
Environmental Project  No. 744  2003
Miljøprojekt

Evaluation of Plasticisers for PVC for
Medical Devices

Kjeld Karbæk
Danish Technological Institute, Plastics Technology



The Danish Environmental Protection Agency will, when opportunity

offers, publish reports and contributions relating to environmental

research and development projects financed  via the Danish EPA.

Please note that publication does not signify that the contents of the

reports necessarily reflect the views of  the Danish EPA.

The reports are, however, published because the Danish EPA finds that
the studies represent a valuable contribution to the debate on

environmental policy in Denmark.



�`çåíÉåíë=

`lkqbkqpKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK P=

clobtloa KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK R=

prjj^ov=^ka=`lk`irpflkp KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK T=

p^jjbkc^qkfkd=ld=hlkhirpflkbo KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK V=

N= l_gb`qfsbKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK NN=

O= _^`hdolrka KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK NP=

P= mol`barobKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK NR=

PKN= cb^pf_fifqv=pqrav KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK NR=
PKO= fkarpqof^i=obpb^o`e KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK NR=
PKP= mr_if`^qflk=^ka=fkcloj^qflkKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK NR=

Q= ^`qfsfqfbp=arofkd=qeb=molgb`qKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK NT=

R= qeb=cb^pf_fifqv=pqravKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK NV=

RKN= mi^pqf`fpbo=pbib`qflk=`ofqbof^KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK NV=
RKNKN= ^î~áä~ÄáäáíóKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK NV=

RKNKO= `çãé~íáÄáäáíó=íçï~êÇë=ms`=êÉëáåëKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK NV=

RKNKP= mä~ëíáÅáëáåÖ=ÉÑÑáÅáÉåÅó KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK NV=

RKNKQ= mêçÅÉëë~Äáäáíó KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK OM=

RKNKR= `çëíKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK ON=

RKNKS= oÉÖìä~íçêó=ëí~íìë KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK ON=

RKNKT= båîáêçåãÉåí~ä=ëí~íìë KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK ON=

RKNKU= mÜóëáÅ~ä=éêçéÉêíáÉë=çÑ=éä~ëíáÅáëÉê KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK OO=

RKNKV= mÜóëáÅ~ä=éêçéÉêíáÉë=çÑ=ÅçãéçìåÇë KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK OO=

RKNKNM=mìÄäáÅ=éÉêÅÉéíáçå KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK OP=

RKO= mi^pqf`fpbo=mbocloj^k`b=j^qofuKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK OP=
RKP= pr_pq^k`bp=pbib`qba=clo=croqebo=fksbpqfd^qflkKKKKKKKK OQ=

S= bumbofjbkq^iKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK OT=

SKN= mobm^o^qflk==lc=`ljmlrkapI=cfijp=^ka=qbpq==
pmb`fjbkp KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK OT=

SKNKN= mêÉé~ê~íáçå=çÑ=ms`=ÅçãéçìåÇë=éä~ëíáÅáëÉÇ=ïáíÜ=íÜÉ==

ëÉäÉÅíÉÇ=ëìÄëí~åÅÉëKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK OT=

SKNKO= mêÉé~ê~íáçå=Äó=áåàÉÅíáçå=ãçìäÇáåÖ=çÑ=ëéÉÅáãÉåë=Ñçê=ã~íÉêá~ä=

ÅÜ~ê~ÅíÉêáë~íáçå KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK OT=

SKNKP= mêÉé~ê~íáçå=Äó=êçää=ãáääáåÖ=çÑ=Ñáäã=ë~ãéäÉë=Ñçê=íÉëíáåÖKKKKKKKKKKKKK OU=

SKO= `e^o^`qbofp^qflk=lc=qeb=mobm^oba=`ljmlrkap=^ka==
lc=qeb=^iqbok^qfsb=klkJms`=j^qbof^i KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK OU=

SKOKN= qÉåëáäÉ=éêçéÉêíáÉë=ÇÉíÉêãáåÉÇ=çå=áåàÉÅíáçå=ãçìäÇÉÇ=ëéÉÅáãÉåëK OV=

SKOKO= aÉåëáíó=çÑ=íÜÉ=éêÉé~êÉÇ=ÅçãéçìåÇë KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK PN=

SKOKP= fåÇÉåí~íáçå=Ü~êÇåÉëë=ÇÉíÉêãáåÉÇ=çå=ëèì~êÉ=áåàÉÅíáçå=ãçìäÇÉÇ=

ëéÉÅáãÉåë KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK PO=

SKOKQ= `çäÇ=ÑäÉñáÄáäáíó KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK PP=



=Q=

SKOKR= qÉåëáäÉ=éêçéÉêíáÉë=ÇÉíÉêãáåÉÇ=çå=êçää=ãáääÉÇ=Ñáäã=ëéÉÅáãÉåë KKKKK PQ=

SKOKS= iáÖÜí=íê~åëãáëëáçå=ÇÉíÉêãáåÉÇ=çå=êçää=ãáääÉÇ=Ñáäã=ëéÉÅáãÉåë KKK PR=

SKP= qlq^i=^ppbppjbkqKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK PS=

T= afp`rppflkKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK PV=

TKN= rkfclojfqv=lc=qeb=`ljmlrkapKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK PV=
TKO= sfpr^i=^ppbppjbkq=lc=qeb=mobm^oba=jlriafkdp==
^ka=cfijp KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK PV=
TKP= bs^ir^qflk=lc=qeb=qbpq=obpriqp KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK PV=

TKPKN= e~êÇåÉëë KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK PV=

TKPKO= aÉåëáíó KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK QM=

TKPKP= jÉÅÜ~åáÅ~ä=éêçéÉêíáÉëKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK QM=

TKPKQ= iáÖÜí=íê~åëãáëëáçåKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK QN=

TKQ= `lpq KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK QO=
TKR= `ljjbkqp=ql=b^`e=lc=qeb=qbpqba=mi^pqf`fpfkd==
pr_pq^k`bp KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK QO=
TKS= cfijp=sboprp=qr_fkdp KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK QP=
TKT= mobifjfk^ov=o^khfkd=lc=qeb=fksbpqfd^qba=pr_pq^k`bp==
^ka=`ljmlrkapKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK QP=
TKU= dbkbo^i=obj^ohp KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK QP=

U= `lk`irpflk KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK QR=

V= molmlp^i=clo=croqebo=tloh KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK QT=

NM= obcbobk`bpKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK QV=

=

^ééÉåÇáñ=N=
^ééÉåÇáñ=O=
^ééÉåÇáñ=P=
^ééÉåÇáñ=Q=
^ééÉåÇáñ=R=
^ééÉåÇáñ=S=
^ééÉåÇáñ=T=
=



= R=

cçêÉïçêÇ=

fí=áë=ÉñéÉêáÉåÅÉÇ=íÜ~í=áí=áë=ÉñíêÉãÉäó=ÅçãéäáÅ~íÉÇ=íç=ÑáåÇ=~äíÉêå~íáîÉ=ã~íÉêá~äë=
íç=éçäóîáåóäÅÜäçêáÇÉ=áå=ÖÉåÉê~ä=~åÇ=áå=ãÉÇáÅ~ä=ÇÉîáÅÉ=~ééäáÅ~íáçåë=é~êíáÅìä~êäóK=
få=aÉåã~êâ=ãÉÇáÅ~ä=ÇÉîáÅÉë=~êÉ=éçáåíÉÇ=çìí=~ë=~=ÑáÉäÇ=çÑ=ÜáÖÜ=éêáçêáíó=êÉèìáêJ
áåÖ=~=é~êíáÅìä~ê=ÉÑÑçêí=íç=ëìÄëíáíìíÉ=éÜíÜ~ä~íÉë=~ë=éä~ëíáÅáëáåÖ=~ÖÉåíëK=jÉÇáÅ~ä=
ÇÉîáÅÉë=~êÉ=~=ÑáÉäÇ=çÑ=ÜáÖÜ=éêáçêáíóI=ÄÉÅ~ìëÉ=íÜÉ=éÜíÜ~ä~íÉë=~êÉ=~ÄäÉ=íç=ãáÖê~íÉ=
Ñêçã=íÜÉ=éä~ëíáÅI=~åÇ=ìåï~åíÉÇ=ÄáçäçÖáÅ~ä=~åÇ=ÉåîáêçåãÉåí~ä=éêçéÉêíáÉë=~êÉ=
ëìëéÉÅíÉÇK=
=
^=åìãÄÉê=çÑ=å~íáçå~ä=~åÇ=áåíÉêå~íáçå~ä=áåÇìëíêá~ä=ÇÉîÉäçéãÉåí=éêçÖê~ããÉë=
çå=éä~ëíáÅáëÉêë=~äíÉêå~íáîÉ=íç=éÜíÜ~ä~íÉë=Ó=é~êíáÅìä~êäó=ÇáEOJÉíÜóäÜÉñóäFJ
éÜíÜ~ä~íÉ=Ó=Ü~îÉ=ÄÉÉå=~åÇ=~êÉ=ÄÉáåÖ=ÅçåÇìÅíÉÇK=
=
få=NVVU=~=a~åáëÜL_êáíáëÜLfí~äá~å=_êáíÉJbìo~ã=êÉëÉ~êÅÜ=éêçàÉÅí=çå=ÇÉîÉäçéJ
ãÉåíI=Éî~äì~íáçå=~åÇ=î~äáÇ~íáçå=çÑ=éä~ëíáÅáëÉêë=Ñçê=ìëÉ=áå=ÑäÉñáÄäÉ=ms`=ãÉÇáÅ~ä=
ÇÉîáÅÉ=~ééäáÅ~íáçåë=ï~ë=éêçéçëÉÇ=Äìí=êÉàÉÅíÉÇK=eçïÉîÉêI=íÜÉ=a~åáëÜ=båîáJ
êçåãÉåí~ä=mêçíÉÅíáçå=^ÖÉåÅó=ÇÉÅáÇÉÇ=íç=ëìééçêí=íÜÉ=Ñáêëí=íïç=í~ëâë=çÑ=íÜáë=
çêáÖáå~ä=éêçàÉÅíK=qÜáë=ïçêâ=áë=éêÉëÉåíÉÇ=áå=íÜáë=êÉéçêíK=
=
qÜÉ=çÄàÉÅíáîÉ=çÑ=íÜáë=éêçàÉÅí=áë=íç=ëÉäÉÅí=~åÇ=Éî~äì~íÉ=åçåJéÜíÜ~ä~íÉ=éä~ëíáÅáëÉêë=
Ñçê=ms`=Ñçê=ãÉÇáÅ~ä=ÇÉîáÅÉëK=
=

qÜÉ=éêçàÉÅí=é~êíåÉêë=~êÉ=j~Éêëâ=jÉÇáÅ~ä=^LpI=qçí~ñ=mä~ëíáÅ=^Lp=~åÇ=a~åáëÜ=
qÉÅÜåçäçÖáÅ~ä=fåëíáíìíÉI=`ÉåíêÉ=Ñçê=mä~ëíáÅë=qÉÅÜåçäçÖóK=
=
pìÄëìééäáÉêë=~êÉ=eóÇêç=mçäóãÉêë=iáãáíÉÇI=i~éçêíÉ=mÉêÑçêã~åÅÉ=`ÜÉãáÅ~äë=
rh=iíÇK=~åÇ=råáîÉêëáíó=çÑ=píê~íÜÅäóÇÉI=_áçÉåÖáåÉÉêáåÖ=råáíK=
=
cêçã=íÜÉ=ÄÉÖáååáåÖ=çÑ=íÜÉ=ïçêâ=íÜÉ=ïçêâáåÖ=Öêçìé=ÅçåëáëíÉÇ=çÑ=j~Éêëâ=
jÉÇáÅ~ä=^LpI=qçí~ñ=mä~ëíáÅ=^LpI=a~åáëÜ=qÉÅÜåçäçÖáÅ~ä=fåëíáíìíÉI=m~éóêçJqÉñ=
^Lp=E~=ëìÄëáÇá~êó=çÑ=j~Éêëâ=jÉÇáÅ~ä=^LpF=~åÇ=eóÇêç=mçäóãÉêë=iáãáíÉÇK=qÜÉ=
ïçêâáåÖ=Öêçìé=ï~ë=áå=ÅìêêÉåí=Åçåí~Åí=ïáíÜ=i~éçêíÉ=mÉêÑçêã~åÅÉ=`ÜÉãáÅ~äëI=
ïÜç=ä~íÉê=çå=ï~ë=áåÅäìÇÉÇ=áå=íÜÉ=éêçàÉÅí=Öêçìé=é~êíáÅìä~êäó=ÇìêáåÖ=íÜÉ=ÅçääÉÅJ
íáçå=çÑ=áåÑçêã~íáçå=çå=ÅçããÉêÅá~ääó=~î~áä~ÄäÉ=éä~ëíáÅáëÉêë=~åÇ=íÜÉ=ëÉäÉÅíáçå=çÑ=
ëìÄëí~åÅÉë=íç=ÄÉ=áåÅäìÇÉÇ=áå=íÜÉ=íÉëí=éêçÖê~ãK=cìêíÜÉêãçêÉI=íÜÉ=ms`=fåÑçêJ
ã~íáçå=`çìåÅáä=aÉåã~êâ=Ems`=fåÑçêã~íáçåëê™ÇÉíF=Ü~ë=ÄÉÉå=êÉéêÉëÉåíÉÇ=~í=
ãçëí=çÑ=íÜÉ=ïçêâáåÖ=Öêçìé=ãÉÉíáåÖëK=
=
qÜÉ=ÄÉäçïJãÉåíáçåÉÇ=ÉñéÉêíë=Ü~îÉ=ïçêâÉÇ=áå=íÜÉ=éêçàÉÅíW=
=

h~êÉå=j~êáÉ=^åÇÉêëÉåI=m~éóêçJqÉñ=^Lp=
m~ìä=`äìííÉêÄìÅâI=i~éçêíÉ=mÉêÑçêã~åÅÉ=`ÜÉãáÅ~äë=rh=iíÇK=
mÉê=lK=dê~îÉëÉåI=j~Éêëâ=jÉÇáÅ~ä=^Lp=
läÉ=dê›åÇ~Üä=e~åëÉåI=ms`=fåÑçêã~íáçåëê™ÇÉí=
mÉÉê=dê›åÇ~Üä=e~åëÉå=àêKI=qçí~ñ=mä~ëíáÅë=^Lp=
oçëë=i~ïI=eóÇêç=mçäóãÉêë=iáãáíÉÇ=
jÉêÉíÉ=tììêI=a~åáëÜ=qÉÅÜåçäçÖáÅ~ä=fåëíáíìíÉI=jÉÇáÅ~ä=aÉîáÅÉ=qÉÅÜåçäJ
çÖó=ä~íÉê=ëìÄëíáíìíÉÇ=Äó==
hàÉäÇ=h~êÄ‹âI=a~åáëÜ=qÉÅÜåçäçÖáÅ~ä=fåëíáíìíÉI=mä~ëíáÅë=qÉÅÜåçäçÖó=

=



=S=

^=êÉÑÉêÉåÅÉ=Öêçìé=Ü~ë=ÄÉÉå=ÑçêãÉÇ=ïáíÜ=íÜÉ=~ÄçîÉ=ãÉåíáçåÉÇ=éÉêëçåë=~åÇ=
íÜçëÉ=ãÉåíáçåÉÇ=ÄÉäçï=~ë=ãÉãÄÉêëW=
=
= iÉ~=cêáã~åå=e~åëÉåI=a~åáëÜ=båîáêçåãÉåí~ä=mêçíÉÅíáçå=^ÖÉåÅóI=ÅÜ~áêJ

ã~å=
= pÜáã~=açÄÉäI=a~åáëÜ=båîáêçåãÉåí~ä=mêçíÉÅíáçå=^ÖÉåÅó=
= s~Öå=e~åÇäçëI=qÜÉ=pí~íÉ=råáîÉêëáíó=eçëéáí~äI=^ëëçÅá~íáçå=çÑ=`çìåíó=

`çìåÅáäë=áå=aÉåã~êâ=
= fÄ=gçÜ~åëÉåI=a~åáëÜ=mçäóãÉê=`ÉåíêÉI=ä~íÉê=ëìÄëíáíìíÉÇ=Äó=
= hêáëíçÑÑÉê=^äãÇ~äI=a~åáëÜ=mçäóãÉê=`ÉåíêÉ=
= g~ëçå=iÉ~ÇÄáííÉêI=eóÇêç=mçäóãÉêë=
= mÉêåáääÉ=qÜçãëÉåI qÜÉ=a~åáëÜ=mä~ëíáÅë=cÉÇÉê~íáçåI=ä~íÉê=ëìÄëíáíìíÉÇ=Äó=
= i~êë=_äçãI qÜÉ=a~åáëÜ=mä~ëíáÅë=cÉÇÉê~íáçå=
=

=



= T=

pìãã~êó=~åÇ=ÅçåÅäìëáçåë=

lå=íÜÉ=Ä~ëáë=çÑ=~=ÑÉ~ëáÄáäáíó=ëíìÇó=çÑ=íÜÉ=éä~ëíáÅáëÉê=ëìÄëí~åÅÉë=~åÇ=Öêçìéë=çÑ=
ëìÄëí~åÅÉë=íÜ~í=~êÉ=ÅçããÉêÅá~ääó=~î~áä~ÄäÉ=çå=íÜÉ=ã~êâÉí=íçÇ~óI=åáåÉ=ëìÄJ
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m™=Ä~ëáë=~Ñ=ëíìÇáÉê=~Ñ=ÇÉ=Ää›ÇÖ›êÉåÇÉ=ëíçÑÑÉê=çÖ=ëíçÑÖêìééÉêI=ÇÉê=Éê=âçããÉêJ
ÅáÉäí=íáäÖ‹åÖÉäáÖÉ=á=Ç~ÖI=Éê=ÇÉê=ìÇî~äÖí=çÖ=ìåÇÉêë›Öí=åá=ëíçÑÑÉêK=aÉê=ÄäÉî=ÑêÉãJ
ëíáääÉí=ms`JâçãéçìåÇÉê=ãÉÇ=ÜîÉêí=~Ñ=ÇáëëÉ=ëíçÑÑÉê=ëçã=Ää›ÇÖ›êáåÖëãáÇÇÉäK=
aáëëÉ=âçãéçìåÇÉê=Éê=ÄäÉîÉí=éê›îÉí=Ñçê=Éå=ê‹ââÉ=ìÇî~äÖíÉ=ÉÖÉåëâ~ÄÉêI=ëçã=
~åëÉë=Ñçê=~í=î‹êÉ=éêáã‹êÉ=ìÇî‹äÖÉäëÉëâêáíÉêáÉê=Ñçê=~åîÉåÇÉäëÉ=á=ãÉÇáÅáåëâ=ìÇJ
ëíóêK=^ääÉ=âçãéçìåÇÉêåÉ=î~ê=äÉííÉ=~í=ÑêÉãëíáääÉI=çÖ=ÇÉí=î~ê=ìÇÉå=ë‹êäáÖÉ=éêçJ
ÄäÉãÉê=~í=Ñçê~êÄÉàÇÉ=~ääÉ=âçãéçìåÇÉêåÉ=îÉÇ=ëéê›àíÉëí›ÄåáåÖK=aÉí=Éê=ÄäÉîÉí=
Ñçêë›Öí=~í=ê~åÖÉêÉ=ÇÉ=ìåÇÉêë›ÖíÉ=Ää›ÇÖ›êÉåÇÉ=ëíçÑÑÉê=á=ë~ããÉåäáÖåáåÖ=ãÉÇ=Éå=
abemJÄä›ÇÖàçêí=ms`JâçãéçìåÇK=kçÖäÉ=Ü~ê=äáÇí=ãáåÇêÉ=ëíóêâÉI=åçÖäÉ=äáÇí=
ãáåÇêÉ=ÄêìÇí›àåáåÖ=EêÉä~íáî=ÄêìÇÑçêä‹åÖÉäëÉFI=çÖ=åçÖäÉ=Ü~ê=Éå=Ü›àÉêÉ=ÅçäÇ=ÑäÉJ
ñáÄáäáíóJíÉãéÉê~íìêK=fåÖÉå=~Ñ=ëíçÑÑÉêåÉ=Éê=ÄäÉîÉí=Ñçêâ~ëíÉí=ëçã=éçíÉåíáÉääÉ=~äíÉêJ
å~íáîÉê=íáä=abemK=fãáÇäÉêíáÇ=âê‹îÉë=ÇÉê=ã~åÖÉ=ÑäÉêÉ=Ç~í~I=Ñ›ê=ã~å=â~å=Éêëí~ííÉ=
abem=á=ãÉÇáÅáåëâ=ìÇëíóêK=



=NM=

=



= NN=

N lÄàÉÅíáîÉ=

qÜÉ=çÄàÉÅíáîÉ=çÑ=íÜáë=éêçàÉÅí=áë=íç=ëÉäÉÅí=~åÇ=Éî~äì~íÉ=éä~ëíáÅáëÉêë=Ñçê=ms`=Ñçê=
ãÉÇáÅ~ä=ÇÉîáÅÉë=ìëáåÖ=abem=~ë=~=ÄÉåÅÜã~êâK=qÜÉ=ëÉäÉÅíáçå=Ü~ë=ÄÉÉå=Å~êêáÉÇ=
çìí=çå=íÜÉ=Ä~ëáë=çÑ=ÅçããÉêÅá~ääó=~î~áä~ÄäÉ=éä~ëíáÅáëÉêë=íÜ~í=~êÉ=éêÉëìãÉÇ=íç=ÄÉ=
ëìáí~ÄäÉ=Ñçê=ìëÉ=~ë=éêáã~êó=éä~ëíáÅáëÉêë=ïáíÜ=ms`=ã~íÉêá~äë=ìëÉÇ=Ñçê=ãÉÇáÅ~ä=
ÇÉîáÅÉëK=qÜÉ=ëìÄëí~åÅÉë=Ü~îÉ=ÄÉÉå=ëÉäÉÅíÉÇ=~åÇ=Éî~äì~íÉÇ=~ë=êÉÖ~êÇë=íÜÉ=êÉJ
èìáêÉãÉåíë=ÇÉÑáåÉÇ=Ñçê=ãÉÇáÅ~ä=Ñáäãë=~åÇ=íìÄáåÖëK=
=
kç=åÉï=éä~ëíáÅáëÉêë=Ü~îÉ=ÄÉÉå=ÇÉîÉäçéÉÇK=eçïÉîÉêI=ÅçåëáÇÉê~íáçåë=Ü~îÉ=~äëç=
ÄÉÉå=ÖáîÉå=íç=çíÜÉê=ëìÄëí~åÅÉë=EÉKÖK=éçäóãÉêáÅ=ëìÄëí~åÅÉëF=çå=íÜÉ=ã~êâÉíI=
ïÜáÅÜ=ãáÖÜí=ÄÉ=ëìáí~ÄäÉ=~ë=éä~ëíáÅáëÉêë=Ñçê=ms`=Ñçê=ãÉÇáÅ~ä=~ééäáÅ~íáçåëK=
=
lå=íÜÉ=Ä~ëáë=çÑ=íÜÉ=êÉëìäíë=çÑ=íÉëíáåÖ=ÅçåÇìÅíÉÇ=áå=íÜÉ=éêçàÉÅí=~å=~ííÉãéí=Ü~ë=
ÄÉÉå=ã~ÇÉ=íç=ê~åâ=íÜÉ=áåîÉëíáÖ~íÉÇ=éä~ëíáÅáëÉêë=~åÇ=ms`=ÅçãéçìåÇë=~ÅÅçêÇJ
áåÖ=íç=íÜÉáê=éêçÄ~Äáäáíó=Ñçê=ëìÅÅÉëë=Ñçê=ìëÉ=áå=ãÉÇáÅ~ä=ÇÉîáÅÉ=~ééäáÅ~íáçåëK=
=
fí=áë=íÜÉ=áåíÉåíáçå=çÑ=íÜÉ=éêçàÉÅí=é~êíåÉêë=áå=~=ëìÄëÉèìÉåí=éêçàÉÅí=Ñçê=ÑìêíÜÉê=
áåîÉëíáÖ~íáçåë=íç=ÄÉ=~ÄäÉ=íç=ÅçåíáåìÉ=ïáíÜ=íÜÉ=ã~åìÑ~ÅíìêÉ=~åÇ=íÉëíáåÖ=çÑ=ëéÉJ
ÅáÑáÅ=ãÉÇáÅ~ä=ÇÉîáÅÉë=EÉKÖK=Å~íÜÉíÉêë=~åÇ=Çê~áå~ÖÉ=Ä~ÖëF=ã~ÇÉ=Ñêçã=íÜÉ=ãçëí=
éêçãáëáåÖ=ÅçãéçìåÇëK=



=NO=

=



= NP=

O _~ÅâÖêçìåÇ=

fí=áë=ÉñéÉêáÉåÅÉÇ=íÜ~í=áí=áë=ÉñíêÉãÉäó=ÅçãéäáÅ~íÉÇ=íç=ÑáåÇ=~äíÉêå~íáîÉ=ã~íÉêá~äë=
íç=ms`=áå=ãÉÇáÅ~ä=ÇÉîáÅÉ=~ééäáÅ~íáçåëX=êÉÑÉêÉåÅÉ=íç=J=~ãçåÖ=çíÜÉêë=J==�jìJ
äáÖÜÉÇÉê=Ñçê=ëìÄëíáíìíáçå=~Ñ=ms`=á=ìÇî~äÖíÉ=Üçëéáí~äë~êíáâäÉêÒI=^êÄÉàÇëê~ééçêí=
Ñê~=jáäà›ëíóêÉäëÉå=åêK=NTLNVVN=E�mçëëáÄáäáíáÉë=Ñçê=ëìÄëíáíìíáçå=çÑ=ms`=áå=ëÉäÉÅíÉÇ=
Üçëéáí~ä=~êíáÅäÉëÒI=tçêâáåÖ=êÉéçêí=Ñêçã=íÜÉ=a~åáëÜ=båîáêçåãÉåí~ä=mêçíÉÅíáçå=

^ÖÉåÅó=kçK=NTLNVVNFK=cìêíÜÉêãçêÉI=~ÅÅçêÇáåÖ=íç=íÜÉ=a~åáëÜ=bm^Ûë=�e~åJ
ÇäáåÖëéä~å=Ñçê=~í=êÉÇìÅÉêÉ=~åîÉåÇÉäëÉå=~Ñ=éÜíÜ~ä~íÉê=á=Ää›Ç=éä~ëíÒ=E^Åíáçå=mä~å=
Ñçê=êÉÇìÅáåÖ=~åÇ=éÜ~ëáåÖ=çìí=éÜíÜ~ä~íÉë=áå=ëçÑí=éä~ëíáÅëI=jáåáëíêó=çÑ=båîáêçåãÉåí=

~åÇ=båÉêÖóI=gìåÉ=NVVVFI=ãÉÇáÅ~ä=ÇÉîáÅÉë=Ü~îÉ=ÄÉÉå=ëÉäÉÅíÉÇ=~ë=~=ÑáÉäÇ=çÑ=ÜáÖÜ=
éêáçêáíó=êÉèìáêáåÖ=~=é~êíáÅìä~ê=ÉÑÑçêí=íç=ëìÄëíáíìíÉ=éÜíÜ~ä~íÉë=~ë=éä~ëíáÅáëáåÖ=
~ÖÉåíëK=^ÅÅçêÇáåÖ=íç=íÜÉ=~Åíáçå=éä~åI=ãÉÇáÅ~ä=ÇÉîáÅÉë=~êÉ=~=ÑáÉäÇ=çÑ=ÜáÖÜ=éêáçêJ
áíóI=ÄÉÅ~ìëÉ=çÑ=íÜÉáê=ãáÖê~íáçå=Ñêçã=íÜÉ=éä~ëíáÅ=~åÇ=ëìÄëÉèìÉåí=ÉñéçëìêÉ=~åÇ=
éçëëáÄäÉ=~ÇîÉêëÉ=ÉÑÑÉÅíë=íç=é~íáÉåíëK=
=
qÜÉ=ïçêäÇ=ã~êâÉí=Ñçê=éä~ëíáÅë=Ñçê=íÜÉ=éêçÇìÅíáçå=çÑ=ãÉÇáÅ~ä=ÇÉîáÅÉë=~ÅÅçìåíë=
Ñçê=ahh=PR=Ó=QM=Äáääáçåë=EêÉÑK=NFK=eÉêÉçÑ=ms`=Ñçê=Çáëéçë~ÄäÉ=~êíáÅäÉë=~ÅJ
Åçìåíë=Ñçê=~ééêçñáã~íÉäó=çåÉ=íÜáêÇK=bîÉêó=óÉ~ê=~ééêçñáã~íÉäó=NRMKMMM=íçåë=çÑ=
ms`=áë=éêçÇìÅÉÇ=ïçêäÇ=ïáÇÉ=Ñçê=íÜÉ=ãÉÇáÅ~ä=ã~êâÉí=EêÉÑK=OF=ÅçêêÉëéçåÇáåÖ=íç=
N=Ó=O=B=çÑ=íÜÉ=íçí~ä=ã~êâÉí=Ñçê=ms`K=
=
få=aÉåã~êâ=íÜÉ=íìêåçîÉê=çÑ=ãÉÇáÅ~ä=ÇÉîáÅÉë=áå=éä~ëíáÅë=~ÅÅçìåíë=Ñçê=~ééêçñáJ
ã~íÉäó=ahh=T=Äáääáçåë=EêÉÑK=PFK=^ééêçñáã~íÉäó=VT=B=ÜÉêÉçÑ=~êÉ=ÄÉáåÖ=ÉñJ
éçêíÉÇ=EêÉÑK=PFK=qÜÉ=ä~êÖÉëí=èì~åíáíó=áë=Çáëéçë~ÄäÉ=~êíáÅäÉë=ã~áåäó=ÇáÑÑÉêÉåí=
ëçêíë=çÑ=Å~íÜÉíÉêëI=ëìÅíáçåëI=Çê~áåë=~åÇ=ìêáåÉ=~åÇ=Åçäçëíçãó=Ä~ÖëK 
=
qÜÉëÉ=ã~åó=íóéÉë=çÑ=êÉä~íáîÉäó=äçïJÅçëí=Çáëéçë~ÄäÉ=~êíáÅäÉë=Ü~îÉ=ÑçêãÉÇ=~=Ä~J
ëáë=Ñçê=~åÇ=ã~ÇÉ=áí=éçëëáÄäÉ=íç=áåíêçÇìÅÉ=ã~åó=çÑ=íÜÉ=åÉï=íêÉ~íãÉåíë=íÜ~í=~êÉ=
ÄÉáåÖ=ìëÉÇ=íçÇ~óK=dÉåÉê~ääóI=áå=É~ÅÜ=Å~ëÉ=çÑ=Üçëéáí~äáë~íáçå=íÜÉ=é~íáÉåí=ïáää=
ÅçãÉ=áåíç=Åçåí~Åí=ïáíÜ=ëçãÉ=çÑ=íÜÉëÉ=Çáëéçë~ÄäÉ=~êíáÅäÉëK=aìÉ=íç=íÜÉ=êáÅÜ=éçëJ
ëáÄáäáíáÉë=çÑ=î~êá~íáçåI=ïÜáÅÜ=Å~å=ÄÉ=~ÅÜáÉîÉÇ=áå=ÉKÖK=éêçéÉêíáÉë=äáâÉ=ÑäÉñáÄáäáíóI=
ëíêÉåÖíÜI=Ä~êêáÉê=éêçéÉêíáÉë=~åÇ=íê~åëé~êÉåÅóI=éä~ëíáÅáëÉÇ=ms`=Ü~ë=ÄÉÉå=
éêçîÉå=íç=ÄÉ=é~êíáÅìä~êäó=ëìáí~ÄäÉ=Ñçê=íÜÉëÉ=~ééäáÅ~íáçåëK=qÜÉëÉ=éêçéÉêíáÉë=~êÉ=
íç=~=ÜáÖÜ=ÉñíÉåí=ÅçåÇáíáçå~ä=çå=íÜÉ=~ÇÇáíáçå=çÑ=éä~ëíáÅáëÉêë=íç=íÜÉ=ms`=êÉëáåëK=
få=íÜÉëÉ=íóéÉë=çÑ=ãÉÇáÅ~ä=ÇÉîáÅÉë=íÜÉ=~ÇÇáíáçå=çÑ=éä~ëíáÅáëÉêë=íóéáÅ~ääó=î~êáÉë=
Ñêçã=~ééêçñáã~íÉäó=R=B=Äó=ïÉáÖÜí=ìé=íç=~ééêçñáã~íÉäó=QR=BX=ã~áåäó=PM=Ó=QR=
BK=qçí~ääó=Ççãáå~íáåÖ=~ë=éä~ëíáÅáëÉê=áë=ÇáEOJÉíÜóäÜÉñóäF=éÜíÜ~ä~íÉ=EabemFI=
ïáíÜ=ïÜáÅÜ=çåÉ=Ü~ë=ãçêÉ=íÜ~å=QT=óÉ~êë=çÑ=ÉñéÉêáÉåÅÉ=áå=ãÉÇáÅ~ä=ÇÉîáÅÉë=EêÉÑK=
QFK=cìêíÜÉêãçêÉI=áå=íÜÉ=bìêçéÉ~å=mÜ~êã~ÅçéçÉá~=abem=áë=íÜÉ=çåäó=éä~ëíáJ
ÅáëÉê=ïÜáÅÜ=áë=äáëíÉÇ=Ñçê=ìëÉ=áå=íÜçëÉ=âáåÇ=çÑ=éêçÇìÅíë=EêÉÑK=U~I=UÄ=~åÇ=VFK=^ë=
íÜÉ=bìêçéÉ~å=mÜ~êã~ÅçéçÉá~=áë=éìí=çå=íÜÉ=ë~ãÉ=ÑççíáåÖ=~ë=íÜÉ=aáêÉÅíáîÉ=Ñçê=
jÉÇáÅ~ä=aÉîáÅÉë=EêÉÑK=NMFI=ïÜáÅÜ=ï~ë=éìí=áåíç=ÑçêÅÉ=áå=gìäó=NVVU=íÜÉ=ã~åìÑ~ÅJ
íìêÉë=çÑ=ãÉÇáÅ~ä=ÇÉîáÅÉë=~êÉ=äÉÑí=ïáíÜ=~=ëÉêáçìë=ÇáäÉãã~K=qÜáë=áë=ÄÉÅ~ìëÉ=åç=
çíÜÉê=éä~ëíáÅáëÉê=áë=äáëíÉÇ=áå=íÜÉ=bìêçéÉ~å=mÜ~êã~ÅçéçÉá~=~åÇ=ìëáåÖ=~åçíÜÉê=
éä~ëíáÅáëÉê=ïçìäÇ=ãÉ~å=íÜ~í=íÜÉ=ÇÉîáÅÉ=ã~åìÑ~ÅíìêÉê=ïçìäÇ=Ü~îÉ=íç=ÇÉÅä~êÉ=
íÜ~í=ëìÅÜ=~=ÇÉîáÅÉ=ÇçÉë=åçí=ÅçåÑçêã=íç=íÜÉ=Åçãéçëáíáçå~ä=êÉèìáêÉãÉåíë=çÑ=íÜáë=
mÜ~êã~ÅçéçÉá~K=qÜÉêÉÑçêÉI=~=ÇÉîÉäçéãÉåí=ëíìÇó=~åÇ=~å=áåîÉëíáÖ~íáçå=êÉÖ~êÇJ
áåÖ=éä~ëíáÅáëÉêë=~êÉ=ÜáÖÜäó=åÉÉÇÉÇK=^åó=éçëáíáîÉ=êÉëìäí=áë=ÜáÖÜäó=ÉñéÉÅíÉÇ=íç=
Ñçêã=~=Ä~ëáë=Ñçê=~=ÇÉÅáëáçå=áå=�dêçìé=NS=çÑ=íÜÉ=`çìåÅáä=çÑ=bìêçéÉÒ=íç=éçáåí=



=NQ=

çìí=çíÜÉê=éä~ëíáÅáëÉêë=Ñçê=ÅçåëáÇÉê~íáçå=~åÇ=áåÅäìëáçå=áå=ÑìíìêÉ=~ãÉåÇãÉåíë=çÑ=
íÜÉ=mÜ~êã~ÅçéçÉá~K=
=
aìêáåÖ=êÉÅÉåí=óÉ~êë=íÜÉ=ÉåîáêçåãÉåí~ä=~ëéÉÅí=Äó=íÜÉ=ìëÉ=çÑ=éÜíÜ~ä~íÉë=Ü~ë=
ÄÉÉå=ëíìÇáÉÇ=áå=ã~åó=êÉä~íáçåë=EÉKÖK=êÉÑK=RI=NNI=NO=~åÇ=NPFK=qÜÉ=pïÉÇáëÜ=ÖçîJ
ÉêåãÉåí=Ü~ë=éêçéçëÉÇ=íÜÉ=bìêçéÉ~å=`çããáëëáçå=íç=áåáíá~íÉ=~=êáëâ=~ëëÉëëãÉåí=
çÑ=abemK=
=
eçïÉîÉêI=çíÜÉê=~ëéÉÅíë=ïáää=ÄÉ=áãéçêí~åí=êÉÖ~êÇáåÖ=íÜÉ=ìëÉ=çÑ=éÜíÜ~ä~íÉë=áå=
ãÉÇáÅ~ä=ÇÉîáÅÉëK=fí=áë=âåçïå=íÜ~í=íÜÉ=éä~ëíáÅáëÉêë=ãáÖê~íÉ=íç=íÜÉ=ëìêÑ~ÅÉ=çÑ=íÜÉ=
éä~ëíáÅáëÉÇ=ms`=~êíáÅäÉI=ïÜÉêÉ=áí=ÅçìäÇ=Å~ìëÉ=~=êÉä~íáîÉ=êáëâ=êÉÖ~êÇáåÖ=íÜÉ=ÄáçJ
Åçãé~íáÄáäáíó=EêÉÑK=SI=TI=NQ=~åÇ=NRFK=jçêÉçîÉêI=ÇìêáåÖ=êÉÅÉåí=óÉ~êë=íÜÉ=éçíÉåJ
íá~ä=Ñçê=êÉéêçíçñáÅ=ÉÑÑÉÅíë=çÑ=abem=Ü~ë=ÄÉÉå=çÄëÉêîÉÇ=áå=~åáã~ä=ëíìÇáÉë=~åÇ=
ïÜáäëí=íÜÉêÉ=áë=åç=âåçïäÉÇÖÉ=áå=Üìã~åë=íÜÉ=Ñ~Åí=íÜ~í=áí=Ü~ë=ÄÉÉå=çÄëÉêîÉÇ=áå=
~åáã~äë=êÉã~áåë=~=ëáÖåáÑáÅ~åí=ÅçåÅÉêå=EêÉÑK=QOFK=
=
`çãéäáÅ~íáåÖ=íÜÉ=áëëìÉ=áë=íÜ~í=éÜíÜ~ä~íÉë=ïáíÜ=ÇáÑÑÉêÉåí=~äâóä=ÅÜ~áå=äÉåÖíÜ=ÄÉJ
Ü~îÉ=ÇáÑÑÉêÉåíäó=áå=ÄáçäçÖáÅ~ä=ëáíì~íáçåë=EäáâÉ=íÜÉ=Å~ëÉ=ïáíÜ=ÇáÑÑÉêÉåí=éêáã~êó=
~äÅçÜçäëFK=
=



= NR=

P mêçÅÉÇìêÉ=

qÜáë=éêçàÉÅí=Ü~ë=ÄÉÉå=ÅçåÇìÅíÉÇ=áåíç=íïç=ã~áå=éÜ~ëÉëK=

PKN cÉ~ëáÄáäáíó=ëíìÇó=

få=éÜ~ëÉ=çåÉ=çÑ=íÜÉ=éêçàÉÅíI=~=ã~êâÉí=ëìêîÉó=Ü~ë=ÄÉÉå=Å~êêáÉÇ=çìí=Ñçê=íÜÉ=êÉäÉJ
î~åí=éä~ëíáÅáëÉêë=Ä~ëÉÇ=çå=íÜÉ=êÉèìáêÉãÉåíëI=íÜÉ=ïáëÜÉë=~åÇ=íÜÉ=ÉñéÉÅí~íáçåë=
çìíäáåÉÇ=Äó=íÜÉ=éêçàÉÅí=é~êíáÅáé~åíëK=oÉäÉî~åí=ëìÄëí~åÅÉë=Ü~ë=ÄÉÉå=ëÉäÉÅíÉÇ=
~åÇ=Éî~äì~íÉÇ=áå=Åçãé~êáëçå=ïáíÜ=~=ëÉäÉÅíÉÇ=abem=éä~ëíáÅáëÉÇ=ms`=ã~íÉêá~ä=
~ë=~=êÉÑÉêÉåÅÉ=ÅçãéçìåÇK=qÜÉ=êÉëìäíáåÖ=ms`=ÅçãéçìåÇë=Ü~Ç=~äëç=ÄÉÉå=
ÄêáÉÑäó=Éî~äì~íÉÇ=áå=Åçãé~êáëçå=ïáíÜ=~=êÉäÉî~åí=åçåJms`=Ä~ëÉÇ=éä~ëíáÅ=ã~íÉJ
êá~äK=qÜÉ=ÇÉîÉäçéãÉåí=áå=ms`=éä~ëíáÅáëÉêë=ÇìêáåÖ=íÜÉ=éêçàÉÅí=éÉêáçÇ=Ü~ë=ëáãìäJ
í~åÉçìëäó=~åÇ=Åçåíáåìçìëäó=ÄÉÉå=çÄëÉêîÉÇK=
=
^ë=~å=~äíÉêå~íáîÉ=åçåJms`=ã~íÉêá~ä=~å=ÉíÜóäÉåÉJîáåóä=~ÅÉí~íÉ=ÅçéçäóãÉê=Ü~ë=
ÄÉÉå=ÅÜçëÉåK=

PKO fåÇìëíêá~ä=êÉëÉ~êÅÜ=

få=éÜ~ëÉ=íïç=çÑ=íÜÉ=éêçàÉÅíI=ms`=ÅçãéçìåÇë=ïáíÜ=~=äáãáíÉÇ=åìãÄÉê=çÑ=íÜÉ=
ëÉäÉÅíÉÇ=éä~ëíáÅáëÉêë=Ü~îÉ=ÄÉÉå=éêÉé~êÉÇ=~åÇ=íÉëíÉÇ=Ñçê=êÉäÉî~åí=éêçéÉêíáÉëK=
b~ÅÜ=çÑ=íÜÉëÉ=ÅçãéçìåÇë=Ü~ë=ÄÉÉå=éêÉé~êÉÇ=~ë=Öê~åìä~íÉëI=Ñêçã=ïÜáÅÜ=~éJ
éêçéêá~íÉ=íÉëí=ëéÉÅáãÉåë=Ü~îÉ=ÄÉÉå=ã~ÇÉ=Äó=áåàÉÅíáçå=ãçìäÇáåÖK=cêçã=íÜÉ=
ÅçãéçìåÇë=~äëç=Ñáäã=ë~ãéäÉë=Ñçê=íÉëíáåÖ=Ü~îÉ=ÄÉÉå=ã~ÇÉ=Äó=êçää=ãáääáåÖK=

PKP mìÄäáÅ~íáçå=~åÇ=áåÑçêã~íáçå=

qÜÉ=ÑÉ~ëáÄáäáíó=ëíìÇó=çÑ=íÜáë=éêçàÉÅí=Ü~ë=ÄÉÉå=éêÉëÉåíÉÇ=~åÇ=ÇáëÅìëëÉÇ=~í=~=
ëÉãáå~ê=ÜÉäÇ=~í=^~êÜìë=råáîÉêëáíó=eçëéáí~ä=EpâÉàÄó=póÖÉÜìëF=áå=üêÜìëI=aÉåJ
ã~êâ=áå=gìåÉ=OMMNK=qÜÉ=íáíäÉ=çÑ=íÜÉ=ëÉãáå~ê=ï~ë=�ms`=ÑêÉÉ=áå=üêÜìë=`çìåíóÒX=
íÜÉ=íáíäÉ=çÑ=íÜÉ=éêÉëÉåí~íáçå=ï~ë=�^äíÉêå~íáîÉ=éä~ëíáÅáëÉêë=EJ=~å=áåíÉêå~íáçå~ä=
éêçàÉÅíFÒK=
=
^ÇÇáíáçå~ääóI=íÜÉ=éêçàÉÅí=Ü~ë=ÄÉÉå=éêÉëÉåíÉÇ=~í=íÜÉ=NSíÜ=fåíÉêå~íáçå~ä=`çåÑÉêJ
ÉåÅÉ=jÉÇáÅ~ä=mä~ëíáÅë=OMMO=ÜÉäÇ=áå=`çéÉåÜ~ÖÉå=ä~íÉ=^ìÖìëí=OMMOK=
=

cìêíÜÉêãçêÉ=áí=ïáää=ÄÉ=éêÉëÉåíÉÇ=áå=íÜÉ=a~åáëÜ=ã~Ö~òáåÉ=mä~ëí=m~åçê~ã~=
pÅ~åÇáå~îá~K=



=NS=

=



= NT=

Q ^ÅíáîáíáÉë=ÇìêáåÖ=íÜÉ=éêçàÉÅí=

aìêáåÖ=íÜÉ=ïçêâI=íïÉäîÉ=ïçêâáåÖ=Öêçìé=ãÉÉíáåÖë=~åÇ=íïç=êÉÑÉêÉåÅÉ=Öêçìé=
ãÉÉíáåÖë=Ü~îÉ=ÄÉÉå=ÜÉäÇK=cìêíÜÉêãçêÉI=~=ãÉÉíáåÖ=Ü~ë=ÄÉÉå=ÜÉäÇ=ïáíÜ=~=êÉéêÉJ
ëÉåí~íáîÉ=Ñêçã=oÉáääó=`ÜÉãáÅ~äëI=~=Åçãé~åó=éêçÇìÅáåÖ=éä~ëíáÅáëÉêë=Ñçê=ms`K=
qÜêÉÉ=ãÉãÄÉêë=çÑ=íÜÉ=ïçêâáåÖ=Öêçìé=Ü~îÉ=îáëáíÉÇ=råáîÉêëáíó=çÑ=píê~íÜÅäóÇÉ=íç=
éêÉëÉåí=~åÇ=ÇáëÅìëë=íÜÉ=éêçàÉÅí=ïáíÜ=mêçÑÉëëçê=g~ãÉë=`çìêíåÉóI=_áçÉåÖáåÉÉêJ
áåÖ=råáíK=cáå~ääóI=~=åìãÄÉê=çÑ=ãÉÉíáåÖë=Ü~îÉ=ÄÉÉå=ÜÉäÇ=ïáíÜ=íÜÉ=a~åáëÜ=é~êíJ
åÉêëK=
=
cìêíÜÉêI=íÜÉ=Öêçìé=Ü~ë=ìëÉÇ=íÜÉ=ÉñéÉêíáëÉ=çÑ=i~éçêíÉ=mÉêÑçêã~åÅÉ=`ÜÉãáÅ~äë=
rh=iíÇ=áå=íÜÉ=ëÉäÉÅíáçå=çÑ=åçåJabem=éä~ëíáÅáëÉêëK=
=
eóÇêç=mçäóãÉêë=iáãáíÉÇ=Ü~îÉ=éêÉé~êÉÇ=íÜÉ=ms`=ÅçãéçìåÇëK=i~éçêíÉ=mÉêJ
Ñçêã~åÅÉ=`ÜÉãáÅ~äë=rh=iíÇ=Ü~îÉ=ëìééäáÉÇ=çåÉ=éä~ëíáÅáëÉêK=a~åáëÜ=qÉÅÜåçJ
äçÖáÅ~ä=fåëíáíìíÉI=mä~ëíáÅë=qÉÅÜåçäçÖó=Ü~îÉ=áåàÉÅíáçå=ãçìäÇÉÇ=íÉåëáäÉ=íÉëí=
ëéÉÅáãÉåë=~åÇ=ëèì~êÉ=ë~ãéäÉë=Ñçê=íÉëíáåÖ=çÑ=çíÜÉê=éêçéÉêíáÉëK=m~éóêçJqÉñ=^Lp=
Ü~îÉ=éêÉé~êÉÇ=Ñáäã=ë~ãéäÉë=Äó=êçää=ãáääáåÖ=~åÇ=ÇÉíÉêãáåÉÇ=íÉåëáäÉ=éêçéÉêíáÉë=
çå=íÜÉ=Ñáäã=ë~ãéäÉëK=a~åáëÜ=qÉÅÜåçäçÖáÅ~ä=fåëíáíìíÉI=mä~ëíáÅë=qÉÅÜåçäçÖó=Ü~îÉ=
ÇÉíÉêãáåÉÇ=íÉåëáäÉ=éêçéÉêíáÉëI=áåÇÉåí~íáçå=Ü~êÇåÉëëI=ÇÉåëáíó=~åÇ=ÅçäÇ=ÑäÉñáÄáäJ
áíó=íÉãéÉê~íìêÉ=çå=áåàÉÅíáçå=ãçìäÇáåÖëK=a~åáëÜ=qÉÅÜåçäçÖáÅ~ä=fåëíáíìíÉI=m~ÅâJ
~ÖáåÖ=~åÇ=qê~åëéçêí=Ü~îÉ=ÇÉíÉêãáåÉÇ=äáÖÜí=íê~åëãáëëáçå=çå=Ñáäã=ë~ãéäÉëK=



=NU=

=



= NV=

R qÜÉ=ÑÉ~ëáÄáäáíó=ëíìÇó=

qÜÉ=êÉëìäíë=ÖÉåÉê~íÉÇ=ÇìêáåÖ=íÜÉ=ÑÉ~ëáÄáäáíó=ëíìÇó=~êÉ=éêÉëÉåíÉÇ=áå=íÜêÉÉ=é~êíëK=
=
NK ^=ÇÉëÅêáéíáçå=çÑ=íÜÉ=êÉäÉî~åí=ÅêáíÉêá~=Ñçê=ëÉäÉÅíáçå=çÑ=éä~ëíáÅáëÉêë=Ñçê=ms`=

Ñçê=ãÉÇáÅ~ä=~ééäáÅ~íáçåë=
OK ^=éä~ëíáÅáëÉê=éÉêÑçêã~åÅÉ=ã~íêáñ=E^ééÉåÇáñ=NF=äáëíáåÖ=íÜÉ=êÉäÉî~åí=Ç~í~=

~åÇ=áåÑçêã~íáçå=êÉÖ~êÇáåÖ=É~ÅÜ=çÑ=~=åìãÄÉê=çÑ=ëìÄëí~åÅÉë=çê=Öêçìéë=çÑ=
ëìÄëí~åÅÉëI=ïÜáÅÜ=~êÉ=ÅçåëáÇÉêÉÇ=~ë=ÄÉáåÖ=éçíÉåíá~ä=ms`=éä~ëíáÅáëÉêë=

PK ^=äáëí=çÑ=íÜÉ=ëìÄëí~åÅÉë=Eq~ÄäÉ=OFI=ïÜáÅÜ=Ü~îÉ=ÄÉÉå=ëÉäÉÅíÉÇ=Ñçê=ÑìêíÜÉê=
áåîÉëíáÖ~íáçåë=Äó=ÅçãéçìåÇáåÖ=~åÇ=ÅÜ~ê~ÅíÉêáë~íáçå=

RKN mä~ëíáÅáëÉê=ëÉäÉÅíáçå=ÅêáíÉêá~=

qÜÉ=êÉäÉî~åÅÉ=çÑ=íÜÉ=~ééäáÉÇ=ëÉäÉÅíáçå=ÅêáíÉêá~=Ñçê=éä~ëíáÅáëÉêë=Ñçê=ms`=Ñçê=
ãÉÇáÅ~ä=ÇÉîáÅÉë=áë=ÇÉëÅêáÄÉÇ=ÄÉäçïK=qÜÉ=äáëí=êÉÑÉêë=íç=íÜÉ=ÅêáíÉêá~=ãÉåíáçåÉÇ=áå=
íÜÉ=éä~ëíáÅáëÉê=éÉêÑçêã~åÅÉ=ã~íêáñI=ïÜáÅÜ=áë=ÇÉëÅêáÄÉÇ=áå=Åä~ìëÉ=SKO=~åÇ=ÉåJ
ÅäçëÉÇ=~ë=~ééÉåÇáñ=NK=

RKNKN ^î~áä~Äáäáíó=

^=éä~ëíáÅáëÉê=åÉÉÇë=íç=ÄÉ=ÅçããÉêÅá~ääó=~î~áä~ÄäÉ=áå=ä~êÖÉ=èì~åíáíáÉë=Eíçå=äçíëF=íç=
ë~íáëÑó=ÅìêêÉåí=ÇÉã~åÇ=Ñçê=éä~ëíáÅáëÉÇ=ms`=Ñçê=ãÉÇáÅ~ä=~ééäáÅ~íáçåëK=

RKNKO `çãé~íáÄáäáíó=íçï~êÇë=ms`=êÉëáåë=

qÜÉ=Åçãé~íáÄáäáíó=ÅçìäÇ=ÄÉ=ÉñéêÉëëÉÇ=~ëW=qç=ïÜ~í=ÉñíÉåí=áë=~=ëìÄëí~åÅÉ=Å~é~J
ÄäÉ=çÑ=ÑçêãáåÖ=~=ëí~ÄäÉ=ÅçãéçìåÇ=ïáíÜ=íÜÉ=éçäóãÉê\=qÜÉ=Åçãé~íáÄáäáíó=áë=çÑJ
íÉå=ãÉ~ëìêÉÇ=~ë=íÜÉ=ëçäìíáçå=íÉãéÉê~íìêÉI=áKÉK=íÜÉ=íÉãéÉê~íìêÉ=~í=ïÜáÅÜ=~=ãáñJ
íìêÉ=çÑ=éä~ëíáÅáëÉê=~åÇ=ëìëéÉåëáçå=ms`=~éé~êÉåíäó=ÅÜ~åÖÉë=íç=~=ëáåÖäÉJéÜ~ëÉ=
ëí~íÉK=
=
^=éä~ëíáÅáëÉê=åÉÉÇë=íç=ÄÉ=Åçãé~íáÄäÉ=ïáíÜ=ms`=êÉëáåëK=fÑ=~=ëìÄëí~åÅÉ=áë=áåÅçãJ
é~íáÄäÉ=áí=ïáää=ÉñìÇÉ=íç=íÜÉ=ëìêÑ~ÅÉ=çÑ=~å=~êíáÅäÉ=~åÇ=Å~å=ÄÉ=ãçêÉ=É~ëáäó=ÉñJ
íê~ÅíÉÇX=áKÉK=~å=áåÅçãé~íáÄäÉ=éä~ëíáÅáëÉê=ïáää=åçí=éä~ëíáÅáëÉ=ms`=éêçéÉêäóK=
=
cìêíÜÉêãçêÉI=~=éä~ëíáÅáëÉê=ëÜçìäÇ=ÄÉ=íçäÉê~åí=íç=íÜÉ=ëí~ÄáäáëÉêë=~åÇ=çíÜÉê=~ÇÇáJ
íáîÉë=áå=íÜÉ=ÅçãéçìåÇ=íç=~îçáÇ=ÉñìÇ~íáçå=áå=íÜÉ=éêçÅÉëë=çêL~åÇ=~=ëíáÅâó=ëìêJ
Ñ~ÅÉ=çÑ=íÜÉ=Ñáå~ä=~êíáÅäÉK=qÜÉ=îçä~íáäáíó=çÑ=íÜÉ=éä~ëíáÅáëÉê=ëÜçìäÇ=ÄÉ=äçï=J=~í=äÉ~ëí=
åçí=ÜáÖÜÉê=íÜ~å=íÜ~í=çÑ=abemK=

RKNKP mä~ëíáÅáëáåÖ=ÉÑÑáÅáÉåÅó=

qÜÉ=éä~ëíáÅáëáåÖ=ÉÑÑáÅáÉåÅó=çÑ=~=éä~ëíáÅáëÉê=ÇÉíÉêãáåÉë=íÜÉ=äÉîÉä=çÑ=éä~ëíáÅáëÉê=áå=
~=ÅçãéçìåÇ=íÜ~í=áë=åÉÉÇÉÇ=íç=~ÅÜáÉîÉ=íÜÉ=êÉèìáêÉÇ=ÇÉÖêÉÉ=çÑ=ãçÇáÑáÅ~íáçå=çÑ=
íÜÉ=ÅçãéçìåÇK=få=íÜáë=ïçêâ=íÜÉ=Ü~êÇåÉëë=çÑ=ms`=ÅçãéçìåÇ=Ü~ë=ÄÉÉå=ÅÜçëÉå=
~ë=íÜÉ=êÉÑÉêÉåÅÉ=é~ê~ãÉíÉêK=qÜÉ=ãçêÉ=ÉÑÑáÅáÉåí=íÜÉ=äÉëë=éä~ëíáÅáëÉê=ïáää=ÄÉ=êÉJ
èìáêÉÇK=qÜÉ=ÉÑÑáÅáÉåÅó=áë=~å=áãéçêí~åí=éêçéÉêíó=ïÜÉå=ÇÉíÉêãáåáåÖ=çîÉê~ää=
ÅçëíK=



=OM=

RKNKQ mêçÅÉëë~Äáäáíó=

RKNKQKN `çãéçìåÇáåÖ=

^=ms`=ã~íÉêá~ä=áë=ã~ÇÉ=ìé=Ñêçã=~=ÄäÉåÇ=çÑ=áåÖêÉÇáÉåíëW=ms`=êÉëáå=EíÜÉ=
éçäóãÉê=íÜ~í=ã~âÉë=íÜÉ=ã~íÉêá~ä=~=éä~ëíáÅFI=éä~ëíáÅáëÉêEëFI=ëí~ÄáäáëÉêë=~åÇ=äìÄêáJ
Å~åíëK=qÜÉ=áåÖêÉÇáÉåíë=~êÉ=ÄäÉåÇÉÇ=íçÖÉíÜÉê=áå=~=ÜáÖÜJëéÉÉÇ=ãáñÉê=çê=~=êáÄÄçå=
ÄäÉåÇÉêK=aìêáåÖ=íÜáë=éêçÅÉëë=íÜÉ=éä~ëíáÅáëÉê=áë=~ÄëçêÄÉÇ=áåíç=íÜÉ=ms`=êÉëáå=
é~êíáÅäÉëK=qÜáë=ÄäÉåÇ=Å~å=íÜÉå=ÄÉ=éêçÅÉëëÉÇ=ÇáêÉÅíäó=áåíç=~å=~êíáÅäÉ=Äó=ÉñíêìJ
ëáçåI=Äó=áåàÉÅíáçå=ãçìäÇáåÖ=~åÇ=Äó=Å~äÉåÇÉêáåÖK=fí=Å~å=~äëç=Öç=íÜêçìÖÜ=~å=áåJ
íÉêãÉÇá~íÉ=ëíÉé=çÑ=ÅçãéçìåÇáåÖK=qÜáë=áë=ïÜÉêÉ=íÜÉ=ÄäÉåÇ=áë=ÑÉÇ=áåíç=~å=ÉñJ
íêìÇÉê=~åÇ=Äó=ãÉ~åë=çÑ=ÜÉ~í=~åÇ=éêÉëëìêÉ=áí=ÄÉÅçãÉë=ãçäíÉåK=qÜÉ=ãçäíÉå=
ã~ëë=áë=ÉñíêìÇÉÇ=EéêÉëëÉÇ=íÜêçìÖÜ=~=ëé~ÖÜÉííá=ÇáÉF=~åÇ=íÜÉ=ëçäáÇáÑáÉÇ=ëíê~åÇë=
~êÉ=Åìí=áåíç=ëã~ää=éÉääÉíë=Å~ääÉÇ=Öê~åìä~íÉK=qÜÉ=éÉääÉíë=~êÉ=ÅççäÉÇ=Ñêçã=~ééêçñK=
NRM°`=íç=~ãÄáÉåí=íÉãéÉê~íìêÉK=qÜÉ=éÉääÉíë=Å~å=íÜÉå=ÄÉ=ìëÉÇ=íç=Ñçêã=~êíáÅäÉë=
Äó=ÉñíêìëáçåI=Äó=áåàÉÅíáçå=ãçìäÇáåÖ=~åÇ=Äó=Å~äÉåÇÉêáåÖK=
=
RKNKQKO `çãéçåÉåí=ã~åìÑ~ÅíìêÉ=

fåàÉÅíáçå=ãçìäÇáåÖ=
^=éä~ëíáÅáëÉê=ëÜçìäÇ=ÄÉ=ëìÑÑáÅáÉåíäó=ëí~ÄäÉ=íç=ïáíÜëí~åÇ=íÜÉ=ÜÉ~í=~åÇ=íÜÉ=ÇÉÑçêJ
ã~íáçå=~ëëçÅá~íÉÇ=ïáíÜ=íÜÉ=áåàÉÅíáçå=ãçìäÇáåÖ=éêçÅÉëëK=kç=ëïÉ~íáåÖ=ëÜçìäÇ=
çÅÅìêK=^=äçï=î~éçìê=éêÉëëìêÉ=áë=~äëç=ÇÉëáê~ÄäÉK=
=
bñíêìëáçå=
^=éä~ëíáÅáëÉê=ëÜçìäÇ=ÄÉ=ëìÑÑáÅáÉåíäó=ëí~ÄäÉ=íç=ïáíÜëí~åÇ=íÜÉ=ÜÉ~í=~åÇ=íÜÉ=ÇÉÑçêJ
ã~íáçå=~ëëçÅá~íÉÇ=ïáíÜ=íÜÉ=Éñíêìëáçå=éêçÅÉëëK=kç=ëïÉ~íáåÖ=ëÜçìäÇ=çÅÅìêK=^=
äçï=î~éçìê=éêÉëëìêÉ=áë=~äëç=ÇÉëáê~ÄäÉK=
=
`~äÉåÇÉêáåÖ=
^=éä~ëíáÅáëÉê=ëÜçìäÇ=ÄÉ=ëìÑÑáÅáÉåíäó=ëí~ÄäÉ=íç=ïáíÜëí~åÇ=íÜÉ=ÜÉ~í=~åÇ=íÜÉ=ÇÉÑçêJ
ã~íáçå=~ëëçÅá~íÉÇ=ïáíÜ=íÜÉ=Å~äÉåÇÉêáåÖ=éêçÅÉëëK=
=
RKNKQKP c~ÄêáÅ~íáçå=çéÉê~íáçåë=

tÉäÇáåÖ=~åÇ=ÄçåÇáåÖ=
^=éä~ëíáÅáëÉê=ëÜçìäÇ=åçí=Ü~êã=íÜÉ=~ëëÉãÄäó=éêçÅÉëëK=kç=ëïÉ~íáåÖ=ëÜçìäÇ=çÅJ
ÅìêK=
=
j~ÅÜáå~Äáäáíó=~åÇ=éêáåí~Äáäáíó=
^=éä~ëíáÅáëÉê=ëÜçìäÇ=åçí=Ü~êã=íÜÉ=ã~ÅÜáåáåÖ=çê=íÜÉ=éêáåíáåÖ=éêçÅÉëëÉëK=kç=
ëïÉ~íáåÖ=ëÜçìäÇ=çÅÅìêK=
=
RKNKQKQ mçëí=Ñ~ÄêáÅ~íáçå=çéÉê~íáçåë=

o~Çá~íáçå=ëíÉêáäáë~íáçå=
^=éä~ëíáÅáëÉê=ëÜçìäÇ=ÄÉ=ëìÑÑáÅáÉåíäó=ëí~ÄäÉ=íçï~êÇë=íÜÉ=ÉåÉêÖó=Çáëéçëáíáçå=~ëëçJ
Åá~íÉÇ=ïáíÜ=íÜÉ=ê~Çá~íáçå=ëíÉêáäáë~íáçå=éêçÅÉëëK=kç=ëïÉ~íáåÖ=ëÜçìäÇ=çÅÅìêK=
=
bíÜóäÉåÉ=çñáÇÉ=EblF=ëíÉêáäáë~íáçå=
^=éä~ëíáÅáëÉê=ëÜçìäÇ=ÄÉ=ëìÑÑáÅáÉåíäó=ëí~ÄäÉ=íçï~êÇë=íÜÉ=ÜÉ~íI=ÜìãáÇáíó=~åÇ=
ÅÜÉãáÅ~äë=~ëëçÅá~íÉÇ=ïáíÜ=íÜÉ=ÉíÜóäÉåÉ=çñáÇÉ=ëíÉêáäáë~íáçå=éêçÅÉëëK=kç=ëïÉ~íáåÖ=
ëÜçìäÇ=çÅÅìêK=
=
píÉ~ã=ëíÉêáäáë~íáçå=



= ON=

^=éä~ëíáÅáëÉê=ëÜçìäÇ=ÄÉ=ëìÑÑáÅáÉåíäó=ëí~ÄäÉ=íçï~êÇë=íÜÉ=ÜÉ~í=~åÇ=ÜìãáÇáíó=~ëëçJ
Åá~íÉÇ=ïáíÜ=íÜÉ=ëíÉ~ã=ëíÉêáäáë~íáçå=éêçÅÉëëK=kç=ëïÉ~íáåÖ=ëÜçìäÇ=çÅÅìêK=^=äçï=
î~éçìê=éêÉëëìêÉ=áë=~äëç=ÇÉëáê~ÄäÉI=ëç=íÜÉ=éä~ëíáÅáëÉê=ÇçÉë=åçí=Çáëíáä=~ï~óK=

RKNKR `çëí=

qÜáë=ÄêÉ~âë=Ççïå=áåíç=íïç=ëÉÅíáçåë=~åÇ=êÉä~íÉÇ=íç=íÜÉ=çîÉê~ää=
ÅçëíLéÉêÑçêã~åÅÉLÉÑÑáÅáÉåÅó=çÑ=íÜÉ=ëóëíÉãK=
=
mä~ëíáÅáëÉê=Åçëí=ÅçãÄáåÉÇ=ïáíÜ=éä~ëíáÅáëáåÖ=ÉÑÑáÅáÉåÅó=åÉÉÇë=íç=ÄÉ=~ë=äçï=~ë=
éçëëáÄäÉ=íç=âÉÉé=ã~íÉêá~äë=Åçëí=äçï=~åÇ=íç=êÉã~áå=ÅçãéÉíáíáîÉK=
=
mêçÅÉëëáåÖ=Åçëí=åÉÉÇë=íç=ÄÉ=ÅçåëáÇÉêÉÇK=qÜÉ=éä~ëíáÅáëÉê=Ü~ë=ã~àçê=áåÑäìÉåÅÉ=çå=
éêçÅÉëëáåÖ=Åçëí=EëÉÉ=mêçÅÉëë~ÄáäáíóF=

RKNKS oÉÖìä~íçêó=ëí~íìë=

RKNKSKN qçñáÅáíó=

qçñáÅáíó=áë=íÜÉ=ÉÑÑÉÅí=çÑ=íÜÉ=éä~ëíáÅáëÉê=çå=äáÑÉ=Ñçêãë=~åÇ=éä~åí=ã~íÉêá~äK=mä~ëíáJ
ÅáëÉê=åÉÉÇë=íç=Ü~îÉ=äçï=íçñáÅáíó=J=ÑççÇ=Åçåí~Åí=~ééêçî~ä=ÄÉáåÖ=çåÉ=ãÉ~åë=çÑ=
ÇÉíÉêãáåáåÖ=ÅìêêÉåí=íçñáÅáíó=ëí~íìëK=
=
RKNKSKO e~åÇäáåÖ=

mä~ëíáÅáëÉê=ëÜçìäÇ=ÄÉ=ë~ÑÉ=íç=Ü~åÇäÉ=~åÇ=åçí=Å~ìëÉ=~åó=~ÇîÉêëÉ=ÉÑÑÉÅí=ìéçå=
áåÇìëíêó=ÉãéäçóÉÉëK=j~íÉêá~ä=ïáää=ÄÉ=Ü~åÇäÉÇ=áå=ä~êÖÉ=èì~åíáíáÉë=áKÉK=[=N=íçååÉK=
få=~ÇÇáíáçå=éêçÇìÅíë=ã~åìÑ~ÅíìêÉÇ=Ñêçã=íÜÉ=ÅçãéçìåÇ=ïáää=ÄÉ=ïáÇÉäó=Ü~åJ
ÇäÉÇ=Äó=ãÉÇáÅ~ä=ëí~ÑÑ=~åÇ=ÅçãÉ=áåíç=ëâáå=Åçåí~Åí=ïáíÜ=íÜÉ=é~íáÉåíë=~åÇ=áí=áë=
áãéÉê~íáîÉ=íÜ~í=íÜÉêÉ=áë=åç=~ääÉêÖáÅ=êÉ~Åíáçå=íç=ëìÅÜ=éêçÇìÅíë=~ë=çÄëÉêîÉÇ=Äó=
ëçãÉ=ä~íÉñ=éêçÇìÅíë=ÉíÅK=
=
RKNKSKP eÉ~äíÜ=~åÇ=ë~ÑÉíó=

jÉÇáÅ~ä=ÇÉîáÅÉë=ã~ÇÉ=Ñêçã=íÜáë=ã~íÉêá~ä=ëÜçìäÇ=Ü~îÉ=åç=~ÇîÉêëÉ=ÉÑÑÉÅí=çå=íÜÉ=
ìëÉêë=~åÇ=íÜÉ=ã~íÉêá~ä=ëÜçìäÇ=ãÉÉí=rpm=Åä~ëë=sf=Erpm=Z=råáíÉÇ=pí~íÉë=
mÜ~êã~ÅçéçÉá~FK=j~íÉêá~ä=ëÜçìäÇ=~äëç=åçí=áåíÉê~Åí=ïáíÜ=ëìÄëí~åÅÉë=EÉKÖK=
ÇêìÖëF=íÜ~í=áí=ïáää=ÅçãÉ=áåíç=Åçåí~Åí=ïáíÜK=aêìÖ=ÉÑÑáÅáÉåÅó=ëÜçìäÇ=åçí=ÄÉ=áãJ
é~áêÉÇK=qÜÉëÉ=~ëéÉÅíë=Ü~ë=éêáã~êáäó=ÄÉÉå=ÇÉëÅêáÄÉÇ=Ñçê=abemK=

RKNKT båîáêçåãÉåí~ä=ëí~íìë=

RKNKTKN bãáëëáçåë=

bãáëëáçåë=ÇìêáåÖ=éä~ëíáÅáëÉê=ã~åìÑ~ÅíìêÉ=
qÜÉ=éêçÇìÅíáçå=éêçÅÉëë=ëÜçìäÇ=åçí=Ü~îÉ=~åó=ÇÉíêáãÉåí~ä=ÉÑÑÉÅí=ìéçå=íÜÉ=ÉåîáJ
êçåãÉåíK=t~ëíÉ=éêçÇìÅíë=~åÇ=Éãáëëáçåë=åÉÉÇ=íç=ÄÉ=ÅçåëáÇÉêÉÇK=
=
bãáëëáçåë=ÇìêáåÖ=éêçÅÉëëáåÖ=
j~íÉêá~ä=ëÜçìäÇ=åçí=Ü~îÉ=~åó=~ÇîÉêëÉ=ÉÑÑÉÅíë=çå=íÜÉ=ÉåîáêçåãÉåí=ÇìêáåÖ=éêçÅJ
ÉëëáåÖK=bãáëëáçåë=~åÇ=êÉëáÇìÉë=ëÜçìäÇ=ÄÉ=í~âÉå=áåíç=~ÅÅçìåíK=
=
bãáëëáçåë=áå=ìëÉ=
j~íÉêá~ä=ëÜçìäÇ=åçí=Ü~îÉ=~åó=~ÇîÉêëÉ=ÉÑÑÉÅí=çå=íÜÉ=ÉåîáêçåãÉåí=ÇìêáåÖ=ìëÉ=
=



=OO=

RKNKTKO aáëéçë~ä=áëëìÉë=

aìÉ=íç=íÜÉ=êáëâ=çÑ=ëéêÉ~ÇáåÖ=çÑ=áåÑÉÅíáçåë=~ää=ãÉÇáÅ~ä=ÇÉîáÅÉë=ëÜçìäÇ=ÄÉ=ÇáëJ
éçëÉÇ=çÑ=îá~=áåÅáåÉê~íáçåK=qÜÉêÉÑçêÉ=éä~ëíáÅáëÉê=ëÜçìäÇ=ÄÉ=ëìáí~ÄäÉ=Ñçê=áåÅáåÉê~J
íáçå=ïáíÜçìí=~ÇîÉêëÉ=ÉÑÑÉÅíë=áKÉK=Éãáëëáçåë=çê=êÉëáÇìÉëK=
=
RKNKTKP pìëí~áå~ÄäÉ=ÇÉîÉäçéãÉåí=

mä~ëíáÅáëÉê=ëÉäÉÅíáçå=ëÜçìäÇ=ÅçåëáÇÉê=ïÜÉíÜÉê=íÜÉ=ã~íÉêá~ä=Å~å=ÇÉãçåëíê~íÉ=
ëìëí~áå~ÄáäáíóI=áKÉK=ã~íÉêá~äë=ã~ÇÉ=Ñêçã=å~íìê~ä=éêçÇìÅíë=ÄÉáåÖ=ãçêÉ=ëìëí~áåJ
~ÄäÉ=íÜ~å=ã~íÉêá~äë=ã~ÇÉ=Ñêçã=åçå=êÉåÉï~ÄäÉ=êÉëçìêÅÉëK=

RKNKU mÜóëáÅ~ä=éêçéÉêíáÉë=çÑ=éä~ëíáÅáëÉê=

RKNKUKN ^ÉëíÜÉíáÅ=éêçéÉêíáÉë=

`çäçìê=
`çäçìê=áë=ÅçåëáÇÉêÉÇ=áãéçêí~åí=áå=íÜ~í=áí=ÅçåîÉóë=�éìêáíó=çÑ=éêçÇìÅíÒ=íç=íÜÉ=
ìëÉêK=mä~ëíáÅáëÉêë=ëÜçìäÇ=ÖáîÉ=ÅçäçìêäÉëë=ÅçãéçìåÇë=~åÇ=~êíáÅäÉëK=^=äçí=çÑ=ms`=
~ÇÇáíáîÉë=ÉáíÜÉê=éêçÇìÅÉ=ã~íÉêá~äë=íÜ~í=~êÉ=ëÉãáJçé~èìÉ=çê=óÉääçï=áå=~ééÉ~êJ
~åÅÉK=qÜÉó=~êÉ=Äó=íÜÉ=ãÉÇáÅ~ä=áåÇìëíêó=~åÇ=íÜÉ=Üçëéáí~ä=ëí~ÑÑë=éÉêÅÉáîÉÇ=íç=ÄÉ=
áãéÉêÑÉÅí=çê=Åçåí~ãáå~íÉÇK=
=
`ä~êáíó=
mä~ëíáÅáëÉê=åÉÉÇë=íç=ÖáîÉ=~=ÅäÉ~êLíê~åëé~êÉåí=ã~íÉêá~äK=qÜáë=~ääçïë=Ñçê=íÜÉ=ÉåÇ=
ìëÉê=íç=ëÉÉ=íÜÉ=ÅçåíÉåíë=çÑ=~åó=~êíáÅäÉ=çê=ÇÉîáÅÉ=ã~ÇÉ=Ñêçã=íÜÉ=ã~íÉêá~äK=
=
RKNKUKO lÇçìê=

j~íÉêá~ä=ã~ÇÉ=ïáíÜ=éä~ëíáÅáëÉê=ëÜçìäÇ=åçí=Ü~îÉ=~åó=çÇçìêI=~ë=çÇçìê=áåÇáÅ~íÉë=
ÉãáëëáçåK=

RKNKV mÜóëáÅ~ä=éêçéÉêíáÉë=çÑ=ÅçãéçìåÇë=

RKNKVKN jÉÅÜ~åáÅ~ä=éêçéÉêíáÉë=

qÉåëáäÉ=ëíêÉåÖíÜ=
qÜÉ=ã~íÉêá~ä=åÉÉÇë=íç=Ü~îÉ=ëìÑÑáÅáÉåí=ëíêÉåÖíÜ=íç=ÉåëìêÉ=íÜ~í=íÜÉ=~êíáÅäÉ=êÉJ
ã~áåë=Çìê~ÄäÉ=~åÇ=áåí~Åí=íÜêçìÖÜçìí=áíë=ÉåíáêÉ=ëÉêîáÅÉ=äáÑÉK=^åó=äáâÉäó=~ÄìëÉ=çÑ=
ã~íÉêá~ä=åÉÉÇë=íç=ÄÉ=ÅçåëáÇÉêÉÇK=mêçéÉêíáÉë=åÉÉÇ=íç=ÄÉ=ã~áåí~áåÉÇ=íÜêçìÖÜçìí=
íÜÉ=ëÉêîáÅÉ=äáÑÉ=çÑ=íÜÉ=éêçÇìÅíK=
=
`çäÇ=ÑäÉñáÄáäáíó=
qÜÉ=ã~íÉêá~ä=åÉÉÇë=íç=êÉí~áå=áíë=ÑäÉñáÄáäáíó=~í=äçï=íÉãéÉê~íìêÉëI=~ë=éêçÇìÅíë=~êÉ=
äáâÉäó=íç=ÄÉ=ìëÉÇ=çê=ëíçêÉÇ=áå=äçï=íÉãéÉê~íìêÉ=ÉåîáêçåãÉåíëK=qÜáë=éêçéÉêíó=
åÉÉÇë=íç=ÄÉ=ã~áåí~áåÉÇ=íÜêçìÖÜçìí=íÜÉ=ëÉêîáÅÉ=äáÑÉ=çÑ=íÜÉ=éêçÇìÅí=ëìÅÜ=~ë=
ÄäççÇ=ëíçê~ÖÉK=
=
bä~ëíáÅ=êÉÅçîÉêó=
qÜÉ=ê~íÉ=çê=ÇÉÖêÉÉ=~í=ïÜáÅÜ=~=ã~íÉêá~ä=êÉíìêåë=íç=áíë=çêáÖáå~ä=ëÜ~éÉ=~ÑíÉê=ÄÉáåÖ=
ÇÉÑäÉÅíÉÇ=J=íÜÉ=Éä~ëíáÅ=êÉÅçîÉêó=J=áë=áãéçêí~åí=~í=ã~åó=~ééäáÅ~íáçåë=~åÇ=ÉëéÉJ
Åá~ääó=áå=ÑäÉñáÄäÉ=ms`=íìÄáåÖ=Ñçê=ìëÉ=áå=éÉêáëí~äíáÅ=éìãéáåÖ=~ééäáÅ~íáçåëK=



= OP=

RKNKNM mìÄäáÅ=éÉêÅÉéíáçå=

qÜÉ=éìÄäáÅ=éÉêÅÉéíáçå=áë=íÜÉ=ï~ó=íÜÉ=ÖÉåÉê~ä=éìÄäáÅ=êÉ~Åíë=íç=~=ÇÉëÅêáéíáçå=çÑ=~=
ã~íÉêá~ä=çê=~=éêçÇìÅíK=EbKÖK=~=ëìÄëí~åÅÉ=Å~ääÉÇ=ÇáJÜóÇêçÖÉå=çñáÇÉ=ïçìäÇ=
éêçÄ~Ääó=ÄÉ=ÅçåëáÇÉêÉÇ=Ä~ÇI=Äìí=ÇÉëÅêáÄÉÇ=~ë=ï~íÉê=áí=ïçìäÇ=ÄÉ=ÅçåëáÇÉêÉÇ=
Ü~êãäÉëëFK=

RKO mä~ëíáÅáëÉê=éÉêÑçêã~åÅÉ=ã~íêáñ=

^=éÉêÑçêã~åÅÉ=ã~íêáñ=Ñçê=éä~ëíáÅáëÉêë=Ñçê=ms`=Ñçê=ãÉÇáÅ~ä=~ééäáÅ~íáçåë=Ü~ë=
ÄÉÉå=éêÉé~êÉÇ=Ä~ëÉÇ=çå=íÜÉ=ÄÉëí=âåçïäÉÇÖÉ=ÅçääÉÅíÉÇ=Äó=íÜÉ=éêçàÉÅí=é~êíåÉêë=
EëÉÉ=~ééÉåÇáñ=NFK=a~í~=~åÇ=ÅçããÉåíë=áå=íÜÉ=ã~íêáñ=~êÉ=éêáã~êáäó=Ä~ëÉÇ=çå=
íÜÉ=ÉñéÉêáÉåÅÉ=çÑ=íÜÉ=é~êíåÉêë=~åÇ=çå=íÜÉ=ÖÉåÉê~ä=äáíÉê~íìêÉ=EÉKÖK=êÉÑK=NV=~åÇ=
PQFK=
=
få=íÜÉ=éÉêÑçêã~åÅÉ=ã~íêáñ=íÜÉ=íÉêã=�råâåçïåÒ=ãÉ~åë=ìåâåçïå=íç=íÜÉ=éêçJ
àÉÅí=ïçêâÉêë=Ñçê=íÜÉ=ãçãÉåíK=j~åó=~ëéÉÅíë=Ü~îÉ=åçí=ÄÉÉå=áåîÉëíáÖ~íÉÇ=~åÇ=
íÜÉêÉÑçêÉ=Ç~í~=~êÉ=åçí=ÉñáëíáåÖK=pçãÉ=~ëéÉÅíë=Ü~îÉ=ÄÉÉå=ÅçåëáÇÉêÉÇ=~ë=ÄÉáåÖ=
äÉëë=áãéçêí~åí=~åÇ=íÜÉêÉÑçêÉ=åç=ÉÑÑçêí=Ü~ë=ÄÉÉå=ã~ÇÉ=íç=ëÉ~êÅÜ=Ñçê=Ç~í~K=
=
^å=~ëíÉêáëâ=EGF=êÉÑÉêë=íç=âåçïäÉÇÖÉ=íê~åëÑÉêêÉÇ=Ñêçã=abem=çê=abem=éä~ëíáJ
ÅáëÉÇ=ms`K=
=
mÜíÜ~ä~íÉë=ÄÉáåÖ=~ëëÉëëÉÇ=áå=íÜÉ=êáëâ=~ëëÉëëãÉåí=éêçÖê~ã=áå=íÜÉ=br=~êÉ=
ã~êâÉÇ=ïáíÜ=brFK=
=
qÜÉ=éä~ëíáÅáëáåÖ=ÉÑÑáÅáÉåÅáÉë=áåÇáÅ~íÉÇ=~êÉ=Ä~ëÉÇ=çå=áåÑçêã~íáçå=Ñêçã=eóÇêç=
mçäóãÉêëK=
=
qÜÉ=~ÄÄêÉîá~íáçåë=ìëÉÇ=áå=íÜÉ=ã~íêáñ=~êÉ=Éñéä~áåÉÇ=áå=í~ÄäÉ=NW=
=

q~ÄäÉ=N=

^ÄÄêÉîá~íáçåë=ìëÉÇ=áå=íÜÉ=éä~ëíáÅáëÉê=éÉêÑçêã~åÅÉ=ã~íêáñ=

^pb= ^äâóäëìäéÜçå~íÉ=çÑ=éÜÉåçä=

^q_`= ^ÅÉíóäíêáÄìíóä=Åáíê~íÉ 

^qe`= ^ÅÉíóäíêáÜÉñóä=Åáíê~íÉ 

_qe`= _ìíóêóäíêáÜÉñóä=Åáíê~íÉ 

a^`j= aáëíáääÉÇ=~ÅÉíóä~íÉÇ=ãçåçÖäóÅÉêáÇÉ=Ä~ëÉÇ=çå=ÜóÇêçÖÉå~íÉÇ=ÅçÅçåìí=çáä 

abe^= aáEOJÉíÜóäÜÉñóäF=~Çáé~íÉ=EaáçÅíóä=~Çáé~íÉF 

abem= aáEOJÉíÜóäÜÉñóäF=éÜíÜ~ä~íÉ=EaáçÅíóä=éÜíÜ~ä~íÉF=

abep= aáEOJÉíÜóäÜÉñóäF=ëÉÄ~Å~íÉ=EaáçÅíóä=ëÉÄ~Å~íÉF=

abew= aáEOJÉíÜóäÜÉñóäF=~òÉä~íÉ=EaáçÅíóä=~òÉä~íÉF 

afam= aááëçÇÉÅóä=éÜíÜ~ä~íÉ 

afkm= aááëçåçåóä=éÜíÜ~ä~íÉ 

b^`= bíÜóäÉåÉJ~Åêóä~íÉJÅ~êÄçå=ãçåçñáÇÉ=

bil= béçñáÇáëÉÇ=äáåëÉÉÇ=çáä 

bm= bìêçéÉ~å=mÜ~êã~ÅçéçÉá~ 

bpl= béçñáÇáëÉÇ=ëçó~=ÄÉ~å=çáä 

bql= bíÜóäÉåÉ=çñáÇÉ 

bs^`= bíÜóäÉåÉJîáåóä=~ÅÉí~íÉ=éä~ëíáÅ 

ms`= mçäó=Eîáåóä=ÅÜäçêáÇÉF 

qbeqj= qêáÉíÜóäÜÉñóä=íêáãÉääáí~íÉ=EqêáçÅíóäãÉääáí~íÉF 

rpm= råáíÉÇ=pí~íÉë=mÜ~êã~ÅçéçÉá~ 



=OQ=

RKP pìÄëí~åÅÉë=ëÉäÉÅíÉÇ=Ñçê=ÑìêíÜÉê=áåîÉëíáÖ~íáçå=

qÜÉ=ëìÄëí~åÅÉë=äáëíÉÇ=ÄÉäçï=~êÉ=ÅçåëáÇÉêÉÇ=~ë=Ü~îáåÖ=íÜÉ=ÜáÖÜÉëí=éçíÉåíá~ä=Ñçê=
ëìÅÅÉëë=~ë=~=éä~ëíáÅáëÉê=Ñçê=ms`=Ñçê=ãÉÇáÅ~ä=~ééäáÅ~íáçåë=~åÇ=íÜÉêÉÑçêÉ=íÜÉó=
Ü~îÉ=ÄÉÉå=ëÉäÉÅíÉÇ=Ñçê=ÑìêíÜÉê=áåîÉëíáÖ~íáçåëK=ms`=ÅçãéçìåÇë=Ä~ëÉÇ=çå=íÜÉëÉ=
ëìÄëí~åÅÉë=Ü~îÉ=ÄÉÉå=éêÉé~êÉÇ=~åÇ=ëìÄëí~åíá~ä=éêçéÉêíáÉë=Ü~îÉ=ÄÉÉå=ÇÉíÉêJ
ãáåÉÇ=Äó=íÉëíáåÖ=~åÇ=Åçãé~êÉÇ=ïáíÜ=íÜÉ=éêçéÉêíáÉë=çÑ=~=êÉÑÉêÉåÅÉ=ms`=ÅçãJ
éçìåÇ=éä~ëíáÅáëÉÇ=ïáíÜ=abemI=ëç=abem=áë=~äëç=áå=íÜÉ=äáëíW=
=
=

q~ÄäÉ=O=

mä~ëíáÅáëÉê=ëìÄëí~åÅÉë=ëÉäÉÅíÉÇ=Ñçê=ÑìêíÜÉê=áåîÉëíáÖ~íáçåë=

`ÜÉãáÅ~ä=å~ãÉ= ^ÄÄêÉîá~íáçåë=ìëÉÇ=áå=íÜÉ=éÉêÑçêã~åÅÉ=ã~íêáñ=

aáEOJÉíÜóäÜÉñóäF=éÜíÜ~ä~íÉ=

aááëçåçåóä=éÜíÜ~ä~íÉ=

aáEOJÉíÜóäÜÉñóäF=~Çáé~íÉ=

aáEOJÉíÜóäÜÉñóäF=ëÉÄ~Å~íÉ=

qêáÉíÜóäÜÉñóä=íêáãÉääáí~íÉ=

^=ÄÉåòç~íÉ=

^=éçäóãÉêáÅ=~Çáé~íÉ=

^ÅÉíóäíêáÄìíóä=Åáíê~íÉ=

bíÜóäÉåÉJ~Åêóä~íÉJÅ~êÄçå=ãçåçñáÇÉ=íÉêéçäóãÉê=

abem=

afkm=

abe^=

abep=

qbeqj=

J=

J=

^q_`=

b^`=qÉêéçäóãÉê=

=
^ë=~å=~äíÉêå~íáîÉ=åçåJms`=éä~ëíáÅ=ã~íÉêá~äI=ÉíÜóäÉåÉJîáåóä=~ÅÉí~íÉ=ÅçéçäóãÉê=
Ebs^`F=Ü~ë=ÄÉÉå=ÅÜçëÉåK=
=
qÜÉ=~êÖìãÉåíë=Ñçê=ëÉäÉÅíáåÖ=çê=êÉàÉÅíáåÖ=É~ÅÜ=çÑ=íÜÉ=ëìÄëí~åÅÉë=~êÉ=~ë=Ñçääçïë=
=
abemW=vÉë>=
abem=áë=åÉÅÉëë~êáäó=ëÉäÉÅíÉÇ=~ë=~=êÉÑÉêÉåÅÉ=éä~ëíáÅáëÉêK=abem=áë=~î~áä~ÄäÉ=áå=
çåÉ=Öê~ÇÉ=íÜ~í=áë=éìêÉ=ÉåçìÖÜ=íç=ÄÉ=ãÉÇáÅ~äK=
=
afkmW=vÉë>=
aìêáåÖ=íÜÉ=ïçêâ=áí=ÄÉÅ~ãÉ=çÄîáçìë=íç=áåÅäìÇÉ=Çááëçåçåóä=éÜíÜ~ä~íÉ=~åÇ=ÇááëçJ
ÇÉÅóä=éÜíÜ~ä~íÉI=~ë=íÜÉó=áå=íÜÉ=br=ëíìÇáÉë=~ééÉ~ê=íç=ÄÉ=ÅçãáåÖ=çìí=êÉ~ëçå~Ääó=
Ñ~îçìê~ÄäÉ=êÉÖ~êÇáåÖ=íÜÉáê=êáëâ=~ëëÉëëãÉåíëK==
=
^åóï~óI=áí=áë=íçç=å~êêçï=íç=ÅçåëáÇÉê=éÜíÜ~ä~íÉë=~ë=~=ìåáÑçêã=Öêçìé=çÑ=ëìÄJ
ëí~åÅÉëX=éÜíÜ~ä~íÉë=ëÜçìäÇ=ÄÉ=ÅçåëáÇÉêÉÇ=~ë=áåÇáîáÇì~ä=ëìÄëí~åÅÉëK=
=
afkm=áë=ìëÉÇ=áå=ÑççÇ=Åçåí~Åí=~åÇ=áå=íçóëI=~åÇ=ïÉ=ÅçåëáÇÉê=áí=~ë=~=éçíÉåíá~ä=
ëìÄëíáíìíÉ=Ñçê=abem=Ñçê=ãÉÇáÅ~ä=ÇÉîáÅÉëK=^ãçåÖ=éÜíÜ~ä~íÉë=afkm=áë=éêçÄ~J
Ääó=íÜÉ=ÄÉëí=~äíÉêå~íáîÉ=íç=abemK=
=
`çããÉêÅá~ä=afkm=áë=~äï~óë=~=ãáñíìêÉ=çÑ=áëçãÉêëI=íÜÉ=Åçãéçëáíáçå=çÑ=ïÜáÅÜ=
î~êáÉë=Ñêçã=éêçÇìÅÉê=íç=éêçÇìÅÉêK=aÉéÉåÇáåÖ=çå=íÜÉ=ï~ó=çÑ=ëóåíÜÉëáë=afkm=
Éñáëí=~ë=íïç=ÇáÑÑÉêÉåí=éêçÇìÅíë=ïáíÜ=íïç=`^p=åìãÄÉêëK=qÜÉêÉÑçêÉ=íÜÉ=éêçÇìÅí=
íç=ÄÉ=áåîÉëíáÖ~íÉÇ=Ü~ë=ÄÉÉå=ëéÉÅáÑáÉÇ=áå=ÇÉí~áä=Äó=ëÉäÉÅíáåÖ=~=ëéÉÅáÑáÅ=éêçÇìÅíK=
=
afamW=kç>=
låÉ=~äíÉêå~íáîÉ=éÜíÜ~ä~íÉ=áë=ëìÑÑáÅáÉåíK=
=
líÜÉê=éÜíÜ~ä~íÉëW=kç>=
låÉ=~äíÉêå~íáîÉ=éÜíÜ~ä~íÉ=áë=ëìÑÑáÅáÉåíK=
=



= OR=

abe^W=vÉë>=
abe^=áë=~äêÉ~Çó=ÄÉáåÖ=ìëÉÇ=Ñçê=ãÉÇáÅ~ä=~ééäáÅ~íáçåëK=pçãÉ=ÉÅçíçñáÅáíó=éêçÄJ
äÉãë=Ü~îÉ=ÄÉÉå=ÅçåëáÇÉêÉÇK=abe^=áë=~î~áä~ÄäÉ=áå=çåÉ=Öê~ÇÉ=íÜ~í=áë=éìêÉ=
ÉåçìÖÜ=íç=ÄÉ=ãÉÇáÅ~äK=fí=áë=ÄÉáåÖ=ìëÉÇ=Äó=~í=äÉ~ëí=çåÉ=Åçãé~åóK=
=
líÜÉê=ãçåçãÉêáÅ=~Çáé~íÉëW=kç>=
låÉ=ãçåçãÉêáÅ=~Çáé~íÉ=áë=ëìÑÑáÅáÉåíK=
=
mçäóãÉêáÅ=~Çáé~íÉëW=vÉë>=
^=éçäóãÉêáÅ=~Çáé~íÉ=áë=ÅçåëáÇÉêÉÇ=~ë=íÜÉ=ëçäÉ=éçíÉåíá~ääó=êÉäÉî~åí=éçäóãÉê=íç=
ëìÄëíáíìíÉ=abem=~ë=~=éêáã~êó=éä~ëíáÅáëÉê=áå=ms`K=mçäóãÉêáÅ=~Çáé~íÉë=~êÉ=ãáñJ
íìêÉë=çÑ=éçäóãÉêë=çÑ=ÇáÑÑÉêÉåí=ÅÜ~áå=äÉåÖíÜI=íÜÉ=Åçãéçëáíáçå=çÑ=ïÜáÅÜ=î~êáÉë=
Ñêçã=éêçÇìÅÉê=íç=éêçÇìÅÉêK=qÜÉêÉÑçêÉ=~=ëéÉÅáÑáÅ=Öê~ÇÉ=íç=ÄÉ=áåîÉëíáÖ~íÉÇ=Ü~ë=
ÄÉÉå=ÅÜçëÉå=~åÇ=íÜÉ=éêçÇìÅí=Ü~ë=ÄÉÉå=ëéÉÅáÑáÉÇ=áå=ÇÉí~áäK=
=
qbeqjW=vÉë>=
qbeqj=áë=~î~áä~ÄäÉ=áå=ãÉÇáÅ~ä=Öê~ÇÉë=~åÇ=áë=~äêÉ~Çó=ìëÉÇ=áå=ÉKÖK=Ä~Öë=~åÇ=
áåÑìëáçå=ëÉíëK=
=
^q_`W=vÉë>=
^q_`=áë=ÅìêêÉåíäó=ÄÉáåÖ=ìëÉÇ=áå=ëçãÉ=ëéÉÅá~ä=ãÉÇáÅ~ä=~ééäáÅ~íáçåëK=
=
^qe`W=kç>=
kç=áåÑçêã~íáçå=çÑ=íÜÉ=ÉñáëíÉåÅÉ=çÑ=^qe`=áå=ãÉÇáÅ~ä=Öê~ÇÉë=çê=ãÉÇáÅ~ä=~ééäáJ
Å~íáçåë=çÑ=^qe`=Ü~ë=ÄÉÉå=ÑçìåÇX=çåÉ=Åáíê~íÉ=áë=ëìÑÑáÅáÉåíK=
=
_qe`W=kç>=
lÅÅìé~íáçå~ä=~åÇ=ÜÉ~äíÜ=éêçÄäÉãë=Ü~îÉ=ÄÉÉå=êÉéçêíÉÇ=Ñêçã=íÜÉ=pí~íÉ=råáîÉêJ
ëáíó=eçëéáí~ä=áå=aÉåã~êâI=ïÜÉêÉ=_qe`=éä~ëíáÅáëÉÇ=ms`=ÄäççÇ=Ä~Öë=~êÉ=ÄÉáåÖ=
Ü~åÇäÉÇ=~í=íÜÉ=ÄäççÇ=Ä~åâK=^ÅÅçêÇáåÖ=íç=íÜÉ=éêçÇìÅÉê=íÜáë=áë=~å=áëçä~íÉÇ=ÉñJ
ÅÉéíáçå~ä=Å~ëÉ=ïÜáÅÜ=Å~å=ÄÉ=~îçáÇÉÇ=ïáíÜ=ÇáÑÑÉêÉåí=Ü~åÇäáåÖ=~åÇ=ëíçê~ÖÉ=éêçJ
ÅÉÇìêÉëK=qÜÉ=Åçãé~åó=Ü~ë=êÉÅÉáîÉÇ=åç=ëáãáä~ê=Åçãéä~áåíë=Ñêçã=çíÜÉê=bìêçJ
éÉ~å=ÅçìåíêáÉë=EkÉíÜÉêä~åÇëI=kçêï~óI=pïÉÇÉåI=cáåä~åÇ=~åÇ=fÅÉä~åÇF=ïÜÉêÉ=
_eq`=~êÉ=áå=ìëÉX=çåÉ=Åáíê~íÉ=áë=ëìÑÑáÅáÉåíK=
=
_Éåòç~íÉëW=vÉë>=
låäó=äáííäÉ=áåÑçêã~íáçå=áë=~î~áä~ÄäÉ=Äìí=íÜÉó=ëÉÉã=éêçãáëáåÖK=^=ÅÜçáÅÉ=ÄÉíïÉÉå=
~=åìãÄÉê=çÑ=éêçÇìÅíë=~î~áä~ÄäÉ=Ñêçã=~í=äÉ~ëí=íïç=ëìééäáÉêë=Ü~ë=ÄÉÉå=ã~ÇÉK=
=
pìäéÜçå~íÉëW=kç>=
pìäéÜçå~íÉë=~êÉ=êÉàÉÅíÉÇ=ã~áåäó=ÄÉÅ~ìëÉ=çÑ=íÜÉ=Éãáëëáçå=çÑ=pl

O
=EëìäéÜìê=ÇáJ

çñáÇÉF=ÇìêáåÖ=áåÅáåÉê~íáçå=~ë=ï~ëíÉK=
=
mÜçëéÜ~íÉëW=kç>=
mÜçëéÜ~íÉë=Ü~îÉ=éççê=íÉÅÜåáÅ~ä=éêçéÉêíáÉëI=~åÇ=íÜÉó=~êÉ=ÑçêÄáÇÇÉå=~ÅÅçêÇáåÖ=
íç=íÜÉ=kçêÇáÅ=mÜ~êã~ÅçéçÉá~=EmÜK=kçêÇK=SPFK=
=
pçó~=_É~å=láä=EÉéçñáÇáëÉÇFW=kç>=
pçó~=ÄÉ~å=çáäë=Ü~îÉ=äáãáíÉÇ=Åçãé~íáÄáäáíó=~åÇ=íÜÉ=éêçÅÉëë~Äáäáíó=áë=éççêK=eçïJ
ÉîÉêI=ëçó~=ÄÉ~å=çáäë=~êÉ=êÉ~Çáäó=ìëÉÇ=~ë=ëÉÅçåÇ~êó=éä~ëíáÅáëÉêë=~åÇ=~ë=ëí~ÄáäáëÉêëK=
=
abepW=vÉë>=
aáEOJÉíÜóäÜÉñóäF=ëÉÄ~Å~íÉ=Ü~ë=ÉñíÉåëáîÉ=ca^=~ééêçî~ä=~åÇ=áë=ÑêÉèìÉåíäó=ìëÉÇ=
áå=íÜÉ=ÅçëãÉíáÅ=áåÇìëíêóK=fí=áë=ÅçããÉêÅá~ääó=~î~áä~ÄäÉ=Ñêçã=ã~åó=ëçìêÅÉëK=



=OS=

kçíÉW=fí=áë=ã~åìÑ~ÅíìêÉÇ=Ñêçã=ëÉÄ~ÅáÅ=~ÅáÇI=ïÜáÅÜ=áë=~=ÄóJéêçÇìÅí=Ñêçã=Åê~ÅâJ
áåÖ=çÑ=Å~ëíçê=çáäK=qÜìë=áë=áí=éêçÇìÅÉÇ=Ñêçã=å~íìê~ä=éêçÇìÅíëK 
=
abewW=kç>=
aáEOJÉíÜóäÜÉñóäF=~òÉä~íÉ=áë=ÅçããÉêÅá~ääó=~î~áä~ÄäÉ=Ñêçã=çåäó=~=îÉêó=ÑÉï=ã~åìJ
Ñ~ÅíìêÉëK=qÜÉ=ã~áå=ê~ï=ã~íÉêá~äI=~òÉä~áÅ=~ÅáÇI=áë=çåäó=~î~áä~ÄäÉ=Ñêçã=çåÉ=
ëçìêÅÉK=qÜÉ=éÉêÑçêã~åÅÉ=ÅÜ~ê~ÅíÉêáëíáÅë=çÑ=abew=~åÇ=abep=~êÉ=ëáãáä~êK=
jçëí=ÅçãéçìåÇÉêë=éêÉÑÉê=íç=ìëÉ=abepK=
=
k~éÜíÜÉå~íÉëW=kç>=
k~éÜíÜÉå~íÉë=~êÉ=åçí=ÅçããÉêÅá~ä=~î~áä~ÄäÉ=áå=íçå=äçíëK=
=
mçäóÜóÇêáÅ=~äÅçÜçä=ÉëíÉêëW=kç>=
qÜÉó=~êÉ=åçí=ÅçããÉêÅá~ääó=~î~áä~ÄäÉ=áå=íçå=äçíëI=åçí=íÉëíÉÇ=~åÇ=éêçÄ~Ääó=íÜÉ=
ÉñáëíáåÖ=Öê~ÇÉë=~êÉ=åçí=ëìáí~ÄäÉ=Ñçê=ãÉÇáÅ~ä=~ééäáÅ~íáçåëK=
=
^äáéÜ~íáÅ=ÖäóÅçä=ÉëíÉêëK=kç>=
qÜÉó=~êÉ=åçí=ÅçããÉêÅá~ääó=~î~áä~ÄäÉ=áå=íçå=äçíëI=åçí=íÉëíÉÇ=~åÇ=éêçÄ~Ääó=íÜÉ=
ÉñáëíáåÖ=Öê~ÇÉë=~êÉ=åçí=ëìáí~ÄäÉ=Ñçê=ãÉÇáÅ~ä=~ééäáÅ~íáçåëK=
=
bíÜóäÉåÉJ~Åêóä~íÉJÅ~êÄçå=ãçåçñáÇÉ=íÉêéçäóãÉê=Ebäî~äçó∆FW=vÉë>=
^ÅÅçêÇáåÖ=íç=íÜÉ=éêçÇìÅÉê=íÜÉëÉ=éêçÇìÅíë=Å~å=ÄÉ=ìëÉÇ=~ë=~=éä~ëíáÅáëÉê=çå=íÜÉêÉ=
çïåK=qÜçìÖÜ=çåäó=çåÉ=éêçÇìÅÉê=áë=âåçïå=áí=ï~ë=ÅçåëáÇÉêÉÇ=ïçêíÜïÜáäÉ=íç=
áåÅäìÇÉ=~=ëìáí~ÄäÉ=éêçÇìÅí=Ñçê=ÑìêíÜÉê=áåîÉëíáÖ~íáçåK=
=
káíêáäÉ=êìÄÄÉêW=kç>=
dÉåÉê~íáçå=çÑ=Ü~ò~êÇçìë=ÑìãÉë=ïÜÉå=áåÅáåÉê~íÉÇK=
=
mçäóìêÉíÜ~åÉW=kç>=
mçäóìêÉíÜ~åÉë=~êÉ=ìëÉÇ=~ë=ëçäáÇ=éä~ëíáÅáëÉêë=áå=ÅçåàìåÅíáçå=ïáíÜ=~=éêáã~êó=éä~ëJ
íáÅáëÉêK=qÜÉó=~êÉ=åçí=ëìáí~ÄäÉ=~ë=éêáã~êó=éä~ëíáÅáëÉêëK=dÉåÉê~íáçå=çÑ=Ü~ò~êÇçìë=
ÑìãÉë=ïÜÉå=áåÅáåÉê~íÉÇK=
=
bs^`W=kç>=
bs^`=áë=ìëÉÇ=~ë=~=ëçäáÇ=éä~ëíáÅáëÉê=áå=ÅçåàìåÅíáçå=ïáíÜ=~=éêáã~êó=éä~ëíáÅáëÉêK=fí=
áë=åçí=ëìáí~ÄäÉ=~ë=~=éêáã~êó=éä~ëíáÅáëÉêK=
=
jÉí~ääçÅÉåÉ=Å~í~äóëÉÇ=éçäóçäÉÑáåÉëW=kç>=
qÜÉó=~êÉ=åçí=êÉ~Çáäó=~î~áä~ÄäÉK=qÜÉ=ä~íÉëí=éìÄäáëÜÉÇ=ÇÉîÉäçéãÉåí=Ü~ë=åçí=
ëÜçïå=~åó=êÉäá~ÄäÉ=éçíÉåíá~äK=qÜÉó=Ü~îÉ=äáãáíÉÇ=Åçãé~íáÄáäáíó=ïáíÜ=ms`I=~ë=
éçäóçäÉÑáåÉë=~åÇ=ms`=~êÉ=ÖÉåÉêáÅ=îÉêó=ÇáÑÑÉêÉåí=Ñêçã=É~ÅÜ=çíÜÉêK=
=
a^`jW=kç>=
a^`j=áë=ÅçããÉêÅá~ääó=~î~áä~ÄäÉ=çåäó=áå=ëã~ää=èì~åíáíáÉëK=kç=ãÉÇáÅ~ä=~ééäáJ
Å~íáçå=áë=âåçïåK=eáÖÜ=éêáÅÉ>=
=
bëíÉêë=çÑ=é~äã=çáäI=Å~ëíçê=çáäI=Åçêå=çáä=~åÇ=ê~éÉëÉÉÇ=çáäW=kç>=
iáãáíÉÇ=~î~áä~Äáäáíó=Ó=ìåëìáí~ÄäÉ=~ë=éêáã~êó=éä~ëíáÅáëÉêë=Ó=åç=éçíÉåíá~ä=~ë=ëìÄJ
ëíáíìíÉë=Ñçê=abemK=^å=ÉñÅÉéíáçå=áë=Å~ëíçê=çáäI=áå=íÜ~í=ëÉÄ~Å~íÉë=~êÉ=Ä~ëÉÇ=çå=
Å~ëíçê=çáäK=
=



= OT=

S bñéÉêáãÉåí~ä=

SKN mêÉé~ê~íáçå==çÑ=ÅçãéçìåÇëI=Ñáäãë=~åÇ=íÉëí=ëéÉÅáãÉåë=

SKNKN mêÉé~ê~íáçå=çÑ=ms`=ÅçãéçìåÇë=éä~ëíáÅáëÉÇ=ïáíÜ=íÜÉ=ëÉäÉÅíÉÇ=ëìÄëí~åÅÉë=

^ééêçñK=OR=âÖ=çÑ=íÉëí=ÅçãéçìåÇë=Ä~ëÉÇ=çå=É~ÅÜ=çÑ=íÜÉ=ëÉäÉÅíÉÇ=ëìÄëí~åÅÉë=~ë=
~=éä~ëíáÅáëÉê=ïÉêÉ=éêÉé~êÉÇ=~åÇ=éÉääÉíáëÉÇ=~í=eóÇêç=mçäóãÉêë=ïáíÜ=íÜÉ=ÅçãéçJ
ëáíáçåë=ëÜçïå=áå=q~ÄäÉ=P=ÄÉäçïK=
=
^ë=~=êÉÑÉêÉåÅÉ=ÅçãéçìåÇ=~=ëí~åÇ~êÇ=abem=éä~ëíáÅáëÉÇ=ms`=ÅçãéçìåÇ=ïáíÜ=
~=pÜçêÉ=^=Ü~êÇåÉëë=çÑ=UM=ï~ë=ÅÜçëÉåI=~åÇ=íÜÉ=pÜçêÉ=^=Ü~êÇåÉëë=çÑ=íÜÉ=íÉëí=
ÅçãéçìåÇë=ëÜçìäÇ=ÄÉ=~ë=åÉ~ê=~ë=éçëëáÄäÉ=íç=UM=Ñçê=Åçãé~êáëçå=êÉ~ëçåëK=
=

q~ÄäÉ=P=

cçêãìä~íáçå=çÑ=íÜÉ=éêÉé~êÉÇ=ms`=ÅçãéçìåÇë=Eé~êíë=Äó=ïÉáÖÜíF=

`çãéçìåÇ=kçK= MPS= MPT= MPU= MPV= MQM= MQN= MQO= MQP= NMS=

mä~ëíáÅáëÉê=íóéÉ=

=

=

fåÖêÉÇáÉåíë=NF=
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=
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=
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=

ms`=êÉëáå= NMM= NMM= NMM= NMM= NMM= NMM= NMM= NMM= NMM=

béçñáÇáëÉÇ=ëçó~=ÄÉ~å=
çáä=

Q= Q= Q= Q= Q= Q= Q= Q= Q=

^=Å~äÅáìãJòáåÅ=ëí~ÄáJ
äáëÉê=

NKR= NKR= NKR= NKR= NKR= NKR= NKR= NKR= NKR=

abem= QU= J= J= J= J= J= J= J= J=

afkm= J= RO= J= J= J= J= J= J= J=

abe^= J= J= QR= J= J= J= J= J= J=

abep= J= J= J= RN= = J= J= J= J=

qbeqj= J= J= J= J= RV= J= J= J= J=

^=ÄÉåòç~íÉ= J= J= J= J= J= RO= J= J= J=

^=éçäó~Çáé~íÉ= J= J= J= J= J= J= RV= J= J=

^q_`= J= J= J= J= J= J= J= RP= J=
b^`=qÉêéçäóãÉê= J= J= J= J= J= J= J= J= QM=
NF=pçìêÅÉë=çÑ=íÜÉ=áåÖêÉÇáÉåíë=~êÉ=äáëíÉÇ=áå=~ééÉåÇáñ=P=

SKNKO mêÉé~ê~íáçå=Äó=áåàÉÅíáçå=ãçìäÇáåÖ=çÑ=ëéÉÅáãÉåë=Ñçê=ã~íÉêá~ä=ÅÜ~ê~ÅíÉêáJ
ë~íáçå=

cêçã=íÜÉ=éêÉé~êÉÇ=ms`=ÅçãéçìåÇë=ÇìãÄÄÉää=ëÜ~éÉÇ=íÉåëáäÉ=íÉëí=ëéÉÅáãÉåë=
çÑ=íóéÉ=N^=~ÅÅçêÇáåÖ=íç=fpl=ROTJOWNVVP=~åÇ=ëèì~êÉ=íÉëí=ëéÉÅáãÉåë=Q=ãã=
íÜáÅâ=~åÇ=RM=ãã=áå=ëáÇÉ=äÉåÖíÜ=ïÉêÉ=ã~ÇÉ=Äó=áåàÉÅíáçå=ãçìäÇáåÖ=~í=íÜÉ=a~åJ
áëÜ=qÉÅÜåçäçÖáÅ~ä=fåëíáíìíÉK=
=
qÜÉ=ÇÉí~áäÉÇ=áåàÉÅíáçå=ãçìäÇáåÖ=êÉéçêíë=~êÉ=ÉåÅäçëÉÇ=~ë=~ééÉåÇáñ=OK=
=



=OU=

q~ÄäÉ=Q=ëÜçïë=íÜÉ=áåàÉÅíáçå=ãçìäÇáåÖ=é~ê~ãÉíÉêë=ìëÉÇK=
=

q~ÄäÉ=Q=

m~ê~ãÉíÉêë=ìëÉÇ=Ñçê=íÜÉ=áåàÉÅíáçå=ãçìäÇáåÖ=çÑ=ÇìãÄÄÉää=ëÜ~éÉÇ=íÉåëáäÉ=íÉëí=ëéÉÅáãÉåë=
~åÇ=ëèì~êÉ=ëéÉÅáãÉåë=Ó=òçåÉI=åçòòäÉ=~åÇ=ãçìäÇ=íÉãéÉê~íìêÉë=x⁄`z=

`çãéçìåÇ=kçK= MPS= MPT= MPU= MPV= MQM= MQN= MQO= MQP= NMS= bs^`=

mä~ëíáÅáëÉê=íóéÉ=

a
b
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m
=

a
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m
=
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=
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=

q
b
e
q
j
=

_
Éå

òç
~í
É=

m
ç
äó
~Ç

áé
~í
É=

^
q
_
`
=

b
^
`
=q
Éê
é
ç
äó
J

ã
Éê
=

J
=

wçåÉ=Q= NTM= NTM= NUO= NUM= NTM= NTM= NTT= NTM= NTM= NTM=

wçåÉ=P= NUR= NUR= NVR= NVR= NUR= NUR= NVN= NUR= NUR= NUR=

wçåÉ=O= NUR= NUR= NVR= NVR= NUR= NUR= NVN= NUR= NUR= NUR=

wçåÉ=N= NVM= NVM= NVV= NVV= NVM= NVM= NVR= NVM= NVM= NVM=

kçòòäÉ= NVM= NVM= NVV= NVV= NVM= NVM= NVR= NVM= NVM= NVM=

jçìäÇ= =PR= =PR= =PR= =PR= =PR= =PR= =PR= =PR= =PR= =PR=

SKNKP mêÉé~ê~íáçå=Äó=êçää=ãáääáåÖ=çÑ=Ñáäã=ë~ãéäÉë=Ñçê=íÉëíáåÖ=

cêçã=íÜÉ=éêÉé~êÉÇ=ÅçãéçìåÇë=NUR=Ó=QMM=�ã=íÜáÅâ=Ñáäã=ë~ãéäÉë=ïÉêÉ=ã~ÇÉ=Äó=
ÇáêÉÅí=êçää=ãáääáåÖ=~í=m~éóêçJqÉñK=
=
qÜÉ=íÉãéÉê~íìêÉ=çÑ=íÜÉ=Ñêçåí=êçää=ï~ë=NSS⁄`X=íÜÉ=íÉãéÉê~íìêÉ=çÑ=íÜÉ=Ä~Åâ=êçää=
ï~ë=NSM⁄`K=mêáçê=íç=íÉëíáåÖ=íÜÉ=Ñáäã=ë~ãéäÉë=ïÉêÉ=ÅçåÇáíáçåÉÇ=~í=êççã=íÉãJ
éÉê~íìêÉ=Ñçê=Ñçìê=Ç~óëK=

SKO `Ü~ê~ÅíÉêáë~íáçå=çÑ=íÜÉ=éêÉé~êÉÇ=ÅçãéçìåÇë=~åÇ=çÑ=íÜÉ=~äíÉêJ

å~íáîÉ=åçåJms`=ã~íÉêá~ä=

qÜÉ=íÉëí=éêçÖê~ã=ï~ë=ÅçåÇìÅíÉÇ=~í=a~åáëÜ=qÉÅÜåçäçÖáÅ~ä=fåëíáíìíÉI=`ÉåíêÉ=
Ñçê=mä~ëíáÅë=qÉÅÜåçäçÖó=ÉñÅÉéí=Ñêçã=íÜÉ=íÉåëáäÉ=íÉëí=çÑ=Ñáäã=ë~ãéäÉëI=ïÜáÅÜ=
ï~ë=éÉêÑçêãÉÇ=~í=íÜÉ=ä~Äçê~íçêó=~í=m~éóêçJqÉñK=qÜÉ=ä~Äçê~íçêó=~í=a~åáëÜ=
qÉÅÜåçäçÖáÅ~ä=fåëíáíìíÉI=`ÉåíêÉ=Ñçê=mä~ëíáÅë=qÉÅÜåçäçÖó=áë=~ÅÅêÉÇáíÉÇ=~ÅÅçêÇJ
áåÖ=íç=apLbk=fplLfb`=NTMOR=íç=éÉêÑçêã=~=äçåÖ=ê~åÖÉ=çÑ=íÉëíë=çå=éä~ëíáÅë=~åÇ=
ëáãáä~ê=ã~íÉêá~äëK=
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SKOKN qÉåëáäÉ=éêçéÉêíáÉë=ÇÉíÉêãáåÉÇ=çå=áåàÉÅíáçå=ãçìäÇÉÇ=ëéÉÅáãÉåë=

qÉëí=ãÉíÜçÇW=fpl=ROTJOI=ëéÉÅáãÉå=íóéÉ=N^K=`êçëëÜÉ~Ç=ëéÉÉÇ=NMM=ããLãáåK=
qÜÉ=ÇÉí~áäÉÇ=íÉëí=êÉéçêíë=~êÉ=ÉåÅäçëÉÇ=áå=~ééÉåÇáñ=QK=
=

q~ÄäÉ=R=

qÉåëáäÉ=ëíêÉåÖíÜ=~åÇ=íÉåëáäÉ=ëíê~áå=~í=ÄêÉ~â=çÑ=áåàÉÅíáçå=ãçìäÇÉÇ=ëéÉÅáãÉåë=Ñêçã=ms`=
íÉëí=ÅçãéçìåÇë=~åÇ=Ñêçã=~=ëÉäÉÅíÉÇ=Öê~ÇÉ=çÑ=bs^`=EëçìêÅÉ=áåÑçêã~íáçå=ÉåÅäçëÉÇ=áå=

~ééÉåÇáñ=PF=

qÉåëáäÉ=ëíêÉåÖíÜ=xjm~z= qÉåëáäÉ=ëíê~áå=~í=ÄêÉ~â=
xBz=

`çãJ
éçìåÇ=
kçK=

mä~ëíáÅáëÉê=
íóéÉ=

péÉÅáJ
ãÉå=
ïáÇíÜ=
xããz=

péÉÅáJ
ãÉå=

íÜáÅâåÉëë=
xããz=

jÉ~å=
î~äìÉ=

pí~íáëíáÅ~ä=
ëí~åÇ~êÇ=
ÇÉîá~íáçå=

jÉ~å=
î~äìÉ=

pí~íáëíáÅ~ä=
ëí~åÇ~êÇ=
ÇÉîá~íáçå=

MPS= abem= VKVT= PKVT= NQKT= MKNVP= OPQ= VKPN=

MPT= afkm= NMKMM= PKVV= NQKS= MKPNV= OPU= SKRV=

MPU= abe^= VKVV= QKMM= NPKS= MKNVT= OTV= VKUS=

MPV= abep= NMKMM= PKMM= NOKS= MKOPQ= ORR= NSKNV=

MQM= qbeqj= NMKMO= QKMM= NQKN= MKNQV= NVS= TKSR=

MQN= _Éåòç~íÉ= VKVV= PKVT= NSKU= MKONS= OMT= PKOO=

MQO= mçäó~ÇáJ
é~íÉ=

VKVU= PKVT= NQKO= MKNVM= ONN= VKTR=

MQP= ^q_`= VKVV= PKVU= NPKV= MKOSO= OOT= VKVU=

NMS= b^`=qÉêJ
éçäóãÉê=

NMKMM= PKVS= NVKT= MKNSS= NMO= OKPU=

^äíÉêå~J
íáîÉ=éä~ëJ

íáÅ=

bs^`= NMKMM= PKVT= SKOV= MKNRP= [=VPQ=GF= J=

GF=kç=ÄêÉ~â=~í=íÜáë=ëíê~áå=

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

F ig. 1 Tensile strength of  in jection m ouldings [MPa]
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Fig. 2 Tensile strain at break of injection mouldings [%] 
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= PN=

SKOKO aÉåëáíó=çÑ=íÜÉ=éêÉé~êÉÇ=ÅçãéçìåÇë=

qÜÉ=ÇÉåëáíó=çÑ=íÜÉ=éêÉé~êÉÇ=ms`=ÅçãéçìåÇë=~åÇ=çÑ=íÜÉ=~äíÉêå~íáîÉ=éä~ëíáÅ=
ã~íÉêá~ä=ï~ë=ÇÉíÉêãáåÉÇ=çå=ëèì~êÉ=áåàÉÅíáçå=ãçìäÇÉÇ=ëéÉÅáãÉåëK=
=
qÉëí=ãÉíÜçÇW=fpl=OTUN=ãÉíÜçÇ=^I=îÉêK=NK=
=

q~ÄäÉ=S=

aÉåëáíó=ÇÉíÉêãáåÉÇ=çå=ëèì~êÉ=áåàÉÅíáçå=ãçìäÇÉÇ=ëéÉÅáãÉåë=

`çãéçìåÇ=kçK= mä~ëíáÅáëÉê=íóéÉ= aÉåëáíó=xâÖLã�z=

MPS= abem= NOPO=

MPT= afkm= NONV=

MPU= abe^= NONO=

MPV= abep= NNVP=

MQM= qbeqj= NONS=

MQN= _Éåòç~íÉ= NOVO=

MQO= mçäó~Çáé~íÉ= NORV=

MQP= ^q_`= NORS=

NMS= b^`=qÉêéçäóãÉê= NOQM=

^äíÉêå~íáîÉ=
éä~ëíáÅ=

bs^`= ==VRN=

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

Fig. 3 Density [kg/m³]
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SKOKP fåÇÉåí~íáçå=Ü~êÇåÉëë=ÇÉíÉêãáåÉÇ=çå=ëèì~êÉ=áåàÉÅíáçå=ãçìäÇÉÇ=ëéÉÅáJ
ãÉåë=

qÉëí=ãÉíÜçÇW=apLbk=fpl=USUWNVVU=êÉ~Ç=~ÑíÉê=NR=ëÉÅçåÇëK=
=

q~ÄäÉ=T=

pÜçêÉ=^=Ü~êÇåÉëë=ÇÉíÉêãáåÉÇ=çå=ëèì~êÉ=áåàÉÅíáçå=ãçìäÇÉÇ=ëéÉÅáãÉåë=

`çãéçìåÇ=kçK= mä~ëíáÅáëÉê=íóéÉ= pÜçêÉ=^=

MPS= abem= UO=

MPT= afkm= UQ=

MPU= abe^= UO=

MPV= abep= UO=

MQM= qbeqj= UP=

MQN= _Éåòç~íÉ= UM=

MQO= mçäó~Çáé~íÉ= UM=

MQP= ^q_`= TU=

NMS= b^`=qÉêéçäóãÉê= VQGF=

^äíÉêå~íáîÉ=
éä~ëíáÅ=

bs^`= TV=

GF=qÜáë=î~äìÉ=áë=ÄÉóçåÇ=íÜÉ=áåíÉêî~ä=î~äáÇ=Ñçê=pÜçêÉ=^=

=

=

Fig. 4 Shore A hardness
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= PP=

SKOKQ `çäÇ=ÑäÉñáÄáäáíó=

qÜÉ=ÅçäÇ=ÑäÉñáÄáäáíó=íÉãéÉê~íìêÉ=ï~ë=ÇÉêáîÉÇ=Ñêçã=íÜÉ=íçêëáçå~ä=ãçÇìäá=~í=
î~êóáåÖ=íÉãéÉê~íìêÉë=ÇÉíÉêãáåÉÇ=çå=éä~åÉJé~ê~ääÉä=ëéÉÅáãÉåë=Åìí=çìí=Ñêçã=
áåàÉÅíáçå=ãçìäÇÉÇ=íÉåëáäÉ=íÉëí=ëéÉÅáãÉåëK=
=
qÉëí=ãÉíÜçÇW=fpl=QRULNJNVURK=
=
qÜÉ=ÅçäÇ=ÑäÉñáÄáäáíó=íÉãéÉê~íìêÉ=áë=ÇÉÑáåÉÇ=~ë=íÜÉ=íÉãéÉê~íìêÉI=~í=ïÜáÅÜ=íÜÉ=
íçêëáçå~ä=ëíáÑÑåÉëëI=ÇÉíÉêãáåÉÇ=Äó=~éé~êÉåí=íçêëáçå~ä=ãçÇìäìë=íÉëíáåÖI=áë=PNM=
kLãã=~í=~å=~åÖìä~ê=ÇÉÑäÉÅíáçå=î~äìÉ=çÑ=OMM=ÇÉÖêÉÉëK=
=
qÜÉ=êÉëìäíÉÇ=Öê~éÜë=~êÉ=ÉåÅäçëÉÇ=áå=~ééÉåÇáñ=RK=
=

q~ÄäÉ=U=

`çäÇ=ÑäÉñáÄáäáíó=íÉãéÉê~íìêÉ=çÑ=ms`=íÉëí=ÅçãéçìåÇë=~åÇ=çÑ=~=ëÉäÉÅíÉÇ=Öê~ÇÉ=çÑ=bs^`=

ÇÉíÉêãáåÉÇ=Äó=íÉëíáåÖ=~ÅÅçêÇáåÖ=íç=fpl=QRULNJNVUS=x°`zK=^äëç=ÉñéÉÅíÉÇ=î~äìÉë=Ñçê=ëçãÉ=
ÅçãéçìåÇë=~êÉ=ëÜçïåK=

`çãéçìåÇ=
kçK=

mä~ëíáÅáëÉê=çê=
éä~ëíáÅ=ã~íÉJ
êá~ä=

aÉíÉêãáåÉÇ=Äó=
íÉëíáåÖ=

^ééêçñáã~íÉ=ÉñJ
éÉÅíÉÇ=î~äìÉë=GF=

^ééêçñK=î~äìÉë=
ÉñéÉÅíÉÇ=Äó=íÜÉ=
éêçàÉÅí=é~êíåÉêë=
Ä~ëÉÇ=çå=íÜÉáê=ÉñJ

éÉêáÉåÅÉ=

MPS= abem= J=OM= J=NV= J=OO=

�MPT= afkm= J=OM= J=NV= J=OS=

MPU= abe^= Y=J=QM= J=QS= J=RM=

MPV= abep= Y=J=QM= J=RR= J=SM=

MQM= qbeqj= J=OM= J=OQ= J=OQ=

MQN= _Éåòç~íÉ= J=P= \= \=

MQO= mçäó~Çáé~íÉ= J=NM= J=NP= J=NP=

MQP= ^q_`= J=OO= J=OP= J=OO=

NMS= b^`=qÉêéçäóJ
ãÉê=

H=NN= \= \=

^äíÉêå~íáîÉ=
éä~ëíáÅ=

bs^`= J=PS= \= \=

GF=qÜÉëÉ=ÉñéÉÅíÉÇ=î~äìÉë=~êÉ=ÇÉêáîÉÇ=Ñêçã=êÉÑK=NV=~åÇ=áåíÉêéçä~íÉÇ=íç=íÜÉ=~Åíì~ä=Ü~êÇåÉëë=
î~äìÉë=

=
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Fig. 5 Cold flexibility temperature [degrees C] 
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SKOKR qÉåëáäÉ=éêçéÉêíáÉë=ÇÉíÉêãáåÉÇ=çå=êçää=ãáääÉÇ=Ñáäã=ëéÉÅáãÉåë=

qÉëí=ãÉíÜçÇëW=fpl=ROTJPI=ëéÉÅáãÉå=íóéÉ=OK=táÇíÜ=NM=ããI=äÉåÖíÜ=NRM=ãã=
~åÇ=Åä~ãé=Çáëí~åÅÉ=NMM=ããK=`êçëëÜÉ~Ç=ëéÉÉÇ=OMM=ããLãáåK=
=
mêáçê=íç=íÉëíáåÖ=íÜÉ=Ñáäã=ë~ãéäÉë=ïÉêÉ=ÅçåÇáíáçåÉÇ=~í=êççã=íÉãéÉê~íìêÉ=Ñçê=
Ñçìê=Ç~óëK=qÜÉ=ãÉ~å=î~äìÉë=ïÉêÉ=ÇÉêáîÉÇ=Ñêçã=ÑáîÉ=ëáåÖäÉ=î~äìÉëK=qÜÉëÉ=íÉëíë=
ïÉêÉ=éÉêÑçêãÉÇ=~í=m~éóêçJqÉñK=qÜÉ=ÇÉí~áäÉÇ=íÉëí=êÉéçêíë=~êÉ=ÉåÅäçëÉÇ=áå=~éJ
éÉåÇáñ=SK=
=

q~ÄäÉ=V=

qÉåëáäÉ=ëíêÉåÖíÜ=~åÇ=íÉåëáäÉ=ëíê~áå=~í=ÄêÉ~â=çÑ=Ñáäã=ë~ãéäÉë=Ñêçã=ms`=íÉëí=ÅçãéçìåÇëK=
kçíÉW=qÜÉ=bs^`=ã~íÉêá~ä=ï~ë=åçí=~î~áä~ÄäÉ=áå=íÜÉ=Ñçêã=çÑ=ÑáäãK=

qÉåëáäÉ=ëíêÉåÖíÜ=xjm~z= qÉåëáäÉ=ëíê~áå=~í=ÄêÉ~â=xBz=`çãJ
éçìåÇ=
kçK=

mä~ëíáÅáëÉê=íóéÉ= péÉÅáJ
ãÉå=

íÜáÅâåÉëë=
x�ãz=

jÉ~å=î~äìÉ= pí~íáëíáÅ~ä=
ëí~åÇ~êÇ=
ÇÉîá~íáçå=

jÉ~å=î~äìÉ= pí~íáëíáÅ~ä=
ëí~åÇ~êÇ=
ÇÉîá~íáçå=

MPS= abem= ORM= OMKMU= MKPS= QNR= T=

MPT= afkm= ONM= OMKRS= MKOS= PUN= T=

MPU= abe^= OOM= NTKVT= MKQV= QNN= NO=

MPV= abep= OOM= NQKQO= MKPO= PRM= U=

MQM= qbeqj= OOM= NUKNU= MKQR= PTV= R=

MQN= _Éåòç~íÉ= NUR= ONKVM= MKVM= OVS= NV=

MQO= mçäó~Çáé~íÉ= OOM= OMKNU= MKTV= PTR= NU=

MQP= ^q_`= OOM= NVKPT= MKPV= PTN= OS=

NMS= b^`=qÉêéçäóãÉê= QMM= OTKTM= NKMR= PPP= OM=

Fig. 6 Tensile strength of film [MPa]
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SKOKS iáÖÜí=íê~åëãáëëáçå=ÇÉíÉêãáåÉÇ=çå=êçää=ãáääÉÇ=Ñáäã=ëéÉÅáãÉåë=

qÉëí=ãÉíÜçÇW=rpm=uufs=YSSN[=ïáíÜ=íÜÉ=ÉñÅÉéíáçå=Ñçê=íÜÉ=ï~ëÜáåÖ=~åÇ=ÇêóJ
áåÖ=çÑ=íÜÉ=Ñáäã=ë~ãéäÉë=~åÇ=ïáíÜ=~=ïáÇÉê=ê~åÖÉ=Ñçê=íÜÉ=äáÖÜí=íê~åëãáëëáçå=
ãÉ~ëìêÉãÉåíë=EOVM=åã=íç=UMM=åãFK=
=
fåëíêìãÉåí=ãçÇÉäW=mÉêâáå=bäãÉê=i^j_a^=NUX=Ç~í~=áåíÉêî~äW=NKMMMM=åãX=
ëÅ~å=ëéÉÉÇW=OQMKMM=åãLãáåX=ëäáí=ïáÇíÜW=OKMMMM=åãX=ëãççíÜ=Ä~åÇïáÇíÜW=MKMM=
åãK=
=
qÜÉ=ëáåÖäÉ=äáÖÜí=íê~åëãáëëáçå=Öê~éÜë=~êÉ=ÉåÅäçëÉÇ=áå=~ééÉåÇáñ=TK=
=

q~ÄäÉ=NM=

j~ñáãìã=äáÖÜí=íê~åëãáëëáçå=~í=QRM=~åÇ=UMM=åã=çÑ=Ñáäã=ë~ãéäÉë=Ñêçã=ms`=íÉëí=ÅçãJ
éçìåÇë=xBzK==

kçíÉW=qÜÉ=bs^`=ã~íÉêá~ä=ï~ë=åçí=~î~áä~ÄäÉ=áå=íÜÉ=Ñçêã=çÑ=ÑáäãK=

]=QRM=åã=PF= ]=UMM=åã=QF=`çãJ
éçìåÇ=
kçK=

mä~ëíáÅáëÉê=íóéÉ=

p~ãéäÉ=kçK=N= p~ãéäÉ=kçK=O= p~ãéäÉ=kçK=N= p~ãéäÉ=kçK=O=

MPS= abem= VN= VN= VOKM= VOKN=

MPT= afkm= VN= VN= VOKN= VOKN=

MPU= abe^= VN= VN= VOKO= VOKP=

MPV= abep= VN= VN= VOKP= VOKQ=

MQM= qbeqj= VM= VM= VNKU= VNKT=

MQN= _Éåòç~íÉ= VM= VM= VNKS= VNKS=

MQO= mçäó~Çáé~íÉ= VN= VN= VOKO= VOKO=

MQP= ^q_`= VO= VO= VOKS= VOKR=
NF= VN= VN= VOKN= VOKP=

NMS= b^`=qÉêéçäóJ
ãÉê==

OF= UV= UU= VNKQ= VNKP=

NF=pÜáåó=ëáÇÉ=íçï~êÇë=íÜÉ=äáÖÜí=ëçìêÅÉ=
OF=lééçëáíÉ=ëáÇÉ=íçï~êÇë=íÜÉ=äáÖÜí=ëçìêÅÉ=
PF=oÉ~Ç=Ñêçã=íÜÉ=Öê~éÜë=
QF=`~äÅìä~íÉÇ=ÉäÉÅíêçåáÅ~ääó=Äó=~éé~ê~íìë=

=
=
=
=
=

Fig. 7 Tensile strain at break of film [%]
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SKP qçí~ä=~ëëÉëëãÉåí=

q~ÄäÉ=NO=ëÜçïë=~å=~ííÉãéí=íç=ã~âÉ=~=íçí~ä=~ëëÉëëãÉåí

Fig. 8 Light transmission of film [%]
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q~ÄäÉ=NO=

qçí~ä=~ëëÉëëãÉåí=

`çãéçìåÇ=kçKLj~íÉêá~ä= MPS=
abem=

MPT=
afkm=

MPU=
abe^=

MPV=
abep=

MQM=
qbeqj=

MQN=
_Éåòç~íÉ=

MQO=
mçäó~Çáé~íÉ=

MQP=
^q_`=

NMS=
b^`=qÉêJ
éçäóãÉê=

bs^`=

^î~áä~Äáäáíó= = H= H= H= H= H= H= H= H= \= H=
`çãé~íáÄáäáíó= = H= H= H= H= H= H= H= H= H= åK~K=

bñéÉÅíÉÇ= H= H= H= H= H= H= \= J= J= åK~K=mä~ëíáÅáëáåÖ=ÉÑÑáÅáÉåÅó=áåÇÉñ=NF=

bñéÉêáÉåÅÉÇ=OF= H= H= H= H= H= H= H= H= H= åK~K=

`çãéçìåÇáåÖ= = = = = = = = = = =
fåàÉÅíáçå=ãçìäÇáåÖ= kç=ëéÉÅáÑáÅ=ÇáÑÑáÅìäíáÉë=ÉñéÉêáÉåÅÉÇ=

mêçÅÉëë~Äáäáíó=

`~äÉåÇÉêáåÖ= kç=ÉñéÉêáÉåÅÉ=Ö~áåÉÇ=Ñêçã=íÜáë=éêçàÉÅí=

mä~ëíáÅáëÉê=Åçëí=áåÇÉñ=PF= NMM= NMM= NOM= RMMJTMM= QMMJRMM= OMM= PRMJTMM= PMM= RMMJSMM= åK~K=`çëí=
mêçÅÉëëáåÖ=Åçëí=áåÇÉñ=
PF=

NMM= NMM= NOM= NOMJNQM= NOMJNQM= \= NRMJOMM= NRM= \= \=

mÜóëáÅ~ä=éêçéÉêíáÉë=çÑ=éä~ëíáJ
ÅáëÉê=

= H= H= H= H= H= H= H= H= H= åK~K=

qÉåëáäÉ=ëíêÉåÖíÜ==
çÑ=áåàÉÅíáçå=ãçìäÇáåÖë=

H= H= H= EHF= H= H= H= H= NPQ= ÷=

qÉåëáäÉ=ëíê~áå=~í=ÄêÉ~â=
çÑ=áåàÉÅíáçå=ãçìäÇáåÖë=

H= H= H= H= E÷F= E÷F= H= H= ÷= H=

qÉåëáäÉ=ëíêÉåÖíÜ=çÑ=êçää=
ãáääÉÇ=Ñáäã=

H= H= H= E÷F= H= H= H= H= H= åK~K=

qÉåëáäÉ=ëíê~áå=~í=ÄêÉ~â=
çÑ=êçää=ãáääÉÇ=Ñáäã=

H= H= H= E÷F= H= ÷= H= H= E÷F= åK~K=

aÉåëáíó= H= H= H= H= H= H= H= H= H= H=

`çäÇ=ÑäÉñK=íÉãéK=[°`]== H= H= H= H= H= E÷F= \= H= ÷= H=

mÜóëáÅ~ä=éêçéÉêíáÉë=çÑ=ÅçãJ
éçìåÇ=

iáÖÜí=íê~åëãáëëáçå=

[B]=

H= H= H= H= H= H= H= H= H= åK~K=

NF=qÜÉ=ÉÑÑáÅáÉåÅó=áåÇÉñ=áåÇáÅ~íÉë=ïÉáÖÜí=é~êíë=çÑ=éä~ëíáÅáëÉê=åÉÅÉëë~êó=íç=Ö~áå=~ééêçñáã~íÉäó=íÜÉ=ë~ãÉ=pÜçêÉ=^=Ü~êÇåÉëë=~ë=ïáíÜ=NMM=é~êíë=abemK=
OF=`~äÅìä~íÉÇ=Ñêçã=íÜÉ=é~êíë=~ÇÇÉÇ=~í=íÜÉ=éêÉé~ê~íáçå=çÑ=íÜÉ=íÉëí=ÅçãéçìåÇëK=
PF=bñéÉÅíÉÇ=î~äìÉë=êÉä~íáîÉ=íç=abemK=



=



= PV=

T aáëÅìëëáçå=

TKN råáÑçêãáíó=çÑ=íÜÉ=ÅçãéçìåÇë=

^ää=íÜÉ=ÅçãéçìåÇë=~êÉ=~éé~êÉåíäó=ìåáÑçêãI=~ë=íÜÉêÉ=áë=åç=ëáÖå=çÑ=éÜ~ëÉ=ëÉé~J

ê~íáçåK=

TKO sáëì~ä=~ëëÉëëãÉåí=çÑ=íÜÉ=éêÉé~êÉÇ=ãçìäÇáåÖë=~åÇ=Ñáäãë=

qÜÉ=áåàÉÅíáçå=ãçìäÇáåÖë=éêÉé~êÉÇ=Ñêçã=íÜÉ=ÅçãéçìåÇë=éä~ëíáÅáëÉÇ=ïáíÜ=

abemI=afkmI=abe^I=abepI=qbeqj=~åÇ=^q_`=äççâ=~ää=~äáâÉI=áKÉK=íê~åëJ

é~êÉåíI=îÉêó=ëäáÖÜíäó=óÉääçï=~åÇ=ïáíÜ=~=ëãççíÜ=~åÇ=ëÜáåó=ëìêÑ~ÅÉK=qÜÉ=ÄÉåòçJ

~íÉ=~åÇ=éçäó~Çáé~íÉ=éä~ëíáÅáëÉÇ=ãçìäÇáåÖë=~êÉ=ëäáÖÜíäó=ãçêÉ=óÉääçïK=eçïÉîÉêI=

ïáíÜ=~ää=íÜÉ=ÅçãéçìåÇë=íÜÉ=óÉääçïåÉëë=áë=çåäó=îáëáÄäÉ=Äó=íÜÉ=å~âÉÇ=ÉóÉ=íÜêçìÖÜ=

íÜÉ=~ééêçñK=Q=ãã=íÜáÅâ=ãçìäÇáåÖëI=åçí=íÜêçìÖÜ=~åó=çÑ=íÜÉ=Ñáäã=ë~ãéäÉëK=

=

qÜÉ=áåàÉÅíáçå=ãçìäÇáåÖë=Ñêçã=íÜÉ=ÅçãéçìåÇ=éä~ëíáÅáëÉÇ=ïáíÜ=b^`=íÉêéçäóJ

ãÉê=Ü~îÉ=~å=ìåÉîÉå=Çìää=ëìêÑ~ÅÉ=ïáíÜ=áåÇáÅ~íáçåë=çÑ=ã~íÉêá~ä=Ñäçï=ÇáêÉÅíáçåëK=

_ÉÅ~ìëÉ=çÑ=íÜÉ=Çìää=ëìêÑ~ÅÉ=ÅÜ~ê~ÅíÉê=áí=áë=ÇáÑÑáÅìäí=íç=Åçãé~êÉ=íÜÉ=óÉääçïåÉëë=

íç=íÜ~í=çÑ=íÜÉ=çíÜÉê=ÅçãéçìåÇëK=fããÉÇá~íÉäó=íÜÉ=óÉääçïåÉëë=äççâë=ãçêÉ=äáâÉ=

íÜ~í=çÑ=íÜÉ=ÄÉåòç~íÉ=~åÇ=íÜÉ=éçäó~Çáé~íÉ=éä~ëíáÅáëÉÇ=ÅçãéçìåÇëK=eçïÉîÉêI=

íÜáë=óÉääçïåÉëë=áë=åçí=îáëáÄäÉ=áå=íÜÉ=Ñáäã=íÜáÅâåÉëëK=

=

qÜÉ=bs^`=ãçìäÇáåÖë=~êÉ=ÅçäçìêäÉëëK=qÜÉ=ëìêÑ~ÅÉ=áë=~äãçëí=~ë=ëÜáåó=~ë=íÜ~í=çÑ=

íÜÉ=Ñáêëí=ãÉåíáçåÉÇ=ëáñ=ÅçãéçìåÇëK=eçïÉîÉêI=áåÇáÅ~íáçåë=çÑ=ã~íÉêá~ä=Ñäçï=

ÇáêÉÅíáçåë=~êÉ=ëäáÖÜíäó=îáëáÄäÉ=åÉ~ê=íÜÉ=áåàÉÅíáçå=áåäÉí=éçáåíK=

=

^é~êí=Ñêçã=íÜÉ=Ñ~Åí=íÜ~í=~ää=çÑ=íÜÉ=éêÉé~êÉÇ=Ñáäã=ë~ãéäÉë=äççâ=Ñ~áêäó=ÜçãçÖÉJ

åÉçìëI=áí=ã~âÉë=åç=ëÉåëÉ=íç=îáëì~ääó=~ëëÉëë=íÜÉ=êçää=ãáääÉÇ=Ñáäã=ë~ãéäÉëI=~ë=íÜÉó=

Ü~îÉ=ÄÉÉå=éêÉé~êÉÇ=Äó=~=ãÉíÜçÇ=íÜ~í=áë=åçí=êÉéêÉëÉåí~íáîÉ=Ñçê=íÜÉ=áåÇìëíêá~ä=

ã~åìÑ~ÅíìêÉ=çÑ=ms`=Ñáäãë=áå=ä~êÖÉ=èì~åíáíáÉëK=

TKP bî~äì~íáçå=çÑ=íÜÉ=íÉëí=êÉëìäíë=

TKPKN e~êÇåÉëë=

cçê=Åçãé~êáëçå=êÉ~ëçåë=íÜÉ=ms`=íÉëí=ÅçãéçìåÇë=ïÉêÉ=éêÉé~êÉÇ=ïáíÜ=íÜÉ=

~ííÉãéí=íç=çÄí~áå=íÜÉ=ë~ãÉ=Ü~êÇåÉëë=~ë=åÉ~ê=~ë=éçëëáÄäÉ=íç=pÜçêÉ=^=UMK=

=

qÜÉ=Ü~êÇåÉëë=çÑ=íÜÉ=êÉÑÉêÉåÅÉ=abem=éä~ëíáÅáëÉÇ=ÅçãéçìåÇ=Ü~ë=ÄÉÉå=ÇÉíÉêJ

ãáåÉÇ=íç=ÄÉ=UOK=qÜ~í=çÑ=íÜÉ=~äíÉêå~íáîÉ=ÅçãéçìåÇë=ÇáÑÑÉêë=ÄÉíïÉÉå=TU=~åÇ=UQI=

ÉñÅÉéí=íÜÉ=b^`=íÉêéçäóãÉê=éä~ëíáÅáëÉÇ=ÅçãéçìåÇI=ïÜáÅÜ=Ü~ë=~=pÜçêÉ=^=Ü~êÇJ

åÉëë=çÑ=VQ=E~=î~äìÉ=íÜ~í=áë=ÄÉóçåÇ=íÜÉ=áåíÉêî~ä=î~äáÇ=Ñçê=pÜçêÉ=^FK=qÜÉ=Ü~êÇJ

åÉëë=çÑ=íÜÉ=ÅÜçëÉå=~äíÉêå~íáîÉ=éä~ëíáÅ=ã~íÉêá~äI=bs^`I=áë=TVK=

=

qÜÉ=Ü~êÇåÉëë=î~äìÉë=ÑçìåÇ=Ñçê=íÜÉ=íÉëí=ÅçãéçìåÇë=éä~ëíáÅáëÉÇ=ïáíÜ=abemI=

abe^I=abepI=qbeqj=~åÇ=éçäó~Çáé~íÉ=~êÉ=ïáíÜáå=íïç=ìåáíë=Ñêçã=íÜÉ=î~äJ

ìÉë=íÜ~í=ÅçìäÇ=ÄÉ=ÉñéÉÅíÉÇ=~ÅÅçêÇáåÖ=íç=íÜÉ=äáíÉê~íìêÉ=EêÉÑK=NVFK=

=



=QM=

qê~åëÑçêã~íáçå=Ñêçã=pÜçêÉ=^=î~äìÉë=íç=_êáíáëÜ=pí~åÇ~êÇ=pçÑíåÉëë=kìãÄÉêë=

Å~å=ÄÉ=ÑçìåÇ=áå=íÜÉ=äáíÉê~íìêÉ=ÉKÖK=êÉÑK=NV=~åÇ=OMK=

=

fí=ëÉÉãë=äáâÉäó=íÜ~í=~åó=ï~åíÉÇ=ëéÉÅáÑáÉÇ=áåíÉêÉëíáåÖ=Ü~êÇåÉëë=çÑ=ms`=ÅçãJ

éçìåÇë=éä~ëíáÅáëÉÇ=ïáíÜ=íÜÉ=ëÉäÉÅíÉÇ=~äíÉêå~íáîÉ=éä~ëíáÅáëÉêë=J=ïáíÜ=íÜÉ=ÉñÅÉéJ

íáçå=çÑ=íÜÉ=b^`=íÉêéçäóãÉê=J=áë=éçëëáÄäÉK=lÄîáçìëäó=áí=áë=éçëëáÄäÉ=íç=éìêÅÜ~ëÉ=

~å=bs^`=ïáíÜ=~=pÜçêÉ=^=Ü~êÇåÉëë=çÑ=~ééêçñáã~íÉäó=íÜÉ=êÉÑÉêÉåÅÉ=î~äìÉ=çÑ=UMK=

TKPKO aÉåëáíó==

qÜÉ=ÇÉåëáíó=çÑ=íÜÉ=íÉëíÉÇ=ÅçãéçìåÇë=î~êáÉë=Ñêçã=íÜ~í=çÑ=íÜÉ=abem=éä~ëíáJ

ÅáëÉÇ=ÅçãéçìåÇ=ïáíÜ=Ñêçã=JPV=âÖLã�=íç=HSM=âÖLã�=EÑêçã=JP=B=íç=HR=BF=Ñçê=

íÜÉ=ms`=ÅçãéçìåÇëK=qÜÉ=ÇÉåëáíó=çÑ=íÜÉ=bs^`=áë=VRN=âÖLã�I=ïÜáÅÜ=áë=íç=ÄÉ=

ÉñéÉÅíÉÇ=~ë=íÜáë=ã~íÉêá~ä=áë=Ä~ëÉÇ=çå=çäÉÑáåëK=

TKPKP jÉÅÜ~åáÅ~ä=éêçéÉêíáÉë=

TKPKPKN qÉåëáäÉ=ëíêÉåÖíÜ=

qÜÉ=íÉåëáäÉ=ëíêÉåÖíÜ=çÑ=áåàÉÅíáçå=ãçìäÇÉÇ=ë~ãéäÉë=çÑ=íÜÉ=ms`=ÅçãéçìåÇë=

î~êó=Ñêçã=NOKS=jm~=íç=NVKT=jm~K=qÜÉ=ëíêÉåÖíÜ=çÑ=íÜÉ=abem=éä~ëíáÅáëÉÇ=

ÅçãéçìåÇ=áë=NQKT=jm~K=qÜÉ=ÜáÖÜÉëí=î~äìÉ=ENVKT=jm~F=ï~ë=ÑçìåÇ=~í=íÜÉ=

ÅçãéçìåÇ=éä~ëíáÅáëÉÇ=ïáíÜ=íÜÉ=b^`=íÉêéçäóãÉêK=^ãçåÖ=íÜÉ=ãçåçãÉê=éä~ëíáJ

ÅáëÉÇ=ÅçãéçìåÇë=íÜÉ=ÜáÖÜÉëí=î~äìÉ=áë=NSKU=jm~K=

=

táíÜ=~=íÉåëáäÉ=ëíêÉåÖíÜ=î~äìÉ=çÑ=SKP=jm~=íÜÉ=ëíêÉåÖíÜ=çÑ=bs^`=áë=äÉëë=íÜ~å=

Ü~äÑ=íÜ~í=çÑ=íÜÉ=êÉÑÉêÉåÅÉ=ms`=ÅçãéçìåÇK=cçê=ëçãÉ=ãÉÇáÅ~ä=~ééäáÅ~íáçåëI=íÜÉ=

bs^`=éêçÄ~Ääó=êÉëìäíë=áå=ìåáåíÉêÉëíáåÖäó=ïÉ~â=ÅçãéçìåÇëK=

=

aìÉ=íç=ÇáÑÑÉêÉåí=ÅêçëëÜÉ~Ç=ëéÉÉÇë=ÇìêáåÖ=íÉëíáåÖ=áí=áë=ÉñéÉÅíÉÇ=íÜ~í=íÜÉ=íÉåëáäÉ=

ëíêÉåÖíÜ=î~äìÉë=ÇÉíÉêãáåÉÇ=çå=íÜÉ=Ñáäã=ë~ãéäÉë=~êÉ=ëáÖåáÑáÅ~åíäó=ÜáÖÜÉê=íÜ~å=

íÜÉ=î~äìÉë=ÇÉíÉêãáåÉÇ=çå=íÜÉ=áåàÉÅíáçå=ãçìäÇÉÇ=ëéÉÅáãÉåëK=qÜÉ=íÉëí=êÉëìäíë=

ëÜçï=NQ=Ó=QM=B=ÜáÖÜÉê=íÉåëáäÉ=ëíêÉåÖíÜ=î~äìÉë=ÇÉíÉêãáåÉÇ=çå=íÜÉ=Ñáäã=ë~ãéäÉë=

E~í=ÅêçëëÜÉ~Ç=ëéÉÉÇ=OMM=ããLãáåF=íÜ~å=çå=íÜÉ=áåàÉÅíáçå=ãçìäÇÉÇ=ëéÉÅáãÉåë=

E~í=ÅêçëëÜÉ~Ç=ëéÉÉÇ=NMM=ããLãáåFK=

=

qÜÉ=êÉëìäíë=ÇÉíÉêãáåÉÇ=çå=Ñáäã=ëéÉÅáãÉåë=Ñçê=abemI=abe^=~åÇ=qbeqj=

Çç=åçí=Åçåíê~ÇáÅí=ïáíÜ=íÜÉ=ÉñéÉÅíÉÇ=î~äìÉë=ÑçìåÇ=áå=íÜÉ=äáíÉê~íìêÉ=EêÉÑK=NVFK=

=

qÜÉ=íÉåëáäÉ=ëíêÉåÖíÜ=çÑ=íÜÉ=b^`=íÉêéçäóãÉê=éä~ëíáÅáëÉÇ=ms`=ÅçãéçìåÇ=áë=PQ=

J=PU=B=ÜáÖÜÉê=íÜ~å=íÜ~í=çÑ=íÜÉ=êÉÑÉêÉåÅÉ=ÅçãéçìåÇX=ÜçïÉîÉêI=íÜÉ=ë~ãéäÉë=çÑ=

íÜáë=ÅçãéçìåÇ=áë=ëáÖåáÑáÅ~åíäó=íÜáÅâÉêK=

=

aÉíÉêãáåÉÇ=çå=íÜÉ=Q=ãã=íÜáÅâ=ëéÉÅáãÉåë=~í=NMM=ããLãáå=ÅêçëëÜÉ~Ç=ëéÉÉÇ=

íÜÉ=ÜáÖÜÉëí=íÉåëáäÉ=ëíêÉåÖíÜ=î~äìÉ=~ãçåÖ=íÜÉ=ms`=ÅçãéçìåÇë=áë=~ééêçñK=PQ=B=

ÜáÖÜÉê=íÜ~å=íÜ~í=çÑ=íÜÉ=êÉÑÉêÉåÅÉ=ÅçãéçìåÇX=íÜÉ=äçïÉëí=çåÉ=áë=~ééêçñK=NQ=B=

äçïÉê=íÜ~å=íÜ~í=çÑ=íÜÉ=êÉÑÉêÉåÅÉ=ÅçãéçìåÇK=aÉíÉêãáåÉÇ=çå=íÜÉ=Ñáäã=ë~ãéäÉë=

~í=OMM=ããLãáå=ÅêçëëÜÉ~Ç=ëéÉÉÇ=íÜÉ=ÜáÖÜÉëí=î~äìÉ=áë=~ééêçñK=PU=B=ÜáÖÜÉê=~åÇ=

íÜÉ=äçïÉëí=î~äìÉ=~ééêçñK=OU=B=äçïÉê=íÜ~å=íÜ~í=çÑ=íÜÉ=êÉÑÉêÉåÅÉ=ÅçãéçìåÇK=

=

TKPKPKO qÉåëáäÉ=ëíê~áå=~í=ÄêÉ~â=

qÜÉ=íÉåëáäÉ=ëíê~áå=~í=ÄêÉ~â=çÑ=áåàÉÅíáçå=ãçìäÇÉÇ=ë~ãéäÉë=çÑ=íÜÉ=ms`=ÅçãJ

éçìåÇë=î~êó=Ñêçã=NMO=B=íç=OTV=BK=qÜÉ=ëíê~áå=~í=ÄêÉ~â=çÑ=íÜÉ=abem=éä~ëíáJ

ÅáëÉÇ=ÅçãéçìåÇ=áë=OPQ=BK=qÜÉ=ÜáÖÜÉëí=î~äìÉ=EOTV=BF=ï~ë=ÑçìåÇ=~í=íÜÉ=ÅçãJ



= QN=

éçìåÇ=éä~ëíáÅáëÉÇ=ïáíÜ=íÜÉ=abe^=~åÇ=íÜÉ=äçïÉëí=î~äìÉ=ENMO=BF=~í=íÜÉ=b^`=

íÉêéçäóãÉê=éä~ëíáÅáëÉÇ=ÅçãéçìåÇK=

==

táíÜ=~=íÉåëáäÉ=ëíê~áå=~í=ÄêÉ~â=çÑ=ãçêÉ=íÜ~å=VPQ=B=íÜÉ=ëíê~áå=çÑ=bs^`=áë=ãçêÉ=

íÜ~å=Ñçìê=íáãÉë=íÜ~í=çÑ=íÜÉ=êÉÑÉêÉåÅÉ=ms`=ÅçãéçìåÇK=

=

aìÉ=íç=ÇáÑÑÉêÉåí=ÅêçëëÜÉ~Ç=ëéÉÉÇë=ÇìêáåÖ=íÉëíáåÖ=áí=áë=ÉñéÉÅíÉÇ=íÜ~í=íÜÉ=íÉåëáäÉ=

ëíê~áå=î~äìÉë=ÇÉíÉêãáåÉÇ=çå=íÜÉ=êçää=ãáääÉÇ=Ñáäãë=E~í=ÅêçëëÜÉ~Ç=ëéÉÉÇ=OMM=

ããLãáåF=~êÉ=ëáÖåáÑáÅ~åíäó=ÜáÖÜÉê=íÜ~å=íÜÉ=î~äìÉë=ÇÉíÉêãáåÉÇ=çå=íÜÉ=áåàÉÅíáçå=

ãçìäÇÉÇ=ëéÉÅáãÉåë=E~í=ÅêçëëÜÉ~Ç=ëéÉÉÇ=NMM=ããLãáåFK=qÜáë=áë=ÅçåÑáêãÉÇ=Äó=

íÜÉ=íÉëí=êÉëìäíëK=

=

qÜÉ=íÉåëáäÉ=ëíê~áå=~í=ÄêÉ~â=î~äìÉë=ÇÉíÉêãáåÉÇ=çå=Ñáäã=ëéÉÅáãÉåë=Ñçê=abemI=

abe^=~åÇ=qbeqj=Çç=åçí=Åçåíê~ÇáÅí=ëáÖåáÑáÅ~åíäó=ïáíÜ=íÜÉ=ÉñéÉÅíÉÇ=î~äìÉë=

ÑçìåÇ=áå=íÜÉ=äáíÉê~íìêÉ=EêÉÑK=NVFI=~Åíì~ääó=íÜÉó=~êÉ=ëçãÉ=NV=B=ÜáÖÜÉêK=

=

qÜÉ=íÉåëáäÉ=ëíê~áå=~í=ÄêÉ~â=çÑ=íÜÉ=b^`=íÉêéçäóãÉê=éä~ëíáÅáëÉÇ=ms`=ÅçãéçìåÇ=

ÇÉíÉêãáåÉÇ=~í=OMM=ããLãáå=ÅêçëëÜÉ~Ç=ëéÉÉÇ=áë=OM=B=äçïÉê=íÜ~å=íÜ~í=çÑ=íÜÉ=

êÉÑÉêÉåÅÉ=ÅçãéçìåÇX=ÇÉíÉêãáåÉÇ=~í=NMM=ããLãáå=áí=áë=RS=B=äçïÉêK=

=

qÜÉ=~Åíì~ä=î~äìÉë=ÑçìåÇ=~êÉ=PPP=B=~åÇ=NMO=B=êÉëéÉÅíáîÉäóX=íÜÉ=ÑçêãÉê=áë=ãçêÉ=

íÜ~å=íÜêÉÉ=íáãÉë=íÜÉ=ä~ííÉêK=cçê=íÜÉ=çíÜÉê=ÅçãéçìåÇë=íÜÉ=ÜáÖÜJëéÉÉÇ=êÉëìäíë=

~êÉ=PT=J=VP=B=ÜáÖÜÉê=íÜ~å=íÜÉ=äçïJëéÉÉÇ=î~äìÉëK=^éé~êÉåíäó=íÜÉ=b^`=íÉêéçäóJ

ãÉê=éä~ëíáÅáëÉÇ=ÅçãéçìåÇ=áë=ëáÖåáÑáÅ~åíäó=ãçêÉ=ëÉåëáíáîÉ=íç=ëíê~áå=ëéÉÉÇ=íÜ~å=

íÜÉ=çíÜÉê=çåÉëK=

=

TKPKPKP `çäÇ=ÑäÉñáÄáäáíó=íÉãéÉê~íìêÉ=

qÜÉ=ÇÉíÉêãáåÉÇ=ÅçäÇ=ÑäÉñáÄáäáíó=íÉãéÉê~íìêÉ=î~äìÉë=~êÉ=îÉêó=ÅäçëÉ=íç=íÜÉ=ÉñJ

éÉÅíÉÇ=î~äìÉëK=eçïÉîÉêI=Ñçê=íÜÉ=bs^`=~åÇ=íÜÉ=ms`=ÅçãéçìåÇë=éä~ëíáÅáëÉÇ=

ïáíÜ=ÄÉåòç~íÉ=~åÇ=b^`=íÉêéçäóãÉê=åç=áåÑçêã~íáçå=çå=ÉñéÉÅíÉÇ=î~äìÉë=ï~ë=

~î~áä~ÄäÉK=

=

qÜÉ=ÅçäÇ=ÑäÉñáÄáäáíó=íÉãéÉê~íìêÉ=~êÉ=~ééêçñK=JOM°`=Ñçê=ms`=ÅçãéçìåÇë=éä~ëJ

íáÅáëÉÇ=ïáíÜ=abemI=afkmI=qbeqj=~åÇ=^q_`K=cçê=abe^=~åÇ=abep=

éä~ëíáÅáëÉÇ=ÅçãéçìåÇë=íÜÉ=î~äìÉ=~êÉ=ëáÖåáÑáÅ~åíäó=ÄÉäçï=JQM°`K=cçê=íÜÉ=ÄÉåòçJ

~íÉ=éä~ëíáÅáëÉÇ=ÅçãéçìåÇ=áí=áë=~ééêçñK=JP°`I=~åÇ=Ñçê=íÜÉ=ÅçãéçìåÇ=éä~ëíáÅáëÉÇ=

ïáíÜ=éçäó~Çáé~íÉ=áí=áë=JNM°`K=få=Åçãé~êáëçå=ïáíÜ=abemI=íÜÉ=ÄÉåòç~íÉ=~åÇ=íÜÉ=

éçäó~Çáé~íÉ=ëÉÉã=ÅêáíáÅ~ä=~ë=ëìÄëíáíìíÉë=Ñçê=abemK==

=

qÜÉ=ÅçäÇ=ÑäÉñáÄáäáíó=íÉãéÉê~íìêÉ=çÑ=íÜÉ=ÅçãéçìåÇ=éä~ëíáÅáëÉÇ=ïáíÜ=b^`=íÉêJ

éçäóãÉê=áë=~ë=ÜáÖÜ=~ë=NN°`>=qÜáë=ÜáÖÜ=î~äìÉ=éêçÄ~Ääó=Çáëèì~äáÑáÉë=íÜÉ=b^`=

íÉêéçäóãÉê=~ë=~=ëìÄëíáíìíÉ=Ñçê=abem=Ñçê=ms`=Ñçê=ãÉÇáÅ~ä=ÇÉîáÅÉëK=

=

qÜÉ=î~äìÉ=Ñçê=bs^`=áë=~ééêçñK=JPS°`K=

TKPKQ iáÖÜí=íê~åëãáëëáçå=

iáÖÜí=íê~åëãáëëáçå=î~äìÉë=çÑ=VM=íç=VO=B=áå=íÜÉ=îáëáÄäÉ=ï~îÉäÉåÖíÜ=ê~åÖÉ=QRM=

åã=íç=UMM=åã=ÇçÉë=åçí=Çáëèì~äáÑó=~åó=çÑ=íÜÉ=íÉëíÉÇ=ms`=ÅçãéçìåÇë=åçê=íÜÉ=

bs^`K=



=QO=

TKQ `çëí=

qÜÉ=ÅìêêÉåí=Åçëí=êÉä~íáçåë=çÑ=íÜÉ=ìëÉÇ=éä~ëíáÅáëÉê=éêçÇìÅíë=~êÉ=ëÜçïå=áå=í~ÄäÉ=

NNK=

=

q~ÄäÉ=NN=

mä~ëíáÅáëÉê=Åçëí=

mêáÅÉ=áåÇÉñ=
EêÉä~íáîÉ=íç=íÜÉ=éêáÅÉ=çÑ=

abemF=

mä~ëíáÅáëÉê=
ëìÄëí~åÅÉ=

`ìêêÉåí==
éêáÅÉ=

E¡=éÉê=íçåF=
`ìêêÉåí= bñéÉÅíÉÇ=

`ìêêÉåí=éêáÅÉ=áåÇÉñ=í~âáåÖ=íÜÉ=ÉñJ
éÉêáÉåÅÉÇ=éä~ëíáÅáëáåÖ=ÉÑÑáÅáÉåÅó=

~ÅÅçêÇáåÖ=íç=íÜÉ=Ñçêãìä~íáçåë=EëÉÉ=
q~ÄäÉ=PF=áåíç=~ÅÅçìåí=

abem= RRM= NMM= J= NMM=
afkm= RUM= NMR= NMM= NNQ=
abe^= NRMM= OTP= NOM= ORS=
abep= ORMM= QRR= RMM=J=TMM= QUP=
qbeqj= NRMM= OTP= QMM=J=RMM= PPR=
_Éåòç~íÉ= NMMM= NUO= OMM= NVT=
mçäó~Çáé~íÉ= OTMM= QVN= PRM=J=TMM= SMP=
^q_`= PPMM= SMM= PMM= SSP=
bs^=qÉêéçäóãÉê= OTMM= QVN= RMM=J=SMM= QMV=

TKR `çããÉåíë=íç=É~ÅÜ=çÑ=íÜÉ=íÉëíÉÇ=éä~ëíáÅáëáåÖ=ëìÄëí~åÅÉë=

afkm=

afkm=áë=åçí=~î~áä~ÄäÉ=áå=ãÉÇáÅ~ä=Öê~ÇÉëK=`çåÅÉêå=çå=íÜÉ=~î~áä~ÄäÉ=éìêáíó=Ü~ë=

ÄÉÉå=

ÉñéêÉëëÉÇK=qÜÉ=ÅìêêÉåí=éêáÅÉ=áë=~ë=ÉñéÉÅíÉÇK=qïç=`^p=åìãÄÉêë=ÉñáëíK=

=

abe^=

qÜÉ=ÅìêêÉåí=éêáÅÉ=çÑ=íÜÉ=ìëÉÇ=abe^=áë=ãçêÉ=íÜ~å=íïáÅÉ=íÜÉ=ÉñéÉÅíÉÇK=^ÅJ

ÅçêÇáåÖ=íç=~=a~åáëÜ=bm^=éêçàÉÅíI=abe^=áë=ÅçåëáÇÉêÉÇ=ãçêÉ=~èì~JíçñáÅ=íÜ~å=

abem=EêÉÑK=PN=~åÇ=POFK=

=

abep=

qÜÉ=ÅìêêÉåí=éêáÅÉ=çÑ=íÜÉ=ìëÉÇ=abep=áë=áå=íÜÉ=äçï=ÉåÇ=çÑ=íÜÉ=ÉñéÉÅíÉÇ=éêáÅÉ=

áåíÉêî~äK=

=

qbeqjW=qêáãÉääáí~íÉë=~êÉ=êÉéçêíÉÇ=íç=ãáÖê~íÉ=íç=íÜÉ=ÄäççÇ=Ñ~ëíÉê=íÜ~å=

abem=EêÉÑK=PPFI=ïÜáÅÜI=ÜçïÉîÉêI=Åçåíê~ÇáÅíë=ïáíÜ=íÜÉ=ÉñéÉêáÉåÅÉ=çÑ=íÜÉ=éêçJ

àÉÅí=é~êíåÉêëK=qÜÉ=éêáÅÉ=çÑ=íÜÉ=ìëÉÇ=qbeqj=áë=ëáÖåáÑáÅ~åíäó=äçïÉê=íÜ~å=ÉñJ

éÉÅíÉÇK=

=

_Éåòç~íÉW=^ÅÅçêÇáåÖ=íç=ÅçêêÉëéçåÇÉåÅÉ=ïáíÜ=sÉäëáÅçä=`ÜÉãáÅ~äëI=ïÜáÅÜ=éêçJ

ÇìÅÉë=ÄÉåòç~íÉëI=íÜÉó=~êÉ=êÉäìÅí~åí=íç=ÅçåëáÇÉê=_ÉåòçÑäÉñ=VJUU=~ë=~=ëìáí~ÄäÉ=

éä~ëíáÅáëÉê=Ñçê=ms`=Ñçê=ãÉÇáÅ~ä=éêçÇìÅíëK=låÉ=çÄîáçìë=Çê~ïÄ~Åâ=áë=íÜÉ=éççê=

êÉëáëí~åÅÉ=íç=Éñíê~Åíáçå=Äó=ï~íÉêI=ïÜáÅÜ=áë=~å=áãéçêí~åí=ÅçåëáÇÉê~íáçå=Ñçê=

ms`=ãÉÇáÅ~ä=éêçÇìÅíëK=qÜÉ=éêáÅÉ=çÑ=íÜÉ=ìëÉÇ=ÄÉåòç~íÉ=áë=ëäáÖÜíäó=äçïÉê=íÜ~å=

ÉñéÉÅíÉÇ=

=

mçäó~Çáé~íÉ=

mçäó~Çáé~íÉë=Ü~îÉ=ëìÅÅÉëëÑìääó=ÄÉÉå=ìëÉÇ=~ë=éä~ëíáÅáëÉêë=Ñçê=ãÉÇáÅ~ä=Öê~ÇÉ=

ms`=ëáåÅÉ=~êçìåÇ=NVUMK=qÜÉ=éêáÅÉ=çÑ=íÜÉ=ìëÉÇ=éçäó~Çáé~íÉ=éêçÇìÅí=áë=~ë=ÉñJ

éÉÅíÉÇK=

=

^q_`=

qÜÉ=éêáÅÉ=çÑ=íÜÉ=ìëÉÇ=^q_`=áë=íïáÅÉ=íÜÉ=ÉñéÉÅíÉÇK=



= QP=

=

b^`=qÉêéçäóãÉê=

qÜÉ=éêáÅÉ=çÑ=íÜÉ=ìëÉÇ=bäî~äçó=éêçÇìÅí=áë=~ë=ÉñéÉÅíÉÇK=

TKS cáäãë=îÉêëìë=íìÄáåÖë=

få=íÜáë=éêçàÉÅí=~ää=íÜÉ=ëéÉÅáãÉåë=ïÉêÉ=éêÉé~êÉÇ=çåäó=Äó=áåàÉÅíáçå=ãçìäÇáåÖ=~åÇ=

íÜÉ=Ñáäã=ë~ãéäÉë=çåäó=Äó=êçää=ãáääáåÖI=ëç=íÜáë=ÖáîÉë=åç=Ä~ëáë=Ñçê=àìÇÖáåÖ=íÜÉ=~ÄáäJ

áíó=çÑ=íÜÉ=éêÉé~êÉÇ=ÅçãéçìåÇë=íç=ÄÉ=éêçÅÉëëÉÇ=Äó=Éñíêìëáçå=~åÇ=Å~äÉåÇÉêáåÖK=

pç=Ñ~ê=åç=~êÖìãÉåíë=ïÉêÉ=ÑçìåÇ=íç=ÇáëíáåÖìáëÜ=ÄÉíïÉÉå=ÅçãéçìåÇë=Ñçê=íìÄJ

áåÖë=~åÇ=ÅçãéçìåÇë=Ñçê=ÑáäãëK=

TKT mêÉäáãáå~êó=ê~åâáåÖ=çÑ=íÜÉ=áåîÉëíáÖ~íÉÇ=ëìÄëí~åÅÉë=~åÇ=ÅçãJ

éçìåÇë=

_~ëÉÇ=çå=íÜÉ=éÉêÑçêãÉÇ=íÉëíë=áå=íÜáë=éêçàÉÅí=afkmI=abe^=~åÇ=^q_`=~ééÉ~ê=

íç=ÖáîÉ=ÅçãéçìåÇë=ïáíÜ=ëáãáä~ê=éêçéÉêíáÉë=~ë=abemK=

=

^=éêçéÉê=ê~âáåÖ=çÑ=íÜÉ=çíÜÉê=éä~ëíáÅáëáåÖ=ëìÄëí~åÅÉë=áë=åçí=éçëëáÄäÉ=íç=ã~âÉ=~ë=

íÜÉ=Çê~ïÄ~Åâë=ÑçìåÇ=ÅçåÅÉêå=ÇáÑÑÉêÉåí=éêçéÉêíáÉëK=qÜÉ=~ééäáÅ~íáçå=áå=èìÉëíáçå=

çÑ=íÜÉ=Ñáå~ä=éêçÇìÅí=ïáää=ÇÉíÉêãáåÉ=íÜÉ=êÉèìáêÉÇ=ã~íÉêá~äë=éêçéÉêíáÉëK=

=

qÜÉ=áåîÉëíáÖ~íÉÇ=éçäó~Çáé~íÉ=ëÜçïë=~=Çê~ïÄ~Åâ=áå=íÜ~í=íÜÉ=ÅçäÇ=ÑäÉñáÄáäáíó=

íÉãéÉê~íìêÉ=çÑ=íÜÉ=ÅçãéçìåÇ=áë=ëçãÉ=NM⁄`=ÜáÖÜÉê=íÜ~å=íÜ~í=çÑ=íÜÉ=abem=

éä~ëíáÅáëÉÇ=ÅçãéçìåÇK=

=

qbeqj=ëÜçïë=~=ÇÉÅêÉ~ëÉ=áå=íÜÉ=íÉåëáäÉ=ëíê~áå=~í=ÄêÉ~â=~åÇ=Å~å=çåäó=ÄÉ=ìëÉÇ=

áÑ=íÜáë=áë=~ÅÅÉéí~ÄäÉ=Ñçê=íÜÉ=~ééäáÅ~íáçå=áå=èìÉëíáçåK=

=

abep=ÖáîÉë=ÅçãéçìåÇë=ïáíÜ=~=ÇÉÅêÉ~ëÉÇ=íÉåëáäÉ=ëíêÉåÖíÜI=~åÇ=íÜÉ=íÉåëáäÉ=

ëíê~áå=~í=ÄêÉ~â=áë=~äëç=äçïÉê=~í=äÉ~ëí=áå=Ñáäã=íÜáÅâåÉëëK=aÉéÉåÇáåÖ=çå=íÜÉ=ëéÉJ

ÅáÑáÅ=~ééäáÅ~íáçå=abep=ãáÖÜí=ÄÉ=~å=áåíÉêÉëíáåÖ=ëìÄëíáíìíÉ=Ñçê=abemK=

=

fí=ïçìäÇ=ÄÉ=êÉäÉî~åí=íç=îÉêáÑó=íÜáë=~éé~êÉåí=ëáãáä~êáíó=áå=~=ëìÅÅÉÉÇáåÖ=áåîÉëíáJ

Ö~íáçå=~ë=~=åÉï=êçìåÇ=çÑ=ÅçãéçìåÇáåÖ=~åÇ=ÅÜ~ê~ÅíÉêáë~íáçåI=ÄÉÑçêÉ=çåÉ=Å~å=

ëÉäÉÅí=~ééêçéêá~íÉ=~äíÉêå~íáîÉë=Ñçê=íÜÉ=åÉñí=í~ëâëI=ÉKÖK=íÜÉ=ÄáçäçÖáÅ~ä=~ëëÉëëãÉåí=

ÉíÅK==

TKU dÉåÉê~ä=êÉã~êâë=

få=íÜÉ=éêçàÉÅí=éÉêáçÇ=~=åÉï=éä~ëíáÅáëÉê=Ü~ë=ÄÉÉå=êÉéçêíÉÇK=_^pc=Ü~ë=áåíêçJ

ÇìÅÉÇ=ÇáJáëçåçåóäJÅóÅäçÜÉñ~åÉJNIO=ÇáÅ~êÄçñóä~íÉ=ìåÇÉê=íÜÉ=íê~ÇÉ=å~ãÉ=eÉñJ

~ãçää∆=afk`eK=qÜÉó=Åä~áã=áí=íç=ÄÉ=ëìáí~ÄäÉ=áå=ms`=~ééäáÅ~íáçåë=íÜ~í=~êÉ=

é~êíáÅìä~êäó=ëÉåëáíáîÉ=Ñêçã=íÜÉ=íçñáÅçäçÖáÅ~ä=éçáåí=çÑ=îáÉïK=fåÑçêã~íáçå=çå=íÜÉ=

éêçÇìÅí=Å~å=ÄÉ=ÑçìåÇ=çå=íÜÉáê=ÜçãÉé~ÖÉ=çå=fåíÉêåÉí=EêÉÑK=PRFK==

=

qÜÉ=éçëëáÄáäáíáÉë=Ñçê=êÉéä~ÅáåÖ=éä~ëíáÅáëÉÇ=ms`=ïáíÜ=çíÜÉê=éä~ëíáÅ=ã~íÉêá~äë=~êÉ=

ãìäíáéäÉ=~åÇ=ã~åó=~ííÉãéíë=Ü~îÉ=ÄÉÉå=ã~ÇÉ=ÇìêáåÖ=êÉÅÉåí=óÉ~êëK=eçïÉîÉêI=

É~ÅÜ=ëáåÖäÉ=~ééäáÅ~íáçå=Ü~ë=íç=ÄÉ=áåîÉëíáÖ~íÉÇ=çå=áíë=çïåK=qÜáë=ãáÖÜí=îÉêó=ïÉää=

áåÅäìÇÉ=~=íçí~ä=ã~íÉêá~äë=ëÉäÉÅíáçå=éêçÅÉëëK=^å=Éñ~ãéäÉ=çå=~=åÉïäó=êÉéçêíÉÇ=

êÉéä~ÅÉãÉåí=ã~íÉêá~ä=Ñçê=ÅÉêí~áå=ãÉÇáÅ~ä=~ééäáÅ~íáçåë=áë=açï=`ÜÉãáÅ~äÛë=ïçêâ=

ïáíÜ=~=ãÉí~ääçÅÉåÉ=Å~í~äóëÉÇ=éçäóçäÉÑáå=Ñáäã=Å~ääÉÇ=`çêîÉääÉ=EêÉÑK=PSFK=



=QQ=

=



= QR=

U `çåÅäìëáçå=

qÜÉ=áåîÉëíáÖ~íáçåë=ÅçåÇìÅíÉÇ=áå=íÜáë=éêçàÉÅí=ÅçåÑáêã=íÜ~í=~å=ÉñíÉåëáîÉ=ÉÑÑçêí=áë=

åÉÉÇÉÇ=ÄÉÑçêÉ=çåÉ=Å~å=ÇÉÅáÇÉ=íç=ëìÄëíáíìíÉ=ÇáEOJÉíÜóäÜÉñóäF=éÜíÜ~ä~íÉ=

EabemF=ïáíÜ=~åó=çíÜÉê=éä~ëíáÅáëÉêK=fí=áë=~=ïÉääJâåçïå=Ñ~Åí=íÜ~í=abem=áë=Äó=Ñ~ê=

íÜÉ=ãçëí=áåîÉëíáÖ~íÉÇ=ms`=éä~ëíáÅáëÉê=ëìÄëí~åÅÉK=få=íÜÉ=éä~ëíáÅáëÉê=éÉêÑçêãJ

~åÅÉ=ã~íêáñ=ÅêÉ~íÉÇ=áå=íÜáë=éêçàÉÅí=abem=áë=íÜÉ=çåäó=ëìÄëí~åÅÉI=çÑ=ïÜáÅÜ=åç=

áåÑçêã~íáçå=áë=ä~ÅâáåÖK=kç=ã~ííÉê=ïÜáÅÜ=~äíÉêå~íáîÉ=íç=abem=çåÉ=ãáÖÜí=ï~åí=

íç=ìëÉI=~=ëìÄëí~åíá~ä=åÉï=âåçïJäÉÇÖÉ=ãìëí=ÄÉ=ÖÉåÉê~íÉÇK=

=

_~ëÉÇ=çå=íÜáë=éêçàÉÅíI=áKÉK=ïáíÜáå=íÜÉ=äáãáí~íáçåë=çÑ=íÜÉ=áåîÉëíáÖ~íÉÇ=éêçéÉêíáÉëI=

áí=ëÉÉãë=äáâÉäóI=íÜ~í=Çááëçåçåóä=éÜíÜ~ä~íÉ=EafkmFI=ÇáEOJÉíÜóäÜÉñóäF=~Çáé~íÉ=

Eabe^F=~åÇ=~ÅÉíóäíêáÄìíóä=Åáíê~íÉ=E^q_`F=Å~å=ÖáîÉ=ms`=ÅçãéçìåÇë=ïáíÜ=

éêçéÉêíáÉë=íÜ~í=~êÉ=Åçãé~ê~ÄäÉ=íç=íÜçëÉ=çÑ=abem=éä~ëíáÅáëÉÇ=ms`K=

=

qÜÉ=çåäó=Çê~ïÄ~Åâ=E~é~êí=Ñêçã=íÜÉ=ÅçëíF=ïáíÜ=íÜÉ=áåîÉëíáÖ~íÉÇ=éçäó~Çáé~íÉ=

ëÉÉãë=íç=ÄÉ=íÜÉ=éççêÉê=ÅçäÇ=ÑäÉñáÄáäáíó=çÑ=íÜÉ=ÅçãéçìåÇK=qÜÉ=ÅçäÇ=ÑäÉñáÄáäáíó=

íÉãéÉê~íìêÉ=áë=ëçãÉ=NM°`=ÜáÖÜÉê=íÜ~å=íÜ~í=çÑ=íÜÉ=abem=éä~ëíáÅáëÉÇ=ÅçãJ

éçìåÇK=qÜÉ=î~äìÉë=ÑçìåÇ=~êÉ=JNM°`=Ñçê=íÜÉ=éçäó~Çáé~íÉ=~åÇ=JOM°`=Ñçê=abemK=

bîÉå=íÜçìÖÜ=íÜÉ=Åçãé~íáÄáäáíó=íçï~êÇë=ms`=Ü~ë=ÄÉÉå=êÉéçêíÉÇ=íç=ÄÉ=äáãáíÉÇI=

åç=Çê~ïÄ~Åâ=ï~ë=ÑçìåÇ=áå=íÜáë=áåîÉëíáÖ~íáçå=íÜ~í=Å~å=ÄÉ=Éñéä~áåÉÇ=Äó=íÜáëK=

=

qêáÉíÜóäÜÉñóä=íêáãÉääáí~íÉ=EqbeqjF=~äëç=äççâë=áåíÉêÉëíáåÖI=áÑ=~=ÇÉÅêÉ~ëÉ=áå=íÜÉ=

íÉåëáäÉ=ëíê~áå=~í=ÄêÉ~â=Å~å=ÄÉ=~ÅÅÉéíÉÇ=Ñçê=íÜÉ=~ééäáÅ~íáçå=áå=èìÉëíáçåK=

=

aáEOJÉíÜóäÜÉñóäF=ëÉÄ~Å~íÉ=EabepF=ÖáîÉë=ÅçãéçìåÇë=ïáíÜ=~=ëìÄëí~åíá~ääó=

äçïÉê=íÉåëáäÉ=ëíêÉåÖíÜI=~åÇ=íÜÉ=íÉåëáäÉ=ëíê~áå=~í=ÄêÉ~â=áë=~äëç=äçïÉê=~í=äÉ~ëí=áå=

Ñáäã=íÜáÅâåÉëëI=Äìí=ÇÉéÉåÇáåÖ=çå=íÜÉ=ëéÉÅáÑáÅ=~ééäáÅ~íáçå=áí=ãáÖÜí=~äëç=ÄÉ=~å=

áåíÉêÉëíáåÖ=êÉéä~ÅÉãÉåí=Ñçê=abemK=

=

qÜÉ=áåîÉëíáÖ~íÉÇ=ÄÉåòç~íÉ=EÇáéêçéóäÉåÉ=ÖäóÅçä=ÇáÄÉåòç~íÉF=êÉëìäíë=áå=~=ÅçãJ

éçìåÇ=ïáíÜ=~=ÅçäÇ=ÑäÉñáÄáäáíó=íÜ~í=áë=ïçêëÉ=íÜ~å=ïáíÜ=íÜÉ=éçäó~Çáé~íÉX=íÜÉ=ÅçäÇ=

ÑäÉñáÄáäáíó=íÉãéÉê~íìêÉ=î~äìÉ=ÑçìåÇ=áë=JP°`K=cìêíÜÉêãçêÉI=íÜÉ=íÉåëáäÉ=ëíê~áå=~í=

ÄêÉ~â=áë=ëìÄëí~åíá~ääó=ÇÉÅêÉ~ëÉÇ=Ó=åÉ~êäó=PM=B=íÉëíÉÇ=~í=~=ÅêçëëÜÉ~Ç=ëéÉÉÇ=çÑ=

OMM=ããLãáåK=

=

qÜÉ=ãçëí=áãéçêí~åí=Çáë~Çî~åí~ÖÉ=E~é~êí=Ñêçã=íÜÉ=ÅçëíF=çÑ=íÜÉ=áåîÉëíáÖ~íÉÇ=

ÉíÜóäÉåÉJ~Åêóä~íÉJÅ~êÄçå=ãçåçñáÇÉ=íÉêéçäóãÉê=Eb^`=íÉêéçäóãÉêF=áë=íÜÉ=îÉêó=

éççê=ÅçäÇ=ÑäÉñáÄáäáíó=çÑ=íÜÉ=ÅçãéçìåÇK=qÜÉ=ÅçäÇ=ÑäÉñáÄáäáíó=íÉãéÉê~íìêÉ=ï~ë=

ÑçìåÇ=íç=ÄÉ=~ë=ÜáÖÜ=~ë=HNN°`K=qÜÉ=íÉåëáäÉ=ëíêÉåÖíÜ=çÑ=ms`=ÅçãéçìåÇë=éä~ëíáJ

ÅáëÉÇ=ïáíÜ=íÜáë=ëìÄëí~åÅÉ=áë=ëçãÉ=PR=B=ÜáÖÜÉê=íÜ~å=íÜ~í=çÑ=ÅçãéçìåÇë=éä~ëíáJ

ÅáëÉÇ=ïáíÜ=abemK=qÜÉ=íÉåëáäÉ=ëíê~áå=~í=ÄêÉ~âI=ÜçïÉîÉêI=áë=êÉÇìÅÉÇ=íç=QQ=B=

ÇÉíÉêãáåÉÇ=~í=~=ÅêçëëÜÉ~Ç=ëéÉÉÇ=çÑ=NMM=ããLãáå=~åÇ=íç=UM=B=ÇÉíÉêãáåÉÇ=~í=

OMM=ããLãáåK=mêÉëìã~ÄäóI=íÜÉ=éçíÉåíá~ä=Ñçê=ìëÉ=Ñçê=ãÉÇáÅ~ä=~ééäáÅ~íáçåë=áë=

äáãáíÉÇ=ÇìÉ=íç=íÜÉëÉ=äáãáíÉÇ=éêçéÉêíáÉëK=

=

qç=êÉéä~ÅÉ=éä~ëíáÅáëÉÇ=ms`=ïáíÜ=~åçíÜÉê=éä~ëíáÅë=ã~íÉêá~ä=áë=ÜáÖÜäó=ÇÉéÉåÇáåÖ=

çå=íÜÉ=~Åíì~ä=Ñáå~ä=éêçÇìÅí=~åÇ=áíë=~ééäáÅ~íáçåK=få=íÜáë=éêçàÉÅí=~å=ÉíÜóäÉåÉJîáåóä=

~ÅÉí~íÉ=ÅçéçäóãÉê=Ü~ë=ÄÉÉå=ÅçåëáÇÉêÉÇK=fí=áë=ïçêíÜ=íç=åçíÉ=íÜ~í=bs^`=áë=

âåçïå=íç=Éãáí=~ÅÉíáÅ=~ÅáÇ=ÇìêáåÖ=éêçÅÉëëáåÖ=äáâÉ=Éñíêìëáçå=çê=áåàÉÅíáçå=ãçìäÇJ

áåÖK==



=QS=

=

qÜÉ=Ñáå~ä=Éî~äì~íáçå=Å~å=çåäó=ÄÉ=ã~ÇÉ=~ÑíÉê=~ëëÉëëãÉåí=çÑ=ÄáçäçÖáÅ~ä=éêçéÉêJ

íáÉë=~åÇ=ÑìêíÜÉê=áåîÉëíáÖ~íáçå=çÑ=ãÉÇáÅ~ä=~êíáÅäÉë=äáâÉ=íìÄáåÖëI=Å~íÜÉíÉêë=~åÇ=

Ä~Öë=ã~ÇÉ=çÑ=íÜÉ=êÉäÉî~åí=ÅçãéçìåÇëK=eçïÉîÉêI=íÜáë=áë=åçí=áåÅäìÇÉÇ=áå=íÜáë=

éêçàÉÅí=Äìí=áë=ÉñéÉÅíÉÇ=íç=ÄÉ=ã~ÇÉ=áå=~=ëìÄëÉèìÉåí=éêçàÉÅíK=



= QT=

V mêçéçë~ä=Ñçê=ÑìêíÜÉê=ïçêâ=

^ÅÅçêÇáåÖ=íç=íÜÉ=çêáÖáå~ä=éêçéçë~ä=Ñçê=íÜáë=éêçàÉÅí=EêÉÑK=QNFI=ïÜáÅÜ=áë=ëÜçïå=áå=

íÜÉ=éêçàÉÅí=Ñäçï=Çá~Öê~ã=çå=íÜÉ=åÉñí=é~ÖÉI=íÜÉ=ã~åìÑ~ÅíìêáåÖ=çÑ=ãÉÇáÅ~ä=

íìÄÉë=~åÇ=Ä~Öë=~åÇ=ÑìêíÜÉê=éÜóëáÅ~ä=~åÇ=ÅÜÉãáÅ~ä=ÅÜ~ê~ÅíÉêáë~íáçå=çÑ=íÜçëÉ=

~êíáÅäÉë=ëÜçìäÇ=ëìÅÅÉÉÇ=íÜáë=éêçàÉÅíK=qÜÉ=åÉÉÇ=Ñçê=ãçêÉ=Ç~í~=~åÇ=ÉñéÉêáÉåÅÉ=

Ü~ë=åçí=ÇÉÅêÉ~ëÉÇ=ÇìêáåÖ=êÉÅÉåí=óÉ~êëK==

=

qÜÉ=pïÉÇáëÜ=k~íáçå~ä=_ç~êÇ=çÑ=eÉ~äíÜ=~åÇ=tÉäÑ~êÉ=Ü~îÉ=ÉñéêÉëëÉÇ=íÜÉáê=ÅçåJ

ÅÉêå=Ñçê=íÜÉ=êáëâ=çÑ=íÜÉ=é~íáÉåíë=ë~ÑÉíó=~ëëçÅá~íÉÇ=ïáíÜ=EìåÅêáíáÅ~ä=J=~ìíÜçêë=

êÉã~êâF=êÉéä~ÅÉãÉåí=çÑ=éÜíÜ~ä~íÉë=áå=ms`=ãÉÇáÅ~ä=ÇÉîáÅÉë=EêÉÑK=PTFK=

=

qÜÉ=mìÄäáÅ=eÉ~äíÜ=kçíáÑáÅ~íáçå=Äó=ca^Ûë=aÉé~êíãÉåí=çÑ=ÜÉ~äíÜ=C=Üìã~å=

ëÉêîáÅÉë=Äó=gìäó=NOI=OMMO=êÉÅçããÉåÇë=~ë=Ñçääçïë=EêÉÑK=PUFI=ïÜáÅÜ=áë=Ä~ëÉÇ=çå=

íÜÉ=ca^=`aoe=~ëëÉëëãÉåí=çÑ=abem=Ñêçã=pÉéíÉãÄÉê=OMMN=EêÉÑK=PV=~åÇ=

QMFW=

=

�jçëí=áãéçêí~åíI=óçì=ëÜçìäÇ=åçí=~îçáÇ=íÜÉ=éêçÅÉÇìêÉë=ÅáíÉÇ=~ÄçîÉ=E~=åìãÄÉê=çÑ=

éêçÅÉÇìêÉë=íÜ~í=Ü~îÉ=ÄÉÉå=áÇÉåíáÑáÉÇ=~ë=éçëáåÖ=íÜÉ=ÜáÖÜÉëí=êáëâ=çÑ=ÉñéçëìêÉ=íç=abem=

áå=íÜÉ=é~íáÉåí=íêÉ~íãÉåí=Ó=~ìíÜçêë=êÉã~êâF=ëáãéäó=ÄÉÅ~ìëÉ=çÑ=íÜÉ=éçëëáÄáäáíó=çÑ=ÜÉ~äíÜ=

êáëâë=~ëëçÅá~íÉÇ=ïáíÜ=abem=ÉñéçëìêÉK=qÜÉ=êáëâ=çÑ=åçí=ÇçáåÖ=~=åÉÉÇÉÇ=éêçÅÉÇìêÉ=áë=

Ñ~ê=ÖêÉ~íÉê=íÜ~å=íÜÉ=êáëâ=~ëëçÅá~íÉÇ=ïáíÜ=ÉñéçëìêÉ=íç=abemK=

=

cçê=ëçãÉ=çÑ=íÜÉ=~ÄçîÉ=éêçÅÉÇìêÉëI=ms`=ÇÉîáÅÉë=íÜ~í=Çç=åçí=Åçåí~áå=abem=Å~å=ÄÉ=

ëìÄëíáíìíÉÇI=çê=ÇÉîáÅÉë=ã~ÇÉ=çÑ=çíÜÉê=ã~íÉêá~äë=EëìÅÜ=~ë=ÉíÜóäÉåÉ=îáåóä=~ÅÉí~íÉ=

Ebs^`FI=ëáäáÅçåÉI=éçäóÉíÜóäÉåÉ=çê=éçäóìêÉíÜ~åÉF=Å~å=ÄÉ=ìëÉÇI=áÑ=~î~áä~ÄäÉK=fÑ=ms`=

ÇÉîáÅÉë=Åçåí~áåáåÖ=abem=ãìëí=ÄÉ=ìëÉÇI=óçì=ã~ó=ÄÉ=~ÄäÉ=íç=ãáåáãáëÉ=ÉñéçëìêÉ=íç=

abem=ÄóI=Ñçê=Éñ~ãéäÉI=ìëáåÖ=íÜÉ=ÑêÉëÜÉëí=éçëëáÄäÉ=ÄäççÇ=éêçÇìÅíë=ëíçêÉÇ=~í=íÜÉ=äçïJ

Éëí=éçëëáÄäÉ=íÉãéÉê~íìêÉI=çê=Äó=ìëáåÖ=ÜÉé~êáåJÅç~íÉÇ=b`jl=ÅáêÅìáíëK=

=

tÉ=êÉÅçããÉåÇ=ÅçåëáÇÉêáåÖ=ëìÅÜ=~äíÉêå~íáîÉë=ïÜÉå=íÜÉëÉ=ÜáÖÜJêáëâ=éêçÅÉÇìêÉë=~êÉ=íç=

ÄÉ=éÉêÑçêãÉÇ=çå=ã~äÉ=åÉçå~íÉëI=éêÉÖå~åí=ïçãÉå=ïÜç=~êÉ=Å~êêóáåÖ=ã~äÉ=ÑÉíìëÉë=~åÇ=

éÉêáéìÄÉêí~ä=ã~äÉëÁ=

=

cçê=çíÜÉê=é~íáÉåí=ÖêçìéëI=ïÜç=~êÉ=éêÉëìã~Ääó=~í=äçïÉê=êáëâI=íÜÉ=ÇÉÅáëáçå=íç=ìëÉ=

abem=~äíÉêå~íáîÉë=ãìëí=í~âÉ=áåíç=~ÅÅçìåí=íÜÉ=ãÉÇáÅ~ä=~Çî~åí~ÖÉë=~åÇ=Çê~ïÄ~Åâë=

çÑ=íÜÉ=ëìÄëíáíìíÉ=ã~íÉêá~äë=~åÇ=íÜÉáê=~î~áä~ÄáäáíóKÒ=

=

^=ïáÇÉ=~ÖêÉÉãÉåí=~ééÉ~êë=çå=íÜÉ=åÉÅÉëë~êó=Å~ìíáçìëåÉëë=íç=ÄÉ=ëÜçïå=áå=íÜáë=

èìÉëíáçåK=

=

fí=áë=ëíáää=íÜÉ=êÉÅçããÉåÇ~íáçå=~åÇ=íÜÉ=áåíÉåíáçå=çÑ=íÜÉ=éêçàÉÅí=Öêçìé=íç=éêçJ

ÅÉÉÇ=ïáíÜ=íÜÉ=áåîÉëíáÖ~íáçå=çÑ=abem=~äíÉêå~íáîÉë=~ÅÅçêÇáåÖ=íç=íÜÉ=çêáÖáå~ä=

éêçéçë~ä=ãÉåíáçåÉÇ=~ÄçîÉK=



=QU=

=

=

lîÉê~ää=éêçàÉÅí=Ñäçï=Çá~Öê~ã=

q^ph=N=

cÉ~ëáÄáäáíó=ëíìÇáÉëK=

pÅêÉÉåáåÖ=çÑ=íÜÉ=ã~êâÉí=

Ñçê=êÉäÉî~åí=éä~ëíáÅáëÉê=

íóéÉëK=`Ü~ê~ÅíÉêáò~íáçå=çÑ=

êÉäÉî~åí=éä~ëíáÅáëÉêë=íç=ÄÉ=

áåÅäìÇÉÇK=

q^ph=O=

aÉîÉäçéãÉåí=çÑ=éä~ëíáJ

ÅáëÉÇ=ms`=Öê~ÇÉë=Äó=

ÅçãéçìåÇáåÖ=~åÇ=ÄäÉåÇJ

áåÖ=íÉÅÜåáèìÉëK=`Ü~ê~ÅJ

íÉêáò~íáçå=çÑ=íÜÉëÉ=Öê~ÇÉëK=

q^ph=Q=

_áçäçÖáÅ~ä=~ëëÉëëãÉåíK=

qçñáÅáíó=íÉëíK=

e~ÉãçÅçãé~íáÄáäáíó=íÉëíK=

q^ph=PK=pìÄí~ëâ=PKN=

i~Ä=ëÅ~äÉ=éêçÅÉëëáåÖ=çÑ=

ë~ãéäÉë=Ñçê=ãÉÇáÅ~ä=

íìÄÉëK=mÜóëáÅ~ä=~åÇ=

ÅÜÉãáÅ~ä íÉëíëK

q^ph=PK=pìÄí~ëâ=PKO=

i~Ä=ëÅ~äÉ=éêçÅÉëëáåÖ=çÑ=

Ñáäã=ë~ãéäÉë=Ñçê=ãÉÇáÅ~ä=

Ä~ÖëK=mÜóëáÅ~ä=~åÇ=

ÅÜÉãáÅ~ä íÉëíëK

q^ph=RK=pìÄí~ëâ=RKN=

aÉîÉäçéãÉåí=çÑ=~ÇÇáJ

íáçå~ä=éêçÅÉëëÉë=Ñçê=

Å~íÜÉíÉê=ã~åìÑ~ÅíìêÉ=

EÖäìáåÖI=äçÅâáåÖI=íáé=ÑçêãJ

áåÖF=~åÇ=ëíÉêáäáò~íáçåK=

q^ph=RK=pìÄí~ëâ=RKO=

aÉîÉäçéãÉåí=çÑ=~ÇÇáJ

íáçå~ä=éêçÅÉëëÉë=Ñçê=Ä~Ö=

ã~åìÑ~ÅíìêÉ=EëÉ~äáåÖI=

ïÉäÇáåÖI=éêáåíáåÖF=~åÇ=

ëíÉêáäáò~íáçåK=
q^ph=S=

qÉëí=çÑ=Ñáå~ä=éêçÇìÅíëW=

ãÉÇáÅ~ä=íìÄÉëI=Å~íÜÉíÉêë=

~åÇ=ãÉÇáÅ~ä=Ä~ÖëK=

q^ph=T=

^ëëÉëëãÉåí=çÑ=ÑìåÅíáçå~äI=

ÄáçäçÖáÅ~äI=ÉåîáêçåãÉåí~ä=

~åÇ=ÉÅçåçãáÅ~ä=~ëéÉÅíëK=



= QV=

NM oÉÑÉêÉåÅÉë=

N= qebq^=�tçêäÇ=jÉÇáÅ~ä=mä~ëíáÅë=j~êâÉíë=Ó=fåíêçÇìÅíçêó=j~íÉêá~äëI=

c~Åíçêë=pÜ~éáåÖ=íÜÉ=tçêäÇI=o~ï=j~íÉêá~äë=~åÇ=`çìåíêó=lîÉêîáÉïÒI=

qebq^=`çêéçê~íáçåI=g~åì~êó=NVVS=

O= hK=wK=eçåÖW=�mçäóEîáåóä=ÅÜäçêáÇÉF=áå=jÉÇáÅ~ä=aÉîáÅÉ=~åÇ=m~Åâ~ÖáåÖ=

^ééäáÅ~íáçåëÒI=gK=sáåóä=C=^ÇÇáíáîÉ=qÉÅÜåçäçÖóI=NVVSI=NVP=

P= fåÑçêã~íáçå=Ñêçã=a~åëâ=cçêÉåáåÖ=Ñçê=jÉÇáÅáåëâ=rÇëíóê=Eaja^F=

Ea~åáëÜ=jÉÇáÅ~ä=aÉîáÅÉ=^ëëçÅá~íáçåF=áå=^ìÖìëí=NVVU=

Q= iÉ~ÇÄáííÉêI=g=jÉÇáÅ~ä=mä~ëíáÅë=OMMN=`çåÑÉêÉåÅÉI=`çéÉåÜ~ÖÉå=

R= aK=`~ÇçÖ~åW=�ms`=éä~ëíáÅáëÉêëW=eÉ~äíÜ=~åÇ=båîáêçåãÉåí~ä=^ëéÉÅíëÒI=få=

cìíìêÉ=jÉÇ=VT=_êìëëÉäëI=_ÉäÖáìã=NVVTI=îçäK=cÉÄêì~êó=

S= tççÇï~êÇ=h=kI=Éí=~äK=ENVUSFW=�oÉîáÉï=çÑ=íÜÉ=íçñáÅáíó=çÑ=íÜÉ=ÉëíÉêë=çÑ=çJ

éÜíÜ~äáÅ=~ÅáÇ=EéÜíÜ~ä~íÉ=ÉëíÉêëFK=qçñáÅáíó=oÉîáÉï=NQ?K=eÉ~äíÜ=~åÇ=p~ÑÉíó=

bñÉÅìíáîÉI=içåÇçå=

T= `ÜÉãáëÅÜÉ=tÉêâÉ=eΩäë=^d=ENVUNFW=p~ÑÉíó=qÉëíë=çå=sÉëíáåçä=^eI=ÇáJ

EOJÉíÜóäÜÉñóäF=éÜíÜ~ä~íÉ=

U~= bìêçéÉ~å=mÜ~êã~ÅçéçÉá~=PKNKNKN=?j~íÉêá~äë=Ä~ëÉÇ=çå=éä~ëíáÅáëÉÇ=

éçäóEîáåóä=ÅÜäçêáÇÉF=Ñçê=Åçåí~áåÉêë=Ñçê=Üìã~å=ÄäççÇ=~åÇ=ÄäççÇ=ÅçãéçJ

åÉåíë=~åÇ=Ñçê=Åçåí~áåÉêë=Ñçê=~èìÉçìë=ëçäìíáçåë=Ñçê=áåíê~îÉåçìë=áåÑìëáçå?=

NVVT=bìêçéÉ~å=mÜ~êã~ÅçéçÉá~=lÑÑáÅÉI=píê~ëÄçìêÖK=cê~åÅÉ=éé=NRP=Ó=

NRR=

UÄ= bìêçéÉ~å=mÜ~êã~ÅçéçÉá~=PKNKNKO=?j~íÉêá~äë=Ä~ëÉÇ=çå=éä~ëíáÅáëÉÇ=

éçäóEîáåóä=ÅÜäçêáÇÉF=Ñçê=íìÄáåÖ=ìëÉÇ=áå=ëÉíë=Ñçê=íÜÉ=íê~åëÑìëáçå=çÑ=ÄäççÇ=

~åÇ=ÄäççÇ=ÅçãéçåÉåíëK?=NVVT=bìêçéÉ~å=mÜ~êã~ÅçéçÉá~=lÑÑáÅÉI=píê~ëJ

ÄçìêÖK=cê~åÅÉ=éé=NRR=Ó=NRT=

V= bìêçéÉ~å=mÜ~êã~ÅçéçÉá~=PKNKNQK=?j~íÉêá~äë=Ä~ëÉÇ=çå=éä~ëíáÅáëÉÇ=

éçäóEîáåóä=ÅÜäçêáÇÉF=Ñçê=Åçåí~áåÉêë=Ñçê=~èìÉçìë=ëçäìíáçåë=Ñçê=áåíê~îÉåçìë=

áåÑìëáçåÒ=

NM= b`=aáêÉÅíáîÉ=VPLQOLbb`I=lKgK=bìêK=`çããKI=iNSV=NQ=gìåÉ=NVVP=

NN= mÜíÜ~ä~íÉë=áå=pïÉÇáëÜ=ëÉÇáãÉåíëI=m~êâã~å=eK=oÉãÄÉêÖ=jI=pïÉÇáëÜ=

båîáêçåãÉåí~ä=oÉëÉ~êÅÜ=fåëíK=píçÅâÜçäãK=dçîíK=oÉéçêíë=^ååçìåÅÉJ

ãÉåíë=C=fåÇÉñI=áëëìÉ=NOI=NVVR=

NO= ms`=~åÇ=íÜÉ=båîáêçåãÉåíK=^=tçêíÜ=^ãÉêáÅ~å=pí~íìë=oÉéçêíK=oçÄÉêí=

eK=_~êåÉííI=`çåÑÉêÉåÅÉ=é~éÉêë=ms`=åÉï=éÉêëéÉÅíáîÉë=VSK=qÜÉ=fåëíáíìíÉ=

çÑ=j~íÉêá~äë=ms`=`çããáííÉÉI=NVVS=

NP= iÉáÇÉå=råáîÉêëáíóI=píìÇó=Ñçê=aìíÅÜ=båîáêçåãÉåí=jáåáëíêóI=�tÜÉå=TM=Ó

NMM=B=çÑ=íÜÉ=Äáçï~ëíÉ=áë=êÉãçîÉÇ=Ñêçã=íÜÉ=ï~ëíÉ=ëíêÉ~ã=~=ÇáêÉÅí=ÅçêêÉJ

ä~íáçå=ÄÉíïÉÉå=ms`=ÅçåíÉåí=íÜÉ=êÉã~áåÇÉê=~åÇ=Çáçñáå=Ñçêã~íáçå=áë=

ÑçìåÇI=NVVP=

NQ= bñéçëìêÉ=çÑ=åÉï=Äçêå=áåÑ~åíë=íç=ÇáJEOJÉíÜóäÜÉñóäF=éÜíÜ~ä~íÉ=~åÇ=OJ

ÉíÜóäÜÉñ~=åçáÅ=~ÅáÇ=ÑçääçïáåÖ=ÉñÅÜ~åÖÉ=íê~åëÑìëáçå=ïáíÜ=éçäóîáåóä=ÅÜäçJ

êáÇÉ=Å~íÜÉíÉêëI=qê~åëÑìëáçå=E_ÉíÜÉëÇ~FX=PP=ETFI=NVVP=

NR= eçêçïáíò=_I=píêóâÉê=jeI=t~äÇã~åå=^^I=tççÇë=hoI=d~ëë=gaI=aê~Öç=

gK=ENVURFW=pí~Äáäáë~íáçå=çÑ=êÉÇ=ÄäççÇ=ÅÉääë=Äó=íÜÉ=éä~ëíáÅáëÉê=ÇáÉíÜóäÜÉñóäJ

éÜíÜ~ä~íÉK=sçñ=p~åÖ=QUI=NRM=Ó=NRR=

NS= bëíÉé=qkI=mÉÇÉêëÉå=o^I=jáääÉê=qgI=píìé~ê=ho=ENVUQFW=`Ü~ê~ÅíÉêáò~J

íáçå=çÑ=ÉêóíÜêçÅóíÉ=èì~äáíó=ÇìêáåÖ=íÜÉ=êÉÑêáÖÉê~íÉÇ=ëíçê~ÖÉ=çÑ=ïÜçäÉ=

ÄäççÇ=Åçåí~áåáåÖ=ÇáJEOJÉíÜóäÜÉñóäF=éÜíÜ~ä~íÉK=_äççÇ=SQ=ESFI=NOTM=Ó=

NOTS=

NT= fåÑçêã~íáçå=Ñêçã=mä~ëíáåÇìëíêáÉå=á=a~åã~êâ=EqÜÉ=a~åáëÜ=mä~ëíáÅë=cÉÇJ



=RM=

Éê~íáçåF=áå=j~êíë=NVVV=

NU= ÒjìäáÖÜÉÇÉê=Ñçê=ëìÄëíáíìíáçå=~Ñ=ms`=á=ìÇî~äÖíÉ=Üçëéáí~äë~êíáâäÉêÒ=^êJ

ÄÉàÇëê~ééçêí=Ñê~=jáäà›ëíóêÉäëÉå=åêK=NTI=NVVNK=EmçëëáÄáäáíáÉë=Ñçê=ëìÄëíáíìJ

íáçå=çÑ=ms`=áå=ëÉäÉÅíÉÇ=Üçëéáí~ä=~êíáÅäÉëI=tçêâáåÖ=êÉéçêí=Ñêçã=íÜÉ=a~åJ

áëÜ=bm^=kçK=OTI=NVVNF=

NV= ^ä~å=pK=táäëçåW=mä~ëíáÅáëÉêë=Ó=mêáåÅáéäÉë=~åÇ=mê~ÅíáÅÉI=qÜÉ=fåëíáíìíÉ=çÑ=

j~íÉêá~äëI=qÜÉ=råáîÉêëáíó=éêÉëëI=`~ãÄêáÇÖÉ=NVUR=

OM= ÜííéWLLïïïKÉÅçåçé~ÅâKÅçKìâLÅçãé~ê~íKÜíã=

ON= f^o`=jçåçÖê~éÜë=çå=íÜÉ=bî~äì~íáçå=çÑ=`~êÅáåçÖÉåáÅ=oáëâë=íç=eìJ

ã~åëI=pçãÉ=fåÇìëíêá~ä=`ÜÉãáÅ~äë=EsçäìãÉ=TTF=ENRJOO=cÉÄêì~êó=OMMMF=

ÜííéWLLNVPKRNKNSQKNNLÜíÇçÅëL~ååçìåÅÉãÉåíëLîçäTTKÜíã=

OO= b`mf=mobpp=obib^pbI=cÉÄêì~êó=OUI=OMMMW=abem=`çåÑáêãÉÇ=~ë=

kçåJ`~êÅáåçÖÉåáÅX=fåíÉêå~íáçå~ä=^ÖÉåÅó=Ñçê=oÉëÉ~êÅÜ=çå=`~åÅÉê=

Ef^o`F=êÉÅä~ëëáÑáÉë=abem=~ë=kçåJ`~êÅáåçÖÉåáÅ=íç=eìã~åë=

OP= jÉíí~åÖ=qI=^äëÅÜÉê=ajI=m~ìäáJj~Öåìë=`I=aìåëí=oI=hìÜäã~åå=rI=

oÉííÉåãÉáÉê=^tW=mÜíÜ~äáÅ=~ÅáÇ=áë=íÜÉ=ã~áå=ãÉí~ÄçäáíÉ=çÑ=íÜÉ=éä~ëíáÅáòÉê=

ÇáEOJÉíÜóäÜÉñóäF=éÜíÜ~ä~íÉ=áå=éÉêáíçåÉ~ä=Çá~äóëáë=é~íáÉåíëK=^Çî~åÅÉë=áå=

mÉêáíçåÉ~ä=aá~äóëáë=NVVVX=sçäK=NRWOOVJPP=

OQ=

=

ÜííéWLLïïïKåÅÄáKåäãKåáÜKÖçîLÉåíêÉòLèìÉêóKÑÅÖá\ÅãÇZoÉíêáÉîÉCÇÄZmìÄ

jÉÇCäáëí|ìáÇëZNMSUONMUCÇçéíZ^Äëíê~Åí=

OR= pÜáçÇ~=qI=t~â~Ä~ó~ëÜá=jW=bÑÑÉÅí=çÑ=ÅÉêí~áå=ÅÜÉãáÅ~äë=çå=íÜÉ=êÉéêçÇìÅJ

íáçå=çÑ=ãÉÇ~â~=Elêóòá~ë=ä~íáéÉëFK=`ÜÉãçëéÜÉêÉ=OMMM=cÉÄX=QMEPFWOPVJQP=

OS= ÜííéWLLïïïKåÅÄáKåäãKåáÜKÖçîLÉåíêÉòLèìÉêóKÑÅÖá\ÅãÇZoÉíêáÉîÉCÇÄZmìÄ

jÉÇCäáëí|ìáÇëZNMSSRQNPCÇçéíZ^Äëíê~Åí=

OT= iÉÉ=heI=háã=geI=iáã=apI=háã=`eW=^åíáJäÉìâ~ÉãáÅ=~åÇ=~åíáJ

ãìí~ÖÉåáÅ=ÉÑÑÉÅíë=çÑ=ÇáEOJÉíÜóäÜÉñóäFéÜíÜ~ä~íÉ=áëçä~íÉÇ=Ñêçã=^äçÉ=îÉê~=

iáååÉK=g=mÜ~êã=mÜ~êã~Åçä=OMMM=j~óX=ROERFWRVPJU=

OU= ÜííéWLLïïïKåÅÄáKåäãKåáÜKÖçîLÉåíêÉòLèìÉêóKÑÅÖá\ÅãÇZoÉíêáÉîÉCÇÄZmìÄ

jÉÇCäáëí|ìáÇëZNMUSQNQVCÇçéíZ^Äëíê~Åí=

OV= e~ëã~ää=p`I=g~ãÉë=keI=j~ÅÇçå~äÇ=kI=pç~ãÉë=^oI=oçÄÉêíë=o^W=péÉJ

ÅáÉë=ÇáÑÑÉêÉåÅÉë=áå=êÉëéçåëÉ=íç=ÇáÉíÜóäÜÉñóäéÜíÜ~ä~íÉW=ëìééêÉëëáçå=çÑ=

~éçéíçëáëI=áåÇìÅíáçå=çÑ=ak^=ëóåíÜÉëáë=~åÇ=éÉêçñáëçãÉ=éêçäáÑÉê~íçê=

~Åíáî~íÉÇ=êÉÅÉéíçê=~äéÜ~JãÉÇá~íÉÇ=ÖÉåÉ=ÉñéêÉëëáçåK=^êÅÜ=qçñáÅçä=OMMM=

^éêX=TQEOFWURJVN=

PM= ÜííéWLLïïïKåÅÄáKåäãKåáÜKÖçîLÉåíêÉòLèìÉêóKÑÅÖá\ÅãÇZoÉíêáÉîÉCÇÄZmìÄ

jÉÇCäáëí|ìáÇëZNMUPVQTRCÇçéíZ^Äëíê~Åí=

PN= båîáêçåãÉåí~ä=~åÇ=eÉ~äíÜ=^ëëÉëëãÉåí=çÑ=^äíÉêå~íáîÉë=íç=mÜíÜ~ä~íÉë=~åÇ=

íç=ÑäÉñáÄäÉ=ms`I=a~åáëÜ=bm^I=båîáêçåãÉåí~ä=mêçàÉÅí=kçK=RVMI=OMMN=

PO= ÜííéWLLïïïKãëíLìÇÖáîLéìÄäáÅ~íáçåëLOMMNLUTJTVQQJQMTJRLÜíãäLÇÉÑ~ìäí=

ÉåÖKÜíã=

PP= váåI=eKnKX=wÜ~çI=uK_KX=`çìêíåÉóI=gKjKX=_ä~ëëI`KoKX=tÉëíI=oKeKX=içïÉI=

dKaKlK=?_äççÇ=áåíÉê~Åíáçå=ïáíÜ=éä~ëíáÅáòÉÇ=éçäóEîáåó=ÅÜäçêáÇÉFW=êÉäÉJ

î~åÅÉ=çÑ=

éä~ëíáÅáòÉê=ëÉäÉÅíáçå?I=gK=j~íK=pÅáKW=j~íÉêá~äë=áå=jÉÇáÅáåÉ=ENVVVFI=sçäK=NM=

áëëìÉ=V=éK=ROTJRPN=

PQ= pÉ~êë=~åÇ=a~êÄóW=qÉÅÜåçäçÖó=çÑ=mä~ëíáÅáëÉêë=NVUO=

PR= ÜííéWLLïïïKÄ~ëÑKÇÉLÉåLéêçÇìâíÉLÅÜÉãáâ~äáÉåLïãLåÉïëLmOOTKÜíã=

PS= jÉÇáÅ~ä=~äíÉêå~íáîÉI=bìêçéÉ~å=mä~ëíáÅë=kÉïëI=kçîÉãÄÉê=OMMO=

PT= k~íáçå~ä=_ç~êÇ=çÑ=eÉ~äíÜ=~åÇ=tÉäÑ~êÉI=mêÉëë=oÉäÉ~ëÉ=kçK=RVI=OOK=aÉJ

ÅÉãÄÉê=OMMM=

PU= mìÄäáÅ=eÉ~äíÜ=kçíáÑáÅ~íáçåW=ms`=aÉîáÅÉë=`çåí~áåáåÖ=íÜÉ=mä~ëíáÅáòÉê=

abemI=cççÇ=~åÇ=aêìÖ=^Çãáåáëíê~íáçåI=aÉé~êíãÉåí=çÑ=eÉ~äíÜ=C=eìJ

ã~å=pÉêîáÅÉëI=gìäó=NOI=OMMO=

PV= p~ÑÉíó=^ëëÉëëãÉåí=çÑ=aáEOJÉíÜóäÜÉñóäFéÜíÜ~ä~íÉ=EabemF=oÉäÉ~ëÉÇ=Ñêçã=

ms`=jÉÇáÅ~ä=aÉîáÅÉëI=rKpK=cççÇ=~åÇ=aêìÖ=^Çãáåáëíê~íáçåI=`ÉåíÉê=Ñçê=



= RN=

aÉîáÅÉë=~åÇ=o~ÇáçäçÖáÅ~ä=eÉ~äíÜ=

QM= ÜííéWLLïïïKÑÇ~KÖçîLÅÇêÜLçëíLÇÉÜéJéîÅKéÇÑ=

QN= br=éêçéçë~ä=kçK=_bVTJQSSQX=qdW=NMX=bdW=NMV=

QO= eÉ~äíÜ=~åÇ=båîáêçåãÉåí~ä=bÑÑÉÅíë=çÑ=mä~ëíáÅáëÉêë=ìëÉÇ=áå=ãÉÇáÅ~ä=~ééäáJ

Å~íáçåë=Ó=~å=ìéÇ~íÉK=a~îáÇ=cK=`~ÇçÖ~åI=bìêçéÉ~å=`çìåÅáä=Ñçê=mä~ëíáÅáëJ

Éêë=~åÇ=fåíÉêãÉÇá~íÉëI=_êìëëÉäëI=_ÉäÖáìãK=jÉÇáÅ~ä=mä~ëíáÅë=NVVUI=îçäK=

NOKVKNJVKSK=fp_k=UTJUVTRPJORJV=



=RO=

=



 53 

^ééÉåÇáñ=N=mä~ëíáÅáëÉê=éÉêÑçêã~åÅÉ=
ã~íêáñ
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^ééÉåÇáñ=O=fåàÉÅíáçå=ãçìäÇáåÖ=êÉJ
éçêíë=Eáå=a~åáëÜ=çåäóF=
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Teknologisk Institut/Plastteknologi 

Gregersensvej, 2630 Taastrup 

Tlf: 72 20 31 10, Fax: 72 20 31 11 

 

Sprøjtestøberapport nr. 2 

Teknologisk Institut sags nr.  
Sagsbehandler:  

131-02005 
Børge Sørensen 

Dato: 
Filnavn: 

20010507 
kk-pvc-01 

Firma:  
Emne:  

KK/Teknologisk Institut 
Plade 4 mm 

Tegning nr.: 
Ordre nr.: 

 

Maskine 

Fabrikat:  
Type:  

 
Arburg 
C270-80-300 

Dyseboring 
Dysetype: 
Snekkediameter: 

mm ø 2,5 
Åben 
mm 20 

Formværktøj 

Opspændingsplade: 
Indbygningshøjde: 
Indløbstype: 
Indløbsbøsning radius: 
Centreringsring: 
Åbnevej: 

 
mm  
mm 239 
Stang 
mm  
mm 125 
mm  

 
Emneantal: 
Projiceret areal, cm2: 
Udstøderarrangement: 
Hjælpeudstyr: 

 
1 
 
Stifter 
Tempereringsanlæg 

Emne 

Vægt af emne: 
Vægt af indløb: 
Støbevægt: 
Skudvægt: 

 
g  
g  
g  
g  

 
Godstykkelse, max.: 
Godstykkelse, min.: 
Flydevej i emne: 
Indløbspunkt, dimension: 

 
mm  
mm  
mm  
mm  

Materiale 

Kemisk betegnelse: 
Handelsnavn: 
Type nr.: 

 
PVC og EVAC 
DP-01-
36/37/40/41/43/106 + 
EVAC 

 
Leverandør: 
Farve: 

 
 
 

Tryk 

Indstillet sprøjtetryk: 
Hydraulik/omsat: 
Eftertryk: 
Hydraulik/omsat: 
Modtryk: 
Hydraulik/omsat: 

 
 
bar 1800 
 
bar 500 
 
bar 25 

Kraft 

Lukkekraft: 
Dysetilhold: 
Tryk/kraft: 
 

 
kN 300 
 
bar/kN  

Snekkeindstilling 

Dosering: 
Omskift eftertryk, vejafh.: 
Omskift eftertryk, tid: 
Omskift eftertryk, tryk: 

 
ccm 20 
ccm 11,5 
sek  
bar  

 
Materialepude: 
Snekkeomdrejning: 
Sprøjteaggregat: 

 
ccm  
m/min 17 
Fast  
Retur * 

Tid og hastighed 

Indsprøjtningshastighed: 
Indsprøjtningstid: 
Eftertrykstid: 
Samlet sprøjtetid: 

 
ccm/sek 55 
sek  
sek 20 
sek  

 
Restkøletid: 
Pausetid: 
Doserforhaling: 
Cyklustid: 
 

 
sek 10 
sek  
sek  
sek  

Temperatur 

Dysevarme: 
Zone 1: 
Zone 2: 
Zone 3: 
Zone 4: 
Traverstemperatur: 
Smeltetemperatur: 
Varmekanal: 

 
°C 190 
°C 190 
°C 185 
°C 185  
°C 170 
°C  
°C  
°C  

 
Fast formpart, indstillet: 
Fast formpart, overflade: 
Bevægelig formpart, indstillet: 
Bevægelig formpart, overflade: 
Fortørring [fortørring] timer: 
Olietemperatur: 
Centrale køleanlæg: 

 
°C 35  
°C  
°C 35 
°C  
°C  
°C 40 
°C 8 
 

Bemærkning  

 
Program: 
Halvautomatisk 
           

 
Helautomatisk  
        * 
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Teknologisk Institut/Plastteknologi 

Gregersensvej, 2630 Taastrup 

Tlf: 72 20 31 10, Fax: 72 20 31 11 

 

Sprøjtestøberapport nr. 2 

Teknologisk Institut sags nr.  
Sagsbehandler:  

131-02005 
Børge Sørensen 

Dato: 
Filnavn: 

20010507 
kk-pvc-02 

Firma:  
Emne:  

KK/Teknologisk Institut 
Plade 4 mm 

Tegning nr.: 
Ordre nr.: 

 

Maskine 

Fabrikat:  
Type:  

 
Arburg 
C270-80-300 

Dyseboring 
Dysetype: 
Snekkediameter: 

mm ø 2,5 
Åben 
mm 20 

Formværktøj 

Opspændingsplade: 
Indbygningshøjde: 
Indløbstype: 
Indløbsbøsning radius: 
Centreringsring: 
Åbnevej: 

 
mm  
mm 239 
Stang 
mm  
mm 125 
mm  

 
Emneantal: 
Projiceret areal, cm2: 
Udstøderarrangement: 
Hjælpeudstyr: 

 
1 
 
Stifter 
Tempereringsanlæg 

Emne 

Vægt af emne: 
Vægt af indløb: 
Støbevægt: 
Skudvægt: 

 
g  
g  
g  
g  

 
Godstykkelse, max.: 
Godstykkelse, min.: 
Flydevej i emne: 
Indløbspunkt, dimension: 

 
mm  
mm  
mm  
mm  

Materiale 

Kemisk betegnelse: 
Handelsnavn: 
Type nr.: 

 
PVC 
DP-01-38 
 

 
Leverandør: 
Farve: 

 
 
 

Tryk 

Indstillet sprøjtetryk: 
Hydraulik/omsat: 
Eftertryk: 
Hydraulik/omsat: 
Modtryk: 
Hydraulik/omsat: 

 
 
bar 1800 
 
bar 500 
 
bar 25 

Kraft 

Lukkekraft: 
Dysetilhold: 
Tryk/kraft: 
 

 
kN 300 
 
bar/kN  

Snekkeindstilling 

Dosering: 
Omskift eftertryk, vejafh.: 
Omskift eftertryk, tid: 
Omskift eftertryk, tryk: 

 
ccm 20 
ccm 12 
sek  
bar  

 
Materialepude: 
Snekkeomdrejning: 
Sprøjteaggregat: 

 
ccm  
m/min 17 
Fast  
Retur * 

Tid og hastighed 

Indsprøjtningshastighed: 
Indsprøjtningstid: 
Eftertrykstid: 
Samlet sprøjtetid: 

 
ccm/sek 55 
sek  
sek 20 
sek  

 
Restkøletid: 
Pausetid: 
Doserforhaling: 
Cyklustid: 
 

 
sek 10 
sek  
sek  
sek  

Temperatur 

Dysevarme: 
Zone 1: 
Zone 2: 
Zone 3: 
Zone 4: 
Traverstemperatur: 
Smeltetemperatur: 
Varmekanal: 

 
°C 199 
°C 199 
°C 195 
°C 195  
°C 182 
°C  
°C  
°C  

 
Fast formpart, indstillet: 
Fast formpart, overflade: 
Bevægelig formpart, indstillet: 
Bevægelig formpart, overflade: 
Fortørring [fortørring] timer: 
Olietemperatur: 
Centrale køleanlæg: 

 
°C 35  
°C  
°C 35 
°C  
°C  
°C 40 
°C 8 
 

Bemærkning  

 
Program: 
Halvautomatisk 
           

 
Helautomatisk  
        * 
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Teknologisk Institut/Plastteknologi 

Gregersensvej, 2630 Taastrup 

Tlf: 72 20 31 10, Fax: 72 20 31 11 

 

Sprøjtestøberapport nr. 2 

Teknologisk Institut sags nr.  
Sagsbehandler:  

131-02005 
Børge Sørensen 

Dato: 
Filnavn: 

20010509 
kk-pvc-03 

Firma:  
Emne:  

KK/Teknologisk Institut 
Plade 4 mm 

Tegning nr.: 
Ordre nr.: 

 

Maskine 

Fabrikat:  
Type:  

 
Arburg 
C270-80-300 

Dyseboring 
Dysetype: 
Snekkediameter: 

mm ø 2,5 
Åben 
mm 20 

Formværktøj 

Opspændingsplade: 
Indbygningshøjde: 
Indløbstype: 
Indløbsbøsning radius: 
Centreringsring: 
Åbnevej: 

 
mm  
mm 239 
Stang 
mm  
mm 125 
mm  

 
Emneantal: 
Projiceret areal, cm2: 
Udstøderarrangement: 
Hjælpeudstyr: 

 
1 
 
Stifter 
Tempereringsanlæg 

Emne 

Vægt af emne: 
Vægt af indløb: 
Støbevægt: 
Skudvægt: 

 
g  
g  
g  
g  

 
Godstykkelse, max.: 
Godstykkelse, min.: 
Flydevej i emne: 
Indløbspunkt, dimension: 

 
mm  
mm  
mm  
mm  

Materiale 

Kemisk betegnelse: 
Handelsnavn: 
Type nr.: 

 
PVC 
DP-01-42 
 

 
Leverandør: 
Farve: 

 
 
 

Tryk 

Indstillet sprøjtetryk: 
Hydraulik/omsat: 
Eftertryk: 
Hydraulik/omsat: 
Modtryk: 
Hydraulik/omsat: 

 
 
bar 1800 
 
bar 500 
 
bar 25 

Kraft 

Lukkekraft: 
Dysetilhold: 
Tryk/kraft: 
 

 
kN 300 
 
bar/kN  

Snekkeindstilling 

Dosering: 
Omskift eftertryk, vejafh.: 
Omskift eftertryk, tid: 
Omskift eftertryk, tryk: 

 
ccm 20 
ccm 12 
sek  
bar  

 
Materialepude: 
Snekkeomdrejning: 
Sprøjteaggregat: 

 
ccm  
m/min 17 
Fast  
Retur * 

Tid og hastighed 

Indsprøjtningshastighed: 
Indsprøjtningstid: 
Eftertrykstid: 
Samlet sprøjtetid: 

 
ccm/sek 55 
sek  
sek 20 
sek  

 
Restkøletid: 
Pausetid: 
Doserforhaling: 
Cyklustid: 
 

 
sek 10 
sek  
sek  
sek  

Temperatur 

Dysevarme: 
Zone 1: 
Zone 2: 
Zone 3: 
Zone 4: 
Traverstemperatur: 
Smeltetemperatur: 
Varmekanal: 

 
°C 195 
°C 195 
°C 191 
°C 191  
°C 177 
°C  
°C  
°C  

 
Fast formpart, indstillet: 
Fast formpart, overflade: 
Bevægelig formpart, indstillet: 
Bevægelig formpart, overflade: 
Fortørring [fortørring] timer: 
Olietemperatur: 
Centrale køleanlæg: 

 
°C 35  
°C  
°C 35 
°C  
°C  
°C 40 
°C 8 
 

Bemærkning 

 
Program: 
Halvautomatisk 
           

 
Helautomatisk  
        * 
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Teknologisk Institut/Plastteknologi 

Gregersensvej, 2630 Taastrup 

Tlf: 72 20 31 10, Fax: 72 20 31 11 

 
Sprøjtestøberapport nr. 2 

Teknologisk Institut sags nr.  
Sagsbehandler:  

131-02005 
Børge Sørensen 

Dato: 
Filnavn: 

20010509 
kk-pvc-04 

Firma:  
Emne:  

KK/Teknologisk Institut 
Plade 4 mm 

Tegning nr.: 
Ordre nr.: 

 

Maskine 

Fabrikat:  
Type:  

 
Arburg 
C270-80-300 

Dyseboring 
Dysetype: 
Snekkediameter: 

mm ø 2,5 
Åben 
mm 20 

Formværktøj 

Opspændingsplade: 
Indbygningshøjde: 
Indløbstype: 
Indløbsbøsning radius: 
Centreringsring: 
Åbnevej: 

 
mm  
mm 239 
Stang 
mm  
mm 125 
mm  

 
Emneantal: 
Projiceret areal, cm2: 
Udstøderarrangement: 
Hjælpeudstyr: 

 
1 
 
Stifter 
Tempereringsanlæg 

Emne 

Vægt af emne: 
Vægt af indløb: 
Støbevægt: 
Skudvægt: 

 
g  
g  
g  
g  

 
Godstykkelse, max.: 
Godstykkelse, min.: 
Flydevej i emne: 
Indløbspunkt, dimension: 

 
mm  
mm  
mm  
mm  

Materiale 

Kemisk betegnelse: 
Handelsnavn: 
Type nr.: 

 
PVC 
DP-01-39 
 

 
Leverandør: 
Farve: 

 
 
 

Tryk 

Indstillet sprøjtetryk: 
Hydraulik/omsat: 
Eftertryk: 
Hydraulik/omsat: 
Modtryk: 
Hydraulik/omsat: 

 
 
bar 1800 
 
bar 500 
 
bar 25 

Kraft 

Lukkekraft: 
Dysetilhold: 
Tryk/kraft: 
 

 
kN 300 
 
bar/kN  

Snekkeindstilling 

Dosering: 
Omskift eftertryk, vejafh.: 
Omskift eftertryk, tid: 
Omskift eftertryk, tryk: 

 
ccm 20 
ccm 12 
sek  
bar  

 
Materialepude: 
Snekkeomdrejning: 
Sprøjteaggregat: 

 
ccm  
m/min 17 
Fast  
Retur * 

Tid og hastighed 

Indsprøjtningshastighed: 
Indsprøjtningstid: 
Eftertrykstid: 
Samlet sprøjtetid: 

 
ccm/sek 55 
sek  
sek 20 
sek  

 
Restkøletid: 
Pausetid: 
Doserforhaling: 
Cyklustid: 
 

 
sek 10 
sek  
sek  
sek  

Temperatur 

Dysevarme: 
Zone 1: 
Zone 2: 
Zone 3: 
Zone 4: 
Traverstemperatur: 
Smeltetemperatur: 
Varmekanal: 

 
°C 199 
°C 199 
°C 195 
°C 195  
°C 180 
°C  
°C  
°C  

 
Fast formpart, indstillet: 
Fast formpart, overflade: 
Bevægelig formpart, indstillet: 
Bevægelig formpart, overflade: 
Fortørring [fortørring] timer: 
Olietemperatur: 
Centrale køleanlæg: 

 
°C 35 
°C  
°C 35 
°C  
°C  
°C 40 
°C 8 
 

Bemærkning 

 
Program: 
Halvautomatisk 
           

 
Helautomatisk  
        * 

 



 60 

 

 



 61 

^ééÉåÇáñ=P=pçìêÅÉë=çÑ=íÜÉ=áåÖêÉÇáJ
Éåíë=áå=íÜÉ=éêÉé~êÉÇ=ms`=ÅçãJ
éçìåÇë=~åÇ=çÑ=íÜÉ=~äíÉêå~íáîÉ=íÜÉêJ
ãçéä~ëíáÅ=ã~íÉêá~äI=bs^`=

pçìêÅÉë=çÑ=íÜÉ=áåÖêÉÇáÉåíë=~åÇ=çÑ=bs^`=

pìÄëí~åÅÉ=

^ÄÄêÉîá~J
íáçå=

`ÜÉãáÅ~ä=å~íìêÉ= `^p=kçK=

=

pìééäáÉê=çê=éêçJ
ÇìÅÉê=

ms`= mçäóîáåóäÅÜäçêáÇÉ= = kçêëâ=eóÇêç=

abem= aáEOJÉíÜóäÜÉñóäF=éÜíÜ~ä~íÉ= NNTJUNJT= _m=`ÜÉãáÅ~äë=iíÇK=

bp_l= béçñóÇáëÉÇ=ëçó~=ÄÉ~å=çáä= = `êçãéíçå=sáåóä=
^ÇÇáíáîÉë=dãÄe=

pí~ÄáäáëÉê= ^=Å~äÅáìãJòáåâ=ÅçãéçìåÇ= = `êçãéíçå=sáåóä=
^ÇÇáíáîÉë=dãÄe=

afkm= aááëçåçåóä=éÜíÜ~ä~íÉ= SURNRJQUJM= bññçåjçÄáä=`ÜÉãáJ
Å~ä=

abe^= aáEOJÉíÜóäÜÉñóäF=~Çáé~íÉ= NMPJOPJN= _^pc=éäÅ=

abep= aáEOJÉíÜóäÜÉñóäF=ëÉÄ~Å~íÉ= NOOJSOJP= i~éçêíÉ=mÉêÑçêãJ
~åÅÉ=`ÜÉãáÅ~äë=

qbeqj= qêáEOJÉíÜóäÜÉñóäF=íêáãÉääáí~íÉ= PPNVJPNJN= içåò~=fåíÉêãÉÇáJ
~íÉë=~åÇ=^ÇÉÇáíáîÉë=

_Éåòç~íÉ= aáéêçéóäÉåÉ=ÖäóÅçä=ÇáÄÉåòç~íÉ=

E[=R=B=ãçåçÉëíÉêF=

OTNPUJPNJQ=

ENORQRTJRVJOF=

sÉäëáÅçä=`ÜÉãáÅ~ä=
`çêéçê~íáçå=

mçäó~Çáé~íÉ= ^=éçäóÉëíÉê=Ä~ëÉÇ=çå=~ÇáéáÅ=~ÅáÇLåÉçéÉåíóä=
ÖäóÅçäLNIQ=Äìí~åÉ=Çáçä=ãçÇáÑáÉÇ=ïáíÜ=~=ãçåç=
~äÅçÜçä=áå=íÜÉ=ê~åÖÉ=`S=Ó=`NO=

J= hÉãáê~=mçäóãÉêë=

^q_`= ^ÅÉíóäíêáÄìíóä=Åáíê~íÉ= TTJVMJT= mÑáòÉê=`ÜÉãáÅ~äë=

bs^=qÉêJ
éçäóãÉê=

bíÜóäÉåÉ=íÉêéçäóãÉê=ïáíÜ=åJÄìíóä=~Åêóä~íÉI=
ÑáääÉêëI=~ÇÇáíáîÉëI=åJÄìíóä~Åêóä~íÉ=

NQNJPOJO= aì=mçåí=ErKhKF=
iáãáíÉÇ=

bs^`= bíÜóäÉåÉJîáåóä=~ÅÉí~íÉ=éä~ëíáÅ= = aì=mçåí=fåÇìëíêá~ä=
mçäóãÉêë=
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^ééÉåÇáñ=Q=qÉëí=êÉéçêíë=Ñêçã=íÜÉ=
íÉåëáäÉ=íÉëí=çÑ=áåàÉÅíáçå=ãçìäÇÉÇ=
ëéÉÅáãÉåë=



 64 

 



 65 



 66 



 67 



 68 



 69 



 70 



 71 

 



 72 

 

 

 

 



 73 



 74 



 75 

^ééÉåÇáñ=R=qÉëí=êÉéçêíë=Ñêçã=íÜÉ=ÇÉJ
íÉêãáå~íáçå=çÑ=íçêëáçå~ä=ãçÇìäìë=
îÉêëìë=íÉãéÉê~íìêÉ=
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Determination of torsional modulus vs. temperature acc. to ISO 458/1-1985

Version: 1 File name: torsionPVC36

Date: 27 June 2001

Operator: fgu

Lab. No.: T1154 

Project No.: 13102005/33

Compound No.: PVC:  036  -  DEHP

Diameter of wheel (D1) [mm] 160 160

Length of the string [mm] 0,3 0,3

Average (R) 80,15 80,15

Load (W) total [g] 384 384

Load (W) [N] 3,76704 3,76704

Aplied torque (M) [Nm] 301,92826 301,92826

Span distance (L) [mm] 40 40

Width of specimen (b) [mm] 6,29 6,36

Thickness of specimen (d) [mm] 3,99 3,98

Factor (b/d) 1,58 1,60

Table value, µ 3,23 3,26

Reading 

No.

Deflection 

angle [θ]

degrees [º]

Temperature 

[°C]

Torsion (T) 

[MPa]

Reading 

No.

Deflection 

angle [θ]

degrees [º]

Temperature 

[°C]

Torsion (T) 

[MPa]

1 17 -30,44 504,79 1 15 -27,90 564,83

2 19 -27,48 451,66 2 18 -24,40 470,69

3 23 -23,96 373,11 3 23 -21,17 368,37

4 29 -20,41 295,91 4 29 -17,47 292,15

5 37 -17,34 231,93 5 40 -14,47 211,81

6 47 -14,59 182,58 6 57 -11,78 148,64

7 74 -10,45 115,97 7 85 -8,75 99,68

8 107 -8,06 80,20 8 128 -6,04 66,19

9 155 -5,51 55,36 9 166 -3,82 51,04

10 230 -1,62 37,31 10 238 -1,18 35,60
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Determination of torsional modulus vs. temperature acc. to ISO 458/1-1985

Version: 1 File name: torsionPVC37

Date: 26 June 2001

Operator: fgu

Lab. No.: T1154 

Project No.: 13102005/33

Compound No.: PVC:  037  -  DINP

Diameter of wheel (D1) [mm] 160 160

Length of the string [mm] 0,3 0,3

Average (R) 80,15 80,15

Load (W) total [g] 200 384

Load (W) [N] 1,962 3,76704

Aplied torque (M) [Nm] 157,2543 301,92826

Span distance (L) [mm] 40 40

Width of specimen (b) [mm] 6,44 6,18

Thickness of specimen (d) [mm] 4,01 3,99

Factor (b/d) 1,61 1,55

Table value, µ 3,27 3,2

Reading 

No.

Deflection 

angle [θ]

degrees [º]

Temperature 

[°C]

Torsion (T) 

[MPa]

Reading 

No.

Deflection 

angle [θ]

degrees [º]

Temperature 

[°C]

Torsion (T) 

[MPa]

1 8 -27,59 530,98 1 13 -31,97 678,16

2 9 -24,85 471,98 2 16 -27,69 551,01

3 12 -22,12 353,98 3 19 -24,55 464,00

4 15 -18,07 283,19 4 27 -20,87 326,52

5 22 -13,39 193,08 5 36 -17,27 244,89

6 32 -9,17 132,74 6 53 -13,60 166,34

7 48 -5,50 88,50 7 88 -9,03 100,18

8 87 -0,45 48,83 8 153 -5,27 57,62

9 140 2,82 30,34 9 235 -1,03 37,52
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Determination of torsional modulus vs. temperature acc. to ISO 458/1-1985

Version: 1 File name: torsionPVC38

Date: 27 June 2001

Operator: fgu

Lab. No.: T1154 

Project No.: 13102005/33

Compound No.: PVC:  038  -  DEHA

Diameter of wheel (D1) [mm] 160 160

Length of the string [mm] 0,3 0,3

Average (R) 80,15 80,15

Load (W) total [g] 200 200

Load (W) [N] 1,962 1,962

Aplied torque (M) [Nm] 157,2543 157,2543

Span distance (L) [mm] 40 40

Width of specimen (b) [mm] 6,35 6,38

Thickness of specimen (d) [mm] 4 3,98

Factor (b/d) 1,59 1,60

Table value, µ 3,25 3,26

Reading 

No.

Deflection 

angle [θ]

degrees [º]

Temperature 

[°C]

Torsion (T) 

[MPa]

Reading 

No.

Deflection 

angle [θ]

degrees [º]

Temperature 

[°C]

Torsion (T) 

[MPa]

1 23 -33,97 189,87 1 26 -28,51 169,19

2 26 -30,39 167,97 2 34 -24,66 129,38

3 31 -27,37 140,87 3 48 -21,13 91,64

4 47 -22,51 92,92 4 70 -17,86 62,84

5 73 -17,52 59,82 5 98 -14,60 44,89

6 112 -13,23 38,99 6 117 -12,61 37,60

7 166 -7,26 26,31 7 137 -10,31 32,11

8 238 -3,02 18,35 8 170 -7,37 25,88
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Determination of torsional modulus vs. temperature acc. to ISO 458/1-1985

Version: 1 File name: torsionPVC39

Date: 27 June 2001

Operator: fgu

Lab. No.: T1154 

Project No.: 13102005/33

Compound No.: PVC:  039  -  DEHS

Diameter of wheel (D1) [mm] 160 160

Length of the string [mm] 0,3 0,3

Average (R) 80,15 80,15

Load (W) total [g] 200 200

Load (W) [N] 1,962 1,962

Aplied torque (M) [Nm] 157,2543 157,2543

Span distance (L) [mm] 40 40

Width of specimen (b) [mm] 6,34 6,34

Thickness of specimen (d) [mm] 4 3,99

Factor (b/d) 1,59 1,59

Table value, µ 3,25 3,25

Reading 

No.

Deflection 

angle [θ]

degrees [º]

Temperature 

[°C]

Torsion (T) 

[MPa]

Reading 

No.

Deflection 

angle [θ]

degrees [º]

Temperature 

[°C]

Torsion (T) 

[MPa]

1 32 -31,61 136,69 1 36 -27,90 122,42

2 44 -26,94 99,41 2 42 -24,40 104,93

3 57 -23,66 76,74 3 63 -21,17 69,95

4 71 -20,63 61,61 4 81 -17,47 54,41

5 88 -18,00 49,70 5 109 -14,47 40,43

6 115 -15,17 38,03 6 139 -11,78 31,70

7 135 -13,03 32,40 7 167 -8,75 26,39

8 165 -10,00 26,51 8 187 -6,04 23,57

9 196 -7,18 22,32
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Determination of torsional modulus vs. temperature acc. to ISO 458/1-1985

Version: 1 File name: torsionPVC40

Date: 27 June 2001

Operator: fgu

Lab. No.: T1154

Project No.: 13102005/33

Compound No.: PVC:  040  -  TEHTM

Diameter of wheel (D1) [mm] 160 160

Length of the string [mm] 0,3 0,3

Average (R) 80,15 80,15

Load (W) total [g] 200 200

Load (W) [N] 1,962 1,962

Aplied torque (M) [Nm] 157,2543 157,2543

Span distance (L) [mm] 40 40

Width of specimen (b) [mm] 6,15 6,35

Thickness of specimen (d) [mm] 4 3,98

Factor (b/d) 1,54 1,60

Table value, µ 3,18 3,26

Reading 

No.

Deflection 

angle [θ]

degrees [º]

Temperature 

[°C]

Torsion (T) 

[MPa]

Reading 

No.

Deflection 

angle [θ]

degrees [º]

Temperature 

[°C]

Torsion (T) 

[MPa]

1 7 -30,94 658,34 1 6 -35,02 736,61

2 12 -24,72 384,03 2 8 -30,10 552,46

3 13 -22,04 354,49 3 9 -26,39 491,08

4 17 -18,00 271,08 4 12 -21,79 368,31

5 26 -13,97 177,25 5 16 -18,60 276,23

6 43 -8,15 107,17 6 23 -14,19 192,16

7 68 -4,19 67,77 7 32 -10,08 138,12

8 103 -1,08 44,74 8 44 -6,46 100,45

9 144 1,93 32,00 9 59 -4,06 74,91

10 194 4,78 23,75 10 85 -1,13 52,00

11 122 1,59 36,23

12 160 4,69 27,62
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Determination of torsional modulus vs. temperature acc. to ISO 458/1-1985

Version: 1 File name: torsionPVC41

Date: 27 June 2001

Operator: fgu

Lab. No.: T1154

Project No.: 13102005/33

Compound No.: PVC:  041  -  Benzoate

Diameter of wheel (D1) [mm] 160 160

Length of the string [mm] 0,3 0,3

Average (R) 80,15 80,15

Load (W) total [g] 200 384

Load (W) [N] 1,962 3,76704

Aplied torque (M) [Nm] 157,2543 301,92826

Span distance (L) [mm] 40 40

Width of specimen (b) [mm] 6,19 6,38

Thickness of specimen (d) [mm] 4 4

Factor (b/d) 1,55 1,60

Table value, µ 3,2 3,26

Reading 

No.

Deflection 

angle [θ]

degrees [º]

Temperature 

[°C]

Torsion (T) 

[MPa]

Reading 

No.

Deflection 

angle [θ]

degrees [º]

Temperature 

[°C]

Torsion (T) 

[MPa]

1 4 -29,70 1137,50 1 7 -34,71 1188,55

2 5 -23,04 910,00 2 8 -30,42 1039,98

3 6 -17,96 758,33 3 9 -25,74 924,43

4 7 -11,60 650,00 4 10 -19,25 831,98

5 12 -4,59 379,17 5 11 -14,11 756,35

6 18 0,11 252,78 6 15 -9,08 554,66

7 43 4,68 105,81 7 22 -5,44 378,17

8 76 8,08 59,87 8 35 -1,12 237,71

9 168 11,96 27,08 9 50 1,39 166,40

10 250 16,23 18,20 10 104 5,05 80,00

11 228 9,08 36,49
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Determination of torsional modulus vs. temperature acc. to ISO 458/1-1985

Version: 1 File name: torsionPVC42

Date: 27 June 2001

Operator: fgu

Lab. No.: T1154 

Project No.: 13102005/33

Compound No.: PVC:  042  -  Polyadipate

Diameter of wheel (D1) [mm] 160 160

Length of the string [mm] 0,3 0,3

Average (R) 80,15 80,15

Load (W) total [g] 200 384

Load (W) [N] 1,962 3,76704

Aplied torque (M) [Nm] 157,2543 301,92826

Span distance (L) [mm] 40 40

Width of specimen (b) [mm] 6,06 6,25

Thickness of specimen (d) [mm] 3,99 3,99

Factor (b/d) 1,52 1,57

Table value, µ 3,18 3,22

Reading 

No.

Deflection 

angle [θ]

degrees [º]

Temperature 

[°C]

Torsion (T) 

[MPa]

Reading 

No.

Deflection 

angle [θ]

degrees [º]

Temperature 

[°C]

Torsion (T) 

[MPa]

1 4 -30,61 1178,02 1 8 -31,62 1082,90

2 6 -24,21 785,35 2 9 -26,53 962,58

3 7 -19,46 673,16 3 11 -22,01 787,56

4 8 -15,83 589,01 4 13 -18,74 666,40

5 13 -10,96 362,47 5 18 -14,30 481,29

6 19 -6,91 248,00 6 26 -10,49 333,20

7 34 -3,01 138,59 7 42 -6,16 206,27

8 57 0,23 82,67 8 74 -2,61 117,07

9 107 3,77 44,04 9 138 0,38 62,78

10 176 6,94 26,77 10 242 3,78 35,80
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Determination of torsional modulus vs. temperature acc. to ISO 458/1-1985

Version: 1 File name: torsionPVC43

Date: 27 June 2001

Operator: fgu

Lab. No.: T1154 

Project No.: 13102005/33

Compound No.: PVC:  043  -  ATBC

Diameter of wheel (D1) [mm] 160 160

Length of the string [mm] 0,3 0,3

Average (R) 80,15 80,15

Load (W) total [g] 200 200

Load (W) [N] 1,962 1,962

Aplied torque (M) [Nm] 157,2543 157,2543

Span distance (L) [mm] 40 40

Width of specimen (b) [mm] 6,06 6,28

Thickness of specimen (d) [mm] 3,99 3,99

Factor (b/d) 1,52 1,57

Table value, µ 3,18 3,22

Reading 

No.

Deflection 

angle [θ]

degrees [º]

Temperature 

[°C]

Torsion (T) 

[MPa]

Reading 

No.

Deflection 

angle [θ]

degrees [º]

Temperature 

[°C]

Torsion (T) 

[MPa]

1 7 -32,08 673,16 1 9 -28,69 498,95

2 9 -27,72 523,57 2 15 -22,50 299,37

3 13 -23,46 362,47 3 19 -18,72 236,34

4 18 -19,12 261,78 4 32 -14,30 140,33

5 30 -14,29 157,07 5 64 -8,60 70,16

6 66 -9,62 71,40 6 104 -5,33 43,18

7 90 -6,21 52,36 7 144 -3,08 31,18

8 145 -3,01 32,50 8 188 -0,40 23,89

9 207 0,25 22,76
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Determination of torsional modulus vs. temperature acc. to ISO 458/1-1985

Version: 1 File name: torsionPVC106

Date: 29 June 2001

Operator: fgu

Lab. No.: T1154 

Project No.: 13102005/33

Compound No.: PVC:  106  -  EAC Terpolymer

Diameter of wheel (D1) [mm] 160 160

Length of the string [mm] 0,3 0,3

Average (R) 80,15 80,15

Load (W) total [g] 384 384

Load (W) [N] 3,76704 3,76704

Aplied torque (M) [Nm] 301,92826 301,92826

Span distance (L) [mm] 40 40

Width of specimen (b) [mm] 6,24 6,14

Thickness of specimen (d) [mm] 3,96 3,97

Factor (b/d) 1,58 1,55

Table value, µ 3,23 3,2

Reading 

No.

Deflection 

angle [θ]

degrees [º]

Temperature 

[°C]

Torsion (T) 

[MPa]

Reading 

No.

Deflection 

angle [θ]

degrees [º]

Temperature 

[°C]

Torsion (T) 

[MPa]

1 8 -31,52 1106,04 1 11 -28,47 818,94

2 9 -26,06 983,15 2 12 -21,77 750,69

3 10 -20,03 884,83 3 13 -16,27 692,95

4 11 -15,70 804,39 4 14 -10,32 643,45

5 12 -10,50 737,36 5 15 -5,45 600,55

6 13 -5,32 680,64 6 17 0,66 529,90

7 15 -0,39 589,89 7 22 5,35 409,47

8 18 4,17 491,57 8 28 9,62 321,73

9 24 8,67 368,68 9 45 15,60 200,18

10 32 13,00 276,51 10 98 21,86 91,92

11 54 17,92 163,86 11 145 26,28 62,13

12 86 21,51 102,89

13 176 25,72 50,27
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Determination of torsional modulus vs. temperature acc. to ISO 458/1-1985

Version: 1 File name: torsionEVAC

Date: 29 June 2001

Operator: fgu

Lab. No.: T1154 

Project No.: 13102005/33

Compound No.: EVAC

Diameter of wheel (D1) [mm] 160 160

Length of the string [mm] 0,3 0,3

Average (R) 80,15 80,15

Load (W) total [g] 100 100

Load (W) [N] 0,981 0,981

Aplied torque (M) [Nm] 78,62715 78,62715

Span distance (L) [mm] 40 40

Width of specimen (b) [mm] 6,37 6,3

Thickness of specimen (d) [mm] 3,99 3,96

Factor (b/d) 1,60 1,59

Table value, µ 3,26 3,25

Reading 

No.

Deflection 

angle [θ]

degrees [º]

Temperature 

[°C]

Torsion (T) 

[MPa]

Reading 

No.

Deflection 

angle [θ]

degrees [º]

Temperature 

[°C]

Torsion (T) 

[MPa]

1 12 -32,61 182,20 1 10 -33,51 226,83

2 21 -28,47 104,11 2 18 -29,42 126,01

3 32 -25,41 68,32 3 36 -25,49 63,01

4 56 -21,95 39,04 4 66 -20,37 34,37

5 77 -18,78 28,39 5 83 -17,78 27,33

6 97 -16,07 22,54 6 99 -15,37 22,91

7 128 -11,42 17,08 7 126 -11,68 18,00

8 167 -4,65 13,09 8 144 -8,87 15,75

9 162 -6,18 14,00
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TRÆKPRØVNING 
 

LOGBOG FOR TRÆKPRØVEAPPARAT  /  KUNDE 

ORDRENR. DP 01036 Clear 97 DOP 

KVALITET / FARVE  

TYKKELSE 250 µm  

NARV  

ANALYSERESULTATER 1 2 3 4 5 GNM. 

TRÆKSTYRKE                 MPa 
-LÆNGDERETNING  

20,48 19,65 20,43 19,97 19,88 20,08 

T 
TVÆRRETNING 

      

BRUDFORLÆNGELSE         % 

   -  LÆNGDERETNING    

426 414 408 412 415 415 

 
    -  TVÆRRETNING 

      

VIDERE-RIVESTYRKE     

N/mm 

    -  LÆNGDERETNING 

      

 
    -  TVÆRRETNING 

      

10 - 50 % FORLÆNGELSE 

    -  LÆNGDERETNING 
      

 
    -  TVÆRRETNING 

      

 

I TILFÆLDE AF, AT DER IKKE KØRES EFTER DE FASTSATTE NORMER, SKAL DETTE AN-
FØRES UNDER BEMÆRKNINGER. ANALYSEBETINGELSERNE BESKRIVES. 
TRÆKSTYRKE      ISO 527-1 og ISO 527-3 
BRUDFORLÆNGELSE          ISO 527-1 og ISO 527-3 
VIDERE-RIVESTYRKE           DIN 53363 
10 / 50 % FORLÆNGELSE   BS 3924 : 1978 
 
_bjÃohkfkJ

dboW|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||=

 
DATO___14/5-01 

 
UDFØRT AF____JO______ 

 

Reference: 

DS/EN ISO 9001:2000 i 2216 
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TRÆKPRØVNING 
 

LOGBOG FOR TRÆKPRØVEAPPARAT  /  KUNDE 

ORDRENR. DP 01037 Clear 97 DINP 

KVALITET / FARVE  

TYKKELSE 210 µm  

NARV  

ANALYSERESULTATER 1 2 3 4 5 GNM. 

TRÆKSTYRKE                 MPa 
-LÆNGDERETNING  

20,22 20,66 20,37 20,69 20,87 20,56 

T 
TVÆRRETNING 

      

BRUDFORLÆNGELSE         % 

   -  LÆNGDERETNING    

387 381 384 385 369 381 

 
    -  TVÆRRETNING 

      

VIDERE-RIVESTYRKE     

N/mm 

    -  LÆNGDERETNING 

      

 
    -  TVÆRRETNING 

      

10 - 50 % FORLÆNGELSE 

    -  LÆNGDERETNING 
      

 
    -  TVÆRRETNING 

      

 

I TILFÆLDE AF, AT DER IKKE KØRES EFTER DE FASTSATTE NORMER, SKAL DETTE AN-
FØRES UNDER BEMÆRKNINGER. ANALYSEBETINGELSERNE BESKRIVES. 
TRÆKSTYRKE      ISO 527-1 og ISO 527-3 
BRUDFORLÆNGELSE          ISO 527-1 og ISO 527-3 
VIDERE-RIVESTYRKE           DIN 53363  
10 / 50 % FORLÆNGELSE   BS 3924 : 1978 
 
_bjÃohkfkJ

dboW|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||=

 
DATO___14/5-01 

 
UDFØRT AF____JO______ 

 

Reference: 

DS/EN ISO 9001:2000 i 2216 
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TRÆKPRØVNING 
 

LOGBOG FOR TRÆKPRØVEAPPARAT  /  KUNDE 

ORDRENR. DP 01038 Clear 97 DOA 

KVALITET / FARVE  

TYKKELSE 220 µm  

NARV  

ANALYSERESULTATER 1 2 3 4 5 GNM. 

TRÆKSTYRKE                 MPa 
-LÆNGDERETNING  

17,75 18,23 18,40 17,22 18,26 17,97 

T 
TVÆRRETNING 

      

BRUDFORLÆNGELSE         % 

   -  LÆNGDERETNING    

401 406 415 402 431 411 

 
    -  TVÆRRETNING 

      

VIDERE-RIVESTYRKE     

N/mm 

    -  LÆNGDERETNING 

      

 
    -  TVÆRRETNING 

      

10 - 50 % FORLÆNGELSE 

    -  LÆNGDERETNING 
      

 
    -  TVÆRRETNING 

      

 

I TILFÆLDE AF, AT DER IKKE KØRES EFTER DE FASTSATTE NORMER, SKAL DETTE AN-
FØRES UNDER BEMÆRKNINGER. ANALYSEBETINGELSERNE BESKRIVES. 
TRÆKSTYRKE      ISO 527-1 og ISO 527-3 
BRUDFORLÆNGELSE          ISO 527-1 og ISO 527-3 
VIDERE-RIVESTYRKE           DIN 53363 
10 / 50 % FORLÆNGELSE   BS 3924 : 1978 
 
_bjÃohkfkJ

dboW|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||=

 
DATO___14/5-01 

 
UDFØRT AF____JO______ 

 

Reference: 

DS/EN ISO 9001:2000 i 2216 
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TRÆKPRØVNING 
 

LOGBOG FOR TRÆKPRØVEAPPARAT  /  KUNDE 

ORDRENR. DP 01039 Clear 97 DOS 

KVALITET / FARVE  

TYKKELSE 220 µm  

NARV  

ANALYSERESULTATER 1 2 3 4 5 GNM. 

TRÆKSTYRKE                 MPa 
-LÆNGDERETNING  

14,97 14,23 14,33 14,38 14,17 14,41 

T 
TVÆRRETNING 

      

BRUDFORLÆNGELSE         % 

   -  LÆNGDERETNING    

362 348 345 341 355 350 

 
    -  TVÆRRETNING 

      

VIDERE-RIVESTYRKE     

N/mm 

    -  LÆNGDERETNING 

      

 
    -  TVÆRRETNING 

      

10 - 50 % FORLÆNGELSE 

    -  LÆNGDERETNING 
      

 
    -  TVÆRRETNING 

      

 

I TILFÆLDE AF, AT DER IKKE KØRES EFTER DE FASTSATTE NORMER, SKAL DETTE AN-
FØRES UNDER BEMÆRKNINGER. ANALYSEBETINGELSERNE BESKRIVES. 
TRÆKSTYRKE      ISO 527-1 og ISO 527-3 
BRUDFORLÆNGELSE          ISO 527-1 og ISO 527-3 
VIDERE-RIVESTYRKE           DIN 53363 
10 / 50 % FORLÆNGELSE   BS 3924 : 1978 
 
_bjÃohkfkJ

dboW|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||=

 
DATO___14/5-01 

 
UDFØRT AF____JO______ 

 

Reference: 

DS/EN ISO 9001:2000 i 2216 
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TRÆKPRØVNING 
 

LOGBOG FOR TRÆKPRØVEAPPARAT  /  KUNDE 

ORDRENR. DP 01040 Clear 97 TOTM 

KVALITET / FARVE  

TYKKELSE 220 µm  

NARV  

ANALYSERESULTATER 1 2 3 4 5 GNM. 

TRÆKSTYRKE                 MPa 
-LÆNGDERETNING  

18,54 18,41 18,00 18,49 17,48 18,18 

T 
TVÆRRETNING 

      

BRUDFORLÆNGELSE         % 

   -  LÆNGDERETNING    

382 381 372 385 375 379 

 
    -  TVÆRRETNING 

      

VIDERE-RIVESTYRKE     

N/mm 

    -  LÆNGDERETNING 

      

 
    -  TVÆRRETNING 

      

10 - 50 % FORLÆNGELSE 

    -  LÆNGDERETNING 
      

 
    -  TVÆRRETNING 

      

 

I TILFÆLDE AF, AT DER IKKE KØRES EFTER DE FASTSATTE NORMER, SKAL DETTE AN-
FØRES UNDER BEMÆRKNINGER. ANALYSEBETINGELSERNE BESKRIVES. 
TRÆKSTYRKE      ISO 527-1 og ISO 527-3 
BRUDFORLÆNGELSE          ISO 527-1 og ISO 527-3 
VIDERE-RIVESTYRKE           DIN 53363 
10 / 50 % FORLÆNGELSE   BS 3924 : 1978 
 
_bjÃohkfkJ

dboW|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||=

 
DATO___14/5-01 

 
UDFØRT AF____JO______ 

 

Reference: 

DS/EN ISO 9001:2000 i 2216 
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TRÆKPRØVNING 
 

LOGBOG FOR TRÆKPRØVEAPPARAT  /  KUNDE 

ORDRENR. DP 01041 Clear 97 Benzoflex 9-88 

KVALITET / FARVE  

TYKKELSE 185 µm  

NARV  

ANALYSERESULTATER 1 2 3 4 5 GNM. 

TRÆKSTYRKE                 MPa 
-LÆNGDERETNING  

21,75 21,81 22,88 22,53 20,55 21,90 

T 
TVÆRRETNING 

      

BRUDFORLÆNGELSE         % 

   -  LÆNGDERETNING    

292 299 324 296 272 296 

 
    -  TVÆRRETNING 

      

VIDERE-RIVESTYRKE     

N/mm 

    -  LÆNGDERETNING 

      

 
    -  TVÆRRETNING 

      

10 - 50 % FORLÆNGELSE 

    -  LÆNGDERETNING 
      

 
    -  TVÆRRETNING 

      

 

I TILFÆLDE AF, AT DER IKKE KØRES EFTER DE FASTSATTE NORMER, SKAL DETTE AN-
FØRES UNDER BEMÆRKNINGER. ANALYSEBETINGELSERNE BESKRIVES. 
TRÆKSTYRKE      ISO 527-1 og ISO 527-3 
BRUDFORLÆNGELSE          ISO 527-1 og ISO 527-3 
VIDERE-RIVESTYRKE           DIN 53363 
10 / 50 % FORLÆNGELSE   BS 3924 : 1978 
 
_bjÃohkfkJ

dboW|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||=

 
DATO___14/5-01 

 
UDFØRT AF____JO______ 

 

Reference: 

DS/EN ISO 9001:2000 i 2216 



 94 

TRÆKPRØVNING 
 

LOGBOG FOR TRÆKPRØVEAPPARAT  /  KUNDE 

ORDRENR. DP 01042 Clear 97 Diolpate 

KVALITET / FARVE  

TYKKELSE 220 µm  

NARV  

ANALYSERESULTATER 1 2 3 4 5 GNM. 

TRÆKSTYRKE                 MPa 
-LÆNGDERETNING  

20,10 20,36 21,26 20,17 19,03 20,18 

T 
TVÆRRETNING 

      

BRUDFORLÆNGELSE         % 

   -  LÆNGDERETNING    

370 368 407 369 360 374 

 
    -  TVÆRRETNING 

      

VIDERE-RIVESTYRKE     

N/mm 

    -  LÆNGDERETNING 

      

 
    -  TVÆRRETNING 

      

10 - 50 % FORLÆNGELSE 

    -  LÆNGDERETNING 
      

 
    -  TVÆRRETNING 

      

 

I TILFÆLDE AF, AT DER IKKE KØRES EFTER DE FASTSATTE NORMER, SKAL DETTE AN-
FØRES UNDER BEMÆRKNINGER. ANALYSEBETINGELSERNE BESKRIVES. 
TRÆKSTYRKE      ISO 527-1 og ISO 527-3 
BRUDFORLÆNGELSE          ISO 527-1 og ISO 527-3 
VIDERE-RIVESTYRKE           DIN 53363 
10 / 50 % FORLÆNGELSE   BS 3924 : 1978 
 
_bjÃohkfkJ

dboW|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||=

 
DATO___14/5-01 

 
UDFØRT AF____JO______ 

 

Reference: 

DS/EN ISO 9001:2000 i 2216 
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TRÆKPRØVNING 
 

LOGBOG FOR TRÆKPRØVEAPPARAT  /  KUNDE 

ORDRENR. DP 01043 Clear 97 Citroflex 

KVALITET / FARVE  

TYKKELSE 220 µm  

NARV  

ANALYSERESULTATER 1 2 3 4 5 GNM. 

TRÆKSTYRKE                 MPa 
-LÆNGDERETNING  

18,72 19,45 19,33 19,64 19,70 19,36 

T 
TVÆRRETNING 

      

BRUDFORLÆNGELSE         % 

   -  LÆNGDERETNING    

336 384 355 378 403 371 

 
    -  TVÆRRETNING 

      

VIDERE-RIVESTYRKE     

N/mm 

    -  LÆNGDERETNING 

      

 
    -  TVÆRRETNING 

      

10 - 50 % FORLÆNGELSE 

    -  LÆNGDERETNING 
      

 
    -  TVÆRRETNING 

      

 

I TILFÆLDE AF, AT DER IKKE KØRES EFTER DE FASTSATTE NORMER, SKAL DETTE AN-
FØRES UNDER BEMÆRKNINGER. ANALYSEBETINGELSERNE BESKRIVES. 
TRÆKSTYRKE      ISO 527-1 og ISO 527-3 
BRUDFORLÆNGELSE          ISO 527-1 og ISO 527-3 
VIDERE-RIVESTYRKE           DIN 53363 
10 / 50 % FORLÆNGELSE   BS 3924 : 1978 
 
_bjÃohkfkJ

dboW|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||=

 
DATO___14/5-01 

 
UDFØRT AF____JO______ 

 

Reference: 

DS/EN ISO 9001:2000 i 2216 
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TRÆKPRØVNING 
 

LOGBOG FOR TRÆKPRØVEAPPARAT  /  KUNDE 

ORDRENR. DP 01106 Clear 97 Elvaloy 

KVALITET / FARVE  

TYKKELSE 400 µm  

NARV  

ANALYSERESULTATER 1 2 3 4 5 GNM. 

TRÆKSTYRKE                 MPa 
-LÆNGDERETNING  

27,67 28,22 27,70 28,88 26,04 27,70 

T 
TVÆRRETNING 

      

BRUDFORLÆNGELSE         % 

   -  LÆNGDERETNING    

329 331 356 347 304 333 

 
    -  TVÆRRETNING 

      

VIDERE-RIVESTYRKE     

N/mm 

    -  LÆNGDERETNING 

      

 
    -  TVÆRRETNING 

      

10 - 50 % FORLÆNGELSE 

    -  LÆNGDERETNING 
      

 
    -  TVÆRRETNING 

      

 

I TILFÆLDE AF, AT DER IKKE KØRES EFTER DE FASTSATTE NORMER, SKAL DETTE AN-
FØRES UNDER BEMÆRKNINGER. ANALYSEBETINGELSERNE BESKRIVES. 
TRÆKSTYRKE      ISO 527-1 og ISO 527-3 
BRUDFORLÆNGELSE          ISO 527-1 og ISO 527-3 
VIDERE-RIVESTYRKE           DIN 53363 
10 / 50 % FORLÆNGELSE   BS 3924 : 1978 
 
_bjÃohkfkJ

dboW|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||=

 
DATO___14/5-01 

 
UDFØRT AF____JO______ 

 

Reference: 

DS/EN ISO 9001:2000 i 2216 
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Sample No. 1

Sample No. 2

DEHP (DP01-036)
3601207750
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Light transmission of plasticised PVC film
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Sample No. 1

Sample No. 2

3601207750

16.05.2001

DINP (DP01-037)
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Light transmission of plasticised PVC film
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Sample No. 1

Sample No. 2

DEHA (DP01-038)
3601207750

16.05.2001
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Light transmission of plasticised PVC film
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Sample No. 1

Sample No. 2

3601207750

16.05.2001

DEHS (DP01-039)
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Light transmission of plasticised PVC film
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Sample No. 1

Sample No. 2

3601207750

16.05.2001

TEHTM (DP01-040)

290, 35 40 45 50 55 60 65 70 75 800,0,0

10

20

30

40

50

60

70

80

90

100,

nm

%T

290, 35 40 45 50 55 60 65 70 75 800,0,0

10

20

30

40

50

60

70

80

90

100,

nm

%T

Light transmission of plasticised PVC film
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Sample No. 1

Sample No. 2

3601207750

16.05.2001

Di(propylene glycol) dibenzoate (DP01-041)
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Light transmission of plasticised PVC film
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Sample No. 1

Sample No. 2

3601207750

16.05.2001

Polyadipate (DP01-042)
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Light transmission of plasticised PVC film
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Sample No. 1

Sample No. 2

3601207750
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ATBC (DP01-043)
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Light transmission of plasticised PVC film
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Sample No. 1

Sample No. 2

3601207750

16.05.2001

EAC terpolymer (DP01-106)
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Light transmission of plasticised PVC film
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Sample No. 1

Sample No. 2

3601207750

16.05.2001

EAC terpolymer (DP01-106) - extra
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Light transmission of plasticised PVC film

 

 


