
=

_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^==

=

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

hrowc^pprkd=p`eirpp_bof`eqJMRMNONKal`=

=

=

= =
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=

=

hìêòÑ~ëëìåÖ=pÅÜäìëëÄÉêáÅÜíJMRMNONKÇçÅ=

=

=



= öP=

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

fke^iq=
=

NK ^rpd^kdpi^db ||||||||||||||||||||||||||||||||||||||||||||||||||||||| R 
OK obpriq^qb ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| R 
OKNK rjob`ekrkdpjlabiib=c§o=qbljJdboûqb ||||||||||||||||||||||||||||||||||| R 
OKOK rjob`ekrkdpjlabiib=c§o=_bq^jbqboJdboûqb |||||||||||||||||||||||||||||| S 
OKPK brolmûfp`eb=sbodibf`epjbpprkdbk ||||||||||||||||||||||||||||||||||||||| T 
PK bjmcbeirkdbk ||||||||||||||||||||||||||||||||||||||||||||||||||||||| U 
PKNK qbljJdboûqb||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| U 
PKNKNK bãéÑÉÜäìåÖ=ÑΩê=pí~íáçåÉå=ãáí=qÉçãI=~ÄÉê=çÜåÉ=esp |||||||||||||||||||||||||||| U 
PKNKOK bãéÑÉÜäìåÖ=ÑΩê=pí~íáçåÉå=ãáí=qÉçã=ìåÇ=ãáí=esp=ÑΩê=Éáå=g~Üê |||||||||||||||||||| V 
PKNKPK bãéÑÉÜäìåÖ=ÑΩê=pí~íáçåÉå=ãáí=qÉçã=ìåÇ=ãáí=éÉêã~åÉåíÉã=esp||||||||||||||||||| V 
PKOK bjmcbeirkdbk=c§o=_bq^jbqboJdboûqb |||||||||||||||||||||||||||||||||||| NM 
PKOKNK bãéÑÉÜäìåÖ=ÑΩê=pí~íáçåÉå=ãáí=_Éí~ãÉíÉêI=~ÄÉê=çÜåÉ=esp ||||||||||||||||||||||| NM 
PKOKOK bãéÑÉÜäìåÖ=ÑΩê=pí~íáçåÉå=ãáí=_Éí~ãÉíÉê=ìåÇ=ãáí=esp=ÑΩê=Éáå=g~Üê ||||||||||||||| NM 
PKOKPK bãéÑÉÜäìåÖ=ÑΩê=pí~íáçåÉå=ãáí=_Éí~ãÉíÉê=ìåÇ=ãáí=éÉêã~åÉåíÉã=esp|||||||||||||| NN 
QK ^rp_if`h|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||NO 
ifqbo^qro |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||NP 





= öR=

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

NK ^rpd^kdpi^db=
=

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=áå=ÇÉå=cçäÖÉà~ÜêÉå=ïÉáíÉêJ

ÖÉÑΩÜêíI=ÉÄÉåëç=ÇáÉ=^ìëïÉêíìåÖÉåK=a~ÄÉá=âçååíÉå=ÄáëÜÉêáÖÉ=jçÇÉääÉ=îÉêáÑáòáÉêí=ìåÇ=åÉìÉ=

jçÇÉääÉ=îçêÖÉëÅÜä~ÖÉå=ïÉêÇÉåK=aáÉ=oÉëìäí~íÉ=ÇÉê=åÉìÉå=ëí~íáëíáëÅÜÉå=^å~äóëÉå=ëáåÇ=áå=ÉáJ

åÉã=e~ìéíÄÉêáÅÜí=ÇçâìãÉåíáÉêí=E_rt^i=OMMRF=ìåÇ=áã=îçêäáÉÖÉåÇÉå=m~éáÉê=òìë~ããÉåÖÉJ

Ñ~ëëíK=

=

=

OK obpriq^qb=
OKNK rjob`ekrkdpjlabiib=c§o=qbljJdboûqb=

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=òïáëÅÜÉå=îÉêëÅÜáÉÇÉåÉå=pí~íáçåÉå=åìê=ïÉåáÖI=ëçÇ~ëë=

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

=

báå=_ÉáëéáÉä=ÑΩê=ÇáÉ=nì~äáí®í=ÇÉë=båÉêÖáÉãçÇÉääë=òÉáÖí=cáÖìê=N=ÑΩê=ÇáÉ=pí~íáçå=_~ëÉä=píK=

gçÜ~ååK=^ìÑ=ÇÉê=ñJ^ÅÜëÉ=ëáåÇ=ÇáÉ=ìåâçêêáÖáÉêíÉå=êÉëéÉâíáîÉ=ÇáÉ=ãçÇÉääáÉêíÉå=qÉçãJtÉêíÉI==

~ìÑ=ÇÉê=óJ^ÅÜëÉ=espJtÉêíÉ=~ìÑÖÉíê~ÖÉåK=



= Sö=

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

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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=
cáÖìê=N=pÅ~ííÉêéäçíë=espJqÉçã=ÑΩê=ÇáÉ=jÉëëëí~íáçå=_~ëÉä=píK=gçÜ~ååW=ìåâçêêáÖáÉêíÉ=qÉçã=a~íÉå=EäáåâëFI=båÉêÖáÉJ
ãçÇÉääáÉêíÉ=a~íÉå=EêÉÅÜíëF=

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

häÉáåÉ=^ÄïÉáÅÜìåÖÉå=áå=ÇÉå=ÑêΩÜÉêÉå=ÄÉêÉÅÜåÉíÉå=m~ê~ãÉíÉê=â∏ååÉå=òìãáåÇÉëí=íÉáäïÉáëÉ=

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

bêëíÉ=oÉëìäí~íÉ=ÑΩê=qÉçãJdÉê®íÉ=ãáí=ÇÉã=åÉìÉå=cáäíÉê=aóå~ãáÅë=jÉ~ëìêÉãÉåí=póëíÉã=

EcajpF=ÇÉìíÉå=Ç~ê~ìÑÜáåI=Ç~ëë=ëçäÅÜÉê~êí=~ìëÖÉêΩëíÉíÉ=qÉçã=ÖäÉáÅÜïÉêíáÖ=òìã=oÉÑÉêÉåòÖÉJ

ê®í=ëáåÇ=ìåÇ=Ç~ãáí=âÉáåÉ=rãêÉÅÜåìåÖÉå=ãÉÜê=ÉêÑçêÇÉêåK=

=

OKOK rjob`ekrkdpjlabiib=c§o=_bq^jbqboJdboûqb=
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=ãáí=ÇÉê=oÉÑÉêÉåòãÉJ

íÜçÇÉ=ÖÉÑçêÇÉêí=áëíFI=ëíêÉìÉå=~ÄÉê=áå=ÇÉå=oÉÖêÉëëáçåëâçÉÑÑáòáÉåíÉå=îçå=pí~íáçå=òì=pí~íáçå=òì=

ëí~êâI=ìã=~ìÑ=Éáå=êÉÖáçå~äÉë=jçÇÉää=îÉê~ääÖÉãÉáåÉêí=ïÉêÇÉå=òì=â∏ååÉåK=aáÉëÉë=bêÖÉÄåáë=

íêáÑÑí=åáÅÜí=åìê=ÑΩê=oÉÖêÉëëáçåÉå=å~ÅÜ=ÇÉê=jÉíÜçÇÉ=ÇÉê=âäÉáåëíÉå=nì~Çê~íÉI=ëçåÇÉêå=~ìÅÜ=

ÑΩê=êçÄìëíÉ=oÉÖêÉëëáçåÉå=òìK=^åÇÉêÉ=jçÇÉää~åë®íòÉ=ïáÉ=Éáå=âçåëí~åíÉê=hçêêÉâíìêÑ~âíçê=çÇÉê=

hçêêÉâíìêÑ~âíçêÉå=ãáí=äáåÉ~êÉê=^ÄÜ®åÖáÖâÉáí=îçå=ïÉáíÉêÉå=jÉëëÖê∏ëëÉå=E~åÇÉêÉ=iìÑíëÅÜ~ÇJ

ëíçÑÑÉI=ãÉíÉçêçäçÖáëÅÜÉ=dê∏ëëÉåF=ëÅÜåÉáÇÉå=áã=sÉêÖäÉáÅÜ=ãáí=ÇÉã=èì~Çê~íáëÅÜÉå=jçÇÉää=

ëÅÜäÉÅÜíÉê=~Ä=ìåÇ=Ü~ÄÉå=òìÇÉã=äçâ~ä=ëÉÜê=ìåíÉêëÅÜáÉÇäáÅÜÉ=oÉÖêÉëëáçåëâçÉÑÑáòáÉåíÉåK=

cáÖìê=O=òÉáÖí=ÇáÉ=nì~äáí®í=ÇÉë=èì~Çê~íáëÅÜÉå=jçÇÉääë=~ã=_ÉáëéáÉä=îçå=_~ëÉäK=



= öT=

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

oÉëáÇìÉå=ìåâçêêáÖáÉêí

ó=Z=JMKMMPRñ=J=OKVN

oO=Z=MKMMSU

JOM=

JNR=

JNM=

JR=

M

R

NM

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=

JR=

M

R

NM

M RM NMM NRM OMM ORM PMM
q~Ö

µÖLãP

oÉëáÇìÉå=ìåâçêêáÖáÉêí

M

NM

OM

PM

QM

RM

SM

JOM JNR JNM JR M R NM NR
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=O=_~ëÉäJ_áååáåÖÉåI=e®ìÑáÖâÉáíëîÉêíÉáäìåÖ=ÇÉê=oÉëáÇìÉåK=iáåâë=çÄÉå=ìåâçêêáÖáÉêíÉ=_Éí~ãÉíÉêJjÉëëïÉêíÉI=êÉÅÜíë=ãáí=
ÇÉã=äçâ~äÉå=èì~Çê~íáëÅÜÉå=jçÇÉää=âçêêáÖáÉêíÉ=a~íÉåK=aáÉ=sÉêíÉáäìåÖ=îÉêÄÉëëÉêí=ëáÅÜ=oáÅÜíìåÖ=kçêã~äîÉêíÉáäìåÖK=råíÉå=
ÇáÉ=oÉëáÇìÉå=áå=cìåâíáçå=ÇÉê=wÉáí=Eq~ÖÉFK=aáÉ=táêâìåÖ=ÇÉë=jçÇÉääë=ëÅÜï®ÅÜí=J=ïáÉ=ÉêïΩåëÅÜí=J=ÇáÉ=^ìíçâçêêÉä~íáçåÉå=~ÄK=

tÉêÇÉå=ÇáÉ=âJc~âíçêÉå=îÉêëÅÜáÉÇÉåÉê=pí~íáçåÉå=ãáíÉáå~åÇÉê=âçêêÉäáÉêíI=ëç=òÉáÖÉå=ëáÅÜ=

ãÉÜê=çÇÉê=ïÉåáÖÉê=ëí~êâÉ=wìë~ããÉåÜ®åÖÉ=òïáëÅÜÉå=ÇÉå=pí~íáçåÉåK=aáÉë=Éê∏ÑÑåÉí=ÇáÉ=j∏ÖJ

äáÅÜâÉáíI=ÑΩê=pí~íáçåÉå=ãáí=åìê=ÉáåÉã=_Éí~ãÉíÉêJdÉê®íI=Ç~ë=áå=ÇÉê=å®ÜÉêÉå=rãÖÉÄìåÖ=ÉáåÉê=

oÉÑÉêÉåòëí~íáçå=Eãáí=_Éí~ãÉíÉê=ìåÇ=espF=äáÉÖíI=ÉáåÉ=rãêÉÅÜåìåÖ=îá~=âJc~âíçê=ÇÉê=oÉÑÉJ

êÉåòëí~íáçå=îçêòìåÉÜãÉåK=

^å=ÇÉê=bjm^=ïìêÇÉ=ÑΩê=Ç~ë=k^_biJjÉëëåÉíò=ÉáåÉ=rãêÉÅÜåìåÖëîçêëÅÜêáÑí=ÉåíïáÅâÉäíI=

ÇáÉ=~ìë=ÇÉå=éÉêã~åÉåí=ãÉëëÉåÇÉå=_Éí~ãÉíÉêJdÉê®íÉå=ÇÉê=k^_biJpí~íáçåÉå=ãáí=eáäÑÉ=ÇÉê=

ÉÄÉåëç=îçêÜ~åÇÉåÉåI=~ÄÉê=åìê=îáÉêJí®ÖäáÅÜ=ãÉëëÉåÇÉå=espJdÉê®íÉå=jçÇÉääêÉáÜÉå=ÉêòÉìÖíI=

ïÉäÅÜÉ=ÇáÉ=_ÉÇáåÖìåÖÉå=ÑΩê=däÉáÅÜïÉêíáÖâÉáí=ÉêÑΩääÉåK=

=

OKPK brolmûfp`eb=sbodibf`epjbpprkdbk=
aáÉ=bãéÑÉÜäìåÖÉå=ÇÉê=b`=tçêâáåÖ=dêçìé=çå=m~êíáÅìä~íÉ=j~ííÉê=~ìë=ÇÉã=g~Üê=OMMN=Eb`=

mj=OMMNF=ïìêÇÉå=ÄáëÜÉê=åáÅÜí=~âíì~äáëáÉêíW=bë=ëçääÉå=äçâ~äÉ=jçÇÉääÉ==ÉåíïáÅâÉäí=çÇÉê=qÉçãJ=

ìåÇ=_Éí~ãÉíÉêJjÉëëÇ~íÉå=ãáí=ÇÉã=c~âíçê=NKP=ìãÖÉêÉÅÜåÉí=ïÉêÇÉåI=Ñ~ääë=âÉáåÉ=m~ê~ääÉäãÉëJ

ëìåÖÉå=îçêÜ~åÇÉå=ëáåÇK=



= Uö=

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

PK bjmcbeirkdbk==
PKNK 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=

=

PKNKNK bjmcbeirkd=c§o=pq^qflkbk=jfq=qbljI=^_bo=lekb=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=N=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=

=



= öV=

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

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=O=qÉçãJjçÇÉääÉãéÑÉÜäìåÖ=ÑΩê=g~ÜêÉëãáííÉäïÉêíÉ=

PKNKOK bjmcbeirkd=c§o=pq^qflkbk=jfq=qblj=rka=jfq=esp=c§o=
bfk=g^eo=

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=

=

PKNKPK bjmcbeirkd=c§o=pq^qflkbk=jfq=qblj=rka=jfq=mboj^J
kbkqbj=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=



= NMö=

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

c~ääë=ÉáåÉ=ê®ìãäáÅÜÉ=hçêêÉä~íáçå=òïáëÅÜÉå=ÇÉå=âJtÉêíÉå=ÇÉê=ÄÉå~ÅÜÄ~êíÉå=pí~íáçåÉå=ãáí=ÇÉê=

oÉÑÉêÉåòëí~íáçå=îçêÜ~åÇÉå=áëíI=â~åå=ìãÖÉêÉÅÜåÉí=ïÉêÇÉå=ãáíW=

=
( ) 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=_Éîçê=Éáå=ëçäÅÜÉë=jçÇÉää=ÑΩê=ÇáÉ=oçìíáåÉJjÉëëìåÖÉå=òìã=báåë~íò=âçããíI=

ãìëë=Éë=~ääÉêÇáåÖë=~ìÑ=òÉáíäáÅÜÉ=pí~Äáäáí®í=Üáå=ÖÉéêΩÑí=ïÉêÇÉåK=aáÉ=ÄáëÜÉê=îçêÜ~åÇÉåÉå=sÉêJ

ÖäÉáÅÜëÇ~íÉå=êÉáÅÜÉå=åçÅÜ=åáÅÜí=ΩÄÉê=ÖÉåΩÖÉåÇ=ä~åÖÉ=cêáëíÉå=Üáå~ìëK=

=

PKOK bjmcbeirkdbk=c§o=_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=

=

PKOKNK bjmcbeirkd=c§o=pq^qflkbk=jfq=_bq^jbqboI=^_bo=lekb=
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=P=_Éí~ãÉíÉê=jçÇÉääÉãéÑÉÜäìåÖ=ÑΩê=q~ÖÉëãáííÉäïÉêíÉ=

PKOKOK bjmcbeirkd=c§o=pq^qflkbk=jfq=_bq^jbqbo=rka=jfq=esp=
c§o=bfk=g^eo=

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=



= öNN=

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

˚ 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=

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>N=

˚ 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==

=

PKOKPK bjmcbeirkd=c§o=pq^qflkbk=jfq=_bq^jbqbo=rka=jfq=
mboj^kbkqbj=esp=

bë=ïáêÇ=ÉãéÑçÜäÉåI=ÇáÉ=_Éí~ãÉíÉêJjÉëëêÉáÜÉå=ÖÉã®ëë=k^_biJjÉíÜçÇÉ=ìãòìêÉÅÜåÉåK=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=cçäÖÉJ

í~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=däÉáÅÜïÉêíáÖâÉáí=ÉêJ

ÑΩääí=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=ãáíW=

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

=

=
=
N== 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=



= NOö=

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

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=sçê=ÇÉê=_ÉåìíòìåÖ=ÇÉë=jçÇÉääë=áëí=ÇáÉ=òÉáíäáÅÜÉ=hçåëí~åò=ÇÉê=

oÉÖêÉëëáçåëé~ê~ãÉíÉê=òì=ìåíÉêëìÅÜÉåK=

=

=

QK ^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
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