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cçìêåáíìêÉë=J=_Éëí~åÇíÉáäÉ=J=j~íÉêá~äë

fåíÉêÅÜ~åÖÉ~Äáäáí¨=J=^ìëïÉÅÜëÉäÄ~êâÉáí=J=fåíÉêÅÜ~åÖÉ~Äáäáíó
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_bpq^kaqbfiifpqb

ifpq=lc=

j^qbof^ip

`~äK=h~äK=

`~äK

NMM NMKMOMKMT = mä~íáåÉI=ÉãéáÉêê¨É tÉêâéä~ííÉI=ãáí=píÉáåÉå j~áå=éä~íÉI=àÉïÉääÉÇ= OUMKMMO

NNM NMKMQUKMT mçåí=ÇÉ=êçì~ÖÉI=ÉãéáÉêê¨ o®ÇÉêïÉêâÄêΩÅâÉI=ãáí=píÉáåÉå qê~áå=ïÜÉÉä=ÄêáÇÖÉI=àÉïÉääÉÇ OUMKMMO

NSP UNKPPTKMM qÉåçå=ÇÉ=ÅÜ~ìëë¨É i~ÖÉêëíáÑí=ÑΩê=jáåìíÉåêçÜê `~ååçå=éáåáçå=ëíìÇ OUMKMMN

OMP PMKMNOKMM oçìÉ=áåíÉêã¨Çá~áêÉ wïáëÅÜÉåê~Ç fåíÉêãÉÇá~íÉ=ïÜÉÉä OUMKMMO

ONM PMKMORKMM oçìÉ=ãçóÉååÉ häÉáåÄçÇÉåê~Ç qÜáêÇ=ïÜÉÉä OUMKMMN

OQOLN PNKMUPKNU `Ü~ìëë¨É=~îÉÅ=Éåíê~≤åÉìê=

ë~åë=ëÉÅçåÇÉ=~ì=ÅÉåíêÉ

jáåìíÉåêçÜê=ãáí=jáíåÉÜãÉê

çÜåÉ=wÉåíê~äëÉâìåÇÉ

`~ååçå=éáåáçå=ïáíÜ=ÇêáîÉê

ïáíÜçìí=ëïÉÉé=ëÉÅçåÇ

OUMKMMN

ORMLN PNKMQSKMS oçìÉ=ÇÉë=ÜÉìêÉëI=ãçåí¨É píìåÇÉåê~ÇI=ãçåíáÉêí eçìê=ïÜÉÉäI=~ëëÉãÄäÉÇ OUMKMMO

OSM PNKMQNKMM oçìÉ=ÇÉ=ãáåìíÉêáÉ tÉÅÜëÉäê~Ç jáåìíÉ=ïÜÉÉä OUMKMMN

QMR RNKMOMKOM qáÖÉ=ÇÉ=ãáëÉ=¶=äÛÜÉìêÉI=

Çá~ã≠íêÉ=ÑáäÉí~ÖÉ=MIUM=ãã

píÉääïÉääÉI=dÉïáåÇÉJ

ÇìêÅÜãÉëëÉê=MIUM=ãã

e~åÇëÉííáåÖ=ëíÉãI=íÜêÉ~Ç=

Çá~ãÉíÉê=MKUM=ãã

OUMKMMN

QMT PNKNONKMM máÖåçå=Åçìä~åí hìééäìåÖëíêáÉÄ päáÇáåÖ=éáåáçå OUMKMMN

QPR RNKMRMKMM _~ëÅìäÉJêÉëëçêí cÉÇÉêïáééÉ päáÇáåÖJóçâÉ OUMKMMO

QQP RNKMUMKMM qáêÉííÉ táåâÉäÜÉÄÉä pÉííáåÖ=äÉîÉê OUMKMMO

QRM PNKNMMKMM oÉåîçá wÉáÖÉêëíÉääê~Ç pÉííáåÖ=ïÜÉÉä OUMKMMN

QSO NMKMSOKMM mçåí=ÇÉ=êçì~ÖÉ=ÇÉ=ãáåìíÉêáÉ tÉÅÜëÉäê~ÇÄêΩÅâÉ jáåìíÉ=íê~áå=ÄêáÇÖÉ OUMKMMO

QMMM NMKRNPKMM jçÇìäÉ=¨äÉÅíêçåáèìÉ bäÉâíêçåáâJ_~ìÖêìééÉ bäÉÅíêçåáÅ=ãçÇìäÉ OUMKMMO

QMON OMKRUOKMM pí~íçê pí~íçê pí~íçê OUMKMMN

QMQS OMKSRNKMM fëçä~íÉìê=ÇÉ=éáäÉ fëçä~íáçå=ÑΩê=_~ííÉêáÉ _~ííÉêó=áåëìä~íçê OUMKMMO

QMSM OMKRVMKMM _çÄáåÉ péìäÉ `çáä OUMKMMN

QONN OMKRUMKMM oçíçê oçíçê oçíçê OUMKMMO

QQMM RNKSMMKMM _êáÇÉ=ÇÉ=Ñáñ~íáçå=ÇÉ=éáäÉ _~ííÉêáÉÜ~äíÉÄΩÖÉä _~ííÉêó=Åä~ãé OUMKMMO

QQMN OMKTSNKMM _êáÇÉ=H _ΩÖÉä=H _êáÇäÉ=H OUMKMMO

QVOV OMKRTMKMN máäÉI=eK=NISR=ãã _~ííÉêáÉI=eK=NISR=ãã _~ííÉêóI=eKNKSR=ãã OUMKMMN

NF RNNM NMKMQUKMN Oñ sáë=ÇÉ=éçåí=ÇÉ=êçì~ÖÉ pÅÜê~ìÄÉ=ÑΩê=o®ÇÉêïÉêâÄêΩÅâÉ pÅêÉï=Ñçê=íê~áå=ïÜÉÉä=ÄêáÇÖÉ OUMKMMN

OF RQPR RNKMRMKMN Nñ sáë=ÇÉ=Ä~ëÅìäÉJêÉëëçêí pÅÜê~ìÄÉ=ÑΩê=cÉÇÉêïáééÉ pÅêÉï=Ñçê=ëéêáåÖJóçâÉ OUMKMMO

OF RQSO NMKMSOKMN Nñ sáë=ÇÉ=éçåí=ÇÉ=êçì~ÖÉ=ÇÉ=

ãáåìíÉêáÉ

pÅÜê~ìÄÉ=ÑΩê=tÉÅÜëÉäê~ÇÄêΩÅâÉ pÅêÉï=Ñçê=ãáåìíÉ=íê~áå=ÄêáÇÖÉ OUMKMMO

RQMMM NMKRNPKMN Oñ sáë=Çì=ãçÇìäÉ=¨äÉÅíêçåáèìÉ pÅÜê~ìÄÉ=ÑΩê=bäÉâíêçåáâJ_~ìJ

ÖêìééÉ

pÅêÉï=Ñçê=ÉäÉÅíêçåáÅ=ãçÇìäÉ= OUMKMMO

NF RQMSM NMKRVMKMN Nñ sáë=ÇÉ=ÄçÄáåÉ pÅÜê~ìÄÉ=ÑΩê=péìäÉ pÅêÉï=Ñçê=Åçáä OUMKMMN

OF RQQMN OMKTSNKMN Nñ sáë=ÇÉ=ÄêáÇÉ=H pÅÜê~ìÄÉ=ÑΩê=_ΩÖÉä=H pÅêÉï=Ñçê=ÄêáÇäÉ=H OUMKMMO

sáë=áÇÉåíáèìÉë NF RNNM OF RQPR

fÇÉåíáëÅÜÉ=pÅÜê~ìÄÉå RQMSM RQSO

fÇÉåíáÅ~ä=ëÅêÉïë RQQMN

100 110 5110
54060

5435
5462

54401
462

435250/1 260

450443

203163 210 405242/1 407

49294211 4000 4060 44004021 44014046

54000 
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jçåí~ÖÉ=Çì=ã¨Å~åáëãÉ=ÇÉ=ãáëÉ=¶=äÛÜÉìêÉI=Çì=

ãçìîÉãÉåí=ÇÉ=Ä~ëÉ=Éí=ÇÉ=ä~=é~êíáÉ=¨äÉÅíêçåáèìÉ

EiáëíÉ=ÇÉë=ÑçìêåáíìêÉë=é~ê=çêÇêÉ=ÇÛ~ëëÉãÄä~ÖÉF

wìë~ããÉåëíÉääÉå=ÇÉë=wÉáÖÉêïÉêâãÉÅÜ~åáëãìëI=

ÇÉë=_~ëáëïÉêâÉë=ìåÇ=ÇÉë=ÉäÉâíêçåáëÅÜÉå=qÉáäë

E_Éëí~åÇíÉáääáëíÉ=áå=jçåí~ÖÉêÉáÜÉåÑçäÖÉF

^ëëÉãÄäáåÖ=çÑ=íÜÉ=Ü~åÇJëÉííáåÖ=ãÉÅÜ~åáëãI=íÜÉ=

Ä~ëáÅ=ãçîÉãÉåí=~åÇ=íÜÉ=ÉäÉÅíêçåáÅ=é~êí

Em~êíë=äáëíÉÇ=áå=çêÇÉê=çÑ=~ëëÉãÄäóF

NMM OQOLN
QMT OSM
QMR ORMLN
QQP QRM
QPR QSO
RQPR ENñF RQSO ENñF

iìÄêáÑáÅ~íáçå=Ó=pÅÜãáÉêìåÖ=Ó=iìÄêáÅ~íáçå

eìáäÉ=ÑáåÉ
aΩååÑäΩëëáÖÉë=£ä
cáåÉ=çáä

jçÉÄáìë=VMNQ

qê≠ë=Ñ~áÄäÉ=äìÄêáÑáÅ~íáçå
pÉÜê=âäÉáåÉ=jÉåÖÉ
sÉêó=äáííäÉ=äìÄêáÑáÅ~íáçå

jçÉÄáìë=VMNQ

eìáäÉ=¨é~áëëÉ=çì=Öê~áëëÉ
aáÅâÑäΩëëáÖÉë=£ä=çÇÉê=cÉíí
qÜáÅâ=çáä=çê=ÖêÉ~ëÉ

jçÉÄáìë=aR
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210

54060

203 

4211

4060

4021

100

110

5110

5110

4400
4929

4046

4401

54401

4000

54000

54000

jçåí~ÖÉ=Çì=ã¨Å~åáëãÉ=ÇÉ=ãáëÉ=¶=äÛÜÉìêÉI=Çì=

ãçìîÉãÉåí=ÇÉ=Ä~ëÉ=Éí=ÇÉ=ä~=é~êíáÉ=¨äÉÅíêçåáèìÉ

EiáëíÉ=ÇÉë=ÑçìêåáíìêÉë=é~ê=çêÇêÉ=ÇÛ~ëëÉãÄä~ÖÉF

wìë~ããÉåëíÉääÉå=ÇÉë=wÉáÖÉêïÉêâãÉÅÜ~åáëãìëI=

ÇÉë=_~ëáëïÉêâÉë=ìåÇ=ÇÉë=ÉäÉâíêçåáëÅÜÉå=qÉáäë

E_Éëí~åÇíÉáääáëíÉ=áå=jçåí~ÖÉêÉáÜÉåÑçäÖÉF

^ëëÉãÄäáåÖ=çÑ=íÜÉ=Ü~åÇJëÉííáåÖ=ãÉÅÜ~åáëãI=íÜÉ=

Ä~ëáÅ=ãçîÉãÉåí=~åÇ=íÜÉ=ÉäÉÅíêçåáÅ=é~êí

Em~êíë=äáëíÉÇ=áå=çêÇÉê=çÑ=~ëëÉãÄäóF

QMON RNNM EOñF
QONN QQMN
OMP RQQMN ENñF
ONM QMQS
QMSM QMMM
QQMM RQMMM EOñF
RQMSM ENñF QVOV
NNM

iìÄêáÑáÅ~íáçå=Ó=pÅÜãáÉêìåÖ=Ó=iìÄêáÅ~íáçå

eìáäÉ=ÑáåÉ
aΩååÑäΩëëáÖÉë=£ä
cáåÉ=çáä

jçÉÄáìë=VMNQ
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0,29 µNm (0,029 pmm)
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`çåíê∑äÉë=¨äÉÅíêáèìÉë=J=bäÉâíêáëÅÜÉ=hçåíêçääÉå=J=bäÉÅíêáÅ~ä=qÉëíë

mçëáíáçå

jÉëëéìåâí

mçëáíáçå

bÅÜÉääÉ=ÇÉ=ãÉëìêÉ

báåëíÉääìåÖ

pÉííáåÖ=çÑ=~éé~ê~íìë

jÉëìêÉ

jÉëëìåÖ

jÉ~ëìêÉãÉåí

`çåíê∑äÉ

hçåíêçääÉ

qÉëí

oÉã~êèìÉë

_ÉãÉêâìåÖÉå

oÉã~êâë

N
O=s

Eoá=[=NM=âΩ=L=sF
NIRR=s

qÉåëáçå=ÇÉ=ä~=éáäÉ

pé~ååìåÖ=ÇÉê=_~ííÉêáÉ

_~ííÉêó=îçäí~ÖÉ

O
N=s

=Eoá=[=NM=âΩ / sF

iD~áÖìáääÉ=Çì=ãìäíáã≠íêÉ=çëÅáääÉ=Éå=

ëÉåë=H=Éí=ÓK

wÉáÖÉê=áã=jÉëëÖÉê®í=éìäëáÉêí=áã==H=

ìåÇ=Ó=páååK

e~åÇ=çÑ=íÜÉ=ãÉ~ëìêáåÖ=~éé~ê~íìë=

çëÅáää~íÉë=áå=H=~åÇ=Ó=ÇáêÉÅíáçåK

fãéìäëáçåë=¶=ä~=ëçêíáÉ=Çì=ÅáêÅìáí=

áåí¨Öê¨I=P=é~ê=ãáåìíÉK

^ìëÖ~åÖëáãéìäëÉ=~ã=áåíÉÖêáÉêíÉå=

pÅÜ~äíâêÉáëI=P=éêç=jáåìíÉK

fãéìäëÉë=~í=çìíéìí=çÑ=áåíÉÖê~íÉÇ=

ÅáêÅìáíI=P=éÉê=ãáåìíÉK

jÉëìêÉ=~îÉÅ=ìåÉ=éáäÉ=Åçåíê∑ä¨ÉK

jÉëëìåÖ=ãáí=âçåíêçääáÉêíÉê=

_~ííÉêáÉK

jÉ~ëìêÉãÉåí=ïáíÜ=ÅçåíêçääÉÇ=Ä~íJ

íÉêóK

P

NM=µ^ Y=MITM=µ^

`çåëçã~íáçå=Çì=ãçìîÉãÉåí

píêçã~ìÑå~ÜãÉ=rÜêïÉêâ

`çåëìãéíáçå=çÑ=ãçìîÉãÉåí

jÉëìêÉ=ë~åë=éáäÉI=~îÉÅ=

~äáãÉåí~íáçå=Éñí¨êáÉìêÉ=NIRR=sK

jÉëëìåÖ=çÜåÉ=_~ííÉêáÉI=ãáí=

péÉáëÉÖÉê®í=NIRR=sK

jÉ~ëìêÉãÉåí=ïáíÜçìí=Ä~ííÉêóI=

ïáíÜ=éçïÉê=ëìééäó=ìåáí=NKRR=sK

O=s Y=NIPM=s

iáãáíÉ=áåÑ¨êáÉìêÉ=ÇÉ=ä~=íÉåëáçå=ÇÉ=

ÑçåÅíáçååÉãÉåíK

råíÉêÉ=cìåâíáçåëëé~ååìåÖëJ

ÖêÉåòÉK=

içïÉê=ïçêâáåÖ=îçäí~ÖÉ=äáãáíK=

jÉëìêÉ=ë~åë=éáäÉI=~äáãÉåí~íáçå=

Éñí¨êáÉìêÉ=î~êá~ÄäÉI=Éå=ÇÉëÅÉåÇ~åí=

ÇÉ=NIRR=s=¶=äÛ~êêÆí=Çì=ãçíÉìêK

jÉëëìåÖ=çÜåÉ=_~ííÉêáÉI=ãáí=î~êá~J

ÄäÉê=péÉáëìåÖ=îçå=~ìëëÉåI=pé~åJ

åìåÖ=îçå=NIRR=s=êÉÇìòáÉêÉå=Äáë=

òìã=píáääëí~åÇ=ÇÉë=jçíçê~åíêáÉÄëK

jÉ~ëìêÉãÉåí=ïáíÜçìí=Ä~ííÉêóI=

ïáíÜ=î~êá~ÄäÉ=ÉñíÉêå~ä=ëìééäóI=ëí~êJ

íáåÖ=ïáíÜ=NKRR=sI=äçïÉê=íÉåëáçå=

ìåíáä=ãçíçê=ëíçéëK

=Q =√=NM=âΩ NIRR=ú=NIUR=âΩ

`çåíáåìáí¨=Çì=ÄçÄáå~ÖÉ

wìëí~åÇ=ÇÉê=péìäÉ

`çåÇáíáçå=çÑ=Åçáä

=R =√=NMM=âΩ ∼

fëçä~íáçå=ÇÉ=ä~=ÄçÄáåÉ

péìäÉåáëçä~íáçå

`çáä=áåëìä~íáçå

S

oÉã~êèìÉW

_ÉãÉêâìåÖW

oÉã~êâW

jÉííêÉ=Éå=Åçåí~Åí=äÉ=éçáåí===oLq==Éí=ä~=éáëíÉ==Ó==K

`çãã~åÇÉ=Çì=ãçíÉìê=~îÉÅ=NS=çì=PO=é~ëLëK=iÛ~î~åÅÉ=ê~éáÇÉ=ÇÉë=~áÖìáääÉë=éÉêãÉí=ìå=Åçåíê∑äÉ=áãã¨Çá~íK

oLq==mìåâí=ãáí=ÇÉê===Ó===péìê=îÉêÄáåÇÉåK

jçíçê~åíêáÉÄ=ãáí=NS=çÇÉê=PO=pÅÜêíKLpÉâK=a~ë=Ç~ÇìêÅÜ=ëáÅÜíÄ~ê=aêÉÜÉå=ÇÉê=wÉáÖÉê=Éêä~ìÄí=ÉáåÉ=ëçÑçêíáÖÉ=hçåJ

íêçääÉK

`çååÉÅí==oLq===éçáåí=ïáíÜ=íÜÉ===Ó==ÅçåÇìÅíçêK

jçíçê=ÇêáîÉå=ïáíÜ=NS=çê=PO=ëíÉéëLëK=qÜÉ=íÜÉêÉÄó=îáëáÄäÉ=íìêåáåÖ=çÑ=íÜÉ=Ü~åÇë=~ääçïë=~å=áããÉÇá~íÉ=ÅÜÉÅâáåÖK

lÜãã≠íêÉë=~îÉÅ=íÉåëáçå=ÇÉ=ãÉëìêÉ=ëìé¨êáÉìêÉ=¶=MIQM=s=áå~ééêçéêá¨ëI=íÉåëáçå=êÉÅçãã~åÇ¨É=MIOM=sK qÉãé¨ê~íìêÉ=~ãÄá~åíÉ=OMø`K

√ lÜããÉíÉê=ãáí=mêΩÑëé~ååìåÖ=ΩÄÉê=MIQM=s=ìåÖÉÉáÖåÉíI=ÉãéÑçÜäÉåÉ=pé~ååìåÖ=MIOM=sK o~ìãíÉãéÉê~íìê=OMø`K

lÜããÉíÉê=ïáíÜ=~=íÉëí=îçäí~ÖÉ=ÜáÖÜÉê=íÜ~å=MKQM=s=ìåëìáí~ÄäÉI=êÉÅçããÉåÇÉÇ=îçäí~ÖÉ=MKOM=sK ^ãÄáÉåí=íÉãéÉê~íìêÉ=OMø`K
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fåÑçêã~íáçåë=Ö¨å¨ê~äÉë=J=^ääÖÉãÉáåÉ=fåÑçêã~íáçåÉå=J=dÉåÉê~ä=áåÑçêã~íáçå
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