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NC&>==4948K9&6;<&38A5238&4G8&4894&95Nb8B4&4=&?67F&=;&6&953>6B8&=4G83&4G6;&6&3867&>7==3X&!G8&953>6B8&B6;&N8&
>=3&8c6DK78&6;&2;9435D8;48<&4386<D277&8A52KK8<&?24G&>=3B8&K76489&nPQO&PRo&=3&6&>2c8<&>=3B8&K7648&nRUO&
RSo&4G64&4G8&?67F83&;88<9&4=&46F8&=;7C&=;8&948K&=;X&%;&9=D8&B6989O&2;&=3<83&4=&:2L8&D=38&>388<=D&4=&4G8&
?67F83& 4=&BG==98& 4G8&?67F2;:&K64GO& 4G8&?67F83&G69& 4=&?863&9K8B267& 9G=89& 4G64&G6L8& >=3B8& 436;9<5B839&
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2DK=92;:&72D24642=;9&=;&>=3&8c6DK78&4G8&;5DN83&6;<&<238B42=;&=>&948K9O&4G8&?67F2;:&K6B8O&4G8&?67F2;:&
953>6B8&6;<&4G8&4CK8&=>&>==4?863X&!G59O&24&29&L83C&72F87C&4G64&4G8&<646&=N462;8<&>3=D&4G898&D869538D8;49&
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?24G=54&6>>8B42;:&4G8&946;B8&>=3B8O&29&67D=94&2DK=992N78X&!G838>=38O&6;&2;<238B4&D869538D8;4&D84G=<&29&
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2DK=992N78X&!G29&B6;&N8&<58&4=&4G8&9K64267&72D24642=;9&4=&386BG&4G8&8cB24642=;&K=2;4&=3&<58&4=&4G8&>6B4&4G64&
592;:&6&>=3B8&436;9<5B83&N84?88;&4G8&8cB2483&6;<&4G8&9435B4538&674839&4G8&7=6<2;:&D8BG6;29DX&!G8&764483&
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%;&>=3B8&2<8;42>2B642=;&K3=N78D9O&<8483D2;2;:&4G8&7=B642=;&=>&2;K54&>=3B89&K32=3&4=&>=3B8&K38<2B42=;&29&=>&
G2:G& 2DK=346;B8O& N8B6598& 24& B6;& 436;9>=3D& 6;& 277@K=98<& 2;L8398& K3=N78D& 4=& 6& ?877@K=98<& K3=N78DX&
*8K8;<2;:&=;&4G8&6L6276N78&2;>=3D642=;&6N=54&6&<C;6D2B&9C948DO&4G8&>=3B8&2<8;42>2B642=;&K3=N78D9&B6;&
N8& <2L2<8<& 2;4=& 4?=& B648:=3289a& 7=B672j642=;& =>& 2;K54& >=3B89& 6;<& 38B=;9435B42=;& =>& 4G8DX& EG8;& 4G8&
K=9242=;&6;<&;5DN83&=>&8cB24642=;&>=3B89&=>&6&9C948D&638&5;F;=?;O&6&>=3B8&7=B672j642=;&67:=324GD&592;:&
6& >577&D=<87& =>& 4G8& 9435B4538& 4=:84G83&?24G& 4G8& 9C948D& 389K=;989& 29& ;88<8<& 4=& 2<8;42>C& 4G8& >=3B89X& %;&
7248364538O& 6&;5DN83&=>&D84G=<9&638&K3898;48<&=;&G=?& 4=& 7=B672j8& 2;K54& >=3B89&=>&6& 9C948D&?G8;& 4G8&
8cB24642=;& K=2;49& 638& ;=4& 86927C& <848B46N78O& 988& 8X:X& nPVO& P\oX& (;& 4G8& =4G83& G6;<O& >=3& 6& 9C948D& ?24G&
F;=?;&8cB24642=;&K=2;49O&6L6276N2724C&=>&6&>577&9C948D&D=<87& 29&;=4&;8B89963CX&'=3&95BG&6&9C948D&24& 29&
K=992N78& 4=& >=3D& 4G8& >=3B8& 2<8;42>2B642=;& 67:=324GD& 6;<& 38B=;9435B4& 4G8& 2;K54& >=3B89& 592;:& =;7C& 4G8&
436;9>83&>5;B42=;9&N84?88;&4G8&8cB24642=;&K=2;49&6;<&4G8&9878B48<&389K=;98&K=9242=;9X&%;&?67F2;:&>=3B8&
D869538D8;49O& 24& 29& K=992N78& 4=& <8483D2;8& 4G8& 7=B642=;& 6;<& 4G8& ;5DN83& =>& >==4948K9& NC& 436BF2;:& 4G8&
?67F83X&!G838>=38O&>=3B8&7=B642=;&K38<2B42=;&29&;=4&38A5238<O&6;<&4G8&>=3B8&2<8;42>2B642=;&D84G=<&B6;&N8&
598<&=;7C&4=&38B=;9435B4&4G8&>=3B89X&&
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!G898& D84G=<9& B6;& 677& N8& <2L2<8<& 2;4=& 4?=& B648:=3289a& <238B4& D84G=<9& 6;<& =K42D2j642=;& =3& 2;<238B4&
D84G=<9X&!G8&<238B4&D84G=<9&2<8;42>C&>=3B89&NC&<238B47C&D5742K7C2;:&2;L8348<&436;9>83&>5;B42=;9&=>&4G8&
9C948D&?24G&4G8&D869538<&389K=;989X&!G8&2;<238B4&>=3B8&2<8;42>2B642=;&D84G=<9&638&N698<&=;&D64BG2;:&
4G8& 8942D648<& 6;<&D869538<& 389K=;989X&077& =>& 4G898&D84G=<9& G6L8& 4G823& =?;& 6<L6;46:89O& 72D24642=;9&
6;<&<36?N6BF9X&'=3&8c6DK78O&6&<238B4&D84G=<&95BG&69&D=<67&<8B=DK=9242=;&nPSo&=3&2;L8398&9435B45367&
>27483&_%$'`&nPUoO&B6;&K3=L2<8&6&D=38&94362:G4>=3?63<&9=7542=;&B=DK638<&?24G&6;&2;<238B4&D84G=<O&N54&
L83C& =>48;& 277@K=98<;899O& 92;:5763@L6758& 833=39& 6;<& G2:G& 98;9242L24C& 4=& 833=39& 2;& 4G8& D869538<& =3&
D=<8778<& <646& 638& 3895742;:& >3=D& 2;L8392=;& =>& >38A58;BC& =3& 2DK5798& 389K=;98& >5;B42=;9O& ?G2BG& B6;&
6>>8B4& 4G8& 6BB536BC& =>& 95BG& D84G=<9X& (L83B=D2;:& 4G898& 833=39& 38A52389& 6<<242=;67& 8>>=34& 95BG& 69&
B38642;:&=L83@<8483D2;8<&9C948D9&=3&6KK7C2;:&943648:289&4=&38b8B4&9D677&92;:5763&L67589O&?G2BG&D6F89&
4G8& 9=7542=;& B=DK72B648<X& (;& 4G8& =4G83& G6;<O& 2;& 4G8& 2;<238B4& D84G=<9& 95BG& 69& 95D& =>& ?82:G48<&
6BB8783642=;&48BG;2A58&_$E0!`&nPTo&=3&4G8&436;9D2992N2724C@N698<&D84G=<&nPVoO&4G8&D869538D8;4&833=3&
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2;&#AX&[XU&4=&B67B57648&4G8&389K=;98&=>&4G8&K7648X&

!G8&L87=B24C&=;&4G8&>7==3&29&8L675648<&64&4G8&:32<&K=2;49&=>&6&38B46;:5763&D89G&6;<&29&76483&=;&598<&4=&
B67B57648&4G8&L=75D8&>7=?O&?G2BG&G69&4=&N8&38K3=<5B8<&NC&4G8&7=5<9K86F83&6336C&2;&4G8&B8272;:&=>&4G8&
72948;2;:&3==DX&&

!G8&9K64267&389=7542=;&=>&4G8&D89G&B8779&?69&BG=98;&4=&N8&6N=54&( å (!ñéWX&09&4G8&B=;46B4&N84?88;&6&
>==4& 6;<& 4G8& >7==3& 46F89& K76B8& D62;7C& 2;& 4G8& G887& 6;<& N677& 38:2=;9& =>& 4G8& >==4O& 4G8& 2DK6B4& >=3B89&
B=3389K=;<2;:& 4=& 4G898& 4?=& 38:2=;9& B=57<& N8& 46F8;& 2;& 4G8& D=<87& 98K636487CX& "=?8L83O& 4G8& <2946;B8&
N84?88;&4G8&G887&6;<&N677&=>&4G8&>==4&638&A5248&9D677&B=DK638<&?24G&4G8&?6L878;:4G9&2;&4G8&>38A58;BC&
36;:8&=>&2;483894&2;&=53&8cK832D8;49&_î ô $%@!öõ`X&!G59O&4G8&8;4238&>==4&2DK6B4&B=57<&N8&6995D8<&69&
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B67B57648<&>7==3&L2N3642=;9&:8;83648<&NC&4?=&B=;98B542L8&948K9&?G8;&86BG&>==4948K&>=3B8&29&38K3898;48<&
NC& 98K63648& G887& 6;<& N677& >=3B89& 64& 4?=& <2>>838;4& K=2;49& RV& BD& 6K634O& B=DK638<& ?24G& ?G8;& 4G8&
95K83K=9242=;&=>&4G898&>=3B89&>=3&86BG&948K&29&6KK728<&64&=;8&K=2;4&2;&4G8&D2<<78&=>&4G8&K38@<8>2;8<&G887&
6;<&N677&K=9242=;9X&

100 101 102 103

Frequency in Hz

-125

-120

-115

-110

-105

-100

-95

-90

-85

-80

M
ob

ili
ty

 in
 d

B
 re

. 1
 m

/N
s

Model floor
Infinite floor



!

! %&!

&
'2:538&[XP&

&

,67B57648<& L87=B24C& =>& 4G8& >7==3& 64& K=9242=;& ;e5 B= 9
;%7$'5$7$*=!DO& ?G8;& 4?=& K=2;4& >=3B89O& RV& BD& 6K634O&
38K3898;4&=;8&>==4948KO&L83959&592;:&4G8&95K83K=9242=;&=>&
4G8&G887&6;<&N677&>=3B89&64&=;8&K=2;4&2;&4G8&D2<<78&=>&4G8&
G887&6;<&4G8&N677&K=9242=;9X&

%;& 4G8& 92D57642=;9& =>&?67F2;:&K64G9O&?G8;8L83& 4G8&?67F83& 943=<8& 67=;:& 6& 94362:G4& 72;8O& 6& RQ& BD&:624&
N698O&679=&F;=?;&69&4G8&9432<8&?2<4G&_4G8&7648367&<2946;B8&N84?88;&4G8&D2<@72;89&=>&4G8&4?=&>884&<532;:&
?67F2;:`O&?69&598<X& %;&B=;98B542L8&948K9O& 4G8&948K& 78;:4G& 4G64&?69&6KK728<& 2;& 4G8&D=<87O&?69&\Q&BDX&
$2;B8&4G8&G887&6;<&N677&>=3B89&?838&38K76B8<&NC&6&92;:78&K=2;4&>=3B8O&4G8&:624&6;:78O&ú5&N84?88;&4G8&6c29&
=>&4G8&>==4&6;<&<238B42=;&=>&?67F2;:O&?69&;=4&=>&6;C&2;483894&2;&4G8&D=<87X&

&
'2:538&[X[& E67F2;:&K64G&K636D84839X&

'2L8& ?67F2;:& K64G9& ?838& 598<& >=3& 2DK6B4& 8cB24642=;& D=<8772;:& 2;& 4G29& 4G8929X& !G8& K64G9& 6;<& 4G823&
B=3389K=;<2;:&948K&98A58;B8&638&69&9G=?;&2;&'2:538&[XZX&&

1 1.5 2 2.5
Time in s

-1.5

-1

-0.5

0

0.5

1

1.5

2

2.5

V
el

oc
ity

 in
 m

/s

10-3

Superposed forces
Seperate forces



%'!

&

&
'2:538&[XZ& E67F2;:& K64G9& _4=K`& 6;<& ?67F2;:& >=3B8& 98A58;B8& _N=44=D`& 598<& >=3&

D=<8772;:&>==4948K&2DK6B49X&

0;&8c6DK78&=>&4G8&L2N3642=;&L87=B24C&3895742;:&>3=D&8cB242;:&4G8&D=<87&>7==3&_96D8&69&2;&'2:538&[XR`&
?24G&4G8&>==4948K&98A58;B89&K3898;48<&2;&'2:538&[XZ&29&9G=?;&2;&'2:538&[XVX&09&6&B=DK6329=;O&L2N3642=;&
L87=B24289&D869538<&=;&6& 3867&?==<8;& >7==3&8cB248<&NC&6& 98A58;B8&=>& >==4948K9&92D2763& 4=& 4G64&=>& 4G8&
D=<87&29&679=&9G=?;&2;&4G8&>2:538X&!G8&3895749&9G=?&4G64&4G8&92D57648<&>7==3&L2N3642=;9&638&64&78694&2;&
4G8&96D8&D6:;245<8&=3<83&69& 4G8& 3867& >7==3&L2N3642=;9X& %;&677&?67F2;:&9=5;<&92D57642=;9&K3898;48<& 2;&
4G29& 4G8929O& 4G8& 96D8& 948K& 98A58;B8& 6;<& 42D8& L632642=;9& N84?88;& 4G8& B=;98B542L8& 948K9O& 69& 9G=?;& 2;&
'2:538&[XV&?838&598<X&

0 5 10 15 20 25 30 35
Time in s

0

200

400

600

800

1000

1200

1400

Fo
rc

e 
in

 N



!

! %(!

&
'2:538&[XV&

&

'7==3&L2N3642=;9&64&K=9242=;&;e5 B= 9&_PXUUORXZR`&D&<58&4=&4G8&>2L8&
?67F2;:&98A58;B89X&&

! !

0 5 10 15 20 25 30 35
Time in s

-6

-4

-2

0

2

4

6

8

V
el

oc
ity

 in
 m

/s

10-3

Measurement
Model



%)!

! !



!

! %*!

@! 51?&'$(3+%'.(&6%&-7A&$7+*(
09& 4G8& >2;67& K634& =>& 4G8& L234567& <892:;O& 6;& 653672j642=;& 4==7& 29& ;88<8<X& !G29& BG6K483& <89B32N89& 4G8&
76N=364=3C&N5274&69&6&L234567&72L2;:&3==D&>=3&653672j642=;&=>&2DK6B4&9=5;<9X&J=38=L83O&4G8&K3=B8<538&>=3&
92D57642;:&4G8&>7==3&L2N3642=;9&?24G&4G8&9=5;<&38K3=<5B42=;&9C948D&2;&4G8&76N&29&876N=3648<&=;X&

@84! I.#70*(+3($;.(-7#$.*7*0(-&"(

,G67D839&72948;2;:&76N=364=3C&>=3&653672j642=;&=>&2DK6B4&9=5;<&29&B=;9435B48<&?24G2;&6&763:83&3==D&?24G&
?6779&6;<&B8272;:&=>& 4G2BF& _wPQ&BD`&B=;B3848&6;<&<2D8;92=;9&ù å û å ü 9 (7( å '7> å &7)!étX&!G8&
763:8&3==D&?69&K38L2=597C&598<&69&6&K634&=>&6&G=32j=;467&9=5;<&436;9D2992=;&D869538D8;4&76NO&6;<&G69&
G2:G& 6B=5942B& 2;957642=;& >3=D& 4G8& 9533=5;<2;:X& !G8& <2D8;92=;9& =>& 4G8& 72948;2;:& 76N& N5274& 2;92<8& 638&
ù å û å ü 9 '7>@ å &7*& å &7(%!étX&!G8&72948;2;:&76N&29&92j8<&6;<&<8B=3648<&9=&4G64& 24& 3898DN789&6&
72L2;:&3==DO&988&'2:538&ZXRX&

&
'2:538&ZXR& ,G67D839& 72948;2;:& 76N=364=3C& >=3& 653672j642=;&=>& 2DK6B4&

9=5;<X&

!G8&9=5;<& 38K3=<5B42=;&9C948D&=>& 4G8& 72948;2;:& 76N&B=;92949&=>& 4?8;4C&+8;878B&UQPQH& 7=5<9K86F839O&
?G2BG&B=L83&D2<&6;<&G2:G&>38A58;BC&36;:89&N84?88;&\\&"j&6;<&PQ&F"jO&6;<&>=53&I85D6;;&d"UQV&
6B42L8&95N?==>839&?24G&6&>38A58;BC&36;:8&=>&RU&4=&[QQ&"jX&0;&(32=;[P&0*s*0&B=;L834=3&29&598<&4=&
436;9>=3D& 4G8& B=DK5483@:8;83648<& <2:2467& 92:;679& 4=& 6;67=:& 92:;679& >=3& 4G8& 7=5<9K86F839X& 077& 4G8&
7=5<9K86F839& 6;<& B=;;8B42;:& B6N789& 2;& 4G8& 72948;2;:& 76N& 638& G2<<8;& N8G2;<& 6& 959K8;<8<& 6B=5942B677C&
436;9K638;4& B8272;:O& 9=& 4G64& 4G823& L29567& 8>>8B4& <=89& ;=4& 2;>758;B8& 4G8& K83B8K42=;& =>& 4G8& 9=5;<& 2;& 4G8&
3==DX& !G8& 959K8;<8<& B8272;:& 29& 2;946778<& 64& 4G8& G82:G4& =>& PXZ\& D& >3=D& 4G8& >7==3O& ?G2BG& D6F89& 4G8&
L292N78&G82:G4&=>& 4G8&3==D&9D67783& 4G6;& 249&6B4567&G82:G4O&6;<&B7=983& 4=& 4G8&B8272;:&G82:G4&=>&B=DD=;&
6K634D8;49& 2;& $?8<8;X& !G8& B8272;:& 42789& =>& 4G8& 959K8;<8<& B8272;:& 638& D6<8& =>& 6& 4G2;& ?=L8;& B=44=;&
>6N32B&?24G& 6& <8;924C& =>& QXP\V&óò\éWO&?G2BG& B6;& N8& 6995D8<& 69& 6B=5942B677C& 436;9K638;4& 64& 4G8& 7=?&
>38A58;B289&=>&2;483894&2;&=53&8cK832D8;49X&&

!G8& 95N?==>839& 638& D=5;48<& B7=98& 4=& 4G8& B=;B3848& B8272;:& =>& 4G8& 76NO& ;863& 4G8& B=3;839O& ?24G& 4G8&
<26KG36:D& B8;483& 6KK3=c2D6487C& [\& BD& 6?6C& >3=D& 4G8& B8272;:X& !G8& D2<@4=@G2:G& >38A58;BC& 36;:8&
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7=5<9K86F839&638&2;946778<&UQ&BD&N87=?&4G8&B=;B3848&B8272;:X&!G29&K=9242=;&D2:G4&;=4&N8&=K42D67&>3=D&
6;&6B=5942B&K=2;4&=>&L28?&<58&4=&4G8&387642L87C&763:8&<2946;B8&4=&4G8&38>78B42;:&B8272;:&6N=L8X&%4&D2:G4&
786<&4=&B=;9435B42L8&=3&<89435B42L8&2;483>838;B8&N84?88;&7=5<9K86F83&6;<&2D6:8&9=53B8X&"=?8L83O&>=3&
D=94& =>& 4G8& 9=5;<9& 2;L8942:648<& G838O& 4G8& D2<@4=@G2:G& >38A58;BC& 36;:8& 7=5<9K86F839& 638& =>& D2;=3&
2DK=346;B8& >=3& 4G8& =L83677& 9=5;<& 78L879X& %;24267& 72948;2;:& :6L8& 4G8& B=;B7592=;& 4G64& 4G8C& 638& D62;7C&
2DK=346;4&>=3&7=B672j642=;&_=>&?67F839&=3&=>&=4G83&9=53B89`X&

09&4G8&7=5<9K86F839&9G=57<&38K3898;4&6&L2N3642;:&B8272;:O&24&?=57<&G6L8&N88;&N84483&4=&G6L8&4G8&D2<@4=@
G2:G&>38A58;BC&36;:8& 7=5<9K86F839&D=5;48<&<238B47C& 2;& >3=;4&=>& 4G8& 38>78B42;:&B8272;:X&!G29&D2:G4&N8&
B=338B48<&2;&4G8&>54538X&

@8:! C716-&$7*0(3-++%(<7"%&$7+*#(,7$;($;.(#+6*/(%.?%+/6'$7+*(#H#$.1(

!=& 653672j8& 4G8& ?67F2;:& 9=5;<O& 677& =>& 4G8& PQ& D2<@4=@G2:G& >38A58;BC& 36;:8& 7=5<9K86F839& 6;<& Z&
95N?==>839O& D=5;48<& 2;& 4G8& B8272;:& =>& 4G8& 76NO& ?838& 598<X& !G8& D2<@4=@G2:G& >38A58;BC& 36;:8&
7=5<9K86F83&:32<&G69&6&( å '&6336;:8D8;4&67=;:&4G8&78;:4G&6;<&4G8&?2<4G&=>&4G8&3==D&389K8B42L87CO&988&
'2:538&ZXPX&&

0&<2:2467&B3=99=L83&>27483&?69&598<&4=&98K63648&4G8&7=?&>38A58;B289&>3=D&4G8&G2:G&>38A58;B289X&!627=3@
D6<8&G6DD2;:& >274839&?838&6KK728<& >=3& 4G29&K53K=98X&!G8&L87=B24C& 92:;679& >=3& 95N?==>839&?838& 7=?@
K699&>274838<&64&6&B54@=>>&>38A58;BC&=>&TQ&"jO&6;<&4G8&D2<@4=@G2:G&>38A58;BC&36;:8&7=5<9K86F83&92:;679&
?838&G2:G@K699&>274838<&64&TQ&"jX&&

%;& =3<83& 4=& 38B=;9435B4& 4G8& >7==3& L2N3642=;9& ?24G& 4G8& 7=5<9K86F83& 9C948DO& 4G8& >7==3& D89G& G6<& 4=& N8&
D6KK8<&=;4=&4G8&D2<@4=@G2:G&>38A58;BC&36;:8&7=5<9K86F83&:32<&69&?877&69&4=&4G8&95N?==>83&:32<X&'=3&
86BG&=>&4G8&:32<9O&4G29&?69&D6<8&NC&>2394&<2L2<2;:&4G8&>7==3&2;4=&4G8&96D8&;5DN83&=>&953>6B8&63869&69&4G8&
;5DN83&=>&7=5<9K86F839O&6;<&4G8;&B67B57642;:&4G8&4=467&L=75D8&L87=B24C&:8;83648<&NC&677&4G8&D89G&B8779&
2;& 86BG& 6386X&!G8&L=75D8&L87=B24C& :8;83648<& NC& 86BG& 7=5<9K86F83& 9G=57<& N8& 8A567& 4=& 4G8& B67B57648<&
L=75D8&L87=B24C& =>& 249& B=3389K=;<2;:& 6386X&HC&<2L2<2;:& 4G8& 4=467& L=75D8&L87=B24C& =>& 4G8& 6386& NC& 4G8&
B=3389K=;<2;:&953>6B8&6386&=>&4G8&7=5<9K86F83&<26KG36:DO&Q Mè¡¢Eè£~O&4G8&8A52L678;4&L87=B24C&92:;67&4=&
N8&:8;83648<&NC&4G8&7=5<9K86F83&B=57<&N8&=N462;8<&69&<89B32N8<&N87=?X&
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4G8&2;<2B89&<8483D2;2;:&4G8&3=?&6;<&B=75D;&=>&4G8&B877&2;&4G8&6386&677=B648<&4=&86BG&7=5<9K86F83O&6;<&
ÖM§& 29& 4G8&L87=B24C&=>& 4G8&B877&=N462;8<&>3=D&6L836:2;:& 4G8&L87=B24C&92:;679&B=3389K=;<2;:& 4=& 4G8& >=53&
;=<8&K=2;49&=>&86BG&B877X&!G8&D6K&=>&677&D2<@4=@G2:G&>38A58;BC&36;:8&7=5<9K86F83&7=B642=;9&69&?877&69&
4G8&63869&=>&4G8&>7==3&677=B648<&4=&86BG&7=5<9K86F83&638&9G=?;&2;&'2:538&ZXPX&!=&D6K&4G8&D=<87&>7==3&
=;4=&4G8&95N?==>83&:32<O&4G8&>7==3&?69&<2L2<8<&2;4=&>=53&8A5677C&763:8&38B46;:5763&K28B89X&&
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R@! 04& 9=D8& K=9242=;9& =;& 4G8& <26KG36:DO& 4G8& D869538<& 436;9>83& >5;B42=;9& 2;& >38A58;BC& <=D62;&
_>38A58;BC&389K=;98&>5;B42=;9`O&9G=?8<&7=?83&6DK7245<89&4G6;&=4G83&K=9242=;9&2;&4G823&L2B2;24CO&
674G=5:G&4G823&436;9>83&>5;B42=;&B53L89&G6<&4G8&96D8&97=K8&6;<&:8;8367&9G6K8X&!G29&B=57<&N8&<58&
4=&K=9242=;2;:&=>&4G8&76983&N86D&=;&6&B53L8&=3&6&97=K8&=>&4G8&D8DN36;8&953>6B8O&?G2BG&D2:G4&
:2L8&6&<2>>838;4&L87=B24C&B=DK=;8;4&67=;:&4G8&<238B42=;&4G64&29&D869538<&NC&4G8&76983&4G6;&4G8&
K=2;49&4G64&638&=;&4G8&>764483&K6349&=>&4G8&<26KG36:DX&

P@! !G8& 7=5<9K86F83& :32778& B6;& 9=D842D89& 94=K& 4G8& 76983& N86D& >3=D&N82;:& 9=787C& >=B598<& =;& 4G8&
<26KG36:DO&6;<& 4G29&B65989&6KK8636;B8&=>&;=298& 2;& 4G8&92:;67O&6;<&6>>8B49& 4G8&6BB536BC&=>& 4G8&
<646X&&

!=&=L83B=D8&4G898&5;B83462;4289O&4G8&D869538D8;4&K=2;49&?24G&;=29C&92:;679&=3&7=?&>38A58;BC&389K=;98&
>5;B42=;9&_')'`&6DK7245<89&B=DK638<&4=&=4G83&K=2;49&?838&<29D2998<O&6;<&6;&6L836:8&=>&')'9&64&4G8&
3894& =>& 4G8&D869538D8;4& K=2;49&?69& 598<& 69& 4G8& 436;9>83& >5;B42=;&=>& 4G8& 7=5<9K86F839X&!G8& 3895742;:&
')'& B53L8& ?69& 4G8;& 6KK728<& 4=& 8942D648& 4G8& 2;L8398& 2DK5798& 389K=;98& =>& 4G8& 7=5<9K86F839& 2;& 6;&
2483642L8&K3=B899&592;:&.J$&67:=324GDX&'2:538&ZX[&9G=?9&4G8&6L836:8&436;9>83&>5;B42=;9&=N462;8<&>3=D&
4G8&D869538D8;49X&&

&
'2:538&ZX[& 0L836:8& >38A58;BC& 389K=;98& >5;B42=;9& =>& 4G8& D2<@4=@G2:G&

>38A58;BC& 36;:8& 7=5<9K86F839& 6;<& 95N?==>839& =N462;8<& >3=D&
<2L2<2;:& 4G8& <26KG36:D& L87=B24C& NC& 4G8& 2;K54& L=746:8& =>& 4G8&
7=5<9K86F839X&

!=& =N462;& 4G8& 436;9>83& >5;B42=;& =>& 4G8&D2<@4=@G2:G& >38A58;BC& 36;:8& 7=5<9K86F839O& 4G8&D869538D8;49&
?838&=;7C&D6<8&=;&4G8&N699&B=;8&<32L83O&92;B8&4G8&<=D8&4?88483&N8B=D8&8>>8B42L8&64&>38A58;B289&6N=L8&
[&F"j&nZPoO&?G2BG&29&=54&=>&4G8&36;:8&=>&2;483894&G838X&&&

077& 4G8& 7=5<9K86F839& 2;& 4G8& 72948;2;:& 76N& 638& K=348<O& ?G2BG& D86;9& 4G64& 4G838& 29& 6& G=78& B54& 2;4=& 4G8&
7=5<9K86F83&8;B7=9538& 4G64& 29&B=;;8B48<& 4=&6&K2K8&?24G&6;&=K8;&8;<& 2;92<8& 4G8& 7=5<9K86F83&N=cX&!G8&
K=34&29&598<&4=&2;B38698&4G8&8>>2B28;BC&=>&4G8&9C948D&64&7=?&>38A58;B289&NC&592;:&4G8&9=5;<&>3=D&N8G2;<&
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Mid-to-high frequency range loudspeaker



!

! &$!

4G8& <26KG36:DX& !G8& K=34& 29& D6<8& 4=& N8& 8>>8B42L8& D62;7C& B7=98& 4=& 4G8& 7=?894& >38A58;BC& 72D24& =>& 4G8&
7=5<9K86F839X&!G838>=38O&?G8;& 4G8& 7=?894& >38A58;BC& 36;:8&=>& 4G8& 7=5<9K86F839& 638& 598<O& 69&?69& 4G8&
B698&2;&4G29&4G8929O&4G8&8>>8B4&=>&7=5<9K86F83&K=34&G69&4=&N8&46F8;&2;4=&6BB=5;4&>=3&B67B57642;:&4G8&')'9&
=>&4G8&7=5<9K86F839X&!G8&K3=B8<538&29&<89B32N8<&69&>=77=?9X&

'=3&6&K=348<&7=5<9K86F83O&4G8&4=467&9=5;<&K3899538&64&<2946;B8&C&>3=D&4G8&7=5<9K86F83&B6;&N8&=N462;8<&
69&nZ[o&

àêìêèÉ 9 à Mè¡¢Eè£~ < à¡ìEê 9 §ª«¬

bÇE
­® Mè¡¢Eè£~TK§¥E¯ G ®¡ìEêTK§¥E°±O& _ZXP`&

?G838O&à&29&4G8&9=5;<&K3899538O&h&29&4G8&6;:5763&>38A58;BCO&²O&29&4G8&<8;924C&=>&623O&®&29&4G8&B=DK78c&
6DK7245<8&=>&4G8&L=75D8&L87=B24CO&6;<&&C &6;<&C¡&638&4G8&<2946;B89&>3=D&4G8&K=2;4&=>&=N983L642=;&4=&4G8&
<26KG36:D&6;<& 4G8&K=34O& 389K8B42L87CO&?G838&C& 29& 4G8&6L836:8&<2946;B8&=>& 4G8& 4?=X&!G8&;8:642L8& 92:;&
598<& 2;& 4G8&8A5642=;&6N=L8& 29&N8B6598&=>& 4G8&=KK=9248&<238B42=;9&=>&623&D=L8D8;4& >=3& 4G8&<26KG36:D&
6;<& 4G8& K=34O& ?G2BG& D86;9& 4G64& ?G8;& 4G8& <26KG36:D& D=L89& 2;?63<9O& 4G8& 623& >3=D& 4G8& K=34& D=L89&
=54?63<X&&

!G8&4=467&L=75D8&L87=B24C&:8;83648<&NC&4G8&7=5<9K86F83&B6;&N8&=N462;8<&69&4G8&95K83K=9242=;&=>&L=75D8&
L87=B24C&=>&4G8&L2N3642;:&<26KG36:D&6;<&L=75D8&L87=B24C&=>&4G8&K=34X&&

®êìêèÉ 9 ® Mè¡¢Eè£~ G ®¡ìEêO& _ZX[`&

M92;:& 4G8& 4=467&L=75D8&L87=B24C&=>& 4G8& 7=5<9K86F83O& 4G8& 436;9>83& >5;B42=;&=>& 4G8&K=348<& 7=5<9K86F839&
B=57<&N8&B67B57648<X&%;&=3<83&4=&=N462;&4G8&L=75D8&L87=B24C&=>&4G8&K=34O&4G8&L=75D8&=>&4G8&623&2;92<8&4G8&
7=5<9K86F83& 8;B7=9538& 6;<& 4G8& K=34& <6DK2;:&G6L8& 4=& N8& F;=?;X&!G898& 638& <892:;&K636D84839&?G2BG&
?838& ;=4& 2;B75<8<& 2;& 4G8& 59839m& D6;567& =>& 4G8& 7=5<9K86F83& 6;<& B=57<& ;=4& N8& 6BB8998<& 8L8;& 6>483&
B=;46B42;:&4G8&D6;5>6B453839X&!G838>=38O&2;&4G8&')'&B67B57642=;9O&8942D6489&=>&4G8&L67589&=>&4G8&;88<8<&
K636D84839&?838&6KK728<O&N698<&=;&4G8&8>>8B42L8&>38A58;BC&36;:8&=>& 4G8&7=5<9K86F839&69&?877&69& 4G823&
KGC92B67& <2D8;92=;9X& %;& 4G8& B67B57642=;9O& 4G8& 3642=& =>&Ö³j´fT!ÖTj³µ4¶B& 4=&Ö³j¶·¸T&?69& 598<& 69& 4G8&
436;9>83&>5;B42=;&=>&4G8&7=5<9K86F839X&'2:538&ZXZ&9G=?9&4G8&L=75D8&L87=B24C&B53L89&6;<&>2;67&436;9>83&
>5;B42=;9&=>&4G8&7=5<9K86F839X&&

'=3& 653672j2;:& 4G8&?67F2;:& 9=5;<9O& 4G8& 2;L8398&=>& 4G8& 7=5<9K86F83& 436;9>83& >5;B42=;9& 2;& 42D8&<=D62;&
_%)9`& ?838& >2394& B67B57648<& 592;:& 4G8& ')'9& K3898;48<& 2;& '2:538& ZXZX& !G8& 2;L8398& %)9& ?838& 4G8;&
B=;L=7L8<& ?24G& 4G8& B67B57648<& 8A52L678;4& L=75D8& L87=B24C& 92:;67& >=3& 86BG& 7=5<9K86F83& 2;& =3<83& 4=&
=N462;& 4G8& 2;K54&L=746:8& 92:;67& >=3& 4G8& 7=5<9K86F83X&!G8& 8A52L678;4&L=75D8&L87=B24289&?838&=N462;8<&
N698<&=;&4G8&8A52L678;4&L87=B24C&B67B57648<&>=3&4G8&>7==3&6386X&

&
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&
'2:538&ZXZ& 1=75D8&L87=B24289& _4=K`& 6;<& >38A58;BC& 389K=;98& >5;B42=;9&

=>&4G8&7=5<9K86F839&_N=44=D`X&

@8@! J+1?&%7#+*(,7$;($;.(37.-/(1.&#6%.1.*$#(

!=&<8D=;943648O&6;<&69&6;&6448DK4&4=&L672<648&4G8&8;4238&653672j642=;&BG62;O&4G8&653672j8<&2DK6B4&9=5;<&
2;<5B8<&NC&?67F2;:&=;&6&3867&>7==3&?69&B=DK638<&?24G&6;&2;@9245&D869538<&436;9D2448<&?67F2;:&9=5;<&
>3=D&4G8&96D8&>7==3X&&

!G8&D869538D8;49&?838&B=;<5B48<&2;&6&?==<8;&4?=@94=38C&4894&G=598&64&)%$#&)89863BG&%;94245489&=>&
$?8<8;X&!G8&N527<2;:&29&838B48<&69&6&92;:78@>6D27C&G=598O&988&*##$+,-)&*X&!G8&38B82L2;:&3==D&29&598<&
69&6&B=;>838;B8&3==D&6;<&29&>53;29G8<&?24G&6&4878L292=;&9B388;O&6&763:8&?==<8;&38B46;:5763&B=;>838;B8&
46N78&6;<&48;&?==<8;&BG6239&?24G&B59G2=;2;:&=;7C&=;&4G8&2;;83&92<8X&!G8&BG623&B59G2=;9&638& 4G8&=;7C&
953>6B89&=>&4G8&3==D&?24G&92:;2>2B6;4&6N9=3K42=;X&

!G8& 4894& >7==3&?69&?24G=54& >53;24538&8cB8K4& >=3&6& 9D677&8DK4C&N==F9G87>& 4G64&?69&K76B8<&;8c4& 4=& 4G8&
?677& 67=;:& 4G8& 78;:4G& =>& 4G8& 3==DX&!G8& >7==3& L87=B24289O& 38A5238<& >=3& 653672j642=;O&?838& 6BA5238<& NC&
D869532;:&4G8&B8272;:&L2N3642=;9&2;&4G8&38B82L2;:&3==D&5;<83;864G&?G8;&9=D8=;8&?67F8<&=;&4G8&>7==3&
6N=L8X&

!G8& 4894& 9435B4538& ?69& 6& b=294& >7==3& ?24G& 4G8& <2D8;92=;9& ù å ç 9 '7*' å &7*&!éWO& ?G2BG& 29& L83C&
92D2763&4=&4G8&<2D8;92=;9&=>&4G8&B8272;:&2;&4G8&72948;2;:&76NX&!G8&N638&>7==3&B=;92948<&=>&%%!éé&4G2BF&
BG2KN=63<9& 9B38?8<& 4=& 4G8& >7==3& b=2949X& E==<8;& K63A584& ?69& 598<& 69& >7==3& B=L832;:X& H84?88;& 4G8&
BG2KN=63<9& 6;<& 4G8& >7==3& B=L832;:O& 6& [Q& DD& 76C83& =>& K76942B& >=6D& ?69& 2;946778<& 4G64& G87<& 4G8& >7==3&
G8642;:& K2K89X& !G8& B3=99@98B42=;& 6386& =>& 4G8& b=2949& ?69& ù å ç 9 '( å %%@!ééWO& 6;<& 4G8& <2946;B8&
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! &&!

N84?88;& 4G8D& ?69& \QQ& DDX& !G8& 4=467& 4G2BF;899& =>& 4G8& >7==3& 9435B4538& ?69& \QQ& DDO& 6;<& 4G8& :6K&
N84?88;&4G8&4=K&K7648&6;<&4G8&B8272;:&=>&4G8&3==D&N87=?&?69&>2778<&?24G&ZVQ&DD&=>&29=7642;:&D6483267X&
'=3&4G8&B8272;:O&R[&DD&:CK95D&N=63<9&?838&598<&_988&*##$+,-)&*`X&

'=3&4G8&L2N3642=;&D869538D8;49O&4?8;4C&6BB8783=D84839&?838&D=5;48<&=;&4G8&B8272;:&=>&4G8&38B82L2;:&
3==DX&!G8&98;9=39&?838&6446BG8<&64& 4G8&96D8&K=9242=;9&69&4G8&B8;483&K=2;4&=>& 4G8&7=5<9K86F839&2;&4G8&
72948;2;:& 76NO& 988& '2:538& ZXVX& '=3& 38K3=<5B42=;& =>& 4G8& ?67F2;:& 9=5;<& >3=D& 4G8& D869538D8;49O& >2394O&
L87=B24C& 92:;679& 64& 4G8& D869538D8;4& K=9242=;9& ?838& B67B57648<& NC& 42D8@2;48:3642;:& 4G8& D869538<&
6BB8783642=;9X&187=B24289&64&677&;=<8&K=2;49&2;&4G8&>7==3&D89GO&69&<8>2;8<&2;&4G8&92D57642=;9O&?838&4G8;&
B67B57648<&NC&6&4?=@<2D8;92=;67&72;863&2;483K=7642=;&=>&4G8&D869538<&L87=B24C&92:;679X&!G29&?69&D6<8&
>=3& 6& D=38& 6BB53648& B67B57642=;& =>& 4G8& 4=467& L=75D8& L87=B24C& =>& 4G8& >7==3& 63869& 38K3898;48<& NC& 4G8&
7=5<9K86F839X& 0>483& B67B57642;:& 4G8& ;=<8& L87=B24289& >=3& 4G8& 8;4238& >7==3O& 4G8& 96D8& K3=B8<5389& >=3&
B67B57642;:& 8A52L678;4& 7=5<9K86F83& D8DN36;8& L87=B24289& 6;<& B672N3642;:& 4G8& 653672j642=;& BG62;O& 69&
8cK762;8<&2;&4G8&$8B42=;9&ZXP&6;<&ZX[O&?838&598<&4=&=N462;&4G8&=54K54&92:;679&>=3&4G8&7=5<9K86F839X&!G8&
653672j8<&?67F2;:&9=5;<&2;&4G8&76N&?69&4G8;&D869538<&64&4G8&96D8&K=9242=;&69&?69&<=;8&2;&9245X&'2:538&
ZXV& 9G=?9& 4G8& B=DK6329=;& N84?88;& 4G8& 653672j8<& 6;<& 2;@9245& 9=5;<& K3899538& 78L879X& !G8& 9K8B436& 638&
K7=448<&>=3&V&B=;98B542L8&948K9X&0&RXZ&"j&72;8&9K8B435D&6KK8639&92;B8&4G29&?69&4G8&6L836:8&>38A58;BC&=>&
4G8&948K9X&!G8&B53L89&9G=?&6&:==<&6:388D8;4&2;&4G8&>38A58;BC&36;:8&>3=D&6KK3=c2D6487C&PQ&"j&5K&4=&
6N=54& RPQ&"jX&H87=?& RU&"j& 4G8& B=DK6329=;& 29& ;=4& L672<& N8B6598& =>& 4G8& 7=?@>38A58;BC& 72D24& =>& 4G8&
95N?==>839X&!G8&<8L2642=;&=>& 4G8&B53L89&6N=L8&RPQ&"j&B=57<&N8&8cK762;8<&NC&4G8&K3898;B8&=>&9=5;<&
6N9=3N2;:&>53;24538&6;<&953>6B89&95BG&69&4G8&9=>6&6;<&4G8&B53462;9&2;&4G8&72948;2;:&76NO&?G278&2;&9245&4G8&
D6b=324C& =>& 4G8& 953>6B89& ?838& G63<& ?24G& L83C& 724478& 6N9=3K42=;X& 074G=5:G& 4G838& 29& 6& >623& 6:388D8;4&
N84?88;&4G8&D869538D8;4&6;<&92D57642=;O&>534G83&2;L8942:642=;&=>&4G8&<2>>838;B89&?=57<&N8&;88<8<O&N54&
B=57<& ;=4& N8& B63328<& =54& 2;& 4G8& 42D8& >36D8& =>& 4G29& 4G8929X& *89K248& 4G29O& =;8& B6;& B=;B75<8& 4G64& 4G8&
653672j642=;&K3=B8<538&64&78694&:2L89&4G8&96D8&=3<83&=>&9=5;<&K3899538&78L879&2;&4G8&72948;2;:&3==DX&

&
'2:538&ZXV& $=5;<& K3899538& 78L879& D869538<& 64& 4G8& B==3<2;648&&

;e5 B5 ¹= 9 ;$7>(5@7>5$7%=!é& 2;& 4G8& 3==DX& ù¡5Md!IMê¤ 9 *'7&!º»& 6;<&
ù¡5Éè¼ìEèêìEl 9 *)7)!º»X&

!
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K! E7#$.*7*0($.#$(
HC&6KK7C2;:& 4G8&L234567& <892:;& 4==7& K3898;48<&G838O& 2DK6B4& 9=5;<&:8;83648<&NC&?67F2;:&=;&<2>>838;4&
>7==39&B=57<&N8&653672j8<X&%;&4G8&>=77=?2;:O&4G8&>5;B42=;2;:&=>&4G8&4==7&29&<8D=;943648<&NC&2;L8942:642;:&
<2>>838;4&9=5;<9&2;&6&72948;2;:&4894X&!G8&<8D=;943642=;&>=B5989&=;&4G8&6N2724C&=>&4G8&L234567&<892:;&4==7&
4=&38K3=<5B8&L632642=;9&2;&4G8&?67F2;:&9=5;<&4G64&B6;&N8&699=B2648<&?24G&BG6;:89&2;&4G8&>7==3&<892:;X&&

!G8& 72948;2;:& 48949& ?838& K83>=3D8<& 679=& ?24G& 4G8& 62D& =>& 8L675642;:& 4G8& K76592N2724C& =>& 4G8& 653672j8<&
9=5;<9X&!G8&K76592N2724C&=>&4G8&9=5;<9&?69&48948<&N=4G&NC&69F2;:&4G8&4894&95Nb8B49&6N=54&4G8&;645367;899&
=>&4G8&?67F2;:&9=5;<9&6;<&NC&2;L8942:642;:&G=?&3869=;6N78&4G8&3895749&>3=D&4G8&72948;2;:&4894&638X!

0& B648:=32B67& 9B672;:& 4894& ?69& 598<& >=3& 95Nb8B42L8& 8L675642=;& =>& 4G8& 9=5;<9X& !=& 2;L8942:648& 4G8&
B=3387642=;& N84?88;& 4G8& >7==3& <892:;& 6;<& 95Nb8B42L8& 389K=;989O& 4G8& 483D9& 4G64& ?838& 6KK728<& >=3&
8L675642=;&=>& 4G8&?67F2;:& 9=5;<&B=3389K=;<8<& 4=& 95Nb8B42L8& 2;483K384642=;&=>&=L83677&K83>=3D6;B8&=3&
<2>>838;4&D8BG6;2B67&K3=K834289&=>&4G8&>7==3X&

!G8&3895749&>3=D&4G8&72948;2;:&4894&638&679=&387648<&4=&2DK6B4&9=5;<&2;957642=;&=>&4G8&>7==39O&B67B57648<&
592;:&4G8&D869538<&9=5;<&K3899538&78L879&2;92<8&4G8&72948;2;:&3==D&<58&4=&6&L234567&46KK2;:&D6BG2;8X&

$8B42=;& VXR& K3898;49& 4G8& <2>>838;4& >7==39& 2;L8942:648<& 2;& 4G29& 945<CO& 6;<& $8B42=;& VXP& K3898;49& 4G8&
K3=B8<538& 6;<& 3895749& =>& 4G8& L234567& 2DK6B4& 9=5;<& D869538D8;49& =>& 4G8& >7==3& =Nb8B49X& $8B42=;& VX[&
8cK762;9&G=?&4G8&72948;2;:&4894&?69&B63328<&=54X&$8B42=;&VXZ&>2;677C&K3898;49&6;<&<29B59989&4G8&3895749X&

K84! L-++%(+">.'$#(

!G8&D6483267&K3=K834289&=>&4G8&>7==3&D=<879&4G64&638&598<&2;&4G8&653672j642=;&638&K3898;48<&2;&!6N78&VXRX&
!G8& 4G2BF;899& =>& 4G8& >7==3& 2;& 677& D=<879& 29& RQ& BDX& !G8& D6483267& K3=K834289& =>& 4G8& =34G=43=K2B& >7==3&
D=<87&JR&638&BG=98;&N698<&=;&4G8&K3=K834289&K3=L2<8<&>=3&6&4CK2B67&,.!&>7==3&2;&4G8&7248364538O&8X:X&2;&
nZZoX&*2>>838;4&K636D84839&95BG&69&/=5;:m9&D=<5759O&<8;924C&6;<&<6DK2;:&=>& 4G8&>7==3&638&L6328<& 2;&
<2>>838;4&D=<879X&!G8&K389438998<&>7==3&D=<87&29&598<&4=&2;L8942:648&4G8&2DK6B49&=>&942>>8;2;:&4G8&>7==3&
6;<& D=L2;:& 5K& 4G8& >2394& >7==3& 389=;6;B89& =;& 4G8& K83B82L8<& 6;;=C6;B8& NC& ?67F2;:& 9=5;<X& %;& D=<87&
JRQO&K3=K834289&=>&72:G4?82:G4&B=;B3848O&:2L8;&2;&8X:X&nZVoO&638&598<&>=3&9=5;<&K83B8K42=;&B=DK6329=;X&&
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NC&?67F2;:&64&G=D8O&677&=>&?G2BG&72L8<&2;&N527<2;:9&?24G&?==<8;&>7==39X&

!G8&72948;2;:&4894&?69&K83>=3D8<&?24G&=;8&K6342B2K6;4&64&6&42D8X&!G8&95Nb8B49&?838&2;>=3D8<&2;&6<L6;B8&
6N=54&4G8&K3=B8<538&=>&4G8&4894&6;<&4G64&4G8C&?838&:=2;:&4=&8L675648&?67F2;:&9=5;<9X&!G8C&?838&679=&
4=7<& 4G64& 4G8C& 638& >388& 4=& 786L8& 4G8& 3==D& 64& 6;C& 42D8& 6;<& >=3& 6;C& 3869=;& <532;:& 4G8& 8cK832D8;4& =3&
?24G<36?& >3=D& 4G8& 8cK832D8;4& 2>& 4G8C& ?29GX& !G8& 3895749& ?838& 6;=;CD2j8<& N8>=38& 94=38<& >=3& 76483&
8L675642=;9X&

!G8& 2;9435B42=;9& =>& 4G8& 4894& ?838& K3898;48<& 2;& 6& ?32448;& >=3D64X& 079=O& 4G8& 4894& 786<83& 6448;<8<& 4G8&
4362;2;:& 98992=;& 4=& 6;9?83& K=48;4267& A58942=;9X&H8>=38& 4G8& 94634& =>& 6& 4894O& 4G8& 95Nb8B49& >2394& 8L675648<&
4G388&9=5;<9O&JVO&JRQ&6;<&JRRO&69&4362;2;:O&2;&=3<83&4=&:84&>6D27263&?24G&4G8&4894&K3=B8<538&6;<&4G8&
B=;48;4& =>& 4G8& 9=5;<9X& !G8& R[& 4894& 9=5;<9O& JRuJR[O& ?838& 4G8;& K3898;48<& 4=& 4G8& K6342B2K6;49& 2;& 6;&
2;<2L2<5677C& 36;<=D2j8<& =3<83X& #6BG& 9=5;<& 96DK78& ?69& K76C8<& 4?2B8O& ?G2BG& D86;9& 4G64& 86BG&
K6342B2K6;4&6998998<&P\&9=5;<&96DK789&2;&4=467X&!G8&<53642=;&=>&86BG&9=5;<&96DK78&?69&[V&9O&6;<&4G8C&
?838&K76C8<&2;&6&7==K&?24G&4G8&K=992N2724C&>=3&4G8&K6342B2K6;4&4=&K6598&4G8&9=5;<&2>&4G8C&?6;48<X&

I=&2;>=3D642=;&6N=54&4G8&7=5<;899&36;:8&?69&:2L8;&4=&4G8&K6342B2K6;49&2;&6<L6;B8O&N8B6598&4G8C&?838&
69F8<&4=&b5<:8&4G8&9=5;<9&N698<&=;&4G823&=?;&K83B8K42=;&=>&6&3867@72>8&B698&64&G=D8X&!G8&48949&76948<&ZQ&
D2;5489&=;&6L836:8X&&

!G8&4894&2;9435B42=;9&6;<&6;&8c6DK78&=>&4G8&4894&2;483>6B8&638&K3898;48<&2;&*##$+,-)&/X&

K8@! M.#6-$#(&*/(/7#'6##7+*(

'2:538&VXP& 95DD632j89& 4G8& 72948;2;:& 4894& 3895749& >=3& 677& 4G8&K6342B2K6;49& 6;<&677& 4G8& 9=5;<& 96DK789& 69&
N=cK7=49X&!G8&G=32j=;467&72;8&2;92<8&4G8&N=c89&9G=?9&4G8&D8<26;&_VQ4G&K83B8;4278`&L6758O&6;<&4G8&7=?83&
6;<&5KK83&8<:89&=>&4G8&N=c89&9G=?&4G8&PV4G&6;<&TV4G&K83B8;42789O&389K8B42L87CX&!G8&?G29F839&9G=?&4G8&
=54D=94&3642;:9& 4G64& >677& 2;& 4G8& 7=?83&6;<&5KK83&36;:8&=>&RXV& 42D89& 4G8& 2;483A5634278&36;:8&_RXV&%r)`X&
0;C&3642;:&=5492<8&4G8&?G29F839&29&9G=?;&69&6;&=547283&6;<&29&<29K76C8<&69&k^lX&

'=3&67D=94&677&4G8&9=5;<9&2;&677&64432N548&B648:=3289O&4G8&95Nb8B42L8&389K=;989&638&9K386<&=L83&4G8&8;4238&
3642;:&36;:8X&"=?8L83O&<8K8;<2;:&=;&4G8&64432N548&6;<&4G8&>7==3&D=<87O&4G8&<29432N542=;&=>&4G8&6;9?839&
<2>>839X&!G8&<646&638&6;67Cj8<&592;:&D86;&6;<&38:38992=;&6;67C929&69&?877&69&6&B=DN2;642=;&=>&=;8@?6C&
0I(10&6;<&4@4894&6;67C929&2;&=3<83&4=&2;L8942:648&4G8&94642942B67&92:;2>2B6;B8&=>&4G8&3895749X&

0D=;:& 4G8& \& B648:=3289O& 4G8& K83B82L8<& 7=5<;899& 9G=?9& 4G8& D=94& L632642=;& >=3& 4G8& <2>>838;4& >7==39X&
0;67C929&=>&4G8&7=5<;899&<646&9G=?9&4G64&>=3&8L83C&>7==3&4G838&638&64&78694&4?=&>7==39&4G64&638&b5<:8<&69&
92:;2>2B6;47C& <2>>838;4& 2;& 7=5<;899X& !G8& b5<:8D8;49& 2;& 4G8& 6;;=C6;B8& B648:=3C& 6KK863& 4=& >=77=?& 4G8&
96D8&K64483;&69&4G8&7=5<;899&<646&2DK7C2;:&4G64&4G838&29&6&B=3387642=;&N84?88;&4G898&<646O&69&8cK8B48<X&
"=?8L83O& 4G838&638&7899&<2>>838;B89&2;&4G8&K83B82L8<&6;;=C6;B8&4G6;&2;&4G8&7=5<;899X&!G8&B=3387642=;&
N84?88;&<2>>838;4&B648:=3289&29&>534G83&<29B5998<&2;&4G8&>=77=?2;:&98B42=;9X&



!

! '$!

!G8& D2;2D5D& L632642=;9& 6D=;:& 4G8& B648:=3289& 638& =N462;8<& 2;& ;645367;899O& ?24G& ;=& 92:;2>2B6;4&
<2>>838;B8&N84?88;&6;C&=>&4G8&9=5;<&96DK789&_598<&92:;2>2B6;B8&78L87&29&QXQR`X&!G8&6L836:8&3642;:9&>=3&
677& D=<87& >7==39& 2;& 4G29& B648:=3C& 638& N84?88;& ZXP& 6;<& VX[& _=54& =>& T`O& ?G278& >=3& 4G8& 4G388& 3867& >7==3&
8c6DK789&4G8&6L836:89&638&N84?88;&ZXZ&6;<&VX[X&!G29&D86;9&4G64&4G8&4894&95Nb8B49O&=;&6L836:8O&B=57<&;=4&
2<8;42>C&6;C&92:;2>2B6;4&<2>>838;B8&N84?88;&4G8&2DK6B4&9=5;<&:8;83648<&NC&92D57642=;9&6;<&4G8&9=5;<&
:8;83648<&NC&592;:&D869538D8;4&<646&=;&6&3867&>7==3X&

&

'2:538&VXP& .2948;2;:& 4894& 3895749& >=3& 677& 4G8& K6342B2K6;49& 6;<& 677& 9=5;<& 96DK789X&
!G8&G=32j=;467&6c29&38K3898;49& 4G8&>7==3&96DK78O&6;<& 4G8&L8342B67&6c29&
9G=?9&4G8&3642;:&L67589X&!G8&B23B789&9G=?&4G8&D86;&L67589&=>&4G8&<646&
>=3&86BG&9=5;<&96DK78&2;&86BG&B648:=3CX&

0;=4G83&B648:=3C&?24G&9D677&L632642=;9&29&4G8&<2942;B4;899X&!G8&<2942;B4;899&4G64&?69&<89B32N8<&>=3&4G8&
95Nb8B49& 69& <2942;:529G6N2724C& 6;<& B76324C& =>& 4G8& 95BB8992L8& >==4948K9O& G69& 38B82L8<& 6;& 6L836:8& 3642;:&
N84?88;&Z& 6;<&VX[& >=3&;8637C& 677& 96DK789X&!G8&=;7C& 9=5;<&?24G& 92:;2>2B6;4&<2>>838;B8& 387642L8& 4=& 4G8&
=4G839&29&JRQO&?24G&6;&6L836:8&3642;:&=>&[XZX&!G8&92:;2>2B6;4&<2>>838;B8&29&=;7C&N84?88;&4G29&9=5;<&6;<&
4G8& 4?=& 3867& >7==3& 8c6DK789& JRR& _à 9 @7@@@%`& 6;<& JRP& _à 9 @7@@$`X& 0;=4G83& 69K8B4& =>& 4G8&
<2942;B4;899&3642;:9&29&4G8&7=;:&?G29F839&4G8&N=cK7=49O&?G2BG&9K386<&67=;:&4G8&8;4238&36;:8&>=3&RR&=54&=>&
R[&9=5;<9&2;&4G29&B648:=3CX&!G29&D86;9&4G64&4G838&29&;=4&6&B=DK7848&B=;98;959&6D=;:&4G8&95Nb8B49&6N=54&
4G8&<2942;B4;899&=>&4G8&?67F2;:&9=5;<9&2;&:8;8367X&!G29&B=57<&N8&<58&4=&L632=59&3869=;9X&%4&D2:G4&2DK7C&
4G64& <2>>838;4& 95Nb8B49& G6<& <2>>838;4& 5;<83946;<2;:& 38:63<2;:& 4G8&D86;2;:& =>& <2942;B4;899O& N54& 679=& 24&
B=57<&D86;&4G64& 4G29&64432N548& 29& 2;&:8;8367&<2>>2B574& 4=&8L675648&>=3& 4G8&:2L8;&96DK789&<58&4=& 4G8& 7=?&
>38A58;BC&B=;48;4&=>&4G8&9=5;<9X&'=3&8c6DK78O&4G8&9=5;<&>3=D&?67F2;:&?24G&9G=89&4G64&B=;462;9&G2:G83&
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'%!

>38A58;B289& 29& 8cK8B48<& 4=& 38B82L8& 6& G2:G83&D=38& G=D=:8;8=59& <2942;B4;899& 3642;:& 4G6;& 4G8& N638>==4&
?67F2;:&9=5;<9X&

K8=84! N33.'$(+3(3&17-7&%7$H(,7$;($;.(,&-)7*0(#+6*/(

!=& 2;L8942:648& ?G84G83& >6D2726324C& ?24G& ?67F2;:& 9=5;<& 2;& N527<2;:9& 6;<& 4G8& 4CK8& =>& >7==3& 4G8&
K6342B2K6;49&638&598<&4=&2;>758;B8&4G8&K83B8K42=;&=>&9=5;<O&4G8&K6342B2K6;49&?838&<2L2<8<&2;4=&<2>>838;4&
B648:=3289a&:3=5K&Rt&95Nb8B49&?G=&G6<&8cK8328;B8&?24G&?67F2;:&9=5;<&=;&?==<8;&>7==39&_S&K839=;9`O&
:3=5K& Pt& 95Nb8B49& ?24G& 8cK8328;B8& =>& ?67F2;:& 9=5;<& =;& B=;B3848& >7==39& _\& K839=;9`O& 6;<& :3=5K& [t&
95Nb8B49&?G=&G6<&;8L83&G863<&4G8&2DK6B4&9=5;<&:8;83648<&NC&?67F2;:&9=5;<&_V&K839=;9`X&

!=&2;L8942:648&G=?&92:;2>2B6;4&29&4G8&8>>8B4&=>&K32=3&8cK8328;B8&=;&95Nb8B49m&b5<:8D8;49O&6&B=DK6329=;&
N84?88;&677&4G8&K=K57642=;&:3=5K9&29&K3898;48<&2;&'2:538&VX[X&!G8&B53L8&y077m&38K3898;49&4G8&3895749&>=3&
677& K6342B2K6;49O& ?G278& 4G8& yE==<m& 6;<& y,=;B3848m& B53L89& 38>83& 4=& 4G8& :3=5K9& R& 6;<& PO& 6;<& 4G8&
5;8cK8328;B8<&4894&95Nb8B49&2;&:3=5K&[&638&38K3898;48<&NC&yI=&#cK8328;B8m&B53L89X&&

&

'2:538&VX[& 0L836:8& 3642;:9& NC& <2>>838;4& :3=5K9& =>& K6342B2K6;49& N698<& =;& 4G823&
>6D2726324C&?24G&?67F2;:&9=5;<X&&&

!G8&B53L89&9G=?&6&B7863&<2942;B42=;&2;&677&B648:=3289&N84?88;&4G8&3895749&>3=D&4G8&95Nb8B49&2;&:3=5K&R&
6;<&:3=5K&[X&%;&:8;8367O&4G8&95Nb8B49&2;&:3=5K&R&_2X8X&95Nb8B49&?24G&8cK8328;B8&?24G&?==<8;&>7==39`&G6L8&
K83B82L8<& 4G8& 9=5;<9& 69& 7=5<83O& D=38& <2942;B4O& 6;;=C2;:& 6;<& ;645367& 6;<& 7899& 38L83N836;4& 4G6;& 4G8&
95Nb8B49&2;&:3=5K&[&_2X8X&95Nb8B49&?24G&;=&8cK8328;B8&?24G&?==<8;&>7==39`X&&
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!

! '&!

!G8& 6L836:8& 3642;:9& =>& :3=5K& P& 2;& 64432N5489& 95BG& 69& <2942;B4;899O& 38L83N83642=;& 6;<& ;645367;899& >677&
=>48;& N84?88;& 4G8& 3642;:9& =>& :3=5K& R& 6;<& [X& '=3& 8c6DK78& 4G8& 95Nb8B49& 2;& :3=5K& P& G6L8& b5<:8<& 4G8&
D6b=324C& =>& 4G8& 9=5;<9& 4=& N8& D=38& <2942;B4& 6;<& ;645367& 4G6;& 95Nb8B49& 2;& :3=5K& [O& 6;<& 7899& 4G6;& 4G8&
95Nb8B49&2;&:3=5K&RX&!G8&=3<83&=>&3642;:&>=3&38L83N83642=;&29&4G8&=KK=9248X&%;&=4G83&B648:=3289&G=?8L83O&
4G8&B53L89&>=3&:3=5K&P&<=&;=4&>=77=?&6&B7863&438;<&387642L8&4=&4G8&B53L89&=>&4G8&=4G83&:3=5K9X&

%;&7=5<;899&6;<&6;;=C6;B8&B648:=3289O&?G2BG&638&4?=&<8483D2;2;:&>6B4=39&>=3&4G8&K83B82L8<&A56724C&=>&6&
>7==3O& 4G8& B53L89& >=3& 4G8& 4G388& :3=5K9& 638& 67D=94& K6367787O& 674G=5:G& 4G823& L67589& 638& <2>>838;4X& !G29&
D86;9&4G64&674G=5:G&4G8&K83B82L8<&2;48;924C&=>&4G898&64432N5489&29&<2>>838;4&6D=;:&<2>>838;4&:3=5K9O&4G8&
:3=5K9&638&92D2763&2;&4G823&b5<:8D8;4&=>&<2>>838;4&9=5;<9&387642L8&4=&=;8&6;=4G83X&!G29&2DK7289&4G64&8L8;&
4G=5:G&4G8&95Nb8B49&2;&4G8&4G388&:3=5K9&<2>>83&2;&4G823&8cK8328;B8&=>&4G8&?67F2;:&9=5;<O&6;<&4G59&G6L8&
<2>>838;4&8cK8B4642=;9&38:63<2;:&G=?&>==4948K9&9G=57<&9=5;<O&4G838&29&6&B=;98;959&6D=;:&4G8D&6N=54&
4G8&387642L8&7=5<;899&6;<&K83B82L8<&6;;=C6;B8&NC&4G8&9=5;<9X&&

0;=4G83& ;=48?=34GC& =N983L642=;& >3=D& :3=5K& R& 29& 4G64& 4G8& 95Nb8B49& 2;& 4G29& :3=5K& G6L8O& =;& 6L836:8O&
K83B82L8<&677&4G8&9=5;<&96DK789&69&7=5<83&6;<&D=38&6;;=C2;:&4G6;&4G8&:3=5K&2;B75<2;:&677&K6342B2K6;49X&
!G29&B6;&N8&8cK762;8<&NC&4G8&>6B4&4G64&T&=54&=>&S&95Nb8B49&2;&:3=5K&RO&679=&38K=348<&4G64&4G8C&G6<&N88;&
38:57637C&<29453N8<&NC&?67F2;:&9=5;<&>3=D&;82:GN=39O&6;<& 4G838>=38&B=57<&387648& 4=& 4G8&9=5;<9&69&6;&
6;;=C2;:&3867@72>8&9245642=;X&

!G8&D=<87&>7==3&JZO&?G2BG&29&4G8&K389438998<&>7==3O&G69&38B82L8<&92D2763&3642;:9&>3=D&<2>>838;4&:3=5K9&
2;&B648:=3289t&7=5<;899O&4G5DK2;:O&38L83N83642=;&6;<&6;;=C6;B8X&!G8&>7==3&679=&G69&D2;2D5D&6L836:8&
3642;:&6D=;:& 4G8&>7==3&96DK789& 2;& 4G898&B648:=3289X&$2;B8&677& 4G898&B648:=3289& 387648& 4=& 4G8&>8872;:&=>&
<29B=D>=34O&24&B6;&N8&B=;B75<8<&4G64&4G8&>7==3&D=<87&JZ&G69&4G8&D=94&6BB8K46N78&6B=5942B&K83>=3D6;B8&
6D=;:&4G8&K3898;48<&>7==3&8c6DK789X&&

0&D5742K78&B=DK6329=;&=;&4G8&:3=5K&D86;9&?69&<=;8&>=3&<2>>838;4&64432N5489O&988&'2:538&VXZOX&'=3&4G898&
B=DK6329=;9O& 6;67C929& =>& L6326;B8& _0I(10`& 6;<& 4@4894& 6;67C929& D84G=<9& ?838& 598<X& !G8& 0I(10&
3895749& 9G=?8<& 4G64& 4G8& D86;& 3642;:9& =>& <2942;B4;899& 638& 92:;2>2B6;47C& <2>>838;4& _A 9 $>7>5!
à 9 & å $@KË`&N84?88;&677&:3=5K9X&!G838&638&679=&92:;2>2B6;4&<2>>838;B89&N84?88;&:3=5K9&R&6;<&[& 2;&
3642;:9&=>&6;;=C6;B8&_à 9 @7@$`&6;<&;645367;899&_à 9 @7@@@*`O&?G838& 4G8&8cK8328;B8<&95Nb8B49&G6L8&
>=5;<& 4G8& 9=5;<9& 4=& N8&D=38& 6;;=C2;:& 6;<&D=38& ;645367X& $5Nb8B49& 2;& :3=5K& R& G6L8& 679=& b5<:8<& 4G8&
9=5;<9&4=&N8&D=38&6;;=C2;:&_à 9 @7@@>`&4G6;&4G8&95Nb8B49&2;&:3=5K&PO&?G=&638&>6D27263&?24G&?67F2;:&
9=5;<9&>3=D&B=;B3848&>7==39X&!G8&=;7C&92:;2>2B6;4&<2>>838;B89&N84?88;&:3=5K9&P&6;<&[&29&2;&4G823&3642;:9&
=>&38L83N83642=;&?G838&4G8&5;8cK8328;B8<&72948;839&>=5;<&4G8&9=5;<9&D=38&38L83N836;4&_à 9 @7@$`X&I=&
92:;2>2B6;4&<2>>838;B8&?69&>=5;<&N84?88;&4G8&:3=5K9&2;&4G823&699899D8;4&=>&7=5<;899X&&

%4&9G=57<&N8&;=48<&4G64&4G8&B=DK6329=;9&K3898;48<&2;&4G29&98B42=;&638&N698<&=;&<646&>3=D&:3=5K9&?24G&6&
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