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=
=
=
=
=
=
=
=
=
p^c=dolrm=qboj=ifcb=fkpro^k`b=
dolrm=mlif`v=kçK=OMMMMMO=
=
vçì=Ü~îÉ=~å=áãéçêí~åí=êçäÉ=íç=éä~ó=áå=éêçíÉÅíáåÖ=çìê=ÅçìåíêóK=_ìí=áå=çêÇÉê=íç=Çç=íÜ~íI=óçì=åÉÉÇ=íç=
Ü~îÉ=éÉ~ÅÉ=çÑ=ãáåÇ=âåçïáåÖ=íÜ~í=óçìê=äçîÉÇ=çåÉë=ïáää=ÄÉ=í~âÉå=Å~êÉ=çÑ=ëÜçìäÇ=~åóíÜáåÖ=ìåÑçêÉëÉÉå=
~åÇ=ìåÑçêíìå~íÉ=Ü~ééÉå=íç=óçìK==
=
qÜÉ=p^c=dêçìé=qÉêã=iáÑÉ=fåëìê~åÅÉ=áë=ïÜ~í=óçì=åÉÉÇK=fí=ÖáîÉë=óçì=íÜÉ=êáÖÜí=Ñáå~åÅá~ä=éêçíÉÅíáçå=ïÜáäÉ=
óçì=~êÉ=éêçíÉÅíáåÖ=çìê=ÅçìåíêóK=^åÇI=óçì=Å~å=ÅçåíáåìÉ=ïáíÜ=íÜáë=ÅçãéêÉÜÉåëáîÉ=~åÇ=~ÑÑçêÇ~ÄäÉ=äçï=
Åçëí=äáÑÉ=áåëìê~åÅÉ=ìé=íç=~ÖÉ=SRI=ÉîÉå=~ÑíÉê=óçì=äÉ~îÉ=ÉãéäçóãÉåí=ïáíÜ=p^c=çê=loa=çê=åç=äçåÖÉê=Ü~îÉ=
kp=äá~ÄáäáíáÉëK==vçì=~äëç=Ü~îÉ=íÜÉ=çéíáçå=íç=ÅçåíáåìÉ=íç=ÄÉ=áåëìêÉÇ=ìé=íç=~ÖÉ=TM=ëìÄàÉÅí=íç=íÜÉ=
éêÉî~áäáåÖ=éêÉãáìã=ê~íÉëK==
=
=
=
molar`q=fkcloj^qflk==
=
hbv=cb^qrobp=

• _É=áåëìêÉÇ=ìé=íç=~=ã~ñáãìã=ÅçîÉê~ÖÉ=çÑ=ASMMIMMM=Ñçê=~ë=äáííäÉ=~ë=AOKRO=~=Ç~ó=

• vçìê=ëéçìëÉ=~åÇ=ÅÜáäÇêÉå=Å~å=~äëç=Éåàçó=íÜÉ=ë~ãÉ=ÅçîÉê~ÖÉ=Ñçê=ÉîÉå=äÉëëÉê=J=ANKVT=~=Ç~óK=qÜÉ=
éêÉãáìã=ê~íÉ=áë=Ñä~í=ìé=íç=~ÖÉ=SR=

• båàçó=~ìíçã~íáÅ=êÉåÉï~ä=çÑ=ASMMIMMM=ÅçîÉê~ÖÉ=ìé=íç=~ÖÉ=SRX=íÜÉêÉ~ÑíÉêI=ANMMIMMM=ÅçîÉê~ÖÉ=Ñêçã=
~ÖÉ=SS=íç=TM=ëìÄàÉÅí=íç=íÜÉ=éêÉî~áäáåÖ=éêÉãáìã=ê~íÉë=íÉêãë=~åÇ=ÅçåÇáíáçåë=

• oÉÅÉáîÉ=~Çî~åÅÉ=é~óãÉåí=ÄÉåÉÑáí=çÑ=RMB=çÑ=ëìã=~ëëìêÉÇI=ëìÄàÉÅí=íç=~=ã~ñáãìã=çÑ=ANMMIMMM=áÑ=
~å=áåëìêÉÇ=éÉêëçå=áë=ãÉÇáÅ~ääó=ÅÉêíáÑáÉÇ=ÜáÖÜäó=éêçÄ~ÄäÉ=íç=é~ëë=~ï~ó=ïáíÜáå=íÜÉ=åÉñí=NO=ãçåíÜë=

• oÉÅÉáîÉ=Éñíê~=aÉ~íÜ=_ÉåÉÑáí=çÑ=ìé=íç=ANMMIMMM=áÑ=ÇÉ~íÜ=áë=ÇáêÉÅíäó=ÇìÉ=íç=p^c=çÅÅìé~íáçå~ä=
~ÅíáîáíáÉë=çê=íê~áåáåÖI=áåÅäìÇáåÖ=ëìÅÜ=áåÅáÇÉåíë=ÇìêáåÖ=çéë=êÉ~Çó=áåJÅ~ãé=íê~áåáåÖK=

• oÉÅÉáîÉ=Ç~áäó=Üçëéáí~ä=Å~ëÜ=ÄÉåÉÑáí=

• båàçó=é~êíá~ä=Å~ëÜ=êÉÄ~íÉ=çÑ=éêÉãáìã=ÇìêáåÖ=ÖççÇ=óÉ~êë=

• vçìê=áåëìêÉÇ=ëéçìëÉ=Å~å=ÅçåíáåìÉ=ïáíÜ=íÜÉ=áåëìê~åÅÉ=áÑ=óçì=ïÉêÉ=íç=é~ëë=~ï~ó=
======éêÉã~íìêÉäó=

• `çîÉê~ÖÉ=áåÅäìÇÉë=ÉîÉåí=çÑ=ï~ê=EáåÅäìÇáåÖ=rk=mÉ~ÅÉâÉÉéáåÖ=L=eìã~åáí~êá~å=jáëëáçåë==
======~åÇ=^Åíë=çÑ=qÉêêçêáëãF=ëìÄàÉÅí=íç=íÜÉ=Öêçìé=êáëâë=äáãáí~íáçåë=åÉÖçíá~íÉÇ=Äó=jfkabcK==
=
=
bifdf_ib=mboplkkbi=

• p^c=êÉÖìä~êë=EoÉÖìä~êëF=~åÇ=ÑìääJíáãÉ=k~íáçå~ä=pÉêîáÅÉãÉå=EkpcF=
• aÉÑÉåÅÉ=bñÉÅìíáîÉ=lÑÑáÅÉêë=EaulF=
• mìÄäáÅ=lÑÑáÅÉêë=ïçêâáåÖ=áå=jfkabc=
• p^c=léÉê~íáçå~ä=oÉ~Çó=k~íáçå~ä=pÉêîáÅÉãÉå=Ekpã~åF=
• apq^=ëí~ÑÑ=ïçêâáåÖ=áå=p^c=ìåáí=çê=jfkabc=ÇÉéí=
• jáäáí~êó=Ççã~áå=ÉñéÉêí=éÉêëçååÉä=~åÇ=p^c=îçäìåíÉÉê=

mêçÇìÅí=pìãã~êó=
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=
bifdf_ib=abmbka^kqp=
péçìëÉ=~åÇ=ÅÜáäÇêÉå=E~í=äÉ~ëí=~ÖÉ=NQ=Ç~óëÛ=çäÇF=çÑ=íÜÉ=~ÄçîÉ=áåëìêÉÇ=ÉãéäçóÉÉë=
=
=
^db=`bfifkd=
• vçì=~åÇ=óçìê=ëéçìëÉ=ãìëí=í~âÉ=ìé=íÜáë=ÅçîÉê=ÄÉÑçêÉ=~ÖÉ=RR=~åÇ=ÅçîÉê~ÖÉ=Å~å=ÄÉ=
======ÅçåíáåìÉÇ=ìé=íç=~ÖÉ=TM= =
• vçìê=ÅÜáäÇêÉå=Å~å=~äëç=ÄÉ=áåëìêÉÇ=Ñêçã=NQ=Ç~óëÛ=çäÇK=cçê=~=ÑÉã~äÉ=ÅÜáäÇI=íÜÉ=ÅçîÉê~ÖÉ=
======ïáää=ÅÉ~ëÉ=~í=~ÖÉ=OR=çê=ïÜÉå=ëÜÉ=ã~êêáÉëI=ïÜáÅÜÉîÉê=áë=É~êäáÉêK=cçê=~=ã~äÉ=ÅÜáäÇI=íÜÉ=

ÅçîÉê~ÖÉ=ïáää=ÅÉ~ëÉ=~í=~ÖÉ=OMK=
=
=
prj=^pproba=^ka=mobjfrj=o^qbp=
• qÜÉ=éêÉî~áäáåÖ=ãçåíÜäó=éêÉãáìãë=~ë=ëí~íÉÇ=áå=íÜÉ=í~ÄäÉ=ïáää=ÄÉ=~ééäáÅ~ÄäÉ=ìé=íç=~ÖÉ=
=====SRK=eçïÉîÉê=áí=áë=ëìÄàÉÅí=íç=ÅÜ~åÖÉë=~ë=åÉÖçíá~íÉÇ=Äó=p^cLjfkabc=éÉêáçÇáÅ~ääóK=
=
qÜÉ=í~ÄäÉ=ÄÉäçï=áë=~=ÖìáÇÉK=vçì=ã~ó=ÅÜççëÉ=íç=í~âÉ=ìé=~åó=~ãçìåí=çÑ=ëìã=~ëëìêÉÇ=áå=ãìäíáéäÉë=çÑ=
ANMIMMM=ìé=íç=~=ã~ñáãìã=çÑ=ASMMIMMM==
=
• vçì=Å~å=~äëç=áåÅêÉ~ëÉ=óçìê=ÅçîÉê~ÖÉ=ÄÉÑçêÉ=~ÖÉ=RRK=mäÉ~ëÉ=Åçåí~Åí=^îáî~=Ñçê=~ÇîáÅÉ=
======~åÇ=~ééäáÅ~íáçå=Ñçêã=
=

pìã== jçåíÜäó=mêÉãáìã=o~íÉ==

^ëëìêÉÇ= bãéäçóÉÉ= aÉéÉåÇÉåí=
ANMMIMMM== ANOKUM== ANMKMM==
ANRMIMMM== ANVKOM== ANRKMM==
AOMMIMMM== AORKSM== AOMKMM==
AORMIMMM== APOKMM== AORKMM==
APMMIMMM== APUKQM== APMKMM==
APRMIMMM== AQQKUM== APRKMM==
AQMMIMMM== ARNKOM== AQMKMM==

AQRMIMMM== ARTKSM== AQRKMM==

ARMMIMMM== ASQKMM== ARMKMM==

ARRMIMMM== ATMKQM== ARRKMM==

ASMMIMMM== ATSKUM== ASMKMM==
=
GaÉéÉåÇ~åí=êÉÑÉêë=íç=ëéçìëÉ=~åÇ=ÅÜáäÇêÉå=
=
=
qÜáë=áåëìê~åÅÉ=ïáää=~ìíçã~íáÅ~ääó=ÄÉ=ÉñíÉåÇÉÇ=ìé=íç=~ÖÉ=TMI=ëìÄàÉÅí=íç=~=ã~ñáãìã=çÑ=ANMMIMMM=áÑ=óçì=
Çç=åçí=çéí=çìí=ÄÉÑçêÉ=~ÖÉ=SSK=jÉÇáÅ~ä=Éñ~ãáå~íáçå= áë=ï~áîÉÇ=áÑ=óçì=ÅçåíáåìÉ=íÜÉ= áåëìê~åÅÉ=ÄÉóçåÇ=
~ÖÉ=SRK==
=

jçåíÜäó=mêÉãáìã=Ñçê=bãéäçóÉÉL=péçìëÉ=pìã=
^ëëìêÉÇ= SS{= ST{= SU{= SV{= TM{=

ARMIMMM= ARQKRM= ASMKMM= ASSKRM= ATPKRM= AUNKRM=
ANMMIMMM= ANMV= ANOM= ANPP= ANQT= ANSP=

{^ÖÉ=åÉñí=ÄáêíÜÇ~ó=~ë=~í=N
ëí
=lÅíçÄÉê=

=
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fkpro^k`b=_bkbcfqp=clo=^db=SR=^ka=_bilt=
=
iáÑÉ=fåëìê~åÅÉ=`çîÉê~ÖÉ=
=
• aÉ~íÜ=ÇìÉ=íç=å~íìê~ä=Å~ìëÉë=~åÇ=áääåÉëë= = =======pìã=^ëëìêÉÇ=
=
• qçí~ä=~åÇ=mÉêã~åÉåí=aáë~ÄäÉãÉåí=EqmaF

O
=ÇìÉ=íç=áääåÉëë= ======NOMB=çÑ=pìã=^ëëìêÉÇ=

=
mÉêëçå~ä=^ÅÅáÇÉåí=`çîÉê~ÖÉ=
=
• aÉ~íÜ=ÇìÉ=íç=~=åçåJp^c=êÉä~íÉÇ=~ÅÅáÇÉåí= ======pìã=^ëëìêÉÇ=H=AORIMMM=
=
• bñíê~=aÉ~íÜ=_ÉåÉÑáí=çÑ=ìé=íç=ANMMIMMM=Ñçê== ======pìã=^ëëìêÉÇ=H=bñíê~=NMMB=çÑ=
======aÉ~íÜ=ÇáêÉÅíäó=ÇìÉ=íç=p^c=íê~áåáåÖ=çê=ÇìêáåÖ=p^c== ======pìã=^ëëìêÉÇ

N
=

= çÅÅìé~íáçå~ä==~ÅíáîáíáÉë=áåÅäìÇáåÖ==
= léë=oÉ~Çó=fåJ`~ãé=qê~áåáåÖ= =
=
==================================================================================================
• qma

O
=ÇìÉ=íç=~å=~ÅÅáÇÉåí= ======NOMB=çÑ=pìã=^ëëìêÉÇ=H==

= = ======AORIMMM=
=
• ^ÅÅáÇÉåí~ä=qçí~ä=~åÇ=mÉêã~åÉåí=aáëãÉãÄÉêãÉåí

P
=

=
fÑ= íÜÉ= áåëìêÉÇ=éÉêëçå=ëìÑÑÉêë=mÉêã~åÉåí=aáëãÉãÄÉêãÉåí=ïáíÜáå=PSR=Ç~óë=çÑ=~å=~ÅÅáÇÉåíI=^îáî~=ïáää=
é~ó=íÜÉ=áåëìêÉÇ=éÉêëçå=~ÅÅçêÇáåÖ=íç=íÜÉ=ÅçãéÉåë~íáçå=ëÅÜÉÇìäÉI=ìé=íç=~å=~ãçìåí=åçí=ÉñÅÉÉÇáåÖ=íÜÉ=
íçí~ä=ëìã=~ëëìêÉÇ=Ñçê=~åó=~ÅÅáÇÉåíK====
=
`çãéÉåë~íáçå=ëÅÜÉÇìäÉ=EB=çÑ=ëìã=áåëìêÉÇF=ÇìÉ=íç=qçí~ä=~åÇ=mÉêã~åÉåí=aáëãÉãÄÉêãÉåí=~êáëáåÖ=Ñêçã=
~å=~ÅÅáÇÉåí=çÑ=ëéÉÅáÑáÉÇ=ÄçÇó=é~êíEëF=áë=~ë=ÑçääçïëW==
=

içëë=çÑ=íïç=äáãÄë= NMMB=

içëë=çÑ=ÄçíÜ=Ü~åÇëI=çê=~ää=ÑáåÖÉêë=~åÇ=ÄçíÜ=íÜìãÄë= NMMB=

içëë=çÑ=ëáÖÜí=áå=ÄçíÜ=ÉóÉë= NMMB=

içëë=çÑ=~êã==Ó=~í=ëÜçìäÇÉê=
==Ó=ÄÉíïÉÉå=ëÜçìäÇÉê=~åÇ=ÉäÄçï=
==Ó=~í=ÉäÄçï=
==Ó=ÄÉíïÉÉå=ÉäÄçï=~åÇ=ïêáëí=

NMMB=
NMMB=
NMMB=
NMMB=

içëë=çÑ=Ü~åÇ=~í=ïêáëí= NMMB=

içëë=çÑ=äÉÖ===Ó=~í=Üáé=
==Ó=ÄÉíïÉÉå=âåÉÉ=~åÇ=Üáé=
==Ó=~í=âåÉÉ=
==Ó=ÄÉíïÉÉå=âåÉÉ=~åÇ=~åâäÉ=

NMMB=
NMMB=
NMMB=
NMMB=

içëë=çÑ=========Ó=ïÜçäÉ=ÉóÉ=
=Ó=ëáÖÜí=áå=çåÉ=ÉóÉ=
=Ó=ëáÖÜí=áå=çåÉ=ÉóÉI=ÉñÅÉéí=éÉêÅÉéíáçå=
====çÑ=äáÖÜí=
=Ó=äÉåë=çÑ=çåÉ=ÉóÉ=

NMMB=
NMMB=
RMB=

=
RMB=

içëë=çÑ=========Ó=êáÖÜí=Ü~åÇ=
=Ó=äÉÑí=Ü~åÇ=

SMB=
RMB=
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içëë=çÑ=========Ó=êáÖÜí=íÜìãÄ=
=Ó=äÉÑí=íÜìãÄ=

OMB=
NRB=

içëë=çÑ=çåÉ=éÜ~ä~åñ=çÑ=======Ó=êáÖÜí=íÜìãÄ=
======Ó=äÉÑí=íÜìãÄ=

NRB=
NMB=

içëë=çÑ=çåÉ=éÜ~ä~åñ=çÑ==========Ó=êáÖÜí=áåÇÉñ=ÑáåÖÉê=
======Ó=äÉÑí=áåÇÉñ=ÑáåÖÉê=

NOB=
TKRB=

içëë=çÑ=~åó=çíÜÉê=ÑáåÖÉê=çå====Ó=êáÖÜí=Ü~åÇ=
=======Ó=äÉÑí=Ü~åÇ=

SB=
RB=

içëë=çÑ=çåÉ=éÜ~ä~åñ=çÑ=~åó=çíÜÉê=ÑáåÖÉê= QB=

içëë=çÑ================================Ó=~=ÄáÖ=íçÉ=
===Ó=~åó=çíÜÉê=íçÉ=

RB=
PB=

içëë=çÑ=~ää=íçÉë=çå=ÉáíÜÉê=Ñççí= OMB=

içëë=çÑ=ÜÉ~êáåÖ=áå===============Ó=ÄçíÜ=É~êë=
=====Ó=çåÉ=É~ê=

TRB=
NRB=

içëë=çÑ=ëéÉÉÅÜ= RMB=

=
ré=íç=~=ã~ñáãìã=çÑ=NMMB=çÑ=íÜÉ=ëìã=~ëëìêÉÇ=áë=é~ó~ÄäÉ=áÑ=íÜÉ=áåëìêÉÇ=éÉêëçå=ëìÑÑÉêë=ãìäíáéäÉ=qçí~ä=
~åÇ=mÉêã~åÉåí===aáëãÉãÄÉêãÉåíë=~êáëáåÖ=Ñêçã=íÜÉ=ë~ãÉ=~ÅÅáÇÉåíK=

=
=
fkpro^k`b=_bkbcfqp=clo=^db=SS=ql=^db=TM=
=
aÉ~íÜ=EbñÅäìÇáåÖ=pìáÅáÇÉF=
• k~íìê~ä=Å~ìëÉë=~åÇ=áääåÉëëÉë= pìã=^ëëìêÉÇ=
• ^ÅÅáÇÉåí~ä=Å~ìëÉë= NRMB=çÑ=pìã=^ëëìêÉÇ=
=
=
^aafqflk^i=_bkbcfqp==
=
• ^Çî~åÅÉ=m~óãÉåí=çÑ=RMB=çÑ=pìã=^ëëìêÉÇ=EäáãáíÉÇ=íç=ANMMIMMMF=áå=íÜÉ=ÉîÉåí=íÜ~í=~å=

áåëìêÉÇ= éÉêëçå= áë= Çá~ÖåçëÉÇ= ïáíÜ= ~= íÉêãáå~ä= ÇáëÉ~ëÉ= ~åÇ= áë= ãÉÇáÅ~ääó= ÅÉêíáÑáÉÇ= íÜ~í= áí= áë= ÜáÖÜäó=
éêçÄ~ÄäÉ= íÜ~í= ÜÉ= ïáää= é~ëë= ~ï~ó= ïáíÜáå= íÜÉ= åÉñí= NO= ãçåíÜë= Ñêçã= íÜÉ= Ç~íÉ= çÑ= Çá~ÖåçëáëK= qÜÉ=
Ä~ä~åÅÉ=çÑ=íÜÉ=ëìã=~ëëìêÉÇ=ïáää=ÄÉ=é~áÇ=íç=íÜÉ=éêçéÉê=Åä~áã~åí=~ë=aÉ~íÜ=_ÉåÉÑáíK=

=
• `~ëÜ=oÉÄ~íÉ=áå=dççÇ=vÉ~êë=
= J= p^cLjfkabc=ã~óI=ÇìêáåÖ=ÖççÇ=óÉ~êëI=çÑÑÉê=óçì=é~êíá~ä=êÉÄ~íÉ=çê=êÉÑìåÇ=çÑ=éêÉãáìã=
============~í=áíë=ëçäÉ=ÇáëÅêÉíáçå=
= J= qÜÉ=~ãçìåí=çÑ=êÉÄ~íÉ=î~êáÉë=~åÇ=áë=éêçJê~íÉÇ=Ä~ëÉÇ=çå=íÜÉ=éêÉãáìã=é~áÇ=Ñçê=íÜÉ==
= = éêÉÅÉÇáåÖ=éçäáÅó=óÉ~ê=áKÉK=N=lÅí=íç=PM=pÉé=
= J= qç=ÄÉ=ÉäáÖáÄäÉI=óçìê=áåëìê~åÅÉ=ãìëí=åçí=ÄÉ=íÉêãáå~íÉÇ=çê=ä~éëÉÇ=
=
• a~áäó=eçëéáí~ä=`~ëÜ=_ÉåÉÑáí=

- ANM
Q
=Ç~áäó=Ñçê=ÉîÉêó=ARMIMMM=ëìã=~ëëìêÉÇ=

- m~ó~ÄäÉ= ~ÑíÉê= íÜÉ= NM
íÜ
= Ç~ó= çÑ= Åçåíáåìçìë= Üçëéáí~ä= ëí~óI= ìé= íç= ~= ã~ñáãìã= çÑ= PM= Ç~óë= éÉê=

Üçëéáí~ä=ëí~ó==
- pÉäÑJáåÑäáÅíÉÇ=áåàìêáÉë=~åÇ=ã~íÉêåáíó=êÉ~ëçåë=~êÉ=åçí=é~ó~ÄäÉ=

=
• `çåíáåì~íáçå=çÑ=`çîÉê~ÖÉ=Ñçê=péçìëÉ=
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få= íÜÉ= ÉîÉåí= çÑ= aÉ~íÜ= çÑ= íÜÉ= áåëìêÉÇ= ÉãéäçóÉÉI= íÜÉ= áåëìêÉÇ= ëéçìëÉ= Å~å= ÅçåíáåìÉ= ïáíÜ= íÜÉ=
áåëìê~åÅÉ=~í=íÜÉ=éêÉî~áäáåÖ=ÉãéäçóÉÉÛë=éêÉãáìã=ê~íÉ=ìé=íç=íÜÉ=~ÖÉ=äáãáí=ëí~íÉÇ=~ë=äçåÖ=~ë=íÜÉêÉ=áë=
~=î~äáÇ=Ä~åâ=dfol=~ÅÅçìåí=íç=é~ó=íÜÉ=éêÉãáìãëK=
=

=
lmqflk^i=prmmibjbkq^ov=j^glo=fiikbpp=fkpro^k`b=
=
• vçìI=óçìê=ëéçìëÉ=~åÇ=ÅÜáäÇêÉå=áÑ=~äêÉ~Çó=áåëìêÉÇ=ïáíÜ=íÜÉ=íÉêã=äáÑÉ=ÅçîÉêI=Å~å=çéí=íç=
======ëáÖå=ìé=Ñçê=íÜÉ=ëìééäÉãÉåí~êó=ã~àçê=áääåÉëë=áåëìê~åÅÉ=ìé=íç=APMMIMMM=ïÜáÅÜ=áë=é~ó~ÄäÉ=
======áå=íÜÉ=ÉîÉåí==~=éÉêëçå=áë=Çá~ÖåçëÉÇ=íç=ÄÉ=ëìÑÑÉêáåÖ=Ñêçã=~åó=çåÉ=çÑ=íÜÉ=PM=ã~àçê=
======áääåÉëëÉëI=ëìÅÜ=~ë=píêçâÉI=eÉ~êí=^íí~ÅâI=`êáíáÅ~ä=`~åÅÉêI=ÉíÅK=
=
=
m^vjbkq=lc=mobjfrj=
=
• fÑ=óçì=~êÉ=~å=p^c=êÉÖìä~êI=kpc=çê=aulI=íÜÉ=Ñáêëí=ÑÉï=ãçåíÜëÛ=éêÉãáìãë=ïáää=ÄÉ=ÇÉÇìÅíÉÇ==

Ñêçã=óçìê=ë~ä~êó=çê=kp=~ääçï~åÅÉK=qÜÉêÉ~ÑíÉêI=íÜÉ=ãçåíÜäó=éêÉãáìã=ãìëí=ÄÉ=ÇÉÇìÅíÉÇ=Ñêçã=óçìê=
Ä~åâ=dfol=~ÅÅçìåíK=

• fÑ= óçì=~êÉ=~=apq^= ëí~ÑÑI=mìÄäáÅ=lÑÑáÅÉê=çê=kpã~åI= íÜÉ=éêÉãáìãë=ïáää= ÄÉ=é~áÇ= íÜêçìÖÜ= fåíÉêÄ~åâ=
dfolK=^å=~Çî~åÅÉ=ÅÜÉèìÉ=é~óãÉåí=çÑ=P=ãçåíÜëÛ=éêÉãáìã= áë= íç=ÄÉ=é~áÇ=ïÜáäÉ=ï~áíáåÖ= Ñçê=óçìê=
Ä~åâ=íç=~ééêçîÉ=óçìê=fåíÉêÄ~åâ=dfol=~ééäáÅ~íáçåK=

• mêÉãáìãë=Ñçê=óçìê=ÇÉéÉåÇ~åíëÛ=ÅçîÉê~ÖÉ=EáÑ=~åóF=ïáää=Ü~îÉ=íç=ÄÉ=é~áÇ=áå=íÜÉ=ë~ãÉ=
======ã~ååÉê=ìåÇÉê=çåÉ=~ÅÅçìåíK=
• ^ÑíÉê=É~ÅÜ=Å~äÉåÇ~ê=óÉ~êI=óçì=ïáää=êÉÅÉáîÉ=~=ÅçåëçäáÇ~íÉÇ=éêÉãáìã=ëí~íÉãÉåí=Ñçê=íÜÉ==
= éêÉÅÉÇáåÖ=óÉ~ê=íç=Ñ~Åáäáí~íÉ=áåÅçãÉ=í~ñ=êÉéçêíáåÖK=
=
=
hbv=molar`q=molsfpflkp=
=
bu`irpflkp=
=
• aÉ~íÜ=ÇìÉ=íç=ëìáÅáÇÉ=ïáíÜáå=íÜÉ=Ñáêëí=NO=ãçåíÜë=Ñêçã=íÜÉ=Ç~íÉ=çÑ=áåÅÉéíáçå=çê==
======êÉáåëí~íÉãÉåí=çÑ=~=ä~éëÉÇ=áåëìê~åÅÉK=
• aÉ~íÜ=ÇìÉ=íç=ëìáÅáÇÉ=Ñçê=áåëìê~åÅÉ=ÅçîÉê~ÖÉ=Ñêçã=~ÖÉ=SS=íç=~ÖÉ=TMK=
• qma=~åÇ=^ÅÅáÇÉåí~ä=mÉêã~åÉåí=aáëãÉãÄÉêãÉåí=~êáëáåÖ=Ñêçã=íÜÉ=ÑçääçïáåÖW=

- pìáÅáÇÉ=çê=~ííÉãéíÉÇ=ëìáÅáÇÉ=çê=ëÉäÑJáåÑäáÅíÉÇ=áåàìêó=ïÜáäÉ=ë~åÉ=çê=áåë~åÉX=
- m~êíáÅáé~íáçå=áå=ëéçêíë=çê=ÅçãéÉíáíáîÉ=ê~ÅáåÖ=çÑ=~åó=âáåÇ=çíÜÉê=íÜ~å=çå=ÑççíX=
- mêÉÖå~åÅó= çê= ÅÜáäÇÄáêíÜ= çê= ~åó= áääåÉëë= çê= ÇáëÉ~ëÉ= áåÅäìÇáåÖ= îÉåÉêÉ~ä= ÇáëÉ~ëÉëI= ^fap= ~åÇ= ~ää=

áääåÉëëÉë=çê=ÇáëÉ~ëÉë=~ëëçÅá~íÉÇ=ïáíÜ=efsX=
- qÜÉ=fåëìêÉÇ=mÉêëçå=ÄÉáåÖ=áå=çê=çå=çê=ÉåíÉêáåÖ=áåíç=çê=ÇÉëÅÉåÇáåÖ=Ñêçã=~åó=~áêÅê~Ñí=EçíÜÉê=íÜ~å=

~=Ñìääó=äáÅÉåëÉÇ=é~ëëÉåÖÉê=Å~êêóáåÖ=~áêÅê~Ñí=~åÇ=åçí=~ë=~=ãÉãÄÉê=çÑ=íÜÉ=ÅêÉï=~åÇ=åçí=Ñçê=íÜÉ=
éìêéçëÉ=çÑ=íê~ÇÉ=çê=íÉÅÜåáÅ~ä=çéÉê~íáçå=çå=íÜÉ=~áêÅê~ÑíFK=qÜáë=ÉñÅäìëáçå=ÇçÉë=åçí=~ééäó=íç=p^c=
éÉêëçååÉä=ÇìêáåÖ=çéÉê~íáçå~ä=~åÇ=éÉ~ÅÉíáãÉ=ãáäáí~êó=íê~áåáåÖX=

- ^åó=éêÉJÉñáëíáåÖ=éÜóëáÅ~ä=ÇÉÑÉÅí=çê=áåÑáêãáíóK=
=
=

dolrm=ofph=ifjfq^qflkp=
=

• få=íÜÉ=ÉîÉåí=çÑ=Åä~áãë=~êáëáåÖ=Ñêçã=~åó=åìãÄÉê=çÑ=áåëìêÉÇ=éÉêëçåë=áå=~=ëáåÖäÉ==
======ÅçåîÉó~åÅÉI=^îáî~Ûë=ã~ñáãìã=~ÖÖêÉÖ~íÉ=äá~Äáäáíó=ëÜ~ää=ÄÉ=äáãáíÉÇ=íç=ANMIMMMIMMM=Ñçê==
======É~ÅÜ=ä~åÇ=ÅçåîÉó~åÅÉI=ANUIMMMIMMM=Ñçê=É~ÅÜ=ëÉ~=ÅçåîÉó~åÅÉ=~åÇ=AOMIMMMIMMM=Ñçê=
======É~ÅÜ=~áê=ÅçåîÉó~åÅÉK=fÑ=íÜÉ=Åä~áãë=~êÉ=~=êÉëìäí=çÑ=^Åíë=çÑ=qÉêêçêáëã=~åÇLçê=t~ê=oáëâX=
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======ëìÅÜ=Åä~áãë=ëÜ~ää=ÄÉ=ÑìêíÜÉê=ëìÄàÉÅí=íç=íÜÉ=äáãáíë=çÑ=íÜáë=ëéÉÅá~ä=ÅçîÉê~ÖÉK=
• få=íÜÉ=ÉîÉåí=çÑ=Åä~áãë=~êáëáåÖ=Ñêçã=~åó=åìãÄÉê=çÑ=áåëìêÉÇ=éÉêëçåë=~ë=êÉëìäí=çÑ=^Åíë=çÑ=qÉêêçêáëãI=

^îáî~Ûë= = =ã~ñáãìã=äá~Äáäáíó=ëÜ~ää=ÄÉ= äáãáíÉÇ=íç=MKRB=çÑ=íÜÉ=~ÖÖêÉÖ~íÉ= áåëìêÉÇ=ëìã=çÑ=íÜÉ=ïÜçäÉ=
Öêçìé=éçäáÅóK==

• få= íÜÉ=ÉîÉåí=çÑ=t~ê= EáåÅäìÇáåÖ=rk=mÉ~ÅÉâÉÉéáåÖ= L=eìã~åáí~êá~å=jáëëáçåë=~åÇ=^Åíë=çÑ=qÉêêçêáëã=
~êáëáåÖ=íÜÉêÉçÑFI=êÉëìäíáåÖ=áå=Åä~áãë=Ñêçã=~åó=åìãÄÉê=çÑ=áåëìêÉÇ=éÉêëçåëI=^îáî~Ûë=ã~ñáãìã=äá~Äáäáíó=
ëÜ~ää=ÄÉ=äáãáíÉÇ=íç=MKORB=çÑ=íÜÉ=~ÖÖêÉÖ~íÉ=áåëìêÉÇ=ëìã=çÑ=íÜÉ=ïÜçäÉ=Öêçìé=éçäáÅóK=

=
=
jbaf`^i=ab`i^o^qflk=
=
• fÑ=óçì=~êÉ=~=mbp=^=çê=_=åÉï=ÉåäáëíÉÉ=çê=åÉï=ÉãéäçóÉÉI=íÜÉ=Ñáêëí=ANMMIMMM=ïáää=ÄÉ=Öê~åíÉÇ=íç=óçì=

~ìíçã~íáÅ~ääó=Ñêçã=a~ó=N=çÑ=ÉåäáëíãÉåí=áÑ=óçì=Çç=åçí=çéí=çìíK=vçì=ã~ó=í~âÉ=ìé=ÜáÖÜÉê=ÅçîÉê~ÖÉ=çÑ=
ìé=íç=ASMMIMMM=ïáíÜáå=íÜÉ=Ñáêëí=P=Ç~óë=çÑ=ÉåäáëíãÉåí=çê=ÉãéäçóãÉåí=ïáíÜçìí=Ü~îáåÖ=íç=ÅçãéäÉíÉ=
íÜÉ=eÉ~äíÜ=nìÉëíáçåå~áêÉ=áå=íÜÉ=~ééäáÅ~íáçå=ÑçêãK==

• fÑ=óçìê=~ÖÉ=åÉñí=ÄáêíÜÇ~ó=áë=QR=çê=çäÇÉê=EÑáêëíJíáãÉ=~ééäáÅ~åí=çê=áåÅêÉ~ëáåÖ=óçìê=ÅçîÉê~ÖÉFI=óçì=ïáää=
Ü~îÉ=íç=ìåÇÉêÖç=~=ëáãéäÉ=ãÉÇáÅ~ä=Éñ~ãáå~íáçå=Äó=~=êÉÖáëíÉêÉÇ=ãÉÇáÅ~ä=éê~ÅíáíáçåÉê= áå=páåÖ~éçêÉ=
E~í=óçìê=çïå=ÉñéÉåëÉFK==mäÉ~ëÉ=Åçåí~Åí=^îáî~=Ñçê=íÜÉ=jÉÇáÅ~ä=bñ~ãáå~íáçå=cçêã=~åÇ=íÜÉ=é~åÉä=çÑ=
ÅäáåáÅë=íÜ~í=ÅÜ~êÖÉ=~=ÇáëÅçìåíÉÇ=ÑÉÉK=

• fÑ=óçì=Ü~îÉ=ÄÉÉå=íêÉ~íÉÇ=Äó=~=ëéÉÅá~äáëí=ÅäáåáÅ=çê=Üçëéáí~äI=óçì=ã~ó=ÄÉ=êÉèìáêÉÇ=íç=
======çÄí~áå=íÜÉ=êÉäÉî~åí=ãÉÇáÅ~ä=êÉéçêíEëF=E~í=óçìê=çïå=ÉñéÉåëÉF=íç=ëìééçêí=óçìê=
======~ééäáÅ~íáçåK=
• ^îáî~=ïáää=åçíáÑó=óçì=áå=ïêáíáåÖ=Ñçê=~ÇÇáíáçå=ãÉÇáÅ~ä=ÉîáÇÉåÅÉ=EáÑ=åÉÅÉëë~êóFK=
=
GmêÉî~áäáåÖ=íÉêãë=~åÇ=ÅçåÇáíáçåë=~ééäó=
=
=
obkbt^i=C=qbojfk^qflk=lc=`lsbo^db=
=
• fåëìê~åÅÉ=ÅçîÉê~ÖÉ=Ñçê=~ää=áåëìêÉÇ=ãÉãÄÉêë=ïáää=~ìíçã~íáÅ~ääó=ÄÉ=êÉåÉïÉÇ=ÉîÉêó=éçäáÅó=óÉ~êI=ìåíáä=

íÜÉó=~åÇLçê=íÜÉáê===ëéçìëÉ=Ü~ë=~íí~áåÉÇ=~ÖÉ=TM=~åÇLçê=íÜÉáê=ÅÜáäÇêÉå=Ü~îÉ=~íí~áåÉÇ=~ÖÉ=OM=Eã~äÉF=
~åÇ= OR= EÑÉã~äÉFK= fÑ= óçì= Ü~îÉ= ~íí~áåÉÇ= íÜÉ= ã~ñáãìã= ~ÖÉ= ëí~íÉÇ= ÇìêáåÖ= íÜÉ= éçäáÅó= óÉ~êI= íÜÉ=
áåëìê~åÅÉ=ïáää=çåäó=ÄÉ=íÉêãáå~íÉÇ=~í=íÜÉ=ÉåÇ=çÑ=íÜÉ=éêÉî~áäáåÖ=éçäáÅó=óÉ~êK=

=

• få=íÜÉ=ÉîÉåí=çÑ=~=ÇáîçêÅÉI=óçìê=ÑçêãÉê=ëéçìëÉÛë=áåëìê~åÅÉ=ÅçîÉê~ÖÉ=ïáää=ÄÉ=áåî~äáÇK=vçì=~êÉ=~ÇîáëÉÇ=
íç=åçíáÑó=^îáî~=íç=íÉêãáå~íÉK==

=
• vçìê=éçäáÅó=ïáää=~ìíçã~íáÅ~ääó=ÄÉ=íÉêãáå~íÉÇ=ïÜÉåW==

~F óçì=Ü~îÉ=ã~ÇÉ=~å=~ÇãáëëáÄäÉ=Åä~áã=çÑ=RMB=çê=ãçêÉI=çê=
ÄF éêÉãáìã=Å~ååçí=ÄÉ=ÇÉÇìÅíÉÇ=ÇìÉ=íç=íÜÉ=ÑçääçïáåÖ=êÉ~ëçåëW=

EáF áåëìÑÑáÅáÉåí=çê=åç=ÑìåÇë=áå=óçìê=é~óêçää=çê=kp=~ääçï~åÅÉI=çê==
EááF óçìê=Ä~åâ=~ÅÅçìåí=Ü~ë=áåëìÑÑáÅáÉåí=çê=åç=ÑìåÇëX=~åÇ=
EáááF óçìê=Ä~åâ=~ÅÅçìåí=áë=ÅäçëÉÇK=

ÅF óçì=Ü~îÉ=åçí=é~áÇ=óçìê=éêÉãáìã=íáãÉäóK=
=

• vçì= ã~ó= íÉêãáå~íÉ= íÜÉ= áåëìê~åÅÉ= ~í= íÜÉ= ÉåÇ= çÑ= íÜÉ= éçäáÅó= óÉ~êK= mçäáÅó= óÉ~ê= êÉÑÉêë= íç= N= lÅí= çÑ=
ÅìêêÉåí= óÉ~ê= íç=PM=pÉé=çÑ= íÜÉ= ÑçääçïáåÖ=óÉ~êK=eçïÉîÉêI= áÑ= óçì=ïáëÜ= íç= íÉêãáå~íÉ= áí=éêÉã~íìêÉäó=
ÇìêáåÖ= íÜÉ= éçäáÅó= óÉ~êI= ^îáî~= êÉëÉêîÉë= íÜÉ= êáÖÜí= íç= áãéçëÉ= ëÜçêí= éÉêáçÇ= éêÉãáìã= ê~íÉë= ïÜÉêÉ=
~ééêçéêá~íÉK=

= =
aìê~íáçå=íÜÉ=`çîÉê=áë=áå=ÑçêÅÉ=É~ÅÜ=mçäáÅó=
vÉ~ê=ÄÉÑçêÉ=áí=áë=íÉêãáå~íÉÇ=

^ééçêíáçåÉÇ=mêÉãáìã=m~ó~ÄäÉ=Äó=
fåëìêÉÇ=bãéäçóÉÉ=EpÜçêí=mÉêáçÇ=
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o~íÉëF=

kçí=ÉñÅÉÉÇáåÖ=N=ïÉÉâ= N=jçåíÜ=

kçí=ÉñÅÉÉÇáåÖ=N=ãçåíÜ= P=jçåíÜë=

kçí=ÉñÅÉÉÇáåÖ=O=ãçåíÜë= Q=jçåíÜë=

kçí=ÉñÅÉÉÇáåÖ=P=ãçåíÜë= S=jçåíÜë=

kçí=ÉñÅÉÉÇáåÖ=Q=ãçåíÜë= T=jçåíÜë=

kçí=ÉñÅÉÉÇáåÖ=S=ãçåíÜë= V=jçåíÜë=

kçí=ÉñÅÉÉÇáåÖ=U=ãçåíÜë= NM=jçåíÜë=

bñÅÉÉÇáåÖ=U=ãçåíÜë= NO=jçåíÜë=

=
=
fknrofbp=C=`i^fjp=
cçê= ÑìêíÜÉê= áåèìáêáÉëI=éäÉ~ëÉ=Åçåí~Åí= íÜÉ=^îáî~=iáãáíÉÇ=`ìëíçãÉê=pÉêîáÅÉ=eçíäáåÉ=~í=SUOT=UMMM= Ñêçã=
jçåÇ~ó=íç=cêáÇ~ó=EÉñÅäìÇáåÖ=mìÄäáÅ=eçäáÇ~óëFI=UKQR~ã=íç=RKPMéãK=
=
vçì= ã~ó= ~äëç= Éã~áä= ^îáî~= ~í= ë~Ñ|áåëìê~åÅÉ]~îáî~J~ëá~KÅçã= çê= îáëáí= íÜÉ= ^îáî~= ïÉÄëáíÉ= ~í=
ïïïK~îáî~KÅçãKëÖK=
=
=
=
=
=
fãéçêí~åí=kçíÉë=
=
NK qÜÉ==Éñíê~=ÇÉ~íÜ=ÄÉåÉÑáí=áë=ëìÄàÉÅí==íç=~=ã~ñáãìã=çÑ==ANMMIMMMK=få=íÜÉ=ÉîÉåí=íÜ~í=íÜÉ=
======ëìã=áåëìêÉÇ=áë=AORIMMM=~åÇ=ÄÉäçïI=íÜÉ=Éñíê~=ÇÉ~íÜ=ÄÉåÉÑáí=ëÜ~ää=ÄÉ=AORIMMMK==
OK qçí~ä=^åÇ=mÉêã~åÉåí=aáë~ÄäÉãÉåí=EqmaF=êÉÑÉêë=íç=~=ëí~íÉ=çÑ=Çáë~Äáäáíó=ëìÅÜ=íÜ~í=íÜÉêÉ=áë=åÉáíÜÉê=~í=

íÜÉ=íáãÉ=áí=áë=Ñáêëí=ëìëí~áåÉÇ=åçê=~í=~åó=íáãÉ=~ÑíÉê=íÜ~íI=~åó=ïçêâI=çÅÅìé~íáçå=çê=éêçÑÉëëáçå=íÜ~í=íÜÉ=
áåëìêÉÇ=éÉêëçå=Å~å=ÉîÉê=ëìÑÑáÅáÉåíäó=Çç=çê=Ñçääçï=íç=É~êå=çê=çÄí~áå=~åó=ï~ÖÉëI=ÅçãéÉåë~íáçå=çê=
ÄÉåÉÑáíK=

PK qçí~ä=~åÇ=mÉêã~åÉåí=aáëãÉãÄÉêãÉåí=çê=MiçëëÒ=Ñçê=íÜÉ=éìêéçëÉ=çÑ=íÜáë=éçäáÅó=ãÉ~åë=íçí~äI=
éÉêã~åÉåí=~åÇ=áêêÉÅçîÉê~ÄäÉ=äçëë=çÑ=ìëÉ=çê=ÉåíáêÉ=éÜóëáÅ~ä=äçëë=Å~ìëÉÇ=Äó=éÜóëáÅ~ä=ëÉé~ê~íáçå=~åÇ=
ãìëí=ÄÉ=ãÉÇáÅ~ääó=ÅÉêíáÑáÉÇ=ïáíÜáå=PSR=Ç~óë=Ñêçã=Ç~íÉ=çÑ=~ÅÅáÇÉåíK=

QK kç=a~áäó=eçëéáí~ä=`~ëÜ=_ÉåÉÑáí=ëÜ~ää=ÄÉ=é~ó~ÄäÉ=Ñçê=ëìã=~ëëìêÉÇ=äÉëë=íÜ~å=ARMIMMM=çê=é~êí=íÜÉêÉçÑK=
                                                 
=
=
=
=
=
=
qÜÉ=éçäáÅó=áë=ìåÇÉêïêáííÉå=Äó=^îáî~=iíÇK=qÜáë=áë=éìÄäáëÜÉÇ=Ñçê=ÖÉåÉê~ä=áåÑçêã~íáçå=çåäó=~åÇ=ÇçÉë=åçí=
êÉÖ~êÇ=íç=íÜÉ=ëéÉÅáÑáÅ=áåîÉëíãÉåí=çÄàÉÅíáîÉëI=Ñáå~åÅá~ä=ëáíì~íáçå=~åÇ=íÜÉ=é~êíáÅìä~ê=åÉÉÇë=çÑ=~åó=ëéÉÅáÑáÅ=
éÉêëçåK=vçì=ã~ó=ïáëÜ=íç=ëÉÉâ=~ÇîáÅÉ=Ñêçã=~=Ñáå~åÅá~ä=~ÇîáëÉê=ÄÉÑçêÉ=ã~âáåÖ=~=ÅçããáíãÉåí=íç=
éìêÅÜ~ëÉ=íÜÉ=éêçÇìÅíK=få=íÜÉ=ÉîÉåí=íÜ~í=óçì=ÅÜççëÉ=åçí=íç=ëÉÉâ=~ÇîáÅÉ=Ñêçã=~=Ñáå~åÅá~ä=~ÇîáëÉêI=óçì=
ëÜçìäÇ=ÅçåëáÇÉê=ïÜÉíÜÉê=íÜÉ=éêçÇìÅí=áå=èìÉëíáçå=áë=ëìáí~ÄäÉ=Ñçê=óçìK=_ìóáåÖ=~=äáÑÉ=áåëìê~åÅÉ=éçäáÅó=áë=~=
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