
aáîáëáçå=çÑ=`äáåáÅ~ä=fããìåçäçÖó=~åÇ=qê~åëÑìëáçå=jÉÇáÅáåÉI=
aÉé~êíãÉåí=çÑ=i~Äçê~íçêó=jÉÇáÅáåÉI=

h~êçäáåëâ~=fåëíáíìíÉíI=píçÅâÜçäãI=pïÉÇÉå=

 

Multipotent mesenchymal 
stromal cell transplantation:  
possible viral complications  

and alloimmunity 

=

=

=

jáâ~Éä=pìåÇáå=

 

=
=

píçÅâÜçäã=OMMU=



=



=

= = =

=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=

qÜáë=ïçêâ=ï~ë=ëìééçêíÉÇ=Äó=ìåêÉëíêáÅíÉÇ=Öê~åíë=Ñêçã=íÜÉ=pïÉÇáëÜ=`~åÅÉê=
pçÅáÉíóI=íÜÉ=`ÜáäÇêÉåÛë=`~åÅÉê=cçìåÇ~íáçåI=íÜÉ=pïÉÇáëÜ=oÉëÉ~êÅÜ=`çìåÅáäI=
íÜÉ= qçÄá~ë= cçìåÇ~íáçåI= íÜÉ= `~åÅÉê= pçÅáÉíó= áå= píçÅâÜçäãI= íÜÉ= pïÉÇáëÜ=
pçÅáÉíó=çÑ=jÉÇáÅáåÉI= íÜÉ=píçÅâÜçäã=`çìåíó=`çìåÅáäI= íÜÉ=pîÉå=~åÇ=bÄÄ~J
`Üêáëíáå~= e~ÖÄÉêÖë= cçìåÇ~íáçåI= páÖåÉ= çÅÜ= läçÑ= t~ääÉåáìë= ëíáÑíÉäëÉI=
píáÑíÉäëÉå= páÖìêÇ= çÅÜ= bäë~= dçäàÉë= jáååÉI= íÜÉ= _äçÇÅ~åÅÉêÑçåÇÉå= ~åÇ= íÜÉ=
`ä~Éë=e∏Öã~åÛë=p^dj^kJëÅÜçä~êëÜáéLcÉåï~ä=_äççÇ=qÉÅÜåçäçÖáÉë=fåÅK==
=
=
=
=
=
=
=
^ää=éêÉîáçìëäó=éìÄäáëÜÉÇ=é~éÉêë=ïÉêÉ=êÉéêçÇìÅÉÇ=ïáíÜ=éÉêãáëëáçå=Ñêçã=íÜÉ=
éìÄäáëÜÉêK=
=
mìÄäáëÜÉÇ=Äó=h~êçäáåëâ~=fåëíáíìíÉíK=mêáåíÉÇ=Äó=bJmêáåí=^_K=
=
«=jáâ~Éä=pìåÇáåI=OMMU=
fp_k=VTUJVNJTQMVJMUTJN=



=

=
=



=

= = =

=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=

qç=ãó=ä~íÉ=Öê~åÇé~êÉåíë=pçåá~=~åÇ=üâÉ=
=
=
=
=



=

Contents 

pìãã~êó KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKN 
p~ãã~åÑ~ííåáåÖ KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKO 
iáëí=çÑ=éìÄäáÅ~íáçåë KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKQ 
iáëí=çÑ=~ÄÄêÉîá~íáçåë KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKR 
píÉã=ÅÉää=íê~åëéä~åí~íáçå KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKT 

eÉã~íçéçáÉíáÅ=ëíÉã=ÅÉää=íê~åëéä~åí~íáçåKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKT 
eáëíçêó=çÑ=ÜÉã~íçéçáÉíáÅ=ëíÉã=ÅÉää=íê~åëéä~åí~íáçåKKKKKKKKKKKKKKKKKKKU 
qê~åëéä~åí~íáçå=áããìåçäçÖó KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKV 
qÜÉ=éêçÅÉÇìêÉ KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNN 
jçåáíçêáåÖ=íÜÉ=çìíÅçãÉ KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNO 
`çãéäáÅ~íáçåë KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNP 
fããìåÉ=êÉÅçåëíáíìíáçåKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNS 

cìíìêÉ=ëíÉã=ÅÉää=íê~åëéä~åí~íáçå KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNT 
eÉã~íçéçáÉíáÅ=ëíÉã=ÅÉääëKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNT 
líÜÉê=ëíÉã=ÅÉääë KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKNU 

jìäíáéçíÉåí=ãÉëÉåÅÜóã~ä=ëíêçã~ä=ÅÉääëKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKON 
qÜÉ=ÇáëÅçîÉêóKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKON 
pçìêÅÉëI=ãìäíáéçíÉåÅó=~åÇ=éÜÉåçíóéÉKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKOO 
fåíÉêéä~ó=ïáíÜ=íÜÉ=áããìåÉ=ëóëíÉãKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKOQ 

fããìåçÖÉåáÅáíóKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKOQ 
fåÜáÄáíáçå=çÑ=áããìåÉ=êÉëéçåëÉë=áå=îáíêçKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKOR 
fåÜáÄáíáçå=çÑ=áããìåÉ=êÉëéçåëÉë=áå=îáîçKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKOT 

båÖê~ÑíãÉåíKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKOT 
^ÇîÉêëÉ=ÉîÉåíë KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKOU 

fããÉÇá~íÉ=~ÇîÉêëÉ=ÉîÉåíëKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKOU 
i~íÉê=~ÇîÉêëÉ=ÉîÉåíëKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKOV 

`äáåáÅ~ä=~ééäáÅ~íáçåëKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKPM 
jp`=áå=ep`qKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKPM 
jp`=~ë=áããìåçãçÇìä~íáçå=~åÇ=áå=êÉÖÉåÉê~íáîÉ=ãÉÇáÅáåÉ KKKPN 

béáäçÖìÉ KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKPO 
^áãëKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKPP 
j~íÉêá~ä=~åÇ=ãÉíÜçÇë KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKPR 

m~íáÉåíë=~åÇ=Ççåçêë=E~ää=é~éÉêëF KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKPR 
jp`=Éñé~åëáçå=~åÇ=áåÑìëáçå=E~ää=é~éÉêëFKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKPR 
sáêçäçÖáÅ~ä=ãÉíÜçÇëKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKPS 

m`o=ÇÉíÉÅíáçå=Eé~éÉê=f=~åÇ=ffF KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKPS 
fããìåçÑäìçêÉëÅÉåÅÉ=Eé~éÉê=f=~åÇ=ffFKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKPS 
qáíê~íáçå=çå=ëìëÅÉéíáÄäÉ=ÅÉääë=Eé~éÉê=f=~åÇ=ffFKKKKKKKKKKKKKKKKKKKKKKKKKKKPT 
pÉêçäçÖó=Eé~éÉê=f=~åÇ=ffF KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKPT 

=



=

= = =

bñéêÉëëáçå=ëíìÇáÉëKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKPT 
fããìåçÑäìçêÉëÅÉåÅÉ=Eé~éÉê=f=~åÇ=fffF KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKPT 
cäçï=ÅóíçãÉíêó=E~ää=é~éÉêëFKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKPT 
oqJm`o=Eé~éÉê=fsFKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKPU 

fããìåçäçÖáÅ~ä=ãÉíÜçÇë KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKPU 
ióãéÜçÅóíÉ=éêçäáÑÉê~íáçå=~ëë~óë=Eé~éÉê=fI=ff=~åÇ=fsF KKKKKKKKKKKKKKPU 
bifp^=Eé~éÉê=ffF KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKPV 
cäçï=ÅóíçãÉíêáÅ=Åêçëë=ã~íÅÜ=~åÇ=cäçïJmo^=Eé~éÉê=fffFKKKKKKKKKPV 

oÉëìäíë=~åÇ=ÇáëÅìëëáçåKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKQN 
jp`=~ë=îáê~ä=êÉëÉêîçáêë=Eé~éÉêë=f=~åÇ=ffF KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKQN 
jp`=Ü~îÉ=äçï=áããìåçÖÉåáÅáíó=Eé~éÉêë=fff=~åÇ=fsF KKKKKKKKKKKKKKKKKKKKKKKKQP 

`çåÅäìëáçåëKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKQT 
^ÅâåçïäÉÇÖÉãÉåíëKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKQU 
oÉÑÉêÉåÅÉëKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKRM 
lêáÖáå~ä=é~éÉêë KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKTP 





=

= = N=

Summary 

få= íÜÉ= ä~ëí= ÑÉï= óÉ~êëI= Üìã~å=ãìäíáéçíÉåí=ãÉëÉåÅÜóã~ä= ëíêçã~ä= ÅÉääë=
Ejp`F=Ü~îÉ=ÄÉÉå= áåÅêÉ~ëáåÖäó=ìëÉÇ= áå=åçîÉä= íÜÉê~éÉìíáÅ= ëíê~íÉÖáÉë=ÇìÉ= íç=
íÜÉáê= áåíêáåëáÅ= áããìåçëìééêÉëëáîÉI= ~åíáJáåÑä~ãã~íçêó= ~åÇ= êÉÖÉåÉê~íáîÉ=
éêçéÉêíáÉëK= få=ÜÉã~íçéçáÉíáÅ= ëíÉã=ÅÉää= íê~åëéä~åí~íáçå= Eep`qFI= ~= Åìê~ÄäÉ=
íêÉ~íãÉåí= çÑ= ÜÉã~íçäçÖáÅ~ä= ã~äáÖå~åÅáÉë= ~åÇ= ëÉîÉê~ä= åçåJã~äáÖå~åí=
ÅçåÇáíáçåëI=jp`=Ü~îÉ=ÄÉÉå=ìëÉÇ=~ë=~=íÜÉê~éó=Ñçê=Öê~ÑíJîÉêëìë=ÜçëíJÇáëÉ~ëÉ=
EdîeaF=~åÇ=çíÜÉê=ÅçãéäáÅ~íáçåëK=qÜÉ=~áã=çÑ=jp`=áåÑìëáçåë=áå=ep`q=áë=
íç=ìëÉ= íÜÉ=ÅÉääëÛ= áããìåçãçÇìä~íçêó=ÉÑÑÉÅíë= íç= êÉÇìÅÉ= íÜÉ= áããìåçäçÖáÅ~ä=
êÉ~Åíáçåë= ÖáîáåÖ= êáëÉ= íç= dîea= ~åÇ= íç= ~ÅÜáÉîÉ= íáëëìÉ= êÉÖÉåÉê~íáçåK= qÜáë=
íÜÉëáë=Éî~äì~íÉë=íÜÉ=ÅäáåáÅ~ä=ë~ÑÉíó=Ñêçã=~=îáêçäçÖáÅ~ä=éçáåí=çÑ=îáÉï=~åÇ=íÜÉ=
áããìåçÖÉåáÅáíó=çÑ=jp`=áå=ep`q=êÉÅáéáÉåíëK==

===jp`= ïÉêÉ= m`o= ëÅêÉÉåÉÇ= Ñçê= Üìã~å= ÜÉêéÉëîáêìëÉë= ~åÇ= é~êîçîáêìë=
_NV=E_NVFI=é~íÜçÖÉåë=~ëëçÅá~íÉÇ=ïáíÜ=ëÉîÉêÉ=áåÑÉÅíáçåë=áå=ep`qK=qÜÉ=ÅÉääë=
ÇáÇ=åçí= Ü~êÄçê= ÜÉêéÉëîáêìëÉëI= Äìí= éêÉëÉåÅÉ= çÑ=_NV=ak^=ï~ë= ÇÉíÉÅíÉÇ= áå=
çåÉ=jp`=çìí=çÑ=OM=ëÅêÉÉåÉÇK=qÜÉ=éêÉëÉåÅÉ=çÑ=_NV=áë=ëìêéêáëáåÖ=ëáåÅÉ=_NV=áë=
âåçïå= Ñçê= áíë= ÉñíêÉãÉ= íêçéáëã= Ñçê= ÉêóíÜêçáÇ= ÄçåÉ= ã~êêçï= ÅÉääëK= réçå=
ÉñéçëìêÉ= íç= íÜÉ= îáêìëÉëI= jp`= ëìééçêíÉÇ= áåÑÉÅíáçå= çÑ= ÅóíçãÉÖ~äçîáêìëI=
ÜÉêéÉë=ëáãéäÉñ=îáêìë=~åÇ=_NVI=Äìí=åçí=béëíÉáåJ_~êê=îáêìë=~ë=îáëì~äáòÉÇ=Äó=
áããìåçÑäìçêÉëÅÉåÅÉK=qÜÉëÉ=áåÑÉÅíáçåë=ÅçìäÇ=ÄÉ=é~ëëÉÇ=íç=çíÜÉê=ìåáåÑÉÅíÉÇ=
ÅÉääë=áãéäóáåÖ=íÜ~í=íÜÉ=áåÑÉÅíáçåë=çÑ=jp`=ïÉêÉ=éêçÇìÅíáîÉK==

bîÉå=íÜçìÖÜ=jp`=~êÉ= íóéáÅ~ääó=êÉÖ~êÇÉÇ=~ë= äçïäó= áããìåçÖÉåáÅI=Ç~í~=
çå= êÉàÉÅíáçå= ÉñáëíK= jp`= áããìåçÖÉåáÅáíó= ï~ë= Éî~äì~íÉÇ= ~í= ÄçíÜ= íÜÉ=
Üìãçê~ä= ~åÇ= ÅÉääìä~ê= äÉîÉäëK=kç= ~ääç~åíáÄçÇáÉë= ÅçìäÇ= ÄÉ= ÇÉíÉÅíÉÇ= Äó= Ñäçï=
ÅóíçãÉíêáÅ= Åêçëë= ã~íÅÜÉëK= eçïÉîÉêI= jp`= ÄçìåÇ= ~åíáÄçÇáÉë= ÇáêÉÅíÉÇ= íç=
c`p=Ó=~=ÅçãéçåÉåí=çÑ=íÜÉ=jp`=ÅìäíìêÉ=ãÉÇáìãK=qÜÉëÉ=~åíáÄçÇáÉë=~êÉ=çÑ=
ìåÅÉêí~áå= ÅäáåáÅ~ä= ëáÖåáÑáÅ~åÅÉ= ~ë= íÜÉó= ~êÉ= ÅçåëíáíìíáîÉäó= ÉñéêÉëëÉÇ= áå=
Üìã~åëK= tÜÉå= Éî~äì~íáåÖ= jp`= êÉÅáéáÉåí= äóãéÜçÅóíÉë= áå= äóãéÜçÅóíÉ=
éêçäáÑÉê~íáçå=~ëë~óëI=íÜÉêÉ=ï~ë=åç=ëáÖå=çÑ=~ääçëÉåëáíáò~íáçå=~Ö~áåëí=íÜÉ=jp`=
ÇçåçêI= áKÉK= åç= áããìåçäçÖáÅ~ä= ãÉãçêóI= N= ïÉÉâ= íç= S= ãçåíÜë= éçëíJjp`=
áåÑìëáçåK= få= ~ää= áåëí~åÅÉëI= Ççåçê= ~åÇ= íÜáêÇJé~êíó= jp`= Ñ~áäÉÇ= íç= ãçìåí=
éêçäáÑÉê~íáîÉ=êÉëéçåëÉëK=få=îáíêç= ëíìÇáÉë=êÉîÉ~äÉÇ=íÜ~í=jp`=Ñ~áäÉÇ=íç=éêáãÉ=
êÉëéçåÇÉê=ÅÉääë=íç=êÉÅÜ~ääÉåÖÉ=ïáíÜ=äóãéÜçÅóíÉë=Ñêçã=íÜÉ=jp`=Ççåçê=~åÇ=
jp`=êÉÅÜ~ääÉåÖÉ=~ÑíÉê=m_i=éêáãáåÖ=çåäó=Ö~îÉ=ïÉ~â=êÉëéçåëÉëK=jp`=Ñ~áäÉÇ=
íç= áåÇìÅÉ= ~Åíáî~íÉÇ= ~åÇ= ÉÑÑÉÅíçê=`aQH= ~åÇ=`aUH=q= äóãéÜçÅóíÉ= ëìÄëÉíë=
êÉÖ~êÇäÉëë=çÑ=éêáãáåÖK=

qç=ÅçåÅäìÇÉI=jp`=çÅÅ~ëáçå~ääó=Å~êêó=îáêìëÉë=~åÇ=ã~ó=ÅçåëíáíìíÉ=~=îáê~ä=
êÉëÉêîçáê=çÑ=éÉêëáëíÉåí=îáêìëÉë=~ëëçÅá~íÉÇ=ïáíÜ=ÅçåëáÇÉê~Ääó=ÇáëÉ~ëÉ=áå=ep`q=
êÉÅáéáÉåíëK=qÜÉ=jp`=Çç=åçí=ëÉÉã=íç= áåÇìÅÉ=Üìãçê~ä=çê=ÅÉääìä~ê= áããìåÉ=
êÉëéçåëÉë= ~ÑíÉê= áåÑìëáçåë= çÑ= ei^= Çáëé~ê~íÉ=jp`= ~ë= íÜÉê~éó= çÑ= ÅçãéäáÅJ
~íáçåë=íç=ep`qK==



O=

Sammanfattning 

`ÉääÉê=®ê=âêçééÉåë=ÄóÖÖëíÉå~êK=^ää~=çêÖ~å=çÅÜ=î®îå~ÇÉê=ÄÉëí™ê=~î=ÅÉääÉê=
ãÉÇ=çäáâ~=ÉÖÉåëâ~éÉêX=í=Éñ=äÉîÉêåë=ÅÉääÉê=ëçã=â~å=~îÖáÑí~=ÄäçÇÉí=Ñê™å=®ãåÉå=
ëçã=®ê=ëâ~ÇäáÖ~I=Äìâëéçííëâ∏êíÉäåë=ÅÉääÉê=ëçã=ë®åâÉê=ÄäçÇëçÅâêÉí=çÅÜ=Ö∏ê=
î®íëâçê=ëçã=ÄêóíÉê=åÉÇ=ã~íÉå=îá=®íáíI=ÇÉ=îáí~=ÄäçÇâêçéé~êå~=ëçã=Ñ∏êëî~ê~ê=
âêçééÉå=ãçí=áåÑÉâíáçåÉêK=pí~ãÅÉääÉê=®ê=ÅÉääÉêå~ë=ìêëéêìåÖK=aÉ=â~å=ÇÉä~=ëáÖ=
çÅÜ=Ääá=íáää=åó~=ëí~ãÅÉääÉêI=ãÉå=ÇÉ=â~å=çÅâë™=Ääá=íáää=ÑäÉê~=çäáâ~=ëçêíÉêë=ÅÉääÉê=
ãÉÇ= çäáâ~= ÉÖÉåëâ~éÉêK= hêçééÉåë= ~ääê~= Ñ∏êëí~= ëí~ãÅÉää= ®ê= ÇÉí= ÄÉÑêìâí~ÇÉ=
®ÖÖÉí= ëçã= ÖÉíí= ìééÜçî= íáää= ÇÉå= âêçéé= îá= áÇ~Ö= Ü~êK= pí~ãÅÉääÉê= Ñê™å= ÇÉí=
ÄÉÑêìâí~ÇÉ= ®ÖÖÉí= â~ää~ë= ÒÉãÄêóçå~ä~= ëí~ãÅÉääÉêÒK= f= ÇÉ= ÑäÉëí~= î®îå~ÇÉêå~= á=
âêçééÉå=Ñáååë=ÇÉí=çÅâë™=Ò~Çìäí~=ëí~ãÅÉääÉêÒI=îáäâ~=®ê=ÅÉääÉê=ëçã=ëÉê=íáää=~íí=
âêçééÉåë=î®îå~ÇÉê=çÅÜ=çêÖ~å=ÜÉä~=íáÇÉå=Ñ™ê=åó~=ÅÉääÉê=çÅÜ=êÉé~êÉê~ê=ëâ~Ççê=
ëçã=çêÖ~å=çÅÜ=î®îå~ÇÉê=Ñ™íí=~î=çäáâ~=~åäÉÇåáåÖ~êK=

råÇÉê= ÇÉ= ëÉå~ëíÉ= ™êÉå= Ü~ê= ÇÉí= Ñçêëâ~íë= áåíÉåëáîí= âêáåÖ= ëí~ãÅÉääÉêK=
cçêëâ~êå~=îáää= Ñ∏êëí™=Üìê=ÇÉ= ÑìåÖÉê~ê= Ñ∏ê= ~íí=âìåå~=~åî®åÇ~= ëí~ãÅÉääÉêå~=
ëçã=ÄÉÜ~åÇäáåÖ~ê=îáÇ=çäáâ~=ëàìâÇçã~êW=í=Éñ=m~êâáåëçåë=ëàìâÇçãI=Çá~ÄÉíÉëI=
Üà®êíáåÑ~êâíI= í~åÇäçëëåáåÖI= ÄÉåÄêçííK= aÉå= ÉåÇ~= ëí~ãÅÉääÉå= ëçã= áÇ~Ö=
~åî®åÇë= é™= ëàìâÜìë= î®êäÇÉå= ∏îÉê= ®ê= ÄäçÇëí~ãÅÉääÉåK= k®ê= ã~å= Ü~ê=
ÄäçÇÅ~åÅÉê= EäÉìâÉãáF= ®ê= ÄäçÇëí~ãÅÉääÉå= ëàìâ= çÅÜ= Ö∏ê= ÇÉÑÉâí~= ÄäçÇÅÉääÉêK=
_äçÇÅ~åÅÉê=Äçí~ë=ãÉÇ=ÅÉääÖáÑíÉêI=ãÉå=áÄä~åÇ=ÄÉÜ∏îë=Éå=íê~åëéä~åí~íáçå=~î=
åó~= Ñêáëâ~= ÄäçÇëí~ãÅÉääÉê= EÄÉåã®êÖëíê~åëéä~åí~íáçåF= Ñê™å= î®îå~Çëíóéäáâ~=
ëä®âíáåÖ~ê=ÉääÉê=ÑêáîáääáÖ~=Ççå~íçêÉêK==

_Éåã®êÖëíê~åëéä~åí~íáçåÉê= ®ê= áåÖÉå= ä®íí= ÄÉÜ~åÇäáåÖI= ìí~å= ÇÉí= Ñáååë=
ÑäÉê~= äáîëÜçí~åÇÉ= âçãéäáâ~íáçåÉêK= aÉå= î~åäáÖ~ëíÉI= ëçã= çÅâë™= â~å= Ääá=
ãóÅâÉí= Ñ~êäáÖI= ®ê= íê~åëéä~åí~íJâçåíê~Jî®êÇJêÉ~âíáçåK= a™= ÖÉê= ëáÖ= ÇÉ= åó~=
íê~åëéä~åíÉê~ÇÉ=ÅÉääÉêå~=é™=é~íáÉåíÉå=ëçã=Ñ™íí=ÇÉãK=aÉí=â~å= äÉÇ~=íáää= ëî™ê=
Çá~êê¨I= Éä~â~= ÜìÇìíëä~ÖI= äÉîÉêé™îÉêâ~å= çÅÜ= á= î®êëí~= Ñ~ää= Ç∏ÇÉåK= c∏ê= ~íí=
ìåÇîáâ~=ÇÉíí~=ÖÉê=ã~å=ãÉÇáÅáåÉê= ëçã=Ç®ãé~ê= êÉ~âíáçåÉåI= í= Éñ=âçêíáëçåK=
lã= ÇÉëë~= ãÉÇáÅáåÉê= áåíÉ= ÑìåÖÉê~êI= Ü~ê= ÇÉí= áåíÉ= Ñìååáíë= å™Öçí= ~íí= Ö∏ê~K=
cê~ã=íáää=åìÁ==

aÉí= Ñáååë= á= âêçééÉå= çÅâë™= Éíí= ëä~Öë= ~Çìäí~= ëí~ãÅÉääÉê= ëçã= â~ää~ë=
ãÉëÉåâóã~ä~=ëí~ãÅÉääÉêI=ÉääÉê=ëâ=ãìäíáéçíÉåí~=ãÉëÉåâóã~ä~=ëíêçã~ÅÉääÉêK=
aÉëë~= ÅÉääÉê= ®ê= Äê~= é™= ~íí= Ü®ãã~= êÉ~âíáçåÉê= ëçã= ~îëí∏íåáåÖ= çÅÜ=
íê~åëéä~åí~íJâçåíê~Jî®êÇJêÉ~âíáçåK=s~êÑ∏ê=ÇÉí=®ê=ë™=îÉí=ã~å=áåíÉK=f=Éå=ëíçê=
ÉìêçéÉáëâ= ëíìÇáÉI= Ç®ê= ÑäÉê~= ä®â~êÉ= çÅÜ= Ñçêëâ~êÉ= êìåí= çã= á= bìêçé~=
ë~ã~êÄÉí~íI=Ü~ê=ÇÉí=îáë~íë=~íí=ãÉëÉåâóã~ä~=ëí~ãÅÉääÉê=îÉêâ~ê=Ü~=Éå=éçëáíáî=
ÉÑÑÉâí= é™= ëî™ê= íê~åëéä~åí~íJâçåíê~Jî®êÇJêÉ~âíáçå= Ç®ê= áåÖÉå= ãÉÇáÅáå=
ÑìåÖÉê~íK= jÉëÉåâóã~ä~= ëí~ãÅÉääÉê= â~å= áåíÉ= Ä~ê~= äáåÇê~= çî®äâçãå~=
êÉ~âíáçåÉê=îáÇ=íê~åëéä~åí~íáçåI=ìí~å=â~å=çÅâë™=Ääá=íáää=çäáâ~=ÅÉääÉê=ëçã=ÄÉåJI=
ÄêçëâJI=ÑÉííJ=çÅÜ=ãìëâÉäÅÉääÉêK==



=

= = P=

c∏ê=å™Öê~=™ê=ëÉÇ~åI=îáÇ=Éíí=êìíáåã®ëëáÖí=ìäíê~äàìÇ=é™=Éå=Öê~îáÇ=âîáåå~=
Ñ~åå=ã~å=Éíí= ÑçëíÉê=ãÉÇ=ëàìâÇçãÉå=ÒçëíÉçÖÉåÉëáë= áãéÉêÑÉÅí~ÒK=aÉí=®ê=Éå=
ëàìâÇçã= Ç®ê= ÇÉí= ®ê= ÑÉä= é™= ëâÉäÉííÄáäÇåáåÖÉåK= f= äáåÇêáÖ~= Ñ~ää= Ñ∏Çë= Éå= ÄÉÄáë=
ãÉÇ=ÄÉåÄêçíí=çÅÜ= á= î®êëí~= Ñ~ää= Ç∏ê=ÄÉÄáëÉå=é™= î®ÖÉå=ìíK= cçëíêÉí=ã~å= ëÉíí=
Ü~ÇÉ= ÑäÉê~= ÄÉåÄêçíí= êÉÇ~å= á= ã~ãã~åë= ã~ÖÉ= çÅÜ= ëâìääÉ= ë~ååçäáâí= áåíÉ=
∏îÉêäÉî~=Éå=Ñ∏êäçëëåáåÖK=k™Öçå=Äçí~åÇÉ=ÄÉÜ~åÇäáåÖ=Ñáååë=áåíÉK=cçëíêÉí=ÑáÅâ=
Éå= áåàÉâíáçå= ãÉëÉåâóã~ä~= ëí~ãÅÉääÉê= îá~= å~îÉäëíê®åÖÉå= çÅÜ= êÉä~íáîí=
âçãéäáâ~íáçåëÑêáíí= Ñ∏ÇÇÉë= ÇÉí= Éå= äáíÉå= ÑäáÅâ~= ëçã= áÇ~Ö= å®êã~ê= ëáÖ=
ëâçä™äÇÉêåK=eçå=ã™ê=Äê~I=î®ñÉê=çÅÜ=Ü~ê=Ä~ê~=Ü~Ñí=å™Öçí=Éåëí~â~=ÄÉåÄêçííK=

aÉå= Ü®ê= ~îÜ~åÇäáåÖÉå= Ü~åÇä~ê= çã= êáëâÉå= ~íí= ∏îÉêÑ∏ê~= îáêìë= ãÉÇ=
ãÉëÉåâóã~ä~=ëí~ãÅÉääÉê=çÅÜ=Üìê=ãÉëÉåâóã~ä~=ëí~ãÅÉääÉê=áåíÉ=â®ååë=áÖÉå=
~î=áããìåÑ∏êëî~êÉíW=

=
• mêÉÅáë= ëçã= ÄäçÇÉí= é™= ÄäçÇÅÉåíê~äÉå= âçåíêçääÉê~ë= áåå~å= ÇÉí= ÖÉë= íáää=
ÇÉå= ëçã= ÄÉÜ∏îÉê= ÄäçÇI= ë™= ã™ëíÉ= ëí~ãÅÉääÉê= çÅÜ= çêÖ~å= ëçã= ëâ~=
íê~åëéä~åíÉê~ë= âçåíêçääÉê~ëK= f= ãÉëÉåâóã~ä~= ëí~ãÅÉääÉê= Ñáååë= ÇÉí=
ë®ää~å=îáêìëK=eÉêéÉëîáêìëÑ~ãáäàÉåë=îáêìë=Üáíí~ÇÉë=áåíÉI=ãÉå=ÇÉí=ÖàçêÇÉ=
é~êîçîáêìë=_NV=Ó=ëçã=ÖÉê=ìééÜçî=íáää=ÒÑÉãíÉ=ëàìâ~åÒ=Üçë=Ñêáëâ~=Ä~êå=
çÅÜ= ëî™ê= Äêáëí= ~î= ÄäçÇÅÉääÉê= Üçë= íê~åëéä~åíÉê~ÇÉ= é~íáÉåíÉêK= aÉí= ®ê=
ã∏àäáÖí= ~íí= ãÉëÉåâóã~ä~= ëí~ãÅÉääÉê= á= ÄÉåã®êÖÉå= ìíÖ∏ê= Éå= îáêìëJ
êÉëÉêîç~êI=îáäâÉí=ã™ëíÉ=ÄÉ~âí~ë=áåçã=íê~åëéä~åí~íáçåëãÉÇáÅáåÉåK==

=
• jÉëÉåâóã~ä~=ëí~ãÅÉääÉê=â~å=ëí®åÖ~=~î=êÉ~âíáçåÉê=ëçã=íê~åëéä~åí~íJ
âçåíê~Jî®êÇJêÉ~âíáçåI= ãÉå= ÇÉ= îÉêâ~ê= ÇÉëëìíçã= ëà®äî~= áåíÉ= â®åå~ë=
áÖÉå= ~î= áããìåÑ∏êëî~êÉíK= sáÇ= íê~åëéä~åí~íáçåÉê= ÄáäÇ~ë= ÇÉí= ~åíáJ
âêçéé~ê= çÅÜ= áããìåÅÉääÉê= ëçã= â~å= Ö∏ê~= ëáÖ= ~î= ãÉÇ= ÇÉí= íê~åëJ
éä~åíÉê~ÇÉ= E~îëí∏íåáåÖFI= çã= î®îå~ÇëíóéÉå= áåíÉ= ∏îÉêÉåëëí®ããÉê=
ãÉää~å= Ççå~íçê= çÅÜ= ãçíí~Ö~êÉK= píìÇáÉêå~= á= ÇÉå= Ü®ê= ~îÜ~åÇäáåÖÉå=
îáë~ê=~íí=ÇÉí=áåíÉ=êáâíáÖí=®ê=ë™=Ñ∏ê=ãÉëÉåâóã~ä~=ëí~ãÅÉääÉêK=aÉí=îÉêâ~ê=
ëçã= ~íí= îÉã= ëçã= ÜÉäëí= ëâìääÉ= âìåå~= ÖÉ= îÉã= ëçã= ÜÉäëí= ëáå~=
ãÉëÉåâóã~ä~=ëí~ãÅÉääÉê=ìí~å=~íí=ÇÉ=~îëí∏íëK=

=
p~ãã~åÑ~ííåáåÖëîáëI=ãÉëÉåâóã~ä~= ëí~ãÅÉääÉê= ®ê= ÅÉääÉê= ëçã=â~å=ÄáäÇ~=

ÑäÉê~= çäáâ~= î®îå~ÇÉê= çÅÜ= Ü®ãã~= ç∏åëâ~ÇÉ= êÉ~âíáçåÉê= îáÇ= íê~åëéä~åí~J
íáçåÉêK=aÉ=Ä®ê=ë®ää~å=é™=îáêìëI=ãÉå=â~å=Ö∏ê~=ÇÉíK=jÉëÉåâóã~ä~=ëí~ãÅÉääÉê=
ÄÉÜ∏îÉê=áåíÉ=î~ê~=î®îå~Çëíóéäáâ~=ãÉää~å=Ççå~íçê=çÅÜ=ãçíí~Ö~êÉI=ÉÑíÉêëçã=
~åíáâêçéé~ê= çÅÜ= áããìåÅÉääÉê= áåíÉ= îÉêâ~ê= ~îëí∏í~= ÇÉãK= f= Ñê~ãíáÇÉå= â~å=
ÅÉääÉêå~=â~åëâÉ=~åî®åÇ~ë=íáää=~íí=Äçí~=~åÇê~=ëàìâÇçã~êI=ëçã=í=Éñ=ÄÉåÄêçííI=
í~åÇäçëëåáåÖI=Üà®êíáåÑ~êâíÉêI=~êíêçë=çÅÜ=äÉÇÖ™åÖëêÉìã~íáëãK=



Q=

List of publications 

qÜáë=íÜÉëáë=áë=Ä~ëÉÇ=çå=íÜÉ=Ñçìê=é~éÉêë=ÄÉäçïI=êÉÑÉêêÉÇ=íç=Äó=íÜÉáê=
oçã~å=åìãÉê~äëW=

=
=

f= jÉëÉåÅÜóã~ä= ëíÉã= ÅÉääë= ~êÉ= ëìëÅÉéíáÄäÉ= íç= Üìã~å= ÜÉêéÉëîáêìëÉëI=
Äìí= îáê~ä= ak^= Å~ååçí= ÄÉ= ÇÉíÉÅíÉÇ= áå= íÜÉ= ÜÉ~äíÜó= ëÉêçéçëáíáîÉ=
áåÇáîáÇì~äK= pìåÇáå= jI= £êîÉää= `I= o~ëãìëëçå= fI= pìåÇÄÉêÖ= _I=
oáåÖÇ¨å=lI=iÉ=_ä~åÅ=hK=_çåÉ=j~êêçï=qê~åëéä~åí~íáçåI=OMMSI= PTW=
NMRNJNMRVK=
=

ff= mÉêëáëíÉåÅÉ=çÑ=Üìã~å=é~êîçîáêìë=_NV=áå=ãìäíáéçíÉåí=ãÉëÉåÅÜóã~ä=
ëíêçã~ä=ÅÉääë=ÉñéêÉëëáåÖ=íÜÉ=ÉêóíÜêçÅóíÉ=m=~åíáÖÉåW=áãéäáÅ~íáçåë=Ñçê=
íê~åëéä~åí~íáçåK= pìåÇáå= jI= iáåÇÄäçã= ^I= £êîÉää= `I= _~êêÉíí= ^gI=
pìåÇÄÉêÖ=_I=t~íò=bI=táâã~å=^I=_êçäáÇÉå=hI=iÉ=_ä~åÅ=hK=_áçäçÖó=
çÑ=_äççÇ=~åÇ=j~êêçï=qê~åëéä~åí~íáçåI=~ÅÅÉéíÉÇK=
=

fff= kç=~ääç~åíáÄçÇáÉë=~Ö~áåëí=ãÉëÉåÅÜóã~ä=ëíêçã~ä=ÅÉääëI=Äìí=éêÉëÉåÅÉ=
çÑ= ~åíáJÑÉí~ä= Å~äÑ= ëÉêìã= ~åíáÄçÇáÉëI= ~ÑíÉê= íê~åëéä~åí~íáçå= áå=
~ääçÖÉåÉáÅ=ÜÉã~íçéçáÉíáÅ= ëíÉã=ÅÉää= êÉÅáéáÉåíëK=pìåÇáå=jI=oáåÖÇ¨å=
lI= pìåÇÄÉêÖ= _I= k~î~= pI= d∏íÜÉêëíê∏ã= `I= iÉ= _ä~åÅ= hK=
e~Éã~íçäçÖáÅ~I=OMMTI=VOWNOMUJNONRK=
=

fs= ei^= ãáëã~íÅÜÉÇ= jp`= ëìééêÉëë= q= äóãéÜçÅóíÉ= ~ääçêÉëéçåëÉë= áå=
îáíêç= ~åÇ= Çç= åçí= áåÇìÅÉ= áããìåçäçÖáÅ~ä=ãÉãçêó= áå= êÉÅáéáÉåíë= çÑ=
jp`= áåÑìëáçåK= pìåÇáå= jI= _~êêÉíí= ^gI= oáåÖÇ¨å= lI= ròìåÉä= jI=
i∏ååáÉë=eI=a~Åâä~åÇ=üJiI=`ÜêáëíÉåëëçå=_I==iÉ=_ä~åÅ=hK=pìÄãáííÉÇK==

=



=
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List of abbreviations 

=

^ip= ~ãóçíêçéÜáÅ=ä~íÉê~ä=ëÅäÉêçëáë=
_NV= é~êîçîáêìë=_NV=
`a= ÅäìëíÉê=çÑ=ÇáÑÑÉêÉåíá~íáçå=
`js== ÅóíçãÉÖ~äçîáêìë=
b^b= ÉñéÉêáãÉåí~ä=~ìíçáããìåÉ=ÉåÅÉéÜ~äáíáë=
b_s= béëíÉáåJ_~êê=îáêìë=
bifp^= ÉåòóãÉJäáåâÉÇ=áããìåçëçêÄÉåí=~ëë~ó=
bj_q= bìêçéÉ~å=dêçìé=Ñçê=_äççÇ=~åÇ=j~êêçï=qê~åëéä~åí~íáçå=
c`p= ÑÉí~ä=Å~äÑ=ëÉêìã=
c`uj= Ñäçï=ÅóíçãÉíêáÅ=Åêçëë=ã~íÅÜ=
dJ`pc= Öê~åìäçÅóíÉJÅçäçåó=ëíáãìä~íáåÖ=Ñ~Åíçê=
djJ`pc= Öê~åìäçÅóíÉ=ã~ÅêçéÜ~ÖÉJÅçäçåó=ëíáãìä~íáåÖ=Ñ~Åíçê=
dîea= Öê~ÑíJîÉêëìëJÜçëí=ÇáëÉ~ëÉ=
dîq= Öê~ÑíJîÉêëìëJíìãçê=ÉÑÑÉÅí=
edc= ÜÉé~íçÅóíÉ=ÖêçïíÜ=Ñ~Åíçê=
efs= Üìã~å=áããìåçÇÉÑáÅáÉåÅó=îáêìë=
ei^= Üìã~å=äÉìâçÅóíÉ=~åíáÖÉå=
elJN= ÜÉãÉ=çñóÖÉå~ëÉJN=
ep`q= ÜÉã~íçéçáÉíáÅ=ëíÉã=ÅÉää=íê~åëéä~åí~íáçå=
eps= ÜÉêéÉë=ëáãéäÉñ=îáêìë=
fal= áåÇçäÉ~ãáåÉ=OIPJÇáçñóÖÉå~ëÉ=
fckJγ= áåíÉêÑÉêçåJγ=
fÖ= áããìåçÖäçÄìäáå=
fi= áåíÉêäÉìâáå=
fp`q= fåíÉêå~íáçå~ä=pçÅáÉíó=Ñçê=`Éääìä~ê=qÜÉê~éó=
ifc= äÉìâÉãá~=áåÜáÄáíçêó=Ñ~Åíçê=
ãe^Ö= ãáåçê=ÜáëíçÅçãé~íáÄáäáíó=~åíáÖÉåë=
je`= ã~àçê=ÜáëíçÅçãé~íáÄáäáíó=ÅçãéäÉñ=
jf= ãóçÅ~êÇá~ä=áåÑ~êÅíáçå=
jio= ãáñÉÇ=äóãéÜçÅóíÉ=êÉ~Åíáçå=
joa== ãáåáã~ä=êÉëáÇì~ä=ÇáëÉ~ëÉ=
jp= ãìäíáéäÉ=ëÅäÉêçëáë=
jp`= ãìäíáéçíÉåí=ãÉëÉåÅÜóã~ä=ëíêçã~ä=ÅÉääë=
jra= ei^Jã~íÅÜÉÇ=ìåêÉä~íÉÇ=Ççåçê==
kl= åáíêáÅ=çñáÇÉ=
lf= çëíÉçÖÉåÉëáë=áãéÉêÑÉÅí~=
m_i= éÉêáéÜÉê~ä=ÄäççÇ=äóãéÜçÅóíÉë=
mdbO= éêçëí~Öä~åÇáå=bO=
mqia= éçëíJíê~åëéä~åí=äóãéÜçéêçäáÑÉê~íáîÉ=ÇáëçêÇÉê=



S=

of`= êÉÇìÅÉÇ=áåíÉåëáíó=ÅçåÇáíáçåáåÖ=
oq= êÉîÉêëÉ=íê~åëÅêáéíáçå=
p`c= ëíÉã=ÅÉää=Ñ~Åíçê=
p`fa= ëÉîÉêÉ=ÅçãÄáåÉÇ=áããìåçÇÉÑáÅáÉåÅó=ÇáëçêÇÉê=
plp= ëáåìëçáÇ~ä=çÄëíêìÅíáçå=ëóåÇêçãÉ=
q^j= íê~åëéä~åíJ~ëëçÅá~íÉÇ=ãáÅêç~åÖáçé~íÜó=
qdcJβ= íê~åëÑçêãáåÖ=ÖêçïíÜ=Ñ~ÅíçêJβ==
qêÉÖ= êÉÖìä~íçêó=q=äóãéÜçÅóíÉë=
sws= î~êáÅÉää~=òçëíÉê=îáêìë=
=



=

= = T=

Stem cell transplantation 

^= ëíÉã= ÅÉää= áë= ÇÉÑáåÉÇ= ~ë= ~= ÅÉää=ïáíÜ= ëÉäÑ= êÉåÉï~ä= éçíÉåíá~ä=ïÜáÅÜ= Å~å=
Åçåíáåìçìëäó= éêçÇìÅÉ= ìå~äíÉêÉÇ= Ç~ìÖÜíÉê= éêçÖÉåó= çê= éêçÇìÅÉ= Ç~ìÖÜíÉê=
ÅÉääë=ïÜáÅÜ=Çáëéä~ó=ÇáÑÑÉêÉåíI=Äìí=ãçêÉ=êÉëíêáÅíÉÇ=éêçéÉêíáÉëK=qÜÉ=íïç=Äêç~Ç=
íóéÉë= çÑ= Üìã~å= ëíÉã= ÅÉääë= ~êÉ= ÉãÄêóçåáÅ= ëíÉã= ÅÉääë= íÜ~í= ÖáîÉ= êáëÉ= íç= ~ää=
ëéÉÅá~äáòÉÇ=ÑÉí~ä=íáëëìÉë=~åÇ=~Çìäí=ëíÉã=ÅÉääëI=ïÜáÅÜ=~Åí=~ë=~=êÉé~áê=ëóëíÉã=Ñçê=
íÜÉ=ÄçÇóI=êÉéäÉåáëÜáåÖ=ëéÉÅá~äáòÉÇ=ÅÉääëI=Äìí=~äëç=ã~áåí~áå=íÜÉ=åçêã~ä=ÅÉää=
íìêåçîÉê=áå=êÉÖÉåÉê~íáîÉ=çêÖ~åëI=ÉKÖK=äáîÉêI=ÄäççÇI=ëâáå=~åÇ=Ö~ëíêçáåíÉëíáå~ä=
ÉéáíÜÉäá~K=

píÉã= ÅÉää= éçíÉåÅó= ëéÉÅáÑáÉë= íÜÉ= ~Äáäáíó= íç= ÇáÑÑÉêÉåíá~íÉ= áåíç= î~êáçìë=
ëéÉÅá~äáòÉÇ=ÅÉää= íóéÉëW= íçíáéçíÉåí= ëíÉã=ÅÉääë= EáKÉK= ÅÉääë=ÇÉêáîÉÇ= Ñêçã=íÜÉ= Ñáêëí=
ÑÉï=Çáîáëáçåë=çÑ=~=ÑÉêíáäáòÉÇ=ççÅóíÉF=Ü~îÉ=íÜÉ=~Äáäáíó=íç=ÇáÑÑÉêÉåíá~íÉ=áåíç=~ää=
ÅÉää= íóéÉë= ÖáîáåÖ= êáëÉ= íç= ~= Üìã~å= çêÖ~åáëãI= éäÉìêáéçíÉåí= ëíÉã= ÅÉääë= ~êÉ=
ÇÉëÅÉåÇ~åíë= çÑ= íÜÉ= íçíáéçíÉåí= ÅÉääë= ~åÇ= Å~å= ÇáÑÑÉêÉåíá~íÉ= áåíç= ëéÉÅá~äáòÉÇ=
ÅÉääë=Ñêçã=~åó=çÑ=íÜêÉÉ=ÖÉêã=ä~óÉêëI=ãìäíáéçíÉåí=ëíÉã=ÅÉääë=Å~å=çåäó=éêçÇìÅÉ=
ÅÉääë=çÑ=~=ÅäçëÉäó=êÉä~íÉÇ=Ñ~ãáäó=çÑ=ÅÉääë=EÉKÖK=ÜÉã~íçéçáÉíáÅ=ëíÉã=ÅÉääë=ÖáîáåÖ=
êáëÉ= íç= íÜÉ= ÇáÑÑÉêÉåí= íóéÉë= çÑ= ÄäççÇ= ÅÉääëFI= ìåáéçíÉåí= ëíÉã= ÅÉääë= Å~å= çåäó=
ÇáÑÑÉêÉåíá~íÉ= áåíç= çåÉ= ëéÉÅá~äáòÉÇ= ÅÉää= íóéÉI= Äìí= Ü~ë= íÜÉ= éêçéÉêíó= çÑ= ëÉäÑJ
êÉåÉï~ä=íÜ~í=ÇáëíáåÖìáëÜÉë=íÜÉã=Ñêçã=åçåJëíÉã=ÅÉääëK=

qç=Ç~íÉ= íÜÉ=ÜÉã~íçéçáÉíáÅ= ëíÉã=ÅÉääëI=ïÜáÅÜ=ÖáîÉ= êáëÉ= íç= íÜÉ= äóãéÜçJ
ÜÉã~íçéçáÉíáÅ=ëóëíÉã=~êÉ=íÜÉ=ãçëí=ëíìÇáÉÇ=Üìã~å=ëíÉã=ÅÉääëK=qÜÉáê=ÅäáåáÅ~ä=
ìëÉë= ~êÉ= Ç~íáåÖ= Ä~Åâ= íç= íÜÉ= NVSMÛëI= ïÜÉå= íÜÉó= ïÉêÉ= Ñáêëí= íê~åëéä~åíÉÇ=
ÄÉíïÉÉå= Üìã~åë= íç= ÅìêÉ= ÇáëÉ~ëÉë= ~êáëáåÖ= Ñêçã= ÇÉÑÉÅí= çê= ã~äáÖå~åí=
ÜÉã~íçéçáÉíáÅ= ëíÉã= ÅÉääëK= qÜÉ= ÜÉã~íçéçáÉíáÅ= ëíÉã= ÅÉää= íê~åëéä~åí~íáçå=
Eep`qF=Ü~ë=ÉîçäîÉÇ=Ñêçã=~å=ÉñéÉêáãÉåí~ä=íêÉ~íãÉåí=áåíç=êçìíáåÉ=ÅäáåáÅ~ä=
éê~ÅíáÅÉK=qÜÉ= êÉã~êâ~ÄäÉ= ëìÅÅÉëë= çÑ=ep`q=Ü~ë= éêçãçíÉÇ= áåíÉêÉëí= Ñçê= íÜÉ=
ìëÉ= çÑ= çíÜÉê= ëíÉã= ÅÉää= íóéÉë= ~ë= íÜÉê~éÉìíáÅ= çéíáçåë= áå= íÜÉ= ÑáÉäÇ= çÑ=
êÉÖÉåÉê~íáîÉ=ãÉÇáÅáåÉK=eçïÉîÉêI=íç=Ç~íÉ=çåäó=ÜÉã~íçéçáÉíáÅ=ëíÉã=ÅÉääë=~êÉ=
ÅìêêÉåíäó=ìëÉÇ=áå=ÅäáåáÅ~ä=íê~åëéä~åí~íáçåK================
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Hematopoietic stem cell transplantation 

qÜÉ= ~áãë= çÑ= ep`q= ~êÉ= íç= êÉéä~ÅÉ= ~Äåçêã~ä= ÜÉã~íçéçáÉëáë= ~åÇ= íç=
~ÅÜáÉîÉ=~å=áããìåçäçÖáÅ~ä=ëíêáâÉ=~Ö~áåëí=ã~äáÖå~åí=ÅÉääëK=kçï~Ç~óëI=ep`q=
áë= ìëÉÇ= Ñçê= íÜÉ= íêÉ~íãÉåí= çÑ= åçåJã~äáÖå~åí= ÜÉã~íçäçÖáÅ~ä= ÇáëçêÇÉêëI= ÉKÖK=
~éä~ëíáÅ= ~åÉãá~I= ëÉîÉêÉ= ÅçãÄáåÉÇ= áããìåçÇÉÑáÅáÉåÅó= ÇáëçêÇÉê= Ep`faFI=
íÜ~ä~ëëÉãá~= ~åÇ= ~ë= ~å= ÉåòóãÉ= êÉéä~ÅÉãÉåí= Ñçê= ëçãÉ= áåÄçêå= Éêêçêë= çÑ=
ãÉí~ÄçäáëãI=~åÇ=ã~äáÖå~åÅáÉëI=ÉKÖK=äÉìâÉãá~=~åÇ=äóãéÜçã~K=få=çåÅçäçÖóI=
ep`q=áë=ÉñéÉêáãÉåí~ääó=ìëÉÇ=~ë=~=íêÉ~íãÉåí=êÉÖáãÉ=~Ö~áåëí=ëçäáÇ=íìãçêëK=
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qÜÉ=ep`q=Å~å=ÄÉ=ÇáîáÇÉÇ=áåíç=íÜêÉÉ=ÖêçìéëW=~ìíçäçÖçìëI=ëóåÖÉåÉáÅ=~åÇ=
~ääçÖÉåÉáÅK=^ìíçäçÖçìë= ep`q= áë= ïÜÉå= íÜÉ= é~íáÉåí= êÉÅÉáîÉë= íÜÉ= çïå= ëíÉã=
ÅÉääëK=fÑ=íÜÉ=ëíÉã=ÅÉää=Ççåçê=áë=ÖÉåÉíáÅ~ääó=áÇÉåíáÅ~äI=áKÉK=~=ãçåçòóÖçíáÅ=íïáåI=
íÜÉ= íê~åëéä~åí~íáçå= áë= ëóåÖÉåÉáÅK= ^ääçÖÉåÉáÅ= ep`q= áë= éÉêÑçêãÉÇ= ÄÉíïÉÉå=
ÇáÑÑÉêÉåí= áåÇáîáÇì~äëI= ãçëíäó= Üìã~å= äÉìâçÅóíÉ= ~åíáÖÉå= Eei^F= áÇÉåíáÅ~ä=
ëáÄäáåÖë=çê=ei^Jã~íÅÜÉÇ=ìåêÉä~íÉÇ=ÇçåçêëK=qÜÉ=~ìíçäçÖçìë=ep`q=êÉëìäíë=
áå= åÉáíÜÉê= ~= êáëâ= çÑ= Öê~ÑíJîÉêëìëJÜçëí= ÇáëÉ~ëÉ= EdîeaFI= åçê= íÜÉ= éçíÉåíá~ä=
~Çî~åí~ÖÉçìë= áããìåçäçÖáÅ~ä= ëíêáâÉ= EÖê~ÑíJîÉêëìëJíìãçê= ÉÑÑÉÅíI= dîqF= çå=
ã~äáÖå~åí=ÅÉääëK=cìêíÜÉêãçêÉI=íÜÉêÉ=áë=~äëç=~=êáëâ=çÑ=êÉä~éëÉ=çÑ=ã~äáÖå~åÅóI=
ëáåÅÉ=íÜÉ=~ìíçäçÖçìë=Öê~Ñí=ã~ó=Åçåí~áå=ã~äáÖå~åí=ÅÉääëNK=qÜÉ=ÅçìåíÉêé~êí=çÑ=
~ää= ep`q= áë= ~ääçÖÉåÉáÅI= ~åÇ= íÜáë= íÜÉëáë= ïáää= ÑçÅìë= çå= ~ääçÖÉåÉáÅ= ëíÉã= ÅÉää=
íê~åëéä~åí~íáçåK=========
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=
eáëíçêó=çÑ=ÜÉã~íçéçáÉíáÅ=ëíÉã=ÅÉää=íê~åëéä~åí~íáçå=

eÉã~íçéçáÉíáÅ= ëíÉã= ÅÉääëI= áKÉK= ÄçåÉ=ã~êêçïI= ïÉêÉ= áÇÉåíáÑáÉÇ= éêáçê= íç=
íÜÉ= âåçïäÉÇÖÉ= çÑ= ÄäççÇ= Öêçìéë= ~åÇ= ei^I= ~åÇ= áåíêçÇìÅÉÇ= ~ë= ~= é~êí= çÑ=
íêÉ~íãÉåí= ~Ö~áåëí= ~åÉãá~= ~åÇ= äÉìâÉãá~K= nìáåÉ= êÉîáÉïÉÇ= íÜÉ= ÑìãÄäáåÖ=
~ííÉãéíë= íç=ìëÉ=ÄçåÉ=ã~êêçï=~ë=~=RêÉãÉÇóÒ=ÇìêáåÖ=íÜÉ=NUVMÛëK= få=çåäó=~=
ÑÉï= áåëí~åÅÉë= íÜÉ= íêÉ~íãÉåí= ï~ë= ëìÅÅÉëëÑìäI= Äìí= íÜÉ= éçëáíáîÉ= ÉÑÑÉÅíë= ëÉÉå=
ïÉêÉ= áåíÉêéêÉíÉÇ= ~ë= ~= éçëëáÄäÉ= ÅäáåáÅ~ä= ~ééäáÅ~íáçå= áå= íÜÉ= ÑìíìêÉOK= få= íÜÉ=
NVPMÛëI= gçëÉÑëëçå= íêáÉÇ= íç= ÅìêÉ= éÉêåáÅáçìë= ~åÉãá~= ~åÇ= çíÜÉê= ~åÉãá~= Äó=
áåàÉÅíáåÖ=éêÉé~ê~íáçåë=çÑ=äáîÉê=áåíç=íÜÉ=ãóÉäçáÇ=Å~îáíó=çÑ=íÜÉ=ëíÉêåìãK=qÜÉ=
íêÉ~íãÉåí=ï~ë=ëìÅÅÉëëÑìä=áå=ëÉîÉê~ä=Å~ëÉë=~åÇ=çåÅÉ=~Ö~áå=íÜÉ=êÉéä~ÅÉãÉåí=çÑ=
~=ÇÉÑÉÅí=ÜÉã~íçéçáÉëáë=ï~ë=éêçéçëÉÇ=~ë=~=ÅìêÉ=çÑ=ÜÉã~íçäçÖáÅ~ä=ÇáëçêÇÉêëPK=
få=NVPVI=lëÖççÇ=~åÇ=ÅçääÉ~ÖìÉë= íê~åëéä~åíÉÇ=ÄçåÉ=ã~êêçï=Ñêçã=~=ÄäççÇ=
Öêçìé= ã~íÅÜÉÇ= ëáÄäáåÖ= íç= ~= é~íáÉåí= ïáíÜ= ~éä~ëíáÅ= ~åÉãá~K= ^äíÜçìÖÜ= íÜÉ=
é~íáÉåí= ÇÉÅÉ~ëÉÇ= çåÉ= ãçåíÜ= éçëíJíê~åëéä~åí~íáçåI= êÉÖÉåÉê~íáåÖ= áëäÉíë= çÑ=
ÄçåÉ=ã~êêçï=ïÉêÉ=ëÉÉå=áå=íÜÉ=éçëíãçêíÉã=ÄçåÉ=ã~êêçï=Éñ~ãáå~íáçåQK=

aìêáåÖ= íÜÉ= éçëíJïçêäÇ= ï~ê= éÉêáçÇI= ÄçåÉ= ã~êêçï= Ñ~áäìêÉ= ÄÉÅ~ãÉ=
~ëëçÅá~íÉÇ=íç=Éñéçëáíáçå=íç=áçåáòáåÖ=ê~Çá~íáçåK=bñéÉêáãÉåí~ä=~åáã~äë=ïÉêÉ=
äÉíÜ~ääó= áêê~Çá~íÉÇ= ~åÇ= ÇÉîÉäçéÉÇ= ëìÄëÉèìÉåíäó= ~å= ~ÅìíÉ= áêê~Çá~íáçå=
ëóåÇêçãÉ= Ó= ëÉîÉêÉ= ~åÉãá~I= äÉìÅçéÉåá~I= ~åÇ= íÜêçãÄçÅóíçéÉåá~= Ó= ïÜáÅÜ=
ï~ë=êÉîçâÉÇ=Äó=áåàÉÅíáçåë=çÑ=ÄçåÉ=ã~êêçï=ÅÉääëRI=SK=i~íÉê=áí=ï~ë=ÇÉíÉêãáåÉÇ=
íÜ~í= íÜÉ= êÉÅçîÉêó= ï~ë= ÇìÉ= íç= Ççåçê= ÅÉääë= ÉåÖê~ÑíáåÖ= íÜÉ= ÄçåÉ= ã~êêçï=
Å~îáíóTI=UK=

få=NVRSI=_~êåÉë=~åÇ=ÅçääÉ~ÖìÉë=ëìÖÖÉëíÉÇ=íÜÉ=ìë~ÖÉ=çÑ=ÄçåÉ=ã~êêçï=íç=
íêÉ~í= Üìã~åëV= ~åÇ= íÜÉ= Ñáêëí= ëìÅÅÉëëÑìä= ÄçåÉ=ã~êêçï= íê~åëéä~åí~íáçå= ï~ë=
éÉêÑçêãÉÇ=áå=NVSU=Äó=oçÄÉêí=^K=dççÇ=~í=råáîÉêëáíó=çÑ=jáååÉëçí~=jÉÇáÅ~ä=
pÅÜççäNMK=qÜÉ= Ñáêëí= ëóëíÉã~íáÅ= íê~åëéä~åí~íáçåë=ïÉêÉ=ÇìêáåÖ= íÜÉ= ë~ãÉ= íáãÉ=
éÉêáçÇ= éÉêÑçêãÉÇ= Äó= bK= açåå~ää= qÜçã~ëI= Ñáêëí= ~í= j~êó= fãçÖÉåÉ= _~ëëÉí=
eçëéáí~ä= ~åÇ= íÜÉêÉ~ÑíÉê= ~í= cêÉÇ= eìíÅÜáåëçå= `~åÅÉê= oÉëÉ~êÅÜ= `ÉåíÉêK=
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aÉëéáíÉ= éççê= êÉëìäíëI= áí= ï~ë= ëÜçïå= íÜ~í= ÄçåÉ= ã~êêçï= Öê~Ñíë= ÅçìäÇ= ÄÉ=
~ÇãáåáëíÉêÉÇ=áåíê~îÉåçìëäó=ïáíÜçìí=ëÉîÉêÉ=~ÇîÉêëÉ=ÉîÉåíëNNI=NOK=qÜÉ=Ñáêëí=OMM=
íê~åëéä~åíë= ïÉêÉ= êÉîáÉïÉÇ= Äó= jçêíáãÉê= jK= _çêíáåI= ïÜç= ÇÉëÅêáÄÉÇ= ~=
ÖÉåÉê~ääó= éççê= çìíÅçãÉK= jçëí= é~íáÉåíë= ïÉêÉ= íÉêãáå~ääó= áää= áå= ~Çî~åÅÉÇ=
íÜÉê~éóJêÉëáëí~åí= ã~äáÖå~åÅáÉë= ~åÇ= ëìÅÅìãÄÉÇ= ÄÉÑçêÉ= áí= ï~ë= éçëëáÄäÉ= íç=
Éî~äì~íÉ= íÜÉ= ÉÑÑÉÅí=çÑ= íÜÉ= íê~åëéä~åí~íáçåëK=líÜÉê=Çáëéä~óÉÇ=ÜÉã~íçäçÖáÅ~ä=
êÉÅçîÉêóI=Äìí=ÇáÉÇ= Ñêçã=áããìåçäçÖáÅ~ä= êÉ~ÅíáçåëNPK=qçÇ~óI= íÜáë= áããìåçJ
äçÖáÅ~ä= êÉ~Åíáçå= ÅÜ~ê~ÅíÉêáòÉÇ= Äó= ëâáå= äÉëáçåëI=ïÉáÖÜí= äçëë= ~åÇ=Çá~êêÜÉ~= áë=
êÉÅçÖåáòÉÇ=~ë=dîeaNQJNTK=

få= íÜÉ= ÉåÇ= çÑ= íÜÉ= NVSMÛë= ~åÇ= É~êäó= NVTMÛëI= íÜÉ= êÉëìäíë= áãéêçîÉÇ= ~åÇ=
ëÉîÉê~ä=ëìÅÅÉëëÑìä=ÄçåÉ=ã~êêçï=íê~åëéä~åíë=ïÉêÉ=êÉéçêíÉÇ=Ñçê=ÄçíÜ=ÄÉåáÖå=
~åÇ= ã~äáÖå~åí= ÜÉã~íçäçÖáÅ~ä= ÇáëçêÇÉêëNUJOMK= eçïÉîÉêI= íÜÉ= ã~àçê= ÄêÉ~âJ
íÜêçìÖÜ=ï~ë=íÜÉ=ÇáëÅçîÉêó=çÑ=íÜÉ=ei^=ëóëíÉãONK= få= íÜÉ=ãáÇJNVTMÛëI= áí=ï~ë=
ÉîáÇÉåí=íÜ~í=ëìÅÅÉëëÑìä=çìíÅçãÉ=îÉêó=ãìÅÜ=ÇÉéÉåÇÉÇ=çå=íÜÉ=ã~íÅÜáåÖ=çÑ=
Ççåçê= ~åÇ= êÉÅáéáÉåí=ei^OOK=ep`q=~ë= ~= ÅäáåáÅ~ä= ~ééäáÅ~íáçå=Ü~ë= áãéêçîÉÇ=
Öê~Çì~ääó= ÇìÉ= íç= íÜÉ= ~Çî~åÅÉãÉåí= çÑ= ãÉÇáÅ~ä= âåçïäÉÇÖÉ= ~åÇ= íÜÉ=
ÇÉîÉäçéãÉåí=çÑ=ãçÇÉêå=éÜ~êã~ÅÉìíáÅ~äëK=
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qê~åëéä~åí~íáçå=áããìåçäçÖó=

eáëíçÅçãé~íáÄáäáíó=áë=éêáåÅáé~ääó=ÇÉíÉêãáåÉÇ=Äó=íÜÉ=ei^=ëóëíÉãI=ïÜáÅÜ=
áë= íÜÉ= Üìã~å= îÉêëáçå= çÑ= íÜÉ= ã~àçê= ÜáëíçÅçãé~íáÄáäáíó= ÅçãéäÉñ= Eje`FK=
lîÉê= OMM= ÖÉåÉë= çå= íÜÉ= ëÜçêí= ~êã= çÑ= ÅÜêçãçëçãÉ= S= ÅçåëíáíìíÉ= íÜÉ=ei^=
ÅçãéäÉñK=jçêÉ=íÜ~å=QM=ÖÉåÉë=ÉåÅçÇÉ=äÉìâçÅóíÉ=~åíáÖÉåë=~åÇ=íÜÉ=êÉã~áåáåÖ=
áë= ~å= ~ëëçêíãÉåí= çÑ= ÖÉåÉë=ïáíÜçìí= Éîçäìíáçå~êó= êÉä~íáçåëÜáé= íç= íÜÉ=ei^K=
^äíÜçìÖÜI=ëçãÉ=çÑ=íÜÉëÉ=ÖÉåÉë=~êÉ=áåîçäîÉÇ=ïáíÜ=ei^=ÖÉåÉë=ÑìåÅíáçå~ääóI=
ëÉîÉê~ä=ÖÉåÉë=ïáíÜáå=íÜÉ=ÅçãéäÉñ=Ü~îÉ=åç=ÇÉÑáåÉÇ=êçäÉ=áå=áããìåáíóK= =qÜÉ=
ei^= ÖÉåÉë= áåîçäîÉÇ= áå= áããìåÉ= êÉëéçåëÉë= ~êÉ= ~= ãìäíáÖÉåÉáÅ= ëóëíÉã=
ÉåÅçÇáåÖ= ëíêìÅíìê~ääó= ÜçãçäçÖçìë= ÅÉää= ëìêÑ~ÅÉ= ãçäÉÅìäÉëK= qÜÉëÉ= ÖäóÅçäJ
éêçíÉáåë=~êÉ=ÅÜ~ê~ÅíÉêáòÉÇ=Äó=~=ÜáÖÜ=ÇÉÖêÉÉ=çÑ=~ääÉäáÅ=éçäóãçêéÜáëãOPK=

qÜÉ=ei^=~êÉ=ÇáîáÇÉÇ=áåíç=íÜêÉÉ=Åä~ëëÉëK=`ä~ëë=f=~åÇ=ff=éêÉëÉåí=~åíáÖÉåë=
áå= Åçåíê~ëí= íç= Åä~ëë= fffI= ïÜáÅÜ= ~êÉ= áåîçäîÉÇ= áå= áããìåáíó= Äó= ÉñéêÉëëáçå=
ÅçãéäÉãÉåí=éêçíÉáåë=~åÇ=ÅóíçâáåÉëK=jçëí=ëçã~íáÅ=ÅÉääë=ÉñéêÉëë=ei^=Åä~ëë=
fI=éêÉëÉåíáåÖ= áåíê~ÅÉääìä~ê= ~åíáÖÉåë= íç=`aUH=q= äóãéÜçÅóíÉëK=ei^=Åä~ëë= ff=
éêÉëÉåí= ÉåÇçJ= ~åÇ= éÜ~ÖçÅóíçëÉÇ= Éñíê~ÅÉääìä~ê= ~åíáÖÉåë= çå= R~åíáÖÉå=
éêÉëÉåíáåÖ= ÅÉääëÒI= áKÉK= _= äóãéÜçÅóíÉëI= ~Åíáî~íÉÇ= q= äóãéÜçÅóíÉëI= ã~ÅêçJ
éÜ~ÖÉëI= ÇÉåÇêáíáÅ= ÅÉääë= ~åÇ= íÜóãáÅ= ÉéáíÜÉäá~ä= ÅÉääëI= íç= `aQH= q= äóãéÜçJ
ÅóíÉëOPK=

^=ÜÉíÉêçòóÖçìë= áåÇáîáÇì~ä=ã~óI=ÇìÉ=íç=ÅçJÇçãáå~åí=ÉñéêÉëëáçåI=Ü~îÉ=
ìé= íç=NO=ÇáÑÑÉêÉåí=ei^=ãçäÉÅìäÉë=çÑ=ei^=Åä~ëë= f= ~åÇ= ffK=qÜÉêÉ=~êÉ= íÜêÉÉ=
Åä~ëë= f=ãçäÉÅìäÉëW= ^I= _= ~åÇ=`I= ÉåÅçÇÉÇ= Äó= çåÉ= ÖÉåÉ= êÉëéÉÅíáîÉäó= Ñçê= íÜÉ=
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ÜÉ~îó= ÅÜ~áåK= βJãáÅêçÖäçÄìäáå= áë= åçåJÅçî~äÉåíäó= ~ëëçÅá~íÉÇ= ïáíÜ= íÜçëÉ=
ÜÉ~îó= ÅÜ~áåë= íç= Ñçêã= íÜÉ= ei^= Åä~ëë= f= ãçäÉÅìäÉëK= qÜÉ= ei^= Åä~ëë= ff=
ãçäÉÅìäÉëX=amI=anI=ao=~êÉ=ÜÉíÉêçÇáãÉêë=ÉåÅçÇÉÇ=Äó=~å=αJÅÜ~áå=~åÇ=~=βJ
ÅÜ~áå=ÖÉåÉ=íÜ~í=ÅçäçÅ~äáòÉK=qç=~ääçï=êÉÅçÖåáíáçå=çÑ=~=ïáÇÉ=ê~åÖÉ=çÑ=ÑçêÉáÖå=
éêçíÉáåëI= ei^= ÇáîÉêëáíó= Ü~ë= éêçÄ~Ääó= ÄÉÉå= éêÉëÉêîÉÇ= íÜêçìÖÜçìí= íÜÉ=
ÉîçäìíáçåOPK= qÜÉ= ei^= ÖÉåÉë= ~êÉ= íÜÉ= ãçëí= éçäóãçêéÜáÅ= áå= íÜÉ= Üìã~å=
ÖÉåçãÉI=~ë=áääìëíê~íÉÇ=áå=ÑáÖìêÉ=NK=
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Figure 1 – The histocompatibility is mainly determined by the HLA 
system. On the short arm of chromosome 6, the HLA genes are clustered. 
Multiple genes with high polymorphism constitute the HLA system of each 
individual. The number of alleles known in June, 2008, is 3187 
(http://www.anthonynolan.org.uk/research/hlainformaticsgroup). 
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qÜÉ=ei^=ÇáîÉêëáíóI= ïÜáÅÜ= áë= ÄÉåÉÑáÅá~ä= íç= ~ÅÜáÉîÉ= áããìåÉ= êÉëéçåëÉë=
~Ö~áåëí= ~äãçëí= ~ää= éçëëáÄäÉ= ~åíáÖÉåëI= ã~ó= ÄÉ= ~= éêçÄäÉã= áå= íÜÉ=
íê~åëéä~åí~íáçå= ëÉííáåÖK= jáåçê= ÇáÑÑÉêÉåÅÉë= ÄÉíïÉÉå= Ççåçê= ~åÇ= êÉÅáéáÉåí=
ei^= Å~å= éêçîçâÉ= ~ääçêÉ~ÅíáîáíóI= áKÉK= ìåï~åíÉÇ= áããìåÉ= êÉëéçåëÉëI=
àÉçé~êÇáòáåÖ=~=ëìÅÅÉëëÑìä=çìíÅçãÉ=çÑ=íÜÉ=íê~åëéä~åí~íáçåK=qÜìëI=ã~íÅÜáåÖ=
çÑ=ei^=Ü~ë=ëáÖåáÑáÅ~åíäó=áãéêçîÉÇ=ÉåÖê~ÑíãÉåí=~åÇ=ÇÉÅêÉ~ëÉÇ=éêÉëÉåÅÉ=çÑ=
dîeaK= j~íÅÜáåÖ= áë= ~äëç= ÉëëÉåíá~ä= Ñçê= íÜÉ= ep`q= êÉÅáéáÉåí= íç= êÉÅçîÉê= ~=
ïçêâáåÖ=áããìåÉ=ëóëíÉãK=açåçê=ÇÉêáîÉÇ=q=äóãéÜçÅóíÉë=åÉÉÇ=íç=êÉÅçÖåáòÉ=
~åíáÖÉåë=éêÉëÉåíÉÇ=Äó=ÄçíÜ=Ççåçê=~åÇ=êÉÅáéáÉåí=ei^=íç=~Åí=éçïÉêÑìääóOQJOSK=

ei^=~êÉ= íÜÉ=ÅÉåíê~ä=ãÉ~åë= áå=ëÉäÉÅíáåÖ=ÇçåçêëI=Äìí=éçäóãçêéÜáëã=áå=
çíÜÉê=ÖÉåÉë=ã~ó=~äëç=Ü~îÉ=áãé~Åí=çå=íÜÉ=ep`qK=mçäóãçêéÜáëã=áå=ÖÉåÉë=çÑ=
âáääÉê= áããìåçÖäçÄìäáåJäáâÉ=êÉÅÉéíçêë=ÉñéêÉëëÉÇ=Äó=kh=ÅÉääëI= áå=íÜÉ=íìãçê=
åÉÅêçëáë= Ñ~ÅíçêJα= ÖÉåÉ= EäçÅ~íÉÇ= áå= íÜÉ= ei^= Åä~ëë= fff= êÉÖáçåF= ~åÇ= çíÜÉê=

q p 
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  128  26     91  34         640    3              1029       350               649 

            number of alleles 

 

DP DQ DR 
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B1 A1  B1 B3 A1 

B4 

B5   



=

= = NN=

ÅóíçâáåÉ= ÖÉåÉë= Ü~îÉ= ÄÉÉå= ÅçêêÉä~íÉÇ= íç= çÅÅìêêÉåÅÉ= çÑ= dîea= ~åÇ=
íê~åëéä~åí~íáçå= çìíÅçãÉOTJPOK= bîÉå= áÑ= íÜÉ= Ççåçê= ~åÇ= êÉÅáéáÉåí= ~êÉ= ei^J
ã~íÅÜÉÇI= Äìí= åçí=ãçåçòóÖçíáÅ= íïáåëI= íÜÉêÉ= ~êÉ= ÇáÑÑÉêÉåÅÉë= áå= åìãÉêçìë=
çíÜÉê=ÉåÇçÖÉåçìë=~åíáÖÉåë=éêÉëÉåíÉÇ=Äó=ei^K=pìÅÜ=ÇáÑÑÉêÉåÅÉë=~êáëÉ=Ñêçã=
éçäóãçêéÜáëã= áå= åçåJei^= ÖÉåÉë= ~åÇ= ÖÉåçãáÅ= ÇáÑÑÉêÉåÅÉë= ÄÉíïÉÉå= íÜÉ=
íïç= ëÉñÉëI= ~åÇ= íÜÉëÉ= ~åíáÖÉåë= ~êÉ= ÇÉëáÖå~íÉÇ= ãáåçê= ÜáëíçÅçãé~íáÄáäáíó=
~åíáÖÉåë=Eãe^ÖFPPJPRK=qÜÉ=^_MJÜáëíç=ÄäççÇ=Öêçìé=~åíáÖÉåë=ã~ó=~äëç=Ü~îÉ=~å=
áãé~Åí=çå=íÜÉ=ep`q=çìíÅçãÉK=^ë=~ää=áåÇáîáÇì~äëI=ep`q=êÉÅáéáÉåíë=éêçÇìÅÉ=
~åíáJ^L_=~åíáÄçÇáÉë=~Ö~áåëí= íÜÉ=ãáëëáåÖ=ÄäççÇ=Öêçìé=~åíáÖÉåëK=jçêÉ=íÜ~å=
çåÉ= íÜáêÇ= çÑ= ~ää= íê~åëéä~åíë= ~êÉ= éÉêÑçêãÉÇ= ~Åêçëë= íÜÉ=^_MJÄ~êêáÉêI=ïÜáÅÜ=
ã~ó=êÉëìäí=áå=ÇáÑÑÉêÉåí=ÅçãéäáÅ~íáçåë=Ó=ÉKÖK=ÜÉãçäóëáëI=ÇÉä~óÉÇ=ÉåÖê~ÑíãÉåí=
~åÇ=dîeaPSK=
=
=

qÜÉ=éêçÅÉÇìêÉ=

qÜÉ=áÇÉ~ä=ep`q=Ççåçê=áë=~å=ei^=ã~íÅÜÉÇ=ëáÄäáåÖK=aìÉ=íç=íÜÉ=ÅäçëÉäó=
äáåâÉÇ=ei^=ÖÉåÉë=íÜ~í=ÅçåëíáíìíÉ=~=ëáåÖäÉ=ÖÉåÉíáÅ=äçÅìëI=~åó=é~áê=çÑ=ëáÄäáåÖë=
Ü~ë= ~= ORB= ÅÜ~åÅÉ= çÑ= ÄÉáåÖ=ei^= áÇÉåíáÅ~äK= `äáåáÅ~ääóI= ëáÄäáåÖ= Ççåçêë= ~êÉ=
~î~áä~ÄäÉ= áå=çåÉ= íÜáêÇ=çÑ= íÜÉ=ep`qPTK= få= NVTOI= íÜÉ= Ñáêëí= ~ííÉãéíë=çÑ=ìëáåÖ=
ã~íÅÜÉÇ=ìåêÉä~íÉÇ=Ççåçêë=EjraF=ïÉêÉ=éÉêÑçêãÉÇPU=~åÇ=ëáåÅÉ=NVTQ=jra=
Ü~îÉ= ÄÉÉå= ÅçääÉÅíÉÇ= áå= êÉÖáëíêáÉëPVK= qÜÉ= éêçÄ~Äáäáíó= çÑ= ÑáåÇáåÖ= ~= ëìáí~ÄäÉ=
Ççåçê=áë=~Äçìí=UMB=ÇÉéÉåÇáåÖ=çå=íÜÉ=ÉíÜåáÅ=Ä~ÅâÖêçìåÇQMK=

mêÉîáçìëäóI= ÄçåÉ=ã~êêçï=ï~ë= íÜÉ= ëçìêÅÉ= çÑ= ÜÉã~íçéçáÉíáÅ= ëíÉã= ÅÉääë=
ìëÉÇ=áå=ep`qK=qÜÉ=ÅÉääë=ïÉêÉ=ÅçääÉÅíÉÇ=Äó=~ëéáê~íáçåë=Ñêçã=íÜÉ=Ççåçê=áäá~Å=
ÅêÉëí= ìåÇÉê= ~åÉëíÜÉëá~QNK= qçÇ~óI= ÜÉã~íçéçáÉíáÅ= ëíÉã= ÅÉääë= Ñçê= íê~åëJ
éä~åí~íáçå= ~êÉ= Åçããçåäó= ÅçääÉÅíÉÇ= Ñêçã= éÉêáéÜÉê~ä= ÄäççÇ= ~ÑíÉê= ãçÄáäJ
áò~íáçå= Äó= Öê~åìäçÅóíÉ= ~åÇ= Öê~åìäçÅóíÉLã~ÅêçéÜ~ÖÉ= Åçäçåó= ëíáãìä~íáåÖ=
Ñ~Åíçê= EdJ`pc= ~åÇ=djJ`pcFQOJQSK= fí= áë= ~äëç= éçëëáÄäÉ= íç= ìëÉ= ÜÉã~íçéçáÉíáÅ=
ëíÉã=ÅÉääë=Ñêçã=ìãÄáäáÅ~ä=ÅçêÇ=ÄäççÇQTJQVK=

cçê=íÜÉ=êÉÅáéáÉåíI=íÜÉ=ep`q=ëí~êíë=ïáíÜ=~=ÅçåÇáíáçåáåÖ=êÉÖáãÉåK=qÜÉêÉ=
~êÉ= íÜêÉÉ= ã~áå= çÄàÉÅíáîÉëX= ÅêÉ~íáåÖ= ëé~ÅÉI= áããìåçëìééêÉëëáçå= ~åÇ=
Éê~ÇáÅ~íáçå=çÑ=ÇáëÉ~ëÉK=eçïÉîÉêI=íÜÉ=ìäíáã~íÉ=êçäÉ=çÑ=ÅçåÇáíáçåáåÖ=áë=äçåÖJ
íÉêã= ÇáëÉ~ëÉ= ÅçåíêçäNOI= QNI= RMK= qÜÉ= Åóíçëí~íáÅ= ÇêìÖ= ÅóÅäçéÜçëéÜ~ãáÇÉ= áå=
ÅçãÄáå~íáçå= ïáíÜ= áêê~Çá~íáçå= çê= çíÜÉê= Åóíçëí~íáÅë= ~êÉ= ìëÉÇ= íç= ~ÅÜáÉîÉ= ~=
ãóÉäç~Ää~íáîÉ= ÅçåÇáíáçåáåÖNOI= RNJRQK= qÜáë= íóéÉ= çÑ= ÅçåÇáíáçåáåÖ= áë= ~ëëçÅá~íÉÇ=
ïáíÜ= íçñáÅáíó=~åÇ= íáëëìÉ=Ç~ã~ÖÉK=kçï~Ç~óëI=ã~åó=ÅçåÇáíáçåáåÖ=êÉÖáãÉåë=
~êÉ= êÉÇìÅÉÇ= áå= áåíÉåëáíó= ~åÇ= áåëíÉ~Ç= ÑçÅìëÉÇ= çå= áããìåçëìééêÉëëáçåK= få=
íê~åëéä~åí~íáçå= ~ÑíÉê= êÉÇìÅÉÇ= áåíÉåëáíó= ÅçåÇáíáçåáåÖ= Eof`FI= íÜÉ= íê~åëJ
éä~åíÉÇ= ÅÉääë= ïáää= Öê~Çì~ääó= Éê~ÇáÅ~íÉ= íÜÉ= äóãéÜçÜÉã~íçéçáÉíáÅ= ëóëíÉãI=
áåÅäìÇáåÖ= íÜÉ= êÉã~áåáåÖ=ã~äáÖå~åí= ÅÉääë= EáKÉK= dîqFK= qÜáë= áãéäáÉë= ~= äçïÉê=
íçñáÅáíó=~åÇ=íÜ~í=Ñê~ÖáäÉI=çäÇÉê=~åÇ=ÅçJãçêÄáÇ=é~íáÉåíë=Å~å=Ü~îÉ=~=ep`qRRK=



NO=

^ÑíÉê= íÜÉ= ÅçåÇáíáçåáåÖI= íÜÉ= ep`q= êÉÅáéáÉåí= áë= ~ÇãáåáëíÉêÉÇ= íÜÉ=
ÜÉã~íçéçáÉíáÅ= ëíÉã= ÅÉääë= áåíê~îÉåçìëäó= íÜêçìÖÜ= ~= ÅÉåíê~ä= îÉåçìë= äáåÉK=
pìêÑ~ÅÉ=ãçäÉÅìäÉë=çå=íÜÉ=ëíÉã=ÅÉääë=ÇáêÉÅí=íÜÉã=íç=íÜÉ=ÄçåÉ=ã~êêçï=Å~îáíóI=
áKÉK=ÜçãáåÖI=~åÇ=Öê~Çì~ääó=ÜÉ~äíÜó=ÄäççÇ=ÅÉääë=~êÉ=éêçÇìÅÉÇRSK=

fããìåçëìééêÉëëáçå= áë= ~å= áãéçêí~åí= Ñ~Åíçê= íÜ~í= Ü~ë= áãéêçîÉÇ= íÜÉ=
ep`q=çìíÅçãÉK=jÉíÜçíêÉñ~íÉ=~åÇ=ÅóÅäçëéçêáåÉ=^=~êÉ= íÜÉ=ãçëí=Åçããçå=
ÇêìÖë=áå=éêÉîÉåíáåÖ=dîeaI=Äìí=åÉïÉê=~ÖÉåíë=ëìÅÜ=~ë=í~ÅêçäáãìëI=ëáêçäáãìë=
~åÇ= ãóÅçéÜÉåçä~íÉ= ãçÑÉíáä= Ü~îÉ= ÄÉÉå= áåíêçÇìÅÉÇK= qÜÉ= Åçããçå=
ãÉÅÜ~åáëã= çÑ= íÜÉëÉ= ÇêìÖë= áë= íç= áåÜáÄáí= q= äóãéÜçÅóíÉ= éêçäáÑÉê~íáçåRTJSMK=
aÉéäÉíáçå=çÑ=q=äóãéÜçÅóíÉë=áå=íÜÉ=Öê~Ñí=Å~å=ÄÉ=ìëÉÇI=Äìí=áë=~ëëçÅá~íÉÇ=ïáíÜ=
ÅçãéäáÅ~íáçåë= ëìÅÜ= ~ë= êÉàÉÅíáçå= ~åÇ= êÉä~éëÉSNJSQK= cìêíÜÉêãçêÉI= ëìééçêíáîÉ=
Å~êÉI= áKÉK= íê~åëÑìëáçå= éçäáÅáÉëI= é~áå= êÉäáÉÑI= é~êÉåíÉê~ä= åìíêáíáçå= ~åÇ= éêçJ
éÜóä~ÅíáÅ=~åíáãáÅêçÄá~ä=íÜÉê~éó=~êÉ=ÅêìÅá~ä=íç=ëìÅÅÉÉÇ=ïáíÜ=íÜÉ=ep`qSRJSTK=

=
=

jçåáíçêáåÖ=íÜÉ=çìíÅçãÉ==

^äíÜçìÖÜ=íÜÉ=ep`q=áë=~=ëìÅÅÉëëÑìä=íêÉ~íãÉåíI=íÜÉ=çìíÅçãÉ=åÉÉÇë=íç=ÄÉ=
ëìêîÉóÉÇI= áKÉK= êÉä~éëÉ= çÑ= ã~äáÖå~åÅó= ~åÇ= éçëëáÄäÉ= êÉàÉÅíáçå= Ü~ë= íç= ÄÉ=
ãçåáíçêÉÇK= qÜáë= áë= ã~áåäó= éÉêÑçêãÉÇ= íêçìÖÜ= ~å~äóëÉë= çÑ= ÅÜáãÉêáëã= ~åÇ=
ãáåáã~ä= êÉëáÇì~ä= ÇáëÉ~ëÉ= EjoaFK= få= dêÉÉâ=ãóíÜçäçÖó= íÜÉ= R`ÜáãÉê~ÒI= ~ë=
ÇÉëÅêáÄÉÇ=Äó=eçãÉêI=ï~ë=~=ÑáêÉJÄêÉ~íÜáåÖ=ÅêÉ~íìêÉ=ïáíÜ=íÜÉ=ÜÉ~Ç=çÑ=~=äáçåI=
íÜÉ= ÄçÇó= çÑ= ~= Öç~í= ~åÇ= íÜÉ= í~áä= çÑ= ~= ëå~âÉK= qÜçìë~åÇë= çÑ= óÉ~êë= ä~íÉêI=
^åÇÉêëçå= ~åÇ= ÅçääÉ~ÖìÉë= áåíêçÇìÅÉÇ= íÜÉ= íÉêã= ÅÜáãÉêáëã= áå=ãÉÇáÅáåÉ= íç=
ÇÉëÅêáÄÉ=íÜÉ=éÜÉåçãÉåçå=çÑ=çêÖ~åáëãë=ïáíÜ=ÅÉääë=ÇÉêáîÉÇ=Ñêçã=ãçêÉ=íÜ~å=
çåÉ=òóÖçíÉ=äáåÉ~ÖÉSUK=få=ep`qI=ÅÜáãÉêáëã=êÉÑÉêë=íç=íÜÉ=åìãÄÉê=çÑ=ÇçåçêJ
ÇÉêáîÉÇ= äóãéÜçÜÉã~íçéçáÉíáÅ= ÅÉääë= éçëíJíê~åëéä~åíK= kçï~Ç~óëI= ãçëí=
ÅÜáãÉêáëã= ~å~äóëÉë= ~êÉ=m`oJÄ~ëÉÇK=qÜÉ=ãÉíÜçÇçäçÖó= Éñéäçáíë= íÜ~í= ëçãÉ=
ÅçêÉ=ak^= ëÉèìÉåÅÉë= ~êÉ= í~åÇÉãäó= êÉéÉ~íÉÇ= áå= íÜÉ= ÖÉåçãÉ= ~åÇ= íÜ~í= íÜÉ=
åìãÄÉê= çÑ= íÜçëÉ=jÉåÇÉäá~å= ÅçåÅçãáí~åí= áåÜÉêáíÉÇ= êÉéÉ~íë= î~êáÉë= ~ãçåÖ=
áåÇáîáÇì~äëK= `ÜáãÉêáëã= áë= ÇÉëÅêáÄÉÇ= ~ë= éÉêÅÉåí~ÖÉ= êÉÅáéáÉåíJÇÉêáîÉÇ= _=
äóãéÜçÅóíÉëI=q=äóãéÜçÅóíÉë=~åÇ=ãóÉäçáÇ=ÅÉääë=çîÉê=íáãÉSVI= TMK=aÉîá~íáçå=áå=
ÅÜáãÉêáëã=ã~ó=áåÇáÅ~íÉ=êÉä~éëÉ=çê=êÉàÉÅíáçåI=ïÜáÅÜ=Ü~îÉ=íç=ÄÉ=áåíÉêîÉåÉÇTMJ
TOK=qÜÉ=joa=áë=ÇÉÑáåÉÇ=~ë=éêÉëÉåÅÉ=çÑ=~= ëã~ää=åìãÄÉê=çÑ=ÅÉääë= ÉñéêÉëëáåÖ=
ãçäÉÅìä~ê=ã~êâÉêë=çÑ=ÇáëÉ~ëÉ=ÇÉíÉÅíÉÇ=~í=~=íÜêÉëÜçäÇ=Ñ~ê=ÄÉäçï=ïÜ~í=Å~å=ÄÉ=
ÇÉíÉÅíÉÇ= Äó= ëí~åÇ~êÇ= ãÉíÜçÇçäçÖóK= _ó= ãçåáíçêáåÖ= joaI= ïáíÜ=
áããìåçéÜÉåçíóéáåÖ= ~åÇ= m`oI= éçíÉåíá~ä= êÉä~éëÉë= Å~å= ÄÉ= áÇÉåíáÑáÉÇ= Ñçê=
áããÉÇá~íÉ=íêÉ~íãÉåíTPJTRK=
=

=



=

= = NP=

`çãéäáÅ~íáçåë=

qÜÉ= É~êäó= ÅçãéäáÅ~íáçåë= çÑ= ep`q= ~êáëÉ= ëÉîÉê~ä= Ç~óë= ~ÑíÉê= íÜÉ=
ÅçåÇáíáçåáåÖ=~åÇ=ìé=íç=ïÉÉâë=~ÑíÉê=íÜÉ=áåÑìëáçå=çÑ=íÜÉ=ÜÉã~íçéçáÉíáÅ=ëíÉã=
ÅÉääëK=låÉ=ëáÖåáÑáÅ~åí=É~êäó=ÅçãéäáÅ~íáçå=áë=íÜÉ=RÜÉãçêêÜ~ÖáÅ=ÅóëíáíáëÒ=íÜ~í=
éêÉëÉåí= ~ë= ëóãéíçãë= ê~åÖáåÖ= Ñêçã= é~áåäÉëë= ãáÅêçëÅçéáÅ= ÜÉã~íìêá~= íç=
ëÉîÉêÉ= ÜÉãçêêÜ~ÖÉ= ~äçåÖ= íÜÉ= ÉåíáêÉ= ìêáå~êó= íê~ÅíK= qÜÉ= áåÅáÇÉåÅÉ= éçëíJ
ep`q= áë= = êÉéçêíÉÇ= íç=î~êó= Ñêçã=~ë= äçï=~ë=NM= íç=~ë=ÜáÖÜ=~ë=TMBTSJTUK=b~êäó=
çåëÉí= áë= êÉä~íÉÇ= íç= íÜÉ= ÅçåÇáíáçåáåÖ= êÉÖáãÉåROI= TSI= TVK= i~íÉê= çåëÉí= ëÉÉãë=
~ëëçÅá~íÉÇ=íç=îáêìëÉë=ëìÅÜ=~ë=_h=îáêìëUMI=UNI=~ÇÉåçîáêìëUOI=UPI=ÅóíçãÉÖ~äçîáêìëUQI=
UR= ~åÇ= íç= dîeaTSI= TTI= USK= mêÉîÉåíáçå= ~åÇ= íêÉ~íãÉåí= ~êÉ= Ä~ëÉÇ= çå= ÜóéÉêJ
ÜóÇê~íáçåK=fêêáÖ~íáçå=çÑ=ÇêìÖëI=ÉãÄçäáò~íáçå=~åÇ=ÅóëíÉÅíçãó=Ü~ë=ÄÉÉå=ìëÉÇ=
~ë=íêÉ~íãÉåíUTK=^åçíÜÉê=Éåíáíó=çÑ=ÅçãéäáÅ~íáçåë=~êáëÉë=Ñêçã=áåàìêÉÇ=î~ëÅìä~ê=
ÉåÇçíÜÉäáìã= ~åÇ= ÅçãéêáëÉë= ~= ÜÉíÉêçÖÉåÉçìë= ~åÇ= çîÉêä~ééáåÖ= Öêçìé= çÑ=
ÅäáåáÅ~ä=ëóåÇêçãÉëK=qÜÉ=íïç=ãçëí=íÜêÉ~íÉåáåÖ=ÅçåÇáíáçåë=áå=íÜáë=Öêçìé=~êÉW=
RëáåìëçáÇ~ä= çÄëíêìÅíáçå= ëóåÇêçãÉÒ= EplpF= ~åÇ= Ríê~åëéä~åíJ~ëëçÅá~íÉÇ=
ãáÅêç~åÖáçé~íÜóÒ=Eq^jFK=plpI=éêÉîáçìëäó=Å~ääÉÇ=îÉåççÅÅäìëáîÉ=ÇáëÉ~ëÉ=çÑ=
íÜÉ= äáîÉêI= áë= ÅÜ~ê~ÅíÉêáòÉÇ= Äó= ~= é~áåÑìä= ÜÉé~íçãÉÖ~äóI= à~ìåÇáÅÉ= ~åÇ= ÑäìáÇ=
êÉíÉåíáçåK= ^åíáÅç~Öìä~åíë= ~åÇ= íÜêçãÄçäóëáë= ~äçåÖ= ïáíÜ= ëóãéíçã~íáÅ=
íêÉ~íãÉåí= Ü~îÉ= ÄÉÉå= ìëÉÇ= ~ë= íÜÉê~éóUUI= UVK= q^jI= éêÉîáçìëäó= êÉÑÉêêÉÇ= íç= ~ë=
íÜêçãÄçíáÅ= ãáÅêç~åÖáçé~íÜóI= áë= ÅÜ~ê~ÅíÉêáòÉÇ= Äó= ~åÉãá~I= éêÉëÉåÅÉ= çÑ=
ëÅÜáòíçÅóíÉëI=ÉäÉî~íÉÇ=ä~Åí~íÉ=ÇÉÜóÇêçÖÉå~ëÉI=íÜêçãÄçJÅóíçéÉåá~I=ÑÉîÉê=~åÇ=
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Figure 2 – Infectious complications after HSCT. The graph represents a 
general overview of post-HSCT infections. However, it should be noted that 
infectious complications vary between different transplant centers. G-, Gram 
negative; G+, Gram positive; HHV6, human herpesvirus 6. Figure adopted, but 
modified, from Marty and Rubin, 200692.  
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^Ç~éíáîÉ= áããìåáíóI= íÜÉ= ÅÉää= ãÉÇá~íÉÇ= áããìåáíóI= áë= çêÅÜÉëíê~íÉÇ= Äó=

ÑìåÅíáçåáåÖ=q=äóãéÜçÅóíÉëK=qÜÉ=q=äóãéÜçÅóíÉë=ëÉÉå=É~êäó=éçëíJíê~åëéä~åí=
~êÉ= ã~áåäó= ÇçåçêJÇÉêáîÉÇI= ÉîÉå= íÜçìÖÜ= êÉëáÇì~ä= êÉÅáéáÉåí= ÅÉääë= ~êÉ= ëÉÉå=
çÅÅ~ëáçå~ääóK=eçãÉçëí~íáÅ=éÉêáéÜÉê~ä=Éñé~åëáçåë=éêçîáÇÉ=~å=É~êäó=éççä=çÑ=
êÉÅçåëíáíìíáåÖ= q= äóãéÜçÅóíÉëI= Éñéä~áåáåÖ= íÜÉ= éêÉÇçãáå~íáåÖ= ãÉãçêó=
éÜÉåçíóéÉ=ëÉÉåNSTK=^åíáÖÉå=ÇêáîÉå=Éñé~åëáçåë=ã~ó=çÅÅìêI=ïÜáÅÜ=êÉëìäíë=áå=~=
ëâÉïÉÇ= êÉÅçåëíáíìíáçåNSUK= `aUH= q= äóãéÜçÅóíÉë= êÉÅçîÉê= ê~éáÇäóI= Äó= P=
ãçåíÜë= éçëíJep`qI= ~åÇ= åçêã~äáòÉ= ïáíÜáå= N= óÉ~êK= qÜÉ= êÉÅçåëíáíìíáçå= çÑ=
`aQH=q= äóãéÜçÅóíÉë= áë= ëäçïÉêI=ìé= íç=OM=ãçåíÜëI= ~åÇ=ÇÉéÉåÇ~åí=çå= íÜÉ=
íÜóãáÅ=~ÅíáîáíóK=`ÜáäÇêÉå=êÉÅçîÉê=`aQH=q=äóãéÜçÅóíÉë=Ñ~ëíÉê=íÜ~å=~ÇìäíëI=
éêçÄ~Ääó=ÇìÉ=íç=~=ä~êÖÉê=íÜóãáÅ=ã~ëëNSSI=NSUK=c~ëíÉê=q=äóãéÜçÅóíÉ=êÉÅçîÉêó=áë=
~ëëçÅá~íÉÇ= íç= íÜÉ=åìãÄÉê=çÑ=q= äóãéÜçÅóíÉ= áåçÅìäìãI= áKÉK=ãçÄáäáòÉÇ=ëíÉã=
ÅÉääë=Åçåí~áå=ãçêÉ=q=äóãéÜçÅóíÉë=íÜ~å=ÄçåÉ=ã~êêçïI=ïÜáÅÜ=áë=ëìéÉêáçê=íç=
ÅçêÇ=ÄäççÇ= áå=íÜáë=êÉÖ~êÇNSSI= NSUK=_= äóãéÜçÅóíÉ=Åçìåíë=~êÉ= äçï=áå=íÜÉ=O= Ñáêëí=
ãçåíÜë=éçëíJep`qI=Äìí=íÜÉó=ëìÄëÉèìÉåíäó=êáëÉ=~åÇ=~êÉ=åçêã~äáòÉÇ=Äó=NJO=
óÉ~êë= éçëíJíê~åëéä~åíNSVK= mä~ëã~= ÅÉääë= ~êÉ= êÉëáëí~åí= íç= ÄçíÜ= áêê~Çá~íáçå= ~åÇ=
ÅÜÉãçíÜÉê~éóI=ïÜáÅÜ=áë=ïÜó=íÜÉ=~åíáÄçÇáÉë=ÄÉÅçãÉ=éêáã~êáäó=çÑ=êÉÅáéáÉåí=
áå= çêáÖáå= ëÉîÉê~ä=ãçåíÜë= éçëíJep`qNTMK= qÜÉ= ëÉêìã= áããìåçÖäçÄìäáå= EfÖF=
äÉîÉäë= ÇÉÅêÉ~ëÉë= Öê~Çì~ääó= ~åÇ= ~êÉ= ÑçääçïÉÇ= Äó= ~= ÇçåçêJÇÉêáîÉÇ= åçêã~äJ



=

= = NT=

áò~íáçåK= pÉêìã= áëçíóéÉë= ÇÉîÉäçé= áå= íÜÉ= çêÇÉê= íÜÉó= ÇÉîÉäçé= áå= ÅÜáäÇÜççÇW=
fÖj= äÉîÉäë= êÉÅçîÉê= ïáíÜáå= OJS= ãçåíÜë= ÑçääçïÉÇ= Äó= áëçíóéÉ= ëïáíÅÜáåÖ=
EÇÉéÉåÇÉåí=çÑ=`aQH= äóãéÜçÅóíÉëFI=ïáíÜ= ëìÄëÉèìÉåí= áåÅêÉ~ëÉ=çÑ= = fÖd=Eáå=
íÜÉ=çêÇÉê=fÖdNI=fÖdPI=fÖdO=~åÇ=fÖdQF=áå=PJNU=ãçåíÜë=~åÇ=Ñáå~ääó=fÖ^=äÉîÉäë=
ïáíÜáå=SJPS=ãçåíÜëNTNI=NTOK========
=
=
Future stem cell transplantation  

få=íÜÉ= ä~ëí=óÉ~êëI= íÜÉ= ÑáÉäÇ=çÑ=ëíÉã=ÅÉää= êÉëÉ~êÅÜ=Ü~ë=Öêçïå=ÖêÉ~íäó=~åÇ=
áåíÉêÉëí=áå=ëíÉã=ÅÉääë=Ñçê=êÉé~ê~íáîÉ=~åÇ=êÉÖÉåÉê~íáîÉ=ãÉÇáÅáåÉ=Ü~ë=áåÅêÉ~ëÉÇ=
ÉñíÉåëáîÉäóK=ep`q=áë=íÜÉ=çåäó=ëíÉã=ÅÉää=Ä~ëÉÇ=íÜÉê~éó=íÜ~í=áë=áãéäÉãÉåíÉÇ=
áå=íÜÉ=ÅäáåáÅ~ä=éê~ÅíáÅÉK=få=çåÖçáåÖ=ëíìÇáÉëI=íÜÉ=ep`q=áë=çéíáãáòÉÇ=~åÇ=åÉï=
áåÇáÅ~íáçåë= ~êÉ= íêáÉÇK= qÜÉ= åÉñí= ÅÜ~éíÉê= ïáää= ÇÉëÅêáÄÉ= íê~åëéä~åí~íáçå= çÑ=
jp`I=ïÜáÅÜ=ëÉÉã=íç=ÄÉ=íÜÉ=ëÉÅçåÇ=ãçëí=íê~åëéä~åíÉÇ=ëíÉã=ÅÉää=áå=Üìã~åëK=
píáääI=íÜÉ=ìë~ÖÉ=çÑ=jp`=áå=ÅäáåáÅ~ä=ãÉÇáÅáåÉ=áë=ìåÇÉê=Éî~äì~íáçåK=`ìêêÉåíäóI=
íÜÉêÉ=~êÉ= ëÉîÉê~ä= ëíìÇáÉë=ÉñéäçêáåÖ=çíÜÉêI=ÉãÄêóçåáÅ=~åÇ=~ÇìäíI= ëíÉã=ÅÉääë=
Ñçê=ÅäáåáÅ~ä=~ééäáÅ~íáçåëK=qáãÉ=ïáää=ëÜçï=ïÜÉíÜÉê=ëíÉã=ÅÉää=íê~åëéä~åí~íáçå=
ïáää=ÉåÇ=ìé=~ë=íÜÉ=ìåáîÉêë~ä=êÉãÉÇó=çÑ=Üìã~å=ÇáëÉ~ëÉëÁ===
=
=
eÉã~íçéçáÉíáÅ=ëíÉã=ÅÉääë=

fí=áë=çîÉê=~=ÇÉÅ~ÇÉ=ëáåÅÉ=íÜÉ=of`=ï~ë=áåíêçÇìÅÉÇ=~ë=~=åÉï=ÇáêÉÅíáçå=áå=
íÜÉ=ÑáÉäÇ=çÑ=ep`qK=qÜÉ=ã~àçê=äáãáí~íáçåë=Ü~îÉ=ÄÉÉå=íç=ëÉé~ê~íÉ=dîq=Ñêçã=
dîea= ~åÇ= ÇáëÉ~ëÉ= êÉä~éëÉNTPK= = mêÉé~ê~íáîÉ= êÉÖáãÉåë= ïáíÜ= ìë~ÖÉ= çÑ= äçïJ
íçñáÅáíó= í~êÖÉíÉÇ= íÜÉê~éÉìíáÅë= ëìÅÜ= ~ë= áã~íáåáÄI= ÄçêíÉòçãáÄI= êáíìñáã~Ä= íç=
é~êíåÉê=ïáíÜ=of`=ep`q=íç=ÅçãÄáåÉ=dîq=~åÇ=í~êÖÉíÉÇ=íêÉ~íãÉåí=~êÉ=ìåÇÉê=
ÇÉîÉäçéãÉåíNTPJNTSK= qÜÉ= of`= ep`q= ã~ó= ~äëç= ÄÉ= ìëÉÇ= ~ë= ~= éä~íÑçêã= Ñçê=
ÅçåíêçääÉÇ= áããìåÉ=êÉÅçåëíáíìíáçåI=ïÜÉêÉ= íÜÉ=ÄÉåÉÑáÅá~ä=dîq=áë=éêçãçíÉÇ=
ïáíÜçìí= êáëâáåÖ= dîea= ~åÇ= éêçÑçìåÇ= áããìåçáåÅçãéÉíÉåÅÉ= äÉ~ÇáåÖ= íç=
ëÉîÉêÉ=áåÑÉÅíáçåëK=pÉîÉê~ä=áåîÉëíáÖ~íçêë=~êÉ=íêóáåÖ=ÇáÑÑÉêÉåí=~ééêç~ÅÜÉë=ëìÅÜ=
~ë= ~åíáÄçÇáÉë= ~Ö~áåëí= ~åíáÖÉå= éêÉëÉåíáåÖ= ÅÉääëI= ëìáÅáÇÉJÖÉåÉ= íê~åëÑÉÅíÉÇ= q=
äóãéÜçÅóíÉë= ~åÇ=~åíáJ`aOR= áããìåçíçñáåëNTPK= pÉäÉÅíáîÉ=ÇÉéäÉíáçå=ã~ó=ÄÉ=
~åçíÜÉê= ãÉ~å= áå= êÉÇìÅáåÖ= dîeaK= ^ääçêÉ~ÅíáîÉ= ÅÉääë= ~êÉ= êÉãçîÉÇ= çê=
áå~Åíáî~íÉÇ= Äó= ~åíáÄçÇáÉë= E~Ö~áåëí= `aORI= `aSV= çê= `aVRF= çê= éÜçíçJ
ÇÉéäÉíáçåK= qÜÉ= êÉãçî~ä= çÑ= ëìÅÜ= ÅÉääë= ëÉÉãë= íç= êÉÇìÅÉ= íÜÉ= dîea= ~åÇ=
áãéêçîÉ=íÜÉ=çìíÅçãÉNTTK==

qÜÉ=ÄÉëí=êÉëìäíë=ïáíÜ=~ääçÖÉåÉáÅ=ep`q=Ü~îÉ=ÄÉÉå=çÄí~áåÉÇ=áå=é~íáÉåíë=
êÉÅÉáîáåÖ= ~ääçÖê~Ñí= Ñêçã=ei^=ã~íÅÜÉÇ= ëáÄäáåÖëK= ^ë= íÜÉ= ÅÜ~åÅÉ= çÑ= ÑáåÇáåÖ=
ëìÅÜ=Ççåçêë=áë=çåäó=ORBI=ãìÅÜ=~ííÉåíáçå=Ü~ë=ÄÉÉå=ÖáîÉå=çîÉêÅçãáåÖ=íÜÉ=
ei^= Ä~êêáÉêI= áKÉK= ìëáåÖ=ãáëã~íÅÜÉÇ= çê= Ü~éäçáÇÉåíáÅ~ä= Ççåçêë= áåëíÉ~ÇK= få=
ÖÉåÉê~äI= íÜÉ= áåîÉëíáÖ~íçêë= Ü~îÉ= ìíáäáòÉÇ= q= äóãéÜçÅóíÉ= ÇÉéäÉíáçå= ~åÇ=



NU=

ëÉäÉÅíáçå= çÑ= `aPQH= ÅÉääë= áå= ãóÉäç~Ää~íáîÉ= çê= of`= ëÉííáåÖë= ïáíÜ= î~êóáåÖ=
êÉëìäíëNTUK=jáëã~íÅÜÉÇ= ~åÇ=Ü~éäçáÇÉåíáÅ~ä=ep`q=éêçîáÇÉë= ~å=çééçêíìåáíó=
ïÜÉå= Ñìääó= ã~íÅÜÉÇ= ëáÄäáåÖë= ~êÉ= ä~ÅâáåÖK= pçãÉ= ëíìÇáÉë= çÑ= Ü~éäçáÇÉåíáÅ~ä=
ep`q=Çáëéä~ó=~=ÄÉåÉÑáÅá~ä=dîq=Äó=~ääçêÉ~ÅíáîÉ=kh=ÅÉääëI=ïÜáÅÜ=áë=ÉñéÉÅíÉÇ=
íç=ÉåÅçìê~ÖÉ=~=ÖêÉ~íÉê=ìëÉ=Ñçê=äÉìâÉãá~=é~íáÉåíëNTVJNUNK=píáääI=ÄÉííÉê=ëÉäÉÅíáçå=
çÑ= êÉÅáéáÉåíë= ~åÇ= ÇçåçêëI= ÇÉîÉäçéãÉåí= çÑ= ë~ÑÉê= ÅçåÇáíáçåáåÖ= êÉÖáãÉåë=
éêçãçíáåÖ=ÉåÖê~ÑíãÉåí=~åÇ= êÉÇìÅíáçå=çÑ=dîea=~êÉ=éêÉêÉèìáëáíÉë= Ñçê= íÜÉ=
ìëÉ=çÑ=ãáëã~íÅÜÉÇ=~åÇ=Ü~éäçáÇÉåíáÅ~ä=ep`q=~ë=~=êçìíáåÉNTUK========

qÜÉ= áåÇáÅ~íáçåë= Ñçê= ep`q= ~êÉ= ïáÇÉåáåÖK= oÉÖÉåÉê~íáçå= çÑ= ~= ÜÉ~äíÜó=
áããìåÉ=ëóëíÉã=áë=çÑ= áåíÉêÉëí= áå= íÜÉ= íêÉ~íãÉåí=çÑ=ãìäíáéäÉ=ëÅäÉêçëáë=EjpFK=
jçêÉ=íÜ~å=PMM=jp=é~íáÉåíë=Ü~îÉ=êÉÅÉáîÉÇ=ep`q=~ë=íêÉ~íãÉåí=ïáíÜ=î~êóáåÖ=
êÉëìäíëNUOK=jçëí=ïÉêÉ=~ìíçäçÖçìëI=Äìí=~=ÑÉï=~ääçÖÉåÉáÅ=íê~åëéä~åíë=Ü~îÉ=ÄÉÉå=
éÉêÑçêãÉÇNUPK= `ìêêÉåíäóI= ep`q= Ñçê= jp= áë= êÉÖ~êÇÉÇ= ÜáÖÜäó= ÉñéÉêáãÉåí~äK=
ep`q= ã~ó= ~äëç= ÄÉ= ìëÉÇ= ~ë= íêÉ~íãÉåí= çÑ= áåÑä~ãã~íçêó= ÄçïÉä= ÇáëÉ~ëÉëK=
mçëáíáîÉ= ÅäáåáÅ~ä= ÉÑÑÉÅíë= Ü~îÉ= ÄÉÉå= ëÜçïå= Ñçê= ÄçíÜ= ~ääçÖÉåÉáÅ= ~åÇ=
~ìíçäçÖçìë= ep`qK= ^ìíçäçÖçìë= ep`q= áë= éêÉÑÉêêÉÇI= ÇìÉ= íç= íÜÉ= ÜáÖÜÉê=
íê~åëéä~åí~íáçå=êÉä~íÉÇ=ãçêí~äáíó=áå=~ääçÖÉåÉáÅ=ep`qK=eçïÉîÉêI=~ääçÖÉåÉáÅ=
ep`q=ãáÖÜí=ÄÉ=~=ìéÅçãáåÖ=íêÉ~íãÉåí=çéíáçå=áå=Ö~ëíêçáåíÉëíáå~ä=ÇáëÉ~ëÉëI=
~ë= íÜÉ=~ääçÖÉåÉáÅ=ep`q=Öê~Çì~ääó= áãéêçîÉëNUQK=qÜÉ=ÉñéÉêáÉåÅÉ=ïáíÜ=ep`q=
~ë= ~= íÜÉê~éó= Ñçê= ãÉí~ÄçäáÅ= ÇáëÉ~ëÉë= Ü~ë= ÇÉãçåëíê~íÉÇ= ìåèìÉëíáçå~ÄäÉ=
ëìÅÅÉëë= ~ë= ïÉää= ~ë= äáãáí~íáçåëK= fãéêçîÉÇ= ep`q= áå= ÅçãÄáå~íáçå= ïáíÜ=
ÉåòóãÉ= êÉéä~ÅÉãÉåíI= ÅÜ~éÉêçåÉ= íÜÉê~éó= ~åÇ= ëìÄëíê~íÉ= áåÜáÄáíáçå= ~êÉ=
ÄÉäáÉîÉÇ= íç= ÄÉ= íÜÉ= ï~ó= íç= Öç= Ñçê= ~êÅÜáî~ä= çÑ= çéíáã~ä= çìíÅçãÉ= áå= íÜÉëÉ=
é~íáÉåí=Å~íÉÖçêáÉëNURK=
=
=
líÜÉê=ëíÉã=ÅÉääë=

===qÜÉ=ÉîáÇÉåÅÉ=íç=Ç~íÉ=ëìÖÖÉëíë=íÜ~í=ÉãÄêóçåáÅ=ëíÉã=ÅÉääë=~êÉ=åçí=êÉ~Çó=
íç=ÄÉ=ìëÉÇ=áå=íÜÉ=ÅäáåáÅK=eçïÉîÉêI=íÜÉáê=Éåçêãçìë=éçíÉåíá~ä=áå=êÉÖÉåÉê~íáîÉ=
~åÇ=êÉé~ê~íáîÉ=ãÉÇáÅáåÉ=Å~ååçí=ÄÉ=áÖåçêÉÇK=qÜÉçêÉíáÅ~ääóI=ÉãÄêóçåáÅ=ëíÉã=
ÅÉääë= Å~å= ÄÉ= ìëÉÇ= Ñçê= íÜÉê~éó= çÑ= ~ää= çêÖ~åëK= tÜÉå= áí= ÅçãÉë= íç=
íê~åëéä~åí~íáçå= çÑ= íÜÉëÉ= ëíÉã= ÅÉääëI= íÜÉáê= áããìåçÖÉåáÅáíó= áë= éççêäó=
ìåÇÉêëíççÇ=~åÇ=ëíáää=êìÇáãÉåí~êáäó=ÇÉëÅêáÄÉÇNUSK==

båÇçíÜÉäá~ä= éêçÖÉåáíçêLëíÉã= ÅÉääë= ãáÖÜí= ÄÉ= ìëÉÇ= áå= íêÉ~íãÉåí= çÑ=
áëÅÜÉãáÅ=ÜÉ~êí=ÇáëÉ~ëÉ=~åÇ=Ñçê=î~êáçìë=~ééäáÅ~íáçåë=çÑ=íáëëìÉ=ÉåÖáåÉÉêáåÖNUTK=
få= Å~êÇáçäçÖóI= ìåÑê~Åíáçå~íÉÇ= ÄçåÉ= ã~êêçï= ÅÉääë= E~ëëìãÉÇ= íç= Åçåí~áå=
ÇáÑÑÉêÉåí= éêçÖÉåáíçêëF= Ü~îÉ= ÄÉÉå= ìëÉÇ= áå= ÅäáåáÅ~ä= íêá~äë= ïáíÜ= ÅçåÑäáÅíáåÖ=
êÉëìäíë= ~åÇ= ÉãÄêóçåáÅ= ëíÉã= ÅÉääë= ~êÉ= ìåÇÉê= áåîÉëíáÖ~íáçå= áå= ÇáÑÑÉêÉåí=
~åáã~ä=ãçÇÉäëNUUI=NUVK=^äãçëí=~ää=ÑáÉäÇë=çÑ=ãÉÇáÅáåÉ=Ü~îÉ=ëçãÉ=ÅçåÑáÇÉåÅÉ=áå=
ëíÉã=ÅÉääëI= ëç= ÉîÉå=ÜÉé~íçäçÖóK=oÉÅÉåí=éêÉÅäáåáÅ~ä= ëíìÇáÉë=éêçéçëÉ=Éñ=îáîç=
ÇáÑÑÉêÉåíá~íáçå= çÑ= ëíÉã= ÅÉääë= áåíç= ÜÉé~íáÅ= ÅÉääë= Ñçê= íê~åëéä~åí~íáçåI= ê~íÜÉê=
íÜ~å= íê~åëéä~åí~íáçå= çÑ= ìåÇáÑÑÉêÉåíá~íÉÇ= ëíÉã= ÅÉääëK= bãÄêóçåáÅ= ~ë=ïÉää= ~ë=



=

= = NV=

~ãåáçíáÅ=~åÇ=ÑÉí~ä=äáîÉê=ÅÉääë=ãáÖÜí=ÄÉ=ìëÉÇ=Ñçê=íÜÉê~éÉìíáÅ=êÉÖÉåÉê~íáçå=çÑ=
íÜÉ=äáîÉêNVMK=_çíÜ=~Çìäí=~åÇ=ÉãÄêóçåáÅ=ëíÉã=ÅÉääë=~êÉ=çÑ=áåíÉêÉëí=~ë=éçëëáÄäÉ=
ëíÉã=ÅÉää=íÜÉê~éó=áå=íÜÉ=ÉåÇçÅêáåÉ=é~åÅêÉ~ëI=Äìí=~äëç=áå=íÜáë=ÑáÉäÇ=íÜÉêÉ=~êÉ=~=
ä~Åâ= çÑ= ÅçåÅäìëáîÉ= êÉëìäíë= ~åÇ= çåäó= éêÉÅäáåáÅ~ä= ëíìÇáÉë= Ü~îÉ= ÄÉÉå=
éÉêÑçêãÉÇNVNI= NVOK= få= êÉÖÉåÉê~íáîÉ= åÉéÜêçäçÖóI= ~Çìäí= ÄçåÉ=ã~êêçï= ÇÉêáîÉÇ=
ëíÉã=ÅÉääëI=ÉãÄêóçåáÅ=ëíÉã=ÅÉääë=~åÇ=ëíÉã=ÅÉääë=ÇÉêáîÉÇ=Ñêçã=ëéÉÅáÑáÅ=âáÇåÉó=
åáÅÜÉë= Ü~îÉ= ÄÉÉå= éêçéçëÉÇ= ~ë= íÜÉê~éó= çÑ= áëÅÜÉãáÅI= íçñáÅ= ~åÇ= ÅÜêçåáÅ=
âáÇåÉó= ÇáëÉ~ëÉëNVPK= qÜÉêÉ= ~êÉ= ~äëç= ëÉîÉê~ä= ~ííÉãéíë= íç= ÅìêÉ= åÉìêçäçÖáÅ~ä=
ÇáëçêÇÉêëI=ëìÅÜ=~ë=m~êâáåëçåÛë=ÇáëÉ~ëÉI=ìëáåÖ=ëíÉã=ÅÉääëNVQK=

^ë=ÇÉëÅêáÄÉÇ=áå=íÜáë=ëÉÅíáçåI=ÄçíÜ=ÉãÄêóçåáÅ=~åÇ=~Çìäí=ëíÉã=ÅÉääë=Ü~îÉ=
~= íÜÉçêÉíáÅ~ä= éçíÉåíá~ä= áå= ÅäáåáÅ~ä=ãÉÇáÅáåÉK= ^í= éêÉëÉåíI= íÜÉêÉ= áë= ~= ä~Åâ= çÑ=
ÅçåîáåÅáåÖ= ÅäáåáÅ~ä= êÉëìäíë= Ñçê= íÜÉ= ìë~ÖÉ= çÑ= ëíÉã= ÅÉääë= çíÜÉê= íÜ~å= íÜÉ=
ÜÉã~íçéçáÉíáÅK=eçïÉîÉêI= áí= áë=ïçêíÜ=ÄÉ~êáåÖ= áå=ãáåÇ= íÜ~í= áí= íççâ= ëÉîÉê~ä=
ÇÉÅ~ÇÉë= Ñçê= íÜÉ= ep`q= íç= ÇÉîÉäçé= áåíç= íÜÉ= éêÉëÉåí= ìåèìÉëíáçå~ÄäÉ= ~åÇ=
ëìÅÅÉëëÑìä=íêÉ~íãÉåí=~ë=áí=áë=åçï~Ç~óëI=íÜìë=ÑìíìêÉ=~Çî~åÅÉë=ã~ó=~ääçï=Ñçê=
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Multipotent mesenchymal stromal cells 
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Sources, multipotency and phenotype 
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Figure 3 – The MSC multipotency. MSC are able to proliferate and divide 
without loss of phenotype. However, the cells can also differentiate, 
preferentially into the mesenchymal lineages displayed above.  
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Interplay with the immune system   

bîáÇÉåÅÉ= Ü~ë= ÉãÉêÖÉÇ= íÜ~í= jp`= ÇÉéäçó= ~å= ~êê~ó= çÑ= ãÉÅÜ~åáëãë=
~ääçïáåÖ= ÉëÅ~éÉ= Ñêçã=~ääçÖÉåÉáÅ= áããìåÉ= êÉëéçåëÉë= ~åÇ= íÜ~í= íÜÉ= ÅÉääë= ~êÉ=
~ÄäÉ=íç=ëìééêÉëë=î~êáçìë=áããìåÉ=êÉ~ÅíáçåëK=qÜÉ=Éñ~Åí=ãÉÅÜ~åáëã=çÑ=~Åíáçå=
Ü~ë=ëíáää=íç=ÄÉ=ÉäìÅáÇ~íÉÇK=eçïÉîÉêI=áåíÉêÉëíáåÖ=êÉëìäíë=é~êíäó=Éñéä~áåáåÖ=íÜÉ=
áåíÉê~Åíáçå=ïáíÜ=íÜÉ=áããìåÉ=ëóëíÉã=çå=ëÉîÉê~ä=äÉîÉäë=ïáää=ÄÉ=éêÉëÉåíÉÇ=áå=
íÜáë= ëÉÅíáçåK= qÜÉ= áããìåçäçÖó= çÑ= íê~åëéä~åí~íáçå= áë= ÄêáÉÑäó= áåíêçÇìÅÉÇ= áå=
Êíê~åëéä~åí~íáçå=áããìåçäçÖóÂ=çÑ=íÜÉ=éêÉîáçìë=ÅÜ~éíÉêK=

==
=
fããìåçÖÉåáÅáíó=

jçëí=ëíìÇáÉë=Ü~îÉ=ÇÉëÅêáÄÉÇ=Üìã~å=jp`=~ë=ei^=Åä~ëë=f=éçëáíáîÉ=~åÇ=
ei^=Åä~ëë= ff=åÉÖ~íáîÉONVI= OOSI= OOTK=qÜÉ=ÉñéêÉëëáçå=çÑ=ei^=Åä~ëë= f= áë= áãéçêí~åíI=
ëáåÅÉ=ÉñéêÉëëáçå=éêçíÉÅíë=íÜÉ=ÅÉääë= Ñêçã=kh=ÅÉää=ÉÑÑÉÅíçê=ãÉÅÜ~åáëãëK=cçê=
áåëí~åÅÉI= ~= ã~àçê= ÑìåÅíáçå= çÑ= kh= ÅÉääë= áë= íç= âáää= íìãçê= ÅÉääë= íÜ~í=
ÇçïåêÉÖìä~íÉ=ei^=Åä~ëë=fOOUK=få=ÅçJÅìäíìêÉ=ÉñéÉêáãÉåíëI=Üìã~å=jp`=Ñ~áä=íç=
ÉäáÅáí=éêçäáÑÉê~íáîÉ= êÉëéçåëÉë=çÑ= ~ääçÖÉåÉáÅ= äóãéÜçÅóíÉëOOPI= OOSK=_ÉÅ~ìëÉ=ei^=
Åä~ëë=ff=~åíáÖÉåë=~êÉ=éçíÉåí=~ääç~åíáÖÉåëI=íÜÉ=ä~Åâ=çÑLäçï=ÉñéêÉëëáçå=çå=jp`=
áë=~åçíÜÉê=ÅêìÅá~ä=Ñ~Åíçê=Ñçê=íÜÉ=êÉÇìÅÉÇ=áããìåçÖÉåáÅáíó=çÑ=jp`K=bîÉå=áÑ=
jp`=ïÉêÉ=áåÇìÅÉÇ=Äó=áåíÉêÑÉêçå=EfckFJγ=ëíáãìä~íáçå=íç=ÉñéêÉëë=ei^=Åä~ëë=
ff=íÜÉó=ëÉÉã=íç=ÉëÅ~éÉ=~ääçêÉ~ÅíáîÉ=äóãéÜçÅóíÉëOOPI= OOSI= OOTK=^ÇÇáíáçå~ääóI=jp`=
Çç= åçí= ÉñéêÉëë= íÜÉ= ÅçJëíáãìä~íçêó= ãçäÉÅìäÉë= `aQMI= `aQMiI= `aUM= çê=
`aUS=êÉèìáêÉÇ=Ñçê=áåáíá~íáçå=çÑ=ÉÑÑÉÅíçê=q=äóãéÜçÅóíÉ=ÑìåÅíáçåONVI= OOTK=^ÑíÉê=
éêçîáëáçå= çÑ= ~= ÅçJëíáãìä~íçêó= ëáÖå~ä= Äó= ~åíáJ`aOU= ~åíáÄçÇáÉë= çê= jp`=
íê~åëÑÉÅíáçå=çÑ=`aUM=~åÇ=`aUSI=áããìåÉ=êÉëéçåëÉë=~Ö~áåëí=íÜÉ=jp`=ïÉêÉ=
~ÄëÉåíOOTI= OOVK=jp`=Ü~îÉ=ÄÉÉå=êÉéçêíÉÇ=íç=ÉëÅ~éÉ=ÄçíÜ= äóãéÜçäóëáë=~åÇ=kh=
ÅÉää=ãÉÇá~íÉÇ=äóëáëOPMK=qÜáë= áë=ÅçêêçÄçê~íÉÇ=Äó=ãçêÉ=êÉÅÉåí= áå=îáíêç=ëíìÇáÉëI=
ëìÖÖÉëíáåÖ= íÜ~í= jp`= ~êÉ= ~ÄäÉ= íç= éêÉëÉåí= íìãçê= çê= îáê~ä= ~åíáÖÉåë= ïáíÜ=
äáãáíÉÇ= ÉÑÑáÅáÉåÅó= ~åÇ= ~îçáÇ= äóãéÜçäóëáë= Äó= ëéÉÅáÑáÅ= ÅóíçíçñáÅ= äóãéÜçJ
ÅóíÉëOPNK==

få=Üìã~åë=áí=Ü~ë=ÄÉÉå=ÇÉãçåëíê~íÉÇ=íÜ~í=jp`=ëÉÉã=íç=~îçáÇ=åçêã~ä=
~ääçêÉëéçåëÉë= ïÜÉå= íê~åëéä~åíÉÇ= áå= ep`q= êÉÅáéáÉåíëOPOK= ^ÇÇáíáçå~ääóI= ~å=
áããìåçÅçãéÉíÉåí= ÑÉíìë= ïáíÜ= çëíÉçÖÉåÉëáë= áãéÉêÑÉÅí~= ElfF= íê~åëéä~åíÉÇ=
ïáíÜ= ÑÉí~ä=jp`=ÇáÇ= åçí=ãçìåí= áããìåÉ= êÉëéçåëÉë= ~Ö~áåëí= íÜÉ= ~ääçÖÉåÉáÅ=
ÅÉääëI= íÉëíÉÇ= Äó= áå= îáíêç= ~ëë~óëI= ~åÇ= ÉåÖê~ÑíãÉåí=ï~ë= çÄëÉêîÉÇOPPK=jìäíáéäÉ=
áåÑìëáçåë= çÑ= ÜáÖÜJÇçëÉ= ~ääçÖÉåÉáÅ= jp`= áå= Ä~Äççåë= êÉîÉ~äÉÇ= Üçëí= q=
äóãéÜçÅóíÉ=ÜóéçêÉëéçåëáîÉåÉëë=íç=Ççåçê=~ääç~åíáÖÉåëK=eçïÉîÉêI=éêçÇìÅíJ
áçå= çÑ= ~åíáÄçÇáÉë= êÉ~ÅíáîÉ= íç= Ççåçê= ÅÉääë= ï~ë= ëÉÉåOPQK= cìêíÜÉê= áå= îáîç=
ÉîáÇÉåÅÉ=Ñçê=íçäÉê~åÅÉ=ÅçãÉë=Ñêçã=íÜÉ=çÄëÉêî~íáçå=íÜ~í=ãáëã~íÅÜÉÇ=jp`=
ÉåÖê~Ñí=áå=êçÇÉåíëI=ÇçÖëI=éáÖë=~åÇ=åçåJÜìã~å=éêáã~íÉëOPRJOPTK==cìêíÜÉêãçêÉI=
Üìã~å= jp`= áåÑìëÉÇ= áå= ìíÉêç= éÉêëáëí= áå= ÑÉí~ä= ëÜÉÉéI= ~äíÜçìÖÜ= ~í= äçï=



=

= = OR=

åìãÄÉêëOPUI= OPVK=a~í~=çå= íÜÉ= êÉä~íáçåëÜáé=ÄÉíïÉÉå= ëìêîáî~ä= çÑ= áåÑìëÉÇ=jp`=
~åÇ=ei^= Çáëé~êáíó= áë= äáãáíÉÇ= íç= ~åÉÅÇçí~ä= êÉéçêíë= ëìÖÖÉëíáåÖ= ~ÄëÉåÅÉ= çÑ=
êÉàÉÅíáçåI= ~ë= jp`= ÉåÖê~Ñí= ~í= äçï= äÉîÉäëI= çÑ= ÄçíÜ= ei^= ã~íÅÜÉÇ= ~åÇ=
ãáëã~íÅÜÉÇ=jp`OPOI= OPPI= OQMJOQPK= eçïÉîÉêI= áå= íïç=ãìêáåÉ=ãçÇÉäë=jp`= Ü~îÉ=
ÄÉÉå=ëìÖÖÉëíÉÇ=íç=ÄÉ=áããìåçÖÉåáÅK=jp`=áåÇìÅÉÇ=~ääçáããìåáò~íáçåOQQ=~åÇ=
ãÉãçêó=q= äóãéÜçÅóíÉ= êÉëéçåëÉë= êÉëìäíáåÖ= áå= êÉàÉÅíáçåOQRK= péÉÅáÉëJëéÉÅáÑáÅ=
ÇáÑÑÉêÉåÅÉë=ãáÖÜí= Éñéä~áå= íÜÉ= ÇáëÅêÉé~åÅáÉë= ÄÉíïÉÉå= íÜÉ= ëíìÇáÉë= çå=jp`=
áããìåçÖÉåáÅáíóK=
=
=
fåÜáÄáíáçå=çÑ=áããìåÉ=êÉëéçåëÉë=áå=îáíêç=

=réçå= ~ÇÇáíáçå= çÑ= ~åáã~ä= çê= Üìã~å= jp`= íç= ãáñÉÇ= äóãéÜçÅóíÉ=
ÅìäíìêÉë= EjioI= áKÉK= ~ääçëíáãìä~íáçåFOOPI= OQSI= OQT= ~åÇ= ÅìäíìêÉë= çÑ= äóãéÜçÅóíÉë=
ëíáãìä~íÉÇ= íç= éêçäáÑÉê~íáçå= Äó=ãáíçÖÉåëOQTJOQV= çê= ~åíáÄçÇáÉëOONI= OOTI= OQTI= q= äóãJ
éÜçÅóíÉ= éêçäáÑÉê~íáçå= áë= ëìééêÉëëÉÇ= áå= ~= ÇçëÉJÇÉéÉåÇ~åí= Ñ~ëÜáçåK=^í= îÉêó=
äçï= ÅçåÅÉåíê~íáçåë= jp`= Çáëéä~ó= ëíáãìä~íçêó= ÉÑÑÉÅíë= çå= q= äóãéÜçÅóíÉ=
éêçäáÑÉê~íáçåOOPI= OQTI= OQVK=eìã~å=jp`= ÉñÉêí= íÜÉáê= áããìåçëìééêÉëëáîÉ= ÉÑÑÉÅíë=
ÉîÉå=áÑ=ëÉé~ê~íÉÇ=Ñêçã=íÜÉ=í~êÖÉí=ÅÉääë=EÉKÖK= áå=íê~åëïÉää=ëóëíÉãëFI=ïÜó=íÜÉ=
ãÉÇá~íçê=~ééÉ~êë=íç=ÄÉ=ëçäìÄäÉOQUI=ORMJOROK=

jp`=ëÉÉã= íç=ãçÇáÑó= íÜÉ= ÑìåÅíáçåë=çÑ= ëÉîÉê~ä= ÅÉääìä~ê= ÅçãéçåÉåíë= áå=
íÜÉ= áããìåÉ= ëóëíÉãK= kÉáíÜÉê= ~éçéíçëáë= åçê= ~å= ~åÉêÖáÅ= ëí~íÉI= áåÇìÅÉÇ= Äó=
jp`I=çÑ= êÉëéçåÇÉê=q= äóãéÜçÅóíÉë= Å~å= Éñéä~áå= íÜÉ= Ñ~áäìêÉ= çÑ= äóãéÜçÅóíÉ=
éêçäáÑÉê~íáçå= áå= íÜÉ= éêÉëÉåÅÉ= çÑ= jp`I= ~ë= êÉëéçåëÉë= ~êÉ= ëÉÉå= ~ÑíÉê= jp`=
êÉãçî~äOONI= OOVI= OPMI= OQSI= OQVI= ORPK= få=Åçåíê~ëíI= äóãéÜçÅóíÉë=êÉÅçîÉêÉÇ=Ñêçã=~å=jio=
ïáíÜ= ãìêáåÉ= jp`= éêÉëÉåí= Çáëéä~óÉÇ= ÅÉää= ÅóÅäÉ= ~êêÉëí= ~åÇ= Ñ~áäÉÇ= íç=
éêçäáÑÉê~íÉORQK=oÉÅÉåíäóI=áí=ï~ë=éêçéçëÉÇ=íÜ~í=áããìåçëìééêÉëëáçå=ãÉÇá~íÉÇ=
Äó= Üìã~å= jp`= áë= ~= ÅçåëÉèìÉåÅÉ= çÑ= ~å= ~åíáJéêçäáÑÉê~íáîÉ= ÉÑÑÉÅí= çå= íÜÉ=
äóãéÜçÅóíÉëI= ê~íÜÉê= íÜ~å= ~å= áåÜáÄáíáçå= çÑ= äóãéÜçÅóíÉ= ~Åíáî~íáçå= ~åÇ=
ÉÑÑÉÅíçê= ÑìåÅíáçåORRK= qÜáë= Åçåíê~ëíë= íç= çíÜÉê= êÉéçêíë= áåÇáÅ~íáåÖ= íÜ~í= jp`=
ëìééêÉëë= ÄçíÜ= äóãéÜçÅóíÉ= ~Åíáî~íáçåORSI= ORT= ~åÇ= ÅóíçíçñáÅ= ~ÅíáîáíóOPMI= ORPK=
eçïÉîÉêI= íÜÉ= Éñ~Åí= ãÉÅÜ~åáëãë= çÑ= äóãéÜçÅóíÉ= áåÜáÄáíáçå= ~êÉ= åçí=
Éëí~ÄäáëÜÉÇ=~åÇ=ãáÖÜí=áåîçäîÉ=ëÉîÉê~ä=ÅçãéçåÉåíëK=qÜÉêÉ=áë=ÉîáÇÉåÅÉ=íÜ~í=
jp`=Å~å=ÇáêÉÅí=äóãéÜçÅóíÉë=íç=~=ëìééêÉëëáîÉ=éÜÉåçíóéÉI=áKÉK=Ñçêã~íáçå=çÑ=
êÉÖìä~íçêó=q=äóãéÜçÅóíÉë=EqêÉÖF=~åÇ=ïÜÉå=jp`=~êÉ=éêÉëÉåí=áå=jioI=íÜÉ=
qêÉÖ=éçéìä~íáçå=ëáÖåáÑáÅ~åíäó= áåÅêÉ~ëÉëOONI= ORPK=lå=íÜÉ=Åçåíê~êóI=ÇÉéäÉíáçå=çÑ=
qêÉÖ= Çç= åçí= ëÉÉã= íç= ~ÑÑÉÅí=jp`=ãÉÇá~íÉÇ= áããìåçëìééêÉëëáçåORMK= jp`=
Ü~îÉ=ÄÉÉå=ÇÉãçåëíê~íÉÇ=íç=Ü~îÉ=ÄçíÜ=ëíáãìä~íçêó=~åÇ=áåÜáÄáíçêó=ÉÑÑÉÅíë=çå=
_= äóãéÜçÅóíÉë= ~åÇ= íÜÉ= ÉÑÑÉÅí= ï~ë= ÇÉéÉåÇ~åí= çå= íÜÉ= ÇçëÉ= çÑ= jp`ORUI= ORVK=
jçêÉçîÉêI= êÉÅÉåí= ëíìÇáÉë= Çáëéä~óÉÇ= jp`= ëìééêÉëëáçå= çÑ= ~ääçëéÉÅáÑáÅ=
~åíáÄçÇó=éêçÇìÅíáçå=Äó=ÇÉÅêÉ~ëÉÇ=fiJR=äÉîÉäëOSMK=fí=Ü~ë=ÄÉÉå=ëìÖÖÉëíÉÇ=íÜ~í=
jp`= áåÜáÄáí= fiJO= ~åÇ= fiJNR= ÇêáîÉå= kh= ÅÉää= éêçäáÑÉê~íáçå= ~åÇ= fckJγ=
éêçÇìÅíáçåOONI=OPMI=ORPI=OSNK=ióëáë=Äó=ÑêÉëÜäó=áëçä~íÉÇ=kh=ÅÉääë=~êÉ=åçí=áåÜáÄáíÉÇ=Äó=



OS=

jp`OPMI=ïÜÉêÉ~ë=kh=ÅÉääë=ÅìäíìêÉÇ=Ñçê=ëçãÉ=Ç~óë=ïáíÜ=fiJO=~åÇ=jp`=Ü~îÉ=~=
êÉÇìÅÉÇ= ÅóíçíçñáÅ= éçíÉåíá~äOSOK= aÉåÇêáíáÅ= ÅÉääëI= áKÉK= ~= íóéÉ= çÑ= ~åíáÖÉå=
éêÉëÉåíáåÖ= ÅÉääI= ~êÉ= áåÜáÄáíÉÇ= áå= íÜÉáê= ã~íìê~íáçå= ~åÇ= ÇáÑÑÉêÉåíá~íáçå= Äó=
jp`K=låÉ=ãÉÅÜ~åáëã= áå= íÜÉ=jp`=ãÉÇá~íÉÇ= áããìåçëìééêÉëëáçå=ãáÖÜí=
ÄÉ=~=ÇáêÉÅíáçå=çÑ=ÇÉåÇêáíáÅ=ÅÉääë=íçï~êÇë=~=ëìééêÉëëçê=éÜÉåçíóéÉI=êÉëìäíáåÖ=
áå=~å=~ííÉåì~íáçå=çÑ=q=äóãéÜçÅóíÉ=êÉëéçåëÉëORMI=ORPI=OSPI=OSQK=qç=ëìãã~êáòÉI=jp`=
Ü~îÉ= íÜÉ= éçíÉåíá~ä= íç= ãçÇìä~íÉ= çê= áåÜáÄáí= ~äãçëí= ~ää= ~ëéÉÅíë= çÑ= ÅÉääìä~ê=
áããìåáíóK==

pÉîÉê~ä= ëçäìÄäÉ= Ñ~Åíçêë= ~ëÅêáÄÉ= íç= ÄÉ= êÉëéçåëáÄäÉ= Ñçê= íÜÉ= áããìåçJ
ëìééêÉëëáîÉ=ÉÑÑÉÅíë=çÑ=jp`K=eçïÉîÉêI= íÜÉ=ÉÑÑÉÅí=çÑ= íÜÉ=ëçäìÄäÉ= Ñ~Åíçêë= áë=~=
ëçìêÅÉ= çÑ= ÅçåíêçîÉêëóK= aÉëéáíÉ= íÜÉëÉë= Å~îÉ~íëI= ÅÉêí~áå= jp`= ÇÉêáîÉÇ=
éêçÇìÅíë= ~êÉ= ~ÄäÉ= íç= ÅêÉ~íÉ= ~å= áããìåçëìééêÉëëáîÉ= ãáäáÉìK= jp`= ã~ó=
ëÉÅêÉíÉ=ÜÉé~íçÅóíÉ=ÖêçïíÜ= Ñ~Åíçê= EedcFORSI= OSRI= fiJNMORMI= OSS= ~åÇ= íê~åëÑçêãáåÖ=
ÖêçïíÜ=Ñ~Åíçê=EqdcFJβORMI=OSTI=ïÜáÅÜ=~ää=~êÉ=âåçïå=íç=~Åí=áããìåçáåÜáÄáíçêóK=
kÉîÉêíÜÉäÉëëI=ÄäçÅâáåÖ=çÑ= íÜÉëÉ=ãçäÉÅìäÉë=ÇçÉë=åçí= Ñìääó=êÉëíçêÉ=éêçäáÑÉê~J
íáçå= áå=jioOQUI= OSTK=jp`=ÉñéêÉëë=ÅóÅäççñóÖÉå~ëÉë=~åÇ=~êÉ= íÜÉêÉÑçêÉ=~ÄäÉ= íç=
éêçÇìÅÉ= éêçëí~Öä~åÇáå= bO= EmdbOF= íÜ~í= éä~ó= ~= êçäÉ= áå= ã~åó= áããìåÉ=
ÑìåÅíáçåëK= fåÇçãÉíÜ~Åáå= áåÜáÄáíáçå= çÑ= mdbO= çåäó= é~êíá~ääó= êÉëíçêÉë=
äóãéÜçÅóíÉ= éêçäáÑÉê~íáçå= áå=jioOONI= OOTI= OSSI= OSUK= qÜÉ= áåÇçäÉ~ãáåÉ= OIPJÇáçñóJ
ÖÉå~ëÉ= EfalF= Å~í~äóëÉë= íÜÉ= ÅçåîÉêëáçå= çÑ= íêóéíçéÜ~å= áåíç= âóåìêÉåáåÉI=
êÉëìäíáåÖ= áå= íêóéíçéÜ~å= ÇÉéäÉíáçå= íÜ~í= áåÜáÄáíë= äóãéÜçÅóíÉ= éêçäáÑÉê~íáçå=
~åÇ= âóåìêÉåáåÉ= ~ÅÅìãìä~íáçå= íÜ~í= áë= ÅóíçíçñáÅK=réçå= fckJγ= ëíáãìä~íáçå=
jp`= ã~ó= éêçÇìÅÉ= falI= Äìí= íÜáë= ÉåòóãÉ= Å~ååçí= ëçäÉäó= Éñéä~áå= íÜÉ=
áããìåçëìééêÉëëáîÉ= ÑÉ~íìêÉë= çÑ= jp`OORI= OSVK= fckJγ ëÉÅêÉíÉÇ= Äó= çåÖçáåÖ=
áããìåÉ= êÉëéçåëÉë= ëÉÉã= áãéçêí~åí= Ñçê= jp`= áããìåçãçÇìä~íáçåI= ëáåÅÉ=
ÄäçÅâáåÖ= çÑ= fckJγ= Ü~ë= ÄÉÉå= êÉéçêíÉÇ= íç= ã~êâÉÇäó= ~ÄêçÖ~íÉ= jp`=
ëìééêÉëëáîÉ= ~ÅíáîáíóOSO. jp`= ~äëç= ÉñéêÉëë= áåÇìÅáÄäÉ= åáíêáÅ= çñáÇÉ= ëóåíÜ~ëÉI=
íÜìë= íÜÉ= ÅÉääë= ~êÉ= ~ÄäÉ= íç= éêçÇìÅÉ= åáíêáÅ= çñáÇÉ= EklFI=ïÜáÅÜ= áë= âåçïå= íç=
áåÜáÄáí= q= äóãéÜçÅóíÉ= éêçäáÑÉê~íáçåOTMK= få= ~ÇÇáíáçåI=jp`= éêçÇìÅÉ= ëçäìÄäÉ=
ei^Jd= íÜ~í= ÅçêêÉä~íÉë= íç= íÜÉ= áããìåçëìééêÉëëáîÉ= ÉÑÑÉÅíOTNK= qÜÉ= ÉåòóãÉ=
ÜÉãÉ= çñóÖÉå~ëÉJN= EelJNFI= ïÜáÅÜ= ÑìåÅíáçå= áë= íç= ÇÉÖê~ÇÉ= ÜÉãÉI= áë= ~äëç=
êÉéçêíÉÇ=íç=~Åí=~åíáJáåÑä~ãã~íçêó=çê=áããìåçëìééêÉëëáîÉ=~åÇ=Å~å=ãÉÇá~íÉ=
ÉÑÑÉÅíë=çÑ= fiJNM= ~åÇ=klK=eìã~å=~åÇ=ãìêáåÉ=jp`=ÉñéêÉëë=elJN= ~åÇ= áí=
ãáÖÜí= ÄÉ= ~= âÉó= áå= íÜÉ= jp`= ãÉÇá~íÉÇ= áããìåçëìééêÉëëáçåK= få= ~åáã~ä=
ÉñéÉêáãÉåíëI=jp`=éêçíÉÅíÉÇ=ãìêáåÉ=ÜÉ~êí=íê~åëéä~åíë=Ñêçã=êÉàÉÅíáçåI=Äìí=
~ÑíÉê= ÄäçÅâ~ÖÉ= çÑ= elJN= áå= jp`= íÜÉ= íê~åëéä~åíë= ÄÉÅ~ãÉ= êÉàÉÅíÉÇOTOK=
oÉÅÉåíäóI=ifc=ï~ë=éêçéçëÉÇ=~ë=~åçíÜÉê=Å~åÇáÇ~íÉK=qÜáë=ÅóíçâáåÉ=áë=âåçïå=
íç=ÅççêÇáå~íÉ=Üìãçê~ä=~åÇ=ÅÉääìä~ê=áããìåÉ=êÉëéçåëÉëK=fí=áë=ÅçåëíáíìíáîÉäó=
ÉñéêÉëëÉÇ= Äó= jp`= ~åÇ= ÉñéêÉëëáçå= áåÅêÉ~ëÉë= ïÜÉå= jp`= ~êÉ= éêÉëÉåí= áå=
jioK=_äçÅâáåÖ=çÑ=ifc=êÉëìäíÉÇ=áå=~=êÉÇìÅÉÇ=ëìééêÉëëáçå=çÑ=q=äóãéÜçÅóíÉ=
éêçäáÑÉê~íáçå= ~åÇ= ÇÉÅêÉ~ëÉÇ= äÉîÉäë= çÑ= qêÉÖOTPK= qç= ÅçåÅäìÇÉI= åçåÉ= çÑ= íÜÉëÉ=



=

= = OT=

ëçäìÄäÉ= Ñ~Åíçêë= Å~å=ÉñÅäìëáîÉäó= Éñéä~áå= íÜÉ=éÜÉåçãÉåçå=çÑ=jp`= áåÇìÅÉÇ=
áããìåçëìééêÉëëáçåK==

=
=

fåÜáÄáíáçå=çÑ=áããìåÉ=êÉëéçåëÉë=áå=îáîç=

jp`= ëÉÉã= áããìåçëìééêÉëëáîÉ= áå= îáîçK= få= ~= Ä~Äççå= ~ääçÖÉåÉáÅ= ëâáå=
Öê~Ñí=ãçÇÉäI=Ççåçê=jp`=éêçäçåÖÉÇ=Öê~Ñí=ëìêîáî~ä=çÑ=Ççåçê=~åÇ=íÜáêÇJé~êíó=
ëâáå= íê~åëéä~åíë= ïáíÜçìí= áããìåçëìééêÉëëáîÉ= ÇêìÖëOQSK= jóÉäç~Ää~íáîÉ=
ÅçåÇáíáçåáåÖ= ~åÇ= ep`q= ÅçãÄáåÉÇ= ïáíÜ= jp`= áåÑìëáçå= Ñêçã= íÜÉ= ë~ãÉ=
ãáëã~íÅÜÉÇ=Ççåçê= êÉëìäíÉÇ= áå= ëâáå= Öê~Ñí= íçäÉê~åÅÉ= çÑ= NMM=Ç~óë= îÉêëìë= QT=
Ç~óë= ~ÑíÉê= ep`q= ~äçåÉ= áå= ÅóåçãçäçÖìë= ãçåâÉóë= E^K= _~êíÜçäçãÉïI=
éÉêëçå~ä= ÅçããìåáÅ~íáçåFK=låÉ= çÑ= íÜÉ=ãçëí= áãéêÉëëáîÉ= áå= îáîç= ÉÑÑÉÅíë= çÑ=
jp`=íÜÉê~éó=áë=íÜÉ=Åçåíêçä=çÑ=äÉíÜ~ä=dîea=áå=ãáÅÉOTQK=qÜÉê~éÉìíáÅ=ÉÑÑáÅ~Åó=
çÑ= jp`= áå= ~= ãìêáåÉ= ãçÇÉä= çÑ= ãìäíáéäÉ= ëÅäÉêçëáëI= íÜÉ= ÉñéÉêáãÉåí~ä=
~ìíçáããìåÉ= ÉåÅÉéÜ~äáíáë= Eb^bFI= Ü~ë= ÄÉÉå= êÉéçêíÉÇK= jp`= ÇÉÅêÉ~ëÉÇ=
ëóãéíçãë=çÑ==ÇÉãóÉäáåáë~íáçåOTRK=få=~åçíÜÉê=ãìêáåÉ=ãçÇÉäI=jp`=áåÑìëáçåë=
êÉÇìÅÉÇ=Ç~ã~ÖÉ=~åÇ=ÑáÄêçíáÅ=ÉÑÑÉÅíë=~ÑíÉê=ÄäÉçãóÅáå=ÉñéçëìêÉ=áå=äìåÖëOTSK=få=
ê~í= ãçÇÉäëI= jp`= éêçíÉÅíÉÇ= âáÇåÉóë= Ñêçã= ~ÅìíÉ= êÉå~ä= Ñ~áäìêÉ= ÇìÉ= íç=
áëÅÜÉãá~OTT= ~åÇ= ~ÅÅÉäÉê~íÉÇ= ÖäçãÉêìä~ê= ÜÉ~äáåÖ= áå= ~=ãçÇÉä= çÑ= ÖäçãÉêìäçJ
åÉéÜêáíáëOTUK=

píìÇáÉë= ëìÖÖÉëí= ~= éÜóëáçäçÖáÅ~ä= êçäÉ= çÑ= jp`K= m~íáÉåíë= ïáíÜ= ëÉîÉêÉ=
~éä~ëíáÅ= ~åÉãá~= Çáëéä~ó= jp`= ÇÉÑáÅáÉåí= áå= ëìééêÉëëáåÖ= äóãéÜçÅóíÉ=
éêçäáÑÉê~íáçå=~åÇ=éêçÇìÅíáçå=çÑ= ÅóíçâáåÉëOTVK=qÜáë=jp`=ÇÉÑÉÅí=ãáÖÜí=ÄÉ=~=
é~êí=áå=íÜÉ=é~íÜçÖÉåÉëáë=çÑ=íÜÉ=ÇáëÉ~ëÉK=qÜÉ=jp`=ã~ó=~äëç=ÅçåíêáÄìíÉ=íç=íÜÉ=
ã~íÉêå~ä=íçäÉê~åÅÉ=çÑ=~=ÑÉíìëI=~ë=jp`=Å~å=ÄÉ=ÇÉêáîÉÇ=Ñêçã=íÜÉ=éä~ÅÉåí~=~åÇ=
éêçÇìÅÉë=ëÉîÉê~ä=çÑ=íÜÉ=ÅóíçâáåÉë=âåçïå=íç=ÅçåíêáÄìíÉ=íç=íÜÉ=ëí~íÉ=çÑ=ÑÉí~ä=
RáããìåÉ=éêáîáäÉÖÉÒOUMK==

==
=

Engraftment  

jp`=ïÉêÉ= ÇÉíÉÅíÉÇ= éêáã~êáäó= áå= íÜÉ= äìåÖë= ~åÇ= ëÉÅçåÇäó= áå= íÜÉ= äáîÉê=
~ÑíÉê= áåíê~îÉåçìë= ~åÇ= áåíê~J~êíÉêá~ä= áåÑìëáçåë= áå= ê~íëK=qÜÉ=jp`=ïÉêÉ= ~äëç=
ÇÉíÉÅíÉÇ=áå=âáÇåÉóI=ëéäÉÉå=~åÇ=äçåÖ=ÄçåÉëK=fÑ=íÜÉ=ê~íë=ïÉêÉ=éêÉíêÉ~íÉÇ=ïáíÜ=
î~ëçÇáä~íçêI=jp`= ÅäÉ~êÉÇ= íÜÉ= äìåÖë= êÉëìäíáåÖ= áå= áåÅêÉ~ëÉÇ= éêçéçêíáçåë= áå=
äáîÉê=~åÇ=äçåÖ=ÄçåÉëOUNK=^ÑíÉê=áåíê~îÉåçìë=áåÑìëáçå=áå=åçåJÜìã~å=éêáã~íÉëI=
jp`=ïÉêÉ= ÇáëíêáÄìíÉÇ= íç= ~=ïáÇÉ= ê~åÖÉ= çÑ= íáëëìÉëK=d~ëíêçáåíÉëíáå~ä= íáëëìÉë=
Ü~êÄçìêÉÇ= íÜÉ= ÜáÖÜÉëí= ÅçåÅÉåíê~íáçåëK= båÖê~ÑíãÉåí= ÇÉíÉÅíÉÇ= ëÉîÉê~ä=
ãçåíÜë= éçëíJíê~åëéä~åí= ï~ë= Éëíáã~íÉÇ= íç= MKNJOKTBOPT= K= få= ~åçíÜÉê= åçåJ
Üìã~å= éêáã~íÉ= ãçÇÉäI= jp`= ÉåÖê~ÑíÉÇ= áå= åìãÉêçìë= íáëëìÉë= ~ÑíÉê=
áêê~Çá~íáçå=áåàìêó=~åÇ=íÜÉ=äÉîÉä=çÑ=ÉåÖê~ÑíãÉåí=ï~ë=~ë=ÜáÖÜ=~ë=NMB=áå=ëçãÉ=
íáëëìÉëOUOK==oÉÅÉåíäóI=íê~åëéä~åí~íáçå=çÑ=Üìã~å=ÑÉí~ä=jp`=Ü~îÉ=ÄÉÉå=ëÜçïå=



OU=

íç=áãéêçîÉ=ÖäçãÉêìäçé~íÜó=áå=Åçää~ÖÉå=íóéÉ=f=~äéÜ~=OJÇÉÑáÅáÉåí=ãáÅÉ=ïáíÜ=
ÉåÖê~ÑíãÉåí= ~êçìåÇ= NBOUPK= fí= Ü~ë= ~äëç= ÄÉÉå= ëÜçïå= íÜ~í= áåíê~Åê~åá~ääó=
áåàÉÅíÉÇ=jp`=ïÉêÉ= ÇáëíêáÄìíÉÇ= íç= ~=ïáÇÉ= ê~åÖÉ= çÑ= äçÅ~íáçåë= áå= íÜÉ= Äê~áå=
ïáíÜ= ÉåÖê~ÑíãÉåí= ~í= íÜÉê~éÉìíáÅ= äÉîÉäëOUQK= qÜÉëÉ= Ç~í~= ëìÖÖÉëí= íÜ~í= jp`=
áåáíá~ääó= ÇáëíêáÄìíÉ= Äêç~Çäó= ÑçääçïáåÖ= ëóëíÉãáÅ= áåÑìëáçåI= ~åÇ= ä~íÉê= ã~ó=
é~êíáÅáé~íÉ=áå=çåÖçáåÖ=ÅÉääìä~ê=íìêåçîÉê=~åÇ=êÉéä~ÅÉãÉåí=áå=~=ïáÇÉ=î~êáÉíó=
çÑ=íáëëìÉëK==

få=~= ÅäáåáÅ~ä= ëíìÇó=çÑ=jp`= íç=éêçãçíÉ=ÉåÖê~ÑíãÉåí=çÑ=ÜÉã~íçéçáÉíáÅ=
ëíÉã=ÅÉääëI=ãçëí=é~íáÉåíë=Çáëéä~óÉÇ=jp`=áå=íÜÉ=ÅáêÅìä~íáçå=çåÉ=Üçìê=~ÑíÉê=
áåíê~îÉåçìë=áåÑìëáçåOURK=jp`=Ü~îÉ=ÄÉÉå=íêáÉÇ=ÅäáåáÅ~ääó=Ñçê=íêÉ~íãÉåí=çÑ=lfK=
cáîÉ= çÑ= ëáñ= é~íáÉåíë= ëÜçïÉÇ= ÉåÖê~ÑíãÉåí= áå= çåÉ= çê=ãçêÉ= ëáíÉëI= áåÅäìÇáåÖ=
ÄçåÉI=ëâáåI=~åÇ=ã~êêçï=ëíêçã~I=~åÇ=Ü~Ç=~=ÄÉåÉÑáÅá~ä=ÅäáåáÅ~ä=ÉÑÑÉÅíK=lîÉê~ääI=
íÜÉ=Ñê~Åíáçå=çÑ=Ççåçê=ÅÉääë=~í=~åó=Äáçéëó=ëáíÉ=åÉîÉê=ÉñÅÉÉÇÉÇ=NBOUSK=eìã~å=
ÑÉí~ä=jp`= Ü~îÉ= ~äëç= ÄÉÉå= ÇÉãçåëíê~íÉÇ= íç= ÉåÖê~Ñí= áå= ÄçåÉ= ~í= äçï= äÉîÉäë=
êÉëìäíáåÖ=áå=éçëáíáîÉ=ÉÑÑÉÅíë=áå=~=é~íáÉåí=íê~åëéä~åíÉÇ=áå=ìíÉêç=íç=íêÉ~í=ëÉîÉêÉ=
lfOPPK= = få=ep`q=é~íáÉåíë= ëìÑÑÉêáåÖ= Ñêçã= íçñáÅ= Ç~ã~ÖÉë= áå= î~êáçìë= íáëëìÉë=
~åÇ=dîea=EëÉÉ=ÊÅçãéäáÅ~íáçåëÂ=áå=éêÉîáçìë=ÅÜ~éíÉêFI=jp`=Ü~îÉ=ÄÉÉå=ìëÉÇ=
ïáíÜ=éêçëéÉêçìë=êÉëìäíëK=båÖê~ÑíãÉåí=ï~ë=ÑçìåÇ=áå=Ç~ã~ÖÉÇ=íáëëìÉë=~åÇ=áå=
êÉÖáçå~ä=äóãéÜ=åçÇÉëOQMI=OQNK=oÉÅÉåíäóI=ep`q=ÇçåçêJÇÉêáîÉÇ=jp`=Ü~îÉ=ÄÉÉå=
áëçä~íÉÇ= Ñêçã=ÄçåÉ=ã~êêçï=çÑ=éÉÇá~íêáÅ=é~íáÉåíë=ìåÇÉêÖçáåÖ=ep`qK=qÜáë=
ÑáåÇáåÖ=áãéäáÉë=íÜ~í=jp`=~êÉ=Å~é~ÄäÉ=çÑ=ÉåÖê~ÑíãÉåí=áå=íÜÉ=ÄçåÉ=ã~êêçï=
çÑ=ep`q=êÉÅáéáÉåíëOUTK= =^ää= íÜÉëÉ=Ç~í~= ëìÖÖÉëí= íÜ~í= íê~åëéä~åíÉÇ=jp`=ã~ó=
Ü~îÉ=íÜÉ=~Äáäáíó=çÑ=ÜçãáåÖ=~åÇ=íÜ~í=íÜÉó=éÉêëáëíI=~äíÜçìÖÜ=~í=äçï=äÉîÉäëI=áå=
íáëëìÉë=~ÑíÉê=áåÑìëáçåë=áå=Üìã~åëK=
==
 
Adverse events 

jp`= Ü~îÉ= ÄÉÉå= áåÅêÉ~ëáåÖäó= ìëÉÇ= áå= ~åáã~ä= ãçÇÉäë= íç= ÉñéäçêÉ=
éçíÉåíá~ä=ìëÉ=Ñçê=ÅäáåáÅ~ä=~ééäáÅ~íáçåë=~åÇ=éÜ~ëÉ=fLff=ÅäáåáÅ~ä=íêá~äë=Ü~îÉ=ÄÉÉå=
ÅçåÇìÅíÉÇ=ïáíÜ=éêçãáëáåÖ= êÉëìäíëK=kÉîÉêíÜÉäÉëëI= ~ë= Ñçê= ~ää= åÉï= íêÉ~íãÉåí=
íÜÉ= éçëëáÄäÉ= ëáÇÉJÉÑÑÉÅíë= Ü~îÉ= íç= ÄÉ= ÅçåëáÇÉêÉÇ= ~åÇ= íÜçêçìÖÜäó= ïÉáÖÜÉÇ=
~Ö~áåëí=íÜÉ=ÄÉåÉÑáíK===
=
=
fããÉÇá~íÉ=~ÇîÉêëÉ=ÉîÉåíë=

få=íÜÉ=É~êäó=ÅäáåáÅ~ä=íêá~äë=çå=jp`=íÜÉê~éóI=áí=ï~ë=ëÜçïå=íÜ~í=íÜÉ=ÅÉääë=
ïÉêÉ= ë~ÑÉ= íç= ~ÇãáåáëíÉê= áå= é~íáÉåíëI= áKÉK= åç= ~ÇîÉêëÉ= ÉîÉåíë=ïÉêÉ= çÄëÉêîÉÇ=
ìéçå=jp`=áåÑìëáçåOPOI= OUUI= OUVK=få=~=éÉÇá~íêáÅ=éçéìä~íáçåI=áí=ï~ë=êÉéçêíÉÇ=íÜ~í=
jp`=ÇáÇ=åçí= áåÇìÅÉ=~åó=ÅäáåáÅ~ääó= ëáÖåáÑáÅ~åí=~ÇîÉêëÉ=ÉîÉåíëI=ÄÉëáÇÉë=çåÉ=
Å~ëÉ= çÑ= ìêíáÅ~êá~ä= ê~ëÜ= ~ÑíÉê= ~= ëÉÅçåÇ= jp`= áåÑìëáçåOUSK= eçïÉîÉêI= áå= íÜÉ=



=

= = OV=

êÉÅÉåí= ëíìÇáÉë= íÜÉêÉ= ~êÉ= åç= êÉéçêíÉÇ= ëáÇÉJÉÑÑÉÅíë= ÇìêáåÖ= çê= áããÉÇá~íÉäó=
~ÑíÉê=jp`=~Çãáåáëíê~íáçåNNSI=OQMI=OQNI=OVMJOVOK===

=
=

i~íÉê=~ÇîÉêëÉ=ÉîÉåíë=

`ìêêÉåíäóI= jp`= íÜÉê~éó= áë= ~= åÉï= Éåíáíó= áå= ÅäáåáÅ~ä= íê~åëéä~åí~íáçå=
ïÜáÅÜ=áë=ïÜó=äçåÖJíÉêã=Ñçääçï=ìé=ëíáää=áë=~ÄëÉåíK=eçïÉîÉêI=Ç~í~=Ñêçã=ëçãÉ=
~åáã~ä= ëíìÇáÉë= Çáëéä~óÉÇ= åç= äçåÖJíÉêã= ëáÇÉJÉÑÑÉÅíë= çÑ=jp`= íÜÉê~éóOQSI= OUQK=
líÜÉê= ëíìÇáÉë= Ü~îÉ= êÉéçêíÉÇ= íÜ~í=jp`=ã~ó= ëìééçêí= íìãçê= ÖêçïíÜK= få= ~=
ãìêáåÉ= ãçÇÉäI= íÜÉ= jp`= Ñ~îçìêÉÇ= éêçäáÑÉê~íáçå= çÑ= íìãçê= ìéçå= ÅçJ
áåàÉÅíáçå= çÑ= jp`= ~åÇ= ãÉä~åçã~= ÅÉääëORNK= ^ÇÇáíáçå~ääóI= jp`= ëìééçêíÉÇ=
íìãçê= ÖêçïíÜ= áå= ~åçíÜÉê= ãçÇÉä= ~åÇ= Çáëéä~óÉÇ= ~= ãçäÉÅìä~ê= ëáÖå~íìêÉ=
ëáãáä~ê= íç= ãÉëÉåÅÜóã~ä= íìãçê= ÅÉääëOVPK= lå= íÜÉ= Åçåíê~êóI= jp`= Çáëéä~óÉÇ=
áåÜáÄáíáçå=çÑ=äìåÖ=Å~êÅáåçã~I=ãÉä~åçã~=~åÇ=Åçäçå=Å~êÅáåçÖÉåÉëáë=áå=çíÜÉê=
ãçÇÉäëOVQI= OVRK= jp`JäáâÉ= ÅÉääë= ~äëç= Çáëéä~óÉÇ= êÉÇìÅíáçå= çÑ= Äê~áå= íìãçê=
ÖêçïíÜOVS= ~åÇ=jp`=éçíÉåíäó= ëìééêÉëëÉÇ=ÇÉîÉäçéãÉåí=çÑ=h~éçëá= ë~êÅçã~ë=
áå=îáîçOVTK=få=~å=çéÉåJä~ÄÉä=éáäçí=ëíìÇó=çÑ=jp`=áåÑìëáçå=áå=ep`q=é~íáÉåíëI=
jp`=íêÉ~íÉÇ=é~íáÉåíë=Ü~Ç=ëáÖåáÑáÅ~åíäó=É~êäáÉê=~åÇ=áåÅêÉ~ëÉÇ=ê~íÉ=çÑ=êÉä~éëÉ=
EáKÉK=ã~äáÖå~åí= ÜÉã~íçäçÖáÅ~ä= ÇáëçêÇÉêë= êÉ~ééÉ~êáåÖI= ëÉÉ= ÊãçåáíçêáåÖ= íÜÉ=
çìíÅçãÉÂ= áå= éêÉîáçìë= ÅÜ~éíÉêFOVUK= `çåîÉêëÉäóI= áå= çíÜÉê= ä~êÖÉê= ëíìÇáÉë= íÜÉ=
ìëÉ=çÑ=jp`=Ü~ë=åçí=ÄÉÉå=ÅçêêÉä~íÉÇ=íç=~å=áåÅêÉ~ëÉÇ=êáëâ=çÑ=êÉä~éëÉNNSI= OVNI= OVOK=
qç=éêçéÉêäó=~åëïÉê=íÜÉ=èìÉëíáçå=çÑ=ïÜÉíÜÉê=jp`=áåÅêÉ~ëÉë=íÜÉ=êÉä~éëÉ=êáëâI=
ÑìêíÜÉê=~åÇ=ä~êÖÉê=ëíìÇáÉë=~êÉ=åÉÉÇÉÇK======

páåÅÉ= jp`= Ü~îÉ= ~= ÜáÖÜ= éêçäáÑÉê~íáîÉ= Å~é~ÅáíóI= çåÉ= ãáÖÜí= ïçåÇÉê=
ïÜÉíÜÉê=íÜÉ=ÅÉääë=Å~å=ÖáîÉ=êáëÉ=íç=åÉï=íìãçêë=ëéçåí~åÉçìëäóK=eìã~å=jp`=
Ü~îÉ=ÄÉÉå=ëÜçïå=íç=ìåÇÉêÖç=~=íïçJëíÉé=íê~åëÑçêã~íáçå=ïÜÉå=ÅìäíìêÉÇ=Ñçê=
ëÉîÉê~ä=ãçåíÜëOVVI= PMM= ~åÇ= íç= Ñçêã= ëçäáÇ= íìãçêë= áå=ãáÅÉPMNK=eçïÉîÉêI= çíÜÉê=
ëíìÇáÉë=çÑ=Üìã~å=jp`=ÅçìäÇ=åçí=ÅçåÑáêã=íê~åëÑçêã~íáçåPMOI=PMPK=qÜÉ=áëëìÉ=çÑ=
ëéçåí~åÉçìë=íê~åëÑçêã~íáçå=áë=~=ã~ííÉê=çÑ=ÇÉÄ~íÉI=~åÇ=áÑ=áí=Éñáëíë=áí=ëÉÉãë=
íç=ÄÉ=~å=Éñíê~çêÇáå~êó=ÉîÉåíK=

mçëëáÄäÉ= áåÑÉÅíáçìë= ÅçãéäáÅ~íáçåë= íç=jp`= íê~åëéä~åí~íáçå= ~êÉ= éççêäó=
áåîÉëíáÖ~íÉÇK=^=êÉÅÉåí=êÉîáÉï=éêçéçëÉÇ=íÜ~í=ëíÉã=ÅÉää=íê~åëéä~åíÉêë=åÉÉÇ=íç=
éÉêÑçêã=RãáÅêçÄáçäçÖáÅ~ä=êáëâ=~ëëÉëëãÉåíÒ=çÑ=íÜÉáê=ëíÉã=ÅÉääë=éêçÇìÅíëPMQK=få=
ÅäáåáÅ~ä=íêá~äëI=jp`=íêÉ~íÉÇ=ep`q=é~íáÉåíë=ã~ó=Ü~îÉ=~å=áåÅêÉ~ëÉÇ=êáëâ=Ñçê=
ëÉîÉêÉ= áåÑÉÅíáçåëNNSI= OQMI= OVUK= eçïÉîÉêI= íÜÉ= ëìêîáî~ä= ê~íÉ= Ñçê= é~íáÉåíë= ïáíÜ=
ÅçãéäÉíÉ= êÉëéçåëÉ= íç= jp`= íêÉ~íãÉåí= ï~ë= ëáÖåáÑáÅ~åíäó= ÄÉííÉê= íÜ~å= Ñçê=
íÜçëÉ=ïáíÜ=é~êíá~ä=çê=åç=êÉëéçåëÉ=~åÇ=íÜçëÉ=åçí=êÉÅÉáîáåÖ=jp`=áåÑìëáçåI=
ëìÖÖÉëíáåÖ= íÜ~í= ÄÉåÉÑáÅá~ä= ÉÑÑÉÅíë= çÑ=jp`= ~êÉ= åçí= çîÉêêáÇÇÉå= Äó= ~= ÜáÖÜ=
åìãÄÉê=çÑ=ëÉîÉêÉ=áåÑÉÅíáçåëNNSI= OQMK=píáääI= íÜÉ=éçëëáÄäÉ= áåÑÉÅíáçìë=ëáÇÉJÉÑÑÉÅíë=
Ü~îÉ=íç=ÄÉ=Éî~äì~íÉÇ=áå=ä~êÖÉ=ÇçìÄäÉJÄäáåÇ=ê~åÇçãáòÉÇ=íêá~äëK=======

=
===========



PM=

Clinical applications 

aìÉ=íç=íÜÉáê=éêçéÉêíáÉëI=jp`=ã~ó=ÄÉ=ìëÉÇ=íç=êÉäáÉîÉ=~åÇ=ÅìêÉ=ÇáëÉ~ëÉëI=
~ë=ÇÉëÅêáÄÉÇ=áå=íÜáë=ÅÜ~éíÉêK=páåÅÉ=jp`=~êÉ=É~ëáäó=Éñé~åÇÉÇ=Éñ=îáîçI= ä~êÖÉ=
åìãÄÉê=çÑ=ÅÉääë=ÇÉêáîÉÇ=Ñêçã=~=ëáåÖäÉ=Ççåçê=ÅçìäÇ=óáÉäÇ=ÅÉääë=Ñçê=ãìäíáéäÉ=
êÉÅáéáÉåíëK= qÜáë= Éñé~åëáçå= éçíÉåíá~ä= íçÖÉíÜÉê= ïáíÜ= íÜÉ= Ñ~îçê~ÄäÉ= äçï=
áããìåçÖÉåáÅáíó= áãéäáÉë=ìåáîÉêë~ä=Ççåçê= ÑÉ~íìêÉëI=ïáíÜçìí=åÉÉÇ= Ñçê=ei^=
ã~íÅÜáåÖK= qÜáë= ëÉÅíáçå= ïáää= ÇÉëÅêáÄÉ= ïÜ~í=jp`= Ü~îÉ= ÄÉÉå= ìëÉÇ= Ñçê= ~åÇ=
ïÜ~í=íÜÉó=ãáÖÜí=ÄÉ=ìëÉÇ=Ñçê=áå=íÜÉ=ÑìíìêÉK==
=
=
jp`=áå=ep`q=

få= íÜÉ= ä~íÉ= NVVMÛë= áí= ï~ë= ÇÉãçåëíê~íÉÇ= íÜ~í= íÜÉ= éçëíJÅÜÉãçíÜÉê~éó=
ÄçåÉ=ã~êêçï=ëíêçã~=Ñ~áäÉÇ=íç=ëìééçêí=ÜÉã~íçéçáÉëáëPMRK=^ìíçäçÖçìë=jp`=
ïÉêÉ=ìëÉÇ=áå=íêá~äë=~ë=Rã~êêçï=ëìééçêíÒ=áå=ep`qI=ÇÉãçåëíê~íáåÖ=~=ê~éáÇ=
ÉåÖê~ÑíãÉåí= çÑ= ÜÉã~íçéçáÉíáÅ= ÅÉääëK= qÜÉ= ÑÉ~ëáÄáäáíó= ~åÇ= ë~ÑÉíó= çÑ= ÅäáåáÅ~äJ
ëÅ~äÉ= Éñé~åëáçå= ~åÇ= áåÑìëáçåë= çÑ=jp`=ïÉêÉ= Çáëéä~óÉÇOPOI= OURI= OUUK= qÜÉêÉ~ÑíÉêI=
~ääçÖÉåÉáÅ=ei^JáÇÉåíáÅ~ä= ëáÄäáåÖ=jp`=ïÉêÉ= íêáÉÇ= áå=ep`qK=qÜÉ= áåÑìëáçåë=
ïÉêÉ= ~ÇãáåáëíÉêÉÇ= ë~ÑÉäó= ~åÇ= íÜÉ= ÜÉã~íçéçáÉíáÅ= êÉÅçîÉêó= ï~ë= éêçãéíOUVK=
oÉÅÉåí=ëíìÇáÉë=Ü~îÉ=Éëí~ÄäáëÜÉÇ=íÜÉ=ÑÉ~ëáÄáäáíó=~åÇ=ë~ÑÉíó=çÑ=jp`=áåÑìëáçåë=
~åÇ=ÇçÅìãÉåíÉÇ=éçëáíáîÉ=êÉëìäíë=áå=~ÅÅÉäÉê~íáçå=çÑ=ÉåÖê~ÑíãÉåíOVN=~åÇ=Öê~Ñí=
ÉåÜ~åÅÉãÉåíOVMI=PMS=áå=~ääçÖÉåÉáÅ=ep`qK==

qÜÉ=Ñáêëí=ëíìÇó=çÑ=~ääçÖÉåÉáÅ=jp`=áå=ep`qI=Äó=i~ò~êìë=~åÇ=ÅçääÉ~ÖìÉëI=
~äëç= ÇÉãçåëíê~íÉÇ= êÉÇìÅÉÇ= áåÅáÇÉåÅÉ= ê~íÉë= çÑ= ÄçíÜ= ~ÅìíÉ= ~åÇ= ÅÜêçåáÅ=
dîeaK= pìÄëÉèìÉåíäóI= çíÜÉê= Öêçìéë= Ü~îÉ= ìëÉÇ= Éñ= îáîçJÉñé~åÇÉÇ=jp`= áå=
ëÉîÉêÉ=ëíÉêçáÇJêÉÑê~Åíçêó=~ÅìíÉ=dîea=ïáíÜ=ëìÅÅÉëëNNRI= OQMI= OVOI= PMTK=oÉÅÉåíäóI=íÜÉ=
ÇÉîÉäçéãÉåí~ä=ÅçããáííÉÉ=çÑ=íÜÉ=bìêçéÉ~å=dêçìé=Ñçê=_äççÇ=~åÇ=j~êêçï=
qê~åëéä~åí~íáçå=Eb_jqF=éêÉëÉåíÉÇ=íÜÉáê=êÉëìäíë=çå=RR=dîea=é~íáÉåíë=~åÇ=
ÅçåÅäìÇÉÇ= íÜ~í= jp`= ãáÖÜí= ÄÉ= ~å= ÉÑÑÉÅíáîÉ= íÜÉê~éó= çÑ= ëÉîÉêÉ= ëíÉêçáÇJ
êÉëáëí~åí= ~ÅìíÉ= dîeaNNSK= qÜáë= ãìäíáÅÉåíÉê= ëíìÇó= Ü~ë= ÉåÅçìê~ÖÉÇ= ÑìêíÜÉêI=
ê~åÇçãáòÉÇ=ÇçìÄäÉJÄäáåÇI=b_jq=ëíìÇáÉë=çÑ= íÜÉ=ìë~ÖÉ=çÑ=jp`=íÜÉê~éó= áå=
ep`qI= ïÜáÅÜ= ãáÖÜí= ÖÉåÉê~íÉ= áãéçêí~åí= Ç~í~= íç= ~åëïÉê= ã~åó= çÑ= íÜÉ=
èìÉëíáçåë=ê~áëÉÇ=ÅçåÅÉêåáåÖ=ë~ÑÉíó=~åÇ=ÉÑÑáÅ~ÅóK=

^ÇÇáíáçå~ääóI=jp`=áåÑìëáçåë=Ü~îÉ=ÄÉÉå=ëìÅÅÉëëÑìääó=ìëÉÇ=Ñçê=êÉé~áê=çÑ=
íáëëìÉ= áåàìêó= EÜÉãçêêÜ~ÖáÅ= ÅóëíáíáëI= Åçäçå= éÉêÑçê~íáçå= ~åÇ= éåÉìãçJ
ãÉÇá~ëíáåìãF=ëÉÅçåÇ~êó=íç=~ääçÖÉåÉáÅ=ep`qOQNK===

qç= ëìãã~êáòÉI=jp`= ëÉÉã= íç=Ü~îÉ=~= ÑìíìêÉ= áå=ep`q=Äó=~ÅíáåÖ= ~ë= ~å=
áããìåçëìééêÉëë~åí= ÅçìåíÉê~ÅíáåÖ= êÉàÉÅíáçå= ~åÇ= dîeaK= qÜÉ= ÅÉääë= ã~ó=
ëÉêîÉ=~ë=Rã~êêçï=ëìééçêíÒ=~åÇ=ëÉÉã=íç=êÉÇìÅÉ=íçñáÅ=áåàìêáÉëK=cìêíÜÉêãçêÉI=
jp`= ãáÖÜí= êÉÖÉåÉê~íÉ= Ç~ã~ÖÉÇ= íáëëìÉë= ~ÑíÉê= ÜçãáåÖ= ~åÇ= Å~å= éÉêÜ~éë=
ëÉÅêÉíÉ= ÅóíçâáåÉë= ~åÇ= ÖêçïíÜ= Ñ~Åíçêë= åÉÅÉëë~êó= Ñçê= ê~éáÇ= ÜÉ~äáåÖK= qÜÉ=
éçíÉåíá~ä=çÑ=jp`=ïáää=ÄÉ=ÇÉíÉêãáåÉÇ=áå=íÜÉ=ÑìíìêÉ=ëíìÇáÉëK====



=

= = PN=

jp`=~ë=áããìåçãçÇìä~íáçå=~åÇ=áå=êÉÖÉåÉê~íáîÉ=ãÉÇáÅáåÉ=

få= ~= ãìêáåÉ= ãçÇÉäI= jp`= íê~åëéä~åíÉÇ= áåíç= íÜÉ= Äê~áå= éêçãçíÉÇ=
éêçäáÑÉê~íáçåI=ãáÖê~íáçå= ~åÇ= ÇáÑÑÉêÉåíá~íáçå= çÑ= ÉåÇçÖÉåçìë= åÉìê~ä= ÅÉääëPMUK=
^í=íÜÉ=ë~ãÉ=íáãÉI=áå=~åçíÜÉê=ëíìÇóI=jp`=ïÉêÉ=ìëÉÇ=Ñçê=íêÉ~íãÉåí=çÑ=b^bK=
fåíê~îÉåçìë=áåàÉÅíáçå=çÑ=jp`=ëíêáâáåÖäó=~ãÉäáçê~íÉÇ=íÜÉ=ÇáëÉ~ëÉ=~åÇ=áí=ï~ë=
ëìÖÖÉëíÉÇ= íÜ~í=jp`=ÉÑÑÉÅíáîÉäó= áåíÉêÑÉêÉÇ=ïáíÜ= íÜÉ= Å~ìë~íáîÉ=~ìíçáããìåÉ=
~íí~ÅâOTRK= cìêíÜÉê= ëíìÇáÉë= ÅçåÑáêãÉÇ= íÜÉ=jp`= ~Äáäáíó= íç= áåíÉêÑÉêÉ=ïáíÜ= íÜÉ=
é~íÜçÖÉåáÅ=~ìíçáããìåÉ=êÉëéçåëÉPMVK=eçïÉîÉêI=íÜÉëÉ=ÑáåÇáåÖë=ÅçìäÇ=åçí=ÄÉ=
êÉéÉ~íÉÇ=áå=~=ëã~ää=ëíìÇó=çÑ=~Çìäíë=ïáíÜ=jp=ÖáîÉå=áåíê~íÜÉÅ~ä=jp`K=pçãÉ=
çÑ=íÜÉ=é~íáÉåíë=ëÜçïÉÇ=åÉìêçäçÖáÅ~ä=áãéêçîÉãÉåíK=låäó=çåÉ=é~íáÉåí=çìí=çÑ=
íÉå= ëÜçïÉÇ= áãéêçîÉãÉåí= ~ëëÉëëÉÇ= Äó= ã~ÖåÉíáÅ= êÉëçå~åÅÉ= áã~ÖáåÖPNMK=
^ìíçáããìåÉ=~êíÜêáíáë=áå=ãáÅÉ=Ü~ë=ÄÉÉå=íêÉ~íÉÇ=ïáíÜ=jp`K=^ë=áå=íÜÉ=b^b=
ëíìÇáÉëI= íÜÉ= jp`= ÉÑÑÉÅíáîÉäó= ÄäçÅâÉÇ= íÜÉ= é~íÜçÖÉåáÅ= ãÉÅÜ~åáëãëPNNK=
^ìíçäçÖçìë=jp`=ãáÖÜí=ÄÉ=ìëÉÇ=Ñçê=êÜÉìã~íçäçÖáÅ~ä=ÇáëçêÇÉêëI=ëáåÅÉ=íÜÉó=
Çáëéä~ó= íÜÉ= ë~ãÉ= éêçéÉêíáÉë= ~ë= jp`= ÇÉêáîÉÇ= Ñêçã= ÜÉ~äíÜó= ëìÄàÉÅíëPNOI= PNPK=
mêÉëÉåíäóI= Ç~í~= çåäó= Éñáëí= áå= éêÉÅäáåáÅ~ä= ãçÇÉäëI= Äìí= ÅäáåáÅ~ä= ~ééäáÅ~íáçåë=
ëÉÉã=íç=ÄÉ=ìåÇÉê=ÇÉîÉäçéãÉåíK=låÉ=éêçÄäÉã=áå=íÜáë=ÑáÉäÇ=ãáÖÜí=ÄÉ=íÜ~í=íÜÉ=
é~íáÉåíë= ~êÉ= åçí= áããìåçëìééêÉëëÉÇ= ~ë= áå= íÜÉ=ep`q= íêá~äëI=ïÜáÅÜ= áë=ïÜó=
íÜÉêÉ=ã~ó=ÄÉ=áããìåÉ=êÉ~Åíáçåë=~Ö~áåëí=íÜÉ=jp`=íÜ~í=ã~ó=äÉ~Ç=íç=êÉàÉÅíáçå=
çê=çíÜÉê=~ÇîÉêëÉ=ÉîÉåíëK=

===^ìíçäçÖçìë= jp`= Ü~îÉ= ÄÉÉå= ìëÉÇ= ïáíÜ= éêçãáëáåÖ= êÉëìäíë= áå= PQ=
é~íáÉåíë= ïáíÜ=ãóçÅ~êÇá~ä= áåÑ~êÅíáçå= EjfFK= qÜÉ= ÅÉääë= ïÉêÉ= áåàÉÅíÉÇ= áå= íÜÉ=
í~êÖÉí=Åçêçå~êó=~êíÉêó=~åÇ=êÉëìäíÉÇ=áå=áåÅêÉ~ëÉÇ=ÜÉ~êí=ï~ää=ãçîÉãÉåíë=ïáíÜ=
áãéêçîÉÇ=äÉÑí=îÉåíêáÅìä~ê=ÉàÉÅíáçå=Ñê~ÅíáçåI=áKÉK=áãéäóáåÖ=~=ÄÉåÉÑáÅá~ä=ÉÑÑÉÅíI=
áå= íÜÉ=jp`= íêÉ~íÉÇ=Öêçìé=~ë= Åçãé~êÉÇ= íç= íÜÉ=éä~ÅÉÄçPNQK= =lf= áë= ~=ÖÉåÉíáÅ=
ÇáëçêÇÉê= ÅÜ~ê~ÅíÉêáòÉÇ= Äó= éêçÇìÅíáçå= çÑ= ÇÉÑÉÅíáîÉ= Åçää~ÖÉåI= íÜÉ= éêáåÅáé~ä=
éêçíÉáå= áå=ÄçåÉK= få= ~= ÅäáåáÅ~ä= ëíìÇó=çÑ=lfI= ëáñ= ÅÜáäÇêÉå=ïÉêÉ= íê~åëéä~åíÉÇ=
ïáíÜ=jp`=ïáíÜçìí=éêÉÅçåÇáíáçåáåÖK=mçëíJjp`=áåÑìëáçåI=ÑáîÉ=çÑ=ëáñ=ëÜçïÉÇ=
ÉåÖê~ÑíãÉåí=~åÇ=Ü~Ç=~å=~ÅÅÉäÉê~íáçå=çÑ=ÖêçïíÜ=îÉäçÅáíó=ÇìêáåÖ=íÜÉ=Ñáêëí=ëáñ=
ãçåíÜëOUSK=^ãóçíêçéÜáÅ=ä~íÉê~ä=ëÅäÉêçëáë=E^ipF=áë=~=éêçÖêÉëëáîÉ=ÇáëÉ~ëÉ=ïáíÜ=
éççê= éêçÖåçëáëK= qÜÉ= é~íÜçÖÉåáÅ= ãÉÅÜ~åáëã= áë= äçëë= çÑ= ãçíçê= åÉìêçåë=
äÉ~ÇáåÖ= íç= êÉÇìÅÉÇ= ãìëÅäÉ= ÑìåÅíáçå~äáíó= ~åÇ= ÅìêêÉåí= íêÉ~íãÉåí= çåäó=
~ääÉîá~íÉë=ëóãéíçãëK=^ìíçäçÖçìë=jp`=ïÉêÉ=ÖáîÉå=íç=^ip=é~íáÉåíë=êÉëìäíáåÖ=
áå= ~= ãáäÇ= íêÉåÇ= íçï~êÇ= ~= ëäçïáåÖ= Ççïå= çÑ= ãìëÅäÉ= ëíêÉåÖíÜ= ÇÉÅäáåÉPNRK=
m~íáÉåíë= ïáíÜ= eìêäÉê= ëóåÇêçãÉ= ~åÇ= ãÉí~ÅÜêçã~íáÅ= äÉìâçÇóëíêçéÜó=
ÇÉîÉäçé=ëáÖåáÑáÅ~åí=åÉìêçäçÖáÅ=~åÇ=ãìëÅìäçëâÉäÉí~ä=ÇÉÑÉÅíë=íÜ~í=äáãáí=íÜÉáê=
ëìêîáî~äK= _çíÜ= ÇáëÉ~ëÉë= ~êÉ= ÇìÉ= íç= ÉåòóãÉ= ÇÉÑáÅáÉåÅáÉëK= fí= ï~ë= éçëíìä~íÉÇ=
íÜ~í=jp`=ÅçìäÇ=é~êíáÅáé~íÉ=áå=ÅçêêÉÅíáåÖ=íÜÉëÉ=ÇáëçêÇÉêëK=^ÑíÉê=~=ep`qI=íÜÉ=
é~íáÉåíë=ïÉêÉ=~ÇãáåáëíÉêÉÇ=jp`=Ñêçã=íÜÉ=ÜÉã~íçéçáÉíáÅ=ëíÉã=ÅÉää=ÇçåçêK=
lÄëÉêîÉÇ= áãéêçîÉãÉåíë= áå= ëçãÉ= ÅäáåáÅ~ä= é~ê~ãÉíÉêëI= áKÉK= ÄçåÉ= ãáåÉê~ä=
ÇÉåëáíó= ~åÇ= åÉêîÉ= ÅçåÇìÅíáåÖ= îÉäçÅáíóI= ï~êê~åí= ÑìêíÜÉê= ëíìÇó= çÑ=jp`= ~ë=
íÜÉê~éÉìíáÅ=íççä=áå=íÜÉëÉ=ÇáëçêÇÉêëOPOK==



PO=

qÜÉêÉ= ~êÉ= ~äëç= ~= åìãÄÉê= çÑ= çåÖçáåÖ= ÅäáåáÅ~ä= íêá~äë= ìëáåÖ= jp`X= ÉKÖK=
ÉñéäçêáåÖ= íÜÉáê= ìëÉ= áå= íêÉ~íãÉåí= çÑ= éÉêáíçåáíáëI= ÅÜêçåáÅ= ãóçÅ~êÇá~ä=
áëÅÜÉãá~=~åÇ=Çáëí~ä=íáÄá~ä=Ñê~ÅíìêÉëK=jp`=~êÉ=~äëç=çÑ=áåíÉêÉëí=Ñçê=ÄáçãÉÇáÅ~ä=
Åçãé~åáÉëK= lëáêáë= qÜÉê~éÉìíáÅë= fåÅK= Erp^F= ÅìêêÉåíäó= Ü~ë= íÜêÉÉ= jp`=
éêçÇìÅíë= áå=ÅäáåáÅ~ä=íêá~äëX=mêçÅÜóã~ä»=Ñçê=dîeaI=mêçî~ÅÉä»=Ñçê=jf=~åÇ=
`ÜçåÇêçÖÉå»=Ñçê=çêíÜçéÉÇáÅ=ÇáëÉ~ëÉëK=jÉëçÄä~ëí=E^ìëíê~äá~F=áë=áåîçäîÉÇ=áå=
éáäçí= ÅäáåáÅ~ä= íêá~äë= çÑ= jp`= Ñçê= çêíÜçéÉÇáÅ= ~åÇ= Å~êÇáçî~ëÅìä~ê= ÇáëÉ~ëÉëK=
_ê~áåpíçêã=qÜÉê~éÉìíáÅë=fåÅK=Efëê~ÉäF=Ü~ë=~=éêçÇìÅí=Å~ääÉÇ=kìêlïå»=íÜ~í=
Åçåí~áå= jp`= Ñçê= åÉìêçÇÉÖÉåÉê~íáîÉ= ÇáëÉ~ëÉëPNSK= ^ë= ÇÉëÅêáÄÉÇ= áå= íÜáë=
é~ê~Öê~éÜI=jp`=~êÉ= íÜÉ= ÑçÅìë=çÑ= áåíÉåëáîÉ= êÉëÉ~êÅÜ= ~åÇ= íÜÉêÉ= ~êÉ= ëÉîÉê~ä=
éçëëáÄäÉ=ÅäáåáÅ~ä=~ééäáÅ~íáçåëK==

=
=

Epilogue 

jçêÉ=íÜ~å=QM=óÉ~êë=Ü~ë=é~ëëÉÇ=ëáåÅÉ=íÜÉ=ÇáëÅçîÉêó=çÑ=jp`K=qÜÉ=ÅÉää=Ü~ë=
ÄÉÉå= ~åÇ= êÉã~áåë= íç= ÄÉ= ~= ëìÄàÉÅí= íç= ÉñíÉåëáîÉ= éêÉJÅäáåáÅ~ä= ~åÇ= ÅäáåáÅ~ä=
êÉëÉ~êÅÜK= b~ÅÜ= ïÉÉâI= åÉï= êÉëìäíë= çå= jp`= ÄáçäçÖóI= áKÉK= ÅÜ~ê~ÅíÉêáò~íáçåI=
áëçä~íáçåI= Éñ= îáîçJÉñé~åëáçåI= éêçéÉêíáÉëI= ~åÇ=éçëëáÄäÉ= ÅäáåáÅ~ä= ~ééäáÅ~íáçåë=
~êÉ=éìÄäáëÜÉÇK=píáääI= íÜÉêÉ=~êÉ=åç=ëíêáâáåÖ=êÉëìäíë= áãéäóáåÖ=Åçããçå=ìëÉ=çÑ=
jp`= íê~åëéä~åí~íáçåK= eçïÉîÉêI= ïÉ= ëÜçìäÇ= ÄÉ~ê= áå= ãáåÇ= íÜÉ= Üáëíçêó= çÑ=
ep`q=ïáíÜ=áåáíá~ä=Çáë~ééçáåíáåÖ=êÉëìäíë=íÜ~í=Ü~îÉ=ÉîçäîÉÇ=~åÇ=ëíáää=ÉîçäîÉ=íç=
ëìÅÅÉëëÑìä=êçìíáåÉë= áå=ÅäáåáÅ~ä=ãÉÇáÅáåÉK=qÜìë= áí= áë= äáâÉäó= íÜ~í=jp`I= áå= íÜÉ=
ÑìíìêÉI=ïáää=ÉåíÉê=íÜÉ=ÅäáåáÅ=íç=êÉäáÉîÉ=çê=ÅçêêÉÅí=î~êáçìë=ÇáëÉ~ëÉëK=

=
=
=
=
=

=

�� =++ ?�� =++ ?



=

= = PP=

Aims 

qÜÉ=ÖÉåÉê~ä=~áãë=çÑ=íÜáë=íÜÉëáë=~êÉ=íç=áåîÉëíáÖ~íÉ=jp`=áå=íÜÉ=ÅçåíÉñí=çÑ=
ÅäáåáÅ~ä=íê~åëéä~åí~íáçåK=^ë=ÇÉëÅêáÄÉÇ=áå=éêÉîáçìë=ÅÜ~éíÉêëI=íÜÉ=jp`=ëÉÉã=
íç= Ü~îÉ= ~= éçíÉåíá~ä= ~ë= ÅÉääìä~ê= íÜÉê~éó= çÑ= î~êáçìë= ÅçåÇáíáçåëK= qÜÉêÉ= ~êÉ=
ëÉîÉê~ä= ìåÅÉêí~áåíáÉë= íÜ~í= åÉÉÇ= íç= ÄÉ= ~ÇÇêÉëëÉÇ= ÄÉÑçêÉ= íÜÉ= ÅÉääë= Å~å= ÄÉ=
~ÇçéíÉÇ= áå= ÅäáåáÅ~ä= ãÉÇáÅáåÉK= qÜáë= íÜÉëáë= ~áãë= íç= Åä~êáÑó= íïç= ÅäáåáÅ~ääó=
áãéçêí~åí=ÅçåÅÉêåëW==

=
NK `~å= íÜÉ=jp`= Ü~êÄçê= éÉêëáëíÉåí= çê= ä~íÉåí= îáêìëÉë= ïÜáÅÜ= Å~å= ÄÉ=

íê~åëÑÉêêÉÇ=Ñêçã=íÜÉ=Ççåçê=~åÇ=ÖáîÉ=êáëÉ=íç=Ü~ò~êÇçìë=áåÑÉÅíáçåë=
áå=íÜÉ=êÉÅáéáÉåí=ìåÇÉêÖçáåÖ=ep`q\=

=
OK táää= íÜÉ= ep`q= êÉÅáéáÉåíë= íÜ~í= êÉÅÉáîÉ= jp`= íÜÉê~éó= ãçìåí=

Üìãçê~ä= ~åÇ= ÅÉääìä~ê= áããìåÉ= êÉëéçåëÉë= íç= ei^= ÇáëÅêÉé~åí=
jp`\=



PQ=



=

= = PR=

Material and methods 

^ää= áåÑçêã~íáçå=êÉÖ~êÇáåÖ=ã~íÉêá~ä=~åÇ=ãÉíÜçÇë=~ééäáÉÇ=áå=íÜáë=íÜÉëáë=
Ü~ë= ÄÉÉå= ÇÉëÅêáÄÉÇ= íÜçêçìÖÜäó= áå= êÉëéÉÅíáîÉ= é~éÉê= fJfsK= qÜáë= ëÉÅíáçå=
ÇÉëÅêáÄÉë=íÜÉ=ãÉíÜçÇçäçÖó=ìëÉÇ=Ñçê=íÜÉ=ÇáÑÑÉêÉåí=é~éÉêë=áå=íÜáë=íÜÉëáë=ïáíÜ=
ëçãÉ=ÖÉåÉê~ä=ÅçããÉåíëK=
=
=
Patients and donors E~ää=é~éÉêëF 

=qÜÉ=ëíìÇáÉë=áåÅäìÇÉÇ=áå=íÜáë=íÜÉëáë=ïÉêÉ=~ÑíÉê=ÉíÜáÅ~ä=ëÅêìíáåó=~ééêçîÉÇ=
Äó=íÜÉ=êÉÖáçå~ä=ÉíÜáÅë=êÉîáÉï=Äç~êÇ=~åÇ=ÅçãéäáÉÇ=ïáíÜ=íÜÉ=ÇÉÅä~ê~íáçå=çÑ=
eÉäëáåâá= çå=ãÉÇáÅ~ä= êÉëÉ~êÅÜ= áåîçäîáåÖ=Üìã~å= ëìÄàÉÅíëK=^ää= é~íáÉåíë= ~åÇ=
Ççåçêë= Ö~îÉ= áåÑçêãÉÇ= ÅçåëÉåí= íç= é~êíáÅáé~íÉ= áå= íÜÉ= ëíìÇáÉëI= ïáíÜçìí= ~åó=
Ñáå~åÅá~ä=ÅçãéÉåë~íáçåK==

m~íáÉåíë= ïÉêÉ= ÉåêçääÉÇ= Ñêçã= íÜÉ=eÉã~íçäçÖó= `ÉåíêÉI= íÜÉ= pÉÅíáçå= Ñçê=
mÉÇá~íêáÅ=eÉã~íçäçÖó=~åÇ=íÜÉ=`ÉåíêÉ=Ñçê=^ääçÖÉåÉáÅ=píÉã=`Éää=qê~åëéä~åíJ
~íáçå= ~í= íÜÉ= h~êçäáåëâ~= råáîÉêëáíó= eçëéáí~ä= áå= eìÇÇáåÖÉI= píçÅâÜçäãI=
pïÉÇÉåK=^ää=é~íáÉåíë=ïÉêÉ=ìåÇÉêÖçáåÖ=ep`q=~ÅÅçêÇáåÖ=íç=íÜÉ=áåëíáíìíáçå~ä=
ÖìáÇÉäáåÉë= ~åÇ= áåíÉêå~íáçå~ääó= ~ÅÅÉéíÉÇ= éêçíçÅçäëK= jp`= íÜÉê~éó= ï~ë=
ÉãéäçóÉÇ= Ñçê= íÜÉ= ÑçääçïáåÖ= áåÇáÅ~íáçåëW= íç= éêçãçíÉ= ÉåÖê~ÑíãÉåí= çÑ=
ÜÉã~íçéçáÉíáÅ=ëíÉã=ÅÉääëI=íç=íêÉ~í=ÅçãéäáÅ~íáçåë=çÑ=ep`q=~åÇ=íç=íêÉ~í=~ÅìíÉ=
dîeaK=

jp`I= éÉêáéÜÉê~ä= äóãéÜçÅóíÉë= Em_iF= ~åÇ= ëÉêìã= Ççåçêë= ïÉêÉ= ~ää=
ÅçåëáÇÉêÉÇ= ÜÉ~äíÜó= ~ÑíÉê= ~ëëÉëëãÉåí= çÑ= ãÉÇáÅ~ä= ÜáëíçêóI= éÜóëáÅ~ä=
Éñ~ãáå~íáçå= ~åÇ= ëÉêçäçÖáÅ~ä= ëÅêÉÉåáåÖ= çÑ= îáêìëÉëK= ^ää= çÑ= íÜÉ= Ççåçêë=
é~êíáÅáé~íÉÇ=îçäìåí~êáäóK=
=
=
MSC expansion and infusion E~ää=é~éÉêëF 

jp`=Ñçê=ÅäáåáÅ~ä=ìëÉ=~åÇ=êÉëÉ~êÅÜ=ïÉêÉ=ÅìäíìêÉÇ=~ë=éêÉîáçìëäó=ÇÉëÅêáÄÉÇ=
ÉäëÉïÜÉêÉOQMI= OVMK= _êáÉÑäóI= ÜÉé~êáåáòÉÇ= ÄçåÉ= ã~êêçï= ï~ë= ëÉé~ê~íÉÇ= çîÉê= ~=
ÇÉåëáíó= Öê~ÇáÉåíK=jçåçåìÅäÉ~ê= ÅÉääë=ïÉêÉ= ÅçääÉÅíÉÇI= ëìëéÉåÇÉÇ= áå=Üìã~å=
jp`=ãÉÇáìã=Åçåí~áåáåÖ=NMB=ÑÉí~ä=Å~äÑ=ëÉêìã=Ec`pF=~åÇ=éä~íÉÇ=áå=éä~ëíáÅ=
ÅìäíìêÉ= Ñä~ëâëK= qÜÉ= ÅìäíìêÉ= éêçÅÉÇìêÉë= ïÉêÉ= éÉêÑçêãÉÇ= ~ÅÅçêÇáåÖ= íç= íÜÉ=
ÖìáÇÉäáåÉë= çÑ= íÜÉ=jp`= Åçåëçêíáìã=çÑ= íÜÉ= b_jq= ~åÇ= íÜÉ= éêçÅÉÇìêÉ=ï~ë=
~ééêçîÉÇ= Äó= íÜÉ= pïÉÇáëÜ=jÉÇáÅ~ä= mêçÇìÅíë= ^ÖÉåÅóK= ^ää= Éñé~åÇÉÇ=jp`=
ÑìäÑáääÉÇ= íÜÉ= jp`= ÅêáíÉêá~= ~ÅÅçêÇáåÖ= íç= íÜÉ= fp`qNVS= ~åÇ= ïÉêÉ= ÅìäíìêÉJ
åÉÖ~íáîÉ= Ñçê= Ä~ÅíÉêá~= ~åÇ= ÑìåÖáI= ~åÇ= m`o= åÉÖ~íáîÉ= Ñçê= jóÅçéä~ëã~=
éåÉìãçåá~ÉOQMI=OVMK==

cçê=áåÑìëáçåëI=jp`=ïÉêÉ=ÅçääÉÅíÉÇ=áå=é~ëë~ÖÉ=NJQ=~åÇ=ÇáäìíÉÇ=áå=ë~äáåÉ=
ëìééäÉãÉåíÉÇ= ïáíÜ= NMB= Üìã~å= ^_= éä~ëã~K= qÜÉ= Ççë~ÖÉë= çÑ= jp`= ïÉêÉ=



PS=

~êçìåÇ= NJOYNMS= ÅÉääëLâÖ= ÄçÇóïÉáÖÜí= çÑ= íÜÉ= êÉÅáéáÉåíK=jp`= ïÉêÉ= ÇÉêáîÉÇ=
Ñêçã= ei^Jã~íÅÜÉÇ= ëáÄäáåÖëI= ei^JÜ~éäçáÇÉåíáÅ~ä= ~åÇ= ei^Jãáëã~íÅÜÉÇ=
EáKÉK= íÜáêÇJé~êíóF= ÇçåçêëK= ^ää= é~íáÉåíë= êÉÅÉáîÉÇ= íÜÉ= jp`= ~ë= áåíê~îÉåçìë=
áåÑìëáçåëK==
=
=
Virological methods  

^= ÅçìåíÉêé~êí= çÑ= ÅäáåáÅ~ä= îáêçäçÖó= áë= íÜÉ= ÇÉíÉÅíáçå= çÑ= îáêìëÉë= íç=
ÅçêêçÄçê~íÉ=ÅäáåáÅ~ä=Çá~ÖåçëÉë=çê=Éñéä~áå=ÇáëÉ~ëÉ=çÑ=é~íáÉåíëK=få=íÜáë=íÜÉëáëI=
îáêçäçÖáÅ~ä= ÇÉíÉÅíáçå= íÉÅÜåáèìÉë= ïÉêÉ= ~ééäáÉÇ= çå= jp`= ÄÉÑçêÉ= ~åÇ= ~ÑíÉê=
ÉñéçëìêÉ=íç=îáêìëK=jp`=ïÉêÉ=ÉáíÜÉê=ÅìäíìêÉÇ=ïáíÜ=~ÇÇáíáçå=çÑ=îáêìë=çê=ÅçJ
ÅìäíìêÉÇ= ïáíÜ= îáêìë= áåÑÉÅíÉÇ= ÅÉääë= íç= ëíìÇó= ëìëÅÉéíáÄáäáíó= çÑ= îáêìëÉë=
êÉÅçÖåáòÉÇ=Ñêçã=íÜÉ=ÅäáåáÅ~ä=ÅçìêëÉ=çÑ=ep`q=êÉÅáéáÉåíëK=
=
=
m`o=ÇÉíÉÅíáçå=Eé~éÉê=f=~åÇ=ffF=

m`o= Ä~ëÉÇ= ãÉíÜçÇë= ~êÉ= ëí~åÇ~êÇ= íÉÅÜåáèìÉë= Ñçê= ~ääçïáåÖ= íÜÉ= ê~éáÇ=
ÇÉíÉÅíáçå= çÑ= ÖÉåÉíáÅ= áåÑçêã~íáçå= Äó= ëéÉÅáÑáÅ= ~ãéäáÑáÅ~íáçå= çÑ= äçï= Åçéó=
åìãÄÉê=åìÅäÉáÅ=~ÅáÇ=ëÉèìÉåÅÉëK=qÜÉ=ãçêÉ=êÉÑáåÉÇ=íÉÅÜåáèìÉë=çÑ=m`oI=~äëç=
ÖáîÉ=íÜÉ=çééçêíìåáíó=íç=èì~åíáí~íáîÉ=áåÑçêã~íáçå=çÑ=íÜÉ=ã~ÖåáíìÇÉ=çÑ=îáê~ä=
áåÑÉÅíáçåëI= áKÉK= íÜÉ= åìãÄÉê= çÑ= îáêìë= ÖÉåçãáÅ= Éèìáî~äÉåíëLÅçéáÉëK= få= íÜáë=
íÜÉëáëI= ÄçíÜ= íÜÉ= çäÇÉê= RåÉëíÉÇÒ= m`o= ~åÇ= íÜÉ= ãçÇÉêå= RêÉ~ä= íáãÉÒ=
èì~åíáí~íáîÉJm`o= ïÉêÉ= ìëÉÇ= Ñçê= ÇÉíÉÅíáçå= çÑ= é~êîçîáêìë= _NV= E_NVF= ~åÇ=
ÜÉêéÉëîáêìëÉëX=`jsI=b_sI=ÜÉêéÉë=ëáãéäÉñ=îáêìë=EepsF=~åÇ=î~êáÅÉää~=òçëíÉê=
îáêìë= EswsFK= m`o= áë= Ñ~ëí= ~åÇ= ëÉåëáíáîÉI= Äìí= Å~å= ÄÉ= Ü~ãéÉêÉÇ= Äó= éççê=
éêáãÉê= ÅçåëíêìÅíë= ~åÇ= Åçåí~ãáå~íáçå= çÑ= åìÅäÉáÅ= ~ÅáÇë= êÉëìäíáåÖ= áå= Ñ~äëÉ=
éçëáíáîÉ=çê=åÉÖ~íáîÉ=êÉëìäíëK==
=
=
fããìåçÑäìçêÉëÅÉåÅÉ=Eé~éÉê=f=~åÇ=ffF=

qç= îáëì~äáòÉ= ëìÄÅÉääìä~ê= ÇáëíêáÄìíáçå= çÑ= ÄáçãçäÉÅìäÉëI= áããìåçJ
ÑäìçêÉëÅÉåÅÉ=Å~å=ÄÉ=ìëÉÇK=^åíáÄçÇáÉë=ä~ÄÉäÉÇ=ïáíÜ=ÑäìçêÉëÅÉåí=ÇóÉë=~êÉ=ìëÉÇ=
~ë= éêçÄÉë= í~êÖÉíáåÖ= íÜÉ= ÇÉëáêÉÇ= ÅçãéçåÉåíK= `Éääë= ~êÉ= éêÉé~êÉÇ= çå= Öä~ëë=
ëäáÇÉë= ~åÇ= ~ÑíÉê= ä~ÄÉäáåÖI= íÜÉ= ëäáÇÉë= ~êÉ= ~å~äóòÉÇ= Äó= ÑäìçêÉëÅÉåÅÉ=
ãáÅêçëÅçéóK= få= îáêçäçÖóI= ~åíáÄçÇáÉë= ~Ö~áåëí= îáê~ä= éêçíÉáåë= ~êÉ= Åçããçåäó=
ìëÉÇ= íç= ÇÉãçåëíê~íÉ= áåÑÉÅíáçåK= få= íÜáë= íÜÉëáëX= _NVI= `jsI= b_s= ~åÇ=eps=
éêçíÉáåë= ïÉêÉ= îáëì~äáòÉÇK= fããìåçÑäìçêÉëÅÉåÅÉ= áë= ~å= É~ëó= íÉÅÜåáèìÉ= íÜ~í=
ÖáîÉë= áåÑçêã~íáçå= çå= ÉñéêÉëëáçå= ~åÇ= äçÅ~äáò~íáçåK= eçïÉîÉêI= éÜçíçJ
ÄäÉ~ÅÜáåÖI= ìåëéÉÅáÑáÅ= ~åíáÄçÇáÉë= ~åÇ= ÇáÑÑáÅìäíáÉë= áå= îáëì~äáòáåÖ= ëã~ää=
~ãçìåíë=çÑ=íÜÉ=í~êÖÉí=~êÉ=íÜÉ=ã~àçê=äáãáíë=íç=áíë=ìëÉK==
=



=

= = PT=

qáíê~íáçå=çå=ëìëÅÉéíáÄäÉ=ÅÉääë=Eé~éÉê=f=~åÇ=ffF=

sáêìëÉë=Å~å=~äëç=ÄÉ=ÇÉíÉÅíÉÇ=Äó=áåçÅìä~íáåÖ=ë~ãéäÉë=çå=ÅÉääë=ëìëÅÉéíáÄäÉ=
Ñçê=íÜÉ=íÉëí=îáêìëK=dêÉÉå=ãçåâÉó=âáÇåÉó=~åÇ=Üìã~å=ÑçêÉëâáå=ÑáÄêçÄä~ëí=ÅÉää=
äáåÉë=~êÉ=ìëÉÇ=Ñçê=Çáëéä~óáåÖ=eps=~åÇ=`js=áåÑÉÅíáçåëI=êÉëéÉÅíáîÉäóK=^ÑíÉê=
íÜÉ=áåçÅìäìãëI=íÜÉ=ÅÉääë=~êÉ=ÅìäíìêÉÇ=Ñçê=Ç~óë=íç=ïÉÉâëK=^ë=íÜÉ=îáêìë=áåÑÉÅíë=
íÜÉ=ÅÉää=~åÇ=ëí~êí= êÉéäáÅ~íáåÖI=~=Åóíçé~íÜçäçÖáÅ~ä=ÉÑÑÉÅí=çå= íÜÉ=ÅÉääë=ïáää=ÄÉ=
ëÉÉåK= _ó= ëÉêá~ä= Çáäìíáçå= çÑ= íÜÉ= ë~ãéäÉ= ~åÇ= áåçÅìä~íáåÖ= áí= ~í= äÉ~ëí= áå=
èì~ÇêìéäáÅ~íÉëI= íÜÉ= îáêìë= íáíÉêë= Å~å= ÄÉ= Å~äÅìä~íÉÇ= ïáíÜ= íÜÉ= oÉÉÇJjΩåÅÜ=
ÉåÇéçáåí=Å~äÅìä~íáçå=ãÉíÜçÇK=qÜÉ=`js=~åÇ=eps=áåÑÉÅíáçåë=çÑ=jp`=ïÉêÉ=
áåîÉëíáÖ~íÉÇ=ìëáåÖ=íÜáë=ãÉíÜçÇK=qÜáë=íóéÉ=çÑ=ãÉíÜçÇ=áë=çÑ=ÅçìêëÉ=äáãáíÉÇ=Äó=
éêçÄäÉãë=~ëëçÅá~íÉÇ=íç=íÜÉ=ìë~ÖÉ=çÑ=äáîáåÖ=ÅÉääëK=
=
=
pÉêçäçÖó=Eé~éÉê=f=~åÇ=ffF=

qç= ~ëëÉë= ïÜÉíÜÉê= Ççåçêë= ~åÇ= êÉÅáéáÉåíë= Ü~Ç= ÉåÅçìåíÉêÉÇ= íÜÉ=
áåîÉëíáÖ~íÉÇ= îáêìëÉëI= ëÉêçäçÖáÅ~ä= ëÅêÉÉåáåÖ= çÑ= ~åíáÄçÇáÉë= ï~ë= éÉêÑçêãÉÇK=
pÉêçäçÖó= áë= ~= êçìíáåÉ= ãÉíÜçÇ= ìëÉÇ= Äó= ÅäáåáÅ~ä= îáêçäçÖó= ä~Äçê~íçêáÉëK=
båòóãÉJäáåâÉÇ= áããìåçëçêÄÉåí= ~ëë~ó= Ebifp^F= áë= Åçããçåäó= ìëÉÇ= EëÉÉ=
ÊáããìåçäçÖáÅ~ä=ãÉíÜçÇë=Â=áå=çåÉ=çÑ=íÜÉ=ÑçääçïáåÖ=ëÉÅíáçåëFK==
=
=
Expression studies 

få=éêÉÅäáåáÅ~ä=~åÇ=ÅäáåáÅ~ä=êÉëÉ~êÅÜI=ÉñéêÉëëáçå=çÑ=ÇáÑÑÉêÉåí=ã~êâÉêë=~åÇ=
ÖÉåÉë=éêçîáÇÉ=ìëÉÑìä= áåÑçêã~íáçå= Ñçê=ìåÇÉêëí~åÇáåÖ= íÜÉ= ÅçãéäÉñ=Üìã~å=
ÄáçäçÖóK= kÉï= íÉÅÜåáèìÉë= ~åÇ= åÉï= ã~êâÉêë= çÑ= åçêã~ä= éêçÅÉëëÉë= ~åÇ=
ÇáëÉ~ëÉë=~êÉ=áåíêçÇìÅÉÇ=ÑêÉèìÉåíäóK=
=
=
fããìåçÑäìçêÉëÅÉåÅÉ=Eé~éÉê=f=~åÇ=fffF=

^ë= ÇÉëÅêáÄÉÇ= ~ÄçîÉI= áããìåçÑäìçêÉëÅÉåÅÉ= áë= ~= ÖççÇ= ãÉíÜçÇ= çÑ=
áåîÉëíáÖ~íáåÖ=éêçíÉáå=~åÇ=ÖäóÅçéêçíÉáå=ÉñéêÉëëáçåK=få=íÜáë=íÜÉëáëI=áããìåçJ
ÑäìçêÉëÅÉåÅÉ= ï~ë= ìëÉÇ= íç= ÇÉíÉêãáåÉ= ÉñéêÉëëáçå= çÑ= `aNV= ~åÇ= ^_MJÜáëíç=
ÄäççÇ=Öêçìé=~åíáÖÉåëK=
=
=
cäçï=ÅóíçãÉíêó=E~ää=é~éÉêëF=

cäçï= ÅóíçãÉíêó= áë= ~= ê~éáÇ= íÉÅÜåáèìÉ= Ñçê= ÅçìåíáåÖI= Éñ~ãáåáåÖ= ~åÇ=
ëçêíáåÖ=ÅÉääë=ëìëéÉåÇÉÇ=áå=~=ëíêÉ~ã=çÑ=ÑäìáÇK=fí=~ääçïëI=~ÑíÉê=ëí~áåáåÖ=ïáíÜ=
ÑäìçêÉëÅÉåí=~åíáÄçÇáÉë=çê=ÇóÉëI= ëáãìäí~åÉçìë=ãìäíáé~ê~ãÉíêáÅ=~å~äóëáë=çÑ=
ÅÜ~ê~ÅíÉêáëíáÅë=çÑ=ëáåÖäÉ=ÅÉääë=ÑäçïáåÖ=íÜêçìÖÜ=~å=çéíáÅ~ä=~åÇLçê=ÉäÉÅíêçåáÅ=



PU=

ÇÉíÉÅíáçå=~éé~ê~íìëK=qÜÉ=äáãáí~íáçåë=çÑ=Ñäçï=ÅóíçãÉíêó=ÇÉéÉåÇ=çå=ä~Åâ=çÑ=
Åçåíêçä= ÅÉääë= ~åÇ= íÜÉ= èì~äáíó= çÑ= ~åíáÄçÇáÉë= ~Ö~áåëí= íÜÉ= í~êÖÉíëK= få=jp`=
êÉëÉ~êÅÜ= ~åçíÜÉê= Çáë~Çî~åí~ÖÉ= áë= íÜ~í= íÜÉ= ÅÉääë= Ü~îÉ= íç= ÄÉ= íêóéëáåáòÉÇ=
ÄÉÑçêÉ= ~å~äóëáëK= qÜáë= ãáÖÜí= ÅäÉ~îÉ= ãçäÉÅìäÉë= çÑ= áåíÉêÉëí= ~åÇ= ÅÜ~åÖÉ=
ÑÉ~íìêÉë=çÑ=íÜÉ=ÅÉääK=

=

oqJm`o=Eé~éÉê=fsF=

qç= ~ääçï= ~å~äóëáë= çÑ= ÖÉåÉ= íê~åëÅêáéíáçåI= ãok^= äÉîÉäë= Ü~îÉ= íç= ÄÉ=
ÇÉíÉêãáåÉÇK=páåÅÉ=êÉÖìä~ê=m`o=áë=Ä~ëÉÇ=çå=~ãéäáÑáÅ~íáçå=çÑ=ak^=~åÇ=åçí=
ok^I=íÜÉ=ok^=Ü~ë=íç=ÄÉ=ÅçåîÉêíÉÇ=íç=ÅçãéäÉãÉåí~êó=ak^K==qÜáë=éêçÅÉëë=
áë=Å~ääÉÇ=RêÉîÉêëÉ=íê~åëÅêáéíáçåÒ=EoqF=~åÇ=áë=Ä~ëÉÇ=çå=ìë~ÖÉ=çÑ=íÜÉ=ÉåòóãÉ=
êÉîÉêëÉ=íê~åëÅêáéí~ëÉI=ïÜáÅÜ=éêçÇìÅÉë=~=ëíê~åÇ=ÅçãéäÉãÉåí~êó=ak^=ïáíÜ=
ãok^= ~ë= íÉãéä~íÉK= få= íÜáë= íÜÉëáëI= oqJm`o=ï~ë= ìëÉÇ= íç= áåîÉëíáÖ~íÉ= ÖÉåÉ=
ÉñéêÉëëáçå= äÉîÉäë= çÑ= éêçíÉáåë= áãéçêí~åí= Ñçê= êÉÖìä~íáçå= çÑ= áããìåÉ=
êÉëéçåëÉëK= oqJm`o= Ü~ë= íÜÉ= ë~ãÉ= Çê~ïÄ~Åâë= ~ë= m`o= áå= ÖÉåÉê~äK= _ó=
ÅçêêÉä~íáåÖ=ãok^= äÉîÉäë= Ñçê= É~ÅÜ= ÖÉåÉ= íç= áíëÉäÑ= ~í= ÇáÑÑÉêÉåí= íáãÉ= éçáåíëI=
áåëíÉ~Ç= çÑ= ìëáåÖ= ~ÄëçäìíÉ= íê~åëÅêáéí= åìãÄÉêëI= éçëëáÄäÉ= ~äíÉê~íáçåë= áå=
ÉÑÑÉÅíáîÉåÉëë=áå=oq=ïÉêÉ=ÇáãáåáëÜÉÇK==
 

=
Immunological methods  

kìãÉêçìë=ãÉíÜçÇë= áå=ãçÇÉêå=êÉëÉ~êÅÜ=~êÉ=Ä~ëÉÇ=çå= áããìåçäçÖáÅ~ä=
êÉ~ÅíáçåëK=eçïÉîÉêI=íÜáë=ëÉÅíáçå=ÅçåÅÉêåë=ãÉíÜçÇë=íç=ëíìÇó=áããìåçäçÖáÅ~ä=
éÜÉåçãÉå~I=ÉKÖK=áããìåÉ=ÅÉääë=~åÇ=~åíáÄçÇáÉëK=
=
=
ióãéÜçÅóíÉ=éêçäáÑÉê~íáçå=~ëë~óë=Eé~éÉê=fI=ff=~åÇ=fsF=

qÜÉ= äóãéÜçÅóíÉ= éêçäáÑÉê~íáçå= ~ëë~óë= ~êÉ= Ä~ëÉÇ= çå= íÜÉ= jioI= ïÜáÅÜ=
éêáã~êáäó=ï~ë=ÇÉëáÖåÉÇ=íç=ÇÉíÉÅí=ei^=ÇáëÅêÉé~åÅó=~åÇ=áë=ÅçêêÉä~íÉÇ=íç=íÜÉ=
êáëâ= çÑ= êÉàÉÅíáçå= áå= íê~åëéä~åí~íáçåPNTK= ióãéÜçÅóíÉ= éêçäáÑÉê~íáçå= áë=
ÇÉíÉêãáåÉÇ=Äó=áåÅçêéçê~íáçå=çÑ=PeJíÜóãáÇáåÉ=~åÇ=Å~å=~äëç=ÄÉ=~ëëÉëëÉÇ=Äó=
ÇÉÅäáåáåÖ= `cpb= ÑäìçêÉëÅÉåÅÉ= áå= Ñäçï= ÅóíçãÉíêáÅ= ~ëë~óë= EëÉÉ= ÊÑäçï=
ÅóíçãÉíêóÂ= áå= éêÉîáçìë= ëÉÅíáçåFK= få= íÜáë= íÜÉëáë= ÄçíÜ= ãÉíÜçÇë= Ü~îÉ= ÄÉÉå=
ìëÉÇK= oÉëéçåÇÉê= äóãéÜçÅóíÉë= ïÉêÉ= ÉáíÜÉê= ëíáãìä~íÉÇ= ïáíÜ= m_iI=jp`= çê=
áåÑÉÅíáçìë=~ÖÉåíëK=ióãéÜçÅóíÉ=éêçäáÑÉê~íáçå=áå=êÉëéçåëÉ=íç=ÉñíÉêå~ä=ëíáãìäá=
áë= ~= ÅçãéäÉñ= éêçÅÉëë= íÜ~í= áë= êÉÖìä~íÉÇ= çå= ëÉîÉê~ä= äÉîÉäëK=eçïÉîÉêI= áí= áë= ~=
ïÉääJìëÉÇ= ãÉíÜçÇ= Ñçê= Éëíáã~íáçå= çÑ= äóãéÜçÅóíÉ= ~Åíáîáíó= áå= êÉëéçåëÉ= íç=
ÇáÑÑÉêÉåí=ëíáãìäáK=
=
=



=

= = PV=

bifp^=Eé~éÉê=ffF=

qÜÉ= bifp^= ìëÉë= ~åíáÄçÇáÉë= ïáíÜ= ëéÉÅáÑáÅáíó= Ñçê= ~= é~êíáÅìä~ê= ~åíáÖÉåK=
p~ãéäÉ=ïáíÜ=~å=ìåâåçïå=~ãçìåí=çÑ=~åíáÖÉå=áë=~ÄëçêÄÉÇ=íç=~=ãáÅêçJïÉää=çê=
Å~éíìêÉÇ= Äó= ~åçíÜÉê= ~åíáÄçÇó= ëéÉÅáÑáÅ= íç= íÜÉ= ë~ãÉ= ~åíáÖÉåK= ^ÑíÉê= íÜÉ=
~åíáÖÉå=áë=~ÇÇÉÇI=íÜÉ=ÇÉíÉÅíáçå=~åíáÄçÇó=áë=~ÇÇÉÇI=ÑçêãáåÖ=~=ÅçãéäÉñ=ïáíÜ=
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Figure 4 – Flow cytometric cross match. To evaluate possible development 
of antibodies against donor MSC, patient serum from different time points after 
MSC therapy was incubated with the cells. Fluorescinated anti-human IgG and 
IgM antibodies were used to detect, in a flow cytometer (FACS), any antibodies 
binding the MSC. A shift in mean fluorescent intensity (MFI) more than 20 
channels was regarded as a positive reaction. =
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Results and discussion 
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Figure 5 – Specificity determination of antibodies binding MSC. Some 
patient sera had antibodies that bound the MSC. These antibodies were not 
reactive to lymphocytes (PBL) and were not specific to HLA, as investigated by 
Flow-PRA. Nor were the antibodies directed to erythrocytes, since absorption 
did not change the outcome. However, the specificity of the antibodies were 
fetal calf serum (FCS), since absorption and using MSC generated in AB 
plasma turned the flow cytometric cross match (FCXM) negative. 
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Conclusions 

=
• jp`= ~êÉ= ëìëÅÉéíáÄäÉ= íç= íÜÉ= Üìã~å= ÜÉêéÉëîáêìëÉë=eps= ~åÇ= `jsI=
Äìí=åçí=b_sK=qÜÉëÉ=îáêìëÉë=~êÉ=åçí=êÉÖìä~êäó=Å~êêáÉÇ=Äó=jp`K=jp`=
ëìééçêí=éêçÇìÅíáîÉ=áåÑÉÅíáçå=çÑ=eps=~åÇ=`jsK=

=
• jp`= ~êÉ= ëìëÅÉéíáÄäÉ= íç= _NVK=lÅÅ~ëáçå~ääóI=jp`= Å~êêáÉë= íÜáë= îáêìëK=
_NV= Å~å= ÄÉ= é~ëëÉÇ= Ñêçã=jp`= íç= ÄçåÉ=ã~êêçï= ÅÉääë= áå= îáíêçK= içï=
ÇçëÉë= çÑ= _NV= áå= jp`= íê~åëéä~åí= ãáÖÜí= åçí= ÇÉîÉäçé= áåíç= ÅäáåáÅ~ä=
áåÑÉÅíáçå= çê= îáêÉãá~= áå= éêçÑçìåÇäó= áããìåçáåÅçãéÉíÉåí= áåÇáJ
îáÇì~äëK=

=
• jp`= áå= íÜÉ= ÄçåÉ= ã~êêçï= ëíêçã~= ã~ó= ÅçåëíáíìíÉ= ~= êÉëÉêîçáê= Ñçê=
éÉêëáëíÉåí=çê=ä~íÉåí=îáêìëÉëK=

=
• jp`= Å~å= áåÜáÄáí= äóãéÜçÅóíÉ= éêçäáÑÉê~íáçå= ~ë= ~= êÉëéçåëÉ= íç= îáê~äI=
ÑìåÖ~ä=~åÇ=Ä~ÅíÉêá~ä=~ÖÉåíë=áå=~=ÇçëÉJÇÉéÉåÇ~åí=ã~ååÉêI=ëáãáä~ê=íç=
ïÜ~í=áë=ëÉÉå=Ñçê=~ääçêÉëéçåëÉëK==

=
• jp`=Çç=åçí=ÉñéêÉëë=íÜÉ=^_MJÜáëíç=ÄäççÇ=Öêçìé=~åíáÖÉåëI=âåçïå=~ë=
éçíÉåí=~ääç~åíáÖÉåëK=

=
• ei^Jãáëã~íÅÜÉÇ= jp`= áåÑìëáçåë= Çç= åçí= áåÇìÅÉ= éêçÇìÅíáçå= çÑ=
~ääç~åíáÄçÇáÉëK=

=
• jp`=ã~ó=ÄáåÇ=~åíáÄçÇáÉë=ÇáêÉÅíÉÇ=íç=c`pI=áÑ=ÖÉåÉê~íÉÇ=áå=ãÉÇáìã=
ëìééäÉãÉåíÉÇ= ïáíÜ= íÜ~í= ÅçãéçåÉåíK= qÜÉëÉ= ~åíáÄçÇáÉë= ã~ó= ÄÉ=
áåëáÖåáÑáÅ~åíI=~ë=íÜÉó=~êÉ=ÑçìåÇ=áå=ã~åó=áåÇáîáÇì~äëK==

=
• m~íáÉåíë= êÉÅÉáîáåÖ= jp`= áåÑìëáçåë= Çç= åçí= êÉëéçåÇ= ïáíÜ= ~ääçJ
ëÉåëáíáò~íáçå=íç=Ççåçê=~åíáÖÉåëK=

=
• jp`=~êÉ=ïÉ~âäó= áããìåçÖÉåáÅ= áå= îáíêçI= Äìí=Çç=åÉáíÜÉê= ÖáîÉ= êáëÉ= íç=
ëÉÅçåÇ~êó= äóãéÜçÅóíÉ= éêçäáÑÉê~íáçå= âáåÉíáÅë= åçê= áåÇìÅíáçå= çÑ=
ãÉãçêó=ÅÉääëK====
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äáåâÉÇ=äóãéÜçéÉåáÅ=áããìåçäçÖáÅ~ä=ÇÉÑáÅáÉåÅóK=i~åÅÉíK=NVSUXOWNPSSJNPSVK=

NVK= j~íÜÉ=dI=^ãáÉä= giI= pÅÜï~êòÉåÄÉêÖ=iI= Éí= ~äK=e~Éã~íçéçáÉíáÅ=`ÜáãÉê~= áå=j~å=
~ÑíÉê=^ääçÖÉåáÅ= EeçãçäçÖçìëF=_çåÉJj~êêçï=qê~åëéä~åí~íáçåK= E`çåíêçä=çÑ= íÜÉ=
pÉÅçåÇ~êó= póåÇêçãÉK= péÉÅáÑáÅ= qçäÉê~åÅÉ= aìÉ= íç= íÜÉ= `ÜáãÉêáëãFK= _êáíáëÜ=
ãÉÇáÅ~ä=àçìêå~äK=NVSPXOWNSPPJNSPRK=

OMK= oçÄáåë= jjI= kçóÉë= taK= ^éä~ëíáÅ= ~åÉãá~= íêÉ~íÉÇ= ïáíÜ= ÄçåÉJã~êêçï=
íê~åëÑìëáìçå= Ñêçã= ~å= áÇÉåíáÅ~ä= íïáåK= qÜÉ= kÉï= båÖä~åÇ= àçìêå~ä= çÑ= ãÉÇáÅáåÉK=
NVSNXOSRWVTQJVTVK=

ONK= a~ìëëÉí=gK=xfëçJäÉìâçJ~åíáÄçÇáÉëKzK=^Åí~=Ü~Éã~íçäçÖáÅ~K=NVRUXOMWNRSJNSSK=

OOK= píçêÄ= oI= qÜçã~ë= baI= _ìÅâåÉê= `aI= Éí= ~äK= ^ääçÖÉåÉáÅ= ã~êêçï= Öê~ÑíáåÖ= Ñçê=
íêÉ~íãÉåí=çÑ=~éä~ëíáÅ=~åÉãá~K=_äççÇK=NVTQXQPWNRTJNUMK=

OPK= häÉáå=gI=p~íç=^K=qÜÉ=ei^=ëóëíÉãK=cáêëí=çÑ=íïç=é~êíëK=qÜÉ=kÉï=båÖä~åÇ=àçìêå~ä=çÑ=
ãÉÇáÅáåÉK=OMMMXPQPWTMOJTMVK=

OQK= j~êíáå= mgI= dççäÉó= qI= ^å~ëÉííá= `I= Éí= ~äK=ei^ë= ~åÇ= êáëâ= çÑ= ~ÅìíÉ= Öê~ÑíJîëKJÜçëí=
ÇáëÉ~ëÉ=~ÑíÉê=ã~êêçï=íê~åëéä~åí~íáçå=Ñêçã=~å=ei^JáÇÉåíáÅ~ä=ëáÄäáåÖK=_áçä=_äççÇ=
j~êêçï=qê~åëéä~åíK=NVVUXQWNOUJNPPK=

ORK= mÉíÉêëÇçêÑ=btI=e~åëÉå=g^I=j~êíáå=mgI=Éí=~äK=j~àçêJÜáëíçÅçãé~íáÄáäáíóJÅçãéäÉñ=
Åä~ëë= f= ~ääÉäÉë= ~åÇ= ~åíáÖÉåë= áå= ÜÉã~íçéçáÉíáÅJÅÉää= íê~åëéä~åí~íáçåK= qÜÉ= kÉï=
båÖä~åÇ=àçìêå~ä=çÑ=ãÉÇáÅáåÉK=OMMNXPQRWNTVQJNUMMK=

OSK= oáåÖÇÉå=lI=aÉÉÖ=gK=`äáåáÅ~ä=ëéÉÅíêìã=çÑ=Öê~ÑíJîÉêëìëJÜçëí=ÇáëÉ~ëÉK=fåW=_ìê~âçÑÑ=
pI=ÉÇK=dê~ÑíJîëKJeçëí=aáëÉ~ëÉK=kÉï=vçêâW=j~êÅÉä=aÉââÉê=fåÅKX=NVVSWRORJRSMK=

OTK= `~îÉí= gI=jáÇÇäÉíçå=mdI= pÉÖ~ää=jI= Éí= ~äK=oÉÅáéáÉåí= íìãçê=åÉÅêçëáë= Ñ~ÅíçêJ~äéÜ~=
~åÇ=áåíÉêäÉìâáåJNM=ÖÉåÉ=éçäóãçêéÜáëãë=~ëëçÅá~íÉ=ïáíÜ=É~êäó=ãçêí~äáíó=~åÇ=~ÅìíÉ=
Öê~ÑíJîÉêëìëJÜçëí= ÇáëÉ~ëÉ= ëÉîÉêáíó= áå= ei^Jã~íÅÜÉÇ= ëáÄäáåÖ= ÄçåÉ= ã~êêçï=
íê~åëéä~åíëK=_äççÇK=NVVVXVQWPVQNJPVQSK=

OUK= aáÅâáåëçå=^jI=`~îÉí=gI=`ìääìé=eI=Éí=~äK=dîea=êáëâ=~ëëÉëëãÉåí=áå=ÜÉã~íçéçáÉíáÅ=
ëíÉã=ÅÉää=íê~åëéä~åí~íáçåW=êçäÉ=çÑ=ÅóíçâáåÉ=ÖÉåÉ=éçäóãçêéÜáëãë=~åÇ=~å=áå=îáíêç=
Üìã~å=ëâáå=Éñéä~åí=ãçÇÉäK=eìã~å=áããìåçäçÖóK=OMMNXSOWNOSSJNOTSK=

OVK= d~ÖåÉ=hI=_êáò~êÇ=dI=dìÉÖäáç=_I=Éí=~äK=oÉäÉî~åÅÉ=çÑ=hfo=ÖÉåÉ=éçäóãçêéÜáëãë=áå=
ÄçåÉ=ã~êêçï=íê~åëéä~åí~íáçå=çìíÅçãÉK=eìã~å=áããìåçäçÖóK=OMMOXSPWOTNJOUMK=

PMK= dáÉÄÉä= pI= içÅ~íÉääá= cI= i~ãé~êÉääá= qI= Éí= ~äK= pìêîáî~ä= ~Çî~åí~ÖÉ= ïáíÜ= hfo= äáÖ~åÇ=
áåÅçãé~íáÄáäáíó= áå= ÜÉã~íçéçáÉíáÅ= ëíÉã= ÅÉää= íê~åëéä~åí~íáçå= Ñêçã= ìåêÉä~íÉÇ=
ÇçåçêëK=_äççÇK=OMMPXNMOWUNQJUNVK=

PNK= iáå= jqI= píçêÉê= _I= j~êíáå= mgI= Éí= ~äK= oÉä~íáçå= çÑ= ~å= áåíÉêäÉìâáåJNM= éêçãçíÉê=
éçäóãçêéÜáëã=íç=Öê~ÑíJîÉêëìëJÜçëí=ÇáëÉ~ëÉ=~åÇ=ëìêîáî~ä=~ÑíÉê=ÜÉã~íçéçáÉíáÅJÅÉää=
íê~åëéä~åí~íáçåK=qÜÉ=kÉï=båÖä~åÇ=àçìêå~ä=çÑ=ãÉÇáÅáåÉK=OMMPXPQVWOOMNJOONMK=

POK= jáÇÇäÉíçå= mdI= q~óäçê= moI= g~Åâëçå= dI= Éí= ~äK= `óíçâáåÉ= ÖÉåÉ= éçäóãçêéÜáëãë=
~ëëçÅá~íáåÖ=ïáíÜ=ëÉîÉêÉ=~ÅìíÉ=Öê~ÑíJîÉêëìëJÜçëí=ÇáëÉ~ëÉ= áå=ei^JáÇÉåíáÅ~ä= ëáÄäáåÖ=
íê~åëéä~åíëK=_äççÇK=NVVUXVOWPVQPJPVQUK=



RO=

PPK= dçìäãó= bK= eìã~å= ãáåçê= ÜáëíçÅçãé~íáÄáäáíó= ~åíáÖÉåëK= `ìêêÉåí= çéáåáçå= áå=
áããìåçäçÖóK=NVVSXUWTRJUNK=

PQK= dçìäãó= bK= jáåçê= ÜáëíçÅçãé~íáÄáäáíó= ~åíáÖÉåëW= Ñêçã= q= ÅÉää= êÉÅçÖåáíáçå= íç=
éÉéíáÇÉ=áÇÉåíáÑáÅ~íáçåK=eìã~å=áããìåçäçÖóK=NVVTXRQWUJNQK=

PRK= t~åÖ= tI= jÉ~Ççïë= ioI= ÇÉå= e~~å= gjI= Éí= ~äK= eìã~å= eJvW= ~= ã~äÉJëéÉÅáÑáÅ=
ÜáëíçÅçãé~íáÄáäáíó=~åíáÖÉå=ÇÉêáîÉÇ=Ñêçã=íÜÉ=pj`v=éêçíÉáåK=pÅáÉåÅÉ=EkÉï=vçêâI=
kKvK=NVVRXOSVWNRUUJNRVMK=

PSK= píìëëá=dI=e~äíÉê= gI= pÅÜ~åò=rI= Éí= ~äK=^_lJÜáëíç=ÄäççÇ=Öêçìé= áåÅçãé~íáÄáäáíó= áå=
ÜÉã~íçéçáÉíáÅ= ëíÉã= ÅÉää= ~åÇ= ëçäáÇ= çêÖ~å= íê~åëéä~åí~íáçåK= qê~åëÑìë= ^éÜÉê= pÅáK=
OMMSXPRWRVJSVK=

PTK= _çêíáå=jjI=eçêçïáíò=jjI=oáãã=^^K=fåÅêÉ~ëáåÖ=ìíáäáò~íáçå=çÑ=~ääçÖÉåÉáÅ=ÄçåÉ=
ã~êêçï= íê~åëéä~åí~íáçåK= oÉëìäíë= çÑ= íÜÉ= NVUUJNVVM= ëìêîÉóK= ^åå= fåíÉêå= jÉÇK=
NVVOXNNSWRMRJRNOK=

PUK= péÉÅâ=_I=wï~~å=cbI=î~å=oççÇ=ggI=Éí=~äK=^ääçÖÉåÉáÅ=ÄçåÉ=ã~êêçï=íê~åëéä~åí~íáçå=
áå= ~= é~íáÉåí= ïáíÜ= ~éä~ëíáÅ= ~åÉãá~= ìëáåÖ= ~= éÜÉåçíóéáÅ~ääó= eiJ^JáÇÉåíáÑÅ~ä=
ìåêÉä~íÉÇ=ÇçåçêK=qê~åëéä~åí~íáçåK=NVTPXNSWOQJOUK=

PVK= `çåÑÉê=aiK=råêÉä~íÉÇ=ã~êêçï=Ççåçê=êÉÖáëíêáÉëK=`ìêêÉåí=çéáåáçå=áå=ÜÉã~íçäçÖóK=
NVVTXQWQMUJQNOK=

QMK= ^å~ëÉííá=`I=mÉíÉêëÇçêÑ=btI=j~êíáå=mgI= Éí= ~äK=qê~åëéä~åí~íáçå=çÑ=ÜÉã~íçéçáÉíáÅ=
ëíÉã= ÅÉääë= Ñêçã= ìåêÉä~íÉÇ= îçäìåíÉÉê= ÇçåçêëK= qê~åëéä~åí~íáçå= éêçÅÉÉÇáåÖëK=
OMMMXPOWNRPVJNRQMK=

QNK= qÜçã~ë=bI=píçêÄ=oI=`äáÑí=o^I=Éí=~äK=_çåÉJã~êêçï=íê~åëéä~åí~íáçå=EÑáêëí=çÑ= íïç=
é~êíëFK=qÜÉ=kÉï=båÖä~åÇ=àçìêå~ä=çÑ=ãÉÇáÅáåÉK=NVTRXOVOWUPOJUQPK=

QOK= _~êê=oaI=jÅ_êáÇÉ=g^K=e~ÉãçéçáÉíáÅ=ÉåÖê~ÑíãÉåí=ïáíÜ=éÉêáéÜÉê~ä=ÄäççÇ=ÅÉääë=áå=
íÜÉ=íêÉ~íãÉåí=çÑ=ã~äáÖå~åí=ÇáëÉ~ëÉK=_êáíáëÜ=àçìêå~ä=çÑ=Ü~Éã~íçäçÖóK=NVUOXRNWNUNJ
NUTK=

QPK= _ÉåëáåÖÉê= tfI= _ìÅâåÉê= `aI= pÜ~ååçåJaçêÅó= hI= Éí= ~äK= qê~åëéä~åí~íáçå= çÑ=
~ääçÖÉåÉáÅ= `aPQH= éÉêáéÜÉê~ä= ÄäççÇ= ëíÉã= ÅÉääë= áå= é~íáÉåíë= ïáíÜ= ~Çî~åÅÉÇ=
ÜÉã~íçäçÖáÅ=ã~äáÖå~åÅóK=_äççÇK=NVVSXUUWQNPOJQNPUK=

QQK= _ÉåëáåÖÉê=tfI=tÉ~îÉê=`eI=^ééÉäÄ~ìã=coI=Éí=~äK=qê~åëéä~åí~íáçå=çÑ=~ääçÖÉåÉáÅ=
éÉêáéÜÉê~ä= ÄäççÇ= ëíÉã= ÅÉääë= ãçÄáäáòÉÇ= Äó= êÉÅçãÄáå~åí= Üìã~å= Öê~åìäçÅóíÉ=
ÅçäçåóJëíáãìä~íáåÖ=Ñ~ÅíçêK=_äççÇK=NVVRXURWNSRRJNSRUK=

QRK= gÉãáçåÉâ= gcI=jçåêçó=oiI=j~ÅsáííáÉ=qgI= Éí= ~äK=_çåÉ=ã~êêçï= êÉÅçåëíáíìíáçå=çÑ=
äÉíÜ~ääó=áêê~Çá~íÉÇ=Å~åáåÉë=ìëáåÖ=~ìíçäçÖçìë=ÄçåÉ=ã~êêçï=Ñê~Åíáçåë=çÄí~áåÉÇ=Äó=
ÅçìåíÉêÑäçï= ÅÉåíêáÑìÖ~íáçåJÉäìíêá~íáçåK= _êáíáëÜ= àçìêå~ä= çÑ= Ü~Éã~íçäçÖóK=
NVUOXRNWRURJRVQK=

QSK= aêÉÖÉê= mI= pìííçêé= jI= e~ÑÉêä~ÅÜ= qI= Éí= ~äK= ^ääçÖÉåÉáÅ= Öê~åìäçÅóíÉ= ÅçäçåóJ
ëíáãìä~íáåÖ=Ñ~ÅíçêJãçÄáäáòÉÇ=éÉêáéÜÉê~ä=ÄäççÇ=éêçÖÉåáíçê=ÅÉääë=Ñçê=íêÉ~íãÉåí=çÑ=
ÉåÖê~ÑíãÉåí= Ñ~áäìêÉ= ~ÑíÉê= ÄçåÉ= ã~êêçï= íê~åëéä~åí~íáçåK= _äççÇK= NVVPXUNWNQMQJ
NQMTK=

QTK= däìÅâã~å=bI=_êçñãÉóÉê=e^I=^ìÉêÄ~ÅÜ=^aI=Éí=~äK=eÉã~íçéçáÉíáÅ=êÉÅçåëíáíìíáçå=
áå=~=é~íáÉåí=ïáíÜ=c~åÅçåáDë=~åÉãá~=Äó=ãÉ~åë=çÑ=ìãÄáäáÅ~äJÅçêÇ=ÄäççÇ=Ñêçã=~å=
ei^JáÇÉåíáÅ~ä= ëáÄäáåÖK=qÜÉ=kÉï=båÖä~åÇ= àçìêå~ä= çÑ=ãÉÇáÅáåÉK= NVUVXPONWNNTQJ
NNTUK=



=

= = RP=

QUK= t~ÖåÉê=gbI=oçëÉåíÜ~ä=gI=pïÉÉíã~å=oI=Éí=~äK=pìÅÅÉëëÑìä=íê~åëéä~åí~íáçå=çÑ=ei^J
ã~íÅÜÉÇ= ~åÇ=ei^Jãáëã~íÅÜÉÇ= ìãÄáäáÅ~ä= ÅçêÇ= ÄäççÇ= Ñêçã=ìåêÉä~íÉÇ= ÇçåçêëW=
~å~äóëáë=çÑ=ÉåÖê~ÑíãÉåí=~åÇ=~ÅìíÉ=Öê~ÑíJîÉêëìëJÜçëí=ÇáëÉ~ëÉK=_äççÇK=NVVSXUUWTVRJ
UMOK=

QVK= _êìåëíÉáå=`dI= pÉíìÄ~ä=a`I=t~ÖåÉê= gbK= bñé~åÇáåÖ= íÜÉ= êçäÉ= çÑ= ìãÄáäáÅ~ä= ÅçêÇ=
ÄäççÇ=íê~åëéä~åí~íáçåK=_êáíáëÜ=àçìêå~ä=çÑ=Ü~Éã~íçäçÖóK=OMMTXNPTWOMJPRK=

RMK= o~ç=ppI=mÉíÉêë=plI=`êáííÉåÇÉå=o_I=Éí=~äK=píÉã=ÅÉää=íê~åëéä~åí~íáçå=áå=íÜÉ=åçêã~ä=
åçåãóÉäç~Ää~íÉÇ= ÜçëíW= êÉä~íáçåëÜáé= ÄÉíïÉÉå= ÅÉää= ÇçëÉI= ëÅÜÉÇìäÉI= ~åÇ=
ÉåÖê~ÑíãÉåíK=bñéÉêáãÉåí~ä=ÜÉã~íçäçÖóK=NVVTXORWNNQJNONK=

RNK= qÜçã~ë=baI=píçêÄ=oI=`äáÑí=o^I=Éí=~äK=_çåÉJã~êêçï=íê~åëéä~åí~íáçå=EëÉÅçåÇ=çÑ=
íïç=é~êíëFK=qÜÉ=kÉï=båÖä~åÇ=àçìêå~ä=çÑ=ãÉÇáÅáåÉK=NVTRXOVOWUVRJVMOK=

ROK= oáåÖÇÉå= lI= oììíì= qI= oÉãÄÉêÖÉê= jI= Éí= ~äK= ^= ê~åÇçãáòÉÇ= íêá~ä= Åçãé~êáåÖ=
ÄìëìäÑ~å= ïáíÜ= íçí~ä= ÄçÇó= áêê~Çá~íáçå= ~ë= ÅçåÇáíáçåáåÖ= áå= ~ääçÖÉåÉáÅ= ã~êêçï=
íê~åëéä~åí= êÉÅáéáÉåíë= ïáíÜ= äÉìâÉãá~W= ~= êÉéçêí= Ñêçã= íÜÉ= kçêÇáÅ= _çåÉ=j~êêçï=
qê~åëéä~åí~íáçå=dêçìéK=_äççÇK=NVVQXUPWOTOPJOTPMK=

RPK= p~åíçë=dtI=qìíëÅÜâ~=mgI=_êççâãÉóÉê=oI=Éí=~äK=j~êêçï=íê~åëéä~åí~íáçå=Ñçê=~ÅìíÉ=
åçåäóãéÜçÅóíáÅ= äÉìâÉãá~= ~ÑíÉê= íêÉ~íãÉåí= ïáíÜ= ÄìëìäÑ~å= ~åÇ=
ÅóÅäçéÜçëéÜ~ãáÇÉK=qÜÉ=kÉï=båÖä~åÇ=àçìêå~ä=çÑ=ãÉÇáÅáåÉK=NVUPXPMVWNPQTJNPRPK=

RQK= qìíëÅÜâ~=mgI=`çéÉä~å=b^I=häÉáå=gmK=_çåÉ=ã~êêçï=íê~åëéä~åí~íáçå=Ñçê=äÉìâÉãá~=
ÑçääçïáåÖ=~=åÉï=ÄìëìäÑ~å=~åÇ=ÅóÅäçéÜçëéÜ~ãáÇÉ=êÉÖáãÉåK=_äççÇK=NVUTXTMWNPUOJ
NPUUK=

RRK= `~êÉää~= ^jI= dáê~äí= pI= pä~îáå= pK= içï= áåíÉåëáíó= êÉÖáãÉåë= ïáíÜ= ~ääçÖÉåÉáÅ=
ÜÉã~íçéçáÉíáÅ=ëíÉã=ÅÉää=íê~åëéä~åí~íáçå=~ë=íêÉ~íãÉåí=çÑ=ÜÉã~íçäçÖáÅ=åÉçéä~ëá~K=
e~Éã~íçäçÖáÅ~K=OMMMXURWPMQJPNPK=

RSK= q~î~ëëçäá= jI= jáåÖìÉää= ggK= eçãáåÖ= çÑ= ÜÉãçéçáÉíáÅ= éêçÖÉåáíçê= ÅÉääë= íç= íÜÉ=
ã~êêçïK= mêçÅÉÉÇáåÖë= çÑ= íÜÉ= pçÅáÉíó= Ñçê= bñéÉêáãÉåí~ä= _áçäçÖó= ~åÇ=jÉÇáÅáåÉK=
pçÅáÉíó=Ñçê=bñéÉêáãÉåí~ä=_áçäçÖó=~åÇ=jÉÇáÅáåÉ=EkÉï=vçêâI=kKvK=NVVNXNVSWPSTJ
PTPK=

RTK= ^ÄçJwÉå~=o^I=eçêïáíò=jbK= fããìåçãçÇìä~íáçå= áå=ëíÉãJÅÉää= íê~åëéä~åí~íáçåK=
`ìêêÉåí=çéáåáçå=áå=éÜ~êã~ÅçäçÖóK=OMMOXOWQROJQRTK=

RUK= c~áêÄ~åâë= iaI= oìÅâÉã~åå= hI= náì= vI= Éí= ~äK= jÉíÜçíêÉñ~íÉ= áåÜáÄáíë= íÜÉ= Ñáêëí=
ÅçããáííÉÇ= ëíÉé= çÑ= éìêáåÉ= ÄáçëóåíÜÉëáë= áå= ãáíçÖÉåJëíáãìä~íÉÇ= Üìã~å= qJ
äóãéÜçÅóíÉëW= ~= ãÉí~ÄçäáÅ= Ä~ëáë= Ñçê= ÉÑÑáÅ~Åó= áå= êÜÉìã~íçáÇ= ~êíÜêáíáë\= qÜÉ=
_áçÅÜÉãáÅ~ä=àçìêå~äK=NVVVXPQO=E=mí=NFWNQPJNROK=

RVK= oáåÖÇÉå=lI=eçêçïáíò=jjI=pçåÇÉä=mI=Éí=~äK=jÉíÜçíêÉñ~íÉI=ÅóÅäçëéçêáåÉI=çê=ÄçíÜ=
íç= éêÉîÉåí= Öê~ÑíJîÉêëìëJÜçëí= ÇáëÉ~ëÉ= ~ÑíÉê= ei^JáÇÉåíáÅ~ä= ëáÄäáåÖ= ÄçåÉ=ã~êêçï=
íê~åëéä~åíë=Ñçê=É~êäó=äÉìâÉãá~\=_äççÇK=NVVPXUNWNMVQJNNMNK=

SMK= píçêÄ= oI= aÉÉÖ= egI= mÉéÉ= jI= Éí= ~äK= jÉíÜçíêÉñ~íÉ= ~åÇ= ÅóÅäçëéçêáåÉ= îÉêëìë=
ÅóÅäçëéçêáåÉ=~äçåÉ=Ñçê=éêçéÜóä~ñáë=çÑ=Öê~ÑíJîÉêëìëJÜçëí=ÇáëÉ~ëÉ=áå=é~íáÉåíë=ÖáîÉå=
ei^JáÇÉåíáÅ~ä=ã~êêçï=Öê~Ñíë=Ñçê=äÉìâÉãá~W=äçåÖJíÉêã=ÑçääçïJìé=çÑ=~=ÅçåíêçääÉÇ=
íêá~äK=_äççÇK=NVUVXTPWNTOVJNTPQK=

SNK= `çìêáÉä=aI=`~åçë~=gI=båÖäÉê=eI=Éí=~äK=b~êäó=êÉ~Åíáî~íáçå=çÑ=ÅóíçãÉÖ~äçîáêìë=~åÇ=
ÜáÖÜ=êáëâ=çÑ=áåíÉêëíáíá~ä=éåÉìãçåáíáë= ÑçääçïáåÖ=qJÇÉéäÉíÉÇ=_jq=Ñçê=~Çìäíë=ïáíÜ=
ÜÉã~íçäçÖáÅ~ä=ã~äáÖå~åÅáÉëK=_çåÉ=ã~êêçï=íê~åëéä~åí~íáçåK=NVVSXNUWPQTJPRPK=



RQ=

SOK= dçäÇã~å=gjI=d~äÉ=omI=eçêçïáíò=jjI=Éí=~äK=_çåÉ=ã~êêçï=íê~åëéä~åí~íáçå=Ñçê=
ÅÜêçåáÅ= ãóÉäçÖÉåçìë= äÉìâÉãá~= áå= ÅÜêçåáÅ= éÜ~ëÉK= fåÅêÉ~ëÉÇ= êáëâ= Ñçê= êÉä~éëÉ=
~ëëçÅá~íÉÇ=ïáíÜ=qJÅÉää=ÇÉéäÉíáçåK=^åå=fåíÉêå=jÉÇK=NVUUXNMUWUMSJUNQK=

SPK= eç=sqI= pçáÑÑÉê=ogK=qÜÉ= Üáëíçêó= ~åÇ= ÑìíìêÉ= çÑ=qJÅÉää= ÇÉéäÉíáçå= ~ë= Öê~ÑíJîÉêëìëJ
Üçëí=ÇáëÉ~ëÉ=éêçéÜóä~ñáë=Ñçê=~ääçÖÉåÉáÅ=ÜÉã~íçéçáÉíáÅ=ëíÉã=ÅÉää=íê~åëéä~åí~íáçåK=
_äççÇK=OMMNXVUWPNVOJPOMQK=

SQK= pÜ~éáêç=opI=jÅ`ä~áå=hI= cêáòòÉê~=dI= Éí= ~äK= béëíÉáåJ_~êê= îáêìë= ~ëëçÅá~íÉÇ=_= ÅÉää=
äóãéÜçéêçäáÑÉê~íáîÉ= ÇáëçêÇÉêë= ÑçääçïáåÖ= ÄçåÉ=ã~êêçï= íê~åëéä~åí~íáçåK= _äççÇK=
NVUUXTNWNOPQJNOQPK=

SRK= `çÇ~= _^I=lDpìääáî~å= _I=açå~äÇëçå=dI= Éí= ~äK= `çãé~ê~íáîÉ= ÉÑÑáÅ~Åó= çÑ= é~íáÉåíJ
ÅçåíêçääÉÇ=~Çãáåáëíê~íáçå=çÑ=ãçêéÜáåÉI=ÜóÇêçãçêéÜçåÉI=çê= ëìÑÉåí~åáä= Ñçê= íÜÉ=
íêÉ~íãÉåí=çÑ=çê~ä=ãìÅçëáíáë=é~áå=ÑçääçïáåÖ=ÄçåÉ=ã~êêçï=íê~åëéä~åí~íáçåK=m~áåK=
NVVTXTOWPPPJPQSK=

SSK= aóâÉïáÅò= `^K= pìãã~êó= çÑ= íÜÉ= dìáÇÉäáåÉë= Ñçê= mêÉîÉåíáåÖ= lééçêíìåáëíáÅ=
fåÑÉÅíáçåë= ~ãçåÖ=eÉã~íçéçáÉíáÅ= píÉã=`Éää=qê~åëéä~åí=oÉÅáéáÉåíëK=`äáå= fåÑÉÅí=
aáëK=OMMNXPPWNPVJNQQK=

STK= tÉáëÇçêÑ= p^I= ióëåÉ= gI= táåÇ= aI= Éí= ~äK= mçëáíáîÉ= ÉÑÑÉÅí= çÑ= éêçéÜóä~ÅíáÅ= íçí~ä=
é~êÉåíÉê~ä= åìíêáíáçå= çå= äçåÖJíÉêã= çìíÅçãÉ= çÑ= ÄçåÉ=ã~êêçï= íê~åëéä~åí~íáçåK=
qê~åëéä~åí~íáçåK=NVUTXQPWUPPJUPUK=

SUK= ^åÇÉêëçå=aI= _áääáåÖÜ~ã=obI= i~ãéâáå= deI= Éí= ~äK= qÜÉ= ìëÉ= çÑ= ëâáå= Öê~ÑíáåÖ= íç=
ÇáëíáÖìáëÜ= ÄÉíïÉÉå= ãçåçòóÖçíáÅ= ~åÇ= ÇáòóÖçíáÅ= íïáåë= áå= Å~ííäÉK= eÉêÉÇáíóK=
NVRNXRWPTVJPVTK=

SVK= _~ÇÉê=mI=káÉíÜ~ããÉê=aI=táää~ëÅÜ=^I=Éí=~äK=eçï=~åÇ=ïÜÉå=ëÜçìäÇ=ïÉ=ãçåáíçê=
ÅÜáãÉêáëã= ~ÑíÉê= ~ääçÖÉåÉáÅ= ëíÉã= ÅÉää= íê~åëéä~åí~íáçå\= _çåÉ= ã~êêçï=
íê~åëéä~åí~íáçåK=OMMRXPRWNMTJNNVK=

TMK= _~êçå= cI= p~åÇã~áÉê= _jK= `ÜáãÉêáëã= ~åÇ= çìíÅçãÉë= ~ÑíÉê= ~ääçÖÉåÉáÅ=
ÜÉã~íçéçáÉíáÅ= ÅÉää= íê~åëéä~åí~íáçå= ÑçääçïáåÖ= åçåãóÉäç~Ää~íáîÉ= ÅçåÇáíáçåáåÖK=
iÉìâÉãá~K=OMMSXOMWNSVMJNTMMK=

TNK= i~ïäÉê=jK=mêçëéÉÅíáîÉ=ÅÜáãÉêáëã=~å~äóëáëI=íÜÉ=íáãÉ=áë=åçï=Äìí=Å~å=ïÉ=êÉëéçåÇ\=
iÉìâÉãá~K=OMMNXNRWNVVOJNVVQK=

TOK= mÉÖÖë= hpI= qÜçãëçå= hI= e~êí= amI= Éí= ~äK= açëÉJÉëÅ~ä~íÉÇ= Ççåçê= äóãéÜçÅóíÉ=
áåÑìëáçåë= ÑçääçïáåÖ=êÉÇìÅÉÇ= áåíÉåëáíó= íê~åëéä~åí~íáçåW= íçñáÅáíóI=ÅÜáãÉêáëãI=~åÇ=
ÇáëÉ~ëÉ=êÉëéçåëÉëK=_äççÇK=OMMQXNMPWNRQUJNRRSK=

TPK= eçÅÜÜ~ìë= ^K= ^= ÑìêíÜÉê= ãáäÉëíçåÉ= íçï~êÇë= ÅçãéêÉÜÉåëáîÉ= ëí~åÇ~êÇáò~íáçå= çÑ=
èì~åíáí~íáîÉ= oqJm`o= éêçíçÅçäë= Ñçê= äÉìâÉãáÅ= Ñìëáçå= ÖÉåÉ= íê~åëÅêáéíë= Ü~ë= ÄÉÉå=
êÉ~ÅÜÉÇK=iÉìâÉãá~K=OMMPXNTWOPUPJOPUQK=

TQK= ròìåÉä=jI=g~âëÅÜ=jI=j~ííëëçå=gI=Éí=~äK=jáåáã~ä=êÉëáÇì~ä=ÇáëÉ~ëÉ=ÇÉíÉÅíáçå=~ÑíÉê=
~ääçÖÉåÉáÅ=ëíÉã=ÅÉää=íê~åëéä~åí~íáçå=áë=ÅçêêÉä~íÉÇ=íç=êÉä~éëÉ=áå=é~íáÉåíë=ïáíÜ=~ÅìíÉ=
äóãéÜçÄä~ëíáÅ=äÉìâ~Éãá~K=_êáíáëÜ=àçìêå~ä=çÑ=Ü~Éã~íçäçÖóK=OMMPXNOOWTUUJTVQK=

TRK= î~å=açåÖÉå=ggI=i~åÖÉê~â=^tI=_êìÖÖÉã~åå=jI=Éí=~äK=aÉëáÖå=~åÇ=ëí~åÇ~êÇáò~íáçå=
çÑ=m`o=éêáãÉêë=~åÇ=éêçíçÅçäë= Ñçê=ÇÉíÉÅíáçå=çÑ=Åäçå~ä= áããìåçÖäçÄìäáå=~åÇ=qJ
ÅÉää=êÉÅÉéíçê=ÖÉåÉ=êÉÅçãÄáå~íáçåë=áå=ëìëéÉÅí=äóãéÜçéêçäáÑÉê~íáçåëW=êÉéçêí=çÑ=íÜÉ=
_fljbaJO= `çåÅÉêíÉÇ= ^Åíáçå= _jeQJ`qVUJPVPSK= iÉìâÉãá~K= OMMPXNTWOORTJ
OPNTK=

TSK= e~ëë~å=wI=oÉãÄÉêÖÉê=jI=pîÉåÄÉêÖ=mI=Éí=~äK=eÉãçêêÜ~ÖáÅ=ÅóëíáíáëW=~=êÉíêçëéÉÅíáîÉ=
ëáåÖäÉJÅÉåíÉê=ëìêîÉóK=`äáåáÅ~ä=íê~åëéä~åí~íáçåK=OMMTXONWSRVJSSTK=



=

= = RR=

TTK= pÉÄÉê= ^I= pÜì= ulI= aÉÑçê= qI= Éí= ~äK= oáëâ= Ñ~Åíçêë= Ñçê= ëÉîÉêÉ= ÜÉãçêêÜ~ÖáÅ= Åóëíáíáë=
ÑçääçïáåÖ=_jqK=_çåÉ=ã~êêçï=íê~åëéä~åí~íáçåK=NVVVXOPWPRJQMK=

TUK= v~åÖ= ``I= eìêÇ= aaI= `~ëÉ= iaI= Éí= ~äK= eÉãçêêÜ~ÖáÅ= Åóëíáíáë= áå= ÄçåÉ= ã~êêçï=
íê~åëéä~åí~íáçåK=rêçäçÖóK=NVVQXQQWPOOJPOUK=

TVK= _êìÖáÉêÉë= iI= e~êíã~åå= lI= qê~î~Öäá= gmI= Éí= ~äK= eÉãçêêÜ~ÖáÅ= Åóëíáíáë= ÑçääçïáåÖ=
ÜáÖÜJÇçëÉ= ÅÜÉãçíÜÉê~éó= ~åÇ= ÄçåÉ= ã~êêçï= íê~åëéä~åí~íáçå= áå= ÅÜáäÇêÉå= ïáíÜ=
ã~äáÖå~åÅáÉëW=áåÅáÇÉåÅÉI=ÅäáåáÅ~ä=ÅçìêëÉI=~åÇ=çìíÅçãÉK=g=`äáå=låÅçäK=NVUVXTWNVQJ
NVVK=

UMK= ^êíÜìê=ooI=pÜ~Ü=hsI=_~ìëí=pgI=Éí=~äK=^ëëçÅá~íáçå=çÑ=_h=îáêìêá~=ïáíÜ=ÜÉãçêêÜ~ÖáÅ=
Åóëíáíáë= áå=êÉÅáéáÉåíë=çÑ=ÄçåÉ=ã~êêçï=íê~åëéä~åíëK=qÜÉ=kÉï=båÖä~åÇ=àçìêå~ä=çÑ=
ãÉÇáÅáåÉK=NVUSXPNRWOPMJOPQK=

UNK= iÉìåÖ= ^vI= pìÉå= `hI= iáÉ= ^hI= Éí= ~äK= nì~åíáÑáÅ~íáçå= çÑ= éçäóçã~= _h= îáêìêá~= áå=
ÜÉãçêêÜ~ÖáÅ= Åóëíáíáë= ÅçãéäáÅ~íáåÖ= ÄçåÉ= ã~êêçï= íê~åëéä~åí~íáçåK= _äççÇK=
OMMNXVUWNVTNJNVTUK=

UOK= jáó~ãìê~=hI=q~âÉó~ã~=hI=hçàáã~=pI=Éí=~äK=eÉãçêêÜ~ÖáÅ=Åóëíáíáë=~ëëçÅá~íÉÇ=ïáíÜ=
ìêáå~êó= ÉñÅêÉíáçå= çÑ= ~ÇÉåçîáêìë= íóéÉ= NN= ÑçääçïáåÖ= ~ääçÖÉåÉáÅ= ÄçåÉ= ã~êêçï=
íê~åëéä~åí~íáçåK=_çåÉ=ã~êêçï=íê~åëéä~åí~íáçåK=NVUVXQWRPPJRPRK=

UPK= jìêéÜó= dcI= tççÇ= amI= gêKI= jÅoçÄÉêíë= gtI= Éí= ~äK= ^ÇÉåçîáêìëJ~ëëçÅá~íÉÇ=
ÜÉãçêêÜ~ÖáÅ=Åóëíáíáë=íêÉ~íÉÇ=ïáíÜ=áåíê~îÉåçìë=êáÄ~îáêáåK=qÜÉ=gçìêå~ä=çÑ=ìêçäçÖóK=
NVVPXNQVWRSRJRSSK=

UQK= `ÜáäÇë= oI= p~åÅÜÉò= `I= båÖäÉê= eI= Éí= ~äK= eáÖÜ= áåÅáÇÉåÅÉ= çÑ= ~ÇÉåçJ= ~åÇ=
éçäóçã~îáêìëJáåÇìÅÉÇ=ÜÉãçêêÜ~ÖáÅ=Åóëíáíáë=áå=ÄçåÉ=ã~êêçï=~ääçíê~åëéä~åí~íáçå=
Ñçê=ÜÉã~íçäçÖáÅ~ä=ã~äáÖå~åÅó=ÑçääçïáåÖ=q=ÅÉää=ÇÉéäÉíáçå=~åÇ=ÅóÅäçëéçêáåÉK=_çåÉ=
ã~êêçï=íê~åëéä~åí~íáçåK=NVVUXOOWUUVJUVPK=

URK= oìëëÉää=pgI=sçïÉäë=joI=s~äÉ=qK=e~ÉãçêêÜ~ÖáÅ=Åóëíáíáë=áå=é~ÉÇá~íêáÅ=ÄçåÉ=ã~êêçï=
íê~åëéä~åí= é~íáÉåíëW= ~å= ~ëëçÅá~íáçå= ïáíÜ= áåÑÉÅíáîÉ= ~ÖÉåíëI= dsea= ~åÇ= éêáçê=
ÅóÅäçéÜçëéÜ~ãáÇÉK=_çåÉ=ã~êêçï=íê~åëéä~åí~íáçåK=NVVQXNPWRPPJRPVK=

USK= lëí=iI=içååèîáëí=_I=bêáâëëçå=iI=Éí=~äK=eÉãçêêÜ~ÖáÅ=ÅóëíáíáëJJ~=ã~åáÑÉëí~íáçå=çÑ=
Öê~Ñí=îÉêëìë=Üçëí=ÇáëÉ~ëÉ\=_çåÉ=ã~êêçï=íê~åëéä~åí~íáçåK=NVUTXOWNVJORK=

UTK= dáåÉ= bI= oçîáê~= jI= oÉ~ä= fI= Éí= ~äK= pìÅÅÉëëÑìä= íêÉ~íãÉåí= çÑ= ëÉîÉêÉ= ÜÉãçêêÜ~ÖáÅ=
Åóëíáíáë= ~ÑíÉê= ÜÉãçéçáÉíáÅ= ÅÉää= íê~åëéä~åí~íáçå= Äó= ëÉäÉÅíáîÉ= ÉãÄçäáò~íáçå= çÑ= íÜÉ=
îÉëáÅ~ä=~êíÉêáÉëK=_çåÉ=ã~êêçï=íê~åëéä~åí~íáçåK=OMMPXPNWVOPJVORK=

UUK= eç= sqI= iáåÇÉå= bI= oÉîí~= `I= Éí= ~äK= eÉé~íáÅ= îÉåçJçÅÅäìëáîÉ= ÇáëÉ~ëÉ= ~ÑíÉê=
ÜÉã~íçéçáÉíáÅ= ëíÉã= ÅÉää= íê~åëéä~åí~íáçåW= êÉîáÉï= ~åÇ= ìéÇ~íÉ= çå= íÜÉ= ìëÉ= çÑ=
ÇÉÑáÄêçíáÇÉK=pÉãáå~êë=áå=íÜêçãÄçëáë=~åÇ=ÜÉãçëí~ëáëK=OMMTXPPWPTPJPUUK=

UVK= gçåÉë= ogI= iÉÉ= hpI= _ÉëÅÜçêåÉê= tbI= Éí= ~äK= sÉåççÅÅäìëáîÉ= ÇáëÉ~ëÉ= çÑ= íÜÉ= äáîÉê=
ÑçääçïáåÖ=ÄçåÉ=ã~êêçï=íê~åëéä~åí~íáçåK=qê~åëéä~åí~íáçåK=NVUTXQQWTTUJTUPK=

VMK= oììíì= qI= _~êçëá= dI= _Éåà~ãáå= ogI= Éí= ~äK= aá~ÖåçëíáÅ= ÅêáíÉêá~= Ñçê= ÜÉã~íçéçáÉíáÅ=
ëíÉã=ÅÉää=íê~åëéä~åíJ~ëëçÅá~íÉÇ=ãáÅêç~åÖáçé~íÜóW=êÉëìäíë=çÑ=~=ÅçåëÉåëìë=éêçÅÉëë=
Äó=~å=fåíÉêå~íáçå~ä=tçêâáåÖ=dêçìéK=e~Éã~íçäçÖáÅ~K=OMMTXVOWVRJNMMK=

VNK= a~äó= ^pI= uÉåçÅçëí~ë= ^I= iáéíçå= geK= qê~åëéä~åí~íáçåJ~ëëçÅá~íÉÇ= íÜêçãÄçíáÅ=
ãáÅêç~åÖáçé~íÜóW= íïÉåíóJíïç= óÉ~êë= ä~íÉêK= _çåÉ= ã~êêçï= íê~åëéä~åí~íáçåK=
OMMOXPMWTMVJTNRK=

VOK= j~êíó=cjI=oìÄáå=oeK=qÜÉ=éêÉîÉåíáçå=çÑ=áåÑÉÅíáçå=éçëíJíê~åëéä~åíW=íÜÉ=êçäÉ=çÑ=
éêçéÜóä~ñáëI=éêÉÉãéíáîÉ=~åÇ=ÉãéáêáÅ=íÜÉê~éóK=qê~åëéä=fåíK=OMMSXNVWOJNNK=



RS=

VPK= pé~êêÉäáÇ=bI=e~ÖÖäìåÇ=eI=oÉãÄÉêÖÉê=jI=Éí=~äK=_~ÅíÉê~Éãá~=ÇìêáåÖ=íÜÉ=~éä~ëíáÅ=
éÜ~ëÉ= ~ÑíÉê= ~ääçÖÉåÉáÅ= ÄçåÉ= ã~êêçï= íê~åëéä~åí~íáçå= áë= ~ëëçÅá~íÉÇ= ïáíÜ= É~êäó=
ÇÉ~íÜ= Ñêçã= áåî~ëáîÉ= ÑìåÖ~ä= áåÑÉÅíáçåK= _çåÉ= ã~êêçï= íê~åëéä~åí~íáçåK=
NVVUXOOWTVRJUMMK=

VQK= iàìåÖã~å=mK=oáëâ=~ëëÉëëãÉåí=áå=Ü~Éã~íçéçáÉíáÅ=ëíÉã=ÅÉää=íê~åëéä~åí~íáçåW=îáê~ä=
ëí~íìëK=_Éëí=éê~ÅíáÅÉ=C=êÉëÉ~êÅÜK=OMMTXOMWOMVJONTK=

VRK= qçääÉã~ê= gI= oáåÖÇÉå= lI= _çëíêçã= iI= Éí= ~äK= s~êá~ÄäÉë= éêÉÇáÅíáåÖ= ÇÉÉé= ÑìåÖ~ä=
áåÑÉÅíáçåë=áå=ÄçåÉ=ã~êêçï=íê~åëéä~åí=êÉÅáéáÉåíëK=_çåÉ=ã~êêçï=íê~åëéä~åí~íáçåK=
NVUVXQWSPRJSQNK=

VSK= táåÖ~êÇ= goK= cìåÖ~ä= áåÑÉÅíáçåë= ~ÑíÉê= ÄçåÉ= ã~êêçï= íê~åëéä~åíK= _áçä= _äççÇ=
j~êêçï=qê~åëéä~åíK=NVVVXRWRRJSUK=

VTK= báåëÉäÉ=eI=eÉÄ~êí=eI=h~ìÑÑã~ååJpÅÜåÉáÇÉê=`I=Éí=~äK=oáëâ=Ñ~Åíçêë=Ñçê=íêÉ~íãÉåí=
Ñ~áäìêÉë=áå=é~íáÉåíë=êÉÅÉáîáåÖ=m`oJÄ~ëÉÇ=éêÉÉãéíáîÉ=íÜÉê~éó=Ñçê=`js=áåÑÉÅíáçåK=
_çåÉ=ã~êêçï=íê~åëéä~åí~íáçåK=OMMMXORWTRTJTSPK=

VUK= båÖÉäÜ~êÇ= aI= `çêÇçååáÉê= `I= pÜ~ï= mgI= Éí= ~äK= b~êäó= ~åÇ= ä~íÉ= áåî~ëáîÉ=
éåÉìãçÅçÅÅ~ä= áåÑÉÅíáçå= ÑçääçïáåÖ= ëíÉã=ÅÉää= íê~åëéä~åí~íáçåW= ~=bìêçéÉ~å=_çåÉ=
j~êêçï=qê~åëéä~åí~íáçå=ëìêîÉóK=_êáíáëÜ=àçìêå~ä=çÑ=Ü~Éã~íçäçÖóK=OMMOXNNTWQQQJ
QRMK=

VVK= iàìåÖã~å= mI= lÄÉêÖ= dI= ^ëÅÜ~å= gI= Éí= ~äK= cçëÅ~êåÉí= Ñçê= éêÉJÉãéíáîÉ= íÜÉê~éó= çÑ=
`js= áåÑÉÅíáçå= ÇÉíÉÅíÉÇ= Äó= ~= äÉìâçÅóíÉJÄ~ëÉÇ= åÉëíÉÇ= m`o= áå= ~ääçÖÉåÉáÅ= ÄçåÉ=
ã~êêçï=íê~åëéä~åí=é~íáÉåíëK=_çåÉ=ã~êêçï=íê~åëéä~åí~íáçåK=NVVSXNUWRSRJRSUK=

NMMK= jÉóÉêë=gaI=cäçìêåçó=kI=qÜçã~ë=baK=oáëâ=Ñ~Åíçêë=Ñçê=ÅóíçãÉÖ~äçîáêìë=áåÑÉÅíáçå=
~ÑíÉê= Üìã~å= ã~êêçï= íê~åëéä~åí~íáçåK= qÜÉ= gçìêå~ä= çÑ= áåÑÉÅíáçìë= ÇáëÉ~ëÉëK=
NVUSXNRPWQTUJQUUK=

NMNK= pìåÇáå= jI= iÉ= _ä~åÅ= hI= oáåÖÇÉå= lI= Éí= ~äK= qÜÉ= êçäÉ= çÑ= ei^= ãáëã~íÅÜI=
ëéäÉåÉÅíçãó= ~åÇ= êÉÅáéáÉåí= béëíÉáåJ_~êê= îáêìë= ëÉêçåÉÖ~íáîáíó= ~ë= êáëâ= Ñ~Åíçêë= áå=
éçëíJíê~åëéä~åí= äóãéÜçéêçäáÑÉê~íáîÉ= ÇáëçêÇÉê= ÑçääçïáåÖ= ~ääçÖÉåÉáÅ=
ÜÉã~íçéçáÉíáÅ=ëíÉã=ÅÉää=íê~åëéä~åí~íáçåK=e~Éã~íçäçÖáÅ~K=OMMSXVNWNMRVJNMSTK=

NMOK= _êìåëíÉáå=`dI=tÉáëÇçêÑ=agI=aÉcçê=qI=Éí=~äK=j~êâÉÇ= áåÅêÉ~ëÉÇ=êáëâ=çÑ=béëíÉáåJ
_~êê=îáêìëJêÉä~íÉÇ=ÅçãéäáÅ~íáçåë=ïáíÜ=íÜÉ=~ÇÇáíáçå=çÑ=~åíáíÜóãçÅóíÉ=ÖäçÄìäáå=íç=
~= åçåãóÉäç~Ää~íáîÉ= ÅçåÇáíáçåáåÖ= éêáçê= íç= ìåêÉä~íÉÇ= ìãÄáäáÅ~ä= ÅçêÇ= ÄäççÇ=
íê~åëéä~åí~íáçåK=_äççÇK=OMMSXNMUWOUTQJOUUMK=

NMPK= j~ÅÜ~Çç=`jK=oÉáããìåáò~íáçå= ~ÑíÉê=ÜÉã~íçéçáÉíáÅ= ëíÉã=ÅÉää= íê~åëéä~åí~íáçåK=
bñéÉêí=êÉîáÉï=çÑ=î~ÅÅáåÉëK=OMMRXQWONVJOOUK=

NMQK= jçäêáåÉ=a`K=oÉÅçããÉåÇ~íáçåë=Ñçê=áããìåáò~íáçåë=áå=ëíÉã=ÅÉää=íê~åëéä~åí~íáçåK=
mÉÇá~íêáÅ=íê~åëéä~åí~íáçåK=OMMPXT=pìééä=PWTSJURK=

NMRK= c~äâÉåÄìêÖ= geI= î~å= ÇÉ= `çêéìí= iI=j~êáàí= btI= Éí= ~äK=jáåçê= ÜáëíçÅçãé~íáÄáäáíó=
~åíáÖÉåë= áå= Üìã~å= ëíÉã= ÅÉää= íê~åëéä~åí~íáçåK= bñéÉêáãÉåí~ä= ÜÉã~íçäçÖóK=
OMMPXPNWTQPJTRNK=

NMSK= oÉÇÇó=mI=cÉêê~ê~= giK= fããìåçÄáçäçÖó=çÑ=~ÅìíÉ=Öê~ÑíJîÉêëìëJÜçëí=ÇáëÉ~ëÉK=_äççÇ=
êÉîáÉïëK=OMMPXNTWNUTJNVQK=

NMTK= cÉêê~ê~= giI= aÉÉÖ= egK= dê~ÑíJîÉêëìëJÜçëí= ÇáëÉ~ëÉK= qÜÉ= kÉï= båÖä~åÇ= àçìêå~ä= çÑ=
ãÉÇáÅáåÉK=NVVNXPOQWSSTJSTQK=



=

= = RT=

NMUK= däìÅâëÄÉêÖ=eI= píçêÄ=oI= cÉÑÉê=^I= Éí= ~äK= `äáåáÅ~ä=ã~åáÑÉëí~íáçåë= çÑ= Öê~ÑíJîÉêëìëJ
Üçëí= ÇáëÉ~ëÉ= áå= Üìã~å= êÉÅáéáÉåíë= çÑ= ã~êêçï= Ñêçã= eiJ^Jã~íÅÜÉÇ= ëáÄäáåÖ=
ÇçåçêëK=qê~åëéä~åí~íáçåK=NVTQXNUWOVRJPMQK=

NMVK= mêòÉéáçêâ~= aI= tÉáëÇçêÑ= aI= j~êíáå= mI= Éí= ~äK= NVVQ= `çåëÉåëìë= `çåÑÉêÉåÅÉ= çå=
^ÅìíÉ=dsea=dê~ÇáåÖK=_çåÉ=ã~êêçï=íê~åëéä~åí~íáçåK=NVVRXNRWUORJUOUK=

NNMK= oáåÖÇÉå=lI=oÉãÄÉêÖÉê=jI=mÉêëëçå=rI= Éí= ~äK= páãáä~ê= áåÅáÇÉåÅÉ=çÑ=Öê~ÑíJîÉêëìëJ
Üçëí=ÇáëÉ~ëÉ=ìëáåÖ=ei^J^I=J_=~åÇ=Jao=áÇÉåíáÅ~ä=ìåêÉä~íÉÇ=ÄçåÉ=ã~êêçï=Ççåçêë=
~ë=ïáíÜ=ei^JáÇÉåíáÅ~ä=ëáÄäáåÖëK=_çåÉ=ã~êêçï=íê~åëéä~åí~íáçåK=NVVRXNRWSNVJSORK=

NNNK= aÉÉÖ= egI= içìÖÜê~å= qmI= gêKI= píçêÄ= oI= Éí= ~äK= qêÉ~íãÉåí= çÑ= Üìã~å= ~ÅìíÉ= Öê~ÑíJ
îÉêëìëJÜçëí= ÇáëÉ~ëÉ= ïáíÜ= ~åíáíÜóãçÅóíÉ= ÖäçÄìäáå= ~åÇ= ÅóÅäçëéçêáåÉ= ïáíÜ= çê=
ïáíÜçìí=ãÉíÜóäéêÉÇåáëçäçåÉK=qê~åëéä~åí~íáçåK=NVURXQMWNSOJNSSK=

NNOK= j~êíáå=mgI=pÅÜçÅÜ=dI=cáëÜÉê=iI=Éí=~äK=^=êÉíêçëéÉÅíáîÉ=~å~äóëáë=çÑ=íÜÉê~éó=Ñçê=~ÅìíÉ=
Öê~ÑíJîÉêëìëJÜçëí=ÇáëÉ~ëÉW=áåáíá~ä=íêÉ~íãÉåíK=_äççÇK=NVVMXTSWNQSQJNQTOK=

NNPK= ^ëÅÜ~å= gK= qêÉ~íãÉåí= çÑ= ãçÇÉê~íÉ= íç= ëÉîÉêÉ= ~ÅìíÉ= Öê~ÑíJîÉêëìëJÜçëí= ÇáëÉ~ëÉW= ~=
êÉíêçëéÉÅíáîÉ=~å~äóëáëK=_çåÉ=ã~êêçï=íê~åëéä~åí~íáçåK=NVVQXNQWSMNJSMTK=

NNQK= ^íâáåëçå=hI=tÉääÉê=mI=oóã~å=tI=Éí=~äK=mrs^=íÜÉê~éó=Ñçê=ÇêìÖJêÉëáëí~åí=Öê~ÑíJ
îÉêëìëJÜçëí=ÇáëÉ~ëÉK=_çåÉ=ã~êêçï=íê~åëéä~åí~íáçåK=NVUSXNWOOTJOPSK=

NNRK= iÉ=_ä~åÅ=hI=o~ëãìëëçå= fI= pìåÇÄÉêÖ=_I= Éí= ~äK= qêÉ~íãÉåí= çÑ= ëÉîÉêÉ= ~ÅìíÉ= Öê~ÑíJ
îÉêëìëJÜçëí= ÇáëÉ~ëÉ= ïáíÜ= íÜáêÇ= é~êíó= Ü~éäçáÇÉåíáÅ~ä= ãÉëÉåÅÜóã~ä= ëíÉã= ÅÉääëK=
i~åÅÉíK=OMMQXPSPWNQPVJNQQNK=

NNSK= iÉ=_ä~åÅ=hI=cê~ëëçåá=cI=_~ää=iI= Éí= ~äK=jÉëÉåÅÜóã~ä= ëíÉã=ÅÉääë= Ñçê= íêÉ~íãÉåí=çÑ=
ëíÉêçáÇJêÉëáëí~åíI=ëÉîÉêÉI=~ÅìíÉ=Öê~ÑíJîÉêëìëJÜçëí=ÇáëÉ~ëÉW=~=éÜ~ëÉ=ff=ëíìÇóK=i~åÅÉíK=
OMMUXPTNWNRTVJNRUSK=

NNTK= `ä~ã~å=ekI= g~ÑÑÉÉ= _aI=eìÑÑ= g`I= Éí= ~äK= `ÜêçåáÅ= Öê~ÑíJîÉêëìëJÜçëí= ÇáëÉ~ëÉ= ~ë= ~=
ãçÇÉä= Ñçê= ëÅäÉêçÇÉêã~K= ffK= j~ëí= ÅÉää= ÇÉéäÉíáçå= ïáíÜ= ÇÉéçëáíáçå= çÑ=
áããìåçÖäçÄìäáåë=áå=íÜÉ=ëâáå=~åÇ=ÑáÄêçëáëK=`Éääìä~ê=áããìåçäçÖóK=NVURXVQWTPJUQK=

NNUK= ^íâáåëçå=hI=eçêçïáíò=jjI=d~äÉ=omI=Éí=~äK=oáëâ=Ñ~Åíçêë=Ñçê=ÅÜêçåáÅ=Öê~ÑíJîÉêëìëJ
Üçëí= ÇáëÉ~ëÉ= ~ÑíÉê= ei^JáÇÉåíáÅ~ä= ëáÄäáåÖ= ÄçåÉ=ã~êêçï= íê~åëéä~åí~íáçåK= _äççÇK=
NVVMXTRWOQRVJOQSQK=

NNVK= cê~ëÉê= `gI= pÅçíí= _~âÉê= hK= qÜÉ= ã~å~ÖÉãÉåí= ~åÇ= çìíÅçãÉ= çÑ= ÅÜêçåáÅ= Öê~ÑíJ
îÉêëìëJÜçëí=ÇáëÉ~ëÉK=_êáíáëÜ=àçìêå~ä=çÑ=Ü~Éã~íçäçÖóK=OMMTXNPUWNPNJNQRK=

NOMK= oáåÖÇÉå=lI=m~ìäáå=qI=içååèîáëí=_I=Éí=~äK=^å=~å~äóëáë=çÑ=Ñ~Åíçêë=éêÉÇáëéçëáåÖ=íç=
ÅÜêçåáÅ= Öê~ÑíJîÉêëìëJÜçëí= ÇáëÉ~ëÉK= bñéÉêáãÉåí~ä= ÜÉã~íçäçÖóK= NVURXNPWNMSOJ
NMSTK=

NONK= pçÅáÉ=dI=píçåÉ=gsI=táåÖ~êÇ=goI=Éí=~äK=içåÖJíÉêã=ëìêîáî~ä=~åÇ= ä~íÉ=ÇÉ~íÜë=~ÑíÉê=
~ääçÖÉåÉáÅ= ÄçåÉ=ã~êêçï= íê~åëéä~åí~íáçåK= i~íÉ= bÑÑÉÅíë=tçêâáåÖ= `çããáííÉÉ= çÑ=
íÜÉ=fåíÉêå~íáçå~ä=_çåÉ=j~êêçï=qê~åëéä~åí=oÉÖáëíêóK=qÜÉ=kÉï=båÖä~åÇ=àçìêå~ä=
çÑ=ãÉÇáÅáåÉK=NVVVXPQNWNQJONK=

NOOK= píçêÄ= oI= mêÉåíáÅÉ= oiI= pìääáî~å= hjI= Éí= ~äK= mêÉÇáÅíáîÉ= Ñ~Åíçêë= áå= ÅÜêçåáÅ= Öê~ÑíJ
îÉêëìëJÜçëí= ÇáëÉ~ëÉ= áå= é~íáÉåíë= ïáíÜ= ~éä~ëíáÅ= ~åÉãá~= íêÉ~íÉÇ= Äó= ã~êêçï=
íê~åëéä~åí~íáçå=Ñêçã=ei^JáÇÉåíáÅ~ä=ëáÄäáåÖëK=^åå=fåíÉêå=jÉÇK=NVUPXVUWQSNJQSSK=

NOPK= píçêÉâ= gI=dççäÉó=qI=táíÜÉêëéççå=omI= Éí= ~äK= fåÑÉÅíáçìë=ãçêÄáÇáíó= áå= äçåÖJíÉêã=
ëìêîáîçêë=çÑ=~ääçÖÉåÉáÅ=ã~êêçï=íê~åëéä~åí~íáçå=áë=~ëëçÅá~íÉÇ=ïáíÜ=äçï=`aQ=q=ÅÉää=
ÅçìåíëK=^ãÉêáÅ~å=àçìêå~ä=çÑ=ÜÉã~íçäçÖóK=NVVTXRQWNPNJNPUK=



RU=

NOQK= aêçÄóëâá= toK= bîçäîáåÖ= ëíê~íÉÖáÉë= íç= ~ÇÇêÉëë= ~ÇîÉêëÉ= íê~åëéä~åí= çìíÅçãÉë=
~ëëçÅá~íÉÇ=ïáíÜ=q=ÅÉää=ÇÉéäÉíáçåK=gçìêå~ä=çÑ=ÜÉã~íçíÜÉê~éó=C=ëíÉã=ÅÉää=êÉëÉ~êÅÜK=
OMMMXVWPOTJPPTK=

NORK= j~êãçåí=^jI=eçêçïáíò=jjI=d~äÉ=omI=Éí=~äK=qJÅÉää=ÇÉéäÉíáçå=çÑ=ei^JáÇÉåíáÅ~ä=
íê~åëéä~åíë=áå=äÉìâÉãá~K=_äççÇK=NVVNXTUWONOMJONPMK=

NOSK= j~ííëëçå= gI= oáåÖÇÉå= lI= píçêÄ= oK= dê~Ñí= Ñ~áäìêÉ= ~ÑíÉê= ~ääçÖÉåÉáÅ= ÜÉã~íçéçáÉíáÅ=
ëíÉã=ÅÉää=íê~åëéä~åí~íáçåK=_áçä=_äççÇ=j~êêçï=qê~åëéä~åíK=OMMUXNQWNSRJNTMK=

NOTK= aÉêãáãÉ=pI=j~îêçìÇáë=aI=gá~åÖ=vwI=Éí=~äK=fããìåÉ=ÉëÅ~éÉ=Ñêçã=~=Öê~ÑíJîÉêëìëJ
äÉìâÉãá~= ÉÑÑÉÅí=ã~ó=éä~ó= ~= êçäÉ= áå= íÜÉ= êÉä~éëÉ=çÑ=ãóÉäçáÇ= äÉìâÉãá~ë= ÑçääçïáåÖ=
~ääçÖÉåÉáÅ= ÄçåÉ= ã~êêçï= íê~åëéä~åí~íáçåK= _çåÉ= ã~êêçï= íê~åëéä~åí~íáçåK=
NVVTXNVWVUVJVVVK=

NOUK= q~ÄÄ~ê~=f^I=wáããÉêã~å=hI=jçêÖ~å=`I=Éí=~äK=^ääçÖÉåÉáÅ=ÜÉã~íçéçáÉíáÅ=ëíÉã=ÅÉää=
íê~åëéä~åí~íáçåW= ÅçãéäáÅ~íáçåë= ~åÇ= êÉëìäíëK= ^êÅÜáîÉë= çÑ= áåíÉêå~ä= ãÉÇáÅáåÉK=
OMMOXNSOWNRRUJNRSSK=

NOVK= `Ü~ãéäáå=obI=eçêçïáíò=jjI=î~å=_Éââìã=atI= Éí= ~äK=dê~Ñí= Ñ~áäìêÉ= ÑçääçïáåÖ=
ÄçåÉ= ã~êêçï= íê~åëéä~åí~íáçå= Ñçê= ëÉîÉêÉ= ~éä~ëíáÅ= ~åÉãá~W= êáëâ= Ñ~Åíçêë= ~åÇ=
íêÉ~íãÉåí=êÉëìäíëK=_äççÇK=NVUVXTPWSMSJSNPK=

NPMK= pçÅáÉ=dI= p~äççà~=kI=`çÜÉå=^I= Éí= ~äK=kçåã~äáÖå~åí= ä~íÉ= ÉÑÑÉÅíë= ~ÑíÉê= ~ääçÖÉåÉáÅ=
ëíÉã=ÅÉää=íê~åëéä~åí~íáçåK=_äççÇK=OMMPXNMNWPPTPJPPURK=

NPNK= `çëâìåÅ~å= kjI= g~Äë= a^I= aìåå= gmI= Éí= ~äK= qÜÉ= ÉóÉ= áå= ÄçåÉ= ã~êêçï=
íê~åëéä~åí~íáçåK= sfK= oÉíáå~ä= ÅçãéäáÅ~íáçåëK= ^êÅÜáîÉë= çÑ= çéÜíÜ~äãçäçÖóK=
NVVQXNNOWPTOJPTVK=

NPOK= qáÅÜÉääá=^I=dê~íïçÜä=^I= bÖÖÉê=qI= Éí= ~äK=`~í~ê~Åí= Ñçêã~íáçå= ~ÑíÉê=ÄçåÉ=ã~êêçï=
íê~åëéä~åí~íáçåK=^åå=fåíÉêå=jÉÇK=NVVPXNNVWNNTRJNNUMK=

NPPK= fèÄ~ä=jI=`êÉÖÉê=ogI=cçñ=ojI=Éí=~äK=i~é~êçëÅçéáÅ=äáîÉê=Äáçéëó=íç=Éî~äì~íÉ=ÜÉé~íáÅ=
ÇóëÑìåÅíáçå= áå= é~íáÉåíë=ïáíÜ= ÜÉã~íçäçÖáÅ=ã~äáÖå~åÅáÉëW= ~= ìëÉÑìä= íççä= íç= ÉÑÑÉÅí=
ÅÜ~åÖÉë=áå=ã~å~ÖÉãÉåíK=_çåÉ=ã~êêçï=íê~åëéä~åí~íáçåK=NVVSXNTWSRRJSSOK=

NPQK= içÅ~ëÅáìääá=^I=^äÄÉêíá=^I=ÇÉ=_çÅâ=oI=Éí=~äK= fãé~Åí=çÑ= äáîÉê=ÇáëÉ~ëÉ=~åÇ=ÜÉé~íáíáë=
áåÑÉÅíáçåë=çå=~ääçÖÉåÉáÅ=ÄçåÉ=ã~êêçï=íê~åëéä~åí~íáçå=áå=bìêçéÉW=~=ëìêîÉó=Ñêçã=
íÜÉ= bìêçéÉ~å= _çåÉ= j~êêçï= qê~åëéä~åí~íáçå= Eb_jqF= dêçìéJJfåÑÉÅíáçìë=
aáëÉ~ëÉë=tçêâáåÖ=m~êíóK=_çåÉ=ã~êêçï=íê~åëéä~åí~íáçåK=NVVQXNQWUPPJUPTK=

NPRK= j~ÉêíÉåë=gI=aÉãìóåÅâ=eI=sÉêÄÉâÉå=bhI=Éí=~äK=jìÅçêãóÅçëáë=áå=~ääçÖÉåÉáÅ=ÄçåÉ=
ã~êêçï=íê~åëéä~åí=êÉÅáéáÉåíëW=êÉéçêí=çÑ=ÑáîÉ=Å~ëÉë=~åÇ=êÉîáÉï=çÑ=íÜÉ=êçäÉ=çÑ=áêçå=
çîÉêäç~Ç=áå=íÜÉ=é~íÜçÖÉåÉëáëK=_çåÉ=ã~êêçï=íê~åëéä~åí~íáçåK=NVVVXOQWPMTJPNOK=

NPSK= `ÉêîÉêá=fI=cìäÖçåá=mI=dáçêÖá~åá=dI=Éí=~äK=iìåÖ=ÑìåÅíáçå=~Äåçêã~äáíáÉë=~ÑíÉê=ÄçåÉ=
ã~êêçï= íê~åëéä~åí~íáçå= áå= ÅÜáäÇêÉåW= Ü~ë= íÜÉ= íêÉåÇ= êÉÅÉåíäó= ÅÜ~åÖÉÇ\= `ÜÉëíK=
OMMNXNOMWNVMMJNVMSK=

NPTK= pçìÄ~åá= ^lI= jáääÉê= h_I= e~ëëçìå= mjK= mìäãçå~êó= ÅçãéäáÅ~íáçåë= çÑ= ÄçåÉ=
ã~êêçï=íê~åëéä~åí~íáçåK=`ÜÉëíK=NVVSXNMVWNMSSJNMTTK=

NPUK= ^äJcá~ê=cwI=`çäïáää=oI=iáéíçå=geI=Éí=~äK=^Äåçêã~ä=íÜóêçáÇ=ëíáãìä~íáåÖ=ÜçêãçåÉ=
EqpeF= äÉîÉäë= áå= ~Çìäíë= ÑçääçïáåÖ= ~ääçÖÉåÉáÅ= ÄçåÉ= ã~êêçï= íê~åëéä~åíëK= _çåÉ=
ã~êêçï=íê~åëéä~åí~íáçåK=NVVTXNVWNMNVJNMOOK=

NPVK= _çêÖëíêçã= _I= _çäãÉ= mK= qÜóêçáÇ= ÑìåÅíáçå= áå= ÅÜáäÇêÉå= ~ÑíÉê= ~ääçÖÉåÉáÅ= ÄçåÉ=
ã~êêçï=íê~åëéä~åí~íáçåK=_çåÉ=ã~êêçï=íê~åëéä~åí~íáçåK=NVVQXNPWRVJSQK=



=

= = RV=

NQMK= hÉáäÜçäò= rI= j~ñ= oI= pÅÜÉáÄÉåÄçÖÉå= `I= Éí= ~äK= båÇçÅêáåÉ= ÑìåÅíáçå= ~åÇ= ÄçåÉ=
ãÉí~Äçäáëã= R= óÉ~êë= ~ÑíÉê= ~ìíçäçÖçìë= ÄçåÉ= ã~êêçïLÄäççÇJÇÉêáîÉÇ= éêçÖÉåáíçê=
ÅÉää=íê~åëéä~åí~íáçåK=`~åÅÉêK=NVVTXTVWNSNTJNSOOK=

NQNK= a~ÜääçÑ= dI= _~êê=jI= _çäãÉ= mI= Éí= ~äK= aáëíìêÄ~åÅÉë= áå= ÇÉåí~ä= ÇÉîÉäçéãÉåí= ~ÑíÉê=
íçí~ä=ÄçÇó=áêê~Çá~íáçå=áå=ÄçåÉ=ã~êêçï=íê~åëéä~åí=êÉÅáéáÉåíëK=lê~ä=ëìêÖÉêóI=çê~ä=
ãÉÇáÅáåÉI=~åÇ=çê~ä=é~íÜçäçÖóK=NVUUXSRWQNJQQK=

NQOK= m~à~êá=rI=i~ååáåÖ=jK=aÉîÉäçéãÉåí~ä=ÇÉÑÉÅíë=çÑ=íÉÉíÜ=áå=ëìêîáîçêë=çÑ=ÅÜáäÇÜççÇ=
^ii= ~êÉ= êÉä~íÉÇ= íç= íÜÉ= íÜÉê~éó= ~åÇ= ~ÖÉ= ~í= Çá~ÖåçëáëK= jÉÇáÅ~ä= ~åÇ= éÉÇá~íêáÅ=
çåÅçäçÖóK=NVVRXOQWPNMJPNQK=

NQPK= mÜáééë= pI= aìå~î~åí= jI= pêáî~ëí~î~= ahI= Éí= ~äK= `çÖåáíáîÉ= ~åÇ= ~Å~ÇÉãáÅ=
ÑìåÅíáçåáåÖ= áå= ëìêîáîçêë= çÑ= éÉÇá~íêáÅ= ÄçåÉ= ã~êêçï= íê~åëéä~åí~íáçåK= g= `äáå=
låÅçäK=OMMMXNUWNMMQJNMNNK=

NQQK= cêáòòÉê~= dI= e~åíç= atI= d~àäJmÉÅò~äëâ~= hgI= Éí= ~äK= mçäóãçêéÜáÅ= ÇáÑÑìëÉ= _JÅÉää=
ÜóéÉêéä~ëá~ë= ~åÇ= äóãéÜçã~ë= áå= êÉå~ä= íê~åëéä~åí= êÉÅáéáÉåíëK= `~åÅÉê= êÉëÉ~êÅÜK=
NVUNXQNWQOSOJQOTVK=

NQRK= e~åíç= atI= d~àäJmÉÅò~äëâ~= hgI= cêáòòÉê~= dI= Éí= ~äK= béëíÉáåJ_~êê= îáêìë= Eb_sF=
áåÇìÅÉÇ= éçäóÅäçå~ä= ~åÇ= ãçåçÅäçå~ä= _JÅÉää= äóãéÜçéêçäáÑÉê~íáîÉ= ÇáëÉ~ëÉë=
çÅÅìêêáåÖ=~ÑíÉê=êÉå~ä=íê~åëéä~åí~íáçåK=`äáåáÅ~äI=é~íÜçäçÖáÅI=~åÇ=îáêçäçÖáÅ=ÑáåÇáåÖë=
~åÇ=áãéäáÅ~íáçåë=Ñçê=íÜÉê~éóK=^åå~äë=çÑ=ëìêÖÉêóK=NVUPXNVUWPRSJPSVK=

NQSK= k~äÉëåáâ= j^I= g~ÑÑÉ= oI= pí~êòä= qbI= Éí= ~äK= qÜÉ= é~íÜçäçÖó= çÑ= éçëííê~åëéä~åí=
äóãéÜçéêçäáÑÉê~íáîÉ= ÇáëçêÇÉêë= çÅÅìêêáåÖ= áå= íÜÉ= ëÉííáåÖ= çÑ= ÅóÅäçëéçêáåÉ= ^J
éêÉÇåáëçåÉ= áããìåçëìééêÉëëáçåK= qÜÉ= ^ãÉêáÅ~å= àçìêå~ä= çÑ= é~íÜçäçÖóK=
NVUUXNPPWNTPJNVOK=

NQTK= pçÅáÉ=dI=hçäÄ=egI=iàìåÖã~å=mK=j~äáÖå~åí=ÇáëÉ~ëÉë=~ÑíÉê=~ääçÖÉåÉáÅ=ÄçåÉ=ã~êêçï=
íê~åëéä~åí~íáçåW= íÜÉ= Å~ëÉ= Ñçê= ~ëëÉëëãÉåí= çÑ= êáëâ= Ñ~ÅíçêëK= _êáíáëÜ= àçìêå~ä= çÑ=
Ü~Éã~íçäçÖóK=NVVOXUMWQOTJQPMK=

NQUK= cá~äâçï=mgI=qÜçã~ë=baI=_êó~åí=gfI=Éí=~äK=iÉìâ~ÉãáÅ=íê~åëÑçêã~íáçå=çÑ=ÉåÖê~ÑíÉÇ=
Üìã~å=ã~êêçï=ÅÉääë=áå=îáîçK=i~åÅÉíK=NVTNXNWORNJORRK=

NQVK= qÜçã~ë= baI= _êó~åí= gfI= _ìÅâåÉê= `aI= Éí= ~äK= iÉìâ~ÉãáÅ= íê~åëÑçêã~íáçå= çÑ=
ÉåÖê~ÑíÉÇ=Üìã~å=ã~êêçï=ÅÉääë=áå=îáîçK=i~åÅÉíK=NVTOXNWNPNMJNPNPK=

NRMK= aÉÉÖ= egI= p~åÇÉêë= gI= j~êíáå= mI= Éí= ~äK= pÉÅçåÇ~êó= ã~äáÖå~åÅáÉë= ~ÑíÉê= ã~êêçï=
íê~åëéä~åí~íáçåK=bñéÉêáãÉåí~ä=ÜÉã~íçäçÖóK=NVUQXNOWSSMJSSSK=

NRNK= aÉÉÖ=egI= pçÅáÉ=dK=j~äáÖå~åÅáÉë= ~ÑíÉê=ÜÉã~íçéçáÉíáÅ= ëíÉã=ÅÉää= íê~åëéä~åí~íáçåW=
ã~åó=èìÉëíáçåëI=ëçãÉ=~åëïÉêëK=_äççÇK=NVVUXVNWNUPPJNUQQK=

NROK= ^ÇÉë= iI= dì~êÇáçä~= mI= pçÅáÉ= dK= pÉÅçåÇ= ã~äáÖå~åÅáÉë= ~ÑíÉê= ~ääçÖÉåÉáÅ=
ÜÉã~íçéçáÉíáÅ= ëíÉã= ÅÉää= íê~åëéä~åí~íáçåW= åÉï= áåëáÖÜí= ~åÇ= ÅìêêÉåí= éêçÄäÉãëK=
_äççÇ=êÉîáÉïëK=OMMOXNSWNPRJNQSK=

NRPK= _Ü~íá~= pI= içìáÉ= ^aI= _Ü~íá~= oI= Éí= ~äK= pçäáÇ= Å~åÅÉêë= ~ÑíÉê= ÄçåÉ= ã~êêçï=
íê~åëéä~åí~íáçåK=g=`äáå=låÅçäK=OMMNXNVWQSQJQTNK=

NRQK= içïëâó=oI=iáéíçå=gI=cóäÉë=dI=Éí=~äK=pÉÅçåÇ~êó=ã~äáÖå~åÅáÉë=~ÑíÉê=ÄçåÉ=ã~êêçï=
íê~åëéä~åí~íáçå=áå=~ÇìäíëK=g=`äáå=låÅçäK=NVVQXNOWONUTJONVOK=

NRRK= `ìêíáë= obI= oçïäáåÖë= m^I= aÉÉÖ= egI= Éí= ~äK= pçäáÇ= Å~åÅÉêë= ~ÑíÉê= ÄçåÉ= ã~êêçï=
íê~åëéä~åí~íáçåK=qÜÉ=kÉï=båÖä~åÇ=àçìêå~ä=çÑ=ãÉÇáÅáåÉK=NVVTXPPSWUVTJVMQK=



SM=

NRSK= pçÅáÉ= dI= `ìêíáë= obI= aÉÉÖ= egI= Éí= ~äK= kÉï= ã~äáÖå~åí= ÇáëÉ~ëÉë= ~ÑíÉê= ~ääçÖÉåÉáÅ=
ã~êêçï= íê~åëéä~åí~íáçå= Ñçê= ÅÜáäÇÜççÇ= ~ÅìíÉ= äÉìâÉãá~K= g= `äáå= låÅçäK=
OMMMXNUWPQUJPRTK=

NRTK= k~ìÖÜíçå=j^I=_çííç=jI=`~êíÉê=jgI=Éí=~äK=bñíê~ÜÉé~íáÅ=ëÉÅêÉíÉÇ=ÅçãéäÉãÉåí=`P=
ÅçåíêáÄìíÉë=íç=ÅáêÅìä~íáåÖ=`P=äÉîÉäë=áå=Üìã~åëK=g=fããìåçäK=NVVSXNRSWPMRNJPMRSK=

NRUK= iÉÉ= i^I= pÉêÖáç= ggI= póâÉë= jK= k~íìê~ä= âáääÉê= ÅÉääë= ïÉ~âäó= êÉëáëí= ÉåÖê~ÑíãÉåí= çÑ=
~ääçÖÉåÉáÅI= äçåÖJíÉêãI= ãìäíáäáåÉ~ÖÉJêÉéçéìä~íáåÖ= ÜÉã~íçéçáÉíáÅ= ëíÉã= ÅÉääëK=
qê~åëéä~åí~íáçåK=NVVSXSNWNORJNPOK=

NRVK= p~î~åá=_kI=oÉòî~åá=hI=jáÉäâÉ=pI=Éí=~äK=c~Åíçêë=~ëëçÅá~íÉÇ=ïáíÜ=É~êäó=ãçäÉÅìä~ê=
êÉãáëëáçå=~ÑíÉê=q=ÅÉääJÇÉéäÉíÉÇ=~ääçÖÉåÉáÅ= ëíÉã=ÅÉää= íê~åëéä~åí~íáçå= Ñçê=ÅÜêçåáÅ=
ãóÉäçÖÉåçìë=äÉìâÉãá~K=_äççÇK=OMMSXNMTWNSUUJNSVRK=

NSMK= tÉëíÉêÜìáë=dI=j~~ë=tdI=táääÉãòÉ=oI=Éí=~äK=içåÖJíÉêã=ãáñÉÇ=ÅÜáãÉêáëã=~ÑíÉê=
áããìåçäçÖáÅ=ÅçåÇáíáçåáåÖ=~åÇ=je`Jãáëã~íÅÜÉÇ=ëíÉãJÅÉää= íê~åëéä~åí~íáçå=áë=
ÇÉéÉåÇÉåí=çå=khJÅÉää=íçäÉê~åÅÉK=_äççÇK=OMMRXNMSWOONRJOOOMK=

NSNK= mêòÉéáçêâ~= aI= pãáíÜ= qiI= cçääçÇÉê= gI= Éí= ~äK= `çåíêçääÉÇ= íêá~ä= çÑ= ÑáäÖê~ëíáã= Ñçê=
~ÅÅÉäÉê~íáçå= çÑ= åÉìíêçéÜáä= êÉÅçîÉêó= ~ÑíÉê= ~ääçÖÉåÉáÅ= ÄäççÇ= ëíÉã= ÅÉää=
íê~åëéä~åí~íáçå=Ñêçã=Üìã~å=äÉìâçÅóíÉ=~åíáÖÉåJã~íÅÜÉÇ=êÉä~íÉÇ=ÇçåçêëK=_äççÇK=
OMMNXVTWPQMRJPQNMK=

NSOK= i~ìÖÜäáå=jgI=b~éÉå=jI=oìÄáåëíÉáå=mI=Éí=~äK=lìíÅçãÉë=~ÑíÉê= íê~åëéä~åí~íáçå=çÑ=
ÅçêÇ=ÄäççÇ=çê=ÄçåÉ=ã~êêçï=Ñêçã=ìåêÉä~íÉÇ=Ççåçêë=áå=~Çìäíë=ïáíÜ=äÉìâÉãá~K=qÜÉ=
kÉï=båÖä~åÇ=àçìêå~ä=çÑ=ãÉÇáÅáåÉK=OMMQXPRNWOOSRJOOTRK=

NSPK= oçÅÜ~=sI=i~Äçéáå=jI=p~åò=dI=Éí=~äK=qê~åëéä~åíë=çÑ=ìãÄáäáÅ~äJÅçêÇ=ÄäççÇ=çê=ÄçåÉ=
ã~êêçï=Ñêçã=ìåêÉä~íÉÇ=Ççåçêë=áå=~Çìäíë=ïáíÜ=~ÅìíÉ=äÉìâÉãá~K=qÜÉ=kÉï=båÖä~åÇ=
àçìêå~ä=çÑ=ãÉÇáÅáåÉK=OMMQXPRNWOOTSJOOURK=

NSQK= pçë~= oI=tÉáÇÉå= miI= píçêÄ= oI= Éí= ~äK= dê~åìäçÅóíÉ= ÑìåÅíáçå= áå= Üìã~å= ~ääçÖÉåáÅ=
ã~êêçï=Öê~Ñí=êÉÅáéáÉåíëK=bñéÉêáãÉåí~ä=ÜÉã~íçäçÖóK=NVUMXUWNNUPJNNUVK=

NSRK= t~ÖåÉê= gbK= rãÄáäáÅ~ä= ÅçêÇ= ÄäççÇ= íê~åëéä~åí~íáçåW= çîÉêîáÉï= çÑ= íÜÉ= ÅäáåáÅ~ä=
ÉñéÉêáÉåÅÉK=_äççÇ=ÅÉääëK=NVVQXOMWOOTJOPPX=ÇáëÅìëëáçå=OPPJOOQK=

NSSK= dÉÇÇÉë=jI=píçêÉâ=gK=fããìåÉ=êÉÅçåëíáíìíáçå=ÑçääçïáåÖ=ÜÉã~íçéçáÉíáÅ=ëíÉãJÅÉää=
íê~åëéä~åí~íáçåK=_Éëí=éê~ÅíáÅÉ=C=êÉëÉ~êÅÜK=OMMTXOMWPOVJPQUK=

NSTK= hçÉÜåÉ=dI=wÉääÉê=tI=píçÅâëÅÜä~ÉÇÉê=jI=Éí=~äK=mÜÉåçíóéÉ=çÑ=äóãéÜçÅóíÉ=ëìÄëÉíë=
~ÑíÉê= ~ìíçäçÖçìë= éÉêáéÜÉê~ä= ÄäççÇ= ëíÉã= ÅÉää= íê~åëéä~åí~íáçåK= _çåÉ= ã~êêçï=
íê~åëéä~åí~íáçåK=NVVTXNVWNQVJNRSK=

NSUK= mÉÖÖë=hpK=oÉÅçåëíáíìíáçå=çÑ=~Ç~éíáîÉ=~åÇ=áåå~íÉ=áããìåáíó=ÑçääçïáåÖ=~ääçÖÉåÉáÅ=
ÜÉã~íçéçáÉíáÅ= ëíÉã= ÅÉää= íê~åëéä~åí~íáçå= áå= Üìã~åëK= `óíçíÜÉê~éóK= OMMSXUWQOTJ
QPSK=

NSVK= píçêÉâ=gI=gçëÉéÜ=^I=bëéáåç=dI=Éí=~äK=fããìåáíó=çÑ=é~íáÉåíë=ëìêîáîáåÖ=OM=íç=PM=óÉ~êë=
~ÑíÉê= ~ääçÖÉåÉáÅ= çê= ëóåÖÉåÉáÅ= ÄçåÉ= ã~êêçï= íê~åëéä~åí~íáçåK= _äççÇK=
OMMNXVUWPRMRJPRNOK=

NTMK= iìã=idI=jìåå=k^I= pÅÜ~åÑáÉäÇ=jpI= Éí= ~äK= qÜÉ= ÇÉíÉÅíáçå= çÑ= ëéÉÅáÑáÅ= ~åíáÄçÇó=
Ñçêã~íáçå=íç=êÉÅ~ää=~åíáÖÉåë=~ÑíÉê=Üìã~å=ÄçåÉ=ã~êêçï=íê~åëéä~åí~íáçåK=_äççÇK=
NVUSXSTWRUOJRUTK=

NTNK= j~ÅÜ~íëÅÜÉâ= gI= aìÇ~= gI= j~ííÜ~ó= hI= Éí= ~äK= fããìåÉ= êÉÅçåëíáíìíáçåI= áåÑÉÅíáçìë=
ÅçãéäáÅ~íáçåë= ~åÇ= éçëí= íê~åëéä~åí= ëìééçêíáîÉ= Å~êÉ=ãÉ~ëìêÉë= ~ÑíÉê= ~ìíçäçÖçìë=



=

= = SN=

ÄäççÇ= ~åÇ=ã~êêçï= íê~åëéä~åí~íáçå= áå= ÅÜáäÇêÉåK=_çåÉ=ã~êêçï= íê~åëéä~åí~íáçåK=
OMMPXPOWSUTJSVPK=

NTOK= pìääáî~å= hjI= píçêÉâ= gI= hçéÉÅâó= hgI= Éí= ~äK= ^= ÅçåíêçääÉÇ= íêá~ä= çÑ= äçåÖJíÉêã=
~Çãáåáëíê~íáçå= çÑ= áåíê~îÉåçìë= áããìåçÖäçÄìäáå= íç= éêÉîÉåí= ä~íÉ= áåÑÉÅíáçå= ~åÇ=
ÅÜêçåáÅ= Öê~ÑíJîëKJÜçëí= ÇáëÉ~ëÉ= ~ÑíÉê= ã~êêçï= íê~åëéä~åí~íáçåW= ÅäáåáÅ~ä= çìíÅçãÉ=
~åÇ= ÉÑÑÉÅí= çå= ëìÄëÉèìÉåí= áããìåÉ= êÉÅçîÉêóK= _áçä= _äççÇ= j~êêçï= qê~åëéä~åíK=
NVVSXOWQQJRPK=

NTPK= _~êêÉíí= ^gI= p~î~åá= _kK= píÉã= ÅÉää= íê~åëéä~åí~íáçå= ïáíÜ= êÉÇìÅÉÇJáåíÉåëáíó=
ÅçåÇáíáçåáåÖ= êÉÖáãÉåëW= ~= êÉîáÉï= çÑ= íÉå= óÉ~êë= ÉñéÉêáÉåÅÉ= ïáíÜ= åÉï= íê~åëéä~åí=
ÅçåÅÉéíë=~åÇ=åÉï=íÜÉê~éÉìíáÅ=~ÖÉåíëK=iÉìâÉãá~K=OMMSXOMWNSSNJNSTOK=

NTQK= pä~îáå=pI=jçêÉÅâá=pI=tÉáëë=iI=Éí=~äK=kçåãóÉäç~Ää~íáîÉ=ëíÉã=ÅÉää=íê~åëéä~åí~íáçåW=
êÉÇìÅÉÇJáåíÉåëáíó= ÅçåÇáíáçåáåÖ= Ñçê= Å~åÅÉê= áããìåçíÜÉê~éóJJÑêçã= ÄÉåÅÜ= íç=
é~íáÉåí=ÄÉÇëáÇÉK=pÉãáå~êë=áå=çåÅçäçÖóK=OMMQXPNWQJONK=

NTRK= pìå= hI= táäâáåë= abI= ^åîÉê= joI= Éí= ~äK= aáÑÑÉêÉåíá~ä= ÉÑÑÉÅíë= çÑ= éêçíÉ~ëçãÉ=
áåÜáÄáíáçå=Äó=ÄçêíÉòçãáÄ=çå=ãìêáåÉ= ~ÅìíÉ= Öê~ÑíJîÉêëìëJÜçëí=ÇáëÉ~ëÉ= EdseaFW=
ÇÉä~óÉÇ= ~Çãáåáëíê~íáçå= çÑ= ÄçêíÉòçãáÄ= êÉëìäíë= áå= áåÅêÉ~ëÉÇ= dseaJÇÉéÉåÇÉåí=
Ö~ëíêçáåíÉëíáå~ä=íçñáÅáíóK=_äççÇK=OMMRXNMSWPOVPJPOVVK=

NTSK= s~å= _ÉëáÉå= hK= qÜÉ= ÉîçäîáåÖ= êçäÉ= çÑ= ~ìíçäçÖçìë= ~åÇ= ~ääçÖÉåÉáÅ= ëíÉã= ÅÉää=
íê~åëéä~åí~íáçå=áå=ÑçääáÅìä~ê=äóãéÜçã~K=_äççÇ=êÉîáÉïëK=OMMSXOMWOPRJOQQK=

NTTK= jáÉäâÉ= pI= pçäçãçå= poI= _~êêÉíí= ^gK= pÉäÉÅíáîÉ= ÇÉéäÉíáçå= ëíê~íÉÖáÉë= áå= ~ääçÖÉåÉáÅ=
ëíÉã=ÅÉää=íê~åëéä~åí~íáçåK=`óíçíÜÉê~éóK=OMMRXTWNMVJNNRK=

NTUK= hçÜ=imI=oáòòáÉêá=a^I=`Ü~ç=kgK=^ääçÖÉåÉáÅ= ÜÉã~íçéçáÉíáÅ= ëíÉã= ÅÉää= íê~åëéä~åí=
ìëáåÖ= ãáëã~íÅÜÉÇLÜ~éäçáÇÉåíáÅ~ä= ÇçåçêëK= _áçä= _äççÇ= j~êêçï= qê~åëéä~åíK=
OMMTXNPWNOQVJNOSTK=

NTVK= oìÖÖÉêá=iI=`~é~ååá=jI=rêÄ~åá=bI=Éí=~äK=bÑÑÉÅíáîÉåÉëë=çÑ=Ççåçê=å~íìê~ä=âáääÉê=ÅÉää=
~ääçêÉ~Åíáîáíó= áå= ãáëã~íÅÜÉÇ= ÜÉã~íçéçáÉíáÅ= íê~åëéä~åíëK= pÅáÉåÅÉ= EkÉï= vçêâI=
kKvK=OMMOXOVRWOMVTJONMMK=

NUMK= oìÖÖÉêá= iI= j~åÅìëá= ^I= `~é~ååá= jI= Éí= ~äK= açåçê= å~íìê~ä= âáääÉê= ÅÉää=
~ääçêÉÅçÖåáíáçå=çÑ=ãáëëáåÖ= ëÉäÑ= áå=Ü~éäçáÇÉåíáÅ~ä=ÜÉã~íçéçáÉíáÅ= íê~åëéä~åí~íáçå=
Ñçê= ~ÅìíÉ= ãóÉäçáÇ= äÉìâÉãá~W= ÅÜ~ääÉåÖáåÖ= áíë= éêÉÇáÅíáîÉ= î~äìÉK= _äççÇK=
OMMTXNNMWQPPJQQMK=

NUNK= iÉìåÖ=tI= fóÉåÖ~ê=oI=qìêåÉê=sI= Éí= ~äK=aÉíÉêãáå~åíë=çÑ= ~åíáäÉìâÉãá~= ÉÑÑÉÅíë=çÑ=
~ääçÖÉåÉáÅ=kh=ÅÉääëK=g=fããìåçäK=OMMQXNTOWSQQJSRMK=

NUOK= jìê~êç= m^I= _áÉäÉâçî~= _K= bãÉêÖáåÖ= íÜÉê~éáÉë= Ñçê= ãìäíáéäÉ= ëÅäÉêçëáëK=
kÉìêçíÜÉê~éÉìíáÅëK=OMMTXQWSTSJSVOK=

NUPK= dêáÑÑáíÜ=ijI=m~îäÉíáÅ=pwI=qóåÇ~ää=^I=Éí=~äK=cÉ~ëáÄáäáíó=çÑ=~ääçÖÉåÉáÅ=ÜÉã~íçéçáÉíáÅ=
ëíÉã= ÅÉää= íê~åëéä~åí~íáçå= Ñçê= ~ìíçáããìåÉ= ÇáëÉ~ëÉW= éçëáíáçå= ëí~íÉãÉåí= Ñêçã= ~=
k~íáçå~ä= fåëíáíìíÉ= çÑ= ^ääÉêÖó= ~åÇ= fåÑÉÅíáçìë= aáëÉ~ëÉë= ~åÇ= k~íáçå~ä= `~åÅÉê=
fåëíáíìíÉJpéçåëçêÉÇ=fåíÉêå~íáçå~ä=tçêâëÜçéI=_ÉíÜÉëÇ~I=jaI=j~êÅÜ=NO=~åÇ=NPI=
OMMRK=_áçä=_äççÇ=j~êêçï=qê~åëéä~åíK=OMMRXNNWUSOJUTMK=

NUQK= ^äJqçã~= ^I= jìäÇÉê= `gK= oÉîáÉï= ~êíáÅäÉW= píÉã= ÅÉää= íê~åëéä~åí~íáçå= Ñçê= íÜÉ=
íêÉ~íãÉåí= çÑ= Ö~ëíêçáåíÉëíáå~ä= ÇáëÉ~ëÉëJJÅìêêÉåí= ~ééäáÅ~íáçåë= ~åÇ= ÑìíìêÉ=
éÉêëéÉÅíáîÉëK=^äáãÉåí~êó=éÜ~êã~ÅçäçÖó=C=íÜÉê~éÉìíáÅëK=OMMTXOS=pìééä=OWTTJUVK=

NURK= lêÅÜ~êÇ=mgI=_ä~ò~ê=_oI=t~ÖåÉê=gI=Éí=~äK=eÉã~íçéçáÉíáÅ=ÅÉää=íÜÉê~éó=Ñçê=ãÉí~ÄçäáÅ=
ÇáëÉ~ëÉK=qÜÉ=gçìêå~ä=çÑ=éÉÇá~íêáÅëK=OMMTXNRNWPQMJPQSK=



SO=

NUSK= tì= a`I= _çóÇ= ^pI=tççÇ= hgK= bãÄêóçåáÅ= ëíÉã= ÅÉää= íê~åëéä~åí~íáçåW= éçíÉåíá~ä=
~ééäáÅ~Äáäáíó= áå= ÅÉää= êÉéä~ÅÉãÉåí= íÜÉê~éó= ~åÇ= êÉÖÉåÉê~íáîÉ= ãÉÇáÅáåÉK= cêçåí=
_áçëÅáK=OMMTXNOWQRORJQRPRK=

NUTK= vçìåÖ= mmI= s~ìÖÜ~å=abI=e~íòçéçìäçë= ^hK= _áçäçÖáÅ= éêçéÉêíáÉë= çÑ= ÉåÇçíÜÉäá~ä=
éêçÖÉåáíçê=ÅÉääë=~åÇ= íÜÉáê=éçíÉåíá~ä= Ñçê=ÅÉää= íÜÉê~éóK=mêçÖêÉëë= áå=Å~êÇáçî~ëÅìä~ê=
ÇáëÉ~ëÉëK=OMMTXQVWQONJQOVK=

NUUK= ^ää~å= oI= h~ëë=jI= däçîÉê= `I= Éí= ~äK= `Éääìä~ê= íê~åëéä~åí~íáçåW= ÑìíìêÉ= íÜÉê~éÉìíáÅ=
çéíáçåëK=`ìêêÉåí=çéáåáçå=áå=Å~êÇáçäçÖóK=OMMTXOOWNMQJNNMK=

NUVK= `ÜêáëíçÑçêçì=kI=dÉ~êÜ~êí=gaK=píÉã=ÅÉääë=~åÇ=íÜÉáê=éçíÉåíá~ä=áå=ÅÉääJÄ~ëÉÇ=Å~êÇá~Å=
íÜÉê~éáÉëK=mêçÖêÉëë=áå=Å~êÇáçî~ëÅìä~ê=ÇáëÉ~ëÉëK=OMMTXQVWPVSJQNPK=

NVMK= pÜ~êã~=^aI=`~åíò=qI=j~ååë=jmI= Éí= ~äK= qÜÉ= êçäÉ= çÑ= ëíÉã= ÅÉääë= áå= éÜóëáçäçÖóI=
é~íÜçéÜóëáçäçÖóI=~åÇ=íÜÉê~éó=çÑ=íÜÉ=äáîÉêK=píÉã=ÅÉää=êÉîáÉïëK=OMMSXOWRNJRUK=

NVNK= içÅâ=iqI=qò~å~â~âáë=bpK=píÉãLmêçÖÉåáíçê=ÅÉää=ëçìêÅÉë=çÑ=áåëìäáåJéêçÇìÅáåÖ=ÅÉääë=
Ñçê=íÜÉ=íêÉ~íãÉåí=çÑ=Çá~ÄÉíÉëK=qáëëìÉ=ÉåÖáåÉÉêáåÖK=OMMTXNPWNPVVJNQNOK=

NVOK= d~åÖ~ê~ãJm~åÇ~ó=pqI=c~~ë=jjI=ÇÉ=sçë=mK=qçï~êÇë= ëíÉãJÅÉää= íÜÉê~éó= áå= íÜÉ=
ÉåÇçÅêáåÉ=é~åÅêÉ~ëK=qêÉåÇë=áå=ãçäÉÅìä~ê=ãÉÇáÅáåÉK=OMMTXNPWNSQJNTPK=

NVPK= sáÖåÉ~ì= `I= wÜÉåÖ= cI= mçäÖ~ê= hI= Éí= ~äK= píÉã= ÅÉääë= ~åÇ= âáÇåÉó= áåàìêóK= `ìêêÉåí=
çéáåáçå=áå=åÉéÜêçäçÖó=~åÇ=ÜóéÉêíÉåëáçåK=OMMSXNRWOPUJOQQK=

NVQK= q~â~Ü~ëÜá= gK= píÉã= ÅÉää= íÜÉê~éó= Ñçê= m~êâáåëçåDë= ÇáëÉ~ëÉK= bñéÉêí= êÉîáÉï= çÑ=
åÉìêçíÜÉê~éÉìíáÅëK=OMMTXTWSSTJSTRK=

NVRK= eçêïáíò=bjI=iÉ=_ä~åÅ=hI=açãáåáÅá=jI=Éí=~äK=`ä~êáÑáÅ~íáçå=çÑ=íÜÉ=åçãÉåÅä~íìêÉ=
Ñçê= jp`W= qÜÉ= fåíÉêå~íáçå~ä= pçÅáÉíó= Ñçê= `Éääìä~ê= qÜÉê~éó= éçëáíáçå= ëí~íÉãÉåíK=
`óíçíÜÉê~éóK=OMMRXTWPVPJPVRK=

NVSK= açãáåáÅá= jI= iÉ= _ä~åÅ= hI= jìÉääÉê= fI= Éí= ~äK= jáåáã~ä= ÅêáíÉêá~= Ñçê= ÇÉÑáåáåÖ=
ãìäíáéçíÉåí=ãÉëÉåÅÜóã~ä= ëíêçã~ä= ÅÉääëK=qÜÉ= fåíÉêå~íáçå~ä=pçÅáÉíó= Ñçê=`Éääìä~ê=
qÜÉê~éó=éçëáíáçå=ëí~íÉãÉåíK=`óíçíÜÉê~éóK=OMMSXUWPNRJPNTK=

NVTK= rêáëí=joI=jÅ=icK=lëíÉçÖÉåÉíáÅ=éçíÉåÅó=~åÇ=åÉïJÄçåÉ=Ñçêã~íáçå=Äó=áåÇìÅíáçå=
áå=íê~åëéä~åíë=íç=íÜÉ=~åíÉêáçê=ÅÜ~ãÄÉê=çÑ=íÜÉ=ÉóÉK=qÜÉ=gçìêå~ä=çÑ=ÄçåÉ=~åÇ=àçáåí=
ëìêÖÉêóK=NVROXPQJ^WQQPJQTSK=

NVUK= cêáÉÇÉåëíÉáå= ^gI= má~íÉíòâó= pI= ffI= mÉíê~âçî~= hsK=lëíÉçÖÉåÉëáë= áå= íê~åëéä~åíë= çÑ=
ÄçåÉ= ã~êêçï= ÅÉääëK= gçìêå~ä= çÑ= ÉãÄêóçäçÖó= ~åÇ= ÉñéÉêáãÉåí~ä= ãçêéÜçäçÖóK=
NVSSXNSWPUNJPVMK=

NVVK= cêáÉÇÉåëíÉáå=^gI=`Ü~áä~âÜà~å=ohI= i~äóâáå~=hpK= qÜÉ= ÇÉîÉäçéãÉåí= çÑ= ÑáÄêçÄä~ëí=
ÅçäçåáÉë=áå=ãçåçä~óÉê=ÅìäíìêÉë=çÑ=ÖìáåÉ~JéáÖ=ÄçåÉ=ã~êêçï=~åÇ=ëéäÉÉå=ÅÉääëK=`Éää=
~åÇ=íáëëìÉ=âáåÉíáÅëK=NVTMXPWPVPJQMPK=

OMMK= lïÉå= jI= cêáÉÇÉåëíÉáå= ^gK= píêçã~ä= ëíÉã= ÅÉääëW= ã~êêçïJÇÉêáîÉÇ= çëíÉçÖÉåáÅ=
éêÉÅìêëçêëK=`áÄ~=cçìåÇ~íáçå=ëóãéçëáìãK=NVUUXNPSWQOJSMK=

OMNK= `~éä~å=^fK=jÉëÉåÅÜóã~ä=ëíÉã=ÅÉääëK=g=lêíÜçé=oÉëK=NVVNXVWSQNJSRMK=

OMOK= e~óåÉëïçêíÜ=pbI=dçëÜáã~=gI=dçäÇÄÉêÖ=sjI=Éí=~äK=`Ü~ê~ÅíÉêáò~íáçå=çÑ=ÅÉääë=ïáíÜ=
çëíÉçÖÉåáÅ=éçíÉåíá~ä=Ñêçã=Üìã~å=ã~êêçïK=_çåÉK=NVVOXNPWUNJUUK=

OMPK= `~éä~å=^fK=qÜÉ=ãÉëÉåÖÉåáÅ=éêçÅÉëëK=`äáåáÅë=áå=éä~ëíáÅ=ëìêÖÉêóK=NVVQXONWQOVJQPRK=



=

= = SP=

OMQK= máííÉåÖÉê= jcI= j~Åâ~ó= ^jI= _ÉÅâ= p`I= Éí= ~äK= jìäíáäáåÉ~ÖÉ= éçíÉåíá~ä= çÑ= ~Çìäí=
Üìã~å=ãÉëÉåÅÜóã~ä=ëíÉã=ÅÉääëK=pÅáÉåÅÉ=EkÉï=vçêâI=kKvK=NVVVXOUQWNQPJNQTK=

OMRK= lDaçåçÖÜìÉ=hI=`Ü~å=gK=eìã~å=ÑÉí~ä=ãÉëÉåÅÜóã~ä=ëíÉã=ÅÉääëK=`ìêêÉåí=ëíÉã=ÅÉää=
êÉëÉ~êÅÜ=C=íÜÉê~éóK=OMMSXNWPTNJPUSK=

OMSK= _~êêó= cmI= jìêéÜó= gjK= jÉëÉåÅÜóã~ä= ëíÉã= ÅÉääëW= ÅäáåáÅ~ä= ~ééäáÅ~íáçåë= ~åÇ=
ÄáçäçÖáÅ~ä= ÅÜ~ê~ÅíÉêáò~íáçåK= qÜÉ= áåíÉêå~íáçå~ä= àçìêå~ä= çÑ= ÄáçÅÜÉãáëíêó= C= ÅÉää=
ÄáçäçÖóK=OMMQXPSWRSUJRUQK=

OMTK= _êìÇÉê=pmI= g~áëï~ä=kI=e~óåÉëïçêíÜ=pbK=dêçïíÜ=âáåÉíáÅëI= ëÉäÑJêÉåÉï~äI= ~åÇ= íÜÉ=
çëíÉçÖÉåáÅ= éçíÉåíá~ä= çÑ= éìêáÑáÉÇ= Üìã~å= ãÉëÉåÅÜóã~ä= ëíÉã= ÅÉääë= ÇìêáåÖ=
ÉñíÉåëáîÉ= ëìÄÅìäíáî~íáçå= ~åÇ= ÑçääçïáåÖ= ÅêóçéêÉëÉêî~íáçåK= gçìêå~ä= çÑ= ÅÉääìä~ê=
ÄáçÅÜÉãáëíêóK=NVVTXSQWOTUJOVQK=

OMUK= aáÖáêçä~ãç= `jI= píçâÉë= aI= `çäíÉê= aI= Éí= ~äK= mêçé~Ö~íáçå= ~åÇ= ëÉåÉëÅÉåÅÉ= çÑ=
Üìã~å=ã~êêçï=ëíêçã~ä=ÅÉääë=áå=ÅìäíìêÉW=~=ëáãéäÉ=ÅçäçåóJÑçêãáåÖ=~ëë~ó=áÇÉåíáÑáÉë=
ë~ãéäÉë= ïáíÜ= íÜÉ= ÖêÉ~íÉëí= éçíÉåíá~ä= íç= éêçé~Ö~íÉ= ~åÇ= ÇáÑÑÉêÉåíá~íÉK= _êáíáëÜ=
àçìêå~ä=çÑ=Ü~Éã~íçäçÖóK=NVVVXNMTWOTRJOUNK=

OMVK= `çåÖÉí=m^I=jáåÖìÉää=ggK=mÜÉåçíóéáÅ~ä=~åÇ=ÑìåÅíáçå~ä=éêçéÉêíáÉë=çÑ=Üìã~å=ÄçåÉ=
ã~êêçï= ãÉëÉåÅÜóã~ä= éêçÖÉåáíçê= ÅÉääëK= gçìêå~ä= çÑ= ÅÉääìä~ê= éÜóëáçäçÖóK=
NVVVXNUNWSTJTPK=

ONMK= máííÉåÖÉê= jI= s~åÖìêá= mI= páãçåÉííá= aI= Éí= ~äK= ^Çìäí= ãÉëÉåÅÜóã~ä= ëíÉã= ÅÉääëW=
éçíÉåíá~ä=Ñçê=ãìëÅäÉ=~åÇ=íÉåÇçå=êÉÖÉåÉê~íáçå=~åÇ=ìëÉ=áå=ÖÉåÉ=íÜÉê~éóK=gçìêå~ä=
çÑ=ãìëÅìäçëâÉäÉí~ä=C=åÉìêçå~ä=áåíÉê~ÅíáçåëK=OMMOXOWPMVJPOMK=

ONNK= j~âáåç=pI=cìâìÇ~=hI=jáóçëÜá=pI=Éí=~äK=`~êÇáçãóçÅóíÉë=Å~å=ÄÉ=ÖÉåÉê~íÉÇ=Ñêçã=
ã~êêçï= ëíêçã~ä= ÅÉääë= áå= îáíêçK= qÜÉ= gçìêå~ä= çÑ= ÅäáåáÅ~ä= áåîÉëíáÖ~íáçåK=
NVVVXNMPWSVTJTMRK=

ONOK= mÜáååÉó= adI= fë~âçî~= fK= mä~ëíáÅáíó= ~åÇ= íÜÉê~éÉìíáÅ= éçíÉåíá~ä= çÑ= ãÉëÉåÅÜóã~ä=
ëíÉã=ÅÉääë=áå=íÜÉ=åÉêîçìë=ëóëíÉãK=`ìêêÉåí=éÜ~êã~ÅÉìíáÅ~ä=ÇÉëáÖåK=OMMRXNNWNORRJ
NOSRK=

ONPK= qêçéÉä=mI=mä~íÉí=kI=mä~íÉä=g`I=Éí=~äK=cìåÅíáçå~ä=åÉìêçå~ä=ÇáÑÑÉêÉåíá~íáçå=çÑ=ÄçåÉ=
ã~êêçïJÇÉêáîÉÇ= ãÉëÉåÅÜóã~ä= ëíÉã= ÅÉääëK= píÉã= ÅÉääë= Ea~óíçåI= lÜáçFK=
OMMSXOQWOUSUJOUTSK=

ONQK= lëï~äÇ= gI= _çñÄÉêÖÉê= pI= gçêÖÉåëÉå= _I= Éí= ~äK= jÉëÉåÅÜóã~ä= ëíÉã= ÅÉääë= Å~å= ÄÉ=
ÇáÑÑÉêÉåíá~íÉÇ= áåíç= ÉåÇçíÜÉäá~ä= ÅÉääë= áå= îáíêçK= píÉã= ÅÉääë= Ea~óíçåI= lÜáçFK=
OMMQXOOWPTTJPUQK=

ONRK= mÉíÉêëÉå=_bI=_çïÉå=t`I=m~íêÉåÉ=haI=Éí=~äK=_çåÉ=ã~êêçï=~ë=~=éçíÉåíá~ä=ëçìêÅÉ=
çÑ=ÜÉé~íáÅ=çî~ä=ÅÉääëK=pÅáÉåÅÉ=EkÉï=vçêâI=kKvK=NVVVXOUQWNNSUJNNTMK=

ONSK= jìê~Öäá~= ^I= `~åÅÉÇÇ~= oI= nì~êíç= oK= `äçå~ä= ãÉëÉåÅÜóã~ä= éêçÖÉåáíçêë= Ñêçã=
Üìã~å= ÄçåÉ=ã~êêçï= ÇáÑÑÉêÉåíá~íÉ= áå= îáíêç= ~ÅÅçêÇáåÖ= íç= ~= ÜáÉê~êÅÜáÅ~ä=ãçÇÉäK=
gçìêå~ä=çÑ=ÅÉää=ëÅáÉåÅÉK=OMMMXNNP=E=mí=TFWNNSNJNNSSK=

ONTK= iÉ= _ä~åÅ=hI= oáåÖÇÉå=lK= fããìåçãçÇìä~íáçå= Äó=ãÉëÉåÅÜóã~ä= ëíÉã= ÅÉääë= ~åÇ=
ÅäáåáÅ~ä=ÉñéÉêáÉåÅÉK=gçìêå~ä=çÑ=áåíÉêå~ä=ãÉÇáÅáåÉK=OMMTXOSOWRMVJRORK=

ONUK= háÉêåÉó= m`I=açêëÜâáåÇ=hK= _= äóãéÜçÅóíÉ= éêÉÅìêëçêë= ~åÇ=ãóÉäçáÇ= éêçÖÉåáíçêë=
ëìêîáîÉ= áå= ÇáÑÑìëáçå= ÅÜ~ãÄÉê= ÅìäíìêÉë= Äìí= _= ÅÉää= ÇáÑÑÉêÉåíá~íáçå= êÉèìáêÉë= ÅäçëÉ=
~ëëçÅá~íáçå=ïáíÜ=ëíêçã~ä=ÅÉääëK=_äççÇK=NVUTXTMWNQNUJNQOQK=



SQ=

ONVK= j~àìãÇ~ê= jhI= hÉ~åÉJjççêÉ= jI= _ìó~åÉê= aI= Éí= ~äK= `Ü~ê~ÅíÉêáò~íáçå= ~åÇ=
ÑìåÅíáçå~äáíó= çÑ= ÅÉää= ëìêÑ~ÅÉ= ãçäÉÅìäÉë= çå= Üìã~å= ãÉëÉåÅÜóã~ä= ëíÉã= ÅÉääëK=
gçìêå~ä=çÑ=ÄáçãÉÇáÅ~ä=ëÅáÉåÅÉK=OMMPXNMWOOUJOQNK=

OOMK= j~àìãÇ~ê= jhI= qÜáÉÇÉ= j^I= jçëÅ~= gaI= Éí= ~äK= mÜÉåçíóéáÅ= ~åÇ= ÑìåÅíáçå~ä=
Åçãé~êáëçå=çÑ=ÅìäíìêÉë=çÑ=ã~êêçïJÇÉêáîÉÇ=ãÉëÉåÅÜóã~ä=ëíÉã=ÅÉääë=Ejp`ëF=~åÇ=
ëíêçã~ä=ÅÉääëK=gçìêå~ä=çÑ=ÅÉääìä~ê=éÜóëáçäçÖóK=NVVUXNTSWRTJSSK=

OONK= ^ÖÖ~êï~ä=pI=máííÉåÖÉê=jcK=eìã~å=ãÉëÉåÅÜóã~ä=ëíÉã=ÅÉääë=ãçÇìä~íÉ=~ääçÖÉåÉáÅ=
áããìåÉ=ÅÉää=êÉëéçåëÉëK=_äççÇK=OMMRXNMRWNUNRJNUOOK=

OOOK= páäî~=t^I=gêKI=`çî~ë=aqI=m~åÉéìÅÅá=o^I=Éí=~äK=qÜÉ=éêçÑáäÉ=çÑ=ÖÉåÉ=ÉñéêÉëëáçå=çÑ=
Üìã~å= ã~êêçï= ãÉëÉåÅÜóã~ä= ëíÉã= ÅÉääëK= píÉã= ÅÉääë= Ea~óíçåI= lÜáçFK=
OMMPXONWSSNJSSVK=

OOPK= mçíá~å= g^I=^îáî=eI=mçåòáç=kjI= Éí= ~äK=sÉíçJäáâÉ= ~Åíáîáíó=çÑ=ãÉëÉåÅÜóã~ä= ëíÉã=
ÅÉääëW= ÑìåÅíáçå~ä= ÇáëÅêáãáå~íáçå=ÄÉíïÉÉå= ÅÉääìä~ê= êÉëéçåëÉë= íç= ~ääç~åíáÖÉåë= ~åÇ=
êÉÅ~ää=~åíáÖÉåëK=g=fããìåçäK=OMMPXNTNWPQOSJPQPQK=

OOQK= e~óåÉëïçêíÜ= pbI= _~ÄÉê= j^I= `~éä~å= ^fK= `óíçâáåÉ= ÉñéêÉëëáçå= Äó= Üìã~å=
ã~êêçïJÇÉêáîÉÇ= ãÉëÉåÅÜóã~ä= éêçÖÉåáíçê= ÅÉääë= áå= îáíêçW= ÉÑÑÉÅíë= çÑ=
ÇÉñ~ãÉíÜ~ëçåÉ= ~åÇ= fiJN= ~äéÜ~K= gçìêå~ä= çÑ= ÅÉääìä~ê= éÜóëáçäçÖóK= NVVSXNSSWRURJ
RVOK=

OORK= kçÉä=aI=aàçì~Ç=cI=_çìÑÑá=`I=Éí=~äK=jìäíáéçíÉåí=ãÉëÉåÅÜóã~ä=ëíêçã~ä=ÅÉääë=~åÇ=
áããìåÉ=íçäÉê~åÅÉK=iÉìâÉãá~=C=äóãéÜçã~K=OMMTXQUWNOUPJNOUVK=

OOSK= iÉ=_ä~åÅ=hI=q~ããáâ=`I=oçëÉåÇ~Üä=hI=Éí=~äK=ei^=ÉñéêÉëëáçå=~åÇ=áããìåçäçÖáÅ=
éêçéÉêíáÉë= çÑ= ÇáÑÑÉêÉåíá~íÉÇ= ~åÇ= ìåÇáÑÑÉêÉåíá~íÉÇ= ãÉëÉåÅÜóã~ä= ëíÉã= ÅÉääëK=
bñéÉêáãÉåí~ä=ÜÉã~íçäçÖóK=OMMPXPNWUVMJUVSK=

OOTK= qëÉ= tqI= mÉåÇäÉíçå= gaI= _ÉóÉê= tjI= Éí= ~äK= pìééêÉëëáçå= çÑ= ~ääçÖÉåÉáÅ= qJÅÉää=
éêçäáÑÉê~íáçå=Äó=Üìã~å=ã~êêçï= ëíêçã~ä= ÅÉääëW= áãéäáÅ~íáçåë= áå= íê~åëéä~åí~íáçåK=
qê~åëéä~åí~íáçåK=OMMPXTRWPUVJPVTK=

OOUK= oìÖÖÉêá=iI=`~é~ååá=jI=j~êíÉääá=jcI=Éí=~äK=`Éääìä~ê=íÜÉê~éóW=ÉñéäçáíáåÖ=kh=ÅÉää=
~ääçêÉ~Åíáîáíó= áå= íê~åëéä~åí~íáçåK= `ìêêÉåí= çéáåáçå= áå= ÜÉã~íçäçÖóK= OMMNXUWPRRJ
PRVK=

OOVK= häóìëÜåÉåâçî~=bI=jçëÅ~=gaI=wÉêåÉíâáå~=sI=Éí=~äK=q=ÅÉää=êÉëéçåëÉë=íç=~ääçÖÉåÉáÅ=
Üìã~å=ãÉëÉåÅÜóã~ä= ëíÉã= ÅÉääëW= áããìåçÖÉåáÅáíóI= íçäÉê~åÅÉI= ~åÇ= ëìééêÉëëáçåK=
gçìêå~ä=çÑ=ÄáçãÉÇáÅ~ä=ëÅáÉåÅÉK=OMMRXNOWQTJRTK=

OPMK= o~ëãìëëçå=fI=oáåÖÇÉå=lI=pìåÇÄÉêÖ=_I=Éí=~äK=jÉëÉåÅÜóã~ä=ëíÉã=ÅÉääë=áåÜáÄáí=íÜÉ=
Ñçêã~íáçå= çÑ= ÅóíçíçñáÅ= q= äóãéÜçÅóíÉëI= Äìí= åçí= ~Åíáî~íÉÇ= ÅóíçíçñáÅ= q=
äóãéÜçÅóíÉë=çê=å~íìê~ä=âáääÉê=ÅÉääëK=qê~åëéä~åí~íáçåK=OMMPXTSWNOMUJNONPK=

OPNK= jçê~åÇá= cI= o~ÑÑ~ÖÜÉääç= iI= _á~åÅÜá= dI= Éí= ~äK= fããìåçÖÉåáÅáíó= çÑ= Üìã~å=
ãÉëÉåÅÜóã~ä= ëíÉã=ÅÉääë= áå=ei^JÅä~ëë=fJêÉëíêáÅíÉÇ=qJÅÉää=êÉëéçåëÉë=~Ö~áåëí=îáê~ä=
çê=íìãçêJ~ëëçÅá~íÉÇ=~åíáÖÉåëK=píÉã=ÅÉääë=Ea~óíçåI=lÜáçFK=OMMUXOSWNOTRJNOUTK=

OPOK= hçÅ=lkI=a~ó=gI=káÉÇÉê=jI=Éí=~äK=^ääçÖÉåÉáÅ=ãÉëÉåÅÜóã~ä=ëíÉã=ÅÉää=áåÑìëáçå=Ñçê=
íêÉ~íãÉåí= çÑ= ãÉí~ÅÜêçã~íáÅ= äÉìâçÇóëíêçéÜó= EjiaF= ~åÇ= eìêäÉê= ëóåÇêçãÉ=
EjmpJfeFK=_çåÉ=ã~êêçï=íê~åëéä~åí~íáçåK=OMMOXPMWONRJOOOK=

OPPK= iÉ= _ä~åÅ= hI= dçíÜÉêëíêçã= `I= oáåÖÇÉå= lI= Éí= ~äK= cÉí~ä= ãÉëÉåÅÜóã~ä= ëíÉãJÅÉää=
ÉåÖê~ÑíãÉåí= áå= ÄçåÉ= ~ÑíÉê= áå= ìíÉêç= íê~åëéä~åí~íáçå= áå= ~= é~íáÉåí= ïáíÜ= ëÉîÉêÉ=
çëíÉçÖÉåÉëáë=áãéÉêÑÉÅí~K=qê~åëéä~åí~íáçåK=OMMRXTVWNSMTJNSNQK=



=

= = SR=

OPQK= _ÉÖÖë= hgI= ióìÄáãçî= ^I= _çêåÉã~å= gkI= Éí= ~äK= fããìåçäçÖáÅ= ÅçåëÉèìÉåÅÉë= çÑ=
ãìäíáéäÉI= ÜáÖÜJÇçëÉ= ~Çãáåáëíê~íáçå= çÑ= ~ääçÖÉåÉáÅ= ãÉëÉåÅÜóã~ä= ëíÉã= ÅÉääë= íç=
Ä~ÄççåëK=`Éää=íê~åëéä~åí~íáçåK=OMMSXNRWTNNJTONK=

OPRK= mçÅÜ~ãé~ääó= ooI=kÉîáääÉ= _qI= pÅÜï~êò= bgI= Éí= ~äK= o~í= ~Çìäí= ëíÉã= ÅÉääë= Eã~êêçï=
ëíêçã~ä=ÅÉääëF=ÉåÖê~Ñí=~åÇ=ÇáÑÑÉêÉåíá~íÉ=áå=ÅÜáÅâ=ÉãÄêóçë=ïáíÜçìí=ÉîáÇÉåÅÉ=çÑ=ÅÉää=
ÑìëáçåK=mêçÅÉÉÇáåÖë=çÑ=íÜÉ=k~íáçå~ä=^Å~ÇÉãó=çÑ=pÅáÉåÅÉë=çÑ=íÜÉ=råáíÉÇ=pí~íÉë=çÑ=
^ãÉêáÅ~K=OMMQXNMNWVOUOJVOURK=

OPSK= hê~áíÅÜã~å= aiI= eÉäÇã~å= ^tI= ^í~ä~ê= bI= Éí= ~äK= få= îáîç= ã~ÖåÉíáÅ= êÉëçå~åÅÉ=
áã~ÖáåÖ= çÑ= ãÉëÉåÅÜóã~ä= ëíÉã= ÅÉääë= áå= ãóçÅ~êÇá~ä= áåÑ~êÅíáçåK= `áêÅìä~íáçåK=
OMMPXNMTWOOVMJOOVPK=

OPTK= aÉîáåÉ=pjI=`çÄÄë=`I=gÉååáåÖë=jI=Éí=~äK=jÉëÉåÅÜóã~ä=ëíÉã=ÅÉääë=ÇáëíêáÄìíÉ=íç=~=
ïáÇÉ= ê~åÖÉ= çÑ= íáëëìÉë= ÑçääçïáåÖ= ëóëíÉãáÅ= áåÑìëáçå= áåíç= åçåÜìã~å= éêáã~íÉëK=
_äççÇK=OMMPXNMNWOVVVJPMMNK=

OPUK= iáÉÅÜíó=htI=j~ÅhÉåòáÉ=q`I=pÜ~~Ä~å=^cI=Éí=~äK=eìã~å=ãÉëÉåÅÜóã~ä=ëíÉã=ÅÉääë=
ÉåÖê~Ñí= ~åÇ= ÇÉãçåëíê~íÉ= ëáíÉJëéÉÅáÑáÅ= ÇáÑÑÉêÉåíá~íáçå= ~ÑíÉê= áå= ìíÉêç=
íê~åëéä~åí~íáçå=áå=ëÜÉÉéK=k~íìêÉ=ãÉÇáÅáåÉK=OMMMXSWNOUOJNOUSK=

OPVK= ^áêÉó=g^I=^äãÉáÇ~Jmçê~Ç~=dI=`çääÉííá=bgI=Éí=~äK=eìã~å=ãÉëÉåÅÜóã~ä=ëíÉã=ÅÉääë=
Ñçêã=mìêâáåàÉ=ÑáÄÉêë=áå=ÑÉí~ä=ëÜÉÉé=ÜÉ~êíK=`áêÅìä~íáçåK=OMMQXNMVWNQMNJNQMTK=

OQMK= oáåÖÇÉå= lI= ròìåÉä= jI= o~ëãìëëçå= fI= Éí= ~äK= jÉëÉåÅÜóã~ä= ëíÉã= ÅÉääë= Ñçê=
íêÉ~íãÉåí= çÑ= íÜÉê~éóJêÉëáëí~åí= Öê~ÑíJîÉêëìëJÜçëí= ÇáëÉ~ëÉK= qê~åëéä~åí~íáçåK=
OMMSXUNWNPVMJNPVTK=

OQNK= oáåÖÇÉå= lI= ròìåÉä= jI= pìåÇÄÉêÖ= _I= Éí= ~äK= qáëëìÉ= êÉé~áê= ìëáåÖ= ~ääçÖÉåÉáÅ=
ãÉëÉåÅÜóã~ä= ëíÉã= ÅÉääë= Ñçê= ÜÉãçêêÜ~ÖáÅ= ÅóëíáíáëI= éåÉìãçãÉÇá~ëíáåìã= ~åÇ=
éÉêÑçê~íÉÇ=ÅçäçåK=iÉìâÉãá~K=OMMTXONWOOTNJOOTSK=

OQOK= cçìáää~êÇ= iI= _ÉåëáÇÜçìã= jI= _çêáÉë= aI= Éí= ~äK= båÖê~ÑíãÉåí= çÑ= ~ääçÖÉåÉáÅ=
ãÉëÉåÅÜóã~ä=ëíÉã=ÅÉääë=áå=íÜÉ=ÄçåÉ=ã~êêçï=çÑ=~=é~íáÉåí=ïáíÜ=ëÉîÉêÉ=áÇáçé~íÜáÅ=
~éä~ëíáÅ=~åÉãá~=áãéêçîÉë=ëíêçã~K=iÉìâÉãá~K=OMMPXNTWQTQJQTSK=

OQPK= eçêïáíò=bjI=mêçÅâçé=agI=dçêÇçå=miI=Éí=~äK=`äáåáÅ~ä=êÉëéçåëÉë=íç=ÄçåÉ=ã~êêçï=
íê~åëéä~åí~íáçå= áå= ÅÜáäÇêÉå= ïáíÜ= ëÉîÉêÉ= çëíÉçÖÉåÉëáë= áãéÉêÑÉÅí~K= _äççÇK=
OMMNXVTWNOOTJNOPNK=

OQQK= bäáçéçìäçë= kI= pí~ÖÖ= gI= iÉàÉìåÉ= iI= Éí= ~äK= ^ääçÖÉåÉáÅ= ã~êêçï= ëíêçã~ä= ÅÉääë= ~êÉ=
áããìåÉ= êÉàÉÅíÉÇ= Äó= je`= Åä~ëë= fJ= ~åÇ= Åä~ëë= ffJãáëã~íÅÜÉÇ= êÉÅáéáÉåí= ãáÅÉK=
_äççÇK=OMMRXNMSWQMRTJQMSRK=

OQRK= k~ìí~=^gI=tÉëíÉêÜìáë=dI=hêìáëëÉäÄêáåâ=^_I=Éí=~äK=açåçêJÇÉêáîÉÇ=ãÉëÉåÅÜóã~ä=
ëíÉã= ÅÉääë= ~êÉ= áããìåçÖÉåáÅ= áå= ~å= ~ääçÖÉåÉáÅ= Üçëí= ~åÇ= ëíáãìä~íÉ= Ççåçê= Öê~Ñí=
êÉàÉÅíáçå=áå=~=åçåãóÉäç~Ää~íáîÉ=ëÉííáåÖK=_äççÇK=OMMSXNMUWONNQJONOMK=

OQSK= _~êíÜçäçãÉï=^I=píìêÖÉçå=`I=pá~íëâ~ë=jI=Éí=~äK=jÉëÉåÅÜóã~ä=ëíÉã=ÅÉääë=ëìééêÉëë=
äóãéÜçÅóíÉ= éêçäáÑÉê~íáçå= áå= îáíêç= ~åÇ= éêçäçåÖ= ëâáå= Öê~Ñí= ëìêîáî~ä= áå= îáîçK=
bñéÉêáãÉåí~ä=ÜÉã~íçäçÖóK=OMMOXPMWQOJQUK=

OQTK= iÉ=_ä~åÅ=hI=q~ããáâ=iI=pìåÇÄÉêÖ=_I=Éí=~äK=jÉëÉåÅÜóã~ä=ëíÉã=ÅÉääë=áåÜáÄáí=~åÇ=
ëíáãìä~íÉ=ãáñÉÇ=äóãéÜçÅóíÉ=ÅìäíìêÉë=~åÇ=ãáíçÖÉåáÅ=êÉëéçåëÉë=áåÇÉéÉåÇÉåíäó=çÑ=
íÜÉ= ã~àçê= ÜáëíçÅçãé~íáÄáäáíó= ÅçãéäÉñK= pÅ~åÇáå~îá~å= àçìêå~ä= çÑ= áããìåçäçÖóK=
OMMPXRTWNNJOMK=

OQUK= aá=káÅçä~=jI=`~êäçJpíÉää~=`I=j~Öåá=jI=Éí=~äK=eìã~å=ÄçåÉ=ã~êêçï=ëíêçã~ä=ÅÉääë=
ëìééêÉëë= qJäóãéÜçÅóíÉ= éêçäáÑÉê~íáçå= áåÇìÅÉÇ= Äó= ÅÉääìä~ê= çê= åçåëéÉÅáÑáÅ=
ãáíçÖÉåáÅ=ëíáãìäáK=_äççÇK=OMMOXVVWPUPUJPUQPK=



SS=

OQVK= j~áíê~= _I= pòÉâÉäó= bI= dàáåá= hI= Éí= ~äK= eìã~å=ãÉëÉåÅÜóã~ä= ëíÉã= ÅÉääë= ëìééçêí=
ìåêÉä~íÉÇ=Ççåçê=ÜÉã~íçéçáÉíáÅ=ëíÉã=ÅÉääë=~åÇ=ëìééêÉëë=qJÅÉää=~Åíáî~íáçåK=_çåÉ=
ã~êêçï=íê~åëéä~åí~íáçåK=OMMQXPPWRVTJSMQK=

ORMK= _ÉóíÜ=pI=_çêçîëâó=wI=jÉîçê~ÅÜ=aI=Éí=~äK=eìã~å=ãÉëÉåÅÜóã~ä=ëíÉã=ÅÉääë=~äíÉê=
~åíáÖÉåJéêÉëÉåíáåÖ=ÅÉää=ã~íìê~íáçå=~åÇ=áåÇìÅÉ=qJÅÉää=ìåêÉëéçåëáîÉåÉëëK=_äççÇK=
OMMRXNMRWOONQJOONVK=

ORNK= aàçì~Ç=cI=mäÉåÅÉ=mI=_çåó=`I=Éí=~äK= fããìåçëìééêÉëëáîÉ=ÉÑÑÉÅí=çÑ=ãÉëÉåÅÜóã~ä=
ëíÉã= ÅÉääë= Ñ~îçêë= íìãçê= ÖêçïíÜ= áå= ~ääçÖÉåÉáÅ= ~åáã~äëK= _äççÇK= OMMPXNMOWPUPTJ
PUQQK=

OROK= hê~ãéÉê~=jI=däÉååáÉ=pI=aóëçå=gI=Éí=~äK=_çåÉ=ã~êêçï=ãÉëÉåÅÜóã~ä=ëíÉã=ÅÉääë=
áåÜáÄáí= íÜÉ= êÉëéçåëÉ= çÑ= å~áîÉ= ~åÇ= ãÉãçêó= ~åíáÖÉåJëéÉÅáÑáÅ= q= ÅÉääë= íç= íÜÉáê=
ÅçÖå~íÉ=éÉéíáÇÉK=_äççÇK=OMMPXNMNWPTOOJPTOVK=

ORPK= j~ÅÅ~êáç=oI=mçÇÉëí~=jI=jçêÉíí~=^I= Éí= ~äK= fåíÉê~Åíáçå=çÑ=Üìã~å=ãÉëÉåÅÜóã~ä=
ëíÉã=ÅÉääë=ïáíÜ=ÅÉääë=áåîçäîÉÇ=áå=~ääç~åíáÖÉåJëéÉÅáÑáÅ=áããìåÉ=êÉëéçåëÉ=Ñ~îçêë=íÜÉ=
ÇáÑÑÉêÉåíá~íáçå= çÑ= `aQH= qJÅÉää= ëìÄëÉíë= ÉñéêÉëëáåÖ= ~= êÉÖìä~íçêóLëìééêÉëëáîÉ=
éÜÉåçíóéÉK=e~Éã~íçäçÖáÅ~K=OMMRXVMWRNSJRORK=

ORQK= däÉååáÉ= pI= pçÉáêç= fI= aóëçå= mgI= Éí= ~äK= _çåÉ= ã~êêçï= ãÉëÉåÅÜóã~ä= ëíÉã= ÅÉääë=
áåÇìÅÉ=Çáîáëáçå=~êêÉëí=~åÉêÖó=çÑ=~Åíáî~íÉÇ=q=ÅÉääëK=_äççÇK=OMMRXNMRWOUONJOUOTK=

ORRK= o~ã~ë~ãó= oI= qçåÖ= `hI= pÉçï= ecI= Éí= ~äK= qÜÉ= áããìåçëìééêÉëëáîÉ= ÉÑÑÉÅíë= çÑ=
Üìã~å=ÄçåÉ=ã~êêçïJÇÉêáîÉÇ=ãÉëÉåÅÜóã~ä=ëíÉã=ÅÉääë=í~êÖÉí=q=ÅÉää=éêçäáÑÉê~íáçå=
Äìí=åçí=áíë=ÉÑÑÉÅíçê=ÑìåÅíáçåK=`Éääìä~ê=áããìåçäçÖóK=OMMUXORNWNPNJNPSK=

ORSK= iÉ=_ä~åÅ=hI=o~ëãìëëçå=fI=dçíÜÉêëíêçã=`I=Éí=~äK=jÉëÉåÅÜóã~ä=ëíÉã=ÅÉääë=áåÜáÄáí=
íÜÉ= ÉñéêÉëëáçå= çÑ= `aOR= EáåíÉêäÉìâáåJO= êÉÅÉéíçêF= ~åÇ= `aPU= çå=
éÜóíçÜ~Éã~ÖÖäìíáåáåJ~Åíáî~íÉÇ= äóãéÜçÅóíÉëK= pÅ~åÇáå~îá~å= àçìêå~ä= çÑ=
áããìåçäçÖóK=OMMQXSMWPMTJPNRK=

ORTK= dêçÜ=jbI=j~áíê~=_I= pòÉâÉäó=bI= Éí= ~äK=eìã~å=ãÉëÉåÅÜóã~ä= ëíÉã=ÅÉääë= êÉèìáêÉ=
ãçåçÅóíÉJãÉÇá~íÉÇ= ~Åíáî~íáçå= íç= ëìééêÉëë= ~ääçêÉ~ÅíáîÉ= q= ÅÉääëK= bñéÉêáãÉåí~ä=
ÜÉã~íçäçÖóK=OMMRXPPWVOUJVPQK=

ORUK= `çêÅáçåÉ= ^I= _ÉåîÉåìíç= cI= cÉêêÉííá= bI= Éí= ~äK= eìã~å= ãÉëÉåÅÜóã~ä= ëíÉã= ÅÉääë=
ãçÇìä~íÉ=_JÅÉää=ÑìåÅíáçåëK=_äççÇK=OMMSXNMTWPSTJPTOK=

ORVK= o~ëãìëëçå=fI=iÉ=_ä~åÅ=hI=pìåÇÄÉêÖ=_I=Éí=~äK=jÉëÉåÅÜóã~ä=ëíÉã=ÅÉääë=ëíáãìä~íÉ=
~åíáÄçÇó= ëÉÅêÉíáçå= áå= Üìã~å= _= ÅÉääëK= pÅ~åÇáå~îá~å= àçìêå~ä= çÑ= áããìåçäçÖóK=
OMMTXSRWPPSJPQPK=

OSMK= `çãçäá=mI=dáåÉîêá=cI=j~ÅÅ~êáç=oI=Éí=~äK=eìã~å=ãÉëÉåÅÜóã~ä=ëíÉã=ÅÉääë=áåÜáÄáí=
~åíáÄçÇó= éêçÇìÅíáçå= áåÇìÅÉÇ= áå= îáíêç= Äó= ~ääçëíáãìä~íáçåK= kÉéÜêçä= aá~ä=
qê~åëéä~åíK=OMMUXOPWNNVSJNOMOK=

OSNK= pçíáêçéçìäçì= m^I= mÉêÉò= p^I=dêáíò~éáë= ^aI= Éí= ~äK= fåíÉê~Åíáçåë= ÄÉíïÉÉå= Üìã~å=
ãÉëÉåÅÜóã~ä= ëíÉã= ÅÉääë= ~åÇ= å~íìê~ä= âáääÉê= ÅÉääëK= píÉã= ÅÉääë= Ea~óíçåI= lÜáçFK=
OMMSXOQWTQJURK=

OSOK= hê~ãéÉê~= jI= `çëãá= iI= ^åÖÉäá= oI= Éí= ~äK= oçäÉ= Ñçê= áåíÉêÑÉêçåJÖ~ãã~= áå= íÜÉ=
áããìåçãçÇìä~íçêó=~Åíáîáíó=çÑ=Üìã~å=ÄçåÉ=ã~êêçï=ãÉëÉåÅÜóã~ä= ëíÉã=ÅÉääëK=
píÉã=ÅÉääë=Ea~óíçåI=lÜáçFK=OMMSXOQWPUSJPVUK=

OSPK= k~ìí~=^gI=hêìáëëÉäÄêáåâ=^_I= iìêîáåâ=bI= Éí= ~äK=jÉëÉåÅÜóã~ä= ëíÉã= ÅÉääë= áåÜáÄáí=
ÖÉåÉê~íáçå= ~åÇ= ÑìåÅíáçå= çÑ= ÄçíÜ= `aPQHJÇÉêáîÉÇ= ~åÇ= ãçåçÅóíÉJÇÉêáîÉÇ=
ÇÉåÇêáíáÅ=ÅÉääëK=g=fããìåçäK=OMMSXNTTWOMUMJOMUTK=



=

= = ST=

OSQK= wÜ~åÖ= tI= dÉ= tI= iá= `I= Éí= ~äK= bÑÑÉÅíë= çÑ= ãÉëÉåÅÜóã~ä= ëíÉã= ÅÉääë= çå=
ÇáÑÑÉêÉåíá~íáçåI=ã~íìê~íáçåI=~åÇ=ÑìåÅíáçå=çÑ=Üìã~å=ãçåçÅóíÉJÇÉêáîÉÇ=ÇÉåÇêáíáÅ=
ÅÉääëK=píÉã=ÅÉääë=~åÇ=ÇÉîÉäçéãÉåíK=OMMQXNPWOSPJOTNK=

OSRK= kÉìëë= pI= _ÉÅÜÉê= bI=tçäíàÉ=jI= Éí= ~äK= cìåÅíáçå~ä= ÉñéêÉëëáçå= çÑ=edc= ~åÇ=edc=
êÉÅÉéíçêLÅJãÉí= áå= ~Çìäí=Üìã~å=ãÉëÉåÅÜóã~ä= ëíÉã=ÅÉääë= ëìÖÖÉëíë= ~= êçäÉ= áå= ÅÉää=
ãçÄáäáò~íáçåI= íáëëìÉ= êÉé~áêI= ~åÇ= ïçìåÇ= ÜÉ~äáåÖK= píÉã= ÅÉääë= Ea~óíçåI= lÜáçFK=
OMMQXOOWQMRJQNQK=

OSSK= o~ëãìëëçå= fI= oáåÖÇÉå=lI= pìåÇÄÉêÖ= _I= Éí= ~äK=jÉëÉåÅÜóã~ä= ëíÉã= ÅÉääë= áåÜáÄáí=
äóãéÜçÅóíÉ= éêçäáÑÉê~íáçå= Äó= ãáíçÖÉåë= ~åÇ= ~ääç~åíáÖÉåë= Äó= ÇáÑÑÉêÉåí=
ãÉÅÜ~åáëãëK=bñéÉêáãÉåí~ä=ÅÉää=êÉëÉ~êÅÜK=OMMRXPMRWPPJQNK=

OSTK= o~ëãìëëçå= fK= fããìåÉ=ãçÇìä~íáçå= Äó=ãÉëÉåÅÜóã~ä= ëíÉã= ÅÉääëK= bñéÉêáãÉåí~ä=
ÅÉää=êÉëÉ~êÅÜK=OMMSXPNOWONSVJONTVK=

OSUK= ^êáâ~ï~=qI=lãìê~=hI=jçêáí~= fK=oÉÖìä~íáçå=çÑ= ÄçåÉ=ãçêéÜçÖÉåÉíáÅ= éêçíÉáåJO=
ÉñéêÉëëáçå=Äó=ÉåÇçÖÉåçìë=éêçëí~Öä~åÇáå=bO=áå=Üìã~å=ãÉëÉåÅÜóã~ä=ëíÉã=ÅÉääëK=
gçìêå~ä=çÑ=ÅÉääìä~ê=éÜóëáçäçÖóK=OMMQXOMMWQMMJQMSK=

OSVK= jÉáëÉä=oI=wáÄÉêí=^I=i~êóÉ~=jI=Éí=~äK=eìã~å=ÄçåÉ=ã~êêçï=ëíêçã~ä=ÅÉääë=áåÜáÄáí=
~ääçÖÉåÉáÅ= qJÅÉää= êÉëéçåëÉë= Äó= áåÇçäÉ~ãáåÉ= OIPJÇáçñóÖÉå~ëÉJãÉÇá~íÉÇ=
íêóéíçéÜ~å=ÇÉÖê~Ç~íáçåK=_äççÇK=OMMQXNMPWQSNVJQSONK=

OTMK= p~íç=hI=lò~âá=hI=lÜ=fI=Éí=~äK=káíêáÅ=çñáÇÉ=éä~óë=~=ÅêáíáÅ~ä=êçäÉ=áå=ëìééêÉëëáçå=çÑ=qJ
ÅÉää=éêçäáÑÉê~íáçå=Äó=ãÉëÉåÅÜóã~ä=ëíÉã=ÅÉääëK=_äççÇK=OMMTXNMVWOOUJOPQK=

OTNK= oáòòç=oI=`~ãéáçåá=aI=píáÖå~åá=jI=Éí= ~äK=^= ÑìåÅíáçå~ä= êçäÉ= Ñçê= ëçäìÄäÉ=ei^Jd=
~åíáÖÉåë= áå= áããìåÉ= ãçÇìä~íáçå= ãÉÇá~íÉÇ= Äó= ãÉëÉåÅÜóã~ä= ëíêçã~ä= ÅÉääëK=
`óíçíÜÉê~éóK=OMMUXNMWPSQJPTRK=

OTOK= `Ü~Ä~ååÉë= aI= eáää=jI=jÉêáÉ~ì= bI= Éí= ~äK= ^= êçäÉ= Ñçê= ÜÉãÉ= çñóÖÉå~ëÉJN= áå= íÜÉ=
áããìåçëìééêÉëëáîÉ= ÉÑÑÉÅí= çÑ= ~Çìäí= ê~í= ~åÇ= Üìã~å= ãÉëÉåÅÜóã~ä= ëíÉã= ÅÉääëK=
_äççÇK=OMMTXNNMWPSVNJPSVQK=

OTPK= k~ëÉÑ= ^I= j~òìêáÉê= `I= _çìÅÜÉí= pI= Éí= ~äK= iÉìâÉãá~= áåÜáÄáíçêó= Ñ~ÅíçêW= oçäÉ= áå=
Üìã~å= ãÉëÉåÅÜóã~ä= ëíÉã= ÅÉääë= ãÉÇá~íÉÇ= áããìåçëìééêÉëëáçåK= `Éääìä~ê=
áããìåçäçÖóK=OMMUK=

OTQK= v~åÉò= oI= i~ã~å~= jiI= d~êÅá~J`~ëíêç= gI= Éí= ~äK= ^ÇáéçëÉ= íáëëìÉJÇÉêáîÉÇ=
ãÉëÉåÅÜóã~ä=ëíÉã=ÅÉääë=Ü~îÉ=áå=îáîç=áããìåçëìééêÉëëáîÉ=éêçéÉêíáÉë=~ééäáÅ~ÄäÉ=
Ñçê= íÜÉ= Åçåíêçä= çÑ= íÜÉ= Öê~ÑíJîÉêëìëJÜçëí= ÇáëÉ~ëÉK= píÉã= ÅÉääë= Ea~óíçåI= lÜáçFK=
OMMSXOQWORUOJORVNK=

OTRK= w~ééá~= bI= `~ë~òò~= pI= mÉÇÉãçåíÉ= bI= Éí= ~äK=jÉëÉåÅÜóã~ä= ëíÉã= ÅÉääë= ~ãÉäáçê~íÉ=
ÉñéÉêáãÉåí~ä= ~ìíçáããìåÉ= ÉåÅÉéÜ~äçãóÉäáíáë= áåÇìÅáåÖ= qJÅÉää= ~åÉêÖóK= _äççÇK=
OMMRXNMSWNTRRJNTSNK=

OTSK= lêíáò=i^I=d~ãÄÉääá=cI=jÅ_êáÇÉ=`I=Éí=~äK=jÉëÉåÅÜóã~ä=ëíÉã=ÅÉää=ÉåÖê~ÑíãÉåí=áå=
äìåÖ=áë=ÉåÜ~åÅÉÇ=áå=êÉëéçåëÉ=íç=ÄäÉçãóÅáå=ÉñéçëìêÉ=~åÇ=~ãÉäáçê~íÉë=áíë=ÑáÄêçíáÅ=
ÉÑÑÉÅíëK=mêçÅÉÉÇáåÖë=çÑ=íÜÉ=k~íáçå~ä=^Å~ÇÉãó=çÑ=pÅáÉåÅÉë=çÑ=íÜÉ=råáíÉÇ=pí~íÉë=çÑ=
^ãÉêáÅ~K=OMMPXNMMWUQMTJUQNNK=

OTTK= qçÖÉä= cI=eì= wI=tÉáëë= hI= Éí= ~äK= ^ÇãáåáëíÉêÉÇ=ãÉëÉåÅÜóã~ä= ëíÉã= ÅÉääë= éêçíÉÅí=
~Ö~áåëí= áëÅÜÉãáÅ= ~ÅìíÉ= êÉå~ä= Ñ~áäìêÉ= íÜêçìÖÜ= ÇáÑÑÉêÉåíá~íáçåJáåÇÉéÉåÇÉåí=
ãÉÅÜ~åáëãëK=^ãÉêáÅ~å=àçìêå~ä=çÑ=éÜóëáçäçÖóK=OMMRXOUVWcPNJQOK=

OTUK= hìåíÉê= rI= oçåÖ= pI= aàìêáÅ= wI= Éí= ~äK= qê~åëéä~åíÉÇ= ãÉëÉåÅÜóã~ä= ëíÉã= ÅÉääë=
~ÅÅÉäÉê~íÉ= ÖäçãÉêìä~ê= ÜÉ~äáåÖ= áå= ÉñéÉêáãÉåí~ä= ÖäçãÉêìäçåÉéÜêáíáëK= g= ^ã= pçÅ=
kÉéÜêçäK=OMMSXNTWOOMOJOONOK=



SU=

OTVK= _~ÅáÖ~äìéç= ^I= s~ääÉ= jI= mçÇÉëí~= jI= Éí= ~äK= qJÅÉää= ëìééêÉëëáçå= ãÉÇá~íÉÇ= Äó=
ãÉëÉåÅÜóã~ä= ëíÉã= ÅÉääë= áë= ÇÉÑáÅáÉåí= áå= é~íáÉåíë= ïáíÜ= ëÉîÉêÉ= ~éä~ëíáÅ= ~åÉãá~K=
bñéÉêáãÉåí~ä=ÜÉã~íçäçÖóK=OMMRXPPWUNVJUOTK=

OUMK= _~êêó=cmI=jìêéÜó=gjI=båÖäáëÜ=hI=Éí=~äK=fããìåçÖÉåáÅáíó=çÑ=~Çìäí=ãÉëÉåÅÜóã~ä=
ëíÉã= ÅÉääëW= äÉëëçåë= Ñêçã= íÜÉ= ÑÉí~ä= ~ääçÖê~ÑíK= píÉã= ÅÉääë= ~åÇ= ÇÉîÉäçéãÉåíK=
OMMRXNQWOROJOSRK=

OUNK= d~ç= gI=aÉååáë= gbI=jìòáÅ=ocI= Éí= ~äK= qÜÉ= Çóå~ãáÅ= áå= îáîç=ÇáëíêáÄìíáçå=çÑ= ÄçåÉ=
ã~êêçïJÇÉêáîÉÇ=ãÉëÉåÅÜóã~ä= ëíÉã= ÅÉääë= ~ÑíÉê= áåÑìëáçåK= `ÉääëI= íáëëìÉëI= çêÖ~åëK=
OMMNXNSVWNOJOMK=

OUOK= `Ü~éÉä=^I=_ÉêíÜç=gjI=_ÉåëáÇÜçìã=jI=Éí=~äK=jÉëÉåÅÜóã~ä= ëíÉã=ÅÉääë=ÜçãÉ=íç=
áåàìêÉÇ= íáëëìÉë=ïÜÉå= ÅçJáåÑìëÉÇ=ïáíÜ= ÜÉã~íçéçáÉíáÅ= ÅÉääë= íç= íêÉ~í= ~= ê~Çá~íáçåJ
áåÇìÅÉÇ= ãìäíáJçêÖ~å= Ñ~áäìêÉ= ëóåÇêçãÉK= qÜÉ= àçìêå~ä= çÑ= ÖÉåÉ= ãÉÇáÅáåÉK=
OMMPXRWNMOUJNMPUK=

OUPK= dìáääçí= msI= `ççâ= eqI= mìëÉó= `aI= Éí= ~äK= qê~åëéä~åí~íáçå= çÑ= Üìã~å= ÑÉí~ä=
ãÉëÉåÅÜóã~ä=ëíÉã=ÅÉääë=áãéêçîÉë=ÖäçãÉêìäçé~íÜó=áå=~=Åçää~ÖÉå=íóéÉ=f=~äéÜ~=OJ
ÇÉÑáÅáÉåí=ãçìëÉK=qÜÉ=gçìêå~ä=çÑ=é~íÜçäçÖóK=OMMUXONQWSOTJSPSK=

OUQK= fë~âçî~= f^I=_~âÉê=hI=aìqêÉáä=jI= Éí= ~äK=^ÖÉJ= ~åÇ= ÇçëÉJêÉä~íÉÇ= ÉÑÑÉÅíë= çå=jp`=
ÉåÖê~ÑíãÉåí=äÉîÉäë=~åÇ=~å~íçãáÅ~ä=ÇáëíêáÄìíáçå=áå=íÜÉ=ÅÉåíê~ä=åÉêîçìë=ëóëíÉãë=çÑ=
åçåÜìã~å=éêáã~íÉëW=áÇÉåíáÑáÅ~íáçå=çÑ=åçîÉä=jp`=ëìÄéçéìä~íáçåë=íÜ~í=êÉëéçåÇ=
íç=ÖìáÇ~åÅÉ=ÅìÉë=áå=Äê~áåK=píÉã=ÅÉääë=Ea~óíçåI=lÜáçFK=OMMTXORWPOSNJPOTMK=

OURK= hçÅ= lkI= dÉêëçå= piI= `ççéÉê= _tI= Éí= ~äK= o~éáÇ= ÜÉã~íçéçáÉíáÅ= êÉÅçîÉêó= ~ÑíÉê=
ÅçáåÑìëáçå= çÑ= ~ìíçäçÖçìëJÄäççÇ= ëíÉã= ÅÉääë= ~åÇ= ÅìäíìêÉJÉñé~åÇÉÇ= ã~êêçï=
ãÉëÉåÅÜóã~ä=ëíÉã=ÅÉääë=áå=~Çî~åÅÉÇ=ÄêÉ~ëí=Å~åÅÉê=é~íáÉåíë=êÉÅÉáîáåÖ=ÜáÖÜJÇçëÉ=
ÅÜÉãçíÜÉê~éóK=g=`äáå=låÅçäK=OMMMXNUWPMTJPNSK=

OUSK= eçêïáíò= bjI= dçêÇçå= miI= hçç=thI= Éí= ~äK= fëçä~íÉÇ= ~ääçÖÉåÉáÅ= ÄçåÉ= ã~êêçïJ
ÇÉêáîÉÇ= ãÉëÉåÅÜóã~ä= ÅÉääë= ÉåÖê~Ñí= ~åÇ= ëíáãìä~íÉ= ÖêçïíÜ= áå= ÅÜáäÇêÉå= ïáíÜ=
çëíÉçÖÉåÉëáë= áãéÉêÑÉÅí~W= fãéäáÅ~íáçåë= Ñçê= ÅÉää= íÜÉê~éó= çÑ= ÄçåÉK= mêçÅÉÉÇáåÖë= çÑ=
íÜÉ= k~íáçå~ä= ^Å~ÇÉãó= çÑ= pÅáÉåÅÉë= çÑ= íÜÉ= råáíÉÇ= pí~íÉë= çÑ= ^ãÉêáÅ~K=
OMMOXVVWUVPOJUVPTK=

OUTK= mçòòá= pI= iáëáåá=aI= mçÇÉëí~=jI= Éí= ~äK=açåçê=ãìäíáéçíÉåí=ãÉëÉåÅÜóã~ä= ëíêçã~ä=
ÅÉääë=ã~ó=ÉåÖê~Ñí=áå=éÉÇá~íêáÅ=é~íáÉåíë=ÖáîÉå=ÉáíÜÉê=ÅçêÇ=ÄäççÇ=çê=ÄçåÉ=ã~êêçï=
íê~åëéä~åí~íáçåK=bñéÉêáãÉåí~ä=ÜÉã~íçäçÖóK=OMMSXPQWVPQJVQOK=

OUUK= i~ò~êìë= ejI= e~óåÉëïçêíÜ= pbI= dÉêëçå= piI= Éí= ~äK= bñ= îáîç= Éñé~åëáçå= ~åÇ=
ëìÄëÉèìÉåí= áåÑìëáçå=çÑ= Üìã~å=ÄçåÉ=ã~êêçïJÇÉêáîÉÇ= ëíêçã~ä= éêçÖÉåáíçê= ÅÉääë=
EãÉëÉåÅÜóã~ä=éêçÖÉåáíçê=ÅÉääëFW=áãéäáÅ~íáçåë=Ñçê=íÜÉê~éÉìíáÅ=ìëÉK=_çåÉ=ã~êêçï=
íê~åëéä~åí~íáçåK=NVVRXNSWRRTJRSQK=

OUVK= i~ò~êìë=ejI=hçÅ=lkI=aÉîáåÉ= pjI= Éí= ~äK= `çíê~åëéä~åí~íáçå= çÑ=ei^JáÇÉåíáÅ~ä=
ëáÄäáåÖ=ÅìäíìêÉJÉñé~åÇÉÇ=ãÉëÉåÅÜóã~ä=ëíÉã=ÅÉääë=~åÇ=ÜÉã~íçéçáÉíáÅ=ëíÉã=ÅÉääë=
áå= ÜÉã~íçäçÖáÅ= ã~äáÖå~åÅó= é~íáÉåíëK= _áçä= _äççÇ= j~êêçï= qê~åëéä~åíK=
OMMRXNNWPUVJPVUK=

OVMK= iÉ=_ä~åÅ=hI=p~ãìÉäëëçå=eI=dìëí~Ñëëçå=_I=Éí=~äK=qê~åëéä~åí~íáçå=çÑ=ãÉëÉåÅÜóã~ä=
ëíÉã= ÅÉääë= íç= ÉåÜ~åÅÉ= ÉåÖê~ÑíãÉåí= çÑ= ÜÉã~íçéçáÉíáÅ= ëíÉã= ÅÉääëK= iÉìâÉãá~K=
OMMTXONWNTPPJNTPUK=

OVNK= _~ää=ijI=_Éêå~êÇç=jbI=oçÉäçÑë=eI=Éí=~äK=`çíê~åëéä~åí~íáçå=çÑ=Éñ=îáîç=Éñé~åÇÉÇ=
ãÉëÉåÅÜóã~ä= ëíÉã= ÅÉääë= ~ÅÅÉäÉê~íÉë= äóãéÜçÅóíÉ= êÉÅçîÉêó= ~åÇ=ã~ó= êÉÇìÅÉ= íÜÉ=
êáëâ= çÑ= Öê~Ñí= Ñ~áäìêÉ= áå= Ü~éäçáÇÉåíáÅ~ä= ÜÉã~íçéçáÉíáÅ= ëíÉãJÅÉää= íê~åëéä~åí~íáçåK=
_äççÇK=OMMTXNNMWOTSQJOTSTK=



=

= = SV=

OVOK= jìääÉê= fI= hçêÇçïáÅÜ= pI= eçäòï~êíÜ= `I= Éí= ~äK= ^ééäáÅ~íáçå= çÑ= ãìäíáéçíÉåí=
ãÉëÉåÅÜóã~ä= ëíêçã~ä= ÅÉääë= áå= éÉÇá~íêáÅ= é~íáÉåíë= ÑçääçïáåÖ= ~ääçÖÉåÉáÅ= ëíÉã= ÅÉää=
íê~åëéä~åí~íáçåK=_äççÇ=ÅÉääëI=ãçäÉÅìäÉë=C=ÇáëÉ~ëÉëK=OMMUXQMWORJPOK=

OVPK= d~äáÉ= jI= hçåëí~åíáåáÇçì= dI= mÉêçåá= aI= Éí= ~äK= jÉëÉåÅÜóã~ä= ëíÉã= ÅÉääë= ëÜ~êÉ=
ãçäÉÅìä~ê= ëáÖå~íìêÉ= ïáíÜ= ãÉëÉåÅÜóã~ä= íìãçê= ÅÉääë= ~åÇ= Ñ~îçê= É~êäó= íìãçê=
ÖêçïíÜ=áå=ëóåÖÉåÉáÅ=ãáÅÉK=låÅçÖÉåÉK=OMMUXOTWORQOJORRNK=

OVQK= j~Éëíêçåá=dgI=eÉêíÉåë=bI=d~ääá=mK=c~ÅíçêEëF=Ñêçã=åçåã~ÅêçéÜ~ÖÉ=ÄçåÉ=ã~êêçï=
ëíêçã~ä=ÅÉääë=áåÜáÄáí=iÉïáë=äìåÖ=Å~êÅáåçã~=~åÇ=_NS=ãÉä~åçã~=ÖêçïíÜ=áå=ãáÅÉK=
`Éää=jçä=iáÑÉ=pÅáK=NVVVXRRWSSPJSSTK=

OVRK= lÜäëëçå=i_I=s~ê~ë=iI=hàÉääã~å=`I=Éí=~äK=jÉëÉåÅÜóã~ä=éêçÖÉåáíçê=ÅÉääJãÉÇá~íÉÇ=
áåÜáÄáíáçå=çÑ=íìãçê=ÖêçïíÜ=áå=îáîç=~åÇ=áå=îáíêç=áå=ÖÉä~íáå=ã~íêáñK=bñéÉêáãÉåí~ä=
~åÇ=ãçäÉÅìä~ê=é~íÜçäçÖóK=OMMPXTRWOQUJORRK=

OVSK= máë~íá=cI=_ÉäáÅÅÜá=jI=^ÅÉêÄá=cI=Éí=~äK=bÑÑÉÅí=çÑ=Üìã~å=ëâáåJÇÉêáîÉÇ=ëíÉã=ÅÉääë=çå=
îÉëëÉä= ~êÅÜáíÉÅíìêÉI= íìãçê=ÖêçïíÜI= ~åÇ= íìãçê= áåî~ëáçå= áå=Äê~áå= íìãçê=~åáã~ä=
ãçÇÉäëK=`~åÅÉê=êÉëÉ~êÅÜK=OMMTXSTWPMRQJPMSPK=

OVTK= hÜ~âçç=^vI=m~íá=pI=^åÇÉêëçå=p^I=Éí=~äK=eìã~å=ãÉëÉåÅÜóã~ä= ëíÉã=ÅÉääë= ÉñÉêí=
éçíÉåí=~åíáíìãçêáÖÉåáÅ=ÉÑÑÉÅíë= áå=~=ãçÇÉä=çÑ=h~éçëáDë=ë~êÅçã~K=qÜÉ=gçìêå~ä=çÑ=
ÉñéÉêáãÉåí~ä=ãÉÇáÅáåÉK=OMMSXOMPWNOPRJNOQTK=

OVUK= káåÖ=eI=v~åÖ=cI= gá~åÖ=jI= Éí= ~äK=qÜÉ= ÅçêêÉä~íáçå=ÄÉíïÉÉå= Åçíê~åëéä~åí~íáçå=çÑ=
ãÉëÉåÅÜóã~ä=ëíÉã=ÅÉääë=~åÇ=ÜáÖÜÉê=êÉÅìêêÉåÅÉ=ê~íÉ=áå=ÜÉã~íçäçÖáÅ=ã~äáÖå~åÅó=
é~íáÉåíëW=çìíÅçãÉ=çÑ=~=éáäçí=ÅäáåáÅ~ä=ëíìÇóK=iÉìâÉãá~K=OMMUXOOWRVPJRVVK=

OVVK= oìÄáç=aI=d~êÅá~J`~ëíêç=gI=j~êíáå=j`I=Éí=~äK=péçåí~åÉçìë=Üìã~å=~Çìäí=ëíÉã=ÅÉää=
íê~åëÑçêã~íáçåK=`~åÅÉê=êÉëÉ~êÅÜK=OMMRXSRWPMPRJPMPVK=

PMMK= oìÄáç=aI=d~êÅá~= pI= m~ò=jcI= Éí= ~äK=jçäÉÅìä~ê= ÅÜ~ê~ÅíÉêáò~íáçå= çÑ= ëéçåí~åÉçìë=
ãÉëÉåÅÜóã~ä=ëíÉã=ÅÉää=íê~åëÑçêã~íáçåK=miçp=lkbK=OMMUXPWÉNPVUK=

PMNK= t~åÖ= vI= eìëç= aiI= e~êêáåÖíçå= gI= Éí= ~äK= lìíÖêçïíÜ= çÑ= ~= íê~åëÑçêãÉÇ= ÅÉää=
éçéìä~íáçå= ÇÉêáîÉÇ= Ñêçã= åçêã~ä= Üìã~å= _j=ãÉëÉåÅÜóã~ä= ëíÉã= ÅÉää= ÅìäíìêÉK=
`óíçíÜÉê~éóK=OMMRXTWRMVJRNVK=

PMOK= _Éêå~êÇç= jbI= w~ÑÑ~êçåá= kI= kçî~ê~= cI= Éí= ~äK= eìã~å= ÄçåÉ= ã~êêçï= ÇÉêáîÉÇ=
ãÉëÉåÅÜóã~ä=ëíÉã=ÅÉääë=Çç=åçí=ìåÇÉêÖç=íê~åëÑçêã~íáçå=~ÑíÉê=äçåÖJíÉêã=áå=îáíêç=
ÅìäíìêÉ=~åÇ=Çç=åçí=ÉñÜáÄáí=íÉäçãÉêÉ=ã~áåíÉå~åÅÉ=ãÉÅÜ~åáëãëK=`~åÅÉê=êÉëÉ~êÅÜK=
OMMTXSTWVNQOJVNQVK=

PMPK= pÉëë~êÉÖç=kI=m~êçÇá=^I=mçÇÉëí~=jI=Éí=~äK=jìäíáéçíÉåí=ãÉëÉåÅÜóã~ä=ëíêçã~ä=ÅÉääë=
Ñêçã=~ãåáçíáÅ= ÑäìáÇW=ëçäáÇ=éÉêëéÉÅíáîÉë= Ñçê=ÅäáåáÅ~ä=~ééäáÅ~íáçåK=e~Éã~íçäçÖáÅ~K=
OMMUXVPWPPVJPQSK=

PMQK= mÉëëáå~=^I=_çåçãá=^I=_~Öäáç=`I= Éí= ~äK=jáÅêçÄáçäçÖáÅ~ä= êáëâ=~ëëÉëëãÉåí= áå= ëíÉã=
ÅÉää=ã~åáéìä~íáçåK=`êáíáÅ~ä=êÉîáÉïë=áå=ãáÅêçÄáçäçÖóK=OMMUXPQWNJNOK=

PMRK= pÅÜï~êíò= dkI= t~êêÉå= jhI= oçíÜïÉää= ptI= Éí= ~äK= mçëíJÅÜÉãçíÜÉê~éó= ~åÇ=
ÅóíçâáåÉ= éêÉíêÉ~íÉÇ= ã~êêçï= ëíêçã~ä= ÅÉää= ä~óÉêë= ëìééêÉëë= ÜÉã~íçéçáÉëáë= Ñêçã=
åçêã~ä=Ççåçê=`aPQH=ÅÉääëK=_çåÉ=ã~êêçï=íê~åëéä~åí~íáçåK=NVVUXOOWQRTJQSUK=

PMSK= cçìáää~êÇ= iI= `Ü~éÉä= ^I= _çêáÉë= aI= Éí= ~äK= fåÑìëáçå= çÑ= ~ääçÖÉåÉáÅJêÉä~íÉÇ= ei^=
ãáëã~íÅÜÉÇ= ãÉëÉåÅÜóã~ä= ëíÉã= ÅÉääë= Ñçê= íÜÉ= íêÉ~íãÉåí= çÑ= áåÅçãéäÉíÉ=
ÉåÖê~ÑíãÉåí= ÑçääçïáåÖ= ~ìíçäçÖçìë= Ü~Éã~íçéçáÉíáÅ= ëíÉã= ÅÉää= íê~åëéä~åí~íáçåK=
iÉìâÉãá~K=OMMTXONWRSUJRTMK=



TM=

PMTK= c~åÖ= _I= pçåÖ= vI= iáå= nI= Éí= ~äK= eìã~å= ~ÇáéçëÉ= íáëëìÉJÇÉêáîÉÇ= ãÉëÉåÅÜóã~ä=
ëíêçã~ä=ÅÉääë=~ë=ë~äî~ÖÉ=íÜÉê~éó=Ñçê=íêÉ~íãÉåí=çÑ=ëÉîÉêÉ=êÉÑê~Åíçêó=~ÅìíÉ=Öê~ÑíJîëKJ
Üçëí=ÇáëÉ~ëÉ=áå=íïç=ÅÜáäÇêÉåK=mÉÇá~íêáÅ=íê~åëéä~åí~íáçåK=OMMTXNNWUNQJUNTK=

PMUK= jìåçò= goI= píçìíÉåÖÉê= _oI= oçÄáåëçå=^mI= Éí= ~äK=eìã~å= ëíÉãLéêçÖÉåáíçê= ÅÉääë=
Ñêçã=ÄçåÉ=ã~êêçï=éêçãçíÉ=åÉìêçÖÉåÉëáë=çÑ= ÉåÇçÖÉåçìë=åÉìê~ä= ëíÉã=ÅÉääë= áå=
íÜÉ=ÜáééçÅ~ãéìë=çÑ=ãáÅÉK=mêçÅÉÉÇáåÖë=çÑ=íÜÉ=k~íáçå~ä=^Å~ÇÉãó=çÑ=pÅáÉåÅÉë=çÑ=
íÜÉ=råáíÉÇ=pí~íÉë=çÑ=^ãÉêáÅ~K=OMMRXNMOWNUNTNJNUNTSK=

PMVK= dÉêÇçåá= bI= d~ääç= _I= `~ë~òò~= pI= Éí= ~äK= jÉëÉåÅÜóã~ä= ëíÉã= ÅÉääë= ÉÑÑÉÅíáîÉäó=
ãçÇìä~íÉ= é~íÜçÖÉåáÅ= áããìåÉ= êÉëéçåëÉ= áå= ÉñéÉêáãÉåí~ä= ~ìíçáããìåÉ=
ÉåÅÉéÜ~äçãóÉäáíáëK=^åå~äë=çÑ=åÉìêçäçÖóK=OMMTXSNWONVJOOTK=

PNMK= jçÜóÉÇÇáå=_çå~Ä=jI=v~òÇ~åÄ~âÜëÜ=pI=içíÑá= gI=Éí=~äK=açÉë=ãÉëÉåÅÜóã~ä= ëíÉã=
ÅÉää= íÜÉê~éó= ÜÉäé= ãìäíáéäÉ= ëÅäÉêçëáë= é~íáÉåíë\= oÉéçêí= çÑ= ~= éáäçí= ëíìÇóK= fê~å= g=
fããìåçäK=OMMTXQWRMJRTK=

PNNK= ^ìÖÉääç= ^I= q~ëëç= oI= kÉÖêáåá= pjI= Éí= ~äK= `Éää= íÜÉê~éó= ìëáåÖ= ~ääçÖÉåÉáÅ= ÄçåÉ=
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