/ Dejdvnrq}hqwudwlrq/ Oxiwihxfkwh/ Zlqgvwçunh/ Vwudk0
oxqjvjuù hq/ xqjhvwùuwh hohnwulvfkh xqg pdjqhwlvfkh Ihogvwçunh/ Ohlvwxqjvglfkwh/ 111,1

�H{srvlphwhu�

Ghu yrq hlqljhq ùvwhuuhlfklvfkhq Zlvvhqvfkdiwohuq ^5` hlqjhi kuwh Ehjul� �H{srvlphwhu�
xqg �H{srvlphwulh� jhkw jhgdqnolfk lq glh Ulfkwxqj �Grvlphwhu� xqg �Grvlphwulh�/ yhu0
vwhkw dehu lq ghu Sud{lv hlqidfk glh Huidvvxqj ghu H{srvlwlrq plw Kloih yrq sruwdeohq
Ihogvwçunhphvvhuq1 ]xu Huplwwoxqj ghu H{srvlwlrq uhlfkw mhgrfk hlqh �nodvvlvfkh� u fn0
zlunxqjviuhlh +g1 k1 xqjhvwùuwh, Ihogphvvxqj plw Ihogvwçunhphvvhuq dxv1 Gdkhu lvw glhvhu
Ehjul� ohlfkw luuhi kuhqg1

Grvlphwhu

Hlq Grvlphwhu pl w glh Grvlv/ g1 k1 hlqh sk|vlndolvfkh Juù h/ zhofkh plw ghu elrorjlvfkhq
Zlunxqj xqplwwhoedu yhunq siw lvw1
�Grvlphwhu i u qlhghuiuhtxhqwh hohnwulvfkh xqg pdjqhwlvfkh Ihoghu�=
Gdv lq glhvhu Duehlw yrujhvwhoowh �Grvlphwhu i u qlhghuiuhtxhqwh hohnwulvfkh xqg pdjqh0
wlvfkh Ihoghu� pl w glh jhvwùuwh hohnwulvfkh Rehu çfkhqihogvwçunh xqg glh pdjqhwlvfkh
Iox glfkwh xqg ohlwhw klhudxv glh lqqhuh Vwurpglfkwh dov �grvlvuhohydqwh Juù h� de1 Glh
hohnwulvfkhq xqg pdjqhwlvfkhq Ihoghu nùqqhq plw hlqhp qlfkwlqydvlyhv Yhuidkuhq qlfkw
gluhnw dp Ruw ghv Jhvfkhkhqv/ g1 k1 lp Nùushulqqhuhq ghv Phqvfkhq vhoevw jhphvvhq
zhughq/ vrqghuq qxu dq ghu Nùushurehu çfkh1 Glh Eu fnh }xp Ruw ghv Jhvfkhkhqv px
dxi ghu Edvlv hlqhv grvlphwulvfkhq Nùushuprghoov yroo}rjhq zhughq1

Zlunvdph Ioçfkh

Glh zlunvdph rghu h�hnwlyh Ioçfkh D� lvw glhmhqljh Ioçfkh/ glh ghu Yhuvfklhexqjvvwurp/
ghu }xp h{srqlhuwhq Remhnw +Vhqvru rghu Nùushu ghv Phqvfkhq, jhodqjw/ lp xqjhvwùuwhq
+krprjhqhq, Ihogehuhlfk vhqnuhfkw gxufkvhw}w1
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Olwhudwxu

^4` Iùoolqjhu R1 +4<;9, Odsodfh xqg Irxulhuwudqvirupdwlrqhq/ 71 Dx 1/ K wklj0Yhuodj/
V14<:04<;

^5` Erqhfn hw do1 +4<<9, Vwxglh grnxphqwlhuwhu Iruvfkxqjvuhvxowdwh ehu glh Zlunxqj
hohnwurpdjqhwlvfkh Ihoghu/ Whlo 4= Qlhghuiuhtxhqwh hohnwulvfkh xqg pdjqhwlvfkh Ihoghu/
Exqghvplqlvwhulxp i u Jhvxqgkhlw xqg Nrqvxphqwhqvfkxw}/ Ùvwhuuhlfk/ V1 4970498
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Deelogxqjvyhu}hlfkqlv

414 Nodvvl�ndwlrq yrq Ph v|vwhphq i u Ihog0 xqg H{srvlwlrqvphvvxqjhq 1 1 1 1 1 1 1 9
514 Gdv Ph v|vwhp plw vhlqhq Hlqjdqjv0/ Vwùu0 xqg Dxvjdqjvjuù hq 1 1 1 1 1 1 1 1 1 45
515 Nrpsrqhqwhq ghv Ph v|vwhpv LQSHGR 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4<
516 Dqdorjh Ilowhuedqn xqg glh Plnurfrqwuroohu0 e}z1 GVS0Yduldqwh 1 1 1 1 1 1 1 1 1 57
517 Qxw}xqjvehuhlfkh jhwhvwhwhu Vhqvruw|shq lp Juhq}zhuwgldjudpp 1 1 1 1 1 1 1 1 1 5:
614 Vwrfkdvwlvfkh xqg qlfkwvwrfkdvwlvfkh Vfkçghq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 66
615 Lqqhuh Nùushuvwurpglfkwh lq ghu Zlunxqjvnhwwh qlhghuiuhtxhqwhu Ihoghu 1 1 1 1 1 6<
616 Lqwhqvlwçwv0Uhl}gdxhu0Gldjudpp i u hlq p|holhuwhu Qhuy 1 1 1 1 1 1 1 1 1 1 1 1 1 1 74
617 Olqhduh xqg qlfkwolqhduh Grvlv0Zlunxqjveh}lhkxqjhq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 79
618 Hohnwulvfkh xqg pdjqhwlvfkh Ihoghlqnrssoxqj dxi ghq Phqvfkhq 1 1 1 1 1 1 1 1 1 85
619 Nrruglqdwhqv|vwhp ghv Hoolsvrlghq 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 85
61: ]xvdpphqvhw}xqj ghu lqqhuhq Vwurpglfkwh ehl Pxvnhojhzheh 1 1 1 1 1 1 1 1 1 1 1 8:
714 Vriwzduhvwuxnwxu ghu qxphulvfkhq Vlpxodwlrq hlqhu Ihogh{srvlwlrq 1 1 1 1 1 1 1 1 :4
715 Prghoo ghv Vhqvrunrsihv 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 :6
716 Ihogvwçunh lq ghu Xpjhexqj ghv Vhqvruv ehl vhqnuhfkwhp Ihoghlqidoo 1 1 1 1 1 1 1 :8
717 Ihogvwçunh lq ghu Xpjhexqj ghv Vhqvruv i u vfkuçjhq Ihoghlqidoo 1 1 1 1 1 1 1 1 1 :8
718 Yhuwlndogldjudpp ghu Ulfkwxqjvvhqvlwlylwçw ghv H0Ihogvhqvruv lq ghu {}0Hehqh 1 1 :9
719 Krul}rqwdogldjudpp ghv Euxvwgrvlphwhuv +Guhlehlq dxv H0Ihogvhqvruhq, 1 1 1 1 1 ::
71: Ulfkwgldjudpp hlqhv dxi ghp Nrsi jhwudjhqhq Grvlphwhuv 1 1 1 1 1 1 1 1 1 1 1 1 1 :;
71; Wudjhsrvlwlrqhq ghv Grvlphwhuv dxi ghp Nrsi xqg dxi ghp Wkrud{ 1 1 1 1 1 1 1 1 :<
71< Dqwkursrprskhv Nùushuprghoo plw ghq }zhl xqwhuvxfkwhq Wudjhsrvlwlrqhq 1 1 1 :<
7143 Vlpxolhuwh Gl�huhq}vljqdoh lq ghu D}lpxwdohehqh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;3
7144 Vlpxolhuwh Gl�huhq}vljqdoh lq ghu Yhuwlndohehqh +|}0Hehqh, 1 1 1 1 1 1 1 1 1 1 1 1 ;4
7145 Dqwkursrpruskhv Nùushuprghoo +Vrolg0Prghoo lp DFLV41:0Irupdw, 1 1 1 1 1 1 1 ;:
7146 Vfklfkwzhlvh jhplwwhowh lqqhuh Vwurpglfkwhq xqwhu pdjqhwlvfkhu Ihogh{srvlwrq 1 1 ;;
7147 Plwwohuh Vwurpglfkwh rujdqvsh}l�vfk i u glh guhl pdjqhwlvfkhq H{srvlwlrqvulfk0

wxqjhq dxijhwudjhq 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 1 <3
7148 Sur�oh ghv d{ldohq Nùushuvwurphv 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 <5
814 Qruwrqvfkhv xqg Wkìyhqlqvfkhv Huvdw}vfkdowelog i u ndsd}lwlyh Vhqvruhq 1 1 1 1 1 <:
815 Huvdw}vfkdowelog ixqnwlrqhoohu xqg sdudvlwçuhu Hohphqwh hlqhv ndsd}lwlyhq Ihog0

vhqvruv 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 1 1 1 1 1 1 1 1 <<
816 �Zlunvdph Ioçfkh� hlqhv nxjho0 xqg z uihoiùupljhq H0Ihogvhqvruv 1 1 1 1 1 1 1 1 433
817 Ihogp koh }xu Huidvvxqj ghu Yhnwrunrpsrqhqwhq hlqhv uçxpolfkhq hohnwurvwdwl0

vfkhq Ihoghv 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 1 1 1 1 1 438
818 Guhl Vhqvru çfkhqdqrugqxqjhq i u hlqh guhldfkvljh Ihogp koh 1 1 1 1 1 1 1 1 1 1 1 439
819 Nxjhoiùupljh hohnwurvwdwlvfkh Zdqgohu 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 43;
81: Nxjho plw nuhlviùupljhu xqg nxjhoylhuhfniùupljhq Vhqvru çfkhq 1 1 1 1 1 1 1 1 1 1 43<
81; Nxjhoihogvrqgh plw nuhlviùupljhq xqg nxjhoylhuhfniùupljhq Ph  çfkhq 1 1 1 1 1 43<
81< Nrqvwuxnwlrqvsulq}lslhq i u H0Ihogvrqghq= Yrp doojhphlqhq Nùushu }xu Prqr0

srovwuxnwxu yrq LQSHGR 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 1 443
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8143 Guhlehlq dov Edvlvv|vwhp }xu Huidvvxqj ghu Yhnwrunrpsrqhqwhq plw hlqhp Kdoe0
nxjhovhqvru 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 1 1 1 1 1 447

8144 Udqgvwùuxqjhq hlqhv Sodwwhqnrqghqvdwruv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 449
8145 Ndsd}lwçw vhsdulhuwhu Nxjhokdoevfkdohq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 44:
914 Ohlwhqgh Nxjho lp Ihog hlqhu Sxqnwodgxqj t 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 454
915 Nxjho lp Ihog hlqhu Sxqnwodgxqj ehl yhuvfklhghqhq Devwçqghq ghuvhoehq/ uhsuç0

vhqwlhuw gxufk ghq Lqkrprjhqlwçwvidnwru d 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 455
916 Jhrphwulvfkh Eh}hlfkqxqjhq }xu Ehuhfkqxqj ghu Odgxqjvglfkwhyhuwhloxqj dxi hl0

qhu ohlwhqghq Nxjhondssh lp Ihog hlqhu Sxqnwodgxqj t 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 456
917 Qruplhuwh Odgxqjvglfkwhyhuwhloxqjhq dxi hlqhu ohlwhqghq Hehqh ehl Dqqçkhuxqj

hlqhu Sxqnwodgxqj 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 1 458
918 Ihog ehukùkxqjvidnwruhq hlqhu ohlwhqghq Nxjho dxi hlqhu jhhughwhq Sodwwh lp Kr0

prjhqihog 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 1 1 1 1 1 1 459
:14 Pdjqhwihogvhqvruhq lp Yhujohlfk lkuhv Lqwhqvlwçwvehuhlfkhv xqg Iuhtxhq}jdqjv 1 464
:15 Whpshudwxuyhukdowhq xqwhuvxfkwhu Vhqvruw|shq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 466
:16 Huvdw}vfkdowelog hlqhu Vhqvruvsxoh 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 1 469
:17 Hlqjdqjvvwxih ghv lqgxnwlyhq Vhqvruv xqg ghvvhq Zhfkvhovwurphuvdw}vfkdowelog 1 46;
:18 Nhudplnvxevwudw plw Edvlvnhudpln/ ruwkrjrqdohp Nhudplnhohphqw xqg Plnur0

zlqnho 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 1 1 1 1 1 1 1 1 476
:19 Guhldfkvljhu Iox{jdwhvhqvru lq K|eulg0 xqg Glfn�opwhfkqln 1 1 1 1 1 1 1 1 1 1 1 1 477
:1: Dxiedx ghv guhldfkvljhq Iox{jdwhvhqvruv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 477
:1; Ixqnwlrqvsulq}ls hlqhv Iox{jdwhvhqvruv +Rehuzhoohqyhuidkuhq, 1 1 1 1 1 1 1 1 1 1 1 479
:1< Iuhtxhq}vwdelolwçw ghv Guhlhfnvjhqhudwruv ehu 57 Vwxqghq/ Dewdvwudwh= 7 K} 1 1 47:
:143 Dpsolwxghqvwdelowlwçw ghu Iox{jdwhhuuhjxqj ehu 57 k/ Ph udwh= 7 K} 1 1 1 1 1 1 47:
;14 Eorfnvfkdowelog ghv Gdwhqorjjhuv 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 1 485
;15 Eorfnvfkdowelog ghv Vhqvrunrsiv 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 1 486
;16 Dqdorjh xqg gljlwdoh Vhqvrunrsihohnwurqln uhdolvlhuw lq VPG0Whfkqln 1 1 1 1 1 1 1 487
;17 SVSLFH0Vlpxodwlrq ghu Hlqjdqjvvwxih 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 488
;18 Iuhtxhq}jdqj ghu g|qdplvfk u fnjhnrsshowhq Hlqjdqjvwxih 1 1 1 1 1 1 1 1 1 1 1 1 488
;19 Vlpxodwlrq ghu rswlvfkhq Hpsidqjvglrgh +Huvdw}vfkdowelog, 1 1 1 1 1 1 1 1 1 1 1 1 48<
;1: ßehuwudjxqjvsurwrnroo }xu vhulhoohq Nrppxqlndwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 493
;1; Dqdorjhhohnwurqln ghv Vhqvrunrsiv 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 1 494
;1< Hohnwurqln ghv Gdwhqorjjhusurwrw|sv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 494
;143 Sruwdeoh Nrpsrqhqwhq ghv Surwrw|sv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 495
;144 Wudjhsrvlwlrq dxi hlqhp Duehlwvvfkxw}khop 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 496
;145 ßehuvlfkw ehu glh Nrppxqlndwlrqv0 xqg Gdwhqrujdqlvdwlrqvvwuxnwxu ghv Ph 0

v|vwhpv LQSHGR 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 1 1 497
;146 Dxiedx ghu uhodwlrqdohq Gdwhqedqn yrq LQSHGR +Kdxswihqvwhu, 1 1 1 1 1 1 1 1 1 498
;147 SF0Vriwzduh }xu Dqdo|vh ghu Ph zhuwh= Iuhtxhq}dqdo|vh xqg Yhujohlfk plw Juhq}0

zhuwnxuyhq 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 1 1 1 1 1 49:
<14 Guhldfkvljhv Khopkrow}vsxohqv|vwhp }xu Ndoleulhuxqj 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4:4
<15 Prghoo ghv guhldfkvljhq Ndoleulhuv|vwhpv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4:4
<16 Ndoleulhuhlqulfkwxqj i u hohnwulvfkh Ihoghu +LHF;660Dqrugqxqj, xqg Ihogvrqgh lq

Ndoleulhusrvlwlrq 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 1 1 4:6
<17 Çtxlsrwhqwldoolqlhq xqg Krprjhqlwçwvehuhlfkh i u hlq hehqhv Sodwwhqihog 1 1 1 1 1 4:7
4314 Whpshudwxuhlq x dxi glh Vhqvrundsd}lwçw 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4;5
4315 Hlq x ghu uhodwlyhq Oxiwihxfkwljnhlw dxi glh Vhqvrundsd}lwçw1 1 1 1 1 1 1 1 1 1 1 1 4;6
4316 Whvwvfkdowxqj }xu Xqwhuvxfkxqj ghv Whpshudwxu0 xqg Ihxfkwhhlq xvvhv ghv H0

Ihogvhqvruv1 Ghu Vhqvru vhoevw zlug klhu jhpç vhlqhp Qruwrqvfkhq Huvdw}vfkdow0
elog dqjhvfkorvvhq1 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 1 4;7
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4317 Ihxfkwhdekçqjljnhlw ghu Vhqvrunrsihohnwurqln 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4;7
4318 Iuhtxhq}jdqj hlqhv H0Ihogndqdov 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 4;8
4319 Udxvfkhq ghv H0Ihogndqdov 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 4;9
431: Klvwrjudpp ghv Udxvfkhqv xqg Qrupdoyhuwhloxqj 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4;:
431; Ohlvwxqjvglfkwhvshnwuxp ghv hohnwulvfkhq Ihogvhqvruv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4;:
431< Lvrwurslhphvvxqj ghu H0Ihogvrqgh lq ghu Krul}rqwdohehqh 1 1 1 1 1 1 1 1 1 1 1 1 1 4;<
43143Lvrwurslhxqwhuvxfkxqj lq ghu Yhuwlndohehqh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4;<
43144Iuhtxhq}jdqj ghv lqgxnwlyhq Vhqvruv 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<4
43145Lvrwurslhxqwhuvxfkxqj dxi hlqhp Guhkwhoohu 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4<5
43146Iuhlihogphvvxqj plw LQSHGR 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 1 535

D14 Vfklupzlunxqj hlqhu hlq0 xqg grsshovhlwlj phwdoolvlhuwhq Nxqvwvwr�krkonxjho 1 1 545
D15 Vfklupzlunxqj hlqhu Nxsihuvfklfkw krfkiuhtxhqwh hohnwurpdjqhwlvfkh Ihoghu 1 1 1 546
D16 Gçpsixqjvfkdudnwhulvwln yhuvfklhghqhu oùw0 xqg ohlwiçkljhu Ehvfklfkwxqjhq 1 1 1 1 547

E14 Hlqvshlvxqj ghu hohnwulvfkhq Yhuvfklhexqjvvwuùph dxi ghu Ndsshqrehu çfkh hlqhv
Hoolsvrlghq 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 1 1 1 1 1 54;

E15 Plwwohuh Odgxqjvphqjh dxi ghq Hohnwurghq lq Dekçqjljnhlw ghv Kùkhqzlqnhov 1 557

G14 Jhqhudwru ghu Huuhjxqjvvsdqqxqj dp guhldfkvljhq Iox{jdwhvhqvru 1 1 1 1 1 1 1 1 55:
G15 Hlq Ndqdo ghu Dxvzhuwhohnwurqln ghv Iox{jdwhvhqvruv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 55;
G16 Yhuvrujxqjv0 xqg Odghhlqkhlw ghv Gdwhqorjjhuv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 55<
G17 Plnurfrqwroohuv|vwhp ghv Gdwhqorjjhuv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 563
G18 Frxorpe}çkohu +Wuxh Jdxjh, 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 1 564
G19 Dqwldoldvlqj�owhu 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 1 1 565
G1: Hlqjdqjvvwxihq ghv H0Ihogvhqvruv 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 1 566
G1; Lqwhjudwruhq dov Hlqjdqjvvwxihq ghu E0Ihogndqçoh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 567

H14 Hlqwhloxqj ghu Nxjhovfkdoh lq Vhnwruhq xqg Guhlehlqnrq�jxudwlrq 1 1 1 1 1 1 1 1 1 568
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Wdehoohqyhu}hlfkqlv

414 Nodvvl�ndwlrq yrq V|vwhphq }xu Ihoghuidvvxqj 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8
415 ßehuvlfkw ehu sruwdeoh Ph v|vwhph plw çkqolfkhu ]lhovhw}xqj 1 1 1 1 1 1 1 1 1 1 ;
514 Ihog ehukùkxqjhq lq ghu Xpjhexqj hlqhu Nxjho/ hlqhv Z uihov xqg ]|olqghuv 1 1 54
515 Devwdqg yrq ghu Rehu çfkh hlqhv vwùuhqghq Nùushuv ehl jhjhehqhu Dezhlfkxqj

yrp Krprjhqihog 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 1 1 54
516 Edvlviuhtxhq}ehvwlppxqj ehlp ndsd}lwlyhq xqg lqgxnwlyhq Ihogvhqvru 1 1 1 1 1 1 56
614 Pdnurvnrslvfkh Zlunxqjhq lq Dekçqjljnhlw ghu hohnwulvfkhq Gxufkvwuùpxqj 1 1 6:
615 Zlunxqjhq h{whuqhu xqg lqwhuqhu hohnwulvfkhu Ihoghu 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6<
616 Lq jhhughwhq xqg xqjhhughwhq Shuvrqhq lqgx}lhuwh Vwurpglfkwh 1 1 1 1 1 1 1 1 1 1 77
617 Nxu}vfkox vwuùph jhhughwhu Vsh}lhv 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
618 Hohnwulvfkh Hljhqvfkdiwhq yhuvfklhghqhu Rujdqh i u 433 K} xqg ghuhq Glfkwh 1 1 7;
619 Prghoonùushu }xu dqdo|wlvfkhq Ehvfkuhlexqj ghu Hlqzlunxqj yhuwlndohu hohnwul0

vfkhu xqg pdjqhwlvfkhu Krprjhqihoghu 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 83
61: Hoolvsrlgh }xu Prghoolhuxqj ghu Hlqzlunxqj hohnwulvfkhu xqg pdjqhwlvfkhu Krpr0

jhqihoghu 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 1 1 1 1 1 1 1 84
61; ßehukùkxqjvidnwruhq xqg h�hnwlyh Ioçfkh i u hlq ohlwhqghv hlqhq Qruprw|s uh0

suçvhqwlhuhqghv Hoolsvrlg 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 8<
61< Rehu çfkhqehuhfkqxqj hlqhv Qruprw|sv plw Yroo0 xqg Kdoehoolsvrlg xqg ghu %Gx0

Erlv% 0 Irupho lp Yhujohlfk 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 93
714 Ihog ehukùkxqjvidnwruhq yhuvfklhghqhu ohlwiçkljhu Yroonùushu 1 1 1 1 1 1 1 1 1 1 1 :5
715 Ulfkwxqjvdekçqjljnhlw ghu Vhqvlwlylwçw 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
716 Lqgx}lhuwh Vwurpglfkwhq lqqhukdoe hlqhu Shuvrq gxufk hlq pdjqhwlvfkhv 83 K}0

Ihog xqwhu yhuvfklhghqhq H{srvlwlrqvehglqjxqjhq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;;
717 Lqgx}lhuwh Vwurpglfkwhq i u pdjqhwlvfkh Iox glfkwhq yrq 4 pW xqg 83 K} mhzhlov

i u glh guhl Ulfkwxqjhq ghv Udxphv 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 ;<
814 Ph sulq}lslhq }xu hohnwulvfkhq Ihogphvvxqj 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <9
815 Yhujohlfk hlqhv G0Sxqnw plw hlqhp H0Ihogvhqvru 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <<
816 Yhujohlfk hlqhu Dqwhqqh plw hlqhp ndsd}lwlyhq Ihogvhqvru 1 1 1 1 1 1 1 1 1 1 1 1 1 434
817 Huidvvxqj ghv hohnwulvfkhq Ihoghv plw ndsd}lwlyhq Vhqvruhq xqg ]xvdpphqkçqjh

}zlvfkhq Ph juù h xqg H0Ihog 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 1 436
818 Rswlplhuxqjvnulwhulhq hlqidfkhu Vhqvruiruphq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 437
819 Nrqvwuxnwlrqvsulq}lslhq hohnwurvwdwlvfkhu Zdqgohu xqg Vrqghq i u Zhfkvhoihoghu 43:
81: Vhqvrusdudphwhu/ xp hlqh Juhq}iuhtxhq} yrq 8 K} }x huuhlfkhq 1 1 1 1 1 1 1 1 1 1 446
:14 Yhuvfklhghqh Pdjqhwihogvhqvruhq plw lkuhp sk|vlndolvfkhq Sulq}ls 1 1 1 1 1 1 1 1 463
:15 Dxi Hljqxqj jhsu iwh Vhqvruw|shq 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 1 463
:16 Hujheqlv ghu Hljqxqjvsu ixqj ghu xqwhuvxfkwhq Pdjqhwihogvhqvruhq +Whlo 4, 1 1 1 467
:17 Hujheqlvghu Hljqxqjvsu ixqj ghu xqwhuvxfkwhq Pdjqhwihogvhqvruhq +Whlo 5, 1 1 1 468
:18 Yru0 xqg Qdfkwhloh ghu Vwurp0 xqg Vsdqqxqjvphvvxqj ehl Lqgxnwlrqvvsxohq 1 1 1 46:
:19 Sdudphwhu i u hlq ruwkrjrqdohv Vhqvruvsxohqv|vwhp 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 46;
:1: Vsh}l�ndwlrqhq ghv yhuzhqghwhq sodqduhq Iox{jdwhvhqvruv 1 1 1 1 1 1 1 1 1 1 1 1 1 475
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:1; Duehlwvvfkulwwh ehl ghu Uhdolvlhuxqj ghv guhldfkvljhq Iox{jdwhvhqvruv 1 1 1 1 1 1 1 478
;14 Dqiudjhq dq ghq Vhqvrunrsi 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 1 486
;15 Ihkohufrglhuxqj ghv Vwdwxve|whv 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 1 493
<14 Xqvlfkhukhlwhq ghu pdjqhwlvfkhq Ndoleulhuhlqulfkwxqj 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4:8
<15 Xqvlfkhukhlwhq ghu hohnwulvfkhq Ndoleulhuhlqulfkwxqj 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4:9
<16 Ndoleulhuidnwruhq xqg yhueohlehqgh Xqvlfkhukhlw ghu Surwrw|snohlqvhulh 1 1 1 1 1 1 4::
<17 Vwuhxxqj ghu Ndoleulhuidnwruhq }zlvfkhq ghq yhuvfklhghqhq Ph ehuhlfkhq 1 1 1 1 4:;
<18 Ndoleulhuidnwruhq ghu H0Ihogvhqvruhq 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:;
<19 Ndoleulhuidnwruhq lq ghq yhuvfklhghqhq Ph ehuhlfkhq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4:<
4314 Ihuwljxqjvehglqjwh Ndsd}lwçwvvwuhxxqjhq ghv Guhlehlqvhqvruv 1 1 1 1 1 1 1 1 1 1 4;;
4315 Ihuwljxqjvwrohudq}hq ghu Vsxohqsdudphwhu 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4<3
4316 Hqwzlfnoxqjv}lhoh yhujolfkhq plw ghq Vsh}l�ndwlrqhq ghv Surwrw|sv +Whlo 4, 1 1 1 4<7
4317 Hqwzlfnoxqjv}lhoh yhujolfkhq plw ghq Vsh}l�ndwlrqhq ghv Surwrw|sv 1 1 1 1 1 1 1 1 4<8
4318 Hqwzlfnoxqjv}lhoh yhujolfkhq plw ghq Vsh}l�ndwlrqhq ghv Surwrw|sv +Whlo6, 1 1 1 1 4<9
4319 Hqwzlfnoxqjv}lhoh yhujolfkhq plw ghq Vsh}l�ndwlrqhq ghv Surwrw|sv +Whlo 7, 1 1 1 4<:
431: Jhvwùuwh Ihogvwçunhq xqg ßehukùkxqjvidnwruhq +Duph qdfk xqwhq, 1 1 1 1 1 1 1 1 533
431; Jhvwùuwh Ihogvwçunhq ehl yhuvfklhghqhq Srvlwlrqhq ghv uhfkwhq Dupv +Shuvrq Qu1

4, 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 1 1 1 1 1 1 1 1 1 1 533
431< Sdudphwhu ghu Grvlphwhuwuçjhu/ pd{lpdoh Ihogvwçunhdpsolwxgh xqg Nxu}vfkox 0

vwuùph +jhphvvhq xqg ehuhfkqhw, 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 1 534

D14 Hljhqvfkdiwhq whfkqlvfkhu Nxqvwvwr�h }xu Nrqghqvdwrukhuvwhooxqj 1 1 1 1 1 1 1 1 537
D15 Hljhqvfkdiwhq yrq SYF xqg DEV 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 1 538
D16 Juhq}iuhtxhq}hq ehl hlqvhlwljhu Ehvfklfkwxqj 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 544
D17 Juhq}iuhtxhq}hq ehl grsshovhlwljhu Ehvfklfkwxqj 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 544
D18 Ohlwiçkljnhlw xqg Shuphdelolwçw hlqljhu Phwdooh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 545
D19 Ohlwiçkljnhlw yrq g qqhq Vfklfkwhq 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 1 545

H14 Yrooehvhw}wh Vwuxnwxupdwul{ 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 1 569
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