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= =
_ÉåìíòÉêÜ~åÇÄìÅÜJmqj|aa_MMP`KÇçÅ pÉáíÉ=O=îçå=PQ NUK=gìäá=OMNP=
=

_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj=

oÉîáëáçåëÖÉëÅÜáÅÜíÉoÉîáëáçåëÖÉëÅÜáÅÜíÉoÉîáëáçåëÖÉëÅÜáÅÜíÉoÉîáëáçåëÖÉëÅÜáÅÜíÉ====

sÉêëáçå= a~íìã= ^ìíçê= _ÉëÅÜêÉáÄìåÖ=

aa_MMP^= NPKNOKOMMO= o_= bêëíÉääí=

aa_MMP_= MPKMOKOMMQ= er= iáíÉê~íìê=~åÖÉé~ëëíX=h~éáíÉä=N=ÉêÖ®åòíX=h~éáíÉä=O=Ó=R=åÉì=~ìÑÖÉíÉáäí=ìåÇ=ëíêìâíìêáÉêíI=
íÉáäïÉáëÉ=ÉêÖ®åòíX=h~éáíÉä=Q=åÉì=

aa_MMP`= NVKMOKOMMU= ae= fåÜ~äí=~åÖÉé~ëëí=



=

= =
_ÉåìíòÉêÜ~åÇÄìÅÜJmqj|aa_MMP`KÇçÅ pÉáíÉ=P=îçå=PQ NUK=gìäá=OMNP=
=

_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj=

fåÜ~äífåÜ~äífåÜ~äífåÜ~äí====

oÉîáëáçåëÖÉëÅÜáÅÜíÉoÉîáëáçåëÖÉëÅÜáÅÜíÉoÉîáëáçåëÖÉëÅÜáÅÜíÉoÉîáëáçåëÖÉëÅÜáÅÜíÉ==== OOOO 

fåÜ~äífåÜ~äífåÜ~äífåÜ~äí==== ==== PPPP 

iáíÉê~íìêiáíÉê~íìêiáíÉê~íìêiáíÉê~íìê==== ==== SSSS 

hçåîÉåíáçåÉå=L=^ÄâΩêòìåÖÉåhçåîÉåíáçåÉå=L=^ÄâΩêòìåÖÉåhçåîÉåíáçåÉå=L=^ÄâΩêòìåÖÉåhçåîÉåíáçåÉå=L=^ÄâΩêòìåÖÉå==== SSSS 

NNNN mqj=qê~åëãáííÉêíóéÉåmqj=qê~åëãáííÉêíóéÉåmqj=qê~åëãáííÉêíóéÉåmqj=qê~åëãáííÉêíóéÉå==== TTTT 
NKN ^ääÖÉãÉáåÉë= T 

NKNKN ^åïÉåÇÉêJpâ~äáÉêìåÖ= T 

NKNKO oÉâ~äáÄê~íáçå= T 

NKNKP qÉãéÉê~íìêâçãéÉåë~íáçå= T 

NKNKQ a®ãéÑìåÖ= U 

NKO mqj=OJiÉáíÉê= U 

NKOKN cìåâíáçåÉå= U 

NKOKO pÅÜåáííëíÉääÉ= U 

NKP mqj=ÇáÖáí~ä= V 

NKPKN cìåâíáçåÉå= V 

NKPKO pÅÜåáííëíÉääÉ= V 

OOOO jçÇÄìëjçÇÄìëjçÇÄìëjçÇÄìë==== ==== NMNMNMNM 
OKN ^ääÖÉãÉáåÉë= NM 

OKNKN wìë~ããÉåÑ~ëëìåÖ= NM 

OKNKO _ÉÑÉÜäë~ìÑÄ~ì= NM 

OKNKP _ÉáëéáÉäJ`çÇÉ=`o`NS= NN 

PPPP pqp=i~óÉê=T=mêçíçâçääpqp=i~óÉê=T=mêçíçâçääpqp=i~óÉê=T=mêçíçâçääpqp=i~óÉê=T=mêçíçâçää==== NONONONO 
PKN ^ääÖÉãÉáåÉë= NO 

PKO pí~åÇ~êÇJ_ÉÑÉÜäÉ= NO 

PKOKN _ÉÑÉÜäëΩÄÉêëáÅÜí= NO 

PKOKO cìåÅíáçå=`çÇÉ=MPW==aêìÅâ=ìåÇ=qÉãéÉê~íìê=~ìëäÉëÉå= NP 

PKOKP cìåÅíáçå=`çÇÉ=PMW==pÉêáÉååìããÉê=äÉëÉå= NP 

PKOKQ cìåÅíáçå=`çÇÉ=PNW==sÉêëáçåëåìããÉê=~ìëäÉëÉå= NP 

PKP bêïÉáíÉêíÉJ_ÉÑÉÜäÉ= NQ 

PKPKN _ÉÑÉÜäëΩÄÉêëáÅÜí= NQ 

PKPKO m~ê~ãÉíÉêΩÄÉêëáÅÜí= NQ 

PKPKP cìåÅíáçå=`çÇÉ=NNOW==m~ê~ãÉíÉêÑä~ëÜ=ä∏ëÅÜÉå= NQ 

PKPKQ cìåÅíáçå=`çÇÉ=NNQW==m~ëëïçêí=ÑΩê=m~ê~ãÉíÉêÑä~ëÜJjçÇáÑáâ~íáçåÉå= NR 

PKPKR cìåÅíáçå=`çÇÉ=NPSW==rëÉêJm~ê~ãÉíÉê=N=~ìëäÉëÉå= NS 

PKPKS cìåÅíáçå=`çÇÉ=NPTW==rëÉêJm~ê~ãÉíÉê=O=~ìëäÉëÉå= NS 

PKPKT cìåÅíáçå=`çÇÉ=OPQW==tÉêâëJm~ê~ãÉíÉê=N=~ìëäÉëÉå= NT 

PKPKU cìåÅíáçå=`çÇÉ=OPRW==tÉêâëJm~ê~ãÉíÉê=O=~ìëäÉëÉå= NT 
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=

_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj=

PKPKV cìåÅíáçå=`çÇÉ=NROW==rëÉêJm~ê~ãÉíÉê=N=ëÅÜêÉáÄÉå= NU 

PKPKNM cìåÅíáçå=`çÇÉ=NRPW==rëÉêJm~ê~ãÉíÉê=O=ëÅÜêÉáÄÉå= OM 

QQQQ jçÇÄìë=i~óÉê=T=mêçíçjçÇÄìë=i~óÉê=T=mêçíçjçÇÄìë=i~óÉê=T=mêçíçjçÇÄìë=i~óÉê=T=mêçíçâçääâçääâçääâçää==== OOOOOOOO 
QKN ^ääÖÉãÉáåÉë= OO 

QKO pí~åÇ~êÇJ_ÉÑÉÜäÉ= OO 

QKOKN _ÉÑÉÜäëΩÄÉêëáÅÜí= OO 

QKOKO cìåÅíáçå=`çÇÉ=MQW==oÉ~Ç=fåéìí=oÉÖáëíÉê= OP 

QKOKP pí~êíáåÇÉñΩÄÉêëáÅÜí= OP 

QKOKQ pí~êíáåÇÉñ=MW==aêìÅâãÉëëïÉêí= OP 

QKOKR pí~êíáåÇÉñ=NW==qÉãéÉê~íìêãÉëëïÉêí= OP 

QKOKS pí~êíáåÇÉñ=TW==pçÑíï~êÉ=sÉêëáçå= OP 

QKP bêïÉáíÉêíÉJ_ÉÑÉÜäÉ= OQ 

QKPKN _ÉÑÉÜäëΩÄÉêëáÅÜí= OQ 

QKPKO cìåÅíáçå=`çÇÉ=MPW==oÉ~Ç=eçäÇáåÖ=oÉÖáëíÉê= OQ 

QKPKP cìåÅíáçå=`çÇÉ=NSW==têáíÉ=jìäíáéäÉ=oÉÖáëíÉê= OQ 

QKPKQ pí~êíáåÇÉñΩÄÉêëáÅÜí= OQ 

QKPKR pí~êíáåÇÉñ=MW==_ÉÑÉÜäëë~íò=i~óÉê=T= OR 

QKPKS pí~êíáåÇÉñ=OW==m~ëëïçêí=ÑΩê=m~ê~ãÉíÉêÑä~ëÜJjçÇáÑáâ~íáçåÉå= OR 

QKPKT pí~êíáåÇÉñ=QW==m~ëëïçêí=ÑΩê=m~ê~ãÉíÉêÑä~ëÜJjçÇáÑáâ~íáçåÉå=ìåÇ=ä∏ëÅÜÉå= OR 

QKPKU pí~êíáåÇÉñ=OMW==^ÇêÉëëÉ= OR 

QKPKV pí~êíáåÇÉñ=ONW==a®ãéÑìåÖëÑáäíÉê= OS 

QKPKNM pí~êíáåÇÉñ=OOW==aêìÅâ=kìääéìåâíëâ~äáÉêìåÖ=^å~äçÖ~ìëÖ~åÖ= OS 

QKPKNN pí~êíáåÇÉñ=OPW==aêìÅâ=cìääëÅ~äÉJpâ~äáÉêìåÖ=^å~äçÖ~ìëÖ~åÖ= OS 

QKPKNO pí~êíáåÇÉñ=OQW==qÉãéÉê~íìê=kìääéìåâíëâ~äáÉêìåÖ=^å~äçÖ~ìëÖ~åÖ= OS 

QKPKNP pí~êíáåÇÉñ=ORW==qÉãéÉê~íìê=cìääëÅ~äÉJpâ~äáÉêìåÖ=^å~äçÖ~ìëÖ~åÖ= OS 

QKPKNQ pí~êíáåÇÉñ=OSW==aêìÅâ=kìääéìåâíJoÉâ~äáÄê~íáçå= OS 

QKPKNR pí~êíáåÇÉñ=OTW==aêìÅâ=cìääëÅ~äÉJoÉâ~äáÄê~íáçå= OT 

QKPKNS pí~êíáåÇÉñ=PMÁPTW==dÉê®íÉÄÉëÅÜêÉáÄìåÖ= OT 

QKPKNT pí~êíáåÇÉñ=OMMHOMNW==kÉååÇêìÅâ= OU 

QKPKNU pí~êíáåÇÉñ=OMOHOMPW==kìääéìåâíÇêìÅâ= OU 

QKPKNV pí~êíáåÇÉñ=OMQHOMRW==qÉãéÉê~íìêÄÉêÉáÅÜëÉåÇÉ= OU 

QKPKOM pí~êíáåÇÉñ=OMSHOMTW==qÉãéÉê~íìêÄÉêÉáÅÜë~åÑ~åÖ= OV 

QKPKON pí~êíáåÇÉñ=ONMHONNW==pÉêáÉååìããÉê= OV 

QKPKOO pí~êíáåÇÉñ=ONOW==e~êÇï~êÉJsÉêëáçå= OV 

QKPKOP pí~êíáåÇÉñ=ONPW==e~êÇï~êÉJfåÇÉñ= OV 

QKPKOQ pí~êíáåÇÉñ=ONQW==aêìÅâíóé= OV 

QKPKOR pí~êíáåÇÉñ=ONRW==qÉãéÉê~íìêJh~äáÄê~íáçåëíóé= OV 

QKQ bñÅÉéíáçåÜ~åÇäáåÖ= OV 

QKQKN ^ääÖÉãÉáåÉë= PM 

QKQKO bñÅÉéíáçå~åíïçêí= PM 
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QKQKP bñÅÉéíáçåÅçÇÉë= PM 

QKR sçêÖÉÜÉå=ÄÉáã=pÅÜêÉáÄÉå=áå=ÇÉå=péÉáÅÜÉê= PN 

RRRR sçêÖÉÜÉå=ìåÇ=_ÉêÉÅÜåìåÖÉåsçêÖÉÜÉå=ìåÇ=_ÉêÉÅÜåìåÖÉåsçêÖÉÜÉå=ìåÇ=_ÉêÉÅÜåìåÖÉåsçêÖÉÜÉå=ìåÇ=_ÉêÉÅÜåìåÖÉå==== POPOPOPO 
RKN oÉâ~äáÄê~íáçå= PO 

RKNKN ^ääÖÉãÉáåÉë= PO 

RKNKO pqp=i~óÉê=T=mêçíçâçää= PO 

RKNKP jçÇÄìë=i~óÉê=T=mêçíçâçää= PP 

RKNKQ _ÉêÉÅÜåìåÖ= PP 

RKO báåÜÉáíÉåìãêÉÅÜåìåÖÉå= PQ 

RKOKN aêìÅâÉáåÜÉáíÉå= PQ 

RKOKO qÉãéÉê~íìêÉáåÜÉáíÉå= PQ 

====
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_ÉåìíòÉêÜ~åÇÄìÅÜJmqj|aa_MMP`KÇçÅ pÉáíÉ=S=îçå=PQ NUK=gìäá=OMNP=
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_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj=

iáíÉê~íìêiáíÉê~íìêiáíÉê~íìêiáíÉê~íìê====

xNz= jla_rp=çîÉê=pÉêá~ä=iáåÉI=péÉÅáÑáÅ~íáçå=C=fãéäÉãÉåí~íáçå=dìáÇÉ=sNKM=
ÜííéWLLïïïKãçÇÄìëKçêÖ=�=_ÉêÉáÅÜ=jçÇÄìë=pí~åÇ~êÇ=iáÄê~êó=

=
xOz= jla_rp=^ééäáÅ~íáçå=mêçíçÅçä=péÉÅáÑáÅ~íáçå=sNKN=
= ÜííéWLLïïïKãçÇÄìëKçêÖ=�=_ÉêÉáÅÜ=jçÇÄìë=pí~åÇ~êÇ=iáÄê~êó=
=
=

hçåîÉåíáçåÉå=L=^ÄâΩêòìåÖÉåhçåîÉåíáçåÉå=L=^ÄâΩêòìåÖÉåhçåîÉåíáçåÉå=L=^ÄâΩêòìåÖÉåhçåîÉåíáçåÉå=L=^ÄâΩêòìåÖÉå====

m= aêìÅâ=
m

km
= kìääéìåâíÇêìÅâ=

m
k
= kÉååÇêìÅâ=

m
báå

= báåëÅÜ~äíÇêìÅâéìåâí=ÇÉê=oÉä~áë=
m

^ìë
= ^ìëëÅÜ~äíÇêìÅâéìåâí=ÇÉê=oÉä~áë=

km= kìääéìåâí=
q= qÉãéÉê~íìê=
q

km
= qÉãéÉê~íìêÄÉêÉáÅÜë~åÑ~åÖ=

q
k
= qÉãéÉê~íìêÄÉêÉáÅÜëÉåÇÉ=

at= a~íÉåïçêí=
a_= a~íÉåÄóíÉ=
]= ÄÉá=
=
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_ÉåìíòÉêÜ~åÇÄìÅÜJmqj|aa_MMP`KÇçÅ pÉáíÉ=T=îçå=PQ NUK=gìäá=OMNP=
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_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj=

NNNN mqj=qê~åëãáííÉêíóéÉåmqj=qê~åëãáííÉêíóéÉåmqj=qê~åëãáííÉêíóéÉåmqj=qê~åëãáííÉêíóéÉå====

bë=ÖáÄí=ÇêÉá=ìåíÉêëÅÜáÉÇäáÅÜÉ=mqj=qê~åëãáííÉêíóéÉåK=aáÉëÉ=îÉêÉáåÉå=ÇáÉ=ÖäÉáÅÜÉ=dêìåÇÑìåâíáçåÉåI=ïÉäÅÜÉ=
ìåíÉê=h~éáíÉä=NKN=^ääÖÉãÉáåÉë=ÄÉëÅÜêáÉÄÉå=áëíI=ìåÇ=ëéÉòáÑáëÅÜÉ=cìåâíáçåÉåK=aáÉëÉ=ëáåÇ=áå=ÇÉå=ÑçäÖÉåÇÉå=
h~éáíÉäåNKO=Äáë=NKQ=~ìÑÖÉÑΩÜêí=ìåÇ=áå=ÇÉå=_äçÅâëÅÜ~äíÄáäÇÉêå=ÉêëáÅÜíäáÅÜK=

NKNNKNNKNNKN ^ääÖÉãÉáåÉë^ääÖÉãÉáåÉë^ääÖÉãÉáåÉë^ääÖÉãÉáåÉë====

NKNKNNKNKNNKNKNNKNKN ^åïÉåÇÉ^åïÉåÇÉ^åïÉåÇÉ^åïÉåÇÉêêêêJJJJpâ~äáÉêìåÖpâ~äáÉêìåÖpâ~äáÉêìåÖpâ~äáÉêìåÖ====

aìêÅÜ= ÇáÉ= ^åïÉåÇÉêJpâ~äáÉêìåÖ= â~åå= ÉáåÖÉëíÉääí= ïÉêÇÉåI= ïÉäÅÜÉê= aêìÅâÄÉêÉáÅÜ= ~ã= ^å~äçÖ~ìëÖ~åÖ=
EQKKKOM=ã^F=~ìëÖÉÖÉÄÉå=ïáêÇK=bë=ÖÉäíÉå=ÑçäÖÉåÇÉ=báåëíÉääìåÖëÄÉêÉáÅÜÉW=

aêìÅâ]Qã^W= = JR=KKK=NMR=Bcp=
aêìÅâ]OMã^W= = JR=KKK=NMR=Bcp=

tçÄÉá=ÇáÉ=ãáåáã~äÉ=pé~ååÉ=EaêìÅâ]OMã^=J=aêìÅâ]Qã^F=åáÅÜí=âäÉáåÉê=~äë=ORB=ÇÉë=kÉååÄÉêÉáÅÜÉë=ìåÇ=
åáÅÜí=âäÉáåÉê=~äë=RM=ãÄ~ê=ëÉáå=Ç~êÑK==

^äë= _ÉáëéáÉä= áëí= ÄÉá= ÉáåÉã= qê~åëãáííÉê= ãáí= NÄ~ê= kÉååÄÉêÉáÅÜ= ÉáåÉ= báåëíÉääìåÖ= îçå= OMB]Qã^= Äáë=
UMB]OMã^I=êÉëéÉâíáîÉ=OMB]Qã^=Äáë=ÓRB]OMã^=òìä®ëëáÖK=

=
cáÖìê=NW=^åïÉåÇÉêJpâ~äáÉêìåÖ=

aÉê=ÇáÖáí~äÉ=^ìëÖ~åÖ=áëí=åáÅÜí=ëâ~äáÉêÄ~êK=aÉê=jÉëëÄÉêÉáÅÜ=áëí=ÜáÉê=áããÉê=ÇáêÉâí=~ìÑ=MKKKNMMMM=mìåâíÉ=
~ÄÖÉÄáäÇÉíK=aáÉëÉ=ÉåíëéêÉÅÜÉå=MKKKNMM=B=ÇÉë=jÉëëÄÉêÉáÅÜëK=

NKNKONKNKONKNKONKNKO oÉâ~äáÄê~íáçåoÉâ~äáÄê~íáçåoÉâ~äáÄê~íáçåoÉâ~äáÄê~íáçå====

jáí=ÇÉê=oÉâ~äáÄê~íáçå=ÇÉë=aêìÅâãÉëëâ~å~äë=â∏ååÉå=i~åÖòÉáíÇêáÑíÉ=âçêêáÖáÉêí=ïÉêÇÉåK=bë=ÄÉëíÉÜí=ÇáÉ=
j∏ÖäáÅÜâÉáí=ëçïçÜä=ÇÉå=kìääéìåâí=Em

km
F=~äë=~ìÅÜ=ÇÉå=båÇïÉêí=Em

k
F=òì=êÉâ~äáÄêáÉêÉåK=aáÉëÉ=â∏ååÉå=àÉ=ìã=HLJ=

R=B=îÉê®åÇÉêí=ïÉêÇÉåK=a~òì=áëí=ÇáÉ=jÉëëìåÖ=ÇÉë=páÖå~äë=ÇìêÅÜ=ÇÉå=mqj=ìåÇ=Éáå=é~ê~ääÉä=ÖÉãÉëëÉåÉê=
oÉÑÉêÉåòïÉêí=å∏íáÖK=

NKNKPNKNKPNKNKPNKNKP qÉãéÉê~íìêâçãéÉåë~íáçåqÉãéÉê~íìêâçãéÉåë~íáçåqÉãéÉê~íìêâçãéÉåë~íáçåqÉãéÉê~íìêâçãéÉåë~íáçå====

dêìåÇë®íòäáÅÜ=ïÉêÇÉå=ÄÉá=ÇÉå=mqj=qê~åëãáííÉê=òïÉá=^êíÉå=îçå=qÉãéÉê~íìêâçãéÉåë~íáçå=ìåíÉêëÅÜáÉÇÉåK=
_Éá=ÇÉê=~âíáîÉå=qÉãéÉê~íìêâçãéÉåë~íáçå=ïáêÇ=Ç~ë=qÉãéÉê~íìêîÉêÜ~äíÉå=áã=lÑÉå=~ìëÖÉãÉëëÉå=ìåÇ=ÇáÉ=
ÉåíëéêÉÅÜÉåÇÉå=hçãéÉåë~íáçåëÇ~íÉå=áã=péÉáÅÜÉê=~ÄÖÉäÉÖíK=aáÉ=qÉãéÉê~íìêâçãéÉåë~íáçå=áã=_ÉíêáÉÄ=ÇÉë=
pÉåëçêë=ÉêÑçäÖí=ëçãáí=êÉÅÜåÉêáëÅÜK=_Éá=ÇÉê=é~ëëáîÉå=qÉãéÉê~íìêâçãéÉåë~íáçå=ïáêÇ=Ç~ë=qÉãéÉê~íìêîÉêÜ~äíÉå=
ãáííÉäë=táÇÉêëí®åÇÉå=âçãéÉåëáÉêíK=a~=ëçãáí=åìê=äáåÉ~êÉ=^åíÉáäÉ=âçêêáÖáÉêí=ïÉêÇÉå=â∏ååÉåI=áëí=ÇáÉëÉ=
jÉíÜçÇÉ=åáÅÜí=Ö~åò=ëç=ÖÉå~ì=ïáÉ=ÇáÉ=~âíáîÉ=hçãéÉåë~íáçåK=
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=

_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj=

NKNKQNKNKQNKNKQNKNKQ a®ãéÑìåÖa®ãéÑìåÖa®ãéÑìåÖa®ãéÑìåÖ====

rã=ìåÉêïΩåëÅÜíÉI=ëÅÜåÉääÉ=aêìÅâ®åÇÉêìåÖÉå=~ã=^ìëÖ~åÖëëáÖå~ä=òì=ìåíÉêÇêΩÅâÉåI=â~åå=ÇáÉ=
dêÉåòÑêÉèìÉåò=ÇÉë=qáÉÑé~ëëÑáäíÉêë=ÉåíëéêÉÅÜÉåÇ=ÖÉï®Üäí=ïÉêÇÉåK=

jáí=ÇÉê=a®ãéÑìåÖ=ïáêÇ=ÇáÉ=^åëíáÉÖëê~íÉ=ÇÉë=^ìëÖ~åÖëëáÖå~äë=ÄÉÇ®ãéÑíK=gÉ=âäÉáåÉê=ÇáÉ=ÉáåÖÉëíÉääíÉ=
dêÉåòÑêÉèìÉåòI=ÇÉëíç=Öê∏ëëÉê=áëí=ÇáÉ=ÉáåÖÉëíÉääíÉ=_ÉÇ®ãéÑìåÖK=

bë=ëíÉÜÉå=dêÉåòÑêÉèìÉåòÉå=îçå=PM=eò=Epí~åÇ~êÇFI=NM=eòI=N=eò=ìåÇ=MKN=eò=òìê=sÉêÑΩÖìåÖK=

=
cáÖìê=OW=a®ãéÑìåÖ=

NKONKONKONKO mqj=Omqj=Omqj=Omqj=OJJJJiÉáíiÉáíiÉáíiÉáíÉêÉêÉêÉê====

NKOKNNKOKNNKOKNNKOKN cìåâíáçåÉåcìåâíáçåÉåcìåâíáçåÉåcìåâíáçåÉå====

aÉê=mqj=OJiÉáíÉê=ÄáÉíÉí=ÑçäÖÉåÇÉ=cìåâíáçå~äáí®íÉåW=

• ^åïÉåÇÉêJpâ~äáÉêìåÖ=ÇÉë=~å~äçÖÉå=aêìÅâãÉëëâ~å~äë=
• oÉâ~äáÄêáÉêìåÖ=ÇÉë=aêìÅâãÉëëâ~å~äë=
• qÉãéÉê~íìêâçãéÉåë~íáçå=~âíáî=çÇÉê=é~ëëáî=
• a®ãéÑìåÖëÑáäíÉê=

aáÉ=_ÉêÉÅÜåìåÖÉå=ÇÉê=ÉáåòÉäåÉå=m~ê~ãÉíÉê=ëáåÇ=ÄÉáã=àÉïÉáäáÖÉå=jçÇÄìëJ_ÉÑÉÜä=ÉêëáÅÜíäáÅÜK=

Temperatur	
&

Druckkalibration

RekalibrationRekalibrationRekalibrationRekalibration

PUserCalZero
PUserCalFullscale

A/D

D/A

A/D

Druck
(analog)

Druck
(digital)

Anwender	Anwender	Anwender	Anwender	
SkalierungSkalierungSkalierungSkalierung

PUserZero
PUserFullscale

Druck

Temperatur

DämpfungDämpfungDämpfungDämpfung

LPSel

=
cáÖìê=PW=páÖå~äÑäìëëéä~å=mqj=OJiÉáíÉê=

NKOKONKOKONKOKONKOKO pÅÜåáííëíÉääÉpÅÜåáííëíÉääÉpÅÜåáííëíÉääÉpÅÜåáííëíÉääÉ====

cΩê=ÇáÉ=hçããìåáâ~íáçå=ãáí=ÇÉã=mqj=OJiÉáíÉê=ïÉêÇÉå=òïÉá=^êíÉå=îçå=jçÇìä~íáçåÉå=îÉêïÉåÇÉíK=aáÉ=
hçããìåáâ~íáçå=îçå=m`=òìã=qê~åëãáííÉê=ïáêÇ=ÇìêÅÜ=ÉáåÉ=péÉáëÉëé~ååìåÖëãçÇìä~íáçå=êÉ~äáëáÉêíK=aÉê=
qê~åëãáííÉê=~åíïçêíÉí=ÇÉã=m`=ΩÄÉê=ÉáåÉ=píêçããçÇìä~íáçåK=pçãáí=ïÉêÇÉå=ÇáÉ=iÉáíÉê=ÇÉê=píêçãëÅÜäÉáÑÉ=òìê=
hçããìåáâ~íáçå=îÉêïÉåÇÉíK=



=

= =
_ÉåìíòÉêÜ~åÇÄìÅÜJmqj|aa_MMP`KÇçÅ pÉáíÉ=V=îçå=PQ NUK=gìäá=OMNP=
=

_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj=

bë=áëí=òì=ÄÉ~ÅÜíÉåI=Ç~ëë=~ìë=ÇÉå=çÄÉå=ÖÉå~ååíÉå=dêΩåÇÉå=ï®ÜêÉåÇ=ÉáåÉë=hçããìåáâ~íáçåëîçêÖ~åÖÉë=~ã=
~å~äçÖÉå=^ìëÖ~åÖ=åáÅÜí=ÖÉãÉëëÉå=ïÉêÇÉå=â~ååK=

bë=ÖÉäíÉå=ÑçäÖÉåÇÉ=báåëíÉääìåÖÉåW=
= mêçíçâçääW= = jçÇÄìë=EëáÉÜÉ=h~éáíÉä=OF=ãáí=pqp=i~óÉê=T=EëáÉÜÉ=h~éáíÉä=PF=
= aÉÑ~ìäíJ^ÇêÉëëÉW=OQM=EÄÉá=qê~åëãáííÉê=îçê=cÉÄêì~ê=OMMQW=ORRF=
= §ÄÉêíê~ÖìåÖëê~íÉW= NOMM=_~ìÇ=
= a~íÉåÄáíëW= = U=
= m~êáí®íW= = = âÉáåÉ=
= píçéÄáíW== O=

NKPNKPNKPNKP mqj=ÇáÖáí~ämqj=ÇáÖáí~ämqj=ÇáÖáí~ämqj=ÇáÖáí~ä====

NKPKNNKPKNNKPKNNKPKN cìåâíáçåÉåcìåâíáçåÉåcìåâíáçåÉåcìåâíáçåÉå====

aÉê=mqj=ÇáÖáí~ä=ÄáÉíÉí=ÑçäÖÉåÇÉ=cìåâíáçå~äáí®íÉåW=

• ^åïÉåÇÉêJpâ~äáÉêìåÖ=ÇÉë=~å~äçÖÉå=aêìÅâãÉëëâ~å~äë=
• oÉâ~äáÄêáÉêìåÖ=ÇÉë=aêìÅâãÉëëâ~å~äë=
• qÉãéÉê~íìêâçãéÉåë~íáçå=~âíáî=çÇÉê=é~ëëáî=
• a®ãéÑìåÖëÑáäíÉê=
• aáÖáí~äÉê=qÉãéÉê~íìê~ìëÖ~åÖ=Eåìê=ÄÉá=~âíáîÉê=qÉãéÉê~íìêâçãéÉåë~íáçåF=
• ^å~äçÖÉê=qÉãéÉê~íìê~ìëÖ~åÖ=ãáí=^åïÉåÇÉêJpâ~äáÉêìåÖ=Eléíáçå=ÄÉá=~âíáîÉê=

qÉãéÉê~íìêâçãéÉåë~íáçåF=

aáÉ=_ÉêÉÅÜåìåÖÉå=ÇÉê=ÉáåòÉäåÉå=m~ê~ãÉíÉê=ëáåÇ=ÄÉáã=àÉïÉáäáÖÉå=jçÇÄìëJ_ÉÑÉÜä=ÉêëáÅÜíäáÅÜK=

Temperatur	
&

Druckkalibration

RekalibrationRekalibrationRekalibrationRekalibration

PUserCalZero
PUserCalFullscale

A/D

D/A

A/D
Temperatur
(digital)

Druck
(analog)

Druck
(digital)

Anwender	Anwender	Anwender	Anwender	
SkalierungSkalierungSkalierungSkalierung

PUserZero
PUserFullscale

Druck

Temperatur

DämpfungDämpfungDämpfungDämpfung

LPSel

D/A
Temperatur
(analog)

Anwender	Anwender	Anwender	Anwender	
SkalierungSkalierungSkalierungSkalierung

TUserZero
TUserFullscale

=
cáÖìê=QW=páÖå~äÑäìëëéä~å=mqj=ÇáÖáí~ä=

NKPKONKPKONKPKONKPKO pÅÜåáííëíÉääÉpÅÜåáííëíÉääÉpÅÜåáííëíÉääÉpÅÜåáííëíÉääÉ====

wìê=hçããìåáâ~íáçå=ãáí=ÇÉã=mqj=ÇáÖáí~ä=ïáêÇ=ÉáåÉ=opQURJpÅÜåáííëíÉääÉ=îÉêïÉåÇÉíK=bë=ÖÉäíÉå=ÑçäÖÉåÇÉ=
báåëíÉääìåÖÉåW=
= mêçíçâçääW= = jçÇÄìë=EëáÉÜÉ=h~éáíÉä=OF=ãáí=jçÇÄìë=i~óÉê=T=EëáÉÜÉ=h~éáíÉä=QF=
= aÉÑ~ìäíJ^ÇêÉëëÉW=OQM=EÄÉá=qê~åëãáííÉê=îçê=cÉÄêì~ê=OMMQW=ORRF=
= §ÄÉêíê~ÖìåÖëê~íÉW= VSMM=_~ìÇ=
= a~íÉåÄáíëW= = U=

m~êáí®íW= = = âÉáåÉ=
= píçéÄáíW== O=



=

= =
_ÉåìíòÉêÜ~åÇÄìÅÜJmqj|aa_MMP`KÇçÅ pÉáíÉ=NM=îçå=PQ NUK=gìäá=OMNP=
=

_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj=

OOOO jçÇÄìëjçÇÄìëjçÇÄìëjçÇÄìë====

OKNOKNOKNOKN ^ääÖÉãÉáåÉë^ääÖÉãÉáåÉë^ääÖÉãÉáåÉë^ääÖÉãÉáåÉë====

a~ë=açâìãÉåí=xNz=jla_rp=çîÉê=pÉêá~ä=iáåÉ=ÄÉëÅÜêÉáÄí=ÇáÉ=dêìåÇä~ÖÉå=ÇÉê=jçÇÄìë=hçããìåáâ~íáçåK=bë=
ÄÉëÅÜêÉáÄí=ÇáÉ=pÅÜáÅÜíÉå=Ei~óÉêF=N=ìåÇ=O=ÇÉë=fplLlpf=pÅÜáÅÜíÉåãçÇÉääëK=

aáÉ= pÅÜáÅÜí= T= ÄÉëÅÜêÉáÄí= ÇáÉ= fåíÉêéêÉí~íáçå= ÇÉê= a~íÉåK= _Éá= ÇÉå= mqj= qê~åëãáííÉêå= ïÉêÇÉå= òïÉá=
ìåíÉêëÅÜáÉÇäáÅÜÉ=pÅÜáÅÜí=T=mêçíçâçääÉ=îÉêïÉåÇÉíK=aáÉëÉ=ïÉêÇÉå=áå=ÇÉå=h~éáíÉäå=P=ìåÇ=Q=ÇáÉëÉë=açâìãÉåíÉë=
ÄÉëÅÜêáÉÄÉåK=

OKNKNOKNKNOKNKNOKNKN wìë~ããÉåÑ~ëëìåÖwìë~ããÉåÑ~ëëìåÖwìë~ããÉåÑ~ëëìåÖwìë~ããÉåÑ~ëëìåÖ====

• jçÇÄìë=áëí=Éáå=j~ëíÉêJpä~îÉ=hçããìåáâ~íáçåëéêçíçâçääK=
• jçÇÄìëJqÉäÉÖê~ããÉ=áã=oqr=çÇÉê=_áå®êJjçÇìë=ÄÉÖáååÉå=áããÉê=ãáí=ÉáåÉê=^ÇêÉëëÉ=EM=KKK=OQTF=ìåÇ=

ÉáåÉã=cìåÅíáçå=`çÇÉ=EcÅåJ`çÇÉFK=a~å~ÅÜ=ÑçäÖÉå=ÇáÉ=a~íÉåÄóíÉë=Ea_FK=aÉå=^ÄëÅÜäìëë=ÄáäÇÉå=O=
_óíÉë=ãáí=ÇÉê=`o`JpìããÉK=

• aáÉ=wìëí®åÇÉ=ÇÉê=hçããìåáâ~íáçå=EpÉåÇÉåLbãéÑ~åÖÉåL^ÄÄêìÅÜF=ïÉêÇÉå=ΩÄÉê==
• qáãÉçìíë=ÖÉëíÉìÉêíK=
• aáÉ=_óíÉêÉáÜÉåÑçäÖÉ=òìê=§ÄÉêíê~ÖìåÖ=ÉáåÉë=a~íÉåïçêÇë=áëí=ÑçäÖÉåÇÉêã~ëëÉå=ÖÉêÉÖÉäíW=

a~íÉå=pqp=i~óÉê=TW= = iç=Ó=eá=_óíÉ=
a~íÉå=jçÇÄìë=i~óÉê=TW= eá=Ó=iç=_óíÉ=
`o`=ÄÉá=ÄÉáÇÉåW= = iç=Ó=eá=_óíÉ=

=

OKNKOOKNKOOKNKOOKNKO _ÉÑÉÜäë~ìÑÄ~ì_ÉÑÉÜäë~ìÑÄ~ì_ÉÑÉÜäë~ìÑÄ~ì_ÉÑÉÜäë~ìÑÄ~ì====

_ÉÑÉÜäëê~ÜãÉåW_ÉÑÉÜäëê~ÜãÉåW_ÉÑÉÜäëê~ÜãÉåW_ÉÑÉÜäëê~ÜãÉåW====

jçÇÄìë=k~ÅÜêáÅÜí=E_ÉÑÉÜä=çÇÉê=^åíïçêíFjçÇÄìë=k~ÅÜêáÅÜí=E_ÉÑÉÜä=çÇÉê=^åíïçêíFjçÇÄìë=k~ÅÜêáÅÜí=E_ÉÑÉÜä=çÇÉê=^åíïçêíFjçÇÄìë=k~ÅÜêáÅÜí=E_ÉÑÉÜä=çÇÉê=^åíïçêíF====

^ÇêÉëëÉ= cÅåJ`çÇÉ= a_N= a_O= a_P= ======ÁÁÁÁÁÁÁÁÁ= a_å= `o`=äç= `o`=Üá=

N=_óíÉ= N=_óíÉ= N=_óíÉ= N=_óíÉ= N=_óíÉ= = N=_óíÉ= N=_óíÉ= N=_óíÉ=

=
aáÉ= ^åò~Üä= a~íÉåÄóíÉë= Ea_F= áëí= ~ìë= ÇÉê= aÉÑáåáíáçå= ÇÉê= àÉïÉáäáÖÉå= _ÉÑÉÜäÉ= òì= ÉåíåÉÜãÉåK= fã= ïÉáíÉêÉå=
sÉêä~ìÑ=ÇáÉëÉ=açâìãÉåíÉë=ïÉêÇÉå=ÇáÉ=^ÇêÉëëÉ=ìåÇ=ÇáÉ=`o`JpìããÉ=åáÅÜí=ãÉÜê=Éñéäáòáí=~åÖÉÖÉÄÉåI=ëáåÇ=
àÉÇçÅÜ=áããÉê=_Éëí~åÇíÉáä=ÇÉë=jçÇÄìëJqÉäÉÖê~ããëK=

aáÉ= `o`JpìããÉ= ïáêÇ= áå= ÉáåòÉäåÉ= _óíÉë= ~ìÑÖÉíÉáäíI= ïçÄÉá= òìÉêëí= Ç~ë= içïJ_óíÉ= ìåÇ= Ç~åå= Ç~ë= eáÖÜJ_óíÉ=
ΩÄÉêíê~ÖÉå=ïáêÇK=EëáÉÜÉ=å~ÅÜÑçäÖÉåÇÉë=_ÉáëéáÉäF=

bë=Öáäí=Ç~ÜÉêW= `o`=Z=`o`=Üá=G=ORS=H=`o`=äç=

aáÉ=`o`JpìããÉ=ïáêÇ=ΩÄÉê=ÇáÉ=^ÇêÉëëÉI=cìåÅíáçå=`çÇÉ=ìåÇ=a~íÉåÄóíÉë=ÖÉÄáäÇÉíK=fëí=ÇáÉ=^åÑê~ÖÉ=ÑÉÜäÉêÜ~ÑíI=
ïáêÇ=âÉáåÉ=^åíïçêí=òìêΩÅâÖÉÖÉÄÉåK=



=

= =
_ÉåìíòÉêÜ~åÇÄìÅÜJmqj|aa_MMP`KÇçÅ pÉáíÉ=NN=îçå=PQ NUK=gìäá=OMNP=
=

_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj=

_ÉáëéáÉäW=pqp=i~óÉê=T=_ÉáëéáÉäW=pqp=i~óÉê=T=_ÉáëéáÉäW=pqp=i~óÉê=T=_ÉáëéáÉäW=pqp=i~óÉê=T=����====cìåÅíáçå=`çÇÉ=MP==aêìÅâcìåÅíáçå=`çÇÉ=MP==aêìÅâcìåÅíáçå=`çÇÉ=MP==aêìÅâcìåÅíáçå=`çÇÉ=MP==aêìÅâJJJJ====ìåÇ=qÉãéÉê~íìê=äÉëÉåìåÇ=qÉãéÉê~íìê=äÉëÉåìåÇ=qÉãéÉê~íìê=äÉëÉåìåÇ=qÉãéÉê~íìê=äÉëÉå====

_ÉÑÉÜä_ÉÑÉÜä_ÉÑÉÜä_ÉÑÉÜä====

m~ê~ãÉíÉê= _ÉáëéáÉä=EeÉñF= _ÉáëéáÉä=EaÉòáã~äF= _ÉëÅÜêÉáÄìåÖ=

^ÇêÉëëÉ= NN= NT= =

cìåâíáçåëÅçÇÉ= MP= MP= =

`o`=äçï= Ob=
TQTM= `o`NS=

`o`=ÜáÖÜ= Na=

^åíïçêí^åíïçêí^åíïçêí^åíïçêí====

m~ê~ãÉíÉê= _ÉáëéáÉä=EeÉñF= _ÉáëéáÉä=EaÉòáã~äF= _ÉëÅÜêÉáÄìåÖ=

^ÇêÉëëÉ= NN= NT= =

cìåâíáçåëÅçÇÉ= MP= MP= =

aêìÅâ=äçï= Ob=
RSTU=

aêìÅâ= áå= Bcp= G= NMM=
ERSUT=Z=RSKTUB=cpF=

aêìÅâ=ÜáÖÜ= NS=

qÉãéÉê~íìê=äçï= c_=
ORN=

qÉãéÉê~íìê= áå= Bcp= G= NMM=
EORN=Z=OKRNBcpF=

qÉãéÉê~íìê=ÜáÖÜ= MM=

`o`=äçï= M^=
RNPM= `o`NS=

`o`=ÜáÖÜ= NQ=

====

OKNKPOKNKPOKNKPOKNKP _ÉáëéáÉä_ÉáëéáÉä_ÉáëéáÉä_ÉáëéáÉäJJJJ`çÇÉ=`o`NS`çÇÉ=`o`NS`çÇÉ=`o`NS`çÇÉ=`o`NS====

^äë=`o`JpìããÉ=ïáêÇ=ÇÉê=`o`NSJ`çÇÉ=îÉêïÉåÇÉíK=rã=~å=ÇáÉëÉê=píÉääÉ=jáëëîÉêëí®åÇåáëëÉ=òì=îÉêãÉáÇÉåI=
áëí=ÇÉê=`J`çÇÉ=~åÖÉÑΩÖíW=

ìåëáÖåÉÇ=ëÜçêí=Å~äÅ`o`NS=EìåëáÖåÉÇ=ÅÜ~ê=GÇ~í~I=ìåëáÖåÉÇ=ëÜçêí=ÅçìåíF=
ô=
==ìåëáÖåÉÇ=áåí=ÑÅë=Z=MñccccrX= = LG=áåáíá~ä=cê~ãÉ=`ÜÉÅâ=pÉèìÉåÅÉ=Ec`pF=î~äìÉ=GL=
==ìåëáÖåÉÇ=áåí=ÇI=áI=âX=
==Ñçê=Eá=Z=MX=á=Y=ÅçìåíX=áHHF=
==ô=
====Ç=Z=EEEìåëáÖåÉÇ=áåíF=EGÇ~í~HHFF=YY=MrFX=
====Ñçê=Eâ=Z=MX=â=Y=UX=âHHF=
====ô=
======áÑ=EEEÑÅë={=ÇF=C=MñMMMNrF=ZZ=NF=
======ô=
========ÑÅë=Z=EÑÅë=[[=NF={=Mñ^MMNrX= LG=dÉåÉê~íçê=mçäóåçãá~ä=Mñ^MMNr=GL=
======õ=
======ÉäëÉ=
======ô=
========ÑÅë=Z=EÑÅë=[[=NFX=
======õ=
======Ç=[[Z=NX=
====õ=
==õ=
==êÉíìêåEÑÅëFX====
õ=



=

= =
_ÉåìíòÉêÜ~åÇÄìÅÜJmqj|aa_MMP`KÇçÅ pÉáíÉ=NO=îçå=PQ NUK=gìäá=OMNP=
=

_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj=

PPPP pqp=i~óÉê=T=mêçíçâçääpqp=i~óÉê=T=mêçíçâçääpqp=i~óÉê=T=mêçíçâçääpqp=i~óÉê=T=mêçíçâçää====

PKNPKNPKNPKN ^ääÖÉãÉáåÉë^ääÖÉãÉáåÉë^ääÖÉãÉáåÉë^ääÖÉãÉáåÉë====

a~ë=pqp=i~óÉê=T=mêçíçâçää=ïáêÇ=ÄÉáã=pÉåëçêíóé=OJiÉáíÉê=îÉêïÉåÇÉíK=

aÉê= ÇáÖáí~äÉ= mqj= â~åå= ~ìë= ÇÉã= jçÇÄìë= i~óÉê= T= ~ìÑ= Ç~ë= pqp= i~óÉê= T= mêçíçâçää= ìãÖÉëÅÜ~äíÉí= ïÉêÇÉåI=
ïçÄÉá= ÇáÉëÉ= rãëÅÜ~äíìåÖ= åáÅÜí= ~ÄÖÉëéÉáÅÜÉêí= ïÉêÇÉå= â~åå= EÑäΩÅÜíáÖFK= ^åëÅÜäáÉëëÉåÇ= ëíÉÜÉå= ÇáÉ= _ÉÑÉÜäÉ=
ÇÉë=pqp=i~óÉê=T=mêçíçâçääë=~ìÅÜ=ÇÉã=ÇáÖáí~äÉå=mqj=òìê=sÉêÑΩÖìåÖK=

_Éá=ÇáÉëÉã=mêçíçâçää=ÖÉäíÉå=ÑçäÖÉåÇÉ=kÉÄÉåÄÉÇáåÖìåÖÉå=òìã=jçÇÄìëW=

NK aáÉ=a~íÉå=ïÉêÇÉå=~äë=OJ_óíÉ=a~íÉåïçêíÉ=EatF=ΩÄÉêíê~ÖÉåI=ÇKÜK=ÇáÉ=^åò~Üä=a~íÉåÄóíÉë=áëí=áããÉê=
Éáå=sáÉäÑ~ÅÜÉë=îçå=OK=

OK aáÉ=ã~ñáã~äÉ=^åò~Üä=~å=a~íÉåÄóíÉë=äáÉÖí=ÄÉá=NSI=U=atK=aáÉ=ã~ñáã~äÉ=qÉäÉÖê~ããä®åÖÉ=áåâäìëáîÉ=
^ÇêÉëëÉI=cìåâíáçåëÅçÇÉ=ìåÇ=`o`JpìããÉ=áëí=ëçãáí=OM=_óíÉëK=

PK aáÉ=^ÇêÉëëÉ=M=E_êç~ÇÅ~ëíF=áëí=áããÉê=ÑΩê=~ääÉ=qê~åëãáííÉê=~âíáîI=ÉÖ~ä=~ìÑ=ïÉäÅÜÉ=^ÇêÉëëÉ=ÇÉê=
qê~åëãáííÉê=ÉáåÖÉëíÉääí=áëí=EÇáÉë=ïáÇÉêëéêáÅÜí=ÇÉå=açâìãÉåíÉå=xNz=ìåÇ=xOzFK=a~ë=ÄÉÇÉìíÉí=~ÄÉêI=Ç~ëë=
ÇÉê=_êç~ÇÅ~ëí=åáÅÜí=áå=ÉáåÉã=kÉíòïÉêâ=ãáí=ãÉÜêÉêÉå=ÖäÉáÅÜòÉáíáÖ=~åÖÉëÅÜäçëëÉåÉå=qê~åëãáííÉêå=
îÉêïÉåÇÉí=ïÉêÇÉå=â~ååI=Ç~=ëçåëí=ÇáÉ=^åíïçêíÉå=ÇÉê=qê~åëãáííÉê=âçääáÇáÉêÉåK=

QK bë= ïÉêÇÉå= ÇáÉ= ^ÇêÉëëÉå= NKKKORR= ~äë= ã∏ÖäáÅÜÉ= qê~åëãáííÉê~ÇêÉëëÉå= òìÖÉä~ëëÉåK= aÉÑ~ìäí= áëí= ÇáÉ=
^ÇêÉëëÉ=OQM=Eîçê=cÉÄêì~ê=OMMQ=^ÇêÉëëÉ=ORRFK=

RK aáÉ= cìåÅíáçå= `çÇÉë= äáÉÖÉå= áã= _ÉêÉáÅÜ= PKKKORRK= aáÉë= ïáÇÉêëéêáÅÜí= jçÇÄìëI= Ç~= Ççêí= åìê= `çÇÉë=
âäÉáåÉê=NOU=îÉêÖÉÄÉå=ïÉêÇÉå=ìåÇ=`çÇÉë=Öê∏ëëÉê=~äë=bñÅÉéíáçå=îÉêïÉåÇÉí=ïÉêÇÉåK=

PKOPKOPKOPKO pí~åÇ~êÇpí~åÇ~êÇpí~åÇ~êÇpí~åÇ~êÇJJJJ_ÉÑÉÜäÉ_ÉÑÉÜäÉ_ÉÑÉÜäÉ_ÉÑÉÜäÉ====

PKOKNPKOKNPKOKNPKOKN _ÉÑÉÜäëΩÄÉêëáÅÜí_ÉÑÉÜäëΩÄÉêëáÅÜí_ÉÑÉÜäëΩÄÉêëáÅÜí_ÉÑÉÜäëΩÄÉêëáÅÜí====

k~ÅÜÑçäÖÉåÇ=ëáåÇ=ÇáÉ=pí~åÇ~êÇJ_ÉÑÉÜäÉ=~ìÑÖÉäáëíÉíK=aáÉ=pÉåÇÉJ=ìåÇ=^åíïçêíä®åÖÉ=ëáåÇ=áå=a~íÉåÄóíÉë=
áåâäìëáîÉ=^ÇêÉëëÉI=cìåÅíáçå=`çÇÉ=ìåÇ=`o`JpìããÉ=~åÖÉÖÉÄÉåK=
=

cìåÅíáçå=`çÇÉ= _ÉëÅÜêÉáÄìåÖ= OJiÉáíÉê= aáÖáí~ä= pÉåÇÉä®åÖÉ= ^åíïçêíä®åÖÉ=

MP= aêìÅâ=ìåÇ=qÉãéÉê~íìê=~ìëäÉëÉå= u= u= Q= U=

MQ= oÉä~áëòìëí~åÇ=~ìëäÉëÉå= = = Q= U=

PM= pÉêáÉåìããÉê=~ìëäÉëÉå= u= u= Q= U=

PN= cáêãï~êÉ=sÉêëáçåëåìããÉê=~ìëäÉëÉå= u= u= Q= S=

q~ÄÉääÉ=NW= _ÉÑÉÜäëΩÄÉêëáÅÜí=pí~åÇ~êÇ=_ÉÑÉÜäÉ=

=



=

= =
_ÉåìíòÉêÜ~åÇÄìÅÜJmqj|aa_MMP`KÇçÅ pÉáíÉ=NP=îçå=PQ NUK=gìäá=OMNP=
=

_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj=

PKOKOPKOKOPKOKOPKOKO cìåÅíáçå=`çÇÉ=MPW==acìåÅíáçå=`çÇÉ=MPW==acìåÅíáçå=`çÇÉ=MPW==acìåÅíáçå=`çÇÉ=MPW==aêìÅâ=ìåÇ=qÉãéÉê~íìê=~ìëäÉëÉåêìÅâ=ìåÇ=qÉãéÉê~íìê=~ìëäÉëÉåêìÅâ=ìåÇ=qÉãéÉê~íìê=~ìëäÉëÉåêìÅâ=ìåÇ=qÉãéÉê~íìê=~ìëäÉëÉå====

_ÉÑÉÜä_ÉÑÉÜä_ÉÑÉÜä_ÉÑÉÜä==== ==== ^åíïçêí^åíïçêí^åíïçêí^åíïçêí====

MP= = MP= aêìÅâ= qÉãéÉê~íìê=

N=_óíÉ= = N=_óíÉ= N=_óíÉ= N=_óíÉ= N=_óíÉ= N=_óíÉ=

=

iáÉëí=ÇÉå=aêìÅâ=ìåÇ=ÄÉáã=ÇáÖáí~äÉåI=~âíáî=âçãéÉåëáÉêíÉå=qê~åëãáííÉê=òìë®íòäáÅÜ=ÇáÉ=qÉãéÉê~íìê=~ìëK=_Éáã=OJ
iÉáíÉê=qê~åëãáííÉê=ÉåíÜ®äí=Ç~ë=qÉãéÉê~íìêÑÉäÇ=âÉáåÉ=ÖΩäíáÖÉå=a~íÉåI=ÇÉê=a~íÉåê~ÜãÉå=ÄäÉáÄí=~ÄÉê=ÖäÉáÅÜK=
=
aêìÅâ= = tÉêíÉÄÉêÉáÅÜW= M=KKK=NMMMM=mìåâíÉ=

= = rãêÉÅÜåìåÖW== ][
10000

])[][(
*][ barP

barPbarP
DruckbarP

NP

NPN
+

−
= =

=
qÉãéÉê~íìê= tÉêíÉÄÉêÉáÅÜW= M=KKK=NMMMM=mìåâíÉ=

= = rãêÉÅÜåìåÖW= ][
10000

])[][(
*][ CT

CTCT
TemperaturCT

NP

NPN
°+

°−°
=° =

=

PKOKPPKOKPPKOKPPKOKP cìåÅíáçå=`çÇÉ=PMW==pÉêcìåÅíáçå=`çÇÉ=PMW==pÉêcìåÅíáçå=`çÇÉ=PMW==pÉêcìåÅíáçå=`çÇÉ=PMW==pÉêáÉååìããÉê=äÉëÉåáÉååìããÉê=äÉëÉåáÉååìããÉê=äÉëÉåáÉååìããÉê=äÉëÉå====

_ÉÑÉÜä_ÉÑÉÜä_ÉÑÉÜä_ÉÑÉÜä==== ==== ^åíïçêí^åíïçêí^åíïçêí^åíïçêí====

PM= = PM= pkN= pkO=

N=_óíÉ= = N=_óíÉ= N=_óíÉ= N=_óíÉ= N=_óíÉ= N=_óíÉ=

=
iáÉëí=ÇáÉ=pÉêáÉååìããÉê=~ìëK=
= = =

tÉêíÉÄÉêÉáÅÜW= d~åòò~Üä=EPOÄáí=råëáÖåÉÇ=fåíÉÖÉêF=òïáëÅÜÉå=M=ìåÇ=EOPOJNF==
^ìÑÖÉíÉáäí=áå=O=at=EpkN=ìåÇ=pkOF=òì=àÉ=O=_óíÉëK=

= = _ÉêÉÅÜåìåÖW= pÉêáÉåìããÉê=Z== pkO=G=SRRPS=H=pkN==
= = = = _ÉáëéáÉäW== pkN=Z=RPRVT=
= = = = = = pkO=Z=O= = J[=pÉêáÉåìããÉê=Z=NUQSSV=
=

PKOKQPKOKQPKOKQPKOKQ cìåÅíáçå=`çÇÉ=PNW==sÉêëáçåëåìããÉê=~ìëäÉëÉåcìåÅíáçå=`çÇÉ=PNW==sÉêëáçåëåìããÉê=~ìëäÉëÉåcìåÅíáçå=`çÇÉ=PNW==sÉêëáçåëåìããÉê=~ìëäÉëÉåcìåÅíáçå=`çÇÉ=PNW==sÉêëáçåëåìããÉê=~ìëäÉëÉå====

_ÉÑÉÜä_ÉÑÉÜä_ÉÑÉÜä_ÉÑÉÜä==== ==== ^åíïçêí^åíïçêí^åíïçêí^åíïçêí====

PN= = PN= sÉêëáçåëåìããÉê=

N=_óíÉ= = N=_óíÉ= N=_óíÉ= N=_óíÉ=

=
iáÉëí=ÇáÉ=pçÑíï~êÉJsÉêëáçåëåìããÉê=~ìëK=
=
sÉêëáçå=tÉêíÉÄÉêÉáÅÜW= d~åòò~Üä=ENSÄáí=råëáÖåÉÇ=fåíÉÖÉêF=òïáëÅÜÉå=M=ìåÇ=SRRPR=
= = _ÉêÉÅÜåìåÖW= pçÑíï~êÉîÉêëáçå=Z=sÉêëáçåëåìããÉê=L=NMM=

_ÉáëéáÉäW==sÉêëáçåëåìããÉê=OMO==≡=pçÑíï~êÉîÉêëáçå=OKMO=



=

= =
_ÉåìíòÉêÜ~åÇÄìÅÜJmqj|aa_MMP`KÇçÅ pÉáíÉ=NQ=îçå=PQ NUK=gìäá=OMNP=
=

_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj=

PKPPKPPKPPKP bêïÉáíÉêíÉbêïÉáíÉêíÉbêïÉáíÉêíÉbêïÉáíÉêíÉJJJJ_ÉÑÉÜäÉ_ÉÑÉÜäÉ_ÉÑÉÜäÉ_ÉÑÉÜäÉ====

PKPKNPKPKNPKPKNPKPKN _ÉÑÉÜäëΩÄÉêëáÅÜí_ÉÑÉÜäëΩÄÉêëáÅÜí_ÉÑÉÜäëΩÄÉêëáÅÜí_ÉÑÉÜäëΩÄÉêëáÅÜí====

k~ÅÜÑçäÖÉåÇ=ëáåÇ=ÇáÉ=ÉêïÉáíÉêíÉå=_ÉÑÉÜäÉ=~ìÑÖÉäáëíÉíK=aáÉ=pÉåÇÉJ=ìåÇ=ÇáÉ=^åíïçêíä®åÖÉ=ëáåÇ=áå=a~íÉåÄóíÉë=
áåâäìëáîÉ=^ÇêÉëëÉI=cìåÅíáçå=`çÇÉ=ìåÇ=`o`JpìããÉ=~åÖÉÖÉÄÉåK=

cìåÅíáçå=`çÇÉcìåÅíáçå=`çÇÉcìåÅíáçå=`çÇÉcìåÅíáçå=`çÇÉ==== _ÉëÅÜêÉáÄìåÖ_ÉëÅÜêÉáÄìåÖ_ÉëÅÜêÉáÄìåÖ_ÉëÅÜêÉáÄìåÖ==== OOOOJJJJiÉáíÉêiÉáíÉêiÉáíÉêiÉáíÉê==== aáÖáí~äaáÖáí~äaáÖáí~äaáÖáí~ä==== pÉåÇÉä®åÖÉpÉåÇÉä®åÖÉpÉåÇÉä®åÖÉpÉåÇÉä®åÖÉ==== ^åíïçêíä®åÖÉ^åíïçêíä®åÖÉ^åíïçêíä®åÖÉ^åíïçêíä®åÖÉ====

NNO= rëÉê=a~íÉå=ä∏ëÅÜÉå= u= u= Q= S=

NNQ= rëÉêJm~ëëïçêí=ëÉíòÉå= u= u= S= S=

NPS= rëÉêJm~ê~ãÉíÉê=N=~ìëäÉëÉå= u= u= Q= OM=

NPT= rëÉêJm~ê~ãÉíÉê=O=~ìëäÉëÉå= u= u= Q= OM=

NPU= rëÉêJm~ê~ãÉíÉê=P=~ìëäÉëÉå= u= u= Q= OM=

NRO= rëÉêJm~ê~ãÉíÉê=N=ëÅÜêÉáÄÉå= u= u= OM= R=

NRP= rëÉêJm~ê~ãÉíÉê=O=ëÅÜêÉáÄÉå= u= u= OM= R=

NRQ= rëÉêJm~ê~ãÉíÉê=P=ëÅÜêÉáÄÉå= u= u= OM= R=

OPQ= tÉêâëJm~ê~ãÉíÉê=N=~ìëäÉëÉå= u= u= Q= OM=

OPR= tÉêâëJm~ê~ãÉíÉê=O=~ìëäÉëÉå= u= u= Q= OM=

q~ÄÉääÉ=OW= _ÉÑÉÜäëΩÄÉêëáÅÜí=ÉêïÉáíÉêíÉ=_ÉÑÉÜäÉ=

PKPKOPKPKOPKPKOPKPKO m~ê~ãÉíÉêΩÄÉêëáÅÜím~ê~ãÉíÉêΩÄÉêëáÅÜím~ê~ãÉíÉêΩÄÉêëáÅÜím~ê~ãÉíÉêΩÄÉêëáÅÜí====

rëÉêrëÉêrëÉêrëÉêJJJJm~ê~ãÉíÉêm~ê~ãÉíÉêm~ê~ãÉíÉêm~ê~ãÉíÉê==== cìåÅíáçå=`çÇÉcìåÅíáçå=`çÇÉcìåÅíáçå=`çÇÉcìåÅíáçå=`çÇÉ==== = tÉêâëtÉêâëtÉêâëtÉêâëJJJJm~ê~ãÉíÉêm~ê~ãÉíÉêm~ê~ãÉíÉêm~ê~ãÉíÉê==== cìåÅíáçå=`çÇÉcìåÅíáçå=`çÇÉcìåÅíáçå=`çÇÉcìåÅíáçå=`çÇÉ====

^ÇÇêÉëëÉ= NPSI=NRO= = mj~ñ= OPQ=

impÉä= NPSI=NRO= = mjáå= OPQ=

mrëÉêwÉêç= NPSI=NRO= = qj~ñ= OPQ=

mrëÉêcìääëÅ~äÉ= NPSI=NRO= = qjáå= OPQ=

qrëÉêwÉêç= NPSI=NRO= = pk=EpkNI=pkOF= OPR=

qrëÉêcìääëÅ~äÉ= NPSI=NRO= = et|kìããÉê= OPR=

mrëÉê`~äwÉêç= NPSI=NRO= = et|fåÇÉñ= OPR=

mrëÉê`~äcìääëÅ~äÉ= NPSI=NRO= = mqóé= OPR=

aÉëÅêáéíáçå= NPTI=NRP= = `~äqóé= OPR=

mçåN= NPUI=NRQ=

mçÑÑN= NPUI=NRQ=

aÉä~ólåN= NPUI=NRQ=

aÉä~ólÑÑN= NPUI=NRQ=

mçåO= NPUI=NRQ=

mçÑÑO= NPUI=NRQ=

aÉä~ólåO= NPUI=NRQ=

aÉä~ólÑÑO= NPUI=NRQ=

q~ÄÉääÉ=PW= m~ê~ãÉíÉêΩÄÉêëáÅÜí=ÉêïÉáíÉêíÉ=_ÉÑÉÜäÉ=

PKPKPPKPKPPKPKPPKPKP cìåÅíáçå=`çÇÉ=NNOW==m~ê~ãÉíÉêÑä~ëÜ=ä∏ëÅÜÉåcìåÅíáçå=`çÇÉ=NNOW==m~ê~ãÉíÉêÑä~ëÜ=ä∏ëÅÜÉåcìåÅíáçå=`çÇÉ=NNOW==m~ê~ãÉíÉêÑä~ëÜ=ä∏ëÅÜÉåcìåÅíáçå=`çÇÉ=NNOW==m~ê~ãÉíÉêÑä~ëÜ=ä∏ëÅÜÉå====

_ÉÑÉÜä_ÉÑÉÜä_ÉÑÉÜä_ÉÑÉÜä==== ==== ^åíïçêí^åíïçêí^åíïçêí^åíïçêí====

NNO= = NNO= ^åíïçêí=



=

= =
_ÉåìíòÉêÜ~åÇÄìÅÜJmqj|aa_MMP`KÇçÅ pÉáíÉ=NR=îçå=PQ NUK=gìäá=OMNP=
=

_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj=

N=_óíÉ= = N=_óíÉ= N=_óíÉ= N=_óíÉ=

=
i∏ëÅÜí= Ç~ë= m~ê~ãÉíÉêÑä~ëÜK= a~ãáí= ÇáÉëÉê= _ÉÑÉÜä= ~ìëÖÉÑΩÜêí= ïÉêÇÉå= â~ååI= ãìëë= òìÉêëí= Ç~ë= m~ëëïçêí=
ÖÉëÉåÇÉí=ïÉêÇÉå=EëáÉÜÉ=cìåÅíáçå=`çÇÉ=NNQI=h~éáíÉä=OKPKQFK=
=
^åíïçêí=tÉêíÉÄÉêÉáÅÜW= M= cÉÜäÉê=
= = = = N= âçêêÉâí=
=

^åãÉêâìåÖW=

aìêÅÜ=ÇÉå=i∏ëÅÜîçêÖ~åÖ=ÉåíëíÉÜÉå=ÄÉáã=mqj=OJiÉáíÉê=píêçãëéáíòÉåI=ïçÇìêÅÜ=ÇáÉ=hçããìåáâ~íáçå=ÖÉëí∏êí=ïÉêÇÉå=

â~åå=EÇKÜK=ÇáÉ=^åíïçêí=ÇÉë=qê~åëãáííÉêë=ïáêÇ=ÖÉëí∏êíFK=^äë=tçêâ~êçìåÇ=â~åå=Ç~ë=^åïÉåÇÉêéêçÖê~ãã=ÇáÉ=^åíïçêí=

áÖåçêáÉêÉå= ìåÇ= ÇìêÅÜ= ÉáåÉå= iÉëÉòìÖêáÑÑ= ëáÅÜÉêëíÉääÉåI= Ç~ëë= ÇÉê= i∏ëÅÜîçêÖ~åÖ= ÉêÑçäÖêÉáÅÜ= ï~ê= EÄÉá= ÇÉå= _ÉÑÉÜäÉå=

NPS=Ó=NPU=ãΩëëÉå=~ääÉ=a~íÉåï∏êíÉê=SRRPR=ëÉáåFK=

=

^åãÉêâìåÖW=

_áííÉ=ÄÉ~ÅÜíÉå=páÉ=Ç~ë=h~éáíÉäW=RKN=sçêÖÉÜÉå=ÄÉáã=pÅÜêÉáÄÉå=áå=ÇÉå=péÉáÅÜÉê=

=

PKPKQPKPKQPKPKQPKPKQ cìåÅíáçå=`çÇÉ=NNQW==m~ëëïçêí=ÑΩê=m~ê~ãÉíÉêÑä~ëÜcìåÅíáçå=`çÇÉ=NNQW==m~ëëïçêí=ÑΩê=m~ê~ãÉíÉêÑä~ëÜcìåÅíáçå=`çÇÉ=NNQW==m~ëëïçêí=ÑΩê=m~ê~ãÉíÉêÑä~ëÜcìåÅíáçå=`çÇÉ=NNQW==m~ëëïçêí=ÑΩê=m~ê~ãÉíÉêÑä~ëÜJJJJjçÇáÑjçÇáÑjçÇáÑjçÇáÑáâ~íáçåÉåáâ~íáçåÉåáâ~íáçåÉåáâ~íáçåÉå====

_ÉÑÉÜä_ÉÑÉÜä_ÉÑÉÜä_ÉÑÉÜä==== ==== ^åíïçêí^åíïçêí^åíïçêí^åíïçêí====

NNQ= OMMN= = NNQ= ^åíïçêí=

N=_óíÉ= N=_óíÉ= N=_óíÉ= = N=_óíÉ= N=_óíÉ= N=_óíÉ=

=
a~ãáí=Éáå=i∏ëÅÜÉå=çÇÉê=pÅÜêÉáÄÉå=ÇÉë=m~ê~ãÉíÉêJcä~ëÜ=ã∏ÖäáÅÜ= áëíI=ãìëë=òìÉêëí=Ç~ë=m~ëëïçêí=ΩÄÉêíê~ÖÉå=
ïÉêÇÉåK= k~ÅÜ= báåÖ~ÄÉ= ÇÉë= m~ëëïçêíÉë= ëáåÇ= i∏ëÅÜJ= ìåÇ= pÅÜêÉáÄçéÉê~íáçåÉå= áååÉêÜ~äÄ= ÇÉê= å®ÅÜëíÉå= NM=
jáåìíÉå=êÉëéK=Äáë=òìã=å®ÅÜëíÉå=oÉëÉí=ã∏ÖäáÅÜK=
=

^åíïçêí=tÉêíÉÄÉêÉáÅÜW= M= m~ëëïçêí=áåâçêêÉâí=
= = = = N= m~ëëïçêí=âçêêÉâí=
=



=

= =
_ÉåìíòÉêÜ~åÇÄìÅÜJmqj|aa_MMP`KÇçÅ pÉáíÉ=NS=îçå=PQ NUK=gìäá=OMNP=
=

_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj=

PKPKRPKPKRPKPKRPKPKR cìåÅíáçå=`çÇÉ=NPSW==rëÉêcìåÅíáçå=`çÇÉ=NPSW==rëÉêcìåÅíáçå=`çÇÉ=NPSW==rëÉêcìåÅíáçå=`çÇÉ=NPSW==rëÉêJJJJm~ê~ãÉíÉê=N=~ìëäÉëÉåm~ê~ãÉíÉê=N=~ìëäÉëÉåm~ê~ãÉíÉê=N=~ìëäÉëÉåm~ê~ãÉíÉê=N=~ìëäÉëÉå====
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_ÉÑÉÜä_ÉÑÉÜä_ÉÑÉÜä_ÉÑÉÜä==== ==== ^åíïçêí^åíïçêí^åíïçêí^åíïçêí====
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RK ÉîíäK=^ìëäÉëÉå=ÇÉë=cä~ëÜë=EhçåíêçääÉ=ÇÉë=i∏ëÅÜîçêÖ~åÖëF=EcìåÅíáçå=`çÇÉ=NPS=Ó=NPUF=

_Éáã=wìêΩÅâäÉëÉå=ãΩëëÉå=ÇáÉ=m~ê~ãÉíÉê=ÇáÉ=tÉêíÉ=SRRPR=ÉåíÜ~äíÉåK=
�=a~=~Ä=ÜáÉê=ÇáÉ=^ÇêÉëëÉ=ëçãáí=~ìÑ=ÉáåÉã=ìåÇÉÑáåáÉêíÉå=tÉêí=ëíÉÜíI=òìã=pÅÜêÉáÄÉå=ÇÉê=m~ê~ãÉíÉê=
ÇáÉ=^ÇêÉëëÉ=M=îÉêïÉåÇÉåI=ìåíÉê=ïÉäÅÜÉê=ÇáÉ=qê~åëãáííÉê=àÉÇÉêòÉáíI=ìå~ÄÜ®åÖáÖ=îçå=ÇÉê=
^ÇêÉëëÉåÉáåëíÉääìåÖI=~åÖÉëéêçÅÜÉå=ïÉêÇÉå=â∏ååÉåK=

SK wìë~ããÉåëíÉääÉå=ÇÉê=åÉìÉå=rëÉêJm~ê~ãÉíÉê=
TK pÅÜêÉáÄÉå=ÇÉê=rëÉêJm~ê~ãÉíÉê=EcìåÅíáçå=`çÇÉ=NRO=Ó=NRQF=
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_ÉÑÉÜä_ÉÑÉÜä_ÉÑÉÜä_ÉÑÉÜä==== ==== ^åíïçêí^åíïçêí^åíïçêí^åíïçêí====
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QKOKPQKOKPQKOKPQKOKP pí~êíáåÇÉñΩÄÉêëáÅÜípí~êíáåÇÉñΩÄÉêëáÅÜípí~êíáåÇÉñΩÄÉêëáÅÜípí~êíáåÇÉñΩÄÉêëáÅÜí====
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=

rëÉêrëÉêrëÉêrëÉêJJJJm~ê~ãÉíÉêm~ê~ãÉíÉêm~ê~ãÉíÉêm~ê~ãÉíÉê==== pí~êíáåÇÉñpí~êíáåÇÉñpí~êíáåÇÉñpí~êíáåÇÉñ==== wìÖêáÑÑwìÖêáÑÑwìÖêáÑÑwìÖêáÑÑ====
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=
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QKOKSQKOKSQKOKSQKOKS pí~êíáåÇÉñ=TW==pçÑíï~êÉ=sÉêëáçåpí~êíáåÇÉñ=TW==pçÑíï~êÉ=sÉêëáçåpí~êíáåÇÉñ=TW==pçÑíï~êÉ=sÉêëáçåpí~êíáåÇÉñ=TW==pçÑíï~êÉ=sÉêëáçå====

sÉêëáçå=tÉêíÉÄÉêÉáÅÜW= d~åòò~Üä=ENSÄáí=råëáÖåÉÇ=fåíÉÖÉêF=òïáëÅÜÉå=M=ìåÇ=SRRPR=
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QKPQKPQKPQKP bêïÉáíÉêíÉbêïÉáíÉêíÉbêïÉáíÉêíÉbêïÉáíÉêíÉJJJJ_ÉÑÉÜäÉ_ÉÑÉÜäÉ_ÉÑÉÜäÉ_ÉÑÉÜäÉ====

QKPKNQKPKNQKPKNQKPKN _ÉÑÉÜäëΩÄÉêëáÅÜí_ÉÑÉÜäëΩÄÉêëáÅÜí_ÉÑÉÜäëΩÄÉêëáÅÜí_ÉÑÉÜäëΩÄÉêëáÅÜí====
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=

cìåÅíáçå=`çÇÉ= _ÉëÅÜêÉáÄìåÖ= OJiÉáíÉê= aáÖáí~ä= pÉåÇÉä®åÖÉ= ^åíïçêíä®åÖÉ=

MP= oÉ~Ç=eçäÇáåÖ=oÉÖáëíÉêë= = u= U= R=H=OGi®åÖÉ=

NS= têáíÉ=jìäíéäÉ=oÉÖáëíÉêë= = u= V=H=OGi®åÖÉ= U=

q~ÄÉääÉ=SW= _ÉÑÉÜäëΩÄÉêëáÅÜí=ÉêïÉáíÉêíÉ=_ÉÑÉÜäÉ=

QKPKOQKPKOQKPKOQKPKO cìåÅíáçå=`çÇÉ=MPW==oÉ~Ç=eçäÇáåÖ=oÉÖáëíÉêcìåÅíáçå=`çÇÉ=MPW==oÉ~Ç=eçäÇáåÖ=oÉÖáëíÉêcìåÅíáçå=`çÇÉ=MPW==oÉ~Ç=eçäÇáåÖ=oÉÖáëíÉêcìåÅíáçå=`çÇÉ=MPW==oÉ~Ç=eçäÇáåÖ=oÉÖáëíÉê====

_ÉÑÉÜä_ÉÑÉÜä_ÉÑÉÜä_ÉÑÉÜä==== ==== ^åíïçêí^åíïçêí^åíïçêí^åíïçêí====

MP= pí~êífåÇÉñ= i®åÖÉ= = MP= _óíÉ`çìåí= atN= atO= =====ÁKK=== atå=

N=_K= N=_K= N=_K= N=_K= N=_K= = N=_K= N=_K= N=_K= N=_K= N=_K= N=_K= = = N=_K= N=_K=

aáÉ=^åò~Üä=ÇÉê=a~íÉåï∏êíÉê=ENKKKã~ñáã~ä=UF=áëí=îçå=ÇÉê=~ìÑÖÉêìÑÉåÉå=i®åÖÉ=~ÄÜ®åÖáÖK=
_óíÉ`çìåí=ïáêÇ=Ç~ÄÉá=òì=ÇÉå=^åò~Üä=ÖÉëÉåÇÉíÉå=a~íÉåÄóíÉëI=çÇÉê=O=G=i®åÖÉK=

=

QKPKPQKPKPQKPKPQKPKP cìåÅíáçå=`çÇÉ=NSW==têáíÉ=jìäíáéäÉ=oÉÖáëíÉêcìåÅíáçå=`çÇÉ=NSW==têáíÉ=jìäíáéäÉ=oÉÖáëíÉêcìåÅíáçå=`çÇÉ=NSW==têáíÉ=jìäíáéäÉ=oÉÖáëíÉêcìåÅíáçå=`çÇÉ=NSW==têáíÉ=jìäíáéäÉ=oÉÖáëíÉê====

_ÉÑÉÜä_ÉÑÉÜä_ÉÑÉÜä_ÉÑÉÜä==== ==== ^åíïçêí^åíïçêí^åíïçêí^åíïçêí====

NS= pí~êífåÇÉñ= i®åÖÉ= _`= atN= ======ÁKK=== atå= = NS= pí~êífåÇÉñ= i®åÖÉ=

N=_K= N=_K= N=_K= N=_K= N=_K= N=_K= N=_K= N=_K= = = N=_K= N=_K= = N=_K= N=_K= N=_K= N=_K= N=_K=

aáÉ=^åò~Üä=ÇÉê=a~íÉåï∏êíÉê=ENKKKã~ñáã~ä=UF=áëí=îçå=ÇÉê=îÉêïÉåÇÉíÉå=i®åÖÉ=~ÄÜ®åÖáÖK=
_óíÉ`çìåí=ïáêÇ=Ç~ÄÉá=òì=ÇÉå=^åò~Üä=òì=ëÉåÇÉåÇÉå=a~íÉåÄóíÉëI=çÇÉê=O=G=i®åÖÉK=

=

QKPKQQKPKQQKPKQQKPKQ pí~êíáåÇÉñΩÄÉêëáÅÜípí~êíáåÇÉñΩÄÉêëáÅÜípí~êíáåÇÉñΩÄÉêëáÅÜípí~êíáåÇÉñΩÄÉêëáÅÜí====

aáÉ=m~ê~ãÉíÉê=â∏ååÉå=ãáí=ÇÉå=ÄÉáÇÉå=cìåâíáçåëÅçÇÉë=MP=ìåÇ=NS=ìåíÉê=ÑçäÖÉåÇÉã=pí~êíáåÇÉñ=~ìëÖÉäÉëÉå=
çÇÉê=ÄÉëÅÜêáÉÄÉå=ïÉêÇÉåW=
=

rëÉêrëÉêrëÉêrëÉêJJJJm~ê~ãÉíÉêm~ê~ãÉíÉêm~ê~ãÉíÉêm~ê~ãÉíÉê==== pí~êíáåÇÉñpí~êíáåÇÉñpí~êíáåÇÉñpí~êíáåÇÉñ==== wìÖêáÑÑwìÖêáÑÑwìÖêáÑÑwìÖêáÑÑ==== = tÉêâëtÉêâëtÉêâëtÉêâëJJJJm~ê~ãÉíÉêm~ê~ãÉíÉêm~ê~ãÉíÉêm~ê~ãÉíÉê==== pí~êíáåÇÉñpí~êíáåÇÉñpí~êíáåÇÉñpí~êíáåÇÉñ==== wìwìwìwìÖêáÑÑÖêáÑÑÖêáÑÑÖêáÑÑ====

_ÉÑÉÜäëë~íò=i~óÉê=T= M= êï= = mj~ñ= OMM=H=OMN= ê=

rëÉêJm~ëëïçêí=ëÉíòÉå= O= ï= = mjáå= OMO=H=OMP= ê=

rëÉêJm~ëëïçêí=ëÉíòÉå=H=a~íÉå=ä∏ëÅÜÉå= Q= ï= = qj~ñ= OMQ=H=OMR= ê=

^ÇÇêÉëëÉ= OM= êï= = qjáå= OMS=H=OMT= ê=

impÉä= ON= êï= = pk=EpkNI=pkOF= ONM=H=ONN= ê=

mrëÉêwÉêç= OO= êï= = et|kìããÉê= ONO= ê=

mrëÉêcìääëÅ~äÉ= OP= êï= = et|fåÇÉñ= ONP= ê=

qrëÉêwÉêç= OQ= êï= = mqóé= ONQ= ê=

qrëÉêcìääëÅ~äÉ= OR= êï= = `~äqóé= ONR= ê=

mrëÉê`~äwÉêç= OS= êï= = = = =
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= =
_ÉåìíòÉêÜ~åÇÄìÅÜJmqj|aa_MMP`KÇçÅ pÉáíÉ=OR=îçå=PQ NUK=gìäá=OMNP=
=

_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj=

mrëÉê`~äcìääëÅ~äÉ= OT= êï= = = = =

aÉëÅêáéíáçå=EàÉ=òïÉá=wÉáÅÜÉåF= PMÁPT= êï= = = = =

q~ÄÉääÉ=TW= pí~êíáåÇÉñΩÄÉêëáÅÜí=ÉêïÉáíÉêíÉ=_ÉÑÉÜäÉ=

wìÖêáÑÑ= = êW= åìê=äÉëÉå=
= = ïW= åìê=ëÅÜêÉáÄÉå=
= = êïW= äÉëÉå=ìåÇ=ëÅÜêÉáÄÉå=
=

QKPKRQKPKRQKPKRQKPKR pí~êíáåÇÉñ=MW==_ÉÑÉÜäëë~íò=i~óÉê=Tpí~êíáåÇÉñ=MW==_ÉÑÉÜäëë~íò=i~óÉê=Tpí~êíáåÇÉñ=MW==_ÉÑÉÜäëë~íò=i~óÉê=Tpí~êíáåÇÉñ=MW==_ÉÑÉÜäëë~íò=i~óÉê=T====

iáÉëí=çÇÉê=ëÉíòí=ÇÉå=òì=îÉêïÉåÇÉåÇÉå=_ÉÑÉÜäëë~íò=~ìÑ=i~óÉê=T=bÄÉåÉK=
=
_ÉÑÉÜäëë~íò= tÉêíÉÄÉêÉáÅÜW= M= jçÇÄìë=i~óÉê=T=_ÉÑÉÜäëë~íò=
= = = = N= pqp=i~óÉê=T=_ÉÑÉÜäëë~íò=
=
k~ÅÜ=ÇÉã=^ìÑëí~êíÉå=áëí=ÇÉê=ÇáÖáí~äÉ=qê~åëãáííÉê=áããÉê=áã=jçÇÄìë=i~óÉê=T=_ÉÑÉÜäëë~íòK=aÉê=jçÇìë=pqp=
i~óÉê=T=_ÉÑÉÜäëë~íò=ä®ëëí=ëáÅÜ=åáÅÜí=ëéÉáÅÜÉêåI=Ç~ë=áëí=Éáå=ÑäΩÅÜíáÖÉê=wìëí~åÇK=aáÉëÉê=ïáêÇ=ÄÉá=ÉáåÉã=oÉëÉí=
òìêΩÅâÖÉëÉíòíK=
=
táÅÜíáÖW=fã=pqp=i~óÉê=T=_ÉÑÉÜäëë~íò=ëáåÇ=ÇáÉ=ÄÉáÇÉå=cìåâíáçåëÅçÇÉë=MP=ìåÇ=NS=å~ÅÜ=jçÇÄìë=i~óÉê=T=
_ÉÑÉÜäëë~íò=~ìÅÜ=áãéäÉãÉåíáÉêí=ïçêÇÉåK=a~ãáí=ä®ëëí=ëáÅÜ=Éáå=qê~åëãáííÉê=~ìÅÜ=ïáÉÇÉê=òìêΩÅâ=~ìÑ=ÇÉå=
jçÇÄìë=i~óÉê=T=_ÉÑÉÜäëë~íò=ëÉíòÉåK=
=

QKPKSQKPKSQKPKSQKPKS pí~êíáåÇÉñ=OW==pí~êíáåÇÉñ=OW==pí~êíáåÇÉñ=OW==pí~êíáåÇÉñ=OW==m~ëëïçêí=ÑΩê=m~ê~ãÉíÉêÑä~ëÜm~ëëïçêí=ÑΩê=m~ê~ãÉíÉêÑä~ëÜm~ëëïçêí=ÑΩê=m~ê~ãÉíÉêÑä~ëÜm~ëëïçêí=ÑΩê=m~ê~ãÉíÉêÑä~ëÜJJJJjçÇáÑáâ~íájçÇáÑáâ~íájçÇáÑáâ~íájçÇáÑáâ~íáçåÉåçåÉåçåÉåçåÉå====

a~ãáí=Éáå=i∏ëÅÜÉå=çÇÉê=pÅÜêÉáÄÉå=ÇÉë=m~ê~ãÉíÉêJcä~ëÜ=ã∏ÖäáÅÜ= áëíI=ãìëë=òìÉêëí=Ç~ë=m~ëëïçêí=ΩÄÉêíê~ÖÉå=
ïÉêÇÉåK= k~ÅÜ= báåÖ~ÄÉ= ÇÉë= m~ëëïçêíÉë= ëáåÇ= i∏ëÅÜJ= ìåÇ= pÅÜêÉáÄçéÉê~íáçåÉå= áååÉêÜ~äÄ= ÇÉê= å®ÅÜëíÉå= NM=
jáåìíÉå=êÉëéK=Äáë=òìã=å®ÅÜëíÉå=oÉëÉí=ã∏ÖäáÅÜK=
=
aáÉëÉê=_ÉÑÉÜä=Ü~í=åìê=pÅÜêÉáÄòìÖêáÑÑ>=

_ÉÑÉÜä= = tÉêíÉÄÉêÉáÅÜW= OMMN= rëÉê=m~ëëïçêí=
=

QKPKTQKPKTQKPKTQKPKT pí~êíáåÇÉñ=QW==pí~êíáåÇÉñ=QW==pí~êíáåÇÉñ=QW==pí~êíáåÇÉñ=QW==m~ëëïçêí=ÑΩê=m~ê~ãÉíÉêÑä~ëÜm~ëëïçêí=ÑΩê=m~ê~ãÉíÉêÑä~ëÜm~ëëïçêí=ÑΩê=m~ê~ãÉíÉêÑä~ëÜm~ëëïçêí=ÑΩê=m~ê~ãÉíÉêÑä~ëÜJJJJjçÇáÑáâ~íáçåÉå=ìåÇ=ä∏ëÅÜÉåjçÇáÑáâ~íáçåÉå=ìåÇ=ä∏ëÅÜÉåjçÇáÑáâ~íáçåÉå=ìåÇ=ä∏ëÅÜÉåjçÇáÑáâ~íáçåÉå=ìåÇ=ä∏ëÅÜÉå====

a~ãáí=Éáå=i∏ëÅÜÉå=çÇÉê=pÅÜêÉáÄÉå=ÇÉë=m~ê~ãÉíÉêJcä~ëÜ=ã∏ÖäáÅÜ= áëíI=ãìëë=òìÉêëí=Ç~ë=m~ëëïçêí=ΩÄÉêíê~ÖÉå=
ïÉêÇÉåK= k~ÅÜ= báåÖ~ÄÉ= ÇÉë= m~ëëïçêíÉë= ëáåÇ= i∏ëÅÜJ= ìåÇ= pÅÜêÉáÄçéÉê~íáçåÉå= áååÉêÜ~äÄ= ÇÉê= å®ÅÜëíÉå= NM=
jáåìíÉå= êÉëéK= Äáë= òìã= å®ÅÜëíÉå= oÉëÉí= ã∏ÖäáÅÜK= däÉáÅÜòÉáíáÖ= ïáêÇ= ãáí= ÇáÉëÉã= _ÉÑÉÜä= Ç~ë= m~ê~ãÉíÉêÑä~ëÜ=
~ìÅÜ=ÖäÉáÅÜ=ÖÉä∏ëÅÜí=ìåÇ=áëí=~åëÅÜäáÉëëÉåÇ=ÄÉêÉáí=ÑΩê=pÅÜêÉáÄòìÖêáÑÑÉK=
=
aáÉëÉê=_ÉÑÉÜä=Ü~í=åìê=pÅÜêÉáÄòìÖêáÑÑ>=

_ÉÑÉÜä= = tÉêíÉÄÉêÉáÅÜW= OMMN= rëÉê=m~ëëïçêí=
=

QKPKUQKPKUQKPKUQKPKU pí~êíáåÇÉñ=OMW==pí~êíáåÇÉñ=OMW==pí~êíáåÇÉñ=OMW==pí~êíáåÇÉñ=OMW==^ÇêÉëëÉ^ÇêÉëëÉ^ÇêÉëëÉ^ÇêÉëëÉ====

^ÇêÉëëÉ= _ÉëÅÜêÉáÄìåÖW= dÉê®íÉ~ÇêÉëëÉ=ÇÉë=jçÇÄìë=mêçíçâçääë=
= tÉêíÉÄÉêÉáÅÜW= N=KKK=OQT==
= = M=áëí=ÑΩê=_êç~ÇÅ~ëí=êÉëÉêîáÉêí=ìåÇ=åáÅÜí=~äë=^ÇêÉëëÉ=òìä®ëëáÖK=
= = OQM=áëí=ÇÉê=aÉÑ~ìäíïÉêí=ÄÉá=^ìëäáÉÑÉêìåÖK=
=



=

= =
_ÉåìíòÉêÜ~åÇÄìÅÜJmqj|aa_MMP`KÇçÅ pÉáíÉ=OS=îçå=PQ NUK=gìäá=OMNP=
=

_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj=

QKPKVQKPKVQKPKVQKPKV pí~êíáåÇÉñ=ONW==pí~êíáåÇÉñ=ONW==pí~êíáåÇÉñ=ONW==pí~êíáåÇÉñ=ONW==a®ãéÑìåÖëÑáäíÉêa®ãéÑìåÖëÑáäíÉêa®ãéÑìåÖëÑáäíÉêa®ãéÑìåÖëÑáäíÉê====

impÉäW= _ÉëÅÜêÉáÄìåÖW= oÉéê®ëÉåíáÉêí=ÇáÉ=ÉáåÖÉëíÉääíÉ=a®ãéÑìåÖ=~ã=^å~äçÖ~ìëÖ~åÖ=ÇÉë=
aêìÅâãÉëëâ~å~äëK=

= tÉêíÉÄÉêÉáÅÜW= MW= Å~K=PM=eò= pí~åÇ~êÇ=
= = NW= NM=eò=
= = OW= N=eò=
= = PW= MKN=eò=

QKPKNMQKPKNMQKPKNMQKPKNM pí~êíáåÇpí~êíáåÇpí~êíáåÇpí~êíáåÇÉñ=OOW==aêìÅâ=Éñ=OOW==aêìÅâ=Éñ=OOW==aêìÅâ=Éñ=OOW==aêìÅâ=kìääéìåâíëâ~äáÉêìåÖ=^å~äçÖ~ìëÖ~åÖkìääéìåâíëâ~äáÉêìåÖ=^å~äçÖ~ìëÖ~åÖkìääéìåâíëâ~äáÉêìåÖ=^å~äçÖ~ìëÖ~åÖkìääéìåâíëâ~äáÉêìåÖ=^å~äçÖ~ìëÖ~åÖ====

mrëÉêwÉêç= _ÉëÅÜêÉáÄìåÖW= kìääéìåâíëâ~äáÉêìåÖ=^å~äçÖ~ìëÖ~åÖ=mçìí=îçå=ÓRKKKNMR=Bcp=
= tÉêíÉÄÉêÉáÅÜW= NVRMM=KKK=PMRMMI==pí~åÇ~êÇW=OMMMM=]=MBcp=
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QKPKNNQKPKNNQKPKNNQKPKNN pípípípí~êíáåÇÉñ=OPW==aêìÅâ=~êíáåÇÉñ=OPW==aêìÅâ=~êíáåÇÉñ=OPW==aêìÅâ=~êíáåÇÉñ=OPW==aêìÅâ=cìääëÅ~äÉcìääëÅ~äÉcìääëÅ~äÉcìääëÅ~äÉJJJJpâ~äáÉêìåÖ=^å~äçÖ~ìëÖ~åÖpâ~äáÉêìåÖ=^å~äçÖ~ìëÖ~åÖpâ~äáÉêìåÖ=^å~äçÖ~ìëÖ~åÖpâ~äáÉêìåÖ=^å~äçÖ~ìëÖ~åÖ====

mrëÉêcìääëÅ~äÉ= _ÉëÅÜêÉáÄìåÖW= cìääëÅ~äÉJpâ~äáÉêìåÖ=^å~äçÖ~ìëÖ~åÖ=mçìí=îçå=JRKKKNMR=Bcp=
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QKPKNOQKPKNOQKPKNOQKPKNO pí~êíáåÇÉñ=OQW==qÉãéÉê~íìê=pí~êíáåÇÉñ=OQW==qÉãéÉê~íìê=pí~êíáåÇÉñ=OQW==qÉãéÉê~íìê=pí~êíáåÇÉñ=OQW==qÉãéÉê~íìê=kìääéìåâíëâ~äáÉêìåÖ=^å~äçÖ~ìëÖ~åÖkìääéìåâíëâ~äáÉêìåÖ=^å~äçÖ~ìëÖ~åÖkìääéìåâíëâ~äáÉêìåÖ=^å~äçÖ~ìëÖ~åÖkìääéìåâíëâ~äáÉêìåÖ=^å~äçÖ~ìëÖ~åÖ====

qrëÉêwÉêç= _ÉëÅÜêÉáÄìåÖW= kìääéìåâíJpâ~äáÉêìåÖ=^å~äçÖ~ìëÖ~åÖ=qçìí=îçå=ÓRKKKNMR=Bcp=
= tÉêíÉÄÉêÉáÅÜW= NVRMM=KKK=PMRMMI==pí~åÇ~êÇW=OMMMM=]=MBcp=
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QKPKNPQKPKNPQKPKNPQKPKNP pí~êíáåÇÉñ=ORW==qÉãéÉê~íìê=pí~êíáåÇÉñ=ORW==qÉãéÉê~íìê=pí~êíáåÇÉñ=ORW==qÉãéÉê~íìê=pí~êíáåÇÉñ=ORW==qÉãéÉê~íìê=cìääëÅ~äÉcìääëÅ~äÉcìääëÅ~äÉcìääëÅ~äÉJJJJpâ~äáÉêìåÖ=^å~äçÖ~ìëÖ~åÖpâ~äáÉêìåÖ=^å~äçÖ~ìëÖ~åÖpâ~äáÉêìåÖ=^å~äçÖ~ìëÖ~åÖpâ~äáÉêìåÖ=^å~äçÖ~ìëÖ~åÖ====

qrëÉêcìääëÅ~äÉ= _ÉëÅÜêÉáÄìåÖW= cìääëÅ~äÉJpâ~äáÉêìåÖ=^å~äçÖ~ìëÖ~åÖ=qçìí=îçå=ÓRKKKNMR=Bcp=
= tÉêíÉÄÉêÉáÅÜW= JRMM=KKK=NMRMMI==pí~åÇ~êÇW=NMMMM=]=NMMBcp=
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QKPKNQQKPKNQQKPKNQQKPKNQ pí~êíáåÇÉñ=OSW==aêìÅâ=pí~êíáåÇÉñ=OSW==aêìÅâ=pí~êíáåÇÉñ=OSW==aêìÅâ=pí~êíáåÇÉñ=OSW==aêìÅâ=kìääéìåâíkìääéìåâíkìääéìåâíkìääéìåâíJJJJoÉâ~äáÄê~íáçåoÉâ~äáÄê~íáçåoÉâ~äáÄê~íáçåoÉâ~äáÄê~íáçå====

mrëÉê`~äwÉêç= _ÉëÅÜêÉáÄìåÖW= kìääéìåâíJoÉâ~äáÄê~íáçå=
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= =
_ÉåìíòÉêÜ~åÇÄìÅÜJmqj|aa_MMP`KÇçÅ pÉáíÉ=OT=îçå=PQ NUK=gìäá=OMNP=
=

_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj=

= tÉêíÉÄÉêÉáÅÜW= NVRMM=KKK=PMRMMI==pí~åÇ~êÇW=OMMMM=]=MBcp=
= _ÉêÉÅÜåìåÖW= ëáÉÜÉ=h~éáíÉä=RKO=oÉâ~äáÄê~íáçå=
=

QKPKNRQKPKNRQKPKNRQKPKNR pí~êíáåÇÉñ=OTWpí~êíáåÇÉñ=OTWpí~êíáåÇÉñ=OTWpí~êíáåÇÉñ=OTW========aêìÅâ=cìääëÅ~äÉaêìÅâ=cìääëÅ~äÉaêìÅâ=cìääëÅ~äÉaêìÅâ=cìääëÅ~äÉJJJJoÉâ~äáÄê~íáçåoÉâ~äáÄê~íáçåoÉâ~äáÄê~íáçåoÉâ~äáÄê~íáçå====

mrëÉê`~äcìääëÅ~äÉ= _ÉëÅÜêÉáÄìåÖW= cìääëÅ~äÉJoÉâ~äáÄê~íáçå=
= tÉêíÉÄÉêÉáÅÜW= JRMM=KKK=NMRMMI==pí~åÇ~êÇW=NMMMM=]=NMMBcp=
= _ÉêÉÅÜåìåÖW= ëáÉÜÉ=h~éáíÉä=RKO=oÉâ~äáÄê~íáçå=
=

QKPKNSQKPKNSQKPKNSQKPKNS pí~êíáåÇÉñ=PMÁPTW==dÉê®íÉÄÉëÅÜêÉáÄìåÖpí~êíáåÇÉñ=PMÁPTW==dÉê®íÉÄÉëÅÜêÉáÄìåÖpí~êíáåÇÉñ=PMÁPTW==dÉê®íÉÄÉëÅÜêÉáÄìåÖpí~êíáåÇÉñ=PMÁPTW==dÉê®íÉÄÉëÅÜêÉáÄìåÖ====

aáÉ= aÉëÅêáéíáçå= ìãÑ~ëëí= ã~ñáã~ä= NS= wÉáÅÜÉåK= aáÉ= tÉêíÉ= ÇÉê= ÉáåòÉäåÉå= _óíÉë= ÉåíëéêÉÅÜÉå= ÇÉå=
aÉòáã~äïÉêíÉå=ÇÉê=^p`ffJq~ÄÉääÉI=ïçÄÉá=Ç~ë=içïJ_óíÉ=îçå=aÉëÅN=Ç~ë=ÉêëíÉ=ìåÇ=Ç~ë=eáÖÜJ_óíÉ=îçå=aÉëÅU=
Ç~ë=äÉíòíÉ=wÉáÅÜÉå=Ç~êëíÉääíK=tÉêÇÉå=åáÅÜí=~ääÉ=wÉáÅÜÉå=ÄÉå∏íáÖíI=ëç=ïÉêÇÉå=ÇáÉ=êÉëíäáÅÜÉå=_óíÉë=ãáí=kìääÉå=
áåáíá~äáëáÉêíK=
=
= _ÉáëéáÉäW=wÉáÅÜÉåâÉííÉ=M=Ó=NM=ãtë=Ö=

wÉáÅÜÉåwÉáÅÜÉåwÉáÅÜÉåwÉáÅÜÉå==== ^p`ff=EeÉñF^p`ff=EeÉñF^p`ff=EeÉñF^p`ff=EeÉñF==== at=EeÉñFat=EeÉñFat=EeÉñFat=EeÉñF==== at=EaÉòFat=EaÉòFat=EaÉòFat=EaÉòF==== aÉëÅêáaÉëÅêáaÉëÅêáaÉëÅêáééééíáçåíáçåíáçåíáçå====

\MÒ= MñPM=
OMPMÜ= UOQMÇ= aÉëÅN=

\=\= MñOM=

\J\= MñOa=
OMOaÜ= UOPTÇ= aÉëÅO=

\=\= MñOM=

\NÒ= MñPN=
PMPNÜ= NOPPTÇ= aÉëÅP=

\MÒ= MñPM=

\=Ò= MñOM=
SaOMÜ= OTVPSÇ= aÉëÅQ=

\ãÒ= MñSa=

\tÒ= MñRT=
TPRTÜ= OVROTÇ= aÉëÅR=

\ëÒ= MñTP=

\=Ò= MñOM=
STOMÜ= OSQMMÇ= aÉëÅS=

\ÖÒ= MñST=



=

= =
_ÉåìíòÉêÜ~åÇÄìÅÜJmqj|aa_MMP`KÇçÅ pÉáíÉ=OU=îçå=PQ NUK=gìäá=OMNP=
=

_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj=

=
= MñMM=

MMMMÜ= MÇ= aÉëÅT=
= MñMM=

= MñMM=
MMMMÜ= MÇ= aÉëÅU=

= MñMM=

=

QKPKNTQKPKNTQKPKNTQKPKNT pí~êíáåÇÉñ=OMMHOMNW==kÉååÇêìÅâpí~êíáåÇÉñ=OMMHOMNW==kÉååÇêìÅâpí~êíáåÇÉñ=OMMHOMNW==kÉååÇêìÅâpí~êíáåÇÉñ=OMMHOMNW==kÉååÇêìÅâ====

a~íÉåíóé= ëáÖåÉÇ=äçåÖ=

mj~ñNI=mj~ñO= _ÉëÅÜêÉáÄìåÖW= kÉååÇêìÅâ=ÇÉë=qê~åëãáííÉêë=
= _ÉêÉÅÜåìåÖW= mj~ñ=Z=mj~ñO=G=SRRPS=H=mj~ñN=
= = ïÉåå=mj~ñ=[=OPN==
= = mj~ñ=Z==Emj~ñO=G=SRRPS=H=mj~ñNF=J=OPO=

= = ][
100000

][ bar
PMax

barP
N

= = =

= = _ÉáëéáÉäW== mj~ñN=Z==RQQSQ=
= = = = mj~ñO=Z=N= = J[= mj~ñ=Z=NOMMMM=

= = = = = = J[= mk=Z=NKO=Ä~ê=
=

QKPKNUQKPKNUQKPKNUQKPKNU pí~êíáåÇÉñ=OMOHpí~êíáåÇÉñ=OMOHpí~êíáåÇÉñ=OMOHpí~êíáåÇÉñ=OMOHOMPW==kìääéìåâíÇêìÅâOMPW==kìääéìåâíÇêìÅâOMPW==kìääéìåâíÇêìÅâOMPW==kìääéìåâíÇêìÅâ====

a~íÉåíóé= ëáÖåÉÇ=äçåÖ=

mjáåNI=mjáåO= _ÉëÅÜêÉáÄìåÖW= kìääéìåâíÇêìÅâ=ÇÉë=qê~åëãáííÉêë=
= _ÉêÉÅÜåìåÖW= mjáå=Z=mjáåO=G=SRRPS=H=mjáåN=
= = ïÉåå=mjáå=[=OPN==
= = mjáå=Z==EmjáåO=G=SRRPS=H=mjáåNF=J=OPO=

= = ][
100000

][ bar
PMin

barP
NP

= =

= = _ÉáëéáÉäW= mjáåN=Z=PNMTO=
= = = = mjáåO=Z=SRRPQ=J[= mjáå=Z=JNMMÛMMM=
= = = = = = = = J[= mkm=Z=JN=Ä~ê=
=

QKPKNVQKPKNVQKPKNVQKPKNV pí~êíáåÇÉñ=OMQHOMRW==qÉãéÉê~íìêÄÉêÉáÅÜëÉåÇÉpí~êíáåÇÉñ=OMQHOMRW==qÉãéÉê~íìêÄÉêÉáÅÜëÉåÇÉpí~êíáåÇÉñ=OMQHOMRW==qÉãéÉê~íìêÄÉêÉáÅÜëÉåÇÉpí~êíáåÇÉñ=OMQHOMRW==qÉãéÉê~íìêÄÉêÉáÅÜëÉåÇÉ====

a~íÉåíóé= ëáÖåÉÇ=äçåÖ=

qj~ñNI=qj~ñO= _ÉëÅÜêÉáÄìåÖW= qÉãéÉê~íìêÄÉêÉáÅÜëÉåÇÉ=ÇÉë=qê~åëãáííÉêë=
= _ÉêÉÅÜåìåÖW= qj~ñ=Z=qj~ñO=G=SRRPS=H=qj~ñN=
= = ïÉåå=qj~ñ=[=OPN==
= = qj~ñ=Z==Eqj~ñO=G=SRRPS=H=qã~ñNF=Ó=OPO=

= = ][
100000

][ C
TMax

CT
N

°=° =

=



=

= =
_ÉåìíòÉêÜ~åÇÄìÅÜJmqj|aa_MMP`KÇçÅ pÉáíÉ=OV=îçå=PQ NUK=gìäá=OMNP=
=

_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj=

QKPKOMQKPKOMQKPKOMQKPKOM pí~êíáåÇÉñ=OMSHOMTW==qÉãéÉê~íìêÄÉêÉáÅÜë~åÑ~åÖpí~êíáåÇÉñ=OMSHOMTW==qÉãéÉê~íìêÄÉêÉáÅÜë~åÑ~åÖpí~êíáåÇÉñ=OMSHOMTW==qÉãéÉê~íìêÄÉêÉáÅÜë~åÑ~åÖpí~êíáåÇÉñ=OMSHOMTW==qÉãéÉê~íìêÄÉêÉáÅÜë~åÑ~åÖ====

a~íÉåíóé= ëáÖåÉÇ=äçåÖ=

qjáåNI=qjáåO= _ÉëÅÜêÉáÄìåÖW= qÉãéÉê~íìêÄÉêÉáÅÜë~åÑ~åÖ=ÇÉë=qê~åëãáííÉêë=
= _ÉêÉÅÜåìåÖW= qjáå=Z=qjáåO=G=SRRPS=H=qjáåN=
= = ïÉåå=qjáå=[=OPN==
= = qjáå=Z==EqjáåO=G=SRRPS=H=qjáåNF=Ó=OPO=

= = ][
100000

][ C
TMin

CT
NP

°=° =

=

QKPKONQKPKONQKPKONQKPKON pí~êíáåÇÉñ=ONMHONNW==pÉêáÉååìããÉêpí~êíáåÇÉñ=ONMHONNW==pÉêáÉååìããÉêpí~êíáåÇÉñ=ONMHONNW==pÉêáÉååìããÉêpí~êíáåÇÉñ=ONMHONNW==pÉêáÉååìããÉê====

a~íÉåíóé= ìåëáÖåÉÇ=äçåÖ=

pkNI=pkO= _ÉëÅÜêÉáÄìåÖW= pÉêáÉååìããÉê=ÇÉë=qê~åëãáííÉêë=
= tÉêíÉÄÉêÉáÅÜW= d~åòò~Üä=EPOÄáí=fåíÉÖÉêF=òïáëÅÜÉå=M=ìåÇ=EOPOJNF==

= ^ìÑÖÉíÉáäí=áå=O=at=EpkN=ìåÇ=pkOF=òì=àÉ=O=_óíÉëK=
= _ÉêÉÅÜåìåÖW= pÉêáÉåìããÉê=Z== pkO=G=SRRPS=H=pkN==
= = _ÉáëéáÉäW=== pkN=Z=RPRVT=
= ======= = === pkO=Z=O== J[=pÉêáÉåìããÉê=Z=NUQSSV=
=

QKPKOOQKPKOOQKPKOOQKPKOO pí~êíáåÇÉñ=ONOW==e~êÇï~êÉpí~êíáåÇÉñ=ONOW==e~êÇï~êÉpí~êíáåÇÉñ=ONOW==e~êÇï~êÉpí~êíáåÇÉñ=ONOW==e~êÇï~êÉJJJJsÉêëáçåsÉêëáçåsÉêëáçåsÉêëáçå====

et|sÉê= _ÉëÅÜêÉáÄìåÖW= e~êÇï~êÉJsÉêëáçå=ÇÉë=qê~åëãáííÉêéêáåíÉë=
= tÉêíÉÄÉêÉáÅÜW= M=KKK=VVVV=
= a~êëíÉääìåÖW= SKMMKññññK^=
=

QKPKOPQKPKOPQKPKOPQKPKOP pí~êíáåÇÉñ=ONPW==e~êÇï~êÉpí~êíáåÇÉñ=ONPW==e~êÇï~êÉpí~êíáåÇÉñ=ONPW==e~êÇï~êÉpí~êíáåÇÉñ=ONPW==e~êÇï~êÉJJJJfåÇÉñfåÇÉñfåÇÉñfåÇÉñ====

et|fåÇÉñ= _ÉëÅÜêÉáÄìåÖW= e~êÇï~êÉJfåÇÉñ=ÇÉë=qê~åëãáííÉêéêáåíÉë=
= tÉêíÉÄÉêÉáÅÜW= SR=KKK=VM==E^p`ffJtÉêíÉ=ÇÉòáã~ä=ÑΩê=^=KKK=wF=
= a~êëíÉääìåÖW= SKMMKMMMMKñ=
=

QKPKOQQKPKOQQKPKOQQKPKOQ pí~êíáåÇÉñ=ONQW==aêìÅâíóépí~êíáåÇÉñ=ONQW==aêìÅâíóépí~êíáåÇÉñ=ONQW==aêìÅâíóépí~êíáåÇÉñ=ONQW==aêìÅâíóé====

mqóé= _ÉëÅÜêÉáÄìåÖW= dáÄí=ÇÉå=aêìÅâíóéÉå=ÇÉë=qê~åëãáííÉêë=~å=
= tÉêíÉÄÉêÉáÅÜW= MW= ~=== ^ÄëçäìíÇêìÅâ=
= = NW= Ö=== oÉä~íáîÇêìÅâ=
= = OW= ëÖ== §ÄÉêÇêìÅâ=
=

QKPKORQKPKORQKPKORQKPKOR pí~êíáåÇÉñ=ONRW==qÉãéÉê~íìêpí~êíáåÇÉñ=ONRW==qÉãéÉê~íìêpí~êíáåÇÉñ=ONRW==qÉãéÉê~íìêpí~êíáåÇÉñ=ONRW==qÉãéÉê~íìêJJJJh~äáÄê~íáçåëíóéh~äáÄê~íáçåëíóéh~äáÄê~íáçåëíóéh~äáÄê~íáçåëíóé====

`~äqóé= _ÉëÅÜêÉáÄìåÖW= qÉãéÉê~íìêJh~äáÄê~íáçåëíóé=
= tÉêíÉÄÉêÉáÅÜW= MW= é~ëëáîÉ=qÉãéÉê~íìêâçãéÉåë~íáçå=
= = NW= ~âíáîÉ=qÉãéÉê~íìêâçãéÉåë~íáçå=

= Ebêâä®êìåÖ=ëáÉÜÉ=h~éáíÉä=N=mqj=qê~åëãáííÉêíóéÉåF=

QKQQKQQKQQKQ bñÅÉéíáçåÜ~åÇäáåÖbñÅÉéíáçåÜ~åÇäáåÖbñÅÉéíáçåÜ~åÇäáåÖbñÅÉéíáçåÜ~åÇäáåÖ====



=

= =
_ÉåìíòÉêÜ~åÇÄìÅÜJmqj|aa_MMP`KÇçÅ pÉáíÉ=PM=îçå=PQ NUK=gìäá=OMNP=
=

_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj=

QKQKNQKQKNQKQKNQKQKN ^ääÖÉãÉáåÉë^ääÖÉãÉáåÉë^ääÖÉãÉáåÉë^ääÖÉãÉáåÉë====

fã=jçÇÄìë=i~óÉê=T=mêçíçâçää=ïÉêÇÉå=ÑÉÜäÉêÜ~ÑíÉ=wìÖêáÑÑ=~ìÑ=ÉáåÉå=håçíÉå=îçå=ÇáÉëÉã=ãáí=ÉáåÉê=bñÅÉéíáçå=
ÄÉ~åíïçêíÉíK=cÉÜäÉêÜ~Ñí=ÄÉÇÉìíÉí=Ç~ÄÉá=~ÄÉê=åáÅÜíW=

• c~äëÅÜÉ=dÉê®íÉ~ÇêÉëëÉ=
• cÉÜäÉêÜ~ÑíÉ=`o`JpìããÉ=

_Éá=ÇáÉëÉå=c®ääÉå=Ç~êÑ=âÉáåÉ=^åíïçêí=ÖÉëÉåÇÉí=ïÉêÇÉåK=

aáÉ=bñÅÉéíáçå~åíïçêí=òÉáÅÜåÉí=ëáÅÜ=Ç~ÇìêÅÜ=~ìëI=Ç~ëë=ÇÉê=cìåâíáçåëÅçÇÉ=ìã=NOU=ÉêÜ∏Üí=ïçêÇÉå=áëíK=^äë=
_ÉáëéáÉä=ïáêÇ=ÄÉá=ÉáåÉã=cìåâíáçåëÅçÇÉ=MP=ÇáÉ=^åíïçêí=ÄÉá=ÉáåÉê=bñÅÉéíáçå=ãáí=ÇÉã=cìåâíáçåëÅçÇÉ=NPN=
ÉãéÑ~åÖÉåK=

QKQKOQKQKOQKQKOQKQKO bñÅÉéíáçå~åíïçêíbñÅÉéíáçå~åíïçêíbñÅÉéíáçå~åíïçêíbñÅÉéíáçå~åíïçêí====

_ÉÑÉÜä_ÉÑÉÜä_ÉÑÉÜä_ÉÑÉÜä==== ==== ^åíïçêí^åíïçêí^åíïçêí^åíïçêí====

ññ= ======KKKKKK= ======ÁÁ= = ññ=H=NOU= bñÅÉéíáçå`çÇÉ=

N=_K= N=_K= N=_K= N=_K= N=_K= = N=_K= N=_K=

=
táÉ=çÄÉå=ÄÉëÅÜêáÉÄÉå=ïáêÇ=ÇÉê=cìåâíáçåëÅçÇÉ=ÄÉá=ÇÉê=^åíïçêí=ìã=NOU=ÉêÜ∏ÜíK=jáí=ÇÉã=bñÅÉéíáçåÅçÇÉ=
â~åå=ÜÉê~ìëÖÉÑìåÇÉå=ïÉêÇÉåI=ï~êìã=ÄÉáã=bãéÑ®åÖÉê=Éáå=cÉÜäÉê=~ìÑÖÉíêÉíÉå=áëíK=

QKQKPQKQKPQKQKPQKQKP bñÅÉéíáçåÅçÇÉëbñÅÉéíáçåÅçÇÉëbñÅÉéíáçåÅçÇÉëbñÅÉéíáçåÅçÇÉë====

^äë=bñÅÉéíáçåÅçÇÉë=âçããÉå=Ç~ÄÉá=áå=cê~ÖÉW=

bñÅÉéíáçå`çÇÉ= cÉÜäÉêÄÉëÅÜêÉáÄìåÖ=
N= aÉê=áã=_ÉÑÉÜä=îÉêïÉåÇÉíÉ=cìåâíáçåëÅçÇÉ=ïáêÇ=îçã=dÉê®í=åáÅÜí=ìåíÉêëíΩíòíK=
O= ~F=aÉê=áã=_ÉÑÉÜä=îÉêïÉåÇÉíÉ=pí~êífåÇÉñ=ïáêÇ=îçã=dÉê®í=åáÅÜí=ìåíÉêëíΩíòíK=

ÄF=aáÉ=áã=_ÉÑÉÜä=îÉêïÉåÇÉíÉ=i®åÖÉ=áëí=òì=Öêçëë=ÑΩê=ÇáÉëÉå=pí~êífåÇÉñK=
P= aáÉ=áã=_ÉÑÉÜä=îÉêïÉåÇÉíÉ=i®åÖÉ=áëí=MK=
Q= ~F=^ìÑ=ÉáåÉã=áã=_ÉÑÉÜä=îÉêïÉåÇÉíÉå=fåÇÉñ=ëáåÇ=åáÅÜí=ÖÉåìÖ=oÉÅÜíÉ=îçêÜ~åÇÉå=

EëÅÜêÉáÄÉåLäÉëÉåFK=
ÄF=aÉê=tÉêíÉÄÉêÉáÅÜ=ÇÉê=òì=ëÅÜêÉáÄÉåÇÉå=a~íÉå=áëí=îÉêäÉíòí=ïçêÇÉåK=

q~ÄÉääÉ=UW= bñÅÉéíáçåÅçÇÉë=

=



=

= =
_ÉåìíòÉêÜ~åÇÄìÅÜJmqj|aa_MMP`KÇçÅ pÉáíÉ=PN=îçå=PQ NUK=gìäá=OMNP=
=

_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj=

QKRQKRQKRQKR sçêÖÉÜÉå=ÄÉáã=pÅÜêÉáÄÉå=áå=ÇÉå=péÉáÅÜÉêsçêÖÉÜÉå=ÄÉáã=pÅÜêÉáÄÉå=áå=ÇÉå=péÉáÅÜÉêsçêÖÉÜÉå=ÄÉáã=pÅÜêÉáÄÉå=áå=ÇÉå=péÉáÅÜÉêsçêÖÉÜÉå=ÄÉáã=pÅÜêÉáÄÉå=áå=ÇÉå=péÉáÅÜÉê====

^ìÑÖêìåÇ=ÇÉë=péÉáÅÜÉê~ìÑÄ~ìë=áëí=Éë=åçíïÉåÇáÖ=ÄÉáã=_ÉëÅÜêÉáÄÉå=ÇÉë=cä~ëÜë=ÑçäÖÉåÇÉå=^Ää~ìÑ=
ÉáåòìÜ~äíÉåW=

NK iÉëÉå=ÇÉê=rëÉêJm~ê~ãÉíÉê=EcìåÅíáçå=`çÇÉ=MPI=pí~êíáåÇÉñ=OM=H=PMI=àÉ=i®åÖÉ=UF=
OK wïáëÅÜÉåëéÉáÅÜÉêìåÖ=ÇÉê=tÉêíÉ=áã=m`=
PK pÅÜêÉáÄÉå=ÇÉë=m~ëëïçêíÉë=ìåÇ=i∏ëÅÜÉå=ÇÉë=cä~ëÜë=EcìåÅíáçå=`çÇÉ=NSI=pí~êíáåÇÉñ=QI=i®åÖÉ=NF=

k~ÅÜ=ÇÉã=i∏ëÅÜÉå=ÇÉë=cä~ëÜë=áëí=ÇáÉ=^ÇêÉëëÉ=éÉê=aÉÑ~ìäí=~ìÑ=OQM=EMñcMF=ÉáåÖÉëíÉääíI=Äáë=ëáÉ=ãáí=
ÇÉã=ÉêëíÉå=pÅÜêÉáÄòìÖêáÑÑ=~ìÑ=ÇÉå=pí~êíáåÇÉñ=OM=åÉì=ÖÉëÉíòí=ïáêÇI=ëáÉÜÉ=mìåâí=SK=
aÉëÜ~äÄ=ëçääíÉ=ÇáÉ=^ÇêÉëëÉ=OQM=åìê=îÉêïÉåÇÉí=ïÉêÇÉåI=ïÉåå=åìê=Éáå=qê~åëãáííÉê=áã=kÉíò=áëíK=
pçÄ~äÇ=ãÉÜêÉêÉ=qê~åëãáííÉê=áã=kÉíò=~åÖÉëÅÜäçëëÉå=ëáåÇI=ëç=ëçääíÉ=âÉáå=qê~åëãáííÉê=~ìÑ=ÇÉê=
éÉêã~åÉåíÉå=^ÇêÉëëÉ=OQM=ÄÉíêÉáÄÉå=ïÉêÇÉåI=Ç~=ëçåëí=ÄÉáã=m~ê~ãÉíêáëáÉêÉå=hçääáëáçåÉå=~ìÑ=ÇÉã=
_ìë=~ìÑíêÉíÉå=â∏ååÉå>=

QK ÉîíäK=^ìëäÉëÉå=ÇÉë=cä~ëÜë=EhçåíêçääÉ=ÇÉë=i∏ëÅÜîçêÖ~åÖëF=EcìåÅíáçå=`çÇÉ=MPI=pí~êíáåÇÉñ=OM=H=PMI=àÉ=
i®åÖÉ=UF=
_Éáã=wìêΩÅâäÉëÉå=ãΩëëÉå=ÇáÉ=m~ê~ãÉíÉê=ÇáÉ=tÉêíÉ=SRRPR=ÉåíÜ~äíÉåK=

RK wìë~ããÉåëíÉääÉå=ÇÉê=åÉìÉå=rëÉêJm~ê~ãÉíÉê=
SK pÅÜêÉáÄÉå=ÇÉê=rëÉêJm~ê~ãÉíÉê=EcìåÅíáçå=`çÇÉ=NSI=pí~êíáåÇÉñ=OM=H=PMI=àÉ=i®åÖÉ=UF=

bë=áëí=òì=ÄÉ~ÅÜíÉåI=Ç~ëë=~äë=ÉêëíÉë=ÇÉê=pí~êíáåÇÉñ=OM=ÄÉëÅÜêáÉÄÉå=ïÉêÇÉå=ëçääI=Ç~ãáí=ÇáÉ=^ÇêÉëëÉ=
åÉì=ÖÉëÉíòí=ïáêÇK=^Ä=ÜáÉê=â~åå=~åëÅÜäáÉëëÉåÇ=ÇáÉ=êáÅÜíáÖÉ=^ÇêÉëëÉ=ïÉáíÉê=îÉêïÉåÇÉí=ïÉêÇÉåK=
bë=ãΩëëÉå=áããÉê=~ääÉ=ÇêÉá=fåÇÉñÄä∏ÅâÉ=å~ÅÜÉáå~åÇÉê=ÖÉëÅÜêáÉÄÉå=ïÉêÇÉå>=
bë=â∏ååÉå=åáÅÜí=ÉáåòÉäåÉ=m~ê~ãÉíÉê=çÇÉê=wÉáäÉå=é~êíáÉää=ΩÄÉêëÅÜêáÉÄÉå=ïÉêÇÉå>=

TK ^ìëäÉëÉå=ÇÉë=cä~ëÜë=EhçåíêçääÉ=ÇÉë=pÅÜêÉáÄîçêÖ~åÖÉëF=EcìåÅíáçå=`çÇÉ=MPI=pí~êíáåÇÉñ=OM=H=PMI=àÉ=
i®åÖÉ=UF=
pçääíÉ=ÇÉê=pÅÜêÉáÄîçêÖ~åÖ=ÑÉÜäÖÉëÅÜä~ÖÉå=ëÉáåI=ãìëë=ÄÉá=mìåâí=P=ïÉáíÉêÖÉÑ~ÜêÉå=ïÉêÇÉåK==

=



=

= =
_ÉåìíòÉêÜ~åÇÄìÅÜJmqj|aa_MMP`KÇçÅ pÉáíÉ=PO=îçå=PQ NUK=gìäá=OMNP=
=

_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj=

RRRR sçêÖÉÜÉå=ìåÇ=_ÉêÉÅÜåìåÖÉåsçêÖÉÜÉå=ìåÇ=_ÉêÉÅÜåìåÖÉåsçêÖÉÜÉå=ìåÇ=_ÉêÉÅÜåìåÖÉåsçêÖÉÜÉå=ìåÇ=_ÉêÉÅÜåìåÖÉå====

RKNRKNRKNRKN oÉâ~äáÄê~íáçåoÉâ~äáÄê~íáçåoÉâ~äáÄê~íáçåoÉâ~äáÄê~íáçå====

RKNKNRKNKNRKNKNRKNKN ^ääÖÉãÉáåÉë^ääÖÉãÉáåÉë^ääÖÉãÉáåÉë^ääÖÉãÉáåÉë====

aáÉ=pÉåëçêÉå=ëáåÇ=îçã=tÉêâ=~ìë=h~äáÄêáÉêíK=^ìÑÖêìåÇ=îçå=i~åÖòÉáíÇêáÑíÉå=â∏ååÉå=àÉÇçÅÜ=kìääéìåâíJ=ìåÇ=
cìääëÅ~äÉJcÉÜäÉê=ÉåíëíÉÜÉåK=aáÉ=oÉâ~äáÄê~íáçå=Éêã∏ÖäáÅÜí=ÉëI=ÄÉáÇÉë=áå=ÉáåÉã=ÖÉïáëëÉå=j~ëë=òì=
âçãéÉåëáÉêÉåK=bë=áëí=òì=ÉãéÑÉÜäÉåI=Ç~ëë=ÉáåÉ=oÉâ~äáÄê~íáçå=åìê=Ç~åå=ÇìêÅÜÖÉÑΩÜêí=ïáêÇI=ïÉåå=ÉáåÉ=
aêìÅâêÉÑÉêÉåò=òìê=sÉêÑΩÖìåÖ=ëíÉÜíI=ÇáÉ=ãáåÇÉëíÉåë=R=ã~ä=ÖÉå~ìÉê=~äë=ÇáÉ=pÉåëçêÖÉå~ìáÖâÉáí=áëíK=
tÉáíÉê=áëí=òì=ÄÉ~ÅÜíÉåI=Ç~ëë=ÇáÉ=pÉåëçêä~ÖÉ=ÑΩê=ÇáÉ=h~äáÄê~íáçå=ÉåíëÅÜÉáÇÉåÇ=ëÉáå=â~ååK=fã=tÉêâ=ïÉêÇÉå=
ÇáÉ=pÉåëçêÉå=~ìÑêÉÅÜíI=ãáí=ÇÉê=jÉëëòÉääÉ=å~ÅÜ=ìåíÉåI=ÄÉá=o~ìãíÉãéÉê~íìê=~ÄÖÉÖäáÅÜÉåK=
=
Signal (digital)

Referenzdruck 

Ideale Kennlinie

Aktuelle Kennlinie

R2R1

S2

S1

P
N

P
NP

S
N

S
NP

=
cáÖìê=TW= _ÉêÉÅÜåìåÖ=ÇÉê=oÉâ~äáÄê~íáçå=

hΩêòÉä= _ÉëÅÜêÉáÄìåÖ= tÉêíÉÄÉêÉáÅÜ= báåÜÉáí=

mkm= kìääéìåâíÇêìÅâ=ÇÉë=qê~åëãáííÉêë= ÑÉëí=å~ÅÜ=^ìÑíê~Ö= xbáåÜÉáíz=

mk= kÉååÇêìÅâ=ÇÉë=qê~åëãáííÉêë= ÑÉëí=å~ÅÜ=^ìÑíê~Ö= xbáåÜÉáíz=

oN= oÉÑÉêÉåòÇêìÅâ=áã=_ÉêÉáÅÜ=îçå=JR=KKK=NM=Bcp= oÉÑÉêÉåòãÉëëìåÖ= xbáåÜÉáíz=

oO= oÉÑÉêÉåòÇêìÅâ=áã=_ÉêÉáÅÜ=îçå=VM=KKK=NMR=Bcp= oÉÑÉêÉåòãÉëëìåÖ= xbáåÜÉáíz=

pkm= aáÖáí~äÉë=aêìÅâëáÖå~ä=ÄÉá=kìääéìåâíÇêìÅâ=ÇÉë=qê~åëãáííÉêë= M= xaáÖáíëz=

pk= aáÖáí~äÉë=aêìÅâëáÖå~ä=ÄÉá=kÉååÇêìÅâ=ÇÉë=qê~åëãáííÉêë= NMMMM= xaáÖáíëz=

pN= aáÖáí~äÉë=aêìÅâëáÖå~ä=ÄÉá=oN= mqj=jÉëëìåÖI=JRMM=KKK=NMRMM= xaáÖáíëz=

pO= aáÖáí~äÉë=aêìÅâëáÖå~ä=ÄÉá=oO= mqj=jÉëëìåÖI=RMM=KKK=NMRMM= xaáÖáíëz=

q~ÄÉääÉ=VW=oÉâ~äáÄê~íáçåëëáÖå~äÉ=

RKNKORKNKORKNKORKNKO pqp=i~óÉê=T=mêçíçâçääpqp=i~óÉê=T=mêçíçâçääpqp=i~óÉê=T=mêçíçâçääpqp=i~óÉê=T=mêçíçâçää====

aáÉ=tÉêíÉ=pN=ìåÇ=pO=ïÉêÇÉå=ãáí=ÇÉã=cìåÅíáçå=`çÇÉ=MP=EëáÉÜÉ=h~éáíÉä=PKOKOF=~ìëÖÉäÉëÉåK=táÅÜíáÖ=áëíI=
Ç~ëë=ÇáÉ=oÉÑÉêÉåòÇêìÅâïÉêíÉ=oN=ìåÇ=oO=ÖäÉáÅÜòÉáíáÖ=ãáí=pN=ìåÇ=pO=ÄÉëíáããí=ïÉêÇÉåK=mrëÉê`~äcìääëÅ~äÉ=



=

= =
_ÉåìíòÉêÜ~åÇÄìÅÜJmqj|aa_MMP`KÇçÅ pÉáíÉ=PP=îçå=PQ NUK=gìäá=OMNP=
=

_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj=

ìåÇ=mrëÉê`~äwÉêç=ïÉêÇÉå=ãáí=ÇÉã=cìåÅíáçå=`çÇÉ=NPS=EëáÉÜÉ=h~éáíÉä=PKPKRF=~ìëÖÉäÉëÉå=ìåÇ=ãáí=ÇÉã=
cìåÅíáçå=`çÇÉ=NRO=EëáÉÜÉ=h~éáíÉä=PKPKNMF=ÄÉëÅÜêáÉÄÉåK=

RKNKPRKNKPRKNKPRKNKP jçÇÄìë=i~óÉê=T=mêçíçâçääjçÇÄìë=i~óÉê=T=mêçíçâçääjçÇÄìë=i~óÉê=T=mêçíçâçääjçÇÄìë=i~óÉê=T=mêçíçâçää====

aáÉ=tÉêíÉ=pN=ìåÇ=pO=ïÉêÇÉå=ãáí=ÇÉã=cìåÅíáçå=`çÇÉ=MQ=ìåÇ=pí~êíáåÇÉñ=M=EëáÉÜÉ=h~éáíÉä=QKOKQF=
~ìëÖÉäÉëÉåK=táÅÜíáÖ=áëíI=Ç~ëë=ÇáÉ=oÉÑÉêÉåòÇêìÅâïÉêíÉ=oN=ìåÇ=oO=ÖäÉáÅÜòÉáíáÖ=ãáí=pN=ìåÇ=pO=ÄÉëíáããí=
ïÉêÇÉåK=mrëÉê`~äcìääëÅ~äÉ=ìåÇ=mrëÉê`~äwÉêç=ïÉêÇÉå=ãáí=ÇÉã=cìåÅíáçå=`çÇÉ=MP=ìåÇ=pí~êíáåÇÉñ=OS=ìåÇ=
OT=EëáÉÜÉ=h~éáíÉä=QKPKNQLNRF=~ìëÖÉäÉëÉå=ìåÇ=ãáí=ÇÉã=cìåÅíáçå=`çÇÉ=NS=ìåÇ=pí~êíáåÇÉñ=OS=ìåÇ=OT=EëáÉÜÉ=
h~éáíÉä=QKPKNQLNRF=ÄÉëÅÜêáÉÄÉåK=

RKNKQRKNKQRKNKQRKNKQ _ÉêÉÅÜåìåÖ_ÉêÉÅÜåìåÖ_ÉêÉÅÜåìåÖ_ÉêÉÅÜåìåÖ====

aáÉ=_ÉêÉÅÜåìåÖ=ÑΩê=ÇáÉ=oÉâ~äáÄê~íáçå=ÇÉê=mqjJqê~åëãáííÉê=ÉêÖáÄí=ëáÅÜ=ïáÉ=ÑçäÖíW=
=

^âíìÉääÉ=píÉáÖìåÖ=áã=mqj=ÄÉêÉÅÜåÉåW=
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cìääëÅ~äÉ= = táêÇ=ÉáåÉ=êÉáåÉ=cìääëÅ~äÉJoÉâ~äáÄê~íáçå=ÇìêÅÜÖÉÑΩÜêíW=
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=

= =
_ÉåìíòÉêÜ~åÇÄìÅÜJmqj|aa_MMP`KÇçÅ pÉáíÉ=PQ=îçå=PQ NUK=gìäá=OMNP=
=

_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj_ÉåìíòÉêÜ~åÇÄìÅÜ=mqj=

RKORKORKORKO báåÜÉáíÉåìãêÉÅÜåìåÖÉåbáåÜÉáíÉåìãêÉÅÜåìåÖÉåbáåÜÉáíÉåìãêÉÅÜåìåÖÉåbáåÜÉáíÉåìãêÉÅÜåìåÖÉå====

RKOKNRKOKNRKOKNRKOKN aêìÅâÉáåÜÉáíÉåaêìÅâÉáåÜÉáíÉåaêìÅâÉáåÜÉáíÉåaêìÅâÉáåÜÉáíÉå====

fã=cçäÖÉåÇÉå=ëáåÇ=ÇáÉ=rãêÉÅÜåìåÖëÑ~âíçêÉå=òìê=rãêÉÅÜåìåÖ=ÉáåÉê=ÄÉäáÉÄáÖÉå=báåÜÉáí=áå=ÇáÉ=báåÜÉáí=Ä~ê=
~åÖÉÖÉÄÉåK=
=

báåÜÉáíbáåÜÉáíbáåÜÉáíbáåÜÉáí==== rãêÉÅÜåìåÖëÑ~âíçêrãêÉÅÜåìåÖëÑ~âíçêrãêÉÅÜåìåÖëÑ~âíçêrãêÉÅÜåìåÖëÑ~âíçê==== ==== báåÜÉáíbáåÜÉáíbáåÜÉáíbáåÜÉáí==== rãêÉÅÜåìåÖëÑ~âíçêrãêÉÅÜåìåÖëÑ~âíçêrãêÉÅÜåìåÖëÑ~âíçêrãêÉÅÜåìåÖëÑ~âíçê====

Ä~ê= N= = ãcd= MKMVQSQ=

Ñí=eOl= MKMOVUV= = ãeOl= MKMVUMT=

Ñí=t`= MKMOVUV= = ããeÖ= MKMMNPP=

Üm~= MKMMN= = ããeOl= MKMMMN=

áåed= MKMPPUS= = ããt`= MKMMMN=

áåeOl= MKMMOQV= = ããtd= MKMMMN=

áåtd= MKMMOQV= = ããtp= MKMMMN=

âÖGLÅãO= MKVUMST= = jm~= NM=

âm~= MKMN= = ãt`= MKMVUMT=

âéLÅãO= MKVUMST= = ãtd= MKMVUMT=

äÄÑLáåO= MKMSUVR= = ãtp= MKMVUMT=

ãÄ~ê= MKMMN= = m~= MKMMMMN=

ã`b= MKMVUMT= = éëá= MKMSUVR=

ãc`= MKMTVVP= = = =

q~ÄÉääÉ=NMW=aêìÅâÉáåÜÉáíÉå=

=

RKOKORKOKORKOKORKOKO qÉãéÉê~íìêÉáåÜÉáíÉåqÉãéÉê~íìêÉáåÜÉáíÉåqÉãéÉê~íìêÉáåÜÉáíÉåqÉãéÉê~íìêÉáåÜÉáíÉå====

hÉäîáå=J[=dê~Ç=`ÉäëáìëW=
= qxø`z=Z=qxhz=Ó=OTPKNR=
=
dê~Ç=`Éäëáìë=J[=hÉäîáåW=
= qxhz=Z=qxø`z=H=OTPKNR=
=
dê~Ç=c~ÜêÉåÜÉáí=J[=dê~Ç=`ÉäëáìëW=
= qxø`z=Z=RLV=G=qxcz=Ó=NSMLV=
=
dê~Ç=`Éäëáìë=J[=dê~Ç=c~ÜêÉåÜÉáíW=
= qxøcz=Z=VLR=G=qxø`z=H=PO=
=


