


=

råíÉêëìÅÜìåÖ=ìåÇ=båíïáÅâäìåÖ=áåíÉÖêáÉêÄ~êÉê=

mÜçíçãáëÅÜÇÉíÉâíçê=EmjaFJhçåòÉéíÉ=~ìÑ=e~äÄäÉáíÉêÄ~ëáë=

òìê=oÉ~äáëáÉêìåÖ=ÜçÅÜ~ìÑä∏ëÉåÇÉê=PaJjÉëëëóëíÉãÉ=

=

sçã=c~ÅÜÄÉêÉáÅÜ=bäÉâíêçíÉÅÜåáâ=ìåÇ=fåÑçêã~íáâ=

ÇÉê=råáîÉêëáí®í=páÉÖÉå=

òìê=bêä~åÖìåÖ=ÇÉë=~â~ÇÉãáëÅÜÉå=dê~ÇÉë=

=

açâíçê=ÇÉê=fåÖÉåáÉìêïáëëÉåëÅÜ~ÑíÉå=

EaêKJfåÖKF=

=

dÉåÉÜãáÖíÉ=aáëëÉêí~íáçå=

=

îçêÖÉäÉÖí=îçå=

aáéäKJfåÖK=eçäÖÉê=hê~Ñí=

ÖÉÄçêÉå=~ã=NOKMQKNVTO=áå=j~êÄìêÖ=

=

=

NK=dìí~ÅÜíÉêW=mêçÑK=aêKJfåÖK=oìÇçäÑ=pÅÜï~êíÉ=

OK=dìí~ÅÜíÉêW=mêçÑK=aêKJfåÖK=bäã~ê=dêáÉëÉ=

sçêëáíòÉåÇÉê=ÇÉê=mêΩÑìåÖëâçããáëëáçåW=mêçÑK=aêKJfåÖK=mÉíÉê=e~êáåÖ=_çä∞î~ê=

=

q~Ö=ÇÉê=ãΩåÇäáÅÜÉå=mêΩÑìåÖW=OUKMSKOMMT=

   



=

sçêïçêí=

aáÉ= îçêäáÉÖÉåÇÉ= ^êÄÉáí= Éåíëí~åÇ= áã= o~ÜãÉå=ãÉáåÉê= q®íáÖâÉáí= ~äë=ïáëëÉåëÅÜ~ÑíäáÅÜÉê=

jáí~êÄÉáíÉê=~ã=fåëíáíìí=ÑΩê=k~ÅÜêáÅÜíÉåîÉê~êÄÉáíìåÖ=EfksF=ÇÉê=råáîÉêëáí®í=páÉÖÉåI=ëçJ

ïáÉ= ãÉáåÉê= q®íáÖâÉáí= ~äë= båíïáÅâäìåÖëáåÖÉåáÉìê= ÄÉá= ÇÉê= cáêã~= mjaqÉÅÜåçäçÖáÉë=

dãÄe=áå=páÉÖÉåK=fÅÜ=ã∏ÅÜíÉ=~å=ÇáÉëÉê=píÉääÉ=~ääÉå=Ç~åâÉåI=ÇáÉ=ãáÅÜ=ï®ÜêÉåÇ=ÇáÉëÉê=

wÉáí=~ìÑ=ìåíÉêëÅÜáÉÇäáÅÜÉ=^êí=ìåÇ=tÉáëÉ=ìåíÉêëíΩíòí=Ü~ÄÉåK=

eÉêêå=mêçÑK=aêK=oìÇçäÑ=pÅÜï~êíÉ=Ç~åâÉ=áÅÜ=ÑΩê=ÇáÉ=bêã∏ÖäáÅÜìåÖ=ÇáÉëÉê=^êÄÉáí=ìåÇ=ÇáÉ=

ïáëëÉåëÅÜ~ÑíäáÅÜÉ=_ÉíêÉììåÖK= fåëÄÉëçåÇÉêÉ=Ç~åâÉ= áÅÜ= áÜã= ÑΩê= ÇáÉ= ò~ÜäêÉáÅÜÉå= fÇÉÉå=

ìåÇ=aáëâìëëáçåÉå=áã=sÉêä~ìÑ=ãÉáåÉê=q®íáÖâÉáíI=ëçïáÉ=ÇáÉ=c∏êÇÉêìåÖ=ÇÉê=cçêëÅÜìåÖëJ

~êÄÉáíÉåK=

eÉêêå= mêçÑK= aêK= bäã~ê= dêáÉëÉ= Ç~åâÉ= áÅÜ= ÑΩê= ÇáÉ= råíÉêëíΩíòìåÖ= ìåÇ= ÇáÉ= ÑêÉìåÇäáÅÜÉ=

§ÄÉêå~ÜãÉ=ÇÉë=hçêêÉÑÉê~íëK=^ì≈ÉêÇÉã=Ç~åâÉ=áÅÜ=eÉêêå=mêçÑK=aêK=mÉíÉê=e~êáåÖ=_çä∞î~ê=

ÑΩê=ÇáÉ=§ÄÉêå~ÜãÉ=ÇÉë=sçêëáíòÉë=ÇÉê=mêΩÑìåÖëâçããáëëáçåK=

tÉáíÉêÜáå= Ç~åâÉ= áÅÜ= ÇÉê= cáêã~= mjaqÉÅÜåçäçÖáÉë= dãÄe= áå= páÉÖÉå= ìåÇ= áÜêÉå= dÉJ

ëÅÜ®ÑíëÑΩÜêÉêå=aêK=_ÉêåÇ=_ìñÄ~ìãI=qçêëíÉå=dçääÉïëâá=ìåÇ=j~êíáå=_ìÅâK=lÜåÉ=ÇÉêÉå=

råíÉêëíΩíòìåÖ=ï®êÉå=îáÉäÉ=íÉÅÜåçäçÖáëÅÜÉ=rãëÉíòìåÖÉå=ìåÇ=råíÉêëìÅÜìåÖÉå=åáÅÜí=

ã∏ÖäáÅÜ= ÖÉïÉëÉåK= jÉáåÉã= ^ÄíÉáäìåÖëäÉáíÉê= aêK= oçÄÉêí= i~åÖÉ= ã∏ÅÜíÉ= áÅÜ= ÑΩê= ÇáÉ=

pÅÜ~ÑÑìåÖ=ÉáåÉë=çéíáã~äÉå=^êÄÉáíëìãÑÉäÇÉë=Ç~åâÉåI= áå=ÇÉã=åÉÄÉå=ÇÉê= áåÇìëíêáÉääÉå=

båíïáÅâäìåÖ=åçÅÜ=j∏ÖäáÅÜâÉáíÉå=òìê=bêÑçêëÅÜìåÖ=åÉìÉê=^åë®íòÉ=ÄÉëí~åÇÉåK=

jÉáå=a~åâ=Öáäí=ÇÉå=hçääÉÖáååÉå=ìåÇ=hçääÉÖÉå=ÇÉë= fåëíáíìíë= ÑΩê=k~ÅÜêáÅÜíÉåîÉê~êÄÉáJ

íìåÖ=ìåÇ=ÇÉê=cáêã~=mjaqÉÅÜåçäçÖáÉë=dãÄeI=gçÅÜÉå=cêÉóI=j~êâìë=dêçíÜçÑI=_á~åÅ~=

e~ÖÉÄÉìâÉêI=oÉå¨=e~êíÉêíI=eçäÖÉê=eÉëëI=_É~íÉ=içÑÑÉäÇI=qçÄá~ë=j∏ääÉêI=gç~ÅÜáã=jçëÉåI=

j~êíáå= mêçÑáííäáÅÜI= gÉåë= oáÅÜíÉêI= aêK= qÜçêëíÉå= oáåÖÄÉÅâI= _Éåà~= pÅÜáåâI= ^êåÉ= pí~ÇÉêJ

ã~ååI=aêK=wÜ~åéáåÖ=uì=ìåÇ=aêK=wÜáÖ~åÖ=wÜ~åÖK=

báå=ÄÉëçåÇÉêÉê=a~åâ=Öáäí=ãÉáåÉã=hçääÉÖÉå=j~êíáå=^äÄêÉÅÜí= ÑΩê=ÇáÉ=âêáíáëÅÜÉ=aìêÅÜJ

ëáÅÜí=ÇáÉëÉê=^êÄÉáí=ìåÇ=ÑΩê=ÇáÉ=ΩÄÉê~ìë=ÜáäÑêÉáÅÜÉå=aáëâìëëáçåÉåK=tÉáíÉêÜáå=Ç~åâÉ=áÅÜ=

ãÉáåÉã=hçääÉÖÉå=eçäÖÉê=_ÉííÉ= ÑΩê=ÇáÉ=råíÉêëíΩíòìåÖ=ÄÉá=ÇÉå=jÉëëìåÖÉåI=ÇáÉ=ò~ÜäJ

êÉáÅÜÉå=o~íëÅÜä®ÖÉ=ìåÇ=ÇáÉ=âêáíáëÅÜÉ=aìêÅÜëáÅÜí=ÇáÉëÉê=^êÄÉáíK=

káÅÜí= òìäÉíòí=Ç~åâÉ= áÅÜ=ãÉáåÉê=c~ãáäáÉ=ìåÇ=cêÉìåÇÉåI=ÇáÉ=ãáÅÜ=åáÅÜí=åìê=ï®ÜêÉåÇ=

ÇáÉëÉê=^êÄÉáí=ìåíÉêëíΩíòí=Ü~ÄÉåK=

sçê=~ääÉã=~ÄÉê=ã∏ÅÜíÉ=áÅÜ=ãáÅÜ=ÄÉá=ãÉáåÉê=cê~ì=jÉä~åáÉ=ÄÉÇ~åâÉåI=ÇáÉ=ãáÅÜ=áå=ÇÉå=

îÉêÖ~åÖÉåÉå=g~ÜêÉå=~ìÑ=fÜêÉ=Ö~åò=ÄÉëçåÇÉêÉ=tÉáëÉ=ÄÉÖäÉáíÉí=Ü~íK=

=
   



fåÜ~äíëîÉêòÉáÅÜåáë= = f=

^Äëíê~ÅíKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKs 

N báåäÉáíìåÖKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKN 

O båíÑÉêåìåÖëãÉëëìåÖ=ãáí=mÜçíçãáëÅÜÇÉíÉâíçêÉå=EmjaF KKKKKT 

OKN a~ë=mêáåòáé=ÇÉë=qáãÉJlÑJcäáÖÜí=sÉêÑ~ÜêÉåëKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKT 

OKNKN mìäëä~ìÑòÉáíîÉêÑ~ÜêÉå KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKT 

OKNKO `tJjçÇìä~íáçåKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKU 

OKO ^ìëïÉêíìåÖ=ÇÉê=hçêêÉä~íáçåëÑìåâíáçå KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKV 

OKP ^ìëïÉêíìåÖ=ÇìêÅÜ=cçìêáÉêíê~åëÑçêã~íáçåKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNN 

OKPKN póëíÉã~íáëÅÜÉ=cÉÜäÉêKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNO 

OKQ hçêêÉä~íáçåëÉãéÑ~åÖ=ãáí=mjaJpíêìâíìêÉåKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNR 

OKQKN §ÄÉêëáÅÜí=ÇÉê=Ü~äÄäÉáíÉêÄ~ëáÉêíÉå=mjaJhçåòÉéíÉ KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNR 

OKQKO cêÉãÇãçÇìä~íáçåKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNS 

OKQKP pÉäÄëíãçÇìä~íáçåKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNT 

OKQKQ råáéçä~êÉ=ìåÇ=Äáéçä~êÉ=pjJmjaëKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNV 

OKQKR eóÄêáÇâçåòÉéíÉ KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKOM 

OKR hÉååÖê∏≈Éå=ÉáåÉë=mja KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKON 

OKRKN aÉãçÇìä~íáçåëâçåíê~ëíKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKOO 

OKRKO aÉãçÇìä~íáçåëÉÑÑáòáÉåòKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKOP 

OKRKP aÉãçÇìä~íáçåëÉãéÑáåÇäáÅÜâÉáí KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKOQ 

OKS dêÉåòÉå=ÇÉê=jÉëëÖÉå~ìáÖâÉáí KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKOR 

OKSKN mÜçíçåÉåJpÅÜêçíê~ìëÅÜÉåKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKOR 

OKSKO aìåâÉäëíêçãJpÅÜêçíê~ìëÅÜÉåKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKOR 

OKSKP oÉëÉíJo~ìëÅÜÉåKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKOS 

OKT qÜÉçêÉíáëÅÜÉ=jÉëëÖÉå~ìáÖâÉáíKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKOS 

P _~ìíÉáäëéÉòáÑáëÅÜÉ=dêìåÇä~ÖÉå KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKOV 

PKN éåJe~äÄäÉáíÉêΩÄÉêÖ®åÖÉ KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKOV 

PKO jÉí~ääJe~äÄäÉáíÉêJ§ÄÉêÖ®åÖÉ KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKPN 

PKOKN fÇÉ~äÉê=jÉí~ääJe~äÄäÉáíÉêJhçåí~âíKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKPO 

PKOKO oÉ~äÉê=jÉí~ääJe~äÄäÉáíÉêJhçåí~âíKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKPP 

PKOKP píêçãJpé~ååìåÖëJ`Ü~ê~âíÉêáëíáâKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKPP 

   



ff= = fåÜ~äíëîÉêòÉáÅÜåáë=

PKOKQ _ÉëíáããìåÖ=ÇÉê=_~êêáÉêÉåÜ∏ÜÉ KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKPQ 

PKP jÉí~äJpÉãáÅçåÇìÅíçêJjÉí~ä=píêìâíìêÉå=EjpjFKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKPR 

PKPKN aìåâÉäîÉêÜ~äíÉå KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKPS 

PKPKO sÉêÜ~äíÉå=ÄÉá=çéíáëÅÜÉê=_Éëíê~ÜäìåÖKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKQN 

PKPKP mÜçíçÉãéÑáåÇäáÅÜâÉáíKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKQR 

PKPKQ cêÉèìÉåòîÉêÜ~äíÉå KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKQS 

PKQ jpj=~äë=dÉÖÉåí~âí=pjJmjaKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKQV 

PKQKN jçÇÉääÄáäÇìåÖ KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKQV 

PKQKO báåÑäìëë=ÇÉê=póããÉíêáÉé~ê~ãÉíÉê=~ìÑ=ÇáÉ=hçêêÉä~íáçåëÑìåâíáçå KKKKKKKKKKKKKKKKKKKRN 

PKQKP báåÑäìëë=ìåâçêêÉäáÉêíÉê=_Éëíê~ÜäìåÖ KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKRO 

PKQKQ oÉÅÜíÉÅâãçÇìä~íáçå=E`çêêÉä~íÉÇ=_~ä~åÅÉÇ=p~ãéäáåÖFKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKRR 

Q d~ääáìã~êëÉåáÇ=jpjJmja KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKRV 

QKN sçêÄÉíê~ÅÜíìåÖÉå KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKRV 

QKO oÉ~äáëáÉêìåÖë~åë~íòKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKSN 

QKP páåÖäÉéáñÉä=d~^ë=jpjJmja KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKSN 

QKPKN báåëÉáíáÖÉë=jçÇìä~íáçåëîÉêÑ~ÜêÉå=ãáí=oÉÅÜíÉÅâãçÇìä~íáçåKKKKKKKKKKKKKKKKKKKKKKKKSN 

QKPKO máñÉäëíêìâíìêÉåKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKSP 

QKPKP aáëâìëëáçå=ÇÉê=êÉ~äÉå=hÉååäáåáÉKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKSR 

QKQ `Ü~ê~âíÉêáëáÉêìåÖ=ÇìêÅÜ=aáêÉâíÄÉëíê~ÜäìåÖ KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKSV 

QKQKN _ÉëÅÜêÉáÄìåÖ=ÇÉë=jÉëë~ìÑÄ~ìëKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKSV 

QKQKO bêãáííäìåÖ=ÇÉê=hçêêÉä~íáçåëÑìåâíáçå KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKTM 

QKR jÉëëìåÖÉå=~å=d~^ë=jpjJmja=báåòÉäéáñÉäëíêìâíìêÉåKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKTN 

QKRKN råíÉêÇêΩÅâìåÖ=ìåâçêêÉäáÉêíÉê=^åíÉáäÉKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKTO 

QKRKO jÉëëÖÉå~ìáÖâÉáí KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKTQ 

QKS kÉì~êíáÖÉ=jìäíáéáñÉäëíêìâíìêÉå=~ìÑ=d~^ë=jpjJ_~ëáë KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKTU 

QKSKN ^êÅÜáíÉâíìêKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKTU 

QKSKO pÉåëçê~ìÑÄ~ìKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKUM 

QKSKP ^ìëäÉëÉÉäÉâíêçåáâ KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKUN 

QKSKQ Pa=d~^ë=jpjJjìäíáÅÜáéëÉåëçê KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKUR 

QKT råíÉêëìÅÜìåÖ=ÇÉë=d~^ë=jìäíáéáñÉäëÉåëçêëKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKUS 

QKTKN jÉëëìåÖÉå=ìåíÉê=cêÉãÇäáÅÜíÉáåÑäìëë KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKUS 

QKTKO eçãçÖÉåáí®í=ÇÉë=pÉåëçêë KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKUV 



fåÜ~äíëîÉêòÉáÅÜåáë= = fff=

QKU ^äíÉêå~íáîÉ=^ìÑÄ~ìJ=ìåÇ=sÉêÄáåÇìåÖëíÉÅÜåáâ=E^sqFKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKVN 

R sçääáåíÉÖêáÉêÄ~êÉ=páäáòáìã=jpjJmjaKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKVR 

RKN sçêÄÉíê~ÅÜíìåÖÉå KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKVR 

RKO oÉ~äáëáÉêìåÖKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNMO 

RKOKN mêçòÉëëáåíÉÖê~íáçå KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNMO 

RKOKO pìÄëíê~íã~íÉêá~äKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNMQ 

RKOKP cáåÖÉêÖÉçãÉíêáÉI=J~Äëí~åÇKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNMT 

RKOKQ eÉêëíÉääìåÖ=ÇÉê=pÅÜçííâóâçåí~âíÉ KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNMV 

RKP máñÉäëíêìâíìêÉå KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNNN 

RKQ a`JjÉëëìåÖÉå KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNNP 

RKQKN _ÉëíáããìåÖ=ÇÉê=_~êêáÉêÉåÜ∏ÜÉ=~å=êÉ~äáëáÉêíÉå=qÉëíëíêìâíìêÉåKKKKKKKKKKKKKKKKKKNNP 

RKQKO eÉääJaìåâÉäîÉêÜ~äíÉå=ÇÉê=mípá=jpjJpíêìâíìêKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNNR 

RKQKP qÉãéÉê~íìêîÉêÜ~äíÉå KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNNV 

RKR ^`JjÉëëìåÖÉåKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNON 

RKRKN báåòÉäéáñÉäKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNON 

RKRKO jÉëëÖÉå~ìáÖâÉáí KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNOS 

RKRKP jìäíáéáñÉä KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNOT 

RKS léíáãáÉêìåÖëéçíÉåíá~ä KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNOU 

S oΩÅâëÉáíÉåÄÉëíê~ÜäíÉë=páäáòáìã=éåJmjaKKKKKKKKKKKKKKKKKKKKKKKKKKKNOV 

SKN ^åë~íò KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNOV 

SKO hçåòÉéí KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNPM 

SKOKN oΩÅâëÉáíÉåÄÉëíê~ÜäìåÖ KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNPM 

SKOKO ^åé~ëëìåÖ=ÇÉê=pìÄëíê~íÇáÅâÉ=LJÇçíáÉêìåÖ KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNPN 

SKOKP ^ìÑÄ~ì=ãáí=cäáéJ`Üáé=qÉÅÜåçäçÖáÉ KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNPO 

SKP rãëÉíòìåÖKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNPP 

SKPKN aáãÉåëáçåáÉêìåÖ=ÇÉë=pÉåëçêë KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNPQ 

SKQ jÉëëíÉÅÜåáëÅÜÉ=råíÉêëìÅÜìåÖ KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNQM 

SKQKN a`JjÉëëìåÖÉåKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNQM 

SKQKO ^`JjÉëëìåÖÉå KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNQP 

SKQKP s~êá~íáçå=ÇÉê=jçÇìä~íáçåë~ãéäáíìÇÉKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNQR 

SKQKQ s~êá~íáçå=ÇÉê=jçÇìä~íáçåëÑêÉèìÉåò KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNQT 

   



fs= = fåÜ~äíëîÉêòÉáÅÜåáë=

SKQKR s~êá~íáçå=ÇÉê=çéíáëÅÜÉå=kìíòäÉáëíìåÖ KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNQV 

SKQKS eáåíÉêÖêìåÇäáÅÜíÉáåÑäìëëKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNRM 

SKQKT s~êá~íáçå=ÇÉê=çéíáëÅÜÉå=tÉääÉåä®åÖÉKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNRN 

SKQKU aÉãçÇìä~íáçåëÉãéÑáåÇäáÅÜâÉáí KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNRO 

SKR ^âíáîÉë=sÉêÑ~ÜêÉå=òìê=råíÉêÇêΩÅâìåÖ=îçå=ìåâçêêÉäáÉêíÉå=^åíÉáäÉå KKKKKKKKKKKKKKKNRO 

SKS _áéçä~êÉ=éåJmja=píêìâíìêÉå KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNRR 

T mjaJmÉêÑçêã~åÅÉ=ìåÇ=^ééäáâ~íáçåëéçíÉåíá~äKKKKKKKKKKKKKKKKKKNRT 

TKN _ÉêÉÅÜåìåÖëÖêìåÇä~ÖÉå KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNRT 

TKNKN _ÉëíáããìåÖ=ÇÉê=páÖå~ääÉáëíìåÖ=~ìÑ=ÇÉã=pÉåëçê KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNRT 

TKNKO _ÉëíáããìåÖ=ÇÉê=eáåíÉêÖêìåÇäáÅÜíäÉáëíìåÖ=~ìÑ=ÇÉã=pÉåëçê KKKKKKKKKKKKKKKKKKKKKKNRV 

TKNKP _ÉêΩÅâëáÅÜíáÖÉ=o~ìëÅÜèìÉääÉå KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNRV 

TKO §ÄÉêÄäáÅâ=ÇÉê=qÉÅÜåçäçÖáÉå KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNSN 

TKP qÜÉçêÉíáëÅÜÉ=dÉÖÉåΩÄÉêëíÉääìåÖ=~ìÑ=_~ëáë=ÖÉãÉëëÉåÉê=m~ê~ãÉíÉêKKKKKKKKKKKKKKKNSO 

U wìë~ããÉåÑ~ëëìåÖ=ìåÇ=^ìëÄäáÅâKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNST 

iáíÉê~íìêîÉêòÉáÅÜåáëKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNTN 

^åÜ~åÖ=^W cçêãÉäòÉáÅÜÉå=ìåÇ=^ÄâΩêòìåÖÉåKKKKKKKKKKKKKKKKKKKKKKNTT 

^åÜ~åÖ=_W ^ÄÄáäÇìåÖëîÉêòÉáÅÜåáëKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNUP 

^åÜ~åÖ=`W fåÇÉñKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNVN 



=

^Äëíê~Åí=

cçê= ã~åó= íÉÅÜåáÅ~ä= ~ééäáÅ~íáçåë= íÜÉ= âåçïäÉÇÖÉ= çÑ= íÜÉ= íÜêÉÉJÇáãÉåëáçå~ä= ÉåîáêçåJ

ãÉåí= áë=ÉëëÉåíá~äK=bëéÉÅá~ääó= Ñçê= íÜÉ= áãéäÉãÉåí~íáçå=çÑ=Åçåíêçä=~åÇ=å~îáÖ~íáçå= ÑìåÅJ

íáçåë=áå=íÜÉ=~êÉ~=çÑ=~ìíçã~íáçå=~åÇ=êçÄçíáÅëI=Ñ~ëí=~åÇ=êÉäá~ÄäÉ=~Åèìáëáíáçå=çÑ=Pa=Ç~í~=

Ü~ë=ÄÉÅçãÉ=~=ã~áå=êÉèìáêÉãÉåí=Ñçê=ÑìíìêÉ=íÉÅÜåáÅ~ä=ÇÉîÉäçéãÉåíëK=

qç=Ö~íÜÉê=íÜÉ=ÇÉéíÜJáåÑçêã~íáçå=çÑ=íÜÉ=çÄëÉêîÉÇ=ëÅÉåÉ=íÜÉêÉ=~êÉ=ÇáÑÑÉêÉåí=íÉÅÜåáÅ~ä=

~ééêç~ÅÜÉë=~äêÉ~Çó=êÉ~äáòÉÇ=~åÇ=~î~áä~ÄäÉ=çå=íÜÉ=ã~êâÉíK=^=ëçäìíáçå=Åçããçåäó=ìëÉÇ=

Ñçê= ëìÅÜ= ëóëíÉãë= áë= íÜÉ= êÉ~äáò~íáçå=çÑ= íÜÉ= qáãÉJlÑJcäáÖÜí= éêáåÅáéäÉK=eÉêÉ= íÜÉ= íáãÉ= áë=

ãÉ~ëìêÉÇ=ïÜáÅÜ=áë=åÉÉÇÉÇ=Äó=äáÖÜí=íç=ÅçîÉê=~=Çáëí~åÅÉ=Ñêçã=~å=~ÅíáîÉ=íê~åëãáííÉê=íç=

íÜÉ=í~êÖÉí=~åÇ=Ä~Åâ=íç=íÜÉ=êÉÅÉáîÉêK=aìÉ=íç=íÜÉ=ëéÉÉÇ=çÑ=äáÖÜí=íÜÉ=ëÉåëçê=ÅçãéçåÉåí=

çÑ= ëìÅÜ=~= ëóëíÉã=åçêã~ääó=åÉÉÇë=~=îÉêó=ÜáÖÜ=Ä~åÇïáÇíÜ= íç=ÉåëìêÉ= ëìÑÑáÅáÉåí=ÇÉéíÜ=

êÉëçäìíáçå=~åÇ=~ÅÅìê~ÅóK=qÜáë=êÉèìáêÉãÉåí=ã~âÉë=íÜÉ=ëóëíÉã=ÅçãéäÉñ=~åÇ=íÜÉêÉÑçêÉ=

ÉñéÉåëáîÉK=qÜáë=ÅçãéäÉñáíó= áë= íÜÉ= êÉ~ëçå=ïÜó=qáãÉJlÑJcäáÖÜí= ëóëíÉãë=~êÉ=çÑíÉå= äáãJ

áíÉÇ= áå=åìãÄÉê=çÑ=ãÉ~ëìêáåÖ=ÉäÉãÉåíë=çê=ïÜó= íÜÉ=ìë~ÖÉ=çÑ=ãÉÅÜ~åáÅ~ä= ëÅ~ååÉêë= áë=

ã~åÇ~íçêóK=

qÜáë= íÜÉëáë=ÇÉëÅêáÄÉë= íÜÉ=êÉ~äáò~íáçå=çÑ=~=ëã~êí=çéíáÅ~ä=ëÉåëçê=ÅçåÅÉéíI= íÜÉ=mja=ÇÉJ

îáÅÉK=táíÜ=íÜáë=ëÉåëçê=ÜáÖÜ=ÇÉéíÜ=êÉëçäìíáçå=Å~å=ÄÉ=ÅçãÄáåÉÇ=ïáíÜ=~å=~äãçëí=ìåäáãJ

áíÉÇ=åìãÄÉê=çÑ=ãÉ~ëìêáåÖ= ÉäÉãÉåíë=ïÜáÅÜ= Éå~ÄäÉë= Ñ~ëí= ~åÇ= ëÅ~ååÉê= äÉëë= Pa=ãÉ~ëJ

ìêÉãÉåíë= ïáíÜ= ÜáÖÜ= êÉëçäìíáçåK= ^= ã~áå= ~Çî~åí~ÖÉ= çÑ= íÜáë= ÅçåÅÉéí= áë= íÜÉ= áåÜÉêÉåí=

Éî~äì~íáçå=çÑ=íÜÉ=Çáëí~åÅÉ=Äó=ÅçêêÉä~íáçå=çÑ=íÜÉ=êÉÑäÉÅíÉÇ= äáÖÜí=ïáíÜ=~= äçÅ~ä=ÉäÉÅíêáÅ~ä=

êÉÑÉêÉåÅÉ= ëáÖå~ä=ïáíÜáå= É~ÅÜ= éáñÉäK= páåÅÉ= íÜÉ= çìíéìí= çÑ= íÜÉ= éáñÉä= áë= áå= íÜÉ= äçï= ÑêÉJ

èìÉåÅó=ê~åÖÉI=íÜÉ=ëóëíÉã=ÅçãéäÉñáíó=Å~å=ÄÉ=âÉéí=äçï=ïÜáÅÜ=áå=íìêåë=~ääçïë=íÜÉ=êÉ~äáJ

ò~íáçå=çÑ=Åçëí=ÉÑÑÉÅíáîÉ=Pa=ãÉ~ëìêÉãÉåí=ëóëíÉãëK=

qÜÉ=ÑÉ~ëáÄáäáíó=çÑ=íÜÉ=mja=ÅçåÅÉéí=Ü~ë=ÄÉÉå=éêçîÉå=Äó=êÉ~äáò~íáçåë=çÑ=íÜÉ=mÜçíçÖ~íÉJ

mja=EmdJmjaF=áå=ëÉîÉê~ä=~ééäáÅ~íáçåë=áå=íÜÉ=ä~ëí=óÉ~êëK=qÜÉ=ã~áå=ÑçÅìë=çÑ=íÜáë=íÜÉëáë=

áë= íç=ÇÉëÅêáÄÉ= ~åÇ= íç= áåîÉëíáÖ~íÉ= ~äíÉêå~íáîÉ=éáñÉä= ÅçåÅÉéíë=Ä~ëÉÇ=çå= ëéÉÅá~ä= áãéäÉJ

ãÉåí~íáçåë=çÑ= ~åçíÜÉê=mjaJéêáåÅáéäÉI= íÜÉ=pÉäÑãçÇìä~íáçåJmja= EpjJmjaFK=aÉéÉåÇJ

áåÖ=çå= íÜÉ=ÅÜçëÉå= íÉÅÜåçäçÖó= íÜáë= âáåÇ=çÑ=mja=çÑÑÉêë= ëÉîÉê~ä= ~Çî~åí~ÖÉë= äáâÉ=ÜáÖÜ=

Ä~åÇïáÇíÜI=ÜáÖÜ=ÉÑÑáÅáÉåÅó=~åÇ=íÜÉ=áåÜÉêÉåí=ëìééêÉëëáçå=çÑ=ìåÅçêêÉä~íÉÇ=ëáÖå~äëK=qÜÉ=

pjJmja=Å~å=ÄÉ=êÉ~äáòÉÇ=áå=ÇáÑÑÉêÉåí=ã~ååÉêë=ïÜáÅÜ=Å~å=ÄÉ=çéíáãáòÉÇ=Ñçê=íÜÉ=~ééäáJ

Å~íáçå= åÉÉÇë= ~åÇ= íÜÉ= ìëÉÇ= ëéÉÅíêìã= çÑ= íÜÉ= ÉäÉÅíêçã~ÖåÉíáÅ= ê~Çá~íáçåK=táíÜáå= íÜáë=

íÜÉëáë= íÜÉ= ÇÉîÉäçéãÉåí= çÑ= ëÉãáÅçåÇìÅíçêJÄ~ëÉÇ= ÇÉîáÅÉë= áë= ÇÉëÅêáÄÉÇ= Ñçê= íÜÉ= ìë~ÖÉ=

ïáíÜ= äáÖÜí= áå= íÜÉ= îáëáÄäÉ= ~åÇ=åÉ~ê= áåÑê~êÉÇ= ê~åÖÉK=`çåëáÇÉêáåÖ= íÜÉ= êÉ~äáë~íáçå=çÑ= íÜÉ=



= = sf=

ÇÉîáÅÉëI= íÜÉ= áåíÉÖê~íáçå=ïáíÜáå=ëí~íÉJçÑJíÜÉJ~êí= ëÉãáÅçåÇìÅíçê=éêçÅÉëëÉë= áë= íÜÉ=ã~áå=

Åä~áã=Ñçê=íÜÉ=ÇÉîÉäçéãÉåíë=~åÇ=áë=íÜÉêÉÑçêÉ=~ÇÇêÉëëÉÇ=áå=ÇÉí~áäK=

pí~êíáåÖ=ïáíÜ=~å=çîÉêîáÉï=çÑ=ÇáÑÑÉêÉåí= áãéäÉãÉåí~íáçåë=~åÇ=íÜÉ=ÇÉëÅêáéíáçå=çÑ=ÑìåÅJ

íáçå=éêáåÅáéäÉëI=íÜÉ=ÇÉîáÅÉ=éÜóëáÅë=~êÉ=ÇÉêáîÉÇK=_~ëÉÇ=çå=íÜÉ=íê~åëÑÉê=ÅÜ~ê~ÅíÉêáëíáÅ=çÑ=

ãÉí~äJëÉãáÅçåÇìÅíçêJãÉí~ä= ëíêìÅíìêÉë= ~å= ~å~äóíáÅ~ä= ãçÇÉä= áë= áåíêçÇìÅÉÇ= Ñçê= íÜÉ=

Éî~äì~íáçå=çÑ=ÇÉîáÅÉ=éêçéÉêíáÉë=áå=íÉêãë=çÑ=íÜÉ=ìë~ÖÉ=~ë=~=mja=ÇÉîáÅÉK=få=íÜáë=ÅçåíÉñí=

íÜÉ=ëìééêÉëëáçå=çÑ=ìåÅçêêÉä~íÉÇ=ëáÖå~äë=áë=áåîÉëíáÖ~íÉÇ=êÉÖ~êÇáåÖ=íÜÉ=ëóããÉíêó=çÑ=íÜÉ=

ÇÉîáÅÉK=

_~ëÉÇ=çå= íÜÉçêÉíáÅ~ä= ëíìÇáÉë=~åÇ=~å~äóëáë=çÑ=ÇáÑÑÉêÉåí=ÇÉîáÅÉë= íÜÉ=ÇÉîÉäçéãÉåí=çÑ=~=

åçîÉä= OQñS=jpjJmja=ãìäíáéáñÉä= ëÉåëçê= áë= ÇÉëÅêáÄÉÇK= qÜáë= ëÉåëçê= ~êê~ó= Åçåëáëíë= çÑ=

~ééäáÅ~íáçå=ëéÉÅáÑáÅ=d~^ë=ÇÉîáÅÉë=ÅçãÄáåÉÇ=ïáíÜ=~å=ÉñíÉêå~ä= ëáäáÅçå=`jlp=êÉ~Ççìí=

ÅáêÅìáíêóK=qÜÉ=ÅÜ~ê~ÅíÉêáò~íáçå=çÑ=íÜáë=ãìäíáÅÜáé=ãçÇìäÉ=áë=Éñéä~áåÉÇ=ïÜÉêÉ~ë=íÜÉ=êÉJ

ëìäíë=ïáää=ÄÉ=ÇáëÅìëëÉÇ=Åçãé~êÉÇ=ïáíÜ=íÜÉ=íÜÉçêÉíáÅ~ä=ÉñéÉÅí~íáçåK=

`çåëáÇÉêáåÖ=~å=jpjJmja=ãìäíáéáñÉä=ëÉåëçê=ïáíÜ=~=ëáåÖäÉ=ÅÜáé=êÉ~äáò~íáçåI=íÜÉ=ÇÉîÉäJ

çéãÉåí=çÑ=~=ÇÉîáÅÉ=áãéäÉãÉåíÉÇ=áå=~=`jlp=éêçÅÉëë=áë=ÇÉëÅêáÄÉÇK=cçê=íÜáë=éìêéçëÉ=~=

ÖáîÉå=éêçÅÉëë=Ü~ë=íç=ÄÉ=ãçÇáÑáÉÇ=íç=çÄí~áå=çéíáãáòÉÇ=mja=éêçéÉêíáÉëK=qÜÉ=áåÑäìÉåÅÉ=

çÑ= ëìÄëíê~íÉ=é~ê~ãÉíÉêë= çå=ÇÉîáÅÉ=éÉêÑçêã~åÅÉ= áë= Éñéä~áåÉÇI= ~äëç= íÜÉ=éêçéÉêíáÉë= çÑ=

íÜÉ=pÅÜçííâó=Åçåí~Åí=áå=íÉêãë=çÑ=Ç~êâ=ÅìêêÉåíK=få=çêÇÉê=íç=~íí~áå=äçï=Ç~êâ=ÅìêêÉåíë=~=

Åçåí~Åí= ìëáåÖ=éä~íáåìã=~ë= ~=Ä~êêáÉê=ã~íÉêá~ä= ~åÇ= ~=ãçÇáÑáÉÇ=éêçÅÉëë= Ñäçï= áë= áãéäÉJ

ãÉåíÉÇK=cçê=Éî~äì~íáçå=ÇáÑÑÉêÉåí=ëáåÖäÉ=éáñÉä=~åÇ=ãìäíáéáñÉä=ÇÉîáÅÉë=Ü~îÉ=ÄÉÉå=êÉ~äJ

áòÉÇ=ïÜÉêÉ~ë= ~å=~ééäáÅ~íáçå= ëéÉÅáÑáÅ= ÅÜ~ê~ÅíÉêáò~íáçå= áë=ìëÉÇ= íç= Åçãé~êÉ= íÜÉ=ãÉ~ëJ

ìêÉãÉåí=êÉëìäíë=ïáíÜ=íÜÉçêóK=

få= çêÇÉê= íç= áåÅêÉ~ëÉ= éÜçíçêÉëéçåëáîáíó= ~åÇ= ëáÖå~ä= ~ãéäáíìÇÉ= ~åçíÜÉê= ~ééêç~ÅÜ= Ñçê=

ëáäáÅçå=mja=ÇÉîáÅÉë=áë=éêÉëÉåíÉÇK=qÜÉ=éêçéÉêíáÉë=çÑ=íÜáë=åçîÉä=ÇÉîáÅÉ=~êÉ=åçí=~ÑÑÉÅíÉÇ=

Äó= ëÜ~ÇçïáåÖ= çÑ= áåíÉêÅçååÉÅíáçå=ãÉí~ä= çê= ä~óÉê= áåíÉêÑÉêÉåÅÉ= ëáåÅÉ= áí= áë= áääìãáå~íÉÇ=

Ñêçã= íÜÉ= Ä~ÅâëáÇÉK=rëáåÖ= ~= ÇÉÇáÅ~íÉÇ= ëÉåëçê= éêçÅÉëë= ~åÇ= ÑäáéJÅÜáé= íÉÅÜåçäçÖó= áí= áë=

éçëëáÄäÉ= íç= êÉ~äáòÉ= ~= mja= ïáíÜ= çìíëí~åÇáåÖ= ÉÑÑáÅáÉåÅó= ïÜáÅÜ= áë= ìåáèìÉ= Ñçê= ëáäáÅçå=

Ä~ëÉÇ= mjaëK= qÜÉ= éÉêÑçêã~åÅÉ= çÑ= íÜáë= ÇÉîáÅÉ= áë= îÉêáÑáÉÇ= Äó= êÉ~äáòÉÇ= ëÉãáÅçåÇìÅíçê=

ëíêìÅíìêÉë=~åÇ=~ééêçéêá~íÉ=ãÉ~ëìêÉãÉåíë=ïÜáÅÜ=~êÉ=~äëç=ëÜçïåK=

^ë=~å=çîÉêîáÉï=~åÇ=Ñçê=Åçãé~êáëçå=ïáíÜ=ÉñáëíáåÖ=mdJmja=ÇÉîáÅÉë=íÜÉçêÉíáÅ~ä=~å~äóJ

ëÉë=~êÉ=éêÉëÉåíÉÇ=ïÜáÅÜ=~êÉ=Ä~ëÉÇ=çå=ãÉ~ëìêÉÇ=é~ê~ãÉíÉêëK= fí=ïáää=ÄÉ= ëÜçïåI= íÜ~í=

pjJmjaë=Ü~îÉ=ÜáÖÜÉëí=ÑäÉñáÄáäáíó=ïÜáÅÜ=ã~âÉë=íÜÉã=ëìáí~ÄäÉ=Ñçê=ã~åó=~ééäáÅ~íáçåëK=

aÉéÉåÇáåÖ=çå=ÇÉîáÅÉ=ëíêìÅíìêÉ=~åÇ=íÉÅÜåçäçÖó=áí=áë=éçëëáÄäÉ=íç=ÅçãÄáåÉ=ÜáÖÜ=Ä~åÇJ

ïáÇíÜ=ïáíÜ=ÜáÖÜ=ÉÑÑáÅáÉåÅó=~åÇ=~å=áåÜÉêÉåí=ëìééêÉëëáçå=çÑ=ìåÅçêêÉä~íÉÇ=ëáÖå~äëK=



=

N báåäÉáíìåÖ=

aáÉ=oÉ~äáëáÉêìåÖ=îçå=_~ìÉäÉãÉåíÉå=~ìÑ=e~äÄäÉáíÉêÄ~ëáë=Ü~í=áå=ÇÉå=äÉíòíÉå=g~ÜêòÉÜåíÉå=

ÉáåÉ= ÉåçêãÉ=_ÉÇÉìíìåÖ= áå= ÇÉê= íÉÅÜåáëÅÜÉå= båíïáÅâäìåÖ= Éêä~åÖíK= _ÉêÉáíë= NUUP= ÉåíJ

ÇÉÅâíÉ=jáÅÜ~Éä=c~ê~Ç~ó=~å=páäÄÉêëìäÑáÇ=ÉáåÉ=ÅÜ~ê~âíÉêáëíáëÅÜÉ=báÖÉåëÅÜ~Ñí= àÉåÉê=píçÑÑJ

ÖêìééÉåI=ÇáÉ=ÜÉìíÉ=~äë=e~äÄäÉáíÉê=ÄÉòÉáÅÜåÉí=ïÉêÇÉå=xc~êPVzK=báåáÖÉ=g~ÜêòÉÜåíÉ=ëé®íÉê=

ïìêÇÉå=NVOS=ìåÇ=NVPQ=îçå=gìäáìë=bÇÖ~ê=iáäáÉåÑÉäÇ=xiáäOSz=xiáäOUz=ìåÇ=lëâ~ê=eÉáä=ÇáÉ=

ÉêëíÉå= m~íÉåíÉ= ÑΩê= cÉäÇÉÑÑÉâííê~åëáëíçêÉå= îÉê∏ÑÑÉåíäáÅÜíI= _~ìÉäÉãÉåíÉ= ÇÉêÉå= dêìåÇJ

éêáåòáéáÉå=åçÅÜ=ÜÉìíÉ=áå=ãçÇÉêåÉå=e~äÄäÉáíÉêéêçòÉëëÉå=ÖÉåìíòí=ïÉêÇÉåK=däÉáÅÜÉë=Öáäí=

ÑΩê= ÇÉå=_áéçä~êíê~åëáëíçêI= ÇÉê=NVQU=Éêëíã~äë= îçå=ÉáåÉê=^êÄÉáíëÖêìééÉ=ìåíÉê=ÇÉê= iÉáJ

íìåÖ=îçå=táääá~ã=pÜçÅâäÉó=îçêÖÉëíÉääí=ïìêÇÉ=xpÜçÅâQUzK=aáÉëÉê=ÉêëíÉ=péáíòÉåíê~åëáëíçê=

ïìêÇÉ=åçÅÜ=ãáí=dÉêã~åáìã=êÉ~äáëáÉêíI=~ÄÉê=ÄÉêÉáíë=NVRQ=ÑçäÖíÉ=ÇáÉ=ÉêëíÉ=rãëÉíòìåÖ=

ÉáåÉë= _áéçä~êíê~åëáëíçêë=ãáí= páäáòáìã=ï~ë= ÄÉêÉáíë= NUPP= îçå= g∏åë= g~âçÄ= _ÉêòÉäáìë= ÉåíJ

ÇÉÅâí=ïìêÇÉ=ìåÇ=ÜÉìíÉ=Ç~ë=ãÉáëíîÉêïÉåÇÉíÉ=e~äÄäÉáíÉêã~íÉêá~ä=áëíK=eáåëáÅÜíäáÅÜ=ÉáåÉê=

áåíÉÖêáÉêíÉå=_~ìïÉáëÉI=~äëç=ÇáÉ=oÉ~äáëáÉêìåÖ=îçå=ãÉÜêÉêÉå=_~ìíÉáäÉå=~ìÑ=ÉáåÉã=e~äÄJ

äÉáíÉêã~íÉêá~äI=ïìêÇÉ=NVRU=ÇÉê=dêìåÇëíÉáå=îçå=g~Åâ=háäÄó=áå=ÇÉå=rp^=ÖÉäÉÖíK=bê=áåíÉÖJ

êáÉêíÉ=Éêëíã~äë=qê~åëáëíçêÉåI=táÇÉêëí®åÇÉ=ìåÇ=hçåÇÉåë~íçêÉå= áå=ÉáåÉã=_~ìÉäÉãÉåíK=

pé®íÉëíÉåë= ãáí= ÇÉê= báåÑΩÜêìåÖ= ÇÉê= páäáòáìãéä~å~êíÉÅÜåçäçÖáÉ= áå= NVSM= ÉêÑ®Üêí= ÇáÉ=

e~äÄäÉáíÉêíÉÅÜåáâ=ÉáåÉ=òìåÉÜãÉåÇÉ=qÉåÇÉåò=òìê=jáâêçÉäÉâíêçåáâI=~äëç=ÇáÉ=fåíÉÖê~íáçå=

îçå=ãáåá~íìêáëáÉêíÉå=ÉäÉâíêçåáëÅÜÉå=pÅÜ~äíìåÖÉåK=

aáÉ=hçãÄáå~íáçå=îçå=jáâêçÉäÉâíêçåáâ=ìåÇ=léíáâ= ÑΩÜêíÉ=òìê=båíëíÉÜìåÖ=ÉáåÉë=åÉìÉå=

^êÄÉáíëÖÉÄáÉíÉëI=ÇÉê=léíçÉäÉâíêçåáâK=få=áÜã=ïÉêÇÉå=cìåâíáçåëéêáåòáéáÉå=ìåÇ=_~ìÉäÉJ

ãÉåíÉ= òìê= dÉåÉêáÉêìåÖ= ìåÇ= aÉíÉâíáçå= çéíáëÅÜÉê= páÖå~äÉ= òìë~ããÉåÖÉÑ~ëëíK= aÉê=

dêìåÇëíÉáå=ÑΩê=i~ëÉêJpÉåÇÉÉäÉãÉåíÉ=ïìêÇÉ=ÄÉêÉáíë=NVNS=îçå=^äÄÉêí=báåëíÉáå=áå=cçêã=

ëÉáåÉê=qÜÉçêáÉ=ΩÄÉê=ëíáãìäáÉêíÉ=bãáëëáçå=ÖÉäÉÖíK= få=ÇÉå=ëÉÅÜòáÖÉê= g~ÜêÉå=Éåíëí~åÇÉå=

ÉêëíÉ=i~ëÉêÇáçÇÉå=ìåÇ=ibaë=ÇáÉ=ÜÉìíÉ=ëí~åÇ~êÇã®≈áÖ=~äë=pÉåÇÉÉäÉãÉåíÉ=áå=ÇÉê=çéíáJ

ëÅÜÉå=k~ÅÜêáÅÜíÉåíÉÅÜåáâ=îÉêïÉåÇÉí=ïÉêÇÉåK=



O= h~éáíÉä=N=

m~ê~ääÉä= òìê=båíïáÅâäìåÖ=ÇÉê=pÉåÇÉÉäÉãÉåíÉ=Éåíëí~åÇÉå=ò~ÜäêÉáÅÜÉ=_~ìÉäÉãÉåíÉ=òìê=

aÉíÉâíáçå=îçå=iáÅÜíK=lÄïçÜä=ÇáÉ=§ÄÉêíê~ÖìåÖ=îçå=fåÑçêã~íáçåÉå=áå=cçêã=îçå=çéíáJ

ëÅÜÉå= páÖå~äÉå= ÄÉêÉáíë= ëÉáí= ãÉÜêÉêÉå= g~ÜêÜìåÇÉêíÉå= ÄÉâ~ååí= áëíI= Éêã∏ÖäáÅÜÉå= Éêëí=

Ü~äÄäÉáíÉêÄ~ëáÉêíÉ=pÉåÇÉJ=ìåÇ=bãéÑ~åÖëÉäÉãÉåíÉ=áå=sÉêÄáåÇìåÖ=ãáí=iáÅÜíäÉáíÉêå=ÉáåÉ=

ÉåçêãÉ=píÉáÖÉêìåÖ=ÇÉê=a~íÉåê~íÉ=îçå=çéíáëÅÜÉå=§ÄÉêíê~ÖìåÖëëíêÉÅâÉåK=tÉëÉåíäáÅÜÉë=

hêáíÉêáìã=ÇÉê= îÉêïÉåÇÉíÉå=e~äÄäÉáíÉêÄ~ìÉäÉãÉåíÉ= áëí= ÜáÉêÄÉá=åÉÄÉå=ÇÉê=mÜçíçÉãéJ

ÑáåÇäáÅÜâÉáí=ÇáÉ=ÉêêÉáÅÜÄ~êÉ=_áíê~íÉ=ÄòïK=_~åÇÄêÉáíÉK=wìê=rãëÉíòìåÖ=ëÅÜåÉääÉê=mÜçíçJ

ÉãéÑ®åÖÉê=ïÉêÇÉå=áå=ÇÉê=oÉÖÉä=_~ìÉäÉãÉåíÉ=~ìÑ=_~ëáë=îçå=pÅÜçííâóÇáçÇÉå=çÇÉê=éáåJ

píêìâíìêÉå= êÉ~äáëáÉêíK= aìêÅÜ= sÉêïÉåÇìåÖ= çéíáãáÉêíÉê= e~äÄäÉáíÉêëíêìâíìêÉå= ìåÇ= JéêçJ

òÉëëÉ= ëáåÇ= ÜÉìíÉ= _~åÇÄêÉáíÉå= áã= òïÉáëíÉääáÖÉå= çÇÉê= Ö~ê= ÇêÉáëíÉääáÖÉå= deòJ_ÉêÉáÅÜ=

ÇìêÅÜ~ìë= ΩÄäáÅÜ= xaÉÅçëMPzI= xiáìVQzK=jáí= ÉåíëéêÉÅÜÉåÇÉã= ^ìÑï~åÇ= ä~ëëÉå= ëáÅÜ=ãáí=

ëçäÅÜ= ëÅÜåÉääÉå=mÜçíçÉãéÑ®åÖÉêå=Ç~ÜÉê=póëíÉãÉ= êÉ~äáëáÉêÉåI=ÇáÉ=ÉáåÉ=wÉáí~ìÑä∏ëìåÖ=

áã=_ÉêÉáÅÜ=îçå=máâçëÉâìåÇÉå=Éêã∏ÖäáÅÜÉåK=

jáí=ãçÇÉêåÉå=e~äÄäÉáíÉêéêçòÉëëÉå= Éê∏ÑÑåÉå= ëáÅÜ= ~ÄÉê= ~ìÅÜ= åÉìÉ=j∏ÖäáÅÜâÉáíÉå= áã=

eáåÄäáÅâ= ~ìÑ= ëç= ÖÉå~ååíÉ= pã~êí=léíáÅ~ä= pÉåëçêëI= pÉåëçêÉå= ÇáÉ= åÉÄÉå= ÇÉê=aÉíÉâíáçå=

îçå=iáÅÜí=òìã=qÉáä=âçãéäÉñÉ=páÖå~äîÉê~êÄÉáíìåÖ=áã=_ÉêÉáÅÜ=ÇÉë=máñÉäë=Éêã∏ÖäáÅÜÉåK=

aìêÅÜ=ÇÉå=báåë~íò=ëçäÅÜÉê=pÉåëçêÉå=ä~ëëÉå=ëáÅÜ=ÄáëÜÉêáÖÉ=^åïÉåÇìåÖëÄÉêÉáÅÜÉ=ÉêïÉáJ

íÉêåI=ïçÄÉá=ÇáÉ=sçêíÉáäÉ=áåíÉÖêáÉêíÉê=e~äÄäÉáíÉêI=ïáÉ=ãáåá~íìêáëáÉêíÉ=_~ìïÉáëÉ=ìåÇ=âçëJ

íÉåÖΩåëíáÖÉ=oÉ~äáëáÉêìåÖI=òìã=qÉáä=î∏ääáÖ=åÉìÉ=^ééäáâ~íáçåÉå=Éêã∏ÖäáÅÜÉåK==

aáÉ=îçêäáÉÖÉåÇÉ=^êÄÉáí=ÄÉëÅÜêÉáÄí=Éáå=sÉêÑ~ÜêÉå=Ä~ëáÉêÉåÇ=~ìÑ=ÉáåÉã=ëéÉòáÉääÉå=áåíÉÖJ

êáÉêíÉå= pã~êí=léíáÅ~ä= pÉåëçêK=aáÉëÉê= pÉåëçê= Éêã∏ÖäáÅÜí= ÉáåÉ= Éåçêã=ÜçÜÉ=wÉáí~ìÑä∏J

ëìåÖ= ÄÉá= îÉêÖäÉáÅÜëïÉáëÉ= ÖÉêáåÖÉå= ^åÑçêÇÉêìåÖÉå= ~å= ÇáÉ= îÉêïÉåÇÉíÉå= éÉêáéÜÉêÉå=

hçãéçåÉåíÉåK= dêìåÇä~ÖÉ= áëí= ÜáÉêÄÉá= Ç~ë= ~å= ÇÉê= råáîÉêëáí®í= páÉÖÉå= îçå= mêçÑK= aêK=

pÅÜï~êíÉ= áå= NVVT= ÉåíïáÅâÉäíÉ= mêáåòáé= ÇÉë= mÜçíçãáëÅÜÇÉíÉâíçêë= çÇÉê= mÜçíçåáÅ= jáñÉê=

aÉîáÅÉ=EmjaF=xpÅÜïVTzK=jáí=ÉáåÉã=mja=ä~ëëÉå=ëáÅÜ=âçëíÉåÖΩåëíáÖ=ÜçÅÜÖÉå~ìÉ=póëJ

íÉãÉ=òìê=mÜ~ëÉåÄÉëíáããìåÖ=òïáëÅÜÉå=çéíáëÅÜÉå=ìåÇ=ÉäÉâíêáëÅÜÉå=páÖå~äÉå=êÉ~äáëáÉJ

êÉåK=aÉê=e~ìéíîçêíÉáä=ÇÉë=mjaë= áëí=ÜáÉêÄÉá=ÇáÉ=sÉêëÅÜãÉäòìåÖ=ÉáåÉë=çéíáëÅÜÉå=_~ìJ

ÉäÉãÉåíÉë=òìê=aÉíÉâíáçå=ÇÉë=iáÅÜíë=ãáí=ÉáåÉã=jáëÅÜÉê=òì=ÉáåÉã=ÉáåòáÖÉå=ÉäÉâíêççéíáJ

ëÅÜÉå=jáëÅÜÉê=~ìÑ=e~äÄäÉáíÉêÄ~ëáëK= fã=dÉÖÉåë~íò=òì=~åÇÉêÉå=póëíÉãÉå=ïÉêÇÉå=ÜáÉêJ

ÄÉá=âÉáåÉêäÉá=òìë®íòäáÅÜÉå=ÄêÉáíÄ~åÇáÖÉå=hçãéçåÉåíÉå=ãÉÜê=ÄÉå∏íáÖíK=a~=Ç~ë=mja=

ÉáåÉå=jáëÅÜÉê=ìåÇ=ÉáåÉå=fåíÉÖê~íçê=îÉêÉáåáÖíI=ÉêÑΩääí=Éë=ÇáÉ=cìåâíáçå=ÉáåÉë=hçêêÉä~íçêëI=

ïçÄÉá=~ã=^ìëÖ~åÖ=ÇáêÉâí=ÇáÉ=^ìëïÉêíìåÖ=ÇÉê=hçêêÉä~íáçåëÑìåâíáçå=ã∏ÖäáÅÜ= áëíK=aáÉ=

ÜçÅÜÑêÉèìÉåíÉå=páÖå~äîÉê~êÄÉáíìåÖëéêçòÉëëÉ=ÑáåÇÉå=Ç~ÄÉá=áã=_~ìÉäÉãÉåí=ëÉäÄëí=ìåÇ=

åáÅÜí=áå=ÇÉê=~åÖÉëÅÜäçëëÉåÉå=mÉêáéÜÉêáÉ=ëí~ííK=a~êΩÄÉê=Üáå~ìë=ÄáÉíÉí=Ç~ë=mjaJmêáåòáé=



báåäÉáíìåÖ= = P=

ÇáÉ=j∏ÖäáÅÜâÉáíI=ÉáåÉ=sáÉäò~Üä=ÇáÉëÉê=bäÉãÉåíÉ=~ìÑ=ÉáåÉã=ÉáåòÉäåÉå=`Üáé=òìê=oÉ~äáëáÉJ

êìåÖ=ëÅÜåÉääÉê=é~ê~ääÉäÉê=jÉëëÉáåÜÉáíÉå=òì=áåíÉÖêáÉêÉåK=

^åïÉåÇìåÖ=ÑáåÇÉí=ÇáÉëÉë=_~ìÉäÉãÉåí=îçêïáÉÖÉåÇ=áå=ÇÉê=båíÑÉêåìåÖëãÉëëìåÖ=Ä~ëáÉJ

êÉåÇ=~ìÑ=ÇÉã=qáãÉJlÑJcäáÖÜí= EqlcF=iáÅÜíä~ìÑòÉáíîÉêÑ~ÜêÉåK=eáÉêÄÉá=ãìëë=ÇáÉ=i~ìÑòÉáí=

ÇÉë=iáÅÜíë=~ìëÖÉÜÉåÇ=îçã=pÉåÇÉêI=ΩÄÉê=ÇáÉ=oÉÑäÉâíáçå=~ã=lÄàÉâíI=Äáë=òìã=bãéÑ~åÖ=

áã=mja=ÜçÅÜÖÉå~ì= áã=_ÉêÉáÅÜ=îçå=ïÉåáÖÉå=máâçëÉâìåÇÉå=ÄÉëíáããí=ïÉêÇÉåK=sçå=

ÄÉëçåÇÉêÉã= fåíÉêÉëëÉ= ëáåÇ= Ç~ÄÉá= áåëÄÉëçåÇÉêÉ= jìäíáéáñÉäëÉåëçêÉå= òìê= oÉ~äáëáÉêìåÖ=

îçå=PaJjÉëëëóëíÉãÉå=ãáí=ÜçÜÉê=lêíë~ìÑä∏ëìåÖ=xhê~ÑíMQzK=báå=e~ìéíîçêíÉáä=áëí=ÜáÉêÄÉá=

ÇáÉ= bêÑ~ëëìåÖ= ÇÉê= ÇêÉáÇáãÉåëáçå~äÉå= fåÑçêã~íáçå= çÜåÉ= ëÅ~ååÉåÇÉ= sÉêÑ~ÜêÉåX= Ç~ë=

ÜÉá≈íI= ÇáÉ= pòÉåÉ=ïáêÇ= Ó= ®ÜåäáÅÜ=ïáÉ= ÄÉá= ÜÉêâ∏ããäáÅÜÉå= OaJh~ãÉê~ë= Ó= ÖäÉáÅÜòÉáíáÖ=

îçã=máñÉä~êê~ó=ÉêÑ~ëëíI=ïçÄÉá=òìë®íòäáÅÜ=òìã=eÉääáÖâÉáíëÄáäÇ=àÉÇÉã=_áäÇéìåâí=ÉáåÉ=båíJ

ÑÉêåìåÖ=òìÖÉçêÇåÉí=ïÉêÇÉå=â~ååK=^ìÑÖêìåÇ=ÇáÉëÉê=sçêíÉáäÉ=ìåÇ=ÇÉê=ÇáêÉâíÉå=páÖå~äJ

îÉê~êÄÉáíìåÖëã∏ÖäáÅÜâÉáí=~ìÑ=ÇÉã=pÉåëçêI=ëáåÇ=ëçäÅÜÉ=jÉëëëóëíÉãÉ=ÑΩê=ÉáåÉ=sáÉäò~Üä=

îçå= ^ééäáâ~íáçåÉå=ïáÉ= òK_K= ÇÉê= oçÄçíáâI= ^ìíçã~íáëáÉêìåÖëíÉÅÜåáâ= ìåÇ= ~ìíçãçíáîÉå=

^åïÉåÇìåÖÉå= îçå= Öêç≈Éã= fåíÉêÉëëÉ= x_j_cMRzK= gÉ= å~ÅÜ= ^åïÉåÇìåÖ= ëáåÇ= mjaJ

pÉåëçêÉå= ãáí= ÉáåòÉäåÉå= máñÉäå= çÇÉê= ~ÄÉê= ãáí= ^ìÑä∏ëìåÖÉå= îçå= ãÉÜêÉêÉå= í~ìëÉåÇ=

_áäÇéìåâíÉå=ÉêÑçêÇÉêäáÅÜK=dêìåÇîçê~ìëëÉíòìåÖ=ÑΩê=ÇáÉ=ìåáîÉêëÉääÉ=rãëÉíòìåÖ=áëí=Ç~ÄÉá=

àÉïÉáäë=ÇáÉ=båíïáÅâäìåÖ=ÖÉÉáÖåÉíÉê=mjaJhçåòÉéíÉ=áã=eáåÄäáÅâ=~ìÑ=ÉáåÉ=fåíÉÖêáÉêÄ~êJ

âÉáí=áååÉêÜ~äÄ=ÉáåÉë=e~äÄäÉáíÉêéêçòÉëëÉëK=

wì=_ÉÖáåå=ÇáÉëÉê=cçêëÅÜìåÖë~êÄÉáí=áã=cêΩÜà~Üê=OMMO=ÑçâìëëáÉêíÉ=ëáÅÜ=ÇáÉ=båíïáÅâäìåÖ=

îçå=mjaJ_~ìÉäÉãÉåíÉå=~ìÑ=ÇáÉ=rãëÉíòìåÖ=ìåÇ= fåíÉÖê~íáçå=îçå=cêÉãÇãçÇìä~íáçåëJ

âçåòÉéíÉå= áåëÄÉëçåÇÉêÉ= áå= cçêã=ÇÉê= mÜçíçÖ~íÉJmjaJqÉÅÜåçäçÖáÉ= xuìVVzI= x_ìñMOzK=

m~ê~ääÉä=Ç~òì=ïìêÇÉå=ÉêëíÉ=sÉêëìÅÜÉ=ãáí= ëéÉòáÉääÉå=mjaJpÉäÄëíãçÇìä~íáçåëâçåòÉéíÉå=

ÇìêÅÜÖÉÑΩÜêíK=aáÉëÉ=Ä~ëáÉêíÉå=áã=tÉëÉåíäáÅÜÉå=~ìÑ=Ü~åÇÉäëΩÄäáÅÜÉå=jpjJpíêìâíìêÉå=

ãáí= d~ääáìã~êëÉåáÇJpìÄëíê~í= xdìäMPz= ÄòïK= ~ìÑ= ÉêëíÉå= rãëÉíòìåÖÉå= îçå= píêìâíìêÉå=

~ìÑ= pí~åÇ~êÇëáäáòáìãJmêçòÉëëÉå= x_ìñMOzI= xhê~ÑíMOzK=aáÉ= îçêäáÉÖÉåÇÉ=^êÄÉáí= âåΩéÑí= ~å=

ÇáÉëÉå= ÉêëíÉå= rãëÉíòìåÖÉå= ÇÉê= pÉäÄëíãçÇìä~íáçåëJmjaë= ~åK= pÅÜïÉêéìåâí= áëí= ÇáÉ=

råíÉêëìÅÜìåÖ=ìåÇ=båíïáÅâäìåÖ=îçå=mjaJhçåòÉéíÉå=~ìÑ=e~äÄäÉáíÉêÄ~ëáë=ãáí=ÇÉã=wáÉä=

áåíÉÖêáÉêÑ®ÜáÖÉ=hçåòÉéíÉ=ÑΩê=ÉáåÉ=ÄêÉáíÉ=^ééäáâ~íáçåëÄ~ëáë=òì=ëÅÜ~ÑÑÉåK=

aáÉ=^êÄÉáí=ÖäáÉÇÉêí=ëáÅÜ=áå=U=h~éáíÉäK=k~ÅÜ=ÇáÉëÉê=báåäÉáíìåÖ=ïáêÇ=áå=h~éáíÉä=O=ÇáÉ=båíJ

ÑÉêåìåÖëãÉëëìåÖ=å~ÅÜ=ÇÉã=qlcJmêáåòáé=ãáí=mjaJ_~ìÉäÉãÉåíÉå=ÄÉëÅÜêáÉÄÉåK=eáÉêJ

ÄÉá= ïáêÇ= ~ìÑ= ÇáÉ= ^ìëïÉêíìåÖ= ÇÉê= hçêêÉä~íáçåëÑìåâíáçå= áã= eáåÄäáÅâ= ~ìÑ= mÜ~ëÉåä~ÖÉI=

^ãéäáíìÇÉ=ìåÇ=lÑÑëÉí=ìåÇ=Éíï~áÖÉ=cÉÜäÉêèìÉääÉå=ÉáåÖÉÖ~åÖÉåK=wìê=råíÉêëÅÜÉáÇìåÖ=

ÇÉê=îáÉäÑ®äíáÖÉå=mjaJhçåòÉéíÉ=ïáêÇ=~åëÅÜäáÉ≈ÉåÇ=Éáå=§ÄÉêÄäáÅâ=ΩÄÉê=Ü~äÄäÉáíÉêÄ~ëáÉêJ

 



Q= h~éáíÉä=N=

íÉ=mjaë=ÖÉÖÉÄÉåK=eáÉêÄÉá= ëíÉÜÉå=ÇáÉ= òìîçê= Éêï®ÜåíÉå=mêáåòáéáÉå= áã=sçêÇÉêÖêìåÇI=

ÇáÉ=dêìééÉ=ÇÉê= ÑêÉãÇãçÇìäáÉêíÉå=mjaë=EcjJmjaëF=ìåÇ=ÇáÉ=ÇÉê=ëÉäÄëíãçÇìäáÉêíÉå=

mjaë=EpjJmjaëFI=ïçÄÉá= äÉíòíÉêÉ=dêìééÉ=ïáÉÇÉêìã=áå=òïÉá=e~ìéíÖêìééÉå=ãáí=ìåJ

íÉêëÅÜáÉÇäáÅÜÉå= báÖÉåëÅÜ~ÑíÉå= ÉáåÖÉíÉáäí= ïÉêÇÉå= â~ååK= _~ëáÉêÉåÇ= ~ìÑ= ÇáÉëÉå= báÖÉåJ

ëÅÜ~ÑíÉå=ïÉêÇÉå=ïáÅÜíáÖÉ= hÉååÖê∏≈Éå= ÉáåÉë= mja=ÜÉêÖÉäÉáíÉíI= ëçïáÉ= ÇÉêÉå= _ÉÇÉìJ

íìåÖ=áã=eáåÄäáÅâ=~ìÑ=ÇáÉ=íÜÉçêÉíáëÅÜ=ÉêêÉáÅÜÄ~êÉ=jÉëëÖÉå~ìáÖâÉáí=ÇáëâìíáÉêíK=

få= h~éáíÉä= P= ëáåÇ= êÉäÉî~åíÉ= Ü~äÄäÉáíÉêéÜóëáâ~äáëÅÜÉ=wìë~ããÉåÜ®åÖÉ= áã=eáåÄäáÅâ= ~ìÑ=

ÇáÉ= îÉêëÅÜáÉÇÉåÉå=oÉ~äáëáÉêìåÖëÑçêãÉå=ÇÉë=mja=Ç~êÖÉëíÉääíK=eáÉê=ïÉêÇÉå= áåëÄÉëçåJ

ÇÉêÉ=îÉêëÅÜáÉÇÉåÉ=aáçÇÉåΩÄÉêÖ®åÖÉ=ìåÇ=áÜêÉ=báÖÉåëÅÜ~ÑíÉå=ÄÉëÅÜêáÉÄÉåI=ïçÄÉá=ÇÉê=

pÅÜïÉêéìåâí= ~ìÑ= ÇÉê= qÜÉçêáÉ= ÇÉê=jÉí~ääJe~äÄäÉáíÉêJ§ÄÉêÖ®åÖÉ=ìåÇ=ÇÉã=Ç~ê~ìÑ= Ä~J

ëáÉêíÉå=jpjJmja=äáÉÖíK=aÉëëÉå=sÉêÜ~äíÉå=ïáêÇ= áå=_ÉòìÖ=~ìÑ=píêçãÑäìëë=ÄÉá=aìåâÉäJ

ÜÉáí=ìåÇ=ÄÉá=_ÉäÉìÅÜíìåÖ=å®ÜÉê=ìåíÉêëìÅÜíK=få=ÇáÉëÉã=wìë~ããÉåÜ~åÖ=ïáêÇ=Éáå=ã~J

íÜÉã~íáëÅÜÉë=jçÇÉää= ÄÉëÅÜêáÉÄÉåI=ãáí= ÇÉëëÉå=eáäÑÉ= ~ìë= ÇÉê= hÉååäáåáÉ= ÉáåÉë= _~ìÉäÉJ

ãÉåíÉë=oΩÅâëÅÜäΩëëÉ=~ìÑ=ÇáÉ=báÖÉåëÅÜ~ÑíÉå=~äë=dÉÖÉåí~âí=pjJmja=ÖÉòçÖÉå=ïÉêÇÉå=

â∏ååÉåK= báå= ïáÅÜíáÖÉë= jÉêâã~ä= áëí= ÜáÉêÄÉá= ÇáÉ= áåÜ®êÉåíÉ= c®ÜáÖâÉáí= ìåâçêêÉäáÉêíÉ=

cêÉãÇäáÅÜí~åíÉáäÉ= òì= ìåíÉêÇêΩÅâÉåK= _~ëáÉêÉåÇ= ~ìÑ= Éñíê~ÜáÉêíÉå= hÉååÖê∏≈Éå= ìåÇ=

póããÉíêáÉé~ê~ãÉíÉêå=ÉáåÉê=jpjJpíêìâíìê=â~åå=ÇáÉëÉ=báÖÉåëÅÜ~Ñí= áã=häÉáåëáÖå~äÄÉJ

íêáÉÄ=~å~äóíáëÅÜ=ìåÇ=áã=dêçëëáÖå~äÄÉíêáÉÄ=åìãÉêáëÅÜ=~ìÑ=_~ëáë=ÇÉë=jçÇÉääë=ÄÉëÅÜêáÉJ

ÄÉå=ïÉêÇÉåK=báåÉ=ïÉáíÉêÉ=ïáÅÜíáÖÉ=hÉååÖê∏≈É=áëí=Ç~ë=cêÉèìÉåòîÉêÜ~äíÉå=ÉáåÉê=jpjJ

píêìâíìêI= Ç~ë= áå= ^ÄÜ®åÖáÖâÉáí= ÇÉê= dÉçãÉíêáÉé~ê~ãÉíÉê= ìåÇ= pìÄëíê~íÉáÖÉåëÅÜ~ÑíÉå=

ëçïáÉ=ÇÉê=^åëíÉìÉêìåÖ=ÜÉêÖÉäÉáíÉí=ìåÇ=ÄÉëÅÜêáÉÄÉå=ïáêÇK=

få=h~éáíÉä=Q=ïáêÇ=ÇáÉ=båíïáÅâäìåÖ=ÉáåÉë=jìäíáÅÜáéãçÇìäë=Ä~ëáÉêÉåÇ=~ìÑ=d~^ë=jpjJ

mja= pÉåëçêÉå= ìåÇ= ÉáåÉê= ~åÖÉé~ëëíÉå= ^ìëäÉëÉÉäÉâíêçåáâ= ãáí= páäáòáìã= `jlpJ

hçãéçåÉåíÉå=ÄÉëÅÜêáÉÄÉåK=^ìëÖÉÜÉåÇ=îçå=d~^ëJbáåòÉäëíêìâíìêÉå=ïÉêÇÉå=ÇáÉ=òìîçê=

ÜÉêÖÉäÉáíÉíÉå=íÜÉçêÉíáëÅÜÉå=báÖÉåëÅÜ~ÑíÉå=ãÉëëíÉÅÜåáëÅÜ=å~ÅÜÖÉïáÉëÉå=ìåÇ=áã=eáåJ

ÄäáÅâ= ~ìÑ= ÉáåÉ= ã∏ÖäáÅÜÉ= ^åïÉåÇìåÖ= áå= ÉáåÉã= PaJjÉëëëóëíÉã= ~å~äóëáÉêíK= eáÉêÄÉá=

ïÉêÇÉå=ïáÅÜíáÖÉ=aáçÇÉåé~ê~ãÉíÉê=~ìë=jÉëëâìêîÉå=Éñíê~ÜáÉêíI= áåë=mjaJjçÇÉää=ÉáåJ

ÖÉëÉíòí= ìåÇ=ÇáÉ=Ç~ê~ìë= êÉëìäíáÉêÉåÇÉå= bêÖÉÄåáëëÉ= òìê= sÉêáÑáòáÉêìåÖ=ãáí= ÇÉå=jÉëëÉêJ

ÖÉÄåáëëÉå=îÉêÖäáÅÜÉåK=fã=o~ÜãÉå=ÉáåÉê=PaJ^ééäáâ~íáçå=ïÉêÇÉå=Éêëíã~äë=ÇáÉ=båíïáÅâJ

äìåÖ=ÉáåÉë=d~^ë=Ä~ëáÉêíÉå=mjaJjìäíáéáñÉäãçÇìäë=ìåÇ=ÇáÉ=o~åÇÄÉÇáåÖìåÖÉå=ÄÉá=ÇÉê=

rãëÉíòìåÖ=ÄÉëÅÜêáÉÄÉåK=aÉê=Éåíëí~åÇÉåÉ=OQñS=mjaJpÉåëçê=ïáêÇ=~ÄëÅÜäáÉ≈ÉåÇ=~éJ

éäáâ~íáçåëëéÉòáÑáëÅÜ= áå= _ÉòìÖ= ~ìÑ= ëÉáåÉ= jÉëëÖÉå~ìáÖâÉáí= ìåÇ= cêÉãÇäáÅÜíìåíÉêÇêΩJ

ÅâìåÖ=ìåíÉêëìÅÜíK=



báåäÉáíìåÖ= = R=

báå= ~äíÉêå~íáîÉê= ^åë~íò= ÑΩê= ÇáÉ= oÉ~äáëáÉêìåÖ= ÉáåÉë= îçääáåíÉÖêáÉêÄ~êÉå=jpjJmjaë= ~ìÑ=

páäáòáìãÄ~ëáë=ïáêÇ= áå=h~éáíÉä= R=ÄÉëÅÜêáÉÄÉåK=eáÉêòì=ïÉêÇÉå=ÇáÉ= å∏íáÖÉå=o~åÇÄÉÇáåJ

ÖìåÖÉå= ìåÇ= mêçòÉëëãçÇáÑáâ~íáçåÉå= ÜáåëáÅÜíäáÅÜ= ÇÉê= rãëÉíòìåÖ= ~ìÑ= _~ëáë= ÉáåÉë= plf=

EpáäáÅçå=lå= fåëìä~íçêF= mêçòÉëëÉë= Ç~êÖÉëíÉääíK= ^ìëÖÉÜÉåÇ= îçå= íÜÉçêÉíáëÅÜÉå= _Éíê~ÅÜJ

íìåÖÉå=ìåÇ=e~äÄäÉáíÉêëáãìä~íáçåÉåI=ïÉêÇÉå=ëçïçÜä=j~íÉêá~äJ=~äë=~ìÅÜ=çéíáã~äÉ=dÉJ

çãÉíêáÉé~ê~ãÉíÉê=ÄÉëíáããíK=a~å~ÅÜ=ïÉêÇÉå=ÇáÉ=oÉ~äáëáÉêìåÖ=ÇÉê=ÉåíïáÅâÉäíÉå=mêçJ

òÉëëíÉÅÜåáâI=ëçïáÉ=ÇáÉ=eÉêëíÉääìåÖ=ÇÉê=îçääáåíÉÖêáÉêÄ~êÉå=píêìâíìêÉå=ÄÉëÅÜêáÉÄÉåK=^ìÑ=

_~ëáë=îÉêëÅÜáÉÇÉåÉê=qÉëíëíêìâíìêÉå=ïáêÇ=Ç~ë=ÖÉãÉëëÉåÉ=sÉêÜ~äíÉå=ÇÉå=íÜÉçêÉíáëÅÜÉå=

bêï~êíìåÖÉå=ÖÉÖÉåΩÄÉêÖÉëíÉääí=ìåÇ=ÇáëâìíáÉêíK=kÉÄÉå=ÇÉå=báåòÉäéáñÉäëíêìâíìêÉå=ïáêÇ=

ÇáÉ= båíïáÅâäìåÖ= ÉáåÉë= Ó= òìã=d~^ëJ^åë~íò= âçãé~íáÄäÉå= Ó= mípáJjìäíáéáñÉäëÉåëçêë= ÄÉJ

ëÅÜêáÉÄÉå=ìåÇ=ÇÉê=cìåâíáçåëå~ÅÜïÉáë=ãáí=ÉåíëéêÉÅÜÉåÇÉå=jÉëëìåÖÉå=ÉêÄê~ÅÜíK=

få=h~éáíÉä=S=ïáêÇ=Éáå=~åÇÉêÉê=^åë~íò=Ä~ëáÉêÉåÇ=~ìÑ=éåJaáçÇÉå=îçêÖÉëíÉääíK=aáÉëÉë=hçåJ

òÉéí=òáÉäí=~ìÑ=ÇáÉ=oÉ~äáëáÉêìåÖ=ÉáåÉë=ÜçÅÜÉÑÑáòáÉåíÉå=~ÄÉê=ÇÉååçÅÜ=äÉáÅÜí=òì=áåíÉÖêáÉJ

êÉåÇÉå= mjaë= ~ÄK= _~ëáÉêÉåÇ= ~ìÑ= ÇÉê=dêìåÇáÇÉÉ= ÉáåÉë= êΩÅâëÉáíÉåÄÉëíê~ÜäíÉå= pÉåëçêë=

ïÉêÇÉå=råíÉêëìÅÜìåÖÉå= áå= _ÉòìÖ= ~ìÑ= ÖÉÉáÖåÉíÉ= pìÄëíê~íã~íÉêá~äÉå= ìåÇ=açíáÉêìåJ

ÖÉå= ~ìÑ= _~ëáë= îçå= _ÉêÉÅÜåìåÖÉå= ìåÇ= êÉÅÜåÉêÖÉëíΩíòíÉå= e~äÄäÉáíÉêëáãìä~íáçåÉå=

ÇìêÅÜÖÉÑΩÜêíK= ^ìÅÜ= ÄÉá= ÇáÉëÉã= åÉì~êíáÖÉå= ^åë~íò= ïáêÇ= ~åëÅÜäáÉ≈ÉåÇ= ÇáÉ= fåíÉÖê~íáJ

çåëÑ®ÜáÖâÉáí=ÇìêÅÜ= êÉ~äáëáÉêíÉ=qÉëíëíêìâíìêÉå=ÄÉäÉÖíK=jÉëëìåÖÉå=òÉáÖÉå=Ç~êΩÄÉê=ÜáåJ

~ìë= ÇÉå= báåÑäìëë= ÇÉê= ^åëíÉìÉêìåÖ= ~ìÑ= Ç~ë=aÉãçÇìä~íáçåëîÉêÜ~äíÉåK= wìë®íòäáÅÜ=ïáêÇ=

ÇÉê=báåÑäìëë=ÇÉê=tÉääÉåä®åÖÉI=ÇÉê=ÉáåÖÉëíê~ÜäíÉå=páÖå~äJ=ìåÇ=eáåíÉêÖêìåÇäáÅÜíäÉáëíìåÖ=

ëçïáÉ=Éáå=~âíáîÉë=hçåòÉéí=òìê=råíÉêÇêΩÅâìåÖ=îçå=cêÉãÇäáÅÜí~åíÉáäÉå=ÄÉëÅÜêáÉÄÉåK=

wìê= dÉÖÉåΩÄÉêëíÉääìåÖ= ïÉêÇÉå= áå= h~éáíÉä= T= ~ääÉ= ÄÉëÅÜêáÉÄÉåÉå= mjaJhçåòÉéíÉ= ÑΩê=

ÉáåÉ=ÄÉáëéáÉäÜ~ÑíÉ=^åïÉåÇìåÖ=îÉêÖäáÅÜÉåK=tÉëÉåíäáÅÜÉë=hêáíÉêáìã=áëí=ÜáÉêÄÉá=ÇáÉ=mÜçJ

íçÉãéÑáåÇäáÅÜâÉáí= áå=sÉêÄáåÇìåÖ=ãáí=ÇÉã=ÉêêÉáÅÜÄ~êÉå=aÉãçÇìä~íáçåëâçåíê~ëíI= äÉíòíJ

äáÅÜ=~äëç=ÇáÉ=aÉãçÇìä~íáçåëÉãéÑáåÇäáÅÜâÉáíK=aáÉ=_ÉïÉêíìåÖ=ÇÉê=píêìâíìêÉå=ÉêÑçäÖí=ÜáÉêJ

ÄÉá= ìåíÉê= ÖäÉáÅÜÉå= póëíÉãîçê~ìëëÉíòìåÖÉå=ãáí= _ÉêÉÅÜåìåÖÉå= Ä~ëáÉêÉåÇ= ~ìÑ=ãÉëëJ

íÉÅÜåáëÅÜ=ÉêãáííÉäíÉå=hÉååÖê∏≈ÉåK=

få= h~éáíÉä= U= ïÉêÇÉå= ~ÄëÅÜäáÉ≈ÉåÇ= ÇáÉ= ïáÅÜíáÖëíÉå= ^ëéÉâíÉ= ÇÉê= ÄÉëÅÜêáÉÄÉåÉå= båíJ

ïáÅâäìåÖÉå= òìë~ããÉåÖÉÑ~ëëí= ìåÇ= áã=eáåÄäáÅâ= ~ìÑ= âΩåÑíáÖÉ= båíïáÅâäìåÖÉå=ìåÇ=mçJ

íÉåíá~äÉ=ÇáëâìíáÉêíK=

=

 





=

O båíÑÉêåìåÖëãÉëëìåÖ=ãáí=
mÜçíçãáëÅÜÇÉíÉâíçêÉå=EmjaF=

a~ë= qáãÉJlÑJcäáÖÜí= iáÅÜíä~ìÑòÉáíîÉêÑ~ÜêÉå= EqlcF= áëí= ëÉáí= îáÉäÉå= g~ÜêÉå= ÉáåÉ= ÄÉâ~ååíÉ=

jÉíÜçÇÉ=òìê=båíÑÉêåìåÖëÄÉëíáããìåÖ=xpÅÜïVVzK=a~=ÇáÉ=å~ÅÜÑçäÖÉåÇ=ÄÉëÅÜêáÉÄÉåÉå=

mjaJpÉåëçêÉå= áå= póëíÉãÉå=Ä~ëáÉêÉåÇ= ~ìÑ= ÇáÉëÉã=dêìåÇéêáåòáé= ÉáåÖÉëÉíòí=ïÉêÇÉåI=

ëçää=òìå®ÅÜëí=Éáå=§ÄÉêÄäáÅâ=ΩÄÉê=ÉáåáÖÉ=oÉ~äáëáÉêìåÖëã∏ÖäáÅÜâÉáíÉå=ìåÇ=ÇáÉ=êÉäÉî~åíÉå=

wìë~ããÉåÜ®åÖÉ=ÖÉÖÉÄÉå=ïÉêÇÉåK=cΩê=ÇáÉ=_ÉëÅÜêÉáÄìåÖ=~äíÉêå~íáîÉê=sÉêÑ~ÜêÉå=òìê=

båíÑÉêåìåÖëãÉëëìåÖ= ëÉá= ~å= ÇáÉëÉê= píÉääÉ= ~ìÑ= ïÉáíÉêÑΩÜêÉåÇÉ= iáíÉê~íìê= îÉêïáÉëÉåK=

xpÅÜïVVz=x_ìñMOz=xi~åÖÉMMz=xuìVVz=

OKN a~ë=mêáåòáé=ÇÉë=qáãÉJlÑJcäáÖÜí=sÉêÑ~ÜêÉåë=

OKNKN mìäëä~ìÑòÉáíîÉêÑ~ÜêÉå=

iáÅÜí=ÄêÉáíÉí= ëáÅÜ= ~ÄÜ®åÖáÖ= îçã=jÉÇáìã=ãáí= ÉáåÉê= ÉåÇäáÅÜÉå=dÉëÅÜïáåÇáÖâÉáí= ~ìëK=

a~ÜÉê=ÄÉå∏íáÖí=Éë=ÉáåÉ=ÖÉïáëëÉ=wÉáíI=ìã=îçå=ÉáåÉã=rêëéêìåÖëçêí=EpÉåÇÉêF=òì=ÉáåÉã=

wáÉäçêí=EbãéÑ®åÖÉêF=òì=ÖÉä~åÖÉåK=aáÉëÉ=i~ìÑòÉáí=τi =ÄÉëíáããí=ëáÅÜ=ÄÉá=ÉáåÉã=jÉÇáìã=

ÇÉê=_êÉÅÜò~Üä= =å~ÅÜ=ÑçäÖÉåÇÉã=wìë~ããÉåÜ~åÖ=ãÉÇå

τ ⋅
= ãÉÇ

i

å w
Å

= EOKNF=

ïçÄÉá= ÇáÉ= båíÑÉêåìåÖ= òïáëÅÜÉå=pÉåÇÉê= ìåÇ= bãéÑ®åÖÉê=ãáí= = ÄÉêΩÅâëáÅÜíáÖí=ïáêÇK=

aáÉëÉ=sÉêâåΩéÑìåÖ=òïáëÅÜÉå=i~ìÑòÉáí=ìåÇ=båíÑÉêåìåÖ=ïáêÇ=ÄÉáã=mìäëä~ìÑòÉáíîÉêÑ~ÜêÉå=

ÇáêÉâí=áå=ÇÉê=jÉëëìãÖÉÄìåÖ=ÄÉêΩÅâëáÅÜíáÖíK=eáÉêÄÉá=ïáêÇ=ÄÉáã=^ìëëÉåÇÉå=ÉáåÉë=iáÅÜJ

íáãéìäëÉë=ÉáåÉ=bäÉâíêçåáâ=ÖÉëí~êíÉíI=ïÉäÅÜÉ=ÇáÉ=a~ìÉê=ÉêÑ~ëëí=Äáë=ÇÉê=iáÅÜíáãéìäë=Éáå=

wáÉä=ÉêêÉáÅÜí=ìåÇ=ÇìêÅÜ=oÉÑäÉâíáçå=ïáÉÇÉê=òìã=pÉåÇÉê=ÖÉä~åÖí=áëíK=aáÉ=bêÑ~ëëìåÖ=ÇÉë=

êÉÑäÉâíáÉêíÉå= iáÅÜíëáÖå~äë= ïáêÇ= Ç~ÄÉá= áã= _ÉêÉáÅÜ= ÇÉë= pÉåÇÉêë= ãáí= ÖÉÉáÖåÉíÉå= bãéJ

Ñ~åÖëÉäÉãÉåíÉå= êÉ~äáëáÉêíK=_Éá=ÄÉâ~ååíÉã=jÉÇáìã=â~åå=ìåíÉê=_ÉêΩÅâëáÅÜíáÖìåÖ=ÇÉê=

òïÉáÑ~ÅÜ=òìêΩÅâÖÉäÉÖíÉå=aáëí~åò=ëçãáí=ÇáÉ=båíÑÉêåìåÖ=ÄÉëíáããí=ïÉêÇÉåK=

w



U= h~éáíÉä=O=

sçêíÉáäÜ~Ñí=ëáåÇ=ÄÉá=ÇáÉëÉã=sÉêÑ~ÜêÉå=ÇáÉ=bêâÉååÄ~êâÉáí=ãÉÜêÉêÉê=wáÉäÉ=ìåÇ=ÇáÉ=sÉêJ

ïÉåÇÄ~êâÉáí=ÜçÜÉê=çéíáëÅÜÉê=péáíòÉåäÉáëíìåÖÉå=ÇáÉ=Ç~ë=páÖå~äJo~ìëÅÜîÉêÜ®äíåáë=éçëáJ

íáî= ÄÉÉáåÑäìëëÉå= â∏ååÉå= xdáÖÉêMRzK= _ÉÇÉåâí=ã~å= àÉÇçÅÜI= Ç~ëë= iáÅÜí= ÖÉã®≈= îçêáÖÉê=

cçêãÉä=áã=ÑêÉáÉå=o~ìã=ÉáåÉ=aáëí~åò=îçå=N=Åã=áå=ÉáåÉê=wÉáí=îçå=Éíï~=PP=éë=òìêΩÅâäÉÖíI=
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EOKOPF=~ìëïáêâíK=

OKPKN póëíÉã~íáëÅÜÉ=cÉÜäÉê=

_Éá=ÇÉê=ÄÉëÅÜêáÉÄÉåÉå=^ìëïÉêíìåÖ=ÇÉê=hçêêÉä~íáçåëÑìåâíáçå=â~åå=Ç~ë=jÉëëÉêÖÉÄåáë=

ÇìêÅÜ=ÉáåÉ=oÉáÜÉ=îçå=ëóëíÉã~íáëÅÜÉå=cÉÜäÉêå=îÉêÑ®äëÅÜí=ïÉêÇÉåK=j~≈ÖÉÄäáÅÜ=ïÉêÇÉå=

ÇáÉëÉ=cÉÜäÉê=ÇìêÅÜ=ÉáåÉ=Ó=áã=dÉÖÉåë~íò=òì=däÉáÅÜìåÖ=EOKRF=Ó=ÉåÇäáÅÜÉ=fåíÉÖê~íáçåëòÉáí=

ÜÉêîçêÖÉêìÑÉåK= få=xwÜ~åÖMPz=ïÉêÇÉå=ÇáÉ=^ìëïáêâìåÖÉå=ìåÇ=cÉÜäÉê=ÉáåÉê=hìêòòÉáíáåJ
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ëçïáÉ=cÉÜäÉê=òì=ÉêâÉååÉå=ìåÇ=òì=ãáåáãáÉêÉåK=

tÉëÉåíäáÅÜÉ=cçêÇÉêìåÖ=áëí=ÇáÉ=cÉëíäÉÖìåÖ=ÇÉê=fåíÉÖê~íáçåëòÉáí=~äë=Ö~åòò~ÜäáÖÉë=sáÉäÑ~J

ÅÜÉ=ÇÉê=jçÇìä~íáçåëéÉêáçÇÉåÇ~ìÉê=EëáÉÜÉ=~ìÅÜ=^ÄÄáäÇìåÖ=PKVFK=_Éá=káÅÜíÉáåÜ~äíìåÖ=

ÇáÉëÉê=cçêÇÉêìåÖ=ëçääíÉ=ÇáÉ=òìê=^Äí~ëíìåÖ=ÇÉê=hçêêÉä~íáçåëÑìåâíáçå=å∏íáÖÉ=ãÉÜêÑ~ÅÜÉ=

mÜ~ëÉåîÉêëÅÜáÉÄìåÖ= îçêòìÖëïÉáëÉ= ~ã=çéíáëÅÜÉå= pÉåÇÉëáÖå~ä= ÇìêÅÜÖÉÑΩÜêí=ïÉêÇÉåK=

eáÉêÇìêÅÜ=ïáêÇ=ÖÉï®ÜêäÉáëíÉíI=Ç~ëë=pí∏êÉáåÑäΩëëÉ=ÜÉêîçêÖÉêìÑÉå=ÇìêÅÜ=ÉáåÉå=däÉáÅÜ~åJ

íÉáä=ëáÅÜ=åáÅÜí=~ìÑ=ÇáÉ=mÜ~ëÉå~ìëïÉêíìåÖ=~ìëïáêâÉåI=ëçåÇÉêå=~ääÉåÑ~ääë=~äë=âçåëí~åíÉê=

a`JlÑÑëÉí= áã= hçêêÉä~íáçåëÉêÖÉÄåáë= ~ìÑíêÉíÉå= xwÜ~åÖMPzK= cÉêåÉê= ïáêÇ= îçê~ìëÖÉëÉíòíI=

Ç~ëë=ÇáÉ=mÜ~ëÉåä~ÖÉ=ÇÉë=jçÇìä~íáçåëëáÖå~äë=ÄÉá=ÄÉÖáååÉåÇÉê=fåíÉÖê~íáçå=ëíÉíë=ÖäÉáÅÜ=



båíÑÉêåìåÖëãÉëëìåÖ=ãáí=mÜçíçãáëÅÜÇÉíÉâíçêÉå= NP=

áëíK= bíï~áÖÉ= pí∏êìåÖÉå= ÇáÉ= ~ì≈ÉêÇÉã= áã= cêÉèìÉåòÄÉêÉáÅÜ= å~ÜÉ= ÇÉê= kìíòÑêÉèìÉåò=

äáÉÖÉåI=â∏ååÉå=ÇìêÅÜ=ÉáåÉ=~åÖÉé~ëëíÉ= ä~åÖÉ= fåíÉÖê~íáçåëòÉáí=ãáåáãáÉêí=çÇÉê=Ö~ê=ÉäáJ

ãáåáÉêí=ïÉêÇÉå=xi~åÖÉMMzK=

fã=sÉêä~ìÑ=ÇáÉëÉê=^êÄÉáí=ïÉêÇÉå=jÉëëìåÖÉå=~å=êÉ~äáëáÉêíÉå=mjaJpíêìâíìêÉå=ÖÉòÉáÖíK=

_Éá= ~ääÉå=jÉëëìåÖÉå=ïìêÇÉ=ÇÉå=ÖÉå~ååíÉå=cçêÇÉêìåÖÉå=ÇìêÅÜ=ÖÉÉáÖåÉíÉ=m~ê~ãÉJ
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ëÉåä~ÖÉ=ÇÉë=jçÇìä~íáçåëëáÖå~äë=ÖÉï®ÜêäÉáëíÉíI=ïçÄÉá=ÇáÉ=å∏íáÖÉ=mÜ~ëÉåîÉêëÅÜáÉÄìåÖ=

ÄÉá=ÇÉå=jÉëëìåÖÉå= áããÉê=~ìÑ=ÇÉê=pÉåÇÉëÉáíÉ=ÇìêÅÜÖÉÑΩÜêí=ïìêÇÉ= EîÖäK=^ÄÄáäÇìåÖ=
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^ÄÄáäÇìåÖ=OKOW= dÉÖÉåΩÄÉêëíÉääìåÖ=ÇÉë=ëóëíÉã~íáëÅÜÉå=mÜ~ëÉåÑÉÜäÉêë=ìåíÉê=sÉêïÉåÇìåÖ=îçå=
oÉÅÜíÉÅâJ=ìåÇ=`çëáåìëãçÇìä~íáçå=ÄÉá=^ìëïÉêíìåÖ=ãáí=QJmÜ~ëÉåJ^äÖçêáíÜãìëK=

få=^ÄÄáäÇìåÖ=OKN=ÉêâÉååí=ã~å=ÉÄÉåÑ~ääë=åçÅÜã~äë=~åëÅÜ~ìäáÅÜ=ÇÉå=wìë~ããÉåÜ~åÖ=

òïáëÅÜÉå=ÇÉê=páÖå~äÑçêã=ÇÉê=jçÇìä~íáçåëëáÖå~äÉ=ìåÇ=ÇÉê=ã~ñáã~äÉå=^ãéäáíìÇÉ=ÇÉê=

hçêêÉä~íáçåëÑìåâíáçåK= táÉ= Éêï®ÜåíI= ÉåíëéêáÅÜí= ÇáÉ= hçêêÉä~íáçåëÑìåâíáçå= òïÉáÉê= ÖäÉáJ

ÅÜÉê=páÖå~äÉ=çÜåÉ=wÉáíîÉêëÅÜáÉÄìåÖ=ÇÉã=èì~Çê~íáëÅÜÉå=jáííÉäïÉêí=ÇÉë=páÖå~äëK=aáÉë=

áëí=Öìí=~ã=Ç~êÖÉëíÉääíÉå=sÉêä~ìÑ=ÇÉê=hçêêÉä~íáçåëÑìåâíáçå=îçå=oÉÅÜíÉÅâJ=ìåÇ=`çëáåìëJ

ëáÖå~ä= ÄÉá= ÇÉê= mÜ~ëÉåä~ÖÉ= Mø= òì= ÉêâÉååÉåK= wï~ê= Ü~ÄÉå= ÇáÉ=jçÇìä~íáçåëëáÖå~äÉ= ÇáÉ=

ÖäÉáÅÜÉ= ^ãéäáíìÇÉI= ÇÉê= èì~Çê~íáëÅÜÉ=jáííÉäïÉêí= EÖäÉáÅÜòÉáíáÖ= ~ìÅÜ= Ç~ë=nì~Çê~í= ÇÉë=
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OKQ hçêêÉä~íáçåëÉãéÑ~åÖ=ãáí=mjaJpíêìâíìêÉå=

aáÉ=áå=ÇáÉëÉê=^êÄÉáí=ÉåíïáÅâÉäíÉå=_~ìÉäÉãÉåíÉ=Ä~ëáÉêÉå=~ìëëÅÜäáÉ≈äáÅÜ=~ìÑ=rãëÉíòìåJ

ÖÉå=ÇÉë=mjaJmêáåòáéë=EmÜçíçJjáëÅÜJaÉíÉâíçê=çÇÉê=mÜçíçåáÅ=jáñÉê=aÉîáÅÉFK=báå=mja=

áëí=âÉáå=ÜÉêâ∏ããäáÅÜÉê=mÜçíçÇÉíÉâíçê=ÇÉê=äÉÇáÖäáÅÜ=ÉãéÑ~åÖÉåÉ=píê~ÜäìåÖëäÉáëíìåÖ=áå=

Éáå=éêçéçêíáçå~äÉë=ÉäÉâíêáëÅÜÉë=páÖå~ä=ìãï~åÇÉäíK=sáÉäãÉÜê= áëí=ã~å=ãáí=ÉáåÉã=mja=

áå= ÇÉê= i~ÖÉI= ÇáÉ= mÜ~ëÉåä~ÖÉ= ÉáåÉë= ÉãéÑ~åÖÉåÉå= áåíÉåëáí®íëãçÇìäáÉêíÉå= iáÅÜíëáÖå~äë=

ÄÉòçÖÉå=~ìÑ=Éáå=ÉäÉâíêáëÅÜÉë=oÉÑÉêÉåòëáÖå~ä=ÇáêÉâí= òì=ÄÉëíáããÉåK=aáÉë=ïáêÇ=Éêã∏ÖJ

äáÅÜí= ÇìêÅÜ= ÇáÉ= ìåãáííÉäÄ~êÉ= jáëÅÜìåÖ= ÇÉê= ÄÉáÇÉå= páÖå~äÉ= áã= _~ìÉäÉãÉåíI= ïçÄÉá=

âÉáåÉêäÉá=ÉñíÉêåÉ=jáëÅÜÉêJhçãéçåÉåíÉå=ÉêÑçêÇÉêäáÅÜ=ëáåÇK=e~ìéíãÉêâã~ä=ÉáåÉë=àÉÇÉå=

mja= áëí= ÜáÉêÄÉá= Ç~ë= mêáåòáé= ÇÉê= çéíçÉäÉâíêçåáëÅÜÉå= dÉÖÉåí~âíãáëÅÜìåÖK= aáÉ= ^ìëJ

Ö~åÖëëáÖå~äÉ=ÄÉáåÜ~äíÉå=Ç~ÄÉá=áå=ÇÉê=oÉÖÉä=Éáå=aáÑÑÉêÉåòëáÖå~ä=éêçéçêíáçå~ä=òìê=mÜ~J

ëÉåJL=i~ìÑòÉáíáåÑçêã~íáçå=ìåÇ=Éáå=pìããÉåëáÖå~ä=éêçéçêíáçå~ä=òìê=ÉáåÑ~ääÉåÇÉå=iáÅÜíJ

áåíÉåëáí®íK=pçãáí=áëí=ã~å=áå=ÇÉê=i~ÖÉI=åÉÄÉå=ÇÉê=dê~ìïÉêíáåÑçêã~íáçå=ÇÉë=ÄÉíê~ÅÜíÉJ

íÉå=lÄàÉâíë=ÉáåÉ=ïÉáíÉêÉ=aáãÉåëáçåI=ÇáÉ=lÄàÉâíÉåíÑÉêåìåÖI=~ìëòìïÉêíÉåK=

aìêÅÜ=ÇáÉ=áåíÉÖê~íáîÉ=^ìëïÉêíìåÖ=ÇÉê=páÖå~äÉ=ÉêÑΩääí=Ç~ë=mja=ÇáÉ=cìåâíáçå=ÉáåÉë=hçêJ

êÉä~íçêë= ÑΩê= çéíáëÅÜÉ= ìåÇ= ÉäÉâíêáëÅÜÉ= páÖå~äÉ= ìåÇ= Éêã∏ÖäáÅÜí= Ç~ÜÉê= ~ìÑ= ÉáåÑ~ÅÜëíÉ=

tÉáëÉ= ÇáÉ= _ÉëíáããìåÖ= ÇÉê= hçêêÉä~íáçåëÑìåâíáçåK= aáÉëÉë= hçêêÉä~íáçåëÉêÖÉÄåáë= â~åå=

ìåãáííÉäÄ~ê=òìê=bêãáííäìåÖ=ÇÉê=mÜ~ëÉåîÉêò∏ÖÉêìåÖ=ÄòïK=iáÅÜíä~ìÑòÉáí=ìåÇ=ëçãáí=òìê=

båíÑÉêåìåÖëÄÉëíáããìåÖ= ìåíÉê= _ÉêΩÅâëáÅÜíáÖìåÖ= ÇÉê= òìîçê= ÄÉëÅÜêáÉÄÉåÉå= wìë~ãJ

ãÉåÜ®åÖÉ=ÖÉåìíòí=ïÉêÇÉåK=

OKQKN §ÄÉêëáÅÜí=ÇÉê=Ü~äÄäÉáíÉêÄ~ëáÉêíÉå=mjaJhçåòÉéíÉ=

pÉáí= ÉáåáÖÉå= g~ÜêÉå= ëáåÇ=ò~ÜäêÉáÅÜÉ=mjaJpíêìâíìêÉå=Ä~ëáÉêÉåÇ=~ìÑ=ìåíÉêëÅÜáÉÇäáÅÜÉå=

cìåâíáçåëéêáåòáéáÉå= ÄÉâ~ååí= ExpÅÜïVTzI= xpÅÜïVUzI= xpÅÜïMOzI= xpÅÜïMRzFK= cΩê= ÉáåÉ=

ÜçÅÜáåíÉÖêáÉêíÉ= oÉ~äáëáÉêìåÖ= ëçäÅÜÉê= aÉíÉâíçêÉå= ëáåÇ= áåëÄÉëçåÇÉêÉ= ÇáÉ= Ü~äÄäÉáíÉêÄ~J

ëáÉêíÉå=hçåòÉéíÉ=îçå=Öêç≈Éê=_ÉÇÉìíìåÖ=ìåÇ=ïÉêÇÉå=Ç~ÜÉê=áã=cçäÖÉåÇÉå=å®ÜÉê=ìåJ

íÉêëìÅÜíK=wìê=ÄÉëëÉêÉå=§ÄÉêëáÅÜí= â~åå=ã~å=ÖÉã®≈= ^ÄÄáäÇìåÖ=OKP=ÇáÉ=Ü~äÄäÉáíÉêÄ~J

ëáÉêíÉå=mjaJhçåòÉéíÉ=òìå®ÅÜëí=áå=P=e~ìéíÖêìééÉå=ìåíÉêíÉáäÉåK=aáÉ=^ÄÖêÉåòìåÖ=ÇÉê=

ò~ÜäêÉáÅÜÉå=mjaJhçåòÉéíÉ=â~åå=å~ÅÜ=ìåíÉêëÅÜáÉÇäáÅÜÉå=hêáíÉêáÉå=ÉêÑçäÖÉåX=ÉåíëéêÉJ

ÅÜÉåÇ=ÇÉê=ÑçäÖÉåÇÉå=_Éíê~ÅÜíìåÖÉå=ëçääÉå=mjaë=~å=ÇáÉëÉê=píÉääÉ=å~ÅÜ=ÇÉê=^êí=fÜêÉê=

ÉäÉâíêáëÅÜÉå=jçÇìä~íáçå=ìå~ÄÜ®åÖáÖ=îçå=áÜêÉã=^ìÑÄ~ì=ìåÇ=íÉÅÜåçäçÖáëÅÜÉê=oÉ~äáëáÉJ
 



NS= h~éáíÉä=O=

êìåÖ=ìåíÉêëÅÜáÉÇÉå=ïÉêÇÉåK=_Éá=ÇÉê=cêÉãÇãçÇìä~íáçå=ÉêÑçäÖí=ÇáÉ=dÉÖÉåí~âíãçÇìä~íáJ

çå=ÇÉë=_~ìíÉáäë=~å=ÇÉÇáòáÉêíÉå=^åëÅÜäΩëëÉåI=ïçÄÉá=ÇáÉ=^ìëäÉëÉ=~å=Ç~îçå=ìå~ÄÜ®åÖáJ

ÖÉå=^åëÅÜäΩëëÉå=îçêÖÉåçããÉå=ïáêÇK=_Éá=ÇÉê=pÉäÄëíãçÇìä~íáçå=ÜáåÖÉÖÉå=ìåíÉêëÅÜÉáJ

ÇÉí=ã~å=åáÅÜí=ãÉÜê= òïáëÅÜÉå=jçÇìä~íáçåëJ= ìåÇ=^ìëäÉëÉ~åëÅÜäìëëI=Ç~ë=_~ìÉäÉãÉåí=

ïáêÇ=ΩÄÉê=ÇáÉ=ÖäÉáÅÜÉå=^åëÅÜäΩëëÉ=ãçÇìäáÉêí=ìåÇ=~ìëÖÉäÉëÉåK=ûÜåäáÅÜ=îÉêÜ®äí=Éë=ëáÅÜ=

ÄÉá= ÇÉå=eóÄêáÇâçåòÉéíÉåI= ÇáÉ= ÖêìåÇë®íòäáÅÜ= ÉÄÉåÑ~ääë= ~å= ÇÉå= ÖäÉáÅÜÉå= ^åëÅÜäΩëëÉå=

ãçÇìäáÉêí= ìåÇ= ~ìëÖÉäÉëÉå= ïÉêÇÉå= â∏ååÉåI= àÉÇçÅÜ= ÉñáëíáÉêÉå= ÜáÉêÄÉá= åçÅÜ= ïÉáíÉêÉ=

^åëÅÜäΩëëÉ=ÇáÉ=Ç~ë=jçÇìä~íáçåëîÉêÜ~äíÉå=ÇÉë=_~ìíÉáäë=ÄÉÖΩåëíáÖÉå=ëçääÉåK=

PMD auf
Halbleiterbasis

Fremd-
modulation

Selbst-
modulation

Photogate-PMD

Schottky

Hybrid-
konzepte

ME-PMD

pnVerstärkende

SM-PMD

=

^ÄÄáäÇìåÖ=OKPW= §ÄÉêëáÅÜí=ÇÉê=mjaJhçåòÉéíÉ=ãáí=råíÉêëÅÜÉáÇìåÖ=å~ÅÜ=ÇÉê=^êí=ÇÉê=ÉäÉâíêáëÅÜÉå=
jçÇìä~íáçåK=

OKQKO cêÉãÇãçÇìä~íáçå=

a~ë=mêáåòáé=ÉáåÉë=ÑêÉãÇãçÇìäáÉêíÉå=çéíçÉäÉâíêçåáëÅÜÉå=dÉÖÉåí~âíãáëÅÜÉêë=â~åå=~åJ

ëÅÜ~ìäáÅÜ= ~ã= mêáåòáé= ÇÉë= mÜçíçÖ~íÉJmja= EmdJmjaF= Éêä®ìíÉêí= ïÉêÇÉå= xhê~ÑíMQzK= få=

^ÄÄáäÇìåÖ=OKQ= áëí=Éáå=ëÅÜÉã~íáëÅÜÉê=nìÉêëÅÜåáíí=ÇìêÅÜ=Éáå=ëçäÅÜÉë=_~ìÉäÉãÉåí=Ç~êJ

ÖÉëíÉääíK=aáÉ=dêìåÇëíêìâíìê=ÄÉëíÉÜí=~ìë=ÉáåÉã=e~äÄäÉáíÉê=ãáí=O=Ç~êΩÄÉê=~åÖÉçêÇåÉíÉå=

íê~åëé~êÉåíÉå=mÜçíçÖ~íÉëK=aáÉëÉ=d~íÉë=ïÉêÇÉå=áã=dÉÖÉåí~âí=ãáí=r åÖÉëíÉìÉêí=

EoÉÑÉêÉåòëáÖå~äF= ìåÇ= ÄÉÉáåÑäìëëÉå= Ç~ãáí= ÇÉå= mçíÉåíá~äîÉêä~ìÑ= áã= e~äÄäÉáíÉêK= aìêÅÜ=

iáÅÜíÉáåëíê~ÜäìåÖ=ÉåíëíÉÜÉå=áã=e~äÄäÉáíÉê=bäÉâíêçåÉåJiçÅÜé~~êÉI=ïçÄÉá=ÇáÉ=i∏ÅÜÉê=áå=

Ç~ë=pìÄëíê~í=~Äï~åÇÉêå=ìåÇ=Ççêí=ÇìêÅÜ=ÇÉå=pìÄëíê~íâçåí~âí=~ÄÖÉë~ìÖí=ïÉêÇÉåK=aáÉ=

±M ãì =~



båíÑÉêåìåÖëãÉëëìåÖ=ãáí=mÜçíçãáëÅÜÇÉíÉâíçêÉå= NT=

bäÉâíêçåÉå=ÜáåÖÉÖÉå=ï~åÇÉêå=òìê=äáåâÉå=çÇÉê=êÉÅÜíÉå=^ìëäÉëÉÇáçÇÉ=àÉ=å~ÅÜ=jçÇìä~J

íáçåëòìëí~åÇ=ìåÇ=mçíÉåíá~äîÉêä~ìÑ=áã=e~äÄäÉáíÉê=ìåÇ=êìÑÉå=Ççêí=ÉáåÉå=ÉåíëéêÉÅÜÉåÇÉå=

píêçã= =ÜÉêîçêK=aáÉëÉ=ëç=ÖÉå~ååíÉ=i~ÇìåÖëëÅÜ~ìâÉä=Éêã∏ÖäáÅÜí= ëçãáí=ÇáÉ=dÉÖÉåJ

í~âíãáëÅÜìåÖ=îçå=ÉáåÑ~ääÉåÇÉê=iáÅÜíëíê~ÜäìåÖ=ÄòïK=ÇÉê=Ç~ê~ìë=ÖÉåÉêáÉêíÉå=i~ÇìåÖëJ

íê®ÖÉê= ìåÇ= ÇÉã= ÉäÉâíêáëÅÜÉå= oÉÑÉêÉåòëáÖå~ä= ~å= ÇÉå= d~íÉë= ìåãáííÉäÄ~ê= áã= _~ìÉäÉJ

ãÉåíK=

I~ Äf

p-Substrat

n+n+ - - - - - -
-
- - - - - - -

-

- - - -
---

+ +
+

+ +
+

+
+

+

GaU

−0 ( )mU u t

aI bI
GbU

+0 ( )mU u t

Oxid

Metall

Diode

Polysilizium
Popt(t)

=

^ÄÄáäÇìåÖ=OKQW= pÅÜÉã~íáëÅÜÉê=^ìÑÄ~ì=ÉáåÉë=mÜçíçÖ~íÉJmjaK=aìêÅÜ=ÇáÉ=dÉÖÉåí~âíãçÇìä~íáçå=~å=
ÇÉå=d~íÉë=ÉåíëíÉÜí=ÉáåÉ=i~ÇìåÖëëÅÜ~ìâÉä=áã=e~äÄäÉáíÉê=ïÉäÅÜÉ=ÇáÉ=jáëÅÜìåÖ=îçå=
çéíáëÅÜÉå=páÖå~äÉå=ãáí=ÉäÉâíêáëÅÜÉå=páÖå~äÉå=Éêã∏ÖäáÅÜíK=

aáÉ=pìããÉ=ÇÉë=píêçãë=~å=ÇÉå=^ìëäÉëÇáçÇÉå=ÉåíëéêáÅÜí=ÇÉê=ÉáåÑ~ääÉåÇÉå=iáÅÜíáåíÉåëáJ

í®íI=ïçÄÉá=ÇáÉ=aáÑÑÉêÉåò=Éáå=ÇáêÉâíÉë=j~≈=ÑΩê=ÇáÉ=mÜ~ëÉåîÉêëÅÜáÉÄìåÖ=òïáëÅÜÉå=ÉäÉâíJ

êáëÅÜÉå=oÉÑÉêÉåòëáÖå~ä=ìåÇ=çéíáëÅÜÉå=bãéÑ~åÖëëáÖå~ä=áëíK=_Éá=ÉåíëéêÉÅÜÉåÇÉê=fåíÉÖê~J

íáçå=ÇÉê=píê∏ãÉ=ÉêÖáÄí= ëáÅÜ=~ã=^ìëÖ~åÖ=ÇÉë=mdJmja=Éáå=^Äí~ëíïÉêí=ÇÉê=hçêêÉä~íáJ

çåëÑìåâíáçåK=aìêÅÜ=ãÉÜêÑ~ÅÜÉ=jÉëëìåÖ=ãáí=®èìáÇáëí~åíÉå=mÜ~ëÉåÄÉòáÉÜìåÖÉå=â∏åJ

åÉå=ëçãáí=ÇáÉ=å∏íáÖÉå=^Äí~ëíìåÖÉå=EdäÉáÅÜìåÖ=EOKVFF=ÇÉê=hçêêÉä~íáçåëÑìåâíáçå=ÉêãáíJ

íÉäí= ïÉêÇÉåK= sçêíÉáäÜ~Ñí= áëí= ÜáÉêÄÉá= áåëÄÉëçåÇÉêÉ= Ç~ë= dÉÖÉåí~âíéêáåòáéI= Ç~=ãáí= ÇÉå=

ÄÉáÇÉå=^ìëÖ®åÖÉå=òÉáíÖäÉáÅÜ=O=tÉêíÉ=ãáí=àÉïÉáäë=NUMø=mÜ~ëÉåîÉêëÅÜáÉÄìåÖ=îçêäáÉÖÉåK=

pçãáí=êÉÇìòáÉêí=ëáÅÜ=éêáåòáéáÉää=ÇáÉ=^åò~Üä=ÇÉê=å∏íáÖÉå=jÉëëìåÖÉå=~ìÑ=òïÉáK=tÉáíÉêÉ=

báÖÉåëÅÜ~ÑíÉå= ìåÇ= aÉí~áäë= òìã= cìåâíáçåëéêáåòáé= ÇÉë= mdJmja= ëáåÇ= áå= xhê~ÑíMOzI=

xhê~ÑíMQz=ëçïáÉ=xj∏äMRz=ÄÉëÅÜêáÉÄÉåK=

OKQKP pÉäÄëíãçÇìä~íáçå=

a~ë= mêáåòáé= ÇÉê= pÉäÄëíãçÇìä~íáçå= ëçää= òìå®ÅÜëí= êÉ~äáëáÉêìåÖëìå~ÄÜ®åÖáÖ= ~å= ÇÉã=

_äçÅâëÅÜ~äíÄáäÇ= áå= ^ÄÄáäÇìåÖ= OKR= Ç~êÖÉëíÉääí= ïÉêÇÉåK= e~ìéíãÉêâã~ä= ÇáÉëÉë= sÉêÑ~ÜJ

êÉåë= áëí=~ìÅÜ=ÜáÉê=ïáÉÇÉê=Ç~ë=çéíçÉäÉâíêçåáëÅÜÉ=dÉÖÉåí~âíãáëÅÜéêáåòáéK=aáÉ=dÉÖÉåJ

 



NU= h~éáíÉä=O=

í~âíëé~ååìåÖ=ïáêÇ=ÜáÉêÄÉá=~ääÉêÇáåÖë=åáÅÜí=ÇáêÉâí=~å=Ç~ë=aÉîáÅÉ=ÖÉÑΩÜêíI=ëçåÇÉêå=ΩJ

ÄÉê=hçééÉäåÉíòïÉêâÉ= =ïÉäÅÜÉ=åìê=ÇáÉ=ÜçÅÜÑêÉèìÉåíÉå=^åíÉáäÉ=é~ëëáÉêÉå= ä~ëëÉåK=

eáåíÉê=ÇáÉëÉå=kÉíòïÉêâÉå=ÄÉÑáåÇÉå=ëáÅÜ=ÇáÉ=jçÇìä~íáçåë~åëÅÜäΩëëÉ=ÇÉë=pjJmja=aÉJ

îáÅÉ=ÇáÉ=ÇÉÑáåáíáçåëÖÉã®≈=ÖäÉáÅÜòÉáíáÖ=~ìÅÜ=ÇáÉ=^ìëäÉëÉ~åëÅÜäΩëëÉ=Ç~êëíÉääÉåK=fã=^ìëJ

äÉëÉéÑ~Ç=ïáÉÇÉêìã=ïÉêÇÉå=ÜçÅÜÑêÉèìÉåíÉ=^åíÉáäÉ=ÇìêÅÜ=ÇáÉ=^ìëäÉëÉåÉíòïÉêâÉ= =

~ÄÖÉÄäçÅâíI= ëç=Ç~ëë=åìê=åáÉÇÉêÑêÉèìÉåíÉ=^åíÉáäÉ=òì=ÇÉê=^ìëäÉëÉÉäÉâíêçåáâ= =ÖÉä~åJ

ÖÉå=â∏ååÉåK=pç=áëí=ÖÉï®ÜêäÉáëíÉíI=Ç~ëë=åìê=ÇÉê=áã=sÉêÜ®äíåáë=òìã=jçÇìä~íáçåëëáÖå~ä=

åáÉÇÉêÑêÉèìÉåíÉ= hçêêÉä~íáçåë~åíÉáä= òìê= ^ìëäÉëÉëÅÜ~äíìåÖ= ÖÉä~åÖÉå= â~ååK= aìêÅÜ= Ç~ë=

ÜçÅÜÑêÉèìÉåíÉ=dÉÖÉåí~âíJjáëÅÜëáÖå~ä= ~ã=pjJmja=ÉêÑçäÖí= ~ìÅÜ=ÜáÉê= áååÉêÜ~äÄ=ÇÉë=

_~ìÉäÉãÉåíë=ïáÉÇÉê=ÇáÉ=òìîçê=ÄÉëÅÜêáÉÄÉåÉ=áåÜ®êÉåíÉ=jáëÅÜìåÖ=îçå=çéíáëÅÜÉã=ìåÇ=

ÉäÉâíêáëÅÜÉã=páÖå~ä=áã=_ÉêÉáÅÜ=ÇÉë=äáÅÜíÉãéÑáåÇäáÅÜÉå=e~äÄäÉáíÉêëK=_Éáã=cêÉãÇãçÇìJ

ä~íáçåëéêáåòáé=ïìêÇÉ= àÉÇçÅÜ=ÇÉê=éÜçíçÖÉåÉêáÉêíÉ=dÉë~ãíëíêçã=ÇìêÅÜ=Ç~ë=jçÇìä~íáJ

çåëëáÖå~ä=ãÉÜê= çÇÉê= ïÉåáÖÉê= òìê= ÉáåÉå= çÇÉê= ~åÇÉêÉå= ^ìëäÉëÉÇáçÇÉ= łÖÉëÅÜ~ìâÉäí“K=

_Éáã= Ç~êÖÉëíÉääíÉå= ~ääÖÉãÉáåÉå= pÉäÄëíãçÇìä~íáçåëéêáåòáé= ÜáåÖÉÖÉå=ïáêÇ= áå= ^ÄÜ®åJ

ÖáÖâÉáí=ÇÉë=jçÇìä~íáçåëëáÖå~äë=ÇÉê=ÖÉë~ãíÉ=píêçãÑäìëë=ÇìêÅÜ=Ç~ë=aÉîáÅÉ=~ìÅÜ=áå=ëÉáJ

åÉê=oáÅÜíìåÖ=ÄÉÉáåÑäìëëíK=

NIOhk

NIO^k

o`

RC

+ ( )mu t

− ( )mu t

1uki 2uki

ki
aU

bU

SM-PMD

Popt(t)

KN1

KN2

AN1

AN2 =

^ÄÄáäÇìåÖ=OKRW= mêáåòáéÇ~êëíÉääìåÖ=ÇÉê=pÉäÄëíãçÇìä~íáçåK=jçÇìä~íáçå=ìåÇ=^ìëäÉëÉ=ÉêÑçäÖÉå=ΩÄÉê=ÇáÉ=
ÖäÉáÅÜÉå=_~ìíÉáä~åëÅÜäΩëëÉK=wìê=qêÉååìåÖ=òïáëÅÜÉå=ÜçÅÜÑêÉèìÉåíÉå=jçÇìä~íáçåëJ
~åíÉáäÉå=ìåÇ=åáÉÇÉêÑêÉèìÉåíÉå=hçêêÉä~íáçåë~åíÉáäÉå=ïÉêÇÉå=hçééÉäåÉíòïÉêâÉ=îÉêJ
ïÉåÇÉíK=

_Éíê~ÅÜíÉí=ã~å=òìå®ÅÜëí=Éáå=ìåâçêêÉäáÉêíÉë=çéíáëÅÜÉë=páÖå~ä=EòK_K=a`J_ÉäÉìÅÜíìåÖF=ëç=

ÑäáÉ≈í=ï®ÜêÉåÇ=ÇÉê= ÉêëíÉå=jçÇìä~íáçåëÜ~äÄéÉêáçÇÉ=ÇÉê= êÉëìäíáÉêÉåÇÉ=píêçã= =ÉåíJ

ÖÉÖÉåÖÉëÉíòí=òìã=píêçã= =ï®ÜêÉåÇ=ÇÉê=òïÉáíÉå=jçÇìä~íáçåëÜ~äÄéÉêáçÇÉK=_Éá= áåJ

íÉÖê~íáîÉê= ^ìëïÉêíìåÖ= ÇáÉëÉê= píê∏ãÉ= Ü~í= ã~å= å~ÅÜ= ^ÄëÅÜäìëë= ÉáåÉê= îçääëí®åÇáÖÉå=

jçÇìä~íáçåëéÉêáçÇÉ=ïáÉÇÉê= ÇÉå= ^ìëÖ~åÖëòìëí~åÇ= ÉêêÉáÅÜíI= Ç~ë= ìåâçêêÉäáÉêíÉ= páÖå~ä=

ïìêÇÉ=ëçãáí=ï®ÜêÉåÇ=ÇÉë=hçêêÉä~íáçåëîçêÖ~åÖë=áåÜ®êÉåí=âçãéÉåëáÉêí=EîÖäK=~ìÅÜ=h~J

éáíÉä=

Nìâá

Oìâá

PKQFK=



båíÑÉêåìåÖëãÉëëìåÖ=ãáí=mÜçíçãáëÅÜÇÉíÉâíçêÉå= NV=

aÉê=âçêêÉäáÉêíÉ=páÖå~ä~åíÉáä= =ÜáåÖÉÖÉå=Ü~í=áã=jáííÉä=ÉáåÉ=oáÅÜíìåÖ=ìåÇ=ÉáåÉå=_Éíê~Ö=

~ÄÜ®åÖáÖ=îçå=ÇÉê=mÜ~ëÉåä~ÖÉ=ìåÇ=^ãéäáíìÇÉ=îçå=çéíáëÅÜÉã=ìåÇ=ÉäÉâíêáëÅÜÉã=páÖJ

å~äK= _Éá= ÉåíëéêÉÅÜÉåÇÉê= oÉ~äáëáÉêìåÖ= ÇÉê= ^ìëäÉëÉëÅÜ~äíìåÖ= Ü~í= ã~å= ~ìÅÜ= ÄÉáã=

pÉäÄëíãçÇìä~íáçåëâçåòÉéí= ïáÉÇÉêìã= òïÉá= ^ìëÖ~åÖëëáÖå~äÉ= ÇáÉ= ÉåíëéêÉÅÜÉåÇ= ÇÉê=

dÉÖÉåí~âíãçÇìä~íáçå=ìã=NUMø=éÜ~ëÉåîÉêëÅÜçÄÉå=ëáåÇ=EëáÉÜÉ=~ìÅÜ=

âá

^ÄÄáäÇìåÖ=SKNNFK=

wìê=^ÄÖêÉåòìåÖ=ìåÇ=sÉêÇÉìíäáÅÜìåÖ=ÇÉê= îÉêëÅÜáÉÇÉåÉå=jçÇìä~íáçåëJ=ìåÇ=^ìëäÉëÉJ

âçåÑáÖìê~íáçåÉå=ïÉêÇÉå=áã=sÉêä~ìÑ=ÇÉê=å®ÅÜëíÉå=h~éáíÉä=âçåâêÉíÉ=hçåòÉéíÉ=ìåÇ=oÉ~J

äáëáÉêìåÖÉå=Ä~ëáÉêÉåÇ=~ìÑ=îÉêëÅÜáÉÇÉåÉå=qÉÅÜåçäçÖáÉå=îçêÖÉëíÉääíK=

aáÉ=Éêï®ÜåíÉ=áåÜ®êÉåíÉ=råíÉêÇêΩÅâìåÖ=ìåâçêêÉäáÉêíÉê=^åíÉáä=áëí=Éáå=ïÉëÉåíäáÅÜÉê=sçêJ

íÉáä=ÇáÉëÉë=hçåòÉéíëI=ëÉíòí=~ÄÉê=~ìÅÜ=píêìâíìêÉå=îçê~ìëI=ÇáÉ=ÉáåÉ=píêçãìãâÉÜê=áã=aÉJ

îáÅÉ= Éêä~ìÄÉåK= rã= ÉáåÉ= wìçêÇåìåÖ= îÉêïÉåÇÄ~êÉê= aÉîáÅÉë= îçêåÉÜãÉå= òì= â∏ååÉåI=

ïÉêÇÉå= áã= å®ÅÜëíÉå= ^ÄëÅÜåáíí= ïÉëÉåíäáÅÜÉ= jÉêâã~äÉ= Ç~êÖÉëíÉääíK= a~êΩÄÉê= Üáå~ìë=

ÉñáëíáÉêÉå=åçÅÜ=báÖÉåëÅÜ~ÑíÉå=ÇáÉ=îçå=ÇÉê=îÉêïÉåÇÉíÉå=qÉÅÜåçäçÖáÉ=~ÄÜ®åÖáÖ=ëáåÇK=

aáÉëÉ=ïÉêÇÉå= áã=ïÉáíÉêÉå=sÉêä~ìÑ=ÄÉá=ÇÉê=_ÉëÅÜêÉáÄìåÖ=ÇÉê=ìãÖÉëÉíòíÉå=s~êá~åíÉå=

ÄÉëÅÜêáÉÄÉåK=

OKQKQ råáéçä~êÉ=ìåÇ=Äáéçä~êÉ=pjJmjaë=

táÉ= Éêï®ÜåíI= ÄÉÇÉìíÉí= ÇáÉ= oÉ~äáëáÉêìåÖ= ÉáåÉë= pÉäÄëíãçÇìä~íáçåëâçåòÉéíÉë= åáÅÜí=

òï~åÖëä®ìÑáÖ= ÉáåÉ= áåÜ®êÉåíÉ= råíÉêÇêΩÅâìåÖ= îçå= ìåâçêêÉäáÉêíÉå= ^åíÉáäÉåK= sáÉäãÉÜê=

Ü®åÖí=Éë=îçå=ÇÉê=ÖÉï®ÜäíÉå=qÉÅÜåçäçÖáÉ=ìåÇ=îçå=ÇÉã=^åë~íò=~ÄI=çÄ=Éáå=aÉîáÅÉ=ÇáÉJ

ëÉ=báÖÉåëÅÜ~Ñí=ÄÉëáíòíK=

U2

U1

U3

U2

U1

=

^ÄÄáäÇìåÖ=OKSW= dÉÖÉåΩÄÉêëíÉääìåÖ=îçå=Äáéçä~êÉå=EäáåâëF=ìåÇ=ìåáéçä~êÉå=aÉîáÅÉë=EêÉÅÜíëFK=a~êÖÉJ
ëíÉääí=ëáåÇ=àÉïÉáäë=ÇÉê=®èìáî~äÉåíÉ=^ìÑÄ~ì=ìåÇ=Ç~ë=pÅÜ~äíëóãÄçäK=

fã=tÉëÉåíäáÅÜÉå=â~åå=ã~å=ÖÉã®≈=^ÄÄáäÇìåÖ=OKS=òïáëÅÜÉå=òïÉá=îÉêëÅÜáÉÇÉåÉå=^êJ

íÉå=îçå=pjJpíêìâíìêÉå=ìåíÉêëÅÜÉáÇÉåK=iáåâë=Ç~êÖÉëíÉääí=áëí=Éáå=aÉîáÅÉ=Ç~ë=äÉÇáÖäáÅÜ=O=

^åëÅÜäΩëëÉ=ÄÉëáíòíK=báå=píêçã=ÇÉê=~å=ÉáåÉã=^åëÅÜäìëë=ÜáåÉáåÑäáÉ≈íI=ãìëë=ÑçäÖäáÅÜ=~ã=

~åÇÉêÉå=^åëÅÜäìëë=ïáÉÇÉê=ÜÉê~ìëÑäáÉëÉåI=Ç~=ÇáÉ=pìããÉ=~ääÉê=píê∏ãÉ=kìää=ëÉáå=ãìëëK=

 



OM= h~éáíÉä=O=

aáÉëÉ=^êí=îçå=aÉîáÅÉ=ïáêÇ=áã=cçäÖÉåÇÉå=~äë=Äáéçä~êÉë=aÉîáÅÉ=ÄÉòÉáÅÜåÉíK=aáÉ=_ÉòÉáÅÜJ

åìåÖ= Äáéçä~ê= ëéáÉÖÉäí= ÜáÉê= ÇáÉ= q~íë~ÅÜÉ= ïáÇÉêI= Ç~ëë= Ç~ë= aÉîáÅÉ= áå= _ÉòìÖ= ~ìÑ= ÇÉå=

píêçãÑäìëë=~å=ÇÉå=jçÇìä~íáçåë~åëÅÜäΩëëÉå=òïÉá=oáÅÜíìåÖÉå=Ü~íI=ïçÄÉá=ÇáÉë=òìå®ÅÜëí=

ìå~ÄÜ®åÖáÖ=îçå=ÇÉê=ÖÉï®ÜäíÉå=qÉÅÜåçäçÖáÉ=ÄÉíê~ÅÜíÉí=ïÉêÇÉå=â~ååK=kìê=Äáéçä~êÉ=

pjJaÉîáÅÉë=ÄÉëáíòÉå= áå=ÇÉê=mjaJhçåÑáÖìê~íáçå=ÖêìåÇë®íòäáÅÜ=ÇáÉ=c®ÜáÖâÉáí=ìåâçêêÉJ

äáÉêíÉ=^åíÉáäÉ=áåÜ®êÉåí=òì=ìåíÉêÇêΩÅâÉåK=

a~ë=êÉÅÜíë=áå=^ÄÄáäÇìåÖ=OKS=Ç~êÖÉëíÉääíÉ=aÉîáÅÉ=Ü~í=ÇáÉëÉ=báÖÉåëÅÜ~Ñí=åáÅÜíI=ÇÉåå=Éë=

Ü~í=áå=_ÉòìÖ=~ìÑ=ÇáÉ=jçÇìä~íáçåë~åëÅÜäΩëëÉ= =åìê=ÉáåÉ=píêçãêáÅÜíìåÖX=áåëçÑÉêå=áëí=

Éë=ÇÉã=òìîçê=ÄÉëÅÜêáÉÄÉåÉå=mdJmja=®ÜåäáÅÜK=dÉåÉêÉää=ÄÉëáíòÉå=ÇáÉëÉ=aÉîáÅÉë=òï~ê=

ÄÉá= ^ìëïÉêíìåÖ= ÇÉê= aáÑÑÉêÉåòëáÖå~äÉ= ÉáåÉ= råíÉêÇêΩÅâìåÖ= ìåâçêêÉäáÉêíÉê= ^åíÉáäÉI= àÉJ

ÇçÅÜ=áëí=ÇáÉëÉ=ÇìêÅÜ=ÇáÉ=aóå~ãáâ=ÇÉê=^ìëäÉëÉëÅÜ~äíìåÖ=ÄòïK=ÉáåÉë=báåòÉäâ~å~äë=äáãáJ

íáÉêíK= aáÉ= råíÉêÇêΩÅâìåÖ= ìåâçêêÉäáÉêíÉê= eáåíÉêÖêìåÇ~åíÉáäÉ= EpìééêÉëëáçå= çÑ= _~ÅâJ

ÖêçìåÇ=fääìãáå~íáçåI=p_fF=â~åå=ÄÉá=ëçäÅÜÉå=hçåòÉéíÉå=àÉÇçÅÜ=ÇìêÅÜ=òìë®íòäáÅÜÉ=~âíáJ

îÉ=bäÉâíêçåáâ=ÖÉëíÉáÖÉêí=ïÉêÇÉå=EîÖäK=h~éáíÉä=

NIOr

SKRFK=

táÉ=ã~å=~å=âçåâêÉíÉå=oÉ~äáëáÉêìåÖÉå=áã=sÉêä~ìÑ=ÇáÉëÉê=^êÄÉáí=ëÉÜÉå=ïáêÇI=Ü~ÄÉå=ëçJ

ïçÜä=Äáéçä~êÉ=~äë= ~ìÅÜ=ìåáéçä~êÉ=pjJ_~ìÉäÉãÉåíÉ=sçêíÉáäÉ=ÄÉá=ÇÉê=rãëÉíòìåÖ=ìåÇ=

_ÉíêáÉÄI=ï~ë=ïáÉÇÉêìã=ÇáÉ=ìåáîÉêëÉääÉ=sÉêïÉåÇÄ~êâÉáí=ÇÉë=pjJmja=^åë~íò=ÄÉäÉÖíK=

OKQKR eóÄêáÇâçåòÉéíÉ=

aáÉ=~ääÖÉãÉáåÉ=cçêã=ÉáåÉë=Ü~äÄäÉáíÉêÄ~ëáÉêíÉå=mja=ÄÉáåÜ~äíÉí= ëçïçÜä=Ç~ë=ÄÉëÅÜêáÉJ

ÄÉåÉ=cêÉãÇãçÇìä~íáçåëJ=~äë=~ìÅÜ=Ç~ë=pÉäÄëíãçÇìä~íáçåëéêáåòáéK=báåÉ=ã∏ÖäáÅÜÉ=rãJ

ëÉíòìåÖëÑçêã=ÉáåÉë=ëçäÅÜÉå=eóÄêáÇâçåòÉéíÉë=áëí=ëÅÜÉã~íáëÅÜ=áå=ÇÉê=ÑçäÖÉåÇÉå=^ÄÄáäJ

ÇìåÖ= ~äë=jbJmja= EjÉí~ääJbäÉâíêçÇÉåJmjaF=Ç~êÖÉëíÉääí= xpÅÜïMOzK= ûÜåäáÅÜ=ÇÉã=ÄÉJ

ëÅÜêáÉÄÉåÉå=mÜçíçÖ~íÉJmja=ÉñáëíáÉêÉå=ÄÉáã=jbJmja=ëÉé~ê~íÉ=^åëÅÜäΩëëÉ= òìê=jçJ

Çìä~íáçå= ìåÇ= òìê= ^ìëäÉëÉK= wìë®íòäáÅÜ= ÄÉëíÉÜí= ~ÄÉê= ÇáÉ= j∏ÖäáÅÜâÉáí= ÇáÉ= ^ìëäÉëÉ~åJ

ëÅÜäΩëëÉ= ïáÉ= ÄÉáã= pjJmja= òì=ãçÇìäáÉêÉåK= _Éá= ÇÉê= hçãÄáå~íáçå= îçå= cêÉãÇJ= ìåÇ=

pÉäÄëíãçÇìä~íáçå= ïáêÇ= ÇáÉ= dÉÖÉåí~âíãçÇìä~íáçå= ~å= ÇÉå= jçÇìä~íáçåë~åëÅÜäΩëëÉå=

=ìåÇ= =ÇìêÅÜÖÉÑΩÜêíK=^ìÅÜ=ÜáÉêÄÉá=ïáêÇ=Ç~ë=mçíÉåíá~ä=áã=e~äÄäÉáíÉê=®ÜåäáÅÜ=ÇÉê=

Éêï®ÜåíÉå=łi~ÇìåÖëëÅÜ~ìâÉä“=ÄÉÉáåÑäìëëíK=^ì≈ÉêÇÉã=ïÉêÇÉå=ÇáÉ=^ìëäÉëÉ~åëÅÜäΩëëÉ=

= ìåÇ= = ÇìêÅÜ= â~é~òáíáîÉ= hçééäìåÖ=ÇÉê=jçÇìä~íáçåëëáÖå~äÉ= ÉÄÉåÑ~ääë=ãáíãçÇìJ

äáÉêíK=aáÉëÉ=hçééäìåÖ=â~åå= àÉ=å~ÅÜ=îÉêïÉåÇÉíÉê=qÉÅÜåçäçÖáÉ= ëçïçÜä=ÇìêÅÜ=ÉñíÉêåÉ=

h~é~òáí®íÉå= =çÇÉê=~ÄÉê=ÇìêÅÜ=ÇáÉ=îçêÜ~åÇÉåÉ=hçééäìåÖ=ΩÄÉê=ÇÉå=pÅÜáÅÜí~ìÑÄ~ì=

ÉêÑçäÖÉåK=aìêÅÜ=s~êá~íáçå=ÇáÉëÉê=hçééäìåÖ=ä®ëëí=ëáÅÜ=ëçãáí=Ç~ë=cìåâíáçåëéêáåòáé=ëíìJ

ÑÉåäçë=òïáëÅÜÉå=NMM=B=pÉäÄëíãçÇìä~íáçå=ìåÇ=NMM=B=cêÉãÇãçÇìä~íáçå=ï®ÜäÉåK=

d~r dÄr

~l Äl

â`



båíÑÉêåìåÖëãÉëëìåÖ=ãáí=mÜçíçãáëÅÜÇÉíÉâíçêÉå= ON=

GaU

−0 ( )mU u t

aI bI

GbU

+0 ( )mU u t

kC kC

aO bO( )optP t

Diode

n+ n+

Metall / Polysilizium

Oxid Metall

p-Substrat

=

^ÄÄáäÇìåÖ=OKTW= pÅÜÉã~íáëÅÜÉ=a~êëíÉääìåÖ=ÉáåÉë=jbJmjaK=aìêÅÜ=t~Üä=ÇÉê=hçééäìåÖ=òïáëÅÜÉå=
ëÉé~ê~íÉå=jçÇìä~íáçåë~åëÅÜäΩëëÉå=ìåÇ=^ìëäÉëÉ~åëÅÜäΩëëÉå=â~åå=ÇÉê=^åíÉáä=îçå=
cêÉãÇJ=ìåÇ=pÉäÄëíãçÇìä~íáçåëéêáåòáé=ÖÉï®Üäí=ïÉêÇÉåK=

t®Üäí=ã~å=ÉáåÉ=áåíÉêåÉ=hçééäìåÖ=ΩÄÉê=ÇÉå=pÅÜáÅÜí~ìÑÄ~ìI=ëç=ä®ëëí=ëáÅÜ=ÇáÉëÉë=_~ìJ

ÉäÉãÉåí=ÖêìåÇë®íòäáÅÜ=~äë=pjJmja=ãáí=òïÉá=^åëÅÜäΩëëÉå= êÉ~äáëáÉêÉåX=ÇáÉ=§ÄÉêâçééJ

äìåÖ=ÇÉê=~å=ÇÉå=^ìëäÉëÉ~åëÅÜäΩëëÉå=ÇìêÅÜÖÉÑΩÜêíÉå=jçÇìä~íáçå=~ìÑ=ÇáÉ=d~íÉë=ëçêÖí=

áå=ÇáÉëÉã=c~ää=ÑΩê=ÉáåÉå=îçêíÉáäÜ~ÑíÉå=mçíÉåíá~äîÉêä~ìÑ=áã=e~äÄäÉáíÉê=òìê=råíÉêëíΩíòìåÖ=

ÇÉê=i~ÇìåÖëíê®ÖÉêíêÉååìåÖK=lÄ=ÇÉê=báåÑäìëë=ÇÉê=d~íÉë=åìê=áã=o~åÇÄÉêÉáÅÜ=ÇÉê=aáçJ

ÇÉåI=çÇÉê=~ÄÉê=ΩÄÉê=Öê∏≈ÉêÉ=_ÉêÉáÅÜÉ=ÉêÑçäÖÉå=ëçääI= â~åå=ΩÄÉê=ÇáÉ=tÉáíÉ=ÇÉê=d~íÉë=

ÑÉëíÖÉäÉÖí=ïÉêÇÉåI=ïçÄÉá=ÇáÉ=t~Üä=ÇÉê=dÉçãÉíêáÉ=~ìÅÜ=báåÑäìëë=~ìÑ=ÇáÉ=oÉ~äáëáÉêìåÖëJ

Ñçêã=ÇÉê=d~íÉë=Ü~íK=tÉêÇÉå=åìê=ëÅÜã~äÉ=d~íÉÄÉêÉáÅÜÉ=òìê=råíÉêëíΩíòìåÖ=îÉêïÉåÇÉíI=

â∏ååÉå=ÇáÉëÉ=~ìë=åáÅÜííê~åëé~êÉåíÉã=j~íÉêá~ä=ÄÉëíÉÜÉåI=ÄÉá=Öê∏≈ÉêÉå=d~íÉë=ÜáåÖÉJ

ÖÉå=áëí=ÇáÉ=sÉêïÉåÇìåÖ=îçå=íê~åëé~êÉåíÉã=j~íÉêá~ä=EòK_K=mçäóëáäáòáìãF=®ÜåäáÅÜ=ÇÉã=

mÜçíçÖ~íÉJmja=ÉêÑçêÇÉêäáÅÜK= få=Ö®åÖáÖÉå=mêçòÉëëÉå=â∏ååÉå=ÇáÉ=ëÅÜÉã~íáëÅÜ=Ç~êÖÉJ

ëíÉääíÉå=d~íÉëíêìâíìêÉå=~ìÅÜ=~äë=hçãÄáå~íáçå=îçå=îÉêëÅÜáÉÇÉåÉå=j~íÉêá~äáÉå=~ìëÖÉJ

ÑΩÜêí= ïÉêÇÉåK= aÉåâÄ~ê= áëí= ÄÉáëéáÉäëïÉáëÉ= ÇáÉ= sÉêïÉåÇìåÖ= îçå=jÉí~ääëíêìâíìêÉå= áã=

_ÉêÉáÅÜ=ÇÉë=ãÉí~ääáëÅÜÉå=^ìëäÉëÉâçåí~âíë=ìåÇ=íáÉÑÉê= äáÉÖÉåÇÉ=d~íÉJmçäóëíêìâíìêÉå=áã=

_ÉêÉáÅÜ=ÇÉê=pìÄëíê~íçÄÉêÑä®ÅÜÉ=ãáí=ÉåíëéêÉÅÜÉåÇÉê=wïáëÅÜÉåâçåí~âíáÉêìåÖK=

OKR hÉååÖê∏≈Éå=ÉáåÉë=mja=

rã=ÇáÉ= êÉ~äáëáÉêíÉå= mjaJhçåòÉéíÉ= áã=ïÉáíÉêÉå= sÉêä~ìÑ=ãáíÉáå~åÇÉê= îÉêÖäÉáÅÜÉå= òì=

â∏ååÉåI=ïÉêÇÉå= áå=ÇáÉëÉã=^ÄëÅÜåáíí=ïáÅÜíáÖÉ=aÉÑáåáíáçåÉå=ÉáåÖÉÑΩÜêíI=ÇáÉ=ÉáåÉ=_ÉJ

ïÉêíìåÖ=ÇÉê=mjaJbáÖÉåëÅÜ~ÑíÉå=ìå~ÄÜ®åÖáÖ=îçã=íÉÅÜåçäçÖáëÅÜÉå=^åë~íò=Éêã∏ÖäáJ

ÅÜÉåK=

 



OO= h~éáíÉä=O=

OKRKN aÉãçÇìä~íáçåëâçåíê~ëí=

a~ë= cìåâíáçåëéêáåòáé= ÉáåÉë= mjaë= ÄÉêìÜí= ëíÉíë= ~ìÑ= ÉáåÉê= ÖÉëíÉìÉêíÉå= qêÉååìåÖ= îçå=

éÜçíçÖÉåÉêáÉêíÉå= i~ÇìåÖëíê®ÖÉêå= áååÉêÜ~äÄ= ÇÉë= _~ìÉäÉãÉåíëK= báåÉ=ïáÅÜíáÖÉ= báÖÉåJ

ëÅÜ~Ñí= áëí= Ç~ÜÉê= ÇáÉ= c®ÜáÖâÉáí= i~ÇìåÖëíê®ÖÉê= éÜ~ëÉåêáÅÜíáÖ= òì= íêÉååÉåK= rã= ÇáÉëÉë=

jÉêâã~ä=èì~åíáí~íáî=òì=ÉêÑ~ëëÉåI=ïáêÇ=ÇÉê=_ÉÖêáÑÑ=ÇÉë=aÉãçÇìä~íáçåëâçåíê~ëíë= =ÉáåJ

ÖÉÑΩÜêíK=

h

wìê= sÉê~åëÅÜ~ìäáÅÜìåÖ= ÇÉê= _ÉÇÉìíìåÖ= ëáåÇ= áå= ^ÄÄáäÇìåÖ= OKU= ÇáÉ= áåíÉÖêáÉêíÉå= ^ìëJ

Ö~åÖëëíê∏ãÉ=ÉáåÉë=mja=~äë=^ìëÖ~åÖëé~ååìåÖÉå=ΩÄÉê=ÇÉê=mÜ~ëÉåîÉêëÅÜáÉÄìåÖ=òïáJ

ëÅÜÉå=çéíáëÅÜÉå=pÉåÇÉëáÖå~ä=ìåÇ=ÉäÉâíêáëÅÜÉã=oÉÑÉêÉåòëáÖå~ä=ÄÉá=oÉÅÜíÉÅâãçÇìä~íáJ

çå=Ç~êÖÉëíÉääíK=^ìÑ=ÇÉê=äáåâÉå=pÉáíÉ=ëáåÇ=ÄÉáëéáÉäÜ~Ñí=ÇáÉ=ÄÉáÇÉå=^ìëÖ~åÖëâ~å®äÉ=ÉáåÉë=

mdJmja=ÖÉã®≈=^ÄÄáäÇìåÖ=OKQ=ÖÉÖÉåΩÄÉêÖÉëíÉääíX=ïáÉ=Éêï®Üåí=ëáåÇ=ÇáÉ=ÄÉáÇÉå=páÖJ

å~äÉ= =ìåÇ= =~ìÑÖêìåÇ=ÇÉê=dÉÖÉåí~âíãáëÅÜìåÖ=ìã=NUMø=éÜ~ëÉåîÉêëÅÜçÄÉåK=^ìÑ=

ÇÉê= êÉÅÜíÉå= pÉáíÉ= áëí= ÇáÉ=aáÑÑÉêÉåò= ÇÉê= ÄÉáÇÉå= páÖå~äÉ=
~r Är

Δr = Ç~êÖÉëíÉääíK=aáÉëÉë=aáÑÑÉJ

êÉåòëáÖå~ä=ÉåíëéêáÅÜí=ÖêìåÇë®íòäáÅÜ=ÇÉê=áå=^ÄÄáäÇìåÖ=OKN=ÖÉòÉáÖíÉå=hçêêÉä~íáçåëÑìåâJ

íáçå=ÄÉá=sÉêïÉåÇìåÖ=îçå=oÉÅÜíÉÅâãçÇìä~íáçå=ìåÇ=â~åå=ÇáêÉâí=òìê=^ìëïÉêíìåÖ=ÇÉê=

båíÑÉêåìåÖëáåÑçêã~íáçå=ÖÉã®≈=däÉáÅÜìåÖ=EOKNQF=îÉêïÉåÇÉí=ïÉêÇÉåK=mêáåòáéáÉää=â~åå=
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_ÉÇÉìíìåÖK=wìã=ÉáåÉå=ïÉáä=ÇáÉëÉê=§ÄÉêÖ~åÖ=áå=àÉÇÉã=e~äÄäÉáíÉêÄ~ìÉäÉãÉåí=îçêÜ~åJ

ÇÉå= áëíI=îçê=~ääÉã=~ÄÉêI=ïÉáä= ëáÅÜ=ìåíÉê=ÄÉëíáããíÉå=sçê~ìëëÉíòìåÖÉå=ÉáÖÉåëí®åÇáÖÉ=

_~ìÉäÉãÉåíÉ=ïáÉ=òK_K=pÅÜçííâóÇáçÇÉå=êÉ~äáëáÉêÉå=ä~ëëÉåK=aáÉëÉ=aáçÇÉå=ÄáÉíÉå=ÖÉÖÉåJ

ΩÄÉê=ÇÉå=âä~ëëáëÅÜÉå=éåJaáçÇÉå=~ääÖÉãÉáå=ÇÉå=sçêíÉáäI=Ç~ëë=ëáÉ=ïÉëÉåíäáÅÜ=ëÅÜåÉääÉê=

ëáåÇ=ìåÇ=ëçãáí=Éáå=ÄÉëëÉêÉë=íê~åëáÉåíÉë=sÉêÜ~äíÉå=~ìÑïÉáëÉåK=táÉ=áã=ïÉáíÉêÉå=sÉêä~ìÑ=

ÖÉòÉáÖí= ïáêÇI= Ü®åÖí= ÇáÉë= ãáí= ÇÉå= ÖêìåÇë®íòäáÅÜÉå= i~ÇìåÖëíê~åëéçêíãÉÅÜ~åáëãÉå=

áååÉêÜ~äÄ= ÇÉê= pÅÜçííâóÇáçÇÉ= òìë~ããÉåI= ÇáÉ= áã= sÉêÖäÉáÅÜ= òì= ÜÉêâ∏ããäáÅÜÉå= éåJ

aáçÇÉå=ïÉëÉåíäáÅÜÉ=råíÉêëÅÜáÉÇÉ=~ìÑïÉáëÉåK=

a~=ÇÉê= pÅÜçííâóÉÑÑÉâí= ÑΩê= ÇáÉ=e~äÄäÉáíÉêÉäÉâíêçåáâ= îçå=Öêç≈Éê=_ÉÇÉìíìåÖ= áëíI=ïìêÇÉ=

ëÉáåÉ=táêâìåÖëïÉáëÉ=ìåÇ=_ÉëÅÜêÉáÄìåÖ=áå=ÇÉê=sÉêÖ~åÖÉåÜÉáí=~ìëÖáÉÄáÖ=ÉêÑçêëÅÜíK=få=

ÇáÉëÉã=h~éáíÉä=ëçää=~ìÑ=ÇáÉ=ãçÇÉääÜ~ÑíÉ=_ÉëÅÜêÉáÄìåÖ=ìåÇ=ÇáÉ=hÉååÖê∏≈Éå=ÇÉë=§ÄÉêJ

Ö~åÖëI=ëçïáÉ=~ìÑ=hÉååäáåáÉå=ìåÇ=píêçãÑäìëëéêáåòáéáÉå=ÉáåÖÉÖ~åÖÉå=ïÉêÇÉåK=wÉåíê~äÉ=

 



PO= h~éáíÉä=P=

_ÉÇÉìíìåÖ= Ü~í= ÜáÉêÄÉá= Ç~ë= mêáåòáé= ÇÉê= mçíÉåíá~äÄ~êêáÉêÉI= ïÉäÅÜÉ= áå= ÇáÉëÉã= wìë~ãJ

ãÉåÜ~åÖ=Éêëíã~äë=ÇìêÅÜ=t~äíÉê=pÅÜçííâó=áå=NVPU=ÄÉëÅÜêáÉÄÉå=ïìêÇÉ=ìåÇ=ÇÉå=Ç~ê~ìÑ=

Ä~ëáÉêÉåÇÉå=_~ìíÉáäÉå=áÜêÉå=k~ãÉå=Ö~Ä=xpÅÜçíPUzK=

PKOKN fÇÉ~äÉê=jÉí~ääJe~äÄäÉáíÉêJhçåí~âí=

tÉåå=jÉí~ää=ãáí=ÉáåÉã=e~äÄäÉáíÉê=âçåí~âíáÉêí=ïáêÇI=ÄáäÇÉí=ëáÅÜ=ÉáåÉ=mçíÉåíá~äÄ~êêáÉêÉ=

~å= ÇÉê= dêÉåòëÅÜáÅÜí= òïáëÅÜÉå= ÇÉå= ÄÉáÇÉå=j~íÉêá~äáÉå= ~ìëK= _Éá= ÇÉå= ÑçäÖÉåÇÉå= _ÉJ

íê~ÅÜíìåÖÉå=ïáêÇ=ÜáÉêÄÉá=òìå®ÅÜëí=îçå=ÉáåÉã=áÇÉ~äÉå=jÉí~ääJe~äÄäÉáíÉê=hçåí~âí=~ìëJ

ÖÉÖ~åÖÉåI=Ç~ë=ÜÉá≈íI=áã=e~äÄäÉáíÉê=äáÉÖÉå=âÉáåÉ=é~ê~ëáí®êÉå=lÄÉêÑä®ÅÜÉåòìëí®åÇÉ=îçêK=

tÉêÇÉå=ÇáÉëÉ=ÄÉáÇÉå=j~íÉêá~äáÉå=åìå=ÉäÉâíêáëÅÜ=îÉêÄìåÇÉåI= ëç=Ç~ëë=i~ÇìåÖÉå=îçã=

e~äÄäÉáíÉê=áå=Ç~ë=jÉí~ää=ÑäáÉ≈Éå=â∏ååÉåI=ïÉêÇÉå=ëáÅÜ=Ó=å~ÅÜ=báåëíÉääìåÖ=ÇÉë=íÜÉêãçJ

Çóå~ãáëÅÜÉå=däÉáÅÜÖÉïáÅÜíë=Ó=ÇáÉ=cÉêãáåáîÉ~ìë=~åÖäÉáÅÜÉåK=a~ÄÉá=ïáêÇ=Ç~ë=cÉêãáåáJ

îÉ~ì=ÇÉë=e~äÄäÉáíÉêë=ÄÉòçÖÉå=~ìÑ=Ç~ë=cÉêãáåáîÉ~ì=ÇÉë=jÉí~ääë=ìã=ÉáåÉ=ÇÉã=hçåí~âíJ

éçíÉåíá~ä= ÉåíëéêÉÅÜÉåÇÉ= båÉêÖáÉÇáÑÑÉêÉåò= φ⋅ ãëè = ~ÄÖÉëÉåâíK=a~ÇìêÅÜ=ÖÉÜÉå= bäÉâíêçJ

åÉå=~ìë=ÇÉã=iÉáíìåÖëÄ~åÇ=ÇÉë=e~äÄäÉáíÉêë=áå=Ç~ë=iÉáíìåÖëÄ~åÇ=ÇÉë=jÉí~ääë=ΩÄÉêK=fã=

e~äÄäÉáíÉê=ÄäÉáÄÉå=éçëáíáîÉ=açå~íçê~íçãÉ=òìêΩÅâI=ÇáÉ=ÉáåÉ=îçã=_Éíê~Ö=áÇÉåíáëÅÜÉ=éçJ

ëáíáîÉ=péáÉÖÉää~ÇìåÖ=ÄáäÇÉåK=aáÉ=Ç~ÇìêÅÜ=ÜÉêîçêÖÉêìÑÉåÉ=_~åÇîÉêÄáÉÖìåÖ=áã=e~äÄäÉáJ

íÉê=áëí=áå=^ÄÄáäÇìåÖ=PKO~F=òì=ÉêâÉååÉåK=

Bnqφ ( )Bn mq qφ φ χ= −

w

sqχmqφW
LW

FW

VW

LW

FW

VW

LW

FW

VW

sqχ

Bnqφ
mqφ

Metall Halbleiter Metall Halbleiter Metall Halbleiter

a) b) c)

a

=

^ÄÄáäÇìåÖ=PKOW= fÇÉ~äÉê=jÉí~ääJe~äÄäÉáíÉêJhçåí~âí=ÄÉá=î~êááÉêíÉã=^Äëí~åÇ=òïáëÅÜÉå=jÉí~ää=ìåÇ=e~äÄJ
äÉáíÉêK=

_Éá=~ÄåÉÜãÉåÇÉå=^Äëí~åÇ= =åáããí=ÇáÉ=åÉÖ~íáîÉ=i~ÇìåÖ=~å=ÇÉê=jÉí~ääçÄÉêÑä®ÅÜÉ=áå=~

^ÄÄáäÇìåÖ=PKOÄF=ïÉáíÉê=òìX=ÉåíëéêÉÅÜÉåÇ=ãΩëëÉå= áã=e~äÄäÉáíÉê=ÇáÉ=éçëáíáîÉ=i~ÇìåÖ=

ìåÇ=ÇáÉ=_~åÇîÉêÄáÉÖìåÖ=òìåÉÜãÉåK=^å=ÇÉê=_~åÇîÉêÄáÉÖìåÖ=ÉêâÉååí=ã~å=ÇÉìíäáÅÜI=

Ç~ëë=ÇáÉ= i~ÇìåÖÉå= áã=e~äÄäÉáíÉê= ëáÅÜ= áã=çÄÉêÑä®ÅÜÉåå~ÜÉå=_ÉêÉáÅÜ= áå=ÉáåÉê= îÉêÖê∏J

≈ÉêíÉå=o~ìãä~ÇìåÖëòçåÉ=EsÉê~êãìåÖëòçåÉF=ÉåÇäáÅÜÉê=^ìëÇÉÜåìåÖ=îÉêíÉáäÉåK=



_~ìíÉáäëéÉòáÑáëÅÜÉ=dêìåÇä~ÖÉå= = PP=

få=^ÄÄáäÇìåÖ=PKOÅF=áëí=ÇÉê=^Äëí~åÇ= =ëç=ïÉáí=îÉêêáåÖÉêí=ïçêÇÉåI=Ç~ëë=Éê=áå=ÇÉê=dê∏J

≈ÉåçêÇåìåÖ=ÇÉë=^íçã~Äëí~åÇÉë=äáÉÖíK=aáÉ=Ç~ÄÉá=ÉåíëíÉÜÉåÇÉ=ïáêâë~ãÉ=mçíÉåíá~äÄ~êJ

êáÉêÉ= áã= däÉáÅÜÖÉïáÅÜí= â~åå= ÑΩê= åJe~äÄäÉáíÉê= ãáí= ÑçäÖÉåÇÉê= däÉáÅÜìåÖ= ÄÉëÅÜêáÉÄÉå=

ïÉêÇÉåK=

~

( )φ φ χ= −_å ã ëè è = EPKPF=

aáÉ= mçíÉåíá~äÄ~êêáÉêÉ= áã=däÉáÅÜÖÉïáÅÜí= ÑΩê= ÉáåÉå= áÇÉ~äÉå=hçåí~âí= ~ìÑ= åJpìÄëíê~í= ÉêJ

ÖáÄí=ëáÅÜ=ÇÉãå~ÅÜ=~ìë=ÇÉê=aáÑÑÉêÉåò=ÇÉê=^ìëíêáííë~êÄÉáí=φã =ÇÉë=jÉí~ääë=ìåÇ=ÇÉê=bäÉâíJ

êçåÉå~ÑÑáåáí®í= χë =ÇÉë=e~äÄäÉáíÉêëK=båíëéêÉÅÜÉåÇ=ïáêÇ=ã~å=ÄÉá=ÉáåÉã= áÇÉ~äÉå=jÉí~ääJ

e~äÄäÉáíÉê=hçåí~âí=ìåíÉê=sÉêïÉåÇìåÖ=ÉáåÉë=éJpìÄëíê~íÉë=ÇÉå=ÑçäÖÉåÇÉå=wìë~ããÉåJ

Ü~åÖ=ÉêÜ~äíÉåK=

( )φ φ χ= − −_é Ö ã ëè t è = EPKQF=

PKOKO oÉ~äÉê=jÉí~ääJe~äÄäÉáíÉêJhçåí~âí=

e~äÄäÉáíÉê=â∏ååÉå=åìê=áã=sçäìãÉå=~äë=áÇÉ~ä=~åÖÉåçããÉå=ïÉêÇÉåI=åáÅÜí=~ÄÉê=~å=ÇÉê=

lÄÉêÑä®ÅÜÉK= få= bñéÉêáãÉåíÉå= ëíÉääíÉ= ã~å= ÑÉëíI= Ç~ëë= ÇáÉ= ÉåíëíÉÜÉåÇÉ= _~êêáÉêÉåÜ∏ÜÉ=

ïÉåáÖÉê=îçå=ÇÉå=^ìëíêáííë~êÄÉáíÉå=ÇÉë=jÉí~ääë=ìåÇ=^ÑÑáåáí®íÉå=ÇÉê=e~äÄäÉáíÉê=~ÄÜ®åÖíI=

~äë=îáÉäãÉÜê=îçå=ÇÉå=wìëí®åÇÉå=~å=ÇÉê=e~äÄäÉáíÉêçÄÉêÑä®ÅÜÉ=xpòÉUNzK=aáÉ=òìîçê=~åÖÉJ

ëíÉääíÉå=§ÄÉêäÉÖìåÖÉå=ÖÉäíÉå=Ç~ÜÉê=åìê=ÑΩê=ÇÉå=áÇÉ~äÉå=jÉí~ääJe~äÄäÉáíÉê=§ÄÉêÖ~åÖI=

~äëç= çÜåÉ= é~ê~ëáí®êÉ= lÄÉêÑä®ÅÜÉåòìëí®åÇÉK= lÄÉêÑä®ÅÜÉåòìëí®åÇÉ= ïÉêÇÉå= ÄÉáëéáÉäëJ

ïÉáëÉ=ÇìêÅÜ=ÇÉå=^ÄÄêìÅÜ=ÇÉê=dáííÉêéÉêáçÇáòáí®íI=^åä~ÖÉêìåÖ=îçå=cêÉãÇ~íçãÉå=ìåÇ=

ÇìêÅÜ=lñáÇëÅÜáÅÜíÉå=îÉêìêë~ÅÜíK=páÉ=â∏ååÉå=~äë=båÉêÖáÉåáîÉ~ìë=áã=îÉêÄçíÉåÉå=_~åÇI=

~äëç=òïáëÅÜÉå=iÉáíìåÖëÄ~åÇìåíÉêJ=ìåÇ=s~äÉåòÄ~åÇçÄÉêâ~åíÉ=áåíÉêéêÉíáÉêí=ïÉêÇÉåK=

PKOKP píêçãJpé~ååìåÖëJ`Ü~ê~âíÉêáëíáâ=

aÉê= píêçãíê~åëéçêí= áå= ÉáåÉã= jÉí~ääJe~äÄäÉáíÉêJhçåí~âí= ïáêÇ= áã= dÉÖÉåë~íò= òì= éåJ

§ÄÉêÖ®åÖÉå=Ü~ìéíë®ÅÜäáÅÜ=ÇìêÅÜ=j~àçêáí®íëä~ÇìåÖëíê®ÖÉê=îÉêìêë~ÅÜíK=aáÉ=ÖêìåÇë®íòJ

äáÅÜÉå=mêçòÉëëÉ=ëáåÇ=áã=tÉáíÉêÉå=å®ÜÉê=Éêä®ìíÉêíI=ïçÄÉá=ã~å=ÖêìåÇë®íòäáÅÜ=îáÉê=îÉêJ

ëÅÜáÉÇÉåÉ=^êíÉå=ÇÉë=píêçãíê~åëéçêíÉë=ìåíÉêëÅÜÉáÇÉíK=

• aÉå=qê~åëéçêí=îçå=bäÉâíêçåÉå=~ìë=ÇÉã=e~äÄäÉáíÉê=ΩÄÉê=ÇáÉ=mçíÉåíá~äÄ~êêáÉêÉ=áå=

Ç~ë= jÉí~ääK= aáÉëÉê= mêçòÉëë= áëí= ÑΩê= ã®≈áÖ= ÇçíáÉêíÉë= páäáòáìã= =

ã~≈ÖÉÄäáÅÜ=ÑΩê=ÇÉå=píêçãíê~åëéçêí=îÉê~åíïçêíäáÅÜK=

( )NT PNMak Åã−≤

 



PQ= h~éáíÉä=P=

• nì~åíÉåãÉÅÜ~åáëÅÜÉë= qìååÉäå= ÇÉê= bäÉâíêçåÉå= ÇìêÅÜ= ÇáÉ= mçíÉåíá~äÄ~êêáÉêÉX=

ïáÅÜíáÖ=ÑΩê=ÜçÅÜÇçíáÉêíÉ=e~äÄäÉáíÉê=ìåÇ=çÜãëÅÜÉ=hçåí~âíÉ=

• oÉâçãÄáå~íáçåëéêçòÉëëÉ= áå= ÇÉê= o~ìãä~ÇìåÖëòçåÉI= ®ÜåäáÅÜ= ÇÉåÉå= ÄÉáã= éåJ

§ÄÉêÖ~åÖ=

• i∏ÅÜÉêáåàÉâíáçå=îçã=jÉí~ää= áå=ÇÉå=e~äÄäÉáíÉêI=ÉåíëéêÉÅÜÉåÇ=ÇÉê=oÉâçãÄáå~íáJ

çå=áã=åÉìíê~äÉå=_~ÜåÖÉÄáÉíK=

wìë®íòäáÅÜ= â∏ååÉå= iÉÅâëíê∏ãÉ= ìåÇ= o~åÇÉÑÑÉâíÉ= ~ìÑÖêìåÇ= ÜçÜÉê= cÉäÇëí®êâÉåI= ëçïáÉ=

dêÉåòÑä®ÅÜÉåÉêëÅÜÉáåìåÖÉå= EòK_K= qê~éëF= ~ã=jÉí~ääJe~äÄäÉáíÉê=§ÄÉêÖ~åÖ=ÇÉå=píêçãJ

Ñäìëë=ëáÖåáÑáâ~åí=ÄÉÉáåÑäìëëÉåK=

^å=ÇáÉëÉê=píÉääÉ=ëçää= äÉÇáÖäáÅÜ=ÇÉê=ïáÅÜíáÖÉ=qê~åëéçêí=ÇÉê=i~ÇìåÖëíê®ÖÉê=ΩÄÉê=ÇáÉ=mçJ

íÉåíá~äÄ~êêáÉêÉ=å®ÜÉê=Éêä®ìíÉêí=ïÉêÇÉåK=cΩê=e~äÄäÉáíÉê=ãáí=ÜçÜÉå=_ÉïÉÖäáÅÜâÉáíÉåI=ïáÉ=

òK_K= páäáòáìãI= â~åå= ÇáÉëÉê= bÑÑÉâí= ÜáåêÉáÅÜÉåÇ= ãáí= ÇÉê= íÜÉêãáëÅÜÉå= bãáëëáçåëíÜÉçêáÉ=

ÄÉëÅÜêáÉÄÉå= ïÉêÇÉåK= k~ÅÜ= xpòÉUNz= ÉêÜ®äí= ã~å= ÑΩê= ÇáÉ= ~ääÖÉãÉáåÉ= hÉååäáåáÉåÖäÉáJ

ÅÜìåÖ=

φ⎛ ⎞ ⎛ ⎞ ⎛ ⎞−⎜ ⎟ ⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠ ⎝ ⎠

⎛ ⎞⎛ ⎞ ⎛ ⎞
= − =⎜ ⎟⎜ ⎟ ⎜ ⎟⎜ ⎟⎜ ⎟ ⎜ ⎟
⎝ ⎠⎝ ⎠ ⎝ ⎠

G O N N
_åè èr èr

âq âq âq
å pà ^ q É É à É −q = EPKRF=

ãáí=ÇÉê=péÉêêë®ííáÖìåÖëëíêçãÇáÅÜíÉ=

φ⎛ ⎞−⎜ ⎟
⎝ ⎠= G O

_åè
âq

pqà ^ q É = EPKSF=

eáÉêÄÉá= áëí=åÉÄÉå=ÇÉê=pé~ååìåÖ= =ÇáÉ=mçíÉåíá~äÄ~êêáÉêÉ=ÑΩê=bäÉâíêçåÉr åφ_å I=ÇáÉ=qÉãJ

éÉê~íìê=q I=ÇáÉ=_çäíòã~ååâçåëí~åíÉ= â =ìåÇ=ÇáÉ=ÉÑÑÉâíáîÉ=oáÅÜ~êÇëçåJhçåëí~åíÉ= ÑΩê=bJ

äÉâíêçåÉå= G^ =òì=ÄÉêΩÅâëáÅÜíáÖÉåK=j~å=ÉêâÉååíI=Ç~ëë=ÇÉê=Ñçêã~äÉ=wìë~ããÉåÜ~åÖ=îçå=

píêçã= ìåÇ= pé~ååìåÖ= ÇÉã= ÉáåÉë= éåJ§ÄÉêÖ~åÖë= ÉåíëéêáÅÜíK= aÉãòìÑçäÖÉ= ïáêÇ=ã~å=

~ìÅÜ= ÄÉá= ÉáåÉã=jÉí~ääJe~äÄäÉáíÉê= §ÄÉêÖ~åÖ= ÖêìåÇë®íòäáÅÜ= ÇáÉ= ÖäÉáÅÜÉ= ÅÜ~ê~âíÉêáëíáJ

ëÅÜÉ= ÉñéçåÉåíáÉääÉ= aáçÇÉåâÉååäáåáÉ= ÉêÜ~äíÉåK= qêçíò= ÇÉê= ûÜåäáÅÜâÉáí= ÇÉê= hÉååäáåáÉå=

ëçääíÉ=ã~å= ëáÅÜ=~ÄÉê=ÄÉïìëëí= ëÉáåI=Ç~ëë=ÇÉê= píêçãíê~åëéçêíãÉÅÜ~åáëãìë=ÄÉá= ÉáåÉã=

jÉí~ääJe~äÄäÉáíÉê=§ÄÉêÖ~åÖ=î∏ääáÖ=~åÇÉêë=~äë=ÄÉá=ÉáåÉã=éåJ§ÄÉêÖ~åÖ=áëíK=

PKOKQ _ÉëíáããìåÖ=ÇÉê=_~êêáÉêÉåÜ∏ÜÉ=

aáÉ=ÄÉëÅÜêáÉÄÉåÉ=mçíÉåíá~äÄ~êêáÉêÉ= áëí= ÑΩê=ÇÉå=jÉí~ääJe~äÄäÉáíÉê=§ÄÉêÖ~åÖ=ÉáåÉ=ã~≈J

ÖÉÄäáÅÜÉ=dê∏≈ÉI=ÇáÉ=Ç~ë=sÉêÜ~äíÉå=ÇÉê=_~ìÉäÉãÉåíÉ=ïÉëÉåíäáÅÜ=ÄÉÉáåÑäìëëíK=wìê=_ÉJ

ëíáããìåÖ=ÇÉê= _~êêáÉêÉåÜ∏ÜÉ=ÖáÄí= Éë= áå=ÇÉê= mê~ñáë= îÉêëÅÜáÉÇÉåÉ=sÉêÑ~ÜêÉåX= áã=o~ÜJ



_~ìíÉáäëéÉòáÑáëÅÜÉ=dêìåÇä~ÖÉå= = PR=

ãÉå=ÇáÉëÉê=^êÄÉáí=ëçää=àÉÇçÅÜ=åìê=ÇáÉ=jÉíÜçÇÉ=ãáííÉäë=píêçãJpé~ååìåÖëJjÉëëìåÖ=áå=

sçêï®êíëêáÅÜíìåÖ=å®ÜÉê=ÄÉëÅÜêáÉÄÉå=ìåÇ=ÇìêÅÜÖÉÑΩÜêí=ïÉêÇÉåK=

cΩê= ã®≈áÖ= ÇçíáÉêíÉ= e~äÄäÉáíÉê= áëí= Ç~ë= píêçãJpé~ååìåÖëJsÉêÜ~äíÉå= ÄÉá= pé~ååìåÖÉå=

P Lr âq è> =ÇìêÅÜ=ÑçäÖÉåÇÉ=mêçéçêíáçå~äáí®í=ÖÉÖÉÄÉåK=

⎛ ⎞
⎜ ⎟
⎝ ⎠�∼
èr
åâqà É = EPKTF=

_Éá= ÉñéÉêáãÉåíÉääÉå= frJhÉååäáåáÉå= ïáêÇ= Ü®ìÑáÖ= ÉáåÉ= ^ÄïÉáÅÜìåÖ= îçå= ÇÉê= fÇÉ~äáí®í=

ÑÉëíÖÉëíÉääíI=ïÉäÅÜÉ=ëáÅÜ=áå=ÉáåÉã=òì=Ñä~ÅÜÉå=^åëíáÉÖ=ÇÉê=píêçãÇáÅÜíÉ=ÄÉá=~åÖÉäÉÖíÉê=
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ëéêÉÅÜÉåÇÉå= hçêêÉä~íáçåëÑìåâíáçå= ÇìêÅÜ= ÇÉå= ÑΩåÑíÉå= åÉÖ~íáîÉå= qÉêã= áå= däÉáÅÜìåÖ=

Δ

EPKRUF= ïáÉÇÉê= íÉáäïÉáëÉ= âçãéÉåëáÉêíI= ïçÄÉá= å~íΩêäáÅÜ= ãáí= òìåÉÜãÉåÇÉê= a`J
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ÇÉåÉå=mÜ~ëÉåä~ÖÉåK=eáÉêòì=ïáêÇ=Ç~ë=çéíáëÅÜÉ=páÖå~ä= EåáÅÜí=Ç~êÖÉëíÉääíF=ïáÉÇÉê=ÅçëáJ

åìëÑ∏êãáÖ=ãáí= ÉáåÉê= iÉáëíìåÖ= îçå= =ãçÇìäáÉêí= ìåÇ=ãáí= ÉáåÉã= òìë®íòäáJ

ÅÜÉå=a`JlÑÑëÉí=ÇÉê=iÉáëíìåÖ= =îÉêëÉÜÉåK=

M
N N Nm m åt= =

NMa`m å=

aáÉ=^Äí~ëíìåÖ=ÇáÉëÉë=páÖå~äë=ÇìêÅÜ=ÇáÉ=oÉÅÜíÉÅâãçÇìä~íáçå=ïáêÇ=áå=^ÄÄáäÇìåÖ=PKNO=

ÇìêÅÜ= ÇÉå= sÉêä~ìÑ= ÇÉê= píê∏ãÉ= ÄÉá= îÉêëÅÜáÉÇÉåÉå= mÜ~ëÉåä~ÖÉå= ÇÉìíäáÅÜK= _Éíê~ÅÜíÉí=

ã~å=ÄÉáëéáÉäëïÉáëÉ=ÇÉå=sÉêä~ìÑ= ÑΩê=NUMø=mÜ~ëÉåîÉêëÅÜáÉÄìåÖI=ëç=ÉêâÉååí=ã~åI=Ç~ëë=

 



RS= h~éáíÉä=P=

Ç~ë=çéíáëÅÜÉ=páÖå~ä=E^`J^åíÉáä=ìåÇ=a`JpçÅâÉäF=ÄÉá=éçëáíáîÉê=pé~ååìåÖ=åáÅÜíáåîÉêíáÉêí=

ìåÇ= ÉåíëéêÉÅÜÉåÇ=ÄÉá= åÉÖ~íáîÉê= pé~ååìåÖ= áåîÉêíáÉêí= ~ÄÖÉí~ëíÉí=ïáêÇK=a~= Ç~ë= çéíáJ

ëÅÜÉ=kìíòëáÖå~ä=ÄÉá=ÇÉê=éçëáíáîÉå=^Äí~ëíìåÖ=ÇÉå=âäÉáåÉêÉå=^ãéäáíìÇÉåïÉêí=EłåÉÖ~íáJ

îÉ“=çéíáëÅÜÉ=e~äÄïÉääÉF=ÄÉëáíòí=ìåÇ=ÄÉá=ÇÉê=åÉÖ~íáîÉå=ÇÉå=Öê∏≈ÉêÉå=^ãéäáíìÇÉåïÉêí=

EłéçëáíáîÉ“=çéíáëÅÜÉ=e~äÄïÉääÉFI=ïáêÇ=å~ÅÜ=^ÄëÅÜäìëë=ÉáåÉê=^Äí~ëíéÉêáçÇÉ=Éáå=åÉÖ~íáJ

îÉê=^åíÉáä=îÉêÄäÉáÄÉåK=cçäÖäáÅÜ=áëí=ÄÉáã=Ç~êÖÉëíÉääíÉå=sÉêä~ìÑ=ÇÉê= áåíÉÖêáÉêíÉå=píê∏ãÉ=

Éáå=òìåÉÜãÉåÇ=åÉÖ~íáîÉê=sÉêä~ìÑ=ÇÉë=jáííÉäïÉêíë=òì=ÉêâÉååÉåK==
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^ÄÄáäÇìåÖ=PKNOW= sÉêïÉåÇìåÖ=ÉáåÉë=êÉÅÜíÉÅâÑ∏êãáÖÉå=ÉäÉâíêáëÅÜÉå=jçÇìä~íáçåëëáÖå~äë=áå=hçãÄáå~J
íáçå=ãáí=ÉáåÉã=ÅçëáåìëÑ∏êãáÖÉå=çéíáëÅÜÉå=páÖå~äK=

a~=ÇÉê=a`JlÑÑëÉí=ëçïçÜä=ÄÉá=éçëáíáîÉê=~äë=~ìÅÜ=åÉÖ~íáîÉê=^Äí~ëíìåÖ=âçåëí~åí=áëíI=ÉêJ

ÑçäÖí=~ìÅÜ=ÜáÉê=ïáÉÇÉê=ÇáÉ= áåÜ®êÉåíÉ=råíÉêÇêΩÅâìåÖ=ÇÉë=îçêÜ~åÇÉåÉå=däÉáÅÜäáÅÜíëçJ

ÅâÉäëK=råíÉêëíêÉáÅÜÉå=ëçääíÉ=ã~å=~å=ÇáÉëÉê=píÉääÉ=åçÅÜã~äëI=Ç~ëë=ÇáÉ=ÄÉëÅÜêáÉÄÉåÉ=dÉJ

ÖÉåí~âí~Äí~ëíìåÖ=ìåÇ=`_p=~ìÅÜ=ÄÉá=Ö®åÖáÖÉå=cêÉãÇãçÇìä~íáçåëâçåòÉéíÉå=EòK_K=mdJ

mjaF=ÇìêÅÜ=ÇáÉ=^ìëïÉêíìåÖ=ÇÉê=aáÑÑÉêÉåòáåÑçêã~íáçå=îçêäáÉÖíK=açêí=ãìëë=ÇáÉ=aáÑÑÉJ

êÉåòÄáäÇìåÖ=àÉÇçÅÜ=ãáí=òìë®íòäáÅÜÉå=ÉñíÉêåÉå=hçãéçåÉåíÉå=îçêÖÉåçããÉå=ïÉêÇÉåX=

ÄÉá=ÇÉå=Äáéçä~êÉå=pjJhçåòÉéíÉå=ÜáåÖÉÖÉå=Ü~åÇÉäí=Éë=ëáÅÜ=ìã=ÉáåÉ=áåÜ®êÉåíÉ=aáÑÑÉJ

êÉåòÄáäÇìåÖ=ìåÇ=ëçãáí=ìã=Éáå=áåÜ®êÉåíÉë=`_pK=

a~=ÄÉá=ëé®íÉêÉå=råíÉêëìÅÜìåÖÉå=ìåÇ=jÉëëìåÖÉå=ëçïçÜä=ÉäÉâíêáëÅÜ=~äë=~ìÅÜ=çéíáëÅÜ=

êÉÅÜíÉÅâÑ∏êãáÖ=ãçÇìäáÉêí=ïáêÇI=áëí=áå=^ÄÄáäÇìåÖ=PKNP=ÇÉê=sçääëí®åÇáÖâÉáí=Ü~äÄÉê=~ìÅÜ=



_~ìíÉáäëéÉòáÑáëÅÜÉ=dêìåÇä~ÖÉå= = RT=

ÇáÉëÉê= _ÉíêáÉÄëòìëí~åÇ=ãçÇÉääÜ~Ñí= Ç~êÖÉëíÉääíK= bêï~êíìåÖëÖÉã®≈= ÉêÖÉÄÉå= ëáÅÜ= ~ìÅÜ=

ÜáÉê= ÇáÉ= òìîçê= Éêä®ìíÉêíÉå= wìë~ããÉåÜ®åÖÉK= iÉÇáÖäáÅÜ= ÇáÉ= ^ãéäáíìÇÉ= ÇÉë= hçêêÉä~íáJ

çåëÉêÖÉÄåáëëÉë=Ü~í=ëáÅÜ= áå=^ÄÄáäÇìåÖ=PKNP=~ìÑÖêìåÇ=ÇÉê=îÉêïÉåÇÉíÉå=páÖå~äÑçêãÉå=

ÖÉ®åÇÉêíK=
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^ÄÄáäÇìåÖ=PKNPW= sÉêïÉåÇìåÖ=ÉáåÉë=êÉÅÜíÉÅâÑ∏êãáÖÉå=ÉäÉâíêáëÅÜÉå=jçÇìä~íáçåëëáÖå~äë=áå=hçãÄáå~J
íáçå=ãáí=ÉáåÉã=êÉÅÜíÉÅâÑ∏êãáÖÉå=çéíáëÅÜÉå=páÖå~äK=

wìê=§ÄÉêëáÅÜí=ëáåÇ=áå=^ÄÄáäÇìåÖ=PKNQ=~ìÑ=ÇÉê=äáåâÉå=pÉáíÉ=ÑΩê=ÄÉáÇÉ=ÄÉíê~ÅÜíÉíÉ=c®ääÉ=

ÇáÉ=hçêêÉä~íáçåëÉêÖÉÄåáëëÉ=ïáÉÇÉêÖÉÖÉÄÉåK=_Éá=sÉêïÉåÇìåÖ=ÇÉê=oÉÅÜíÉÅâãçÇìä~íáçå=

EÉäÉâíêáëÅÜ= ìåÇ= çéíáëÅÜF= ÉêÖáÄí= ëáÅÜ=ïáÉ= Éêï~êíÉí= ÉáåÉ= ÇêÉáÉÅâëÑ∏êãáÖÉ= hçêêÉä~íáçåëJ

ÑìåâíáçåK=_Éá=sÉêïÉåÇìåÖ=ÉáåÉë=çéíáëÅÜÉå=`çëáåìëëáÖå~äë=ÉåíëíÉÜí=ÉáåÉ=ÅçëáåìëÑ∏êãáJ

ÖÉ= hçêêÉä~íáçåëÑìåâíáçåK= få= ÄÉáÇÉå= c®ääÉå= áëí= ÄÉá= áÇÉ~äÉå= oÉÅÜíÉÅâëáÖå~äÉå= ÇáÉ= cçêã=

ÇÉê=jáëÅÜÉêâÉååäáåáÉ=åáÅÜí=êÉäÉî~åíI=Ç~=Éë=ëáÅÜ=ìã=ÉáåÉ=łÇáÖáí~äÉ“=^Äí~ëíìåÖ=ÇÉë=çéíáJ

ëÅÜÉå= páÖå~äë= Ü~åÇÉäíK= _Éíê~ÅÜíÉí= ã~å= àÉÇçÅÜ= ~ìÑ= ÇÉê= êÉÅÜíÉå= pÉáíÉ= áå= ^ÄÄáäÇìåÖ=

PKNQ= ÇÉå= sÉêä~ìÑ= ÇÉê= hçêêÉä~íáçåëÑìåâíáçå= ÄÉá= sÉêïÉåÇìåÖ= ÉáåÉë= ÅçëáåìëÑ∏êãáÖÉå=

ÉäÉâíêáëÅÜÉå=jçÇìä~íáçåëëáÖå~äë=ìåÇ=ÉáåÉë=çéíáëÅÜÉå=oÉÅÜíÉÅâëáÖå~äëI=ïáêÇ=ÇáÉ=cçêã=

ÇÉê=hçêêÉä~íáçåëÑìåâíáçå=ÇìêÅÜ=ÇáÉ=mjaJhÉååäáåáÉ=ÄÉÉáåÑäìëëíK=

a~ÇìêÅÜI=Ç~ëë=ÇáÉ=hÉååäáåáÉ=ÉáåÉå=ÜóéÉêÄçäáëÅÜÉå=q~åÖÉåë=ÄÉëÅÜêÉáÄí=ìåÇ=Ç~ë=ÉäÉâíJ

êáëÅÜÉ= páÖå~ä= ÇÉå= äáåÉ~êÉå= _ÉêÉáÅÜ= îÉêä®ëëí= Edêç≈ëáÖå~äÄÉíêáÉÄFI= ÉêÑçäÖí= ÉáåÉ= sÉêòÉêJ

 



RU= h~éáíÉä=P=

êìåÖ=ãáí=òìë®íòäáÅÜÉå=ÜçÅÜÑêÉèìÉåíÉå=jáëÅÜéêçÇìâíÉå=ÇáÉ=áã=bêÖÉÄåáë=ÉáåÉ=hçêêÉä~J

íáçåëÑìåâíáçå=ãáí=ÇêÉáÉÅâÑ∏êãáÖÉå=sÉêä~ìÑ=ãáí=äÉáÅÜí=~ÄÖÉêìåÇÉíÉå=péáíòÉå=ÉêÖáÄíK=

píÉìÉêí=ã~å=ÇáÉ=îçêäáÉÖÉåÇÉ=mjaJpíêìâíìê= àÉÇçÅÜ= áã=äáåÉ~êÉå=_ÉêÉáÅÜ=~åI=ëç=ÉêÖáÄí=

ëáÅÜ=~ìÅÜ=ÜáÉê= áã=bêÖÉÄåáë=ÉáåÉ=ÅçëáåìëÑ∏êãáÖÉ=hçêêÉä~íáçåëÑìåâíáçåK= fã=ł~å~äçÖÉå“=

jáëÅÜéêçòÉëë=Ü~í=ÇÉãå~ÅÜ=ÇáÉ=cçêã=ÇÉê=~ìëÖÉëíÉìÉêíÉå=hÉååäáåáÉ=ÉáåÉå=ã~≈ÖÉÄäáJ

ÅÜÉå= báåÑäìëë= ~ìÑ= ÇÉå= sÉêä~ìÑ= ÇÉê= hçêêÉä~íáçåëÑìåâíáçåK= aáÉ= hÉååíåáë= ÇÉê= cçêã= ÇÉê=

êÉëìäíáÉêÉåÇÉå=hçêêÉä~íáçåëÑìåâíáçå= áëí= áåëÄÉëçåÇÉêÉ=ÄÉá=ÇÉê=cÉëíäÉÖìåÖ=ÇÉê=^ìëïÉêJ

íÉ~äÖçêáíÜãÉå=ÄòïK= ÇáÉ=jáåáãáÉêìåÖ=ÇÉê= ëóëíÉã~íáëÅÜÉå= cÉÜäÉê= EîÖäK= h~éáíÉä= OKPKNF=

îçå=_ÉÇÉìíìåÖK=

báå=_ÉáëéáÉä=ÉáåÉë=mjaë=ãáí=ÉáåÉã=Öêç≈Éå=åìíòÄ~êÉå=äáåÉ~êÉå=^ìëëíÉìÉêÄÉêÉáÅÜ=áëí=áå=

h~éáíÉä=S=ÄÉëÅÜêáÉÄÉåK=

0 100 200 300
−1.5

−1

−0.5

0

0.5

1

1.5

Phasenverschiebung φ
τ
  [°]

N
or

m
ie

rt
e 

A
m

pl
itu

de

Korrelationsfunktionen bei unterschiedlichen
 opt. Signalformen bei elektr. Rechteckmodulation

Opt. Cos.−Modulation
Opt. Rec.−Modulation

0 100 200 300
−1.5

−1

−0.5

0

0.5

1

1.5

Phasenverschiebung φ
τ
  [°]

N
or

m
ie

rt
e 

A
m

pl
itu

de

Korrelationsfunktionen bei unterschiedlichen
 elektr. Signalformen bei opt. Rechteckmodulation

Elektr. Cos.−Modulation
Elektr. Rec.−Modulation

=

^ÄÄáäÇìåÖ=PKNQW= iáåâëW=sÉêä~ìÑ=ÇÉê=hçêêÉä~íáçåëÑìåâíáçå=ÄÉá=ÉäÉâíêáëÅÜÉê=oÉÅÜíÉÅâãçÇìä~íáçå=ìåÇ=
îÉêëÅÜáÉÇÉåÉå=çéíáëÅÜÉå=páÖå~äÑçêãÉåK=oÉÅÜíëW=sÉêä~ìÑ=ÇÉê=hçêêÉä~íáçåëÑìåâíáçå=ÄÉá=
çéíáëÅÜÉê=oÉÅÜíÉÅâãçÇìä~íáçå=ìåÇ=îÉêëÅÜáÉÇÉåÉå=ÉäÉâíêáëÅÜÉå=páÖå~äÑçêãÉåK=



=

Q d~ääáìã~êëÉåáÇ=jpjJmja=

QKN sçêÄÉíê~ÅÜíìåÖÉå=

páäáòáìã= áëí= ÜÉìíòìí~ÖÉ= Ç~ë= ãÉáëíîÉêïÉåÇÉíÉ= e~äÄäÉáíÉêã~íÉêá~ä= ìåÇ= ÇÉê= âä~ëëáëÅÜÉ=

sÉêíêÉíÉê=ÉáåÉë=áåÇáêÉâíÉå=e~äÄäÉáíÉêëX=d~ääáìã~êëÉåáÇ=ÜáåÖÉÖÉå=â~åå=ÇÉê=dêìééÉ=ÇÉê=

ÇáêÉâíÉå=fffLs=e~äÄäÉáíÉê=òìÖÉçêÇåÉí=ïÉêÇÉåK=wìê=^ÄÖêÉåòìåÖ=ÇÉê=ÄÉáÇÉå=j~íÉêá~äáÉå=

ÖáÄí=ÑçäÖÉåÇÉ=q~ÄÉääÉ=ïÉëÉåíäáÅÜÉ=m~ê~ãÉíÉê=áã=§ÄÉêÄäáÅâ=ïáÉÇÉêK=sáÉäÉ=ÇáÉëÉê=tÉêíÉ=

Ü®åÖÉå=îçå=ÇÉê=qÉãéÉê~íìê=ìåÇ=îçå=ÇÉê=açíáÉêìåÖ=ÇÉë=e~äÄäÉáíÉêë= ~ÄI=Ç~ÜÉê=ÖáÄí=

ÇáÉëÉ=^ìÑëíÉääìåÖ= äÉÇáÖäáÅÜ=íóéáëÅÜÉ=tÉêíÉ= áã=sÉêÖäÉáÅÜ=ÄÉá=qZPMM=h=ïáÉÇÉêK=xpòÉUNz=

x_∏ÜãUVz=xnì~óMMz=

m~ê~ãÉíÉê= báåÜÉáí páäáòáìã= d~^ë

_~åÇäΩÅâÉ= =dt És NINO= NIQO

dêÉåòïÉääÉåä®åÖÉ=λÅ = åã Å~K=NNMM=åã= Å~K=UTR=åã

báåÇêáåÖíáÉÑÉ= =]SRM=åã=ÉÇ ”ã Å~K=P= Å~K=MIT

báåÇêáåÖíáÉÑÉ= =]URM=åã=ÉÇ ”ã Å~K=NR= Å~K=O

mÉêãáííáîáí®í=ε = NNIV= NPIN

jáåçêáí®íëä~ÇìåÖëíê®ÖÉêäÉÄÉåëÇ~ìÉê=τ = ë ⋅ JPOIR NM = JUNM
_ÉïÉÖäáÅÜâÉáí=bäÉâíêçåÉå=μå =

O LÅã së NRMM= URMM
_ÉïÉÖäáÅÜâÉáí=i∏ÅÜÉê=μé =

O LÅã së QRM= QMM

jáåçêáí®íÉåJaáÑÑìëáçåëä®åÖÉ=bäÉâíêçåÉå= ”ã PNMM= NR

jáåçêáí®íÉåJaáÑÑìëáçåëä®åÖÉ=i∏ÅÜÉê== ”ã NTMM= PIO

j~ñáã~äÖÉëÅÜïK=bäÉâíêçåÉå= =ã~ñî LÅã ë Q
T
b[Q×NM sLÅã

N NM⋅ P
T
bZPKKKQ×NM sLÅã

O NM⋅

p®ííáÖìåÖëÖÉëÅÜïK=bäÉâíêçåÉå= =ë~íî LÅã ë Q
T
b[Q×NM sLÅã

N NM⋅ R
T
b[N×NM sLÅã

MIT NM⋅

q~ÄÉääÉ=QKNW= qóéáëÅÜÉ=hÉååÖê∏≈Éå=îçå=páäáòáìã=ìåÇ=d~^ë=ÄÉá=qZPMM=hK=

báå=ïáÅÜíáÖÉê=m~ê~ãÉíÉê=ÄÉá=_Éíê~ÅÜíìåÖ=ëÅÜåÉääÉê=_~ìÉäÉãÉåíÉ= áëí=ÇáÉ=iÉÄÉåëÇ~ìÉê=

ÇÉê= jáåçêáí®íëä~ÇìåÖëíê®ÖÉêK= ^åÜ~åÇ= ÇÉê= ÖÉÖÉåΩÄÉêÖÉëíÉääíÉå= íóéáëÅÜÉå= tÉêíÉ= ÉêJ

âÉååí=ã~åI=Ç~ëë=ÉáåÉ=ïÉëÉåíäáÅÜÉ=báÖÉåëÅÜ~Ñí=ÇÉë=d~^ë=ÇáÉ=ÖÉêáåÖÉ=iÉÄÉåëÇ~ìÉê=ÇÉê=



SM= h~éáíÉä=Q=

jáåçêáí®íÉå=áëíK=aáÉëÉ=áëí=áã=sÉêÖäÉáÅÜ=òì=páäáòáìã=ìã=Éíï~=R=dê∏≈ÉåçêÇåìåÖÉå=ÖÉJ

êáåÖÉêI=ï~ë=ëáÅÜ=áåëÄÉëçåÇÉêÉ=ÄÉáã=íê~åëáÉåíÉå=sÉêÜ~äíÉå=îçå=aáçÇÉå=EîÖäK=píêçã~ÄJ

ëÅÜ~äíìåÖI= JâçããìíáÉêìåÖ= x_∏ÜãUVzF= ÄÉãÉêâÄ~ê= ã~ÅÜíK= báåÉ= ïÉáíÉêÉ= îçêíÉáäÜ~ÑíÉ=

báÖÉåëÅÜ~Ñí=ÇÉë=d~^ë=áã=sÉêÖäÉáÅÜ=òì=páäáòáìãI=áëí=ÇáÉ=ÜçÜÉ=_ÉïÉÖäáÅÜâÉáí=ÇÉê=bäÉâíêçJ

åÉåK=aáÉ=sÉêâåΩéÑìåÖ=ÇÉê=i~ÇìåÖëíê®ÖÉêÄÉïÉÖäáÅÜâÉáí=ãáí=ÇÉê=iÉÄÉåëÇ~ìÉê=ÑΩÜêí=òì=

ÉáåÉã=ïÉáíÉêÉå=ïáÅÜíáÖÉå=m~ê~ãÉíÉêI=ÇÉê=aáÑÑìëáçåëä®åÖÉK=eáÉêãáí=ïáêÇ=ÇÉê=áã=jáííÉä=

òìêΩÅâÖÉäÉÖíÉ=tÉÖ=ÇÉê=i~ÇìåÖëíê®ÖÉê=ÄÉòÉáÅÜåÉí=ÄÉîçê=ÉáåÉ=oÉâçãÄáå~íáçå=ëí~ííÑáåJ

ÇÉí=ìåÇ=ëçãáí=ÇáÉ=i~ÇìåÖëíê®ÖÉê=åáÅÜí=ãÉÜê=òìã=píêçãíê~åëéçêí=òìê=sÉêÑΩÖìåÖ=ëíÉJ

ÜÉåK=^ìÅÜ=ÜáÉê=ã~ÅÜí=ëáÅÜ=ÇáÉ=ÖÉêáåÖÉ=iÉÄÉåëÇ~ìÉê=áã=d~^ë=éçëáíáî=ÄÉãÉêâÄ~êK=t®ÜJ

êÉåÇ= áã= páäáòáìã=aáÑÑìëáçåëä®åÖÉå= áã= _ÉêÉáÅÜ= îçå=ãÉÜêÉêÉå= ÜìåÇÉêí= çÇÉê= Ö~ê= í~ìJ

ëÉåÇ=”ã=êÉ~äáëíáëÅÜ=ëáåÇI=ëç=äáÉÖÉå=ÇáÉ=aáÑÑìëáçåëä®åÖÉå=áã=d~^ë=áå=ÇÉê=oÉÖÉä=áã=_ÉJ

êÉáÅÜ=îçå=ïÉåáÖÉå=”ãK=

báåÉ=ã~≈ÖÉÄäáÅÜÉ=báÖÉåëÅÜ~Ñí=ÄÉá=ÇÉê=båíïáÅâäìåÖ=îçå=mÜçíçÇÉíÉâíçêÉå= áëí=ÇáÉ=^ÄJ

ëçêéíáçå=ÄòïK=ÇáÉ=báåÇêáåÖíáÉÑÉ=ÇÉë=iáÅÜíëK= fåëÄÉëçåÇÉêÉ=ÄÉá=ÇÉå= êÉäÉî~åíÉå=tÉääÉåJ

ä®åÖÉå=ÇÉê=ÑçäÖÉåÇÉå=_Éíê~ÅÜíìåÖÉå=áã=å~ÜÉå=fåÑê~êçí=áã=_ÉêÉáÅÜ=îçå=URM=åã=áëí=ÇáÉ=

báåÇêáåÖíáÉÑÉ= áã=d~^ë=ãáí=Å~K=O=”ã=ÖÉêáåÖ= áã=sÉêÖäÉáÅÜ=òì=Éíï~=NR=”ã=áã=páäáòáìãK=

aáÉ=Öêç≈É=^Äëçêéíáçå= áå=d~^ë=Éêã∏ÖäáÅÜí=Ç~ÜÉê=ÜçÜÉ=mÜçíçÉãéÑáåÇäáÅÜâÉáíÉå= íêçíò=

sÉêïÉåÇìåÖ=êÉä~íáî=ÇΩååÉê=^ÄëçêéíáçåëëÅÜáÅÜíÉåK=

få=h~éáíÉä=PKPKQ=áëí=ÇÉê=báåÑäìëë=ÇÉë=cáåÖÉê~Äëí~åÇÉë=~ìÑ=ÇáÉ=qê~åëáíòÉáí=ìåÇ=ëçãáí=~ìÑ=

ÇáÉ= dêÉåòÑêÉèìÉåò= ÄÉëÅÜêáÉÄÉå= ïçêÇÉåK= aáÉ= dÉëÅÜïáåÇáÖâÉáí= ÉáåÉê= jpjJaáçÇÉ=

Ü®åÖí=~ÄÉê=åáÅÜí=åìê=îçå=ÇÉê=cáåÖÉêÖÉçãÉíêáÉI=ëçåÇÉêå=~ìÅÜ=îçå=ÇÉê=aáÅâÉ=ÇÉê=^ÄJ

ëçêéíáçåëëÅÜáÅÜí= ~ÄK= fåëÄÉëçåÇÉêÉ=ïÉåå=ÇÉê= cáåÖÉê~Äëí~åÇ= âäÉáåÉê= ~äë= ÇáÉ=^ÄëçêéíáJ

çåëëÅÜáÅÜí= ïáêÇI= ÇçãáåáÉêí= ÇÉê= aáÑÑìëáçåë~åíÉáä= ~ìë= ÇÉã= sçäìãÉå= ÖÉÖÉåΩÄÉê= ÇÉã=

^åíÉáä= ÇÉê= qê~åëáíòÉáí= ï~ë= ëáÅÜ= å~ÅÜíÉáäáÖ= ~ìÑ= ÇáÉ= _~åÇÄêÉáíÉ= ~ìëïáêâí= xiáìVQzK= jáí=

d~^ë=ä~ëëÉå=ëáÅÜ=ãáí=ÇΩååÉå=^ÄëçêéíáçåëëÅÜáÅÜíÉå=Ç~ÜÉê=ÉÑÑáòáÉåíÉ=ìåÇ=ëÅÜåÉääÉ=mÜçJ

íçÇÉíÉâíçêÉå=êÉ~äáëáÉêÉåK=

jpjJaáçÇÉå= ~ìÑ= d~^ëJ_~ëáë= ïÉêÇÉå= ÄÉêÉáíë= ëÉáí= g~ÜêÉå= áå= îÉêëÅÜáÉÇÉåÉå= eçÅÜÑêÉJ

èìÉåò~åïÉåÇìåÖÉå= ìåÇ= òìê= oÉ~äáëáÉêìåÖ= ëÅÜåÉääÉê= mÜçíçÉãéÑ®åÖÉê= ÉáåÖÉëÉíòíK= få=

ÇáÉëÉã=h~éáíÉä= ëçääÉå=ÇáÉ=báÖÉåëÅÜ~ÑíÉå=îçå=d~^ë=jpjJpíêìâíìêÉå=ÄÉá=ÇÉê=sÉêïÉåJ

ÇìåÖ=~äë=jpjJmja=ìåíÉêëìÅÜí=ïÉêÇÉåK=



d~ääáìã~êëÉåáÇ=jpjJmja= = SN=

QKO oÉ~äáëáÉêìåÖë~åë~íò=

báå= áåíÉÖêáÉêíÉë=pjJmja=hçåòÉéí=ÄÉëíÉÜí= áããÉê=~ìë=ÉáåÉã=mjaJpÉåëçê=ìåÇ=ÉáåÉê=

~åÖÉé~ëëíÉå=^åëíÉìÉêìåÖ=ëçïáÉ=ÉáåÉã=^ìëäÉëÉåÉíòïÉêâ=áå=cçêã=îçå=páÖå~äîÉê~êÄÉáJ

íìåÖëÉäÉâíêçåáâK=dêìåÇë®íòäáÅÜ=ÉñáëíáÉêí=ÄÉá=pÉåëçêÉå=~ìÑ=d~^ëJ_~ëáë=ÇáÉ=j∏ÖäáÅÜâÉáíI=

pÅÜ~äíìåÖëÉäÉâíêçåáâ=òìê=^ìëäÉëÉ=ìåãáííÉäÄ~ê=åÉÄÉå=ÇÉã=pÉåëçêÉäÉãÉåí=òì=áåíÉÖêáÉJ

êÉåK= sÉêÖäÉáÅÜí=ã~å= àÉÇçÅÜ= ÇáÉ=j∏ÖäáÅÜâÉáíÉå= ÇÉê= pÅÜ~äíìåÖëáåíÉÖê~íáçå= îçå=d~^ë=

ãáí=ΩÄäáÅÜÉå=páäáòáìã=`jlpJmêçòÉëëÉåI=ëç=áëí=ÇáÉ=^ìëï~Üä=~å=_~ìÉäÉãÉåíÉå=áå=d~^ëJ

qÉÅÜåáâ= ëí~êâ= äáãáíáÉêíK= §ÄäáÅÜÉêïÉáëÉ= îÉêïÉåÇÉí= ã~å= ~ìÑ= d~^ë= ëéÉòáÉääÉ= ebjqJ

_~ìíÉáäÉ=EeáÖÜ=bäÉÅíêçå=jçÄáäáíó=qê~åëáëíçêF=ÑΩê=ÇáÉ=ÜçÅÜÑêÉèìÉåíÉ=páÖå~äîÉê~êÄÉáíìåÖ=

xsáà~MRzK=aáÉëÉ=Éêã∏ÖäáÅÜÉå=òï~ê=áå=ÖÉïáëëÉå=dêÉåòÉå=ÉáåÉ=ï®ÜäÄ~êÉ=dÉëí~äíìåÖ=ÇÉê=

^ìëäÉëÉëÅÜ~äíìåÖëíÉÅÜåáâI=ÉáåÉ=âçãéäÉñÉ=páÖå~äîÉê~êÄÉáíìåÖ=ïáÉ=ã~å=ëáÉ=~ìë=`jlpJ

mêçòÉëëÉå=âÉååíI=áëí=ãáí=d~^ë=àÉÇçÅÜ=åáÅÜí=êÉ~äáëáÉêÄ~ê=ÄòïK=ïáêíëÅÜ~ÑíäáÅÜ=åáÅÜí=ëáååJ

îçääK=

táÉ=áå=h~éáíÉä=OKQKP=Éêï®ÜåíI=ïáêÇ=áã=^ìëäÉëÉåÉíòïÉêâ=ÉáåÉë=pjJmjaë=Éáå=åáÉÇÉêÑêÉJ

èìÉåíÉê=páÖå~ä~åíÉáä=áå=cçêã=ÇÉê=hçêêÉä~íáçåëÑìåâíáçå=îÉê~êÄÉáíÉíI=ïçÄÉá=ÇáÉ=^åÑçêÇÉJ

êìåÖÉå= ~å= ÇáÉ=dêÉåòÑêÉèìÉåò= ÇÉê= ^ìëäÉëÉÉäÉâíêçåáâ= êÉä~íáî= ÖÉêáåÖ= ëáåÇ= EîÖäK= h~éáíÉä=

QKSKPFK=_Éá=ÇÉê=_Éíê~ÅÜíìåÖ=îçå=d~^ë=Ä~ëáÉêíÉå=pjJmja=ïÉêÇÉå=áå=ÇáÉëÉê=^êÄÉáí=Ç~J

ÜÉê=~ìëëÅÜäáÉ≈äáÅÜ=hçåòÉéíÉ=ãáí=jìäíáÅÜáé~ìÑÄ~ì=ÄÉíê~ÅÜíÉíI=ÇKÜK=åÉÄÉå=ÇÉã=d~^ëJ

pÉåëçê= ÉñáëíáÉêí= ÉáåÉ= ^ìëäÉëÉ= ~ìÑ= _~ëáë= ÉáåÉê= âçëíÉåÖΩåëíáÖÉå= páäáòáìãíÉÅÜåçäçÖáÉK=

aìêÅÜ=ÇáÉ=sÉêïÉåÇìåÖ=îçå=`jlpJqÉÅÜåáâ=Ü~í=ã~å=Ç~êΩÄÉê=Üáå~ìë=åçÅÜ=ÇáÉ=j∏ÖJ

äáÅÜâÉáíI= ïÉáíÉêÖÉÜÉåÇÉ= páÖå~äîÉê~êÄÉáíìåÖëâçãéçåÉåíÉå= Äáë= Üáå= òì= pç`J

^êÅÜáíÉâíìêÉå=EpóëíÉã=çå=`ÜáéF=âçëíÉåÖΩåëíáÖ=áå=pÉåëçêå®ÜÉ=òì=êÉ~äáëáÉêÉåK=

QKP páåÖäÉéáñÉä=d~^ë=jpjJmja=

QKPKN báåëÉáíáÖÉë=jçÇìä~íáçåëîÉêÑ~ÜêÉå=ãáí=oÉÅÜíÉÅâãçÇìä~íáçå=

aáÉ=ÑçäÖÉåÇÉ=^ÄÄáäÇìåÖ=òÉáÖí=~ìÑ=ÇÉê=äáåâÉå=pÉáíÉ=ÉáåÉ=ëÅÜ~äíìåÖëíÉÅÜåáëÅÜÉ=rãëÉíJ

òìåÖ=ÇÉë=~ääÖÉãÉáåÉå=jçÇìä~íáçåëJ=ìåÇ=^ìëäÉëÉéêáåòáéë=å~ÅÜ=^ÄÄáäÇìåÖ=OKRK=eáÉêÄÉá=

Ü~åÇÉäí= Éë= ëáÅÜ=ìã=ÉáåÉ=ÉáåëÉáíáÖÉ=jçÇìä~íáçå= ÇÉë= mjaI=ïçÄÉá=ÇáÉ=jpjJpíêìâíìê= Ó=

~åÇÉêë=~äë= áå=^ÄÄáäÇìåÖ=OKR=Ó= äÉÇáÖäáÅÜ=~å=ÉáåÉã=^åëÅÜäìëë=ÜçÅÜÑêÉèìÉåí=ãáí= =

ãçÇìäáÉêí=ïáêÇK=aÉê=~åÇÉêÉ=^åëÅÜäìëë=ïáêÇ=îçå=ÇÉê=^ìëäÉëÉÉäÉâíêçåáâ=~ìÑ=âçåëí~åíÉã=

mçíÉåíá~ä= =EłîáêíìÉääÉ=j~ëëÉ“F=ÖÉÜ~äíÉåK=aìêÅÜ=ÇáÉ=ëóããÉíêáëÅÜÉ=jçÇìä~íáçå=ÇÉê=

jpjJpíêìâíìê=ìã= = ÉêêÉáÅÜí=ã~å= ëçãáí=ÇáÉ=ÖÉïΩåëÅÜíÉ= ÉäÉâíêççéíáëÅÜÉ=dÉÖÉåJ

í~âíãáëÅÜìåÖ=ÇÉë=mjaJmêáåòáéëK=

jlar

_á~ër

_á~ër

 



SO= h~éáíÉä=Q=

Reset

UMOD

UBias

Popt

Cint

GaAs-MSM
PMD-Sensor

     CMOS
Pixel-Auslese

GaAs Si

UOUT

=

^ÄÄáäÇìåÖ=QKNW= rãëÉíòìåÖ=ÇÉê=ÉáåëÉáíáÖÉå=jçÇìä~íáçåK=aÉê=pÉåëçê=áëí=~ìÑ=d~^ëJ_~ëáë=êÉ~äáëáÉêíI=ÇáÉ=
^ìëïÉêíÉäÉâíêçåáâ=ãáí=páäáòáìã=`jlpJqÉÅÜåáâK=

få=^ÄÄáäÇìåÖ=QKO=áëí=ëÅÜÉã~íáëÅÜ=ÇáÉ=ÅÜ~ê~âíÉêáëíáëÅÜÉ=hÉååäáåáÉ=ÉáåÉê=jpjJpíêìâíìê=

EîÖäK= h~éáíÉä= PKPKOF= Ç~êÖÉëíÉääíI= ïçÄÉá= ÇÉê= _ÉòìÖëéìåâí= ÇÉê= jçÇìä~íáçåëëé~ååìåÖ=

=ÜáÉêÄÉá=ÇÉã=póããÉíêáÉéìåâí=ÇÉê=§ÄÉêíê~ÖìåÖëâÉååäáåáÉ=ÉåíëéêáÅÜíK=aáÉ=éçëáíáîÉ=

ìåÇ= åÉÖ~íáîÉ= dÉÖÉåí~âíãçÇìä~íáçåë~ãéäáíìÇÉ= áëí= ãáí=
_á~ër

−jlar = ìåÇ= = ÖÉâÉååJ

òÉáÅÜåÉíK=_Éíê~ÅÜíÉí=ã~å=åìå=ÉáåÉ=êÉÅÜíÉÅâÑ∏êãáÖÉ=jçÇìä~íáçåI=ëç=ÉêÑçäÖí=ÉáåÉ=òóâäáJ

ëÅÜÉ=rãëÅÜ~äíìåÖ=òïáëÅÜÉå=ÇáÉëÉå=ÄÉáÇÉå=tÉêíÉåI=ïçÇìêÅÜ=ëáÅÜ=àÉ=å~ÅÜ=jçÇìä~íáJ

çåëòìëí~åÇ=ÇáÉ=oáÅÜíìåÖ=ÇÉë=píêçãÑäìëëÉë=ÇìêÅÜ=ÇáÉ=píêìâíìê= E

+jlar

+f =ÄòïK= F=®åÇÉêíK=

oÉÅÜíÉÅâãçÇìä~íáçå=ìåÇ=ëóããÉíêáëÅÜÉë=sÉêÜ~äíÉå=îçê~ìëÖÉëÉíòíI=ïáêÇ=ÇáÉ=oáÅÜíìåÖ=

ÇÉë= píêçãÑäìëëÉë= îçå= ÇÉê= ÉäÉâíêáëÅÜÉå=jçÇìä~íáçåëëé~ååìåÖ= ÑÉëíÖÉäÉÖíI= ÇÉê= _Éíê~Ö=

ÇÉë= píêçãÉë= ÇìêÅÜ= ÇÉå= _ÉäÉìÅÜíìåÖëòìëí~åÇ= ÇÉê= jpjJpíêìâíìêK= fã= tÉëÉåíäáÅÜÉå=

â~åå=Ç~ë=sÉêÜ~äíÉå=Ç~ÜÉê=ãáí=ÉáåÉê=ÉäÉâíêççéíáëÅÜ=ÖÉëíÉìÉêíÉå=Äáéçä~êÉå=píêçãèìÉääÉ=

îÉêÖäáÅÜÉå=ïÉêÇÉåK=

−f

Reset Integrationszyklus

UOUT(0°)
UOUT(90°)
UOUT(180°)

U

Popt

I

UMod+UMod-
UBias

I+

I-
=

^ÄÄáäÇìåÖ=QKOW== iáåâëW=pÅÜÉã~íáëÅÜ=Ç~êÖÉëíÉääíÉ=hÉååäáåáÉ=ÉáåÉê=jpjJpíêìâíìêK=oÉÅÜíëW=dÉãÉëëÉåÉ=
fåíÉÖê~íáçåëëé~ååìåÖÉå=ÄÉá=ÇêÉá=îÉêëÅÜáÉÇÉåÉå=mÜ~ëÉåä~ÖÉåK=

aáÉ=sÉêïÉåÇìåÖ=îçå=oÉÅÜíÉÅâãçÇìä~íáçå=Ü~í= áã=sÉêÖäÉáÅÜ= òìê=`çëáåìëãçÇìä~íáçå=

sçêíÉáäÉ=ÄÉá=ÇÉê=oÉ~äáëáÉêìåÖ=ÇÉê=^åëíÉìÉêëáÖå~äÉäÉâíêçåáâK=a~=Éë=ëáÅÜ=ìã=Éáå=ÇáÖáí~äÉë=

páÖå~ä=ãáí=åìê=òïÉá=wìëí®åÇÉå=Ü~åÇÉäíI=â~åå=ÄÉá=páÖå~äÖÉåÉê~íáçå=ìåÇ=^ìëï~Üä=îçå=



d~ääáìã~êëÉåáÇ=jpjJmja= = SP=

qêÉáÄÉêâçåòÉéíÉå= ~ìÑ= ÇáÉ= sÉêïÉåÇìåÖ= ëÅÜåÉääÉê= içÖáââçãéçåÉåíÉå= ìåÇ= iÉáëíìåÖëJ

ëÅÜ~äíÉê= òìêΩÅâÖÉÖêáÑÑÉå= ïÉêÇÉå= xoáÅÜíMSzK= aáÉ= Ç~êÖÉëíÉääíÉ= ÉáåëÉáíáÖÉ= jçÇìä~íáçå=

ÄáÉíÉí= ~ì≈ÉêÇÉã=sçêíÉáäÉ= ÄÉá= ÇÉê=`ÜáéáåíÉÖê~íáçåI= Ç~= ~ìÑ= ÇáÉ= sÉêïÉåÇìåÖ= òìë®íòäáJ

ÅÜÉê=hçééÉäåÉíòïÉêâÉ=îÉêòáÅÜíÉí=ïÉêÇÉå=â~ååK=aáÉ=q~íë~ÅÜÉI=Ç~ëë= áã=sÉêÖäÉáÅÜ=òìê=

òïÉáëÉáíáÖÉå=jçÇìä~íáçå=EëáÉÜÉ=h~éáíÉä=SF=åìê=Éáå=^ìëäÉëÉòïÉáÖ=êÉ~äáëáÉêí=ïÉêÇÉå=ãìëëI=

Éêã∏ÖäáÅÜí= Ç~êΩÄÉê= Üáå~ìë= ÇáÉ= mä~íò= ëé~êÉåÇÉ= rãëÉíòìåÖ= ãáí= `jlpJ

pÅÜ~äíìåÖëíÉÅÜåáâK=aáÉ=sÉêïÉåÇìåÖ=ÇÉê=òïÉáëÉáíáÖÉå=jçÇìä~íáçå=ìåÇ=^ìëäÉëÉ=ïΩêÇÉ=

òï~ê=ÖêìåÇë®íòäáÅÜ=ÇÉå=sçêíÉáä=ÉáåÉë=ÇìêÅÜ=ÇáÉ=pÅÜ~äíìåÖëíÉÅÜåáâ=òïÉáÑ~ÅÜ=îÉêëí®êâíÉå=

páÖå~äÜìÄë=ÄÉáã=aáÑÑÉêÉåòJ^ìëÖ~åÖëëáÖå~ä=ÄáÉíÉåI=Ç~=àÉÇçÅÜ=ÇáÉ=ÜçÅÜáåíÉÖêáÉêíÉ=pÉåJ

ëçêáãéäÉãÉåíáÉêìåÖ=áã=sçêÇÉêÖêìåÇ=ëí~åÇI=ïìêÇÉ=ÄÉïìëëí=ÇáÉ=sÉêïÉåÇìåÖ=ÇÉê=ÉáåJ

ëÉáíáÖÉå=jçÇìä~íáçå=ÄÉá=jpjJpíêìâíìêÉå=áå=ÇáÉëÉê=^êÄÉáí=îçêÖÉòçÖÉåK=

aÉê= ÑäáÉ≈ÉåÇÉ= píêçã=ïáêÇ= áå= ÇÉê= îçêäáÉÖÉåÇÉå= oÉ~äáëáÉêìåÖëÑçêã= ÇìêÅÜ= ÉáåÉ= ~âíáîÉ=

lmJfåíÉÖê~íçêëÅÜ~äíìåÖ= ~ìëÖÉïÉêíÉí= ìåÇ=ΩÄÉê= ÇáÉ= h~é~òáí®í= = áå= ÉáåÉ= pé~ååìåÖ=

ìãÖÉëÉíòíK=wì=_ÉÖáåå=ÉáåÉë= fåíÉÖê~íáçåëòóâäìë=ïáêÇ=ÜáÉêòì=ÇáÉ=h~é~òáí®í=ΩÄÉê=ÉáåÉå=

oÉëÉíëÅÜ~äíÉê=Éåíä~ÇÉåI=ïçÄÉá=ÇÉê=oÉëÉíäÉîÉä=~ã=^ìëÖ~åÖ=áÇÉ~äÉêïÉáëÉ=ÇÉê=pé~ååìåÖ=

=ÉåíëéêáÅÜíK=wìê=sÉê~åëÅÜ~ìäáÅÜìåÖ=ÇÉê= áå=h~éáíÉä=

áåí`

_á~ër PKQ=ÜÉêÖÉäÉáíÉíÉå=wìë~ããÉåJ

Ü®åÖÉ=ëáåÇ= áå=^ÄÄáäÇìåÖ=QKO=ÑΩê=ÇêÉá=îÉêëÅÜáÉÇÉåÉ=mÜ~ëÉåä~ÖÉå=òïáëÅÜÉå=çéíáëÅÜÉå=

ìåÇ= ÉäÉâíêáëÅÜÉå= páÖå~ä= ÄÉáëéáÉäÜ~Ñí= ÇáÉ= ÖÉãÉëëÉåÉå= fåíÉÖê~íáçåëëé~ååìåÖÉå= ï®ÜJ

êÉåÇ= ÇÉë= fåíÉÖê~íáçåëòóâäìë= ~ìëÖÉÜÉåÇ= îçã= ~åÑ®åÖäáÅÜÉå= oÉëÉí= ÑΩê= ÉáåáÖÉ= í~ìëÉåÇ=

jçÇìä~íáçåëéÉêáçÇÉå= Ç~êÖÉëíÉääíK= ^ÄÜ®åÖáÖ= îçå= ÇÉê= mÜ~ëÉåä~ÖÉ= ÉêÜ®äí=ã~å= Éêï~êJ

íìåÖëÖÉã®≈= ìåíÉêëÅÜáÉÇäáÅÜÉ= fåíÉÖê~íáçåëîÉêä®ìÑÉ= ÇáÉ= ÇÉå= ÄÉëÅÜêáÉÄÉåÉå= íÜÉçêÉíáJ

ëÅÜÉå=wìë~ããÉåÜ®åÖÉå=ÉåíëéêÉÅÜÉåK=

QKPKO máñÉäëíêìâíìêÉå=

aáÉ= båíïáÅâäìåÖ= îçå= d~^ë= jpjJpíêìâíìêÉå= ïìêÇÉ= áå= ÇÉå= VMÉê= g~ÜêÉå= ÖÉíêáÉÄÉå=

ÇìêÅÜ=ÇáÉ=sÉêïÉåÇìåÖ=~äë=ëÅÜåÉääÉ=mÜçíçÇÉíÉâíçêÉå=áã=_ÉêÉáÅÜ=ÇÉê=çéíáëÅÜÉå=hçãJ

ãìåáâ~íáçåëíÉÅÜåáâK= fã=sçêÇÉêÖêìåÇ=ÇÉê= båíïáÅâäìåÖ= ëí~åÇÉå= áã=tÉëÉåíäáÅÜÉå=ÇáÉ=

mÜçíçÉãéÑáåÇäáÅÜâÉáí= ìåÇ= ÇáÉ= ÉêêÉáÅÜÄ~êÉå= _~åÇÄêÉáíÉ= xqçìëVRzK= aÉê= aìåâÉäëíêçã=

ÇÉê=píêìâíìêÉå=ÜáåÖÉÖÉå=ëéáÉäíÉ=áå=ÇÉê=oÉÖÉä=àÉÇçÅÜ=åìê=ÉáåÉ=ìåíÉêÖÉçêÇåÉíÉ=oçääÉK=

wï~ê=ëíÉääí=ÄÉáã=jpjJmja=ÇÉê=aìåâÉäëíêçã=ÉáåÉå=ëÉäÄëíâçãéÉåëáÉêÉåÇÉå=ìåâçêêÉJ

äáÉêíÉå= ^åíÉáä= Ç~êI= àÉÇçÅÜ= Ü~í= ÇáÉ=e∏ÜÉ= ÇÉë=aìåâÉäëíêçãë= å~íΩêäáÅÜ= báåÑäìëë= ~ìÑ= ÇáÉ=

o~ìëÅÜéÉêÑçêã~åÅÉ= ÇÉë= pÉåëçêë= ÖÉã®≈= h~éáíÉä= OKSKOK= ^ì≈ÉêÇÉã= Ü~í= Éáå= Öêç≈Éê=

aìåâÉäëíêçã= áå=sÉêÄáåÇìåÖ=ãáí= ÉáåÉê= píêìâíìê~ëóããÉíêáÉ= ÖÉã®≈=däÉáÅÜìåÖ= EPKRUF=

ÉáåÉå=báåÑäìëë=~ìÑ=ÇáÉ=sÉêëÅÜáÉÄìåÖ=ÇÉê=hçêêÉä~íáçåëÑìåâíáçåK=aÉãÉåíëéêÉÅÜÉåÇ=ëçääíÉ=

 



SQ= h~éáíÉä=Q=

Éáå=jpjJmja=åÉÄÉå=ÉáåÉê=ÜçÜÉå=mÜçíçÉãéÑáåÇäáÅÜâÉáí=ìåÇ=ÉáåÉê=ÜçÜÉå=_~åÇÄêÉáJ

íÉå= ~ìÅÜ=ÉáåÉå=ã∏ÖäáÅÜëí= âäÉáåÉå=aìåâÉäëíêçã=~ìÑïÉáëÉåK=häÉáåÉ=aìåâÉäëíê∏ãÉ=ÄÉá=

pÅÜçííâóâçåí~âíÉå=ÉêÑçêÇÉêå= àÉÇçÅÜ=ëéÉòáÉääÉ=mêçòÉëëÑΩÜêìåÖÉå=ìåÇ=léíáãáÉêìåÖÉå=

áã=pÅÜáÅÜí~ìÑÄ~ì=xtçÜäVSzI=ï~ë=ÇáÉ=sÉêÑΩÖÄ~êâÉáí=ÖÉïΩåëÅÜíÉê=píêìâíìêÉå=ëí~êâ=ÉáåJ

ëÅÜê®åâíK= få=ÇÉê=ÑçäÖÉåÇÉå=q~ÄÉääÉ=ëáåÇ=òìã=sÉêÖäÉáÅÜ=píêìâíìêÉå=~ìÑÖÉäáëíÉíI=ÇáÉ=ÉáJ

åÉå=§ÄÉêÄäáÅâ=ΩÄÉê=~ã=j~êâí=îÉêÑΩÖÄ~êÉ=d~^ë=jpjJpíêìâíìêÉå=ãáí=ÖÉêáåÖÉã=aìåJ

âÉäëíêçã=òìã=wÉáíéìåâí=ÇáÉëÉê=^êÄÉáí=ÖÉÄÉåK=aáÉ=iáëíÉ=Ü~í=âÉáåÉå=^åëéêìÅÜ=~ìÑ=sçääJ

ëí®åÇáÖâÉáíI= ëçåÇÉêå= ëçää= îáÉäãÉÜê= ÇáÉ= ÖêìåÇë®íòäáÅÜÉå= báÖÉåëÅÜ~ÑíÉå= îÉêëÅÜáÉÇÉåÉê=

píêìâíìêÉå=ïáÇÉêëéáÉÖÉäåK=_Éá=~ääÉå=ÄÉíê~ÅÜíÉíÉå=píêìâíìêÉå=Ü~åÇÉäí=Éë=ëáÅÜ=ìã=aáçJ

ÇÉåI=ÇáÉ=ãáí=îÉêëÅÜ~ÅÜíÉäíÉå=cáåÖÉêëíêìâíìêÉå=êÉ~äáëáÉêí=ïìêÇÉå=E^ÄÄáäÇìåÖ=PKPFK=

qóé= nìÉääÉ= píêìâíìêÖê∏≈É= o]URM=åã]r=x^Ltz== ÇìåâÉäf ]r=

N= xdáÖ~MNz OOM=”ã=oìåÇ= MIQ=]R=s= ORM=é^=
O= xeìêãMOz UM=”ã=oìåÇ= MIP=]P=s= SMM=é^=
P= xe~ãMPz= OMM=”ã=èì~ÇêK= MIP=]T=s= NMM=é^=
Q= xpÜÉåMMz=qóé=^= OQM=”ã=èì~ÇêK= MIOR=]N=s= NOM=é^=

q~ÄÉääÉ=QKOW= §ÄÉêëáÅÜí=ÇÉê=~ã=j~êâí=îÉêÑΩÖÄ~êÉå=d~^ë=jpjJpíêìâíìêÉåK=

^ìë= ÇÉê= §ÄÉêëáÅÜí= ïáêÇ= ÇÉìíäáÅÜI= Ç~ëë= ÇÉê= aìåâÉäëíêçã= ÇÉê= ÉêÜ®äíäáÅÜÉå= aáçÇÉå= áå=

sÉêÄáåÇìåÖ=ãáí=ÇÉê=_ÉíêáÉÄëëé~ååìåÖ=ÇìêÅÜ~ìë=ëÉÜê=ìåíÉêëÅÜáÉÇäáÅÜ=ëÉáå=â~ååK=eáåJ

òì=âçããí=åçÅÜ=ÇáÉ=dÉçãÉíêáÉ=ÇÉê=aáçÇÉI=ÇáÉI= áå=sÉêÄáåÇìåÖ=ãáí=ÇÉê=ÉêêÉáÅÜÄ~êÉå=

_~åÇÄêÉáíÉI=çÑíã~äë= ÑΩê=ìåíÉêëÅÜáÉÇäáÅÜÉ=^åïÉåÇìåÖÉå=EòK_K=jÉëëíÉÅÜåáâ=çÇÉê=çéíáJ

ëÅÜÉ=a~íÉåΩÄÉêíê~ÖìåÖF= çéíáãáÉêí= áëíK= báåÉå= ÖÉêáåÖÉå=aìåâÉäëíêçã=ÄÉá= ÖäÉáÅÜòÉáíáÖ=

ÜçÜÉê=mÜçíçÉãéÑáåÇäáÅÜâÉáí=Ü~í=ÇáÉ=aáçÇÉ=ÇÉë=qóéë=NX=~ì≈ÉêÇÉã=áëí=ÇáÉëÉê=aáçÇÉåíóé=

áå=ÉáåÉê=sáÉäò~Üä=îçå=dê∏≈Éå=ìåÇ=s~êá~íáçåÉå=ÉêÜ®äíäáÅÜI=ÇÉê=pÅÜïÉêéìåâí=ÇÉê=ÑçäÖÉåJ

ÇÉå=råíÉêëìÅÜìåÖÉå= äáÉÖí= Ç~ÜÉê= ~ìÑ= ÇáÉëÉã=aáçÇÉåíóéK= sÉêÖäÉáÅÜÉåÇÉ=jÉëëìåÖÉå=

ïìêÇÉå=~ì≈ÉêÇÉã=~å=aáçÇÉå=ÇÉë=qóéë=O=ìåÇ=P=ÇìêÅÜÖÉÑΩÜêíK=

_Éá=_Éíê~ÅÜíìåÖ=ÇÉë=aìåâÉäëíêçãë=ëçääíÉ=ã~å=òìë®íòäáÅÜ=ÄÉêΩÅâëáÅÜíáÖÉåI=Ç~ëë=ÇáÉëÉê=

ëí~êâ= íÉãéÉê~íìê~ÄÜ®åÖáÖ= áëíI= ïçÄÉá=ã~å= îçå= ÉáåÉê= sÉêÇçééäìåÖ= Éíï~= ~ääÉ= UJNM=h=

~ìëÖÉÜÉå=â~åå= xhçÇ~âMRzK=^ÄÄáäÇìåÖ=QKP= òÉáÖí=Ç~ÜÉê=ÇÉå=ÖÉãÉëëÉåÉå=sÉêä~ìÑ=ÇÉë=

aìåâÉäëíêçãë=ΩÄÉê=ÇÉê=qÉãéÉê~íìê=ÉáåÉê=aáçÇÉ=ÇÉë=qóéë=N=ãáí=PMM=”ã=aìêÅÜãÉëëÉê=

ãáí= N=s= péÉêêëé~ååìåÖK= báåÖÉòÉáÅÜåÉí= áëí= ~ì≈ÉêÇÉã= ÉáåÉ= cáíÖÉê~ÇÉ= ÇáÉ= ÉáåÉê= sÉêJ

ÇçééäìåÖ= ÇÉë= aìåâÉäëíêçãë= ÄÉá= ÉáåÉê= qÉãéÉê~íìêÉêÜ∏ÜìåÖ= ìã= UIR=h= ÉåíëéêáÅÜíI=

ïçÄÉá= ëáÅÜ=ÉáåÉ= ëÉÜê=ÖìíÉ=§ÄÉêÉáåëíáããìåÖ=òïáëÅÜÉå=ÇÉê= íÜÉçêÉíáëÅÜÉå=bêï~êíìåÖ=

ìåÇ=ÇÉå=jÉëëïÉêíÉå=òÉáÖíK=táÉ= áå=h~éáíÉä=T=ÖÉòÉáÖí=ïáêÇI= áëí=ÇáÉ=e∏ÜÉ=ÇÉë=aìåâÉäJ



d~ääáìã~êëÉåáÇ=jpjJmja= = SR=

ëíêçãë=Éáå=ïÉëÉåíäáÅÜÉê=c~âíçê=ÄÉá=ÇÉê=^ìëï~Üä=ÇÉê=mjaJbäÉãÉåíÉ=áåëÄÉëçåÇÉêÉ=ÄÉá=

^ééäáâ~íáçåÉå=ãáí=Öêç≈Éã=ÖÉÑçêÇÉêíÉã=qÉãéÉê~íìêÄÉêÉáÅÜK==
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Messwerte
Verdopplung je 8,5K

=

^ÄÄáäÇìåÖ=QKPW= aìåâÉäëíêçã=ÉáåÉê=PMM=”ã=aáçÇÉ=Eqóé=NF=áå=^ÄÜ®åÖáÖâÉáí=ÇÉê=qÉãéÉê~íìê=ÄÉá=
rZN=sK=^ì≈Éê=ÇÉå=jÉëëïÉêíÉå=áëí=ÉáåÉ=cáíÖÉê~ÇÉ=ÉáåÖÉòÉáÅÜåÉíI=ÇáÉ=ÉáåÉê=sÉêÇçééJ
äìåÖ=ÇÉë=aìåâÉäëíêçãë=~ääÉ=UIR=h=ÉåíëéêáÅÜíK=

QKPKP aáëâìëëáçå=ÇÉê=êÉ~äÉå=hÉååäáåáÉ=

táÉ= áå= h~éáíÉä= PKPKO= ÜÉêÖÉäÉáíÉíI= â~åå=ÇáÉ=§ÄÉêíê~ÖìåÖëâÉååäáåáÉ= ÉáåÉê=jpjJaáçÇÉ=

~å~äóíáëÅÜ=ÄÉëÅÜêáÉÄÉå=ïÉêÇÉåK=aáÉ= m~ê~ãÉíÉê= Δ = ìåÇ= δ = âÉååòÉáÅÜåÉå=ÜáÉêÄÉá= ÖÉJ

ã®≈=däÉáÅÜìåÖ=EPKOUF=ìåÇ=EPKOVF=ÇáÉ=póããÉíêáÉ=ÇÉê=§ÄÉêíê~ÖìåÖëâÉååäáåáÉK=

_Éá=råíÉêëìÅÜìåÖÉå= áã=eáåÄäáÅâ=~ìÑ=ÉáåÉ=sÉêïÉåÇìåÖ=~äë=dÉÖÉåí~âí=jpjJmja= áå=

h~éáíÉä= PKQ= ïìêÇÉ= ÇÉìíäáÅÜI= Ç~ëë= ÇáÉ= i~ÖÉ= ÇÉê= ÉåíëíÉÜÉåÇÉå= hçêêÉä~íáçåëÑìåâíáçå=

ÇìêÅÜ=ÄÉáÇÉ=c~âíçêÉå=ìåíÉêëÅÜáÉÇäáÅÜ=ÄÉÉáåÑäìëëí=ïáêÇK=_Éá=îçêÜ~åÇÉåÉã=däÉáÅÜäáÅÜíJ

~åíÉáä=ï~ê=ÇÉê=c~âíçê=δ =ÄÉëçåÇÉêë=Ççãáå~åíI=ï®ÜêÉåÇ=ÇáÉ=sÉêëÅÜáÉÄìåÖ=ÇÉê=hçêêÉä~J

íáçåëÑìåâíáçå= ÇìêÅÜ= = ÄÉá= îçêÜ~åÇÉåÉã= däÉáÅÜ~åíÉáä= íÉáäïÉáëÉ= ïáÉÇÉê= ÖÉÖÉåä®ìÑáÖ=

âçãéÉåëáÉêí=ïÉêÇÉå= âçååíÉK= fåíÉêÉëë~åí= áëí= åìå= ÇáÉ= cê~ÖÉëíÉääìåÖI= áå=ïÉäÅÜÉê=dê∏J

≈ÉåçêÇåìåÖ=ÇáÉ=póããÉíêáÉé~ê~ãÉíÉê=ÄÉá=êÉ~äÉå=píêìâíìêÉå=äáÉÖÉå=ìåÇ=ïÉäÅÜÉå=báåJ

Ñäìëë=ÇáÉëÉ=dê∏≈Éå=íÜÉçêÉíáëÅÜ=~ìÑ=ÇáÉ=i~ÖÉ=ÇÉê=hçêêÉä~íáçåëÑìåâíáçå=ìåÇ=ÇáÉ=áåÜ®êÉåJ

íÉ=råíÉêÇêΩÅâìåÖ= îçå=däÉáÅÜ~åíÉáäÉå= Ü~ÄÉåK=aáÉ= íÜÉçêÉíáëÅÜÉ= _ÉëÅÜêÉáÄìåÖ=ÇÉê=§J

ÄÉêíê~ÖìåÖëâÉååäáåáÉ=å~ÅÜ=däÉáÅÜìåÖ=

Δ

EPKPSF=ïáêÇ=Ç~ÜÉê= áã=cçäÖÉåÇÉå=ÄÉåìíòíI=ìã=

ÇáÉ=ÖÉãÉëëÉåÉ=hÉååäáåáÉ=ÉáåÉê=jpjJpíêìâíìê=Eqóé=NF=ÇìêÅÜ=ÉáåÉå=ÉåíëéêÉÅÜÉåÇÉå=cáí=

~åòìé~ëëÉåK= sÉêïÉåÇÉí= ïáêÇ= ÜáÉêòì= Éáå= iÉ~ëíJpèì~êÉJ^äÖçêáíÜãìë= ÇÉê= ÇáÉ= í~åÜJ

 



SS= h~éáíÉä=Q=

cìåâíáçå= ãáí= ãáåáã~äÉê= ^ÄïÉáÅÜìåÖ= ÇÉå= jÉëëÇ~íÉå= ~åÖäÉáÅÜí= ìåÇ= ÇáÉ= àÉïÉáäáÖÉå=

jçÇÉääé~ê~ãÉíÉê=ÄÉëíáããíK=

få= ^ÄÄáäÇìåÖ= QKQ= áëí= ÉáåÉ= ëçäÅÜÉ= ^ìëïÉêíìåÖ= ÉñÉãéä~êáëÅÜ= ÇìêÅÜÖÉÑΩÜêí= ïçêÇÉåI=

ïçÄÉá=ëáÅÜ=ÇáÉ= áå=ÇÉê=dê~Ñáâ=~åÖÉÖÉÄÉåÉå=tÉêíÉ=ÉêÖÉÄÉåK=aáÉ=ÉêãáííÉäíÉå=póããÉíJ

êáÉé~ê~ãÉíÉê=äáÉÖÉå=ÇÉìíäáÅÜ=ìåíÉê=ÇÉå=ÄÉáëéáÉäÜ~Ñí=~åÖÉåçããÉåÉå=tÉêíÉå=áå=h~éáJ

íÉä=PKQ=ï~ë=ÖêìåÇë®íòäáÅÜ=~ìÑ=ÄÉëëÉêÉ=báÖÉåëÅÜ~ÑíÉå=áã=eáåÄäáÅâ=~ìÑ=ÉáåÉ=eáåíÉêÖêìåÇJ

äáÅÜíìåíÉêÇêΩÅâìåÖ=ëÅÜäáÉ≈Éå=ä®ëëíK=
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Vergleich der Messdaten mit theroretischem Verlauf (Typ1)
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β=13 [1/V]

δ=−0.0276

Δ=−0.00662

R1=1.95 [A/WV]

R2=0.0215 [A/WV]

Originaldaten
Fit

=

^ÄÄáäÇìåÖ=QKQW= ^å~äóëÉ=ÇÉê=hÉååäáåáÉ=ÉáåÉê=PMM=”ã=píêìâíìê=Eqóé=NF=áã=eáåÄäáÅâ=~ìÑ=ÇÉå=íÜÉçêÉíáJ
ëÅÜÉå=hÉååäáåáÉåîÉêä~ìÑK=aáÉ=jÉëëìåÖ=ïìêÇÉ=ãáí=ÉáåÉê=çéíáëÅÜÉå=iÉáëíìåÖ=îçå=
NOMM=åt=ÇìêÅÜÖÉÑΩÜêíK=

rã=ÇáÉ=c®ÜáÖâÉáí=ÇáÉëÉê=êÉ~äÉå=aáçÇÉ=áã=eáåÄäáÅâ=~ìÑ=ÇáÉ=råíÉêÇêΩÅâìåÖëÉáÖÉåëÅÜ~ÑJ

íÉå=íÜÉçêÉíáëÅÜ=òì=ìåíÉêëìÅÜÉåI=ïÉêÇÉå=ÇáÉ=ÉêãáííÉäíÉå=tÉêíÉ=ÉáåÉê=åìãÉêáëÅÜÉå=páJ

ãìä~íáçå= ãáí= ÉáåÉê= çéíáëÅÜÉå= iÉáëíìåÖ= îçå= N Nm åt= = ìåÇ= ÉáåÉã= a`JlÑÑëÉí= îçå=

Na`m tμ= = òìÖêìåÇÉ=ÖÉäÉÖíK=aÉê=ãÉëëíÉÅÜåáëÅÜ=ÉêãáííÉäíÉ=péÉêêë®ííáÖìåÖëëíêçã=ÇÉê=

píêìâíìê=ïìêÇÉ=ÜáÉêÄÉá=ãáí= NMMpqà é^= =ÄÉêΩÅâëáÅÜíáÖíK=

páãìäáÉêí=ïìêÇÉå=NMMM=mÉêáçÇÉå=ÇÉë=jçÇìä~íáçåëëáÖå~äë=ãáí=ÇêÉá=îÉêëÅÜáÉÇÉåÉå=mÜ~J

ëÉåä~ÖÉå= òïáëÅÜÉå=çéíáëÅÜÉã=ìåÇ= ÉäÉâíêáëÅÜÉã=páÖå~äK=a~êÖÉëíÉääí= áëí= áå=^ÄÄáäÇìåÖ=

QKR=ÇÉê=sÉêä~ìÑ=ÇÉê=jçÇìä~íáçåëëé~ååìåÖI=ÇÉë=píêçãë=ìåÇ=ÇÉê=âìãìäáÉêíÉå=i~ÇìåÖ=

ÄÉá= ÇÉê= äÉíòíÉå=jçÇìä~íáçåëéÉêáçÇÉK= aÉìíäáÅÜ= ÉêâÉååÄ~ê= áëí= ÉáåÉ= sÉêëÅÜáÉÄìåÖ= ~ääÉê=

fåíÉÖê~íáçåëÉêÖÉÄåáëëÉ=òì=åÉÖ~íáîÉå=pé~ååìåÖÉåI=ÇKÜK=ÇáÉ=êÉëìäíáÉêÉåÇÉ=hçêêÉä~íáçåëJ

Ñìåâíáçå=Ü~í=~ìÑÖêìåÇ=ÇÉê=aáçÇÉå~ëóããÉíêáÉ=ÉáåÉå=åÉÖ~íáîÉå=lÑÑëÉíK=



d~ääáìã~êëÉåáÇ=jpjJmja= = ST=

få=^ÄÄáäÇìåÖ=QKS=áëí=~ì≈ÉêÇÉã=ÇáÉ=ëáãìäáÉêíÉ=hçêêÉä~íáçåëÑìåâíáçå=ÇÉê=aáçÇÉ=áã=sÉêJ

ÖäÉáÅÜ=òìã=áÇÉ~äÉå=sÉêä~ìÑ=ãáí= δΔ = = M=ìåÇ=`çëáåìëãçÇìä~íáçå=Ç~êÖÉëíÉääíK=få=h~éáJ

íÉä=PKQ=ïìêÇÉ=Éêä®ìíÉêíI=Ç~ëë=ÇáÉ=^ìëïÉêíìåÖ=ÇÉê=hçêêÉä~íáçåëÑìåâíáçå=áå=ÇÉê=oÉ~äáí®í=

í~íë®ÅÜäáÅÜ=ÇìêÅÜ=ÇÉå=ìåÉêïΩåëÅÜíÉå=lÑÑëÉíI= ÜÉêîçêÖÉêìÑÉå=ÇìêÅÜ=ÇáÉ=^ëóããÉíêáÉI=

äáãáíáÉêí=ïáêÇK= få=ÇÉê=îçêäáÉÖÉåÇÉå=páãìä~íáçå=ïìêÇÉ=Ç~ÜÉê=òìê=sÉêÇÉìíäáÅÜìåÖ=ïáÉJ

ÇÉêìã=îçå=ÉáåÉê=hçêêÉä~íáçåëÑìåâíáçå=~ìëÖÉÖ~åÖÉåI=ïÉäÅÜÉ=ÇáÉ=e®äÑíÉ=ÇÉë=ÖÉë~ãíÉå=

^ìëëíÉìÉêÄÉêÉáÅÜë=åìíòíK=aáÉ=ã~ñáã~ä=òìä®ëëáÖÉ=sÉêëÅÜáÉÄìåÖ=çÜåÉ=Ç~ëë=ÉáåÉ=iáãáíáÉJ

êìåÖ=ÉáåëÉíòíI=ÉåíëéêáÅÜí=Ç~ÜÉê=ÇÉê=^ãéäáíìÇÉ=ÇÉê=hçêêÉä~íáçåëÑìåâíáçåK=få=ÇÉê=páãìJ

ä~íáçå=ïáêÇ=ÇÉìíäáÅÜI=Ç~ëë=ãáí=ÇÉê=ÖÉÖÉÄÉåÉå=póããÉíêáÉ=ÇÉê=aáçÇÉ=ÄÉá=ÇÉå=ÖÉå~ååJ

íÉå= o~åÇÄÉÇáåÖìåÖÉå= íÜÉçêÉíáëÅÜ= Éáå= eáåíÉêÖêìåÇäáÅÜí~åíÉáä= ìåíÉêÇêΩÅâí= ïÉêÇÉå=

â~åå=ÇÉê=ãÉÜê=~äë=ÇáÉ=NMMMJÑ~ÅÜÉ=iÉáëíìåÖ=ÇÉë=kìíòëáÖå~äë=Ü~íK=^åòìãÉêâÉå= áëí=~å=

ÇáÉëÉê=píÉääÉI=Ç~ëë=Éë=ëáÅÜ=ÄÉá=ÇÉê=ìåíÉêëìÅÜíÉå=píêìâíìê=ìã=ÉáåÉ=ÄÉáëéáÉäÜ~ÑíÉ=aáçÇÉ=

Ü~åÇÉäíK=póããÉíêáÉJråíÉêëìÅÜìåÖÉå=~å=~åÇÉêÉå=aáçÇÉå=òÉáÖÉå=íÉáäïÉáëÉ=ÉáåÉ=ÖÉêáåJ

ÖÉêÉ=póããÉíêáÉI=~åÇÉêÉ=ÜáåÖÉÖÉå=ÉáåÉ=ïÉáí~ìë=ÄÉëëÉêÉK=
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^ÄÄáäÇìåÖ=QKRW= a~êëíÉääìåÖ=ÇÉë=jáëÅÜJ=ìåÇ=hçêêÉä~íáçåëÉêÖÉÄåáëëÉë=ÉáåÉê=êÉ~äÉå=aáçÇÉK=

a~êΩÄÉê=Üáå~ìë=â∏ååÉå=áå=ÇÉê=oÉ~äáí®í=ïÉáíÉêÉ=c~âíçêÉå=ÉñáëíáÉêÉåI=ÇáÉ=ÇáÉ=råíÉêÇêΩJ

ÅâìåÖëÉáÖÉåëÅÜ~ÑíÉå=ÄÉÉáåÑäìëëÉå=ìåÇ=äáãáíáÉêÉå=â∏ååÉåK=^äë=_ÉáëéáÉä=ëÉáÉå=páÖå~äîÉêJ

òÉêêìåÖÉå=ÄÉáã=ÉäÉâíêáëÅÜÉå=çÇÉê=çéíáëÅÜÉå=páÖå~ä=ÖÉå~ååíI=ÇáÉ=báåÑäìëë=~ìÑ=ÇáÉ=cçêã=

ìåÇ=i~ÖÉ=ÇÉê=hçêêÉä~íáçåëÑìåâíáçå=Ü~ÄÉå= â∏ååÉåK=q~íë®ÅÜäáÅÜ= òÉáÖÉå=~ÄÉê=jÉëëìåJ

 



SU= h~éáíÉä=Q=

ÖÉå=áã=ïÉáíÉêÉå=sÉêä~ìÑ=ÇÉê=^êÄÉáíI=Ç~ëë=ÉáåÉ=eáåíÉêÖêìåÇäáÅÜíìåíÉêÇêΩÅâìåÖ=áã=ÖÉJ

å~ååíÉå=_ÉêÉáÅÜ=çÜåÉ=ëÅÜ~äíìåÖëíÉÅÜåáëÅÜÉå=jÉÜê~ìÑï~åÇ=ÇìêÅÜ~ìë=êÉ~äáëáÉêÄ~ê=áëíK=

dêìåÇë®íòäáÅÜ=â~åå=ã~å=ãáí=îÉêëÅÜ~ÅÜíÉäíÉå=cáåÖÉêëíêìâíìêÉå=ÄÉêÉáíë=Éáå=ÜçÜÉë=j~≈=

~å= póããÉíêáÉ= ÉêêÉáÅÜÉåK= kÉÄÉå=j~íÉêá~äáåÜçãçÖÉåáí®íÉå= â∏ååÉå= ÄÉá= ÇÉê= eÉêëíÉäJ

äìåÖ=~ÄÉê=~ìÅÜ=äáíÜçÖê~ÑáëÅÜÉ=qçäÉê~åòÉåI=ïáÉ=òK_K=j~ëâÉåîÉêë~íò=òì=^ëóããÉíêáÉå=áã=

aÉîáÅÉ= ÑΩÜêÉåK=rã=ÇáÉëÉ=qçäÉê~åòÉå=òì=ãáåáãáÉêÉåI= ëáåÇ=~äíÉêå~íáîÉ=cáåÖÉêÖÉçãÉíJ

êáÉå=ÇÉåâÄ~êK=píêìâíìêÉå=ãáí=âêÉáëÑ∏êãáÖÉå=ÄòïK=ëÅÜåÉÅâÉåÑ∏êãáÖÉå=bäÉâíêçÇÉå=ïìêJ

ÇÉå= ÉÄÉåÑ~ääë= êÉ~äáëáÉêíI= âçååíÉå= ~ÄÉê= îçê=^ÄëÅÜäìëë= ÇáÉëÉê=^êÄÉáí= åáÅÜí=ãÉÜê=å®ÜÉê=

ìåíÉêëìÅÜí=ïÉêÇÉåK=
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=

^ÄÄáäÇìåÖ=QKSW= páãìäáÉêíÉ=hçêêÉä~íáçåëÑìåâíáçå=ÉáåÉê=êÉ~äÉå=aáçÇÉ=ãáí=^ìëëíÉìÉêÖêÉåòÉåK=aáÉ=îçêJ
Ü~åÇÉåÉ=^ëóããÉíêáÉ=ÑΩÜêí=òì=ÉáåÉã=lÑÑëÉíK=

tÉáíÉêÜáå=â~åå=ÇÉê=í~íë®ÅÜäáÅÜ=îÉêïÉåÇÄ~êÉ=aóå~ãáâÄÉêÉáÅÜ=åçÅÜ=ÇìêÅÜ=ëÅÜ~äíìåÖëJ

íÉÅÜåáëÅÜÉ=j~≈å~ÜãÉå=ÉêïÉáíÉêí=ïÉêÇÉåK=_áëä~åÖ=ïìêÇÉ=áããÉê=îçå=ÉáåÉã=äáåÉ~êÉå=

§ÄÉêíê~ÖìåÖëîÉêÜ~äíÉå= ÇÉë= pÉåëçêë= ìåÇ= ÑÉëíÉê= fåíÉÖê~íáçåëòÉáí=ãáí= ÉåíëéêÉÅÜÉåÇÉå=

iáãáíáÉêìåÖÉå= ~ìëÖÉÖ~åÖÉåK= aìêÅÜ= ÇáÉ= sÉêïÉåÇìåÖ= îçå= åáÅÜíäáåÉ~êÉå= §ÄÉêíê~J

ÖìåÖëâÉååäáåáÉå= ä®ëëí= ëáÅÜ= ÇáÉ= pÉåëçêÇóå~ãáâ= ~ÄÉê= ìã= Éáå= sáÉäÑ~ÅÜÉë= ëíÉáÖÉêåK= ^å=

ÇáÉëÉê=píÉääÉ=ëáåÇ=äçÖ~êáíÜãáëÅÜÉ=çÇÉê=ëíΩÅâïÉáëÉ=äáåÉ~êÉ=hÉååäáåáÉå=ãáí=ìåíÉêëÅÜáÉÇäáJ

ÅÜÉå=píÉáÖìåÖÉå=òì=åÉååÉåK=a~êΩÄÉê=Üáå~ìë=â~åå=ÇìêÅÜ=ÉáåÉ=~Ç~éíáîÉ=fåíÉÖê~íáçåëJ

òÉáí=çÇÉê=ÇìêÅÜ=jÉÜêÑ~ÅÜ~Äí~ëíìåÖ=ÇÉê= îçêÜ~åÇÉåÉ=aóå~ãáâÄÉêÉáÅÜ=çÜåÉ=ÄÉÖêÉåJ

òÉåÇÉ=bÑÑÉâíÉ=çéíáã~ä=~ìëÖÉåìíòí=ïÉêÇÉåK=hçåòÉéíÉ=òì=aóå~ãáâëíÉáÖÉêìåÖ=îçå=_áäÇJ

ëÉåëçêÉå=ëáåÇ= áå=ÇÉê=iáíÉê~íìê=ìãÑ~ëëÉåÇ=ÄÉëÅÜêáÉÄÉåK=báåÉå=ÖìíÉå=§ÄÉêÄäáÅâ=ÜáÉêòì=

ÄáÉíÉí=xpÅÜêÉóMMzI=xd~ãã~MOz=ìåÇ=x_êÉáÇMRzK=



d~ääáìã~êëÉåáÇ=jpjJmja= = SV=

QKQ `Ü~ê~âíÉêáëáÉêìåÖ=ÇìêÅÜ=aáêÉâíÄÉëíê~ÜäìåÖ=

QKQKN _ÉëÅÜêÉáÄìåÖ=ÇÉë=jÉëë~ìÑÄ~ìë=

cçäÖÉåÇÉ=^ÄÄáäÇìåÖ=òÉáÖí=Ç~ë=_äçÅâëÅÜ~äíÄáäÇ=ÇÉê=îÉêïÉåÇÉíÉå=jÉëëíÉÅÜåáâ=ãáí=ÇÉê=

ÇáÉ=mjaJpíêìâíìêÉå= áã=o~ÜãÉå=ÇáÉëÉê=^êÄÉáí= ~å~äóëáÉêí=ïìêÇÉåK=a~ë=mjaJbäÉãÉåí=

ïáêÇ=ÜáÉêÄÉá=ÇáêÉâí=îçå=ÇÉå=pÉåÇÉÉäÉãÉåíÉå=ÄÉëíê~ÜäíX=ÇáÉë=Ü~í=áã=dÉÖÉåë~íò=òì=ÇÉê=

_Éëíê~ÜäìåÖ=ãáí= êÉÑäÉâíáÉêíÉã= iáÅÜí= ÇÉå= sçêíÉáäI= Ç~ëë= fåíÉåëáí®í= ìåÇ= ÇáÉ= mÜ~ëÉåä~ÖÉ=

î∏ääáÖ=ìå~ÄÜ®åÖáÖ=îçåÉáå~åÇÉê=ÉáåÖÉëíÉääí=ïÉêÇÉå=â∏ååÉåK=
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^ÄÄáäÇìåÖ=QKTW= _äçÅâëÅÜ~äíÄáäÇ=ÇÉê=jÉëëìãÖÉÄìåÖ=ãáí=çéíáëÅÜÉê=aáêÉâíÄÉëíê~ÜäìåÖK=

báåÉ=ïÉëÉåíäáÅÜÉ=cçêÇÉêìåÖ=~å=ÇáÉ=jÉëëíÉÅÜåáâ=áëí=ÇáÉ=ÜçÅÜÖÉå~ìÉ=dÉåÉêáÉêìåÖ=îçå=

éÜ~ëÉåëí~êê=ÖÉâçééÉäíÉå=páÖå~äÉå=ëçïçÜä=òìê=jçÇìä~íáçå=~äë=~ìÅÜ=òìê=píÉìÉêìåÖK=fã=

îçêäáÉÖÉåÇÉå=c~ää=ïÉêÇÉå=~ääÉ=páÖå~äÉ=îçã=ÉäÉâíêáëÅÜÉå=jçÇìä~íáçåëëáÖå~ä=~ÄÖÉäÉáíÉí=

ÄòïK=Ü~ÄÉå=ÉáåÉ=ÇÉÑáåáÉêíÉå=_ÉòìÖ=ÜáÉêòìI=ï~ë=îçê=ÇÉã=eáåíÉêÖêìåÇ=ÇÉê= áå=h~éáíÉä=

OKPKN=ÄÉëÅÜêáÉÄÉåÉå=o~åÇÄÉÇáåÖìåÖÉå=ìåÇ=cçêÇÉêìåÖÉå=ìåÉêä®ëëäáÅÜ=áëíK=

a~ë= ÉäÉâíêáëÅÜÉ= jçÇìä~íáçåëëáÖå~ä= EãçÇ|ÉF= ïáêÇ= áå= ^ÄÜ®åÖáÖâÉáí= ÇÉê= òì= ìåíÉêëìJ

ÅÜÉåÇÉå= mjaJpíêìâíìê= ΩÄÉê= ÉåíëéêÉÅÜÉåÇÉ= iÉáëíìåÖëíêÉáÄÉê= ~å= Ç~ë= mjaJbäÉãÉåí=

ÜÉê~åÖÉÑΩÜêíK=a~ë=páÖå~ä=òìê=çéíáëÅÜÉå=jçÇìä~íáçå=EãçÇ|çF=â~åå=áå=_ÉòìÖ=Ç~òì=ìã=

ÉáåÉå=ÉáåëíÉääÄ~êÉå=mÜ~ëÉåïáåâÉä= τϕ τ∼ =îÉêëÅÜçÄÉå=ïÉêÇÉåI=ìã=píΩíòïÉêíÉ=ÇÉê=hçêJ

êÉä~íáçåëÑìåâíáçå= ÉêãáííÉäå= òì= â∏ååÉåK=^äë= çéíáëÅÜÉ= pÉåÇÉÉäÉãÉåíÉ=ïÉêÇÉå= îçêïáÉJ

ÖÉåÇ=i~ëÉêÇáçÇÉå=îÉêïÉåÇÉíI=ÇáÉ=ëáÅÜ=ÇìêÅÜ=ÜçÜÉ=_~åÇÄêÉáíÉå=ìåÇ=ëÅÜã~äÉ=bãáëëáJ

 



TM= h~éáíÉä=Q=

çåëëéÉâíêÉå=~ìëòÉáÅÜåÉåK=aáÉ=ÜáÉêîçå=~ÄÖÉëíê~ÜäíÉ=iáÅÜíäÉáëíìåÖ=ïáêÇ=~ã=^åÑ~åÖ=ÇÉë=

çéíáëÅÜÉå= mÑ~ÇÉë= ãáí= ÉáåÉê= iáåëÉ= áå= ÉáåÉå= é~ê~ääÉäÉå= píê~ÜäÉåÖ~åÖ= ìãÖÉëÉíòíK= aáÉ=

åçíïÉåÇáÖÉ=báåëíÉääìåÖ=ÇÉê=iáÅÜíäÉáëíìåÖ=ÉêÑçäÖí=Ç~ÄÉá=ÄÉïìëëí=åáÅÜí=ΩÄÉê=ÇÉå=píêçã=

ÇÉë=pÉåÇÉÉäÉãÉåíÉëI=Ç~=ëáÅÜ=ÜáÉêÇìêÅÜ=~ìÅÜ=ÖêìåÇë®íòäáÅÜÉ=báÖÉåëÅÜ~ÑíÉå=ÇÉë=çéíáJ

ëÅÜÉå=páÖå~äë=ïáÉ=jçÇÉåîÉêíÉáäìåÖ=ìåÇ=mÜ~ëÉåä~ÖÉ=®åÇÉêå=ìåÇ= ëçãáí=Ç~ë=jÉëëÉêJ

ÖÉÄåáë= îÉêÑ®äëÅÜÉå= â∏ååíÉåK=a~êΩÄÉê= Üáå~ìë= áëí= ÇÉê= ÄÉå∏íáÖÉ=aóå~ãáâÄÉêÉáÅÜ=ΩÄÉê=

ÉáåÉ=báåëíÉääìåÖ=ÇÉë=píêçãÉë=åìê=ëÉÜê=ÄÉÇáåÖí=ìåÇ=ãáí=Öêç≈Éã=^ìÑï~åÇ=ÜáåêÉáÅÜÉåÇ=

ÖÉå~ì= ìåÇ= êÉéêçÇìòáÉêÄ~ê=ã∏ÖäáÅÜK= wìê= _ÉÉáåÑäìëëìåÖ= ÇÉê= iÉáëíìåÖ= ïÉêÇÉå= Ç~ÜÉê=

ÉáåëíÉääÄ~êÉ=çéíáëÅÜÉ=a®ãéÑìåÖëÖäáÉÇÉê=îÉêïÉåÇÉíI=ïÉäÅÜÉ=ëáÅÜ=ÜáåíÉê=ÇÉê=iáåëÉ=ÄÉJ

ÑáåÇÉå=ìåÇ=ÉáåÉå=iÉáëíìåÖëÄÉêÉáÅÜ=ΩÄÉê=ãÉÜê=~äë=R=aÉâ~ÇÉå=Éêã∏ÖäáÅÜÉåK=

wìê= råíÉêëìÅÜìåÖ= ÇÉê= cêÉãÇäáÅÜíÉáåÑäΩëëÉ= áëí= áå= ÇÉê=jÉëëìãÖÉÄìåÖ= òìë®íòäáÅÜ= Éáå=

òïÉáíÉê= çéíáëÅÜÉê= mÑ~Ç=ãáí= ÉáåÉê= ibaJa`J_ÉäÉìÅÜíìåÖ= êÉ~äáëáÉêí=ïçêÇÉåI=ïçÄÉá= ÜáÉê=

ÇáÉ=sçêÖ~ÄÉ=ÇÉê=iÉáëíìåÖ=ΩÄÉê=ÉáåëíÉääÄ~êÉ=píêçãèìÉääÉå=ÉêÑçäÖÉå=â~ååK=pçïçÜä=Ç~ë=

âçêêÉäáÉêíÉ= kìíòJ= ~äë= ~ìÅÜ= Ç~ë= ìåâçêêÉäáÉêíÉ= eáåíÉêÖêìåÇäáÅÜí= ïÉêÇÉå= ΩÄÉê= ÉáåÉå=

píê~ÜäíÉáäÉêïΩêÑÉä= òìë~ããÉåÖÉÑΩÜêíI= ÇÉê= òìÖäÉáÅÜ= ÉáåÉå= ^åíÉáä= ÇÉë= iáÅÜíë= òìê= iÉáëJ

íìåÖëãÉëëìåÖ=ãáí= ÉáåÉã=mçïÉêJjÉíÉê= ~ìëâçééÉäíK= fåëÄÉëçåÇÉêÉ= ÄÉá= Öêç≈Ñä®ÅÜáÖÉå=

jìäíáéáñÉäJpÉåëçêÉå= ãìëë= ÇáÉ= eçãçÖÉåáí®í= ÇÉê= iáÅÜíäÉáëíìåÖ= ΩÄÉê= ÇÉå= ÖÉë~ãíÉå=

äáÅÜíÉãéÑáåÇäáÅÜÉå=_ÉêÉáÅÜ=ëáÅÜÉêÖÉëíÉääí=ëÉáåX=ÜáÉêòì=ÄÉÑáåÇÉí=ëáÅÜ=ÜáåíÉê=ÇÉã=píê~ÜäJ

íÉáäÉê=òìë®íòäáÅÜ=ÉáåÉ=ÜáåêÉáÅÜÉåÇ=Öêç≈Ñä®ÅÜáÖÉ=píêÉìëÅÜÉáÄÉK=

pçïçÜä= Ç~ë= fåíÉÖê~íáçåëòÉáíÑÉåëíÉê= ~äë= ~ìÅÜ= ÇáÉ= ^ìëäÉëÉ= ÇÉë= pÉåëçêë= ïáêÇ= îçå= ÇÉê=

píÉìÉêÉáåÜÉáí= îçêÖÉÖÉÄÉåI=ïçÄÉá= ëíÉíë=ÇáÉ= póåÅÜêçåáí®í= òìã=ÉäÉâíêáëÅÜÉå=jçÇìä~íáJ

çåëëáÖå~ä=ëáÅÜÉêÖÉëíÉääí=ïáêÇK=k~ÅÜ=^ÄëÅÜäìëë=ÉáåÉë= fåíÉÖê~íáçåëòóâäìë=ïÉêÇÉå=ÇáÉ=~J

å~äçÖÉå=^Äí~ëíïÉêíÉ=ÇÉë=pÉåëçêë=~ìëÖÉäÉëÉåÉåI=ΩÄÉê=ÉáåÉå=NQ=_áí=^La=t~åÇäÉê=ÇáÖáJ

í~äáëáÉêíI= ìåÇ= ëÅÜäáÉ≈äáÅÜ=ÇÉê=^ìëïÉêíÉÉáåÜÉáí= òìê=tÉáíÉêîÉê~êÄÉáíìåÖ=ìåÇ=mÜ~ëÉåÄÉJ

êÉÅÜåìåÖ=ΩÄÉêÖÉÄÉåK=

QKQKO bêãáííäìåÖ=ÇÉê=hçêêÉä~íáçåëÑìåâíáçå=

wìê= _ÉïÉêíìåÖ= ÇÉê= jáëÅÜJ= ìåÇ= hçêêÉä~íáçåëéÉêÑçêã~åÅÉ= ÇÉê= mjaJpíêìâíìêÉå= ïáêÇ=

ÇáÉ= hçêêÉä~íáçåëÑìåâíáçå= òïáëÅÜÉå= ÇÉã= ÉäÉâíêáëÅÜÉã= oÉÑÉêÉåòëáÖå~ä= EãçÇ|ÉF= ìåÇ=

ÇÉã=çéíáëÅÜÉå=páÖå~ä=~ìÑÖÉåçããÉåK=aìêÅÜ=sçêÖ~ÄÉ=ÑÉëíÉê=mÜ~ëÉåÄÉòáÉÜìåÖÉå=òïáJ

ëÅÜÉå= ÇÉã= ÉäÉâíêáëÅÜÉå= ìåÇ= ÇÉã= ~ÄÖÉëíê~ÜäíÉå= çéíáëÅÜÉå= páÖå~ä= â∏ååÉå= ÄÉá= ÇÉê=

jÉëëìåÖ= å~ÜÉòì= ÄÉäáÉÄáÖÉ= píΩíòëíÉääÉå= ÇÉê= hçêêÉä~íáçåëÑìåâíáçå= ÉêãáííÉäí= ïÉêÇÉåK=

aáÉëÉ=píΩíòëíÉääÉå=ïÉêÇÉå=å~ÅÜ=däÉáÅÜìåÖ=EOKNQF=Ç~òì=ÄÉåìíòíI=ìã=ÇáÉ=~ÄëçäìíÉ=mÜ~J

ëÉåä~ÖÉ=òì=ÄÉëíáããÉå=ìåÇ=ÄÉá=ãÉÜêÉêÉå=~ìÑÉáå~åÇÉê= ÑçäÖÉåÇÉå=jÉëëìåÖÉå=^ìëë~J



d~ääáìã~êëÉåáÇ=jpjJmja= = TN=

ÖÉå=ΩÄÉê=ÇáÉ=jÉëëÖÉå~ìáÖâÉáí=ã~ÅÜÉå=òì=â∏ååÉåK=_Éá=ÜáåêÉáÅÜÉåÇ=îáÉäÉå=^Äí~ëíïÉêJ

íÉå=â~åå=Ç~êΩÄÉê=Üáå~ìë=Éáå=qÉáä=ÇÉê=hçêêÉä~íáçåëÑìåâíáçå=å~ÅÜÖÉÄáäÇÉí=ìåÇ=ãáí=ÇÉã=

Éêï~êíÉíÉå=bêÖÉÄåáë=îÉêÖäáÅÜÉå=ïÉêÇÉåK=

QKR jÉëëìåÖÉå=~å=d~^ë=jpjJmja=báåòÉäéáñÉäëíêìâíìêÉå=

rã=òìå®ÅÜëí=ÇÉå=ãÉëëíÉÅÜåáëÅÜÉå=k~ÅÜïÉáë=ÇÉë=ÄÉëÅÜêáÉÄÉåÉå=jpjJmja=cìåâíáJ

çåëéêáåòáéë=òì=ÉêÄêáåÖÉåI=ïÉêÇÉå= áã=îçêäáÉÖÉåÇÉå=^ÄëÅÜåáíí=ÄÉáëéáÉäÜ~ÑíÉ=hçêêÉä~íáJ

çåëÑìåâíáçåÉå= îÉêëÅÜáÉÇÉåÉê= d~^ë=jpjJpíêìâíìêÉå= ÉêãáííÉäíK= eáÉêòì= ïáêÇ= ÇáÉ= mÜ~J

ëÉåä~ÖÉ= òïáëÅÜÉå= ÇÉã= çéíáëÅÜÉå= pÉåÇÉëáÖå~ä= ìåÇ= ÇÉã= ÉäÉâíêáëÅÜÉå= oÉÑÉêÉåòëáÖå~ä=

ÄÉá=àÉÇÉê=jÉëëìåÖ=ìã=Oø=îÉêëÅÜçÄÉåK=aìêÅÜ=ÇáÉ=ÑÉáå=~ÄÖÉëíìÑíÉ=^ìÑå~ÜãÉ=ÇÉê=hçêêÉJ

ä~íáçåëÑìåâíáçå=â~åå=Ç~ë=jáåáãìã=ìåÇ=j~ñáãìã=òìîÉêä®ëëáÖ=ÄÉëíáããí=ïÉêÇÉåI=ï~ë=

òìê=_ÉêÉÅÜåìåÖ=ÇÉê=aÉãçÇìä~íáçåëÉãéÑáåÇäáÅÜâÉáí=ÜÉê~åÖÉòçÖÉå=ïÉêÇÉå=â~ååK=^ìJ

≈ÉêÇÉã=ÖÉëí~ííÉí=ÇáÉ=^ãéäáíìÇÉ=ìåÇ=cçêã=ÇÉê=hçêêÉä~íáçåëÑìåâíáçå=ÄÉêÉáíë=èì~äáí~íáîÉ=

^ìëë~ÖÉå=òìã=jáëÅÜîÉêÜ~äíÉå=ÇÉê=píêìâíìêK=

få=^ÄÄáäÇìåÖ=QKU=ëáåÇ=hçêêÉä~íáçåëÑìåâíáçåÉå=ãáí=îÉêëÅÜáÉÇÉåÉå=iáÅÜíäÉáëíìåÖÉå=Ç~êJ

ÖÉëíÉääíK=bêãáííÉäí=ïìêÇÉå=páÉ=ãáí=ÇÉê=ÄÉëÅÜêáÉÄÉåÉå=jÉëëìãÖÉÄìåÖ=ÄÉá=ÉáåÉê=jçÇìJ

ä~íáçåëÑêÉèìÉåò= îçå=NM=jeò=ãáí= ÉáåÉê= PMM=”ã=aáçÇÉ=ÇÉë= qóéë= N= Eq~ÄÉääÉ= QKOFK=aáÉ=

îáêíìÉääÉ=j~ëëÉ=ÇÉë= fåíÉÖê~íçêë= ä~Ö=~ìÑ=ÉáåÉê=pé~ååìåÖ=îçå=M=s=ïÉäÅÜÉ= áÇÉ~äÉêïÉáëÉ=

ÇÉã=oÉëÉíäÉîÉä=ÉåíëéêáÅÜíK=^ìÑÖÉåçããÉå=ïìêÇÉå=ÇáÉ=hìêîÉå=ãáí=oÉÅÜíÉÅâãçÇìä~íáJ

çå=ãáí= ÉáåÉê=ÉäÉâíêáëÅÜÉå=jçÇìä~íáçåëëé~ååìåÖ=îçå= OIRjçÇr s= ± = ëóããÉíêáëÅÜ=ìã=

ÇáÉ=pé~ååìåÖ= K=aáÉëÉ=pé~ååìåÖ=ïìêÇÉ=ÄÉá=àÉÇÉã=iáÅÜíîÉêÜ®äíåáë=ëç=ÖÉï®ÜäíI=Ç~ëë=

ëáÅÜ= ÉáåÉ= ëóããÉíêáëÅÜÉ= ^ìëëíÉìÉêìåÖ= ìã= ÇÉå= oÉëÉíäÉîÉä= ÉêÖ~ÄK= dÉÖÉåΩÄÉêÖÉëíÉääí=

ëáåÇ=àÉïÉáäë=O=iáÅÜíäÉáëíìåÖÉå=EiáÅÜíäÉáëíìåÖ=ÄÉòçÖÉå=~ìÑ=ÇáÉ=ÖÉë~ãíÉ=máñÉäÑä®ÅÜÉF=ãáí=

~åÖÉé~ëëíÉê=fåíÉÖê~íáçåëòÉáí=Ç~ãáí=ÇáÉ=^ãéäáíìÇÉ=ÇÉê=hçêêÉä~íáçåëÑìåâíáçå=ÇáêÉâí=îÉêJ

ÖäáÅÜÉå=ïÉêÇÉå=â~ååK=

Mr

aáÉ= jÉëëïÉêíÉ= ìåÇ= ÇÉê= ÇêÉáÉÅâëÑ∏êãáÖÉ= sÉêä~ìÑ= ÇÉê= hçêêÉä~íáçåëÑìåâíáçå= ëíáããÉå=

ëÉÜê=Öìí=ãáí=ÇÉê=íÜÉçêÉíáëÅÜÉå=bêï~êíìåÖ=ΩÄÉêÉáåK=^ìÑ=ÇÉê=äáåâÉå=pÉáíÉ=ÉêâÉååí=ã~åI=

Ç~ëë=ÄÉá=âäÉáåÉê=iáÅÜíäÉáëíìåÖ=ÇáÉ=^ãéäáíìÇÉ=ÇÉê=hçêêÉä~íáçåëÑìåâíáçå=Éíï~ë=ÖÉêáåÖÉê=

~ìëÑ®ääí=~äë=ÄÉá=ÇÉê=Öê∏≈ÉêÉå=iáÅÜíäÉáëíìåÖK=aáÉë=â~åå=~ìÑ=ÉáåÉ=äÉáÅÜí=åáÅÜíäáåÉ~êÉ=mÜçJ

íçÉãéÑáåÇäáÅÜâÉáí= ΩÄÉê= ÇÉê= iáÅÜíäÉáëíìåÖ= çÇÉê= ~ìÑ= qçäÉê~åòÉå= ÄÉáã= báåëíÉääÉå= ÇÉê=

iáÅÜíäÉáëíìåÖ=òìêΩÅâÖÉÑΩÜêí=ïÉêÇÉåK=aìêÅÜ=ÇáÉ=ÄÉëÅÜêáÉÄÉåÉ=ÖÉêáåÖÑΩÖáÖÉ=^åé~ëëìåÖ=

ÇÉê=pé~ååìåÖ= = áã=_ÉêÉáÅÜ=îçå=ÉáåáÖÉå=ãs=ÄÉá=ìåíÉêëÅÜáÉÇäáÅÜÉå=iáÅÜíäÉáëíìåÖÉå=

â~åå= ã~å= ëÅÜäìëëÑçäÖÉêåI= Ç~ëë= ÇáÉ= hÉååäáåáÉåëóããÉíêáÉ= ÇáÉëÉê= píêìâíìê= ÉÄÉåÑ~ääë=

äÉáÅÜí=îçå=ÇÉê=iáÅÜíäÉáëíìåÖ=~ÄÜ®åÖíK=

Mr
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Gemessene Korrelationsfunktionen
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Gemessene Korrelationsfunktionen

5nW/4ms
20nW/1ms

=

^ÄÄáäÇìåÖ=QKUW= dÉãÉëëÉåÉ=hçêêÉä~íáçåëÑìåâíáçåÉå=ãáí=îÉêëÅÜáÉÇÉåÉå=iáÅÜíäÉáëíìåÖÉå=ìåÇ=fåíÉÖê~J
íáçåëòÉáíÉåK=aáÉ=fåíÉÖê~íáçåëâ~é~òáí®í=ÄÉíêìÖ=OM=écI=ÇáÉ=pé~ååìåÖ=rjçÇZœOIR=sK=

jáí=eáäÑÉ=ÇÉê=jÉëëìåÖÉå=â~åå=ÑΩê=ÇáÉ=ÖÉÖÉÄÉåÉ=píêìâíìê=ÇáÉ=aÉãçÇìä~íáçåëÉãéÑáåÇJ

äáÅÜâÉáí=Eh~éáíÉä=OKRKPF=~ìë=ÇÉê=^ãéäáíìÇÉ=ÇÉê=hçêêÉä~íáçåëÑìåâíáçå=ÄÉëíáããí=ïÉêÇÉåK=

cΩê=ÇáÉ=îçêäáÉÖÉåÇÉ=píêìâíìê=ÉêÖáÄí=ëáÅÜ=ÄÉá= R ]SRMçéím åt åt= =

( ) NO
áåí

áåí

MIRT OM NM
MIOV L

O O Q R
ã~ñ ãáå

çéí

r r ` s éc
a ^

í m ãë åt

−Δ − Δ ⋅ ⋅ ⋅
= = =

⋅ ⋅ ⋅ ⋅
t = EQKNF=

aáÉëÉê=tÉêí= ëíáããí= ëÉÜê=Öìí=ãáí= ÇÉê= ÉêãáííÉäíÉå= mÜçíçÉãéÑáåÇäáÅÜâÉáí= ÇÉê= píêìâíìê=

ÄÉá=SRM=åã=ìåíÉê=_ÉêΩÅâëáÅÜíáÖìåÖ=ÇÉê=~åÖÉäÉÖíÉå=pé~ååìåÖ=ΩÄÉêÉáåK= fåíÉêéêÉíáÉêí=

ã~å=ÇáÉëÉë=bêÖÉÄåáë=ãáí=ÇÉê=áå=h~éáíÉä=OKRKN=~ìÑÖÉÑΩÜêíÉå=aÉÑáåáíáçå=ÇÉë=hçåíê~ëíëI=ëç=

ÉåíëéêáÅÜí= ÇáÉë= ÉáåÉê= îçääëí®åÇáÖÉå= qêÉååìåÖ= ~ääÉê= éÜçíçÖÉåÉêáÉêíÉå= i~ÇìåÖëíê®ÖÉêI=

~äëç= ÇÉã= hçåíê~ëíïÉêí= NK= táÉ= ã~å= áã= ïÉáíÉêÉå= sÉêä~ìÑ= ÇáÉëÉê= ^êÄÉáí= ëÉÜÉå= ïáêÇI=

òÉáÅÜåÉí=ëáÅÜ=Ç~ë=jpjJmja=mêáåòáé=áã=^ääÖÉãÉáåÉå=ÇìêÅÜ=ëÉÜê=ÜçÜÉ=aÉãçÇìä~íáçåJ

ëÉãéÑáåÇäáÅÜâÉáíÉå=ìåÇ=ÜçÜÉ=páÖå~ä~ìëÄÉìíÉ=ÄÉá=ÜçÜÉê=_~åÇÄêÉáíÉ=~ìëK=

QKRKN råíÉêÇêΩÅâìåÖ=ìåâçêêÉäáÉêíÉê=^åíÉáäÉ=

báå=ïÉáíÉêÉê=sçêíÉáä=ÇáÉëÉë=mêáåòáéë=áëí=ÇáÉ=Éêï®ÜåíÉ=áåÜ®êÉåíÉ=råíÉêÇêΩÅâìåÖ=îçå=ìåJ

âçêêÉäáÉêíÉå=páÖå~ä~åíÉáäÉåK=rã=ÇáÉëÉ=báÖÉåëÅÜ~Ñí=òì=îÉêÇÉìíäáÅÜÉåI=ïÉêÇÉå=jÉëëìåJ

ÖÉå=ãáí= òìë®íòäáÅÜ=ìåâçêêÉäáÉêíÉã=a`JeáåíÉêÖêìåÇäáÅÜí= ÖäÉáÅÜÉê=tÉääÉåä®åÖÉ=ÇìêÅÜJ

ÖÉÑΩÜêíK=^ÄÄáäÇìåÖ=QKV=òÉáÖí=ÄÉáëéáÉäÜ~ÑíÉ=råíÉêëìÅÜìåÖÉåI=ïÉäÅÜÉ=~å=ÇÉê=òìîçê=ÖÉJ

å~ååíÉå=aáçÇÉ=ÇìêÅÜÖÉÑΩÜêí=ïìêÇÉåK=_Éá=ÇÉå=jÉëëìåÖÉå= áëí=ÇáÉ= pé~ååìåÖ= = ÑΩê=

ÇáÉ= jÉëëìåÖ= çÜåÉ= eáåíÉêÖêìåÇäáÅÜí= ÉáåÖÉëíÉääí= ìåÇ= ~åëÅÜäáÉ≈ÉåÇ= ÄÉá= ~ääÉå= eáåíÉêJ

ÖêìåÇäáÅÜíäÉáëíìåÖÉå=âçåëí~åí=ÖÉÜ~äíÉå=ïçêÇÉåK=

Mr

^ìÑ=ÇÉê=äáåâÉå=pÉáíÉ=Ç~êÖÉëíÉääí=ëáåÇ=ÇáÉ=~ìÑÖÉåçããÉåÉå=hçêêÉä~íáçåëâìêîÉåI=~ìÑ=ÇÉê=

êÉÅÜíÉå=pÉáíÉ=ÇáÉ=ëóããÉíêáëÅÜ=òìã=kìääéìåâí=îÉêëÅÜçÄÉåÉå=hìêîÉåK=aìêÅÜ=ÇÉå=lÑÑJ



d~ääáìã~êëÉåáÇ=jpjJmja= = TP=

ëÉí= ÄÉá= ÖÉ®åÇÉêíÉå= eáåíÉêÖêìåÇäÉáëíìåÖÉå= ïáêÇ= Éêï~êíìåÖëÖÉã®≈= ÉáåÉ= äÉáÅÜíÉ= ^J

ëóããÉíêáÉ= ÇÉê= píêìâíìê= ÇÉìíäáÅÜK= bÄÉåëç= ÉêâÉååí= ã~å= ~ìÑ= ÇÉê= êÉÅÜíÉå= pÉáíÉ= ÉáåÉ=

äÉáÅÜíÉ=s~êá~íáçå=ÇÉê=aÉãçÇìä~íáçåëÉãéÑáåÇäáÅÜâÉáí=ÄòïK=ÇÉê=mÜçíçÉãéÑáåÇäáÅÜâÉáí=áå=

^ÄÜ®åÖáÖâÉáí= ÇÉê=dÉë~ãíäáÅÜíäÉáëíìåÖK=aáÉ= Ç~êÖÉëíÉääíÉå= bêÖÉÄåáëëÉ= ä~ëëÉå= òìå®ÅÜëí=

îÉêãìíÉåI= Ç~ëë= ãáí= òìåÉÜãÉåÇÉê= iáÅÜíäÉáëíìåÖ= ÇáÉ= bãéÑáåÇäáÅÜâÉáí= ~ÄåáããíK= sÉêJ

ÖäÉáÅÜëãÉëëìåÖÉå=~å=~åÇÉêÉå=píêìâíìêÉå=EÜáÉê=åáÅÜí=Ç~êÖÉëíÉääíF=òÉáÖÉå=àÉÇçÅÜI=Ç~ëë=

ÇáÉ= bãéÑáåÇäáÅÜâÉáí= ÄÉá= wìå~ÜãÉ= ÇÉê= iáÅÜíäÉáëíìåÖ= åáÅÜí= òï~åÖëä®ìÑáÖ= ~ÄåáããíI=

ëçåÇÉêå=ÇÉê=_Éíê~Ö=ìåÇ=Ç~ë=sçêòÉáÅÜÉå=ÇÉê=ûåÇÉêìåÖ=ÇìêÅÜ~ìë=î~êááÉêÉå=â∏ååÉåK=fã=

^ääÖÉãÉáåÉå= â~åå= ÄÉá= çéíçÉäÉâíêçåáëÅÜÉå= jáëÅÜÉêå= àÉ= å~ÅÜ= ^ìëÑΩÜêìåÖëÑçêã= îçå=

ÉáåÉê= äÉáÅÜíÉå= ^ÄÜ®åÖáÖâÉáí= ÇÉê= jáëÅÜÉÑÑáòáÉåò= îçå= ÇÉê= iáÅÜíäÉáëíìåÖ= ~ìëÖÉÖ~åÖÉå=

ïÉêÇÉåK=ûÜåäáÅÜÉ=bÑÑÉâíÉ=ëáåÇ=ÄÉáëéáÉäëïÉáëÉ=áå=x^äáMPz=ìåÇ=xpÜÉåMMz=ÄÉëÅÜêáÉÄÉåK=
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Korrelationsfunktionen
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Korrelationsfunktionen (Symmetriert)

10nW/0W
10nW/100nW
10nW/1000nW

=

^ÄÄáäÇìåÖ=QKVW= jÉëëìåÖ=îçå=hçêêÉä~íáçåëÑìåâíáçåÉå=ÄÉá=îÉêëÅÜáÉÇÉåÉå=eáåíÉêÖêìåÇäáÅÜí~åíÉáäÉåK=
aÉê=âçêêÉäáÉêíÉ=páÖå~ä~åíÉáä=ÄÉíê®Öí=âçåëí~åí=NM=åtK=a~ë=eáåíÉêÖêìåÇäáÅÜí=ïìêÇÉ=Äáë=
òìã=NMMJÑ~ÅÜ=Ü∏ÜÉêÉå=páÖå~ä~åíÉáä=î~êááÉêíK=aáÉ=fåíÉÖê~íáçåëòÉáí=ÄÉíêìÖ=âçåëí~åí=
Q=ãëI=ÇáÉ=fåíÉÖê~íáçåëâ~é~òáí®í=OM=écK=

aáÉ= ÄÉêÉÅÜåÉíÉ=aÉãçÇìä~íáçåëÉãéÑáåÇäáÅÜâÉáí= ÄÉíê®Öí= ÄÉá= ÇÉê= îçêäáÉÖÉåÇÉå= báåòÉäJ

píêìâíìê= áã=_ÉêÉáÅÜ=ÇÉê=ÄÉíê~ÅÜíÉíÉå=iÉáëíìåÖÉå= ^ tMIOOKKKMIOV La = K=^åÇÉêÉ=jìëJ

íÉê= ÇÉê=aáçÇÉåíóéÉå=kêK= O= ìåÇ= P= EëáÉÜÉ= q~ÄÉääÉ= QKOF=ïìêÇÉå= ÉÄÉåÑ~ääë= ÜáåëáÅÜíäáÅÜ=

áÜêÉê=aÉãçÇìä~íáçåëÉáÖÉåëÅÜ~ÑíÉå=ìåíÉêëìÅÜíK=aáÉëÉ=ïáÉëÉå= âÉáåÉ= ëáÖåáÑáâ~åíÉå=råJ

íÉêëÅÜáÉÇÉ= áã=póããÉíêáÉîÉêÜ~äíÉå=ìåÇ=ÄÉá=ÇÉê= äÉáëíìåÖë~ÄÜ®åÖáÖÉå=mÜçíçÉãéÑáåÇJ

äáÅÜâÉáí= ~ìÑK=aáÉ= ÖÉãÉëëÉåÉå=aÉãçÇìä~íáçåëÉãéÑáåÇäáÅÜâÉáíÉå= ä~ÖÉå= ÄÉá= ÇÉê=aáçÇÉ=

qóé=O= EîÉêïÉåÇÉí=ïìêÇÉ=ÉáåÉ=PMM”ã=aáçÇÉ=îÉêÖäÉáÅÜÄ~êÉê=_~ì~êíF= áã=_ÉêÉáÅÜ=îçå=

= ~ääÉêÇáåÖë= ãìëëíÉ= ÜáÉêÑΩê= ÇáÉ= jçÇìä~íáçåëëé~ååìåÖ= ~ìÑ=

=ÉêÜ∏Üí=ïÉêÇÉåK=aáÉ=aÉãçÇìä~íáçåëÉãéÑáåÇäáÅÜâÉáí=ÇÉê=aáçÇÉ=ÇÉë=qóéë=P=

ä~Ö= ÄÉá= = ÄÉá= ïÉáíÉêÉê= bêÜ∏ÜìåÖ= ÇÉê= jçÇìä~íáçåëëé~ååìåÖ= ~ìÑ=

=

=

^ t

s

^ t

MIOUKKKMIPO La =

QjçÇr = ±

MIOOKKKMIOS La =

RjçÇr s= ±

 



TQ= h~éáíÉä=Q=

QKRKO jÉëëÖÉå~ìáÖâÉáí=

tÉëÉåíäáÅÜ=ÄÉáã=báåë~íò=~äë=hçêêÉä~íáçåëÉãéÑ®åÖÉê=áëí=ÇáÉ=báÖÉåëÅÜ~Ñí=ÇÉë=pÉåëçêë=ÇáÉ=

páÖå~ää~ìÑòÉáí=ÄòïK=ÇáÉ=mÜ~ëÉåîÉêëÅÜáÉÄìåÖ=ÖÉå~ì=ìåÇ=ãáí=ÖÉêáåÖÉê=^ÄïÉáÅÜìåÖ=òì=

ÉêÑ~ëëÉåK= eáÉêòì= ïáêÇ= áã= cçäÖÉåÇÉå= ÇáÉëÉ= báÖÉåëÅÜ~Ñí= ÇÉë= aáçÇÉåíóéë= kêK= N= å®ÜÉê=

ÄÉíê~ÅÜíÉíK= aìêÅÜÖÉÑΩÜêí= ïáêÇ= ÇáÉ= råíÉêëìÅÜìåÖ= ïáÉÇÉê=ãáí= ÉáåÉê=jçÇìä~íáçåëÑêÉJ

èìÉåò=îçå=NM=jeòI=ãáí=~ÄÖÉëíìÑíÉå=máñÉäJiáÅÜíäÉáëíìåÖÉå=ÖÉã®≈=q~ÄÉääÉ=QKPK=_Éá=àÉJ

ÇÉê= páÖå~ääÉáëíìåÖ= ïáêÇ= å~ÅÜÉáå~åÇÉê= ÉáåÉ= ~åÇÉêÉ= eáåíÉêÖêìåÇäÉáëíìåÖ= ÉáåÖÉëíÉääí=

ìåÇ=ÉáåÉ=jÉëëêÉáÜÉ=ÄÉëíÉÜÉåÇ=~ìë=NMM=~ìÑÉáå~åÇÉê=ÑçäÖÉåÇÉå=jÉëëìåÖÉå=ãáí=àÉïÉáäë=

Q=^Äí~ëíìåÖÉå=ÇÉê=hçêêÉä~íáçåëÑìåâíáçåÉå=ÇìêÅÜÖÉÑΩÜêí=ïáêÇK=pçãáí=ÉêÖÉÄÉå=ëáÅÜ=VV=

îÉêëÅÜáÉÇÉåÉ= páÖå~äJL=eáåíÉêÖêìåÇäáÅÜíâçãÄáå~íáçåÉåK= gÉÇÉ=jÉëëìåÖ=ïáêÇ=ãáí= ÇÉã=

QJmÜ~ëÉåJ^äÖçêáíÜãìë=~ìëÖÉïÉêíÉí=ìåÇ=ÇáÉ=mÜ~ëÉ=å~ÅÜ=däÉáÅÜìåÖ=EOKNOF=ÄÉëíáããíK=

^ìë=ÇÉå=NMM=jÉëëìåÖÉå=ïÉêÇÉå=àÉïÉáäë=ÇáÉ=ãáííäÉêÉ=ÖÉãÉëëÉåÉ=mÜ~ëÉ=ìåÇ=ÇáÉ=êÉëìäJ

íáÉêÉåÇÉ=pí~åÇ~êÇ~ÄïÉáÅÜìåÖ=ÄÉëíáããíK=

páÖå~ääÉáëíìåÖ=~ìÑ=máñÉä eáåíÉêÖêìåÇäÉáëíìåÖ=~ìÑ=máñÉä=

RM=ét M=

NMM=ét NMM=ét=

OMM=ét N=åt=

RMM=ét NM=åt=

N=åt OM=åt=

O=åt RM=åt=

R=åt NMM=åt=

NM=åt OMM=åt=

OM=åt RMM=åt=

N=”t=

O=”t=

q~ÄÉääÉ=QKPW= §ÄÉêëáÅÜí=ÇÉê=iáÅÜíäÉáëíìåÖÉå=òìê=_ÉëíáããìåÖ=ÇÉê=jÉëëéÉêÑçêã~åÅÉK=aáÉ=~åÖÉÖÉJ
ÄÉåÉå=iÉáëíìåÖÉå=ÄÉòáÉÜÉå=ëáÅÜ=~ìÑ=ÇáÉ=àÉïÉáäë=ìåíÉêëìÅÜíÉ=dÉë~ãíéáñÉäÑä®ÅÜÉK=

få=^ÄÄáäÇìåÖ=QKNM=áëí=ÇáÉ=~ìÑ=ÇáÉëÉ=tÉáëÉ=ÉêãáííÉäíÉ=pí~åÇ~êÇ~ÄïÉáÅÜìåÖ= ϕσ =áå=dê~Ç=

áå=^ÄÜ®åÖáÖâÉáí=ÇÉê=kìíòJ=ìåÇ=eáåíÉêÖêìåÇäáÅÜíäÉáëíìåÖ=Öê~ÑáëÅÜ=Ç~êÖÉëíÉääíK=wìê=ÄÉëJ

ëÉêÉå=§ÄÉêëáÅÜíäáÅÜâÉáí= áëí=ÇáÉ=pí~åÇ~êÇ~ÄïÉáÅÜìåÖ=ëçïçÜä= Ñ~êÄäáÅÜ=âçÇáÉêí=~äë=~ìÅÜ=

áå=w~ÜäÉåïÉêíÉå=~åÖÉÖÉÄÉåK=^äë=lÄÉêÖêÉåòÉ=ÇÉê=^ÄïÉáÅÜìåÖ=ïáêÇ=ÉáåÉ=pí~åÇ~êÇ~ÄJ

ÉáÅÜìåÖ= îçå= QIVϕσ = °

eò

= îçêÖÉÖÉÄÉåI= ÇáÉë= ÉåíëéêáÅÜí= ÄÉá= ÉáåÉê=jçÇìä~íáçåëÑêÉèìÉåò=

îçå= = ÉáåÉê= båíÑÉêåìåÖë~ÄïÉáÅÜìåÖ= Epí~åÇ~êÇ~ÄïÉáÅÜìåÖF= îçå=ãçÇ NMÑ j=

OMw Åãσ = K=



d~ääáìã~êëÉåáÇ=jpjJmja= = TR=
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=

^ÄÄáäÇìåÖ=QKNMW= jÉëëìåÖÉå=~å=ÉáåÉê=aáçÇÉ=ÇÉë=qóé=N=ãáí=SKR=ãë=fåíÉÖê~íáçåëòÉáí=ìåÇ=OM=éc=fåíÉÖJ
ê~íáçåëâ~é~òáí®í=ÄÉá=îÉêëÅÜáÉÇÉåÉå=iáÅÜíäÉáëíìåÖëîÉêÜ®äíåáëëÉåK=

bêï~êíìåÖëÖÉã®≈= áëí=ÄÉá=âäÉáåÉå=kìíòäÉáëíìåÖÉå=ÇáÉ=pí~åÇ~êÇ~ÄïÉáÅÜìåÖ=~ã=Öê∏≈J

íÉåK= _Éá= sÉêÇçééäìåÖ= ÇÉê= kìíòäÉáëíìåÖ= ïΩêÇÉ= ã~å= ~ìÑÖêìåÇ= ÇÉë= mÜçíçåÉåJ

pÅÜêçíê~ìëÅÜÉåë= ÇÉë= kìíòäáÅÜíÉë= ÉáåÉ= ^Äå~ÜãÉ= ÇÉê= pí~åÇ~êÇ~ÄïÉáÅÜìåÖ= ìã= ÇÉå=

c~âíçê= O = Éêï~êíÉå= EîÖäK= däÉáÅÜìåÖ= EOKOMFFK= aÉê= wìë~ããÉåÜ~åÖ= áëí= ~ÄÉê= å~ÜÉòì=

äáåÉ~êX=ÇáÉë=ÄÉÇÉìíÉíI= Ç~ëë=Ç~ë= pÅÜêçíê~ìëÅÜÉå=ÄÉá= âäÉáåÉå=iáÅÜíäÉáëíìåÖÉå=åáÅÜí=ÇáÉ=

äáãáíáÉêÉåÇÉ=dê∏≈É= Ç~êëíÉääíK= sáÉäãÉÜê= ëáåÇ= çÑÑÉåëáÅÜíäáÅÜ= ~åÇÉêÉ= äáÅÜíäÉáëíìåÖëìå~ÄJ

Ü®åÖáÖÉ=o~ìëÅÜèìÉääÉå=Ççãáå~åíI=ëç=Ç~ëë=ÉáåÉ=sÉêÇçééäìåÖ=ÇÉê=kìíòäÉáëíìåÖ=áå=ÉáJ

åÉê= e~äÄáÉêìåÖ= ÇÉê= pí~åÇ~êÇ~ÄïÉáÅÜìåÖ= êÉëìäíáÉêíK= ^äë= Ççãáå~åíÉ= o~ìëÅÜèìÉääÉ=

âçããí=áå=ÇáÉëÉã=c~ää=Ç~ë=o~ìëÅÜÉå=ÇÉë=dÉë~ãíëóëíÉãë=áå=cê~ÖÉK=rã=ÇáÉëÉå=wìë~ãJ

ãÉåÜ~åÖ=òì=îÉêáÑáòáÉêÉåI=ëáåÇ=áå=^ÄÄáäÇìåÖ=QKNN=íÜÉçêÉíáëÅÜÉ=_ÉêÉÅÜåìåÖÉå=~ìÑ=_~ëáë=

ÇÉê=däÉáÅÜìåÖ= EOKOPF= ìåíÉê= _ÉêΩÅâëáÅÜíáÖìåÖ=ÇÉê= áå=ÇÉê=jÉëëìãÖÉÄìåÖ= îçêäáÉÖÉåJ

ÇÉå=aáêÉâíÄÉëíê~ÜäìåÖ=å~ÅÜ=ÑçäÖÉåÇÉê=däÉáÅÜìåÖ=ÇìêÅÜÖÉÑΩÜêí=ïçêÇÉåK=

O

N N O PSM
N ÑΩê P

O éÜ~ëÉ
aéÜ~ëÉ

k
pko hkϕσ π

°
= ⋅ + ⋅ ≥

s

= EQKOF=

aáÉ=_ÉêÉÅÜåìåÖÉå=ïìêÇÉå=ãáí=ÇÉå=m~ê~ãÉíÉêå=ÇÉê=jÉëëìãÖÉÄìåÖ=ÄÉá=o~ìãíÉãéÉJ

ê~íìê=ÇìêÅÜÖÉÑΩÜêíK=a~ë=ìåîÉêãÉáÇÄ~êÉ=póëíÉãê~ìëÅÜÉå=ÇÉê=jÉëëìãÖÉÄìåÖ=ïìêÇÉ=

ãáí= OTRëóëk μ= I=ÇáÉ=fåíÉÖê~íáçåëòÉáí=ãáí= áåí SIRí ãë= =ìåÇ=ÇáÉ=fåíÉÖê~íáçåëâ~é~òáí®í=

ãáí= =ÄÉêΩÅâëáÅÜíáÖíK=aÉê=ãÉëëíÉÅÜåáëÅÜÉ=ÉêãáííÉäíÉ=aìåâÉäëíêçã=ÇÉê=aáçJáåí OM` = éc

 



TS= h~éáíÉä=Q=
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çåëÉãéÑáåÇäáÅÜâÉáí= K=MIOR Laa h o ^ t= ⋅ =
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DC Leistung [W]

Theoretische Standardabweichung σ
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=

^ÄÄáäÇìåÖ=QKNNW= qÜÉçêÉíáëÅÜÉ=pí~åÇ~êÇ~ÄïÉáÅÜìåÖ=ÇÉê=ÖÉòÉáÖíÉå=báåòÉäÇáçÇÉK=a~ë=póëíÉãê~ìëÅÜÉå=
ïìêÇÉ=ãáí=OTR=”s=ÄÉêΩÅâëáÅÜíáÖíK=

^ìÅÜ= ÄÉá= ÇÉê= íÜÉçêÉíáëÅÜÉå= _ÉêÉÅÜåìåÖ= áëí= ÄÉá= âäÉáåÉå= iÉáëíìåÖÉå= Éáå= äáåÉ~êÉê= wìJ

ë~ããÉåÜ~åÖ=òïáëÅÜÉå=wìå~ÜãÉ=ÇÉê=kìíòäÉáëíìåÖ=ìåÇ=sÉêêáåÖÉêìåÖ=ÇÉê=pí~åÇ~êÇJ

~ÄïÉáÅÜìåÖ=ÉêâÉååÄ~êI=ï~ë=ÇÉå=báåÑäìëë=ÇÉë=póëíÉãê~ìëÅÜÉåë=ÄÉëí®íáÖíK=bêëí=ÄÉá=Öê∏J

≈ÉêÉå= kìíòäÉáëíìåÖÉå= ìåÇ= Ççãáå~åíÉå= mÜçíçåÉåJpÅÜêçíê~ìëÅÜÉå= ÖÉÜí= ÇÉê= äáåÉ~êÉ=

wìë~ããÉåÜ~åÖ=~ääã®ÜäáÅÜ=áå=ÉáåÉ=ïìêòÉäÑ∏êãáÖÉ=^ÄÜ®åÖáÖâÉáí=ΩÄÉêK=_Éá=ÇÉê=íÜÉçêÉJ

íáëÅÜÉå=_ÉêÉÅÜåìåÖ=ëçääíÉ=ã~å=Ç~êΩÄÉê=Üáå~ìë=ÄÉÇÉåâÉåI=Ç~ëë=âÉáåÉêäÉá=bÑÑÉâíÉ=ÇìêÅÜ=

ÉáåÉå= ÄÉÖêÉåòíÉå= ^ìëëíÉìÉêÄÉêÉáÅÜ= ÄÉêΩÅâëáÅÜíáÖí= ïÉêÇÉåI= ëçåÇÉêå= Ç~ëë= bêÖÉÄåáë=

ìåíÉêäáÉÖí=åìê=báåÑäΩëëÉå=ÇÉê=o~ìëÅÜéêçòÉëëÉK=

^ìÑÑ®ääáÖ=áëí=ÄÉá=ÇÉå=jÉëëïÉêíÉåI=Ç~ëë=áå=ã~åÅÜÉå=_ÉêÉáÅÜÉå=ÄÉá=píÉáÖÉêìåÖ=ÇÉë=eáåJ

íÉêÖêìåÇäáÅÜíë= ÄÉá= âçåëí~åíÉã= kìíòäáÅÜí= Éáå= _ÉêÉáÅÜ= îÉêÄÉëëÉêíÉê= pí~åÇ~êÇ~ÄïÉáJ

ÅÜìåÖ=ÉñáëíáÉêíI=ÄòïK=Ç~ëë=Ç~ë=jÉëëÉêÖÉÄåáë=çÜåÉ=eáåíÉêÖêìåÇäáÅÜí=ëÅÜäÉÅÜíÉê=~äë=ÇáÉ=

íÜÉçêÉíáëÅÜÉ=sçêÜÉêë~ÖÉ= áëíK=báåÉ=ã∏ÖäáÅÜÉ=bêâä®êìåÖ=ÜáÉêÑΩê= áëí=ïáÉÇÉêìã=ÇáÉ=òìîçê=

ÑÉëíÖÉëíÉääíÉ= äÉáÅÜíÉ= ^ÄÜ®åÖáÖâÉáí= ÇÉê= aÉãçÇìä~íáçåëÉãéÑáåÇäáÅÜâÉáí= îçå= ÇÉê= iáÅÜíJ

äÉáëíìåÖ=ÄÉá=ÇÉê=îçêäáÉÖÉåÇÉå=píêìâíìêK=dÉåÉêÉää= äáÉÖí=~ÄÉê=áã=ãáííäÉêÉå=iÉáëíìåÖëÄÉJ

êÉáÅÜ=ÉáåÉ=ëÉÜê=ÖìíÉ=§ÄÉêÉáåëíáããìåÖ=ÇÉê=jÉëëïÉêíÉ=ãáí=ÇÉå=íÜÉçêÉíáëÅÜÉå=_ÉêÉÅÜJ



d~ääáìã~êëÉåáÇ=jpjJmja= = TT=

åìåÖÉå=îçêK=iÉÇáÖäáÅÜ=ÄÉá=Ü∏ÜÉêÉå=eáåíÉêÖêìåÇäáÅÜíäÉáëíìåÖÉå=âçããí=Éë=ÄÉá=ÇÉê=îçêJ

äáÉÖÉåÇÉå=píêìâíìê=òì=ÖÉëíÉáÖÉêíÉå=pí~åÇ~êÇ~ÄïÉáÅÜìåÖÉåK=

fåëÄÉëçåÇÉêÉ=áã=eáåÄäáÅâ=~ìÑ=ÇáÉ=c®ÜáÖâÉáí=ìåâçêêÉäáÉêíÉ=eáåíÉêÖêìåÇ~åíÉáäÉ=òì=ìåíÉêJ

ÇêΩÅâÉåI=ïáêÇ=~å=ÇáÉëÉê=píÉääÉ=ÉáåÉê=ÇÉê=e~ìéíîçêíÉáäÉ=ÇÉë=jpjJmjaJ^åë~íòÉë=ÇÉìíJ

äáÅÜK=aáÉ=îçêäáÉÖÉåÇÉå=jÉëëìåÖÉå=ÄÉäÉÖÉåI=Ç~ëë=~ÄÜ®åÖáÖ=îçå=ÇÉê=ÖÉÑçêÇÉêíÉå=dÉJ

å~ìáÖâÉáí= Éáå= ãÉÜê= ~äë= í~ìëÉåÇÑ~ÅÜ= Ü∏ÜÉêÉê= eáåíÉêÖêìåÇ~åíÉáä= çÜåÉ= jÉÜê~ìÑï~åÇ=

âçãéÉåëáÉêí= ïÉêÇÉå= â~ååK= få= ~åÇÉêÉå=tçêíÉåI= ÇÉê= åìíòÄ~êÉ= ^ìëëíÉìÉêÄÉêÉáÅÜ= ÇÉê=

^ìëäÉëÉëÅÜ~äíìåÖ=áëí=íêçíò=eáåíÉêÖêìåÇäáÅÜí=áå=ïÉáíÉå=dêÉåòÉå=~ìëëÅÜäáÉ≈äáÅÜ=îçã=âçêJ

êÉäáÉêíÉå=páÖå~ä=åìíòÄ~êI=ïçÄÉá=ÇáÉ=jÉëëÖÉå~ìáÖâÉáí=äÉÇáÖäáÅÜ=îçå=o~ìëÅÜ~åíÉáäÉå=ÄÉJ

ÉáåÑäìëëí=ïáêÇK=
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DC Leistung [W]

Gemessene mittlere Phase φ [°]
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=

^ÄÄáäÇìåÖ=QKNOW= dÉãÉëëÉåÉ=ãáííäÉêÉ=mÜ~ëÉ=ÇÉê=ÄÉíê~ÅÜíÉíÉå=aáçÇÉ=ÄÉá=s~êá~íáçå=îçå=kìíòJ=ìåÇ=
eáåíÉêÖêìåÇäáÅÜíäÉáëíìåÖK=

báå=ïÉáíÉêÉë=ïáÅÜíáÖÉë=hêáíÉêáìã=ÄÉá=ÇÉê=_ÉïÉêíìåÖ=ÇÉë=mja=áëí=ÇáÉ=ÖÉãÉëëÉåÉ=ãáííJ

äÉêÉ=mÜ~ëÉ=áå=^ÄÜ®åÖáÖâÉáí=ÇÉê=iáÅÜíäÉáëíìåÖÉåK=^ÄÄáäÇìåÖ=QKNO=ÇáÉåí=òìã=ÉáåÉå=òìê=

_ÉïÉêíìåÖ= ÉáåÉë= Éíï~áÖÉå= áåíÉåëáí®íë~ÄÜ®åÖáÖÉå=mÜ~ëÉåÑÉÜäÉêëI= òìã=~åÇÉêÉå= ~ìÅÜ=

òìê= sÉêãÉáÇìåÖ= îçå= cÉÜäáåíÉêéêÉí~íáçåÉå= ÇÉê= ÖÉãÉëëÉåÉå= pí~åÇ~êÇ~ÄïÉáÅÜìåÖK=

aáÉëÉ=_Éíê~ÅÜíìåÖ= áëí=ïáÅÜíáÖ= ÑΩê=ÇÉå=c~ääI=Ç~ëë=~ìÑÖêìåÇ=îçå=^ëóããÉíêáÉå=~ääÉ=^ÄJ

í~ëíïÉêíÉ= ÉáåÉê= hçêêÉä~íáçåëÑìåâíáçå= ~ì≈ÉêÜ~äÄ= ÇÉë= ÖΩäíáÖÉå= ^ìëäÉëÉÄÉêÉáÅÜë= ÇÉê=

pÅÜ~äíìåÖëíÉÅÜåáâ= ìåÇ= ëçãáí= âçåëí~åí= ~å= ÇÉå= ^ìëëíÉìÉêÖêÉåòÉå= äáÉÖÉåI= ïçÄÉá= ÇáÉ=

pí~åÇ~êÇ~ÄïÉáÅÜìåÖ= ÉáåÉå= ëÉÜê= åáÉÇêáÖÉå=tÉêí= ÉêÖÉÄÉå= ïΩêÇÉK= aÉê= ~ìë= ÇÉå= ^ÄJ

í~ëíïÉêíÉå=êÉÅÜåÉêáëÅÜ=ÉêãáííÉäíÉ=łmÜ~ëÉåïÉêí“=ï®êÉ=Ç~ÜÉê=âÉáåÉëïÉÖë=ëáååîçää=ìåÇ=

 



TU= h~éáíÉä=Q=

òì=ÉáåÉê=båíÑÉêåìåÖëãÉëëìåÖ=å~íΩêäáÅÜ=åáÅÜí=òì=îÉêïÉåÇÉåK=^ääÉáåÉ=~ìë=ÇáÉëÉå=éê~âíáJ

ëÅÜÉå=dÉëáÅÜíëéìåâíÉå=áëí=é~ê~ääÉä=òìê=_ÉïÉêíìåÖ=ÇÉê=pí~åÇ~êÇ~ÄïÉáÅÜìåÖ=~ìÅÜ=ÇáÉ=

ãáííäÉêÉå= mÜ~ëÉ= ÑΩê= ÉáåÉå= _ÉêÉáÅÜ=ΩÄÉê= ~åå®ÜÉêåÇ= P=aÉâ~ÇÉå= ìåíÉêÜ~äÄ= MIR=

ÉêÉáÅÜ=ÜçÅÜÖÉå~ìÉ=mÜ~ëÉåãÉëëìåÖÉå=~ìÅÜ=ìåíÉê=cêÉãÇäáÅÜíÉáåÑäìëë=ã∏ÖäáÅÜ=

ëáåÇK=

QKS kÉì~êíáÖÉ=jìäíáéáñÉäëíêìâíìêÉå=~ìÑ=d~^ë=jpjJ_~ëáë=

ëçê= òì= ΩÄÉêíê~ÖÉåI= ÇÉê= ÑΩê= ÉáåÉ= PaJh~ãÉê~J^ééäáâ~íáçå= îÉêïÉåÇÉí=

ê=~äë=~ìÅÜ=ÇáÉ=^ìëäÉëÉÉäÉâíêçåáâ= ÑΩê=ÇáÉ=

^ééäáâ~íáçå=ÉåíïáÅâÉäí=ìåÇ=êÉ~äáëáÉêí=ïÉêÇÉåK=

QKSKN ^êÅÜáíÉâíìê=

_Éíê~ÅÜíìåÖ=ÇÉê=ÖÉãÉëëÉåÉå=mÜ~ëÉå=ïáÅÜíáÖK=

_Éíê~ÅÜíÉí=ã~å=ÇÉå=_ÉêÉáÅÜ=ÇÉê=dÉë~ãíäÉáëíìåÖ=EpáÖå~äJ=ìåÇ=eáåíÉêÖêìåÇ~åíÉáäF=~ìÑ=

ÇÉã=pÉåëçêI= ëç=ïáêÇ=ÇÉìíäáÅÜI=Ç~ëë=ÇáÉ= îçêäáÉÖÉåÇÉ=píêìâíìê=ΩÄÉê= ÉáåÉå=ïÉáíÉå=_ÉJ

êÉáÅÜ=îçå=ΩÄÉê=Q=aÉâ~ÇÉå=ÇÉê= iáÅÜíäÉáëíìåÖ=ÉáåÉå= ëÉÜê=ÖÉêáåÖÉå=cÉÜäÉê=ÜáåëáÅÜíäáÅÜ=

ÇÉê=ÖÉãÉëëÉåÉå=mÜ~ëÉ=~ìÑïÉáëíK=eáÉêÄÉá=ëçääíÉ=ã~å=ÄÉÇÉåâÉåI=Ç~ëë=ÇáÉ=^ìëïÉêíìåÖ=

äÉÇáÖäáÅÜ=ãáí=Q=^Äí~ëíïÉêíÉå=ÇìêÅÜÖÉÑΩÜêí=ïìêÇÉ=ìåÇ=Ç~ëë=âÉáåÉêäÉá=hçêêÉâíìêÉå=ÜáåJ

ëáÅÜíäáÅÜ=ÉáåÉê=Éíï~áÖÉå=sÉêÑçêãìåÖ=ÇÉê=hçêêÉä~íáçåëÑìåâíáçå=EòK_K=sÉêÑçêãìåÖ=ÇìêÅÜ=

íÉáäïÉáëÉ= _ÉÖêÉåòìåÖ= ÇìêÅÜ= ÇÉå= äáãáíáÉêíÉå= ^ìëëíÉìÉêÄÉêÉáÅÜF= îçêÖÉåçããÉå= ïìêJ

ÇÉåK=_Éíê~ÅÜíÉí=ã~å=ÇÉå=c~ää=ÑΩê=êÉáåÉë=kìíòäáÅÜí=ëç=äáÉÖí=ÇáÉ=^ÄïÉáÅÜìåÖ=ÇÉê=ÉêãáíJ

íÉäíÉå=

dê~ÇK=

aáÉëÉ= bêÖÉÄåáëëÉ= ÄÉäÉÖÉåI= Ç~ëë= ãáí= jpjJmjaë= ΩÄÉê= ÉáåÉå= ëÉÜê= Öêç≈Éå= iáÅÜíäÉáëJ

íìåÖëÄ

_~ëáÉêÉåÇ=~ìÑ=ÇÉå=bêÖÉÄåáëëÉå=ÇÉê=báåòÉäéáñÉäìåíÉêëìÅÜìåÖÉå=Éåíëí~åÇÉå=áã=sÉêä~ìÑ=

ÇáÉëÉê=^êÄÉáí=îÉêëÅÜáÉÇÉåÉ=jìäíáéáñÉäëÉåëçêÉå=~ìÑ=d~^ëJ_~ëáëK=wáÉä=ï~ê=ÉëI=ÇáÉ=áã=báåJ

òÉäéáñÉä= å~ÅÜÖÉïáÉëÉåÉ= cìåâíáçå~äáí®í= ìåÇ= iÉáëíìåÖëÑ®ÜáÖâÉáí= Éêëíã~äë= ~ìÑ= ÉáåÉå=

jpjJmjaJpÉå

ïÉêÇÉå=â~ååK=

t®ÜêÉåÇ= ÄÉá= ÇÉå= òìîçê= ÇìêÅÜÖÉÑΩÜêíÉå= råíÉêëìÅÜìåÖÉå= ~å= báåòÉäéáñÉäå= òìå®ÅÜëí=

Ü~åÇÉäëΩÄäáÅÜÉ=pí~åÇ~êÇâçãéçåÉåíÉå=îÉêïÉåÇÉí=ïÉêÇÉå=âçååíÉåI=ãìëëíÉ= ÑΩê= ÉáåÉ=

jìäíáéáñÉäêÉ~äáëáÉêìåÖ=ëçïçÜä=ÇÉê=d~^ëJpÉåëç

aÉê=ÄÉëÅÜêáÉÄÉåÉ=k~ÅÜíÉáäI=Ç~ëë=~ìÑ=d~^ëJ_~ëáë=åìê=ëÉÜê=ÄÉÇáåÖí=ìåÇ=âçëíÉåáåíÉåëáî=

~ééäáâ~íáçåëëéÉòáÑáëÅÜÉ=bäÉâíêçåáâ=êÉ~äáëáÉêí=ïÉêÇÉå=â~ååI=ã~ÅÜíÉ=ÑΩê=ÇáÉëÉ=^ìÑÖ~ÄÉåJ

ëíÉääìåÖ= ÉáåÉ= jìäíáÅÜáéêÉ~äáëáÉêìåÖ= ãáí= d~^ëJpÉåëçê= ìåÇ= páäáòáìã~ìëäÉëÉ= òïáåÖÉåÇ=

ÉêÑçêÇÉêäáÅÜK=aáÉ=^êÅÜáíÉâíìê=ÇÉë=åÉìÉå=pÉåëçêë=áëí=áå=^ÄÄáäÇìåÖ=QKNP=Ç~êÖÉëíÉääíX=ÇáÉ=



d~ääáìã~êëÉåáÇ=jpjJmja= = TV=

~ìë= ÇÉê= ^ééäáâ~íáçå= ÖÉÑçêÇÉêíÉ= ^ìÑä∏ëìåÖ=ÇÉë= pÉåëçêë= ÄÉíê®Öí= ÜáÉêÄÉá= OQEeF= ñ= SEsF=

pÉåëçêÉäÉãÉåíÉK=táÉ=~ìÑ=ÇÉê=^ÄÄáäÇìåÖ=òì=ÉêâÉååÉåI=Ü~ÄÉå=~ääÉ=máñÉä=ÉáåÉå=ÖÉãÉáåJ

ë~ãÉå=jçÇìä~íáçåë~åëÅÜäìëëI= ÇÉê= òïÉáíÉ= ^åëÅÜäìëë= ÉáåÉë= àÉÇÉå= máñÉäë= ïáêÇ= ~ìÑ= ÇáÉ=

éáñÉäáåÇáîáÇìÉääÉ= ^ìëäÉëÉÉäÉâíêçåáâ= ÖÉÑΩÜêíK= pçïÉáí= ÉåíëéêáÅÜí= ÇÉê= ^ìÑÄ~ì= ÇÉê= áå=

^ÄÄáäÇìåÖ=QKN=Ç~êÖÉëíÉääíÉå=oÉ~äáëáÉêìåÖëÑçêã=ÇÉê=ÉáåëÉáíáÖÉå=jçÇìä~íáçåK=

Reset

UMOD

VBias
Track & Hold

Popt

Cint

PMD-
Sensor

Pixel
Auslese

Hold

24x6 GaAs MSM-Array Silizium CMOS-Auslesechip

Sensor
Ausgang

Buffer
Pixel

Select

72 Auslesezweige

Select

Select

Global Buffer

Ausleseleitung

UOut

=

^ÄÄáäÇìåÖ=QKNPW=
Çìä=ÄÉëíÉÜÉåÇ=~ìë=ÉáåÉã=d~^ëJmja=^êê~ó=ìåÇ=ÉáåÉê=ëáäáòáìãÄ~ëáÉêíÉå=

^ìëäÉëÉK=

^êÅÜáíÉâíìê=ÉáåÉê=_áäÇÜ®äÑíÉ=ÇÉë=OQñS=PaJpÉåëçêëK=aÉê=^ìÑÄ~ì=Ä~ëáÉêí=~ìÑ=ÉáåÉã=
jìäíáÅÜáéãç

aáÉ=^ìëäÉëÉ=~ääÉê=máñÉäëé~ååìåÖÉå=ÇÉë=pÉåëçêë=ëçää=å~ÅÜ=ÉáåÉã=fåíÉÖê~íáçåëòÉáíÑÉåëíÉê=

ëÉèìÉåíáÉää= ìåÇ= éáñÉäïÉáëÉ= ÉêÑçäÖÉåI= ÇKÜK= å~ÅÜ= _ÉÉåÇáÖìåÖ= ÇÉë= fåíÉÖê~íáçåëòóâäìë=

ïÉêÇÉå=ÇáÉ=máñÉä=å~ÅÜÉáå~åÇÉê=~ìëÖÉäÉëÉåK=rã=ÑΩê=~ääÉ=máñÉä=ÖäÉáÅÜÉ=fåíÉÖê~íáçåëòÉáJ

íÉå=~ìëÖÉÜÉåÇ=îçå=ÉáåÉã=ÖÉãÉáåë~ãÉå=oΩÅâëÉíòÉå=òì=ÖÉï®ÜêäÉáëíÉåI=ãΩëëÉå=å~ÅÜ=

ÄÉÉåÇÉíÉê= fåíÉÖê~íáçåëòÉáí= ÇáÉ= tÉêíÉ= ~ääÉê= máñÉä= ÖäÉáÅÜòÉáíáÖ= òïáëÅÜÉåÖÉëéÉáÅÜÉêí=

ïÉêÇÉåK=aáÉ=òì=ÇáÉëÉã=wïÉÅâ=ÉáåÖÉÑΩÜêíÉ=qê~ÅâJ~åÇJeçäÇ=píìÑÉ=Éêã∏ÖäáÅÜí=ÇáÉëI=áåJ

ÇÉã=ï®ÜêÉåÇ=ÇÉê=fåíÉÖê~íáçå=ÇáÉ=qê~ÅâJh~é~òáí®í=ΩÄÉê=ÇÉå=ÇìêÅÜÖÉëÅÜ~äíÉíÉå=eçäÇJ

íê~åëáëíçê=~ìÑ=ÇÉå=^ìëÖ~åÖëïÉêí=ÇÉê=máñÉä~ìëäÉëÉ=ÖÉä~ÇÉå=ïáêÇK=^ã=båÇÉ=ÇÉê=fåíÉÖê~J

íáçå=ïáêÇ=ÑΩê=~ääÉ=máñÉä=ÇÉê=~å~äçÖÉ=tÉêí=áå=ÇÉê=àÉïÉáäáÖÉå=eçäÇâ~é~òáí®í=ÇìêÅÜ=ÖäçÄ~J

äÉë= aÉ~âíáîáÉêÉå= ÇÉë= eçäÇíê~åëáëíçêë= òïáëÅÜÉåÖÉëéÉáÅÜÉêíK= _Éá= ÇÉê= ~åëÅÜäáÉ≈ÉåÇ= ÄÉJ

ÖáååÉåÇÉå=^ìëäÉëÉ=ïáêÇ=ÇáÉëÉê=tÉêí=å~ÅÜÉáå~åÇÉê=ΩÄÉê=pÅÜ~äíÉê=~ìÑ=ÇáÉ=ÖÉãÉáåë~ãÉ=

^ìëäÉëÉäÉáíìåÖ=ÖÉëÅÜ~äíÉí=ìåÇ=ΩÄÉê=ÉáåÉå=^ìëÖ~åÖëÄìÑÑÉê=~å=ÇáÉ=éÉêáéÜÉêÉ=bäÉâíêçåáâ=

ïÉáíÉêÖÉÖÉÄÉåK=a~= ~ìÑ= ÇÉã=d~^ëJ`Üáé= âÉáåÉêäÉá=jìäíáéäÉñáåÖ=ÇÉê=aáçÇÉå~ìëÖ®åÖÉ=

ã∏ÖäáÅÜ= áëíI=ãìëë= àÉÇÉê=ÇÉê=NQQ=máñÉä~ìëÖ®åÖÉ=ëÉé~ê~í=~ìÑ=ÇÉå=páäáòáìãÅÜáé=ÖÉÑΩÜêí=

ïÉêÇÉåK=^ìë=dêΩåÇÉå=ÉáåÉê=çéíáãáÉêíÉå=iÉáíìåÖëÑΩÜêìåÖ=ïìêÇÉ=ÉáåÉ=^ìÑíÉáäìåÖ=ÇÉë=

pÉåëçêë=áå=O=_áäÇÜ®äÑíÉå=~åÖÉëíêÉÄíI=ïçÄÉá=ÇáÉ=^ìëÖ®åÖÉ=îçå=àÉïÉáäë=TO=máñÉä=~ìÑ=ÇáÉ=
 



UM= h~éáíÉä=Q=

lÄÉêJ=ìåÇ=råíÉêëÉáíÉ=ÇÉë=`Üáé=ÖÉÑΩÜêí=ïìêÇÉåK=tÉáíÉêÜáå=ÉêÖáÄí=ëáÅÜ=ÜáÉêÇìêÅÜ=~ìÅÜ=

Éáå=dÉëÅÜïáåÇáÖâÉáíëîçêíÉáä=ÄÉá=ÇÉê=máñÉäê~íÉ=ÇÉë=pÉåëçêëK=aìêÅÜ=ÇáÉ=é~ê~ääÉäÉ=sÉê~êJ

ÄÉáíìåÖ= ÄÉáÇÉê= _áäÇÜ®äÑíÉå= â~åå= ÇáÉ= sÉê~êÄÉáíìåÖëÖÉëÅÜïáåÇáÖâÉáí= ÄÉá= sÉêïÉåÇìåÖ=

òïÉáÉê=^å~äçÖJaáÖáí~äJt~åÇäÉê=îÉêÇçééÉäí=ïÉêÇÉåK=

QKSKO pÉåëçê~ìÑÄ~ì=

®ÜäíI= ëç= Ç~ëë= ÉáåÉ= ÖÉë~ãíÉ= pÉåëçêÖê∏≈É= îçå= VSMM=”ã= EeF= ñ=

ÖÉÑΩÜ =ÇÉê=çÜãëÅÜÉ=táÇÉêJ

aÉê= pÉåëçê= ëçää= áå= ÉáåÉê= ^ééäáâ~íáçå=ãáí= ÉáåÉê= OLP“=léíáâ=ãáí= ÇÉå=£ÑÑåìåÖëïáåâÉä=

EsçääïáåâÉäF= îçå=RSøEeF=ñ=NRøEsF= ÉáåÖÉëÉíòí=ïÉêÇÉåI=ÜáÉê~ìë= ÉêÖáÄí= ëáÅÜ=Éáå=pÉåëçêJ

Ñçêã~í=áã=sÉêÜ®äíåáë=QWNI=ï~ë=ãáí=ÇÉã=^ìÑä∏ëìåÖëîÉêÜ®äíåáë=ΩÄÉêÉáåëíáããíK=^äë=pÉåJ

ëçêéáñÉä=ïáêÇ=ÉáåÉ=ãçÇáÑáòáÉêíÉ=aáçÇÉ=Ä~ëáÉêÉåÇ=~ìÑ=ÇÉå=òìîçê=ìåíÉêëìÅÜíÉå=píêìâíìJ

êÉå=ÇÉë=qóéë=kêK=N=ÉáåÖÉëÉíòíK=_ÉáÄÉÜ~äíÉå=ïìêÇÉ=ëçïçÜä=ÇáÉ=cáåÖÉêÖÉçãÉíêáÉI=~äëç=

cáåÖÉêÄêÉáíÉ= ìåÇ= J~Äëí~åÇI= ~äë= ~ìÅÜ=ÇÉê=aáçÇÉåÇìêÅÜãÉëëÉê= îçå=PMM=”ãK=rã=cêÉáJ

ê®ìãÉ= ÑΩê= ÇáÉ= åçíïÉåÇáÖÉå= sÉêÇê~ÜíìåÖÉå= òì= Ü~ÄÉåI= ïìêÇÉ= ÇÉê= aáçÇÉåéáíÅÜ=ãáí=

QMM=”ã= ñ= QMM=”ã=ÖÉï

OQMM=”ã=EsF=êÉëìäíáÉêíK=

få=^ÄÄáäÇìåÖ=QKNQ= áëí= ÉáåÉ=jáâêçëâçé~ìÑå~ÜãÉ=ÇÉë= ÉåíïáÅâÉäíÉå=OQñS=d~^ë=jpjJ

mja=^êê~ó=òì=ëÉÜÉåK=aáÉ=ÖÉãÉáåë~ãÉ=jçÇìä~íáçåëòìÑΩÜêìåÖ=äáÉÖí=áå=ÇÉê=jáííÉ=òïáJ

ëÅÜÉå=ÇÉê=çÄÉêÉå=ìåÇ=ìåíÉêÉå=_áäÇÜ®äÑíÉ=ìåÇ=ïáêÇ=~ìÑ=ÇÉê=äáåâÉå=ìåÇ=êÉÅÜíÉå=EåáÅÜí=

Ç~êÖÉëíÉääíF= pÉáíÉ=ÇÉë=`Üáéë= îçå= àÉïÉáäë=P=_çåÇé~Çë= âçåí~âíáÉêíK=j~å=ÉêâÉååíI=Ç~ëë=

ÇáÉ=jçÇìä~íáçåëòìÑΩÜêìåÖ= êÉä~íáî=ÄêÉáí=~ìëÖÉäÉÖí= áëíI=ìã=ΩÄÉê=ÇÉã=ÖÉë~ãíÉå=^êê~ó=

ÉáåÉ=åáÉÇÉêçÜãáÖÉ=ecJsÉêÄáåÇìåÖ=òì=ÖÉï®ÜêäÉáëíÉåK=^ì≈ÉêÇÉã=áëí=ÇáÉëÉ=wìÑΩÜêìåÖ=

~ìë=ãÉÜêÉêÉå=i~ÖÉå=ÇáÅâëÅÜáÅÜíáÖÉå=jÉí~ääë=~ìë êíI=ëç=Ç~ëë

ëí~åÇ=ÇÉê=Üçêáòçåí~äÉå=jçÇìä~íáçåëäÉáíìåÖ=åìê= Ro < Ω =ÄÉíê®ÖíK=

cΩê=ÉáåÉ=ÖêçÄÉ=^ÄëÅÜ®íòìåÖ=ÇÉë=o`JsÉêÜ~äíÉåë=ÇÉë=dÉë~ãíëÉåëçêë=~ìÑÖêìåÇ=ÇÉë=wìJ

äÉáíìåÖëïáÇÉêëí~åÇÉë= ìåÇ= ÇÉê= ~åÖÉëÅÜäçëëÉåÉå= aáçÇÉåâ~é~òáí®íÉå= â~åå= ã~å= däÉáJ

ÅÜ OFìåÖ= EPKR íêìâ

ã

= îÉêïÉåÇÉåI= ìã= ÇáÉ= h~é~òáí®í= ÇÉê= îÉêïÉåÇÉíÉå= jpjJp íìêÉå=

= ìåÇ= Që ”ãE MITï ”= = F= òì= ÄÉëíáããÉåK= bë= ÉêÖáÄí= ëáÅÜ= ãáí= =E F NIRTh â = ìåÇ=

=E DF QIQh â =§ÄÉêÉáåëíáããìåÖ=ãáí=ÇÉå=eÉêëíÉääÉê~åÖ~ÄÉå=ÉáåÉ=aáçÇÉåâ~é~J

òáí®í=îçå= SMMÇ` Ñc= K=_Éíê~ÅÜíÉí=ã~å=ÇÉå=wìäÉáíìåÖëïáÇÉêëí~åÇ=ìåÇ=ÇáÉ=dÉë~ãíÜÉáí=

~ääÉê= aáçÇÉåÉäÉãÉå ÉãÉåíÉI= ëç= ÉêÖáÄí= ëáÅÜ= ΩÄÉêëÅÜä®ÖáÖ= ÉáåÉ=

wÉáíâçåëí~åíÉ=îçå= NQQ QPMo` Ço ` éë

V=áå=Öìí

= ~äë= âçåòÉåíêáÉêíÉ= bä

Éê

íÉ

τ = ⋅ ⋅ = K=cΩê=ÇáÉ=Éñíêáåëáë èìÉåò=ÉêÖáÄí=

ëáÅÜ=ëçãáí=å~ÅÜ=däÉáÅÜìåÖ=

ÅÜÉ=dêÉåòÑêÉ

EPKQRF=ÉáåÉ=cêÉèìÉåò=îçå=Éíï~= PTMo`Ñ jeò= K=_ÉêΩÅâëáÅÜJ

íáÖÉå= ëçääíÉ=ã~å=ÜáÉêÄÉáI=Ç~ëë=ÄÉá=ÇáÉëÉê=_ÉêÉÅÜåìåÖ= äÉÇáÖäáÅÜ=ÇÉê=wìäÉáíìåÖëïáÇÉêJ



d~ääáìã~êëÉåáÇ=jpjJmja= = UN=

ëí~åÇ=~äë=ÉáåòáÖÉ=hçãéçåÉåíÉ=ÄÉêΩÅâëáÅÜíáÖ=ïìêÇÉX=qêÉáÄÉêJ=ìåÇ=ëçåëíáÖÉ=táÇÉêëí®åJ

ÇÉ=ÄäÉáÄÉå=ìåÄÉêΩÅâëáÅÜíáÖíK=

=

^ÄÄáäÇìåÖ=QKNQW= ^ìëëÅÜåáíí=ÇÉë=OQñS=d~^ë=jpjJmja=^êê~óK=k~ÅÜ=çÄÉå=ìåÇ=ìåíÉå=ïÉêÇÉå=àÉïÉáäë=

áí®í=áå=ïÉáíÉå=dêÉåòÉå=ìå~ÄÜ®åÖáÖ=îçå=ÇÉê=

Éê= áå= ^ÄÄáäÇìåÖ= QKNP= Ç~êÖÉëíÉääíÉ=

léÉê~íáçåëîÉêëí®êâÉê=ÇÉê=ãáí=ÉáåÉã=hçåÇÉåë~íçê=òìêΩÅâÖÉâçééÉäí=ïáêÇ=ìåÇ=ëçãáí=~äë=

~âíáîÉê=lmJfåíÉÖê~íçê= îÉêëÅÜ~äíÉí= áëíK=^ã=^ìëÖ~åÖ=ÇÉë=lmë=Öáäí= ëçãáí= ÑçäÖÉåÇÉ

ë~ããÉåÜ~åÖ=ÑΩê=ÇÉå=âçêêÉäáÉêíÉå=píêçã~åíÉáä= K=

TO=máñÉä=~ìÑ=ÇáÉ=^ìëäÉëÉÉäÉâíêçåáâ=ÖÉÑΩÜêíK=

QKSKP ^ìëäÉëÉÉäÉâíêçåáâ=

aáÉ= ÇÉã= pÉåëçê= å~ÅÜÖÉëÅÜ~äíÉíÉ= ^ìëäÉëÉÉäÉâíêçåáâ= Ü~í= ÇáÉ= ^ìÑÖ~ÄÉ= ÇÉå= ÑäáÉ≈ÉåÇÉå=

píêçã=ΩÄÉê=ãÉÜêÉêÉ=jçÇìä~íáçåëéÉêáçÇÉå=òì=áåíÉÖêáÉêÉå=ìåÇ=Ç~ë=fåíÉÖê~íáçåëÉêÖÉÄJ
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Éáåëíê~ÜäìåÖ= áã= _ÉêÉáÅÜ= ÇÉê= ÖÉëéÉêêíÉå= aê~áåL_ìäâ= aáçÇÉ= ÉáåÉå= mÜçíçëíêçã= ÉêòÉìJ

ÖÉåI=ÇÉê=ÇáÉ=ÖÉëéÉáÅÜÉêíÉ=i~ÇìåÖ=ÉêÜÉÄäáÅÜ=îÉêÑ®äëÅÜíK=däÉáÅÜòÉáíáÖ=ÇáÉåí=ÇáÉ=Öêç≈Ñä®J

ÅÜáÖÉ= jÉí~ää~ÄÇÉÅâìåÖ= òìê= pé~ååìåÖëîÉêëçêÖìåÖ= ìåÇ= pÅÜáêãìåÖ= ÇÉê= bäÉâíêçåáâK=

^ÄÄáäÇìåÖ=QKNS=òÉáÖí=Éáå=`ÜáéÑçíç=ÉáåÉë=qÉáäë=ÇÉê=^ìëäÉëÉÉäÉâíêçåáâ=ãáí=_ÉòÉáÅÜåìåÖ=

ÇÉê=ÖÉå~ååíÉå=_~ìÖêìééÉå=áã=ÉåíëéêÉÅÜÉåÇÉå=`ÜáéÇÉëáÖåK=

QKSKQ Pa=d~^ë=jpjJjìäíáÅÜáéëÉåëçê=

aÉê=OQñS=d~^ëJpÉåëçê=ìåÇ=ÇáÉ=^ìëäÉëÉÅÜáéë=ïÉêÇÉå=ÖÉãÉáåë~ã=áå=Éáå=dÉÜ®ìëÉ= áåJ

íÉÖêáÉêí= ìåÇ= ΩÄÉê= táêÉÄçåÇë= îÉêÄìåÇÉåK= aÉê= ^ìÑÄ~ì= ÉêÑçäÖíÉ= áå= Éáå= pí~åÇ~êÇ=

`i``SUJdÉÜ®ìëÉI= ïçÄÉá= ÇÉê= pÉåëçêÅÜáé= ãáííáÖ= áã= dÉÜ®ìëÉ= ~åÖÉÄê~ÅÜí= áëíK= gÉÇÉ=

_áäÇÜ®äÑíÉ=áëí=ãáí=àÉïÉáäë=TO=_çåÇîÉêÄáåÇìåÖÉå=òìê=^ìëäÉëÉÉäÉâíêçåáâ=îÉêÄìåÇÉåX=ÇÉJ

êÉå= sÉêëçêÖìåÖëJ= píÉìÉêJ= ìåÇ= ^ìëÖ~åÖëëáÖå~äÉ= ïáÉÇÉêìã= ïÉêÇÉå= ΩÄÉê= ïÉáíÉêÉ=

_çåÇîÉêÄáåÇìåÖÉå=~å=ÇáÉ=dÉÜ®ìëÉéáåë=ÖÉÑΩÜêíK=^ÄÄáäÇìåÖ=QKNT=òÉáÖí=òïÉá=s~êá~åíÉå=

ÇÉë=OQñS=jpjJmja=pÉåëçêë=ÇáÉ=áã=o~ÜãÉå=ÇáÉëÉê=^êÄÉáí=Éåíëí~åÇÉå=ëáåÇK=iáåâë=Ç~êJ

ÖÉëíÉääí= áëí=ÇáÉ=oÉ~äáëáÉêìåÖ=ãáí=ÇÉå=ÄÉëÅÜêáÉÄÉåÉå=êìåÇÉå=aáçÇÉåíóéÉåI=êÉÅÜíë=ÉáåÉ=

òìë®íòäáÅÜÉ= s~êá~åíÉ= ãáí= èì~Çê~íáëÅÜÉå= máñÉäå= ìåÇ= ÉáåÉã= ÉêÜ∏ÜíÉã= cΩääÑ~âíçê= îçå=

TTBK=

 



US= h~éáíÉä=Q=

=

^ÄÄáäÇìåÖ=QKNTW= wïÉá=s~êá~åíÉå=ÇÉë=OQñS=d~^ë=jpjJjìäíáÅÜáéâçåòÉéíK=iáåâëW=jáí=êìåÇÉå=PMM=”ã=
aáçÇÉå=EcΩääÑ~âíçê=QQ=BFK=oÉÅÜíëW=jáí=èì~Çê~íáëÅÜÉå=PRM=”ã=aáçÇÉå=EcΩääÑ~âíçê=
TT=BFK=

QKT råíÉêëìÅÜìåÖ=ÇÉë=d~^ë=jìäíáéáñÉäëÉåëçêë=

_Éá= ÇÉê= ãÉëëíÉÅÜåáëÅÜÉå= råíÉêëìÅÜìåÖ= ÇÉë= ÉåíïáÅâÉäíÉå= OQñS= d~^ë= jpjJmja=

`Üáéë= ëí~åÇ=ïáÉÇÉê=ÇáÉ=dÉå~ìáÖâÉáí=ÇÉê=båíÑÉêåìåÖëãÉëëìåÖ=ìåÇ=ÇáÉ=c®ÜáÖâÉáí=ìåJ

âçêêÉäáÉêíÉ=eáåíÉêÖêìåÇäáÅÜí~åíÉáäÉ=òì=ìåíÉêÇêΩÅâÉå=áã=sçêÇÉêÖêìåÇK=_Éá=ÉáåÉê=jìäíáJ

éáñÉä~åçêÇåìåÖ=áëí=Ç~êΩÄÉê=Üáå~ìë=~ìÅÜ=ÇáÉ=∏êíäáÅÜÉ=sÉêíÉáäìåÖ=ÇÉê=pÉåëçêÉáÖÉåëÅÜ~ÑJ

íÉå=ΩÄÉê=Ç~ë=máñÉä~êê~ó=îçå=fåíÉêÉëëÉK=a~ÜÉê=ëáåÇ=áå=ÇÉå=ÑçäÖÉåÇÉå=^ÄëÅÜåáííÉå=~ìÅÜ=

råíÉêëìÅÜìåÖÉå=ÜáåëáÅÜíäáÅÜ=ÇÉê=eçãçÖÉåáí®í=ÇÉê=j~íêáñ=ÄÉáëéáÉäÜ~Ñí=~ìÑÖÉÑΩÜêíK=

QKTKN jÉëëìåÖÉå=ìåíÉê=cêÉãÇäáÅÜíÉáåÑäìëë=

wì=_ÉïÉêíìåÖ=ÇÉë=dÉë~ãíîÉêÜ~äíÉåë=ÉáåÉë=pÉåëçê~êê~óë=ãìëë=Éáå=cìåâíáçåëâêáíÉêáìã=

ÇÉÑáåáÉêí=ïÉêÇÉåI=Ç~ë=ëáÅÜ=~ìÑ=ÇáÉ=cìåâíáçå=ÇÉê=dÉë~ãíÜÉáí=~ääÉê=máñÉä=ÄÉòáÉÜíK=^ìëÖÉJ

ÜÉåÇ=îçå=ÉáåÉê=∏êíäáÅÜÉå=sÉêíÉáäìåÖI= ëçää=ÇáÉ= àÉïÉáäë=ÄÉíê~ÅÜíÉíÉ=máñÉäJbáÖÉåëÅÜ~Ñí= áå=

ÉáåÉã=ã∏ÖäáÅÜëí=ÉåÖÉå=qçäÉê~åòÄÉêÉáÅÜ=ìã=ÇÉå=ÉêãáííÉäíÉå=jáííÉäïÉêí=ÇÉë=dÉë~ãíJ

ëÉåëçêë=äáÉÖÉå=çÇÉê=áÇÉ~äÉêïÉáëÉ=ÇáÉëÉã=ÉåíëéêÉÅÜÉåK=fã=îçêäáÉÖÉåÇÉå=c~ää=ïáêÇ=îÉêJ

ä~åÖíI=Ç~ëë=Éáå=jáåÇÉëí~åíÉáä=~ääÉê=máñÉä=ÄÉëëÉê=ëÉáå=ãìëë=~äë=ÉáåÉ=îçêÖÉÖÉÄÉåÉ=ã~ñáJ

ã~äÉ=pí~åÇ~êÇ~ÄïÉáÅÜìåÖK=

^ÄÄáäÇìåÖ=QKNU=òÉáÖí=jÉëëìåÖÉå=ãáí=ÇÉå= áå=h~éáíÉä=QKRKO=ÇÉÑáåáÉêíÉå=sÉêÜ®äíåáëëÉå=

îçå= kìíòäáÅÜíJ= ìåÇ= eáåíÉêÖêìåÇäáÅÜíäÉáëíìåÖÉå= ~å= ÇÉã= ÄÉëÅÜêáÉÄÉåÉå= pÉåëçê~êê~ó=

ãáí=OQñS=d~^ëJ=máñÉä=ÄÉá=NM=jeòK=dêΩå=Ç~êÖÉëíÉääí=áëí=ÇÉê=_ÉêÉáÅÜ=áå=ÇÉã=ãáåÇÉëíÉåë=

VVIP=B=~ääÉê=máñÉä=Ç~ë=hêáíÉêáìã=ÉáåÉê=ã~ñáã~äÉå=pí~åÇ~êÇ~ÄïÉáÅÜìåÖ=îçå= QIVϕσ = ° =



d~ääáìã~êëÉåáÇ=jpjJmja= = UT=

ÉêÑΩääÉåK=oçí=Ç~êÖÉëíÉääí=ëáåÇ=_ÉêÉáÅÜÉI= áå=ÇÉåÉå=Ç~ë=hêáíÉêáìã=îçå=ïÉåáÖÉê=~äë=VR=B=

ÇÉê= máñÉä= ÉêÑΩääí= ïáêÇK= aáÉ= jÉëëìåÖÉå= ïìêÇÉå= ãáí= ÉáåÉê= fåíÉÖê~íáçåëâ~é~òáí®í= îçå=

=ÄÉá=òïÉá=îÉêëÅÜáÉÇÉåÉå=fåíÉÖê~íáçåëòÉáíÉå=ÇìêÅÜÖÉÑΩÜêíK=áåí O` = éc
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^ÄÄáäÇìåÖ=QKNUW= jÉëëìåÖÉå=~å=ÉáåÉã=OQñS=d~^ë=jpjJmja=^êê~óK=aáÉ=fåíÉÖê~íáçåëòÉáí=ÄÉíêìÖ=
äáåâë=SM=”ëI=êÉÅÜíë=ORM=”ëK=aáÉ=fåíÉÖê~íáçåëâ~é~òáí®í=ÄÉíêìÖ=O=écK=

a~ë=bêÖÉÄåáë=òÉáÖíI=Ç~ëë=ÄÉáã=OQñS=pÉåëçê=ΩÄÉê=ÉáåÉå=Öêç≈Éå=_ÉêÉáÅÜ=ÇáÉ=ÖÉÑçêÇÉêíÉ=

jÉëëÖÉå~ìáÖâÉáí=ΩÄÉê=ÇÉã=^êê~ó=ÄÉá= NMM=B=ÇÉê= máñÉä= ÉêêÉáÅÜí=ïÉêÇÉå= â~ååI=ïçÄÉá=

ÇÉê=jÉëëÄÉêÉáÅÜ=ÜáÉêÄÉá=Éêï~êíìåÖëÖÉã®≈=îçå=ÇÉê=fåíÉÖê~íáçåëòÉáí=ÄÉÉáåÑäìëëí=ïáêÇK=

_Éá= âäÉáåÉå= fåíÉÖê~íáçåëòÉáíÉå= â∏ååÉå= ÖêìåÇë®íòäáÅÜ= Öê∏≈ÉêÉ= çéíáëÅÜÉ= páÖå~ääÉáëíìåJ

ÖÉå= îÉê~êÄÉáíÉí= ïÉêÇÉå= EÇáÉ= iáãáíáÉêìåÖ= ÄÉá= Öêç≈Éå= páÖå~ääÉáëíìåÖÉå= áëí= ÜáÉê= åáÅÜí=

Ç~êÖÉëíÉääíFK= häÉáåÉ= páÖå~äÉ= â∏ååÉå= àÉÇçÅÜ= åìê= ìåòìêÉáÅÜÉåÇ= ~ìÑÖÉä∏ëí= ïÉêÇÉåI= Ç~=

ÜáÉê=ÇáÉ=páÖå~äéÉÖÉä=îçã=EpóëíÉãJF=o~ìëÅÜÉå=ÇçãáåáÉêí=ïÉêÇÉåI=ÄòïK=ÇáÉ=^ìÑä∏ëìåÖ=

ÇÉë= îÉêïÉåÇÉíÉå=^aJt~åÇäÉêë= åáÅÜí=ãÉÜê= ~ìëêÉáÅÜíK= _Éá= Öêç≈Éå= fåíÉÖê~íáçåëòÉáíÉå=

ïÉêÇÉå=îÉêÜ®äíåáëã®≈áÖ=âäÉáåÉ=páÖå~ääÉáëíìåÖÉå=åçÅÜ=ÖÉå~ì=ÉêÑ~ëëíI= àÉÇçÅÜ=ïáêÇ=ÄÉá=

Öêç≈Éå=páÖå~ääÉáëíìåÖÉå=ëÅÜåÉää=ÇÉê=p®ííáÖìåÖëÄÉêÉáÅÜ=ÇÉê=^ìëäÉëÉÉäÉâíêçåáâ=ÉêêÉáÅÜíK=

jÉëëìåÖÉå=ãáí= fåíÉÖê~íáçåëòÉáíÉå=Öê∏≈Éê= N=ãë= EÜáÉê= åáÅÜí= Ç~êÖÉëíÉääíF= ÖÉëí~ííÉå= áã=

îçêäáÉÖÉåÇÉå=c~ää=ÇáÉ=aÉíÉâíáçå=îçå=páÖå~ääÉáëíìåÖÉå=áã=ìåíÉêÉå=étJ_ÉêÉáÅÜK=aìêÅÜ=

ÇáÉ= hçãÄáå~íáçå= îçå= ãÉÜêÉêÉå= EéáñÉäáåÇáîáÇìÉääÉåF= fåíÉÖê~íáçåëòÉáíÉå= ÄòïK= ^Äí~ëJ

íìåÖÉå=òì=îÉêëÅÜáÉÇÉåÉå=wÉáíéìåâíÉå=ï®ÜêÉåÇ=ÉáåÉê=fåíÉÖê~íáçåëéÉêáçÇÉI=â~åå=ã~å=

ëçãáí=~åïÉåÇìåÖë~ÄÜ®åÖáÖ=ÉáåÉå=êÉäÉî~åíÉå=aóå~ãáâÄÉêÉáÅÜ=çéíáã~ä=~ìëïÉêíÉåK=

_É~ÅÜíÉå=ëçääíÉ=ã~å=ÄÉá=ÇÉå=jÉëëìåÖÉå=ïáÉÇÉêìãI=Ç~ëë=òìê=råíÉêÇêΩÅâìåÖ=ÇÉë=ìåJ

âçêêÉäáÉêíÉå=a`J^åíÉáäë=âÉáåÉêäÉá=òìë®íòäáÅÜÉ=pÅÜ~äíìåÖëíÉÅÜåáâ=Ó=ãáí=ìåîÉêãÉáÇäáÅÜÉå=

òìë®íòäáÅÜÉå=o~ìëÅÜ~åíÉáäÉå=Ó=ÉêÑçêÇÉêäáÅÜ=áëíK=_Éíê~ÅÜíÉí=ã~å=ÄÉáëéáÉäëïÉáëÉ=ÇáÉ=hçãJ

Äáå~íáçå=îçå=N=åt=kìíòäáÅÜí=ìåÇ=O=”t=eáåíÉêÖêìåÇäáÅÜíI=ëç=áëí=ÇáÉ=ÖÉãÉëëÉåÉ=mÉ~âJ

 



UU= h~éáíÉä=Q=

^ãéäáíìÇÉ= ÇÉê= hçêêÉä~íáçåëÑìåâíáçå= ÄÉá= ORM=”ë= Δ −ã~ñ Mr r = Éíï~= PT=ãs= EîÖäK=

^ÄÄáäÇìåÖ=OKUFI=ÇáÉ=^ìëÖ~åÖëëé~ååìåÖI=ÄòïK=ÇÉê=lÑÑëÉíI=ÜÉêîçêÖÉêìÑÉå=ÇìêÅÜ=a`J

iáÅÜí= ï®êÉ= çÜåÉ= råíÉêÇêΩÅâìåÖ= àÉÇçÅÜ= OMMMJÑ~ÅÜ= Ü∏ÜÉêI= ~äëç= TR=s>= _ÉêΩÅâëáÅÜíáÖí=

ã~åI=Ç~ëë=ÄÉáã=îçêäáÉÖÉåÇÉå=pÉåëçê=ÇáÉ=^ìëäÉëÉëÅÜ~äíìåÖ=äÉÇáÖäáÅÜ=ÉáåÉå=åìíòÄ~êÉå=

^ìëëíÉìÉêÄÉêÉáÅÜ=îçå=PIP=s=Ü~íI=ëç=ïáêÇ=ÇÉê=sçêíÉáä=ÉáåÉê= áåÜ®êÉåíÉå=råíÉêÇêΩÅâìåÖ=

çÑÑÉåâìåÇáÖK=

Gemessene mittl. Standardabweichung [°]

S
ig

na
l L

ei
st

un
g 

[W
]

DC Leistung [W]

  0
W

 1
00

pW

 1
nW

 1
0n

W

 2
0n

W

 5
0n

W

 1
00

nW

 2
00

nW

 5
00

nW

 1
μW

 2
μW

 50pW  

 100pW 

 200pW 

 500pW 

 1nW   

 2nW   

 5nW   

 10nW  

 20nW  

1

2

3

4

S
ig

na
l L

ei
st

un
g 

[W
]

DC Leistung [W]

Theoretische Standardabweichung [°]

  0
W

 1
00

pW

 1
nW

 1
0n

W

 2
0n

W

 5
0n

W

 1
00

nW

 2
00

nW

 5
00

nW

 1
μW

 2
μW

 50pW  

 100pW 

 200pW 

 500pW 

 1nW   

 2nW   

 5nW   

 10nW  

 20nW  

1

2

3

4

=

^ÄÄáäÇìåÖ=QKNVW= dÉãÉëëÉåÉ=ìåÇ=íÜÉçêÉíáëÅÜÉ=pí~åÇ~êÇ~ÄïÉáÅÜìåÖ=ÄÉá=íáåíZSM=”ëK=
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^ÄÄáäÇìåÖ=QKOMW= dÉãÉëëÉåÉ=ìåÇ=íÜÉçêÉíáëÅÜÉ=pí~åÇ~êÇ~ÄïÉáÅÜìåÖ=ÄÉá=íáåíZORM=”ëK=

få=^ÄÄáäÇìåÖ=QKNV=ìåÇ=^ÄÄáäÇìåÖ=QKOM=ëáåÇ=ÇáÉ=ÖÉãÉëëÉåÉå=ãáííäÉêÉå=pí~åÇ~êÇ~ÄJ

ïÉáÅÜìåÖÉå=ÇÉê=íÜÉçêÉíáëÅÜ=ÉêêÉáÅÜÄ~êÉå=pí~åÇ~êÇ~ÄïÉáÅÜìåÖÉå=EdäÉáÅÜìåÖ=EOKOPFF=

ÄÉá=îÉêëÅÜáÉÇÉåÉå=fåíÉÖê~íáçåëòÉáíÉå=ÖÉÖÉåΩÄÉêÖÉëíÉääíK=

aáÉ= ÉêãáííÉäíÉ= aÉãçÇìä~íáçåëÉãéÑáåÇäáÅÜâÉáí= ÇÉê= aáçÇÉ= ïìêÇÉ= ÜáÉêÄÉá= ãáí=

= ÄÉêΩÅâëáÅÜíáÖíI= Ç~ë= póëíÉãê~ìëÅÜÉå=ÖáåÖ=ïáÉÇÉê=ãáí=MIPN La ^= t OTRëóëk sμ= = áå=



d~ääáìã~êëÉåáÇ=jpjJmja= = UV=

ÇáÉ=_ÉêÉÅÜåìåÖ=ÉáåK=^ìÅÜ=ÜáÉê=ïáêÇ=ÇÉìíäáÅÜI=Ç~ëë=~ìÅÜ=ÄÉá=ÇÉê=^ìëïÉêíìåÖ=ÇÉë=^êJ

ê~óë= ÉáåÉ=Öêç≈É=§ÄÉêÉáåëíáããìåÖ=òïáëÅÜÉå=ÇÉê= íÜÉçêÉíáëÅÜÉå=sçêÜÉêë~ÖÉ=ìåÇ=ÇÉå=

ÖÉãÉëëÉåÉå=tÉêíÉå=ΩÄÉê= ÉáåÉå=Öêç≈Éå=_ÉêÉáÅÜ=ÄÉëíÉÜíK= fåëÄÉëçåÇÉêÉ=ÇáÉ=ΩÄÉêÉáåJ

ëíáããÉåÇÉå=dêÉåòÉå=ÇÉê=jÉëë~ìÑä∏ëìåÖ=ÄòïK=ÇÉë=ÖÉï®ÜäíÉå=hêáíÉêáìãë=òÉáÖÉåI=Ç~ëë=

ãáí=Öêç≈Éê=wìîÉêä®ëëáÖâÉáí=ÉáåÉ= íÜÉçêÉíáëÅÜÉ=sçêÜÉêë~ÖÉ=ã∏ÖäáÅÜ= áëíK=aáÉëÉ=q~íë~ÅÜÉ=

ïáêÇ=áå=h~éáíÉä=T=ÄÉåìíòíI=ìã=îÉêëÅÜáÉÇÉåÉ=mjaJhçåòÉéíÉ=îÉêÖäÉáÅÜÉåÇ=ÖÉÖÉåΩÄÉêJ

òìëíÉääÉåK=
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^ÄÄáäÇìåÖ=QKONW= sÉêíÉáäìåÖ=ÇÉê=ÖÉãÉëëÉåÉå=mÜ~ëÉå=ÄÉá=SM=”ë=EäáåâëF=ìåÇ=ORM=”ë=EêÉÅÜíëF=fåíÉÖê~íáJ
çåëòÉáíK=

wìê= _ÉïÉêíìåÖ= ÇÉê= ÖÉãÉëëÉåÉå= mÜ~ëÉ= áå= ^ÄÜ®åÖáÖâÉáí= ÇÉê= iÉáëíìåÖÉå= ëáåÇ= áå=

^ÄÄáäÇìåÖ=QKON=ÇáÉ=jáííÉäïÉêíÉ=~ääÉê=ÉêãáííÉäíÉå=mÜ~ëÉåïÉêíÉ=ÇÉê=máñÉä=áååÉêÜ~äÄ=ÇÉë=

^êê~óë= Ç~êÖÉëíÉääíK= _Éíê~ÅÜíÉí= ã~å= ÇÉå= ÖÉë~ãíÉå= iÉáëíìåÖëÄÉêÉáÅÜ= îçå= kìíòJ= ìåÇ=

eáåíÉêÖêìåÇäáÅÜíI= ëç= áëí= ~ìÅÜ= ÄÉá= ÇÉê= îçêäáÉÖÉåÇÉå=jìíáéáñÉä~åçêÇåìåÖ=ΩÄÉê= ÉáåÉå=

_ÉêÉáÅÜ= îçå=ãÉÜê= ~äë= Q=aÉâ~ÇÉå= ÉáåÉ= mÜ~ëÉåÄÉëíáããìåÖ=ã∏ÖäáÅÜ= ÇÉêÉå= pÅÜï~åJ

âìåÖëÄêÉáíÉ=ìåíÉê=Oø=äáÉÖíK=báåÉ=hçêêÉâíìê=ÉáåÉë=Éíï~áÖÉå=ëóëíÉã~íáëÅÜÉå=cÉÜäÉêë=Eh~J

éáíÉä=OKPKNF=ïìêÇÉ=ÜáÉêÄÉá=ïáÉÇÉêìã=åáÅÜí=îçêÖÉåçããÉåK=

QKTKO eçãçÖÉåáí®í=ÇÉë=pÉåëçêë=

báå=ïÉáíÉêÉë=òì=ìåíÉêëìÅÜÉåÇÉë=jÉêâã~ä=ÇÉë=êÉ~äáëáÉêíÉå=pÉåëçêë=áëí=ÇáÉ=∏êíäáÅÜÉ=sÉêJ

íÉáäìåÖ= ëçïçÜä= ÇÉê= éáñÉäáåÇáîáÇìÉää= ÉêãáííÉäíÉå= mÜ~ëÉå= ϕ = ~äë= ~ìÅÜ= ÇÉê= pí~åÇ~êÇ~ÄJ

ïÉáÅÜìåÖ= ϕσ =ΩÄÉê=ÇÉã=pÉåëçê~êê~óK=

få=^ÄÄáäÇìåÖ=QKOO=áëí=Ç~ÜÉê=ÉñÉãéä~êáëÅÜ=ÑΩê=ÉáåÉ=kìíòäÉáëíìåÖ=îçå= =ìåÇ=

ÉáåÉ=OMMMJÑ~ÅÜ= Ü∏ÜÉêÉ= eáåíÉêÖêìåÇäÉáëíìåÖ= îçå=

NëáÖå~äm å= t

tOa`m ”= = ÇáÉ= sÉêíÉáäìåÖ= ÇÉê=jÉëëJ

 



VM= h~éáíÉä=Q=

ïÉêíÉ=ÄÉá=ÜçãçÖÉåÉê=_ÉäÉìÅÜíìåÖ=Ç~êÖÉëíÉääíK=få=ÇÉê=çÄÉêÉå=e®äÑíÉ=áëí=~ìÑ=ÇÉê=äáåâÉå=

pÉáíÉ=ÑΩê=àÉÇÉë=máñÉä=ëÉé~ê~í=ÇáÉ=ÉêãáííÉäíÉ=mÜ~ëÉ=Ç~êÖÉëíÉääíK=bë=ÉêÖáÄí=ëáÅÜ=ÉáåÉ=sÉêíÉáJ

äìåÖ=ΩÄÉê=Ç~ë=^êê~ó=ÇÉêÉå=pí~íáëíáâ=áå=ÇÉê=êÉÅÜíÉå=^ÄÄáäÇìåÖ=~ìÑÖÉÑΩÜêí=áëíK=aáÉ=ãáííJ

äÉêÉ=mÜ~ëÉ=ΩÄÉê=ÇÉê=ÖÉë~ãíÉå=pÉåëçêã~íêáñ=ÄÉíê®Öí= NIMPϕ = − ° =ïçÄÉá=ÇáÉ=òìÖÉÜ∏êáÖÉ=

pí~åÇ~êÇ~ÄïÉáÅÜìåÖ= MKOSϕσ = ° =ÄÉíê®ÖíK=aáÉ=∏êíäáÅÜÉ=sÉêíÉáäìåÖ=ÇÉê=pí~åÇ~êÇ~ÄïÉáJ

ÅÜìåÖÉå=áëí=áå=ÇÉê=ìåíÉêÉå=^ÄÄáäÇìåÖ=Ç~êÖÉëíÉääíX=ÜáÉê=ÉêÖáÄí=ëáÅÜ=ÇÉê=jáííÉäïÉêí=ÇÉê=

pí~åÇ~êÇ~ÄïÉáÅÜìåÖ= îçå= OIPSϕσ = ° = ΩÄÉê= ÇÉå= pÉåëçêI= ïçÄÉá= ÇáÉ= sÉêíÉáäìåÖ= ÉáåÉê=

pí~åÇ~êÇ~ÄïÉáÅÜìåÖ=îçå= MINT
ϕσ

σ = ° =ÉåíëéêáÅÜíK=
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^ÄÄáäÇìåÖ=QKOOW= £êíäáÅÜÉ=sÉêíÉáäìåÖ=ÇÉê=ÖÉãÉëëÉåÉå=ãáííäÉêÉå=mÜ~ëÉ=ìåÇ=ÇÉê=pí~åÇ~êÇ~ÄïÉáÅÜìåÖ=
~ääÉê=máñÉä=ÄÉá=ÉáåÉê=fåíÉÖê~íáçåëòÉáí=îçå=ORM=”ëK=a~ë=eáåíÉêÖêìåÇäáÅÜí=Ü~í=ÉáåÉ=
OMMMJÑ~ÅÜ=Ü∏ÜÉêÉ=iÉáëíìåÖ=~äë=Ç~ë=kìíòäáÅÜíK=

båíëÅÜÉáÇÉåÇ=ÑΩê=ÇáÉ=_ÉìêíÉáäìåÖ=ÇÉê=pÉåëçêJeçãçÖÉåáí®í=áëí=äÉíòíäáÅÜ=ÇáÉ=_ÉïÉêíìåÖ=

ÇÉê=ΩÄÉê=ÇÉå=dÉë~ãíëÉåëçê=ÉêãáííÉäíÉå=sÉêíÉáäìåÖ=ÇÉê=pí~åÇ~êÇ~ÄïÉáÅÜìåÖÉåK=^ääÉ=

máñÉä= Ü~ÄÉå= ÉáåÉ= pí~åÇ~êÇ~ÄïÉáÅÜìåÖ= ÇáÉ= áã= _ÉêÉáÅÜ= îçå= Oϕσ = ° = Äáë= OIUϕσ = ° =

äáÉÖíK=aáÉ= ÑÉëíÖÉëíÉääíÉå=ÖÉêáåÖÉå=pÅÜï~åâìåÖÉå= áå=ÇÉê=jÉëëÖÉå~ìáÖâÉáí= ä~ëëÉå=ëáÅÜ=

ÖêìåÇë®íòäáÅÜ= ÇìêÅÜ= ûåÇÉêìåÖÉå= ÇÉê=aáçÇÉåÉáÖÉåëÅÜ~ÑíÉå=ΩÄÉê= ÇÉå= Öêç≈Ñä®ÅÜáÖÉå=

pÉåëçêI=~ì≈ÉêÇÉã=ÇìêÅÜ=pÅÜï~åâìåÖÉå=ÄÉá=ÇÉê=éáñÉäáåÇáîáÇìÉääÉå=^ìëäÉëÉ=Éêâä®êÉåK=

aáÉ=jÉëëïÉêíÉ=ÇÉê=mÜ~ëÉ= òÉáÖÉå=òìÇÉã=ÉáåÉ= äÉáÅÜíÉ=^ÄÜ®åÖáÖâÉáí= îçå=ÇÉê=mçëáíáçå=

~ìÑ=ÇÉã=pÉåëçêK=jÉëëìåÖÉå=~å=îÉêëÅÜáÉÇÉåÉå=pÉåëçêÉå=Ü~ÄÉå=ÖÉòÉáÖíI=Ç~ëë=máñÉä=ÇáÉ=

~ã=çÄÉêÉå=ÄòïK=ìåíÉêÉå=o~åÇ=ÇÉë=^êê~óë=äáÉÖÉå=ìåÇ=ëçãáí=ÇÉå=Öê∏≈íÉå=^Äëí~åÇ=òì=



d~ääáìã~êëÉåáÇ=jpjJmja= = VN=

ÇÉê=áå=ÇÉê=jáííÉ=Üçêáòçåí~ä=îÉêä~ìÑÉåÇÉå=jçÇìä~íáçåëòìÑΩÜêìåÖ=Ü~ÄÉåI=Ç~ÜÉê=áã=sÉêJ

ÖäÉáÅÜ=òì=ÇÉå=áååÉå=äáÉÖÉåÇÉå=máñÉä=ÉáåÉå=äÉáÅÜíÉå=mÜ~ëÉåçÑÑëÉí=~ìÑïÉáëÉåK=j~≈ÖÉÄJ

äáÅÜÉ= rêë~ÅÜÉå= ÜáÉêÑΩê= ëáåÇ= ìåíÉêëÅÜáÉÇäáÅÜÉ= wìäÉáíìåÖëïáÇÉêëí®åÇÉ= ëçïáÉ= ~ìÑÖêìåÇ=

ÇÉë=o`JsÉêÜ~äíÉåë=ÇÉê=wìäÉáíìåÖÉå=ìåíÉêëÅÜáÉÇäáÅÜÉ=mÜ~ëÉåîÉêò∏ÖÉêìåÖÉåK=få=^å~äçJ

ÖáÉ= òì= ÇÉã= ÄÉá= _áäÇëÉåëçêÉå= ÄÉâ~ååíÉå= âçêêáÖáÉêÄ~êÉå= łcáñÉÇ= m~ííÉêå=kçáëÉ“= â~åå=

ã~å=ÇáÉëÉå= bÑÑÉâí= ÜáÉê= ~äë=łcáñÉÇ= m~ííÉêå= mÜ~ëÉ=kçáëÉ“= ÄÉòÉáÅÜåÉåK=aáÉëÉê= â~åå= áå=

ÉáåÉê=h~ãÉê~~åïÉåÇìåÖ=ãáí=ÖÉÉáÖåÉíÉå=hçêêÉâíìêÑ~âíçêÉå=âçãéÉåëáÉêí=ïÉêÇÉåK=

^ÄëÅÜäáÉ≈ÉåÇ=ãìëë=åçÅÜã~äë=ÄÉíçåí=ïÉêÇÉåI=Ç~ëë=Éë= ëáÅÜ=ÄÉá=~ääÉå=jÉëëìåÖÉå=ìã=

ÇáÉ= ÉêãáííÉäíÉå= oçÜïÉêíÉ= Ü~åÇÉäíI= Éë= áëí= ïÉÇÉê= çêíë~ÄÜ®åÖáÖ= ÄÉá= ÉáåòÉäåÉå= máñÉäå=

åçÅÜ= äáÅÜíäÉáëíìåÖë~ÄÜ®åÖáÖ= ÉáåÉ= hçêêÉâíìê= ÇÉê=jÉëëïÉêíÉ= îçêÖÉåçããÉå= ïçêÇÉåK=

^ì≈ÉêÇÉã= áëí= Ç~ë= ÖÉë~ãíÉ= pÉåëçê~êê~ó=ãáí= ÉáåÉê= áããÉê= ÖäÉáÅÜ= ÄäÉáÄÉåÇÉå= ÉäÉâíêáJ

ëÅÜÉå=^åëíÉìÉêìåÖI=ëçïçÜä=áå=_ÉòìÖ=~ìÑ=^ãéäáíìÇÉ=~äë=~ìÅÜ=áå=_ÉòìÖ=~ìÑ=ÇÉå=lÑÑëÉí=

ÇÉê=jçÇìä~íáçåëëé~ååìåÖ=ÄÉíêáÉÄÉå=ïçêÇÉåK=iÉíòíäáÅÜ=ÉåíëéêáÅÜí=ÇáÉëÉ=_ÉíêáÉÄëïÉáëÉ=

ÇÉê= ~åÖÉëíêÉÄíÉå= h~ãÉê~~ééäáâ~íáçåI= ïçÄÉá= Ççêí= òìê= sÉêÄÉëëÉêìåÖ= ÇÉê=jÉëëÉáÖÉåJ

ëÅÜ~ÑíÉå= òìë®íòäáÅÜ= hçêêÉâíìêÑ~âíçêÉå= ìåÇ= hçãéÉåë~íáçåÉå= áãéäÉãÉåíáÉêí= ïÉêÇÉå=

â∏ååÉåK=

QKU ^äíÉêå~íáîÉ=^ìÑÄ~ìJ=ìåÇ=sÉêÄáåÇìåÖëíÉÅÜåáâ=E^sqF=

aáÉ=áå=^ÄÄáäÇìåÖ=QKNT=Ç~êÖÉëíÉääíÉ=rãëÉíòìåÖ=ÇÉë=Pa=jpjJmja=pÉåëçê=Ä~ëáÉêíÉ=~ìÑ=

ÉáåÉê=Üçêáòçåí~äÉå=fåíÉÖê~íáçå=ÇÉê=ÉáåòÉäåÉå=`ÜáéëK=få=^ÄÄáäÇìåÖ=QKOP=áëí=Éáå=~äíÉêå~J

íáîÉë=^ìÑÄ~ìâçåòÉéí=ïáÉÇÉêÖÉÖÉÄÉåI=Ç~ë=áã=o~ÜãÉå=ÇáÉëÉê=^êÄÉáí=ÉÄÉåÑ~ääë=êÉ~äáëáÉêí=

ïìêÇÉK= bë= Ü~åÇÉäí= ëáÅÜ=ÜáÉêÄÉá= ìã=ÇáÉ= fåíÉÖê~íáçå= áå=sÉêíáâ~äêáÅÜíìåÖI= ÇáÉ= ÉáåòÉäåÉå=

hçãéçåÉåíÉå= äáÉÖÉå= ~äëç= ΩÄÉêÉáå~åÇÉêK= táÉ= Ç~êÖÉëíÉääíI= äáÉÖí= ìåíÉê= ÇÉã= d~^ëJ

pÉåëçê=Éáå=Öêç≈Ñä®ÅÜáÖÉê=`jlpJ^ìëäÉëÉÅÜáé=ÇÉê=áã=o~åÇÄÉêÉáÅÜ=ãáí=ÇÉã=pÉåëçê=ãáí=

táêÉÄçåÇë=îÉêÄìåÇÉå=áëíK=aáÉë=Ü~í=ÇÉå=sçêíÉáäI=Ç~ëë=áåëÖÉë~ãí=ÉáåÉ=âäÉáåÉêÉ=dêìåÇJ

Ñä®ÅÜÉ= ÄÉå∏íáÖí= ïáêÇK= aáÉ= ìåíÉê= ÇÉã= pÉåëçê= äáÉÖÉåÇÉ= bäÉâíêçåáâ= áëí= Ç~êΩÄÉê= Üáå~ìë=

ÖÉÖÉåΩÄÉê= çéíáëÅÜÉê= báåëíê~ÜäìåÖ= ÄÉëíáããíÉê=tÉääÉåä®åÖÉå= ÖÉëÅÜΩíòíI= ëç= Ç~ëë= ÇáÉ=

Äáëä~åÖ= òìê= çéíáëÅÜÉå= ^ÄÇÉÅâìåÖ= ÖÉåìíòíÉ= jÉí~äää~ÖÉ= ~ìÅÜ= òìê= sÉêÇê~ÜíìåÖ= ÇÉê=

hçãéçåÉåíÉå= ÖÉåìíòí= ïÉêÇÉå= â~ååK= a~êÖÉëíÉääí= áëí= ÇáÉ= rãëÉíòìåÖ= ïáÉÇÉêìã= áã=

pí~åÇ~êÇ=`i``SU=dÉÜ®ìëÉI=ïçÄÉá=~ÄÉê=~ìÑÖêìåÇ=ÇÉë=cä®ÅÜÉåîçêíÉáäë=âäÉáåÉêÉ=dÉÜ®ìJ

ëÉíóéÉå=îÉêïÉåÇÉí=ïÉêÇÉå=â∏ååÉåK=aÉê=^åë~íò=ÇÉê=sÉêíáâ~äáåíÉÖê~íáçå=ÄáÉíÉí= áåëÄÉJ

ëçåÇÉêÉ= sçêíÉáäÉ= ÄÉá= ÇÉê= oÉ~äáëáÉêìåÖ= îçå= `ç_JjçÇìäÉå= E`Üáé= çå= _ç~êÇFI= ÜáÉêÄÉá=

ïÉêÇÉå=ÇáÉ=e~äÄäÉáíÉêÅÜáéë=ÇáêÉâí=~ìÑ=ÉáåÉ=mä~íáåÉ=~ìÑÖÉÄê~ÅÜíI=ïçÄÉá=ÇÉê=cä®ÅÜÉåÄÉJ

Ç~êÑ=ãáåáã~ä=áëíK=sçê=~ääÉã=~ÄÉê=ÄÉá=ÇÉê=oÉ~äáëáÉêìåÖ=âçãéäÉñÉê=páÖå~äîÉê~êÄÉáíìåÖëJ

 



VO= h~éáíÉä=Q=

âçãéçåÉåíÉå=EòK_K=^aJt~åÇäÉêF= áëí=ÇáÉëÉë=hçåòÉéí=îçå=ÄÉëçåÇÉêÉã=fåíÉêÉëëÉK=eáÉê=

ä®ëëí= ëáÅÜ= Éáå= ÜçÜÉê= pÉåëçêÑΩääÑ~âíçê= ÄÉá= Öêç≈Ñä®ÅÜáÖÉê= páÖå~äîÉê~êÄÉáíìåÖëÉäÉâíêçåáâ=

ãáí=ãáåáã~äÉã=cä®ÅÜÉåÄÉÇ~êÑ=~ìÑ=ÇÉã=qê®ÖÉêã~íÉêá~ä=êÉ~äáëáÉêÉåK=

=

^ÄÄáäÇìåÖ=QKOPW= sÉêíáâ~äáåíÉÖê~íáçå=îçå=d~^ëJpÉåëçê=ìåÇ=`jlpJ^ìëäÉëÉK=

^ì≈Éê=ÇÉå=ÖÉå~åíÉå=sçêíÉáäÉå=ÄáÉíÉí=ÇáÉ=sÉêíáâ~äáåíÉÖê~íáçå=åÉìÉ=j∏ÖäáÅÜâÉáíÉå=òìê=

oÉ~äáëáÉêìåÖ=ëéÉòáÉääÉê=mjaJ_~ìÉäÉãÉåíÉ=ìåÇ=òìê=hçãÄáå~íáçå=îçå=Oa=ìåÇ=Pa=pÉåJ

ëçêÉåK= dêìåÇä~ÖÉ= áëí= Ç~ÄÉá= ÇáÉ= sÉêïÉåÇìåÖ= îÉêëÅÜáÉÇÉåÉê= j~íÉêá~äáÉå= ãáí= ìåíÉêJ

ëÅÜáÉÇäáÅÜÉå=çéíáëÅÜÉå=báÖÉåëÅÜ~ÑíÉåK=aÉåâÄ~ê=áëí=ÄÉáëéáÉäëïÉáëÉ=ÇáÉ=bêïÉáíÉêìåÖ=ÇÉë=

ÖÉòÉáÖíÉå=^ìÑÄ~ìë=ìã=ÉáåÉå=pÉåëçê=~ìÑ=páäáòáìãJ_~ëáëK=eáÉêÄÉá=áëí=ÇÉê=çÄÉå=äáÉÖÉåÇÉ=

d~^ëJpÉåëçê= ~ìÑÖêìåÇ= ëÉáåÉê= _~åÇëíêìâíìê= ÉãéÑáåÇäáÅÜ= Äáë= Éíï~= UTM=åãX= âäÉáåÉêÉ=

tÉääÉåä®åÖÉå=ïÉêÇÉå=áã=d~^ë=~ÄëçêÄáÉêí=ìåÇ=ÖÉä~åÖÉå=åáÅÜí=òìã=Ç~êìåíÉê= äáÉÖÉåJ

ÇÉå=páäáòáìã=pÉåëçêK=aÉê=páäáòáìã=pÉåëçê=ïáÉÇÉêìã=áëí=ÉãéÑáåÇäáÅÜ=ÑΩê=tÉääÉåä®åÖÉå=

Äáë=Éíï~=NOMM=åã=ìåÇ=â~åå=Ç~ÜÉê=ÖÉòáÉäí=ÑΩê=ÇÉå=tÉääÉåä®åÖÉåÄÉêÉáÅÜ=îçå=VMM=åã=

Äáë=NOMM=åã=ÖÉåìíòí=ïÉêÇÉåI=ïçÄÉá=ÇìêÅÜ=Ç~ë=d~^ë=ÄÉêÉáíë=ÉáåÉ=Éíï~áÖÉ=åçíïÉåÇáJ

ÖÉ= çéíáëÅÜÉ= cáäíÉêìåÖ= ìåÉêïΩåëÅÜíÉê= eáåíÉêÖêìåÇäáÅÜí~åíÉáäÉ= ÄòïK= ÉáåÉ= ëéÉâíê~äÉ=

qêÉååìåÖ=ÇìêÅÜÖÉÑΩÜêí=ïìêÇÉK=

^ÄÄáäÇìåÖ=QKOQ=òÉáÖí=òìê=sÉê~åëÅÜ~ìäáÅÜìåÖ=jÉëëìåÖÉå=ÇáÉ=~å=ÇÉã=ÖÉòÉáÖíÉå=d~^ë=

pÉåëçê= ÇìêÅÜÖÉÑΩÜêí= ïìêÇÉåK= aÉê= pÉåëçê= ïìêÇÉ= ÜáÉêÄÉá= ãáí= ÉáåÉê= iáÅÜíèìÉääÉ= ãáí=

ÄêÉáíÉê= péÉâíê~äîÉêíÉáäìåÖ= ÄÉëíê~ÜäíI= ïçÄÉá= áå= ^ÄÜ®åÖáÖâÉáí= ÇÉê= tÉääÉåä®åÖÉ= ÇáÉ=

qê~åëãáëëáçå=ÇÉë=d~^ëJpÉåëçêë=ÄÉëíáããí=ïìêÇÉK=j~å=ÉêâÉååí= ~ìÑ=ÇÉê= äáåâÉå=pÉáíÉI=

Ç~ëë= Ç~ë= d~^ë= çÄÉêÜ~äÄ= Éíï~= UUM=åã= òìåÉÜãÉåÇ= íê~åëé~êÉåí= ïáêÇ= ìåÇ= ~Ä= Éíï~=

VMR=åã=å~ÜÉòì=âÉáåÉ=^Äëçêéíáçå=ãÉÜê=ÇìêÅÜ=Ç~ë=e~ÄäÉáíÉêã~íÉêá~ä=îçêäáÉÖíK=^ìÑ=ÇÉê=

êÉÅÜíÉå=pÉáíÉ=áëí=ìåíÉê=_ÉêΩÅâëáÅÜíáÖìåÖ=ÇÉë=péÉâíê~äîÉêä~ìÑë=ÇÉê=_ÉäÉìÅÜíìåÖëèìÉääÉ=

Ç~ë= åçêãáÉêíÉ= qê~åëãáëëáçåëîÉêÜ~äíÉå= ÇÉë= d~^ëJmja= ÄÉêÉÅÜåÉí= ïçêÇÉåK= bê= ÉêÖáÄí=

ëáÅÜ= ÇáÉ= Éêï®ÜåíÉ= i~åÖé~ëëÑáäíÉêìåÖ= ÇÉêÉå= báÖÉåëÅÜ~ÑíÉå= ÄÉá= ÇÉê= hçãÄáå~íáçå= îçå=



d~ääáìã~êëÉåáÇ=jpjJmja= = VP=

pÉåëçêÉå= ÖÉåìíòí=ïÉêÇÉå= â~ååK= _ÉêΩÅâëáÅÜíáÖÉå=ãìëë=ã~å= äÉÇáÖäáÅÜ= ÇáÉ= oÉÑäÉâíáçå=

ìåÇ=ëçãáí=ÇáÉ=sÉêäìëíÉ=~å=ÇÉå=àÉïÉáäáÖÉå=dêÉåòëÅÜáÅÜíÉå=ÇáÉ=ëáÅÜ=~ÄÉê=ïÉääÉåä®åÖÉëÉJ

äÉâíáî=ÇìêÅÜ=sÉêïÉåÇìåÖ=îçå=^åíáêÉÑäÉñÄÉëÅÜáÅÜíìåÖÉå=ãáåáãáÉêÉå=ä~ëëÉåK=
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^ÄÄáäÇìåÖ=QKOQW= iáåâëW=kçêãáÉêíÉê=péÉâíê~äîÉêä~ìÑ=ÇÉê=iáÅÜíèìÉääÉ=ìåÇ=^åíÉáä=ÇÉê=íê~åëãáííáÉêíÉå=
iÉáëíìåÖ=çÜåÉ=_ÉêΩÅâëáÅÜíáÖìåÖ=ÇÉê=dêÉåòÑä®ÅÜÉåîÉêäìëíÉK=oÉÅÜíëW=bêãáííÉäíÉë=
qê~åëãáëëáçåëîÉêÜ~äíÉå=ÇÉë=d~^ë=ìåíÉê=_ÉêΩÅâëáÅÜíáÖìåÖ=ÇÉë=péÉâíê~äîÉêä~ìÑë=ÇÉê=
iáÅÜíèìÉääÉK=

báåÉ=ëéÉòáÉääÉ=^ìëÑΩÜêìåÖëÑçêã=ÉáåÉë=îÉêíáâ~ä=áåíÉÖêáÉêíÉå=mjaJpÉåëçêë=áëí=áå=h~éáíÉä=S=

Ç~êÖÉëíÉääíK= tÉáíÉêÉ= ^ìëÑΩÜêìåÖëÑçêãÉå= îçå= âçãÄáåáÉêíÉå= mjaLOaJpÉåëçêÉå= ëáåÇ=

~ì≈ÉêÇÉã=áå=h~éáíÉä=U=áã=^ìëÄäáÅâ=~ìÑÖÉÑΩÜêíK=

=

 





=

R sçääáåíÉÖêáÉêÄ~êÉ=páäáòáìã=jpjJmja=

RKN sçêÄÉíê~ÅÜíìåÖÉå=

t®ÜêÉåÇ=ÑΩê=ÇáÉ=oÉ~äáëáÉêìåÖ=îçå=ÇÉå=òìîçê=ÄÉëÅÜêáÉÄÉåÉå=áåíÉÖêáÉêíÉå=d~^ë=jpjJ=

pÉåëçêÉå=òï~åÖëä®ìÑáÖ=ÉáåÉ=jìäíáÅÜáéâçåòÉéí=òì=ï®ÜäÉå=áëíI=â~åå=ÑΩê=ÇáÉ=rãëÉíòìåÖ=

ÉáåÉë=~ìëëÅÜäáÉ≈äáÅÜ=ëáäáòáìãÄ~ëáÉêíÉå=jpjJhçåòÉéíÉë=ÉáåÉ=pÉåëçê~êÅÜáíÉâíìê=ÇÉÑáåáÉêí=

ïÉêÇÉåI=ÇáÉ= Éë=ÖÉëí~ííÉíI=^ìëäÉëÉÉäÉâíêçåáâ=ÇáêÉâí=åÉÄÉå=ÇÉã= àÉïÉáäáÖÉå=jpjJmáñÉä=

òì=êÉ~äáëáÉêÉåK=

få=ÇÉê=ÑçäÖÉåÇÉå=^ÄÄáäÇìåÖ=áëí=ÇáÉ=áã=h~éáíÉä=QKS=ÄÉëÅÜêáÉÄÉåÉ=jìäíáÅÜáéêÉ~äáëáÉêìåÖ=

EäáåâëF=ãáí=ÖÉíêÉååíÉã=d~^ëJpÉåëçêJ=ìåÇ=`jlpJ^ìëäÉëÉÅÜáé=ÇÉê=~åÖÉëíêÉÄíÉå=oÉ~äáJ

ëáÉêìåÖ=ÉáåÉë=páåÖäÉÅÜáéâçåòÉéíÉë=EêÉÅÜíëF=ÖÉÖÉåΩÄÉêÖÉëíÉääíK=
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^ÄÄáäÇìåÖ=RKNW= dÉÖÉåΩÄÉêëíÉääìåÖ=îçå=jìäíáÅÜáéJ=ìåÇ=páåÖäÉÅÜáéâçåòÉéíK=iáåâë=Ç~êÖÉëíÉääí=áëí=ÇáÉ=
oÉ~äáëáÉêìåÖ=îçå=d~^ëJpÉåëçê=ìåÇ=páäáòáìã=^ìëäÉëÉK=oÉÅÜíë=Ç~êÖÉëíÉääí=áëí=ÉáåÉ=îçääJ
ëí®åÇáÖ=áå=páäáòáìã=êÉ~äáëáÉêÄ~êÉ=jpjJmja=s~êá~åíÉ=ãáí=OQñS=máñÉäK=

j~å=ÉêâÉååíI=Ç~ëë=ÇáÉ=^ìëäÉëÉÉäÉâíêçåáâ=ÄÉá=ÇÉê= páåÖäÉÅÜáéJi∏ëìåÖ=ÇáêÉâí= áååÉêÜ~äÄ=

ÇÉê= máñÉäÑä®ÅÜÉ= êÉ~äáëáÉêí= ïÉêÇÉå= â~ååK= a~ÇìêÅÜ= ïáêÇ= áã= dÉÖÉåë~íò= òìê= d~^ëJ

oÉ~äáëáÉêìåÖ=ÉáåÉ=páÖå~äîÉê~êÄÉáíìåÖ=áå=ìåãáííÉäÄ~êÉê=máñÉäå®ÜÉ=Éêã∏ÖäáÅÜíI=ï~ë=ëáÅÜ=

~ìÑ=ÇáÉ=páÖå~äèì~äáí®í=ìåÇ=Ç~ë=páÖå~äJo~ìëÅÜJsÉêÜ®äíåáë=pko=ÖΩåëíáÖ=~ìëïáêâÉå=â~ååK=

_Éáã=~åòìëíêÉÄÉåÇÉå=hçåòÉéí=ïáêÇ=ÇÉê=ÑäáÉ≈ÉåÇÉ=píêçã=ëçãáí=áã=máñÉä=áåíÉÖêáÉêí=ìåÇ=



VS= h~éáíÉä=R=

â~åå=~äë=pé~ååìåÖëïÉêí=ΩÄÉê=^ÇêÉëëáÉêìåÖëãÉÅÜ~åáëãÉå=~ìëÖÉäÉëÉå=ïÉêÇÉåK=eáÉêJ

ÄÉá=â~åå=ã~å=ëáÅÜ=ÉáåÉê=òÉáäÉåJ=ìåÇ=ëé~äíÉåÄ~ëáÉêíÉå=^ÇêÉëëáÉêìåÖ=ÄÉÇáÉåÉåI=ÇáÉ=ÇÉå=

sÉêÇê~ÜíìåÖë~ìÑï~åÇ=ìåÇ=ÇáÉ= ^åò~Üä= ÇÉê= hçãéçåÉåíÉå= ëí~êâ= êÉÇìòáÉêíK=aáÉ=ã~ñáJ

ã~äÉ= máñÉä~åò~Üä= áëí= Ç~ÄÉá= ïÉÇÉê= ÇìêÅÜ= ~ìÑïÉåÇáÖÉ= sÉêÇê~ÜíìåÖ= åçÅÜ= ÇìêÅÜ= ÇáÉ=

dêÉåòÉå= EjáåÇÉëíã~≈É= ÑΩê= aê~ÜíJ= ìåÇ= m~ÇÖÉçãÉíêáÉåI= ^Äëí®åÇÉI=ÁF= ÇÉê= ^ìÑÄ~ìJ=

ìåÇ=sÉêÄáåÇìåÖëíÉÅÜåáâ=äáãáíáÉêíK=gÉ=å~ÅÜ=^åïÉåÇìåÖ=â∏ååÉå=ëçãáíI=®ÜåäáÅÜ=ïáÉ=ÄÉá=

`jlp=OaJ_áäÇëÉåëçêÉåI=pjJmjaJpÉåëçêÉå=ãáí=å~ÜÉòì=ÄÉäáÉÄáÖÉå=máñÉäò~ÜäÉå=êÉ~äáJ

ëáÉêí=ïÉêÇÉåK=

_Éá= ÇÉê= rãëÉíòìåÖ= îçå=jpjJmja= ~ìÑ= páäáòáìãÄ~ëáë= ÉñáëíáÉêÉå= àÉÇçÅÜ= ïÉëÉåíäáÅÜÉ=

o~åÇÄÉÇáåÖìåÖÉåI=ÇáÉ= ÉåçêãÉå=báåÑäìëë= ~ìÑ=ÇáÉ= òì=ï®ÜäÉåÇÉ=qÉÅÜåçäçÖáÉ=ìåÇ=ÇáÉ=

îÉêïÉåÇÉíÉå=j~íÉêá~äÉå= Ü~ÄÉåK= báå= ïÉëÉåíäáÅÜÉê= sçêíÉáä= ÇÉë=jpjJ^åë~íòÉë= áëí= ÇáÉ=

áåÜ®êÉåíÉ= råíÉêÇêΩÅâìåÖ= îçå= ìåâçêêÉäáÉêíÉå= däÉáÅÜäáÅÜí~åíÉáäÉåK= aáÉëÉ= råíÉêÇêΩJ

ÅâìåÖ=ÄÉêìÜí=~ìÑ=ÇÉê=q~íë~ÅÜÉ=Ç~ë=däÉáÅÜäáÅÜí~åíÉáäÉ=ÉáåÉå=mÜçíçëíêçãë=ÜÉêîçêêìÑÉå=

ÇÉëëÉå=oáÅÜíìåÖ=îçå=ÇÉê=mçä~êáí®í=ÇÉë=ÉäÉâíêáëÅÜÉå=jçÇìä~íáçåëëáÖå~äë=~ÄÜ®åÖíK=_~ëáÉJ

êÉåÇ= ~ìÑ= ÇáÉëÉê= ^åÑçêÇÉêìåÖ= ãìëë= ëáÅÜÉêÖÉëíÉääí= ëÉáåI= Ç~ëë= áååÉêÜ~äÄ= ÉáåÉê= jpjJ

píêìâíìê= âÉáåÉêäÉá= píêçã~ìÑíÉáäìåÖ= ÉêÑçäÖíI= ~äëç= Ç~ëë= ÇáÉ= pìããÉ= ÇÉê= òìÑäáÉ≈ÉåÇÉå=

píê∏ãÉ= Éñ~âí= ÇÉê= pìããÉ= ÇÉê= ~ÄÑäáÉ≈ÉåÇÉå= píê∏ãÉ= ΩÄÉê= ÇáÉ= aáçÇÉåâçåí~âíÉ= ÉåíJ

ëéêáÅÜí=EÄáéçä~êÉë=aÉîáÅÉI=h~éáíÉä=OKQKQFK=aáÉë= áëí=åáÅÜí=ÖÉï®ÜêäÉáëíÉíI=ïÉåå=Ç~ë=pìÄJ

ëíê~í= ÉáåÉê=jpj=aáçÇÉ= îçå= ~ì≈Éå= âçåí~âíáÉêí=ïáêÇ= ìåÇ= ëçãáí= àÉ= å~ÅÜ= mçíÉåíá~äòìJ

ëí~åÇ= Éáå= píêçãòìÑäìëë= çÇÉê= J~ÄÑäìëë= ΩÄÉê= ÇÉå= pìÄëíê~í~åëÅÜäìëë= ëí~ííÑáåÇÉå= â~ååK=

aìêÅÜ=ÉáåÉå=ëçäÅÜÉå=hçåí~âí=ïΩêÇÉ=áååÉêÜ~äÄ=ÇÉë=aÉîáÅÉ=Éáå=píêçãâåçíÉå=ÉåíëíÉÜÉå=

ÇÉê=ÇáÉ=ÖÉÑçêÇÉêíÉ=póããÉíêáÉ=ÜáåëáÅÜíäáÅÜ=ÇÉê=aáçÇÉåâçåí~âíÉ=îÉêäÉíòíK=aáÉëÉ=o~åÇJ

ÄÉÇáåÖìåÖ=Ü~í=ÉêÜÉÄäáÅÜÉå=báåÑäìëë=~ìÑ=Ç~ë=òì=ï®ÜäÉåÇÉ=fåíÉÖê~íáçåëâçåòÉéíI=ÄÉÇÉìJ

íÉí=ÇáÉë=ÇçÅÜI=Ç~ëë=Ç~ë=pÉåëçêëìÄëíê~í= âÉáåÉå= ëíêçãÑΩÜêÉåÇÉå=çÜãëÅÜÉå=^åëÅÜäìëë=

ÄÉëáíòÉå=Ç~êÑI=Éë=ãìëë=Ñäç~íÉåÇ=ëÉáåK=

_ÉÇÉåâí=ã~åI=Ç~ëë=äÉíòíäáÅÜ=ÉáåÉ=fåíÉÖê~íáçå=ãÉÜêÉêÉê=pÉåëçêÉå=~ìÑ=ÉáåÉã=ÉáåòÉäåÉå=

`Üáé=ãáí=ÉåíëéêÉÅÜÉåÇÉê=^ìëäÉëÉÉäÉâíêçåáâ= êÉ~äáëáÉêí=ïÉêÇÉå=ëçääI= ëç=ïáêÇ=ëÅÜåÉää=ÉêJ

ëáÅÜíäáÅÜI=Ç~ëë=ÉåíëéêÉÅÜÉåÇÉ= fëçä~íáçåëîçêâÉÜêìåÖÉå=ÖÉíêçÑÑÉå=ïÉêÇÉå=ãΩëëÉåI=ìã=

ÇáÉ=ÖÉÑçêÇÉêíÉ=póããÉíêáÉ=ìåÇ= äÉíòíäáÅÜ=ÇáÉ= áåÜ®êÉåíÉ=p_f=òì=ÖÉï®ÜêäÉáëíÉåK=rã=ÇÉå=

ÄÉëÅÜêáÉÄÉåÉå=p~ÅÜîÉêÜ~äí=òì=îÉêÇÉìíäáÅÜÉåI=áëí=~ìÑ=ÇÉê=äáåâÉå=pÉáíÉ=áå=^ÄÄáäÇìåÖ=RKO=

ëÅÜÉã~íáëÅÜ= Éáå= áåíÉÖêáÉêíÉë= pÉåëçêâçåòÉéí=ïáÉÇÉêÖÉÖÉÄÉåK=aáÉ=a~êëíÉääìåÖ=ÄÉêìÜí=

~ìÑ=ÉáåÉê=rãëÉíòìåÖ=ÇáÉ=áå=ÉáåÉã=`jlpJmêçòÉëë=íóéáëÅÜ=áëíX=~ìÑ=ÉáåÉã=ÖÉãÉáåë~ãÉå=

pìÄëíê~í=áëí=åÉÄÉå=ÇÉê=pÅÜ~äíìåÖëíÉÅÜåáâ=ÇÉê=pÉåëçê=êÉ~äáëáÉêíK=pí~åÇ~êÇã®≈áÖ=áëí=Ç~ë=

îÉêïÉåÇÉíÉ=éJpìÄëíê~í=ãáí=ÇÉã=åÉÖ~íáîëíÉå=mçíÉåíá~ä=EM=s=ÄÉá=éçëáíáîÉê=sÉêëçêÖìåÖëJ

ëé~ååìåÖF=ÇÉÑáåáÉêíI=ìã=åçíïÉåÇáÖÉ=mçíÉåíá~äîçêÖ~ÄÉå=ÑΩê=ÇáÉ=pÅÜ~äíìåÖëíÉÅÜåáâ=òì=



sçääáåíÉÖêáÉêÄ~êÉ=páäáòáìã=jpjJmja= = VT=

ã~ÅÜÉåK= aáÉëÉ= pìÄëíê~íÇÉÑáåáíáçå= áëí= áã= _ÉêÉáÅÜ= ÇÉë= pÉåëçêë= àÉÇçÅÜ= ìåÉêïΩåëÅÜíI=

ÑΩÜêí=Éê=ÇçÅÜ=òì=ÇÉã=Éêï®ÜåíÉå=é~ê~ëáí®êÉå=píêçãÑäìëëK=rã=ÇÉå=í~íë®ÅÜäáÅÜÉå=báåJ

Ñäìëë=ÉáåÉê=ëçäÅÜÉå=pìÄëíê~íâçåí~âíáÉêìåÖ=òì=ìåíÉêëìÅÜÉåI=ïìêÇÉå=qÉëíëíêìâíìêÉå=~ìë=

ÑêΩÜÉêÉå=oÉ~äáëáÉêìåÖÉå=~ìÑ=qápáOJ_~ëáë=x_ìñMOz=Éáåã~ä=ãáí= Ñäç~íÉåÇÉã=ìåÇ=ãáí=ÇÉÑáJ

åáÉêíÉã=pìÄëíê~í=îÉêãÉëëÉå=ìåÇ=ÖÉÖÉåΩÄÉêÖÉëíÉääíK=få=^ÄÄáäÇìåÖ=RKO=áëí=~ìÑ=ÇÉê=êÉÅÜJ

íÉå=pÉáíÉ=ÄÉáëéáÉäÜ~Ñí=ÉáåÉ=ëçäÅÜÉ=jÉëëìåÖ=ïáÉÇÉêÖÉÖÉÄÉåK=aÉìíäáÅÜ=áëí=òì=ÉêâÉååÉåI=

Ç~ëë=ÇáÉ=jpj=píêìâíìê=ãáí=Ñäç~íÉåÇÉã=_ìäâ=ÉáåÉ=ÖìíÉ=póããÉíêáÉ=ÄÉëáíòíI=ÇáÉ=ÖäÉáÅÜÉ=

aáçÇÉ=àÉÇçÅÜ=ãáí=ÉáåÉã=_ìäâéçíÉåíá~ä=îçå=M=s=ëÉÜê=ëí~êâ=~ëóããÉíêáëÅÜ=áëíK=
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^ÄÄáäÇìåÖ=RKOW= iáåâëW=hä~ëëáëÅÜÉê=`jlp=páåÖäÉÅÜáéJ^ìÑÄ~ìI=oÉÅÜíëW=jÉëëìåÖÉå=~å=ÉáåÉê=jpjJ
píêìâíìê=ãáí=pìÄëíê~í=Ñäç~íÉåÇ=ÄòïK=ãáí=j~ëëÉ=ÇÉÑáåáÉêíK=

fã= o~ÜãÉå=ÇáÉëÉê= ^êÄÉáí=ïìêÇÉå= Ç~ÜÉê= òìå®ÅÜëí= îÉêëÅÜáÉÇÉåÉ= fëçä~íáçåëãÉíÜçÇÉå=

ìåíÉêëìÅÜí=ÇáÉ=áã=o~ÜãÉå=ÉáåÉë=pí~åÇ~êÇéêçòÉëëÉë=òìê=sÉêÑΩÖìåÖ=ëíÉÜÉåK=báåÉ=ã∏ÖJ

äáÅÜÉ=íÉÅÜåáëÅÜÉ=oÉ~äáëáÉêìåÖ=áëí=áå=^ÄÄáäÇìåÖ=RKP=Ç~êÖÉëíÉääíK=
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=

^ÄÄáäÇìåÖ=RKPW= j∏ÖäáÅÜÉ=oÉ~äáëáÉêìåÖë~åë®íòÉ=îçå=jpjJpíêìâíìêÉå=áååÉêÜ~äÄ=ÉáåÉë=`jlpJ
mêçòÉëëÉëK=iáåâëW=oÉ~äáëáÉêìåÖ=áå=åJt~ååÉK=oÉÅÜíëW=oÉ~äáëáÉêìåÖ=áååÉêÜ~äÄ=ÉáåÉê=açéJ
éÉäï~ååÉK=

fã=_ÉêÉáÅÜ=ÇÉë=pÉåëçêë= áëí=ÉáåÉ=òìë®íòäáÅÜÉ=t~ååÉ=ÉáåÖÉÄê~ÅÜí=ÇáÉ=âÉáåÉêäÉá=ÉñíÉêåÉ=

mçíÉåíá~äÇÉÑáåáíáçå=Ü~íX=Ç~ë=éJpìÄëíê~í=ëÉäÄëí=áëí=ïáÉ=òìîçê=Ç~êÖÉëíÉääí=ãáí=M=s=ÇÉÑáåáÉêíK=

 



VU= h~éáíÉä=R=

aáÉ=ÖÉòÉáÖíÉ=oÉ~äáëáÉêìåÖ=ãáí=ÉáåÉê=ÉáåÖÉÄê~ÅÜíÉå=åJt~ååÉ=Ü~í=~ì≈Éê=ÇÉã=Ñäç~íÉåJ

ÇÉå= pÉåëçêÄÉêÉáÅÜ= ÇÉå= sçêíÉáäI= Ç~ëë= ~ìÑ= åJpáäáòáìã= ÖÉã®≈= qÜÉçêáÉ= xpòÉUNz= Ü∏ÜÉêÉ=

mçíÉåíá~äÄ~êêáÉêÉå= áã=sÉêÖäÉáÅÜ=òì=éJpìÄëíê~í=ã∏ÖäáÅÜ= ëáåÇI=ÇáÉ=ïáÉÇÉêìã=ÉáåÉ=sÉêJ

êáåÖÉêìåÖ= ÇÉë= aìåâÉäëíêçãë= òìê= cçäÖÉ= Ü~ÄÉå= xhê~ÑíMOzK= báåÉ=ïÉáíÉêÉ= oÉ~äáëáÉêìåÖëJ

ã∏ÖäáÅÜâÉáí=ÄáÉíÉå=mêçòÉëëÉ=áå=ÇÉåÉå=açééÉäï~ååÉåëíêìâíìêÉå=Efëçä~íÉÇ=kjlpF=òìê=

sÉêÑΩÖìåÖ=ëíÉÜÉå=xwjaMSzK=eáÉê=â~åå=ìå~ÄÜ®åÖáÖ=îçã=îÉêïÉåÇÉíÉå=dêìåÇëìÄëíê~í=

ÇìêÅÜ= ^ìëï~Üä= ÇÉê=t~ååÉ= ÄòïK=açééÉäï~ååÉ= Éáå= çéíáã~ä= ÇçíáÉêíÉê= pÉåëçêÄÉêÉáÅÜ=

ÖÉëÅÜ~ÑÑÉå=ïÉêÇÉåK=

rã=ÇÉå=báåÑäìëë=ëçäÅÜÉê=fëçä~íáçåëãÉíÜçÇÉå=òì=îÉêáÑáòáÉêÉåI=ïìêÇÉå=òìå®ÅÜëí=åìãÉêáJ

ëÅÜÉ=páãìä~íáçåÉå=ãáí=ÉáåÉã=OaJe~äÄäÉáíÉêëáãìä~íçê=ÇìêÅÜÖÉÑΩÜêíK=aáÉëÉê=páãìä~íçê=

ÄÉêΩÅâëáÅÜíáÖí= ~äë= _~ëáë= ÇáÉ= êÉäÉî~åíÉå= e~äÄäÉáíÉêÖäÉáÅÜìåÖÉå= ìåÇ= â~åå= ëíêìâíìê~ÄJ

Ü®åÖáÖ= ìã= ïÉáíÉêÉ= _ÉëÅÜêÉáÄìåÖëãçÇÉääÉ= ÉêïÉáíÉêí= ïÉêÇÉå= xhê~ÑíMOz= x^î~åíMNzK=

dÉã®≈=îçêáÖÉê=^ÄÄáäÇìåÖ=ïìêÇÉ=~ìÑ=ÉáåÉã=OM=lÜãÅã=éJpìÄëíê~í=ÇÉê=aáÅâÉ=NM=”ã=

ÉáåÉ=åJt~ååÉ=EłÇÉÉé=åJïÉää“F=ãáí=ÉáåÉê=qáÉÑÉ=îçå=OIS=”ã=êÉ~äáëáÉêí=ìåÇ=ÇÉê=píêçãÑäìëë=

ÇìêÅÜ=òïÉá=~ìÑÖÉÄê~ÅÜíÉ=pÅÜçííâóâçåí~âíÉ=E I F=ëáãìäáÉêíK=aáÉ=bêÖÉÄåáëëÉ=ëáåÇ=áå=

ÇÉê=ÑçäÖÉåÇÉå=^ÄÄáäÇìåÖ=Ç~êÖÉëíÉääíK=
^j _j
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Dunkelströme, Bulk auf Ground
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^ÄÄáäÇìåÖ=RKQW= kìãÉêáëÅÜÉ=OaJe~äÄäÉáíÉêëáãìä~íáçå=ÉáåÉê=jpjJpíêìâíìê=áå=ÉáåÉê=åJt~ååÉ=~ìÑ=éJ
pìÄëíê~íK=iáåâëW=píêçãÑäìëë=ÇìêÅÜ=ÄÉáÇÉ=hçåí~âíÉ=çÜåÉ=_ÉäÉìÅÜíìåÖK=oÉÅÜíëW=jáí=
_ÉäÉìÅÜíìåÖI=mçéíZNM=ãtLÅãO=]UVM=åãK=

_Éá=ÇÉå=páãìä~íáçåÉå=ïìêÇÉ= =~ìÑ=OIR=sçäí=âçåëí~åí=ÖÉÜ~äíÉå=ìåÇ=ÇÉê=~åÇÉêÉ=^åJ

ëÅÜäìëë=îçå=M=Äáë=R=s=î~êááÉêíK=j~å=ÉêâÉååíI=Ç~ëë= áã=ìåÄÉäÉìÅÜíÉíÉå=c~ää= EäáåâëF= ëáÅÜ=

ëÅÜÉáåÄ~ê=òìå®ÅÜëí=áå=_ÉòìÖ=~ìÑ=ÇáÉ=píêçãÄÉíê®ÖÉ=ÉáåÉ=ÖÉïáëëÉ=póããÉíêáÉ=òìê=pé~åJ

åìåÖ=OIR=s=ÉêÖáÄíK=fã=ÄÉäÉìÅÜíÉíÉå=c~ää=àÉÇçÅÜI=áëí=ÇÉê=ÇìêÅÜ=ÇáÉ=t~ååÉ=Éåíëí~åÇÉåÉ=

éåJ§ÄÉêÖ~åÖ= ~äë= îÉêÖê~ÄÉåÉ= mÜçíçÇáçÇÉ=ïáêâë~ã=ìåÇ= Éêã∏ÖäáÅÜí= ÉáåÉå= píêçãÑäìëë=

ΩÄÉê=Ç~ë=pìÄëíê~íI=ÇÉê= òì=ÇÉê=~ìëÖÉéê®ÖíÉå=^ëóããÉíêáÉ= áå=ÇÉê= êÉÅÜíÉå=a~êëíÉääìåÖ=

^j



sçääáåíÉÖêáÉêÄ~êÉ=páäáòáìã=jpjJmja= = VV=

ÑΩÜêíK=aáÉëÉê=píêçãÑäìëë=áëí=ÄÉá=ÇÉê=ÖÉï®ÜäíÉå=fëçä~íáçåëãÉíÜçÇÉ=îçå=ÇÉê=~åÖÉäÉÖíÉå=

jçÇìä~íáçåëëé~ååìåÖ=Ó=ÄòïK=t~ååÉåéçíÉåíá~ä=Ó=îçê=~ääÉã=~ÄÉê=îçå=ÇÉê=iáÅÜíáåíÉåëáJ

í®í= ~ÄÜ®åÖáÖK=^åÇÉêÉ= fëçä~íáçåëãÉíÜçÇÉå=Ä~ëáÉêÉåÇ=~ìÑ= pí~åÇ~êÇJ`jlp=qÉÅÜåçäçJ

ÖáÉI=ïáÉ=òK_K=Ç~ë= áå=^ÄÄáäÇìåÖ=RKP=ÖÉòÉáÖíÉ=jÉÜêÑ~ÅÜï~ååÉåâçåòÉéíI=òÉáÖÉå=®ÜåäáJ

ÅÜÉ=k~ÅÜíÉáäÉ=ÜÉêîçêÖÉêìÑÉå=ÇìêÅÜ=ÉáåÉå=é~ê~ëáí®êÉå=píêçãÑäìëë=ΩÄÉê=Ç~ë=pìÄëíê~íK=bë=

ãìëëíÉ=ëçãáí=ÉáåÉ=oÉ~äáëáÉêìåÖëÑçêã=ÖÉÑìåÇÉå=ïÉêÇÉåI=ïÉäÅÜÉ=ÉáåÉ=ÜçÅÜáåíÉÖêáÉêíÉ=

oÉ~äáëáÉêìåÖ=îçå=pÉåëçêéáñÉäå=ãáí=^ìëäÉëÉÉäÉâíêçåáâ=~ìÑ=ÉáåÉã=ÉáåòáÖÉå=e~äÄäÉáíÉêëìÄJ

ëíê~í=Éêã∏ÖäáÅÜíK=

rã=ÇáÉ=ÖÉÑçêÇÉêíÉ=båíâçééäìåÖ=îçå=pÉåëçêÄÉêÉáÅÜ=ìåÇ=pÅÜ~äíìåÖëíÉÅÜåáâ= òì=ÉêêÉáJ

ÅÜÉåI=ïìêÇÉ=Ç~ÜÉê=ÉáåÉ=båíïáÅâäìåÖ=~ìÑ=plf=EpáäáÅçå=çå=fåëìä~íçêF=_~ëáë=~åÖÉëíêÉÄíK=

aáÉëÉ=qÉÅÜåçäçÖáÉ=Éêä~ìÄí=ÇáÉ=oÉ~äáëáÉêìåÖ=îçå=Ö~äî~åáëÅÜ=ÖÉíêÉååíÉå=_ÉêÉáÅÜÉå=~ìÑ=

ÉáåÉã= ÖÉãÉáåë~ãÉå= pìÄëíê~íK= dêìåÇä~ÖÉ= ÇáÉëÉê= qÉÅÜåáâ= áëí= ÇáÉ= sÉêïÉåÇìåÖ= îçå=

pìÄëíê~íã~íÉêá~äÉå=ÇáÉ= áå=ÇÉê=qáÉÑÉ=ÇìêÅÜ=ÉáåÉå=îÉêÖê~ÄÉåÉå=fëçä~íçê=E_ìêáÉÇ=lñáÇÉF=

îçã=Ç~êìåíÉê= äáÉÖÉåÇÉå=t~ÑÉêã~íÉêá~ä= Ee~åÇäÉJt~ÑÉêF= áëçäáÉêí= ëáåÇ= x^Ç~åVUzK=t®ÜJ

êÉåÇ=ÇÉë=aÉëáÖåë=â~åå=ÇÉê=båíïáÅâäÉê=ÇìêÅÜ=sçêÖ~ÄÉ=îçå=fëçä~íáçåëÖê®ÄÉå=EqêÉåÅÜÉëF=

ëÉé~ê~íÉ= _ÉêÉáÅÜÉ= ÇÉÑáåáÉêÉåI= ÇáÉ= ÖÉÖÉåΩÄÉê= ~åÇÉêÉå= pìÄëíê~íÖÉÄáÉíÉå= ~ÄÖÉÖêÉåòí=

ìåÇ= áëçäáÉêí= ëáåÇK=kÉÄÉå=ÇÉê=åçíïÉåÇáÖÉå=qêÉååìåÖ=îçå=pÉåëçêëìÄëíê~í=ìåÇ=pÅÜ~äJ

íìåÖëíÉÅÜåáâ= ä®ëëí= ëáÅÜ=ãáí=ÇÉê= plfJqÉÅÜåçäçÖáÉ=Ç~êΩÄÉê=Üáå~ìë= ~ìÅÜ=ÉáåÉ= fëçä~íáçå=

îçå= îÉêëÅÜáÉÇÉåÉå= máñÉäå= êÉ~äáëáÉêÉåI= ÇáÉ= ÉáåÉê= ã∏ÖäáÅÜÉå= ÖÉÖÉåëÉáíáÖÉå= _ÉÉáåÑäìëJ

ëìåÖ= ÉåíÖÉÖÉåïáêâíK= få= ^ÄÄáäÇìåÖ= RKR= áëí= ÇáÉ= ~åÖÉëíêÉÄíÉ= oÉ~äáëáÉêìåÖëÑçêã= Ä~ëáÉJ

êÉåÇ=~ìÑ=ÉáåÉê=plfJrãëÉíòìåÖ=ÑΩê=ÇÉå=îçääáåíÉÖêáÉêÄ~êÉå=jpjJmjaJpÉåëçê=ëÅÜÉã~J

íáëÅÜ=Ç~êÖÉëíÉääíK=
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MSM-Struktur Schaltungstechnik
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=

^ÄÄáäÇìåÖ=RKRW= a~êëíÉääìåÖ=ÇÉë=áåíÉÖêáÉêÄ~êÉå=plf=jpjJmjaK=aÉê=mjaJpÉåëçê=ÄÉÑáåÇÉí=ëáÅÜ=áå=
ÉáåÉã=îçå=ÇÉê=pÅÜ~äíìåÖëíÉÅÜåáâ=áëçäáÉêíÉå=_ÉêÉáÅÜK=

tÉáíÉêÉë= hêáíÉêáìã=ÄÉá= ÇÉê= oÉ~äáëáÉêìåÖ= îçå= pÅÜçííâóâçåí~âíÉå= òìê= sÉêïÉåÇìåÖ= ~äë=

jpjJmja=áëí=ÇÉê=aìåâÉäëíêçã=EîÖäK=h~éáíÉä=QKPKOFK=dÉã®≈=däÉáÅÜìåÖ=EOKONF=áëí=ÇÉê=

aìåâÉäëíêçã=~ääÖÉãÉáå=ÉáåÉ=o~ìëÅÜèìÉääÉI=ÇáÉ=Éë=ÖêìåÇë®íòäáÅÜ=ÄÉá=ÇÉê=oÉ~äáëáÉêìåÖ=

îçå=pÉåëçêâçåòÉéíÉå=òì=ãáåáãáÉêÉå=ÖáäíK=k~ÅÜ=däÉáÅÜìåÖ=EPKSF=Ü®åÖí=ÇÉê=péÉêêë®ííáJ

ÖìåÖëëíêçã=ÉáåÉê=pÅÜçííâóëíêìâíìê=ã~≈ÖÉÄäáÅÜ=îçå=ÇÉê=ÉåíëíÉÜÉåÇÉå=pÅÜçííâóÄ~êêáÉJ
 



NMM= h~éáíÉä=R=

êÉ=~ÄI=ÇáÉ=ïáÉÇÉêìã=ÇìêÅÜ=ÇÉå=wìëí~åÇ=ÇÉë=§ÄÉêÖ~åÖë=òïáëÅÜÉå=jÉí~ää=ìåÇ=e~äÄäÉáJ

íÉêI=îçê=~ääÉã=~ÄÉê=ÇìêÅÜ=Ç~ë=îÉêïÉåÇÉíÉ=j~íÉêá~äëóëíÉã=ÖÉéê®Öí=ïáêÇ=xpòÉUNzK=

få= Ö®åÖáÖÉå= `jlpJpí~åÇ~êÇéêçòÉëëÉå= áëí= ÇáÉ= sÉêïÉåÇìåÖ= îçå= jÉí~ääÉåI= ÄÉÇáåÖí=

ÇìêÅÜ=íÉÅÜåçäçÖáëÅÜÉ=^åÑçêÇÉêìåÖÉåI=~ìÑ=ïÉåáÖÉ=j~íÉêá~äáÉå=ÄÉÖêÉåòíK=eáÉêòì=ò®ÜJ

äÉå=åÉÄÉå=ÇÉå=âä~ëëáëÅÜÉå=hçåí~âíJ=ÄòïK=sÉêÇê~ÜíìåÖëãÉí~ääÉå=ïáÉ=^äìãáåáìã=çÇÉê=

hìéÑÉêI=ïÉáíÉêÉ=ΩÄäáÅÜÉêïÉáëÉ=áã=mêçòÉëë~Ää~ìÑ=îçêÜ~åÇÉåÉ=j~íÉêá~äáÉå=ïáÉ=tçäÑê~ã=

çÇÉê= qáí~åK= aáÉ= äÉíòíÖÉå~ååíÉå=jÉí~ääÉ=ïÉêÇÉå= ÑΩê= ÇáÉ= oÉ~äáëáÉêìåÖ= îçå= hçåí~âíÉå=

EtçäÑê~ãF= çÇÉê= ~äë= aáÑÑìëáçåëÄ~êêáÉêÉå= Eqáí~åF= ÄÉá= pìÄëíê~íâçåí~âíáÉêìåÖÉå= îÉêïÉåJ

ÇÉíK=aáÑÑìëáçåëÄ~êêáÉêÉå=ëçääÉå=ÄÉá=e~äÄäÉáíÉêéêçòÉëëÉå=ÄÉá=ÇÉê=hçåí~âíáÉêìåÖ=ÇÉë=pìÄJ

ëíê~íë=ãáí=jÉí~ää=EòK_K=^äìãáåáìãF=îÉêÜáåÇÉêåI=Ç~ëë=ìåÉêïΩåëÅÜíÉ=aáÑÑìëáçåëéêçòÉëëÉ=

òïáëÅÜÉå=jÉí~ää= ìåÇ=e~äÄäÉáíÉê= ~å=ÇÉê=dêÉåòÑä®ÅÜÉ= ëí~ííÑáåÇÉå= xtìMRzK= fã=eáåÄäáÅâ=

~ìÑ=ÇáÉ=oÉ~äáëáÉêìåÖ=îçå=pÅÜçííâóâçåí~âíÉå=ãáí=Ö®åÖáÖÉå=`jlpJmêçòÉëëã~íÉêá~äáÉå=

ÖáÄí= ÑçäÖÉåÇÉ= q~ÄÉääÉ= ÉáåÉå= §ÄÉêÄäáÅâ= ΩÄÉê= ÇáÉ= òì= Éêï~êíÉåÇÉå= _~êêáÉêÉåÜ∏ÜÉ= ~ìÑ=

páäáòáìã=xpòÉUNzK=j~å=ÄÉ~ÅÜíÉI=Ç~ëë=ÇáÉëÉ=êÉéê®ëÉåí~íáîÉå=tÉêíÉ=ÑΩê=ÇáÉ=^ÄëÅÜÉáÇìåÖ=

îçå=jÉí~ääÉå=ìåíÉê=s~âììãJ_ÉÇáåÖìåÖÉå=~ìÑ= ÉáåÉê=ÜçÅÜêÉáåÉå=páäáòáìãJlÄÉêÑä®ÅÜÉ=

ÖÉäíÉåK=aáÉ=báÖÉåëÅÜ~ÑíÉå=ÇáÉëÉê=§ÄÉêÖ®åÖÉ=Ü®åÖÉå=äÉíòíäáÅÜ=~ìÅÜ=ÉåíëÅÜÉáÇÉåÇ=îçå=

ÇÉê=^ÄëÅÜÉáÇìåÖëÑçêã=ìåÇ=îçå=å~ÅÜÑçäÖÉåÇÉå=qÉãéÉê~íìêéêçòÉëëÉå=~ÄK=

j~íÉêá~ä= _~êêáÉêÉ=EåJpáF=xÉsz _~êêáÉêÉ=EéJpáF=xÉsz=

^äìãáåáìã= MITO MIRU=

hìéÑÉê= MIRU MIQS=

tçäÑê~ã= MIST MIQR=

qáí~å= MIRM MISN=

q~ÄÉääÉ=RKNW= bêêÉáÅÜÄ~êÉ=_~êêáÉêÉåÜ∏ÜÉå=ÄÉá=jÉí~ääJe~ÄäÉáíÉêâçåí~âíÉå=~ìÑ=_~ëáë=íóéáëÅÜÉê=
`jlpJmêçòÉëëã~íÉêá~äáÉåK=

_Éá=bêï®êãìåÖ=ÇÉê=jÉí~ääJe~äÄäÉáíÉêâçåí~âíÉ=ÉåíëíÉÜÉå=Ó=àÉ=å~ÅÜ=j~íÉêá~ä=ÄÉá=ìåíÉêJ

ëÅÜáÉÇäáÅÜÉå=qÉãéÉê~íìêÉå= Ó= ëçÖK=jÉí~ääëáäáòáÇÉK=aáÉë= ëáåÇ= ÅÜÉãáëÅÜÉ=sÉêÄáåÇìåÖÉå=

îçå=§ÄÉêÖ~åÖëãÉí~ääÉå=ìåÇ=páäáòáìãI=ÇáÉ=áå=ÇÉê=oÉÖÉä=ÉáåÉ=âêáëí~ääáåÉ=píêìâíìê=~ìÑïÉáJ

ëÉåK=páÉ=ëáåÇ=áå=ÇÉê=e~äÄäÉáíÉêíÉÅÜåçäçÖáÉ=Éí~ÄäáÉêí=ìåÇ=ïÉêÇÉå=~å=çÜãëÅÜÉå=hçåí~âJ

íÉåI=ÑΩê=iÉáíÉêÄ~ÜåÉåI=çÇÉê=ïáÉ=áã=ëéÉòáÉääÉå=c~ää=ÑΩê=ÇáÉ=_áäÇìåÖ=îçå=pÅÜçííâóâçåí~âJ

íÉå=ÖÉåìíòíK=a~ë=páäáòáÇ=ÉåíëíÉÜí=ÄÉá=ÇáÉëÉã=sçêÖ~åÖ=ÇìêÅÜ=íÜÉêãáëÅÜ=~âíáîáÉêíÉ=aáÑÑìJ

ëáçå= òïáëÅÜÉå=jÉí~ää= ìåÇ=páäáòáìãI=ïçÄÉá= ëáÅÜ=ÇáÉ= ÉåíëíÉÜÉåÇÉ=_~êêáÉêÉåÜ∏ÜÉ=ÉáåÉë=

jÉí~ääëáäáòáÇâçåí~âíÉë= íÉáäïÉáëÉ= ëí~êâ= îçå= ÇÉê= _~êêáÉêÉåÜ∏ÜÉ= ÇÉë= jÉí~ääJe~äÄäÉáíÉêJ

ëóëíÉãë= ìåíÉêëÅÜÉáÇÉå= â~åå= xdêΩåMNzK= cΩê= ÇáÉ= ~åÖÉëíêÉÄíÉ= mêçòÉëëáåíÉÖê~íáçå= áã=

o~ÜãÉå=ÇáÉëÉê=^êÄÉáíI= áëí= äÉíòíäáÅÜ=ÇáÉ=ÉåíëíÉÜÉåÇÉ=_~êêáÉêÉåÜ∏ÜÉ=å~ÅÜ=ÇÉê=páäáòáÇáÉJ



sçääáåíÉÖêáÉêÄ~êÉ=páäáòáìã=jpjJmja= = NMN=

êìåÖI=~äëç=å~ÅÜ=^ÄëÅÜäìëë=ÇÉê=aáÑÑìëáçåëéêçòÉëëÉ=ã~≈ÖÉÄäáÅÜK=wìê=§ÄÉêëáÅÜí=ëáåÇ=ÑΩê=

íóéáëÅÜÉ=jÉí~ääëáäáòáÇÉ=ÇáÉ=_~êêáÉêÉåÜ∏ÜÉå=áå=q~ÄÉääÉ=RKO=ïáÉÇÉêÖÉÖÉÄÉå=xpòÉUNzK=

j~íÉêá~ä _~êêáÉêÉ=EåJpáF=xÉsz

jçpáO MIRR

qápáO MISM

tpáO MISR

kápáO MITM

mípá MIUR

q~ÄÉääÉ=RKOW= bêêÉáÅÜÄ~êÉ=_~êêáÉêÉåÜ∏ÜÉå=ÄÉá=îÉêëÅÜáÉÇÉåÉå=jÉí~ääëáäáòáÇÉåK=

fã= o~ÜãÉå= ÑêΩÜÉêÉê= råíÉêëìÅÜìåÖÉå= ïìêÇÉå= qápáOJhçåí~âíÉ= ~ìÑ= pí~åÇ~êÇ= _ìäâï~J

ÑÉêã~íÉêá~ä= òì= qÉëíòïÉÅâÉå= êÉ~äáëáÉêí= ÄÉá= ÇÉåÉå= mçíÉåíá~äÄ~êêáÉêÉå= îçå= Éíï~= MIS=És=

ÉêêÉáÅÜí= ïìêÇÉå= x_ìñMOzK= táÉ= ÇÉê= ÉêêÉáÅÜÄ~êÉ= p®ííáÖìåÖëëíêçã= îçå= ÇÉê= àÉïÉáäáÖÉå=

_~êêáÉêÉåÜ∏ÜÉ=~ÄÜ®åÖíI=îÉêÇÉìíäáÅÜí=^ÄÄáäÇìåÖ=RKS=~ìÑ=_~ëáë=ÇÉê=däÉáÅÜìåÖ=EPKNPFK=
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=

^ÄÄáäÇìåÖ=RKSW= p®ííáÖìåÖëëíêçãÇáÅÜíÉå=áå=^ÄÜ®åÖáÖâÉáí=ÇÉê=pÅÜçííâóÄ~êêáÉêÉK=

^ìë=ÇÉê=^ÄÄáäÇìåÖ=ïáêÇ=ÇÉìíäáÅÜI=Ç~ëë=ÉáåÉ=ÜçÜÉ=_~êêáÉêÉ=ÉáåÉå=ÖÉêáåÖÉå=p®ííáÖìåÖëJ

ëíêçã=ÄòïK= ÖÉêáåÖÉå=aìåâÉäëíêçã=ãáí= ëáÅÜ= ÄêáåÖíX= ÉáåÉ= bêÜ∏ÜìåÖ= ÇÉê= _~êêáÉêÉ= ìã=

RM=ãÉs=ÉêÖáÄí=ÉáåÉ=^ÄëÉåâìåÖ=ÇÉë=aìåâÉäëíêçãë=ìã=Éíï~=ÇÉå=c~âíçê=TK=a~=ÇáÉ=ÉêJ

êÉáÅÜÄ~êÉ= _~êêáÉêÉåÜ∏ÜÉ= ã~≈ÖÉÄäáÅÜ= îçã= îÉêïÉåÇÉíÉå= páäáòáÇã~íÉêá~ä= ~ÄÜ®åÖíI= áëí=

ÇáÉ=sÉêïÉåÇìåÖ=ÉáåÉë=ÉåíëéêÉÅÜÉåÇÉå=jÉí~ääë= òìê=_áäÇìåÖ=ÇÉë=páäáòáÇë=ÉáåÉ=dêìåÇJ

îçê~ìëëÉíòìåÖK=a~êΩÄÉê=Üáå~ìë=ëáåÇ=ÇáÉ=oÉáåÜÉáí=ìåÇ=ÇáÉ=_ÉÜ~åÇäìåÖ=ÇÉê=e~äÄäÉáíÉêJ

çÄÉêÑä®ÅÜÉ=ìåÇ=ÇÉê=^Ää~ìÑ=ÇÉê=mêçòÉëëëÅÜêáííÉ=îçå=Öêç≈Éê=_ÉÇÉìíìåÖK=

 



NMO= h~éáíÉä=R=

fã= o~ÜãÉå= ÇáÉëÉê= ^êÄÉáí= ëíÉÜí= ÇáÉ= fåíÉÖê~íáçåëÑ®ÜáÖâÉáí= ÇÉê= hçåòÉéíÉ= áã= sçêÇÉêJ

ÖêìåÇI=ÜáÉêÄÉá=áëí=å~íìêÖÉã®≈=ÇÉê=cêÉáÜÉáíëÖê~Ç=ÄÉá=ÇÉê=^ìëï~Üä=~äíÉêå~íáîÉê=j~íÉêá~J

äáÉå= òìê= bêêÉáÅÜìåÖ=ÜçÜÉê= _~êêáÉêÉå= ëí~êâ= ÉáåÖÉëÅÜê®åâíK=tÉáíÉêÉ= o~åÇÄÉÇáåÖìåÖÉå=

ëáåÇ= òK_K= ÇáÉ= å∏íáÖÉ= sÉê~êÄÉáíìåÖëíÉãéÉê~íìê= ìåíÉê= _ÉêΩÅâëáÅÜíáÖìåÖ= ~åÇÉêÉê= mêçJ

òÉëëëÅÜêáííÉI= ~äë= ~ìÅÜ= ÇáÉ= hçãé~íáÄáäáí®í= ãáí= ÇÉã= ÖÉë~ãíÉå= mêçòÉëë~Ää~ìÑK= aáÉ= áå=

q~ÄÉääÉ=RKO= ~ìÑÖÉäáëíÉíÉå=páäáòáÇÉ=Ü~ÄÉå=Äáë= ~ìÑ= mípá= ÉáåÉ= páäáòáÉêíÉãéÉê~íìê= îçå= íÉáäJ

ïÉáëÉ=ÇÉìíäáÅÜ=çÄÉêÜ~äÄ=SRM=ø`= xpòÉUNzI=ïçÇìêÅÜ=ÉáåÉ=mêçòÉëëáåíÉÖê~íáçå=ÉêëÅÜïÉêí=

çÇÉê=Ö~ê=ìåã∏ÖäáÅÜ=ïáêÇK=báå=jÉí~ää=ïáÉ=òK_K=mä~íáå=áëí=~ääÉêÇáåÖë=ëÅÜïáÉêáÖ=áå=ÉáåÉã=

`jlp=mêçòÉëë=òì=áåíÉÖêáÉêÉåI=Ç~=ÇáÉë=ÇáÉ=báÖÉåëÅÜ~ÑíÉå=ÉáåÉë=ëç=ÖÉå~ååíÉå=iáÑÉíáãÉJ

âáääÉêë=áå=páäáòáìã=Ü~íI=ÇKÜK=ÇáÉ=iÉÄÉåëÇ~ìÉê=ÇÉê=i~ÇìåÖëíê®ÖÉê=ïáêÇ=ëí~êâ=ÄÉÉáåÑäìëëíI=

ï~ë=ïáÉÇÉêìã=ÉåçêãÉ=báåÑäΩëëÉ=~ìÑ=îÉêïÉåÇÉíÉ=`jlpJpÅÜ~äíìåÖëâçãéçåÉåíÉå=Ü~í=

xiáëTRzK=

wì=_ÉÖáåå=ÇÉê=båíïáÅâäìåÖ=ÉñáëíáÉêíÉå=ÇÉãå~ÅÜ=òïÉá=ïÉëÉåíäáÅÜÉ=o~ÜãÉåÄÉÇáåÖìåJ

ÖÉåK=wìã=ÉáåÉå=ÇáÉ=fåíÉÖê~íáçå=îçå=jpjJhçêêÉä~íáçåëÉãéÑ®åÖÉêå=ãáí=áåÜ®êÉåíÉê=p_f=

áå=ÉáåÉã=plf=mêçòÉëëI=òìã=~åÇÉêÉå=ÇáÉ=oÉÇìòáÉêìåÖ=ÇÉë=aìåâÉäëíêçãë=~ìÑ=Éáå=íÉÅÜJ

åçäçÖáëÅÜ=ã~ÅÜÄ~êÉë=jáåáãìãK=sÉêÖäÉáÅÜ=ã~å= áå=^ÄÄáäÇìåÖ=RKS=ÇáÉ=aìåâÉäëíêçãJ

ÇáÅÜíÉå= îçå= hçåí~âíÉå=ãáí= ÉáåÉê= _~êêáÉêÉ= îçå= MIS=És= EòK_K= qápáOF=ãáí= hçåí~âíÉå=ãáí=

MIUR=És= EòK_K= mípáF= ëç= ÉêâÉååí=ã~åI=Ç~ëë= ÇÉê= òì= Éêï~êíÉåÇÉ=aìåâÉäëíêçã=ÉáåÉê= mípá=

jpjJaáçÇÉ=íÜÉçêÉíáëÅÜ=ìã=ÇÉå=c~âíçê=NM=MMM=ÄÉëëÉê=ëÉáå=â~åå=~äë=ÇÉê=aìåâÉäëíêçã=

îÉêÖäÉáÅÜÄ~êÉê=qápáOJhçåí~âíÉK=rã=Ç~ë=wáÉä=ãáåáã~äÉê=aìåâÉäëíê∏ãÉ=òì=ÉêêÉáÅÜÉåI=ï~ê=

Ç~ÜÉê=ÇáÉ=wáÉäëÉíòìåÖ=ÉáåÉå=jpjJmja=ãáí=mä~íáåëáäáòáÇâçåí~âíÉå=~ìÑ=_~ëáë=ÉáåÉë=plfJ

mêçòÉëëÉë=òì=êÉ~äáëáÉêÉåK=

RKO oÉ~äáëáÉêìåÖ=

RKOKN mêçòÉëëáåíÉÖê~íáçå=

^ìÑÖêìåÇ= ÇÉê= òìîçê= Éêï®ÜåíÉå= o~åÇÄÉÇáåÖìåÖÉåI= ÖÉëí~äíÉíÉ= ëáÅÜ= ÇáÉ= oÉ~äáëáÉêìåÖ=

ÉáåÉë= jpjJpáåÖäÉÅÜáéâçåòÉéíÉë= òìå®ÅÜëí= ~äë= ëÅÜïáÉêáÖK= pç= ãìëëíÉ= òì= _ÉÖáåå= ÇÉê=

båíïáÅâäìåÖ=ÇÉÑáåáÉêí=ïÉêÇÉåI=ïáÉ=mä~íáå= áå=ÉáåÉå=pí~åÇ~êÇ=`jlpJmêçòÉëë= áåíÉÖêáÉêí=

ïÉêÇÉå=â~ååI=çÜåÉ=ÇáÉ=Éêï®ÜåíÉ=åÉÖ~íáîÉ=_ÉÉáåÑäìëëìåÖ=ÇÉê=ΩÄêáÖÉå=bäÉãÉåíÉK=^ìë=

sÉê∏ÑÑÉåíäáÅÜìåÖÉå= ï~êÉå= òï~ê= fåíÉÖê~íáçåëîÉêëìÅÜÉ= áã= o~ÜãÉå= ÉáåÉë= _f`jlpJ

mêçòÉëë= ÄÉâ~ååí= x_~ëëVNzI= ÉáåÉ= oÉ~äáëáÉêìåÖ= Ä~ëáÉêÉåÇ= ~ìÑ= ÉáåÉã= ÜçÅÜáåíÉÖêáÉêíÉå=

plfJmêçòÉëë=ï~ê=~ÄÉê=Äáëä~åÖ=åçÅÜ=åáÅÜí=ÄÉâ~ååíK=



sçääáåíÉÖêáÉêÄ~êÉ=páäáòáìã=jpjJmja= = NMP=

rå~ÄÜ®åÖáÖ=îçã=mêçòÉëë=ãìëëíÉ=òìå®ÅÜëí=ÖÉâä®êí=ïÉêÇÉåI=ïáÉ=Ç~ë=oáëáâç=ÇÉê=sÉêìåJ

êÉáåáÖìåÖ=áååÉêÜ~äÄ=ÇÉë=pí~åÇ~êÇéêçòÉëëÉë=ãáåáãáÉêí=ïÉêÇÉå=âçååíÉK=eáÉêòì=ãìëëíÉ=

ÖÉï®ÜêäÉáëíÉí= ïÉêÇÉåI= Ç~ëë= âÉáåÉêäÉá= mä~íáå= áå= ÇÉå= _ÉêÉáÅÜ= ÇÉê= pÅÜ~äíìåÖëíÉÅÜåáâ= Ó=

~äëç=ÇÉå=`jlpJqÉáä=Ó=ÖÉä~åÖÉå=â~ååK=eáÉêÄÉá=áëí=òì=ÄÉ~ÅÜíÉåI=Ç~ëë=mä~íáå=~äë=pÅÜçííJ

âóJhçåí~âíã~íÉêá~ä=îÉêïÉåÇÉí=ïÉêÇÉå=ëçääI=~äëç=ÉåíëéêÉÅÜÉåÇ= ÑêΩÜ= áã=mêçòÉëë~Ää~ìÑ=

~ìÑ=ÇáÉ=e~äÄäÉáíÉêçÄÉêÑä®ÅÜÉ=~ìÑÖÉÄê~ÅÜí=ïÉêÇÉå=ãìëëK=aáÉë=ïáÉÇÉêìã=âçããí=ÉáåÉê=

éçíÉåíáÉääÉå=Öêç≈Ñä®ÅÜáÖÉå=sÉêìåêÉáåáÖìåÖ=ÖäÉáÅÜI=Ç~=ÇáÉ=dÉÑ~Üê=ÄÉëíÉÜíI=Ç~ëë=å~ÅÜJ

ïÉáëÄ~êÉ= mä~íáåëéìêÉå= ìåÄÉ~ÄëáÅÜíáÖí= áã= `jlpJpìÄëíê~íÄÉêÉáÅÜ= îÉêÄäÉáÄÉåK= kÉÄÉå=

ÇÉê=sÉêìåêÉáåáÖìåÖ=ÇÉë=pìÄëíê~íÉë=ÄÉëíÉÜí=Ç~êΩÄÉê=Üáå~ìë=Éáå=ÉêÜÉÄäáÅÜÉë=hçåí~ãáJ

å~íáçåëêáëáâç= ÇÉê= îÉêïÉåÇÉíÉå=^åä~ÖÉåK= báåÉ= âä~ëëáëÅÜÉ= mêçòÉëëáåíÉÖê~íáçå= ~ìÑ= pí~åJ

Ç~êÇ~åä~ÖÉåI=ïΩêÇÉ=Ç~ÜÉê=Éáå=ÉêÜÉÄäáÅÜÉë=oáëáâç=ÄÉÇÉìíÉå=çÇÉê=~ÄÉê=ÇÉÇáòáÉêíÉ=^åJ

ä~ÖÉå=ÉêÑçêÇÉêäáÅÜ=ã~ÅÜÉåI=ìã=sÉêìåêÉáåáÖìåÖÉå=~åÇÉêÉê=t~ÑÉê=~ìëòìëÅÜäáÉ≈ÉåK=báåÉ=

ëçäÅÜÉ=sçêÖÉÜÉåëïÉáëÉ=ïΩêÇÉ= ~ÄÉê=ÄÉêÉáíë= òì=_ÉÖáåå=ÇÉê= båíïáÅâäìåÖ=ÇáÉ=sÉêïÉåJ

ÇìåÖ=ëí~åÇ~êÇáëáÉêíÉê=mêçòÉëëÉ=~ìëëÅÜäáÉ≈Éå=ìåÇ=ÉêÜÉÄäáÅÜÉ=fåîÉëíáíáçåÉå=ÉêÑçêÇÉêåK=

fã=o~ÜãÉå=ÇáÉëÉê=^êÄÉáí=ïìêÇÉ=ãáí=ÉáåÉã=qÉÅÜåçäçÖáÉé~êíåÉê=Ç~ÜÉê=Éáå=òïÉáëíìÑáÖÉê=

mêçòÉëëÑäçï=Ełmja=~ÑíÉê=`jlp“F=ÉåíïáÅâÉäíK=bë=Ü~åÇÉäí=ëáÅÜ=ÜáÉêÄÉá=ìã=Éáå=sÉêÑ~ÜêÉåI=

ÄÉá=ÇÉã=òìå®ÅÜëí=Éáå=plf=`jlpJmêçòÉëë=å~ÅÜ=pí~åÇ~êÇÑäçï=ÇìêÅÜä~ìÑÉå=ïáêÇX=Ç~ÄÉá=

ïÉêÇÉå= ~ääÉ= `jlpJhçãéçåÉåíÉå= ïáÉ= _~ìÉäÉãÉåíÉ= EkjlpI= mjlpI= ÁFI= sÉêÇê~ÜJ

íìåÖëÉÄÉåÉåI=ìëïK=êÉ~äáëáÉêíK=aÉê=_ÉêÉáÅÜ=ÇÉë=ÉáÖÉåíäáÅÜÉå=mjaJpÉåëçêë=EaáçÇÉåÑÉåëJ

íÉêF=ïáêÇ=Ç~ÄÉá=~ÄÖÉÇÉÅâí=ìåÇ=ÖÉëÅÜΩíòíK=bêëí=ïÉåå=~ääÉ=`jlpJpÅÜêáííÉ=ÇìêÅÜÖÉÑΩÜêí=

ïìêÇÉåI=ïÉêÇÉå= áã=_ÉêÉáÅÜ=ÇÉë=pÉåëçêë=ÇáÉ= ëéÉòáÉääÉå=mä~íáåâçåí~âíÉ= êÉ~äáëáÉêíK=táÉ=

ëé®íÉê=ÄÉëÅÜêáÉÄÉå=ïáêÇI=â~åå=ÇáÉ=^ÄëÅÜÉáÇìåÖ=ìåÇ=mêçòÉëëáÉêìåÖ=ÇÉë=mä~íáåë=ÜáÉêÄÉá=

áå=ÉáåÉê=qÉáä~åä~ÖÉ=ÉêÑçäÖÉåI=ÄÉá=ÇÉê=âÉáå=hçåí~ãáå~íáçåëêáëáâç=ÑΩê=~åÇÉêÉ=^åä~ÖÉåíÉáäÉ=

ìåÇ=t~ÑÉêëÅÜÉáÄÉå=ÄÉëíÉÜíK=^ì≈ÉêÇÉã=áëí=ã~å=ÄÉá=ÇáÉëÉê=sçêÖÉÜÉåëïÉáëÉ=ìå~ÄÜ®åJ

ÖáÖ= îçã=îÉêïÉåÇÉíÉå=`jlpJmêçòÉëë=ìåÇ=â~åå=å~ÜÉòì=ÄÉäáÉÄáÖÉ=plfJmêçòÉëëÉ= îÉêJ

ïÉåÇÉåK=aáÉë= áëí= áåëÄÉëçåÇÉêÉ= áã=eáåÄäáÅâ=~ìÑ=âΩåÑíáÖÉ=mêçòÉëëÉåíïáÅâäìåÖÉå= EpíÉáJ

ÖÉêìåÖ= ÇÉë= fåíÉÖê~íáçåëÖê~ÇÉë= ÇìêÅÜ= jáåáãáÉêìåÖ= ÇÉê= qê~åëáëíçêÖÉçãÉíêáÉåF= îçå=

Öêç≈Éã=sçêíÉáäK=

_Éá=ÇÉã=ÇÉÑáåáÉêíÉå=òïÉáëíìÑáÖÉå=mêçòÉëë=ãìëëíÉ=òìå®ÅÜëí=ÇáÉ=dÉëí~äíìåÖ=ÇÉë=§ÄÉêJ

Ö~åÖë=òïáëÅÜÉå=`jlpJqÉáä=ìåÇ=mjaJqÉáä=ÇÉÑáåáÉêí=ïÉêÇÉåX=^ÄÄáäÇìåÖ=RKT=òÉáÖí=ÇáÉ=

~åÖÉëíêÉÄíÉ=qçéçÖê~éÜáÉK=t®ÜêÉåÇ=ÇÉê=mêçòÉëëáÉêìåÖ=ÇÉë=`jlp=_ÉêÉáÅÜë=ïáêÇ=ÇÉê=

mjaJqÉáä= ìåíÉê= ~åÇÉêÉã=ãáí= ÉáåÉã= lñáÇ= ìåÇ= ÉáåÉê= mçäóëáäáòáìãëÅÜáÅÜí= ÖÉëÅÜΩíòíK=

a~ë=mçäóëáäáòáìã=ê~Öí=Ç~ÄÉá=áå=ÇÉå=_ÉêÉáÅÜ=ÇÉê=pÅÜ~äíìåÖëíÉÅÜåáâ=ÜáåÉáå=ìåÇ=áëí=ëçãáí=

Ç~ë=sÉêÄáåÇìåÖëëíΩÅâ=òïáëÅÜÉå=pÉåëçê=ìåÇ=`jlpJqÉáäK=t®ÜêÉåÇ=ÇÉê=píêìâíìêáÉêìåÖ=

ÇÉë=mjaJ_ÉêÉáÅÜë=ïáêÇ=Ç~ë=mçäóëáäáòáìã=Äáë=~ìÑ=Éáå=âäÉáåÉë=píΩÅâ=òì=^åëÅÜäìëëòïÉÅâÉå=
 



NMQ= h~éáíÉä=R=

ïÉÖÖÉ®íòíK=a~ë=îÉêÄäÉáÄÉåÇÉ=lñáÇ=ïáêÇ=~åëÅÜäáÉ≈ÉåÇ=ÑΩê=Ç~ë=^ìÑÄêáåÖÉå=ÇÉë=mä~íáåë=

ëíêìâíìêáÉêíX= å~ÅÜ= mêçòÉëëáÉêìåÖ= ìåÇ= ûíòìåÖ= ÇÉê= pÅÜçííâóâçåí~âíÉ= ÉêÑçäÖí= Ç~ë= ^ìÑJ

ÄêáåÖÉå=îçå=^äìãáåáìã=òìê=sÉêÇê~ÜíìåÖ=ÇÉê=aáçÇÉåÑáåÖÉê=ìåíÉêÉáå~åÇÉê=ìåÇ= òìã=

^åëÅÜäìëë=~å=ÇÉå=`jlpJqÉáä=ΩÄÉê=Ç~ë=mçäóÉäÉãÉåíK=
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^ÄÄáäÇìåÖ=RKTW= pÅÜÉã~íáëÅÜÉ=a~êëíÉääìåÖ=ÇÉê=mêçòÉëëáåíÉÖê~íáçåK=iáåâëW=`jlp=ìåÇ=mjaJ_ÉêÉáÅÜ=
ï®ÜêÉåÇ=ÇÉê=mêçòÉëëáÉêìåÖ=ÇÉë=`jlpJ_ÉêÉáÅÜëK=oÉÅÜíëW=cÉêíáÖÖÉëíÉääíÉê=`jlpJqÉáä=
ãáí=êÉ~äáëáÉêíÉê=mípá=mjaJpíêìâíìêK=

RKOKO pìÄëíê~íã~íÉêá~ä=

_Éá= ÇÉê= oÉ~äáëáÉêìåÖ= îçå= ÜçÜÉå= pÅÜçííâÄ~êêáÉêÉå= ãáí= mä~íáåëáäáòáÇâçåí~âíÉå= áëí= åJ

páäáòáìã= ÉêÑçêÇÉêäáÅÜ= xpòÉUNzI= Ç~ë= ~ì≈ÉêÇÉã= ÉáåÉ= ãáííäÉêÉ= açíáÉêìåÖ= ÉåíëéêÉÅÜÉåÇ=

=~ìÑïÉáëÉå=ëçääíÉ=NM PM Åã− Ω xdêΩåMNzK=få=ÇÉê=oÉÖÉä=ïÉêÇÉå=àÉÇçÅÜ=ÄÉá=`jlp=plfJ

mêçòÉëëÉå=t~ÑÉêã~íÉêá~äáÉå= ãáí= éJaçíáÉêìåÖÉå= îÉêïÉåÇÉíX= ÇÉêÉå= aáÅâÉ= EaáÅâÉ= ÇÉë=

çÄÉêÉå= ~âíáîÉå= _ÉêÉáÅÜëF= äáÉÖí= àÉ= å~ÅÜ= ^åïÉåÇìåÖ= áã= _ÉêÉáÅÜ= îçå= ÉáåáÖÉå=

NM=k~åçãÉíÉêå=ÑΩê=eáÖÜJpéÉÉÇ=^åïÉåÇìåÖÉå=Äáë=Üáå=òì=ÉáåáÖÉå=”ã=ÑΩê=mçïÉê=^åJ

ïÉåÇìåÖÉåK= bÄÉåëç= äáÉÖí= ÇáÉ=aáÅâÉ= ÇÉë= îÉêÖê~ÄÉåÉå=lñáÇë= ~ÄÜ®åÖáÖ= îçå= ÇÉê= ^åJ

ïÉåÇìåÖ=áã=_ÉêÉáÅÜ=îçå=ÉáåáÖÉå=ÜìåÇÉêí=Äáë=òì=ÉáåáÖÉå=í~ìëÉåÇ=k~åçãÉíÉêåK=

cΩê=ÇáÉ=îçêäáÉÖÉåÇÉ=oÉ~äáëáÉêìåÖ=ïìêÇÉ=Éáå=t~ÑÉêã~íÉêá~ä=Ä~ëáÉêÉåÇ=~ìÑ=ÉáåÉã=MIU=”ã=

plfJmêçòÉëë=îÉêïÉåÇÉíK=eáÉêÄÉá=Ü~åÇÉäí=Éë=ëáÅÜ=ìã= OM ÅãΩ =éJpìÄëíê~í=ãáí=ÉáåÉê=aáJ

ÅâÉ=îçå=O=”ã=ΩÄÉê=ÉáåÉã=îÉêÖê~ÄÉåÉå=lñáÇ=ÇÉê=aáÅâÉ=MIR=”ãK=aáÉëÉë=j~íÉêá~ä=ãìëëJ

íÉ= áã= _ÉêÉáÅÜ= ÇÉê= jpjJmja= bäÉãÉåíÉ= ~å= ÇáÉ= ^åÑçêÇÉêìåÖÉå= ~åÖÉé~ëëí= ïÉêÇÉåK=

eáÉêÑΩê=ï~ê= òìå®ÅÜëí= ÉáåÉ= rãÇçíáÉêìåÖ= ÇÉë= ^âíáîÄÉêÉáÅÜë= å∏íáÖI=ïçÄÉá= ÇáÉ= ÉåíëíÉJ

ÜÉåÇÉ= åJpìÄëíê~íÇçíáÉêìåÖ= = ÉåíëéêÉÅÜÉå= ëçääíÉ= EOM ÅãΩ ^ÄÄáäÇìåÖ= RKTFK= ^ì≈ÉêÇÉã=

ïìêÇÉ= ÇáÉ=aáÅâÉ= ÇÉë= pìÄëíê~íë= ÉåíëéêÉÅÜÉåÇ= ÇÉê= _~åÇÄêÉáíÉ= ìåÇ= ÇÉê= ~åÖÉëíêÉÄíÉå=

jçÇìä~íáçåëëé~ååìåÖÉå= çéíáãáÉêíK= wáÉä= ï~ê= ÉëI= ãáí= ÇÉê= ~åÖÉäÉÖíÉå= jçÇìä~íáçåëJ

ëé~ååìåÖ=Éáå=ÉäÉâíêáëÅÜÉë=cÉäÇ=òì=ÉêòÉìÖÉåI=Ç~ë=ëáÅÜ=ΩÄÉê=ÇáÉ=ÖÉë~ãíÉ=qáÉÑÉ=ÇÉë=pìÄJ

ëíê~íë=ÉêëíêÉÅâíK=aáÉ=mÜçíçÖÉåÉê~íáçå=îçå=i~ÇìåÖëíê®ÖÉêå=ÉêÑçäÖí=ëçãáí=ëíÉíë=áå=_ÉêÉáJ

ÅÜÉå=Öêç≈Éê=cÉäÇëí®êâÉI=ï~ë=òìê=cçäÖÉ=Ü~íI=Ç~ëë=ëáÅÜ=i~ÇìåÖëíê®ÖÉê=ãáí=ÇÉê=ÉåíëéêÉJ



sçääáåíÉÖêáÉêÄ~êÉ=páäáòáìã=jpjJmja= = NMR=

ÅÜÉåÇÉå=aêáÑíÖÉëÅÜïáåÇáÖâÉáí=ÄÉïÉÖÉå=â∏ååÉå=ìåÇ=ëçãáí=ÇáÉ=_~åÇÄêÉáíÉ=ã~ñáãáÉêí=

ïáêÇK= bêÑçäÖí= ÇáÉ= mÜçíçÖÉåÉê~íáçå= ÜáåÖÉÖÉå= áå= ÑÉäÇÑêÉáÉå= _ÉêÉáÅÜÉåI= ëç=ãΩëëÉå= ÇáÉ=

i~ÇìåÖëíê®ÖÉê= òìå®ÅÜëí= ÇìêÅÜ= ä~åÖë~ãÉ=aáÑÑìëáçåëéêçòÉëëÉ= áå= ÇáÉ= cÉäÇÄÉêÉáÅÜÉ=ÖÉJ

ä~åÖÉåI=ïçÇìêÅÜ=ÇáÉ=_~åÇÄêÉáíÉ= ëí~êâ= äáãáíáÉêí=ïáêÇI=ÄòïK= ëçÖK=a`JmÉ~âë= ÉåíëíÉÜÉå=

â∏ååÉå=xoççMMzK=

^äë=dêìåÇä~ÖÉ=òìê=_ÉêÉÅÜåìåÖ=ÇÉê=çéíáã~äÉå=aáÅâÉ=ÇÉë=pìÄëíê~íë=ïìêÇÉ=òìå®ÅÜëí=ÇáÉ=

^ìëÇÉÜåìåÖ=ÇÉê=o~ìãä~ÇìåÖëòçåÉ= áã=_ÉêÉáÅÜ=ÉáåÉê=aáçÇÉ=ÑΩê=ÇáÉ=~åÖÉëíêÉÄíÉ=jçJ

Çìä~íáçåëëé~ååìåÖ=ÄÉëíáããíK=båíëéêÉÅÜÉåÇ=h~éáíÉä=PKPKN=ïáêÇ=ÜáÉêòì=ÑçäÖÉåÇÉ=däÉáJ

ÅÜìåÖ= ìåíÉê= _ÉêΩÅâëáÅÜíáÖìåÖ= ÉáåÉê=ãáåáã~äÉå=jçÇìä~íáçåëëé~ååìåÖ= îçå= N=s= ìåÇ=

ÉáåÉê=açíáÉêìåÖ=îçå= NQ POIO NMak Åã−= ⋅ =EÉåíëéêÉÅÜÉåÇ=OM ÅãΩ F=ÄÉåìíòíK=
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= ERKNF=

_Éá=ÇÉê=~åÖÉëíêÉÄíÉå=pé~ååìåÖ=êÉáÅÜí=ÇáÉ=o~ìãä~ÇìåÖëòçåÉ=áå=ÉáåÉ=qáÉÑÉ=îçå=Éíï~=

P”ãK=_Éá=pìÄëíê~íã~íÉêá~äáÉå=ÇáÉ=ÇáÅâÉê=~äë=ÇáÉ=o~ìãä~ÇìåÖëòçåÉ=ëáåÇI=ï®ÅÜëí= ÑçäÖJ

äáÅÜ=ÇÉê=aáÑÑìëáçåë~åíÉáäI=ïçÇìêÅÜ=ÇáÉ=_~åÇÄêÉáíÉ=ÇÉë=aÉîáÅÉë=ìåÇ=ÇáÉ=i~ÇìåÖëíê®ÖÉêJ

íêÉååÉáÖÉåëÅÜ~ÑíÉå= åÉÖ~íáî= ÄÉÉáåÑäìëëí= ïÉêÇÉåK= wï~ê= ÄáÉíÉå= ÇáÅâÉêÉ= pìÄëíê~íÉ= ÇáÉ=

j∏ÖäáÅÜâÉáí=ÉáåÉë=Öê∏≈ÉêÉå=mÜçíçëíêçãëI=ã~≈ÖÉÄäáÅÜ=áëí=~ÄÉê=ÄÉá=ÜçÜÉå=cêÉèìÉåòÉå=

ÇÉê=^åíÉáä=ÇÉê=i~ÇìåÖÉå=ÇáÉ=ÜáåêÉáÅÜÉåÇ=ëÅÜåÉää=ÖÉíêÉååí=ïÉêÇÉå=â∏ååÉå=ìåÇ=ëçãáí=

éÜ~ëÉåêáÅÜíáÖ=òìã=jáëÅÜÉêÖÉÄåáë=ÄÉáíê~ÖÉå=â∏ååÉåK=

wìê=sÉêáÑáòáÉêìåÖ=ÇÉê=^åå~ÜãÉå=ïìêÇÉå=åìãÉêáëÅÜÉ=_ÉêÉÅÜåìåÖÉå=ãáí=ÉáåÉã=OaJ

e~äÄäÉáíÉêëáãìä~íçê= ÇìêÅÜÖÉÑΩÜêíK= cΩê= ÖêìåÇë®íòäáÅÜÉ= råíÉêëìÅÜìåÖÉå= ÜáåëáÅÜíäáÅÜ=

ÇÉë=íê~åëáÉåíÉå=sÉêÜ~äíÉåë=ïìêÇÉ=ÉáåÉ=pÅÜçííâóJaáçÇÉåëíêìâíìê=ãáí=ÇÉê=~åÖÉëíêÉÄíÉå=

_~êêáÉêÉåÜ∏ÜÉ=îçå=MIUR=És=~ìÑ=ÉáåÉã= OM ÅãΩ =åJpìÄëíê~í=ìåíÉêëÅÜáÉÇäáÅÜÉê=aáÅâÉ=ÇÉJ

ÑáåáÉêí= ìåÇ=ãáí= ÉáåÉê= péÉêêëé~ååìåÖ= îçå= N=s= îçêÖÉëé~ååíK= aáÉëÉ= aáçÇÉ=ïìêÇÉ=ãáí=

ÉáåÉã=âìêòÉå=iáÅÜíéìäë= E URMåãλ = F=ÇÉê=a~ìÉê=N=åë=ÄÉëíê~ÜäíX= áå=^ÄÄáäÇìåÖ=RKU= áëí=

Ç~ë=bêÖÉÄåáë=ÇÉê=páãìä~íáçå=Ç~êÖÉëíÉääíK=

fåëÄÉëçåÇÉêÉ=ÄÉáã=^ÄëÅÜ~äíÉå=ÇÉë=fãéìäëÉë=ÄÉá=íZN=åë=ÉêâÉååí=ã~å=áå=^ÄÜ®åÖáÖâÉáí=

ÇÉê=pìÄëíê~íÇáÅâÉ=ìåíÉêëÅÜáÉÇäáÅÜÉ=íê~åëáÉåíÉ=sÉêÜ~äíÉåK=táÉ=Éêï~êíÉíI=îÉêëÅÜäÉÅÜíÉêí=

ÇÉê=Öê∏≈ÉêÉ=aáÑÑìëáçåë~åíÉáä=Ç~ë=íê~åëáÉåíÉ=sÉêÜ~äíÉå=ÇÉìíäáÅÜK=^Ä=pìÄëíê~íÇáÅâÉå=îçå=

Éíï~=Q”ã=ÇçãáåáÉêÉå= ä~åÖë~ãÉ=aáÑÑìëáçåëéêçòÉëëÉ=Ç~ë=sÉêÜ~äíÉå=ÇÉë=aÉîáÅÉëI=ïçJ

ÇìêÅÜ=ÇáÉ=ÖÉíêçÑÑÉåÉå=^åå~ÜãÉå=ÄÉëí®íáÖí=ïÉêÇÉåK=aáÉ=sÉêïÉåÇìåÖ=îçå=pìÄëíê~íÉå=

 



NMS= h~éáíÉä=R=

ÇáÅâÉê= ~äë= R=”ã= áëí= ÄÉá= ÇÉå= ÖÉÖÉÄÉåÉå= _ÉíêáÉÄëÄÉÇáåÖìåÖÉå= ~äëç= åáÅÜí= å∏íáÖ= ìåÇ=

~ìÅÜ=åáÅÜí=ê~íë~ãK=a~êΩÄÉê=Üáå~ìë=áëí=ÇáÉ=aáÅâÉ=ÇÉë=pìÄëíê~íë=ÇìêÅÜ=ÇáÉ=íÉÅÜåçäçÖáJ

ëÅÜÉå=j∏ÖäáÅÜâÉáíÉå=ÄÉÖêÉåòíK=eáÉê= áëí= îçê=~ääÉã=ÇáÉ=ûíòìåÖ=ÇÉë=qêÉåÅÜë=~ÄÜ®åÖáÖ=

îçå=ÇÉê=îÉêïÉåÇÉíÉå=qÉÅÜåçäçÖáÉ=òì=åÉååÉåK=_Éáã=ÖÉï®ÜäíÉå=mêçòÉëë=áëí=ÇáÉ=åçãáJ

å~äÉ=aáÅâÉ=ÇÉë=pìÄëíê~íë=ìåÇ=ëçãáí=~ìÅÜ=ÇáÉ=qáÉÑÉ=ÇÉë=qêÉåÅÜ=O=”ãK=

0 0.5 1 1.5 2

10
−12

10
−11

Zeit [ns]

S
tr

om
 [A

]

Sprungantwort bei verschiedenen Substratdicken (1V)
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=

^ÄÄáäÇìåÖ=RKUW= råíÉêëìÅÜìåÖ=ÇÉë=íê~åëáÉåíÉå=sÉêÜ~äíÉåë=ÉáåÉê=âçåëí~åí=îçêÖÉëé~ååíÉå=pÅÜçííâóJ
aáçÇÉ=ÄÉá=_Éëíê~ÜäìåÖ=ãáí=iáÅÜíáãéìäëÉå=ÇÉê=a~ìÉê=N=åëK=

a~=ÇáÉ=sÉêïÉåÇìåÖ=îçå=ëéÉòáÑáòáÉêíÉã=t~ÑÉêã~íÉêá~ä= áååÉêÜ~äÄ=ÇÉë=ÖÉï®ÜäíÉå=mêçJ

òÉëëÉë= ÄÉáÄÉÜ~äíÉå= ïÉêÇÉå= ëçääíÉI= ïìêÇÉ= áã= o~ÜãÉå= ÇÉê= mêçòÉëëÉåíïáÅâäìåÖ= ÉáåÉ=

j∏ÖäáÅÜâÉáí=ÖÉÑìåÇÉåI=Ç~ëë=îçêÜ~åÇÉåÉ=pìÄëíê~í=ÇìêÅÜ=béáí~ñáÉ=~ìÑ=ÉáåÉ=aáÅâÉ=îçå=

P=”ã=Ó=R=”ã=~ìÑòìï~ÅÜëÉå=ìåÇ= áã=_ÉêÉáÅÜ=ÇÉê= mjaJbäÉãÉåíÉ=ÇìêÅÜ= fãéä~åí~íáçå=

~ìÑ= Ç~ë= ~åÖÉëíêÉÄíÉ= = åJpìÄëíê~í= ìãòìÇçíáÉêÉåK= aáÉ= _ÉêÉáÅÜÉ= ÇÉê= `jlpJ

pÅÜ~äíìåÖëíÉÅÜåáâ= Ü~ÄÉå= Ç~ÇìêÅÜ= Ó= ~ÄÖÉëÉÜÉå= îçã= ÇáÅâÉêÉå= pìÄëíê~í= Ó= âÉáåÉêäÉá=

ûåÇÉêìåÖÉå=ÉêÑ~ÜêÉåI=ïçÇìêÅÜ=ÇáÉ=sÉêïÉåÇìåÖ=îçå=pí~åÇ~êÇ=`jlpJbäÉãÉåíÉå=áå=

ÇáÉëÉã=_ÉêÉáÅÜ=ïÉáíÉêÜáå=ã∏ÖäáÅÜ=áëíK=

ΩOM Åã

aìêÅÜ=Ç~ë=ÇáÅâÉêÉ=pìÄëíê~í=ï~ê=ÉáåÉ=jçÇáÑáòáÉêìåÖ=ÇÉë=ûíòJmêçòÉëëÉë=å∏íáÖI=ìã=òìJ

îÉêä®ëëáÖÉ=qêÉåÅÜJfëçä~íáçåÉå=òì=Ö~ê~åíáÉêÉåK=^ÄÄáäÇìåÖ=RKV=òÉáÖí=~ìÑ=ÇÉê=äáåâÉå=pÉáíÉ=

ÉáåÉ=jáâêçëâçé~ìÑå~ÜãÉ=ãáí= ÇÉã=nìÉêëÅÜåáíí= ÇÉê=ãçÇáÑáòáÉêíÉå= qêÉåÅÜ®íòìåÖ= ÇáÉ=

ãáí=pìÄëíê~íÉå=Äáë=R=”ã=aáÅâÉ=îÉêïÉåÇÉí=ïÉêÇÉå=â~ååK=^ì≈ÉêÇÉã=áëí=~ìÑ=ÇÉê=êÉÅÜíÉå=

pÉáíÉ=Ç~ë= òìîçê=ÄÉëÅÜêáÉÄÉåÉ=łaáçÇÉåÑÉåëíÉê“=ïáÉÇÉêÖÉÖÉÄÉåK= bë= òÉáÖí= ÉáåÉ=ãáâêçJ

ëâçéáëÅÜÉ= aê~ìÑëáÅÜí= ÇÉë= ëé®íÉêÉå= mjaJ_ÉêÉáÅÜë= å~ÅÜ= ^Ä®íòÉå= ë®ãíäáÅÜÉê= aÉÅâJ

ëÅÜáÅÜíÉåK=aáÉ=^ìÑå~ÜãÉ=Éåíëí~åÇ=áã=o~ÜãÉå=îçå=äáíÜçÖê~ÑáëÅÜÉå=sÉêëìÅÜÉå=ÇáÉ=áã=



sçääáåíÉÖêáÉêÄ~êÉ=páäáòáìã=jpjJmja= = NMT=

sçêÑÉäÇ= ÇìêÅÜÖÉÑΩÜêí=ïÉêÇÉå=ãìëëíÉåK=aáÉëÉ=råíÉêëìÅÜìåÖÉå=ï~êÉå= ~ìÑÖêìåÇ=ÇÉë=

òïÉáëíìÑáÖÉå=sÉêÑ~ÜêÉåë=åçíïÉåÇáÖI=Ç~=å~ÅÜ=£ÑÑåÉå=ÇÉë=cÉåëíÉêë=Ó=ÇKÜK=^Äíê~ÖÉå=ÇÉê=

ÖÉë~ãíÉå=`jlpJpÅÜáÅÜíëíêìâíìê=Ó=ÉáåÉ=~ì≈ÉêÖÉï∏ÜåäáÅÜÉ=qçéçÖê~éÜáÉ=ãáí=Öêç≈Éã=

^ëéÉâíîÉêÜ®äíåáë= ÉåíëíÉÜíK= aáÉë= ãìëëíÉ= ÇìêÅÜ= hçêêÉâíìêÑ~âíçêÉå= ÄÉá= ÇÉê= iáíÜçÖê~ÑáÉ=

ìåÇ=ÇÉå=òì=ÇÉÑáåáÉêÉåÇÉå=mjaJaÉëáÖåêìäÉë=ÄÉêΩÅâëáÅÜíáÖí=ïÉêÇÉåI=ìã=êÉéêçÇìòáÉêJ

Ä~êÉ=o~åÇÄÉÇáåÖìåÖÉå=áååÉêÜ~äÄ=ÇÉë=mjaJ_ÉêÉáÅÜë=òì=ÖÉï®ÜêäÉáëíÉåK=

Diodenfenster

=

^ÄÄáäÇìåÖ=RKVW= iáåâëW=jçÇáÑáòáÉêíÉê=qêÉåÅÜ=òìê=sÉêïÉåÇìåÖ=ãáí=pìÄëíê~íÇáÅâÉå=îçå=Äáë=òì=R=”ãK=
oÉÅÜíëW=aáçÇÉåÑÉåëíÉê=áå=ÇÉê=aê~ìÑëáÅÜíK=

RKOKP cáåÖÉêÖÉçãÉíêáÉI=J~Äëí~åÇ=

kÉÄÉå= ÇÉê= aÉÑáåáíáçå= ÇÉê= pìÄëíê~íÉáÖÉåëÅÜ~ÑíÉå= âçããí= ÇÉê= dÉçãÉíêáÉ= ÇÉê= aáçÇÉ=

ÄÉëçåÇÉêÉ=_ÉÇÉìíìåÖ=òìK=táÉ=áå=h~éáíÉä=PKPKQ=ÄÉëÅÜêáÉÄÉåI=áëí=ÇáÉ=sÉêïÉåÇìåÖ=îçå=

â~ãã~êíáÖ= áåÉáå~åÇÉê= îÉêëÅÜ~ÅÜíÉäíÉå=aáçÇÉåÑáåÖÉêå= îçêíÉáäÜ~ÑíI= ìã= ÖÉêáåÖÉ=aêáÑíJ

òÉáíÉå=ìåÇ=ëçãáí=ÜçÜÉ=_~åÇÄêÉáíÉå=ÄÉá=Öêç≈Ñä®ÅÜáÖÉå=pÉåëçêÉäÉãÉåíÉå=òì=ÉêêÉáÅÜÉåK=

eáÉêÄÉá= ëçääíÉ= ÇáÉ= _êÉáíÉ= ÇÉê= cáåÖÉê=ã∏ÖäáÅÜëí= ÖÉêáåÖ= ëÉáåI= ìã= Ñä®ÅÜÉåéêçéçêíáçå~äÉ=

h~é~òáí®íëJ=ìåÇ=aìåâÉäëíêçãâçãéçåÉåíÉå=âäÉáå=òì=Ü~äíÉå=ìåÇ=ÉáåÉå=ã∏ÖäáÅÜëí=ÖêçJ

≈Éå= cΩääÑ~âíçê= òì= ÉêêÉáÅÜÉåK= få=ÇÉê= oÉÖÉä=ïáêÇ=ÇáÉ=jáåÇÉëíÖê∏≈É= àÉÇçÅÜ=ÇìêÅÜ=ÇÉå=

îÉêïÉåÇÉíÉå=mêçòÉëë=îçêÖÉÖÉÄÉå=ìåÇ=â~åå=åáÅÜí=ïÉáíÉê= êÉÇìòáÉêí=ïÉêÇÉåK=aÉê=cáåJ

ÖÉê~Äëí~åÇ=ÜáåÖÉÖÉå=â~åå=áå=ïÉáíÉå=_ÉêÉáÅÜÉå=î~êááÉêí=ïÉêÇÉåI=ïçãáí=ã~å=báåÑäìëë=

~ìÑ=cΩääÑ~âíçê=ìåÇ=_~åÇÄêÉáíÉ=åÉÜãÉå=â~ååK=dêçëëÉ=cáåÖÉê~Äëí®åÇÉ=ëáåÇ=áã=eáåÄäáÅâ=

~ìÑ=aìåâÉäëíê∏ãÉ=ëçïáÉ=~ìÑ=h~é~òáí®í= EdäÉáÅÜìåÖ= EPKROFF=ìåÇ=cΩääÑ~âíçê= EdäÉáÅÜìåÖ=

EPKQNFF= ÖΩåëíáÖI= â∏ååÉå= àÉÇçÅÜ= ÇáÉ= ÉêêÉáÅÜÄ~êÉ= _~åÇÄêÉáíÉ= ~ìÑÖêìåÇ= ÇÉê= Öê∏≈ÉêÉå=

i~ìÑòÉáí=äáãáíáÉêÉå=EdäÉáÅÜìåÖ=EPKQQFFK=

fã=cçäÖÉåÇÉå=ïáêÇ=~ìÑ=_~ëáë=ÇÉë=oÉ~ÅÜJqÜêçìÖÜ=bÑÑÉâíÉë=EîÖäK=h~éáíÉä=PKPKNF=ÇÉê=çéJ

íáã~äÉ= cáåÖÉê~Äëí~åÇ= ÄÉëíáããíK= aáÉëÉê= bÑÑÉâí= ã~êâáÉêí= ÇÉå= §ÄÉêÖ~åÖ= ~Ä= ÇÉã= Ç~ë=

aÉîáÅÉ=îçääëí®åÇáÖ=îÉê~êãí=áëí=ìåÇ=~ìÑÖêìåÇ=ÇÉê=cÉäÇîÉêíÉáäìåÖ=ÇÉê=_ÉêÉáÅÜ=òïáëÅÜÉå=

 



NMU= h~éáíÉä=R=

ÇÉå=cáåÖÉêå=ãáåáã~äÉ=aáÑÑìëáçåë~åíÉáäÉ=òìä®ëëíK=_~ëáÉêÉåÇ=~ìÑ=ÉáåÉã=åJpìÄëíê~í=ãáí=O=

aáçÇÉåâçåí~âíÉå= áã= ^Äëí~åÇ= = ïáêÇ= ÜáÉêòì= ÉáåÉ= _ÉêÉÅÜìåÖ= ÇÉê= o~ìãä~ÇìåÖëòçJ

åÉåïÉáíÉå=ÇìêÅÜÖÉÑΩÜêíK=^ìëÖÉÖ~åÖÉå=ïáêÇ=~ìÅÜ=ÜáÉê=ïáÉÇÉê=îçå=ÉáåÉê=ãáåáã~äÉå=

pé~ååìåÖ= îçå= N=s= òïáëÅÜÉå= ÇÉå= hçåí~âíÉåK= cΩê= ÉáåÉ= ÉêëíÉ= k®ÜÉêìåÖ= ïáêÇ= ~åÖÉJ

åçããÉåI= Ç~ëë= å~ÜÉòì= ÇáÉ= ÖÉë~ãíÉ= pé~ååìåÖ= ΩÄÉê= ÇÉê= ÖÉëéÉêêíÉå= aáçÇÉ= ~ÄÑ®ääíK=

dÉã®≈= däÉáÅÜìåÖ=

ë

EPKNUF= â~åå= ÇáÉ= oÉ~ÅÜJqÜêçìÖÜJpé~ååìåÖ= áå= ^ÄÜ®åÖáÖâÉáí= ÇÉë=

cáåÖÉê~Äëí~åÇÉë= ÄÉêÉÅÜåÉí= ïÉêÇÉåK= cΩê= ÇáÉ= îçêäáÉÖÉåÇÉ= pìÄëíê~íÇçíáÉêìåÖ= îçå=

= ìåÇ= ÉáåÉê= pé~ååìåÖ= îçå= N=s= íêáíí= ÇÉê= oÉ~ÅÜJqÜêçìÖÜ= Éíï~= ÄÉá=

ÉáåÉã=cáåÖÉê~Äëí~åÇ=îçå=

NQ POIO NMak
−= ⋅ Åã

ãPISë μ= = ~ìÑK= få=~åÇÉêÉå=tçêíÉåI=ÄÉá=ÇáÉëÉã=cáåÖÉê~ÄJ

ëí~åÇ=ãìëë=ã~å=òìê=îçääëí®åÇáÖÉå=sÉê~êãìåÖ=ÇÉë=aÉîáÅÉ=ãáåÇÉëíÉåë=ÉáåÉ=pé~ååìåÖ=

îçå=N=s=~åäÉÖÉåK=

cçäÖÉåÇÉ=^ÄÄáäÇìåÖÉå=òÉáÖÉå=åìãÉêáëÅÜÉ=e~äÄäÉáíÉêëáãìä~íáçåÉå=ÇáÉ=ÇáÉ=_ÉêÉÅÜåìåJ

ÖÉå=îÉêáÑáòáÉêÉå=ëçääÉåK=a~êÖÉëíÉääí= áëí=ÇÉê=mçíÉåíá~äJ=ìåÇ=cÉäÇîÉêä~ìÑ=EÜçêáòçåí~ä= áå=ñJ

oáÅÜíìåÖF=ÉáåÉê=jpjJpíêìâíìê=~å=ÇÉê=e~äÄäÉáíÉêçÄÉêÑä®ÅÜÉI=ïçÄÉá=ÇÉê=cáåÖÉê~Äëí~åÇ=

òïáëÅÜÉå=N=”ã=ìåÇ=S”ã=î~êááÉêí=ïìêÇÉK=aáÉ=ÇÉÑáåáÉêíÉå=cáåÖÉê=Ü~ÄÉå=ÉáåÉ=_êÉáíÉ=îçå=

àÉïÉáäë=N=”ãI=ÇÉê= póããÉíêáÉéìåâí= EjáííÉ=ÇÉë= cáåÖÉêé~~êëF=ÇÉê= píêìâíìê= äáÉÖí= áããÉê=
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Feldverlauf bei verschiedenen Abständen
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=

^ÄÄáäÇìåÖ=RKNMW= mçíÉåíá~ä=ìåÇ=cÉäÇîÉêä~ìÑ=~å=ÇÉê=lÄÉêÑä®ÅÜÉ=ÉáåÉê=jpj=píêìâíìê=~ìÑ=P=”ã=å=pìÄJ
ëíê~íK=iáåâÉ=aáçÇÉ=ZPIR=sI=oÉÅÜíÉ=aáçÇÉZOIR=s=

j~å=ÉêâÉååíI=Ç~ëë=ÄÉá=ÉáåÉã=^Äëí~åÇ=òïáëÅÜÉå=P=”ã=ìåÇ=Q=”ã=ÇÉê=oÉ~ÅÜJqÜêçìÖÜ=

ÉêêÉáÅÜí=ïáêÇI=ï~ë=îçêáÖÉ=oÉÅÜåìåÖ=ÄÉëí®íáÖíK= cΩê=Öê∏≈ÉêÉ=^Äëí®åÇÉ=ÉñáëíáÉêÉå=òïáJ

ëÅÜÉå=ÇÉå=cáåÖÉêå=_ÉêÉáÅÜÉ=çÜåÉ=ÉäÉâíêáëÅÜÉë=cÉäÇ=ÄòïK=ãáí=Ñä~ÅÜÉã=mçíÉåíá~äîÉêä~ìÑK=

_Éá= âäÉáåÉêÉå=^Äëí®åÇÉå=ΩÄÉêä~ÖÉêå= ëáÅÜ= òìåÉÜãÉåÇ=ÇáÉ= cÉäÇîÉêä®ìÑÉ= Äáë= ÄÉáã=^ÄJ

ëí~åÇ= îçå= N=”ã= ÇÉê= ëçÖK= łcä~ÅÜÄ~åÇJc~ää“= ÉêêÉáÅÜí= ïáêÇ= E^ÄÄáäÇìåÖ= PKRFK= eáÉê= áëí=



sçääáåíÉÖêáÉêÄ~êÉ=páäáòáìã=jpjJmja= = NMV=

=O Mï =ìåÇ=ÇáÉ=~ìÑíêÉíÉåÇÉ=mçíÉåíá~äÇáÑÑÉêÉåò= áëí=Éñ~âí=ÖäÉáÅÜ=ÇÉê=~åÖÉäÉÖíÉå=pé~åJ

åìåÖI=ÜáÉê=N=sK=

få=^ÄÄáäÇìåÖ=RKNN=áëí=ÉáåÉ=íê~åëáÉåíÉ=páãìä~íáçå=ãáí=îÉêëÅÜáÉÇÉåÉå=cáåÖÉê~Äëí®åÇÉå=

Ç~êÖÉëíÉääíK=ûÜåäáÅÜ=ïáÉ=ÄÉá=ÇÉê=_ÉëíáããìåÖ=ÇÉê=pìÄëíê~íÇáÅâÉ=ïìêÇÉ=ÇáÉ=píêìâíìê=ãáí=

ÉáåÉã= âìêòÉå= iáÅÜíéìäë= ÄÉëíê~Üäí= ìåÇ= Ç~ë= íê~åëáÉåíÉ= sÉêÜ~äíÉå= ÄÉëíáããíK= j~å= ÉêJ

âÉååíI= Ç~ëë= ÑΩê= âäÉáåÉ= ^Äëí®åÇÉ= Äáë= Éíï~= Q”ã= âìêòÉ= ^åëíáÉÖëJ= ìåÇ= ^ÄÑ~ääòÉáíÉå= ÉêJ

êÉáÅÜí= ïÉêÇÉåK= _Éá= sÉêÖê∏≈ÉêìåÖ= ÇÉë= cáåÖÉê~Äëí~åÇÉë= ÇçãáåáÉêí= ~ìÅÜ= ÜáÉê= òìåÉÜJ

ãÉåÇ=ÇÉê=aáÑÑìëáçåë~åíÉáä=ÇÉê=ëáÅÜ=å~ÅÜíÉáäáÖ=~ìÑ=ÇáÉ=_~åÇÄêÉáíÉ=~ìëïáêâíK=^ìÅÜ=ÇáÉëÉ=

páãìä~íáçåÉå=ÄÉëí®íáÖÉå=ÇáÉ= òìîçê=ÇìêÅÜÖÉÑΩÜêíÉ=_ÉêÉÅÜåìåÖ=ìåÇ=òÉáÖÉåI=Ç~ëë=ÇÉê=

çéíáã~äÉ=cáåÖÉê~Äëí~åÇ=ìåíÉê=_ÉêΩÅâëáÅÜíáÖìåÖ=ÇÉë=cΩääÑ~âíçêë= áã=_ÉêÉáÅÜ=îçå=Éíï~=

PJQ=”ã=äáÉÖÉå=ëçääíÉK==
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Sprungantwort bei verschiedenen Fingerabständen (Normiert)
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=

^ÄÄáäÇìåÖ=RKNNW= qê~åëáÉåíÉ=^å~äóëÉ=ãáí=iáÅÜíéìäë=ÄÉá=îÉêëÅÜáÉÇÉåÉå=cáåÖÉê~Äëí®åÇÉåK=aÉê=ÑäáÉ≈ÉåÇÉ=
píêçã=áëí=~ìÑ=ÇÉå=j~ñáã~äïÉêí=åçêãáÉêíK=

RKOKQ eÉêëíÉääìåÖ=ÇÉê=pÅÜçííâóâçåí~âíÉ=

aáÉ= eÉêëíÉääìåÖ= îçå= pÅÜçííâóâçåí~âíÉå= ãáí= ÖÉêáåÖÉå= aìåâÉäëíê∏ãÉå= ïáêÇI= åÉÄÉå=

ÇÉå= îÉêïÉåÇÉíÉå=j~íÉêá~äáÉåI= ã~≈ÖÉÄäáÅÜ= ~ìÅÜ= ÇìêÅÜ= ÇáÉ= nì~äáí®í= ÇÉê= e~äÄäÉáíÉêJ

çÄÉêÑä®ÅÜÉ=ìåÇ=ÇáÉ=^êí=ÇÉê=mêçòÉëëÑΩÜêìåÖ=ÄÉëíáããíK=fã=o~ÜãÉå=ÇÉê=mêçòÉëëÉåíïáÅâJ

äìåÖ= ïìêÇÉå= îÉêëÅÜáÉÇÉåÉ= eÉêëíÉääìåÖëîÉêÑ~ÜêÉå= ÖÉíÉëíÉí= ìåÇ= áã= eáåÄäáÅâ= ~ìÑ= ÇáÉ=

ÉåíëíÉÜÉåÇÉ=mä~íáåëáäáòáÇëÅÜáÅÜí=ÄÉïÉêíÉíK=eáÉêÄÉá=âçããí=~ääÉå=mêçòÉëëëÅÜêáííÉåI=ïÉäJ

ÅÜÉ=ÇáÉ=lÄÉêÑä®ÅÜÉ=ÇÉë=hêáëí~ääë=ëí∏êÉå=ìåÇ=îÉêìåêÉáåáÖÉå=â∏ååÉåI=ÄÉëçåÇÉêÉ=_ÉÇÉìJ

íìåÖ= òìK= wìê= píêìâíìêáÉêìåÖ=ÇÉë=lñáÇë= áã=aáçÇÉåÑÉåëíÉê=ïìêÇÉ= Ç~ÜÉê= âÉáå= ëÅÜ®ÇáJ

ÖÉåÇÉë=mä~ëã~®íòÉå=îÉêïÉåÇÉíI=ëçåÇÉêå=Éáå=å~ëëÅÜÉãáëÅÜÉë=sÉêÑ~ÜêÉå=òìê=aÉÑáåáíáçå=

 



NNM= h~éáíÉä=R=

ÇÉê= cáåÖÉêK= råãáííÉäÄ~ê= îçê= ÇÉã= ^ìÑëéìííÉêå= ÇÉë=jÉí~ääë= ïáêÇ= ÇáÉ= lÄÉêÑä®ÅÜÉ=ãáí=

ÉáåÉê=cäìëëë®ìêÉJi∏ëìåÖ=ÖÉêÉáåáÖíX=Ç~ë=péìííÉêå=ÇÉë=mä~íáåë=ãìëë=Ç~å~ÅÜ=ìåãáííÉäÄ~ê=

áã=å®ÅÜëíÉå=pÅÜêáíí=ÉêÑçäÖÉåI=ìã=sÉêìåêÉáåáÖìåÖÉå=òì=îÉêãÉáÇÉåK=^åëÅÜäáÉ≈ÉåÇ=ÉêJ

ÑçäÖí=ÇáÉ=qÉãéÉêìåÖ=ìåíÉê=ÇÉÑáåáÉêíÉê=^íãçëéÜ®êÉ=ìåÇ=qÉãéÉê~íìêK=k~ÅÜ=^ÄëÅÜäìëë=

ÇÉê= qÉãéÉêìåÖI= ïáêÇ= Ç~ë= îÉêÄäáÉÄÉåÉ= ìåêÉ~ÖáÉêíÉ= mä~íáå= áã= _ÉêÉáÅÜ= çÄÉêÜ~äÄ= ìåÇ=

òïáëÅÜÉå=ÇÉå=cáåÖÉêâçåí~âíÉå=ãáí=h∏åáÖëï~ëëÉê=ïÉÖÖÉ®íòíK=a~å~ÅÜ=ÉêÑçäÖí=Ç~ë=^ìÑJ

ÄêáåÖÉå= ÉáåÉê= aáÑÑìëáçåëÄ~êêáÉêÉI= ÖÉÑçäÖí= îçå= ÇÉê= ^äìãáåáìãJjÉí~ääáëáÉêìåÖ= òì= sÉêJ

Çê~ÜíìåÖK=

aáÉ=m~ê~ãÉíÉê=ïáÉ=pÅÜáÅÜíÇáÅâÉ=ÇÉë=mä~íáåëI=^êí=ìåÇ=a~ìÉê=ÇÉë=qÉãéÉêåëI=ëçïáÉ=ÇáÉ=

òì=ï®ÜäÉåÇÉ=qÉãéÉê~íìêI=ïìêÇÉå=áå=sçêîÉêëìÅÜÉå=~å~äóëáÉêí=ìåÇ=ÑÉëíÖÉäÉÖíK=dÉíÉëíÉí=

ïìêÇÉå=mä~íáåÇáÅâÉå=áã=_ÉêÉáÅÜ=îçå=O=åã=Äáë=NMM=åãI=ëçïáÉ=ìåíÉêëÅÜáÉÇäáÅÜÉ=sÉêÑ~ÜJ

êÉå=ÇÉê=qÉãéÉêìåÖK=sÉêïÉåÇÉí=ïìêÇÉ=Éáå=ëç=ÖÉå~ååíÉë=Éñ=ëáíì=sÉêÑ~ÜêÉå=ÄÉá=ÇÉã=

~ìÑ=ÇÉå=â~äíÉå=t~ÑÉê=Ç~ë=mä~íáå=~ìÑÖÉëéìííÉêí=ìåÇ=Éêëí=~åëÅÜäáÉ≈ÉåÇ=ÖÉíÉãéÉêí=ïáêÇK=

wì=sÉêÖäÉáÅÜëòïÉÅâÉå=ïìêÇÉ=ÇáÉ=qÉãéÉêìåÖ=ëçïçÜä=ìåíÉê=s~âììãÄÉÇáåÖìåÖÉå=~äë=

~ìÅÜ=ìåíÉê=ÇÉÑáåáÉêíÉê=píáÅâëíçÑÑ~íãçëéÜ®êÉ=ÄÉá=îÉêëÅÜáÉÇÉåÉå=qÉãéÉê~íìêÉå=EOMM=ø`=

J=RMM=ø`F=ìåÇ=wÉáíÉå=ENR=ãáå=J=SM=ãáåF=ÇìêÅÜÖÉÑΩÜêíK=

_Éá=ÇÉê= Éñ= ëáíì=qÉãéÉêìåÖ= êÉ~ÖáÉêí=ÄÉá= bêï®êãìåÖ=Ç~ë=mä~íáå=ãáí=ÇÉã=páäáòáìãI=Éë=

ÄáäÇÉí=ëáÅÜ=òìå®ÅÜëí=míOpá=ïçÄÉá=mä~íáå=ÇÉê=Ççãáå~åíÉ=aáÑÑìëçê=áëíI=ÄÉá=qÉãéÉê~íìêÉå=

çÄÉêÜ~äÄ=OMM=ø`=ÉåÇÉí=ÇáÉ=oÉ~âíáçå=ëíÉíë=ãáí=ÇÉê=_áäÇìåÖ=îçå=mípá=ëçÑÉêå=âÉáåÉ=oÉ~âJ

íáçåëÜÉããÉê=ÇÉå=mêçòÉëë=ÄÉÜáåÇÉêå=xi~êêMPzK=rã=áã=o~ÜãÉå=îçå=sçêîÉêëìÅÜÉå=çéJ

íáã~äÉ=m~ê~ãÉíÉê= ÑΩê=^ÄëÅÜÉáÇìåÖ=ìåÇ=qÉãéÉêìåÖ=òì=ÖÉïáååÉåI=ïìêÇÉ=ÇáÉ=dêÉåòJ

Ñä®ÅÜÉåèì~äáí®í=ãáí= îÉêëÅÜáÉÇÉåÉå=çéíáëÅÜÉå=ìåÇ=ÉäÉâíêáëÅÜÉå=sÉêÑ~ÜêÉå=ìåíÉêëìÅÜíK=

aáÉ=ÑçäÖÉåÇÉå=^ÄÄáäÇìåÖÉå=òÉáÖÉå=ÄÉáëéáÉäÜ~Ñí=ÜçÅÜ~ìÑä∏ëÉåÇÉ=qbjJ=Eqê~åëãáëëáçåëJ

bäÉâíêçåÉåJjáâêçëâçéáÉF=^ìÑå~ÜãÉå=îçå=mêçÄÉå=ÇáÉ=áã=o~ÜãÉå=ÇáÉëÉê=^êÄÉáí=ÜÉêÖÉJ

ëíÉääí=ïìêÇÉåK=a~êÖÉëíÉääí=ëáåÇ=O=mêçÄÉå=áã=nìÉêëÅÜåáíí=~ìÑ=ÇáÉ=ÉáåÉ=áÇÉåíáëÅÜÉ=mä~íáåJ

ëÅÜáÅÜí=ÇÉê=aáÅâÉ=NM=åã=ÖÉëéìííÉêí=ïìêÇÉK=^åëÅÜäáÉ≈ÉåÇ=ïìêÇÉå=ÇáÉ=mêçÄÉå=áã=s~J

âììã=ÄÉá=kçãáå~äíÉãéÉê~íìê=PRM=ø`=EäáåâëF=ÄòïK=QRM=ø`=EêÉÅÜíëF=ÖÉíÉãéÉêí=ìåÇ=Ç~J

å~ÅÜ=êΩÅâÖÉ®íòíK=

aÉê=aìåâÉä=ÉáåÖÉÑ®êÄíÉ=_ÉêÉáÅÜ=ÇÉìíÉí=~ìÑ=j~íÉêá~äáÉå=ãáí=Öêç≈Éê=píêÉìïáêâìåÖ=Ó=áã=

îçêäáÉÖÉåÇÉå=c~ää=mä~íáå=Ó=ÜáåK=aÉê=ÜÉääÉ=_ÉêÉáÅÜ=Ç~êìåíÉê=áëí=Ç~ë=páäáòáìãëìÄëíê~íK=j~å=

ÉêâÉååíI=Ç~ëë=ÄÉá=ÇÉê=káÉÇêáÖíÉãéÉê~íìêJmêçÄÉ=ÇáÉ=pÅÜáÅÜíÇáÅâÉ=êÉä~íáî=ÇΩåå=EOJP=åãF=

áëíK=aÉã=ÖÉÖÉåΩÄÉê=ëíÉÜí=ÉáåÉ=pÅÜáÅÜíÇáÅâÉ=îçå=ΩÄÉê=OM=åã=ÄÉá=ÇÉê=eçÅÜíÉãéÉê~J

íìêéêçÄÉK=a~=ìåêÉ~ÖáÉêíÉë=mä~íáå=ÇìêÅÜ=Ç~ë=ëÉäÉâíáîÉ=oΩÅâ®íòÉå=ÉåíÑÉêåí=ïáêÇ=ìåÇ=äÉJ

ÇáÖäáÅÜ=mípá=îÉêÄäÉáÄíI=ÇÉìíÉí=ÉáåÉ=ÖÉêáåÖÉ=pÅÜáÅÜíÇáÅâÉ=~ìÑ=ÉáåÉ=ìåòìêÉáÅÜÉåÇÉ=oÉ~âJ



sçääáåíÉÖêáÉêÄ~êÉ=páäáòáìã=jpjJmja= = NNN=

íáçå=ÇÉë=mä~íáåë=ÜáåK=^ì≈ÉêÇÉã=áëí=ÇáÉ=lÄÉêÑä®ÅÜÉ=êÉä~íáî=ê~ìI=ï~ë=ÉÄÉåëç=~ìÑ=ÉáåÉ=ìåJ

îçääëí®åÇáÖÉ=îÉêíáâ~äÉ=oÉ~âíáçå=ÜáåÇÉìíÉíK=

Silizium Silizium

Oberfläche

Grenzfläche

Oberfläche

Grenzfläche

PtSi PtSi

=

^ÄÄáäÇìåÖ=RKNOW= qbj=nìÉêëÅÜåáííë~ìÑå~ÜãÉå=òïÉáÉê=mêçÄÉåK=iáåâëW=qÉãéÉêìåÖ=ãáí=PRM=ø`K=oÉÅÜíëW=
qÉãéÉêìåÖ=ãáí=QRM=ø`K=

^åÇÉêë=ÄÉá=ÇÉê=eçÅÜíÉãéÉê~íìêéêçÄÉI=Ççêí=áëí=ÇáÉ=pÅÜáÅÜí=ìåÖäÉáÅÜ=ÇáÅâÉê=ìåÇ=êÉä~íáî=

Öä~íí=~å=ÇÉê=lÄÉêëÉáíÉI=ï~ë=~ìÑ=ÉáåÉ=å~ÜÉòì=îçääëí®åÇáÖÉ=oÉ~âíáçå=áå=sÉêíáâ~äêáÅÜíìåÖ=

ëÅÜäáÉ≈Éå=ä®ëëíK=_ÉáÇÉå=mêçÄÉå=áëí=ÖÉãÉáåë~ãI=Ç~ëë=~å=ÇÉê=dêÉåòÑä®ÅÜÉ=Éáå=§ÄÉêÖ~åÖ=

ãáí= ÉáåÉê= ÖÉïáëëÉå= o~ìÜáÖâÉáí= Éåíëí~åÇÉå= áëíI= ÇáÉ= ~ìÑ= ÉáåÉ= oÉ~âíáçå= ÜáåÇÉìíÉí= ÄÉá=

ÇÉã=páäáòáìã=ÇÉê=Ççãáå~åíÉ=aáÑÑìëçê= áëíI=~äëç=ÄÉáã=ÖÉïΩåëÅÜíÉå=§ÄÉêÖ~åÖ=míOpá=òì=

mípáK=

_~ëáÉêÉåÇ=~ìÑ=ÇáÉëÉå=bêÖÉÄåáëëÉå=ïìêÇÉ=ÇáÉ=Ü∏ÜÉêÉ=páäáòáÉêíÉãéÉê~íìê=ÄÉá=ÇÉê=rãëÉíJ

òìåÖ= ÖÉï®ÜäíK= ^ÄïÉáÅÜìåÖÉå= òì= sÉê∏ÑÑÉåíäáÅÜìåÖÉå= ÄÉá= ÇÉåÉå= ÄÉêÉáíë= ~Ä= OMM=ø`=

òìîÉêä®ëëáÖ=mípá=ÖÉÄáäÇÉí=ïÉêÇÉå=âçååíÉ= xi~êêMPzI= ä~ëëÉå= ëáÅÜ=ÇìêÅÜ=Ç~ë=sçêÜ~åÇÉåJ

ëÉáå=ÉáåÉë=oÉ~âíáçåëÜÉããÉêë=EòK_K=hçÜäÉåëíçÑÑ=çÇÉê=p~ìÉêëíçÑÑF=Éêâä®êÉåK=^ìÅÜ=â∏ååíÉ=

ÇáÉ= ^êí= ÇÉë=eÉáòÉåë= ÄÉá= ÇÉê= qÉãéÉêìåÖ= ÜáÉêÑΩê= ìêë®ÅÜäáÅÜ= ëÉáåK=a~= ÇáÉ= mêçÄÉå=ãáí=

píê~ÜäìåÖëÜÉáòÉêå=Éêï®êãí=ïìêÇÉåI=ä®ëëí=ëáÅÜ=ÉáåÉ=^ÄïÉáÅÜìåÖ=ÇÉê=mêçÄÉåíÉãéÉê~J

íìê=îçå=ÇÉê=ÉáåÖÉëíÉääíÉå=kçãáå~äíÉãéÉê~íìê=åáÅÜí=~ìëëÅÜäáÉ≈ÉåK=

RKP máñÉäëíêìâíìêÉå=

rã=ÇáÉ=báÖÉåëÅÜ~ÑíÉå=ÇÉê=mípá=jpjJmja=ÄÉìêíÉáäÉå=òì=â∏ååÉåI= ëáåÇ=~ìÑ=_~ëáë=ÇÉë=

åÉìÉå= mêçòÉëëÉë= qÉëíëíêìâíìêÉå= ÇÉÑáåáÉêí= ìåÇ= ìãÖÉëÉíòí=ïçêÇÉåK= a~ãáí= ÇáÉ= _~êêáÉJ

êÉåÜ∏ÜÉ=ÇÉê=pÅÜçííâóëíêìâíìêÉå=ÄÉëíáããí=ïÉêÇÉå=âçååíÉI=ïìêÇÉå=Öêç≈Ñä®ÅÜáÖÉ=jpJ

aáçÇÉåëíêìâíìêÉå= ãáí= îÉêëÅÜáÉÇÉåÉå= cä®ÅÜÉåJL= o~åÇîÉêÜ®äíåáëëÉå= êÉ~äáëáÉêíK= ^ì≈ÉêJ

ÇÉã=ÇáîÉêëÉ=jpJcáåÖÉêëíêìâíìêÉåI=ìã=ÇÉå=báåÑäìëë=ÇÉê=cáåÖÉêÖÉçãÉíêáÉ=~ìÑ=bãéÑáåÇJ

äáÅÜâÉáí=ìåÇ=aìåâÉäëíêçã=òì=ÄÉïÉêíÉåK=tÉáíÉêÜáå=ïìêÇÉå=å~íΩêäáÅÜ=jpjJpíêìâíìêÉå=

îÉêëÅÜáÉÇÉåÉê= dÉçãÉíêáÉå= EmáñÉäÖê∏≈ÉI= cáåÖÉê~Äëí~åÇI= JÄêÉáíÉI= ÁF= ÜÉêÖÉëíÉääíI= ãáí=

 



NNO= h~éáíÉä=R=

ÇÉåÉå= Ç~ë= jáëÅÜîÉêÜ~äíÉå= ~äë= mja= ÄÉïÉêíÉí= ïÉêÇÉå= ëçääíÉK= a~êΩÄÉê= Üáå~ìë= ~ìÅÜ=

jìäíáéáñÉä~êÅÜáíÉâíìêÉå= E^êê~óëF= ÇáÉ= ÄÉêÉáíë= áã= mêçòÉëëJbåíïáÅâäìåÖëëí~Çáìã= òì= sÉêJ

ÖäÉáÅÜëòïÉÅâÉå= áå= jpjJh~ãÉê~ë= îÉêïÉåÇÉí= ìåÇ= ÖÉíÉëíÉí= ïÉêÇÉå= â∏ååÉåK= aáÉëÉ=

ïìêÇÉå=âçãé~íáÄÉä=ãáí=d~^ëJ^êê~óë=EëáÉÜÉ=h~éáíÉä=QKSKOF=ÖÉëí~äíÉíI=ìã=ÉáåÉå=äÉáÅÜíÉå=

qÉÅÜåçäçÖáÉïÉÅÜëÉä=îçêåÉÜãÉå=òì=â∏ååÉåK=

=

^ÄÄáäÇìåÖ=RKNPW= jpJpíêìâíìêÉåK=iáåâëW=cä®ÅÜÉåÇáçÇÉ=NMM=”ã=ñ=NMM=”ãK=oÉÅÜíëW=cáåÖÉêÇáçÇÉ=ãáí=
ÉáåÉê=ÉÑÑÉâíáîÉå=hçåí~âíÑä®ÅÜÉ=ÉåíëéêÉÅÜÉåÇ=ÉáåÉê=PM=”ã=ñ=PM=”ã=cä®ÅÜÉåÇáçÇÉK=bêJ
âÉååÄ~ê=ëáåÇ=ÇáÉ=^åçÇÉåâçåí~âíÉ=ÇáÉ=îçã=wìäÉáíìåÖëãÉí~ää=~ìëÖÉÜÉåÇ=ΩÄÉê=ÇáÉ=
§ÄÉêÖ~åÖë~åëÅÜäΩëëÉ=ãáí=ÇÉã=aáçÇÉåãÉí~ää=îÉêÄìåÇÉå=ëáåÇK=wì=ëÉÜÉå=áëí=áã=_ÉJ
êÉáÅÜ=ÇÉê=aáçÇÉ=Ç~ë=^äìãáåáìãI=ïÉäÅÜÉë=Ç~ë=Ç~êìåíÉê=äáÉÖÉåÇÉ=mípá=âçåí~âíáÉêíK=
a~ë=pìÄëíê~í=Eh~íÜçÇÉF=áëí=ΩÄÉê=rJÑ∏êãáÖÉ=åH=aáÑÑìëáçåÉå=âçåí~âíáÉêíK=

=

^ÄÄáäÇìåÖ=RKNQW= oÉ~äáëáÉêíÉ=jpjJcáåÖÉêëíêìâíìêÉåK=iáåâëW=jpjJmáñÉä=îÉêëÅÜáÉÇÉåÉê=dê∏≈Éå=
EOMM=”ãI=PMM=”ã=ìåÇ=RMM=”ãFK=oÉÅÜíë=Ç~êÖÉëíÉääí=áëí=ÉáåÉ=^ìëëÅÜåáííîÉêÖê∏≈ÉêìåÖ=
ãáí=^åÖ~ÄÉ=ÇÉê=êÉ~äáëáÉêíÉå=dÉçãÉíêáÉåK=

^ÄÄáäÇìåÖ=RKNP=òÉáÖí=jáâêçëâçé~ìÑå~ÜãÉå=ÉáåÉê=^ìëï~Üä=ÇÉê=ÖÉÑÉêíáÖíÉå= Ñä®ÅÜáÖÉå=

ìåÇ= ÑáåÖÉêÑ∏êãáÖÉå=jpJqÉëíëíêìâíìêÉå=ãáí= pìÄëíê~íâçåí~âí= òìê= _ÉëíáããìåÖ=ÇÉê= ÉÑJ

ÑÉâíáîÉå=_~êêáÉêÉåÜ∏ÜÉåK=dìí=òì=ÉêâÉååÉå=áëí=ÜáÉêÄÉá=åÉÄÉå=ÇÉå=bäÉâíêçÇÉå=~ìÅÜ=ÇÉê=

ìãÖÉÄÉåÇÉ=qêÉåÅÜ=ìåÇ=ÇÉê=§ÄÉêÖ~åÖë~åëÅÜäìëë=~ìë=mçäóëáäáòáìã=òìê=sÉêÄáåÇìåÖ=ÇÉê=

mípáJaáçÇÉå=ãáí=ÇÉã=`jlpJqÉáä=EîÖäK=^ÄÄáäÇìåÖ=RKTF=



sçääáåíÉÖêáÉêÄ~êÉ=páäáòáìã=jpjJmja= = NNP=

få= ÇÉå= jáâêçëâçé~ìÑå~ÜãÉå= áå= ^ÄÄáäÇìåÖ= RKNQ= ëáåÇ= ÄÉáëéáÉäÜ~ÑíÉ= jpjJcáåÖÉêJ

ëíêìâíìêÉå=çÜåÉ=pìÄëíê~íâçåí~âí=Ç~êÖÉëíÉääíK= få=ÇÉê=^ìëëÅÜåáííîÉêÖê∏≈ÉêìåÖ= EêÉÅÜíëF=

ëáåÇ=ÇáÉ=^äìãáåáìãÑáåÖÉê=ÇÉê=_êÉáíÉ=OIS=”ã=òì=ÉêâÉååÉåK=aÉê=Ç~êìåíÉê=äáÉÖÉåÇÉ=mípáJ

_ÉêÉáÅÜ=Ü~í=ÇáÉ=_êÉáíÉ= X=ÇÉê=^Äëí~åÇ=ÇÉê=mípáJcáåÖÉê=òìÉáå~åÇÉê=ÄÉíê®Öí=ÜáÉê=

I=ÇáÉë=áëí=ÇÉê=^Äëí~åÇ=ÇÉê=áå=h~éáíÉä=

Oï ”= ã

ãPISë ”= RKOKP=~äë=^ìëÖ~åÖëéìåâí=ÑΩê=ÇáÉ=råíÉêJ

ëìÅÜìåÖÉå=ÄÉëíáããí=ïìêÇÉK=

RKQ a`JjÉëëìåÖÉå=

rã=ÇáÉ=báÖÉåëÅÜ~ÑíÉå=ÇÉê=píêìâíìêÉå=ãáí=ÇÉå=íÜÉçêÉíáëÅÜÉå=bêï~êíìåÖÉå=îÉêÖäÉáÅÜÉå=

òì=â∏ååÉåI=ïìêÇÉå=òìå®ÅÜëí=ëí~íáëÅÜÉ=píêçãJL=pé~ååìåÖëãÉëëìåÖÉå=~å=îÉêëÅÜáÉÇÉJ

åÉå=mêçÄÉå=îçêÖÉåçããÉåK=

RKQKN _ÉëíáããìåÖ=ÇÉê=_~êêáÉêÉåÜ∏ÜÉ=~å=êÉ~äáëáÉêíÉå=qÉëíëíêìâíìêÉå=

báå=ïÉëÉåíäáÅÜÉë=jÉêâã~ä= ÉáåÉê= pÅÜçííâóëíêìâíìê= áëí= ÇáÉ=e∏ÜÉ= ÇÉê= pÅÜçííâóÄ~êêáÉêÉK=

páÉ=ÄÉëíáããí=áå=ÉêëíÉê=iáåáÉ=Ç~ë=péÉêêîÉêÜ~äíÉå=ìåÇ=Ç~ãáí=ÇÉå=aìåâÉäëíêçã=ÇÉê=aáçJ

ÇÉK= dÉã®≈= h~éáíÉä= PKOKQ= â~åå= òìê= bêãáííäìåÖ= ÇÉê= _~êêáÉêÉåÜ∏ÜÉ= ÇáÉ= frJaìêÅÜä~ëëJ

âÉååäáåáÉ=ÉáåÉê=aáçÇÉ=~ìÑÖÉåçããÉå=ìåÇ=Ü~äÄäçÖ~êáíÜãáëÅÜ=Ç~êÖÉëíÉääí=ïÉêÇÉåK=_Éá=

ÇÉå=ÑçäÖÉåÇÉå=^ÄÄáäÇìåÖÉå=Ü~åÇÉäí=Éë=ëáÅÜ=ìã=ëçäÅÜÉ=jÉëëìåÖÉå=ÇáÉ=~å=ÇÉå=ÜÉêÖÉJ

ëíÉääíÉå=Öêç≈Ñä®ÅÜáÖÉå=jpJpíêìâíìêÉå=ÇìêÅÜÖÉÑΩÜêí=ïìêÇÉåK=aÉê=mípáJaáçÇÉåâçåí~âí=

ïìêÇÉ=ÜáÉêÄÉá=èì~Çê~íáëÅÜ=ãáí=îÉêëÅÜáÉÇÉåÉå=h~åíÉåä®åÖÉå=~ìÑ=ÇÉã=ÄÉëÅÜêáÉÄÉåÉå=

=åJpìÄëíê~í=êÉ~äáëáÉêíK=a~ë=åJpìÄëíê~í=ïìêÇÉ=åáÉÇÉêçÜãáÖ=ΩÄÉê=åH=aáÑÑìëáçåÉå=

âçåí~âíáÉêíI= ïÉäÅÜÉ= ÇáÉ= aáçÇÉåëíêìâíìê= ~ã= o~åÇ= ìãÖÉÄÉå= E

OM ÅãΩ

^ÄÄáäÇìåÖ= RKNPFK= ^ääÉ=

jÉëëìåÖÉå=ïìêÇÉå=~ìÑ=t~ÑÉêÉÄÉåÉ=ãáííÉäë=mêçÄáåÖëóëíÉã=ìåíÉê=ÇÉÑáåáÉêíÉå=_ÉÇáåJ

ÖìåÖÉå= ÇìêÅÜÖÉÑΩÜêíI= ïçÄÉá= àÉïÉáäë= píêìâíìêÉå= îçå= îÉêëÅÜáÉÇÉåÉå= mçëáíáçåÉå= ~ìÑ=

ÇÉã=t~ÑÉê=ÄÉíê~ÅÜíÉí=ïìêÇÉåK=a~êÖÉëíÉääí=ëáåÇ=ÜáÉê=píêìâíìêÉåI=ÇÉêÉå=báÖÉåëÅÜ~ÑíÉå=

ÇÉå=ΩÄÉê=ÇÉå=t~ÑÉê=îÉêíÉáäíÉå=íóéáëÅÜÉå=tÉêíÉå=ÉåíëéêÉÅÜÉåK=

få=^ÄÄáäÇìåÖ=RKNR= áëí= àÉïÉáäë=ÇáÉ=ÖÉãÉëëÉåÉ=aìêÅÜä~ëëâÉååäáåáÉ=ÉáåÉê= Ñä®ÅÜáÖÉå=mípáJ

pÅÜçííâóÇáçÇÉ= Ü~äÄäçÖ~êáíÜãáëÅÜ= Ç~êÖÉëíÉääíK= j~å= ÉêâÉååí= ÄÉá= âäÉáåÉå= aìêÅÜä~ëëJ

pé~ååìåÖÉå= Ç~ë= íóéáëÅÜÉ= ÉñéçåÉåíáÉääÉ= sÉêÜ~äíÉåI= ÄÉá= Öê∏≈ÉêÉå= pé~ååìåÖÉå= ìåÇ=

píê∏ãÉå=âåáÅâí=ÇáÉ=hÉååäáåáÉ=~ìÑÖêìåÇ=ÇÉë=pÉêáÉåïáÇÉêëí~åÇÉë=Éêï~êíìåÖëÖÉã®≈=~ÄK=

fã=áåíÉêÉëë~åíÉå=ÉñéçåÉåíáÉääÉå=_ÉêÉáÅÜ=â~åå=ã~å=åìå=ÇìêÅÜ=^åäÉÖÉå=ÉáåÉê=cáíÖÉê~J

ÇÉå=ÇÉå=pÅÜåáííéìåâí=ãáí=ÇÉê=píêçã~ÅÜëÉ=ÄÉëíáããÉå=ìåÇ=ÇÉå=p®ííáÖìåÖëëíêçã=~ÄJ

äÉëÉå=xpòÉUNzK=_Éá=ÄÉâ~ååíÉê=cä®ÅÜÉ=ä®ëëí=ëáÅÜ=ÜáÉê~ìë=ïáÉÇÉêìã=ÇáÉ=p®ííáÖìåÖëëíêçãJ

ÇáÅÜíÉ=ÄÉëíáããÉåK=
 



NNQ= h~éáíÉä=R=
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ST
=211pA

=

^ÄÄáäÇìåÖ=RKNRW= píêçãJpé~ååìåÖëJjÉëëìåÖ=ÄÉá=o~ìãíÉãéÉê~íìê=EOP=ø`F=~å=îÉêëÅÜáÉÇÉåÉå=Öêç≈J
Ñä®ÅÜáÖÉå=pÅÜçííâóëíêìâíìêÉåK=aáÉ=Ää~ìÉ=hìêîÉ=ëíÉääí=ÇáÉ=jÉëëïÉêíÉ=Ç~êI=ÇáÉ=mìåâíÉ=
ã~êâáÉêÉå=ÇÉå=_ÉêÉáÅÜ=ÇÉê=ÑΩê=ÇáÉ=cáíÖÉê~ÇÉ=EêçíF=îÉêïÉåÇÉí=ïìêÇÉK=

dÉã®≈=däÉáÅÜìåÖ=EPKVF=â~åå=ÄÉá=ÄÉâ~ååíÉê=qÉãéÉê~íìê=ìåÇ=ÄÉâ~ååíÉê=oáÅÜ~êÇëçåJ

hçåëí~åíÉ=E F=ÇáÉ=e∏ÜÉ=ÇÉê=pÅÜçííâóÄ~êêáÉêÉ=~ìë=ÇÉê=ÉêãáííÉäíÉå=p®íJ

íáÖìåÖëëíêçãÇáÅÜíÉ= ÄÉêÉÅÜåÉí=ïÉêÇÉåK= wìê= §ÄÉêëáÅÜí=ïìêÇÉå= ÇáÉ= ÉêãáííÉäíÉå= m~ê~J

ãÉíÉêI= ëçïáÉ= ÇáÉ= ÄÉëíáããíÉ=_~êêáÉêÉåÜ∏ÜÉ= áå= ÇáÉ= àÉïÉáäáÖÉ=dê~Ñáâ= ÉáåÖÉíê~ÖÉåK= cçäJ

ÖÉåÇÉ= q~ÄÉääÉ= ÖáÄí= òìÇÉã= ÉáåÉå=§ÄÉêÄäáÅâ=ΩÄÉê= ÇáÉ= qÉëíëíêìâíìêÉå= ìåÇ= ÇáÉ= Ç~ê~ìë=

ÄÉëíáããíÉå=p®ííáÖìåÖëëíêçãÇáÅÜíÉå=ìåÇ=_~êêáÉêÉåÜ∏ÜÉåK=

G NNO L^ ^ Åã= O Oh

j~å= ÉêâÉååíI= Ç~ëë= ÇáÉ= ëáÅÜ= ÉáåëíÉääÉåÇÉå= pÅÜçííâóÄ~êêáÉêÉå= ÉáåÉ= e∏ÜÉ= îçå= Äáë= òì=

MIUS=És=Ü~ÄÉåK=bÄÉåëç=ïáêÇ=ÇÉìíäáÅÜI=Ç~ëë=çÑÑÉåÄ~ê=o~åÇÉÑÑÉâíÉ=ÇáÉ=ÉÑÑÉâíáîÉ=_~êêáÉêÉ=

îÉêêáåÖÉêå=ìåÇ=ÇáÉ=p®ííáÖìåÖëëíêçãÇáÅÜíÉ=ÉêÜ∏ÜÉåK=aáÉë=ïáêÇ=ÄÉá=ÇÉå=âäÉáåÉå=píêìâJ

íìêÉå=çÑÑÉåëáÅÜíäáÅÜI=ïÉäÅÜÉ=áã=sÉêÜ®äíåáë=òìê=dÉë~ãíÑä®ÅÜÉ=êÉä~íáî=îáÉä=o~åÇ=~ìÑïÉáJ

ëÉå=ìåÇ=ÉáåÉ=ÉåíëéêÉÅÜÉåÇ=âäÉáåÉêÉ=ÉÑÑÉâíáîÉ=_~êêáÉêÉ=Ü~ÄÉåK=_Éá=ÇÉå=Öêç≈Ñä®ÅÜáÖÉå=

píêìâíìêÉå=ÜáåÖÉÖÉå=ÇçãáåáÉêí=ÇÉê=Ñä®ÅÜáÖÉ=^åíÉáä=ìåÇ=o~åÇÉÑÑÉâíÉ=â∏ååÉå=áå=ÉêëíÉê=

k®ÜÉêìåÖ= îÉêå~ÅÜä®ëëáÖí= ïÉêÇÉåK= a~ëë= o~åÇJ= ìåÇ= cä®ÅÜÉåÉÑÑÉâíÉ= ÇÉå= p®ííáÖìåÖëJ



sçääáåíÉÖêáÉêÄ~êÉ=páäáòáìã=jpjJmja= = NNR=

ëíêçã=å~ÅÜíÉáäáÖ=ÄÉÉáåÑäìëëÉå=ÉåíëéêáÅÜí=ÇÉê=bêï~êíìåÖ=ìåÇ=ÇÉÅâí=ëáÅÜ=ãáí=ÇÉê=iáíÉê~J

íìê=xpòÉUNz=xdêΩåMNzK=

qÉëíëíêìâíìê= cä®ÅÜÉ
p®ííáÖìåÖëJ
ëíêçã= pqf

p®ííáÖìåÖëJ
ëíêçãÇáÅÜíÉ= pqg =

bÑÑÉâíáîÉ
_~êêáÉêÉ

cä®ÅÜÉåÇáçÇÉ=N= PM=”ã=ñ=PM=”ã OIQ=é^ OSP=å^LÅãO= MIUM=És

cä®ÅÜÉåÇáçÇÉ=O= NMM=”ã=ñ=NMM=”ã NPIN=é^ NPN=å^LÅãO= MIUN=És

cä®ÅÜÉåÇáçÇÉ=P= PMM=”ã=ñ=PMM=”ã QNIO=é^ QS=å^LÅãO= MIUQ=És

cä®ÅÜÉåÇáçÇÉ=Q= NMMM=”ã=ñ=NMMM=”ã ONN=é^ ON=å^LÅãO= MIUS=És

cáåÖÉêëíêìâíìê=R= PM=”ã=ñ=PM=”ã VIN=é^ NMOM=å^L=ÅãO= MITS=És

q~ÄÉääÉ=RKPW= §ÄÉêëáÅÜí=ÇÉê=ÉêãáííÉäíÉå=píêìâíìêÉáÖÉåëÅÜ~ÑíÉå=~å=cä®ÅÜÉåÇáçÇÉåK=rã=ÇÉå=báåÑäìëë=
ÇÉê=o~åÇÉÑÑÉâíÉ=òì=îÉêáÑáòáÉêÉåI=ëáåÇ=~ìÅÜ=m~ê~ãÉíÉê=ÉáåÉê=cáåÖÉêëíêìâíìê=òìã=sÉêJ
ÖäÉáÅÜ=~ìÑÖÉÑΩÜêíK=

rã=ÇáÉëÉå= bÑÑÉâí= ÑΩê= ÉáåÉå=Öêç≈Éå=o~åÇ~åíÉáä= èì~åíáí~íáî= òì=ÄÉïÉêíÉåI= ëáåÇ= áå=ÇÉê=

q~ÄÉääÉ=~ìÅÜ=ÇáÉ=m~ê~ãÉíÉê=ÉáåÉê=cáåÖÉêëíêìâíìê=Ç~êÖÉëíÉääíI=ÇáÉ=òï~ê=ÇáÉ=ÖäÉáÅÜÉ=dÉJ

ë~ãíÇáçÇÉåÑä®ÅÜÉ=ïáÉ=píêìâíìê=N=ÄÉëáíòíI=~ÄÉê=ÇìêÅÜ=^åçêÇåìåÖ=îçå=ãÉÜêÉêÉå=é~ê~äJ

äÉäÉå=cáåÖÉêå=êÉ~äáëáÉêí=ïìêÇÉK=j~å=ÉêâÉååí=~ìÅÜ=ÜáÉêI=Ç~ëë=ëáÅÜ=ÇáÉ=p®ííáÖìåÖëëíêçãJ

ÇáÅÜíÉ=ÇìêÅÜ=ÇáÉ=o~åÇÉÑÑÉâíÉ=ÉêÜ∏Üí=Ü~íK=

dÉåÉêÉää= òÉáÖÉå= ~ääÉ= qÉëíëíêìâíìêÉåI= Ç~ëë= ëáÅÜ= ~ìÑÖêìåÇ=ÇÉê= sÉêïÉåÇìåÖ= îçå= mä~íáå=

ÜçÜÉ=pÅÜçííâóÄ~êêáÉêÉå=ÉáåÖÉëíÉääí=Ü~ÄÉåI=ÇáÉ=ëÉÜê=Öìí=ãáí=ÇÉê=íÜÉçêÉíáëÅÜÉå=bêï~êJ

íìåÖ=ΩÄÉêÉáåëíáããÉå= Eq~ÄÉääÉ=RKOFK= báå=ïÉáíÉêÉê= c~âíçê= òìê=_ÉïÉêíìåÖ=ÇÉê=nì~äáí®í=

ÉáåÉë= pÅÜçííâóΩÄÉêÖ~åÖë= áëí= ÇáÉ= fÇÉ~äáí®í= K= _~ëáÉêÉåÇ= ~ìÑ= ÇÉå=jÉëëÉêÖÉÄåáëëÉå= áëí=

ÇáÉëÉê=tÉêí= ÉÄÉåÑ~ääë= ÉêãáííÉäí=ïçêÇÉåX= ÉåíëéêÉÅÜÉåÇ= ÇÉê= bêï~êíìåÖ= ëáåÇ= hçåí~âíÉ=

ãáí=ÜçÜÉå=o~åÇ~åíÉáäÉå=~äë=åáÅÜíáÇÉ~ä=òì=ÄÉòÉáÅÜåÉå= E F=ï®ÜêÉåÇ=hçåí~âíÉ=ãáí=

òìåÉÜãÉåÇÉã= cä®ÅÜÉå~åíÉáä= ÄòïK= ~ÄåÉÜãÉåÇÉå= o~åÇ~åíÉáä= ëáÅÜ= ÇÉã= tÉêí=

�å

>� Nå

=� Nå =

å®ÜÉêå=ìåÇ=ëçãáí=ÉáåÉã=áÇÉ~äÉå=§ÄÉêÖ~åÖ=ÉåíëéêÉÅÜÉåK=

kÉÄÉå=ÇÉê=_~êêáÉêÉåÜ∏ÜÉ=ìåÇ=fÇÉ~äáí®í=ïÉêÇÉå=áã=cçäÖÉåÇÉå=ïÉáíÉêÉ=~åïÉåÇìåÖëêÉJ

äÉî~åíÉ= hÉååÖê∏≈Éå= ÇÉë= åÉì~êíáÖÉå= mípá= jpjJmjaë= ÄÉëÅÜêáÉÄÉåK= a~= áã= o~ÜãÉå=

ÇáÉëÉê= ^êÄÉáí= ãÉÜê= ~äë= PMM= báåòÉäJ= ìåÇ= RM=jìäíáéáñÉäëíêìâíìêÉå=ãáí= mípáJhçåí~âíÉå=

Éåíëí~åÇÉåI= ïÉêÇÉå= äÉÇáÖäáÅÜ= ÉñÉãéä~êáëÅÜÉ= jÉëëìåÖÉå= ÖÉòÉáÖíI= ÇáÉ= Ç~ë= ^åïÉåJ

ÇìåÖëéçíÉåíá~ä=ÇÉê=åÉìÉå=qÉÅÜåçäçÖáÉ=ÄÉäÉÖÉå=ìåÇ=ìåíÉêã~ìÉêå=ëçääÉåK=

RKQKO eÉääJaìåâÉäîÉêÜ~äíÉå=ÇÉê=mípá=jpjJpíêìâíìê=

få=^ÄÄáäÇìåÖ=RKNS= áëí=Ç~ë=a`JsÉêÜ~äíÉå=ÉáåÉê= íóéáëÅÜÉå=jpjJaáçÇÉ=ãÉëëíÉÅÜåáëÅÜ=

ÉêãáííÉäí=ïçêÇÉåK=fã=dÉÖÉåë~íò=òì=ÇÉå=òìîçê=îÉêãÉëëÉåÉå=píêìâíìêÉå=Ü~åÇÉäí=Éë=ëáÅÜ=

 



NNS= h~éáíÉä=R=

ÜáÉêÄÉá=åáÅÜí=ìã=ÉáåÉå=ÉáåòÉäåÉå=pÅÜçííâóâçåí~âí=ÇÉê=ÖÉÖÉå=Ç~ë=pìÄëíê~í=îÉêãÉëëÉå=

ïìêÇÉI=ëçåÇÉêå=ìã=mjaJpíêìâíìêÉå=ÇáÉ=òïÉá=ÑáåÖÉêÑ∏êãáÖ=áåÉáå~åÇÉê=îÉêëÅÜ~ÅÜíÉäíÉ=

aáçÇÉåâçåí~âíÉ= ~ìÑïÉáëÉå=ïçÄÉá= Ç~ë= pìÄëíê~í= çÜåÉ= ®ì≈ÉêÉå= hçåí~âí= Ñäç~íÉåÇ= îÉêJ

ÄäÉáÄíK=aáÉ=~åÖÉÖÉÄÉåÉå=pé~ååìåÖÉå=ÄÉòáÉÜÉå=ëáÅÜ=àÉïÉáäë=~ìÑ=ÇáÉ=aáÑÑÉêÉåò=ÇÉê=ÄÉáJ

ÇÉå=aáçÇÉåâçåí~âíÉI=ÇÉê=ÑäáÉ≈ÉåÇÉ=píêçã=ïáêÇ=ÇìêÅÜ=ÉáåÉå=aáçÇÉå~åëÅÜäìëë=ÖÉãÉëJ

ëÉåK=^ìÅÜ=ÇáÉëÉ=jÉëëìåÖÉå=ïìêÇÉå=~ìÑ=t~ÑÉêÉÄÉåÉ=ìåíÉê=ÖäÉáÅÜ=ÄäÉáÄÉåÇÉå=_ÉÇáåJ

ÖìåÖÉå=ÇìêÅÜÖÉÑΩÜêíI=ïçÄÉá=ÇáÉ=Ç~êÖÉëíÉääíÉå=bêÖÉÄåáëëÉ=ïáÉÇÉêìã=íóéáëÅÜÉå=ΩÄÉê=

ÇÉå=t~ÑÉê=ÉêãáííÉäíÉå=dê∏≈Éå=ÉåíëéêÉÅÜÉåK=wìê=_ÉëíáããìåÖ=ÉáåÉê=èì~äáí~íáîÉå=eÉääJ

âÉååäáåáÉ=ïìêÇÉ=ÇáÉ=_ÉäÉìÅÜíìåÖ=ÇÉë=mêçÄáåÖëóëíÉãë=ÄÉåìíòíK=aáÉ=_ÉëíáããìåÖ=ÇÉê=

mÜçíçÉãéÑáåÇäáÅÜâÉáí=ÇÉê=aáçÇÉå=ïáêÇ=ïÉáíÉê=ÜáåíÉå=ÄÉëÅÜêáÉÄÉåK=
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Spannung [V]

S
tr

om
 [A

]

Dunkelstrom (log.)

0 1 2 3 4 5
0

2

4

6

8

10

12
MSM Fingerstruktur 300μm @RT Dunkel

Spannung [V]
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A
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Dunkelstrom (lin.)

=

^ÄÄáäÇìåÖ=RKNSW= aìåâÉäëíêçã=ÉáåÉê=PMM=”ã=aáçÇÉ=ãáí=PIS=”ã=cáåÖÉê~Äëí~åÇK=

aáÉ=îÉêãÉëëÉåÉ=aáçÇÉ=Ü~í=ÉáåÉ=dê∏≈É=îçå=PMM=”ã=ñ=PMM=”ã=ãáí=O=”ã=ÄêÉáíÉå=mípáJ

cáåÖÉêå=áã=^Äëí~åÇ=îçå=PIS=”ã=E^ÄÄáäÇìåÖ=RKNQFK=aáÉ=ÖÉë~ãíÉ=pÅÜçííâóÇáçÇÉåÑä®ÅÜÉ=

ÄÉëíÉÜí=~ìë=RP=cáåÖÉêå=ãáí=ÉáåÉê=dÉë~ãíÑä®ÅÜÉ=îçå= K=_Éá=ÉáåÉê=péÉêêJ

ëé~ååìåÖ=îçå=N=s=Ü~í=ÇáÉ=píêìâíìê=ÄÉá=o~ìãíÉãéÉê~íìê= EOP=ø`F=ÉáåÉå=aìåâÉäëíêçã=

îçå= K==

OPNUMM^ = ”ã

^TVMÇìåâÉäf é≈

sÉêÖäÉáÅÜí= ã~å= ÇáÉ= ÉêêÉáÅÜíÉ= péÉêêëíêçãÇáÅÜíÉ= ãáí= Äáëä~åÖ= ~ìÑ= páäáòáìã= êÉ~äáëáÉêíÉå=

qápáO= mjaJpÅÜçííâóëíêìâíìêÉåI= ëç= áëí= ÇìêÅÜ= ÇáÉ= sÉêïÉåÇìåÖ= ÇÉê= mípá= mjaJpíêìâíìê=

ÉáåÉ= oÉÇìòáÉêìåÖ= áã= aìåâÉäëíêçã= ìã= Éíï~= ÇÉå= c~âíçê= NMMM= ÉêêÉáÅÜí= ïçêÇÉå=

x_ìñMOzK= pÉäÄëí= òì= îÉê∏ÑÑÉåíäáÅÜíÉå= píêìâíìêÉå= ~ìÑ= mípáJ_~ëáë= ÉêêÉáÅÜíÉ=ã~å=ãáí= ÇÉå=

îçêäáÉÖÉåÇÉå=aáçÇÉå=ÉáåÉ=sÉêÄÉëëÉêìåÖ=ìã=ÇÉå=c~âíçê=V= áã=aìåâÉäëíêçã=x_~ëëVNzK=

sçê= ~ääÉã=~ÄÉê=ÖÉëí~ííÉí=ÇáÉ= îçêäáÉÖÉåÇÉ=qÉÅÜåçäçÖáÉ= Éêëíã~äë=ÇáÉ= oÉ~äáëáÉêìåÖ= îçå=

jpjJmjaë=ìåÇ=ÜçÅÜáåíÉÖêáÉêíÉê=pÅÜ~äíìåÖëíÉÅÜåáâ=~ìÑ=ÉáåÉã=ÉáåòÉäåÉå=e~äÄäÉáíÉêJ

ëìÄëíê~íK=



sçääáåíÉÖêáÉêÄ~êÉ=páäáòáìã=jpjJmja= = NNT=

dÉã®≈=qÜÉçêáÉ=Ü®åÖí=ÇÉê=aìåâÉäëíêçã=åÉÄÉå=ÇÉê=_~êêáÉêÉåÜ∏ÜÉ=~ìÅÜ=ã~≈ÖÉÄäáÅÜ=

îçå=ÇÉê=cáåÖÉêÄêÉáíÉ=ìåÇ=îçã=cáåÖÉê~Äëí~åÇ=~ÄK=bêï~êíìåÖëÖÉã®≈=Ü~í=Éáå=âäÉáåÉêÉê=

cáåÖÉê~Äëí~åÇI= ÄòïK= ÉáåÉ=ÄÉá= ÖäÉáÅÜ=ÄäÉáÄÉåÇÉê= máñÉäÖê∏≈É= ÉêÜ∏ÜíÉ=dÉë~ãíâçåí~âíJ

Ñä®ÅÜÉI=ÉáåÉå=Öê∏≈ÉêÉå=aìåâÉäëíêçã=òìê=cçäÖÉK=wìê=sÉêÇÉìíäáÅÜìåÖ=ëáåÇ=áå=^ÄÄáäÇìåÖ=

RKNT=jÉëëìåÖÉå=~å=ÉáåÉê=PMM=”ã=aáçÇÉ=ãáí=îÉêëÅÜáÉÇÉåÉå=cáåÖÉê~Äëí®åÇÉå=Ç~êÖÉJ

ëíÉääíK=
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=

^ÄÄáäÇìåÖ=RKNTW= báåÑäìëë=ÇÉë=cáåÖÉê~Äëí~åÇÉë=~ìÑ=ÇÉå=aìåâÉäëíêçãK=aáÉ=jÉëëìåÖ=ïìêÇÉ=ÄÉá=o~ìãJ
íÉãéÉê~íìê=EOP=ø`F=ÇìêÅÜÖÉÑΩÜêíK=

j~å=ÉêâÉååíI=Ç~ëë=ëáÅÜ=Éêï~êíìåÖëÖÉã®≈=ÇÉê=aìåâÉäëíêçã=ÄÉá=ëíÉáÖÉåÇÉã=cáåÖÉê~ÄJ

ëí~åÇ=îÉêêáåÖÉêíK=báå=~ìëÖÉéê®ÖíÉë=ëí®êâÉêÉë=ÉñéçåÉåíáÉääÉë=^åëíÉáÖÉå=ÇÉë=píêçãë=ÄÉá=

ÇÉê=píêìâíìê=ãáí=ÇÉã=âäÉáåëíÉå=cáåÖÉê~Äëí~åÇ=~ìÑÖêìåÇ=ÇÉë=oÉ~ÅÜJqÜêçìÖÜ=bÑÑÉâíÉë=

áëí= àÉÇçÅÜ=áã=Ç~êÖÉëíÉääíÉå=pé~ååìåÖëÄÉêÉáÅÜ=åáÅÜí=òì=ÄÉçÄ~ÅÜíÉåK=sáÉäãÉÜê=ëâ~äáÉJ

êÉå=ëáÅÜ=ÇáÉ=aìåâÉäëíê∏ãÉ=å~ÜÉòì=ãáí=ÇÉå=sÉêÜ®äíåáëëÉå=ÇÉê=hçåí~âíÑä®ÅÜÉåK=dÉã®≈=

däÉáÅÜìåÖ=EPKOMF=ï®êÉ=Éáå=ëáÖåáÑáâ~åíÉê=^åëíáÉÖ=áã=_ÉêÉáÅÜ=îçå=NJO=s=ÄÉá=ÇÉê=PIS=”ãJ

píêìâíìê= òì= Éêï~êíÉå= ÖÉïÉëÉåK= lÑÑÉåëáÅÜíäáÅÜ= áëí= ÇáÉëÉê= _ÉêÉáÅÜ= ~ÄÉê= òì= Öê∏≈ÉêÉå=

pé~ååìåÖÉå=îÉêëÅÜçÄÉåK=_Éíê~ÅÜíÉí=ã~å=ÇÉå=cÉäÇJ=ìåÇ=mçíÉåíá~äîÉêä~ìÑ=ÉáåÉê=jpjJ

píêìâíìê=E^ÄÄáäÇìåÖ=RKNMF=ëç=ïáêÇ=ÇÉìíäáÅÜI=Ç~ëë=ÇÉê=oÉ~ÅÜJqÜêçìÖÜJbÑÑÉâí=áã=_ÉêÉáÅÜ=

ÇÉê=lÄÉêÑä®ÅÜÉ= òìÉêëí= ~ìÑíêáííK= _Éá=ÇÉê= îçêäáÉÖÉåÇÉå=oÉ~äáëáÉêìåÖ=ÇÉë=åJpìÄëíê~íë= ÉêJ

ÑçäÖí=ÉáåÉ=rãÇçíáÉêìåÖ=ÇÉë=éJdÉÄáÉíë=ÇìêÅÜ=fãéä~åí~íáçå=ìåÇ=~åëÅÜäáÉ≈ÉåÇÉ=aáÑÑìJ

ëáçåK= báåÉ=ã∏ÖäáÅÜÉ= bêâä®êìåÖ= ÑΩê= ÇáÉ= sÉêëÅÜáÉÄìåÖ= ÇÉê= oÉ~ÅÜJqÜêçìÖÜ= pé~ååìåÖ=

â∏ååíÉ= ÉáåÉ= ÉêÜ∏ÜíÉ=açíáÉêìåÖëâçåòÉåíê~íáçå= ~å= ÇÉê=lÄÉêÑä®ÅÜÉ= ÇÉê= píêìâíìê= ëÉáåK=

aáÉëÉ= bêÜ∏ÜìåÖ= îÉêêáåÖÉêí= ÇáÉ= äçâ~äÉ= ^ìëÇÉÜåìåÖ= ÇÉê= o~ìãä~ÇìåÖëòçåÉåI= ëç= Ç~ëë=

ÇÉê= oÉ~ÅÜJqÜêçìÖÜ= Éêëí= ÄÉá= Öê∏≈ÉêÉå= pé~ååìåÖÉå= ÉáåëÉíòíK= aÉåâÄ~ê= áëí= ÉÄÉåÑ~ääëI=

Ç~ëë= ÇáÉ= açíáÉêìåÖ= ÇÉë= åJdÉÄáÉíë= áå= ÉáåÉã= ÖÉïáëëÉå= _ÉêÉáÅÜ= ëÅÜï~åâíK= k~ÅÜ=

 



NNU= h~éáíÉä=R=

^ÄÄáäÇìåÖ=PKS=Ü~í=ÉáåÉ=açíáÉêìåÖë®åÇÉêìåÖ=ìã=ÇÉå=c~âíçê=O=ÄÉêÉáíë=ÉáåÉ=ÇÉìíäáÅÜÉ=

sÉêëÅÜáÉÄìåÖ=ÇÉê=oÉ~ÅÜJqÜêçìÖÜJpé~ååìåÖ=òìê=cçäÖÉK=

táÉ= áå= h~éáíÉä= PKQKP= ÜÉêÖÉäÉáíÉíI= Ü®åÖí= ÇáÉ= ÄÉëÅÜêáÉÄÉåÉ= áåÜ®êÉåíÉ= råíÉêÇêΩÅâìåÖ=

îçå=ìåâçêêÉäáÉêíÉå=páÖå~ä~åíÉáäÉå= áååÉêÜ~äÄ=ÉáåÉë=jpjJmjaë=åÉÄÉå=ÇÉê=póããÉíêáÉ=

ÇÉê= ^åëíÉìÉêìåÖI= ~ìÅÜ= ã~≈ÖÉÄäáÅÜ= îçå= ÇÉê= póããÉíêáÉ= ÇÉê= hÉååäáåáÉ= ~ÄK= få=

^ÄÄáäÇìåÖ=RKNU=ëáåÇ=Ç~ÜÉê=ÇáÉ=ÄÉáÇÉå=hÉååäáåáÉåÄÉêÉáÅÜÉ=ÇÉê=jpjJaáçÇÉ= áã=aìåJ

âÉäJ=ìåÇ=eÉääÑ~ää=ÖÉÖÉåΩÄÉêÖÉëíÉääíK=j~å=ÉêâÉååíI=Ç~ëë=ëáÅÜ=éçëáíáîÉ=ìåÇ=åÉÖ~íáîÉ=^åJ

íÉáäÉ=ÇÉê=frJhÉååäáåáÉ=åìê=ÖÉêáåÖÑΩÖáÖ=ìåíÉêëÅÜÉáÇÉå=ï~ë=~ìÖÉåëÅÜÉáåäáÅÜ=ÉáåÉê=ÖìíÉå=

póããÉíêáÉ=ÉåíëéêáÅÜíK=
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MSM Fingerstruktur 300μm @RT Hell
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Hellstrom (neg.)
Hellstrom (pos.)

=

^ÄÄáäÇìåÖ=RKNUW= sÉêÖäÉáÅÜ=îçå=aìåâÉäëíêçã=ìåÇ=eÉääëíêçã=ÄÉá=ÉáåÉê=PMM=”ã=aáçÇÉ=ãáí=PIS=”ã=cáåJ
ÖÉê~Äëí~åÇK=wìê=sÉêÇÉìíäáÅÜìåÖ=ÇÉê=póããÉíêáÉ=ëáåÇ=ÇáÉ=_Éíê®ÖÉ=ÇÉê=éçëáíáîÉå=ìåÇ=
åÉÖ~íáîÉå=hÉååäáåáÉÄÉêÉáÅÜÉ=ÖÉÖÉåΩÄÉêÖÉëíÉääíK=

wìê=èì~åíáí~íáîÉå=a~êëíÉääìåÖ=ÇÉê=póããÉíêáÉ=áëí=áå=^ÄÄáäÇìåÖ=RKNV=~ìÑ=ÇÉê=äáåâÉå=pÉáJ

íÉ=ÇáÉ=åçêãáÉêíÉ=aáÑÑÉêÉåò=ÇÉê=éçëáíáîÉå=ìåÇ=åÉÖ~íáîÉå=píêçãJpé~ååìåÖëâìêîÉ=ΩÄÉê=

ÇÉê=~åÖÉäÉÖíÉå=pé~ååìåÖ=Ç~êÖÉëíÉääíK=páÉ=ÉêêÉÅÜåÉí=ëáÅÜ=~å~äçÖ=òì=däÉáÅÜìåÖ=EPKPPF=

~ìë=ÇÉê=aáÑÑÉêÉåò=ÄÉòçÖÉå=~ìÑ=ÇáÉ=pìããÉ=ÇÉê=ÄÉáÇÉå=píê∏ãÉ=å~ÅÜ= ÑçäÖÉåÇÉê=däÉáJ

ÅÜìåÖK=

E F E F
O

E F E Fe

f r f r
f r f r

δ − − −
=

− − +
= ERKOF=

j~å=ÉêâÉååíI=Ç~ëë= ëáÅÜ=îçêäáÉÖÉåÇÉ=píêìâíìêÉå=ÇìêÅÜ=ÉáåÉ=ÖìíÉ=póããÉíêáÉI= ëçïçÜä=

áã=aìåâÉäJ=~äë=~ìÅÜ=áã=eÉääÑ~ää=~ìëòÉáÅÜåÉåK=



sçääáåíÉÖêáÉêÄ~êÉ=páäáòáìã=jpjJmja= = NNV=
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Vergleich der Messdaten mit Theorie (300μm−Diode)

Spannung
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β=22.8 [1/V]

δ=−0.00716

Δ=−0.0509

R1=0.589 [A/WV]

R2=0.0161 [A/WV]

=

^ÄÄáäÇìåÖ=RKNVW= _ÉìêíÉáäìåÖ=ÇÉê=póããÉíêáÉ=ÇÉê=hÉååäáåáÉK=iáåâëW=póããÉíêáÉÑ~âíçê=ÄÉá=aìåâÉäÜÉáí=
ìåÇ=ÄÉá=_ÉäÉìÅÜíìåÖK=oÉÅÜíëW=hÉååäáåáÉåÑáí=~ìÑ=_~ëáë=ÇÉê=ÖÉãÉëëÉåÉå=a~íÉåK=

fã=êÉäÉî~åíÉå=pé~ååìåÖëÄÉêÉáÅÜ=îçå=N=Äáë=P=sçäí=áëí=ÇáÉ=^ÄïÉáÅÜìåÖ=ëíÉíë=âäÉáåÉê=~äë=

=ï~ë= ëáÅÜ= Ó=ïáÉ=ïÉáíÉê= ÜáåíÉå= ÄÉëÅÜêáÉÄÉå= Ó= éçëáíáî= ÄÉá= ÇÉê= ÖÉãÉëëÉåÉå= p_fJ

mÉêÑçêã~åÅÉ=~ìëïáêâíK=

±PB

^ì≈ÉêÇÉã=áëí=~ìÑ=ÇÉê=êÉÅÜíÉå=pÉáíÉ=ÇÉê=^ÄÄáäÇìåÖ=RKNV=Éáå=iÉ~ëíJpèì~êÉ=hÉååäáåáÉåÑáí=

ãáí=bñíê~âíáçå=ÇÉê=êÉäÉî~åíÉå=m~ê~ãÉíÉê=ÖÉã®≈=h~éáíÉä=PKPKO=~åÖÉÖÉÄÉåK=sÉêÖäÉáÅÜí=

ã~å= ÇáÉ= ÉêãáííÉäíÉå= m~ê~ãÉíÉê= ~ìÑ= _~ëáë= ÇÉê= ÖäÉáÅÜÉå= ^å~äóëÉ= ïáÉ= ÄÉá= ÇÉå= d~^ëJ

píêìâíìêÉå= áå= h~éáíÉä= QKPKPI= ëç= â~åå=ã~å= ~ìÅÜ=ÄÉá= ÇÉê= îçêäáÉÖÉåÇÉå= píêìâíìê= ÜçÜÉ=

c~âíçêÉå=ÇÉê=eáåíÉêÖêìåÇäáÅÜíìåíÉêÇêΩÅâìåÖ=Éêï~êíÉåK=

RKQKP qÉãéÉê~íìêîÉêÜ~äíÉå=

táÉ=áå=h~éáíÉä=QKPKO=ÄÉëÅÜêáÉÄÉåI=áëí=Ç~ë=sÉêÜ~äíÉå=ÉáåÉë=e~äÄäÉáíÉêë=îçå=ÇÉê=qÉãéÉê~J

íìê=~ÄÜ®åÖáÖK=fåëÄÉëçåÇÉêÉ=ÇÉê=aìåâÉäëíêçã=ÇÉëëÉå=rêë~ÅÜÉ=ÇáÉ=íÜÉêãáëÅÜÉ=dÉåÉê~J

íáçå= îçå= i~ÇìåÖëíê®ÖÉêå= áëíI= ïáêÇ= ã~≈ÖÉÄäáÅÜ= îçå= ÇÉê= qÉãéÉê~íìê= ÄÉÉáåÑäìëëíK=

^ÄÄáäÇìåÖ=RKOM=òÉáÖí=Ç~ÜÉê=ÄÉáëéáÉäÜ~ÑíÉ=aìåâÉäëíêçããÉëëìåÖÉå=ÄÉá=îÉêëÅÜáÉÇÉåÉå=

qÉãéÉê~íìêÉåK=a~êÖÉëíÉääí= ëáåÇ= ~ìÑ= ÇÉê= äáåâÉå= pÉáíÉ=ïáÉÇÉê= ÇáÉ= ÄÉáÇÉå= _Éíê®ÖÉ= ÇÉë=

píêçãë= áå=^ÄÜ®åÖáÖâÉáí=ÇÉê=pé~ååìåÖ=ìåÇ=~ìÑ=ÇÉê= êÉÅÜíÉå=pÉáíÉ=ÇáÉ=~ìë=ÇÉå=jÉëJ

ëìåÖÉå= ÉêãáííÉäíÉå= póããÉíêáÉé~ê~ãÉíÉêK= ûÜåäáÅÜ=ïáÉ= ÄÉá= ÇÉê= d~^ë=jpjJaáçÇÉ= áå=

h~éáíÉä=QKPKO=îÉêÇçééÉäí=ëáÅÜ=ÇÉê=aìåâÉäëíêçã=áã=_ÉêÉáÅÜ=îçå= OPq `= ° =Äáë= =

Éíï~=~ääÉ=NM=h=qÉãéÉê~íìêÉêÜ∏ÜìåÖK= fã=_ÉêÉáÅÜ=îçå=

URq `= °

URq `= ° =Äáë= òì= = áëí=

ÇÉê=^åëíáÉÖ=åáÅÜí=ãÉÜê= ëç= ~ìëÖÉéê®ÖíI= ÇÉê=aìåâÉäëíêçã=îÉêÇçééÉäí= ëáÅÜ= áå=ÇáÉëÉã=

_ÉêÉáÅÜ=åìê=Éíï~=~ääÉ=NP=hK=få=ÉêëíÉê=k®ÜÉêìåÖ=ÉêÜ∏Üí=ëáÅÜ=ÄÉá=bêï®êãìåÖ=ÇÉë=e~äÄJ

äÉáíÉêë=îçå=o~ìãíÉãéÉê~íìê=~ìÑ=NOR=ø`=ÇÉê=aìåâÉäëíêçã=ëçãáí=Éíï~=ìã=ÇÉå=c~âíçê=

TMMK=a~=ëáÅÜ=ÇáÉë=ÖÉã®≈=däÉáÅÜìåÖ=

NORq `= °

EOKONF=ïìêòÉäÑ∏êãáÖ=~ìÑ=ÇáÉ=^åò~Üä=ÇÉê=o~ìëÅÜJ

 



NOM= h~éáíÉä=R=

ÉäÉâíêçåÉå= ÜÉêîçêÖÉêìÑÉå= ÇìêÅÜ= Ç~ë= aìåâÉäëíêçãJpÅÜêçíê~ìëÅÜÉå= ~ìëïáêâíI= ÄÉíê®Öí=

ÇáÉ=wìå~ÜãÉ=ÇáÉëÉë=^åíÉáäë=ÇÉë=pÅÜêçíê~ìëÅÜÉåë=c~âíçê=OS=ï~ë=ïáÉÇÉêìã=ÄÉá=ëé®íÉJ

êÉå=íÜÉçêÉíáëÅÜÉå=_Éíê~ÅÜíìåÖÉå=Eh~éáíÉä=TF=ÄÉêΩÅâëáÅÜíáÖí=ïáêÇK=
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^ÄÄáäÇìåÖ=RKOMW= báåÑäìëë=ÇÉê=qÉãéÉê~íìê=~ìÑ=ÇÉå=aìåâÉäëíêçã=EäáåâëF=ìåÇ=~ìÑ=ÇÉå=póããÉíêáÉé~ê~J
ãÉíÉê=EêÉÅÜíëFK=

råíÉêëíêÉáÅÜÉå=ëçääíÉ=ã~å=~å=ÇáÉëÉê=píÉääÉI=Ç~ëë=ÇáÉ=îçêäáÉÖÉåÇÉå=mípáJpíêìâíìêÉå=ÄÉá=

NOR=ø`=åçÅÜ=ÉáåÉå=ïÉëÉåíäáÅÜ=âäÉáåÉêÉå=aìåâÉäëíêçã=~äë=îÉêÖäÉáÅÜÄ~êÉ=qápáJpíêìâíìêÉå=

ÄÉá= o~ìãíÉãéÉê~íìê= ~ìÑïÉáëÉåI=ï~ë=ÇÉå=sçêíÉáä= ÇÉë=mípá= åçÅÜã~äë= îÉêÇÉìíäáÅÜíK= _ÉJ

ãÉêâÉåëïÉêí=áëí=òìÇÉã=ÇáÉ=q~íë~ÅÜÉI=Ç~ëë=ëáÅÜ=ÄÉá=ÇÉå=îçêäáÉÖÉåÇÉå=píêìâíìêÉå=ÉáåÉ=

bêÜ∏ÜìåÖ=ÇÉê=qÉãéÉê~íìê=çÑÑÉåÄ~ê=ÖΩåëíáÖ=~ìÑ=Ç~ë=póããÉíêáÉîÉêÜ~äíÉå=ÇÉê=píêìâíìê=

~ìëïáêâíK=

aáÉ=bêÖÉÄåáëëÉ=òÉáÖÉåI=Ç~ëë= áã=o~ÜãÉå=ÇáÉëÉê=båíïáÅâäìåÖ=pÅÜçííâóâçåí~âíÉ=ÜçÜÉê=

dΩíÉ=~ìÑ=_~ëáë=ÉáåÉë=mípáJ§ÄÉêÖ~åÖë=áååÉêÜ~äÄ=ÉáåÉë=ãçÇáÑáòáÉêíÉå=`jlpJplf=mêçòÉëJ

ëÉë=ÜÉêÖÉëíÉääí=ïÉêÇÉå=âçååíÉåK=aáÉ=ÉêãáííÉäíÉå=aìåâÉäëíê∏ãÉ=ÉåíëéêÉÅÜÉå=ÇÉê=íÜÉçJ

êÉíáëÅÜÉå=bêï~êíìåÖI=ïçÄÉá=ÜáåëáÅÜíäáÅÜ=ÇÉê=nì~äáí®íëâêáíÉêáÉå=EpÅÜçííâóÄ~êêáÉêÉI=fÇÉ~J

äáí®íF=bêÖÉÄåáëëÉ=îÉêÖäÉáÅÜÄ~êÉê=sÉê∏ÑÑÉåíäáÅÜìåÖÉå=x_~ëëVNz=ΩÄÉêíêçÑÑÉå=ïÉêÇÉåK=tÉáJ

íÉêÜáå= áëí= ÇáÉ= póããÉíêáÉ= îÉêÖäÉáÅÜÄ~ê= ãáí= ÇÉå= d~^ëJpíêìâíìêÉå= ~ìë= h~éáíÉä= QI= ïçJ

ÇìêÅÜ=ÖêìåÇë®íòäáÅÜ= ~ìÑ= ÉáåÉ=ÖìíÉ=eáåíÉêÖêìåÇäáÅÜíìåíÉêÇêΩÅâìåÖ=ÖÉëÅÜäçëëÉå=ïÉêJ

ÇÉå=â~ååK=aáÉ=áã=ÑçäÖÉåÇÉå=^ÄëÅÜåáíí=ÄÉëÅÜêáÉÄÉåÉå=jÉëëìåÖÉå=ëçääÉå=Ç~êΩÄÉê=ÜáåJ

~ìë=ÇáÉ=jáëÅÜéÉêÑçêã~åÅÉ=ÇÉë=aÉîáÅÉ= áã=eáåÄäáÅâ= ~ìÑ=ÇáÉ= ~åÖÉëíêÉÄíÉ=^åïÉåÇìåÖ=

~äë=jpjJmja=ìåíÉêëìÅÜÉåK=



sçääáåíÉÖêáÉêÄ~êÉ=páäáòáìã=jpjJmja= = NON=

RKR ^`JjÉëëìåÖÉå=

_Éá= ÇÉå= ÑçäÖÉåÇÉå= jÉëëìåÖÉå= ïÉêÇÉå= ÇáÉ= báÖÉåëÅÜ~ÑíÉå= ÇÉë= mípá= jpjJmja= áã=

o~ÜãÉå= ÇÉê= ÉáåëÉáíáÖÉå=jçÇìä~íáçå= EîÖäK= h~éáíÉä= QKPKNF= ÄÉïÉêíÉíK= fã= sçêÇÉêÖêìåÇ=

ëíÉÜí=ÜáÉêÄÉá=ÇáÉ=jÉëëìåÖ=ÇÉê=aÉãçÇìä~íáçåëÉãéÑáåÇäáÅÜâÉáí=ìåíÉê=_ÉêΩÅâëáÅÜíáÖìåÖ=

îÉêëÅÜáÉÇÉåÉê=dÉçãÉíêáÉå=ìåÇ=_ÉíêáÉÄëÄÉÇáåÖìåÖÉåK=a~=Éë= ëáÅÜ=ìã=Éáå=î∏ääáÖ=åÉìJ

ÉåíïáÅâÉäíÉë= _~ìíÉáä= áå= ÉáåÉã= ãçÇáÑáòáÉêíÉå= plfJmêçòÉëë= Ü~åÇÉäíI= ïÉêÇÉå= òìå®ÅÜëí=

ÖêìåÇë®íòäáÅÜÉ=báÖÉåëÅÜ~ÑíÉå=ìåÇ=sÉêÜ~äíÉåëïÉáëÉå=ΩÄÉêéêΩÑí=ìåÇ=ãáí=ÇÉê= íÜÉçêÉíáJ

ëÅÜÉå=bêï~êíìåÖ=îÉêÖäáÅÜÉåK=

RKRKN báåòÉäéáñÉä=

cçäÖÉåÇÉ= jÉëëìåÖÉå= ïìêÇÉå= ãáí= báåòÉäÇáçÇÉå= ~ìÑ= _~ëáë= ÇÉê= ÑáåÖÉê~êíáÖÉå= jpjJ

píêìâíìêÉå=áå=ÇÉê=ÄÉëÅÜêáÉÄÉåÉå=jÉëëìãÖÉÄìåÖ=Eh~éáíÉä=QKQKNF=ÇìêÅÜÖÉÑΩÜêíK=tÉåå=

åáÅÜí= ~åÇÉêë= ~åÖÉÖÉÄÉåI= ïìêÇÉå= ÇáÉ= jÉëëìåÖÉå= ãáí= ÉáåÉê= jçÇìä~íáçåëÑêÉèìÉåò=

EoÉÅÜíÉÅâãçÇìä~íáçåF= îçå= NMjçÇÑ jeò= = ìåÇ= ÉáåÉê= fåíÉÖê~íáçåëâ~é~òáí®í= îçå=

=ãáí=ÉáåÉê=iáÅÜíïÉääÉåä®åÖÉ=îçå=áåí NM` = éc SRMåãλ = =ÇìêÅÜÖÉÑΩÜêíK=

báåÑäìëë=ÇÉë=cáåÖÉê~Äëí~åÇÉë=

få= h~éáíÉä= RKOKP= ïìêÇÉ= Ç~ë= íÜÉçêÉíáëÅÜÉ= cêÉèìÉåòîÉêÜ~äíÉå= ÉáåÉê= jpjJpíêìâíìê= áå=

^ÄÜ®åÖáÖâÉáí= ÇÉê= dÉçãÉíêáÉ= ÇáëâìíáÉêíK= báå= Öêç≈Éê= cáåÖÉê~Äëí~åÇ= ÄêáåÖí= ÇÉãå~ÅÜ=

òï~ê=ÉáåÉå=Öêç≈Éå=çéíáëÅÜÉå=cΩääÑ~âíçê=ãáí=ëáÅÜI= àÉÇçÅÜ= áëí=ÇáÉ=_~åÇÄêÉáíÉ=ÇÉë=_~ìJ

íÉáäë=ÖêìåÇë®íòäáÅÜ=ÇìêÅÜ=ÇáÉ=qê~åëáíòÉáí=ÇÉê= i~ÇìåÖëíê®ÖÉê= äáãáíáÉêíK=a~êΩÄÉê=Üáå~ìë=

ä~ëëÉå=ëáÅÜ=píêìâíìêÉå=ãáí=Öêç≈Éå=cáåÖÉê~Äëí®åÇÉå=ìåíÉê=rãëí®åÇÉå=åáÅÜí=îçääëí®åJ

ÇáÖ= îÉê~êãÉåI= ï~ë= ëáÅÜ= ~ìÑÖêìåÇ= ÇÉê= aáÑÑìëáçåë~åíÉáäÉ= ÉÄÉåÑ~ääë= åÉÖ~íáî= ~ìÑ= ÇáÉ=

_~åÇÄêÉáíÉ=~ìëïáêâíK=

^ÄÄáäÇìåÖ=RKON=òÉáÖí=jÉëëìåÖÉå=~å=ÉáåÉã=èì~Çê~íáëÅÜÉå=máñÉä=ãáí=ÇÉê=h~åíÉåä®åÖÉ=

K=a~êÖÉëíÉääí= áëí= ~ìÑ=ÇÉê= äáåâÉå=pÉáíÉ=ÇÉê=åçêãáÉêíÉ=^ãéäáíìÇÉåÖ~åÖ=ÇÉê=aÉJ

ãçÇìä~íáçåëÉãéÑáåÇäáÅÜâÉáí=ÄÉá= îÉêëÅÜáÉÇÉåÉå=cáåÖÉê~Äëí®åÇÉå= I=ïçÄÉá=ÇáÉ=_êÉáíÉ=

ÇÉê=cáåÖÉê=âçåëí~åí= =ÄÉíêìÖK=^ääÉ=jÉëëìåÖÉå=ïìêÇÉå=ãáí=ÖäÉáÅÜ=ÄäÉáÄÉåÇÉê=

jçÇìä~íáçåëëé~ååìåÖ=ìåÇ=ÖäÉáÅÜÉê=çéíáëÅÜÉê=iáÅÜíäÉáëíìåÖ=

NRM”ã

ë

Oï ”= ã

tRçéím å= =ÇìêÅÜÖÉÑΩÜêíK=

^ìÑ=ÇÉê=êÉÅÜíÉå=pÉáíÉ=ëáåÇ=~ì≈ÉêÇÉã=ÇáÉ=ÖÉãÉëëÉåÉå=hçêêÉä~íáçåëÑìåâíáçåÉå=ÄÉá=ÉáJ

åÉê=cêÉèìÉåò=îçå=NM=jeò=~ìÑÖÉÑΩÜêíK=a~êÖÉëíÉääí=ëáåÇ=ÜáÉêÄÉá= àÉïÉáäë=^Äí~ëíïÉêíÉ= áå=

NMø= ÄòïK= OMø= pÅÜêáííÉå= ëçïáÉ= òìê= ÄÉëëÉêÉå= a~êëíÉääìåÖ= Éáå= ÉåíëéêÉÅÜÉåÇÉê= cáí= ÇÉê=

jÉëëìåÖÉåK=^äë=dêÉåòÑêÉèìÉåò=ÇÉê=píêìâíìê=ïáêÇ=áã=tÉáíÉêÉå=ÇáÉ=P=Ç_JdêÉåòÑêÉèìÉåò=

 



NOO= h~éáíÉä=R=

ÇÉê=aÉãçÇìä~íáçåëÉãéÑáåÇäáÅÜâÉáí= ÇÉÑáåáÉêíI= ~äëç= ÇáÉ= cêÉèìÉåò= ÄÉá= ÇÉê= ëáÅÜ= ÇáÉ=aÉJ

ãçÇìä~íáçåëÉãéÑáåÇäáÅÜâÉáí=ìã=ÇÉå=c~âíçê= O =îÉêêáåÖÉêí=Ü~íK=
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Frequenzgang bei verschiedenen Fingerabständen
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Gemessene Korrelationsfunktionen bei 10MHz
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^ÄÄáäÇìåÖ=RKONW= iáåâëW=cêÉèìÉåòÖ~åÖ=áå=^ÄÜ®åÖáÖâÉáí=ÇÉê=cáåÖÉê~Äëí~åÇÉë=ÄÉá=ÉáåÉã=NRM=”ã=máñÉäK=
fåíÉÖê~íáçåëòÉáí=S=ãëI=`áåíZNM=écI=mçéíZR=åt]SRM=åãI=rjçÇZP=sK=oÉÅÜíëW=båíëéêÉJ
ÅÜÉåÇÉ=hçêêÉä~íáçåëÑìåâíáçåÉå=ÄÉá=NM=jeòK=

bêï~êíìåÖÉã®≈= áëí= ÇáÉ= dêÉåòÑêÉèìÉåò= ÄÉá= ÉáåÉã= âäÉáåÉå= cáåÖÉê~Äëí~åÇ= îçå=

=~ã=Öê∏≈íÉåX=ëáÉ=ÄÉíê®Öí=ìåíÉê=ÇÉå=ÖÉå~ååíÉå=o~åÇÄÉÇáåÖìåÖÉå=ïÉáí=ΩJ

ÄÉê=NMM=jeò=EÇáÉ=dêÉåòÑêÉèìÉåò=âçååíÉ=~ìÑÖêìåÇ=ÇÉê=iáãáíáÉêìåÖÉå=ÇÉê=jÉëëìãÖÉJ

ÄìåÖ= åáÅÜí= ÄÉëíáããí= ïÉêÇÉåFK= jáí= ÉáåÉê= bêÜ∏ÜìåÖ= ÇÉë= cáåÖÉê~Äëí~åÇÉë= ~ìÑ=

=îÉêêáåÖÉêí=ëáÅÜ=ÇáÉ=dêÉåòÑêÉèìÉåò=~ìÑ=Éíï~=RM=jeòK=_Éá=ïÉáíÉêÉê=bêÜ∏ÜìåÖ=

ëáåâí=ëáÉ=ïÉáíÉêI=Äáë=ÄÉá=ÉáåÉã=cáåÖÉê~Äëí~åÇ=îçå=

PISë ”= ã

ã

”ã

RISë ”=

NRISë = =ëÅÜäáÉ≈äáÅÜ=ÉáåÉ=dêÉåòJ

ÑêÉèìÉåò=îçå=ìåíÉê=NM=jeò=ÉêêÉáÅÜí=ïáêÇK=

e~ìéíìêë~ÅÜÉ=ÑΩê=ÇáÉ=sÉêêáåÖÉêìåÖ=ÇÉê=dêÉåòÑêÉèìÉåò=áëí=ÇáÉ=Éêä®ìíÉêíÉ=wìå~ÜãÉ=~å=

aáÑÑìëáçåë~åíÉáäÉåI= Ç~= áåëÄÉëçåÇÉêÉ= Öê∏≈ÉêÉ= píêìâíìêÉå= åáÅÜí=ãÉÜê= îçääëí®åÇáÖ= îÉêJ

~êãí=ïÉêÇÉå=â∏ååÉåK=dÉã®≈=h~éáíÉä=PKPKN= áëí= íÜÉçêÉíáëÅÜ=òìã=îçääëí®åÇáÖÉå=sÉê~êJ

ãÉå=ÉáåÉê=píêìâíìê=ãáí=ÉáåÉã=cáåÖÉê~Äëí~åÇ=îçå= RISë ”ã= =ÉáåÉ=pé~ååìåÖ=Öê∏≈Éê=

PIO=s= ÉêÑçêÇÉêäáÅÜK=aáÉëÉê= wìëí~åÇ=ïáêÇ= áã= îçêäáÉÖÉåÇÉå= c~ää= åáÅÜí= ÉêêÉáÅÜíI= ëç= Ç~ëë=

ä~åÖë~ãÉ=aáÑÑìëáçåëéêçòÉëëÉ=îçêÜ~åÇÉå= ëáåÇ=ìåÇ=ÄÉá= òìåÉÜãÉåÇÉã=cáåÖÉê~Äëí~åÇ=

ÇçãáåáÉêÉåK=

få=ÇÉå=Ç~êÖÉëíÉääíÉå=hçêêÉä~íáçåëÑìåâíáçåÉå=ïáêÇ=ÇáÉ=áã=^ãéäáíìÇÉåÖ~åÖ=Ç~êÖÉëíÉääíÉ=

^Äå~ÜãÉ=ÇÉê=^ãéäáíìÇÉ=ÄÉá=ÖÉêáåÖÉå=dêÉåòÑêÉèìÉåòÉå=åçÅÜã~äë=ÇÉìíäáÅÜK=tÉáíÉêJ

Üáå=ÉêâÉååí=ã~å=~ìÅÜ=ÉáåÉ=sÉêëÅÜáÉÄìåÖ=ÇÉê=mÜ~ëÉåä~ÖÉI=ÇáÉëÉ= áëí=ìãëç=Öê∏≈Éê= àÉ=

ÖÉêáåÖÉê=ÇáÉ=dêÉåòÑêÉèìÉåò=ÇÉë=_~ìíÉáäë=áëíK=^äë=rêë~ÅÜÉ=ÜáÉêÑΩê=â∏ååÉå=ä~åÖë~ãÉ=i~J

ÇìåÖëíê®ÖÉê=ÖÉëÉÜÉå=ïÉêÇÉåI=ÇáÉ=åáÅÜí=ãÉÜê=ÜáåêÉáÅÜÉåÇ= ëÅÜåÉää= ÖÉíêÉååí=ïÉêÇÉå=

â∏ååÉå=ìåÇ=ëçãáí=âÉáåÉå=éÜ~ëÉåêáÅÜíáÖÉå=_Éáíê~Ö=ãÉÜê=äÉáëíÉå=â∏ååÉåK=



sçääáåíÉÖêáÉêÄ~êÉ=páäáòáìã=jpjJmja= = NOP=

_Éá= ÇÉê= _Éíê~ÅÜíìåÖ= ÇÉê= ÇÉÑáåáÉêíÉå= _~åÇÄêÉáíÉ= ëçääíÉ= ã~å= àÉÇçÅÜ= ÄÉ~ÅÜíÉåI= Ç~ëë=

jÉëëìåÖÉå= ãáí= ÉáåÉê= jçÇìä~íáçåëÑêÉèìÉåò= çÄÉêÜ~äÄ= ÇÉê= dêÉåòÑêÉèìÉåò= å~íΩêäáÅÜ=

éêáåòáéáÉää=åçÅÜ=ã∏ÖäáÅÜ=ëáåÇK=iÉÇáÖäáÅÜ=ÇáÉ=e∏ÜÉ=ÇÉê=kìíòëáÖå~ä~ãéäáíìÇÉ=áëí=îÉêêáåJ

ÖÉêí=ìåÇ=Éáå=Éíï~áÖÉê= îçêÜ~åÇÉåÉê=mÜ~ëÉåçÑÑëÉí=ãìëë=ÄÉêΩÅâëáÅÜíáÖí=ìåÇ=âçêêáÖáÉêí=

ïÉêÇÉåK=aáÉ=Ç~êÖÉëíÉääíÉ=píêìâíìê=ãáí=ÇÉã=ìåÖÉï∏ÜåäáÅÜ=ÜçÜÉå=cáåÖÉê~Äëí~åÇ=îçå=

= Ü~í= ÄÉáëéáÉäëïÉáëÉ= ÄÉá= SM=jeò= åçÅÜ= ÉáåÉ= åçêãáÉêíÉ= aÉãçÇìä~íáçåJ

ëÉãéÑáåÇäáÅÜâÉáí=îçå=Éíï~=PR=BK=aáÉë=áëí=ÖêìåÇë®íòäáÅÜ=áå=oÉä~íáçå=ãáí=ÇÉã=çéíáëÅÜÉå=

cΩääÑ~âíçê= òì= ëÉÜÉåK= báå= âäÉáåÉê= cáåÖÉê~Äëí~åÇ= êÉëìäíáÉêí= áå= ÉáåÉã= âäÉáåÉå= cΩääÑ~âíçê=

ìåÇ=ëçãáí=å~ÅÜ=däÉáÅÜìåÖ=

NRISë = ”ã

ã

EPKQNF= áå=ÉáåÉê=âäÉáåÉêÉå=nì~åíÉåÉÑÑáòáÉåòK=_Éá=Öê∏≈ÉêÉå=

cáåÖÉê~Äëí®åÇÉå=ÜáåÖÉÖÉå=Ü~í=ã~å=ÖêìåÇë®íòäáÅÜ=ÉáåÉ=ÄÉëëÉêÉ=páÖå~ä~ìëÄÉìíÉX=Ç~êJ

ΩÄÉê=Üáå~ìë=áëí=ÇÉê=aìåâÉäëíêçã=áã=sÉêÖäÉáÅÜ=òì=ÉáåÉã=âäÉáåÉå=cáåÖÉê~Äëí~åÇ=ÖÉã®≈=

^ÄÄáäÇìåÖ=RKNT=éêáåòáéáÉää= âäÉáåÉêI=ï~ë=ÄÉá=_Éíê~ÅÜíìåÖ=ÇÉë=páÖå~äJo~ìëÅÜ~Äëí~åÇÉë=

ÉÄÉåÑ~ääë=ÄÉêΩÅâëáÅÜíáÖí=ïÉêÇÉå=ëçääíÉK=gÉ=å~ÅÜ=^åïÉåÇìåÖ=ìåÇ=ÖÉÑçêÇÉêíÉê=jçÇìä~J

íáçåëÑêÉèìÉåò=â~åå=ã~å=ëçãáí=ÇìêÅÜ=ÇáÉ=t~Üä=ÇÉë=cáåÖÉê~Äëí~åÇÉë=Éáå=léíáãìã=~å=

páÖå~ä~ìëÄÉìíÉ=ÄòïK=páÖå~äJo~ìëÅÜ~Äëí~åÇ=ÑÉëíäÉÖÉåK=

^ì≈ÉêÇÉã=ëçääíÉ=ã~å=ÄÉá=îçêáÖÉê=_Éíê~ÅÜíìåÖ=ÇáÉ=~åÖÉäÉÖíÉ=pé~ååìåÖ=ÄÉêΩÅâëáÅÜíáJ

ÖÉåK=wìê=ÄÉëëÉêÉå=sÉêÖäÉáÅÜÄ~êâÉáí= ëáåÇ= ~ääÉ= píêìâíìêÉå=ãáí=ÇÉê=ÖäÉáÅÜÉå=pé~ååìåÖ=

îÉêãÉëëÉå=ïçêÇÉåK=q~íë®ÅÜäáÅÜ=ïΩêÇÉå=máñÉä=ãáí=Öêç≈Éå=cáåÖÉê~Äëí®åÇÉå=~ÄÉê=ãáí=

Ü∏ÜÉêÉå=pé~ååìåÖÉå=ÄÉíêáÉÄÉå=ïÉêÇÉå=ìã=ÇáÉ=_~åÇÄêÉáíÉ=òì=ëíÉáÖÉêåK=^ìÅÜ=ÇáÉëÉê=

^ëéÉâí=ëçääíÉ=ÄÉá=ÇÉê=_ÉïÉêíìåÖ=ÇÉë=_~åÇÄêÉáíÉéçíÉåíá~äë=ìåÇ=ÇÉê=dÉçãÉíêáÉï~Üä=ãáí=

ÄÉêΩÅâëáÅÜíáÖí=ïÉêÇÉåK=

báåÑäìëë=ÇÉê=jçÇìä~íáçåëëé~ååìåÖ=

aáÉ=e∏ÜÉ=ÇÉê=jçÇìä~íáçåëëé~ååìåÖ=áëí=Éáå=ïáÅÜíáÖÉê=m~ê~ãÉíÉê=ÄÉá=_Éíê~ÅÜíìåÖ=ÉáJ

åÉë=jpjJmjaK=dêìåÇë®íòäáÅÜ=áëí=ã~å=òìå®ÅÜëí=ÄÉëíêÉÄíI=ÉáåÉ=ÖÉêáåÖÉ=pé~ååìåÖ=òì=

ï®ÜäÉåI=ìã=ëóëíÉãíÉÅÜåáëÅÜ=ÇáÉ=sÉêäìëíäÉáëíìåÖ=ÇÉê=jçÇìä~íáçåëâçãéçåÉåíÉå=EqêÉáJ

ÄÉêI=ÁF=ëç=ÖÉêáåÖ=ïáÉ=ã∏ÖäáÅÜ=òì=Ü~äíÉåK=aáÉ=pé~ååìåÖ=Ü~í= àÉÇçÅÜ=ïáÉÇÉêìã=báåJ

Ñäìëë= ~ìÑ= ÇáÉ= sÉê~êãìåÖ= ÇÉë=aÉîáÅÉë= ìåÇ= ëçãáí= ~ìÑ= ÇáÉ=dêÉåòÑêÉèìÉåòK= rã=ÇáÉëÉå=

bÑÑÉâí=òì=îÉêáÑáòáÉêÉåI=ëáåÇ=áå=^ÄÄáäÇìåÖ=RKOO=jÉëëìåÖÉå=ãáí=îÉêëÅÜáÉÇÉåÉå=jçÇìä~J

íáçåëëé~ååìåÖÉå=~å=píêìâíìêÉå=ãáí= PISë ”= =~ìÑÖÉÑΩÜêíK=

fã=äáåâë=Ç~êÖÉëíÉääíÉå=^ãéäáíìÇÉåÖ~åÖ=ÉêâÉååí=ã~åI=Ç~ëë=ÇìêÅÜ=ÇáÉ=~åÖÉäÉÖíÉ=pé~åJ

åìåÖ= ÇáÉ= aÉãçÇìä~íáçåëÉãéÑáåÇäáÅÜâÉáí= ÄÉÉáåÑäìëëí= ïÉêÇÉå= â~ååK= báåÉ= pé~ååìåÖ=

îçå= = Ü~í= áå= ÇáÉëÉã= c~ää= å~ÜÉòì= ÉáåÉ= sÉêÇçééäìåÖ= ÇÉê= páÖå~ä~ìëÄÉìíÉ= áã=

sÉêÖäÉáÅÜ=òì= =òìê=cçäÖÉK=rêë~ÅÜÉ=ÜáÉêÑΩê=áëí=ÇáÉ=pé~ååìåÖë~ÄÜ®åÖáÖâÉáí=ÇÉê=

mÜçíçÉãéÑáåÇäáÅÜâÉáí=ÇáÉ= áã=îçêäáÉÖÉåÇÉå=c~ää= êÉä~íáî=Öêç≈= áëí=ìåÇ=ÄÉêÉáíë= ÉñÉãéä~J

ãçÇ Pr = s

sãçÇ Nr =

 



NOQ= h~éáíÉä=R=

êáëÅÜ=áå=^ÄÄáäÇìåÖ=RKNV=ÄÉëíáããí=ïìêÇÉK=fã=^ãéäáíìÇÉåÖ~åÖ=ÉêâÉååí=ã~å=ÄÉá=cêÉJ

èìÉåòÉå=çÄÉêÜ~äÄ=PM=jeò=ÇÉìíäáÅÜ=ÇÉå=Éêï~êíÉíÉå=páÖå~ä~ÄÑ~ää=ÄÉá=ÖÉêáåÖÉêÉê=jçÇìJ

ä~íáçåëëé~ååìåÖK=aáÉ=dêÉåòÑêÉèìÉåò= äáÉÖí= áå=ÇáÉëÉã=c~ää=ÄÉá=Éíï~=RM=jeòI=ÇáÉë=ÉåíJ

ëéêáÅÜí= ÇÉê= dêÉåòÑêÉèìÉåò= ÇÉê= òìîçê= ÄÉíê~ÅÜíÉíÉ= píêìâíìê=ãáí= =ãáí= ÉáåÉê=

jçÇìä~íáçåë~ãéäáíìÇÉ= îçå=

RISë ”= ã

sãçÇ Pr = K= açêí= âçååíÉ= ÇáÉ= iáãáíáÉêìåÖ= ~ìÑ= ÉáåÉ= åáÅÜí=

îçääëí®åÇáÖÉ=sÉê~êãìåÖ=ÄòïK=Ç~ë=káÅÜíÉêêÉáÅÜÉå=ÇÉë= oÉ~ÅÜJqÜêçìÖÜ= òìêΩÅâÖÉÑΩÜêí=

ïÉêÇÉåK= fã= îçêäáÉÖÉåÇÉå= c~ää= â~åå= Ç~ÜÉê= Ç~îçå= ~ìëÖÉÖ~åÖÉå= ïÉêÇÉåI= Ç~ëë= ÉáåÉ=

pé~ååìåÖ=îçå= çÇ Njr s= =åáÅÜí=~ìëêÉáÅÜíI=ìã=ÇáÉ=píêìâíìê=ãáí=âäÉáåÉã=cáåÖÉê~Äëí~åÇ=

òì=îÉê~êãÉåK=wï~ê=ï®êÉ=ÄÉáã=îçêäáÉÖÉåÇÉå=pìÄëíê~ííóé=íÜÉçêÉíáëÅÜ=ÉáåÉ=îçääëí®åÇáÖÉ=

sÉê~êãìåÖ=ÄÉêÉáíë=ÄÉá=N=s=ã∏ÖäáÅÜ=E^ÄÄáäÇìåÖ=PKSF=àÉÇçÅÜ=â∏ååÉå=pÅÜï~åâìåÖÉå=áå=

ÇÉê=açíáÉêìåÖ=ÇáÉëÉå=tÉêí=áå=ÇÉê=oÉ~äáí®í=äÉáÅÜí=îÉêëÅÜáÉÄÉå=EîÖäK=h~éáíÉä=RKQKOFK=
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Frequenzgang bei Spannungsvariation
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Gemessene Korrelationsfunktionen bei 10MHz
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^ÄÄáäÇìåÖ=RKOOW= iáåâëW=sÉêÖäÉáÅÜ=îÉêëÅÜáÉÇÉåÉê=jçÇìä~íáçåëëé~ååìåÖÉå=ÄÉá=âçåëí~åíÉã=cáåÖÉê~ÄJ
ëí~åÇ=îçå=PIS=”ã=ìåÇ=ÉáåÉê=máñÉäÖê∏≈É=îçå=PMM=”ãK=fåíÉÖê~íáçåëòÉáí=S=ãëI=
`áåíZNM=écI=mçéíZR=åt]SRM=åãK=oÉÅÜíëW=båíëéêÉÅÜÉåÇÉ=hçêêÉä~íáçåëÑìåâíáçåÉå=ÄÉá=
NM=jeòK=

báåÑäìëë=ÇÉê=máñÉäÖê∏≈É=

_Éá=ÇÉê=_Éíê~ÅÜíìåÖ=ÇÉë=cáåÖÉê~Äëí~åÇÉë=ïìêÇÉå=máñÉä=ÇÉê=dê∏≈É=NRM=”ã=ìåíÉêëìÅÜíI=

ÇáÉ= råíÉêëìÅÜìåÖ= ÇÉê= pé~ååìåÖë~ÄÜ®åÖáÖâÉáí= ïìêÇÉ= ãáí= píêìâíìêÉå= ÇÉê= dê∏≈É=

PMM=”ã=ÇìêÅÜÖÉÑΩÜêíK= wìã=ÇáêÉâíÉå= sÉêÖäÉáÅÜI= áåïáÉïÉáí= îÉêëÅÜáÉÇÉåÉ= máñÉäÖê∏≈Éå=

báåÑäìëë=~ìÑ=Ç~ë=sÉêÜ~äíÉå=Ü~ÄÉåI=ëáåÇ=áå=^ÄÄáäÇìåÖ=RKOP=ÇáÉ=òìîçê=ÄÉíê~ÅÜíÉíÉå=dê∏J

≈Éå=ÉáåÉã=máñÉä=ÇÉê=dê∏≈É=NMM=”ã=ÖÉÖÉåΩÄÉêÖÉëíÉääíK=

aÉê= sÉêÖäÉáÅÜ= ÇÉê= máñÉäÖê∏≈Éå= áëí= áåëçÑÉêå= áåíÉêÉëë~åíI= ~äë= ÜáÉêãáí= báåÑäΩëëÉ= ÇÉê=dÉJ

ë~ãíâ~é~òáí®í=ÇÉê=píêìâíìê=~ìÑ=ÇÉå=cêÉèìÉåòÖ~åÖ=ìåÇ=ÇáÉ=mÜ~ëÉåä~ÖÉ=ÇÉê=hçêêÉä~íáJ

çåëÑìåâíáçå=ÉêãáííÉäí=ïÉêÇÉå=â∏ååÉåK=táÉ=áå=ÇÉê=^ÄÄáäÇìåÖ=Ç~êÖÉëíÉääíI=òÉáÖí=ïÉÇÉê=

ÇÉê= cêÉèìÉåòÖ~åÖ= åçÅÜ= ÇáÉ= mÜ~ëÉåä~ÖÉ= ÇÉê= hçêêÉä~íáçåëÑìåâíáçå= ÉáåÉ= ëáÖåáÑáâ~åíÉ=



sçääáåíÉÖêáÉêÄ~êÉ=páäáòáìã=jpjJmja= = NOR=

^ÄÜ®åÖáÖâÉáí= îçå= ÇÉê= máñÉäÖê∏≈ÉK= ^ìÑ= dêìåÇä~ÖÉ= ÇáÉëÉë= bêÖÉÄåáëëÉë= ìåÇ= ïÉáíÉêÉê=

ÇìêÅÜÖÉÑΩÜêíÉê=jÉëëìåÖÉå= â~åå=ã~å= Ç~îçå= ~ìëÖÉÜÉåI= Ç~ëë= ëáÅÜ= áå= Öêç≈Éå= _ÉêÉáJ

ÅÜÉå=å~ÜÉòì=ÄÉäáÉÄáÖÉ=máñÉäÖê∏≈Éå=êÉ~äáëáÉêÉå=ä~ëëÉåI=ï~ë=îçê=ÇÉã=eáåíÉêÖêìåÇ=ÉáåÉê=

ìåáîÉêëÉääÉå=kìíòÄ~êâÉáí=îçå=ÄÉëçåÇÉêÉã=fåíÉêÉëëÉ=áëíK=
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Gemessene Korrelationsfunktionen bei 10MHz
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^ÄÄáäÇìåÖ=RKOPW= iáåâëW=sÉêÖäÉáÅÜ=ÇÉë=cêÉèìÉåòÖ~åÖë=ÄÉá=îÉêëÅÜáÉÇÉåÉå=máñÉäÖê∏≈Éå=ìåÇ=âçåëí~åíÉê=
iÉáëíìåÖ=mçéíZR=åt]SRM=åãI=fåíÉÖê~íáçåëòÉáí=S=ãëI=`áåíZNM=écI=cáåÖÉê~Äëí®åÇÉ=
PIS=”ãK=rjçÇZQ=sK=oÉÅÜíëW=båíëéêÉÅÜÉåÇÉ=hçêêÉä~íáçåëÑìåâíáçåÉå=ÄÉá=NM=jeòK=

báåÑäìëë=ÇÉê=iÉáëíìåÖ=

wìê= §ÄÉêéêΩÑìåÖ= áåïáÉïÉáí= ÇáÉ= çéíáëÅÜÉ= iÉáëíìåÖ= ÉáåÉå= báåÑäìëë= ~ìÑ= ÇÉå= cêÉèìÉåòJ

Ö~åÖ=ÄòïK=ÇáÉ=mÜ~ëÉåä~ÖÉ=ÇÉê=hçêêÉä~íáçåëÑìåâíáçå=Ü~íI=ïìêÇÉå=òìå®ÅÜëí=jÉëëìåÖÉå=

ãáí=ÉáåÉê=páÖå~ääÉáëíìåÖ=áã=_ÉêÉáÅÜ=îçå=N=åt=Äáë=RM=åt=ÇìêÅÜÖÉÑΩÜêíK=
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Frequenzgang bei Leistungsvariation
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Gemessene Korrelationsfunktionen bei 10MHz
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^ÄÄáäÇìåÖ=RKOQW= iáåâëW= cêÉèìÉåòÖ~åÖ= ÄÉá= s~êá~íáçå= ÇÉê=ãçÇìäáÉêíÉå= iáÅÜíäÉáëíìåÖK= fåíÉÖê~íáçåëòÉáí=
S=ãëI=`áåíZNM=écI=cáåÖÉê~Äëí®åÇÉ=PIS=ìãK=rjçÇZP=sI=máñÉäÖê∏≈É=PMM=”ãK=oÉÅÜíëW=båíJ
ëéêÉÅÜÉåÇÉ=hçêêÉä~íáçåëÑìåâíáçåÉå=ÄÉá=NM=jeòK=

=

 



NOS= h~éáíÉä=R=

^ÄÄáäÇìåÖ=RKOQ=òÉáÖí= òïÉá=jÉëëìåÖÉå=~ìë=ÇÉã=ãáííäÉêÉå=iÉáíìåÖëÄÉêÉáÅÜX= ~ìë=ÇÉå=

^ìëïÉêíìåÖÉå=ÖÉÜí=ÜÉêîçêI=Ç~ëë=ÇáÉ=aÉãçÇìä~íáçåëÉãéÑáåÇäáÅÜâÉáí=ïÉáíÖÉÜÉåÇ=ìåJ

~ÄÜ®åÖáÖ=îçå=ÇÉê=ÉáåÖÉëíê~ÜäíÉå=iÉáëíìåÖ= áëíK=tÉáíÉêÜáå=ïÉáëí=ïÉÇÉê=ÇÉê= cêÉèìÉåòJ

Ö~åÖ=åçÅÜ=ÇáÉ=mÜ~ëÉåä~ÖÉ=ÉáåÉ=ëáÖåáÑáâ~åíÉ=ûåÇÉêìåÖ=ãáí=ÇÉê=iáÅÜíäÉáëíìåÖ=~ìÑK=tÉáJ

íÉêÉ=jÉëëìåÖÉå=ΩÄÉê=ÉáåÉå=Öê∏≈ÉêÉå=iÉáëíìåÖëÄÉêÉáÅÜ=ìåÇ=ÇÉå=báåÑäìëë=îçå=ìåâçêêÉJ

äáÉêíÉã=eáåíÉêÖêìåÇäáÅÜí=ÑáåÇÉå=ëáÅÜ=áå=^ÄëÅÜåáíí=RKRKOK=

wìë~ããÉåÑ~ëëÉåÇ=áëí=~ìÅÜ=ÇáÉ=^`JmÉêÑçêã~åÅÉ=ÇÉê=mípá=jpjJpíêìâíìêÉå=ïáÉ=Éêï~êJ

íÉíI=ïçÄÉá=ÉáåÉ=Öêç≈É=§ÄÉêÉáåëíáããìåÖ=ãáí=ÇÉê=qÜÉçêáÉ=îçêäáÉÖíK=aìêÅÜ=ÇáÉ=båíïáÅâJ

äìåÖ=ÇáÉëÉë= _~ìÉäÉãÉåíÉë= áëí= Éë= Éêëíã~äë= ÖÉäìåÖÉåI= Éáå= pjJmja=ãáí= Öêç≈Éê= _~åÇJ

ÄêÉáíÉ=ìåÇ=áåÜ®êÉåíÉê=råíÉêÇêΩÅâìåÖ=îçå=ìåâçêêÉäáÉêíÉå=^åíÉáäÉå=îçääëí®åÇáÖ=áå=ÉáåÉå=

páäáòáìãéêçòÉëë= òì= áåíÉÖêáÉêÉåK= aáÉ= ÜáÉêãáí= ÉêòáÉäÄ~êÉå= _~åÇÄêÉáíÉå= Ü®åÖÉå= ~Ä= îçå=

ÇÉê= cáåÖÉêÖÉçãÉíêáÉ= ìåÇ= ÇÉê= jçÇìä~íáçåëëé~ååìåÖK= pÉäÄëí= ÄÉá= ÇÉå= ìåíÉêëìÅÜíÉå=

ÉêëíÉå=qÉëíëíêìâíìêÉå= äáÉ≈Éå= ëáÅÜ=ÄÉá= ÉåíëéêÉÅÜÉåÇÉê= ^åëíÉìÉêìåÖ=Äáë= NMM=jeò= âÉáJ

åÉêäÉá= Ä~åÇÄÉÖêÉåòÉåÇÉå= bÑÑÉâíÉ= ÑÉëíëíÉääÉåK= dÉëíΩíòí= îçå= ïÉáíÉêÉå= íÜÉçêÉíáëÅÜÉå=

^ÄëÅÜ®íòìåÖÉå=â~åå=ã~å=ëçãáí=Ç~îçå=~ìëÖÉÜÉåI=Ç~ëë=ÇáÉëÉë=_~ìÉäÉãÉåí=ÇìêÅÜ~ìë=

áã=_ÉêÉáÅÜ=îçå=ÉáåáÖÉå=ÜìåÇÉêí=jeò=Äáë=ÉáåáÖÉ=deò=ÄÉíêáÉÄÉå=ïÉêÇÉå=â~ååK=

RKRKO jÉëëÖÉå~ìáÖâÉáí=

rã=ÇáÉ=mÉêÑçêã~åÅÉ=~ìÅÜ=áå=_ÉòìÖ=~ìÑ=ÇáÉ=^ìëïÉêíìåÖ=ÇÉê=mÜ~ëÉ=òì=ÄÉäÉÖÉåI=ïìêJ

ÇÉå= ~å= ÇÉå= mípáJaáçÇÉå= ®ÜåäáÅÜÉ=råíÉêëìÅÜìåÖÉå=ïáÉ= òìîçê= ~å= ÇÉå=d~^ë=aáçÇÉå=

îçêÖÉåçããÉåK=aáÉ=ÑçäÖÉåÇÉå=jÉëëìåÖÉå=ïìêÇÉå=ÜáÉêÄÉá=ïáÉÇÉê=ãáí=ÇÉå=áå=h~éáíÉä=

QKRKO= ÄÉëÅÜêáÉÄÉåÉå=jÉëëÄÉÇáåÖìåÖÉå= ÄÉá= îÉêëÅÜáÉÇÉåÉå=kìíòJ= ìåÇ= eáåíÉêÖêìåÇJ

äáÅÜíäÉáëíìåÖÉå=ìåÇ=^ìëïÉêíìåÖ=ÇìêÅÜ=ÇÉå=QJmÜ~ëÉåJ^äÖçêáíÜãìë=ÇìêÅÜÖÉÑΩÜêíK=

fã=sÉêÖäÉáÅÜ= òì=ÇÉå=d~^ë=jÉëëìåÖÉå= áëí= ÇÉê= ÑÉëíÖÉäÉÖíÉ=jÉëëÄÉêÉáÅÜ= áå=ÇÉã=ÉáåÉ=

pí~åÇ~êÇ~ÄïÉáÅÜìåÖ=îçå=ã~ñáã~ä= QIVϕσ = ° =òìÖÉä~ëëÉå=ïáêÇI=òì=Öê∏≈ÉêÉå=iáÅÜíäÉáëJ

íìåÖÉå=îÉêëÅÜçÄÉåK=aáÉë=áëí=áå=ÉêëíÉê=iáåáÉ=~ìÑ=ÇáÉ=ÖÉêáåÖÉêÉ=mÜçíçÉãéÑáåÇäáÅÜâÉáí=ÇÉë=

îÉêïÉåÇÉíÉå=plfJpìÄëíê~íë=~ìÑÖêìåÇ=ÇÉê=ÖÉêáåÖÉå=aáÅâÉ=òìêΩÅâòìÑΩÜêÉåK=^ì≈ÉêÇÉã=

ëáåÇ=ÇáÉ=dÉçãÉíêáÉå=ÇÉê=mípáJaáçÇÉå=âçåëÉêî~íáî=ÖÉï®Üäí=ïçêÇÉåI=ìã=ÉåíëéêÉÅÜÉåJ

ÇÉ= cìåâíáçåëëáÅÜÉêÜÉáí= áååÉêÜ~äÄ= ÇÉë= åÉì= ÉåíïáÅâÉäíÉå= mêçòÉëëÉë= òì= ÖÉï®ÜêäÉáëíÉåK=

a~ÜÉê= áëí= ÇÉê= dÉë~ãíÑΩääÑ~âíçê= ìåÇ= äÉíòíäáÅÜ= ÇáÉ= aÉãçÇìä~íáçåëÉãéÑáåÇäáÅÜâÉáí= ÇÉê=

îÉêãÉëëÉåÉå=qÉëíëíêìâíìêÉå=áã=sÉêÖäÉáÅÜ=òìã=d~^ë=òìå®ÅÜëí=åçÅÜ=ÇÉìíäáÅÜ=ÖÉêáåÖÉêK=

dÉåÉêÉää= áëí= ~ÄÉê= áã=ÇÉÑáåáÉêíÉå=jÉëëÄÉêÉáÅÜ= ÇáÉ=e∏ÜÉ= ÇÉê= ÉêãáííÉäíÉå= pí~åÇ~êÇ~ÄJ

ïÉáÅÜìåÖ=áå=ÖìíÉê=§ÄÉêÉáåëíáããìåÖ=ãáí=ÇÉê=qÜÉçêáÉK=



sçääáåíÉÖêáÉêÄ~êÉ=páäáòáìã=jpjJmja= = NOT=

Gemessene Standardabweichung [°]
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^ÄÄáäÇìåÖ=RKORW= dÉãÉëëÉåÉ=EäáåâëF=ìåÇ=íÜÉçêÉíáëÅÜÉ=EêÉÅÜíëF=pí~åÇ~êÇ~ÄïÉáÅÜìåÖ=ÇÉë=mípáJ
báåòÉäéáñÉäë=ÄÉá=îÉêëÅÜáÉÇÉåÉå=iÉáëíìåÖëîÉêÜ®äíåáëëÉåK=aáÉ=fåíÉÖê~íáçåëâ~é~òáí®í=ÄÉJ
íêìÖ=NM=éc=ÄÉá=ÉáåÉê=fåíÉÖê~íáçåëòÉáí=îçå=Q=ãëK=aáÉ=jçÇìä~íáçåëëé~ååìåÖ=ÄÉíêìÖ=
R=sI=ÇáÉ=jçÇìä~íáçåëÑêÉèìÉåò=NM=jeòK=

RKRKP jìäíáéáñÉä=

kÉÄÉå=ÇÉê=oÉ~äáëáÉêìåÖ=îçå=mípá=jpjJbáåòÉäéáñÉäå=ïìêÇÉå=áã=o~ÜãÉå=ÇáÉëÉê=^êÄÉáí=

~ìÅÜ=ÄÉêÉáíë=jìäíáéáñÉäëíêìâíìêÉå=ÑΩê=ÉáåÉå=PaJpÉåëçê=ÉåíïáÅâÉäíK=aáÉëÉê=pÉåëçê=ëçääíÉ=

îçå= dÉçãÉíêáÉ= ìåÇ= máååáåÖ= îÉêÖäÉáÅÜÄ~ê= ãáí= ÇÉê= îçêÖÉëíÉääíÉå= d~^ëJoÉ~äáëáÉêìåÖ=

ëÉáåI=ìã=ÉáåÉå=ÇáêÉâíÉå=^ìëí~ìëÅÜ=ìåÇ=sÉêÖäÉáÅÜ=ëçïçÜä= áå=ÇÉê=jÉëëìãÖÉÄìåÖ=~äë=

~ìÅÜ=áã=h~ãÉê~ëóëíÉã=òì=ÖÉï®ÜêäÉáëíÉåK=

lÄïçÜä=ÉáåÉ=oÉ~äáëáÉêìåÖ=ÇÉê=pÅÜ~äíìåÖëÉäÉâíêçåáâ=~ìÅÜ=ìåãáííÉäÄ~ê= áã=máñÉä=ã∏ÖJ

äáÅÜ=ÖÉïÉëÉå=ï®êÉI= áëí=Ç~ÜÉê=ÇÉååçÅÜ=Éáå=âçãé~íáÄäÉê=OQñS=jpj=pÉåëçê=Ä~ëáÉêÉåÇ=

~ìÑ=ÉáåÉã=jìäíáÅÜáéãçÇìä=ÜÉêÖÉëíÉääí=ïçêÇÉåK=^ÄÄáäÇìåÖ=RKOS=òÉáÖí=ÇáÉëÉë=jçÇìäX=

ÇÉê= pÉåëçêíÉáä= ïìêÇÉ= ãáí= ÉáåÉã= ^êê~ó= ~ìë= èì~Çê~íáëÅÜÉå= mípáJaáçÇÉå= ÇÉê= dê∏≈É=

PMM=”ã=êÉ~äáëáÉêíI=ÇáÉ=páÖå~äîÉê~êÄÉáíìåÖ=ïìêÇÉ=ãáí=ÇÉå=ÖäÉáÅÜÉå=^ìëäÉëÉòÉáäÉå=ïáÉ=áå=

ÇÉê=d~^ëJs~êá~åíÉ=ÇìêÅÜÖÉÑΩÜêíK=

^å=ÇÉã=Ç~êÖÉëíÉääíÉå=pÉåëçê=ïìêÇÉå=ÉÄÉåÑ~ääë=jÉëëìåÖÉå=ãáí=ÇÉå=sçêÖ~ÄÉâêáíÉêáÉå=

~ìë= h~éáíÉä= QKTKN= ÇìêÅÜÖÉÑΩÜêíK= fã=tÉëÉåíäáÅÜÉå= ëíáããÉå= ÇáÉ= jÉëëÉêÖÉÄåáëëÉ= ÇÉê=

j~íêáñéáñÉä=ãáí=ÇÉå=ÖÉòÉáÖíÉå=báåòÉäéáñÉäãÉëëìåÖÉå=ΩÄÉêÉáåK=táÉ=ÄÉá=d~^ëI=âçååíÉ=

ÉáåÉ=ÖìíÉ=eçãçÖÉåáí®í=ÇÉê=máñÉäÉáÖÉåëÅÜ~ÑíÉå=ëçïçÜä=ÄÉá=ÇÉê=pí~åÇ~êÇ~ÄïÉáÅÜìåÖ=

~äë=~ìÅÜ=ÄÉá=ÇÉê=ÖÉãÉëëÉåÉå=mÜ~ëÉ=ΩÄÉê=ÇÉê=j~íêáñ=å~ÅÜÖÉïáÉëÉå=ïÉêÇÉåK=

 



NOU= h~éáíÉä=R=

=

^ÄÄáäÇìåÖ=RKOSW= OQñS=mja=jìäíáÅÜáéëÉåëçê=Ä~ëáÉêÉåÇ=~ìÑ=ÉáåÉã=mípáJ^êê~óK=oÉÅÜíë=Ç~êÖÉëíÉääí=áëí=
ÉáåÉ=jáâêçëâçé~ìÑå~ÜãÉ=ÇÉë=OQñS=mípáJmjaK=

RKS léíáãáÉêìåÖëéçíÉåíá~ä=

a~= Éë= ëáÅÜ= ìã= ÉáåÉå= ãçÇáÑáòáÉêíÉå= mêçòÉëë~Ää~ìÑ= ÜáåëáÅÜíäáÅÜ= ÇÉê= eÉêëíÉääìåÖ= ÇÉë=

mjaë=Ü~åÇÉäíI=ïìêÇÉå=îáÉäÉ=aÉëáÖåé~ê~ãÉíÉê=ÄÉá=ÇÉå=qÉëíëíêìâíìêÉå=ÄÉïìëëí= âçåJ

ëÉêî~íáî= ÖÉï®ÜäíK= eáÉê= áëí= áåëÄÉëçåÇÉêÉ= ÇáÉ= mípáJcáåÖÉêÄêÉáíÉ= òì= åÉååÉåI= ÇáÉ= ãáí=

=êÉä~íáî=Öêç≈=ìãÖÉëÉíòí=ïìêÇÉK=_êÉáíÉ=cáåÖÉê=Ü~ÄÉå=ÉáåÉå=å~ÅÜíÉáäáÖÉå=báåJ

Ñäìëë= ~ìÑ=ÇáÉ=h~é~òáí®í=ÇÉê=píêìâíìêI=ÇÉå=aìåâÉäëíêçã=ìåÇ=ÇÉå=cΩääÑ~âíçêK=^å=ÇáÉëÉê=

píÉääÉ= â~åå= îçå= ÉáåÉã= ÉêÜÉÄäáÅÜÉå= léíáãáÉêìåÖëéçíÉåíá~ä= ~ìëÖÉÖ~åÖÉå= ïÉêÇÉåK=

qÉëíë=ãáí= îÉêëÅÜáÉÇÉåÉå= cáåÖÉêÄêÉáíÉå= Ü~ÄÉå= ÖÉòÉáÖíI= Ç~ëë= ÇáÉ=ãáåáã~äÉ= _êÉáíÉ= áã=

ÄÉëíÉÜÉåÇÉå= mêçòÉëë= çÜåÉ= ïÉáíÉêÉ= léíáãáÉêìåÖ= ~ìÑ=

Oï ”= ã

ãNIOï ”= = îÉêêáåÖÉêí= ïÉêÇÉå=

â~ååK=a~êΩÄÉê=Üáå~ìë=ëáåÇ=ÄÉá=ÖÉêáåÖÉå=íÉÅÜåçäçÖáëÅÜÉå=jçÇáÑáâ~íáçåÉå=cáåÖÉêÄêÉáJ

íÉå=ìåíÉê=N=”ã=ÇìêÅÜ~ìë= êÉ~äáëáÉêÄ~êK=^ìÅÜ=ÇáÉ=ÄÉëÅÜêáÉÄÉåÉ= ëÉáíäáÅÜÉ=§ÄÉêÇÉÅâìåÖ=

ÇÉê=^äìãáåáìãÑáåÖÉê= â~åå=ÜáÉêÄÉá=ãáåáãáÉêí=ïÉêÇÉå=çÇÉê=Ö~åò= ÉåíÑ~ääÉåK=aÉê=çéíáJ

ëÅÜÉ=cΩääÑ~âíçê=ÇÉê=cáåÖÉêëíêìâíìê=â~åå=ÄÉá=ÇÉå=ÖÉòÉáÖíÉå=píêìâíìêÉå=ëçãáí=îçå=RP=B=

~ìÑ=ãáåÇÉëíÉåë=TU=B=ÖÉëíÉáÖÉêí=ïÉêÇÉåK=

táÉ=Éêï®ÜåíI=ïìêÇÉå=~ääÉ= píêìâíìêÉå=~ìÑ= ÉáåÉã=P=”ã=plfJpìÄëíê~í= êÉ~äáëáÉêíK=aìêÅÜ=

ÇáÉ=sÉêïÉåÇìåÖ=ÉáåÉë= ëí~åÇ~êÇáëáÉêíÉå=aÉÉéJqêÉåÅÜ=ûíòéêçòÉëëÉë=â∏ååÉå=ÜáÉê=pìÄJ

ëíê~íÉ=Äáë=òì=R=”ã=îÉêïÉåÇÉí=ïÉêÇÉåI=ÇáÉ=Ó=ÄÉá=ÉåíëéêÉÅÜÉåÇÉê=^ìëäÉÖìåÖ=ÇÉê=cáåJ

ÖÉêÖÉçãÉíêáÉå= ìåÇ=jçÇìä~íáçåëëé~ååìåÖÉå= Ó= ÉáåÉ=ïÉáíÉêÉ= sÉêÄÉëëÉêìåÖ= ÜáåëáÅÜíJ

äáÅÜ=ÇÉê=páÖå~ä~ìëÄÉìíÉ=òìê=cçäÖÉ=Ü~ÄÉåK=aáÉ=^êí=ÇÉê=lÄÉêÑä®ÅÜÉåÄÉÜ~åÇäìåÖ=ìåÇ=ÇáÉ=

eÉêëíÉääìåÖ= ÇÉë= mä~íáåëáäáòáÇë= â∏ååÉå= ÜáåÖÉÖÉå= ~äë= çéíáã~ä= ~åÖÉëÉÜÉå=ïÉêÇÉåK= aáÉ=

ÉêêÉáÅÜíÉå= _~êêáÉêÉåÜ∏ÜÉå= ÉåíëéêÉÅÜÉå= ÄÉá= Ñä®ÅÜáÖÉå= píêìâíìêÉå= ÇÉê= íÜÉçêÉíáëÅÜÉå=

bêï~êíìåÖI=ëç=Ç~ëë=~å=ÇáÉëÉê=píÉääÉ=âÉáå=léíáãáÉêìåÖëéçíÉåíá~ä=ÄÉëíÉÜíK=



=

S oΩÅâëÉáíÉåÄÉëíê~ÜäíÉë=páäáòáìã=éåJmja=

SKN ^åë~íò=

a~ë=òìîçê=ÄÉëÅÜêáÉÄÉåÉ=mípá=jpjJmja=Ä~ëáÉêíÉ=~ìÑ=ÇÉê=sÉêïÉåÇìåÖ=ÉáåÉë=ÖÉãÉáåJ

ë~ãÉå=pìÄëíê~íÉë=òìê=oÉ~äáëáÉêìåÖ=îçå=pÉåëçêÉäÉãÉåíÉå=ìåÇ=^ìëäÉëÉK=aáÉë=Ü~í=sçêíÉáJ

äÉ= ÜáåëáÅÜíäáÅÜ= ÇÉê= sÉêïÉåÇìåÖ= îçå= ëí~åÇ~êÇáëáÉêíÉå= mêçòÉëëÉåI= áåëÄÉëçåÇÉêÉ= ÄÉá=

ÜçÅÜáåíÉÖêáÉêíÉå=jìäíáéáñÉäâçåòÉéíÉåK=eáÉêòì=áëí=àÉÇçÅÜ=çÑí=Éáå=ÉêÜÉÄäáÅÜÉê=^ìÑï~åÇ=

å∏íáÖI=ìã=Éáå=mjaJpÉåëçêÉäÉãÉåí= áå=ÉáåÉã=`jlpJmêçòÉëë=òì= áåíÉÖêáÉêÉåK=iÉíòíäáÅÜ=

ÄÉëíÉÜÉå=ÄÉá=pí~åÇ~êÇéêçòÉëëÉå=~ÄÉê=áããÉê=åìê=ÄÉÖêÉåòíÉ=j∏ÖäáÅÜâÉáíÉå=jçÇáÑáâ~J

íáçåÉå=ÑΩê=Éáå=pÉåëçêÉäÉãÉåí=îçêòìåÉÜãÉåK=aáÉë=Ü~í=áå=ÇÉê=oÉÖÉä=òìê=cçäÖÉI=Ç~ëë=ÄÉá=

ÇÉê=t~Üä=ÇÉë=mêçòÉëëÉë=Éáå=hçãéêçãáëë=ÖÉÑìåÇÉå=ïÉêÇÉå=ãìëëI=ÇÉê=ìåíÉê=rãëí®åJ

ÇÉå=ëìÄçéíáã~ä=ÑΩê=pÉåëçê=ìåÇ=^ìëäÉëÉÉäÉâíêçåáâ=áëíK=lÑíã~äë=áëí=ÇáÉ=mÉêÑçêã~åÅÉ=ÇÉë=

pÉåëçêë=Ç~ÜÉê=äáãáíáÉêí=ÇìêÅÜ=ÇáÉ=j∏ÖäáÅÜâÉáíÉå=ÇÉë=mêçòÉëëÉë=ìåÇ=ÇÉê=îçêÜ~åÇÉåÉå=

o~ÜãÉåÄÉÇáåÖìåÖÉåK=

få=ÉáåÉã=ãçÇÉêåÉå=`jlpJmêçòÉëë=ëáåÇ=ΩÄäáÅÜÉêïÉáëÉ=ãÉÜêÉêÉ=jÉí~ääJ=ìåÇ=mçäóëáäáòáJ

ìãä~ÖÉå=ëçïáÉ=îÉêëÅÜáÉÇÉåÉ=açíáÉêìåÖëÄÉêÉáÅÜÉ=îçêÜ~åÇÉåK=báå=pÉåëçê=ÜáåÖÉÖÉå=áëí=

çÑí=êÉä~íáî=ÉáåÑ~ÅÜ=~ìÑÖÉÄ~ìí=ìåÇ=ÄÉå∏íáÖí=Ç~ÜÉê=åìê=ïÉåáÖÉ=mêçòÉëëëÅÜêáííÉ=ìåÇ=j~J

íÉêá~äëÅÜáÅÜíÉåK=báåÉ=éåJmÜçíçÇáçÇÉ=â~åå=ÄÉáëéáÉäëïÉáëÉ=ÖêìåÇë®íòäáÅÜ=~ìÑ=ÉáåÉã=_~J

ëáëëìÄëíê~í=ãáí=ÉáåÉê=âçãéäÉãÉåí®êÉå=açíáÉêìåÖ=ìåÇ=ÉåíëéêÉÅÜÉåÇÉê=hçåí~âíáÉêìåÖ=

ëçïáÉ=jÉí~ääáëáÉêìåÖ= ÜÉêÖÉëíÉääí= ïÉêÇÉåI= ÇÉê= mêçòÉëë= áëí= Ç~ÜÉê= îÉêÖäÉáÅÜëïÉáëÉ= ÉáåJ

Ñ~ÅÜK=báå=pÉåëçêÅÜáé=â~åå=ëçãáí=éêáåòáéáÉää=áå=ÉáåÉã=Ó=ÑΩê=ÇáÉëÉ=hçãéçåÉåíÉ=Ó=çéíáJ

ã~äÉå=~ÄÉê=ÇÉååçÅÜ=éêÉáëÖΩåëíáÖÉå=mêçòÉëë=ÜÉêÖÉëíÉääí=ïÉêÇÉåK=

aáÉ= áå= ÇáÉëÉã= h~éáíÉä= ÄÉëÅÜêáÉÄÉåÉ= oÉ~äáëáÉêìåÖëÑçêã=ï®Üäí= Ç~ÜÉê= ÉáåÉå= ëéÉòáÉääÉå=

jìäíáÅÜáé~åë~íòK=dêìåÇä~ÖÉ= áëí=ÜáÉêÄÉá=ÇáÉ=sÉêïÉåÇìåÖ=ÉáåÉë=çéíáã~äÉå=pÉåëçêéêçJ

òÉëëÉë= áå=sÉêÄáåÇìåÖ=ãáí= ÉáåÉã= ëÉé~ê~íÉå= ~ÄÉê= ÉÄÉåÑ~ääë=çéíáã~äÉå=páÖå~äîÉê~êÄÉáJ

íìåÖëéêçòÉëëK=dêìåÇë®íòäáÅÜ=Ä~ëáÉêí=~ìÅÜ=ÇáÉ=áå=h~éáíÉä=Q=ÄÉëÅÜêáÉÄÉåÉ=jìäíáÅÜáéêÉ~äáJ

ëáÉêìåÖ=~ìÑ=ÉáåÉã=ëçäÅÜÉå=^åë~íòK=^ääÉêÇáåÖë=ïáêÇ= áã=cçäÖÉåÇÉå=ÉáåÉ=oÉ~äáëáÉêìåÖëJ

Ñçêã= ÄÉëÅÜêÉáÄÉåI= ÇáÉ= ~ìÑ= ÉáåÉê= âçëíÉåÖΩåëíáÖÉå= páäáòáìãíÉÅÜåáâ= Ä~ëáÉêíI=ïçÄÉá= ÇáÉ=

píÉáÖÉêìåÖ=îçå=páÖå~ä~ìëÄÉìíÉ=ìåÇ=_~åÇÄêÉáíÉ=áã=sçêÇÉêÖêìåÇ=ëíÉÜíK=



NPM= h~éáíÉä=S=

SKO hçåòÉéí=

SKOKN oΩÅâëÉáíÉåÄÉëíê~ÜäìåÖ=

_Éá=ÄáëÜÉêáÖÉå=mjaJe~äÄäÉáíÉêëíêìâíìêÉå=ïÉêÇÉå=ÇáÉ=_~ìÉäÉãÉåíÉ=îçå=ÇÉê=sçêÇÉêëÉáJ

íÉ=ÄÉëíê~ÜäíK=eáÉêÄÉá=ÖáÄí=Éë=ò~ÜäêÉáÅÜÉ=k~ÅÜíÉáäÉX=ÄÉÇáåÖí=ÇìêÅÜ=åçíïÉåÇáÖÉ=jÉí~ääJ

äÉáíÉêÄ~ÜåÉå=ìåÇ=hçåí~âíáÉêìåÖÉå=áëí=å~íìêÖÉã®≈=áã=_ÉêÉáÅÜ=ÇÉê=äáÅÜíÉãéÑáåÇäáÅÜÉå=

cä®ÅÜÉ= Éáå= åáÅÜí= ìåÉêÜÉÄäáÅÜÉê= qÉáä= òï~åÖëä®ìÑáÖ= ~ÄÖÉëÅÜ~ííÉíI= ÇKÜK= ÇáÉëÉê= _ÉêÉáÅÜ=

ëíÉÜí=òìê=aÉíÉâíáçå=îçå=iáÅÜíëíê~ÜäìåÖ=åáÅÜí=ãÉÜê=ÇáêÉâí=òìê=sÉêÑΩÖìåÖ=ïçÇìêÅÜ=ÇÉê=

cΩääÑ~âíçê=éêçòÉëë~ÄÜ®åÖáÖ=ëí~êâ=äáãáíáÉêí=ïáêÇ=EîÖäK=däÉáÅÜìåÖ=EPKQNFFK=

^ì≈ÉêÇÉã=ëáåÇ= áå=_ÉêÉáÅÜÉå= áå=ÇÉåÉå=âÉáåÉ=^ÄëÅÜ~ííìåÖ=ëí~ííÑáåÇÉíI=éêçòÉëë~ÄÜ®åJ

ÖáÖ= îÉêëÅÜáÉÇÉåÉ= pÅÜáÅÜíëíêìâíìêÉå= ~ìÑ= ÇÉã= j~íÉêá~ä= îçêÜ~åÇÉå= ElñáÇëÅÜáÅÜíÉåI=

mä~å~êáëáÉêìåÖëëÅÜáÅÜíÉåI=ÁFI=ÇáÉ=ÉáåÉ=ìåÖÉïçääíÉ=a®ãéÑìåÖ=ÄòïK=jÉÜêÑ~ÅÜêÉÑäÉñáçJ

åÉå=ÇÉë=iáÅÜíë=òìê=cçäÖÉ=Ü~ÄÉåK=aáÉëÉ=bÑÑÉâíÉ=ëáåÇ=áå=ÇÉê=oÉÖÉä=ïÉääÉåä®åÖÉå~ÄÜ®åÖáÖ=

ìåÇ=â∏ååÉå=òì=ÉêÜÉÄäáÅÜÉå=sÉêäìëíÉå=ìåÇ=bãéÑáåÇäáÅÜâÉáíëî~êá~íáçåÉå=áã=êÉäÉî~åíÉå=

tÉääÉåä®åÖÉåÄÉêÉáÅÜ= ÑΩÜêÉå= xuc~ÄMPzK= aáÉëÉ=k~ÅÜíÉáäÉ= â∏ååÉå= îÉêãáÉÇÉå=ïÉêÇÉåI=

ïÉåå=ÇáÉ=píêìâíìê=åáÅÜí=îçå=ÇÉê=sçêÇÉêëÉáíÉI=ëçåÇÉêå=Ó=ïáÉ=áã=tÉáíÉêÉå=ÄÉëÅÜêáÉÄÉå=

Ó=îçå=ÇÉê=oΩÅâëÉáíÉ=ÄÉëíê~Üäí=ïáêÇK=

^ÄÄáäÇìåÖ= SKN= ëíÉääí= òìã= sÉêÖäÉáÅÜ= ëÅÜÉã~íáëÅÜ= ÇáÉ= âä~ëëáëÅÜÉ= sçêÇÉêëÉáíÉåÄÉëíê~ÜJ

äìåÖ=ÇÉê= oΩÅâëÉáíÉåÄÉëíê~ÜäìåÖ=ÖÉÖÉåΩÄÉêK=aáÉ=a~êëíÉääìåÖ=Ä~ëáÉêí= ~ìÑ= ÉáåÉã=^ìëJ

ëÅÜåáíí=ÉáåÉë= ÑáåÖÉêÑ∏êãáÖÉå=pjJmjaëI=ïçÄÉá=ÇáÉ=Ç~êÖÉëíÉääíÉå=aáçÇÉå=ÜÉêâ∏ããäáJ

ÅÜÉ=éåJaáçÇÉå=çÇÉê=~ÄÉê=Ó=ïáÉ=òìîçê=ÄÉëÅÜêáÉÄÉå=Ó=pÅÜçííâóΩÄÉêÖ®åÖÉ=ëÉáå=â∏ååÉåK=

Substrat

Dämpfung / Interferenz durch
Schichtaufbau

Diode 2Diode 1

Diode 1

Substrat

Diode 2

Optimierte Grenzfläche

=

^ÄÄáäÇìåÖ=SKNW= iáåâëW=cêçåíëÉáíÉåÄÉëíê~ÜäíÉë=mja=ãáí=aÉÅâëÅÜáÅÜíÉåK=oÉÅÜíëW=_Éëíê~ÜäìåÖ=îçå=ÇÉê=
oΩÅâëÉáíÉ=ãáí=çéíáãáÉêíÉê=dêÉåòÑä®ÅÜÉK=

aìêÅÜ=ÇáÉ=_Éëíê~ÜäìåÖ=îçå=ÇÉê=oΩÅâëÉáíÉ=Ü~í=ã~å= áÇÉ~äÉêïÉáëÉ=åìê=ÇáÉ=dêÉåòÑä®ÅÜÉ=

òïáëÅÜÉå=iìÑí=ìåÇ=ÇÉã=pìÄëíê~íK=aáÉëÉ=dêÉåòÑä®ÅÜÉ=â~åå=òìë®íòäáÅÜ=ãáí=ÉáåÉê=~åÖÉJ

é~ëëíÉå=^åíáêÉÑäÉñëÅÜáÅÜí=îÉêëÉÜÉå=ïÉêÇÉå=ìã=ÇáÉ=çéíáëÅÜÉ=báåâçééäìåÖ=òì=îÉêÄÉëJ



oΩÅâëÉáíÉåÄÉëíê~ÜäíÉë=páäáòáìã=éåJmja= = NPN=

ëÉêåK=^äë=j~íÉêá~ä=ÑΩê=Éáå=ëçäÅÜÉë=^o`=E^åíá=oÉÑäÉÅíáîÉ=`ç~íáåÖF=ÄáÉíÉí=ëáÅÜ=áå=Ö®åÖáÖÉå=

`jlpJmêçòÉëëÉå=páäáòáìãåáíêáÇ=E F=~åI=ÇÉëëÉå=_êÉÅÜìåÖëáåÇÉñ=îçå= =å~ÜÉòì=

çéíáã~ä= ÑΩê= ÇáÉ= ^åé~ëëìåÖ= òïáëÅÜÉå= iìÑí= E
P Qpá k = Oå

= Nå F= ìåÇ= páäáòáìã= E F=PIU]SRMå å≈ ã

xsáêÖMQz= áëíK=aìêÅÜ=ÇáÉ=t~Üä=ÇÉê=aáÅâÉ=ÉáåÉê=ëçäÅÜÉå=_ÉëÅÜáÅÜíìåÖ=ä~ëëÉå=ëáÅÜ=ëçãáí=

ÇÉÑáåáÉêíÉ=^åíáêÉÑäÉñëÅÜáÅÜíÉå=ÑΩê=ÄÉëíáããíÉ=tÉääÉåä®åÖÉå=çéíáãáÉêÉå=xuc~ÄMOzK=

SKOKO ^åé~ëëìåÖ=ÇÉê=pìÄëíê~íÇáÅâÉ=LJÇçíáÉêìåÖ=

báåÉ= báÖÉåëÅÜ~Ñí= îçå= ëáäáòáìãÄ~ëáÉêíÉå= mjaJpíêìâíìêÉå= áëí= ÇáÉ= Öêç≈É= çéíáëÅÜÉ= báåJ

ÇêáåÖíáÉÑÉK= iáÅÜí= ÇÉê=tÉääÉåä®åÖÉ= SRM=åã= Ü~í= áå= páäáòáìã= ÉáåÉ= báåÇêáåÖíáÉÑÉ= îçå= Å~K=

P=”ãI= iáÅÜí=ÇÉê=tÉääÉåä®åÖÉ=URM=åã=ΩÄÉê=NR=”ã= EëáÉÜÉ=~ìÅÜ=q~ÄÉääÉ=QKNFK= båíëéêÉJ

ÅÜÉåÇ=ÉåíëíÉÜÉå=ÄÉá=iáÅÜíÄÉëíê~ÜäìåÖ=ïÉääÉåä®åÖÉå~ÄÜ®åÖáÖ=~ìÅÜ=i~ÇìåÖëíê®ÖÉê=áå=

Öêç≈Éå=qáÉÑÉåK==

dêçëëÉ=cÉäÇëí®êâÉå=íêÉíÉå=ÄÉá=ÜÉêâ∏ããäáÅÜÉå=píêìâíìêÉå=~ÄÉê=åìê=áã=_ÉêÉáÅÜ=ÇÉê=lJ

ÄÉêÑä®ÅÜÉ=~ìÑI=ÇKÜK=ÇáÉ=ÑÉäÇ~ÄÜ®åÖáÖÉ=i~ÇìåÖëíê®ÖÉêíêÉååÉáÖÉåëÅÜ~Ñí=ÇÉë=_~ìÉäÉãÉåJ

íÉë= áëí= áã=_ÉêÉáÅÜ=ÇÉê=lÄÉêÑä®ÅÜÉ=Ççãáå~åíK=qáÉÑÉê= áã=pìÄëíê~í=ÖÉåÉêáÉêíÉ= i~ÇìåÖëJ

íê®ÖÉê= â∏ååÉå= åìê= ÇìêÅÜ= ä~åÖë~ãÉ= aáÑÑìëáçåëÉÑÑÉâíÉ= áå= _ÉêÉáÅÜÉ=ãáí= ~ìëÖÉéê®ÖíÉå=

cÉäÇJ= ìåÇ= qêÉååÉáÖÉåëÅÜ~ÑíÉå= ÖÉä~åÖÉå= ìåÇ= îÉêìêë~ÅÜÉå= áåëÄÉëçåÇÉêÉ= ÄÉá= ÜçÜÉå=

cêÉèìÉåòÉå=ìåÉêïΩåëÅÜíÉ=mÜ~ëÉåçÑÑëÉíë=ÄòïK=íê~ÖÉå=åáÅÜí=ãÉÜê=òìã=kìíòëáÖå~ä=ÄÉáK=

aáÉëÉê=p~ÅÜîÉêÜ~äí=ïΩêÇÉ=òìå®ÅÜëí=ÖÉÖÉå=ÉáåÉ=oΩÅâëÉáíÉåÄÉëíê~ÜäìåÖ=ëéêÉÅÜÉåI=ëçJ

ÑÉêå=ã~å=Ççêí=åáÅÜí=ÉáåÉ=ÜáåêÉáÅÜÉåÇÉ=cÉäÇîÉêíÉáäìåÖ=áã=ÖÉë~ãíÉå=sçäìãÉå=ÖÉï®ÜêJ

äÉáëíÉíK=aÉãÉåíëéêÉÅÜÉåÇ=ãìëë= Éáå=çéíáãáÉêíÉë= êΩÅâëÉáíÉåÄÉëíê~ÜäíÉë= mja=Ç~ÜÉê= áå=

ÉáåÉê=^êí=~ìëÖÉëí~äíÉí=ïÉêÇÉåI=Ç~ëë=i~ÇìåÖëíê®ÖÉêíêÉååìåÖÉå=ΩÄÉê=ÉáåÉå=Öêç≈Éå=qáÉJ

ÑÉåÄÉêÉáÅÜ= ìåÇ= ëçãáí=ΩÄÉê= ÉáåÉå= Öêç≈Éå=tÉääÉåä®åÖÉåÄÉêÉáÅÜ=ã∏ÖäáÅÜ= ëáåÇK=aáÉëÉ=

^åé~ëëìåÖ= ÉêÑçäÖí= ìåíÉê= _ÉêΩÅâëáÅÜíáÖìåÖ= ÇÉê= îÉêïÉåÇÉíÉå= çéíáëÅÜÉå=tÉääÉåä®åÖÉ=

ìåÇ=ÇÉê=~åòìëíêÉÄÉåÇÉå=^ÄëçêéíáçåëÇáÅâÉK=

rã= ÉáåÉ= ~ìëêÉáÅÜÉåÇÉ= bãéÑáåÇäáÅÜâÉáí= ÇÉê= píêìâíìê= òì= ÉêÜ~äíÉåI= ëçääíÉ= Ç~ë= pìÄëíê~í=

ÉáåÉ= ÖÉïáëëÉ=jáåÇÉëí~ÄëçêéíáçåëÇáÅâÉ= Ü~ÄÉåK= dêìåÇë®íòäáÅÜ= ÖáäíI= àÉ= ÇáÅâÉê= ÇÉê= ^ÄJ

ëçêéíáçåëÄÉêÉáÅÜ=ÇÉëíç=ÉãéÑáåÇäáÅÜÉê=áëí=Ç~ë=_~ìÉäÉãÉåí=EîÖäK=däÉáÅÜìåÖ=EPKQNFFK=táÉ=

áå=h~éáíÉä=RKOKO=ÄÉëÅÜêáÉÄÉåI= ëáåÇ=ÇÉê=aáÅâÉ=ÜáåÖÉÖÉå= àÉÇçÅÜ= áåëçÑÉêå=dêÉåòÉå=ÖÉJ

ëÉíòíI= ~äë= Ç~ëë= áÇÉ~äÉêïÉáëÉ= ÇÉê= ÖÉë~ãíÉ= ^ÄëçêéíáçåëÄÉêÉáÅÜ=ãáí= ÉáåÉã= ÉäÉâíêáëÅÜÉå=

cÉäÇ=îÉêëÉÜÉå=ïÉêÇÉå=ãìëëI=ìã=ÉáåÉ=ÉÑÑáòáÉåíÉ=qêÉååìåÖ=ÇÉê=i~ÇìåÖëíê®ÖÉê=ìåÇ=ëçJ

ãáí=ÉáåÉ=j~ñáãáÉêìåÖ=ÇÉê=^ìëÄÉìíÉ=ìåÇ=_~åÇÄêÉáíÉ=òì=Éêä~åÖÉåK=^ì≈ÉêÇÉã=äáãáíáÉêí=

å~íΩêäáÅÜ=ïáÉÇÉêìã=ÇáÉ=ã~ñáã~äÉ=aêáÑíÖÉëÅÜïáåÇáÖâÉáí=ÇÉê=i~ÇìåÖëíê®ÖÉê=áå=sÉêÄáåJ

ÇìåÖ= ãáí= ÇÉê= ÄÉå∏íáÖíÉå= _~åÇÄêÉáíÉ= ÇáÉ= aáÅâÉ= ÇÉë= pìÄëíê~íë= EëáÉÜÉ= ~ìÅÜ= h~éáíÉä=

 



NPO= h~éáíÉä=S=

PKPKQFK=a~ë=pìÄëíê~í=ëçääíÉ=Ç~ÜÉê=ãáí=ÉáåÉê=åáÉÇêáÖÉå=~åÖÉé~ëëíÉå=açíáÉêìåÖ=îÉêëÉÜÉå=

ïÉêÇÉåI=ÇáÉ=Éë=Éêã∏ÖäáÅÜí=áå=sÉêÄáåÇìåÖ=ãáí=ÇÉê=~åÖÉäÉÖíÉå=pé~ååìåÖ=Éáå=cÉäÇ=òì=

ÉêòÉìÖÉåI=ïÉäÅÜÉë=ÇÉå=ÖÉë~ãíÉå=^ÄëçêéíáçåëÄÉêÉáÅÜ=îÉê~êãí=ìåÇ=ëçãáí=ÉáåÉ=ã~ñáJ

ã~äÉ=páÖå~ä~ìëÄÉìíÉ=ÄÉá=ÜçÜÉå=cêÉèìÉåòÉå=òìê=cçäÖÉ=Ü~íK=

aìêÅÜ= ÇáÉ= t~Üä= ÉáåÉë= ÖÉÉáÖåÉíÉå= pÉåëçêëìÄëíê~íÉëI= ~äëç= aáÅâÉ= ìåÇ= açíáÉêìåÖ= ÄÉá=

ÖäÉáÅÜòÉáíáÖÉê= _Éëíê~ÜäìåÖ= ÇÉë= _~ìÉäÉãÉåíÉë= îçå= ÇÉê= oΩÅâëÉáíÉI= ä~ëëÉå= ëáÅÜ= ëçãáí=

ÜçÅÜÉÑÑáòáÉåíÉ=mjaJaÉíÉâíçêÉå=ÉåíïáÅâÉäåI=ÇáÉ=ÉáåÉå=máñÉäÑΩääÑ~âíçê=îçå=Äáë=òì=NMM=B=

ÉêêÉáÅÜÉåK= ^ì≈ÉêÇÉã=ïáêÇ= ÇìêÅÜ= ÇáÉ= îçêíÉáäÜ~ÑíÉ= cÉäÇîÉêíÉáäìåÖ= áã=_~ìÉäÉãÉåí= ÇáÉ=

aÉãçÇìä~íáçåëÉÑÑáòáÉåò=ìåÇ=_~åÇÄêÉáíÉ=ã~ñáãáÉêíI=ï~ë=ãáí=ëé®íÉêÉå=jÉëëìåÖÉå=ÄÉJ

äÉÖí=ïáêÇK=

SKOKP ^ìÑÄ~ì=ãáí=cäáéJ`Üáé=qÉÅÜåçäçÖáÉ=

táÉ=Éêï®ÜåíI=Ä~ëáÉêí=Ç~ë=îçêäáÉÖÉåÇÉ=hçåòÉéí=~ìÑ=ÇÉê=qêÉååìåÖ=îçå=pÉåëçê=ìåÇ=^ìëJ

äÉëÉÉäÉãÉåíÉåI=~äëç=ÇáÉ=oÉ~äáëáÉêìåÖ=áå=cçêã=ÉáåÉë=jìäíáÅÜáéëK=^åÇÉêë= àÉÇçÅÜ=~äë=ÄÉá=

ÇÉå= áå= h~éáíÉä= QKSKQ= ÄÉëÅÜêáÉÄÉåÉå= d~^ëJoÉ~äáëáÉêìåÖÉå= ïáêÇ= ÜáÉêÄÉá= àÉÇçÅÜ= âÉáåÉ=

^åçêÇåìåÖ=ÇÉê=`Üáéë=åÉÄÉåÉáå~åÇÉê=ëçåÇÉêå=~äë=cäáéÅÜáéJi∏ëìåÖ=ΩÄÉêÉáå~åÇÉê=~åÖÉJ

ëíêÉÄíK= aáÉë= Ü~í= ÇÉå= sçêíÉáäI= Ç~ëë= ÇáÉ= sÉêÄáåÇìåÖ= òïáëÅÜÉå= pÉåëçê= ìåÇ= ^åëíÉìÉêJ

^ìëäÉëÉÉäÉâíêçåáâ=ÄÉá=îÉêëÅÜáÉÇÉåÉå=máñÉäå=ëíÉíë=ÖäÉáÅÜ= ä~åÖ= áëí=ìåÇ=ÉáåÉ=ÖäÉáÅÜ=ÄäÉáJ

ÄÉåÇÉ=éáñÉäå~ÜÉ=páÖå~ä~ìÑÄÉêÉáíìåÖ=ìåÇ=JîÉê~êÄÉáíìåÖ=ã∏ÖäáÅÜ=áëíK=få=ÇÉê=ÑçäÖÉåÇÉå=

^ÄÄáäÇìåÖ= áëí= Éáå= _ÉáëéáÉä= ÉáåÉê= ëçäÅÜÉå= cäáéJ`Üáé= oÉ~äáëáÉêìåÖ= ëÅÜÉã~íáëÅÜ= Ç~êÖÉJ

ëíÉääíK=

Sensor-Substrat

ASIC / Träger

Popt

PMD-Bereich

Bump-Bonding

Signalverarbeitung

=

^ÄÄáäÇìåÖ=SKOW= cäáéJ`ÜáéJoÉ~äáëáÉêìåÖW=aáÉ=páÖå~äîÉê~êÄÉáíìåÖëÉäÉâíêçåáâ=ÄÉÑáåÇÉí=ëáÅÜ=áå=ìåãáííÉäJ
Ä~êÉê=k®ÜÉ=ÇÉë=pÉåëçêëI=ÇÉååçÅÜ=ëáåÇ=îÉêëÅÜáÉÇÉåÉ=çéíáã~äÉ=mêçòÉëëÉ=ã∏ÖäáÅÜK=

=



oΩÅâëÉáíÉåÄÉëíê~ÜäíÉë=páäáòáìã=éåJmja= = NPP=

báåÉ=cäáéJ`Üáé=i∏ëìåÖ=îÉêÄáåÇÉí=Ç~ãáí=ÇáÉ=ê®ìãäáÅÜÉ=k®ÜÉ=ÇÉê=bäÉâíêçåáâ=E®ÜåäáÅÜ=ÇÉê=

páåÖäÉÅÜáéä∏ëìåÖF=ãáí= ÇÉê= ìåáîÉêëÉääÉå= sÉêïÉåÇÄ~êâÉáí= îÉêëÅÜáÉÇÉåÉê= qÉÅÜåçäçÖáÉå=

ÑΩê=pÉåëçê=EpÅÜçííâóI=éåI=ÁF=ìåÇ=bäÉâíêçåáâ=EfåíÉÖê~íáçåëÖê~ÇI=mêçòÉëë~êíI=ÁFK=aáÉëÉ=

^êí=ÇÉê=oÉ~äáëáÉêìåÖ=ÄáÉíÉí=Ç~ÜÉê=Éáå=j~ñáãìã=~å=cäÉñáÄáäáí®í=áã=eáåÄäáÅâ=~ìÑ=ã∏ÖäáJ

ÅÜÉ=^åïÉåÇìåÖÉåK=

SKP rãëÉíòìåÖ=

wìê=sÉêáÑáòáÉêìåÖ=ÇÉë=hçåòÉéíÉë=ïìêÇÉå=áã=o~ÜãÉå=ÇáÉëÉê=^êÄÉáí=ãáí=ÉáåÉã=qÉÅÜåçJ

äçÖáÉé~êíåÉê= qÉëíëíêìâíìêÉå= ~ìÑ= éåJ_~ëáë= êÉ~äáëáÉêíK=a~ë= pìÄëíê~í=ïìêÇÉ=ÜáÉêÄÉá= åáÅÜí=

Ñäç~íÉåÇ=ÄÉä~ëëÉåI=ëçåÇÉêå=ïìêÇÉ=áå=péÉêêêáÅÜíìåÖ=ÄÉòçÖÉå=~ìÑ=ÇáÉ=aáçÇÉå~åëÅÜäΩëJ

ëÉ=îçêÖÉëé~ååíK= bë=ÉåíëíÉÜí=Ç~ÇìêÅÜ=ÉáåÉ=píêìâíìê=ÇáÉ=ÉáåÉã=píêçãâåçíÉå=ãáí=ÇêÉá=

^åëÅÜäΩëëÉå=ÖÉã®≈=h~éáíÉä=OKQKQ=ÉåíëéêáÅÜí=Eìåáéçä~êÉë=aÉîáÅÉFK=a~ë=_~ìÉäÉãÉåí=Ü~í=

ÇÉãå~ÅÜ=áå=ÇÉê=ÉáåÑ~ÅÜëíÉå=cçêã=O=páÖå~ä~åëÅÜäΩëëÉ=ìåÇ=ÉáåÉå=òìë®íòäáÅÜÉå=bäÉâíêçJ

ÇÉå~åëÅÜäìëë= ÄòïK= pìÄëíê~íâçåí~âíK= eáÉêÄÉá= ÄÉÑáåÇÉå= ëáÅÜ= ÄÉáÇÉ= aáçÇÉå= ëíÉíë= áã=

péÉêêÄÉíêáÉÄ= EÄòïK= çÜåÉ= sçêëé~ååìåÖFI= àÉ= å~ÅÜ=jçÇìä~íáçåëòìëí~åÇ=ãáí= Öê∏≈ÉêÉê=

ÄòïK=âäÉáåÉêÉê=péÉêêëé~ååìåÖ=EçÇÉê=âÉáåÉ=sçêëé~ååìåÖFI=åáÉ=~ÄÉê= áå=aìêÅÜä~ëëêáÅÜJ

íìåÖK=aÉê= ~å=ÇÉå=^åëÅÜäìëëíÉêãáå~äë= ÑäáÉ≈ÉåÇÉ=píêçã=Ü~í=Ç~ÜÉê= áããÉê=ÇáÉ=ÖäÉáÅÜÉ=

oáÅÜíìåÖI=ëçãáí=áëí=åìê=ÉáåÉ=^êí=i~ÇìåÖëíê®ÖÉê=ÇáêÉâí=~ã=jáëÅÜéêçòÉëë=ÄÉíÉáäáÖíK=båíJ

ëéêÉÅÜÉåÇ= ÄÉáåÜ~äíÉí= ÇáÉëÉë= _~ìÉäÉãÉåí= ~ìÅÜ= âÉáåÉ= áåÜ®êÉåíÉ= råíÉêÇêΩÅâìåÖ= îçå=

ìåâçêêÉäáÉêíÉå=^åíÉáäÉåX=ÇáÉëÉ=cìåâíáçå=ãìëë=ãáí=ÉñíÉêåÉê=pÅÜ~äíìåÖëíÉÅÜåáâ=êÉ~äáëáÉêí=

ïÉêÇÉå=EîÖäK=h~éáíÉä=SKRFK=aÉê=sçêíÉáä=ÇÉê=ìåáéçä~êÉå=_ÉíêáÉÄëïÉáëÉ=áëí=àÉÇçÅÜ=ÇáÉ=q~íJ

ë~ÅÜÉI=Ç~ëë=ÄÉáÇÉ=aáçÇÉå= ëíÉíë=ÖÉëéÉêêí= ëáåÇI=ìåÇ=âÉáåÉ= ÑêÉèìÉåòäáãáíáÉêÉåÇÉå=rãJ

ëÅÜ~äíîçêÖ®åÖÉ=îçã=péÉêêJ=áå=ÇÉå=aìêÅÜä~ëëÄÉêÉáÅÜ=ìåÇ=ìãÖÉâÉÜêí=ëí~ííÑáåÇÉå=ãΩëJ

ëÉåK=^ì≈ÉêÇÉã=â~åå=ÇÉê=áå=h~éáíÉä=SKS=ÄÉëÅÜêáÉÄÉåÉ=qê~åëáëíçêÉÑÑÉâíI=ÇÉê=Ç~ë=sÉêÜ~äJ

íÉå=ÇÉë=aÉîáÅÉ=å~ÅÜíÉáäáÖ=ÄÉÉáåÑäìëëÉå=â~ååI=îÉêãáÉÇÉå=ïÉêÇÉåK=

få=^ÄÄáäÇìåÖ=SKP=áëí=Éáå=ëçäÅÜÉë=pìÄëíê~í=ãáí=~ìÑ=ÇÉê=råíÉêëÉáíÉ=êÉ~äáëáÉêíÉå=åH=cáåÖÉêJ

ëíêìâíìêÉå= ÄÉáëéáÉäÜ~Ñí= áã=nìÉêëÅÜåáíí= Ç~êÖÉëíÉääíK= aáÉ= cáåÖÉê= ëáåÇ=ïÉÅÜëÉäëÉáíáÖ= áåJ

Éáå~åÇÉê=îÉêëÅÜ~ÅÜíÉäíI= ëç=Ç~ëë=ïáÉ=ÄÉáã=jpj=ÉáåÉ=Öêç≈É=máñÉäÑä®ÅÜÉ=ãáí=ÖÉêáåÖÉå=

tÉÖä®åÖÉå= òïáëÅÜÉå= ÇÉå= bäÉâíêçÇÉå= êÉ~äáëáÉêÄ~ê= áëíK= a~êÖÉëíÉääí= ëáåÇ= ëÅÜÉã~íáëÅÜ=

òïÉá=ÖÉÖÉåë®íòäáÅÜÉ=jçÇìä~íáçåëòìëí®åÇÉX=~ìÑ=ÇÉê=äáåâÉå=pÉáíÉ=ïáêÇ=ÇáÉ=äáåâÉ=bäÉâíêçJ

ÇÉå~åçêÇåìåÖ= áå= péÉêêêáÅÜíìåÖ= ÄÉíêáÉÄÉåI= ëç= Ç~ëë= ÇìêÅÜ= ÇÉêÉå= o~ìãä~ÇìåÖëòçåÉ=

å~ÜÉòì=Ç~ë=ÖÉë~ãíÉ=pìÄëíê~í=îÉê~ãí=ïáêÇ=ìåÇ=ÇáÉ=éÜçíçÖÉåÉêáÉêíÉå=bäÉâíêçåÉå=îçå=

ÇáÉëÉê=bäÉâíêçÇÉ=~ÄÖÉë~ìÖí=ïÉêÇÉå=â∏ååÉåK=^ìÑ=ÇÉê=êÉÅÜíÉå=pÉáíÉ=áëí=ÇÉê=~åÇÉêÉ=jçJ

Çìä~íáçåëòìëí~åÇ=Ç~êÖÉëíÉääí=ÄÉá=ÇÉã=ÇÉê=mÜçíçëíêçã=îçå=ÇÉê=~åÇÉêÉå=bäÉâíêçÇÉ=ΩJ

 



NPQ= h~éáíÉä=S=

ÄÉêåçããÉå=ïáêÇK=_Éá=ÉåíëéêÉÅÜÉåÇÉê=jçÇìä~íáçå=ïÉêÇÉå= ëçãáí=ÇáÉ=o~ìãä~ÇìåÖëJ

òçåÉå=ÄòïK=ÇáÉ=mÜçíçÉãéÑáåÇäáÅÜâÉáíÉå=ÇÉê=aáçÇÉå=áã=dÉÖÉåí~âí=ãçÇìäáÉêíI=ïçÄÉá=

ÇáÉ=aáçÇÉ=ãáí=ÇÉê=Öê∏≈ÉêÉå=péÉêêëé~ååìåÖ=EÄÉòçÖÉå=~ìÑ=ÇáÉ=^åçÇÉåëé~ååìåÖF=ÇÉå=

Öê∏≈ÉêÉå=píêçã=ΩÄÉêåáããíK=aáÉ=pìããÉ=ÄÉáÇÉê=píê∏ãÉ=áëí=Ç~ÄÉá=âçåëí~åí=ìåÇ=ÉåíJ

ëéêáÅÜí=Éñ~âí=ÇÉã=píêçãÑäìëë=ΩÄÉê=ÇÉå=pìÄëíê~í~åëÅÜäìëëX=ÜáÉêÄÉá=ïáêÇ=Ç~îçå=~ìëÖÉJ

Ö~åÖÉåI=Ç~ëë=âÉáåÉêäÉá=nìÉêëíêçã=îçå=ÇÉê=ÉáåÉå=òìê=~åÇÉêÉå=aáçÇÉ=ÑäáÉ≈íK=
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UAnode
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=

^ÄÄáäÇìåÖ=SKPW= pÅÜÉã~íáëÅÜÉ=a~êëíÉääìåÖ=òïÉáÉê=jçÇìä~íáçåëòìëí®åÇÉK=bë=áëí=åìê=ÉáåÉ=^êí=îçå=i~J
ÇìåÖëíê®ÖÉêå=ÇáêÉâí=~ã=jáëÅÜéêçòÉëë=ÄÉíÉáäáÖíK=aáÉ=i∏ÅÜÉê=EåáÅÜí=Ç~êÖÉëíÉääíF=ï~åJ
ÇÉêå=òìã=pìÄëíê~í~åëÅÜäìëë=~ÄK=

SKPKN aáãÉåëáçåáÉêìåÖ=ÇÉë=pÉåëçêë=

^ÄÄáäÇìåÖ=SKQ=ÖáÄí=Ä~ëáÉêÉåÇ=~ìÑ=däÉáÅÜìåÖ=EPKOF=ÇÉå=wìë~ããÉåÜ~åÖ=òïáëÅÜÉå=açJ

íáÉêìåÖ=ìåÇ=^ìëÇÉÜåìåÖ=ÇÉê=o~ìãä~ÇìåÖëòçåÉ=ÉáåÉê=åHé=aáçÇÉ=ïáÉÇÉêX=ÇáÉ=açíáÉJ

êìåÖ=ÇÉë=åJ_ÉêÉáÅÜë=ïìêÇÉ=ÜáÉêÄÉá=âçåëí~åí=ãáí= OM PNMak Åã−= =~åÖÉëÉíòíK=a~=ëáÅÜ=ÇáÉ=

^ìëÇÉÜåìåÖ=ÇÉê=o~ìãä~ÇìåÖëòçåÉ=îçêïáÉÖÉåÇ= áå=ÇÉå=åáÉÇêáÖÇçíáÉêíÉå=_ÉêÉáÅÜ=ÉêJ

ëíêÉÅâíI= â~åå= å®ÜÉêìåÖëïÉáëÉ= ÇáÉ= dÉë~ãí~ìëÇÉÜåìåÖ= ãáí= ÇÉê= ^ìëÇÉÜåìåÖ= áã= éJ

_ÉêÉáÅÜ= ÖäÉáÅÜÖÉëÉíòí= ïÉêÇÉåK= ^åÜ~åÇ= ÇáÉëÉê= ^ÄÄáäÇìåÖ= ïáêÇ= åçÅÜã~äë= ÇÉìíäáÅÜI=

Ç~ëë=ëáÅÜ=ÉáåÉ=ÖÉêáåÖÉ=pìÄëíê~íÇçíáÉêìåÖ=áå=ÉáåÉê=Öê∏≈ÉêÉå=^ìëÇÉÜåìåÖ=ÇÉê=o~ìãä~J

ÇìåÖëòçåÉ=~ìëïáêâíK=

_Éá=ÉáåÉã=pÉåëçê=ãáí=ÇÉã=îçêïáÉÖÉåÇ=Éáå=ÄÉëíáããíÉê=tÉääÉåä®åÖÉåÄÉêÉáÅÜ=ÇÉíÉâJ

íáÉêí=ïÉêÇÉå=ëçääI= áëí=ÉáåÉ=^ÄëçêéíáçåëÇáÅâÉ= áå=ÇÉê=dê∏≈ÉåçêÇåìåÖ=ÇÉê=ÉåíëéêÉÅÜÉåJ

ÇÉå=báåÇêáåÖíáÉÑÉ=~åòìëíêÉÄÉåK=cΩê=ÉáåÉ=tÉääÉåä®åÖÉ=îçå= URMåãλ = =ÄÉÇÉìíÉí=ÇáÉë=



oΩÅâëÉáíÉåÄÉëíê~ÜäíÉë=páäáòáìã=éåJmja= = NPR=

ÄÉáëéáÉäëïÉáëÉI=Ç~ëë=Éáå=páJpÉåëçê=ÉáåÉå=^ÄëçêéíáçåëÄÉêÉáÅÜ=ÇÉê=aáÅâÉ= =Ü~J

ÄÉå= ëçääíÉK=rã=ÉáåÉ=^ìëÇÉÜåìåÖ=ÇÉê= o~ìãä~ÇìåÖëòçåÉ=ΩÄÉê=ÇáÉ=ÖÉë~ãíÉ=qáÉÑÉ= òì=

ÉêêÉáÅÜÉåI= ëçääíÉ=ÇáÉ=açíáÉêìåÖ=ÇÉë=pìÄëíê~íë=Ç~ÜÉê= áã=_ÉêÉáÅÜ=îçå=

OMÇ ”≈ ã

ãNO PN NM^k Å −= ⋅ =

Äáë= =äáÉÖÉåK=NP PN NM^k −= ⋅ Åã
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N
A
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^ÄÄáäÇìåÖ=SKQW= ^ìëÇÉÜåìåÖ=ÇÉê=o~ìãä~ÇìåÖëòçåÉ=áå=^ÄÜ®åÖáÖâÉáí=ÇÉê=açíáÉêìåÖ=ÉáåÉê=åHé=aáçJ
ÇÉK=

a~= òìê= _ÉëÅÜêÉáÄìåÖ=ÇÉê= cìåâíáçå=ÇÉë= êΩÅâëÉáíÉåÄÉëíê~ÜäíÉå=éåJmjaë=ÇáÉ= _Éíê~ÅÜJ

íìåÖ=ÉáåÉê=ÉáåòÉäåÉå=aáçÇÉ=åáÅÜí=~ìëêÉáÅÜíI=ïáêÇ=òìê=sÉêÇÉìíäáÅÜìåÖ=ÇÉê=wìë~ããÉåJ

Ü®åÖÉ= áã=ïÉáíÉêÉå=sÉêä~ìÑ=ïáÉÇÉê=Éáå=OaJe~äÄäÉáíÉêëáãìä~íçê=îÉêïÉåÇÉíK=aáÉëÉê=ÄÉJ

êΩÅâëáÅÜíáÖí= ÇáÉ=dÉë~ãíëíêìâíìê= ÇÉë= mjaëI= ~äëç= ~ìÅÜ= ÇáÉ=tÉÅÜëÉäïáêâìåÖ= ÇÉê=aáçJ

ÇÉåëíêìâíìêÉå=ìåíÉêÉáå~åÇÉêK= få=^ÄÄáäÇìåÖ=SKR= áëí=ÇáÉ=páãìä~íáçå=ÉáåÉê=píêìâíìê=ãáí=

ÉáåÉã=OM=”ã=ÇáÅâÉå=éJpìÄëíê~í=ãáí=ìåíÉêëÅÜáÉÇäáÅÜÉê=açíáÉêìåÖ=Ç~êÖÉëíÉääíK=_Éíê~ÅÜJ

íÉí= ïìêÇÉå= Q= ~ÄïÉÅÜëÉäåÇ= îÉêÄìåÇÉåÉ= åH= cáåÖÉê= ãáí= ÉáåÉê= açíáÉêìåÖ= îçå=

I=ïçÄÉá=ÇÉê=ÉåíëíÉÜÉåÇÉ=éåJ§ÄÉêÖ~åÖ=áå=ÉáåÉê=qáÉÑÉ=îçå=MIR=”ã=äáÉÖíK=

aáÉ=_êÉáíÉ=ÇÉê=cáåÖÉê=ÄÉíê®Öí= I=ÇÉê=^Äëí~åÇ=

OM PNMak Å −= ã

ã ãOï ”= NMë ”= K=páãìäáÉêí=ïìêÇÉ=ÇÉê=

òïÉáÇáãÉåëáçå~äÉ=mçíÉåíá~äîÉêä~ìÑ=ÇÉê=píêìâíìê=áå=ñJ=ìåÇ=áå=óJoáÅÜíìåÖK=

aÉìíäáÅÜ=òì=ÉêâÉååÉå=ëáåÇ=ÇáÉ=ìåíÉêëÅÜáÉÇäáÅÜÉå=^ìëÇÉÜåìåÖÉå=ÇÉê=o~ìãä~ÇìåÖëòçJ

åÉå= ÄÉáÇÉê= aáçÇÉå= ~ìÑÖêìåÇ= ìåíÉêëÅÜáÉÇäáÅÜ= Öêç≈Éê= péÉêêëé~ååìåÖÉåK= tÉáíÉêÜáå=

ïáêÇ=ÇÉìíäáÅÜI=Ç~ëë=ÄÉá=sÉêïÉåÇìåÖ=ÉáåÉê=ÜçÜÉå=açíáÉêìåÖ=åçÅÜ=Öêç≈É=sçäìãÉå~åJ

íÉáäÉ= ÑÉäÇÑêÉá= ëáåÇK= _Éá= ÇÉê= píêìâíìê=ãáí= ÖÉêáåÖÉê= açíáÉêìåÖ= ÜáåÖÉÖÉå= ÉêâÉååí=ã~åI=

Ç~ëë= Ç~ë= ÖÉë~ãíÉ= pìÄëíê~í= Éêï~êíìåÖëÖÉã®≈=ãáí= o~ìãä~ÇìåÖëòçåÉå= ~ìëÖÉÑΩääí= áëí=

 



NPS= h~éáíÉä=S=

ìåÇ= ëçãáí= ÉáåÉ= ïÉëÉåíäáÅÜ= ëÅÜåÉääÉêÉ= ^ÄÑΩÜêìåÖ= ìåÇ= îçê= ~ääÉã= Éáå= òáÉäÖÉêáÅÜíÉíÉê=

qê~åëéçêí=ÇÉê=i~ÇìåÖëíê®ÖÉê=òìê=àÉïÉáäáÖÉå=aáçÇÉ=ã∏ÖäáÅÜ=áëíK=

báå=ïÉëÉåíäáÅÜÉë=_ÉïÉêíìåÖëâêáíÉêáìã=ÇÉë=_~ìíÉáäë=áëí=ÇáÉ=c®ÜáÖâÉáí=i~ÇìåÖÉå=òáÉäÖÉJ

êáÅÜíÉí= òì= íêÉååÉåK= aáÉ= å~ÅÜÑçäÖÉåÇÉå= páãìä~íáçåÉå= òÉáÖÉå= Ç~ÜÉê= ÇÉå= sÉêä~ìÑ= ÇÉê=

píê∏ãÉ=ÇìêÅÜ=ÇáÉ=aáçÇÉå=ÄÉá=îÉêëÅÜáÉÇÉåÉå=pé~ååìåÖÉå=ìåÇ=çéíáëÅÜÉê=_Éëíê~ÜäìåÖK=

eáÉêÄÉá=ïìêÇÉ= ÇáÉ= ^åçÇÉ= âçåëí~åí=ãáí= R^r s= − = îçêÖÉëé~ååí= ìåÇ= ÇáÉ=dÉÖÉåí~âíJ

ëé~ååìåÖ=~å=ÇÉå=aáçÇÉå=ëóããÉíêáëÅÜ=òìê=pé~ååìåÖ= M Mr s= =ÖÉ®åÇÉêíX=ÇáÉ=_Éëíê~ÜJ

äìåÖ= ÇÉê= píêìâíìê= ïìêÇÉ= îçå= ÇÉê= oΩÅâëÉáíÉ=ãáí= ÉáåÉê=tÉääÉåä®åÖÉ= îçå= SRMåãλ = =

ÇìêÅÜÖÉÑΩÜêíK=

X [µm] y [µm]

P
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]

−= ⋅ 3145 10AN cm −= ⋅ 12 35 10AN cm
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^ÄÄáäÇìåÖ=SKRW= mçíÉåíá~äîÉêä~ìÑ=ÉáåÉê=éåJpíêìâíìê=ãáí=ÉáåÉã=OM=”ã=ÇáÅâÉå=éJpìÄëíê~íK=aáÉ=píêìâíìê=
ÄÉëíÉÜí=~ìë=OñO=cáåÖÉêåX=ÇáÉ=åH=cáåÖÉê=ëáåÇ=ãáí=NMOM=ÅãJP=ÇçíáÉêíI=ÇáÉ=qáÉÑÉ=ÇÉê=éåJ
§ÄÉêÖ®åÖÉ=ÄÉíê®Öí=MIR=”ãK=aáÉ=_êÉáíÉ=ÇÉê=cáåÖÉê=ÄÉíê®Öí=ïZO=”ãI=ÇÉê=^Äëí~åÇ=
ëZNM=”ãK=a~ë=pìÄëíê~í=E^åçÇÉF=ïìêÇÉ=ãáí=JR=s=îçêÖÉëé~ååíI=ÇáÉ=cáåÖÉê=ãáí=JQ=s=
ìåÇ=HQ=sK=

^ìÑ= ÇÉê= äáåâÉå= pÉáíÉ= áå= ^ÄÄáäÇìåÖ= SKS= áëí= ÇÉê= ëáãìäáÉêíÉ= píêçã= ÇÉê= ÄÉáÇÉå= aáçÇÉå=

Ehçåí~âí=N=ìåÇ=hçåí~âí=OF= áå=^ÄÜ®åÖáÖâÉáí=ÇÉê=dÉÖÉåí~âíëé~ååìåÖ=Ç~êÖÉëíÉääíK=aáÉ=

páãìä~íáçå= ïìêÇÉ= ãáí= ÇÉê= òìîçê= ÄÉëÅÜêáÉÄÉåÉå= åáÉÇêáÖÉå= pìÄëíê~íÇçíáÉêìåÖ= îçå=

ÇìêÅÜÖÉÑΩÜêíK=j~å=ÉêâÉååíI=Ç~ëë= ëáÅÜ=ÇáÉ=píê∏ãÉ=å~ÜÉòì= äáåÉ~ê=ãáí=

ÇÉê=pé~ååìåÖ=®åÇÉêåI=ÄÉá=òìåÉÜãÉåÇ=éçëáíáîÉê=pé~ååìåÖ= =ëíÉáÖí=ÇÉê=píêçãÑäìëë=

Éêï~êíìåÖëÖÉã®≈= ÇìêÅÜ=hçåí~âí= NI=ïçÄÉá= áå=ÖäÉáÅÜÉã=j~≈É=ÇÉê= píêçã=ÇìêÅÜ=ÇáÉ=

~åÇÉêÉ=aáçÇÉ=îÉêêáåÖÉêí=ïáêÇK=páåÇ=ÄÉáÇÉ=pé~ååìåÖÉå=ÖäÉáÅÜ=Öêç≈I=ÉêÑçäÖí=ÉáåÉ=ëóãJ

ãÉíêáëÅÜÉ= ^ìÑíÉáäìåÖ= ÇÉë= píêçãÉë= ~ìÑ= ÄÉáÇÉ= aáçÇÉåK= få= àÉÇÉã= c~ää= ÉåíëéêáÅÜí= ÇáÉ=

pìããÉ= ÇÉê= ÄÉáÇÉå= píê∏ãÉ= ÇÉã= ÑäáÉ≈ÉåÇÉå= _ìäâëíêçãK= wìê= sÉêÇÉìíäáÅÜìåÖ= ÇáÉëÉë=

−= ⋅ NO PR NM^k Åã

Nr



oΩÅâëÉáíÉåÄÉëíê~ÜäíÉë=páäáòáìã=éåJmja= = NPT=

wìë~ããÉåÜ~åÖë=áëí=áå=ÇÉê=^ÄÄáäÇìåÖ=åÉÄÉå=ÇÉã=_ìäâëíêçã=Ç~ÜÉê=~ìÅÜ=ÇáÉ=pìããÉ=

ÇÉê=ÄÉáÇÉå=ÉáåòÉäåÉå=píêçãÄÉíê®ÖÉ=Ç~êÖÉëíÉääíK=

táÉ=ÄÉëÅÜêáÉÄÉåI=ÉåíëíÉÜí=âÉáå=píêçãÑäìëë=òïáëÅÜÉå=ÇÉå=ÉáåòÉäåÉå=aáçÇÉåX=ÄÉá=ÖêçJ

≈Éå= pé~ååìåÖÉå= àÉÇçÅÜ= â~åå= ÇìêÅÜ= ÇáÉ= òìåÉÜãÉåÇÉ= ^ìëÇÉÜåìåÖ= ÇÉê= o~ìãä~J

ÇìåÖëòçåÉå= Éáå= ìåÉêïΩåëÅÜíÉê= píêçã= òïáëÅÜÉå= ÄÉáÇÉå= aáçÇÉå= ÑäáÉ≈ÉåK= aáÉë= ïáêÇ=

ÇìêÅÜ=ÇáÉ=áå=h~éáíÉä=PKOKP=ÄÉëÅÜêáÉÄÉåÉ=sÉêÉáåáÖìåÖ=ÄÉáÇÉê=o~ìãä~ÇìåÖëòçåÉå=îÉêJ

ìêë~ÅÜíI= ÇÉã= oÉ~ÅÜJqÜêçìÖÜ= Eaçêí=ïìêÇÉ= ~ääÉêÇáåÖë= îçå= ÉáåÉê=aáçÇÉ= áå= péÉêêêáÅÜJ

íìåÖ=ìåÇ=îçå=ÉáåÉê=~åÇÉêÉå= áå=aìêÅÜä~ëëêáÅÜíìåÖ=~ìëÖÉÖ~åÖÉåFK=dìí=ÉêâÉååÄ~ê= áëí=

ÇáÉëÉê=bÑÑÉâí=áå=^ÄÄáäÇìåÖ=SKS=ÇìêÅÜ=Ç~ë=^ÄâåáÅâÉå=ÇÉê=píêçãâìêîÉ=ÄÉá=pé~ååìåÖÉå=

çÄÉêÜ~äÄ= N NIRr = s K=få=ÇáÉëÉã=_ÉêÉáÅÜ=ÉñáëíáÉêí=Éáå=ÇáêÉâíÉê=píêçãÑäìëë=òïáëÅÜÉå=ÇÉå=

aáçÇÉåI= ÇÉê=ãáí=ïÉáíÉêÉê=wìå~ÜãÉ=ÇÉê= pé~ååìåÖ= ÉñéçåÉåíáÉää= ~åëíÉáÖí= ìåÇ=ìå~ÄJ

Ü®åÖáÖ=îçå=ÇÉê=_ÉäÉìÅÜíìåÖ=áëíK=a~ë=ÜÉá≈íI=ÇáÉëÉê=ìåÉêïΩåëÅÜíÉ=bÑÑÉâí=áëí=~ìÅÜ=çÜåÉ=

_ÉäÉìÅÜíìåÖ=ÄÉçÄ~ÅÜíÄ~êK=
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^ÄÄáäÇìåÖ=SKSW= páãìä~íáçå=ÇÉê=píêçãîÉêíÉáäìåÖ=ÇÉë=éåJmjaK=iáåâëW=píêçã=ÇìêÅÜ=hçåí~âí=N=ìåÇ=
hçåí~âí=OX=~ì≈ÉêÇÉã=áëí=ÇáÉ=pìããÉ=ÇÉê=^ÄëçäìíÄÉíê®ÖÉ=ìåÇ=ÇÉê=_ìäâëíêçã=Ç~êÖÉJ
ëíÉääíK=oÉÅÜíë=Ç~êÖÉëíÉääí=áëí=ÇÉê=hçåíê~ëí=~äë=cìåâíáçå=ÇÉê=pé~ååìåÖK=

^ìÑ=ÇÉê= êÉÅÜíÉå=pÉáíÉ= áå=^ÄÄáäÇìåÖ=SKS= áëí=ÇÉê=aÉãçÇìä~íáçåëâçåíê~ëí=®ÜåäáÅÜ=däÉáJ

ÅÜìåÖ=EOKNTF=~ìë=ÇÉã=nìçíáÉåíÉå=ÇÉê=aáÑÑÉêÉåò=ìåÇ=ÇÉê=pìããÉ=ÇÉê=píê∏ãÉ=Ç~êÖÉJ

ëíÉääíK=_Éá=ÉáåÉê=däÉáÅÜí~âí~åëíÉìÉêìåÖ=ÇÉê=ÄÉáÇÉå=aáçÇÉå=Ü~í=ã~å=Éêï~êíìåÖëÖÉã®≈=

âÉáåÉêäÉá=qêÉååÉÑÑÉâíI=ÇKÜK=ÇÉê=hçåíê~ëí=áëí= = Mh K=_Éá=wìå~ÜãÉ=ÇÉê=pé~ååìåÖ=ÉêÑçäÖí=

ÇáÉ=òìîçê=ÄÉëÅÜêáÉÄÉåÉ=^ìÑíÉáäìåÖ=ÇÉê=píê∏ãÉ=ÇáÉ=òì=ÉáåÉã=^åï~ÅÜëÉå=ÇÉë=hçåíê~ëJ

íÉë=ΩÄÉê=ÇÉê=pé~ååìåÖ=ÑΩÜêíK=aÉê=^åëíáÉÖ=ÉêÑçäÖí=ëçä~åÖÉ=äáåÉ~êI=Äáë=ÇÉê=ìåÉêïΩåëÅÜJ

íÉ=nìÉêëíêçã= òïáëÅÜÉå= ÇÉå=aáçÇÉå= ÇÉå= hçåíê~ëí= ëÅÜÉáåÄ~ê= ÉñéçåÉåíáÉää= ~åëíÉáÖÉå=

ä®ëëíK= _Éá= Öêç≈Éå= pé~ååìåÖÉå= ïΩêÇÉ= ÇÉê= hçåíê~ëí= ÖÉã®≈= aÉÑáåáíáçå= Ç~ÜÉê= ëçÖ~ê=

Öê∏≈Éê=~äë=N=ïÉêÇÉåK=wìê=_ÉëíáããìåÖ=ÇÉë=hçåíê~ëíë=áëí=ÇáÉë=àÉÇçÅÜ=âÉáå=ÖΩäíáÖÉê=_ÉJ

 



NPU= h~éáíÉä=S=

êÉáÅÜ=ãÉÜêI=Ç~=ëáÅÜ=àÉ=å~ÅÜ=pé~ååìåÖ=ÇáÉ=píêçãêáÅÜíìåÖÉå=~å=ÇÉå=hçåí~âíÉå=®åÇÉêå=

â∏ååÉå= ìåÇ= Ç~ãáí= ÇÉê= hçåíê~ëí= ÇÉÑáåáíáçåëÖÉã®≈= ëçÖ~ê= ÖÉÖÉå= ìåÉåÇäáÅÜ= ÖÉÜÉå=

â∏ååíÉK=

aÉê=ëáãìäáÉêíÉ=hçåíê~ëí=áã=òìä®ëëáÖÉå=äáåÉ~êÉå=^êÄÉáíëÄÉêÉáÅÜ=ÄÉíê®Öí=áã=îçêäáÉÖÉåÇÉå=

c~ää= =ÄÉá=ÇÉê=ÖÉêáåÖÉêÉå=açíáÉêìåÖK=wìã=sÉêÖäÉáÅÜ= áëí=~ì≈ÉêÇÉã=ÇÉê=

hçåíê~ëíîÉêä~ìÑ= ÇÉê= píêìâíìê=ãáí= ÉáåÉê= ìã= ÇÉå= c~âíçê= NMM= Ü∏ÜÉêÉå= açíáÉêìåÖ= îçå=

= ~åÖÉÖÉÄÉåK= ^ìÅÜ= ÜáÉê= ÉêâÉååí=ã~å= ÇÉå= å~ÜÉòì= äáåÉ~êÉå= wìë~ãJ

ãÉåÜ~åÖ=òïáëÅÜÉå=~åÖÉäÉÖíÉê=pé~ååìåÖ=ìåÇ=ÉêêÉáÅÜÄ~êÉå=aÉãçÇìä~íáçåëâçåíê~ëíK=

^ìÑÖêìåÇ=ÇÉê=ÖÉêáåÖÉêÉå=^ìëÇÉÜåìåÖ=ÇÉê=o~ìãä~ÇìåÖëòçåÉå= áëí=ÇáÉëÉê= àÉÇçÅÜ=ìã=

Éáå= sáÉäÑ~ÅÜÉë= âäÉáåÉê= ~äë= ÄÉá= ÇÉê= ÖÉêáåÖ= ÇçíáÉêíÉå= píêìâíìê= ìåÇ= ÄÉíê®Öí= äÉÇáÖäáÅÜ=

K=^ì≈ÉêÇÉã=ÉêâÉååí=ã~å=áã=ÄÉíê~ÅÜíÉíÉå=pé~ååìåÖëÄÉêÉáÅÜ=âÉáåÉêJ

äÉá=^ÄâåáÅâÉå=ÇÉê=hÉååäáåáÉ=~äëç=åçÅÜ=âÉáåÉå=oÉ~ÅÜJqÜêçìÖÜ=bÑÑÉâíK=aáÉ=ÄÉíê~ÅÜíÉíÉ=

açíáÉêìåÖ=ÉåíëéêáÅÜí= áã=§ÄêáÖÉå=ÉáåÉê= íóéáëÅÜÉå=pìÄëíê~íÇçíáÉêìåÖ= áååÉêÜ~äÄ= ÉáåÉë=

`jlpJmêçòÉëëÉë=E FK=^å=ÇáÉëÉê=píÉääÉ=ïáêÇ=Ç~ÜÉê=çÑÑÉåâìåÇáÖI=ïÉäÅÜÉ=sçêíÉáJ

äÉ=~åÖÉé~ëëíÉ=pìÄëíê~íÉ=ÑΩê=ÉáåÉå=pÉåëçê=ÄáÉíÉå=â∏ååÉåK=

SNB]NIRh ≈ s

Åã

s

ã

s

NQ PR NM^k −= ⋅

NNB]NIRh ≈

OM Åã≈ Ω

táÉ=ã~å=áå=^ÄÄáäÇìåÖ=SKR=ÉêâÉååíI=áëí=ÇáÉ=ä~íÉê~äÉ=^ìëÇÉÜåìåÖ=ÇÉê=o~ìãä~ÇìåÖëòçJ

åÉ= áã=_ÉêÉáÅÜ=ÇÉê=lÄÉêÑä®ÅÜÉ=ÇÉê=åH=aáçÇÉå=~ã=Öê∏≈íÉåI= ÑçäÖäáÅÜ=ïáêÇ=Éáå=oÉ~ÅÜJ

qÜêçìÖÜ=bÑÑÉâí=ÄÉá= ëíÉáÖÉåÇÉê=pé~ååìåÖ=òìÉêëí= áã=_ÉêÉáÅÜ=ÇÉê=e~äÄäÉáíÉêçÄÉêÑä®ÅÜÉ=

ÉåíëíÉÜÉåK=rã=Ççêí=ÇáÉëÉå=bÑÑÉâí= òì=îÉêãÉáÇÉåI=çÜåÉ=ÇáÉ=açíáÉêìåÖ=ÇÉë=ÖÉë~ãíÉå=

pìÄëíê~íîçäìãÉåë= ~åòìÜÉÄÉåI= â~åå= ÉáåÉ= çÄÉêÑä®ÅÜÉåå~ÜÉ= bêÜ∏ÜìåÖ= ÇÉê=açíáÉêìåÖ=

îçêÖÉåçããÉå=ïÉêÇÉåK=aáÉë= ä®ëëí= ëáÅÜ= áå=ÜÉìíáÖÉå=e~äÄäÉáíÉêéêçòÉëëÉå= êÉä~íáî= äÉáÅÜí=

ãáí= ÉáåÉê= ÖÉòáÉäíÉå= fãéä~åí~íáçå= ÉêêÉáÅÜÉåK= báå= ëçäÅÜÉê= mêçòÉëëëÅÜêáíí= áëí= áå= `jlpJ

mêçòÉëëÉå=çÜåÉÜáå=îçêÜ~åÇÉåI=òìã=_ÉáëéáÉä=òìê=oÉ~äáëáÉêìåÖ=îçå=ëç=ÖÉå~ååíÉå=~ÅíáJ

îÉJ~êÉ~=açíáÉêìåÖÉå=ÄÉá=jlpJqê~åëáëíçêÉåK=açêí=ïáêÇ=ÇáÉëÉ=qÉÅÜåáâ=ëí~åÇ~êÇã®≈áÖ=

òìê=báåëíÉääìåÖ=ÇÉê=pÅÜïÉääëé~ååìåÖ=îÉêïÉåÇÉíK=

cçäÖÉåÇÉ= páãìä~íáçåÉå= òÉáÖÉå= ÇÉå= báåÑäìëë= ÉáåÉê= ëçäÅÜÉå= òìë®íòäáÅÜÉå= fãéä~åí~íáçå=

~ìÑ=ÇÉå=sÉêä~ìÑ=ÇÉê=píê∏ãÉK=páãìäáÉêí=ïìêÇÉå=ÇáÉ=sÉêä®ìÑÉ=ãáí=ÉáåÉê=ÜçãçÖÉåÉå=çJ

ÄÉêÑä®ÅÜÉåå~ÜÉå= açíáÉêìåÖëÉêÜ∏ÜìåÖ= ÇáÉ= ëáÅÜ= Äáë= òì= ÉáåÉê= qáÉÑÉ= îçå= MI = ÉêJ

ëíêÉÅâíK=få=

OR”ã

^ÄÄáäÇìåÖ=SKT=áëí=~ìÑ=ÇÉê=äáåâÉå=pÉáíÉ=ÉáåÉ=lÄÉêÑä®ÅÜÉåÇçíáÉêìåÖ=ÖÉï®Üäí=

ïçêÇÉåI=ÇáÉ=ÇÉê=òìîçê=ìåíÉêëìÅÜíÉå=ÜçÜÉå=pìÄëíê~íÇçíáÉêìåÖ= =ÉåíJ

ëéêáÅÜí= E

−= ⋅ NQ PR NM^k Å

^ÄÄáäÇìåÖ=SKRFK=aÉìíäáÅÜ=ÉêâÉååí=ã~å= áã=sÉêÖäÉáÅÜ= òì=^ÄÄáäÇìåÖ=SKS=ÉáåÉ=

sÉêÖê∏≈ÉêìåÖ=ÇÉë=åìíòÄ~êÉå=pé~ååìåÖëÄÉêÉáÅÜÉëI=Ç~=Ç~ë=^ÄâåáÅâÉå=ÇÉê=hÉååäáåáÉ=òì=

ÉáåÉê= Öê∏≈ÉêÉå= pé~ååìåÖ= = îÉêëÅÜçÄÉå=ïìêÇÉK= oÉÅÜíë= Ç~êÖÉëíÉääí= áëí= ÇÉê=OIRoqr ≈



oΩÅâëÉáíÉåÄÉëíê~ÜäíÉë=páäáòáìã=éåJmja= = NPV=

ÖäÉáÅÜÉ=pé~ååìåÖëÄÉêÉáÅÜI=ÇáÉëã~ä=ãáí=ÉáåÉê=åçÅÜã~äë=ÉêÜ∏ÜíÉå=lÄÉêÑä®ÅÜÉåÇçíáÉJ

êìåÖ=îçå= I=ïçÄÉá=âÉáåÉêäÉá=^ÄâåáÅâÉå=ÉêâÉååÄ~ê=áëíK=NR PS NM^k −= ⋅ Åã
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Stromverteilung N
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=

^ÄÄáäÇìåÖ=SKTW= ^ìÑíÉáäìåÖ=ÇÉê=píê∏ãÉ=~äë=cìåâíáçå=ÇÉê=pé~ååìåÖK=iáåâëW=dÉêáåÖÉêÉ=lÄÉêÑä®ÅÜÉåÇçJ
íáÉêìåÖK=oÉÅÜíëW=eçÜÉ=lÄÉêÑä®ÅÜÉåÇçíáÉêìåÖK=tÉääÉåä®åÖÉ=SRM=åãK=

wìê=§ÄÉêëáÅÜí=ëáåÇ= áå=^ÄÄáäÇìåÖ=SKU=åçÅÜã~äë=îÉêëÅÜáÉÇÉåÉ=hçåíê~ëíîÉêä®ìÑÉ= áå=^ÄJ

Ü®åÖáÖâÉáí= îÉêëÅÜáÉÇÉåÉê= lÄÉêÑä®ÅÜÉåÇçíáÉêìåÖÉå= Ç~êÖÉëíÉääíK= wï~ê= ïáêÇ= ãáí= òìJ

åÉÜãÉåÇÉê=açíáÉêìåÖ=ÇáÉ=píÉáÖìåÖ=ÖÉêáåÖÉêI=ÇÉê=äáåÉ~êÉ=åìíòÄ~êÉ=_ÉêÉáÅÜ=îÉêÖê∏≈Éêí=

ëáÅÜ=~ÄÉê=áã=ëí®êâÉêÉå=j~≈ÉK=pçãáí=ÉêêÉáÅÜí=ã~å=áåëÖÉë~ãí=Ü∏ÜÉêÉ=hçåíê~ëíÉK=

−4 −3 −2 −1 0 1 2 3 4
−1

−0.8

−0.6

−0.4

−0.2

0

0.2

0.4

0.6

0.8

1
Kontrast bei verschiedenen Oberflächendotierungen
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5*1012cm−3

5*1012cm−3/5*1014cm−3

5*1012cm−3/6*1015cm−3

=

^ÄÄáäÇìåÖ=SKUW= dÉÖÉåΩÄÉêëíÉääìåÖ=ÇÉë=hçåíê~ëíîÉêä~ìÑ=ÄÉá=îÉêëÅÜáÉÇÉåÉå=lÄÉêÑä®ÅÜÉåÇçíáÉêìåÖÉåK=
tÉääÉåä®åÖÉ=SRM=åãK=

aìêÅÜ=ÇÉå=sÉêÖäÉáÅÜ=ïáêÇ=ÇÉê=sçêíÉáä=ÇáÉëÉë=mja=çÑÑÉåâìåÇáÖX=ÇìêÅÜ=ÖÉÉáÖåÉíÉ=t~Üä=

ÇÉë=pÉåëçêëìÄëíê~íÉë= ä~ëëÉå=ëáÅÜ=~ÄÜ®åÖáÖ=îçå=ÇÉå=îÉêïÉåÇÉíÉå=pé~ååìåÖÉå=íÜÉçJ

êÉíáëÅÜ=hçåíê~ëíïÉêíÉ= =ÉêêÉáÅÜÉåK=_Éá=ÇÉê=ÖÉòÉáÖíÉå=píêìâíìê=ãáí=ÇÉê=Ü∏ÅÜëJNMMBh �

 



NQM= h~éáíÉä=S=

íÉå= lÄÉêÑä®ÅÜÉåÇçíáÉêìåÖ= ÉêêÉáÅÜí= ã~å= áå= ÇÉê= páãìä~íáçå= ÄÉáëéáÉäëïÉáëÉ=

K=VNB]Qh s≈

_ÉãÉêâÉåëïÉêí= áëí= ÄÉá= ÇáÉëÉã= _~ìíÉáä= òìÇÉã= ÇÉê= áã= sÉêÖäÉáÅÜ= òì= ÇÉå= ÄáëÜÉêáÖÉå=

mjaJhçåòÉéíÉå=åìíòÄ~êÉ=Öêç≈É=äáåÉ~êÉ=jáëÅÜÄÉêÉáÅÜ=EîÖäK=h~éáíÉä=PKQKQFK=aáÉ=îçê~åJ

ÖÉÖ~åÖÉåÉå=råíÉêëìÅÜìåÖÉå=òÉáÖÉåI=Ç~ëë=ÇáÉëÉê=_ÉêÉáÅÜ=òìÇÉã= áå= ëÉáåÉå=dêÉåòÉå=

ìåÇ=áå=ëÉáåÉå=báÖÉåëÅÜ~ÑíÉå=ÇìêÅÜ=ÖÉÉáÖåÉíÉ=pìÄëíê~íJ=ìåÇ=lÄÉêÑä®ÅÜÉåÇçíáÉêìåÖÉå=

áå= ÉáåÉã= Öêç≈Éå= _ÉêÉáÅÜ= ÇÉå= ^åÑçêÇÉêìåÖÉå= ÇÉê= ^ééäáâ~íáçå= ~åÖÉé~ëëí= ïÉêÇÉå=

â~ååK=

SKQ jÉëëíÉÅÜåáëÅÜÉ=råíÉêëìÅÜìåÖ=

^ìÑ=dêìåÇä~ÖÉ= ÇÉê= sçêìåíÉêëìÅÜìåÖÉå=ïìêÇÉ= ÉáåÉ= qÉëíëíêìâíìê= ÑΩê= ÇÉå=tÉääÉåä®åJ

ÖÉåÄÉêÉáÅÜ=ìã= SRMåãλ = =ÇáãÉåëáçåáÉêí=ìåÇ=ìãÖÉëÉíòíK=aÉê=pÉåëçê=ïìêÇÉ=~ìÑ=ÉáJ

åÉã= ÜçÅÜçÜãáÖÉå= pìÄëíê~í= êÉ~äáëáÉêíI= ïçÄÉá= òìë®íòäáÅÜÉ= fëçä~íáçåëÇáçÇÉå= òïáëÅÜÉå=

îÉêëÅÜáÉÇÉåÉå=máñÉäå=îçêÖÉëÉÜÉå=ïìêÇÉåI=ìã=ÇÉå=báåÑäìëë=ìåÉêïΩåëÅÜíÉê=i~ÇìåÖëJ

íê®ÖÉê=~ìë=~åÇÉêÉå=_ÉêÉáÅÜÉå=ìåÇ=k~ÅÜÄ~êéáñÉäå=òì=îÉêãÉáÇÉåK=aáÉëÉ=aáçÇÉ=ïáêÇ=ÄÉá=

ÇÉå= ÑçäÖÉåÇÉå= jÉëëìåÖÉå= ãáí= ÉáåÉê= âçåëí~åíÉå= péÉêêëé~ååìåÖ= îçêÖÉëé~ååíI= ÇáÉ=

e∏ÜÉ=ÇáÉëÉê=pé~ååìåÖ=Ü~í=báåÑäìëë=~ìÑ=ÇáÉ=^ìëÇÉÜåìåÖ=ÇÉê=o~ìãä~ÇìåÖëòçåÉ=ìåÇ=

ëçãáí=~ìÑ=ÇáÉ=dê∏≈É=ÇÉë=^ìëê®ìãJ=ìåÇ=fëçä~íáçåëÄÉêÉáÅÜëK=

_~ëáÉêÉåÇ=~ìÑ=ÇÉê= qÉëíëíêìâíìê=ïìêÇÉå=îÉêëÅÜáÉÇÉåÉ=råíÉêëìÅÜìåÖÉå=ÇìêÅÜÖÉÑΩÜêíI=

ìã=Ç~ë=íÜÉçêÉíáëÅÜ=Éêï~êíÉíÉ=sÉêÜ~äíÉå=ÇÉë=åÉìÉå=mja=ãáí=jÉëëìåÖÉå=òì=îÉêÖäÉáJ

ÅÜÉåK=rã=ÇÉå=sçêíÉáä=ÇÉê=oΩÅâëÉáíÉåÄÉëíê~ÜäìåÖ=ìåÇ=ÇÉë=ÜçÜÉå=cΩääÑ~âíçêë=òì=ÄÉäÉJ

ÖÉåI=ëí~åÇÉå=òìå®ÅÜëí=a`JjÉëëìåÖÉå=òìê=_ÉëíáããìåÖ=ÇÉê=mÜçíçÉãéÑáåÇäáÅÜâÉáí=áã=

sçêÇÉêÖêìåÇK=^ìëÖÉÜÉåÇ=îçå=ÇÉê=`Ü~ê~âíÉêáëáÉêìåÖ=ÇÉê=i~ÇìåÖëíêÉååÉáÖÉåëÅÜ~ÑíÉå=

ïÉêÇÉå=áã=^åëÅÜäìëë=ÉñÉãéä~êáëÅÜÉ=^`JjÉëëìåÖÉå=ÖÉòÉáÖíI=ÇáÉ=Ç~ë=mçíÉåíá~ä=ÇáÉëÉë=

_~ìíÉáäë=Ç~êäÉÖÉåK=

SKQKN a`JjÉëëìåÖÉå=

^ëóããÉíêáëÅÜÉ=^åëíÉìÉêìåÖ=

få= ^åäÉÜåìåÖ= ~å= ÇáÉ= áå= h~éáíÉä= Q= ìåÇ= R= ÄÉëÅÜêáÉÄÉåÉå= _ÉíêáÉÄëïÉáëÉå= ÉáåÉë= pjJ

mjaë= ïìêÇÉå= òìå®ÅÜëí= jÉëëìåÖÉå= ãáí= ÉáåÉê= ÉáåëÉáíáÖÉå= ^åëíÉìÉêìåÖ= òìê= _ÉëíáãJ

ãìåÖ= ÇÉê= mÜçíçÉãéÑáåÇäáÅÜâÉáí= ÇìêÅÜÖÉÑΩÜêíK= ^ÄÄáäÇìåÖ= SKV= òÉáÖí= ~ìÑ= ÇÉê= äáåâÉå=

pÉáíÉ=ÇáÉ=ÖÉãÉëëÉåÉ=a`JhÉååäáåáÉ=ÇÉë= êÉ~äáëáÉêíÉå= mjaëI=ÇáÉ=^åçÇÉåëé~ååìåÖ=ÄÉJ

íêìÖí=Ç~ÄÉá=âçåëí~åí= I=ÇáÉ=pé~ååìåÖ=ÇÉê=ìãÖÉÄÉåÇÉå= fëçä~íáçåëÇáçÇÉ=ÄÉJR^r = − s



oΩÅâëÉáíÉåÄÉëíê~ÜäíÉë=páäáòáìã=éåJmja= = NQN=

íêìÖ= I= ìã= ÇÉå= báåÑäìëë= ÇÉë= ìãÖÉÄÉåÇÉå= pìÄëíê~íë= ÄÉá= ÇÉê=jÉëëìåÖ= ~ìëòìJ

ëÅÜäáÉ≈ÉåK=rã=Ç~ë=Éêï~êíÉíÉ=sÉêÜ~äíÉå=òì=îÉêáÑáòáÉêÉåI=ïìêÇÉ=ÄÉá=ÇÉå=jÉëëìåÖÉå=ÉáJ

åÉ= aáçÇÉ= E^ìëäÉëÉÇáçÇÉF= âçåëí~åí= ~ìÑ= = îçêÖÉëé~ååí= ìåÇ= ÇáÉ= ~åÇÉêÉ= EjçÇìä~íáJ

çåëÇáçÇÉF= áå= fÜêÉã=pé~ååìåÖëÄÉêÉáÅÜ=îçå=

Mr s=

Ms

Pr s= − =Äáë= Pr s= + =î~êááÉêíI=ïçÄÉá=ÇÉê=

píêçã=ÇìêÅÜ= ÇáÉ= ^ìëäÉëÉÇáçÇÉ= ÇìêÅÜ= fåíÉÖê~íáçå= ÖÉãÉëëÉå= ìåÇ= ìåíÉê= _ÉêΩÅâëáÅÜíáJ

ÖìåÖ=ÇÉê=dÉçãÉíêáÉ=áå=ÇáÉ=mÜçíçÉãéÑáåÇäáÅÜâÉáí=ìãÖÉêÉÅÜåÉí=ïìêÇÉK=

_Éá= åÉÖ~íáîÉê= pé~ååìåÖ= ~å= ÇÉê=jçÇìä~íáçåëÇáçÇÉ= áëí= ÇáÉëÉ= åìê=ãáí= ÉáåÉê= ÖÉêáåÖÉå=

pé~ååìåÖ= áå= _ÉòìÖ= ~ìÑ= ÇáÉ= ^åçÇÉ= ÖÉëéÉêêíK= aáÉ= ^ìëäÉëÉÇáçÇÉ= ÜáåÖÉÖÉå= äáÉÖí= âçåJ

ëí~åí=~ìÑ= I=ëáÉ=áëí=~äëç=ãáí= =áå=péÉêêêáÅÜíìåÖ=ÖÉéçäíK=a~ÜÉê=ÑΩÜêí=ÇáÉ=^ìëäÉJ

ëÉÇáçÇÉ=ÄÉá=åÉÖ~íáîÉå=jçÇìä~íáçåëëé~ååìåÖÉå=ÉáåÉå= ëÉÜê=Öêç≈Éå=mÜçíçëíêçãI=ÇÉê=

ÄÉá=wìå~ÜãÉ=ÇÉê=pé~ååìåÖ=~ÄÑ®ääíI=Ç~=åìå=ÇáÉ=^ìëäÉëÉÇáçÇÉ=ãáí=òìåÉÜãÉåÇÉê=pé~åJ

åìåÖ=ÖÉëéÉêêí= áëíK=bë=ÉêÑçäÖí=~äëç=ÇáÉ=îçêÜÉêÖÉë~ÖíÉ=ëé~ååìåÖë~ÄÜ®åÖáÖÉ=^ìÑíÉáäìåÖ=

ÇÉë=ÖÉåÉêáÉêíÉå=mÜçíçëíêçãëK=

Mr s= Rs
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^ÄÄáäÇìåÖ=SKVW= iáåâë=a`JhÉååäáåáÉ=ÇÉë=aÉîáÅÉI=oÉÅÜíëW=bãéÑáåÇäáÅÜâÉáí=ÇÉê=ÄÉáÇÉå=aáçÇÉå=ÄÉá=î~êáJ
áÉêíÉê=^åçÇÉåëé~ååìåÖK=aáÉ=iáÅÜíäÉáëíìåÖ=ÄÉíêìÖ=ÄÉá=ÇÉå=jÉëëìåÖÉå=mçéíZNM=åtK=
aáÉ=fëçä~íáçåëÇáçÇÉ=ïìêÇÉ=ãáí=R=s=áå=péÉêêêáÅÜíìåÖ=ÄÉíêáÉÄÉåK=

aÉå=sÉêä~ìÑ=ÇÉë=mÜçíçëíêçãë=âÉååòÉáÅÜåÉå=áã=sÉêÖäÉáÅÜ=òì=ÇÉå=ÖÉòÉáÖíÉå=páãìä~íáJ

çåÉå=Éáå=åáÅÜíäáåÉ~êÉë=sÉêÜ~äíÉå=ëçïáÉ=Éáå=p®ííáÖìåÖëÉÑÑÉâíK=aáÉë= áëí=ã~≈ÖÉÄäáÅÜ=~ìÑ=

ÇáÉ=ÜçÜÉ=péÉêêëé~ååìåÖ=ÇÉê= fëçä~íáçåëÇáçÇÉ= ëçïáÉ=~ìÑ=ÇáÉ=^êí=ÇÉê=^åëíÉìÉêìåÖ=òìJ

êΩÅâòìÑΩÜêÉåX=Ç~ÇìêÅÜ=Ç~ëë=ÉáåÉ=aáçÇÉ=âçåëí~åí=îçêÖÉëé~ååí=ìåÇ=ÇáÉ=~åÇÉêÉ=áå=fÜêÉê=

péÉêêëé~ååìåÖ=î~êááÉêí=ïáêÇI= ÉñáëíáÉêí= âÉáåÉ= âçåëí~åíÉ=däÉáÅÜí~âíëé~ååìåÖ= áå=_ÉòìÖ=

~ìÑ=ÇáÉ=^åçÇÉI=ïçÇìêÅÜ=Ç~ë=sÉêÜ~äíÉå=åáÅÜíäáåÉ~ê=ïáêÇK=

_Éá=åÉÖ~íáîÉê=pé~ååìåÖ=ÇÉê=jçÇìä~íáçåëÇáçÇÉ=ÉåíëéêáÅÜí=ÇÉê=ÖÉãÉëëÉåÉ=mÜçíçëíêçã=

ÉáåÉê= bãéÑáåÇäáÅÜâÉáí= îçå= Éíï~= MIPP L ]SRMo ^ t åã= K= aáÉë=ãìëë=ãáí= ÇÉê= ~ìÑ= ÇÉê=

êÉÅÜíÉå=pÉáíÉ=Ç~êÖÉëíÉääíÉå=dÉë~ãíÉãéÑáåÇäáÅÜâÉáí=ÄÉïÉêíÉí=ïÉêÇÉåK= páÉ=ïìêÇÉ=ÄÉJ

 



NQO= h~éáíÉä=S=

ëíáããíI=áåÇÉã=ÄÉáÇÉ=aáçÇÉå=òìë~ããÉåÖÉÑΩÜêí=âçåëí~åí=~ìÑ= Mr s= =ÖÉäÉÖí=ïìêÇÉåI=

ïçÄÉá= ÇáÉ= ^åçÇÉåëé~ååìåÖ= î~êááÉêí= ïìêÇÉK= _Éá= ÉáåÉê= ^åçÇÉåëé~ååìåÖ= =

ÉêÖáÄí= ëáÅÜ= ÉáåÉ=ã~ñáã~äÉ= bãéÑáåÇäáÅÜâÉáí= îçå=

NM^r s= −

MIPU L ]SRMo ^ t åã= X= ÄÉá= ÇÉê= ÄÉJ

ëÅÜêáÉÄÉåÉå=jÉëëìåÖ=ÇÉê=píêçã~ìÑíÉáäìåÖ=ãáí= R^r s= − =ÄÉíêìÖ=ÇáÉ=mÜçíçÉãéÑáåÇJ

äáÅÜâÉáí=ÇÉê=píêìâíìê=åçÅÜ= K=MIPS L ]SRMo ^ t= åã

s

aáÉ=hÉååäáåáÉå=ÄÉäÉÖÉåI=Ç~ëë=ÇáÉ=îçêÖÉëÅÜä~ÖÉåÉ=píêìâíìê=ÉáåÉ=ëÉÜê=ÜçÜÉ=mÜçíçÉãéJ

ÑáåÇäáÅÜâÉáí=Ü~í=ìåÇ=ÇìêÅÜ=s~êá~íáçå=ÇÉê=jçÇìä~íáçåëJL=aáçÇÉåëé~ååìåÖ= áã=ÖÉòÉáÖJ

íÉå=c~ää=ÉáåÉ=òáÉäÖÉêáÅÜíÉíÉ=qêÉååìåÖ=îçå=ΩÄÉê=VM=B=ÇÉê=éÜçíçÖÉåÉêáÉêíÉå=i~ÇìåÖëJ

íê®ÖÉê=ÉêÑçäÖíÉK=táÉ=ã~å=ëé®íÉê=ëÉÜÉå=ïáêÇI=Ü~í=ÇáÉ=ÖÉòÉáÖíÉ=píêìâíìê=~ìÅÜ=áã=jçÇìJ

ä~íáçåëÑ~ää=Ç~ÜÉê=ÉáåÉ=ÉñíêÉã=ÜçÜÉ=páÖå~ä~ìëÄÉìíÉ=ÇáÉ=Äáëä~åÖ=åçÅÜ=îçå=âÉáåÉê=páäáòáJ

ìã=mjaJpíêìâíìê=ÉêêÉáÅÜí=ïìêÇÉK=^ìÑÖêìåÇ=ÇÉê=ÜçÜÉå=bÑÑáòáÉåò=ÇáÉëÉê=píêìâíìê=ïáêÇ=

òìê=^ÄÖêÉåòìåÖ=ÇáÉ=^ÄâΩêòìåÖ=ebJmja=EeáÖÜJbÑÑáÅáÉåÅóJmjaF=ÉáåÖÉÑΩÜêíK=

póããÉíêáëÅÜÉ=^åëíÉìÉêìåÖ=

wìã= ÇáêÉâíÉå= sÉêÖäÉáÅÜ= ãáí= ÇÉå= îçê~åÖÉÖ~åÖÉåÉå= e~äÄäÉáíÉêëáãìä~íáçåÉå= ïìêÇÉå=

ëóããÉíêáëÅÜÉ=a`JjÉëëìåÖÉå=~å=ÇÉê=píêìâíìê=ãáí=âìêòÖÉëÅÜäçëëÉåÉê= fëçä~íáçåëÇáçÇÉ=

ÇìêÅÜÖÉÑΩÜêíK= eáÉêÄÉá= ïìêÇÉå=ïáÉ= áå= ÇÉå= páãìä~íáçåÉå= ÇáÉ= aáçÇÉåëé~ååìåÖÉå= áã=

dÉÖÉåí~âí=òì= =î~êááÉêíI=ìã=ÉáåÉ=âçåëí~åíÉ=däÉáÅÜí~âíëé~ååìåÖ= áå=_ÉòìÖ=~ìÑ=

ÇáÉ=^åçÇÉ=òì=ÖÉï®ÜêäÉáëíÉåK=
M Mr =
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^ÄÄáäÇìåÖ=SKNMW= píêçãJpé~ååìåÖëJhÉååäáåáÉ=ÄÉá=ëóããÉíêáëÅÜÉê=^åëíÉìÉêìåÖK=aáÉ=_Éëíê~ÜäìåÖ=ïìêJ
ÇÉ=ãáí=ÉáåÉê=iba=ãáí=ÉáåÉê=wÉåíê~äïÉääÉåä®åÖÉ=îçå=SPR=åã=ÇìêÅÜÖÉÑΩÜêíK=bë=òÉáÖí=
ëáÅÜ=ÉáåÉ=ëÉÜê=ÖìíÉ=§ÄÉêÉáåëíáããìåÖ=ãáí=ÇÉå=òìîçê=ÇìêÅÜÖÉÑΩÜêíÉå=e~äÄäÉáíÉêëáJ
ãìä~íáçåÉåK=aáÉ=fëçä~íáçåëÇáçÇÉ=ïìêÇÉ=çÜåÉ=péÉêêëé~ååìåÖ=áã=hìêòëÅÜäìëë=ÄÉíêáÉJ
ÄÉåK=

^ÄÄáäÇìåÖ=SKNM=òÉáÖí=~ìÑ=ÇÉê=äáåâÉå=pÉáíÉ=ÇÉå=ÖÉãÉëëÉåÉå=sÉêä~ìÑ=ÇÉê=píê∏ãÉ=ÄÉáÇÉê=

aáçÇÉå=ÄÉá=ûåÇÉêìåÖ=ÇÉê=aáçÇÉåëé~ååìåÖÉåK=aáÉ=píêçãJpé~ååìåÖëâÉååäáåáÉ=òÉáÖí=



oΩÅâëÉáíÉåÄÉëíê~ÜäíÉë=páäáòáìã=éåJmja= = NQP=

áå= fÜêÉã=sÉêä~ìÑ= ÉáåÉ=ΩÄÉê~ìë=Öêç≈É=§ÄÉêÉáåëíáããìåÖ=ãáí=ÇÉå=ÇìêÅÜÖÉÑΩÜêíÉå=páJ

ãìä~íáçåÉåK=aÉìíäáÅÜ=ÉêâÉååÄ~ê=ëáåÇ=ÇÉê=äáåÉ~êÉ=sÉêä~ìÑ=ÇÉê=píê∏ãÉ=ÄÉá=s~êá~íáçå=ÇÉê=

pé~ååìåÖ=ìåÇ=ÇáÉ=å~ÜÉòì=âçåëí~åíÉ=pìããÉK=eáÉêÇìêÅÜ=ÉêÖáÄí=ëáÅÜ=ÇÉê=~ìÑ=ÇÉê=êÉÅÜJ

íÉå= pÉáíÉ= Ç~êÖÉëíÉääíÉ= hçåíê~ëíI= ÇÉê=ïáÉ= Éêï~êíÉí= äáåÉ~ê=ãáí= ÇÉê= pé~ååìåÖ= ~åëíÉáÖíK=

aáÉ= jÉëëìåÖÉå= ÄÉëí®íáÖÉå= ëçãáí= ~å= ÇáÉëÉê= píÉääÉ= Ç~ë= äáåÉ~êÉ= píêçãJ

pé~ååìåÖëîÉêÜ~äíÉå=ÇÉë=_~ìíÉáäëI=ï~ë=Äáëä~åÖ=ãáí=åçÅÜ=âÉáåÉã=~åÇÉêÉå=mja=ΩÄÉê=

ÉáåÉå= Öê∏≈ÉêÉå= pé~ååìåÖëÄÉêÉáÅÜ= ÉêêÉáÅÜí= ïçêÇÉå= áëíK= _Éá= ΩÄÉêÜ∏ÜíÉê= pé~ååìåÖ=

ïìêÇÉ=Ç~êΩÄÉê=Üáå~ìë= áå=ÇÉå=jÉëëìåÖÉå=~ìÅÜ=ÇÉê=Éêï~êíÉíÉ=ÉñéçåÉåíáÉääÉ=^åëíáÉÖ=

EÜáÉê=åáÅÜí=Ç~êÖÉëíÉääíFI=ÜÉêîçêÖÉêìÑÉå=ÇìêÅÜ=ÇÉå=ìåÉêïΩåëÅÜíÉå=nìÉêëíêçãI=å~ÅÜJ

ÖÉïáÉëÉåK=

SKQKO ^`JjÉëëìåÖÉå=

rã= Ç~ë= jáëÅÜîÉêÜ~äíÉå= ÇÉë= åÉìÉå= aÉîáÅÉ= òì= ΩÄÉêéêΩÑÉåI= ïìêÇÉå= ^`JjÉëëìåÖÉå=

ìåíÉê= îÉêëÅÜáÉÇÉåÉå= o~åÇÄÉÇáåÖìåÖÉå=ÇìêÅÜÖÉÑΩÜêíK= _Éá= îçê~åÖÉÖ~åÖÉåÉå=råíÉêJ

ëìÅÜìåÖÉå= Eh~éáíÉä= Q= ìåÇ=RF=ïìêÇÉ=ÜáÉê= ÄÉïìëëí= ÇáÉ= ÉáåëÉáíáÖÉ=jçÇìä~íáçå=ÄÉîçêJ

òìÖíK= ûÜåäáÅÜ= ÇÉê= ÖÉòÉáÖíÉå= ~ëóããÉíêáëÅÜÉå= a`JjÉëëìåÖ= ïΩêÇÉ= Ç~ÄÉá= ÄÉáã= ebJ

mja=Ç~ë=mçíÉåíá~ä=ÇÉê=^ìëäÉëÉÇáçÇÉ=âçåëí~åí=ÖÉÜ~äíÉå=ìåÇ=ÇáÉ=~åÇÉêÉ=aáçÇÉ=EjçÇìJ

ä~íáçåëÇáçÇÉF=ïÉÅÜëÉäëÉáíáÖ= éçëáíáî= ìåÇ=åÉÖ~íáî=ãçÇìäáÉêí=ïÉêÇÉåK= _Éá= sÉêïÉåÇìåÖ=

ÇáÉëÉê=jçÇìä~íáçåë~êí= Ü~í= ã~å= àÉÇçÅÜ= ÄÉá= ÇáÉëÉã= _~ìíÉáä= ÉáåÉå= sÉêäìëí= ~å= mÜçíçJ

ëíêçã=ÇìêÅÜ=ÇáÉ=jçÇìä~íáçåëÇáçÇÉ=ÇÉê=åáÅÜí= áã=^ìëäÉëÉòïÉáÖ= òìê=sÉêÑΩÖìåÖ= ëíÉÜíK=

_Éá= ÇÉå= òìîçê= ÄÉëÅÜêáÉÄÉåÉå= Äáéçä~êÉå= jpjJpíêìâíìêÉå= Ü~í= ã~å= ÇáÉëÉå= k~ÅÜíÉáä=

åáÅÜíI= Ç~= ~ìÑÖêìåÇ=ÇÉë= cìåâíáçåëéêáåòáéë=ÇÉê= ÖÉë~ãíÉ= ÑäáÉ≈ÉåÇÉ= píêçã= áã=^ìëäÉëÉJ

åÉíòïÉêâ=òìê=sÉêÑΩÖìåÖ=ëíÉÜíK=^ì≈ÉêÇÉã=Ü~í=ã~å=ÄÉá=ÉáåëÉáíáÖÉê=jçÇìä~íáçå=ÇÉë=ebJ

mja=âÉáåÉ=ëóããÉíêáëÅÜÉå=sÉêÜ®äíåáëëÉ= áå=_ÉòìÖ=~ìÑ=ÇáÉ=^åçÇÉåëé~ååìåÖ=ï~ë=ÉáåÉ=

îÉêëí®êâíÉ=^ëóããÉíêáÉ=òìê=cçäÖÉ=Ü~íK=

wìê= ^åëíÉìÉêìåÖ= ìåÇ= ^ìëäÉëÉ= ïáêÇ= Ç~ÜÉê= ÉáåÉ= òïÉáëÉáíáÖÉ= jçÇìä~íáçå= ÖÉã®≈=

^ÄÄáäÇìåÖ=SKNN=îÉêïÉåÇÉíK=aáÉ=píêìâíìê=ïáêÇ=ÜáÉêÄÉá=~å=ÇÉå=ÄÉáÇÉå=^åëÅÜäΩëëÉå=áã=

dÉÖÉåí~âí= ΩÄÉê= hçééÉäåÉíòïÉêâÉ= ãçÇìäáÉêí= ìåÇ= ΩÄÉê= qáÉÑé~ëëJcáäíÉê= ãáííÉäë= lmJ

fåíÉÖê~íçê=~ìëÖÉäÉëÉå=EîÖäK=^ÄÄáäÇìåÖ=OKRFK=aáÉ=Ç~êÖÉëíÉääíÉå=hçééÉäâ~é~òáí®íÉå=ÇáÉJ

åÉå= òìê= ÜçÅÜÑêÉèìÉåíÉå= páÖå~äÉáåâçééäìåÖ= ïçÄÉá= ãáí= ÇÉå= aáçÇÉåâ~é~òáí®íÉå= ÇÉë=

ebJmja= Éáå= â~é~òáíáîÉê= pé~ååìåÖëíÉáäÉê= ÖÉÄáäÇÉí= ïáêÇK= rã= òì= ÖÉï®ÜêäÉáëíÉåI= Ç~ëë=

ÇÉê=dêçëëíÉáä=ÇÉê=jçÇìä~íáçåëëé~ååìåÖ=~å=ÇÉå=aáçÇÉå=~åäáÉÖíI=ëçääíÉ=ÇáÉ=hçééÉäâ~J

é~òáí®í=ã∏ÖäáÅÜëí=Öêç≈=áã=sÉêÖäÉáÅÜ=òìê=píêìâíìêâ~é~òáí®í=ëÉáåK=

 



NQQ= h~éáíÉä=S=

aáÉ= Öêç≈É= o~ìãä~ÇìåÖëòçåÉ= ÄòïK= ÇáÉ= ÖÉêáåÖÉ=açíáÉêìåÖ=ïáêâÉå= ëáÅÜ= ~ìÅÜ= ÜáÉêÄÉá=

éçëáíáî=~ìëK=dÉã®≈=ÑçäÖÉåÇÉê=däÉáÅÜìåÖ=x_∏ÜãUVz=Ü~í=ÉáåÉ=ÖÉêáåÖÉ=açíáÉêìåÖ=ÉáåÉ=

sÉêêáåÖÉêìåÖ=ÇÉê=péÉêêëÅÜáÅÜíâ~é~òáí®í=òìê=cçäÖÉI=ÇáÉ=ëáÅÜ=ïáÉÇÉêìã=ÖΩåëíáÖ=~ìÑ=ÇáÉ=

ãáåáã~äÉ=dê∏≈É=ÇÉê=hçééÉäâ~é~òáí®í=~ìëïáêâíK=báåÉ=jáåáãáÉêìåÖ=ÇÉê=píêìâíìêâ~é~òáJ

í®í= ÇìêÅÜ= báåÄêáåÖÉå= ÖÉêáåÖ= ÇçíáÉêíÉê= ÄòïK= áåíêáåëáëÅÜÉê= _ÉêÉáÅÜÉ= ïáêÇ= áã= §ÄêáÖÉå=

~ìÅÜ= ÄÉá= ÇÉê= oÉ~äáëáÉêìåÖ= îçå= éáåJmÜçíçÇÉíÉâíçêÉå= òìê= píÉáÖÉêìåÖ= ÇÉê= _~åÇÄêÉáíÉ=

ÖÉåìíòí=xpïçMQzK=
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råíÉê= _ÉêΩÅâëáÅÜíáÖìåÖ=ÇÉê= îçêäáÉÖÉåÇÉå=dÉçãÉíêáÉé~ê~ãÉíÉê= ìåÇ=ÇÉê= o~åÇÄÉÇáåJ

ÖìåÖÉåI=ÉêÖáÄí=ëáÅÜ=ÑΩê=ÇáÉ=êÉ~äáëáÉêíÉ=píêìâíìê=ÉáåÉ=h~é~òáí®í=îçå=ã~ñáã~ä= PM =éêç=

aáçÇÉå~åëÅÜäìëëK= cçêÇÉêí=ã~åI= Ç~ëë= ÇáÉ= hçééÉäâ~é~òáí®í= ìã=ÇÉå= c~âíçê= NM= Öê∏≈Éê=

ëÉáå= ëçääI= ëç= ÉêÖáÄí= ëáÅÜ= ÉáåÉ= hçééÉäâ~é~òáí®í= îçå= I= ïÉäÅÜÉ= ãáí= ãçÇÉê~íÉã=

mä~íòÄÉÇ~êÑ=Öìí=~ìÑ=`ÜáéÉÄÉåÉ=áåíÉÖêáÉêí=ïÉêÇÉå=â~åå=
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^ÄÄáäÇìåÖ=SKNNW= wïÉáëÉáíáÖÉ=jçÇìä~íáçå=ÇÉë=ebJmjaK=aìêÅÜ=ÇáÉ=_ÉíêáÉÄëïÉáëÉ=ìåÇ=ÇÉå=^åçÇÉå~åJ
ëÅÜäìëë=ÉêÜ®äí=ã~å=~å=ÇÉå=ÄÉáÇÉå=bäÉâíêçÇÉå=ëíÉíë=ÇáÉ=ÖäÉáÅÜÉ=píêçãêáÅÜíìåÖK=

a~ë=^ìëäÉëÉåÉíòïÉêâ=Eo`=qáÉÑé~ëëF=ëçääíÉ=ìåíÉê=_ÉêΩÅâëáÅÜíáÖìåÖ=ÇÉê=ÖÉï®ÜäíÉå=jçJ

Çìä~íáçåëÑêÉèìÉåò=ÇáãÉåëáçåáÉêí=ïÉêÇÉåK=táÉ=áå=h~éáíÉä=OKQKP=ÄÉëÅÜêáÉÄÉåI=ëçää=ÇáÉëÉë=

kÉíòïÉêâ= ÇáÉ=eçÅÜÑêÉèìÉåò~åíÉáäÉ= ÇÉê=jçÇìä~íáçå=ìåíÉêÇêΩÅâÉå=ìåÇ= äÉÇáÖäáÅÜ=ÇÉå=



oΩÅâëÉáíÉåÄÉëíê~ÜäíÉë=páäáòáìã=éåJmja= = NQR=

åáÉÇÉêÑêÉèìÉåíÉå=hçêêÉä~íáçåë~åíÉáä=é~ëëáÉêÉå=ä~ëëÉåK=cçêÇÉêí=ã~å=ÄÉáëéáÉäëïÉáëÉ=ÉáåÉ=

ÜáåêÉáÅÜÉåÇ= íáÉÑÉ= dêÉåòÑêÉèìÉåò= îçå= NMM=âeòI= ëç= ÉêÖáÄí= ëáÅÜ= ÉáåÉ= o`JhçãÄáå~íáçå=

~ìë= =ìåÇ=POM K=aáÉëÉ=tÉêíÉ=ä~ëëÉå=ëáÅÜ=áååÉêÜ~äÄ=ÉáåÉë=`jlpJmêçòÉëëÉë=ÉÄÉåJ

Ñ~ääë=Öìí=ãáí=ãçÇÉê~íÉã=mä~íòÄÉÇ~êÑ=êÉ~äáëáÉêÉåK=

RjΩ Ñc

aìêÅÜ=ÇáÉ=ÄÉëÅÜêáÉÄÉåÉ=òïÉáëÉáíáÖÉ=jçÇìä~íáçå=Ü~í=ã~å=~ì≈ÉêÇÉã=ÇáÉ=j∏ÖäáÅÜâÉáíI=

ëçïçÜä=ÇáÉ=aáÑÑÉêÉåò=ÇÉê=h~å®äÉ=~äë=~ìÅÜ=ÇáÉ=pìããÉ=òì=ÄÉëíáããÉåK=pçãáí=â~åå=òìê=

_ÉïÉêíìåÖ= ÇÉë= aÉîáÅÉë= áã=ãçÇìäáÉêíÉå= c~ää= ÇáÉ= ~ääÖÉãÉáåÉ= hçåíê~ëíÑçêãÉä= ÖÉã®≈=

däÉáÅÜìåÖ=EOKNUF=ÜÉê~åÖÉòçÖÉå=ïÉêÇÉåK=a~=ÇÉê=hçåíê~ëí=ÉáåÉ=êÉä~íáîÉ=ìåÇ=âÉáåÉ=~ÄJ

ëçäìí=ÖÉãÉëëÉåÉ=dê∏≈É=áëíI=Ü~í=ÇáÉë=Ç~êΩÄÉê=Üáå~ìë=~ìÅÜ=ÇÉå=sçêíÉáäI=Ç~ëë=qçäÉê~åòÉå=

ÄÉá= ÇÉê= báåëíÉääìåÖ= ìåÇ= jÉëëìåÖ= ÇÉê= iáÅÜíäÉáëíìåÖ= ÜáÉêÄÉá= ïÉáíÖÉÜÉåÇ= îÉêãáÉÇÉå=

ïÉêÇÉå= â∏ååÉå= EîÖäK= ~ìÅÜ= h~éáíÉä= QKQKNFK=tÉáíÉêÜáå= â~åå= áå= ÉáåÉê= ^ééäáâ~íáçå= Ç~ë=

îçêÜ~åÇÉåÉ=pìããÉåëáÖå~ä= òìê=^ìëïÉêíìåÖ=ÉáåÉê= òìë®íòäáÅÜÉå=dê~ìïÉêíáåÑçêã~íáçå=

ÑΩê=ÉáåÉ=OaJ_áäÇÇ~êëíÉääìåÖ=ÖÉåìíòí=ïÉêÇÉåK=

SKQKP s~êá~íáçå=ÇÉê=jçÇìä~íáçåë~ãéäáíìÇÉ=

^ÄÄáäÇìåÖ=SKNO=òÉáÖí=jÉëëìåÖÉå=îçå=hçêêÉä~íáçåëÑìåâíáçåÉå=~ìÑ=_~ëáë=ÇÉê=êÉ~äáëáÉêíÉå=

qÉëíëíêìâíìê=ÄÉá=î~êááÉêíÉê=jçÇìä~íáçåë~ãéäáíìÇÉ=ÄÉá=NM K=jeò
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^ÄÄáäÇìåÖ=SKNOW= pé~ååìåÖÉå=ÇÉê=ÄÉáÇÉå=^ìëÖ~åÖëâ~å®äÉ=ÄÉá=îÉêëÅÜáÉÇÉåÉå=jçÇìä~íáçåëëé~ååìåJ
ÖÉåK=mçéíZOM=åt]SRM=åãI=r^ZJR=sI=rãçÇZO=sI=`áåíZNM=écI=íáåíZQ=ãëI=ÑjçÇZNM=jeòK=

a~êÖÉëíÉääí=ëáåÇ=àÉïÉáäë=ÇáÉ=^ìëÖ~åÖëëé~ååìåÖÉå=ÇÉê=h~å®äÉ= I= = áå=^ÄJ

Ü®åÖáÖâÉáí=ÇÉê=mÜ~ëÉåä~ÖÉ=òïáëÅÜÉå=ÉäÉâíêáëÅÜÉã=ìåÇ=çéíáëÅÜÉã=páÖå~äK=^ìë=ÇáÉëÉå=

páÖå~äÉå=áëí= áå=

|lìí ~ |lìí Ä

^ÄÄáäÇìåÖ=SKNP=ÇáÉ=aáÑÑÉêÉåò=ìåÇ=ÇáÉ=pìããÉ=ÖÉÄáäÇÉí=ïçêÇÉåI=ïçêJ

~ìë=å~ÅÜ=aÉÑáåáíáçå=ÇáêÉâí=ÇÉê=hçåíê~ëí=ÄÉëíáããí=ïÉêÇÉå=â~ååK=aÉê=sÉêä~ìÑ=ÇÉë=hçåJ

 



NQS= h~éáíÉä=S=

íê~ëíë= áå= ^ÄÜ®åÖáÖâÉáí= ÇÉê= jçÇìä~íáçåëëé~ååìåÖ= áëí= Ç~ÜÉê= ÉÄÉåÑ~ääë= áå= ^ÄÄáäÇìåÖ=

SKNP=Ç~êÖÉëíÉääíK=
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^ÄÄáäÇìåÖ=SKNPW== báåÑäìëë=ÇÉê=jçÇìä~íáçåë~ãéäáíìÇÉ=~ìÑ=Ç~ë=hçêêÉä~íáçåëÉêÖÉÄåáëK=
mçéíZOM=åt]SRM=åãI=r^ZJR=sI=rãçÇZO=sI=`áåíZNM=écI=íáåíZQ=ãëI=ÑjçÇZNM=jeòK=

_áë=òì=ÉáåÉê=pé~ååìåÖ=îçå=Éíï~=O=s=ÑΩÜêí=òìå®ÅÜëí=ÉáåÉ=píÉáÖÉêìåÖ=ÇÉê=jçÇìä~íáçåëJ

~ãéäáíìÇÉ= òì=ÉáåÉê=Öê∏≈ÉêÉå=^ãéäáíìÇÉ=ÇÉê=hçêêÉä~íáçåëÑìåâíáçå=ãáí= ÉáåÉã=èì~ëáäáJ

åÉ~êÉå=_ÉêÉáÅÜ=òïáëÅÜÉå=M=s=ìåÇ=N=sK=_Éá=pé~ååìåÖÉå=Öê∏≈Éê=~äë=O=s=áëí=àÉÇçÅÜ=âÉáåÉ=

ëáÖåáÑáâ~åíÉ= wìå~ÜãÉ=ãÉÜê= òì= ÉêâÉååÉåI= ïçÜä= ~ÄÉê= ÉáåÉ= äÉáÅÜíÉ= wìå~ÜãÉ= ÇÉê= ^J

ëóããÉíêáÉ=ÉêâÉååÄ~ê=~å=ÇÉê=sÉêëÅÜáÉÄìåÖ=ÇÉê=hçêêÉä~íáçåëÑìåâíáçå=ÇáÉ=ÑΩê=Ç~ë=aáÑÑÉJ

êÉåòëáÖå~ä=áÇÉ~äÉêïÉáëÉ=ëóããÉíêáëÅÜ=òìã=kìääéìåâí=äáÉÖÉå=ëçääíÉK=

táÉ= Éêï~êíÉíI= áëí= ÇáÉ= mÜçíçÉãéÑáåÇäáÅÜâÉáí= ìå~ÄÜ®åÖáÖ= îçå= ÇÉê= mÜ~ëÉåä~ÖÉI=ïçÄÉá=

Ü∏ÜÉêÉ= jçÇìä~íáçåëëé~ååìåÖÉå= äÉáÅÜí= ÉêÜ∏ÜíÉ= mÜçíçÉãéÑáåÇäáÅÜâÉáíÉå= òìê= cçäÖÉ=

Ü~ÄÉåK=_ÉãÉêâÉåëïÉêí=áëí=ÇáÉ=q~íë~ÅÜÉI=Ç~ëë=Ç~ë=ebJmja=ÄÉá=ÉáåÉê=jçÇìä~íáçåë~ãéJ

äáíìÇÉ=îçå=O=s=ÉáåÉå=hçåíê~ëíïÉêí=îçå= UTBh = =Ü~íX=Éáå=ëçäÅÜ=ÜçÜÉê=hçåíê~ëí=áëí=ÄáëJ

ÜÉê=åçÅÜ=îçå=âÉáåÉã=~åÇÉêÉå=ìåáéçä~êÉå=páäáòáìã=mja=ÉêêÉáÅÜí=ïçêÇÉåK= pÉäÄëí= ~å=

ÉáåÉã=mÜçíçÖ~íÉJmjaI=~äë=ëéÉòáÉääÉ=oÉ~äáëáÉêìåÖëÑçêã=ÉáåÉë=ìåáéçä~êÉå=cêÉãÇãçÇìJ

ä~íáçåëâçåòÉéíÉëI=âçååíÉ=Äáëä~åÖ= áå=ÇáÉëÉã=tÉääÉåä®åÖÉåÄÉêÉáÅÜ= äÉÇáÖäáÅÜ=Éáå=ã~ñáJ

ã~äÉê=hçåíê~ëí=îçå=Éíï~=RMJSM=B=å~ÅÜÖÉïáÉëÉå=ïÉêÇÉå=xj∏äMRzK=sçê=~ääÉã=~ÄÉê=ÇáÉ=

sÉêÄáåÇìåÖ= ÇÉë= ÜçÜÉå= hçåíê~ëíÉë= ãáí= ÇÉê= ÜçÜÉå= mÜçíçÉãéÑáåÇäáÅÜâÉáíI= ä®ëëí= ÑΩê=

âΩåÑíáÖÉ= ^ééäáâ~íáçåÉå= ÉêÜÉÄäáÅÜÉ= píÉáÖÉêìåÖÉå= ÇÉê= páÖå~ä~ìëÄÉìíÉ= ìåÇ= ëçãáí= ÇÉê=

jÉëëÖÉå~ìáÖâÉáí=Éêï~êíÉå=EîÖäK=h~éáíÉä=TFK=



oΩÅâëÉáíÉåÄÉëíê~ÜäíÉë=páäáòáìã=éåJmja= = NQT=

SKQKQ s~êá~íáçå=ÇÉê=jçÇìä~íáçåëÑêÉèìÉåò=

kÉÄÉå=hçåíê~ëí=ìåÇ=bãéÑáåÇäáÅÜâÉáí=áëí=ÇáÉ=_~åÇÄêÉáíÉ=ÇÉë=_~ìÉäÉãÉåíÉë=Éáå=ïÉëÉåíJ

äáÅÜÉë=hêáíÉêáìãK=^ÄÄáäÇìåÖ=SKNQ=òÉáÖí=Ç~ÜÉê=ÇáÉ=jÉëëìåÖ=îçå=hçêêÉä~íáçåëÑìåâíáçåÉå=

ãáí=ÇÉê=òìîçê=~äë=çéíáã~ä=ÉêãáííÉäíÉå=jçÇìä~íáçåë~ãéäáíìÇÉ=îçå=O=sK=a~êÖÉëíÉääí=ëáåÇ=

ïáÉÇÉêìã=ÇáÉ=aáÑÑÉêÉåò=ìåÇ=ÇáÉ=pìããÉ=ÇÉê=ÄÉáÇÉå=h~å®äÉ=ìåÇ=ÇÉê=Ç~ê~ìë=ÉêãáííÉäíÉ=

hçåíê~ëíK= aáÉ= ëáÅÜíÄ~êÉ= mÜ~ëÉåîÉêëÅÜáÉÄìåÖ= ÇÉê= hçêêÉä~íáçåëÑìåâíáçåÉå= ÄÉêìÜí= ~ìÑ=

páÖå~äîÉêò∏ÖÉêìåÖÉå= áååÉêÜ~äÄ=ÇÉë=jÉëëéä~íòÉë=ïÉäÅÜÉ=òì=ìåíÉêëÅÜáÉÇäáÅÜÉå=mÜ~ëÉJ

åçÑÑëÉíë=ÄÉá=ÇÉå=àÉïÉáäáÖÉå=cêÉèìÉåòÉå=ÑΩÜêÉåK=dìí=ÉêâÉååÄ~ê=áëíI=Ç~ëë=ÄÉá=åáÉÇêáÖÉå=

cêÉèìÉåòÉå=ÇáÉ=hçêêÉä~íáçåëÑìåâíáçå=ÉáåÉå=å~ÜÉòì=áÇÉ~äÉå=aêÉáÉÅâëîÉêä~ìÑ=ãáí=~ìëÖÉJ

éê®ÖíÉå= péáíòÉå= Ü~íK= _Éá= píÉáÖÉêìåÖ= ÇÉê= cêÉèìÉåò= äáÉÖÉå= àÉÇçÅÜ= ÉáåÉ= òìåÉÜãÉåÇÉ=

^ÄêìåÇìåÖ=ÇÉê=péáíòÉå=ìåÇ=ÉáåÉ=sÉêêáåÖÉêìåÖ=ÇÉê=^ãéäáíìÇÉå=îçêK=

0 50 100 150 200 250 300
−4

−2

0

2

4
Variation der Frequenz

Phasenverschiebung φ
τ
  [°]

D
iff

er
en

z 
/ S

um
m

e 
[V

]

2MHz
10MHz
20MHz
50MHz

10 20 30 40 50
0

20

40

60

80

100
Kontrast vs. Frequenz

Frequenz [MHz]

K
on

tr
as

t [
%

]

Kontrast

=

^ÄÄáäÇìåÖ=SKNQW= s~êá~íáçå=ÇÉê=jçÇìä~íáçåëÑêÉèìÉåòK=aáÉ=mÜ~ëÉåîÉêëÅÜáÉÄìåÖ=ÇÉê=ÖÉãÉëëÉåÉå=hçêJ
êÉä~íáçåëÑìåâíáçåÉå=ïáêÇ=ÇìêÅÜ=ÇÉå=jÉëë~ìÑÄ~ì=îÉêìêë~ÅÜíK=mçéíZOM=åt]SRM=åãI=
r^ZJR=s=EÄÉá=RM=jeò=r^ZJS=sFI=rãçÇZO=sI=`áåíZ=NM=écI=íáåíZQ=ãëK=

aáÉëÉ=sÉêÑçêãìåÖ=ÇÉê=hçêêÉä~íáçåëÑìåâíáçå=áëí=ÜáÉêÄÉá=~ääÉêÇáåÖë=åáÅÜí=ïáÉ=ÄÉá=ÇÉå=áå=

h~éáíÉä=R=ÖÉòÉáÖíÉå=máñÉäå=ãáí=Öêç≈Éå=cáåÖÉê~Äëí®åÇÉå=òï~åÖëä®ìÑáÖ=~ìÑ=ÇáÉ=iáãáíáÉJ

êìåÖ=ÇÉê=dêÉåòÑêÉèìÉåò=òìêΩÅâòìÑΩÜêÉåI=ëçåÇÉêå=ïáêÇ=áå=ÇáÉëÉã=c~ää=îçå=ÇÉê=jÉëëJ

ìãÖÉÄìåÖ=ÄòïK=ÇÉê=páÖå~äÑçêã=ÇÉê=ÉäÉâíêáëÅÜÉå=jçÇìä~íáçåëëáÖå~äÉ=îÉêìêë~ÅÜíK=_Éá=

ÇÉå= îçêäáÉÖÉåÇÉå= jÉëëìåÖÉå= ÉñáëíáÉêíÉå= ~ìÑÖêìåÇ= ÇÉê= iáãáíáÉêìåÖÉå= ÇÉë= ^ìÑÄ~ìë=

^åëíáÉÖëJ= ìåÇ= ^ÄÑ~ääòÉáíÉå= áã= _ÉêÉáÅÜ= îçå= ÉáåáÖÉå= åëK= aáÉëÉ= ëáåÇ= áåëÄÉëçåÇÉêÉ= ÄÉá=

ÜçÜÉå=cêÉèìÉåòÉå=áã=sÉêÖäÉáÅÜ=òìê=mÉêáçÇÉåÇ~ìÉê=ÇÉë=páÖå~äë=ëáÖåáÑáâ~åíK=aáÉ=jçÇìJ

ä~íáçåëëáÖå~äÉ= ïÉêÇÉå= Ç~ÇìêÅÜ= òìåÉÜãÉåÇ= íê~éÉòÑ∏êãáÖ= ï~ë= ëáÅÜ= áå= ÉáåÉê= sÉêÑçêJ

ãìåÖ=ÇÉê=hçêêÉä~íáçåëÑìåâíáçå=ÄÉãÉêâÄ~ê=ã~ÅÜíK=

aÉê=bÑÑÉâíI=ÇÉå=Éáå=oÉÅÜíÉÅâëáÖå~ä=ãáí=^åëíáÉÖëJ=ìåÇ=^ÄÑ~ääòÉáíÉå=~ìÑ=ÇáÉ=hçêêÉä~íáçåëJ

Ñìåâíáçå=Ü~íI= áëí=òìê=sÉê~åëÅÜ~ìäáÅÜìåÖ= áå=^ÄÄáäÇìåÖ=SKNR=Ç~êÖÉëíÉääíK=wìê=sÉêÉáåÑ~J

 



NQU= h~éáíÉä=S=

ÅÜìåÖ= áëí= Ç~ë= ^åëíáÉÖëJ= ìåÇ= ^ÄÑ~ääîÉêÜ~äíÉå= ÇìêÅÜ= ÉáåÉå= ÉñéçåÉåíáÉääÉå= sÉêä~ìÑ=

å~ÅÜÖÉÄáäÇÉíI=ïçÄÉá=Ç~îçå=~ìëÖÉÖ~åÖÉå=ïáêÇI=Ç~ëë=áå=ÇáÉëÉã=c~ää=ÇáÉ=òì=âçêêÉäáÉêÉåJ

ÇÉå=páÖå~äÉ=àÉïÉáäë=ÇáÉ=ÖäÉáÅÜÉ=páÖå~äÑçêã=Ü~ÄÉåK=
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^ÄÄáäÇìåÖ=SKNRW= báåÑäìëë=ÇÉê=^åëíáÉÖëJ=ìåÇ=^ÄÑ~ääòÉáíÉå=~ìÑ=ÇáÉ=hçêêÉä~íáçåëÑìåâíáçåK=iáåâëW=jçÇìä~J
íáçåëëáÖå~äÉ=ãáí=îÉêëÅÜáÉÇÉåÉå=^åëíáÉÖëJ=ìåÇ=^ÄÑ~ääòÉáíÉåI=oÉÅÜíëW=oÉëìäíáÉêÉåÇÉ=
hçêêÉä~íáçåëÑìåâíáçåÉåK=

j~å=ÉêâÉååíI=Ç~ëë=ëáÅÜ=ÉáåÉ=îçêÜ~åÇÉåÉ=^åëíáÉÖëòÉáí=Éêï~êíìåÖëÖÉã®≈=áå=cçêã=ÉáåÉê=

^ÄêìåÇìåÖ=ÇÉê=péáíòÉå=ìåÇ=áå=ÉáåÉê=sÉêêáåÖÉêìåÖ=ÇÉê=j~ñáã~ä~ãéäáíìÇÉ=ÇÉê=hçêêÉJ

ä~íáçåëÑìåâíáçå=~ìëïáêâíK=aáÉë=áëí=~ìÅÜ=äÉáÅÜí=ÉáåëÉÜÄ~êI=ÄÉÇÉåâí=ã~åI=Ç~ëë=ëáÅÜ=ÇìêÅÜ=

ÇáÉ=ÖÉ®åÇÉêíÉ=páÖå~äÑçêã=ÇÉê=èì~Çê~íáëÅÜÉ=jáííÉäïÉêí=ÇÉê=jçÇìä~íáçåëëáÖå~äÉ=ÖÉ®åJ

ÇÉêí=Ü~íK=a~=ÇÉê=j~ñáã~äïÉêí=ÇÉê=^ìíçâçêêÉä~íáçåëÑìåâíáçå=ÇÉã=èì~Çê~íáëÅÜÉå=jáíJ

íÉäïÉêí= ÉåíëéêáÅÜíI= ãìëë= ëáÅÜ= ÇáÉ= ^ãéäáíìÇÉ= ÇÉê= hçêêÉä~íáçåëÑìåâíáçå= ÉåíëéêÉÅÜÉåÇ=

®åÇÉêå=EîÖäK=h~éáíÉä=OKOFK=

aÉê= ÄÉçÄ~ÅÜíÉíÉ= äÉáÅÜíÉ= páÖå~äÉáåÄêìÅÜ= ÄÉá= ÇÉå=jÉëëìåÖÉå= â~åå= Ç~ÜÉê= áå= ÇáÉëÉã=

c~ää=îçêïáÉÖÉåÇ=~ìÑ=ÇÉå=sÉêä~ìÑ=ÇÉê=jçÇìä~íáçåëëáÖå~äÉ=ìåÇ=åáÅÜí=~ìÑ=ÉáåÉ=_~åÇÄÉJ

ÖêÉåòìåÖ=ÇÉê=píêìâíìê=òìêΩÅâÖÉÑΩÜêí=ïÉêÇÉåK=dÉÜí=ã~å=ÄÉá=ÉáåÉê=âçåëÉêî~íáîÉå=_ÉJ

íê~ÅÜíìåÖ= ÇÉååçÅÜ= îçå= ÉáåÉê= ëáÖåáÑáâ~åíÉå= ^ãéäáíìÇÉåîÉêêáåÖÉêìåÖ= ~ìÑÖêìåÇ= ÇÉê=

Ä~åÇÄÉÖêÉåòÉåÇÉå=bÑÑÉâíÉ=ÇÉë=_~ìíÉáäë=~ìëI=ëç=ÉêâÉååí=ã~åI=Ç~ëë=Ç~ë=ebJmja=Äáë=òì=

ÉáåÉê=cêÉèìÉåò=îçå=RM=jeò=ÉáåÉå=hçåíê~ëí=ÄáÉíÉíI=ÇÉê=Öê∏≈Éê=~äë=TM=B=áëíK=

aáÉ=ÜçÜÉ=_~åÇÄêÉáíÉ=ÇÉë=aÉîáÅÉ=â~åå= áå=ÉêëíÉê=iáåáÉ=~ìÑ=ÇáÉ=îçêíÉáäÜ~ÑíÉ=sÉê~êãìåÖ=

áååÉêÜ~äÄ= ÇÉë= _~ìíÉáäë= ìåÇ= ÇáÉ= Ç~ãáí= ÉáåÜÉêÖÉÜÉåÇÉ= cÉäÇîÉêíÉáäìåÖ= òìêΩÅâÖÉÑΩÜêí=

ïÉêÇÉåK= ^ì≈ÉêÇÉã= áëí= ÇìêÅÜ= ÇáÉ= Öêç≈É= ^ìëÇÉÜåìåÖ= ÇÉê= o~ìãä~ÇìåÖëòçåÉå= ÇáÉ=

péÉêêëÅÜáÅÜíâ~é~òáí®í= êÉä~íáî= ÖÉêáåÖI= ï~ë= ëáÅÜ= ÉÄÉåÑ~ääë= éçëáíáî= ~ìÑ= ÇáÉ= _~åÇÄêÉáíÉ=

~ìëïáêâíK=



oΩÅâëÉáíÉåÄÉëíê~ÜäíÉë=páäáòáìã=éåJmja= = NQV=

SKQKR s~êá~íáçå=ÇÉê=çéíáëÅÜÉå=kìíòäÉáëíìåÖ=

wìê=jÉëëìåÖ=ÇÉë=báåÑäìëëÉë=ÇÉê=çéíáëÅÜÉå=iÉáëíìåÖ=~ìÑ=ÇÉå=sÉêä~ìÑ=ÇÉê=hçêêÉä~íáçåëJ

Ñìåâíáçå= ìåÇ= ÇÉë= hçåíê~ëíë= ïìêÇÉå= jÉëëìåÖÉå= áã= _ÉêÉáÅÜ= îçå= = Äáë=

= ÇìêÅÜÖÉÑΩÜêíK= a~êÖÉëíÉääí= ëáåÇ= áå=

OMëáÖå~äm é= t

åtOMëáÖå~äm = ^ÄÄáäÇìåÖ= SKNS= ÇêÉá= ÉñÉãéä~êáëÅÜÉ=

jÉëëìåÖÉå=ÄÉá=ÇÉåÉå=ÇáÉ=fåíÉÖê~íáçåëòÉáí=ìã=ÇÉå=ÖäÉáÅÜÉå=c~âíçê=ÉêÜ∏Üí=ïìêÇÉ=ïáÉ=

ÇáÉ=kìíòäÉáëíìåÖ=îÉêêáåÖÉêí=ïìêÇÉK=eáÉêÄÉá=ëçääíÉ=ëáÅÜ=ÇáÉ=^ãéäáíìÇÉ=ÇÉê=hçêêÉä~íáçåëJ

Ñìåâíáçå=åáÅÜí=®åÇÉêåK=_áë=~ìÑ=ÉáåÉ=äÉáÅÜíÉ=^ÄïÉáÅÜìåÖI=ÇáÉ=~ìÑ=qçäÉê~åòÉå=ÄÉáã=báåJ

ëíÉääÉå=ÇÉê=çéíáëÅÜÉå=iÉáëíìåÖ=òìêΩÅâòìÑΩÜêÉå=áëíI=îÉêÜ®äí=ëáÅÜ=Ç~ë=ebJmja=ïáÉ=Éêï~êJ

íÉíK=^ì≈ÉêÇÉã= áëí= âÉáåÉ= ëáÖåáÑáâ~åíÉ=mÜ~ëÉåîÉêëÅÜáÉÄìåÖ= áå=^ÄÜ®åÖáÖâÉáí=ÇÉê= iáÅÜíJ

äÉáëíìåÖ=òì=ÉêâÉååÉåK=

0 50 100 150 200 250 300
−4

−2

0

2

4

6
Variation der optischen Leistung

Phasenverschiebung φ
τ
  [°]

D
iff

er
en

z 
/ S

um
m

e 
[V

]

20nW/4ms
2nW/40ms
0.2nW/400ms

10
−1

10
0

10
1

0

20

40

60

80

100
Kontrast vs. optischer Leistung
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^ÄÄáäÇìåÖ=SKNSW= s~êá~íáçå=ÇÉê=çéíáëÅÜÉå=kìíòäÉáëíìåÖK=tÉääÉåä®åÖÉ=SRM=åãI=r^ZJR=sI=rãçÇZO=sI=
`áåíZNM=écI=ÑjçÇZOM=jeòK=aÉê=aìåâÉäëíêçã=ÇÉê=píêìâíìê=áëí=ãáí=OIR=é^=ÄÉá=ÇÉê=_ÉJ
ëíáããìåÖ=ÇÉê=aÉãçÇìä~íáçåëÉÑÑáòáÉåò=ÄÉêΩÅâëáÅÜíáÖ=ïçêÇÉåK=

^ìÅÜ=ÜáÉê=ïìêÇÉ=ïáÉÇÉê=ÇÉê= hçåíê~ëí= ~ìë=ÇÉå=aáÑÑÉêÉåòJ= ìåÇ= pìããÉåëáÖå~äÉå=ÄÉJ

ëíáããíK=a~=ÄÉá=âäÉáåÉå=iÉáëíìåÖÉå=áã=étJ_ÉêÉáÅÜ= àÉÇçÅÜ=ÇÉê=aìåâÉäëíêçã=ÇÉê=aáçJ

ÇÉå= òìåÉÜãÉåÇ= ÉáåÉ= oçääÉ= ëéáÉäíI= ïìêÇÉ= ~ì≈ÉêÇÉã=ÇáÉ=aÉãçÇìä~íáçåëÉÑÑáòáÉåò= =

ÄÉëíáããíK=eáÉêÄÉá=ïáêÇ=ÖÉã®≈=aÉÑáåáíáçå=áå=däÉáÅÜìåÖ=
ah

EOKNUF=Ç~ë=aáÑÑÉêÉåòëáÖå~ä=~ìÑ=

Ç~ë=îçã=kìíòëáÖå~ä=ÜÉêîçêÖÉêìÑÉåÉå=pìããÉåëáÖå~ä=ÄÉòçÖÉåI=~äëç=Ç~ë=bêÖÉÄåáë=îçã=

aìåâÉäëíêçã=ÄÉêÉáåáÖíK=a~ë=bêÖÉÄåáë=áëí=ÉÄÉåÑ~ääë=áå=^ÄÄáäÇìåÖ=SKNS=Ç~êÖÉëíÉääíK=^ìÅÜ=

ÜáÉê= òÉáÖí= ëáÅÜ= Éáå=ÜçÜÉê=hçåíê~ëíïÉêí=ΩÄÉê= ÉáåÉå=Öêç≈Éå=_ÉíêáÉÄëÄÉêÉáÅÜ=ÇÉê= çéíáJ

ëÅÜÉå=iÉáëíìåÖK=pÉäÄëí=ÄÉá=kìíòäÉáëíìåÖÉå=áã=_ÉêÉáÅÜ=îçå=ïÉåáÖÉå= =ïáêÇ=åçÅÜ=

ÉáåÉ=aÉãçÇìä~íáçåëÉÑÑáòáÉåò=îçå=ΩÄÉê=TM=B=ÉêòáÉäíK=fã=§ÄêáÖÉå=çÑÑÉåÄ~êí=ëáÅÜ=~å=ÇáÉJ

ëÉê= píÉääÉ= ~ìÅÜ= Éáå=ïÉáíÉêÉê= sçêíÉáä= îçå=éåJÄ~ëáÉêíÉå= mjaJpíêìâíìêÉåK=t®ÜêÉåÇ=ÄÉá=

pÅÜçííâóJÄ~ëáÉêíÉå= mjaë= îçå= ÉáåÉê=aìåâÉäëíêçãÇáÅÜíÉ= = ~ìëÖÉÖ~åJ

NMé^

ONMM Lpqà å^> Åã

 



NRM= h~éáíÉä=S=

ÖÉå=ïÉêÇÉå=ãìëëI=ëç= äáÉÖÉå=éåJÄ~ëáÉêíÉ=píêìâíìêÉå=íóéáëÅÜÉêïÉáëÉ= áå=ÉáåÉã=_ÉêÉáÅÜ=

îçå= K=ON Lpqà å^ Åã<

SKQKS eáåíÉêÖêìåÇäáÅÜíÉáåÑäìëë=

^ìÑÖêìåÇ= ëÉáåÉë= ìåáéçä~êÉå= sÉêÜ~äíÉåë= Ü~í= Ç~ë= ebJmja= âÉáåÉ= áåÜ®êÉåíÉ= råíÉêÇêΩJ

ÅâìåÖ=îçå=ìåâçêêÉäáÉêíÉå=^åíÉáäÉåK=a~ë=a`JpáÖå~ä=ëçääíÉ=ÜáÉêÄÉá=áÇÉ~äÉêïÉáëÉ=ÇÉååçÅÜ=

âÉáåÉå=báåÑäìëë=~ìÑ=ÇáÉ=aáÑÑÉêÉåòëáÖå~äÉ=Ü~ÄÉåK=iÉÇáÖäáÅÜ=ÇÉê=lÑÑëÉí=ÇÉê=ÉáåòÉäåÉå=hçêJ

êÉä~íáçåëÑìåâíáçåÉå= îÉêëÅÜáÉÄí= ëáÅÜ= ÖÉã®≈= ÇÉê= ÉáåÖÉëíê~ÜäíÉå=a`JiÉáëíìåÖ= ìåÇ= ÇÉê=

mÜçíçÉãéÑáåÇäáÅÜâÉáíK=

få=^ÄÄáäÇìåÖ=SKNT=ëáåÇ=òìê=sÉêáÑáòáÉêìåÖ=ÇáÉëÉê=wìë~ããÉåÜ®åÖÉ=ÉåíëéêÉÅÜÉåÇÉ=jÉëJ

ëìåÖÉå= ïáÉÇÉêÖÉÖÉÄÉåK= aáÉ= aáÑÑÉêÉåòáåÑçêã~íáçå= ÄäÉáÄí= ëçïçÜä= ÜáåëáÅÜíäáÅÜ= ÇÉê=

^ãéäáíìÇÉ=~äë=~ìÅÜ=áå=_ÉòìÖ=~ìÑ=ÇáÉ=mÜ~ëÉåä~ÖÉ=å~ÜÉòì=ìåîÉê®åÇÉêí=ÄÉá=báåëíê~ÜäìåÖ=

ãáí=a`JiáÅÜíK=a~ë=pìããÉåëáÖå~ä=ëâ~äáÉêí=ëáÅÜ=ïáÉ=Éêï~êíÉí=ÉåíëéêÉÅÜÉåÇ=ÇÉê=mÜçíçJ

ÉãéÑáåÇäáÅÜâÉáí= îçå= Éíï~= I= ÇáÉ= ìã= ÇÉå=eáåíÉêÖêìåÇ~åíÉáä= ÄÉêÉáåáÖíÉ=aÉJ

ãçÇìä~íáçåëÉÑÑáòáÉåò=ÄäÉáÄí=ÇÉãå~ÅÜ=âçåëí~åíK=

MIPS L^ t
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^ÄÄáäÇìåÖ=SKNTW= s~êá~íáçå=ÇÉê=eáåíÉêÖêìåÇäÉáëíìåÖK=mçéíZO=åt]SRM=åãI=r^ZJR=sI=rãçÇZO=sI=`áåíZNM=écI=
íáåíZQ=ãëI=ÑjçÇZOM=jeòK=

aáÉ=^ìëïÉêíìåÖ=ÇÉê=aáÑÑÉêÉåòëáÖå~äÉ=ï~ê= áã=îçêäáÉÖÉåÇÉå=c~ää= íêçíò=ÇÉê=ÜçÜÉå=eáåJ

íÉêÖêìåÇäáÅÜíäÉáëíìåÖ= åçÅÜ= ã∏ÖäáÅÜI= Ç~= ÇáÉ= ^ìëïÉêíÉÉäÉâíêçåáâ= ÉáåÉå= ÜáåêÉáÅÜÉåÇ=

Öêç≈Éå=aóå~ãáâÄÉêÉáÅÜ= Ü~ííÉK=táÉ= Éêï®ÜåíI= áëí= ÇáÉëÉê=aóå~ãáâÄÉêÉáÅÜ= àÉÇçÅÜ= çÑíJ

ã~äë=ëí~êâ=ÄÉÖêÉåòí=ìåÇ=ëçãáí=ÇáÉ=äáãáíáÉêÉåÇÉ=dê∏≈ÉK=táÉ=áå=h~éáíÉä=SKR=ÄÉëÅÜêáÉÄÉå=

ïáêÇI=â~åå=àÉÇçÅÜ=ÇìêÅÜ=~âíáîÉ=pÅÜ~äíìåÖëíÉÅÜåáâ=ÇáÉëÉê=_ÉêÉáÅÜ=ÉêÜÉÄäáÅÜ=îÉêÖê∏≈Éêí=

ïÉêÇÉåI=ëç=Ç~ëë=ëáÅÜ=~ìÅÜ=~ìÑ=_~ëáë=îçå=^ìëäÉëÉâçãéçåÉåíÉå=ãáí=âäÉáåÉã=^ìëëíÉìÉêJ

ÄÉêÉáÅÜ=Éáå=Öêç≈Éë=j~≈=~å=eáåíÉêÖêìåÇäáÅÜíìåíÉêÇêΩÅâìåÖ=ÉêêÉáÅÜÉå=ä®ëëíK=



oΩÅâëÉáíÉåÄÉëíê~ÜäíÉë=páäáòáìã=éåJmja= = NRN=

SKQKT s~êá~íáçå=ÇÉê=çéíáëÅÜÉå=tÉääÉåä®åÖÉ=

táÉ=ÄÉëÅÜêáÉÄÉåI=Ü®åÖí=ÇáÉ=qáÉÑÉ=ÇÉê=i~ÇìåÖëíê®ÖÉêÖÉåÉê~íáçå=áååÉêÜ~äÄ=ÉáåÉë=e~äÄJ

äÉáíÉêë= ã~≈ÖÉÄäáÅÜ= îçå= ÇÉê=tÉääÉåä®åÖÉ= ÇÉë= iáÅÜíë= ~ÄK= gÉ= Öê∏≈Éê= ÇáÉ=tÉääÉåä®åÖÉI=

ÇÉëíç=Öê∏≈Éê=áëí=~ìÅÜ=ÇáÉ=báåÇêáåÖíáÉÑÉK=^ÄÄáäÇìåÖ=SKNU=òÉáÖí=ÇáÉ=^ìëïáêâìåÖ=ÇÉê=çéJ

íáëÅÜÉå=tÉääÉåä®åÖÉ= ~ìÑ= ÇáÉ= hçêêÉä~íáçåëÑìåâíáçå= ìåÇ= ÇÉå= hçåíê~ëí= ÄÉáã= ebJmjaK=

aáÉ=ÉêâÉååÄ~êÉ=äÉáÅÜíÉ=mÜ~ëÉåîÉêëÅÜáÉÄìåÖ=ïáêÇ=ÜáÉêÄÉá=ÇìêÅÜ=ÇáÉ=sÉêïÉåÇìåÖ=ìåJ

íÉêëÅÜáÉÇäáÅÜÉê=pÉåÇÉÉäÉãÉåíÉ=îÉêìêë~ÅÜíK=
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^ÄÄáäÇìåÖ=SKNUW= báåÑäìëë=ÇÉê=tÉääÉåä®åÖÉ=~ìÑ=Ç~ë=hçêêÉä~íáçåëÉêÖÉÄåáëK=mçéíZ=OM=åtI=r^ZJR=sI=
r=ãçÇZO=sI=`áåíZNM=écI=íáåíZQ=ãëI=ÑjçÇZOM=jeòK=aáÉ=äÉáÅÜíÉ=mÜ~ëÉåîÉêëÅÜáÉÄìåÖ=ïáêÇ=
ÇìêÅÜ=ÇáÉ=sÉêïÉåÇìåÖ=ìåíÉêëÅÜáÉÇäáÅÜÉê=pÉåÇÉÉäÉãÉåíÉ=ÜÉêîçêÖÉêìÑÉåK=

_Éá=ÇÉå=ÄÉíê~ÅÜíÉíÉå=âìêòÉå=tÉääÉåä®åÖÉå= áëí=ÇÉê=hçåíê~ëí=~ã=Öê∏≈íÉåI=ÄÉá=Öêç≈Éå=

tÉääÉåä®åÖÉå=åáããí=Éê= íÉåÇÉåòáÉää= ~ÄK=aáÉë=â~åå=Ç~ÇìêÅÜ=Éêâä®êí=ïÉêÇÉåI=Ç~ëë=ÄÉá=

Öê∏≈ÉêÉå=tÉääÉåä®åÖÉå=ÇáÉ=i~ÇìåÖëíê®ÖÉêÖÉåÉê~íáçå=áå=ÇÉê=qáÉÑÉ=Ó=~äëç=~ìÅÜ=áã=_ÉJ

êÉáÅÜ=ÇÉê=aáçÇÉåëíêìâíìêÉå=Ó=òìåáããíK=_Éá=dÉåÉê~íáçå=ÇáêÉâí=áã=_ÉêÉáÅÜ=ÇÉê=aáçÇÉå=

â∏ååÉå= ÇáÉ= i~ÇìåÖëíê®ÖÉê= åáÅÜí=ãÉÜê= îçå= ÇÉê= ~åÇÉêÉå= aáçÇÉ= ~ÄÖÉë~ìÖí= ïÉêÇÉåI=

ëçåÇÉêå=íê~ÖÉå=ÇáêÉâí=~ã=lêí=ÇÉê=dÉåÉê~íáçå=òìã=píêçãÑäìëë=ÄÉáK=aáÉëÉê=píêçãÑäìëë=

áëí=ìå~ÄÜ®åÖáÖ=îçã=jçÇìä~íáçåëòìëí~åÇI= ëçãáí=ÉåíëíÉÜí=~å=ÄÉáÇÉå=aáçÇÉå=Éáå=ìåJ

âçêêÉäáÉêíÉê=^åíÉáä=ÇÉê=âÉáåÉ=mÜ~ëÉåáåÑçêã~íáçå=ÄÉëáíòí=ìåÇ=ÇáÉ=pìããÉ=êÉä~íáî=òìê=aáÑJ

ÑÉêÉåò=~åï~ÅÜëÉå=ä®ëëíK=dÉã®≈=aÉÑáåáíáçå=åáããí=Ç~ÜÉê=ÇÉê=hçåíê~ëí=~ÄK=lÄïçÜä=Ç~ë=

îÉêãÉëëÉåÉ=ebJmja=ÑΩê=ÇÉå=ëáÅÜíÄ~êÉå=tÉääÉåä®åÖÉåÄÉêÉáÅÜ=ìã=SRM=åã=ÉåíïáÅâÉäí=

ïìêÇÉI= ä~ëëÉå= ëáÅÜ= ÄÉá= Öê∏≈ÉêÉå= tÉääÉåä®åÖÉå= åçÅÜ= hçåíê~ëíÉ= ÉêòáÉäÉå= ÇáÉ= ÄÉá=

UTM=åã=åçÅÜ=ÇÉìíäáÅÜ=ΩÄÉê=SM=B=äáÉÖÉåK=

 



NRO= h~éáíÉä=S=

SKQKU aÉãçÇìä~íáçåëÉãéÑáåÇäáÅÜâÉáí=

få=h~éáíÉä=OKRKP=ïìêÇÉ=ÇÉê=_ÉÖêáÑÑ=ÇÉê=aÉãçÇìä~íáçåëÉãéÑáåÇäáÅÜâÉáí=ÉáåÖÉÑΩÜêíK=páÉ=

áëí=ÇáÉ=ïÉëÉåíäáÅÜÉ=dê∏≈É=òìê=_ÉëÅÜêÉáÄìåÖ=ÇÉê=páÖå~ä~ìëÄÉìíÉ=òìê=_ÉëíáããìåÖ=ÇÉê=

mÜ~ëÉåáåÑçêã~íáçåK= få=^ÄÄáäÇìåÖ=SKNV= áëí=ÇáÉëÉ=dê∏≈É=~ìë=ÇÉå=jÉëëïÉêíÉå=~äë=mêçJ

Çìâí=ÇÉê=mÜçíçÉãéÑáåÇäáÅÜâÉáí=ìåÇ=ÇÉë=hçåíê~ëíë=ÑΩê=Ç~ë=ebJmja=ÄÉëíáããí=ïçêÇÉåK==
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^ÄÄáäÇìåÖ=SKNVW= iáåâëW=bãéÑáåÇäáÅÜâÉáí=ÄÉêÉÅÜåÉí=~ìë=ÇÉã=pìããÉåëáÖå~äK=oÉÅÜíëW=mêçÇìâí=~ìë=mÜçJ
íçÉãéÑáåÇäáÅÜâÉáí=ìåÇ=hçåíê~ëíK=mçéíZ=OM=åtI=r^ZJR=sI=rãçÇZO=sI=`áåíZNM=écI=
íáåíZQ=ãëI=ÑjçÇZOM=jeòK=

cΩê=ÇÉå=_ÉêÉáÅÜ=ìã=SRM=åã= áëí=ÇáÉ=aÉãçÇìä~íáçåëÉãéÑáåÇäáÅÜâÉáí=ãáí= =
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ÖÉë~ãíÉå=Ç~êÖÉëíÉääíÉå=qÉãéÉê~íìêÄÉêÉáÅÜ=ÉáåÉ=píÉáÖÉêìåÖ=ÇÉê=jÉëëÖÉå~ìáÖâÉáí=ìã=
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ÇÉå=c~âíçê=OIO=~ìëÖÉÜÉåK=eáåëáÅÜíäáÅÜ=ÇÉê=ÄÉå∏íáÖíÉå=iáÅÜíäÉáëíìåÖ=áëí=ã~å=ÄÉá=ÖäÉáJ

ÅÜÉê=wáÉäÉåíÑÉêåìåÖ=ìåÇ=ÖäÉáÅÜÉê=ÖÉÑçêÇÉêíÉê=jÉëëÖÉå~ìáÖâÉáí=ÄÉá=sÉêïÉåÇìåÖ=ÇÉë=
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ebJmja=áå=ÇÉê=i~ÖÉI=ÇáÉ=~ÄÖÉëíê~ÜäíÉ=pÉåÇÉäÉáëíìåÖ=ìã=ÇÉå=c~âíçê=R= áã=sÉêÖäÉáÅÜ=

òìã= mdJmja= ~ÄòìëÉåâÉåK= aáÉë= ã~ÅÜí= ëáÅÜ= áåëÄÉëçåÇÉêÉ= ÄÉá= ÇÉê= _Éíê~ÅÜíìåÖ= ÇÉê=

póëíÉãÉÑÑáòáÉåò=ëçïáÉ=ÇÉê=sÉêäìëíäÉáëíìåÖI=äÉíòíäáÅÜ=å~íΩêäáÅÜ=~ÄÉê=~ìÅÜ=ÄÉáã=póëíÉãJ

éêÉáëI=ÇÉìíäáÅÜ=ÄÉãÉêâÄ~êK=

wìë~ããÉåÑ~ëëÉåÇ= áëí= Ç~ë= mípáJmja= áã= _ÉêÉáÅÜ= ÇÉê= o~ìãíÉãéÉê~íìê= ÇìêÅÜ~ìë=ãáí=

ÇÉã=mdJmja=îÉêÖäÉáÅÜÄ~êI=ïçÄÉá=ãáí= òìåÉÜãÉåÇÉê=qÉãéÉê~íìê=ÇáÉ=jÉëëÖÉå~ìáÖJ

âÉáí=ÖÉêáåÖÉê=ïáêÇK=táÉ=ÄÉêÉáíë=Éêï®ÜåíI=Ü~åÇÉäí=Éë= ëáÅÜ=ÄÉá=ÇÉå=òìã=sÉêÖäÉáÅÜ=ÜÉJ

ê~åÖÉòçÖÉåÉå= mípáJpíêìâíìêÉå= äÉÇáÖäáÅÜ= ìã= ÉêëíÉ= oÉ~äáëáÉêìåÖëÑçêãÉå= ÉáåÉê= åÉìÉå=

qÉÅÜåçäçÖáÉ= ãáí= ÉåíëéêÉÅÜÉåÇÉã= båíïáÅâäìåÖëéçíÉåíá~äK= aìêÅÜ= ÉáåÑ~ÅÜÉ= ûåÇÉêìåJ

ÖÉå=ÇÉê=cáåÖÉêÖÉçãÉíêáÉ=ìåÇ=ÇÉë=pìÄëíê~íã~íÉêá~äë=â~åå=ã~å=ÄÉá=âΩåÑíáÖÉå=píêìâíìJ

êÉå=ÉáåÉ=ÉåíëéêÉÅÜÉåÇÉ=sÉêÄÉëëÉêìåÖ= áå=_ÉòìÖ=~ìÑ= cΩääÑ~âíçêI= mÜçíçÉãéÑáåÇäáÅÜâÉáí=

ìåÇ=aìåâÉäëíêçã=Éêï~êíÉåK=

tÉáíÉêÜáå=ãìëë= åçÅÜã~äë= ìåíÉêëíêáÅÜÉå= ïÉêÇÉåI= Ç~ëë= ÇáÉ= îçêäáÉÖÉåÇÉ= íÜÉçêÉíáëÅÜÉ=

_Éíê~ÅÜíìåÖ= âÉáåÉêäÉá= ïÉáíÉêÉå= qÉÅÜåçäçÖáÉÉáÖÉåëÅÜ~ÑíÉå= ÄÉêΩÅâëáÅÜíáÖíK= dÉåÉêÉää=

ëáåÇ= ÄÉá= ÇÉå=jpjJpíêìâíìêÉå= ÇáÉ= áåÜ®êÉåíÉ= råÉêÇêΩÅâìåÖ= îçå= cêÉãÇäáÅÜí~åíÉáäÉå=

ìåÇ=ÇáÉ=ìåÄÉëíêáííÉå=ÜçÜÉ=_~åÇÄêÉáíÉ=Éáå=sçêíÉáäI=ÇÉê=ëáÉ=ìåáîÉêëÉää=ÉáåëÉíòÄ~ê=ã~ÅÜíK=

_Éá=ÇÉê=mípáJs~êá~åíÉ= âçããí=ÜáÉêòì=åçÅÜ=ÇáÉ= îçääëí®åÇáÖÉ= fåíÉÖêáÉêÄ~êâÉáí= áååÉêÜ~äÄ=

ÉáåÉë=plf=`jlpJmêçòÉëëÉë=ÇáÉ=ïÉáíÉêÉ=sçêíÉáäÉ=EeçÅÜáåíÉÖêáÉêÄ~êâÉáíI=hçëíÉåI=ÁF=ãáí=

ëáÅÜ=ÄêáåÖíK=

_ÉÇÉåâÉå= ëçääíÉ= ã~å= ÉÄÉåÑ~ääëI= Ç~ëë= ÇÉê= ÄÉëÅÜêáÉÄÉåÉ= qÉãéÉê~íìêÉáåÑäìëë= àÉ= å~ÅÜ=

^åïÉåÇìåÖëÄÉêÉáÅÜ= äÉáÅÜí= òì= ìãÖÉÜÉå= áëíK= ^äë= _ÉáëéáÉä= ëÉáÉå= ÜáÉê= ÉåíëéêÉÅÜÉåÇÉ=

hΩÜäã∏ÖäáÅÜâÉáíÉå=ÖÉå~ååíI=ÇáÉ=ÇÉå=pÉåëçê=~ìÑ=ÉáåÉê=âçåëí~åíÉå=åáÉÇêáÖÉå=qÉãéÉê~J

íìê= Ü~äíÉåK=jáííäÉêïÉáäÉ= áëí= ÇáÉ= qÉÅÜåçäçÖáÉ= ÇÉê=jáâêçãáåá~íìêâΩÜäÉäÉãÉåíÉ= ëç=ïÉáí=

ÑçêíÖÉëÅÜêáííÉåI=Ç~ëë=ÉáåÉ=ÉÑÑáòáÉåíÉ=ìåÇ=âçëíÉåÖΩåëíáÖÉ=hΩÜäìåÖ=~ìÑ=`ÜáéÉÄÉåÉ=ã∏ÖJ

äáÅÜ= áëí= xjáÅêçMSzK= pçãáí= êΩÅâí= ÇÉê= ÄÉëÅÜêáÉÄÉåÉ= qÉãéÉê~íìêÉáåÑäìëë= ïáÉÇÉê= áå= ÇÉå=

eáåíÉêÖêìåÇK=
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U wìë~ããÉåÑ~ëëìåÖ=ìåÇ=^ìëÄäáÅâ=

aÉê=pÅÜïÉêéìåâí=ÇáÉëÉê=^êÄÉáí= ä~Ö=~ìÑ=ÇÉê=råíÉêëìÅÜìåÖ=ìåÇ=rãëÉíòìåÖ= áåíÉÖêáÉêJ

Ä~êÉê= mjaJhçåòÉéíÉ= ÑΩê= ÜçÅÜ~ìÑä∏ëÉåÇÉ= PaJbåíÑÉêåìåÖëãÉëëëóëíÉãÉK= fã= sçêÇÉêJ

ÖêìåÇ=ëí~åÇÉå=ÜáÉêÄÉá=mjaJpíêìâíìêÉå=ÇáÉ=~ìÑ=ÇÉã=pÉäÄëíãçÇìä~íáçåëéêáåòáé=ÄÉêìJ

ÜÉåK= _Éá= ÇáÉëÉã= hçåòÉéí= ÉñáëíáÉêÉå= Ó= áã= dÉÖÉåë~íò= òìê= cêÉãÇãçÇìä~íáçå= Ó= âÉáåÉ=

ÇÉÇáòáÉêíÉå=jçÇìä~íáçåëJ= ìåÇ= ^ìëäÉëÉ~åëÅÜäΩëëÉI= îáÉäãÉÜê= ÉêÑçäÖí= ÇÉê=jçÇìä~íáçåëJ=

ìåÇ=^ìëäÉëÉîçêÖ~åÖ=ΩÄÉê=ÇáÉ=ÖäÉáÅÜÉå=_~ìíÉáä~åëÅÜäΩëëÉK=

_~ëáÉêÉåÇ= ~ìÑ= ÇÉå= dêìåÇä~ÖÉå= ìåÇ= hÉååÖê∏≈Éå= ÉáåÉë= mjaJpóëíÉãë= ïìêÇÉå= îÉêJ

ëÅÜáÉÇÉåÉ= oÉ~äáëáÉêìåÖëÑçêãÉå= îçêÖÉëíÉääíK= ^ìëÖÉÜÉåÇ= îçã= ÖêìåÇë®íòäáÅÜÉå= cìåâíáJ

çåëå~ÅÜïÉáë=ÄÉá=sÉêïÉåÇìåÖ=îçå=d~^ëJbáåòÉäÇáçÇÉåëíêìâíìêÉåI=ïìêÇÉå=áã=o~ÜãÉå=

ÇáÉëÉê= ^êÄÉáí= îÉêëÅÜáÉÇÉåÉ= jpjJmja= pÉåëçêÉå= ÉåíïáÅâÉäí= ìåÇ= ÄÉïÉêíÉíK= eáÉêÄÉá=

Ü~åÇÉäí=Éë=ëáÅÜ=ìã=ÇáÉ=Éêëíã~äáÖÉ=oÉ~äáëáÉêìåÖ=îçå=jpjJmja=jìäíáéáñÉäëÉåëçêÉå=ÑΩê=

ÉáåÉ=âçåâêÉíÉ=PaJh~ãÉê~~ééäáâ~íáçåK=båíëéêÉÅÜÉåÇ=ÇÉå=^åÑçêÇÉêìåÖÉå=Éåíëí~åÇ=Éáå=

jpjJ^êê~ó=ãáí=ÉáåÉê=^ìÑä∏ëìåÖ=îçå=NQQ=máñÉäå=ãáí=~åÖÉé~ëëíÉê=^ìëïÉêíÉÉäÉâíêçåáâ=

~ìÑ= _~ëáë= ÉáåÉë=jìäíáÅÜáéãçÇìäëK=jáí= ÇáÉëÉã=pÉåëçê=ïìêÇÉå= îÉêëÅÜáÉÇÉåÉ=råíÉêëìJ

ÅÜìåÖÉå= áã= eáåÄäáÅâ= ~ìÑ= ÇáÉ= Éêï~êíÉíÉå= báÖÉåëÅÜ~ÑíÉå= ÇìêÅÜÖÉÑΩÜêíK= tÉëÉåíäáÅÜÉë=

jÉêâã~ä=ÇáÉëÉë=hçåòÉéíë=áëí=Ó=åÉÄÉå=ÇÉê=ÜçÜÉå=_~åÇÄêÉáíÉ=Ó=ëÉáåÉ=áåÜ®êÉåíÉ=c®ÜáÖJ

âÉáí=cêÉãÇäáÅÜí=òì=ìåíÉêÇêΩÅâÉåK=fã=fÇÉ~äÑ~ää=ëíÉÜí=ëçãáí=ÇáÉ=ÖÉë~ãíÉ=pÉåëçêÇóå~ãáâ=

åìê= ÑΩê= Ç~ë=kìíòäáÅÜí= òìê= sÉêÑΩÖìåÖI=ïçÇìêÅÜ=ÜçÅÜÖÉå~ìÉ= båíÑÉêåìåÖëãÉëëìåÖÉå=

íêçíò=ëí~êâÉã=cêÉãÇäáÅÜíÉáåÑäìëë=ã∏ÖäáÅÜ=ïÉêÇÉåK=wìê=_ÉïÉêíìåÖ=ÇáÉëÉê=báÖÉåëÅÜ~Ñí=

ïìêÇÉ=Éáå=ã~íÜÉã~íáëÅÜÉë=jçÇÉää=ÜÉêÖÉäÉáíÉí=ìåÇ=ãáí=ÇÉå=éê~âíáëÅÜÉå=jÉëëïÉêíÉå=

îÉêÖäáÅÜÉåK= bë= òÉáÖíÉ= ëáÅÜ= ÉáåÉ= ëÉÜê= ÖìíÉ= §ÄÉêÉáåëíáããìåÖ= òïáëÅÜÉå= ÇÉê= íÜÉçêÉíáJ

ëÅÜÉå=bêï~êíìåÖ=ìåÇ=ÇÉå=ÉêòáÉäíÉå=oÉëìäí~íÉåK=

wìê= oÉ~äáëáÉêìåÖ= îçå= ÜçÅÜ~ìÑä∏ëÉåÇÉå= jpjJmja= hçåòÉéíÉå= ïìêÇÉ= ~åëÅÜäáÉ≈ÉåÇ=

ÇÉê=^åë~íò=ÉáåÉë=ëáäáòáìãÄ~ëáÉêíÉå=jpjJ^åë~íòÉë=~ìÑ=ÉáåÉã=páåÖäÉÅÜáé=îçêÖÉëíÉääíK=_Éá=

ÇÉê= rãëÉíòìåÖ= ãìëëíÉ= ~ìÑ= ÉáåÉ= ÑìåâíáçåëÄÉÇáåÖíÉ= ÉäÉâíêáëÅÜÉ= qêÉååìåÖ= òïáëÅÜÉå=
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NSU= h~éáíÉä=U=

ÉáåÉë=plfJmêçòÉëëÉë=åçíïÉåÇáÖ=ïìêÇÉK=wìê=oÉ~äáëáÉêìåÖ=ÖÉêáåÖÉê=aìåâÉäëíê∏ãÉ=ïìêJ

ÇÉ=~ì≈ÉêÇÉã=ÉáåÉ=ãçÇáÑáòáÉêíÉ=mêçòÉëëìãÖÉÄìåÖ=ÇÉÑáåáÉêíI=ãáí=ÇÉê=pÅÜçííâóëíêìâíìJ

êÉå= Ä~ëáÉêÉåÇ= ~ìÑ= mä~íáåëáäáòáÇ= ÜÉêÖÉëíÉääí= ïÉêÇÉå= âçååíÉåK= aáÉ= ÉêêÉáÅÜíÉå= aìåâÉäJ

ëíê∏ãÉ=Éåíëéê~ÅÜÉå=ÜáÉêÄÉá=ÇÉê=íÜÉçêÉíáëÅÜÉå=bêï~êíìåÖ=ìåÇ=ëáåÇ=ëçÖ~ê=ÖÉêáåÖÉê=~äë=

ÄÉá= îÉêÖäÉáÅÜÄ~êÉå= sÉê∏ÑÑÉåíäáÅÜìåÖÉå= ìåÇ= rãëÉíòìåÖÉåK= ^ìëÖÉÜÉåÇ= îçå= ÇáÉëÉê=

qÉÅÜåçäçÖáÉ= Éåíëí~åÇÉå= mjaJmáñÉäëíêìâíìêÉå= ãáí= ìåíÉêëÅÜáÉÇäáÅÜÉê= dÉçãÉíêáÉ= òì=

qÉëíòïÉÅâÉåK=_Éá=jÉëëìåÖÉå=òÉáÖíÉ=ëáÅÜ=~ìÅÜ=ÜáÉê=ÉáåÉ=ΩÄÉê~ìë=Öêç≈É=§ÄÉêÉáåëíáãJ

ãìåÖ=ãáí=ÇÉê=qÜÉçêáÉ=ìåÇ=ÇÉå=òìîçê=ÇìêÅÜÖÉÑΩÜêíÉå=e~äÄäÉáíÉêëáãìä~íáçåÉåK=_~ëáÉJ

êÉåÇ=~ìÑ=ÇáÉëÉã=åÉìÉå=ÜçÅÜáåíÉÖêáÉêÄ~êÉå=^åë~íò=âçååíÉå=~ÄÜ®åÖáÖ=îçå=ÇÉê=dÉçJ

ãÉíêáÉ=_~åÇÄêÉáíÉå=áã=_ÉêÉáÅÜ=îçå=ΩÄÉê=ÜìåÇÉêí=jÉÖ~ÜÉêíò=å~ÅÜÖÉïáÉëÉå=ïÉêÇÉåI=

~ì≈ÉêÇÉã=ÇáÉ=ÖÉïΩåëÅÜíÉ=áåÜ®êÉåíÉ=råíÉêÇêΩÅâìåÖ=îçå=ìåâçêêÉäáÉêíÉå=^åíÉáäÉåK=wìê=

~ééäáâ~íáçåëëéÉòáÑáëÅÜÉå= _ÉïÉêíìåÖ= Éåíëí~åÇÉå= ëÅÜçå= áã= båíïáÅâäìåÖëJ= ìåÇ= bêéêçJ

ÄìåÖëëí~Çáìã=jìäíáéáñÉäëíêìâíìêÉå=ÇáÉ=âçãé~íáÄÉä=òì=ÇÉê=ÄÉëÅÜêáÉÄÉåÉå=h~ãÉê~~éJ

éäáâ~íáçå= ëáåÇK= eáÉêãáí= âçååíÉå= Éêëíã~äë= Pa=jpjJmja= pÉåëçêÉå= ~ìÑ= páäáòáìãÄ~ëáë=

ÜÉêÖÉëíÉääí=ìåÇ=ÇÉêÉå=cìåâíáçåëïÉáëÉ=ÄÉïÉêíÉí=ïÉêÇÉåK=

fã=^ääÖÉãÉáåÉå=áëí=ÇáÉ=mÜçíçÉãéÑáåÇäáÅÜâÉáí=ìåÇ=ÇáÉ=ÉêêÉáÅÜÄ~êÉ=i~ÇìåÖëíêÉååÉáÖÉåJ

ëÅÜ~Ñí= ÉáåÉë= mja=ÉáåÉ= ÅÜ~ê~âíÉêáëíáëÅÜÉ=dê∏≈É=ÇáÉ=ïÉëÉåíäáÅÜÉå= báåÑäìëë= ~ìÑ= ÇáÉ= ÉêJ

êÉáÅÜÄ~êÉ=jÉëëÖÉå~ìáÖâÉáí=Ü~íK=wìê=píÉáÖÉêìåÖ=ÇáÉëÉê=dê∏≈Éå=ïìêÇÉ=áå=ÇáÉëÉê=^êÄÉáí=

ÇáÉ=båíïáÅâäìåÖ=îçå=ÜçÅÜÉÑÑáòáÉåíÉå=mjaJpíêìâíìêÉå=ÄÉëÅÜêáÉÄÉåK=dêìåÇÖÉÇ~åâÉ=áëí=

ÜáÉêÄÉá= Éáå= ^åë~íò= ÇÉê= ÑΩê= Ç~ë= pÉåëçêëìÄëíê~í= ìåÇ= ÑΩê= ÇáÉ= å∏íáÖÉ= pÅÜ~äíìåÖëíÉÅÜåáâ=

àÉïÉáäë= çéíáã~äÉ= mêçòÉëëÉ= îçêëáÉÜíK= wìê=j~ñáãáÉêìåÖ= ÇÉë= cΩääÑ~âíçêë= ïìêÇÉå= Ç~ÄÉá=

Éêëíã~äë= êΩÅâëÉáíÉåÄÉëíê~ÜäíÉ= mjaJbäÉãÉåíÉ= ÉåíïáÅâÉäíK= wìê= píÉáÖÉêìåÖ= ÇÉë=aÉãçJ

Çìä~íáçåëâçåíê~ëíë= ëáåÇ= íÜÉçêÉíáëÅÜÉ=råíÉêëìÅÜìåÖÉå=ìåÇ=åìãÉêáëÅÜÉ= páãìä~íáçåÉå=

òìê=léíáãáÉêìåÖ=ÇÉë= îÉêïÉåÇÉíÉå=pÉåëçêëìÄëíê~íÉë=ÇìêÅÜÖÉÑΩÜêí=ïçêÇÉåK=jÉëëìåJ

ÖÉå=~å=ÇÉå=ìãÖÉëÉíòíÉå=qÉëíëíêìâíìêÉå=òÉáÖíÉå=hçåíê~ëíïÉêíÉ=ÇáÉ=Äáëä~åÖ=åçÅÜ=îçå=

âÉáåÉã=ìåáéçä~êÉå=mja=ÉêêÉáÅÜí=ïçêÇÉå=ëáåÇK=fåëÄÉëçåÇÉêÉ=áå=sÉêÄáåÇìåÖ=ãáí=ÉáåÉê=

ÜçÜÉå=mÜçíçÉãéÑáåÇäáÅÜâÉáí=âçååíÉå=ëçãáí=mjaë=êÉ~äáëáÉêí=ïÉêÇÉåI=ÇáÉ=ÉáåÉ=îáÉäÑ~ÅÜ=

Ü∏ÜÉêÉ=páÖå~ä~ìëÄÉìíÉ=~äë=ëáäáòáìãÄ~ëáÉêíÉ=cêÉãÇãçÇìä~íáçåëâçåòÉéíÉ=ÄÉëáíòÉåK=

wìê=dÉÖÉåΩÄÉêëíÉääìåÖ=ÇÉê=ÄÉíê~ÅÜíÉíÉå=mjaJhçåòÉéíÉ=ïìêÇÉåI=Ä~ëáÉêÉåÇ=~ìÑ=ÉáåÉê=

ÄÉáëéáÉäÜ~ÑíÉå= ^åïÉåÇìåÖI= _ÉêÉÅÜåìåÖÉå= ÜáåëáÅÜíäáÅÜ= ÇÉê=jÉëëÖÉå~ìáÖâÉáí= ÇìêÅÜJ

ÖÉÑΩÜêíK=eáÉê=ïìêÇÉ=Ç~ë=ÉåçêãÉ=mçíÉåíá~ä=ÇÉë=êΩÅâëÉáíÉåÄÉëíê~ÜäíÉå=ebJmja=áã=sÉêJ

ÖäÉáÅÜ= òì= ~åÇÉêÉå= qÉÅÜåçäçÖáÉå= åçÅÜã~äë= ÇÉìíäáÅÜK= ^ÄÉê= ~ìÅÜ= ÇáÉ=jpjJhçåòÉéíÉ=

Ü~ííÉå= ~ÄÜ®åÖáÖ= îçå= ÇÉê= oÉ~äáëáÉêìåÖëÑçêã= ÇÉìíäáÅÜÉ= sçêíÉáäÉ= òì= Ö®åÖáÖÉå= cêÉãÇJ

ãçÇìä~íáçåëâçåòÉéíÉåK= báåòáÖ= ÇÉê= îÉêÖäÉáÅÜëïÉáëÉ= ÜçÜÉ= aìåâÉäëíêçã= ÇÉê= jpjJ

mjaë= ÉêÑçêÇÉêí= ~ééäáâ~íáçåë~ÄÜ®åÖáÖ= ìåíÉê= rãëí®åÇÉå= ëéÉòáÉääÉ= hΩÜäã~≈å~ÜãÉå=



wìë~ããÉåÑ~ëëìåÖ=ìåÇ=^ìëÄäáÅâ= = NSV=

ìã=~ìÅÜ=ÄÉá=ÜçÜÉå=ÖÉÑçêÇÉêíÉå=qÉãéÉê~íìêÄÉêÉáÅÜÉå=Öêç≈É=jÉëëÖÉå~ìáÖâÉáíÉå=òì=

ÖÉï®ÜêäÉáëíÉåK==

^ääÉ= îçêÖÉëíÉääíÉå= pÉäÄëíãçÇìä~íáçåëâçåòÉéíÉ= â∏ååÉå= áå= PaJqáãÉJlÑJcäáÖÜí= mjaJ

^ééäáâ~íáçåÉå=ÖÉåìíòí=ïÉêÇÉåK=eáÉêÄÉá=â~åå=ÄÉÇ~êÑë~ÄÜ®åÖáÖ=ÇáÉ=êÉäÉî~åíÉ=pÉåëçêÉáJ

ÖÉåëÅÜ~Ñí=ÖÉï®Üäí=ïÉêÇÉåK=cΩê=ÜçÜÉ=páÖå~ä~ìëÄÉìíÉ=ëáåÇ=Ç~ë=d~^ëJmja=ìåÇ=Ç~ë=ebJ

mja=ÉãéÑÉÜäÉåëïÉêíK=a~ë=âçëíÉåÖΩåëíáÖÉ=ebJmja=â~åå=ÜáÉêÄÉá=ÇìêÅÜ=ÇáÉ=ÄÉëÅÜêáÉJ

ÄÉåÉ= ÉñíÉêåÉ= pÅÜ~äíìåÖëíÉÅÜåáâ= ìåÉãéÑáåÇäáÅÜÉê= ÖÉÖÉåΩÄÉê= cêÉãÇäáÅÜíÉáåÑäΩëëÉå=

ÖÉëí~äíÉí= ïÉêÇÉåK= e∏ÅÜëíÉ= _~åÇÄêÉáíÉå= îçå= ãÉÜêÉå= ÜìåÇÉêí= jeò= çÇÉê= Ö~ê= deò=

ÄêáåÖÉå=ÇáÉ=jpjJmjaë=ãáí=ëáÅÜI=~ì≈ÉêÇÉã=åçÅÜ=ÇáÉ=ÄÉëÅÜêáÉÄÉåÉ=áåÜ®êÉåíÉ=cêÉãÇJ

äáÅÜíìåíÉêÇêΩÅâìåÖK=a~ë= mípáJmja=ÉáÖåÉí= ëáÅÜ= ~ìÑÖêìåÇ=ÇÉë= páåÖäÉÅÜáé~åë~íòÉë= áåëJ

ÄÉëçåÇÉêÉ= ÑΩê= pÉåëçêÉå=ãáí= ^ìÑä∏ëìåÖÉå= áã=_ÉêÉáÅÜ= îçå=[NMMM= máñÉäK=aáÉëÉë= mja=

ÄáÉíÉí=òìÖäÉáÅÜ=åçÅÜ=Éáå=ÉåíëéêÉÅÜÉåÇÉë=båíïáÅâäìåÖëéçíÉåíá~äI=Ç~=~ääÉ=píêìâíìêÉå=òì=

qÉëíòïÉÅâÉå= ~ìÑ= äÉÇáÖäáÅÜ= ÖÉêáåÖÑΩÖáÖ= ãçÇáÑáòáÉêíÉå= pìÄëíê~íÉå= ìåÇ= âçåëÉêî~íáîÉå=

dÉçãÉíêáÉå=ÄÉêìÜíÉåK=

aáÉ=îçêäáÉÖÉåÇÉ=^êÄÉáí=òÉáÖíI=Ç~ëë=ëáÅÜ=áåëÄÉëçåÇÉêÉ=ÇáÉ=cêÉãÇãçÇìä~íáçåëâçåòÉéíÉ=

ÇìêÅÜ=ÉáåÉ=ÜçÜÉ=cäÉñáÄáäáí®í=ìåÇ=Öêç≈É=^åïÉåÇìåÖëîáÉäÑ~äí=~ìëòÉáÅÜåÉåK=^ääÉ=ÖÉòÉáÖJ

íÉå=oÉ~äáëáÉêìåÖÉå=îÉêïÉåÇÉíÉå=ÜáÉêÄÉá= äÉÇáÖäáÅÜ=äáåÉ~êÉ=^ìëÖ~åÖëJ=ìåÇ=páÖå~äîÉê~êJ

ÄÉáíìåÖëëíìÑÉå= ãáí= báåÑ~ÅÜ~Äí~ëíìåÖK= aÉê= ÄÉá= ÇÉå= îÉêïÉåÇÉíÉå= jpjJpíêìâíìêÉå=

å~ÅÜÖÉïáÉëÉåÉ=aóå~ãáâÄÉêÉáÅÜ=â~åå= áå=âΩåÑíáÖÉå=båíïáÅâäìåÖÉå=ÇìêÅÜ=^åé~ëëìåÖ=

ÇÉê=^ìëäÉëÉäÉâíêçåáâ=åçÅÜ=ïÉáíÉê=ÖÉëíÉáÖÉêí=ïÉêÇÉåK=eáÉê=â∏ååÉå=ÄÉáëéáÉäëïÉáëÉ=äçÖ~J

êáíÜãáëÅÜÉ=sÉêëí®êâÉê=çÇÉê=hçåòÉéíÉ=ãáí=éáñÉäáåÇáîáÇìÉääÉê= fåíÉÖê~íáçåëòÉáíëíÉìÉêìåÖ=

îÉêïÉåÇÉí= ïÉêÇÉåK= aáÉ= Éêï®ÜåíÉ= máñÉä~åò~Üä= ÇÉë= d~^ë=jpjJpÉåëçêë= â~åå= ~ì≈ÉêJ

ÇÉã=ÇìêÅÜ=ÉåíëéêÉÅÜÉåÇÉ=^ìÑÄ~ìJ=ìåÇ=sÉêÄáåÇìåÖëíÉÅÜåáâ=åçÅÜ=ïÉáíÉê=ÖÉëíÉáÖÉêí=

ïÉêÇÉåK=båíïáÅâÉäí=ïìêÇÉå=áã=sÉêä~ìÑ=ÇáÉëÉê=^êÄÉáí=ÄÉêÉáíë=píêìâíìêÉå=ãáí=PSñU=máñÉäI=

ïçÄÉá= ãáí= ÇÉê= âçåâêÉí= îÉêïÉåÇÉíÉå= táêÉÄçåÇíÉÅÜåáâ= ëÅÜçå= ^ìÑä∏ëìåÖÉå= Äáë= òì=

NMMM=máñÉä=ã∏ÖäáÅÜ=ÖÉïÉëÉå=ï®êÉåK=

a~ë=ÖÉòÉáÖíÉ=ebJmja=â~åå=áå=ïÉáíÉêÉå=båíïáÅâäìåÖÉå=ÑΩê=ÇáÉ=oÉ~äáëáÉêìåÖ=îçå=åÉìJ

~êíáÖÉå=OaLPa=pÉåëçêÉå=îçå=ÄÉëçåÇÉêÉê=_ÉÇÉìíìåÖ=ëÉáåK=aìêÅÜ=ÇáÉ=sÉêíáâ~äáåíÉÖê~íáJ

çå= ä~ëëÉå= ëáÅÜ=éêáåòáéáÉää= îÉêëÅÜáÉÇÉåÉ=pÉåëçêã~íÉêá~äáÉå=ìåÇ=píêìâíìêÉå=ΩÄÉêÉáå~åJ

ÇÉê=~åçêÇåÉåK=aÉåâÄ~ê=ï®êÉ=ÄÉáëéáÉäëïÉáëÉ=ÉáåÉ=^êÅÜáíÉâíìê=ãáí=ÉáåÉã=çÄÉå=äáÉÖÉåJ

ÇÉå=páäáòáìãëÉåëçê=ÇÉê=ÑΩê=tÉääÉåä®åÖÉå=çÄÉêÜ~äÄ=Éíï~=NOMM=åã=íê~åëé~êÉåí=áëí=ìåÇ=

~äë=âä~ëëáëÅÜÉê=Oa=pÉåëçê=ÑΩê=ÇÉå=ëáÅÜíÄ~êÉå=_ÉêÉáÅÜ=âçåòáéáÉêí=áëíK=aÉê=páäáòáìãëÉåëçê=

ÇÉíÉâíáÉêí= ëçãáí=tÉääÉåä®åÖÉå=ìåíÉêÜ~äÄ= ëÉáåÉê=dêÉåòïÉääÉåä®åÖÉI= ÇÉê= Ç~êìåíÉê= ~åJ

ÖÉÄê~ÅÜíÉ= pÉåëçê= EòK_K= fåmF= â~åå= òìê= aÉíÉâíáçå= îçå= ä~åÖïÉääáÖÉå= páÖå~äÉå= EòK_K=

 



NTM= h~éáíÉä=U=

NRRM=åãF= òìê=dÉïáååìåÖ=ÇÉë= båíÑÉêåìåÖëÄáäÇÉë= îÉêïÉåÇÉí=ïÉêÇÉåK=aáÉë= Ü~í= ~ìÅÜ=

sçêíÉáäÉ=ÄÉá=ÇÉê=^ìëï~Üä= îçå=pÉåÇÉäÉãÉåíÉåI=Ç~= áã= ä~åÖïÉääáÖÉå=_ÉêÉáÅÜ= áå=_ÉòìÖ=

~ìÑ=^ìÖÉåëáÅÜÉêÜÉáí=xfb`MNz=Öê∏≈ÉêÉ=iáÅÜíäÉáëíìåÖÉå=~ÄÖÉëíê~Üäí=ïÉêÇÉå=â∏ååÉåK=

aÉåâÄ~ê= áëí= ~ìÅÜ=ÇáÉ= hçãÄáå~íáçå=ÇÉê= áå=ÇáÉëÉê= ^êÄÉáí= ÄÉëÅÜêáÉÄÉåÉå= pÉåëçêÉå= ~äë=

jìäíáëéÉâíê~äJmjaëK=pç=â∏ååíÉ=Éáå=d~^ë=pÉåëçê=ΩÄÉê=ÉáåÉã=páäáòáìãÅÜáé=~åÖÉÄê~ÅÜí=

ïÉêÇÉåI=ïçÄÉá=ÇÉê=d~^ë=`Üáé=~äë=m~ëëÑáäíÉê=ÑΩê=tÉääÉåä®åÖÉå=çÄÉêÜ~äÄ=UVM=åã=ÇáÉåí=

ìåÇ=ÖäÉáÅÜòÉáíáÖ=~äë=mja=ÖÉåìíòí=ïÉêÇÉå=â~ååK=aÉê=Ç~êìåíÉê=~åÖÉÄê~ÅÜíÉ=páäáòáìãJ

ëÉåëçê=â~åå=~äë=mja=ÑΩê=tÉääÉåä®åÖÉå=áã=_ÉêÉáÅÜ=îçå=UVM=åã=Äáë=NOMM=åã=îÉêïÉåJ

ÇÉí=ïÉêÇÉåI=ïçÄÉá=ÇìêÅÜ=ÇÉå=îçêÖÉëÅÜ~äíÉíÉå=d~^ëJ`Üáé=ÄÉêÉáíë=ÉáåÉ=ÇÉìíäáÅÜÉ=sÉêJ

êáåÖÉêìåÖ= îçå= pçååÉåäáÅÜí~åíÉáäÉå= ÉêêÉáÅÜí= ï®êÉK=jáí= ÇáÉëÉã= ^ìÑÄ~ì= â∏ååíÉå= ÄÉáJ

ëéáÉäëïÉáëÉ= mjaJh~ãÉê~ë=ãáí= ÜçÜÉê= dÉëÅÜïáåÇáÖâÉáí= êÉ~äáëáÉêí= ïÉêÇÉåI= Ç~= ÇáÉ= ÄÉJ

ëÅÜêáÉÄÉåÉ= ëÉèìÉåíáÉääÉ= mÜ~ëÉåãÉëëìåÖ= ÇìêÅÜ= é~ê~ääÉäÉ= mÜ~ëÉå~ìëïÉêíìåÖ= ÉêëÉíòíI=

ÄòïK=ÉêÖ®åòí=ïÉêÇÉå=â~ååK=

aÉê= pÅÜïÉêéìåâí= ïÉáíÉêÉê= båíïáÅâäìåÖÉå= ëçääíÉ= ëáÅÜ= åÉÄÉå= ÇÉê= mjaJqÉÅÜåçäçÖáÉ=

~ìÅÜ=~ìÑ=ÇáÉ=fåíÉÖê~íáçå=ïÉáíÉêÉê=póëíÉãâçãéçåÉåíÉå=~ìÑ=ÇÉã=pÉåëçêÅÜáé=âçåòÉåíJ

êáÉêÉåK=eáÉê=ëÉáÉå=~ìÑ=ÇÉê=^ìëäÉëÉëÉáíÉ=áåëÄÉëçåÇÉêÉ=^å~äçÖJaáÖáí~äJt~åÇäÉê=ÖÉå~ååíI=

ïÉäÅÜÉ= ÑΩê= å~ÅÜÖÉëÅÜ~äíÉíÉ= hçãéçåÉåíÉå= ÉáåÉ= ÇáÖáí~äÉ= pÅÜåáííëíÉääÉ= òìê= sÉêÑΩÖìåÖ=

ëíÉääÉåK=^ìÑ=ÇÉê=^åëíÉìÉêëÉáíÉ=â∏ååÉå=~ìÑ=ÇÉã=`jlpJ`Üáé=ÇáÉ=å∏íáÖÉå=hçãéçåÉåJ

íÉå= òìê=dÉåÉê~íáçå=ÇÉê= ÉáåòÉäåÉå=q~âíëáÖå~äÉ=ìåÇ=mÜ~ëÉåîÉêëÅÜáÉÄìåÖÉå= xcáëÅÜMRzI=

ëçïáÉ= qêÉáÄÉêâçãéçåÉåíÉå= òìê= oÉ~äáëáÉêìåÖ=ÇÉê=dÉÖÉåí~âíãçÇìä~íáçå= xoáÅÜíMSz= áåJ

íÉÖêáÉêí=ïÉêÇÉåK=báå=ä~åÖÑêáëíáÖÉë=wáÉä=ÇáÉëÉê=båíïáÅâäìåÖÉå=ëçääíÉ=ÜáÉêÄÉá=Éáå=ÜçÅÜ~ìÑJ

ä∏ëÉåÇÉê=Pa=mjaJpÉåëçê=ãáí=~ìëëÅÜäáÉ≈äáÅÜ=ÇáÖáí~äÉå=pÅÜåáííëíÉääÉå=ëÉáåK=

=



iáíÉê~íìêîÉêòÉáÅÜåáë= = NTN=

iáíÉê~íìêîÉêòÉáÅÜåáë=

x^Ç~åVUz= ^K=lK=^Ç~åI=qK=k~â~K=^K=h~Öáë~ï~I=eK=pÜáãáòìI=łplf=~ë=~=j~áåJ
ëíêÉ~ã=f`=íÉÅÜåçäçÖóÒI=mêçÅÉÉÇáåÖë=çÑ=fbbb=fåíÉêå~íáçå~ä=plf=ÅçåJ
ÑÉêÉåÅÉI=lÅíçÄÉê=NVVU=

x^äáMPz= hK=^äáÄÉêíá=ÉíK~äK=I=łfãéêçîÉÇ=çéíçÉäÉÅíêçåáÅ=ãáñáåÖ=çÑ=få^J
ä^ëLfåd~^ë=áåíÉêÇáÖáí~íÉÇJÑáåÖÉê=ãÉí~äJëÉãáÅçåÇìÅíçêJãÉí~ä=
éÜçíçÇÉíÉÅíçêëI=mêçÅÉÉÇáåÖë=çÑ=fbbbI=pÉåëçêëI=OMMP=

x^î~åíMNz= ^î~åí>=`çêéçê~íáçåI=łjÉÇáÅáI=qïçJaáãÉåëáçå~ä=aÉîáÅÉ=páãìä~íáçå=
mêçÖê~ã=sÉêëáçå=OMMNKQÒ=rëÉêÛë=j~åì~äI=cêÉãçåí=`~äáÑçêåá~=

x_~ëëVNz= bK=_~ëëçìëI=jK=pÅÜÉìÉêã~ååI=sKmK=hÉë~åI=jK=oáííÉêI=gKJjK=e~äÄçìíI=
~åÇ=pKpK=fóÉêI=ł^=eáÖÜJpéÉÉÇ=páäáÅçå=jÉí~äJpÉãáÅçåÇìÅíçêJjÉí~ä=
mÜçíçÇÉíÉÅíçê=Ñìääó=áåíÉÖê~ÄäÉ=ïáíÜ=E_áF`jlp=`áêÅìáíëI=mêçÅÉÉÇJ
áåÖë=çÑ=íÜÉ=fåíÉêå~íáçå~ä=bäÉÅíêçå=aÉîáÅÉë=jÉÉíáåÖI=t~ëÜáåÖíçåI=
a`I=NVVNI=ééK=NUTJNVM=

x_j_cMRz= _j_cI=_ìåÇÉëãáåáëíÉêáìã=ÑΩê=_áäÇìåÖ=ìåÇ=cçêëÅÜìåÖI=“=PaJ
pÉåëçêáâ=ÑΩê=îçê~ìëëÅÜ~ìÉåÇÉ=páÅÜÉêÜÉáíëëóëíÉãÉ=áã=^ìíçãçÄáä=
EPaJpf^jF“I=^ÄëÅÜäìëëÄÉêáÅÜí=òìã=_j_c=mêçàÉâíI=c∏êÇÉêâÉååòÉáJ
ÅÜÉå=NSpsNPPNI=OMMR=

x_∏ÜãUVz= j~êâìë=_∏ÜãI=łe~äÄäÉáíÉêÉäÉâíêçåáâ“I=pâêáéí=òìê=sçêäÉëìåÖ“I=råáJ
îÉêëáí®í=páÉÖÉåI=NVUV=

x_êÉáÇMRz= ^K=_êÉáÇÉå~ëëÉäI=“^=eáÖÜ=aóå~ãáÅ=o~åÖÉ=`jlp=fã~ÖÉ=pÉåëçê=
ïáíÜ=^Ç~éíáîÉ=fåíÉÖê~íáçå=qáãÉ=`çåíêçäÒI=aáëëÉêí~íáçåI=råáîÉêëáí®í=
eÉáÇÉäÄÉêÖI=háêÅÜÜçÑÑJfåëíáíìí=ÑΩê=mÜóëáâI=OMMR=

x_ìñMOz= _ÉêåÇ=_ìñÄ~ìãI=“léíáëÅÜÉå=i~ìÑòÉáíÉåíÑÉêåìåÖëãÉëëìåÖ=ìåÇ=
`aj^=~ìÑ=_~ëáë=ÇÉê=mjaJqÉÅÜåçäçÖáÉ=ãáííÉäë=éÜ~ëÉåî~êá~ÄäÉê=mkJ
jçÇìä~íáçåI=wbpp=cçêëÅÜìåÖëÄÉêáÅÜíÉ=_~åÇ=NTI=OMMO=

x`Ü~åÖUTz= dKJhK=`Ü~åÖ=ÉíK~äKI=“låJÅÜáé=ÅÜ~ê~ÅíÉêáò~íáçå=çÑ=Ñìääó=áåíÉÖê~íÉÇ=
éÜçíçêÉÅÉáîÉêë=ìëáåÖ=ÜáÖÜJóáÉäÇ=áçåJáãéä~åíÉÇ=d~^ë=f`=íÉÅÜåçäJ
çÖóI=d~^ë=f`=ëóãéçëáìãI=`eORMSI=RTI=NVUT=

xaÉÅçëMPz= aK=aÉÅçëíÉêI=gKJmK=sáäÅçíI=gK=e~ê~êáI=sK=j~ÖåáåI=ÒmÜçíçÇÉíÉÅíçêë=Ñçê=
ãáÅêçï~îÉ=~ééäáÅ~íáçåëW=~=êÉîáÉï=~åÇ=íêÉåÇëÒI=pmfb=mêçÅÉÉÇáåÖë=
mÜçíçåáÅë=tÉëíI=mÜçíçÇÉíÉÅíçê=ã~íÉêá~äë=~åÇ=ÇÉîáÅÉë=s=I=g~åîáÉê=
OMMPK 

xc~êPVz= jK=c~ê~Ç~óI=?łbñéÉêáãÉåí~ä=oÉëÉ~êÅÜÉë=áå=bäÉÅíêáÅáíó“I=_Éêå~êÇ=
nì~êáíÅÜI=içåÇçåI=sçäK=f=ENUPVF=ééKNOOJNOQK=

xcáëÅÜMRz= ^K=cáëÅÜÉêI=“aÉëáÖå=ÇáÖáí~äÉê=pç`JhçãéçåÉåíÉå=EpóëíÉã=çå=`ÜáéF=

 



NTO= iáíÉê~íìêîÉêòÉáÅÜåáë=

áã=pí~åÇ~êÇòÉääÉåJsÉêÑ~ÜêÉå=ÑΩê=ÉáåÉå=ÜçÅÜáåíÉÖêáÉêíÉå=mjaJ
båíÑÉêåìåÖëëÉåëçê=áå=`jlpJqÉÅÜåçäçÖáÉ“=I=aáéäçã~êÄÉáíI=råáîÉêJ
ëáí®í=páÉÖÉåIOMMS=

xd~ãã~MOz= ^ÄÄ~ë=Éä=d~ã~äI=“eáÖÜ=aóå~ãáÅ=o~åÖÉ=fã~ÖÉ=pÉåëçêëÒI=qìíçêá~ä=
~í=fbbb=fåíÉêå~íáçå~ä=pçäáÇJpí~íÉ=`áêÅìáíë=`çåÑÉêÉåÅÉI=OMMO=

xdáÖ~MNz= c~K=dáÖ~é~ëëI=łdpURQUOO=pÉêáÉë“=mêçÇìÅí=a~í~ëÜÉÉí=oÉîK=NKM=pÉéJ
íÉãÄÉê=OMMN=

xdáÖÉêMRz= hK=dáÖÉêI=“jÉíÜçÇ=~åÇ=aÉîáÅÉ=Ñçê=ãÉ~ëìêáåÖ=aáëí~åÅÉëÒI=rpJ
m~íÉåíëÅÜêáÑí=rp=SIUSQIVSS=_OI=j~êK=UIOMMR=

xd∏âVVz= jK=d∏ââ~î~ëI=_K=jK=lå~íIbK=£òÄ~óI=bK=mK=^í~I=gK=uìI=bK=qçïÉI=~åÇ=
jK=pK=§åäΩI=ÒaÉëáÖå=~åÇ=léíáãáò~íáçå=çÑ=eáÖÜJpéÉÉÇ=oÉëçå~åí=
`~îáíó=båÜ~åÅÉÇ=pÅÜçííâó=mÜçíçÇáçÇÉëI=fbbb=gçìêå~ä=çÑ=èì~åíìã=
ÉäÉÅíêçåáÅëI=sçäK=PRI=kçK=OI=cÉÄêì~êó=NVVV=

xdêΩåMNz= eçäÖÉê=dêΩåäÉáíåÉêI=“bäÉâíêçJçéíáëÅÜÉ=báÖÉåëÅÜ~ÑíÉå=îçå=ìäíê~ÇΩåJ
åÉå=ENJTåãF=fêáÇáìãëáäáòáÇëÅÜáÅÜíÉå=~ìÑ=páäáòáìãENMMFI=aáëëÉêí~íáçå=
råáîÉêëáí®í=bêä~åÖÉåJkΩêåÄÉêÖI=OMMN=

xdìäMPz= mK=dìäÇÉåI=łpóëíÉã=`çåÅÉéíë=Ñçê=kçîÉä=léíáÅ~ä=aáëí~åÅÉ=pÉåëçê=
_~ëÉÇ=çå=fåÜÉêÉåíäóJjáñáåÖ=aÉíÉÅíçêë“I=cçêíëÅÜêáííJ_ÉêáÅÜíÉ=saf=
kê=VUPI=aΩëëÉäÇçêÑ=OMMP=

xe~ãMPz= e~ã~ã~íëì=mÜçíçåáÅë=hKhK=łräíê~Ñ~ëí=jpj=mÜçíçÇÉíÉÅíçêë“I=
mêçÇìÅí=a~í~ëÜÉÉí=dQNTSI=e~ã~ã~íëìI=g~é~åI=OMMP=

xeÉáMNz= eK=eÉáåçäI=łbåíïáÅâäìåÖ=ìåÇ=råíÉêëìÅÜìåÖ=îçå=ãçÇìä~íáçåëä~ìÑJ
òÉáíÄ~ëáÉêíÉå=PaJpáÅÜíëóëíÉãÉå“I=aáëëÉêí~íáçåI=råáîÉêëáí®í=páÉÖÉåI=
OMMN=

xeçåâMNz= hK=eçåâ~åÉåI=łc~ÄêáÅ~íáçå=~åÇ=ãçÇÉääáåÖ=çÑ=plf=~åÇ=d~^ë=jpj=
éÜçíçÇÉíÉÅíçêë=~åÇ=~=d~^ëJÄ~ëÉÇ=áåíÉÖê~íÉÇ=éÜçíçêÉÅÉáîÉê“I=eÉäJ
ëáåâá=råáîÉêëáíó=çÑ=qÉÅÜåçäçÖóI=cáåä~åÇI=OMMN=

xeìêãMOz= sK=eìêãI=tK=_êçååÉêI=tK=_ÉåòI=hK=hçÜäÉêI=gKJoK=hêçééI=oK=içëÅÜI=jK=
iìÇïáÖI=dK=j~ååI=jK=jáâìää~I=gK=oçëÉåòïÉáÖI=jK=pÅÜäÉÅÜíïÉÖI=jK=
t~äíÜÉêI=~åÇ=dK=tÉáã~ååI=“i~êÖÉ=~êÉ~=jpj=éÜçíçÇáçÇÉ=~êê~ó=Ñçê=
MKUR=”ã=ï~îÉäÉåÖíÜ=NMdÄáíLë=éÉê=ÅÜ~ååÉä=é~ê~ääÉä=çéíáÅ~ä=äáåâëIÒ=
bäÉÅíêçåK=iÉííKI=îçäK=PUI=åçK=NUI=ééK=NMRNÓNMROI=OMMOK=

xfb`MNz= fåíÉêå~íáçå~ä=qÉÅÜåáÅ~ä=`çããáëëáçåI=“fåíÉêå~íáçå~ä=pí~åÇ~êÇ=fb`=
SMUORJNI=p~ÑÉíó=çÑ=i~ëÉê=mêçÇìÅíë=J=m~êí=NW=bèìáéãÉåí=Åä~ëëáÑáÅ~J
íáçåI=êÉèìáêÉãÉåíë=~åÇ=ìëÉêDë=ÖìáÇÉ“I=bÇáíáçå=NKOI=OMMN=

xfplVOz= fåíÉêå~íáçå~ä=lêÖ~åáò~íáçå=Ñçê=pí~åÇ~êÇáò~íáçåI=“fplVUQRJNWNVVOI=
pçä~ê=ÉåÉêÖó=J=oÉÑÉêÉåÅÉ=ëçä~ê=ëéÉÅíê~ä=áêê~Çá~åÅÉ=~í=íÜÉ=ÖêçìåÇ=~í=



iáíÉê~íìêîÉêòÉáÅÜåáë= = NTP=

ÇáÑÑÉêÉåí=êÉÅÉáîáåÖ=ÅçåÇáíáçåë=J=m~êí=NW=aáêÉÅí=åçêã~ä=~åÇ=ÜÉãáJ
ëéÜÉêáÅ~ä=ëçä~ê=áêê~Çá~åÅÉ=Ñçê=~áê=ã~ëë=NIRÒI=NVVO=

xgáåVSz= gáåïççâ=_ìêãI=ÉíK~äKI=“içï=cêÉèìÉåÅó=d~áå=áå=jpj=mÜçíçÇáçÇÉë=
aìÉ=íç=`Ü~êÖÉ=^ÅÅìãìä~íáçå=~åÇ=fã~ÖÉ=cçêÅÉ=içïÉêáåÖÒI=fbbb=
mÜçíçåáÅë=qÉÅÜåçäçÖó=iÉííÉêë=sçäK=UI=g~åì~ê=NVVS=

xgìåMSz= aKJeK=gìåI=gKJeK=g~åÖI=fK=^ÇÉëáÇ~á=~åÇ=gKJfK=pçåÖI=“fãéêçîÉÇ=bÑÑáJ
ÅáÉåÅóJ_~åÇïáÇíÜ=mêçÇìÅí=çÑ=jçÇáÑáÉÇ=råáJqê~îÉäáåÖ=`~êêáÉê=mÜçJ
íçÇáçÇÉ=píêìÅíìêÉë=rëáåÖ=~å=råÇçéÉÇ=mÜçíçJ^Äëçêéíáçå=i~óÉêÒI=
g~é~åÉëÉ=gçìêå~ä=çÑ=^ééäáÉÇ=mÜóëáÅëI=g~é~åI=OMMS=

xhçÅçíVQz= dK_K`K=hçÅçíI=gK=píê~òåáÅâóI=qKpK=q~åI=oKqK=h~åÉëÜáêçW=“mÉêÑçêã~åÅÉ=
ëáãìä~íáçåë=çÑ=mfk=~åÇ=jpj=ÇÉíÉÅíçêëI=mêçÅÉÉÇáåÖë=çÑ=íÜÉ=pmfb=Ó=
qÜÉ=fåíÉêå~íáçå~ä=pçÅáÉíó=Ñçê=léíáÅ~ä=båÖáåÉÉêáåÖI=ONQVI=PSVI=
NVVQ=

xhçÇ~âMRz= c~K=hçÇ~âI=ł``a=fã~ÖÉ=pÉåëçê=kçáëÉ=pçìêÅÉë“I=^ééäáÅ~íáçå=kçíÉ=
oÉî=OKNK=OMMR=

xhê~ÑíMOz= eK=hê~ÑíI=łpáãìä~íáçåI=léíáãáÉêìåÖ=ìåÇ=fãéäÉãÉåíáÉêìåÖ=åÉì~êíáJ
ÖÉê=pÅÜçííâóJhçêêÉä~íáçåëÉãéÑ®åÖÉê=ÑΩê=çéíáëÅÜÉ=o~Ç~êëóëíÉãÉ“=
aáéäçã~êÄÉáíI=råáîÉêëáí®í=páÉÖÉåI=OMMO=

xhê~ÑíMQz= eK=hê~ÑíI=gK=cêÉóI=qK=jçÉääÉêI=jK=^äÄêÉÅÜíI=jK=dêçíÜçÑI=_K=pÅÜáåâI=eK=
eÉëëI=_K=_ìñÄ~ìãI=łPaJ`~ãÉê~=çÑ=eáÖÜ=PaJcê~ãÉ=o~íÉI=aÉéíÜJ
oÉëçäìíáçå=~åÇ=_~ÅâÖêçìåÇ=iáÖÜí=bäáãáå~íáçå=_~ëÉÇ=çå=fãéêçîÉÇ=
mja=EmÜçíçåáÅ=jáñÉê=aÉîáÅÉFJqÉÅÜåçäçÖáÉëÒI=léíçI=kΩêåÄÉêÖI=
OMMQ==

xi~âVQz= hÉååÉíÜ=oK=i~âÉêI=táääó=jK`K=p~åëÉåI=łaÉëáÖå=çÑ=~å~äçÖ=áåíÉÖê~íÉÇ=
`áêÅìáíë=~åÇ=póëíÉãë“=jÅdê~ïJeáää=`çãé~åáÉëX=Nëí=ÉÇáíáçå=Eg~åìJ
~êó=NI=NVVQF=

xi~åÖÉMMz= oçÄÉêí=i~åÖÉI=łPa=qáãÉJçÑJÑäáÖÜí=Çáëí~åÅÉ=ãÉ~ëìêÉãÉåí=ïáíÜ=ÅìëJ
íçã=ëçäáÇJëí~íÉ=áã~ÖÉ=ëÉåëçêë=áå=`jlpL``aJíÉÅÜåçäçÖóÒI=aáëëÉêJ
í~íáçå=råáîÉêëáí®í=páÉÖÉåI=OMMM=

xi~êêMPz= dK=i~êêáÉìI=bK=aìÄçáëI=uK=t~ää~êíI=~åÇ=uK=_~áÉI=łcçêã~íáçå=çÑ=éä~íáJ
åìãJÄ~ëÉÇ=ëáäáÅáÇÉ=Åçåí~ÅíëW=háåÉíáÅëI=ëíçÅÜáçãÉíêóI=~åÇ=ÅìêêÉåí=
ÇêáîÉ=Å~é~ÄáäáíáÉë“I=gçìêå~ä=çÑ=^ééäáÉÇ=mÜóëáÅëI=sçäK=VQI=kìãÄÉê=NOI=
OMMP=

xiáäOSz= gKbK=iáäáÉåÑÉäÇI=łjÉíÜçÇ=~åÇ=~éé~ê~íìë=Ñçê=ÅçåíêçääáåÖ=ÉäÉÅíêáÅ=ÅìêJ
êÉåíëÒI=rp=m~íÉåí=NITQRINTRI=NVOS=

xiáäOUz= gKbK=iáäáÉåÑÉäÇI=łaÉîáÅÉ=Ñçê=ÅçåíêçääáåÖ=ÉäÉÅíêáÅ=ÅìêêÉåíÒI=rp=m~íÉåí=
NIVMMIMNUI=NVOU=

 



NTQ= iáíÉê~íìêîÉêòÉáÅÜåáë=

xiáãSUz= vK`K=iáãI=oK^K=jççêÉW=mêçéÉêíáÉë=çÑ=^äíÉêå~íÉäó=`Ü~êÖÉÇ=`çéä~å~ê=
m~ê~ääÉä=píêáéë=Äó=`çåÑçêã~ä=j~ééáåÖëI=fbbb=qê~åëK=bäÉÅíêçå=aÉîK=
ENVSUF=

xiáçìVSz= iáçì=iK=`KI=k~ÄÉí=_K=^ééäáÉÇ=léíáÅë=PR=pÉáíÉ=NRJOPI=NVVS=

xiáëTRz= hK=mK=iáëá~âI=^K=dK=jáäåÉëI=łmä~íáåìã=~ë=~=äáÑÉíáãÉJÅçåíêçä=ÇÉÉé=áãJ
éìêáíó=áå=ëáäáÅçåÒI=gçìêå~ä=çÑ=^ééäáÉÇ=mÜóëáÅëI=sçäìãÉ=QSI=fëëìÉ=NOI=
ééK=ROOVJROPRI=aÉÅÉãÄÉê=NVTR=

xiáìVQz= jKvK=iáìI=bK`ÜÉåI=pKvK=`ÜçìI=łNQMJdeò=ãÉí~äJëÉãáÅçåÇìÅíçêJ
ãÉí~ä=éÜçíçÇÉíÉÅíçêë=çå=ëáäáÅçåJçåJáåëìä~íçê=ëìÄëíê~íÉ=ïáíÜ=~=
ëÅ~äÉÇ=~ÅíáîÉ=ä~óÉêI=^ééäK=mÜóëK=iÉííKI=SRI=UUTI=NVVQ=

xj~êëMOz= jK=j~êëçI=gK=_Éêå~íI=^K=tçäíÉêI=mK=g~îçêâ~I=^K=cçñXI=mK=hçêÇçëI=
Òjpj=ÇáçÇÉë=Ä~ëÉÇ=çå=~å=^äd~kLd~k=ebjq=ä~óÉê=ëíêìÅíìêÉ=Ñçê=
î~ê~Åíçê=~åÇ=éÜçíçÇáçÇÉ=~ééäáÅ~íáçåÒI=^Çî~åÅÉÇ=pÉãáÅçåÇìÅíçê=
aÉîáÅÉë=~åÇ=jáÅêçëóëíÉãëI=m~ÖÉëW=OVR=Ó=OVUI=OMMOK=

xjáÅêçMSz= c~K=jáÅêçéÉäíI=łqÜáå=cáäã=mÉäíáÉê=`ççäÉê“I=mêçÇìÅí=a~í~ëÜÉÉí=jm`J
aVMNJjQQI=OMMS=

xj∏äMRz= qK=j∏ääÉêI=eK=hê~ÑíI=gK=cêÉóI=jK=^äÄêÉÅÜíI=oK=i~åÖÉI=łoçÄìëí=Pa=
jÉ~ëìêÉãÉåí=ïáíÜ=mja=pÉåëçêë“I=o~åÖ=fã~ÖáåÖ=`çåÑÉêÉåÅÉI=bqe=
wΩêáÅÜI=OMMR=

xnì~óMMz= oK=nì~óI=`K=jçÖäÉëíìÉI=sK=m~ä~åâçîëâáI=~åÇ=pK=pÉäÄÉêÜÉêêI=“^=qÉãJ
éÉê~íìêÉ=aÉéÉåÇÉåí=jçÇÉä=Ñçê=íÜÉ=p~íìê~íáçå=sÉäçÅáíó=áå=pÉãáJ
ÅçåÇìÅíçê=j~íÉêá~äëÒI=j~íÉêá~äë=pÅáÉåÅÉ=áå=pÉãáÅçåÇìÅíçê=mêçÅJ
ÉëëáåÖI=îçäK=PI=åçK=NJOI=ééK=NQVJNRRI=OMMMK=

xoáÅÜíMSz= gK=oáÅÜíÉêI=łbåíïáÅâäìåÖ=îçå=áåíÉÖêáÉêíÉå=dÉÖÉåí~âíãçÇìä~íáçåëJ
íêÉáÄÉêå=ÑΩê=ÜçÅÜ~ìÑä∏ëÉåÇÉ=PaJ_áäÇëÉåëçêÉå=ìåÇ=oÉ~äáëáÉêìåÖ=~ìÑ=
_~ëáë=ÉáåÉë=`jlpJmêçòÉëëÉë“I=aáéäçã~êÄÉáíI=råáîÉêëáí®í=páÉÖÉåI=
OMMS=

xoáåÖMOz= qK=oáåÖÄÉÅâI=łråíÉêëìÅÜìåÖ=çéíçJÉäÉâíêáëÅÜÉê=mÜ~ëÉåêÉÖÉäâêÉáëÉ=
~ìÑ=_~ëáë=îçå=mÜçíçãáëÅÜÇÉíÉâíçêÉå=ÜáåëáÅÜíäáÅÜ=ÇÉêÉå=^åïÉåJ
ÇìåÖëéçíÉåíá~ä=ÑΩê=ÇáÉ=mÜçíçåáâ“I=wbpp=cçêëÅÜìåÖëÄÉêáÅÜíÉ=_~åÇ=
NSI=OMMO=

xoççMMz= `~íÜäÉÉå=oççã~åI=a~åáÉä=`çéé¨ÉI=j~êíÉå=hìáàâI=“^ëóåÅÜêçåçìë=
ORMJjÄLë=léíáÅ~ä=oÉÅÉáîÉêë=ïáíÜ=fåíÉÖê~íÉÇ=aÉíÉÅíçê=áå=pí~åÇ~êÇ=
`jlp=qÉÅÜåçäçÖó=Ñçê=léíçÅçìéäÉê=^ééäáÅ~íáçåëÒI=fbbb=gçìêå~ä=çÑ=
pçäáÇ=pí~íÉ=`áêÅìáíëI=sçäKPRI=kçKTI=gìäó=OMMM=

xpÅÜçíPUz= tK=pÅÜçííâóI=łe~äÄäÉáíÉêíÜÉçêáÉ=ÇÉê=péÉêêëÅÜáÅÜí“I=k~íìêïáëëÉåJ
ëÅÜ~ÑíÉå=OSI=éKUQPI=NVPU=



iáíÉê~íìêîÉêòÉáÅÜåáë= = NTR=

xpÅÜêÉóMMz= lä~Ñ=pÅÜêÉóI=łjÉíÜçÇÉå=òìê=aóå~ãáâÉêïÉáíÉêìåÖ=áå=ÇÉê=òïÉáÇáJ
ãÉåëáçå~äÉå=`jlpJ_áäÇëÉåëçêáâ“I=aáëëÉêí~íáçåI=råáîÉêëáí®í=aìáëJ
ÄìêÖI=gìåá=OMMM=

xpÅÜïMOz= oK=pÅÜï~êíÉI=“jÉíÜçÇ=~åÇ=aÉîáÅÉ=Ñçê=ÇÉíÉÅíáåÖ=~åÇ=éêçÅÉëëáåÖ=
ëáÖå~ä=ï~îÉëÒI=fåíÉêå~íáçå~äÉ=m~íÉåíëÅÜêáÑíI=tl=MOLPPUNT=^NI=
OMMO=

xpÅÜïMRz= oK=pÅÜï~êíÉI=“mêçÅÉëë=~åÇ=aÉîáÅÉ=Ñçê=ÇÉíÉÅíáåÖ=~åÇ=éêçÅÉëëáåÖ=
ëáÖå~ä=ï~îÉëÒI=m~íÉåíëÅÜêáÑí=rp=SIVOTIUUV=_OI=OMMR=

xpÅÜïVTz= oK=pÅÜï~êíÉI=łsÉêÑ~ÜêÉå=ìåÇ=sçêêáÅÜíìåÖ=òìê=_ÉëíáããìåÖ=ÇÉê=
mÜ~ëÉåJ=ìåÇLçÇÉê=^ãéäáíìÇÉåáåÑçêã~íáçå=ÉáåÉê=ÉäÉâíêçã~ÖåÉíáJ
ëÅÜÉå=tÉääÉ“I=aÉìíëÅÜÉ=m~íÉåíëÅÜêáÑí=ab=NVT=MQ=QVS=^NI=NVVT=

xpÅÜïVUz= oK=pÅÜï~êíÉI=łsçêêáÅÜíìåÖ=ìåÇ=sÉêÑ~ÜêÉå=òìê=bêÑ~ëëìåÖ=îçå=mÜ~ëÉ=
ìåÇ=^ãéäáíìÇÉ=ÉäÉâíêçã~ÖåÉíáëÅÜÉê=tÉääÉå“I=aÉìíëÅÜÉ=m~íÉåíJ
ëÅÜêáÑí=abNVU=ON=VTQ=^NI=NVVU=

xpÅÜïVVz= oK=pÅÜï~êíÉI=eK=eÉáåçäI=_K=_ìñÄ~ìãI=qK=oáåÖÄÉÅâI=wK=uìI=hK=e~êíJ
ã~ååI=“mêáåÅáéäÉë=çÑ=qÜêÉÉJaáãÉåëáçå~ä=fã~ÖáåÖ=qÉÅÜåáèìÉëÒI=
e~åÇÄççâ=çÑ=`çãéìíÉê=sáëáçå=~åÇ=^ééäáÅ~íáçåëI=sçäKNW=pÉåëçêë=
~åÇ=fã~ÖáåÖI=ééKQSPJQUQI=^Å~ÇÉãáÅ=mêÉëë=_çëíçå=NVVV=

xpÜÉåMMz= pÜÉå=m~ìäK=eK=ÉíK~äI=“fåíÉêÇáÖáí~íÉÇ=cáåÖÉê=pÉãáÅçåÇìÅíçê=
mÜçíçÇÉíÉÅíçê=Ñçê=léíçÉäÉÅíêçåáÅ=jáñáåÖÒI=rKpK=^êãó=oÉëÉ~êÅÜ=
i~Äçê~íçêóI=OMMM=

xpÜçÅâQUz= tK=pÜçÅâäÉóI=ł`áêÅìáí=bäÉãÉåí=ìíáäáòáåÖ=ëÉãáÅçåÇìÅíáîÉ=ã~íÉêá~äÒI=
rp=m~íÉåí=OIRSVIPTQI=NVOU=

xpáå~MRz= q~ãÉê=páå~åçÖäìI=łbåíïáÅâäìåÖ=ÉáåÉë=çéíáãáÉêíÉå=^ìëäÉëÉâçåòÉéíë=
ÑΩê=åÉì~êíáÖÉ=pÉäÄëíãçÇìä~íáçåëJhçêêÉä~íáçåëÉãéÑ®åÖÉê=ìåÇ=oÉ~äáJ
ëáÉêìåÖ=~ìÑ=_~ëáë=ÉáåÉë=`jlpJmêçòÉëë“I=aáéäçã~êÄÉáíI=råáîÉêëáí®í=
páÉÖÉåI=OMMR==

xpí~ååMPz= _KiK=pí~åå=ÉíK~äKI=“oÉëÉ~êÅÜ=éêçÖêÉëë=çå=~=ÑçÅ~ä=éä~åÉ=~êê~ó=ä~Ç~ê=
ëóëíÉã=ìëáåÖ=ÅÜáêéÉÇ=~ãéäáíìÇÉ=ãçÇìä~íáçå“I=mêçÅK=lÑ=pmfb=sçäK=
RMUS=i~ëÉê=o~Ç~ê=qÉÅÜåçäçÖó=~åÇ=^ééäáÅ~íáçåë=sfffI=pmfbI=_ÉääáåÖJ
Ü~ã=t^I=ééKQTJRTI=OMMP=

xpïçMQz= oK=pïçÄçÇ~I=eK=wáããÉêã~ååI=“OKR=dÄáíLë=ëáäáÅçå=êÉÅÉáîÉê=lbf`=
ïáíÜ=ä~êÖÉ=Çá~ãÉíÉê=éÜçíçÇáçÇÉÒI=bäÉÅíêçåáÅë=iÉííÉêë=sçäìãÉ=QMI=
fëëìÉ=UI=NR=^éêáä=OMMQ=m~ÖÉEëFW=RMR=J=RMT=

xpòÉTNz= pKjK=pòÉI=aK=gK=`çäÉã~åI=gêK=~åÇ=^K=içó~I=“`ìêêÉåí=qê~åëéçêí=áå=
jÉí~äJpÉãáÅçåÇìÅíçêJjÉí~ä=EjpjF=píêìÅíìêÉëÒI=pçäáÇJpí~íÉ=bäÉÅJ
íêçåáÅëI=sçäK=NQK=ééK=NMVJNONQI=NVTN=

 



NTS= iáíÉê~íìêîÉêòÉáÅÜåáë=

xpòÉUNz= pKjK=pòÉKI=“mÜóëáÅë=çÑ=pÉãáÅçåÇìÅíçê=aÉîáÅÉëÒI=gçÜå=táäÉó=C=
pçåëI=kÉï=vçêâ=NVUN=

xqçìëVRz= _K`=qçìëäÉóI=kK=a~îáÇëI=^KeK=p~óäÉëI=^K=m~çäÉää~I=mK=`ççâÉI=jKiK=
iÉãçìåÉI=oKmK=jçÉêâáêâI=_K=k~ÄÉíI=“_êç~ÇJÄ~åÇïáÇíÜI=ÜáÖÜJ
êÉëéçåëáîáíó=áåíÉêãÉÇá~íÉ=ÖêçïíÜ=íÉãéÉê~íìêÉ=d~^ë=jpj=
éÜçíçÇÉíÉÅíçêëÒI=mÜçíçåáÅë=qÉÅÜåçäçÖó=iÉííÉêëI=fbbb=sçäìãÉ=TI=
fëëìÉ=NOI=aÉÅK=NVVR=m~ÖÉEëFWNQUP=J=NQUR=

xsáà~MRz= sKgK=sáà~ó~âêáëÜå~I=pK=s~áëÜå~îI=kK=a~ëdìéí~X=^K=a~ëdìéí~I=“råáJ
ÑáÉÇ=~å~äóíáÅ~ä=ãçÇÉä=çÑ=ebjqë=Ñçê=~å~äçÖìÉ=~åÇ=ÇáÖáí~ä=~ééäáÅ~J
íáçåëÒI=`áêÅìáíëI=aÉîáÅÉë=~åÇ=póëíÉãëI=fbb=mêçÅÉÉÇáåÖëI=sçäìãÉ=
NROI=fëëìÉ=RI=T=lÅíK=OMMR=m~ÖÉëW=QOR=J=QPO=

xsáêÖMQz= sáêÖáåá~=pÉãáÅçåÇìÅíçê=fåÅKI=“léíáÅ~ä=mêçéÉêíáÉë=çÑ=páäáÅçå“I=qÉÅÜJ
åáÅ~ä=m~éÉêI=cêÉÇÉêáÅâëÄìêÖI=OMMQ=

xtçÜäVSz= t~äíÉê=^K=tçÜäãìíÜI=m~íêáÅâ=c~óI=fäÉë~åãá=^ÇÉëáÇ~X=“a~êâ=`ìêêÉåí=
pìééêÉëëáçå=áå=d~^ë=jÉí~äJpÉãáÅçåÇìÅíçêJjÉí~ä=mÜçíçÇÉíÉÅJ
íçêëÒI=fbbb=mÜçíçåáÅë=qÉÅÜåçäçÖó=iÉííÉêë=sçäK=UI=kçK=UI=^ìÖìëí=
NVVS=

xtìMRz= tKJcK=tìI=hKJ`K=që~áI=`KJdK=`Ü~çI=gKJ`K=`ÜÉå=~åÇ=hKJiK=lìI=“kçîÉä=
jìäíáä~óÉêÉÇ=qáLqák=aáÑÑìëáçå=_~êêáÉê=Ñçê=^ä=jÉí~ääáò~íáçåÒI=gçìêå~ä=
çÑ=bäÉÅíêçåáÅ=j~íÉêá~äëI=sçäK=PQI=kçK=UI=OMMR 

xuc~ÄMOz= uc~Ä=pÉãáÅçåÇìÅíçê=cçìåÇêáÉë=^dI=“mÜçíçÇáçÇÉ=j~åì~äÒI=oÉî=
NKMI=bêÑìêíI=aÉÅÉãÄÉê=OMMO=

xuc~ÄMPz= uc~Ä=pÉãáÅçåÇìÅíçê=cçìåÇêáÉë=^dI=łmÜçíçÇáçÇÉë=áå=uJ`jlp=
qÉÅÜåçäçÖáÉë“=^ééäáÅ~íáçå=kçíÉI=oÉî=MVLOMMPI=bêÑìêí=OMMP=

xuc~ÄMRz= uc~Ä=pÉãáÅçåÇìÅíçê=cçìåÇêáÉë=^dI=“u`MS=J=MKS=jáÅêçå=jçÇìä~ê=
jáñÉÇ=páÖå~ä=qÉÅÜåçäçÖóÒI=a~í~=pÜÉÉí=u`MS=oÉîK=PKMI=bêÑìêíI=kçJ
îÉãÄÉê=OMMR=

xuìVVz= wÜ~åéáåÖ=uìI=“fåîÉëíáÖ~íáçå=çÑ=PaJfã~ÖáåÖ=póëíÉãë=_~ëÉÇ=çå=
jçÇìä~íÉÇ=iáÖÜí=~åÇ=léíáÅ~ä=ocJfåíÉêÑÉêçãÉíêó=ElocfFI=wbpp=cçêJ
ëÅÜìåÖëÄÉêáÅÜíÉ=_~åÇ=NQ=NVVV=

xwÜ~åÖMPz= wÜáÖ~åÖ=wÜ~åÖI=łråíÉêëìÅÜìåÖ=ìåÇ=`Ü~ê~âíÉêáëáÉêìåÖ=îçå=mja=
EmÜçíçãáëÅÜÇÉíÉâíçêFJpíêìâíìêÉå=ìåÇ=áÜêÉå=dêìåÇëÅÜ~äíìåÖÉå“I=
aáëëÉêí~íáçå=råáîÉêëáí®í=páÉÖÉåI=OMMP=

xwjaMSz= wja=dãÄe=C=`çK=hdI=ł`T^=Ó=MKS=ãáÅêçå=ãáñÉÇ=ëáÖå~ä=`jlp=
táíÜ=ÉãÄÉÇÇÉÇ=bbmolj=~åÇ=ãáñÉÇ=ëáÖå~ä=ÑÉ~íìêÉëÒ=cÉ~íìêÉ=
pÜÉÉíI=aêÉëÇÉåI=oÉîK=NKMI=ORJ^éêJOMMS=



cçêãÉäòÉáÅÜÉå=ìåÇ=^ÄâΩêòìåÖÉå= = NTT=

^åÜ~åÖ=^W= cçêãÉäòÉáÅÜÉå=ìåÇ=^ÄâΩêòìåÖÉå=

^ÄâΩêòìåÖ= _ÉÇÉìíìåÖ=

~ = ^Äëí~åÇ=

^ = cä®ÅÜÉ=~ääÖÉãÉáå=
M
NLO^ = lÑÑëÉí=

NLO^ = ^ãéäáíìÇÉ=
G^ = bÑÑÉâíáîÉ=oáÅÜ~êÇëçåJhçåëí~åíÉ=
G
å̂ = bÑÑÉâíáîÉ=oáÅÜ~êÇëçåJhçåëí~åíÉ=ÑΩê=bäÉâíêçåÉå=
G
é^ = bÑÑÉâíáîÉ=oáÅÜ~êÇëçåJhçåëí~åíÉ=ÑΩê=i∏ÅÜÉê=

å̂ = ^ãéäáíìÇÉ=ÇÉê=åJíÉå=e~êãçåáëÅÜÉå=ÇÉê=hçêêÉä~íáçåëÑìåâíáçå=

M
å^ = lÑÑëÉí=ÇÉê=åJíÉå=e~êãçåáëÅÜÉå=ÇÉê=hçêêÉä~íáçåëÑìåâíáçå=

b̂ = ^éÉêíìê=ÇÉê=bãéÑ~åÖëçéíáâ=

éáñÉä^ = cä®ÅÜÉ=ÇÉë=máñÉäë=

Å = iáÅÜíÖÉëÅÜïáåÇáÖâÉáí=

ÇÅ = aìåâÉäâ~é~òáí®í=ÄÉòçÖÉå=~ìÑ=máíÅÜ=ìåÇ=cáåÖÉêä®åÖÉ==

` = h~é~òáí®í=~ääÖÉãÉáå=

Ç` = aìåâÉäâ~é~òáí®í=ÇÉê=jpjJpíêìâíìê=

p` = péÉêêëÅÜáÅÜíâ~é~òáí®í=

Mp` = péÉêêëÅÜáÅÜíâ~é~òáí®í=ëé~ååìåÖë~ÄÜ®åÖáÖ=L=Ñä®ÅÜÉåÄÉòçÖÉå=

áåí` = fåíÉÖê~íáçåëâ~é~òáí®í=

ÉÇ = báåÇêáåÖíáÉÑÉ=

a = aÉãçÇìä~íáçåëÉãéÑáåÇäáÅÜâÉáí=

ba = ^éÉêíìê=EaìêÅÜãÉëëÉêF=ÇÉê=bãéÑ~åÖëçéíáâ=

Ç = aáÅâÉ=ÇÉê=^ÄëçêéíáçåëëÅÜáÅÜí=

b = cÉäÇëí®êâÉ=~ääÖÉãÉáå=

ãb = j~ñáã~äÉ=cÉäÇëí®êâÉ=

âb = hêáíáëÅÜÉ=cÉäÇëí®êâÉ=

ãçÇÑ = jçÇìä~íáçåëÑêÉèìÉåò=

Ñ = _êÉååïÉáíÉ=

@Ñ = cJw~Üä=

PÇ_Ñ = PÇ_=dêÉåòÑêÉèìÉåò=ÉáåÉê=jpjJaáçÇÉ=

o`Ñ = dêÉåòÑêÉèìÉåò=~ìÑÖêìåÇ=ÇÉë=o`JsÉêÜ~äíÉåë=

c = aáëâêÉíÉ=cçìêáÉêíê~åëÑçêãáÉêíÉ=

E FÖ í = pÉåÇÉëáÖå~ä=

ád = fåíÉêåÉê=a`Jd~áå=

 



NTU= ^åÜ~åÖ=^=

^ÄâΩêòìåÖ= _ÉÇÉìíìåÖ=

Nd = dÉåÉê~íáçåëê~íÉ=áã=sÉê~êãìåÖëÖÉÄáÉí=ÇÉë=hçåí~âíÉë=^=

Od = dÉåÉê~íáçåëê~íÉ=áã=sÉê~êãìåÖëÖÉÄáÉí=ÇÉë=hçåí~âíÉë=_=

ìd = dÉåÉê~íáçåëê~íÉ=áã=åÉìíê~äÉå=EåáÅÜíîÉê~êãíÉåF=dÉÄáÉí=

Ü = mä~åÅâëÅÜÉë=táêâìåÖëèì~åíìã=

âá = hçêêÉäáÉêíÉê=píêçã~åíÉáä=

NIOìâá = råâçêêÉäáÉêíÉê=^åíÉáä=

I~ Äf = píêçã=ÇìêÅÜ=^ìëäÉëÉâ~å®äÉ=

pqf = p®ííáÖìåÖëëíêçã=

ëáÖf = páÖå~äëíêçã=

éÜf = mÜçíçëíêçã=

ÇìåâÉäf = aìåâÉäëíêçã=

ÇìåâÉäà = aìåâÉäëíêçãÇáÅÜíÉ=

Nà = píêçãÇáÅÜíÉ=~å=hçåí~âí=N=

Oà = píêçãÇáÅÜíÉ=~å=hçåí~âí=_=
^
éÜà = mÜçíçëíêçãÇáÅÜí=~å=hçåí~âí=^=
_
éÜà = mÜçíçëíêçãÇáÅÜí=~å=hçåí~âí=_=
M

INLOéÜà = ^åíÉáä=ÇÉë=mÜçíçëíêçãë=áã=_ÉêÉáÅÜ=ÇÉê=sÉê~êãìåÖëëÅÜáÅÜíÉå=

ÇáÑÑà = aáÑÑìëáçåëëíêçãÇáÅÜíÉ=

pqà = p®ííáÖìåÖëëíêçãÇáÅÜíÉ=

Npqà = p®ííáÖìåÖëëíêçãÇáÅÜíÉ=~å=hçåí~âí=N=

Opqà = p®ííáÖìåÖëëíêçãÇáÅÜíÉ=~å=hçåí~âí=O=

åà = bäÉâíêçåÉåëíêçãÇáÅÜíÉ=

éà = i∏ÅÜÉêëíêçãÇáÅÜíÉ=

â = _çäíòã~ååâçåëí~åíÉ=

τE Fh = hçêêÉä~íáçåëÑìåâíáçå=

h = aÉãçÇìä~íáçåëâçåíê~ëí=

ah = aÉãçÇìä~íáçåëÉÑÑáòáÉåò=

E FI E DFh â h â = i∏ëìåÖÉå=ÉääáéíáëÅÜÉ=fåíÉÖê~äÉ=NK=lêÇåìåÖ=

ä = i®åÖÉê=ÇÉê=cáåÖÉê=

i = báåÇÉìíáÖâÉáíëÄÉêÉáÅÜ=

éi = aáÑÑìëáçåëä®åÖÉ=ÇÉê=i∏ÅÜÉê=

i = aáÑÑìëáçåëä®åÖÉ=jáåçêáí®íÉå=
G
Éã = bÑÑÉâíáîÉ=bäÉâíêçåÉåã~ëëÉ=

j = ^åò~Üä=ÇÉê=e~êãçåáëÅÜÉå=



cçêãÉäòÉáÅÜÉå=ìåÇ=^ÄâΩêòìåÖÉå= = NTV=

^ÄâΩêòìåÖ= _ÉÇÉìíìåÖ=

å = ^åò~Üä=ÇÉê=bäÉâíêçåÉå=

áå = báÖÉåäÉáíìåÖëâçåòÉåíê~íáçå=

ãÉÇå = _êÉÅÜò~Üä=ÇÉë=jÉÇáìãë=

�å = bãéáêáëÅÜÉê=fÇÉ~äáí®íëÑ~âíçê=

k = ^åò~Üä=ÇÉê=^Äí~ëíìåÖÉå=

^k = ^âòÉéíçêâçåòÉåíê~íáçå=

ak = açå~íçêâçåòÉåíê~íáçå=

ÇìåâÉäk = ^åò~Üä=ÇÉê=aìåâÉää~ÇìåÖÉå=

a`k = ^åò~Üä=ÇÉê=mÜçíçä~ÇìåÖÉå=ÜÉêîçêÖÉêìÑÉå=ÇìêÅÜ=a`JeáåíÉêÖêìåÇäáÅÜí=

Ñk = ^åò~Üä=ÇÉê=cáåÖÉê=

ik = bÑÑÉâíáîÉ=wìëí~åÇëÇáÅÜíÉ=áã=iÉáíìåÖëÄ~åÇ=

ëáÖå~äk = ^åò~Üä=ÇÉê=mÜçíçä~ÇìåÖÉå=ÜÉêîçêÖÉêìÑÉå=ÇìêÅÜ=kìíòäáÅÜí=

ëóëk = póëíÉãê~ìëÅÜÉå=Eojp=pé~ååìåÖëïÉêíF=

p_fk = bêêÉáÅÜÄ~êÉê=p_fJc~âíçê=ÄÉá=ÖÉÖÉÄÉåÉå=o~ÜåÄÉÇáåÖìåÖÉå=

éÜ~ëÉk = ^åò~Üä=ÇÉê=mÜ~ëÉåãÉëëìåÖÉå=

Nm = ^ãéäáíìÇÉ=ÇÉê=çéíáëÅÜÉå=kìíòäÉáëíìåÖ=
M
Nm = lÑÑëÉí=ÇÉê=çéíáëÅÜÉå=kìíòäÉáëíìåÖ=

a`m = a`JiÉáëíìåÖ=EçéíáëÅÜF=

çéím = jáííäÉêÉ=léíáëÅÜÉ=iÉáëíìåÖ=ÇÉë=iáÅÜíë=

pm = pÉåÇÉäÉáëíìåÖ=
ëáÖå~ä
bm = kìíòäÉáíìåÖ=~ìÑ=pÉåëçê=EbãéÑ~åÖëäÉáëíìåÖF=
a`
bm = a`JiÉáëíìåÖ=~ìÑ=pÉåëçê=EbãéÑ~åÖëäÉáëíìåÖF=

ëáÖå~äm = páÖå~ääÉáëíìåÖ=

a`m = eáåíÉêÖêìåÇ=Ea`F=JiÉáëíìåÖ=
a`
wm = iÉáëíìåÖëÇáÅÜíÉ=~ã=wáÉäçêí=ÜÉêîçêÖÉêìÑÉå=ÇìêÅÜ=a`JiáÅÜí=
é = ^åò~Üä=ÇÉê=i∏ÅÜÉê=
è = bäÉãÉåí~êä~ÇìåÖ=

ê = léíáëÅÜÉê=oÉÑäÉâíáçåëÑ~âíçê=

o = mÜçíçÉãéÑáåÇäáÅÜâÉáíI=oÉëéçåëáîáí®í=~ääÖKI=ÉäÉâíêáëÅÜÉê=táÇÉêëí~åÇ=

Mo = pé~ååìåÖëìåÉãéÑáåÇäáÅÜÉ=mÜçíçÉãéÑáåÇäáÅÜâÉáí=

No = pé~ååìåÖë~ÄÜ®åÖáÖÉ=mÜçíçÉãéÑáåÇäáÅÜâÉáí=ÄÉá=ÖÉêáåÖÉå=pé~ååìåÖÉå

Oo = pé~ååìåÖë~ÄÜ®åÖáÖÉ=mÜçíçÉãéÑáåÇäáÅÜâÉáí=ÄÉá=ÜçÜÉå=pé~ååìåÖÉå=

ao = oÉÑäÉâíáîáí®í=ÇÉë=wáÉäë=EaáÑÑìëÉ=oÉÑäÉâíáçåF=

ë = cáåÖÉê~Äëí~åÇ=

 



NUM= ^åÜ~åÖ=^=

^ÄâΩêòìåÖ= _ÉÇÉìíìåÖ=

çéíë = léíáã~äÉê=cáåÖÉê~Äëí~åÇ=~ìë=páÅÜí=ÇÉê=dêÉåòÑêÉèìÉåò=

E Fë í = bãéÑ~åÖëëáÖå~ä=

p = páÖå~ää~ÇìåÖ=EkìíòëáÖå~äF=

pko = páÖå~äJo~ìëÅÜJsÉêÜ®äíåáë=

í = wÉáí=~ääÖÉãÉáå=

áåíí = fåíÉÖê~íáçåëòÉáí=

q = qÉãéÉê~íìêI=mÉêáçÇÉåÇ~ìÉê=

ãq = mÉêáçÇÉåÇ~ìÉê=ÇÉë=jçÇìä~íáçåëëáÖå~äë=

çéíq = qê~åëãáëëáçå=çéíáëÅÜ=

E Fãì í = jçÇìä~íáçåëëé~ååìåÖ=^`=^åíÉáä=

~r = ^ìëÖ~åÖëëé~ååìåÖ=h~å~ä=~=

Är = ^ìëÖ~åÖëëé~ååìåÖ=h~å~ä=Ä=

ar = aáÑÑìëáçåëëé~ååìåÖ=ÄÉáã=éåJ§ÄÉêÖ~åÖ=

a`r = pé~ååìåÖ=ÜÉêîçêÖÉêìÑÉå=ÇìêÅÜ=a`JhçãéçåÉåíÉ=

ÉÑÑr = bÑÑÉâíáîïÉêí=ÇÉê=pé~ååìåÖ=EtìêòÉä=ÇÉë=èì~Çê~íáëÅÜÉå=jáííÉäïÉêíÉëF=

r = pé~ååìåÖ=~ääÖÉãÉáå=

^r = ^åçÇÉåëé~ååìåÖ=

Mr = lÑÑëÉíëé~ååìåÖ=

Nr = pé~ååìåÖ=~å=hçåí~âí=N=

Or = pé~ååìåÖ=~å=hçåí~âí=O=

Äár = báÖÉåëé~ååìåÖ=EÄìáäíJáåF=

_á~ër = _á~ëëé~ååìåÖ=~ääÖÉãÉáåI=îáêíìÉääÉ=j~ëëÉ=

ãáår = jáåáã~äÉ=pé~ååìåÖ=ÉáåÉë=h~å~äë==

ã~ñr = j~ñáã~äÉ=pé~ååìåÖ=ÉáåÉë=h~å~äë=

ãáå
ë~ír = jáåáã~äÉ=cÉäÇëí®êâÉ=òìê=bêêÉáÅÜìåÖ=ÇÉê=p®ííáÖìåÖëÖÉëÅÜïáåÇáÖâÉáí=

jçÇr = jçÇìä~íáçåëëé~ååìåÖ=

lìír = ^ìëÖ~åÖëëé~ååìåÖ=

áåír = fåíÉÖê~íáçåëëé~ååìåÖ=

êÉër = oÉëÉíäÉîÉäI=^ìëÖ~åÖëïÉêí=ÇÉê=fåíÉÖê~íáçå=

oqr = oÉ~ÅÜJqÜêçìÖÜ=pé~ååìåÖ=

ëáÖr = pé~ååìåÖ=ÇìêÅÜ=kìíòëáÖå~ä=ÜÉêîçêÖÉêìÑÉå=

c_r = cä~ÅÜÄ~åÇëé~ååìåÖ=

Δr = aáÑÑÉêÉåòëé~ååìåÖ=

áåírΔ = aáÑÑÉêÉåò=ÇÉê=áåíÉÖêáÉêíÉå=pé~ååìåÖ=



cçêãÉäòÉáÅÜÉå=ìåÇ=^ÄâΩêòìåÖÉå= = NUN=

^ÄâΩêòìåÖ= _ÉÇÉìíìåÖ=

Δ ãáår = jáåáã~äÉ=aáÑÑÉêÉåòëé~ååìåÖ=

Δ ã~ñr = j~ñáã~äÉ=aáÑÑÉêÉåòëé~ååìåÖ=

Σr = pìããÉåëé~ååìåÖ=

çìíî = sÉêëí®êâìåÖ=ÇÉê=^ìëÖ~åÖëëíìÑÉå=

Çî = aêáÑíÖÉëÅÜïáåÇáÖâÉáí=

Éî = bäÉâíêçåÉåÖÉëÅÜïáåÇáÖâÉáí=

Üî = i∏ÅÜÉêÖÉëÅÜïáåÇáÖâÉáí=

ë~íî = p®ííáÖìåÖëÖÉëÅÜïáåÇáÖâÉáí=

ã~ñî = j~ñáã~äÖÉëÅÜïáåÇáÖâÉáí=

ct = cÉêãáåáîÉ~ì=

st = lÄÉêâ~åíÉ=ÇÉë=s~äÉåòÄ~åÇÉë=

it = råíÉêâ~åíÉ=ÇÉë=iÉáíìåÖëÄ~åÇÉë=

át = báÖÉåäÉáíìåÖëåáîÉ~ì=

dt = _~åÇäΩÅâÉ=

ï = cáåÖÉêÄêÉáíÉI=

åï = _êÉáíÉ=ÇÉê=sÉê~êãìåÖëòçåÉ=åJpÉáíÉ=

éï = _êÉáíÉ=ÇÉê=sÉê~êãìåÖëòçåÉ=éJpÉáíÉ=

NIOï = sÉê~êãìåÖëïÉáíÉå=

éåï = _êÉáíÉ=ÇÉê=ÖÉë~ãíÉå=o~ìãä~ÇìåÖëòçåÉ=ÇÉë=éåJ§ÄÉêÖ~åÖë=

ñ = aáëí~åò=áå=Üçêáòçåí~äÉê=oáÅÜíìåÖI=^ÄëòáëëÉ=~ääÖÉãÉáå=

NIOñ = _ÉÖêÉåòìåÖ=ÇÉê=o~ìãä~ÇìåÖëòçåÉ=

ó = aáëí~åò=áå=îÉêíáâ~äÉê=oáÅÜíìåÖI=lêÇáå~íÉ=~ääÖÉãÉáå=

w = aáëí~åò=

α = ^ÄëçêéíáçåëâçÉÑÑáòáÉåí=

β = fåîÉêëÉ=qÉãéÉê~íìêëé~ååìåÖ=β = Lè âq =

Δ = póããÉíêáÉé~ê~ãÉíÉê=ÇÉê=p®ííáÖìåÖëëíêçãÇáÅÜíÉ=

δ = póããÉíêáÉé~ê~ãÉíÉê=ÇÉë=mÜçíçëíêçãë=

δe = póããÉíêáÉé~ê~ãÉíÉê=ÇÉë=eÉääëíêçãë=

ε = mÉêãáííáîáí®í=~ääÖÉãÉáå=

εM = mÉêãáííáîáí®í=áã=s~âììã=

páε = mÉêãáííáîáí®í=páäáòáìã=ε εM ê =

λ = tÉääÉåä®åÖÉ=

λÅ = dêÉåòïÉääÉåä®åÖÉ=

λãçÇ = tÉääÉåä®åÖÉ=~ìÑ=_~ëáë=jçÇìä~íáçåëÑêÉèìÉåò=

 



NUO= ^åÜ~åÖ=^=

^ÄâΩêòìåÖ= _ÉÇÉìíìåÖ=

η Iηá = nì~åíÉåïáêâìåÖëÖê~Ç=~ääÖÉãÉáåI=áåíÉêå=

μå = _ÉïÉÖäáÅÜâÉáí=bäÉâíêçåÉå=
μé = _ÉïÉÖäáÅÜâÉáí=i∏ÅÜÉê=
ρ = o~ìãä~ÇìåÖ=

σ = pí~åÇ~êÇ~ÄïÉáÅÜìåÖ=~ääÖÉãÉáå=

ÇìåâÉäσ = o~ìëÅÜÉäÉâíêçåÉå=ÜÉêîçêÖÉêìÑÉå=ÇìêÅÜ=aìåâÉäëíêçã=

âq`σ = o~ìëÅÜÉäÉâíêçåÉå=ÜÉêîçêÖÉêìÑÉå=ÇìêÅÜ=âq`Jo~ìëÅÜÉå=

éÜçíçσ = o~ìëÅÜÉäÉâíêçåÉå=ÜÉêîçêÖÉêìÑÉå=ÇìêÅÜ=mÜçíçëíêçã=

σ êÉëÉí = o~ìëÅÜÉäÉâíêçåÉå=ÜÉêîçêÖÉêìÑÉå=ÇìêÅÜ=oÉëÉíê~ìëÅÜÉå=

ëÅÜêçíσ = dÉë~ãíÉ=^åò~Üä=o~ìëÅÜä~ÇìåÖÉå=~ìÑÖêìåÇ=ÇÉë=pÅÜêçíê~ìëÅÜÉåë=
σ ëóë = o~ìëÅÜÉäÉâíêçåÉå=ÜÉêîçêÖÉêìÑÉå=ÇìêÅÜ=póëíÉãê~ìëÅÜÉå=

íçíσ = dÉë~ãíÉ=^åò~Üä=ÇÉê=o~ìëÅÜÉäÉâíêçåÉå=

σ w = pí~åÇ~êÇ~ÄïÉáÅÜìåÖ=ÇÉê=båíÑÉêåìåÖ=

ϕσ = pí~åÇ~êÇ~ÄïÉáÅÜìåÖ=ÇÉê=mÜ~ëÉ=

ϕσ = jáííäÉêÉ=pí~åÇ~êÇ~ÄïÉáÅÜìåÖ=ΩÄÉê=ÇÉê=pÉåëçêã~íêáñ=

ϕσ
σ = pí~åÇ~êÇ~ÄïÉáÅÜìåÖ=ÇÉê=ãáííäÉêÉå=pí~åÇ~êÇ~ÄïÉáÅÜìåÖ=

τ = wÉáíîÉêò∏ÖÉêìåÖ=~ääÖÉãÉáåI=Ejáåçêáí®íëä~ÇìåÖëíê®ÖÉêJF=iÉÄÉåëÇ~ìÉê=

τi = i~ìÑòÉáí=ÇÉë=iáÅÜíë=

τíê = qê~åëáíòÉáí=
ϕ = mÜ~ëÉ=~ääÖÉãÉáå=

ϕ = jáííäÉêÉ=mÜ~ëÉ=ΩÄÉê=ÖÉë~ãíÉê=pÉåëçêã~íêáñ=

ϕσ = pí~åÇ~êÇ~ÄïÉáÅÜìåÖ=ÇÉê=ãáííäÉêÉå=mÜ~ëÉ=

ϕå = mÜ~ëÉåîÉêëÅÜáÉÄìåÖ=ÇÉê=åJíÉå=e~êãçåáëÅÜÉå=ÇÉê=hçêêÉä~íáçåëÑìåâíáçå=

ϕÇ = mÜ~ëÉåîÉêëÅÜáÉÄìåÖ=

τϕ = mÜ~ëÉåîÉêò∏ÖÉêìåÖ=

φã = ^ìëíêáííë~êÄÉáí=

φ ^
_ = mçíÉåíá~äÄ~êêáÉêÉ=îçå=hçåí~âí=^=

φ_
_ = mçíÉåíá~äÄ~êêáÉêÉ=îçå=hçåí~âí=_=
φ_é = pÅÜçííâóÄ~êêáÉêÉ=ÑΩê=i∏ÅÜÉê=

φ_å = pÅÜçííâóÄ~êêáÉêÉ=ÑΩê=bäÉâíêçåÉå=
φΔ _é = cÉäÇ~ÄÜ®åÖáÖÉ=_~êêáÉêÉåîÉêêáåÖÉêìåÖ=i∏ÅÜÉê=

φΔ _å = cÉäÇ~ÄÜ®åÖáÖÉ=_~êêáÉêÉåîÉêêáåÖÉêìåÖ=bäÉâíêçåÉå=

χp = bäÉâíêçåÉå~ÑÑáåáí®í=páäáòáìã=

=



^ÄÄáäÇìåÖëîÉêòÉáÅÜåáë= = NUP=

^åÜ~åÖ=_W= ^ÄÄáäÇìåÖëîÉêòÉáÅÜåáë=

^ÄÄáäÇìåÖ=OKNW= oÉÅÜíÉÅâJ=ìåÇ=`çëáåìë=jçÇìä~íáçåëëáÖå~äÉ=EiáåâëF=ìåÇ=ÇáÉ=Ç~ê~ìë=
êÉëìäíáÉêÉåÇÉ=hçêêÉä~íáçåëÑìåâíáçåÉå=EoÉÅÜíëFK KKKKKKKKKKKKKKKKKKKKKKKKKKKKNQ 

^ÄÄáäÇìåÖ=OKOW dÉÖÉåΩÄÉêëíÉääìåÖ= ÇÉë= ëóëíÉã~íáëÅÜÉå= mÜ~ëÉåÑÉÜäÉêë= ìåíÉê=
sÉêïÉåÇìåÖ= îçå= oÉÅÜíÉÅâJ= ìåÇ= `çëáåìëãçÇìä~íáçå= ÄÉá=
^ìëïÉêíìåÖ=ãáí=QJmÜ~ëÉåJ^äÖçêáíÜãìëKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNQ 

^ÄÄáäÇìåÖ=OKPW §ÄÉêëáÅÜí=ÇÉê=mjaJhçåòÉéíÉ=ãáí=råíÉêëÅÜÉáÇìåÖ=å~ÅÜ=ÇÉê=^êí=ÇÉê=
ÉäÉâíêáëÅÜÉå=jçÇìä~íáçåK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNS 

^ÄÄáäÇìåÖ=OKQW pÅÜÉã~íáëÅÜÉê= ^ìÑÄ~ì= ÉáåÉë= mÜçíçÖ~íÉJmjaK= aìêÅÜ= ÇáÉ=
dÉÖÉåí~âíãçÇìä~íáçå= ~å= ÇÉå= d~íÉë= ÉåíëíÉÜí= ÉáåÉ=
i~ÇìåÖëëÅÜ~ìâÉä= áã= e~äÄäÉáíÉê= ïÉäÅÜÉ= ÇáÉ= jáëÅÜìåÖ= îçå=
çéíáëÅÜÉå=páÖå~äÉå=ãáí=ÉäÉâíêáëÅÜÉå=páÖå~äÉå=Éêã∏ÖäáÅÜíK KKKKKKKKKKKNT 

^ÄÄáäÇìåÖ=OKRW mêáåòáéÇ~êëíÉääìåÖ=ÇÉê=pÉäÄëíãçÇìä~íáçåK=jçÇìä~íáçå=ìåÇ=^ìëäÉëÉ=
ÉêÑçäÖÉå= ΩÄÉê= ÇáÉ= ÖäÉáÅÜÉå= _~ìíÉáä~åëÅÜäΩëëÉK= wìê= qêÉååìåÖ=
òïáëÅÜÉå= ÜçÅÜÑêÉèìÉåíÉå= jçÇìä~íáçåë~åíÉáäÉå= ìåÇ=
åáÉÇÉêÑêÉèìÉåíÉå= hçêêÉä~íáçåë~åíÉáäÉå= ïÉêÇÉå= hçééÉäåÉíòïÉêâÉ=
îÉêïÉåÇÉíK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNU 

^ÄÄáäÇìåÖ=OKSW dÉÖÉåΩÄÉêëíÉääìåÖ= îçå= Äáéçä~êÉå= EäáåâëF= ìåÇ= ìåáéçä~êÉå= aÉîáÅÉë=
EêÉÅÜíëFK= a~êÖÉëíÉääí= ëáåÇ= àÉïÉáäë= ÇÉê= ®èìáî~äÉåíÉ= ^ìÑÄ~ì= ìåÇ=Ç~ë=
pÅÜ~äíëóãÄçäK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNV 

^ÄÄáäÇìåÖ=OKTW pÅÜÉã~íáëÅÜÉ= a~êëíÉääìåÖ= ÉáåÉë= jbJmjaK= aìêÅÜ= t~Üä= ÇÉê=
hçééäìåÖ= òïáëÅÜÉå= ëÉé~ê~íÉå= jçÇìä~íáçåë~åëÅÜäΩëëÉå= ìåÇ=
^ìëäÉëÉ~åëÅÜäΩëëÉå= â~åå= ÇÉê= ^åíÉáä= îçå= cêÉãÇJ= ìåÇ=
pÉäÄëíãçÇìä~íáçåëéêáåòáé=ÖÉï®Üäí=ïÉêÇÉåKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKON 

^ÄÄáäÇìåÖ=OKUW ^ìëÖ~åÖëëáÖå~äÉ= ÉáåÉë= ëóããÉíêáëÅÜÉå= mjaë= áå= ^ÄÜ®åÖáÖâÉáí= ÇÉê=
ÉáåÖÉëíÉääíÉå= mÜ~ëÉåîÉêëÅÜáÉÄìåÖ= òïáëÅÜÉå= çéíáëÅÜÉã=
pÉåÇÉëáÖå~ä=ìåÇ=ÉäÉâíêáëÅÜÉã=oÉÑÉêÉåòëáÖå~ä=ÄÉá=sÉêïÉåÇìåÖ=îçå=
oÉÅÜíÉÅâãçÇìä~íáçåK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKOO 

^ÄÄáäÇìåÖ=PKNW pÅÜÉã~íáëÅÜÉ=a~êëíÉääìåÖ= ÉáåÉê= éåJaáçÇÉ=ãáí= o~ìãä~ÇìåÖëòçåÉI=
cÉäÇJ=ìåÇ=_~åÇîÉêä~ìÑK=iáåâëW=qÜÉêãçÇóå~ãáëÅÜÉë=däÉáÅÜÖÉïáÅÜíK=
oÉÅÜíëW=få=péÉêêêáÅÜíìåÖK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKPM 

^ÄÄáäÇìåÖ=PKOW fÇÉ~äÉê=jÉí~ääJe~äÄäÉáíÉêJhçåí~âí=ÄÉá= î~êááÉêíÉã=^Äëí~åÇ= òïáëÅÜÉå=
jÉí~ää=ìåÇ=e~äÄäÉáíÉêK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKPO 

^ÄÄáäÇìåÖ=PKPW pÅÜÉã~íáëÅÜÉ=a~êëíÉääìåÖ=ÉáåÉê=jpjJcáåÖÉêëíêìâíìêK KKKKKKKKKKKKKKKKKPS 

^ÄÄáäÇìåÖ=PKQW dÉçãÉíêáÉI=i~ÇìåÖëîÉêíÉáäìåÖI=cÉäÇJ=ìåÇ=_~åÇîÉêä~ìÑ=ÉáåÉê=jpjJ
píêìâíìêK=~F=qÜÉêãçÇóå~ãáëÅÜÉë=däÉáÅÜÖÉïáÅÜí=ÄF=jáí=pé~ååìåÖ=
r=EìåíÉêÜ~äÄ=oÉ~ÅÜJqÜêçìÖÜFK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKPU 

^ÄÄáäÇìåÖ=PKRW a~êëíÉääìåÖ=ÇÉë=cÉäÇJ=ìåÇ=mçíÉåíá~äîÉêä~ìÑë=ÉáåÉê=jpjJpíêìâíìêW=~F=
oÉ~ÅÜJqÜêçìÖÜ=ÄF=cä~ÅÜÄ~åÇÑ~ääK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKQM 

 



NUQ= ^åÜ~åÖ=_=

^ÄÄáäÇìåÖ=PKSW oÉ~ÅÜJqÜêçìÖÜ= pé~ååìåÖ= EiáåâëF= ìåÇ= cä~ÅÜÄ~åÇJpé~ååìåÖ=
EoÉÅÜíëF=áå=^ÄÜ®åÖáÖâÉáí=ÇÉë=cáåÖÉê~Äëí~åÇÉë=ÄÉá=îÉêëÅÜáÉÇÉåÉå=å=
pìÄëíê~íÉåK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKQN 

^ÄÄáäÇìåÖ=PKTW sÉêÉáåÑ~ÅÜíÉë= _~åÇÇá~Öê~ãã= òïÉáÉê= pÅÜçííâóâçåí~âíÉ= ~ìÑ= å=
e~äÄäÉáíÉêëìÄëíê~í=ãáí=hÉååòÉáÅÜåìåÖ=ÇÉê=píê∏ãÉK KKKKKKKKKKKKKKKKKKKKKQN 

^ÄÄáäÇìåÖ=PKUW _ÉêÉÅÜåÉíÉê=mÜçíçëíêçã=ÉáåÉê=jpjJpíêìâíìê= áå=^ÄÜ®åÖáÖâÉáí=ÇÉê=
pé~ååìåÖK=iáåâëW=s~êá~íáçå=ÇÉê=çéíáëÅÜÉå=iÉáëíìåÖI=oÉÅÜíëW=báåÑäìëë=
ÇÉê= póããÉíêáÉé~ê~ãÉíÉê= ÄÉá= mçéíZNM=åtK= _Éá= ÇÉê= _ÉêÉÅÜåìåÖ=
ïìêÇÉ= àpqZN=å^LÅãOI= oNZNIR=̂ Lts= ìåÇ= oOZMIMV=̂ Lts=
ÄÉêΩÅâëáÅÜíáÖíK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKQR 

^ÄÄáäÇìåÖ=PKVW kìãÉêáëÅÜÉ= páãìä~íáçå=ÇÉë=jáëÅÜJ=ìåÇ=hçêêÉä~íáçåëîçêÖ~åÖë=ãáí=
ÉáåÉê=jpjJpíêìâíìê=çÜåÉ=eáåíÉêÖêìåÇäáÅÜíK=a~ë=çéíáëÅÜÉ=páÖå~ä=ìåÇ=
Ç~ë= ÉäÉâíêáëÅÜÉ= oÉÑÉêÉåòëáÖå~ä= ïÉêÇÉå= ÅçëáåìëÑ∏êãáÖ= ãçÇìäáÉêíK=
a~êÖÉëíÉääí= ëáåÇ= ÇêÉá= îÉêëÅÜáÉÇÉåÉå= mÜ~ëÉåä~ÖÉå= ÇÉë= ÉäÉâíêáëÅÜÉå=
oÉÑÉêÉåòëáÖå~äëK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKRN 

^ÄÄáäÇìåÖ=PKNMW kìãÉêáëÅÜÉ= páãìä~íáçå=ÇÉë=jáëÅÜJ=ìåÇ=hçêêÉä~íáçåëîçêÖ~åÖë=ãáí=
ÉáåÉê=jpjJpíêìâíìê=ãáí=eáåíÉêÖêìåÇäáÅÜíK=a~ë=çéíáëÅÜÉ=páÖå~ä=ìåÇ=
Ç~ë= ÉäÉâíêáëÅÜÉ= oÉÑÉêÉåòëáÖå~ä= ïìêÇÉå= ÅçëáåìëÑ∏êãáÖ= ãçÇìäáÉêíK=
a~êÖÉëíÉääí= ëáåÇ= ÇêÉá= îÉêëÅÜáÉÇÉåÉ= mÜ~ëÉåä~ÖÉå= ÇÉë= ÉäÉâíêáëÅÜÉå=
oÉÑÉêÉåòëáÖå~äëK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKRP 

^ÄÄáäÇìåÖ=PKNNW kìãÉêáëÅÜ= ÉêãáííÉäíÉ= hçêêÉä~íáçåëÑìåâíáçåÉå= ìåíÉê=
_ÉêΩÅâëáÅÜíáÖìåÖ=ÇÉê=póããÉíêáÉé~ê~ãÉíÉêK=iáåâëW=kìê=ãçÇìäáÉêíÉë=
kìíòäáÅÜí=çÜåÉ=lÑÑëÉíI=oÉÅÜíëW=jáí=òìë®íòäáÅÜÉã=lÑÑëÉíK KKKKKKKKKKKKKKRQ 

^ÄÄáäÇìåÖ=PKNOW sÉêïÉåÇìåÖ= ÉáåÉë= êÉÅÜíÉÅâÑ∏êãáÖÉå= ÉäÉâíêáëÅÜÉå=
jçÇìä~íáçåëëáÖå~äë= áå= hçãÄáå~íáçå= ãáí= ÉáåÉã= ÅçëáåìëÑ∏êãáÖÉå=
çéíáëÅÜÉå=páÖå~äK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKRS 

^ÄÄáäÇìåÖ=PKNPW sÉêïÉåÇìåÖ= ÉáåÉë= êÉÅÜíÉÅâÑ∏êãáÖÉå= ÉäÉâíêáëÅÜÉå=
jçÇìä~íáçåëëáÖå~äë= áå= hçãÄáå~íáçå= ãáí= ÉáåÉã= êÉÅÜíÉÅâÑ∏êãáÖÉå=
çéíáëÅÜÉå=páÖå~äK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKRT 

^ÄÄáäÇìåÖ=PKNQW iáåâëW= sÉêä~ìÑ= ÇÉê= hçêêÉä~íáçåëÑìåâíáçå= ÄÉá= ÉäÉâíêáëÅÜÉê=
oÉÅÜíÉÅâãçÇìä~íáçå= ìåÇ= îÉêëÅÜáÉÇÉåÉå= çéíáëÅÜÉå= páÖå~äÑçêãÉåK=
oÉÅÜíëW= sÉêä~ìÑ= ÇÉê= hçêêÉä~íáçåëÑìåâíáçå= ÄÉá= çéíáëÅÜÉê=
oÉÅÜíÉÅâãçÇìä~íáçå= ìåÇ= îÉêëÅÜáÉÇÉåÉå= ÉäÉâíêáëÅÜÉå=
páÖå~äÑçêãÉåK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKRU 

^ÄÄáäÇìåÖ=QKNW rãëÉíòìåÖ=ÇÉê= ÉáåëÉáíáÖÉå=jçÇìä~íáçåK=aÉê= pÉåëçê= áëí= ~ìÑ=d~^ëJ
_~ëáë= êÉ~äáëáÉêíI=ÇáÉ=^ìëïÉêíÉäÉâíêçåáâ=ãáí=páäáòáìã=`jlpJqÉÅÜåáâK
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKSO 

^ÄÄáäÇìåÖ=QKOW= iáåâëW= pÅÜÉã~íáëÅÜ= Ç~êÖÉëíÉääíÉ= hÉååäáåáÉ= ÉáåÉê= jpjJpíêìâíìêK=
oÉÅÜíëW= dÉãÉëëÉåÉ= fåíÉÖê~íáçåëëé~ååìåÖÉå= ÄÉá= ÇêÉá=
îÉêëÅÜáÉÇÉåÉå=mÜ~ëÉåä~ÖÉåK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKSO 



^ÄÄáäÇìåÖëîÉêòÉáÅÜåáë= = NUR=

^ÄÄáäÇìåÖ=QKPW aìåâÉäëíêçã= ÉáåÉê= PMM=”ã= aáçÇÉ= Eqóé= NF= áå= ^ÄÜ®åÖáÖâÉáí= ÇÉê=
qÉãéÉê~íìê= ÄÉá= rZN=sK= ^ì≈Éê= ÇÉå=jÉëëïÉêíÉå= áëí= ÉáåÉ= cáíÖÉê~ÇÉ=
ÉáåÖÉòÉáÅÜåÉíI=ÇáÉ=ÉáåÉê=sÉêÇçééäìåÖ=ÇÉë=aìåâÉäëíêçãë=~ääÉ=UIR=h=
ÉåíëéêáÅÜíK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKSR 

^ÄÄáäÇìåÖ=QKQW ^å~äóëÉ= ÇÉê= hÉååäáåáÉ= ÉáåÉê= PMM=”ã=píêìâíìê= Eqóé= NF= áã=eáåÄäáÅâ=
~ìÑ=ÇÉå= íÜÉçêÉíáëÅÜÉå=hÉååäáåáÉåîÉêä~ìÑK=aáÉ=jÉëëìåÖ=ïìêÇÉ=ãáí=
ÉáåÉê=çéíáëÅÜÉå=iÉáëíìåÖ=îçå=NOMM=åt=ÇìêÅÜÖÉÑΩÜêíKKKKKKKKKKKKKKKKKKSS 

^ÄÄáäÇìåÖ=QKRW a~êëíÉääìåÖ= ÇÉë= jáëÅÜJ= ìåÇ= hçêêÉä~íáçåëÉêÖÉÄåáëëÉë= ÉáåÉê= êÉ~äÉå=
aáçÇÉK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKST 

^ÄÄáäÇìåÖ=QKSW páãìäáÉêíÉ= hçêêÉä~íáçåëÑìåâíáçå= ÉáåÉê= êÉ~äÉå= aáçÇÉ= ãáí=
^ìëëíÉìÉêÖêÉåòÉåK= aáÉ= îçêÜ~åÇÉåÉ= ^ëóããÉíêáÉ= ÑΩÜêí= òì= ÉáåÉã=
lÑÑëÉíKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKSU 

^ÄÄáäÇìåÖ=QKTW _äçÅâëÅÜ~äíÄáäÇ= ÇÉê= jÉëëìãÖÉÄìåÖ= ãáí= çéíáëÅÜÉê=
aáêÉâíÄÉëíê~ÜäìåÖK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKSV 

^ÄÄáäÇìåÖ=QKUW dÉãÉëëÉåÉ= hçêêÉä~íáçåëÑìåâíáçåÉå= ãáí= îÉêëÅÜáÉÇÉåÉå=
iáÅÜíäÉáëíìåÖÉå= ìåÇ= fåíÉÖê~íáçåëòÉáíÉåK= aáÉ= fåíÉÖê~íáçåëâ~é~òáí®í=
ÄÉíêìÖ=OM=écI=ÇáÉ=pé~ååìåÖ=rjçÇZœOIR=sK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKTO 

^ÄÄáäÇìåÖ=QKVW jÉëëìåÖ= îçå= hçêêÉä~íáçåëÑìåâíáçåÉå= ÄÉá= îÉêëÅÜáÉÇÉåÉå=
eáåíÉêÖêìåÇäáÅÜí~åíÉáäÉåK= aÉê= âçêêÉäáÉêíÉ= páÖå~ä~åíÉáä= ÄÉíê®Öí=
âçåëí~åí= NM=åtK= a~ë= eáåíÉêÖêìåÇäáÅÜí= ïìêÇÉ= Äáë= òìã= NMMJÑ~ÅÜ=
Ü∏ÜÉêÉå=páÖå~ä~åíÉáä=î~êááÉêíK=aáÉ= fåíÉÖê~íáçåëòÉáí=ÄÉíêìÖ=âçåëí~åí=
Q=ãëI=ÇáÉ=fåíÉÖê~íáçåëâ~é~òáí®í=OM=écK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKTP 

^ÄÄáäÇìåÖ=QKNMW jÉëëìåÖÉå=~å=ÉáåÉê=aáçÇÉ=ÇÉë=qóé=N=ãáí=SKR=ãë= fåíÉÖê~íáçåëòÉáí=
ìåÇ= OM=éc= fåíÉÖê~íáçåëâ~é~òáí®í= ÄÉá= îÉêëÅÜáÉÇÉåÉå=
iáÅÜíäÉáëíìåÖëîÉêÜ®äíåáëëÉåKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKTR 

^ÄÄáäÇìåÖ=QKNNW qÜÉçêÉíáëÅÜÉ=pí~åÇ~êÇ~ÄïÉáÅÜìåÖ=ÇÉê=ÖÉòÉáÖíÉå=báåòÉäÇáçÇÉK=a~ë=
póëíÉãê~ìëÅÜÉå=ïìêÇÉ=ãáí=OTR=”s=ÄÉêΩÅâëáÅÜíáÖíK KKKKKKKKKKKKKKKKKKKKKTS 

^ÄÄáäÇìåÖ=QKNOW dÉãÉëëÉåÉ= ãáííäÉêÉ= mÜ~ëÉ= ÇÉê= ÄÉíê~ÅÜíÉíÉå= aáçÇÉ= ÄÉá= s~êá~íáçå=
îçå=kìíòJ=ìåÇ=eáåíÉêÖêìåÇäáÅÜíäÉáëíìåÖK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKTT 

^ÄÄáäÇìåÖ=QKNPW ^êÅÜáíÉâíìê= ÉáåÉê= _áäÇÜ®äÑíÉ= ÇÉë= OQñS= PaJpÉåëçêëK= aÉê= ^ìÑÄ~ì=
Ä~ëáÉêí= ~ìÑ= ÉáåÉã= jìäíáÅÜáéãçÇìä= ÄÉëíÉÜÉåÇ= ~ìë= ÉáåÉã= d~^ëJ
mja=^êê~ó=ìåÇ=ÉáåÉê=ëáäáòáìãÄ~ëáÉêíÉå=^ìëäÉëÉK KKKKKKKKKKKKKKKKKKKKKKKKKKTV 

^ÄÄáäÇìåÖ=QKNQW ^ìëëÅÜåáíí= ÇÉë= OQñS= d~^ë= jpjJmja= ^êê~óK= k~ÅÜ= çÄÉå= ìåÇ=
ìåíÉå=ïÉêÇÉå=àÉïÉáäë=TO=máñÉä=~ìÑ=ÇáÉ=^ìëäÉëÉÉäÉâíêçåáâ=ÖÉÑΩÜêíK UN 

^ÄÄáäÇìåÖ=QKNRW fã= pÉåëçê= îÉêïÉåÇÉíÉê= jáääÉê= lq^= òìê= sÉêïÉåÇìåÖ= ~äë= lmJ
fåíÉÖê~íçêK=qN=ìåÇ=qO=ÄáäÇÉå=ÇáÉ=mjlp=báåÖ~åÖëëíìÑÉI=ÇáÉ=~âíáîÉ=
i~ëí= ÄÉëíÉÜí= ~ìë= ÇÉå= qê~åëáëíçêÉå= qP= ìåÇ= qQK= aÉê= qê~åëáëíçê= qT=
ÄáäÇÉí= ãáí= qU= ÉáåÉå= píêçãëéáÉÖÉä= ìåÇ= ëíÉääí= ÇáÉ=
hçåëí~åíëíêçãèìÉääÉ= ÇÉê= aáÑÑÉêÉåòëíìÑÉ= Ç~êK= aáÉ= ^ìëÖ~åÖëëíìÑÉ=
ÄÉëíÉÜí= ~ìë= ÉáåÉã= fåîÉêíÉê= ÄÉëíÉÜÉåÇ= ~ìë= qR= ìåÇ= qSK= aáÉ=

 



NUS= ^åÜ~åÖ=_=

h~é~òáí®í=``=ÇáÉåí=ÇÉê=cêÉèìÉåòÖ~åÖâçãéÉåë~íáçå=òìê=báåÜ~äíìåÖ=
ÇÉê= pí~Äáäáí®íëâêáíÉêáÉåK= aáÉ= ÉñíÉêå= ~åÖÉëÅÜ~äíÉíÉ=
fåíÉÖê~íáçåëâ~é~òáí®í=`áåí=áëí=åáÅÜí=Ç~êÖÉëíÉääíK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKUO 

^ÄÄáäÇìåÖ=QKNSW `ÜáééÜçíç=ÇÉê=^ìëäÉëÉÉäÉâíêçåáâ=ãáí=hÉååòÉáÅÜåìåÖ=ÇÉê=ÉáåòÉäåÉå=
hçãéçåÉåíÉå=áã=aÉëáÖåKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKUR 

^ÄÄáäÇìåÖ=QKNTW wïÉá=s~êá~åíÉå=ÇÉë=OQñS=d~^ë=jpjJjìäíáÅÜáéâçåòÉéíK=iáåâëW=jáí=
êìåÇÉå= PMM=”ã= aáçÇÉå= EcΩääÑ~âíçê= QQ=BFK= oÉÅÜíëW= jáí=
èì~Çê~íáëÅÜÉå=PRM=”ã=aáçÇÉå=EcΩääÑ~âíçê=TT=BFK KKKKKKKKKKKKKKKKKKKKKKKKUS 

^ÄÄáäÇìåÖ=QKNUW jÉëëìåÖÉå= ~å= ÉáåÉã= OQñS= d~^ë= jpjJmja= ^êê~óK= aáÉ=
fåíÉÖê~íáçåëòÉáí= ÄÉíêìÖ= äáåâë= SM=”ëI= êÉÅÜíë= ORM=”ëK= aáÉ=
fåíÉÖê~íáçåëâ~é~òáí®í=ÄÉíêìÖ=O=écKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKUT 

^ÄÄáäÇìåÖ=QKNVW dÉãÉëëÉåÉ= ìåÇ= íÜÉçêÉíáëÅÜÉ= pí~åÇ~êÇ~ÄïÉáÅÜìåÖ= ÄÉá= íáåíZSM=”ëK
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKUU 

^ÄÄáäÇìåÖ=QKOMW dÉãÉëëÉåÉ=ìåÇ=íÜÉçêÉíáëÅÜÉ=pí~åÇ~êÇ~ÄïÉáÅÜìåÖ=ÄÉá=íáåíZORM=”ëK
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKUU 

^ÄÄáäÇìåÖ=QKONW sÉêíÉáäìåÖ= ÇÉê= ÖÉãÉëëÉåÉå= mÜ~ëÉå= ÄÉá= SM=”ë= EäáåâëF= ìåÇ= ORM=”ë=
EêÉÅÜíëF=fåíÉÖê~íáçåëòÉáíK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKUV 

^ÄÄáäÇìåÖ=QKOOW £êíäáÅÜÉ= sÉêíÉáäìåÖ= ÇÉê= ÖÉãÉëëÉåÉå= ãáííäÉêÉå= mÜ~ëÉ= ìåÇ= ÇÉê=
pí~åÇ~êÇ~ÄïÉáÅÜìåÖ= ~ääÉê= máñÉä= ÄÉá= ÉáåÉê= fåíÉÖê~íáçåëòÉáí= îçå=
ORM=”ëK=a~ë=eáåíÉêÖêìåÇäáÅÜí=Ü~í=ÉáåÉ=OMMMJÑ~ÅÜ=Ü∏ÜÉêÉ=iÉáëíìåÖ=
~äë=Ç~ë=kìíòäáÅÜíK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKVM 

^ÄÄáäÇìåÖ=QKOPW sÉêíáâ~äáåíÉÖê~íáçå=îçå=d~^ëJpÉåëçê=ìåÇ=`jlpJ^ìëäÉëÉK KKKKKKKKKKKVO 

^ÄÄáäÇìåÖ=QKOQW iáåâëW= kçêãáÉêíÉê= péÉâíê~äîÉêä~ìÑ= ÇÉê= iáÅÜíèìÉääÉ= ìåÇ= ^åíÉáä= ÇÉê=
íê~åëãáííáÉêíÉå= iÉáëíìåÖ= çÜåÉ= _ÉêΩÅâëáÅÜíáÖìåÖ= ÇÉê=
dêÉåòÑä®ÅÜÉåîÉêäìëíÉK= oÉÅÜíëW= bêãáííÉäíÉë= qê~åëãáëëáçåëîÉêÜ~äíÉå=
ÇÉë= d~^ë= ìåíÉê= _ÉêΩÅâëáÅÜíáÖìåÖ= ÇÉë= péÉâíê~äîÉêä~ìÑë= ÇÉê=
iáÅÜíèìÉääÉK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKVP 

^ÄÄáäÇìåÖ=RKNW dÉÖÉåΩÄÉêëíÉääìåÖ= îçå= jìäíáÅÜáéJ= ìåÇ= páåÖäÉÅÜáéâçåòÉéíK= iáåâë=
Ç~êÖÉëíÉääí= áëí= ÇáÉ= oÉ~äáëáÉêìåÖ= îçå= d~^ëJpÉåëçê= ìåÇ= páäáòáìã=
^ìëäÉëÉK= oÉÅÜíë= Ç~êÖÉëíÉääí= áëí= ÉáåÉ= îçääëí®åÇáÖ= áå= páäáòáìã=
êÉ~äáëáÉêÄ~êÉ=jpjJmja=s~êá~åíÉ=ãáí=OQñS=máñÉäK KKKKKKKKKKKKKKKKKKKKKKKKVR 

^ÄÄáäÇìåÖ=RKOW iáåâëW=hä~ëëáëÅÜÉê=`jlp=páåÖäÉÅÜáéJ^ìÑÄ~ìI=oÉÅÜíëW=jÉëëìåÖÉå=~å=
ÉáåÉê= jpjJpíêìâíìê= ãáí= pìÄëíê~í= Ñäç~íÉåÇ= ÄòïK= ãáí= j~ëëÉ=
ÇÉÑáåáÉêíK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKVT 

^ÄÄáäÇìåÖ=RKPW j∏ÖäáÅÜÉ= oÉ~äáëáÉêìåÖë~åë®íòÉ= îçå= jpjJpíêìâíìêÉå= áååÉêÜ~äÄ=
ÉáåÉë= `jlpJmêçòÉëëÉëK= iáåâëW= oÉ~äáëáÉêìåÖ= áå= åJt~ååÉK= oÉÅÜíëW=
oÉ~äáëáÉêìåÖ=áååÉêÜ~äÄ=ÉáåÉê=açééÉäï~ååÉK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKVT 

^ÄÄáäÇìåÖ=RKQW kìãÉêáëÅÜÉ= OaJe~äÄäÉáíÉêëáãìä~íáçå= ÉáåÉê=jpjJpíêìâíìê= áå= ÉáåÉê=
åJt~ååÉ= ~ìÑ= éJpìÄëíê~íK= iáåâëW= píêçãÑäìëë= ÇìêÅÜ= ÄÉáÇÉ= hçåí~âíÉ=



^ÄÄáäÇìåÖëîÉêòÉáÅÜåáë= = NUT=

çÜåÉ= _ÉäÉìÅÜíìåÖK= oÉÅÜíëW= jáí= _ÉäÉìÅÜíìåÖI= mçéíZNM=ãtLÅãO=
]UVM=åãK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKVU 

^ÄÄáäÇìåÖ=RKRW a~êëíÉääìåÖ= ÇÉë= áåíÉÖêáÉêÄ~êÉå= plf= jpjJmjaK= aÉê= mjaJpÉåëçê=
ÄÉÑáåÇÉí= ëáÅÜ= áå= ÉáåÉã= îçå= ÇÉê= pÅÜ~äíìåÖëíÉÅÜåáâ= áëçäáÉêíÉå=
_ÉêÉáÅÜK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKVV 

^ÄÄáäÇìåÖ=RKSW p®ííáÖìåÖëëíêçãÇáÅÜíÉå=áå=^ÄÜ®åÖáÖâÉáí=ÇÉê=pÅÜçííâóÄ~êêáÉêÉKKNMN 

^ÄÄáäÇìåÖ=RKTW pÅÜÉã~íáëÅÜÉ= a~êëíÉääìåÖ= ÇÉê= mêçòÉëëáåíÉÖê~íáçåK= iáåâëW= `jlp=
ìåÇ=mjaJ_ÉêÉáÅÜ=ï®ÜêÉåÇ=ÇÉê=mêçòÉëëáÉêìåÖ=ÇÉë=`jlpJ_ÉêÉáÅÜëK=
oÉÅÜíëW= cÉêíáÖÖÉëíÉääíÉê= `jlpJqÉáä= ãáí= êÉ~äáëáÉêíÉê= mípá= mjaJ
píêìâíìêK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNMQ 

^ÄÄáäÇìåÖ=RKUW råíÉêëìÅÜìåÖ= ÇÉë= íê~åëáÉåíÉå= sÉêÜ~äíÉåë= ÉáåÉê= âçåëí~åí=
îçêÖÉëé~ååíÉå=pÅÜçííâóJaáçÇÉ=ÄÉá=_Éëíê~ÜäìåÖ=ãáí=iáÅÜíáãéìäëÉå=
ÇÉê=a~ìÉê=N=åëK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNMS 

^ÄÄáäÇìåÖ=RKVW iáåâëW= jçÇáÑáòáÉêíÉê= qêÉåÅÜ= òìê= sÉêïÉåÇìåÖ= ãáí= pìÄëíê~íÇáÅâÉå=
îçå=Äáë=òì=R=”ãK=oÉÅÜíëW=aáçÇÉåÑÉåëíÉê=áå=ÇÉê=aê~ìÑëáÅÜíKKKKKKKKKKNMT 

^ÄÄáäÇìåÖ=RKNMW mçíÉåíá~ä= ìåÇ= cÉäÇîÉêä~ìÑ= ~å= ÇÉê=lÄÉêÑä®ÅÜÉ= ÉáåÉê=jpj= píêìâíìê=
~ìÑ=P=”ã=å=pìÄëíê~íK=iáåâÉ=aáçÇÉ=ZPIR=sI=oÉÅÜíÉ=aáçÇÉZOIR=sKKKNMU 

^ÄÄáäÇìåÖ=RKNNW qê~åëáÉåíÉ= ^å~äóëÉ= ãáí= iáÅÜíéìäë= ÄÉá= îÉêëÅÜáÉÇÉåÉå=
cáåÖÉê~Äëí®åÇÉåK= aÉê= ÑäáÉ≈ÉåÇÉ= píêçã= áëí= ~ìÑ= ÇÉå= j~ñáã~äïÉêí=
åçêãáÉêíK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNMV 

^ÄÄáäÇìåÖ=RKNOW qbj= nìÉêëÅÜåáííë~ìÑå~ÜãÉå= òïÉáÉê= mêçÄÉåK= iáåâëW= qÉãéÉêìåÖ=
ãáí=PRM=ø`K=oÉÅÜíëW=qÉãéÉêìåÖ=ãáí=QRM=ø`K KKKKKKKKKKKKKKKKKKKKKKKKKKKKKNNN 

^ÄÄáäÇìåÖ=RKNPW jpJpíêìâíìêÉåK= iáåâëW= cä®ÅÜÉåÇáçÇÉ= NMM=”ã= ñ= NMM=”ãK= oÉÅÜíëW=
cáåÖÉêÇáçÇÉ=ãáí=ÉáåÉê=ÉÑÑÉâíáîÉå=hçåí~âíÑä®ÅÜÉ=ÉåíëéêÉÅÜÉåÇ=ÉáåÉê=
PM=”ã=ñ=PM=”ã=cä®ÅÜÉåÇáçÇÉK=bêâÉååÄ~ê=ëáåÇ=ÇáÉ=^åçÇÉåâçåí~âíÉ=
ÇáÉ= îçã= wìäÉáíìåÖëãÉí~ää= ~ìëÖÉÜÉåÇ= ΩÄÉê= ÇáÉ=
§ÄÉêÖ~åÖë~åëÅÜäΩëëÉ=ãáí= ÇÉã=aáçÇÉåãÉí~ää= îÉêÄìåÇÉå= ëáåÇK= wì=
ëÉÜÉå= áëí= áã= _ÉêÉáÅÜ= ÇÉê= aáçÇÉ= Ç~ë= ^äìãáåáìãI= ïÉäÅÜÉë= Ç~ë=
Ç~êìåíÉê=äáÉÖÉåÇÉ=mípá=âçåí~âíáÉêíK=a~ë=pìÄëíê~í=Eh~íÜçÇÉF=áëí=ΩÄÉê=
rJÑ∏êãáÖÉ=åH=aáÑÑìëáçåÉå=âçåí~âíáÉêíKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNNO 

^ÄÄáäÇìåÖ=RKNQW oÉ~äáëáÉêíÉ=jpjJcáåÖÉêëíêìâíìêÉåK= iáåâëW=jpjJmáñÉä= îÉêëÅÜáÉÇÉåÉê=
dê∏≈Éå=EOMM=”ãI=PMM=”ã=ìåÇ=RMM=”ãFK=oÉÅÜíë=Ç~êÖÉëíÉääí=áëí=ÉáåÉ=
^ìëëÅÜåáííîÉêÖê∏≈ÉêìåÖ=ãáí= ^åÖ~ÄÉ= ÇÉê= êÉ~äáëáÉêíÉå= dÉçãÉíêáÉåK
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNNO 

^ÄÄáäÇìåÖ=RKNRW píêçãJpé~ååìåÖëJjÉëëìåÖ= ÄÉá= o~ìãíÉãéÉê~íìê= EOP=ø`F= ~å=
îÉêëÅÜáÉÇÉåÉå=Öêç≈Ñä®ÅÜáÖÉå=pÅÜçííâóëíêìâíìêÉåK=aáÉ=Ää~ìÉ=hìêîÉ=
ëíÉääí=ÇáÉ=jÉëëïÉêíÉ=Ç~êI=ÇáÉ=mìåâíÉ=ã~êâáÉêÉå=ÇÉå=_ÉêÉáÅÜ=ÇÉê=ÑΩê=
ÇáÉ=cáíÖÉê~ÇÉ=EêçíF=îÉêïÉåÇÉí=ïìêÇÉKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNNQ 

^ÄÄáäÇìåÖ=RKNSW aìåâÉäëíêçã=ÉáåÉê=PMM=”ã=aáçÇÉ=ãáí=PIS=”ã=cáåÖÉê~Äëí~åÇK KKKNNS 

 



NUU= ^åÜ~åÖ=_=

^ÄÄáäÇìåÖ=RKNTW báåÑäìëë= ÇÉë= cáåÖÉê~Äëí~åÇÉë= ~ìÑ= ÇÉå= aìåâÉäëíêçãK= aáÉ=jÉëëìåÖ=
ïìêÇÉ=ÄÉá=o~ìãíÉãéÉê~íìê=EOP=ø`F=ÇìêÅÜÖÉÑΩÜêíKKKKKKKKKKKKKKKKKKKKKNNT 

^ÄÄáäÇìåÖ=RKNUW sÉêÖäÉáÅÜ=îçå=aìåâÉäëíêçã=ìåÇ=eÉääëíêçã=ÄÉá=ÉáåÉê=PMM=”ã=aáçÇÉ=
ãáí=PIS=”ã=cáåÖÉê~Äëí~åÇK=wìê=sÉêÇÉìíäáÅÜìåÖ=ÇÉê=póããÉíêáÉ=ëáåÇ=
ÇáÉ= _Éíê®ÖÉ= ÇÉê= éçëáíáîÉå= ìåÇ= åÉÖ~íáîÉå= hÉååäáåáÉÄÉêÉáÅÜÉ=
ÖÉÖÉåΩÄÉêÖÉëíÉääíKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNNU 

^ÄÄáäÇìåÖ=RKNVW _ÉìêíÉáäìåÖ= ÇÉê= póããÉíêáÉ= ÇÉê= hÉååäáåáÉK= iáåâëW= póããÉíêáÉÑ~âíçê=
ÄÉá=aìåâÉäÜÉáí=ìåÇ=ÄÉá=_ÉäÉìÅÜíìåÖK=oÉÅÜíëW=hÉååäáåáÉåÑáí=~ìÑ=_~ëáë=
ÇÉê=ÖÉãÉëëÉåÉå=a~íÉåK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNNV 

^ÄÄáäÇìåÖ=RKOMW báåÑäìëë=ÇÉê=qÉãéÉê~íìê=~ìÑ=ÇÉå=aìåâÉäëíêçã=EäáåâëF=ìåÇ=~ìÑ=ÇÉå=
póããÉíêáÉé~ê~ãÉíÉê=EêÉÅÜíëFK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNOM 

^ÄÄáäÇìåÖ=RKONW iáåâëW= cêÉèìÉåòÖ~åÖ= áå= ^ÄÜ®åÖáÖâÉáí= ÇÉê= cáåÖÉê~Äëí~åÇÉë= ÄÉá=
ÉáåÉã= NRM=”ã= máñÉäK= fåíÉÖê~íáçåëòÉáí= S=ãëI= `áåíZNM=écI=
mçéíZR=åt]SRM=åãI= rjçÇZP=sK= oÉÅÜíëW= båíëéêÉÅÜÉåÇÉ=
hçêêÉä~íáçåëÑìåâíáçåÉå=ÄÉá=NM=jeòK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNOO 

^ÄÄáäÇìåÖ=RKOOW iáåâëW= sÉêÖäÉáÅÜ= îÉêëÅÜáÉÇÉåÉê= jçÇìä~íáçåëëé~ååìåÖÉå= ÄÉá=
âçåëí~åíÉã= cáåÖÉê~Äëí~åÇ= îçå= PIS=”ã=ìåÇ= ÉáåÉê= máñÉäÖê∏≈É= îçå=
PMM=”ãK= fåíÉÖê~íáçåëòÉáí= S=ãëI= `áåíZNM=écI= mçéíZR=åt]SRM=åãK=
oÉÅÜíëW=båíëéêÉÅÜÉåÇÉ=hçêêÉä~íáçåëÑìåâíáçåÉå=ÄÉá=NM=jeòK KKKKKKNOQ 

^ÄÄáäÇìåÖ=RKOPW iáåâëW=sÉêÖäÉáÅÜ=ÇÉë=cêÉèìÉåòÖ~åÖë=ÄÉá=îÉêëÅÜáÉÇÉåÉå=máñÉäÖê∏≈Éå=
ìåÇ=âçåëí~åíÉê=iÉáëíìåÖ=mçéíZR=åt]SRM=åãI=fåíÉÖê~íáçåëòÉáí=S=ãëI=
`áåíZNM=écI= cáåÖÉê~Äëí®åÇÉ= PIS=”ãK= rjçÇZQ=sK= oÉÅÜíëW=
båíëéêÉÅÜÉåÇÉ=hçêêÉä~íáçåëÑìåâíáçåÉå=ÄÉá=NM=jeòK KKKKKKKKKKKKKKKKKKNOR 

^ÄÄáäÇìåÖ=RKOQW iáåâëW= cêÉèìÉåòÖ~åÖ= ÄÉá= s~êá~íáçå= ÇÉê=ãçÇìäáÉêíÉå= iáÅÜíäÉáëíìåÖK=
fåíÉÖê~íáçåëòÉáí=S=ãëI=`áåíZNM=écI=cáåÖÉê~Äëí®åÇÉ=PIS=ìãK=rjçÇZP=sI=
máñÉäÖê∏≈É=PMM=”ãK=oÉÅÜíëW=båíëéêÉÅÜÉåÇÉ=hçêêÉä~íáçåëÑìåâíáçåÉå=
ÄÉá=NM=jeòK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNOR 

^ÄÄáäÇìåÖ=RKORW dÉãÉëëÉåÉ=EäáåâëF=ìåÇ=íÜÉçêÉíáëÅÜÉ=EêÉÅÜíëF=pí~åÇ~êÇ~ÄïÉáÅÜìåÖ=
ÇÉë=mípáJbáåòÉäéáñÉäë=ÄÉá=îÉêëÅÜáÉÇÉåÉå=iÉáëíìåÖëîÉêÜ®äíåáëëÉåK=aáÉ=
fåíÉÖê~íáçåëâ~é~òáí®í= ÄÉíêìÖ= NM=éc= ÄÉá= ÉáåÉê= fåíÉÖê~íáçåëòÉáí= îçå=
Q=ãëK= aáÉ= jçÇìä~íáçåëëé~ååìåÖ= ÄÉíêìÖ= R=sI= ÇáÉ=
jçÇìä~íáçåëÑêÉèìÉåò=NM=jeòK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNOT 

^ÄÄáäÇìåÖ=RKOSW OQñS=mja=jìäíáÅÜáéëÉåëçê=Ä~ëáÉêÉåÇ=~ìÑ=ÉáåÉã=mípáJ^êê~óK=oÉÅÜíë=
Ç~êÖÉëíÉääí=áëí=ÉáåÉ=jáâêçëâçé~ìÑå~ÜãÉ=ÇÉë=OQñS=mípáJmjaK KKKKNOU 

^ÄÄáäÇìåÖ=SKNW iáåâëW= cêçåíëÉáíÉåÄÉëíê~ÜäíÉë= mja= ãáí= aÉÅâëÅÜáÅÜíÉåK= oÉÅÜíëW=
_Éëíê~ÜäìåÖ=îçå=ÇÉê=oΩÅâëÉáíÉ=ãáí=çéíáãáÉêíÉê=dêÉåòÑä®ÅÜÉK KKKKKNPM 

^ÄÄáäÇìåÖ=SKOW cäáéJ`ÜáéJoÉ~äáëáÉêìåÖW= aáÉ= páÖå~äîÉê~êÄÉáíìåÖëÉäÉâíêçåáâ= ÄÉÑáåÇÉí=
ëáÅÜ= áå= ìåãáííÉäÄ~êÉê= k®ÜÉ= ÇÉë= pÉåëçêëI= ÇÉååçÅÜ= ëáåÇ=
îÉêëÅÜáÉÇÉåÉ=çéíáã~äÉ=mêçòÉëëÉ=ã∏ÖäáÅÜK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNPO 



^ÄÄáäÇìåÖëîÉêòÉáÅÜåáë= = NUV=

^ÄÄáäÇìåÖ=SKPW pÅÜÉã~íáëÅÜÉ=a~êëíÉääìåÖ=òïÉáÉê=jçÇìä~íáçåëòìëí®åÇÉK= bë= áëí=åìê=
ÉáåÉ=^êí=îçå=i~ÇìåÖëíê®ÖÉêå=ÇáêÉâí=~ã=jáëÅÜéêçòÉëë=ÄÉíÉáäáÖíK=aáÉ=
i∏ÅÜÉê=EåáÅÜí=Ç~êÖÉëíÉääíF=ï~åÇÉêå=òìã=pìÄëíê~í~åëÅÜäìëë=~ÄK KNPQ 

^ÄÄáäÇìåÖ=SKQW ^ìëÇÉÜåìåÖ=ÇÉê=o~ìãä~ÇìåÖëòçåÉ=áå=^ÄÜ®åÖáÖâÉáí=ÇÉê=açíáÉêìåÖ=
ÉáåÉê=åHé=aáçÇÉKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNPR 

^ÄÄáäÇìåÖ=SKRW mçíÉåíá~äîÉêä~ìÑ= ÉáåÉê= éåJpíêìâíìê= ãáí= ÉáåÉã= OM=”ã= ÇáÅâÉå= éJ
pìÄëíê~íK=aáÉ=píêìâíìê=ÄÉëíÉÜí=~ìë=OñO=cáåÖÉêåX=ÇáÉ=åH=cáåÖÉê=ëáåÇ=
ãáí=NMOM=ÅãJP=ÇçíáÉêíI=ÇáÉ=qáÉÑÉ=ÇÉê=éåJ§ÄÉêÖ®åÖÉ=ÄÉíê®Öí=MIR=”ãK=
aáÉ=_êÉáíÉ=ÇÉê=cáåÖÉê=ÄÉíê®Öí=ïZO=”ãI=ÇÉê=^Äëí~åÇ=ëZNM=”ãK=a~ë=
pìÄëíê~í=E^åçÇÉF=ïìêÇÉ=ãáí=JR=s=îçêÖÉëé~ååíI=ÇáÉ=cáåÖÉê=ãáí=JQ=s=
ìåÇ=HQ=sK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNPS 

^ÄÄáäÇìåÖ=SKSW páãìä~íáçå= ÇÉê= píêçãîÉêíÉáäìåÖ=ÇÉë= éåJmjaK= iáåâëW= píêçã=ÇìêÅÜ=
hçåí~âí= N= ìåÇ= hçåí~âí= OX= ~ì≈ÉêÇÉã= áëí= ÇáÉ= pìããÉ= ÇÉê=
^ÄëçäìíÄÉíê®ÖÉ= ìåÇ= ÇÉê= _ìäâëíêçã= Ç~êÖÉëíÉääíK= oÉÅÜíë= Ç~êÖÉëíÉääí=
áëí=ÇÉê=hçåíê~ëí=~äë=cìåâíáçå=ÇÉê=pé~ååìåÖKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNPT 

^ÄÄáäÇìåÖ=SKTW ^ìÑíÉáäìåÖ= ÇÉê= píê∏ãÉ= ~äë= cìåâíáçå= ÇÉê= pé~ååìåÖK= iáåâëW=
dÉêáåÖÉêÉ= lÄÉêÑä®ÅÜÉåÇçíáÉêìåÖK= oÉÅÜíëW= eçÜÉ=
lÄÉêÑä®ÅÜÉåÇçíáÉêìåÖK=tÉääÉåä®åÖÉ=SRM=åãKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNPV 

^ÄÄáäÇìåÖ=SKUW dÉÖÉåΩÄÉêëíÉääìåÖ= ÇÉë= hçåíê~ëíîÉêä~ìÑ= ÄÉá= îÉêëÅÜáÉÇÉåÉå=
lÄÉêÑä®ÅÜÉåÇçíáÉêìåÖÉåK=tÉääÉåä®åÖÉ=SRM=åãKKKKKKKKKKKKKKKKKKKKKKKKKNPV 

^ÄÄáäÇìåÖ=SKVW iáåâë=a`JhÉååäáåáÉ=ÇÉë=aÉîáÅÉI=oÉÅÜíëW=bãéÑáåÇäáÅÜâÉáí=ÇÉê=ÄÉáÇÉå=
aáçÇÉå= ÄÉá= î~êááÉêíÉê= ^åçÇÉåëé~ååìåÖK= aáÉ= iáÅÜíäÉáëíìåÖ= ÄÉíêìÖ=
ÄÉá= ÇÉå=jÉëëìåÖÉå= mçéíZNM=åtK= aáÉ= fëçä~íáçåëÇáçÇÉ= ïìêÇÉ=ãáí=
R=s=áå=péÉêêêáÅÜíìåÖ=ÄÉíêáÉÄÉåK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNQN 

^ÄÄáäÇìåÖ=SKNMW píêçãJpé~ååìåÖëJhÉååäáåáÉ= ÄÉá= ëóããÉíêáëÅÜÉê= ^åëíÉìÉêìåÖK= aáÉ=
_Éëíê~ÜäìåÖ=ïìêÇÉ=ãáí=ÉáåÉê=iba=ãáí=ÉáåÉê=wÉåíê~äïÉääÉåä®åÖÉ=îçå=
SPR=åã= ÇìêÅÜÖÉÑΩÜêíK= bë= òÉáÖí= ëáÅÜ= ÉáåÉ= ëÉÜê= ÖìíÉ=
§ÄÉêÉáåëíáããìåÖ= ãáí= ÇÉå= òìîçê= ÇìêÅÜÖÉÑΩÜêíÉå=
e~äÄäÉáíÉêëáãìä~íáçåÉåK= aáÉ= fëçä~íáçåëÇáçÇÉ= ïìêÇÉ= çÜåÉ=
péÉêêëé~ååìåÖ=áã=hìêòëÅÜäìëë=ÄÉíêáÉÄÉåKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNQO 

^ÄÄáäÇìåÖ=SKNNW wïÉáëÉáíáÖÉ=jçÇìä~íáçå=ÇÉë=ebJmjaK=aìêÅÜ=ÇáÉ=_ÉíêáÉÄëïÉáëÉ=ìåÇ=
ÇÉå=^åçÇÉå~åëÅÜäìëë=ÉêÜ®äí=ã~å=~å=ÇÉå=ÄÉáÇÉå=bäÉâíêçÇÉå= ëíÉíë=
ÇáÉ=ÖäÉáÅÜÉ=píêçãêáÅÜíìåÖK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNQQ 

^ÄÄáäÇìåÖ=SKNOW pé~ååìåÖÉå= ÇÉê= ÄÉáÇÉå= ^ìëÖ~åÖëâ~å®äÉ= ÄÉá= îÉêëÅÜáÉÇÉåÉå=
jçÇìä~íáçåëëé~ååìåÖÉåK= mçéíZOM=åt]SRM=åãI= r^ZJR=sI= rãçÇZO=sI=
`áåíZNM=écI=íáåíZQ=ãëI=ÑjçÇZNM=jeòK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNQR 

^ÄÄáäÇìåÖ=SKNPW= báåÑäìëë= ÇÉê= jçÇìä~íáçåë~ãéäáíìÇÉ= ~ìÑ= Ç~ë= hçêêÉä~íáçåëÉêÖÉÄåáëK=
mçéíZOM=åt]SRM=åãI= r^ZJR=sI= rãçÇZO=sI= `áåíZNM=écI= íáåíZQ=ãëI=
ÑjçÇZNM=jeòK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNQS 

^ÄÄáäÇìåÖ=SKNQW s~êá~íáçå= ÇÉê= jçÇìä~íáçåëÑêÉèìÉåòK= aáÉ= mÜ~ëÉåîÉêëÅÜáÉÄìåÖ= ÇÉê=
ÖÉãÉëëÉåÉå= hçêêÉä~íáçåëÑìåâíáçåÉå= ïáêÇ= ÇìêÅÜ= ÇÉå= jÉëë~ìÑÄ~ì=

 



NVM= ^åÜ~åÖ=_=

îÉêìêë~ÅÜíK= mçéíZOM=åt]SRM=åãI= r^ZJR=s= EÄÉá= RM=jeò= r^ZJS=sFI=
rãçÇZO=sI=`áåíZ=NM=écI=íáåíZQ=ãëKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNQT 

^ÄÄáäÇìåÖ=SKNRW báåÑäìëë=ÇÉê=^åëíáÉÖëJ=ìåÇ=^ÄÑ~ääòÉáíÉå=~ìÑ=ÇáÉ=hçêêÉä~íáçåëÑìåâíáçåK=
iáåâëW= jçÇìä~íáçåëëáÖå~äÉ= ãáí= îÉêëÅÜáÉÇÉåÉå= ^åëíáÉÖëJ= ìåÇ=
^ÄÑ~ääòÉáíÉåI=oÉÅÜíëW=oÉëìäíáÉêÉåÇÉ=hçêêÉä~íáçåëÑìåâíáçåÉåK KKKKKKKNQU 

^ÄÄáäÇìåÖ=SKNSW s~êá~íáçå= ÇÉê= çéíáëÅÜÉå= kìíòäÉáëíìåÖK= tÉääÉåä®åÖÉ= SRM=åãI= r^ZJ
R=sI= rãçÇZO=sI= `áåíZNM=écI= ÑjçÇZOM=jeòK= aÉê= aìåâÉäëíêçã= ÇÉê=
píêìâíìê= áëí= ãáí= OIR=é^= ÄÉá= ÇÉê= _ÉëíáããìåÖ= ÇÉê=
aÉãçÇìä~íáçåëÉÑÑáòáÉåò=ÄÉêΩÅâëáÅÜíáÖ=ïçêÇÉåK KKKKKKKKKKKKKKKKKKKKKKKKKNQV 

^ÄÄáäÇìåÖ=SKNTW s~êá~íáçå= ÇÉê= eáåíÉêÖêìåÇäÉáëíìåÖK= mçéíZO=åt]SRM=åãI= r^ZJR=sI=
rãçÇZO=sI=`áåíZNM=écI=íáåíZQ=ãëI=ÑjçÇZOM=jeòK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKNRM 

^ÄÄáäÇìåÖ=SKNUW báåÑäìëë=ÇÉê=tÉääÉåä®åÖÉ=~ìÑ=Ç~ë=hçêêÉä~íáçåëÉêÖÉÄåáëK=mçéíZ=OM=åtI=
r^ZJR=sI= r=ãçÇZO=sI= `áåíZNM=écI= íáåíZQ=ãëI= ÑjçÇZOM=jeòK= aáÉ= äÉáÅÜíÉ=
mÜ~ëÉåîÉêëÅÜáÉÄìåÖ=ïáêÇ=ÇìêÅÜ=ÇáÉ=sÉêïÉåÇìåÖ=ìåíÉêëÅÜáÉÇäáÅÜÉê=
pÉåÇÉÉäÉãÉåíÉ=ÜÉêîçêÖÉêìÑÉåK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNRN 

^ÄÄáäÇìåÖ=SKNVW iáåâëW=bãéÑáåÇäáÅÜâÉáí=ÄÉêÉÅÜåÉí=~ìë=ÇÉã=pìããÉåëáÖå~äK=oÉÅÜíëW=
mêçÇìâí=~ìë=mÜçíçÉãéÑáåÇäáÅÜâÉáí=ìåÇ=hçåíê~ëíK=mçéíZ=OM=åtI=r^ZJ
R=sI=rãçÇZO=sI=`áåíZNM=écI=íáåíZQ=ãëI=ÑjçÇZOM=jeòK KKKKKKKKKKKKKKKKKKKKKKNRO 

^ÄÄáäÇìåÖ=SKOMW hçåòÉéí= òìê= áåÜ®êÉåíÉå= aáÑÑÉêÉåòÄáäÇìåÖ= ÄÉá= ÉáåÉã= ìåáéçä~êÉå=
mjaJaÉîáÅÉK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNRP 

^ÄÄáäÇìåÖ=TKNW jÉëëìåëáÅÜÉêÜÉáí= ~äë= cìåâíáçå= ÇÉê= båíÑÉêåìåÖ= ÄÉá= qZOP=ø`K= iáåâë=
Ç~êÖÉëíÉääí= áëí= ÇáÉ= jÉëëìåÖ= ãáí= Öìí= êÉÑäÉâíáÉêÉåÇÉã= EoaZMIVFI=
êÉÅÜíë=ãáí=ëÅÜäÉÅÜí=êÉÑäÉâíáÉêÉåÇÉã=EoaZMINF=wáÉäK KKKKKKKKKKKKKKKKKKKKKNSP 

^ÄÄáäÇìåÖ=TKOW jÉëëìåëáÅÜÉêÜÉáí= ~äë= cìåâíáçå= ÇÉê= båíÑÉêåìåÖ= ÄÉá= qZUR=ø`K= iáåâë=
Ç~êÖÉëíÉääí= áëí= ÇáÉ= jÉëëìåÖ= ãáí= Öìí= êÉÑäÉâíáÉêÉåÇÉã= EoaZMIVFI=
êÉÅÜíë=ãáí=ëÅÜäÉÅÜí=êÉÑäÉâíáÉêÉåÇÉã=EoaZMINF=wáÉäK KKKKKKKKKKKKKKKKKKKKKNSQ 

^ÄÄáäÇìåÖ=TKPW sÉêÖäÉáÅÜ= ÇÉê= pí~åÇ~êÇ~ÄïÉáÅÜìåÖÉå= ΩÄÉê= ÇÉê= qÉãéÉê~íìê= ÄÉá=
wZNM=ãK=iáåâë=Ç~êÖÉëíÉääí=áëí=ÇáÉ=jÉëëìåÖ=ãáí=Öìí=êÉÑäÉâíáÉêÉåÇÉã=
EoaZMIVFI=êÉÅÜíë=ãáí=ëÅÜäÉÅÜí=êÉÑäÉâíáÉêÉåÇÉã=EoaZMINF=wáÉäK KKKKKKNSQ 

^ÄÄáäÇìåÖ=TKQW sÉêÖäÉáÅÜ= ÇÉê= åçêãáÉêíÉå= pí~åÇ~êÇ~ÄïÉáÅÜìåÖÉå= ΩÄÉê= ÇÉê=
qÉãéÉê~íìê=ÄÉá=wZNM=ãK=iáåâë=Ç~êÖÉëíÉääí=áëí=ÇáÉ=jÉëëìåÖ=ãáí=Öìí=
êÉÑäÉâíáÉêÉåÇÉã= EoaZMIVFI= êÉÅÜíë= ãáí= ëÅÜäÉÅÜí= êÉÑäÉâíáÉêÉåÇÉã=
EoaZMINF=wáÉäK KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNSR 



fåÇÉñ= = NVN=

^åÜ~åÖ=`W= fåÇÉñ=

A 
^ÄÑ~ääòÉáí==NQT=
^ÄëÅÜ~ííìåÖ==NPM=
^Äëçêéíáçå==SMI=VO=
^ÄëçêéíáçåëâçÉÑÑáòáÉåí==QR=
^Äëíê~ÜäÅÜ~ê~âíÉêáëíáâ==NRU=
^Äí~ëíìåÖ==NO=
^ÅíáîÉJ~êÉ~==NPU=
^Ç~éíáîÉ=fåíÉÖê~íáçåëòÉáí==SU=
^hc==páÉÜÉ=^ìíçâçêêÉä~íáçåëÑìåâíáçå=
^äá~ëáåÖ==NP=
^åçÇÉ==NPS=
^åçÇÉåëé~ååìåÖ==NQM=
^åëíÉìÉêìåÖ=

^ëóããÉíêáëÅÜ==NQM=
póããÉíêáëÅÜ==NQO=

^åëíáÉÖëòÉáí==NQT=
^åíá=oÉÑäÉâíáîÉ=`ç~íáåÖ==NPN=
^éÉêíìê==NRU=
^ééäáâ~íáçåëéçíÉåíá~ä==NRT=
^o`==páÉÜÉ=^åíá=oÉÑäÉÅíáîÉ=`ç~íáåÖ=
^ëóããÉíêáÉ==QOI=SSI=NQP=
ûíòîçêÖ~åÖ==NMS=
^ìëäÉëÉ=

JaáçÇÉ==NQN=
JbäÉâíêçåáâ==TUI=UN=

^ìëíêáííë~êÄÉáí==PP=
^ìíçâçêêÉä~íáçåëÑìåâíáçå==V=

B 
_~åÇÄêÉáíÉ==NMTI=NMVI=NOVI=NRR=
_~åÇîÉêÄáÉÖìåÖ==OVI=PO=
_~êêáÉêÉåÜ∏ÜÉ==PQI=NMM=
_ÉïÉÖäáÅÜâÉáí==RV=
_f`jlp==NMO=
_áäÇÜ®äÑíÉ==UM=
_áéçä~êÉë=aÉîáÅÉ==VS=
_êÉååïÉáíÉ==NRU=
_ìáäíJáå=mçíÉåíá~ä==PS=
_ìêáÉÇ=lñáÇÉ==VV=

C 
`_p==páÉÜÉ=`çêêÉä~íÉÇ=_~ä~åÅÉÇ=p~ãéäáåÖ=

`Üáé=lå=_ç~êÇ==VN=
`ÜáêéáåÖ==V=
`ç_==páÉÜÉ=`Üáé=lå=_ç~êÇ=
`çêêÉä~íÉÇ=_~ä~åÅÉÇ=p~ãéäáåÖ==RR=

D 
a®ãéÑìåÖ==NPM=
a®ãéÑìåÖëÖäáÉÇÉê==TM=
aÉÉé=åJïÉää==VU=
aÉãçÇìä~íáçåëÉÑÑáòáÉåò==OPI=NQV=
aÉãçÇìä~íáçåëÉãéÑáåÇäáÅÜâÉáí==OQI=TOI=NONI=

NROI=NSP=
aÉãçÇìä~íáçåëâçåíê~ëí==OOI=NPT=
aáÑÑÉêÉåòÄáäÇìåÖ==NRP=
aáÑÑÉêÉåòëáÖå~ä==NR=
aáÑÑìëáçå==NMMI=NMR=

J^åíÉáä==NMVI=NOO=
J_~êêáÉêÉ==NMMI=NNM=
Ji®åÖÉ==PN=
Jpé~ååìåÖ==OV=

aáçÇÉåÑÉåëíÉê==NMS=
aáçÇÉåâ~é~òáí®í==UMI=NQP=
aáêÉâíÄÉëíê~ÜäìåÖ==SV=
aáêÉâíÉê=e~äÄäÉáíÉê==RV=
aêáÑíòÉáí==NMT=
aìããóJqê~åëáëíçêÉå==UP=
aìåâÉäëíêçã==OPI=SPI=NNVI=NQV=
aìåâÉäëíêçãÇáÅÜíÉ==NQV=
aìåâÉäëíêçãJpÅÜêçíê~ìëÅÜÉå==páÉÜÉ=o~ìëÅÜÉå=
aìêÅÜä~ëëÄÉêÉáÅÜ==NPP=
aìêÅÜä~≈âÉååäáåáÉ==NNP=
aìíóJ`óÅäÉ==NP=
aóå~ãáâÄÉêÉáÅÜ==SUI=NRPI=NSO=
aóå~ãáâëíÉáÖÉêìåÖ==SU=

E 
bÑÑÉâíáîïÉêí==NR=
bÑÑáòáÉåòJ_~åÇÄêÉáíÉåJmêçÇìâí==QV=
báÖÉåäÉáíìåÖëâçåòÉåíê~íáçå==PM=
báÖÉåäÉáíìåÖëåáîÉ~ì==PN=
báåÇÉìíáÖâÉáíëÄÉêÉáÅÜ==U=
báåÇêáåÖíáÉÑÉ==QRI=RVI=NPN=
báåòÉäéáñÉä==NON=
báåòÉäéáñÉäëÉåëçê==NRV=

 



NVO= ^åÜ~åÖ=`=

bäÉâíêçåÉå~ÑÑáåáí®í==PP=
bãáëëáçåëíÜÉçêáÉ==PQ=
båíÑÉêåìåÖëÄÉëíáããìåÖ==U=
båíÑÉêåìåÖëãÉëëëóëíÉã==NSM=
béáí~ñáÉ==NMS=
bñJëáíì=sÉêÑ~ÜêÉå==NNM=

F 
cÉÜäÉê=

mÜ~ëÉåÑÉÜäÉê==TT=
póëíÉã~íáëÅÜ==NO=

cÉäÇîÉêä~ìÑ==NMU=
cáåÖÉê~Äëí~åÇ==NMVI=NON=
cáåÖÉêÖÉçãÉíêáÉ==UMI=NMT=
cáñÉÇ=m~ííÉêå=kçáëÉ==VN=
cáñÉÇ=m~ííÉêå=mÜ~ëÉ=kçáëÉ==VN=
cä~ÅÜÄ~åÇ==NMU=

Jpé~ååìåÖ==PV=
cä~ÅÜÄ~åÇëé~ååìåÖ==PV=
cäáéJ`Üáé==NPO=
cäç~íÉåÇÉë=pìÄëíê~í==VS=
cäìëëë®ìêÉ==NNM=
cçìêáÉêíê~åëÑçêã~íáçå==NN=
cê~ãÉê~íÉ==UQ=
cêÉãÇäáÅÜíÉáåÑäìëë==TU=
cêÉèìÉåòîÉêÜ~äíÉå=

bñíêáåëáëÅÜ==QT=
fåíêáåëáëÅÜ==QS=

cΩääÑ~âíçê==QSI=NMTI=NPMI=NSO=
cJw~Üä==NRU=

G 
d~^ë==páÉÜÉ=d~ääáìã~êëÉåáÇ=
d~ääáìã~êëÉåáÇ==RV=
dÉÖÉåí~âí=pjJmja==QV=
dÉÖÉåí~âíãáëÅÜÉê==páÉÜÉ=jáëÅÜÉê=
däÉáÅÜí~âí=

Jpé~ååìåÖ==NQN=
JråíÉêÇêΩÅâìåÖ==OO=

dê~ìïÉêí==NRI=NQRI=NRQ=
dêÉåòÑêÉèìÉåò==QTI=NOO=
dêÉåòëÅÜáÅÜí==PO=
dêÉåòïÉääÉåä®åÖÉ==RV=
dêç≈ëáÖå~äîÉêÜ~äíÉå==RO=

H 
e~äÄäÉáíÉêëáãìä~íçê==VUI=NPR=
e~åÇäÉJt~ÑÉê==VV=
ebjq==páÉÜÉ=eáÖÜ=bäÉÅíêçå=jçÄáäáíó=qê~åëáëíçê=
eÉíÉêçÇóåîÉêÑ~ÜêÉå==V=
eáÖÜ=bäÉÅíêçå=jçÄáäáíó=qê~åëáëíçê==SN=
eáåíÉêÖêìåÇäáÅÜí==NRMI=NRV=
eáåíÉêÖêìåÇäáÅÜíìåíÉêÇêΩÅâìåÖ==OMI=SUI=NPPI=

NSO=
^âíáîÉë=sÉêÑ~ÜêÉå==NRO=

eçãçÖÉåáí®í==UV=

I 
fLf=t~åÇäÉê==NRR=
fLr=t~åÇäÉê==NRQ=
fãéä~åí~íáçå==NMSI=NPUI=NRR=
fåÇáêÉâíÉê=e~äÄäÉáíÉê==RV=
fåÜ®êÉåíÉë=`_p==RS=
fåíÉÖê~íáçå=

eçêáòçåí~ä==VN=
sÉêíáâ~ä==VN=

fåíÉÖê~íáçåëâçåòÉéí==VS=
fåíÉÖê~íáçåëòÉáí==NO=
fåíÉÖê~íçê==UN=
fåíêáåëáëÅÜÉê=_ÉêÉáÅÜ==NQQ=
fëçä~íÉÇ=kjlp==VU=
fëçä~íáçåëÇáçÇÉ==NQM=

K 
h~é~òáíáîÉê=pé~ååìåÖëíÉáäÉê==NQP=
hhc==páÉÜÉ=hêÉìòâçêêÉä~íáçåëÑìåâíáçå=
h∏åáÖëï~ëëÉê==NNM=
hçåí~âíéçíÉåíá~ä==PO=
hçåí~ãáå~íáçå==NMP=
hçééÉäåÉíòïÉêâ==NQP=
hçêêÉä~íáçå==V=

J^åíÉáä==NQR=
Jcìåâíáçå==VI=TM=

hêÉìòâçêêÉä~íáçåëÑìåâíáçå==V=
hêáíáëÅÜÉ=cÉäÇëí®êâÉ==QS=
âq`Jo~ìëÅÜÉå==páÉÜÉ=o~ìëÅÜÉå=
hìêòòÉáíáåíÉÖê~íáçå==NO=

L 
i~ÇìåÖëâçãéÉåë~íáçå==UP=



fåÇÉñ= = NVP=

i~ÇìåÖëëÅÜ~ìâÉä==NT=
i~ÇìåÖëíê®ÖÉêíêÉååìåÖ==NPN=
i~ãÄÉêíëíê~ÜäÉê==NRU=
i~ëÉêÇáçÇÉ==SV=
i~ìÑòÉáí==U=
iba==TM=
iÉáëíìåÖë~ÄÜ®åÖáÖâÉáí==NOR=
iáÑÉíáãÉâáääÉê==NMO=
iáåÉ~êÉê=jáëÅÜÄÉêÉáÅÜ==NQM=

M 
j~íÅÜáåÖ==UQ=
jÉÜêÑ~ÅÜ~Äí~ëíìåÖ==SU=
jÉÜêÑ~ÅÜêÉÑäÉñáçå==NPM=
jÉëëJ=

^ìÑÄ~ì==SV=
^ìÑä∏ëìåÖ==UV=
dÉå~ìáÖâÉáí==ORI=NOS=
råëáÅÜÉêÜÉáí==NSP=

jÉí~ää=
^äìãáåáìã==NMM=
hìéÑÉê==NMM=
mä~íáå==NMO=
qáí~å==NMM=
tçäÑê~ã==NMM=

jÉí~ääJe~äÄäÉáíÉê=hçåí~âí==PN=
fÇÉ~äÉê=jÉí~ääJe~äÄäÉáíÉê=hçåí~âí==PO=
oÉ~äÉê=jÉí~ääJe~äÄäÉáíÉê=hçåí~âí==PP=

jÉí~ääëáäáòáÇÉ==NMM=
jáåçêáí®íëä~ÇìåÖëíê®ÖÉê==RV=
jáåçêáí®íëä~ÇìåÖëíê®ÖÉêäÉÄÉåëÇ~ìÉê==RV=
jáëÅÜÉê==NRI=SN=
jçÇìä~íáçå=

J^ãéäáíìÇÉ==NQR=
`çëáåìë==NP=
`t==U=
JaáçÇÉ==NQN=
JcêÉèìÉåò==TNI=NQT=
oÉÅÜíÉÅâ==NPI=RR=
Jpé~ååìåÖ==NOP=

jçÇìä~íáçåëîÉêÑ~ÜêÉå=
báåëÉáíáÖ==SNI=TVI=NONI=NQP=
wïÉáëÉáíáÖ==SPI=NQP=

jçÇìä~íáçåëòìÑΩÜêìåÖ==UM=
jpJaáçÇÉåëíêìâíìê==NNN=
jpj=

d~^ë==NSO=

eÉääJ=aìåâÉäîÉêÜ~äíÉå==NNR=
h~é~òáí®í==QU=
mípá==NNNI=NSO=
qÉãéÉê~íìêîÉêÜ~äíÉå==NNV=

jìäíáÅÜáé==VR=
J^êÅÜáíÉâíìê==TU=
JhçåòÉéí==NOV=
JpÉåëçê==UR=

jìäíáéáñÉä==NOT=
JpíêìâíìêÉå==TU=

N 
kìíòäÉáëíìåÖ==NQV=

O 
lÄÉêÑä®ÅÜÉåÇçíáÉêìåÖ==NPU=
lÄàÉâíÉåíÑÉêåìåÖ==NR=
léÉåJäççéJsÉêëí®êâìåÖ==UO=
léíáâ==NRU=
léíáëÅÜÉ=cáäíÉêìåÖ==VO=
léíáëÅÜÉ=iÉáëíìåÖ==NRT=
lq^==UO=

P 
mÉêáçÇÉåÇ~ìÉê==U=
mÜ~ëÉåJ^äÖçêáíÜãìë=

QJmÜ~ëÉåJ^äÖçêáíÜãìë==NM=
kJmÜ~ëÉåJ^äÖçêáíÜãìë==NO=

mÜ~ëÉåÑÉÜäÉê==páÉÜÉ=cÉÜäÉê=
mÜ~ëÉåçÑÑëÉí==VN=
mÜ~ëÉåîÉêëÅÜáÉÄìåÖ==U=
mÜ~ëÉëÜáÑí==NMI=OS=
mÜçíçÉãéÑáåÇäáÅÜâÉáí==QRI=NQN=

pé~ååìåÖë~ÄÜ®åÖáÖ==QQ=
pé~ååìåÖëìå~ÄÜ®åÖáÖ==QQ=

mÜçíçÖ~íÉ==páÉÜÉ=mja=
mÜçíçåÉåJpÅÜêçíê~ìëÅÜÉå==páÉÜÉ=o~ìëÅÜÉå=
mÜçíçëíêçã==QO=

JaáÅÜíÉ==QO=
éáåJmÜçíçÇÉíÉâíçê==NQQ=
máñÉä=

Jdê∏≈É==NOQ=
Jo~íÉ==UMI=UP=
JpíêìâíìêÉå==SPI=NNN=

mä~ëã~®íòÉå==NMV=
mä~íáå==páÉÜÉ=jÉí~ää=

 



NVQ= ^åÜ~åÖ=`=

mä~íáåëáäáòáÇâçåí~âí==NMO=
mja==NR=

cêÉãÇãçÇìä~íáçå==NS=
dÉÖÉåΩÄÉêëíÉääìåÖ==NSO=
ebJmja==NQOI=NSP=
eóÄêáÇâçåòÉéíÉ==OM=
hÉååÖê∏≈Éå==ON=
hçåòÉéíÉ==NR=
jbJmja==OM=
mÉêÑçêã~åÅÉ==NRT=
mdJmja==NSI=NSN=
éå==NOVI=NRR=
pÉäÄëíãçÇìä~íáçå==NT=
pj==NSN=

éåJ§ÄÉêÖ~åÖ==OV=
mçäóëáäáòáìã==NMP=
mçíÉåíá~äÄ~êêáÉêÉ==PO=
mçíÉåíá~äîÉêä~ìÑ==NSI=NMUI=NPR=
mêçòÉëëáåíÉÖê~íáçå==NMO=
mëÉìÇçåçáëÉJEmkF==U=
mípáJjpj==páÉÜÉ=jpj=
mìäëä~ìÑòÉáíîÉêÑ~ÜêÉå==T=

Q 
nì~Çê~íáëÅÜÉê=jáííÉäïÉêí==V=
nì~åíÉåïáêâìåÖëÖê~Ç==QR=
nìÉêëíêçã==NPQ=

R 
o~áäJíçJo~áä==UO=
o~ìãä~ÇìåÖëòçåÉ==OVI=NPQ=
o~ìëÅÜÉå=

aìåâÉäëíêçãJpÅÜêçíê~ìëÅÜÉå==ORI=NSM=
âq`Jo~ìëÅÜÉå==UQI=NSM=
mÜçíçåÉåJpÅÜêçíê~ìëÅÜÉå==ORI=TRI=NSM=
oÉëÉíJo~ìëÅÜÉå==OS=
póëíÉãê~ìëÅÜÉå==TRI=NRU=

o`JsÉêÜ~äíÉå==UM=
oÉ~ÅÜJqÜêçìÖÜ==PUI=NMUI=NPT=
oÉÅÜíÉÅâãçÇìä~íáçå==páÉÜÉ=jçÇìä~íáçå=
oÉÑäÉâíáçå==NRU=
oÉÑäÉâíáçåëÑ~âíçê==QR=
oÉÑäÉâíáîáí®í==NRU=
oÉÖÉäâêÉáë==NRQ=
oÉáÅÜïÉáíÉ==NSR=
oÉâçãÄáå~íáçå==PN=

oÉëÉíJo~ìëÅÜÉå==páÉÜÉ=o~ìëÅÜÉå=
oÉëéçåëáîáí®í==QRI=NSO=
oáÅÜ~êÇëçåJhçåëí~åíÉ==PQ=
oΩÅâëÉáíÉåÄÉëíê~ÜäìåÖ==NPM=

S 
p®ííáÖìåÖëÖÉëÅÜïáåÇáÖâÉáí==QS=
p®ííáÖìåÖëëíêçãÇáÅÜíÉ==NNP=
p_f==páÉÜÉ=eáåíÉêÖêìåÇäáÅÜíìåíÉêÇêΩÅâìåÖ=
pÅÜ~äíìåÖëáåíÉÖê~íáçå==SN=
pÅÜáÅÜíÇáÅâÉ==NNM=
pÅÜçííâó=

J_~êêáÉêÉ==NNP=
JaáçÇÉ==PN=
JbÑÑÉâí==PN=
J§ÄÉêÖ~åÖ==OV=

pÅÜïÉääëé~ååìåÖ==NPU=
pÉäÄëíãçÇìä~íáçå=

_áéçä~ê==NV=
råáéçä~ê==NV=

pÉåëçêéêçòÉëë==NOV=
páÖå~ä~ìëÄÉìíÉ==NOVI=NSP=
páÖå~äJo~ìëÅÜJsÉêÜ®äíåáë==VRI=NRTI=NRU=
páÖå~äîÉê~êÄÉáíìåÖëéêçòÉëë==NOV=
páÖå~äîÉêò∏ÖÉêìåÖ==NQT=
páäáÅçå=çå=fåëìä~íçê==VV=
páäáòáÇ==NMM=
páäáòáìã==RV=
páåÖäÉÅÜáé==VR=
páåÖäÉéáñÉä==SN=
päÉï=o~íÉ==UO=
pko==páÉÜÉ=páÖå~äJo~ìëÅÜJsÉêÜ®äíåáë=
pç`==páÉÜÉ=póëíÉã=çå=`Üáé=
plf==páÉÜÉ=páäáÅçå=çå=fåëìä~íçê=
pçååÉåäáÅÜí==NSO=
pé~ååìåÖë~ìëäÉëÉ==UNI=NRR=
péÉêêÄÉêÉáÅÜ==NPP=
péÉêêÄÉíêáÉÄ==NPP=
péÉêêë®ííáÖìåÖëëíêçãÇáÅÜíÉ==PQ=
péÉêêëé~ååìåÖ==NPQ=
péìííÉêå==NNM=
pí~åÇ~êÇ~ÄïÉáÅÜìåÖ==TQI=NRT=
píê~ÜäíÉáäÉêïΩêÑÉä==TM=
píêÉìëÅÜÉáÄÉ==TM=
píêçã=

J^ìëäÉëÉ==UNI=NRR=
JpéáÉÖÉä==NRQ=



fåÇÉñ= = NVR=

Jqê~åëéçêí==PP=
JrãâÉÜê==NRQ=

pìÄëíê~í=
JaáÅâÉ==NPN=
JaçíáÉêìåÖ==NMQI=NPN=
Jhçåí~âíáÉêìåÖ==VT=

pìããÉåëáÖå~ä==NR=
póããÉíêáÉ==NNU=
póããÉíêáÉÑ~âíçê=

mÜçíçëíêçã==QP=
p®ííáÖìåÖëëíêçã==QO=

póëíÉã=çå=`Üáé==páÉÜÉ=póëíÉã=çå=`Üáé=

T 
qbj==NNM=
qÉãéÉê~íìêÄÉêÉáÅÜ==NSQ=
qÉãéÉêìåÖ==NNM=
qÜÉçêÉíáëÅÜÉ=jÉëëÖÉå~ìáÖâÉáí==OS=
qÜÉêãçÇóå~ãáëÅÜÉë=däÉáÅÜÖÉïáÅÜí==PM=
qáãÉJlÑJcäáÖÜí==T=
qê~ÅâJ~åÇJeçäÇ==TV=
qê~åëÑÉêâÉååäáåáÉ==SR=
qê~åëáÉåíÉë=sÉêÜ~äíÉå==NMR=
qê~åëáëíçêÉÑÑÉâí==NPP=
qê~åëãáëëáçå==VOI=NRU=
qê~åëãáëëáçåÖ~íÉ==UP=
qê~é==PQ=
qêÉåÅÜ==VV=

U 
rLfJt~åÇäÉê==NRR=
§ÄÉêíê~ÖìåÖëâÉååäáåáÉ==SR=
råáéçä~êÉë=aÉîáÅÉ==NPP=

V 
sÉê~êÄÉáíìåÖëíÉãéÉê~íìê==NMO=
sÉê~êãìåÖ==PN=
sÉê~êãìåÖëòçåÉ==PO=
sÉêÑçêãìåÖ=ÇÉê=hçêêÉä~íáçåëÑìåâíáçå==NQT=
sÉêëí®êâìåÖëJ_~åÇÄêÉáíÉJmêçÇìâí==UO=
sÉêìåêÉáåáÖìåÖ==NMP=
sáêíìÉääÉ=j~ëëÉ==SN=
sçääáåíÉÖê~íáçå==VR=
sçääëí®åÇáÖÉ=sÉê~êãìåÖ==PVI=NMU=

W 
t~ååÉåéçíÉåíá~ä==VV=
tÉääÉåä®åÖÉ==NRN=

Z 
wáÉäÇáëí~åò==NRU=
wìëí~åÇëÇáÅÜíÉ==PT=
wïÉáëíìÑáÖÉê=mêçòÉëë==NMP=

=

=
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