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ABSTRACT 

qÜÉ= çÄàÉÅíáîÉ= çÑ= íÜáë= íÉëí= éêçÖê~ã= ï~ë= íç= êÉîáÉï= íÜÉ=
éçíÉåíá~ä= éÜóëáÅ~ä= ~åÇ= ÅÜÉãáÅ~ä= ÅÜ~åÖÉë= çÑ= Ñçìê=
Å~åÇáÇ~íÉ= Éä~ëíçãÉêë= áå= ÉåÖáåÉ= Åççä~åí= ëÉêîáÅÉK= = qÜÉ=
ÖäóÅçäJÅ~êÄçñóäáÅ= ~ÅáÇ= áåÜáÄáíçê= íÉÅÜåçäçÖó= Åççä~åí= ï~ë=
ëÉäÉÅíÉÇ= ÇìÉ= íç= áíë= ÑêÉèìÉåí= ìëÉ= ~åÇ= ~ééÉ~ê~åÅÉ= çÑ=
ÄÉáåÖ=ãçêÉ=ÉåîáêçåãÉåí~ääó=~ÅÅÉéí~ÄäÉ=~ë=Åçãé~êÉÇ= íç=
ÅìêêÉåíäó= ìëÉÇ= áåçêÖ~åáÅ= áåÜáÄáíçêëK= = táíÜáå= íÜÉ= äáãáíë= çÑ=
íÜÉ= íÉëí= éêçÖê~ãI= ïÉ= êÉîáÉïÉÇ= éÜóëáÅ~ä= ~ÖáåÖ= ìëáåÖ= çJ
êáåÖ= ëÉ~äë= E^pqj= aNQNQF= ~åÇ= ÅçãéêÉëëáîÉ= ëíêÉëë=
êÉä~ñ~íáçåK= = qÜÉ= ÅÜÉãáÅ~ä= ÅÜ~åÖÉë= ïÉêÉ= ãçåáíçêÉÇ= Äó=
êÉîáÉïáåÖ= ëìêÑ~ÅÉ= ÅÜ~åÖÉë= EcçìêáÉê= qê~åëÑçêã= fåÑê~êÉÇ=
péÉÅíêçëÅçéóI= cqfoF= ìëáåÖ= ~ííÉåì~íÉÇ= íçí~ä= êÉÑäÉÅí~åÅÉ=
E^qoF= ~åÇ= Çóå~ãáÅ= ãÉÅÜ~åáÅ~ä= ~åÇ= êÜÉçäçÖáÅ~ä=
íÉëíáåÖLíÜÉêã~ä= ~å~äóëáëI= ajoqI= ïÜáÅÜ= ëÜçìäÇ= êÉÑäÉÅí=
Äìäâ=éêçéÉêíó=ÅÜ~åÖÉë=ÇìÉ=íç=ÅÜÉãáÅ~ä=~íí~ÅâK===

INTRODUCTION 

qÉëíáåÖ= íç= ÇÉíÉêãáåÉ= ëìáí~Äáäáíó= Ñçê= äçåÖJíÉêã= ëÉ~äáåÖ=
ëÉêîáÅÉ= ëÜçìäÇ= áåÅçêéçê~íÉ= ãÉ~ëìêÉãÉåí= çÑ= Ç~í~=
ãÉ~åáåÖÑìä=íç=íÜÉ=~ééäáÅ~íáçå=~ë=ïÉää=~ë=~éé~ê~íìë=íÜ~í=áë=
~= äÉÖáíáã~íÉ= ãçÇÉä= çÑ= íÜÉ= ~ééäáÅ~íáçåK= = içåÖJíÉêã= ëÉ~ä=
éÉêÑçêã~åÅÉ= éêÉêÉèìáëáíÉë= ãáÖÜí= äçÖáÅ~ääó= ëí~êí= ïáíÜ= íÜÉ=
Éä~ëíçãÉê= Ü~îáåÖ= ~= ãáåáã~ä= éçíÉåíá~ä= Ñçê= ÅÜÉãáÅ~ä=
ÅÜ~åÖÉ= ~åÇLçê= äçåÖJíÉêã= êÉëáëí~åÅÉ= íç= ÅçãéêÉëëáçå= ëÉí=
~åÇ= ÅçãéêÉëëáîÉ= ëíêÉëë= êÉä~ñ~íáçåK= = qÜÉ= íÉëí= éêçÖê~ã=
~åÇ= ~éé~ê~íìë= ìëÉÇ= Ñçê= íÜáë= é~éÉê= ïÉêÉ= ÇÉëáÖåÉÇ= íç=
éêçîáÇÉ= Ç~í~= êÉäÉî~åí= íç= Éä~ëíçãÉê= ëÉäÉÅíáçå= Ñçê= ÉåÖáåÉ=
Åççä~åí=~ééäáÅ~íáçåëK===

mêÉã~íìêÉ= Ñ~áäìêÉ= Å~å= çÅÅìê= ÇìÉ= íç= ÅÜÉãáÅ~ä= ~íí~Åâ= çå=
íÜÉ= Ä~ëÉ= Éä~ëíçãÉê= E~KâK~K= Ä~ÅâÄçåÉFI= íÜÉ= ÅêçëëäáåâI= çê=
ÄçíÜK= = mÜóëáÅ~ä= êÉä~ñ~íáçå= EëíêÉëëLëíê~áå= êÉä~ñ~íáçåF= Å~å=
äÉ~Ç= íç= éêÉã~íìêÉ= Ñ~áäìêÉ= çÑ= ëÉ~ä= Åçåí~Åí= ëíêÉëë= ~åÇ= áë=
íóéáÅ~ääó= ~ÅÅÉäÉê~íÉÇ= Äó= íÜÉêã~ä= ÉñÅìêëáçåë= E_çäíòã~å=
pìéÉêéçëáíáçå= mêáåÅáéäÉFK= = qÜÉ= ÅÜÉãáÅ~ä= ~íí~Åâ= çÑ=
éçäóãÉêë= áå=çêÖ~åáÅ=~ÅáÇ=Åççä~åí= áë=ïÉää=ÇçÅìãÉåíÉÇ=ENF=
EOFK= = qÜÉ= áåáíá~ä= ÅÜÉãáÅ~ä= ÅÜ~åÖÉë= çå= íÜÉ= Éä~ëíçãÉê ë=
ëìêÑ~ÅÉ=Å~å=ÄÉ=ãçåáíçêÉÇ=îá~=cçìêáÉê=qê~åëÑçêã=fåÑê~êÉÇ=

péÉÅíêçëÅçéó= EcqJfoF= ïáíÜ= íÜÉ= ^ííÉåì~íÉÇ= qçí~ä=
oÉÑäÉÅí~åÅÉ=E^qoF=íÉÅÜåáèìÉK===

`ÜÉãáÅ~ä=ëí~Äáäáíó=çÑ=Ä~ëÉ=ãçåçãÉêë=ä~êÖÉäó=ÇÉíÉêãáåÉë=
éçäóãÉê= ëí~ÄáäáíóK= = `êçëëäáåâáåÖ= ÅÜÉãáëíêó= áë= äáâÉïáëÉ=
éêÉÇáÅí~ÄäÉ=îá~=å~ãÉÇ=EÉKÖK=pï~êíëI= båÉ I=ÉíÅF=ÅÜÉãáÅ~ä=
êÉ~ÅíáçåëK==qÜÉ=Äìäâ=ÅÜÉãáÅ~ä=ÅÜ~åÖÉë=~êÉ=äçÖáÅ~ääó=íáãÉJ
íÉãéÉê~íìêÉ= ÇÉéÉåÇÉåíX= íÜÉëÉ= ÅÜ~åÖÉë= Å~å= ÄÉ=
ãçåáíçêÉÇ= Äó= Çóå~ãáÅ= ãÉÅÜ~åáÅ~ä= ~åÇ= êÜÉçäçÖáÅ~ä=
íÜÉêã~ä= ~å~äóëáë= EajoqFK= = ajoq= íÉëíáåÖ= áë= éÉêÑçêãÉÇ=
ìåÇÉê=ëÜÉ~ê=E~=äáåÉ~ê=Éä~ëíáÅ=êÉëéçåëÉFK==pÜÉ~ê=ãçÇìäìëI=
dI= çÑ= ~å= Éä~ëíçãÉê= áë= ÖÉåÉê~ääó= ÉñéêÉëëÉÇ= ~ë= d= Z=

ρoqLjÅI= ïÜÉêÉ= ρ= áë= ÇÉåëáíóI= o= íÜÉ= ìåáîÉêë~ä= Ö~ë=
Åçåëí~åíI= ~åÇ= q= áë= íÉãéÉê~íìêÉ= áå= hÉäîáåK= = jÅI= ~=
ÅçåíêçîÉêëá~ä= íÉêãI= áë= ãçäÉÅìä~ê= ïÉáÖÜí= ÄÉíïÉÉå=
ÅêçëëäáåâëK= = `çåëáÇÉêáåÖ= jÅ= ~ë= íÜÉ= î~êá~ÄäÉ= êÉÑäÉÅíáåÖ=
ÅÜÉãáÅ~ä= ÅÜ~åÖÉë= íÜ~í= çÅÅìê= ÇìêáåÖ= íÜÉ= ~ÖáåÖ= éêçÅÉëë=
ïÉ=Å~å=åçï=ãÉ~ëìêÉ=íÜÉ=Éä~ëíçãÉê ë=Äìäâ=éêçéÉêíáÉë=~ë=
íÜÉó=ëÜáÑí=ÇìÉ=íç=~ÖáåÖK===

j~áåíÉå~åÅÉ= çÑ= Åçåí~Åí= ëíêÉëë= ÄÉíïÉÉå= Éä~ëíçãÉêáÅ=
ÉäÉãÉåíë= ~åÇ= ã~íáåÖ= ëìêÑ~ÅÉë= áë= ÅêáíáÅ~ä= íç= éêçéÉê=
ëÉ~äáåÖK==jÉ~ëìêÉãÉåí=çÑ=ÅçãéêÉëëáîÉ=ëíêÉëë=êÉä~ñ~íáçåI=
çê=`poI=çÑÑÉêë=î~äì~ÄäÉ=áåëáÖÜí=Ñçê=éêÉÇáÅíáçå=çÑ=äçåÖJíÉêã=
ëìáí~Äáäáíó= çÑ= ã~íÉêá~äëK= = ^= ëéÉÅáãÉå= ÖÉçãÉíêó= íÜ~í=
êÉÑäÉÅíë= ~= íóéáÅ~ä= ëÉ~ä= Åêçëë= ëÉÅíáçå= ~åÇ= êÉ~äáëíáÅ=
çéÉê~íáåÖ= íÉãéÉê~íìêÉ= ïÉêÉ= ìëÉÇ= áå= íÜáë= é~éÉê ë= íÉëí=
éêçÖê~ã=íç=~ÅÅìê~íÉäó=ãçÇÉä=ÉåîáêçåãÉåí~ä=ÅçåÇáíáçåë=çÑ=
ëÉ~äë=áå=Åççä~åí=ëÉêîáÅÉK===

EXPERIMENTAL 

l_gb`qfsbp=

qÜÉ= ~ìíÜçêë= ïáëÜÉÇ= íç= Åçãé~êÉ= ~åÇ= Éî~äì~íÉ= Ñçìê=
ÇáÑÑÉêÉåí= Éä~ëíçãÉêë= ïáíÜ= êÉëéÉÅí= íç= äçåÖJíÉêã= ëÉ~äáåÖ=
éÉêÑçêã~åÅÉ= áå= ~ÖÖêÉëëáîÉ= ëÉêîáÅÉ= ÉåîáêçåãÉåíëJ=
é~êíáÅìä~êäó=ÜáÖÜ= íÉãéÉê~íìêÉ=ëÉêîáÅÉ= áå=ÖäóÅçäLÅ~êÄçñóäáÅ=
~ÅáÇ= áåÜáÄáíÉÇ=Åççä~åíK= =^=éçéìä~ê=Åççä~åí=ÑäìáÇ=ï~ë=ìëÉÇ=
íç= íÉëí=ÅÜÉãáÅ~ä= êÉëáëí~åÅÉ=~åÇ= íÜÉêã~ä=ëí~ÄáäáíóK= =^= íÉëí=
ÑáñíìêÉ=ï~ë=ÇÉëáÖåÉÇ=íç=ÅäçëÉäó=ëáãìä~íÉ=íÜÉ=ÅçåÇáíáçåë=çÑ=
î~êáçìë= ÉåÖáåÉ= ÅççäáåÖ= ÅçãéçåÉåíëK= = cçê= ~= ã~íÉêá~ä= íç=



Ü~îÉ= äçåÖ=ëÉêîáÅÉ= äáÑÉI= áí= ëÜçìäÇ=ïáíÜëí~åÇ=ÄçíÜ=Çêó=ÜÉ~í=
~ÖáåÖ=~ë=ïÉää=~ë=ëìÄãÉêëáçå=áå=íÜÉ=Åççä~åí=ÑäìáÇK==

få= ~= éêÉîáçìë= é~éÉê= ENF= íÜÉ= ~ìíÜçêë= ìëÉÇ= ãçêÉ=
~ÖÖêÉëëáîÉ= ~ÖáåÖ= íÉãéÉê~íìêÉë= ENRMI= NTR= ~åÇ= OMMŒ`F=
ïáíÜ=bmajI=cbmjI=~åÇ=ek_o=ïáíÜ=ÄçíÜ=Å~êÄçñóäáÅ=~åÇ=
áåçêÖ~åáÅ= áåÜáÄáíÉÇ= ÖäóÅçä= Åççä~åíëK= = qÜÉ= áåÅäìëáçå= çÑ= ~=
ëáäáÅçåÉ=EspáF=Éä~ëíçãÉê=áå=íÜáë=é~éÉê=ÇáÅí~íÉÇ=íÉëíáåÖ=~í=~=
äçïÉê= íÉãéÉê~íìêÉI=å~ãÉäó=NPRŒ`K= =qÜáë= áë=Éèìáî~äÉåí= íç=
~=Äìäâ=Åççä~åí=íÉãéÉê~íìêÉ=çÑ=NMMŒ`=ïáíÜ=~=ÜÉ~í=êÉàÉÅíáåÖ=
ëçìêÅÉ=~í=NPRŒ`K==qÜáë=~ÖáåÖ=íÉãéÉê~íìêÉ=ï~ë=ïáíÜáå=íÜÉ=
êÉÅçããÉåÇÉÇ= ëÉêîáÅÉ= íÉãéÉê~íìêÉ= äáãáíë= çÑ= É~ÅÜ=
Éä~ëíçãÉêK===

fÇÉ~ääóI= íÜÉ= Éä~ëíáÅ=éêçéÉêíáÉë=çÑ= ~å=Éä~ëíçãÉêáÅ=ã~íÉêá~ä=
ïçìäÇ= êÉã~áå= ìåÅÜ~åÖÉÇ= ~ÑíÉê= ~åó= ~ãçìåí= çÑ= íáãÉ= áå=
ëÉêîáÅÉK= = lÄîáçìëäóI= ÉñéçëìêÉ= íç= ïçêâáåÖ= ÑäìáÇë= ~åÇ= íç=
ÜáÖÜÉê= íÜ~å= ~ãÄáÉåí= íÉãéÉê~íìêÉë= Å~ìëÉë= ëçãÉ=ëÜáÑí= áå=
ãÉÅÜ~åáÅ~ä= éêçéÉêíáÉëK= = eçïÉîÉêI= íç= ÄÉ= ÅçåëáÇÉêÉÇ= Ñçê=
äçåÖJíÉêã= ëÉêîáÅÉI= íÜÉ= ÅÜ~åÖÉ= áå= éêçéÉêíáÉë= ëÜçìäÇ= ÄÉ=
íê~åëáÉåíI= ~åÇ= íÜÉ= ã~íÉêá~ä= éêçéÉêíáÉë= ëÜçìäÇ= êÉ~ÅÜ=
ÉèìáäáÄêáìã=î~äìÉëK= =qÜ~í= áëI=ã~íÉêá~ä=ÇÉÖê~Ç~íáçå=ëÜçìäÇ=
åçí=ÅçåíáåìÉ=~ë=íáãÉ=ÖçÉë=çåK===

cçê= íÜáë= é~éÉêI= çìê= ãÉíÜçÇë= çÑ= Éî~äì~íáåÖ= ã~íÉêá~ä=
éÉêÑçêã~åÅÉ= ÑçÅìë= éêáã~êáäó= çå= ÑìåÅíáçå~ä= ÅêáíÉêá~= ~ë=
çééçëÉÇ= íç= ëí~åÇ~êÇ = ãÉÅÜ~åáÅ~ä= éêçéÉêíáÉëK= = cçê=
Éñ~ãéäÉI=ÅçãéêÉëëáîÉ=ëíêÉëë=êÉä~ñ~íáçå=áë= àìÇÖÉÇ=Ä~ëÉÇ=
çå=~=ëÉ~ä ë= Ääçïçìí =éêÉëëìêÉX=^pqj=ÇÉëáÖå~íÉÇ=íÉåëáäÉ=
íÉëíë=çå= ÇçÖ=ÄçåÉë =Ü~îÉ=ÄÉÉå=çãáííÉÇK===

bumbofjbkq^i=jbqela=

q~ÄäÉ=N=ÄÉäçï=ëìãã~êáòÉë= íÜÉ= íÉëí=ÅçåÇáíáçåëI=~åÇ=cáÖK=
N= ëÜçïë= ~= Åìí~ï~ó= îáÉï= çÑ= íÜÉ= íÉëí= ÑáñíìêÉK= = qÜÉ= íïçJ
éáÉÅÉ= ÑáñíìêÉ= EcáÖK= OF= ~ääçïë= áåëí~ää~íáçå= ~åÇ= êÉãçî~ä= çÑ=
íÜÉ= íçé= éáëíçå = íóéÉ= ëÉ~ä= ïáíÜçìí= Å~ìëáåÖ= ãÉÅÜ~åáÅ~ä=
Ç~ã~ÖÉ=íç=íÜÉ=ëÉ~äK===

q~ÄäÉ=NW=bñéÉêáãÉåí~ä=j~íêáñ=

s~êá~ÄäÉ= aÉëÅêáéíáçå=

Q= `ççä~åí=JoÉëáëí~åí =
bä~ëíçãÉêë=

qcbLmI=ek_oI=bmajI=pfif`lkb=

EpÉÉ=~ééÉåÇáñ=~åÇ=q~ÄäÉ=O=Ñçê=ÇÉí~áäëF=

N=qÉãéÉê~íìêÉ= NPRŒ`=

Q=qÉëí=qáãÉë==

Efå=^ÇÇáíáçå=íç=?råJ^ÖÉÇ?=
p~ãéäÉëF=

NMMI=ORMI=RMMI=~åÇ=NMMM=eçìêë=

N=qÉëí=cäìáÇ= `ççä~åíI=cìääó=cçêãìä~íÉÇ=
EÅçåÅÉåíê~íÉF=lêÖ~åáÅ=^ÅáÇ=qÉÅÜåçäçÖó=
El^qF=`ççä~åíJ= eÉ~îó=aìíó =

p~ãéäÉë=éÉê=pÉí=çÑ=qÉëí=
`çåÇáíáçåë=

NKOTQ?=fa=ñ=MKNPV?=t~ää=lJoáåÖë=Ecçê=
éáëíçå =ëÉ~äFX==

páòÉ=VOM=lJoáåÖë=EÑçê=Äçííçã=ÉåÇ=Å~é=
ëÉ~äF=

páòÉ=ONQ=lJoáåÖë=EP=éÉê=ÑáñíìêÉF=råÇÉê=
ORB=`çãéêÉëëáçå=E^pqj=aNQNQF=

péÜÉêáÅ~ä=qÉëí=péÉÅáãÉå=

qçêëáçå=oÉÅí~åÖìä~ê=p~ãéäÉ=

=

qÜÉ= íÉëí= ÑáñíìêÉ= çÑ= cáÖK= N= ï~ë= ÇÉëáÖåÉÇ= íç= ÅäçëÉäó=
ëáãìä~íÉ= ÅçåÇáíáçåë= çÑ= ÅççäáåÖ= ëóëíÉã= ëÉ~äëK= = s~êáçìë=
ÅçãéçåÉåíë=~êÉ=ëìÄãÉêÖÉÇ=áå=Åççä~åí=ÑäìáÇ=ÇìêáåÖ=~ÖáåÖK==
qÜÉ= íïçJéáÉÅÉ= íçé= éäìÖ = áë=ìëÉÇ= Ñçê=É~ëÉ=çÑ= áåëí~ää~íáçå=
~åÇ= êÉãçî~ä= çÑ= íÜÉ= çJêáåÖ= íÜ~í= ëÉ~äë= íÜÉ= íçé= çÑ= íÜÉ=
ÅóäáåÇÉê=áå=~=éáëíçå=ëÉ~ä=ÅçåÑáÖìê~íáçåK==aìêáåÖ=~ÖáåÖ=íÜáë=
çJêáåÖ= áë= ìåÇÉê= ~= åçãáå~ä= NPB= ê~Çá~ä= ÅçãéêÉëëáçåK= = ^=
Åìí~ï~ó= îáÉï= çÑ= íÜÉ= ÑáñíìêÉ= áë= ëÜçïå= áå= cáÖK= O= ÄÉäçïK==
qÜÉêÉ=áë=åç=çJêáåÖ=áå=íÜÉ=íçé=Å~é=çÑ=íÜÉ=ÑáñíìêÉ=EáKÉK=íÜÉ=íçé=
çÑ= íÜÉ= éáëíçå= ëÉ~ä= áë= ëìÄàÉÅí= íç= Çêó= ÜÉ~í= ~åÇ= Åççä~åí=
~ÖáåÖFK= = ^äëç= áå= íÜÉ= ÅóäáåÇÉê= áë= ~= ëí~Åâ= çÑ= íÜêÉÉ= Ç~ëÜ=
åìãÄÉê=ONQ=çJêáåÖëI=É~ÅÜ=ìåÇÉê=ORB=ÅçãéêÉëëáçåK==qÜÉ=
ÅçãéêÉëëáîÉ=ëíêÉëë=êÉä~ñ~íáçå=E`poF=ÑáñíìêÉ=EPF=áë=~äëç=áå=
íÜÉ=íÉëí=ÅóäáåÇÉêK==^=Åìí~ï~ó=îáÉï=çÑ=íÜÉ=ÑáñíìêÉ=~åÇ=Åêçëë=
ëÉÅíáçå~ä=îáÉï=çÑ=íÜÉ=ë~ãéäÉ=~êÉ=ëÜçïå=áå=cáÖK=P=~åÇ=cáÖK=
Q= êÉëéÉÅíáîÉäóK= = cáå~ääóI= íÜÉ= íçêëáçå= êÉÅí~åÖìä~ê= ë~ãéäÉ=
ëáíë=áå=íÜÉ=íÉëí=ÑäìáÇ=~ë=ïÉääK=^ää=êìÄÄÉê=é~êíëLë~ãéäÉë=áå=~=
ÖáîÉå= ÑáñíìêÉ= ïÉêÉ=ã~åìÑ~ÅíìêÉÇ= Ñêçã= íÜÉ= ë~ãÉ= êìÄÄÉê=
ÅçãéçìåÇK===

=

cáÖìêÉ=NW=qÉëí=`óäáåÇÉê=pÅÜÉã~íáÅ=

qÜÉ= ~ëëÉãÄäÉÇ= íÉëí= ÅóäáåÇÉê= áë= éä~ÅÉÇ= áå= ~å= çîÉå= ~åÇ=
~ÖÉÇ=Ñçê=~=ëéÉÅáÑáÉÇ=~ãçìåí=çÑ=íáãÉ=~í=NPRŒ`K===

=

o~Çá~ääó=`çãéêÉëëÉÇ=
máëíçå=pÉ~ä=

^ñá~ääó
`çãéêÉëëÉÇ=a~ëÜ=

kçK=ONQ=lJoáåÖë=

`po=cáñíìêÉ

`~é=pÉ~ä

`ççä~åí iÉîÉä



=

cáÖìêÉ=OW=máëíçå=pÉ~ä=pÅÜÉã~íáÅ=

=

=

cáÖìêÉ=PW=`po=cáñíìêÉ=pÅÜÉã~íáÅ=

=

cáÖìêÉ=QW=`po=p~ãéäÉ=`êçëë=pÉÅíáçå=

qÜÉ= Ä~ëÉ= éçäóãÉêë= çÑ= ÅçãéçìåÇë= íÉëíÉÇ= ~êÉ= ÜÉêÉ~ÑíÉê=
êÉÑÉêêÉÇ=íç=îá~=íÜÉ=~ÄÄêÉîá~íáçåë=áå=q~ÄäÉ=OK===

=

=

q~ÄäÉ=OW=j~íÉêá~ä=aÉëáÖå~íáçåë=

qê~ÇÉ=k~ãÉ= mçäóãÉê=
aNQNU=

aÉëáÖå~íáçå=

^ci^p=Ã= qcbLm= cbmj=

qÜÉêÄ~åÃ= ek_o= ek_o=

oçó~äÉåÉÃ= bmaj= bmaj=

pbQNTMuNVaN= pfif`lkb= spá=

=

=

RESULTS 

^ÖáåÖ=çÑ=~ää=ë~ãéäÉë=íççâ=éä~ÅÉ=~í=NPRŒ`K===

mfpqlk=pb^i=lJofkdp=J=o^af^iiv=`ljmobppba=

kçåJëí~åÇ~êÇ=ëáòÉÇ=çJêáåÖë=E~ìíÜçê ë=é~êí=åìãÄÉê=OTURF=
ïÉêÉ= ìëÉÇ= ~ë= éáëíçå= ëÉ~äë= Ñçê= íÜÉ= íçé= çÑ= É~ÅÜ= ÑáñíìêÉ=
ìëÉÇ= E~ë= ëÜçïå= áå= cáÖK= OFK= = b~ÅÜ= Ç~í~= éçáåí= ëÜçïå=
êÉéêÉëÉåíë= ~= ëáåÖäÉ= ëÉ~ä= EáKÉK= åç= êÉéäáÅ~íÉë= çÑ= íÜáë=
ëéÉÅáãÉå= ïÉêÉ= ìëÉÇFK= = qÜÉëÉ= ëÉ~äë= ïÉêÉ= ÉñéçëÉÇ= çå=
çåÉ=ëáÇÉ=íç=Çêó=ÜÉ~í=~ÖáåÖI=ïÜáäÉ=ÉñéçëÉÇ=íç=Åççä~åí=çå=
íÜÉ= çíÜÉêK= = a~í~= Ñçê= ÅçãéêÉëëáçå= ëÉíI= íÉåëáäÉ= ëíêÉåÖíÜI=
ìäíáã~íÉ=ÉäçåÖ~íáçåI=~åÇ=ÇìêçãÉíÉê=çÑ=íÜÉëÉ=ë~ãéäÉë=~êÉ=
ëÜçïå=áå=ÑáÖìêÉë=R=íÜêçìÖÜ=U=êÉëéÉÅíáîÉäóK===
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Ç~í~= ï~ë= ÅçääÉÅíÉÇ= ÄÉíïÉÉå= −SMŒ`= ~åÇ= UMŒ`K===
cêÉèìÉåÅó= çÑ= çëÅáää~íáçå= ï~ë= MKN= eòK= = ^ãéäáíìÇÉ= çÑ=
çëÅáää~íáçå=ï~ë=ÅÜçëÉå=íç=ÄÉ=ïáíÜáå=íÜÉ=äáåÉ~ê=îáëÅçÉä~ëíáÅ=
êÉÖáçå= EisoF= Ñçê= É~ÅÜ= ÅçãéçìåÇK= = qÜÉ= iso= ï~ë=
êÉÉî~äì~íÉÇ= ~ÑíÉê= É~ÅÜ= ~ÖáåÖ= íáãÉK= = dä~ëë= íê~åëáíáçå=
íÉãéÉê~íìêÉ=îÉêëìë=~ÖáåÖ=íáãÉ=áë=éäçííÉÇ=áå=cáÖK=NRK===
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ÅçãéêÉëëÉÇ=çJêáåÖë=íÉëíÉÇK==pÅ~åë=çÑ=íÜÉ=ëìêÑ~ÅÉ=çÑ=íÜÉ=
ëÉ~ä= EÉñéçëÉÇ= íç=l^q=ÑäìáÇ=ÇìêáåÖ=~ÖáåÖF=~ë=ïÉää=~ë= íÜÉ=
áåíÉêáçê= çÑ= íÜÉ= ë~ãéäÉ= ~ÑíÉê= ëäáÅáåÖ= ïáíÜ= ~= ÅäÉ~å= ê~òçê=
Ää~ÇÉK= = pìêÑ~ÅÉ= çê= buqboflo= ëÅ~åë= ã~ó= áåÅäìÇÉ=
êÉëáÇìÉ= çÑ= íÜÉ= íÉëí= ÑäìáÇ= Ñêçã=ÇáêÉÅí= Åçåí~ÅíX= ~åó= ëÜáÑí= áå=
ã~íÉêá~ä=fkqboflo=ëéÉÅíê~=~êÉ=ÇìÉ=íç=ÅÜÉãáÅ~ä=ÅÜ~åÖÉ=
çÑ= íÜÉ=Éä~ëíçãÉê=~åÇLçê=ÇáÑÑìëáçå=çÑ= íÜÉ=ÑäìáÇ= íÜêçìÖÜ=íÜÉ=
ëìêÑ~ÅÉ=áåíç=íÜÉ=Äìäâ=ã~íÉêá~äK===

jìäíáéäÉ=ëéÉÅíê~= áåÅäìÇÉÇ=çå=~=ëáåÖäÉ=ÅÜ~êí=ëÜçïå=çå=~å=
çÑÑëÉí= ëÅ~äÉ= EáKÉK= íÜÉó= ëÜ~êÉ= íÜÉ= ë~ãÉ= êÉä~íáîÉ= ëÅ~äÉ= Ñçê=
qê~åëãáíí~åÅÉI=Äìí=åçí=~=Åçããçå=çêáÖáåFK===

a~í~= ëÜçïå= ~êÉ= Ñçê= ëéÉÅíê~= ÅçääÉÅíÉÇ= ìëáåÖ= íÜÉ=
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éÉêÅÉåí= íê~åëãáíí~åÅÉ= îÉêëìë= ï~îÉåìãÄÉê= EÅã

JN
FK==

bñíÉêáçê= ~åÇ= áåíÉêáçê= ëÅ~åë=~êÉ=ëÜçïå= Ñçê=É~ÅÜ=ã~íÉêá~ä=
áå=ÑáÖìêÉë=NS=íÜêçìÖÜ=OP=ÄÉäçïK===

SILICONE (ORIGINAL)
SILICONE, 500 HOURS
SILICONE, 1000 HOURS

 50

 60

 70

 80

 90

 100

 110

 120

 130

%
T

 1000   2000   3000  
cm-1 =

cáÖìêÉ=NSW=bñíÉêáçê=fåÑê~êÉÇ=péÉÅíê~=Ñçê=páäáÅçåÉ=^ÖÉÇ=MI=RMM=~åÇ=NMMM=

eçìêë=

SILICONE (ORIGINAL)
SILICONE, 500 HOURS
SILICONE, 1000 HOURS

 50

 60

 70

 80

 90

 100

 110

 120

 130

%
T

 1000   2000   3000   4000  
cm-1 =

cáÖìêÉ=NTW=fåíÉêáçê=fåÑê~êÉÇ=péÉÅíê~=Ñçê=páäáÅçåÉ=^ÖÉÇ=MI=RMM=~åÇ=NMMM=

eçìêë=

=

EPDM, (ORIGINAL)
EPDM, 500 HOURS
EPDM, 1000 HOURS

 70

 75

 80

 85

 90

 95

 100

%
T

 1000   2000   3000   4000  
cm-1 =

cáÖìêÉ=NUW=bñíÉêáçê=fåÑê~êÉÇ=péÉÅíê~=Ñçê=bmaj=^ÖÉÇ=MI=RMM=~åÇ=NMMM=

eçìêë=

=

EPDM (ORIGINAL)
EPDM, 500 HOURS
EPDM, 1000 HOURS

 70
 72

 74

 76

 78

 80

 82

 84

 86

 88

 90

 92

%
T

 1000   2000   3000   4000  
cm-1 =

cáÖìêÉ=NVW=fåíÉêáçê=fåÑê~êÉÇ=péÉÅíê~=Ñçê=bmaj=^ÖÉÇ=MI=RMM=~åÇ=NMMM=

eçìêë=



TFE/P (ORIGINAL)
TFE/P, 500 HOURS
TFE/P, 1000 HOURS

 75

 80

 85

 90

 95

 100

 105

 110
%

T

 1000   2000   3000   4000  
cm-1 =

cáÖìêÉ=OMW=bñíÉêáçê=fåÑê~êÉÇ=péÉÅíê~=Ñçê=qcbLm=^ÖÉÇ=MI=RMM=~åÇ=NMMM=

eçìêë=

=

TFE/P (ORIGINAL)
TFE/P, 500 HOURS
TFE/P, 1000 HOURS

 65

 70

 75

 80

 85

 90

 95

 100

 105

%
T

 1000   2000   3000   4000  
cm-1 =

cáÖìêÉ=ONW=fåíÉêáçê=fåÑê~êÉÇ=péÉÅíê~=Ñçê=qcbLm=^ÖÉÇ=MI=RMM=~åÇ=NMMM=

eçìêë=

HNBR, (ORIGINAL)
HNBR, 500 HOURS
HNBR 1000 HRS

 75

 80

 85

 90

 95

 100

 105

 110

%
T

 1000   2000   3000   4000  
cm-1 =

cáÖìêÉ=OOW=bñíÉêáçê=fåÑê~êÉÇ=péÉÅíê~=Ñçê=ek_o=^ÖÉÇ=MI=RMM=~åÇ=NMMM=

eçìêë=

=
HNBR (ORIGINAL)
HNBR, 500 HOURS
HNBR, 1000 HOURS

 65

 70

 75

 80

 85

 90

 95

%
T

 1000   2000   3000   4000  
cm-1 =

cáÖìêÉ=OPW=fåíÉêáçê=fåÑê~êÉÇ=péÉÅíê~=Ñçê=ek_o=^ÖÉÇ=MI=RMM=~åÇ=NMMM=

eçìêë=

ANALYSIS 

=
avk^jf`=jb`e^kf`^i=^ka=oeblildf`^i=
qeboj^i=^k^ivpfp=EajoqF=fkqbomobq^qflk=

`ÜÉãáÅ~ä= ~íí~Åâ=Äó= íÜÉ= ÑäìáÇë=ïáää= äçÖáÅ~ääó= í~âÉ=éä~ÅÉ=~í=
ÉñéçëÉÇ=ëìêÑ~ÅÉë=çÑ=~=ëÉ~ä=~åÇ=éêçé~Ö~íÉ=íÜêçìÖÜ=íç=íÜÉ=
Äìäâ= çÑ= íÜÉ= ã~íÉêá~ä= ~ë= ÇáÑÑìëáçå= ~åÇLçê= ÅçåîÉêëáçå= çÑ=
ÅÜÉãáÅ~ä= ëéÉÅáÉë= éêçÖêÉëëÉëK= = tÉ= íÜìë= ~ëëìãÉÇ= íÜ~í=
íÜÉ= cqJfo= ëìêÑ~ÅÉ= ÅÜ~åÖÉë= ïçìäÇ= ìäíáã~íÉäó= ÄÉ=
êÉéêÉëÉåí~íáîÉ=çÑ=íÜÉ=Éä~ëíçãÉêáÅ=Äìäâ=éÜ~ëÉK==ajoq=áë=~=
ÅçåîÉåáÉåí= ~åÇ= ~ÅÅìê~íÉ= ï~ó= çÑ= ãÉ~ëìêáåÖ= íÜÉëÉ=

ÅÜ~åÖÉëK==_ó=êÉéçêíáåÖ=d′′ =Eäçëë=ãçÇìäìëF=ê~íÜÉê=íÜ~å=d′=
EÉä~ëíáÅ= ãçÇìäìëFI= dG= EÅçãéäÉñ= ãçÇìäìëF= çê= í~å= δI= ïÉ=
Ü~îÉ=~=ÄÉííÉê=áåëáÖÜí=çå=åÉíïçêâ=ÅÜ~åÖÉëK==pìÅÜ=åÉíïçêâ=
ÅÜ~åÖÉë= áåÅäìÇÉ= ~å= áåÅêÉ~ëÉ= çê= ÇÉÅêÉ~ëÉ= áå= Åêçëëäáåâ=
ÇÉåëáíó=çê=ÅÜ~áå=ëÅáëëáçåK===

=

cbmj=~åÇ=bmajW==

qÉãéÉê~íìêÉ= ëïÉÉéë= Ñçê= ã~íÉêá~ä= ~ÖÉÇ= íÜêçìÖÜ= NMMM=
Üçìêë= ëÜçï= äáííäÉ= î~êá~íáçå= Ñêçã= çêáÖáå~äX= íÜìëI= éäçíë= ~êÉ=
åçí=áåÅäìÇÉÇK===

ek_oW==

qÉãéÉê~íìêÉ=ëïÉÉéë=~í=É~ÅÜ=~ÖáåÖ= íáãÉ=EéäçííÉÇ= áå=cáÖK=

OQF=ëÜçï=~=éêçÖêÉëëáîÉ=áåÅêÉ~ëÉ=áå=d′′ =ã~ñ=íÜêçìÖÜ=RMM=
ÜçìêëK= = qÜáë= áë= ÇìÉ= íç= ~= ÇáãáåáëÜáåÖ= îÉêó= éçä~ê= Åó~åç=
Öêçìé= éêÉëÉåÅÉ= ~åÇ= áíë= ÅçåîÉêëáçå= íç= åçåJéçä~ê=
ÜóÇêçÅ~êÄçå=ÖêçìéëK==j~íÉêá~ä=~ÖÉÇ=NMMM=Üçìêë=ëÜçïë=~=

Çê~ã~íáÅ= ëÜáÑí= áå= íÜÉ= d′′ = ÅìêîÉ= ïáíÜ= Öä~ëë= íê~åëáíáçå=
íÉãéÉê~íìêÉI= qÖI= ~ééêç~ÅÜáåÖ= íÜ~í= ÅÜ~ê~ÅíÉêáëíáÅ=çÑ= åçåJ
éçä~ê=ÜóÇêçÅ~êÄçå=Éä~ëíçãÉêëK===
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cáÖìêÉ=ORW=içëë=jçÇìäìë=îëK=qÉãéÉê~íìêÉ=Epfif`lkbF=

cáÖìêÉ=OSW=pïçääÉå=~åÇ=lêáÖáå~ä=ajoq=

pfif`lkbW==

qÉãéÉê~íìêÉ=ëïÉÉéë=~í=É~ÅÜ=~ÖáåÖ=
ORF= ëÜçï= çåäó= ãáåçê= ÅÜ~åÖÉë=

ã~ñáãìã= î~äìÉ= çÑ= d′′ = Ü~ë= áåÅêÉ~
áåÅêÉ~ëÉ= áë= ÅçåëáëíÉåí= ïáíÜ= íÜÉ= ëã
ìéí~âÉI=ïÜáÅÜ=~ééÉ~êë=íç=ÄÉ=ÇìÉ=íç=~å

=

==

p~
~Ñí

eç
lêáÖáå~ä=
p~ãéäÉ=páòÉ=
=

p~ãéäÉë=Eek_oF=

íáãÉ=EéäçííÉÇ= áå=cáÖK=
Ñêçã= çêáÖáå~äX= íÜÉ=

ëÉÇ= ëäáÖÜíäóK= = qÜáë=
~ää= ~ãçìåí= çÑ= ÑäìáÇ=
=~äÅçÜçä=éêÉëÉåÅÉK===

ãéäÉ=páòÉ=
Éê=NMMM=

ìêë=^ÖáåÖ



=

cqJfo=fkqbomobq^qflk=EQF=

spá=EpáäáÅçåÉF==

páäáÅçåÉ=ëéÉÅíê~=~êÉ=ëÜçïå=áå=ÑáÖìêÉë=NS=~åÇ=NTK===

qÜÉêÉ=ïÉêÉ=åç=éêçåçìåÅÉÇ=éÉ~âë=ïáíÜ=íÜÉ=ÉñÅÉéíáçå=çÑ=~=

êÉä~íáîÉäó=ëã~ää=éÉ~â=~í=OVTM=Åã
JN
I=~ëëáÖå~ÄäÉ=íç=−`eO=çê=

−`eP= ÄçåÇ= ëíêÉíÅÜáåÖK= qÜÉ= ~ÖÉÇ= ~åÇ= ìå~ÖÉÇ= ë~ãéäÉë=
ëÜçïÉÇ=äáííäÉ=íç=åç=ÇáÑÑÉêÉåÅÉ=áå=Ä~åÇ=ïáÇíÜëLäÉåÖíÜëK=qÜÉ=
éÉ~â= ~í= NOSM= Åã

JN
= ÅçìäÇ= ÄÉ= ~ííêáÄìíÉÇ= íç= `ePJpá= ÄçåÇ=
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CONCLUSION 

få=ëìãã~êóI=Ñçê=äçåÖJíÉêã=ëÉêîáÅÉ=áå=Ä~ëáÅ=ÉåîáêçåãÉåíë=
ëìÅÜ= ~ë=l^q= Åççä~åí= ~í= NPRŒ`I= íÜÉ=ek_o=~åÇ=ëáäáÅçåÉ=
EspáF= ÅçãéçìåÇë= íÉëíÉÇ= Ü~îÉ= ÄÉÉå= ëÜçïå= íç= ÄÉ=
áåÅçãé~íáÄäÉK==qÜÉ=ëáäáÅçåÉ=ÉñÜáÄáíë=ÜáÖÜ=ëíêÉëë=êÉä~ñ~íáçå=
çîÉê= íáãÉK= =ek_o=~äíÜçìÖÜ=~ééÉ~êáåÖ=ëìáí~ÄäÉ=Äó=ã~åó=
íÉëíëI= Ü~ë= ëÉêáçìë= ÅÜÉãáÅ~ä= Åçãé~íáÄáäáíó= éêçÄäÉãë= ~åÇ=
ÜáÖÜ= îçäìãÉ= ëïÉää= ~í= äçåÖÉê= íáãÉëK= = qÜÉ= bmaj= íÉëíÉÇ=
~ééÉ~êë= íç= ÄÉ= ~= îá~ÄäÉ= çéíáçåX= ÜçïÉîÉêI= ~ë= ëÜçïå= áå=
éêÉîáçìë= ïçêâ= ENF= EOFI= íÜÉ= ã~íÉêá~ä= ëÜçìäÇ= åçí= ÄÉ=
ÉñéçëÉÇ= íç= Çêó= ÜÉ~íI= çáäI= çê= ÜáÖÜÉê= íÉãéÉê~íìêÉëK= = qÜÉ=
qcbLm= Éä~ëíçãÉê= íÉëíÉÇ= Ü~ë= ÄÉÉå= ëÜçïå= íç= Ü~îÉ= íÜÉ=
ÄÉëí= éÉêÑçêã~åÅÉ= ÅÜ~ê~ÅíÉêáëíáÅë= áå= íÉêãë= çÑ= äçåÖJíÉêã=
ëí~ÄáäáíóI= ÅÜÉãáÅ~ä= Åçãé~íáÄáäáíóI= ~åÇ= êçÄìëíåÉëë= EáKÉK=
ÉñéçëìêÉ= íç= ÇáÑÑÉêÉåí= ÉåîáêçåãÉåíëI= ÜáÖÜÉê= íÜ~å=
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