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OKQKQ= cêçã=ïÉ~â=íç=ëíêçåÖ=~ÄëçêÄÉêë=KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=OS=

OKQKR= iáÖÜí=íê~ééáåÖ=ëÅÜÉãÉ=íç=áãéêçîÉ=íÜÉ=~Äëçêéíáçå=çÑ=äáÖÜí=KKKKKKKKKKKKKKKK=OU=

OKR= pìãã~êó=KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=PM=

= `çåíáåìçìë=ãÉ~ëìêÉãÉåíë=çÑ=Éñíê~ÅÉääìä~ê=ÜóÇêçÖÉå=éÉêçñáÇÉ=KKKKKKKKKKKKKKKKKKKKKKKKKKKK=PP=P

PKN= fåíêçÇìÅíáçå=KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=PP=

PKO= jìäíáëÅ~ííÉêáåÖJÉåÜ~åÅÉÇ=çéíáÅ~ä=éêçÄÉë=Ä~ëÉÇ=çå=ÅóíçÅÜêçãÉ=Å=KKKKKKKKKKKKK=PR=



`çåíÉåíë=

ñáî 

PKOKN= mêçíÉáå=ÅóíçÅÜêçãÉ=Å=~åÇ=áíë=éêçéÉêíáÉë=KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=PR=

PKOKO= kçêã~äáòÉÇ=êÉÇçñ=ëí~íÉ=ÅçÉÑÑáÅáÉåí=KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=PS=

PKOKP= c~ÄêáÅ~íáçå=éêçÅÉëëW=ÇÉëáÖåëI=éêÉé~ê~íáçå=~åÇ=éáíÑ~ääë=KKKKKKKKKKKKKKKKKKKKKK=PT=

PKP= mçêí~ÄäÉ=çñáÇ~íáîÉ=ëíêÉëë=ëÉåëçêW=Çóå~ãáÅ=~åÇ=Éñíê~ÅÉääìä~ê=eOlO=ÇÉíÉÅíáçå=
êÉäÉ~ëÉÇ=Ñêçã=~äÖ~É=KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=QO=

PKPKN= lîÉêîáÉï=çÑ=íÜÉ=ëÉåëçê=KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=QO=

PKPKO= pÉåëçê=Å~äáÄê~íáçå=KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=QQ=

PKPKP= oÉ~Åíáçå=âáåÉíáÅë=KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=QR=

PKPKQ= mêççÑ=çÑ=ÅçåÅÉéí=KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=QT=

PKQ= jìäíáéäÉñÉÇ=éä~íÑçêã=Ñçê=ãìäíá~å~äóíÉ=ÇÉíÉÅíáçå=KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=QV=

PKQKN= däìÅçëÉ=~åÇ=ä~Åí~íÉ=ÇÉíÉÅíáçå=KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=RM=

PKQKO= jìäíáéäÉñáåÖ=ãÉ~ëìêÉãÉåíë=KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=RO=

PKQKP= `êçëëí~äâ=ëìééêÉëëáçå=ìëáåÖ=ãáÅêçÑäìáÇáÅ=ÅÜáé=KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=RQ=

PKQKQ= qáãÉJÇÉéÉåÇÉåí=ê~íÉ=ÇÉíÉêãáå~íáçå=KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=RR=

PKQKR= réí~âÉ=çÑ=ÉñçÖÉåçìëäó=ëìééäáÉÇ=ÖäìÅçëÉ=KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=RS=

PKR= pìãã~êó=KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=RU=

= jìäíáJä~óÉêÉÇ=ãáÅêçÑäìáÇáÅ=ÅÜáé=Ñçê=ÉÅçíçñáÅ~ä=ëíìÇáÉë=KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=RV=Q

QKN= fåíêçÇìÅíáçå=KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=RV=

QKO= jÉíÜçÇë=KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=SM=

QKOKN= `ÜÉãáÅ~äë=KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=SM=

QKOKO= båÇJéçáåí=éêçÅÉÇìêÉë=KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=SN=

QKOKP= c~ÄêáÅ~íáçå=çÑ=ãáÅêçÑäìáÇáÅë=KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=SN=

QKOKQ= fåàÉÅíáåÖ=~åÇ=êáåëáåÖ=KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=SO=

QKP= fåíÉê~Åíáçå=ÄÉíïÉÉå=íçñáÅ~åíë=~åÇ=~äÖ~É=KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=SP=

QKPKN= jáÅêçÑäìáÇáÅ=ëóëíÉã=KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=SP=

QKPKO= bñéçëìêÉ=íç=`ÇOH=KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=SQ=

QKPKP= bñéçëìêÉ=íç=nÇçíë=KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=ST=

QKQ= olp=Çóå~ãáÅë=KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=ST=

QKQKN= fåíê~ÅÉääìä~ê=olp=~åÇ=Éñíê~ÅÉääìä~ê=eOlO=KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=ST=

QKQKO= eOlO=ÉñÅêÉíáçå=KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=SV=

QKQKP= nÇçíëJáåÇìÅÉÇ=çñáÇ~íáîÉ=ëíêÉëë=KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=TM=



`çåíÉåíë=

ñî 

QKR= pìãã~êó=KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=TN=

= `çåÅäìëáçå=~åÇ=çìíäççâ=KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=TP=R

RKN= ^ÅÜáÉîÉÇ=êÉëìäíë=KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=TP=

RKO= cìíìêÉ=ÇÉîÉäçéãÉåíë=KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=TQ=

RKOKN= jìäíáëÅ~ííÉêáåÖJÉåÜ~åÅÉÇ=çéíáÅ~ä=éêçÄÉë=áå=~å=çéÉå=Å~îáíó=KKKKKKKKKKKKK=TQ=

RKOKO= mçêçìë=ëìÄëíê~íÉë=ïáíÜ=ÜáÖÜÉê=êÉÑê~ÅíáîÉ=áåÇáÅÉë=KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=TR=

RKOKP= líÜÉê=ëÉåëáåÖ=ãçäÉÅìäÉë=KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=TR=

RKOKQ= pé~íá~ä=eOlO=ãÉ~ëìêÉãÉåíë=KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=TR=

RKP= mçíÉåíá~ä=áãé~Åí=Ñçê=olp=ÄáçäçÖó=KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=TS=

RKPKN= jÉÅÜ~åáëãë=KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=TS=

RKPKO= jÉÇáÅ~ä=~Çî~åÅÉë=KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=TT=

RKPKP= fãé~Åí=çå=å~åçíçñáÅçäçÖó=KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=TT=

^K= ^ÄÄêÉîá~íáçåë=KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=TV=

_K= o~ï=ëéÉÅíê~=Éñ~ãéäÉë=Ñçê=jb^p=ãÉ~ëìêÉãÉåíë=KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=UN=

`K= `çåíêçä=ëçÑíï~êÉ=Ñçê=ãáÅêçÑäìáÇáÅ=éìãé=KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=UP=

aK= `çÇÉ=íç=Å~äÅìä~íÉ=åçêã~äáòÉÇ=êÉÇçñ=ÅçÉÑÑáÅáÉåí=KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=UT=

bK= `çÇÉ=Ñçê=jçåíÉ=`~êäç=ëáãìä~íáçåë=çÑ=äáÖÜí=éêçé~Ö~íáçå=áå=~=ê~åÇçã=ãÉÇáìã=KKKKK=UV=

cK= pí~íáëíáÅ~ä=~å~äóëáë=çÑ=áåíê~ÅÉääìä~ê=olp=~åÇ=ãÉãÄê~åÉ=éÉêãÉ~Äáäáíó=äÉîÉäë=KKKKKKKKK=VR=

_áÄäáçÖê~éÜó=KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=NMN=

_ÉÜáåÇ=íÜÉ=ëÅÉåÉ=KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=NNT=

`ìêêáÅìäìã=sáí~É=KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK=NON=

=

=

=





N=

 fåíêçÇìÅíáçå= ~åÇ= íÜÉëáë=`Ü~éíÉê=N
çÄàÉÅíáîÉë=

áÖåáÑáÅ~åí=~ãçìåíë=çÑ=çñóÖÉå=ëí~êíÉÇ=íç=~ééÉ~ê=áå=çìê=ÉåîáêçåãÉåí=çîÉê=OKO=Äáääáçå=
óÉ~êë=~ÖçI=ãçëíäó=ïáíÜ=íÜÉ=Éîçäìíáçå=çÑ=lO=éêçÇìÅÉÇ=Äó=éÜçíçëóåíÜÉíáÅ=çêÖ~åáëãë=
xNzK=páåÅÉ=~å=lO=ãçäÉÅìäÉ=Ü~ë=íïç=ìåé~áêÉÇ=ÉäÉÅíêçåë=ïáíÜ=íÜÉ=ë~ãÉ=ëéáå=èì~åíìã=

åìãÄÉêI=áí=áë=~=ÑêÉÉ=ê~ÇáÅ~ä=xOzK=qÜáë=ëéáå=êÉëíêáÅíáçå=ã~âÉë=lO=éêÉÑÉê=íç=~ÅÅÉéí=çåäó=çåÉ=
ÉäÉÅíêçå= ~í= ~= íáãÉI= äÉ~ÇáåÖ= íç= íÜÉ= ÖÉåÉê~íáçå= çÑ= lO√ÓI= ïÜáÅÜ= áë= ~= éêáãÉ= Éñ~ãéäÉ= çÑ=
êÉ~ÅíáîÉ= çñóÖÉå= ëéÉÅáÉë= EolpFK= få= ÖÉåÉê~äI= olp= ~êÉ= ÅÜÉãáÅ~ääó= êÉ~ÅíáîÉ= ãçäÉÅìäÉë=
Åçåí~áåáåÖ=~Åíáî~íÉÇ=çñóÖÉå=ëìÅÜ=~ë=el√I=eOlOI=elO√ÓI=oll√=~åÇ=ol√I=ïÜÉêÉ=o=ëí~åÇë=
Ñçê= ~åó= ~äâóäÉ= Öêçìé= xOI= PzK= olp= ~êÉ= éêçÇìÅÉÇ= Åçåíáåìçìëäó= ~ë= ÄóéêçÇìÅíë= çÑ= î~êáçìë=
ãÉí~ÄçäáÅ= é~íÜï~óë= áå= ÇáÑÑÉêÉåí= ÅÉääìä~ê= Åçãé~êíãÉåíë= ëìÅÜ= ~ë= ÅÜäçêçéä~ëíëI=
ãáíçÅÜçåÇêá~=~åÇ=éÉêçñáëçãÉë=xQI=RzK=^äíÜçìÖÜ=olp=Ü~îÉ=ÄÉÉå=~å=áåÉîáí~ÄäÉ=é~êí=çÑ=çìê=
äáÑÉ=ëáåÅÉ=~ÖÉëI=ïÉ=Ü~îÉ=çåäó=êÉÅÉåíäó=ëí~êíÉÇ=íç=ÇáëÅçîÉê=íÜÉáê=áãéçêí~åÅÉ=~åÇ=ÑìåÅíáçåëK=
cçê= áåëí~åÅÉI= áå= NVMU= t~êÄìêÖ= ÇáëÅçîÉêÉÇ= áåÅêÉ~ëÉÇ= Åçåëìãéíáçå= çÑ= çñóÖÉå= Äó= ëÉ~=
ìêÅÜáå= ÉÖÖë= xSzK= låäó= áå= NVTUI= íÜáë= ï~ë= Éñéä~áåÉÇ= Äó= íÜÉ= eOlO= éêçÇìÅáåÖ= êÉëéáê~íçêó=
Äìêëíë= xTzK= få= NVOVI= cäÉãáåÖ= ÇáëÅçîÉêÉÇ= íÜ~í= mÉåáÅáääáìã= åçí~íìã= êÉäÉ~ëÉë= ~å=
~åíáÄ~ÅíÉêá~ä=éêçÇìÅíI=Äìí= áí= íççâ=~åçíÜÉê=TU=óÉ~êë=ÄÉÑçêÉ= áí=ï~ë=ÇáëÅçîÉêÉÇ=íÜ~í=ã~åó=
~åíáÄáçíáÅëI= áåÅäìÇáåÖ= éÉåáÅáääáåI= é~êíäó= ïçêâ= Äó= Å~ìëáåÖ= Ä~ÅíÉêá~= íç= ÖÉåÉê~íÉ= olp= xUzK=
kçï~Ç~óë= áí= áë= âåçïå= íÜ~í= áå= ÄáçäçÖáÅ~ä= ëóëíÉãë=olp= âÉÉé= ~= Ñê~ÖáäÉ= ÉèìáäáÄêáìã=ïáíÜ=
~åíáçñáÇ~åíë= E^luF= ëÉÅìêáåÖ= ÅÉääìä~ê= ÜçãÉçëí~ëáë= xOzK= olp= ~êÉ= áåîçäîÉÇ= áå= ÇáÑÑÉêÉåí=
éÜóëáçäçÖáÅ~ä=éêçÅÉëëÉë= áåÅäìÇáåÖ= ëíêÉëëJêÉëéçåëÉI= ëáÖå~äáåÖ= ~åÇ=é~íÜçÖÉå=ÇÉÑÉåëÉ= xOI=
VJNPzK=fãÄ~ä~åÅÉÇ=ÖÉåÉê~íáçå=çÑ=olpI=Å~ääÉÇ=çñáÇ~íáîÉ=ëíêÉëëI=éä~óë=~å=áãéçêí~åí=êçäÉ=áå=
ã~åó= ÇáëÉ~ëÉë= ~åÇ= ~ÖáåÖ= xNQJNUzK= lìê= ÅìêêÉåí= âåçïäÉÇÖÉ= ~Äçìí= olp= ÄáçäçÖó= áë= åçí=
ÅçãéäÉíÉI=Äìí=êÉéêÉëÉåíë=~=îÉêó=éêçãáëáåÖ=~åÇ=Ñ~ëÅáå~íáåÖ=ÑáÉäÇW=ïÉ=Å~å=éçíÉåíá~ääó=ëíÉé=
áåíç= éÜóëáçäçÖáÅ~ä= ~åÇ= ãÉÇáÅ~ä= ~Çî~åÅÉë= ïáíÜ= ÄÉííÉê= ìåÇÉêëí~åÇáåÖ= çÑ= olpI= íÜÉáê=
ÑìåÅíáçåë=~åÇ=Çóå~ãáÅë=xPI=NOzK==

^ë= íÜÉ= ëìÄàÉÅí= çÑ= olp= áë= îÉêó= Äêç~ÇI= áå= íÜáë= íÜÉëáëI= f= ÑçÅìë= çå= ëíêÉëëJêÉä~íÉÇ= olp=
ÖÉåÉê~íáçå= áå= ~èì~íáÅ= ãáÅêççêÖ~åáëãëK= qÜáë= íçéáÅ= áë= áåíÉêÉëíáåÖ= åçí= çåäó= Ñêçã= íÜÉ=
ÑìåÇ~ãÉåí~ä= ÄáçäçÖáÅ~ä= éÉêëéÉÅíáîÉI= Äìí= ~äëç= Ü~ë= áããÉÇá~íÉ= ~åÇ= îÉêó= áãéçêí~åí=
éê~ÅíáÅ~ä= ~ëéÉÅíëW= olp= ÖÉåÉê~íáçå= ~åÇ= çñáÇ~íáîÉ= ëíêÉëë= ~êÉ= ÅìêêÉåíäó= çåÉ= çÑ= íÜÉ= ÄÉëí=
~ÅÅÉéíÉÇ= é~ê~ÇáÖãë= íç= ~ëëÉëë= ~åÇ= Åçãé~êÉ= íÜÉ= íçñáÅáíó= éçíÉåíá~äë= çÑ= ÇáÑÑÉêÉåí=
ÉåÖáåÉÉêÉÇ= å~åçã~íÉêá~äë= EbkjëF= xNVzK= få= íÜáë= ÅçåíÉñíI= ~èì~íáÅ= ãáÅêççêÖ~åáëãë= ~êÉ=
ÉñéÉÅíÉÇ=íç=ÄÉ=íÜÉ=éêáã~êó=í~êÖÉíë=Ñçê=bkjë=êÉäÉ~ëÉÇ=áå=íÜÉ=ÉåîáêçåãÉåí=xOMzK==

_ó= ëçãÉ= Éëíáã~íÉëI= å~åçíÉÅÜåçäçÖó= éêçãáëÉë= íç= ÉñÅÉÉÇ= íÜÉ= áãé~Åí= çÑ= íÜÉ= fåÇìëíá~ä=
oÉîçäìíáçå=xNVzK=bkjë=Ü~îÉ=ÄÉÅçãÉ=~=îÉêë~íáäÉ=åÉï=Åä~ëë=çÑ=ã~íÉêá~äë=íÜ~í=~êÉ=~äêÉ~Çó=

p=



`Ü~éíÉê=N=fåíêçÇìÅíáçå=~åÇ=íÜÉëáë=çÄàÉÅíáîÉë=

O 

~ééäáÉÇ= áå= ~å= ÉñíêÉãÉäó= Äêç~Ç= ê~åÖÉ= çÑ= áåÇìëíêá~ä= ~åÇ= ÅçåëìãÉê= éêçÇìÅíë= áåÅäìÇáåÖ=
ÉäÉÅíêçåáÅëI= é~Åâ~ÖáåÖI= çéíáÅëI= ÅÉê~ãáÅëI= ~ÖêáÅìäíìêÉI= íÉñíáäÉëI= é~áåíëI= ÅçëãÉíáÅëI=
éÉêëçå~ä= Å~êÉ= éêçÇìÅíëI= ÄáçíÉÅÜåçäçÖóI= éÜ~êã~ÅÉìíáÅëI= ÉåÉêÖóI= ~ìíçãçíáîÉ= ~åÇ=
~Éêçëé~ÅÉ= xOMJOQzK= pìÅÜ= ~= ëìÅÅÉëë= áë= ÖçîÉêåÉÇ= Äó= íÜÉ= ìåáèìÉ= ã~íÉêá~ä= éêçéÉêíáÉë= çÑ=
bkjë=íÜ~í=ÇáêÉÅíäó=~êáëÉ=Ñêçã=íÜÉáê=å~åçãÉíÉê=ëáòÉ=~åÇ=ÇáëíáåÅíäó=ëÉí= íÜÉã=~é~êí= Ñêçã=
Éèìáî~äÉåí= Äìäâ= ã~íÉêá~äë= xORI= OSzK= qÜÉëÉ= ã~íÉêá~ä= éêçéÉêíáÉë= Ü~îÉ= ã~ÇÉ= bkjë= ëç=
~ééÉ~äáåÖ= Ñçê= íÜÉáê=Éñéäçáí~íáçå=ÄìíI=~í= íÜÉ=ë~ãÉ=íáãÉI=~äëç=~=êÉ~ä=ÅÜ~ääÉåÖÉ= Ñçê=Ü~ò~êÇ=
~ëëÉëëãÉåí= ~åÇ= íÜÉ= ÅìêêÉåíäó= ìëÉÇ= ëí~åÇ~êÇ= íçñáÅáíó= ãÉíÜçÇë= xOTJOVzK= pç= Ñ~êI= åç=
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xVVz=~åÇ=ÉäÉÅíêçÅÜÉãáëíêó=xNMMz=Ü~îÉ=íÜÉáê=çïå=äáãáí~íáçåëK=j~ëë=ëéÉÅíêçãÉíêó=êÉèìáêÉë=

^=
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ÉñíÉåëáîÉ=ÉèìáéãÉåí=ïÜáäÉ=áå=ÉäÉÅíêçÅÜÉãáëíêó=íÜÉ=~å~äóíÉ=ãìëí=ìåÇÉêÖç=~=êÉÇçñ=êÉ~ÅJ
êÉ~ÅíáçåI= ïÜáÅÜ= äáãáíë= íÜÉ=ã~íÉêá~äë= ïÜÉêÉ= áí= Å~å= ÄÉ= ~ééäáÉÇK= cìêíÜÉê= ~äíÉêå~íáîÉë= ~êÉ=
ÅÜÉãçäìãáåÉëÅÉåÅÉ=xNMNz=~åÇ=ÑäìçêÉëÅÉåÅÉ=xNMOzK=eçïÉîÉêI=íÜÉëÉ=íÉÅÜåáèìÉë=Å~å=êÉëìäí=
áå=ÄäÉ~ÅÜáåÖ=~åÇ=êÉèìáêÉ=ëéÉÅáÑáÅ=~åÇ=çÑíÉå=ÉñéÉåëáîÉ=çéíáÅ~ä= ÑáäíÉêë=~åÇI= ÑìêíÜÉêãçêÉI=
áåî~ëáîÉ=ÅÜÉãáÅ~ä= ëéÉÅáÉë=ïÜáÅÜ= áåíÉê~Åí=ïáíÜ= íÜÉ= ë~ãéäÉ=çÑ= áåíÉêÉëíK=aìÉ= íç=~ää= íÜÉëÉ=
äáãáí~íáçåë= ~ëëçÅá~íÉÇ= ïáíÜ= ÅçãéÉíáåÖ= íÉÅÜåáèìÉëI= ~Äëçêéíáçå= ëéÉÅíêçëÅçéó= áë= ~=
Åçããçåäó=ìëÉÇ=ÇÉíÉÅíáçå=ãÉíÜçÇK=

få=ÅçåîÉåíáçå~ä=~Äëçêéíáçå=ëéÉÅíêçëÅçéóI=íÜÉ=äáÖÜí=ÄÉ~ã=é~ëëÉë=íÜêçìÖÜ=íÜÉ=~ÄëçêÄáåÖ=
ë~ãéäÉ= ~åÇ= íÜÉ= ëéÉÅíê~ä= áåíÉåëáíó= çÑ= íÜÉ= äáÖÜí= áë= ãÉ~ëìêÉÇ= ÄÉÑçêÉ= Eܫ଴F= ~åÇ= ~ÑíÉê= íÜÉ=
ë~ãéäÉ= EܫFK= håçïáåÖ= íÜÉ= ~Äëçêéíáçå= ÅçÉÑÑáÅáÉåí= çÑ= íÜÉ= ~å~äóíÉ= ìåÇÉê= ëíìÇóI= áíë=
ÅçåÅÉåíê~íáçå=Å~å=ÄÉ=ÇÉíÉêãáåÉÇ=ìëáåÖ=_ÉÉêJi~ãÄÉêíÛë=ä~ï=xNMPzW=

ܫ ൌ =,ሻ݈ܥߙሺെ݌ݔ଴݁ܫ = = = EOKNF=

ïÜÉêÉ=ܥ= áë= íÜÉ=ãçä~ê=ÅçåÅÉåíê~íáçåI= ݈= íÜÉ=çéíáÅ~ä=é~íÜ= äÉåÖíÜ=çÑ= äáÖÜí=~åÇ=ߙ= íÜÉ=ãçä~ê=
~Äëçêéíáçå= ÅçÉÑÑáÅáÉåíK= qÜÉ= ãáåáã~ä= ÇÉíÉÅí~ÄäÉ= ÅçåÅÉåíê~íáçå= áë= ÇÉíÉêãáåÉÇ= Äó= íÜÉ=
êÉä~íáîÉ=ÅÜ~åÖÉ=çÑ=áåíÉåëáíó=∆ܫ/ܫ଴ ൌ ሺܫ଴ െ =଴I=ïÜáÅÜ=ÇÉéÉåÇë=çå=íÜÉ=ÉèìáéãÉåí=ìëÉÇIܫ/ሻܫ
íÜÉ=~ãçìåí=çÑ=~îÉê~ÖáåÖI=ÉíÅK=∆ܫ/ܫ଴=áë=íóéáÅ~ääó=äáãáíÉÇ=Ñçê=ëéÉÅíêçëÅçéáÅ=ãÉ~ëìêÉãÉåíë=
íç=úNMJQ=çê=ìëáåÖ=ëéÉÅáÑáÅ=Ç~í~=~å~äóëáë=~äÖçêáíÜãë=íç=R·NMJSI=ïÜáäÉ=ëã~ääÉê=ëáÖå~äë=Å~ååçí=
ÄÉ=ÇáëíáåÖìáëÜÉÇ=~åóãçêÉ=Ñêçã=íÜÉ=åçáëÉ=xNMQI=NMRzK=cçê=ã~åó=éê~ÅíáÅ~ä=~ééäáÅ~íáçåë=íÜÉ=
ÅçåÅÉåíê~íáçåë= çÑ= íÜÉ= ~å~äóíÉ= éêçîáÇÉ= áåíÉåëáíó= ÅÜ~åÖÉë= äóáåÖ= ÄÉäçï= íÜÉ= äáãáí= çÑ=
ÇÉíÉÅíáçå= EilaFK= cçê= Éñ~ãéäÉI= ~= íóéáÅ~ä= ÇóÉ= Ó= êÜçÇ~ãáåÉ= Sd= Ó= Ü~ë= íÜÉ= ëíêçåÖÉëí=

~Äëçêéíáçå= çÑ= NNSMMM=ÅãJNˇjJN= ~í= íÜÉ= ï~îÉäÉåÖíÜ= =Z=RPO=åã	ߣ xNMSzK= qÜÉ= ÇÉíÉÅíáçå= çÑ=
MKN=åj=êÜçÇ~ãáåÉ=ïçìäÇ=êÉèìáêÉ=~å=çéíáÅ~ä=é~íÜ=çÑ=US=Åã=ïáíÜ=~=∆ܫ/ܫ଴~10ିଷ=~ÅÅìê~ÅóK=

qÜÉ= ëÉåëáíáîáíó=çÑ= ~Äëçêéíáçå= ëéÉÅíêçëÅçéó= Å~å=ÄÉ= áãéêçîÉÇ=Äó= áåÅêÉ~ëáåÖ= íÜÉ=çéíáÅ~ä=
é~íÜ=çÑ=äáÖÜí=ElmiF=~åÇ=ëÉîÉê~ä=íÉÅÜåáèìÉë=Ü~îÉ=ÄÉÉå=ÇÉîÉäçéÉÇ=íç=Çç=ëçW=éÜçíç~ÅçìëíáÅ=
ëéÉÅíêçëÅçéó=xNMTzI=íÜÉêã~äJäÉåëáåÖ=ÉÑÑÉÅíë=xNMUzI=äáèìáÇJï~îÉÖìáÇÉ=Å~éáää~êó=ÅÉääë=xNMVzI=
Å~îáíó= ÉåÜ~åÅÉÇ= ëéÉÅíêçëÅçéó= xNNMzI= áåíÉÖê~íáåÖ= ëéÜÉêÉ= xNNNz= ~åÇ= ~ííÉåì~íÉÇ= íçí~ä=
êÉÑäÉÅíáçå= ëéÉÅíêçëÅçéó= xNNOzK= råÑçêíìå~íÉäóI= ~ää= íÜÉëÉ= íÉÅÜåáèìÉë= êÉèìáêÉ= ê~íÜÉê=
ÉñéÉåëáîÉ=~åÇ=ëçéÜáëíáÅ~íÉÇ=ÉèìáéãÉåí=~åÇ=~=ëáãéäÉ=íÉÅÜåáèìÉ=~ÄäÉ=íç=éìëÜ=íÜÉ=ila=
ÄÉäçï= íÜÉ= äáãáí= çÑ= ÅçåîÉåíáçå~ä= ~Äëçêéíáçå= ëéÉÅíêçëÅçéó= áë= çÑ= ÖêÉ~í= áåíÉêÉëíK= få= íÜÉ=
ÑçääçïáåÖI= f=ÇÉãçåëíê~íÉ=ÄçíÜ=ÉñéÉêáãÉåí~ääó=~åÇ=åìãÉêáÅ~ääó= íÜ~í=ÇáëçêÇÉêÉÇ=ãÉÇá~I=
ïÜáÅÜ= áåÅêÉ~ëÉë= íÜÉ= lmi= îá~= ãìäíáëÅ~ííÉêáåÖI= Å~å= ëáÖåáÑáÅ~åíäó= áãéêçîÉ= íÜÉ= ila= Ñçê=
~Äëçêéíáçå= ëéÉÅíêçëÅçéó= ~åÇI= íÜÉêÉÑçêÉI= Å~å= ÄÉ= ìíáäáòÉÇ= áå= ÉÑÑáÅáÉåí= ëÉåëáåÖ=
~ééäáÅ~íáçåëK=

OKO jçåíÉ= `~êäç= ëáãìä~íáçåë= Ñçê= äáÖÜí= éêçé~Ö~íáçå= áå=
ê~åÇçã=ãÉÇá~=

pÅ~ííÉêáåÖ=çÑ=äáÖÜí=áå=ê~åÇçã=ãÉÇá~=áë=~=ÅçãéäÉñ=éÜÉåçãÉåçåI=ÉëéÉÅá~ääó=ïÜÉå=íÜÉ=ëáòÉ=
çÑ= íÜÉ= ëÅ~ííÉêÉê= áë= Åçãé~ê~ÄäÉ= íç= íÜÉ=ï~îÉäÉåÖíÜ=çÑ= íÜÉ= äáÖÜíI= ~ë= áë= íÜÉ= Å~ëÉ=ÜÉêÉK= qÜÉ=
ëÅ~ííÉêáåÖ= Ñçê= ~å= áåÇáîáÇì~ä= é~êíáÅäÉ= áå= ëìÅÜ= ~= ëóëíÉã= áë= ëÜçïå= áå= cáÖK=OKN~K= qÜÉ= íçí~ä=
ëÅ~ííÉêáåÖ=Åêçëë= ëÉÅíáçå=çÑ= íÜÉ= ëóëíÉã=êÉëìäíë= Ñêçã=íÜÉ= ëìéÉêéçëáíáçå=çÑ= íÜÉ= áåÇáîáÇì~ä=
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~ãéäáíìÇÉëI= ã~âáåÖ= íÜÉ= éêçÄäÉã= ê~íÜÉê= ÅçãéäáÅ~íÉÇK= qê~åëéçêí= íÜÉçêó= Eçê= ÇáÑÑìëáçå=
~ééêçñáã~íáçåF= xRVI= UMI= NNPz= ~åÇ=éêçÄ~ÄáäáëíáÅ=jçåíÉ=`~êäç= ëáãìä~íáçåë= xNNQI= NNRz= ~êÉ=
íÜÉ=íïç=ã~áå=åìãÉêáÅ~ä=ãÉíÜçÇë=ìëÉÇ=íç=í~ÅâäÉ=íÜáë=éêçÄäÉãK=tÜáäÉ=íÜÉ=ÑçêãÉê=ãÉíÜçÇ=
êÉèìáêÉë= íÜÉ=âåçïäÉÇÖÉ=çÑ= íÜÉ=ã~ÅêçëÅçéáÅ=é~ê~ãÉíÉêë=çÑ= íÜÉ= ëóëíÉã= ëìÅÜ=~ë=ÇÉåëáíó=
~åÇ=ÇáÑÑìëáçå=ÅçÉÑÑáÅáÉåíI=íÜÉ=ä~ííÉê=êÉëçêíë=íç=ãáÅêçëÅçéáÅ=é~ê~ãÉíÉêë=ëìÅÜ=~ë=Çáëí~åÅÉ=
ÄÉíïÉÉå= íÜÉ= é~êíáÅäÉë= ~åÇ= íÜÉáê= ëáòÉK=eÉêÉI= f= ìëÉ= íÜÉ=jçåíÉ= `~êäç= éêçÅÉÇìêÉ= íç= ÖÉí= ~=
ÄÉííÉê=ìåÇÉêëí~åÇáåÖ=çÑ=íÜÉ=ãìäíáëÅ~ííÉêáåÖ=éÜÉåçãÉåçå=~åÇ=íç=ëíìÇó=íÜÉ=áåÑäìÉåÅÉ=çÑ=
íÜÉ=î~êáçìë=é~ê~ãÉíÉêë=ÇÉëÅêáÄáåÖ= íÜÉ=mp=ÄÉ~Çë=ÇáëéÉêëáçå= áå= íÜÉ=~ÄëçêÄáåÖ=ãÉÇáìãK=
qÜáë=ÅÜçáÅÉ=áë=ÇáÅí~íÉÇ=Äó=íÜÉ=Äêç~Ç=ê~åÖÉ=çÑ=íÜÉ=î~äáÇáíó=çÑ=jçåíÉ=`~êäç=éêçÅÉÇìêÉ=~ë=
Åçãé~êÉÇ= íç= íÜÉ= ÇáÑÑìëáçå= íÜÉçêóI= ïÜáÅÜ= áë= ÖÉåÉê~ääó= Ñ~ëíÉêI= Äìí= áë= çåäó= î~äáÇ= áå= íÜÉ=
ëíêçåÖäó=ëÅ~ííÉêáåÖ=êÉÖáãÉK==

qÜÉ= ëÅ~ííÉêáåÖ= éêçÅÉëë= áë= ëáãìä~íÉÇ= ~ë= ÑçääçïëK= f= ÇáîáÇÉ= íÜÉ= áåÅáÇÉåí= äáÖÜí= áåíç=
ï~îÉé~ÅâÉíëI=ïÜáÅÜ=~êÉ=ëÉèìÉåíá~ääó=ä~ìåÅÜÉÇ=áåíç=íÜÉ=ëóëíÉãK=t~îÉé~ÅâÉíë=Ü~îÉ=ÄÉÉå=
ÅÜçëÉå=áåëíÉ~Ç=çÑ=ëáåÖäÉ=éÜçíçåë=áå=çêÇÉê=íç=ëáãìä~íÉ=íÜÉ=~Äëçêéíáçå=~äçåÖ=íÜÉ=lmiK=qç=
ÇÉëÅêáÄÉ= É~ÅÜ= ëÅ~ííÉêáåÖ= ÉîÉåí= ÄÉíïÉÉå= ï~îÉé~ÅâÉíë= ~åÇ= é~êíáÅäÉëI= f= áåíêçÇìÅÉ= ~=
éêçÄ~Äáäáíó= ÑìåÅíáçå=݌ሺߠሻI= ïÜáÅÜ= ÇÉëÅêáÄÉë= íÜÉ= ~åÖìä~ê= ÇÉéÉåÇÉåÅÉ= çÑ= íÜÉ= ëÅ~ííÉêáåÖK=
qÜáë= ÑìåÅíáçå= ÇÉéÉåÇë= çå= íÜÉ= ëÅ~ííÉêáåÖ= Åêçëë= ëÉÅíáçå= = çÑ= íÜÉ= é~êíáÅäÉX= ~åÇ= áë=
~ééêçñáã~íÉÇ=Äó=íÜÉ=eÉåóÉóJdêÉÉåëíÉáå=ÇáëíêáÄìíáçå=xQSzI=xNNSzW=

ሻߠሺ݌ ൌ
ଵି௚మ

ସగሺଵା௚మିଶ௚௖௢௦ఏሻయ/మ
,= = = = EOKOF=

ïÜÉêÉ=݃=Z=YÅçë= θ[= áë= íÜÉ= ~îÉê~ÖÉ= ëÅ~ííÉêáåÖ= ~åÖäÉ= xNNTzK= qÜÉ=ï~îÉé~ÅâÉí= ÅçåíáåìÉë= íç=
éêçé~Ö~íÉ=~ÑíÉê=íÜÉ=ëÅ~ííÉêáåÖ=ÉîÉåí= áå=~=ê~åÇçãäó=ÅÜçëÉå=ÇáêÉÅíáçå=ÇÉíÉêãáåÉÇ=ìëáåÖ=
íÜÉ= éêçÄ~Äáäáíó= ÑìåÅíáçå= íÜ~í= êÉéêçÇìÅÉë= íÜÉ= ~åÖìä~ê= ÇÉéÉåÇÉåÅÉ= çÑ= íÜÉ= ëÅ~ííÉêáåÖ=
EcáÖK=OKNÄFK=qÜìëI=ëÅ~ííÉêáåÖ=Ñêçã=~=ä~êÖÉ=ÉåëÉãÄäÉ=çÑ=ï~îÉé~ÅâÉíë=êÉëÉãÄäÉë=~=êÉ~äáëíáÅ=
ëÅ~ííÉêáåÖ= ÇáëíêáÄìíáçåK= páåÅÉ= íÜÉ= ~Äëçêéíáçå= çÑ= éçäóëíóêÉåÉ= ÄÉ~Çë= EïÜáÅÜ= ~êÉ= ìëÉÇ= ~ë=
ëÅ~ííÉêÉêë=áå=íÜáë=ïçêâF=áë=îÉêó=ïÉ~â=~åÇI=ãçêÉçîÉêI=áë=Å~åÅÉääÉÇ=çìí=Äó=íÜÉ=~ééêçéêá~íÉ=
Ä~ëÉäáåÉ= áå= íÜÉ= ÉñéÉêáãÉåíI= áí= Å~å= ÄÉ= åÉÖäÉÅíÉÇ= áå= íÜÉ= ëáãìä~íáçåëK= eÉåÅÉI= çåäó=
~Äëçêéíáçå=Ñêçã=íÜÉ=Ä~ÅâÖêçìåÇ=ãÉÇáìã=ÄÉíïÉÉå=íïç=ëìÅÅÉëëáîÉ=ëÅ~ííÉêáåÖ=ÉîÉåíë= áë=
ÅçåëáÇÉêÉÇK=

kÉñíI=f=éêçÅÉÉÇ=íç=ÇÉëÅêáÄÉ=~=éêçÄ~ÄáäáëíáÅ=~ééêç~ÅÜ=Ä~ëÉÇ=çå=~=jçåíÉ=`~êäç=ëÅÜÉãÉK=^=
î~äáÇ~íáçå=çÑ= íÜáë= Ñê~ãÉïçêâ=Å~å=ÄÉ= ÑçìåÇ=ÉäëÉïÜÉêÉ= xNNQI=NNUzK=qÜÉ=ê~åÇçã=ãÉÇáìã=
Åçåëáëíë= çÑ= ëéÜÉêáÅ~ä= ëÅ~ííÉêÉêë= ïáíÜ= Çá~ãÉíÉê= ݀= ÇáëíêáÄìíÉÇ= ÜçãçÖÉåÉçìëäó= áå= ~å=
~ÄëçêÄáåÖ=Ä~ÅâÖêçìåÇK=qÜÉ=ëáãìä~íáçå=áë=éÉêÑçêãÉÇ=çå=~=ÑáåáíÉ=îçäìãÉ=çÑ=íÜÉ=ê~åÇçã=
ãÉÇáìã=ïáíÜ= íÜÉ= Ñçêã= çÑ= ÅìÄçáÇ= EcáÖK= OKNÅIÇFK= fåÅáÇÉåí= äáÖÜí= áë= ä~ìåÅÜÉÇ= íÜçìÖÜ= íÜÉ=
ÅÉåíê~ä= éçáåí= çÑ= çåÉ= çÑ= íÜÉ= ëìêÑ~ÅÉë= ~í= åçêã~ä= áåÅáÇÉåÅÉ= ìåäÉëë= ëí~íÉÇ= çíÜÉêïáëÉK=
_ÉíïÉÉå=íïç=ëìÅÅÉëëáîÉ=ëÅ~ííÉêáåÖ=ÉîÉåíë=íÜÉ=ï~îÉé~ÅâÉí=íê~îÉäë=áå=~=ëíê~áÖÜí=äáåÉ=äçëáåÖ=
~=é~êí=çÑ=áíë=ÉåÉêÖó=íÜêçìÖÜ=~Äëçêéíáçå=áå=íÜÉ=Ä~ÅâÖêçìåÇ=~ÅÅçêÇáåÖ=íç=_ÉÉêJi~ãÄÉêíÛë=
ä~ï=xNNVzK=qÜÉ=ãÉ~å=ÑêÉÉ=é~íÜ=çÑ=äáÖÜí=݈௙௥௘௘=ÄÉíïÉÉå=íïç=ëìÅÅÉëëáîÉ=ëÅ~ííÉêáåÖ=ÉîÉåíë=áë=
ÇÉíÉêãáåÉÇ=~ëW=

݈௙௥௘௘ ൌ
ଶௗ

ଷிொೞ೎ೌ
,= = = = = EOKPF=
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ïÜÉêÉ=ܨ ൌ =௉ௌ=íÜÉ=ÅçåÅÉåíê~íáçå=çÑ=ëÅ~ííÉêÉêë=~åÇ=ܳ௦௖௔=íÜÉܥ=௉ௌ/6=áë=íÜÉ=ÑáääáåÖ=Ñ~ÅíçêIܥଷ݀ߨ
ëÅ~ííÉêáåÖ=ÉÑÑáÅáÉåÅó= Ñçê=É~ÅÜ= áåÇáîáÇì~ä=ëÅ~ííÉêÉêK=qÜÉ= íê~åëéçêí=ãÉ~å= ÑêÉÉ=é~íÜ= áë=ÇÉJ
ÇÉíÉêãáåÉÇ= ~ëW= ݈∗ ൌ ݈௙௥௘௘/ሺ1 െ ݃ሻK=ܳ௦௖௔= ~åÇ= ݃= ~êÉ= Å~äÅìä~íÉÇ= ìëáåÖ=jáÉ= íÜÉçêó= xNNUzK= f=

~ëëìãÉ=íÜ~í=íÜÉ=áåíÉêé~êíáÅäÉ=Çáëí~åÅÉ=݌=Ñçääçïë=íÜÉ=ê~åÇçã=ÇáëíêáÄìíáçå=ÉñéêÉëëÉÇ=ÄóW=
݌ ൌ െ݈௙௥௘௘ log ΣI= ïÜÉêÉ= Σ= áë= ë~ãéäÉÇ= ìåáÑçêãäó= ÄÉíïÉÉå= M= ~åÇ= NK=tÜÉå= ~= ï~îÉé~ÅâÉí=
ÉñéÉêáÉåÅÉë=~=ëÅ~ííÉêáåÖ=ÉîÉåí=Ñêçã=~=é~êíáÅäÉI=áí=ÅÜ~åÖÉë=áíë=ÇáêÉÅíáçåK==

=

=

cáÖìêÉ=OKNK=iáÖÜí=éêçé~Ö~íáçå=áå=~=ê~åÇçã=ãÉÇáìãK=E~F=pÅÜÉã~íáÅ=áääìëíê~íáçå=çÑ=íÜÉ=jáÉ=
ëÅ~ííÉêáåÖ=éêçÅÉëëW= íÜÉ= áåÅáÇÉåí= äáÖÜí= áë= ëÅ~ííÉêÉÇ=Äó= íÜÉ=é~êíáÅäÉ= áå= ~ää= ÇáêÉÅíáçåëK= qÜÉ=
Öê~éÜ= ëÜçïë= íÜÉ= ëÅ~ííÉêáåÖ= ~åÖäÉ== ÇáëíêáÄìíáçåK= EÄF= páãìä~íÉÇ= ëÅ~ííÉêáåÖ=éêçÅÉëëW= íÜÉ=
áåÅáÇÉåí= äáÖÜí= áë= ëÅ~ííÉêÉÇ= éêçÄ~ÄáäáëíáÅ~ääó= áå= çåÉ= ÇáêÉÅíáçåI= ÑçääçïáåÖ= jáÉ= íÜÉçêóK= ^=
ÅçääÉÅíáçå= çÑ= ï~îÉé~ÅâÉíë= äÉ~Çë= íç= íÜÉ= éêçÄ~Äáäáíó= ÇáëíêáÄìíáçå= ëÜçïå= áå= íÜÉ= Öê~éÜI=
ïÜáÅÜ=~ÖêÉÉë=ïÉää=ïáíÜ=íÜÉ=jáÉ=ëÅ~ííÉêáåÖ=ÇáëíêáÄìíáçå=áå=E~FK=EÅF=pÅÜÉã~íáÅ=Çê~ïáåÖ=çÑ=
íÜêÉÉ=ï~îÉé~ÅâÉíë= éêçé~Ö~íáåÖ= íÜêçìÖÜ= ~= Äçñ=ïáíÜ= ~= ê~åÇçã= ëÅ~ííÉêáåÖ=ãÉÇáìãK= EÇF=
pÅÜÉã~íáÅ= áääìëíê~íáåÖ=íÜÉ=éêáåÅáé~ä=ëíÉéë= áåîçäîÉÇ=áå=íÜÉ=Åçãéìí~íáçå=çÑ=ï~îÉé~ÅâÉíë=
éêçé~Ö~íáåÖ=íÜêçìÖÜ=ê~åÇçã=ãÉÇáìãK=

=



OKO=jçåíÉ=`~êäç=ëáãìä~íáçåë=Ñçê=äáÖÜí=éêçé~Ö~íáçå=áå=ê~åÇçã=ãÉÇá~=

V 

qÜÉ=ï~îÉé~ÅâÉíë=~êÉ=ëÉèìÉåíá~ääó=íê~ÅÉÇ=ìåíáä=íÜÉó=êÉ~ÅÜ=íÜÉ=Äçñ=ÄçìåÇ~êáÉëI=ïÜÉêÉ=íÜÉ=
ÇáêÉÅíáçåë=~åÇ=ÉåÉêÖáÉë=çÑ=ëìÅÜ=çìíéìí=ï~îÉé~ÅâÉíë=~êÉ=êÉÅçêÇÉÇK=qÜÉ=íçí~ä=áåáíá~ä=ÉåÉêJ
ÉåÉêÖó=çÑ= ~ää=ï~îÉé~ÅâÉíë= áë= ëÉí= íç=ìåáíó= Ñçê=åçêã~äáò~íáçå=éìêéçëÉëK=qÜÉ= íê~åëãáííÉÇ=
ÉåÉêÖó= ܶ= EêÉëéÉÅíáîÉäóI= êÉÑäÉÅíÉÇ= ÉåÉêÖó= ܴF= áë= Å~äÅìä~íÉÇ= ~ë= íÜÉ= íçí~ä= ÉåÉêÖó= çÑ=
ï~îÉé~ÅâÉíë=íÜ~í=Éñáí= íÜÉ=ëóëíÉã=ïáíÜ=~=òÉêç=çê=éçëáíáîÉ=EêÉëéÉÅíáîÉäóI=åÉÖ~íáîÉF=ëÅ~ä~ê=
éêçÇìÅí= ÄÉíïÉÉå= íÜÉáê= ÇáêÉÅíáçå= ~åÇ= íÜÉ= áåÅáÇÉåí= äáÖÜí= ÇáêÉÅíáçåK= få= íÜáë= ï~óI=
ï~îÉé~ÅâÉíë= íÜ~í= Éñáí= íÜÉ= ëáÇÉ= ï~ääë= çÑ= íÜÉ= ãÉÇáìã= ~êÉ= ~äëç= ~ÅÅçìåíÉÇ= Ñçê= áå=
íê~åëãáëëáçå= ~åÇ= êÉÑäÉÅíáçåK= cáå~ääóI= íÜÉ= ~ÄëçêÄÉÇ= ÉåÉêÖó= =௔௕௦ܧ áë= Å~äÅìä~íÉÇ= ~ë= íÜÉ=
ÇáÑÑÉêÉåÅÉ=ÄÉíïÉÉå=áåÅáÇÉåí=ÉåÉêÖó=~åÇ=íÜÉ=ëìã=çÑ=êÉÑäÉÅíÉÇ=~åÇ=íê~åëãáííÉÇ=ÉåÉêÖáÉëK=
qÜÉ= çéíáÅ~ä= é~íÜ= çÑ= äáÖÜí= ElmiF= Ñçê= íê~åëãáííÉÇ= =்ܮܱܲ EêÉëéÉÅíáîÉäóI= êÉÑäÉÅíÉÇ= =ோFܮܱܲ
ÇáêÉÅíáçå= áë= Å~äÅìä~íÉÇ= Äó= í~âáåÖ= íÜÉ= ê~íáç= çÑ= íê~åëãáííÉÇ= EêÉëéÉÅíáîÉäóI= êÉÑäÉÅíÉÇF= äáÖÜí=
ÉåÉêÖó=íç=íÜÉ=ÅçêêÉëéçåÇáåÖ=ÉåÉêÖó=áå=íÜÉ=~ÄëÉåÅÉ=çÑ=íÜÉ=~ÄëçêÄÉê= ଴ܶ=EêÉëéÉÅíáîÉäóI=ܴ଴F=
~åÇ= ìëáåÖ= _ÉÉêJi~ãÄÉêíÛë= ä~ïW= ்ܮܱܲ ൌ െ݈݃݋ሺܶ/ ଴ܶሻ/ߙI= ïÜÉêÉ= α= áë= íÜÉ= ~Äëçêéíáçå=
ÅçÉÑÑáÅáÉåí= ~åÇ= ோܮܱܲ ൌ െ݈݃݋ሺܴ/ܴ଴ሻ/ߙK= råäÉëë= çíÜÉêïáëÉ= ëí~íÉÇI= f= ìëÉ= íÜÉ= ÑçääçïáåÖ=
î~äìÉë= Ñçê= íÜÉ= ëáãìä~íáçå= é~ê~ãÉíÉêëW= íÜÉ= ëéÜÉêáÅ~ä= ëÅ~ííÉêÉêë= Ü~îÉ= ~= Çá~ãÉíÉê=
݀=Z=MKR=μãX= íÜÉ= ëìêêçìåÇáåÖ=ãÉÇáìã= áë= ~= ëçäìíáçå=ïáíÜ= êÉÑê~ÅíáîÉ= áåÇÉñ=݊ ൌ 1.33K= qÜÉ=
ëáãìä~íáçåë= Ü~îÉ= ÄÉÉå= Å~êêáÉÇ= çìí= ~í= íÜÉ= ~Äëçêéíáçå= éÉ~â= ï~îÉäÉåÖíÜ= EߣௗF= çÑ= íÜÉ=
ëçäìíáçå=çÑ=áåíÉêÉëí=EÉKÖKI=ߣௗ=Z=RTM=åã=Ñçê=éÜÉåçä=êÉÇFK=

iÉí=ìë=åçï=ÄêáÉÑäó=ÇáëÅìëë= íÜÉ=î~äáÇáíó=çÑ=_ÉÉêJi~ãÄÉêíÛë= ä~ï= áå= íÜÉ= ê~åÇçã=ãÉÇáìãK=
qÜÉ=ÉñéêÉëëáçå=Ñçê=íÜÉ=áåíÉåëáíó=çÑ=íÜÉ=ÅçääÉÅíÉÇ=äáÖÜí=Å~å=ÄÉ=ïêáííÉå=~ë=íÜÉ=ëìã=çÑ=íÜÉ=
áåÇáîáÇì~ä= é~ÅâÉíë= Ü~îáåÖ= áåáíá~ä= áåíÉåëáíó= =௣௔௖௞௘௧ܫ ~åÇ= íê~îÉääáåÖ= áåÇáîáÇì~ä= é~íÜë= ïáíÜ=

ÇáÑÑÉêÉåí= äÉåÖíÜë= ݈௜W= ܫ ൌ ௣௔௖௞௘௧ܫ ∑ ݁ିఈ஼௟೔௜ .	få= íÜÉ= ~ÄëÉåÅÉ= çÑ= ëÅ~ííÉêÉêë= ~ää= ï~îÉé~ÅâÉíë=
íê~àÉÅíçêáÉë=Ü~îÉ=íÜÉ=ë~ãÉ=äÉåÖíÜI=íÜìë=íÜÉ=ëìã=êÉéêÉëÉåíë=~=ëáåÖäÉ=ÉñéçåÉåíá~ä=ÑìåÅíáçå=
EbèK=EOKNFFK=få=íÜÉ=Å~ëÉ=çÑ=ê~åÇçã=ãÉÇá~I=ÅÜ~ê~ÅíÉêáòÉÇ=Äó=íê~àÉÅíçêáÉë=Ü~îáåÖ=ÇáÑÑÉêÉåí=݈௜I=
~å= ÉñéçåÉåíá~ä= ÑìåÅíáçå= Å~å= ÄÉ= ÅçåëíêìÅíÉÇ=Äó= áåíêçÇìÅáåÖ= ~= ÑìåÅíáçå=ܩW= ܫ ൌ =଴݁ିఈ஼ீKܫ
qÜÉ= é~ê~ãÉíÉê=ܩ= êÉéêÉëÉåíë= ~= îáêíì~ä=lmiI=ïÜáÅÜ= ~ääçïë= èì~åíáÑáÅ~íáçå= çÑ= íÜÉ= çéíáÅ~ä=
ÉåÜ~åÅÉãÉåí= Ñçê= ÉîÉêó= áåÇáîáÇì~ä= ÅçåÑáÖìê~íáçå= çÑ= íÜÉ= ê~åÇçã=ãÉÇá~K= cçê= îÉêó= äçï=
~ÄëçêéíáçåI=íÜÉ=ÅçåíêáÄìíáçå=çÑ=ÉîÉêó=ï~îÉé~ÅâÉí=Å~å=ÄÉ=~ééêçñáã~íÉÇ=~ë=݁ିఈ஼௟೔ ൎ 1 െ
=௜݈ܥߙ EíÜÉêÉ=~êÉ=~äï~óë=ëçãÉ=ï~îÉé~ÅâÉíëI=ïÜáÅÜ=Ü~îÉ=îÉêó= äçåÖ= ݈௜I=Äìí= íÜÉêÉ=ÅçåíêáÄìJ
íáçå=áë=åÉÖäáÖáÄäÉFK=få=íÜáë=Å~ëÉI=íÜÉ=~ÄëçêÄ~åÅÉ=áå=ê~åÇçã=ãÉÇáìã=Eܣ௥௠F=Å~å=ÄÉ=ïêáííÉå=
~ë=ܣ௥௠ ൌ =I=ïÜáÅÜ=çÄîáçìëäó=Ñçääçïë=_ÉÉêJi~ãÄÉêíÛë=ä~ïKܩܥߙ

kçíÉ= íÜ~í= íÜáë= ~ééêç~ÅÜ= ÇçÉë= åçí= ÜçäÇ= Ñçê= ÇÉåëÉäó= é~ÅâÉÇ= çê= ëçJÅ~ääÉÇ= ëÜçêíJê~åÖÉ=
ê~åÇçã=ãÉÇá~=xNOMzK=få=íÜ~í=Å~ëÉI=ÇÉåëÉäó=é~ÅâÉÇ=ëÅ~ííÉêÉêë=ãçÇáÑó=íÜÉ=êÉÑê~ÅíáîÉ=áåÇÉñ=
çÑ= íÜÉáê= åÉáÖÜÄçìêë= ~åÇ= áåÑäìÉåÅÉ= íÜÉ=jáÉ= ëÅ~ííÉêáåÖ= éêçéÉêíáÉë= çÑ= É~ÅÜ= é~êíáÅäÉK= qÜÉ=
ëÜçêíJê~åÖÉ= êÉÖáãÉ= áë= êÉ~ÅÜÉÇ=ïÜÉå= ݈௙௥௘௘=ÄÉÅçãÉë=ëã~ääÉê= íÜ~å= íÜÉ=Çá~ãÉíÉê=݀= çÑ= íÜÉ=
ëÅ~ííÉêÉêK=f=êÉÑÉê=íç=äçï=ëÅ~ííÉêÉê=ÅçåÅÉåíê~íáçåë=áÑ=íÜÉ=ÑçääçïáåÖ=êÉä~íáçå=ÜçäÇëW=݈௙௥௘௘ ≫ ݀I=
ïÜÉêÉ~ë= ãçÇÉê~íÉ= ÅçåÅÉåíê~íáçåë= ~êÉ= ~ëëçÅá~íÉÇ= ïáíÜ= ݈௙௥௘௘ ≳ ݀K= få= íÜáë= íÜÉëáëI= f= ~ã=

ïçêâáåÖ= áå= íÜÉ= ÑçêãÉê= êÉÖáãÉ=ïáíÜ= ݈௙௥௘௘= ê~åÖáåÖ= Ñêçã=R= íç= OR=μã=~ë= Åçãé~êÉÇ= íç=݀= Z=
MKR=μãI= íÜÉêÉÑçêÉI= íÜÉ= ãçÇÉä= Å~å= ÄÉ= ~ééäáÉÇK= lå= íÜÉ= çíÜÉê= Ü~åÇI= ݈௙௥௘௘= ïáää= ÄÉ= ãìÅÜ=

ëã~ääÉê=íÜ~å=íÜÉ=ÖÉçãÉíêáÅ~ä=íÜáÅâåÉëë=ܮI=ïÜáÅÜ=ÑìäÑáääë=íÜÉ=ÅçåÇáíáçå=íÜ~í=ï~îÉé~ÅâÉíë=
éêçé~Ö~íáåÖ=áå=ëìÅÜ=~=ãÉÇáìã=ÉñéÉêáÉåÅÉ=ãìäíáëÅ~ííÉêáåÖK==



`Ü~éíÉê=O=jìäíáëÅ~ííÉêáåÖ=áå=ê~åÇçã=ãÉÇá~=Ñçê=ëÉåëáåÖ=~ééäáÅ~íáçåë=

NM 

OKP jìäíáëÅ~ííÉêáåÖJÉåÜ~åÅÉÇ=~Äëçêéíáçå=ëéÉÅíêçëÅçéó=

eÉêÉI= f= éêÉëÉåí= ~= ëáãéäÉI= íìå~ÄäÉ= ~åÇ= ëÉåëáíáîÉ= çéíáÅ~ä= ãÉíÜçÇI= Ä~ëÉÇ= çå=
ãìäíáëÅ~ííÉêáåÖ= áå= ê~åÇçã=ãÉÇá~I= Ñçê= ãÉ~ëìêáåÖ= äçï= ÅçåÅÉåíê~íáçåë= çÑ= ÇáëéÉêëÉÇ= çê=
ÇáëëçäîÉÇ=~å~äóíÉëK=bñ~ãéäÉë=çÑ=~=ê~åÇçã=ãÉÇá~=~êÉ=íÜáÅâ=ãÉãÄê~åÉë=ïáíÜ=ÜáÖÜ=ÑáääáåÖ=
Ñ~Åíçê=ìëÉÇ=Äó=pîÉåëëçå=Éí=~äK= xUPzK=qÜçëÉ=ãÉãÄê~åÉë=ÉñÜáÄáí=ä~êÖÉ=lmië=~åÇ=ëÜçï=~å=
ÉñÅÉääÉåí=éÉêÑçêã~åÅÉ=Ñçê=Ö~ë=ÇÉíÉÅíáçåK=eçïÉîÉêI=ëáãáä~ê=éçêçìë=ãÉãÄê~åÉë=ëÜçï=~å=
áåÅêÉ~ëÉÇ= êÉëéçåëÉ= íáãÉ= Ñçê= ãÉ~ëìêÉãÉåíë= áå= äáèìáÇëI= ÇìÉ= íç= ëäçï= ÇáÑÑìëáçå= çÑ= íÜÉ=
~å~äóíÉ= xNONzK= eÉåÅÉI= ÇáÑÑìëáçå= çÑ= íÜÉ= ~å~äóíÉ= áåíç= íÜÉ= ê~åÇçã=ãÉÇáìã= áë= ~= äáãáíáåÖ=
Ñ~Åíçê= Ñçê= Çóå~ãáÅ= ãÉ~ëìêÉãÉåíë= éÉêÑçêãÉÇ= áå= äáèìáÇëK= få= íÜáë= ëÉÅíáçåI= íÜÉ=
ãìäíáëÅ~ííÉêáåÖ= ÅçåÑáÖìê~íáçå= áë= ~ÅÜáÉîÉÇ= Äó= áåíêçÇìÅáåÖ= ~å= ~ééêçéêá~íÉ= ÇÉåëáíó= çÑ=
ÇáÉäÉÅíêáÅ= ëéÜÉêÉë= áåëáÇÉ= ~= ëçäìíáçå= Åçåí~áåáåÖ= íÜÉ= ~å~äóíÉ= çÑ= áåíÉêÉëíK= få= ëìÅÜ= ~=
ÅçåÑáÖìê~íáçå=íÜÉ=ÇáÑÑìëáçå=áë=åçí=~å=áëëìÉ=ÄÉÅ~ìëÉ=~ÅíáîÉ=ãáñáåÖ=Å~å=ÄÉ=éÉêÑçêãÉÇ=~åÇ=
ÅçåëÉèìÉåíäó= ~= ê~éáÇ= ÇáÑÑìëáçå= çÑ= íÜÉ= ~å~äóíÉ= Å~å= ÄÉ= ~ÅÜáÉîÉÇK= qÜáë= ãìäíáëÅ~ííÉêáåÖJ
ÉåÜ~åÅÉÇ=~Äëçêéíáçå=ëéÉÅíêçëÅçéó= Ejb^pF=~ääçïë=ìë= íç=ÉåÜ~åÅÉ= íÜÉ=~ÄëçêÄ~åÅÉ=ïáíÜ=
êÉëéÉÅí= íç= ÅçåîÉåíáçå~ä= ~Äëçêéíáçå= ëéÉÅíêçëÅçéó= Ñçê= ~= Äêç~Ç= î~êáÉíó= çÑ= ~å~äóíÉëK=
péÉÅáÑáÅ~ääóI=f=ÇÉãçåëíê~íÉ=íÜáë=íÉÅÜåáèìÉ=Ñçê=éÜÉåçä=êÉÇI=NM=åã=ÖçäÇ=å~åçé~êíáÅäÉë=~åÇ=
Éåîó=ÖêÉÉå=ÑäìçêÉëÅÉåí=ÇóÉëK=_ó=~ééäóáåÖ=jb^p=íç=~=ÜóÇêçÖÉå=éÉêçñáÇÉ=Äáç~ëë~ó=f=ëÜçï=
íÜ~í=íÜÉ=ëÉåëáíáîáíó=çÑ=íÜÉ=ãÉ~ëìêÉãÉåíë=Å~å=ÄÉ=áåÅêÉ~ëÉÇ=~åÇ=íÜÉ=çéíáã~ä=çéíáÅ~ä=é~íÜ=
äÉåÖíÜ=Å~å=ÄÉ=ÇÉíÉêãáåÉÇK=qÜáë=ï~óI=f=ëÜçï=ÄçíÜ=ÉñéÉêáãÉåí~ääó=~åÇ=åìãÉêáÅ~ääó=íÜ~í=
î~êá~íáçåë= áå= ëáòÉI= ÅçåÅÉåíê~íáçåI= ~ë= ïÉää= ~ë= ÖÉçãÉíêáÅ~ä= íÜáÅâåÉëë= çÑ= íÜÉ= ëÅ~ííÉêáåÖ=
ãÉÇáìãI=Åçåíêçä=íÜÉ=çéíáÅ~ä=é~íÜ=ÉåÜ~åÅÉãÉåíK=qÜÉ=éçëëáÄáäáíó=çÑ=lmi=íìåáåÖ=éêçîáÇÉë=
~=ï~ó=íç=ÇÉëáÖå=ÇáëçêÇÉêÉÇ=ãÉÇá~=~Ç~éíÉÇ=íç=íÜÉ=~ééäáÅ~íáçå=~í=Ü~åÇ=Eäáãáí=çÑ=ÇÉíÉÅíáçåI=
ÇáÑÑìëáçåI=ëÉåëáíáîáíóI=êçÄìëíåÉëëFK=

OKPKN `ÜÉãáÅ~äë=

ajbj= EaìäÄÉÅÅçDë= ãçÇáÑáÉÇ= b~ÖäÉDë= ãÉÇáìãF= ãÉÇáìã= ïáíÜ= éÜÉåçä= êÉÇ= EQM=μjFI=
ÜÉñ~åÉÇáíÜáçäI=NM=åã=ÖçäÇ=é~êíáÅäÉë=~åÇ=Éåîó= ÑäìçêÉëÅÉåÅÉ=ÇóÉ=ÉåÅ~éëìä~íÉÇ= áå=SM=åã=
ä~íÉñ= ÄÉ~Çë= ~êÉ= éìêÅÜ~ëÉÇ= Ñêçã= iáÑÉ= qÉÅÜåçäçÖáÉëI= páÖã~= ^äÇêáÅÜI= __f= ëçäìíáçåë= ~åÇ=
_~åÖë= i~Äçê~íçêáÉëI= êÉëéÉÅíáîÉäóK= qÜÉ= éçäóëíóêÉåÉ= ÄÉ~Çë= EmpF= ãáÅêçëéÜÉêÉ= âáí= áë=
éìêÅÜ~ëÉÇ= Ñêçã= mçäóëÅáÉåÅÉë= ~åÇ= íÜÉ= ÅçäçêáãÉíêáÅ= ~ëë~ó= Ñçê= ÜóÇêçÖÉå= éÉêçñáÇÉ=
ÇÉíÉÅíáçå=áë=éìêÅÜ~ëÉÇ=Ñêçã=`Éää=_áçi~Äë=ElñápÉäÉÅíFK=páåÅÉ=íÜÉ=ajbj=ãÉÇáìã=ïáíÜçìí=
éÜÉåçä= êÉÇ= ÇçÉë= åçí= ~ÄëçêÄ= áå= íÜÉ= îáëáÄäÉ= ê~åÖÉI= áå= çìê= ÉñéÉêáãÉåíë= f= ~ííêáÄìíÉ= íÜÉ=
~Äëçêéíáçå=çÑ=íÜÉ=ajbj=ãáñíìêÉ=ïáíÜ=éÜÉåçä=êÉÇ=íç=íÜÉ=ÅçêêÉëéçåÇáåÖ=ÅçåÅÉåíê~íáçå=
çÑ=éÜÉåçä= êÉÇK= få= íÜÉ= ÑçääçïáåÖI=ïÜÉå= f=ãÉåíáçå= “éÜÉåçä= êÉÇÒ=ÇáäìíáçåëI= f= êÉÑÉê= íç= íÜÉ=
Çáäìíáçå=çÑ=éìêÉ=éÜÉåçä=êÉÇI=åçí=íç=Çáäìíáçåë=çÑ=íÜÉ=ãáñíìêÉ=ajbj=ïáíÜ=éÜÉåçä=êÉÇK=

^ää=Çáäìíáçåë=~êÉ=ÇçåÉ=ïáíÜ=ÇÉáçåáòÉÇ=ï~íÉê= áÑ=åçí=ëí~íÉÇ=çíÜÉêïáëÉK=aáÑÑÉêÉåí=mp=ÄÉ~Çë=
Çá~ãÉíÉêë=~åÇ=ÅçåÅÉåíê~íáçåë=~êÉ=ìëÉÇ= íç= áåîÉëíáÖ~íÉ= íÜÉ= áåÑäìÉåÅÉ=çÑ=ãìäíáëÅ~ííÉêáåÖI=
~ë=ÇÉëÅêáÄÉÇ=áå=íÜÉ=íÉñíK=fí=ëÜçìäÇ=ÄÉ=åçíÉÇ=ÜÉêÉ=íÜ~í=mp=ÄÉ~Çë=Çç=åçí=~ÖÖêÉÖ~íÉ=íÜ~åâë=
íç= íÜÉ=éêÉëÉåÅÉ=çÑ=åÉÖ~íáîÉäó=ÅÜ~êÖÉÇ=ëìêÑ~Åí~åíë= EÉKÖK=YMKN=B=ëçÇáìã=ÇçÇÉÅóä= ëìäÑ~íÉI=
~ÅÅçêÇáåÖ=íç=íÜÉ=ëìééäáÉêFK=



OKP=jìäíáëÅ~ííÉêáåÖJÉåÜ~åÅÉÇ=~Äëçêéíáçå=ëéÉÅíêçëÅçéó=

NN 

OKPKO léíáÅ~ä=ãÉ~ëìêÉãÉåíë=

qÜÉ=ëéÉÅíê~ä=ãÉ~ëìêÉãÉåíë=~êÉ=Å~êêáÉÇ=çìí=áå=íê~åëãáëëáçå=ãçÇÉ=ìëáåÖ=~=OMñ=çÄàÉÅíáîÉ=
Ermä~åci=OMñI=läóãéìëI=k^=Z=MKQNF=~åÇ=áåîÉêíÉÇ=ãáÅêçëÅçéÉ=EfuTNI=läóãéìëF=ÅçìéäÉÇ=
íç=~=ãçåçÅÜêçã~íçê= Eqof^u=RRMI=eçêáÄ~=pÅáÉåíáÑáÅF=~åÇ=~= äáèìáÇ=åáíêçÖÉå=ÅççäÉÇ=``a=
Å~ãÉê~= EpóãéÜçåóI= eçêáÄ~= pÅáÉåíáÑáÅFK= qÜÉ= íóéáÅ~ä= áåíÉÖê~íáçå= íáãÉ= íç= êÉÅçêÇ= çåÉ=
ëéÉÅíêìã=áë=çå=íÜÉ=çêÇÉê=çÑ=PMM=ãëK=^Äëçêéíáçå=ëéÉÅíê~=~êÉ=åçêã~äáòÉÇ=ïáíÜ=êÉÑÉêÉåÅÉ=
ëéÉÅíê~=çÄí~áåÉÇ=Äó=ãÉ~ëìêáåÖ= íÜÉ= ë~ãÉ= ëçäìíáçå=ïáíÜçìí= íÜÉ= ~ÄëçêÄáåÖ= ÉäÉãÉåíX= áKÉK=
éìêÉ= ï~íÉê= áë= ìëÉÇ= ~ë= êÉÑÉêÉåÅÉ= ëéÉÅíêìã= Ñçê= ÅçåîÉåíáçå~ä= ~Äëçêéíáçå= ëéÉÅíêçëÅçéóI=
ïÜáäÉ= ï~íÉê=ïáíÜ= ÇáëéÉêëÉÇ= mp= ÄÉ~Çë= áë= ìëÉÇ= ~ë= íÜÉ= êÉÑÉêÉåÅÉ= Ñçê=jb^pK= fí= Ü~ë= íç= ÄÉ=
ãÉåíáçåÉÇ=íÜ~í=åçí=íÜÉ=ÉåíáêÉ=ëéÉÅíêìãI=Äìí=çåäó=íÜÉ=î~äìÉë=~í=íÜÉ=~Äëçêéíáçå=éÉ~âë=~êÉ=

ìëÉÇ=~ë=êÉÑÉêÉåÅÉ=éçáåíëW=î~äìÉë=~í=ߣ	Z=ROM=åã=Ñçê=ÖçäÇ=å~åçé~êíáÅäÉëI=~í=ߣ	Z=RPM=åã=Ñçê=

Éåîó= ÖêÉÉå= ÇóÉI= ~í= =Z=RTM=åã	ߣ Ñçê= éÜÉåçä= êÉÇ= ~åÇ= ~í= =Z=RVR=åã	ߣ Ñçê= eOlO= Äáç~ëë~óëK=
pí~åÇ~êÇ=PUQJïÉää=éä~íÉë= Åçåí~áåáåÖ= ÅìîÉííÉë=ïáíÜ=~= PKP×PKP=ããO= ëèì~êÉ= ÅêçëëJëÉÅíáçå=
~êÉ= ìëÉÇ= ~ë= ë~ãéäÉ= ÅÜ~ãÄÉêI= ÉñÅÉéí= Ñçê= íÜÉ= ÉñéÉêáãÉåíë= ïáíÜ= î~êóáåÖ= íÜáÅâåÉëëÉëI=
ïÜÉêÉ= VSJïÉää= éä~íÉë= ïáíÜ= ~= TKP×TKP=ããO= Åêçëë= ëÉÅíáçå= ~êÉ= ìëÉÇK= qÜáë= éêÉÅ~ìíáçå=
éêÉîÉåíë= Åêçëëí~äâ= ÄÉíïÉÉå= åÉáÖÜÄçêáåÖ= ÅÉääëK= cçê= QM=μä= ë~ãéäÉë= f= ÇáÇ= åçí= çÄëÉêîÉ=
Åêçëëí~äâ=áå=PUQJïÉää=éä~íÉëI=Äìí=ÉñéÉêáãÉåíë=ïáíÜ=~=N=Åã=çéíáÅ~ä=é~íÜI=êÉèìáêÉ=~=VSJïÉää=
éä~íÉ= ïáíÜ= ~= ä~êÖÉê= ÅêçëëJëÉÅíáçå= íç= ÉÑÑÉÅíáîÉäó= ëìééêÉëë= Åêçëëí~äâK= rëáåÖ= ëìÅÜ= ïÉääë=
ÇÉã~åÇë=çåäó=ëã~ää=îçäìãÉë=çÑ=~å~äóíÉI=ïÜáÅÜ=áë=~Çî~åí~ÖÉçìë=Ñçê=ÉñéÉåëáîÉ=ÄáçäçÖáÅ~ä=
ë~ãéäÉëK=eçïÉîÉêI=jb^p=Å~å=~äëç=ÄÉ= áãéäÉãÉåíÉÇ= áå= ä~êÖÉê=~Äëçêéíáçå=ëéÉÅíêçëÅçéó=
ÅìîÉííÉëK=

OKPKP fãéêçîáåÖ=íÜÉ=äáãáí=çÑ=ÇÉíÉÅíáçå=

tÜÉå= äáÖÜí= ÖçÉë= íÜêçìÖÜ= íÜÉ= ÅìîÉííÉ= Åçåí~áåáåÖ= ~= ÜçãçÖÉåÉçìë= ëçäìíáçåI= áíë= çéíáÅ~ä=
é~íÜ= áë= ÇÉíÉêãáåÉÇ= Äó= íÜÉ= ÖÉçãÉíêáÅ~ä= íÜáÅâåÉëë= =ܮ çÑ= íÜÉ= ë~ãéäÉK= få= íÜÉ= ÑçääçïáåÖI=
~Äëçêéíáçå= ÉåÜ~åÅÉãÉåí= êÉÑÉêë= íç= ~= ÅçåÑáÖìê~íáçå= ÅçêêÉëéçåÇáåÖ= íç= íÜÉ= ëí~åÇ~êÇ=
~Äëçêéíáçå= ëéÉÅíêçëÅçéóK= fÑ= íÜÉ= ë~ãéäÉ= áë= áåÜçãçÖÉåÉçìëI= áKÉK= ÉñÜáÄáíë= åçíáÅÉ~ÄäÉ=
ëé~íá~ä= î~êá~íáçåë= çÑ= íÜÉ= êÉÑê~ÅíáîÉ= áåÇÉñI= íÜÉ= é~ëëáåÖ= äáÖÜí= ìåÇÉêÖçÉë=ãìäíáëÅ~ííÉêáåÖK=
`çåëÉèìÉåíäó=íÜÉ=lmi=áë=áåÅêÉ~ëÉÇ=~ë=ëÅÜÉã~íáÅ~ääó=áääìëíê~íÉÇ=áå=cáÖK=OKO~K=få=íÜáë=ïçêâI=
íÜáë=áë=~ÅÜáÉîÉÇ=Äó=~ÇÇáåÖ=ëéÜÉêáÅ~ä=mp=é~êíáÅäÉë=íç=íÜÉ=ëçäìíáçå=Åçåí~áåáåÖ=íÜÉ=~å~äóíÉK=
eÉåÅÉ=íÜÉ=lmi=ÄÉÅçãÉë=äçåÖÉê=íÜ~å=íÜÉ=ÖÉçãÉíêáÅ~ä=íÜáÅâåÉëë=çÑ=íÜÉ=ë~ãéäÉI=êÉëìäíáåÖ=
áå=ãìäíáëÅ~ííÉêáåÖJÉåÜ~åÅÉÇ=~Äëçêéíáçå=ëéÉÅíêçëÅçéóK=

iÉí= ìë= Ñáêëí= áääìëíê~íÉ= íÜáë= ~ééêç~ÅÜ= Äó=ãÉ~ëìêáåÖ= íÜÉ= íê~åëãáëëáçå= íÜêçìÖÜ= ~= ÅìîÉííÉ=
Åçåí~áåáåÖ= QM=μä= çÑ= MKS=μj= éÜÉåçä= êÉÇ= ëçäìíáçå= ÇáäìíÉÇ= áå= ï~íÉêI= ÅçêêÉëéçåÇáåÖ= íç= ~=
ÖÉçãÉíêáÅ~ä= íÜáÅâåÉëë= =Z=PKT=ããK=ܮ qÜÉ= Ä~ëÉ= äáåÉ= áë= ÇÉíÉêãáåÉÇ= Äó= íê~åëãáëëáçå=
ãÉ~ëìêÉãÉåíë= íêçìÖÜ= íÜÉ= ÅìîÉííÉ= Åçåí~áåáåÖ= íÜÉ= ë~ãÉ= îçäìãÉ= çÑ= éìêÉ=ï~íÉêK= få= íÜÉ=
ëÉÅçåÇ= ÅìîÉííÉI= f= éêÉé~êÉÇ= ~=ãáñíìêÉ= Åçåí~áåáåÖ= MKS=μj=éÜÉåçä= êÉÇ= ~åÇ= MKS=åj=çÑ= mp=
ÄÉ~Çë=ïáíÜ=~=Çá~ãÉíÉê=çÑ=݀=Z=MKR=μãK=qç=ÇÉíÉêãáåÉ=íÜÉ=Ä~ëÉ=äáåÉ=Ñçê=íÜáë=ÅçåÑáÖìê~íáçå=f=
êÉÅçêÇÉÇ= íÜÉ= íê~åëãáëëáçå= ëéÉÅíêìã= çÑ= ~= QM=μä= ÇáëéÉêëáçå= Åçåí~áåáåÖ= íÜÉ= ë~ãÉ=
ÅçåÅÉåíê~íáçå= çÑ= mp= ÄÉ~Çë= áå= éìêÉ= ï~íÉêK= f= çÄí~áåÉÇ= íïç= åçêã~äáòÉÇ= íê~åëãáëëáçå=
ëéÉÅíê~=Ñçê=íÜÉ=ë~ãÉ=ÅçåÅÉåíê~íáçå=çÑ=éÜÉåçä=êÉÇ=ëçäìíáçåK=^ë=Çáëéä~óÉÇ=áå=cáÖK=OKOÄI=íÜÉ=
~Äëçêéíáçå=Çáé=çÑ=éÜÉåçä=êÉÇ=áë=ãìÅÜ=äÉëë=éêçåçìåÅÉÇ=áå=íÜÉ=~Äëçêéíáçå=ëéÉÅíêçëÅçéó=



`Ü~éíÉê=O=jìäíáëÅ~ííÉêáåÖ=áå=ê~åÇçã=ãÉÇá~=Ñçê=ëÉåëáåÖ=~ééäáÅ~íáçåë=

NO 

ãÉ~ëìêÉãÉåí=íÜ~å=áå=íÜÉ=jb^p=ÅçåÑáÖìê~íáçåI=ïÜáÅÜ=ÅäÉ~êäó=áåÇáÅ~íÉë=áå=íÜÉ=ä~ííÉê=Å~ëÉ=
~å=ÉåÜ~åÅÉÇ=~Äëçêéíáçå=ÇìÉ=íç=ãìäíáëÅ~ííÉêáåÖK=

=

=

cáÖìêÉ=OKOK=jb^p=ÅçåÑáÖìê~íáçåK=E~F=^=ëÅÜÉã~íáÅ=Çê~ïáåÖ=çÑ=íÜÉ=~Äëçêéíáçå=ëéÉÅíêçëÅçéó=
~åÇ= íÜÉ= jb^p= ÅçåÑáÖìê~íáçåëK= qÜÉ= çéíáÅ~ä= é~íÜ= äÉåÖíÜ= ElmiF= áë= áåÅêÉ~ëÉÇ= Äó= íÜÉ=
éêÉëÉåÅÉ= çÑ= íÜÉ= ëÅ~ííÉêÉêë= áå= íÜÉ= jb^p= ÅçåÑáÖìê~íáçåKEÄF= kçêã~äáòÉÇ= íê~åëãáëëáçå=
ãÉ~ëìêÉãÉåíë= Ñçê= íÜÉ= íïç= ÅçåÑáÖìê~íáçåëW= MKS= μj= éÜÉåçä= êÉÇ= áå= ï~íÉê= ~åÇ= MKS= μj=
éÜÉåçä=êÉÇ=ïáíÜ=MKS=åj=mp=ÄÉ~Çë=E݀=Z=MKR=μãF=áå=ï~íÉêK==

=

f= èì~åíáÑáÉÇ= íÜÉ= ÉåÜ~åÅÉãÉåí= éêçîáÇÉÇ= Äó=jb^p= ~åÇ= Åçãé~êÉÇ= íÜÉ= éÉêÑçêã~åÅÉ= çÑ=
íÜáë=íÉÅÜåáèìÉ=ïáíÜ=ÅçåîÉåíáçå~ä=~Äëçêéíáçå=ëéÉÅíêçëÅçéó=Ñçê=íÜêÉÉ=ÇáÑÑÉêÉåí=~å~äóíÉëW=
éÜÉåçä=êÉÇI=NM=åã=ÖçäÇ=å~åçé~êíáÅäÉë=~åÇ=Éåîó=ÖêÉÉå=ÑäìçêÉëÅÉåÅÉ=ÇóÉK=mÜÉåçä=êÉÇ=áë=~=
Åçããçåäó= ìëÉÇ= ãçäÉÅìäÉ= Ñçê= ÅçäçêáãÉíêáÅ= ãÉ~ëìêÉãÉåíë= íç= ÇÉíÉêãáåÉ= íÜÉ= ée= çÑ= ~=
ëçäìíáçåI=ëáåÅÉ=íÜÉ=ã~ÖåáíìÇÉ=çÑ=áíë=~Äëçêéíáçå=Çáé=~í=ߣ=Z=RTM=åã=áë=ëÉåëáíáîÉ=íç=íÜÉ=ée=
xNOOzK= cçääçïáåÖ= íÜÉ= ë~ãÉ= ÉñéÉêáãÉåí~ä= éêçÅÉÇìêÉ= ~ë= ÇÉëÅêáÄÉÇ= ~ÄçîÉ= Ñçê= cáÖK=OKOI= f=
ãÉ~ëìêÉÇ= íÜÉ= ìåáíäÉëë= ~ÄëçêÄ~åÅÉ= =ܣ Ñçê= ÇáÑÑÉêÉåí= éÜÉåçä= êÉÇ= ÅçåÅÉåíê~íáçåëI= ìëáåÖ=
bèK=EOKQFW=

ܣ ൌ െ ln ቀ
ூ

ூబ
ቁ ൌ =,݈ܥߙ = = = EOKQF=

ïÜÉêÉ=ܫI=êÉëéÉÅíáîÉäó=ܫ଴I=áë=íÜÉ=ãÉ~ëìêÉÇ=áåíÉåëáíáÉë=çÑ=íÜÉ=çìíÅçãáåÖ=äáÖÜíI=êÉëéÉÅíáîÉäó=
íÜÉ= Ä~ëÉäáåÉK= qÜÉ= ãÉ~ëìêÉãÉåíë= ~êÉ= Å~êêáÉÇ= çìí= ìëáåÖ= ï~íÉê= ~åÇ= íïç= ãáñíìêÉë=
Åçåí~áåáåÖ= MKR=ã= mp= ÄÉ~Çë= áå= íïç= ÇáÑÑÉêÉåí= ÅçåÅÉåíê~íáçåëW= ଵܥ

௉ௌ=Z= MKS=åj= ~åÇ= ଶܥ
௉ௌZ=

PKM=åjK= cáÖìêÉ= OKP~= ëÜçïë= íÜ~í= íÜÉ= ~ÄëçêÄ~åÅÉ= =ܣ áë= éêçéçêíáçå~ä= íç= íÜÉ= éÜÉåçä= êÉÇ=
ÅçåÅÉåíê~íáçåI=ïÜáÅÜ=áë=áå=~ÖêÉÉãÉåí=ïáíÜ=_ÉÉêJi~ãÄÉêíÛë=ä~ïK=få=çêÇÉê=íç=èì~åíáÑó=íÜÉ=
ÉåÜ~åÅÉãÉåí=çÑ= íÜÉ=~ÄëçêÄ~åÅÉI= f= áåíêçÇìÅÉÇ=~= Ñ~Åíçê=݇=ÇÉÑáåÉÇ=~ë= íÜÉ= ê~íáç=ÄÉíïÉÉå=
íÜÉ= ~ÄëçêÄ~åÅÉ= çÑ= íÜÉ= ~å~äóíÉ= áå=ï~íÉê= ~åÇ= áå=ï~íÉêLmp= ÄÉ~Çë= ÇáëéÉêëáçå= Ñçê= ~= ÖáîÉå=
ï~îÉäÉåÖíÜW==



OKP=jìäíáëÅ~ííÉêáåÖJÉåÜ~åÅÉÇ=~Äëçêéíáçå=ëéÉÅíêçëÅçéó=

NP 

݇ ൌ =.௪௔௧௘௥	ூ௡ܣ/௪௔௧௘௥/௉ௌ	ூ௡ܣ = = EOKRF=

qÜÉ=éêÉëÉåÅÉ=çÑ=mp=ÄÉ~Çë=áåÅêÉ~ëÉë=íÜÉ=~ÄëçêÄ~åÅÉ=ܣ=Äó=~=Ñ~Åíçê=݇ଵ ൌ 3.3=Ñçê=ܥଵ
௉ௌ=~åÇ=~=

Ñ~Åíçê=݇ଶ ൌ 7.2=Ñçê=ܥଶ
௉ௌK=qÜÉ=Üçêáòçåí~ä=äáåÉ=áå=íÜÉ=cáÖK=OKP~=ÅçêêÉëéçåÇë=íç=íÜêÉÉ=íáãÉë=íÜÉ=

åçáëÉ= äÉîÉäK= fíë= áåíÉêëÉÅíáçå= ïáíÜ= íÜÉ= ~ÄëçêÄ~åÅÉ= çÑ= íÜÉ= ëçäìíáçå= ÖáîÉë= íÜÉ= Å~äÅìä~íÉÇ=
ilaI=ïÜáÅÜ=ëÅ~äÉë=äáåÉ~êäó=ïáíÜ=íÜÉ=áåîÉêë=çÑ=݇K=aÉÑáåáåÖ=ܦܱܮ௉ௌ=~ë=íÜÉ=äáãáí=çÑ=ÇÉíÉÅíáçå=
áå=íÜÉ=ëçäìíáçå=ïáíÜ=ÇáëéÉêëÉÇ=mp=ÄÉ~Çë=~åÇ=ܦܱܮ=~ë=íÜÉ=äáãáí=çÑ=ÇÉíÉÅíáçå=ïáíÜçìí=íÜÉãI=
f=çÄí~áåÉÇW=

௉ௌܦܱܮ ൌ =K݇/ܦܱܮ = = = EOKSF=

qÜÉêÉÑçêÉI=jb^p=ëáÖåáÑáÅ~åíäó=áãéêçîÉë=íÜÉ=ila=Ñçê=éÜÉåçä=êÉÇ=Ñêçã=OMM=åj=íç=OU=åjK=
qÜÉ= ~ãéäáÑáÅ~íáçå= Ñ~Åíçê=݇= ÇçÉë= åçí= ÇÉéÉåÇ= çå= íÜÉ= éÜÉåçä= êÉÇ= ÅçåÅÉåíê~íáçå=ܥ= ~åÇI=
~ÅÅçêÇáåÖ=íç=bèK=EOKQFI=íÜÉ=lmi=ëÅ~äÉë=äáåÉ~êäó=ïáíÜ=݇W=

௉ௌܮܱܲ ൌ ݇ ∙ =,ܮܱܲ = = = EOKTF=

ïÜÉêÉ=ܱܲܮ௉ௌ=êÉÑÉêë=íç=íÜÉ=ÄÉ~Ç=ÅçåÑáÖìê~íáçå=~åÇ=ܱܲܮ=íç=íÜÉ=çéíáÅ~ä=é~íÜ=äÉåÖíÜ=ïáíÜçìí=
mp= ÄÉ~ÇëK= tÜáäÉ= ~Äëçêéíáçå= ëéÉÅíêçëÅçéó= áë= êçìíáåÉäó= ìëÉÇ= Ñçê= ÅçäçêáãÉíêáÅ=
ãÉ~ëìêÉãÉåíëI= çíÜÉê= ~ëë~óë= ìëÉ= í~ÖÖáåÖ= ëíê~íÉÖáÉë= ïÜÉêÉ= íÜÉ= ãçäÉÅìäÉ= çÑ= áåíÉêÉëí= áë=
~íí~ÅÜÉÇ= çåíç= î~êáçìë= íóéÉë= çÑ= èì~åíìã= ÇçíëI= å~åçé~êíáÅäÉë= çê= ÑäìçêÉëÅÉåí= ÇóÉë= íÜ~í=
ÉåÜ~åÅÉ= íÜÉ= éÉêÑçêã~åÅÉ= çÑ= ëìÅÜ= ~ëë~óë= ~åÇ= ëÉêîÉ= ~ë= áåÇáÅ~íçêë= Ñçê= íÜÉ= éêÉëÉåÅÉ= çÑ=
ãçäÉÅìäÉëK=jb^p=Å~å=~äëç=ÄÉ=ìíáäáòÉÇ=áå=íÜ~í=ÅçåíÉñí=~åÇ=f=ÇÉãçåëíê~íÉÇ=áíë=ìíáäáò~íáçå=
Ñçê= íÜÉ= ÇÉíÉÅíáçå= çÑ= ÖçäÇ= å~åçé~êíáÅäÉë= çê= ÑäìçêÉëÅÉåí= ÇóÉëK= qÜÉ= ëÅ~ííÉêáåÖ= çÑ= ÖçäÇ=
å~åçé~êíáÅäÉë=ïáíÜ=ëáòÉë=ä~êÖÉê=íÜ~å=NMM=åã=Ççãáå~íÉë=çîÉê=íÜÉáê=~Äëçêéíáçå=~åÇ=ëìÅÜ=
å~åçé~êíáÅäÉë= Å~å= ÄÉ= ÇÉíÉÅíÉÇ= ïáíÜ= ÜáÖÜ= ëÉåëáíáîáíó= ìëáåÖ= ~= Ç~êâJÑáÉäÇ= ÅçåÑáÖìê~íáçå=
xNOPI= NOQzK= qÜáë= áë= åçí= íÜÉ= Å~ëÉ= Ñçê= å~åçé~êíáÅäÉë= ëã~ääÉê= íÜ~å= RR=åã= áå= Çá~ãÉíÉêI= Ñçê=
ïÜáÅÜ=íÜÉ=ëÅ~ííÉêáåÖ=Åêçëë=ëÉÅíáçå=Çêçéë=Çê~ã~íáÅ~ääó=~åÇ=íÜÉ=~Äëçêéíáçå=Åêçëë=ëÉÅíáçå=
ëí~êíë=íç=Ççãáå~íÉ=xNOPI=NORzK=eçïÉîÉêI=íÜÉ=ä~ííÉê=êÉã~áåë=îÉêó=ïÉ~â=Ñçê=ëìÅÜ=ëã~ää=ÖçäÇ=
å~åçé~êíáÅäÉëI= ïÜáÅÜ= ã~âÉë= íÜÉáê= ÇÉíÉÅíáçå= èìáíÉ= ÅÜ~ääÉåÖáåÖ= ëç= íÜ~í= çåäó= ~= ÑÉï=
ÅçãéäáÅ~íÉÇ= íÉÅÜåáèìÉë=Ü~îÉ=ÄÉÉå=ëìÅÅÉëëÑìääó=ÇÉãçåëíê~íÉÇ=ëç= Ñ~ê= xNOSJNOUzK=qÜáë= áë=
ÇÉíêáãÉåí~ä= Ñçê=åçîÉä=å~åçÇÉîáÅÉë= íÜ~í= êÉäó=çå=ÉñíêÉãÉäó=ëã~ää=ãÉí~ääáÅ=å~åçé~êíáÅäÉë=
xNOVI= NPMzK= páãáä~êäóI= ÑäìçêÉëÅÉåí= ÇóÉë= ~êÉ= íÜÉ= Ä~ëáë= Ñçê= ~= ä~êÖÉ= åìãÄÉê= çÑ= ~ëë~óë=
Åçããçåäó=ìëÉÇ= áå=ÄáçäçÖó=~åÇ=ÅÜÉãáëíêó=~åÇ= íÜÉ=~Äáäáíó= íç=ãÉ~ëìêÉ= íÜÉáê=~Äëçêéíáçå=
Å~å=éêçîáÇÉ=~ÇÇáíáçå~ä=èì~åíáí~íáîÉ=áåÑçêã~íáçå=xNPNzK==

^ééäóáåÖ= íÜÉ=ë~ãÉ=ÉñéÉêáãÉåí~ä=ëÅÜÉãÉI= f=ãÉ~ëìêÉÇ= íÜÉ= íê~åëãáëëáçå= Ñçê=NM=åã=ÖçäÇ=
å~åçé~êíáÅäÉë=~åÇ=Éåîó=ÖêÉÉå=ÑäìçêÉëÅÉåí=ÇóÉë=ÇáëëçäîÉÇ=áå=ï~íÉê=çê=áå=ï~íÉêLmp=ÄÉ~Çë=
E݀=Z=MKR=μãF=ÇáëéÉêëáçå=ïáíÜ= ~=ÄÉ~Ç=ÅçåÅÉåíê~íáçå=çÑ=ܥ௉ௌ=Z=MKS=åjK=qÜÉ= ÅçêêÉëéçåÇáåÖ=
~ÄëçêÄÉåÅÉë=ܣ=~êÉ=ëÜçïå=áå=cáÖK=OKPÄ=~åÇ=OKPÅK=qÜÉ=NM=åã=ÖçäÇ=å~åçé~êíáÅäÉë=Ü~îÉ=~å=
~Äëçêéíáçå= éÉ~â= ~í= =Z=ROM=åãI=ߣ ïÜáäÉ= íÜÉ= Éåîó= ÖêÉÉå= ÑäìçêÉëÅÉåÅÉ= ÇóÉ= ~ÄëçêÄë= ~í=
=Z=RPM=åãK=ߣ kçíÉ= íÜ~í= áí= áë= èìáíÉ= ÉñÅÉéíáçå~ä= íç= ÄÉ= ~ÄäÉ= íç= ãÉ~ëìêÉ= íÜÉ= ëáÖå~ä= çÑ=
å~åçé~êíáÅäÉë=~ë=ëã~ää=~ë=NM=åãK=^ë=Ñçê=íÜÉ=éÜÉåçä=êÉÇI=íÜÉ=~ÄëçêÄ~åÅÉ=ܣ=áë=éêçéçêíáçå~ä=
íç= íÜÉ= ÅçåÅÉåíê~íáçå= =ܥ çÑ= íÜÉ= ëçäìíáçåK= tÜÉå= íÜÉ= ëÅ~ííÉêáåÖ= ãÉÇáìã= áë= ìëÉÇI= ~å=
ÉåÜ~åÅÉãÉåí=Ñ~Åíçê=çÑ=݇ZPKP=áë=çÄëÉêîÉÇ=Ñçê=ÄçíÜ=íÜÉ=å~åçé~êíáÅäÉë=~åÇ=íÜÉ=ÇóÉI=ïÜáäÉ=
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cáÖìêÉ=OKPK=^Äëçêéíáçå=ÉåÜ~åÅÉãÉåí=Ñçê=ÇáÑÑÉêÉåí=~å~äóíÉëK=E~F=mÜÉåçä=êÉÇ=~ÄëçêÄ~åÅÉ=ܣ=
áå= ï~íÉê= çåäó= ~åÇ= áå= ï~íÉê= ïáíÜ= íïç= ÇáÑÑÉêÉåí= mp= ÄÉ~Çë= EMKR=μãF= ÅçåÅÉåíê~íáçåë=
Eܥଵ

௉ௌ=Z=MKS=åj= ~åÇ= ଶܥ
௉ௌ=Z=PKM=åjFX= P= íáãÉë= íÜÉ= åçáëÉ= äÉîÉä= ÇÉíÉêãáåÉë= íÜÉ= ila= ~í= =ߣ Z=

RTM=åãK=EÄF=^ÄëçêÄ~åÅÉ=ܣ= Ñçê=NM=åã=^ì=å~åçé~êíáÅäÉë= áå=ï~íÉê=~åÇ= áå=ï~íÉêLmp=ÄÉ~Çë=
E݀=Z=MKR=μ�ãI=ܥଵ

௉ௌF=~í=ߣ=Z=ROM=åãK=qÜÉ=áåëÉí=ëÜçïë=íÜÉ=åçêã~äáòÉÇ=íê~åëãáëëáçå=ëéÉÅíêìã=
q=çÑ= íÜÉ=å~åçé~êíáÅäÉëK= EÅF=p~ãÉ=~ë= EÄF= Ñçê=Éåîó=ÖêÉÉå= ÑäìçêÉëÅÉåÅÉ=ÇóÉ=~í=ߣ=Z=RPM=åãK=
qÜÉ=Éêêçê=Ä~êë=êÉéêÉëÉåí=íÜÉ=ëí~åÇ~êÇ=ÇÉîá~íáçå=çîÉê=R=ãÉ~ëìêÉãÉåíëK=
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OKPKQ båÜ~åÅáåÖ=íÜÉ=ëÉåëáíáîáíó=çÑ=Äáç~ëë~óë=

få= ~ÇÇáíáçå= íç= íÜÉ= ila= íÜÉ= ëÉåëáíáîáíó= ܵ= êÉéêÉëÉåíë= ~å= áãéçêí~åí= é~ê~ãÉíÉê= Ñçê=
Äáç~ëë~óëK=qÜáë=é~ê~ãÉíÉê=áë=çÑ=ëéÉÅá~ä=áåíÉêÉëí=ïÜÉå=íÜÉ=~å~äóíÉ=ÉîçäîÉë=ïáíÜ=íáãÉ=EáKÉK=
ÅÜ~åÖÉë= áíë= ~Äëçêéíáçå= =ߙ çê= áíë= ÅçåÅÉåíê~íáçå= =FIܥ Ñçê= áåëí~åÅÉI= ÇìêáåÖ= ~= ÅÜÉãáÅ~ä=
êÉ~Åíáçå=çê=~=ÄáçäçÖáÅ~ä=éêçÅÉëëK=eÉêÉI=f=ÅçåëáÇÉêÉÇ=íÜÉ=Å~ëÉ=ïÜÉêÉ=íÜÉ=áåíÉåëáíó=ÅÜ~åÖÉë=
çåäó=ïáíÜ=íÜÉ=ÅçåÅÉåíê~íáçåI=íÜìëW=
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cêçã=bèK=EOKUFI= áí=Å~å=ÄÉ=ëÉÉå=íÜ~í=áå=~=ÑáñÉÇ=îçäìãÉ=ïáíÜ=ÖáîÉå=ߙ=~åÇ=ܥ= íÜÉ=ëÉåëáíáîáíó=
Å~ååçí= ÄÉ= ÅÜ~åÖÉÇ= áå= ÅçåîÉåíáçå~ä= ~Äëçêéíáçå= ëéÉÅíêçëÅçéóK= få= Åçåíê~ëíI= ܵ= Å~å= ÄÉ=
íìåÉÇ=Äó=ÅÜ~åÖáåÖ=íÜÉ=lmi=áå=jb^p=EcáÖK=OKQ~FK=cçê=ëÜçêí=݈I=ܵ=áë=ëã~ää=ëáåÅÉ=íÜÉ=ëóëíÉã=áë=
áå=íÜÉ=ïÉ~âJ~ÄëçêÄáåÖ=êÉÖáãÉ=EêÉÖáãÉ=f=áå=cáÖK=OKQ~F=~åÇ=ä~êÖÉ=ÅÜ~åÖÉë=áå=ܥ=~êÉ=åÉÉÇÉÇK=
lå= íÜÉ= çíÜÉê= Ü~åÇI=ïÜÉå= ݈= áë= îÉêó= ä~êÖÉ= íÜÉ=ãÉÇáìã=~ÄëçêÄë=ãçëí= çÑ= íÜÉ= äáÖÜí= ~åÇ=ܵ=
Çêçéë= ~äëç= íçï~êÇë= äçï= ëÉåëáíáîáíó= EêÉÖáãÉ= fff= áå= cáÖK= OKQ~FK= qÜÉ= çéíáã~ä= lmi= ݈௢௣௧= Ñçê=

ïÜáÅÜ= íÜÉ= ëÉåëáíáîáíó= êÉ~ÅÜÉë= áíë= ã~ñáãìã= áë= ïÜÉêÉ= ߲ܵ/߲݈ ൌ 0I= äÉ~ÇáåÖ= íç= bèK= EOKVF=
EêÉÖáãÉ=ff=áå=cáÖK=OKQ~FW=

݈௢௣௧ ൌ
ଵ

ఈ஼
K= = = = = EOKVF=

cçê= ~= ÖáîÉå= =ߙ ~åÇ= =Iܥ ïáíÜ= íÜÉ= ÅçêêÉëéçåÇáåÖ= ݈௢௣௧= ÖáîÉå= Äó= bèK= EOKVFI= íÜÉ= ã~ñáã~ä=

ëÉåëáíáîáíó= áë= ܵ௢௣௧ ൌ ݁ିଵ ⁄ܥ K= qç= ÇÉãçåëíê~íÉ= íÜáë= ÉñéÉêáãÉåí~ääóI= f= ëÜçïÉÇ= íÜ~í= ܵ= ~åÇ=
ila= çÑ= ~= ÅçããÉêÅá~ääó= ~î~áä~ÄäÉ= ~ëë~ó= Ñçê= íÜÉ= ÇÉíÉÅíáçå= çÑ= ÜóÇêçÖÉå= éÉêçñáÇÉ=
ElñápÉäÉÅíF=Å~å=ÄÉ=áãéêçîÉÇ=Ñçê=äçï=ÅçåÅÉåíê~íáçåëK=^ë=~äêÉ~Çó=ãÉåíáçåÉÇ=áå=`Ü~éíÉê=NI=
eOlO=éä~óë=~å=áãéçêí~åí=êçäÉ=áå=ÄáçäçÖáÅ~ä=ëóëíÉãëW=áí=~Åíë=~ë=íÜÉ=ëáÖå~ääáåÖ=ãçäÉÅìäÉ=áå=~=
Äêç~Ç= î~êáÉíó= çÑ= íê~åëÇìÅíáçå= éêçÅÉëëÉë= ~åÇ= áë= ~=ã~êâÉê= Ñçê= çñáÇ~íáîÉ= ëíêÉëë=ïÜáÅÜ= áë=
áåîçäîÉÇ= áå= ~ÖÉáåÖ= Äìí= ~äëç= áå= î~êáçìë= ÇáëÉ~ëÉë= xNPOI= NPPzK= lñápÉäÉÅí= ïçêâë= çå= íÜÉ=
éêáåÅáéäÉ= çÑ= íÜÉ= çñáÇ~íáçå= çÑ= cÉOH= íç= cÉPH= áå= íÜÉ= éêÉëÉåÅÉ= çÑ=eOlO=ïÜáÅÜ= Ñçêãë= ~= ÑÉêêáÅ=
ñóäÉåçä= çê~åÖÉ= EcÉJulF= ÅçãéäÉñK= qÜÉ= Ñçêã~íáçå= çÑ= cÉJlu= ÅçãéäÉñÉë= äÉ~Çë= íç= ~å=
~äíÉê~íáçå= çÑ= íÜÉ= ãçä~ê= ~Äëçêéíáçå= ÅçÉÑÑáÅáÉåíI= éêçîáÇáåÖ= áåÑçêã~íáçå= çå= íÜÉ= eOlO=
ÅçåÅÉåíê~íáçå=éêÉëÉåí=áå=íÜÉ=ëçäìíáçåK==

qÜÉ= ÉñéÉêáãÉåíë= áå= íÜáë= ïçêâ= ~êÉ= Å~êêáÉÇ= çìí= ìëáåÖ= íÜÉ= Äáç~ëë~ó= ~ÅÅçêÇáåÖ= íç= íÜÉ=
áåëíêìÅíáçåë= éêçîáÇÉÇ= Äó= íÜÉ= ëìééäáÉêI= é~êíáÅìä~êäó= íÜÉ= ~Äëçêéíáçå= áë= ÇÉíÉêãáåÉÇ= ~í=
=Z=RVR=åãK=ߣ kçí= çåäó= íÜÉ= eOlO= ÅçåÅÉåíê~íáçå= Äìí= ~äëç= íÜÉ= ê~íÉ= çÑ= ÅÜ~åÖÉ= áë= ~= îÉêó=
áãéçêí~åí=é~ê~ãÉíÉê=éêçîáÇáåÖ=áåÑçêã~íáçå=~Äçìí=íÜÉ=Çóå~ãáÅë=çÑ=ÄáçäçÖáÅ~ä=éêçÅÉëëÉë=
ìåÇÉê= ëíìÇóK= qÜÉ= ëÉåëáíáîáíó= Ñçê= ÇáÑÑÉêÉåí= eOlO= ÅçåÅÉåíê~íáçåë= áë= ÇÉíÉêãáåÉÇ= Äó=
ãÉ~ëìêáåÖ= íÜÉ= ÅÜ~åÖÉ= áå= íÜÉ= ëáÖå~ä= ïÜÉå= N=”j= çÑ= eOlO= áë= ~ÇÇÉÇ= íç= ~= âåçïå=
ÅçåÅÉåíê~íáçåK=páãáä~êäó=f=ãÉ~ëìêÉÇ=íÜÉ=ëÉåëáíáîáíó=ܵ௉ௌ= áå=íÜÉ=éêÉëÉåÅÉ=çÑ=MKS=åj=çÑ=mp=
ÄÉ~Çë=Ü~îáåÖ=~=Çá~ãÉíÉê=çÑ=MKR=μãK=^ë=çÄëÉêîÉÇ= áå=íÜÉ=éêÉîáçìë=ÉñéÉêáãÉåíëI= íÜÉ=lmi=
áåÅêÉ~ëÉë=Äó=~=Ñ~Åíçê=çÑ=݇=Z=PKP=Ñçê=ܮ=Z=PKT=ãã=~åÇ=ÅçåëÉèìÉåíäó=ܵ௉ௌ=áë=ÉåÜ~åÅÉÇ=Ñçê=äçï=
ÅçåÅÉåíê~íáçåë=~ë= ëÜçïå= áå=cáÖK=OKQÄK=jçêÉçîÉêI= íÜÉ= äçïÉê= äáãáí=çÑ= íÜÉ=ïçêâáåÖ= ê~åÖÉI=
ÖáîÉå=~ë=N=”j=Äó=íÜÉ=ã~åìÑ~ÅíìêÉêI=Å~å=ÄÉ=êÉÇìÅÉÇ=íç=PMM=åjK=få=íÜÉ=ÅçåÑáÖìê~íáçå=~í=
Ü~åÇ= ܵ௉ௌ= áë= ä~êÖÉê= íÜ~å= ܵ= áå= ï~íÉê= Ñçê= eOlO= ÅçåÅÉåíê~íáçåë= äçïÉê= íÜ~å= íÜÉ= íÜêÉëÜçäÇ=
î~äìÉ=ܥ௧௛=Z=PM=”jI= ïÜáäÉ= Ñçê= ÜáÖÜÉê= ÅçåÅÉåíê~íáçåë= íÜÉ= ëÉåëáíáîáíó= ܵ= ïáíÜçìí= mp= ÄÉ~Çë=
Ççãáå~íÉëK=qÜÉ=ÉñéêÉëëáçåë=Ñçê=ܵ௢௣௧=~åÇ=݈௢௣௧=ëìÖÖÉëí=íÜ~í=îÉêó=ÜáÖÜ=ëÉåëáíáîáíáÉë=Å~å=ÄÉ=
~ÅÜáÉîÉÇ= Ñçê= äçï= ÅçåÅÉåíê~íáçåë= ïáíÜ= ~= ÅçêêÉëéçåÇáåÖ= ä~êÖÉ= ݈௢௣௧I= bèK=EOKVFK= få= çìê=
ÉñéÉêáãÉåíëI=f=ëÜçïÉÇ=íÜ~í=áí=áë=éçëëáÄäÉ=íç=áãéêçîÉ=íÜÉ=éÉêÑçêã~åÅÉ=çÑ=íÜÉ=Äáç~ëë~ó=Äó=
íÜÉ=Ñ~Åíçê=ܵ௉ௌ/ܵ	ZOKR=Ñçê=O=”j=çÑ=eOlOK=qÜÉêÉÑçêÉI=íÜÉ=ÅçåÅÉåíê~íáçå=çÑ=íÜÉ=mp=ÄÉ~Çë=Å~å=
ÄÉ= ~Ç~éíÉÇ= áå= çêÇÉê= íç= çÄí~áå= ã~ñáã~ä= ëÉåëáíáîáíó= Ñçê= íÜÉ= ÅçåÅÉåíê~íáçå= ê~åÖÉ= çÑ=
áåíÉêÉëíK==
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ÑìåÅíáçå= çÑ= íÜÉ= lmi= Ñçê= ~= ÑáñÉÇ= ÅçåÅÉåíê~íáçå= ~åÇ= EÄF= ~ë= íÜÉ= ÑìåÅíáçå= çÑ= íÜÉ=
ÅçåÅÉåíê~íáçåI= áå= ~= =Z=PKT=ãã=ܮ ÅìîÉííÉ= ÑáääÉÇ= ïáíÜ= ï~íÉê= ~åÇ= ïáíÜ= MKS=åj= mp= ÄÉ~Çë=

ÇáëéÉêëáçå= E݀=Z=MKR=μãI= ݇=Z=PKPF= ~í= =Z	ߣ RVR=åãK= mçáåíë= êÉÑÉê= íç= ãÉ~ëìêÉãÉåíë= ~åÇ= íÜÉ=
äáåÉë=~êÉ=ÑáííÉÇ=~ÅÅçêÇáåÖ=íç=bèK=EOKUFK=qÜÉ=lmi=áë=Å~äÅìä~íÉÇ=ìëáåÖ=bèK=EOKTFK=fåëÉí=áå=E~F=
ëÜçïë= íÜêÉÉ=ÇáëíáåÅí= êÉÖáçåëW= f= Ó= ÖêçïáåÖ= ëÉåëáíáîáíóI= ff= Ó=ã~ñáã~ä= ëÉåëáíáîáíó= ~åÇ= fff= Ó=
ÇÉÅêÉ~ëáåÖ= ëÉåëáíáîáíóK= fåëÉí= áå= EÄF= ëÜçïë= íÜÉ= ~ÄëçêÄ~åÅÉ=ܣ= áå=ï~íÉê= ~åÇ= áå=ï~íÉêLmp=
ÄÉ~Çë= ÇáëéÉêëáçå= E݀=Z=MKR=μãF= Eܥ௉ௌ=Z=MKS=åjI= =Z=PKT=ããI=ܮ ݇=Z=PKPFK= qÜÉ= Éêêçê= Ä~êë=
êÉéêÉëÉåí=íÜÉ=ëí~åÇ~êÇ=ÇÉîá~íáçå=çîÉê=R=ãÉ~ëìêÉãÉåíëK=
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OKPKR båÜ~åÅáåÖ= íÜÉ= ëÉåëáíáîáíó= çÑ= ÅçäçêáãÉíêáÅ= ÇÉíÉÅíáçå= ïáíÜ= ÖçäÇ=
å~åçé~êíáÅäÉ=éêçÄÉë=

cçê= ~= ÑìêíÜÉê= ÇÉãçåëíê~íáçå= çÑ= íÜÉ= éÉêÑçêã~åÅÉ= çÑ=jb^pI= f= ëíìÇó= íÜÉ= ~ÖÖêÉÖ~íáçå= çÑ=
NM=åã= ÖçäÇ= å~åçé~êíáÅäÉë= áå= íÜÉ= éêÉëÉåÅÉ= çÑ= ÜÉñ~åÉÇáíÜáçäK= aáëéÉêëÉÇ= ÖçäÇ=
å~åçé~êíáÅäÉë= Å~å= ÄÉ= ìëÉÇ= ~ë= Ä~ëáë= Ñçê= ëÉåëáíáîÉ= ÅçäçêáãÉíêáÅ= éêçÄÉë= xNPQzK= få= íÜáë=
ÉñéÉêáãÉåíI= íÜÉ= íïç= ÑêÉÉ= íÜáçä= Öêçìéë= çÑ= ÜÉñ~åÉÇáíÜáçä= Å~å= ÄáåÇ= íïç= çê= ãçêÉ= ÖçäÇ=
å~åçé~êíáÅäÉë=íçÖÉíÜÉêK=qÜáë=äÉ~Çë=íç=~=Öê~Çì~ä=~ÖÖêÉÖ~íáçå=çÑ=íÜÉ=å~åçé~êíáÅäÉëI=ïÜáÅÜ=
Å~å=ÄÉ=ãçåáíçêÉÇ=îá~=íÜÉ=çéíáÅ~ä=êÉëéçåëÉK=^ë=ëÜçïå=É~êäáÉêI=NM=åã=ÖçäÇ=å~åçé~êíáÅäÉë=
ÉñÜáÄáí=~å=~Äëçêéíáçå=éÉ~â=~í=ߣ=Z=ROM=åãI=ïÜáÅÜ=ÇÉÅêÉ~ëÉë=ïáíÜ=éêçÖêÉëëáîÉ=~ÖÖêÉÖ~íáçå=
çÑ= íÜÉ= å~åçé~êíáÅäÉë= EcáÖK=OKRFK= ^í= íÜÉ= ë~ãÉ= íáãÉI= ~= Äêç~Ç= éÉ~â= ÅçêêÉëéçåÇáåÖ= íç= íÜÉ=
~ÖÖêÉÖ~íÉÇ=é~êíáÅäÉë= ÉãÉêÖÉë= ~í= ÜáÖÜÉê=ï~îÉäÉåÖíÜK= qÜìëI=ܣ= Å~å=ÄÉ=ÇáêÉÅíäó= êÉä~íÉÇ= íç=
íÜÉ= ~ãçìåí= çÑ= ÜÉñ~åÉÇáíÜáçä= áå= íÜÉ= ëçäìíáçåK= ^ééäóáåÖ= íÜÉ= ÇÉëÅêáÄÉÇ= ÉñéÉêáãÉåí~ä=
ëÅÜÉãÉ= íç= ^ì= å~åçé~êíáÅäÉë= ëìëéÉåÇÉÇ= áå=ï~íÉêI=ܣ= ÇÉÅêÉ~ëÉë= Ñêçã= MKMR= íç= MKMO= ìéçå=
~ÇÇáíáçå= çÑ= ÜÉñ~åÉÇáíÜáçäK= få= Åçåíê~ëíI= áå= ï~íÉêLmp= ÄÉ~Çë= ÇáëéÉêëáçå= ïáíÜ= ~= ÄÉ~Ç=
ÅçåÅÉåíê~íáçå=çÑ=ܥ௉ௌ=Z=MKS=åj=ܣ=ÅÜ~åÖÉë=Ñêçã=MKNS=íç=MKMTI=áåÇáÅ~íáåÖ=~å=ÉåÜ~åÅÉãÉåí=
çÑ=݇=Z=PKPK=qç=ÄÉ=ÅçãéäÉíÉI= áí= áë=ïçêíÜ=ãÉåíáçåáåÖ= íÜ~í=ÜÉñ~åÉÇáíÜáçä=ÇçÉë=åçí=ÄáåÇ= íç=
íÜÉ= mp= ÄÉ~Çë= ëìêÑ~ÅÉK= få= ÅçåÅäìëáçåI= f= ÇÉãçåëíê~íÉÇ= ~å= ÉåÜ~åÅÉÇ= ëÉåëáíáîáíó= íç=
ÜÉñ~åÉÇáíÜáçä= ìëáåÖ= NM=åã= ÖçäÇ= å~åçé~êíáÅäÉë= ~ë= ÅçäçêáãÉíêáÅ= éêçÄÉë= áå= jb^pI=
Åçãé~êÉÇ=íç=ÅçåîÉåíáçå~ä=~Äëçêéíáçå=ëéÉÅíêçëÅçéóK=
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NM=åã= ÖçäÇ= å~åçé~êíáÅäÉë= EUM=μjFK= qÜÉ= Ç~ëÜÉÇ= äáåÉ= áåÇáÅ~íÉë= íÜÉ= ï~îÉäÉåÉÖíÜ= Eߣ=Z=
ROM=åãF= ~í= ïÜáÅÜ= =ܣ ï~ë= Å~äÅìä~íÉÇK= EÄF= ^ÄëçêÄ~åÅÉ= =ܣ çÑ= NM=åã= ÖçäÇ= å~åçé~êíáÅäÉë=
EUM=μjF= ïáíÜ= êÉëéÉÅí= íç= ÇáÑÑÉêÉåí= ÅçåÅÉåíê~íáçåë= çÑ= ÜÉñ~åÉÇáíÜáçä= áå= ï~íÉê= ~åÇ= áå=
ï~íÉêLmp=ÄÉ~Çë=ÇáëéÉêëáçå=E݀=Z=MKR=μãI=ܥ௉ௌ=Z=MKS=åjI=ܮ=Z=PKT=ããI=݇=Z=PKPFK=qÜÉ=Éêêçê=Ä~êë=
êÉéêÉëÉåí=íÜÉ=ëí~åÇ~êÇ=ÇÉîá~íáçå=çîÉê=R=ãÉ~ëìêÉãÉåíëK==

=

OKPKS `çåíêçä=çÑ=íÜÉ=é~íÜ=äÉåÖíÜ=ÉåÜ~åÅÉãÉåí=

iÉí=ìë=åçï=ÇáëÅìëë= íÜÉ=é~ê~ãÉíÉêë= íÜ~í= áåÑäìÉåÅÉ= íÜÉ=lmi= áå=~= ê~åÇçã=ãÉÇáìãK=qÜÉ=
ÉåÜ~åÅÉãÉåí= çÑ= íÜÉ=lmi= áë= ÇÉíÉêãáåÉÇ=Äó= íÜÉ=åìãÄÉê= çÑ= íáãÉë= íÜÉ=ï~îÉé~ÅâÉíë= ~êÉ=
ëÅ~ííÉêÉÇ= ïÜáäÉ= íê~îÉääáåÖ= íÜêçìÖÜ= íÜÉ= ÇáëçêÇÉêÉÇ= ãÉÇáìãK= cçê= ~= ãìäíáëÅ~ííÉêáåÖ=
ãÉÇáìã=íÜÉ=lmi=áå=íê~åëãáëëáçå=ëÅ~äÉë=ïáíÜ=íÜÉ=êÉÅáéêçÅ~ä=çÑ=íÜÉ=ãÉ~å=ÑêÉÉ=é~íÜ=݈∗= áå=
íÜÉ=ÇáëéÉêëáçå=xNPRzW=

~ܮܱܲ
ଵ

௟∗
K= = = = EOKNMF=

f= çåäó= ÅçåëáÇÉêÉÇ= åçåJçé~èìÉ= ë~ãéäÉë= ëáåÅÉ= äçï= ~Äëçêéíáçå= ãÉ~ëìêÉãÉåíë= ~êÉ= çÑ=
ëéÉÅá~ä=áåíÉêÉëí=Ñçê=~Äëçêéíáçå=ëéÉÅíêçëÅçéóK=

^ë=ëÉÉå=Ñêçã=íÜÉ=ÉñéÉêáãÉåíë=ïáíÜ=éÜÉåçä=êÉÇ=EcáÖK=OKP~FI= íÜÉ=mp=ÄÉ~Çë=ÅçåÅÉåíê~íáçåI=
~åÇ=íÜìë=íÜÉ=ÑáääáåÖ=Ñ~Åíçê=ܨI=~ÑÑÉÅíë=íÜÉ=lmi=ÉåÜ~åÅÉãÉåí=xUOzK=fÑ=ܥ௉ௌ=áë=äçïI=݈∗=ÄÉÅçãÉë=
ä~êÖÉê=íÜ~å=ܮI=ÜÉåÅÉI=݇=ÖçÉë=íç=ìåáíó=~åÇ=íÜÉ=ëóëíÉã=áë=åç=äçåÖÉê=áå=íÜÉ=ãìäíáëÅ~ííÉêáåÖ=
êÉÖáãÉK=cáÖìêÉ=OKS~=Çáëéä~óë=ÄçíÜ=íÜÉ=ãÉ~ëìêÉÇ=~åÇ=ëáãìä~íÉÇ=݇=~ë=~= ÑìåÅíáçå=çÑ=ܨ= Ñçê=

éÜÉåçä=êÉÇK=qÜÉ=Öê~éÜ=áåÇáÅ~íÉë=íÜ~í=݇=Å~å=ÄÉ=áåÅêÉ~ëÉÇ=ìé=íç=NR=Ñçê=ܨ	Z=MKNK=qÜÉ=î~äìÉ=çÑ=
=ܨ Ü~ë= ~å= ìééÉê= äáãáíI= ïÜáÅÜ= áë= ÇÉíÉêãáåÉÇ= Äó= íÜÉ= ÅäçëÉJé~ÅâÉÇ= ÅçåÑáÖìê~íáçå= áKÉK= =ܨ
Å~ååçí=Öç=ÄÉóçåÇ=MKRJMKT=ÇÉéÉåÇáåÖ=çå=íÜÉ=íóéÉ=çÑ=é~ÅâáåÖ=xNPSzK=kçíÉ=áå=cáÖK=OKS~=íÜÉ=
ÉñÅÉääÉåí=~ÖêÉÉãÉåí=ÄÉíïÉÉå=ëáãìä~íáçåë=~åÇ=ãÉ~ëìêÉãÉåíëK=

qÜÉ=åìãÉêáÅ~ä=~å~äóëáë=çÑ=jb^p=êÉäáÉë=çå=~=ÜçãçÖÉåÉçìë=ëí~íáëíáÅ~ä=ÇáëíêáÄìíáçå=çÑ=íÜÉ=
ëÅ~ííÉêÉêë=ïáíÜáå= íÜÉ= ë~ãéäÉ=îçäìãÉK=eÉåÅÉI= ~ÖÖêÉÖ~íáçå=çÑ= íÜÉ= ëÅ~ííÉêÉêë= Å~å= êÉÇìÅÉ=



`Ü~éíÉê=O=jìäíáëÅ~ííÉêáåÖ=áå=ê~åÇçã=ãÉÇá~=Ñçê=ëÉåëáåÖ=~ééäáÅ~íáçåë=

NU 

íÜÉ=lmi=ÉåÜ~åÅÉãÉåíK=pìÅÜ=~å=~ÖÖêÉÖ~íáçå=áë=ãçêÉ=äáâÉäó=Ñçê=~=ÜáÖÜ=mp=ÄÉ~Çë=ÅçåÅÉåJ
ÅçåÅÉåíê~íáçåK= ^ÖÖêÉÖ~íáçå= Å~å= ÄÉ= Å~ìëÉÇ= Äó= íÜÉ= Ä~ÅâÖêçìåÇ= ãÉÇá~I= ïÜáÅÜ= ÅçìäÇ=
êÉÇìÅÉ= íÜÉ=lmi=ÉåÜ~åÅÉãÉåí=~åÇ=ÜÉåÅÉ= íÜÉ= ëÉåëáíáîáíóK=jçêÉ=ÇÉíêáãÉåí~ä= áë= íÜÉ=Å~ëÉ=
ïÜÉêÉ= ~ÖÖêÉÖ~íáçå= áë= Å~ìëÉÇ= Äó= íÜÉ= ~å~äóíÉ= áíëÉäÑI= ëáåÅÉ= áå= íÜ~í= Å~ëÉ= íÜÉ= Ä~ëÉ= äáåÉ=
ãÉ~ëìêÉãÉåí=ÅçêêÉëéçåÇë=íç=~=åçåJ~ÖÖêÉÖ~íÉÇ=ëóëíÉãK=eçïÉîÉêI=áå=çìê=ÉñéÉêáãÉåíë=f=
í~êÖÉíÉÇ=îÉêó=äçï=ÅçåÅÉåíê~íáçåë=çÑ=~å~äóíÉëI=ïÜáÅÜ=äáãáíë=~ÖÖêÉÖ~íáçåK=fí=ÖçÉë=ïáíÜçìí=
ë~óáåÖ= íÜ~í= íÜÉ= ëÅ~ííÉêáåÖ= ãÉÇáìã= ëÜçìäÇ= åçí= áåíÉêÑÉêÉ= ÅÜÉãáÅ~ääó= ïáíÜ= íÜÉ= ëéÉÅáÉë=
ìåÇÉê=ëíìÇóX=íÜáë=áë=íÜÉ=Å~ëÉ=Ñçê=íÜÉ=mp=ÄÉ~Çë=ìëÉÇ=áå=íÜÉ=ÇáÑÑÉêÉåí=ÉñéÉêáãÉåíë=êÉéçêíÉÇ=
ÜÉêÉK=

=

=

cáÖìêÉ= OKSK= qìåáåÖ= çéíáÅ~ä= é~íÜ= äÉåÖíÜ= ElmiFK= E~F= léíáÅ~ä= é~íÜ= äÉåÖíÜ= ElmiF=
ÉåÜ~åÅÉãÉåí= ~ë= ~= ÑìåÅíáçå= çÑ= mp= ÄÉ~Çë= ÑáääáåÖ= Ñ~Åíçê= =ܨ Ñçê= ~= QM=μä= ãáñíìêÉI= ïÜÉå=
ÅÜ~åÖáåÖ=íÜÉ=mp=ÄÉ~Çë=E݀=Z=MKR=μãF=ÅçåÅÉåíê~íáçåK= EÄF=lmi=ÉåÜ~åÅÉãÉåí= Ñçê=mp=ÄÉ~Çë=
ïáíÜ= ÇáÑÑÉêÉåí= ëáòÉë= Ñçê= ~= QM=μä=ãáñíìêÉI= âÉÉéáåÖ= íÜÉ= ÑáääáåÖ= Ñ~Åíçê=ܨ= Éèì~ä= íç= MKMROK= EÅF=
léíáÅ~ä= é~íÜ= Ñçê= éÜÉåçä= êÉÇ= áå= ï~íÉê= ~åÇ= áå= ï~íÉêLmp= ÄÉ~Çë= ÇáëéÉêëáçå= E݀=Z=MKR=μãF=
EÅ~äÅìä~íÉÇ=ìëáåÖ=bèK= EOKTFF=~ë=~= ÑìåÅíáçå=çÑ= íÜÉ=ãÉ~ëìêÉãÉåí=ÅÉää= íÜáÅâåÉëë=ܮK=qÜÉ=mp=
ÄÉ~Çë= ÅçåÅÉåíê~íáçå= áë= âÉéí= Åçåëí~åí= =௉ௌ=ZMKS=åjKܥ bêêçê= Ä~êë= êÉéêÉëÉåí= íÜÉ= ëí~åÇ~êÇ=
ÇÉîá~íáçå=Ñçê=R=ë~ãéäÉëK=

=



OKQ=j~ñáã~ä=~Äëçêéíáçå=êÉÖáãÉ=áå=ê~åÇçã=ãÉÇá~=

NV 

qç=áåîÉëíáÖ~íÉ=íÜÉ=áåÑäìÉåÅÉ=çÑ=íÜÉ=mp=ÄÉ~Çë=ëáòÉ=f=éêÉé~êÉÇ=ÄÉ~Ç=ÇáëéÉêëáçåë=ïáíÜ=ÇáÑJ
ÇáÑÑÉêÉåí=ÅçåÅÉåíê~íáçåë=ܥ௉ௌ=~åÇ=ÇáÑÑÉêÉåí=Çá~ãÉíÉêë=݀=ïÜáäÉ=âÉÉéáåÖ=íÜÉ=ÑáääáåÖ=Ñ~Åíçê=ܨ=
Åçåëí~åíX= íÜÉ= ÑçääçïáåÖ= mp= ÄÉ~Çë= Çá~ãÉíÉêLÅçåÅÉåíê~íáçåë= ~êÉ= ìëÉÇW= MKR=μã= L= PKM=åjI=
MKTR=μã=L=MKV=åjI=N=μã=L=MKPTR=åjI=O=μã=L=PU=éj=~åÇ=P=μã=L=NQ=éjK=páåÅÉ=O=~åÇ=P=μã=
ÄÉ~Çë=ëÉÇáãÉåí=áå=ï~íÉê=ïáíÜáå=~=ÑÉï=ãáåìíÉëI=íÜÉ=ëçäìíáçå=ÇÉåëáíó=ãìëí=ÄÉ=áåÅêÉ~ëÉÇ=
Äó= ~ÇÇáíáçå= çÑ= MKMR=ÖLãä= çÑ= ÖäìÅçëÉ= äÉ~ÇáåÖ= íç= ~= Ñáå~ä= ÇÉåëáíó= çÑ= NKMO=ÖLãäI= ïÜáÅÜ=
ÉÑÑáÅáÉåíäó=ÜáåÇÉêë=ëÉÇáãÉåí~íáçå=Emp=ÇÉåëáíó==Z=NKMR=ÖLãäI=ÖäìÅçëÉ==Z=NKS=ÖLÅãPFK=qÜáë=
~ÇÇáíáçå= çÑ= ÖäìÅçëÉ= ÇçÉë= åçí= ~ÑÑÉÅí= íÜÉ= êÉÑê~ÅíáîÉ= áåÇÉñ= çÑ= íÜÉ= ëçäìíáçå= ëáÖåáÑáÅ~åíäóI=
ïÜáÅÜ= ÅÜ~åÖÉë= Ñêçã= NKPP= íç= NKPQK= få= íÜáë= Å~ëÉ= bèëK=EOKPF= ~åÇ= EOKNMF= äÉ~Ç= íç=
௦௖௔ሺ1ܳ~ܮܱܲ െ ݃ሻ ݀⁄ K= f= Åçãé~êÉ= ݇= Ñçê= ~= QM=μä= ëçäìíáçå= ïáíÜ= N=μj= éÜÉåçä= êÉÇ= ëçäìíáçå=
EcáÖK=OKSÄFK= ^=ã~ñáãìã=çÑ= íÜÉ=݇= î~äìÉ= Å~å= ÄÉ= çÄëÉêîÉÇ= Ñçê= mp= ÄÉ~Çë=ïáíÜ= ~= Çá~ãÉíÉê=
݀=Z=MKTR=μãK=páãéäÉ=Å~äÅìä~íáçåë=ìëáåÖ=jáÉ=íÜÉçêó=ëÜçï=íÜ~í=ܳ௦௖௔=ëíêçåÖäó=î~êáÉë=ïáíÜ=݀=
ïÜáäÉ=íÜÉ=ÅÜ~åÖÉ=áå=íÜÉ=î~äìÉ=çÑ=݃=áë=áåëáÖåáÑáÅ~åíK=cìêíÜÉêãçêÉI=íÜÉ=íïç=ã~ñáã~=çÑ=íÜÉ=݇=
î~äìÉë=~êçìåÇ=݀=Z=MKTR=~åÇ=PKR=μã=~ÖêÉÉ=ïÉää=ïáíÜ=ã~ñáã~= áå=ܳ௦௖௔= çÄí~áåÉÇ= Ñêçã=jáÉ=
íÜÉçêóK= fí= áë= ïçêíÜ=ãÉåíáçåáåÖ= íÜ~í=ܳ௦௖௔= Å~å= ~äëç= ÄÉ= í~áäçêÉÇ= Äó= íìåáåÖ= íÜÉ= êÉÑê~ÅíáîÉ=
áåÇÉñ=Åçåíê~ëí=݊=ÄÉíïÉÉå=íÜÉ=ëìêêçìåÇáåÖ=ãÉÇáìã=~åÇ=íÜÉ=é~êíáÅäÉ=xNPTzK==

fí= áë= âåçïå= íÜ~í= Ñçê=ÇáëçêÇÉêÉÇ=ãÉÇá~= íÜÉ=lmi= áåÅêÉ~ëÉë=ïáíÜ=ܮଶ= ëáåÅÉ= íÜÉ=åìãÄÉê=çÑ=
ëÅ~ííÉêáåÖ= ÉîÉåíë= áåÅêÉ~ëÉë= ïáíÜ= =ܮ xUPzK= `çåëÉèìÉåíäóI= ~ÅÅçêÇáåÖ= íç= bèK=EOKTFI= íÜÉ=
ÉåÜ~åÅÉãÉåí= Ñ~Åíçê=݇= áåÅêÉ~ëÉë=ïáíÜ=ܮ= ~åÇ= íÜÉêÉÑçêÉ=jb^pI= Åçãé~êÉÇ= íç= ~Äëçêéíáçå=
ëéÉÅíêçëÅçéóI= ÄÉåÉÑáíë= ÉîÉå=ãçêÉ= Ñêçã= áåÅêÉ~ëáåÖ=ܮK= få= çêÇÉê= íç= î~êó= íÜÉ= ÖÉçãÉíêáÅ~ä=
íÜáÅâåÉëë=ܮI=f=éêÉé~êÉÇ=~=ëçäìíáçå=çÑ=N=μj=éÜÉåçä=êÉÇ=ïáíÜ=MKS=åj=mp=ÄÉ~Çë=E݀=Z=MKR=μãF=
~åÇ=Ñáää=ÇáÑÑÉêÉåí=îçäìãÉë=çÑ=íÜÉ=ãáñíìêÉ=áå=~=VSJïÉää=éä~íÉ=EíÜÉ=ä~êÖÉê=Åêçëë=ëÉÅíáçå=~êÉ~=
~î~áä~ÄäÉ=áå=ëìÅÜ=~=ïÉää=ÉåëìêÉë=åç=Åêçëë=í~äâ=ÄÉíïÉÉå=åÉáÖÜÄçêáåÖ=ïÉääëFK=qê~åëãáëëáçå=
ãÉ~ëìêÉãÉåíë= ÅçåÑáêã= íÜ~í= íÜÉ=lmi= çÑ= éÜÉåçä= êÉÇ= áå=ï~íÉê= áåÅêÉ~ëÉë= äáåÉ~êäó=ïáíÜ=ܮ=
EcáÖK=OKSÅFI= ïÜÉêÉ~ë= áå= ï~íÉêLmp= ÄÉ~Ç= ÇáëéÉêëáçå= áí= Öêçïë= èì~Çê~íáÅ~ääó= ïáíÜ= =Kܮ cçê=
ÅçåîÉåíáçå~ä=~Äëçêéíáçå=ëéÉÅíêçëÅçéó=ܮ= ÅÜ~åÖÉë= Ñêçã=Q= íç=NM=ããI=ïÜÉêÉ~ë= Ñçê=jb^p=
~å=lmi=áåÅêÉ~ëÉ=Ñêçã=NPKO=íç=TP=ãã=ï~ë=çÄëÉêîÉÇ=~ë=ëÜçïå=áå=cáÖK=OKSÅI=ÅçêêÉëéçåÇáåÖ=
íç=~=ÅÜ~åÖÉ=áå=~Äëçêéíáçå=ÉåÜ~åÅÉãÉåí=݇=Ñêçã=PKP=íç=TKPK==

OKPKT péÉÅíê~ä=ÇÉéÉåÇÉåÅÉ=çÑ=íÜÉ=é~íÜ=äÉåÖíÜ=ÉåÜ~åÅÉãÉåí=

qáää= åçïI= f= ÇÉíÉêãáåÉÇ=݇= çåäó= Ñçê= ~= ëáåÖäÉ=ï~îÉäÉåÖíÜK= ^ë= Ñçääçïë= Ñêçã=bèëK= EOKPF= ~åÇ=
EOKNMFI= ݇= ÅÜ~åÖÉë= ïáíÜ= íÜÉ= ï~îÉäÉåÖíÜ= ÇìÉ= íç= íÜÉ= ÇáëéÉêëáîÉ= å~íìêÉ= çÑ=ܳ௦௖௔= xNPTzK= ^ë=
áåÇáÅ~íÉÇ=áå=íÜÉ=^ééÉåÇáñ=_I=Ñçê=íÜÉ=ÉñéÉêáãÉåíë=çå=éÜÉåçä=êÉÇI=ÖçäÇ=å~åçé~êíáÅäÉë=~åÇ=
Éåîó=ÖêÉÉå=êÉéçêíÉÇ=ÜÉêÉI=݇=ÅÜ~åÖÉë=çåäó=Äó=OB=áå=íÜÉ=ï~îÉäÉåÖíÜ=ê~åÖÉ=çÑ=QRMÓSRM=åã=
E݀=Z=MKR=μãI=ܨ=Z=MKMNMQI=ܮ=Z=Q=ããFI=ïáíÜ=íÜÉ= ä~êÖÉëí=î~äìÉ=çÑ=݇=çÄí~áåÉÇ=Ñçê=íÜÉ=ëã~ääÉëí=
ï~îÉäÉåÖíÜI= áå= ÖççÇ= ~ÖêÉÉãÉåí= ïáíÜ= jáÉ= ëÅ~ííÉêáåÖ= xNPTzK= qÜÉ= çéíáÅ~ä= ÇáëéÉêëáçå=
áåÅêÉ~ëÉë=ÑìêíÜÉê=ïáíÜ=íÜÉ=ÅÉää=íÜáÅâåÉëë=ܮI=íÜÉ=ܨ=Ñ~Åíçê=~åÇ=íÜÉ=mp=ÄÉ~Çë=Çá~ãÉíÉê=݀K==

OKQ j~ñáã~ä=~Äëçêéíáçå=êÉÖáãÉ=áå=ê~åÇçã=ãÉÇá~=

`çääÉÅíáåÖ= äáÖÜí= íê~åëãáííÉÇ= íÜêçìÖÜ=ê~åÇçã=ãÉÇá~=ÖáîÉë=~ÅÅÉëë= íç=éÜçíçåë=ïáíÜ= äçåÖ=
çéíáÅ~ä= é~íÜëK= eçïÉîÉêI= áå= íÜáë= ÅçåÑáÖìê~íáçå=ãçëí= çÑ= íÜÉ= äáÖÜí= áë= äçëíK= få= íÜÉ= éêÉëÉåí=
ëÉÅíáçåI= f= ~áã= íç= ÑáåÇ= ÅçåÇáíáçåë= çÑ= ã~ñáã~ä= ~Äëçêéíáçå= çÑ= äáÖÜí= áå= íÜÉ= éêÉëÉåÅÉ= çÑ=



`Ü~éíÉê=O=jìäíáëÅ~ííÉêáåÖ=áå=ê~åÇçã=ãÉÇá~=Ñçê=ëÉåëáåÖ=~ééäáÅ~íáçåë=

OM 

ê~åÇçã=ãÉÇáìãK=qÜáë=êÉÖáãÉ=ïçìäÇ=ÅçêêÉëéçåÇ=íç=íÜÉ=çéíáã~ä=ÅçìéäáåÖ=ÄÉíïÉÉå=äáÖÜí=
~åÇ= íÜÉ= ~ÄëçêÄÉêK= ^ÇÇáíáçå~ääóI= áÑ= çåÉ= ÑáåÇë= íÜÉ=ï~ó= íç= ÅçääÉÅí= ~ää= åçåJ~ÄëçêÄÉÇ= äáÖÜíI=
íÜÉå= ã~ñáã~ä= ~Äëçêéíáçå= ïçìäÇ= ~äëç= äÉ~Ç= íç= íÜÉ= ÄÉëí= ëÉåëáåÖK= táíÜ= íÜáë= áå= ãáåÇI= f=
ëíìÇáÉÇ=íÜêÉÉJÇáãÉåëáçå~ä=ê~åÇçã=ãÉÇáìã=ïáíÜ=î~êóáåÖ=ÑáääáåÖ=Ñ~Åíçêë=Ó=ê~åÖáåÖ=Ñêçã=~=
ÜçãçÖÉåçìë= ãÉÇáìã= íç= ~= ÇáÑÑìëáçåJäáâÉ= ~åÇI= Ñáå~ääóI= íç= ~= ÅäçëÉJé~ÅâÉÇ= ê~åÇçã=
ãÉÇáìã=Ó=áå=~å=~ÄëçêÄáåÖ=Ä~ÅâÖêçìåÇ=ìëáåÖ=åìãÉêáÅ~ä=ëáãìä~íáçåëK=qç=íÜáë=ÉåÇI=î~ëí=
åìãÄÉê=çÑ=íÜÉçêÉíáÅ~ä=ïçêâë=íÜ~í=ëíìÇáÉÇ=êÉÑäÉÅíáçå=~åÇ=íê~åëãáëëáçå=çÑ=äáÖÜí=áå=ê~åÇçã=
ãÉÇá~=ïáíÜ=~Äëçêéíáçå=çê=Ö~áå=Ü~ë=íç=ÄÉ=~ÅâåçïäÉÇÖÉÇ=xNPUJNRMzK=qÜáë=ïçêâ=áë=ÇáëíáåÅí=
ÄÉÅ~ìëÉ= íÜÉ= ÉÑÑÉÅíë= çÑ= ÖÉçãÉíêáÅ~ä= é~ê~ãÉíÉêë= ~ë=ïÉää= ~ë= ëÅ~ííÉêáåÖ= éêçéÉêíáÉë= çå= íÜÉ=
~ÄëçêÄÉÇ=ÉåÉêÖó=~êÉ=Éñ~ãáåÉÇK=^ÇÇáíáçå~ääóI=ÉãÄÉÇÇáåÖ=íÜÉ=ê~åÇçã=ãÉÇáìã=áåíç=~å=
çéÉå= Å~îáíó= áåÅêÉ~ëÉë= íÜÉ= ~ÄëçêÄÉÇ= ÉåÉêÖó= ÑìêíÜÉêI= éêçîáÇáåÖ= OPJÑçäÇ= ÉåÜ~åÅÉãÉåí=
Åçãé~êÉÇ= íç= íÜÉ= ê~åÇçã= ãÉÇáìã= ïáíÜçìí= Å~îáíóK= ^ë= ~= éçíÉåíá~ä= ~ééäáÅ~íáçåI= f=
íÜÉçêÉíáÅ~ääó=ÇÉãçåëíê~íÉ=íÜ~í=ê~åÇçã=ãÉÇáìã=áãéêçîÉë=íÜÉ=~Äëçêéíáçå=çÑ=äáÖÜí=áå=íÜÉ=
ÉñáëíáåÖ=äáÖÜí=íê~ééáåÖ=ëóëíÉãK=få=íÜáë=ëÉÅíáçåI=f=ìëÉ=~å=~Äëçêéíáçå=ÅçÉÑÑáÅáÉåí=α=Z=PM=ãJN=
~åÇ=íÜÉ=áåÅáÇÉåí=ÑêÉÉJëé~ÅÉ=ï~îÉäÉåÖíÜ=áë=λ=Z=RRM=åãK==

OKQKN fÇÉåíáÑóáåÖ=ã~ñáã~ä=~Äëçêéíáçå=

^ë= íÜÉ= ÑáääáåÖ= Ñ~Åíçê=ܨ=çÑ= íÜÉ= ê~åÇçã=ãÉÇáìã=áë= áåÅêÉ~ëÉÇI=்ܱܲܮ= áåÅêÉ~ëÉë= Ñêçã=ÄÉáåÖ=
Éèì~ä= íç= íÜÉ= íÜáÅâåÉëë= çÑ= íÜÉ=ãÉÇáìã=ܮ= EÜçêáòçåí~ä=Ç~ëÜÉÇ= äáåÉ= áå= cáÖK= OKT~F= íç=ãìÅÜ=
ä~êÖÉê= î~äìÉë= ÅçêêÉëéçåÇáåÖ= íç= íÜÉ=ãìäíáëÅ~ííÉêáåÖ= êÉÖáãÉK= eçïÉîÉêI= Ñçê=ܨ=[=N=B= çåäó=
ëã~ää=é~êí=çÑ=ÉåÉêÖó=áë=íê~åëãáííÉÇ=áå=íÜÉ=Ñçêï~êÇ=ÇáêÉÅíáçå=~ë=áåÇáÅ~íÉÇ=Äó=ÄäìÉ=äáåÉ=áå=
íÜÉ=áåëÉí=çÑ=cáÖK=OKTÄK=`çåÅìêêÉåíäóI=ܱܲܮோ=êáëÉë=ëäáÖÜíäó=~í=Ñáêëí=ÇìÉ=íç=íÜÉ=ãìäíáëÅ~ííÉêáåÖI=
Äìí=ÇÉÅêÉ~ëÉë=Ñçê=ܨ=[=N=B=ÄÉÅ~ìëÉ=íÜÉ=ë~ãéäÉ=êÉÑäÉÅíáîáíó=áåÅêÉ~ëÉëK=qÜÉ=å~íìêÉ=çÑ= äáÖÜí=
éêçé~Ö~íáçå=ÉîçäîÉë=Ñêçã=Ä~ääáëíáÅ=íç=ÜáÖÜäó=ëÅ~ííÉêáåÖW=~ÅÅçêÇáåÖ=íç=bèK=EOKNFI=íÜÉ=ãÉ~å=
ÑêÉÉ=é~íÜ= ݈௙௥௘௘= ÅÜ~åÖÉë= Ñêçã=ëÉîÉê~ä=ãÉíÉêë= EÑçê=ܨ=Y=NMJQ=BF= íç= çåäó= ~= ÑÉï=ãáÅêçãÉíÉêë=

Eܨ=[=NM=BFK==

få=ëìÅÜ=~=ëóëíÉãI=íÜÉ=~ÄëçêÄÉÇ=ÉåÉêÖó=ܧ௔௕௦=ÉñÜáÄáíë=~=åçåJãçåçíçåáÅ=ÇÉéÉåÇÉåÅÉ=íÜ~í=
éÉ~âë= ~í= =௖௥௜=Z=NKP=Bܨ ÅçêêÉëéçåÇáåÖ= íç= ݈௙௥௘௘=Z=T=μã= EcáÖK= OKTÄFK= qÜáë= ÄÉÜ~îáçìê= áë=
~ëëçÅá~íÉÇ= ïáíÜ= ÇáÑÑÉêÉåí= êÉÖáãÉë= çÑ= äáÖÜí= éêçé~Ö~íáçåW= ïÉ~â= EfFI= ãçÇÉê~íÉ= EffF= ~åÇ=
ëíêçåÖ= EfffF= EcáÖK= OKTÅFK= få= íÜÉ=ïÉ~â= ëÅ~ííÉêáåÖ= êÉÖáãÉ= Eܨ=YY=N=BFI=ãçëí=çÑ= íÜÉ=ÉåÉêÖó= áë=
íê~åëãáííÉÇ= áå= íÜÉ= Ñçêï~êÇ= ÇáêÉÅíáçå= ~äçåÖ= íÜÉ= é~íÜ= çÑ= áåÅáÇÉåí= äáÖÜí= ~åÇI= íÜìëI= =௔௕௦ܧ
Öêçïë=ïáíÜ=்ܱܲܮK= få= íÜÉ=ãçÇÉê~íÉ=çê=ëçJÅ~ääÉÇ=ÇáÑÑìëáçå=êÉÖáãÉI=~ää=éÜçíçåë= äçëÉ=íÜÉáê=
áåáíá~ä=ÇáêÉÅíáçå=~ÑíÉê=Ü~îáåÖ=íê~îÉääÉÇ=~Äçìí=NMM=μã=áå=íÜÉ=ãÉÇáìã=~åÇ=ëéêÉ~Ç=çîÉê=íÜÉ=
ÉåíáêÉ=~ÄëçêÄÉê=îçäìãÉK=få=íÜÉ=ëíêçåÖäó=ëÅ~ííÉêáåÖ=êÉÖáãÉ=Eܨ=[=R=BFI=íÜÉ=ÉåÉêÖó=áë=ãçëíäó=
Ä~ÅâêÉÑäÉÅíÉÇI= ëç= íÜ~í= åÉÖäáÖáÄäÉ= ~ãçìåí= çÑ= äáÖÜí= êÉ~ÅÜÉë= íÜÉ= Çáëí~åí= é~êíë= çÑ= íÜÉ=
~ÄëçêÄÉê= EÄä~Åâ= êÉÖáçåë= áå= íÜÉ= Åçäçêã~éFK= få= íÜáë= Å~ëÉI=ܧ௔௕௦= Ñçääçïë= íÜÉ= ë~ãÉ= íêÉåÇ=~ë=
=ோIܮܱܲ ÇÉÅêÉ~ëáåÖ=ïáíÜ= áåÅêÉ~ëáåÖ=ܨK= qÜÉêÉÑçêÉI=ã~ñáã~ä= ~Äëçêéíáçå= çÅÅìêë= ïÜÉå= íÜÉ=
åìãÄÉê=çÑ=ëÅ~ííÉêÉêë=áë=ÜáÖÜ=ÉåçìÖÜ=íÜ~í=íÜÉ=áåÅáÇÉåí=äáÖÜí=ÉñéÉêáÉåÅÉë=ãìäíáëÅ~ííÉêáåÖI=
Äìí=äçï=ÉåçìÖÜ=íÜ~í=íÜÉ=äáÖÜí=áë=åçí=ëíêçåÖäó=ÅçåÑáåÉÇ=ÅäçëÉ=íç=íÜÉ=áåÅáÇÉåí=áåíÉêÑ~ÅÉ=~åÇ=
ÄÉåÉÑáíë=Ñêçã=íÜÉ=Ñìää=~ÄëçêÄÉê=îçäìãÉK=cáå~ääóI=äÉí=ìë=ÉãéÜ~ëáòÉ=íÜÉ=ÇáÑÑÉêÉåÅÉ=ÄÉíïÉÉå=
ã~ñáã~ä=~Äëçêéíáçå=~åÇ=ã~ñáã~ä=்ܱܲܮI=ïÜáÅÜ=áë=Åçããçåäó=ìëÉÇ=áå=ëÉåëáåÖ=xUPzK=qÜÉ=
ä~ííÉê=áë=ÅÜ~ê~ÅíÉêáòÉÇ=Äó=äçï=íê~åëãáëëáçåI=ÜáÖÜ=î~äìÉë=çÑ=்ܱܲܮ=~åÇ=ÜÉåÅÉ=ÄÉåÉÑáíë=Ñêçã=
ÜáÖÜ=ܨ=î~äìÉë=áå=Åçåíê~ëí=íç=ã~ñáã~ä=~ÄëçêéíáçåK==



OKQ=j~ñáã~ä=~Äëçêéíáçå=êÉÖáãÉ=áå=ê~åÇçã=ãÉÇá~=

ON 

 
cáÖìêÉ=OKTK=^Äëçêéíáçå=áå=~=ê~åÇçã=ãÉÇáìãK=E~F=léíáÅ~ä=é~íÜ=äÉåÖíÜë=்ܱܲܮ=~åÇ=ܱܲܮோ=áå=
~= ÅìÄáÅ= ê~åÇçã= ãÉÇáìã= Eܮ ൈ ݓ ൈ =Fݓ ïáíÜ= =Z=RMM=μã=ܮ ~åÇ= =Z=RMM=μã=ݓ ÑçêãÉÇ= Äó=
ëéÜÉêáÅ~ä= ëÅ~ííÉêÉêë= E݀=Z=MKR=μãI=݊=Z=OKSFK=qÜÉ=Ç~ëÜÉÇ=Üçêáòçåí~ä= äáåÉ= ÅçêêÉëéçåÇë= íç=ܮK=
qÜÉ= áåëÉí= ëÜçïë= íÜÉ= ÖÉçãÉíêó= ìåÇÉê= ëíìÇóK= EÄF= ^ÄëçêÄÉÇ= ÉåÉêÖó=ܧ௔௕௦= áå= íÜÉ= ê~åÇçã=
ãÉÇáìãK= qÜÉ= áåëÉí= ëÜçïë= íÜÉ= åçêã~äáòÉÇ= íê~åëãáííÉÇ= ܶ= EÇ~êâ= ÄäìÉF= ~åÇ= êÉÑäÉÅíÉÇ= ܴ=
EêÉÇF= áåíÉåëáíó=çÑ= äáÖÜíK= EÅF= içÖ~êáíÜãáÅ= ÉåÉêÖó=ÇáëíêáÄìíáçå=çÑ= íÜÉ= äáÖÜí=éêçé~Ö~íáåÖ= áå=
íÜÉ=ÅÉåíê~ä=éä~åÉ=çÑ=íÜÉ=ê~åÇçã=ãÉÇáìã=ÇÉëÅêáÄÉÇ=áå=E~F=ÅçêêÉëéçåÇáåÖ=íç=EfF=ܨ=Z=NMJQ=BI=
EffF=ܨ=Z=N=BI= ~åÇ= EfffF=ܨ=Z=NM=BK=qÜÉ=Åçäçê= ëÅ~äÉ= áë= Åçããçå= íç=~ää= íÜêÉÉ= Åçäçêã~éëK=qÜÉ=
ÇáãÉåëáçåë=~êÉ=ÖáîÉå=áå=ãáÅêçãÉíÉêëK=

=

OKQKO bÑÑÉÅí=çÑ=ÖÉçãÉíêáÅ~ä=~åÇ=ëÅ~ííÉêáåÖ=éêçéÉêíáÉë=çå=íÜÉ=~Äëçêéíáçå=

qÜÉ=~ÄëçêÄÉÇ=ÉåÉêÖó=áë=ÇÉíÉêãáåÉÇ=Äó=íÜÉ=ÖÉçãÉíêáÅ~ä=ëáòÉ=~åÇ=íÜÉ=çéíáÅ~ä=éêçéÉêíáÉë=çÑ=
íÜÉ=ê~åÇçã=ãÉÇáìãK=qç=ëíìÇó=íÜÉ=Ñáêëí=ÉÑÑÉÅíI=ÅçåëáÇÉê=áå=cáÖK=OKU~=ê~åÇçã=ãÉÇá~=ïáíÜ=
î~êáçìë= ïáÇíÜ= =Iݓ ïÜáäÉ= âÉÉéáåÖ= =ܮ Åçåëí~åí= ~í= RMM=μãK= cçê= =Y=NMJP=BI=ܨ =௔௕௦ܧ ÇçÉë= åçí=
ÇÉéÉåÇ= çå= =ݓ ÄÉÅ~ìëÉ= äáÖÜí= éêçé~Ö~íÉë= ãçëíäó= ïáíÜçìí= ëÅ~ííÉêáåÖ= ÉîÉåíë= EcáÖK= OKU~FK=
aÉÑáåáåÖ=ܧ଴= ~ë= íÜÉ= ~ÄëçêÄÉÇ= ÉåÉêÖó= áå= íÜÉ= ~ÄëÉåÅÉ= çÑ= ëÅ~ííÉêÉêëI= f= çÄëÉêîÉÇ= íÜ~í= íÜÉ=
éêÉëÉåÅÉ= çÑ= ~= ê~åÇçã=ãÉÇáìã= áåÅêÉ~ëÉë=ܧ௔௕௦= ~ë= Åçãé~êÉÇ= íç=ܧ଴= Ñçê=ݓ=Z=RMM=μã=~åÇ=
TRM=μãI=cáÖK=OKU~K=^í=íÜÉ=ë~ãÉ=íáãÉI=Ñçê=ݓ=Z=ORM=μã=~åÇ=NMM=μãI=ܧ௔௕௦=Ñáêëí=ÇÉÅêÉ~ëÉë=ïáíÜ=
áåÅêÉ~ëáåÖ=ܨ=~åÇ=íÜÉå=êÉ~ÅÜÉë=~=äçÅ~ä=ã~ñáãìãK=qÜáë=áë=ÄÉÅ~ìëÉ=Ñçê=ëìÅÜ=ëã~ää=ä~íÉê~ä=
ÇáãÉåëáçåëI= éÜçíçåë= íÜ~í= ìåÇÉêÖç= ëÅ~ííÉêáåÖ= ÉîÉåíë= éêÉÇçãáå~åíäó= Éñáí= íÜÉ= ëóëíÉã=
Ñêçã=íÜÉ=ëáÇÉëI=êÉëìäíáåÖ=áå=~=äçïÉê=lmi=~ë=Åçãé~êÉÇ=íç=éÜçíçåë=íÜ~í=éêçé~Ö~íÉ=~äçåÖ=
íÜÉ=áåÅáÇÉåí=ÇáêÉÅíáçå=áå=íÜÉ=~ÄëÉåÅÉ=çÑ=ê~åÇçã=ãÉÇáìãK=táíÜ=ÑìêíÜÉê=áåÅêÉ~ëÉ=çÑ=ܨI=íÜÉ=
ÉãÉêÖÉåÅÉ= çÑ= ãìäíáëÅ~ííÉêáåÖ= áãéêçîÉë= lmi= ~åÇ= =௔௕௦ܧ êÉ~ÅÜÉë= áíë= äçÅ~ä= ã~ñáãìãK=



`Ü~éíÉê=O=jìäíáëÅ~ííÉêáåÖ=áå=ê~åÇçã=ãÉÇá~=Ñçê=ëÉåëáåÖ=~ééäáÅ~íáçåë=

OO 

eçïÉîÉêI= Ñçê=ܨ=[=NM=BI=ܧ௔௕௦=ÇÉÅêÉ~ëÉë=áå=~ää=Å~ëÉë=ÄÉÅ~ìëÉ=çÑ=íÜÉ=ëíêçåÖ=êÉÑäÉÅíáçåK=fÑ=ݓ=
áåÅêÉ~ëÉë=~ÄçîÉ=RMM=μãI= íÜÉ=éÉ~â=î~äìÉ=çÑ=ܧ௔௕௦= EïÜáÅÜ= f=Å~ää=ܧ௠௔௫F= Öêçïë=ìåíáä= áí= ë~íìJ
ë~íìê~íÉë=Ñçê=ݓ=[=NMMM=μãI=áãéäóáåÖ=íÜ~í=Ñçê=îÉêó=ïáÇÉ=ë~ãéäÉë=ܧ௔௕௦=áë=äáãáíÉÇ=åçí=Äó=íÜÉ=
ä~íÉê~ä=ÅçåÑáåÉãÉåíI=Äìí=Äó=íÜÉ=éÜçíçåë=ÉëÅ~éáåÖ=íÜêçìÖÜ=íÜÉ=íçé=~åÇ=Äçííçã=ëìêÑ~ÅÉë=
EcáÖK=OKUÅFK= qÜÉêÉÑçêÉI= Ñçê= íÜçëÉ= é~ê~ãÉíÉêëI= íÜÉ= éêÉëÉåÅÉ= çÑ= ~= ê~åÇçã= ãÉÇáìã=
áãéêçîÉë=ܧ௔௕௦=~ë=Åçãé~êÉÇ=íç=ܧ଴I=çåäó=áÑ=ݓ=≥=MKU	ܮK=

=

cáÖìêÉ= OKUK= bÑÑÉÅí= çÑ= ÖÉçãÉíêáÅ~ä= ~åÇ= ëÅ~ííÉêáåÖ= éêçéÉêíáÉë= áå= ÑêÉÉ= ê~åÇçã= ãÉÇáìãK=
^ÄëçêÄÉÇ= ÉåÉêÖó= =௔௕௦ܧ Ñçê= ~= ëèì~êÉ= éêáëã= ïáíÜ= ÇáãÉåëáçåë= ܮ ൈ ݓ ൈ =ݓ ÑáääÉÇ= ïáíÜ= ~=
ê~åÇçã=ãÉÇáìã=ïÜÉå=î~êóáåÖW=E~F=íÜÉ=ïáÇíÜ=ݓ=Eܮ=Z=RMM=μãI=݀=Z=MKR=μãI=݊=Z=OKSFX=EÄF=íÜÉ=
äÉåÖíÜ= =ܮ Eݓ=Z=RMM=μãI= ݀=Z=MKR=μãI= ݊=Z=OKSFX= EÅF= íÜÉ= ÇÉéÉåÇÉåÅÉ= çå=ݓ= çÑ= íÜÉ=ã~ñáãìã=
~ÄëçêÄÉÇ=ÉåÉêÖó=ÉåÜ~åÅÉãÉåí=ܧ௠௔௫/ܧ଴X=EÇF=ܧ௠௔௫/ܧ଴	~ë=~=ÑìåÅíáçå=çÑ=ܮX=EÉF=íÜÉ=êÉÑê~ÅíáîÉ=
áåÇÉñ=݊= Eܮ=Z=ݓ=ZRMM=μãI=݀=Z=MKR=μãFX= ~åÇ= EÑF= íÜÉ= ëÅ~ííÉêÉêë= Çá~ãÉíÉê=݀= Eܮ=Z=ݓ=ZRMM=μãI=
݊=Z=OKSFK==



OKQ=j~ñáã~ä=~Äëçêéíáçå=êÉÖáãÉ=áå=ê~åÇçã=ãÉÇá~=

OP 

kÉñíI=f=î~êáÉÇ=ܮ=ïÜáäÉ=âÉÉéáåÖ=~=Åçåëí~åí=ïáÇíÜ=ݓ=Z=RMM=μãK=cáÖìêÉ=OKUÄ=ëÜçïë=íÜ~í=Ñçê=
௔௕௦=Ñçääçïë=~=ÄÉääJëÜ~éÉÇ=ÅìêîÉK=eçïÉîÉêI=f=çÄJܧ=Fܮ=≤=ݓZ=NMM=μãI=ORM=μã=~åÇ=RMM=μã=E=ܮ
çÄëÉêîÉÇ= ~= äçÅ~ä= ãáåáãìã= Ñçê= =Z=TRM=μã=ܮ ~í= =Z=MKN=BI=ܨ ïÜáÅÜ= êÉëÉãÄäÉë= íÜÉ= =௔௕௦ܧ
ÄÉÜ~îáçìê= Ñçê= =Y=ORM=μã=ݓ çÄëÉêîÉÇ= éêÉîáçìëäóK= cçê= =NMMM=μã=]=ܮ çê= =IܮMKU=≥=ݓ íÜÉ=
ÉåÜ~åÅÉãÉåí=ÇìÉ=íÜÉ=éêÉëÉåÅÉ=çÑ=~=ê~åÇçã=ãÉÇáìã=ܧ௠௔௫/ܧ଴=íÉåÇë=íçï~êÇ=ìåáíó=EïáíÜ=
=௖௥௜ܨ ÖçáåÖ= íç= òÉêçFI= ÇÉãçåëíê~íáåÖ= íÜ~í= áåÅêÉ~ëáåÖ= =ܮ áë= åçí= ÄÉåÉÑáÅá~ä= ïáíÜçìí=
ëáãìäí~åÉçìëäó= áåÅêÉ~ëáåÖ=ݓ= EcáÖK=OKUÇFK= fÑ=ܮ=Y=NM=μã=íÜÉ=ë~ãéäÉ=Åçåëáëíë=çåäó=çÑ=~= ÑÉï=
ä~óÉêë=çÑ=ëÅ~ííÉêÉêë=~åÇ=ÇçÉë=åçí=ëìééçêí=ãìäíáëÅ~ííÉêáåÖI=íÜÉêÉÑçêÉ=ܧ௠௔௫/ܧ଴=~Ö~áå=ÖçÉë=
íç=ìåáíóK=f=ÇáÇ=åçí=çÄëÉêîÉ=~=ëáãáä~ê=ÄÉÜ~îáçìê=Ñçê=ä~êÖÉ=ݓ=~åÇ=ܮ=Z=RMM=μã=ëáåÅÉ=áå=íÜ~í=
Å~ëÉ=íÜÉ=ãÉÇáìã=ï~ë=~äï~óë=áå=íÜÉ=ãìäíáëÅ~ííÉêáåÖ=êÉÖáãÉK=qÜÉ=éêÉëÉåÅÉ=çÑ=~=ê~åÇçã=
ãÉÇáìã=ÄêáåÖë=ã~ñáãìã=áãéêçîÉãÉåí=Eܧ௠௔௫/ܧ଴=êÉ~ÅÜÉë=áíë=ã~ñáãìã=î~äìÉ=çÑ=OKQF=Ñçê=
~=Çáëí~åÅÉ=çÑ=ܮ=ú=OMM=μãI=ïÜáÅÜ=ÅçêêÉëéçåÇë=íç=ݓ=ú=OKRܮK==

=

q~ÄäÉ=OKNK=mêçéÉêíáÉë=çÑ=ëÅ~ííÉêÉêë=çÑ=ÇáÑÑÉêÉåí=êÉÑê~ÅíáîÉ=áåÇÉñ=݊=E݀=Z=MKR=μãFK=

݊== ݃= ܳ௦௖௔= =௖௥௜=Eé~êíKLãäFܥ =௖௥௜=EBFܨ ݈௙௥௘௘ =EμãF=~í=ܨ௖௥௜= ݈∗=EμãF= =௠௔௫ܧ
NKS= MKTS MKTU= UKRVˇNMNN RKSO TKSN PNKSU= MKMPNS

OKM= MKTO PKSP= NKUQˇNMNN NKOM TKSP OTKPP= MKMPMS

OKS= MKQR PKSO= NKURˇNMNN NKON TKSN NPKUQ= MKMORO

=

q~ÄäÉ=OKOK=mêçéÉêíáÉë=çÑ=ëÅ~ííÉêÉêë=çÑ=ÇáÑÑÉêÉåí=Çá~ãÉíÉê=݀=E݊=Z=OKSFK=

݀=EμãF== ݃= ܳ௦௖௔= =௖௥௜=Eé~êíKLãäFܥ =௖௥௜=EBFܨ ݈௙௥௘௘ =EμãF=~í=ܨ௖௥௜= ݈∗=EμãF= =௠௔௫ܧ

MKR= MKQR PKSO= NKURˇNMNN NKON TKSN NPKUQ= MKMORO

N= MKSR PKPN= RKMQˇNMNM OKSQ TKSO ONKUM= MKMOVN

O= MKSU OKSO= NKRVˇNMNM SKSS TKSQ OPKUU= MKMOVV

=

iÉí=ìë=åçï=ëíìÇó=íÜÉ=ÉÑÑÉÅí=çÑ=íÜÉ=ëÅ~ííÉêÉê=êÉÑê~ÅíáîÉ=áåÇÉñ=݊=~åÇ=ëáòÉ=݀=ïÜáäÉ=íÜÉ=çíÜÉê=
é~ê~ãÉíÉêë=~êÉ=âÉéí= ÑáñÉÇK=cáÖìêÉë=OKUÉI= êÉëéÉÅíáîÉäó=OKUÑI=ÇÉéáÅí=ܧ௔௕௦~ë=~= ÑìåÅíáçå=çÑ=ܨ=
Ñçê=ëÉäÉÅíÉÇ=î~äìÉë=çÑ=݊I=êÉëéÉÅíáîÉäó=݀K=qÜÉëÉ=é~ê~ãÉíÉêë=~ÑÑÉÅí=íÜÉ=î~äìÉë=çÑ=ܳ௦௖௔=~åÇ=݃=
Ñçê= áåÇáîáÇì~ä= ëÅ~ííÉêÉêë= ~ë= ëÜçïå= áå= q~ÄäÉë=OKN= ~åÇ= OKOK= tÜáäÉ= ~ää= =௔௕௦ܧ ÅìêîÉë= Ü~îÉ=
ëáãáä~ê=ëÜ~éÉëI=íÜÉ=î~äìÉë=Ñçê=ܨ௖௥௜=~åÇ=ܧ௠௔௫=ÇáÑÑÉêK=cìêíÜÉêãçêÉI=åçíáÅÉ=Üçï=ãÉÇá~=ïáíÜ=
ëéÜÉêÉë=íÜ~í=Ü~îÉ=ëáãáä~ê=݃=E݊=Z=NKS=~åÇ=OKMF=çê=ܳ௦௖௔=E݊=Z=OKM=~åÇ=OKSF=ëíáää=Ü~îÉ=ÇáÑÑÉêÉåí=
=௖௥௜Kܨ få=q~ÄäÉ=OKOI=f=çÄëÉêîÉ=íÜ~í=íÜÉ=ã~áå=é~ê~ãÉíÉê=ÇÉíÉêãáåáåÖ=äáÖÜí=ÅçåÑáåÉãÉåí=áå=
íÜÉ= ê~åÇçã= ãÉÇáìã= ݈௙௥௘௘= ëÜçïë= ~äãçëí= áÇÉåíáÅ~ä= î~äìÉë= ~í= =௖௥௜ܨ Ñçê= íÜÉ= ÇáÑÑÉêÉåí=
Çá~ãÉíÉêë=݀K=eÉåÅÉ=íÜÉ=ã~ñáã~ä=~Äëçêéíáçå=êÉÖáãÉ=áë=äáåâÉÇ=íç=ÅÉêí~áå=݈௙௥௘௘=Ñçê=~=ÖáîÉå=

ÖÉçãÉíêáÅ~ä=ÅçåÑáÖìê~íáçåK=cçê=Éñ~ãéäÉI=áí=áë=ÅäÉ~ê=Ñêçã=bèK=EOKPF=íÜ~í=áåÅêÉ~ëáåÖ=݀=ïÜáäÉ=
âÉÉéáåÖ=ܥ௉ௌ=Åçåëí~åí=ïçìäÇ=ÇÉÅêÉ~ëÉ=݈௙௥௘௘K=qÜ~í=áëI=íç=~ÅÜáÉîÉ=íÜÉ=ë~ãÉ=î~äìÉ=çÑ=݈௙௥௘௘=Ñçê=

áåÅêÉ~ëáåÖ=î~äìÉë=çÑ=݀I=ïÉ=Ü~îÉ=íç=ÇÉÅêÉ~ëÉ=ܥ௉ௌK=qÜáë=áë=ïÜó=ܥ௖௥௜ÇÉÅêÉ~ëÉë=çå=áåÅêÉ~ëáåÖ=



`Ü~éíÉê=O=jìäíáëÅ~ííÉêáåÖ=áå=ê~åÇçã=ãÉÇá~=Ñçê=ëÉåëáåÖ=~ééäáÅ~íáçåë=

OQ 

݀= ~ë= ëÉÉå= áå= q~ÄäÉ= OKOK= qÜÉ= ÄÉÜ~îáçìê= çÄëÉêîÉÇ= ÜÉêÉ= áë= ëáãáä~ê= íç= ê~åÇçã= ä~ëÉêë= Ñçê=
ïÜáÅÜ= ݈௙௥௘௘= ÇÉíÉêãáåÉë= íÜÉáê= èì~äáíó= Ñ~Åíçê= xSVzK= cáå~ääóI= ~ë= ÉîáÇÉåí= Ñêçã= cáÖKOKU~= ~åÇ=

OKUÄI=íÜÉ=î~äìÉ=çÑ=ܨ௖௥௜=~äëç=ÇÉéÉåÇë=çå=íÜÉ=ÖÉçãÉíêó=çÑ=íÜÉ=ê~åÇçã=ãÉÇáìãK==

^äíÜçìÖÜ= ݈௙௥௘௘=ÇÉÑáåÉë= íÜÉ=éçëáíáçå=çÑ=ã~ñáã~ä=ÉåÉêÖóI=ܧ௠௔௫=î~äìÉë=~êÉ=ÇáÑÑÉêÉåíK=cêçã=

q~ÄäÉë=OKN=~åÇ=OKOI=åçíáÅÉ=~=ÅçêêÉä~íáçå=ÄÉíïÉÉå=íÜÉ=ãÉ~å=ÑêÉÉ=é~íÜ=݈∗=~åÇ=ܧ௠௔௫K=få=íÜÉ=
ÇáÑÑìëáîÉ=êÉÖáãÉI=~ää=lmië=~åÇI=áå=íìêåI=ܧ௔௕௦I=ëÅ~äÉ=ïáíÜ=݈∗=xNRNzK=qÜáë=áë=íÜÉ=êÉ~ëçå=ïÜó=݈∗=
ÇÉíÉêãáåÉë=ܧ௠௔௫K=

OKQKP o~åÇçã=ãÉÇáìã=áå=~å=çéÉå=Å~îáíó=

qç= áåÅêÉ~ëÉ= íÜÉ=~ÄëçêÄÉÇ=ÉåÉêÖó= áå= íÜÉ=ê~åÇçã=ãÉÇáìãI= f=ÉãÄÉÇÇÉÇ= áí= áåíç=~å=çéÉå=
Ñìääó=êÉÑäÉÅíáîÉ=Å~îáíóI=ïÜáÅÜ=Åçåí~áåë=íïç=ëèì~êÉ=çéÉåáåÖë=ïáíÜ=ÇáãÉåëáçåë=ݏ ൈ =W=çåÉ=~íݏ
íÜÉ=ÅÉåíÉê=çÑ=íÜÉ=íçé=~åÇ=çåÉ=~í=íÜÉ=Äçííçã=Ñ~ÅÉ=Ñçê=íÜÉ=êÉÑäÉÅíÉÇ=~åÇ=íê~åëãáííÉÇ=äáÖÜí=
EëÉÉ=íÜÉ=áåëÉí=áå=cáÖK=OKVÅFK=f=ÅÜççëÉ=ëìÅÜ=~=ÅçåÑáÖìê~íáçå=íç=Åçãé~êÉ=íÜÉ=éÉêÑçêã~åÅÉë=
çÑ=íÜÉ=ê~åÇçã=ãÉÇáìã=áå=~å=çéÉå=Å~îáíó=EÜÉåÅÉÑçêíÜ=êÉÑÉêêÉÇ=íç=~ë=íÜÉ=çéÉå=Å~îáíóF=íç=
íÜ~í= çÑ= íÜÉ= ê~åÇçã=ãÉÇáìã=ïáíÜçìí= êÉÑäÉÅíáîÉ= ï~ääë= ïáíÜ= Éñ~Åíäó= íÜÉ= ë~ãÉ= ÖÉçãÉíêó=
EÜÉåÅÉÑçêíÜ=êÉÑÉêêÉÇ=íç=~ë=íÜÉ=ÑêÉÉ=ê~åÇçã=ãÉÇáìãFK=^ÇÇáíáçå~ääóI=f=Å~äÅìä~íÉÇ=ÇáÑÑÉêÉåí=
ÉåÜ~åÅÉãÉåí=Ñ~Åíçêë=݇=íç=èì~åíáÑó=íÜÉ=ÉåÜ~åÅÉãÉåí=éêçîáÇÉÇ=Äó=íÜÉ=çéÉå=Å~îáíóK=

qÜÉ= çéÉå= Å~îáíó= ÅçåÑáÖìê~íáçå= äÉ~Çë= íç= ~å= áåÅêÉ~ëÉ= áå= íÜÉ= ÉÑÑÉÅíáîÉ= îçäìãÉ=ïÜáÅÜI= áå=
íìêåI= ÉåÜ~åÅÉë= lmiëK= cçê= áåëí~åÅÉI= =	ோܮܱܲ áåÅêÉ~ëÉë= Äó= ~= Ñ~Åíçê= ݇ோ=Z=PO= Ñçê= äçï= =ܨ
Åçãé~êÉÇ= íç= íÜÉ= ÑêÉÉ= ê~åÇçã= ãÉÇáìã= EcáÖK=OKV~I= ÄFK= qÜÉ= =	்ܮܱܲ ÉåÜ~åÅÉãÉåíI= ்݇=
êÉ~ÅÜÉë=~=ã~ñáãìã=çÑ=OT=~í=íÜÉ=ÅêáíáÅ~ä=ÑáääáåÖ=Ñ~Åíçê=ܨ௖௥௜=Z=MKMT=B=~åÇ=íÜÉå=Çêçéë=~äçåÖ=
ïáíÜ=ܱܲܮோ	K=qÜáë=áë=ÄÉÅ~ìëÉ=Ñçê=ܨ=[=N=B=ãçëí=çÑ=íÜÉ=äáÖÜí=áë=ÅçåÑáåÉÇ=áå=~=îçäìãÉ=ëã~ääÉê=
íÜ~å= íÜÉ= ëáòÉ= çÑ= íÜÉ= Å~îáíóX= ÜÉåÅÉ= îÉêó= äáííäÉ= áë= êÉÑäÉÅíÉÇ= Ñêçã= íÜÉ=ï~ääë= äÉ~ÇáåÖ= íç= íÜÉ=
ÇÉÅêÉ~ëÉ=çÑ= íÜÉ=ÉåÜ~åÅÉãÉåí= Ñ~Åíçêë=݇= íç=ìåáíóI=cáÖK=OKVÄK=qÜÉ=ÉåÉêÖó=~Äëçêéíáçå=ܧ௔௕௦=
éÉ~âë=~í=ܨ௖௥௜=Z=MKNP=BI=ïáíÜ=~å=ÉåÜ~åÅÉãÉåí=݇ாZOP=Ñçê=íÜÉ=~ÄëçêÄÉÇ=ÉåÉêÖó=Åçãé~êÉÇ=íç=
íÜÉ= ÑêÉÉ=ê~åÇçã=ãÉÇáìã=EcáÖK=OKVÅI=ÇFK=qÜÉ= Ñ~Åí= íÜ~í= íÜÉ=ã~ñáãìã=ÉåÉêÖó=~Äëçêéíáçå=
çÅÅìêë=~í=ÇáÑÑÉêÉåí=ÑáääáåÖ=Ñ~Åíçêë=Ñçê=íÜÉ=ÑêÉÉ=ê~åÇçã=ãÉÇáìã=~åÇ=Ñçê=íÜÉ=çéÉå=Å~îáíó=áë=
Å~ìëÉÇ= Äó= íÜÉ= ÇáÑÑÉêÉåí= ÉÑÑÉÅíáîÉ= îçäìãÉë= Ñçê= íÜÉëÉ= íïç= ÖÉçãÉíêáÉëK= qç= îáëì~äáòÉ= íÜÉ=
~Äëçêéíáçå=áå=íÜÉ=Å~îáíóI=áå=cáÖK=OKVÉ=f=éäçí=íÜÉ=äáÖÜí=áåíÉåëáíó=áå=íÜÉ=ÅÉåíê~ä=éä~åÉ=çÑ=íÜÉ=
Å~îáíó= ïáíÜ= íÜÉ= ë~ãÉ= Åçäçìê= ëÅ~äÉ= ~ë= áå= cáÖK=OKTÅK= qÜÉ= ëÉÅçåÇ= Çá~Öê~ã= áääìëíê~íÉë= íÜÉ=
ã~ñáãìã= çÑ= íÜÉ= ~ÄëçêÄÉÇ= ÉåÉêÖóI= ïÜÉêÉ~ë= íÜÉ= íÜáêÇ= Çá~Öê~ã= ëÜçïë= ëíêçåÖ=
Ä~ÅâêÉÑäÉÅíáçåë=ÅçêêÉëéçåÇáåÖ=íç=ÜáÖÜ=î~äìÉë=çÑ=ܨK==

iÉí=ìë=åçï=ëíìÇó=íÜÉ=áåÑäìÉåÅÉ=çå=äáÖÜí=~Äëçêéíáçå=çÑ=î~êáçìë=é~ê~ãÉíÉêë=ÇÉëÅêáÄáåÖ=íÜÉ=
ê~åÇçã=ãÉÇáìã= áå= íÜÉ= çéÉå= Å~îáíóK= páãáä~ê= íç= íÜÉ= ÑêÉÉ= ê~åÇçã=ãÉÇáìãI= íÜÉ= ÑáääáåÖ=
Ñ~Åíçê=ܨ௖௥௜= éêçÇìÅáåÖ= íÜÉ= ä~êÖÉëí= ~Äëçêéíáçå= ëÜáÑíë= ïÜÉå= íÜÉ= êÉÑê~ÅíáîÉ= áåÇÉñ=݊= çÑ= íÜÉ=
ëÅ~ííÉêÉêë=ÅÜ~åÖÉëX= Ñçê=íÜÉ=íÜêÉÉ=ÇáÑÑÉêÉåí= áåÇáÅÉë= áåîÉëíáÖ~íÉÇ=áå=cáÖK=OKNM~I= f=çÄëÉêîÉÇ=
íÜ~í=݈௙௥௘௘=~í=ܨ௖௥௜=áë=ÅäçëÉ=íç=RS=μãI=ïÜáÅÜ=áë=~Äçìí=ÉáÖÜí=íáãÉë=ä~êÖÉê=íÜ~å=áå=íÜÉ=Å~ëÉ=çÑ=íÜÉ=
ÑêÉÉ= ê~åÇçã=ãÉÇáìãK=cìêíÜÉêãçêÉI= áå=Åçåíê~ëí= íç= íÜÉ= ÑêÉÉ= ê~åÇçã=ãÉÇáìãI=åçï= íÜÉ=
=௠௔௫ܧ î~äìÉë= êÉã~áå= ëáãáä~ê= Ñçê= íÜÉ= ÇáÑÑÉêÉåí= êÉÑê~ÅíáîÉ= áåÇáÅÉëK= qÜáë= áë= Å~ìëÉÇ= Äó= íÜÉ=
êÉÑäÉÅíáîÉ=ï~ääë=ïÜáÅÜ=åçï=éä~ó=íÜÉ=ã~àçê=êçäÉI=ê~íÜÉê=íÜ~å=݈∗I=Ñçê=ÅçåÑáåáåÖ=íÜÉ=äáÖÜíI=~ë=
áë=ÉîáÇÉåí=Ñêçã=íÜÉ=OPJÑçäÇ=ÉåÜ~åÅÉãÉåí=çÄëÉêîÉÇ=Ñçê=ܧ௔௕௦=áå=cáÖK=OKVÇK=qÜÉ=éêçÄ~Äáäáíó=



OKQ=j~ñáã~ä=~Äëçêéíáçå=êÉÖáãÉ=áå=ê~åÇçã=ãÉÇá~=

OR 

çÑ=äáÖÜí=ÉëÅ~éáåÖ=Ñêçã=íÜÉ=çéÉå=Å~îáíó=áë=ÖáîÉå=Äó=íÜÉ=ê~íáç=çÑ=íÜÉ=çéÉåáåÖë=~êÉ~=íç=íÜÉ=
íçí~ä=Å~îáíó=~êÉ~K=qÜáë=áë=ÇÉãçåëíê~íÉÇ=Äó=ÅÜ~åÖáåÖ=ݓ=ïÜáäÉ=âÉÉéáåÖ=ݏ=ÑáñÉÇW=ܧ௔௕௦=ÅÜ~åÖJ
ÅÜ~åÖÉëI= Äìí= êÉí~áåë= ~= ÄÉääJëÜ~éÉÇ= éêçÑáäÉ= Ñçê= ~ää= =Iݓ áå= Åçåíê~ëí= íç= íÜÉ= ÑêÉÉ= ê~åÇçã=
ãÉÇáìã=EÅçãé~êÉ=cáÖK=OKNMÄ=~åÇ=OKU~FK=páãáä~êäóI=íÜÉ=äáÖÜí=ÅçåÑáåÉãÉåí=ÅÜ~åÖÉë=ïáíÜ=ݏI=
äÉ~ÇáåÖ= íç=ÇáÑÑÉêÉåí=ܧ௔௕௦= EcáÖK=OKNMÅFK=_ó= êÉÇìÅáåÖ=ݏ= íç=R=μãI=~Äëçêéíáçå=çÑ= VVB=Å~å=ÄÉ=
~ÅÜáÉîÉÇ=ëáãéäó=ÇìÉ=íç=íÜÉ=ÜáÖÜ=ÅçåÑáåÉãÉåí=çÑ=íÜÉ=Å~îáíóK==

=

cáÖìêÉ= OKVK= o~åÇçã= ãÉÇáìã= áå= ~å= çéÉå= Å~îáíóK= ^Äëçêéíáçå= áå= ~= ê~åÇçã= ãÉÇáìã=
E݀=Z=MKR=μãI=݊=Z=OKSF= ëìêêçìåÇÉÇ=Äó=~= Ñìääó= êÉÑäÉÅíáîÉ= Å~îáíó= Eܮ=Z=ݓ=Z=RMM=μãF=Åçåí~áåáåÖ=
íïç=ëèì~êÉ=çéÉåáåÖë=ïáíÜ=ëáòÉ=ݏ=Z=NMM=μãK=E~F=்ܱܲܮ	=~åÇ=ܱܲܮோ	K= EÄF=lmi=ÉåÜ~åÅÉãÉåíë=
Åçãé~êÉÇ= íç= íÜÉ= ÑêÉÉ= ê~åÇçã=ãÉÇáìã= ்݇= ~åÇ= ݇ோK= EÅF=ܧ௔௕௦= áå= íÜÉ=ãÉÇáìãX= íÜÉ= áåëÉí=
ëÜçïë=~=ëÅÜÉã~íáÅ=çÑ=íÜÉ=ÖÉçãÉíêóK=EÇF=båÜ~åÅÉãÉåí=çÑ=íÜÉ=~ÄëçêÄÉÇ=ÉåÉêÖó=Åçãé~êÉÇ=
íç= íÜÉ= ÑêÉÉ= ê~åÇçã= ãÉÇáìã= ݇ாK= EÉF= içÖ~êáíÜãáÅ= áåíÉåëáíó= ÇáëíêáÄìíáçå= çÑ= äáÖÜí=
éêçé~Ö~íáåÖ= áå= íÜÉ= ÅÉåíê~ä= éä~åÉ= ÅçêêÉëéçåÇáåÖ= íç= EfF= =Z=NMJQ=BI=ܨ EffF= =Z=MKMR=BI=ܨ EfffF=
=Z=NM=BK=qÜÉ=Åçäçê=ëÅ~äÉ=áë=Åçããçå=Ñçê=~ää=íÜêÉÉ=Åçäçêã~éëK=qÜÉ=ÇáãÉåëáçåë=~êÉ=ÖáîÉå=ܨ
áå=ãáÅêçãÉíÉêëK=



`Ü~éíÉê=O=jìäíáëÅ~ííÉêáåÖ=áå=ê~åÇçã=ãÉÇá~=Ñçê=ëÉåëáåÖ=~ééäáÅ~íáçåë=

OS 

=

cáÖìêÉ=OKNMK=bÑÑÉÅí=çÑ=ÖÉçãÉíêáÅ~ä=~åÇ=ëÅ~ííÉêáåÖ=éêçéÉêíáÉë=áå=~å=çéÉå=Å~îáíóK=^ÄëçêÄÉÇ=
ÉåÉêÖó=ܧ௔௕௦= Ñçê= ~= ê~åÇçã=ãÉÇáìã= E݀=Z=MKR=μãF= ëìêêçìåÇÉÇ=Äó= ~= Ñìääó= êÉÑäÉÅíáîÉ= Å~îáíó=
Eܮ=Z=RMM=μãF= Åçåí~áåáåÖ= íïç= ëèì~êÉ= çéÉåáåÖë= ïáíÜ= ëáòÉ= =ݏ EëÉÉ= cáÖK= OKVÅ= áåëÉíF= ~ë= ~=
ÑìåÅíáçå=çÑW=E~F=íÜÉ=êÉÑê~ÅíáîÉ=áåÇÉñ=݊=çÑ=íÜÉ=ëÅ~ííÉêÉêë=Eݏ=Z=NMM=μãI=ݓ=Z=RMM=μãFI=EÄF=íÜÉ=
Å~îáíó=ïáÇíÜ=ݓ=Eݏ=Z=NMM=μãI=݊=Z=NKSF=~åÇ=EÅF=íÜÉ=çéÉåáåÖë=ëáòÉ=ݏ=Eݓ=Z=RMM=μãI=݊=Z=NKSFK=

=

OKQKQ cêçã=ïÉ~â=íç=ëíêçåÖ=~ÄëçêÄÉêë=

aáÑÑÉêÉåí= äáÖÜí= íê~àÉÅíçêáÉë= Ü~îÉ= ÇáÑÑÉêÉåí= lmië= áå= íÜÉ= ê~åÇçã= ãÉÇáìãK= táíÜ= íÜÉ=
éêÉëÉåÅÉ= çÑ= íÜÉ= ~ÄëçêÄÉêI= íÜÉ= ÉåÉêÖó= íê~åëãáííÉÇ= íÜêçìÖÜ= íÜÉ= ëóëíÉã= Ñçê= ~= ÖáîÉå=
íê~àÉÅíçêó= áë= ãçÇáÑáÉÇ= ~ÅÅçêÇáåÖ= íç= _ÉÉêJi~ãÄÉêíÛë= ä~ï= xNNVzK= qÜÉ= íê~àÉÅíçêáÉë= ïáíÜ=
äçåÖÉê=lmi= ìåÇÉêÖç= ëíêçåÖÉê= ~ÄëçêéíáçåK= ^ë= ~= êÉëìäíI= íÜÉ= å~íìêÉ= çÑ= äáÖÜí= éêçé~Ö~íáçå=
~äëç=ÇÉéÉåÇë=çå=íÜÉ=î~äìÉ=çÑ=íÜÉ=~Äëçêéíáçå=ߙW=ïÜáäÉ=Ñçê=ïÉ~â=~ÄëçêÄÉêë=áí=áë=ÇáÑÑìëáçåJ
äáâÉI= áí= ÄÉÅçãÉë= Ççãáå~åíäó= Ä~ääáëíáÅ= Ñçê= ëíêçåÖ= ~ÄëçêÄÉêëI= êÉÇìÅáåÖ= ãìäíáëÅ~ííÉêáåÖ=
ÉÑÑÉÅíë= xNROzK= få= íÜÉ= ä~ííÉê= Å~ëÉI= cáÖK= OKNN= ëÜçïë= íÜ~í= =ÇÉÅêÉ~ëÉë	଴ܧ/௠௔௫ܧ íç= ìåáíó= Ñçê=
==NMQ=ãJNI=ãÉ~åáåÖ=íÜ~í=íÜÉ=ÄÉåÉÑáíë=çÑ=ãìäíáëÅ~ííÉêáåÖ=~êÉ=íÜÉå=äçëíK=]=ߙ

qç= ÅÜ~ê~ÅíÉêáòÉ= íÜÉ= ÉÑÑÉÅí= çÑ= ~Äëçêéíáçå= áå= íÜÉ=ãÉÇáìãI= f= áåíêçÇìÅÉÇ= íÜÉ= ~Äëçêéíáçå=
ãÉ~å=ÑêÉÉ=é~íÜ=݈௔௕௦=íÜ~í=Å~å=ÄÉ=êÉä~íÉÇ=íç=݈∗=~åÇ=íç=íÜÉ=áåÉä~ëíáÅ=ãÉ~å=ÑêÉÉ=é~íÜ=݈௜I=ïÜáÅÜ=
áë=ÇÉÑáåÉÇ=~ë=íÜÉ=íê~îÉääÉÇ=äÉåÖíÜ=çîÉê=ïÜáÅÜ=íÜÉ=äáÖÜí=áåíÉåëáíó=áë=êÉÇìÅÉÇ=Äó=~=Ñ~Åíçê=NLÉ=



OKQ=j~ñáã~ä=~Äëçêéíáçå=êÉÖáãÉ=áå=ê~åÇçã=ãÉÇá~=

OT 

ÇìÉ=íç=~Äëçêéíáçå=E݈௜ ൌ =FX=݈௔௕௦=áë=íÜÉå=ÇÉÑáåÉÇ=~ë=íÜÉ=~îÉê~ÖÉ=Çáëí~åÅÉ=ÄÉíïÉÉå=ÄÉÖáåߙ/1
~åÇ=ÉåÇ=éçáåíë=Ñçê=é~íÜë=çÑ=äÉåÖíÜ=݈௜=xTMzW=

݈௔௕௦ ൌ ටଵ

ଷ
݈∗݈௜ ൌ ට ௟∗

ଷఈ
K= = = = EOKNNF=

qÜÉ=é~ê~ãÉíÉê=݈௔௕௦=êÉÑäÉÅíë=íÜÉ=å~íìêÉ=çÑ=äáÖÜí=éêçé~Ö~íáçå=áå=ê~åÇçã=ãÉÇá~=ïáíÜ=Ö~áå=
çê=äçëëÉë=xSVzK=^ë=íÜÉ=~Äëçêéíáçå=ߙ=áå=íÜÉ=Ä~ÅâÖêçìåÇ=áë=áåÅêÉ~ëÉÇI=ܨ௖௥௜=ÇÉÅêÉ~ëÉëI=~ë=Å~å=
ÄÉ=ëÉÉå=áå=íÜÉ=cáÖK=OKNNÅK=qÜáë=ëÜáÑí=áë=äÉëë=éêçåçìåÅÉÇ=Ñçê=íÜÉ=çéÉå=Å~îáíó=ëáåÅÉ=íÜÉ=äáÖÜí=
ÅçåÑáåÉãÉåí= áå= íÜ~í= ÖÉçãÉíêó= áë=Ççãáå~íÉÇ=Äó= íÜÉ= êÉÑäÉÅíáîÉ=ï~ääë= EÑçê=ܨ=Y=NM=BF= ~åÇI=
íÜìëI=ïÉ~âäó=ÇÉéÉåÇë=çå=݈௔௕௦=EcáÖK=OKNNÄ=~åÇ=ÇFK=

=

=

cáÖìêÉ= OKNNK= bÑÑÉÅí= çÑ= =ࢻ çå= ãìäíáëÅ~ííÉêáåÖK= ^ÄëçêÄÉÇ= ÉåÉêÖó= =௔௕௦ܧ çå= íÜÉ= ~Äëçêéíáçå=
ÅçÉÑÑáÅáÉåí=α= ÑçêW=E~F=ÑêÉÉ=ê~åÇçã=ãÉÇáìã=Eܮ=Z=RMM=μãI=ݓ=Z=RMM=μãI=݀=Z=MKR=μãI=݊=Z=OKSFX=
EÄF=çéÉå=Å~îáíó=ïáíÜ=ë~ãÉ=é~ê~ãÉíÉêë=~ë=áå=E~F=~åÇ=ݏ=Z=NMM=μãK=ߙ=Z=PM=ãJN=EÄä~ÅâFI=NRM=ãJN=
EêÉÇFI=TRM=ãJN= EÖêÉÉåFI=NRMM=ãJN= Eçê~åÖÉF=~åÇ=SMMM=ãJN= EÇ~êâ=ÄäìÉFK= EÅIÇF=aÉéÉåÇÉåÅÉ=çÑ=
=଴=Ñçê=íÜÉ=êÉëéÉÅíáîÉ=ÖÉçãÉíêáÉë=~ë=áå=E~F=~åÇ=EÄFKܧ/௠௔௫ܧ

=
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OU 

OKQKR iáÖÜí=íê~ééáåÖ=ëÅÜÉãÉ=íç=áãéêçîÉ=íÜÉ=~Äëçêéíáçå=çÑ=äáÖÜí=

mÜçíçîçäí~áÅë=çê=äáÖÜí=íê~åëÑçêã~íáçå=áåíç=ÉäÉÅíêáÅ=ÅìêêÉåí=áë=~=êÉåÉï~ÄäÉ=~åÇ=éçääìíáçåJ
ÑêÉÉ=ëçìêÅÉ=çÑ=ÉåÉêÖóK=oÉÅÉåí=íêÉåÇë=ëìÖÖÉëí=ãçîáåÖ=íçï~êÇë=íÜáå=Ñáäã=ëçä~ê=ÅÉääëI=ïÜÉêÉ=
êÉÅçãÄáå~íáçå= äçëëÉë= çÑ= ÖÉåÉê~íÉÇ= ÜçäÉJÉäÉÅíêçå= é~áêë= ïçìäÇ= ÄÉ= ãáåáãáòÉÇ= xNRPzK=
eçïÉîÉêI= ëìÅÜ=~= íêÉåÇ=~äëç= êÉèìáêÉë=ÉÑÑáÅáÉåí= äáÖÜí= íê~ééáåÖ=ãÉíÜçÇë= íç=ã~ñáãáòÉ= íÜÉ=
~Äëçêéíáçå= çÑ= ëçä~ê= ÅÉääë= xNRQzK= bñáëíáåÖ= äáÖÜí= íê~ééáåÖ= ëÅÜÉãÉë= ìíáäáòÉ= ÖÉçãÉíêáÅ=
ÉåÖáåÉÉêáåÖ= xNRRJNRVzI= éä~ëãçåáÅ= å~åçé~êíáÅäÉë= xNSMJNSOzI= ãÉí~ääáÅ= ~åÇ= ÇáÉäÉÅíêáÅ=
Öê~íáåÖë= xNSPI= NSQzI= êÉëçå~åí= ÇáÉäÉÅíêáÅ= å~åçé~êíáÅäÉë= xNSRI= NSSz= ~åÇ= éÜçíçåáÅ= Åêóëí~äë=
xNSTJNSVzK= dÉçãÉíêáÅ= ÉåÖáåÉÉêáåÖ= ëÅÜÉãÉë= ~åÇ= Öê~íáåÖë= Å~å= ëìÑÑÉê= Ñêçã= ÇÉÑÉÅíë= ~åÇ=
çÑíÉå= êÉèìáêÉ= ~äáÖåãÉåí= çê= ~= íê~ÅâáåÖ= ëóëíÉãI= ïÜÉêÉ~ë= å~åçé~êíáÅäÉë= ~åÇ= éÜçíçåáÅ=
Åêóëí~äë=~êÉ=êÉëçå~åí=~åÇ=Çç=åçí=åÉÅÉëë~êáäó=ÅçîÉê=íÜÉ=Ñìää=ëçä~ê=ëéÉÅíêìã=xNSTzK=få=íÜáë=
ÅçåíÉñíI= ê~åÇçã= ëíêìÅíìêÉë= çÑÑÉê= Äêç~ÇÄ~åÇ= ~åÇ= ïáÇÉJ~åÖäÉ= éÉêÑçêã~åÅÉI= ïÜáÅÜ= áë=
ÅêìÅá~ä=áå=ëçä~ê=ÉåÉêÖó=Ü~êîÉëíáåÖ=xTVzK==

qç=Ç~íÉI= ê~åÇçã=ëíêìÅíìêÉë= Ñçê= äáÖÜí= íê~ééáåÖ=~ééäáÅ~íáçåë= áåÅäìÇÉ= ê~åÇçãäó= íÉñíìêÉÇ=
é~ííÉêåë= çå= Ñêçåí= çê= Ä~Åâ= ëáÇÉë= çÑ= ëçä~ê= ÅÉääë= xTVI= NTMJNTOzK= fåíÉêÉëíáåÖäóI= íÜÉëÉ=ïçêâë=
ã~áåäó= ÑçÅìë= çå= íïç= ÇáãÉåëáçå~ä= ëíêìÅíìêÉëK= cêçã= íÜÉ= çíÜÉê= éÉêëéÉÅíáîÉI= íÜÉáê=
éÉêÑçêã~åÅÉ= áë= Éî~äì~íÉÇ= çåäó= áå= íÉêãë= çÑ= ëíêìÅíìê~ä= ÅçêêÉä~íáçåëW= ~ìíÜçêë= ëÉÉâ= íÜÉ=
çéíáã~ä=ÅçåÇáíáçåëI=áå=ïÜáÅÜ=íÜÉ=äáÖÜí=Å~å=ÄÉ=ÉÑÑáÅáÉåíäó=ÅçìéäÉÇ=íç=íÜÉ=^åÇÉêëçå=ÅäçëÉÇ=
äççéë=íÜ~í=éêçîáÇÉ=ÜáÖÜ=~ÄëçêéíáçåK=eçïÉîÉêI=êÉÅÉåíäó= áí=ï~ë=ëÜçïå=íÜ~í=íÜÉ=ëçJÅ~ääÉÇ=
ÇáÑÑìëáîÉ= êÉÖáãÉ= ïáíÜ= ãçÇÉê~íÉ= ÑáääáåÖ= Ñ~Åíçêë= áë= ~äëç= ÄÉåÉÑáÅá~ä= Ñçê= íÜÉ= ~Äëçêéíáçå=
ÄÉÅ~ìëÉ=çÑ=íÜÉ=Ñçêã~íáçå=çÑ=ÉáÖÉåÅÜ~ååÉäë=ïáíÜ=äçåÖ=çéíáÅ~ä=é~íÜë=xNROzK=

qç= áääìëíê~íÉ= ~å= ~ééäáÅ~íáçå= çÑ=ã~ñáã~ä= ~ÄëçêéíáçåI= ÅçåëáÇÉê= íÜÉ= çéíáãáò~íáçå= çÑ= íÜÉ=
äáÖÜí= íê~ééáåÖ= ëóëíÉã= ëÜçïå= áå= cáÖK= OKNO~K= rëáåÖ= ëìÅÜ= ÇÉîáÅÉ= Ñçê= íÜáå= ëçä~ê= ÅÉääëI=
qîáåÖëíÉÇí= Éí= ~äK= ÇÉãçåëíê~íÉÇ= ~= ORB= áåÅêÉ~ëÉ= áå= íÜÉ= ~Äëçêéíáçå= çÑ= íÜÉ= ëçä~ê= ÅÉää= ~åÇ=
éÜçíçÅìêêÉåí=xNRRzK=qÜÉ=éêçéçëÉÇ=ÖÉçãÉíêó=áåÅäìÇÉë=ÜáÖÜäó=êÉÑäÉÅíáîÉ=ãáêêçêë=ïáíÜ=äáÖÜí=
íê~ééÉÇ= áå= íÜÉ= ëé~ÅÉ= ÄÉíïÉÉå= íÜÉãK= qÜÉ= ~Äëçêéíáçå= Ü~ééÉåë= çåäó= áå= íÜÉ= íÜáå= ä~óÉê=
ERM=åãF= çÑ= ~ÅíáîÉ= ã~íÉêá~ä= ïáíÜ= íÜÉ= ~Äëçêéíáçå= ÅçÉÑÑáÅáÉåí= =Z=NMR=ãJNI=ߙ ïÜáäÉ= ~ää= íÜÉ=
êÉã~áåáåÖ=ã~íÉêá~ä= áë=åçåJ~ÄëçêÄáåÖK=^= ÅçåÅÉåíê~íçê= ÑçÅìëÉë= ~ää= íÜÉ= äáÖÜí= êÉ~ÅÜáåÖ= áíë=
ëìêÑ~ÅÉ= áåíç= íÜÉ= çéÉåáåÖ= áå= íÜÉ= íçé=ãáêêçêK= eÉêÉI= ~å= ~êê~ó= çÑ= Öä~ëë= äÉåëÉë= ïáíÜ= ÑçÅ~ä=
Çáëí~åÅÉ= ݂=Z=N=ãã= ~Åíë= ~ë= ÅçåÅÉåíê~íçê= xNRRzK= qÜÉ= ÅÜçáÅÉ= çÑ= äÉåë= ã~íÉêá~ä= ~åÇ= íÜÉ=
èì~äáíó= çÑ= Ñ~ÄêáÅ~íáçå= Åçåëíê~áå= íÜÉ= î~äìÉ= çÑ= ݂= Ñçê= ~= ÖáîÉå=ݓ= xNTPzK= qÜÉ= ÅçåÉ= çÑ= äáÖÜí=
ÉåíÉêáåÖ= íÜÉ= ëçä~ê= ÅÉää= ÅçîÉêë= ~= ê~åÖÉ= çÑ= áåÅáÇÉåí= ~åÖäÉë= ÄÉíïÉÉå=β=Z=M= ~åÇ=β=Z=NQø= Ñçê=
=Z=RMM=μãK=ݓ pìÅÜ= ~= äçï= β= ÇçÉë= åçí= ~ääçï= íÜÉ= ëçä~ê= ÅÉää= íç= ÉÑÑáÅáÉåíäó= íê~é= äáÖÜí= áåëáÇÉI=
ëáåÅÉ= íÜÉ= áåÅáÇÉåí= äáÖÜí= áë= àìëí= êÉÑäÉÅíÉÇ= Ä~Åâ= Äó= íÜÉ= ëíêìÅíìêÉK= qç= çîÉêÅçãÉ= íÜáë=
äáãáí~íáçåI=f=áåíêçÇìÅÉÇ=~=ê~åÇçã=ãÉÇáìã=áå=íÜÉ=ëé~ÅÉ=ÄÉíïÉÉå=íÜÉ=íçé=ãáêêçê=~åÇ=íÜÉ=
~ÅíáîÉ= ä~óÉêK=qç= ëáãìä~íÉ= íÜÉ= äáÖÜí= ÄÉÜ~îáçìê= áå= íÜáë= ÇÉîáÅÉI= ~= íêìåÅ~íÉÇ=ìåáí= ÅÉää=ïáíÜ=
êÉÑäÉÅíáîÉ=ëáÇÉ=ï~ääë=áë=ÅçåëáÇÉêÉÇ=EcáÖK=OKNOÄFK=



OKQ=j~ñáã~ä=~Äëçêéíáçå=êÉÖáãÉ=áå=ê~åÇçã=ãÉÇá~=

OV 

=

cáÖìêÉ= OKNOK= iáÖÜí= íê~ééáåÖ= ÇÉîáÅÉK= E~F= pÅÜÉã~íáÅ= çÑ= äáÖÜí= íê~ééáåÖ= ÇÉîáÅÉ= ïáíÜ= íïç=
êÉÑäÉÅíáîÉ= ëìêÑ~ÅÉëI=~ÅíáîÉ=éÜçíçîçäí~áÅ= ä~óÉê= Eáå= êÉÇF=~åÇ=~å=~êê~ó=çÑ= ÅçåÅÉåíê~íçêë=çå=
íçéK=EÄF=pÅÜÉã~íáÅ=çÑ=íÜÉ=íêìåÅ~íÉÇ=ìåáí=ÅÉää=ìëÉÇ=áå=íÜÉ=åìãÉêáÅ~ä=ëáãìä~íáçåëK=EÅF=ܧ௔௕௦=
~ë=~=ÑìåÅíáçå=çÑ=ܨ=Ñçê=äáÖÜí=ÉåíÉêáåÖ=íÜÉ=çéÉåáåÖ=~í=ÇáÑÑÉêÉåí=~åÖäÉë=áå=íÜÉ=éêÉëÉåÅÉ=çÑ=~=
ê~åÇçã= ãÉÇáìã= E݀=Z=MKR=μmI= ݊=Z=OKSI= =Z=NMM=μãI=ܮ =Z=RMM=μãI=ݓ =Z=RM=μãFK=ݏ qÜÉ= ÄäìÉ=
Ç~ëÜÉÇ= äáåÉ= ÅçêêÉëéçåÇë= íç= =Z=MKMOR=B=ܨ ~åÇ= íÜÉ= êÉÇ= çåÉ= íç= =Z=MKR=BK=ܨ EÇF= =௔௕௦ܧ ~ë= ~=
ÑìåÅíáçå=çÑ=βX=íÜÉ=óÉääçï=~êÉ~=ÅçêêÉëéçåÇë=íç=β=Z=M=Ó=NQøI=íÜÉ=~åÖìä~ê=ê~åÖÉ=çÑ=äáÖÜí=~ÑíÉê=áí=
Ü~ë=é~ëëÉÇ=íÜêçìÖÜ=~=ÅçåÅÉåíê~íçê=ïáíÜ=݂=Z=N=ããK=

=

nìáíÉ= ëíêáâáåÖäóI= ~å= ~ééêçéêá~íÉ= ÅçåÅÉåíê~íáçå= çÑ= ëÅ~ííÉêÉêë= ÅçåÑáåÉë= äáÖÜí= áåëáÇÉ= íÜÉ=
ëíêìÅíìêÉ= Ó= ÉîÉå= Ñçê= äçï= áääìãáå~íáçå= ~åÖäÉë= β= Ó= ~åÇ= ÉåÜ~åÅÉë= ~Äëçêéíáçå= áåëáÇÉ= íÜÉ=
~ÅíáîÉ= ä~óÉê= EcáÖK= OKNOÅFK= cçê= áåëí~åÅÉI= ÉîÉå= Ñçê= β=Z=Mø= EÅçêêÉëéçåÇáåÖ= íç= äáÖÜí= áåÅáÇÉåí=
åçêã~ääó=çå=íÜÉ=ëíêìÅíìêÉFI= íÜÉ=ܧ௠௔௫/ܧ଴= ê~íáç=êÉ~ÅÜÉë=RRK=tÜÉêÉ~ë= Ñçê= äáÖÜí= áåÅáÇÉåí=~í=
β=Z=Mø= ~åÇ=UøI=ܧ௔௕௦= éÉ~âë=~í=c=Z=MKR=B= ëÜçïáåÖ= ëáãáä~ê= î~äìÉë=çÑ=ܧ௠௔௫= áå=ÄçíÜ=Å~ëÉëX= Ñçê=
β=Z=NRøI=ܧ௔௕௦=ÇÉéÉåÇÉåÅÉ=áë=ãìÅÜ=Äêç~ÇÉê=ïáíÜ=~=éÉ~â=~í=ܨ=Z=MKMOR=BK=qÜÉ=ä~ííÉê=ÉÑÑÉÅí=áë=
ÇìÉ= íç= íÜÉ= ÇáÑÑÉêÉåí= ÉÑÑÉÅíáîÉ= ÖÉçãÉíêó= íÜ~í= äáÖÜí= ÉñéÉêáÉåÅÉë= ~í= ~= ÖáîÉå= ~åÖäÉ= ~ë=
Åçãé~êÉÇ= íç=β=Z=Mø=Å~ëÉK=qç=ëìãã~êáòÉ= íÜÉ=~åÖìä~ê=éÉêÑçêã~åÅÉ=çÑ= íÜÉ= äáÖÜí= íê~ééáåÖ=
ëÅÜÉãÉ= áå= íÜÉ=éêÉëÉåÅÉ=çÑ=~= ê~åÇçã=ãÉÇá~I= f= ëÜçï= áå=cáÖK=OKNOÇ= íÜÉ=~ÄëçêÄÉÇ=ÉåÉêÖó=
=௔௕௦=Ñçê=ÇáÑÑÉêÉåí=~åÖäÉëK=cçê=β=Y=UøI=íÜÉ=áåÅáÇÉåí=äáÖÜí=áë=êÉÑäÉÅíÉÇ=Ñêçã=íÜÉ=Äçííçã=ãáêêçêܧ
~åÇ=Éñáíë=íÜêçìÖÜ=íÜÉ=ë~ãÉ=çéÉåáåÖ=~ë=ÉåíÉêÉÇI=åçí=ÄÉáåÖ=~ÄëçêÄÉÇ=ëáÖåáÑáÅ~åíäóI=ïÜáäÉ=
Ñçê=ÜáÖÜÉê=β=äáÖÜí=áë=ÉÑÑáÅáÉåíäó=ÅçåÑáåÉÇ=áåëáÇÉ=íÜÉ=ÅÉääK=qÜáë=áë=ïÜó=íÜÉêÉ=áë=~=àìãé=áå=ܧ௔௕௦=
~í=β=Z=Uø=áå=íÜÉ=~ÄëÉåÅÉ=çÑ=ëÅ~ííÉêÉêëK=lå=íÜÉ=çíÜÉê=Ü~åÇI=Ñçê=ܨ=Z=MKR=B=ܧ௔௕௦=ëÜçïë=~=ïÉ~â=
ÇÉéÉåÇÉåÅÉ= çå= β= ëáåÅÉ= äáÖÜí= ÉñéÉêáÉåÅÉë= ëíêçåÖ= ãìäíáëÅ~ííÉêáåÖK= qÜÉêÉÑçêÉI= äáÖÜí=
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~Äëçêéíáçå=ëáÖåáÑáÅ~åíäó=áãéêçîÉë=áå=íÜÉ=éêÉëÉåÅÉ=çÑ=ê~åÇçã=ãÉÇáìã=Ñçê=~åÖäÉë=β=Y=UøK=
`çåëáÇÉêáåÖ=íÜÉ=íçí~ä=~åÖìä~ê=ê~åÖÉ=çÑ=β=Z=M=Ó=NQøI= f=çÄëÉêîÉ=~=OKO=ÉåÜ~åÅÉãÉåí=çÑ=ܧ௔௕௦=
Ñçê=ܨ=Z=MKR=B= ~åÇ= NKQ= Ñçê=ܨ=Z=MKMOR=B= ~ë= Åçãé~êÉÇ= íç= íÜÉ= Å~ëÉ=ïáíÜçìí= ëÅ~ííÉêÉêëK= cìêJ
cìêíÜÉêãçêÉI= íÜÉ= éêçéçëÉÇ=ãìäíáëÅ~ííÉêáåÖ= éÜÉåçãÉåçå= áë= åçåJêÉëçå~åí= ~åÇ= ÜÉåÅÉ=
Äêç~ÇÄ~åÇI= ïÜáÅÜ= áë= áãéçêí~åí= ïÜÉå= ïçêâáåÖ= ïáíÜ= ëçä~ê= ÉåÉêÖóK= ^äíÜçìÖÜ= äáÖÜí=
íê~ééáåÖ= áë= ãçêÉ= ÉÑÑáÅáÉåí= ïáíÜ= ëã~ääÉê= =Iݏ ä~êÖÉê= î~äìÉë= çÑ= =ݏ éêçîáÇÉ= êçÄìëíåÉëë= ~åÇ=
íçäÉê~åÅÉ=Ñçê=íÜÉ=~äáÖåãÉåí=çÑ=íÜÉ=ëçä~ê=ÅçåÅÉåíê~íçê=ïáíÜ=êÉëéÉÅí=íç=íÜÉ=áåÅáÇÉåí=äáÖÜí=
xNRSzI=ÉKÖK=Ñçê=íÜÉ=ëçä~ê=ÅçåÅÉåíê~íçê=áå=cáÖK=OKNO=íÜáë=íçäÉê~åÅÉ=áë=çåäó=OKVøK=

OKR pìãã~êó=

få=íÜáë=ÅÜ~éíÉêI=f=Ü~îÉ=éêÉëÉåíÉÇ=~=åÉï=ëÅÜÉãÉ=Ñçê=ëÉåëáíáîÉ=~Äëçêéíáçå=ãÉ~ëìêÉãÉåíëI=
é~êíáÅìä~êäó= ïÉääJëìáíÉÇ= Ñçê= äçï= ~å~äóíÉë= ÅçåÅÉåíê~íáçåëK= qÜÉ= íÉÅÜåáèìÉ= áë= Ä~ëÉÇ= çå=
ãìäíáëÅ~ííÉêáåÖJÉåÜ~åÅÉÇ= ~Äëçêéíáçå= ëéÉÅíêçëÅçéó= Ejb^pFK= iáâÉ= ÅçåîÉåíáçå~ä=
~Äëçêéíáçå= ëéÉÅíêçëÅçéóI= jb^p= áë= Ñ~ëíI= ëáãéäÉ= ~åÇ= áåÉñéÉåëáîÉK= _ó= áåíêçÇìÅáåÖ= mp=
ÄÉ~Çë= áåíç= ~= ëçäìíáçå= Åçåí~áåáåÖ= íÜÉ= ~å~äóíÉI= äáÖÜí= ìåÇÉêÖçÉë= ãìäíáëÅ~ííÉêáåÖI= ïÜáÅÜ=
áåÅêÉ~ëÉë=íÜÉ=çéíáÅ~ä=é~íÜ=äÉåÖíÜ=íÜêçìÖÜ=íÜÉ=ë~ãéäÉK=qÜáë=ï~óI=~=ÜáÖÜÉê=ëÉåëáíáîáíó=~åÇ=
äçïÉê=ilaI=Åçãé~êÉÇ=íç=ÅçåîÉåíáçå~ä=~Äëçêéíáçå=ëéÉÅíêçëÅçéóI=Å~å=ÄÉ=~ÅÜáÉîÉÇK=qÜÉ=
~ééêç~ÅÜ= áë= îÉêë~íáäÉ= ~åÇ= Å~å= ÄÉ= ìëÉÇ= Ñçê= ~= Äêç~Ç= î~êáÉíó= çÑ= ~å~äóíÉëK= eÉêÉI= áí= ï~ë=
~ééäáÉÇ= íç= íÜÉ= ÇÉíÉÅíáçå= çÑ= éÜÉåçä= êÉÇI= NM= åã= ÖçäÇ= å~åçé~êíáÅäÉë= ~åÇ= Éåîó= ÖêÉÉå=
ÑäìçêÉëÅÉåÅÉ= ÇóÉ= ~åÇ= f= ëÜçïÉÇ= íÜ~í= íÜÉ= ila= ÇÉÅêÉ~ëÉë= Äó= ~= Ñ~Åíçê= çÑ= TKO= íáãÉë= Ñçê=
éÜÉåçä=êÉÇ=~åÇ=~= Ñ~Åíçê=çÑ=PKP= Ñçê=å~åçé~êíáÅäÉë=~åÇ=ÇóÉK=cìêíÜÉêãçêÉI=ëÉåëáíáîáíó=~åÇ=
ïçêâáåÖ=ê~åÖÉ=çÑ=~=ÅçããÉêÅá~ääó=~î~áä~ÄäÉ=ÜóÇêçÖÉå=éÉêçñáÇÉ=Äáç~ëë~ó=ïÉêÉ=áãéêçîÉÇ=
~äãçëí=Äó=çåÉ=çêÇÉê=çÑ=ã~ÖåáíìÇÉI=ïÜáÅÜ=ÅçåîáåÅáåÖäó=ÇÉãçåëíê~íÉë= íÜÉ=îÉêë~íáäáíó=çÑ=
íÜÉ= íÉÅÜåáèìÉK= qÜÉ= áåÑäìÉåÅÉ= çÑ= íÜÉ= mp= ÄÉ~Çë= ÅçåÅÉåíê~íáçå= ~åÇ= ëáòÉI= ~ë= ïÉää= ~ë= íÜÉ=
ÖÉçãÉíêáÅ~ä= íÜáÅâåÉëë= =ܮ çÑ= íÜÉ= ë~ãéäÉ= çå= íÜÉ= lmi= áå= íÜÉ= ÇáëçêÇÉêÉÇ= ãÉÇáìã= ïÉêÉ=
áåîÉëíáÖ~íÉÇ=åìãÉêáÅ~ääó=~åÇ=ÉñéÉêáãÉåí~ääóK=qÜçëÉ=é~ê~ãÉíÉêë=Å~å=ÄÉ=ÉÑÑÉÅíáîÉäó=ìëÉÇ=
íç= í~áäçê= íÜÉ= ÉåÜ~åÅÉãÉåí= Ñçê= ëéÉÅáÑáÅ= ~ééäáÅ~íáçåë= ~åÇ= ~å~äóíÉëK= qÜÉ= éÉêÑçêãÉÇ=
ÉñéÉêáãÉåíë= ~êÉ= áå= ÉñÅÉääÉåí= ~ÖêÉÉãÉåí= ïáíÜ= åìãÉêáÅ~ä= ëáãìä~íáçåë= Ä~ëÉÇ= çå= ~=
éêçÄ~ÄáäáëíáÅ=~ééêç~ÅÜK=

få=íÜÉ=ëÉÅçåÇ=é~êíI=f=ëÜçïÉÇ=íÜ~í=íÜÉ=ã~ñáã~ä=~Äëçêéíáçå=êÉÖáãÉ=Ñçê=~=ê~åÇçã=ãÉÇáìã=
ÅçêêÉëéçåÇë= íç= íÜÉ= ÑçääçïáåÖ= ÅçåÇáíáçåëW= íÜÉ= ÑáääáåÖ= Ñ~Åíçê=ܨ= Ü~ë= íç=ÄÉ=ÜáÖÜ= ÉåçìÖÜ= íç=
ëìëí~áå=ãìäíáëÅ~ííÉêáåÖ=áå=íÜÉ=ãÉÇáìã=~åÇI=~í=íÜÉ=ë~ãÉ=íáãÉI=äçï=ÉåçìÖÜ=íç=~ääçï=äáÖÜí=
íç= éÉåÉíê~íÉ= áåëáÇÉ= íÜÉ= ã~íÉêá~äK= f= áÇÉåíáÑáÉÇ= ÇÉëáÖå= êìäÉë= Ñçê= ÖÉçãÉíêáÉë= ïÜÉêÉ= íÜÉ=
áåíêçÇìÅíáçå=çÑ=~=ê~åÇçã=ãÉÇáìã=ÄÉÅçãÉë=ÄÉåÉÑáÅá~ä=áå=íÉêãë=çÑ=~ÄëçêÄÉÇ=ÉåÉêÖóK=qÜÉ=
ÑáääáåÖ=Ñ~Åíçê=ܨ௖௥௜	ïÜáÅÜ=ã~ñáãáòÉë=äáÖÜí=~Äëçêéíáçå=ÇÉéÉåÇë=çå=íÜÉ=êÉä~íáçå=ÄÉíïÉÉå=íÜÉ=
ãÉ~å=ÑêÉÉ=é~íÜ=çÑ=äáÖÜí=݈௙௥௘௘	=~åÇ=íÜÉ=ÖÉçãÉíêáÅ~ä=ëáòÉ=çÑ=íÜÉ=ãÉÇáìãI=ïÜáäÉ=íÜÉ=ã~ñáã~ä=

~ÄëçêÄÉÇ= ÉåÉêÖó= =௠௔௫ܧ Å~å= ÄÉ= ÅçêêÉä~íÉÇ= ïáíÜ= íÜÉ= íê~åëéçêí= ãÉ~å= ÑêÉÉ= é~íÜ= ݈∗K= qÜÉ=
~ãçìåí= çÑ= ~ÄëçêÄÉÇ= ÉåÉêÖó= Å~å= ÄÉ= ÑìêíÜÉê= áåÅêÉ~ëÉÇ= EÑêçã= NKT= íç= OPJÑçäÇF= Äó=
áåíêçÇìÅáåÖ= ~å= çéÉå= Å~îáíó= ~êçìåÇ= íÜÉ= ê~åÇçã= ãÉÇáìãK= cìêíÜÉêãçêÉI= íÜÉ=
ÉåÜ~åÅÉãÉåí=éêçîáÇÉÇ=Äó=íÜÉ=ëÅ~ííÉêáåÖ=ãÉÇáìã=ÇÉÅêÉ~ëÉë=~ë=íÜÉ=~Äëçêéíáçå=ߙ=ÖêçïëI=
ÄÉÅ~ìëÉ= íÜÉ= å~íìêÉ= çÑ= äáÖÜí= éêçé~Ö~íáçå= ÅÜ~åÖÉë= Ñêçã= ÇáÑÑìëÉ= íç= Ä~ääáëíáÅK= qÜÉ=
~ééäáÅ~íáçå= çÑ= íÜÉëÉ= éêáåÅáéäÉë= íç= ~Äëçêéíáçå= Ñçê= ~= éÜçíçîçäí~áÅ= ëóëíÉã= Ü~ë= ÄÉÉå=
áääìëíê~íÉÇ= Äó= ÇÉãçåëíê~íáåÖ= ~= OKO= ~Äëçêéíáçå= ÉåÜ~åÅÉãÉåí= ïÜÉå= áåíêçÇìÅáåÖ= ~=
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ê~åÇçã=ãÉÇáìã=ïáíÜ=~ééêçéêá~íÉ= ÑáääáåÖ= Ñ~Åíçê= áå= íÜÉ=ëóëíÉãK=qÜÉ=ÅçãÄáå~íáçå=çÑ=~å=
çéÉå=êÉÑäÉÅíáîÉ=Å~îáíó=ïáíÜ=~=ê~åÇçã=ãÉÇáìã=ÉåëìêÉë=ëíêçåÖ=éÜçíçå=ÅçåÑáåÉãÉåíI=ïáíÜ=
íÜÉ= ~ÇÇáíáçå~ä= ÄÉåÉÑáíë= çÑ= ïáÇÉJ~åÖäÉÇ= ~åÇ= Äêç~ÇÄ~åÇ= çéÉê~íáçåK= qÜáë= ~ééêç~ÅÜ= áë=
éêçãáëáåÖ=Ñçê=áãéêçîáåÖ=íÜÉ=ÉÑÑáÅáÉåÅó=çÑ=ëçä~ê=ÅÉääëI=~ë=ïÉää=~ë=Ñçê=ëÉåëáåÖ=~ééäáÅ~íáçåë=
ïÜÉêÉ=íÜÉ=çéíáÅ~ä=~Äëçêéíáçå=çÑ=ãáåìíÉ=èì~åíáíáÉë=çÑ=~å~äóíÉ=ãìëí=ÄÉ=ÇÉíÉÅíÉÇK=
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 `çåíáåìçìë=`Ü~éíÉê=P
ãÉ~ëìêÉãÉåíë= çÑ= Éñíê~ÅÉääìä~ê=
ÜóÇêçÖÉå=éÉêçñáÇÉ=

å=íÜáë=ÅÜ~éíÉêI=f=éêÉëÉåí=~=åÉï=ÇÉîáÅÉ=Ñçê=íÜÉ=Åçåíáåìçìë=ãÉ~ëìêÉãÉåíë=çÑ=çñáÇ~íáîÉ=
ëíêÉëë= Äó= ãÉ~ëìêáåÖ= çåÉ= çÑ= íÜÉ= ãçëí= ëí~ÄäÉ= olpI= å~ãÉäó= eOlOK= qÜáë= éçêí~ÄäÉ=
çñáÇ~íáîÉ= ëíêÉëë= ëÉåëçê= Åçåí~áåë= íÜÉ= ÜÉãÉ=éêçíÉáå= ÅóíçÅÜêçãÉ=Å= EÅóí=ÅF= ~ë= ëÉåëáåÖ=

ÉäÉãÉåí= ïÜçëÉ= ëéÉÅíê~ä= êÉëéçåëÉ= Éå~ÄäÉë= íÜÉ= ÇÉíÉÅíáçå= çÑ= eOlO= Ççïå= íç= ~= ÇÉíÉÅíáçå=
äáãáí= çÑ= QM=åjK= qÜÉ= Åçåíáåìçìë= ãÉ~ëìêÉãÉåí= çÑ= Éñíê~ÅÉääìä~ê= eOlO= ïáíÜ= íÜáë= ÜáÖÜ=
ëÉåëáíáîáíó= çéíáÅ~ä= ëÉåëçê= áë= ~= éêçãáëáåÖ=åÉï= ~ééêç~ÅÜ= Ñçê= êÉ~äJíáãÉ= ÅóíçíçñáÅáíó= íÉëíë=
~åÇ=íÜÉ=áåîÉëíáÖ~íáçå=çÑ=çñáÇ~íáîÉ=ëíêÉëëK=qÜáë=ïçêâ=áë=ÑìêíÜÉê=ÉñíÉåÇÉÇ=íç=~=ãìäíáéäÉñÉÇ=
éä~íÑçêã= Ñçê=ãìäíá~å~äóíÉ=ÇÉíÉÅíáçåK=_~ëÉÇ=çå= íÜÉ= ÅçêêÉëéçåÇáåÖ= Éåòóã~íáÅ= êÉ~Åíáçåë=
äÉ~ÇáåÖ= íç= eOlOI= f= ÇÉîÉäçé= ãìäíáëÅ~ííÉêáåÖJÉåÜ~åÅÉÇ= ~åÇ= Åçåíáåìçìë= ÄáçëÉåëçêë= Ñçê=
ÖäìÅçëÉ= ~åÇ= ä~Åí~íÉK= cìêíÜÉê= ãáÅêçÑäìáÇáÅë= áåíÉÖê~íáçå= Éå~ÄäÉë= ãìäíáéäÉñÉÇ= ~åÇ=
Åêçëëí~äâJÑêÉÉ= ÇÉíÉÅíáçåK= qÜáë= ãìäíáÑìåÅíáçå~ä= ÇÉíÉÅíáçå= ëÅÜÉãÉ= éêçîáÇÉë= ~= éçïÉêÑìä=
íççä=íç=ëíìÇó=ÅÉääìä~ê=éêçÅÉëëÉëK==

PKN fåíêçÇìÅíáçå=

olp=ÖÉåÉê~íÉÇ=Äó=~ÉêçÄáÅ=çêÖ~åáëãë=~êÉ=ÉëëÉåíá~ä= Ñçê=éÜóëáçäçÖáÅ~ä=éêçÅÉëëÉë= ëìÅÜ=~ë=
ÅÉää= ëáÖå~ääáåÖI=~éçéíçëáëI= áããìåÉ=ÇÉÑÉåÅÉ=~åÇ=çñáÇ~íáîÉ= ëíêÉëë=ãÉÅÜ~åáëãë= xOI=VJNPzK=
råÄ~ä~åÅÉÇ=çñáÇ~åíL~åíáçñáÇ~åí=ÄìÇÖÉíë=~êÉ=áåîçäîÉÇ=áå=ã~åó=ÇáëÉ~ëÉë=~åÇI=íÜÉêÉÑçêÉI=
íÜÉ= ëÉåëáíáîÉ=ãÉ~ëìêÉãÉåí= çÑ= olp= áë= çÑ= ÖêÉ~í= áåíÉêÉëí= xNQJNUzK= eçïÉîÉêI= áåíê~ÅÉääìä~ê=
ãÉ~ëìêÉãÉåíë=çÑ=olp=Å~å=áåíÉêÑÉêÉ=ïáíÜ=êÉÇçñ=ÅóÅäÉë=çÑ=ÅÉääë=~åÇI=íÜÉêÉÑçêÉI=~êÉ=çÑíÉå=
çåäó= èì~äáí~íáîÉ= xNTQI= NTRzK= få= íÜáë= êÉÖ~êÇI= Éñíê~ÅÉääìä~ê= ãÉ~ëìêÉãÉåíë= êÉéêÉëÉåí=
áåíÉêÉëíáåÖ= ~äíÉêå~íáîÉ= ~åÇ= Å~å= éêçîáÇÉ= ~ÇÇáíáçå~ä= áåÑçêã~íáçå= ~Äçìí= íÜÉ= ÅÉääìä~ê=
éêçÅÉëëÉë=xNTSzK=jçëí=olp=ëéÉÅáÉë=~êÉ=åçí=äáâÉäó=íç=ÉëÅ~éÉ=çìíëáÇÉ=íÜÉ=ÅÉääI=ÇìÉ=íç=íÜÉáê=
ÉñíêÉãÉäó=ëÜçêí=äáÑÉíáãÉW=Ñçê=Éñ~ãéäÉI=lOI=lO√Ó=~åÇ=le√=Ü~îÉ=äáÑÉíáãÉë=çÑ=Q=μëI=N=μë=~åÇ=
N=åëI=êÉëéÉÅíáîÉäó=xNTTzK=få=Åçåíê~ëíI=eOlO=êÉéêÉëÉåíë=çåÉ=çÑ=íÜÉ=ãçëí=ëí~ÄäÉ=olpI=ïÜáÅÜ=
Å~å=ÇáÑÑìëÉ= íÜêçìÖÜ= íÜÉ=ÅÉää=ãÉãÄê~åÉ= xPUI=NTUzK=qÜìëI= íê~ÅáåÖ= íÜÉ=âáåÉíáÅë=çÑ=eOlO= áå=
ÄáçäçÖáÅ~ä=ëóëíÉãë=éêçîáÇÉë=ÑìêíÜÉê=áåëáÖÜí=áåíç=íÜÉ=Çóå~ãáÅë=çÑ=olp=xNTVzK==

oÉ~äJíáãÉ= áåÑçêã~íáçå= çå= ãÉí~ÄçäáÅ= éêçÅÉëëÉë= áå= ÅÉää= ÅìäíìêÉë= éêçîáÇÉë= áãéçêí~åí=
áåëáÖÜíë= áåíç= íÜÉ= ÅÉää= ëí~íÉ= ~åÇ= íÜÉ= ÅÉääìä~ê= ãÉÅÜ~åáëãë= xNUMzK= cìêíÜÉêãçêÉI=
ãÉí~ÄçäçãÉ=Ç~í~=Å~å=ÄÉ=ìëÉÇ=Ñçê=ãÉÇáÅ~ä=Çá~ÖåçëíáÅë=~åÇ=ÜÉ~äíÜ=ãçåáíçêáåÖ=xNUNI=NUOzK=
j~åó=êÉëÉ~êÅÜÉêë=ÑçÅìë=íÜÉáê=~ííÉåíáçå=íç=íÜÉ=ÇÉíÉÅíáçå=çÑ=ÇáÑÑÉêÉåí=ãÉí~ÄçäáíÉë=ëìÅÜ=~ë=
ÅÜçäÉëíÉêçäI= Öäìí~ã~íÉI= ÖäìÅçëÉ= ~åÇ= ä~Åí~íÉ= xNUPI= NUQzK= få= é~êíáÅìä~êI= íÜÉ= ÇÉíÉÅíáçå= çÑ=

f=



`Ü~éíÉê=P=`çåíáåìçìë=ãÉ~ëìêÉãÉåíë=çÑ=Éñíê~ÅÉääìä~ê=ÜóÇêçÖÉå=éÉêçñáÇÉ=
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ÖäìÅçëÉ=áë=áåíÉêÉëíáåÖ=áå=íÜÉ=ÅçåíÉñí=çÑ=íÜÉ=ÄáçÅÜÉãáÅ~ä=ÅóÅäÉ=çÑ=ÉåÉêÖó=Ü~êîÉëíáåÖI=Çá~J
Çá~ÄÉíÉë=é~íÜçäçÖóI=~ë=ïÉää=~ë=ÑÉêãÉåí~íáçå=Åçåíêçä=áå=ÑççÇ=áåÇìëíêó=xNURJNUVzK=i~Åí~íÉI=
áå= ~ÇÇáíáçåI= ~Åíë= ~ë= ~= ÅÉêÉÄê~ä= ÉåÉêÖó= ëìÄëíê~íÉ= ~åÇ= ~ë= ~= éêçÇìÅí= áå= ~å~ÉêçÄáÅ=
ãÉí~Äçäáëã= ÇìêáåÖ= ãìëÅäÉ= Åçåíê~ÅíáçåëI= ã~äåìíêáíáçå= ~åÇ= Üóéçñá~= xNVMJNVRzK= ^=
ëÉåëáíáîÉ=ãÉíÜçÇ=Ñçê=íÜÉ=Åçåíáåìçìë=~åÇ=ëáãìäí~åÉçìë=ÇÉíÉÅíáçå=çÑ=ëÉîÉê~ä=ãÉí~ÄçäáíÉë=
ïáää= Äêç~ÇÉå= çìê= ìåÇÉêëí~åÇáåÖ= çÑ= ÅÉää= ÄáçÅÜÉãáëíêó= ïáíÜ= ~= ëáÖåáÑáÅ~åí= áãé~Åí= çå=
ãÉÇáÅ~ä= Çá~ÖåçëíáÅëK= låÉ= ëíê~íÉÖó= íç= ÇÉíÉÅí= ã~åó= çÑ= íÜÉëÉ= ãÉí~ÄçäáíÉë= EáåÅäìÇáåÖ=
ÖäìÅçëÉ= ~åÇ= ä~Åí~íÉF= áë= íç= ìëÉ= íÜÉ= êÉëéÉÅíáîÉ= Éåòóã~íáÅ= êÉ~Åíáçåë= íÜ~í= ÅçåîÉêí= íÜÉëÉ=
ãÉí~ÄçäáíÉë=áåíç=eOlO=xNVSzK=

ré=íç=Ç~íÉI=ã~áåäó=ÉäÉÅíêçÅÜÉãáÅ~ä=ÄáçëÉåëçêë=~êÉ=ìëÉÇ=Ñçê=íÜÉ=ÇÉíÉÅíáçå=çÑ=Éñíê~ÅÉääìä~ê=
eOlO=xNVTI=NVUzK=i~êÖÉ=ÉÑÑçêíë=Ü~îÉ=ÄÉÉå=éìí=áåíç=íÜÉ=ÇÉëáÖå=çÑ=íÜçëÉ=ëÉåëçêëI=ÉëéÉÅá~ääó=
ëíêìÅíìêáåÖ= íÜÉ= ÉäÉÅíêçÇÉë= ïáíÜ= ãÉÇá~íçêëI= ÖÉäëI= éçäóãÉêáÅ= ã~íêáÅÉë= ~åÇ= î~êáçìë=
å~åçã~íÉêá~äë=xNVVI=OMMzK=jçëí=êÉéçêíÉÇ=ãÉíÜçÇë=~êÉ=Ä~ëÉÇ=çå=ë~ãéäÉ=ÅçääÉÅíáçå=éêáçê=
íç= ä~Äçê~íçêó=~å~äóëáë=~åÇ=~êÉI= íÜÉêÉÑçêÉI=ÉåÇJéçáåí=~ëë~óë= xOMNI=OMOzK=vÉíI=ãçëí=çÑ= íÜÉ=
ÉäÉÅíêçÅÜÉãáÅ~ä= ëÉåëçêë= ëìÑÑÉê= Ñêçã= ÉäÉÅíêçÇÉ= ÑçìäáåÖ= ~åÇ= ä~Åâ= çÑ= äçåÖJíÉêã= ëí~Äáäáíó=
xOMPzK= `ÜÉãáäìãáåÉëÅÉåí= ~åÇ= ÑäìçêÉëÅÉåí= ÄáçëÉåëçêë= êÉéêÉëÉåí= ~åçíÜÉê= îÉêó= ëÉåëáíáîÉ=
ï~ó= çÑ= ëÉåëáåÖ=eOlO= xNTTI= OMQJOMUzX= ~äíÜçìÖÜ= íÜÉáê= ìëÉ= Ñçê= Åçåíáåìçìë=ãÉ~ëìêÉãÉåíë=
êÉã~áåë= éêçÄäÉã~íáÅ= ÄÉÅ~ìëÉ= çÑ= íÜÉáê= äáãáíÉÇ= ëí~Äáäáíó= ~åÇ= ÇÉ~Åíáî~íáçå= Äó=
éÜçíçÄäÉ~ÅÜáåÖ=xNTQI=NTRzK=lîÉê~ääI=íÜÉ=ÇÉîÉäçéãÉåí=çÑ=~=ëÉåëáíáîÉ=ï~ó=íç=Åçåíáåìçìëäó=
ãÉ~ëìêÉ= Éñíê~ÅÉääìä~ê=eOlO= êÉã~áåë=çÑ= ÖêÉ~í= áåíÉêÉëíK= få= íÜáë= ÅçåíÉñíI= f= éêçéçëÉ= íç=ìëÉ=
ãìäíáëÅ~ííÉêáåÖJÉåÜ~åÅÉÇ=çéíáÅ~ä=~Äëçêéíáçå=~ë=~å=~äíÉêå~íáîÉ=íç=ÉñáëíáåÖ=ãÉíÜçÇëK=

få=íÜÉ=Ñáêëí=é~êí=çÑ=íÜáë=ÅÜ~éíÉêI=f=ÇÉãçåëíê~íÉ=~=åçîÉä=êçìíÉ=Ñçê=íÜÉ=ëÉåëáíáîÉ=ÇÉíÉÅíáçå=çÑ=
eOlO=Ä~ëÉÇ=çå=íÜÉ=çéíáÅ~ä=é~íÜ=äÉåÖíÜ=ÉåÜ~åÅÉãÉåí=áå=ê~åÇçã=ãÉÇá~=ÇáëÅìëëÉÇ=áå=íÜÉ=
éêÉîáçìë=ÅÜ~éíÉêK=^ÇÇáíáçå~ääóI=f=éêÉëÉåí=~=ëí~åÇJ~äçåÉ=éçêí~ÄäÉ=çñáÇ~íáîÉ=ëíêÉëë=ëÉåëçê=
EmlppF= Ñçê= íÜÉ= åçåJáåî~ëáîÉ= ~åÇ= Åçåíáåìçìë=ãÉ~ëìêÉãÉåíë= çÑ=eOlOK= qç= áääìëíê~íÉ= íÜÉ=
éçíÉåíá~ä=ìëÉ=çÑ=íÜÉ=mlpp=áå=ÄáçäçÖáÅ~ä=ÉñéÉêáãÉåíëI=f=ëíìÇó=ëíêÉëëJêÉä~íÉÇ=eOlO=êÉäÉ~ëÉ=
Ñêçã= íÜÉ= ÖêÉÉå= ãáÅêç~äÖ~= `Üä~ãóÇçãçå~ë=êÉáåÜ~êÇíááI= ~= ïáÇÉëéêÉ~Ç= ãáÅêççêÖ~åáëã=
éêÉëÉåí=áå=ëçáä=~åÇ=ÑêÉëÜï~íÉê=íÜêçìÖÜçìí=íÜÉ=ïçêäÇK=fí=áë=~=éêáã~êó=éêçÇìÅÉê=~í=íÜÉ=Ä~ëÉ=
çÑ= íÜÉ= ÑççÇ=ÅÜ~áå=~åÇ= íÜìë=ÜáÖÜäó= êÉäÉî~åí= Ñêçã=~å=ÉÅçíçñáÅçäçÖáÅ~ä=éÉêëéÉÅíáîÉ= xOMVzK=
qç=áåÇìÅÉ=eOlO=ÖÉåÉê~íáçåI=~äÖ~É=ïÉêÉ=ÉáíÜÉê=íêÉ~íÉÇ=ïáíÜ=ÑìåÅíáçå~äáòÉÇ=`ÇpÉLwåp=ÅçêÉ=
ëÜÉää=nÇçíë=íÜ~í=~êÉ=ïáÇÉäó=ìëÉÇ=~ë=ÑäìçêÉëÅÉåí=ä~ÄÉäë=xONMz=çê=ïáíÜ=qálO=å~åçé~êíáÅäÉëI=
ïÜáÅÜ=~êÉ=Åçããçå=ÅçåëíáíìÉåíë=çÑ=ÉîÉêóÇ~ó=ÅçåëìãÉê=éêçÇìÅíë=xONNz.==

få= íÜÉ= ëÉÅçåÇ=é~êíI= f= áåíêçÇìÅÉ=åçåJáåî~ëáîÉI=ãìäíáëÅ~ííÉêáåÖJÉåÜ~åÅÉÇ=~åÇ= êÉ~äJíáãÉ=
ÄáçëÉåëçêë= ïáíÜ= ëìÄJãáÅêçãçä~ê= ilaë= Ñçê= ä~Åí~íÉ= ~åÇ= ÖäìÅçëÉ=ãÉ~ëìêÉãÉåíëK= qÜÉëÉ=
ëÉåëçêë=~êÉ= áåíÉÖê~íÉÇ= áå=~=ãáÅêçÑäìáÇáÅ=ãìäíáéäÉñÉÇ=éä~íÑçêã=~åÇI=ìëáåÖ= íÜáë=ëÉåëçêI= f=
ÇÉãçåëíê~íÉÇ= ãìäíá~å~äóíÉ= ÇÉíÉÅíáçåK= ^ë= ~å= Éñ~ãéäÉI= íÜÉ= ìéí~âÉ= çÑ= ÉñçÖÉåçìëäó=
ëìééäáÉÇ= ÖäìÅçëÉ= çå= ~äÖ~É= `K=êÉáåÜ~êÇíáá= = áë= èì~åíáÑáÉÇK= bå~ÄäáåÖ= íÜÉ= ëíìÇó= çÑ= ÖäìÅçëÉ=
ìéí~âÉ=áå=~äÖ~É=éêçîáÇÉë=åÉï=áåëáÖÜíë=çå=ëÉîÉê~ä=ÄáçÅÜÉãáÅ~ä=~ëéÉÅíëW=ENF=íÜÉ=~Äáäáíó=çÑ=
~äÖ~É=íç=~ÅÅìãìä~íÉ=ÖäìÅçëÉI=EOF=ïÜÉíÜÉê=ÖäìÅçëÉ=ÑÉÉÇáåÖ=Å~å=ëìÄëíáíìíÉ=äáÖÜí=Ü~êîÉëíáåÖ=
~åÇ=EPF=ÖäìÅçëÉ=ãÉí~ÄçäáÅ=é~íÜï~óë= xONOI=ONPzK= fí= áë=âåçïå=íÜ~í= ä~êÖÉ=ÇçëÉë=çÑ=ÖäìÅçëÉ=
ã~ó=ãáëÄ~ä~åÅÉ=ÅÉääìä~ê=ÜçãÉçëí~ëáë=~åÇI=íÜÉêÉÑçêÉI=Ü~êã=íÜÉ=ÅÉääë=xONQzK=qç=~ëëÉëë=íÜÉ=
éÜóëáçäçÖáÅ~ä= ëí~íÉ= çÑ= ~äÖ~ÉI= f= ëáãìäí~åÉçìëäó= ÇÉíÉÅí= Éñíê~ÅÉääìä~ê= eOlO= ìëáåÖ= íÜÉ=
ãìäíáéäÉñáåÖ=ÑÉ~íìêÉ=çÑ=çìê=ÄáçëÉåëçê=éä~íÑçêã=xNTSzK=



PKO=jìäíáëÅ~ííÉêáåÖJÉåÜ~åÅÉÇ=çéíáÅ~ä=éêçÄÉë=Ä~ëÉÇ=çå=ÅóíçÅÜêçãÉ=Å=

PR 

PKO jìäíáëÅ~ííÉêáåÖJÉåÜ~åÅÉÇ= çéíáÅ~ä= éêçÄÉë= Ä~ëÉÇ= çå=
ÅóíçÅÜêçãÉ=Å=

PKOKN mêçíÉáå=ÅóíçÅÜêçãÉ=Å=~åÇ=áíë=éêçéÉêíáÉë=

`óí=Å=áë=~=ÜÉãçéêçíÉáå=ÅçåëáëíáåÖ=çÑ=~=ÜÉãÉ=Öêçìé=íÜ~í=ÅççêÇáå~íÉë=~å=áêçå=~íçãK=`óí=Å=
áë=ÑçìåÇ=áå=íÜÉ=ãÉãÄê~åÉ=çÑ=ãáíçÅÜçåÇêá~=áå=éä~åí=~åÇ=ã~ãã~äá~å=ÅÉääë=~åÇ=Ñçêãë=~å=
ÉëëÉåíá~ä= ÅçãéçåÉåí= çÑ= íÜÉ= ÉäÉÅíêçå= íê~åëéçêí= ÅÜ~áå= xONRI= ONSzK= cçê= áåëí~åÅÉI= Åóí=Å= áë=
Å~é~ÄäÉ=çÑ=ìåÇÉêÖçáåÖ=çñáÇ~íáçå=~åÇ=êÉÇìÅíáçåI=ÅÜ~åÖáåÖ=íÜÉ=ÅÜ~êÖÉ=çÑ= íÜÉ= áêçå=~íçã=
Ñêçã=OH= íç= PH= EcáÖK= PKN~F= xONRzK= cáå~ääóI= áí= áë= ~å= áåíÉêãÉÇá~íÉ= áå= ~éçéíçëáë= çê= ëçJÅ~ääÉÇ=
ÅçåíêçääÉÇ=ÅÉää=ÇÉ~íÜ=xONSzK==

=

=

cáÖìêÉ=PKNK=oÉÇçñ=ëí~íÉJÇÉéÉåÇÉåí=çéíáÅ~ä=~Äëçêéíáçå=çÑ=Åóí=ÅK=E~F=pÅÜÉã~íáÅ=Çá~Öê~ã=çÑ=
Åóí=Å=çñáÇáòáåÖ= áå= íÜÉ=éêÉëÉåÅÉ=eOlOI=ïÜáÅÜ= áë= ëáãìäí~åÉçìëäó=ÅçåîÉêíÉÇ= íç=ï~íÉêI= ~åÇ=
êÉÇìÅáåÖ= Äó= ~ëÅçêÄáÅ= ~ÅáÇI= ïÜáÅÜ= íìêåë= áåíç= ÇÉÜóÇêç~ëÅçêÄáÅ= ~ÅáÇK= EÄF= qÜÉçêÉíáÅ~ä=
çéíáÅ~ä= íê~åëãáëëáçå= ëéÉÅíê~= çÑ= Åóí=Å= áå= ÇáÑÑÉêÉåí= êÉÇçñ= ëí~íÉëK= qÜÉ= Ç~ëÜÉÇ= äáåÉ=
ÅçêêÉëéçåÇë= íç= íÜÉ= Çáé= ~í= λ=Z=RRM=åãK= EÅF= qÉãéçê~ä= ãÉ~ëìêÉãÉåíë= çÑ= ~ÄëçêÄ~åÅÉ= ~í=
λ=Z=RRM=åã=ܣହହ଴=Ñçê=QM=μj=ëçäìíáçå=çÑ=Åóí=Å=ìéçå=íÜÉ=~ÇÇáíáçå=çÑ=N=μä=^^=E`=Z=NM=ãjF=~åÇ=
N=μä=eOlO=E`=Z=QMM=μjFK=oÉëéÉÅíáîÉ=íáãÉ=éçáåíë=çÑ=~ÇÇáíáçåë=~êÉ=áåÇáÅ~íÉÇ=ïáíÜ=~êêçïëK=

=



`Ü~éíÉê=P=`çåíáåìçìë=ãÉ~ëìêÉãÉåíë=çÑ=Éñíê~ÅÉääìä~ê=ÜóÇêçÖÉå=éÉêçñáÇÉ=

PS 

^=ÅÜ~åÖÉ=çÑ= íÜÉ=ÅÜ~êÖÉ=çÑ= íÜÉ= áêçå=~íçã= áåÇìÅÉë=~=ÅçåÑçêã~íáçå=ÅÜ~åÖÉ=çÑ= íÜÉ=ÜÉãÉ=
ÖêçìéI= ïÜáÅÜI= áå= íìêåI= áë= êÉÑäÉÅíÉÇ= áå= íÜÉ= çéíáÅ~ä= ~Äëçêéíáçå= ëéÉÅíêìã= xONTzK= få=
é~êíáÅìä~êI= Åóí=Å= áå= íÜÉ= êÉÇìÅÉÇ= ëí~íÉ= ÉñÜáÄáíë= íïç= ~Äëçêéíáçå=éÉ~âë= ~í=λ=Z=QNM=åã=~åÇ=
RRM=åã=EcáÖK=PKNÄFK= få= íÜÉ=çñáÇáòÉÇ= ÑçêãI= íÜÉ=Ä~åÇë=~í=λ=Z=QNS=åã=~åÇ=ROM=åã=ÉãÉêÖÉK=
^äíÜçìÖÜ= íÜÉ= ÅÜ~åÖÉ= çÑ= íÜÉ= λ=Z=QNM=åã=~Äëçêéíáçå=Ä~åÇ= áë= íÜÉ=ãçëí=éêçåçìåÅÉÇI= íÜÉ=
λ=Z=RRM=åã=éÉ~â=áë=ãçêÉ=ëÉåëáíáîÉK=qÜÉêÉÑçêÉI=çéíáÅ~ä=ãçåáíçêáåÖ=çÑ=Åóí=Å=~Äëçêéíáçå=ëÉíë=
~=Ä~ëáë=Ñçê=íÜÉ=ÇÉíÉÅíáçå=çÑ=çñáÇ~íáçå=ëéÉÅáÉëI=ëìÅÜ=~ë=eOlO=çê=çÑ=êÉÇìÅíáçå=ëéÉÅáÉë=äáâÉ=
~ëÅçêÄáÅ=~ÅáÇ=E^^FK==

qç= áääìëíê~íÉ= íÜÉ= Ä~ëáÅ= éêáåÅáéäÉI= f=ãçåáíçêÉÇ= íÜÉ= ~ÄëçêÄ~åÅÉ=ܣହହ଴= ~í= λ=Z=RRM=åã= Ñçê= ~=
QM=μj= Åóí=Å= EpáÖã~= ^äÇêáÅÜF= ÇáëëçäîÉÇ= áå= ÇÉáçåáòÉÇ= ï~íÉê= EcáÖK= PKNÅFK= cçê= íÜáëI= íÜÉ=
ëçäìíáçå=ï~ë=áåíêçÇìÅÉÇ=áåíç=íÜÉ=ãÉ~ëìêÉãÉåí=ÅÜ~ãÄÉê=ESM=”äI=lJêáåÖ=ÇÉäáãáíÉÇFK=qÜÉ=
~Äëçêéíáçå=ëéÉÅíê~=ïÉêÉ=êÉÅçêÇÉÇ=áå=íê~åëãáëëáçå=ãçÇÉ=ìåÇÉê=ïÜáíÉJäáÖÜí=áääìãáå~íáçå=
ìëáåÖ=~å=çÄàÉÅíáîÉ=Ermä~åci=OMñI=läóãéìëI=k^=Z=MKQNF=~åÇ=~=Öê~íáåÖ=ëéÉÅíêçãÉíÉê=Eqêá~ñ=
RRMI=eçêáÄ~=pÅáÉåíáÑáÅF=ÉèìáééÉÇ=ïáíÜ=~=äáèìáÇ=åáíêçÖÉå=ÅççäÉÇ=``a=Å~ãÉê~=EpóãéÜçåóI=
eçêáÄ~= pÅáÉåíáÑáÅFK= ^ää= çíÜÉê= ÉñéÉêáãÉåíë= áå= íÜáë= ÅÜ~éíÉê= ~êÉ= éÉêÑçêãÉÇ= áå= íÜÉ= ~ÄçîÉ=
ãÉåíáçåÉÇ=ÅçåÑáÖìê~íáçåI=ìåäÉëë=ëí~íÉÇ=çíÜÉêïáëÉK=^ë=~=êÉëìäíI=íÜÉ=î~äìÉ=çÑ=ܣହହ଴=êÉã~áåë=
ëí~ÄäÉ=áÑ=åçíÜáåÖ=~ÇÇÉÇK=^ÑíÉê=íÜÉ=~ÇÇáíáçå=çÑ=^^=EpáÖã~=^äÇêáÅÜF=~í=ݐ=ZNM=ãáåI=ܣହହ଴=ëí~êíë=
íç=áåÅêÉ~ëÉ=~åÇ=êÉ~ÅÜÉë=~=éä~íÉ~ì=~í=ݐ=Z=OR=ãáåI=ïÜáÅÜ=ÅçêêÉëéçåÇë=íç=íÜÉ=êÉÇìÅíáçå=çÑ=
Åóí=ÅK= ^ÑíÉê= íÜÉ= ~ÇÇáíáçå= çÑ=eOlO= EpáÖã~=^äÇêáÅÜF= ~í= =ହହ଴ܣ=Z=QM=ãáåI=ݐ ëí~êíë= íç= ÇÉÅêÉ~ëÉI=
ãÉ~åáåÖ= íÜ~í=Åóí=Å= ëïáíÅÜÉë= Ñêçã= íÜÉ= êÉÇìÅÉÇ= íç= íÜÉ=çñáÇáòÉÇ= ÑçêãK= få=ÅçåÅäìëáçåI= áíë=
çñáÇ~íáçåLêÉÇìÅíáçå=Å~é~Äáäáíó=ã~âÉë=Åóí=Å=~å=áÇÉ~ä=Å~åÇáÇ~íÉ=Ñçê=eOlO=ëÉåëáåÖK==

PKOKO kçêã~äáòÉÇ=êÉÇçñ=ëí~íÉ=ÅçÉÑÑáÅáÉåí=

qç=èì~åíáÑó=íÜÉ=êÉÇçñ=ëí~íÉ=çÑ=Åóí=ÅI=f=áåíêçÇìÅÉ=~=åçêã~äáòÉÇ=êÉÇçñ=ëí~íÉ=ÅçÉÑÑáÅáÉåí=߮W=

߮ ൌ ஺ఱఱబ/஺ఱరమି஺ఱఱబ
೚ೣ /஺ఱరమ

∗

஺ఱఱబ
ೝ೐೏/஺ఱరమ

∗ ି஺ఱఱబ
೚ೣ /஺ఱరమ

∗ ,= = = = EPKNF=

ïÜÉêÉ= =ହହ଴ܣ ~åÇ= =ହସଶܣ ~êÉ= íÜÉ= ãÉ~ëìêÉÇ= Åóí=Å= ~ÄëçêÄ~åÅÉ= ~í= =Z=RRM= ~åÇ= =Z=RQO=åãI=

êÉëéÉÅíáîÉäóK= qÜÉ=é~ê~ãÉíÉêë=ܣହହ଴
௢௫ I=ܣହହ଴

௥௘ௗ= ~åÇ=ܣହସଶ
∗ = ~êÉ= î~äìÉë= í~âÉå= Ñêçã= íÜÉ= äáíÉê~íìêÉI=

êÉéêÉëÉåíáåÖ=íÜÉ=~ÄëçêÄ~åÅÉ=Ñçê=íÜÉ=çñáÇáòÉÇ=~åÇ=êÉÇìÅÉÇ=ëí~íÉë=~í==Z=RRM=åãI=~åÇ=íÜÉ=

~ÄëçêÄ~åÅÉ=~í==Z=RQO=åãI= êÉëéÉÅíáîÉäó= xONRzK=qÜÉ=~ÄëçêÄ~åÅÉ= áë= Å~äÅìä~íÉÇ=~ë= ÑçääçïëW=
ܣ ൌ െ logሺܫ ⁄଴ܫ ሻ,= ïÜÉêÉ= =ܫ ~åÇ= =଴ܫ ~êÉ= íÜÉ= áåíÉåëáíáÉë= ãÉ~ëìêÉÇ= ~ÑíÉê= íÜÉ= äáÖÜí= é~ëëÉÇ=
íÜêçìÖÜ=íÜÉ=Åóí=Å=~åÇ=áå=íÜÉ=~ÄëÉåÅÉ=çÑ=Åóí=ÅI=êÉëéÉÅíáîÉäóK=qÜÉ=çéíáÅ~ä=é~íÜ=äÉåÖíÜ=Å~å=
î~êó= ÄÉíïÉÉå=ÇáÑÑÉêÉåí=ãÉ~ëìêÉãÉåíëI=ïÜáÅÜ= Å~å= äÉ~Ç= íç= ~ãÄáÖìáíó= áÑ=ïÉ=ïçìäÇ= çåäó=
åçêã~äáòÉ=ܣହହ଴=ÄÉíïÉÉå=ܣହହ଴

௢௫ = ~åÇ=ܣହହ଴
௥௘ௗK=qç=çîÉêÅçãÉ= íÜáë=ÇáÑÑáÅìäíóI= f= ê~íÜÉê=ïçêâ=ïáíÜ=

íÜÉ= ê~íáç= ହହ଴ܣ ⁄ହସଶܣ I= ëáåÅÉ= íÜÉ= ~ÄëçêÄ~åÅÉ= ~í= =Z=RQO=åã= áë= áåÇÉéÉåÇÉåí= çÑ= íÜÉ= êÉÇçñ=
ëí~íÉK=få=íÜáë=ï~óI=íÜÉ=é~íÜ=äÉåÖíÜ=áë=Å~åÅÉääÉÇ=çìí=~ë=ëÜçïå=ÄÉäçïK=q~âáåÖ=áåíç=~ÅÅçìåí=
_ÉÉêJi~ãÄÉêíÛë=ä~ï=Eܣ ൌ =FI=bèK=EPKNF=Å~å=ÄÉ=êÉïêáííÉå=~ë=ÑçääçïëW݈ܥߙ

߮ ൌ ఈఱఱబ஼భ௟భ/ఈఱరమ஼భ௟భିఈఱఱబ
೚ೣ ஼మ௟మ/ఈఱరమ

∗ ஼మ௟మ
ఈఱఱబ
ೝ೐೏஼మ௟మ/ఈఱరమ

∗ ஼మ௟మିఈఱఱబ
೚ೣ ஼మ௟మ/ఈఱరమ

∗ ஼మ௟మ
ൌ ఈఱఱబିఈఱఱబ

೚ೣ

ఈఱఱబ
ೝ೐೏ିఈఱఱబ

೚ೣ ,= = EPKOF=



PKO=jìäíáëÅ~ííÉêáåÖJÉåÜ~åÅÉÇ=çéíáÅ~ä=éêçÄÉë=Ä~ëÉÇ=çå=ÅóíçÅÜêçãÉ=Å=

PT 

ïÜÉêÉ=ߙହହ଴I=ߙହସଶI=ߙହହ଴
௢௫ I=ߙହହ଴

௥௘ௗ=~åÇ=ߙହସଶ
∗ =~êÉ=íÜÉ=êÉëéÉÅíáîÉ=~Äëçêéíáçå=ÅçÉÑÑáÅáÉåíëK=ܥଵ=~åÇ=݈ଵ=

~êÉ=íÜÉ=Åóí=Å=ÅçåÅÉåíê~íáçå=~åÇ=íÜÉ=çéíáÅ~ä=äÉåÖíÜ=íÜêçìÖÜ=íÜÉ=ë~ãéäÉ=~åÇ=ܥଶ=~åÇ=݈ଶ=íÜÉ=
êÉëéÉÅíáîÉ= î~äìÉë= Ñêçã= íÜÉ= äáíÉê~íìêÉ= xONRzK=qÜáë=åçêã~äáò~íáçå= êÉëìäíë= áå=߮ ൌ	N= Ñçê= íÜÉ=
Ñìääó=êÉÇìÅÉÇ=~åÇ=߮ ൌ	M=Ñçê=íÜÉ=Ñìääó=çñáÇáòÉÇ=ëí~íÉ=çÑ=Åóí=ÅK=

PKOKP c~ÄêáÅ~íáçå=éêçÅÉëëW=ÇÉëáÖåëI=éêÉé~ê~íáçå=~åÇ=éáíÑ~ääë=

qç=Ç~íÉI=s~åÇÉï~ääÉ=Éí=~äK=ÇÉíÉÅíÉÇ=ãáÅêçãçä~êë=çÑ=eOlO=Äó=ãÉ~ëìêáåÖ=ܣହହ଴=Ñçê=Åóí=Å=áå=
ëçäìíáçå= xONUzK= få= çêÇÉê= íç= ÇÉíÉÅí= äçïÉê= eOlO= ÅçåÅÉåíê~íáçåëI= íÜÉ= Åóí=Å= ~ÄëçêÄ~åÅÉ= =ܣ
ãìëí=ÄÉ=~ãéäáÑáÉÇK=eÉêÉI=f=ÇáëÅìëë=íÜêÉÉ=~ééêç~ÅÜÉë=íÜ~í=f=Ü~îÉ=~ííÉãéíÉÇ=íç=ÉåÜ~åÅÉ=
íÜÉ= ~Äëçêéíáçå= çÑ= Åóí=Å= áå= íÜÉ= ê~åÇçã=ãÉÇáìã= ~ë= ïÉää= ~ë= ÇáÑÑáÅìäíáÉë= ~ëëçÅá~íÉÇ=ïáíÜ=
íÜÉãK==

^ÖÖêÉÖ~íÉë=

qÜÉ= Ñáêëí= ~ééêç~ÅÜ= áë= Ä~ëÉÇ= çå= ÅêçëëäáåâÉÇ= ~ÖÖêÉÖ~íÉë= çÑ= Åóí=Å= ïáíÜ= mp= ÄÉ~ÇëK= qÜÉ=
áåÅáÇÉåí=äáÖÜí=é~ëëáåÖ=íÜêçìÖÜ=ëìÅÜ=~å=~ÖÖêÉÖ~íÉ=ÉñéÉêáÉåÅÉë=ãìäíáëÅ~ííÉêáåÖ=ÇìÉ=íç=íÜÉ=
éêÉëÉåÅÉ=çÑ=mp=ÄÉ~Çë=íÜ~í=Ü~îÉ=~=êÉÑê~ÅíáîÉ=áåÇÉñ=çÑ=݊=Z=NKS=EcáÖK=PKO~FK=qç=Ñ~ÄêáÅ~íÉ=ëìÅÜ=
~ÖÖêÉÖ~íÉëI= OMM=μä= çÑ= Åóí=Å= ~åÇ= RM=μä= mp= ÄÉ~Çë= EMKQV=μã= Çá~ãÉíÉêI= mçäóëÅáÉåÅÉëF= ïÉêÉ=
ãáñÉÇ=ìåÇÉê=îáÖçêçìë=ëíáêêáåÖ=áå=íÜÉ=éêÉëÉåÅÉ=çÑ=MKR=μä=çÑ=Öäìí~ê~äÇÉÜóÇÉ=EOR=BI=páÖã~J
^äÇêáÅÜFK= däìí~ê~äÇÉÜóÇÉ= Åêçëëäáåâë= Åóí=ÅI= ÑçêãáåÖ= ëéÜÉêáÅ~ä= ~ÖÖêÉÖ~íÉëK= mp= ÄÉ~Çë= ~êÉ=
íê~ééÉÇ= áåëáÇÉ= íÜáë= ã~íêáñ= EcáÖK= PKOÄFK= ^ÑíÉê= çåÉ= Üçìê= êÉ~Åíáçå= íáãÉ= íÜÉ= ÑçêãÉÇ=
~ÖÖêÉÖ~íÉë= ïÉêÉ= áåíÉåëáîÉäó= ï~ëÜÉÇ= Äó= ÅÉåíêáÑìÖ~íáçå= EO=ãáåI= UMMM=êéãFI= ~åÇ= íÜÉå=
ÅçääÉÅíÉÇ=áå=ÇÉáçåáòÉÇ=ï~íÉê=~åÇ=âÉéí=~í=Q=ø`K==

c~ÄêáÅ~íÉÇ=ë~ãéäÉë=ëÜçï=~=êÉÇçñ=ÄÉÜ~îáçìê=ÅÜ~åÖáåÖ=íÜÉáê=߮=~ÑíÉê=íÜÉ=~ÇÇáíáçå=çÑ=N=μj=
^^= ~åÇ= U=μj= çÑ= eOlO= EcáÖK= PKOÅFK= qÜÉó= ~äëç= ÇÉãçåëíê~íÉ= ÉñÅÉääÉåí= çéíáÅ~ä= é~íÜ=
ÉåÜ~åÅÉãÉåíI=ïÜáÅÜ=ï~ë= Éëíáã~íÉÇ= íç=ÄÉ= ~êçìåÇ=QM= xNTSzK=eçïÉîÉêI= ~ÖÖêÉÖ~íÉë=Ü~îÉ=
ëÉîÉê~ä=äáãáí~íáçåëK=páåÅÉ=íÜÉ=ÅêçëëäáåâáåÖ=éêçÅÉëë=áë=ê~åÇçãI=íÜÉó=ÅçãÉ=~í=Äêç~Ç=ê~åÖÉ=
çÑ= ëáòÉë= EÑêçã= YMKN= íç= P=ãã= áå= Çá~ãÉíÉêëFK= ^ÑíÉê= ã~åì~ä= ëÉäÉÅíáçå= ~åÇ= Å~êÉÑìä=
Éñ~ãáå~íáçå=ìåÇÉê= íÜÉ=ãáÅêçëÅçéÉI= íÜÉ=~ÖÖêÉÖ~íÉë=ïáíÜ=çåÉ=ëéÉÅáÑáÅ=ëáòÉ=ïÉêÉ=ÅÜçëÉå=
EMKR=ãã=Çá~ãÉíÉêFK=aìÉ=íç=íÜÉ=î~êá~íáçåë=áå=íÜÉ=åìãÄÉê=çÑ=mp=ÄÉ~Çë=~åÇ=íÜÉ=~ãçìåí=çÑ=
~ÅíáîÉ= Åóí=Å= áå= É~ÅÜ= ~ÖÖêÉÖ~íÉI= íÜÉëÉ= ë~ãéäÉë= ëÜçïÉÇ=èìáíÉ= ÇáÑÑÉêÉåí= êÉëéçåëÉë= ìåÇÉê=
ÉñéçëìêÉ=íç=íÜÉ=ë~ãÉ=~ãçìåí=çÑ=eOlO=EU=μjF=EcáÖK=PKOÇFK=^ë=~=êÉëìäíI=íÜáë=ÅçåÑáÖìê~íáçå=
ëÜçïë=áåëìÑÑáÅáÉåí=êÉéÉ~í~Äáäáíó=~åÇ=êÉéêçÇìÅáÄáäáíóI=ëáåÅÉ=É~ÅÜ=~ÖÖêÉÖ~íÉ=áë=ÇáÑÑÉêÉåíK==

fåâJàÉí=éêáåíáåÖ=

qÜÉ=ëÉÅçåÇ=~ééêç~ÅÜ=áë=Ä~ëÉÇ=çå=áåâJàÉí=éêáåíáåÖ=EjaJhJNQMI=jáÅêçÇêçé=qÉÅÜåçäçÖáÉë=
dãÄeI=dÉêã~åóF=çÑ=~=mp=ÄÉ~ÇëLÅóí=Å=ëçäìíáçå=xONVzK=qÜáë=~ééêç~ÅÜ=áë=Ä~ëÉÇ=çå=Çêçé=çå=
ÇÉã~åÇ=íÉÅÜåçäçÖóW=~=éêáåíáåÖ=åçòòäÉ=áë=ÅçååÉÅíÉÇ=íç=~=éáÉòçÉäÉÅíêáÅ=ã~íÉêá~äK=tÜÉå=~=
îçäí~ÖÉ=áë=~ééäáÉÇI=íÜÉ=éáÉòçÉäÉÅíêáÅ=ã~íÉêá~ä=ÅÜ~åÖÉë=ëÜ~éÉI=ÖÉåÉê~íáåÖ=~=éêÉëëìêÉ=éìäëÉ=
áå= íÜÉ= ÑäìáÇI= ïÜáÅÜ= ÑçêÅÉë= ~= ÇêçéäÉí= çÑ= áåâ= Ñêçã= íÜÉ= åçòòäÉK= få= íÜáë= ï~óI= Åçåíêçää~ÄäÉ=
~ãçìåíë= çÑ= Åóí=Å= Å~å= ÄÉ= ÇÉéçëáíÉÇ= çå= íÜÉ= ëìêÑ~ÅÉ= çÑ= Öä~ëëI= ïÜáäÉ= íÜÉ= éêÉëÉåÅÉ= çÑ= mp=
ÄÉ~Çë=Éå~ÄäÉë=ãìäíáëÅ~ííÉêáåÖ= EcáÖK= PKP~IÄFK=qÜÉ= Ñ~ÄêáÅ~íáçå=éêçÅÉëë= áë= íÜÉ= ÑçääçïáåÖW= ~=
ãáñíìêÉ= çÑ= MKS=åj= mp= ÄÉ~Çë= ~åÇ= Q=ãj= Åóí=Å= áë= éêÉé~êÉÇ= áããÉÇá~íÉäó= ÄÉÑçêÉ= áåâJàÉí=



`Ü~éíÉê=P=`çåíáåìçìë=ãÉ~ëìêÉãÉåíë=çÑ=Éñíê~ÅÉääìä~ê=ÜóÇêçÖÉå=éÉêçñáÇÉ=

PU 

éêáåíáåÖK=f=ëí~êí=éêáåíáåÖ=Äó=çÄí~áåáåÖ=ëí~ÄäÉ=Çêçéë=çÑ=ï~íÉê=ïáíÜ=çéíáãáòÉÇ=éêáåíáåÖ=é~J
é~ê~ãÉíÉêë= EÑêÉèìÉåÅó= çÑ= ëéçííáåÖI= éìäëÉ= äÉåÖíÜ= ~åÇ= îçäí~ÖÉ= ~ééäáÉÇ= íç= íÜÉ= åçòòäÉFK=
^ÑíÉêï~êÇë=íÜÉ=mpLÅóí=Å=ãáñíìêÉ=áë=éêáåíÉÇ=çå=íÜÉ=Öä~ëë=ãáÅêçëÅçéÉ=ëäáÇÉK=^ë=ëççå=~ë=íÜÉ=
éêáåíáåÖ=áë=ÑáåáëÜÉÇI=íÜÉ=ãáñíìêÉ=áë=èìáÅâäó=êÉéä~ÅÉÇ=Äó=ï~íÉê=áå=çêÇÉê=åçí=íç=ÅäçÖ=íÜÉ=íáé=
çÑ= íÜÉ= åçòòäÉ= ÇìêáåÖ= ÇêóáåÖK= ^ÑíÉê= ÇÉéçëáíáçå= íÜÉ= éêáåíÉÇ= ~ÖÖêÉÖ~íÉë= ~êÉ= ÅêçëëäáåâÉÇ=
ìëáåÖ=Öäìí~ê~äÇÉÜóíÉ=áå=î~éçìê=éÜ~ëÉ=Ñçê=N=ÜK=cáå~ääóI=íÜÉ=éêçÇìÅÉÇ=mpLÅóí=Å=~ÖÖêÉÖ~íÉë=
~êÉ=ëíçêÉÇ=~í=Q=ø`=áå=~=ÅäçëÉÇ=Åçåí~áåÉê=~í=NMM=B=êÉä~íáîÉ=ÜìãáÇáíóK==

=

=

cáÖìêÉ= PKOK= `óí=ÅLmp= ÄÉ~Çë= ~ÖÖêÉÖ~íÉëK= E~F= pÅÜÉã~íáÅ= áääìëíê~íáçå= çÑ= çéíáÅ~ä= äÉåÖíÜ=
ÉåÜ~åÅÉãÉåí=áå=~å=~ÖÖêÉÖ~íÉK=EÄF=cçÅìëÉÇ=fçå=_É~ã=áã~ÖÉ=çÑ=íÜÉ=Ñ~ÄêáÅ~íÉÇ=~ÖÖêÉÖ~íÉ=
EÅçìêíÉëó=çÑ=`ÜK=p~åíëÅÜáFK=EÅF=qÉãéçê~ä=ãÉ~ëìêÉãÉåíë=çÑ=߮=Ñçê=Åóí=ÅHmp=ÄÉ~Ç=~ÖÖêÉÖ~íÉ=
ìéçå= íÜÉ= ~ÇÇáíáçå= çÑ= N=μj= ^^= ~åÇ= U=μj= çÑ= eOlO= áåíç= íÜÉ= ãÉ~ëìêÉãÉåí= ÅÜ~ãÄÉêK=
oÉëéÉÅíáîÉ=íáãÉ=éçáåíë=çÑ=~ÇÇáíáçåë=~êÉ=áåÇáÅ~íÉÇ=ïáíÜ=~êêçïëK=EÇF=qÜÉ=ÅÜ~åÖÉ=çÑ=êÉÇçñ=
ëí~íÉ=∆߮=ïáíÜáå=PM=ãáå=Ñçê=MKR=ãã=Çá~ãÉíÉê=~ÖÖêÉÖ~íÉë=áå=íÜÉ=éêÉëÉåÅÉ=çÑ=U=μj=eOlOX=íÉå=
ÇáÑÑÉêÉåí=~ÖÖêÉÖ~íÉë=~êÉ=ãÉ~ëìêÉÇK=

=

táíÜ= íÜáë= áåâJàÉí= íÉÅÜåáèìÉI= áí= áë= éçëëáÄäÉ= íç= ÇÉéçëáí= áå= ~= Åçåíêçää~ÄäÉ= ã~ååÉê= ëéçíë=
Åçåí~áåáåÖ=ÇáÑÑÉêÉåí=åìãÄÉêë=çÑ=Çêçéë=çå= íÜÉ=Öä~ëë=ëìêÑ~ÅÉ= EcáÖK=PKPÅFK=eçïÉîÉêI= íÜÉêÉ=
~êÉ= íïç= ÇáÑÑáÅìäíáÉë= ~ëëçÅá~íÉÇ=ïáíÜ= áåâJàÉí= éêáåíáåÖK= qÜÉ= Ñáêëí= çåÉ= áë= ÇêóáåÖW= ëéçíë= Çêó=
ïáíÜáå=~=ÑÉï=ëÉÅçåÇë=~ÑíÉê=éêáåíáåÖK=^ë=~=êÉëìäíI=ëéçíë=äçëÉ=íÜÉáê=Pa=ÖÉçãÉíêó=~åÇ=ÜÉåÅÉ=
íÜÉáê=çéíáÅ~ä=é~íÜ=ÉåÜ~åÅÉãÉåíK= fåÇÉÉÇI=çéíáÅ~ä=éêçÑáäçãÉíêó= ÅçåÑáêãÉÇ= íÜ~í= íÜÉ= ëéçí=
Åçåí~áåë=çåäó=~=ÑÉï=ä~óÉêë=çÑ=mp=ÄÉ~Çë=EcáÖK=PKPÇFK=eÉêÉI=íïç=éçëëáÄäÉ=áãéêçîÉãÉåíë=~êÉ=



PKO=jìäíáëÅ~ííÉêáåÖJÉåÜ~åÅÉÇ=çéíáÅ~ä=éêçÄÉë=Ä~ëÉÇ=çå=ÅóíçÅÜêçãÉ=Å=

PV 

ëìÖÖÉëíÉÇW= ëáä~åáò~íáçå=çÑ= íÜÉ= ëìêÑ~ÅÉ= ~åÇ= Åçåíêçä= çÑ= ÜìãáÇáíóK= fåÇÉÉÇI= ëáä~åáò~íáçå=çÑ=
íÜÉ=ëìêÑ~ÅÉ=ÜÉäéë=íç=êÉí~áå=íÜÉ=ëÜ~éÉ=çÑ=íÜÉ=éêáåíÉÇ=ÇêçéI=Äìí=ìëì~ääó=áí=áë=åçí=Åçãé~íáÄäÉ=
ïáíÜ=ÄáçäçÖáÅ~ä=ãÉ~ëìêÉãÉåíë=xOOMzK=jçêÉçîÉêI=íÜÉ=Çêçé=ÇçÉë=åçí=ëíáÅâ=íç=íÜÉ=ëáä~åáòÉÇ=
ëìêÑ~ÅÉ=~åÇ=ÜÉåÅÉ=ÖÉíë=ÇÉí~ÅÜÉÇ=ÇìêáåÖ=ãÉ~ëìêÉãÉåíëK=qÜÉ=Åçåíêçä=çÑ=ÜìãáÇáíó=Eìé=íç=
UMBF=çåäó=é~êíá~ääó=áãéêçîÉë=íÜÉ=ëéêÉ~ÇáåÖ=çÑ=íÜÉ=ëéçíë=çîÉê=íÜÉ=Öä~ëë=ëìÄëíê~íÉK=

=

=

cáÖìêÉ=PKPK=fåâJàÉí=éêáåíáåÖ=çÑ=Åóí=ÅLmp=ÄÉ~Çë=ÇêçéëK=E~F=pÅÜÉã~íáÅ=áääìëíê~íáçå=çÑ=áåâJàÉí=
éêáåíáåÖK=EÄF=pÅÜÉã~íáÅ=áääìëíê~íáçå=çÑ=~å=áåâJàÉí=éêáåíÉÇ=ëéçí=çå=íÜÉ=Öä~ëë=ëìÄëíê~íÉI=ïáíÜ=
íÜÉ= ÄêáÖÜíJÑáÉäÇ=ãÉ~ëìêÉãÉåí= ÅçåÑáÖìê~íáçåK= EÅF= mÜçíçÖê~éÜë= çÑ= áåâJàÉí= éêáåíÉÇ= Çêçéë=
ÅçåëáëíáåÖ=çÑ=ÇáÑÑÉêÉåí=åìãÄÉêë=çÑ=ÇêçéäÉíëK=qÜÉ=êçìåÇ=ÅáêÅäÉ=~í=íÜÉ=ÄçìåÇ~êó=áë=ÇìÉ=íç=
íÜÉ=ÅçÑÑÉÉ=êáåÖ=ÉÑÑÉÅíK=EÇF=léíáÅ~ä=éêçÑáäçãÉíêó=ãÉ~ëìêÉãÉåí=çÑ=íÜÉ=êÉÇ=~êÉ~=ã~êâÉÇ=áå=
íÜÉ=éêÉîáçìë=é~åÉä=ëÜçïáåÖ=ÜÉáÖÜí=çÑ=íÜÉ=éêáåíÉÇ=ëéçí=EìëáåÖ=sÉÉÅç=tóâç=kqNNMM=ïáíÜ=~=
PM=åã=êÉëçäìíáçåFK=

=

^åçíÜÉê=ÇáÑÑáÅìäíó=ïÜáÅÜ=çÅÅìêë=áë=ÅäçÖÖáåÖ=çÑ=íÜÉ=åçòòäÉK=tÜÉå=íÜÉ=åçòòäÉ=ïáíÜ=mpLÅóí=Å=
ëçäìíáçå= áë= äÉÑí= ~äçåÉ= Ñçê= ~= ÑÉï= ãáåìíÉë= EÑçê= Éñ~ãéäÉI= ÄÉíïÉÉå= éêáåíáåÖ= ÇáÑÑÉêÉåí=
ë~ãéäÉëFI=íÜÉ=ï~íÉê=ÇêáÉë=çìí=~åÇ=íÜÉ=mp=ÄÉ~Çë=ÅäçÖ=íÜÉ=åçòòäÉK=låÅÉ=f=ÄÉÅ~ãÉ=~ï~êÉ=çÑ=
áíI= f= Ü~îÉ= ãáåáãáòÉÇ= íÜÉ= ëí~åÇ~äçåÉ= íáãÉ= çÑ= íÜÉ= åçòòäÉ= ~åÇ= íÜÉ= êÉëìäíë= áãéêçîÉÇK=
kÉîÉêíÜÉäÉëëI=ÅäçÖÖáåÖ=ÅçåíáåìÉÇK=fí=ãÉ~åë=íÜ~í=ÇêóáåÖ=çÑ=íÜÉ=åçòòäÉ=áë=çåÉI=Äìí=åçí=íÜÉ=
çåäó= éêçÄäÉã= çÑ= íÜÉ= ëóëíÉãK= ^ÑíÉê= ëçãÉ= íáãÉ= E~êçìåÇ= PMJSM=ãáåFI= mp= ÄÉ~Çë= ëí~êí= íç=
ëÉÇáãÉåí= áå= íÜÉ= ëçäìíáçåK= qÜÉêÉÑçêÉI= ~åçíÜÉê= êÉ~ëçå= Ñçê= ÅäçÖÖáåÖ= áë= íÜÉ= ìéí~âÉ= çÑ= íÜÉ=
ÜáÖÜ= ÅçåÅÉåíê~íáçå= çÑ= mp= ÄÉ~ÇëI= ïÜáÅÜ= ëÉÇáãÉåí= íç= íÜÉ= Äçííçã= çÑ= íÜÉ= îÉëëÉäK= qç=
çîÉêÅçãÉ= íÜáëI= f= éÉêáçÇáÅ~ääó= ëíáêêÉÇ= íÜÉ= ãáñíìêÉK= cìêíÜÉêãçêÉI= f= ÇáëÅçîÉêÉÇ= íÜ~í= íÜÉ=



`Ü~éíÉê=P=`çåíáåìçìë=ãÉ~ëìêÉãÉåíë=çÑ=Éñíê~ÅÉääìä~ê=ÜóÇêçÖÉå=éÉêçñáÇÉ=

QM 

ÅäçÖÖáåÖ=êÉÇìÅÉë=ïÜÉå=íÜÉ=éêáåíÉê=í~âÉë=íÜÉ=ãáñíìêÉ=Ñêçã=íÜÉ=íçé=é~êí=çÑ=íÜÉ=ÄçííäÉ=~åÇI=
áåëíÉ~Ç=çÑ=ëíáêêáåÖI= f= àìëí=ëäáÖÜíäó=ëÜççâ=íÜÉ=îÉëëÉäK=qÜÉ=Çê~ïÄ~Åâ= áë= íÜ~í= íÜáë=éêçÅÉëë= áë=
åçí= êÉéêçÇìÅáÄäÉ= ~åÇ= íÜÉ= mp= ÄÉ~Çë= ÅçåÅÉåíê~íáçå= áë= åçí= ïÉää= ÅçåíêçääÉÇK= fí= Ü~ë= íç= ÄÉ=
åçíÉÇ= ÜÉêÉ= íÜ~í= ~= îÉêó= ëáÖåáÑáÅ~åí= ~ãçìåí= çÑ= ïçêâ= ~åÇ= íáãÉ= ï~ë= áåîÉëíÉÇ= áåíç= íÜÉ=
ÅäÉ~åáåÖ= çÑ= íÜÉ= ÅäçÖÖÉÇ= åçòòäÉëK= qÜÉ= ãçëí= ÉÑÑáÅáÉåí= ï~ó= ï~ë= ìäíê~ëçåáÅ~íáçå= çÑ= íÜÉ=
åçòòäÉ= ïáíÜ= éÉêáçÇáÅ= Ä~ÅâéìääáåÖ= çÑ= íÜÉ= äáèìáÇ= ïáíÜ= ~= ëóêáåÖÉK= _ÉëáÇÉë= íÜ~íI= mp= ÄÉ~Çë=
ÅçìäÇ=ÄÉ=ÇáäìíÉÇ=áå=íçäìÉåÉK=aÉëéáíÉ=íÜÉ=Ñ~Åí=íÜ~í=íÜÉ=ã~áå=éêçÄäÉã=çÑ=ÅäçÖÖáåÖ=ï~ë=íÜÉ=
éêÉëÉåÅÉ= çÑ= mp= ÄÉ~ÇëI= íÜÉêÉ= ïÉêÉ= Å~ëÉë= ïÜÉêÉ= Çáëëçäìíáçå= Äó= íçäìÉåÉ= ÇáÇ= åçí= ÜÉäéK=
pçãÉíáãÉë=~í=íÜÉ=íáé=çÑ=íÜÉ=åçòòäÉ=f=çÄëÉêîÉÇ=ÑáÄêÉë=ïÜáÅÜ=Å~ìëÉ=íÜÉ=ÅäçÖÖáåÖK=cáäíÉêáåÖ=
ï~íÉê= ~åÇ= Åóí=Å= ëçäìíáçå=ïáíÜ= MKO=”ã= ÑáäíÉê= ÇáÇ= åçí= áãéêçîÉ= íÜÉ= êÉëìäíëK= mp= ÄÉ~Çë= ~êÉ=
éêçÇìÅÉÇ= áå=ëçäìíáçå=~åÇ= íÜÉêÉÑçêÉ=Å~ååçí=ÄÉ= ÑáäíÉêÉÇK=eçïÉîÉêI=~í= íÜáë= ëí~ÖÉ= áí= áë=åçí=
ÉåíáêÉäó=ÅäÉ~ê=ïÜó=Éñ~Åíäó=ÅäçÖÖáåÖ=çÅÅìêëK=

jáÅêç~êê~ó=ëéçííáåÖ=

qÜÉ=íÜáêÇ=~ééêç~ÅÜ=Åçåëáëíë= áå=ãáÅêç~êê~ó=ëéçííáåÖ=çÑ=Åóí=Å= áåíç=~=éçêçìë=ëìÄëíê~íÉK=få=
Åçåíê~ëí= íç= íÜÉ= íïç= éêÉîáçìë= ~ééêç~ÅÜÉëI= ÜÉêÉ= áí= áë= äáÖÜí= ëÅ~ííÉêáåÖ= áå= íÜÉ= éçêçìë=
ëìÄëíê~íÉ= Eåçí= íÜÉ= mp= ÄÉ~ÇëF= íÜ~í= ÉåÜ~åÅÉë= íÜÉ= çéíáÅ~ä= é~íÜ= äÉåÖíÜK= rëáåÖ= íÜÉ=
ãáÅêç~êê~ó=êçÄçí=En^êê~óOI=dÉåÉíáñF=íÜÉ=~èìÉçìë=ÇêçéäÉíë=Åçåí~áåáåÖ=Åóí=Å=EQ=ãjF=ïÉêÉ=
éáÅâÉÇ=ìé= Ñêçã=~=PUQJïÉää=éä~íÉ=ïáíÜ=~=R=åä=ÇÉäáîÉêóJîçäìãÉ=ëéçííáåÖ=éáå= EVQSjmUu_I=
^êê~óáíF=~åÇ=ëìÄëÉèìÉåíäó=ÇÉéçëáíÉÇ=çåíç=íÜÉ=ÜóÇêçéÜáäáÅ=ãÉãÄê~åÉë=Edptm=OOM=åãI=
jáääáéçêÉI= êÉÑê~ÅíáîÉ= áåÇÉñ=݊=Z=NKSFI=ïÜáÅÜ=ïÉêÉ=éä~ÅÉÇ=çå= ~= Öä~ëë= ëìÄëíê~íÉ= EcáÖK= PKQ~FK=
fããÉÇá~íÉäó=~ÑíÉê=ÇÉéçëáíáåÖ=Åóí=ÅI=íÜÉ=ëéçíë=ïÉêÉ=ÉñéçëÉÇ=íç=î~éçêçìë=Öäìí~ê~äÇÉÜóÇÉ=
Ñçê=N=ÜK=qÜÉëÉ=ÅêçëëäáåâÉÇ=ëéçíë=ïÉêÉ=íÜÉå=íê~åëÑÉêêÉÇ=áåíç=ï~íÉê=~åÇ=ëíçêÉÇ=~í=Qø`=éêáçê=
íÜÉ=ìëÉK=aìêáåÖ=íÜÉ=ÅêçëëäáåâáåÖ=éêçÅÉëë=íÜÉ=ëéçíë=~êÉ=âÉéí=~í=NMM=B=êÉä~íáîÉ=ÜìãáÇáíó=áå=
çêÇÉê=íç=~îçáÇ=ÇêóáåÖI=ïÜáÅÜ=ïçìäÇI=çíÜÉêïáëÉI=ÇÉå~íìêÉ=íÜÉ=ÜÉãÉ=éêçíÉáåK==

léíáÅ~ä= ãÉ~ëìêÉãÉåíë= ëÜçï= ~å= áåÅêÉ~ëÉÇ= ~Äëçêéíáçå= çÑ= Åóí=Å= áå= íÜÉ= ãÉãÄê~åÉI=
Åçãé~êÉÇ= íç= íÜÉ= ë~ãÉ=~ãçìåí= çÑ= Åóí=Å= ÇÉéçëáíÉÇ=çå= ~= Ñä~í= Öä~ëë= ëìÄëíê~íÉ= EcáÖK= PKQÄFK=
qÜáë=ÉÑÑÉÅí= áë=Å~ìëÉÇ=Äó= íïç= Ñ~ÅíçêëW= ENF=ÇìÉ= íç= íÜÉ=ëìêÑ~ÅÉ= íÉåëáçåI=Çêçéë=çå= íÜÉ=Öä~ëë=
ëìêÑ~ÅÉ= Ñçêã= ~= íÜáå= ä~óÉê= EYNM=”ãFI= êÉëìäíáåÖ= áå= ~= ëã~ääÉê= çéíáÅ~ä= íÜáÅâåÉëëX= EOF= äáÖÜí=
ëÅ~ííÉêáåÖ=í~âáåÖ=éä~ÅÉ=áå=íÜÉ=éçêÉë=çÑ=íÜÉ=ãÉãÄê~åÉ=ÉåÜ~åÅÉë=íÜÉ=çéíáÅ~ä=é~íÜ=äÉåÖíÜ=
xUPzK=qÜÉ=Ñáêëí=ÉÑÑÉÅí=ï~ë=ÅçåÑáêãÉÇ=Äó=çÄëÉêîáåÖ=ÅêçëëJëÉÅíáçåë=çÑ=íÜÉ=éêáåíÉÇ=ëéçí=áå=íÜÉ=
ãÉãÄê~åÉK=qÜÉ=ÉåÜ~åÅÉãÉåí=Ñ~Åíçê=݂=áë=ÇÉÑáåÉÇ=~ë=íÜÉ=ê~íáç=ÄÉíïÉÉå=Åóí=Å=~ÄëçêÄ~åÅÉ=
=í=λ=Z=RQO=åã=Ñçê=~=ëéçí=çå=Öä~ëë=~åÇ=~=ëéçí=áå=íÜÉ=ãÉãÄê~åÉK=cçê=~=OM=éãçä=ëéçí=݂=áë~=ܣ
QKS=œ=MKU=~åÇ=QKS=œ=NKO= áå=ãÉãÄê~åÉë=ïáíÜ=éçêÉ=ëáòÉë=OOM=åã=~åÇ=QRM=åãI=êÉëéÉÅíáîÉäó=
EcáÖK= PKQÑFK= aìÉ= íç= ÅêçëëäáåâáåÖI= Åóí=Å= áë= é~êíá~ääó= ÇÉå~íìêÉÇI= êÉã~áåáåÖ= áå= áíë= çñáÇáòÉÇ=
Ñçêã= ~åÇ= äçëáåÖ= ëçãÉ= çÑ= áíë= éëÉìÇçJéÉêçñáÇ~ëÉ= ÄÉÜ~îáçìêI= ïÜáÅÜ= áë= ÉëëÉåíá~ä= Ñçê= çìê=
ëÉåëáåÖ= éìêéçëÉK= qç= Éëíáã~íÉ= íÜÉ= ÇÉÖêÉÉ= çÑ= ÇÉå~íìê~íáçåI= ïÉ= ãÉ~ëìêÉÇ= íÜÉ= ëéÉÅíê~ä=
êÉëéçåëÉ= çÑ= ëÉîÉê~ä= ëéçíë= ïÜáÅÜ= ïÉêÉ= êÉÇìÅÉÇ= áå= ÉñÅÉëë= çÑ= ^^= EcáÖK= PKQÉFK= péçíë=
ÇÉéçëáíÉÇ=çå=Öä~ëë=~åÇ= áå=OOM=åã=~åÇ=QRM=åã=éçêÉ=ëáòÉ=ãÉãÄê~åÉë=Ü~îÉ=߮= î~äìÉë=çÑ=
MKRPœMKOMI=MKQNœMKMP=~åÇ=MKQUœMKMVI=êÉëéÉÅíáîÉäóK==

`óí=Å= áå= éêáåíÉÇ= ëéçíë= ëÜçïë= ~å= ÉñÅÉääÉåí= êÉÇçñ= ÄÉÜ~îáçêW= ~= ÅçãéäÉíÉäó= çñáÇáòÉÇ= ëéçí=
Å~å=ÄÉ= êÉÇìÅÉÇ= íç= áíë=çêáÖáå~ä= êÉÇçñ=ëí~íÉ=~åÇI=ÜÉåÅÉI= êÉìëÉÇ= Ñçê=eOlO=ÇÉíÉÅíáçå=ìé= íç=
ÑáîÉ=íáãÉë=EcáÖK=PKQÅFK=eçïÉîÉêI=ÜáÖÜ=eOlO=ÅçåÅÉåíê~íáçåë=E[NMM=”jF=áêêÉîÉêëáÄäó=çñáÇáòÉ=



PKO=jìäíáëÅ~ííÉêáåÖJÉåÜ~åÅÉÇ=çéíáÅ~ä=éêçÄÉë=Ä~ëÉÇ=çå=ÅóíçÅÜêçãÉ=Å=

QN 

~åÇ=ÇÉå~íìêÉ=Åóí=Å= xONTzK=vÉíI= íÉå=Ç~óë=çäÇ= ëéçíë=Ü~îÉ=Åçåëí~åí=ÅçÉÑÑáÅáÉåíë=߮=ÇÉãçåJ
ÇÉãçåëíê~íáåÖ=~=ÖççÇ=äáÑÉíáãÉ=Ñçê=íÜÉ=ëÉåëáåÖ=ÉäÉãÉåí=EcáÖK=PKQÇFK==

=

cáÖìêÉ= PKQK= mêáåíÉÇ= Åóí=Å= ëéçíë= áå= ~= éçêçìë= ãÉãÄê~åÉK= E~F= pÅÜÉã~íáÅ= áääìëíê~íáçå= çÑ=
Åçåí~Åí=éêáåíáåÖ=çÑ=Åóí=Å=çåíç=íÜÉ=ãÉãÄê~åÉK=qÜÉ=áåëÉí=ëÜçïë=~=éÜçíçÖê~éÜ=çÑ=~å=~êê~ó=
çÑ=éêáåíÉÇ=ëéçíëK=EÄF=léíáÅ~ä=íê~åëãáëëáçå=çÑ=OM=éãçä=Åóí=Å=ëéçíë=éêáåíÉÇ=çå=Öä~ëëI=áå=OOM=
åãI=çê=áå=QRM=åã=éçêÉ=ëáòÉ=ãÉãÄê~åÉë=áå=íÜÉ=éêÉëÉåÅÉ=çÑ=^^K=EÅF=oÉÇçñ=ëí~íÉ=ÅçÉÑÑáÅáÉåí=
߮=çÑ=~=Åóí=Å=ëéçí=áå=~=OOM=åã=éçêÉ=ëáòÉ=ãÉãÄê~åÉ=áå=^^=~åÇ=eOlOI=~ë=~=ÑìåÅíáçå=çÑ=íÜÉ=
åìãÄÉê=çÑ= ÅçåëÉÅìíáîÉ=çñáÇ~íáçåLêÉÇìÅíáçå=ÅóÅäÉëK=mêáçê= íç= íÜÉáê=ìíáäáò~íáçåI= íÜÉ= ëéçíë=
ïÉêÉ=êÉÇìÅÉÇ=ïáíÜ=^^=~åÇ=ëìÄëÉèìÉåíäó=ï~ëÜÉÇK=߮=ï~ë=ãÉ~ëìêÉÇ=áããÉÇá~íÉäó=~ÑíÉê=íÜÉ=
~ÇÇáíáçå=çÑ=OM=”j=çÑ=eOlO=~åÇ=PM=ãáå=ä~íÉêK=EÇF=oÉÇçñ=ëí~íÉ=ÅçÉÑÑáÅáÉåí=߮=çÑ=~=Åóí=Å=ëéçí=áå=
~=OOM=åã=éçêÉ=ëáòÉ=ãÉãÄê~åÉ=~ë=~=ÑìåÅíáçå=çÑ=ëíçê~ÖÉ=íáãÉK=qÜÉ=ëéçíë=ïÉêÉ=éêÉé~êÉÇ=~ë=
áå= EÅFK=qÜÉ=Éêêçê=Ä~êë= êÉéêÉëÉåí= íÜÉ=ëí~åÇ~êÇ=ÇÉîá~íáçå= Ñçê=R=ãÉ~ëìêÉãÉåíëK= EÉF=oÉÇçñ=
ëí~íÉ=ÅçÉÑÑáÅáÉåí=߮= áå=íÜÉ=éêÉëÉåÅÉ=çÑ=^^=~åÇ=EÑF=çéíáÅ~ä=é~íÜ=äÉåÖíÜ=ElmiF=Ñçê=ëéçíë=çå=
Öä~ëëI= áå= OOM= åã= ~åÇ= QRM= åã= éçêÉ= ãÉãÄê~åÉëK= qÜÉ= Éêêçê= Ä~êë= ÅçêêÉëéçåÇ= íç= íÜÉ=
ëí~åÇ~êÇ=ÇÉîá~íáçå=Ñçê=V=ãÉ~ëìêÉãÉåíëI=É~ÅÜ=çå=ÇáÑÑÉêÉåí=ë~ãéäÉK=



`Ü~éíÉê=P=`çåíáåìçìë=ãÉ~ëìêÉãÉåíë=çÑ=Éñíê~ÅÉääìä~ê=ÜóÇêçÖÉå=éÉêçñáÇÉ=

QO 

PKP mçêí~ÄäÉ= çñáÇ~íáîÉ= ëíêÉëë= ëÉåëçêW= Çóå~ãáÅ= ~åÇ=
Éñíê~ÅÉääìä~ê=eOlO=ÇÉíÉÅíáçå=êÉäÉ~ëÉÇ=Ñêçã=~äÖ~É=

få=íÜáë=ëÉÅíáçåI=f=éêÉëÉåí=~=éçêí~ÄäÉ=çñáÇ~íáîÉ=ëíêÉëë=ëÉåëçê=EmlppF=Ñçê=íÜÉ=åçåJáåî~ëáîÉ=
~åÇ= Åçåíáåìçìë=ãÉ~ëìêÉãÉåíë= çÑ= eOlO= ìëáåÖ= íÜÉ= ÇÉîÉäçéÉÇ= Åóí=Å= ëéçíë= Ñ~ÄêáÅ~íÉÇ= ~ë=
ÇÉëÅêáÄÉÇ= áå= íÜÉ= éêÉîáçìë= ëÉÅíáçåK= qÜáë= Åçãé~Åí= mlpp= ï~ë= ëéÉÅáÑáÅ~ääó= ÇÉëáÖåÉÇ= Ñçê=
ÉÑÑáÅáÉåí=~åÇ=É~ëó=ÑáÉäÇ=~å~äóëáëK==

PKPKN lîÉêîáÉï=çÑ=íÜÉ=ëÉåëçê=

mlpp=áë=~=ÜçãÉJÄìáäí=ëÉíìé=íÜ~í=Å~å=çéÉê~íÉ=áå=ÄçíÜ=Ç~êâJ=~åÇ=ÄêáÖÜíJÑáÉäÇ=íê~åëãáëëáçå=
ãçÇÉëK= få= çêÇÉê= íç= Öì~ê~åíÉÉ= ~= éêçéÉê= ~äáÖåãÉåí= ~åÇ= ÖççÇ= ëí~ÄáäáíóI= ~ää= ÅçãéçåÉåíë=
ïÉêÉ= ÑáñÉÇ= çå= ~= îÉêíáÅ~ä= ãçìåíáåÖ= éä~íÉ= xOONzK= qÜÉ= ë~ãéäÉ= ÜçäÇÉê= ~åÇ= ~ää= çéíáÅ~ä=
ÉäÉãÉåíë= áåÅäìÇáåÖ=íÜÉ=ëéÉÅíêçãÉíÉê=~åÇ=äáÖÜí=ëçìêÅÉ=~êÉ=ëáíì~íÉÇ=çå=íÜÉ=Ñêçåí=ëáÇÉ=çÑ=
íÜÉ= ãçìåíáåÖ= éä~íÉ= EcáÖK=PKR~I= ÄFI= ïÜÉêÉ~ë= íÜÉ= ÉäÉÅíêçãÉÅÜ~åáÅ~ä= ÅçãéçåÉåíëI=
áåÅäìÇáåÖ= íÜÉ= éçïÉê= ëìééäó= Eque= NOM= NOQI= qê~Åç= mçïÉêF= ~åÇ= äáèìáÇ= éìãé= EuÅ~äáÄìêI=
qÉÅ~åFI= ïÉêÉ=ãçìåíÉÇ= çå= íÜÉ= êÉ~ê= ëáÇÉK= qÜÉ= ë~ãéäÉ= ï~ë= ÑáñÉÇ= çå= ~å= =Jíê~åëä~íáçåݕJݔ
ëí~ÖÉ=EqÜçêä~ÄëI=jqNLjFI=ïÜáÅÜ=~ääçïÉÇ=Ñçê=éêçéÉê=~äáÖåãÉåí=ïáíÜ=íÜÉ=çÄàÉÅíáîÉK=^=iba=
EoNNLaPLkL_I=oÉäÅç=dêçìé=iíÇI=P=tF=ï~ë=ìëÉÇ=~ë= äáÖÜí= ëçìêÅÉ=~åÇ= íÜÉ=ëÅ~ííÉêÉÇ= äáÖÜíI=
Åçåí~áåáåÖ= íÜÉ= ëéÉÅíê~ä= áåÑçêã~íáçå= Ñêçã= íÜÉ= ë~ãéäÉI= ï~ë= ÅçääÉÅíÉÇ= Äó= íÜÉ= çÄàÉÅíáîÉ=
Ermä~åci=OMñI=läóãéìëI=k^=Z=MKQRFK=qÜÉ=Åçääáã~íÉÇ=ÄÉ~ã=~í=íÜÉ=çìíéìí=çÑ=íÜÉ=çÄàÉÅíáîÉ=
ï~ë= ëéäáí= áåíç= ~= Å~ãÉê~= E`OTMI= içÖáíÉÅÜF= Ñçê= áã~ÖáåÖ= íÜÉ= ë~ãéäÉ= ~åÇ= ~= ëéÉÅíêçãÉíÉê=
EeoQMMMHI=lÅÉ~å=léíáÅëF=Ñçê=ëéÉÅíê~ä=~å~äóëáë=çÑ=íÜÉ=ëÅ~ííÉêÉÇ=äáÖÜíK=qÜÉ=çÄàÉÅíáîÉ=ï~ë=
ãçìåíÉÇ=çå= ~= òJíê~åëä~íáçå= ëí~ÖÉ= áå= çêÇÉê= íç= ~Çàìëí= íÜÉ= ÑçÅ~ä= Çáëí~åÅÉ= íç= íÜÉ= ë~ãéäÉK=
cáå~ääóI=íÜÉ=ãáÅêçÑäìáÇáÅ=éìãé=ï~ë=ÅçåíêçääÉÇ=ïáíÜ=i~ÄîáÉïK=qÜÉ=ÉåíáêÉ=éçêí~ÄäÉ=ëÉíìé=
Ü~ë=íÜÉ=ÇáãÉåëáçåë=PM×NR×QR=ÅãPK=

p~ãéäÉë=ïÉêÉ=ãÉ~ëìêÉÇ=áå=íïç=êÉÖáãÉëW=ëí~íáÅ=~åÇ=ãáÅêçÑäìáÇáÅK=cçê=ãÉ~ëìêÉãÉåíë=áå=
íÜÉ= ëí~íáÅ= êÉÖáãÉI= ~= ëã~ää= ÅÜ~ãÄÉêI= ÇÉäáãáíÉÇ= Äó= ~å=lJêáåÖ= EV×N=ããI= sçäìãÉ=Z=SM=μäI=
_otFI=ï~ë=ÑáääÉÇ=ïáíÜ=íÜÉ=ëçäìíáçå=çÑ=áåíÉêÉëí=~åÇ=íÜÉ=ãÉãÄê~åÉ=Åçåí~áåáåÖ=íÜÉ=éêáåíÉÇ=
ëÉåëáåÖ=ëéçí=EcáÖK=PKRÅFK=qÜÉ=ÅÜ~ãÄÉê=ï~ë=ëÉ~äÉÇ=ïáíÜ=~=ÅçîÉê=ëäáé=~åÇ=~åó=ÉñÅÉëë=äáèìáÇ=
ï~ë=êÉãçîÉÇK=cçê=ÉîÉêó=ãÉ~ëìêÉãÉåí=~=åÉï=lJêáåÖ=~åÇ=~=åÉï=ëÉåëáåÖ=ëéçí=ïÉêÉ=ìëÉÇK==

få= íÜÉ= Ñäçï= êÉÖáãÉI= íÜÉ= ëÉåëáåÖ= ëéçíë= ïÉêÉ= áåíÉÖê~íÉÇ= áåíç= ~= ãáÅêçÑäìáÇáÅ= ÅÜ~ååÉä=
EMKP×N=ããO= ÅêçëëJëÉÅíáçå= ~êÉ~= ~åÇ= Q=ãã= äÉåÖíÜF= Ñ~ÄêáÅ~íÉÇ= áå= majp= ìëáåÖ= ~= Å~ëíáåÖ=
êÉéäáÅ~íáçå=éêçÅÉëë=ïáíÜ=ãçäÇë=éêÉé~êÉÇ=ìëáåÖ= ëí~åÇ~êÇ=éÜçíçäáíÜçÖê~éÜó= EcáÖK= PKRÇFK=
qç= Öì~ê~åíÉÉ= ~å= çéíáã~ä= íáÖÜíåÉëë= çÑ= íÜÉ=ãáÅêçÑäìáÇáÅ= ÅÜ~ååÉäëI= ~å= ~ÇÇáíáçå~ä= majp=
ä~óÉê=ENMM=μã=íÜáÅâåÉëëF=Åçåí~áåáåÖ=~=ÜçäÉ=íç=~ÅÅçããçÇ~íÉ=íÜÉ=éçêçìë=ãÉãÄê~åÉ=ï~ë=
~ÇÇÉÇK= qÜÉëÉ= íïç= majp= ä~óÉêë= ~äçåÖ= ïáíÜ= íÜÉ= Öä~ëë= ëìÄëíê~íÉ= ïÉêÉ= íÜÉå= Åä~ãéÉÇ=
ÄÉíïÉÉå= íïç=ãÉí~ääáÅ=éä~íÉëK= få= çêÇÉê= íç= çéíáãáòÉ= íÜÉ=éÉêÑçêã~åÅÉ=çÑ= íÜÉ= ëÉåëçêI= íÜÉ=
ëéçí=ï~ë=~äáÖåÉÇ=ïáíÜ=êÉëéÉÅí= íç= íÜÉ=ÅÉåíÉê=~ñáë=çÑ= íÜÉ=ÅÜ~ååÉäK=qÜÉ=ãÉãÄê~åÉë=ïÉêÉ=
Åìí=ä~êÖÉê=íÜ~å=íÜÉ=ÅÜ~ååÉäë=~åÇ=ïÉêÉ=ÜÉåÅÉÑçêíÜ=éáåÅÜÉÇ=Äó=íÜÉ=íçé=majp=ä~óÉêK=mêáçê=
íç= íÜÉ=ãÉ~ëìêÉãÉåíI= íÜÉ= ÅÜ~ååÉä= ï~ë= ï~ëÜÉÇ= ïáíÜ= ÇÉáçåáòÉÇ= ï~íÉê= Ñçê= NM= ãáå= ~í= ~=
Åçåëí~åí=Ñäçï=çÑ=O=ããLëÉÅK=qÜÉ=ëçäìíáçå=çÑ= áåíÉêÉëí=ï~ë=íÜÉå=áåíêçÇìÅÉÇ=~í=~=Åçåëí~åí=
Ñäçï=ê~íÉ=EO=ããLëÉÅFK=^í=íÜÉ=ÉåÇ=çÑ=ÉîÉêó=ãÉ~ëìêÉãÉåíI=íÜÉ=ëéçí=ï~ë=êÉãçîÉÇ=~åÇ=~ää=



PKP=mçêí~ÄäÉ=çñáÇ~íáîÉ=ëíêÉëë=ëÉåëçêW=Çóå~ãáÅ=~åÇ=Éñíê~ÅÉääìä~ê=eOlO=ÇÉíÉÅíáçå=êÉäÉ~ëÉÇ=Ñêçã=~äÖ~É=

QP 

ãáÅêçÑäìáÇáÅ=ÅçãéçåÉåíë=ïÉêÉ= íÜçêçìÖÜäó= êáåëÉÇ=ïáíÜ=ÇáëíáääÉÇ=ï~íÉêK=^=åÉï=ëéçí=ï~ë=
íÜÉå=áåëÉêíÉÇ=Ñçê=íÜÉ=åÉñí=ãÉ~ëìêÉãÉåíK==

=

=

cáÖìêÉ= PKRK= mlpp= ëÉíìéK= E~F= pÅÜÉã~íáÅ= Çê~ïáåÖ= çÑ= íÜÉ= éçêí~ÄäÉ= ëÉíìéK= cçê= íÜÉ= ë~âÉ= çÑ=
Åä~êáíóI=çåäó=íÜÉ=ã~áå=ÉäÉãÉåíë=~êÉ=ëÜçïåK=oÉÇ=~êêçïë=êÉéêÉëÉåí=íÜÉ=äáÖÜí=Ñêçã=íÜÉ=iba=
ïÜÉêÉ~ë= ÄäìÉ= ~êêçïë= áåÇáÅ~íÉ= íÜÉ= äáÖÜí= ëÅ~ííÉêÉÇ= Äó= íÜÉ= ë~ãéäÉK= EÄF= máÅíìêÉ= çÑ= íÜÉ=
éçêí~ÄäÉ=ëÉíìé=EÑêçåí=îáÉïFK=EÅF=pÅÜÉã~íáÅ=áääìëíê~íáçå=çÑ=íÜÉ=ëí~íáÅ=êÉÖáãÉ=ÅçåÑáÖìê~íáçåW=
qÜÉ=ãÉãÄê~åÉ=Åçåí~áåáåÖ=íÜÉ=ëéçí=áë=éä~ÅÉÇ=çåíç=íÜÉ=Öä~ëë=ëìÄëíê~íÉ=áå=íÜÉ=lJêáåÖK=EÇF=
pÅÜÉã~íáÅ= áääìëíê~íáçå= çÑ= íÜÉ=ãáÅêçÑäìáÇáÅ= ÅçåÑáÖìê~íáçå= áå= íÜÉ= Ñäçï= êÉÖáãÉ= EëáÇÉ= ~åÇ=
Ñêçåí=îáÉïëFI=íÜÉ=ãáÅêçÑäìáÇáÅ=ÅÜáé=áë=éä~ÅÉÇ=çå=íÜÉ=ë~ãéäÉ=ÜçäÇÉêK=

=



`Ü~éíÉê=P=`çåíáåìçìë=ãÉ~ëìêÉãÉåíë=çÑ=Éñíê~ÅÉääìä~ê=ÜóÇêçÖÉå=éÉêçñáÇÉ=

QQ 

PKPKO pÉåëçê=Å~äáÄê~íáçå==

få= çêÇÉê= íç= êÉä~íÉ= íÜÉ= êÉÇçñ= ëí~íÉ= ÅçÉÑÑáÅáÉåí=߮= íç= íÜÉ=eOlO= ÅçåÅÉåíê~íáçåI= Å~äáÄê~íáçå=
ÉñéÉêáãÉåíë=ïÉêÉ=éÉêÑçêãÉÇK=qÜÉ=âáåÉíáÅë=çÑ=߮=~í=ÇáÑÑÉêÉåí=eOlO=ÅçåÅÉåíê~íáçåë= áå=íÜÉ=
ëí~íáÅ= êÉÖáãÉ= áë= ëÜçïå= áå=cáÖK=PKS~K=tÜáäÉ= UM=åj=eOlO=çåäó= ëäáÖÜíäó=çñáÇáòÉ= Åóí=Å= E∆߮ ൌ
߮଴ െ ߮௧ ൌ	MKMOFI=U=”j=äÉ~Ç=íç=~=ÅçãéäÉíÉ=çñáÇ~íáçå=ïáíÜáå=PM=ãáåK=߮଴=~åÇ=߮௧= êÉéêÉëÉåí=
íÜÉ= êÉÇçñ= ëí~íÉë=~í= í=Z=M= ~åÇ= í=Z=PM=ãáåI= êÉëéÉÅíáîÉäóK= få= íÜÉ=~ÄëÉåÅÉ=çÑ=eOlO= íÜÉêÉ= áë= ~=
ëäçï=çñáÇ~íáçå=çÑ=Åóí=Å=E∆߮=~êçìåÇ=MKMMR=éÉê=PM=ãáåFI=ïÜáÅÜ=Ü~ë=íç=ÄÉ=í~âÉå=áåíç=~ÅÅçìåí=
Ñçê= Ç~í~= ~å~äóëáëK= qÜÉ= Å~äáÄê~íáçå= ÅìêîÉ= êÉëÉãÄäÉë= ~= ëáÖãçáÇ~ä= ëÜ~éÉ= íóéáÅ~ä= çÑ= ëìÅÜ=
êÉ~Åíáçåë= EcáÖK= PKSÄF= xOOOzK= qÜÉ= ~ÅÜáÉîÉÇ= ilaI= ÇÉÑáåÉÇ= ~ë= íÜÉ= PJÑçäÇ= çÑ= ëí~åÇ~êÇ=
ÇÉîá~íáçåI= áë= QM=åjK= cçê= Åçãé~êáëçåI= êÉÅÉåíäó= êÉéçêíÉÇ= ëÅÜÉãÉë= Ñçê= Åçåíáåìçìë= eOlO=
ÇÉíÉÅíáçå=Ó=Ä~ëÉÇ=çå= ÑäìçêÉëÅÉåí=Å~êÄçå=å~åçíìÄÉë=~åÇ=ÉäÉÅíêçÅÜÉãáëíêó=Ó=Ü~îÉ= íÜÉáê=
ilaë= áå= íÜÉ= ãáÅêçãçä~ê= ê~åÖÉ= xNTTI= OOPzK= qÜÉ= ìééÉê= ÇÉíÉÅíáçå= äáãáí= çÑ= íÜÉ= ëÉåëçê=
ÅçêêÉëéçåÇë=íç=Q=”j=Ñçê=~=PM=ãáå=ãÉ~ëìêÉãÉåíK=bîÉå=ÜáÖÜÉê=eOlO=ÅçåÅÉåíê~íáçåë=Å~å=
ÄÉ= ãÉ~ëìêÉÇ= Äó= íê~ÅâáåÖ= ߮= Ñçê= ëÜçêíÉê= íáãÉ= éÉêáçÇëK= cçê= ~= íáãÉ= áåíÉêî~ä= çÑ= N=ãáåI= f=
Éëíáã~íÉÇ= ~å= ìééÉê= ÇÉíÉÅíáçå= äáãáí= çÑ= UM=”j= Ñçê= ~= OM= éãçä= Åóí=Å= ëéçíK= cáå~ääóI= íÜÉ=
ÇÉíÉÅíáçå=äáãáí=Ñçê=íÜáë=Åä~ëë=çÑ=ëÉåëçêë=ÉñÅÜ~åÖÉë=ïáíÜ=íÜÉ=çÄëÉêî~íáçå=íáãÉ=xNTTzK=cçê=
Éñ~ãéäÉI=Åóí=Å=ëéçí=Å~å=ÇÉíÉÅí=N=”j=çÑ=eOlO=ïáíÜ=~å=~Åèìáëáíáçå=íáãÉ=çÑ=NM=ãáåK=

=

=

cáÖìêÉ=PKSK=háåÉíáÅë=çÑ=Åóí=Å=êÉÇçñ=êÉ~Åíáçå=áå=íÜÉ=éêÉëÉåÅÉ=çÑ=eOlOK=E~F=qáãÉ=Éîçäìíáçå=çÑ=
íÜÉ=êÉÇçñ=ëí~íÉ=ÅçÉÑÑáÅáÉåí=߮=Ñçê=ÇáÑÑÉêÉåí=eOlO=ÅçåÅÉåíê~íáçåë=Ñçê=~=OM=éãçä=ëéçí=çÑ=Åóí=Å=
áå=~=OOM=åã=éçêÉ=ãÉãÄê~åÉ=áå=íÜÉ=ëí~íáÅ=êÉÖáãÉ=ãÉ~ëìêÉÇ=ìëáåÖ=mlppK=qÜÉ=êÉÑÉêÉåÅÉ=
ãÉ~ëìêÉãÉåíë=~êÉ=éÉêÑçêãÉÇ=áå=ÇÉáçåáòÉÇ=ï~íÉêK=EÄF=`~äáÄê~íáçå=ÅìêîÉ=çÑ=íÜÉ=ÅÜ~åÖÉ=çÑ=
íÜÉ= êÉÇçñ= ëí~íÉ= ∆߮= ~ÑíÉê= PM= ãáå= Ñçê= íÜÉ= ëí~íáÅ= ~åÇ= ãáÅêçÑäìáÇáÅ= êÉÖáãÉëK= bêêçê= Ä~êë=
êÉéêÉëÉåí=íÜÉ=ëí~åÇ~êÇ=ÇÉîá~íáçå=çîÉê=P=ãÉ~ëìêÉãÉåíëK=

=

^ë=Ñçääçïë=Ñêçã=cáÖK=PKQÉI=êçìÖÜäó=QMB=çÑ=íÜÉ=Åóí=Å=Ó=ÅçêêÉëéçåÇáåÖ=íç=U=éãçä=Ó=êÉã~áå=
~ÅíáîÉ= ~ÑíÉê= ÅêçëëäáåâáåÖK= lå= íÜÉ= çíÜÉê= Ü~åÇI= íÜÉ= SM=”ä= lJêáåÖ= ÑáääÉÇ= ïáíÜ= UM=åj= eOlO=
ÅçêêÉëéçåÇë= íç= QKU=éãçäK= mêçîáÇÉÇ= ~= NWN= ëíçáÅÜáçãÉíêáÅ= êÉä~íáçåI= eOlO= Å~å=ã~ñáã~ääó=
çñáÇáòÉ= SMB= çÑ= Åóí=Å= áå= íÜÉ= ëéçíK= eçïÉîÉêI= íÜÉ= êÉ~Åíáçå= áë= îÉêó= ëäçï= ~åÇ= ïáíÜáå= PM=



PKP=mçêí~ÄäÉ=çñáÇ~íáîÉ=ëíêÉëë=ëÉåëçêW=Çóå~ãáÅ=~åÇ=Éñíê~ÅÉääìä~ê=eOlO=ÇÉíÉÅíáçå=êÉäÉ~ëÉÇ=Ñêçã=~äÖ~É=

QR 

ãáåìíÉë=f=çåäó=çÄëÉêîÉ=OB=çñáÇ~íáçåK=qÜáë=Å~å=ÄÉ=ÇìÉ=íç=íÜÉ=ÇÉéäÉíáçå=çÑ=eOlO=åÉ~ê=íÜÉ=
Åóí=Å=ëéçí=~åÇLçê=íç=ëäçï=êÉ~Åíáçå=âáåÉíáÅëK=páåÅÉ=~=ëáãáä~ê=ÄÉÜ~îáçìê=áë=çÄëÉêîÉÇ=áå=ÄçíÜ=
ëí~íáÅ=~åÇ=ãáÅêçÑäìáÇáÅ=êÉÖáãÉëI=f=ÉñÅäìÇÉ=íÜÉ=eOlO=ÇÉéäÉíáçå=ëÅÉå~êáçK=_ÉäçïI=f=éêçîáÇÉ=
~=ãçêÉ=èì~åíáí~íáîÉ=ÇáëÅìëëáçå=çÑ=íÜÉ=êÉ~Åíáçå=âáåÉíáÅëK=

PKPKP oÉ~Åíáçå=âáåÉíáÅë=

qÜÉ=êÉ~Åíáçå=ÄÉíïÉÉå=Åóí=Å=~åÇ=eOlO=áë=ÇÉëÅêáÄÉÇ=Äó=cÉåíçåÛë=êÉ~Åíáçå=xOOQzW=

cÉOH=H=eOlO=Z=cÉ
PH=H=elˇ=H=leJ.= = = = EPKPF=

qÜÉ=ê~íÉ=çÑ= êÉ~Åíáçå= EPKPF= áë=çåäó=ÇÉíÉêãáåÉÇ=Äó= íÜÉ=~î~áä~Äáäáíó=çÑ=eOlO=~åÇ=Åóí=ÅI=~åÇ=
Å~å=ÄÉ=ÉñéêÉëëÉÇ=~ë=ÑçääçïëW=

ቐ

ௗேಹమೀమ
ௗ௧

ൌ െ෨݇ ுܰଶைଶ ௖ܰ௬௧௖

ௗே೎೤೟೎
ௗ௧

ൌ
ௗேಹమೀమ

ௗ௧

	,= = = = EPKQF=
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íÜÉ= Ç~êâK= fíë= ÑäìçêÉëÅÉåí= áåíÉåëáíó=ï~ë=ãÉ~ëìêÉÇ= áå= ~=ãìäíáJïÉää= éä~íÉ= êÉ~ÇÉê= Ep~ÑáêÉOI=
qÉÅ~åF=~í=λ=Z=ROR=åã=ïáíÜ=~å=ÉñÅáí~íáçå=çÑ=λ=Z=QVR=åãK=mçëáíáîÉ=Åçåíêçäë=ïÉêÉ=çÄí~áåÉÇ=
Äó= ÉñéçëáåÖ= ~äÖ~É= Ñçê= PM=ãáåìíÉë= íç= NM=ãj=eOlO= ÄÉÑçêÉ= ëìÄëÉèìÉåí= áåÅìÄ~íáçå=ïáíÜ=
`jJeOa`ca^K=qç=ÇÉíÉêãáåÉ=eOlO=ÅçåÅÉåíê~íáçåëI=f=~äëç=ìëÉÇ=~å=~äíÉêå~íáîÉ=ÉåÇJéçáåí=
ãÉíÜçÇW= ORM=μä= çÑ= íÜÉ= ë~ãéäÉ= ïÉêÉ= áåÅìÄ~íÉÇ= ïáíÜ= OR=μä= çÑ= Äáç~ëë~ó= Epq^JPQPI= `Éää=
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QU 

_áçä~ÄëF=Ñçê=PM=ãáå=áå=íÜÉ=Ç~êâK=fíë=~Äëçêéíáçå=ï~ë=ãÉ~ëìêÉÇ=áå=~=ãìäíáJïÉää=éä~íÉ=êÉ~ÇÉê=
~í=λ=Z=RVR=åã=~åÇ=Åçãé~êÉÇ=íç=íÜÉ=Å~äáÄê~íáçå=ÅìêîÉ=ã~ÇÉ=ïáíÜ=eOlO=ëí~åÇ~êÇëK==

bñéÉêáãÉåíë=

qç=ÇÉãçåëíê~íÉ=íÜÉ=éÉêÑçêã~åÅÉ=çÑ=íÜÉ=mlppI=f=ëíìÇó=íÜÉ=âáåÉíáÅë=çÑ=ëíêÉëëJêÉä~íÉÇ=eOlO=
êÉäÉ~ëÉÇ= Äó= `K=êÉáåÜ~êÇíáá= áå= íÜÉ= ëí~íáÅ= ÅçåÑáÖìê~íáçåK= cáêëíI= ~äÖ~É= ïÉêÉ= ÉñéçëÉÇ= íç=
RMM=åj=`ÇOHI=ïÜáÅÜ=áë=ÜáÖÜäó=íçñáÅ=~åÇ=âåçïå=íç=áåÇìÅÉ=çñáÇ~íáîÉ=ëíêÉëë=xNTSzK=fåÇÉÉÇI=
~ÑíÉê= O=Ü= çÑ= ÉñéçëìêÉI= f= ãÉ~ëìêÉÇ= ~= eOlO= ÅçåÅÉåíê~íáçå= çÑ=ܥுଶைଶ=Z=VRMœNMM=åj= áå= íÜÉ=
`ÇL~äÖ~É= ëìëéÉåëáçå= EcáÖK=PKU~FK= råÉñéçëÉÇ= ~äÖ~É= Çç= åçí= éêçÇìÅÉ= ~åó= eOlO= ïáíÜ= íÜÉ=
êÉëéÉÅíáîÉ=ܥுଶைଶ=î~äìÉë=ÄÉáåÖ=ÄÉäçï=íÜÉ=ÇÉíÉÅíáçå=äáãáíK=fåíê~ÅÉääìä~ê=olp=äÉîÉäë=áåÅêÉ~ëÉ=
áå= áÇÉåíáÅ~ä= ÅçåÇáíáçåëI= ÅçêêÉä~íáåÖ= ïÉää= ïáíÜ= çìê= ÑáåÇáåÖë= EcáÖK= PKUÄFK= qç= ÉñÅäìÇÉ= ~=
éçëëáÄäÉ=áåíÉêÑÉêÉåÅÉ=çÑ=ÅÉääëI=`ÇOH=çê=olp=ïáíÜ=íÜÉ=ëÉåëáåÖ=ÉäÉãÉåíI=f=Å~êÉÑìääó=Éñíê~ÅíÉÇ=
íÜÉ= ëìéÉêå~í~åí= Ñêçã= íÜÉ= ë~ãéäÉ=Äó= ÅÉåíêáÑìÖ~íáçåK= qÜÉ= çÄí~áåÉÇ=ܥுଶைଶ= î~äìÉë= çÑ= íÜÉ=
ëìéÉêå~í~åí= EVMMœNOM=åjF= ~êÉ= áå= ÉñÅÉääÉåí= ~ÖêÉÉãÉåí= ïáíÜ= íÜ~í= áå= íÜÉ= `ÇL~äÖ~É=
ëìëéÉåëáçåK= jçêÉçîÉêI= ~å= ~äíÉêå~íáîÉ= ÉåÇJéçáåí= Äáç~ëë~ó= ÅçåÑáêãÉÇ= íÜÉ= éêÉëÉåÅÉ= çÑ=
eOlO= áå= íÜÉ= ëìéÉêå~í~åí=ïáíÜ=ܥுଶைଶ= Z= ENKMœMKP=μjFK=qç= ÑìêíÜÉê= ÇÉãçåëíê~íÉ= íÜ~í= mlpp=
áåÇÉÉÇ=ëÉåëÉë=eOlOI=f=~ÇÇÉÇ=NMM=μj=ÜçêëÉê~ÇáëÜ=éÉêçñáÇ~ëÉ=EeomF=íç=íÜÉ=ëìéÉêå~í~åí=íç=
ëÉäÉÅíáîÉäó=Å~í~äóëÉ=íÜÉ=ÇÉÅçãéçëáíáçå=çÑ=eOlO=áåíç=ï~íÉêK=^ë=~=êÉëìäíI=ܥுଶைଶ=ÇÉÅêÉ~ëÉÇ=íç=
íÜÉ=Ä~ÅâÖêçìåÇ=î~äìÉë=çÑ=íÜÉ=åÉÖ~íáîÉ=Åçåíêçäë=ENPMœNNM=åjFK=

kÉñíI= f= ÉñéçëÉ= ~äÖ~É= íç= NQM=åj=nÇçíë= EcáÖK= PKUÅF= ~åÇ= NM=ãÖLä= qálO= å~åçé~êíáÅäÉë= EcáÖK=
PKUÇFK=nÇçíë=áåÇìÅÉ=~=ê~éáÇ=áåÅêÉ~ëÉ=çÑ=ܥுଶைଶ=~äêÉ~Çó=~ÑíÉê=R=ãáå=íÜ~í=êÉ~ÅÜÉë=~=î~äìÉ=çÑ=
TMM=åj=~í=NÜK=qÜáë=áåÇáÅ~íÉë=íÜÉ=çñáÇ~íáîÉ=ëíêÉëëI=ïÜáÅÜ=ï~ë=~äëç=çÄëÉêîÉÇ=Ñçê=íÜÉ=ë~ãÉ=
nÇçíë=áå=ëã~ääÉê=ÅçåÅÉåíê~íáçåë=Äìí=Ñçê=äçåÖÉê=ÉñéçëìêÉ=íáãÉë=xOOSzK=lå=íÜÉ=çíÜÉê=Ü~åÇI=
~äÖ~É= ÉñéçëÉÇ= íç= NM=ãÖLä= qálO= å~åçé~êíáÅäÉë= éêçÇìÅÉÇ= QM=åj=eOlO= ~ÑíÉê= N=ÜI= éêçîáåÖ=
íÜ~í=qálO=å~åçé~êíáÅäÉë=Çç=åçí=áåÇìÅÉ=ÉäÉî~íÉÇ=olp=äÉîÉäë=áå=~äÖ~É=~í=íÜáë=ÅçåÅÉåíê~íáçå=
xOOTzK=`çåíêçä=ÉñéÉêáãÉåíë=ïáíÜ=nÇçíëLå~åçé~êíáÅäÉë= ëìëéÉåÇÉÇ= áå=m_p=ïáíÜçìí=~äÖ~É=
ÇáÇ=åçí=ëÜçï=~åó=ÉÑÑÉÅí=çå=íÜÉ=êÉÇçñ=ëí~íÉ=çÑ=Åóí=ÅK==
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QV 

=

cáÖìêÉ= PKUK= mlpp= éêççÑ= çÑ= ÅçåÅÉéíK= E~F= qáãÉ= Éîçäìíáçå= çÑ= ߮= Ñçê= ~äÖ~É= EÄä~ÅâFI= ~äÖ~É=
áåÅìÄ~íÉÇ=áå=RMM=åj=`ÇOH=Ñçê=O=Ü=EêÉÇFI=ëìéÉêå~í~åí=Éñíê~ÅíÉÇ=Ñêçã=áí=EÇ~êâ=ÄäìÉF=~åÇ=~=
ãáñíìêÉ=çÑ= ëìéÉêå~í~åí=ïáíÜ=NMM=μj=eom= EÖêÉÉåFK=qÜÉ=ÅçêêÉëéçåÇáåÖ= áåëÉí= ëÜçïë= íÜÉ=
íáãÉ=~îÉê~ÖÉ=ܥுଶைଶ=Å~äÅìä~íÉÇ=ìëáåÖ=bèK=EPKTF=Eܥுଶைଶ=ÇçÉë=åçí=ÅÜ~åÖÉ=ëáÖåáÑáÅ~åíäó=ïáíÜ=
íáãÉFK= EÄF= fåíê~ÅÉääìä~ê=olp= ÑäìçêÉëÅÉåÅÉ= áåíÉåëáíó=çÑ= OM=μj=eOa`ca^=ÇóÉK=bêêçê=Ä~êë=
êÉéêÉëÉåí= íÜÉ= ëí~åÇ~êÇ=ÇÉîá~íáçå=çîÉê=P=ãÉ~ëìêÉãÉåíëK=qáãÉ=Éîçäìíáçå=çÑ=߮= Ñçê= ~äÖ~É=
ëìëéÉåÇÉÇ=áå=m_p=ëçäìíáçå=EÄä~ÅâF=~åÇ=~äÖ~É=ÉñéçëÉÇ=íç=EÅF=NQM=åj=çÑ=`ÇpÉLwåp=nÇçíë=
~åÇ=EÇF=NM=ãÖLä=qálO=å~åçé~êíáÅäÉë= EêÉÇFK=oÉëéÉÅíáîÉ=Åçåíêçä=ÅìêîÉë=çÑ=çåäó=nÇçíë=~åÇ=
å~åçé~êíáÅäÉë= ~êÉ= ëÜçïå= áå= ÖêÉÉåK= ^ää= ÅìêîÉë= ~êÉ= ÑáííÉÇ= ïáíÜ= ~= éçäóåçãá~ä= ÑìåÅíáçåK=
fåëÉíë=ëÜçï=íÜÉ=íáãÉ=Éîçäìíáçå=çÑ=ܥுଶைଶ=Å~äÅìä~íÉÇ=ìëáåÖ=bèK=EPKTFK=

=

PKQ jìäíáéäÉñÉÇ=éä~íÑçêã=Ñçê=ãìäíá~å~äóíÉ=ÇÉíÉÅíáçå=

cçê= íÜÉ= ÇÉíÉÅíáçå= çÑ= ä~Åí~íÉI= êÉëéÉÅíáîÉäó= ÖäìÅçëÉI= ÜóÄêáÇ= ëéçí= ãáñíìêÉë= çÑ= Åóí=Å= ïáíÜ=
ÇáÑÑÉêÉåí=~ãçìåíë=çÑ=íÜÉ=ÅçêêÉëéçåÇáåÖ=ÉåòóãÉë=Eä~Åí~íÉ=çñáÇ~ëÉI=êÉëéÉÅíáîÉäó=ÖäìÅçëÉ=
çñáÇ~ëÉF= ïÉêÉ= ÇÉéçëáíÉÇ= ÑçääçïáåÖ= íÜÉ= ë~ãÉ= éêçÅÉÇìêÉ= ~ë= Åóí=Å= ëéçíë= EcáÖK= PKVFK= f= Å~ää=
íÜÉëÉ=ëéçíë=Ó=ÜóÄêáÇ=ëéçíëK=

=
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RM 

=

cáÖìêÉ=PKVK=jìäíá~å~äóíÉ=ëéçíë=éêáåíáåÖK=pçäìíáçåë=Åçåí~áåáåÖ=Åóí=Å=H=ÉåòóãÉ=ãáñíìêÉë=áå=
ãáÅêçäáíÉê= ïÉääJéä~íÉë= ~êÉ= ~ìíçã~íáÅ~ääó= ëéçííÉÇ= çåíç= ~= éçêçìë= ãÉãÄê~åÉ= ìëáåÖ= ~=
ãáÅêç~êê~ó= êçÄçíK= qÜÉ= êÉëìäíáåÖ= ÅêçëëäáåâÉÇ= ëéçíë=Ü~îÉ= ~= Çá~ãÉíÉê= çÑ= ~ééêçñK= SMM=”ã=
~åÇ=~êÉ=ëéÉÅíê~ääó=~å~äóëÉÇ=áå=íê~åëãáëëáçåK=

PKQKN däìÅçëÉ=~åÇ=ä~Åí~íÉ=ÇÉíÉÅíáçå=

`çåíêçä= ÉñéÉêáãÉåíë=ïáíÜ= ÖäìÅçëÉ= ~åÇ= ä~Åí~íÉ= êÉîÉ~äÉÇ= åç= áåíÉê~Åíáçå=ïáíÜ= Åóí=ÅK= qÜÉ=
êÉÇçñ=ëí~íÉ=ÅçÉÑÑáÅáÉåí=߮=êÉã~áåë=Åçåëí~åí=ïÜÉå=~=Åóí=Å=ëÉåëáåÖ=ëéçí=EOM=éãçäF=áë=éä~ÅÉÇ=
áåíç= íÜÉ= ÅÜ~ãÄÉê= Åçåí~áåáåÖ= QQM=”j=çÑ= ÖäìÅçëÉ= EcáÖK=PKNM~FK= ^ÑíÉê= ~ÇÇáíáçå= çÑ= ÖäìÅçëÉ=
çñáÇ~ëÉ=EdlñI=RMM=rLãäFI=íÜÉ=ÖäìÅçëÉ=áë=Å~í~äóíáÅ~ääó=ÅçåîÉêíÉÇ=áåíç=éóêìî~íÉ=~åÇ=eOlOK=
qÜÉ= ä~ííÉê= Öê~Çì~ääó= çñáÇáòÉë= Åóí=ÅI= ÇÉÅêÉ~ëáåÖ= íÜÉ= êÉÇçñ= ëí~íÉ= ÅçÉÑÑáÅáÉåí= ߮K= cìêíÜÉê=
Åçåíêçä=ÉñéÉêáãÉåíë=ÅçåÑáêãÉÇ=íÜ~í=dlñ=ÇçÉë=åçí=êÉ~Åí=ïáíÜ=Åóí=ÅK=páãáä~êäó=íç=ÖäìÅçëÉI=
íÜÉ=éêÉëÉåÅÉ=çÑ=OQ=”j=çÑ=ä~Åí~íÉ=ÇçÉë=åçí=áåÇìÅÉ=~åó=ÅÜ~åÖÉë=áå=íÜÉ=êÉÇçñ=ëí~íÉ=çÑ=Åóí=Å=
EcáÖK=PKNMÇFK=eçïÉîÉêI=íÜÉ=ëìÄëÉèìÉåí=~ÇÇáíáçå=çÑ=OKR=rLãä=ä~Åí~íÉ=çñáÇ~ëÉ=EilñF=êÉëìäíë=
áå=~å=çñáÇ~íáçå=çÑ=íÜÉ=Åóí=Å= áå=íÜÉ=ëéçíK= få=Åçåíê~ëí=íç=dlñI=ilñ=~äçåÉ=ëäáÖÜíäó=çñáÇáòÉë=
Åóí=ÅI=ÅÜ~åÖáåÖ=߮=Ñêçã=MKOR=íç=MKNS=ïáíÜáå=PM=ãáåK=EëÉÉ=íÜÉ=ÖêÉÉå=ÅìêîÉ=áå=cáÖK=OÇFK==

páåÅÉ=íÜÉ=éêÉëÉåÅÉ=çÑ=ÉåòóãÉë=áå=íÜÉ=ëçäìíáçå=Å~å=áåíÉêÑÉêÉ=ïáíÜ=Åóí=ÅI=f=éêÉé~êÉÇ=ÜóÄêáÇ=
ëéçíë=Åçåí~áåáåÖ=Åóí=Å=~åÇ=íÜÉ=ÅçêêÉëéçåÇáåÖ=ÉåòóãÉK=få=ëìÅÜ=~=ÅçåÑáÖìê~íáçå=íÜÉ=eOlO=
ÅçåîÉêëáçå= ~åÇ= ÇÉíÉÅíáçå= çÅÅìê= äçÅ~ääóI= ïÜáÅÜ= ëáÖåáÑáÅ~åíäó= êÉÇìÅÉë= íÜÉ= ~ãçìåí= çÑ=
ÉåòóãÉ= êÉèìáêÉÇK= ^ÇÇáíáçå~ääóI= ëáåÅÉ= ÄçíÜ= Åóí=Å= ~åÇ= íÜÉ= ÅçêêÉëéçåÇáåÖ= ÉåòóãÉ= ~êÉ=
áããçÄáäáòÉÇ= ÇìêáåÖ= ÅêçëëäáåâáåÖI= ëìÅÜ= ~= ÅçåÑáÖìê~íáçå= ~äëç= Éäáãáå~íÉë= íÜÉ= Çóå~ãáÅ=
ÇáêÉÅí=áåíÉê~Åíáçå=ÄÉíïÉÉå=íÜÉ=íïçK=få=íÜ~í=Å~ëÉI=MKMN=r=çÑ=dlñI=êÉëéÉÅíáîÉäó=NKOR×NMJQ=r=
çÑ= ilñI= áå= íÜÉ= R=åä= éêáåíÉÇ= ëÉåëáåÖ= ëéçí= ~êÉ= ëìÑÑáÅáÉåí= íç= ëÉåëáíáîÉäó= ÇÉíÉÅí= ÖäìÅçëÉ=
êÉëéÉÅíáîÉäó=ä~Åí~íÉ=EcáÖK=PKNMÄ=~åÇ=PKNMÉFK=qÜÉ=Å~äáÄê~íáçå=ÅìêîÉë=Ñçê=íÜÉëÉ=ÜóÄêáÇ=ëéçíëI=
ïÜáÅÜ= ëÜçï= íÜÉ= ÇáÑÑÉêÉåÅÉ= ÄÉíïÉÉå= íÜÉ= áåáíá~ä= ~åÇ= íÜÉ= Ñáå~ä= êÉÇçñ= ëí~íÉ= ÅçÉÑÑáÅáÉåíë=
∆߮ ൌ ߮௜௡௜௧௜௔௟ െ ߮௙௜௡௔௟=~ÑíÉê=PM=ãáåI=~êÉ=ëÜçïå=áå=cáÖK=PKNMÅ=~åÇ=PKNMÑK=cêçã=íÜÉëÉ=Ç~í~=f=
ÇÉÇìÅÉ= ~= ila= çÑ= VKS=”j= Ñçê= ä~Åí~íÉ= ~åÇ= NKN=”j= Ñçê= ÖäìÅçëÉ= Ñçê= íÜÉ= ~ÄçîÉ=ãÉåíáçåÉÇ=
ÉåòóãÉë= ÅçåÅÉåíê~íáçåëK= qÜÉ= ila= ÇÉÅêÉ~ëÉë= ïÜÉå= çåÉ= áåÅêÉ~ëÉë= íÜÉ= ~ãçìåí= çÑ=
ÉåòóãÉW=íÜÉ=ila=Ñçê=ä~Åí~íÉ=áë=~ë=ëã~ää=~ë=MKOQ=”j=ïáíÜ=OKR×NMJP=r=çÑ=ilñI=cáÖK=OÑX=ïÜáäÉ=
íÜÉ=ila=Ñçê=ÖäìÅçëÉ=áë=MKNN=”j=ïáíÜ=MKN=r=çÑ=dlñI=cáÖK=OÅK=qç=íÜÉ=ÄÉëí=çÑ=ãó=âåçïäÉÇÖÉI=
íÜÉëÉ=î~äìÉë=~êÉ=~í=äÉ~ëí=çåÉ=çêÇÉê=çÑ=ã~ÖåáíìÇÉ=äçïÉê=íÜ~å=íÜçëÉ=êÉéçêíÉÇ=áå=íÜÉ=êÉÅÉåí=
äáíÉê~íìêÉ=xNVVzK==
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RN 

=

cáÖìêÉ=PKNMK=oÉÇçñ=ëí~íÉ=ÅçÉÑÑáÅáÉåí=࣐= Ñçê=ÜóÄêáÇ=ëéçíëK=E~F=qáãÉ=Éîçäìíáçå=çÑ=íÜÉ=êÉÇçñ=
ëí~íÉ=ÅçÉÑÑáÅáÉåí=߮ሺݐሻ= Ñçê=~=OM=éãçä=Åóí=Å=ëÉåëáåÖ=ëéçí=ÉñéçëÉÇ=íç=ï~íÉê=EoÉÑKFI= íç=~=QQM=
”j=ÖäìÅçëÉ=ëçäìíáçå=áå=ï~íÉê=EdäìÅçëÉFI=íç=~=RMM=rLãä=dlñ=ëçäìíáçå=áå=ï~íÉê=EdlñFI=çê=
íç=~=ëçäìíáçå=ïáíÜ=QQM=”j=ÖäìÅçëÉ=~åÇ=RMM=rLãä=dlñ=áå=ï~íÉê=EdäìÅçëÉ=H=dlñFK=EÄF=qáãÉ=
Éîçäìíáçå= çÑ= íÜÉ= êÉÇçñ= ëí~íÉ= ÅçÉÑÑáÅáÉåí= ߮ሺݐሻ= Ñçê= ~= ÜóÄêáÇ= ëÉåëáåÖ= ëéçí= Åçåí~áåáåÖ=
OM=éãçä=Åóí=Å=~åÇ=MKMN=r=dlñ=ÉñéçëÉÇ=íç=ï~íÉê=EoÉÑKF=çê=íç=~=QQM=”j=ÖäìÅçëÉ=ëçäìíáçå=áå=
ï~íÉê=EdäìÅçëÉFK=EÅF=`~äáÄê~íáçå=ÅìêîÉW=êÉëéçåëÉ=çÑ=íÜÉ=ÜóÄêáÇ=ëÉåëáåÖ=ëéçí=áå=EÄF=~ÑíÉê=PM=
ãáåK=~ë=~=ÑìåÅíáçå=çÑ=íÜÉ=ÖäìÅçëÉ=ÅçåÅÉåíê~íáçåI=Ñçê=íïç=ÇáÑÑÉêÉåí=ÅçåÅÉåíê~íáçåë=çÑ=dlñ=
áå=íÜÉ=ëÉåëáåÖ=ëéçíW=MKN=r=~åÇ=MKMN=rK=EÇF=qáãÉ=Éîçäìíáçå=çÑ=íÜÉ=êÉÇçñ=ëí~íÉ=ÅçÉÑÑáÅáÉåí=
߮ሺݐሻ=Ñçê=~=OM=éãçä=Åóí=Å=ëÉåëáåÖ=ëéçí=ÉñéçëÉÇ=íç=ï~íÉê=EoÉÑKFI=íç=~=OQ=”j=ä~Åí~íÉ=ëçäìíáçå=
áå=ï~íÉê=Ei~Åí~íÉFI=íç=~=OKR=rLãä=ilñ=ëçäìíáçå=áå=ï~íÉê=EilñFI=çê=íç=~=ëçäìíáçå=ïáíÜ=QQM=
j=ÖäìÅçëÉ=~åÇ=OKR=rLãä=ilñ=áå=ï~íÉê=Ei~Åí~íÉHilñFK=EÉF=qáãÉ=Éîçäìíáçå=çÑ=íÜÉ=êÉÇçñ=
ëí~íÉ=ÅçÉÑÑáÅáÉåí=߮ሺݐሻ=Ñçê=~=ÜóÄêáÇ=ëÉåëáåÖ=ëéçí=Åçåí~áåáåÖ=OM=éãçä=Åóí=Å=~åÇ=NKOR×NMJQ=r=
ilñ= ÉñéçëÉÇ= íç= ï~íÉê= EoÉÑKF= çê= íç= ~= OQ= ”j= ä~Åí~íÉ= ëçäìíáçå= áå= ï~íÉê= Ei~Åí~íÉFK= EÑF=
`~äáÄê~íáçå=ÅìêîÉW=êÉëéçåëÉ=çÑ=íÜÉ=ÜóÄêáÇ=ëÉåëáåÖ=ëéçí=áå=EÉF=~ÑíÉê=PM=ãáåK=~ë=~=ÑìåÅíáçå=



`Ü~éíÉê=P=`çåíáåìçìë=ãÉ~ëìêÉãÉåíë=çÑ=Éñíê~ÅÉääìä~ê=ÜóÇêçÖÉå=éÉêçñáÇÉ=

RO 

çÑ=íÜÉ=ä~Åí~íÉ=ÅçåÅÉåíê~íáçåI=Ñçê=íïç=ÇáÑÑÉêÉåí=ÅçåÅÉåíê~íáçåë=çÑ=ilñ=áå=íÜÉ=ëÉåëáåÖ=ëéçíW=
NKOR×NMJQ=r=~åÇ=OKR×NMJP=rK=qÜÉ=Éêêçê=Ä~êë=áå=EÅF=~åÇ=EÉF=êÉéêÉëÉåí=íÜÉ=ëí~åÇ~êÇ=ÇÉîá~íáçå=
çîÉê=P=ãÉ~ëìêÉãÉåíëK=

=

PKQKO jìäíáéäÉñáåÖ=ãÉ~ëìêÉãÉåíë=

qÜÉ= éçëëáÄáäáíó= çÑ= ãìäíáéäÉñÉÇ= ~å~äóëáë= ~ääçïë= ëáãìäí~åÉçìë= ÇÉíÉÅíáçå= çÑ= ëÉîÉê~ä=
~å~äóíÉë=~åÇ=Å~å=~äëç=ÄÉ=ìëÉÇ=íç=êÉÇìÅÉ=Ä~ÅâÖêçìåÇ=ÅçåíêáÄìíáçåë=~åÇ=çÄí~áå=~=ãçêÉ=
êÉäá~ÄäÉ=ëí~íáëíáÅë=xOOUJOPNzK=^=ãìäíáéäÉñÉÇ=ÉñéÉêáãÉåí=áë=ëÜçïå=áå=íÜÉ=áåëÉí=çÑ=cáÖK=PKNNÇI=
ïÜÉêÉ=íïç=ëÉåëáåÖ=ëéçíë=ëé~ÅÉÇ=N=ãã=~é~êí=~êÉ=îáëáÄäÉ=áå=íÜÉ=ãÉ~ëìêÉãÉåí=ÅÜ~ãÄÉêX=
íÜÉ= ëéçíë= Å~å= áåÅäìÇÉ= Åóí=Å= çê= ~= ãáñíìêÉ= çÑ= Åóí=Å= ~åÇ= ÉåòóãÉK= få= çêÇÉê= íç= éÉêÑçêã=
ãìäíáéäÉñÉÇ=ãÉ~ëìêÉãÉåíëI= ~Äëçêéíáçå= ëéÉÅíê~= Ñêçã= ÇáÑÑÉêÉåí= ëÉåëáåÖ= ëéçíë=ãìëí= ÄÉ=
êÉÅçêÇÉÇ=ëáãìäí~åÉçìëäóI=ïÜáÅÜ=êÉèìáêÉë=~=éêÉÅáëÉ=~äáÖåãÉåí=áå=íÜÉ=ãáÅêçëÅçéÉI=ïÜáäÉ=
~ÇÇáíáçå~ä=ã~êâÉêë=çå=íÜÉ=ãÉãÄê~åÉ=~êÉ=ìëÉÇ=íç=áÇÉåíáÑó=íÜÉ=ëÉåëáåÖ=ëéçíë=EcáÖK=PKNNÇ=
áåëÉíFK=

båòóã~íáÅ=êÉ~Åíáçåë=êÉëìäí=áå=íÜÉ=éêçÇìÅíáçå=çÑ=eOlO=áå=íÜÉ=îáÅáåáíó=çÑ=íÜÉ=ëÉåëáåÖ=ëéçí=
~åÇ=Ó=Äó=ÇáÑÑìëáçå=Ó=áå=~å=áåÅêÉ~ëÉÇ=ÅçåÅÉåíê~íáçå=áå=íÜÉ=ëçäìíáçåI=ïÜáÅÜ=Å~å=áåíÉêÑÉêÉ=
ïáíÜ= åÉáÖÜÄçêáåÖ= ëÉåëáåÖ= ëéçíëK= qç= áåîÉëíáÖ~íÉ= ëìÅÜ= áåíÉêÑÉêÉåÅÉëI= f= äç~ÇÉÇ= íÜÉ=
ÉñéÉêáãÉåí~ä= ÅÜ~ãÄÉê= ïáíÜ= ÇáÑÑÉêÉåí= ÅçãÄáå~íáçåë= çÑ= é~áêë= çÑ= ëÉåëáåÖ= ëéçíë= ~åÇ=
ÉñéçëÉÇ=íÜÉã=íç=eOlOI=ÖäìÅçëÉ=~åÇ=ä~Åí~íÉ=EcáÖK=PKNN~=Ó=ÅFK==

qÜÉ=ëÉåëáåÖ=ëéçíë=Åçåí~áå=ÉáíÜÉê=OM=éãçä=Åóí=Å=EÖêÉÉå=áå=cáÖK=PKNNFI=çê=OM=éãçä=Åóí=Å=~åÇ=
NKOR×NMJQ=r=ilñ=EÄäìÉ=áå=cáÖK=PKNNFI=çê=OM=éãçä=Åóí=Å=~åÇ=MKMN=r=dlñ=EêÉÇ=áå=cáÖK=PKNNF=~åÇ=
~êÉ= ~äï~óë= ÉñéçëÉÇ= áå= é~áêëI= ïÜáÅÜ= éêçîáÇÉë= èì~åíáí~íáîÉ= ãÉ~ëìêÉãÉåíë= Ñçê= íÜÉ=
Åêçëëí~äâ= ÄÉíïÉÉå= íÜÉãK= få= íÜÉ= Ñáêëí= ëÉêáÉë= çÑ= ÉñéÉêáãÉåíëI= êÉéçêíÉÇ= áå= cáÖK= PKNN~I= f=
ÉñéçëÉ= íÜÉ= íÜêÉÉ= ÇáÑÑÉêÉåí= éçëëáÄäÉ= ÅçãÄáå~íáçåë= çÑ= ëÉåëáåÖ= ëéçíë= íç= UMM= åj= eOlOK=
eóÄêáÇ=ëéçíë=Åçåí~áåáåÖ=ÄçíÜ=Åóí=Å=~åÇ=~å=ÉåòóãÉ=ÉñÜáÄáí=~=ëäáÖÜíäó= äçïÉê=êÉëéçåëÉ=íç=
eOlO=~ë=Åçãé~êÉÇ=íç=íÜÉ=ëéçí=Åçåí~áåáåÖ=çåäó=Åóí=ÅX=éêçÄ~Ääó=ÄÉÅ~ìëÉ=íÜÉ=éêÉëÉåÅÉ=çÑ=
ÉåòóãÉ= ÜáåÇÉêë= íÜÉ= ~ÅÅÉëë= çÑ= ~å~äóíÉë= íç= íÜÉ= Åóí=ÅK= f= íÜÉå= êÉéÉ~í= íÜÉëÉ= ÉñéÉêáãÉåíëI=
ÉñéçëáåÖ=íÜÉ=é~áêë=çÑ=ëÉåëáåÖ=ëéçíë=íç=QQM=j=ÖäìÅçëÉ=EcáÖK=PKNNÄFI=çê=VM=j=ä~Åí~íÉ=EcáÖK=
PKNNÅFK=^ë=~åíáÅáé~íÉÇI=ïÜÉå=ÖäìÅçëÉ=êÉ~Åíë=ïáíÜ=íÜÉ=Åóí=Å=H=dlñ=ÜóÄêáÇ=ëÉåëáåÖ=ëéçíI=íÜÉ=
Éåòóã~íáÅ~ääó=éêçÇìÅÉÇ=eOlO=~äëç=çñáÇáòÉë=íÜÉ=åÉáÖÜÄçìêáåÖ=Åóí=Å=ëÉåëáåÖ=ëéçíI=ïÜáÅÜ=
∆߮= áåÅêÉ~ëÉë= Ñêçã= MKMPU= íç= MKMQOI= cáÖK= PÄK= qÜáë= Åêçëëí~äâ= áë= ãçêÉ= éêçåçìåÅÉÇ= ïÜÉå=
ä~Åí~íÉ= êÉ~Åíë= ïáíÜ= íÜÉ= Åóí=Å= H= ilñ= ÜóÄêáÇ= ëÉåëáåÖ= ëéçíX= áå= íÜ~í= Å~ëÉI= íÜÉ= ∆߮= çÑ= íÜÉ=
åÉáÖÜÄçêáåÖ= Åóí=Å= ëÉåëáåÖ= ëéçí= áåÅêÉ~ëÉë= íç= MKMNQI= ~ë= Åçãé~êÉÇ= íç= MKMMT= ïÜÉå= åç=
êÉ~Åíáçå=Ü~ééÉåë=áå=íÜÉ=ÜóÄêáÇ=ëéçíI=cáÖK=PKNNÅK=



PKQ=jìäíáéäÉñÉÇ=éä~íÑçêã=Ñçê=ãìäíá~å~äóíÉ=ÇÉíÉÅíáçå=

RP 

=

cáÖìêÉ=PKNNK=jìäíáéäÉñÉÇ=ãÉ~ëìêÉãÉåíë=ìëáåÖ=ÇáÑÑÉêÉåí=é~áêë=çÑ=ëÉåëáåÖ=ëéçíë=áå=íÜÉ=lJ
êáåÖ=ãÉ~ëìêÉãÉåí=ÅÜ~ãÄÉê=EéÜçíç=áå=é~åÉä=ÇI=íÜÉ=Çáëí~åÅÉ=ÄÉíïÉÉå=íÜÉ=ëéçíë=áë=N=ãã=
~åÇ=íÜÉ=ëÅ~äÉ=Ä~ê=áë=MKR=ããFW=ÖêÉÉåI=ëéçí=ïáíÜ=OM=éãçä=Åóí=ÅX=êÉÇW=OM=éãçä=Åóí=ÅHMKMN=r=
dlñX=ÄäìÉW=OM=éãçä=Åóí=ÅHNKOR×NMJQ=r=ilñK=oÉëéçåëÉ=~ÑíÉê=PM=ãáåK=çÑ=íÜÉ=íÜêÉÉ=ÇáÑÑÉêÉåí=
é~áêë=çÑ=ëÉåëáåÖ=ëéçíë=íç=E~F=UMM=åj=eOlOI=EÄF=QQM=”j=ÖäìÅçëÉ=~åÇ=EÅF=VM=”j=ä~Åí~íÉK=EÇF=
háåÉíáÅë=çÑ=íÜÉ=ãìäíáéäÉñÉÇ=êÉÇçñ=ëí~íÉ=ÅçÉÑÑáÅáÉåí=߮=Ñçê=~=é~áê=çÑ=ëéçíë=EÖêÉÉå=~åÇ=ÄäìÉF=
ÉñéçëÉÇ=íç=VM=”j=ä~Åí~íÉK=EÉF=`~äáÄê~íáçå=ÅìêîÉW=ÇáÑÑÉêÉåÅÉ=çÑ=íÜÉ=êÉÇçñ=ëí~íÉ=ÅçÉÑÑáÅáÉåí=
~ÑíÉê= PM= ãáåK= Δ߮= Ñçê= ÇáÑÑÉêÉåí= ~ãçìåíë= çÑ= dlñ= áå= ÜóÄêáÇ= ëéçíë= Åçåí~áåáåÖ= OM=éãçä=
Åóí=ÅHdlñI=~ÑíÉê=ÉñéçëìêÉ=íç=QQM=”j=çÑ=ÖäìÅçëÉX=íÜÉ=êÉëéçåëÉ=çÑ=~=ëéçí=Åçåí~áåáåÖ=çåäó=
OM=éãçä=Åóí=ÅI=N=ãã=~ï~ó=Ñêçã=íÜÉ=ÜóÄêáÇ=ëéçí=áë=~äëç=ëÜçïå=EÅêçëëí~äâFK=qÜÉ=Éêêçê=Ä~êë=
êÉéêÉëÉåí=íÜÉ=ëí~åÇ~êÇ=ÇÉîá~íáçå=çîÉê=P=ãÉ~ëìêÉãÉåíëK=

=



`Ü~éíÉê=P=`çåíáåìçìë=ãÉ~ëìêÉãÉåíë=çÑ=Éñíê~ÅÉääìä~ê=ÜóÇêçÖÉå=éÉêçñáÇÉ=

RQ 

qÜÉ=ëÉåëáíáîáíó=çÑ=ëìÅÜ=~=ÜóÄêáÇ=ëéçí=ÇÉéÉåÇë=çå=íÜÉ=ÅçåîÉêëáçå=ê~íÉ=íç=eOlOI=ïÜáÅÜ=áå=
íìêå=ÇÉéÉåÇë=çå=íÜÉ=~ãçìåí=çÑ=ÉåòóãÉK=qç=áåîÉëíáÖ~íÉ=íÜáëI=f=Ü~îÉ=ÉñéçëÉÇ=ÜóÄêáÇ=ëÉåëJ
ëÉåëáåÖ=ëéçíë=Åçåí~áåáåÖ=ÇáÑÑÉêÉåí=~ãçìåíë=çÑ=dlñ=íç=~=Åçåëí~åí=ÖäìÅçëÉ=ÅçåÅÉåíê~íáçå=
çÑ=QQM=”jK=cáÖìêÉ=PKNNÉ= áåÇáÅ~íÉë=íÜ~í=íÜÉ=ÇáÑÑÉêÉåÅÉ=∆߮=çÑ=êÉÇçñ=ëí~íÉ=ÅçÉÑÑáÅáÉåí=~ÑíÉê=
PM=ãáåK=∆߮=áåÅêÉ~ëÉë=ïáíÜ=íÜÉ=dlñ=~ãçìåíK=qÜìëI=~ÇàìëíáåÖ=íÜÉ=~ãçìåí=çÑ=dlñ=Åçåíêçäë=
íÜÉ= ëÉåëáíáîáíó= ~åÇ= Çóå~ãáÅ= çÑ= íÜÉ= ëÉåëçêK= råÑçêíìå~íÉäóI= áåÅêÉ~ëáåÖ= íÜÉ= ~ãçìåí= çÑ=
ÉåòóãÉë=~äëç=áåÅêÉ~ëÉë=íÜÉ=Éåòóã~íáÅ~ääó=éêçÇìÅÉÇ=eOlOI=ïÜáÅÜ=~ìÖãÉåíë=íÜÉ=Åêçëëí~äâ=
ÄÉíïÉÉå=åÉáÖÜÄçêáåÖ=ëÉåëáåÖ=ëéçíëK=^=ëáãéäÉ=ï~ó=íç=êÉÇìÅÉ=Åêçëëí~äâ=áë=íç=áåÅêÉ~ëÉ=íÜÉ=
Çáëí~åÅÉ=ÄÉíïÉÉå=åÉáÖÜÄçêáåÖ=ëéçíë=xOPNzI=çê=íç=ìëÉ=~=ÜÉíÉêç=Äáä~óÉê=ÅçåÑáÖìê~íáçå=xOPOzK=

PKQKP `êçëëí~äâ=ëìééêÉëëáçå=ìëáåÖ=ãáÅêçÑäìáÇáÅ=ÅÜáé=

^=ãçêÉ=Çê~ëíáÅ=ï~ó=íç=ëìééêÉëë=áåíÉêÑÉêÉåÅÉ=ÉÑÑÉÅíë=áë=íç=áåíÉÖê~íÉ=íÜÉ=ëÉåëáåÖ=ëéçíë=áå=~=
OJä~óÉê= ãáÅêçÑäìáÇáÅ= ÅÜáéI= ïÜáÅÜ= ï~ë= Ñ~ÄêáÅ~íÉÇ= áå= majp= ìëáåÖ= ~= Å~ëíáåÖ= êÉéäáÅ~íáçå=
éêçÅÉëë= ïáíÜ= ãçäÇë= íÜ~í= ïÉêÉ= ã~ÇÉ= ïáíÜ= ~= ëí~åÇ~êÇ= éÜçíçäáíÜçÖê~éÜó= íÉÅÜåáèìÉ=
EcáÖK=PKNO~=~åÇ=PKNOÄFK=_êáÉÑäóI=íÜÉ=Äçííçã=majp=ä~óÉê=ENMM=μã=íÜáÅâåÉëëF=ï~ë=ÇÉéçëáíÉÇ=
Äó= ëéáåJÅç~íáåÖ= majp= ~í= RMM= êéã= Ñçê= QM=ëI= ÑçääçïÉÇ= Äó= ã~åì~ä= ÜçäÉ= ÅìííáåÖ= íç=
~ÅÅçããçÇ~íÉ=íÜÉ=ëÉåëáåÖ=ëéçíëK=qÜáë=ä~óÉê=ëÉêîÉë=~ë=éä~å~êáò~íáçå=ä~óÉêK=qÜÉ=íçé=ä~óÉê=
ER=ãã=íÜáÅâåÉëëF=Åçåí~áåÉÇ= íÜÉ=ãáÅêçÑäìáÇáÅ=ÅÜ~ååÉäë= EMKP=ãã×MKS=ãã=Åêçëë=ëÉÅíáçåF=
~åÇ= ~= P=ãã= ïáÇÉ= ÅÜ~ãÄÉê= Ñçê= ÉñéÉêáãÉåíë= ïáíÜ= ÅÉääëI= cáÖK= PKNO~= ~åÇ= PKNOÄK= fí= ï~ë=
éêÉé~êÉÇ= Äó= éçìêáåÖ= íÜÉ= ~ééêçéêá~íÉ= ~ãçìåí= çÑ= majp= çåíç= íÜÉ= ãçäÇK= qÜÉ= ïÜçäÉ=
ëóëíÉã=ï~ë=Åä~ãéÉÇ=áå=~=ãÉí~ääáÅ=ÜçäÇÉê=ïáíÜ=íÜÉ=éçëëáÄáäáíó=çÑ=ÄÉáåÖ=Çáë~ëëÉãÄäÉÇ=íç=
ÉñÅÜ~åÖÉ= íÜÉ= ëìÄëíê~íÉ= ïáíÜ= íÜÉ= ëÉåëáåÖ= ëéçíëK= fåàÉÅíáåÖ= ~åÇ= êáåëáåÖ= ~å~äóíÉë= ï~ë=
éÉêÑçêãÉÇ=Äó= ~ééäóáåÖ= ~= Åçåëí~åí= Ñäçï=çÑ= MKO=ããLëÉÅ=ìëáåÖ= ~= äáèìáÇ=éìãé= EuÅ~äáÄìêI=
qÉÅ~åFK==

qÜÉ=ëÉåëáåÖ=ëéçíë=~êÉ=áåíêçÇìÅÉÇ=áåíç=íÜÉ=Äçííçã=ä~óÉê=~åÇ=~äáÖåÉÇ=ïáíÜ=êÉëéÉÅí=íç=íÜÉ=
ãáÅêçÑäìáÇáÅ= ÅÜ~ååÉäë= áå= íÜÉ= íçé= ä~óÉêI= çåÉ= ëÉåëáåÖ= ëéçí= éÉê= ÅÜ~ååÉäI= ëç= íÜ~í=
Éåòóã~íáÅ~ääó= éêçÇìÅÉÇ=eOlO= êÉã~áå=ïáíÜáå= íÜÉ= ÅÜ~ååÉä= ~åÇ= ÇçÉë= åçí= áåíÉêÑÉêÉ=ïáíÜ=
~åçíÜÉê= ëÉåëáåÖ= ëéçíK= få= íÜÉ= ÑçääçïáåÖI= f=ïáää=éÉêÑçêã=ÉñéÉêáãÉåíë=ïáíÜ=~äÖ~É=~åÇ= íÜÉ=
ãáÅêçÑäìáÇáÅ= ÅÜáé= Åçåí~áåë= ~= NM=μä= ÅÉää= ÅÜ~ãÄÉêI= cáÖ= PKNO~K= páåÅÉ= íÜÉ= ãáÅêçÑäìáÇáÅ=
ÅÜ~ååÉä=Ü~ë=~=îÉêó=ëã~ää=îçäìãÉ= E~ééêçñK=MKNR=μäF= íÜÉ= êÉ~Åíáçå=çÑ= íÜÉ=~å~äóíÉ=ïáíÜ= íÜÉ=
ëÉåëáåÖ= ëéçíë= ÅçìäÇ= ÇÉéäÉíÉ= íÜÉ= ÅçåÅÉåíê~íáçå= çÑ= íÜÉ= ÑçêãÉêI= áåíÉêÑÉêáåÖ= ïáíÜ= íÜÉ=
ÉñéÉêáãÉåíë= xOPPzK= qÜÉ= ä~êÖÉ= ÅÉää= ÅÜ~ãÄÉê= îçäìãÉ= ëáÖåáÑáÅ~åíäó= áåÅêÉ~ëÉë= íÜÉ= íçí~ä=
îçäìãÉ=çÑ=íÜÉ=ëóëíÉãI=ëç=íÜ~í=ÇáÑÑìëáçå=ÉÑÑÉÅíáîÉäó=êÉéäÉíÉë=eOlO=áå=íÜÉ=ëÉåëáåÖ=ÅÜ~ååÉäë=
xOPPzK=

^ë=ëÜçïå=áå=cáÖK=PKNNI=ãìäíáéäÉñÉÇ=ÉñéÉêáãÉåíë=éÉêÑçêãÉÇ=áå=íÜÉ=lJêáåÖ=ãÉ~ëìêÉãÉåí=
ÅÜ~ãÄÉê=áåíÉêÑÉêÉX=áå=Åçåíê~ëíI=íÜáë=áë=åçí=~í=~ää=íÜÉ=Å~ëÉ=áå=íÜÉ=ãáÅêçÑäìáÇáÅ=ÅÜáéK=qÜáë=áë=
îáëáÄäÉ=áå=cáÖK=PKNOÅI=ïÜÉêÉ=f=Åçãé~êÉ=ãÉ~ëìêÉãÉåíë=éÉêÑçêãÉÇ=áå=íÜÉ=ãáÅêçÑäìáÇáÅ=ÅÜáé=
ïáíÜ= ~= MKO=ããLëÉÅ= Ñäçï= EåçíÉÇ= ïáíÜ= ~å= ~ëíÉêáëâF= ïáíÜ= ãÉ~ëìêÉãÉåíë= áå= íÜÉ= lJêáåÖ=
ãÉ~ëìêÉãÉåí=ÅÜ~ãÄÉêK=bîÉå=Ñçê=íÜÉ=îÉêó=ÜáÖÜ=ä~Åí~íÉ=ÅçåÅÉåíê~íáçå=ìëÉÇ=ÜÉêÉ=E~äãçëí=
NMñ= ÜáÖÜÉê= íÜ~å= íÜÉ= ÅçåÅÉåíê~íáçå= ìëÉÇ= áå= cáÖK= PKNNÇFI= íÜÉ= êÉëéçåëÉ= çÑ= íÜÉ= éìêÉ= Åóí=Å=
ëÉåëáåÖ= ëéçí= êÉã~áåë= ~äãçëí= Åçåëí~åí= EÄäìÉ= áåîÉêíÉÇ= íêá~åÖäÉë= áå= cáÖK= PKNOÅFI= ïÜáäÉ=
ä~Åí~íÉ=áë=ïÉää=ãÉ~ëìêÉÇ=Äó=íÜÉ=ÜóÄêáÇ=ëéçí=EÖêÉÉå=íêá~åÖäÉë=áå=cáÖK=PKNOÅFK=qÜáë=~ÄëÉåÅÉ=
çÑ=Åêçëëí~äâ= áå=íÜÉ=ãáÅêçÑäìáÇáÅ=ÅÜáé=áë=~äëç=íêìÉ= áå=íÜÉ=ëí~íáÅ=êÉÖáãÉ=Eåç=ÑäçïI=Ç~í~=åçí=



PKQ=jìäíáéäÉñÉÇ=éä~íÑçêã=Ñçê=ãìäíá~å~äóíÉ=ÇÉíÉÅíáçå=

RR 

ëÜçïåFK=pìÅÜ=~=ãáÅêçÑäìáÇáÅë=~ééêç~ÅÜ=ÅçìäÇ=ÄÉ=ìëÉÇ=íç=ÇÉíÉÅí=~=ä~êÖÉê=åìãÄÉê=çÑ=~å~J
~å~äóíÉëI=Äó=ãÉêÉäó= áåÅêÉ~ëáåÖ= íÜÉ=åìãÄÉê=çÑ=ÅÜ~ååÉäë=~åÇ=ëÉåëáåÖ=ëéçíë= áå= íÜÉ=ÅÜáéI=
cáÖK=PKNOÄK=

=

=

cáÖìêÉ=PKNOK=jáÅêçÑäìáÇáÅ=ÅÜáé=ëìééêÉëëÉë=ÅêçëëJí~äâ=ÄÉíïÉÉå=ëéçíëK=E~F=pÅÜÉã~íáÅ=çÑ=íÜÉ=
ãáÅêçÑäìáÇáÅ=ÅÜáé=ÅçåëáëíáåÖ=çÑ=~=Öä~ëë=ëìÄëíê~íÉI=~=Äçííçã=majp= ä~óÉê=Åçåí~áåáåÖ= íÜÉ=
ëÉåëáåÖ=ëéçíë=~åÇ=~=íçé=majp=ä~óÉê=ïáíÜ=ÅÜ~ååÉäë=~åÇ=ÅÉää=ÅÜ~ãÄÉêK=EÄF=máÅíìêÉ=çÑ=~=íçé=
ä~óÉê=ïáíÜ=íÜêÉÉ=ãáÅêçÑäìáÇáÅ=ÅÜ~ååÉäë=ÅçãáåÖ=çìí=çÑ=íÜÉ=ÅÉää=ÅÜ~ãÄÉêK=EÅF=`çãé~êáëçå=
çÑ= Åêçëëí~äâ=ÄÉíïÉÉå= íïç=ëÉåëáåÖ= ëéçíëI=çåÉ=ïáíÜ=OM=éãçä=Åóí=Å=~åÇ=~åçíÜÉê=çåÉ=ïáíÜ=
OM=éãçä= Åóí=ÅHOKR×NMJP=ilñ= ÉñéçëÉÇ= íç= URM=”j= ä~Åí~íÉK= qÜÉ= ~ëíÉêáëâ= ÇÉåçíÉë= íÜÉ=
ÉñéÉêáãÉåí= éÉêÑçêãÉÇ= áå= íÜÉ= ãáÅêçÑäìáÇáÅ= ÅÜáé= ïáíÜ= ~= MKO= ããLëÉÅ= ÑäçïX= íÜÉ= çíÜÉê=
ÉñéÉêáãÉåí=áë=éÉêÑçêãÉÇ=áå=íÜÉ=lJêáåÖ=ÅÜ~ãÄÉêK=

=

PKQKQ qáãÉJÇÉéÉåÇÉåí=ê~íÉ=ÇÉíÉêãáå~íáçå=

qáää= åçïI= f= Ü~îÉ= ÇÉíÉÅíÉÇ= Åçåëí~åí= ÅçåÅÉåíê~íáçåë= çÑ= ~å~äóíÉëK=eçïÉîÉêI= áå= ÄáçäçÖáÅ~ä=
éêçÅÉëëÉë=íÜÉ=êÉäÉ~ëÉ=çê=ìéí~âÉ=çÑ=Äáçã~êâÉêë=Ü~ë=~=íáãÉJÇÉéÉåÇÉåí=ê~íÉK=få=íÜáë=Å~ëÉI=
íÜÉ=ÅçåÅÉåíê~íáçå=ܥுଶைଶ=çÑ=eOlO=áå=íÜÉ=éêçñáãáíó=çÑ=íÜÉ=ëÉåëáåÖ=ëéçí=~í=~=ÖáîÉå=íáãÉ=í=Å~å=
ÄÉ=ÇÉíÉêãáåÉÇ=ìëáåÖ=bèK=EPKTFK=

qç= äáåâ=ܥுଶைଶ=ïáíÜ=íÜÉ=~å~äóíÉ= EÖäìÅçëÉ=çê= ä~Åí~íÉF=ÅçåÅÉåíê~íáçå=ܥ௔ሺݐሻI= äÉí=ìë= äççâ= áåíç=
íÜÉ= êÉ~Åíáçå= âáåÉíáÅëK= få= ÜóÄêáÇ= ëéçíëI= íÜÉ= êÉ~Åíáçå= çÑ= íÜÉ= ~å~äóíÉ= ïáíÜ= íÜÉ= ÉåòóãÉ=
Ñçääçïë= íÜÉ= jáÅÜ~ÉäáëÓjÉåíÉå= âáåÉíáÅë= xOPQzK= qÜÉ= êÉëìäíáåÖ= Éåòóã~íáÅ~ääóJéêçÇìÅÉÇ=
eOlO= é~êíá~ääó= êÉ~Åíë= ïáíÜ= Åóí=ÅI= ïÜáäÉ= íÜÉ= êÉëí= ÇáÑÑìëÉë= íÜêçìÖÜçìí= íÜÉ= ÅÜ~ãÄÉêK= qÜÉ=
ÅçåëìãÉÇ=~å~äóíÉ=ÅêÉ~íÉë=~=ÅçåÅÉåíê~íáçå=Öê~ÇáÉåí=~í=íÜÉ=éêçñáãáíó=çÑ=íÜÉ=ëÉåëáåÖ=ëéçíI=
ïÜÉêÉ= íÜÉ= ~å~äóíÉ= ÅçåÅÉåíê~íáçå= Å~å= ÇáÑÑÉê= Ñêçã= =ሻKݐ௔ሺܥ få= ÖÉåÉê~äI= ~å= Éñ~Åí= êÉä~íáçå=



`Ü~éíÉê=P=`çåíáåìçìë=ãÉ~ëìêÉãÉåíë=çÑ=Éñíê~ÅÉääìä~ê=ÜóÇêçÖÉå=éÉêçñáÇÉ=

RS 

ÄÉíïÉÉå=ܥுଶைଶ=~åÇ=ܥ௔ሺݐሻ=áå=íÜáë=ëóëíÉã=Å~å=ÄÉ=îÉêó=ÅçãéäÉñK=eçïÉîÉêI=ëáåÅÉ=íÜÉ=ãÉ~ëJ
ãÉ~ëìêÉãÉåíë=ïáíÜ=ÜóÄêáÇ=ëéçíë=Ñçê=~=Åçåëí~åí=~å~äóíÉ=ÅçåÅÉåíê~íáçå=EcáÖK=PKNMÄIÉF=Ñáí=
ïÉää=ïáíÜ=~=ëáåÖäÉ=ÉñéçåÉåíá~ä= ÑìåÅíáçå=E߮ ൌ ݁ି஼ಹమೀమ௞௧I=Ç~í~=åçí=ëÜçïåFI=ܥுଶைଶ= êÉã~áåë=
Åçåëí~åí= áå= íáãÉK=qÜáë= áåÇáÅ~íÉë= íÜ~í= íÜÉ=ëóëíÉã=èìáÅâäó= Eáå= äÉëë= íÜ~å=N=ãáåF= êÉ~ÅÜÉë=~=
ëíÉ~Çó= ëí~íÉW= Éåòóã~íáÅ~ääóJéêçÇìÅÉÇ=eOlO= Ä~ä~åÅÉë= íÜÉ= ÇáÑÑìëÉÇ= çåÉK= qÜÉêÉÑçêÉI= ~í= ~=
ÖáîÉå=íáãÉ=ݐI=ܥுଶைଶ=çåäó=ÇÉéÉåÇë=çå=ܥ௔I=åçí=çå=íÜÉ=éêÉîáçìë=ëí~íÉ=çÑ=íÜÉ=ëóëíÉãK=tÉ=Å~å=
ïêáíÉ=ܥுଶைଶ ൌ ݂ሺܥ௔ሻ= ~åÇI= Åçãé~êáåÖ= íÜÉ= Å~äáÄê~íáçå= ÅìêîÉë=Δ߮ሺܥ௔ሻ= çÑ= íÜÉ= ÜóÄêáÇ= ëéçíë=
ïáíÜ= íÜ~í= çÑ= eOlO= í~âÉå= Ñêçã= xOPPzI= f= ÑáåÇ= íÜ~í= ~= ëÉÅçåÇ= çêÇÉê= éçäóåçãá~ä= Éñé~åëáçå=
ÉñéêÉëëÉë=íÜÉ=ÅçêêÉä~íáçå=ܥ௔ ൌ ݂ିଵሺܥுଶைଶሻ=îÉêó=ïÉääW=

௔ܥ ൌ ݂ିଵሺܥுଶைଶሻ ൌ ுଶைଶܥܽ
ଶ ൅ ுଶைଶܥܾ ൅ ݀.== = EPKNMF=

qÜÉ=êÉëìäíáåÖ=ÅçÉÑÑáÅáÉåíë=çÄí~áåÉÇ=Ñêçã=ÑáííáåÖ=íÜÉ=ÉñéÉêáãÉåí~ä=Ç~í~=~êÉ=ëìãã~êáòÉÇ=
áå= q~ÄäÉ=PKNI= ïÜÉêÉ= ÄçíÜ= =ுଶைଶܥ ~åÇ= =௔ܥ ~êÉ= ÉñéêÉëëÉÇ= áå= ãáÅêçãçä~êëK= eáÖÜÉê= çêÇÉê=
Éñé~åëáçå= íÉêãë=~êÉ= áåëáÖåáÑáÅ~åíK= páåÅÉ=bèëK= EPKTF= ~åÇ= EPKNMF= Éëí~ÄäáëÜ=~= äáåâ=ÄÉíïÉÉå=
߮ሺݐሻ=~åÇ=ܥ௔ሺݐሻI=èì~åíáí~íáîÉ=Ç~í~=Ñçê=íÜÉ=~å~äóíÉ=Eä~ÅíçëÉ=çê=ÖäìÅçëÉF=ÅçåÅÉåíê~íáçå=Å~å=
åçï=ÄÉ=çÄí~áåÉÇK==

iÉí= ìë= ÉãéÜ~ëáòÉ= íÜ~í= ÉñéÉêáãÉåíë= éÉêÑçêãÉÇ= ïáíÜ= äáîáåÖ= çêÖ~åáëãë= ~êÉ= çÑíÉå=
~ÅÅçãé~åáÉÇ=Äó=~å=çñáÇ~íáîÉ=ëíêÉëëI=äÉ~ÇáåÖ=íç=íÜÉ=éêçÇìÅíáçå=çÑ=eOlO=Äó=íÜÉ=çêÖ~åáëãë=
ìåÇÉê= ëíìÇóK=qÜÉ=ãìäíáéäÉñÉÇ= íÉÅÜåáèìÉ=éêÉëÉåíÉÇ=ÜÉêÉ=ÄÉÅçãÉë= ÉñíêÉãÉäó=Ü~åÇó= áå=
íÜ~í= Å~ëÉI= ~ë= áí=ã~âÉë= éçëëáÄäÉ= áëçä~íáåÖ= íÜÉ= çñáÇ~íáîÉ= ëíêÉëëJéêçÇìÅÉÇ=eOlO= Ñêçã= íÜ~í=
éêçÇìÅÉÇ= Éåòóã~íáÅ~ääóK= rëáåÖ= ~= é~áê= çÑ= ëÉåëáåÖ= ëéçíë= íÜ~í= ãÉ~ëìêÉW= ~å~äóíÉ= H= eOlO=
Eëéçí= NF= çê= eOlO= Eëéçí= OFI= f= Ñáêëí= ìëÉ= bèK= EPKTF= íç= Éñíê~Åí= =ுଶைଶܥ Ñçê= ÄçíÜ= ëéçíëK= kÉñíI= f=
ëìÄíê~Åí=ܥுଶைଶሺ2ሻ=çÑ=íÜÉ=ëÉÅçåÇ=ëéçí=Ñêçã=íÜ~í=çÑ=íÜÉ=Ñáêëí=ëéçí=ܥுଶைଶሺ1ሻK=cáå~ääóI=ܥ௔=Å~å=
ÄÉ= Å~äÅìä~íÉÇ= Ñêçã= bèK= EPKNMF= ìëáåÖ= íÜÉ= çÄí~áåÉÇ= ÇáÑÑÉêÉåÅÉ=ܥுଶைଶሺ1 െ 2ሻK= qÜáë= ïáää= ÄÉ=
ìíáäáòÉÇ=áå=íÜÉ=åÉñí=ëÉÅíáçå=íç=ÇÉíÉêãáåÉ=ÖäìÅçëÉ=ìéí~âÉ=áå=~èì~íáÅ=ãáÅêççêÖ~åáëãëK=

q~ÄäÉ= PKNK= cáííáåÖ= ÅçÉÑÑáÅáÉåíë= Ñçê= bèK= EPKNMF= çÑ= ÜóÄêáÇ= ëéçíë= Eçåäó= î~äáÇ= áå= íÜÉ= MKNÓ
NMMM=”j=~å~äóíÉ=ê~åÖÉFK=

 0.1 U GOx 0.01 U GOx 2.5×10-3 U LOx 1.25×10-4 U LOx 

a -0.16 -1.13 -0.63 -1.66 
b 2.24 2.55 2.43 2.51 
d -0.31 0.83 0.03 1.62 

=

PKQKR réí~âÉ=çÑ=ÉñçÖÉåçìëäó=ëìééäáÉÇ=ÖäìÅçëÉ=

qç= ëíìÇó= íÜÉ= ìéí~âÉ= çÑ= ÖäìÅçëÉ= çå= íÜÉ= ÖêÉÉå= ~äÖ~=`K= êÉáåÜ~êÇíááI= f= áåàÉÅí= ~=ãáñíìêÉ= çÑ=
ÖäìÅçëÉ= ~åÇ= ~äÖ~É= áåíç= íÜÉ= ãáÅêçÑäìáÇáÅ= ÅÜáéK= låÅÉ= íÜáë= ãáñíìêÉ= êÉ~ÅÜÉë= íÜÉ= ÅÉää=
ÅÜ~ãÄÉêI= íÜÉ= Ñäçï= áë= ëíçééÉÇ= Ñçê= íÜÉ= íáãÉ= çÑ= íÜÉ= ÉñéÉêáãÉåíK= qÜÉ= ãìäíáéäÉñÉÇ=
ãÉ~ëìêÉãÉåíë= ~êÉ= éÉêÑçêãÉÇ=ïáíÜ= íïç= ëéçíëW= ~= Åóí=Å= ëéçí= íç= ÇÉíÉÅí= íÜÉ= ëíêÉëëJêÉä~íÉÇ=
eOlO= ~åÇ= ~= ÜóÄêáÇ= ëéçí= EÅóí=Å= H= dlñFI= ïÜáÅÜ= áë= ëÉåëáíáîÉ= íç= ÄçíÜ= ÖäìÅçëÉ= ~åÇ= eOlOK=
aìêáåÖ= íÜÉ= ÉñéÉêáãÉåíëI= åç= eOlO= ï~ë= ÇÉíÉÅíÉÇ= EcáÖK= PKNPÄ= ~åÇ= PKNPÇFI=ãÉ~åáåÖ= íÜ~íI=
ÑáêëíI= ~äÖ~É= ~êÉ= åçí= ëíêÉëëÉÇ= Äó= íÜÉ= éêÉëÉåÅÉ= çÑ= ÖäìÅçëÉ= ~åÇI= ëÉÅçåÇI= çåäó= ÖäìÅçëÉ=



PKQ=jìäíáéäÉñÉÇ=éä~íÑçêã=Ñçê=ãìäíá~å~äóíÉ=ÇÉíÉÅíáçå=

RT 

çñáÇáòÉë=íÜÉ=ÜóÄêáÇ=ëéçíK=rëáåÖ=íÜÉ=~ééêç~ÅÜ=ÇÉîÉäçéÉÇ=áå=íÜÉ=éêÉîáçìë=ëÉÅíáçå=~åÇ=íÜÉ=
Ç~í~=áå=q~ÄäÉ=PKNI=íÜÉ=ÅçåÅÉåíê~íáçåë=ܥ௔= áå=íÜÉ=ëçäìíáçå=Ñçê=ÖäìÅçëÉ=EcáÖK=PKNPÅF=~åÇ=Ñçê=
eOlO=Å~å=ÄÉ=çÄí~áåÉÇ=EcáÖK=PKNPÇFK=aìÉ=íç=íÜÉ=ìéí~âÉ=Äó=~äÖ~ÉI=íÜÉ=ÖäìÅçëÉ=ÅçåÅÉåíê~íáçå=
Çêçéë= Ñêçã= U=μj= íç= R=μj= ïáíÜáå= N=Ü= EcáÖK= PKNPÅFK= `çåíêçä= ÉñéÉêáãÉåíë= ïáíÜçìí= ~äÖ~É=
êÉîÉ~äÉÇ=~=ëí~ÄäÉ=ÖäìÅçëÉ=ÅçåÅÉåíê~íáçå= áå= íÜÉ=ÅÉää=ÅÜ~ãÄÉê= EÖêÉÉå=Ç~í~= áå=cáÖK=PKNPÅFK=
`çãé~êáåÖ= íÜÉ=ÉñíÉêå~ä=îçäìãÉ=çÑ= íÜÉ=ÅÜ~ãÄÉê= ENM=μäF=ïáíÜ= íÜÉ= áåíÉêå~ä=îçäìãÉ=çÑ=~ää=
~äÖ~É=áå=íÜÉ=ÉñéÉêáãÉåí=E~ééêçñK=MKMT=μäFI=ïÉ=çÄí~áå=~=NRMWN=îçäìãÉ=ê~íáçK=qÜÉêÉÑçêÉI=`K=
êÉáåÜ~êÇíáá= áåíÉêå~äáòÉ= íÜÉ=Éèìáî~äÉåí=çÑ= QRM=μj=çÑ= ÖäìÅçëÉ=ïáíÜáå=N=ÜK= páåÅÉ= íÜÉ= ä~ííÉê=
ÅçåÅÉåíê~íáçå= áë= ãìÅÜ= ÜáÖÜÉê= íÜ~å= íÜÉ= ÅçåÅÉåíê~íáçå= áå= íÜÉ= ëçäìíáçåI= íïç= éçëëáÄäÉ=
ëÅÉå~êáçë= Å~å= í~âÉ= éä~ÅÉW= ENF= ~äÖ~É= ìëÉ= ~ÅíáîÉ=ãÉÅÜ~åáëã= íç= ìéí~âÉ= ÖäìÅçëÉX= EOF= çåÅÉ=
ìéí~âÉå=ÖäìÅçëÉ=áë=ÅçåîÉêíÉÇ=áåíç=`lOI=ïÜáÅÜ=êÉÇìÅÉë=íÜÉ=ÖäìÅçëÉ=ÅçåÅÉåíê~íáçå=áå=íÜÉ=
~äÖ~ÉK=jçëí=äáâÉäóI=ÄçíÜ=ëÅÉå~êáçë=çÅÅìê=ëáãìäí~åÉçìëäóK=^Åíì~ääóI=íÜÉ=ãÉ~ëìêÉÇ=ÖäìÅçëÉ=
ìéí~âÉ=áë=ëáãáä~ê=íç=ÄäìÉ=~äÖ~É=^éÜ~åçÅ~éë~=STNQ=íÜ~í=Å~å=ìéí~âÉ=~ë=ãìÅÜ=~ë=RMM=μj=çÑ=
ÖäìÅçëÉ= ïáíÜáå= çåÉ= Üçìê= Äó= ÅçåîÉêíáåÖ= áí= áåíç= `lO= xONOzK= lîÉê~ääI= íÜÉëÉ= ÉñéÉêáãÉåíë=
ÇÉãçåëíê~íÉ= íÜÉ= éçëëáÄáäáíó= çÑ= ëÉåëáíáîÉI= ãìäíáéäÉñÉÇ= ~åÇ= Åçåíáåìçìë=ãÉ~ëìêÉãÉåíëI=
ïÜáÅÜ= Å~å= ÄÉ= ÑìêíÜÉê= ~ééäáÉÇ= íç= ãçêÉ= ëçéÜáëíáÅ~íÉÇ= ãÉÅÜ~åáëíáÅ= ëíìÇáÉë= çÑ= ÅÉääìä~ê=
éêçÅÉëëÉëK=

=

cáÖìêÉ= PKNPK= `çåíáåìçìë= ãìäíáéäÉñÉÇ= ãÉ~ëìêÉãÉåíë= çÑ= ÖäìÅçëÉ= ~åÇ= eOlOK= däìÅçëÉ=
ìéí~âÉ= EU=μjF= ~åÇ= eOlO= êÉäÉ~ëÉ= Äó= `K= êÉáåÜ~êÇíáá= EO×NM

S= ÅÉääëLãäFK= jìäíáéäÉñÉÇ=
ãÉ~ëìêÉãÉåíë=áå=ãáÅêçÑäìáÇáÅë=ìëáåÖ=E~F=~=ÜóÄêáÇ=ëéçí=ïáíÜ=OM=éãçä=Åóí=Å=H=MKMN=r=dlñ=
~åÇ=EÄF=~=ëéçí=ïáíÜ=OM=éãçä=Åóí=ÅK=`~äÅìä~íÉÇ=ÅçåÅÉåíê~íáçåë=çÑ=EÅF=ÖäìÅçëÉ=~åÇ=EÇF=eOlO=
ìëáåÖ=bèëK=EPKTF=~åÇ=EPKNMFK=qÜÉ=ë~ãÉ=ëóãÄçäë=~êÉ=ìëÉÇ=Ñçê=~ää=é~åÉäëK=



`Ü~éíÉê=P=`çåíáåìçìë=ãÉ~ëìêÉãÉåíë=çÑ=Éñíê~ÅÉääìä~ê=ÜóÇêçÖÉå=éÉêçñáÇÉ=

RU 

PKR pìãã~êó=

^= åÉï= éçêí~ÄäÉ= ÇÉîáÅÉ= Ñçê= íÜÉ= Åçåíáåìçìë= ãÉ~ëìêÉãÉåí= çÑ= íÜÉ= âáåÉíáÅë= çÑ= çñáÇ~íáîÉ=
ëíêÉëë=ï~ë=éêÉëÉåíÉÇK=_ó=éêáåíáåÖ=OM=éãçä=Åóí=Å=ëéçíë=áå=~=éçêçìë=ãÉãÄê~åÉ=Åçåí~áåáåÖ=
OOM=åã=éçêÉëI=íÜÉ=çéíáÅ~ä=~ÄëçêÄ~åÅÉ=çÑ=Åóí=Å=áë=áåÅêÉ~ëÉÇ=Äó=~=Ñ~Åíçê=çÑ=QKS=íÜ~åâë=íç=íÜÉ=
ÉäçåÖ~íáçå=çÑ=íÜÉ=çéíáÅ~ä=é~íÜK=qÜáë=ÅçåÑáÖìê~íáçå=êÉ~ÅÜÉë=~=ila=çÑ=QM=åj=Ñçê=eOlOK=qÜÉ=
ëéçíë=Å~å=ÄÉ=ëíçêÉÇ=ìé=íç=NM=Ç~óë=ïáíÜçìí=äçëáåÖ=íÜÉáê=ÑìåÅíáçå~äáíóK=jçêÉçîÉêI=íÜÉó=Å~å=
ÄÉ=êÉJêÉÇìÅÉÇ=~åÇ=êÉìëÉÇ=Ñçê=~í=äÉ~ëí=R=ãÉ~ëìêÉãÉåíëK=qÜÉ=mlpp=áë=É~ëó=íç=Ü~åÇäÉ=~åÇ=
ëÜçïë=~=ÜáÖÜ=êÉéêçÇìÅáÄáäáíóI=ïÜáÅÜ=ã~âÉë=áí=~=îÉêó=ïÉää=ëìáíÉÇ=íççä=Ñçê=íÜÉ=ÇÉíÉÅíáçå=çÑ=
eOlO= áå= íÜÉ=ÅçåíÉñí=çÑ= ~=Äêç~Ç=î~êáÉíó=çÑ=ÄáçäçÖáÅ~ä= ëóëíÉãëK=bñéÉêáãÉåí~ä= êÉëìäíë= ~åÇ=
åìãÉêáÅ~ä=ëáãìä~íáçåë=ëÜçï=íÜ~í= íÜÉ=ÇáÑÑìëáçå=ê~íÉ=çÑ=eOlO= áë= Ñ~ëíÉê= íÜ~å=íÜÉ=ÅÜÉãáÅ~ä=
êÉ~Åíáçå= ê~íÉ= ÄÉíïÉÉå= Åóí=Å= ~åÇ= eOlOK= ^ÇÇáíáçå~ääóI= Äó= Å~êÉÑìä= ÅçåëáÇÉê~íáçåë= çå= íÜÉ=
êÉ~Åíáçå=âáåÉíáÅëI= f=Ü~îÉ=ÇÉêáîÉÇ=~å=ÉñéêÉëëáçå=~ääçïáåÖ= íÜÉ=ÇÉíÉêãáå~íáçå=çÑ=eOlO= Ñçê=
íáãÉJÇÉéÉåÇÉåí= ÄáçäçÖáÅ~ä= éêçÅÉëëÉëI= ïÜçëÉ= î~äáÇáíó= ï~ë= ÇÉãçåëíê~íÉÇ= Äó= ÉñéçëáåÖ=
`K=êÉáåÜ~êÇíáá=ÅÉääë=íç=NUM=åj=nÇçíë=~åÇ=íç=RM=ãÖLä=qálO=å~åçé~êíáÅäÉëK=lñáÇ~íáîÉ=ëíêÉëë=
çÅÅìêêÉÇ=áå=nÇçíë=ïáíÜ=Åçåíáåìçìëäó=áåÅêÉ~ëáåÖ=eOlO=êÉäÉ~ëÉ=ENQ=åjLãáåFI=ëí~êíáåÖ=~ÑíÉê=
R=ãáå=çÑ=ÉñéçëìêÉI=ïÜáäÉ=íÜáë=ï~ë=åçí=çÄëÉêîÉÇ=áå=íÜÉ=Å~ëÉ=çÑ=qálOK=eÉåÅÉI=mlpp=Ü~ë=íÜÉ=
éçíÉåíá~ä=íç=ëÜÉÇ=åÉï=äáÖÜí=çå=ëéÉÅáÑáÅ=ÉåîáêçåãÉåí~ä=èìÉëíáçåë=áå=íÜÉ=ÑáÉäÇ=~ë=ïÉää=~ë=áå=
íÜÉ=ä~Äçê~íçêó=xQPzK==

f=Ü~îÉ=ÑìêíÜÉê=éêÉëÉåíÉÇ=~=åÉï=ëÉåëáíáîÉ=~ééêç~ÅÜ=Ñçê=íÜÉ=ÇÉíÉÅíáçå=~åÇ=íÜÉ=Åçåíáåìçìë=
ãçåáíçêáåÖ=çÑ=ÖäìÅçëÉ=~åÇ=ä~Åí~íÉK=qÜÉëÉ=íïç=~å~äóíÉë=~êÉ=Éåòóã~íáÅ~ääó=ÅçåîÉêíÉÇ=áåíç=
eOlOI=ïÜáÅÜ=áëI=áå=íìêåI=ÇÉíÉÅíÉÇ=îá~=íÜÉ=çñáÇ~íáçå=çÑ=Åóí=ÅK=pìÅÜ=ÅçåîÉêëáçåë=í~âÉ=éä~ÅÉ=
äçÅ~ääó= íÜ~åâë= íç= íÜÉ= ÅçêêÉëéçåÇáåÖ= ÉåòóãÉëI= ïÜáÅÜ= ~êÉ= áåÅçêéçê~íÉÇ= áå= íÜÉ= ëÉåëáåÖ=
ëéçí=~åÇ= Ñ~ÄêáÅ~íÉÇ=Äó=Åçåí~Åí= ëéçííáåÖ= íÉÅÜåáèìÉ= áå=~= îÉêó= êÉäá~ÄäÉ=~åÇ= êÉéêçÇìÅáÄäÉ=
Ñ~ëÜáçåK= bñíêÉãÉäó= äçï=ilaë= çÑ= OQM= ~åÇ= NNM=åj=Ü~îÉ= ÄÉÉå= ~ÅÜáÉîÉÇ= Ñçê= ÖäìÅçëÉ= ~åÇ=
ä~Åí~íÉI= êÉëéÉÅíáîÉäóK= _ó= áåíÉÖê~íáåÖ= ëìÅÜ= ëÉåëáåÖ= ÉäÉãÉåíë= áåíç= ~=ãáÅêçÑäìáÇáÅ= ÅÜáéI= f=
ï~ë= ~ÄäÉ= íç= ÉÑÑáÅáÉåíäó= ëìééêÉëë= Åêçëëí~äâ= ÄÉíïÉÉå= ÇáÑÑÉêÉåí= ëÉåëáåÖ= ëéçíëK= ^ë=
ÇÉãçåëíê~íÉÇ= Äó= íÜÉ= ëíìÇó= çÑ= ÖäìÅçëÉ= ìéí~âÉ= áå= ëìÅÜ= ~äÖ~ÉI= íÜÉ= éêçéçëÉÇ= ãÉíÜçÇ=
éêçîáÇÉë=~=åçåJáåî~ëáîÉI=ä~ÄÉäJÑêÉÉ=ï~ó=íç=ãÉ~ëìêÉ=ëáãìäí~åÉçìëäó=áå=êÉ~äJíáãÉ=íÜÉ=ÄóJ
éêçÇìÅíë=çÑ=ëÉîÉê~ä=ÅÉääìä~ê=éêçÅÉëëÉëK=cìêíÜÉêãçêÉI=ëìÅÜ=~=ÄáçëÉåëçê=áë=Ñ~ëíI=ÅÜÉ~é=~åÇ=
É~ëó=íç=Ñ~ÄêáÅ~íÉ=~åÇ=ÅçìäÇ=ÄÉÅçãÉ=~=éêçãáëáåÖ=Å~åÇáÇ~íÉ=Ñçê=ãÉÇáÅ~ä=Çá~ÖåçëíáÅë=~åÇ=
ÜÉ~äíÜÅ~êÉ=ãçåáíçêáåÖK==

=



 

RV=

 jìäíáJä~óÉêÉÇ=`Ü~éíÉê=Q
ãáÅêçÑäìáÇáÅ= ÅÜáé= Ñçê= ÉÅçíçñáÅ~ä=
ëíìÇáÉë=çå=~èì~íáÅ=ãáÅêççêÖ~åáëãë=

å= íÜáë= ÅÜ~éíÉêI= f= áåíêçÇìÅÉ= ~= ãìäíáJä~óÉêÉÇ= ãáÅêçÑäìáÇáÅ= ÅÜáé= ïáíÜ= ~å= áåíÉÖê~íÉÇ=
çéíáÅ~ä=ëÉåëçê=Ñçê=Åçåíáåìçìë=ëÉåëáíáîÉ=ÇÉíÉÅíáçå=çÑ=Éñíê~ÅÉääìä~ê=eOlOK=qÜáë=éä~íÑçêã=
áåÅäìÇÉë= ÜóÇê~ìäáÅ~ääó= ÅçåíêçääÉÇ= ãáÅêçî~äîÉë= ~åÇ= ãáÅêçëáÉîÉëI= ïÜáÅÜ= Éå~ÄäÉ= íÜÉ=

éêÉÅáëÉ=Åçåíêçä=çÑ=íçñáÅ~åíë=~åÇ=~ääçï=ÅçãéäÉñ=ÉñéçëìêÉ=ëÉèìÉåÅÉëK=få=é~êíáÅìä~êI=f=ìëÉ=
íÜáë=éä~íÑçêã= íç= ëíìÇó= íÜÉ=Çóå~ãáÅë=çÑ= íçñáÅ~åíJáåÇìÅÉÇ=olp=ÖÉåÉê~íáçå= áå= íÜÉ= ÖêÉÉå=
~äÖ~= `Üä~ãóÇçãçå~ë= êÉáåÜ~êÇíáá= ÇìêáåÖ= ëÜçêíJíÉêã= ÉñéçëìêÉëI= êÉÅçîÉêó= éÉêáçÇë= ~åÇ=
ëìÄëÉèìÉåí= ÉñéçëìêÉëK= qïç= `ÇJÄ~ëÉÇ= íçñáÅ~åíë= ïáíÜ= ÇáëíáåÅí= áåíÉêå~äáò~íáçå=
ãÉÅÜ~åáëãë= ~êÉ= ìëÉÇ= ~ë= ëíêÉëëJáåÇìÅÉêëW= `ÇpÉLwåp= èì~åíìã= Ççíë= EnÇçíëF= ~åÇ= áçåáÅ=
`ÇOHK=qÜÉëÉ=êÉëìäíë=ëÜçï=èì~åíáí~íáîÉ=Çóå~ãáÅë=çÑ=olpI=íÜÉ=êÉÅçîÉêó=çÑ=ÅÉää=ÜçãÉçëí~ëáë=
~ÑíÉê=ëíêÉëë=ÉîÉåíë=~åÇ=íÜÉ=Åìãìä~íáîÉ=å~íìêÉ=çÑ=íïç=ÅçåëÉÅìíáîÉ=ÉñéçëìêÉë=íç=îÉêó=äçï=
ÅçåÅÉåíê~íáçåë=çÑ=íçñáÅ~åíëK=qÜÉ=Çáëëçäìíáçå=çÑ=èì~åíìã=Ççíë=~åÇ=áíë=éçëëáÄäÉ=áåÑäìÉåÅÉ=
çå= íçñáÅáíó= ãÉÅÜ~åáëãë= ~åÇ= eOlO= ÇÉéäÉíáçå= áë= ÇáëÅìëëÉÇK= qÜÉ= çÄí~áåÉÇ= áåëáÖÜíë= ~êÉ=
ÜáÖÜäó=êÉäÉî~åí=Ñêçã=ÉÅçíçñáÅçäçÖáÅ~äI=éÜóëáçäçÖáÅ~ä=~åÇ=áããìåçäçÖáÅ~ä=éÉêëéÉÅíáîÉëK=

QKN fåíêçÇìÅíáçå=

olp= ~êÉ= ÅÜÉãáÅ~ääó= êÉ~ÅíáîÉ= ãçäÉÅìäÉë= Åçåí~áåáåÖ= ~Åíáî~íÉÇ= çñóÖÉåK= få= íÜÉ= ëí~íÉ= çÑ=
ÅÉääìä~ê= ÜçãÉçëí~ëáë= íÜÉó= ~êÉ= áå= ~= Ñê~ÖáäÉ= ÉèìáäáÄêáìã= ïáíÜ= ~åíáçñáÇ~åíë= E^luFK= olp=
Åçåíêçä= ÇáÑÑÉêÉåí= éÜóëáçäçÖáÅ~ä= éêçÅÉëëÉë= áåÅäìÇáåÖ= ëíêÉëëJêÉëéçåëÉëI= ëáÖå~ääáåÖ= ~åÇ=
é~íÜçÖÉå= ÇÉÑÉåëÉ= xOI= VI= NMzK= tÉ= Å~å= éçíÉåíá~ääó= ~Çî~åÅÉ= éÜóëáçäçÖáÅ~ä= ~åÇ= ãÉÇáÅ~ä=
êÉëÉ~êÅÜ=ïáíÜ=~=ÄÉííÉê=ìåÇÉêëí~åÇáåÖ=çÑ=olp=ÄáçäçÖóI=íÜÉáê=ÑìåÅíáçåë=~åÇ=Çóå~ãáÅë=xPI=
NOzK==

få= íÜáë= ÅÜ~éíÉêI= f= ÅçåÅÉåíê~íÉ= çå= ëíêÉëëJêÉëéçåëÉ= Çóå~ãáÅë= çÑ= olp= áå= ~èì~íáÅ=
ãáÅêççêÖ~åáëãëI= ïÜáÅÜ= Ó= ÄÉëáÇÉë= áíë= ÑìåÇ~ãÉåí~ä= ÄáçäçÖáÅ~ä= áåíÉêÉëí= Ó= áë= ~äëç= ÜáÖÜäó=
êÉäÉî~åí= Ñêçã= ÉÅçíçñáÅçäçÖáÅ~ä= éÉêëéÉÅíáîÉë= xPQI= NTVzK= qçñáÅ~åíë= EÉKÖK= íê~ÅÉ=ãÉí~ä= áçåë=
~åÇ=áåçêÖ~åáÅ=å~åçé~êíáÅäÉëF=~åÇ=~ÄáçíáÅ=Ñ~Åíçêë=EÉKÖK=î~êá~íáçåë=áå=íÉãéÉê~íìêÉI=ë~äáåáíóI=
rs=áêê~Çá~íáçåF=ã~ó=ÇáêÉÅíäó=Ç~ã~ÖÉ=íÜÉ=ÅÉää=çê=áåÇìÅÉ=olp=ÖÉåÉê~íáçåI=ÇáëêìéíáåÖ=íÜÉ=
ÅÉääìä~ê= ÜçãÉçëí~ëáë= xOI= PI= NQzK= ^ë= ~= ÅçåëÉèìÉåÅÉI= áãÄ~ä~åÅÉÇ= olp= EÅ~ääÉÇ= çñáÇ~íáîÉ=
ëíêÉëëF=ã~ó=äÉ~Ç=íç=çêÖ~åÉääÉ=~åÇ=ak^=Ç~ã~ÖÉë=~åÇ=íç=ÅÉää=ÇÉ~íÜ=xNTVI=OPRzK=qÜìëI=íÜÉ=
äÉîÉä=çÑ=olp=éêçîáÇÉë= áåÑçêã~íáçå=~Äçìí= íÜÉ=ÅÉää= ëí~íÉI=ïÜáäÉ= íÜÉ=olp=éêçÇìÅíáçå= ê~íÉ=
Å~å=éêÉÇáÅí=ÑìêíÜÉê=Ñ~íÉ=çÑ=íÜÉ=ÅÉää=xPzK==

f=



`Ü~éíÉê=Q=jìäíáJä~óÉêÉÇ=ãáÅêçÑäìáÇáÅ=ÅÜáé=Ñçê=ÉÅçíçñáÅ~ä=ëíìÇáÉë=çå=~èì~íáÅ=ãáÅêççêÖ~åáëãë=

SM 

qç= Ç~íÉI= Åçããçå= olpJÇÉíÉÅíáåÖ= íÉÅÜåáèìÉë= áÇÉåíáÑó= çñáÇ~íáîÉ= ëíêÉëë= ÉîÉåíëI= Äìí= ~êÉ=
ÉåÇJéçáåí= ~åÇ= èì~äáí~íáîÉ= xOOPzK= o~íÉ= ~åÇ= ~ãçìåí= çÑ= olp= ÖÉåÉê~íáçå=ïáíÜ= êÉëéÉÅí= íç=
é~êíáÅìä~ê= íçñáÅ~åíë= çê= ~ÄáçíáÅ= Ñ~Åíçêë= êÉã~áå= ìåâåçïå= xQPzK= kÉï= áåëáÖÜíë= Ü~îÉ= ÄÉÉå=
çÄí~áåÉÇ=Äó=êÉÅÉåí=ïçêâë=çå=Åçåíáåìçìë=eOlO=ëÉåëáåÖI=ïÜáÅÜ=áë=çåÉ=çÑ=íÜÉ=ãçëí=ëí~ÄäÉ=
olp=~åÇ=Å~å=ÄÉ=èì~åíáÑáÉÇ=Éñíê~ÅÉääìä~êäó=xNTSI=NTTI=OOPzK=cçê=áåëí~åÅÉI=~äÖ~É=ÉñéçëÉÇ=íç=
áçåáÅ= Å~Çãáìã= E`ÇOHF= ëÜçïÉÇ= íÜêÉÉ= ÇáëíáåÅí= éÉêáçÇë= ïáíÜ= ÇáÑÑÉêÉåí= eOlO= éêçÇìÅíáçå=
ê~íÉëI= ÇÉãçåëíê~íáåÖ= íÜÉ= ÅçãéäÉñáíó= çÑ= ÅÉää= êÉëéçåëÉ= xNTSzK= ^=ã~àçê= Ñ~Åíçê= ÜáåÇÉêáåÖ=
ÑìêíÜÉê= éêçÖêÉëë= äáÉë= áå= íÜÉ= ÇáÑÑáÅìäíó= íç= éÉêÑçêã= Åçåíáåìçìë= ãÉ~ëìêÉãÉåíë= ïáíÜ=
éêÉÅáëÉäó=ÇçëÉÇ=ëíêÉëë=~ÖÉåíëK=qÜáë=áë=ÉëéÉÅá~ääó=éêçÄäÉã~íáÅ=Ñçê=~èì~íáÅ=ãáÅêççêÖ~åáëãë=
íÜ~í=Å~ååçí=ÄÉ=~åÅÜçêÉÇ=çå=~=ëìêÑ~ÅÉ=xOPSzK==

jáÅêçÑäìáÇáÅ=ÅÜáéë=éêçîáÇÉ=~å=ÉäÉÖ~åí=ëçäìíáçå=íç=íÜáë=ÅÜ~ääÉåÖÉK=fåÇÉÉÇI=ÄÉëáÇÉë=éêÉÅáëÉ=
ÅçåíêçäI= çíÜÉê=~Çî~åí~ÖÉë=çÑ=ãáÅêçÑäìáÇáÅë= áåÅäìÇÉ= ê~éáÇ=~å~äóëáëI=ãáåá~íìêáò~íáçå=~åÇ=
ÜáÖÜ= íÜêçìÖÜéìí= Ó= ~ää= ÜáÖÜäó= êÉäÉî~åí= é~ê~ãÉíÉêë= Ñçê= ÄáçäçÖáÅ~ä= ëíìÇáÉë= xOPTJOQQzK=
mä~íÑçêãë=Ä~ëÉÇ=çå=ãáÅêçÑäìáÇáÅë=Ü~îÉ=ÉÑÑáÅáÉåíäó=ÄÉÉå=ìëÉÇ=íç=ã~åáéìä~íÉ=äáîáåÖ=ÅÉääëI=
~ë= ïÉää= ~ë= Ñçê= ÅÉää= ÅìäíìêáåÖI= ëé~íá~ääó= ëÉäÉÅíáîÉ= êÉ~ÖÉåí= ÇÉäáîÉêó= áåíç= ÅÉääëI= ÅÉää=
ãÉí~Äçäáëã=ëíìÇáÉëI=ÇêìÖ=ëÅêÉÉåáåÖ=~åÇ=íáëëìÉ=ÉåÖáåÉÉêáåÖ=xOQRJORMzK==

få= íÜáë= ÅÜ~éíÉêI= f= ÇÉîÉäçé= ~= ãìäíáJä~óÉêÉÇ= ãáÅêçÑäìáÇáÅ= ÅÜáéI= áåÅäìÇáåÖ= ÜóÇê~ìäáÅ~ääó=
ÅçåíêçääÉÇ= ãáÅêçî~äîÉë= ~åÇ= ëáÉîÉëI= íç= Ö~áå= éêÉÅáëÉ= Åçåíêçä= çîÉê= ÉñéçëìêÉ= çÑ= ÅÉääë= íç=
íçñáÅ~åíK= qÜÉ= ÅçãÄáå~íáçå= çÑ= íÜáë= ÅÜáé= ïáíÜ= ~å= áåíÉÖê~íÉÇ= çéíáÅ~ä= ÄáçëÉåëçê= ~ääçïë=
èì~åíáÑóáåÖ= íÜÉ= Çóå~ãáÅë= ~åÇ= ~ãçìåíë= çÑ= Éñíê~ÅÉääìä~ê= eOlOK= få= ~ÇÇáíáçåI= íÜÉ=
ãáÅêçÑäìáÇáÅ= ÅÜáé= ~ääçïë= êìååáåÖ= ÅçãéäÉñ= ÉñéçëìêÉ= ëÉèìÉåÅÉëI= ïÜáÅÜ= áëI= íç= ãó= ÄÉëí=
âåçïäÉÇÖÉI=Å~êêáÉÇ=çìí=Ñçê=íÜÉ=Ñáêëí=íáãÉ=áå=íÜÉ=ÅçåíÉñí=çÑ=olp=ëíìÇáÉëK=få=íÜÉ=éÉêÑçêãÉÇ=
ÉñéÉêáãÉåíë= íÜÉ= ÖêÉÉå= ãáÅêç~äÖ~= `Üä~ãóÇçãçå~ë=êÉáåÜ~êÇíáá= ëÉêîÉÇ= ~ë= ~= ãçÇÉä=
ãáÅêççêÖ~åáëãK= fí= áë= ~= å~íáîÉ= ãáÅêççêÖ~åáëã= íÜ~í= Öêçïë= áå= ëçáä= ~åÇ= ÑêÉëÜ= ï~íÉê=
ÉåîáêçåãÉåíë=~êçìåÇ=íÜÉ=ÖäçÄÉ=xOMVI=ORNzK=f=ëíìÇáÉÇ=íÜÉ=ÉÅçíçñáÅçäçÖáÅ~ä=ÉÑÑÉÅíë=çå=íÜáë=
~äÖ~=çÑ= íïç=`ÇJÄ~ëÉÇ=éçääìí~åíë=~í= äçï=ÅçåÅÉåíê~íáçåëW=`ÇpÉLwåp=ÅçêÉJëÜÉää=èì~åíìã=
Ççíë=EnÇçíëFI=ïÜáÅÜ=~êÉ=ïáÇÉäó=ìëÉÇ=~ë=ÑäìçêÉëÅÉåí=ä~ÄÉäë=xONMzI=~åÇ=`ÇOHI=ïÜáÅÜ=áë=ÜáÖÜäó=
íçñáÅ= ~åÇ= âåçïå= íç= áåÇìÅÉ= çñáÇ~íáîÉ= ëíêÉëë= áå=ãáÅêç~äÖ~É= xOPRzK= nÇçíë= ~åÇ= `ÇOH= Ü~îÉ=
ÇáÑÑÉêÉåí= ëáòÉëI=ÇáÑÑÉêÉåí=ãÉÅÜ~åáëãë=çÑ= áåíÉêå~äáò~íáçå=~åÇ=Å~å= áåÇìÅÉ=ÇáÑÑÉêÉåí=ÖÉåÉ=
êÉÖìä~íáçåë= xOROI= ORPzK= qÜìëI= f= ÉñéÉÅí= ÇáëíáåÅí= ãÉÅÜ~åáëãë= ~åÇ= Çóå~ãáÅë= çÑ= olp=
ÖÉåÉê~íáçåK= f= ëéÉÅáÑáÅ~ääó= ÅÜççëÉ= ~ééêçéêá~íÉ= nÇçíë= ~åÇ= `ÇOH= ÅçåÅÉåíê~íáçåë= íç=
ëíáãìä~íÉ= íÜÉ= éêçÇìÅíáçå= çÑ= Åçãé~ê~ÄäÉ= ~ãçìåíë= çÑ= olpK= cìêíÜÉêãçêÉI= áåíê~ÅÉääìä~ê=
olp= ~åÇ=ãÉãÄê~åÉ= éÉêãÉ~Äáäáíó= äÉîÉäë= ëìééäÉãÉåí= íÜÉ= Éñíê~ÅÉääìä~ê=ãÉ~ëìêÉãÉåíëK=
qÜáë= ÅÜ~éíÉê= éêçîáÇÉë= åÉï= áåëáÖÜíë= áåíç= olp= ÖÉåÉê~íáçå= Çóå~ãáÅëI= íçñáÅáíó= éçíÉåíá~ä=
~åÇ=ÅÉää=êÉÖÉåÉê~íáçåK==

QKO jÉíÜçÇë=

QKOKN `ÜÉãáÅ~äë=

^ää=ëçäìíáçåëI=áåÅäìÇáåÖ=`ÇOH=EpáÖã~=^äÇêáÅÜFI=wåOH=EpáÖã~=^äÇêáÅÜFI=`ÇpÉLwåp=nÇçíë=EiáÑÉ=
qÉÅÜåçäçÖáÉëF= çê= íêóé~å= ÄäìÉ= MKQB= EiáÑÉ= qÉÅÜåçäçÖáÉëF= ïÉêÉ= ÑêÉëÜäó= éêÉé~êÉÇ= Ñêçã=
ëíçÅâë=ïáíÜ=ÇáëíáääÉÇ=ï~íÉê=éêáçê=ÉîÉêó=ÉñéÉêáãÉåíK=iÉ~ÅÜÉÇ=nÇçíëI=ìëÉÇ= íç= áåîÉëíáÖ~íÉ=
íÜÉ=ÉÑÑÉÅíë=çÑ= áçåáÅ=ÇáëëçäìíáçåI=ïÉêÉ=éêÉé~êÉÇ=Ñêçã=íÜÉ=áåíÉêãÉÇá~íÉ=ëíçÅâI=ïÜáÅÜ=ï~ë=



QKO=jÉíÜçÇë=

SN 

çÄí~áåÉÇ=Äó=ëíçêáåÖ=QM=åj=nÇçíë=áå=ï~íÉê= Ñçê=O=Ç~óë=~í=Qø`K=^ää=ÉñéÉêáãÉåíë=ïÉêÉ=éÉêJ
éÉêÑçêãÉÇ=áå=ÇáëíáääÉÇ=ï~íÉêK=

QKOKO båÇJéçáåí=éêçÅÉÇìêÉë=

^äÖ~É=ïÉêÉ= éêÉé~êÉÇ= ~ë= ÇÉëÅêáÄÉÇ= áå= íÜÉ=`Ü~éíÉê= PK= fåíê~ÅÉääìä~ê= olp= Éî~äì~íáçåë= ~êÉ=
Ä~ëÉÇ= çå= íÜÉ= áåíÉåëáíó= çÑ= íÜÉ= ÑäìçêÉëÅÉåí= ëáÖå~ä= ëíÉããáåÖ= Ñêçã= áåíê~ÅÉääìä~êäó= ÇÉJ
ÉëíÉêáÑáÉÇ=`jJeOac`a^= EÅÜäçêçãÉíÜóä= ÇáÜóÇêçÇáÅÜäçêçÑäìçêÉëÅÉáå= Çá~ÅÉí~íÉF= êÉ~ÅíáåÖ=
äçÅ~ääó=ïáíÜ=ÖÉåÉê~íÉÇ=olpK=fåíê~ÅÉääìä~ê=olp=ãÉ~ëìêÉãÉåíë=ïÉêÉ=Å~êêáÉÇ=çìí=ìëáåÖ=ÅÉää=
ë~ãéäÉë= EÅÉää= ÇÉåëáíó= çÑ= Å~K= O×NMS=ÅÉääëLãäF= áåÅìÄ~íÉÇ= ïáíÜ= OM=μj= `jJeOa`ca^= ÇóÉ=
EpáÖã~=^äÇêáÅÜF= Ñçê= PM=ãáå= áå= íÜÉ=Ç~êâK=qÜÉáê= ÑäìçêÉëÅÉåí= áåíÉåëáíó=ï~ë=ãÉ~ëìêÉÇ= áå=~=
ãìäíáJïÉää=éä~íÉ=êÉ~ÇÉê=Ep~ÑáêÉOI=qÉÅ~åF=~í=λ=Z=ROR=åã=ìëáåÖ=~å=ÉñÅáí~íáçå=ï~îÉäÉåÖíÜ=~í=
λ=Z=QVR=åãK==

qç= ~ëëÉëë= íÜÉ= ãÉãÄê~åÉ= éÉêãÉ~Äáäáíó= íÜÉ= ë~ãéäÉë= ïÉêÉ= áåÅìÄ~íÉÇ= ïáíÜ= NO=μj=
mêçéáÇáìã=fçÇáÇÉ=ÇóÉ=EpáÖã~=^äÇêáÅÜF=Ñçê=PM=ãáå=áå=íÜÉ=Ç~êâK=qÜÉ=ÑäìçêÉëÅÉåí=áåíÉåëáíó=
~í= λ=Z=SNT=åã= ï~ë= ãÉ~ëìêÉÇ= ìëáåÖ= ~å= ÉñÅáí~íáçå= ï~îÉäÉåÖíÜ= ~í= λ=Z=RPS=åãK= mçëáíáîÉ=
Åçåíêçäë= ïÉêÉ= êìå= Äó= ÉñéçëáåÖ= íÜÉ= ~äÖ~É= Ñçê= PM= ãáåìíÉë= íç= NM=ãj=eOlO= éêáçê= íç= íÜÉ=
áåÅìÄ~íáçå=ïáíÜ=ÇóÉëK==

qç=ÇÉíÉêãáåÉ=íÜÉ=~ãçìåí=çÑ=ÇáëëçäîÉÇ=`ÇOH=~åÇ=wåOHI=P=ãä=çÑ=nÇçíë=ëìëéÉåëáçå=ER=åjF=
ïÉêÉ=éìí= áå=Çá~äóëáë=Ä~Öë= ENâa~=réíáã~=eNJNUJNMI=`ÉääìpÉéF=~åÇ= áããÉêëÉÇ= áå=P=ãä=çÑ=
ÇáëíáääÉÇ=ï~íÉêK=

f`mJjp= ï~ë= ìëÉÇ= Ñçê= íÜÉ= èì~åíáí~íáîÉ= ÇáÑÑÉêÉåíá~íáçå= ÄÉíïÉÉå= Éñíê~ÅÉääìä~ê= ~åÇ= ÅÉääJ
~ëëçÅá~íÉÇ= EáKÉK= íÜÉ= ëìã= çÑ= áåíê~ÅÉääìä~ê= ~ãçìåí= ~åÇ= ã~íÉêá~ä= ëíáÅâáåÖ= íç= íÜÉ= ÅÉää=
ãÉãÄê~åÉF=~ãçìåíë=çÑ=ãÉí~ääáÅ=ÉäÉãÉåíëK=qç=ÇÉíÉêãáåÉ=íÜÉ=ÅÉääJ~ëëçÅá~íÉÇ=`Ç=~åÇ=wå=
~ãçìåíëI=NM=ãä=çÑ=~äÖ~É==ïÉêÉ=êáåëÉÇ=~åÇ=ÇáÖÉëíÉÇ=ìåíáä=íÜÉ=ëçäìíáçå=ÄÉÅ~ãÉ=ÅçäçìêäÉëë=
EMKO=ãä=çÑ=eklP=~í=UR=ø`F=éêáçê=íç=íÜÉ=f`mJjp=~å~äóëáëK=jÉ~ëìêÉÇ=f`mJjp=~ãçìåíë=ïÉêÉ=
ÅçåîÉêíÉÇ=íç=ÅçåÅÉåíê~íáçåëK=

QKOKP c~ÄêáÅ~íáçå=çÑ=ãáÅêçÑäìáÇáÅë=

^ää=ãáÅêçÑäìáÇáÅ=ä~óÉêë=EcáÖ=QKN~F=ïÉêÉ=éêÉé~êÉÇ=Ñêçã=éçäóÇáãÉíÜóäëáäçñ~åÉ=EmajpF=ENMWN=
ê~íáç= çÑ= majpLÅìêáåÖ= ~ÖÉåíI= áÑ= åçí= ëí~íÉÇ= çíÜÉêïáëÉF= ìëáåÖ= Å~ëíáåÖ= íÉÅÜåáèìÉK= qÜÉ=
ÅçêêÉëéçåÇáåÖ=ãçäÇë=ïÉêÉ=Ñ~ÄêáÅ~íÉÇ=Äó=ëí~åÇ~êÇ=éÜçíçäáíÜçÖê~éÜó=áå=prJU=éÜçíçêÉëáëí=
EÉñÅÉéí= íÜÉ= Ñäçï= ä~óÉê= ïÜÉêÉ= ^wVOSM= éÜçíçêÉëáëí= ï~ë= ìëÉÇFK= ^= ëéçí= ä~óÉê= ENMM=μã=
íÜáÅâåÉëëF=ï~ë=ÇÉéçëáíÉÇ=Äó=ëéáåJÅç~íáåÖ=majp=~í=RMM=êéã=Ñçê=QM=ëI=ÑçääçïÉÇ=Äó=ã~åì~ä=
ÜçäÉ=ÅìííáåÖ=íç=~ÅÅçããçÇ~íÉ=íÜÉ=ëÉåëáåÖ=ëéçíK=qÜÉ=ÅÉää=ä~óÉê=ÅçåëáëíÉÇ=çÑ=íïç=ä~óÉêë=çÑ=
QM=μã=~åÇ=N=ãã=íÜáÅâåÉëëK=qÜÉ=íÜáÅâ=ÅÉää=ä~óÉê=EN=ãã=íÜáÅâ=ïáíÜ=PMM=μã=íÜáÅâ=ÅÜ~ååÉäëF=
Åçåí~áåáåÖ= áåéìí= ÅÜ~ååÉä= EPMM=μã= ïáÇÉF= ~åÇ= ÅÉää= Åçãé~êíãÉåí= EO=ãã= ïáÇÉF= ï~ë=
éêÉé~êÉÇ= Äó= éçìêáåÖ= íÜÉ= ~ééêçéêá~íÉ= ~ãçìåí= çÑ= majp= çåíç= íÜÉ=ãçäÇK= qÜÉ= íÜáå= ÅÉää=
ä~óÉê= EQM=μã= íÜáÅâ= ïáíÜ= NM=μã= íÜáÅâ= ÅÜ~ååÉäëF= Åçåí~áåë= íÜÉ= ë~ãÉ= Ä~ëÉJé~ííÉêå= ïáíÜ=
~ÇÇáíáçå~ä= ãáÅêçëáÉîÉ= ER=μã= éÉêáçÇF= ~åÇ= ï~ë= ÇÉéçëáíÉÇ= Äó= ëéáåJÅç~íáåÖ= majp= ~í=
UMMM=êéã=Ñçê=R=ãáå=EcáÖK=QKNÜIáFK=qÜÉ=Ñäçï=EOMWN=ê~íáçF=~åÇ=Åçåíêçä=ä~óÉê=ERWN=ê~íáçF=Ü~Ç=~=
íÜáÅâåÉëë= çÑ= QM=μã= EëéáåJÅç~íáåÖ= ~í= RMMM=êéã= Ñçê= R=ãáåF= ~åÇ= N= ãã= EéçìêáåÖFI=



`Ü~éíÉê=Q=jìäíáJä~óÉêÉÇ=ãáÅêçÑäìáÇáÅ=ÅÜáé=Ñçê=ÉÅçíçñáÅ~ä=ëíìÇáÉë=çå=~èì~íáÅ=ãáÅêççêÖ~åáëãë=

SO 

êÉëéÉÅíáîÉäóK= _çíÜ= çÑ= íÜÉëÉ= ä~óÉêë= Ü~Ç= NM=μã= íÜáÅâ= ~åÇ= NMM=μã= ïáÇÉ= ÅÜ~ååÉäë= EcáÖK=
QKNÇIÉFK=^ÑíÉê=éçìêáåÖ=íÜÉ=majp=çåíç=íÜÉ=ãçäÇë=~ää=ä~óÉêë=ïÉêÉ=éêÉÄ~âÉÇ=Ñçê=PM=ãáå=~í=
UM=ø`K= qÜÉ= íÜáÅâ= ÅÉää= ~åÇ= Åçåíêçä= ä~óÉêë= ïÉêÉ= í~áäçêÉÇ= ~åÇ= ëÉé~ê~íÉÇ= Ñêçã= íÜÉ=ãçäÇëK=
pìÄëÉèìÉåíäóI=íÜÉ=íÜáÅâ=ÅÉää=ä~óÉê=ï~ë=Å~êÉÑìääó=~äáÖåÉÇ=~åÇ=éä~ÅÉÇ=çåíç=íÜÉ=íÜáå=ÅÉää=~åÇ=
íÜÉ=Åçåíêçä=ä~óÉê=Ó=çåíç=íÜÉ=Ñäçï=ä~óÉê=~åÇ=Ä~âÉÇ=~í=UM=ø`=çîÉêåáÖÜíK=^ÑíÉê=íÜÉ=éêÉÄ~âáåÖ=
ëíÉé= íÜÉ= majp= áë= åçí= ÉåíáêÉäó= ÅêçëëJäáåâÉÇ= ~åÇI= ÅçåëÉèìÉåíäóI= íÜÉ= ëìÄëÉèìÉåí= Ñìää=
Ä~âáåÖ=éêçÅÉëë=ëíêçåÖäó=àçáåë=íÜÉ=ä~óÉêë=äóáåÖ=çå=É~ÅÜ=çíÜÉêK=^ÑíÉê=Ä~âáåÖ=~å=~ÇÇáíáçå~ä=
íÜáå=majp=ä~óÉê=ï~ë=~ÇÇÉÇ=çå=íçé=çÑ=íÜÉ=ÅÉää=ä~óÉê=EëéáåJÅç~íáåÖ=~í=RMMM=êéã=Ñçê=P=ãáåFK=
qÜÉ=ÅÉää=Åçãé~êíãÉåí=ï~ë=ã~åì~ääó=Å~êîÉÇ=íÜêçìÖÜ=ÄçíÜI=íÜáÅâ=~åÇ=íÜáå=ÅÉää=ä~óÉêëK=qÜÉ=
~íí~ÅÜÉÇ=Åçåíêçä=~åÇ=Ñäçï=ä~óÉêë=ïÉêÉ=~äáÖåÉÇ=ïáíÜ=êÉëéÉÅí=íç=íÜÉ=ÅÉää=ä~óÉê=~åÇ=Ä~âÉÇ=~í=
UM=ø`= Ñçê= O=Ü= ïáíÜ= íÜÉ= ÑêÉëÜäó= ëéáåJÅç~íÉÇ= majp= ä~óÉê= ëÉêîáåÖ= ~ë= ÄçåÇáåÖ= ã~íÉêá~äK=
cáå~ääóI=íÜÉ=ëéçí=ä~óÉê=ï~ë=éä~ÅÉÇ=çå=íÜÉ=ãáÅêçëÅçéÉ=ëäáÇÉ=~åÇ=Ä~âÉÇ=~í=UM=ø`=çîÉêåáÖÜíK=
mêáçê= íç= íÜÉ=ãÉ~ëìêÉãÉåíë= ~= ëÉåëáåÖ= ëéçí= ï~ë= áåëÉêíÉÇ= áåíç= íÜÉ= çéÉåáåÖ= áå= íÜÉ= ëéçí=
ä~óÉêK= qÜÉåI= íÜÉ=ãáÅêçÑäìáÇáÅ= ÅÜáé= ï~ë= éä~ÅÉÇ= çå= íçé= ~åÇ= íÜÉ= ÅÉåíÉê= çÑ= íÜÉ= ÅÜ~ååÉäI=
ïÜÉêÉ=íÜÉ=ãÉ~ëìêÉãÉåíë=í~âÉ=éä~ÅÉI=ï~ë=Å~êÉÑìääó=~äáÖåÉÇ=ïáíÜ=êÉëéÉÅí=íç=íÜÉ=ëéçíK=^í=
ä~ëíI= íÜÉ= ÉåíáêÉ= ëóëíÉã= ï~ë= Åä~ãéÉÇ= ÄÉíïÉÉå= íïç= ãÉí~ääáÅ= éä~íÉë= ïáíÜ= ~ééêçéêá~íÉ=
çéÉåáåÖë=Éå~ÄäáåÖ=íÜÉ=çéíáÅ~ä=ãÉ~ëìêÉãÉåíëK=

QKOKQ fåàÉÅíáåÖ=~åÇ=êáåëáåÖ=

^ää=ãáÅêçÑäìáÇáÅ=çéÉê~íáçåë=ïÉêÉ=éÉêÑçêãÉÇ=ìëáåÖ=~=äáèìáÇ=éìãé=EuÅ~äáÄìêI=qÉÅ~åF=~åÇ=
ÅçåíêçääÉÇ= îá~= i~ÄîáÉï= ëçÑíï~êÉK= mêáçê= íç= ìëÉI= íÜÉ= ãáÅêçÑäìáÇáÅ= ÅÜáé= ï~ë= êáåëÉÇ= ïáíÜ=
ÇáëíáääÉÇ= ï~íÉê= ~í= ~= Åçåëí~åí= Ñäçï= ê~íÉ= EO=ããLëFK= qÜÉ= áåíÉÖê~íÉÇ= ãáÅêçÑäìáÇáÅ= î~äîÉë=
çéÉê~íÉ=~ÅÅçêÇáåÖ=íç=íÜÉ=ÑçääçïáåÖ=éêáåÅáéäÉW=~å=áåÅêÉ~ëÉ=çÑ=íÜÉ=ÅÜ~ååÉä=éêÉëëìêÉ=áå=íÜÉ=
Åçåíêçä= ä~óÉê= EÄó= ~ééäóáåÖ= ~= ÖÉåíäÉ= Ñäçï=çÑ= MKN=ããLëÉÅ= Ñçê= NM=ëF= Éñé~åÇë= íÜÉ= ÅÜ~ååÉäI=
ÅäçëáåÖ=íÜÉ=ÅçêêÉëéçåÇáåÖ=ÅêçëëJëÉÅíáçåë=áå=íÜÉ=Ñäçï=ä~óÉê=EcáÖK=QKNÄJáFK=qÜÉ=î~äîÉë=ïÉêÉ=
ÜÉäÇ= áå= íÜÉ=ÅäçëÉÇ=ëí~íÉ=ïÜáäÉ= íÜÉ=~äÖ~É=ëìëéÉåëáçå=ï~ë=Å~êÉÑìääó= áåàÉÅíÉÇ= áåíç= íÜÉ=ÅÉää=
ä~óÉê= EMKR=ããLëF= ìåíáä= íÜÉó= êÉ~ÅÜÉÇ= íÜÉ= ÅÉää= Åçãé~êíãÉåíK= qÜÉåI= íÜÉ= Ñäçï= áå= íÜÉ= ÅÉää=
ä~óÉê=ï~ë=ëíçééÉÇK=

få=~=éêÉé~ê~íçêó=ëíÉé=íÜÉ=~å~äóíÉ=ï~ë=áåíêçÇìÅÉÇ=áåíç=íÜÉ=Ñäçï=ä~óÉê=ïáíÜ=íÜÉ=î~äîÉ=áå=íÜÉ=
ÅäçëÉÇ=ëí~íÉ=EO=ããLëFK=qÜÉåI=íÜÉ=î~äîÉ=ï~ë=çéÉåÉÇ=~åÇ=íÜÉ=~å~äóíÉ=ï~ë=ÖÉåíäó=áåàÉÅíÉÇ=
Ñêçã=íÜÉ=Ñäçï=ä~óÉê=áåíç=íÜÉ=ÅÉää=ä~óÉê=Äó=~ééäóáåÖ=íÜÉ=Ñäçï=~í=ÄçíÜ=ÉåÇë=çÑ=íÜÉ=Ñäçï=ä~óÉê=
ÅÜ~ååÉäë=EMKN=ããLë=Ñçê=P=ëFK=^ÑíÉê=~=íáãÉ=ä~éëÉ=çÑ=RM=ëI=íç=~ääçï=ÇáÑÑìëáçåI=íÜÉ=î~äîÉ=ï~ë=
ÅäçëÉÇ= ~åÇ= ~= åÉï= áåàÉÅíáçå= ÅóÅäÉ= ëí~êíÉÇK= páåÅÉ= íÜÉ= ÅÜ~ååÉäë= áå= íÜÉ= Ñäçï= ä~óÉê= Ü~îÉ= ~=
ãìÅÜ= ëã~ääÉê= îçäìãÉ= íÜ~å= íÜÉ= ÅÉää= ÅÜ~ãÄÉêI= áå= çêÇÉê= íç= ÉÑÑáÅáÉåíäó= áåàÉÅí= ~å~äóíÉI= f=
éêçÅÉÉÇÉÇ=áå=íÜÉ=ÑçääçïáåÖ=ã~ååÉêW=íÜÉ=áåàÉÅíáçå=ÅóÅäÉ=ï~ë=êÉéÉ~íÉÇ=ÑáîÉ=íáãÉëI=íÜÉ=Ñáêëí=
íÜêÉÉ= íáãÉë= Äó= áåàÉÅíáåÖ= ~å= ~å~äóíÉ= ÅçåÅÉåíê~íáçåë= NMñ= ÜáÖÜÉê= íÜ~å= íÜÉ= Ñáå~ä=
ÅçåÅÉåíê~íáçåI=ÑçääçïÉÇ=Äó=íïáÅÉ=áåàÉÅíáçåë=ïáíÜ=íÜÉ=Ñáå~ä=~å~äóíÉ=ÅçåÅÉåíê~íáçåK==

qç=êÉãçîÉ=íÜÉ=~å~äóíÉ=Ñêçã=íÜÉ=ÅÉää=ä~óÉêI=íÜÉ=ãáÅêçÑäìáÇáÅ=î~äîÉ=ï~ë=ÅäçëÉÇ=~åÇ=~=ÖÉåíäÉ=
Ñäçï=çÑ= ÇáëíáääÉÇ=ï~íÉê= EMKO=ããLëI= N=ãáåF=ï~ë= ~ééäáÉÇK= pìÄëÉèìÉåíäóI= ~= Ä~Åâï~êÇ= Ñäçï=
EMKO=ããLëI=P=ëF=ï~ë=~ééäáÉÇ=íç=ÜÉäé=íÜÉ=ÅÉääë=ëéêÉ~Ç=çìí=~Ö~áå=áåíç=íÜÉ=ÅÉää=Åçãé~êíãÉåíK==

qç= ÉñÅÜ~åÖÉ= íÜÉ= ëÉåëáåÖ= ëéçíë=ÄÉíïÉÉå= íïç= ÅçåëÉÅìíáîÉ= ëÉêáÉë=çÑ=ãÉ~ëìêÉãÉåíëI= íÜÉ=
~äÖ~É=ïÉêÉ=êÉãçîÉÇ=Ñêçã=íÜÉ=ÅÉää= ä~óÉêI=íÜÉ=ãáÅêçÑäìáÇáÅ=ÅÜáé=ï~ë=çéÉåÉÇI=íÜÉ=ëÉåëáåÖ=



QKP=fåíÉê~Åíáçå=ÄÉíïÉÉå=íçñáÅ~åíë=~åÇ=~äÖ~É=

SP 

ëéçí= ÉñÅÜ~åÖÉÇI= íÜÉ=ãáÅêçÑäìáÇáÅ= ÅÜáé= ÅäçëÉÇ= ~åÇ= íÜÉ= ~äÖ~É= ïÉêÉ= êÉJáåíêçÇìÅÉÇK= qÜáë=
éêçÅÉÇìêÉ=í~âÉë=~ééêçñáã~íÉäó=P=ãáåK==

=

=

cáÖìêÉ= QKNK= jìäíáJä~óÉêÉÇ= ãáÅêçÑäìáÇáÅ= ÅÜáéK= pÅÜÉã~íáÅ= Çê~ïáåÖë= E~IÄIÇIÜF= ~åÇ=
ãáÅêçëÅçéÉ= éáÅíìêÉë= EÅIÉIáF= çÑ= íÜÉ= ãìäíáJä~óÉêÉÇ= ãáÅêçÑäìáÇáÅ= ÅÜáéW= E~F= Ñìää= ÅÜáé=
ÅçåÑáÖìê~íáçåX= EÄIÅF= î~äîÉ= çéÉê~íáçå= íç=ã~å~ÖÉ= íÜÉ= ÅçååÉÅíáçå= ÄÉíïÉÉå= íÜÉ= Ñäçï= ~åÇ=
ÅÉää= ä~óÉêëX= EÇIÉF= áåàÉÅíáåÖ=ãçÇÉ=ïÜÉå= íçñáÅ~åí= ÉåíÉêë= áåíç= íÜÉ= ÅÉää= ä~óÉêX= EÜIáF= êáåëáåÖ=
ãçÇÉ= ïÜÉå= íçñáÅ~åí= äÉ~îÉë= íÜÉ= ÅÉää= ä~óÉê= íÜêçìÖÜ= íÜÉ= ãáÅêçëáÉîÉK= `çäçìêë= áå= íÜÉ=
ãáÅêçëÅçéÉ= áã~ÖÉë= ~êÉ= ~êíáÑáÅá~äK= qÜÉ= êÉÇ= ëéÜÉêÉë= êÉéêÉëÉåí= íÜÉ= íçñáÅ~åí= ~åÇ= ÖêÉÉå=
ÉääáéëçáÇë= íÜÉ=~äÖ~ÉK=qáãÉ=Éîçäìíáçå=çÑ= íêóé~å=ÄäìÉ=~Äëçêéíáçå= EQ=μj=ÅçåÅÉåíê~íáçå= áå=
íÜÉ=Ñäçï=ä~óÉêF=~Åêçëë=íÜÉ=ÅÉää=ä~óÉê=Ñçê=EÑF=áåàÉÅíáåÖ=~åÇ=EÖF=êáåëáåÖK=

=

QKP fåíÉê~Åíáçå=ÄÉíïÉÉå=íçñáÅ~åíë=~åÇ=~äÖ~É=

QKPKN jáÅêçÑäìáÇáÅ=ëóëíÉã=

qç= Ö~áå= éêÉÅáëÉ= Åçåíêçä= çîÉê= íÜÉ= ÉñéçëìêÉ= çÑ= ~äÖ~É= íç= íçñáÅ~åíëI= f= ÇÉëáÖåÉÇ= ~åÇ=
Ñ~ÄêáÅ~íÉÇ= ~=ãáÅêçÑäìáÇáÅ= ÅÜáéI=ïÜáÅÜ= Åçåëáëíë= çÑ= ÑáîÉ= ä~óÉêë= EcáÖK= QKN~FK= qÜÉ= ëéçí= ä~óÉê=
~ÅÅçããçÇ~íÉë=íÜÉ=ëÉåëáåÖ=ëéçí=~åÇ=Öì~ê~åíÉÉë=çéíáã~ä=áåíÉÖê~íáçå=ïáíÜ=íÜÉ=êÉëí=çÑ=íÜÉ=
ÅÜáéK=qÜÉ= ëÉåëáåÖ= ëéçí= äáÉë= áå= íÜÉ=éêçñáãáíó=çÑ= íÜÉ= ÅÉää= ä~óÉêI= ëç= íÜ~í=eOlO= êÉ~ÅÜÉë= íÜÉ=



`Ü~éíÉê=Q=jìäíáJä~óÉêÉÇ=ãáÅêçÑäìáÇáÅ=ÅÜáé=Ñçê=ÉÅçíçñáÅ~ä=ëíìÇáÉë=çå=~èì~íáÅ=ãáÅêççêÖ~åáëãë=

SQ 

ëéçí=ëìÑÑáÅáÉåíäó=Ñ~ëí=Äó=ÇáÑÑìëáçåI=Äìí=áë=ïÉääJëÉé~ê~íÉÇ=Ñêçã=íÜÉ=~äÖ~É=íç=ÉñÅäìÇÉ=çéíáÅ~ä=
áåíÉêÑÉêÉåÅÉK=qÜÉ=ÅÉää= ä~óÉê= ëÉêîÉë=~ë=~= ÅÉää= Åçãé~êíãÉåí=ÇìêáåÖ=ãÉ~ëìêÉãÉåíë= EíÜáÅâ=
é~êíF=~åÇ=Åçåí~áåë=~=ãáÅêçëáÉîÉ=EíÜáå=ä~óÉêFI=ïÜáÅÜ=êÉí~áåë=íÜÉ=~äÖ~É=ÇìêáåÖ=êáåëáåÖ=EcáÖK=
QKNÜIáFK=qÜÉ= íçñáÅ~åí=ÉåíÉêë= íÜÉ=ÅÜáé= íÜêçìÖÜ=íÜÉ= Ñäçï= ä~óÉêI=ïÜáÅÜ= áë=ÅçååÉÅíÉÇ= íç= íÜÉ=
ÅÉää=ä~óÉê=EcáÖK=QKNÇIÉFK=qÜáë=ÅçååÉÅíáçå=áë=ã~å~ÖÉÇ=Äó=ãáÅêçÑäìáÇáÅ=î~äîÉë=áå=íÜÉ=Åçåíêçä=
ä~óÉê=EcáÖK=QKNÄIÅFK==

qç= îáëì~äáòÉ= íÜÉ= ÇáÑÑìëáçå= çÑ= íÜÉ= áåàÉÅíáçå= éêçÅÉëë= áå= íÜÉ= ÅÉää= ä~óÉêI= f= áåàÉÅíÉÇ= Q=μj=çÑ=
íêóé~å=ÄäìÉ=ÇóÉ=áåíç=íÜÉ=Ñäçï=ä~óÉê=~ÅÅçêÇáåÖ=íç=íÜÉ=éêçÅÉÇìêÉ=ÇÉëÅêáÄÉÇ=áå=íÜÉ=éêÉîáçìë=
ëÉÅíáçåK=^Äëçêéíáçå=ãÉ~ëìêÉãÉåíë= áåÇáÅ~íÉ= íÜ~í= íÜÉ=ÇóÉ=ìåáÑçêãäó=ëéêÉ~Çë=~Åêçëë= íÜÉ=
ÅÉää= ä~óÉê=ïáíÜáå= R=ãáå= EcáÖK= QKNÑFK= páãáä~êäóI= ~ÑíÉê= N=ãáå= êáåëáåÖI= íÜÉ= ÇóÉ= áë= ÅçãéäÉíÉäó=
êÉãçîÉÇ=EcáÖK=QKNÖFK==

f= ÑìêíÜÉê= ÇÉãçåëíê~íÉÇ= ÉÑÑáÅáÉåí= áåàÉÅíáçå= ãÉÅÜ~åáëãë= Äó= çÄëÉêîáåÖ= ëáãáä~ê= eOlO=
êÉëéçåëÉë=Ñêçã=~äÖ~É=ÉñéçëÉÇ=íç=RMM=åj=`ÇOH=íÜêçìÖÜ=íÜÉ=áåàÉÅíáçå=áå=íÜÉ=ãáÅêçÑäìáÇáÅ=
ëóëíÉã=~åÇ=~äÖ~É=ÉñéçëÉÇ=íç=RMM=åj=`ÇOH=éêáçê=íç=íÜÉáê=áåíêçÇìÅíáçå=áåíç=íÜÉ=ÅÉää= ä~óÉê=
EcáÖK= QKO~FK= cìêíÜÉêãçêÉI= ~äÖ~É= ÉñéçëÉÇ= íç= NMM=åj= `ÇOHI= ïÜáÅÜ= ï~ë= ï~ëÜÉÇ= ~ï~ó=
áããÉÇá~íÉäó= ~ÑíÉê= áåàÉÅíáçåI= ëÜçïÉÇ= åç= ÖÉåÉê~íáçå= çÑ= eOlOI= ÇÉãçåëíê~íáåÖ= íÜÉ=
ÉÑÑÉÅíáîÉåÉëë=çÑ=íÜÉ=êáåëáåÖ=éêçÅÉÇìêÉ=EcáÖK=QKOÄFK=

=

=

cáÖìêÉ=QKOK=fåàÉÅíáçåLêáåëáåÖ=ÉñéÉêáãÉåíëK=E~F=oÉÇçñ=ëí~íÉ=ÅçÉÑÑáÅáÉåí ߮=ÑçêW=~äÖ~É=ãáñÉÇ=
ïáíÜ=RMM=åj=`ÇOH=éêáçê=íç=íÜÉáê=áåàÉÅíáçå=áåíç=íÜÉ=ÅÉää=ä~óÉê=EêÉÇFX=~åÇ=~äÖ~É=áåàÉÅíÉÇ=áåíç=
íÜÉ= ÅÉää= ä~óÉê= ïáíÜ= RMM=åj= `ÇOH= ëÉèìÉåíá~ääó= áåíêçÇìÅÉÇ= EÄä~ÅâFK= EÄF= oÉÇçñ= ëí~íÉ=
ÅçÉÑÑáÅáÉåí  ߮= Ñçê= ìåíêÉ~íÉÇ= ~äÖ~É= ~åÇ= ~äÖ~É= ïáíÜ= NMM=åj= `ÇOH= áåàÉÅíÉÇ= ~åÇ= êáåëÉÇ=
áããÉÇá~íÉäóK=

=

QKPKO bñéçëìêÉ=íç=`ÇOH=

qÜÉ=ãáÅêçÑäìáÇáÅ= ÅÜáé=ï~ë= ìëÉÇ= íç= Åçåíêçä= ~äÖ~É= ÉñéçëìêÉ= íç= `ÇOHK= qïç= ÇáÑÑÉêÉåí= `ÇOH=
ÉñéçëìêÉ= äÉîÉäë= ïÉêÉ= áåîÉëíáÖ~íÉÇW= NMM=åj= ~åÇ= RMM=åjK= få= é~ê~ääÉäI= Éñíê~ÅÉääìä~ê= eOlO=
êÉäÉ~ëÉÇ= Ñêçã= ÉñéçëÉÇ= ~äÖ~É=ï~ë= Åçåíáåìçìëäó=ãÉ~ëìêÉÇ= ìëáåÖ= íÜÉ= ëÉåëáåÖ= ëéçí= íÜ~í=



QKP=fåíÉê~Åíáçå=ÄÉíïÉÉå=íçñáÅ~åíë=~åÇ=~äÖ~É=

SR 

ãçåáíçêë= íÜÉ=Åóí=Å=êÉÇçñ=ëí~íÉ=~ë=ÇáëÅìëëÉÇ=áå=íÜÉ=éêÉîáçìë=ÅÜ~éíÉê= xNTSI=OPPzK=`çåíêçä=
ÉñéÉêáãÉåíë= ïáíÜ= ìåÉñéçëÉÇ= ~äÖ~É= ÇáÇ= åçí= ëÜçï= ~åó= eOlO= ÖÉåÉê~íáçåK= cìêíÜÉêãçêÉI=
ÇáÑÑÉêÉåíá~ä= ãÉ~ëìêÉãÉåíë= Éäáãáå~íÉ= áåíÉêÑÉêÉåÅÉ= ÉÑÑÉÅíë= ÄÉíïÉÉå= `ÇOH= ~åÇ= íÜÉ= Åóí=Å=
ëÉåëáåÖ=ëéçí=EcáÖK=QKPFK==

=

=

cáÖìêÉ=QKPK=pÉåëáåÖ=ëéçí= áåíÉêÑÉêÉåÅÉ=ïáíÜ=`ÇOHK=oÉÇçñ=ëí~íÉ=ÅçÉÑÑáÅáÉåí=߮= Ñçê=ìåíêÉ~íÉÇ=
~äÖ~É=~åÇ=`ÇOH=ëÜçïáåÖ=~=ëäáÖÜí=áåíÉêÑÉêÉåÅÉ=çÑ=`ÇOH=ïáíÜ=íÜÉ=ëÉåëáåÖ=ÉäÉãÉåíK=

=

tÜÉå= ÉñéçëÉÇ= íç= RMM=åj=çÑ=`ÇOHI= ~äÖ~É= ê~éáÇäó=éêçÇìÅÉÇ=eOlOW= áããÉÇá~íÉäó= ~ÑíÉê= íÜÉ=
áåàÉÅíáçå= f= ÇÉíÉÅíÉÇ= =ுଶைଶ=Z=UM=åjIܥ ïÜáÅÜ= íÜÉå= áåÅêÉ~ëÉÇ= íç= NRM=åj= ~ÑíÉê= SM=ãáå=
ENKO=åjLãáåFI= íç= OOM=åj= ~ÑíÉê= NOM=ãáå= ENKO=åjLãáåF= ~åÇ= íç= PUM=åj= ~ÑíÉê= NSM=ãáå=
EQKR=åjLãáåF= EcáÖK= QKQ~IÅI= q~ÄäÉ= QKNFK= qÜÉ= eOlO= éêçÇìÅíáçå= ê~íÉë= ~êÉ= Éëíáã~íÉÇ= ïáíÜ=
äáåÉ~ê=ÑáíëK=fåàÉÅíáçå=éêçÅÉÇìêÉ=Çìê~íáçå=Ó=áå=íÜÉ=çêÇÉê=çÑ=R=ãáå=Ó=Éñéä~áåë=íÜÉ=åçåJòÉêç=
=ுଶைଶ=ÇêçééÉÇ=íç=NMM=åj=ïÜÉåI=~ÑíÉê=SM=ãáåIܥ=ுଶைଶ=~í=íÜÉ=ÄÉÖáååáåÖ=çÑ=íÜÉ=ÉñéÉêáãÉåíKܥ
íÜÉ=ÅÉää=ä~óÉê=ï~ë=êáåëÉÇ=íç=êÉãçîÉ=ÄçíÜI=íÜÉ=éêçÇìÅÉÇ=eOlO=~åÇ=áåàÉÅíÉÇ=`Ç

OHK=qÜáë=äÉîÉä=
êÉã~áåÉÇ=Åçåëí~åí=ÇìêáåÖ= íÜÉ= ÑçääçïáåÖ=NMM=ãáåK= f= êÉÑÉê= íç= íÜáë= íóéÉ=çÑ= ÉñéÉêáãÉåí=~ë=
éçëíJëíêÉëë= ÉñéÉêáãÉåíëK=tÜÉåI= ~ÑíÉê= SM=ãáå= çÑ= éçëíJëíêÉëëI= ~äÖ~É= ïÉêÉ= êÉJÉñéçëÉÇ= íç=
RMM=åj= çÑ= `ÇOHI=ܥுଶைଶ= áåÅêÉ~ëÉÇ= Ñêçã= NMM=åj= íç= PMM=åj=ïáíÜáå= QM=ãáå= ERKM=åjLãáåFK=
aìÉ=íç=íÜÉ=ëíêçåÖ=çñáÇ~íáçå=çÑ=íÜÉ=Åóí=Å=ëÉåëáåÖ=ëéçíë=ïÉêÉ=ÉñÅÜ~åÖÉÇ=~ÑíÉê=ÉîÉêó=Üçìê=
çÑ=ãÉ~ëìêÉãÉåíK=aìêáåÖ=íÜÉ= ä~ëí=OM=ãáå=çÑ=íÜÉ=ÉñéÉêáãÉåíI=߮=åÉ~êäó=êÉ~ÅÜÉÇ=òÉêç=~åÇ=
ÅçìäÇåÛí= ÄÉ= ìëÉÇ= Ñçê= ~= êÉäá~ÄäÉ=ܥுଶைଶ= Éñíê~ÅíáçåX= ÜÉåÅÉ= Ç~í~= ëíçééÉÇ= ~í= =Z=NSM=ãáå=ݐ áå=
cáÖëK= QKQÅ=~åÇ=ÇK=cáå~ääóI= ÉåÇJéçáåí= áåíê~ÅÉääìä~ê=olp= äÉîÉäë=ãÉ~ëìêÉÇ=Äó= ÑäìçêÉëÅÉåÅÉ=
ã~íÅÜ=íÜÉ=íêÉåÇë=çÑ=Éñíê~ÅÉääìä~ê=eOlO=ïÉää=EcáÖK=QKQÉFK==

tÜÉå= ÉñéçëáåÖ= ~äÖ~É= íç= NMM=åj=çÑ= `ÇOHI=ܥுଶைଶ= ëäçïäó= áåÅêÉ~ëÉÇI= êÉ~ÅÜáåÖ= TM=åj=~ÑíÉê=
SM=ãáå= ENKN=åjLãáåFI= NPM=åj= ~ÑíÉê= NOM=ãáå= ENKM=åjLãáåF= ~åÇ= OMM=åj= ~ÑíÉê= NSM=ãáå=
ENKS=åjLãáåF= EcáÖK=QKQÄIÇFK= tÜÉå= ~äÖ~É= ïÉêÉ= êáåëÉÇ= ~ÑíÉê= SM=ãáåI= =ுଶைଶܥ ÇêçééÉÇ= íç=
QM=åj=~åÇ= ÑìêíÜÉê=ÇÉÅêÉ~ëÉÇ= íç=òÉêç=ïáíÜáå= íÜÉ= ÑçääçïáåÖ=SM=ãáåK=tÜÉåI=~ÑíÉê=SM=ãáåI=
~äÖ~É= ïÉêÉ= êÉJÉñéçëÉÇ= ïáíÜ= NMM=åj= çÑ= `ÇOHI= =ுଶைଶܥ áåÅêÉ~ëÉÇ= Ñêçã= OM=åj= íç= NNM=åj=
ïáíÜáå= íÜÉ= åÉñí= QM=ãáå= EOKP=åjLãáåFK= `Ü~åÖÉë= áå= áåíê~ÅÉääìä~ê= olp= äÉîÉäë= ÄÉÅ~ãÉ=
ëí~íáëíáÅ~ääó=ëáÖåáÑáÅ~åí=çåäó=~ÑíÉê=~å=ÉñéçëìêÉ=çîÉê=P=Ü=~åÇ=ëÜçï=ëáãáä~ê=î~äìÉë=Ñçê=ÄçíÜI=



`Ü~éíÉê=Q=jìäíáJä~óÉêÉÇ=ãáÅêçÑäìáÇáÅ=ÅÜáé=Ñçê=ÉÅçíçñáÅ~ä=ëíìÇáÉë=çå=~èì~íáÅ=ãáÅêççêÖ~åáëãë=

SS 

éçëíJëíêÉëë=~åÇ=Åçåíáåìçìë=ÉñéçëìêÉë= EcáÖK=QKQÑFK=`çãéäÉãÉåí~êó=ãÉãÄê~åÉ=éÉêãÉ~J
éÉêãÉ~Äáäáíó= ãÉ~ëìêÉãÉåíë= êÉîÉ~äÉÇ= íÜ~í= íÜÉ= ~äÖ~É= êÉã~áåÉÇ= ~äáîÉ= ~ÑíÉê= P=Ü= çÑ= `ÇOH=
ÉñéçëìêÉ=EëÉÉ=^ééÉåÇáñ=cFK=

=

=

cáÖìêÉ=QKQK=^äÖ~É=ÉñéçëìêÉ=íç=`ÇOHK=qáãÉ=ÇÉéÉåÇÉåÅáÉë=çÑ=êÉÇçñ=ëí~íÉ=ÅçÉÑÑáÅáÉåí=߮= ÑçêW=
E~F=RMM=åj=~åÇ=EÄF=NMM=åj=ÉñéçëìêÉ=ÅóÅäÉëK=EÅIÇF=bñíê~ÅÉääìä~ê=eOlO=ÅçåÅÉåíê~íáçå=`eOlO=
ÅçåîÉêíÉÇ= ìëáåÖ= bèK= EPKTFK= qÜÉ= ëÜ~ÇÉÇ= ~êÉ~ë= êÉéêÉëÉåí= íÜÉ= ëí~åÇ~êÇ= ÇÉîá~íáçå= çîÉê= P=
ë~ãéäÉëK=qÜÉ=Ç~ëÜÉÇ=ÅìêîÉë=~êÉ=äáåÉ~ê=ÑáíëK=fåíê~ÅÉääìä~ê=olp=Ñçê=RMM=åj=EÉF=~åÇ=NMM=åj=
EÑF=`ÇOH=ÉñéçëìêÉë=áå=áÇÉåíáÅ~ä=ÅóÅäÉë=~ë=áå=E~F=~åÇ=EÄF=EíÜÉ=ë~ãÉ=Åçäçêë=~ë=áå=E~F=~êÉ=ìëÉÇI=
ÄäìÉ=ÅçêêÉëéçåÇë= íç=ìåÉñéçëÉÇ=~äÖ~ÉFK=bêêçê=Ä~êë= êÉéêÉëÉåí= ëí~åÇ~êÇ=ÇÉîá~íáçå=çîÉê=V=
ë~ãéäÉëK=qìâÉó=ãìäíáéäÉ=Åçãé~êáëçåë=çÑ=ãÉ~åë=~êÉ=~î~áä~ÄäÉ=áå=^ééÉåÇáñ=cK=

=



QKQ=olp=Çóå~ãáÅë=

ST 

QKPKP bñéçëìêÉ=íç=nÇçíë=

páãáä~êäó= íç= `ÇOHI= f= ÉñéçëÉÇ= ~äÖ~É= íç= `ÇpÉLwåp= nÇçíë= ìëáåÖ= íÜÉ=ãáÅêçÑäìáÇáÅ= ÅÜáé= Ñçê=
Åçåíáåìçìë=ãÉ~ëìêÉãÉåíë=çÑ=íÜÉ=éêçÇìÅíáçå=çÑ=Éñíê~ÅÉääìä~ê=eOlOK=`çåíêçä=ÉñéÉêáãÉåíë=
ïáíÜ=R=~åÇ=OM=åj=çÑ=nÇçíë=ëÜçïÉÇ=åç=áåíÉê~Åíáçå=ïáíÜ=íÜÉ=Åóí=Å=ëÉåëáåÖ=ëéçí=EcáÖK=QKR~FK=
^äÖ~É=ÉñéçëÉÇ=íç=R=åjI=êÉëéÉÅíáîÉäó=OM=åjI=nÇçíë=ÖÉåÉê~íÉÇ=eOlO=ÅçåÅÉåíê~íáçåë=ÅçãJ
Åçãé~ê~ÄäÉ=íç=`ÇOHI=êÉ~ÅÜáåÖ=ܥுଶைଶZ=TR=åjI=êÉëéÉÅíáîÉäó=NMM=åjI=~ÑíÉê=SM=ãáå=ÉñéçëìêÉ=
íáãÉ=EcáÖK=QKR~IÄFK=få=Åçåíê~ëí=íç=íÜÉ=`ÇOH=ÉñéçëìêÉëI=f=çÄëÉêîÉÇ=~å=áåÇìÅíáçå=éÉêáçÇ=ENM=
ãáåI= êÉëéÉÅíáîÉäó= PM=ãáåI= Ñçê= OM= åjI= êÉëéÉÅíáîÉäó= R=åjI= çÑ= nÇçíëFK= tÜÉå= ÉñéçëÉÇ= íç=
R=åj=çÑ=äÉ~ÅÜÉÇ=nÇçíëI=~äÖ~É=ÖÉåÉê~íÉ=eOlO=~í=Ñ~ëíÉê=ê~íÉ=êÉ~ÅÜáåÖ=ܥுଶைଶ=Z=NRM=åj=ïáíÜáå=
N=Ü=~åÇ=ëÜçêíÉê=áåÇìÅíáçå=éÉêáçÇ=E~ééêçñK=OM=ãáåF=~ë=Åçãé~êÉÇ=íç=~å=ÉñéçëìêÉ=íç=R=åj=
çÑ=ÑêÉëÜ=nÇçíëK=qç=Éñéä~áå=íÜÉ=ÇáÑÑÉêÉåÅÉ=ÄÉíïÉÉå=íÜÉ=ÉñéÉêáãÉåíë=éÉêÑçêãÉÇ=ïáíÜ=ÑêÉëÜ=
~åÇ= äÉ~ÅÜÉÇ= nÇçíëI= f= ãÉ~ëìêÉÇ= íÜÉ= íçí~ä= EOTKR=μj= çÑ= `Ç= ~åÇ= NPKU=μj= çÑ= wåI=
ÅçêêÉëéçåÇáåÖ= íç= R= åj= çÑ= nÇçíëF= ~åÇ= íÜÉ= ÇáëëçäîÉÇ= ~ãçìåíë= çÑ= `ÇOH= ~åÇ= wåOH= áå= íÜÉ=
ÇáëéÉêëáçå=Äó=f`mJjpK= få=íÜÉ=~ÄëÉåÅÉ=çÑ= íÜÉ=~äÖ~ÉI=çåäó=ãáåìíÉ=èì~åíáíáÉë=çÑ=`ÇOH=~åÇ=
wåOH= ENM=åj= ~åÇ= NRM=åjI= êÉëéÉÅíáîÉäóF= ~êÉ= éêÉëÉåí= áå= íÜÉ= P=ÜJçäÇ= nÇçí= ÇáëéÉêëáçå=
EcáÖK=QKRÖFK= få= Åçåíê~ëíI= íÜÉ= O=Ç~óJçäÇ= nÇçíë= êÉäÉ~ëÉ= OM=åj= çÑ= `ÇOH= ~åÇ= NP=μj= çÑ= wåOHI=
áåÇáÅ~íáåÖ= íÜÉ= íçí~ä= Çáëëçäìíáçå= çÑ= íÜÉ= wåpJëÜÉääI= ïÜáäÉ= íÜÉ= `ÇpÉJÅçêÉ= êÉã~áåë=ãçëíäó=
áåí~ÅíK=^ÇÇáíáçå~ä=ÉñéÉêáãÉåíë=ïÉêÉ=éÉêÑçêãÉÇI=ÉñéçëáåÖ=~äÖ~É=íç=NP=μj=çÑ=wåOH=äÉ~ÇáåÖ=
íç=~=éêçÇìÅíáçå=Äó=íÜÉ=~äÖ~É=çÑ=SM=åj=eOlO=ïáíÜáå=N=ÜX=çå=íÜÉ=çíÜÉê=Ü~åÇI=ÉñéçëìêÉ=íç=
N=μj=wåOH=ÇáÇ=åçí=áåÇìÅÉ=~åó=ãÉ~ëìê~ÄäÉ=êÉëéçåëÉ=EcáÖëK=QKRÅ=~åÇ=ÇFK=

^=ÇáÑÑÉêÉåí=ÄÉÜ~îáçìê=ï~ë=çÄëÉêîÉÇ= Ñçê= äçåÖÉê=ÉñéçëìêÉ= íáãÉëK=cçê= áåëí~åÅÉI=ÉñéçëáåÖ=
íÜÉ=~äÖ~É=Ñçê=NOM=ãáå=íç=R=åj=nÇçíëI=ܥுଶைଶ=ëí~êíÉÇ=íç=ÇÉÅêÉ~ëÉ=~ÑíÉê=VM=ãáå=~åÇI=Ñáå~ääóI=
ÇêçééÉÇ= íç= íÜÉ= äáãáí= çÑ= ÇÉíÉÅíáçå= EÖêÉÉå= ÅìêîÉë= áå=cáÖëK=QKRÉ= ~åÇ= ÑFK= få= íÜÉ=éçëíJëíêÉëë=
Å~ëÉI=íÜÉ=ܥுଶைଶ=î~äìÉë=ïÉêÉ=ÄÉäçï=íÜÉ=ÇÉíÉÅíáçå=äáãáí=EÄä~Åâ=ÅìêîÉë=áå=cáÖëK=QKRÉ=~åÇ=ÑFK=
f`mJjp= ãÉ~ëìêÉãÉåíë= çÑ= íÜÉ= ÅÉääJ~ëëçÅá~íÉÇ= ÉäÉãÉåíë= êÉîÉ~äÉÇ= PMM=åj= `ÇOH= ~åÇ=
NKNR=μj= wåOHI= ~ÑíÉê= O=Ü= ÉñéçëìêÉ= íç= R=åj= nÇçíë= EcáÖK=QKRÜFK= lå= íÜÉ= çíÜÉê= ÉåÇI= íÜÉ=
ÅçêêÉëéçåÇáåÖ=áåíê~ÅÉääìä~ê=olp=äÉîÉäë=áåÅêÉ~ëÉÇ=ïáíÜ=íáãÉI=áåÅäìÇáåÖ=áå=íÜÉ=éçëíJëíêÉëë=
Å~ëÉ=EcáÖK=QKRáFK==

QKQ olp=Çóå~ãáÅë==

QKQKN Intracellular	ROS	and	extracellular	H2O2=

råÇÉê= ëíÉ~Çó= ëí~íÉ= ÅçåÇáíáçåëI= ^lu= ëÅ~îÉåÖÉ= olp= áå= ÄáçäçÖáÅ~ä= ëóëíÉãë= xOzK= fÑ= ÅÉää=
ÜçãÉçëí~ëáë= áë= ÇáëíìêÄÉÇI= Ñçê= Éñ~ãéäÉ= áå= íÜáë= ÅÜ~éíÉê= Äó= íÜÉ= éêÉëÉåÅÉ= çÑ= `ÇOHI=
ìåÄ~ä~åÅÉÇ=olp=ëéêÉ~Ç=~êçìåÇ=íÜÉ=ÅÉääI=Ç~ã~ÖáåÖ=åìÅäÉáÅ=~ÅáÇëI=çñáÇáòáåÖ=éêçíÉáåë=~åÇ=
Å~ìëáåÖ= äáéáÇ= éÉêçñáÇ~íáçå= xORQzK= aìÉ= íç= íÜÉáê= ëÜçêí= äáÑÉíáãÉ= Eáå= íÜÉ= çêÇÉê= çÑ=
ãáÅêçëÉÅçåÇëFI=olp=~äëç=Å~å=íê~åëÑçêã=áåíç=íÜÉáê=ãçëí=ëí~ÄäÉ=êÉéêÉëÉåí~íáîÉI=ïÜáÅÜ=áë=
eOlO= xNTTzK= råÄ~ä~åÅÉÇ= eOlO= áë= ÉñÅêÉíÉÇ= íÜêçìÖÜ= íÜÉ= ÅÉää= ãÉãÄê~åÉK= qÜìëI= íÜÉ=
ÅçåÅÉåíê~íáçå= çÑ= Éñíê~ÅÉääìä~ê= eOlO= ÇÉéÉåÇë= çå= íÜÉ= ÅçåÅÉåíê~íáçå= çÑ= çîÉêéêçÇìÅÉÇ=
olpK= fåÇÉÉÇI= ÇìêáåÖ= íÜÉ= ÉñéçëìêÉ= íç=`ÇOHI=eOlO=ï~ë= ÑçìåÇ=çìíëáÇÉ= ~äÖ~ÉI= áåÇáÅ~íáåÖ= ~=
ëíêÉëë=ÉîÉåí=xOPPzK=^ë=~=êÉëìäíI=Åçåíáåìçìë=Éñíê~ÅÉääìä~ê=eOlO=ãÉ~ëìêÉãÉåíë=ÅçãéäÉãÉåí=
ÉåÇJéçáåí=áåíê~ÅÉääìä~ê=olp=äÉîÉäëI=ãÉ~ëìêáåÖ=íÜÉ=çîÉêéêçÇìÅÉÇ=olpK=



`Ü~éíÉê=Q=jìäíáJä~óÉêÉÇ=ãáÅêçÑäìáÇáÅ=ÅÜáé=Ñçê=ÉÅçíçñáÅ~ä=ëíìÇáÉë=çå=~èì~íáÅ=ãáÅêççêÖ~åáëãë=

SU 

=

=

cáÖìêÉ=QKRK=^äÖ~É=ÉñéçëìêÉ=íç=nÇçíëK=E~F=qáãÉ=ÇÉéÉåÇÉåÅáÉë=çÑ=êÉÇçñ=ëí~íÉ=ÅçÉÑÑáÅáÉåí=߮=
ïÜÉå=ÉñéçëÉÇ=íç=R=åjI=OM=åj=~åÇ=R=åj=äÉ~ÅÜÉÇ=nÇçíë=áå=íÜÉ=éêÉëÉåÅÉ=~åÇ=~ÄëÉåÅÉ=çÑ=
~äÖ~ÉK= EÄF= bñíê~ÅÉääìä~ê= eOlO= ÅçåÅÉåíê~íáçå= =ுଶைଶܥ ÅçåîÉêíÉÇ= ìëáåÖ= bèKEPKTFK= EÅIÇF=



QKQ=olp=Çóå~ãáÅë=

SV 

bñéçëìêÉ=íç=wåOHK=EÉIÑF=bñéçëìêÉ=íç=R=åj=nÇçíëK=qÜÉ=ëÜ~ÇÉÇ=~êÉ~ë=êÉéêÉëÉåí=íÜÉ=ëí~åÇ~êÇ=
ÇÉîá~íáçå=çîÉê=P=ë~ãéäÉëK=EÖF=f`mJjp=ãÉ~ëìêÉãÉåíë=Ñçê=íçí~ä=~åÇ=ÇáëëçäîÉÇ=`Ç=~åÇ=wå=
çÑ=R=åj=çÑ=nÇçíëK=EÜF=f`mJjp=ãÉ~ëìêÉãÉåíë=çÑ=Éñíê~ÅÉääìä~ê=~åÇ=ÅÉääJ~ëëçÅá~íÉÇ=`Ç=~åÇ=
wå= ~ÑíÉê= ~= O=ÜJÉñéçëìêÉ= çÑ= ~äÖ~É= íç= R=åj= nÇçíëK= EáF= fåíê~ÅÉääìä~ê= olp= çÑ= R=åj= nÇçíë=
ÉñéçëìêÉë= Ñçê= áÇÉåíáÅ~ä= ÅóÅäÉë= ~ë= áå= EÉF= EíÜÉ= ë~ãÉ= Åçäçêë= ~ë= áå= E~F= ~êÉ= ìëÉÇI= ÄäìÉ=
ÅçêêÉëéçåÇë=íç=ìåÉñéçëÉÇ=~äÖ~ÉFK=qÜÉ=Éêêçê=Ä~êë=êÉéêÉëÉåí=íÜÉ=ëí~åÇ~êÇ=ÇÉîá~íáçå=çîÉê=
V=ë~ãéäÉëK=qìâÉó=ãìäíáéäÉ=Åçãé~êáëçåë=çÑ=ãÉ~åë=~êÉ=~î~áä~ÄäÉ=áå=^ééÉåÇáñ=cK=

=

QKQKO eOlO=ÉñÅêÉíáçå==

f= ÑçìåÇ= íÜ~í= íÜÉ=ÉñéçëìêÉ=çÑ=~äÖ~É= íç=`ÇOH= áåÇìÅÉë=Åçåíáåìçìë=eOlO= êÉäÉ~ëÉ=ÇìêáåÖ=N=Ü=
EÄä~Åâ=ÅìêîÉë=áå=cáÖK=QKQÅIÇFK=aìÉ=íç=ÄçíÜ=~ÅíáîÉ=ìéí~âÉ=~åÇ=ÅçåÅÉåíê~íáçå=Öê~ÇáÉåíI=áKÉK=
ÇáÑÑìëáçåI=`ÇOH=éÉåÉíê~íÉë=áåíç=íÜÉ=~äÖ~É=ïáíÜáå=ãáåìíÉë=~åÇ=ëíáãìä~íÉë=olp=ÖÉåÉê~íáçå=
xORRzK=`çåëÉèìÉåíäóI=íÜÉ=ÅçåÅÉåíê~íáçå=çÑ=olp=ÉñÅÉÉÇë=íÜ~í=çÑ=^lu=~åÇ=çñáÇ~íáîÉ=ëíêÉëë=
ëÉíë= áå= xORRI= ORSzK= qÜáë= áë= êÉÑäÉÅíÉÇ= Äó= ÉäÉî~íÉÇ= áåíê~ÅÉääìä~ê= olp= EcáÖ= QKQÉF= ~åÇ=
Éñíê~ÅÉääìä~ê=eOlO= äÉîÉäë= EcáÖK=QKQÅF=ïÜÉå=íÜÉ=~äÖ~É=~êÉ=ÉñéçëÉÇ=íç=RMM=åj=çÑ=`ÇOHK=^í=~=
äçïÉê=ÅçåÅÉåíê~íáçå=çÑ=`ÇOH=ENMM=åjF=áåíê~ÅÉääìä~ê=olp=äÉîÉäë=Çç=åçí=êáëÉ=EcáÖK=QKQÑFI=ÉîÉå=
íÜçìÖÜ=~äÖ~É=ÉñÅêÉíÉ=eOlO=EcáÖK=QKQÇFK=qÜáë=áåÇáÅ~íÉë=íÜ~í=ÉñÅêÉíáçå=çÑ=áåíê~ÅÉääìä~ê=olp=
áå=íÜÉ=Ñçêã=çÑ=eOlO=êÉéêÉëÉåíë=~=é~íÜï~ó=Ñçê=ã~áåí~áåáåÖ=ëí~ÄäÉ=áåíê~ÅÉääìä~ê=olp=äÉîÉäëK=
eçïÉîÉêI= íÜÉ=Å~é~Äáäáíó=çÑ=ëìÅÜ=ÉñÅêÉíáçå=Ü~ë= íç=ÄÉ= äáãáíÉÇK= fåÇÉÉÇI=~í=ÉäÉî~íÉÇ=ëíêÉëë=
EÉñéçëìêÉ= íç= RMM=åj= çÑ= `ÇOH= áå= íÜáë= ÅÜ~éíÉêFI= íÜÉ= ~äÖ~É= éêçÄ~Ääó= Å~ååçí= ÉÑÑáÅáÉåíäó=
ÉñÅêÉíÉ=~ää=çîÉêéêçÇìÅÉÇ= áåíê~ÅÉääìä~ê=olpI=ïÜáÅÜ= áë= êÉÑäÉÅíÉÇ=Äó=ÉäÉî~íÉÇ= áåíê~ÅÉääìä~ê=
olp=äÉîÉäëK==

=

q~ÄäÉ=QKNK=bñíê~ÅÉääìä~ê=ܥுଶைଶ=ê~íÉë=Eáå=åjLãáåF=Ñçê=`ÇOH=ÉñéçëìêÉë=íç=~äÖ~ÉK=

bñéçëìêÉ= eçìê= RMM åj=`ÇOH NMM åj=`ÇOH=

Nëí= Nëí= NKO NKN=
OåÇ= NKO NKM=
PêÇ= QKM NKS=

OåÇ= Nëí= RKM OKP=

=

qÜÉêÉ=~êÉ=ëÉîÉê~ä=ÜáÉê~êÅÜáÅ~ä=äÉîÉäë=çÑ=çñáÇ~íáîÉ=ëíêÉëë=xNVzK=aìêáåÖ=íÜÉ=Ñáêëí=O=Ü=çÑ=`ÇOH=
ÉñéçëìêÉI=ܥுଶைଶ=áåÅêÉ~ëÉë=ïáíÜ=~=ëáãáä~ê=ê~íÉI=Äìí=äçåÖÉê=ÉñéçëìêÉ=êÉëìäíë=áå=~å=áåÅêÉ~ëÉÇ=
êÉäÉ~ëÉ=ê~íÉ=EcáÖK=QKQÅ=~åÇ=q~ÄäÉ=QKNFK=^í=íÜáë=éçáåíI=~äÖ~É=éêçÄ~Ääó=ÉåíÉê=áå=~=åÉï=éÜ~ëÉ=
çÑ=çñáÇ~íáîÉ=ëíêÉëë=ïáíÜ=áåÑä~ãã~íáçå=ãÉÅÜ~åáëãë=í~âáåÖ=çîÉê=íÜÉ=~åíáçñáÇ~åíë=ÇÉÑÉåÅÉ=
xNVzK==

få= çêÇÉê= íç=ãÉ~ëìêÉ= íÜÉ= éçëíJëíêÉëë= ÄÉÜ~îáçìêI= ÄçíÜ= Éñíê~ÅÉääìä~ê= `ÇOH= ~åÇ=eOlO=ïÉêÉ=
êÉãçîÉÇ= ~ÑíÉê= N=Ü= Ñêçã= íÜÉ= ãáÅêçÑäìáÇáÅ= ÅÜáé= ~ë= ÇÉëÅêáÄÉÇ= ~ÄçîÉK= qÜìëI= ïÜÉå= íÜÉ=
ãáÅêçÑäìáÇáÅ= ÅÜáé= Ó= Åçåí~áåáåÖ= ~äÖ~É= íêÉ~íÉÇ= ïáíÜ= NMM=åj= `ÇOH= Ó= áë= êáåëÉÇI= íÜÉ=
Éñíê~ÅÉääìä~ê=ܥுଶைଶ=Çêçéë=ÄÉäçï=íÜÉ=ÇÉíÉÅíáçå=äáãáí=EêÉÇ=ÅìêîÉ=áå=cáÖK=QKQÇFK=få=íÜÉ=Å~ëÉ=çÑ=



`Ü~éíÉê=Q=jìäíáJä~óÉêÉÇ=ãáÅêçÑäìáÇáÅ=ÅÜáé=Ñçê=ÉÅçíçñáÅ~ä=ëíìÇáÉë=çå=~èì~íáÅ=ãáÅêççêÖ~åáëãë=

TM 

RMM=åj=`ÇOH= ÉñéçëìêÉI= f= çÄëÉêîÉÇ= ~= Çêçé= áå=ܥுଶைଶ= íç= NMM=åj= EêÉÇ= ÅìêîÉ= áå= cáÖK= QKQÅFK=
qÜÉëÉ=åçåJòÉêç=î~äìÉë=çÑ=ܥுଶைଶ=~êÉ=~ëëçÅá~íÉÇ=ïáíÜ=ÉäÉî~íÉÇ=áåíê~ÅÉääìä~ê=olp=äÉîÉäëW=íÜÉ=
~äÖ~É= ÅçåíáåìÉ= íç= ÉñÅêÉíÉ= eOlO= ÇìêáåÖ= íÜÉ= ï~ëÜáåÖ= éÉêáçÇ= EúR=ãáåF= EcáÖK= QKQÅJÑFK= qÜáë=
áåÇáÅ~íÉë= íÜ~í= íÜÉ=eOlO= ÅçåÅÉåíê~íáçå= Öê~ÇáÉåí= çîÉê= íÜÉ= ÅÉää=ï~ää= Ó= ÅêÉ~íÉÇ=ÇìêáåÖ= íÜÉ=
êáåëáåÖ= ëíÉé=Ó= ëìëí~áåë= íÜÉ=ÉñÅêÉíáçåK=^ÑíÉê= ~= ê~éáÇ= àìãé=ÇìêáåÖ= íÜÉ= êáåëáåÖ= ëíÉéI=ÄçíÜ=
Éñíê~ÅÉääìä~ê= eOlO= ~åÇ= áåíê~ÅÉääìä~ê= olp= ÅçåÅÉåíê~íáçåë= êÉã~áå= ëí~ÄäÉK= qÜÉëÉ= êÉëìäíë=
ëìÖÖÉëí=íÜ~í=~äÖ~É=Ü~îÉ=íÜÉ=~Äáäáíó=íç=êÉJÉëí~ÄäáëÜ=ê~éáÇäó=íÜÉ=olpL^lu=Ä~ä~åÅÉK==

^= ÅçåëÉÅìíáîÉ= ÉñéçëìêÉ= íç= íÜÉ= ë~ãÉ= ÅçåÅÉåíê~íáçå= çÑ= `ÇOH= ëÜçïë= ÜáÖÜÉê= =ுଶைଶܥ
ÖÉåÉê~íáçå= ê~íÉë= EÖêÉÉå=ÅìêîÉë= áå=cáÖK= QKQÅIÇF=ïáíÜ= êÉëéÉÅí= íç= íÜÉ= Ñáêëí= ÉñéçëìêÉ= Eq~ÄäÉ=
QKNFK=qÜìëI= f=çÄëÉêîÉÇ= íÜ~í= íÜÉ=ê~íÉ=~åÇ=ÉñíÉåí=çÑ=olp=ÖÉåÉê~íáçå=ÇÉéÉåÇI=ÉîÉå=~í= äçï=
`ÇOH= ÅçåÅÉåíê~íáçåëI= åçí= çåäó= çå= íÜÉ= ÖáîÉå= íçñáÅ~åí= ÉñéçëìêÉ= Äìí= ~äëç= çå= éêÉîáçìë=
ÉîÉåíëK= qÜáë= ÉÑÑÉÅí= Å~å=ÄÉ= ~ëëçÅá~íÉÇ=ïáíÜ=Äáç~ÅÅìãìä~íáçå=çÑ= áåíê~ÅÉääìä~ê=`ÇOH= xORPzK=
låÅÉ=áåëáÇÉ=íÜÉ=~äÖ~ÉI=`ÇOH=Å~å=ëìÄëíáíìíÉ=çíÜÉê=áçåë=äáâÉ=`~OHI=`ìOH=~åÇ=wåOHI=ÇáëêìéíáåÖ=
ÅÉääìä~ê=ÑìåÅíáçåë=xNTSI=ORTzK==

QKQKP nÇçíëJáåÇìÅÉÇ=çñáÇ~íáîÉ=ëíêÉëë=

_çíÜ= áåíê~ÅÉääìä~ê= olp= ~åÇ= Éñíê~ÅÉääìä~ê=ܥுଶைଶ= äÉîÉäë= áåÅêÉ~ëÉ= ïáíÜáå= íÜÉ= Ñáêëí= Üçìê= çÑ=
`ÇpÉLwåp=nÇçíë=ÉñéçëìêÉ=íç=~äÖ~É=~ë=Çáëéä~óÉÇ=áå=cáÖK=QKRÄ=~åÇ=ÑK=qÜÉ=áåÅêÉ~ëÉ=çÑ=olp=
Å~å= ÄÉ= ~ííêáÄìíÉÇ= íç= ÅÉääJ~ëëçÅá~íÉÇ= `Ç= ~åÇ= wå= EcáÖK= QKRÜFK= eçïÉîÉêI= f`mJjp=
ãÉ~ëìêÉãÉåíë=ÇÉíÉÅí=íÜÉ=íçí~ä=~ãçìåí=çÑ=`Ç=~åÇ=wå=éêÉëÉåí=áå=~=ë~ãéäÉ=~åÇI=íÜÉêÉÑçêÉI=
íÜáë=íÉÅÜåáèìÉ=ÇçÉë=åçí=ÇáëÅêáãáå~íÉ=ÄÉíïÉÉå=ÇáëëçäîÉÇ=áçåáÅ=~åÇ=ãÉí~ääáÅ=ÉäÉãÉåíë=áå=
íÜÉ=Ñçêã=çÑ=nÇçíëK=f=~ííÉãéíÉÇ=áã~ÖáåÖ=ÉñéÉêáãÉåíë=áå=çêÇÉê=íç=ÇÉíÉÅí=íÜÉ=ÑäìçêÉëÅÉåí=
nÇçíë=áåëáÇÉ=íÜÉ=~äÖ~ÉI=Äìí=çÄí~áåÉÇ=åç=ÅçåÅäìëáîÉ=êÉëìäíë=ÄÉÅ~ìëÉ=íÜÉ=ÑäìçêÉëÅÉåÅÉ=çÑ=
~äÖ~É= çîÉêä~éë=ïáíÜ= íÜ~í= çÑ=nÇçíë= EÇ~í~= åçí= ëÜçïåFK= ^ë= áåÇáÅ~íÉÇ=Äó= f`mJjpI= éêáëíáåÉ=
nÇçíë=Ü~îÉ=~=OWN=ÅçåÅÉåíê~íáçå=ê~íáç=çÑ=`Ç=~åÇ=wå=EcáÖK=QKRÖFK=páåÅÉ=çåäó=PMM=åj=çÑ=ÅÉääJ
~ëëçÅá~íÉÇ=`Ç=ï~ë=ÇÉíÉÅíÉÇI=íÜÉ=ìééÉê=äáãáí=çÑ=NRM=åj=Ñçê=wå=áå=íÜÉ=Ñçêã=çÑ=nÇçíë=Å~å=
ÄÉ=Éëíáã~íÉÇ=~åÇI= áå= íìêåI=ãçêÉ= íÜ~å=N=μj=ãìëí=ÄÉ= áå= íÜÉ= áçåáÅ= Ñçêã=EcáÖK=QKRÜFK=qÜáë=
ÅçêêÉëéçåÇë= íç= ~= SJÑçäÇ= ÜáÖÜÉê= ~ãçìåí= çÑ= ÇáëëçäîÉÇ= wåOH= áå= íÜÉ= éêÉëÉåÅÉ= çÑ= ~äÖ~É= ~ë=
Åçãé~êÉÇ=íç=éìêÉ=ï~íÉêI=ïÜáÅÜ=ï~ë=É~êäáÉê=~ííêáÄìíÉÇ=íç=íÜÉ=ÅÜ~åÖÉ=çÑ=íÜÉ=ée=äÉîÉä= áå=
íÜÉ= îáÅáåáíó= çÑ= ~äÖ~É= xOROI= ORPI= ORUI= ORVzK= `çåíêçä= ÉñéÉêáãÉåíë=ïáíÜ= ëìÅÜ=èì~åíáíáÉë= çÑ=
wåOH=ÇáÇ=åçí=áåÇìÅÉ=~åó=Éñíê~ÅÉääìä~ê=eOlO=EcáÖK=QKRÇFK=qÜÉêÉÑçêÉI=ÉäÉî~íÉÇ=olp=~åÇ=ܥுଶைଶ=
äÉîÉäë=Ó=çÄëÉêîÉÇ=áå=nÇçíë=ÉñéçëìêÉ=Ó=~êÉ=ãÉÇá~íÉÇ=îá~=ÅÉääJ~ëëçÅá~íÉÇ=nÇçíëL`ÇOHK==

fÑ= íÜÉ=nÇçíë= ÉñéçëìêÉ= íç=~äÖ~É= áë= ÉñíÉåÇÉÇI=ܥுଶைଶ= ëíçéë= íç= áåÅêÉ~ëÉ=ÇìêáåÖ= íÜÉ= ëÉÅçåÇ=
Üçìê=~åÇ=ÉîÉå=ÇÉÅêÉ~ëÉë=íçï~êÇë=íÜÉ=ÉåÇ=çÑ=íÜÉ=ÉñéÉêáãÉåí=EÖêÉÉå=ÅìêîÉ= áå=cáÖK=QKRÑFK=
qÜÉ=ä~ííÉê=ÉÑÑÉÅí=ãáÖÜí=ÄÉ=ÅçååÉÅíÉÇ=ïáíÜ=`ÇpÉLwåp=nÇçíë=ÅçåîÉêíáåÖ=eOlO=áåíç=ï~íÉê=
xOSMJOSPzK=jçêÉçîÉêI=íÜáë=ÅçåîÉêëáçå=Å~å=ÄÉ=ãìÅÜ=ãçêÉ=ÉÑÑáÅáÉåí=~ÑíÉê=Çáëëçäìíáçå=çÑ=íÜÉ=
wåp=ëÜÉääK=fåÇÉÉÇI=çåÉ=çÑ=íÜÉ=ÑìåÅíáçåë=çÑ=wåJëÜÉää=áå=nÇçíë=áë=íç=êÉãçîÉ=ÉäÉÅíêçåJÜçäÉ=
íê~éë=~í=íÜÉ=ëìêÑ~ÅÉ=çÑ=íÜÉ=`ÇJÅçêÉ=xOSQz=~åÇ=íç=ÅçåÑáåÉ=íÜÉ=ÉñÅáíÉÇ=ÉäÉÅíêçåë=áå=íÜÉ=ÅçêÉ=
çÑ=nÇçíë=xONMzK=eçïÉîÉêI=~ë=ÇáëÅìëëÉÇ=~ÄçîÉI=ÅÉääJ~ëëçÅá~íÉÇ=nÇçíë=~êÉ=ÅÜ~ê~ÅíÉêáòÉÇ=Äó=
ÉåÜ~åÅÉÇ=ÇáëëçäìíáçåK=hÉÉéáåÖ=íÜáë=áå=ãáåÇI=f=éêçéçëÉÇ=íÜÉ=ÑçääçïáåÖ=ëÅÉå~êáçW=çåÅÉ=íÜÉ=
wåp=ëÜÉää=ÑçêÑÉáíë=áíë=ëÉ~äáåÖ=Å~é~ÄáäáíóI=`ÇOH=äÉ~ÅÜÉë=áåíç=íÜÉ=~äÖ~É=~åÇ=íêáÖÖÉêë=çñáÇ~íáîÉ=
ëíêÉëëI=äÉ~ÇáåÖ=íç=~å=áåÅêÉ~ëÉ=çÑ=áåíê~ÅÉääìä~ê=olp=äÉîÉäë=EcáÖK=QKRáFK=qÜÉ=éêÉëÉåÅÉ=çÑ=íÜÉ=
áåÇìÅíáçå= íáãÉ= EcáÖK= QKRÑFI= ïÜáÅÜ= ï~ë= åçí= çÄëÉêîÉÇ= áå= íÜÉ= `ÇOH= ÉñéÉêáãÉåíëI= ÑìêíÜÉê=



QKR=pìãã~êó=

TN 

ëìééçêíë=íÜáë=íçñáÅáíó=ãÉÅÜ~åáëãK=`çåÅìêêÉåíäóI=~ÑíÉê=íÜÉ=`ÇpÉ=ÅçêÉ=áë=ëíêáééÉÇI=~å=ÉåJ
ÉåÜ~åÅÉÇ= ÇÉéäÉíáçå= çÑ= eOlO= ëÉíë= áå= ~ë= ÇáëÅìëëÉÇ= ~ÄçîÉK= `çãé~êáåÖ= RMM=åj= `ÇOH= ~åÇ=
nÇçíë=ÉñéçëìêÉëI=íÜÉó=ÄçíÜ=ëíáãìä~íÉ=áåÅêÉ~ëÉÇ=áåíê~ÅÉääìä~ê=olpK=eçïÉîÉêI=áå=Åçåíê~ëí=
íç=RMM=åj=`ÇOHI=ܥுଶைଶ= áë=ïÉää=ÄÉäçï= íÜÉ=ÇÉíÉÅíáçå= äáãáí= EÄä~Åâ=ÅìêîÉ= áå=cáÖK=QKRÑF= áå= íÜÉ=
éçëíJëíêÉëë=~ÑíÉê=nÇçíë=ÉñéçëìêÉK=qÜáë=ÑìêíÜÉê=ëíêÉåÖíÜÉåë=íÜÉ=éêÉëìãéíáçå=íÜ~í=nÇçíë=
ÇÉéäÉíÉ= eOlOK= ^ë= ~= êÉëìäíI= ãÉ~ëìêÉÇ= eOlO= ÅçåÅÉåíê~íáçåë= áå= nÇçíë= ÉñéÉêáãÉåíë= ~êÉ=
ìåÇÉêÉëíáã~íÉÇ=ëáåÅÉ=eOlO=áë=é~êíäó=ÇÉëíêçóÉÇK==

QKR pìãã~êó=

f=Ü~îÉ=éêÉëÉåíÉÇ=~=ãìäíáJä~óÉêÉÇ=ãáÅêçÑäìáÇáÅ=ÅÜáé=ÅçãÄáåÉÇ=ïáíÜ=~å=áåíÉÖê~íÉÇ=çéíáÅ~ä=
ÄáçëÉåëçê=Ñçê=ëÉåëáíáîÉ=~åÇ=Åçåíáåìçìë=ÇÉíÉÅíáçå=çÑ=Éñíê~ÅÉääìä~ê=eOlOK=qÜÉ=ãáÅêçÑäìáÇáÅ=
ÅÜáé= áåÅäìÇÉë= ãáÅêçÑäìáÇáÅ= î~äîÉë= ~åÇ= ãáÅêçëáÉîÉë= íç= ÇÉëáÖå= ÅçãéäÉñ= ÉñéçëìêÉ=
ëÉèìÉåÅÉëK= cìêíÜÉêãçêÉI= Åçåíáåìçìë= ãÉ~ëìêÉãÉåíë= ÖáîÉ= ~ÅÅÉëë= íç= íÜÉ= Çóå~ãáÅë= çÑ=
ÄáçäçÖáÅ~ä= éêçÅÉëëÉëI= ïÜáÅÜ= êÉéêÉëÉåíë= ~= îÉêó= ëáÖåáÑáÅ~åí= ~Çî~åí~ÖÉ= Åçãé~êÉÇ= ïáíÜ=
ÑêÉèìÉåíäó=ìëÉÇ=ÉåÇJéçáåí=~ëë~óëK=táíÜ=íÜáë=ëÉíìéI=f=ãÉ~ëìêÉÇ=íÜÉ=eOlO=êÉëéçåëÉ=çÑ=íÜÉ=
ÖêÉÉå= ~äÖ~É= `Üä~ãóÇçãçå~ë= êÉáåÜ~êÇíáá= ÉñéçëÉÇ= íç= `ÇOH= ~åÇ= `ÇpÉLwåp= nÇçíëK= få=
~ÇÇáíáçåI= áåíê~ÅÉääìä~ê=olp=äÉîÉäë=ïÉêÉ=ãÉ~ëìêÉÇ=~åÇ=íÜÉ=Çáëëçäìíáçå=çÑ=íÜÉ=nÇçíë=ï~ë=
èì~åíáÑáÉÇ=Äó=f`mJjpK==

rëáåÖ= íÜÉ=éêçéçëÉÇ=ãáÅêçÑäìáÇáÅ= ÅçåÑáÖìê~íáçåI= f= ÑçìåÇ= íÜ~í= ~äÖ~É= ~êÉ= ~ÄäÉ= íç= êÉÅçîÉê=
íÜÉáê= ÜçãÉçëí~ëáë= ~ÑíÉê= SM=ãáå= çñáÇ~íáîÉ= ëíêÉëë= áåÇìÅÉÇ= Äó= `ÇOHK= cìêíÜÉêãçêÉI=
ÅçåëÉÅìíáîÉ=ÉñéçëìêÉë=áåÇìÅÉ=ÉåÜ~åÅÉÇ=eOlO=ÖÉåÉê~íáçåK=`ÇpÉLwåp=nÇçíë=áåÇìÅÉ=olp=
ÖÉåÉê~íáçå= áå= ~äÖ~É=ã~áåäó= ÇìÉ= íç= íÜÉ= ÅÉääJ~ëëçÅá~íÉÇ= `ÇI= ïÜÉêÉ~ë= íÜÉ= ÉÑÑÉÅí= çÑ= wå= áë=
åÉÖäáÖáÄäÉK=fí=áë=åçí=ÉåíáêÉäó=ÅäÉ~ê=áå=ïÜáÅÜ=ëí~íÉ=EáçåáÅ=çê=é~êíáÅìä~íÉF=íÜÉ=`Ç=êÉ~Åíë=ïáíÜ=
~äÖ~ÉI= Äìí= f= ÅçåÑáêãÉÇ= ~å= ÉåÜ~åÅÉÇ= Çáëëçäìíáçå= çÑ= `Ç= ~åÇ= wå= Ñêçã= nÇçíë= áå= íÜÉ=
éêÉëÉåÅÉ=çÑ=~äÖ~ÉK=cìêíÜÉêãçêÉI=áå=Å~ëÉ=çÑ=nÇçíë=ÉñéçëìêÉI=f=çÄëÉêîÉÇ=~å=áåÇìÅíáçå=íáãÉ=
Ñçê=íÜÉ=eOlO=êÉäÉ~ëÉ=~ë=Åçãé~êÉÇ=íç=íÜÉ=`ÇOH=ÉñéÉêáãÉåíëI=äÉ~ÇáåÖ=íç=íÜÉ=éêÉëìãéíáçå=çÑ=
nÇçí= Çáëëçäìíáçå= éêáçê= íç= eOlO= ÖÉåÉê~íáçåK= cáå~ääóI= ~= ÇÉÅêÉ~ëÉ= áå= Éñíê~ÅÉääìä~ê= eOlO=
ÅçåÅÉåíê~íáçå=ï~ë=çÄëÉêîÉÇ=~ÑíÉê=VM=ãáå=ÉñéçëìêÉ=íç=R=åj=çÑ=nÇçíëI=ïÜáÅÜ=f=Éñéä~áåÉÇ=
~ë= eOlO= ÇÉéäÉíáçå= íÜêçìÖÜ= ÉäÉÅíêçå= íê~éë= ~î~áä~ÄäÉ= çå= íÜÉ= ëìêÑ~ÅÉ= çÑ= íÜÉ= nÇçíë= ïáíÜ=
ÇÉíÉêáçê~íÉÇ= ëÜÉääëK= lîÉê~ääI= íç= ãó= ÄÉëí= âåçïäÉÇÖÉI= ÉñéÉêáãÉåíë= ïáíÜ= ëìÅÜ= ÅçãéäÉñ=
ÉñéçëìêÉ= é~ííÉêåë= ~í= ëìÅÜ= äçï= ÅçåÅÉåíê~íáçåë= çÑ= íçñáÅ~åíë= ~êÉ= éêÉëÉåíÉÇ= Ñçê= íÜÉ= Ñáêëí=
íáãÉK=lÑ=ÅçìêëÉI=ÑìêíÜÉê=áåîÉëíáÖ~íáçåë=~êÉ=åÉÅÉëë~êó=íç=ÉäìÅáÇ~íÉ=íÜÉ=áãé~Åí=çÑ=`ÇOH=~åÇ=
ÅçêÉLëÜÉää=nÇçíë=çå= äáîáåÖ=çêÖ~åáëãëK=eçïÉîÉêI= f= ÇÉãçåëíê~íÉÇ= íÜ~í= íÜáë=ãáÅêçÑäìáÇáÅ=
éä~íÑçêã=çéÉåë=íÜÉ=Çççê=Ñçê=~=ÅçãéäÉíÉäó=åÉï=íóéÉ=çÑ=ÉñéÉêáãÉåíëI= äÉ~ÇáåÖ=íç=~=ÄÉííÉê=
ìåÇÉêëí~åÇáåÖ=çÑ=olp=ÄáçäçÖó=~ë=ïÉää=~ë=Ñçê=ÉÅçíçñáÅçäçÖáÅ~ä=ëíìÇáÉëK=





 

TP=

 `çåÅäìëáçå=~åÇ=çìíäççâ=`Ü~éíÉê=R
Éê=~ëéÉê~=~Ç=~ëíê~=Ó=~=i~íáå=éÜê~ëÉ= íÜ~í= íê~åëä~íÉë=~ë= “íÜêçìÖÜ=Ü~êÇëÜáéë= íç= íÜÉ=
ëí~êëÒ= Ó= ÄÉëí=ÇÉëÅêáÄÉë= íÜáë= íÜÉëáë= áå= ëÉîÉê~ä=ï~óëW= áí= ÖáîÉë= íÜÉ= ÑÉÉäáåÖ= ~Äçìí= íÜÉ=
íêÉãÉåÇçìë= áãéçêí~åÅÉ= çÑ= íÜÉ= íçéáÅ= ÇáëÅìëëÉÇ= ÜÉêÉX= áí= ëÜçïë= íÜÉ= ÉñíÉåëáîÉ=

Çáëí~åÅÉ=ÄÉíïÉÉå=íÜÉ=ëí~êí=~åÇ=íÜÉ=ÑáåáëÜX=~åÇ=áí=ÇÉëÅêáÄÉë=íÜÉ=Äìãéó=êç~Ç=íÜ~í=f=Ü~îÉ=
ìåÇÉêí~âÉå= íç= êÉ~ÅÜ= íÜÉ= íÜÉëáë=çÄàÉÅíáîÉëK=cçê= áåëí~åÅÉI= íÜÉ= íÜÉëáë= ëí~êíë=ïáíÜ=cáÖK= OKNI=
ïÜáÅÜ=ÇÉëÅêáÄÉë=íÜÉ=Ä~ëáÅ=éêáåÅáéäÉ=çÑ=ãìäíáëÅ~ííÉêáåÖI=~=éÜÉåçãÉåçå=éêçéçëÉÇ=íç=ìëÉ=
íç=ÅêÉ~íÉ=åÉï=çéíáÅ~ä=éêçÄÉëK=qÜÉ=ëíçêó=ÖçÉë=çå=íÜêçìÖÜ=éÜóëáÅëI=ÉåÖáåÉÉêáåÖ=~åÇ=Ñáå~ääó=
êÉ~ÅÜáåÖ= ÄáçäçÖó= áå= cáÖK= QKRI= ïÜÉêÉ= íÜÉ= ~Åíì~ä= Éñíê~ÅÉääìä~ê= eOlO= ÅçåÅÉåíê~íáçå= áë=
ãÉ~ëìêÉÇ=áå=ÄáçäçÖáÅ~ä=ëóëíÉãë=ìëáåÖ=íÜÉ=ÇÉîÉäçéÉÇ=çéíáÅ~ä=éêçÄÉK=^äíÜçìÖÜI=íÜÉ=ä~ííÉê=
êÉëìäí=ÅçåëíáíìíÉë=íÜÉ=ã~áå=çÄàÉÅíáîÉ=çÑ=íÜÉ=íÜÉëáë=~åÇ=ìåáíÉë=~ää=ÅÜ~éíÉêëI=ÉîÉêó=ÅÜ~éíÉê=
áë=ëÉäÑJÅçåëáëíÉåí=Ü~îáåÖ=áíë=çïå=ãçíáî~íáçå=~åÇ=åçîÉä=ÇÉîÉäçéãÉåíëK=

RKN ^ÅÜáÉîÉÇ=êÉëìäíë=

qÜÉ= Ñáêëí= ~ÅÜáÉîÉãÉåí= çÑ= íÜáë= íÜÉëáë= áë= ãìäíáëÅ~ííÉêáåÖ= ÉåÜ~åÅÉÇ= ~Äëçêéíáçå=
ëéÉÅíêçëÅçéó=Ejb^pFK=_~ëÉÇ=çå=äáÖÜí=éêçé~Ö~íáçå=áå=ê~åÇçã=ãÉÇá~I=f=Ü~îÉ=ÇÉîÉäçéÉÇ=~=
ëáãéäÉ= óÉí= ÉÑÑÉÅíáîÉ= ÉñíÉåëáçå= çÑ= íÜÉ= ëí~åÇ~êÇ= ~Äëçêéíáçå= ëéÉÅíêçëÅçéóK=táíÜçìí= ~åó=
~ÇÇáíáçå~ä= ÉèìáéãÉåíI= jb^p= éêçîáÇÉë= ~å= ÉåÜ~åÅÉãÉåí= çÑ= äáãáí= çÑ= ÇÉíÉÅíáçå= Ñçê= ~=
î~êáÉíó= çÑ= ~å~äóíÉëI= áåÅäìÇáåÖ= ÅçããÉêÅá~ääó= ~î~áä~ÄäÉ=eOlO= Äáç~ëë~óë= ~ë=ïÉää= ~ë= NM=åã=
ÖçäÇ= å~åçé~êíáÅäÉë= ~ÅíáåÖ= ~ë= ÅçäçêáãÉíêáÅ= éêçÄÉëK= _ÉëáÇÉë= ÉñéÉêáãÉåíëI= f= Ü~îÉ= ~äëç=
áãéäÉãÉåíÉÇ=~=åìãÉêáÅ~ä=ãçÇÉä=íÜ~í=Ñáíë=ïÉää=ïáíÜ=íÜÉ=çÄí~áåÉÇ=êÉëìäíë=~åÇ=éêçîáÇÉë=~å=
~ÇÇáíáçå~ä=Ü~åÇäÉ=íç=ÉåÖáåÉÉê=lmi=ÉåÜ~åÅÉãÉåí=~ÅÅçêÇáåÖ=íç=íÜÉ=~ééäáÅ~íáçå=~í=Ü~åÇK=
aìÉ=íç=áíë=ëáãéäáÅáíóI=jb^p=áë=~=éêçãáëáåÖ=åÉï=~äíÉêå~íáîÉ=íç=~Äëçêéíáçå=ëéÉÅíêçëÅçéó=
íç=ÇÉíÉÅí=~å~äóíÉë=áå=ëã~ää=ÅçåÅÉåíê~íáçåëK=

kÉñíI= f= ÇÉãçåëíê~íÉÇ= íÜ~í= íÜÉ= ~ÄëçêÄÉÇ= äáÖÜí= ÉåÉêÖó= áå= íÜÉ= ãÉÇáìã= Ü~ë= ~= åçåJ
ãçåçíçåáÅ=ÇÉéÉåÇÉåÅÉ=áå=íÜÉ=éêÉëÉåÅÉ=çÑ=ê~åÇçã=ãÉÇá~=ïáíÜ=î~êáçìë=ÑáääáåÖ=Ñ~ÅíçêëW=~=
ê~åÇçã=ãÉÇáìã=ïáíÜ=~=ÅêáíáÅ~ä=ÑáääáåÖ=Ñ~Åíçê=Å~å=áåÅêÉ~ëÉ=íÜÉ=~ÄëçêÄÉÇ=ÉåÉêÖó=Äó=OKQK=fÑ=
~å= çéÉå= éÜçíçåáÅ= Å~îáíó= áë= ~ÇÇÉÇI= ÉîÉå= ~= ä~êÖÉê= ÉåÜ~åÅÉãÉåí= áë= çÄí~áåÉÇ= EOPJÑçäÇFK=
eáëíçêáÅ~ääóI= íÜÉ= éêÉëÉåÅÉ= çÑ= ëÅ~ííÉêÉêë= áå= ÅçåîÉåíáçå~ä= Å~îáíáÉë= ï~ë= îáÉïÉÇ= ~ë= ~=
Çê~ïÄ~ÅâI=ÇÉÅêÉ~ëáåÖ=íÜÉ=èì~äáíó=Ñ~Åíçê=çÑ=íÜÉ=ä~ííÉêK=eçïÉîÉêI=Pa=çéÉå=éÜçíçåáÅ=Å~îáíó=
~åÇ=ê~åÇçã=ãÉÇáìã=Å~å=~Åí=ëóãÄáçíáÅ~ääóW=Ñçê=ÅÉêí~áå=ÅçåÑáÖìê~íáçåë=íÜÉ=éÉêÑçêã~åÅÉë=
çÑ= íÜáë= ÜóÄêáÇ= ëóëíÉã= Å~å= ÄÉ= ÄÉííÉê= ~ë= íÜÉ= Å~îáíó= çê= íÜÉ= ê~åÇçã= ãÉÇáìã= ~äçåÉK= qç=
ÇÉãçåëíê~íÉ= íÜÉ= éçíÉåíá~ä= çÑ=ã~ñáã~ä= ~ÄëçêéíáçåI= f= åìãÉêáÅ~ääó= ëÜçïÉÇ= íÜ~í= ëìÅÜ= ~=
ÜóÄêáÇ=ëóëíÉã=Å~å=áãéêçîÉ=íÜÉ=éÉêÑçêã~åÅÉ=çÑ=äáÖÜí=íê~ééáåÖ=Ñçê=ëçä~ê=ÅÉää=~ééäáÅ~íáçåëK=
lîÉê~ääI= `Ü~éíÉê= O= çéÉåë= åÉï= éÉêëéÉÅíáîÉë= Ñçê= ëÉåëáåÖ= ~åÇ= ÉåÉêÖó= Ü~êîÉëíáåÖ=
~ééäáÅ~íáçåë=ìëáåÖ=ê~åÇçã=ãÉÇá~K=

m



`Ü~éíÉê=R=`çåÅäìëáçå=~åÇ=çìíäççâ=

TQ 

qÜÉ=åÉñí=ëáÖåáÑáÅ~åí=áååçî~íáçå=áë=íÜÉ=éçêí~ÄäÉ=çñáÇ~íáîÉ=ëíêÉëë=ëÉåëçê=EmlppFW=f=ìëÉÇ=~=
ãìäíáëÅ~ííÉêáåÖJÉåÜ~åÅÉÇ=~ééêç~ÅÜ=íç=áãéêçîÉ=íÜÉ=Å~é~ÄáäáíáÉë=çÑ=íÜÉ=çéíáÅ~ä=ÇÉíÉÅíáçå=
Ñçê= ÄáçëÉåëáåÖ= ~ééäáÅ~íáçåë= ~åÇ= ~ëëÉãÄäÉÇ= Ñêçã= ëÅê~íÅÜ= ~= éçêí~ÄäÉ= ëÉíìé= íç=
~ÅÅçããçÇ~íÉ= íÜÉ= ÇÉîÉäçéÉÇ= ãìäíáëÅ~ííÉêáåÖJÉåÜ~åÅÉÇ= çéíáÅ~ä= éêçÄÉëK= lìí= çÑ= íÜêÉÉ=
ÇáÑÑÉêÉåí= íÉÅÜåáèìÉëI= ãáÅêç~êê~ó= ëéçííáåÖ= éêçîÉÇ= íç= ÄÉ= íÜÉ= ÄÉëí= ~ééêç~ÅÜ= íç= ëéçí=
å~åçäáíÉêë=çÑ=Åóí=Å=áå=íÜÉ=éçêçìë=ãÉãÄê~åÉK=pìÅÜ=çéíáÅ~ä=éêçÄÉë=ÇÉãçåëíê~íÉ=ÉñÅÉääÉåí=
êÉéÉ~í~Äáäáíó= ~åÇ= êÉéêçÇìÅáÄáäáíóI= ïÜáäÉ= íÜÉ= ãìäíáëÅ~ííÉêáåÖ= ÉåÜ~åÅÉãÉåí= ëÅÜÉãÉ=
éÉêãáíë=~=QM=åj=ila=Ñçê=eOlO=Ó= äçï=ÉåçìÖÜ=íç= íê~ÅÉ=éêçÅÉëëÉë=~í=ÅÉääìä~ê= äÉîÉäK=qÜÉëÉ=
ãìäíáëÅ~ííÉêáåÖJÉåÜ~åÅÉÇ=çéíáÅ~ä=éêçÄÉë=ïÉêÉ=ÑìêíÜÉê=ÇÉîÉäçéÉÇ=íç=Åçåíáåìçìëäó=ÇÉíÉÅí=
ÖäìÅçëÉ=~åÇ= ä~Åí~íÉI=~ÅÜáÉîáåÖ=NNM=~åÇ=OQM=åj=äáãáíë=çÑ=ÇÉíÉÅíáçåI= êÉëéÉÅíáîÉäóI=ïÜáÅÜ=
~êÉ=~í=äÉ~ëí=çåÉ=çêÇÉê=çÑ=ã~ÖåáíìÇÉ=äçïÉê=íÜ~å=íÜÉ=ÅìêêÉåí=ëí~íÉ=çÑ=íÜÉ=~êíK=få=ëìãã~êóI=
`Ü~éíÉê= P= ÇçÅìãÉåíë= íÜÉ= ÇÉîÉäçéãÉåí= ~åÇ= éêççÑ= çÑ= ÅçåÅÉéí= ÉñéÉêáãÉåíë= Ñçê=
ãìäíáëÅ~ííÉêáåÖJÉåÜ~åÅÉÇ= çéíáÅ~ä= éêçÄÉëI= ïÜáÅÜ= êÉéêÉëÉåíë= ~å= ÉñíêÉãÉäó= ~ééÉ~äáåÖ=
~äíÉêå~íáîÉ=Ñçê=Åçåíáåìçìë=Éñíê~ÅÉääìä~ê=eOlO=ãÉ~ëìêÉãÉåíëK=

qÜÉ=ä~ëí=ÅÜ~éíÉê=áåíêçÇìÅÉë=~=åçîÉä=ãìäíáJä~óÉêÉÇ=ãáÅêçÑäìáÇáÅ=ÅÜáé=ïáíÜ=~å=áåíÉÖê~íÉÇ=
ãìäíáëÅ~ííÉêáåÖJÉåÜ~åÅÉÇ= çéíáÅ~ä= éêçÄÉK= qÜáë= ëçéÜáëíáÅ~íÉÇ= ëóëíÉã= ~äëç= áåÅäìÇÉë=
ÜóÇê~ìäáÅ~ääó= ÅçåíêçääÉÇ= ãáÅêçî~äîÉë= ~åÇ= ãáÅêçëáÉîÉë= íç= ÇÉëáÖå= ÅçãéäÉñ= ÉñéçëìêÉ=
ëÉèìÉåÅÉë= çÑ= íçñáÅ~åíë= íç= ~èì~íáÅ= ãáÅêççêÖ~åáëãëK= få= é~êíáÅìä~êI= f= ÑçìåÇ= íÜ~í=
`Üä~ãóÇçãçå~ë= êÉáåÜ~êÇíáá= ÉñéçëÉÇ= íç= áçåáÅ=`Ç= Å~å=ÉñÅêÉíÉ=eOlO=ïáíÜçìí= áåÅêÉ~ëáåÖ=
íÜÉ=áåíê~ÅÉääìä~ê=olp=äÉîÉäëK=^ÇÇáíáçå~ääóI=f=Ü~îÉ=çÄëÉêîÉÇ=íÜ~í=~äÖ~É=Ü~îÉ=íÜÉ=~Äáäáíó=íç=
êÉÅçîÉê= íÜÉáê=ÜçãÉçëí~ëáë=~ÑíÉê=`ÇOH= ÉñéçëìêÉK=`çåëÉÅìíáîÉ=ÉñéçëìêÉë= ëÜçï=ÉåÜ~åÅÉÇ=
eOlO= ÖÉåÉê~íáçå= ê~íÉI= áåÇáÅ~íáåÖ= ÅÉääìä~ê=Ç~ã~ÖÉëK=qÜáë= ëíìÇó= êÉéêÉëÉåíë=çåäó= íÜÉ= Ñáêëí=
Éñ~ãéäÉ= áå= íÜÉ= ÑáÉäÇ= ìåîÉáäë= íÜÉ= íêÉãÉåÇçìë= éçëëáÄáäáíáÉë= ~åÇ= ÅçãéäáÅ~íÉÇ= íçñáÅ~åí=
ëÉèìÉåÅÉëI=ïÜáÅÜ=Å~å=ÄÉ=~ééäáÉÇ=ìëáåÖ=íÜÉ=ÇÉîÉäçéÉÇ=ãáÅêçÑäìáÇáÅ=ÅÜáéK=få=ÅçåÅäìëáçåI=
íÜáë=ëóëíÉã=çéÉåë=íÜÉ=Çççê=Ñçê=åÉï=áåëáÖÜíë=áå=olp=Çóå~ãáÅë=~åÇ=áíë=ÑìåÅíáçå=áå=ÅÉääëI=~ë=
ïÉää=~ë=Ñçê=~ëëÉëëáåÖ=íÜÉ=íçñáÅáíó=ãÉÅÜ~åáëãë=çÑ=å~åçã~íÉêá~äëK=

RKO cìíìêÉ=ÇÉîÉäçéãÉåíë=

RKOKN jìäíáëÅ~ííÉêáåÖJÉåÜ~åÅÉÇ= çéíáÅ~ä= éêçÄÉë= áå= ~å= çéÉå= éÜçíçåáÅ=
Å~îáíó=

qÜÉ= åìãÉêáÅ~ääó= ÇÉãçåëíê~íÉÇ= ã~ñáã~ä= ~Äëçêéíáçå= áå= ~= ê~åÇçã= ãÉÇáìã= Å~å= ÄÉ=
ìíáäáòÉÇ= Ñçê= ëÉåëáíáîÉ= éêçÄÉëK= få= é~êíáÅìä~êI= ãìäíáëÅ~ííÉêáåÖJÉåÜ~åÅÉÇ= çéíáÅ~ä= éêçÄÉë=
ÅçìäÇ=ÄÉ= áãéêçîÉÇ=ìëáåÖ=~å=çéÉå=Å~îáíó=EcáÖK=RKNFK=pÉåëáåÖ=áå=ê~åÇçã=ãÉÇá~=êÉäáÉë=çå=
ÅçääÉÅíáåÖ= íê~åëãáííÉÇ= äáÖÜí= ïáíÜ= ÉäçåÖ~íÉÇ= çéíáÅ~ä= é~íÜëK= ^ë= ï~ë= ÇÉãçåëíê~íÉÇ= áå=
`Ü~éíÉê=OI= áå=ëìÅÜ=~=ÅçåÑáÖìê~íáçå=ãçëí=çÑ= äáÖÜí=áë= äçëíW=ÜáÖÜ=lmi=~ãéäáÑáÅ~íáçå=Ñ~Åíçêë=
ÅçãÉ=~í= íÜÉ= Åçëí=çÑ= äçï=çìíéìí= áåíÉåëáíóI=ïÜáÅÜ  áå= íìêå=çÑíÉå= êÉèìáêÉë=ÉñéÉåëáîÉ= äáÖÜí=
ëçìêÅÉë=~åÇ=ÇÉíÉÅíçêë=xUPzK=få=íÜáë=ÅçåíÉñíI=~å=çéÉå=Å~îáíó=ïáíÜ=çåÉ=çéÉåáåÖ=êÉéêÉëÉåíë=
~å= áåíÉêÉëíáåÖ= ~äíÉêå~íáîÉI= ëáåÅÉ= ~äãçëí= ~ää= íÜÉ= ÉëÅ~éáåÖ= äáÖÜí= Å~å= ÄÉ= ÅçääÉÅíÉÇK=
cìêíÜÉêãçêÉI= f= Ü~îÉ= ÇÉãçåëíê~íÉÇ= íÜ~í= ìé= íç= VVB= çÑ= ÉåÉêÖó= Å~å= ÄÉ= ~ÄëçêÄÉÇ= áå= íÜÉ=
ÜóÄêáÇ= ëóëíÉã= çÑ= ~å= çéÉå= Å~îáíó= ïáíÜ= ~= ê~åÇçã= ãÉÇáìãK= qÜÉêÉÑçêÉI= ëìÅÜ= ~=
ÅçåÑáÖìê~íáçå=êÉéêÉëÉåíë=~=éêçãáëáåÖ=éä~íÑçêã=Ñçê=ÄáçëÉåëáåÖK=



RKO=cìíìêÉ=ÇÉîÉäçéãÉåíë=

TR 

RKOKO mçêçìë=ëìÄëíê~íÉë=ïáíÜ=ÜáÖÜÉê=êÉÑê~ÅíáîÉ=áåÇáÅÉë=

få=íÜáë=íÜÉëáëI=f=Ü~îÉ=ìëÉÇ=ÅçããÉêÅá~ääó=~î~áä~ÄäÉ=éçêçìë=ãÉãÄê~åÉë=ïáíÜ=íïç=ÇáÑÑÉêÉåí=
éçêÉ= ëáòÉëK= qÜáë= ~ééêç~ÅÜ= Å~å=ÄÉ= ÑìêíÜÉê= ÉñíÉåÇÉÇW= êÉÑê~ÅíáîÉ= áåÇÉñ= ~åÇ=éçêÉ= ëáòÉ= ~êÉ=
íïç=éçëëáÄäÉ=é~ê~ãÉíÉêë=íç=ÄÉ=çéíáãáòÉÇK=mêÉäáãáå~êó=êÉëìäíë=ïáíÜ=wêlO=E݊ZOKPF=~åÇ=qálO=
E݊ZOKSF= éçêçìë= Ñáäãë= EÑ~ÄêáÅ~íÉÇ= áå= bjm^I= aΩÄÉåÇçêÑF= Ü~îÉ= ÇÉãçåëíê~íÉÇ=
ÉåÜ~åÅÉãÉåí=Ñ~Åíçêë=݂=çÑ=U=~åÇ=NSI=êÉëéÉÅíáîÉäó=EêÉÅ~ää=íÜ~í=Ñçê=íÜÉ=éçêçìë=ãÉãÄê~åÉë=
áå=`Ü~éíÉê=PI=݂=áë=QKSFK=qÜÉêÉ=~êÉI=ÜçïÉîÉêI=ëÉîÉê~ä=ÇáÑÑáÅìäíáÉë=íÜ~í=ãìëí=ÄÉ=~ÇÇêÉëëÉÇ=íç=
ìëÉ= íÜÉëÉ=ã~íÉêá~äëI=ÉëéÉÅá~ääó= áå= íÉêãë=çÑ=ãÉãÄê~åÉ= êçÄìëíåÉëë=~åÇ=ïÉííáåÖI= ëç= íÜ~í=
íÜÉ=ëÉåëáåÖ=ëéçí=Å~å=éÉåÉíê~íÉ=áåíç=íÜÉ=ã~íÉêá~äK=

RKOKP líÜÉê=ëÉåëáåÖ=ãçäÉÅìäÉë==

qÜÉ=ÇÉãçåëíê~íÉÇ=ãìäíá~å~äóíÉ=ÇÉíÉÅíáçå=ëÅÜÉãÉ=Å~å=ÄÉ=ÑìêíÜÉê=ÉñíÉåÇÉÇ=íç=åìãÉêçìë=
çíÜÉê= ÉåòóãÉë= EÑçê= Éñ~ãéäÉI= ÅÜçäÉëíÉêçä= çñáÇ~ëÉI= ÖäóÅÉêçäJPJéÜçëéÜ~íÉ= çñáÇ~ëÉ= ~åÇ=
ìêáÅ~ëÉ= xNVSzF= íÜ~í= ÅçåîÉêí= ÇáÑÑÉêÉåí= ëìÄëíê~íÉë= áåíç= eOlOK= cìêíÜÉêãçêÉI= íÜÉ= ëÉåëáåÖ=
ãçäÉÅìäÉ=Åóí=Å=Å~å=ÄÉ=ëìÄëíáíìíÉÇ=ïáíÜ=çíÜÉê=ãçäÉÅìäÉëK=få=é~êíáÅìä~êI=éçêéÜóêáåë=Ó=íÜÉ=
ÖÉåÉê~ä= Åä~ëë=çÑ= ÅçãéçìåÇë= íç=ïÜáÅÜ= íÜÉ=ÜÉãÉ=Öêçìé=çÑ= Åóí=Å=ÄÉäçåÖëÓ=~êÉ=çÑ= ëéÉÅá~ä=
áåíÉêÉëí=ÄÉÅ~ìëÉI=Ñçê=ã~åó=çÑ=íÜÉãI=íÜÉáê=~Äëçêéíáçå=ëéÉÅíêìã=ÅÜ~åÖÉë=ïáíÜ=íÜÉáê=êÉÇçñ=
ëí~íÉI=äáâÉ=Ñçê=Åóí=Å=EÑçê=Éñ~ãéäÉI=ÜÉãçÖäçÄáå=xOSRzFK=páãáä~êäóI=áçåJäáÖ~åÇ=ÅçãéäÉñÉë=Å~å=
ÄÉ=ìëÉÇ=Ñçê=íÜÉ=ëÉåëáíáîÉ=ÇÉíÉÅíáçå=çÑ=ÇáÑÑÉêÉåí=áçåë=xOSSzK==

=

=

cáÖìêÉ= RKNK= jìäíáëÅ~ííÉêáåÖJçéíáÅ~ä= éêçÄÉ= ã~ÇÉ= çÑ= ~= åÉï= ëÉåëáåÖ= ãçäÉÅìäÉLÉåòóãÉ=
ÅçãÄáå~íáçå= áå= ~å= çéÉå= Å~îáíó= ÑáääÉÇ= ïáíÜ= åçîÉä= éçêçìë= ã~íÉêá~äëK= qÜáë= éáÅíìêÉ=
ëìãã~êáòÉë=íÜÉ=ÇÉîÉäçéãÉåíë=ëìÖÖÉëíÉÇ=áå=pÉÅK=RKOKNJRKOKPK=

=

RKOKQ pé~íá~ä=eOlO=ãÉ~ëìêÉãÉåíë=

_ÉëáÇÉë=íÉãéçê~ä=eOlO=ãÉ~ëìêÉãÉåíëI=íÜÉ=ÇÉîÉäçéÉÇ=éä~íÑçêã=Å~å=ÄÉ=ÇáêÉÅíäó=ÉñíÉåÇÉÇ=
Ñçê= éÉêÑçêãáåÖ= ëé~íá~ä= ãÉ~ëìêÉãÉåíëI= ïÜÉêÉ= ëÉîÉê~ä= çéíáÅ~ä= éêçÄÉë= ÇÉíÉÅí= eOlO= áå=
ÇáÑÑÉêÉåí= éä~ÅÉë= ëáãìäí~åÉçìëäóK= cìêíÜÉêãçêÉI= éêÉäáãáå~êó= ÉñéÉêáãÉåíë= áåÇáÅ~íÉ= íÜ~í=
ëé~íá~ä=ãÉ~ëìêÉãÉåíë=Å~å=ÄÉ=éÉêÑçêãÉÇ=ÉîÉå=ïáíÜáå=çåÉ=ëáåÖäÉ=ëÉåëáåÖ=ëéçí=EcáÖK=RKOFK=



`Ü~éíÉê=R=`çåÅäìëáçå=~åÇ=çìíäççâ=

TS 

qÜáë=çéÉåë=íÜÉ=éçëëáÄáäáíó=íç=ëíìÇó=ÄáçäçÖáÅ~ä=éêçÅÉëëÉë=åçí=çåäó=áå=íáãÉI=Äìí=~äëç=ïáíÜ=~=
ÜáÖÜ=ëé~íá~ä=êÉëçäìíáçåK=

=

=

cáÖìêÉ=RKOK=pé~íá~ä=eOlO=ëÉåëáåÖK= E~F=pÅÜÉã~íáÅ=çÑ= íÜÉ=ãÉ~ëìêÉãÉåí=ÅçåÑáÖìê~íáçåW= íÜÉ=
ëÉåëáåÖ=ëéçí=áë=éä~ÅÉÇ=áå=íÜÉ=éêçñáãáíó=çÑ=~=ÅÉääK=qÜÉ=ÖÉåÉê~íÉÇ=eOlO=ãçëíäó=êÉ~Åíë=ïáíÜ=
íÜÉ=ÅäçëÉëí=~êÉ~=çÑ=íÜÉ=ëéçíK=qÜÉ=çéíáÅ~ä=ëáÖå~ä=áë=íÜÉå=ÅçääÉÅíÉÇ=Ñêçã=ÇáÑÑÉêÉåí=~êÉ~ë=çå=
íÜÉ=ëéçíK=EÄF=fã~ÖáåÖ=~=ëáåÖäÉ=~äÖ~=çå=íÜÉ=``a=~ë=áå=`Ü~éíÉê=PK=qÜÉ=êÉÇ=Äçñ=êÉéêÉëÉåíë=
íÜÉ=ãÉ~ëìêÉãÉåí=~êÉ~I=ïÜáÅÜ= áë=ÇáîáÇÉÇ= áåíç=NS=Éèì~ä=~êÉ~ëK=qÜÉ=Ç~ëÜÉÇ=çê~åÖÉ= äáåÉë=
áåÇáÅ~íÉ= íÜÉ= SíÜ= ÇÉíÉÅíçê= ~êÉ~= ïÜÉêÉ= ãçëí= çÑ= íÜÉ= ~äÖ~= áë= äçÅ~íÉÇK= cçê= ëéÉÅíê~ä=
ãÉ~ëìêÉãÉåíë= íÜÉ=ëÉíìé= áë= êÉÑçÅìëÉÇ=çå= íÜÉ=ëÉåëáåÖ=ÉäÉãÉåí= áåëíÉ~Ç=çÑ= íÜÉ=~äÖ~K=qÜÉ=
~äÖ~= ï~ë= áããçÄáäáòÉÇ= çå= íÜÉ= ëìêÑ~ÅÉ= ìëáåÖ= î~Åììã= ÖêÉ~ëÉK= EÅF= `Ü~åÖÉ= çÑ= íÜÉ= êÉÇçñ=
ÅçÉÑÑáÅáÉåí=Δ߮=~ÑíÉê=N=Ü=Ñçê=Åçåíêçä=ãÉ~ëìêÉãÉåíë=áå=ï~íÉêI=~äÖ~=~åÇ=~äÖ~=áå=íÜÉ=éêÉëÉåÅÉ=
çÑ=RMM=åj=`ÇOHK=qÜÉ=Ç~ëÜÉÇ=çê~åÖÉ= äáåÉ= áåÇáÅ~íÉë= íÜÉ=ÇÉíÉÅíçê=~êÉ~=ïÜÉêÉ=ãçëí=çÑ= íÜÉ=
~äÖ~=áë=äçÅ~íÉÇ=Ñçê=ÄçíÜ=ãÉ~ëìêÉãÉåíëK=

=

RKP mçíÉåíá~ä=áãé~Åí=Ñçê=olp=ÄáçäçÖó=

RKPKN jÉÅÜ~åáëãë=

qÜÉ=Éñ~Åí=ãÉÅÜ~åáëãë=íÜ~í= íêáÖÖÉê=olp=ÖÉåÉê~íáçå=~ë=ïÉää=~ë=Üçï=íÜÉ=ã~ÖåáíìÇÉ=~åÇ=
íÜÉ=Çìê~íáçå=çÑ=olp=éêçÇìÅíáçå=ÇÉíÉêãáåÉ=íÜÉáê=ëéÉÅáÑáÅ= ÑìåÅíáçåë=êÉã~áå=ìåÅäÉ~ê=xPzK=
få= íÜáë= ÅçåíÉñíI= íÜÉ= ãìäíáëÅ~ííÉêáåÖJÉåÜ~åÅÉÇ= çéíáÅ~ä= éêçÄÉë= Ñçê= Åçåíáåìçìë= eOlO=
ãÉ~ëìêÉãÉåíë= íÜ~í= f= Ü~îÉ= ÇÉîÉäçéÉÇ= Éå~ÄäÉ= Çóå~ãáÅ= ãÉ~ëìêÉãÉåíëI= ïÜáÅÜ= Å~å=



RKP=mçíÉåíá~ä=áãé~Åí=Ñçê=olp=ÄáçäçÖó=

TT 

éêçîáÇÉ=åÉï=ãÉÅÜ~åáëíáÅ=áåÑçêã~íáçåK=^äíÜçìÖÜ=f=Ü~îÉ=ÅçåÅÉåíê~íÉÇ=çå=ëíêÉëëJáåÇìÅÉÇ=
olp=áå=~èì~íáÅ=ãáÅêççêÖ~åáëãë=áå=íÜáë=íÜÉëáëI=íÜÉ=ÇÉîÉäçéÉÇ=ÄáçëÉåëçêë=Å~å=ÄÉ=ìëÉÇ=Ñçê=
çíÜÉê=íóéÉë=çÑ=ÄáçäçÖáÅ~ä=ÉåíáíáÉëI=áåÅäìÇáåÖ=î~êáçìë=ÅÉää=äáåÉë=~åÇ=äáîáåÖ=çêÖ~åáëãëK==

RKPKO jÉÇáÅ~ä=~Çî~åÅÉë=

j~åó=ÇêìÖë=é~êíäó=ïçêâ=Äó=ÖÉåÉê~íáåÖ=olpI=Äó= áåÇìÅáåÖ= áåíê~ÅÉääìä~ê=olp=ÖÉåÉê~íáçåI=
Äó=ÇáãáåáëÜáåÖ=ÅÉääìä~ê=olp=éêçÇìÅíáçå=çê=Äó=áåÅêÉ~ëáåÖ=Å~í~Äçäáëã=çÑ=olp=xUI=OSTJOSVzK=
cçê=Éñ~ãéäÉI=ã~åó=~åíáÄáçíáÅë=âáää=Ä~ÅíÉêá~=Äó=áåÇìÅáåÖ=íÜÉã=íç=ÖÉåÉê~íÉ=olp=xUI=OTMzK=^=
ÄÉííÉê=ìåÇÉêëí~åÇáåÖ=çÑ=Üçï=~åíáÄáçíáÅë=äÉ~Ç=íç=olp=éêçÇìÅíáçå=~ë=é~êí=çÑ=íÜÉáê=~Åíáçå=
ãÉÅÜ~åáëã= ÅçìäÇ= ÜÉäé= êÉîáí~äáòÉ= ~åíáÄáçíáÅ= êÉëÉ~êÅÜ= ~åÇ= ÇáëÅçîÉêóK= jçêÉçîÉêI= ëçãÉ=
~åíáÅ~åÅÉê=~ÖÉåíë=ëìÅÜ=~ë=~Çêá~ãóÅáå=xOTNz=~åÇ=ÄäÉçãóÅáå=xOTOz=éêçÇìÅÉ=olp=ÇáêÉÅíäóK=
qÜÉêÉÑçêÉI= ~Çî~åÅÉë= áå= olp= ÄáçäçÖó= Ü~îÉ= éçíÉåíá~ä= íç= ÇÉîÉäçé= ÅçãéäÉíÉäó= ÇáÑÑÉêÉåí=
íêÉ~íãÉåíë= Ñçê= ã~åó= ÇáëÉ~ëÉëI= áåÅäìÇáåÖ= Å~åÅÉêK= cáå~ääóI= ~ÖÉáåÖ= áë= ÇÉíÉêãáåÉÇ= Äó=
ÅÉääìä~ê=ãÉí~ÄçäáëãI= ïÜáÅÜ= áå= íìêå= Å~å= ÄÉ= ÅçåíêçääÉÇ= íÜêçìÖÜ= Ü~êåÉëëáåÖ= olp= äÉîÉäë=
xNQzK=

RKPKP fãé~Åí=çå=å~åçíçñáÅçäçÖó=

qÜÉ=ê~éáÇ=ÖêçïíÜ=çÑ=å~åçíÉÅÜåçäçÖó=áë=áåÅêÉ~ëáåÖ=íÜÉ=äáâÉäáÜççÇ=çÑ=bkjë=ÅçãáåÖ=áåíç=
Åçåí~Åí=ïáíÜ=Üìã~åë=çê=íÜÉ=ÉåîáêçåãÉåí=xPPzK=qÜÉ=çêÖ~åáÅ=~åÇ=ëóåíÜÉíáÅ=ïçêäÇë=ãÉêÖÉ=
áåíç=~=åÉï=ëÅáÉåÅÉ=ÅçåÅÉêåÉÇ=ïáíÜ=íÜÉ=ë~ÑÉ=ìëÉ=çÑ=å~åçíÉÅÜåçäçÖó=xQPzK=få=íÜáë=íÜÉëáëI=f=
Ü~îÉ= éêÉëÉåíÉÇ= ~=ãìäíáJä~óÉêÉÇ=ãáÅêçÑäìáÇáÅ= ÅÜáé= íÜ~í= ~ääçïë= ëíìÇóáåÖ= íÜÉ= áåíÉê~Åíáçå=
ÄÉíïÉÉå= bkjë= ~åÇ= äáîáåÖ= ÉåíáíáÉëK= `çãéäÉñ= ÉñéçëìêÉ= ëÉèìÉåÅÉë= çÑ= íçñáÅ~åíë= áå=
ÅçåàìåÅíáçå=ïáíÜ=Åçåíáåìçìë=olp=ãÉ~ëìêÉãÉåíë=ïáää=äÉ~Ç=íç=~=ÄÉííÉê=ìåÇÉêëí~åÇáåÖ=çÑ=
íÜÉ= Úå~åçJÄáçÛ= áåíÉêÑ~ÅÉ= áå=ÖÉåÉê~ä= ~åÇ= íÜÉ= ëíêÉëëJêÉä~íÉÇ=olp=Çóå~ãáÅë= áå=é~êíáÅìä~êK=
lîÉê~ääI= íÜáë= éä~íÑçêã= Å~å=ÄÉ= ìëÉÇ= Ñçê= ÑççÇI=ï~íÉê= ~åÇ= ~áê= èì~äáíó= Åçåíêçäë= áå= êÉä~íáçå=
ïáíÜ=bkjëK=cçê=Éñ~ãéäÉI=åçîÉä=ãçåáíçêáåÖ=ãÉíÜçÇë=ÅçìäÇ=ÄÉ=Ä~ëÉÇ=çå=ãÉ~ëìêáåÖ=íÜÉ=
olp= ÖÉåÉê~íáçå= áå=ãáÅêççêÖ~åáëãë=ÇáëéÉêëÉÇ= áå=ÇáÑÑÉêÉåí= ÉåîáêçåãÉåíë= íÜêçìÖÜçìí= ~=
ÅçìåíêóK=

 





 

TV=

^K ^ÄÄêÉîá~íáçåë=
q~ÄäÉ=^KNK=q~ÄäÉ=çÑ=ìëÉÇ=~ÄÄêÉîá~íáçåëK=

^ÄÄêÉîá~íáçå= cìää=å~ãÉ
^^= ^ëÅçêÄáÅ=~ÅáÇ
^lu= ^åíáçñáÇ~åíë

`jJeOa`ca^= `ÜäçêçãÉíÜóä=ÇáÜóÇêçÇáÅÜäçêçÑäìçêÉëÅÉáå=Çá~ÅÉí~íÉ=
`óí=Å= `óíçÅÜêçãÉ=Å
ajbj= aìäÄÉÅÅçÛë=ãçÇáÑáÉÇ=b~ÖäÉÛë=ãÉÇáìã
bkj= båÖáåÉÉêÉÇ=å~åçã~íÉêá~ä
dlñ= däìÅçëÉ=çñáÇ~ëÉ
eom== eçêëÉê~ÇáëÜ=éÉêçñáÇ~ëÉ
eOlO= eóÇêçÖÉå=éÉêçñáÇÉ=

f`mJjp= fåÇìÅíáîÉäó=ÅçìéäÉÇ=éä~ëã~=ã~ëë=ëéÉÅíêçãÉíêó=
ila= iáãáí=çÑ=ÇÉíÉÅíáçå
ilñ= i~Åí~íÉ=çñáÇ~ëÉ
jb^p= jìäíáëÅ~ííÉêáåÖJÉåÜ~åÅÉÇ=~Äëçêéíáçå=ëéÉÅíêçëÅçéó=
k^= kìãÉêáÅ~ä=~éÉêíìêÉ
lmi= léíáÅ~ä=é~íÜ=çÑ=äáÖÜí
m_p= mÜçëéÜ~íÉ=ÄìÑÑÉêÉÇ=ë~äáåÉ
mf= mêçéáÇáìã=fçÇáÇÉ

mlpp= mçêí~ÄäÉ=çñáÇ~íáîÉ=ëíêÉëë=ëÉåëçê
mp= mçäóëíóêÉåÉ

nÇçíë= nì~åíìã=Ççíë
olp= oÉ~ÅíáîÉ=çñóÖÉå=ëéÉÅáÉë
q^m= qêáëJ~ÅÉí~íÉ=éÜçëéÜ~íÉ

=

=





 

UN=

_K o~ï= ëéÉÅíê~= Éñ~ãéäÉë= Ñçê=
jb^p=ãÉ~ëìêÉãÉåíë=

=
cáÖìêÉ=_KNK= ^ÄëçêÄ~åÅÉ=ãÉ~ëìêÉãÉåíë= ÑçêW= E~F= éÜÉåçä= êÉÇ= EÄä~Åâ= ÅìêîÉë= Ó= MKN=μjI= êÉÇ=
MKO=μj=~åÇ=ÖêÉÉå=MKQ=μjF=áå=ï~íÉê=EÇ~ëÜÉÇ=äáåÉëF=~åÇ=áå=ï~íÉêLmp=ÄÉ~Çë=ãáñíìêÉë=EÇçíë=
Ñçê=ܥଵ

௉ௌ= ~åÇ= Ñìää= äáåÉë= Ñçê=ܥଶ
௉ௌFK= qÜÉ= ë~ãÉ=ãÉ~ëìêÉãÉåí= ÅçåÑáÖìê~íáçå=~ë= áå=cáÖK= OKP~= áë=

ìëÉÇK= EÄF= NM= åã= ÖçäÇ= å~åçé~êíáÅäÉë= EÄä~Åâ= ÅìêîÉë= Ó= TKP=μjI= êÉÇ= NQKS=μj= ~åÇ= ÖêÉÉå=
OVKO=μjF= áå= ï~íÉê= EÇ~ëÜÉÇ= äáåÉëF= ~åÇ= áå= ï~íÉêLmp= ÄÉ~ÇëK= qÜÉ= ë~ãÉ= ãÉ~ëìêÉãÉåí=
ÅçåÑáÖìê~íáçå=~ë=áå=cáÖK=OKPÄ=áë=ìëÉÇK=EÅF=båîó=ÖêÉÉå=EÄä~Åâ=ÅìêîÉë=Ó=OR=ãÖLäI=êÉÇ=RM=ãÖLä=
~åÇ= ÖêÉÉå= NMM=ãÖLäF= áå= ï~íÉê= EÇ~ëÜÉÇ= äáåÉëF= ~åÇ= áå= ï~íÉêLmp= ÄÉ~ÇëK= qÜÉ= ë~ãÉ=
ãÉ~ëìêÉãÉåí=ÅçåÑáÖìê~íáçå=~ë=áå=cáÖK=OKPÅ=áë=ìëÉÇK=EÇF=_áç~ëë~ó=EÄä~Åâ=ÅìêîÉë=Ó=Q=μjI=êÉÇ=
NM=μj= ~åÇ= ÖêÉÉå= OM=μjF= áå= ï~íÉê= EÇ~ëÜÉÇ= ÅìêîÉëF= ~åÇ= áå= ï~íÉêLmp= ÄÉ~ÇëK= qÜÉ= ë~ãÉ=
ãÉ~ëìêÉãÉåí=ÅçåÑáÖìê~íáçå=~ë=áå=cáÖK=OKQÄ=áë=ìëÉÇK=

=



o~ï=ëéÉÅíê~=Éñ~ãéäÉë=Ñçê=jb^p=ãÉ~ëìêÉãÉåíë=

UO 

=

cáÖìêÉ=_KOK=péÉÅíê~ä=ÇÉéÉåÇÉåÅÉ=çÑ=jb^pK=E~F=^Äëçêéíáçå=ãÉ~ëìêÉãÉåíë=çÑ=éÜÉåçä=êÉÇ=
áå= ï~íÉê= ~åÇ= áå= ï~íÉêLmp= ÄÉ~Çë= çÑ= ÇáÑÑÉêÉåí= Çá~ãÉíÉêëK= qÜÉ= ë~ãÉ= ãÉ~ëìêÉãÉåí=
ÅçåÑáÖìê~íáçå=~ë=áå=cáÖK=OKSÄ=áë=ìëÉÇK=EÄF=péÉÅíê~ä=ÇÉéÉåÇÉåÅÉ=çÑ=íÜÉ=ÉåÜ~åÅÉãÉåí=Ñ~Åíçê=
݇= Ñçê= E~FK= EÅF=^Äëçêéíáçå=ãÉ~ëìêÉãÉåíë=çÑ=éÜÉåçä= êÉÇ= áå=ï~íÉê= EÇ~ëÜÉÇ=ÅìêîÉëF=~åÇ= áå=
ï~íÉêLmp=ÄÉ~Çë= Ñçê=ÇáÑÑÉêÉåí= íÜáÅâåÉëëÉë=ܮ= EÄä~Åâ=ÅìêîÉë=Ó=Q=ããI=êÉÇ=U=ãã=~åÇ=ÖêÉÉå=
NM=ãã)K= qÜÉ= ë~ãÉ= ãÉ~ëìêÉãÉåí= ÅçåÑáÖìê~íáçå= ~ë= áå= cáÖK= OKSÅ= áë= ìëÉÇK= EÇF= péÉÅíê~ä=
ÇÉéÉåÇÉåÅÉ=çÑ=íÜÉ=ÉåÜ~åÅÉãÉåí=Ñ~Åíçê=݇=Ñçê=EÅFK=
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`K `çåíêçä= ëçÑíï~êÉ= Ñçê=
ãáÅêçÑäìáÇáÅ=éìãé=

=

cáÖìêÉ= `KNK= pçÑíï~êÉ= áåíÉêÑ~ÅÉ= íç= Åçåíêçä= íÜÉ= ãáÅêçÑäìáÇáÅ= éìãé= EëÉÉ= `Ü~éíÉê= PF=
áãéäÉãÉåíÉÇ=áå=i~ÄîáÉïK=qÜÉ=ìëÉê=Ü~ë=íç=ëÉäÉÅí=íÜÉ=åìãÄÉê=çÑ=ÅóÅäÉë=~åÇ=ëÉí=ÇáÑÑÉêÉåí=
é~ê~ãÉíÉêëI= ëìÅÜ= ~ë= ëéÉÉÇI= áåéìíLçìíéìí= éçêíë= çÑ= íÜÉ= éìãé= ~åÇ= ~ãçìåí= çÑ= áåàÉÅíÉÇ=
äáèìáÇK=

=

=
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cáÖìêÉ=`KOK= _äçÅâ=Çá~Öê~ã=çÑ= íÜÉ= ÅçÇÉ=éêÉëÉåíÉÇ= áå= cáÖK=`KNI=ïÜáÅÜ= Åçåí~áåë= ÑìåÅíáçå=
“NÒI=ïÜáÅÜ=ëÉåÇë=ãìäíáéäÉ=Åçãã~åÇë=íç=íÜÉ=ãáÅêçÑäìáÇáÅ=éìãé=îá~=opJOPO=áåíÉêÑ~ÅÉK=

=

cáÖìêÉ=`KPK=qêìÉJíêìÉ=ÅóÅäÉ=çÑ=íÜÉ=ÄäçÅâ=Çá~Öê~ã=Ñçê=ÑìåÅíáçå=“NÒ=~ë=ÇÉëÅêáÄÉÇ=áå=cáÖK=`KOK=
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cáÖìêÉ=`KQK=qêìÉJÑ~äëÉ=ÅóÅäÉ=çÑ=íÜÉ=ÄäçÅâ=Çá~Öê~ã=çÑ=ÑìåÅíáçå=“NÒ=~ë=ÇÉëÅêáÄÉÇ=áå=cáÖK=`KOK=

=

cáÖìêÉ=`KRK=c~äëÉ=ÅóÅäÉ=çÑ=íÜÉ=ÄäçÅâ=Çá~Öê~ã=çÑ=ÑìåÅíáçå=“NÒ=~ë=ÇÉëÅêáÄÉÇ=áå=cáÖK=`KOK=
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UT=

aK `çÇÉ= íç= Å~äÅìä~íÉ= åçêã~äáòÉÇ=
êÉÇçñ=ÅçÉÑÑáÅáÉåí=

qÜÉ=j~íä~Ä=ÅçÇÉ=íç=Å~äÅìä~íÉ=åçêã~äáòÉÇ=êÉÇçñ=ÅçÉÑÑáÅáÉåí=ìëÉÇ=áå=`Ü~éíÉêë=P=~åÇ=QW=

clear all; 
clc 
path='C:\backup\ROS detection\14_12_16\'; 
addpath(path); 
 
no_data_m=[8]; 
acqui_m=[61]; 
time_step_m=[1];  
no_lamp=[9];                %indicate lamp for every data 
 
col_m=['r','b'] 
shape_m=['o' 'o'] 
t=0; 
t_m=[];coeffplot_m=[];coeffplot2_m=[];coeffplot3_m=[]; 
 
for oo=1:length(no_data_m) 
    oo 
    clear data_tmp2 spec_expt spec_expt_norm; 
    no=no_data_m(oo); 
    acqui=acqui_m(oo); 
    data_tmp2=dlmread(['Data',num2str(no),'Datad',num2str(no),'.dat']); 
    [len,wid]=size(data_tmp2) 
    nq=no_lamp(oo); 
    data_tmp=dlmread(['Data',num2str(nq),'Datad',num2str(nq),'.dat']); 
    lam_m=data_tmp(:,1); 
     spec_lamp=data_tmp(:,2); 
 
    for ii=1:acqui 
         spec_expt(:,ii)=data_tmp2(:,ii*2); 
    end; 
 
    for pp=1:acqui 
        spec_expt_norm(:,pp)=spec_expt(:,pp)./spec_lamp; 
  spec_expt_norm(:,pp)=spec_expt_norm(:,pp)./ (sum(spec_expt_norm(831:1:835,pp))/5  
        t=t+time_step_m(oo); 
        t_m=[t_m t]; 
         
        I1=sum(spec_expt_norm(486:1:490,pp))/5; 
        I2=sum(spec_expt_norm(543:1:547,pp))/5; 
        a1=9.9;         %542 nm 
        a2=7.9;         %556 nm 
  
    min=1000; 
    pos=0; 
    for i=1:1000 
    k(i)=0.3+0.7*0.001*i; 
    x(i)=abs( log((I1-(1-k(i)))/k(i))/log((I2-(1-k(i)))/k(i)) - (a1/a2) ); 
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    if x(i)<min 
        min=x(i); 
        pos=k(i); 
    end; 
    end; 
         
         kk=1*1+0*pos 
         spec_expt_norm(:,pp)=(spec_expt_norm(:,pp)-(1-kk))./kk;      
    end; 
    figure(1) 
    plot(lam_m,spec_expt_norm,'-o','MarkerSize',2) 
    hold on; 
    coeffplot=log( sum(spec_expt_norm(511:1:515,:))/5 ) ./ log( 
sum(spec_expt_norm(486:1:490,:))/5 ); 
   
    coeffplot=(coeffplot-9.1/9.9)/(27.6/9.9-9.1/9.9); 
coeffplot_m=[coeffplot_m coeffplot]; 
end 
    figure(2) 
b=transpose (coeffplot); 
    plot(t_m,coeffplot_m,'o-','MarkerSize',3) 
    hold on; 
    xlabel('t (min)') 
    ylabel('\phi (a.u.)') 
 
 

=



 

UV=

bK `çÇÉ= Ñçê= jçåíÉ= `~êäç=
ëáãìä~íáçåë= çÑ= äáÖÜí= éêçé~Ö~íáçå=
áå=~=ê~åÇçã=ãÉÇáìã=

qÜÉ= j~íä~Ä= jçåíÉ= `~êäç= ÅçÇÉ= Ñçê= äáÖÜí= éêçé~Ö~íáçå= áå= ~= ê~åÇçã= ãÉÇáìã= ìëÉÇ= áå=
`Ü~éíÉê=OW=

clc 
clear; 
 
%write file 
file=['aaameasurement2.txt']; 
dlmwrite(file,''); 
      for cout=1:14 
       cc=[1e-4,5e-4,1e-3,0.003,0.005,0.01,0.05,0.1,0.5,1,2,5,7,10];   
 
C=500;                    %concentration of cytC 
fr=0.5;                     %fraction of reduced cytC 
 
%geometry of the individual particle 
a=500e-9/2;                  %radius of PS beads, default=500/2 nm 
th=0e-9;                    %thickness of the outer cytC layer, default=153nm 
b=a+th; 
nouter=1.3;             %outer refractive index of surrounding media,default=1 
  
%concentration  
NN=cc(cout)*3.64*1e11/1e-6; %number of PS beads from Polysciences 
FF=NN*4/3*pi*b^3;             %fraction volume of scatterers 
 
nstep=180;                            %number of angle steps 
dteta=1/nstep;      %cos teta step 
dteta0=180/nstep;      %angle step 
for step=1:100000 
    DisEv(step)=0; 
    RefEv(step)=0; 
    sum9(step)=0; 
    sumRef9(step)=0; 
end; 
 
%geometry of the PS/cytc drop 
Lx=500e-6; 
Ly=500e-6;         %photons launched at Lx/2,Ly/2,0.  for 100 drops 640x640x21 um 
Lz=500e-6;         %1000x1000x1000 um box 
a0=100e-6;          %opening size in the top and bottom 
  
%calculation of mie scattering. uses miecoated function 
for i=550:1:550 
    lam=i*1e-9; 
    m1 = 2.60/nouter;  %data for polystyrene beads from polysciences, default=1.60 
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    lamq=lam*1e6; 
    m2 = sqrt( epsCc(lamq, C, fr) )/nouter;    %lam in microns, concentration, 
fraction  
    alpha2=4*pi*imag(m2)/lam; 
    x=2*pi*a/lam; 
    y=2*pi*b/lam; 
    if a==0 
        result=mie2(m2^2,1,y); 
    elseif th==0 
        result=mie2(m1^2,1,x); 
    else 
        result=miecoated(m1,m2,x,y,u); 
    end; 
    qsca=result(1,2);                                  %scattering q 
    asy=result(1,5);                                   %average cos theta 
    lfree=4*b/((1-asy)*3*FF*qsca);               %mean free path 
     
end; 
%% energy box 
Etotal=1;           %total energy is 1W*1sec 
  
StartWav=400;       %start wav in nm 
EndWav=600;         %end wav in nm 
StepWav=0.5;        %step in nm 
Steps=(EndWav-StartWav)/StepWav; 
Ewav=Etotal/Steps;      %energy per 1 wavelength 
Packets=1e4;                     %number of packets 
Ewav0=Ewav/Packets;             %energy of 1 packet 
StopEnergyFactor=1e12;      %after which energy to stop the beam (default=1e12),NA 
any more 
  
for lam=550:1:550 
     
     
    lam 
     
    %% propagation box 
  
    sum0=0; 
    sumRef=0; 
     
    sum2=0; 
    sumRef2=0; 
    sum3=0; 
    sumRef3=0; 
    sum4=0; 
    sumRef4=0; 
    sum5=0; 
    sumRef5=0; 
     
    sumb0=0; 
    sumbRef=0; 
     
    sumb2=0; 
    sumbRef2=0; 
    sumb3=0; 
    sumbRef3=0; 
    sumb4=0; 
    sumbRef4=0; 
    sumb5=0; 
    sumbRef5=0; 
     
    ltot=0; 
    Ndetect=0; 
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    for i=1:Packets  
       i/Packets*100 
       j=1; 
        
       x=Lx/2; 
       y=Ly/2; 
       z=1e-10; 
       E=Ewav0;         %energy of the packet 
       Eref=Ewav0; 
       scat=0; 
       refl=0; 
        
%       while (E>(Ewav0/StopEnergyFactor))&(x>0)&(x<Lx)&(y>0)&(y<Ly)&(z>=0)&(z<Lz) 
        while (x>0)&(x<Lx)&(y>0)&(y<Ly)&(z>0)&(z<Lz) 
          if j~=1 scat=scat+1; end; 
          fi=2*pi*rand;        %azimuth angle 0..2pi 
           
          if j==1             %first direction is into the box 
              theta=0*pi/10;       %dark-field configuration with pi/4=45deg. 
incident angle 
%               fi=0; 
          else                
              theta0=acos(1/(2*asy)*(1+asy^2-((1-asy^2)/(1+asy*(2*rand-1)))^2)); 
              theta=acos(cos(theta)*cos(theta0)+sin(theta)*sin(theta0)*cos(fi));   
          end;  
           
               p=-lfree*log(rand); 
%                L(i)=L(i)+p; 
               cor=10; 
                
               %reflection  
               while cor>0 
               cor=10; 
               thetaold=theta; 
               fiold=fi; 
               Rmin=100; 
                
               %side reflections 
               R(1)=-x/(sin(thetaold)*cos(fiold)); 
               if (R(1)<p)&(R(1)>0)&(R(1)<Rmin) Rmin=R(1); cor=1; fi=pi-fiold; 
theta=thetaold; end; 
               R(2)=(Lx-x)/(sin(thetaold)*cos(fiold)); 
               if (R(2)<p)&(R(2)>0)&(R(2)<Rmin) Rmin=R(2); cor=2;  fi=pi-fiold; 
theta=thetaold; end; 
               R(3)=-y/(sin(thetaold)*sin(fiold)); 
               if (R(3)<p)&(R(3)>0)&(R(3)<Rmin) Rmin=R(3); cor=3; fi=2*pi-fiold; 
theta=thetaold; end; 
               R(4)=(Ly-y)/(sin(thetaold)*sin(fiold)); 
               if (R(4)<p)&(R(4)>0)&(R(4)<Rmin) Rmin=R(4); cor=4; fi=2*pi-fiold; 
theta=thetaold; end; 
                
               %top bottom reflection with openings 
               R(5)=-z/cos(thetaold); 
               if (R(5)<p)&(R(5)>0)&(R(5)<Rmin) Rmin=R(5); cor=5; theta=pi-
thetaold; fi=fiold; end; 
               R(6)=(Lz-z)/cos(thetaold); 
               if (R(6)<p)&(R(6)>0)&(R(6)<Rmin) Rmin=R(6); cor=6; theta=pi-
thetaold; fi=fiold; end; 
                
                
               if cor<10  
               x=x+R(cor)*sin(thetaold)*cos(fiold); 
               y=y+R(cor)*sin(thetaold)*sin(fiold); 
               z=z+R(cor)*cos(thetaold); 
               E=E*exp(-alpha2*R(cor)); 
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               p=p-R(cor); 
               j=j+1; 
               refl=refl+1; 
                
               if cor==1 x=0; end; 
               if cor==2 x=Lx; end;  
               if cor==3 y=0; end; 
               if cor==4 y=Ly; end; 
                if cor==5 z=0; end; 
               if cor==6 z=Lz; end; 
                
               %1hole conditoin!!! 
    if (cor>4)&(x>((Lx-a0)/2))&(x<((Lx+a0)/2))&(y>((Ly-a0)/2))&(y<((Ly+a0)/2))  
%                   if cor>0  
                    theta=thetaold;  
                    fi=fiold; 
                    cor=0; 
                    p=0; 
                    end; 
               
               else cor=0; 
               end; 
               end; 
                
               x=x+p*sin(theta)*cos(fi); 
               y=y+p*sin(theta)*sin(fi); 
               z=z+p*cos(theta); 
               E=E*exp(-alpha2*p); 
               j=j+1; 
                
                 
      end; 
       
       
       
      if (theta<(pi/10))      %!!!DETECTION CONDITION: only light which is 
transmitted through and angle pi/10=18deg. 
          Ndetect=Ndetect+1; 
          sum0=sum0+E*exp(+alpha2*(z-Lz)/cos(theta)); 
          sumRef=sumRef+Eref; 
      
      
       
      end; 
       
    
       
      if (theta<(pi/5))      %!!!DETECTION CONDITION: only light which is 
transmitted through and angle pi/10=18deg. 
          sum2=sum2+E*exp(+alpha2*(z-Lz)/cos(theta)); 
          sumRef2=sumRef2+Eref; 
           
      end; 
       
      if (theta<(pi/4))      %!!!DETECTION CONDITION: only light which is 
transmitted through and angle pi/10=18deg. 
          sum3=sum3+E*exp(+alpha2*(z-Lz)/cos(theta)); 
          sumRef3=sumRef3+Eref; 
           
      end; 
       
      if (theta<(pi/3))      %!!!DETECTION CONDITION: only light which is 
transmitted through and angle pi/10=18deg. 
          sum4=sum4+E*exp(+alpha2*(z-Lz)/cos(theta)); 
          sumRef4=sumRef4+Eref; 
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      end; 
       
       if (theta<(pi/2))      %!!!DETECTION CONDITION: only light which is 
transmitted through and angle pi/10=18deg. 
          sum5=sum5+E; 
          sumRef5=sumRef5+Eref; 
           
       end; 
       
% backreflection 
  if (theta>(9*pi/10))      %!!!DETECTION CONDITION: only light which is 
transmitted through and angle pi/10=18deg. 
           
          sumb0=sumb0+E*exp(+alpha2*(z-0)/cos(theta)); 
          sumbRef=sumbRef+Eref; 
  end; 
     
      if (theta>(4*pi/5))      %!!!DETECTION CONDITION: only light which is 
transmitted through and angle pi/10=18deg. 
          sumb2=sumb2+E*exp(+alpha2*(z-0)/cos(theta)); 
          sumbRef2=sumbRef2+Eref; 
           
      end; 
       
      if (theta>(3*pi/4))       %!!!DETECTION CONDITION: only light which is 
transmitted through and angle pi/10=18deg. 
          sumb3=sumb3+E*exp(+alpha2*(z-0)/cos(theta)); 
          sumbRef3=sumbRef3+Eref; 
           
      end; 
       
      if (theta>(2*pi/3))      %!!!DETECTION CONDITION: only light which is 
transmitted through and angle pi/10=18deg. 
          sumb4=sumb4+E*exp(+alpha2*(z-0)/cos(theta)); 
          sumbRef4=sumbRef4+Eref; 
           
      end; 
       
      if (theta>(pi/2))       %!!!DETECTION CONDITION: only light which is 
transmitted through and angle pi/10=18deg. 
          sumb5=sumb5+E; 
          sumbRef5=sumbRef5+Eref; 
           
      end; 
%end of backreflection 
    end; 
    
    lave0=-log(sum0/sumRef)/alpha2; %length of light path 
     
    lave5=-log(sum5/sumRef5)/alpha2; 
     
    
      dlmwrite(file,[num2str(cc(cout)),' ',num2str(sumRef5),' ',num2str(sum5),' 
',num2str(lave5)],'-append','delimiter',''); 
       
    laveb5=-log(sumb5/sumbRef5)/alpha2; 
     
      dlmwrite(file,[num2str(cc(cout)),' ',num2str(sumbRef5),' ',num2str(sumb5),' 
',num2str(laveb5)],'-append','delimiter',''); 
end; 
      end; 
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cK pí~íáëíáÅ~ä= ~å~äóëáë= çÑ=
áåíê~ÅÉääìä~ê=olp=~åÇ=ãÉãÄê~åÉ=
éÉêãÉ~Äáäáíó=äÉîÉäë=

=

cáÖìêÉ=cKNK=jÉãÄê~åÉ=éÉêãÉ~Äáäáíó=äÉîÉäë=Ñçê=E~F=RMM=åj=~åÇ=EÄF=NMM=åj=`ÇOH=ÉñéçëìêÉë=
~ë=áå=cáÖìêÉ=QKQK=qìâÉó=ãìäíáéäÉ=Åçãé~êáëçåë=çÑ=ãÉ~åë=~êÉ=~î~áä~ÄäÉ=áå=q~ÄäÉë=cKQ=~åÇ=
cKRK=

=



pí~íáëíáÅ~ä=~å~äóëáë=çÑ=áåíê~ÅÉääìä~ê=olp=~åÇ=ãÉãÄê~åÉ=éÉêãÉ~Äáäáíó=äÉîÉäë=

VS 
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cáÖìêÉ= cKOK=jÉãÄê~åÉ=éÉêãÉ~Äáäáíó= äÉîÉäë= Ñçê= R=åj=nÇçíë= ÉñéçëìêÉë= ~ë= áå=cáÖìêÉ= QKRK=
qìâÉó=ãìäíáéäÉ=Åçãé~êáëçåë=çÑ=ãÉ~åë=~êÉ=~î~áä~ÄäÉ=áå=q~ÄäÉ=cKSK=

qìâÉó=ãìäíáéäÉ=Åçãé~êáëçåë=çÑ=ãÉ~åë=

páÖåáÑáÅ~åí=ÅçÇÉë=GGG=éYMKMNI=GG=éYMKMRI=G=éYMKNI=ú=é[MKNK=cçê=~ää=í~ÄäÉë=Ç~í~=êÉéêÉëÉåíë=íÜÉ=
~îÉê~ÖÉ=çîÉê=V=ãÉ~ëìêÉãÉåíëK=

q~ÄäÉ=cKNK=fåíê~ÅÉääìä~ê=olp=äÉîÉäë=ERMM=åj=`ÇOH=ÉñéçëìêÉFK=

= N= O= P Q R S T U V NM= NN=

NF=~äÖ~ÉHï~íÉê= = G= ú G GGG GGG GGG GGG GGG GGG= GGG=

OF=~äÖ~ÉHï~íÉê=ENÜF= = = ú ú GG GGG GGG GGG GG GGG= GGG=

PF=~äÖ~ÉHï~íÉê=EOÜF= = = = ú GGG GGG GGG GGG GG GGG= GGG=

QF=~äÖ~ÉHï~íÉê=EPÜF= = = = GG GGG GGG GGG GG GGG= GGG=

RF=~äÖ~ÉHRMM=åj=`ÇOH=ENÜF = = = GGG GGG ú ú GGG= GGG=

SF=~äÖ~ÉHRMM=åj=`ÇOH=EOÜF = = = GGG ú ú GGG= GGG=

TF=~äÖ~ÉHRMM=åj=`ÇOH=EPÜF = = = ú ú ú= GGG=

UF=éçëíJëíêÉëë= = = = ú GGG= GGG=

VF=éçëíJëíêÉëë=OÜ= = = = GGG= GGG=

NMF=OåÇ=ÉñéçëìêÉ=RMM=`ÇOH = = = = GGG=

NNF=~äÖ~ÉHNM=ãj=eOlO= = = = = =

=

= =
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q~ÄäÉ=cKOK=fåíê~ÅÉääìä~ê=olp=äÉîÉäë=ENMM=åj=`ÇOH=ÉñéçëìêÉFK=

= N= O P Q R S T U V= NM= NN

NF=~äÖ~ÉHï~íÉê= = G ú G ú ú G ú GG= GGG= GGG

OF=~äÖ~ÉHï~íÉê=ENÜF = = ú ú ú ú ú ú ú= G= GGG

PF=~äÖ~ÉHï~íÉê=EOÜF = = ú ú ú ú ú ú= GG= GGG

QF=~äÖ~ÉHï~íÉê=EPÜF = = ú ú ú ú ú= G= GGG

RF=~äÖ~ÉHNMM=åj=`ÇOH=ENÜF= = = ú GG ú GG= GGG= GGG

SF=~äÖ~ÉHNMM=åj=`ÇOH=EOÜF= = = ú ú ú= GG= GGG

TF=~äÖ~ÉHNMM=åj=`ÇOH=EPÜF= = = ú ú= ú= GGG

UF=éçëíJëíêÉëë= = = G= GG= GGG

VF=éçëíJëíêÉëë=OÜ= = = = ú= GGG

NMF=OåÇ=ÉñéçëìêÉ=NMM=`ÇOH= = = = = GGG

NNF=~äÖ~ÉHNM=ãj=eOlO= = = = =

=

q~ÄäÉ=cKPK=fåíê~ÅÉääìä~ê=olp=äÉîÉäë=ER=åj=nÇçíë=ÉñéçëìêÉëFK=

= N= O P Q R S= T=

NF~äÖ~ÉHï~íÉê= = G ú GGG GGG GGG= GGG=

OF=~äÖ~ÉHï~íÉê=ENÜF = ú GGG GGG GGG= GGG=

PF=~äÖ~ÉHï~íÉê=EOÜF = GGG GGG GGG= GGG=

QF=~äÖ~ÉHRåj=nÇçíë=NÜ= = GGG G= GGG=

RF=~äÖ~ÉHRåj=nÇçíë=OÜ= = ú= GGG=

SF=éçëí=ëíêÉëë= = = GGG=

TF=~äÖ~ÉHNMãj=eOlO= = = =

=

= =



pí~íáëíáÅ~ä=~å~äóëáë=çÑ=áåíê~ÅÉääìä~ê=olp=~åÇ=ãÉãÄê~åÉ=éÉêãÉ~Äáäáíó=äÉîÉäë=

VU 

q~ÄäÉ=cKQK=jÉãÄê~åÉ=éÉêãÉ~Äáäáíó=äÉîÉäë=ERMM=åj=`ÇOH=ÉñéçëìêÉëFK=

= N= O= P= Q R S T U V NM= NN=

NF=~äÖ~ÉHï~íÉê= = ú= ú= ú GGG GGG GGG GGG GGG GGG= GGG=

OF=~äÖ~ÉHï~íÉê=ENÜF= = = ú= ú GGG GGG GGG GGG GGG GGG= GGG=

PF=~äÖ~ÉHï~íÉê=EOÜF= = = = ú GGG GGG GGG GGG GGG GGG= GGG=

QF=~äÖ~ÉHï~íÉê=EPÜF= = = = GGG GGG GGG GGG GGG GGG= GGG=

RF=~äÖ~ÉHRMM=åj=`ÇOH=ENÜF = = = GG GGG GGG GGG GGG= GGG=

SF=~äÖ~ÉHRMM=åj=`ÇOH=EOÜF = = = GGG ú GG GGG= GGG=

TF=~äÖ~ÉHRMM=åj=`ÇOH=EPÜF = = = ú ú ú= GGG=

UF=éçëíJëíêÉëë= = = = GG GGG= GGG=

VF=éçëíJëíêÉëë=OÜ= = = = ú= GGG=

NMF=OåÇ=ÉñéçëìêÉ=RMM=`ÇOH = = = = GGG=

NNF=~äÖ~ÉHNM=ãj=eOlO= = = = = =

=

q~ÄäÉ=cKRK=jÉãÄê~åÉ=éÉêãÉ~Äáäáíó=äÉîÉäë=ENMM=åj=`ÇOH=ÉñéçëìêÉëFK=

= N= O= P= Q R S T U V NM= NN=

NF=~äÖ~ÉHï~íÉê= = ú= ú= ú GGG GGG GGG GGG GGG GGG= GGG=

OF=~äÖ~ÉHï~íÉê=ENÜF= = = ú= ú GGG GGG GGG GGG GGG GGG= GGG=

PF=~äÖ~ÉHï~íÉê=EOÜF= = = = ú GGG GGG GGG GGG GGG GGG= GGG=

QF=~äÖ~ÉHï~íÉê=EPÜF= = = = GGG GGG GGG GGG GGG GGG= GGG=

RF=~äÖ~ÉHNMM=åj=`ÇOH=ENÜF = = = ú GGG ú GGG GGG= GGG=

SF=~äÖ~ÉHNMM=åj=`ÇOH=EOÜF = = = G ú ú ú= GGG=

TF=~äÖ~ÉHNMM=åj=`ÇOH=EPÜF = = = ú ú ú= GGG=

UF=éçëíJëíêÉëë= = = = ú G= GGG=

VF=éçëíJëíêÉëë=OÜ= = = = ú= GGG=

NMF=OåÇ=ÉñéçëìêÉ=NMM=`ÇOH = = = = GGG=

NNF=~äÖ~ÉHNM=ãj=eOlO= = = = = =

=

  =



=

VV 

q~ÄäÉ=cKSK=jÉãÄê~åÉ=éÉêãÉ~Äáäáíó=äÉîÉäë=ER=åj=nÇçíë=ÉñéçëìêÉëFK=

= N= O P Q R S= T=

NF~äÖ~ÉHï~íÉê= = ú ú GG GGG GG= GGG=

OF=~äÖ~ÉHï~íÉê=ENÜF = ú GGG GGG GG= GGG=

PF=~äÖ~ÉHï~íÉê=EOÜF = GG GG G= GGG=

QF=~äÖ~ÉHRåj=nÇçíë=NÜ= = GGG ú= GGG=

RF=~äÖ~ÉHRåj=nÇçíë=OÜ= = ú= GGG=

SF=éçëí=ëíêÉëë= = = GGG=

TF=~äÖ~ÉHNMãj=eOlO= = = =

=

=





 

NMN=

_áÄäáçÖê~éÜó=
NK= _K= e~ääáïÉääI= ?oÉ~ÅíáîÉ= péÉÅáÉë= ~åÇ= ^åíáçñáÇ~åíëK= oÉÇçñ= _áçäçÖó= fë= ~=

cìåÇ~ãÉåí~ä=qÜÉãÉ=çÑ=^ÉêçÄáÅ=iáÑÉI?=mä~åí=mÜóëáçäçÖó=NQNI=PNOJPOO=EOMMSFK=
OK= pK=pK=dáää=~åÇ=kK=qìíÉà~I=?oÉ~ÅíáîÉ=çñóÖÉå=ëéÉÅáÉë=~åÇ=~åíáçñáÇ~åí=ã~ÅÜáåÉêó=áå=

~ÄáçíáÅ=ëíêÉëë= íçäÉê~åÅÉ=áå=Åêçé=éä~åíëI?=mä~åí=mÜóëáçäçÖó=~åÇ=_áçÅÜÉãáëíêó=QUI=
VMVJVPM=EOMNMFK=

PK= `K= k~íÜ~å= ~åÇ= ^K= `ìååáåÖÜ~ãJ_ìëëÉäI= ?_ÉóçåÇ= çñáÇ~íáîÉ= ëíêÉëëW= ~å=
áããìåçäçÖáëíDë=ÖìáÇÉ=íç=êÉ~ÅíáîÉ=çñóÖÉå=ëéÉÅáÉëI?=k~íìêÉ=oÉîáÉï=fããìåçääçÖó=
NPI=PQVJPSN=EOMNPFK=

QK= iK= ^K= ÇÉä= o∞çI= iK= jK= p~åÇ~äáçI= cK= gK= `çêé~ëI= gK= jK= m~äã~I= ~åÇ= gK= _K= _~êêçëçI=
?oÉ~ÅíáîÉ= lñóÖÉå= péÉÅáÉë= ~åÇ= oÉ~ÅíáîÉ= káíêçÖÉå= péÉÅáÉë= áå= mÉêçñáëçãÉëK=
mêçÇìÅíáçåI=pÅ~îÉåÖáåÖI=~åÇ=oçäÉ=áå=`Éää=páÖå~äáåÖI?=mä~åí=mÜóëáçäçÖó=NQNI=PPMJ
PPR=EOMMSFK=

RK= kK=k~îêçíI=kK=oçìÜáÉêI=bK=dÉäÜ~óÉI=~åÇ= gKJmK= g~ÅèìçíI= ?oÉ~ÅíáîÉ=çñóÖÉå=ëéÉÅáÉë=
ÖÉåÉê~íáçå= ~åÇ= ~åíáçñáÇ~åí= ëóëíÉãë= áå= éä~åí= ãáíçÅÜçåÇêá~I?= mÜóëáçäçÖá~=
mä~åí~êìã=NOVI=NURJNVR=EOMMTFK=

SK= lK= t~êÄìêÖI= ?_ÉçÄ~ÅÜíìåÖÉå= ìÄÉê= ÇáÉ= lñóÇ~íáçåëéêçòÉëëÉ= áã= pÉÉáÖÉäÉáI?=
gçìêå~ä=mÜóëáçäçÖáÅ~ä=`ÜÉãáëíêó=RTI=NJNS=ENVMUFK=

TK= `K= ^K= cçÉêÇÉêI= pK= gK= häÉÄ~åçÑÑI= ~åÇ= _K= jK= pÜ~éáêçI= ?eóÇêçÖÉå= éÉêçñáÇÉ=
éêçÇìÅíáçåI= ÅÜÉãáäìãáåÉëÅÉåÅÉI= ~åÇ= íÜÉ= êÉëéáê~íçêó= Äìêëí= çÑ= ÑÉêíáäáò~íáçåW=
fåíÉêêÉä~íÉÇ= ÉîÉåíë= áå= É~êäó= ëÉ~= ìêÅÜáå= ÇÉîÉäçéãÉåíI?= mêçÅÉÉÇáåÖë= çÑ= íÜÉ=
k~íáçå~ä=^Å~ÇÉãó=çÑ=pÅáÉåÅÉë=TRI=PNUPJPNUT=ENVTUFK=

UK= jK= ^K= hçÜ~åëâáI= aK= gK= aïóÉêI= _K= e~óÉíÉI= `K= ^K= i~ïêÉåÅÉI= ~åÇ= gK= gK= `çääáåëI= ?^=
`çããçå=jÉÅÜ~åáëã= çÑ= `Éääìä~ê= aÉ~íÜ= fåÇìÅÉÇ= Äó= _~ÅíÉêáÅáÇ~ä= ^åíáÄáçíáÅëI?=
`Éää=NPMI=TVTJUNM=EOMMTFK=

VK= hK=^éÉä=~åÇ=eK=eáêíI=?oÉ~ÅíáîÉ=çñóÖÉå=ëéÉÅáÉëW=jÉí~ÄçäáëãI=lñáÇ~íáîÉ=píêÉëëI=~åÇ=
páÖå~ä=qê~åëÇìÅíáçåI?=^ååì~ä=oÉîáÉï=çÑ=mä~åí=_áçäçÖó=RRI=PTPJPVV=EOMMQFK=

NMK= _K=mK=vìI=?`Éääìä~ê=ÇÉÑÉåëÉë=~Ö~áåëí=Ç~ã~ÖÉ=Ñêçã=êÉ~ÅíáîÉ=çñóÖÉå=ëéÉÅáÉëI?I=TQI=
NPVJNSO=ENVVQFK=

NNK= eK=páÉëI=?lñáÇ~íáîÉ=ëíêÉëëW=çñáÇ~åíë=~åÇ=~åíáçñáÇ~åíëI?=bñéÉêáãÉåí~ä=mÜóëáçäçÖó=
UOI=OVNJOVR=ENVVTFK=

NOK= `K= dçêêáåáI= fK= pK= e~êêáëI= ~åÇ= qK=tK=j~âI= ?jçÇìä~íáçå= çÑ= çñáÇ~íáîÉ= ëíêÉëë= ~ë= ~å=
~åíáÅ~åÅÉê=ëíê~íÉÖóI?=k~íìêÉ=oÉîáÉï=aêìÖ=aáëÅçîÉêó=NOI=VPNJVQT=EOMNPFK=

NPK= gK= aK= i~ãÄÉíÜI= ?klu= ÉåòóãÉë= ~åÇ= íÜÉ= ÄáçäçÖó= çÑ= êÉ~ÅíáîÉ= çñóÖÉåI?= k~íìêÉ=
oÉîáÉï=fããìåçääçÖó=QI=NUNJNUV=EOMMQFK=

NQK= qK= cáåâÉä= ~åÇ= kK= gK= eçäÄêççâI= ?lñáÇ~åíëI= çñáÇ~íáîÉ= ëíêÉëë= ~åÇ= íÜÉ= ÄáçäçÖó= çÑ=
~ÖÉáåÖI?=k~íìêÉ=QMUI=OPVJOQT=EOMMMFK=

NRK= lK= eK= mÉíÉêëÉåI= ^K= pé®íI= ~åÇ= ^K= sÉêâÜê~íëâóI= ?fåíêçÇìÅíáçåW= êÉ~ÅíáîÉ= çñóÖÉå=
ëéÉÅáÉë=áå=ÜÉ~äíÜ=~åÇ=ÇáëÉ~ëÉI?=PSMI=ONVTJONVV=EOMMRFK=

NSK= ^K= ^K= ^äÑ~ÇÇ~= ~åÇ= oK= jK= p~ää~ãI= ?oÉ~ÅíáîÉ= lñóÖÉå= péÉÅáÉë= áå= eÉ~äíÜ= ~åÇ=
aáëÉ~ëÉI?=gçìêå~ä=çÑ=_áçãÉÇáÅáåÉ=~åÇ=_áçíÉÅÜåçäçÖó=ONOI=NQ=EOMNOFK=



_áÄäáçÖê~éÜó=

NMO 

NTK= jK=cê~åëÉåI=jK=kçêÇÖêÉåI=_K=t~åÖI=~åÇ=lK=^é~å~ëÉíëI=?oçäÉ=çÑ=éÉêçñáëçãÉë=áå=
olpLokpJãÉí~ÄçäáëãW= fãéäáÅ~íáçåë= Ñçê= Üìã~å= ÇáëÉ~ëÉI?= _áçÅÜáãáÅ~= Éí=
_áçéÜóëáÅ~=^Åí~=E__^F=J=jçäÉÅìä~ê=_~ëáë=çÑ=aáëÉ~ëÉ=NUOOI=NPSPJNPTP=EOMNOFK=

NUK= tK= dïáååÉê= ~åÇ= eK= gK= dê∏åÉI= ?oçäÉ= çÑ= êÉ~ÅíáîÉ= çñóÖÉå= ëéÉÅáÉë= áå=
ÖäçãÉêìäçåÉéÜêáíáëI?= kÉéÜêçäçÖó= aá~äóëáë= qê~åëéä~åí~íáçå= NRI= NNOTJNNPO=
EOMMMFK=

NVK= ^K= kÉäI= qK= uá~I= iK= j®ÇäÉêI= ~åÇ= kK= iáI= ?qçñáÅ= mçíÉåíá~ä= çÑ= j~íÉêá~äë= ~í= íÜÉ=
k~åçäÉîÉäI?=pÅáÉåÅÉ=PNNI=SOOJSOT=EOMMSFK=

OMK= jK=oK=táÉëåÉêI=dK=sK=içïêóI=mK=^äî~êÉòI=aK=aáçåóëáçìI=~åÇ=mK=_áëï~ëI=?^ëëÉëëáåÖ=
íÜÉ= oáëâë= çÑ= j~åìÑ~ÅíìêÉÇ= k~åçã~íÉêá~äëI?= båîáêçåãÉåí~ä= pÅáÉåÅÉ= C=
qÉÅÜåçäçÖó=QMI=QPPSJQPQR=EOMMSFK=

ONK= kK=jK=cê~åâäáåI=kK=gK=oçÖÉêëI=pK=`K=^éíÉI=dK=bK=_~íäÉóI=dK=bK=d~ÇÇI=~åÇ=mK=pK=`~ëÉóI=
?`çãé~ê~íáîÉ= qçñáÅáíó= çÑ= k~åçé~êíáÅìä~íÉ= wålI= _ìäâ= wålI= ~åÇ= wå`äO= íç= ~=
cêÉëÜï~íÉê= jáÅêç~äÖ~= EmëÉìÇçâáêÅÜåÉêáÉää~= ëìÄÅ~éáí~í~FW= qÜÉ= fãéçêí~åÅÉ= çÑ=
m~êíáÅäÉ=pçäìÄáäáíóI?=båîáêçåãÉåí~ä=pÅáÉåÅÉ=C=qÉÅÜåçäçÖó=QNI=UQUQJUQVM=EOMMTFK=

OOK= ^K=_~ìåI=kK=_K=e~êíã~ååI=hK=dêáÉÖÉêI=~åÇ=hK=lK=hìëâI=?bÅçíçñáÅáíó=çÑ=ÉåÖáåÉÉêÉÇ=
å~åçé~êíáÅäÉë=íç=~èì~íáÅ=áåîÉêíÉÄê~íÉëW=~=ÄêáÉÑ=êÉîáÉï=~åÇ=êÉÅçããÉåÇ~íáçåë=Ñçê=
ÑìíìêÉ=íçñáÅáíó=íÉëíáåÖI?=bÅçíçñáÅçäçÖó=NTI=PUTJPVR=EOMMUFK=

OPK= sK= píçåÉI= _K= kçï~ÅâI= ^K= _~ìåI= kK= î~å= ÇÉå= _êáåâI= cK= îçå= ÇÉê= h~ããÉêI= jK=
aìëáåëâ~I= oK= e~åÇóI= pK= e~åâáåI= jK= e~ëëÉää∏îI= bK= gçåÉêI= ~åÇ= qK= cK= cÉêå~åÇÉëI=
?k~åçã~íÉêá~äë= Ñçê= ÉåîáêçåãÉåí~ä= ëíìÇáÉëW= `ä~ëëáÑáÅ~íáçåI= êÉÑÉêÉåÅÉ= ã~íÉêá~ä=
áëëìÉëI= ~åÇ= ëíê~íÉÖáÉë= Ñçê= éÜóëáÅçJÅÜÉãáÅ~ä= ÅÜ~ê~ÅíÉêáë~íáçåI?= pÅáÉåÅÉ= çÑ= qÜÉ=
qçí~ä=båîáêçåãÉåí=QMUI=NTQRJNTRQ=EOMNMFK=

OQK= pK=gK=hä~áåÉI=mK=gK=gK=^äî~êÉòI=dK=bK=_~íäÉóI=qK=cK=cÉêå~åÇÉëI=oK=aK=e~åÇóI=aK=vK=ióçåI=
pK= j~ÜÉåÇê~I= jK= gK= jÅi~ìÖÜäáåI= ~åÇ= gK= oK= iÉ~ÇI= ?k~åçã~íÉêá~äë= áå= íÜÉ=
ÉåîáêçåãÉåíW= _ÉÜ~îáçêI= Ñ~íÉI= Äáç~î~áä~ÄáäáíóI= ~åÇ= ÉÑÑÉÅíëI?= båîáêçåãÉåí~ä=
qçñáÅçäçÖó=~åÇ=`ÜÉãáëíêó=OTI=NUORJNURN=EOMMUFK=

ORK= oK=e~åÇóI=cK= îçå=ÇÉê=h~ããÉêI= gK= iÉ~ÇI=jK=e~ëëÉää∏îI=oK=lïÉåI=~åÇ=jK=`ê~åÉI=
?qÜÉ= ÉÅçíçñáÅçäçÖó= ~åÇ= ÅÜÉãáëíêó= çÑ= ã~åìÑ~ÅíìêÉÇ= å~åçé~êíáÅäÉëI?=
bÅçíçñáÅçäçÖó=NTI=OUTJPNQ=EOMMUFK=

OSK= jK= ^ìÑÑ~åI= gK= oçëÉI= gKJvK= _çííÉêçI=dK= sK= içïêóI= gKJmK= gçäáîÉíI= ~åÇ=jK=oK=táÉëåÉêI=
?qçï~êÇë=~=ÇÉÑáåáíáçå=çÑ=áåçêÖ~åáÅ=å~åçé~êíáÅäÉë=Ñêçã=~å=ÉåîáêçåãÉåí~äI=ÜÉ~äíÜ=
~åÇ=ë~ÑÉíó=éÉêëéÉÅíáîÉI?=k~íìêÉ=k~åçíÉÅÜåçäçÖó=QI=SPQJSQN=EOMMVFK=

OTK= dK= lÄÉêÇ∏êëíÉêI= bK= lÄÉêÇ∏êëíÉêI= ~åÇ= gK= lÄÉêÇ∏êëíÉêI= ?k~åçíçñáÅçäçÖóW= ^å=
bãÉêÖáåÖ= aáëÅáéäáåÉ= bîçäîáåÖ= Ñêçã= píìÇáÉë= çÑ= räíê~ÑáåÉ= m~êíáÅäÉëI?=
båîáêçåãÉåí~ä=eÉ~äíÜ=mÉêëéÉÅíáîÉë=NNPI=UOPJUPV=EOMMRFK=

OUK= ^K= ^K= pÜîÉÇçî~I= bK= oK= háëáåI= oK= jÉêÅÉêI= ^K= oK= jìêê~óI= sK= gK= gçÜåëçåI= ^K= fK=
mçí~éçîáÅÜI= vK= vK= qóìêáå~I= lK= dçêÉäáâI= pK= ^êÉé~ääáI= aK= pÅÜïÉÖäÉêJ_ÉêêóI= ^K= cK=
eìÄÄëI=gK=^åíçåáåáI=aK=bK=bî~åëI=_KJhK=hìI=aK=o~ãëÉóI=^K=j~óå~êÇI=sK=bK=h~Ö~åI=sK=
`~ëíê~åçî~I= ~åÇ= mK= _~êçåI= ?råìëì~ä= áåÑä~ãã~íçêó= ~åÇ= ÑáÄêçÖÉåáÅ= éìäãçå~êó=
êÉëéçåëÉë=íç=ëáåÖäÉJï~ääÉÇ=Å~êÄçå=å~åçíìÄÉë=áå=ãáÅÉI?=OUVI=iSVUJiTMU=EOMMRFK=

OVK= oK= cÉ~êëI= mK= dÉÜêI= ~åÇ= bK= ^åâä~ãI= ?k~åçë~ÑÉíóW= eçï= íç= ~ää~ó= ÑÉ~êë= çîÉê=
å~åçã~íÉêá~äëI?=k~íìêÉ=QUUI=OUNJOUN=EOMNOFK=

PMK= jK=aK=`äáÑíI=mK=dÉÜêI=~åÇ=_K=oçíÜÉåJoìíáëÜ~ìëÉêI=?k~åçíçñáÅçäçÖóW=~=éÉêëéÉÅíáîÉ=
~åÇ=ÇáëÅìëëáçå=çÑ=ïÜÉíÜÉê=çê=åçí=áå=îáíêç=íÉëíáåÖ=áë=~=î~äáÇ=~äíÉêå~íáîÉI?=^êÅÜáîÉë=
çÑ=qçñáÅçäçÖó=URI=TOPJTPN=EOMNNFK=

PNK= `K=_ê~åÇÉåÄÉêÖÉêI=jK=`äáÑíI=aK=s~åÜÉÅâÉI=`K=jìÜäÑÉäÇI=sK=píçåÉI=mK=dÉÜêI=~åÇ=_K=
oçíÜÉåJoìíáëÜ~ìëÉêI=?fåíê~ÅÉääìä~ê=áã~ÖáåÖ=çÑ=å~åçé~êíáÅäÉëW=fë=áí=~å=ÉäÉãÉåí~ä=
ãáëí~âÉ=íç=ÄÉäáÉîÉ=ïÜ~í=óçì=ëÉÉ\I?=m~êíáÅäÉ=~åÇ=cáÄêÉ=qçñáÅçäçÖó=TI=NR=EOMNMFK=

POK= eK=_çìïãÉÉëíÉêI=fK=ióåÅÜI=eK=gK=mK=ã~êîáåI=hK=^K=a~ïëçåI=jK=_ÉêÖÉëI=aK=_ê~ÖìÉêI=
eK=gK=_óêåÉI=^K=`~ëÉóI=dK=`Ü~ãÄÉêëI=jK=gK=aK=`äáÑíI=dK=bäá~I=qK=cK=cÉêå~åÇÉëI=iK=_K=
càÉääëÄ›I= mK=e~ííçI= iK= gìáääÉê~íI=`K=häÉáåI=tK=dK=hêÉóäáåÖI=`K=káÅâÉäI=jK=oáÉÇáâÉêI=



_áÄäáçÖê~éÜó=

NMP 

~åÇ=sK=píçåÉI=?jáåáã~ä=~å~äóíáÅ~ä=ÅÜ~ê~ÅíÉêáò~íáçå=çÑ=ÉåÖáåÉÉêÉÇ=å~åçã~íÉêá~äë=
åÉÉÇÉÇ= Ñçê=Ü~ò~êÇ=~ëëÉëëãÉåí= áå=ÄáçäçÖáÅ~ä=ã~íêáÅÉëI?=k~åçíçñáÅçäçÖó=RI= NJNN=
EOMNNFK=

PPK= ^K= bK= kÉäI= iK= j~ÇäÉêI= aK= sÉäÉÖçäI= qK= uá~I= bK= jK= sK= eçÉâI= mK= pçã~ëìåÇ~ê~åI= cK=
hä~ÉëëáÖI= sK= `~ëíê~åçî~I= ~åÇ= jK= qÜçãéëçåI= ?råÇÉêëí~åÇáåÖ=
ÄáçéÜóëáÅçÅÜÉãáÅ~ä=áåíÉê~Åíáçåë=~í=íÜÉ=å~åçJÄáç=áåíÉêÑ~ÅÉI?=k~íìêÉ=j~íÉêá~äë=UI=
RQPJRRT=EOMMVFK=

PQK= kK= îçå= jççëI= mK= _çïÉåI= ~åÇ= sK= fK= pä~îÉóâçî~I= ?_áç~î~áä~Äáäáíó= çÑ= áåçêÖ~åáÅ=
å~åçé~êíáÅäÉë= íç= éä~åâíçåáÅ= Ä~ÅíÉêá~= ~åÇ= ~èì~íáÅ= ãáÅêç~äÖ~É= áå= ÑêÉëÜï~íÉêI?=
båîáêçåãÉåí~ä=pÅáÉåÅÉW=k~åç=NI=ONQJOPO=EOMNQFK=

PRK= jK=`~éI= sK= iáÄìëÉI= ~åÇ=wK= m~äâçî•I= ?oÉ~ÅíáîÉ=lñóÖÉå= péÉÅáÉë= áå= íÜÉ= páÖå~äáåÖ=
~åÇ=^Ç~éí~íáçå= çÑ=jìäíáÅÉääìä~ê=jáÅêçÄá~ä= `çããìåáíáÉëI?=lñáÇ~íáîÉ=jÉÇáÅáåÉ=
~åÇ=`Éääìä~ê=içåÖÉîáíó=OMNOI=NP=EOMNOFK=

PSK= qK=uá~I=jK=hçîçÅÜáÅÜI= gK=_ê~åíI=jK=eçíòÉI= gK= pÉãéÑI=qK=lÄÉêäÉóI=`K= páçìí~ëI= gK= fK=
vÉÜI=jK=oK=táÉëåÉêI=~åÇ=^K=bK=kÉäI=?`çãé~êáëçå=çÑ=íÜÉ=^ÄáäáíáÉë=çÑ=^ãÄáÉåí=~åÇ=
j~åìÑ~ÅíìêÉÇ= k~åçé~êíáÅäÉë= qç= fåÇìÅÉ= `Éääìä~ê= qçñáÅáíó= ^ÅÅçêÇáåÖ= íç= ~å=
lñáÇ~íáîÉ=píêÉëë=m~ê~ÇáÖãI?=k~åç=iÉííÉêë=SI=NTVQJNUMT=EOMMSFK=

PTK= eK=páÉëI= ?_áçÅÜÉãáëíêó=çÑ=lñáÇ~íáîÉ=píêÉëëI?=^åÖÉï~åÇíÉ=`ÜÉãáÉ= fåíÉêå~íáçå~ä=
bÇáíáçå=áå=båÖäáëÜ=ORI=NMRUJNMTN=ENVUSFK=

PUK= kK=j~ääáÅâ=~åÇ=cK=eK=jçÜåI=?oÉ~ÅíáîÉ=çñóÖÉå=ëéÉÅáÉëW= êÉëéçåëÉ=çÑ=~äÖ~ä=ÅÉääëI?=
gçìêå~ä=çÑ=mä~åí=mÜóëáçäçÖó=NRTI=NUPJNVP=EOMMMFK=

PVK= ^K=kÉäI=?^áê=mçääìíáçåJoÉä~íÉÇ=fääåÉëëW=bÑÑÉÅíë=çÑ=m~êíáÅäÉëI?=pÅáÉåÅÉ=PMUI=UMQJUMS=
EOMMRFK=

QMK= dK= dK= uá~çI= jK= t~åÖI= kK= iáI= gK= ^K= iççI= ~åÇ= ^K= bK= kÉäI= ?rëÉ= çÑ= mêçíÉçãáÅë= íç=
aÉãçåëíê~íÉ= ~= eáÉê~êÅÜáÅ~ä= lñáÇ~íáîÉ= píêÉëë= oÉëéçåëÉ= íç= aáÉëÉä= bñÜ~ìëí=
m~êíáÅäÉ=`ÜÉãáÅ~äë=áå=~=j~ÅêçéÜ~ÖÉ=`Éää=iáåÉI?=gçìêå~ä=çÑ=_áçäçÖáÅ~ä=`ÜÉãáëíêó=
OTUI=RMTUNJRMTVM=EOMMPFK=

QNK= iK=jΩääÉêI=jK=oáÉÇáâÉêI=mK=táÅâI=jK=jçÜêI=mK=dÉÜêI=~åÇ=_K=oçíÜÉåJoìíáëÜ~ìëÉêI=
?lñáÇ~íáîÉ= ëíêÉëë= ~åÇ= áåÑä~ãã~íáçå= êÉëéçåëÉ= ~ÑíÉê= å~åçé~êíáÅäÉ= ÉñéçëìêÉW=
ÇáÑÑÉêÉåÅÉë= ÄÉíïÉÉå= Üìã~å= äìåÖ= ÅÉää= ãçåçÅìäíìêÉë= ~åÇ= ~å= ~Çî~åÅÉÇ= íÜêÉÉJ
ÇáãÉåëáçå~ä= ãçÇÉä= çÑ= íÜÉ= Üìã~å= ÉéáíÜÉäá~ä= ~áêï~óëI?= gçìêå~ä= çÑ= qÜÉ= oçó~ä=
pçÅáÉíó=fåíÉêÑ~ÅÉ=EOMMVFK=

QOK= hK=^éÉä=~åÇ=eK=eáêíI=?oÉ~ÅíáîÉ=çñóÖÉå=ëéÉÅáÉëW=ãÉí~ÄçäáëãI=çñáÇ~íáîÉ=ëíêÉëëI=~åÇ=
ëáÖå~ä=íê~åëÇìÅíáçåI?=^ååì~ä=oÉîáÉï=mä~åí=_áçäçÖó=RRI=PTPJPVV=EOMMQFK=

QPK= ^K=aK=j~óå~êÇI=oK=gK=^áíâÉåI=qK=_ìíòI=sK=`çäîáåI=hK=açå~äÇëçåI=dK=lÄÉêÇçêëíÉêI=jK=
^K=mÜáäÄÉêíI=gK=oó~åI=^K=pÉ~íçåI=sK=píçåÉI=pK=pK=qáåâäÉI=iK=qê~åI=kK=gK=t~äâÉêI=~åÇ=aK=
_K=t~êÜÉáíI=?p~ÑÉ=Ü~åÇäáåÖ=çÑ=å~åçíÉÅÜåçäçÖóI?=k~íìêÉ=QQQI=OSTJOSV=EOMMSFK=

QQK= jK=pK=`ççâÉI=jK=aK=bî~åëI=jK=aáòÇ~êÖäìI=~åÇ=gK=iìåÉÅI=?lñáÇ~íáîÉ=ak^=Ç~ã~ÖÉW=
ãÉÅÜ~åáëãëI=ãìí~íáçåI=~åÇ=ÇáëÉ~ëÉI?=qÜÉ=c^pb_=gçìêå~ä=NTI=NNVRJNONQ=EOMMPFK=

QRK= jK= d~ëëÉêI= jK= oáÉÇáâÉêI= iK= jìÉääÉêI= ^K= mÉêêÉåçìÇI= cK= _ä~åâI= mK= dÉÜêI= ~åÇ= _K=
oçíÜÉåJoìíáëÜ~ìëÉêI= ?qçñáÅ= ÉÑÑÉÅíë= çÑ= Äê~âÉ= ïÉ~ê= é~êíáÅäÉë= çå= ÉéáíÜÉäá~ä= äìåÖ=
ÅÉääë=áå=îáíêçI?=m~êíáÅäÉ=~åÇ=cáÄêÉ=qçñáÅçäçÖó=SI=PM=EOMMVFK=

QSK= iK=dK=dK=eÉåóÉóI=gK=iKI=?aáÑÑìëÉ=ê~Çá~íáçå=áå=íÜÉ=d~ä~ñóI?=^ëíêçéÜóëáÅ~ä=gçìêå~ä=VPI=
TMJUP=ENVQNFK=

QTK= pK=cÉåÖI=`K=h~åÉI=mK=^K=iÉÉI=~åÇ=^K=aK=píçåÉI=?`çêêÉä~íáçåë=~åÇ=cäìÅíì~íáçåë=çÑ=
`çÜÉêÉåí= t~îÉ= qê~åëãáëëáçå= íÜêçìÖÜ= aáëçêÇÉêÉÇ= jÉÇá~I?= mÜóëáÅ~ä= oÉîáÉï=
iÉííÉêë=SNI=UPQJUPT=ENVUUFK=

QUK= gK=dêçëëI=?`çååÉÅíáîÉ=qáëëìÉ=cáåÉ=píêìÅíìêÉ=~åÇ=pçãÉ=jÉíÜçÇë=Ñçê=fíë=^å~äóëáëI?=
gçìêå~ä=çÑ=dÉêçåíçäçÖó=RI=PQPJPSM=ENVRMFK=

QVK= mK=tK= ^åÇÉêëçåI= ?^ÄëÉåÅÉ= çÑ=aáÑÑìëáçå= áå= `Éêí~áå= o~åÇçã=i~ííáÅÉëI?= mÜóëáÅ~ä=
oÉîáÉï=NMVI=NQVOJNRMR=ENVRUFK=



_áÄäáçÖê~éÜó=

NMQ 

RMK= pK= gçÜåI= ?bäÉÅíêçã~ÖåÉíáÅ=^Äëçêéíáçå= áå= ~=aáëçêÇÉêÉÇ=jÉÇáìã=åÉ~ê= ~=mÜçíçå=
jçÄáäáíó=bÇÖÉI?=mÜóëáÅ~ä=oÉîáÉï=iÉííÉêë=RPI=ONSVJONTO=ENVUQFK=

RNK= aK=pK=táÉêëã~I=mK=_~êíçäáåáI=^K=i~ÖÉåÇáàâI=~åÇ=oK=oáÖÜáåáI=?içÅ~äáò~íáçå=çÑ=äáÖÜí=áå=
~=ÇáëçêÇÉêÉÇ=ãÉÇáìãI?=k~íìêÉ=PVMI=STNJSTP=ENVVTFK=

ROK= jK=pí∏êòÉêI=mK=dêçëëI=`K=jK=^ÉÖÉêíÉêI=~åÇ=dK=j~êÉíI=?lÄëÉêî~íáçå=çÑ=íÜÉ=`êáíáÅ~ä=
oÉÖáãÉ= kÉ~ê= ^åÇÉêëçå= içÅ~äáò~íáçå= çÑ= iáÖÜíI?= mÜóëáÅ~ä= oÉîáÉï= iÉííÉêë= VSI=
MSPVMQ=EOMMSFK=

RPK= jK= pÉÖÉîI= vK= páäÄÉêÄÉêÖI= ~åÇ=aK=kK= `ÜêáëíçÇçìäáÇÉëI= ?^åÇÉêëçå= äçÅ~äáò~íáçå= çÑ=
äáÖÜíI?=k~íìêÉ=mÜçíçåáÅë=TI=NVTJOMQ=EOMNPFK=

RQK= iK=iÉîáI=vK=hêáîçä~éçîI=pK=cáëÜã~åI=~åÇ=jK=pÉÖÉîI=?eóéÉêJíê~åëéçêí=çÑ=äáÖÜí=~åÇ=
ëíçÅÜ~ëíáÅ=~ÅÅÉäÉê~íáçå=Äó=ÉîçäîáåÖ=ÇáëçêÇÉêI?=k~íìêÉ=mÜóëáÅë=UI=VNOJVNT=EOMNOFK=

RRK= qK= píêìÇäÉóI= qK= wÉÜÉåÇÉêI= `K= _äÉàÉ~åI= bK= mK= ^K=jK= _~ââÉêëI= ~åÇ=lK= iK=jìëâÉåëI=
?jÉëçëÅçéáÅ= äáÖÜí= íê~åëéçêí= Äó= îÉêó= ëíêçåÖ= ÅçääÉÅíáîÉ= ãìäíáéäÉ= ëÅ~ííÉêáåÖ= áå=
å~åçïáêÉ=ã~íëI?=k~íìêÉ=mÜçíçåáÅë=TI=QNPJQNU=EOMNPFK=

RSK= pK= pK= m~çäçI= iK=jK= lííçI= ~åÇ= iK= ^ÇI= ?tÉ~â= äçÅ~äáò~íáçå= çÑ= éÜçíçå= åçáëÉI?= kÉï=
gçìêå~ä=çÑ=mÜóëáÅë=NRI=NMRMMV=EOMNPFK=

RTK= qK=píêìÇäÉóI=aK=^âÄìäìíI=tK=iK=sçëI=^K=i~ÖÉåÇáàâI=^K=mK=jçëâI=~åÇ=lK=iK=jìëâÉåëI=
?lÄëÉêî~íáçå= çÑ= áåíÉåëáíó= ëí~íáëíáÅë= çÑ= äáÖÜí= íê~åëãáííÉÇ= íÜêçìÖÜ= Pa= ê~åÇçã=
ãÉÇá~I?=léíáÅë=iÉííÉêë=PVI=SPQTJSPRM=EOMNQFK=

RUK= lK= iK=jìëâÉåëI= qK= î~å= ÇÉê= _ÉÉâI= ~åÇ= ^K= i~ÖÉåÇáàâI= ?^åÖäÉ= ÇÉéÉåÇÉåÅÉ= çÑ= íÜÉ=
ÑêÉèìÉåÅó= ÅçêêÉä~íáçå= áå= ê~åÇçã= éÜçíçåáÅ= ãÉÇá~W= aáÑÑìëáîÉ= êÉÖáãÉ= ~åÇ= áíë=
ÄêÉ~âÇçïå=åÉ~ê=äçÅ~äáò~íáçåI?=mÜóëáÅ~ä=oÉîáÉï=_=UQI=MPRNMS=EOMNNFK=

RVK= lK=iK=jìëâÉåë=~åÇ=^K=i~ÖÉåÇáàâI=?jÉíÜçÇ=Ñçê=Äêç~ÇÄ~åÇ=ëéÉÅíêçëÅçéó=çÑ= äáÖÜí=
íê~åëéçêí=íÜêçìÖÜ=çé~èìÉ=ëÅ~ííÉêáåÖ=ãÉÇá~I?=léíáÅë=iÉííÉêë=PQI=PVRJPVT=EOMMVFK=

SMK= jK=mK=sK=^äÄ~Ç~=~åÇ=^K=i~ÖÉåÇáàâI=?lÄëÉêî~íáçå=çÑ=tÉ~â=içÅ~äáò~íáçå=çÑ=iáÖÜí=áå=
~=o~åÇçã=jÉÇáìãI?=mÜóëáÅ~ä=oÉîáÉï=iÉííÉêë=RRI=OSVOJOSVR=ENVURFK=

SNK= dK=píê~åÖáI=pK=cÉêà~åáI=sK=_~êå~I=^K=aÉ=iìÅ~I=`K=sÉêë~ÅÉI=kK=pÅ~ê~ãìòò~I=~åÇ=oK=
_~êíçäáåçI=?o~åÇçã=ä~ëáåÖ=~åÇ=ïÉ~â=äçÅ~äáò~íáçå=çÑ=äáÖÜí=áåÇóÉJÇçéÉÇ=åÉã~íáÅ=
äáèìáÇ=Åêóëí~äëI?=léíáÅë=bñéêÉëë=NQI=TTPTJTTQQ=EOMMSFK=

SOK= wK=v~èççÄI=aK=më~äíáëI=jK=pK=cÉäÇI= ~åÇ=`K=v~åÖI= ?léíáÅ~ä=éÜ~ëÉ=ÅçåàìÖ~íáçå= Ñçê=
íìêÄáÇáíó= ëìééêÉëëáçå= áå= ÄáçäçÖáÅ~ä= ë~ãéäÉëI?= k~íìêÉ= mÜçíçåáÅë= OI= NNMJNNR=
EOMMUFK=

SPK= pK=jK= mçéçÑÑI= dK= iÉêçëÉóI= oK= `~êãáå~íáI=jK= cáåâI= ^K= `K= _çÅÅ~ê~I= ~åÇ= pK= dáÖ~åI=
?jÉ~ëìêáåÖ=íÜÉ=qê~åëãáëëáçå=j~íêáñ= áå=léíáÅëW=^å=^ééêç~ÅÜ=íç= íÜÉ=píìÇó=~åÇ=
`çåíêçä=çÑ=iáÖÜí=mêçé~Ö~íáçå=áå=aáëçêÇÉêÉÇ=jÉÇá~I?=mÜóëáÅ~ä=oÉîáÉï=iÉííÉêë=NMQI=
NMMSMN=EOMNMFK=

SQK= vK= aK= `ÜçåÖ= ~åÇ= ^K= aK= píçåÉI= ?eáÇÇÉå= _ä~ÅâW= `çÜÉêÉåí= båÜ~åÅÉãÉåí= çÑ=
^Äëçêéíáçå= áå=píêçåÖäó=pÅ~ííÉêáåÖ=jÉÇá~I?=mÜóëáÅ~ä=oÉîáÉï=iÉííÉêë=NMTI=NSPVMN=
EOMNNFK=

SRK= jK=háãI=vK=`ÜçáI=`K=vççåI=tK=`ÜçáI= gK=háãI=nK=eK=m~êâI=~åÇ=tK=`ÜçáI=?j~ñáã~ä=
ÉåÉêÖó= íê~åëéçêí= íÜêçìÖÜ= ÇáëçêÇÉêÉÇ= ãÉÇá~= ïáíÜ= íÜÉ= áãéäÉãÉåí~íáçå= çÑ=
íê~åëãáëëáçå=ÉáÖÉåÅÜ~ååÉäëI?=k~íìêÉ=mÜçíçåáÅë=SI=RUNJRUR=EOMNOFK=

SSK= vK=`ÜçáI=qK=oK=eáääã~åI=tK=`ÜçáI=kK=iìÉI=oK=oK=a~ë~êáI=mK=qK=`K=pçI=tK=`ÜçáI=~åÇ=wK=
v~èççÄI=?jÉ~ëìêÉãÉåí=çÑ= íÜÉ=qáãÉJoÉëçäîÉÇ=oÉÑäÉÅíáçå=j~íêáñ= Ñçê=båÜ~åÅáåÖ=
iáÖÜí=båÉêÖó=aÉäáîÉêó= áåíç=~=pÅ~ííÉêáåÖ=jÉÇáìãI?=mÜóëáÅ~ä=oÉîáÉï=iÉííÉêë=NNNI=
OQPVMN=EOMNPFK=

STK= fK=jK=sÉääÉâççéI=^K= i~ÖÉåÇáàâI= ~åÇ=^K=mK=jçëâI= ?bñéäçáíáåÖ=ÇáëçêÇÉê= Ñçê=éÉêÑÉÅí=
ÑçÅìëáåÖI?=k~íìêÉ=mÜçíçåáÅë=QI=POMJPOO=EOMNMFK=

SUK= eK= `~çI= vK= dK= wÜ~çI= pK= qK= eçI= bK= tK= pÉÉäáÖI= nK= eK=t~åÖI= ~åÇ= oK= mK= eK= `Ü~åÖI=
?o~åÇçã=i~ëÉê=^Åíáçå=áå=pÉãáÅçåÇìÅíçê=mçïÇÉêI?=mÜóëáÅ~ä=oÉîáÉï=iÉííÉêë=UOI=
OOTUJOOUN=ENVVVFK=

SVK= eK=`~çI=?i~ëáåÖ=áå=ê~åÇçã=ãÉÇá~I?=t~îÉë=áå=o~åÇçã=jÉÇá~=NPI=oNJoPV=EOMMPFK=



_áÄäáçÖê~éÜó=

NMR 

TMK= aK=pK=táÉêëã~=~åÇ=^K=i~ÖÉåÇáàâI=?iáÖÜí=ÇáÑÑìëáçå=ïáíÜ=Ö~áå=~åÇ=ê~åÇçã=ä~ëÉêëI?=
mÜóëáÅ~ä=oÉîáÉï=b=RQI=QORSJQOSR=ENVVSFK=

TNK= aK=pK=táÉêëã~I=?qÜÉ=éÜóëáÅë=~åÇ=~ééäáÅ~íáçåë=çÑ=ê~åÇçã=ä~ëÉêëI?=k~íìêÉ=mÜóëáÅë=
QI=PRVJPST=EOMMUFK=

TOK= oK=dK=pK=bäJa~êÇáêóI=^K=mK=jçëâI=lK=iK=jìëâÉåëI=~åÇ=^K=i~ÖÉåÇáàâI=?bñéÉêáãÉåí~ä=
ëíìÇáÉë=çå=íÜÉ=ãçÇÉ=ëíêìÅíìêÉ=çÑ=ê~åÇçã=ä~ëÉêëI?=mÜóëáÅ~ä=oÉîáÉï=^=UNI=MQPUPM=
EOMNMFK=

TPK= oK=kçëë~äI=oK=cK=_çååÉêI=~åÇ=dK=eK=tÉáëëI=?fåÑäìÉåÅÉ=çÑ=é~íÜ= äÉåÖíÜ=çå=êÉãçíÉ=
çéíáÅ~ä=ëÉåëáåÖ=çÑ=éêçéÉêíáÉë=çÑ=ÄáçäçÖáÅ~ä=íáëëìÉI?=^ééäáÉÇ=léíáÅë=OUI=OOPUJOOQQ=
ENVUVFK=

TQK= ^K= iÉîI= wK= hçíäÉêI= ~åÇ= _K= dK= pÑÉòI= ?räíê~ëçìåÇ= í~ÖÖÉÇ= äáÖÜí= áã~ÖáåÖ= áå= íìêÄáÇ=
ãÉÇá~=áå=~=êÉÑäÉÅí~åÅÉ=ÖÉçãÉíêóI?=léíáÅë=iÉííÉêë=ORI=PTUJPUM=EOMMMFK=

TRK= pK=mçéçÑÑI=dK=iÉêçëÉóI=jK=cáåâI=^K=`K=_çÅÅ~ê~I=~åÇ=pK=dáÖ~åI=?fã~ÖÉ=íê~åëãáëëáçå=
íÜêçìÖÜ=~å=çé~èìÉ=ã~íÉêá~äI?=k~íìêÉ=`çããìåáÅ~íáçå=NI=UN=EOMNMFK=

TSK= gK=_ÉêíçäçííáI=bK=dK=î~å=mìííÉåI=`K=_äìãI=^K=i~ÖÉåÇáàâI=tK=iK=sçëI=~åÇ=^K=mK=jçëâI=
?kçåJáåî~ëáîÉ=áã~ÖáåÖ=íÜêçìÖÜ=çé~èìÉ=ëÅ~ííÉêáåÖ=ä~óÉêëI?=k~íìêÉ=QVNI=OPOJOPQ=
EOMNOFK=

TTK= uK= uìI= eK= iáìI= ~åÇ= iK= sK=t~åÖI= ?qáãÉJêÉîÉêëÉÇ= ìäíê~ëçåáÅ~ääó= ÉåÅçÇÉÇ= çéíáÅ~ä=
ÑçÅìëáåÖ=áåíç=ëÅ~ííÉêáåÖ=ãÉÇá~I?=k~íìêÉ=mÜçíçåáÅë=RI=NRQJNRT=EOMNNFK=

TUK= cK= mê~íÉëáI= jK= _ìêêÉëáI= cK= oáÄçäáI= hK= sóåÅâI= ~åÇ= aK= pK= táÉêëã~I= ?aáëçêÇÉêÉÇ=
éÜçíçåáÅ=ëíêìÅíìêÉë=Ñçê=äáÖÜí=Ü~êîÉëíáåÖ=áå=ëçä~ê=ÅÉääëI?=léíáÅë=bñéêÉëë=ONI=^QSMJ
^QSU=EOMNPFK=

TVK= hK= sóåÅâI= jK= _ìêêÉëáI= cK= oáÄçäáI= ~åÇ= aK= pK= táÉêëã~I= ?mÜçíçå=ã~å~ÖÉãÉåí= áå=
íïçJÇáãÉåëáçå~ä=ÇáëçêÇÉêÉÇ=ãÉÇá~I?=k~íìêÉ=j~íÉêá~äë=NNI=NMNTJNMOO=EOMNOFK=

UMK= lK= iK=jìëâÉåëI= gK= dK= oáî~ëI= oK= bK= ^äÖê~I= bK= mK= ^K=jK= _~ââÉêëI= ~åÇ= ^K= i~ÖÉåÇáàâI=
?aÉëáÖå= çÑ= iáÖÜí= pÅ~ííÉêáåÖ= áå= k~åçïáêÉ= j~íÉêá~äë= Ñçê= mÜçíçîçäí~áÅ=
^ééäáÅ~íáçåëI?=k~åç=iÉííÉêë=UI=OSPUJOSQO=EOMMUFK=

UNK= gK=dçãÉò=oáî~ëI=oK=péáêâI=iK=aK=kççêÇ~ãI=`K=tK=oÉää~=~åÇ=^K=i~ÖÉåÇáàâI= ?pí~íáÅ=
~åÇ=Çóå~ãáÅ= íê~åëéçêí= çÑ= äáÖÜí= ÅäçëÉ= íç= íÜÉ=^åÇÉêëçå= äçÅ~äáò~íáçå= íê~åëáíáçå?I=
mÜóëáÅ~ä=oÉîáÉï=bI=SPI=MQSSNP=EOMMNFK=

UOK= lK=iK=jìëâÉåëI=pK=iK=aáÉÇÉåÜçÑÉåI=_K=`K=h~~ëI=oK=bK=^äÖê~I=bK=mK=^K=jK=_~ââÉêëI=gK=
dμãÉò= oáî~ëI= ~åÇ= ^K= i~ÖÉåÇáàâI= ?i~êÖÉ= mÜçíçåáÅ= píêÉåÖíÜ= çÑ= eáÖÜäó= qìå~ÄäÉ=
oÉëçå~åí=k~åçïáêÉ=j~íÉêá~äëI?=k~åç=iÉííÉêë=VI=VPMJVPQ=EOMMVFK=

UPK= qK=pîÉåëëçåI=bK=^ÇçäÑëëçåI=jK=iÉï~åÇÉêI=`K=qK=uìI=~åÇ=pK=pî~åÄÉêÖI=?aáëçêÇÉêÉÇI=
píêçåÖäó= pÅ~ííÉêáåÖ= mçêçìë= j~íÉêá~äë= ~ë= jáåá~íìêÉ= jìäíáé~ëë= d~ë= `ÉääëI?=
mÜóëáÅ~ä=oÉîáÉï=iÉííÉêë=NMTI=NQPVMN=EOMNNFK=

UQK= `KJjK=mê~ÇáÉêI=jK=p~äã~áåI=iK=wÜÉåÖI=~åÇ=dK=g~çìÉåI=?péÉÅáÑáÅ=ÄáåÇáåÖ=çÑ=~îáÇáå=
íç= Äáçíáå= áããçÄáäáëÉÇ= çå= ãçÇáÑáÉÇ= ÖçäÇ= ëìêÑ~ÅÉëW= cçìêáÉê= íê~åëÑçêã= áåÑê~êÉÇ=
êÉÑäÉÅíáçå=~Äëçêéíáçå=ëéÉÅíêçëÅçéó=~å~äóëáëI?=pìêÑ~ÅÉ=pÅáÉåÅÉ=RMOÓRMPI=NVPJOMO=
EOMMOFK=

URK= vK=wìÄ~îáÅÜìëI=^K=pÜ~éçêÉåâçI=sK=hçêçäâçîI=jK=dêìåòÉI=~åÇ=jK=wÜ~êåáâçîI=?uJ
ê~ó=^Äëçêéíáçå=péÉÅíêçëÅçéó=çÑ= íÜÉ=kìÅäÉçíáÇÉ=_~ëÉë=~í= íÜÉ=`~êÄçåI=káíêçÖÉåI=
~åÇ=lñóÖÉå=hJbÇÖÉëI?= qÜÉ= gçìêå~ä= çÑ= mÜóëáÅ~ä= `ÜÉãáëíêó= _= NNOI= NPTNNJNPTNS=
EOMMUFK=

USK= ^K=iK=oçÉI=aK=gK=pÅÜåÉáÇÉêI=oK=gK=j~óÉêI=gK=tK=móêòI=gK=táÇçãI=~åÇ=iK=nìÉI=?uJê~ó=
~Äëçêéíáçå= ëéÉÅíêçëÅçéó=çÑ= áêçåJíóêçëáå~íÉ=éêçíÉáåëI?= gçìêå~ä=çÑ= íÜÉ=^ãÉêáÅ~å=
`ÜÉãáÅ~ä=pçÅáÉíó=NMSI=NSTSJNSUN=ENVUQFK=

UTK= hK=k~ãàçìI=`K=_K=oçääÉêI=qK=bK=oÉáÅÜI=gK=aK=gÉÑÑÉêëI=dK=iK=jÅjáääÉåI=mK=gK=jÅ`~ååI=
~åÇ= jK= ^K= `~ãéI= ?aÉíÉêãáå~íáçå= çÑ= ÉñÜ~äÉÇ= åáíêáÅ= çñáÇÉ= ÇáëíêáÄìíáçåë= áå= ~=
ÇáîÉêëÉ=ë~ãéäÉ=éçéìä~íáçå=ìëáåÖ=íìå~ÄäÉ=ÇáçÇÉ=ä~ëÉê=~Äëçêéíáçå=ëéÉÅíêçëÅçéóI?=
^ééäáÉÇ=mÜóëáÅë=_=URI=QOTJQPR=EOMMSFK=



_áÄäáçÖê~éÜó=

NMS 

UUK= wK=pÜÉêî~åáI=eK=bíçêáI=hK=q~Ö~I=qK=vçëÜáÇ~I=~åÇ=eK=lâ~Ä~ó~ëÜáI= ?^ÖÖêÉÖ~íáçå=çÑ=
éçäóÉåÉ=~åíáÄáçíáÅë=~ë=ëíìÇáÉÇ=Äó=ÉäÉÅíêçåáÅ=~Äëçêéíáçå=~åÇ=ÅáêÅìä~ê=ÇáÅÜêçáëã=
ëéÉÅíêçëÅçéáÉëI?=`çääçáÇë=~åÇ=pìêÑ~ÅÉë=_W=_áçáåíÉêÑ~ÅÉë=TI=PNJPU=ENVVSFK=

UVK= hK=h~òå~ÅÜÉóÉîI=^K=lë~åå~I=`K=g~ÅçÄëÉåI=lK=mä~ëÜâÉîóÅÜI=lK=s~Üíê~ëI=üÖêÉåI=sK=
`~êê~îÉíí~I=~åÇ=^K=mK=eáíÅÜÅçÅâI=?fååÉêëÜÉää=^Äëçêéíáçå=péÉÅíêçëÅçéó=çÑ=^ãáåç=
^ÅáÇëI?=qÜÉ=gçìêå~ä=çÑ=mÜóëáÅ~ä=`ÜÉãáëíêó=^=NMSI=PNRPJPNSU=EOMMOFK=

VMK= bK=mK=j~êáëI=tK=`K=hÉíÅÜáÉI=sK=läÉëÜâçI=~åÇ=oK= gK=a~îáëI= ?jÉí~ä=m~êíáÅäÉ=dêçïíÜ=
ÇìêáåÖ= däìÅçëÉ= eóÇêçÖÉå~íáçå= çîÉê= oìLpálO= bî~äì~íÉÇ= Äó= uJê~ó= ^Äëçêéíáçå=
péÉÅíêçëÅçéó= ~åÇ=bäÉÅíêçå=jáÅêçëÅçéóI?= qÜÉ= gçìêå~ä= çÑ= mÜóëáÅ~ä=`ÜÉãáëíêó=_=
NNMI=TUSVJTUTS=EOMMSFK=

VNK= qK=t~åÖI= pK=t~äÇÉåI= ~åÇ= oK= bÖ~åI= ?aÉîÉäçéãÉåí= ~åÇ= î~äáÇ~íáçå= çÑ= ~= ÖÉåÉê~ä=
åçåJÇáÖÉëíáîÉ= ãÉíÜçÇ= Ñçê= íÜÉ= ÇÉíÉêãáå~íáçå= çÑ= é~ää~Çáìã= áå= Äìäâ=
éÜ~êã~ÅÉìíáÅ~ä= ÅÜÉãáÅ~äë= ~åÇ= íÜÉáê= ëóåíÜÉíáÅ= áåíÉêãÉÇá~íÉë= Äó= Öê~éÜáíÉ=
Ñìêå~ÅÉ= ~íçãáÅ= ~Äëçêéíáçå= ëéÉÅíêçëÅçéóI?= gçìêå~ä= çÑ= mÜ~êã~ÅÉìíáÅ~ä= ~åÇ=
_áçãÉÇáÅ~ä=^å~äóëáë=NRI=RVPJRVV=ENVVTFK=

VOK= eK=^å~ï~êI=^K=d~êÅá~Jp~åÅÜÉòI=jK=eçëë~áåI=~åÇ=pK=^âíÉêI=?bî~äì~íáçå=çÑ=eÉ~äíÜ=
oáëâ= ~åÇ=^êëÉåáÅ= iÉîÉäë= áå=sÉÖÉí~ÄäÉë= pçäÇ= áå=j~êâÉíë= çÑ=aÜ~â~= E_~åÖä~ÇÉëÜF=
~åÇ= p~ä~ã~åÅ~= Epé~áåF= Äó= eóÇêáÇÉ= dÉåÉê~íáçå= ^íçãáÅ= ^Äëçêéíáçå=
péÉÅíêçëÅçéóI?= _ìääÉíáå= çÑ= båîáêçåãÉåí~ä= `çåí~ãáå~íáçå= ~åÇ= qçñáÅçäçÖó= UVI=
SOMJSOR=EOMNOFK=

VPK= `K=jK=oáäÉóI=iK=^K=píÉêåëçåI=~åÇ=^K= gK=oÉéí~I= ?^ëëÉëëãÉåí=çÑ= Åáëéä~íáå= êÉ~Åíáîáíó=
ïáíÜ= éÉéíáÇÉë= ~åÇ= éêçíÉáåë= ìëáåÖ= êÉîÉêëÉJéÜ~ëÉ= ÜáÖÜJéÉêÑçêã~åÅÉ= äáèìáÇ=
ÅÜêçã~íçÖê~éÜó= ~åÇ= Ñä~ãÉäÉëë= ~íçãáÅ= ~Äëçêéíáçå= ëéÉÅíêçëÅçéóI?= ^å~äóíáÅ~ä=
_áçÅÜÉãáëíêó=NOQI=NSTJNTV=ENVUOFK=

VQK= oK= iáI=eKJmK= iççÅâI= ~åÇ= oK=aK=läÉëÅÜìâI= ?`~éáää~êó= bäÉÅíêçéÜçêÉëáë= ^Äëçêéíáçå=
aÉíÉÅíáçå= rëáåÖ= cáÄÉêJiççé= oáåÖJaçïå= péÉÅíêçëÅçéóI?= ^å~äóíáÅ~ä= `ÜÉãáëíêó=
TUI=RSURJRSVO=EOMMSFK=

VRK= tKJvK= `ÜÉåI= iKJvK= `ÜÉåI= `KJjK= lìI= `KJ`K= eì~åÖI= pKJ`K=tÉáI= ~åÇ= eKJqK= `Ü~åÖI=
?póåíÜÉëáë= çÑ= cäìçêÉëÅÉåí= dçäÇ= k~åçÇçíÓiáéçëçãÉ= eóÄêáÇë= Ñçê= aÉíÉÅíáçå= çÑ=
mÜçëéÜçäáé~ëÉ=`=~åÇ=fíë=fåÜáÄáíçêI?=^å~äóíáÅ~ä=`ÜÉãáëíêó=URI=UUPQJUUQM=EOMNPFK=

VSK= vK= açìI= uK= v~åÖI= wK= iáìI= ~åÇ= pK= wÜìI= ?eçãçÅóëíÉáåÉJÑìåÅíáçå~äáòÉÇ= ëáäîÉê=
å~åçé~êíáÅäÉë=Ñçê=ëÉäÉÅíáîÉ=ëÉåëáåÖ=çÑ=`ìOH=áçåë=~åÇ=iáÇçÅ~áåÉ=ÜóÇêçÅÜäçêáÇÉI?=
`çääçáÇë=~åÇ=pìêÑ~ÅÉë=^W=mÜóëáÅçÅÜÉãáÅ~ä= ~åÇ=båÖáåÉÉêáåÖ=^ëéÉÅíë=QOPI= OMJOS=
EOMNPFK=

VTK= pK=qçåÖI=_K=oÉåI=wK=wÜÉåÖI=eK=pÜÉåI=~åÇ=dK=_~çI=?qáåó=dê~áåë=dáîÉ=eìÖÉ=d~áåëW=
k~åçÅêóëí~äJ_~ëÉÇ=páÖå~ä=^ãéäáÑáÅ~íáçå=Ñçê=_áçãçäÉÅìäÉ=aÉíÉÅíáçåI?=^`p=k~åç=
TI=RNQOJRNRM=EOMNPFK=

VUK= vK= wÜ~åÖI= `K= máä~éçåÖI= vK= dìçI= wK= iáåÖI= lK= `ÉëéÉÇÉëI= mK= nìáêâÉI= ~åÇ=aK= wÜçìI=
?pÉåëáíáîÉI=páãìäí~åÉçìë=nì~åíáí~íáçå=çÑ=qïç=råä~ÄÉäÉÇ=ak^=q~êÖÉíë=rëáåÖ=~=
j~ÖåÉíáÅ= k~åçé~êíáÅäÉÓbåòóãÉ= p~åÇïáÅÜ= ^ëë~óI?= ^å~äóíáÅ~ä= `ÜÉãáëíêó= URI=
VOPUJVOQQ=EOMNPFK=

VVK= ^K= pÜÉîÅÜÉåâçI= jK= táäãI= lK= sçêãI= ~åÇ= jK= j~ååI= ?j~ëë= péÉÅíêçãÉíêáÅ=
pÉèìÉåÅáåÖ= çÑ= mêçíÉáåë= Ñêçã= páäîÉêJpí~áåÉÇ= mçäó~Åêóä~ãáÇÉ= dÉäëI?= ^å~äóíáÅ~ä=
`ÜÉãáëíêó=SUI=URMJURU=ENVVSFK=

NMMK= cK= ^K= ^êãëíêçåÖI= eK= ^K= lK= eáääI= ~åÇ= kK= gK= t~äíçåI= ?aáêÉÅí= ÉäÉÅíêçÅÜÉãáëíêó= çÑ=
êÉÇçñ=éêçíÉáåëI?=^ÅÅçìåíë=çÑ=`ÜÉãáÅ~ä=oÉëÉ~êÅÜ=ONI=QMTJQNP=ENVUUFK=

NMNK= jK=jK= o~ìÜìíI= ?`ÜÉãáäìãáåÉëÅÉåÅÉ= Ñêçã= ÅçåÅÉêíÉÇ= éÉêçñáÇÉ= ÇÉÅçãéçëáíáçå=
êÉ~ÅíáçåëI?=^ÅÅçìåíë=çÑ=`ÜÉãáÅ~ä=oÉëÉ~êÅÜ=OI=UMJUT=ENVSVFK=

NMOK= _K= s~äÉìê= ~åÇ=jK= êK=kK= _ÉêÄÉê~åJp~åíçëI= ?^=_êáÉÑ=eáëíçêó= çÑ= cäìçêÉëÅÉåÅÉ= ~åÇ=
mÜçëéÜçêÉëÅÉåÅÉ= ÄÉÑçêÉ= íÜÉ= bãÉêÖÉåÅÉ= çÑ= nì~åíìã= qÜÉçêóI?= gçìêå~ä= çÑ=
`ÜÉãáÅ~ä=bÇìÅ~íáçå=UUI=TPNJTPU=EOMNNFK=



_áÄäáçÖê~éÜó=

NMT 

NMPK= `K=cK=_çÜêÉå=~åÇ=aK=oK=eìÑÑã~åI=?bäÉÅíêçã~ÖåÉíáÅ=qÜÉçêóI?=áå=^Äëçêéíáçå=~åÇ=
pÅ~ííÉêáåÖ=çÑ=iáÖÜí=Äó=pã~ää=m~êíáÅäÉë=EtáäÉóJs`e=sÉêä~Ö=dãÄeI=OMMTFI=ééK=NOJ
RSK=

NMQK= jK=dìéí~= ~åÇ= ^K=lDhÉÉÑÉI= ?`~îáíóJÉåÜ~åÅÉÇ= äáèìáÇ= ~Äëçêéíáçå= ëéÉÅíêçëÅçéóI?=
rp=SUPVNQM=_N=EOMMOFK=

NMRK= ^K= _K= a~ÜäáåI= gK= lK= qÉÖÉåÑÉäÇíI= ~åÇ= cK= e∏∏âI= ?fãéêçîáåÖ= íÜÉ= fåëíêìãÉåí~ä=
oÉëçäìíáçå= çÑ= pÉåëçêë= _~ëÉÇ= çå= içÅ~äáòÉÇ= pìêÑ~ÅÉ= mä~ëãçå= oÉëçå~åÅÉI?=
^å~äóíáÅ~ä=`ÜÉãáëíêó=TUI=QQNSJQQOP=EOMMSFK=

NMSK= pK=káÉ=~åÇ=pK=oK=bãçêóI=?mêçÄáåÖ=páåÖäÉ=jçäÉÅìäÉë=~åÇ=páåÖäÉ=k~åçé~êíáÅäÉë=Äó=
pìêÑ~ÅÉJbåÜ~åÅÉÇ=o~ã~å=pÅ~ííÉêáåÖI?=pÅáÉåÅÉ=OTRI=NNMOJNNMS=ENVVTFK=

NMTK= vK=eK=tçåÖI=oK=iK=qÜçã~ëI=~åÇ=dK=cK=e~ïâáåëI=?pìêÑ~ÅÉ=~åÇ=ëìÄëìêÑ~ÅÉ=ëíêìÅíìêÉ=
çÑ=ëçäáÇë=Äó=ä~ëÉê=éÜçíç~ÅçìëíáÅ=ëéÉÅíêçëÅçéóI?=^ééäáÉÇ=mÜóëáÅë=iÉííÉêë=POI=RPUJ
RPV=ENVTUFK=

NMUK= jK= cê~åâç= ~åÇ= `K= aK= qê~åI= ?qÜÉêã~ä= äÉåë= ÉÑÑÉÅí= áå= ÉäÉÅíêçäóíÉ= ~åÇ= ëìêÑ~Åí~åí=
ãÉÇá~I?=qÜÉ=gçìêå~ä=çÑ=mÜóëáÅ~ä=`ÜÉãáëíêó=VRI=SSUUJSSVS=ENVVNFK=

NMVK= hKJfK= qëìåçÇ~I= ^K= kçãìê~I= gK= v~ã~Ç~I= ~åÇ= pK= káëÜáI= ?qÜÉ= mçëëáÄáäáíó= çÑ= páÖå~ä=
båÜ~åÅÉãÉåí= áå= iáèìáÇ= ^Äëçêéíáçå= péÉÅíêçãÉíêó= ïáíÜ= ~= içåÖ= `~éáää~êó= `Éää=
ríáäáòáåÖ= pìÅÅÉëëáîÉ= qçí~ä= oÉÑäÉÅíáçå= ~í= íÜÉ= lìíÉê= `Éää= pìêÑ~ÅÉI?= ^ééäáÉÇ=
péÉÅíêçëÅçéó=QPI=QVJRR=ENVUVFK=

NNMK= ^K= lDhÉÉÑÉ= ~åÇ= aK= ^K= dK= aÉ~ÅçåI= ?`~îáíó= êáåÖJÇçïå= çéíáÅ~ä= ëéÉÅíêçãÉíÉê= Ñçê=
~Äëçêéíáçå= ãÉ~ëìêÉãÉåíë= ìëáåÖ= éìäëÉÇ= ä~ëÉê= ëçìêÅÉëI?= oÉîáÉï= çÑ= pÅáÉåíáÑáÅ=
fåëíêìãÉåíë=RVI=ORQQJORRN=ENVUUFK=

NNNK= gK= eçÇÖâáåëçåI= aK= j~ëáó~åçI= ~åÇ= oK= mK= q~í~ãI= ?rëáåÖ= áåíÉÖê~íáåÖ= ëéÜÉêÉë= ~ë=
~Äëçêéíáçå= ÅÉääëW= é~íÜJäÉåÖíÜ= ÇáëíêáÄìíáçå= ~åÇ= ~ééäáÅ~íáçå= çÑ= _ÉÉêDë= ä~ïI?=
^ééäáÉÇ=léíáÅë=QUI=RTQUJRTRU=EOMMVFK=

NNOK= gK= dêÉÉåÉêI= _K= ^ÄÄ~ëáI= ~åÇ= bK= hìã~ÅÜÉî~I= ?^ííÉåì~íÉÇ= íçí~ä= êÉÑäÉÅíáçå= cçìêáÉê=
íê~åëÑçêã= áåÑê~êÉÇ= ëéÉÅíêçëÅçéó= Ñçê= çåJÅÜáé= ãçåáíçêáåÖ= çÑ= ëçäìíÉ=
ÅçåÅÉåíê~íáçåëI?=i~Ä=çå=~=`Üáé=NMI=NRSNJNRSS=EOMNMFK=

NNPK= ^K=aK=háãI=?qê~åëéçêí=íÜÉçêó=Ñçê=äáÖÜí=éêçé~Ö~íáçå=áå=ÄáçäçÖáÅ~ä=íáëëìÉI?=gçìêå~ä=
çÑ=íÜÉ=léíáÅ~ä=pçÅáÉíó=çÑ=^ãÉêáÅ~=^=ONI=UOMJUOT=EOMMQFK=

NNQK= pK= jìàìãÇ~êI= oK= qçêêÉI= eK= o~ã~ÅÜ~åÇê~åI= ~åÇ= aK= táÉêëã~I= ?jçåíÉ= `~êäç=
Å~äÅìä~íáçåë=çÑ=ëéÉÅíê~ä=ÑÉ~íìêÉë=áå=ê~åÇçã=ä~ëáåÖI?=gçìêå~ä=çÑ=k~åçéÜçíçåáÅë=QI=
MQNRRMJMQNRNP=EOMNMFK=

NNRK= oK=rééìI=^K=hK=qáï~êáI=~åÇ=pK=jìàìãÇ~êI=?`çÜÉêÉåí=ê~åÇçã=ä~ëáåÖ=áå=ÇáÑÑìëáîÉ=
êÉëçå~åí=ãÉÇá~I?=^fm=`çåÑÉêÉåÅÉ=mêçÅÉÉÇáåÖë=NPVUI=NMPJNMR=EOMNNFK=

NNSK= aK= qçìÄä~åÅI= ?eÉåóÉóJdêÉÉåëíÉáå= ~åÇ= jáÉ= éÜ~ëÉ= ÑìåÅíáçåë= áå= jçåíÉ= `~êäç=
ê~Çá~íáîÉ=íê~åëÑÉê=Åçãéìí~íáçåëI?=^ééäáÉÇ=léíáÅë=PRI=POTMJPOTQ=ENVVSFK=

NNTK= lK=jÉåÖì~äI=dK=jÉìåáÉêI= fK=`~óê¨I=hK= mìÉÅÜI= ~åÇ=mK= på~ÄêÉI= ?qro_fp`^k=j^=
OMMMW= ãìäíáéäÉ= äáÖÜí= ëÅ~ííÉêáåÖ= ãÉ~ëìêÉãÉåí= Ñçê= ÅçåÅÉåíê~íÉÇ= Éãìäëáçå= ~åÇ=
ëìëéÉåëáçå=áåëí~Äáäáíó=~å~äóëáëI?=q~ä~åí~=RMI=QQRJQRS=ENVVVFK=
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ëìêÑ~ÅÉ= ëíêìÅíìêÉë= íçï~êÇ= áãéêçîÉãÉåí= çÑ= çêÖ~åáÅJëçä~êJÅÉää= éÉêÑçêã~åÅÉëI?=
^ééäáÉÇ=mÜóëáÅë=iÉííÉêë=UUI=NPPNMU=EOMMSFK=

NSQK= gK=_K=háãI=mK=háãI=kK=`K=mÉÖ~êÇI=pK=gK=lÜI=`K=oK=h~Ö~åI=gK=tK=cäÉáëÅÜÉêI=eK=^K=píçåÉI=
~åÇ= vKJiK= iççI= ?têáåâäÉë= ~åÇ= ÇÉÉé= ÑçäÇë= ~ë= éÜçíçåáÅ= ëíêìÅíìêÉë= áå=
éÜçíçîçäí~áÅëI?=k~íìêÉ=mÜçíçåáÅë=SI=POTJPPO=EOMNOFK=

NSRK= vK=v~çI=gK=v~çI=sK=hK=k~ê~ëáãÜ~åI=wK=oì~åI=`K=uáÉI=pK=c~åI=~åÇ=vK=`ìáI=?_êç~ÇÄ~åÇ=
äáÖÜí= ã~å~ÖÉãÉåí= ìëáåÖ= äçïJn= ïÜáëéÉêáåÖ= Ö~ääÉêó= ãçÇÉë= áå= ëéÜÉêáÅ~ä=
å~åçëÜÉääëI?=k~íìêÉ=`çããìåáÅ~íáçå=PI=SSQ=EOMNOFK=

NSSK= mK= péáåÉääáI= jK= ^K= sÉêëÅÜììêÉåI= ~åÇ= ^K= mçäã~åI= ?_êç~ÇÄ~åÇ= çãåáÇáêÉÅíáçå~ä=
~åíáêÉÑäÉÅíáçå=Åç~íáåÖ=Ä~ëÉÇ=çå=ëìÄï~îÉäÉåÖíÜ=ëìêÑ~ÅÉ=jáÉ=êÉëçå~íçêëI?=k~íìêÉ=
`çããìåáÅ~íáçå=PI=SVO=EOMNOFK=

NSTK= wK= q~åÖI=tK= qêÉëëI= ~åÇ= lK= fåÖ~å®ëI= ?iáÖÜí= íê~ééáåÖ= áå= íÜáå= Ñáäã= çêÖ~åáÅ= ëçä~ê=
ÅÉääëI?=j~íÉêá~äë=qçÇ~ó=PI=NRM=EOMNNFK=

NSUK= `K=_~íí~Öäá~I= gK=bëÅ~êêÉI=hK=pçÇÉêëíêçãI=jK=`Ü~êêáÉêÉI=jK=aÉëéÉáëëÉI=cKJgK=e~ìÖI=
~åÇ=`K=_~ääáÑI=?k~åçãçìäÇáåÖ=çÑ= íê~åëé~êÉåí=òáåÅ=çñáÇÉ=ÉäÉÅíêçÇÉë=Ñçê=ÉÑÑáÅáÉåí=
äáÖÜí=íê~ééáåÖ=áå=ëçä~ê=ÅÉääëI?=k~íìêÉ=mÜçíçåáÅë=RI=RPRJRPU=EOMNNFK=

NSVK= pK=_~ëì=j~ääáÅâI=jK=^Öê~ï~äI=^K=t~åÖéÉê~ïçåÖI=bK=pK=_~êå~êÇI=hK=hK=páåÖÜI=oK=gK=
sáëëÉêI=jK= iK=_êçåÖÉêëã~I= ~åÇ=mK= mÉìã~åëI= ?räíê~íÜáå= Åêóëí~ääáåÉJëáäáÅçå= ëçä~ê=
ÅÉääë= ïáíÜ= ÉãÄÉÇÇÉÇ= éÜçíçåáÅ= Åêóëí~äëI?= ^ééäáÉÇ= mÜóëáÅë= iÉííÉêë= NMMI= MRPNNP=
EOMNOFK=

NTMK= aK=j~ÇòÜ~êçîI=oK=aÉï~åI=~åÇ=aK=håáééI=?fåÑäìÉåÅÉ=çÑ=Ñêçåí=~åÇ=Ä~Åâ=Öê~íáåÖ=çå=
äáÖÜí= íê~ééáåÖ= áå=ãáÅêçÅêóëí~ääáåÉ= íÜáåJÑáäã= ëáäáÅçå= ëçä~ê= ÅÉääëI?=léíáÅë= bñéêÉëë=
NVI=^VRJ^NMT=EOMNNFK=

NTNK= `K=oçÅâëíìÜäI=pK=c~ÜêI=hK=_áííâ~ìI=qK=_ÉÅâÉêëI=oK=`~êáìëI=cK=gK=e~ìÖI=qK=p∏ÇÉêëíê∏ãI=
`K=_~ääáÑI=~åÇ=cK=iÉÇÉêÉêI= ?`çãé~êáëçå=~åÇ=çéíáãáò~íáçå=çÑ= ê~åÇçãäó= íÉñíìêÉÇ=
ëìêÑ~ÅÉë=áå=íÜáåJÑáäã=ëçä~ê=ÅÉääëI?=léíáÅë=bñéêÉëë=NUI=^PPRJ^PQN=EOMNMFK=

NTOK= sK=bK=cÉêêóI=jK=^K=sÉêëÅÜììêÉåI=jK=`K=îK=i~êÉI=oK=bK=fK=pÅÜêçééI=eK=^K=^íï~íÉêI=~åÇ=
^K= mçäã~åI= ?léíáãáòÉÇ= pé~íá~ä= `çêêÉä~íáçåë= Ñçê= _êç~ÇÄ~åÇ= iáÖÜí= qê~ééáåÖ=
k~åçé~ííÉêåë=áå=eáÖÜ=bÑÑáÅáÉåÅó=räíê~íÜáå=cáäã=~JpáWe=pçä~ê=`ÉääëI?=k~åç=iÉííÉêë=
NNI=QOPVJQOQR=EOMNNFK=

NTPK= gK= eK= h~êéI= bK= gK= qêÉãÄä~óI= ~åÇ= gK= bK= cçêÇI= ?mä~å~ê= ãáÅêçJçéíáÅ= ëçä~ê=
ÅçåÅÉåíê~íçêI?=léíáÅë=bñéêÉëë=NUI=NNOOJNNPP=EOMNMFK=

NTQK= _K=h~äó~å~ê~ã~åI=sK=a~êäÉóJrëã~êI=hK=gK=^K=a~îáÉëI=mK=^K=aÉååÉêóI=eK=gK=cçêã~åI=
jK= _K= dêáëÜ~ãI= dK= bK=j~ååI= hK=jççêÉI= iK= gK= oçÄÉêíë= fáI= ~åÇ=eK= fëÅÜáêçéçìäçëI=
?jÉ~ëìêáåÖ= êÉ~ÅíáîÉ= çñóÖÉå= ~åÇ= åáíêçÖÉå= ëéÉÅáÉë= ïáíÜ= ÑäìçêÉëÅÉåí= éêçÄÉëW=
ÅÜ~ääÉåÖÉë=~åÇ=äáãáí~íáçåëI?=cêÉÉ=o~ÇáÅ~ä=_áçäçÖó=~åÇ=jÉÇáÅáåÉ=ROI=NJS=EOMNOFK=

NTRK= rK= oÉëÅÜJdÉåÖÉêI=jK=dê~ÄçääÉI= pK= `~î~äáÉêÉJg~êáÅçíI= oK=káíëÅÜâÉI= ~åÇ= qK=k~ååI=
?nì~åíìã=Ççíë= îÉêëìë=çêÖ~åáÅ=ÇóÉë=~ë= ÑäìçêÉëÅÉåí= ä~ÄÉäëI?=k~íìêÉ=jÉíÜçÇë=RI=
TSPJTTR=EOMMUFK=

NTSK= dK= pì~êÉòI= `K= p~åíëÅÜáI= sK= fK= pä~îÉóâçî~I= ~åÇ= lK= gK= cK= j~êíáåI= ?pÉåëáåÖ= íÜÉ=
Çóå~ãáÅë= çÑ= çñáÇ~íáîÉ= ëíêÉëë= ìëáåÖ= ÉåÜ~åÅÉÇ= ~Äëçêéíáçå= áå= éêçíÉáåJäç~ÇÉÇ=
ê~åÇçã=ãÉÇá~I?=pÅáÉåíáÑáÅ=oÉéçêíë=PEOMNPFK=

NTTK= eK= gáåI= aK= ^K= eÉääÉêI= jK= h~äÄ~Åçî~I= gKJeK= háãI= gK= wÜ~åÖI= ^K= ^K= _çÖÜçëëá~åI= kK=
j~ÜÉëÜêáI=~åÇ=jK=pK=píê~åçI=?aÉíÉÅíáçå=çÑ=ëáåÖäÉJãçäÉÅìäÉ=eOlO=ëáÖå~ääáåÖ=Ñêçã=
ÉéáÇÉêã~ä= ÖêçïíÜ= Ñ~Åíçê= êÉÅÉéíçê= ìëáåÖ= ÑäìçêÉëÅÉåí= ëáåÖäÉJï~ääÉÇ= Å~êÄçå=
å~åçíìÄÉëI?=k~íìêÉ=k~åçíÉÅÜåçäçÖó=RI=PMOJPMV=EOMNMFK=

NTUK= tK= aê∏ÖÉI= ?cêÉÉ= o~ÇáÅ~äë= áå= íÜÉ= mÜóëáçäçÖáÅ~ä= `çåíêçä= çÑ= `Éää= cìåÅíáçåI?=
mÜóëáçäçÖáÅ~ä=oÉîáÉïë=UOI=QTJVR=EOMMOFK=



_áÄäáçÖê~éÜó=
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NTVK= kK= îçå= jççë= ~åÇ= sK= fK= pä~îÉóâçî~I= ?lñáÇ~íáîÉ= ëíêÉëë= áåÇìÅÉÇ= Äó= áåçêÖ~åáÅ=
å~åçé~êíáÅäÉë= áå= Ä~ÅíÉêá~= ~åÇ= ~èì~íáÅ= ãáÅêç~äÖ~É= Ó= ëí~íÉ= çÑ= íÜÉ= ~êí= ~åÇ=
âåçïäÉÇÖÉ=Ö~éëI?=k~åçíçñáÅçäçÖó=UI=SMRJSPM=EOMNQFK=

NUMK= gK=wÜ~åÖI=oK=bK=`~ãéÄÉääI=^K=vK=qáåÖI=~åÇ=oK=vK=qëáÉåI=?`êÉ~íáåÖ=åÉï=ÑäìçêÉëÅÉåí=
éêçÄÉë= Ñçê= ÅÉää= ÄáçäçÖóI?= k~íìêÉ= oÉîáÉï= jçäÉÅìä~ê= `Éää= _áçäçÖó= PI= VMSJVNU=
EOMMOFK=

NUNK= qK=^K=mÉ~êëçåI=dK=^K=jÉåë~ÜI=oK=tK=^äÉñ~åÇÉêI=gK=iK=^åÇÉêëçåI=oK=lK=`~ååçåI=jK=
`êáèìáI=vK=vK=c~ÇäI=pK=mK=cçêíã~ååI=vK=eçåÖI=dK=iK=jóÉêëI=kK=oáÑ~áI=pK=`K=pãáíÜI=hK=
q~ìÄÉêíI= oK= mK= qê~ÅóI= ~åÇ= cK= sáåáÅçêI= ?j~êâÉêë= çÑ= fåÑä~ãã~íáçå= ~åÇ=
`~êÇáçî~ëÅìä~ê= aáëÉ~ëÉW= ^ééäáÅ~íáçå= íç= `äáåáÅ~ä= ~åÇ= mìÄäáÅ= eÉ~äíÜ= mê~ÅíáÅÉW= ^=
pí~íÉãÉåí= Ñçê=eÉ~äíÜÅ~êÉ= mêçÑÉëëáçå~äë= cêçã= íÜÉ= `ÉåíÉêë= Ñçê=aáëÉ~ëÉ= `çåíêçä=
~åÇ=mêÉîÉåíáçå=~åÇ=íÜÉ=^ãÉêáÅ~å=eÉ~êí=^ëëçÅá~íáçåI?=`áêÅìä~íáçå=NMTI=QVVJRNN=
EOMMPFK=

NUOK= bK=^K=jÅdäóååI=pK=jK=^ëÅÜI=gK=^Ç~ãëI=gK=hÉÉëÉóI=gK=eáÅâëI=^K=aÉ`êáëíçÑ~êçI=~åÇ=bK=
^K=hÉêêI=?qÜÉ=nì~äáíó=çÑ=eÉ~äíÜ=`~êÉ=aÉäáîÉêÉÇ=íç=^Çìäíë= áå=íÜÉ=råáíÉÇ=pí~íÉëI?=
kÉï=båÖä~åÇ=gçìêå~ä=çÑ=jÉÇáÅáåÉ=PQUI=OSPRJOSQR=EOMMPFK=

NUPK= pK= dê~åáÅâ= ~åÇ= pK= fK= _É~äÉI= ?eÉãÉëI= `ÜäçêçéÜóääëI= ~åÇ= oÉä~íÉÇ= `çãéçìåÇëW=
_áçëóåíÜÉëáë= ~åÇ= jÉí~ÄçäáÅ= oÉÖìä~íáçåI?= áå= ^Çî~åÅÉë= áå= båòóãçäçÖó= ~åÇ=
oÉä~íÉÇ=^êÉ~ë=çÑ=jçäÉÅìä~ê=_áçäçÖó=EgçÜå=táäÉó=C=pçåëI=fåÅKI=OMMSFI=ééK=PPJOMPK=

NUQK= `K= jK= j~ëáãáêÉãÄï~I= oK= qÜçãéëçåI= ~åÇ= qK= _K= ^åÇÉêëëçåI= ?få= sáíêç= eáÖÜ=
qÜêçìÖÜéìí= pÅêÉÉåáåÖ= çÑ= `çãéçìåÇë= Ñçê= c~îçê~ÄäÉ= jÉí~ÄçäáÅ= mêçéÉêíáÉë= áå=
aêìÖ= aáëÅçîÉêóI?= `çãÄáå~íçêá~ä= `ÜÉãáëíêó= C= eáÖÜ= qÜêçìÖÜéìí= pÅêÉÉåáåÖ= QI=
OQRJOSP=EOMMNFK=

NURK= _K= ^Üê¨å= ~åÇ= eK= i~êëëçåI= ?nì~åíáÑáÅ~íáçå= çÑ= fåëìäáå= pÉÅêÉíáçå= áå= oÉä~íáçå= íç=
fåëìäáå=pÉåëáíáîáíó=áå=kçåÇá~ÄÉíáÅ=mçëíãÉåçé~ìë~ä=tçãÉåI?=aá~ÄÉíÉë=RNI=pOMOJ
pONN=EOMMOFK=

NUSK= _K=^K=dêÉÖÖ=~åÇ=^K=eÉääÉêI=?`êçëëJäáåâÉÇ=êÉÇçñ=ÖÉäë=Åçåí~áåáåÖ=ÖäìÅçëÉ=çñáÇ~ëÉ=
Ñçê= ~ãéÉêçãÉíêáÅ= ÄáçëÉåëçê= ~ééäáÅ~íáçåëI?= ^å~äóíáÅ~ä= `ÜÉãáëíêó= SOI= ORUJOSP=
ENVVMFK=

NUTK= vK=iáåI=cK=iìI=vK=qìI=~åÇ=wK=oÉåI=?däìÅçëÉ=_áçëÉåëçêë=_~ëÉÇ=çå=`~êÄçå=k~åçíìÄÉ=
k~åçÉäÉÅíêçÇÉ=båëÉãÄäÉëI?=k~åç=iÉííÉêë=QI=NVNJNVR=EOMMPFK=

NUUK= gK=qìçãáäÉÜíçI=gK=iáåÇëíê∏ãI=gK=dK=bêáâëëçåI=qK=qK=s~ääÉI=eK=e®ã®ä®áåÉåI=mK=fä~ååÉJ
m~êáââ~I= pK= hÉáå®åÉåJháìâ~~ååáÉãáI= jK= i~~âëçI= ^K= içìÜÉê~åí~I= jK= o~ëí~ëI= sK=
p~äãáåÉåI=pK=^ìåçä~I=wK=`Éé~áíáëI=sK=jçäíÅÜ~åçîI=jK=e~âìã®âáI=jK=j~ååÉäáåI=sK=
j~êíáââ~ä~I= gK= pìåÇî~ääI= ~åÇ= jK= rìëáíìé~I= ?mêÉîÉåíáçå= çÑ= qóéÉ= O= aá~ÄÉíÉë=
jÉääáíìë= Äó= `Ü~åÖÉë= áå= iáÑÉëíóäÉ= ~ãçåÖ= pìÄàÉÅíë= ïáíÜ= fãé~áêÉÇ= däìÅçëÉ=
qçäÉê~åÅÉI?=kÉï=båÖä~åÇ=gçìêå~ä=çÑ=jÉÇáÅáåÉ=PQQI=NPQPJNPRM=EOMMNFK=

NUVK= lK=iÉîI=wK=tìI=pK=_Ü~ê~íÜáI=sK=däÉòÉêI=^K=jçÇÉëíçîI=gK=dìåI=iK=o~ÄáåçîáÅÜI=~åÇ=pK=
p~ãé~íÜI= ?pçä−dÉä= j~íÉêá~äë= áå= bäÉÅíêçÅÜÉãáëíêóI?= `ÜÉãáëíêó= çÑ= j~íÉêá~äë= VI=
OPRQJOPTR=ENVVTFK=

NVMK= dK= píêçãI= ?qÜÉ= fåÑäìÉåÅÉ= çÑ= ^åçñá~= çå= i~Åí~íÉ= ríáäáò~íáçå= áå= j~å= ~ÑíÉê=
mêçäçåÖÉÇ=jìëÅåä~ê=tçêâI?=^Åí~=mÜóëáçäçÖáÅ~=pÅ~åÇáå~îáÅ~=NTI=QQMJQRN=ENVQVFK=

NVNK= tK= bK= eìÅâ~ÄÉÉI= ?oÉä~íáçåëÜáéë= çÑ= éóêìî~íÉ= ~åÇ= ä~Åí~íÉ= ÇìêáåÖ= ~å~ÉêçÄáÅ=
ãÉí~ÄçäáëãK= fK= bÑÑÉÅíë= çÑ= áåÑìëáçå= çÑ= éóêìî~íÉ= çê= ÖäìÅçëÉ= ~åÇ= çÑ=
ÜóéÉêîÉåíáä~íáçåI?=qÜÉ=gçìêå~ä=çÑ=`äáåáÅ~ä=fåîÉëíáÖ~íáçå=PTI=OQQJORQ=ENVRUFK=

NVOK= jK=eK=tÉáä= ~åÇ=^K=^K= ^ÑáÑáI= ?bñéÉêáãÉåí~ä= ~åÇ=`äáåáÅ~ä= píìÇáÉë= çå=i~Åí~íÉ= ~åÇ=
móêìî~íÉ= ~ë= fåÇáÅ~íçêë= çÑ= íÜÉ= pÉîÉêáíó= çÑ= ^ÅìíÉ= `áêÅìä~íçêó= c~áäìêÉ= EpÜçÅâFI?=
`áêÅìä~íáçå=QNI=VUVJNMMN=ENVTMFK=

NVPK= jK= oK= iáÉÄçïáíòI= ^K= gK= cóÉêI= gK=jK= dçêã~åI= ~åÇ= Éí= ~äKI= ?i~Åí~íÉ= éêçîçÅ~íáçå= çÑ=
é~åáÅ= ~íí~ÅâëW= fK= ÅäáåáÅ~ä= ~åÇ= ÄÉÜ~îáçê~ä= ÑáåÇáåÖëI?= ^êÅÜáîÉë= çÑ= dÉåÉê~ä=
mëóÅÜá~íêó=QNI=TSQJTTM=ENVUQFK=



_áÄäáçÖê~éÜó=
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NVQK= iK=_K=dä~ÇÇÉåI=?i~Åí~íÉ=ãÉí~ÄçäáëãW=~=åÉï=é~ê~ÇáÖã=Ñçê=íÜÉ=íÜáêÇ=ãáääÉååáìãI?=
qÜÉ=gçìêå~ä=çÑ=mÜóëáçäçÖó=RRUI=RJPM=EOMMQFK=

NVRK= _K=hìÄÉê~I=`K=eìÄçäÇI=pK=lííÉI=^K=pK=iáåÇÉåÄÉêÖI=fK=wÉá≈I=oK=hê~ìëÉI=jK=píÉáåâ~ãéI=
gK= häÉãÉåíI= pK= båíêáåÖÉêI= iK= mÉääÉêáåI= ~åÇ= ^K= mÉíÉêëI= ?oáëÉ= áå= mä~ëã~= i~Åí~íÉ=
`çåÅÉåíê~íáçåë= ïáíÜ= mëóÅÜçëçÅá~ä= píêÉëëW= ^= mçëëáÄäÉ= páÖå= çÑ= `ÉêÉÄê~ä= båÉêÖó=
aÉã~åÇI?=lÄÉëáíó=c~Åíë=RI=PUQJPVO=EOMNOFK=

NVSK= iK=iáI=vK=t~åÖI=iK=m~åI=vK=pÜáI=tK=`ÜÉåÖI=vK=pÜáI= ~åÇ=dK=vìI= ?^=k~åçëíêìÅíìêÉÇ=
`çåÇìÅíáîÉ= eóÇêçÖÉäëJ_~ëÉÇ= _áçëÉåëçê= mä~íÑçêã= Ñçê= eìã~å= jÉí~ÄçäáíÉ=
aÉíÉÅíáçåI?=k~åç=iÉííÉêë=NRI=NNQSJNNRN=EOMNRFK=

NVTK= oK= jK= táÖÜíã~åI= ?mêçÄáåÖ= `Éääìä~ê= `ÜÉãáëíêó= áå= _áçäçÖáÅ~ä= póëíÉãë= ïáíÜ=
jáÅêçÉäÉÅíêçÇÉëI?=pÅáÉåÅÉ=PNNI=NRTMJNRTQ=EOMMSFK=

NVUK= dK=pì•êÉòI=`K=p~åíëÅÜáI=lK=gK=cK=j~êíáåI=~åÇ=sK=fK=pä~îÉóâçî~I=?_áçëÉåëçê=Ä~ëÉÇ=çå=
ÅÜÉãáÅ~ääóJÇÉëáÖåÉÇ= ~åÅÜçê~ÄäÉ= ÅóíçÅÜêçãÉ= Å= Ñçê= íÜÉ= ÇÉíÉÅíáçå= çÑ= eOlO=
êÉäÉ~ëÉÇ=Äó=~èì~íáÅÅÉääëI?=_áçëÉåëçêë=~åÇ=_áçÉäÉÅíêçåáÅë=QOI=PURJPVM=EOMNPFK=

NVVK= `K= _çÉêçI= pK= `~êê~ê~I= dK= aÉä= sÉÅÅÜáçI= iK= `~äò~I= ~åÇ= dK= aÉ= jáÅÜÉäáI= ?eáÖÜäó=
pÉåëáíáîÉ=`~êÄçå=k~åçíìÄÉJ_~ëÉÇ=pÉåëáåÖ=Ñçê=i~Åí~íÉ=~åÇ=däìÅçëÉ=jçåáíçêáåÖ=
áå=`Éää=`ìäíìêÉI?=k~åç_áçëÅáÉåÅÉI=fbbb=qê~åë~Åíáçåë=çå=NMI=RVJST=EOMNNFK=

OMMK= oK= d~êàçåóíÉI= vK= váÖò~ïI= oK=jÉëâóëI= ^K=j~äáå~ìëâ~ëI= ~åÇ= iK= dçêíçåI= ?mêìëëá~å=
_äìÉJ= ~åÇ= ä~Åí~íÉ= çñáÇ~ëÉJÄ~ëÉÇ= ~ãéÉêçãÉíêáÅ= ÄáçëÉåëçê= Ñçê= ä~ÅíáÅ= ~ÅáÇI?=
pÉåëçêë=~åÇ=^Åíì~íçêë=_W=`ÜÉãáÅ~ä=TVI=PPJPU=EOMMNFK=

OMNK= dK= hÉå~ìëáëI= nK= `ÜÉåI= ~åÇ= ^K= eÉääÉêI= ?bäÉÅíêçÅÜÉãáÅ~ä= däìÅçëÉ= ~åÇ= i~Åí~íÉ=
pÉåëçêë= _~ëÉÇ= çå= “táêÉÇÒ= qÜÉêãçëí~ÄäÉ= pçóÄÉ~å= mÉêçñáÇ~ëÉ= léÉê~íáåÖ=
`çåíáåìçìëäó=~åÇ=pí~Ääó=~í=PT=ø`I?=^å~äóíáÅ~ä=`ÜÉãáëíêó=SVI=NMRQJNMSM=ENVVTFK=

OMOK= hK=páêâ~êI=^K=oÉîòáåI=~åÇ=jK=sK=máëÜâçI= ?däìÅçëÉ=~åÇ=i~Åí~íÉ=_áçëÉåëçêë=_~ëÉÇ=
çå= oÉÇçñ= mçäóãÉêLlñáÇçêÉÇìÅí~ëÉ= k~åçÅçãéçëáíÉ= qÜáå= cáäãëI?= ^å~äóíáÅ~ä=
`ÜÉãáëíêó=TOI=OVPMJOVPS=EOMMMFK=

OMPK= tK=mìíòÄ~ÅÜ=~åÇ=kK=oçåâ~áåÉåI=?fããçÄáäáò~íáçå=qÉÅÜåáèìÉë=áå=íÜÉ=c~ÄêáÅ~íáçå=
çÑ= k~åçã~íÉêá~äJ_~ëÉÇ= bäÉÅíêçÅÜÉãáÅ~ä= _áçëÉåëçêëW= ^= oÉîáÉïI?= pÉåëçêë= NPI=
QUNNJQUQM=EOMNPFK=

OMQK= bK= jáääÉêI= ^K= ^äÄÉêëI= ^K= mê~ääÉI= bK= fë~ÅçÑÑI= ~åÇ= `K= `Ü~åÖI= ?_çêçå~íÉJÄ~ëÉÇ=
ÑäìçêÉëÅÉåí= éêçÄÉë= Ñçê= áã~ÖáåÖ= ÅÉääìä~ê= ÜóÇêçÖÉå= éÉêçñáÇÉI?= gçìêå~ä= çÑ= íÜÉ=
^ãÉêáÅ~å=`ÜÉãáÅ~ä=pçÅáÉíó=NOTI=NSSROJNSSRV=EOMMRFK=

OMRK= eK=`ÜÉåI=oK=iáI=iK=iáåI=dK=dìçI=~åÇ=gKJjK=iáåI=?aÉíÉêãáå~íáçå=çÑ=äJ~ëÅçêÄáÅ=~ÅáÇ=áå=
Üìã~å= ëÉêìã= Äó= ÅÜÉãáäìãáåÉëÅÉåÅÉ= Ä~ëÉÇ= çå= ÜóÇêçÖÉå= éÉêçñáÇÉÓëçÇáìã=
ÜóÇêçÖÉå= Å~êÄçå~íÉÓ`ÇpÉL`Çp=èì~åíìã=Ççíë= ëóëíÉãI?= q~ä~åí~= UNI= NSUUJNSVS=
EOMNMFK=

OMSK= tK= `ÜÉåI= iK= eçåÖI= ^KJiK= iáìI= gKJnK= iáìI= uKJeK= iáåI= ~åÇ= uKJeK= uá~I= ?båÜ~åÅÉÇ=
ÅÜÉãáäìãáåÉëÅÉåÅÉ= çÑ= íÜÉ= äìãáåçäJÜóÇêçÖÉå= éÉêçñáÇÉ= ëóëíÉã= Äó= ÅçääçáÇ~ä=
ÅìéêáÅ=çñáÇÉ=å~åçé~êíáÅäÉë=~ë=éÉêçñáÇ~ëÉ=ãáãáÅI?=q~ä~åí~=VVI=SQPJSQU=EOMNOFK=

OMTK= vKJpK=iáI=uK=gìI=uKJcK=d~çI=~åÇ=tK=v~åÖI=?^=kçîÉä=fããçÄáäáò~íáçå=båòóãÉ=i~Åí~íÉ=
cäìçêÉëÅÉåÅÉ=`~éáää~êó=_áçëÉåëçêI?=`ÜáåÉëÉ=gçìêå~ä=çÑ=^å~äóíáÅ~ä=`ÜÉãáëíêó=PTI=
SPTJSQO=EOMMVFK=

OMUK= aK=`K=häçåçÑÑI=?lîÉêîáÉï=çÑ=cäìçêÉëÅÉåÅÉ=däìÅçëÉ=pÉåëáåÖW=^=qÉÅÜåçäçÖó=ïáíÜ=~=
_êáÖÜí= cìíìêÉI?= gçìêå~ä= çÑ= aá~ÄÉíÉë= pÅáÉåÅÉ= ~åÇ= qÉÅÜåçäçÖó= SI= NOQOJNORM=
EOMNOFK=

OMVK= ^K= dêçëëã~åI= ?få= íÜÉ= dêáé= çÑ= ^äÖ~ä= dÉåçãáÅëI?= áå= qê~åëÖÉåáÅ= jáÅêç~äÖ~É= ~ë=
dêÉÉå=`Éää=c~ÅíçêáÉëI=oK=iÉμåI=^K=d~äî•åI=~åÇ=bK=cÉêå•åÇÉòI=ÉÇëK=EpéêáåÖÉê=kÉï=
vçêâI=OMMTFI=ééK=RQJTSK=

ONMK= _K=lK=a~ÄÄçìëáI= gK=oçÇêáÖìÉòJsáÉàçI=cK=sK=jáâìäÉÅI= gK=oK=eÉáåÉI=eK=j~ííçìëëáI=oK=
lÄÉêI=hK=cK=gÉåëÉåI=~åÇ=jK=dK=_~ïÉåÇáI=?E`ÇpÉFwåp=`çêÉ−pÜÉää=nì~åíìã=açíëW =
póåíÜÉëáë= ~åÇ= `Ü~ê~ÅíÉêáò~íáçå= çÑ= ~= páòÉ= pÉêáÉë= çÑ= eáÖÜäó= iìãáåÉëÅÉåí=
k~åçÅêóëí~ääáíÉëI?=qÜÉ=gçìêå~ä=çÑ=mÜóëáÅ~ä=`ÜÉãáëíêó=_=NMNI=VQSPJVQTR=ENVVTFK=
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ONNK= bKJgK=m~êâI= gK=váI=hKJeK=`ÜìåÖI=aKJvK=oóìI= gK=`ÜçáI=~åÇ=hK=m~êâI= ?lñáÇ~íáîÉ=ëíêÉëë=
~åÇ=~éçéíçëáë= áåÇìÅÉÇ=Äó=íáí~åáìã=ÇáçñáÇÉ=å~åçé~êíáÅäÉë=áå=ÅìäíìêÉÇ=_b^pJO_=
ÅÉääëI?=qçñáÅçäçÖó=iÉííÉêë=NUMI=OOOJOOV=EOMMUFK=

ONOK= oK=^K=mÉäêçóI=oK=oáééâ~I=~åÇ=oK=vK=pí~åáÉêI=?jÉí~Äçäáëã=çÑ=ÖäìÅçëÉ=Äó=ìåáÅÉääìä~ê=
ÄäìÉJÖêÉÉå=~äÖ~ÉI?=^êÅÜáî=ÑΩê=jáâêçÄáçäçÖáÉ=UTI=PMPJPOO=ENVTOFK=

ONPK= bK=^K=aêÉïI=?réí~âÉ=~åÇ=ãÉí~Äçäáëã=çÑ=ÉñçÖÉåçìëäó=ëìééäáÉÇ=ëìÖ~êÇë=Äó=Äêçïå=
~äÖ~ÉI?=kÉï=mÜóíçäçÖáëí=SUI=PRJQP=ENVSVFK=

ONQK= mK= uáÉI= fK= cìàááI= gK= wÜ~çI= ÉåI= jK= pÜáåçÜ~ê~I= ~åÇ= jK= j~íëìâìê~I= ?^= kçîÉä=
mçäóë~ÅÅÜ~êáÇÉ= `çãéçìåÇ= aÉêáîÉÇ= Ñêçã= ^äÖ~É= bñíê~Åíë= mêçíÉÅíë= oÉíáå~ä=
máÖãÉåí= béáíÜÉäá~ä= `Éääë= Ñêçã= eáÖÜ= däìÅçëÉJfåÇìÅÉÇ= lñáÇ~íáîÉ= a~ã~ÖÉ= áå=
sáíêçI?=_áçäçÖáÅ~ä=~åÇ=mÜ~êã~ÅÉìíáÅ~ä=_ìääÉíáå=PRI=NQQTJNQRP=EOMNOFK=

ONRK= tK= aK= _ìíí= ~åÇ=aK= hÉáäáåI= ?^Äëçêéíáçå= péÉÅíê~= ~åÇ= pçãÉ=líÜÉê= mêçéÉêíáÉë= çÑ=
`óíçÅÜêçãÉ=Å=~åÇ=çÑ= fíë=`çãéçìåÇë=ïáíÜ=iáÖ~åÇëI?=mêçÅÉÉÇáåÖë=çÑ= íÜÉ=oçó~ä=
pçÅáÉíó=çÑ=içåÇçåK=pÉêáÉë=_I=_áçäçÖáÅ~ä=pÅáÉåÅÉë=NRSI=QOVJQRU=ENVSOFK=

ONSK= vKJiK= mK= lïI= aK= oK= dêÉÉåI= wK= e~çI= ~åÇ= qK= tK= j~âI= ?`óíçÅÜêçãÉ= ÅW= ÑìåÅíáçåë=
ÄÉóçåÇ=êÉëéáê~íáçåI?=k~íìêÉ=oÉîáÉï=jçäÉÅìä~ê=`Éää=_áçäçÖó=VI=RPOJRQO=EOMMUFK=

ONTK= bK= j~êÖçäá~ëÜ= ~åÇ= kK= cêçÜïáêíI= ?péÉÅíêìã= çÑ= ÜçêëÉJÜÉ~êí= ÅóíçÅÜêçãÉ= ÅI?=
_áçÅÜÉãáëíêó=gçìêå~ä=TNI=RTMJRTO=ENVRV=FK=

ONUK= mK= iK= s~åÇÉï~ääÉ= ~åÇ=kK=lK= mÉíÉêëÉåI= ?lñáÇ~íáçå= çÑ= êÉÇìÅÉÇ= ÅóíçÅÜêçãÉ= Å= Äó=
ÜóÇêçÖÉå=éÉêçñáÇÉK=fãéäáÅ~íáçåë=Ñçê=ëìéÉêçñáÇÉ=~ëë~óëI?=ONMI=NVRJNVU=ENVUTFK=

ONVK= sK= gK= `~Ç~êëçI= dK= pãçäáâI= sK= ^ìòÉäóíÉI= iK= g~ÅçíJaÉëÅçãÄÉëI= ~åÇ= gK= _êìÖÖÉêI=
?eÉíÉêçÖÉåÉçìë=ã~íÉêá~ä=ãáÅêçJíê~åëÑÉê=Äó=áåâJàÉí=éêáåí=~ëëáëíÉÇ=ãçìäÇ=ÑáääáåÖI?=
jáÅêçÉäÉÅíêçåáÅ=båÖáåÉÉêáåÖ=VUI=SNVJSOO=EOMNOFK=

OOMK= ^K= qìíÉà~I=tK= `ÜçáI=jK=j~I= gK=jK=j~ÄêóI= pK= ^K=j~òòÉää~I=dK= `K= oìíäÉÇÖÉI= dK=eK=
jÅháåäÉóI= ~åÇ= oK= bK= `çÜÉåI= ?aÉëáÖåáåÖ= pìéÉêçäÉçéÜçÄáÅ= pìêÑ~ÅÉëI?= pÅáÉåÅÉ=
PNUI=NSNUJNSOO=EOMMTFK=

OONK= sK=hçã~åI=dK=pì•êÉòI=`K=p~åíëÅÜáI=sK= gK=`~Ç~êëçI= gK=_êìÖÖÉêI=kK=îçå=jççëI=sK= fK=
pä~îÉóâçî~I= ~åÇ= lK= gK= cK= j~êíáåI= ?^= éçêí~ÄäÉ= ãáÅêçÑäìáÇáÅJÄ~ëÉÇ= ÄáçéÜçíçåáÅ=
ëÉåëçê= Ñçê= Éñíê~ÅÉääìä~ê= eOlO= ãÉ~ëìêÉãÉåíëI?= mêçÅÉÉÇáåÖë= pmfb= URTOI= URTONU=
EOMNPFK=

OOOK= gK= ^K= cáåÇä~ó= ~åÇ= oK= aáää~êÇI= ?^ééêçéêá~íÉ= Å~äáÄê~íáçå= ÅìêîÉ= ÑáííáåÖ= áå= äáÖ~åÇ=
ÄáåÇáåÖ=~ëë~óëI?=^ãÉêáÅ~å=^ëëçÅá~íáçå=mÜ~êã~ÅÉìíáÅ~ä=pÅáÉåÅÉ=gçìêå~ä=VI=bOSMJ
bOST=EOMMTFK=

OOPK= dK=háãI=vKJbK=iÉÉI=~åÇ=oK=hçéÉäã~åI=?eóÇêçÖÉå=mÉêçñáÇÉ=EeOlOF=aÉíÉÅíáçå=ïáíÜ=
k~åçéêçÄÉë=Ñçê=_áçäçÖáÅ~ä=^ééäáÅ~íáçåëW=^=jáåáJêÉîáÉïI?=áå=lñáÇ~íáîÉ=píêÉëë=~åÇ=
k~åçíÉÅÜåçäçÖóI= aK= ^êãëíêçåÖ= ~åÇ=aK= gK= _Ü~ê~äáI= ÉÇëK= Eeìã~å~= mêÉëëI= OMNPFI=
ééK=NMNJNNQK=

OOQK= cK= e~ÄÉê= ~åÇ= gK= tÉáëëI= ?§ÄÉê= ÇáÉ= h~í~äóëÉ= ÇÉë= eóÇêçéÉêçñóÇÉëI?=
k~íìêïáëëÉåëÅÜ~ÑíÉå=OMI=VQUJVRM=ENVPOFK=

OORK= gK=hK=dêÉÖçêó=~åÇ=aK=`K=`ä~êóI=?`~äÅìä~íáçåë=çÑ=íÜÉ=íìååÉäáåÖ=ëéäáííáåÖë=áå=ï~íÉê=
ÇáãÉê= ~åÇ= íêáãÉê= ìëáåÖ= ÇáÑÑìëáçå= jçåíÉ= `~êäçI?= qÜÉ= gçìêå~ä= çÑ= `ÜÉãáÅ~ä=
mÜóëáÅë=NMOI=TUNTJTUOV=ENVVRFK=

OOSK= `K=háêÅÜåÉêI=qK=iáÉÇäI= pK=hìÇÉê~I=qK=mÉääÉÖêáåçI=^K=jì¥çò= g~îáÉêI=eK=bK=d~ìÄI= pK=
pí∏äòäÉI=kK=cÉêíáÖI=~åÇ=tK=gK=m~ê~âI=?`óíçíçñáÅáíó=çÑ=`çääçáÇ~ä=`ÇpÉ=~åÇ=`ÇpÉLwåp=
k~åçé~êíáÅäÉëI?=k~åç=iÉííÉêë=RI=PPNJPPU=EOMMQFK=

OOTK= iK= `ä¨ãÉåíI= `K= eìêÉäI= ~åÇ= kK= j~êãáÉêI= ?qçñáÅáíó= çÑ= qálO= å~åçé~êíáÅäÉë= íç=
Åä~ÇçÅÉê~åëI=~äÖ~ÉI=êçíáÑÉêë=~åÇ=éä~åíë=Ó=bÑÑÉÅíë=çÑ=ëáòÉ=~åÇ=Åêóëí~ääáåÉ=ëíêìÅíìêÉI?=
`ÜÉãçëéÜÉêÉ=VMI=NMUPJNMVM=EOMNPFK=

OOUK= pK= ^K= dÉêÄÉêI= `K= oK= pÅçííI= cK= qìêÉÅÉâI= ~åÇ= jK= eK= dÉäÄI= ?^å~äóëáë= çÑ= o~íÉë= çÑ=
jìäíáéäÉ= båòóãÉë= áå= `Éää= ióë~íÉë= Äó= bäÉÅíêçëéê~ó= fçåáò~íáçå= j~ëë=
péÉÅíêçãÉíêóI?= gçìêå~ä= çÑ= íÜÉ= ^ãÉêáÅ~å= `ÜÉãáÅ~ä= pçÅáÉíó= NONI= NNMOJNNMP=
ENVVVFK=
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OOVK= gK= eçãçä~I= eK= _K= iìI= dK= dK= kÉååáåÖÉêI= gK= açëí•äÉâI= ~åÇ= pK= pK= vÉÉI= ?^= åçîÉä=
ãìäíáÅÜ~ååÉä=ëìêÑ~ÅÉ=éä~ëãçå=êÉëçå~åÅÉ=ÄáçëÉåëçêI?=pÉåëçêë=~åÇ=^Åíì~íçêë=_W=
`ÜÉãáÅ~ä=TSI=QMPJQNM=EOMMNFK=

OPMK= ^K= iáÉëÉåÉê= ~åÇ= rK= h~êëíI= ?jçåáíçêáåÖ= Éåòóã~íáÅ= ÅçåîÉêëáçåë= Äó= ã~ëë=
ëéÉÅíêçãÉíêóW= ~= ÅêáíáÅ~ä= êÉîáÉïI?= ^å~äóíáÅ~ä= ~åÇ= _áç~å~äóíáÅ~ä= `ÜÉãáëíêó= PUOI=
NQRNJNQSQ=EOMMRFK=

OPNK= `K= dK= mÜÉÉåÉóI= ^K= oK= ^êåçäÇI= jK= ^K= dêçÇáÅâI= ~åÇ= gK= hK= _~êíçåI= ?jìäíáéäÉñÉÇ=
bäÉÅíêçÅÜÉãáëíêó= çÑ= ak^J_çìåÇ= jÉí~ääçéêçíÉáåëI?= gçìêå~ä= çÑ= íÜÉ= ^ãÉêáÅ~å=
`ÜÉãáÅ~ä=pçÅáÉíó=NPRI=NNUSVJNNUTU=EOMNPFK=

OPOK= jKJ`K= pÜáåI= eK= `K= vççåI= ~åÇ= eKJpK= háãI= ?få= ëáíì= ÄáçÅÜÉãáÅ~ä= êÉÇìÅíáçå= çÑ=
áåíÉêÑÉêÉåÅÉ= áå= ~å= ~ãéÉêçãÉíêáÅ= ÄáçëÉåëçê= ïáíÜ= ~= åçîÉä= ÜÉíÉêçÄáä~óÉê=
ÅçåÑáÖìê~íáçå= çÑ= éçäóéóêêçäÉLÖäìÅçëÉ= çñáÇ~ëÉLÜçêëÉê~ÇáëÜ= éÉêçñáÇ~ëÉI?=
^å~äóíáÅ~=`ÜáãáÅ~=^Åí~=POVI=OOPJOPM=ENVVSFK=

OPPK= sK=_K=hçã~åI=`K=p~åíëÅÜáI=kK=oK=îçå=jççëI=sK=fK=pä~îÉóâçî~I=~åÇ=lK=gK=cK=j~êíáåI=
?mçêí~ÄäÉ=çñáÇ~íáîÉ=ëíêÉëë=ëÉåëçêW=aóå~ãáÅ=~åÇ=åçåJáåî~ëáîÉ=ãÉ~ëìêÉãÉåíë=çÑ=
Éñíê~ÅÉääìä~ê=eOlO=êÉäÉ~ëÉÇ=Äó=~äÖ~ÉI?=_áçëÉåëçêë=~åÇ=_áçÉäÉÅíêçåáÅë=SUI=OQRJORO=
EOMNRFK=

OPQK= hK=^K=gçÜåëçå=~åÇ=oK=pK=dççÇóI=?qÜÉ=lêáÖáå~ä=jáÅÜ~Éäáë=`çåëí~åíW=qê~åëä~íáçå=çÑ=
íÜÉ=NVNP=jáÅÜ~ÉäáëÓjÉåíÉå=m~éÉêI?=_áçÅÜÉãáëíêó=RMI=UOSQJUOSV=EOMNNFK=

OPRK= _K= jÉëëåÉêI= `K= mäçåÉêI= dK= i~ìÑÉêI= ~åÇ= aK= _ÉêåÜ~êÇI= ?`~Çãáìã= ~Åíáî~íÉë= ~=
éêçÖê~ããÉÇI= äóëçëçã~ä= ãÉãÄê~åÉ= éÉêãÉ~Äáäáò~íáçåJÇÉéÉåÇÉåí= åÉÅêçëáë=
é~íÜï~óI?=qçñáÅçäçÖó=iÉííÉêë=ONOI=OSUJOTR=EOMNOFK=

OPSK= hK=`K=iÉéíçëI=gK=pK=dì~ëíçI=gK=mK=dçääìÄI=^K=fK=mÉëÅáI=~åÇ=oK=bK=dçäÇëíÉáåI=?aóå~ãáÅë=
çÑ= båÜ~åÅÉÇ= qê~ÅÉê= aáÑÑìëáçå= áå= pìëéÉåëáçåë= çÑ= pïáããáåÖ= bìâ~êóçíáÅ=
jáÅêççêÖ~åáëãëI?=mÜóëáÅ~ä=oÉîáÉï=iÉííÉêë=NMPI=NVUNMP=EOMMVFK=

OPTK= gK= bäJ^äáI= mK= hK= pçêÖÉêI= ~åÇ=hK= cK= gÉåëÉåI= ?`Éääë= çå= ÅÜáéëI?=k~íìêÉ= QQOI= QMPJQNN=
EOMMSFK=

OPUK= pK= kK= _Ü~íá~= ~åÇ= aK= bK= fåÖÄÉêI= ?jáÅêçÑäìáÇáÅ= çêÖ~åëJçåJÅÜáéëI?= k~íìêÉ=
_áçíÉÅÜåçäçÖó=POI=TSMJTTO=EOMNQFK=

OPVK= qK=qÜçêëÉåI=pK=gK=j~ÉêâäI=~åÇ=pK=oK=nì~âÉI=?jáÅêçÑäìáÇáÅ=i~êÖÉJpÅ~äÉ=fåíÉÖê~íáçåI?=
pÅáÉåÅÉ=OVUI=RUMJRUQ=EOMMOFK=

OQMK= nK= o~ã~Ç~å= ~åÇ= jK= jK= dáàëI= ?jáÅêçÑäìáÇáÅ= ~ééäáÅ~íáçåë= çÑ= ÑìåÅíáçå~äáòÉÇ=
ã~ÖåÉíáÅ=é~êíáÅäÉë= Ñçê= ÉåîáêçåãÉåí~ä= ~å~äóëáëW= ÑçÅìë= çå=ï~íÉêÄçêåÉ=é~íÜçÖÉå=
ÇÉíÉÅíáçåI?=jáÅêçÑäìáÇáÅë=~åÇ=k~åçÑäìáÇáÅë=NPI=ROVJRQO=EOMNOFK=

OQNK= `K= eì~åÖI= nK= o~ã~Ç~åI= gK= _K=t~ÅâÉêI= eK= `K= qÉâáåI= `K= oìÑÑÉêíI= dK= sÉêÖÉêÉëI= mK=
páä~ÅÅáI= ~åÇ= jK= ^K= jK= dáàëI= ?jáÅêçÑäìáÇáÅ= ÅÜáé= Ñçê= ãçåáíçêáåÖ= `~OH= íê~åëéçêí=
íÜêçìÖÜ= ~= ÅçåÑäìÉåí= ä~óÉê= çÑ= áåíÉëíáå~ä= ÅÉääëI?= op`= ^Çî~åÅÉë= QI= ROUUTJROUVN=
EOMNQFK=

OQOK= sK= hK= m~ê~ëÜ~êI= gK= _K= t~ÅâÉêI= aK= kÉÅìä~I= ~åÇ= jK= ^K= jK= dáàëI= ?^= ãáÅêçÑäìáÇáÅ=
éêçÅÉëë= Ñçê= çåJÅÜáé= Ñçêã~íáçå= çÑ= ~ëëÉãÄäáÉë= çÑ= çñáÇÉ= å~åçé~êíáÅäÉëI?= oçó~ä=
pçÅáÉíó=çÑ=`ÜÉãáëíêó=^Çî~åÅÉë=QI=PSTORJPSTOU=EOMNQFK=

OQPK= sK= páî~Öå~å~ã= ~åÇ=jK= ^K=jK= dáàëI= ?bñéäçêáåÖ= iáîáåÖ=jìäíáÅÉääìä~ê= lêÖ~åáëãëI=
lêÖ~åëI=~åÇ=qáëëìÉë=rëáåÖ=jáÅêçÑäìáÇáÅ=póëíÉãëI?=`ÜÉãáÅ~ä=oÉîáÉïë=NNPI=PONQJ
POQT=EOMNPFK=

OQQK= qK=`K=e~ìëÜÉêêI=eK=j~àÇI=aK=gçëëI=^K=jΩääÉêI=aK=mK=máçäÉííáI=jK=^K=jK=dáàëI=~åÇ=`K=
v~ã~Ü~í~I= ?`~éáää~êóJî~äîÉJÄ~ëÉÇ= éä~íÑçêã= íçï~êÇë= ÅÉääJçåJÅÜáé=
ãÉÅÜ~åçíê~åëÇìÅíáçå= ~ëë~óëI?= pÉåëçêë= ~åÇ= ^Åíì~íçêë= _W= `ÜÉãáÅ~ä= NUUI= NMNVJ
NMOR=EOMNPFK=

OQRK= gK=tìI=nK=`ÜÉåI=tK=iáìI=vK=wÜ~åÖI=~åÇ=gKJjK=iáåI=?`óíçíçñáÅáíó=çÑ=èì~åíìã=Ççíë=
~ëë~ó=çå=~=ãáÅêçÑäìáÇáÅ=PaJÅìäíìêÉ=ÇÉîáÅÉ=Ä~ëÉÇ=çå=ãçÇÉäáåÖ=ÇáÑÑìëáçå=éêçÅÉëë=
ÄÉíïÉÉå=ÄäççÇ=îÉëëÉäë=~åÇ=íáëëìÉëI?=i~Ä=çå=~=`Üáé=NOI=PQTQJPQUM=EOMNOFK=
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NNR 

OQSK= hK=wÜ~åÖI=`KJhK=`ÜçìI=uK=uá~I=jKJ`K=eìåÖI=~åÇ=iK=náåI= ?_äçÅâJ`ÉääJmêáåíáåÖ= Ñçê=
äáîÉ=ëáåÖäÉJÅÉää=éêáåíáåÖI?=mêçÅÉÉÇáåÖë=çÑ=íÜÉ=k~íáçå~ä=^Å~ÇÉãó=çÑ=pÅáÉåÅÉë=NNNI=
OVQUJOVRP=EOMNQFK=

OQTK= vK= iáìI=tK= _K= _ìíäÉêI= ~åÇ= aK= m~éé~ëI= ?pé~íá~ääó= ëÉäÉÅíáîÉ= êÉ~ÖÉåí= ÇÉäáîÉêó= áåíç=
Å~åÅÉê=ÅÉääë=ìëáåÖ=~= íïçJä~óÉê=ãáÅêçÑäìáÇáÅ=ÅìäíìêÉ=ëóëíÉãI?=^å~äóíáÅ~=`ÜáãáÅ~=
^Åí~=TQPI=NORJNPM=EOMNOFK=

OQUK= jK= qÉÜê~åáêçâÜI= ^K= wK= hçìò~åáI= mK= pK= cê~åÅáëI= ~åÇ= gK= oK= h~åï~êI= ?jáÅêçÑäìáÇáÅ=
ÇÉîáÅÉë=Ñçê=ÅÉää=Åìäíáî~íáçå=~åÇ=éêçäáÑÉê~íáçåI?=_áçãáÅêçÑäìáÇáÅë=TI=NRM=EOMNPFK=

OQVK= pK=a~êJ_áåI=eK=`Üá~J`ÜìåI=eK=pçåÖJ_áåI=~åÇ=iK=dïçJ_áåI=?^=ãáÅêçÑäìáÇáÅJÄ~ëÉÇ=
ÅÉää= ÅìäíìêÉ= éä~íÑçêã= Ñçê= ÅÉääìä~ê= ~åÇ= ëìÄÅÉääìä~ê= áã~ÖáåÖI?= áå= k~åçLjáÅêç=
båÖáåÉÉêÉÇ= ~åÇ=jçäÉÅìä~ê= póëíÉãëI= OMMVK=kbjp=OMMVK= QíÜ= fbbb= fåíÉêå~íáçå~ä=
`çåÑÉêÉåÅÉ=çåI=OMMVFI=OOPJOOSK=

ORMK= gK=iK=d~êÅá~J`çêÇÉêç=~åÇ=pK= gK=j~ÉêâäI= ?^=NMOQJë~ãéäÉ=ëÉêìã=~å~äóòÉê=ÅÜáé= Ñçê=
Å~åÅÉê=Çá~ÖåçëíáÅëI?=i~Ä=çå=~=`Üáé=NQI=OSQOJOSRM=EOMNQFK=

ORNK= mK= gK= hÉÉäáåÖI= ?aáîÉêëáíó= ~åÇ= Éîçäìíáçå~êó= Üáëíçêó= çÑ= éä~ëíáÇë= ~åÇ= íÜÉáê= ÜçëíëI?=
^ãÉêáÅ~å=gçìêå~ä=çÑ=_çí~åó=VNI=NQUNJNQVP=EOMMQFK=

OROK= pK=p~ÄÉää~I=oK=mK=`~êåÉóI=sK=_êìåÉííáI=jK=^K=j~äîáåÇáI=kK=^äJgìÑÑ~äáI=dK=sÉÅÅÜáçI=pK=
jK= g~åÉëI= lK=jK= _~âêI= oK= `áåÖçä~åáI= cK= píÉää~ÅÅáI= ~åÇ= mK= mK= mçãé~I= ?^= ÖÉåÉê~ä=
ãÉÅÜ~åáëã= Ñçê= áåíê~ÅÉääìä~ê= íçñáÅáíó= çÑ= ãÉí~äJÅçåí~áåáåÖ= å~åçé~êíáÅäÉëI?=
k~åçëÅ~äÉ=SI=TMROJTMSN=EOMNQFK=

ORPK= oK=cK=açãáåÖçëI=aK=cK=páãçåI=`K=e~ìëÉêI=~åÇ=hK=gK=táäâáåëçåI=?_áç~ÅÅìãìä~íáçå=
~åÇ= bÑÑÉÅíë= çÑ= `ÇqÉL`Çp= nì~åíìã= açíë= çå= `Üä~ãóÇçãçå~ë= êÉáåÜ~êÇíáá= Ó=
k~åçé~êíáÅäÉë= çê= íÜÉ= cêÉÉ= fçåë\I?= båîáêçåãÉåí~ä= pÅáÉåÅÉ= C= qÉÅÜåçäçÖó= QRI=
TSSQJTSSV=EOMNNFK=

ORQK= `K=eK= cçóÉê= ~åÇ=dK=kçÅíçêI= ?oÉÇçñ=eçãÉçëí~ëáë= ~åÇ=^åíáçñáÇ~åí= páÖå~äáåÖW=^=
jÉí~ÄçäáÅ= fåíÉêÑ~ÅÉ= ÄÉíïÉÉå= píêÉëë= mÉêÅÉéíáçå= ~åÇ= mÜóëáçäçÖáÅ~ä= oÉëéçåëÉëI?=
qÜÉ=mä~åí=`Éää=låäáåÉ=NTI=NUSSJNUTR=EOMMRFK=

ORRK= jK=e~åáâÉååÉI= pK= pK=jÉêÅÜ~åíI= ~åÇ=mK=e~ãÉäI= ?`Ü~éíÉê= NM= J= qê~åëáíáçå=jÉí~ä=
kìíêáíáçåW=^=_~ä~åÅÉ=_ÉíïÉÉå=aÉÑáÅáÉåÅó=~åÇ=qçñáÅáíóI?=áå=qÜÉ=`Üä~ãóÇçãçå~ë=
pçìêÅÉÄççâ= EpÉÅçåÇ= bÇáíáçåFI= bK= eK=eK= _K= pK= _K=táíã~åI= ÉÇK= E^Å~ÇÉãáÅ= mêÉëëI=
içåÇçåI=OMMVFI=ééK=PPPJPVVK=

ORSK= `K=i~ãÉä~ëI=gK=mK=máåÜÉáêçI=~åÇ=sK=fK=pä~îÉóâçî~I=?bÑÑÉÅí=çÑ=eìãáÅ=^ÅáÇ=çå=`ÇEffFI=
`ìEffFI=~åÇ=mÄEffF=réí~âÉ=Äó=cêÉëÜï~íÉê=^äÖ~ÉW=háåÉíáÅ=~åÇ=`Éää=t~ää=péÉÅá~íáçå=
`çåëáÇÉê~íáçåëI?=båîáêçåãÉåí~ä=pÅáÉåÅÉ=C=qÉÅÜåçäçÖó=QPI=TPMJTPR=EOMMVFK=

ORTK= vK=t~åÖI=gK=c~åÖI=pK=pK=iÉçå~êÇI=~åÇ=hK=jK=hêáëÜå~=o~çI=?`~Çãáìã=áåÜáÄáíë=íÜÉ=
ÉäÉÅíêçå= íê~åëÑÉê= ÅÜ~áå= ~åÇ= áåÇìÅÉë= oÉ~ÅíáîÉ= lñóÖÉå= péÉÅáÉëI?= cêÉÉ= o~ÇáÅ~ä=
_áçäçÖó=~åÇ=jÉÇáÅáåÉ=PSI=NQPQJNQQP=EOMMQFK=

ORUK= sK= fK= pä~îÉóâçî~= ~åÇ=hK= pí~êíÅÜÉîI= ?bÑÑÉÅí= çÑ= å~íìê~ä= çêÖ~åáÅ=ã~ííÉê= ~åÇ= ÖêÉÉå=
ãáÅêç~äÖ~= çå= Å~êÄçñóäJéçäóÉíÜóäÉåÉ= ÖäóÅçä= Åç~íÉÇ= `ÇpÉLwåp= èì~åíìã= Ççíë=
ëí~Äáäáíó= ~åÇ= íê~åëÑçêã~íáçåë= ìåÇÉê= ÑêÉëÜï~íÉê= ÅçåÇáíáçåëI?= båîáêçåãÉåí~ä=
mçääìíáçå=NRTI=PQQRJPQRM=EOMMVFK=

ORVK= uK=eÉI=vK=m~åI=gK=wÜ~åÖI=vK=iáI=vK=j~I=mK=wÜ~åÖI=vK=aáåÖI=gK=wÜ~åÖI=wK=tìI=vK=wÜ~çI=
wK=`Ü~áI= ~åÇ=wK=wÜ~åÖI= ?nì~åíáÑóáåÖ= íÜÉ= íçí~ä= áçåáÅ= êÉäÉ~ëÉ= Ñêçã=å~åçé~êíáÅäÉë=
~ÑíÉê=é~êíáÅäÉJÅÉää=Åçåí~ÅíI?=båîáêçåãÉåí~ä=mçääìíáçå=NVSI=NVQJOMM=EOMNRFK=

OSMK= vK= _~ÉI= kK= jóìåÖI= ~åÇ= ^K= gK= _~êÇI= ?bäÉÅíêçÅÜÉãáëíêó= ~åÇ= bäÉÅíêçÖÉåÉê~íÉÇ=
`ÜÉãáäìãáåÉëÅÉåÅÉ=çÑ=`ÇqÉ=k~åçé~êíáÅäÉëI?=k~åç=iÉííÉêë=QI=NNRPJNNSN=EOMMQFK=

OSNK= eK= gá~åÖ= ~åÇ= eK= gìI= ?båòóãÉJèì~åíìã= Ççíë= ~êÅÜáíÉÅíìêÉ= Ñçê= ÜáÖÜäó= ëÉåëáíáîÉ=
ÉäÉÅíêçÅÜÉãáäìãáåÉëÅÉåÅÉ= ÄáçëÉåëáåÖ= çÑ= çñáÇ~ëÉ= ëìÄëíê~íÉëI?= `ÜÉãáÅ~ä=
`çããìåáÅ~íáçåëI=RI=QMQJQMS=EOMMTFK=

OSOK= iK= aÉåå~åóI= jK= dÉêä~ÅÜI= pK= lD`~êêçääI= qK= bK= hÉóÉëI= oK= gK= cçêëíÉêI= ~åÇ= mK=
_ÉêíçåÅÉääçI= ?bäÉÅíêçÅÜÉãáäìãáåÉëÅÉåÅÉ= Eb`iF= ëÉåëáåÖ= éêçéÉêíáÉë= çÑ= ï~íÉê=



_áÄäáçÖê~éÜó=

NNS 

ëçäìÄäÉ=ÅçêÉJëÜÉää=`ÇpÉLwåp=èì~åíìã=ÇçíëLk~Ñáçå=ÅçãéçëáíÉ=ÑáäãëI?=gçìêå~ä=çÑ=
j~íÉêá~äë=`ÜÉãáëíêó=ONI=NPVUQJNPVVM=EOMNNFK=

OSPK= uK=eìI=eK=e~åI=iK=eì~I=~åÇ=wK=pÜÉåÖI=?bäÉÅíêçÖÉåÉê~íÉÇ=ÅÜÉãáäìãáåÉëÅÉåÅÉ=çÑ=
ÄäìÉ= ÉãáííáåÖ= wåpÉ= èì~åíìã=Ççíë= ~åÇ= áíë= ÄáçëÉåëáåÖ= Ñçê= ÜóÇêçÖÉå= éÉêçñáÇÉI?=
_áçëÉåëçêë=~åÇ=_áçÉäÉÅíêçåáÅë=ORI=NUQPJNUQS=EOMNMFK=

OSQK= mK=oÉáëëI=jK=mêçíá≠êÉI=~åÇ=iK=iáI=?`çêÉLpÜÉää=pÉãáÅçåÇìÅíçê=k~åçÅêóëí~äëI?=pã~ää=
RI=NRQJNSU=EOMMVFK=

OSRK= pK= aìíí~Jdìéí~= ~åÇ=lK= gK= cK=j~êíáåI= ?píêçåÖäó= ÅçìéäÉÇ= ÄáçJéä~ëãçåáÅ= ëóëíÉãW=
^ééäáÅ~íáçå=íç=çñóÖÉå=ëÉåëáåÖI?=gçìêå~ä=çÑ=^ééäáÉÇ=mÜóëáÅë=NNMI=MQQTMN=EOMNNFK=

OSSK= vK= `ÜçáI= vK= m~êâI= qK= h~åÖI= ~åÇ= iK= mK= iÉÉI= ?pÉäÉÅíáîÉ= ~åÇ= ëÉåëáíáîÉ= ÇÉíÉÅíáçå= çÑ=
ãÉí~ä= áçåë=Äó=éä~ëãçåáÅ=êÉëçå~åÅÉ=ÉåÉêÖó=íê~åëÑÉêJÄ~ëÉÇ=å~åçëéÉÅíêçëÅçéóI?=
k~íìêÉ=k~åçíÉÅÜåçäçÖó=QI=TQOJTQS=EOMMVFK=

OSTK= dKJvK= iáçì= ~åÇ= mK= píçêòI= ?oÉ~ÅíáîÉ= çñóÖÉå= ëéÉÅáÉë= áå= Å~åÅÉêI?= cêÉÉ= o~ÇáÅ~ä=
oÉëÉ~êÅÜ=QQI=QTVJQVS=EOMNMFK=

OSUK= iK= o~àI= qK= fÇÉI=^K=rK=dìêâ~êI=jK= cçäÉóI=jK= pÅÜÉåçåÉI=uK= iáI=kK= gK= qçääáÇ~óI= qK=oK=
dçäìÄI=pK=^K=`~êêI=^K=cK=pÜ~ãàáI=^K=jK=píÉêåI=^K=j~åÇáåçî~I=pK=iK=pÅÜêÉáÄÉêI=~åÇ=pK=
tK=iÉÉI=?pÉäÉÅíáîÉ=âáääáåÖ=çÑ=Å~åÅÉê=ÅÉääë=Äó=~=ëã~ää=ãçäÉÅìäÉ=í~êÖÉíáåÖ=íÜÉ=ëíêÉëë=
êÉëéçåëÉ=íç=olpI?=k~íìêÉ=QTRI=OPNJOPQ=EOMNNFK=

OSVK= aK=qê~ÅÜççíÜ~ãI= gK=^äÉñ~åÇêÉI= ~åÇ=mK=eì~åÖI= ?q~êÖÉíáåÖ=Å~åÅÉê= ÅÉääë=Äó=olpJ
ãÉÇá~íÉÇ=ãÉÅÜ~åáëãëW=~= ê~ÇáÅ~ä= íÜÉê~éÉìíáÅ=~ééêç~ÅÜ\I?=k~íìêÉ=oÉîáÉï=aêìÖ=
aáëÅçîÉêó=UI=RTVJRVN=EOMMVFK=

OTMK= gK=gK=cçíáI=_K=aÉî~ÇçëëI=gK=^K=táåâäÉêI=gK=gK=`çääáåëI=~åÇ=dK=`K=t~äâÉêI=?lñáÇ~íáçå=çÑ=
íÜÉ=dì~åáåÉ=kìÅäÉçíáÇÉ=mççä=råÇÉêäáÉë=`Éää=aÉ~íÜ=Äó=_~ÅíÉêáÅáÇ~ä=^åíáÄáçíáÅëI?=
pÅáÉåÅÉ=PPSI=PNRJPNV=EOMNOFK=

OTNK= gK= eK= açêçëÜçï= ~åÇ= hK= gK= ^K= a~îáÉëI= ?`çãé~ê~íáîÉ= Å~êÇá~Å= çñóÖÉå= ê~ÇáÅ~ä=
ãÉí~Äçäáëã= Äó= ~åíÜê~ÅóÅäáåÉ= ~åíáÄáçíáÅëI= ãáíçñ~åíêçåÉI= Äáë~åíêÉåÉI= QDJEVJ
~ÅêáÇáåóä~ãáåçFJãÉíÜ~åÉëìäÑçåJãJ~åáëáÇáÇÉI= ~åÇ= åÉçÅ~êòáåçëí~íáåI?=
_áçÅÜÉãáÅ~ä=mÜ~êã~ÅçäçÖó=POI=OVPRJOVPV=ENVUPFK=

OTOK= oK=qK=açêêI=?_äÉçãóÅáå=éÜ~êã~ÅçäçÖóW=ãÉÅÜ~åáëã=çÑ=~Åíáçå=~åÇ=êÉëáëí~åÅÉI=~åÇ=
ÅäáåáÅ~ä=éÜ~êã~ÅçâáåÉíáÅëI?=pÉãáå~êë=áå=låÅçäçÖó=NVI=PJU=ENVVOFK=

=

=



 

NNT=

_ÉÜáåÇ=íÜÉ=ëÅÉåÉ==
=Åçìé=ÇÉ= ÑçìÇêÉ= áå=cêÉåÅÜ=ãÉ~åë=íç= Ñ~ää= áå= äçîÉ=ëìÇÇÉåäóI= ÑáÉêÅÉäóK=qÜ~í= áë=ïÜ~í=
Ü~ééÉåÉÇ=ïáíÜ=ãÉ=~åÇ=bmciK==

bmci=áë=çåÉ=çÑ=íÜÉ=ïçêäÇÛë=íçé=ìåáîÉêëáíáÉë=~åÇ=k^j=áë=~=Öêçìé=âåçïå=ïçêäÇïáÇÉ=
Ñçê= å~åçéÜçíçåáÅë= ~åÇ= éä~ëãçåáÅëI= íÜÉêÉÑçêÉ= f= ~ã= îÉêó= éêçìÇ= íç= ÅçåÇìÅí= ãó= mÜa=
~ãçåÖ= íÜÉ=ÄÉëíK=^ää= çÑ= íÜáë=ÄÉÅ~ãÉ=éçëëáÄäÉ= íÜ~åâë= íç= íÜÉ=k^j= äÉ~ÇÉêI= ~=éÉêëçå=ïÜç=
~ÅÅÉéíÉÇ= ãÉ= ~ë= ~= mÜaI= mêçÑK= läáîáÉê= j~êíáåK= läáîáÉêI= íÜ~åâ= óçì= îÉêó= ãìÅÜ= Ñçê=
áåíêçÇìÅáåÖ=ãÉ=íç=jjm=~åÇ=jçåíÉ=`~êäç=ëáãìä~íáçåëI=Ñçê=ÑáåÇáåÖ=ëéçííáåÖ=êçÄçí=Ñçê=ãÉI=
Ñçê= óçìê= ïêáíáåÖ= ÖìáÇÉäáåÉëI= Ñçê= ëÜ~êáåÖ= óçìê= îáëáçå= çå= ãáÅêçÑäìáÇáÅ= ÅÜáéë= ~åÇ= ã~åó=
çíÜÉê= íÜáåÖëI= ïÜáÅÜ= ÇáÇåÛí= Ñáí= áå= ÜÉêÉK= qÜ~åâ= óçì= Ñçê= ëìééçêíáåÖ= ãÉ= ïÜÉå= ãó=
ÉñéÉêáãÉåíë= ÇáÇ= åçí= ïçêâ= ~åÇ= ãó= é~éÉêë= ïÉêÉ= êÉàÉÅíÉÇK= aÉëéáíÉ= íÜáë= Äìãéó= êç~Ç=
íÜêçìÖÜ= éÜóëáÅëI= ÉåÖáåÉÉêáåÖ= ~åÇ= ÄáçäçÖóI= f= íÜáåâ= íÜ~í= ïÉ= ~ÅÜáÉîÉÇ= ëçãÉ= Ñ~ëÅáå~íáåÖ=
êÉëìäíë= ~åÇ= Ü~Ç= çìê= îáÅíçêáÉëK= qÜáë= ïçêâ= ïçìäÇ= åçí= ÄÉ= éçëëáÄäÉ= ïáíÜçìí= ~= ÖÉåÉêçìë=
ëìééçêí= Ñêçã= íÜÉ= pïáëë= k~íáçå~ä= pÅáÉåÅÉ= cçìåÇ~íáçå= áå= íÜÉ= Ñê~ãÉïçêâ= çÑ= kom= SQ=
“lééçêíìåáíáÉë=~åÇ=êáëâë=çÑ=å~åçã~íÉêá~äëÒ=éêçàÉÅíK=

båêáÅç= cÉêãá= çåÅÉ=åçíÉÇW= “fÑ= íÜÉ= êÉëìäí= ÅçåÑáêãë= íÜÉ= ÜóéçíÜÉëáëI= íÜÉå= óçìDîÉ=ã~ÇÉ= ~=
ãÉ~ëìêÉãÉåíK=fÑ=íÜÉ=êÉëìäí=áë=Åçåíê~êó=íç=íÜÉ=ÜóéçíÜÉëáëI=íÜÉå=óçìDîÉ=ã~ÇÉ=~=ÇáëÅçîÉêóÒK=
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