
=

_rkabp^jq=c§o=rjtbiqI=t^ia=rka=i^kap`e^cq=E_rt^iF=
=

mjNMJrjob`ekrkdpjlabiib=
c§o=qbljJ=rka=_bq^jbqboJ
jbppobfebk=
hllmbo^qflk=h^kqlkb=^dI=_iI=
_pI=doI=irI=weI=pq^aq=weI=bjm^==

=

= =
pÅÜäìëëÄÉêáÅÜí=
wΩêáÅÜL_ÉêåI=ONK=g~åì~ê=OMMR=
=
gΩêÖ=eÉäÇëí~ÄI=fkco^p==
j~êñ=pí~ãéÑäáI=ëí~ãéÑäá=j^qebj^qf`p=
=

úARM`Jp`eirpp_bof`eqJMRMNONJOKal`=

=

=

= =
pq^jmcif=j^qebj^qf`p==
_bokbo=qb`eklm^ohI==
jlodbkpqo^ppb=NOVI==
`eJPMNU=_bokI==
=
í=HQN=PN=VVU=QR=RRI===
pq^jmcif]j^qebj^qf`pK`e=
=
=
= = =

fkco^p=
=
dbob`eqfdhbfqpd^ppb=OM
mlpqc^`e=
`eJUMPV=w§of`e=
í=HQN=N=OMR=VR=VR=
Ñ=HQN=N=OMR=VR=VV=
wrbof`e]fkco^pK`e=
=
j§eibj^qqpqo^ppb=QR=
`eJPMMT=_bok=
=
tttKfkco^pK`e=

stampfli 
MATHEMATICS 



=

=

=

=

mjNMJrjob`ekrkdpjlabiib=c§o=qbljJ=rka=_bq^jbqboJ
jbppobfebk=
hllmbo^qflk=h^kqlkb=^dI=_iI=_pI=doI=irI=weI=pq^aq=weI=bjm^=
=

_ìåÇÉë~ãí=ÑΩê=rãïÉäíI=t~äÇ=ìåÇ=i~åÇëÅÜ~Ñí=E_rt^iF=

=

båíïìêÑ=pÅÜäìëëÄÉêáÅÜíI=wΩêáÅÜL_ÉêåI=ONK=g~åì~ê=OMMR=

=

jáíïáêâÉåÇÉ=

eìÖç=^ã~ÅâÉêI=_rt^i=E^ìÑíê~ÖÖÉÄÉêF=

oçÄÉêí=dÉÜêáÖI=bjm^==

e~åëéÉíÉê=i∏íëÅÜÉêI=^kr=híK=do=

j~êâìë=jÉáÉêI=oçó=bìÖëíÉêI=^tbi=híK=we=

e~åëêìÉÇá=jçëÉêI=ie^=híÉK=_pL_i=

pìë~ååÉ=pÅÜä~ííÉêI=dra=pí~Çí=wΩêáÅÜ=

qÜçã~ë=wΩåÇI=mÉíÉê=_∏ÜäÉêI=áååÉí=^d=

=

^ìíçêÉå=

gΩêÖ=eÉäÇëí~ÄI=fkco^p=

j~êñ=pí~ãéÑäáI=ëí~ãéÑäá=j^qebj^qf`p=

=

mjNMJpÅÜäìëëÄÉêáÅÜíJMRMNONKÇçÅ=

=

=



= öP=

fkco^p=ö=ONK=g~åì~ê=OMMR=ö=mjNMJrjob`ekrkdpjlabiib=c§o=qbljJ=rka=_bq^jbqboJjbppobfebk=ö=§_bopf`eq=

§_bopf`eq=
=

wrp^jjbkc^pprkd=rka=bjmcbeirkd=kbrbo=jlabiib|||||||||||||||||||||||||||| T 
obprj°=bq=ob`ljj^ka^qflk=ab=klrsb^ru=jlaÐibp ||||||||||||||||||||||||||||| V 
prjj^ov=^ka=ob`ljjbka^qflkp=clo=kbt=`loob`qflk=crk`qflkp |||||||||||||||NP 
NK bfkibfqrkd |||||||||||||||||||||||||||||||||||||||||||||||||||||||||NR 
OK jbppmoldo^jj |||||||||||||||||||||||||||||||||||||||||||||||||||||NT 
PK jbqelafp`ebp=slodbebk |||||||||||||||||||||||||||||||||||||||||||||OO 
QK rjob`ekrkdpjlabiib=c§o=qbljJjbppobfebk|||||||||||||||||||||||||||OR 
RK rjob`ekrkdpjlabiib=c§o=_bq^jbqboJjbppobfebk||||||||||||||||||||||PT 
SK p`eirppclidborkdbkI=bjmcbeirkdbk=rka=^rp_if`h ||||||||||||||||||||RT 
^kkbu=bodûkwbkab=jlabiiobpriq^qb ||||||||||||||||||||||||||||||||||||||||SQ 
^NK=qbljJjbppobfebk |||||||||||||||||||||||||||||||||||||||||||||||||||||||SQ 
^OK=_bq^jbqboJjbppobfebk ||||||||||||||||||||||||||||||||||||||||||||||||||SU 
ifqbo^qro |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||TP 
=

=



= Qö=

fkco^p=ö=ONK=g~åì~ê=OMMR=ö=mjNMJrjob`ekrkdpjlabiib=c§o=qbljJ=rka=_bq^jbqboJjbppobfebk=ö=fke^iq=

fke^iq=
=

wrp^jjbkc^pprkd=rka=bjmcbeirkd=kbrbo=jlabiib|||||||||||||||||||||||||||| T 
obprj°=bq=ob`ljj^ka^qflk=ab=klrsb^ru=jlaÐibp ||||||||||||||||||||||||||||| V 
prjj^ov=^ka=ob`ljjbka^qflkp=clo=kbt=`loob`qflk=crk`qflkp |||||||||||||||NP 
NK bfkibfqrkd |||||||||||||||||||||||||||||||||||||||||||||||||||||||||NR 
NKNK cloqpbqwrkd=co§ebobo=^k^ivpbk=J=wfbib |||||||||||||||||||||||||||||||||| NR 
NKOK qb`ekfp`eb=bkqtf`hirkdbk ||||||||||||||||||||||||||||||||||||||||||||| NS 
OK jbppmoldo^jj |||||||||||||||||||||||||||||||||||||||||||||||||||||NT 
OKNK pq^kaloqbI=jbppdboûqb |||||||||||||||||||||||||||||||||||||||||||||||| NT 
OKOK jbppmboflabk||||||||||||||||||||||||||||||||||||||||||||||||||||||||| NT 
OKOKNK qÉçãJdÉê®íÉ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| NU 
OKOKOK _Éí~ãÉíÉêJdÉê®íÉ||||||||||||||||||||||||||||||||||||||||||||||||||||||| NV 
OKPK _bwrdp_bafkdrkdbk ||||||||||||||||||||||||||||||||||||||||||||||||||| OM 
OKPKNK mjNM=E_Éí~ãÉíÉêI=qÉçãF=ìåÇ=Ö~ëÑ∏êãáÖÉ=hçãéçåÉåíÉå |||||||||||||||||||||||| OM 
OKPKOK mjNM=EespF ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| OM 
PK jbqelafp`ebp=slodbebk |||||||||||||||||||||||||||||||||||||||||||||OO 
PKNK pq^qfpqfh||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| OO 
PKOK qbljJjbppobfebk|||||||||||||||||||||||||||||||||||||||||||||||||||||| OO 
PKPK _bq^jbqboJjbppobfebk||||||||||||||||||||||||||||||||||||||||||||||||| OP 
PKQK t^ei=abo=^rptboqrkdpmboflabk |||||||||||||||||||||||||||||||||||||||| OQ 
QK rjob`ekrkdpjlabiib=c§o=qbljJjbppobfebk|||||||||||||||||||||||||||OR 
QKNK a^p=^rppf`eqpobf`epqb=qbljJjlabii ||||||||||||||||||||||||||||||||||||| OR 
QKOK sbofcfh^qflk=hloobhqroc^hqlojlabii ||||||||||||||||||||||||||||||||||| OR 
QKOKNK jçÇÉääëíêìâíìê ||||||||||||||||||||||||||||||||||||||||||||||||||||||||| OR 
QKOKOK oÉëìäí~íÉ=hçêêÉâíìêÑ~âíçêãçÇÉää ||||||||||||||||||||||||||||||||||||||||||| OS 
QKPK sbofcfh^qflk=mboflabkjlabii||||||||||||||||||||||||||||||||||||||||||| OT 
QKPKNK jçÇÉääëíêìâíìê ||||||||||||||||||||||||||||||||||||||||||||||||||||||||| OT 
QKPKOK oÉëìäí~íÉ=mÉêáçÇÉåãçÇÉää |||||||||||||||||||||||||||||||||||||||||||||||| OU 
QKQK kbrW=bkbodfbjlabii ||||||||||||||||||||||||||||||||||||||||||||||||||| OV 
QKQKNK jçÇÉääëíêìâíìê ||||||||||||||||||||||||||||||||||||||||||||||||||||||||| OV 
QKQKOK oÉÖêÉëëáçåëêÉëìäí~íÉ |||||||||||||||||||||||||||||||||||||||||||||||||||| PM 
QKQKPK sÉêÖäÉáÅÜ=ÇÉë=båÉêÖáÉãçÇÉääë=ãáí=esp=a~íÉå ||||||||||||||||||||||||||||||||| PM 
QKRK jlabii=abo=b`=tlohfkd=dolrm=lk=m^oqf`ri^qb=j^qqbo ||||||||||||||||||||| PQ 



= öR=

fkco^p=ö=ONK=g~åì~ê=OMMR=ö=mjNMJrjob`ekrkdpjlabiib=c§o=qbljJ=rka=_bq^jbqboJjbppobfebk=ö=fke^iq=

QKSK qblj=jfq=cajp |||||||||||||||||||||||||||||||||||||||||||||||||||||||| PR 
RK rjob`ekrkdpjlabiib=c§o=_bq^jbqboJjbppobfebk||||||||||||||||||||||PT 
RKNK a^p=^rppf`eqpobf`epqb=_bq^jbqboJjlabii |||||||||||||||||||||||||||||||| PT 
RKOK ifkb^ob=obdobppflkpjlabiib ||||||||||||||||||||||||||||||||||||||||||| PT 
RKOKNK jçÇÉääëíêìâíìê ||||||||||||||||||||||||||||||||||||||||||||||||||||||||| PT 
RKOKOK wïÉá=oÉÖêÉëëáçåëãÉíÜçÇÉå ||||||||||||||||||||||||||||||||||||||||||||||| PU 
RKOKPK oÉÖêÉëëáçå=ãáí=âäÉáåëíÉå=nì~Çê~íÉå |||||||||||||||||||||||||||||||||||||||| PU 
RKOKQK oÉÖêÉëëáçå=ãáí=êçÄìëíÉê=jÉíÜçÇÉ |||||||||||||||||||||||||||||||||||||||||| PV 
RKOKRK sÉêÖäÉáÅÜ=ÇÉë=äáåÉ~êÉå=jçÇÉääë=ãáí=espJa~íÉå |||||||||||||||||||||||||||||||| QM 
RKPK hloobhqroc^hqlojlabiib=_bq^jbqbo||||||||||||||||||||||||||||||||||||| QN 
RKPKNK jçÇÉääëíêìâíìê ||||||||||||||||||||||||||||||||||||||||||||||||||||||||| QN 
RKPKOK hçåëí~åíÉê=hçêêÉâíìêÑ~âíçê ||||||||||||||||||||||||||||||||||||||||||||||| QO 
RKPKPK o®ìãäáÅÜÉ=ìåÇ=wÉáíäáÅÜÉ=sÉê®åÇÉêìåÖÉå=ÇÉë=âJc~âíçêë ||||||||||||||||||||||||| QP 
RKPKQK jìäíáäáåÉ~êÉ=oÉÖêÉëëáçå=ÇÉë=hJc~âíçêë |||||||||||||||||||||||||||||||||||||| QS 
RKPKRK nì~Çê~íáëÅÜÉ=oÉÖêÉëëáçå=ÇÉë=hJc~âíçêë|||||||||||||||||||||||||||||||||||||| QU 
RKPKSK jçÇÉääîÉêÖäÉáÅÜ |||||||||||||||||||||||||||||||||||||||||||||||||||||||| RQ 
RKQK rjob`ekrkdpjlabii=k^_bi||||||||||||||||||||||||||||||||||||||||||||| RR 
RKRK bjmcbeirkdbk=abo=b`=tlohfkd=dolrm=lk=m^oqf`ri^qb=j^qqbo ||||||||||||||| RR 
SK p`eirppclidborkdbkI=bjmcbeirkdbk=rka=^rp_if`h ||||||||||||||||||||RT 
SKNK p`eirppclidborkdbk |||||||||||||||||||||||||||||||||||||||||||||||||| RT 
SKNKNK qÉçãJdÉê®íÉ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| RT 
SKNKOK _Éí~ãÉíÉêJdÉê®íÉ||||||||||||||||||||||||||||||||||||||||||||||||||||||| RT 
SKOK jlabiibjmcbeirkdbk |||||||||||||||||||||||||||||||||||||||||||||||||| RV 
SKOKNK qÉçãJdÉê®íÉ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| RV 
SKOKOK _Éí~ãÉíÉêJdÉê®íÉ||||||||||||||||||||||||||||||||||||||||||||||||||||||| SN 
SKPK ^rp_if`h||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| SP 
^kkbu=bodûkwbkab=jlabiiobpriq^qb ||||||||||||||||||||||||||||||||||||||||SQ 
^NK=qbljJjbppobfebk |||||||||||||||||||||||||||||||||||||||||||||||||||||||SQ 
^NKN=mboflabkjlabii ||||||||||||||||||||||||||||||||||||||||||||||||||||||||| SQ 
^NKO=bkbodfbjlabii |||||||||||||||||||||||||||||||||||||||||||||||||||||||||| SS 
^NKP=^k^ildfb=bkbodfbjlabii=Ó=mboflabkjlabii ||||||||||||||||||||||||||||||||| ST 
^OK=_bq^jbqboJjbppobfebk ||||||||||||||||||||||||||||||||||||||||||||||||||SU 
^OKN=mo§crkd=abo=slo^rppbqwrkdbk=c§o=obdobppflk |||||||||||||||||||||||||||||| SU 
^OKO=obdobppflkpobpriq^qb=jriqfJifkb^obp=jlabii ||||||||||||||||||||||||||||||| TN 



= Sö=

fkco^p=ö=ONK=g~åì~ê=OMMR=ö=mjNMJrjob`ekrkdpjlabiib=c§o=qbljJ=rka=_bq^jbqboJjbppobfebk=ö=fke^iq=

^OKP=oûrjif`eb=hloobi^qflk=abo=_bq^jbqboJpq^qqflkbk||||||||||||||||||||||||||| TO 
ifqbo^qro |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||TP 



= öT=

fkco^p=ö=ONK=g~åì~ê=OMMR=ö=mjNMJrjob`ekrkdpjlabiib=c§o=qbljJ=rka=_bq^jbqboJjbppobfebk=ö=wrp^jjbkc^pprkd=rka=
bjmcbeirkd=kbrbo=jlabiib=

wrp^jjbkc^pprkd=rka=bjmcbeirkd=kbrbo=jlabiib=
=

mjNMJsÉêÖäÉáÅÜëãÉëëìåÖÉå=EeáÖÜ=sçäìãÉ=p~ãéäÉê=~äë=oÉÑÉêÉåòÖÉê®íÉI=qÉçãJ=ìåÇ=_Éí~ãÉJ

íÉêJ=~äë=qÉëíÖÉê®íÉF=îçå=ãÉÜêÉêÉå=pí~íáçåÉå=áå=ÇÉê=pÅÜïÉáò=~ìë=ÇÉê=mÉêáçÇÉ=NVVVJOMMN=ïìêJ

ÇÉå=áã=^ìÑíê~Ö=ÇÉë=_rt^i=~ìëÖÉïÉêíÉí=ìåÇ=éìÄäáòáÉêí=E_rt^i=OMMNFK=e~ìéíêÉëìäí~íÉ=ï~êÉå=

rãêÉÅÜåìåÖëãçÇÉääÉI=ìã=qÉçãJ=ìåÇ=_Éí~ãÉíÉêJa~íÉåêÉáÜÉå=ã∏ÖäáÅÜëí=Öìí=ÇÉå=espJ

oÉÑÉêÉåòïÉêíÉå=~åòìÖäÉáÅÜÉåK=aáÉ=sÉêÖäÉáÅÜëãÉëëìåÖÉå=ïìêÇÉå=~ìÅÜ=áå=ÇÉå=cçäÖÉà~ÜêÉå=

ïÉáíÉêÖÉÑΩÜêíI=ÉÄÉåëç=ÇáÉ=^ìëïÉêíìåÖÉåK=aÉê=îçêäáÉÖÉåÇÉ=_ÉêáÅÜí=ÇçâìãÉåíáÉêí=ÇáÉ=oÉëìäí~J

íÉ=ÇÉê=åÉìÉå=ëí~íáëíáëÅÜÉå=^å~äóëÉåI=sÉêáÑáâ~íáçå=ÇÉê=ÄáëÜÉêáÖÉå=jçÇÉääÉI=sçêëÅÜä~Ö=ìåÇ=

bãéÑÉÜäìåÖÉå=ÑΩê=åÉìÉ=jçÇÉääÉW=

cΩê=qÉçãJdÉê®íÉ=ïáêÇ=Éáå=åÉìÉë=rãêÉÅÜåìåÖëãçÇÉää=ìåíÉê=ÇÉê=_ÉòÉáÅÜåìåÖ=łbåÉêÖáÉJ

ãçÇÉää“=îçêÖÉëÅÜä~ÖÉåK=bë=ÄÉëáíòí=ÉÄÉåëç=ÖìíÉ=çÇÉê=ÄÉëëÉêÉ=báÖÉåëÅÜ~ÑíÉå=ïáÉ=Ç~ë=ÑêΩÜÉêÉ=

ÉãéÑçÜäÉåÉ=łmÉêáçÇÉåãçÇÉää“=ìåÇ=áëí=ÇÉã=ÖÉÖÉåΩÄÉê=ÉáåÑ~ÅÜÉê=áå=ÇÉê=rãëÉíòìåÖK=hÉêåJ

ëíΩÅâ=áëí=Éáå=mêçÇìâííÉêã=~ìë=qÉãéÉê~íìê=ìåÇ=mjNMJjÉëëïÉêí=EÇÉê=éêçéçêíáçå~ä=òì=ÉáåÉê=

båÉêÖáÉ=áëíFK=aáÉ=hçêêÉä~íáçå=òïáëÅÜÉå=ÇÉå=ãçÇÉääáÉêíÉå=a~íÉå=ìåÇ=ÇÉå=espJa~íÉå=äáÉÖí=áã=

fåíÉêî~ää=oO=Z=MKUS=Äáë=MKVQK=a~ë=jçÇÉää=â~åå=åáÅÜí=åìê=ÑΩê=ÇáÉ=rãêÉÅÜåìåÖ=îçå=q~ÖÉëãáíJ

íÉäïÉêíÉå=ÄÉåìíòí=ïÉêÇÉåI=ëçåÇÉêå=~ìÅÜ=ÑΩê=Ü∏ÜÉêÉ=òÉáíäáÅÜÉ=^ìÑä∏ëìåÖÉå=EòK_K=e~äÄëíìåJ

ÇÉåïÉêíÉFK=aáÉ=m~ê~ãÉíÉêïÉêíÉ=ëíêÉìÉå=~å=ÇÉå=îÉêëÅÜáÉÇÉåÉå=pí~íáçåÉå=ïÉåáÖI=ëçÇ~ëë=ëáÅÜ=

Éáå=êÉÖáçå~äÉë=jçÇÉää=ÇÉÑáåáÉêÉå=ä®ëëíK=

aáÉ=ÄáëÜÉêáÖÉå=qÉçãJjçÇÉääÉ=EhçêêÉâíìêÑ~âíçêJ=ìåÇ=mÉêáçÇÉåãçÇÉääF=ïìêÇÉå=îÉêáÑáòáÉêíK=

häÉáåÉ=^ÄïÉáÅÜìåÖÉå=îçå=ÇÉå=ÑêΩÜÉêÉå=ÄÉêÉÅÜåÉíÉå=m~ê~ãÉíÉêå=â∏ååÉå=òìãáåÇÉëí=íÉáäïÉáJ

ëÉ=~ìÑ=ÇáÉ=åÉì=ÖÉÑìåÇÉåÉ=^ÄÜ®åÖáÖâÉáí=îçã=^äíÉê=ÇÉë=k~ÑáçåJaêóÉêë=òìêΩÅâÖÉÑΩÜêí=ïÉêÇÉåK=

bêëíÉ=oÉëìäí~íÉ=ÑΩê=qÉçã=ãáí=ÇÉã=åÉìÉå=cáäíÉê=aóå~ãáÅë=jÉ~ëìêÉãÉåí=póëíÉã=EcajpF=

ÇÉìíÉå=Ç~ê~ìÑÜáåI=Ç~ëë=ëçäÅÜÉê~êí=~ìëÖÉêΩëíÉíÉ=qÉçã=ÖäÉáÅÜïÉêíáÖ=òìã=oÉÑÉêÉåòÖÉê®í=ëáåÇ=

ìåÇ=Ç~ãáí=âÉáåÉ=rãêÉÅÜåìåÖÉå=ãÉÜê=ÉêÑçêÇÉêåK=

cΩê=_Éí~ãÉíÉêJdÉê®íÉ=ïìêÇÉ=Éêëíã~äë=Éáå=wìë~ããÉåÜ~åÖ=ÖÉÑìåÇÉåI=ïÉäÅÜÉê=ëáÅÜ=ÑΩê=ÇáÉ=

_ÉëíáããìåÖ=ÉáåÉë=êÉÖáçå~äÉå=jçÇÉääë=ÉáÖåÉíK=aÉê=âJc~âíçêI=ÇKÜK=ÇÉê=nìçíáÉåí=~ìë=esp=ìåÇ=

_Éí~ãÉíÉêI=Ü®åÖí=èì~Çê~íáëÅÜ=îçå=ÇÉê=qÉãéÉê~íìê=ìåÇ=äáåÉ~ê=îçå=ÇÉê=cÉìÅÜíÉ=~ÄK=

^ìÅÜ=ÉáåÑ~ÅÜÉêÉI=äáåÉ~êÉ=jçÇÉääÉ=ëáåÇ=òï~ê=ëÉÜê=ÖìíI=ÄÉëáíòÉå=hçêêÉä~íáçåÉåI=ÇáÉ=íÉáäJ

ïÉáëÉ=ΩÄÉê=ÇÉã=tÉêí=oO=≥ MKVR=äáÉÖÉå=EïáÉ=Éê=ÑΩê=ÇáÉ=däÉáÅÜïÉêíáÖâÉáí=ÖÉÑçêÇÉêí=áëíFI=ëíêÉìÉå=

~ÄÉê=áå=ÇÉå=oÉÖêÉëëáçåëâçÉÑÑáòáÉåíÉå=îçå=pí~íáçå=òì=pí~íáçå=òì=ëí~êâI=ìã=ÑΩê=Éáå=êÉÖáçå~äÉë=
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sÉêíê~ìÉåëåáîÉ~ìFW==≤=R=”ÖLãP==ïÉåå=ÇáÉ=jáííÉäïÉêíÉ=ÇÉê=ÄÉáÇÉå=hçåòÉåíê~íáçåÉå=

EuáNHuáOFLOI=ÇáÉ=ÇìêÅÜ=ÇáÉ=açééÉäÄÉëíáããìåÖ=ãáí=åÉÄÉåÉáå~åÇÉê=~ìÑÖÉëíÉääíÉå=qÉëíÖÉê®íÉå=

ÉêãáííÉäí=ïìêÇÉå=≤=NMM=”ÖLãP==ÄÉíê~ÖÉåI=çÇÉê=≤=R=B=ÇÉê=jáííÉäïÉêíÉ=ÇÉê=ÄÉáÇÉå=hçåòÉåíJ

ê~íáçåÉåI=ïÉåå=ÇáÉëÉ=>=NMM=”ÖLãP==ÄÉíê~ÖÉåK=



= NSö=

fkco^p=ö=ONK=g~åì~ê=OMMR=ö=mjNMJrjob`ekrkdpjlabiib=c§o=qbljJ=rka=_bq^jbqboJjbppobfebk=ö=bfkibfqrkd=

˚ sÉêÖäÉáÅÜÄ~êâÉáí=ãáí=ÉáåÉã=oÉÑÉêÉåòÖÉê®íW=_ÉÖêÉåòìåÖ=ÇÉê=oÉÑÉêÉåòJûèìáî~äÉåòJ

cìåâíáçå=áã=ÄÉíêÉÑÑÉåÇÉå=hçåòÉåíê~íáçåëÄÉêÉáÅÜ=ÇìêÅÜ=ÉáåÉå=ÄÉáÇëÉáíáÖ=ÄÉÖêÉåòíÉå=^âJ

òÉéí~åòÄÉêÉáÅÜW==≤=NM=”ÖLãP=I=ïÉåå=ÇáÉ=oÉÑÉêÉåòâçåòÉåíê~íáçåÉå=vá=≤=NMM=”ÖLãP=ÄÉíê~J

ÖÉåI=çÇÉê=≤=NM=BI=ïÉåå=ÇáÉ=oÉÑÉêÉåòâçåòÉåíê~íáçåÉå=vá=>=NMM=”ÖLãP=ÄÉíê~ÖÉåK=

˚ däÉáÅÜïÉêíáÖâÉáí=ÑΩê=Ç~ë=qÉëíÖÉê®í=áëí=ÉêÑΩääíI=ïÉåå=ÇÉê=s~êá~íáçåëâçÉÑÑáòáÉåí=EÇ~ë=_ÉJ
ëíáããíÜÉáíëã~ëëF=oO=ÇÉê=ÄÉêÉÅÜåÉíÉå=oÉÑÉêÉåòJûèìáî~äÉåòJcìåâíáçå=áã=ÄÉíêÉÑÑÉåÇÉå=hçåJ

òÉåíê~íáçåëÄÉêÉáÅÜ=≥=MKVR=áëí=ìåÇ=ÇáÉ=ÄÉêÉÅÜåÉíÉ=oÉÑÉêÉåòJûèìáî~äÉåòJcìåâíáçå=áå=ÇÉå=

dêÉåòÉå=ÇÉë=^âòÉéí~åòÄÉêÉáÅÜë=äáÉÖíK==

táÉ=çÄÉå=Éêï®ÜåíI=ïáêÇ=ÑΩê=ÇáÉ=jçÇÉääî~äáÇáÉêìåÖ=ÇÉê=ëÅÜïÉáòÉêáëÅÜÉå=sÉêÖäÉáÅÜëãÉëëìåÖÉå=

áå=ÇÉê=îçêäáÉÖÉåÇÉå=píìÇáÉ=åìê=~ìÑ=ÇáÉ=äÉíòíÉ=_ÉÇáåÖìåÖ=łdäÉáÅÜïÉêíáÖâÉáí=ãáí=qÉëíÖÉê®íÉå“=

ÖÉíÉëíÉíK==

=

NKOK qb`ekfp`eb=bkqtf`hirkdbk=
pÉáí=mìÄäáâ~íáçå=ÇÉê=sçêÖ®åÖÉêëíìÇáÉ=ëáåÇ=ÇáÉ=jÉëëãÉíÜçÇÉå=ÇÉê=qÉçãJdÉê®íÉ=ïÉáíÉê=ÉåíïáJ

ÅâÉäí=ïçêÇÉåK=bêëíÉåë=Ü~í=ëáÅÜ=ÇÉê=k~ÑáçåJaêóÉê=Ep~ãéäáåÖ=bèìáäáÄê~íáçå=póëíÉãI=pbpF=~å=

~ääÉå=pí~íáçå=ãáí=qÉçãJdÉê®íÉå=ÇìêÅÜÖÉëÉíòíI=ãáí=ÇÉã=bÑÑÉâíI=Ç~ëë=ÜÉìíÉ=áå=ÇÉå=sÉêJ

ÖäÉáÅÜëãÉëëìåÖÉå=âÉáåÉ=qÉçã=çÜåÉ=k~ÑáçåëJaêóÉê=ãÉÜê=áã=báåë~íò=ëáåÇK=aáÉë=Ü~í=ÇÉå=k~ÅÜJ

íÉáäI=Ç~ëë=Ç~ë=ÑêΩÜÉê=ÉãéÑçÜäÉåÉ=rãêÉÅÜåìåÖëãçÇÉää=ÑΩê=qÉçã=çÜåÉ=k~Ñáçå=åáÅÜí=îÉêáÑáòáÉêí=

ïÉêÇÉå=â~ååK=fã=tÉáíÉêÉå=Ü~í=ëáÅÜ=ÖÉòÉáÖíI=Ç~ëë=Ç~ë=k~ÑáçåJpóëíÉã=ÉáåÉå=^äíÉêìåÖëéêçòÉëë=

ÇìêÅÜã~ÅÜí=ìåÇ=å~ÅÜ=Å~K=O=g~ÜêÉå=_ÉíêáÉÄëòÉáí=ÉêëÉíòí=ïÉêÇÉå=ëçääíÉK=gÉ=®äíÉê=Ç~ë=póëíÉã=

áëíI=ìãëç=ãÉÜê=îÉêäáÉêí=Éë=îçå=ëÉáåÉã=pçääJbÑÑÉâíK=aÉëïÉÖÉå=ãìëë=Ç~ë=k~ÑáçåJ^äíÉê=~äë=åÉìÉ=

s~êá~ÄäÉ=áå=Ç~ë=rãêÉÅÜåìåÖëãçÇÉää=~ìÑÖÉåçããÉå==ïÉêÇÉåK==

däÉáÅÜòÉáíáÖ=Ü~í=~ÄÉê=ÇÉê=k~ÑáçåJaêóÉê=ÇÉê=íÉÅÜåáëÅÜÉå=tÉáíÉêÉåíïáÅâäìåÖ=ÇÉë=póëíÉãë=

ÉáåÉå=åÉìÉå=tÉÖ=ÖÉ∏ÑÑåÉíK=qÉçã=ãáí=k~ÑáçåJaêóÉê=â∏ååÉå=ãáí=ÉáåÉã=cáäíÉê=aóå~ãáÅë=jÉ~J

ëìêÉãÉåí=póëíÉã=EcajpFN=~ìÑÖÉêΩëíÉí=ïÉêÇÉåK=łjáí=eáäÑÉ=ÇÉë=cajp=â∏ååÉå=jÉëëìåÖÉå=ÇÉê=

ÑäΩÅÜíáÖÉå=ìåÇ=åáÅÜíÑäΩÅÜíáÖÉå=_Éëí~åÇíÉáäÉ=áã=mjNM=ÖÉíêÉååí=îçåÉáå~åÇÉêI=èì~ëá=âçåíáåìJ

áÉêäáÅÜ=ÇìêÅÜÖÉÑΩÜêí=ïÉêÇÉåK=aáÉë=ÖÉëÅÜáÉÜí=ìåíÉê=_ÉåìíòìåÖ=ÉáåÉë=^ìíçJoÉÑÉêÉåòòóâäìë=

ìåÇ=ÇÉê=ÉÅÜíÉå=j~ëëÉÄÉëíáããìåÖ=ÇìêÅÜ=Ç~ë=qbljJsÉêÑ~ÜêÉåK“O=aáÉ=ÄáëÜÉê=îçêäáÉÖÉåÇÉå=

sÉêÖäÉáÅÜëãÉëëìåÖÉå=ÇÉìíÉå=Ç~ê~ìÑÜáåI=Ç~ëë=ÇáÉ=däÉáÅÜïÉêíáÖâÉáí=ÇÉë=póëíÉãë=ãáí=ÇÉã=oÉJ

ÑÉêÉåòîÉêÑ~ÜêÉå=çÜåÉ=rãêÉÅÜåìåÖ=ÖÉï®ÜêäÉáëíÉí=áëíK=aÉê=k~ÅÜïÉáë=áëí=òìê=wÉáí=~ÄÉê=åçÅÜ=

~ìëëíÉÜÉåÇK=

=
=
N== cajp=ëáÉÜÉ=tÉÄëáíÉ=ÇÉë=eÉêëíÉääÉêëë=ÜííéWLLïïïKêéÅçKÅçãLéêçÇìÅíëL~ãÄéêçÇLÄêçÅÜìêÉëLÄêçÅÜìêÉURMM|é~ÖÉëKéÇÑ=
O== wáíáÉêí=~ìë=ÜííéWLLïïïKãäìK~íLÇÉLÖÉê~ÉíÉLURMM|ÑÇãë|ÜíãäKÜíãK=açêí=ÄÉÑáåÇÉí=ëáÅÜ=~ìÅÜ=ÉáåÉ=âìêòÉ=_ÉëÅÜêÉáÄìåÖ=ÇÉë=

sÉêÑ~ÜêÉåë=~ìÑ=ÇÉìíëÅÜK=



= öNT=

fkco^p=ö=ONK=g~åì~ê=OMMR=ö=mjNMJrjob`ekrkdpjlabiib=c§o=qbljJ=rka=_bq^jbqboJjbppobfebk=ö=jbppmoldo^jj=

OK jbppmoldo^jj=
OKNK pq^kaloqbI=jbppdboûqb=
aáÉ=ÑçäÖÉåÇÉ=q~ÄÉääÉ=òÉáÖíI=ïÉäÅÜÉ=jÉëëëí~íáçåÉå=mjNMJsÉêÖäÉáÅÜëîÉêëìÅÜÉ=ÇìêÅÜÖÉÑΩÜêí=

Ü~ÄÉå=ìåÇ=íÉáäïÉáëÉ=åçÅÜ=ÇìêÅÜÑΩÜêÉåK=

=

pí~åÇçêí báÖÉåíΩãÉê
`ÜìêJfåÇìëíêáÉ ^kr=do esp _Éí~ãÉíÉê
a~îçëJj~íí~ ^kr=do esp _Éí~ãÉíÉê
oçíÜÉåÄêìååÉå ^kr=do esp _Éí~ãÉíÉê
oçîÉêÉÇç ^kr=do esp _Éí~ãÉíÉê
bêëíÑÉäÇ=jÑjJr jÑjJr esp qÉçã=ãáí=k~Ñáçå
bêëíÑÉäÇ=jÑjJr=ãçÄáä jÑjJr esp qÉçã=ãáí=k~Ñáçå
iìòÉêåJjìëÉÖÖëíê~ëëÉ áåJircq esp qÉçã=çÜåÉLãáí=k~Ñáçå
páëëÉäå áåJircq esp qÉçã=ãáí=k~Ñáçå=ìåÇ=cajp
pìÜêJ_®êÉåã~ííÉ áåJircq esp qÉçã=çÜåÉLãáí=k~Ñáçå
_~ëÉä=e~êÇ ie^=ÄÉáÇÉê=_~ëÉä esp _Éí~ãÉíÉê
_~ëÉä=píK=gçÜ~åå ie^=ÄÉáÇÉê=_~ëÉä esp qÉçã=ãáí=k~Ñáçå
_~ëÉäJ_áååáåÖÉå k^_bi esp _Éí~ãÉíÉê
_Éêå k^_bi esp _Éí~ãÉíÉê
`Ü~ìãçåí k^_bi esp _Éí~ãÉíÉê
aìÉÄÉåÇçêÑ k^_bi esp _Éí~ãÉíÉê
e~ÉêâáåÖÉå k^_bi esp qÉçãL_Éí~ãÉíÉê
i~ìë~ååÉ k^_bi esp _Éí~ãÉíÉê
iìÖ~åç k^_bi esp _Éí~ãÉíÉê
j~Ö~Çáåç k^_bi esp _Éí~ãÉíÉê
m~óÉêåÉ k^_bi esp _Éí~ãÉíÉê
oáÖáJpÉÉÄçÇÉå~äé k^_bi esp _Éí~ãÉíÉê
páçåJ^¨êçÇêçãÉ k^_bi esp _Éí~ãÉíÉê
q~Éåáâçå k^_bi esp _Éí~ãÉíÉê
wìÉêáÅÜJh~ëÉêåÉ k^_bi esp _Éí~ãÉíÉê
cê~ìÉåÑÉäÇ ^tbi esp qÉçã=ãáí=k~Ñáçå
wìÉêáÅÜJpí~ãéÑÉåÄ~ÅÜëíê~ëëÉ rdw esp _Éí~ãÉíÉê
oÉáÇÉå jÑjJr esp qÉçã=ãáí=k~Ñáçå
t~ääáëÉääÉåJaáÉíäáâçåÉêëíê~ëëÉ ^tbi esp qÉçã=ãáí=k~Ñáçå

mjNM=dÉê®íÉ
rÉÄÉêëáÅÜí=jÉëëëí~íáçåÉå

=
q~ÄÉääÉ=Q=_ÉíÉáäáÖíÉ=jÉëëëí~íáçåÉå=mjNMJsÉêÖäÉáÅÜëîÉêëìÅÜÉ=

OKOK jbppmboflabk=
aÉê=sÉêÖäÉáÅÜëîÉêëìÅÜ=ïìêÇÉ=åáÅÜí=òÉåíê~ä=çêÖ~åáëáÉêíK=sÉêëÅÜáÉÇÉåÉI=ä~ìÑÉåÇÉ=sÉêÖäÉáÅÜëJ

îÉêëìÅÜÉ=ïìêÇÉå=~ìÑ=fåáíá~íáîÉ=ÇÉë=_rt^i=âççêÇáåáÉêíK=aáÉ=qÉáäå~ÜãÉ=ÇÉê=sÉêëìÅÜëíÉáäåÉÜJ

ãÉê=ëáåÇ=ÇÉëÜ~äÄ=åáÅÜí=~ääÉ=ÖäÉáÅÜK=wìÇÉã=ïìêÇÉå=ï®ÜêÉåÇ=ÇÉë=sÉêëìÅÜë=qÉçã=dÉê®íÉ=ãáí=

ÉáåÉã=k~ÑáçåJaêóÉê=póëíÉã=~ìÑÖÉêΩëíÉí=ãáí=ÇÉê=cçäÖÉI=Ç~ëë=qÉçã=dÉê®íÉ=çÜåÉ=k~Ñáçå=òìJ

åÉÜãÉåÇ=~ìë=ÇÉã=sÉêëìÅÜ=~ìëëÅÜáÉÇÉåK=



= NUö=

fkco^p=ö=ONK=g~åì~ê=OMMR=ö=mjNMJrjob`ekrkdpjlabiib=c§o=qbljJ=rka=_bq^jbqboJjbppobfebk=ö=jbppmoldo^jj=

få=ÇÉå=ÑçäÖÉåÇÉå=q~ÄÉääÉå=áëí=ÇáÉ=w~Üä=ÇÉê=q~ÖÉ=~åÖÉÖÉÄÉåI=ÑΩê=ÇáÉ=ÖΩäíáÖÉ=m~ê~ääÉäJ

q~ÖÉëïÉêíÉ=îçêäáÉÖÉåI=Ç~ë=ÜÉáëëí=ÖäÉáÅÜòÉáíáÖÉ=jÉëëïÉêíÉ=îçå=esp=ìåÇ=qÉçã=êÉëéK=_Éí~ãÉJ

íÉêK=

=

OKOKNK qbljJdboûqb=
~F=qÉçãÖÉê®íÉ=çÜåÉ=k~ÑáçåJaêóÉê=EpbpF=

=

jÉëëëí~íáçå NVVV OMMM OMMN OMMO OMMP ~ääÉ

e~ÉêâáåÖÉå NQP NTM M M M PNP
iìòÉêåJjìëÉÖÖëíê~ëëÉ OMU TU M M OUS
pìÜêJ_®êÉåã~ííÉ PN PRU UV M M QTU
t~ääáëÉääÉåJaáÉíäáâçåÉêëíê~ëëÉ M NSN M M M NSN
~ääÉ NTQ UVT NST M M NOPU

q~ÖÉ

^åò~Üä=q~ÖÉ=ãáí=ÖΩäíáÖÉå=qÉçã=EçÜåÉ=k~ÑáçåF=L=esp=jáííÉäïÉêíÉå

=
q~ÄÉääÉ=R=^åò~Üä=jÉëëí~ÖÉ=ãáí=é~ê~ääÉäÉå=EqÉçã=çÜåÉ=k~ÑáçJaêóÉêLespF=ÖΩäíáÖÉå=q~ÖÉëãáííÉäïÉêíÉå=

^Ä=OMMO=ëáåÇ=áå=ÇÉå=pí~íáçåÉå=ãáí=sÉêÖäÉáÅÜëãÉëëìåÖÉå=âÉáåÉ=qÉçãJdÉê®íÉ=çÜåÉ=k~Ñáçå=

aêóÉê=ãÉÜê=áå=_ÉíêáÉÄK=a~ãáí=áëí=Éë=åáÅÜí=ãÉÜê=ã∏ÖäáÅÜI=ÇáÉ=ÄáëÜÉêáÖÉå=rãêÉÅÜåìåÖëãçÇÉäJ

äÉ=òì=îÉêáÑáòáÉêÉå=êÉëéÉâíáîÉ=ÇáÉ=jçÇÉääé~ê~ãÉíÉê=òì=îÉêÄÉëëÉêåK==

få=e®êâáåÖÉå=ï~ê=Ç~ë=qÉçã=åìê=ÑΩê=sÉêÖäÉáÅÜëòïÉÅâÉ=ãáí=ÇÉã=_Éí~ãÉíÉê=ìåÇ=ÇÉã=esp=

~ìÑÖÉëíÉääí=ÖÉïÉëÉåK=pÉáí=OMMN=~êÄÉáíÉí=ÇáÉ=pí~íáçå=ãáí=_Éí~ãÉíÉê=ìåÇ=esp=çÜåÉ=qÉçãK=^å=

ÇÉå=ΩÄêáÖÉå=pí~íáçåÉå=ïìêÇÉå=ÇáÉ=qÉçãJdÉê®íÉ=ãáí=k~ÑáçåJaêóÉêë=~ìëÖÉêΩëíÉíK=

=

ÄF=qÉçãÖÉê®íÉ=ãáí=k~ÑáçåJaêóÉê=

=

jÉëëëí~íáçå NVVV OMMM OMMN OMMO OMMP ~ääÉ

_~ëÉä=píK=gçÜ~åå PQV PSM UU TVT
bêëíÑÉäÇ=jÑjJr NNQ PQQ PRR UNP
bêëíÑÉäÇ=jÑjJr=ãçÄáä PM PM
cê~ìÉåÑÉäÇ NRV PRR RNQ
iìòÉêåJjìëÉÖÖëíê~ëëÉ OMV NVN ONS SNS
oÉáÇÉå PQU PQU
páëëÉäå NNN OR NPS
pìÜêJ_®êÉåã~ííÉ M M NNV OPS PRR
t~ääáëÉääÉåJaáÉíäáâçåÉêëíê~ëëÉ M NOP OVV PRV TUN
~ääÉ M PPO NOPN OMNN UNS QPVM

q~ÖÉ

^åò~Üä=q~ÖÉ=ãáí=ÖΩäíáÖÉå=qÉçã=Eãáí=k~ÑáçåF=L=esp=jáííÉäïÉêíÉå

=
q~ÄÉääÉ=S=^åò~Üä=jÉëëí~ÖÉ=ãáí=é~ê~ääÉäÉå=EqÉçã=ãáí=k~ÑáçJaêóÉêLespF=ÖΩäíáÖÉå=q~ÖÉëãáííÉäïÉêíÉå=



= öNV=

fkco^p=ö=ONK=g~åì~ê=OMMR=ö=mjNMJrjob`ekrkdpjlabiib=c§o=qbljJ=rka=_bq^jbqboJjbppobfebk=ö=jbppmoldo^jj=

ÅF=qÉçã=ãáí=cajp=

jáí=ÇÉã=åÉìÉå=cajp=ëÅÜÉáåí=ÉáåÉ=bêïÉáíÉêìåÖ=ÇÉê=qÉçãJdÉê®íÉ=ÖÉäìåÖÉå=òì=ëÉáåI=ïÉäÅÜÉ=

ÇáÉ=däÉáÅÜïÉêíáÖâÉáí=å~ÅÜ=bk=NOPQN=ãáí=ÇÉã=oÉÑÉêÉåòîÉêÑ~ÜêÉå=ÉêêÉáÅÜÉå=â∏ååíÉK=aáÉ=åÉìÉ=

qÉÅÜåáâ=áëí=~ääÉêÇáåÖë=åçÅÜ=åáÅÜí=ä~åÖÉ=îÉêÑΩÖÄ~êI=ëçÇ~ëë=ÄêÉáíÉêÉ=bêÑ~ÜêìåÖÉå=åçÅÜ=~ìëëíÉJ

ÜÉåK=báå=ÉêëíÉê=sÉêÖäÉáÅÜëîÉêëìÅÜ=~å=ÇÉê=áåJircqJjÉëëëí~íáçå=páëëÉäå=òÉáÖí=ÉáåÉ=~ìëëÉêÖÉJ

ï∏ÜåäáÅÜ=ÖìíÉ=§ÄÉêÉáåëíáããìåÖ=ãáí=ÇÉã=espK=báåÉ=^ìëïÉêíìåÖ=ÇÉê=sÉêÖäÉáÅÜëãÉëëìåÖ=áëí=

îçêÖÉëÉÜÉå=ìåÇ=ëçää=áå=ÉáåáÖÉå=jçå~íÉå=éìÄäáòáÉêí=ïÉêÇÉå=EáååÉí=OMMQFK=báåÉ=_ÉïÉêíìåÖ=áã=

o~ÜãÉå=ÇÉë=îçêäáÉÖÉåÇÉå=mêçàÉâíë=áëí=åçÅÜ=åáÅÜí=ã∏ÖäáÅÜI=Éë=ïÉêÇÉå=~ÄÉê=íêçíòÇÉã=ëÅÜçå=

ÉáåáÖÉ=ÇÉê=îÉêÑΩÖÄ~êÉå=oÉëìäí~íÉ=îçêÖÉëíÉääíK=

=

OKOKOK _bq^jbqboJdboûqb=
fã=k^_bi=ïìêÇÉ=mjNM=ëÉáí=NVVT=ÖÉãÉëëÉåI=îçêÉêëí=åìê=ãáí=espK=^Ä=NVVV=Ñ~åÇ=Éáå=sÉêJ

ÖäÉáÅÜëîÉêëìÅÜ=ãáí=òïÉá=âçåíáåìáÉêäáÅÜ=ãÉëëÉåÇÉå=dÉê®íÉå=E_Éí~ãÉíÉêI=qÉçãF=áå=ÇÉê=pí~íáçå=

e®êâáåÖÉå=ëí~ííK=fã=g~Üê=OMMN=ïìêÇÉå=ïÉáíÉêÉ=ÉäÑ=k^_bi=pí~íáçåÉå=ãáí=_Éí~ãÉíÉêJdÉê®íÉå=

~ìëÖÉêΩëíÉíK=a~ãáí=Ü~í=ëáÅÜ=ÇáÉ=a~íÉåÄ~ëáë=ÇÉê=sÉêÖäÉáÅÜëîÉêëìÅÜÉ=ãáí=ÇÉã=_Éí~ãÉíÉêJ

dÉê®íÉå=ÖÉÖÉåΩÄÉê=ÇÉê=sçêä®ìÑÉêëíìÇáÉ=ëéêìåÖÜ~Ñí=ÉêïÉáíÉêíK=

=

jÉëëëí~íáçå NVVV OMMM OMMN OMMO OMMP ~ääÉ

_~ëÉäJ_áååáåÖÉå NMM UV VM OTV
_~ëÉäJe~êÇ POT POT
_Éêå OMS OMP VO RMN
`Ü~ìãçåí ONP NVT VN RMN
`ÜìêJfåÇìëíêáÉ TQ VO NSS
a~îçëJj~íí~ NPR OPR PTM
aìÉÄÉåÇçêÑ PNO NPT VO RQN
e~ÉêâáåÖÉå OMQ NTS VV VN VM SSM
i~ìë~ååÉ NN NSS VM OST
iìÖ~åç NMO UV UO OTP
j~Ö~Çáåç UP VM VN OSQ
m~óÉêåÉ OOT OMN VN RNV
oáÖáJpÉÉÄçÇÉå~äé NUN VM VO PSP
oçíÜÉåÄêìååÉå PRQ PRQ
oçîÉêÉÇç SS ORS OUU SNM
páçåJ^¨êçÇêçãÉ NQO VN VM POP
q~Éåáâçå NN NSN VN OSP
wìÉêáÅÜJh~ëÉêåÉ NOS VN VN PMU
wìÉêáÅÜJpí~ãéÑÉåÄ~ÅÜëíê~ëëÉ NVV PQR UP UQ UQ TVR
~ääÉ SMQ NMNO NUVS NURQ OPNU TSUQ

^åò~Üä=q~ÖÉ=ãáí=ÖΩäíáÖÉå=_Éí~ãÉíÉêLesp=jáííÉäïÉêíÉå

q~ÖÉ

=
q~ÄÉääÉ=T=^åò~Üä=jÉëëí~ÖÉ=ãáí=é~ê~ääÉäÉå=E_Éí~ãÉíÉêLespF=ÖΩäíáÖÉå=q~ÖÉëãáííÉäïÉêíÉå=



= OMö=

fkco^p=ö=ONK=g~åì~ê=OMMR=ö=mjNMJrjob`ekrkdpjlabiib=c§o=qbljJ=rka=_bq^jbqboJjbppobfebk=ö=jbppmoldo^jj=

OKPK _bwrdp_bafkdrkdbk=
=

aáÉ=jÉëëÇ~íÉåI=ÇáÉ=ÑΩê=ÇáÉ=îçêäáÉÖÉåÇÉ=píìÇáÉ=òìê=sÉêÑΩÖìåÖ=ÖÉëíÉääí=ïìêÇÉåI=ëáåÇ=~ìÑ=ÇáÉ=

_ÉòìÖëÄÉÇáåÖìåÖÉå=q_==Z=V �ø`=Z=OUO=h=ìåÇ=é_=Z=VRM=Üm~=ìãÖÉêÉÅÜåÉíK=aáÉë=Öáäí=ÑΩê=mjNMJ

a~íÉå=~ìë=qÉçãJ=ìåÇ=_Éí~ãÉíÉêÖÉê®íÉå=ìåÇ=ÑΩê=ë®ãíäáÅÜÉ=Ö~ëÑ∏êãáÖÉå=hçãéçåÉåíÉå=klñ=

ÉíÅK=wìê=bêÜ~äíìåÖ=ÇÉê=hçåëáëíÉåò=ãáí=ÇÉå=^ìëïÉêíìåÖÉå=ÇÉê=sçêÖ®åÖÉêëíìÇáÉ=ïìêÇÉå=ÇáÉ=

_ÉòìÖëÄÉÇáåÖìåÖÉå=åáÅÜí=ÖÉ®åÇÉêíI=çÄïçÜä=ëáÉ=áå=ÇÉê=wïáëÅÜÉåòÉáí=ãáí=fåâê~ÑííêÉíÉå=ÇÉê=

åÉìÉå=jÉëëÉãéÑÉÜäìåÖÉå=E_rt^i=OMMQI=éKOOF=ÇÉå=Éìêçé®áëÅÜÉå=~åÖÉé~ëëí=ïçêÇÉå=ëáåÇK=

=

OKPKNK mjNM=E_bq^jbqboI=qbljF=rka=d^pc£ojfdb=hljmlkbkqbk=
p®ãíäáÅÜÉ=jÉëëÇ~íÉå=EçÜåÉ=espFI=ÇáÉ=áã=sÉêÖäÉáÅÜëîÉêëìÅÜ=~ìëÖÉïÉêíÉí=ìåÇ=ÄÉåìíòí=ïìêJ

ÇÉåI=ëáåÇ=~ìÑ=ÑçäÖÉåÇÉ=_ÉòìÖëÄÉÇáåÖìåÖÉå=ìãÖÉêÉÅÜåÉíW=

=

= fc
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effektivaussenp
effektivaussenTcc
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B
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= ÅâçêêI=ÅM=âçêêáÖáÉêíÉ=êÉëéK=ìåâçêêáÖáÉêíÉ=hçåòÉåíê~íáçå=

= _ÉòìÖëíÉãéÉê~íìê=q_==Z=V �ø`=Z=OUO=hI=

= _ÉòìÖëÇêìÅâ=é_=Z=VRM=Üm~==

= Ñ=Z=PKPSUU=Üm~Lh=

cΩê=ÇÉå=sÉêÖäÉáÅÜëîÉêëìÅÜ=ïìêÇÉå=ÄÉá=ÇÉå=^ìëïÉêíìåÖÉå=ÇÉê=sçêÖ®åÖÉêëíìÇáÉ=_ÉòìÖëÄÉÇáåJ

ÖìåÖÉå=ÑÉëíÖÉäÉÖíI=ïÉäÅÜÉ=ÇÉå=Ç~ã~äë=ÖÉäíÉåÇÉåI=ëÅÜïÉáòÉêáëÅÜÉå=jÉëëÉãéÑÉÜäìåÖÉå=ÉåíJ

ëéê~ÅÜÉåK=få=ÇÉê=wïáëÅÜÉåòÉáí=ïìêÇÉå=ÇáÉ=_ÉòìÖëÄÉÇáåÖìåÖÉå=àÉåÉå=ÇÉê=br=òï~ê=~åÖÉé~ëëíK=

a~ãáí=~ÄÉê=~ääÉ=a~íÉå=áå=ÇáÉ=^ìëïÉêíìåÖÉå=ÉáåÄÉòçÖÉå=ïÉêÇÉå=âçååíÉåI=ïìêÇÉå=ëáÉ=ÉáåJ

ÜÉáíäáÅÜ=~ìÑ=ÇáÉ=ÄáëÜÉêáÖÉå=_ÉÇáåÖìåÖÉå=ìãÖÉêÉÅÜåÉí=EV �ø`I=VRM=Üm~FK==

=

OKPKOK mjNM=EespF=
cΩê=ÇÉå=êçìíáåÉã®ëëáÖÉå=jÉëëÄÉíêáÉÄ=áã=ëÅÜïÉáòÉêáëÅÜÉå=jáííÉää~åÇ=ïáêÇ=Ç~ë=oçí~ãÉíÉê=ÇÉë=

dÉê®íë=ëç=ÉáåÖÉëíÉääíI=Ç~ëë=ÄÉá=ÉáåÉê=^ìëëÉåíÉãéÉê~íìê=îçå=V �ø`=ìåÇ=ÉáåÉã=^ìëëÉåÇêìÅâ=îçå=

VRM=Üm~=Éñ~âí=RMM=äLãáå=EÄÉòçÖÉå=~ìÑ=Vø �`=ìåÇ=VRM=Üm~F=~åÖÉë~ìÖí=ïÉêÇÉåK=aáÉë=ÉåíëéêáÅÜí=

ÑΩê=dä~ëÑ~ëÉêÑáäíÉê=ÇÉå=oçí~ãÉíÉêJ_ÉíêáÉÄëÄÉÇáåÖìåÖÉå=îçå=NV�ø`=ìåÇ=VOM=Üm~=Ebêï®êãìåÖ=áã=

dÉê®í=ìåÇ=aêìÅâ~ÄÑ~ää=ΩÄÉê=Ç~ë=cáäíÉêFK=råíÉê=_ÉêΩÅâëáÅÜíáÖìåÖ=ÇÉê=h~äáÄêáÉêÄÉÇáåÖìåÖÉå=ÇÉë=

oçí~ãÉíÉêë=ÉåíëéêáÅÜí=ÇáÉë=ÇÉã=pâ~äÉåéìåâí=RMS=äLãáå=Eå®ÜÉêÉë=ëáÉÜÉ=^åäÉáíìåÖ=òìê=báåJ

ëíÉääìåÖ=ÇÉê=oçí~ãÉíÉêFK=tÉáÅÜÉå=åìå=ÇáÉ=ÉÑÑÉâíáîÉå=^ìëëÉåíÉãéÉê~íìêÉå=ìåÇ=aêΩÅâÉ=ÉêJ

ÜÉÄäáÅÜ=îçå=Vø �`=ìåÇ=VRM=Üm~=~ÄI=ëç=áëí=Ç~ë=í~íë®ÅÜäáÅÜ=~åÖÉë~ìÖíÉ=sçäìãÉå=åáÅÜí=ãÉÜê=Éñ~âí=



= öON=

fkco^p=ö=ONK=g~åì~ê=OMMR=ö=mjNMJrjob`ekrkdpjlabiib=c§o=qbljJ=rka=_bq^jbqboJjbppobfebk=ö=jbppmoldo^jj=

RMM=äLãáå=EÄÉòçÖÉå=~ìÑ=Vø �`=ìåÇ=VRM=Üm~FK=aáÉëÉ=^ÄïÉáÅÜìåÖÉå=ëáåÇ=ëÉÜê=ÖÉêáåÖI=ïÉëÜ~äÄ=ÇáÉ=

hçêêÉâíìê=áå=ÇÉå=oçìíáåÉãÉëëìåÖÉå=åáÅÜí=ÇìêÅÜÖÉÑΩÜêí=ïáêÇK=wïÉÅâë=jáåáãáÉêìåÖ=ÖÉê®íÉJ

~ÄÜ®åÖáÖÉê=^ÄïÉáÅÜìåÖÉå=ïÉêÇÉå=áã=sÉêÖäÉáÅÜëîÉêëìÅÜ=ÇáÉ=jÉëëÇ~íÉå=àÉÇçÅÜ=ÉåíëéêÉÅÜÉåÇ=

âçêêáÖáÉêíK=báåÉ=ÇÉí~áääáÉêíÉ=_ÉëÅÜêÉáÄìåÖ=ÑΩê=ÇáÉ=eÉêäÉáíìåÖ=ÑáåÇÉí=ëáÅÜ=áå=_rt^i=OMMN=EéK=

SRÑÑKF=

=

[ ]
[ ] 29230),(

10),(920
00 ⋅−

+⋅⋅=⋅=
effaussenp

effaussenTcfcc HVSkorr =



= OOö=

fkco^p=ö=ONK=g~åì~ê=OMMR=ö=mjNMJrjob`ekrkdpjlabiib=c§o=qbljJ=rka=_bq^jbqboJjbppobfebk=ö=jbqelafp`ebp=slodbebk=

PK jbqelafp`ebp=slodbebk==
PKNK pq^qfpqfh=
a~ë=ãÉíÜçÇáëÅÜÉ=sçêÖÉÜÉå=ëÅÜäáÉëëí=~å=ÇáÉ=sçêÖ®åÖÉêëíìÇáÉ=~åK=aáÉ=ÄáëÜÉêáÖÉå=jÉíÜçÇÉå=

ëçääÉå=ïáÉÇÉê=òìã=báåë~íò=âçããÉåK=wìë®íòäáÅÜ=ëçääÉå=

˚ êçÄìëíÉ=oÉÖêÉëëáçåÉå=ÇìêÅÜÖÉÑΩÜêí=ìåÇ=ãáí=ÇÉå=oÉÖêÉëëáçåÉå=å~ÅÜ=âäÉáåëíÉå=nì~Çê~íÉå=

îÉêÖäáÅÜÉå=ïÉêÇÉå=EëçÑÉêå=êçÄìëíÉ=jÉíÜçÇÉå=ΩÄÉêÜ~ìéí=~åÖÉòÉáÖí=ëáåÇFX=

˚ ÇáÉ=_ÉòìÖëÄÉÇáåÖìåÖÉå=åÉì=ìåÇ=~äí=ÄÉêΩÅâëáÅÜíáÖí=ïÉêÇÉåX=
˚ ÇáÉ=cê~ÖÉ=å~ÅÜ=ÇÉê=jçÇÉääáÉêìåÖ=îçå=e~äÄëíìåÇÉåïÉêíÉå=ÇáëâìíáÉêÉåX=
˚ _ÉòìÖ=òì=Éìêçé®áëÅÜÉå=rãêÉÅÜåìåÖëãçÇÉääÉå=ÜÉêëíÉääÉåK=

=

PKOK qbljJjbppobfebk=
få=ÇÉê=sçêÖ®åÖÉêëíìÇáÉ=ïìêÇÉå=ÑçäÖÉåÇÉ=jçÇÉääÉ=ÉãéÑçÜäÉåK=

˚ cΩê=ÜçÜÉ=^åëéêΩÅÜÉ=~å=dÉå~ìáÖâÉáíI=ÑΩê=pÅÜ®íòìåÖÉå=ÇÉë=g~ÜêÉëãáííÉäïÉêíë=ìåÇ=ÇÉê=^åJ

ò~Üä=q~ÖÉ=ãáí=§ÄÉêëÅÜêÉáíìåÖ=ÇÉë=ã~ñK=q~ÖÉëïÉêíë=ERM=”ÖLãPFW=mÉêáçÇÉåãçÇÉää=ãáí=ìåíÉêJ

ëÅÜáÉÇäáÅÜÉê=m~ê~ãÉíêáëáÉêìåÖ=ÑΩê=qÉçã=çÜåÉ=êÉëéÉâíáîÉ=ãáí=k~ÑáçåJaêóÉêK=

˚ cΩê=ÉáåÑ~ÅÜÉ=pÅÜ®íòìåÖ=ÇÉë=g~ÜêÉëãáííÉäïÉêíëW=hçêêÉâíìêÑ~âíçê=ÑΩê=ÇáÉ=qÉçãJdÉê®íÉ=EíÉÅÜJ

åáëÅÜ=Éáå=äáåÉ~êÉë=jçÇÉää=çÜåÉ=^ÅÜëÉå~ÄëÅÜåáííFI=ïáÉÇÉêìã=ìåíÉêëÅÜáÉÇäáÅÜ=ÑΩê=qÉçã=çÜåÉ=

êÉëéÉâíáîÉ=ãáí=k~ÑáçåJaêóÉêK=

cΩê=ÇáÉ=åÉìÉ=píìÇáÉ=ë~Ü=ã~å=ãÉÜêÉêÉ=^å~äóëÉå=îçêW=

˚ sÉêáÑáâ~íáçå=ÇÉë=hçêêÉâíìêÑ~âíçêãçÇÉääë=ãáí=åÉìÉå=jÉëëÇ~íÉåX=

˚ sÉêáÑáâ~íáçå=ÇÉë=mÉêáçÇÉåãçÇÉääë=ãáí=åÉìÉå=jÉëëÇ~íÉåX=

˚ pìÅÜÉ=å~ÅÜ=ïÉáíÉêÉå=jçÇÉääÉåI=ïÉäÅÜÉ=áåëÄÉëçåÇÉêÉ=ÉáåÉ=ÉáåÑ~ÅÜÉ=jçÇÉääáÉêìåÖ=îçå=e~äÄJ
ëíìåÇÉåJ=çÇÉê=píìåÇÉåïÉêíÉå=Éêã∏ÖäáÅÜÉåK=wï~ê=ÖáÄí=Éë=ÑΩê=ëçäÅÜÉ=tÉêíÉ=ëÉäÄÉê=âÉáåÉ=

j∏ÖäáÅÜâÉáíI=ÇáÉëÉ=~ìÑ=däÉáÅÜïÉêíáÖâÉáí=òì=éêΩÑÉåI=ïÉáä=ãáí=ÇÉã=esp=ΩÄäáÅÜÉêïÉáëÉ=åìê==

ΩÄÉê=OQÜ=ÖÉãÉëëÉå=ïáêÇK=cΩê=ÇáÉ=_ÉëíáããìåÖ=ÇÉë=łiìÑíèì~äáí®íëáåÇÉñ“=ïÉêÇÉå=~ÄÉê=NÜJ

jáííÉäïÉêíÉ=ÄÉå∏íáÖíK=aáÉëÉ=ëçääÉå=ëç=Öìí=ïáÉ=ã∏ÖäáÅÜ=ÉáåÉã=oÉÑÉêÉåòïÉêí=ÉåíëéêÉÅÜÉå=

ìåÇ=ëáåÇ=ÇÉëÜ~äÄ=ìãòìêÉÅÜåÉåK=a~åâ=ÉáåÉë=åÉìÉå=jçÇÉääë=áëí=ÇáÉë=ã∏ÖäáÅÜ=ÖÉïçêÇÉåK=páÉJ

ÜÉ=Ç~òì=h~éK=QKQK=

_Éá=ÇÉê=sÉêáÑáâ~íáçå=îçå=hçêêÉâíìêÑ~âíçêJ=ìåÇ=mÉêáçÇÉåãçÇÉää=áëí=òì=ÄÉ~ÅÜíÉåI=Ç~ëë=áå=ÇÉê=

jÉëëéÉêáçÇÉ=~Ä=jáííÉ=OMMN=~ääÉ=qÉçãJdÉê®íÉ=ãáí=k~ÑáçåJaêóÉêë=~ìëÖÉêΩëíÉí=ï~êÉåI=ëç=Ç~ëë=

âÉáåÉ=sÉêÖäÉáÅÜëãÉëëÇ~íÉå=~Ä=OMMN=ãÉÜê=îçêäáÉÖÉå=ìåÇ=Ç~ãáí=~ìÅÜ=âÉáåÉ=sÉêáÑáâ~íáçå=ÇÉê=

jçÇÉääÉ=ãÉÜê=ã∏ÖäáÅÜ=ëáåÇK=

=



= öOP=

fkco^p=ö=ONK=g~åì~ê=OMMR=ö=mjNMJrjob`ekrkdpjlabiib=c§o=qbljJ=rka=_bq^jbqboJjbppobfebk=ö=jbqelafp`ebp=slodbebk=

PKPK _bq^jbqboJjbppobfebk=
få=ÇÉê=sçêÖ®åÖÉêëíìÇáÉ=ëí~åÇÉå=Éêëí=ïÉåáÖÉ=_Éí~ãÉíÉêJjÉëëêÉáÜÉå=ÑΩê=ÇáÉ=^ìëïÉêíìåÖ=òìê=

sÉêÑΩÖìåÖK=aáÉ=Ç~ã~äë=ÖÉÑìåÇÉåÉå=rãêÉÅÜåìåÖëãçÇÉääë=ëí~åÇÉå=ëí~íáëíáëÅÜ=åçÅÜ=~ìÑ=ï~J

ÅâÉäáÖÉå=cΩëëÉåK=fåòïáëÅÜÉå=ïìêÇÉåI=ïáÉ=Éêï®ÜåíI=ÇáÉ=k^_biJpí~íáçåÉå=ãáí=_Éí~ãÉíÉêJ

dÉê®íÉå=~ìëÖÉêΩëíÉíI=ëçÇ~ëë=ÑΩê=ÇáÉ=cçêíëÉíòìåÖëëíìÇáÉ=ïÉëÉåíäáÅÜ=ãÉÜê=a~íÉå=îÉêÑΩÖÄ~ê=

ï~êÉåK=a~ÄÉá=ãìëë=~ääÉêÇáåÖë=ÉáåÉ=báåëÅÜê®åâìåÖ=ÖÉã~ÅÜí=ïÉêÇÉåK=^å=ÇÉå=k^_bi=pí~íáçåÉå=

ïÉêÇÉå=å®ãäáÅÜ=åìê=àÉÇÉå=QK=q~Ö=esp=tÉêíÉ=ÉêÜçÄÉå=EëáÉÜÉ=Ç~òì=h~éK=RKQFK=a~ãáí=ïáêÇ=ÉáåÉ=

^ìëï~Üä=ÖÉíêçÑÑÉåI=ÇáÉ=Éë=ÑΩê=ÇáÉ=ëí~íáëíáëÅÜÉ=^ìëïÉêíìåÖ=ëÅÜïáÉêáÖ=ã~ÅÜíI=ãáí=ÇÉå=jÉëëìåJ

ÖÉå=ÑêΩÜÉêÉê=g~ÜêÉ=Epí~íáçå=e®êâáåÖÉåF=òì=îÉêÖäÉáÅÜÉåK=wìÇÉã=ëáåÇ=ë~áëçå~äÉ=pÅÜï~åâìåJ

ÖÉå=ïÉåáÖÉê=ÉáåÇÉìíáÖ=ÑÉëíëíÉääÄ~êI=ï~ë=ëáÅÜ=ëí~íáëíáëÅÜ=ÇìêÅÜ=ÉáåÉ=^ÄëÅÜï®ÅÜìåÖ=îçå=ã∏ÖJ

äáÅÜÉå=báåÑäΩëëÉå=ÄÉãÉêâÄ~ê=ã~ÅÜíK=qêçíòÇÉã=Öáäí=å~íΩêäáÅÜI=Ç~ëë=ãáí=ÇÉå=åÉìÉå=mjNMJ

jÉëëìåÖÉå=~å=ÇÉå=k^_bi=pí~íáçåÉå=ÇÉê=a~íÉåë~íò=ÑΩê=sÉêÖäÉáÅÜëîÉêëìÅÜÉ=ïÉëÉåíäáÅÜ=ÉêïÉáJ

íÉêí=ïÉêÇÉå=âçååíÉI=ï~ë=ÑΩê=ÇáÉ=oÉëìäí~íÉ=ÉÑÑÉâíáî=~ìÅÜ=îçå=ÖêçëëÉê=_ÉÇÉìíìåÖ=áëíK=

jÉíÜçÇáëÅÜ=ëí~åÇ=ïÉåáÖÉê=ÇáÉ=sÉêáÑáâ~íáçå=ÇÉê=ÄáëÜÉêáÖÉåI=ëÅÜï~ÅÜ=~ÄÖÉëíΩíòíÉå=jçÇÉääÉ=áã=

sçêÇÉêÖêìåÇ=~äë=îáÉäãÉÜê=ÇáÉ=cê~ÖÉI=çÄ=ëáÅÜ=ãáí=ÇÉå=åÉìÉå=a~íÉå=ΩÄÉêÜ~ìéí=ÉáåÉ=ÖÉåÉêÉääÉ=

qÉåÇÉåò=áå=ÇÉå=^ÄïÉáÅÜìåÖÉå=òìã=esp=~ÄòÉáÅÜåÉå=ïΩêÇÉ=ìåÇ=ïÉåå=à~I=ïáÉ=ÇáÉëÉ=~ã=ÄÉëJ

íÉå=áå=cçêã=ÉáåÉë=rãêÉÅÜåìåÖëãçÇÉääë=ÑçêãìäáÉêí=ïÉêÇÉå=â∏ååíÉK=cçäÖÉåÇÉ=ëí~íáëíáëÅÜÉ=

^ìëïÉêíìåÖÉå=ïìêÇÉå=ÇìêÅÜÖÉÑΩÜêí=Ev=W=esp=jÉëëïÉêíI=u=W=_Éí~ãÉíÉê=jÉëëïÉêíFW=

˚ iáåÉ~êÉ=oÉÖêÉëëáçå=ãáí=_Éí~ãÉíÉê=~äë=ÉáåòáÖÉI=Éêâä®êÉåÇÉ=s~êá~ÄäÉW=v=Z=~HÄuI=hçÉÑÑáòáÉåíÉå=

ãáí=O=jÉíÜçÇÉåW=âäÉáåëíÉå=nì~Çê~íÉ=ìåÇ=êçÄìëíÉ=oÉÖêÉëëáçåK=

˚ jìäíáäáåÉ~êÉ=oÉÖêÉëëáçå=ãáí=_Éí~ãÉíÉê=ìåÇ=ïÉáíÉêÉå=Éêâä®êÉåÇÉå=s~êá~ÄäÉåW==

v=Z=~=H=Äu=H=Åc=H=Çq=H=ÉklñI=hçÉÑÑáòáÉåíÉå=ãáí=O=jÉíÜçÇÉåW=âäÉáåëíÉå=nì~Çê~íÉ=ìåÇ=êçÄìëJ

íÉ=oÉÖêÉëëáçåK=

˚ hçêêÉâíìêÑ~âíçêãçÇÉää=ãáí=ÑÉëíÉã=hçêêÉâíìêÑ~âíçêI=ÇKÜK=äáåÉ~êÉ=oÉÖêÉëëáçå=ãáí=_Éí~ãÉíÉê=

~äë=ÉáåòáÖÉI=Éêâä®êÉåÇÉ=s~êá~ÄäÉI=^ÅÜëÉå~ÄëÅÜåáíí=ÖäÉáÅÜ=kìääW=v=Z=âuI=â=Z=hçêêÉâíìêÑ~âíçêK=

˚ hçêêÉâíìêÑ~âíçêãçÇÉää=ãáí=ãìäíáäáåÉ~êÉê=äáåÉ~êÉê=oÉÖêÉëëáçå=ÑΩê=â=ãáí=îÉêëÅÜáÉÇÉåÉåI=ÉêJ

âä®êÉåÇÉå=s~êá~ÄäÉåW=qÉãéÉê~íìêI=êÉä~íáîÉ=cÉìÅÜíÉI=lòçåI=píáÅâçñáÇÉW==

â=Z=vLu=Z=~=H=Äu=H=Åc=H=ÇlP=H=ÉklñK=

˚ hçêêÉâíìêÑ~âíçêãçÇÉää=ãáí=èì~Çê~íáëÅÜÉê=oÉÖêÉëëáçå=ÇÉë=âJc~âíçêëW=âZvLuZ~qOHÄqHÅcHÇ==

˚ wìë®íòäáÅÜ=ïìêÇÉ=ÉáåÉ=oÉáÜÉ=ïÉáíÉêÉê=jçÇÉääÉ=ìåíÉêëìÅÜíI=ÇáÉ=àÉÇçÅÜ=~ääÉ=ïÉåáÖÉê=ÖìíÉ=
oÉëìäí~íÉ=òÉáÖíÉå=ìåÇ=ÇáÉ=áå=ÇáÉëÉã=_ÉêáÅÜí=åáÅÜí=ÇçâìãÉåíáÉêí=ïÉêÇÉåK=

=



= OQö=

fkco^p=ö=ONK=g~åì~ê=OMMR=ö=mjNMJrjob`ekrkdpjlabiib=c§o=qbljJ=rka=_bq^jbqboJjbppobfebk=ö=jbqelafp`ebp=slodbebk=

PKQK t^ei=abo=^rptboqrkdpmboflabk=
cΩê=ÇáÉ=ëí~íáëíáëÅÜÉå=^å~äóëÉå=ëíÉÜÉå=jÉëëéÉêáçÇÉå=~ìë=ÇÉå=g~ÜêÉå=NVVVÓOMMP=òìê=sÉêÑΩJ

ÖìåÖ=ïáÉ=~ìë=q~ÄÉääÉ=R=Äáë=q~ÄÉääÉ=T=ÉêëáÅÜíäáÅÜ=áëíK=dêìåÇë®íòäáÅÜ=áëí=òï~ê=ÉêïΩåëÅÜíI=ëç=

îáÉäÉ=jÉëëïÉêíÉ=ïáÉ=ã∏ÖäáÅÜ=ÑΩê=ëí~íáëíáëÅÜÉå=^ìëïÉêíìåÖÉå=òì=ÄÉåΩíòÉåX=Ç~ë=ÄÉÇÉìíÉí=~ÄÉê=

åáÅÜíI=Ç~ëë=àÉÇÉ=^å~äóëÉ=ãáí=~ääÉå=a~íÉå=ÉêÑçäÖÉå=â~ååW=

=

qÉçãJjÉëëêÉáÜÉå=

˚ cΩê=ÇáÉ=^ìëïÉêíìåÖ=ÇÉê=qÉçãJjÉëëêÉáÜÉå=ïÉêÇÉå=ÇáÉ=sÉêÖäÉáÅÜëîÉêëìÅÜÉ=áå=òïÉá=mÉêáçÇÉå=

NVVVJOMMN=ìåÇ=OMMOJOMMP=òÉêäÉÖíK=aáÉ=ÉêëíÉ=mÉêáçÇÉ=ÇÉÅâí=ÇáÉ=bêÖÉÄåáëëÉ=ÇÉê=sçêÖ®åÖÉêJ

ëíìÇáÉ=~ÄI=ÇáÉ=òïÉáíÉ=mÉêáçÇÉ=ÇáÉ=åÉìÉå=oÉëìäí~íÉI=ãáí=ÇÉåÉå=ÇáÉ=ÑêΩÜÉêÉå=bêÖÉÄåáëëÉ=òì=

îÉêáÑáòáÉêÉå=ëáåÇK==

˚ få=ÇÉê=òïÉáíÉå=mÉêáçÇÉ=ï~êÉå=åìê=åçÅÜ=qÉçãJdÉê®íÉ=ãáí=k~ÑáçåJaêóÉê=áå=_ÉíêáÉÄK=aáÉ=sÉêáJ

Ñáâ~íáçå=áëí=åìê=åçÅÜ=ÑΩê=qÉçã=ãáí=k~ÑáçåJaêóÉê=ã∏ÖäáÅÜK=

˚ fã=hçêêÉâíìêÑ~âíçêJ=ìåÇ=áã=mÉêáçÇÉåãçÇÉää=áëí=ÉáåÉ=ÖÉïáëëÉ=aêáÑí=ÇÉê=m~ê~ãÉíÉê=áå=ÇÉê=

_ÉçÄ~ÅÜíìåÖëéÉêáçÇÉ=òì=ÉêâÉååÉåK=aáÉ=m~ê~ãÉíÉê=ïÉêÇÉå=ÇÉëÜ~äÄ=ÑΩê=~ääÉ=h~äÉåÇÉêà~ÜêÉ=

ëÉé~ê~í=ÄÉíê~ÅÜíÉíK=

=

_Éí~ãÉíÉêJjÉëëêÉáÜÉå=

cΩê=ÇáÉ=sçêÖ®åÖÉêëíìÇáÉ=ëí~åÇÉå=Éêëí=jÉëëÇ~íÉå=~ìë=îáÉê=pí~íáçåÉå=òìê=sÉêÑΩÖìåÖI=ïÉäÅÜÉ=

îçå=ÇêÉá=îÉêëÅÜáÉÇÉåÉå=báÖÉåíΩãÉêå=ÄÉíêáÉÄÉå=ïìêÇÉåK=aáÉ=^ìëïÉêíìåÖÉå=òÉáÖíÉå=Éáå=ëÉÜê=

ÜÉíÉêçÖÉåÉë=_áäÇI=ÑΩê=Ç~ë=ëáÅÜ=åáÅÜí=âÉáå=êÉÖáçå~äÉë=jçÇÉää=~åÖÉÄÉå=äáÉëëK==

˚ aáÉ=pí~íáçå=e®êâáåÖÉå=òÉáÖí=ë~áëçå~äÉ=^ÄÜ®åÖáÖâÉáíÉå=ÇÉë=âJc~âíçêëI=ïÉäÅÜÉ=ëáÅÜ=áå=ÇÉê=
mÉêáçÇÉ=NVVVÓOMMM=ëÉÜê=îçå=ÇÉê=mÉêáçÇÉ=OMMNÓOMMP=ìåíÉêëÅÜÉáÇÉå=EëáÉÜÉ=cáÖìê=UFK=báåÉ=

^ìëïÉêíìåÖ=ΩÄÉê=ÇáÉ=ÖÉë~ãíÉ=mÉêáçÇÉ=áëí=ÇÉëÜ~äÄ=åáÅÜí=~åÖÉÄê~ÅÜíK=ûÜåäáÅÜÉë=ä®ëëí=ëáÅÜ=

~ìÅÜ=ÄÉá=ÉáåáÖÉå=k^_biJpí~íáçåÉå=ÄÉçÄ~ÅÜíÉåI=ÄÉá=ÇÉåÉå=áå=ÇÉå=ÉêëíÉå=jçå~íÉå=å~ÅÜ=fåJ

ÄÉíêáÉÄå~ÜãÉ=jÉêâã~äÉ=~ìÑíêÉíÉåI=ÇáÉ=å~ÅÜÜÉê=îÉêëÅÜïáåÇÉåK=bîÉåíìÉää=ëéáÉäÉå=dÉê®íÉÉáåJ

ëíÉääìåÖÉå=ÉáåÉ=oçääÉK=gÉÇÉåÑ~ääë=ÉãéÑáÉÜäí=ëáÅÜ=~ìÅÜ=áå=ÇáÉëÉå=c®ääÉåI=ÇáÉ=ëí~íáëíáëÅÜÉå=

^å~äóëÉå=òì=íêÉååÉåK=

˚ cΩê=ÇáÉ=ÄÉáÇÉå=pí~íáçåÉå=a~îçë=ìåÇ=oçîÉêÉÇç=áã=_ÉêÖÖÉÄáÉí=EÄÉáÇÉ=^kr=doF=ïìêÇÉå=áã=

ÑêΩÜêÉå=sÉêÖäÉáÅÜëîÉêëìÅÜ=ÇáÉ=espJcáäíÉê~å~äóëÉå=å~ÅÜ=ÉáåÉã=Éíï~ë=îÉêëÅÜáÉÇÉåÉå=sÉêÑ~ÜJ

êÉå=~ìëÖÉÑΩÜêíK=cΩê=ÇáÉ=åÉìÉå=^ìëïÉêíìåÖÉå=ïìêÇÉå=ÇÉëÜ~äÄ=ÇáÉ=a~íÉå=åáÅÜí=ÄÉåìíòíK=

c~òáí=_Éí~ãÉíÉêJjÉëëÇ~íÉåW=cΩê=ÇáÉ=jçÇÉääÄáäÇìåÖ=ïÉêÇÉå=éêáã®ê=ÇáÉ=a~íÉå=~ìë=ÇÉå=g~ÜêÉå=

OMMO=ìåÇ=OMMP=îÉêïÉåÇÉíK=



= öOR=

fkco^p=ö=ONK=g~åì~ê=OMMR=ö=mjNMJrjob`ekrkdpjlabiib=c§o=qbljJ=rka=_bq^jbqboJjbppobfebk=ö=rjob`ekrkdpjlabiib=c§o=
qbljJjbppobfebk=

QK rjob`ekrkdpjlabiib=c§o=qbljJjbppobfebk=
QKNK a^p=^rppf`eqpobf`epqb=qbljJjlabii=
a~ë=å~ÅÜ=^ìëïÉêíìåÖ=~ääÉê=îçêäáÉÖÉåÇÉê=a~íÉå=~ìëëáÅÜíëêÉáÅÜëíÉ=jçÇÉää=ÑΩê=ÇáÉ=rãêÉÅÜåìåÖ=

îçå=qÉçãJjÉëëêÉáÜÉå=ä~ìíÉíW==

=
( ) cXbTaY +−= ======łbåÉêÖáÉãçÇÉää“==

=

ãáí= v=Z=jçÇÉääïÉêíI=ÇÉê=ÇÉã=espJtÉêí=~ã=å®ÅÜëíÉå=âçããíK==

= u=Z=q~ÖÉëãáííÉä=mjNMJjÉëëïÉêí=qÉçã=áå=”ÖLãPK==

= q=Z=q~ÖÉëãáííÉä=ÇÉê=qÉãéÉê~íìê=áå=ø`=

= ~I=ÄI=Å=Z=oÉÖêÉëëáçåëé~ê~ãÉíÉê==

a~ë=jçÇÉää=ÖÉÜí=~ìë=îçã=qÉçãJtÉêíI=ÇÉê=ãáí=ÉáåÉãI=îçå=ÇÉê=qÉãéÉê~íìê=äáåÉ~ê=~ÄÜ®åÖáÖÉå=

c~âíçê=ãçÇáÑáòáÉêí=ïáêÇK=gÉ=íáÉÑÉê=ÇáÉ=qÉãéÉê~íìêI=ìãëç=Öê∏ëëÉê=ÇÉê=hçêêÉâíìêÑ~âíçêK=

^ìÑ=ÇÉê=pìÅÜÉ=å~ÅÜ=ÇÉã=ÄÉëíÉå=jçÇÉää=ïìêÇÉ=ÄÉêÉáíë=ÑΩê=ÇáÉ=sçêÖ®åÖÉêëíìÇáÉ=ÉáåÉ=sáÉäJ

ò~Üä=îçå=ã∏ÖäáÅÜÉå=jçÇÉääÉå=ìåíÉêëìÅÜíW=äáåÉ~êÉ=ìåÇ=ãìäíáäáåÉ~êÉ=jçÇÉääÉ=ãáí=ÅÜÉãáëÅÜÉå=

EklI=klOI=klñI=lPI=`lF=ìåÇ=éÜóëáâ~äáëÅÜÉå=bêâä®êìåÖëÖê∏ëëÉå=EqÉãéÉê~íìêI=aêìÅâI=cÉìÅÜíÉFI=

hçêêÉâíìêÑ~âíçêãçÇÉääÉI=éÉêáçÇáëÅÜÉ=jçÇÉääÉK=gÉ=å~ÅÜ=^åëéêìÅÜ=â∏ååÉå=ÉáåÑ~ÅÜÉêÉ=çÇÉê=

âçãéäÉñÉêÉ=jçÇÉääÉ=ÉáåÖÉëÉíòí=ïÉêÇÉåK=a~ë=båÉêÖáÉãçÇÉää=áëí=~ÄÉê=å~ÅÜ=ÜÉìíáÖÉã=pí~åÇ=

ÇÉê=^å~äóëÉå=ÄÉòΩÖäáÅÜ=nì~äáí®í=ìåÇ=rãëÉíòìåÖ=Ç~ë=~ã=ÄÉëíÉå=ÖÉÉáÖåÉíÉK=fã=báåòÉäÑ~ää=

â~åå=ãáí=ÇÉê=rãêÉÅÜåìåÖ=ÇáÉ=ÉáåÉ=_ÉÇáåÖìåÖ=ÑΩê=däÉáÅÜïÉêíáÖâÉáí=oO≥MKVR=ÉêÑΩääí=ïÉêÇÉåI=

áã=^ääÖÉãÉáåÉå=íêáÑÑí=ÇáÉë=àÉÇçÅÜ=åáÅÜí=òìK=

fã=ÑçäÖÉåÇÉå=h~éáíÉä=ïáêÇ=åáÅÜí=åìê=Ç~ë=båÉêÖáÉãçÇÉää=ÄÉëÅÜêáÉÄÉåI=ëçåÇÉêå=Éë=ïÉêÇÉå=

òìÉêëí=ÇáÉ=ÄÉáÇÉå=áå=ÇÉê=sçêÖ®åÖÉêëíìÇáÉ=ÉãéÑçÜäÉåÉå=jçÇÉääÉ=îÉêáÑáòáÉêíW==

˚ aÉê=hçêêÉâíìêÑ~âíçê=áëí=ÄÉëçåÇÉêë=ÉáåÑ~ÅÜ=ìåÇ=ÑΩê=ÉáåÉ=ëÅÜåÉääÉ=rãêÉÅÜåìåÖ=ÇÉë=g~ÜêÉëJ

ãáííÉäë=ÖÉÉáÖåÉíK==

˚ a~ë=mÉêáçÇÉåãçÇÉää=áëí=ÉáåÉ=bêïÉáíÉêìåÖ=ìåÇ=sÉêÄÉëëÉêìåÖ=ÖÉÖÉåΩÄÉê=ÇÉã=hçêêÉâíìêJ

Ñ~âíçêãçÇÉää=ìåÇ=áëí=J=ÖÉãÉëëÉå=~å=ÇÉê=nì~äáí®í=ÇÉê=oÉëìäí~íÉ=J=Éíï~=ÖäÉáÅÜ=ëí~êâ=ïáÉ=Ç~ë=

båÉêÖáÉãçÇÉääI=áëí=~ääÉêÇáåÖë=áå=ÇÉê=rãëÉíòìåÖ=~åëéêìÅÜëîçääÉêK=

=

QKOK sbofcfh^qflk=hloobhqroc^hqlojlabii=
QKOKNK jlabiipqorhqro=
a~ë=hçêêÉâíìêÑ~âíçêãçÇÉää=áëí=Ç~ë=ÉáåÑ~ÅÜëíÉ=jçÇÉääK=aÉê=qÉçãJtÉêí=u=ïáêÇ=ãáí=ÉáåÉã=c~âJ

íçê=â=ãìäíáéäáòáÉêíK==

kXY = =



= OSö=

fkco^p=ö=ONK=g~åì~ê=OMMR=ö=mjNMJrjob`ekrkdpjlabiib=c§o=qbljJ=rka=_bq^jbqboJjbppobfebk=ö=rjob`ekrkdpjlabiib=c§o=
qbljJjbppobfebk=

a~ë=jçÇÉää=ÖáÄí=ÉáåÉ=ÖìíÉ=ÉêëíÉ=pÅÜ®íòìåÖ=ÇÉë=oÉÑÉêÉåòïÉêíëK=bë=äáÉÑÉêí=~ÄÉê=åìê=Ç~åå=

Äê~ìÅÜÄ~êÉ=tÉêíÉI=ïÉåå=Éáå=a~íÉåë~íò=ÑΩê=Éáå=îçääÉë=g~Üê=îçêäáÉÖíK=aáÉë=Öáäí=ëçïçÜä=ÑΩê=

ÇÉå=g~ÜêÉëãáííÉäïÉêí=ïáÉ=~ìÅÜ=ÑΩê=ÇáÉ=^åò~Üä=§ÄÉêëÅÜêÉáíìåÖÉå=ÇÉë=q~ÖÉëÖêÉåòïÉêíÉëK==

=

QKOKOK obpriq^qb=hloobhqroc^hqlojlabii=
_áëÜÉê=òÉáÖíÉ=ëáÅÜ=Éáå=råíÉêëÅÜáÉÇ=òïáëÅÜÉå=qÉçãJdÉê®íÉå=çÜåÉ=êÉëéK=ãáí=k~ÑáçåJaêóÉêK=

båíëéêÉÅÜÉåÇ=Ö~Ä=Éë=òïÉá=hçêêÉâíìêÑ~âíçêÉåK=aáÉ=åÉìÉå=^ìëïÉêíìåÖÉå=òÉáÖÉå=ÑçäÖÉåÇÉë=

_áäÇK=

=
pí~íáçå mÉêáçÇÉLg~Üê âJc~âíçê ^äíÉê=ÇÉë

k~Ñáçå
JJJ g~Üê

iìòÉêå ^éê=OMMM=J==j~ê=OMMN NKNU N
pÉé=OMMN=J==^ìÖ=OMMO NKQR O

pìÜê pÉé=OMMN=J==^ìÖ=OMMO NKPM N
_~ëÉä=píK=gçÜ~åå g~å==J==aÉÅ=OMMN NKMO N

g~å==J==aÉÅ=OMMO NKMQ O
bêëíÑÉäÇ g~å==J==aÉÅ=OMMO NKNN N

g~å==J==aÉÅ=OMMP NKNR O
pÉé=OMMN=J==^ìÖ=OMMO NKNN
pÉé=OMMO=J==^ìÖ=OMMP NKNN

cê~ìÉåÑÉäÇ pÉé=OMMN=J==^ìÖ=OMMO NKOQ N
g~å==J==aÉÅ=OMMO NKOT O

oÉáÇÉå g~å==J==aÉÅ=OMMP NKNS N
t~ääáëÉääÉå g~å==J==aÉÅ=OMMN NKOS

g~å==J==aÉÅ=OMMO NKPQ
^éê=OMMM=J==j~ê=MN NKNR N
^éê=OMMN=J==j~ê=OMMO NKOT O

jáííÉäïÉêí NKNS N
NKOP O =

q~ÄÉääÉ=U=âJc~âíçêÉå=~ääÉê=pí~íáçåÉå=ãáí=jÉëëïÉêíÉå=îçå=NO=~ìÑÉáå~åÇÉê=ÑçäÖÉåÇÉå=jçå~íÉåK=aÉê=ÉñíêÉã=ÜçÜÉ=âJc~âíçê=
NKQR=áå=iìòÉêå=EOMMOF=â~åå=ã∏ÖäáÅÜÉêïÉáëÉ=ãáí=äçâ~äÉê=_~ìí®íáÖâÉáí=Éêâä®êí=ïÉêÇÉåK=

aáÉ=âJc~âíçêÉå=äáÉÖÉå=áã=_ÉêÉáÅÜ=NKNJNKQK=_Éá=~ìÑÉáå~åÇÉê=ÑçäÖÉåÇÉå=g~ÜêÉå=åÉÜãÉå=ÇáÉ=

c~âíçêÉå=~å=~ääÉå=pí~íáçåÉå=ëóëíÉã~íáëÅÜ=äÉáÅÜí=Äáë=ëí~êâ=òìK=aÉê=âJc~âíçê=ëÅÜÉáåí=òì=ÇêáÑJ

íÉåI=áå=_~ëÉäI=bêëíÑÉäÇI=cê~ìÉåÑÉäÇ=OB=Äáë=PBI=áå=t~ääáëÉääÉå=NMB=ìåÇ=áå=iìòÉêå=OOB=EàÉïÉáäë=

cçäÖÉà~Üê=ÄÉòçÖÉå=~ìÑ=sçêà~ÜêFK=aáÉ=ï~ÜêëÅÜÉáåäáÅÜÉ=bêâä®êìåÖ=ÇÉë=bÑÑÉâíë=áëí=áå=ÇÉê=^äíÉJ

êìåÖ=ÇÉë=k~ÑáçåJaêóÉêë=òì=ëìÅÜÉåK=i~ìí=áåJircq=ìåÇ=lpqircq=ÖáÄí=Éë=ÉáåÇÉìíáÖÉ=eáåïÉáëÉ=

Ç~ê~ìÑI=Ç~ëë=ÇÉëëÉå=táêâìåÖ=áã=i~ìÑÉ=ÇÉê=wÉáí=å~ÅÜä®ëëí=ìåÇ=ëáÅÜ=Ç~ãáí=ÇÉê=âJc~âíçê=ïáÉÇÉê=

ÇÉã=tÉêí=ÉáåÉë=qÉçãë=çÜåÉ=k~ÑáçåJaêóÉê=~åÖäÉáÅÜíK=báåÉ=ãáåáã~äÉ=§ÄÉêéêΩÑìåÖ=áëí=ã∏ÖäáÅÜI=

áåÇÉã=ÉáåÉ=^ÄÜ®åÖáÖâÉáí=îçã=^äíÉê=ÇÉë=k~ÑáçåJaêóÉêë=ìåíÉêëìÅÜí=ïáêÇK=_Éáã=bêë~íò=ÉáåÉë=



= öOT=

fkco^p=ö=ONK=g~åì~ê=OMMR=ö=mjNMJrjob`ekrkdpjlabiib=c§o=qbljJ=rka=_bq^jbqboJjbppobfebk=ö=rjob`ekrkdpjlabiib=c§o=
qbljJjbppobfebk=

k~ÑáçåJaêóÉêë=ëçääíÉ=å~íΩêäáÅÜ=Éáå=péêìåÖ=òì=íáÉÑÉêÉå=âJc~âíçêÉå=òÉáÖÉåK=få=ÇÉå=ÜáÉê=îçêäáÉJ

ÖÉåÇÉå=jÉëëéÉêáçÇÉå=ïìêÇÉå=~ääÉêÇáåÖë=âÉáåÉ=bêëÉíòìåÖÉå=îçêÖÉåçããÉåI=ëç=Ç~ëë=ÇáÉëÉê=

bÑÑÉâí=åáÅÜí=îÉêáÑáòáÉêí=ïÉêÇÉå=â~ååK=få=ÇÉê=q~ÄÉääÉ=U=áëí=áå=ÇÉê=äÉíòíÉå=pé~äíÉ=åçÅÜ=Ç~ë=ł^äJ

íÉê“=ÇÉë=k~ÑáçåJaêóÉêë=EkìããÉê=ÇÉë=_ÉíêáÉÄëà~ÜêëF=~åÖÉÖÉÄÉåK=få=ÇÉê=ìåíÉêëíÉå=wÉáäÉ=ëáåÇ=

ÄÉáã=âJc~âíçê=ÇáÉ=jáííÉäïÉêíÉ=ÑΩê=MJNJà®ÜêáÖÉ=Eâ=Z=NKNSF=ìåÇ=NJOJà®ÜêáÖÉ=Eâ=Z=NKOPF=k~ÑáçåJ

aêóÉêë=ëÉé~ê~í=~åÖÉÖÉÄÉåK=páÉ=òÉáÖÉå=ÉáåÉ=wìå~ÜãÉ=îçå=SB=îçã=NK=òìã=OK=_ÉíêáÉÄëà~ÜêK=

j~å=ÄÉ~ÅÜíÉI=Ç~ëë=áå=ÇÉê=sçêÖ®åÖÉêëíìÇáÉ=ÑΩê=ÇÉå=âJc~âíçê=ÇáÉ=tÉêíÉ=NKNT=EqÉçã=ãáí=k~ÑáJ

çåJaêóÉêI=NJà®ÜêáÖF=ìåÇ=â=Z=NKOT=EçÜåÉ=k~ÑáçåJaêóÉêF=ÄÉêÉÅÜåÉí=ïçêÇÉå=ï~êÉåK=aáÉëÉ=w~ÜäÉå=

ÇÉÅâÉå=ëáÅÜ=Öìí=ãáí=ÇÉå=åÉì=ÄÉêÉÅÜåÉíÉå=tÉêíÉå=ìåíÉê=_ÉêΩÅâëáÅÜíáÖìåÖ=ÇÉë=^äíÉêìåÖëÉÑJ

ÑÉâíëK=

cΩê=ÇáÉ=jçÇÉääÄáäÇìåÖ=ãìëë=ÇáÉëÉ=aêáÑí=ÄÉêΩÅâëáÅÜíáÖí=ïÉêÇÉåI=ÉêëíÉåë=ÄÉáã=hçêêÉâíìêJ

Ñ~âíçêãçÇÉääI=ïÉäÅÜÉë=ÖÉê~ÇÉ=îçå=ÉáåÉã=âçåëí~åíÉå=c~âíçê=~ìëÖÉÜí=EëáÉÜÉ=ÑçäÖÉåÇÉ=q~ÄÉäJ

äÉFI=ìåÇ=òïÉáíÉåë=~ìÅÜ=ÄÉá=ÇÉå=mÉêáçÇÉåJ=ìåÇ=båÉêÖáÉãçÇÉääÉåI=áå=ÇÉåÉå=ëáÅÜ=ÉáåÉ=aêáÑí=~ìÑ=

ÇáÉ=jçÇÉääâçåëí~åíÉå=ΩÄÉêíê®ÖíK==

báåÉ=§ÄÉêä~ÖÉêìåÖ=òïÉáÉê=bÑÑÉâíÉ=ãìëë=àÉÇçÅÜ=ÄÉ~ÅÜíÉí=ïÉêÇÉåW=få=ÇÉå=§ÄÉêÖ~åÖëòÉáíÉå=

cêΩÜäáåÖ=ìåÇ=eÉêÄëí=â~åå=ÄÉá=qÉçãJdÉê®íÉå=ÉáåÉ=^êí=eóëíÉêÉëÉ=~ìÑíêÉíÉåK=a~ë=sÉêÜ~äíÉå=ÇÉë=

âJc~âíçêë=ä®ëëí=ëáÅÜ=êÉä~íáî=ÉáåÑ~ÅÜ=å~ÅÜ=pçããÉê=ìåÇ=táåíÉê=ìåíÉêëÅÜÉáÇÉåK=få=ÇÉå=wïáJ

ëÅÜÉåòÉáíÉå=ÑáåÇÉí=ÇÉê=§ÄÉêÖ~åÖ=îçã=ÉáåÉå=áåë=~åÇÉêÉ=oÉÖáãÉ=åáÅÜí=å~ÅÜ=h~äÉåÇÉê=çÇÉê=

qÉãéÉê~íìê=ëí~ííI=ëçåÇÉêå=å~ÅÜ=ÄáëÜÉê=ìåÄÉâ~ååíÉå=c~âíçêÉåK=t®ÜêÉåÇ=Ç~ë=ÉáåÉ=qÉçãJ

dÉê®í=åçÅÜ=ïÉáí=áå=ÇÉå=cêΩÜäáåÖ=ÜáåÉáå=ëáÅÜ=áã=táåíÉêJoÉÖáãÉ=ÄÉÑáåÇÉíI=áëí=Éáå=~åÇÉêÉë=

qÉçãJdÉê®í=ëÅÜçå=ïáÉ=pçããÉêJoÉÖáãÉK=a~ëëÉäÄÉ=péáÉä=ä®ëëí=ëáÅÜ=~ìÅÜ=áã=eÉêÄëí=ÄÉçÄ~ÅÜíÉåK=

a~ÇìêÅÜ=ÉåíëíÉÜÉå=aáÑÑÉêÉåòÉå=òïáëÅÜÉå=ÇÉå=ãçÇÉääáÉêíÉå=tÉêíÉåI=ÇáÉ=ëáÅÜ=áÜêÉêëÉáíë=å~ÅÜ=

ÇÉê=qÉãéÉê~íìê=EbåÉêÖáÉãçÇÉääF=êÉëéÉâíáîÉ=å~ÅÜ=ÇÉã=h~äÉåÇÉê=EmÉêáçÇÉåãçÇÉääF=êáÅÜíÉåK=

aáÉ=aáÑÑÉêÉåòÉå=ΩÄÉêä~ÖÉêå=ëáÅÜ=ãáí=aáÑÑÉêÉåòÉåI=ÇáÉ=~ìÑ=dêìåÇ=ÇÉë=k~ÑáçåJaêáÑíë=ÉåíëíÉÜÉåK=

bë=ëáåÇ=àÉÇçÅÜ=åáÅÜí=ÖÉåΩÖÉåÇ=a~íÉå=îçêÜ~åÇÉåI=ìã=ÇáÉ=ÄÉáÇÉå=bÑÑÉâíÉ=~ìëÉáå~åÇÉê=Ü~äíÉå=

òì=â∏ååÉåK=

=

QKPK sbofcfh^qflk=mboflabkjlabii=
QKPKNK jlabiipqorhqro=
a~ë=mÉêáçÇÉåãçÇÉää=Ä~ìí=~ìÑ=ÇÉê=_ÉçÄ~ÅÜíìåÖ=~ìÑI=Ç~ëë=ÇáÉ=^ÄïÉáÅÜìåÖÉå=òïáëÅÜÉå=qÉçã=

ìåÇ=esp=ÉáåÉå=~ìëÖÉéê®ÖíÉå=g~ÜêÉëÖ~åÖ=~ìÑïÉáëÉåK=bë=áëí=ÇÉãÉåíëéêÉÅÜÉåÇ=Éáå=wÉáíêÉáÜÉåJ

ãçÇÉää=ìåÇ=Äê~ìÅÜí=òìë®íòäáÅÜ=òìã=qÉçãJjÉëëïÉêí=åçÅÜ=Ç~ë=a~íìã=ìåÇ=ÉáåÉ=wÉáíåçêãáÉJ

êìåÖK=wìê=oÉ~äáëáÉêìåÖ=áå=ÉáåÉã=`çãéìíÉêéêçÖê~ãã=ïáêÇ=ÉáåÉ=íêáÖçåçãÉíêáëÅÜÉ=cìåâíáçåÉå=

ÄÉå∏íáÖíK=jáí=ÇáÉëÉã=jçÇÉää=ëáåÇ=ÖêìåÇë®íòäáÅÜ=~ìÅÜ=e~äÄëíìåÇÉåïÉêíÉ=ÑΩê=Ç~ë=esp=ëáãìJ



= OUö=

fkco^p=ö=ONK=g~åì~ê=OMMR=ö=mjNMJrjob`ekrkdpjlabiib=c§o=qbljJ=rka=_bq^jbqboJjbppobfebk=ö=rjob`ekrkdpjlabiib=c§o=
qbljJjbppobfebk=

äáÉêÄ~êK=a~òì=ïáêÇ=ÉáåÉ=ïÉáíÉêÉ=pÅÜïáåÖìåÖ=ãáí=ÉáåÉê=q~ÖÉëéÉêáçÇÉ=EOQ=ÜF=ΩÄÉêä~ÖÉêí=ïÉêJ

ÇÉåK=eáåïÉáëÉ=Ç~òì=ëáÉÜÉ=áåJircq=EOMMOFK=aáÉ=rãëÉíòìåÖ=ÇÉë=mÉêáçÇÉåãçÇÉääë=áëí=êÉä~íáî=

~åëéêìÅÜëîçääK=aáÉ=píêìâíìê=ÑΩê=ÇáÉ=rãêÉÅÜåìåÖ=îçå=q~ÖÉëãáííÉäïÉêíÉå=ä~ìíÉíW=

=















 −−⋅⋅−⋅=

365
2sin)(:)( 0 CttBAtXtYPer π =

=

=

QKPKOK obpriq^qb=mboflabkjlabii=
jáí=ÇÉå=åÉìÉå=jÉëëÇ~íÉå=â~åå=Ç~ë=mÉêáçÇÉåãçÇÉää=îÉêáÑáòáÉêí=ïÉêÇÉåK=aáÉ=oÉëìäí~íÉ=ëáåÇ=

~ìÑ=ÉáåÉê=®ÜåäáÅÜÉå=nì~äáí®íëëíìÑÉ=ïáÉ=áå=ÇÉê=sçêÖ®åÖÉêëíìÇáÉK==

˚ aÉê=oÉÖêÉëëáçåëé~ê~ãÉíÉê=^=ÉåíëéêáÅÜí=ÇÉã=òÉáíäáÅÜJãáííäÉêÉå=âJc~âíçêK=cΩê=áÜå=ÖÉäíÉå=

ÇáÉëÉäÄÉå=^ìëë~ÖÉå=ïáÉ=ÄÉáã=hçêêÉâíìêÑ~âíçêãçÇÉää=òìã=âJc~âíçêK=^ìÑÖêìåÇ=ÇÉë=aêáÑíë=áëí=

ÇÉê=tÉêí=ïáÉÇÉê=áå=^ÄÜ®åÖáÖâÉáí=ÇÉë=k~ÑáçåJ^äíÉêë=~åÖÉÖÉÄÉåK=fã=ÉêëíÉå=_ÉíêáÉÄëà~Üê=ÉåíJ

ëéêáÅÜí=^=ÇÉã=ÄáëÜÉêáÖÉå=^=Eãáí=k~ÑáçåFK=fã=òïÉáíÉå=_ÉíêáÉÄëà~Üê=äáÉÖí=ÇÉê=tÉêí=îçå=^=

òïáëÅÜÉå=ÇÉã=ÉêëíÉå=_ÉíêáÉÄëà~Üê=ìåÇ=ÇÉã=qÉçã=çÜåÉ=k~ÑáçåK==

˚ aÉê=oÉÖêÉëëáçåëé~ê~ãÉíÉê=_=êÉéê®ëÉåíáÉêí=ÇáÉ=^ãéäáíìÇÉ=ÇÉê=g~ÜêÉëëÅÜïáåÖìåÖK=páÉ=áëí=

ÄÉáã=qÉçã=çÜåÉ=k~Ñáçå=~ã=ëí®êâëíÉå=~ìëÖÉéê®ÖíK=aáÉ=åÉìÉå=jÉëëÇ~íÉå=ÖÉÄÉå=Éíï~ë=âäÉáJ

åÉêÉ=tÉêíÉK==

˚ aÉê=oÉÖêÉëëáçåëé~ê~ãÉíÉê=`=ëíÉÜí=ÑΩê=ÇáÉ=mÜ~ëÉ=ÇÉê=pÅÜïáåÖìåÖK=aáÉ=rãêÉÅÜåìåÖ=áëí=åìê=

ïÉåáÖ=ëÉåëáíáî=ÄÉòΩÖäáÅÜ=`K=aáÉ=åÉìÉå=tÉêíÉ=äáÉÖÉå=Ü∏ÜÉêI=ÄÉÉáåÑäìëëÉå=ÇáÉ=jçÇÉääèì~äáí®í=

~ÄÉê=â~ìã=EëáÉÜÉ=cáÖìêFK=

=

jçÇÉää=sçêÖ®åÖÉêëíìÇáÉ ^=EJJJF _=EJJJF `=Eq~ÖÉF
qÉçã=çÜåÉ=k~Ñáçå
jáííÉäïÉêí NKOT JMKPM TKU
pí~åÇ~ê~ÄïÉáÅÜìåÖ MKMT MKMR NPKQ
qÉçã=ãáí=k~Ñáçå
jáííÉäïÉêí NKNT JMKOP NRKP
pí~åÇ~ê~ÄïÉáÅÜìåÖ MKMO MKMM MKQS

kÉìÉ=jÉëëÇ~íÉå ^=EJJJF _=EJJJF `=Eq~ÖÉF
qÉçã=ãáí=k~ÑáçåI=NK=_ÉíêáÉÄëà~Üê
jáííÉäïÉêí NKNS JMKNV QNKQ
pí~åÇ~ê~ÄïÉáÅÜìåÖ MKMT MKMQ OQKM
qÉçã=ãáí=k~ÑáçåI=OK=_ÉíêáÉÄëà~Üê
jáííÉäïÉêí NKOO JMKNU QMKS
pí~åÇ~ê~ÄïÉáÅÜìåÖ MKNN MKMQ OMKR

mboflabkjlabii

=



= öOV=

fkco^p=ö=ONK=g~åì~ê=OMMR=ö=mjNMJrjob`ekrkdpjlabiib=c§o=qbljJ=rka=_bq^jbqboJjbppobfebk=ö=rjob`ekrkdpjlabiib=c§o=
qbljJjbppobfebk=

q~ÄÉääÉ=V=m~ê~ãÉíÉê=ÇÉë=mÉêáçÇÉåãçÇÉääë=ÑΩê=ÇáÉ=ÑêΩÜÉêÉå=EsçêÖ®åÖÉêëíìÇáÉF=ìåÇ=ÇáÉ=åÉìÉå=jÉëëÇ~íÉåK=

aáÉ=îáÉê=sÉêëáçåÉå=ëáåÇ=áå=ÇÉê=ÑçäÖÉåÇÉå=cáÖìê=Ç~êÖÉëíÉääíK=aáÉ=hìêîÉå=äáÉÖÉå=ÑΩê=~ääÉ=qÉçã=

ãáí=k~Ñáçå=ëÉÜê=å~ÜÉ=ÄÉáë~ããÉåI=ÇáÉ=ÑêΩÜÉêÉ=hìêîÉ=ÑΩê=qÉçã=çÜåÉ=k~Ñáçå=ïÉáÅÜí=áåëÄÉëçåJ

ÇÉêÉ=áå=ÇÉê=pÅÜïáåÖìåÖë~ãéäáíìÇÉ=îçå=ÇÉå=ΩÄêáÖÉå=~ÄK=

=

MKU

NKM

NKO

NKQ

NKS

M NMM OMM PMM QMM

q~Ö

âJc~âíçê

ÄáëÜÉê=çKk~ÑK ÄáëÜÉê=ãKk~ÑK
åÉì=ãKk~ÑK=N=g~Üê åÉì=ãKk~ÑK=O=g~ÜêÉ

==
cáÖìê=N=g~ÜêÉëëÅÜïáåÖìåÖ=ÇÉë=mÉêáçÇÉåãçÇÉääë=ãáí=ÇÉå=ÄáëÜÉêáÖÉå=ìåÇ=ÇÉå=åÉìÉå=m~ê~ãÉíÉêïÉêíÉåK=

aáÉ=bêÖÉÄåáëëÉ=ÇΩêÑÉå=~äë=_Éëí®íáÖìåÖ=êÉëéÉâíáîÉ=~äë=sÉêáÑáâ~íáçå=ÇÉê=ÑêΩÜÉê=ÉãéÑçÜäÉåÉå=

jçÇÉääÉ=áåíÉêéêÉíáÉêí=ïÉêÇÉåK=aáÉ=páíì~íáçå=áëí=~ìë=ÜÉìíáÖÉê=páÅÜí=áåëçÑÉêå=âçãéäÉñÉê=ÖÉJ

ïçêÇÉåI=~äë=Ç~ë=^äíÉê=ÇÉë=k~ÑáçåJaêóÉêë=~äë=òìë®íòäáÅÜÉê=m~ê~ãÉíÉê=áå=ÇÉê=jçÇÉääÄáäÇìåÖ=

ÄÉêΩÅâëáÅÜíáÖí=ïÉêÇÉå=ãìëëK=

tÉáíÉêÉ=^ìëïÉêíìåÖëÉêÖÉÄåáëëÉ=òìã=mÉêáçÇÉåãçÇÉää=ÑáåÇÉå=ëáÅÜ=ìåíÉå=áã=h~éáíÉä=QKQKPK=

aáÉ=jçÇÉääÉãéÑÉÜäìåÖ=ÑçäÖí=áã=h~éáíÉä=SKOKNK=

=

QKQK kbrW=bkbodfbjlabii=
QKQKNK jlabiipqorhqro=
kÉì=ïáêÇ=Éáå=ëí~íáëíáëÅÜÉë=jçÇÉää=îçêÖÉëÅÜä~ÖÉåI=Ç~ë=ÇÉå=oÉÑÉêÉåòïÉêí=ãáí=ÉáåÉã=åáÅÜíJ

äáåÉ~êÉå=qÉêã=~ÄëÅÜ®íòíK=hÉêåëíΩÅâ=ÇÉë=jçÇÉääë=áëí=Éáå=mêçÇìâííÉêã=ãáí=ÇÉå=ÄÉáÇÉå=c~âíçJ

êÉå=qÉçãJtÉêí=ìåÇ=qÉãéÉê~íìêK=tÉáä=ÇáÉëÉë=mêçÇìâí=éêçéçêíáçå~ä=òì=ÉáåÉê=båÉêÖáÉÇáÅÜíÉ=

EÇ~ãáí=ïáêÇ=áã=jçÇÉää=ÇáÉ=båÉêÖáÉ=âçãéÉåëáÉêíI=ÇáÉ=áã=qÉçã=ÇìêÅÜ=eÉáòìåÖ=òìÖÉÑΩÜêí=ïáêÇF=



= PMö=

fkco^p=ö=ONK=g~åì~ê=OMMR=ö=mjNMJrjob`ekrkdpjlabiib=c§o=qbljJ=rka=_bq^jbqboJjbppobfebk=ö=rjob`ekrkdpjlabiib=c§o=
qbljJjbppobfebk=

áëíI=ëéêÉÅÜÉå=ïáê=áã=cçäÖÉåÇÉå=îçã=łbåÉêÖáÉãçÇÉää“K=

=
( ) cXbTacbTXaXY +−=+−= =

= v=W=jÉëëïÉêí=esp=

= u=W=jÉëëïÉêí=qÉçã=

= qW=^ìëëÉåíÉãéÉê~íìê=

~I=ÄI=Å=oÉÖêÉëëáçåëé~ê~ãÉíÉê=

=

QKQKOK obdobppflkpobpriq^qb=
få=ÇÉê=ÑçäÖÉåÇÉå=q~ÄÉääÉ=ëáåÇ=oÉÖêÉëëáçåëêÉëìäí~íÉ=òìã=båÉêÖáÉãçÇÉää=òìë~ããÉåÖÉÑ~ëëíI=ÇáÉ=

tÉêíÉ=ÑΩêë=_ÉëíáããíÜÉáíëã~ëë=oO=äáÉÖÉå=áã=fåíÉêî~ää=MKUSJMKVQK=

=
pí~íáçå

~ Ä Å
jáííÉäïÉêíÉ NK=_ÉíêKà~Üê JMKMNQ NKPR JMKQR
pí~åÇ~êÇ~ÄïÉáÅÜìåÖÉå MKMMR MKMS NKUM
jáííÉäïÉêíÉ OK=_ÉíêKà~Üê JMKMNO NKPS MKMO
pí~åÇ~êÇ~ÄïÉáÅÜìåÖÉå MKMMP MKMV NKOO
jáííÉäïÉêíÉ ~ääÉ=pí~íáçåÉå JMKMNP NKPR JMKOR
pí~åÇ~êÇ~ÄïÉáÅÜìåÖÉå MKMMQ MKMT NKRQ

oÉÖêÉëëáçåëé~ê~ãÉíÉê
båÉêÖáÉãçÇÉää

=
q~ÄÉääÉ=NM=oÉÖêÉëëáçåëé~ê~ãÉíÉê=ÑΩê=Ç~ë=båÉêÖáÉãçÇÉää==

bêä®ìíÉêìåÖÉåI=hçããÉåí~êÉW==

˚ aáÉ=m~ê~ãÉíÉê=~=ìåÇ=Ä=ëáåÇ=òÉáíäáÅÜ=ìåÇ=ê®ìãäáÅÜ=ëÉÜê=ëí~ÄáäK=aÉê=s~êá~íáçåëâçÉÑÑáòáÉåí=îçå=

~=äáÉÖí=ÄÉá=PMBI=àÉåÉê=îçå=Ä=ÄÉá=SBK=aÉê=m~ê~ãÉíÉê=Å=ÜáåÖÉÖÉå=áëí=åáÅÜí=ëáÖåáÑáâ~åí=îÉêJ

ëÅÜáÉÇÉå=îçå=kìääK=a~ë=ÜÉáëëíI=ÇÉê=m~ê~ãÉíÉê=ïáêÇ=ÑΩê=ÇáÉ=jçÇÉääÄáäÇìåÖ=~ìÑ=dêìåÇ=ëÉáåÉê=

báÖÉåëÅÜ~ÑíÉå=ÖäÉáÅÜ=kìää=ÖÉëÉíòí=EëáÉÜÉ=jçÇÉääÉãéÑÉÜäìåÖ=h~éáíÉä=SKOKNFK=

˚ aáÉ=råíÉêëÅÜáÉÇÉ=òïáëÅÜÉå=qÉçãJdÉê®íÉå=ãáí=ìåíÉêëÅÜáÉÇäáÅÜ=~äíÉå=k~ÑáçåJaêóÉêë=ëáåÇ=ëÉÜê=

ÖÉêáåÖI=ïÉåå=îçå=Å=~ÄÖÉëÉÜÉå=ïáêÇK=tÉêÇÉå=ìåíÉêëÅÜáÉÇäáÅÜÉ=mÉêáçÇÉå=òìê=_ÉëíáããìåÖ=

ÇÉê=oÉÖêÉëëáçåëé~ê~ãÉíÉê=îÉêïÉåÇÉíI=áëí=ÇáÉ=píêÉììåÖ=àÉÇÉåÑ~ääë=Öê∏ëëÉê=~äë=ÄÉá=ÇÉê=råíÉêJ

ëÅÜÉáÇìåÖ=å~ÅÜ=k~ÑáçåJ^äíÉêK=

=

QKQKPK sbodibf`e=abp=bkbodfbjlabiip=jfq=esp=a^qbk=
jáí=ÇÉå=äçâ~äÉå=båÉêÖáÉãçÇÉääÉå=ïìêÇÉå=jáííÉäïÉêíÉ=ìåÇ=w~Üä=ÇÉê=q~ÖÉ=ãáí=ãÉÜê=~äë=RM=

”ÖLãP==ÄÉêÉÅÜåÉíK=aáÉ=bêÖÉÄåáëëÉ=ïÉêÇÉå=ãáí=ÇÉå=esp=a~íÉå=îÉêÖäáÅÜÉåK=



= öPN=

fkco^p=ö=ONK=g~åì~ê=OMMR=ö=mjNMJrjob`ekrkdpjlabiib=c§o=qbljJ=rka=_bq^jbqboJjbppobfebk=ö=rjob`ekrkdpjlabiib=c§o=
qbljJjbppobfebk=

pí~íáçå mÉêáçÇÉ
båÉêÖáÉãçÇÉää esp båÉêÖáÉãçÇÉää esp

µÖLãP µÖLãP q~ÖÉ q~ÖÉ
iìòÉêå QKMM=Äáë=PKMN OSKT OPKN NN NN

VKMN=Äáë=UKMO ORKV ORKV OT OT
pìÜê VKMN=Äáë=UKMO OUKP OUKP PR OU
_~ëÉä=píK=gçÜ~åå OMMN ONKM OMKP S S

OMMO ONKU ONKU NT NU
bêëíÑÉäÇ OMMO NVKN NVKP T T

OMMP ONKT ONKV V V
cê~ìÉåÑÉäÇ VKMN=Äáë=UKMO OQKT OQKN NV OQ

OMMO OQKP OQKP OM ON
oÉáÇÉå OMMP OUKU OUKU PR PP
t~ääáëÉääÉå QKMM=Äáë=PKMN OOKS OMKT R Q

QKMN=Äáë=PKMO OOKS OOKS V NQ
jáííÉäïÉêí OQKM OPKQ NSKT NSKU
pí~åÇ~êÇ~ÄïÉáÅÜìåÖ PKM PKM NMKU VKT
^ÄïÉáÅÜìåÖ=båÉêÖáÉãçÇLesp

jáííÉäïÉêí ^åò~Üä=q~ÖÉ=[=RM=µÖLãP

OKPB JNKMB =
q~ÄÉääÉ=NN=içâ~äÉ=båÉêÖáÉãçÇÉääÉ=îÉêÖäáÅÜÉå=ãáí=esp=oÉëìäí~íÉå=

˚ aÉê=sÉêÖäÉáÅÜ=ÇÉê=jáííÉäïÉêíÉ=båÉêÖáÉãçÇÉää=ãáí=ÇÉã=esp=áëí=ÄÉá=ÇÉå=ãÉáëíÉå=pí~íáçåÉå=

ëÉÜê=ÖìíW=_Éá=T=pí~íáçåÉå=ëáåÇ=ÇáÉ=^ÄïÉáÅÜìåÖÉå=âäÉáåÉê=~äë=NBK=_Éá=U=pí~íáçåÉå=ïáêÇ=ÇÉê=

jáííÉäïÉêí=Éíï~ë=ΩÄÉêëÅÜ®íòíI=ÄÉá=Q=pí~íáçåÉå=Éíï~ë=ìåíÉêëÅÜ®íòíK=aáÉ=aáÑÑÉêÉåòÉå=ëáåÇ=

òïáëÅÜÉå=JMKP=ìåÇ=HMKT=”ÖLãPK=kìê=ÇáÉ=g~ÜêÉëéÉêáçÇÉ=^éê=OMMMÓj~ê=OMMN=Ñ®ääí=áå=iìòÉêå=

ìåÇ=áå=t~ääáëÉääÉå=~ìë=ÇÉã=o~ÜãÉå=ãáí=^ÄïÉáÅÜìåÖÉå=[=O=”ÖLãPK=

˚ ^ìÅÜ=ÄÉá=ÇÉê=w~Üä=ÇÉê=§ÄÉêëÅÜêÉáíìåÖÉå=îçå=q~ÖÉå=[=RM=”ÖLãP==áëí=ÇáÉ=§ÄÉêÉáåëíáããìåÖ=

ëÉÜê=ÖìíW=_Éá=R=pí~íáçåÉå=ëíáããÉå=ëáÉ=ΩÄÉêÉáåI=ÄÉá=P=pí~íáçåÉå=ïÉáÅÜÉå=ëáÉ=åìê=ìã=ÉáåÉå=

q~Ö=~ÄK=_Éá=P=pí~íáçåÉå=ëáåÇ=ÇáÉ=^ÄïÉáÅÜìåÖ=R=êÉëéK=T=q~ÖÉK=aáÉ=^ÄïÉáÅÜìåÖ=áëí=åáÅÜí=ëóëJ

íÉã~íáëÅÜK=dêçëëÉ=^ÄïÉáÅÜìåÖÉå=ÄÉáã=jáííÉäïÉêí=ìåÇ=ÖêçëëÉ=^ÄïÉáÅÜìåÖÉå=ÄÉá=ÇÉå=q~ÖÉå=

[=RM=”ÖLãP=ëáåÇ=åáÅÜí=âçêêÉäáÉêíK=

˚ aáÉ=jáííÉäïÉêíÉ=â∏ååÉå=Ç~òì=ÄÉåìíòí=ïÉêÇÉåI=Éáå=båÉêÖáÉãçÇÉää=òì=ÇÉÑáåáÉêÉåI=Ç~ë=òìJ

ãáåÇÉëí=ÑΩê=jáííÉää~åÇîÉêÜ®äíåáëëÉ=ìåÇ=_~ëÉä=ÉáåÖÉëÉíòí=ïÉêÇÉå=â~åå=EëáÉÜÉ=bãéÑÉÜäìåJ

ÖÉåFK=

=

aáÉ=ÑçäÖÉåÇÉå=_áäÇÉê=òÉáÖÉå=pÅ~ííÉêJ=ìåÇ=oÉëáÇìÉåéäçíë=ÑΩê=ÇáÉ=pí~íáçå=_~ëÉä=píK=gçÜ~åå=

EqÉçã=ãáí=k~ÑáçåFI=ìåÇ=òï~ê=ÑΩê=ÇáÉ=ìåâçêêáÖáÉêíÉå=jÉëëÇ~íÉå=ìåÇ=ÑΩê=båÉêÖáÉJ=ìåÇ=mÉêáçJ

ÇÉåãçÇÉääK=aáÉ=ìåâçêêáÖáÉêíÉå=a~íÉå=Ü~ÄÉå=Éáå=_ÉëíáããÜÉáíëã~ëë=oO=Z=MKUSUI=Ç~ë=ëáÅÜ=å~ÅÜ=

ÇÉê=rãêÉÅÜåìåÖ=ãáí=ÇÉã=båÉêÖáÉãçÇÉää=~ìÑ=MKVPO=îÉêÄÉëëÉêíK=aáÉ=rãêÉÅÜåìåÖ=ãáí=ÇÉã=

mÉêáçÇÉåãçÇÉää=áëí=®ÜåäáÅÜ=Öìí=ãáí=oO=Z=MKVOTK=aáÉ=däÉáÅÜïÉêíáÖâÉáíëÄÉÇáåÖìåÖ=EoO=≥=MKVRF=

ïáêÇ=ãáí=ÄÉáÇÉå=jçÇÉääÉå=áå=ÇáÉëÉã=c~ää=Eâå~ééF=åáÅÜí=ÉêêÉáÅÜíK=



= POö=

fkco^p=ö=ONK=g~åì~ê=OMMR=ö=mjNMJrjob`ekrkdpjlabiib=c§o=qbljJ=rka=_bq^jbqboJjbppobfebk=ö=rjob`ekrkdpjlabiib=c§o=
qbljJjbppobfebk=

Basel St. Johann  unkorrigiert

y = 1.225x - 2.901
R2 = 0.8684
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=
Basel St. Johann  Energiemodell

y = 1.054x - 1.0036
R2 = 0.9322
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Basel St. Johann  Periodenmodell

y = 1.061x - 1.1959
R2 = 0.9268
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=
cáÖìê=O=pÅ~ííÉêéäçíë=espJqÉçã=ÑΩê=ÇáÉ=jÉëëëí~íáçå=_~ëÉä=píK=gçÜ~ååW=ìåâçêêáÖáÉêíÉ=qÉçã=a~íÉå=EçÄÉåFI=rãêÉÅÜåìåÖÉå=
ãáí=äçâ~äÉã=båÉêÖáÉJ=EjáííÉF=êÉëéK=mÉêáçÇÉåãçÇÉää=EìåíÉåFK=



= öPP=

fkco^p=ö=ONK=g~åì~ê=OMMR=ö=mjNMJrjob`ekrkdpjlabiib=c§o=qbljJ=rka=_bq^jbqboJjbppobfebk=ö=rjob`ekrkdpjlabiib=c§o=
qbljJjbppobfebk=

aáÉ=sÉêíÉáäìåÖ=ÇÉê=oÉëáÇìÉå=áëí=áã=ìåâçêêáÖáÉêíÉå=c~ää=ëÉÜê=Ñä~ÅÜ=ìåÇ=ïáêÇ=ÇìêÅÜ=ÇáÉ=rãJ

êÉÅÜåìåÖ=ïÉëÉåíäáÅÜ=ëíÉáäÉêI=Ç~ë=ÜÉáëëíI=Ç~ëë=ÇáÉ=ÖêçëëÉå=oÉëáÇìÉå=EcÉÜäÉêF=òìÖìåëíÉå=îçå=

âäÉáåÉêÉå=oÉëáÇìÉå=îÉêëÅÜïáåÇÉåK=aáÉ=sÉêíÉáäìåÖ=ÄÉÜ®äí=~ìÅÜ=ãáí=ÇÉê=rãêÉÅÜåìåÖ=ÉáåÉ=

ÖÉïáëëÉ=i~åÖëÅÜï®åòáÖâÉáíI=ëí®êâÉê=~ìëÖÉéê®Öí=ÄÉá=ÇÉê=éçëáíáîÉå=pÉáíÉ==EjçÇÉää=ìåíÉêëÅÜ®íòí=

esp=tÉêíÉFK=fã=qìâÉóJ^åëÅçãÄÉ=mäçí=òÉáÖÉå=ÇáÉ=oÉëáÇìÉå=ÉáåÉ=åáÅÜíJäáåÉ~êÉ=sÉêÄêÉáíÉêìåÖ=

ÇÉê=oÉëáÇìÉå=ãáí=ï~ÅÜëÉåÇÉê=mjNMJhçåòÉåíê~íáçåK=k~ÅÜ=ÇÉê=rãêÉÅÜåìåÖ=ïáêÇ=ÇáÉëÉ=íÉáäJ

ïÉáëÉ=âçãéÉåëáÉêíI=áëí=~ÄÉê=áããÉê=åçÅÜ=îçêÜ~åÇÉå=Eáã=fÇÉ~äÑ~ää=ëáåÇ=ÇáÉ=oÉëáÇìÉå=òìÑ®ääáÖ=

ìã=kìää=îÉêíÉáäíFK=fã=^åÜ~åÖ=^NKN=ëáåÇ=ïÉáíÉêÉ=a~íÉå=òìã=båÉêÖáÉãçÇÉää=~ìÑÖÉÑΩÜêíK=

=

Häufigkeitsverteilung Residuen (Basel St. Johann)
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=
cáÖìê=P=båÉêÖáÉãçÇÉääI=jÉëëëí~íáçå=_~ëÉä=píK=gçÜ~ååW=e®ìÑáÖâÉáíëîÉêíÉáäìåÖ=ÇÉê=oÉëáÇìÉåK=fã=fÇÉ~äÑ~ää=ëáåÇ=ÇáÉ=oÉëáÇìÉå=
åçêã~äJîÉêíÉáäíK=

Residuenplot Basel  (Basel St. Johann)
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Residuenplot (Basel St. Johann)
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=
cáÖìê=Q=båÉêÖáÉãçÇÉääI=jÉëëëí~íáçå=_~ëÉä=píK=gçÜ~ååW=oÉëáÇìÉå=áå=cìåâíáçå=ÇÉê=mjNMJhçåòÉåíê~íáçå=EqìâÉóÓ^åëÅçãÄÉ=
mäçíFK=fã=fÇÉ~äÑ~ää=áëí=ÇáÉ=píêÉììåÖ=ÇÉê=oÉëáÇìÉå=òìÑ®ääáÖ=Eìã=kìääFK==



= PQö=

fkco^p=ö=ONK=g~åì~ê=OMMR=ö=mjNMJrjob`ekrkdpjlabiib=c§o=qbljJ=rka=_bq^jbqboJjbppobfebk=ö=rjob`ekrkdpjlabiib=c§o=
qbljJjbppobfebk=

e~äÄëíìåÇÉåïÉêíÉ=

a~ë=båÉêÖáÉãçÇÉää=ÉáÖåÉí=ëáÅÜ=~ìÅÜ=Öìí=ÑΩê=ÇáÉ=rãêÉÅÜåìåÖ=îçå=e~äÄëíìåÇÉåïÉêíÉ=~ìÑ=łoÉJ

ÑÉêÉåòJe~äÄëíìåÇÉåïÉêíÉ“K=pçäÅÜÉ=oÉÑÉêÉåòïÉêíÉ=ÖáÄí=Éë=òï~ê=åáÅÜíI=ïÉáä=ãáí=ÇÉå=espJ

dÉê®íÉå=âÉáåÉ=e~äÄëíìåÇÉåïÉêíÉ=ÖÉãÉëëÉå=ïÉêÇÉåK=cΩê=ÇáÉ=_ÉêÉÅÜåìåÖ=îçå=iìÑíèì~äáí®íëJ

áåÇáÅÉë=ëáåÇ=~ÄÉê=rãêÉÅÜåìåÖÉå=å∏íáÖK=aÉí~áääáÉêíÉ=oÉëìäí~íÉ=òì=ÇÉå=e~äÄëíìåÇÉåïÉêíÉå=

ÑáåÇÉå=ëáÅÜ=áã=_ÉêáÅÜí=áåJircq=EOMMOFK=

=

QKRK jlabii=abo=b`=tlohfkd=dolrm=lk=m^oqf`ri^qb=j^qqbo=
fã=_ÉêáÅÜí=“dìáÇ~åÅÉ=íç=jÉãÄÉê=pí~íÉë=çå=mjNM=jçåáíçêáåÖ=~åÇ=fåíÉêÅçãé~êáëçåë=ïáíÜ=íÜÉ=

oÉÑÉêÉåÅÉ=jÉíÜçÇÒ=ÇÉê=b`=tçêâáåÖ=dêçìé=çå=m~êíáÅìä~íÉ=j~ííÉê=Eb`=mj=OMMOF=ïÉêÇÉå=ÇáÉ=

bêÖÉÄåáëëÉ=îçå=~ìëÖÉÇÉÜåíÉå=sÉêÖäÉáÅÜëãÉëëìåÖÉå=áå=Ö~åò=bìêçé~=ïáÉ=ÑçäÖí=òìë~ããÉåÖÉJ

Ñ~ëëíK=_É~ÅÜíÉI=Ç~ëë=Éë=ëáÅÜ=Ç~ÄÉá=ìã=sÉêÖäÉáÅÜëãÉëëìåÖÉå=ãáí=qÉçã=çÜåÉ=k~ÑáçåJaêóÉê=

Ü~åÇÉäíW=

˚ fã=táåíÉê=ä~ìíÉå=ÇáÉ=hçêêÉâíìêÑ~âíçêÉå=ÑΩê=òÉåíê~äJ=ìåÇ=åçêÇÉìêçé®áëÅÜÉ=i®åÇÉê=NKOR=Äáë=

NKPMK=få=ÇÉê=ï~êãÉå=g~ÜêÉëòÉáí=ëÅÜï~åâí=ÇÉê=hçêêÉâíìêÑ~âíçê=òïáëÅÜÉå=NKMM=ìåÇ=NKNMK=aáÉ=

êÉÖáçå~äÉå=píêÉììåÖÉå=ëáåÇ=ÖêçëëK=

˚ aáÉ=tçêâáåÖ=dêçìé=ÉãéÑáÉÜäí=~ääÉå=jáíÖäáÉÇëí~~íÉåI=ÑΩê=ÇáÉ=_ÉêáÅÜíÉêëí~ííìåÖ=ìåíÉê=ÇÉê=br=

oáÅÜíäáåáÉ=NVVVLPMLb`=ÉáÖÉåÉ=sÉêÖäÉáÅÜëãÉëëìåÖÉå=ÇìêÅÜòìÑΩÜêÉåI=ÉáÖÉåÉ=rãêÉÅÜìåÖëJ

ãçÇÉääÉ=òì=ÉåíïáÅâÉäå=ìåÇ=ÇáÉëÉ=îçå=ÇÉê=hçããáëëáçå=ÄÉëí®íáÖÉå=òì=ä~ëëÉåK=

˚ _áë=ÇáÉëÉ=mêçòÉÇÉêÉ=~ÄÖÉëÅÜäçëëÉå=áëíI=ÉãéÑáÉÜäí=ÇáÉ=tçêâáåÖ=dêçìé=ÇáÉ=sÉêïÉåÇìåÖ=ÇÉë=

ÖÉåÉêÉääÉå=hçêêÉâíìêÑ~âíçêë=îçå=NKP=ëçïçÜä=òìê=rãêÉÅÜåìåÖ=îçå=g~ÜêÉëãáííÉäïÉêíÉå=ïáÉ=

~ìÅÜ=îçå=q~ÖÉëãáííÉäïÉêíÉåK=

=
3.1== kmitkXY =

=

aáÉ=^ééäáâ~íáçå=ÉáåÉë=hçêêÉâíìêÑ~âíçêë=ÉåíëéêáÅÜí=ÖÉå~ì=ÇÉã=áå=ÇÉê=pÅÜïÉáò=ÄÉëÅÜêáÉÄÉåÉå=

łhçêêÉâíìêÑ~âíçêãçÇÉää“K=^ìë=páÅÜí=ÇÉê=ëÅÜïÉáòÉêáëÅÜÉå=sÉêÖäÉáÅÜëîÉêëìÅÜÉ=ëíáããÉå=ÇáÉ=

_ÉçÄ~ÅÜíìåÖÉå=áå=ÇÉå=Éìêçé®áëÅÜÉå=i®åÇÉêå=Öìí=ãáí=ÇÉå=ëÅÜïÉáòÉêáëÅÜÉå=ΩÄÉêÉáåI=ëçïçÜä=

ï~ë=ÇáÉ=pÅÜï~åâìåÖÉå=~äë=~ìÅÜ=ï~ë=Ç~ë=káîÉ~ì=ÄÉíêáÑÑíK=t~ë=ÇÉå=tÉêí=ÇÉë=c~âíçê=îçå=â=Z=

NKP=ÄÉíêáÑÑíI=ëç=òÉáÖí=ÇáÉ=îçêäáÉÖÉåÇÉå=^å~äóëÉå=ÑΩê=ÇáÉ=pÅÜïÉáòI=Ç~ëë==

˚ ÇÉê=tÉêí=ÑΩê=ÇáÉ=pÅÜïÉáò=ÄÉá=rãêÉÅÜåìåÖÉå=îçå=g~ÜêÉëãáííÉäïÉêíÉå=Éíï~ë=òì=ÜçÅÜ=áëí=ìåÇ=

Ç~ëë=Éê=àÉ=å~ÅÜ=íÉÅÜåáëÅÜÉê=^ìëêΩëíìåÖ=ÇÉë=qÉçãë=ìåíÉêëÅÜáÉÇäáÅÜÉ=tÉêíÉ=~ååáããí=EëáÉÜÉ=

h~éáíÉä=QKOKOFK=cΩê=qÉçã=ãáí=cajp=ÉåíÑ®ääí=îÉêãìíäáÅÜ=ëçÖ~ê=ÇáÉ=hçêêÉâíìê=EëáÉÜ=ÑçäÖÉåÇÉå=

^ÄëÅÜåáííFI=



= öPR=

fkco^p=ö=ONK=g~åì~ê=OMMR=ö=mjNMJrjob`ekrkdpjlabiib=c§o=qbljJ=rka=_bq^jbqboJjbppobfebk=ö=rjob`ekrkdpjlabiib=c§o=
qbljJjbppobfebk=

˚ ÉáåÉ=^åïÉåÇìåÖ=~ìÑ=q~ÖÉëãáííÉäïÉêíÉ=ë~áëçå~ä=ìåíÉêëÅÜáÉÇäáÅÜ=ÖÉÜ~åÇÜ~Äí=ïÉêÇÉå=ëçääíÉK=

===

QKSK qblj=jfq=cajp=
qÉçãJdÉê®íÉI=ÇáÉ=ãáí=ÉáåÉã=k~ÑáçåJaêóÉê=~ìëÖÉêΩëíÉí=ëáåÇI=â∏ååÉå=åÉì=ãáí=ÉáåÉã=cáäíÉê=

aóåãáÅë=jÉ~ëìêÉãÉåí=póëíÉã=EcajpF=ÉêïÉáíÉêí=ïÉêÇÉåK=báåÉ=íÉÅÜåáëÅÜÉ=_ÉëÅÜêÉáÄìåÖ=ÑáåJ

ÇÉí=ã~å=~ìÑ=ÇÉå=tÉÄëáíÉë=ÇÉë=eÉêëíÉääÉêë=oìééêÉÅÜí=C=m~í~ëÜåáâ=`çKP=

^å=ÇÉê=áåJircqJjÉëëëí~íáçå=páëëÉäå=ïáêÇ=ëÉáí=pÉéíÉãÄÉê=OMMP=Éáå=ëçäÅÜÉë=qÉçã=ÄÉíêáÉJ

ÄÉå=ìåÇ=â~åå=ãáí=ÇÉã=Ççêí=é~ê~ääÉä=ãÉëëÉåÇÉå=esp=îÉêÖäáÅÜÉå=ïÉêÇÉåK=báåáÖÉ=oÉëìäí~íÉ=

ëáåÇ=áå=ÇÉå=ÑçäÖÉåÇÉå=cáÖìêÉå=Ç~êÖÉëíÉääí=EáååÉí=OMMQFW=

˚ aáÉ=wÉáíêÉáÜÉ=ÇÉê=ÄÉáÇÉå=jÉëëÖÉê®íÉ=òÉáÖí=ÉáåÉ=ëÉÜê=ÖìíÉ=§ÄÉêÉáåëíáããìåÖI=ìåÇ=òï~ê=áå=

~ääÉå=g~ÜêÉëòÉáíÉå=EcáÖìê=RFK=

˚ aáÉ=hçêêÉä~íáçå=òïáëÅÜÉå=ÇÉå=espJ=ìåÇ=qÉçãJjÉëëêÉáÜÉå=áëí=ëÉÜê=ëí~êâW=oO=Z=MKVT=EcáÖìê=

SFK=cΩê=ÇáÉëÉ=jÉëëêÉáÜÉ=ï®êÉ=Ç~ãáí=ÇáÉ=Ü®êíÉëíÉ=_ÉÇáåÖìåÖ=ÑΩê=däÉáÅÜïÉêíáÖâÉáí=EoO≥MKVRF=

ãáí=ÇÉê=oÉÑÉêÉåòãÉíÜçÇÉ=ÉêÑΩääíK=

˚ aáÉ=^åò~Üä=q~ÖÉI=~å=ÇÉåÉå=ÇÉê=jáííÉäïÉêí=RM=”ÖLãP=ΩÄÉêëÅÜêáííÉå=ïáêÇI=áëí=ÄÉá=ÄÉáÇÉå=

dÉê®íÉå=Ñ~ëí=ÇáÉëÉäÄÉK=mêç=jçå~í=ëáåÇ=ÇáÉ=aáÑÑÉêÉåòÉå=ÉåíïÉÇÉê=ÖäÉáÅÜ=kìää=çÇÉê=báåëK=fã=

råíÉêëÅÜáÉÇ=Ç~òì=ãáëëí=Ç~ë=qÉçã=ãáí=k~Ñáçå=aêóÉê=~ÄÉê=çÜåÉ=cajp=ëóëíÉã~íáëÅÜ=ïÉåáÖÉê=

EcáÖìê=TFK=

=

PM10: HVS / Teom FDMS
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TEOM FDMS
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=

cáÖìê=R=wÉáíêÉáÜÉ=esp=ìåÇ=qÉçã=ãáí=cajp=áå=páëëÉäå=

=
=
P== ÜííéWLLïïïKêéÅçKÅçãLéêçÇìÅíëL~ãÄéêçÇL~ãÄURMMLáåÇÉñKÜíã=



= PSö=

fkco^p=ö=ONK=g~åì~ê=OMMR=ö=mjNMJrjob`ekrkdpjlabiib=c§o=qbljJ=rka=_bq^jbqboJjbppobfebk=ö=rjob`ekrkdpjlabiib=c§o=
qbljJjbppobfebk=

1. September 2003 - 31. August 2004

y = 0.954x - 0.277
R2 = 0.969

n = 343
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=
cáÖìê=S=pÅ~ííÉêéäçí=esp=ìåÇ=qÉçã=cajp=áå=páëëÉäåK=wïáëÅÜÉå=ÇÉå=ÄÉáÇÉå=ÉáåÜΩääÉåÇÉå=dÉê~ÇÉå=äáÉÖí=ÇÉê=^âòÉéí~åòÄÉJ
êÉáÅÜ=ÖÉã®ëë=`bk=NVVUK=

=

Anzahl Tagesmittelwert - Überschreitungen 
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=
cáÖìê=T=^åò~Üä=q~ÖÉ=ãáí=§ÄÉêëÅÜêÉáíìåÖ=ÇÉë=q~ÖÉëïÉêíë=RM=”ÖLãPK=_ê~ìåÉ=EÇìåâäÉF=p®ìäÉåW=espI=ÖêΩåÉ=EÜÉääÉF=p®ìäÉåW=
qÉçã=ãáí=cajp=EìåÇ=p~ãéäáåÖ=bèìáäáÄê~íáçå=póëíÉã=pbp=Z=k~Ñáçå=aêóÉêFI=äÉÉêÉ=p®ìäÉåW=qÉçã=ãáí=k~Ñáçå=aêóÉêK=fã=pÉéíK=
MP=ìåÇ=òïáëÅÜÉå=^éêáä=ìåÇ=^ìÖìëí=OMMQ=ïìêÇÉå=ÄÉá=~ääÉå=ÇêÉá=dÉê®íÉå=âÉáåÉ=§ÄÉêëÅÜêÉáíìåÖÉå=ÑÉëíÖÉëíÉääíK=



= öPT=

fkco^p=ö=ONK=g~åì~ê=OMMR=ö=mjNMJrjob`ekrkdpjlabiib=c§o=qbljJ=rka=_bq^jbqboJjbppobfebk=ö=rjob`ekrkdpjlabiib=c§o=
_bq^jbqboJjbppobfebk=

=

=

=

=

=

RK rjob`ekrkdpjlabiib=c§o=_bq^jbqboJjbppobfebk=
RKNK a^p=^rppf`eqpobf`epqb=_bq^jbqboJjlabii=
^ã=~ìëëáÅÜíëêÉáÅÜëíÉå=ÑΩê=ÇáÉ=rãêÉÅÜåìåÖ=îçå=_Éí~ãÉíÉêJjÉëëêÉáÜÉå=áëí=Éáå=hçêêÉâíìêÑ~âJ

íçêãçÇÉääë=ãáí=ÉáåÉã=èì~Çê~íáëÅÜÉå=qÉãéÉê~íìêJ=ìåÇ=ÉáåÉã=äáåÉ~êÉå=cÉìÅÜíÉJqÉêã=áã=

âJc~âíçêW==

=

XdFcTbTaXFTkY ⋅





 +++=⋅=

100010001000
),( 2 =

=

ãáí=q=Z=q~ÖÉëãáííÉä=ÇÉê=qÉãéÉê~íìê=áå=ø`I=u=Z=q~ÖÉëãáííÉä=mjNMJjÉëëïÉêí=_Éí~ãÉíÉê=áå=

”ÖLãPK=v=áëí=ÇÉê=ÖÉëìÅÜíÉ=jçÇÉääïÉêíI=ÇÉê=ÇÉã=espJtÉêí=~ã=å®ÅÜëíÉå=âçããíK=aáÉ=c~âíçêÉå=

NMMM=ÇáÉåÉå=äÉÇáÖäáÅÜ=ÇÉê=~åëÅÜ~ìäáÅÜÉêÉå=kçêãáÉêìåÖ=ÇÉê=oÉÖêÉëëáçåëâçÉÑÑáòáÉåíÉå=~I=ÄI=ÅK=

a~ë=jçÇÉää=ÖÉÜí=~ìë=îçã=_Éí~ãÉíÉêJtÉêí=uI=ÇÉê=ãáí=ÉáåÉãI=îçå=ÇÉê=qÉãéÉê~íìê=Eèì~Çê~J

íáëÅÜF=ìåÇ=ÇÉê=cÉìÅÜíÉ=EäáåÉ~êF=~ÄÜ®åÖáÖÉå=c~âíçê=âEqIcF=ãçÇáÑáòáÉêí=ïáêÇK=aÉê=hçêêÉâíìêÑ~âJ

íçê=áëí=ÄÉá=q~ÖÉëãáííÉäíÉãéÉê~íìêÉå=ìã=NMø`=ã~ñáã~äK=

^ìÑ=ÇÉê=pìÅÜÉ=å~ÅÜ=ÇÉã=ÄÉëíÉå=jçÇÉää=ïìêÇÉ=ÉáåÉ=sáÉäò~Üä=îçå=ã∏ÖäáÅÜÉå=jçÇÉääÉå=ìåJ

íÉêëìÅÜíW=äáåÉ~êÉ=ìåÇ=ãìäíáäáåÉ~êÉ=jçÇÉääÉ=ãáí=ÅÜÉãáëÅÜÉå=EklI=klOI=klñI=lPI=`lF=ìåÇ=éÜóëáJ

â~äáëÅÜÉå=bêâä®êìåÖëÖê∏ëëÉåI=hçêêÉâíìêÑ~âíçêãçÇÉääÉI=éÉêáçÇáëÅÜÉ=jçÇÉääÉK=a~ë=hçêêÉâíìêJ

Ñ~âíçêãçÇÉää=ãáí=ÇÉã=èì~Çê~íáëÅÜÉå=qÉêã=áëí=Ç~ë=ÉáåòáÖÉ=jçÇÉääI=Ç~ë=ÉáåÉ=§ÄÉêíê~ÖìåÖ=~ìÑ=

~åÇÉêÉ=pí~åÇçêíÉ=òìä®ëëíK=^åÇÉêÉ=jçÇÉääÉ=â∏ååÉå=äçâ~ä=ÉîÉåíìÉää=®ÜåäáÅÜ=ÖìíÉ=oÉëìäí~íÉ=

ÉêòÉìÖÉåI=ä~ëëÉå=ëáÅÜ=~ÄÉê=åáÅÜí=ΩÄÉêíê~ÖÉåK=

fã=ÑçäÖÉåÇÉå=h~éáíÉä=ïÉêÇÉå=ÇáÉ=ìåíÉêëìÅÜíÉå=jçÇÉääÉ=îçêÖÉëíÉääíK=

=

RKOK ifkb^ob=obdobppflkpjlabiib=
RKOKNK jlabiipqorhqro=
aÉê=wìë~ããÉåÜ~åÖ=òïáëÅÜÉå=ÇÉå=mjNM=jÉëëìåÖÉå=ãáí=_Éí~ãÉíÉê=ìåÇ=esp=dÉê®íÉå=EÖê~îáJ

ãÉíêáëÅÜÉ=jÉíÜçÇÉF=ïáêÇ=äáåÉ~ê=~åÖÉå®ÜÉêí=ãáí=jçÇÉääÉå=ÇÉê=cçêã=

=
bXaY += ==ìåÇ== xeNOdTcFbXaY ++++= =



= PUö=

fkco^p=ö=ONK=g~åì~ê=OMMR=ö=mjNMJrjob`ekrkdpjlabiib=c§o=qbljJ=rka=_bq^jbqboJjbppobfebk=ö=rjob`ekrkdpjlabiib=c§o=
_bq^jbqboJjbppobfebk=

=

= v=W=jÉëëïÉêí=esp=

= u=W=jÉëëïÉêí=_Éí~ãÉíÉê=

cI=qI=klñW=jÉëëïÉêíÉ=êÉäK=ÑÉìÅÜíÉI=qÉãéÉê~íìêI=píáÅâçñáÇÉIÁ=

~I=ÄI=ÅI=ÇI=É=oÉÖêÉëëáçåëé~ê~ãÉíÉê=

=

RKOKOK wtbf=obdobppflkpjbqelabk=
páåÇ=ÇáÉ=jÉëëïÉêíÉ=åçêã~äJîÉêíÉáäíI=ëç=áëí=òìê=_ÉëíáããìåÖ=ÇÉê=oÉÖêÉëëáçåëâçÉÑÑáòáÉåíÉå=ÇáÉ=

jÉíÜçÇÉ=ÇÉê=âäÉáåëíÉå=nì~Çê~íÉ=ÇáÉ=ÖÉÉáÖåÉíÉK=aáÉë=áëí=áå=ÇÉê=mê~ñáë=~ÄÉê=ÄÉëíÉåÑ~ääë=å®ÜÉJ

êìåÖëïÉáëÉ=ÉêÑΩääíK=_Éá=~ëóããÉíêáëÅÜÉå=sÉêíÉáäìåÖÉå=äáÉÑÉêí=ÇáÉ=êçÄìëíÉ=jÉíÜçÇÉ=ÄÉëëÉêÉ=

oÉëìäí~íÉK=c~ääë=ÇáÉ=oÉëìäí~íÉ=ÄÉáÇÉê=jÉíÜçÇÉå=ëí~êâ=îçåÉáå~åÇÉê=~ÄïÉáÅÜÉåI=ëç=ëáåÇ=ÇáÉ=

êçÄìëíÉå==hçÉÑÑáòáÉåíÉå=îçêòìòáÉÜÉåK==

=

RKOKPK obdobppflk=jfq=hibfkpqbk=nr^ao^qbk=
aáÉ=oÉÖêÉëëáçå=ïìêÇÉ=ΩÄÉê=ÇáÉ=a~íÉåë®íòÉ=~ìë=ÇÉå=ÄÉáÇÉå=łåÉìÉå“=g~ÜêÉå=OMMO=ìåÇ=OMMP=

~ìëÖÉÑΩÜêíK=aáÉ=bêÖÉÄåáëëÉ=ÇÉê=oÉÖêÉëëáçåë~å~äóëÉ=òÉáÖíI=Ç~ëë=ÇáÉ=hçêêÉä~íáçåÉå=ãáí=^ìëJ

å~ÜãÉ=ÉáåÉê=pí~íáçåÉå=ÜçÅÜ=ëáåÇ=Eãáí=ÉáåÉã=oO=òïáëÅÜÉå=MKVNS=ìåÇ=MKVSTFI=ÄÉá=QJR=pí~íáçJ

åÉå=ëçÖ~ê=ëç=ÜçÅÜI=Ç~ëë=ÇáÉ=ÉåíëéêÉÅÜÉåÇÉ=_ÉÇáåÖìåÖ=ÑΩê=ÇáÉ=däÉáÅÜïÉêíáÖâÉáí=ÉêÑΩääí=ïÉêJ

ÇÉå=â~åå=EoO[MKVRFK=báå=êÉÖáçå~äÉë=jçÇÉää=â∏ååíÉ=~ìë=ÇáÉëÉå=bêÖÉÄåáëëÉå=~ÄÖÉäÉáíÉí=ïÉêÇÉåK==

aáÉ=oÉëáÇìÉå=ëáåÇ=áå=ÇÉå=ãÉáëíÉå=c®ääÉå=ÖäçÅâÉåÑ∏êãáÖ=îÉêíÉáäíI=ïÉáÅÜÉå=~ÄÉê=áå=ìåíÉêJ

ëÅÜáÉÇäáÅÜÉê=tÉáëÉ=îçå=ÇÉê=kçêã~äîÉêíÉáäìåÖ=~Ä=EëáÉÜÉ=cáÖìê=NP=áã=^åÜ~åÖFK=aáÉ=oÉëáÇìÉå=

ëáåÇ=òìÇÉã=åáÅÜí=ÑêÉá=îçå=^ìíçâçêêÉä~íáçåI=ïÉåå=~ìÅÜ=åáÅÜí=áå=~ìÑÑ®ääáÖÉã=j~ëëÉ=EëáÉÜÉ=

cáÖìê=NQFK=

tÉêÇÉå=oÉëìäí~íÉ=~ìë=ÇÉå=ÑêΩÜÉêÉå=jÉëëà~ÜêÉå=OMMMLOMMN=ÉáåÄÉòçÖÉåI=îÉêÖê∏ëëÉêí=ëáÅÜ=

ÇáÉ=píêÉììåÖ=ÇÉê=m~ê~ãÉíÉê=ìåÇ=ÇáÉ=hçêêÉä~íáçåÉå=ïÉêÇÉå=ëÅÜï®ÅÜÉêK==

=



= öPV=

fkco^p=ö=ONK=g~åì~ê=OMMR=ö=mjNMJrjob`ekrkdpjlabiib=c§o=qbljJ=rka=_bq^jbqboJjbppobfebk=ö=rjob`ekrkdpjlabiib=c§o=
_bq^jbqboJjbppobfebk=

pí~íáçåÉå ~ Ä oO jÉëëí~ÖÉ

µÖLãP JJJ JJJ ^åò~Üä
_~ëÉäJ_áååáåÖÉå NKUMR NKMUV MKVPU NTV
_Éêå RKNNS MKUOP MKVSS OVR
`Ü~ìãçåí NKMUP NKMUP MKVOO OUT
aìÉÄÉåÇçêÑ NKTVU MKVTQ MKVRQ OPM
e~ÉêâáåÖÉå PKUNT MKVUT MKVOV NUN
i~ìë~ååÉ MKSNN NKNVV MKVQV ORR
iìÖ~åç PKOQM NKMUO MKVNS NTN
j~Ö~Çáåç NKUSQ NKMSR MKVST NUN
m~óÉêåÉ NKSQV NKNMU MKVOT OVO
oáÖáJpÉÉÄçÇÉå~äé NKRPV MKUMM MKUSQ NTU
oçîÉêÉÇç MKQOQ NKMQT MKVOT OTV
páçåJ^¨êçÇêçãÉ PKMUO MKVMT MKVPQ NUN
q~Éåáâçå MKRPV NKNMO MKVQQ ORO
wìÉêáÅÜJh~ëÉêåÉ OKRTU NKNNV MKVPO NUO
wìÉêáÅÜJpí~ãéÑÉåÄ~ÅÜëíê~ëëÉ NKVUU MKUVQ MKVST NSU
jáííÉäïÉêí OKMTS NKMNV
pí~åÇ~êÇ~ÄïÉáÅÜìåÖ NKPMP MKNNS

iáåÉ~êÉë=jçÇÉää=v=Z=~=H=Äu=EjÉíÜK=âäK=nì~Çê~íÉFI=mÉêáçÇÉ=OMMO=ìåÇ=OMMP

=
q~ÄÉääÉ=NO=içâ~äÉ=oÉÖêÉëëáçåëâçÉÑÑáòáÉåíÉå=ÑΩê=Éáå=äáåÉ~êÉë=jçÇÉää=EjÉíÜçÇÉ=ÇÉê=âäÉáåëíÉå=nì~Çê~íÉFK=cΩê=ÇáÉ=_ÉêÉÅÜJ
åìåÖÉå=ïìêÇÉå=åìê=jÉëëïÉêíÉ=~ìë=ÇÉå=g~ÜêÉå=OMMOÓOMMP=îÉêïÉåÇÉíK=aáÉ=ÑÉíí=ã~êâáÉêíÉå=oOJtÉêíÉ=ÉêÑΩääÉå=ÇáÉ=ÉáåÉ=
_ÉÇáåÖìåÖ=ÑΩê=däÉáÅÜïÉêíáÖâÉáí=ãáí=ÇÉê=oÉÑÉêÉåòãÉíÜçÇÉ=EÑÉíí=âìêëáîW=_ÉÇáåÖìåÖ=åìê=Ñ~ëí=ÉêÑΩääíFK=

RKOKQK obdobppflk=jfq=ol_rpqbo=jbqelab=
^å~äçÖ=òìê=oÉÖêÉëëáçå=ãáí=ÇÉê=jÉíÜçÇÉ=ÇÉê=âäÉáåëíÉå=nì~Çê~íÉ=ëáåÇ=áå=ÇÉê=ÑçäÖÉåÇÉå=q~ÄÉääÉ=

ÇáÉ=bêÖÉÄåáëëÉ=ÑΩê=ÉáåÉ=êçÄìëíÉ=oÉÖêÉëëáçå=~ìÑÖÉÑΩÜêíK=

=

pí~íáçåÉå ~ Ä êçÄìëíÉë=oO jÉëëí~ÖÉ

µÖLãP JJJ JJJ ^åò~Üä
_~ëÉäJ_áååáåÖÉå OKUSM NKMMV MKSTV NTV
_Éêå PKOTS MKUTN MKVST OVR

`Ü~ìãçåí NKPPR NKMNQ MKSPV OUT
aìÉÄÉåÇçêÑ NKUVR MKVQP MKVSV OPM
e~ÉêâáåÖÉå PKPVV MKVSN MKVTP NUN
i~ìë~ååÉ QKMTT MKVVS MKVQU ORR
iìÖ~åç PKOTR NKMTP MKSRO NTN
j~Ö~Çáåç OKRNQ NKMON MKTNQ NUN
m~óÉêåÉ MKUNO NKNQO MKSSU OVO
oáÖáJpÉÉÄçÇÉå~äé NKSRP MKTSV MKSOU NTU

oçîÉêÉÇç NKPMQ MKVVO MKVTQ OTV
páçåJ^¨êçÇêçãÉ OKUUN MKVOT MKVSP NUN
q~Éåáâçå OKNQR MKVRQ MKSRV ORO
wìÉêáÅÜJh~ëÉêåÉ PKVRS NKMNS MKSSP NUO
wìÉêáÅÜJpí~ãéÑÉåÄ~ÅÜ OKMQM MKVMO MKSUT NSU

jáííÉäïÉêí OKQVR MKVTP
pí~åÇ~êÇ~ÄïÉáÅÜìåÖ MKVVU MKMUU

iáåÉ~êÉë=jçÇÉää=v=Z=~=H=Äu=EoçÄìëíÉ=jÉíÜçÇÉFI=mÉêáçÇÉ=OMMO=ìåÇ=OMMP

=



= QMö=

fkco^p=ö=ONK=g~åì~ê=OMMR=ö=mjNMJrjob`ekrkdpjlabiib=c§o=qbljJ=rka=_bq^jbqboJjbppobfebk=ö=rjob`ekrkdpjlabiib=c§o=
_bq^jbqboJjbppobfebk=

q~ÄÉääÉ=NP=içâ~äÉ=oÉÖêÉëëáçåëâçÉÑÑáòáÉåíÉå=ÑΩê=Éáå=äáåÉ~êÉë=jçÇÉää=EêçÄìëíÉ=oÉÖêÉëëáçåFK=cΩê=ÇáÉ=_ÉêÉÅÜåìåÖÉå=ïìêÇÉå=
åìê=jÉëëïÉêíÉ=~ìë=ÇÉå=g~ÜêÉå=OMMOÓOMMP=îÉêïÉåÇÉíK=

a~ë=bêÖÉÄåáë=ÑΩê=ÇáÉ=êçÄìëíÉ=oÉÖêÉëëáçå=Ñ®ääí=ëÉÜê=®ÜåäáÅÜ=òìã=oÉëìäí~í=ãáí=ÇÉê=jÉíÜçÇÉ=ÇÉê=

âäÉáåëíÉå=nì~Çê~íÉ=~ìë=EëáÉÜÉ=çÄÉåFK=aáÉ=hçÉÑÑáòáÉåíÉå=ëáåÇ=ÄÉáå~ÜÉ=ÇáÉëÉäÄÉåK=^åëíÉääÉ=ÇÉë=

_ÉëíáããíÜÉáíëã~ëëÉë=íêáíí=ÄÉá=ÇÉê=êçÄìëíÉå=oÉÖêÉëëáçå=Ç~ë=łêçÄìëíÉ=oO“K=bë=ÄÉòÉáÅÜåÉí=ÇÉå=

^åíÉáä=ÇÉê=s~êá~åòI=ïÉäÅÜÉê=ÇìêÅÜ=Ç~ë=êçÄìëíÉ=jçÇÉää=Éêâä®êí=ïáêÇK=aáÉ=tÉêíÉ=ÑΩê=ÇáÉ=îÉêJ

ëÅÜáÉÇÉåÉå=pí~íáçåÉå=ëáåÇ=òï~ê=ìåíÉêÉáå~åÇÉê=îÉêÖäÉáÅÜÄ~êI=ÜáåÖÉÖÉå=áëí=Éë=åáÅÜí=ÇáêÉâí=

ãáí=ÇÉã=oO=~ìë=ÇÉê=oÉÖêÉëëáçå=ãáí=âäÉáåëíÉå=nì~Çê~íÉå=îÉêÖäÉáÅÜÄ~êK=

=

RKOKRK sbodibf`e=abp=ifkb^obk=jlabiip=jfq=espJa^qbk=
aáÉ=oÉÖêÉëëáçåëâçÉÑÑáòáÉåíÉå=ëáåÇ=áã=êçÄìëíÉå=c~ää=ÄÉá=Ñ~ëí=~ääÉå=pí~íáçåÉå=ëÉÜê=®ÜåäáÅÜ=ïáÉ=

áã=c~ää=ÇÉê=âäÉáåëíÉå=nì~Çê~íÉK=a~=ÇáÉ=rãëÉíòìåÖ=ãáí=ÇÉê=jÉíÜçÇÉ=ÇÉê=âäÉáåëíÉå=nì~Çê~íÉ=

ÑΩê=îáÉäÉ=^åïÉåÇÉê=ÉáåÑ~ÅÜÉê=áëí=~äë=ÉáåÉ=êçÄìëíÉ=oÉÖêÉëëáçå=J=êçÄìëí=ÉêÑçêÇÉêí=ëéÉòáÑáëÅÜÉ=

pí~íáëíáâJpçÑíï~êÉI=ï®ÜêÉåÇ=âäÉáåëíÉ=nì~Çê~íÉ=áå=bñÅÉä=ã∏ÖäáÅÜ=áëí=J=ìåÇ=ïÉáä=ÇáÉ=oÉëìäí~íÉ=

áã=sÉêÖäÉáÅÜ=ãáí=ÇÉå=espJa~íÉå=ÉáåÉ=ÄÉëëÉêÉ=§ÄÉêÉáåëíáããìåÖ=òÉáÖÉå=Eq~ÄÉääÉ=NQFI=êÉáÅÜí=

ÇáÉ=_ÉëíáããìåÖ=å~ÅÜ=ÇÉê=jÉíÜçÇÉ=ÇÉê=âäÉáåëíÉå=nì~Çê~íÉ=EëáÉÜÉ=bãéÑÉÜäìåÖÉå=SKOKOFK=

aáÉ=ÑçäÖÉåÇÉ=q~ÄÉääÉ=òÉáÖí=jáííÉäïÉêíÉ=ìåÇ=w~Üä=ÇÉê=q~ÖÉ=[=RM=”ÖLãP=ÑΩê=ÇáÉ=äçâ~äÉåI=äáJ

åÉ~êÉå=jçÇÉääÉ=v=Z=~=HÄu=å~ÅÜ=ÄÉáÇÉå=jÉíÜçÇÉå=EâäK=nì~Çê~íÉI=êçÄìëíFK=

=
hçêÉâíìê=ãáí=äáåÉ~êÉå=jçÇÉääÉå=v=Z=~=H=ÄuI=mÉêáçÇÉ=OMMO=ìåÇ=OMMP

pí~íáçåÉå

esp âäK=nì~ÇK êçÄìëí esp âäK=nì~ÇK êçÄìëí
_~ëÉäJ_áååáåÖÉå ORKUM ORKUM ORKNO NM NM T
_Éêå QMKOT QMKOT QMKQT TR TO TP
`Ü~ìãçåí NNKMN NNKMN NOKQV O N N
aìÉÄÉåÇçêÑ OSKOQ OSKOQ ORKRR ON NT NQ
e~ÉêâáåÖÉå OVKNN OVKNN OUKMO NT NQ NQ
i~ìë~ååÉ PNKRN PNKRN OVKTS PT PU OS
iìÖ~åç PPKVO PPKVO PPKTM PM OT OT
j~Ö~Çáåç OVKSN OVKSN OVKNN OR OQ OO
m~óÉêåÉ OPKTT OPKTT OPKSO NV NU NV
oáÖáJpÉÉÄçÇÉå~äé NPKUM NPKUM NPKQP O M M
oçîÉêÉÇç OUKMV OUKMV OTKRO OR OU OM
páçåJ^¨êçÇêçãÉ OQKNU OQKNU OQKQO P T T
q~Éåáâçå OOKSP OOKSP ONKOU NR NP S
wìÉêáÅÜJh~ëÉêåÉ OTKOR OTKOR OSKPR NS NP NM
wìÉêáÅÜJpí~ãéÑÉåÄ~ÅÜëíê~ëëÉ OVKPR OVKPR OVKSP NP NR NT
jáííÉäïÉêí OSKQQ OSKQQ OSKMP OMKT NVKU NTKR
pí~åÇ~êÇ~ÄïÉáÅÜìåÖ TKON TKON SKVV NUKN NTKS NTKR

^åò~Üä=q~ÖÉ=[=RM=µÖLãPjáííÉäïÉêí=áå=µÖLãP

=
q~ÄÉääÉ=NQ=jáííÉäïÉêíÉ=ìåÇ=^åò~Üä=q~ÖÉ=[=RM=”ÖLãP=ÑΩê=Ç~ë=äáåÉ~êÉ=jçÇÉääK=cΩê=ÇáÉ=^ìëïÉêíìåÖÉå=ïìêÇÉå=åìê=jÉëëïÉêíÉ=
~ìë=ÇÉå=g~ÜêÉå=OMMOÓOMMP=îÉêïÉåÇÉíK=



= öQN=

fkco^p=ö=ONK=g~åì~ê=OMMR=ö=mjNMJrjob`ekrkdpjlabiib=c§o=qbljJ=rka=_bq^jbqboJjbppobfebk=ö=rjob`ekrkdpjlabiib=c§o=
_bq^jbqboJjbppobfebk=

aáÉ=jáííÉäïÉêíÉ=ëáåÇ=áã=c~ää=ÇÉë=äáåÉ~êÉå=jçÇÉääë=å~ÅÜ=jÉíÜçÇÉ=âäÉáåëíÉå=nì~Çê~íÉ=áÇÉåJ

íáëÅÜ=ãáí=ÇÉå=esp=jáííÉäïÉêíÉå=E~ìÑ=ÇáÉëÉ=tÉáëÉ=ïÉêÇÉå=ÇáÉ=oÉÖêÉëëáçåëé~ê~ãÉíÉê=ÄÉJ

ëíáããíFI=áã=c~ää=ÇÉê=êçÄìëíÉå=oÉÖêÉëëáçå=ëáåÇ=ëáÉ=ëóëíÉã~íáëÅÜ=åáÉÇêáÖÉêI=ÇìêÅÜëÅÜåáííäáÅÜ=

ìã=NKRB=aáÉ=^åò~Üä=ÇÉê=q~ÖÉ=ãáí=§ÄÉêëÅÜêÉáíìåÖ=RM=”ÖLãP==áëí=áã=êçÄìëíÉå=c~ää=ÉÄÉåÑ~ääë=

ëóëíÉã~íáëÅÜ=âäÉáåÉê=~äë=ÄÉáã=espI=ÇáÉ=ãáííäÉêÉ=^ÄïÉáÅÜìåÖ=äáÉÖí=ÄÉá=Å~K=P=q~ÖÉåK=aáÉ=jÉJ

íÜçÇÉ=ÇÉê=âäÉáåëíÉå=nì~Çê~íÉ=äáÉÑÉêí=ÇÉãÖÉÖÉåΩÄÉê=tÉêíÉ=å®ÜÉê=ÄÉáã=espI=ÇáÉ=ãáííäÉêÉ=^ÄJ

ïÉáÅÜìåÖ=ÄÉíê®Öí=Ääçëë=âå~éé=N=q~ÖK=

_É~ÅÜíÉI=Ç~ëë=ÇáÉ=bêÖÉÄåáëëÉ=áå=q~ÄÉääÉ=NQ=åáÅÜí=ÑΩê=ÉáåÉ=_ÉìêíÉáäìåÖ=å~ÅÜ=ios=EdêÉåòJ

ïÉêíÉ=ÉáåÖÉÜ~äíÉå=çÇÉê=åáÅÜíF=ÖÉÉáÖåÉí=ëáåÇI=ïÉáä=Éë=ëáÅÜ=ìã=jÉëëïÉêíÉ=~ìë=òïÉá=h~äÉåÇÉêJ

à~ÜêÉå=Ü~åÇÉäíI=ìåÇ=ïÉáä=åìê=ëçäÅÜÉ=q~ÖÉ=ÑΩê=ÇáÉ=^ìëïÉêíìåÖ=ÄÉåìíòí=ïÉêÇÉåI=ÑΩê=ÇáÉ=sÉêJ

ÖäÉáÅÜëÇ~íÉå=îçêäáÉÖÉåK=^å=ÇÉå=k^_biJpí~íáçåÉå=íêáÑÑí=ÇáÉë=òK_K=åìê=ÑΩê=àÉÇÉå=QK=q~Ö=òìK=

=

RKPK hloobhqroc^hqlojlabiib=_bq^jbqbo=
RKPKNK jlabiipqorhqro=
aáÉ=jçÇÉääáÉêìåÖ=ÖÉëÅÜáÉÜí=ÇìêÅÜ=ÉáåÉå=ÉáåÑ~ÅÜÉå=hçêêÉâíìêÑ~âíçê=EâJc~âíçêFW=

=

kXY = =

v=W=esp=jÉëëïÉêíI=u=W=_Éí~ãÉíÉê=jÉëëïÉêí=

báå=ëçäÅÜÉë=jçÇÉää=ãáí=ÉáåÉã=ÉáåÑ~ÅÜÉå=âJc~âíçê=áëí=òìã=sÉêÖäÉáÅÜÉå=ÇÉê=îÉêëÅÜáÉÇÉåÉå=

pí~íáçåÉå=ÖÉÉáÖåÉíI=Ç~=åìê=Éáå=EìåÇ=ëçãáí=ìå~ÄÜ®åÖáÖÉêF=m~ê~ãÉíÉê=òìã=sÉêÖäÉáÅÜ=~åëíÉÜíK=

báåÉ=ÉêëíÉ=j∏ÖäáÅÜâÉáí=òìê=_ÉëíáããìåÖ=ÇÉë=âJc~âíçêÉë=ÄÉëíÉÜí=áå=ÇÉê=jÉíÜçÇÉ=ÇÉê=âäÉáåëíÉå=

nì~Çê~íÉ=ãáí=ÉêòïìåÖÉåÉã=kìääÇìêÅÜÖ~åÖK=aìêÅÜ=ÇÉå=sÉêäìëí=ÉáåÉë=cêÉáÜÉáíëÖê~ÇÉë=â~åå=

àÉÇçÅÜ=ÇáÉ=jáåáãáÉêìåÖëÄÉÇáåÖìåÖ=ÇÉê=oÉëáÇìÉåèì~Çê~íÉ=åáÅÜí=ãÉÜê=ÉêÑΩääí=ïÉêÇÉåK==

fã=cçäÖÉåÇÉå=ïÉêÇÉå=ÇêÉá=jÉíÜçÇÉå=òìê=_ÉêÉÅÜåìåÖ=ÇÉë=âJc~âíçêë=îçêÖÉëíÉääíW=

˚ jáííÉäïÉêí=ÇÉê=í®ÖäáÅÜÉå=âJtÉêíÉ=EâáZváLuáFI=

˚ äáåÉ~êÉ=oÉÖêÉëëáçåë=ÇÉë=âJc~âíçêë=ãáí=jÉëëé~ê~ãÉíÉêåI=

˚ èì~Çê~íáëÅÜÉ=oÉÖêÉëëáçå=ÇÉë=âJc~âíçêë=ãáí=ÇÉê=qÉãéÉê~íìê=ìåÇ=ÇÉê=cÉìÅÜíÉK=

få=ÉáåÉê=mìÄäáâ~íáçå=îçå=dÉÜêáÖ=Éí=~äK=EOMMRF=ïáêÇ=ÉÄÉåÑ~ääë=Éáå=rãêÉÅÜåìåÖëãçÇÉää=ÑΩê=

_Éí~ãÉíÉêJdÉê®íÉ=îçêÖÉëíÉääí=EëáÉÜÉ=h~éáíÉä=RKQFK=^ìÅÜ=áå=ÇáÉëÉê=mìÄäáâ~íáçå=ïáêÇ=Ç~ë=sÉêJ

Ü®äíåáë=îçå=v=ìåÇ=u=~äë=ÑìåÇ~ãÉåí~äÉê=m~ê~ãÉíÉê=ÉáåÖÉÑΩÜêíK=_É~ÅÜíÉI=Ç~ëë=Ççêí=~ÄÉê=ÇÉê=òì=

â=áåîÉêëÉ=c~âíçê=uLv=Z=NLâ=ÄÉåìíòí=ïáêÇK=

=
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_bq^jbqboJjbppobfebk=

RKPKOK hlkpq^kqbo=hloobhqroc^hqlo=
cΩê=àÉÇÉ=pí~íáçå=ïìêÇÉå=ÇáÉ=ÄÉëíÉå=âJtÉêíÉ=ÄÉëíáããíI=ëáÉÜÉ=ÑçäÖÉåÇÉ=q~ÄÉääÉK=aáÉ=tÉêíÉ=

ëíêÉìÉå=òïáëÅÜÉå=MKVTÓNKPMK=aáÉ=sÉêíÉáäìåÖ=áëí=ìåÖäÉáÅÜã®ëëáÖ=ìåÇ=Ü~í=â~ìã=ûÜåäáÅÜâÉáí=

ãáí=ÉáåÉê=kçêã~äîÉêíÉáäìåÖK=

=
pí~íáçåÉå âJc~âíçê

â=Z=vLu
_~ëÉäJ_áååáåÖÉå NKNVT
_Éêå MKVTS
`Ü~ìãçåí NKPMM
aìÉÄÉåÇçêÑ NKMUP
e~ÉêâáåÖÉå NKNTV
i~ìë~ååÉ NKORP
iìÖ~åç NKOQS
j~Ö~Çáåç NKNVN
m~óÉêåÉ NKOOR
oáÖáJpÉÉÄçÇÉå~äé MKVSU
oçîÉêÉÇç NKMSV
páçåJ^¨êçÇêçãÉ NKMTU
q~Éåáâçå NKNSQ
wìÉêáÅÜJh~ëÉêåÉ NKOVM
wìÉêáÅÜJpí~ãéÑÉåÄ~ÅÜëíê~ëëÉ MKVUT
jáííÉäïÉêí NKNR
pí~åÇ~êÇ~ÄïÉáÅÜìåÖ MKNN

e®ìÑáÖâÉáíëîÉêíÉáäìåÖ=âJc~âíçêÉå

M

N

O

P

Q

R

MKVR N NKMR NKN NKNR NKO NKOR NKP
âJc~âíçê

^åò~Üä

=
q~ÄÉääÉ=NR=içâ~äÉ=âJc~âíçêÉå=áã=wÉáíê~ìã=OMMOÓOMMPK=cÉííW=âYNI=âìêëáîW=[NKOSK=

bë=Ñ®ääí=~ìÑI=Ç~ëë=âÉáåÉ=êÉÖáçå~äÉå=ûÜåäáÅÜâÉáíÉå=ÉêâÉååÄ~ê=ëáåÇI=áã=dÉÖÉåíÉáäK=wìã=_ÉáëéáÉä=

Ü~ÄÉå=ÇáÉ=ÄÉáÇÉå=~äéáåÉå=pí~åÇçêíÉI=oáÖá=ìåÇ=`Ü~ìãçåíI=Ö~åò=îÉêëÅÜáÉÇÉåÉ=c~âíçêÉåI=ÉÄÉåJ

ëç=wΩêáÅÜJh~ëÉêåÉ=ìåÇ=wΩêáÅÜ=pí~ãéÑÉåÄ~ÅÜëíê~ëëÉK=aáÉëÉë=oÉëìäí~íÉ=ïÉáëí=Ç~ê~ìÑÜáåI=Ç~ëë=

äçâ~äÉ=bÑÑÉâíÉ=ëí~êâ=ëáåÇ=ìåÇ=Ç~ëë=åáÅÜí=Éáåã~ä=ÇáÉ=cê~ÖÉ=ÉáåÇÉìíáÖ=òì=ÄÉ~åíïçêíÉå=áëíI=çÄ=â=

Öê∏ëëÉê=çÇÉê=âäÉáåÉê=~äë=N=ëÉáK=fã=§ÄêáÖÉå=íêáÑÑí=ÇÉê=îçå=ÇÉê=b`=tçêâáåÖ=dêçìé=îçêÖÉëÅÜä~ÖÉJ

åÉ=tÉêí=â=Z=NKP=åìê=ÑΩê=O=îçå=NO=pí~íáçåÉå=òìI=~å=ÇÉå=~åÇÉêÉå=pí~íáçåÉå=ïΩêÇÉ=ÇáÉ=hçêêÉâJ

íìê=ãáí=ÇÉã=c~âíçê=ÇáÉ=esp=tÉêíÉ=EÇÉìíäáÅÜF=ΩÄÉêëÅÜ®íòÉåK=

få=dÉÜêáÖ=Éí=~äK=EOMMRF=ïÉêÇÉå=âäÉáåÉ=âJc~âíçêÉå=ãáí=ÇÉê=^åïÉëÉåÜÉáí=îçå=ΩÄÉêÇìêÅÜJ

ëÅÜåáííäáÅÜ=îáÉäÉå=ãáåÉê~äáëÅÜÉå=mjNMJ^åíÉáäÉå=Éêâä®êíK=jáåÉê~äáëÅÜÉ=^åíÉáäÉ=ïÉáëÉå=âÉáåÉ=

äÉáÅÜí=ÑäΩÅÜíáÖÉå=^åíÉáäÉ=~ìÑI=ïÉäÅÜÉI=ïáÉ=ÄÉáã=qÉçãI=ÄÉá=ÇÉê=jÉëëìåÖ=îÉêäçêÉå=ÖÉÜÉå=â∏åJ

åÉåK=t®ÜêÉåÇ=ÇÉê=sÉêäìëí=ëáÅÜ=ÄÉáã=qÉçã=áå=âäÉáåÉêÉå=jÉëëïÉêíÉå=ÄÉãÉêâÄ~ê=ã~ÅÜíI=ïÉêJ

ÇÉå=ëçäÅÜÉ=sÉêäìëíÉ=ÄÉáã=_Éí~ãÉíÉê=ÇìêÅÜ=ÇáÉ=ìåîÉêãÉáÇÄ~êÉ=h~äáÄê~íáçå=EoÉä~íáîãÉëëìåÖ=

ÇÉë=_Éí~ãÉíÉêë>F=íÉáäïÉáëÉ=~ìëÖÉÖäáÅÜÉå=ìåÇ=ÑΩÜêÉå=ÄÉá=ÖÉêáåÖÉå=sÉêäìëíÉå=òì=§ÄÉêëÅÜ®íJ

òìåÖÉå=êÉëéÉâíáîÉ=òì=åáÉÇêáÖÉå=âJc~âíçêÉåK=aáÉëÉê=p~ÅÜîÉêÜ~äí=íêáÑÑí=ïçÜä=ÑΩê=_Éêå=Epíê~ëJ

ëÉåëÅÜäìÅÜíF=ìåÇ=oáÖá=Ek~íìêëíê~ëëÉF=òì=ìåÇ=â∏ååíÉ=~ìÅÜ=áå=wΩêáÅÜ=pí~ãéÑÉåÄ~ÅÜëíê~ëëÉ=ÇÉê=
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c~ää=ëÉáåK=^ääÉêÇáåÖë=ïΩêÇÉ=ã~å=~ìÑ=dêìåÇ=ÇÉê=pí~åÇçêíÅÜ~ê~âíÉêáëíáâ=ÇÉå=bÑÑÉâí=~ìÅÜ=ÑΩê=

i~ìë~ååÉ=ìåÇ=ÉîíäK=iìÖ~åç=Éêï~êíÉåK==

aáÉ=å®ÅÜëíÉ=q~ÄÉääÉ=òÉáÖí=oÉëìäí~íÉI=ïáÉ=ëáÉ=ãáí=ÇÉã=äçâ~äÉå=hçêêÉâíìêÑ~âíçêãçÇÉää=ÖÉJ

ïçååÉå=ïÉêÇÉå=â∏ååÉåK==

pí~íáçåÉå âJc~âíçê

esp vZâu esp vZâu vZ~HÄu
_~ëÉäJ_áååáåÖÉå NKNVT ORKUM OSKQM NM NN NM
_Éêå MKVTS QMKOT QNKSS TR TV TO
`Ü~ìãçåí NKPMM NNKMN NQKPN O P N
aìÉÄÉåÇçêÑ NKMUP OSKOQ OTKNT ON OQ NT
e~ÉêâáåÖÉå NKNTV OVKNN PMKOM NT NR NQ
i~ìë~ååÉ NKORP PNKRN POKPM PT QO PU
iìÖ~åç NKOQS PPKVO PRKPR PM PR OT
j~Ö~Çáåç NKNVN OVKSN PNKMQ OR OV OQ
m~óÉêåÉ NKOOR OPKTT OQKQT NV ON NU
oáÖáJpÉÉÄçÇÉå~äé MKVSU NPKUM NQKUP O M M
oçîÉêÉÇç NKMSV OUKMV OUKOS OR OU OU
páçåJ^¨êçÇêçãÉ NKMTU OQKNU ORKMT P NM T
q~Éåáâçå NKNSQ OOKSP OPKPQ NR NS NP
wìÉêáÅÜJh~ëÉêåÉ NKOVM OTKOR OUKQP NS NU NP
wìÉêáÅÜJpí~ãéÑÉåÄ~ÅÜëíê~ëëÉ MKVUT OVKPR PMKNU NP NV NR
jáííÉäïÉêí NKNR OSKQQ OTKRP OMKT OPKP NVKU
pí~åÇ~êÇ~ÄïÉáÅÜìåÖ MKNN TKON SKVU NUKN NVKN NTKS

jáííÉäïÉêí=áå=µÖLãP ^åò~Üä=q~ÖÉ=[=RM=µÖLãP

hçêêÉâíìê=ãáí=äçâ~äÉã=âJc~âíçêI=mÉêáçÇÉ==OMMO=ìåÇ=OMMP

=
q~ÄÉääÉ=NS=oÉëìäí~íÉ=ÑΩê=Ç~ë=äçâ~äÉ=hçêêÉâíìêÑ~âíçêãçÇÉää=vZâuI=sÉêÖäÉáÅÜ=ãáí=ÇÉã=esp=ìåÇ=ÇÉã=äáåÉ~êÉå=jçÇÉää=vZ~HÄu=
EjÉëëïÉêíÉ=OMMOÓOMMPFK=

fã=sÉêÖäÉáÅÜ=ãáí=ÇÉã=esp=Ü~í=Ç~ë=hçêêÉâíìêÑ~âíçêãçÇÉää=ÇáÉ=qÉåÇÉåòI=jáííÉäïÉêí=ìåÇ=^åJ

ò~Üä=q~ÖÉ=[=RM=”ÖLãP=òì=ΩÄÉêëÅÜ®íòÉåI=ÇÉå=jáííÉäïÉêí=áã=aìêÅÜëÅÜåáíí=QBI=ÇáÉ=^åò~Üä=q~ÖÉ=

[=RM=”ÖLãP=ìã=âå~éé=P=q~ÖÉK=

aáÉ=sÉê~ääÖÉãÉáåÉêìåÖ=~ìÑ=Éáå=êÉÖáçå~äÉë=jçÇÉää=áëí=ïÉÖÉå=ÇÉê=pí~åÇçêí~ÄÜ®åÖáÖâÉáí=ëáJ

ÅÜÉê=åáÅÜí=ã∏ÖäáÅÜK=

=

=

RKPKPK oûrjif`eb=rka=wbfqif`eb=sboûkaborkdbk=abp=hJ
c^hqlop=

aÉê=âJc~âíçê=áëí=òÉáíäáÅÜ=î~êá~ÄÉäK=^å=ãÉÜêÉêÉå=pí~íáçåÉå=ÑáåÇÉí=ã~å=ë~áëçå~äÉ=pÅÜïáåÖìåJ

ÖÉå=ìåÇ=ä®åÖÉê=~åÜ~äíÉåÇÉ=qêÉåÇëK=aáÉëÉ=sÉê®åÇÉêìåÖÉå=ÇÉìíÉå=~åI=Ç~ëë=åÉÄÉå=ÇÉã=_Éí~J

ãÉíÉêJjÉëëïÉêí=åçÅÜ=ïÉáíÉêÉ=c~âíçêÉå=ÉáåÉ=oçääÉ=ëéáÉäÉåK=dÉÜêáÖ=Éí=~äK=ê~ééçêíáÉêÉå=ÉÄÉåJ

Ñ~ääë=ÇáÉ=òÉáíäáÅÜÉå=s~êá~íáçåÉå=ÇÉë=âJc~âíçêëI=çÜåÉ=Ç~ëë=ëáÅÜ=Ç~ÄÉá=ëéÉòáÑáëÅÜ=ë~áëçå~äÉ=oÉJ

ÖÉäã®ëëáÖâÉáíÉå=òÉáÖÉå=ïΩêÇÉåK=
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fkco^p=ö=ONK=g~åì~ê=OMMR=ö=mjNMJrjob`ekrkdpjlabiib=c§o=qbljJ=rka=_bq^jbqboJjbppobfebk=ö=rjob`ekrkdpjlabiib=c§o=
_bq^jbqboJjbppobfebk=

=
 Zürich Stampfenbach
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=

cáÖìê=U=wÉáíäáÅÜÉ=sÉê®åÇÉêìåÖÉå=ÇÉë=âJc~âíçêë=~å=ÉáåòÉäåÉå=pí~íáçåÉåK=

_Éíê~ÅÜíÉí=ã~å=ÇÉå=ê®ìãäáÅÜÉå=wìë~ããÉåÜ~åÖ=òïáëÅÜÉå=ÇÉå=âJc~âíçêÉå=îÉêëÅÜáÉÇÉåÉê=

pí~åÇçêíÉI=ëç=òÉáÖí=ëáÅÜ=ÉáåÉ=ΩÄÉêê~ëÅÜÉåÇ=ÖìíÉ=hçêêÉä~íáçåK=a~ëë=ÇáÉ=mjNMJjÉëëïÉêíÉ=ê®ìãJ

äáÅÜ=Öìí=ãáíÉáå~åÇÉê=âçêêÉäáÉêí=ëáåÇI=áëí=ÄÉâ~ååíK=a~ëë=~ÄÉê=~ìÅÜ=ÇáÉ=âJc~âíçêÉå=âçêêÉäáÉêí=

ëáåÇI=ÇáÉ=à~=ÉáåÉ=^ÄïÉáÅÜìåÖ=òïáëÅÜÉå=esp=ìåÇ=_Éí~ãÉíÉê=ÅÜ~ê~âíÉêáëáÉêÉåI=áëí=Éêëí~ìåäáÅÜK=

^äë=_ÉáëéáÉä=ëáåÇ=ÇáÉ=ÄÉáÇÉå=pí~íáçåÉå=wΩêáÅÜJh~ëÉêåÉ=ìåÇ=_~ëÉäJ_áååáåÖÉå=Ç~êÖÉëíÉääíK==

=
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k-Faktoren Zürich Kaserne vs. Basel-Binningen
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=
cáÖìê=V=páãìäí~åÉ=sÉê®åÇÉêìåÖÉå=ÇÉë=âJc~âíçêë=~å=îÉêëÅÜáÉÇÉåÉå=pí~íáçåÉåK=

tÉêÇÉå=ÇáÉ=q~ÖÉëïÉêíÉ=áå=ÉáåÉã=pÅ~ííÉêéäçí=ÖÉÖÉåÉáå~åÇÉê=~ìÑÖÉíê~ÖÉåI=ÑáåÇÉí=ã~å=ÉáåÉå=

hçêêÉä~íáçåëâçÉÑÑáòáÉåíÉå=îçå=o=Z=MKSTT=êÉëéÉâíáîÉ=Éáå=_ÉëíáããÜÉáíëã~ëë=îçå=oO=Z=MKQRVK==

báåÉ=wìë~ããÉåëíÉääìåÖ=ÇÉê=pÅ~ííÉêéäçíë=~ääÉê=pí~íáçåÉå=ÄÉÑáåÇÉí=ëáÅÜ=áã=^åÜ~åÖ=^OKPK==

=

räumliche Korrelation k-Faktoren

y = 0.84x + 0.28
R2 = 0.46
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a~ê~ìë=äáÉëëÉ=ëáÅÜ=ÑΩê=ÉáåÉ=åÉìÉ=pí~íáçåI=ÇáÉ=äÉÇáÖäáÅÜ=ãáí=ÉáåÉã=_Éí~ãÉíÉêJdÉê®í=EçÜåÉ=

espF=~ìëÖÉêΩëíÉí=áëíI=Éáå=jçÇÉää=~ìÑëíÉääÉåK=t®ÜêÉåÇ=ÉáåÉë=g~ÜêÉë=ãΩëëíÉå=~ääÉêÇáåÖë=~å=ÇÉê=

åÉìÉå=pí~íáçå=sÉêÖäÉáÅÜëãÉëëìåÖÉå=ÇìêÅÜÑΩÜêí=ìåÇ=ÇáÉ=âJc~âíçêÉå=ÇÉê=åÉìÉå=pí~íáçå=ãáí=

ÇÉå=âJc~âíçêÉå=ÇÉê=łoÉÑÉêÉåòëí~íáçå“=âçêêÉäáÉêí=ïÉêÇÉåK=jáí=ÇÉå=oÉÖêÉëëáçåëâçÉÑÑáòáÉåíÉå=

ï®êÉå=ÇáÉ=ëé®íÉêÉå=q~ÖÉëãáííÉäïÉêíÉ=ÇÉê=åÉìÉå=pí~íáçå=EåpíF=ïáÉ=ÑçäÖí=~ìë=ÇÉå=q~ÖÉëãáíJ

íÉäïÉêíÉå=ÇÉê=oÉÑÉêÉåòëí~íáçå=EoÉÑF=ìãòìêÉÅÜåÉåW=

=
( ) RefRefRefRef / XYkmitXkkXY nStnStnSt =+== βα =

rã=Éáå=ëçäÅÜÉë=jçÇÉää=ÉãéÑÉÜäÉå=òì=â∏ååÉåI=Äê~ìÅÜí=Éë=~ÄÉê=^ìëïÉêíìåÖÉå=ΩÄÉê=ä®åÖÉêÉ=

mÉêáçÇÉåI=áå=ÇÉåÉå=ÇáÉ=oÉÖêÉëëáçåëâçÉÑÑáòáÉåíÉå=ëí~Äáä=ÄäÉáÄÉå=ãΩëëíÉåK=

=

RKPKQK jriqfifkb^ob=obdobppflk=abp=hJc^hqlop=
~F=jçÇÉääëíêìâíìê=

^åëíÉääÉ=ÉáåÉë=âçåëí~åíÉå=âJc~âíçêë=â~åå=ÇáÉëÉê=ãáí=ÉáåÉã=oÉÖêÉëëáçåëãçÇÉää=ÖÉëÅÜ®íòí=

ïÉêÇÉåK=^äë=Éêâä®êÉåÇÉ=dê∏ëëÉå=ïÉêÇÉå=qÉãéÉê~íìêI=êÉä~íáîÉ=cÉìÅÜíÉI=lòçå=ìåÇ=píáÅâçñáÇÉ=

ÖÉï®ÜäíW=

=

xeNOdOcFbTak ++++= 3 =

= q=W=qÉãéÉê~íìê=

= c=W=êÉä~íáîÉ=cÉìÅÜíÉ=

= lPW=lòçå=

= klñW=píáÅâçñáÇÉ=

= ~I=ÄI=ÅI=ÇI=ÉW=oÉÖêÉëëáçåëâçÉÑÑáòáÉåíÉå=

báåÉ=^ÄÜ®åÖáÖâÉáí=ÇÉë=âJc~âíçêë=îçå=uI=ÇKÜK=îçã=mjNMJkáîÉ~ìI=ïìêÇÉ=åáÅÜí=ÄÉçÄ~ÅÜíÉíI=u=

ïáêÇ=ÇÉëÜ~äÄ=åáÅÜí=~äë=Éêâä®êÉåÇÉ=dê∏ëëÉ=ÑΩê=â=ÄÉåìíòíK=få=dÉÜêáÖ=Éí=~äK=áëí=â=EêÉëéK=NLâF=áå=

^ÄÜ®åÖáÖâÉáí=îçå=v=ìåíÉêëìÅÜí=ïçêÇÉåI=çÜåÉ=Ç~ëë=ëáÅÜ=Ç~ÄÉá=hçêêÉä~íáçåÉå=ÖÉòÉáÖí=Ü®ííÉå=

EëáÉÜÉ=Ç~òì=cáÖK=Q=áå=dÉÜêáÖ=Éí=~äK=OMMRFK=

=

ÄF=oÉëìäí~íÉ=ÇÉê=ãìäíáäáåÉ~êÉå=oÉÖêÉëëáçå=

fã=^åÜ~åÖ=ëáåÇ=oÉÖêÉëëáçåëêÉëìäí~íÉ=ÑΩê=~ääÉ=pí~íáçåÉå=~åÖÉÖÉÄÉåI=ìåÇ=òï~ê=ÑΩê=ÇáÉ=jÉíÜçJ

ÇÉ=ÇÉê=âäÉáåëíÉå=nì~Çê~íÉ=ïáÉ=~ìÅÜ=ÑΩê=ÇáÉ=êçÄìëíÉ=oÉÖêÉëëáçåK=aáÉ=äçâ~äÉå=jçÇÉääÉ=ìåíÉêJ

ëÅÜÉáÇÉå=ëáÅÜ=ÄÉíê®ÅÜíäáÅÜI=ÇáÉ=pí~åÇ~êÇ~ÄïÉáÅÜìåÖÉå=ëáåÇ=ÄÉá=~ääÉå=tÉêíÉå=Öê∏ëëÉê=~äë=ÇáÉ=

jáííÉäïÉêíÉK=_ÉêΩÅâëáÅÜíáÖí=ã~å=àÉÇçÅÜ=åìê=ÇáÉàÉåáÖÉå=ãáí=ëáÖåáÑáâ~åíÉå=tÉêíÉå=EíJ

tÉêí=[=OFI=ÉêÖÉÄÉå=ëáÅÜ=ÑçäÖÉåÇÉ=oÉëìäí~íÉW=



= öQT=

fkco^p=ö=ONK=g~åì~ê=OMMR=ö=mjNMJrjob`ekrkdpjlabiib=c§o=qbljJ=rka=_bq^jbqboJjbppobfebk=ö=rjob`ekrkdpjlabiib=c§o=
_bq^jbqboJjbppobfebk=

˚ ~W= pÅÜåáííéìåâí==~=�[=M= ãáí=ÉáåÉê=^ìëå~ÜãÉ=Ea~îçëF=

˚ ÄW= qÉãéÉê~íìê= Ä=�≤=M= ãáí=òïÉá=^ìëå~ÜãÉå=E_ÉêåI=oáÖáF==

⇒=àÉ=Öê∏ëëÉê=ÇáÉ=qÉãéÉê~íìêI=ìãëç=âäÉáåÉê=ÇÉê=âJc~âíçêK=

˚ ÅW= êÉäK=cÉìÅÜíÉ= Å=�≥=M= çÜåÉ=^ìëå~ÜãÉ==

⇒=àÉ=Öê∏ëëÉê=ÇáÉ=êÉä~íáîÉ=cÉìÅÜíÉI=ìãëç=Öê∏ëëÉê=ÇÉê=âJc~âíçê=

˚ ÇW= klñ= = Ç=�≤=M= ãáí=ÉáåÉê=^ìëå~ÜãÉ=E`ÜìêF=

⇒=gÉ=Ü∏ÜÉê=ÇáÉ=klñJhçåòÉåíê~íáçåI=ìãëç=âäÉáåÉê=ÇÉê=âJc~âíçê=

˚ ÉW= lP= = É=Z=M= âÉáåÉ=páÖåáÑáâ~åò=ÄÉá=ÇÉå=ãÉáëíÉå=pí~íáçåÉå=

aáÉ=qÉãéÉê~íìê=Ü~í=íÉåÇÉåòáÉää=ÇáÉ=ÖäÉáÅÜÉ=táêâìåÖ=~ìÑ=ÇÉå=âJc~âíçê=ïáÉ=ÄÉáã=qÉçãI=ïÉåå=

~ìÅÜ=ïÉëÉåíäáÅÜ=ïÉåáÖÉê=~ìëÖÉéê®Öí=EïÉáíÉê=ìåíÉå=ïáêÇ=ëáÅÜ=òÉáÖÉåI=Ç~ëë=Ç~ë=sÉêÜ~äíÉå=

ÄÉòΩÖäáÅÜ=qÉãéÉê~íìê=âçãéäÉñÉê=áëíFK=a~ëë=ÇáÉ=êÉä~íáîÉ=cÉìÅÜíÉ=ÉáåÉ=oçääÉ=ëéáÉäíI=áëí=~ìë=

éÜóëáâ~äáëÅÜÉå=dêΩåÇÉå=òì=Éêï~êíÉå=E`Ü~åÖ=OMMPFQK==

jáííÉäí=ã~å=åìê=ÇáÉ=ëáÖåáÑáâ~åíÉå=tÉêíÉI=ëç=ëáåÇ=ÇáÉ=pí~åÇ~êÇ~ÄïÉáÅÜìåÖÉå=ÇìêÅÜïÉÖë=

âäÉáåÉê=~äë=ÇáÉ=jáííÉäïÉêíÉK=aáÉë=ÉêÖáÄí=Éáå=ãáííäÉêÉë=jçÇÉääI=Ç~ë=ëáÅÜ=àÉÇçÅÜ=ãÉÜê=òì=~å~äóJ

íáëÅÜÉå=wïÉÅâÉå=~äë=òìã=éê~âíáëÅÜÉå=báåë~íò=ÉáÖåÉíW=

=

xNOFTk ⋅−⋅+⋅−= 00254.00059.000775.0941.0 =

=

báå=ëç=âçåëíêìáÉêíÉë=jçÇÉää=ë~Öí=Éíï~ë=ΩÄÉê=ÇáÉ=ã~ñáã~ä=òì=Éêï~êíÉåÇÉå=táêâìåÖÉå=ÇÉê=

ÉáåòÉäåÉå=m~ê~ãÉíÉê=~ìëK=dÉÜí=ã~å=îçå=ÑçäÖÉåÇÉå=tÉêíÉÄÉêÉáÅÜÉå=~ìë=ÓNMø`=Y=q=Y=PMø`I==

RMB=Y=c=Y=NMM=B=ìåÇ=M=ééÄ=Y=klñ=Y=NMM=ééÄI=ëç=ÑáåÇÉí=ã~å=éêç=m~ê~ãÉíÉê=ÉáåÉå=~ÄëçäìíÉå=

^åíÉáä=îçå=àÉ=Éíï~= �MKNR=~ã=âJc~âíçêI=~äëç=~ìÅÜ=ÉáåÉå=êÉä~íáîÉå=îçå=ÖêçÄ=�NRB=ÄÉòçÖÉå=~ìÑ=

ÇÉå=_~ëáëïÉêí=îçå=MKVQNK=wìã=sÉêÖäÉáÅÜ=äáÉÖí=ÇÉê=báåÑäìëë=ÇÉê=qÉãéÉê~íìê=ÄÉáã=qÉçã=ìåÖÉJ

Ñ®Üê=ÄÉá=�PMBK=

_Éá=ÇÉê=fåíÉêéêÉí~íáçå=ÇÉê=oÉëìäí~íÉ=ëçääíÉ=ÄÉ~ÅÜíÉí=ïÉêÇÉåI=Ç~ëë=ÉîíäK=îçêÜ~åÇÉåÉ=

jÉêâã~äÉ=åáÅÜí=çÇÉê=åìê=~ÄÖÉëÅÜï®ÅÜí=òìã=^ìëÇêìÅâ=âçããÉåI=ïÉáä=áå=ÇÉê=ΩÄÉêïáÉÖÉåÇÉå=

w~Üä=îçå=jÉëëëí~íáçåÉå=E~å=~ääÉå=k^_biJpí~åÇçêíÉåF=åìê=àÉÇÉê=QK=q~Ö=ÑΩê=sÉêÖäÉáÅÜë~å~äóJ

ëÉå=òìê=sÉêÑΩÖìåÖ=ëíÉÜíK=

=

=

=
=
Q== _Éá=ÜçÜÉê=iìÑíÑÉìÅÜíáÖâÉáí=îÉêÇìåëíÉí=ïÉåáÖÉê=~ìÑ=ÇÉã=^Éêçëçä=~ÄëçêÄáÉêíÉë=t~ëëÉê=~äë=ÄÉá=åáÉÇêáÖÉê=cÉìÅÜíáÖâÉáíK=



= QUö=

fkco^p=ö=ONK=g~åì~ê=OMMR=ö=mjNMJrjob`ekrkdpjlabiib=c§o=qbljJ=rka=_bq^jbqboJjbppobfebk=ö=rjob`ekrkdpjlabiib=c§o=
_bq^jbqboJjbppobfebk=

RKPKRK nr^ao^qfp`eb=obdobppflk=abp=hJc^hqlop=
~F=jçÇÉääëíêìâíìê=

a~=ÇáÉ=ãìäíáäáåÉ~êÉå=oÉÖêÉëëáçåÉå=âÉáå=ÄÉÑêáÉÇáÖÉåÇÉë=jçÇÉää=ÉêÖÉÄÉåI=ïìêÇÉå=ïÉáíÉêÉI=

åáÅÜíJäáåÉ~êÉ=^åë®íòÉ=ÑΩê=ÇÉå=âJc~âíçê=ÖÉéêΩÑíK=^äë=~ìëëáÅÜíëêÉáÅÜëíÉ=hçåëíêìâíáçå=ÉêïáÉë=

ëáÅÜ=ÑΩê=ÇÉå=âJc~âíçê=ÉáåÉ=èì~Çê~íáëÅÜÉ=cìåâíáçå=ÇÉê=qÉãéÉê~íìêK=

=

XdFcTbTaXFTkY ⋅





 +++=⋅=

100010001000
),( 2 =

ÄF=oÉëìäí~íÉ=ÇÉê=èì~Çê~íáëÅÜÉå=oÉÖêÉëëáçå=

táêÇ=ÇÉê=âJc~âíçê=áå=cìåâíáçå=ÇÉê=qÉãéÉê~íìê=~ìÑÖÉíê~ÖÉåI=ëç=òÉáÖÉå=ÇáÉ=ãÉáëíÉå=pí~íáçåÉå=

ÉáåÉ=ÖêçëëÉ=píêÉììåÖ=áå=ÇÉê=rãÖÉÄìåÖ=îçå=q=Z=NMø`K=_Éá=Ü∏ÜÉêÉå=ìåÇ=ÄÉá=íáÉÑÉêÉå=qÉãéÉê~J

íìêÉå=áëí=ÇáÉ=píêÉììåÖ=âäÉáåÉêK=cΩê=_~ëÉäJ_áååáåÖÉå=ìåÇ=m~óÉêåÉ=áëí=ÉáåÉ=ÄçÖÉåÑ∏êãáÖÉ=^åJ

çêÇåìåÖ=ÉêâÉååÄ~ê=EìãÖÉÇêÉÜíÉë=łpãáäÉó“F=ãáí=ÉáåÉê=ÅÜ~ê~âíÉêáëíáëÅÜÉ=^Äå~ÜãÉ=ÇÉê=âJ

c~âíçêÉå=ÄÉá=ÜçÜÉå=ìåÇ=íáÉÑÉå=qÉãéÉê~íìêÉåK=báåÉ=ëçäÅÜÉ=cçêã=ä®ëëí=ëáÅÜ=~ã=ÉáåÑ~ÅÜëíÉå=

ãáí=ÉáåÉê=m~ê~ÄÉä=~ééêçñáãáÉêÉåK=

=



= öQV=

fkco^p=ö=ONK=g~åì~ê=OMMR=ö=mjNMJrjob`ekrkdpjlabiib=c§o=qbljJ=rka=_bq^jbqboJjbppobfebk=ö=rjob`ekrkdpjlabiib=c§o=
_bq^jbqboJjbppobfebk=

 Basel

y = -0.0009x2 + 0.0175x + 1.1769
R2 = 0.1445
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Zürich Kaserne

y = -0.001x2 + 0.0174x + 1.2935
R2 = 0.1866
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Magadino

y = -0.0015x2 + 0.0341x + 1.1047
R2 = 0.1508
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Payerne

y = -0.0011x2 + 0.0144x + 1.1862
R2 = 0.1688
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 Härkingen

y = -0.0009x2 + 0.0178x + 1.1633
R2 = 0.123
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Dübendorf

y = -0.0009x2 + 0.012x + 1.1169
R2 = 0.1837
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Lugano

y = -0.001x2 + 0.0367x + 0.93
R2 = 0.1662

0

0.5

1

1.5

2

2.5

-10 -5 0 5 10 15 20 25 30 35

Temperatur

k-
Fa

kt
or

Tänikon

y = -0.0004x2 - 1E-05x + 1.2183
R2 = 0.0931

0

0.5

1

1.5

2

2.5

-10 -5 0 5 10 15 20 25 30 35

Temperatur

k-
Fa

kt
or

=

cáÖìê=NN=âJc~âíçê=áå=^ÄÜ®åÖáÖâÉáí=ÇÉê=qÉãéÉê~íìêK=báåÖÉíê~ÖÉå=ëáåÇ=äáåÉ~êÉ=ìåÇ=èì~Çê~íáëÅÜÉ=cáíëK=

^ìÑ=dêìåÇ=oÉÖêÉëëáçåëâçÉÑÑáòáÉåíÉå=ä~ëëÉå=ëáÅÜ=P=pí~íáçåëíóéÉå=ìåíÉêëÅÜÉáÇÉå=EÖìíÉI=é~êJ

íáÉääÉ=ìåÇ=ïÉåáÖ=§ÄÉêÉáåëíáããìåÖ=ãáí=èì~Çê~íáëÅÜÉê=^ÄÜ®åÖáÖâÉáíFW=



= RMö=

fkco^p=ö=ONK=g~åì~ê=OMMR=ö=mjNMJrjob`ekrkdpjlabiib=c§o=qbljJ=rka=_bq^jbqboJjbppobfebk=ö=rjob`ekrkdpjlabiib=c§o=
_bq^jbqboJjbppobfebk=

pí~íáçå ~ Ä Å Ç q~ÖÉ

ENLø`FO NLø` NLNMMB JJJ

dìíÉ=§ÄÉêÉáåëíáããìåÖ
e®êâáåÖÉå ^ JMKSUT NSKQ OKPQ MKVRQ NUN
_~ëÉä _ JMKSUP NSKO RKPR MKTQU NTV
wΩêáÅÜJh~ëÉêåÉ ` JMKTVS NTKO SKUU MKTUS NUO
m~óÉêåÉ a JNKMUT OOKR QKTR MKUMT OVP
páçå b JMKRPN NTKP QKTU MKSRQ NUN
iìÖ~åç c JNKMSV PQKM QKSN MKTPT NTN
aΩÄÉåÇçêÑ d JMKRUU NNKO PKOV MKUOP OOV

jáííÉäïÉêí JMKTTU NVKP QKRT MKTUT
pí~åÇ~ê~ÄïÉáÅÜìåÖ MKOOO TKP NKQR MKMVO

é~êíáÉääÉ=§ÄÉêÉáåëíáããìåÖ
oáÖá e JMKNUU MKQ SKUP MKQTQ NTU
j~Ö~Çáåç f JNKMRM ORKR JNKPS NKOMM NUO
i~ìë~ååÉ g JMKMQQ OKM TKRN MKTON ORR
q®åáâçå h JMKPTP PKP QKTS MKUNP ORO
_Éêå i JMKOUU NPKV QKPQ MKRUM OVQ

jáííÉäïÉêí JMKPUV VKM QKQO MKTRU
pí~åÇ~ê~ÄïÉáÅÜìåÖ MKPUV NMKS PKQV MKOTV

ïÉåáÖ=§ÄÉêÉáåëíáããìåÖ
wΩêáÅÜ=pí~ãéÑÉåÄ~ÅÜëíê~ëëÉ j JMKOQP QKS JMKOMS MKVVT NSU
`Ü~ìãçåí k JMKOTS RKV NOKSVO MKPRM OUT
oçîÉêÉÇç=Eåìê=OMMPF l JMKMRM RKP MKPVM MKVUS NUN
jáííÉäïÉêí JMKNVM RKP QKOV MKTTU
pí~åÇ~ê~ÄïÉáÅÜìåÖ MKNOO MKS TKOU MKPTM

nì~Çê~íáëÅÜÉë=jçÇÉää=v=Z=âGu=Z=EMKMMN~qOHMKMMNÄqHMKMMNÅcHÇFGu

=
q~ÄÉääÉ=NT=içâ~äÉ=ìåÇ=ãáííäÉêÉ=oÉÖêÉëëáçåëâçÉÑÑáòáÉåíÉå=ÑΩê=Ç~ë=èì~Çê~íáëÅÜÉ=jçÇÉääK=jÉëëïÉêíÉ=OMMOJOMMP=E^ìëå~ÜãÉ=
oçîÉêÉÇçW=åìê=OMMPFK=

cΩê=T=pí~íáçåÉå=E^JdF=òÉáÖí=ëáÅÜ=Éáå=ÜçãçÖÉåÉë=_áäÇ=ÄÉòΩÖäáÅÜ=ÇÉê=oÉÖêÉëëáçåëâçÉÑÑáòáÉåíÉåK=

R=ïÉáíÉêÉ=pí~íáçåÉå=EeJiF=Ü~ÄÉå=åìê=ÉáåÉ=é~êíáÉääÉ=§ÄÉêëíáããìåÖI=ï~ë=ÄÉÇÉìíÉíI=Ç~ëë=ÇáÉ=

hçÉÑÑáòáÉåíÉå=~=âäÉáå=ïÉêÇÉå=ìåÇ=åáÅÜí=ãÉÜê=ëáÖåáÑáâ~åí=îçå=kìää=îÉêëÅÜáÉÇÉå=ëáåÇI=çÇÉê=

Ç~ëë=áå=j~Ö~Çáå~ç=ÇÉê=hçÉÑÑáòáÉåí=Å=Éáå=~åÇÉêÉë=sçêòÉáÅÜÉå=ÄÉëáíòíK=_Éá=ÇÉå=ΩÄêáÖÉå=P=pí~íáJ

çåÉå=EjJlF=ëáåÇ=ÇáÉ=^ÄïÉáÅÜìåÖ=åçÅÜ=~ìëÖÉéê®ÖíÉêK=råíÉê=ÇÉå=pí~íáçåÉåI=ÇáÉ=ïÉåáÖ=§ÄÉêJ

ÉáåëíáããìåÖ=òÉáÖÉåI=ÄÉÑáåÇÉí=ëáÅÜ=_Éêå=ìåÇ=i~ìë~ååÉI=ÇáÉ=ÄÉáÇÉå=píê~ëëÉåëÅÜäìÅÜíJ

pí~íáçåÉå=ëçïáÉ=oáÖá=ìåÇ=`Ü~ìãçåíI=ÇáÉ=ÄÉáÇÉå=ÜçÅÜÖÉäÉÖÉåÉå=pí~íáçåÉå=E[=NMMMã=ΩKjKF=

=



= öRN=

fkco^p=ö=ONK=g~åì~ê=OMMR=ö=mjNMJrjob`ekrkdpjlabiib=c§o=qbljJ=rka=_bq^jbqboJjbppobfebk=ö=rjob`ekrkdpjlabiib=c§o=
_bq^jbqboJjbppobfebk=

ÅF=sÉêÖäÉáÅÜ=ãáí=espJa~íÉå=

=

pí~íáçåÉå
esp vZâEqIcFGu esp vZâEqIcFGu

_~ëÉäJ_áååáåÖÉå ORKU OSKM NM NN
_Éêå QMKP QNKN TR TR
`Ü~ìãçåí NNKM NPKR O O
aΩÄÉåÇçêÑ OSKO OSKV ON OR
e~ÉêâáåÖÉå OVKN OVKU NT NR
i~ìë~ååÉ PNKR POKN PT PV
iìÖ~åç PPKV PRKM PM PN
j~Ö~Çáåç OVKS PMKQ OR OS
m~óÉêåÉ OPKU OQKM NV NS
oáÖáJpÉÉÄçÇÉå~äé NPKU NQKP O N
oçîÉêÉÇç OUKN OUKN OR OR
páçåJ^¨êçÇêçãÉ OQKO OQKT P U
q~Éåáâçå OOKS OPKP NR NU
wìÉêáÅÜJh~ëÉêåÉ OTKP OUKM NS NT
wìÉêáÅÜJpí~ãéÑÉåÄ~ÅÜëíê~ëëÉ OVKP PMKN NP ON
jáííÉäïÉêí OSKQ OTKO OMKT OOKM
pí~åÇ~êÇ~ÄïÉáÅÜìåÖ TKO TKM NUKN NTKV
^ÄïÉáÅÜìåÖ=îçã=esp OKTB SKRB

^åò~Üä=q~ÖÉ=[=RM=µÖLãP

hçêêÉâíìê=ãáí=äçâ~äÉã=nì~Çê~íãçÇÉääI=mÉêáçÇÉ==OMMOJOMMP

jáííÉäïÉêí=áå=µÖLãP

=
q~ÄÉääÉ=NU=oÉëìäí~íÉ=ÑΩê=Ç~ë=äçâ~äÉ=hçêêÉâíìêÑ~âíçêãçÇÉää=ãáí=èì~Çê~íáëÅÜÉê=qÉãéÉê~íìêJ^ÄÜ®åÖáÖâÉáíK=jÉëëÇ~íÉå=mÉêáçJ
ÇÉ=OMMOJOMMPK=

aáÉ=äçâ~äÉå=jçÇÉääÉ=òÉáÖÉå=ÉáåÉ=ÖìíÉ=§ÄÉêÉáåëíáããìåÖ=ãáí=ÇÉå=esp=hÉååïÉêíÉåW=aáÉ=jáíJ

íÉäïÉêíÉ=ïÉêÇÉå=ÇìêÅÜëÅÜåáííäáÅÜ=åìê=ÖÉê~ÇÉ=ìã=OKTB=ΩÄÉêëÅÜ®íòíI=ÇáÉ=w~Üä=ÇÉê=q~ÖÉ=

[RM=”ÖLãP=ïÉêÇÉå=áã=aìêÅÜëÅÜåáíí=ãáí=OO=îçê~ìëÖÉë~ÖíI=ÇáÉ=esp=a~íÉå=ÉêÖÉÄÉå=OMKTI=ï~ë=

ÉáåÉê=§ÄÉêëÅÜ®íòìåÖ=îçå=SKRB=ÉåíëéêáÅÜíK=_Éá=U=îçå=NR=pí~íáçåÉå=áëí=ÇáÉ=aáÑÑÉêÉåò=M=çÇÉê=N=

q~ÖI=ÄÉá=Q=ïÉáíÉêÉå=pí~íáçåÉå=O=çÇÉê=P=q~ÖÉK=QI=R=êÉëéÉâíáîÉ=U=q~ÖÉ=aáÑÑÉêÉåò=âçããÉå=ÄÉá=àÉ=

ÉáåÉê=pí~íáçå=îçêK=aáÉ=çÄáÖÉ=hä~ëëáÉêìåÖ=ÇÉê=pí~íáçåÉå=ãáí=ÖìíI=é~êíáÉää=ìåÇ=ïÉåáÖ=§ÄÉêÉáåJ

ëíáããìåÖ=áëí=åáÅÜí=ÖäÉáÅÜÄÉÇÉìíÉåÇ=ãáí=ÇÉê=aáÑÑÉêÉåò=òïáëÅÜÉå=esp=ìåÇ=jçÇÉääK=

=

ÇF=oÉëìäí~íÉ=òìã=ëí~íáëíáëÅÜÉå=sÉêÜ~äíÉå=ÇÉë=èì~Çê~íáëÅÜÉå=jçÇÉääë=

^ã=_ÉáëéáÉä=ÇÉê=pí~íáçå=_~ëÉäJ_áååáåÖÉå=ëçääÉå=ÉáåáÖÉ=aÉí~áäêÉëìäí~íÉ=áääìëíêáÉêí=ïÉêÇÉåK==

˚ aáÉ=pÅ~ííÉêéäçíë=òÉáÖÉå=ÇáÉ=sÉêÄÉëëÉêìåÖ=áå=ÇÉå=oÉÖêÉëëáçåëâçÉÑÑáòáÉåíÉå=ìåÇ=áå=ÇÉê=hçêêÉJ
ä~íáçåK==

˚ aáÉ=oÉëáÇìÉå=å®ÜÉêå=ëáÅÜ=ãáí=ÇÉê=hçêêÉâíìê=ÄÉëëÉê=~å=ÉáåÉ=kçêã~äîÉêíÉáäìåÖW=`ÜáJnì~Çê~í=

îÉêÄÉëëÉêí=ëáÅÜ=îçå=PUQ=~ìÑ=SMI=ÇáÉ=mêΩÑÖê∏ëëÉ=ÄÉíê®Öí=PNV=~ìÑ=ÇÉã=RBJkáîÉ~ìX=Ç~ãáí=ïáêÇ=



= ROö=

fkco^p=ö=ONK=g~åì~ê=OMMR=ö=mjNMJrjob`ekrkdpjlabiib=c§o=qbljJ=rka=_bq^jbqboJjbppobfebk=ö=rjob`ekrkdpjlabiib=c§o=
_bq^jbqboJjbppobfebk=

ÇáÉ=eóéçíÜÉëÉ=ÑΩê=ÇáÉ=kçêã~äîÉêíÉáäìåÖ=ÄÉá=ÇÉê=ìåâçêêáÖáÉêíÉå=oÉëáÇìÉå=~ÄÖÉäÉÜåíI=ÄÉá=

ÇÉå=âçêêáÖáÉêíÉå=oÉëáÇìÉå=àÉÇçÅÜ=~âòÉéíáÉêíK=

˚ aáÉ=oÉëáÇìÉå=áå=cìåâíáçå=ÇÉê=wÉáí=òÉáÖÉå=å~ÅÜ=ÇÉê=jçÇÉääâçêêÉâíìê=ïÉåáÖÉê=^ìíçâçêêÉä~íáJ
çåI=ÇÉê=aìêÄáåJt~íëçå=hçÉÑÑáòáÉåí=îÉêÄÉëëÉêí=ëáÅÜ=îçå=MKTT=~ìÑ=NKRQRK=

˚ aáÉëÉäÄÉå=m~ê~ãÉíÉê=ëáåÇ=ÑΩê=Ç~ë=äáåÉ~êÉ=jçÇÉää=EvZ~HÄuF=ëÅÜï®ÅÜÉê=~äë=ÑΩê=Ç~ë=èì~Çê~íáJ

ëÅÜÉ=jçÇÉääK=

=
_~ëÉäJ_áååáåÖÉå

ó=Z=MKVSNñ=H=MKSM

oO=Z=MKVS

M

OM

QM

SM

UM
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M OM QM SM UM NMM NOM
èì~Çê~íáëÅÜÉë=jçÇÉää

esp_~ëÉäJ_áååáåÖÉå

ó=Z=NKMUñ=H=NKUO

oO=Z=MKVQ

M

OM

QM

SM

UM

NMM

NOM

NQM

M OM QM SM UM NMM NOM
_Éí~ãÉíÉê=ìåâçêêáÖáÉêí

esp

oÉëáÇìÉå=ìåâçêêáÖáÉêí

ó=Z=JMKMMPRñ=J=OKVN

oO=Z=MKMMSU

JOM=

JNR=

JNM=

JR=

M

R
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M RM NMM NRM OMM ORM PMM
q~Ö

µÖLãP
oÉëáÇìÉå=èì~Çê~íáëÅÜÉë=jçÇÉää

ó=Z=JRbJMRñ=H=MKPQ

oO=Z=ObJMS

JOM=

JNR=

JNM=
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M

R
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M RM NMM NRM OMM ORM PMM
q~Ö

µÖLãP

oÉëáÇìÉå=ìåâçêêáÖáÉêí
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µÖLãP

^åò~Üä oÉëáÇìÉå=èì~Çê~íáëÅÜÉë=jçÇÉää

M

NM

OM

PM

QM

RM

SM

JOM JNR JNM JR M R NM NR
µÖLãP

^åò~Üä

==
cáÖìê=NO=oÉëìäí~íÉ=ÑΩê=_~ëÉäJ_áååáåÖÉåK=lÄÉåW=pÅ~ííÉêéäçíëI=jáííÉW=sÉêíÉáäìåÖ=ÇÉê=oÉëáÇìÉåI=ìåíÉåW=oÉëáÇìÉå=áå=cìåâíáçå=
ÇÉê=q~ÖÉëåìããÉê=EÇáÉ=mÉêáçÇÉ=ÇÉÅâí=OMMOLOMMP=~ÄI=åìê=àÉÇÉå=QK=q~ÖFK=få=ÇÉå=_áäÇÉêå=äáåâë=ëáåÇ=ÇáÉ=ìåâçêêáÖáÉêíÉå=
_Éí~ãÉíÉêÇ~íÉå=EÄä~ìFI=êÉÅÜíë=ÇáÉ=ãáí=ÇÉã=äçâ~äÉå=èì~Çê~íáëÅÜÉå=jçÇÉää=âçêêáÖáÉêíÉå=a~íÉå=Eçê~åÖÉFK=

=
=
R== aìêÄáåJt~íëçå=hçÉÑÑáòáÉåí=ÇW=ÑΩê=ìåâçêêÉäáÉêíÉ=a~íÉå=Öáäí=ÇZOI=ÑΩê=a~íÉå=ãáí=îçääëí®åÇáÖÉê=éçëáíáîÉê=EåÉÖ~íáîÉêF=hçêêÉä~J

íáçå=Öáäí=ÇZM=EÇZQFK=



= öRP=

fkco^p=ö=ONK=g~åì~ê=OMMR=ö=mjNMJrjob`ekrkdpjlabiib=c§o=qbljJ=rka=_bq^jbqboJjbppobfebk=ö=rjob`ekrkdpjlabiib=c§o=
_bq^jbqboJjbppobfebk=

ÉF=wìê=fåíÉêéêÉí~íáçå=ÇÉë=jçÇÉääë=

˚ a~ë=^ÄëáåâÉå=ÇÉë=âJc~âíçêë=ÑΩê=ï~ÅÜëÉåÇÉ=qÉãéÉê~íìêÉå=â~åå=~ìÑ=dêìåÇ=ÇÉê=_ÉÜÉáòìåÖ=

E^åë~ìÖêçÜê=Å~K=PRø`I=cáäíÉê=ORJPMø`F=ìåÇ=ÇÉã=Ç~ãáí=îÉêÄìåÇÉåÉå=sÉêäìëí=äÉáÅÜí=ÑäΩÅÜíáJ

ÖÉê=pìÄëí~åòÉå=îÉêëí~åÇÉå=ïÉêÇÉåW=gÉ=Ü∏ÜÉê=ÇáÉ=qÉãéÉê~íìêI=ìãëç=ÖÉêáåÖÉê=ÇáÉ=sÉêäìëíÉI==

ìãëç=ÄÉëëÉê=ÇáÉ=§ÄÉêÉáåëíáããìåÖ=ãáí=ÇÉã=esp=ìåÇ=ìãëç=âäÉáåÉê=âK=aáÉëÉê=jÉÅÜ~åáëãìë=

ã~Ö=ÄÉá=qÉãéÉê~íìêÉå=ΩÄÉê=NMø`=Ç~ë=sÉêÜ~äíÉå=èì~äáí~íáî=òì=Éêâä®êÉåK=

˚ cΩê=qÉãéÉê~íìêÉå=ìåíÉêÜ~äÄ=NMø`=ï®êÉ=ÉáåÉ=sÉêëí®êâìåÖ=ÇÉë=çÄÉå=ÖÉå~ååíÉå=sÉêÜ~äíÉåë=

òì=Éêï~êíÉå=ìåÇ=Ç~ãáí=ÉáåÉ=ïÉáíÉêÉ=bêÜ∏ÜìåÖ=ÇÉë=âJc~âíçêëK=_ÉçÄ~ÅÜíÉí=ïáêÇ=~ÄÉê=ÖÉê~ÇÉ=

Ç~ë=ìãÖÉâÉÜêíÉ=sÉêÜ~äíÉåI=ÇÉê=âJc~âíçê=ïáêÇ=ïáÉÇÉê=âäÉáåÉêK=báåÉ=bêâä®êìåÖ=ÑΩê=ÇáÉëÉå=bÑJ

ÑÉâí=áëí=îçêä®ìÑáÖ=~ìëëíÉÜÉåÇK=

=

ÑF=oÉÖáçå~äÉë=jçÇÉää=

fã=sÉêÖäÉáÅÜ=òì=ÇÉå=ÑêΩÜÉêÉå=^ìëïÉêíìåÖÉå=äáÉÖí=ãáí=ÇÉã=èì~Çê~íáëÅÜÉå=jçÇÉää=Éêëíã~äë=

ÉáåÉ=rãêÉÅÜåìåÖëÑçêãÉä=îçêI=ÇáÉ=òìãáåÇÉëí=ÉáåÉå=qÉáä=ÇÉê=^ÄïÉáÅÜìåÖÉå=òìã=esp=ÄÉá=ÉáJ

åÉê=jÉÜêÜÉáí=ÇÉê=pí~íáçåÉå=Éêâä®êÉå=â~ååK=aÉëÜ~äÄ=ïáêÇ=Éáå=êÉÖáçå~äÉë=jçÇÉää=îçêÖÉëÅÜä~J

ÖÉåI=Ç~ãáí=ÇáÉ=iosJm~ê~ãÉíÉê=~ääÉê=pí~íáçåÉå=ÄÉëíáããí=ìåÇ=ÇáÉëÉ=ãáí=ÇÉå=esp=a~íÉå=îÉêÖäáJ

ÅÜÉåK=

sçå=ÇÉå=T=pí~íáçåÉå=ãáí=ÖìíÉê=§ÄÉêÉáåëíáããìåÖ=òìê=èì~Çê~íáëÅÜÉå=^ÄÜ®åÖáÖâÉáí=ïÉêJ

ÇÉå=ÇáÉ=oÉÖêÉëëáçåëé~ê~ãÉíÉê=ÖÉãáííÉäíK=aáÉ=jáííÉäïÉêíÉ=ïÉêÇÉå=~äë=jçÇÉääé~ê~ãÉíÉê=ÉáåÖÉJ

ëÉíòíW=

=

XFTTXFTkY ⋅
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a~ÄÉá=áëí=q=áå=ø`=ìåÇ=c=áå=B==ìåÇ=ÇÉê=_Éí~ãÉíÉêJjÉëëïÉêí=áå=”ÖLãP=ÉáåòìëÉíòÉåK=

=

jáí=ÇÉã=jçÇÉää=ïÉêÇÉå=jáííÉäïÉêí=ìåÇ=^åò~Üä=q~ÖÉ=[=RM=”ÖLãP==ÄÉêÉÅÜåÉíW=



= RQö=

fkco^p=ö=ONK=g~åì~ê=OMMR=ö=mjNMJrjob`ekrkdpjlabiib=c§o=qbljJ=rka=_bq^jbqboJjbppobfebk=ö=rjob`ekrkdpjlabiib=c§o=
_bq^jbqboJjbppobfebk=

=

pí~íáçåÉå nì~äáí®í
esp vZâEqIcFGu esp vZâEqIcFGu äçâK=jçÇÉää

_~ëÉäJ_áååáåÖÉå ORKU ORKV V NN Öìí
_Éêå QMKP QVKV NMU TR ïÉåáÖ

`Ü~ìãçåí NNKM NOKT O O Öìí
aΩÄÉåÇçêÑ OSKO OVKP PN OR é~êíáÉää
e~ÉêâáåÖÉå OVKN PMKN NS NR Öìí
i~ìë~ååÉ PNKR PMKM PP PV Öìí
iìÖ~åç PPKV PPKN OT PN Öìí
j~Ö~Çáåç OVKS PMKS OV OS Öìí
m~óÉêåÉ OPKU OPKS NS NS Öìí
oáÖáJpÉÉÄçÇÉå~äé NPKU NTKV P N ïÉåáÖ

oçîÉêÉÇç OUKN PMKR PT OR é~êíáÉää
páçåJ^¨êçÇêçãÉ OQKO OSKV NO U é~êíáÉää
q~Éåáâçå OOKS OPKS NP NU Öìí
wìÉêáÅÜJh~ëÉêåÉ OTKP ORKO NO NT é~êíáÉää
wìÉêáÅÜJpí~ãéÑÉåÄ~ÅÜëíê~ëëÉ OVKP PRKM PN ON ïÉåáÖ

jáííÉäïÉêí OSKQ OUKP ORKP OOKM
pí~åÇ~êÇ~ÄïÉáÅÜìåÖ TKO UKP ORKR NTKV
^ÄïÉáÅÜìåÖ=îçã=esp TKMB JNOKVB

hçêêÉâíìê=ãáí=êÉÖáçå~äÉã=nì~Çê~íãçÇÉääI=mÉêáçÇÉ==OMMOJOMMP
^åò~Üä=q~ÖÉ=[=RM=µÖLãPjáííÉäïÉêí=áå=µÖLãP

=
q~ÄÉääÉ=NV=oÉëìäí~íÉ=ÑΩê=Ç~ë=êÉÖáçå~äÉ=hçêêÉâíìêÑ~âíçêãçÇÉää=ãáí=èì~Çê~íáëÅÜÉê=qÉãéÉê~íìêJ^ÄÜ®åÖáÖâÉáíK=jÉëëÇ~íÉå=
mÉêáçÇÉ=OMMOJOMMPK=

_Éáã=jáííÉäïÉêí=ÄÉíê~ÖÉå=ÇáÉ=^ÄïÉáÅÜìåÖÉå=áã=aìêÅÜëÅÜåáíí=NKT=”ÖLãP=ESKPBFK=aáÉ=^ÄïÉáJ

ÅÜìåÖÉå=ÄÉá=ÇÉê=^åò~Üä=q~ÖÉ=[=RM=”ÖLãP==ëáåÇ=áã=aìêÅÜëÅÜåáíí=PKO=q~ÖÉ=EJNPBFK=tç=ÇáÉ=

äçâ~äÉå=jçÇÉää=ïÉåáÖ=§ÄÉêÉáåëíáããìåÖ=ãáí=ÇÉã=èì~Çê~íáëÅÜÉå=sÉêÜ~äíÉå=òÉáÖÉå=E_ÉêåI=

oáÖáI=weJpí~ãéÑÉåÄ~ÅÜëíê~ëëÉFI=ëáåÇ=ÇáÉ=^ÄïÉáÅÜìåÖÉå=ÉÑÑÉâíáî=~ìÅÜ=Öê∏ëëÉê=~äë=~å=ÇÉå=

pí~åÇçêíÉå=ãáí=ÄÉëëÉêÉê=§ÄÉêÉáåëíáããìåÖK=

=

RKPKSK jlabiisbodibf`e=
aáÉ=îçê~å=ÖÉÜÉåÇÉå=^å~äóëÉå=ä~ëëÉå=ÑçäÖÉåÇÉå=jçÇÉääîÉêÖäÉáÅÜ=òìW=

˚ içâ~äÉ=äáåÉ~êÉ=jçÇÉääÉ=ìåÇ=äçâ~äÉ=EãìäíáJFäáåÉ~êÉ=hçêêÉâíìêÑ~âíçêãçÇÉääÉ=â∏ååÉå=áã=ÄÉëJ

íÉå=c~ää=ÇáÉ=hçêêÉä~íáçå=ΩÄÉê=ÇáÉ=ÖÉÑçêÇÉêíÉ=dêÉåòÉ=îçå=oO[MKVR=îÉêÄÉëëÉêåI=~ÄÉê=ÇáÉ=

pí~åÇçêíìåíÉêëÅÜáÉÇÉ=ëáåÇ=òì=ÖêçëëI=ìã=Éáå=êÉÖáçå~äÉë=jçÇÉää=ÇÉÑáåáÉêÉå=òì=â∏ååÉåK=cΩê=

ÇáÉ=cÉëíäÉÖìåÖ=ÉáåÉë=rãêÉÅÜåìåÖëãçÇÉääë=ëáåÇ=ÇáÉ=ÄÉáÇÉå=oÉÖêÉëëáçåëãÉíÜçÇÉå=êçÄìëí=

ìåÇ=âäÉáåëíÉ=nì~Çê~íÉ=Éíï~ë=ÖäÉáÅÜ=ëí~êâK=aáÉ=bêÖÉÄåáëëÉ=ÑΩê=iosJm~ê~ãÉíÉê=ëíáããÉå=ãáí=

ÇÉå=îçêäáÉÖÉåÇÉå=jÉëëêÉëìäí~íÉå=áã=c~ää=ÇÉê=âäÉáåëíÉå=nì~Çê~íÉ=ëçÖ~ê=Éíï~ë=ÄÉëëÉê=ΩÄÉêÉáå=

~äë=ÄÉá=êçÄìëíÉê=oÉÖêÉëëáçåK=cΩê=ÄÉáÇÉ=jÉíÜçÇÉå=ëáåÇ=ÇáÉ=äçâ~äÉå=råíÉêëÅÜáÉÇÉ=~ÄÉê=ëç=

ÖêçëëI=Ç~ëë=ëáÅÜ=âÉáå=êÉÖáçå~äÉë=jçÇÉää=~ÄäÉáíÉå=ä®ëëíK=



= öRR=

fkco^p=ö=ONK=g~åì~ê=OMMR=ö=mjNMJrjob`ekrkdpjlabiib=c§o=qbljJ=rka=_bq^jbqboJjbppobfebk=ö=rjob`ekrkdpjlabiib=c§o=
_bq^jbqboJjbppobfebk=

˚ ^ã=ëí®êâëíÉå=ëÅÜåÉáÇÉí=Ç~ë=hçêêÉâíìêÑ~âíçêãçÇÉää=ãáí=ÉáåÉã=èì~Çê~íáëÅÜÉå=qÉãéÉê~íìêJ=

ìåÇ=ÉáåÉã=äáåÉ~êÉå=cÉìÅÜíÉJqÉêã=~ÄK=^äë=ÉáåòáÖÉë=ìåíÉê=~ääÉå=ìåíÉêëìÅÜíÉå=jçÇÉääÉå=ÉêJ

ä~ìÄí=ÉëI=Éáå=êÉÖáçå~äÉë=jçÇÉää=òì=ÇÉÑáåáÉêÉå=Ebáå=ëçäÅÜÉë=Ü~í=ÇÉå=sçêíÉáäI=Ç~ëë=rãêÉÅÜJ

åìåÖÉå=ÑΩê=~ääÉáå=ëíÉÜÉåÇÉ=_Éí~ãÉíÉê=çÜåÉ=é~ê~ääÉäÉë=esp=ÖÉëí~ííÉíKF=

=

RKQK rjob`ekrkdpjlabii=k^_bi=
^å=ÇÉê=pí~íáçå=e®êâáåÖÉå=cΩÜêíÉ=Ç~ë=k^_bi=NVVV=ìåÇ=OMMM=sÉêÖäÉáÅÜëãÉëëìåÖÉå=òïáëÅÜÉå=

espI=qÉçã=ìåÇ=_Éí~ãÉíÉê=ÇìêÅÜX=Ç~òì=ïìêÇÉå=~ääÉ=q~ÖÉ=ÄÉãÉëëÉåK=fã=g~Üê=OMMN=ïìêÇÉå=NP=

k^_biJpí~íáçåÉå=ãáí=espJ=ìåÇ=_Éí~ãÉíÉêJdÉê®íÉå=~ìëÖÉêΩëíÉíK=få=ÇÉå=ÉêëíÉå=jçå~íÉå=OMMN=

ïìêÇÉå=~ääÉ=dÉê®íÉ=åçÅÜ=éÉêã~åÉåí=ÄÉíêáÉÄÉåK=rã=ÇáÉ=ÜçÜÉå=_ÉíêáÉÄëâçëíÉå=òì=êÉÇìòáÉêÉåI=

ïìêÇÉå=~Ä=OMMO=ÇáÉ=espJdÉê®íÉ=åìê=åçÅÜ=àÉÇÉå=QK=q~Ö=ÉáåÖÉëÉíòíI=ÇáÉ=_Éí~ãÉíÉê=~ÄÉê=ïÉáJ

íÉêÜáå=éÉêã~åÉåí=ÄÉíêáÉÄÉåK=wì=ÇáÉëÉã=jÉëëâçåòÉéí=ïìêÇÉ=Éáå=jçÇÉää=ÉåíïáÅâÉäíI=Ç~ë=ÇáÉ=

_Éí~ãÉíÉêJ=~å=ÇáÉ=espJa~íÉå=~åé~ëëíW=^å=q~ÖÉåI=~å=ÇÉåÉå=ëçïçÜä=_Éí~ãÉíÉê=ïáÉ=~ìÅÜ=esp=

q~ÖÉëïÉêíÉ=îçêäáÉÖÉåI=ïÉêÇÉå=ÇáÉ=_Éí~ãÉíÉêÇ~íÉå=ãáí=ÇÉã=âJc~âíçê=âçêêáÖáÉêíK=^å=ÇÉå=ΩÄêáJ

ÖÉå=q~ÖÉå=çÜåÉ=espJa~íÉå=ïÉêÇÉå=ÇáÉ=_Éí~ãÉíÉêÇ~íÉå=ãáí=ÇÉå=~ìë=sçêJ=ìåÇ=cçäÖÉí~Ö=ÖÉJ

ãáííÉäíÉå=âJc~âíçê=âçêêáÖáÉêíK=aáÉ=âçêêáÖáÉêíÉ=jÉëëêÉáÜÉ=ÉêÑΩääí=Eãáí=^ìëå~ÜãÉ=ÇÉê=pí~íáçå=

`Ü~ìãçåíF=~ääÉ=_ÉÇáåÖìåÖÉå=ÑΩê=däÉáÅÜïÉêíáÖâÉáí=ãáí=ÇÉê=oÉÑÉêÉåòãÉíÜçÇÉ=ÖÉã®ëë=bk=

NOPQN=E`bk=NVVUFK=tÉáíÉêÉ=aÉí~áäë=ìåÇ=^ìëïÉêíìåÖÉå=òìã=jçÇÉää=ëáåÇ=áå=ÇÉê=mìÄäáâ~íáçå=

dÉÜêáÖ=Éí=~äK=EOMMRF=ÖÉÖÉÄÉåK==

=

RKRK bjmcbeirkdbk=abo=b`=tlohfkd=dolrm=lk=m^oqf`ri^qb=
j^qqbo=

fã=_ÉêáÅÜí=ÇÉê=b`=tçêâáåÖ=dêçìé=Eb`=mj=OMMNF=ïÉêÇÉå=oÉëìäí~íÉ=ÇÉê=Éìêçé®áëÅÜÉå=sÉêJ

ÖäÉáÅÜëãÉëëìåÖÉå=éê®ëÉåíáÉêíK=fã=aìêÅÜëÅÜåáíí=~ääÉê=jÉëëÇ~íÉå=ïìêÇÉ=Éáå=hçêêÉâíìêÑ~âíçê=â=

Z=NKNR=Ev=Z=âuF=ÄÉëíáããíK=^ääÉêÇáåÖë=òÉáÖíÉå=ëáÅÜ=dêìééÉå=ãáí=îÉêëÅÜáÉÇÉåÉå=jáííÉäïÉêíÉå=

˚ â=Z=NKMQW=a®åÉã~êâI=cáååä~åÇI=pé~åáÉåI=pÅÜïÉáòI=

˚ â=Z=NKPMW=aÉìíëÅÜä~åÇI=£ëíÉêêÉáÅÜ=ÑΩê=jÉëëéÉêáçÇÉå=ï®ÜêÉåÇ=ÇÉë=táåíÉêëK=

aáÉ=Éìêçé®áëÅÜÉå=oÉëìäí~íÉ=Äê~ÅÜíÉå=òìÇÉã=bîáÇÉåò=ÑΩê=ÉáåÉ=ë~áëçå~äÉ=pÅÜï~åâìåÖ=®ÜåäáÅÜ=

ÇÉã=qÉçãJdÉê®í=ãáí=âJtÉêíÉå=ìã=NKM=ï®ÜêÉåÇ=ÇÉë=pçããÉêë=ìåÇ=NKP=ï®ÜêÉåÇ=ÇÉë=táåíÉêëI=

~ääÉêÇáåÖë=ãáí=ÉêÜÄÉäáÅÜÉå=ëí~åÇçêíJ~ÄÜ®åÖáÖÉå=råíÉêëÅÜáÉÇÉåK=aáÉ=píêÉìÄêÉáíÉ=ÇÉê=âJ

c~âíçêÉå=ÇÉÅâí=ëáÅÜ=ïÉáíÖÉÜÉåÇ=ãáí=ÇÉå=áå=ÇÉê=îçêäáÉÖÉåÇÉå=píìÇáÉ=òìê=sÉêÑΩÖìåÖ=ëíÉÜÉåJ

ÇÉå=jÉëëêÉëìäí~íÉå=ÑΩê=ÇáÉ=pÅÜïÉáòK=

=aáÉ=tçêâáåÖ=dêçìé=ÉãéÑáÉÜäí=ÇÉå=jáíÖäáÉÇëí~~íÉåI=ÑΩê=â=ÇÉå=aÉÑ~ìäíJtÉêí=îçå=NKP=òì=

îÉêïÉåÇÉåI=ëçä~åÖÉ=âÉáå=ûèìáî~äÉåòîÉêÑ~ÜêÉå=Éí~ÄäáÉêí=áëíK=däÉáÅÜòÉáíáÖ=ÉãéÑáÉÜäí=ëáÉI=ÉáÖÉJ



= RSö=

fkco^p=ö=ONK=g~åì~ê=OMMR=ö=mjNMJrjob`ekrkdpjlabiib=c§o=qbljJ=rka=_bq^jbqboJjbppobfebk=ö=rjob`ekrkdpjlabiib=c§o=
_bq^jbqboJjbppobfebk=

åÉ=sÉêÖäÉáÅÜëãÉëëìåÖÉå=ÇìêÅÜòìÑΩÜêÉåI=Ç~ê~ìë=ä®åÇÉêJëéÉòáÑáëÅÜÉ=rãêÉÅÜåìåÖëîÉêÑ~ÜêÉå=

~ÄòìäÉáíÉå=ìåÇ=ÇáÉëÉ=ÄÉá=ÇÉê=bìêçé®áëÅÜÉå=hçããáëëáçå=ÉáåòìêÉáÅÜÉåK=fã=tÉáíÉêÉå=ÖáÄí=ÇáÉ=

tçêâáåÖ=dêçìé=òì=ÄÉÇÉåâÉåWÒ=fí=ïáää==ÄÉ=åÉÅÉëë~êó=íç==êÉîáëáí==íÜÉëÉ=áëëìÉë=~ë=çìê=ëÅáÉåíáÑáÅ=

ìåÇÉêëí~åÇáåÖ=ÇÉîÉäçéë=~åÇ=~ë=`bk=ìåÇÉêí~âÉë==ÑìêíÜÉê=ïçêâ=çå=ãçåáíçêáåÖ=é~êíáÅìä~íÉ=

ã~ííÉê=~åÇ=çå=ÇÉãçåëíê~íáåÖ=Éèìáî~äÉåÅÉK==qÜáë=ïáää=ÄÉ=áãéçêí~åí=Ñçê=êÉîáÉï=çÑ=íÜÉ=áãéäÉJ

ãÉåí~íáçå=çÑ=aáêÉÅíáîÉ=NVVVLPM=áå=OMMPKÒS=a~ë=ÄÉÇÉìíÉíI=Ç~ëë=ãáí=ÇÉê=òáíáÉêíÉå=bãéÑÉÜäìåÖ=

~ìë=Éìêçé®áëÅÜÉê=páÅÜí=Ç~ë=äÉíòíÉ=tçêí=òìê=rãêÉÅÜåìåÖ=îçå=_Éí~ãÉíÉêJjÉëëêÉáÜÉå=åçÅÜ=

åáÅÜí=ÖÉëéêçÅÜÉå=áëíK=

=
=
S== of`eqifkfb=NVVVLPMLbd=abp=o^qbp=îçã=OOK=^éêáä=NVVV=ΩÄÉê=dêÉåòïÉêíÉ=ÑΩê=pÅÜïÉÑÉäÇáçñáÇI=píáÅâëíçÑÑÇáçñáÇ=ìåÇ=píáÅâJ

ëíçÑÑçñáÇÉI=m~êíáâÉä=ìåÇ=_äÉá=áå=ÇÉê=iìÑí==



= öRT=

fkco^p=ö=ONK=g~åì~ê=OMMR=ö=mjNMJrjob`ekrkdpjlabiib=c§o=qbljJ=rka=_bq^jbqboJjbppobfebk=ö=p`eirppclidborkdbkI=
bjmcbeirkdbk=rka=^rp_if`h=

SK p`eirppclidborkdbkI=bjmcbeirkdbk=rka=^rp_if`h=
SKNK p`eirppclidborkdbk=
SKNKNK qbljJdboûqb=
jáí=ÇÉã=hçêêÉâíìêÑ~âíçêãçÇÉää=ìåÇ=ÇÉå=mÉêáçÇÉåJ=ìåÇ=båÉêÖáÉãçÇÉääÉå=ëíÉÜÉå=ÖìíÉ=eáäÑëJ

ãáííÉä=ÑΩê=ÇáÉ=rãêÉÅÜåìåÖ=îçå=qÉçãJjÉëëêÉáÜÉå=~ìÑ=ìåíÉêëÅÜáÉÇäáÅÜÉå=^åëéêìÅÜëåáîÉ~ìë=

òìê=sÉêÑΩÖìåÖK=t®ÜêÉåÇ=Ç~ë=ÉáåÑ~ÅÜÉ=hçêêÉâíìêÑ~âíçêãçÇÉää=ÑΩê=ÇáÉ=ëÅÜåÉääÉ=^ÄëÅÜ®íòìåÖ=

îçå=g~ÜêÉëãáííÉäïÉêíÉå=ÖÉåΩÖÉåÇ=Öìí=áëíI=â∏ååÉå=mÉêáçÇÉåJ=ìåÇ=båÉêÖáÉãçÇÉääÉ=~äë=bêïÉáJ

íÉêìåÖÉå=ÇÉë=hçêêÉâíìêÑ~âíçêãçÇÉääë=áåíÉêéêÉíáÉêí=ïÉêÇÉå=ìåÇ=ÉêÑΩääÉå=Ü∏ÜÉêÉ=^åëéêΩÅÜÉK=

_ÉáÇÉ=äáÉÑÉêå=ÖìíÉ=pÅÜ®íòïÉêíÉ=~ìë=ìåîçääëí®åÇáÖÉå=a~íÉåë®íòÉåI=ëáåÇ=~ìÅÜ=ÑΩê=ÇáÉ=pÅÜ®íJ

òìåÖ=îçå=ë~áëçå~äÉå=jáííÉäïÉêíÉå=ìåÇ=e~äÄëíìåÇÉåïÉêíÉå=ÖÉÉáÖåÉíK=içâ~äÉ=råíÉêëÅÜáÉÇÉ=

ëáåÇ=îçêÜ~åÇÉå=ìåÇ=â∏ååÉå=ÇìêÅÜ=eáåòìåÉÜãÉå=ïÉáíÉêÉê=jÉëëé~ê~ãÉíÉê=åáÅÜí=Éêâä®êí=ïÉêJ

ÇÉåK=tÉáä=ÇáÉ=äçâ~äÉå=råíÉêëÅÜáÉÇÉ=~ÄÉê=åáÅÜí=ëÉÜê=Öêçëë=ëáåÇI=ä~ëëÉå=ëáÅÜ=êÉÖáçå~äÉ=båÉêÖáÉJ=

ìåÇ=mÉêáçÇÉåãçÇÉääÉ=ãáí=ãáííäÉêÉå=oÉÖêÉëëáçåëâçÉÑÑáòáÉåíÉå=~åÖÉÄÉåK=a~ãáí=ïÉêÇÉå=ÇáÉ=

hçêêÉä~íáçåÉå=îÉêÄÉëëÉêíI=áã=^ääÖÉãÉáåÉå=â~åå=Ç~ãáí=~ÄÉê=däÉáÅÜïÉêíáÖâÉáí=ãáí=ÇÉê=oÉÑÉJ

êÉåòãÉíÜçÇÉ=åáÅÜí=ÖÉåÉêÉää=ÉêêÉáÅÜí=ïÉêÇÉå=â~ååK=båÉêÖáÉJ=ìåÇ=mÉêáçÇÉåãçÇÉää=ëáåÇ=ëí~íáëJ

íáëÅÜ=ÖÉëÉÜÉå=ìåÖÉÑ®Üê=ÖäÉáÅÜ=ëí~êâK=cΩê=ÇáÉ=jçÇÉääÉãéÑÉÜäìåÖÉå=ïáêÇ=Ç~ë=båÉêÖáÉãçÇÉää=

ÄÉîçêòìÖíX=ÑçäÖÉåÇÉ=dêΩåÇÉ=ëéêÉÅÜÉå=Ç~ÑΩêW=

˚ a~ë=båÉêÖáÉãçÇÉää=áëí=~åÇÉêë=~äë=Ç~ë=mÉêáçÇÉåãçÇÉää=êÉáå=ëí~íáëíáëÅÜÉê=k~íìêK=cΩê=ÇáÉ=rãJ

ëÉíòìåÖ=ìåÇ=^ìíçã~íáëáÉêìåÖ=ÄÉÇ~êÑ=Éë=âÉáåÉë=a~íìãë=ìåÇ=âÉáåÉê=wÉáíåçêãáÉêìåÖI=Ç~J

ÇìêÅÜ=ïáêÇ=Éë=ÉáåÑ~ÅÜÉêI=ïÉåáÖÉê=ÑÉÜäÉê~åÑ®ääáÖ=~äë=Ç~ë=mÉêáçÇÉåãçÇÉääK=

˚ _Éáã=båÉêÖáÉãçÇÉää=ëéáÉäí=Éë=âÉáåÉ=oçääÉI=çÄ=ÇáÉ=qÉãéÉê~íìêâçãéÉåë~íáçå=~ìÑ=e~äÄëíìåJ

ÇÉåJ=çÇÉê=~ìÑ=q~ÖÉëãáííÉäïÉêíÉ=~åÖÉï~åÇí=ïáêÇK=a~ãáí=áëí=~ìÅÜ=ÑΩê=ÇáÉ=rãëÉíòìåÖ=îçå=

e~äÄëíìåÇÉåïÉêíÉå=Ç~ë=båÉêÖáÉãçÇÉää=ÉáåÑ~ÅÜÉê=~äë=Ç~ë=mÉêáçÇÉåãçÇÉääK=

=

SKNKOK _bq^jbqboJdboûqb=
^åÇÉêë=~äë=ÄÉáã=qÉçã=ëáåÇ=ÇáÉ=ìåâçêêáÖáÉêíÉå=_Éí~ãÉíÉêÓjÉëëêÉáÜÉå=áã=^ääÖÉãÉáåÉå=ÄÉêÉáíë=

łå~ÜÉ“=~å=ÇÉå=espJjÉëëêÉáÜÉåK=^ääÉêÇáåÖë=åáÅÜí=ëç=å~ÜÉI=Ç~ëë=ÇáÉ=_ÉÇáåÖìåÖÉå=ÑΩê=ÇáÉ=

däÉáÅÜïÉêíáÖâÉáí=ãáí=ÇÉê=oÉÑÉêÉåòãÉíÜçÇÉ=ÉêÑΩääí=ï®êÉåK=wìÇÉã=â~åå=Éë=ÑΩê=ÉáåòÉäåÉ=pí~åÇJ

çêíÉ=Öê∏ëëÉêÉ=^ÄïÉáÅÜìåÖÉå=ÖÉÄÉåI=òìã=_ÉáëéáÉäI=ïÉåå=áã=mjNM=ÄÉëçåÇÉêë=ÜçÜÉ=ãáåÉê~äáJ

ëÅÜÉ=^åíÉáäÉ=~ìë=äçâ~äÉå=nìÉääÉå=ÉåíÜ~äíÉå=ëáåÇK=a~ìã=Äê~ìÅÜí=Éë=~ìÅÜ=ÑΩê=_Éí~ãÉíÉêJ

jÉëëêÉáÜÉå=rãêÉÅÜåìåÖëãçÇÉääÉK==

içâ~äÉ=äáåÉ~êÉ=rãêÉÅÜåìåÖëãçÇÉääÉ=â∏ååÉå=áã=báåòÉäÑ~ää=ÇáÉ=a~íÉåêÉáÜÉå=ëç=ïÉáí=

îÉêÄÉëëÉêåI=Ç~ëë=ÇáÉ=_ÉÇáåÖìåÖ=oO[MKVR=ÉêÑΩääí=áëíI=~ääÉêÇáåÖë=ÖáÄí=Éë=âÉáåÉ=d~ê~åíáÉ=Ç~ÑΩêK=

gÉ=å~ÅÜ=sÉêíÉáäìåÖ=ÇÉê=oÉëáÇìÉå=EëóããÉíêáëÅÜÓ~ëóããÉíêáëÅÜF=áëí=ÇáÉ=jÉíÜçÇÉ=ÇÉê=âäÉáåëíÉå=



= RUö=

fkco^p=ö=ONK=g~åì~ê=OMMR=ö=mjNMJrjob`ekrkdpjlabiib=c§o=qbljJ=rka=_bq^jbqboJjbppobfebk=ö=p`eirppclidborkdbkI=
bjmcbeirkdbk=rka=^rp_if`h=

nì~Çê~íÉ=êÉëéÉâíáîÉ=ÉáåÉ=êçÄìëíÉ=oÉÖêÉëëáçå=îçêòìòáÉÜÉåK=aáÉ=oÉÖêÉëëáçåëâçÉÑÑáòáÉåíÉå=ëáåÇ=

áå=ÄÉáÇÉå=c®ääÉå=äçâ~ä=òì=îÉêëÅÜáÉÇÉåI=ìã=Éáå=êÉÖáçå~äÉë=jçÇÉää=~ÄäÉáíÉå=òì=â∏ååÉåK==

aáÉ=jçÇÉääáÉêìåÖ=ãáí=ÉáåÉã=âçåëí~åíÉå=hçêêÉâíìêÑ~âíçê=â=òÉáÖí=ÉÄÉåÑ~ääë=äçâ~ä=ÖêçëëÉ=

råíÉêëÅÜáÉÇÉI=~å=ÇÉå=ãÉáëíÉå=pí~åÇçêíÉå=ëáåÇ=ÇáÉ=âJc~âíçêÉå=[N=E_Éí~ãÉíÉê=ìåíÉêëÅÜ®íòí=

espFI=~ÄÉê=Éë=âçããÉå=~ìÅÜ=pí~åÇçêíÉ=ãáí=âYN=E_Éí~ãÉíÉê=ΩÄÉêëÅÜ®íòí=espF=îçêK=aáÉëÉë=

ìåíÉêëÅÜáÉÇäáÅÜÉ=sÉêÜ~äíÉå=â~åå=ÉîÉåíìÉää=ÇìêÅÜ=ÇáÉ=dÉê®íÉJh~äáÄêáÉêìåÖ=ìåÇ=ÇìêÅÜ=ìåíÉêJ

ëÅÜáÉÇäáÅÜÉ=wìë~ããÉåëÉíòìåÖ=ÇÉë=mjNM=EãÉÜê=çÇÉê=ïÉåáÖÉê=ÜçÜÉ=ãáåÉê~äáëÅÜÉ=ìåÇ=äÉáÅÜí=

ÑäΩÅÜíáÖÉ=^åíÉáäÉF=Éêâä®êí=ïÉêÇÉåK=råêÉÖÉäã®ëëáÖÉ=éÉêáçÇáëÅÜÉ=ûåÇÉêìåÖÉå=ÇÉë=âJc~âíçêë=

ÉêëÅÜïÉêÉå=ÇáÉ=fåíÉêéêÉí~íáçåK=^å=ÉáåÉê=jÉÜêÜÉáí=ÇÉê=pí~íáçåÉå=áëí=ÉáåÉ=ë~áëçå~äÉ=pÅÜï~åJ

âìåÖ=ÉêâÉååÄ~êI=ÇáÉ=éêáã®ê=îçå=ÇÉê=qÉãéÉê~íìê=ìåÇ=ÇÉê=cÉìÅÜíÉ=ÖÉíêáÉÄÉå=áëíK=báå=jçÇÉää=

ãáí=èì~Çê~íáëÅÜÉê=qÉãéÉê~íìêJ=ìåÇ=äáåÉ~êÉê=cÉìÅÜíÉJ^ÄÜ®åÖáÖâÉáí=ÉêÖáÄí=ÇÉëÜ~äÄ=ÇáÉ=ÄÉëíÉå=

rãêÉÅÜåìåÖëÉêÖÉÄåáëëÉK=aáÉ=oÉÖêÉëëáçåëâçÉÑÑáòáÉåíÉå=ëíêÉìÉå=ÄÉá=ÉáåÉê=ÖêçëëÉå=dêìééÉ=îçå=

pí~íáçåÉå=êÉä~íáî=ïÉåáÖ=ìåÇ=ÖÉëí~ííÉåI=Éáå=êÉÖáçå~äÉë=jçÇÉää=òì=ÇÉÑáåáÉêÉåI=Ç~ë=òìãáåÇÉëí=

íÉáäïÉáëÉ=~ìÅÜ=ÑΩê=pí~íáçåÉå=ÄÉåìíòí=ïÉêÇÉå=â~ååI=ïÉäÅÜÉ=åáÅÜí=òìê=dêìééÉ=ÖÉÜ∏êÉåK=

=



= öRV=

fkco^p=ö=ONK=g~åì~ê=OMMR=ö=mjNMJrjob`ekrkdpjlabiib=c§o=qbljJ=rka=_bq^jbqboJjbppobfebk=ö=p`eirppclidborkdbkI=
bjmcbeirkdbk=rka=^rp_if`h=

SKOK jlabiibjmcbeirkdbk=
SKOKNK qbljJdboûqb=
=

_ÉãÉêâìåÖW=^ääÉ=ÉãéÑçÜäÉåÉå=rãêÉÅÜåìåÖëãçÇÉääÉ=ÑΩê=qÉçãJdÉê®íÉ=ëáåÇ=ìå~ÄÜ®åÖáÖ=îçå=

ÇÉå=_ÉòìÖëÄÉÇáåÖìåÖÉåI=ÇKÜK=Éë=ëéáÉäí=âÉáåÉ=oçääÉI=çÄ=ÇáÉ=hçåòÉåíê~íáçåëãÉëëìåÖÉå=áå=

ÇÉå=ÑêΩÜÉêÉå=EVø`I=VRM=Üm~F=çÇÉê=áå=ÇÉå=~âíìÉääÉå=_ÉòìÖëÄÉÇáåÖìåÖÉå=EOMø`I=NMNP=Üm~F=

Ç~êÖÉëíÉääí=ëáåÇK=

=

~F=bãéÑÉÜäìåÖ=ÑΩê=pí~íáçåÉå=ãáí=qÉçãI=~ÄÉê=çÜåÉ=esp=

=
qblj=Eq^dbpJ=rka=e^i_pqrkabkjfqqbitboqbF=

dÉê®íÉ~ìëêΩëíìåÖ= jçÇÉääÉãéÑÉÜäìåÖ==

= vW=jçÇÉääïÉêí=q~ÖÉëJ=çÇÉê=e~äÄëíìåÇÉåãáííÉä=E”ÖLãPFI==
uW=q~ÖÉëãáííÉä=çÇÉê=e~äÄëíìåÇÉåãáííÉä=qÉçãJjÉëëïÉêíÉ=E”ÖLãPF=

qÉçã=ãáí=k~ÑáçåJaêóÉê==
EjáííÉää~åÇI=gìê~F==

båÉêÖáÉãçÇÉääW=
NK=_ÉíêáÉÄëà~Üê=k~Ñáçå= XTY ⋅−= )014.035.1( =
OK=_ÉíêáÉÄëà~Üê=k~Ñáçå= XTY ⋅−= )012.036.1( =
q=qÉãéÉê~íìê=áå=ø`=

qÉçã=ãáí=k~ÑáçåJaêóÉê=ìåÇ=cajp= jáí=ÖêçëëÉê=t~ÜêëÅÜÉáåäáÅÜâÉáí=âÉáåÉ=rãêÉÅÜåìåÖ=ãÉÜê=å∏íáÖK=

qÉçã=çÜåÉ=k~ÑáçåJaêóÉê==
EjáííÉää~åÇI=gìê~F=

pÉáí=OMMO=âÉáåÉ=qÉçãJdÉê®íÉ=çÜåÉ=k~Ñáçå=ãÉÜê=áå=sÉêÖäÉáÅÜëîÉêëìÅÜÉåI=
ÇÉëÜ~äÄ=bãéÑÉÜäìåÖ=ÄáëÜÉêáÖÉë=mÉêáçÇÉåãçÇÉää=ÑΩê=q~ÖÉëãáííÉä=















 −−

⋅⋅−⋅=
365

8.7
2sin30.027.1)(:)( 0 dtt

tXtYPer π
=

íJíMW=aáÑÑÉêÉåò=òïáëÅÜÉå=jÉëëÇ~íìã=ìåÇ=ONK=j®êò=Ecìåâíáçå=a~íÉaáÑÑF=
=
ÑΩê=e~äÄëíìåÇÉåãáííÉä=ëáÉÜÉ=áåJircq=EOMMOF=

q~ÄÉääÉ=OM=qÉçãJjçÇÉääÉãéÑÉÜäìåÖ=ÑΩê=q~ÖÉë=ìåÇ=e~äÄëíìåÇÉåïÉêíÉ=

eáåïÉáë=òìê=rãêÉÅÜåìåÖ=e~äÄëíìåÇÉåãáííÉäW=tÉåå=ÇáÉ=rãêÉÅÜåìåÖ=~ìÑ=e~äÄëíìåÇÉåïÉêíÉå=

ÉêÑçäÖíI=ïÉêÇÉå=jçÇÉääJq~ÖÉëïÉêíÉ=ÇìêÅÜ=~êáíÜãÉíáëÅÜÉ=jáííÉäïÉêíÄáäÇìåÖ=ÇÉê=ãçÇÉääáÉêíÉå=

e~äÄëíìåÇÉåïÉêíÉ=ÉêòÉìÖí=EåáÅÜí=òïÉáã~ä=ìãêÉÅÜåÉåFK=

=



= SMö=

fkco^p=ö=ONK=g~åì~ê=OMMR=ö=mjNMJrjob`ekrkdpjlabiib=c§o=qbljJ=rka=_bq^jbqboJjbppobfebk=ö=p`eirppclidborkdbkI=
bjmcbeirkdbk=rka=^rp_if`h=

qblj=Eg^eobpjfqqbitboqbF=

dÉê®íÉ~ìëêΩëíìåÖ= jçÇÉääÉãéÑÉÜäìåÖ==

= vW=jçÇÉääïÉêí=g~ÜêÉëãáííÉä=E”ÖLãPFI==
uW=g~ÜêÉëãáííÉä=qÉçãJjÉëëïÉêíÉ=E”ÖLãPF=

qÉçã=ãáí=k~ÑáçåJaêóÉê==
EjáííÉää~åÇI=gìê~F==

hçêêÉâíìêÑ~âíçêãçÇÉääW=
NK=_ÉíêáÉÄëà~Üê=k~Ñáçå= XY ⋅= 16.1 =
OK=_ÉíêáÉÄëà~Üê=k~Ñáçå= XY ⋅= 23.1 =

qÉçã=ãáí=k~ÑáçåJaêóÉê=ìåÇ=cajp= jáí=ÖêçëëÉê=t~ÜêëÅÜÉáåäáÅÜâÉáí=âÉáåÉ=rãêÉÅÜåìåÖ=ãÉÜê=å∏íáÖK=

qÉçã=çÜåÉ=k~ÑáçåJaêóÉê==
EjáííÉää~åÇI=gìê~F=

XY ⋅= 27.1 =

q~ÄÉääÉ=ON=qÉçãJjçÇÉääÉãéÑÉÜäìåÖ=ÑΩê=g~ÜêÉëãáííÉäïÉêíÉ=

ÄF=bãéÑÉÜäìåÖ=ÑΩê=pí~íáçåÉå=ãáí=qÉçã=ìåÇ=ãáí=esp=ÑΩê=N=g~Üê=

sÉêÖäÉáÅÜ=ÉáåÉê=ÉáåJà®ÜêáÖÉå=m~ê~ääÉäãÉëëìåÖ=qÉçãLespW=

˚ c~ääë=ÇáÉ=ìåâçêêáÖáÉêíÉ=jÉëëêÉáÜÉ=ÇáÉ=_ÉÇáåÖìåÖÉå=ÑΩê=däÉáÅÜïÉêíáÖâÉáí=å~ÅÜ=`bk=

ENVVUF=ÉêÑΩääÉå=Eåìê=ÑΩê=qÉçã=ãáí=cajpFI=Äê~ìÅÜí=Éë=âÉáåÉ=rãêÉÅÜåìåÖK=

˚ c~ääë=Éáå=ÉáåÑ~ÅÜÉë=äçâ~äÉëI=äáåÉ~êÉë=jçÇÉää=v=Z=~=H=Äu=ëÅÜçå=ÇáÉ=_ÉÇáåÖìåÖÉå=ÑΩê=

däÉáÅÜïÉêíáÖâÉáí=ÉêÑΩääí=EÄáëÜÉê=~ääÉêÇáåÖë=åáÉ=ÄÉçÄ~ÅÜíÉíFI=Ç~ë=äáåÉ~êÉ=jçÇÉää=îÉêïÉåJ

ÇÉåK=

˚ tÉåå=Ç~ë=äçâ~äÉI=äáåÉ~êÉ=jçÇÉää=ÇáÉ=_ÉÇáåÖìåÖ=oO≥MKVR=åáÅÜí=ÉêÑΩääíI=çéíáã~äÉë=äçâ~äÉë=

båÉêÖáÉJ=ìåÇ=äçâ~äÉë=mÉêáçÇÉåãçÇÉää=ÄÉëíáããÉåI=ÇKÜK=ÇáÉ=oÉÖêÉëëáçåëé~ê~ãÉíÉê=ÑΩê=

=

båÉêÖáÉãçÇÉää= = ( ) cXbTacbTXaXY +−=+−= =

=

mÉêáçÇÉåãçÇÉää= 













 −−⋅⋅−⋅=

365
2sin)(:)( 0 CttBAtXtYPer π =

ÄÉëíáããÉå=ìåÇ=ãáí=ÇÉå=äçâ~äÉå=jçÇÉääÉå=~êÄÉáíÉåK=aÉê=sÉêÖäÉáÅÜ=ÇÉê=ÄÉáÇÉå=jçÇÉääJ

êÉáÜÉå=Éêä~ìÄí=ÉáåÉ=jçÇÉääΩÄÉêï~ÅÜìåÖW=c~ääë=ëáÅÜ=ÇÉê=âJtÉêí=ëóëíÉã~íáëÅÜ=®åÇÉêíI=

ïÉêÇÉå=ÇáÉ=jçÇÉääïÉêíÉ=ÇáîÉêÖáÉêÉåK=

=

ÅF=bãéÑÉÜäìåÖ=ÑΩê=pí~íáçåÉå=ãáí=qÉçã=ìåÇ=ãáí=éÉêã~åÉåíÉã=esp=

g®ÜêäáÅÜ=ÇáÉ=äçâ~äÉ=båÉêÖáÉJ=ìåÇ=mÉêáçÇÉåãçÇÉääÉ=ÖÉã®ëë=çÄáÖÉê=bãéÑÉÜäìåÖ=ÄF=ÄÉëíáããÉåK=

bêä~ìÄí=ä~åÖÑêáëíáÖÉ=sÉêÄÉëëÉêìåÖ=ÇÉê=jçÇÉääé~ê~ãÉíÉê=ÄòïK=ÇÉêÉå=§ÄÉêï~ÅÜìåÖ=ìåÇ=hçåJ

íêçääÉK=báåÉ=ëçäÅÜÉ=pí~íáçå=â~åå=~ìÅÜ=~äë=oÉÑÉêÉåòëí~íáçå=ÑΩê=ÄÉå~ÅÜÄ~êíÉ=pí~íáçåÉå=ÇáÉåÉåK=

c~ääë=ÉáåÉ=ê®ìãäáÅÜÉ=hçêêÉä~íáçå=òïáëÅÜÉå=ÇÉå=âJtÉêíÉå=ÇÉê=ÄÉå~ÅÜÄ~êíÉå=pí~íáçåÉå=ãáí=ÇÉê=



= öSN=

fkco^p=ö=ONK=g~åì~ê=OMMR=ö=mjNMJrjob`ekrkdpjlabiib=c§o=qbljJ=rka=_bq^jbqboJjbppobfebk=ö=p`eirppclidborkdbkI=
bjmcbeirkdbk=rka=^rp_if`h=

oÉÑÉêÉåòëí~íáçå=îçêÜ~åÇÉå=áëíI=â~åå=ìãÖÉêÉÅÜåÉí=ïÉêÇÉå=ãáí=EëáÉÜÉ=h~éK=RKPKPFW=

=
( ) RefRefRefRef / XYkmitXkkXY NachbarNachbarNachbar =+== βα =

aáÉ=hçÉÑÑáòáÉåíÉå=α=ìåÇ=β=ëáåÇ=~ìë=ÇÉå=âJc~âíçêÉå=ÇÉê=ÄÉáÇÉå=pí~íáçåÉå=ÇìêÅÜ=äáåÉ~êÉ=oÉÖJ

êÉëëáçå=òì=ÄÉëíáããÉå=ï®ÜêÉåÇ=ÉáåÉë=g~ÜêÉëI=áå=ÇÉã=~å=ÄÉáÇÉå=pí~íáçåÉå=qÉçã=ìåÇ=esp=òìê=

sÉêÑΩÖìåÖ=ëíÉÜÉåK=

=

SKOKOK _bq^jbqboJdboûqb=
=

_ÉãÉêâìåÖW=káÅÜí=~ääÉ=ÉãéÑçÜäÉåÉå=rãêÉÅÜåìåÖëãçÇÉääÉ=ÑΩê=_Éí~ãÉíÉêJdÉê®íÉ=ëáåÇ=ìå~ÄJ

Ü®åÖáÖ=îçå=ÇÉå=_ÉòìÖëÄÉÇáåÖìåÖÉåI=ÇKÜK=ÇáÉ=oÉÖêÉëëáçåëâçÉÑÑáòáÉåíÉå=ëáåÇ=~ÄÜ®åÖáÖ=Ç~J

îçåI=çÄ=ÇáÉ=hçåòÉåíê~íáçåëãÉëëìåÖÉå=áå=ÇÉå=ÑêΩÜÉêÉå=EVø`I=VRM=Üm~F=çÇÉê=áå=ÇÉå=~âíìÉääÉå=

_ÉòìÖëÄÉÇáåÖìåÖÉå=EOMø`I=NMNP=Üm~F=~åÖÉÖÉÄÉå=ëáåÇK=tç=ÉáåÉ=^ÄÜ®åÖáÖâÉáí=ÄÉëíÉÜíI=ïáêÇ=

ìåíÉå=Ç~ê~ìÑ=ÜáåÖÉïáÉëÉåK=

=

~F=bãéÑÉÜäìåÖ=ÑΩê=pí~íáçåÉå=ãáí=_Éí~ãÉíÉêI=~ÄÉê=çÜåÉ=esp=

=
_bq^jbqbo==

nì~Çê~íáëÅÜÉë=hçêêÉâíìêÑ~âíçêãçÇÉää=

XFTTXFTkY ⋅





 +⋅+⋅+⋅−=⋅= 787.0

1000
57.4

1000
3.19

1000
778.0),( 2 ==

qW=q~ÖÉëãáííÉäíÉãéÉê~íìê=áå=ø`=

cW=q~ÖÉëãáííÉä=êÉä~íáîÉ=cÉìÅÜíÉ=áå=B=

aáÉ=m~ê~ãÉíêáëáÉêìåÖ=áëí=ìå~ÄÜ®åÖáÖ=îçå=_ÉòìÖëÄÉÇáåÖìåÖÉå=

q~ÄÉääÉ=OO=_Éí~ãÉíÉê=jçÇÉääÉãéÑÉÜäìåÖ=ÑΩê=q~ÖÉëãáííÉäïÉêíÉ=

ÄF=bãéÑÉÜäìåÖ=ÑΩê=pí~íáçåÉå=ãáí=_Éí~ãÉíÉê=ìåÇ=ãáí=esp=ÑΩê=N=g~Üê=

sÉêÖäÉáÅÜ=ÉáåÉê=ÉáåJà®ÜêáÖÉå=m~ê~ääÉäãÉëëìåÖ=_Éí~ãÉíÉêLespW=

˚ c~ääë=ÇáÉ=ìåâçêêáÖáÉêíÉ=jÉëëêÉáÜÉ=ÇáÉ=_ÉÇáåÖìåÖÉå=ÑΩê=däÉáÅÜïÉêíáÖâÉáí=å~ÅÜ=`bk=

ENVVUF=ÉêÑΩääÉåI=Äê~ìÅÜí=Éë=âÉáåÉ=rãêÉÅÜåìåÖK=

˚ c~ääë=Éáå=ÉáåÑ~ÅÜÉë=äçâ~äÉëI=äáåÉ~êÉë=jçÇÉää=v=Z=~=H=Äu=ëÅÜçå=ÇáÉ=_ÉÇáåÖìåÖÉå=ÑΩê=

däÉáÅÜïÉêíáÖâÉáí=ÉêÑΩääíI=Ç~ë=äáåÉ~êÉ=jçÇÉää=îÉêïÉåÇÉåK=c~ääë=ÇáÉ=oÉëáÇìÉå=ëóããÉíêáëÅÜ=

îÉêíÉáäí=ëáåÇI=êÉáÅÜí=ÉáåÉ=_ÉêÉÅÜåìåÖ=ãáí=ÇÉê=jÉíÜçÇÉ=ÇÉê=âäÉáåëíÉå=nì~Çê~íÉK=páÉ=áëí=

ÉáåÑ~ÅÜ=ãáí=bñÅÉä=~ìëÑΩÜêÄ~ê=ìåÇ=ëíáããí=áå=ÇÉå=ÜáÉê=ìåíÉêëìÅÜíÉå=pí~íáçåÉå=ãáí=ÇÉå=

iosJm~ê~ãÉíÉêå=ÄÉëëÉê=ΩÄÉêÉáå=~äë=ÇáÉ=êçÄìëíÉ=oÉÖêÉëëáçåK=aáÉëÉ=ÉãéÑáÉÜäí=ëáÅÜ=~ÄÉê=



= SOö=

fkco^p=ö=ONK=g~åì~ê=OMMR=ö=mjNMJrjob`ekrkdpjlabiib=c§o=qbljJ=rka=_bq^jbqboJjbppobfebk=ö=p`eirppclidborkdbkI=
bjmcbeirkdbk=rka=^rp_if`h=

ÄÉá=~ëóããÉíêáëÅÜÉê=sÉêíÉáäìåÖ=ÇÉê=oÉëáÇìÉå=E^ìëÑΩÜêìåÖ=òK=_K=ãáí=ÇÉã=pçÑíï~êÉ=m~âÉí=

pHFK=^ÅÜíìåÖW=fã=äáåÉ~êÉå=jçÇÉää=Ü®åÖí=ÇÉê=tÉêí=ÇÉë=oÉÖêÉëëáçåëé~ê~ãÉíÉêë=îçå=ÇÉå=

_ÉòìÖëÄÉÇáåÖìåÖÉå=~Ä>T=

˚ tÉåå=Ç~ë=äçâ~äÉI=äáåÉ~êÉ=jçÇÉää=ÇáÉ=_ÉÇáåÖìåÖ=oO≥MKVR=åáÅÜí=ÉêÑΩääíI=çéíáã~äÉë=èì~ÇJ

ê~íáëÅÜÉë=hçêêÉâíìêÑ~âíçêãçÇÉää=ÄÉëíáããÉåI=ÇKÜK=ÇáÉ=oÉÖêÉëëáçåëé~ê~ãÉíÉê=ÑΩê=

=

XdFcTbTaXFTkY ⋅





 +⋅+⋅+⋅=⋅=

100010001000
),( 2 =

=

ÄÉëíáããÉå=ìåÇ=ãáí=ÇÉã=äçâ~äÉå=jçÇÉää=~êÄÉáíÉå=EâÉáåÉ=^ÄÜ®åÖáÖâÉáí=ÇÉê=_ÉòìÖëÄÉJ

ÇáåÖìåÖÉåFK==

=

ÅF=bãéÑÉÜäìåÖ=ÑΩê=pí~íáçåÉå=ãáí=_Éí~ãÉíÉê=ìåÇ=ãáí=éÉêã~åÉåíÉã=esp=

bë=ïáêÇ=ÉãéÑçÜäÉåI=ÇáÉ=_Éí~ãÉíÉêJjÉëëêÉáÜÉå=ÖÉã®ëë=k^_biJjÉíÜçÇÉ=Eh~éK=RKQF=ìãòìJ

êÉÅÜåÉåK=a~ë=esp=ïáêÇ=åìê=~å=àÉÇÉã=QK=q~ÖÉ=áå=_ÉíêáÉÄ=ÖÉëÉíòíK=cΩê=ÇáÉëÉ=q~ÖÉ=ïÉêÇÉå=ÇáÉ=

âJc~âíçêÉå=ÄÉêÉÅÜåÉíK=cΩê=ÇáÉ=ΩÄêáÖÉå=q~ÖÉ=ïáêÇ=òïáëÅÜÉå=ÇÉå=âJc~âíçêÉå=ÇÉë=sçêí~Öë=ìåÇ=

ÇÉë=cçäÖÉí~Öë=äáåÉ~ê=áåíÉêéçäáÉêíK=báåòÉäÜÉáíÉå=ëáÉÜÉ=dÉÜêáÖ=Éí=~äK=EOMMRFK=aáÉ=bêÖÉÄåáëëÉ=ÇÉë=

k^_bi=ä~ëëÉå=Éê~êíÉåI=Ç~ëë=ãáí=ÇáÉëÉê=rãêÉÅÜåìåÖ=~ääÉ=_ÉÇáåÖìåÖÉå=ÑΩê=ÇáÉ=däÉáÅÜïÉêíáÖJ

âÉáí=ÉêÑΩääí=ïÉêÇÉå=â∏ååÉåK=

báåÉ=ëçäÅÜÉ=pí~íáçå=â~åå=~ìÅÜ=~äë=oÉÑÉêÉåòëí~íáçå=ÑΩê=ÄÉå~ÅÜÄ~êíÉ=pí~íáçåÉå=ÇáÉåÉåK=c~ääë=

ÉáåÉ=ê®ìãäáÅÜÉ=hçêêÉä~íáçå=òïáëÅÜÉå=ÇÉå=âJtÉêíÉå=ÇÉê=ÄÉå~ÅÜÄ~êíÉå=pí~íáçåÉå=ãáí=ÇÉê=oÉJ

ÑÉêÉåòëí~íáçå=îçêÜ~åÇÉå=áëíI=â~åå=ìãÖÉêÉÅÜåÉí=ïÉêÇÉå=ãáí=EëáÉÜÉ=h~éK=RKPKPFW=

=
( ) RefRefRefRef / XYkmitXkkXY NachbarNachbarNachbar =+== βα =

=

aáÉ=hçÉÑÑáòáÉåíÉå=α=ìåÇ=β=ëáåÇ=~ìë=ÇÉå=âJc~âíçêÉå=ÇÉê=ÄÉáÇÉå=pí~íáçåÉå=ÇìêÅÜ=äáåÉ~êÉ=oÉÖJ

êÉëëáçå=òì=ÄÉëíáããÉå=ï®ÜêÉåÇ=ÇÉë=ÉáåÉå=g~ÜêÉëI=áå=ÇÉã=~å=ÄÉáÇÉå=pí~íáçåÉå=_Éí~ãÉíÉê=ìåÇ=

esp=òìê=sÉêÑΩÖìåÖ=ëíÉÜÉåK=

=

=
=
T== rãêÉÅÜåìåÖW=_Éáã=tÉÅÜëÉä=ÇÉê=_ÉòìÖëÄÉÇáåÖìåÖÉå=u=J[=uÛZξu=EÄÉáã=tÉÅÜëÉä=îçå=ÄáëÜÉêáÖÉå=òì=åÉìÉå=_ÉòìÖëÄÉÇáåJ

ÖìåÖÉå=áëí==ξZNKMOSF=íê~åëÑçêãáÉêí=~=ïáÉ=ÑçäÖí=~=J[=~ÛZξ~I=ï®ÜêÉåÇ=ÄÛZÄK=



= öSP=

fkco^p=ö=ONK=g~åì~ê=OMMR=ö=mjNMJrjob`ekrkdpjlabiib=c§o=qbljJ=rka=_bq^jbqboJjbppobfebk=ö=p`eirppclidborkdbkI=
bjmcbeirkdbk=rka=^rp_if`h=

SKPK ^rp_if`h=
aáÉ=îçêäáÉÖÉåÇÉ=píìÇáÉ=òÉáÖíI=Ç~ëë=ëáÅÜ=ÑΩê=qÉçãJdÉê®íÉ=ÖìíÉ=rãêÉÅÜåìåÖëãçÇÉääÉ=~åÖÉÄÉå=

ä~ëëÉåK=c~ääë=ÑΩê=Ç~ë=qÉçã=ãáí=cajp=ÇáÉ=däÉáÅÜïÉêíáÖâÉáí=å~ÅÜÖÉïáÉëÉå=ïÉêÇÉå=â~ååI=ïÉêJ

ÇÉå=áå=wìâìåÑí=ÇáÉ=jÉëëåÉíòÄÉíêÉáÄÉê=îÉêãìíäáÅÜ=áÜêÉ=dÉê®íÉ=~ìÑêΩëíÉåI=ëçÇ~ëë=ä®åÖÉêÑêáëíáÖ=

âÉáåÉ=rãêÉÅÜåìåÖÉå=ãÉÜê=å∏íáÖ=ëÉáå=ïÉêÇÉåK=_áë=Éë=~ÄÉê=ëç=ïÉáí=áëíI=â∏ååÉå=ÇáÉ=ÜáÉê=ÉãéJ

ÑçÜäÉåÉå=jçÇÉääÉ=òìê=rãêÉÅÜåìåÖ=ÇáÉåÉåK=tç=ÇáÉ=däÉáÅÜïÉêíáÖâÉáí=åáÅÜí=ÉêêÉáÅÜí=ïáêÇI=ëçäJ

äÉå=ÇáÉ=m~ê~ääÉäãÉëëìåÖÉå=espLqÉçã=ïÉáíÉêÖÉÑΩÜêí=ïÉêÇÉåK=aáÉëÉ=Äê~ìÅÜÉå=~ÄÉê=åáÅÜí=

ÇìêÅÜÖ®åÖáÖ=~ìÑêÉÅÜí=ÉêÜ~äíÉåI=ëçåÇÉêå=â∏ååÉå=éÉêáçÇáëÅÜ=çÇÉê=ëíáÅÜéêçÄÉåïÉáëÉ=ÇìêÅÜÖÉJ

ÑΩÜêí=ïÉêÇÉåK=cΩê=jÉëëÇ~íÉå=~ìë=ÇÉê=wÉáí=îçê=ÇÉê=^ìÑêΩëíìåÖI=â~åå=ÖÉã®ëë=bãéÑÉÜäìåÖÉå=

ìãÖÉêÉÅÜåÉí=ïÉêÇÉåK=_Éá=~ääÉå=qÉçãJdÉê®íÉå=ãáí=k~ÑáçåJaêóÉê=ëçääíÉå=^ÄÜ®åÖáÖâÉáíÉå=îçå=

ÇÉëëÉå=^äíÉêìåÖëÉÑÑÉâíÉå=áã=^ìÖÉ=ÄÉÜ~äíÉå=ïÉêÇÉåK=aáÉ=òìê=sÉêÑΩÖìåÖ=ëíÉÜÉåÇÉå=a~íÉå=

ïÉáëÉå=áã=aìêÅÜëÅÜåáíí=~ääÉê=dÉê®íÉ=~ìÑ=ÉáåÉå=âçåíáåìáÉêäáÅÜÉå=aêáÑí=ÜáåK=bÑÑÉâíáî=â∏ååíÉ=

~ÄÉê=ÇáÉ=ûåÇÉêìåÖ=ÄÉá=àÉÇÉã=dÉê®í=ëéêìåÖÜ~Ñí=ÉêÑçäÖÉåI=ï~ë=hçåëÉèìÉåòÉå=~ìÑ=ÇáÉ=rãêÉÅÜJ

åìåÖëîçêëÅÜêáÑíÉå=Ü®ííÉK=

_Éá=ÇÉå=qÉçãJdÉê®íÉå=ï®êÉå=ïÉáíÉêÉ=m~ê~ääÉäãÉëëìåÖÉå=îçå=fåíÉêÉëëÉI=òK_K=ãáí=ìåíÉêJ

ëÅÜáÉÇäáÅÜ=~äíÉå=k~ÑáçåJaêóÉêåI=ìã=ÇáÉ=^äíÉêìåÖëãÉêâã~äÉ=òì=îÉêëíÉÜÉåI=çÇÉê=ãáí=òïÉá=

cajpJdÉê®íÉåI=ìã=ÇáÉ=sÉêÖäÉáÅÜÄ~êâÉáí=îçå=sÉêäìëíÉå=ÑäΩÅÜíáÖÉê=hçãéçåÉåíÉå=òì=ëíìÇáÉêÉå=

Ecajp=Éêä~ìÄí=ÇáÉ=_ÉëíáããìåÖ=ÇÉê=sÉêäìëíÉFK=

_Éá=ÇÉå=_Éí~ãÉíÉêÖÉê®íÉå=áëí=ÇáÉ=mÉêëéÉâíáîÉ=ìåëáÅÜÉêÉêK=wï~ê=â~åå=ãáí=ÇÉã=k^_biJ
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