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(ÕÝÌÚÛÐÎÈÛÐÖÕɯÖÍɯØÜÈÕÛÐÛÈÛÐÝÌɯ$$&ɪÉÈÚÌËɯÐÕËÐÊÌÚɯÈÕËɯÛÏÌÐÙɯÙÖÓÌɯÐÕɯ

×ÖÚÛɪÚÛÙÖÒÌɯÕÌÜÙÖÔÖÛÖÙɯÙÌÏÈÉÐÓÐÛÈÛÐÖÕɯ×ÙÖÛÖÊÖÓÚɯÚÜ××ÖÙÛÌËɯÉàɯ!ÙÈÐÕɪ

"ÖÔ×ÜÛÌÙɯ(ÕÛÌÙÍÈÊÌÚ 

/Ï#ɯÛÏÌÚÐÚȭɯ2È×ÐÌÕáÈɯ4ÕÐÝÌÙÚÐÛàɯÖÍɯ1ÖÔÌ 

ɘɯƖƔƖƘɯ$ÓÌÕÈɯ,ÖÕÎÐÈÙËÐÕÐȭɯ ÓÓɯÙÐÎÏÛÚɯÙÌÚÌÙÝÌËȭ 

 ÜÛÏÖÙɀÚɯÌÔÈÐÓȯɯÔÖÕÎÐÈÙËÐÕÐɑËÐÈÎȭÜÕÐÙÖÔÈƕȭÐÛȮɯÌÓÌÕÈȭÔÖÕÎÐÈÙËÐÕÐɑÜÕÐÙÖÔÈƕȭÐÛɯ 
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2ÛÙÖÒÌɯÐÚɯÈɯÞÐËÌÚ×ÙÌÈËɯÕÌÜÙÖÓÖÎÐÊÈÓɯËÐÚÖÙËÌÙɯÛÏÈÛɯÈřÌÊÛÚɯÔÐÓÓÐÖÕÚɯÖÍɯÐÕËÐÝÐËÜÈÓÚɯÞÖÙÓËÞÐËÌɯÌÈÊÏɯ
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ÐÕɯÍÖÙÔɯÖÍɯÌÓÌÊÛÙÖÌÕÊÌ×ÏÈÓÖÎÙÈ×ÏÐÊɯȹ$$&ȺɯÉÈÚÌËɯÐÕËÐÊÌÚȮɯÈÕËɯÛÏÌɯÙÌÏÈÉÐÓÐÛÈÛÐÖÕɯ×ÙÖÊÌÚÚȮɯÞÐÛÏɯÛÏÌɯ

ÖÝÌÙÈÙÊÏÐÕÎɯÖÉÑÌÊÛÐÝÌɯÖÍɯÐÔ×ÙÖÝÐÕÎɯÛÙÌÈÛÔÌÕÛɯÌŚÊÈÊàȭɯ3ÏÌɯ$$&ɪÉÈÚÌËɯÐÕËÐÊÌÚɯÐËÌÕÛÐŗÌËɯÛÏÙÖÜÎÏɯÈÕɯ
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ÚÜ××ÖÙÛÌËɯÉàɯ,(ɪ!"(ȭɯ3ÏÌɯÈÍÖÙÌÔÌÕÛÐÖÕÌËɯÐÕËÐÊÌÚɯÞÌÙÌɯÈÕÈÓàÚÌËɯÖÕɯ$$&ɯÛÙÈÊÌÚɯÊÖÓÓÌÊÛÌËɯÍÙÖÔɯÉÖÛÏɯ
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1ɯ#ÈÛÈɯÞÌÙÌɯÊÖÓÓÌÊÛÌËɯËÜÙÐÕÎɯÛÏÌɯ1ÈÕËÖÔÐáÌËɯ"ÓÐÕÐÊÈÓɯ3ÙÐÈÓɯȹ1"3ȺɯÐÕɯÛÏÌɯÊÖÕÛÌßÛɯÖÍɯ×ÙÖÑÌÊÛɯ3ÏÌɯ/1.,.3.$1ȯɯÈɯ!ÙÈÐÕɯ

"ÖÔ×ÜÛÌÙɯ(ÕÛÌÙÍÈÊÌɪÉÈÚÌËɯÐÕÛÌÙÝÌÕÛÐÖÕɯÛÏÈÛɯ×ÙÖÔÖÛÌÚɯÜ××ÌÙɯÓÐÔÉɯÍÜÕÊÛÐÖÕÈÓɯÔÖÛÖÙɯÙÌÊÖÝÌÙàɯÐÕɯÚÜÉÈÊÜÛÌɯÚÛÙÖÒÌɯ×ÈÛÐÌÕÛÚȭɯ ɯÙÈÕËÖÔÐáÌËɯ

ÊÖÕÛÙÖÓÓÌËɯÛÙÐÈÓɯ×ÙÖÛÖÊÖÓɯÛÖɯÛÌÚÛɯÓÖÕÎɪÛÌÙÔɯÌŚÊÈÊàɯÈÕËɯÛÖɯÐËÌÕÛÐÍàɯËÌÛÌÙÔÐÕÈÕÛÚɯÖÍɯÙÌÚ×ÖÕÚÌɯÛÖɯÐÕÛÌÙÝÌÕÛÐÖÕɯȹ1%ɪƖƔƕƜɪƕƖƗƚƙƖƕƔȺȮɯÞÏÐÊÏɯ

ÞÈÚɯÍÜÕËÌËɯÉàɯÛÏÌɯ(ÛÈÓÐÈÕɯ-ÈÛÐÖÕÈÓɯ,ÐÕÐÚÛÙàɯÖÍɯ'ÌÈÓÛÏɯȹ-ÈÔÌɯÖÍɯÙÌÎÐÚÛÙàȯɯ!"(ɪÈÚÚÐÚÛÌËɯ,(ɯ(ÕÛÌÙÝÌÕÛÐÖÕɯÐÕɯ2ÜÉÈÊÜÛÌɯ2ÛÙÖÒÌɯ

ȹ/ÙÖÔÖÛÖÌÙȺȰɯ3ÙÐÈÓɯÙÌÎÐÚÛÙÈÛÐÖÕɯÕÜÔÉÌÙȯɯ-"3ƔƘƗƙƗƖƝƛȰɯÙÌÎÐÚÛÙÈÛÐÖÕɯËÈÛÌɯÖÕɯÛÏÌɯ"ÓÐÕÐÊÈÓ3ÙÐÈÓȭÎÖÝɯ×ÓÈÛÍÖÙÔȯɯ ×ÙÐÓȮɯƕƙɤƖƔƖƔȺȭ 
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ÚàÔÔÌÛÙàɯÐÕËÐÊÌÚɯÌßÏÐÉÐÛɯÈɯ×ÖÛÌÕÛÐÈÓɯÐÕɯ×ÙÌËÐÊÛÐÕÎɯÍÜÕÊÛÐÖÕÈÓɯÔÖÛÖÙɯÙÌÊÖÝÌÙàɯÍÖÓÓÖÞÐÕÎɯ,(ɪ!"(ɯ
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ÚÜÎÎÌÚÛÐÕÎɯÛÏÈÛɯ×ÈÛÐÌÕÛÚɯÞÐÛÏɯÈɯÔÖÙÌɯÚÌÝÌÙÌɯÓÌÝÌÓɯÖÍɯÔÖÛÖÙɯÐÔ×ÈÐÙÔÌÕÛɯÔÈàɯÌß×ÌÙÐÌÕÊÌɯÉÌŲÌÙɯ

ÖÜÛÊÖÔÌÚȭ 
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+ÐÚÛɯÖÍɯÈÉÉÙÌÝÐÈÛÐÖÕÚ 
 

 -.5   -ÈÓàÚÐÚɯ.Íɯ5 ÙÐÈÕÊÌ 

 '  řÌÊÛÌËɯ'ÈÕË 

 ××$Õ  ××ÙÖßÐÔÈÛÌɯ$-ÛÙÖ×à 

 1 3  ÊÛÐÖÕɯ1ÌÚÌÈÙÊÏɯ ÙÔɯ3ÌÚÛ 

!"( !ÙÈÐÕɪ"ÖÔ×ÜÛÌÙɯ(ÕÛÌÙÍÈÊÌ 

" 1 "ÖÔÔÖÕɯ ÝÌÙÈÎÌɯ1ÌÍÌÙÌÕÊÌɯɯ 

"$ "ÓÖÚÌËɯ$àÌÚ 

"31+ "ÖÕ31Ö+ɯÎÙÖÜ× 

# 1 #ÌÓÛÈɯ Ó×ÏÈɯ1ÈÛÐÖ 

#"2 #ÐÙÌÊÛɯ"ÜÙÙÌÕÛɯ2ÛÐÔÜÓÈÛÐÖÕ 

$$& $ÓÌÊÛÙÖ$ÕÊÌ×ÏÈÓÖ&ÙÈ×Ïà 

$'( $ËÐÕÉÜÙÎÏɯ'ÈÕËÌËÕÌÚÚɯ(ÕÝÌÕÛÖÙà 

$,& $ÓÌÊÛÙÖ,àÖ&ÙÈ×Ïà 

$.& $ÓÌÊÛÙÖ.ÊÜÓÖ&ÙÈ×Ïà 

$ßÛ %ÐÕÎÌÙɯ$ßÛÌÕÚÐÖÕɯÛÈÚÒ 

%#1 %ÈÓÚÌɯ#ÐÚÊÖÝÌÙàɯ1ÈÛÌ 

%$, %ÐÕÐÛÌɯ$ÓÌÔÌÕÛɯ,ÖËÌÓ 

%$2 %ÜÕÊÛÐÖÕÈÓɯ$ÓÌÊÛÙÐÊÈÓɯ2ÛÐÔÜÓÈÛÐÖÕ 

%,  %ÜÎÓɪ,ÌàÌÙɯ ÚÚÌÚÚÔÌÕÛ 

&ÙÈÚ× &ÙÈÚ×ÐÕÎɯÛÈÚÒ 

("  (ÕËÌ×ÌÕËÌÕÛɯ"ÖÔ×ÖÕÌÕÛɯ ÕÈÓàÚÐÚ 

+#  +ÐÕÌÈÙɯ#ÐÚÊÙÐÔÐÕÈÕÛɯ ÕÈÓàÚÐÚ 

+%.Úɯɯɯ +ÖÞɯ%ÙÌØÜÌÕÊàɯ.ÚÊÐÓÓÈÛÐÖÕÚ 

, 2 ,ÖËÐŗÌËɯ ÚÏÞÖÙÛÏɯ2ÊÈÓÌ 

,"(# ,ÐÕÐÔÜÔɯ"ÓÐÕÐÊÈÓÓàɯ(Ô×ÖÙÛÈÕÛɯ#ÐřÌÙÌÕÊÌ 

,$ ,ÖÛÖÙɯ$ßÌÊÜÛÐÖÕ 

,( ,ÖÛÖÙɯ(ÔÈÎÌÙà 

,(0 ,ÖÛÖÙɯ(ÔÈÎÌÙàɯ0ÜÌÚÛÐÖÕÕÈÐÙÌ 
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,,3 ,ÈÕÜÈÓɯ,ÜÚÊÓÌɯ3ÌÚÛ 

,-( ,ÖÕÛÙÌÈÓɯ-ÌÜÙÖÓÖÎÐÊÈÓɯ(ÕÚÛÐÛÜÛÌɯÊÖÖÙËÐÕÈÛÌÚ 

,1"/ ,ÖÝÌÔÌÕÛɪ1ÌÓÈÛÌËɯ"ÖÙÛÐÊÈÓɯ/ÖÛÌÕÛÐÈÓ 

,1( ,ÈÎÕÌÛÐÊɯ1ÌÚÖÕÈÕÊÌɯ(ÔÈÎÐÕÎ 

,5" ,ÈßÐÔÜÔɯ5ÖÓÜÕÛÈÙàɯ"ÖÕÛÙÈÊÛÐÖÕ 

-'/3 -ÐÕÌɯ'ÖÓÌɯ/ÌÎɯ3ÌÚÛ 

-('22 -ÈÛÐÖÕÈÓɯ(ÕÚÛÐÛÜÛÌɯÖÍɯ'ÌÈÓÛÏɯ2ÛÙÖÒÌɯ2ÊÈÓÌ 

-12 -ÜÔÌÙÐÊɯ1ÈÛÐÕÎɯ2ÊÈÓÌɯÍÖÙɯ×ÈÐÕ 

.$ .×ÌÕɯ$àÌÚ 

×Ë!2( ×ÈÐÙÞÐÚÌɪËÌÙÐÝÌËɯ!ÙÈÐÕɯ2àÔÔÌÛÙàɯ(ÕËÌß 

/1( /ÖÞÌÙɯ1ÈÛÐÖɯ(ÕËÌß 

/2# /ÖÞÌÙɯ2×ÌÊÛÙÈÓɯ#ÌÕÚÐÛà 

Ù!2( ÙÌÝÐÚÌËɯ!ÙÈÐÕɯ2àÔÔÌÛÙàɯ(ÕËÌß 

1.( 1ÌÎÐÖÕɯ.Íɯ(ÕÛÌÙÌÚÛ 

2$ 2×ÌÊÛÙÈÓɯ$ß×ÖÕÌÕÛ 

2,1Ú 2ÌÕÚÖÙÐ,ÖÛÖÙɯ1ÏàÛÏÔÚɯ 

3 1 3ÏÌÛÈɯ Ó×ÏÈɯ1ÈÛÐÖ 

3! 1 3ÏÌÛÈɯ!ÌÛÈɯ ÓÍÈɯ1ÈÛÐÖ 

3!1 3ÏÌÛÈɯ!ÌÛÈɯ1ÈÛÐÖ 

3,2 3ÙÈÕÚÊÙÈÕÐÈÓɯ,ÈÎÕÌÛÐÊɯ2ÛÐÔÜÓÈÛÐÖÕ 

4' 4ÕÈřÌÊÛÌËɯ'ÈÕË 

ɯ 
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+ÐÚÛɯÖÍɯŗÎÜÙÌÚ 

 

2$"3(.-ɯ((ɯɬɯ+.6ɯ%1$04$-"8ɯ.2"(++ 3(.-2 

 

%ÐÎÜÙÌɯƖȭɯƕȭɯ%ÓÖÞɯÊÏÈÙÛɯÛÏÈÛɯÐÓÓÜÚÛÙÈÛÌÚɯÛÏÌɯÔÌÛÏÖËÖÓÖÎÐÊÈÓɯÚÛÌ×ÚɯÖÍɯÛÏÌɯÈÕÈÓàÚÌÚɯÊÖÕËÜÊÛÌËɯÐÕɯÛÏÌɯ

×ÙÌÚÌÕÛɯ ÚÛÜËàȭɯ $ÌÎȯɯ ÌÓÌÊÛÙÖÌÕÊÌ×ÏÈÓÖÎÙÈ×ÏàȰɯ ÌÔÎȯɯ ÌÓÌÊÛÙÖÔàÖÎÙÈ×ÏàȰɯ ÓÍÖÚȯɯ ÓÖÞɯ ÍÙÌØÜÌÕÊàɯ

ÖÚÊÐÓÓÈÛÐÖÕÚȭ ............................................................................................................................................ ƘƔ 

%ÐÎÜÙÌɯƖȭɯƖȭɯɯ#ÐÚÛÙÐÉÜÛÐÖÕɯÖÕɯÛÏÌɯÊÖÙÛÌßɯȹ×ÈÕÌÓɯÈȺɯÈÕËɯÖÕɯÛÏÌɯÚÊÈÓ×ɯȹ×ÈÕÌÓɯÉȺɯÖÍɯÛÏÌɯÓÍÖÚɯ×ÖÞÌÙɯÈÝÌÙÈÎÌËɯ

ÈÊÙÖÚÚɯÚÜÉÑÌÊÛÚɯȹÕɯǻɯƕƜȺɯÍÖÙɯÛÏÌɯÔÖÛÖÙɯÌßÌÊÜÛÐÖÕɯÖÍɯÛÏÌɯŗÕÎÌÙɯÌßÛÌÕÚÐÖÕɯÌß×ÌÙÐÔÌÕÛÈÓɯÛÈÚÒɯÖÍɯÛÏÌɯ

ÙÐÎÏÛɯÏÈÕËɯÈÛɯƙɯÛÐÔÌɯ×ÖÐÕÛÚɯÈÙÖÜÕËɯÛÏÌɯÖÕÚÌÛȯɯɪƔȭƚɯÚȮɯɪƔȭƗɯÚȮɯƔɯÚȮɯǶƔȭƗɯÚɯÈÕËɯǶƔȭƚɯÚȭɯ/ÖÞÌÙɯÞÈÚɯ

ÕÖÙÔÈÓÐáÌËɯÞÐÛÏɯÙÌÚ×ÌÊÛɯÛÖɯÛÏÌɯÉÈÚÌÓÐÕÌɯÐÕÛÌÙÝÈÓɯȹŗÙÚÛɯÚÌÊÖÕËɯÖÍɯÌÈÊÏɯÛÙÐÈÓȺȭɯ1Ì×ÙÌÚÌÕÛÈÛÐÖÕÚɯÈÙÌɯ

ÊÌÕÛÌÙÌËɯÈÙÖÜÕËɯÛÏÌɯÌÔÎɯÖÕÚÌÛɯÈÕËɯÛÏÌɯÊÖÓÖÙɯËÌÊÖËÌÚɯÛÏÌɯÓÍÖÚɯ×ÖÞÌÙȭɯȻƘȼ .................................. ƘƗ 

%ÐÎÜÙÌɯƖȭɯƗȭɯ3ÌÔ×ÖÙÈÓɯ×ÙÖŗÓÌÚɯÖÍɯÓÍÖÚɯ×ÖÞÌÙɯÈÝÌÙÈÎÌËɯÈÊÙÖÚÚɯÚÜÉÑÌÊÛÚɯȹÕɯǻɯƕƜȺɯÐÕɯÛÏÌɯÔÌËÐÈÓɯÍÙÖÕÛÈÓɯ

ÎàÙÜÚɯÖÍɯÛÏÌɯÓÌÍÛɯÏÌÔÐÚ×ÏÌÙÌɯȹÔÕÐɯÊÖÖÙËÐÕÈÛÌÚɯǻɯȻɪƗƜȭƗƚɯƗȭƝƙɯƙƖȭƝƜȼȺɯÖÕɯÛÏÌɯÊÖÙÛÌßɯȹ×ÈÕÌÓɯÖÕɯÛÏÌɯ

ÓÌÍÛȺɯÈÕËɯÖÕɯÛÏÌɯÊÏÈÕÕÌÓÚɯÍÊƗȮɯÊƗɯÈÕËɯÊƕɯÖÕɯÛÏÌɯÚÊÈÓ×ȮɯÙÌÚ×ÌÊÛÐÝÌÓàȮɯÍÖÙɯÛÏÌɯŗÕÎÌÙɯÌßÛÌÕÚÐÖÕɯ

Ìß×ÌÙÐÔÌÕÛÈÓɯÛÈÚÒɯÖÍɯÛÏÌɯÙÐÎÏÛɯÏÈÕËȭɯ/ÖÞÌÙɯÞÈÚɯÕÖÙÔÈÓÐáÌËɯÞÐÛÏɯÙÌÚ×ÌÊÛɯÛÖɯÛÏÌɯÉÈÚÌÓÐÕÌɯÐÕÛÌÙÝÈÓɯ

ȹŗÙÚÛɯÚÌÊÖÕËɯÖÍɯÌÈÊÏɯÛÙÐÈÓȺȭɯ/ÙÖŗÓÌÚɯÈÙÌɯ×ÙÌÚÌÕÛÌËɯÐÕɯÈɯÛÐÔÌɯÐÕÛÌÙÝÈÓɯÖÍɯȻɪƔȭƚɯƔȭƚȼɯÚɯÊÌÕÛÌÙÌËɯÈÙÖÜÕËɯ

ÛÏÌɯÌÔÎɯÖÕÚÌÛȭɯ%ÖÙɯÌÈÊÏɯÊÏÈÕÕÌÓɯÐÚɯÙÌ×ÖÙÛÌËɯÛÏÌɯÝÈÓÜÌɯÖÍɯÛÏÌɯÚ×ÌÈÙÔÈÕɯÊÖÙÙÌÓÈÛÐÖÕɯÉÌÛÞÌÌÕɯÛÏÌɯ

ÓÍÖɯ×ÖÞÌÙɯÛÌÔ×ÖÙÈÓɯ×ÙÖŗÓÌɯÖÍɯÛÏÌɯÌÌÎɯÊÏÈÕÕÌÓɯÈÕËɯÛÏÌɯÔÌËÐÈÓɯÍÙÖÕÛÈÓɯÎàÙÜÚȮɯÈÕËɯÛÏÌɯ×ɪÝÈÓÜÌȭɯȻƘȼ

 ................................................................................................................................................................. ƘƗ 

%ÐÎÜÙÌɯƖȭɯƘȭɯ3ÌÔ×ÖÙÈÓɯ×ÙÖŗÓÌÚɯÖÍɯÓÍÖÚɯ×ÖÞÌÙɯÈÝÌÙÈÎÌËɯÈÊÙÖÚÚɯÚÜÉÑÌÊÛÚɯȹÕɯǻɯƕƜȺɯÐÕɯÛÏÌɯÚÜ×ÌÙÐÖÙɯÛÌÔ×ÖÙÈÓɯ

ÎàÙÜÚɯÖÍɯÛÏÌɯÓÌÍÛɯÏÌÔÐÚ×ÏÌÙÌɯȹÔÕÐɯÊÖÖÙËÐÕÈÛÌÚɯǻɯȻɪƚƕȭƝƝɯɪƗƖȭƔƕɯƕƕȭƙƘȼȺɯÖÕɯÛÏÌɯÊÖÙÛÌßɯȹ×ÈÕÌÓɯÖÕɯÛÏÌɯ

ÓÌÍÛȺɯÈÕËɯÖÕɯÛÏÌɯÊÏÈÕÕÌÓÚɯÛƛɯÈÕËɯÛ×ƛɯÖÕɯÛÏÌɯÚÊÈÓ×ȮɯÙÌÚ×ÌÊÛÐÝÌÓàȮɯÍÖÙɯÛÏÌɯŗÕÎÌÙɯÌßÛÌÕÚÐÖÕɯ

Ìß×ÌÙÐÔÌÕÛÈÓɯÛÈÚÒɯÖÍɯÛÏÌɯÙÐÎÏÛɯÏÈÕËȭɯ/ÖÞÌÙɯÞÈÚɯÕÖÙÔÈÓÐáÌËɯÞÐÛÏɯÙÌÚ×ÌÊÛɯÛÖɯÛÏÌɯÉÈÚÌÓÐÕÌɯÐÕÛÌÙÝÈÓɯ

ȹŗÙÚÛɯÚÌÊÖÕËɯÖÍɯÌÈÊÏɯÛÙÐÈÓȺȭɯ/ÙÖŗÓÌÚɯÈÙÌɯ×ÙÌÚÌÕÛÌËɯÐÕɯÈɯÛÐÔÌɯÐÕÛÌÙÝÈÓɯÖÍɯȻɪƔȭƚɯƔȭƚȼɯÚɯÊÌÕÛÌÙÌËɯÈÙÖÜÕËɯ

ÛÏÌɯÌÔÎɯÖÕÚÌÛȭɯ%ÖÙɯÌÈÊÏɯÊÏÈÕÕÌÓɯÐÚɯÙÌ×ÖÙÛÌËɯÛÏÌɯÝÈÓÜÌɯÖÍɯÛÏÌɯÚ×ÌÈÙÔÈÕɯÊÖÙÙÌÓÈÛÐÖÕɯÉÌÛÞÌÌÕɯÛÏÌɯ

ÓÍÖÚɯ×ÖÞÌÙɯÛÌÔ×ÖÙÈÓɯ×ÙÖŗÓÌɯÖÍɯÛÏÌɯÌÌÎɯÊÏÈÕÕÌÓɯÈÕËɯÛÏÌɯÚÜ×ÌÙÐÖÙɯÛÌÔ×ÖÙÈÓɯÎàÙÜÚȮɯÈÕËɯÛÏÌɯ×ɪÝÈÓÜÌȭɯ

ȻƘȼ ............................................................................................................................................................ ƘƗ 

%ÐÎÜÙÌɯƖȭɯƙȭɯ%ÓÖÞɯÊÏÈÙÛɯÛÏÈÛɯÐÓÓÜÚÛÙÈÛÌÚɯÛÏÌɯÔÌÛÏÖËÖÓÖÎÐÊÈÓɯÚÛÌ×ÚɯÖÍɯÛÏÌɯÈÕÈÓàÚÌÚɯÊÖÕËÜÊÛÌËɯÐÕɯÛÏÌɯ

×ÙÌÚÌÕÛɯ ÚÛÜËàȭɯ $ÌÎȯɯ ÌÓÌÊÛÙÖÌÕÊÌ×ÏÈÓÖÎÙÈ×ÏàȰɯ ÌÔÎȯɯ ÌÓÌÊÛÙÖÔàÖÎÙÈ×ÏàȰɯ ÓÍÖÚȯɯ ÓÖÞɯ ÍÙÌØÜÌÕÊàɯ

ÖÚÊÐÓÓÈÛÐÖÕÚȭ ............................................................................................................................................ Ƙƚ 

%ÐÎÜÙÌɯƖȭɯƚȭɯ3Ö×ÖÎÙÈ×ÏÐÊɯÔÈ×ÚɯÖÍɯÏÌÈÓÛÏàɯÚÜÉÑÌÊÛÚȮɯÈÝÌÙÈÎÌËɯÈÊÙÖÚÚɯƖƔɯÚÈÔ×ÓÌÚɯȹÙÐÎÏÛɯÛÈÚÒɯÈÕËɯÓÌÍÛɯ

ŘÐ××ÌËɯÛÈÚÒȺȮɯÖÍɯÛÏÌɯÓÍÖÚɯ×ÖÞÌÙɯÍÖÙɯÛÏÌɯŗÕÎÌÙɯÌßÛÌÕÚÐÖÕɯÌßÌÊÜÛÐÖÕɯÛÈÚÒɯÖÍɯÛÏÌɯÙÐÎÏÛɯÏÈÕËɯȹ×ÈÕÌÓɯ

ÈȺɯÈÕËɯÍÖÙɯÛÏÌɯÐÔÈÎÐÕÈÛÐÖÕɯÖÍɯÛÏÌɯŗÕÎÌÙɯÌßÛÌÕÚÐÖÕɯÛÈÚÒɯÖÍɯÛÏÌɯÙÐÎÏÛɯÏÈÕËɯȹ×ÈÕÌÓɯÉȺɯÈÛɯËÐřÌÙÌÕÛɯ

ÛÐÔÌ×ÖÐÕÛÚȭɯ/ÖÞÌÙɯÞÈÚɯÕÖÙÔÈÓÐáÌËɯÞÐÛÏɯÙÌÚ×ÌÊÛɯÛÖɯÛÏÌɯÉÈÚÌÓÐÕÌɯÐÕÛÌÙÝÈÓɯȹŗÙÚÛɯÚÌÊÖÕËɯÖÍɯÌÈÊÏɯ

ÛÙÐÈÓȺȭɯ3ÏÌɯÛÖ×ÖÎÙÈ×ÏÐÊɯÔÈ×ÚɯÐÕÊÓÜËÌɯÍȮɯÍÊȮɯÊȮɯÊ×ɯÊÏÈÕÕÌÓÚȭɯ%ÖÙɯÛÏÌɯÌßÌÊÜÛÌËɯŗÕÎÌÙɯÌßÛÌÕÚÐÖÕȮɯÛÏÌɯ

ÛÖ×ÖÎÙÈ×ÏÐÊɯÙÌ×ÙÌÚÌÕÛÈÛÐÖÕÚɯÈÙÌɯÊÌÕÛÌÙÌËɯÈÙÖÜÕËɯÛÏÌɯÌÔÎɯÖÕÚÌÛɯÈÕËɯÍÖÙɯÛÏÌɯÔÐɯÛÈÚÒɯÛÏÌɯ

ÙÌ×ÙÌÚÌÕÛÈÛÐÖÕÚɯÈÙÌɯÊÌÕÛÌÙÌËɯÈÙÖÜÕËɯÛÏÌɯÝÐÚÜÈÓɯÊÜÌȭɯ%ÖÙɯÉÖÛÏɯÛÈÚÒɯÈÙÌɯ×ÙÌÚÌÕÛÌËɯƙɯÛÐÔÌɯ×ÖÐÕÛÚɯ

ÈÙÖÜÕËɯÛÏÌɯÖÕÚÌÛɯÊÏÖÚÌÕȯɯɪƔȭƚ2ȮɯɪƔȭƗ2ȮɯǶƔȭƗ2ɯÈÕËɯǶƔȭƚ2ȭɯȻƙȼ .............................................................. Ƙƛ 



 12 
 

 
 

%ÐÎÜÙÌɯƖȭɯƛȭɯ3Ö×ÖÎÙÈ×ÏÐÊɯÔÈ×ÚɯÖÍɯ×ÈÛÐÌÕÛɯ×ƕɯȹÍÔÈɯǻɯƗƕȺɯÖÍɯÛÏÌɯÓÍÖÚɯ×ÖÞÌÙɯÍÖÙɯÛÏÌɯÔÐɯŗÕÎÌÙɯÌßÛÌÕÚÐÖÕɯ

ÛÈÚÒɯÖÍɯÛÏÌɯÜÕÈřÌÊÛÌËɯÏÈÕËɯȹÛÖ×ȺɯÈÕËɯÍÖÙɯÛÏÌɯÈřÌÊÛÌËɯÏÈÕËɯȹÉÖŲÖÔȺɯÈÛɯËÐřÌÙÌÕÛɯÛÐÔÌ×ÖÐÕÛÚȭɯ

4ÕÈřÌÊÛÌËɯÏÈÕËɯǻɯÓÌÍÛɯÏÈÕËȮɯÈřÌÊÛÌËɯÏÈÕËɯǻɯÙÐÎÏÛɯÏÈÕËȭɯ3ÏÌɯÛÖ×ÖÎÙÈ×ÏÐÊɯÔÈ×ÚɯÐÕÊÓÜËÌɯÍȮɯÍÊȮɯÊȮɯ

Ê×ɯÊÏÈÕÕÌÓÚȭɯ3ÏÌɯÛÖ×ÖÎÙÈ×ÏÐÊɯÙÌ×ÙÌÚÌÕÛÈÛÐÖÕÚɯÈÙÌɯÊÌÕÛÌÙÌËɯÈÙÖÜÕËɯÝÐÚÜÈÓɯÊÜÌȯɯɪƔȭƚ2ȮɯɪƔȭƗ2ȮɯǶƔȭƗ2ɯ

ÈÕËɯǶƔȭƚ2ȭɯ/ÖÞÌÙɯÞÈÚɯÕÖÙÔÈÓÐáÌËɯÞÐÛÏɯÙÌÚ×ÌÊÛɯÛÖɯÛÏÌɯÉÈÚÌÓÐÕÌɯÐÕÛÌÙÝÈÓɯȹŗÙÚÛɯÚÌÊÖÕËɯÖÍɯÌÈÊÏɯÛÙÐÈÓȺȭɯɯ

Ȼƙȼ ............................................................................................................................................................ ƘƜ 

%ÐÎÜÙÌɯƖȭɯƜȭɯ3Ö×ÖÎÙÈ×ÏÐÊɯÔÈ×ÚɯÖÍɯ×ÈÛÐÌÕÛɯ×ƖɯȹÍÔÈɯǻɯƕƙȺɯÖÍɯÛÏÌɯÓÍÖÚɯ×ÖÞÌÙɯÍÖÙɯÛÏÌɯÔÐɯŗÕÎÌÙɯÌßÛÌÕÚÐÖÕɯ

ÛÈÚÒɯÖÍɯÛÏÌɯÜÕÈřÌÊÛÌËɯÏÈÕËɯȹÛÖ×ȺɯÈÕËɯÍÖÙɯÛÏÌɯÈřÌÊÛÌËɯÏÈÕËɯȹÉÖŲÖÔȺɯÈÛɯËÐřÌÙÌÕÛɯÛÐÔÌ×ÖÐÕÛÚȭɯ

4ÕÈřÌÊÛÌËɯÏÈÕËɯǻɯÓÌÍÛɯÏÈÕËȮɯÈřÌÊÛÌËɯÏÈÕËɯǻɯÙÐÎÏÛɯÏÈÕËȭɯ3ÏÌɯÛÖ×ÖÎÙÈ×ÏÐÊɯÔÈ×ÚɯÐÕÊÓÜËÌɯÍȮɯÍÊȮɯÊȮɯ

Ê×ɯÊÏÈÕÕÌÓÚȭɯ3ÏÌɯÛÖ×ÖÎÙÈ×ÏÐÊɯÙÌ×ÙÌÚÌÕÛÈÛÐÖÕÚɯÈÙÌɯÊÌÕÛÌÙÌËɯÈÙÖÜÕËɯÝÐÚÜÈÓɯÊÜÌȯɯɪƔȭƚ2ȮɯɪƔȭƗ2ȮɯǶƔȭƗ2ɯ

ÈÕËɯǶƔȭƚ2ȭɯ/ÖÞÌÙɯÞÈÚɯÕÖÙÔÈÓÐáÌËɯÞÐÛÏɯÙÌÚ×ÌÊÛɯÛÖɯÛÏÌɯÉÈÚÌÓÐÕÌɯÐÕÛÌÙÝÈÓɯȹŗÙÚÛɯÚÌÊÖÕËɯÖÍɯÌÈÊÏɯÛÙÐÈÓȺȭɯ

Ȼƙȼ ............................................................................................................................................................ ƘƝ 

%ÐÎÜÙÌɯƖȭɯƝȭɯ2ÐÕÎÓÌɯÛÙÐÈÓɯÛÐÔÌÓÐÕÌȯɯÐÕɯ×ÈÕÌÓɯÈȺɯÛÏÌɯÚÐÕÎÓÌɯÛÙÐÈÓɯÛÐÔÌÓÐÕÌɯÐÚɯÚÏÖÞÕɯÛÖÎÌÛÏÌÙɯÞÐÛÏɯÛÏÌɯÌÔÎɯ

ÖÕÚÌÛɯÙÌÈÓÐÎÕÔÌÕÛɯÚÛÌ×ɯÈÕËɯÐÕɯ×ÈÕÌÓɯÉȺɯÛÏÌɯÛÙÐÈÓɯÛÐÔÌÓÐÕÌɯÈÍÛÌÙɯÛÏÌɯÌÔÎɯÖÕÚÌÛɯÈÓÐÎÕÔÌÕÛɯÐÚɯ

ËÌ×ÐÊÛÌËɯÛÖÎÌÛÏÌÙɯÞÐÛÏɯÛÏÌɯÛÐÔÌɯÐÕÛÌÙÝÈÓɯÊÖÕÚÐËÌÙÌËɯÍÖÙɯÛÏÌɯÉÈÚÌÓÐÕÌɯÊÖÙÙÌÊÛÐÖÕȭ ....................... ƙƖ 

%ÐÎÜÙÌɯƖȭɯƕƔȭɯ%ÓÖÞɯÊÏÈÙÛɯÛÏÈÛɯÐÓÓÜÚÛÙÈÛÌÚɯÛÏÌɯÔÌÛÏÖËÖÓÖÎÐÊÈÓɯÚÛÌ×ÚɯÖÍɯÛÏÌɯÈÕÈÓàÚÌÚɯÊÖÕËÜÊÛÌËɯÐÕɯÛÏÌɯ

×ÙÌÚÌÕÛɯÚÛÜËàȭɯ3ÏÌɯÈÕÈÓàÚÌÚɯÈÙÌɯÊÖÕËÜÊÛÌËɯÍÖÙɯÈÓÓɯÛÏÌɯÌß×ÌÙÐÔÌÕÛÈÓɯÛÈÚÒÚȯɯÛÏÌɯÎÙÈÚ×ÐÕÎɯȹÎÙÈÚ×Ⱥɯ

ÈÕËɯŗÕÎÌÙɯÌßÛÌÕÚÐÖÕɯȹÌßÛȺɯ×ÌÙÍÖÙÔÌËɯÞÐÛÏɯÛÏÌɯÙÐÎÏÛɯȹÙȺɯÈÕËɯÓÌÍÛɯȹÓȺɯÚÐËÌɯÉàɯÏÌÈÓÛÏàɯ×ÈÙÛÐÊÐ×ÈÕÛÚȮɯ

ÈÕËɯ ÛÏÌɯ ÜÕÈřÌÊÛÌËɯ ȹÜÏȺɯ ÈÕËɯ ÈřÌÊÛÌËɯ ȹÈÏȺɯ ÏÈÕËÚɯ Éàɯ ÚÛÙÖÒÌɯ ×ÈÛÐÌÕÛÚȭɯ $ÌÎȯɯ

ÌÓÌÊÛÙÖÌÕÊÌ×ÏÈÓÖÎÙÈ×ÏàȰɯÌÔÎȯɯÌÓÌÊÛÙÖÔàÖÎÙÈ×ÏàȰɯÓÍÖÚȯɯÓÖÞɯÍÙÌØÜÌÕÊàɯÖÚÊÐÓÓÈÛÐÖÕÚȭ ................. ƙƗ 

%ÐÎÜÙÌɯƖȭɯƕƕȭɯ ÝÌÙÈÎÌËɯȹǷÚÛÈÕËÈÙËɯÌÙÙÖÙȺɯÓÍÖÚɯ×ÖÞÌÙɯÈÊÙÖÚÚɯÏÌÈÓÛÏàɯ×ÈÙÛÐÊÐ×ÈÕÛÚɯȹÕɯǻɯƕƙȺɯÊÖÔ×ÜÛÌËɯ

ÖÕɯÚÌÕÚÖÙÐÔÖÛÖÙɯÊÏÈÕÕÌÓÚɯȹÍÊƗȮɯÍÊƕȮɯÍÊáȮɯÍÊƖȮɯÍÊƘȮɯÊƗȮɯÊƕȮɯÊáȮɯÊƖȮɯÊƘȮɯÊ×ƗȮɯÊ×ƕȮɯÊ×áȮɯÊ×ƖȮɯÊ×ƘȺɯÐÕɯÛÈÚÒɯ

ÈÕËɯÙÌÚÛɯÛÙÐÈÓÚɯÖÍɯÛÏÌɯÎÙÈÚ×ÐÕÎɯÛÈÚÒɯ×ÌÙÍÖÙÔÌËɯÞÐÛÏɯÛÏÌɯÙÐÎÏÛɯÏÈÕËȰɯÛÏÌɯÙÌËɯÓÐÕÌɯÐÚɯÛÏÌɯÈÝÌÙÈÎÌËɯ

×ÖÞÌÙɯÊÖÔ×ÜÛÌËɯÖÕɯÙÌÚÛɯÛÙÐÈÓÚȮɯÛÏÌɯàÌÓÓÖÞɯÓÐÕÌɯÐÚɯÛÏÌɯ×ÖÞÌÙɯÐÕɯÛÈÚÒɯÛÙÐÈÓÚɯÈÕËɯÛÏÌɯÉÓÜÌɯÓÐÕÌɯÐÚɯÛÏÌɯ

×ÖÞÌÙɯÊÖÔ×ÜÛÌËɯÍÖÙɯÛÈÚÒɯÛÙÐÈÓɯÞÐÛÏɯÛÏÌɯ×ÌÈÒɯÙÌɪÈÓÐÎÕÔÌÕÛȭɯ/ÖÞÌÙɯÞÈÚɯÕÖÙÔÈÓÐáÌËɯÞÐÛÏɯÙÌÚ×ÌÊÛɯ

ÛÖɯÛÏÌɯƕɯÚɯɪɯÉÈÚÌÓÐÕÌɯÐÕÛÌÙÝÈÓȭɯ3ÏÌɯßɪÈßÐÚɯÐÕËÐÊÈÛÌÚɯÛÏÌɯÛÐÔÌȰɯÐÕɯÛÈÚÒɯÛÙÐÈÓÚɯȹàÌÓÓÖÞɯÈÕËɯÉÓÜÌɯÓÐÕÌÚȺɯ

ÛÏÌɯÛÐÔÌɯƔɯÚɯÚÛÈÕËÚɯÍÖÙɯÛÏÌɯÌÔÎɯÖÕÚÌÛɯÐÕɯÕÖɪÙÌÈÓÐÎÕÌËɯÛÙÐÈÓÚɯÈÕËɯÍÖÙɯÛÏÌɯÈÓÐÎÕÌËɯ×ÌÈÒɯÛÐÔÌɯÐÕɯ

ÙÌÈÓÐÎÕÌËɯÛÙÐÈÓÚȭɯȻƕƜȼ .............................................................................................................................. ƙƛ 

%ÐÎÜÙÌɯ Ɩȭɯ ƕƖȭɯ ÝÌÙÈÎÌËɯ ȹǷÚÛÈÕËÈÙËɯ ÌÙÙÖÙȺɯ ÓÍÖÚɯ ×ÖÞÌÙɯ ÈÊÙÖÚÚɯ ×ÈÛÐÌÕÛÚɯ ȹÕɯ ǻɯ ƕƚȺɯ ÊÖÔ×ÜÛÌËɯ ÖÕɯ

ÚÌÕÚÖÙÐÔÖÛÖÙɯÊÏÈÕÕÌÓÚɯȹÍÊƗȮɯÍÊƕȮɯÍÊáȮɯÍÊƖȮɯÍÊƘȮɯÊƗȮɯÊƕȮɯÊáȮɯÊƖȮɯÊƘȮɯÊ×ƗȮɯÊ×ƕȮɯÊ×áȮɯÊ×ƖȮɯÊ×ƘȺɯÐÕɯÛÏÌɯ

ÎÙÈÚ×ÐÕÎɯÛÈÚÒɯ×ÌÙÍÖÙÔÌËɯÞÐÛÏɯÛÏÌɯÜÕÈřÌÊÛÌËɯÏÈÕËȰɯÛÏÌɯàÌÓÓÖÞɯÓÐÕÌɯÐÚɯÛÏÌɯ×ÖÞÌÙɯÐÕɯÛÈÚÒɯÛÙÐÈÓÚɯ

ÉÌÍÖÙÌɯ×ÌÈÒɯÙÌɪÈÓÐÎÕÔÌÕÛɯÈÕËɯÛÏÌɯÉÓÜÌɯÓÐÕÌɯÐÚɯÛÏÌɯ×ÖÞÌÙɯÊÖÔ×ÜÛÌËɯÍÖÙɯÛÈÚÒɯÛÙÐÈÓɯÈÍÛÌÙɯÛÏÌɯ×ÌÈÒɪ

ÉÈÚÌËɯÙÌɪÈÓÐÎÕÔÌÕÛȭɯ/ÖÞÌÙɯÞÈÚɯÕÖÙÔÈÓÐáÌËɯÞÐÛÏɯÙÌÚ×ÌÊÛɯÛÖɯÛÏÌɯƕɯÚɯɪɯÉÈÚÌÓÐÕÌɯÐÕÛÌÙÝÈÓȭɯ3ÏÌɯßɪÈßÐÚɯ

ÐÕËÐÊÈÛÌÚɯÛÏÌɯÛÐÔÌȰɯÛÏÌɯÛÐÔÌɯƔɯÚɯÚÛÈÕËÚɯÍÖÙɯÛÏÌɯÌÔÎɯÖÕÚÌÛɯÐÕɯÕÖɪÙÌÈÓÐÎÕÌËɯÛÙÐÈÓÚɯÈÕËɯÍÖÙɯÛÏÌɯÈÓÐÎÕÌËɯ

×ÌÈÒɯÛÐÔÌɯÐÕɯÙÌÈÓÐÎÕÌËɯÛÙÐÈÓÚȭɯ%ÖÙɯÌÈÊÏɯÌÌÎɯÊÏÈÕÕÌÓȮɯÛÏÌɯÊÖÔ×ÈÙÐÚÖÕɯȹ×ÈÐÙÌËɯÛɪÛÌÚÛȮɯÈÓ×ÏÈǻƔȭƔƙȮɯ

ÛÞÖɯÛÈÐÓÚȺɯÉÌÛÞÌÌÕɯÛÏÌɯÓÍÖɯ×ÌÈÒɯÈÔ×ÓÐÛÜËÌÚɯÌßÛÙÈÊÛÌËɯÍÖÙɯÛÈÚÒɯÛÙÐÈÓÚɯÉÌÍÖÙÌɯÈÕËɯÈÍÛÌÙɯÙÌɪÈÓÐÎÕÔÌÕÛɯ

ÙÌÝÌÈÓÌËɯÚÐÎÕÐŗÊÈÕÛɯËÐřÌÙÌÕÊÌÚɯȹ×ɯǾɯƔȭƔƙȮɯÍÈÓÚÌɯËÐÚÊÖÝÌÙàɯÙÈÛÌɯÊÖÙÙÌÊÛÐÖÕȺȭ.................................. ƙƝ 

%ÐÎÜÙÌɯƖȭɯƕƗȭɯ ÝÌÙÈÎÌËɯȹǷÚÛÈÕËÈÙËɯÌÙÙÖÙȺɯÓÍÖÚɯ×ÖÞÌÙɯÈÊÙÖÚÚɯÚÛÙÖÒÌɯ×ÈÛÐÌÕÛÚɯȹÕɯǻɯƕƚȺɯÊÖÔ×ÜÛÌËɯÖÕɯ

ÚÌÕÚÖÙÐÔÖÛÖÙɯÊÏÈÕÕÌÓÚɯȹÍÊƗȮɯÍÊƕȮɯÍÊáȮɯÍÊƖȮɯÍÊƘȮɯÊƗȮɯÊƕȮɯÊáȮɯÊƖȮɯÊƘȮɯÊ×ƗȮɯÊ×ƕȮɯÊ×áȮɯÊ×ƖȮɯÊ×ƘȺɯÍÖÙɯÛÏÌɯ

ÎÙÈÚ×ÐÕÎɯÛÈÚÒɯÛÙÐÈÓÚɯ×ÌÙÍÖÙÔÌËɯÞÐÛÏɯÛÏÌɯÈřÌÊÛÌËɯȹÉÓÜÌɯÓÐÕÌȺɯÈÕËɯÜÕÈřÌÊÛÌËɯȹÙÌËɯÓÐÕÌȺɯÏÈÕËȭɯ



 13 
 

 
 

/ÖÞÌÙɯÞÈÚɯÕÖÙÔÈÓÐáÌËɯÞÐÛÏɯÙÌÚ×ÌÊÛɯÛÖɯÛÏÌɯƕɯÚɯɪɯÉÈÚÌÓÐÕÌɯÐÕÛÌÙÝÈÓȭɯ3ÏÌɯßɪÈßÐÚɯÐÕËÐÊÈÛÌÚɯÛÏÌɯÛÐÔÌȰɯ

ÛÏÌɯƔɯÚɯÛÐÔÌɯÐÚɯÛÏÌɯÛÐÔÌɯÖÍɯÛÏÌɯ×ÌÈÒɯÜÚÌËɯÍÖÙɯÛÏÌɯÙÌÈÓÐÎÕÔÌÕÛɯÚÛÌ×ȭ ............................................... ƚƔ 

%ÐÎÜÙÌɯƖȭɯƕƘȭɯ ÝÌÙÈÎÌËɯȹǷÚÛÈÕËÈÙËɯÌÙÙÖÙȺɯÓÍÖÚɯ×ÖÞÌÙɯÈÊÙÖÚÚɯÚÛÙÖÒÌɯ×ÈÛÐÌÕÛÚɯȹÕɯǻɯƕƚȺɯÊÖÔ×ÜÛÌËɯÖÕɯ

ÚÌÕÚÖÙÐÔÖÛÖÙɯÊÏÈÕÕÌÓÚɯȹÍÊƗȮɯÍÊƕȮɯÍÊáȮɯÍÊƖȮɯÍÊƘȮɯÊƗȮɯÊƕȮɯÊáȮɯÊƖȮɯÊƘȮɯÊ×ƗȮɯÊ×ƕȮɯÊ×áȮɯÊ×ƖȮɯÊ×ƘȺɯÍÖÙɯÛÏÌɯŗÕÎÌÙɯ

ÌßÛÌÕÚÐÖÕɯÛÈÚÒɯÛÙÐÈÓÚɯ×ÌÙÍÖÙÔÌËɯÞÐÛÏɯÛÏÌɯÈřÌÊÛÌËɯȹÉÓÜÌɯÓÐÕÌȺɯÈÕËɯÜÕÈřÌÊÛÌËɯȹÙÌËɯÓÐÕÌȺɯÏÈÕËȭɯ

/ÖÞÌÙɯÞÈÚɯÕÖÙÔÈÓÐáÌËɯÞÐÛÏɯÙÌÚ×ÌÊÛɯÛÖɯÛÏÌɯƕɯÚɯɪɯÉÈÚÌÓÐÕÌɯÐÕÛÌÙÝÈÓȭɯ3ÏÌɯßɪÈßÐÚɯÐÕËÐÊÈÛÌÚɯÛÏÌɯÛÐÔÌȰɯ

ÛÏÌɯƔɯÚɯÛÐÔÌɯÐÚɯÛÏÌɯÛÐÔÌɯÖÍɯÛÏÌɯ×ÌÈÒɯÜÚÌËɯÍÖÙɯÛÏÌɯÙÌÈÓÐÎÕÔÌÕÛɯÚÛÌ×ȭ ............................................... ƚƕ 

%ÐÎÜÙÌɯƖȭɯƕƙȭɯ#ÐÚÛÙÐÉÜÛÐÖÕÚɯȹÉÖß×ÓÖÛȺɯÈÊÙÖÚÚɯÚÛÙÖÒÌɯ×ÈÛÐÌÕÛÚɯȹÕǻƕƚȺɯÖÍɯÓÈÛÌÕÊàɯÊÖÔ×ÜÛÌËɯÖÕɯÊÏÈÕÕÌÓÚɯ

ÊƗɯÈÕËɯÊƘɯ×ÖÖÓÌËȮɯÍÖÙɯÛÏÌɯŗÕÎÌÙɯÌßÛÌÕÚÐÖÕɯȹ×ÈÕÌÓɯÈȺɯÈÕËɯÛÏÌɯÎÙÈÚ×ÐÕÎɯȹ×ÈÕÌÓɯÉȺɯ×ÌÙÍÖÙÔÌËɯÞÐÛÏɯ

ÛÏÌɯÜÕÈřÌÊÛÌËɯȹÌßÛÜÏȮɯÎÙÈÚ×ÜÏȺɯÈÕËɯÈřÌÊÛÌËɯȹÌßÛÈÏȮɯÎÙÈÚ×ÈÏȺɯÚÐËÌȭɯ3ÏÌɯ×ÓÜÚɯÔÈÙÒÌÙɯȹǶȺɯ

ÙÌ×ÙÌÚÌÕÛÚɯÛÏÌɯÈÝÌÙÈÎÌɯÈÊÙÖÚÚɯ×ÈÙÛÐÊÐ×ÈÕÛÚȭɯ3ÏÌɯ×ÈÐÙÌËɯÛɪÛÌÚÛɯÛÌÚÛÚɯȹÈÓ×ÏÈǻƔȭƔƙȺɯ×ÌÙÍÖÙÔÌËɯÖÕɯ

ÓÈÛÌÕÊÐÌÚɯÍÖÙɯÛÏÌɯŗÕÎÌÙɯÌßÛÌÕÚÐÖÕɯÛÈÚÒÚɯȹÌßÛÜÏɯÝÚɯÌßÛÈÏȺɯÈÕËɯÍÖÙɯÛÏÌɯÎÙÈÚ×ÐÕÎɯÛÈÚÒÚɯȹÎÙÈÚ×ÜÏɯÝÚɯ

ÎÙÈÚ×ÈÏȺɯÙÌ×ÖÙÛɯÈɯÚÐÎÕÐŗÊÈÛÐÝÌɯËÐřÌÙÌÕÊÌɯÐÕɯÉÖÛÏɯÛÈÚÒÚɯȹ×ɯǻɯƔȭƔƕȺȭ ................................................ ƚƖ 

 

 

2$"3(.-ɯ (((ɯɬɯ2'.13ɪɯ -#ɯ +.-&ɪ3$1,ɯ $%%$"32ɯ .%ɯ  ɯ ,(ɪ!"(ɯ

31 (-(-&ɯ  -#ɯ $$&ɪ! 2$#ɯ (-#("$2ɯ (-5$23(& 3(.-ɯ  2ɯ

#$3$1,(- -32ɯ.%ɯ3'$ɯ31$ 3,$-3ɀ2ɯ1$2/.-2$Ȯɯ!(., 1*$12ɯ

.1ɯ/1$#("3.12ɯ.%ɯ,.3.1ɯ1$".5$18 

 

Figure 3. 1. Randomized controlled trial protocol description. Patients are screened at timepoint t( -

1) for eligibility according to the inclusion/exclusion (i/e) criteria, the upper -limb fugl -meyer 

assessment without the six points relative to the reflexes (fma/60) and the token test (tt). 

Following the informed consent process, eligible participants are screened with the execution 

of motor evoked potentials (mep) and the neuropsychological tests, namely trial making test 

(tmt) and test of attentional perf ormance (tap). After the enrollment phase patients will be 

evaluated at 5 timepoints (t0, t1, t2, t3, t4) with clinical scales (fma/66, national institute of health 

stroke scale ɬ nihss, action research arm test ɬ arat, manual muscle test ɬ mmt, modified 

ashworth scale ɬ mas, numeric rating scale for pain ɬ nrs), eeg and magnetic resonance imaging 

(mri) scans are performed only at t0, t3 and t4 timepoints. Between timepoints t0 and t1, patients 

were randomly assigned to one of two groups and underwent rehab ilitative training; the bci -

based mi group received a training with the promotoer, while the control mi group underwent 

a training based on mi without feedback. Subsequent evaluations are performed after 1 (t2), 3 

(t3) and 6 (t4) months after the end of the training period. Dataset size (n) is outlined in the 

figure.  ..................................................................................................................................................... ƛƙ 
Figure 3. 2. The promotoer system [1]. The promoter is equipped with a computer, a wireless 

eeg/emg, a screen for the therapist feedback (for the eeg activity and emg activity monitoring) 

and screen for the ecological feedback to the participant; this ecological feedback is delivered 

by means of a custom software program that provides for (personalized) visual representation 
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ÖÍɯÛÏÌɯ×ÈÙÛÐÊÐ×ÈÕÛɀÚɯÖÞÕɯÏÈÕËÚȭɯ ÚɯÚÜÊÏȮɯÛÏÐÚɯÚÖÍÛÞÈÙÌɯÈÓÓÖÞÚɯÛÏÌɯÛÏÌÙÈ×ÐÚÛÚɯÛÖɯÊÙÌÈÛÌɯÈÕɯÈÙÛÐÍÐÊÐÈÓɯ

ÙÌ×ÙÖËÜÊÛÐÖÕɯÖÍɯÈɯÎÐÝÌÕɯ×ÈÙÛÐÊÐ×ÈÕÛɀÚɯÏÈÕËɯÈÕËɯÍÖÙÌÈÙÔɯÉàɯÈËÑÜÚÛÐÕÎɯÈɯËÐÎÐÛÈÓÓàɯÊÙÌÈÛÌËɯÐÔÈÎÌɯ

in shape, size, skin color and orientation to match as much as possible the real hand and arm of 

the participant. Real-time feedback is provided by means of bci2000 software [24]. The degree 

of eeg desynchronization over selected electrodes within selected frequencies (bci control 

features) determines the vertical vÌÓÖÊÐÛàɯÖÍɯÛÏÌɯÊÜÙÚÖÙɯÖÕɯÛÏÌɯÛÏÌÙÈ×ÐÚÛɀÚɯÚÊÙÌÌÕɯÈÕËɯÐÛɯÖ×ÌÙÈÛÌÚɯ

ÛÏÌɯɁÝÐÙÛÜÈÓɂɯÏÈÕËɯÚÖÍÛÞÈÙÌɯÈÊÊÖÙËÐÕÎÓàȭɯ3ÏÌɯÐÔÈÎÌɯÐÚɯÖÙÐÎÐÕÈÓɯÈÚɯÐÛɯÐÚɯÖÞÕÌËɯÉàɯÛÏÌɯÈÜÛÏÖÙÚȭɯȻƕȼ

 ................................................................................................................................................................. ƛƙ 
%ÐÎÜÙÌɯƗȭɯƗȭɯ/ÌÙÍÖÙÔÈÕÊÌɯȹÔÌÈÕǷɯÚÛÈÕËÈÙËɯÌÙÙÖÙȺɯÛÙÌÕËɯÈÓÖÕÎɯÛÙÈÐÕÐÕÎɯÚÌÚÚÐÖÕÚɯÖÕɯÚÐÕÎÓÌɯÉÊÐɯÎÙÖÜ×ɀÚɯ

individuals (grey lines) and averaged across participants (black line) considering all patients (n 

= 24) of the bci group (upper panel), the bci severe patiÌÕÛÚɯÞÐÛÏɯÍÔÈɤƚƔɯȀɯƕƝɯȹÕɯǻɯƕƜȺɯȹÔÐËËÓÌɯ

panel) and bci moderate patients fma/60 > 19 (n = 6) (lower panel). ............................................. ƜƗ 
Figure 3. 4. Frequency distribution of patients of the two intervention groups (bci, ctrl) expressed as 

function of the motor impairment at baseline (fma/60 at t0). ......................................................... Ɯƙ 
Figure 3. 5. Radar plot of the averaged (± standard error) subscales of the fma/66 before (t0) and after 

the treatment (t1) across all participants (n = 24/22) of the bci group (left panel) and ctrl group 

(right panel). The upper extremity, wrist, hand and  coordination/speed subitems are 

represented clockwise and the subtended area, obtained by interpolating the averages, is 

highlighted. ............................................................................................................................................ Ɯƛ 
Figure 3. 6. Radar plot of the averaged (± standard error) subscales of the fma/66 before (t0) and after 

ÛÏÌɯÛÙÌÈÛÔÌÕÛɯȹÛƕȺɯÈÊÙÖÚÚɯÚÌÝÌÙÌɯ×ÈÛÐÌÕÛÚɯÞÐÛÏɯÍÔÈɤƚƔɯȀɯƕƔɯȹÕɯǻɯƕƜɤƕƗȺɯÖÍɯÛÏÌɯÉÊÐɯÎÙÖÜ×ɯȹÓÌÍÛɯ×ÈÕÌÓȺɯ

and ctrl group (right panel). The upper extremity,  wrist, hand and coordination/speed subitems 

are represented clockwise and the subtended area, obtained by interpolating the averages, is 

highlighted. ............................................................................................................................................ Ɯƛ 
Figure 3. 7. Scalp topographic distribution of the t -value obtained from the psd comparison (paired 

t-test, alpha = 0.05) between task (mi) and rest conditions at timepoints t0 (baseline) and t1 (after 

the training) for the bci (panels a, b) and ctrl (panels c, d) group, for the task performed with the 

unaffected (panels a, c) and affected (panels b, d) hand. The affected hemisphere is the right one 

for all participants. In each representation are reported the t values obtained from the 

comparisons in all tÏÌɯÍÙÌØÜÌÕÊàɯÉÈÕËÚɯȹϗȮɯϛȮɯϔȮɯϕȺɯÐÕɯÛÏÌɯÙÖÞÚɯÍÙÖÔɯÛÏÌɯÛÖ×ɯÛÖɯÛÏÌɯÉÖÛÛÖÔȭɯ3ÏÌɯ

representation was obtained considering all participants of the bci (n = 24) and ctrl (n = 22) 

groups. .................................................................................................................................................... ƜƜ 
Figure 3. 8. Scalp topographic distribution of the t -value obtained from the psd comparison (paired 

t-test, alpha = 0.05) between task (mi) and rest conditions at timepoints t0 (baseline) and t1 (after 

the training) for the bci (panels a, b) and ctrl (panels c, d) group, for the task performed with the 

unaffected (panels a, c) and affected (panels b, d) hand. The affected hemisphere is the right one 

for all participants. In each representation are reported the t values obtained from the 

comparisons in all the frequency bands (ϗ, ϛ, ϔ, ϕ) in the rows from the top to the bottom. The 

ÙÌ×ÙÌÚÌÕÛÈÛÐÖÕɯÞÈÚɯÖÉÛÈÐÕÌËɯÊÖÕÚÐËÌÙÐÕÎɯÚÌÝÌÙÌɯ×ÈÛÐÌÕÛÚɯÞÐÛÏɯÍÔÈɤƚƔȹÛƔȺɯȀɯƕƔɯÖÍɯÛÏÌɯÉÊÐɯȹÕɯǻɯƕƜȺɯ

and ctrl (n = 13) groups. ....................................................................................................................... ƜƝ 
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Figure 3. 9. Average (± ÚÛÈÕËÈÙËɯÌÙÙÖÙȮɯÚÌȺɯÖÍɯÛÏÌɯÙÌÓÈÛÐÝÌɯ×ÖÞÌÙÚɯÐÕɯÈÓÓɯÛÏÌɯÍÙÌØÜÌÕÊàɯÉÈÕËÚɯȹϗȮɯϛȮɯϔȮɯ

ϕȺɯÊÖÔ×ÜÛÌËɯÖÕɯÚÌÝÌÙÌɯ×ÈÛÐÌÕÛÚɯÞÐÛÏɯÍÔÈɤƚƔɯȀɯƕƔɯÖÍɯÛÏÌɯÉÊÐɯȹÕɯǻɯƕƜȺɯÈÕËɯÊÛÙÓɯȹÕɯǻɯƕƗȺɯÎÙÖÜ×ÚȮɯÐÕɯ

pink and blue lines respectively. In panel a are depicted the power relative indices obtained for 

the mi task performed with the affected hand (mi -ah) and in panel b the relative power indices 

obtained for the mi task performed with the unaffected hand (mi -uh). No statical di fferences 

were detected at t0 between groups (p > 0.05) and the two-ways mixed anova on factors group 

(bci, ctrl) and timepoint (t0, t1), revealed a significant effect of the factor timepoint on r ϗ 

(Ὂρȟςω χȢπρȟ p = 0.013) in mi-ah and on rϗɯȹὊρȟςω ρπȢχψȟ p = 0.003) and rϔɯȹὊρȟςω υȢσψȟ p = 

0.028) when the task is performed with the unaffected side (mi -uh). ........................................... ƝƔ 
Figure 3. 10. Average (± standard error, se) of the power ratios (pri, dar, tbr, tar, tbar) and the brain 

ÚàÔÔÌÛÙàɯÐÕËÐÊÌÚɯȹÙÉÚÐȮɯ×ËÉÚÐȺɯÊÖÔ×ÜÛÌËɯÖÕɯÚÌÝÌÙÌɯ×ÈÛÐÌÕÛÚɯÞÐÛÏɯÍÔÈɤƚƔɯȀɯƕƔɯÖÍɯÛÏÌɯÉÊÐɯȹÕɯǻɯƕƜȺɯ

and ctrl (n = 13) groups, in pink and blue lines respectively. In panel a are depicted the power 

relative indices obtained for the mi task performed with the affected hand (mi -ah) and in panel 

b the relative power indices obtained for the mi task performed with the unaffected hand (mi -

uh). No statical differences were detected at t0 between groups (p > 0.05) and the two-ways 

mixed anova on factors group (bci, ctrl) and timepoint (t0, t1), revealed a significant effect of the 

factor timepoint on dar (Ὂρȟςω ρπȢωπȟ p = 0.003) in mi-ah and on pri (Ὂρȟςω υȢπσȟ p = 0.033) 

and dar (Ὂρȟςω ρσȢχσȟ p = 0.001) when the task is performed with the unaffected side (mi -uh).

 ................................................................................................................................................................. Ɲƕ 
Figure 3. 11. Fma/66 values at the different timepoints (t0, t1, t2, t3, t4) for all participants (upper 

×ÈÕÌÓȺɯÈÕËɯÚÌÝÌÙÌɯ×ÈÛÐÌÕÛÚɯÞÐÛÏɯÍÔÈɤƚƔȹÛƔȺɯȀɯƕƔɯȹÓÖÞÌÙɯ×ÈÕÌÓȺɯÐÕɯÛÏÌɯÉÊÐɯȹÙÌËɯÓÐÕÌÚȺɯÈÕËɯÊÛÙÓɯÎÙÖÜ×ɯ

(blue lines). The bold lines represent the average across patients of each group (bci/ctrl): 15/13 

patients in all participants and 12/6 in severe patients. .................................................................. Ɲƙ 
Figure 3. 12. Arat values at the different timepoints (t0, t1, t2, t3, t4) for all participants (upper panel) 

ÈÕËɯÚÌÝÌÙÌɯ×ÈÛÐÌÕÛÚɯÞÐÛÏɯÍÔÈɤƚƔȹÛƔȺɯȀɯƕƔɯȹÓÖÞÌÙɯ×ÈÕÌÓȺɯÐÕɯÛÏÌɯÉÊÐɯȹÙÌËɯÓÐÕÌÚȺɯÈÕËɯÊÛÙÓɯÎÙÖÜ×ɯȹÉÓÜÌɯ

lines). The bold lines represent the average ...................................................................................... Ɲƙ 
Figure 3. 13. Radar plot of the averaged (± standard error) subscales of the fma/66 across all 

participants (15/13, bci/ctrl) at all timepoints (t0, t1, t2, t3, t4) of the bci group (panel a) and ctrl 

group (panel c). In panels b and d, the radar plots are reported only for the baseline and t4 

assessment for the bci and ctrl groups, respectively. The upper extremity, wrist, hand and 

coordination/speed subitems are represented clockwise and the subtended area, obtained by 

interpolating the averages, is highl ighted. ........................................................................................ Ɲƚ 
Figure 3. 14. Radar plot of the averaged (± standard error) subscales of the fma/66 across severe 

×ÈÛÐÌÕÛÚɯÞÐÛÏɯÍÔÈɤƚƔȹÛƔȺɯȀɯƕƔɯȹƕƖɤƚȮɯÉÊÐɤÊÛÙÓȺɯÈÛɯÈÓÓɯÛÐÔÌ×ÖÐÕÛÚɯȹÛƔȮɯÛƕȮɯÛƖȮɯÛƗȮɯÛƘȺɯÖÍɯÛÏÌɯÉÊÐɯÎÙÖÜ×ɯ

(panel a) and ctrl group (panel c). In panels b and d, the radar plots are reported only for the 

baseline and t4 assessment for the bci and ctrl groups, respectively. The upper extremity, wrist, 

hand and coordination/speed subitems are represented clockwise and the subtended area, 

obtained by interpolating the  averages, is highlighted. .................................................................. Ɲƛ 
Figure 3. 15. Scalp topographic distribution of the t -value obtained from the psd comparison (paired 

t-test, alpha = 0.05) between task (mi) and rest conditions at all timepoints (t0, t1, t2, t3, t4) for 

the bci (left panel) and ctrl (right panel) group, f or the task performed with the unaffected hand. 



 16 
 

 
 

The affected hemisphere is the right one for all participants. In each representation are reported 

ÛÏÌɯÛɯÝÈÓÜÌÚɯÖÉÛÈÐÕÌËɯÍÙÖÔɯÛÏÌɯÊÖÔ×ÈÙÐÚÖÕÚɯÐÕɯÈÓÓɯÛÏÌɯÍÙÌØÜÌÕÊàɯÉÈÕËÚɯȹϗȮɯϛȮɯϔȮɯϕȮɯϖȺɯÐÕɯÛÏÌɯÙÖÞÚɯ

from the top to the bottom. The representation was obtained considering all participants of the 

bci (n = 15) and ctrl (n = 13) groups. ................................................................................................... ƝƜ 
Figure 3. 16. Scalp topographic distribution of the t -value obtained from the psd comparison (paired 

t-test, alpha = 0.05) between task (mi) and rest conditions at all timepoints (t0, t1, t2, t3, t4) for 

the bci (left panel) and ctrl (right panel) group, for the task performed with the affected hand. 

The affected hemisphere is the right one for all participants. In each representation are reported 

ÛÏÌɯÛɯÝÈÓÜÌÚɯÖÉÛÈÐÕÌËɯÍÙÖÔɯÛÏÌɯÊÖÔ×ÈÙÐÚÖÕÚɯÐÕɯÈÓÓɯÛÏÌɯÍÙÌØÜÌÕÊàɯÉÈÕËÚɯȹϗȮɯϛȮɯϔȮɯϕȮɯϖȺɯÐÕɯÛÏÌɯÙÖÞÚɯ

from the top to the bottom. The representation was obtained considering all participants of the  

bci (n = 15) and ctrl (n = 13) groups. ................................................................................................... ƝƝ 
Figure 3. 17. Scalp topographic distribution of the t -value obtained from the psd comparison (paired 

t-test, alpha = 0.05) between task (mi) and rest conditions at all timepoints (t0, t1, t2, t3, t4) for 

the bci (left panel) and ctrl (right panel) group, f or the task performed with the unaffected hand. 

The affected hemisphere is the right one for all participants. In each representation are reported 

ÛÏÌɯÛɯÝÈÓÜÌÚɯÖÉÛÈÐÕÌËɯÍÙÖÔɯÛÏÌɯÊÖÔ×ÈÙÐÚÖÕÚɯÐÕɯÈÓÓɯÛÏÌɯÍÙÌØÜÌÕÊàɯÉÈÕËÚɯȹϗȮɯϛȮɯϔȮɯϕȮɯϖȺɯÐÕɯÛÏÌɯÙÖÞÚɯ

from the to p to the bottom. The representation was obtained considering severe patients with 

ÍÔÈɤƚƔȹÛƔȺɯȀƕƔɯÖÍɯÛÏÌɯÉÊÐɯȹÕɯǻɯƕƖȺɯÈÕËɯÊÛÙÓɯȹÕɯǻɯƚȺɯÎÙÖÜ×Úȭ ................................................................ ƝƝ 
Figure 3. 18. Scalp topographic distribution of the t -value obtained from the psd comparison (paired 

t-test, alpha = 0.05) between task (mi) and rest conditions at all timepoints (t0, t1, t2, t3, t4) for 

the bci (left panel) and ctrl (right panel) group, f or the task performed with the affected hand. 

The affected hemisphere is the right one for all participants. In each representation are reported 

ÛÏÌɯÛɯÝÈÓÜÌÚɯÖÉÛÈÐÕÌËɯÍÙÖÔɯÛÏÌɯÊÖÔ×ÈÙÐÚÖÕÚɯÐÕɯÈÓÓɯÛÏÌɯÍÙÌØÜÌÕÊàɯÉÈÕËÚɯȹϗȮɯϛȮɯϔȮɯϕȮɯϖȺɯÐÕɯÛÏÌɯÙÖÞÚɯ

from the top to the bottom. The representation was obtained considering severe patients with 

ÍÔÈɤƚƔȹÛƔȺɯȀƕƔɯÖÍɯÛÏÌɯÉÊÐɯȹÕɯǻɯƕƖȺɯÈÕËɯÊÛÙÓɯȹÕɯǻɯƚȺɯÎÙÖÜ×Úȭ .............................................................. ƕƔƔ 
Figure 3. 19. Average (± ÚÛÈÕËÈÙËɯÌÙÙÖÙȮɯÚÌȺɯÖÍɯÛÏÌɯÙÌÓÈÛÐÝÌɯ×ÖÞÌÙÚɯÐÕɯÈÓÓɯÛÏÌɯÍÙÌØÜÌÕÊàɯÉÈÕËÚɯȹϗȮɯϛȮɯϔȮɯ

ϕȺɯÊÖÔ×ÜÛÌËɯÖÕɯÚÌÝÌÙÌɯ×ÈÛÐÌÕÛÚɯÞÐÛÏɯÍÔÈɤƚƔɯȀɯƕƔɯÖÍɯÛÏÌɯÉÊÐɯȹÕɯǻɯƕƖȺɯÈÕËɯÊÛÙÓɯȹÕɯǻɯƚȺɯÎÙÖÜ×ÚȮɯÐÕɯ

pink and blue lines respectively, at all timepoints (t0, t1, t2, t3, t4). In panel a are depicted the 

power relative indices obtained for the mi task performed with the affected hand (mi -ah) and 

in panel b the relative power indices obtained for the mi task performed with the unaffected 

hand (mi -uh). No statical differences were detected both at t0 and at t4 between groups (p > 

0.05). The 2-tails paired t -test within groups between t0 and t4 reveal no significative differences 

on any group. ...................................................................................................................................... ƕƔƕ 
Figure 3. 20. Average (± standard error, se) of the power ratios (pri, dar, tbr, tar, tbar) and the brain 

ÚàÔÔÌÛÙàɯÐÕËÐÊÌÚɯȹÙÉÚÐȮɯ×ËÉÚÐȺɯÊÖÔ×ÜÛÌËɯÖÕɯÚÌÝÌÙÌɯ×ÈÛÐÌÕÛÚɯÞÐÛÏɯÍÔÈɤƚƔɯȀɯƕƔɯÖÍɯÛÏÌɯÉÊÐɯȹÕɯǻɯƕƖȺɯ

and ctrl (n = 6) groups, in pink and blue lines respectively, at all timepoints (t0, t1, t2, t3, t4). In 

panel a are depicted the power relative indices obtained for the mi task performed with the 

affected hand (mi-ah) and in panel b the relative power indices obtained for the mi task 

performed with the unaffected hand (mi -uh). No statical differences were detected both at t0 

and at t4 between groups (p > 0.05). The 2-tails paired t -test within groups between t0 and t4 

reveal in the bci group a significant difference on pdbsi (p = 0.023) for both the mi-uh. ......... ƕƔƕ 
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%ÐÎÜÙÌɯƗȭɯƖƕȭɯ!Öß×ÓÖÛɯËÐÚÛÙÐÉÜÛÐÖÕÚɯÖÍɯÛÏÌɯÙÌÓÈÛÐÝÌɯ×ÖÞÌÙÚɯÐÕɯÈÓÓɯÛÏÌɯÍÙÌØÜÌÕÊàɯÉÈÕËÚɯȹϗȮɯϛȮɯϔȮɯϕȺɯ

ÊÖÔ×ÜÛÌËɯÍÖÙɯÈÓÓɯ×ÈÙÛÐÊÐ×ÈÕÛÚɯȹÉÓÜÌɯÉÖß×ÓÖÛȺȮɯÚÌÝÌÙÌɯ×ÈÛÐÌÕÛÚɯÞÐÛÏɯÍÔÈɤƚƔɯȀɯƕƝɯȹàÌÓÓÖÞɯÉÖß×ÓÖÛȺɯ

and moderate patients with fma/60 > 19 (red boxplot), during the mi task performed with the 

unaffected (mi-uh) and affected (mi-ah) hand. The + symbol refers to the average of the 

distribution and the * stands for a significative difference (p < 0.05). ......................................... ƕƔƜ 
Figure 3. 22. Boxplot distributions of the power ratio indices (pri, dar, tbr, tar, tbar) computed for all 

×ÈÙÛÐÊÐ×ÈÕÛÚɯȹÉÓÜÌɯÉÖß×ÓÖÛȺȮɯÚÌÝÌÙÌɯ×ÈÛÐÌÕÛÚɯÞÐÛÏɯÍÔÈɤƚƔɯȀɯƕƝɯȹàÌÓÓÖÞɯÉÖß×ÓÖÛȺɯÈÕËɯÔÖËÌÙÈÛÌɯ

patients with fma/60 > 19 (red boxplot), during the mi ta sk performed with the unaffected (mi -

uh) and affected (mi-ah) hand. The + symbol refers to the average of the distribution and the * 

stands for a significative difference (p < 0.05). ............................................................................... ƕƔƝ 
Figure 3. 23. Boxplot distributions of the brain symmetry indices (rbsi, pdbsi) computed for all 

×ÈÙÛÐÊÐ×ÈÕÛÚɯȹÉÓÜÌɯÉÖß×ÓÖÛȺȮɯÚÌÝÌÙÌɯ×ÈÛÐÌÕÛÚɯÞÐÛÏɯÍÔÈɤƚƔɯȀɯƕƝɯȹàÌÓÓÖÞɯÉÖß×ÓÖÛȺɯÈÕËɯÔÖËÌÙÈÛÌɯ

patients with fma/60 > 19 (red boxplot), during the mi task perform ed with the unaffected (mi -

uh) and affected (mi-ah) hand. The + symbol refers to the average of the distribution and the * 

stands for a significative difference (p < 0.05). ............................................................................... ƕƔƝ 
Figure 3. 24. Boxplot distributions of the spectral exponent difference between the two hemispheres, 

calculated as the se in the affected hemisphere (ah) minus the spectral exponent in the 

unaffected hemisphere (uh), for all participants (blue boxplot), seÝÌÙÌɯ×ÈÛÐÌÕÛÚɯÞÐÛÏɯÍÔÈɤƚƔɯȀɯƕƝɯ

(yellow boxplot), and moderate patients with fma/60 > 19 (red boxplot), during resting state 

with eyes closed. The + symbol indicates the mean of the distribution. ..................................... ƕƕƔ 
Figure 3. 25. Decision three models obtained considering all participants (n = 46) with mi task 

features (panel a) and resting state features (panel b), in addition to the demographical (age, 

sex) and clinical (months since stroke, affected hemisphere, fma_60 at baseline) features always 

ÐÕÊÓÜËÌËȭɯ3ÏÌɯÔÐɯÛÈÚÒɯÍÌÈÛÜÙÌÚɯÐÕÊÓÜËÌɯÛÏÌɯÙϗȮɯÙϔȮɯ×ÙÐȮɯËÈÙȮɯÛÈÙȮɯ×ËÉÚÐɯÊÖÔ×ÜÛÌËɯÖÕɯÛÏÌɯÔÐɯÛÈÚÒɯ

×ÌÙÍÖÙÔÌËɯÞÐÛÏɯÛÏÌɯÈÍÍÌÊÛÌËɯÏÈÕËɯÞÏÌÙÌÈÚɯÛÏÌɯÙÌÚÛÐÕÎɯÚÛÈÛÌɯÍÌÈÛÜÙÌÚɯÐÕÊÓÜËÌɯÛÏÌɯÙϗȮɯÙϔȮɯ×ÙÐȮɯËÈÙȮɯ

tar, tbar, rbsi, pdbsi comput ed on ce and oe resting state, and the se-au, se-uh computed on ce. 

The assigned intervention group of each patient (bci, ctrl) is included as a feature. The target 

(responders/not-responders) is set as the recovery after the treatment on the basis of the mcid 

of 7 points: 0 (not-ÙÌÚ×ÖÕËÌÙȺɯÞÏÌÕɯÛÏÌɯȈÍÔÈȹÛƔȮÛƕȺɯǾɯÔÊÐËɯȹÉÓÜÌȺȮɯƕɯȹÙÌÚ×ÖÕËÌÙȺɯÞÏÌÕɯÛÏÌɯ

ȈÍÔÈȹÛƔȮÛƕȺɯȁɯÔÊÐËɯȹÙÌËȺȭɯ(ÕɯÌÈÊÏɯÓÌÈÍɯȹÉÖßȺɯÈÙÌɯÙÌ×ÖÙÛÌËɯÛÏÌɯÍÖÓÓÖÞÐÕÎɯÐÕÍÖÙÔÈÛÐÖÕȯɯÛÏÌɯÔÈÐÕɯ

target feature (0,1) of the observations included expressed also as the percentage (%), as well as 

a ratio, of the number of observations with the main target on the total of the observations of 

the leaf. The color of the box also represents the label of the main target feature: 0 (blue), 1 (red). 

At the bottom of each leaf, the feature utilized for the subsequent division is indicated, while 

the thresholds used for the division are reported, along with the termination point of each 

branch. .................................................................................................................................................. ƕƕƘ 
Figure 3. 26. Scatterplot of all patients on the fma/60 (x-axis) and the assigned group (y-axis). Each 

observation is colored on the basis of the label of the target feature: 0 when the Ȉfma(t0,t1) < 

ÔÊÐËɯȹÉÓÜÌȺȮɯƕɯÞÏÌÕɯÛÏÌɯȈÍÔÈȹÛƔȮÛƕȺɯȁɯɯÔÊÐËɯȹÙÌËȺȭ ........................................................................ ƕƕƘ 
Figure 3. 27. Decision three models obtained considering the bci patients (n = 24) with mi task 

features (panel a) and resting state features (panel b), in addition to the demographical (age, 
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sex) and clinical (months since stroke, affected hemisphere, fma_60 at baseline) features always 

ÐÕÊÓÜËÌËȭɯ3ÏÌɯÔÐɯÛÈÚÒɯÍÌÈÛÜÙÌÚɯÐÕÊÓÜËÌɯÛÏÌɯÙϗȮɯÙϔȮɯ×ÙÐȮɯËÈÙȮɯÛÈÙȮɯ×ËÉÚÐɯÊÖÔ×ÜÛÌËɯÖÕɯÛÏÌɯÔÐɯÛÈÚÒɯ

performed with the affected hand whereas the resting state featÜÙÌÚɯÐÕÊÓÜËÌɯÛÏÌɯÙϗȮɯÙϔȮɯ×ÙÐȮɯËÈÙȮɯ

tar, tbar, rbsi, pdbsi computed on ce and oe resting state, and the se-au, se-uh computed on ce. 

The target (responders/not-responders) is set as the recovery after the treatment on the basis of 

the mcid of 7 points: 0 (not-ÙÌÚ×ÖÕËÌÙȺɯÞÏÌÕɯÛÏÌɯȈÍÔÈȹÛƔȮÛƕȺɯǾɯÔÊÐËɯȹÉÓÜÌȺȮɯƕɯȹÙÌÚ×ÖÕËÌÙȺɯÞÏÌÕɯ

ÛÏÌɯȈÍÔÈȹÛƔȮÛƕȺɯȁɯÔÊÐËɯȹÙÌËȺȭɯ(ÕɯÌÈÊÏɯÓÌÈÍɯȹÉÖßȺɯÈÙÌɯÙÌ×ÖÙÛÌËɯÛÏÌɯÍÖÓÓÖÞÐÕÎɯÐÕÍÖÙÔÈÛÐÖÕȯɯÛÏÌɯÔÈÐÕɯ

target feature (0,1) of the observations included expressed also as the percentage (%), as well as 

a ratio, of the number of observations with the main target on the total of the observations of 

the leaf. The color of the box also represents the label of the main target feature: 0 (blue), 1 (red). 

At the bottom of each leaf, the feature utiliz ed for the subsequent division is indicated, while 

the thresholds used for the division are reported, along with the termination point of each 

branch. .................................................................................................................................................. ƕƕƙ 
Figure 3. 28. Decision three models obtained considering the ctrl patients (n = 22) with mi task 

features or resting state features, in addition to the demographical (age, sex) and clinical 

(months since stroke, affected hemisphere, fma_60 at baseline) features always included. The 

ÔÐɯÛÈÚÒɯÍÌÈÛÜÙÌÚɯÐÕÊÓÜËÌɯÛÏÌɯÙϗȮɯÙϔȮɯ×ÙÐȮɯËÈÙȮɯÛÈÙȮɯ×ËÉÚÐɯÊÖÔ×ÜÛÌËɯÖÕɯÛÏÌɯÔÐɯÛÈÚÒɯ×ÌÙÍÖÙÔÌËɯÞÐÛÏɯ

ÛÏÌɯÈÍÍÌÊÛÌËɯÏÈÕËɯÞÏÌÙÌÈÚɯÛÏÌɯÙÌÚÛÐÕÎɯÚÛÈÛÌɯÍÌÈÛÜÙÌÚɯÐÕÊÓÜËÌɯÛÏÌɯÙϗȮɯÙϔȮɯ×ÙÐȮɯËÈÙȮɯÛÈÙȮɯÛÉÈÙȮɯÙÉÚÐȮɯ

pdbsi computed on ce and oe resting state, and the se-au, se-uh computed on ce. The target 

(responders/not-responders) is set as the recovery after the treatment on the basis of the mcid 

of 7 points: 0 (not-ÙÌÚ×ÖÕËÌÙȺɯÞÏÌÕɯÛÏÌɯȈÍÔÈȹÛƔȮÛƕȺɯǾɯÔÊÐËɯȹÉÓÜÌȺȮɯƕɯȹÙÌÚ×ÖÕËÌÙȺɯÞÏÌÕɯÛÏÌɯ

ȈÍÔÈȹÛƔȮÛƕȺ ȁɯÔÊÐËɯȹÙÌËȺȭɯ(ÕɯÌÈÊÏɯÓÌÈÍɯȹÉÖßȺɯÈÙÌɯÙÌ×ÖÙÛÌËɯÛÏÌɯÍÖÓÓÖÞÐÕÎɯÐÕÍÖÙÔÈÛÐÖÕȯɯÛÏÌɯÔÈÐÕɯ

target feature (0,1) of the observations included expressed also as the percentage (%), as well as 

a ratio, of the number of observations with the main target on the total o f the observations of 

the leaf. The color of the box also represents the label of the main target feature: 0 (blue), 1 (red). 

At the bottom of each leaf, the feature utilized for the subsequent division is indicated, while 

the thresholds used for the divis ion are reported, along with the termination point of each 

branch. .................................................................................................................................................. ƕƕƙ 
Figure 3. 29. Average (± standard error) of the approximate entropy computed on the rois of the 

affected hemisphere (yellow lines) and unaffected hemisphere (blue lines) across all 

×ÈÙÛÐÊÐ×ÈÕÛÚɯȹÍÐÙÚÛɯÊÖÓÜÔÕȺȮɯÚÌÝÌÙÌɯ×ÈÛÐÌÕÛÚɯÍÔÈɍƚƔɯȀɯƕƝɯȹÚÌÊÖÕËɯÊÖÓÜÔÕȺȮɯÔÖËÌÙÈÛÌɯ×ÈÛÐÌÕÛÚɯÞÐÛÏɯ

fma_60 >19 (third column). The graphs reported on the first row are related to the appen 

computed on ce while in the second row on oe. The appen obtained on healthy controls (ctrl), 

pooling the two hemispheres, is reported as a grey line. The * stands for a significative difference 

(p < 0.05) between the appen computed on the affected and unaffected hemisphere in patients.

 ............................................................................................................................................................... ƕƖƕ 
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È××ÙÖ×ÙÐÈÛÌɯÛÙÌÈÛÔÌÕÛɯÍÖÙɯ×ÈÛÐÌÕÛÚȮɯÛÖɯÎÈÐÕɯÐÕÚÐÎÏÛɯÐÕÛÖɯÛÏÌɯÖÝÌÙÈÓÓɯÙÌÚ×ÖÕÚÌɯÛÖɯËÐřÌÙÌÕÛɯÙÌÏÈÉÐÓÐÛÈÛÐÖÕɯ

×ÙÖÛÖÊÖÓÚȮɯÈÕËɯÛÖɯÐÕÊÙÌÈÚÌɯÕÌÜÙÖ×ÏàÚÐÖÓÖÎÐÊÈÓɯÒÕÖÞÓÌËÎÌɯÙÌÎÈÙËÐÕÎɯÔÖÛÖÙɯÙÌÊÖÝÌÙàȭ 
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ƕȭƗɯ,ÖÛÖÙɯ(ÔÈÎÌÙàɯÈÕËɯ,ÖÛÖÙɯ$ßÌÊÜÛÐÖÕ 

 

,ÌÕÛÈÓɯÐÔÈÎÌÙàɯÖÍɯÈɯ×ÈÙÛÐÊÜÓÈÙɯÔÖÝÌÔÌÕÛȮɯÎÌÕÌÙÈÛÌËɯÉàɯÌÝÖÒÐÕÎɯÈÓÓɯÈÚÚÖÊÐÈÛÌËɯÚÌÕÚÈÛÐÖÕÚɯÐÚɯÛÏÌɯËÌŗÕÐÛÐÖÕɯÖÍɯ

,ÖÛÖÙɯ(ÔÈÎÌÙàɯɯ×ÙÖ×ÖÚÌËɯÉàɯ ȭ,ȭɯ+ÈËËÈɯÈÛɯÈÓȭɯÐÕɯȻƖƜȼȭɯ3ÏÌɯÔÖËÈÓÐÛàɯÖÍɯ,(ɯËÌ×ÌÕËÚɯÖÕɯÛÏÌɯÚÌÕÚÖÙàɯ

ÌÕÎÈÎÌËɯÈÕËɯÌÕÊÖÔ×ÈÚÚÌÚɯÛÏÌɯÒÐÕÌÚÛÏÌÛÐÊɯÈÕËɯÝÐÚÜÈÓɯÖÕÌÚȰɯÐÕɯÛÏÌɯÒÐÕÌÚÛÏÌÛÐÊɯ,(ɯÛÏÌɯÚÖÔÈÛÖÚÌÕÚÖÙàɯ

ÚÌÕÚÈÛÐÖÕÚɯÈÙÌɯÌÝÖÒÌËɯÞÏÐÓÌɯÛÏÌɯÝÐÚÜÈÓɯ,(ɯÙÌØÜÐÙÌÚɯÈɯÝÐÚÜÈÓÐáÈÛÐÖÕɯÖÍɯÛÏÌɯ,(ɯÚÜÉÑÌÊÛɯÐÕɯŗÙÚÛɯÖÙɯÛÏÐÙËɯ

×ÌÙÚÖÕȭɯ,ÖÛÖÙɯ$ßÌÊÜÛÐÖÕɯÐÚɯËÌŗÕÌËɯÈÚɯÈÊÛÜÈÓɯ×ÌÙÍÖÙÔÈÕÊÌɯÖÍɯÔÖÝÌÔÌÕÛÚɯÉàɯËÌÓÐÉÌÙÈÛÌɯÔÜÚÊÓÌɯÊÖÕÛÙÈÊÛÐÖÕɯ

ÈÕËɯÙÌÓÈßÈÛÐÖÕɯȻƖƜȼȭɯ 

3ÙÈÐÕÐÕÎÚɯÉÈÚÌËɯÖÕɯ,(ɯÈÙÌɯÌÔ×ÓÖàÌËɯÐÕɯËÐřÌÙÌÕÛɯÛÙÈÐÕÐÕÎɯÊÖÕÛÌßÛÚɯÐÕÊÓÜËÐÕÎɯÔÜÚÐÊȮɯÚ×ÖÙÛɯÈÕËɯ

ÙÌÏÈÉÐÓÐÛÈÛÐÖÕɯȻƖƜȼȭɯ(ÕɯÚÌÝÌÙÈÓɯÚÛÜËÐÌÚɯÐÛɯÞÈÚɯÈÓÙÌÈËàɯËÌÔÖÕÚÛÙÈÛÌËɯÛÏÈÛɯ,(ɯÛÙÈÐÕÐÕÎÚɯÊÈÕɯÌÕÏÈÕÊÌɯ

ÔÖÛÖÙɯÚÒÐÓÓÚɯÐÕɯÛÏÌɯËÐřÌÙÌÕÛɯŗÌÓËÚɯÖÍɯÈ××ÓÐÊÈÛÐÖÕɯȻƖƝȼȮɯȻƗƔȼȮɯȻƗƕȼȮɯȻƗƖȼȭ 

(ÛɯÏÈÚɯÉÌÌÕɯÚÏÖÞÕɯÛÏÈÛɯ,ÖÛÖÙɯ(ÔÈÎÌÙàɯÌÓÐÊÐÛÚɯÈɯÊÖÙÛÐÊÈÓɯÈÊÛÐÝÈÛÐÖÕɯ×ÈŲÌÙÕɯÛÏÈÛɯÐÚɯÚÐÔÐÓÈÙɯÛÖɯÛÏÌɯÖÕÌɯ

ÖÉÚÌÙÝÌËɯËÜÙÐÕÎɯÛÏÌɯÌßÌÊÜÛÐÖÕɯÖÍɯÛÏÌɯÈÊÛÜÈÓɯÔÖÝÌÔÌÕÛɯȹ,$ȺɯȻƖƜȼȮɯȻƗƗȼȮɯȻƗƘȼȮɯȻƗƙȼȮɯȻƗƚȼȭɯ Úɯ×ÙÌÝÐÖÜÚÓàɯ

ÖÜÛÓÐÕÌËɯÉàɯ-ȭɯ2ÏÈÙÔÈɯÌÛɯÈÓȭȻƗƛȼȮɯÛÏÌɯÔÖÛÖÙɯÐÔÈÎÌÙàɯÔÈàɯ×ÙÖÝÐËÌɯÈɯÉÈÊÒËÖÖÙɯÛÖɯÈÊÊÌÚÚɯÛÏÌɯÕÌÜÙÖÕÈÓɯ

ÔÖÛÖÙɯÕÌÛÞÖÙÒÚȭɯ 

2ÌÝÌÙÈÓɯÚÛÜËÐÌÚɯÏÈËɯÈÓÙÌÈËàɯËÌÔÖÕÚÛÙÈÛÌËɯÛÏÌɯ×ÖÛÌÕÛÐÈÓɯÖÍɯ,(ɯÛÙÈÐÕÐÕÎÚɯÐÕɯ×ÖÚÛɪÚÛÙÖÒÌɯÙÌÏÈÉÐÓÐÛÈÛÐÝÌɯ

×ÙÖÛÖÊÖÓÚȮɯÐÕɯÈËËÐÛÐÖÕɯÛÖɯÊÖÕÝÌÕÛÐÖÕÈÓɯÛÏÌÙÈ×àȮɯÐÕɯÛÌÙÔÚɯÖÍɯÔÖÛÖÙɯÙÌÊÖÝÌÙàɯȻƗƜȼȮɯȻƗƝȼȮɯȻƘƔȼȮɯȻƘƕȼȭɯ

/ÙÌÝÐÖÜÚÓàȮɯÐÕɯÛÏÌɯÚÛÜËàɯÖÍɯ/ȭɯ+ȭɯ)ÈÊÒÚÖÕɯÌÛɯÈÓȭɯȻƗƗȼȮɯÛÏÐÚɯÞÈÚɯÙÌ×ÖÙÛÌËɯÖÕÓàɯÈÚɯÈɯÙÌÈÚÖÕÈÉÓÌɯÞÖÙÒÐÕÎɯ

Ïà×ÖÛÏÌÚÐÚȭɯ(ÕɯÚÜÊÏɯÈɯÊÖÕÛÌßÛȮɯÛÏÌɯÒÌàɯÈËÝÈÕÛÈÎÌɯÖÍɯ,(ɯÛÙÈÐÕÐÕÎɯÐÚɯÛÏÈÛɯÐÛɯÊÈÕɯÉÌɯÜÚÌËɯÐÕɯ×ÈÛÐÌÕÛÚɯÞÐÛÏɯ

ÓÐÔÐÛÌËɯÙÌÚÐËÜÈÓɯÔÖÛÖÙɯÍÜÕÊÛÐÖÕȭɯ,ÖÙÌÖÝÌÙȮɯ6ÈÕÎɯÌÛɯÈÓȭɯȻƗƚȼɯËÌÔÖÕÚÛÙÈÛÌɯÛÏÈÛɯÛÏÌÙÌɯÐÚɯÈɯÙÌËÜÊÌËɯ

ËÐřÌÙÌÕÊÌɯÐÕɯÈÊÛÐÝÈÛÐÖÕɯÉÌÛÞÌÌÕɯÏÌÈÓÛÏàɯÊÖÕÛÙÖÓÚɯÈÕËɯ×ÖÚÛɪÚÛÙÖÒÌɯ×ÈÛÐÌÕÛÚɯËÜÙÐÕÎɯ,(ɯÊÖÔ×ÈÙÌËɯÛÖɯ

,$ɯÚÜÎÎÌÚÛÐÕÎɯÛÏÈÛɯÚÛÙÖÒÌɯÏÈËɯÈɯÚÔÈÓÓÌÙɯÐÔ×ÈÊÛɯÖÕɯÔÖÛÖÙɯÐÔÈÎÌÙàɯÛÏÈÕɯÖÕɯÔÖÛÖÙɯÌßÌÊÜÛÐÖÕȭɯ2ÛÜËÐÌÚɯ

ÖÕɯÜ××ÌÙɪÓÐÔÉɯÙÌÏÈÉÐÓÐÛÈÛÐÖÕɯ×ÖÚÛɪÚÛÙÖÒÌɯ×ÙÖÎÙÈÔÚɯÉÈÚÌËɯÖÕɯ,(ɯÈÚÚÖÊÐÈÛÌËɯÞÐÛÏɯÊÖÕÝÌÕÛÐÖÕÈÓɯ

ÛÏÌÙÈ×àȮɯÙÌÝÌÈÓɯÛÏÈÛɯ,(ɯÐÚɯÌřÌÊÛÐÝÌɯÐÕɯÛÏÌɯÍÜÕÊÛÐÖÕÈÓɯÙÌÊÖÝÌÙàɯÐÕɯÈÓÓɯÛÏÌɯ×ÖÚÛɪÚÛÙÖÒÌɯ×ÏÈÚÌÚȯɯÈÊÜÛÌȮɯ

ÚÜÉÈÊÜÛÌɯÈÕËɯÊÏÙÖÕÐÊɯ×ÈÛÐÌÕÛÚɯȻƗƝȼȮɯȻƘƖȼȭ 

(ÕɯËÌÚÐÎÕÐÕÎɯÈɯÙÌÏÈÉÐÓÐÛÈÛÐÝÌɯÛÙÈÐÕÐÕÎɯ×ÙÖÎÙÈÔɯÉÈÚÌËɯÖÕɯ,(ȮɯÐÛɯÐÚɯÌÚÚÌÕÛÐÈÓɯÛÖɯÊÖÕÚÐËÌÙɯÚÌÝÌÙÈÓɯÍÈÊÛÖÙÚɯ

ÐÕɯÖÙËÌÙɯÛÖɯÌÕÚÜÙÌɯÈɯ×ÖÚÐÛÐÝÌɯÖÜÛÊÖÔÌȭɯ3ÏÌɯÔÖËÈÓÐÛàɯÖÍɯ,(ɯÕÌÌËɯÛÖɯÉÌɯËÌÛÌÙÔÐÕÌËɯÈÚɯÐÛɯÞÈÚɯÍÖÜÕËȮɯ

ÍÖÙɯÌßÈÔ×ÓÌȮɯÛÏÈÛɯÉÖÛÏɯÒÐÕÌÚÛÏÌÛÐÊɯÈÕËɯÝÐÚÜÈÓɯÔÖÛÖÙɯÐÔÈÎÌÙàɯÐÕÊÙÌÈÚÌËɯÊÖÙÛÐÊÖÚ×ÐÕÈÓɯÌßÊÐÛÈÉÐÓÐÛàɯȻƘƗȼɯ

ÉÜÛɯÛÏÌɯÊÖÙÛÐÊÈÓɯÈÊÛÐÝÐÛàɯÊÈÕɯÝÈÙàɯÐÕɯÈÔ×ÓÐÛÜËÌɯÈÕËɯÈÙÌÈÚɯÐÕÝÖÓÝÌËɯȻƘƗȼȮɯȻƘƘȼȮɯȻƘƙȼȭɯ%ÜÙÛÏÌÙÔÖÙÌȮɯÛÏÌɯ

×ÖÚÐÛÐÖÕɯÖÍɯÛÏÌɯÈÙÔɯÈÕËɯÏÈÕËÚɯÐÚɯÈɯÊÙÜÊÐÈÓɯÈÚ×ÌÊÛɯÖÍɯÜ××ÌÙɪÓÐÔÉɯ,(ɯÛÙÈÐÕÐÕÎȰɯÐÛɯÏÈÚɯÉÌÌÕɯËÌÔÖÕÚÛÙÈÛÌËɯ

ÛÏÈÛɯÔÈßÐÔÐáÐÕÎɯÛÏÌɯÊÖÔ×ÈÛÐÉÐÓÐÛàɯÉÌÛÞÌÌÕɯÛÏÌɯÈÊÛÜÈÓɯÏÈÕËɯ×ÖÚÛÜÙÌɯÈÕËɯÛÏÌɯÐÔÈÎÌËɯÔÖÝÌÔÌÕÛɯ

ÌÕÏÈÕÊÌÚɯÊÖÙÛÐÊÖÚ×ÐÕÈÓɯÌßÊÐÛÈÉÐÓÐÛàɯȻƘƚȼɯÈÕËɯÛÏÈÛɯÛÏÌɯÙÌÈÊÛÐÖÕɯÛÐÔÌɯÐÚɯÚÐÎÕÐŗÊÈÕÛÓàɯÙÌËÜÊÌËɯÞÏÌÕɯÛÏÌɯ

ÏÈÕËÚɯÈÙÌɯÐÕɯÈɯÊÖÔÍÖÙÛÈÉÓÌɯ×ÖÚÐÛÐÖÕɯÊÖÔ×ÈÙÌËɯÛÖɯÞÏÌÕɯÛÏÌàɯÈÙÌɯÐÕɯÈÕɯÈÞÒÞÈÙËɯ×ÖÚÐÛÐÖÕɯȻƘƛȼȭ 

 

ƕȭƘɯ!ÙÈÐÕɪ"ÖÔ×ÜÛÌÙɯ(ÕÛÌÙÍÈÊÌÚɯÈÕËɯ,ÖÛÖÙɯ(ÔÈÎÌÙàɯÉÈÚÌËɯ!ÙÈÐÕɪ

"ÖÔ×ÜÛÌÙɯ(ÕÛÌÙÍÈÊÌÚɯ 

 

 ɯ!ÙÈÐÕɪ"ÖÔ×ÜÛÌÙɯ(ÕÛÌÙÍÈÊÌɯÚàÚÛÌÔɯÛÙÈÕÚÓÈÛÌÚɯÊÌÕÛÙÈÓɯÕÌÙÝÖÜÚɯÚàÚÛÌÔɯÈÊÛÐÝÐÛàɯÐÕÛÖɯÈÙÛÐŗÊÐÈÓɯÖÜÛ×ÜÛɯ

ÛÏÈÛɯÙÌ×ÓÈÊÌÚȮɯÙÌÚÛÖÙÌÚȮɯÌÕÏÈÕÊÌÚȮɯÚÜ××ÓÌÔÌÕÛÚɯÖÙɯÐÔ×ÙÖÝÌÚɯÛÏÌɯÕÈÛÜÙÈÓɯÕÌÜÙÈÓɯÖÜÛ×ÜÛȮɯÈÕËɯÛÏÌÙÌÉàɯ
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ÊÏÈÕÎÌÚɯÛÏÌɯÖÕÎÖÐÕÎɯÐÕÛÌÙÈÊÛÐÖÕɯÉÌÛÞÌÌÕɯÛÏÌɯÉÙÈÐÕɯÈÕËɯÐÛÚɯÌßÛÌÙÕÈÓɯÖÙɯÐÕÛÌÙÕÈÓɯÌÕÝÐÙÖÕÔÌÕÛɯȻƘƜȼȭɯ(Õɯ

!"(ɯÚàÚÛÌÔÚɯÛÏÌɯÈÊÛÐÝÐÛàɯÖÍɯÛÏÌɯÊÌÕÛÙÈÓɯÕÌÙÝÖÜÚɯÚàÚÛÌÔɯÐÚɯÔÌÈÚÜÙÌËɯÈÕËɯ×ÙÖÊÌÚÚÌËɯÐÕɯÙÌÈÓɪÛÐÔÌɯÐÕɯ

ÖÙËÌÙɯÛÖɯÊÖÕÛÙÖÓɯÜÕɯÌßÛÌÙÕÈÓɯËÌÝÐÊÌɯȻƘƝȼȮɯȻƙƔȼȭɯ!"(ɯÉÈÚÌËɯÖÕɯÌÓÌÊÛÙÖÌÕÊÌ×ÏÈÓÖÎÙÈ×ÏÐÊɯȹ$$&ȺɯÚÐÎÕÈÓÚɯ

ËÌÚÐÎÕÌËɯÍÖÙɯÛÏÌɯÙÌÏÈÉÐÓÐÛÈÛÐÖÕɯÖÍɯÛÏÌɯÜ××ÌÙɪÓÐÔÉɯÐÕɯ×ÈÛÐÌÕÛÚɯÍÖÓÓÖÞÐÕÎɯÈɯÚÛÙÖÒÌɯÏÈÝÌɯÈÓÙÌÈËàɯ×ÙÖÝÌËɯ

ÛÏÌÐÙɯÌŚÊÈÊàɯÐÕɯÛÌÙÔÚɯÖÍɯÔÖÛÖÙɯÙÌÊÖÝÌÙàɯȻƙƕȼȮɯȻƙƖȼȮɯȻƙƗȼȮɯȻƙƘȼȮɯȻƙƙȼȭɯ(ÕɯÚÜÊÏɯÊÖÕÛÌßÛɯÛÏÌɯÊÖÕÛÙÖÓɯÚÐÎÕÈÓɯ

ÌßÛÙÈÊÛÌËɯÐÚɯÜÚÌËɯÛÖɯ×ÙÖÝÐËÌɯÈɯÍÌÌËÉÈÊÒɯÛÖɯÛÏÌɯÜÚÌÙɯÛÏÈÛɯÊÈÕɯÉÌɯÈɯÝÐÚÜÈÓɯÖÙɯ×ÙÖ×ÙÐÖÊÌ×ÛÐÝÌɯÍÌÌËÉÈÊÒɯ

ÖÙɯÐÔ×ÓÌÔÌÕÛÌËɯÉàɯÜÕɯÌřÌÊÛÖÙɯÓÐÒÌɯÛÏÌɯÔÖÝÌÔÌÕÛɯÖÍɯÈÕɯÖÙÛÏÖÚÐÚɯȻƙƘȼȭɯ(Õɯ×ÖÚÛɪÚÛÙÖÒÌɯÜ××ÌÙɪÓÐÔÉɯ

ÙÌÏÈÉÐÓÐÛÈÛÐÝÌɯ×ÙÖÛÖÊÖÓÚɯÚÜ××ÖÙÛÌËɯÉàɯ!"(ɯÛÌÊÏÕÖÓÖÎàɯÉÈÚÌËɯÖÕɯÔÖÛÖÙɯÐÔÈÎÌÙàɯȹ,(ɪ!"(ȺȮɯ×ÈÛÐÌÕÛÚɯ

ÈÙÌɯÐÕÚÛÙÜÊÛÌËɯÛÖɯ×ÌÙÍÖÙÔɯÈɯÔÖÛÖÙɯÐÔÈÎÌÙàɯÛÈÚÒɯÞÏÐÓÌɯÛÏÌÐÙɯÉÙÈÐÕɯÈÊÛÐÝÐÛàɯÐÚɯÙÌÊÖÙËÌËɯÈÕËɯ×ÙÖÊÌÚÚÌËɯ

ÛÖɯ ÊÖÕÛÙÖÓɯ ÛÏÌɯ ÍÌÌËÉÈÊÒȭɯ 3ÏÌɯ ÙÌÏÈÉÐÓÐÛÈÛÐÝÌɯ ×ÖÛÌÕÛÐÈÓɯ ÖÍɯ ,(ɪ!"(ɯ ÚàÚÛÌÔÚɯ ÏÈÝÌɯ ÉÌÌÕɯ ÈÓÙÌÈËàɯ

ËÌÔÖÕÚÛÙÈÛÌËɯÐÕɯÛÌÙÔÚɯÖÍɯÐÔ×ÙÖÝÌÔÌÕÛɯÐÕɯÔÖÛÖÙɯÍÜÕÊÛÐÖÕÈÓɯÖÜÛÊÖÔÌÚɯȻƙƖȼȮɯȻƙƗȼȭɯ,(ɪ!"(ɯÛÌÊÏÕÖÓÖÎàɯ

ÈÓÓÖÞÚɯÛÖɯÈÊÛÐÝÌÓàɯÐÕÝÖÓÝÌɯÌÝÌÕɯ×ÈÛÐÌÕÛÚɯÞÐÛÏɯÊÖÔ×ÓÌÛÌɯ×ÓÌÎÐÈɯÐÕɯÛÏÌɯÔÖÛÖÙɯÐÔÈÎÌÙàɯÛÈÚÒÚȭɯ 

(Õɯ,(ɪ!"(ɯÉÈÚÌËɯÙÌÏÈÉÐÓÐÛÈÛÐÖÕɯ×ÙÖÛÖÊÖÓÚȮɯÛÏÌɯÍÌÌËÉÈÊÒɯ×ÙÖÝÐËÌËɯÛÖɯÛÏÌɯ×ÈÛÐÌÕÛɯÌÚÚÌÕÛÐÈÓÓàɯÊÓÖÚÌÚɯÛÏÌɯ

ÓÖÖ×ɯÖÍɯÛÏÌɯÚàÚÛÌÔȮɯÈÕËɯÐÛɯÚÏÖÜÓËɯÉÌɯÕÖÕɪÌÝÈÓÜÈÛÐÝÌɯÈÕËɯÚÜ××ÖÙÛÐÝÌȮɯÔÌÈÕÐÕÎÍÜÓɯÈÕËɯÚ×ÌÊÐŗÊɯȻƙƚȼȭɯ(Õɯ

ÛÏÐÚɯÊÖÕÛÌßÛȮɯÝÐÚÜÈÓɯÍÌÌËÉÈÊÒɯÐÚɯÖÕÌɯÖÍɯÛÏÌɯÔÖÚÛɯÊÖÔÔÖÕÓàɯÌÔ×ÓÖàÌËɯÍÖÙÔÚɯÖÍɯÍÌÌËÉÈÊÒɯȻƙƚȼȮɯȻƙƛȼȭɯ

3ÏÌÙÌɯÈÙÌɯÛÞÖɯËÐÚÛÐÕÊÛɯÛà×ÌÚɯÖÍɯÝÐÚÜÈÓɯÍÌÌËÉÈÊÒȯɯÌÔÉÖËÐÌËɯÈÕËɯÕÖÕɪÌÔÉÖËÐÌËȭɯ3ÏÌɯÙÌ×ÙÌÚÌÕÛÈÛÐÖÕɯÖÍɯ

ÛÞÖɯÏÈÕËÚɯÛÏÈÛɯ×ÌÙÍÖÙÔɯÛÏÌɯÔÖÛÖÙɯÐÔÈÎÌÙàɯÛÈÚÒȮɯÉÖÛÏɯ×ÙÌÚÌÕÛÌËɯÖÕɯÈɯÚÊÙÌÌÕɯÖÙɯÐÕɯÈɯÝÐÙÛÜÈÓɯÙÌÈÓÐÛàɯ

ÌÕÝÐÙÖÕÔÌÕÛȮɯÙÌ×ÙÌÚÌÕÛÚɯÈÕɯÌÔÉÖËÐÌËɯÍÌÌËÉÈÊÒɯȻƙƗȼȮɯȻƙƜȼȮɯȻƙƝȼȮɯȻƚƔȼȮɯȻƚƕȼȭɯ(ÕɯÊÖÕÛÙÈÚÛȮɯÌßÈÔ×ÓÌÚɯÖÍɯ

ÕÖÕɪÌÔÉÖËÐÌËɯÍÌÌËÉÈÊÒɯÐÕÊÓÜËÌɯÈɯÉÈÙɯÛÏÈÛɯŗÓÓÚɯÐÕɯ×ÙÖ×ÖÙÛÐÖÕɯÛÖɯÛÏÌɯÉÙÈÐÕɯÈÊÛÐÝÐÛàȮɯÈɯÊÖÓÖÙÌËɯÊÓÖÜËɯ

ÛÏÈÛɯÚ×ÙÌÈËÚɯÈÊÙÖÚÚɯÛÏÌɯÔÖÕÐÛÖÙȮɯÞÏÌÙÌɯÛÏÌɯÊÖÓÖÙɯÈÕËɯÛÏÌɯÚ×ÙÌÈËɯÚÛÈÕËɯÍÖÙɯÛÏÌɯËÐÙÌÊÛÐÖÕɯÈÕËɯÛÏÌɯ

ÐÕÛÌÕÚÐÛàɯÖÍɯÔÖÛÖÙɯÐÔÈÎÌÙàɯÈÊÛÐÝÐÛàɯÙÌÚ×ÌÊÛÐÝÌÓàȮɯÖÙɯÈɯÊÜÙÚÖÙɯÛÏÈÛɯÔÖÝÌÚɯÖÕɯÛÏÌɯÚÊÙÌÌÕɯÛÖÞÈÙËɯÈɯÛÈÙÎÌÛɯ

ÐÕɯÈɯÔÈÕÕÌÙɯÛÏÈÛɯÐÚɯÊÖÏÌÙÌÕÛɯÞÐÛÏɯÛÏÌɯÉÙÈÐÕɯÈÊÛÐÝÐÛàɯȻƚƖȼȮɯȻƚƗȼȮɯȻƚƘȼȮɯȻƚƙȼȭ 

(ÕɯÛÏÌɯÊÖÕÛÌßÛɯÖÍɯ,(ɪ!"(ɯËÌÝÐÊÌÚɯÉÈÚÌËɯÖÕɯÚÌÕÚÖÙÐÔÖÛÖÙɯÙÏàÛÏÔÚɯȹ2,1ÚȺɯȻƙƔȼȮɯÛÏÌɯ/ÙÖÔÖÛÖÌÙɯÚàÚÛÌÔɯ

ȻƙƗȼȮɯȻƚƚȼɯÞÈÚɯËÌÚÐÎÕÌËɯÈÕËɯÐÔ×ÓÌÔÌÕÛÌËɯÉàɯÛÏÌɯÔÜÓÛÐËÐÚÊÐ×ÓÐÕÈÙàɯÛÌÈÔɯÖÍɯÛÏÌɯ-ÌÜÙÖÌÓÌÊÛÙÐÊÈÓɯ

(ÔÈÎÐÕÎɯÈÕËɯ!ÙÈÐÕɪ"ÖÔ×ÜÛÌÙɯ(ÕÛÌÙÍÈÊÌɯ+ÈÉÖÙÈÛÖÙàɯÈÛɯÛÏÌɯ(1""2ɯ2ÈÕÛÈɯ+ÜÊÐÈɯ%ÖÜÕËÈÛÐÖÕɯÐÕɯ1ÖÔÌȮɯ

(ÛÈÓàȭɯ(ÕɯÌÚÚÌÕÊÌȮɯÛÏÌɯ/ÙÖÔÖÛÖÌÙɯÐÚɯÈÕɯÈÓÓɪÐÕɪÖÕÌɯ!"(ɪÚÜ××ÖÙÛÌËɯ,(ɯÛÙÈÐÕÐÕÎɯÚÛÈÛÐÖÕɯÞÏÐÊÏɯÈÓÓÖÞÚɯ

ÜÚÌÙÚɯÛÖɯ×ÙÈÊÛÐÊÌɯÛÏÌɯÒÐÕÌÚÛÏÌÛÐÊɯ,(ɯÖÍɯÏÈÕËɯÔÖÝÌÔÌÕÛÚɯÚÜÊÏɯÈÚɯÊÓÖÚÐÕÎɯÈÕËɯÖ×ÌÕÐÕÎɯÐÕɯÈɯÊÓÖÚÌɪÓÖÖ×ɯ

ÊÖÕËÐÛÐÖÕɯȻƚƚȼȭɯ 3ÏÌɯ ÚàÚÛÌÔɯ ÐÚɯ ÌØÜÐ××ÌËɯ ÞÐÛÏɯ Èɯ ÊÖÔ×ÜÛÌÙȮɯ Èɯ ÊÖÔÔÌÙÊÐÈÓɯ ÞÐÙÌÓÌÚÚɯ $$&ɯ ÈÕËɯ

ÌÓÌÊÛÙÖÔàÖÎÙÈ×ÏÐÊɯȹ$,&ȺɯÚàÚÛÌÔȮɯÈɯÚÊÙÌÌÕɯÍÖÙɯÛÏÌÙÈ×ÐÚÛɯÍÌÌËÉÈÊÒɯÖÕɯ$$&ɯÈÕËɯ$,&ɯÈÊÛÐÝÐÛàɯ

ÔÖÕÐÛÖÙÐÕÎȮɯÈÕËɯÈɯÚÊÙÌÌÕɯÍÖÙɯ×ÈÙÛÐÊÐ×ÈÕÛɯÍÌÌËÉÈÊÒȭɯ3ÏÌɯÓÈŲÌÙɯÐÚɯÈÕɯÌÊÖÓÖÎÐÊÈÓÓàɯÌÕÙÐÊÏÌËɯÍÌÌËÉÈÊÒɯ

ÔÈËÌɯÖÍɯÈɯÙÌÈÓÐÚÛÐÊɯÝÐÙÛÜÈÓɯÙÌ×ÙÌÚÌÕÛÈÛÐÖÕɯÖÍɯÛÏÌɯ×ÈÛÐÌÕÛɀÚɯÏÈÕËÚɯȻƚƚȼȭɯ(ÕɯȻƙƗȼɯÛÏÌɯÊÓÐÕÐÊÈÓɯÌŚÊÈÊàɯÖÍɯÛÏÌɯ

×ÙÖÛÖÛà×ÌɯÖÍɯÛÏÌɯ/ÙÖÔÖÛÖÌÙȮɯÐÕɯÐÔ×ÙÖÝÐÕÎɯÛÏÌɯÔÖÛÖÙɯÍÜÕÊÛÐÖÕÈÓɯÙÌÊÖÝÌÙàɯÖÍɯÛÏÌɯÏÈÕËɯÐÕɯ×ÖÚÛɪÚÛÙÖÒÌɯ

×ÈÛÐÌÕÛÚɯÞÈÚɯÐÕÝÌÚÛÐÎÈÛÌËɯÈÕËɯ×ÙÖÝÌËɯÐÕɯȻƙƗȼȭɯ3ÏÌɯÚÏÖÙÛɯÈÕËɯÓÖÕÎɯÛÌÙÔɯÌřÌÊÛÚɯÖÍɯÈɯÛÙÈÐÕÐÕÎɯÉÈÚÌËɯÖÕɯ

ÛÏÌɯŗÕÈÓɯ/ÙÖÔÖÛÖÌÙɯÚàÚÛÌÔȮɯÈÚɯÈɯÊÓÐÕÐÊÈÓɯËÌÝÐÊÌȮɯÈÙÌɯÛÌÚÛÌËɯÐÕɯÛÏÌɯÓÖÕÎÐÛÜËÐÕÈÓɯÙÈÕËÖÔÐáÌËɯÊÖÕÛÙÖÓÓÌËɯ

ÛÙÐÈÓɯÞÏÖÚÌɯ×ÙÖÛÖÊÖÓɯÐÚɯËÌÚÊÙÐÉÌËɯÐÕɯȻƚƚȼɯÈÕËɯÛÏÌɯÙÌÚÜÓÛÚɯÞÐÓÓɯÉÌɯÐÓÓÜÚÛÙÈÛÌËɯÐÕɯÛÏÐÚɯÛÏÌÚÐÚɯȹ2ÌÊÛÐÖÕɯ(((Ⱥȭ 

 

ƕȭƙɯ3ÏÌÚÐÚɯÈÐÔÚɯÈÕËɯÖÜÛÓÐÕÌ 

 

3ÏÌɯÙÌÚÌÈÙÊÏɯÈÊÛÐÝÐÛàɯÖÍɯÛÏÌɯÛÏÙÌÌɪàÌÈÙɯ/Ï#ɯ×ÙÖÎÙÈÔɯÞÈÚɯÊÖÕËÜÊÛÌËɯÐÕɯÊÖÓÓÈÉÖÙÈÛÐÖÕɯÞÐÛÏɯÛÏÌɯ

-ÌÜÙÖÌÓÌÊÛÙÐÊÈÓɯ(ÔÈÎÐÕÎɯÈÕËɯ!ÙÈÐÕɪ"ÖÔ×ÜÛÌÙɯ(ÕÛÌÙÍÈÊÌɯÓÈÉÖÙÈÛÖÙàɯÈÛɯ%ÖÕËÈáÐÖÕÌɯ2ÈÕÛÈɯ+ÜÊÐÈɯ(1""2ɯ
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ÐÕɯ1ÖÔÌ2ȭɯ 3ÏÌɯ ÊÖÓÓÈÉÖÙÈÛÐÖÕɯ ÞÐÛÏɯ ÛÏÌɯ ÔÜÓÛÐËÐÚÊÐ×ÓÐÕÈÙàɯ ÛÌÈÔȮɯ ÊÖÔ×ÙÐÚÐÕÎɯ ÕÌÜÙÖÚÊÐÌÕÛÐÚÛÚȮɯ

ÉÐÖÌÕÎÐÕÌÌÙÚɯÈÕËɯÊÓÐÕÐÊÈÓɯÙÌÏÈÉÐÓÐÛÈÛÐÖÕɯÌß×ÌÙÛÚȮɯÊÖÕÚÛÐÛÜÛÌËɯÈɯ×ÐÝÖÛÈÓɯÌÓÌÔÌÕÛɯÐÕɯÛÏÌɯÚÛÙÜÊÛÜÙÐÕÎɯÖÍɯ

ÛÏÌɯÙÌÚÌÈÙÊÏɯÈÊÛÐÝÐÛÐÌÚȭɯ3ÏÌɯÊÖÓÓÌÊÛÐÝÌɯÌß×ÌÙÛÐÚÌɯÖÍɯÛÏÌɯÛÌÈÔɯÌÕÏÈÕÊÌËɯÛÏÌɯÙÌÚÌÈÙÊÏɯ×ÙÖÊÌÚÚȮɯÚÜ××ÖÙÛÌËɯ

ÛÏÌɯËÌŗÕÐÛÐÖÕɯÖÍɯÛÏÌɯÈÕÈÓàÚÐÚɯ×Ð×ÌÓÐÕÌɯÈÕËɯÛÏÌɯÐÕÛÌÙ×ÙÌÛÈÛÐÖÕɯÖÍɯÛÏÌɯÙÌÚÜÓÛÚɯ×ÙÌÚÌÕÛÌËɯÐÕɯÛÏÐÚɯÛÏÌÚÐÚȭɯ 

%ÐÕÈÓÓàȮɯËÜÙÐÕÎɯÛÏÌɯÓÈÚÛɯàÌÈÙȮɯ×ÈÙÛɯÖÍɯÛÏÌɯÙÌÚÌÈÙÊÏɯÞÈÚɯÊÖÕËÜÊÛÌËɯÈÛɯÛÏÌɯ!ÙÈÐÕɪ"ÖÔ×ÜÛÌÙɯ(ÕÛÌÙÍÈÊÌɯÍÖÙɯ

1ÌÏÈÉÐÓÐÛÈÛÐÖÕɯÓÈÉÖÙÈÛÖÙàɯÈÛɯ3ÏÌɯ"ÈÛÏÖÓÐÊɯ4ÕÐÝÌÙÚÐÛàɯÖÍɯ ÔÌÙÐÊÈɯȹ6ÈÚÏÐÕÎÛÖÕȮɯ#"ȺȮɯÓÌËɯÉàɯ/ÙÖÍȭɯ

 ÓÌÚÚÈÕËÙÖɯ5ÈÛÖɯÈÚɯÈɯÝÐÚÐÛÐÕÎɯ/Ï#ɯÚÛÜËÌÕÛȭ 

 

3ÏÌɯÐÕÝÌÚÛÐÎÈÛÐÖÕɯÈÕËɯÊÏÈÙÈÊÛÌÙÐáÈÛÐÖÕɯÖÍɯ$$&ɪÉÈÚÌËɯÐÕËÐÊÌÚɯÈÚɯËÌÛÌÙÔÐÕÈÕÛÚɯÖÍɯÈɯÙÌÏÈÉÐÓÐÛÈÛÐÖÕɯ

ÛÙÌÈÛÔÌÕÛɯÈÕËɤÖÙɯÉÐÖÔÈÙÒÌÙÚɯÖÍɯÔÖÛÖÙɯÙÌÊÖÝÌÙàɯÐÕɯÛÏÌɯÊÖÕÛÌßÛɯÖÍɯ,(ɪ!"(ɯÍÖÙɯÛÏÌɯÙÌÏÈÉÐÓÐÛÈÛÐÖÕɯÖÍɯÛÏÌɯ

Ü××ÌÙɪÓÐÔÉɯÍÖÓÓÖÞÐÕÎɯÈɯÚÛÙÖÒÌȮɯÖÜÛÓÐÕÌËɯÐÕɯÛÏÐÚɯÚÌÊÛÐÖÕȮɯÙÌ×ÙÌÚÌÕÛÚɯÛÏÌɯ×ÙÐÔÈÙàɯÖÉÑÌÊÛÐÝÌɯÖÍɯÔàɯ

ÙÌÚÌÈÙÊÏɯÈÊÛÐÝÐÛàȭ 

(ÕɯÈÓÐÎÕÔÌÕÛɯÞÐÛÏɯÛÏÐÚɯ×ÙÐÔÈÙàɯÖÙÐÌÕÛÈÛÐÖÕȮɯÔàɯÙÌÚÌÈÙÊÏɯÞÈÚɯÊÌÕÛÌÙÌËɯÖÕɯÛÞÖɯ×ÙÐÕÊÐ×ÈÓɯÉÙÈÕÊÏÌÚȯ 

¶ ÛÏÌɯÐÕÝÌÚÛÐÎÈÛÐÖÕɯÖÍɯÛÏÌɯÙÌÊÌÕÛɯŗÕËÐÕÎÚɯÙÌÓÈÛÌËɯÛÖɯ+ÖÞɯ%ÙÌØÜÌÕÊàɯ.ÚÊÐÓÓÈÛÐÖÕÚɯÐÕɯÖÙËÌÙɯÛÖɯ

ÈÚÊÌÙÛÈÐÕɯÛÏÌÐÙɯÈ××ÓÐÊÈÉÐÓÐÛàɯÐÕɯÛÏÌɯ,(ɪ!"(ɯÊÖÕÛÌßÛɯÈÚɯÉÐÖÔÈÙÒÌÙÚɯÖÍɯÔÖÛÖÙɯÙÌÊÖÝÌÙàɯÈÕËɯÛÖɯ

×ÙÖÝÐËÌɯÈɯÍÜÓÓɯÊÏÈÙÈÊÛÌÙÐáÈÛÐÖÕȰ 

¶ ÛÏÌɯÈÕÈÓàÚÐÚɯÖÍɯÉÖÛÏɯÚÏÖÙÛɪɯÈÕËɯÓÖÕÎɪÛÌÙÔɯÌřÌÊÛÚɯÈÚÚÖÊÐÈÛÌËɯÞÐÛÏɯ,(ɪ!"(ɯÛÙÈÐÕÐÕÎȮɯÈÚɯÞÌÓÓɯÈÚɯ

ÛÏÌɯÐÕÝÌÚÛÐÎÈÛÐÖÕɯÖÍɯÚ×ÌÊÛÙÈÓɯÈÕËɯÚàÔÔÌÛÙàɯÐÕËÐÊÌÚȮɯÐÕɯÖÙËÌÙɯÛÖɯËÌÛÌÙÔÐÕÌɯÛÏÌÐÙɯ×ÖÛÌÕÛÐÈÓɯÈÚɯ

ËÌÛÌÙÔÐÕÈÕÛÚɯÖÍɯÛÏÌɯ,(ɪ!"(ɯÛÙÌÈÛÔÌÕÛɯÈÕËɯÈÚɯÉÐÖÔÈÙÒÌÙÚɯÖÍɯÔÖÛÖÙɯÙÌÊÖÝÌÙàȭɯ 

3ÏÌɯÈÕÈÓàÚÐÚɯ×ÌÙÛÈÐÕÐÕÎɯÛÖɯÛÏÌɯÚÌÊÖÕËɯÙÌÚÌÈÙÊÏɯÉÙÈÕÊÏɯÞÈÚɯÊÖÕËÜÊÛÌËɯÐÕɯÛÏÌɯÊÖÕÛÌßÛɯÖÍɯÔàɯ

ÐÕÝÖÓÝÌÔÌÕÛɯÐÕɯÛÏÌɯÛÏÙÌÌɪàÌÈÙɯ×ÙÖÑÌÊÛɯ3ÏÌɯ/1.,.3.$1ȯɯÈɯ!ÙÈÐÕɯ"ÖÔ×ÜÛÌÙɯ(ÕÛÌÙÍÈÊÌɪÉÈÚÌËɯÐÕÛÌÙÝÌÕÛÐÖÕɯ

ÛÏÈÛɯ×ÙÖÔÖÛÌÚɯÜ××ÌÙɯÓÐÔÉɯÍÜÕÊÛÐÖÕÈÓɯÔÖÛÖÙɯÙÌÊÖÝÌÙàɯÐÕɯÚÜÉÈÊÜÛÌɯÚÛÙÖÒÌɯ×ÈÛÐÌÕÛÚȭɯ ɯÙÈÕËÖÔÐáÌËɯÊÖÕÛÙÖÓÓÌËɯÛÙÐÈÓɯ

×ÙÖÛÖÊÖÓɯÛÖɯÛÌÚÛɯÓÖÕÎɪÛÌÙÔɯÌŚÊÈÊàɯÈÕËɯÛÖɯÐËÌÕÛÐÍàɯËÌÛÌÙÔÐÕÈÕÛÚɯÖÍɯÙÌÚ×ÖÕÚÌɯÛÖɯÐÕÛÌÙÝÌÕÛÐÖÕɯȹ1%ɪƖƔƕƜɪ

ƕƖƗƚƙƖƕƔȺȮɯÞÏÐÊÏɯÞÈÚɯÍÜÕËÌËɯÛÏÌɯ(ÛÈÓÐÈÕɯ-ÈÛÐÖÕÈÓɯ,ÐÕÐÚÛÙàɯÖÍɯ'ÌÈÓÛÏȭɯ 

3ÏÌɯÙÌÚÌÈÙÊÏɯÈÊÛÐÝÐÛàɯÊÖÕËÜÊÛÌËɯÈÛɯ3ÏÌɯ"ÈÛÏÖÓÐÊɯ4ÕÐÝÌÙÚÐÛàɯÖÍɯ ÔÌÙÐÊÈɯÞÈÚɯÍÖÊÜÚÌËɯÖÕɯÛÏÌɯÈÕÈÓàÚÐÚɯ

ÖÍɯÛÏÌɯËÐřÌÙÌÕÛɯÛà×ÌÚɯÖÍɯÝÐÚÜÈÓɯÍÌÌËÉÈÊÒɯ×ÙÖÝÐËÌËɯÛÖɯÛÏÌɯÜÚÌÙɯËÜÙÐÕÎɯÈɯ,(ɯÛÙÈÐÕÐÕÎɯÈÕËɯÛÏÌÐÙɯÐÔ×ÈÊÛɯ

ÖÕɯÔÖÛÖÙɯ×ÌÙÍÖÙÔÈÕÊÌȭ 

 

3ÏÌɯÛÏÌÚÐÚɯÐÚɯÚÛÙÜÊÛÜÙÌËɯÐÕÛÖɯÍÖÜÙɯ×ÙÐÕÊÐ×ÈÓɯÚÌÊÛÐÖÕÚȭɯ3ÏÌɯÚÌÊÖÕËɯÚÌÊÛÐÖÕɯÊÖÔ×ÙÐÚÌÚɯÛÏÌɯ+ÖÞɪ

%ÙÌØÜÌÕÊàɯ.ÚÊÐÓÓÈÛÐÖÕÚɯÈÕÈÓàÚÐÚɯÊÖÕËÜÊÛÌËɯÞÐÛÏɯÉÖÛÏɯÛÏÌɯÖÉÑÌÊÛÐÝÌɯÖÍɯÈÚÚÌÚÚÐÕÎɯÛÏÌɯÛÙÈÕÚÓÈÛÈÉÐÓÐÛàɯÖÍɯ

ÛÏÌɯ+%.ÚɯÓÐÛÌÙÈÛÜÙÌɯŗÕËÐÕÎÚɯÐÕɯÛÏÌɯ,(ɪ!"(ɯÊÖÕÛÌßÛɯÐÕɯÛÏÌɯŗÙÚÛɯÛÞÖɯÚÛÜËÐÌÚɯ×ÙÌÚÌÕÛÌËɯÐÕɯÛÏÐÚɯÚÌÊÛÐÖÕɯ

ÈÕËɯÛÏÌÐÙɯÍÜÓÓɯÊÏÈÙÈÊÛÌÙÐáÈÛÐÖÕɯÐÕɯ2ÛÜËàɯƗȭɯ3ÏÌɯÛÏÐÙËɯÚÌÊÛÐÖÕɯËÌÚÊÙÐÉÌÚɯÛÏÌɯÚÏÖÙÛɪɯÈÕËɯÓÖÕÎɪÛÌÙÔɯÌřÌÊÛÚɯ

ÖÍɯÈɯÛÙÈÐÕÐÕÎɯ×ÙÖÛÖÊÖÓɯÉÈÚÌËɯÖÕɯÛÏÌɯ,(ɪ!"(ɯÚàÚÛÌÔȮɯÛÏÌɯ/ÙÖÔÖÛÖÌÙȮɯÐÕɯÛÏÌɯŗÙÚÛɯÚÛÜËàɯ×ÙÖ×ÖÚÌËɯÐÕɯÛÏÐÚɯ

ÚÌÊÛÐÖÕȭɯ(ÕɯÛÏÌɯÛÏÐÙËɯÚÌÊÛÐÖÕȮɯÛÏÌɯÈÕÈÓàÚÐÚɯÖÍɯÚÌÝÌÙÈÓɯÚ×ÌÊÛÙÈÓɯÐÕËÐÊÌÚɯÐÚɯÈÓÚÖɯÐÕÊÓÜËÌËȮɯÉÖÛÏɯÈÚɯÈɯ

ËÌÛÌÙÔÐÕÈÕÛɯÖÍɯÛÏÌɯÛÙÌÈÛÔÌÕÛɯÈÕËɯÈÚɯÈɯ×ÙÌËÐÊÛÖÙɯÈÕËɯÉÐÖÔÈÙÒÌÙɯÖÍɯÛÏÌɯÔÖÛÖÙɯÙÌÊÖÝÌÙàɯȹ2ÛÜËàɯƖȺȭɯ

%ÐÕÈÓÓàȮɯÐÕɯÛÏÌɯÍÖÜÙÛÏɯÚÌÊÛÐÖÕȮɯÛÏÌɯÐÕÚÐÎÏÛÚɯÖÉÛÈÐÕÌËɯËÜÙÐÕÎɯÛÏÌɯÊÖÓÓÈÉÖÙÈÛÐÖÕɯÞÐÛÏɯÛÏÌɯ"ÈÛÏÖÓÐÊɯ

4ÕÐÝÌÙÚÐÛàɯÖÍɯ ÔÌÙÐÊÈɯÈÙÌɯÙÌ×ÖÙÛÌËȭɯ3ÏÌɯÎÌÕÌÙÈÓɯÊÖÕÊÓÜÚÐÖÕɯÞÐÓÓɯÚàÕÛÏÌÚÐáÌɯÛÏÌɯ×ÙÐÕÊÐ×ÈÓɯÐÕÚÐÎÏÛÚɯ

ÈÕËɯŗÕËÐÕÎÚɯÖÍɯÛÏÐÚɯ/Ï#ɯÛÏÌÚÐÚȭ 

 
2 The Neuroelectrical Imaging and Brain-Computer Interface laboratory at Fondazione Santa Lucia IRCCS in Rome, Italy, is 

headed by Dr. Donatella Mattia. 
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ƕȭƚɯ1ÌÍÌÙÌÕÊÌÚɯ 

 

Ȼƕȼ Ɂ&ÓÖÉÈÓȮɯÙÌÎÐÖÕÈÓȮɯÈÕËɯÕÈÛÐÖÕÈÓɯÉÜÙËÌÕɯÖÍɯÚÛÙÖÒÌɯÈÕËɯÐÛÚɯÙÐÚÒɯÍÈÊÛÖÙÚȮɯƕƝƝƔɬƖƔƕƝȯɯÈɯÚàÚÛÌÔÈÛÐÊɯ

ÈÕÈÓàÚÐÚɯÍÖÙɯÛÏÌɯ&ÓÖÉÈÓɯ!ÜÙËÌÕɯÖÍɯ#ÐÚÌÈÚÌɯ2ÛÜËàɯƖƔƕƝȮɂɯ+ÈÕÊÌÛɯ-ÌÜÙÖÓȭȮɯÝÖÓȭɯƖƔȮɯÕÖȭɯƕƔȮɯ××ȭɯƛƝƙɬƜƖƔȮɯ

.ÊÛȭɯƖƔƖƕȮɯËÖÐȯɯƕƔȭƕƔƕƚɤ2ƕƘƛƘɪƘƘƖƖȹƖƕȺƔƔƖƙƖɪƔȭ 

ȻƖȼ $ȭɯ2ȭɯ+ÈÞÙÌÕÊÌɯÌÛɯÈÓȭȮɯɁ$ÚÛÐÔÈÛÌÚɯÖÍɯÛÏÌɯ/ÙÌÝÈÓÌÕÊÌɯÖÍɯ ÊÜÛÌɯ2ÛÙÖÒÌɯ(Ô×ÈÐÙÔÌÕÛÚɯÈÕËɯ#ÐÚÈÉÐÓÐÛàɯ

ÐÕɯ Èɯ ,ÜÓÛÐÌÛÏÕÐÊɯ /Ö×ÜÓÈÛÐÖÕȮɂɯ2ÛÙÖÒÌȮɯ ÝÖÓȭɯ ƗƖȮɯ ÕÖȭɯ ƚȮɯ ××ȭɯ ƕƖƛƝɬƕƖƜƘȮɯ )ÜÕȭɯ ƖƔƔƕȮɯ ËÖÐȯɯ

ƕƔȭƕƕƚƕɤƔƕȭ231ȭƗƖȭƚȭƕƖƛƝȭ 

ȻƗȼ 'ȭɯ-ÈÒÈàÈÔÈȮɯ'ȭɯ2ÛÐÎɯ)ĦÙÎÌÕÚÌÕȮɯ'ȭɯ.ŲÖɯ1ÈÈÚÊÏÖÜȮɯÈÕËɯ3ȭɯ2ÒàÏĦÑɯ.ÓÚÌÕȮɯɁ1ÌÊÖÝÌÙàɯÖÍɯÜ××ÌÙɯ

ÌßÛÙÌÔÐÛàɯÍÜÕÊÛÐÖÕɯÐÕɯÚÛÙÖÒÌɯ×ÈÛÐÌÕÛÚȯɯ3ÏÌɯ"Ö×ÌÕÏÈÎÌÕɯÚÛÙÖÒÌɯÚÛÜËàȮɂɯ ÙÊÏȭɯ/ÏàÚȭɯ,ÌËȭɯ1ÌÏÈÉÐÓȭȮɯÝÖÓȭɯ

ƛƙȮɯÕÖȭɯƘȮɯ××ȭɯƗƝƘɬƗƝƜȮɯ ×ÙȭɯƕƝƝƘȮɯËÖÐȯɯƕƔȭƕƔƕƚɤƔƔƔƗɪƝƝƝƗȹƝƘȺƝƔƕƚƕɪƝȭ 

ȻƘȼ "ȭɯ6ȭɯ3ÚÈÖɯÌÛɯÈÓȭȮɯɁ'ÌÈÙÛɯ#ÐÚÌÈÚÌɯÈÕËɯ2ÛÙÖÒÌɯ2ÛÈÛÐÚÛÐÊÚɭƖƔƖƗɯ4×ËÈÛÌȯɯ ɯ1Ì×ÖÙÛɯ%ÙÖÔɯÛÏÌɯ

 ÔÌÙÐÊÈÕɯ 'ÌÈÙÛɯ  ÚÚÖÊÐÈÛÐÖÕȮɂɯ"ÐÙÊÜÓÈÛÐÖÕȮɯ ÝÖÓȭɯ ƕƘƛȮɯ ÕÖȭɯ ƜȮɯ %ÌÉȭɯ ƖƔƖƗȮɯ ËÖÐȯɯ

ƕƔȭƕƕƚƕɤ"(1ȭƔƔƔƔƔƔƔƔƔƔƔƔƕƕƖƗȭ 

Ȼƙȼ )ȭɯ*ÐÔɯÌÛɯÈÓȭȮɯɁ&ÓÖÉÈÓɯ2ÛÙÖÒÌɯ2ÛÈÛÐÚÛÐÊÚɯƖƔƕƝȮɂɯ(ÕÛȭɯ)ȭɯ2ÛÙÖÒÌȮɯÝÖÓȭɯƕƙȮɯÕÖȭɯƜȮɯ××ȭɯƜƕƝɬƜƗƜȮɯ.ÊÛȭɯƖƔƖƔȮɯ

ËÖÐȯɯƕƔȭƕƕƛƛɤƕƛƘƛƘƝƗƔƖƔƝƔƝƙƘƙȭ 

Ȼƚȼ Ɂ1ÌÏÈÉÐÓÐÛÈÛÐÖÕɯÍÖÓÓÖÞÐÕÎɯÈÊØÜÐÙÌËɯÉÙÈÐÕɯÐÕÑÜÙàȯɯÕÈÛÐÖÕÈÓɯÊÓÐÕÐÊÈÓɯÎÜÐËÌÓÐÕÌÚȮɂɯ1"/ɯ+ÖÕËÖÕȭɯ

 ÊÊÌÚÚÌËȯɯ .ÊÛȭɯ ƔƘȮɯ ƖƔƖƘȭɯ Ȼ.ÕÓÐÕÌȼȭɯ  ÝÈÐÓÈÉÓÌȯɯ ÏŲ×ÚȯɤɤÚÏÖ×ȭÙÊ×ȭÈÊȭÜÒɤ×ÙÖËÜÊÛÚɤÙÌÏÈÉÐÓÐÛÈÛÐÖÕɪ

ÍÖÓÓÖÞÐÕÎɪÈÊØÜÐÙÌËɪÉÙÈÐÕɪÐÕÑÜÙàɪÕÈÛÐÖÕÈÓɪÊÓÐÕÐÊÈÓɪÎÜÐËÌÓÐÕÌÚ 

Ȼƛȼ ,ȭɯ%ȭɯ+ÌÝÐÕȮɯ)ȭɯ ȭɯ*ÓÌÐÔȮɯÈÕËɯ2ȭɯ+ȭɯ6ÖÓÍȮɯɁ6ÏÈÛɯËÖɯÔÖÛÖÙɯȿÙÌÊÖÝÌÙàɀɯÈÕËɯȿÊÖÔ×ÌÕÚÈÛÐÖÕɀɯÔÌÈÕɯ

ÐÕɯ×ÈÛÐÌÕÛÚɯÍÖÓÓÖÞÐÕÎɯÚÛÙÖÒÌȳȮɂɯ-ÌÜÙÖÙÌÏÈÉÐÓȭɯ-ÌÜÙÈÓɯ1Ì×ÈÐÙȮɯÝÖÓȭɯƖƗȮɯÕÖȭɯƘȮɯ××ȭɯƗƕƗɬƗƕƝȮɯ,ÈàɯƖƔƔƝȮɯËÖÐȯɯ

ƕƔȭƕƕƛƛɤƕƙƘƙƝƚƜƗƔƜƗƖƜƛƖƛȭ 

ȻƜȼ )ȭɯ!ÌÙÕÏÈÙËÛɯÌÛɯÈÓȭȮɯɁ ÎÙÌÌËɯËÌŗÕÐÛÐÖÕÚɯÈÕËɯÈɯÚÏÈÙÌËɯÝÐÚÐÖÕɯÍÖÙɯÕÌÞɯÚÛÈÕËÈÙËÚɯÐÕɯÚÛÙÖÒÌɯ

ÙÌÊÖÝÌÙàɯÙÌÚÌÈÙÊÏȯɯ3ÏÌɯ2ÛÙÖÒÌɯ1ÌÊÖÝÌÙàɯÈÕËɯ1ÌÏÈÉÐÓÐÛÈÛÐÖÕɯ1ÖÜÕËÛÈÉÓÌɯÛÈÚÒÍÖÙÊÌȮɂɯ(ÕÛȭɯ)ȭɯ2ÛÙÖÒÌȮɯÝÖÓȭɯ

ƕƖȮɯÕÖȭɯƙȮɯ××ȭɯƘƘƘɬƘƙƔȮɯ)ÜÓȭɯƖƔƕƛȮɯËÖÐȯɯƕƔȭƕƕƛƛɤƕƛƘƛƘƝƗƔƕƛƛƕƕƜƕƚȭ 

ȻƝȼ  ȭɯ/ÈÚÊÜÈÓɪ+ÌÖÕÌȮɯ ȭɯ ÔÌËÐȮɯ%ȭɯ%ÙÌÎÕÐȮɯÈÕËɯ+ȭɯ!ȭɯ,ÌÙÈÉÌÛȮɯɁ3'$ɯ/+ 23("ɯ'4, -ɯ!1 (-ɯ

".13$7Ȯɂɯ ÕÕÜȭɯ1ÌÝȭɯ -ÌÜÙÖÚÊÐȭȮɯ ÝÖÓȭɯ ƖƜȮɯ ÕÖȭɯ 5ÖÓÜÔÌɯ ƖƜȮɯ ƖƔƔƙȮɯ ××ȭɯ ƗƛƛɬƘƔƕȮɯ )ÜÓȭɯ ƖƔƔƙȮɯ ËÖÐȯɯ

ƕƔȭƕƕƘƚɤÈÕÕÜÙÌÝȭÕÌÜÙÖȭƖƛȭƔƛƔƖƔƗȭƕƘƘƖƕƚȭ 

ȻƕƔȼ )ȭɯ  ȭɯ *ÓÌÐÔɯ ÈÕËɯ 3ȭɯ  ȭɯ )ÖÕÌÚȮɯ Ɂ/ÙÐÕÊÐ×ÓÌÚɯ ÖÍɯ $ß×ÌÙÐÌÕÊÌɪ#Ì×ÌÕËÌÕÛɯ -ÌÜÙÈÓɯ /ÓÈÚÛÐÊÐÛàȯɯ

(Ô×ÓÐÊÈÛÐÖÕÚɯÍÖÙɯ1ÌÏÈÉÐÓÐÛÈÛÐÖÕɯ ÍÛÌÙɯ!ÙÈÐÕɯ#ÈÔÈÎÌȮɂɯ)ȭɯ2×ÌÌÊÏɯ+ÈÕÎȭɯ'ÌÈÙȭɯ1ÌÚȭȮɯÝÖÓȭɯƙƕȮɯÕÖȭɯƕȮɯ××ȭɯ

2ƖƖƙɬ2ƖƗƝȮɯ%ÌÉȭɯƖƔƔƜȮɯËÖÐȯɯƕƔȭƕƔƘƘɤƕƔƝƖɪƘƗƜƜȹƖƔƔƜɤƔƕƜȺȭ 

Ȼƕƕȼ 2ȭɯ"ȭɯ"ÙÈÔÌÙȮɯɁ1Ì×ÈÐÙÐÕÎɯÛÏÌɯÏÜÔÈÕɯÉÙÈÐÕɯÈÍÛÌÙɯÚÛÙÖÒÌȯɯ(ȭɯ,ÌÊÏÈÕÐÚÔÚɯÖÍɯÚ×ÖÕÛÈÕÌÖÜÚɯ

ÙÌÊÖÝÌÙàȮɂɯ ÕÕȭɯ-ÌÜÙÖÓȭȮɯÝÖÓȭɯƚƗȮɯÕÖȭɯƗȮɯ××ȭɯƖƛƖɬƖƜƛȮɯƖƔƔƜȮɯËÖÐȯɯƕƔȭƕƔƔƖɤÈÕÈȭƖƕƗƝƗȭ 

ȻƕƖȼ &ȭɯ,ÖÙÖÕÌɯÌÛɯÈÓȭȮɯɁ1ÌÏÈÉÐÓÐÛÈÛÐÝÌɯËÌÝÐÊÌÚɯÍÖÙɯÈɯÛÖ×ɪËÖÞÕɯÈ××ÙÖÈÊÏȮɂɯ$ß×ÌÙÛɯ1ÌÝȭɯ,ÌËȭɯ#ÌÝÐÊÌÚȮɯ

ÝÖÓȭɯƕƚȮɯÕÖȭɯƗȮɯ××ȭɯƕƜƛɬƕƝƙȮɯ,ÈÙȭɯƖƔƕƝȮɯËÖÐȯɯƕƔȭƕƔƜƔɤƕƛƘƗƘƘƘƔȭƖƔƕƝȭƕƙƛƘƙƚƛȭ 
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ȻƕƗȼ %ȭɯ0ÐȮɯ,ȭɯ ȭɯ-ÐÛÚÊÏÌȮɯ7ȭɯ1ÌÕȮɯ#ȭɯ6ÈÕÎȮɯÈÕËɯ+ȭɯ6ÈÕÎȮɯɁ3Ö×ɪËÖÞÕɯÈÕËɯÉÖŲÖÔɪÜ×ɯÚÛÐÔÜÓÈÛÐÖÕɯ

ÛÌÊÏÕÐØÜÌÚɯÊÖÔÉÐÕÌËɯÞÐÛÏɯÈÊÛÐÖÕɯÖÉÚÌÙÝÈÛÐÖÕɯÛÙÌÈÛÔÌÕÛɯÐÕɯÚÛÙÖÒÌɯÙÌÏÈÉÐÓÐÛÈÛÐÖÕȯɯÈɯ×ÌÙÚ×ÌÊÛÐÝÌȮɂɯ

%ÙÖÕÛȭɯ-ÌÜÙÖÓȭȮɯÝÖÓȭɯƕƘȮɯ)ÜÓȭɯƖƔƖƗȮɯËÖÐȯɯƕƔȭƗƗƜƝɤÍÕÌÜÙȭƖƔƖƗȭƕƕƙƚƝƜƛȭ 

ȻƕƘȼ 2ȭɯ,ȭɯ'ÈÛÌÔɯÌÛɯÈÓȭȮɯɁ1ÌÏÈÉÐÓÐÛÈÛÐÖÕɯÖÍɯ,ÖÛÖÙɯ%ÜÕÊÛÐÖÕɯÈÍÛÌÙɯ2ÛÙÖÒÌȯɯ ɯ,ÜÓÛÐ×ÓÌɯ2àÚÛÌÔÈÛÐÊɯ

1ÌÝÐÌÞɯ%ÖÊÜÚÌËɯÖÕɯ3ÌÊÏÕÐØÜÌÚɯÛÖɯ2ÛÐÔÜÓÈÛÌɯ4××ÌÙɯ$ßÛÙÌÔÐÛàɯ1ÌÊÖÝÌÙàȮɂɯ%ÙÖÕÛȭɯ'ÜÔȭɯ-ÌÜÙÖÚÊÐȭȮɯÝÖÓȭɯ

ƕƔȮɯ2Ì×ȭɯƖƔƕƚȮɯËÖÐȯɯƕƔȭƗƗƜƝɤÍÕÏÜÔȭƖƔƕƚȭƔƔƘƘƖȭ 

Ȼƕƙȼ 1ȭɯ"ȭɯ5ȭɯ+ÖÜÙÌÐÙÖȮɯ6ȭɯ2ȭɯ'ÈÙÞÐÕȮɯ*ȭɯ-ÈÎÈÐȮɯÈÕËɯ,ȭɯ)ÖÏÕÚÖÕȮɯɁ ËÝÈÕÊÌÚɯÐÕɯÜ××ÌÙɯÓÐÔÉɯÚÛÙÖÒÌɯ

ÙÌÏÈÉÐÓÐÛÈÛÐÖÕȯɯÈɯÛÌÊÏÕÖÓÖÎàɯ×ÜÚÏȮɂɯ,ÌËȭɯ!ÐÖÓȭɯ$ÕÎȭɯ"ÖÔ×ÜÛȭȮɯÝÖÓȭɯƘƝȮɯÕÖȭɯƕƔȮɯ××ȭɯƕƕƔƗɬƕƕƕƜȮɯ.ÊÛȭɯƖƔƕƕȮɯ

ËÖÐȯɯƕƔȭƕƔƔƛɤÚƕƕƙƕƛɪƔƕƕɪƔƛƝƛɪƔȭ 

Ȼƕƚȼ *ȭɯ ȭɯ6ÈŲÊÏÖÞȮɯ,ȭɯ-ȭɯ,Ê#ÖÕÕÌÓÓȮɯÈÕËɯ2ȭɯ+ȭɯ'ÐÓÓÐÌÙȮɯɁ1ÌÏÈÉÐÓÐÛÈÛÐÖÕɯ(ÕÛÌÙÝÌÕÛÐÖÕÚɯÍÖÙɯ4××ÌÙɯ

+ÐÔÉɯ%ÜÕÊÛÐÖÕɯÐÕɯÛÏÌɯ%ÐÙÚÛɯ%ÖÜÙɯ6ÌÌÒÚɯ%ÖÓÓÖÞÐÕÎɯ2ÛÙÖÒÌȯɯ ɯ2àÚÛÌÔÈÛÐÊɯ1ÌÝÐÌÞɯÈÕËɯ,ÌÛÈɪ ÕÈÓàÚÐÚɯ

ÖÍɯ ÛÏÌɯ $ÝÐËÌÕÊÌȮɂɯ ÙÊÏȭɯ /ÏàÚȭɯ ,ÌËȭɯ 1ÌÏÈÉÐÓȭȮɯ ÝÖÓȭɯ ƝƝȮɯ ÕÖȭɯ ƖȮɯ ××ȭɯ ƗƚƛɬƗƜƖȮɯ %ÌÉȭɯ ƖƔƕƜȮɯ ËÖÐȯɯ

ƕƔȭƕƔƕƚɤÑȭÈ×ÔÙȭƖƔƕƛȭƔƚȭƔƕƘȭ 

Ȼƕƛȼ #ȭɯ !ȭɯ &ÈÕËÏÐȮɯ  ȭɯ 2ÛÌÙÉÈȮɯ 'ȭɯ *ÏÈŲÌÙȮɯ ÈÕËɯ )ȭɯ #ȭɯ /ÈÕËÐÈÕȮɯ Ɂ,ÐÙÙÖÙɯ 3ÏÌÙÈ×àɯ ÐÕɯ 2ÛÙÖÒÌɯ

1ÌÏÈÉÐÓÐÛÈÛÐÖÕȯɯ"ÜÙÙÌÕÛɯ/ÌÙÚ×ÌÊÛÐÝÌÚȮɂɯ3ÏÌÙȭɯ"ÓÐÕȭɯ1ÐÚÒɯ,ÈÕÈÎȭȮɯÝÖÓȭɯƕƚȮɯ××ȭɯƛƙɬƜƙȮɯ%ÌÉȭɯƖƔƖƔȮɯËÖÐȯɯ

ƕƔȭƖƕƘƛɤ3"1,ȭ2ƖƔƚƜƜƗȭ 

ȻƕƜȼ )ȭɯ,ȭɯ5ÌÌÙÉÌÌÒȮɯ ȭɯ"ȭɯ+ÈÕÎÉÙÖÌÒɪ ÔÌÙÚÍÖÖÙÛȮɯ$ȭɯ$ȭɯ'ȭɯÝÈÕɯ6ÌÎÌÕȮɯ"ȭɯ&ȭɯ,ȭɯ,ÌÚÒÌÙÚȮɯÈÕËɯ&ȭɯ

*ÞÈÒÒÌÓȮɯɁ$řÌÊÛÚɯÖÍɯ1ÖÉÖÛɪ ÚÚÐÚÛÌËɯ3ÏÌÙÈ×àɯÍÖÙɯÛÏÌɯ4××ÌÙɯ+ÐÔÉɯ ÍÛÌÙɯ2ÛÙÖÒÌȯɯ ɯ2àÚÛÌÔÈÛÐÊɯ1ÌÝÐÌÞɯ

ÈÕËɯ ,ÌÛÈɪÈÕÈÓàÚÐÚȮɂɯ-ÌÜÙÖÙÌÏÈÉÐÓȭɯ -ÌÜÙÈÓɯ 1Ì×ÈÐÙȮɯ ÝÖÓȭɯ ƗƕȮɯ ÕÖȭɯ ƖȮɯ ××ȭɯ ƕƔƛɬƕƖƕȮɯ %ÌÉȭɯ ƖƔƕƛȮɯ ËÖÐȯɯ

ƕƔȭƕƕƛƛɤƕƙƘƙƝƚƜƗƕƚƚƚƚƝƙƛȭ 

ȻƕƝȼ 2ȭɯ #ÌÏÌÔɯÌÛɯ ÈÓȭȮɯ Ɂ$řÌÊÛÐÝÌÕÌÚÚɯ ÖÍɯ Ü××ÌÙɪÓÐÔÉɯ ÙÖÉÖÛÐÊɪÈÚÚÐÚÛÌËɯ ÛÏÌÙÈ×àɯ ÐÕɯ ÛÏÌɯ ÌÈÙÓàɯ

ÙÌÏÈÉÐÓÐÛÈÛÐÖÕɯ×ÏÈÚÌɯÈÍÛÌÙɯÚÛÙÖÒÌȯɯ ɯÚÐÕÎÓÌɪÉÓÐÕËȮɯÙÈÕËÖÔÐÚÌËȮɯÊÖÕÛÙÖÓÓÌËɯÛÙÐÈÓȮɂɯ ÕÕȭɯ/ÏàÚȭɯ1ÌÏÈÉÐÓȭɯ

,ÌËȭȮɯÝÖÓȭɯƚƖȮɯÕÖȭɯƙȮɯ××ȭɯƗƕƗɬƗƖƔȮɯ2Ì×ȭɯƖƔƕƝȮɯËÖÐȯɯƕƔȭƕƔƕƚɤÑȭÙÌÏÈÉȭƖƔƕƝȭƔƘȭƔƔƖȭ 

ȻƖƔȼ .ȭɯ ȭɯ'ÖÞÓÌŲȮɯ-ȭɯ ȭɯ+ÈÕÕÐÕȮɯ+ȭɯ ËÈȮɯÈÕËɯ"ȭɯ,Ê*ÐÕÚÛÙàȮɯɁ%ÜÕÊÛÐÖÕÈÓɯ$ÓÌÊÛÙÐÊÈÓɯ2ÛÐÔÜÓÈÛÐÖÕɯ

(Ô×ÙÖÝÌÚɯ ÊÛÐÝÐÛàɯ ÍÛÌÙɯ2ÛÙÖÒÌȯɯ ɯ2àÚÛÌÔÈÛÐÊɯ1ÌÝÐÌÞɯ6ÐÛÏɯ,ÌÛÈɪ ÕÈÓàÚÐÚȮɂɯ ÙÊÏȭɯ/ÏàÚȭɯ,ÌËȭɯ1ÌÏÈÉÐÓȭȮɯ

ÝÖÓȭɯƝƚȮɯÕÖȭɯƙȮɯ××ȭɯƝƗƘɬƝƘƗȮɯ,ÈàɯƖƔƕƙȮɯËÖÐȯɯƕƔȭƕƔƕƚɤÑȭÈ×ÔÙȭƖƔƕƙȭƔƕȭƔƕƗȭ 

ȻƖƕȼ +ȭɯ $ȭɯ 'ȭɯ ÝÈÕɯ #ÖÒÒÜÔȮɯ 3ȭɯ 6ÈÙËȮɯ ÈÕËɯ (ȭɯ +ÈřÖÕÛȮɯ Ɂ!ÙÈÐÕɯ ÊÖÔ×ÜÛÌÙɯ ÐÕÛÌÙÍÈÊÌÚɯ ÍÖÙɯ

ÕÌÜÙÖÙÌÏÈÉÐÓÐÛÈÛÐÖÕ ɬ ÐÛÚɯÊÜÙÙÌÕÛɯÚÛÈÛÜÚɯÈÚɯÈɯÙÌÏÈÉÐÓÐÛÈÛÐÖÕɯÚÛÙÈÛÌÎàɯ×ÖÚÛɪÚÛÙÖÒÌȮɂɯ ÕÕȭɯ/ÏàÚȭɯ1ÌÏÈÉÐÓȭɯ

,ÌËȭȮɯÝÖÓȭɯƙƜȮɯÕÖȭɯƕȮɯ××ȭɯƗɬƜȮɯ%ÌÉȭɯƖƔƕƙȮɯËÖÐȯɯƕƔȭƕƔƕƚɤÑȭÙÌÏÈÉȭƖƔƕƘȭƔƝȭƔƕƚȭ 

ȻƖƖȼ 2ȭɯ*ȭɯ2ÜÉÙÈÔÈÕÐÈÕȮɯ"ȭɯ+ȭɯ,ÈÚÚÐÌȮɯ,ȭɯ/ȭɯ,ÈÓÊÖÓÔȮɯÈÕËɯ,ȭɯ%ȭɯ+ÌÝÐÕȮɯɁ#ÖÌÚɯ/ÙÖÝÐÚÐÖÕɯÖÍɯ$ßÛÙÐÕÚÐÊɯ

%ÌÌËÉÈÊÒɯ1ÌÚÜÓÛɯÐÕɯ(Ô×ÙÖÝÌËɯ,ÖÛÖÙɯ+ÌÈÙÕÐÕÎɯÐÕɯÛÏÌɯ4××ÌÙɯ+ÐÔÉɯ/ÖÚÛÚÛÙÖÒÌȳɯ ɯ2àÚÛÌÔÈÛÐÊɯ1ÌÝÐÌÞɯ

ÖÍɯ ÛÏÌɯ $ÝÐËÌÕÊÌȮɂɯ-ÌÜÙÖÙÌÏÈÉÐÓȭɯ -ÌÜÙÈÓɯ 1Ì×ÈÐÙȮɯ ÝÖÓȭɯ ƖƘȮɯ ÕÖȭɯ ƖȮɯ ××ȭɯ ƕƕƗɬƕƖƘȮɯ %ÌÉȭɯ ƖƔƕƔȮɯ ËÖÐȯɯ

ƕƔȭƕƕƛƛɤƕƙƘƙƝƚƜƗƔƝƗƘƝƝƘƕȭ 

ȻƖƗȼ  ȭɯ,ȭɯ1ÈàȮɯ3ȭɯ#ȭɯ"ȭɯ%ÐÎÜÌÐÙÌËÖȮɯ$ȭɯ+Ğ×Ìáɪ+ÈÙÙÈáȮɯ-ȭɯ!ÐÙÉÈÜÔÌÙȮɯÈÕËɯ ȭɯ1ÈÔÖÚɪ,ÜÙÎÜÐÈÓËÈàȮɯ

Ɂ!ÙÈÐÕɯÖÚÊÐÓÓÈÛÖÙàɯÈÊÛÐÝÐÛàɯÈÚɯÈɯÉÐÖÔÈÙÒÌÙɯÖÍɯÔÖÛÖÙɯÙÌÊÖÝÌÙàɯÐÕɯÊÏÙÖÕÐÊɯÚÛÙÖÒÌȮɂɯ'ÜÔȭɯ!ÙÈÐÕɯ,È××ȭȮɯ

ÝÖÓȭɯƘƕȮɯÕÖȭɯƙȮɯ××ȭɯƕƖƝƚɬƕƗƔƜȮɯƖƔƖƔȮɯËÖÐȯɯƕƔȭƕƔƔƖɤÏÉÔȭƖƘƜƛƚȭ 
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ȻƖƘȼ 1ȭɯ,ÈÕÌɯÌÛɯÈÓȭȮɯɁ/ÙÖÎÕÖÚÛÐÊɯÈÕËɯ,ÖÕÐÛÖÙàɯ$$&ɪ!ÐÖÔÈÙÒÌÙÚɯÍÖÙɯ!"(ɯ4××ÌÙɪ+ÐÔÉɯ2ÛÙÖÒÌɯ

1ÌÏÈÉÐÓÐÛÈÛÐÖÕȮɂɯ($$$ɯ3ÙÈÕÚȭɯ-ÌÜÙÈÓɯ2àÚÛȭɯ1ÌÏÈÉÐÓȭɯ$ÕÎȭɯ/ÜÉÓȭɯ($$$ɯ$ÕÎȭɯ,ÌËȭɯ!ÐÖÓȭɯ2ÖÊȭȮɯÝÖÓȭɯƖƛȮɯÕÖȭɯƜȮɯ

××ȭɯƕƚƙƘɬƕƚƚƘȮɯ ÜÎȭɯƖƔƕƝȮɯËÖÐȯɯƕƔȭƕƕƔƝɤ3-21$ȭƖƔƕƝȭƖƝƖƘƛƘƖȭ 

ȻƖƙȼ ,ȭɯ+ÈÚÚÐɯÌÛɯÈÓȭȮɯɁ-ÌÜÙÖ×ÏàÚÐÖÓÖÎÐÊÈÓɯÜÕËÌÙ×ÐÕÕÐÕÎÚɯÖÍɯÈÕɯÐÕÛÌÕÚÐÝÌɯ×ÙÖÛÖÊÖÓɯÍÖÙɯÜ××ÌÙɯÓÐÔÉɯ

ÔÖÛÖÙɯÙÌÊÖÝÌÙàɯÐÕɯÚÜÉÈÊÜÛÌɯÈÕËɯÊÏÙÖÕÐÊɯÚÛÙÖÒÌɯ×ÈÛÐÌÕÛÚȮɂɯ$ÜÙȭɯ)ȭɯ/ÏàÚȭɯ1ÌÏÈÉÐÓȭɯ,ÌËȭȮɯÝÖÓȭɯƚƔȮɯÕÖȭɯƕȮɯ×ȭɯ

ƕƗȮɯ%ÌÉȭɯƖƔƖƘȮɯËÖÐȯɯƕƔȭƖƗƛƗƚɤ2ƕƝƛƗɪƝƔƜƛȭƖƗȭƔƛƝƖƖɪƘȭ 

ȻƖƚȼ 1ȭɯ,ȭɯ,ÈÜÙÈȮɯ2ȭɯ1ÜÌËÈɯ/ÈÙÙÈȮɯ1ȭɯ$ȭɯ2ÛÌÝÌÕÚȮɯ#ȭɯ+ȭɯ6ÌÌÒÚȮɯ$ȭɯ3ȭɯ6ÖÓÉÙÌÊÏÛȮɯÈÕËɯ)ȭɯ"ȭɯ/ÌÙÙàȮɯ

Ɂ+ÐÛÌÙÈÛÜÙÌɯÙÌÝÐÌÞɯÖÍɯÚÛÙÖÒÌɯÈÚÚÌÚÚÔÌÕÛɯÍÖÙɯÜ××ÌÙɪÌßÛÙÌÔÐÛàɯ×ÏàÚÐÊÈÓɯÍÜÕÊÛÐÖÕɯÝÐÈɯ$$&Ȯɯ$,&Ȯɯ

ÒÐÕÌÔÈÛÐÊȮɯÈÕËɯÒÐÕÌÛÐÊɯÔÌÈÚÜÙÌÔÌÕÛÚɯÈÕËɯÛÏÌÐÙɯÙÌÓÐÈÉÐÓÐÛàȮɂɯ)ȭɯ-ÌÜÙÖ$ÕÎÐÕÌÌÙÐÕÎɯ1ÌÏÈÉÐÓȭȮɯÝÖÓȭɯƖƔȮɯÕÖȭɯ

ƕȮɯ×ȭɯƖƕȮɯ%ÌÉȭɯƖƔƖƗȮɯËÖÐȯɯƕƔȭƕƕƜƚɤÚƕƖƝƜƘɪƔƖƗɪƔƕƕƘƖɪƛȭ 

ȻƖƛȼ $ȭɯ1ÈŚÕɯÈÕËɯ%ȭɯ"ȭɯ'ÜÔÔÌÓȮɯɁ1ÌÚÛÖÙÐÕÎɯ,ÖÛÖÙɯ%ÜÕÊÛÐÖÕÚɯ ÍÛÌÙɯ2ÛÙÖÒÌȯɯ,ÜÓÛÐ×ÓÌɯ ××ÙÖÈÊÏÌÚɯ

ÈÕËɯ .××ÖÙÛÜÕÐÛÐÌÚȮɂɯ3ÏÌɯ -ÌÜÙÖÚÊÐÌÕÛÐÚÛȮɯ ÝÖÓȭɯ ƖƘȮɯ ÕÖȭɯ ƘȮɯ ××ȭɯ ƘƔƔɬƘƕƚȮɯ  ÜÎȭɯ ƖƔƕƜȮɯ ËÖÐȯɯ

ƕƔȭƕƕƛƛɤƕƔƛƗƜƙƜƘƕƛƛƗƛƘƜƚȭ 

ȻƖƜȼ  ȭɯ,ȭɯ+ÈËËÈȮɯ%ȭɯ+ÌÉÖÕȮɯÈÕËɯ,ȭɯ+ÖųÌȮɯɁ4ÚÐÕÎɯÔÖÛÖÙɯÐÔÈÎÌÙàɯ×ÙÈÊÛÐÊÌɯÍÖÙɯÐÔ×ÙÖÝÐÕÎɯÔÖÛÖÙɯ

×ÌÙÍÖÙÔÈÕÊÌɯɪɯ ɯÙÌÝÐÌÞȮɂɯ!ÙÈÐÕɯ"ÖÎÕȭȮɯÝÖÓȭɯƕƙƔȮɯ×ȭɯƕƔƙƛƔƙȮɯ)ÜÕȭɯƖƔƖƕȮɯËÖÐȯɯƕƔȭƕƔƕƚɤÑȭÉÈÕËÊȭƖƔƖƕȭƕƔƙƛƔƙȭ 

ȻƖƝȼ -ȭɯ,ÐáÜÎÜÊÏÐɯÈÕËɯ*ȭɯ*ÈÕÖÚÜÌȮɯɁ"ÏÈ×ÛÌÙɯƕƔɯɪɯ"ÏÈÕÎÌÚɯÐÕɯÉÙÈÐÕɯÈÊÛÐÝÐÛàɯËÜÙÐÕÎɯÈÊÛÐÖÕɯ

ÖÉÚÌÙÝÈÛÐÖÕɯÈÕËɯÔÖÛÖÙɯÐÔÈÎÌÙàȯɯ3ÏÌÐÙɯÙÌÓÈÛÐÖÕÚÏÐ×ɯÞÐÛÏɯÔÖÛÖÙɯÓÌÈÙÕÐÕÎȮɂɯÐÕɯ/ÙÖÎÙÌÚÚɯÐÕɯ!ÙÈÐÕɯ

1ÌÚÌÈÙÊÏȮɯÝÖÓȭɯƖƗƘȮɯ,ȭɯ1ȭɯ6ÐÓÚÖÕȮɯ5ȭɯ6ÈÓÚÏȮɯÈÕËɯ!ȭɯ/ÈÙÒÐÕȮɯ$ËÚȭȮɯÐÕɯ2×ÖÙÛɯÈÕËɯÛÏÌɯ!ÙÈÐÕȯɯ3ÏÌɯ2ÊÐÌÕÊÌɯÖÍɯ

/ÙÌ×ÈÙÐÕÎȮɯ $ÕËÜÙÐÕÎɯ ÈÕËɯ 6ÐÕÕÐÕÎȮɯ /ÈÙÛɯ !Ȯɯ ÝÖÓȭɯ ƖƗƘȭɯ Ȯɯ $ÓÚÌÝÐÌÙȮɯ ƖƔƕƛȮɯ ××ȭɯ ƕƜƝɬƖƔƘȭɯ ËÖÐȯɯ

ƕƔȭƕƔƕƚɤÉÚȭ×ÉÙȭƖƔƕƛȭƔƜȭƔƔƜȭ 

ȻƗƔȼ -ȭɯ1ÖÉÐÕȮɯ+ȭɯ#ÖÔÐÕÐØÜÌȮɯ+ȭɯ3ÖÜÚÚÈÐÕÛȮɯ8ȭɯ!ÓÈÕËÐÕȮɯ ȭɯ&ÜÐÓÓÖÛȮɯÈÕËɯ,ȭɯ+ȭɯ'ÌÙȮɯɁ$řÌÊÛÚɯÖÍɯÔÖÛÖÙɯ

ÐÔÈÎÌÙàɯÛÙÈÐÕÐÕÎɯÖÕɯÚÌÙÝÐÊÌɯÙÌÛÜÙÕɯÈÊÊÜÙÈÊàɯÐÕɯÛÌÕÕÐÚȯɯ3ÏÌɯÙÖÓÌɯÖÍɯÐÔÈÎÌÙàɯÈÉÐÓÐÛàȮɂɯ(ÕÛȭɯ)ȭɯ2×ÖÙÛɯ$ßÌÙÊȭɯ

/ÚàÊÏÖÓȭȮɯÝÖÓȭɯƙȮɯÕÖȭɯƖȮɯ××ȭɯƕƛƙɬƕƜƚȮɯ)ÈÕȭɯƖƔƔƛȮɯËÖÐȯɯƕƔȭƕƔƜƔɤƕƚƕƖƕƝƛ7ȭƖƔƔƛȭƝƚƛƕƜƕƜȭ 

ȻƗƕȼ  ȭɯ!ÓÈÐÙȮɯ"ȭɯ'ÈÓÓȮɯÈÕËɯ&ȭɯ+ÌàÚÏÖÕȮɯɁ(ÔÈÎÌÙàɯÌřÌÊÛÚɯÖÕɯÛÏÌɯ×ÌÙÍÖÙÔÈÕÊÌɯÖÍɯÚÒÐÓÓÌËɯÈÕËɯÕÖÝÐÊÌɯ

ÚÖÊÊÌÙɯ×ÓÈàÌÙÚȮɂɯ)ȭɯ2×ÖÙÛÚɯ2ÊÐȭȮɯÝÖÓȭɯƕƕȮɯÕÖȭɯƖȮɯ××ȭɯƝƙɬƕƔƕȮɯ ×ÙȭɯƕƝƝƗȮɯËÖÐȯɯƕƔȭƕƔƜƔɤƔƖƚƘƔƘƕƝƗƔƜƛƖƝƝƛƕȭ 

ȻƗƖȼ -ȭɯ ,ÐáÜÎÜÊÏÐȮɯ 'ȭɯ -ÈÒÈÛÈȮɯ 8ȭɯ 4ÊÏÐËÈȮɯ ÈÕËɯ *ȭɯ *ÈÕÖÚÜÌȮɯ Ɂ,ÖÛÖÙɯ ÐÔÈÎÌÙàɯ ÈÕËɯ Ú×ÖÙÛɯ

×ÌÙÍÖÙÔÈÕÊÌȮɂɯ)ȭɯ/ÏàÚȭɯ%ÐÛȭɯ2×ÖÙÛÚɯ,ÌËȭȮɯÝÖÓȭɯƕȮɯÕÖȭɯƕȮɯ××ȭɯƕƔƗɬƕƕƕȮɯƖƔƕƖȮɯËÖÐȯɯƕƔȭƛƚƔƔɤÑ×ÍÚÔȭƕȭƕƔƗȭ 

ȻƗƗȼ /ȭɯ+ȭɯ)ÈÊÒÚÖÕȮɯ,ȭɯ%ȭɯ+ÈŘÌÜÙȮɯ%ȭɯ,ÈÓÖÜÐÕȮɯ"ȭɯ1ÐÊÏÈÙËÚȮɯÈÕËɯ)ȭɯ#ÖàÖÕȮɯɁ/ÖÛÌÕÛÐÈÓɯÙÖÓÌɯÖÍɯÔÌÕÛÈÓɯ

×ÙÈÊÛÐÊÌɯÜÚÐÕÎɯÔÖÛÖÙɯÐÔÈÎÌÙàɯÐÕɯÕÌÜÙÖÓÖÎÐÊɯÙÌÏÈÉÐÓÐÛÈÛÐÖÕȮɂɯ ÙÊÏȭɯ/ÏàÚȭɯ,ÌËȭɯ1ÌÏÈÉÐÓȭȮɯÝÖÓȭɯƜƖȮɯÕÖȭɯƜȮɯ

××ȭɯƕƕƗƗɬƕƕƘƕȮɯ ÜÎȭɯƖƔƔƕȮɯËÖÐȯɯƕƔȭƕƔƙƗɤÈ×ÔÙȭƖƔƔƕȭƖƘƖƜƚȭ 

ȻƗƘȼ "ȭɯ -ÌÜ×ÌÙȮɯ 1ȭɯ 2ÊÏÌÙÌÙȮɯ ,ȭɯ 1ÌÐÕÌÙȮɯ ÈÕËɯ &ȭɯ /ÍÜÙÛÚÊÏÌÓÓÌÙȮɯ Ɂ(ÔÈÎÌÙàɯ ÖÍɯ ÔÖÛÖÙɯ ÈÊÛÐÖÕÚȯɯ

#ÐřÌÙÌÕÛÐÈÓɯÌřÌÊÛÚɯÖÍɯÒÐÕÌÚÛÏÌÛÐÊɯÈÕËɯÝÐÚÜÈÓɬÔÖÛÖÙɯÔÖËÌɯÖÍɯÐÔÈÎÌÙàɯÐÕɯÚÐÕÎÓÌɪÛÙÐÈÓɯ$$&Ȯɂɯ"ÖÎÕȭɯ!ÙÈÐÕɯ

1ÌÚȭȮɯÝÖÓȭɯƖƙȮɯÕÖȭɯƗȮɯ××ȭɯƚƚƜɬƚƛƛȮɯ#ÌÊȭɯƖƔƔƙȮɯËÖÐȯɯƕƔȭƕƔƕƚɤÑȭÊÖÎÉÙÈÐÕÙÌÚȭƖƔƔƙȭƔƜȭƔƕƘȭ 

ȻƗƙȼ *ȭɯ)ȭɯ,ÐÓÓÌÙȮɯ&ȭɯ2ÊÏÈÓÒȮɯ$ȭɯ$ȭɯ%ÌųȮɯ,ȭɯËÌÕɯ-ÐÑÚȮɯ)ȭɯ&ȭɯ.ÑÌÔÈÕÕȮɯÈÕËɯ1ȭɯ/ȭɯ-ȭɯ1ÈÖȮɯɁ"ÖÙÛÐÊÈÓɯ

ÈÊÛÐÝÐÛàɯËÜÙÐÕÎɯÔÖÛÖÙɯÌßÌÊÜÛÐÖÕȮɯÔÖÛÖÙɯÐÔÈÎÌÙàȮɯÈÕËɯÐÔÈÎÌÙàɪÉÈÚÌËɯÖÕÓÐÕÌɯÍÌÌËÉÈÊÒȮɂɯ/ÙÖÊȭɯ-ÈÛÓȭɯ

 ÊÈËȭɯ2ÊÐȭȮɯÝÖÓȭɯƕƔƛȮɯÕÖȭɯƝȮɯ××ȭɯƘƘƗƔɬƘƘƗƙȮɯ,ÈÙȭɯƖƔƕƔȮɯËÖÐȯɯƕƔȭƕƔƛƗɤ×ÕÈÚȭƔƝƕƗƚƝƛƕƔƛȭ 
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ȻƗƚȼ +ȭɯ6ÈÕÎȮɯ)ȭɯ9ÏÈÕÎȮɯ8ȭɯ9ÏÈÕÎȮɯ1ȭɯ8ÈÕȮɯ'ȭɯ+ÐÜȮɯÈÕËɯ,ȭɯ0ÐÜȮɯɁ"ÖÕËÐÛÐÖÕÈÓɯ&ÙÈÕÎÌÙɯ"ÈÜÚÈÓÐÛàɯ

 ÕÈÓàÚÐÚɯÖÍɯ$řÌÊÛÐÝÌɯ"ÖÕÕÌÊÛÐÝÐÛàɯËÜÙÐÕÎɯ,ÖÛÖÙɯ(ÔÈÎÌÙàɯÈÕËɯ,ÖÛÖÙɯ$ßÌÊÜÛÐÖÕɯÐÕɯ2ÛÙÖÒÌɯ/ÈÛÐÌÕÛÚȮɂɯ

!ÐÖ,ÌËɯ1ÌÚȭɯ(ÕÛȭȮɯÝÖÓȭɯƖƔƕƚȮɯÕÖȭɯƕȮɯ×ȭɯƗƜƛƔƜƚƗȮɯƖƔƕƚȮɯËÖÐȯɯƕƔȭƕƕƙƙɤƖƔƕƚɤƗƜƛƔƜƚƗȭ 

ȻƗƛȼ -ȭɯ2ÏÈÙÔÈȮɯ5ȭɯ,ȭɯ/ÖÔÌÙÖàȮɯÈÕËɯ)ȭɪ"ȭɯ!ÈÙÖÕȮɯɁ,ÖÛÖÙɯÐÔÈÎÌÙàȯɯÈɯÉÈÊÒËÖÖÙɯÛÖɯÛÏÌɯÔÖÛÖÙɯÚàÚÛÌÔɯ

ÈÍÛÌÙɯÚÛÙÖÒÌȳȮɂɯ2ÛÙÖÒÌȮɯÝÖÓȭɯƗƛȮɯÕÖȭɯƛȮɯ××ȭɯƕƝƘƕɬƕƝƙƖȮɯ)ÜÓȭɯƖƔƔƚȮɯËÖÐȯɯƕƔȭƕƕƚƕɤƔƕȭ231ȭƔƔƔƔƖƖƚƝƔƖȭƘƗƗƙƛȭÍÊȭ 

ȻƗƜȼ  ȭɯ2ȭɯ&ÖÞËÈȮɯ ȭɯ-ȭɯ,ÌÔÖÕȮɯ$ȭɯ!ÐËÐÒÈȮɯ,ȭɯ2ÈÓÐÉȮɯ!ȭɯ1ÈÓÓÈÉÏÈÕËÐȮɯÈÕËɯ'ȭɯ%ÈààÈáȮɯɁ(ÕÝÌÚÛÐÎÈÛÐÕÎɯ

ÛÏÌɯ5ÐÈÉÐÓÐÛàɯÖÍɯ,ÖÛÖÙɯ(ÔÈÎÌÙàɯÈÚɯÈɯ/ÏàÚÐÊÈÓɯ1ÌÏÈÉÐÓÐÛÈÛÐÖÕɯ3ÙÌÈÛÔÌÕÛɯÍÖÙɯ/ÈÛÐÌÕÛÚɯ6ÐÛÏɯ2ÛÙÖÒÌɪ

(ÕËÜÊÌËɯ,ÖÛÖÙɯ"ÖÙÛÐÊÈÓɯ#ÈÔÈÎÌȮɂɯ"ÜÙÌÜÚȮɯÝÖÓȭɯƕƗȮɯÕÖȭɯƗȮɯ×ȭɯÌƕƘƔƔƕȮɯËÖÐȯɯƕƔȭƛƛƙƝɤÊÜÙÌÜÚȭƕƘƔƔƕȭ 

ȻƗƝȼ #ȭɯ&ÈÙÊąÈɯ"ÈÙÙÈÚÊÖɯÈÕËɯ)ȭɯ ÉÖÐÛÐáɯ"ÈÕÛÈÓÈ×ÐÌËÙÈȮɯɁ$řÌÊÛÐÝÌÕÌÚÚɯÖÍɯÔÖÛÖÙɯÐÔÈÎÌÙàɯÖÙɯÔÌÕÛÈÓɯ

×ÙÈÊÛÐÊÌɯÐÕɯÍÜÕÊÛÐÖÕÈÓɯÙÌÊÖÝÌÙàɯÈÍÛÌÙɯÚÛÙÖÒÌȯɯÈɯÚàÚÛÌÔÈÛÐÊɯÙÌÝÐÌÞȮɂɯ-ÌÜÙÖÓȭɯ!ÈÙÊȭɯ2×ÈÐÕȮɯÝÖÓȭɯƗƕȮɯÕÖȭɯƕȮɯ

××ȭɯƘƗɬƙƖȮɯƖƔƕƚȮɯËÖÐȯɯƕƔȭƕƔƕƚɤÑȭÕÙÓȭƖƔƕƗȭƔƖȭƔƔƗȭ 

ȻƘƔȼ 9ȭɯ%ȭɯ&ÜÌÙÙÈȮɯ ȭɯ+ȭɯ&ȭɯ+ÜÊÊÏÌŲÐȮɯÈÕËɯ&ȭɯ+ÜÊÊÏÌŲÐȮɯɁ,ÖÛÖÙɯ(ÔÈÎÌÙàɯ3ÙÈÐÕÐÕÎɯ ÍÛÌÙɯ2ÛÙÖÒÌȯɯ ɯ

2àÚÛÌÔÈÛÐÊɯ1ÌÝÐÌÞɯÈÕËɯ,ÌÛÈɪÈÕÈÓàÚÐÚɯÖÍɯ1ÈÕËÖÔÐáÌËɯ"ÖÕÛÙÖÓÓÌËɯ3ÙÐÈÓÚȮɂɯ)ȭɯ-ÌÜÙÖÓȭɯ/ÏàÚȭɯ3ÏÌÙȭȮɯÝÖÓȭɯ

ƘƕȮɯÕÖȭɯƘȮɯ×ȭɯƖƔƙȮɯ.ÊÛȭɯƖƔƕƛȮɯËÖÐȯɯƕƔȭƕƔƝƛɤ-/3ȭƔƔƔƔƔƔƔƔƔƔƔƔƔƖƔƔȭ 

ȻƘƕȼ 'ȭɯ6ÈÕÎɯÌÛɯÈÓȭȮɯɁ,ÖÛÖÙɯÕÌÛÞÖÙÒɯÙÌÖÙÎÈÕÐáÈÛÐÖÕɯÈÍÛÌÙɯÔÖÛÖÙɯÐÔÈÎÌÙàɯÛÙÈÐÕÐÕÎɯÐÕɯÚÛÙÖÒÌɯ

×ÈÛÐÌÕÛÚɯÞÐÛÏɯÔÖËÌÙÈÛÌɯÛÖɯÚÌÝÌÙÌɯÜ××ÌÙɯÓÐÔÉɯÐÔ×ÈÐÙÔÌÕÛȮɂɯ"-2ɯ-ÌÜÙÖÚÊÐȭɯ3ÏÌÙȭȮɯÝÖÓȭɯƖƝȮɯÕÖȭɯƖȮɯ××ȭɯ

ƚƕƝɬƚƗƖȮɯƖƔƖƗȮɯËÖÐȯɯƕƔȭƕƕƕƕɤÊÕÚȭƕƘƔƚƙȭ 

ȻƘƖȼ $ȭɯ5ÐÓÓÈɪ!ÌÙÎÌÚɯÌÛɯÈÓȭȮɯɁ,ÖÛÖÙɯ(ÔÈÎÌÙàɯÈÕËɯ,ÌÕÛÈÓɯ/ÙÈÊÛÐÊÌɯÐÕɯÛÏÌɯ2ÜÉÈÊÜÛÌɯÈÕËɯ"ÏÙÖÕÐÊɯ

/ÏÈÚÌÚɯÐÕɯ4××ÌÙɯ+ÐÔÉɯ1ÌÏÈÉÐÓÐÛÈÛÐÖÕɯÈÍÛÌÙɯ2ÛÙÖÒÌȯɯ ɯ2àÚÛÌÔÈÛÐÊɯ1ÌÝÐÌÞȮɂɯ.ÊÊÜ×ȭɯ3ÏÌÙȭɯ(ÕÛȭȮɯÝÖÓȭɯƖƔƖƗȮɯ

ÕÖȭɯƕȮɯ×ȭɯƗƛƙƖƜƜƝȮɯƖƔƖƗȮɯËÖÐȯɯƕƔȭƕƕƙƙɤƖƔƖƗɤƗƛƙƖƜƜƝȭ 

ȻƘƗȼ -ȭɯ ,ÐáÜÎÜÊÏÐȮɯ ,ȭɯ -ÈÒÈÔÜÙÈȮɯ ÈÕËɯ *ȭɯ *ÈÕÖÚÜÌȮɯ Ɂ3ÈÚÒɪËÌ×ÌÕËÌÕÛɯ ÌÕÎÈÎÌÔÌÕÛÚɯ ÖÍɯ ÛÏÌɯ

×ÙÐÔÈÙàɯÝÐÚÜÈÓɯÊÖÙÛÌßɯËÜÙÐÕÎɯÒÐÕÌÚÛÏÌÛÐÊɯÈÕËɯÝÐÚÜÈÓɯÔÖÛÖÙɯÐÔÈÎÌÙàȮɂɯ-ÌÜÙÖÚÊÐȭɯ+ÌŲȭȮɯÝÖÓȭɯƚƗƚȮɯ××ȭɯƕƔƜɬ

ƕƕƖȮɯ)ÈÕȭɯƖƔƕƛȮɯËÖÐȯɯƕƔȭƕƔƕƚɤÑȭÕÌÜÓÌÛȭƖƔƕƚȭƕƔȭƔƚƘȭ 

ȻƘƘȼ %ȭɯ+ÌÉÖÕȮɯ4ȭɯ'ÖÙÕȮɯ,ȭɯ#ÖÔÐÕȮɯÈÕËɯ,ȭɯ+ÖųÌȮɯɁ,ÖÛÖÙɯÐÔÈÎÌÙàɯÛÙÈÐÕÐÕÎȯɯ*ÐÕÌÚÛÏÌÛÐÊɯÐÔÈÎÌÙàɯ

ÚÛÙÈÛÌÎàɯÈÕËɯÐÕÍÌÙÐÖÙɯ×ÈÙÐÌÛÈÓɯÍɯ,1(ɯÈÊÛÐÝÈÛÐÖÕȮɂɯ'ÜÔȭɯ!ÙÈÐÕɯ,È××ȭȮɯÝÖÓȭɯƗƝȮɯÕÖȭɯƘȮɯ××ȭɯƕƜƔƙɬƕƜƕƗȮɯ ×Ùȭɯ

ƖƔƕƜȮɯËÖÐȯɯƕƔȭƕƔƔƖɤÏÉÔȭƖƗƝƙƚȭ 

ȻƘƙȼ  ȭɯ&ÜÐÓÓÖÛȮɯ"ȭɯ"ÖÓÓÌÛȮɯ5ȭɯ ȭɯ-ÎÜàÌÕȮɯ%ȭɯ,ÈÓÖÜÐÕȮɯ"ȭɯ1ÐÊÏÈÙËÚȮɯÈÕËɯ)ȭɯ#ÖàÖÕȮɯɁ!ÙÈÐÕɯÈÊÛÐÝÐÛàɯ

ËÜÙÐÕÎɯÝÐÚÜÈÓɯÝÌÙÚÜÚɯÒÐÕÌÚÛÏÌÛÐÊɯÐÔÈÎÌÙàȯɯ ÕɯÍ,1(ɯÚÛÜËàȮɂɯ'ÜÔȭɯ!ÙÈÐÕɯ,È××ȭȮɯÝÖÓȭɯƗƔȮɯÕÖȭɯƛȮɯ××ȭɯƖƕƙƛɬ

ƖƕƛƖȮɯƖƔƔƝȮɯËÖÐȯɯƕƔȭƕƔƔƖɤÏÉÔȭƖƔƚƙƜȭ 

ȻƘƚȼ "ȭɯ#ȭɯ5ÈÙÎÈÚȮɯ$ȭɯ.ÓÐÝÐÌÙȮɯ+ȭɯ"ÙÈÐÎÏÌÙÖȮɯ+ȭɯ%ÈËÐÎÈȮɯ)ȭɯ1ȭɯ#ÜÏÈÔÌÓȮɯÈÕËɯ ȭɯ2ÐÙÐÎÜȮɯɁ3ÏÌɯ(ÕŘÜÌÕÊÌɯ

ÖÍɯ'ÈÕËɯ/ÖÚÛÜÙÌɯÖÕɯ"ÖÙÛÐÊÖÚ×ÐÕÈÓɯ$ßÊÐÛÈÉÐÓÐÛàɯËÜÙÐÕÎɯ,ÖÛÖÙɯ(ÔÈÎÌÙàȯɯ ɯ3ÙÈÕÚÊÙÈÕÐÈÓɯ,ÈÎÕÌÛÐÊɯ

2ÛÐÔÜÓÈÛÐÖÕɯ 2ÛÜËàȮɂɯ"ÌÙÌÉȭɯ "ÖÙÛÌßȮɯ ÝÖÓȭɯ ƕƘȮɯ ÕÖȭɯ ƕƕȮɯ ××ȭɯ ƕƖƔƔɬƕƖƔƚȮɯ -ÖÝȭɯ ƖƔƔƘȮɯ ËÖÐȯɯ

ƕƔȭƕƔƝƗɤÊÌÙÊÖÙɤÉÏÏƔƜƔȭ 

ȻƘƛȼ %ȭɯ!ÙÜÚÈȮɯ,ȭɯ2ȭɯ$ÙËÌÕȮɯÈÕËɯ ȭɯ2ÌËËÈȮɯɁ,ÖÙÌɯÐÔ×ÓÐÊÐÛɯÈÕËɯÔÖÙÌɯÌß×ÓÐÊÐÛɯÔÖÛÖÙɯÐÔÈÎÌÙàɯÛÈÚÒÚɯ

ÍÖÙɯÌß×ÓÖÙÐÕÎɯÛÏÌɯÔÌÕÛÈÓɯÙÌ×ÙÌÚÌÕÛÈÛÐÖÕɯÖÍɯÏÈÕËÚɯÈÕËɯÍÌÌÛɯÐÕɯÈÊÛÐÖÕȮɂɯ$ß×ȭɯ!ÙÈÐÕɯ1ÌÚȭȮɯÝÖÓȭɯƖƘƕȮɯÕÖȭɯƕƕȮɯ

××ȭɯƖƛƚƙɬƖƛƛƜȮɯ#ÌÊȭɯƖƔƖƗȮɯËÖÐȯɯƕƔȭƕƔƔƛɤÚƔƔƖƖƕɪƔƖƗɪƔƚƛƕƜɪƖȭ 
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ȻƘƜȼ )ȭɯ6ÖÓ×ÈÞɯÈÕËɯ$ȭɯ6ȭɯ6ÖÓ×ÈÞȮɯ$ËÚȭȮɯ!ÙÈÐÕɬ"ÖÔ×ÜÛÌÙɯ(ÕÛÌÙÍÈÊÌÚȯɯ/ÙÐÕÊÐ×ÓÌÚɯÈÕËɯ/ÙÈÊÛÐÊÌȭɯ.ßÍÖÙËɯ

4ÕÐÝÌÙÚÐÛàɯ/ÙÌÚÚȮɯƖƔƕƖȭɯËÖÐȯɯƕƔȭƕƔƝƗɤÈÊ×ÙÖÍȯÖÚÖɤƝƛƜƔƕƝƙƗƜƜƜƙƙȭƔƔƕȭƔƔƔƕȭ 

ȻƘƝȼ )ȭɯ1ȭɯ6ÖÓ×ÈÞȮɯ)ȭɯËÌÓɯ1ȭɯ,ÐÓÓâÕȮɯÈÕËɯ-ȭɯ%ȭɯ1ÈÔÚÌàȮɯɁ"ÏÈ×ÛÌÙɯƖɯɪɯ!ÙÈÐÕɪÊÖÔ×ÜÛÌÙɯÐÕÛÌÙÍÈÊÌÚȯɯ

#ÌŗÕÐÛÐÖÕÚɯÈÕËɯ×ÙÐÕÊÐ×ÓÌÚȮɂɯÐÕɯ'ÈÕËÉÖÖÒɯÖÍɯ"ÓÐÕÐÊÈÓɯ-ÌÜÙÖÓÖÎàȮɯÝÖÓȭɯƕƚƜȮɯ-ȭɯ%ȭɯ1ÈÔÚÌàɯÈÕËɯ)ȭɯËÌÓɯ1ȭɯ

,ÐÓÓâÕȮɯ$ËÚȭȮɯÐÕɯ!ÙÈÐÕɪ"ÖÔ×ÜÛÌÙɯ(ÕÛÌÙÍÈÊÌÚȮɯÝÖÓȭɯƕƚƜȭɯȮɯ$ÓÚÌÝÐÌÙȮɯƖƔƖƔȮɯ××ȭɯƕƙɬƖƗȭɯËÖÐȯɯƕƔȭƕƔƕƚɤ!ƝƛƜɪƔɪ

ƘƘƘɪƚƗƝƗƘɪƝȭƔƔƔƔƖɪƔȭ 

ȻƙƔȼ 4ȭɯ"ÏÈÜËÏÈÙàȮɯ-ȭɯ!ÐÙÉÈÜÔÌÙȮɯÈÕËɯ ȭɯ1ÈÔÖÚɪ,ÜÙÎÜÐÈÓËÈàȮɯɁ!ÙÈÐÕɬÊÖÔ×ÜÛÌÙɯÐÕÛÌÙÍÈÊÌÚɯÍÖÙɯ

ÊÖÔÔÜÕÐÊÈÛÐÖÕɯÈÕËɯÙÌÏÈÉÐÓÐÛÈÛÐÖÕȮɂɯ-ÈÛȭɯ1ÌÝȭɯ-ÌÜÙÖÓȭȮɯÝÖÓȭɯƕƖȮɯÕÖȭɯƝȮɯ××ȭɯƙƕƗɬƙƖƙȮɯ2Ì×ȭɯƖƔƕƚȮɯËÖÐȯɯ

ƕƔȭƕƔƗƜɤÕÙÕÌÜÙÖÓȭƖƔƕƚȭƕƕƗȭ 

Ȼƙƕȼ $ȭɯ,ÖÕÎÌɪ/ÌÙÌÐÙÈȮɯ)ȭɯ(ÉÈęÌáɪ/ÌÙÌËÈȮɯ(ȭɯ,ȭɯ ÓÎÜÈÊÐÓɪ#ÐÌÎÖȮɯ)ȭɯ(ȭɯ2ÌÙÙÈÕÖȮɯ,ȭɯ/ȭɯ2×ÖŲÖÙÕÖɪ1ÜÉÐÖȮɯ

ÈÕËɯ%ȭɯ,ÖÓÐÕÈɪ1ÜÌËÈȮɯɁ4ÚÌɯÖÍɯ$ÓÌÊÛÙÖÌÕÊÌ×ÏÈÓÖÎÙÈ×Ïàɯ!ÙÈÐÕɪ"ÖÔ×ÜÛÌÙɯ(ÕÛÌÙÍÈÊÌɯ2àÚÛÌÔÚɯÈÚɯÈɯ

1ÌÏÈÉÐÓÐÛÈÛÐÝÌɯ ××ÙÖÈÊÏɯÍÖÙɯ4××ÌÙɯ+ÐÔÉɯ%ÜÕÊÛÐÖÕɯ ÍÛÌÙɯÈɯ2ÛÙÖÒÌȯɯ ɯ2àÚÛÌÔÈÛÐÊɯ1ÌÝÐÌÞȮɂɯ/,ȫ1Ȯɯ

ÝÖÓȭɯƝȮɯÕÖȭɯƝȮɯ××ȭɯƝƕƜɬƝƗƖȮɯ2Ì×ȭɯƖƔƕƛȮɯËÖÐȯɯƕƔȭƕƔƕƚɤÑȭ×ÔÙÑȭƖƔƕƛȭƔƘȭƔƕƚȭ 

ȻƙƖȼ  ȭɯ1ÈÔÖÚɪ,ÜÙÎÜÐÈÓËÈàɯÌÛɯÈÓȭȮɯɁ!ÙÈÐÕɪÔÈÊÏÐÕÌɯÐÕÛÌÙÍÈÊÌɯÐÕɯÊÏÙÖÕÐÊɯÚÛÙÖÒÌɯÙÌÏÈÉÐÓÐÛÈÛÐÖÕȯɯÈɯ

ÊÖÕÛÙÖÓÓÌËɯÚÛÜËàȮɂɯ ÕÕȭɯ-ÌÜÙÖÓȭȮɯÝÖÓȭɯƛƘȮɯÕÖȭɯƕȮɯ××ȭɯƕƔƔɬƕƔƜȮɯ)ÜÓȭɯƖƔƕƗȮɯËÖÐȯɯƕƔȭƕƔƔƖɤÈÕÈȭƖƗƜƛƝȭ 

ȻƙƗȼ %ȭɯ/ÐÊÏÐÖÙÙÐɯÌÛɯÈÓȭȮɯɁ!ÙÈÐÕɪÊÖÔ×ÜÛÌÙɯÐÕÛÌÙÍÈÊÌɯÉÖÖÚÛÚɯÔÖÛÖÙɯÐÔÈÎÌÙàɯ×ÙÈÊÛÐÊÌɯËÜÙÐÕÎɯÚÛÙÖÒÌɯ

ÙÌÊÖÝÌÙàȯɯ!"(ɯÈÕËɯ,ÖÛÖÙɯ(ÔÈÎÌÙàȮɂɯ ÕÕȭɯ-ÌÜÙÖÓȭȮɯÝÖÓȭɯƛƛȮɯÕÖȭɯƙȮɯ××ȭɯƜƙƕɬƜƚƙȮɯ,ÈàɯƖƔƕƙȮɯËÖÐȯɯ

ƕƔȭƕƔƔƖɤÈÕÈȭƖƘƗƝƔȭ 

ȻƙƘȼ 1ȭɯ,ÈÕÌȮɯ3ȭɯ"ÏÖÜÏÈÕȮɯÈÕËɯ"ȭɯ&ÜÈÕȮɯɁ!"(ɯÍÖÙɯÚÛÙÖÒÌɯÙÌÏÈÉÐÓÐÛÈÛÐÖÕȯɯÔÖÛÖÙɯÈÕËɯÉÌàÖÕËȮɂɯ)ȭɯ

-ÌÜÙÈÓɯ$ÕÎȭȮɯÝÖÓȭɯƕƛȮɯÕÖȭɯƘȮɯ×ȭɯƔƘƕƔƔƕȮɯ ÜÎȭɯƖƔƖƔȮɯËÖÐȯɯƕƔȭƕƔƜƜɤƕƛƘƕɪƖƙƙƖɤÈÉÈƕƚƖȭ 

Ȼƙƙȼ  ȭɯ!ÐÈÚÐÜÊÊÐɯÌÛɯÈÓȭȮɯɁ!ÙÈÐÕɪÈÊÛÜÈÛÌËɯÍÜÕÊÛÐÖÕÈÓɯÌÓÌÊÛÙÐÊÈÓɯÚÛÐÔÜÓÈÛÐÖÕɯÌÓÐÊÐÛÚɯÓÈÚÛÐÕÎɯÈÙÔɯÔÖÛÖÙɯ

ÙÌÊÖÝÌÙàɯÈÍÛÌÙɯÚÛÙÖÒÌȮɂɯ-ÈÛȭɯ"ÖÔÔÜÕȭȮɯÝÖÓȭɯƝȮɯÕÖȭɯƕȮɯ×ȭɯƖƘƖƕȮɯ)ÜÕȭɯƖƔƕƜȮɯËÖÐȯɯƕƔȭƕƔƗƜɤÚƘƕƘƚƛɪƔƕƜɪƔƘƚƛƗɪ

áȭ 

Ȼƙƚȼ %ȭɯ+ÖŲÌȮɯ%ȭɯ+ÈÙÙÜÌȮɯÈÕËɯ"ȭɯ,ĹÏÓȮɯɁ%ÓÈÞÚɯÐÕɯÊÜÙÙÌÕÛɯÏÜÔÈÕɯÛÙÈÐÕÐÕÎɯ×ÙÖÛÖÊÖÓÚɯÍÖÙɯÚ×ÖÕÛÈÕÌÖÜÚɯ

!ÙÈÐÕɪ"ÖÔ×ÜÛÌÙɯ(ÕÛÌÙÍÈÊÌÚȯɯÓÌÚÚÖÕÚɯÓÌÈÙÕÌËɯÍÙÖÔɯÐÕÚÛÙÜÊÛÐÖÕÈÓɯËÌÚÐÎÕȮɂɯ%ÙÖÕÛȭɯ'ÜÔȭɯ-ÌÜÙÖÚÊÐȭȮɯÝÖÓȭɯƛȮɯ

2Ì×ȭɯƖƔƕƗȮɯËÖÐȯɯƕƔȭƗƗƜƝɤÍÕÏÜÔȭƖƔƕƗȭƔƔƙƚƜȭ 

Ȼƙƛȼ #ȭɯ9È×ÈėÈɯÌÛɯÈÓȭȮɯɁ3ÏÌɯ(Ô×ÈÊÛɯÖÍɯ#ÐřÌÙÌÕÛɯ5ÐÚÜÈÓɯ%ÌÌËÉÈÊÒÚɯÐÕɯ4ÚÌÙɯ3ÙÈÐÕÐÕÎɯÖÕɯ,ÖÛÖÙɯ

(ÔÈÎÌÙàɯ"ÖÕÛÙÖÓɯÐÕɯ!"(Ȯɂɯ ××Óȭɯ/ÚàÊÏÖ×ÏàÚÐÖÓȭɯ!ÐÖÍÌÌËÉÈÊÒȮɯÝÖÓȭɯƘƗȮɯÕÖȭɯƕȮɯ××ȭɯƖƗɬƗƙȮɯ,ÈÙȭɯƖƔƕƜȮɯËÖÐȯɯ

ƕƔȭƕƔƔƛɤÚƕƔƘƜƘɪƔƕƛɪƝƗƜƗɪáȭ 

ȻƙƜȼ 3ȭɯ.ÕÖȮɯ ȭɯ*ÐÔÜÙÈȮɯÈÕËɯ)ȭɯ4ÚÏÐÉÈȮɯɁ#ÈÐÓàɯÛÙÈÐÕÐÕÎɯÞÐÛÏɯÙÌÈÓÐÚÛÐÊɯÝÐÚÜÈÓɯÍÌÌËÉÈÊÒɯÐÔ×ÙÖÝÌÚɯ

ÙÌ×ÙÖËÜÊÐÉÐÓÐÛàɯ ÖÍɯ ÌÝÌÕÛɪÙÌÓÈÛÌËɯ ËÌÚàÕÊÏÙÖÕÐÚÈÛÐÖÕɯ ÍÖÓÓÖÞÐÕÎɯ ÏÈÕËɯ ÔÖÛÖÙɯ ÐÔÈÎÌÙàȮɂɯ"ÓÐÕȭɯ

-ÌÜÙÖ×ÏàÚÐÖÓȭȮɯÝÖÓȭɯƕƖƘȮɯÕÖȭɯƝȮɯ××ȭɯƕƛƛƝɬƕƛƜƚȮɯ2Ì×ȭɯƖƔƕƗȮɯËÖÐȯɯƕƔȭƕƔƕƚɤÑȭÊÓÐÕ×ÏȭƖƔƕƗȭƔƗȭƔƔƚȭ 

ȻƙƝȼ #ȭɯ ÊÏÈÕÊÊÈÙÈàȮɯ2ȭɪ(ȭɯ(áÜÔÐȮɯÈÕËɯ,ȭɯ'ÈàÈÚÏÐÉÌȮɯɁ5ÐÚÜÈÓɪ$ÓÌÊÛÙÖÛÈÊÛÐÓÌɯ2ÛÐÔÜÓÈÛÐÖÕɯ%ÌÌËÉÈÊÒɯ

ÛÖɯ(Ô×ÙÖÝÌɯ(ÔÔÌÙÚÐÝÌɯ!ÙÈÐÕɪ"ÖÔ×ÜÛÌÙɯ(ÕÛÌÙÍÈÊÌɯ!ÈÚÌËɯÖÕɯ'ÈÕËɯ,ÖÛÖÙɯ(ÔÈÎÌÙàȮɂɯ"ÖÔ×ÜÛȭɯ(ÕÛÌÓÓȭɯ

-ÌÜÙÖÚÊÐȭȮɯÝÖÓȭɯƖƔƖƕȮɯ×ȭɯÌƜƜƗƖƚƜƚȮɯ%ÌÉȭɯƖƔƖƕȮɯËÖÐȯɯƕƔȭƕƕƙƙɤƖƔƖƕɤƜƜƗƖƚƜƚȭ 
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ȻƚƔȼ ,ȭɯ ÓÐÔÈÙËÈÕÐȮɯ2ȭɯ-ÐÚÏÐÖȮɯÈÕËɯ'ȭɯ(ÚÏÐÎÜÙÖȮɯɁ$řÌÊÛɯÖÍɯÉÐÈÚÌËɯÍÌÌËÉÈÊÒɯÖÕɯÔÖÛÖÙɯÐÔÈÎÌÙàɯ

ÓÌÈÙÕÐÕÎɯ ÐÕɯ !"(ɪÛÌÓÌÖ×ÌÙÈÛÐÖÕɯ ÚàÚÛÌÔȮɂɯ%ÙÖÕÛȭɯ 2àÚÛȭɯ -ÌÜÙÖÚÊÐȭȮɯ ÝÖÓȭɯ ƜȮɯ  ×Ùȭɯ ƖƔƕƘȮɯ ËÖÐȯɯ

ƕƔȭƗƗƜƝɤÍÕÚàÚȭƖƔƕƘȭƔƔƔƙƖȭ 

Ȼƚƕȼ )ȭɯ6ȭɯ"ÏÖÐȮɯ!ȭɯ'ȭɯ*ÐÔȮɯ2ȭɯ'ÜÏȮɯÈÕËɯ2ȭɯ)ÖȮɯɁ.ÉÚÌÙÝÐÕÎɯ ÊÛÐÖÕÚɯ3ÏÙÖÜÎÏɯ(ÔÔÌÙÚÐÝÌɯ5ÐÙÛÜÈÓɯ

1ÌÈÓÐÛàɯ$ÕÏÈÕÊÌÚɯ,ÖÛÖÙɯ(ÔÈÎÌÙàɯ3ÙÈÐÕÐÕÎȮɂɯ($$$ɯ3ÙÈÕÚȭɯ-ÌÜÙÈÓɯ2àÚÛȭɯ1ÌÏÈÉÐÓȭɯ$ÕÎȭȮɯÝÖÓȭɯƖƜȮɯÕÖȭɯƛȮɯ××ȭɯ

ƕƚƕƘɬƕƚƖƖȮɯ)ÜÓȭɯƖƔƖƔȮɯËÖÐȯɯƕƔȭƕƕƔƝɤ3-21$ȭƖƔƖƔȭƖƝƝƜƕƖƗȭ 

ȻƚƖȼ 5ȭɯ*ÈÐÚÌÙɯÌÛɯÈÓȭȮɯɁ"ÖÙÛÐÊÈÓɯÌřÌÊÛÚɯÖÍɯÜÚÌÙɯÛÙÈÐÕÐÕÎɯÐÕɯÈɯÔÖÛÖÙɯÐÔÈÎÌÙàɯÉÈÚÌËɯÉÙÈÐÕɬÊÖÔ×ÜÛÌÙɯ

ÐÕÛÌÙÍÈÊÌɯ ÔÌÈÚÜÙÌËɯ Éàɯ Í-(12ɯ ÈÕËɯ $$&Ȯɂɯ-ÌÜÙÖ(ÔÈÎÌȮɯ ÝÖÓȭɯ ƜƙȮɯ ××ȭɯ ƘƗƖɬƘƘƘȮɯ )ÈÕȭɯ ƖƔƕƘȮɯ ËÖÐȯɯ

ƕƔȭƕƔƕƚɤÑȭÕÌÜÙÖÐÔÈÎÌȭƖƔƕƗȭƔƘȭƔƝƛȭ 

ȻƚƗȼ %ȭɯ*ÏÈËÌÔÐȮɯ&ȭɯ-ÈÙÖÚȮɯ ȭɯ-ÐÊÒÚÐÙÈÛȮɯ#ȭɯ*ÙÈÜÚȮɯÈÕËɯ ȭɯ&ÏÈÙÈÉÈÎÏÐȮɯɁ1ÌÞÐÙÐÕÎɯ"ÖÙÛÐÊÖɪ

,ÜÚÊÜÓÈÙɯ "ÖÕÛÙÖÓɯ ÐÕɯ ÛÏÌɯ 'ÌÈÓÛÏàɯ ÈÕËɯ /ÖÚÛÚÛÙÖÒÌɯ 'ÜÔÈÕɯ !ÙÈÐÕɯ ÞÐÛÏɯ /ÙÖ×ÙÐÖÊÌ×ÛÐÝÌɯϕɪ!ÈÕËɯ

-ÌÜÙÖÍÌÌËÉÈÊÒȮɂɯ)ȭɯ-ÌÜÙÖÚÊÐȭɯ.řȭɯ)ȭɯ2ÖÊȭɯ-ÌÜÙÖÚÊÐȭȮɯÝÖÓȭɯƘƖȮɯÕÖȭɯƗƚȮɯ××ȭɯƚƜƚƕɬƚƜƛƛȮɯ2Ì×ȭɯƖƔƖƖȮɯËÖÐȯɯ

ƕƔȭƕƙƖƗɤ)-$41.2"(ȭƕƙƗƔɪƖƔȭƖƔƖƖȭ 

ȻƚƘȼ ,ȭɯ 3ÈÒÌÔÐȮɯ 3ȭɯ ,ÈÌËÈȮɯ 8ȭɯ ,ÈÚÈÒÈËÖȮɯ 'ȭɯ 1ȭɯ 2ÐÌÉÕÌÙȮɯ ÈÕËɯ )ȭɯ 4ÚÏÐÉÈȮɯ Ɂ,ÜÚÊÓÌɪÚÌÓÌÊÛÐÝÌɯ

ËÐÚÐÕÏÐÉÐÛÐÖÕɯ ÖÍɯ ÊÖÙÛÐÊÖÔÖÛÖÙɯ ÙÌ×ÙÌÚÌÕÛÈÛÐÖÕÚɯ ÜÚÐÕÎɯ Èɯ ÔÖÛÖÙɯ ÐÔÈÎÌÙàɪÉÈÚÌËɯ ÉÙÈÐÕɪÊÖÔ×ÜÛÌÙɯ

ÐÕÛÌÙÍÈÊÌȮɂɯ-ÌÜÙÖ(ÔÈÎÌȮɯÝÖÓȭɯƕƜƗȮɯ××ȭɯƙƝƛɬƚƔƙȮɯ#ÌÊȭɯƖƔƕƜȮɯËÖÐȯɯƕƔȭƕƔƕƚɤÑȭÕÌÜÙÖÐÔÈÎÌȭƖƔƕƜȭƔƜȭƔƛƔȭ 

Ȼƚƙȼ #ȭɯ"ÖàÓÌȮɯ)ȭɯ2ÛÖÞȮɯ*ȭɯ,Ê"ÙÌÈËÐÌȮɯ)ȭɯ,Ê$ÓÓÐÎÖŲȮɯÈÕËɯ:ȭɯ"ÈÙÙÖÓÓȮɯɁ2ÌÕÚÖÙÐÔÖÛÖÙɯ,ÖËÜÓÈÛÐÖÕɯ

 ÚÚÌÚÚÔÌÕÛɯÈÕËɯ!ÙÈÐÕɪ"ÖÔ×ÜÛÌÙɯ(ÕÛÌÙÍÈÊÌɯ3ÙÈÐÕÐÕÎɯÐÕɯ#ÐÚÖÙËÌÙÚɯÖÍ "ÖÕÚÊÐÖÜÚÕÌÚÚȮɂɯ ÙÊÏȭɯ/ÏàÚȭɯ

,ÌËȭɯ1ÌÏÈÉÐÓȭȮɯÝÖÓȭɯƝƚȮɯÕÖȭɯƗȮɯ2Ü××ÓÌÔÌÕÛȮɯ××ȭɯ2ƚƖɬ2ƛƔȮɯ,ÈÙȭɯƖƔƕƙȮɯËÖÐȯɯƕƔȭƕƔƕƚɤÑȭÈ×ÔÙȭƖƔƕƘȭƔƜȭƔƖƘȭ 

Ȼƚƚȼ #ȭɯ,ÈŲÐÈɯÌÛɯÈÓȭȮɯɁ3ÏÌɯ/ÙÖÔÖÛÖÌÙȮɯÈɯÉÙÈÐÕɪÊÖÔ×ÜÛÌÙɯÐÕÛÌÙÍÈÊÌɪÈÚÚÐÚÛÌËɯÐÕÛÌÙÝÌÕÛÐÖÕɯÛÖɯ×ÙÖÔÖÛÌɯ

Ü××ÌÙɯÓÐÔÉɯÍÜÕÊÛÐÖÕÈÓɯÔÖÛÖÙɯÙÌÊÖÝÌÙàɯÈÍÛÌÙɯÚÛÙÖÒÌȯɯÈɯÚÛÜËàɯ×ÙÖÛÖÊÖÓɯÍÖÙɯÈɯÙÈÕËÖÔÐáÌËɯÊÖÕÛÙÖÓÓÌËɯÛÙÐÈÓɯ

ÛÖɯÛÌÚÛɯÌÈÙÓàɯÈÕËɯÓÖÕÎɪÛÌÙÔɯÌŚÊÈÊàɯÈÕËɯÛÖɯÐËÌÕÛÐÍàɯËÌÛÌÙÔÐÕÈÕÛÚɯÖÍɯÙÌÚ×ÖÕÚÌȮɂɯ!,"ɯ-ÌÜÙÖÓȭȮɯÝÖÓȭɯƖƔȮɯ

ÕÖȭɯƕȮɯ×ȭɯƖƙƘȮɯ)ÜÕȭɯƖƔƖƔȮɯËÖÐȯɯƕƔȭƕƕƜƚɤÚƕƖƜƜƗɪƔƖƔɪƔƕƜƖƚɪÞȭ 
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Ɩȭƕɯ!ÈÊÒÎÙÖÜÕË 

 

3ÏÌɯ+ÖÞɯ%ÙÌØÜÌÕÊàɯ.ÚÊÐÓÓÈÛÐÖÕÚɯȹ+%.ÚȺɯÈÙÌɯÚÏÖÙÛɯ×ÌÙÐÖËÚɯÖÍɯÖÚÊÐÓÓÈÛÖÙàɯÈÊÛÐÝÐÛàɯÐÕɯÛÏÌɯƗɪƙɯ'áɯ

ÍÙÌØÜÌÕÊàɯÙÈÕÎÌɯÛÏÈÛɯÖÊÊÜÙɯÐÕɯÔÖÛÖÙɯÊÖÙÛÐÊÈÓɯÈÙÌÈÚɯËÜÙÐÕÎɯÛÏÌɯ×ÙÌ×ÈÙÈÛÖÙàɯ×ÏÈÚÌɯÖÍɯÔÖÝÌÔÌÕÛȭɯ3ÏÌɯ

ŗÕËÐÕÎÚɯÖÍɯÛÏÌɯÚÛÜËÐÌÚɯÊÖÕËÜÊÛÌËɯÉàɯ1ÈÔÈÕÈÛÏÈÕɯȻƕȼɯÈÕËɯ!ġÕÚÛÙÜ×ɯȻƖȼɯ×ÙÖÝÐËÌɯÌÝÐËÌÕÊÌɯÖÍɯÛÏÌɯ

ÌßÐÚÛÌÕÊÌɯÖÍɯÚÜÊÏɯÈÊÛÐÝÐÛàȮɯŗÙÚÛÓàɯÐÕɯÔÐÊÌɯÈÕËɯÛÏÌÕɯÐÕɯÏÜÔÈÕÚȭɯ 

(ÕɯȻƕȼȮɯ1ÈÔÈÕÈÛÏÈÕɯÌÛɯÈÓȭɯÌßÈÔÐÕÌËɯÛÏÌɯ+%.ÚɯÐÕɯÛÏÌɯ+ÖÊÈÓɯ%ÐÌÓËɯ/ÖÛÌÕÛÐÈÓÚɯÖÍɯÙÖËÌÕÛÚɯÌÕÎÈÎÌËɯÐÕɯÈɯ

ÍÖÙÌÓÐÔÉɯÙÌÈÊÏÐÕÎɯÛÈÚÒɯÉÌÍÖÙÌɯÈÕËɯÈÍÛÌÙɯÐÕËÜÊÐÕÎɯÈɯÚÛÙÖÒÌȭɯ3ÏÌÐÙɯŗÕËÐÕÎÚɯÐÕËÐÊÈÛÌËɯÛÏÈÛɯÛÏÌɯ+%.Úɯ

ÈÊÛÐÝÐÛàɯÌÔÌÙÎÌËɯ×ÙÐÖÙɯÛÖɯÛÏÌɯÙÌÈÊÏɯÖÕÚÌÛȮɯÐÚɯÙÌËÜÊÌËɯÈÍÛÌÙɯÚÛÙÖÒÌȮɯÈÕËɯÈɯÊÖÙÙÌÓÈÛÐÖÕɯÞÈÚɯÍÖÜÕËɯ

ÉÌÛÞÌÌÕɯÛÏÌɯÙÌÌÔÌÙÎÌÕÊÌɯÖÍɯÛÏÌɯ+%.Úɯ×ÖÞÌÙɯÈÕËɯÛÏÌɯÐÔ×ÙÖÝÌÔÌÕÛÚɯÐÕɯÛÏÌɯÈÊÊÜÙÈÊàɯÖÍɯÛÈÚÒɯ

ÌßÌÊÜÛÐÖÕȭɯ3ÏÌɯÈ××ÓÐÊÈÛÐÖÕɯÖÍɯ#ÐÙÌÊÛɯ"ÜÙÙÌÕÛɯ2ÛÐÔÜÓÈÛÐÖÕɯȹ#"2ȺɯȻƕȼɯÛÖɯÔÖËÜÓÈÛÌɯ+%.ÚɯàÐÌÓËÌËɯÛÏÌɯ

ÙÌÚÜÓÛɯÛÏÈÛɯ#"2ɯÊÖÜÓËɯÐÔ×ÙÖÝÌɯ×ÖÚÛÚÛÙÖÒÌɯ+%.ÚɯÈÊÛÐÝÈÛÐÖÕɯÐÕɯÙÖËÌÕÛÚȭɯ(ÕɯÛÏÌɯÚÈÔÌɯÞÖÙÒȮɯ1ÈÔÈÕÈÛÏÈÕɯ

ÈÕËɯ ÊÖÓÓÌÈÎÜÌÚɯ ÈÓÚÖɯ ÙÌ×ÖÙÛɯ Èɯ ×ÙÌÓÐÔÐÕÈÙàɯ ÈÕÈÓàÚÐÚɯ ÖÍɯ +ÖÞɯ %ÙÌØÜÌÕÊàɯ .ÚÊÐÓÓÈÛÐÖÕÚɯ ÖÕɯ

ÌÓÌÊÛÙÖÊÖÙÛÐÊÖÎÙÈ×ÏàɯËÈÛÈɯÖÍɯÛÞÖɯÏÌÈÓÛÏàɯÐÕËÐÝÐËÜÈÓÚɯÈÕËɯÖÍɯÈɯÚÐÕÎÓÌɯ×ÖÚÛɪÚÛÙÖÒÌɯ×ÈÛÐÌÕÛȮɯÌÕÎÈÎÌËɯÐÕɯ

ÈɯÙÌÈÊÏÐÕÎɯÛÈÚÒȭɯ3ÏÐÚɯÈÕÈÓàÚÐÚɯÙÌÝÌÈÓÌËɯÛÏÌɯ×ÙÌÚÌÕÊÌɯÖÍɯ+%.ÚɯÈÊÛÐÝÐÛàɯÐÕɯÛÏÌɯÚÌÕÚÖÙÐÔÖÛÖÙɯÊÖÙÛÌßɯ×ÙÐÖÙɯ

ÛÖɯÈÕËɯÈÙÖÜÕËɯÛÏÌɯÛÈÚÒɯÖÕÚÌÛȮɯÌßÊÓÜÚÐÝÌÓàɯÐÕɯÛÏÌɯÛÞÖɯÏÌÈÓÛÏàɯÐÕËÐÝÐËÜÈÓÚȭɯ(ÕɯÚÜÔÔÈÙàȮɯÛÏÐÚɯÙÌ×ÙÌÚÌÕÛÚɯ

ÛÏÌɯŗÙÚÛɯÐÕÝÌÚÛÐÎÈÛÐÖÕɯÊÖÕÊÌÙÕÐÕÎɯ+%.ÚɯÛÏÈÛɯ×ÙÖÝÐËÌÚɯÌÝÐËÌÕÊÌɯÍÖÙɯÛÏÌÐÙɯÌßÐÚÛÌÕÊÌɯÈÛɯÛÏÌɯÚÖÜÙÊÌɯ

ËÖÔÈÐÕɯÐÕɯÙÖËÌÕÛÚȮɯÞÏÐÓÌɯ×ÈÝÐÕÎɯÛÏÌɯÞÈàɯÍÖÙɯÛÏÌÐÙɯÈÕÈÓàÚÐÚɯÖÕɯÏÜÔÈÕÚȭɯ 

(ÕɯÛÏÌɯÚÛÜËàɯÉàɯ!ġÕÚÛÙÜ×ɯÌÛɯÈÓȭɯȻƖȼȮɯÛÏÌɯ+ÖÞɯ%ÙÌØÜÌÕÊàɯ.ÚÊÐÓÓÈÛÐÖÕÚɯÈÊÛÐÝÐÛàɯÞÈÚɯÌÝÈÓÜÈÛÌËɯÖÕɯÛÏÌɯ

ÊÖÙÛÐÊÈÓɯÈÙÌÈÚɯÐÕɯÏÌÈÓÛÏàɯÐÕËÐÝÐËÜÈÓÚɯÈÕËɯÐÕɯ×ÖÚÛɪÚÛÙÖÒÌɯ×ÈÛÐÌÕÛÚɯËÜÙÐÕÎɯÛÏÌɯÎÙÐ××ÐÕÎɯÔÖÛÖÙɯÛÈÚÒȭɯ3ÏÌɯ

ÊÖÙÛÐÊÈÓɯÈÊÛÐÝÈÛÐÖÕÚɯÞÌÙÌɯÙÌÊÖÕÚÛÙÜÊÛÌËɯÍÙÖÔɯÛÏÌɯ$$&ɯÚÐÎÕÈÓÚȭɯ3ÏÌàɯÝÌÙÐŗÌËɯÛÏÌɯ×ÖÞÌÙɯÐÕÊÙÌÈÚÌɯÐÕɯÛÏÌɯ

ËÌÓÛÈɯÈÕËɯÓÖÞÌÙɯÛÏÌÛÈɯÉÈÕËɯȹƗɪƙɯ'áȺɯÚÛÈÙÛÐÕÎɯÈÉÖÜÛɯƚƔƔɯÔÚɯÉÌÍÖÙÌɯÛÏÌɯÎÙÐ×ɯÖÕÚÌÛȮɯÔÖÚÛÓàɯÐÕɯ

ÊÖÕÛÙÈÓÈÛÌÙÈÓɯÍÙÖÕÛÖ×ÈÙÐÌÛÈÓɯÔÖÛÖÙɯÙÌÎÐÖÕÚɯÈÕËɯÛÏÌàɯÈÓÚÖɯÙÌ×ÖÙÛÌËɯÈɯËàÕÈÔÐÊɯÛÌÔ×ÖÙÈÓɪÚ×ÈÛÐÈÓɯ×ÈŲÌÙÕɯ

ÐÕÝÖÓÝÐÕÎɯÐÕÐÛÐÈÓÓàɯÛÏÌɯ×ÖÚÛÌÙÐÖÙɯÈÙÌÈÚɯÈÕËɯÚÜÉÚÌØÜÌÕÛÓàɯÚ×ÙÌÈËÐÕÎɯÛÖɯÛÏÌɯÈÕÛÌÙÐÖÙɯÖÕÌÚȭɯ3ÏÌɯŗÕËÐÕÎÚɯ

ÖÉÛÈÐÕÌËɯÖÕɯÛÏÌɯ×ÖÚÛɪÚÛÙÖÒÌɯ×ÈÛÐÌÕÛÚȮɯÐÕɯÛÏÌɯÈÊÜÛÌɯ×ÏÈÚÌɯÖÍɯÛÏÌɯ×ÈÛÏÖÓÖÎàȮɯÚÏÖÞÌËɯÛÏÈÛɯÛÏÌɯ+%.Úɯ

×ÖÞÌÙɯÐÚɯÙÌËÜÊÌËɯÉàɯƗƜǔɯÊÖÔ×ÈÙÌËɯÛÖɯÛÏÌɯÏÌÈÓÛÏàɯ×ÈÙÛÐÊÐ×ÈÕÛÚȮɯÈÕËɯÛÏÈÛɯÐÛɯÐÕÊÙÌÈÚÌÚɯÈÍÛÌÙɯƕɯÈÕËɯƗɯ

ÔÖÕÛÏÚȮɯÎÌŲÐÕÎɯÈÕɯÈÔ×ÓÐÛÜËÌɯÝÈÓÜÌɯÊÖÔ×ÈÙÈÉÓÌɯÛÖɯÛÏÌɯÏÌÈÓÛÏàɯÊÖÕËÐÛÐÖÕȭɯ3ÏÌàɯÈÓÚÖɯÍÖÜÕËɯÛÏÈÛȮɯÐÕɯ

×ÖÚÛɪÚÛÙÖÒÌɯ×ÈÛÐÌÕÛÚȮɯÛÏÌɯ+%.Úɯ×ÖÞÌÙɯÙÌÈ××ÌÈÙÈÕÊÌɯÐÚɯ×ÖÚÐÛÐÝÌÓàɯÊÖÙÙÌÓÈÛÌËɯÞÐÛÏɯÏÈÕËɯÔÖÛÖÙɯ

ÙÌÊÖÝÌÙàɯÐÕËÐÊÈÛÌËɯÉàɯÛÏÌɯÎÙÐ×ɯÍÖÙÊÌɯÈÕËɯÛÏÌɯ%ÜÎÓɪ,ÌàÌÙɯ ÚÚÌÚÚÔÌÕÛɯȹ%, Ⱥȭɯ 

!ÖÛÏɯÖÍɯÛÏÌɯÛÞÖɯÈÍÖÙÌÔÌÕÛÐÖÕÌËɯÚÛÜËÐÌÚɯËÌÔÖÕÚÛÙÈÛÌËɯÛÏÈÛɯ+%.ÚɯÈÊÛÐÝÐÛàɯÙÌÔÈÐÕÌËɯÌÝÐËÌÕÛɯÌÝÌÕɯ

ÈÍÛÌÙɯ ÛÏÌɯ ÚÜÉÛÙÈÊÛÐÖÕɯ ÖÍɯ ÛÏÌɯ ÔÖÝÌÔÌÕÛɪÙÌÓÈÛÌËɯ ÊÖÙÛÐÊÈÓɯ ×ÖÛÌÕÛÐÈÓÚɯ ȹ,1"/ȺȮɯ ÚÜÎÎÌÚÛÐÕÎɯ ÛÏÌɯ

ÐÕËÌ×ÌÕËÌÕÊÌɯÖÍɯÛÏÌɯÛÞÖɯÔÖÛÖÙɯÙÌÓÈÛÌËɯ×ÏÌÕÖÔÌÕÈȭ 

3ÏÌɯÊÖÓÓÌÊÛÐÝÌɯÌÝÐËÌÕÊÌɯÊÖÕÊÌÙÕÐÕÎɯ+%.ÚɯÚÜÎÎÌÚÛÚɯÛÏÈÛɯÛÏÌɯ×ÖÞÌÙɯÐÕɯÛÏÌɯƗɪƙɯ'áɯÍÙÌØÜÌÕÊàɯÙÈÕÎÌɯÊÈÕɯ

ÉÌɯÐËÌÕÛÐŗÌËɯÈÚɯÈɯ×ÖÛÌÕÛÐÈÓɯÉÐÖÔÈÙÒÌÙɯÖÍɯÔÖÛÖÙɯÙÌÊÖÝÌÙàɯÍÖÓÓÖÞÐÕÎɯÈɯÚÛÙÖÒÌɯȹÈÕËɯ×ÖÚÚÐÉÓàɯÈɯÛÈÙÎÌÛɯÍÖÙɯ

ÕÌÜÙÖÙÌÏÈÉÐÓÐÛÈÛÐÖÕɯÌȭÎȭɯÝÐÈɯÕÖÕɪÉÙÈÐÕɯÚÛÐÔÜÓÈÛÐÖÕȺȭɯ 

3ÏÌɯÊÖÔÔÖÕɯ×ÙÐÔÈÙàɯÓÐÔÐÛÈÛÐÖÕɯÖÍɯÛÏÌɯÚÛÜËÐÌÚɯËÌÚÊÙÐÉÌËɯÐÚɯÛÏÈÛɯÛÏÌɯ+ÖÞɯ%ÙÌØÜÌÕÊàɯ.ÚÊÐÓÓÈÛÐÖÕÚɯ

ÈÕÈÓàÚÐÚɯÐÚɯÙÌÚÛÙÐÊÛÌËɯÛÖɯÛÏÌɯÚÖÜÙÊÌɯÓÌÝÌÓȮɯÞÏÐÊÏɯÓÐÔÐÛÚɯÐÛÚɯÈ××ÓÐÊÈÉÐÓÐÛàɯÉàɯÙÌØÜÐÙÐÕÎɯÌÐÛÏÌÙɯÈÕɯÐÕÝÈÚÐÝÌɯ

×ÙÖÛÖÊÖÓɯÈÚɯÐÕɯȻƕȼɯÖÙɯÈɯÙÌÊÖÕÚÛÙÜÊÛÐÖÕɯÖÍɯÛÏÌɯÊÖÙÛÐÊÈÓɯËÖÔÈÐÕɯÈÊÛÐÝÈÛÐÖÕÚɯȻƖȼȭɯ1ÌÊÖÕÚÛÙÜÊÛÐÕÎɯÚÖÜÙÊÌɯ

ÈÊÛÐÝÐÛàɯÍÙÖÔɯ$$&ɯÐÚɯÛÐÔÌɪÊÖÕÚÜÔÐÕÎȮɯÈÕËɯÞÐÛÏÖÜÛɯÐÕËÐÝÐËÜÈÓɯ,1(ɯÐÔÈÎÌÚȮɯÛÏÌɯÜÚÌɯÖÍɯÚÖÜÙÊÌɯÈÕËɯ

ÏÌÈËɯÔÖËÌÓÚɯÊÈÕɯÈřÌÊÛɯÐÛÚɯÈÊÊÜÙÈÊàɯȻƗȼȭ 
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(ÕɯÛÏÐÚɯÚÌÊÛÐÖÕɯÛÏÌɯŗÕËÐÕÎÚɯÖÍɯÛÏÙÌÌɯÚÛÜËÐÌÚɯÊÖÕËÜÊÛÌËɯÈÚɯ×ÈÙÛɯÖÍɯÛÏÌɯ/Ï#ɯÙÌÚÌÈÙÊÏɯÈÊÛÐÝÐÛàȮɯÞÏÐÊÏɯ

ÐÕÝÌÚÛÐÎÈÛÌɯÈÕËɯÊÏÈÙÈÊÛÌÙÐáÌɯ+%.ÚɯÐÕɯÛÏÌɯÊÖÕÛÌßÛɯÖÍɯɯ,(ɪ!"(ȮɯÈÙÌɯÙÌ×ÖÙÛÌËȭɯ3ÏÌɯÛÙÈÕÚÓÈÛÈÉÐÓÐÛàɯÖÍɯÛÏÌɯ

+%.ÚɯŗÕËÐÕÎÚɯÐÕɯÛÏÌɯÊÖÕÛÌßÛɯÖÍɯ,(ɪ!"(ɯÐÚɯÐÕÝÌÚÛÐÎÈÛÌËȮɯÉÖÛÏɯÐÕɯ2ÛÜËàɯƕɯɪɯɯ+ÖÞɯ%ÙÌØÜÌÕÊàɯ!ÙÈÐÕɯ

.ÚÊÐÓÓÈÛÐÖÕÚɯÍÖÙɯ!ÙÈÐÕɪ"ÖÔ×ÜÛÌÙɯ(ÕÛÌÙÍÈÊÌɯÈ××ÓÐÊÈÛÐÖÕÚȯɯÍÙÖÔɯÛÏÌɯÚÖÜÙÊÌÚɯÛÖɯÛÏÌɯÚÊÈÓ×ɯËÖÔÈÐÕɯÛÏÈÛɯÞÈÚɯ

×ÜÉÓÐÚÏÌËɯÐÕɯ,ÖÕÎÐÈÙËÐÕÐɯÈÛɯÈÓȭɯ.ÊÛȭɯƖƔƖƖȮɯɯȻƘȼɯÈÕËɯÐÕɯ2ÛÜËàɯƖɯɪɯ+ÖÞɯ%ÙÌØÜÌÕÊàɯ!ÙÈÐÕɯ.ÚÊÐÓÓÈÛÐÖÕÚɯËÜÙÐÕÎɯ

ÛÏÌɯÌßÌÊÜÛÐÖÕɯ ÈÕËɯ ÐÔÈÎÐÕÈÛÐÖÕɯ ÖÍɯÚÐÔ×ÓÌɯ ÏÈÕËɯ ÔÖÝÌÔÌÕÛÚɯ ÍÖÙɯ !ÙÈÐÕɪ"ÖÔ×ÜÛÌÙɯ (ÕÛÌÙÍÈÊÌɯ È××ÓÐÊÈÛÐÖÕÚȮɯ

×ÜÉÓÐÚÏÌËɯÐÕɯ,ÖÕÎÐÈÙËÐÕÐɯÌÛɯÈÓȭɯ)ÜÓȭɯƖƔƖƖɯȻƙȼȭɯ3ÏÌɯÊÖÔÉÐÕÌËɯÙÌÚÜÓÛÚɯÖÍɯÛÏÌɯŗÙÚÛɯÛÞÖɯÚÛÜËÐÌÚɯÊÈÕɯ×ÙÖÝÐËÌɯ

×ÙÌÓÐÔÐÕÈÙàɯÌÝÐËÌÕÊÌɯÖÍɯÛÏÌɯ×ÖÛÌÕÛÐÈÓɯÍÖÙɯ+%.ÚɯÛÖɯÉÌɯÈ××ÓÐÌËɯÐÕɯÛÏÌɯÊÖÕÛÌßÛɯÖÍɯ,(ɪ!"(ȭɯ3ÏÌɯËÈÛÈÚÌÛÚɯ

ÈÕÈÓàáÌËɯÞÌÙÌɯ×ÙÌÝÐÖÜÚÓàɯÊÖÓÓÌÊÛÌËɯÈÛɯÛÏÌɯ(1""2ɯ%ÖÕËÈáÐÖÕÌɯ2ÈÕÛÈɯ+ÜÊÐÈȮɯÐÕɯ1ÖÔÌȮɯÐÕɯÛÏÌɯÊÖÕÛÌßÛɯÖÍɯ

ÛÏÌɯÚÛÜËàɯËÌÚÊÙÐÉÌËɯÐÕɯȻƚȼȭ 

(ÕËÌÌËȮɯÛÏÌɯÕÌÜÙÖ×ÏàÚÐÖÓÖÎÐÊÈÓɯÔÌÊÏÈÕÐÚÔÚɯÜÕËÌÙÓàÐÕÎɯ+%.ÚɯÈÊÛÐÝÐÛàɯÈÕËɯÛÏÌɯÔÈÕÕÌÙɯÐÕɯÞÏÐÊÏɯÛÏÌàɯ

ÈÙÌɯÈÓÛÌÙÌËɯÐÕɯÛÏÌɯÊÖÕÛÌßÛɯÖÍɯ×ÈÛÏÖÓÖÎÐÊÈÓɯÊÖÕËÐÛÐÖÕÚɯÙÌÔÈÐÕɯÓÈÙÎÌÓàɯÜÕÒÕÖÞÕȭɯ3ÏÐÚɯÔÈÒÌÚɯÈɯÊÖÔ×ÓÌÛÌɯ

ÊÏÈÙÈÊÛÌÙÐáÈÛÐÖÕɯÖÍɯÛÏÌɯ+%.ÚɯÈÊÛÐÝÐÛàɯÕÌÊÌÚÚÈÙàɯÐÕɯÖÙËÌÙɯÛÖɯËÌŗÕÌɯÛÏÐÚɯ×ÏÌÕÖÔÌÕÖÕɯÈÕËɯÛÖɯÚÏÌËɯÓÐÎÏÛɯ

ÖÕɯÛÏÌɯÊÖÔ×ÓÌßɯÕÌÜÙÖ×ÏàÚÐÖÓÖÎÐÊÈÓɯÔÌÊÏÈÕÐÚÔÚɯÛÏÈÛɯÖÙÐÎÐÕÈÛÌɯÈÕËɯÔÖËÜÓÈÛÌɯÛÏÐÚɯÈÊÛÐÝÈÛÐÖÕȭɯ3ÏÜÚȮɯ

ÐÕɯ2ÛÜËàɯƗɯɪɯ"ÏÈÙÈÊÛÌÙÐáÈÛÐÖÕɯÖÍɯ+ÖÞɯ%ÙÌØÜÌÕÊàɯ.ÚÊÐÓÓÈÛÐÖÕÚɯÐÕɯ2ÐÔ×ÓÌɯ'ÈÕËɯ,ÖÝÌÔÌÕÛÚȮɯÛÏÌɯÛÏÐÙËɯÚÛÜËàɯ

×ÙÌÚÌÕÛÌËɯÐÕɯÛÏÌɯ×ÙÌÚÌÕÛɯÚÌÊÛÐÖÕȮɯÛÏÌɯ+%.ÚɀɯÊÏÈÙÈÊÛÌÙÐáÈÛÐÖÕɯÐÚɯÛÈÒÌÕɯÐÕÛÖɯÈÊÊÖÜÕÛȮɯÉÖÛÏɯÐÕɯÏÌÈÓÛÏàɯ

×ÈÙÛÐÊÐ×ÈÕÛÚɯÈÕËɯÐÕɯ×ÖÚÛɪÚÛÙÖÒÌɯ×ÈÛÐÌÕÛÚȭɯ3ÏÌɯÓÈŲÌÙɯÚÛÜËàɯÐÚɯÊÖÕËÜÊÛÌËɯÖÕɯÈɯËÈÛÈÚÌÛɯÊÖÓÓÌÊÛÌËɯÈÛɯÛÏÌɯ

(1""2ɯ%ÖÕËÈáÐÖÕÌɯ2ÈÕÛÈɯ+ÜÊÐÈȮɯÉÜÛɯÐÕɯÛÏÌɯÊÖÕÛÌßÛɯÖÍɯÈɯËÐÚÛÐÕÊÛɯÙÌÚÌÈÙÊÏɯ×ÙÖÑÌÊÛȮɯËÌÚÊÙÐÉÌËɯÐÕɯËÌÛÈÐÓɯ

ÐÕɯȻƛȼȭɯ3ÏÌɯÙÌÚÜÓÛÚɯÖÍɯ2ÛÜËàɯƗȮɯÖÉÛÈÐÕÌËɯÖÕɯÏÌÈÓÛÏàɯ×ÈÙÛÐÊÐ×ÈÕÛÚȮɯÈÙÌɯ×ÜÉÓÐÚÏÌËɯÐÕɯ,ÖÕÎÐÈÙËÐÕÐɯÌÛɯÈÓȭɯ

ƖƔƖƘɯȻƕƜȼȭ 
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ƖȭƖɯ2ÛÜËàɯƕɯɪɯ+ÖÞɯ%ÙÌØÜÌÕÊàɯ!ÙÈÐÕɯ.ÚÊÐÓÓÈÛÐÖÕÚɯÍÖÙɯ!ÙÈÐÕɪ

"ÖÔ×ÜÛÌÙɯ(ÕÛÌÙÍÈÊÌɯÈ××ÓÐÊÈÛÐÖÕÚȯɯÍÙÖÔɯÛÏÌɯÚÖÜÙÊÌÚɯÛÖɯÛÏÌɯÚÊÈÓ×ɯ

ËÖÔÈÐÕ 

 

ƖȭƖȭƕɯ!ÈÊÒÎÙÖÜÕËɯÈÕËɯÖÉÑÌÊÛÐÝÌÚɯ 

 

3ÏÌɯ+ÖÞɯ%ÙÌØÜÌÕÊàɯ.ÚÊÐÓÓÈÛÐÖÕÚɯÈÊÛÐÝÐÛàɯÏÈËɯÕÖÛɯÉÌÌÕɯ×ÙÌÝÐÖÜÚÓàɯÌß×ÓÖÙÌËɯÖÕɯÛÏÌɯÚÊÈÓ×ɯÓÌÝÌÓɯàÌÛȮɯÈÚɯ
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Figure 2. 1. Flow chart that illust rates the methodological steps of the analyses conducted in the present study. EEG: 

Electroencephalography; EMG: Electromyography; LFOs: Low Frequency Oscillations. 
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ÚÛÈÙÛÐÕÎɯÍÙÖÔɯÛÏÌɯ$$&ɯ×ÙÌɪ×ÙÖÊÌÚÚÌËɯËÈÛÈȭɯ3ÖɯÐÔ×ÓÌÔÌÕÛɯÛÏÐÚɯÚÛÌ×ȮɯÛÏÌɯ("!,ɍ-8ɯÔÖËÌÓɯ×ÙÖ×ÖÚÌËɯ

ÐÕɯȻƕƗȼȮɯÞÏÖÚÌɯÊÖÕËÜÊÛÐÕÎɯÝÖÓÜÔÌɯÔÖËÌÓɯÐÚɯÍÖÙÔÜÓÈÛÌËɯÈÚɯÈɯ%ÐÕÐÛÌɯ$ÓÌÔÌÕÛɯ,ÖËÌÓɯȹ%$,ȺȮɯÞÈÚɯ

ÚÌÓÌÊÛÌËȭɯ3ÏÐÚɯÔÖËÌÓɯÞÈÚɯÊÏÖÚÌÕɯÈÚȮɯÐÕɯȻƕƗȼȮɯÐÛɯÐÚɯÙÌ×ÖÙÛÌËɯÛÏÈÛɯÛÏÌɯ("!,ɍ-8ɯÔÖËÌÓɯàÐÌÓËÚɯÉÌŲÌÙɯ

ÙÌÚÜÓÛÚɯÛÏÈÕɯÖÛÏÌÙɯÙÌÍÌÙÌÕÊÌɯÔÖËÌÓÚȭɯ%ÙÖÔɯÛÏÌɯÔÖËÌÓɀÚɯ+ÌÈË%ÐÌÓËɯÔÈÛÙÐßɯÞÐÛÏɯƖƗƕɯ$$&ɯÊÏÈÕÕÌÓÚɯÈÕËɯ

ƙƔƔƘɯÚÖÜÙÊÌɯËÐ×ÖÓÌÚȮɯÛÏÌɯƚƕɯ$$&ɯÊÏÈÕÕÌÓÚɯÐÕÊÓÜËÌËɯÐÕɯÖÜÙɯËÈÛÈÚÌÛɯÞÌÙÌɯÚÌÓÌÊÛÌËȭɯ3ÏÌɯÊÈÓÊÜÓÈÛÐÖÕɯÖÍɯ

ÛÏÌɯÊÙÖÚÚɪÚ×ÌÊÛÙÜÔȮɯÕÌÊÌÚÚÈÙàɯÍÖÙɯÛÏÌɯÉÌÈÔÍÖÙÔÐÕÎɯÛÌÊÏÕÐØÜÌȮɯÞÈÚɯ×ÌÙÍÖÙÔÌËɯÉàɯÊÖÕÚÐËÌÙÐÕÎɯÛÏÌɯ

ÊÙÖÚÚɪÚ×ÌÊÛÙÜÔɯÐÕɯÛÏÌɯƗɪƙɯ'áɯÍÙÌØÜÌÕÊàɯÙÈÕÎÌȭɯ3ÏÌÕɯÛÏÌɯËÐ×ÖÓÌÚȮɯÞÐÛÏɯÛÏÌɯËÐÙÌÊÛÐÖÕɯÛÏÈÛɯÔÈßÐÔÐáÌÚɯ

ÛÏÌɯÈÔ×ÓÐÛÜËÌɯÖÍɯÛÏÌɯÚ×ÌÊÛÙÜÔȮɯÞÌÙÌɯÌßÛÙÈÊÛÌËȭ 

 

+%.ÚɯÌßÛÙÈÊÛÐÖÕ 

 

3ÖɯÌßÛÙÈÊÛɯ+%.Úɯ×ÖÞÌÙȮɯËÈÛÈɯÉÖÛÏɯÖÍɯÛÏÌɯÚÊÈÓ×ɯÈÕËɯÖÍɯÛÏÌɯÚÖÜÙÊÌÚɯÞÌÙÌɯ×ÙÖÊÌÚÚÌËɯÈÊÊÖÙËÐÕÎɯÛÖɯÛÏÌɯ

×Ð×ÌÓÐÕÌɯÙÌ×ÖÙÛÌËɯÐÕɯȻƖȼȰɯÛÏÌɯÛÐÔÌɪÍÙÌØÜÌÕÊàɯÈÕÈÓàÚÐÚɯÞÈÚɯ×ÌÙÍÖÙÔÌËɯÞÐÛÏɯÈɯÍÙÌØÜÌÕÊàɪËÌ×ÌÕËÌÕÛɯ

ÛÐÔÌɪÞÐÕËÖÞɯÈÕÈÓàÚÐÚɯÐÕɯÛÏÌɯÍÙÌØÜÌÕÊàɯÙÈÕÎÌɯƕɪƖƖɯ'áȮɯÞÐÛÏɯÈɯÓÌÕÎÛÏɯÛÐÔÌɯÞÐÕËÖÞɯÖÍɯƙɤÍÙÌØÜÌÕÊàȮɯ

ÜÚÐÕÎɯÈɯÚÓÐËÐÕÎɯ'ÈÕÕɯÞÐÕËÖÞɯÈÕËɯÚÛÌ×ÚɯÖÍɯƜƔɯÔÚȭɯ ɯÉÈÚÌÓÐÕÌɯÊÖÙÙÌÊÛÐÖÕɯÞÈÚɯÈ××ÓÐÌËɯÊÖÕÚÐËÌÙÐÕÎɯÛÏÌɯ

×ÖÞÌÙɯÊÖÔ×ÜÛÌËɯÐÕɯÛÏÌɯŗÙÚÛɯÚÌÊÖÕËɯÖÍɯÌÈÊÏɯÛÙÐÈÓȮɯÐÕɯÌÈÊÏɯÍÙÌØÜÌÕÊàɯÉÐÕȮɯÍÖÙɯÌÈÊÏɯÊÏÈÕÕÌÓɯÚÌ×ÈÙÈÛÌÓàȭ 

!ÈÚÌËɯÖÕɯÛÏÌɯÛÐÔÌɪÍÙÌØÜÌÕÊàɯËÌÊÖÔ×ÖÚÐÛÐÖÕȮɯÛÏÌɯ+%.Úɯ×ÖÞÌÙɯÛÌÔ×ÖÙÈÓɯÛÙÌÕËÚɯÞÌÙÌɯÖÉÛÈÐÕÌËɯ

ÊÖÕÚÐËÌÙÐÕÎɯÛÏÌɯÚÜÔɯÖÍɯÛÏÌɯ×ÖÞÌÙɯÚ×ÌÊÛÙÈÓɯËÌÕÚÐÛàɯÖÝÌÙɯÛÏÌɯÍÙÌØÜÌÕÊàɯÙÈÕÎÌɯƗɪƙɯ'áɯÍÖÙɯÌÈÊÏɯÊÏÈÕÕÌÓɯ

ÖÕɯÛÏÌɯÚÊÈÓ×ɯÈÕËɯÍÖÙɯÌÈÊÏɯÚÖÜÙÊÌɯÐÕɯÛÏÌɯÊÖÙÛÌßɯËÖÔÈÐÕȭ 

(ÕɯÖÙËÌÙɯÛÖɯÐÕÊÙÌÈÚÌɯÛÏÌɯÚÈÔ×ÓÌɯÚÐáÌȮɯËÈÛÈɯÖÍɯÛÈÚÒÚɯ×ÌÙÍÖÙÔÌËɯÞÐÛÏɯÛÏÌɯÓÌÍÛɯÏÈÕËɯÞÌÙÌɯŘÐ××ÌËɯÉÈÚÌËɯ

ÖÕɯÚÊÈÓ×ɯÌÓÌÊÛÙÖËÌɯ×ÖÚÐÛÐÖÕɯÔÌÈÕÐÕÎɯÛÏÈÛɯÚÐÎÕÈÓÚɯÖÍɯÓÌÍÛɯÏÌÔÐÚ×ÏÌÙÌɯÞÌÙÌɯŘÐ××ÌËɯÖÕɯÏÖÔÖÓÖÎÖÜÚɯ

ÊÏÈÕÕÌÓÚɯÖÍɯÛÏÌɯÙÐÎÏÛɯÏÌÔÐÚ×ÏÌÙÌɯÈÕËɯÝÐÊÌɯÝÌÙÚÈɯȻƕƘȼȮɯȻƕƙȼȭɯ3ÏÌÙÌÍÖÙÌȮɯÎÙÖÜ×ɯÈÕÈÓàÚÐÚɯÞÐÓÓɯÉÌɯ

×ÌÙÍÖÙÔÌËɯÖÕɯÈɯÚÈÔ×ÓÌɯÖÍɯ-ɯǻɯƕƜɯÚÜÉÑÌÊÛÚȭ 

(ÕɯÛÏÌɯÈÕÈÓàÚÐÚȮɯÐÛɯÞÈÚɯÊÖÕÚÐËÌÙÌËɯÈɯÛÐÔÌɯÐÕÛÌÙÝÈÓɯÖÍɯȻɪƔȭƚȮɯƔȭƚȼɯÚɯÈÙÖÜÕËɯÛÏÌɯÈÝÌÙÈÎÌËɯ$,&ɯÖÕÚÌÛɯ

ÈÊÙÖÚÚɯ×ÈÙÛÐÊÐ×ÈÕÛÚȭ 

 

2ÖÜÙÊÌɯÈÕËɯÚÊÈÓ×ɯËÖÔÈÐÕɯÊÖÔ×ÈÙÐÚÖÕ 

 

2ÐÕÊÌɯÛÏÌɯÏÌÈËɯÔÖËÌÓɯÊÖÕÚÐËÌÙÌËɯÐÚɯÌß×ÙÌÚÚÌËɯÐÕɯ,ÖÕÛÙÌÈÓɯ-ÌÜÙÖÓÖÎÐÊÈÓɯ(ÕÚÛÐÛÜÛÌɯȹ,-(ȺɯÊÖÖÙËÐÕÈÛÌÚȮɯ

ÛÖɯÌÝÈÓÜÈÛÌɯÛÏÌɯ+%.ÚɯÈÊÛÐÝÐÛàɯÐÕɯÛÏÌɯÚÈÔÌɯÈÙÌÈÚɯ×ÙÖ×ÖÚÌËɯÐÕɯȻƖȼȮɯÛÏÌɯ,-(ɯÊÖÖÙËÐÕÈÛÌÚɯÎÐÝÌÕɯÐÕɯ
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!ġÕÚÛÙÜ×ɯÌÛɯÈÓȭɯÍÖÙɯÛÏÌɯÚÈÔ×ÓÌɯÖÍɯÏÌÈÓÛÏàɯÚÜÉÑÌÊÛÚɯÞÌÙÌɯÌÔ×ÓÖàÌËȭɯ(Õɯ×ÈÙÛÐÊÜÓÈÙȮɯÛÏÌɯ,ÌËÐÈÓɯ%ÙÖÕÛÈÓɯ

&àÙÜÚɯÈÕËɯÛÏÌɯ2Ü×ÌÙÐÖÙɯ3ÌÔ×ÖÙÈÓɯ&àÙÜÚɯÖÍɯÛÏÌɯÓÌÍÛɯÏÌÔÐÚ×ÏÌÙÌȮɯÊÖÕÛÙÈÓÈÛÌÙÈÓɯÛÖɯÛÏÌɯÔÖÝÌÔÌÕÛȮɯÞÌÙÌɯ

ÊÖÕÚÐËÌÙÌËȭɯ%ÙÖÔɯÛÏÌɯ,-(ɯÊÖÖÙËÐÕÈÛÌÚɯÙÌ×ÖÙÛÌËɯÐÕɯȻƖȼȮɯÛÏÌɯÕÌÈÙÌÚÛɯÚÖÜÙÊÌɯÖÍɯÛÏÌɯÔÖËÌÓȮɯÜÚÌËɯÐÕɯÛÏÐÚɯ

ÚÛÜËàȮɯÞÌÙÌɯÐËÌÕÛÐŗÌËɯÈÚɯÙÌ×ÙÌÚÌÕÛÈÛÐÝÌɯÖÍɯÛÏÌɯÉÙÈÐÕɯÙÌÎÐÖÕȭɯ 

6ÐÛÏɯÛÏÌɯÈÐÔɯÖÍɯÈÕÈÓàáÐÕÎɯÛÏÌɯÙÌ×ÙÖËÜÊÐÉÐÓÐÛàɯÉÌÛÞÌÌÕɯÛÏÌɯÈÊÛÐÝÐÛàɯÈÛɯ+%.ÚɯÐÕɯÊÖÙÛÌßɯÈÕËɯÈÛɯÚÊÈÓ×ɯ

ÓÌÝÌÓȮɯÛÏÌɯÊÏÈÕÕÌÓÚɯÛÏÈÛɯÔÖÚÛɯÙÌ×ÙÌÚÌÕÛɯÛÏÌɯÈÊÛÐÝÐÛàɯÖÍɯÛÏÌɯÚÌÓÌÊÛÌËɯÚÖÜÙÊÌɯ×ÖÐÕÛÚɯÞÌÙÌɯÐËÌÕÛÐŗÌËȭɯ(Õɯ

ËÌÛÈÐÓȮɯÍÖÙɯÛÏÌɯÐËÌÕÛÐŗÊÈÛÐÖÕɯÖÍɯÛÏÌÚÌɯÊÏÈÕÕÌÓÚȮɯÛÏÌɯ+ÌÈË%ÐÌÓËɯÔÈÛÙÐßɯÞÈÚɯÊÖÕÚÐËÌÙÌËɯȻƚƕɯßɯƙƔƔƘɯßɯƗȮɯ

ÕÜÔÉÌÙɯÖÍɯÊÏÈÕÕÌÓÚɯßɯÕÜÔÉÌÙɯÖÍɯÚÖÜÙÊÌÚɯßɯÖÙÐÌÕÛÈÛÐÖÕÚɯȹßȮàȮáȺȼɯÈÕËɯÞÈÚɯÊÖÔ×ÜÛÌËɯÐÛÚɯÔÖËÜÓÜÚȭɯ

3ÏÌÕȮɯÚÌ×ÈÙÈÛÌÓàɯÍÖÙɯÌÈÊÏɯÚÖÜÙÊÌɯ×ÖÐÕÛɯȹ,ÌËÐÈÓɯ%ÙÖÕÛÈÓɯ&àÙÜÚȮɯ2Ü×ÌÙÐÖÙɯ3ÌÔ×ÖÙÈÓɯ&àÙÜÚȺȮɯÐÛɯÞÈÚɯ

ÊÖÔ×ÜÛÌËɯÛÏÌɯÔÌÈÕɯÈÕËɯÛÏÌɯÚÛÈÕËÈÙËɯËÌÝÐÈÛÐÖÕɯÈÊÙÖÚÚɯÛÏÌɯÊÏÈÕÕÌÓÚɀɯÞÌÐÎÏÛÚɯÖÍɯÛÏÌɯÙÌÓÈÛÌËɯÚÖÜÙÊÌɯ

ÊÖÓÜÔÕɯÖÍɯÛÏÌɯÕÖÙÔÈÓÐáÌËɯ+ÌÈË%ÐÌÓËɯÔÈÛÙÐßȭɯ3ÏÜÚȮɯÞÌÙÌɯÐËÌÕÛÐŗÌËɯÛÏÌɯÊÏÈÕÕÌÓÚɯÞÏÖÚÌɯÈÚÚÖÊÐÈÛÌËɯ

ÞÌÐÎÏÛȮɯÐÕɯÛÏÌɯÕÖÙÔÈÓÐáÌËɯ+ÌÈË%ÐÌÓËɯÔÈÛÙÐßȮɯÌßÊÌÌËÚɯÛÏÌɯÛÏÙÌÚÏÖÓËɯÚÌÛɯÈÚɯÛÏÌɯÔÌÈÕɯ×ÓÜÚɯÖÕÌɯÚÛÈÕËÈÙËɯ

ËÌÝÐÈÛÐÖÕɯÖÍɯÛÏÌɯÊÏÈÕÕÌÓɀÚɯÞÌÎÏÛÚȭɯ3ÏÐÚɯÚÌÓÌÊÛÐÖÕɯÞÈÚɯ×ÌÙÍÖÙÔÌËɯÐÕËÐÝÐËÜÈÓÓàɯÍÖÙɯÛÏÌɯ,ÌËÐÈÓɯ%ÙÖÕÛÈÓɯ

&àÙÜÚɯÈÕËɯÛÏÌɯ2Ü×ÌÙÐÖÙɯ3ÌÔ×ÖÙÈÓɯ&àÙÜÚȭ 

3ÖɯÛÌÚÛɯÛÏÌɯÚÐÔÐÓÈÙÐÛàɯÉÌÛÞÌÌÕɯÛÏÌɯÈÊÛÐÝÐÛàɯÈÛɯÛÏÌɯ+%.ÚɯÈÛɯÛÏÌɯÚÖÜÙÊÌɯ×ÖÐÕÛÚɯÈÕËɯÖÕɯÛÏÌɯ$$&ɯÊÏÈÕÕÌÓÚɯ

ÍÖÜÕËÌËȮɯÛÏÌɯ2×ÌÈÙÔÈÕɅÚɯÊÖÙÙÌÓÈÛÐÖÕɯÞÈÚɯÐÔ×ÓÌÔÌÕÛÌËɯÛÖɯÊÖÔ×ÈÙÌɯ×ÙÖŗÓÌÚɯÐÕɯÛÏÌɯÛÐÔÌɯÐÕÛÌÙÝÈÓɯȻɪƔȭƚɯ

ƔȭƚȼɯÚɯÈÙÖÜÕËɯÛÏÌɯÈÝÌÙÈÎÌËɯ$,&ɯÖÕÚÌÛȭ 

 

ƖȭƖȭƗɯ1ÌÚÜÓÛÚ 
 

%ÐÎÜÙÌɯƖȭƖɯÚÏÖÞÚɯÛÏÌɯ+%.Úɯ×ÖÞÌÙɯÈÝÌÙÈÎÌËɯÈÊÙÖÚÚɯ×ÈÙÛÐÊÐ×ÈÕÛÚɯȹÕɯǻɯƕƜȺɯÖÕɯÛÏÌɯÊÖÙÛÌßɯȹ×ÈÕÌÓɯÈȺɯÈÕËɯ

ÖÕɯÛÏÌɯÚÊÈÓ×ɯȹ×ÈÕÌÓɯÉȺɯÍÖÙɯÛÏÌɯÙÐÎÏÛɪÏÈÕËɯŗÕÎÌÙɯÌßÛÌÕÚÐÖÕɯÛÈÚÒȮɯÈÛɯËÐřÌÙÌÕÛɯÛÐÔÌɯ×ÖÐÕÛÚɯÈÙÖÜÕËɯÛÏÌɯ

$,&ɯÖÕÚÌÛȭɯ(ÕɯÉÖÛÏɯËÖÔÈÐÕÚȮɯÐÛɯÐÚɯÚÏÖÞÕɯÈÕɯ+%.Úɯ×ÖÞÌÙɯÐÕÊÙÌÈÚÌɯÚÛÈÙÛÐÕÎɯƚƔƔɯÔÚɯÉÌÍÖÙÌɯÛÏÌɯ$,&ɯ

ÖÕÚÌÛɯÖÝÌÙɯÛÏÌɯÍÙÖÕÛÈÓɯÈÕËɯÊÌÕÛÙÈÓɯÊÖÙÛÐÊÈÓɯÔÖÛÖÙɯÈÙÌÈÚɯÈÕËɯÖÝÌÙɯÛÏÌɯÍÙÖÕÛÈÓɯÈÕËɯÚÌÕÚÖÙàɪÔÖÛÖÙɯ

ÌÓÌÊÛÙÖËÌÚɯÙÌÚ×ÌÊÛÐÝÌÓàȮɯÔÈÐÕÓàɯÐÕɯÛÏÌɯÊÖÕÛÙÈÓÈÛÌÙÈÓɯÏÌÔÐÚ×ÏÌÙÌȭ 

(ÕɯÛÏÌɯ%ÐÎÜÙÌɯƖȭƗɯÈÙÌɯËÌ×ÐÊÛÌËɯÛÏÌɯÛÌÔ×ÖÙÈÓɯ×ÙÖŗÓÌÚɯÖÍɯÛÏÌɯ+%.Úɯ×ÖÞÌÙɯÈÝÌÙÈÎÌËɯÈÊÙÖÚÚɯÚÜÉÑÌÊÛÚɯÖÍɯ

ÛÏÌɯŗÕÎÌÙɯÌßÛÌÕÚÐÖÕɯÖÍɯÛÏÌɯÙÐÎÏÛɪÏÈÕËɯÌß×ÌÙÐÔÌÕÛÈÓɯÛÈÚÒȮɯÖÉÛÈÐÕÌËɯÖÕɯÛÏÌɯ,ÌËÐÈÓɯ%ÙÖÕÛÈÓɯ&àÙÜÚɯȹ,-(ɯ

ÊÖÖÙËÐÕÈÛÌÚɯǻɯȻɪƗƜȭƗƚɯƗȭƝƙɯƙƖȭƝƜȼȺɯÖÍɯÛÏÌɯÓÌÍÛɯÏÌÔÐÚ×ÏÌÙÌɯÈÕËɯÖÍɯÛÏÌɯ$$&ɯÊÏÈÕÕÌÓÚɯÞÏÖÚÌɯÈÊÛÐÝÐÛàɯÐÚɯ

ÔÖÚÛɯÙÌ×ÙÌÚÌÕÛÈÛÐÝÌɯÖÍɯÛÏÈÛɯÚÖÜÙÊÌȭɯ3ÏÌɯÊÖÙÙÌÓÈÛÐÖÕɯÉÌÛÞÌÌÕɯÛÏÌɯ+%.Úɯ×ÖÞÌÙɯ×ÙÖŗÓÌÚɯÖÍɯÛÏÌɯ,ÌËÐÈÓɯ

%ÙÖÕÛÈÓɯ&àÙÜÚɯÈÕËɯÖÍɯÛÏÌɯÚÌÕÚÖÙÐÔÖÛÖÙɯÚÛÙÐ×ɯÊÏÈÕÕÌÓÚɯ%"ƗȮɯ"ƗɯÈÕËɯ"ƕɯÐÚɯƔȭƛƙɯȹ×ɯǻɯƔȭƔƔƕȺȮɯƔȭƜƛɯȹ×ɯǾǾɯ

ƔȭƔƙȺɯÈÕËɯƔȭƚƘɯȹ×ɯǻɯƔȭƔƔƛȺɯÙÌÚ×ÌÊÛÐÝÌÓàȭ 

(Õɯ%ÐÎÜÙÌɯƖȭƘȮɯÈÚɯÐÕɯ%ÐÎÜÙÌɯƖȭƗȮɯÈÙÌɯÚÏÖÞÕɯÛÏÌɯÛÌÔ×ÖÙÈÓɯ×ÙÖŗÓÌÚɯÖÍɯÛÏÌɯ+%.Úɯ×ÖÞÌÙɯÈÝÌÙÈÎÌËɯÈÊÙÖÚÚɯ

ÚÜÉÑÌÊÛÚɯËÜÙÐÕÎɯÛÏÌɯŗÕÎÌÙɯÌßÛÌÕÚÐÖÕɯÖÍɯÛÏÌɯÙÐÎÏÛɪÏÈÕËɯÌß×ÌÙÐÔÌÕÛÈÓɯÛÈÚÒȮɯÖÉÛÈÐÕÌËɯÖÕɯÛÏÌɯ2Ü×ÌÙÐÖÙɯ

3ÌÔ×ÖÙÈÓɯ&àÙÜÚɯȹ,-(ɯÊÖÖÙËÐÕÈÛÌÚɯǻɯȻɪƚƕȭƝƝɯɪƗƖȭƔƕɯƕƕȭƙƘȼȺɯÖÍɯÛÏÌɯÓÌÍÛɯÏÌÔÐÚ×ÏÌÙÌɯÈÕËɯÖÍɯÛÏÌɯÙÌÓÈÛÐÝÌɯ

$$&ɯÊÏÈÕÕÌÓÚɯÞÏÖÚÌɯÈÊÛÐÝÐÛàɯÐÚɯÔÖÚÛɯÙÌ×ÙÌÚÌÕÛÈÛÐÝÌɯÖÍɯÛÏÈÛɯÚÖÜÙÊÌȭɯ3ÏÌɯÊÖÙÙÌÓÈÛÐÖÕɯÊÖÌŚÊÐÌÕÛɯ

ÉÌÛÞÌÌÕɯÛÏÌɯ+%.Úɯ×ÖÞÌÙɯ×ÙÖŗÓÌÚɯÖÍɯÛÏÌɯ2Ü×ÌÙÐÖÙɯ3ÌÔ×ÖÙÈÓɯ&àÙÜÚɯÈÕËɯÖÍɯÛÏÌɯÊÏÈÕÕÌÓÚɯ3ƛɯÈÕËɯ3/ƛɯ

ÐÚɯƔȭƛƗɯȹ×ɯǻɯƔȭƔƔƕȺɯÈÕËɯƔȭƙƗɯȹ×ɯǻɯƔȭƔƗȺɯÙÌÚ×ÌÊÛÐÝÌÓàȭ 

%ÖÙɯÉÖÛÏɯÚÖÜÙÊÌÚȮɯÛÏÌɯ,ÌËÐÈÓɯ%ÙÖÕÛÈÓɯ&àÙÜÚɯÈÕËɯÛÏÌɯ2Ü×ÌÙÐÖÙɯ3ÌÔ×ÖÙÈÓɯ&àÙÜÚȮɯÐÛɯÐÚɯ×ÖÚÚÐÉÓÌɯÛÖɯÝÌÙÐÍàɯ

ÛÏÈÛɯÛÏÌɯ+%.Úɯ×ÖÞÌÙɯ×ÌÈÒȮɯÓÖÊÈÓÐáÌËɯÉÌÍÖÙÌɯÛÏÌɯ$,&ɯÖÕÚÌÛȮɯÊÈÕɯÈÓÚÖɯÉÌɯÖÉÚÌÙÝÌËɯÖÕɯÛÏÌɯÐËÌÕÛÐŗÌËɯ

ÊÏÈÕÕÌÓÚȭɯ 
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Figure 2. 2.  Distribution on the cortex (panel a) and on the scalp (panel b) of the LFOs power averaged across subjects 

(N = 18) for the motor execution of the finger extension experimental task of the right hand at 5 time points around the 

onset: -0.6 s, -0.3 s, 0 s, +0.3 s and +0.6 s. Power was normalized with respect to the baseline interval (first second of each 

trial). Representations are centered around the EMG onset and the color decodes the LFOs power. [4] 

 

 

Figure 2. 3. Temporal profiles of LFOs power averaged across subjects (N = 18) in the Medial Frontal Gyrus of the Left 

Hemisphere (MNI coordinates = [ -38.36 3.95 52.98]) on the cortex (panel on the left) and on the channels FC3, C3 and C1 

on the scalp, respectively, for the finger extension experimental task of the right hand. Power was normalized with 

respect to the baseline interval (first second of each trial). Profiles are presented in a time interval of [ -0.6 0.6] s centered 

around the EMG onset. For each channel is reported the value of the Spearman correlation between the LFO power 

temporal profile of the EEG channel and the Medial Frontal Gyrus, and the p -value. [4] 

 

 

Figure 2. 4. Temporal profiles of LFOs power averaged across subjects (N = 18) in the Superior Temporal Gyrus of the 

Left Hemisphere (MNI coordinates = [ -61.99 -32.01 11.54]) on the cortex (panel on the left) and on the channels T7 and 

TP7 on the scalp, respectively, for the finger extension experimental task of the right hand. Power was normalized with 

respect to the baseline interval (first second of each trial). Profiles are presented in a time interval of [ -0.6 0.6] s centered 

around the EMG onset. For each channel is reported the value of the Spearman correlation between the LFOs power 

temporal profile of the EEG channel and the Superior Temporal Gyrus, and the p -value. [4] 
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ƖȭƖȭƘɯ#ÐÚÊÜÚÚÐÖÕ 

 

(Õɯ2ÛÜËàɯƕɯɪɯ+ÖÞɯ%ÙÌØÜÌÕÊàɯ!ÙÈÐÕɯ.ÚÊÐÓÓÈÛÐÖÕÚɯÍÖÙɯ!ÙÈÐÕɪ"ÖÔ×ÜÛÌÙɯ(ÕÛÌÙÍÈÊÌɯÈ××ÓÐÊÈÛÐÖÕÚȯɯÍÙÖÔɯÛÏÌɯÚÖÜÙÊÌÚɯ

ÛÖɯÛÏÌɯÚÊÈÓ×ɯËÖÔÈÐÕȮɯÛÏÌɯ+%.ÚɯÈÊÛÐÝÐÛàɯÞÈÚɯÐÕÝÌÚÛÐÎÈÛÌËɯÐÕɯÛÏÌɯÚÖÜÙÊÌɯÈÕËɯÐÕɯÛÏÌɯÚÊÈÓ×ɯËÖÔÈÐÕÚɯÐÕɯÈɯ

ÚÈÔ×ÓÌɯÖÍɯƝɯÏÌÈÓÛÏàɯÚÜÉÑÌÊÛÚɯÞÏÐÓÌɯ×ÌÙÍÖÙÔÐÕÎɯÛÏÌɯÌßÌÊÜÛÐÖÕɯÖÍɯÛÏÌɯŗÕÎÌÙɯÌßÛÌÕÚÐÖÕɯÌß×ÌÙÐÔÌÕÛÈÓɯ

ÛÈÚÒȭɯ 

3ÏÌɯÙÌÚÜÓÛÚɯÖÉÛÈÐÕÌËɯÐÕɯÛÏÌɯÚÖÜÙÊÌɯËÖÔÈÐÕɯÊÖÕŗÙÔɯÈÕËɯÌß×ÈÕËɯÛÏÌɯ+%.ÚɯÓÐÛÌÙÈÛÜÙÌɯȻƕȼȮɯȻƖȼȯɯÈÕɯ

ÐÕÊÙÌÈÚÌɯÐÕɯ+%.Úɯ×ÖÞÌÙɯÐÕɯÛÏÌɯÍÙÖÕÛÈÓɯÈÕËɯÊÌÕÛÙÈÓɯÔÖÛÖÙɯÊÖÙÛÐÊÈÓɯÈÙÌÈÚɯÞÈÚɯÖÉÚÌÙÝÌËȮɯÔÈÐÕÓàɯ

ÊÖÕÛÙÈÓÈÛÌÙÈÓɯÛÖɯÛÏÌɯÔÖÝÌÔÌÕÛȮɯÉÌÍÖÙÌɯÈÕËɯÈÙÖÜÕËɯÛÏÌɯ$,&ɯÖÕÚÌÛɯÐÕɯÛÏÌɯŗÕÎÌÙɯÌßÛÌÕÚÐÖÕɯÛÈÚÒɯÛÏÈÛɯ

ÏÈÚɯÕÌÝÌÙɯÉÌÌÕɯÌß×ÓÖÙÌËɯàÌÛȭɯ(ÕɯÛÏÌɯÛÞÖɯÊÖÙÛÐÊÈÓɯÙÌÎÐÖÕÚɯÈÕÈÓàáÌËɯÐÕɯÛÏÐÚɯÚÛÜËàȮɯÛÏÌɯ,ÌËÐÈÓɯ%ÙÖÕÛÈÓɯ

&àÙÜÚɯÈÕËɯÛÏÌɯ2Ü×ÌÙÐÖÙɯ3ÌÔ×ÖÙÈÓɯ&àÙÜÚɯÖÍɯÛÏÌɯÓÌÍÛɯÏÌÔÐÚ×ÏÌÙÌȮɯÐÛɯÐÚɯ×ÖÚÚÐÉÓÌɯÛÖɯÝÌÙÐÍàɯÛÏÌɯÛÙÌÕËɯÖÍɯ

+%.Úɯ×ÖÞÌÙɯÖÝÌÙɯÛÐÔÌɯÖÉÚÌÙÝÐÕÎɯÐÛÚɯÐÕÊÙÌÈÚÌɯÈÉÖÜÛɯƚƔƔɯÔÚɯÉÌÍÖÙÌɯÛÏÌɯ$,&ɯÖÕÚÌÛȭɯ 

3ÏÌɯÊÖÔ×ÈÙÐÚÖÕɯÉÌÛÞÌÌÕɯÛÏÌɯÚÖÜÙÊÌÚɯÈÕËɯÛÏÌɯ$$&ɯÊÏÈÕÕÌÓÚɯÊÖÕÚÐËÌÙÌËȮɯÙÌÓÈÛÐÝÌɯÛÖɯÌÈÊÏɯÚÖÜÙÊÌȮɯ

ÚÜÎÎÌÚÛÚɯÛÏÈÛɯ+%.ÚɯÈÊÛÐÝÐÛàɯÊÈÕɯÉÌɯËÌÛÌÊÛÌËɯÈÓÚÖɯÈÛɯÛÏÌɯÚÊÈÓ×ɯÓÌÝÌÓȰɯÊÖÙÙÌÓÈÛÐÖÕÚɯÖÍɯÛÏÌɯ×ÖÞÌÙɯÛÐÔÌɯ

×ÙÖŗÓÌÚɯÉÌÛÞÌÌÕɯÛÏÌɯÚÖÜÙÊÌÚɯ×ÖÐÕÛÚɯÈÕËɯÙÌÓÈÛÐÝÌɯÚÊÈÓ×ɯÊÏÈÕÕÌÓÚɯÈÙÌɯÚÐÎÕÐŗÊÈÕÛɯȹ×ǾƔȭƔƙȺȭɯ 
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ƖȭƗɯ2ÛÜËàɯƖɯɪɯ+ÖÞɯ%ÙÌØÜÌÕÊàɯ!ÙÈÐÕɯ.ÚÊÐÓÓÈÛÐÖÕÚɯËÜÙÐÕÎɯÛÏÌɯ

ÌßÌÊÜÛÐÖÕɯÈÕËɯÐÔÈÎÐÕÈÛÐÖÕɯÖÍɯÚÐÔ×ÓÌɯÏÈÕËɯÔÖÝÌÔÌÕÛÚɯÍÖÙɯ!ÙÈÐÕɪ

"ÖÔ×ÜÛÌÙɯ(ÕÛÌÙÍÈÊÌɯÈ××ÓÐÊÈÛÐÖÕÚ 

 

ƖȭƗȭƕɯ!ÈÊÒÎÙÖÜÕËɯÈÕËɯÖÉÑÌÊÛÐÝÌÚ 

 

3ÏÌɯ+ÖÞɯ%ÙÌØÜÌÕÊàɯ.ÚÊÐÓÓÈÛÐÖÕÚɯÞÌÙÌɯÈÚÚÌÚÚÌËɯÛÖɯÉÌɯËÌÛÌÊÛÈÉÓÌɯÈÛɯÛÏÌɯÚÊÈÓ×ɯÓÌÝÌÓȮɯÈÚɯËÌÔÖÕÚÛÙÈÛÌËɯ

ÐÕɯ2ÛÜËàɯ2ÛÜËàɯƕɯɪɯ+ÖÞɯ%ÙÌØÜÌÕÊàɯ!ÙÈÐÕɯ.ÚÊÐÓÓÈÛÐÖÕÚɯÍÖÙɯ!ÙÈÐÕɪ"ÖÔ×ÜÛÌÙɯ(ÕÛÌÙÍÈÊÌɯÈ××ÓÐÊÈÛÐÖÕÚȯɯÍÙÖÔɯÛÏÌɯ

ÚÖÜÙÊÌÚɯÛÖɯÛÏÌɯÚÊÈÓ×ɯËÖÔÈÐÕɯȻƘȼɯÍÖÙɯÛÏÌɯÔÖÛÖÙɯÌßÌÊÜÛÐÖÕɯÖÍɯÛÏÌɯŗÕÎÌÙɯÌßÛÌÕÚÐÖÕɯÛÈÚÒȭɯɯ 

3ÖɯËÈÛÌȮɯÕÖɯÚÛÜËÐÌÚɯÏÈÝÌɯÌß×ÓÖÙÌËɯ+%.ÚɯÐÕɯÔÖÛÖÙɯÐÔÈÎÌÙàɯÛÙÐÈÓÚȮɯÞÏÐÊÏɯÈÙÌɯÍÙÌØÜÌÕÛÓàɯÜÚÌËɯÐÕɯ×ÖÚÛɪ

ÚÛÙÖÒÌɯÐÕÛÌÙÝÌÕÛÐÖÕÚɯÛÈÙÎÌÛÐÕÎɯÛÏÌɯÙÌÊÖÝÌÙàɯÖÍɯÛÏÌɯÔÖÛÖÙɯÍÜÕÊÛÐÖÕɯÖÍɯÛÏÌɯÜ××ÌÙɯÓÐÔÉɯÐÕɯÚÌÝÌÙÌÓàɯ

ÈřÌÊÛÌËɯ×ÈÛÐÌÕÛÚɯÝÐÈȮɯÍÖÙɯÌßÈÔ×ÓÌȮɯ!"(ɯȻƚȼȮɯȻƕƚȼȮɯȻƕƛȼȭ 

3ÏÌɯ×ÙÌÚÌÕÛɯÚÛÜËàɯÐÕÝÌÚÛÐÎÈÛÌÚɯÛÏÌɯÖÊÊÜÙÙÌÕÊÌɯÖÍɯ+%.ÚɯËÜÙÐÕÎɯÉÖÛÏɯÔÖÛÖÙɯÌßÌÊÜÛÐÖÕɯȹ,$ȺɯÈÕËɯÔÖÛÖÙɯ

ÐÔÈÎÌÙàɯȹ,(ȺɯÖÍɯÛÏÌɯŗÕÎÌÙɯÌßÛÌÕÚÐÖÕȮɯ×ÌÙÍÖÙÔÌËɯÚÌ×ÈÙÈÛÌÓàɯÞÐÛÏɯÉÖÛÏɯÏÈÕËÚȮɯÐÕɯÈɯÚÈÔ×ÓÌɯÖÍɯÏÌÈÓÛÏàɯ

×ÈÙÛÐÊÐ×ÈÕÛÚɯÈÕËȮɯÈÚɯÈɯ×ÙÌÓÐÔÐÕÈÙàɯÐÕÝÌÚÛÐÎÈÛÐÖÕȮɯÐÕɯÛÞÖɯ×ÖÚÛɪÚÛÙÖÒÌɯ×ÈÛÐÌÕÛÚȭ 

3ÏÌɯ×ÙÌÚÌÕÛɯÚÛÜËàɯÈÐÔÚɯÛÖɯÌÝÈÓÜÈÛÌɯÛÏÌɯ×ÖÛÌÕÛÐÈÓɯÈ××ÓÐÊÈÛÐÖÕɯÖÍɯ+%.ÚɯÈÚɯÈÕɯÐÔ×ÈÐÙÔÌÕÛɯÔÈÙÒÌÙɯ

ÊÖÕÚÐËÌÙÐÕÎɯÐÕɯÛÏÌɯÊÖÕÛÌßÛɯÖÍɯÔÖÛÖÙɯÐÔÈÎÌÙàɯÛÈÚÒÚȭɯ2×ÌÊÐŗÊÈÓÓàȮɯÛÏÌɯÚÛÜËàɯÞÐÓÓȯɯȹƕȺɯÌßÈÔÐÕÌɯÛÏÌɯ

ÍÌÈÛÜÙÌÚɯÖÍɯ+%.ÚɯÐÕɯÛÏÌɯŗÕÎÌÙɯÌßÛÌÕÚÐÖÕɯ,$ɯÈÕËɯ,(ɯÐÕɯÈɯÚÈÔ×ÓÌɯÖÍɯÏÌÈÓÛÏàɯ×ÈÙÛÐÊÐ×ÈÕÛÚȰɯÈÕËɯȹƖȺɯ

Ìß×ÓÖÙÌɯÛÏÌɯÜÚÌɯÖÍɯ+%.ÚɯÐÕɯÛÞÖɯÚÛÙÖÒÌɯ×ÈÛÐÌÕÛÚɯÞÐÛÏɯËÐřÌÙÌÕÛɯËÌÎÙÌÌÚɯÖÍɯÔÖÛÖÙɯÐÔ×ÈÐÙÔÌÕÛȭ 

3ÏÌɯÙÌÚÜÓÛÚɯÖÍɯÛÏÌɯ×ÙÌÚÌÕÛɯÚÛÜËàɯÞÌÙÌɯ×ÜÉÓÐÚÏÌËɯÐÕɯ[5]. 

 

ƖȭƗȭƖɯ,ÈÛÌÙÐÈÓÚɯÈÕËɯ,ÌÛÏÖËÚ 

#ÈÛÈÚÌÛɯÈÕËɯÌß×ÌÙÐÔÌÕÛÈÓɯËÌÚÐÎÕ 

 

3ÏÌɯËÈÛÈÚÌÛɯÈÕÈÓàáÌËɯÐÕɯÛÏÌɯ×ÙÌÚÌÕÛɯÚÛÜËàɯÐÕÊÓÜËÌÚɯÛÏÌɯÙÌÊÖÙËÐÕÎÚɯÊÖÓÓÌÊÛÌËɯÍÙÖÔɯƕƔɯÏÌÈÓÛÏàɯ

×ÈÙÛÐÊÐ×ÈÕÛÚɯÈÕËɯƖɯ×ÖÚÛɪÚÛÙÖÒÌɯ×ÈÛÐÌÕÛÚɯÊÖÓÓÌÊÛÌËɯÐÕɯÛÏÌɯÊÖÕÛÌßÛɯÖÍɯÛÏÌɯ1ÈÕËÖÔÐáÌËɯ"ÖÕÛÙÖÓÓÌËɯ3ÙÐÈÓɯ

ËÌÚÊÙÐÉÌËɯÐÕɯȻƚȼɯÈÕËɯÚÜÔÔÈÙÐáÌËɯÐÕɯƖȭƖɯ2ÛÜËàɯƕɯɪɯ+ÖÞɯ%ÙÌØÜÌÕÊàɯ!ÙÈÐÕɯ.ÚÊÐÓÓÈÛÐÖÕÚɯÍÖÙɯ!ÙÈÐÕɪ"ÖÔ×ÜÛÌÙɯ

(ÕÛÌÙÍÈÊÌɯÈ××ÓÐÊÈÛÐÖÕÚȯɯÍÙÖÔɯÛÏÌɯÚÖÜÙÊÌÚɯÛÖɯÛÏÌɯÚÊÈÓ×ɯËÖÔÈÐÕȭɯ3ÏÌɯ×ÈÛÐÌÕÛÚɯÏÈËɯÈɯËÐřÌÙÌÕÛɯÓÌÝÌÓɯÖÍɯ

ÐÔ×ÈÐÙÔÌÕÛȮɯÔÌÈÚÜÙÌËɯÉàɯÛÏÌɯ%ÜÎÓɪ,ÌàÌÙɯ ÚÚÌÚÚÔÌÕÛɯȹ%, ȺɯȹÚÌÌɯ ××ÌÕËÐßɯ ȺȰɯ×ÈÛÐÌÕÛɯ/ƕɯÏÈËɯÈɯ

%, ɯÚÊÖÙÌɯÖÍɯƗƕȮɯÞÏÐÓÌɯ×ÈÛÐÌÕÛɯ/ƖɯÏÈËɯÈɯÚÊÖÙÌɯÖÍɯƕƙȭɯ/ÈÙÛÐÊÐ×ÈÕÛÚɯÞÌÙÌɯÐÕÚÛÙÜÊÛÌËɯÛÖɯ×ÌÙÍÖÙÔɯÉÖÛÏɯÛÏÌɯ

ÔÖÛÖÙɯÌßÌÊÜÛÐÖÕɯȹ,$ȺɯÈÕËɯÛÏÌɯÔÖÛÖÙɯÐÔÈÎÌÙàɯȹ,(ȺɯÖÍɯŗÕÎÌÙɯÌßÛÌÕÚÐÖÕɯÛÈÚÒɯÞÐÛÏɯÛÏÌɯÓÌÍÛɯÈÕËɯÛÏÌɯÙÐÎÏÛɯ

ÏÈÕËɯȹÜÕÈřÌÊÛÌËɯÈÕËɯÈřÌÊÛÌËɯÏÈÕËȮɯÐÕɯ×ÈÛÐÌÕÛÚȺɯÚÌ×ÈÙÈÛÌÓàȮɯÞÏÐÓÌɯÛÏÌàɯÞÌÙÌɯÊÖÔÍÖÙÛÈÉÓàɯÚÌÈÛÌËɯÐÕɯ

ÈÕɯÈÙÔÊÏÈÐÙȭɯ 
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#ÈÛÈɯ ÕÈÓàÚÐÚ 

 

(Õɯ%ÐÎÜÙÌɯƖȭƙɯÐÚɯÚÏÖÞÕɯÛÏÌɯŘÖÞɯÊÏÈÙÛɯÐÓÓÜÚÛÙÈÛÐÕÎɯÛÏÌɯÔÌÛÏÖËÖÓÖÎÐÊÈÓɯÚÛÌ×ÚɯÖÍɯÛÏÌɯÈÕÈÓàÚÌÚɯÊÖÕËÜÊÛÌËɯ

ÐÕɯÛÏÌɯ×ÙÌÚÌÕÛɯÚÛÜËàɯÈÕËɯËÌÚÊÙÐÉÌËɯÉÌÓÖÞȭ 

 

Figure 2. 5. The Flow chart illustrates the methodological steps of the analyses conducted in the present study. EEG: 

Electroencephalography; EMG: Electromyography; LFOs: Low Frequency Oscillations. 

 

$$&ɯÈÕËɯ$,&ɯËÈÛÈɯ×ÙÌɪ×ÙÖÊÌÚÚÐÕÎ 

 

(ÕɯÛÏÐÚɯÚÛÜËàȮɯÛÏÌɯÌß×ÌÙÐÔÌÕÛÈÓɯÛÈÚÒɯÛÙÐÈÓÚɯÐÕɯ,$ɯÈÕËɯ,(ɯÛÈÚÒÚɯÈÙÌɯÈÕÈÓàáÌËȮɯÐÕɯÖÙËÌÙɯÛÖɯÐÕÝÌÚÛÐÎÈÛÌɯ

ÛÏÌɯ+%.ÚɯÈÊÛÐÝÐÛàɯÐÕɯÛÏÌɯ×ÙÌ×ÈÙÈÛÖÙàɯ×ÏÈÚÌɯÖÍɯÛÏÌɯÔÖÝÌÔÌÕÛȭɯ 

3ÏÌɯÊÖÕÛÐÕÜÖÜÚɯ$$&ɯËÈÛÈɯÖÍɯÉÖÛÏɯÛÈÚÒÚɯȹ,$ɯÈÕËɯ,(ɯÖÍɯÛÏÌɯŗÕÎÌÙɯÌßÛÌÕÚÐÖÕȺɯÞÈÚɯ×ÙÌɪ×ÙÖÊÌÚÚÌËɯ

ÍÖÓÓÖÞÐÕÎɯÛÏÌɯÚÈÔÌɯÚÛÌ×ÚɯËÌÚÊÙÐÉÌËɯÐÕɯ2ÛÜËàɯƕȭɯ(ÕɯÉÙÐÌÍȮɯÛÏÌɯ$$&ɯÚÐÎÕÈÓÚɯÞÌÙÌɯÉÈÕË×ÈÚÚɯŗÓÛÌÙÌËɯȻƕɪ

Ƙƙȼɯ'áȮɯÈɯƙƔ'áɯÕÖÛÊÏɯŗÓÛÌÙɯÞÈÚɯÈ××ÓÐÌËɯÈÕËɯÖÊÜÓÈÙɯÈÙÛÐÍÈÊÛɯÞÌÙÌɯÙÌÑÌÊÛÌËɯÐÔ×ÓÌÔÌÕÛÐÕÎɯÈɯÙÌÎÙÌÚÚÐÖÕɯ

ÈÓÎÖÙÐÛÏÔɯȻƝȼȭɯ#ÈÛÈɯÞÌÙÌɯÚÌÎÔÌÕÛÌËɯÐÕɯÛÙÐÈÓÚɯÈÕËɯÛÖɯÙÌÔÖÝÌɯÈÙÛÐÍÈÊÛÚȮɯÊÏÈÕÕÌÓɪÛÙÐÈÓɯ×ÈÐÙÚɯÞÌÙÌɯ

ÈÕÈÓàáÌËɯÜÚÐÕÎɯÛÏÌɯÊÙÐÛÌÙÐÈɯÖÍɯÒÜÙÛÖÚÐÚɯȹƗɯ23#ȺɯÈÕËɯÖÍɯÈÔ×ÓÐÛÜËÌɯÛÏÙÌÚÏÖÓËɯȹǷƕƔƔϟ5Ⱥȭɯ3ÏÌɯ$$&ɯËÈÛÈɯ

ÞÌÙÌɯÙÌɪÙÌÍÌÙÌÕÊÌËɯÛÖɯÛÏÌɯ"ÖÔÔÖÕɯ ÝÌÙÈÎÌɯ1ÌÍÌÙÌÕÊÌɯȹ" 1ȺɯÈÕËɯÛÏÌɯÌÝÖÒÌËɯÔÖÛÖÙɯ×ÖÛÌÕÛÐÈÓɯÞÈÚɯ

ÚÜÉÛÙÈÊÛÌËȭ 

3ÏÌɯ$,&ɯËÈÛÈɯÖÍɯÛÏÌɯÛÈÙÎÌÛɯÔÜÚÊÓÌɯȹ$ßÛÌÕÚÖÙɯËÐÎÐÛÖÙÜÔȺɯËÜÙÐÕÎɯÛÏÌɯ,$ɯÛÈÚÒɯÏÈÝÌɯÉÌÌÕɯ×ÙÌɪ

×ÙÖÊÌÚÚÌËɯÛÖɯÖÉÛÈÐÕɯÛÏÌɯÈÝÌÙÈÎÌɯÖÍɯÛÏÌɯ$,&ɯÖÕÚÌÛɯÈÔÖÕÎɯÏÌÈÓÛÏàɯÚÜÉÑÌÊÛÚȮɯÈÚɯ×ÙÖ×ÖÚÌËɯÐÕɯ2ÛÜËàɯƕȭɯ

1ÌÚÜÓÛÚɯÞÌÙÌɯÝÈÓÐËÈÛÌËɯÉàɯÝÐÚÜÈÓɯÐÕÚ×ÌÊÛÐÖÕȭ 

 

+%.ÚɯÌßÛÙÈÊÛÐÖÕ 

 

3ÖɯÌßÛÙÈÊÛɯ+%.ÚɯÈÊÛÐÝÐÛàȮɯÍÙÖÔɯÛÏÌɯ$$&ɯËÈÛÈɯÖÍɯÛÏÌɯ,$ɯÈÕËɯ,(ɯÛÈÚÒÚȮɯÛÏÌɯ×Ð×ÌÓÐÕÌɯÙÌ×ÖÙÛÌËɯÐÕɯȻƖȼȮɯÛÏÈÛɯ

ÞÈÚɯËÌÚÊÙÐÉÌËɯÈÓÚÖɯÐÕɯ2ÛÜËàɯƕȮɯÞÈÚɯÐÔ×ÓÌÔÌÕÛÌËȭɯ!ÙÐÌŘàȮɯÛÏÌɯÛÐÔÌɪÍÙÌØÜÌÕÊàɯËÌÊÖÔ×ÖÚÐÛÐÖÕɯÖÍɯÛÏÌɯ

$$&ɯËÈÛÈɯÞÈÚɯ×ÌÙÍÖÙÔÌËɯÞÐÛÏɯÈɯÍÙÌØÜÌÕÊàɪËÌ×ÌÕËÌÕÛɯÛÐÔÌɪÞÐÕËÖÞɯÈÕÈÓàÚÐÚɯȹ'ÈÕÕÐÕÎɯÞÐÕËÖÞȮɯƕɪ

ƖƖɯ'áȺȭɯ ɯÉÈÚÌÓÐÕÌɯÊÖÙÙÌÊÛÐÖÕɯÞÈÚɯÈ××ÓÐÌËɯÈÚɯÙÌ×ÖÙÛÌËɯÐÕɯ2ÛÜËàɯƕȭ 
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(ÕɯÛÏÌɯÚÈÔ×ÓÌɯÖÍɯÛÏÌɯÏÌÈÓÛÏàɯ×ÈÙÛÐÊÐ×ÈÕÛÚɯÛÏÌɯËÈÛÈɯÖÍɯÛÈÚÒɯ×ÌÙÍÖÙÔÌËɯÞÐÛÏɯÛÏÌɯÓÌÍÛɯÏÈÕËɯÞÌÙÌɯŘÐ××ÌËɯ

ÉÈÚÌËɯÖÕɯÚÊÈÓ×ɯÌÓÌÊÛÙÖËÌɯ×ÖÚÐÛÐÖÕȯɯÚÐÎÕÈÓÚɯÖÍɯÓÌÍÛɯÏÌÔÐÚ×ÏÌÙÌɯÞÌÙÌɯŘÐ××ÌËɯÖÕɯÊÏÈÕÕÌÓÚɯÖÍɯÛÏÌɯÙÐÎÏÛɯ

ÏÌÔÐÚ×ÏÌÙÌɯÈÕËɯÝÐÊÌɯÝÌÙÚÈɯȻƕƘȼȭɯ3ÏÜÚȮɯËÈÛÈɯÖÍɯÛÈÚÒÚɯ×ÌÙÍÖÙÔÌËɯÞÐÛÏɯÌÐÛÏÌÙɯÏÈÕËɯÞÌÙÌɯ×ÜÛɯÛÖÎÌÛÏÌÙɯ

ÛÖɯÐÕÊÙÌÈÚÌɯÛÏÌɯÕÜÔÉÌÙɯÖÍɯÚÈÔ×ÓÌÚɯÛÖɯÉÌɯÈÝÌÙÈÎÌËɯȹ-ɯǻɯƖƔɯÍÖÙɯÏÌÈÓÛÏàɯÚÜÉÑÌÊÛÚȺȭɯ(ÕɯÛÏÌɯÈÕÈÓàÚÐÚɯÍÖÙɯ

,$ɯÛÈÚÒɯÞÈÚɯÊÖÕÚÐËÌÙÌËɯÈɯÛÐÔÌɯÐÕÛÌÙÝÈÓɯÈÙÖÜÕËɯÛÏÌɯÈÝÌÙÈÎÌËɯ$,&ɯÖÕÚÌÛɯÈÕËɯÍÖÙɯÛÏÌɯ,(ɯÛÈÚÒɯËÈÛÈɯ

ÞÈÚɯÈÓÐÎÕÌËɯÈÙÖÜÕËɯÛÏÌɯÝÐÚÜÈÓɯÊÜÌȭɯ 

%ÖÙɯ×ÖÚÛɪÚÛÙÖÒÌɯ×ÈÛÐÌÕÛÚȮɯÏÖÞÌÝÌÙȮɯËÈÛÈɯÊÖÓÓÌÊÛÌËɯËÜÙÐÕÎɯÛÏÌɯ,(ɯÛÈÚÒɯ×ÌÙÍÖÙÔÌËɯÞÐÛÏɯÛÏÌɯÜÕÈřÌÊÛÌËɯ

ÈÕËɯÈřÌÊÛÌËɯÏÈÕËɯÞÌÙÌɯÈÕÈÓàáÌËɯÚÌ×ÈÙÈÛÌÓàȭɯ 

3ÏÌɯ+%.ÚɯÈÊÛÐÝÐÛàɯÐÚɯÈÕÈÓàáÌËɯÖÕɯÛÏÌɯÚÌÕÚÖÙÐÔÖÛÖÙɯÚÛÙÐ×ɯÊÏÈÕÕÌÓÚɯÛÖɯÍÖÊÜÚɯÛÏÌɯÐÕÚ×ÌÊÛÐÖÕɯÖÕɯÛÏÌɯ

ÊÏÈÕÕÌÓÚɯÛÏÈÛɯÙÌÍÌÙɯÛÖɯÛÏÌɯÜÕËÌÙÓàÐÕÎɯÔÖÛÖÙɯÈÙÌÈÚȭ 

 

ƖȭƗȭƗɯ1ÌÚÜÓÛÚ 

 

%ÐÎÜÙÌɯƖȭƚɯÚÏÖÞÚɯÛÏÌɯÛÖ×ÖÎÙÈ×ÏÐÊÈÓɯËÐÚÛÙÐÉÜÛÐÖÕÚɯÖÍɯÛÏÌɯ+%.Úɯ×ÖÞÌÙȮɯÈÝÌÙÈÎÌËɯÈÊÙÖÚÚɯÏÌÈÓÛÏàɯ

×ÈÙÛÐÊÐ×ÈÕÛÚɯȹ-ǻƖƔȺȮɯÊÖÔ×ÜÛÌËɯÍÖÙɯÛÏÌɯ,$ɯÛÈÚÒɯȹ×ÈÕÌÓɯÈȺɯÈÕËɯ,(ɯÛÈÚÒɯȹ×ÈÕÌÓɯÉȺȭɯɯ(ÕɯÌÈÊÏɯÛÖ×ÖÎÙÈ×ÏÐÊÈÓɯ

ÔÈ×ɯÛÏÌɯ+%.Úɯ×ÖÞÌÙɯÖÍɯ%Ȯɯ%"Ȯɯ"Ȯɯ"/ɯÊÏÈÕÕÌÓÚɯÐÚɯËÐÚ×ÓÈàÌËȭɯɯ%ÖÙɯÌÈÊÏɯ×ÈÕÌÓɯŗÝÌɯÛÐÔÌ×ÖÐÕÛÚɯÞÌÙÌɯ

ÚÏÖÞÕɯÊÌÕÛÌÙÌËɯÖÕɯÛÏÌɯ$,&ɯÖÕÚÌÛɯÈÕËɯÝÐÚÜÈÓɯÊÜÌɯÍÖÙɯÛÏÌɯ,$ɯÈÕËɯ,(ɯÛÈÚÒɯÙÌÚ×ÌÊÛÐÝÌÓàȭɯ%ÐÎÜÙÌɯƖȭƚɯ

ȹ×ÈÕÌÓɯÈȺɯÚÏÖÞÚɯÛÏÌɯÐÕÊÙÌÈÚÌɯÐÕɯ+%.Úɯ×ÖÞÌÙɯÌÚ×ÌÊÐÈÓÓàɯÐÕɯÛÏÌɯÊÖÕÛÙÈÓÈÛÌÙÈÓɯÏÌÔÐÚ×ÏÌÙÌɯȹÔÖÝÌÔÌÕÛɯ

ÌßÌÊÜÛÌËɯÞÐÛÏɯÛÏÌɯÙÐÎÏÛɯÏÈÕËȺȮɯÖÕɯÛÏÌɯ%"ƗȮɯ%"ƕȮɯ%"áȮɯ"ƗȮɯ"ƕȮɯ"áȮɯ"/ƕȮɯ"/áɯÊÏÈÕÕÌÓÚȭɯ3ÏÐÚɯÐÕÊÙÌÈÚÌɯÐÚɯ

ÖÉÚÌÙÝÌËɯÚÛÈÙÛÐÕÎɯÍÙÖÔɯƚƔƔÔÚɯÉÌÍÖÙÌɯÛÏÌɯ$,&ɯ.ÕÚÌÛȭɯɯ%ÐÎÜÙÌɯƖȭƚɯȹ×ÈÕÌÓɯÉȺɯÚÏÖÞÚɯÛÏÌɯÐÕÊÙÌÈÚÌɯÐÕɯ+%.ɯ

×ÖÞÌÙȮɯÐÕɯ×ÈÙÛÐÊÜÓÈÙȮɯÖÕɯÛÏÌɯ%"ƕȮɯ%"ƖȮɯ%"ƘȮɯ"ƗȮɯ"ƘȮɯ"/ƖȮɯ"/ƘɯÊÏÈÕÕÌÓÚɯƚƔƔɯÔÚɯÉÌÍÖÙÌɯÛÏÌɯÝÐÚÜÈÓɯÊÜÌȭɯ

(ÕɯÛÏÐÚɯÊÈÚÌɯÛÏÌɯ×ÈŲÌÙÕɯÛÜÙÕÚɯÖÜÛɯÛÖɯÉÌɯÔÖÙÌɯÉÐÓÈÛÌÙÈÓɯÈÕËɯÞÐÛÏɯÈɯÓÖÞÌÙɯÈÔ×ÓÐÛÜËÌɯȹÌȭÎȭȮɯ+%.Úɯ×ÖÞÌÙɯ

ÔÌÈÕɯÈÊÛÐÝÐÛàɯÐÕɯÛÏÌɯÚÌÓÌÊÛÌËɯÛÐÔÌɯÐÕÛÌÙÝÈÓɯÖÕɯ%"ƕɯÐÚɯƔȭƗƖɯÐÕɯ,(ɯÈÕËɯƔȭƙƖɯÐÕɯ,$Ⱥȭ 

 

Figure 2. 6. Topographic maps of healthy subjects, averaged across 20 samples (right task and left flipped task), of the 

LFOs power for the finger extension execution task of the right hand (panel a) and for the imagination of the finger 

extension task of the right hand (panel b) at different timepoints. Power was normalized with respect to the baseline 

interval (first second of each trial). The topographic maps include F, FC, C, CP channels. For the executed finger 

extension, the topographic representations are centered around the EMG Onset and for the MI task the representations 

are centered around the visual cue. For both task are presented 5 time points around the onset chosen: -0.6s, -0.3s, +0.3s 

and +0.6s. [5] 
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%ÐÎÜÙÌÚɯƖȭƛɯÈÕËɯƖȭƜɯÚÏÖÞɯÛÏÌɯÙÌÚÜÓÛÚɯÖÉÛÈÐÕÌËɯÍÖÙɯƖɯÚÛÙÖÒÌɯ×ÈÛÐÌÕÛÚɯËÜÙÐÕÎɯÛÏÌɯ,(ɯÖÍɯÛÏÌɯŗÕÎÌÙɯ

ÌßÛÌÕÚÐÖÕɯ×ÌÙÍÖÙÔÌËɯÞÐÛÏɯÛÏÌɯÜÕÈřÌÊÛÌËɯÈÕËɯÈřÌÊÛÌËɯÏÈÕËȭɯ(Õɯ%ÐÎȭɯƖȭƛɯÛÏÌɯÛÖ×ÖÎÙÈ×ÏÐÊɯÔÈ×ÚɯÖÍɯ

+%.Úɯ×ÖÞÌÙɯÈÙÌɯÙÌ×ÖÙÛÌËɯÈÛɯËÐřÌÙÌÕÛɯÛÐÔÌɯ×ÖÐÕÛÚɯÈÙÖÜÕËɯÛÏÌɯÝÐÚÜÈÓɯÊÜÌɯÖÍɯÈɯ×ÈÛÐÌÕÛɯ/ƕɯÞÐÛÏɯÈɯ

ÔÖËÌÙÈÛÌɯÔÖÛÖÙɯÐÔ×ÈÐÙÔÌÕÛɯȹ%, ɯǻɯƗƕȺɯ×ÌÙÍÖÙÔÐÕÎɯÛÏÌɯ,(ɯŗÕÎÌÙɯÌßÛÌÕÚÐÖÕɯÞÐÛÏɯÛÏÌɯÜÕÈřÌÊÛÌËɯ

ÏÈÕËɯȹÓÌÍÛɯÏÈÕËȺɯÈÕËɯÞÐÛÏɯÛÏÌɯÈřÌÊÛÌËɯÏÈÕËɯȹÙÐÎÏÛɯÏÈÕËȺȭɯ%ÖÙɯÉÖÛÏɯÏÈÕËÚȮɯÐÛɯÐÚɯ×ÖÚÚÐÉÓÌɯÛÖɯÖÉÚÌÙÝÌɯÈÕɯ

+%.Úɯ×ÖÞÌÙɯ×ÌÈÒɯÐÕɯÛÏÌɯÊÏÖÚÌÕɯÛÌÔ×ÖÙÈÓɯÐÕÛÌÙÝÈÓɯÐÕɯÛÏÌɯ$$&ɯÊÌÕÛÙÈÓɯÊÏÈÕÕÌÓÚɯÐÕɯÛÏÌɯÊÖÕÛÙÈÓÈÛÌÙÈÓɯ

ÏÌÔÐÚ×ÏÌÙÌȭɯ(Õɯ×ÈÙÛÐÊÜÓÈÙȮɯÍÖÙɯÛÏÌɯÜÕÈřÌÊÛÌËɯÏÈÕËɯȹÓÌÍÛɯÏÈÕËȺɯ+%.Úɯ×ÖÞÌÙɯ×ÌÈÒÚɯÈÙÌɯÓÖÊÈÛÌËɯÖÕɯ%"áȮɯ

%"ƖȮɯ%"ƘȮɯ"áȮɯ"ƖȮɯ"ƘȮɯ"/ƖɯÊÏÈÕÕÌÓÚɯÈÕËɯÍÖÙɯÛÏÌɯÈřÌÊÛÌËɯÏÈÕËɯȹÙÐÎÏÛɯÏÈÕËȺɯÖÕɯ%"ƗȮɯ%"ƕȮɯ%"áȮɯ"ƗȮɯ"ƕȮɯ

"áȮɯ"/ƗȮɯ"/áȮɯ"/ƘɯÊÏÈÕÕÌÓÚȭ 

(Õɯ%ÐÎȭƖȭƜȮɯÛÏÌɯÛÖ×ÖÎÙÈ×ÏÐÊɯÔÈ×ÚɯÈÙÌɯÙÌ×ÖÙÛÌËɯÍÖÙɯ×ÈÛÐÌÕÛÚɯ/ƖɯÞÐÛÏɯÈɯÚÌÝÌÙÌɯÔÖÛÖÙɯÐÔ×ÈÐÙÔÌÕÛɯȹ%, ɯ

ǻɯƕƙȺȭɯ(ÕɯÛÏÐÚɯÊÈÚÌȮɯÐÛɯÞÈÚɯÕÖÛɯ×ÖÚÚÐÉÓÌɯÛÖɯÝÐÚÜÈÓÐáÌɯÈɯ+%.Úɯ×ÖÞÌÙɯ×ÌÈÒɯÐÕɯÌÐÛÏÌÙɯÏÈÕËÚȯɯÍÖÙɯÛÏÌɯ

ÜÕÈřÌÊÛÌËɯÏÈÕËɯȹÓÌÍÛɯÏÈÕËȺɯÈɯ+%.Úɯ×ÖÞÌÙɯ×ÌÈÒɯÖÊÊÜÙÚɯÐÕɯÛÏÌɯÊÌÕÛÙÈÓɯÊÏÈÕÕÌÓÚɯȹ%"ƗȮɯ%"ƕȮɯ%"áȮɯ%"ƖȮɯ

%"ƘȮɯ"ƕȮɯ"áȮɯ"ƖȺɯÞÐÛÏɯÈɯÉÐÓÈÛÌÙÈÓɯ×ÈŲÌÙÕɯÈÕËɯÞÐÛÏɯÛÏÌɯ×ÈÙÌÛÐÊɯÏÈÕËɯȹÙÐÎÏÛɯÏÈÕËȺɯÕÖɯ×ÖÞÌÙɯ×ÌÈÒɯÞÈÚɯ

ÍÖÜÕËɯÐÕɯÛÏÌɯÚÈÔÌɯÊÏÈÕÕÌÓɪÛÐÔÌɯÞÐÕËÖÞȭ 

 

Figure 2. 7. Topographic maps of patient P1 (FMA = 31) of the LFOs power for the MI finger extension task of the 

unaffected hand (top) and for the affected hand (bottom) at different timepoints. Unaffected hand = left hand, affected 

hand = right hand. The topographic maps include F, FC, C, CP channels. The topographic representations are centered 

around visual cue: -0.6s, -0.3s, +0.3s and +0.6s. Power was normalized with respect to the baseline interval (first second 

of each trial).  [5] 
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Figure 2. 8. Topographic maps of patient P2 (FMA = 15) of the LFOs power for the MI finger extension task of the 

unaffected hand (top) and for the affected hand (bottom) at different timepoints. Unaffected hand = left hand, affected 

hand = right hand. The topographic maps include F, FC, C, CP channels. The topographic representations are centered 

around visual cue: -0.6s, -0.3s, +0.3s and +0.6s. Power was normalized with respect to the baseline interval (first second 

of each trial). [5] 

 

ƖȭƗȭƘɯ#ÐÚÊÜÚÚÐÖÕ 

 

(ÕɯÛÏÐÚɯÚÛÜËàɯÛÏÌɯ×ÖÞÌÙɯÖÍɯ+%.ÚɯÞÈÚɯÈÕÈÓàáÌËɯÐÕɯƕƔɯÏÌÈÓÛÏàɯÚÜÉÑÌÊÛÚɯÈÕËɯƖɯÚÛÙÖÒÌɯ×ÈÛÐÌÕÛÚɯËÜÙÐÕÎɯ

ÛÏÌɯÛÈÚÒÚɯÖÍɯ,$ɯÈÕËɯ,(ɯÖÍɯÏÈÕËɯŗÕÎÌÙɯÌßÛÌÕÚÐÖÕȭɯ1ÌÚÜÓÛÚɯÙÌÝÌÈÓɯÛÏÌɯÐÕÊÙÌÈÚÌɯÖÍɯÛÏÌɯ+%.Úɯ×ÖÞÌÙɯ

ËÜÙÐÕÎɯÛÏÌɯÌßÌÊÜÛÐÖÕɯÖÍɯÛÏÌɯŗÕÎÌÙɯÌßÛÌÕÚÐÖÕɯÐÕɯÛÏÌɯ×ÙÌ×ÈÙÈÛÖÙàɯ×ÏÈÚÌɯÖÍɯÛÏÌɯÔÖÝÌÔÌÕÛɯÈÛɯÈÉÖÜÛɯ

ƚƔƔÔÚɯÉÌÍÖÙÌɯÛÏÌɯÔÖÝÌÔÌÕÛɯÖÕÚÌÛȮɯÊÖÕŗÙÔÐÕÎɯÛÏÌɯÙÌÚÜÓÛÚɯÐÕɯȻƖȼɯÖÉÛÈÐÕÌËɯÚÛÜËàÐÕÎɯÛÏÌɯ+%.Úɯ×ÖÞÌÙɯ

ÍÖÙɯÛÏÌɯÎÙÐ××ÐÕÎɯÛÈÚÒɯÌßÌÊÜÛÐÖÕȭɯ2ÐÔÐÓÈÙɯÙÌÚÜÓÛÚɯÞÌÙÌɯÖÉÛÈÐÕÌËɯÐÕɯÛÏÌɯ,(ɯÛÈÚÒÚɯÖÉÚÌÙÝÐÕÎɯ+%.Úɯ×ÖÞÌÙɯ

ÈÙÖÜÕËɯÛÏÌɯÝÐÚÜÈÓɯÊÜÌɯÐÕɯÛÏÌɯÏÌÈÓÛÏàɯÚÜÉÑÌÊÛɀÚɯÚÈÔ×ÓÌȭɯ,ÖÙÌÖÝÌÙȮɯÛÏÌɯÈÔ×ÓÐÛÜËÌɯÖÍɯÛÏÌɯ+%.ɯ×ÖÞÌÙɯ

ÞÈÚɯÖÉÚÌÙÝÌËɯÛÖɯËÌ×ÌÕËɯÖÕɯÛÏÌɯÚÌÝÌÙÐÛàɯÖÍɯÛÏÌɯÔÖÛÖÙɯÐÔ×ÈÐÙÔÌÕÛɯȹÐȭÌȭɯ%, ɯÈÚÚÌÚÚÔÌÕÛȺȭɯ 

(ÕɯÊÖÕÊÓÜÚÐÖÕȮɯÛÏÌɯ×ÙÌÓÐÔÐÕÈÙàɯÙÌÚÜÓÛÚɯÖÍɯÛÏÌɯ×ÙÌÚÌÕÛɯÚÛÜËàɯÚÏÖÞɯÛÏÈÛɯÐÕɯÏÌÈÓÛÏàɯÚÜÉÑÌÊÛÚɯ,(ɯÖÍɯŗÕÎÌÙɯ

ÌßÛÌÕÚÐÖÕɯÛÈÚÒɯÐÚɯÚÐÔÐÓÈÙɯÛÖɯ,$ɯÐÕɯÛÌÙÔÚɯÖÍɯ+%.ÚɯÈÊÛÐÝÐÛàɯÊÏÈÙÈÊÛÌÙÐáÈÛÐÖÕɯÈÕËɯÛÏÈÛɯ+%.ÚɯÈÕÈÓàÚÐÚɯ

ÔÈàɯÉÌɯÐÕÊÓÜËÌËɯÐÕɯ×ÖÚÛɪÚÛÙÖÒÌɯÙÌÏÈÉÐÓÐÛÈÛÐÝÌɯ×ÙÖÛÖÊÖÓÚɯÉÈÚÌËɯÖÕɯ,(ȭ 
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ƖȭƘɯ2ÛÜËàɯƗɯɪɯ"ÏÈÙÈÊÛÌÙÐáÈÛÐÖÕɯÖÍɯ+ÖÞɯ%ÙÌØÜÌÕÊàɯ.ÚÊÐÓÓÈÛÐÖÕÚɯÐÕɯ

2ÐÔ×ÓÌɯ'ÈÕËɯ,ÖÝÌÔÌÕÛÚ 

 

ƖȭƘȭƕɯ!ÈÊÒÎÙÖÜÕËɯÈÕËɯÖÉÑÌÊÛÐÝÌÚ 

 

 ÚɯÌÝÐËÌÕÊÌËɯÈÓÚÖɯÐÕɯƖȭƕɯ!ÈÊÒÎÙÖÜÕËȮɯÛÏÌɯÕÌÜÙÖ×ÏàÚÐÖÓÖÎÐÊÈÓɯÔÌÊÏÈÕÐÚÔÚɯÜÕËÌÙÓàÐÕÎɯ+%.ÚɯÈÊÛÐÝÐÛàɯ

ÈÕËɯÛÏÌɯÔÈÕÕÌÙɯÐÕɯÞÏÐÊÏɯÛÏÌàɯÈÙÌɯÈÓÛÌÙÌËɯÐÕɯÛÏÌɯÊÖÕÛÌßÛɯÖÍɯ×ÈÛÏÖÓÖÎÐÊÈÓɯÊÖÕËÐÛÐÖÕÚɯÙÌÔÈÐÕɯÓÈÙÎÌÓàɯ

ÜÕÒÕÖÞÕȭɯ ɯ 3ÏÜÚȮɯ Èɯ ÊÖÔ×ÓÌÛÌɯ ÊÏÈÙÈÊÛÌÙÐáÈÛÐÖÕɯ ÖÍɯ ÛÏÌɯ +%.Úɯ ÈÊÛÐÝÐÛàɯ ÐÚɯ ÕÌÌËÌËɯ ÛÖɯ ËÌŗÕÌɯ ÛÏÐÚɯ

×ÏÌÕÖÔÌÕÖÕɯÈÕËɯÛÖɯÚÏÌËɯÓÐÎÏÛɯÖÕɯÛÏÌɯÊÖÔ×ÓÌßɯÕÌÜÙÖ×ÏàÚÐÖÓÖÎÐÊÈÓɯÔÌÊÏÈÕÐÚÔÚɯÛÏÈÛɯÖÙÐÎÐÕÈÛÌɯÈÕËɯ

ÔÖËÜÓÈÛÌɯÛÏÐÚɯÈÊÛÐÝÈÛÐÖÕȭ 

3ÏÌɯ×ÜÙ×ÖÚÌɯÖÍɯÛÏÌɯ×ÙÌÚÌÕÛɯÚÛÜËàɯÐÚɯÛÖɯÊÏÈÙÈÊÛÌÙÐáÌɯÚÊÈÓ×ɯ+%.ÚɯÈÊÛÐÝÈÛÐÖÕÚɯÖÝÌÙɯÚÌÕÚÖÙÐÔÖÛÖÙɯÈÙÌÈÚɯ

ÐÕɯɯÏÌÈÓÛÏàɯ×ÈÙÛÐÊÐ×ÈÕÛÚɯȻƕƜȼɯÈÕËɯÐÕɯɯÚÜÉÈÊÜÛÌɯ×ÖÚÛɪÚÛÙÖÒÌɯ×ÈÛÐÌÕÛÚɯÞÏÐÓÌɯ×ÌÙÍÖÙÔÐÕÎɯÛÏÌɯÎÙÈÚ×ÐÕÎɯ

ȹ&ÙÈÚ×ȺɯÈÕËɯŗÕÎÌÙɯÌßÛÌÕÚÐÖÕɯȹ$ßÛȺɯÛÈÚÒÚȮɯÞÐÛÏɯÉÖÛÏɯÏÈÕËÚɯÚÌ×ÈÙÈÛÌÓàȰɯÓÌÍÛɯÈÕËɯÙÐÎÏÛɯɯÏÈÕËÚɯÐÕɯÏÌÈÓÛÏàɯ

×ÈÙÛÐÊÐ×ÈÕÛÚɯÈÕËɯÜÕÈřÌÊÛÌËɯÈÕËɯÈřÌÊÛÌËɯÏÈÕËÚɯÐÕɯ×ÖÚÛɯÚÛÙÖÒÌɯ×ÈÛÐÌÕÛÚȭɯ!ÖÛÏȮɯÛÏÌɯÎÙÈÚ×ÐÕÎɯÈÕËɯŗÕÎÌÙɯ

ÌßÛÌÕÚÐÖÕɯÛÈÚÒÚɯ×ÙÖ×ÖÚÌËɯÞÌÙÌɯÈÓÙÌÈËàɯÌÔ×ÓÖàÌËɯÐÕɯÛÏÌɯÊÖÕÛÌßÛɯÖÍɯ!"(ɯÙÌÏÈÉÐÓÐÛÈÛÐÖÕɯ×ÙÖÛÖÊÖÓÚɯÍÖÙɯ

ÛÏÌɯÙÌÊÖÝÌÙàɯÖÍɯÛÏÌɯÜ××ÌÙɯÓÐÔÉɯɯȻƚȼȮɯȻƜȼȮɯȻƕƝȼȭɯ'ÖÞÌÝÌÙȮɯÞÏÐÓÌɯÛÏÌɯŗÕÎÌÙɯÌßÛÌÕÚÐÖÕɯÛÈÚÒɯÞÈÚɯÈÓÙÌÈËàɯ

ÈÕÈÓàáÌËɯÐÕɯÛÏÌɯ×ÙÌÝÐÖÜÚɯÚÛÜËÐÌÚɯȹ2ÛÜËàɯƕɯɪɯɯ+ÖÞɯ%ÙÌØÜÌÕÊàɯ!ÙÈÐÕɯ.ÚÊÐÓÓÈÛÐÖÕÚɯÍÖÙɯ!ÙÈÐÕɪ"ÖÔ×ÜÛÌÙɯ

(ÕÛÌÙÍÈÊÌɯÈ××ÓÐÊÈÛÐÖÕÚȯɯÍÙÖÔɯÛÏÌɯÚÖÜÙÊÌÚɯÛÖɯÛÏÌɯÚÊÈÓ×ɯËÖÔÈÐÕɯȻƘȼȮɯ2ÛÜËàɯƖɯɪɯ+ÖÞɯ%ÙÌØÜÌÕÊàɯ!ÙÈÐÕɯ.ÚÊÐÓÓÈÛÐÖÕÚɯ

ËÜÙÐÕÎɯÛÏÌɯÌßÌÊÜÛÐÖÕɯÈÕËɯÐÔÈÎÐÕÈÛÐÖÕɯÖÍɯÚÐÔ×ÓÌɯÏÈÕËɯÔÖÝÌÔÌÕÛÚɯÍÖÙɯ!ÙÈÐÕɪ"ÖÔ×ÜÛÌÙɯ(ÕÛÌÙÍÈÊÌɯÈ××ÓÐÊÈÛÐÖÕÚɯ

ȻƙȼȺȮɯÛÏÌɯÏÈÕËɯÎÙÈÚ×ÐÕÎɯÐÚɯÌß×ÓÖÙÌËɯÏÌÙÌɯÍÖÙɯÛÏÌɯŗÙÚÛɯÛÐÔÌȭ 

3ÏÌɯÓÈÛÌÕÊàɯÖÍɯÛÏÌɯ+%.Úɯ×ÌÈÒɯ×ÖÞÌÙɯÞÈÚɯÐÕÝÌÚÛÐÎÈÛÌËɯÜÚÐÕÎɯÈɯÚÐÕÎÓÌɪÛÙÐÈÓɯÈ××ÙÖÈÊÏȮɯÈÚɯÐÛɯÐÚɯÛà×ÐÊÈÓÓàɯ

ËÖÕÌɯÐÕɯÛÏÌɯÊÖÕÛÌßÛɯÖÍɯÌÝÌÕÛɪÙÌÓÈÛÌËɯ×ÖÛÌÕÛÐÈÓÚɯȻƖƔȼȭɯ%ÖÙɯÛÏÐÚɯ×ÜÙ×ÖÚÌȮɯÈɯÚÐÕÎÓÌɪÛÙÐÈÓɯÙÌÈÓÐÎÕÔÌÕÛɯÉÈÚÌËɯ

ÖÕɯÛÏÌɯ+%.Úɯ×ÌÈÒɯÓÈÛÌÕÊàɯÐÕɯÙÌÓÈÛÐÖÕɯÛÖɯÛÏÌɯÖÕÚÌÛɯÖÍɯÛÏÌɯÔÖÝÌÔÌÕÛɯÐÚɯÐÕÛÙÖËÜÊÌËȭɯ3ÏÌɯÝÈÙÐÈÉÐÓÐÛàɯÖÍɯ

ÛÏÌɯ+%.Úɯ×ÌÈÒɯÓÈÛÌÕÊàɯËÌÛÌÊÛÌËɯÈÊÙÖÚÚɯÛÙÐÈÓÚɯÐÚɯÈÓÚÖɯÐÕÝÌÚÛÐÎÈÛÌËɯÐÕɯÛÏÌɯËÐřÌÙÌÕÛɯÌß×ÌÙÐÔÌÕÛÈÓɯÛÈÚÒÚɯ

×ÙÖ×ÖÚÌËȭɯ(ÚɯÛÏÌɯŗÙÚÛɯÛÐÔÌɯÛÏÈÛɯÚÜÊÏɯÈɯ×ÙÖÊÌËÜÙÌɯÐÚɯÈ××ÓÐÌËɯÛÖɯÛÏÌɯ+%.Úȭ 

3ÏÐÚɯÚÛÜËàɯÈÐÔÚɯÛÖɯÊÏÈÙÈÊÛÌÙÐáÌɯÛÏÌɯ+%.ɯÐÕɯÈɯÚÈÔ×ÓÌɯÖÍɯÏÌÈÓÛÏàɯÈÕËɯÚÛÙÖÒÌɯ×ÈÙÛÐÊÐ×ÈÕÛÚȭɯ+%.ɯÍÌÈÛÜÙÌÚɯ

ÈÙÌɯÐÕÝÌÚÛÐÎÈÛÌËɯÐÕɯÖÙËÌÙɯÛÖɯÈÚÚÌÚÚɯËÐřÌÙÌÕÊÌÚɯÈÊÙÖÚÚɯÛÈÚÒÚɯȹÎÙÈÚ×ÐÕÎɯÝÚɯŗÕÎÌÙɯÌßÛÌÕÚÐÖÕȺɯÈÕËɯÚÐËÌÚɯ

ȹÓÌÍÛɯ ÝÚɯ ÙÐÎÏÛɯ ÐÕɯ ÏÌÈÓÛÏàɯ ×ÈÙÛÐÊÐ×ÈÕÛÚɯ ÈÕËɯ ÜÕÈřÌÊÛÌËɯÝÚɯ ÈřÌÊÛÌËɯ ÐÕɯ ÚÛÙÖÒÌɯ ×ÈÙÛÐÊÐ×ÈÕÛÚȺȭɯ  ɯ

ÔÌÛÏÖËÖÓÖÎÐÊÈÓɯÐÔ×ÙÖÝÌÔÌÕÛɯÐÕɯÛÏÌɯ+%.ɯÈÕÈÓàÚÐÚɯȹÚÐÕÎÓÌɪÛÙÐÈÓɯÙÌÈÓÐÎÕÔÌÕÛȺɯÞÈÚɯÐÕÛÙÖËÜÊÌËɯÈÕËɯ

ÝÈÓÐËÈÛÌËɯÖÕɯ$$&ɯËÈÛÈɯÊÖÓÓÌÊÛÌËɯÍÙÖÔɯÉÖÛÏɯÎÙÖÜ×Úȭɯ+ÈÚÛÓàȮɯÛÏÌɯËÐÚÊÙÐÔÐÕÈÛÐÝÌɯ×ÖÛÌÕÛÐÈÓɯÖÍɯ+%.ɯ

ÍÌÈÛÜÙÌɯȹÛÈÚÒɯÝÚɯÙÌÚÛɯÊÖÕËÐÛÐÖÕȺɯÞÈÚɯÛÌÚÛÌËȭɯ 

3ÏÌɯÙÌÚÜÓÛÚɯÖÉÛÈÐÕÌËɯÖÕɯÏÌÈÓÛÏàɯ×ÈÙÛÐÊÐ×ÈÕÛÚɯÈÙÌɯ×ÜÉÓÐÚÏÌËɯÐÕɯȻƕƜȼȭ 

 



 51 
 

 
 

ƖȭƘȭƖɯ,ÈÛÌÙÐÈÓÚɯÈÕËɯ,ÌÛÏÖËÚ 

/ÈÙÛÐÊÐ×ÈÕÛÚ 

 

3ÏÌɯËÈÛÈÚÌÛɯÈÕÈÓàáÌËɯÐÕɯÛÏÌɯ×ÙÌÚÌÕÛɯÞÖÙÒɯÞÈÚɯÊÖÓÓÌÊÛÌËɯÈÛɯÛÏÌɯ%ÖÕËÈáÐÖÕÌɯ2ÈÕÛÈɯ+ÜÊÐÈɯ(1""2ɯÐÕɯÛÏÌɯ

ÊÖÕÛÌßÛɯÖÍɯÛÏÌɯ×ÙÌÝÐÖÜÚɯÚÛÜËÐÌÚɯȻƛȼȮɯȻƖƕȼɯÞÐÛÏɯÛÏÌɯÈÐÔɯÖÍɯÐÕÝÌÚÛÐÎÈÛÐÕÎɯÛÏÌɯÊÖÙÛÐÊÖɪÔÜÚÊÜÓÈÙɯÊÖÜ×ÓÐÕÎɯ

ÈÚɯÈɯÍÌÈÛÜÙÌɯÍÖÙɯÈɯÏàÉÙÐËɯ!"(ɯÛÖɯ×ÖÚÛɪÚÛÙÖÒÌɯÜ××ÌÙɯÓÐÔÉɯÔÖÛÖÙɯÙÌÏÈÉÐÓÐÛÈÛÐÖÕȭ 

3ÏÌɯËÈÛÈÚÌÛɯÊÖÔ×ÙÐÚÌËɯÚÐßÛÌÌÕɯÚÛÙÖÒÌɯ×ÈÛÐÌÕÛÚɯȹƙɯÍÌÔÈÓÌÚɤɯƕƕɯÔÈÓÌÚȮɯÈÎÌɯƙƙȭƛɯǷɯƕƚȭƔɯàÌÈÙÚȮɯÓÌÚÐÖÕɯÚÐËÌȯɯ

ƛɯÙÐÎÏÛɤƝɯÓÌÍÛȺɯÈÕËɯŗÍÛÌÌÕɯÙÐÎÏÛɪÏÈÕËÌËɯÏÌÈÓÛÏàɯ×ÈÙÛÐÊÐ×ÈÕÛÚɯȹƕƔɯÍÌÔÈÓÌÚɤɯƙɯÔÈÓÌÚȮɯÈÎÌɯƘƜȭƜǷƕƜȭƖɯàÌÈÙÚȺɯ

ÞÐÛÏÖÜÛɯÈɯ×ÙÌÚÌÕÛɯÏÐÚÛÖÙàɯÖÍɯÕÌÜÙÖÔÜÚÊÜÓÈÙɯËÐÚÖÙËÌÙÚȭ 

/ÈÛÐÌÕÛÚɯÞÌÙÌɯÐÕÊÓÜËÌËɯÈÊÊÖÙËÐÕÎɯÛÖɯÛÏÌɯÍÖÓÓÖÞÐÕÎɯÐÕÊÓÜÚÐÖÕɯÊÙÐÛÌÙÐÈȯɯȹƕȺɯŗÙÚÛɪÌÝÌÙɯÜÕÐÓÈÛÌÙÈÓȮɯÊÖÙÛÐÊÈÓȮɯ

ÚÜÉÊÖÙÛÐÊÈÓɯÖÙɯÔÐßÌËɯÚÛÙÖÒÌȮɯÊÈÜÚÌËɯÉàɯÐÚÊÏÌÔÐÈɯÖÙɯÏÌÔÖÙÙÏÈÎÌɯȹÊÖÕŗÙÔÌËɯÉàɯÔÈÎÕÌÛÐÊɯÙÌÚÖÕÈÕÊÌɯ

ÐÔÈÎÐÕÎȺȮɯÛÏÈÛɯÖÊÊÜÙÙÌËɯƗɪƕƜɯÔÖÕÛÏÚɯ×ÙÐÖÙɯÛÖɯÚÛÜËàɯÐÕÊÓÜÚÐÖÕȰɯȹƖȺɯÜ××ÌÙɯÓÐÔÉɯÏÌÔÐ×ÓÌÎÐÈɤÏÌÔÐ×ÈÙÌÚÐÚɯ

ÛÏÈÛɯÞÈÚɯÊÈÜÚÌËɯÉàɯÚÛÙÖÒÌɯÈÕËɯȹƗȺɯÈÎÌɯÉÌÛÞÌÌÕɯƕƜɯÈÕËɯƜƔɯàÌÈÙÚȭɯ3ÏÌɯÌßÊÓÜÚÐÖÕɯÊÙÐÛÌÙÐÈɯÞÌÙÌɯȹÐȺɯÛÏÌɯ

×ÙÌÚÌÕÊÌɯÖÍɯÕÌÜÙÖ×ÚàÊÏÖÓÖÎÐÊÈÓɯËÌŗÊÐÛÚɯ×ÙÌÝÌÕÛÐÕÎɯÛÏÌɯÈÉÐÓÐÛàɯÛÖɯÜÕËÌÙÚÛÈÕËɯÛÏÌɯÐÕÚÛÙÜÊÛÐÖÕÚɯÙÌÓÈÛÌËɯ

ÛÖɯÛÏÌɯÌß×ÌÙÐÔÌÕÛȰɯȹÐÐȺɯÊÖÕÊÖÔÐÛÈÕÛɯËÐÚÌÈÚÌÚɯÈřÌÊÛÐÕÎɯÛÏÌɯÜ××ÌÙɯÓÐÔÉɯÔÖÛÖÙɯÍÜÕÊÛÐÖÕȰɯȹÐÐÐȺɯÚ×ÈÚÛÐÊÐÛàɯ

ÖÍɯÌÈÊÏɯÚÌÎÔÌÕÛɯÖÍɯÛÏÌɯÜ××ÌÙɯÓÐÔÉɯÚÊÖÙÌËɯÏÐÎÏÌÙɯÛÏÈÕɯƘɯÖÕɯÛÏÌɯ,ÖËÐŗÌËɯ ÚÏÞÖÙÛÏɯ2ÊÈÓÌɯȹ, 2ȺɯȹÚÌÌɯ

 ××ÌÕËÐßɯ Ⱥȭɯ 

3ÏÌɯÙÌÚÐËÜÈÓɯÍÜÕÊÛÐÖÕÈÓɯÈÕËɯÔÖÛÖÙɯÐÔ×ÈÐÙÔÌÕÛɯÖÍɯÛÏÌɯ×ÈÙÌÛÐÊɯÜ××ÌÙɯÓÐÔÉɯÖÍɯÛÏÌɯ×ÈÛÐÌÕÛÚɯÞÈÚɯ

ËÌÛÌÙÔÐÕÌËɯÉàɯÈËÔÐÕÐÚÛÙÈÛÐÕÎɯÛÏÌɯ%ÜÎÓɪ,ÌàÌÙɯ ÚÚÌÚÚÔÌÕÛɯÚÊÈÓÌɯȹ%, ȺɯȹÚÌÌɯ ××ÌÕËÐßɯ ȺɯÉÌÍÖÙÌɯËÈÛÈɯ

ÈÊØÜÐÚÐÛÐÖÕɯÉàɯÌß×ÌÙÛɯ×ÏàÚÐÖÛÏÌÙÈ×ÐÚÛÚȭɯ/ÈÛÐÌÕÛÚɯÞÌÙÌɯÙÌÊÙÜÐÛÌËɯÞÐÛÏÐÕɯÛÏÌɯÐÕ×ÈÛÐÌÕÛɯÈÕËɯÖÜÛ×ÈÛÐÌÕÛɯ

ÚÌÙÝÐÊÌÚɯÖÍɯ%ÖÕËÈáÐÖÕÌɯ2ÈÕÛÈɯ+ÜÊÐÈɯ(1""2Ȯɯ1ÖÔÌȮɯ(ÛÈÓàɯÈÕËɯÚÐÎÕÌËɯÈÕɯÐÕÍÖÙÔÌËɯÊÖÕÚÌÕÛȭɯ3ÏÌɯÚÛÜËàɯ

ÞÈÚɯÈ××ÙÖÝÌËɯÉàɯÛÏÌɯÓÖÊÈÓɯÌÛÏÐÊÚɯÉÖÈÙËɯÈÛɯ%ÖÕËÈáÐÖÕÌɯ2ÈÕÛÈɯ+ÜÊÐÈɯȹ"$ɯ/1.&ȭɯƛƙƖɤƖƔƕƝȺȭɯ 

3ÏÌɯÏÈÕËÌËÕÌÚÚɯÖÍɯÈÓÓɯ×ÈÙÛÐÊÐ×ÈÕÛÚɯÞÈÚɯÈÚÚÌÚÚÌËɯÉàɯÔÌÈÕÚɯÖÍɯÛÏÌɯÚÏÖÙÛɯÍÖÙÔɯÖÍɯÛÏÌɯ$ËÐÕÉÜÙÎÏɯ

'ÈÕËÌËÕÌÚÚɯ(ÕÝÌÕÛÖÙàɯȹ$'(ȺɯȻƖƖȼȭ 

 

$ß×ÌÙÐÔÌÕÛÈÓɯËÌÚÐÎÕɯÈÕËɯËÈÛÈɯÈÊØÜÐÚÐÛÐÖÕ 

 

 ÓÓɯÌß×ÌÙÐÔÌÕÛÈÓɯ×ÙÖÛÖÊÖÓɯËÌÛÈÐÓÚɯÏÈÝÌɯÈÓÙÌÈËàɯÉÌÌÕɯÐÓÓÜÚÛÙÈÛÌËɯÈÕËɯËÌÚÊÙÐÉÌËɯÐÕɯÛÏÌɯ×ÙÌÝÐÖÜÚɯÚÛÜËÐÌÚɯ

ȻƛȼȮɯ ȻƖƕȼȭɯ !ÙÐÌŘàȮɯ ËÜÙÐÕÎɯ ÛÏÌɯ Ìß×ÌÙÐÔÌÕÛÈÓɯ ÚÌÚÚÐÖÕɯ ÌÓÌÊÛÙÖÌÕÊÌ×ÏÈÓÖÎÙÈ×ÏÐÊɯ ȹ$$&Ⱥɯ ÈÕËɯ

ÌÓÌÊÛÙÖÔàÖÎÙÈ×ÏÐÊɯȹ$,&ȺɯÚÐÎÕÈÓÚɯÞÌÙÌɯÚÐÔÜÓÛÈÕÌÖÜÚÓàɯÙÌÊÖÙËÌËɯÈÕËɯÚÈÔ×ÓÌËɯÈÛɯƕƔƔƔɯ'áɯÈÕËɯƖƔƔƔɯ

'áȮɯÙÌÚ×ÌÊÛÐÝÌÓàȭɯ$$&ɯÚÐÎÕÈÓÚɯÞÌÙÌɯÈÊØÜÐÙÌËɯÍÙÖÔɯƚƕɯÈÊÛÐÝÌɯÌÓÌÊÛÙÖËÌÚɯȹ!ÙÈÐÕɯ/ÙÖËÜÊÛÚɯ&ÔÉ'Ȯɯ

&ÌÙÔÈÕàȺɯÈÙÙÈÕÎÌËɯÈÊÊÖÙËÐÕÎɯÛÖɯÈÕɯÌßÛÌÕÚÐÖÕɯƕƔɪƖƔɯ(ÕÛÌÙÕÈÛÐÖÕÈÓɯ2àÚÛÌÔɯÞÐÛÏɯÛÏÌɯÙÌÍÌÙÌÕÊÌɯÈÕËɯÛÏÌɯ

ÎÙÖÜÕËɯ×ÓÈÊÌËɯÖÕɯÛÏÌɯÓÌÍÛɯÈÕËɯÙÐÎÏÛɯÔÈÚÛÖÐËÚȮɯÙÌÚ×ÌÊÛÐÝÌÓàȭɯ2ÜÙÍÈÊÌɯÚÌÕÚÖÙÚɯȹ/ÐÊÖɯ$,&ɯÚÌÕÚÖÙÚȮɯ

"ÖÔÌÛÈɯ2ȭÙȭÓȭȮɯ(ÛÈÓàȺɯÞÌÙÌɯÜÚÌËɯÛÖɯÙÌÊÖÙËɯÛÏÌɯÈÊÛÐÝÐÛàɯÖÍɯƕƚɯÜ××ÌÙɯÓÐÔÉɯÔÜÚÊÓÌÚɯÐÕɯÈɯÉÐ×ÖÓÈÙɯÔÈÕÕÌÙȭɯ

3ÏÌɯÔÜÚÊÓÌÚɯÐÕÊÓÜËÌËɯÞÌÙÌɯÛÏÌɯÌßÛÌÕÚÖÙɯËÐÎÐÛÖÙÜÔȮɯÛÏÌɯŘÌßÖÙɯËÐÎÐÛÖÙÜÔɯÚÜ×ÌÙŗÊÐÈÓÐÚȮɯÛÏÌɯÓÈÛÌÙÈÓɯ

ÏÌÈËɯÖÍɯÛÏÌɯÛÙÐÊÌ×ÚɯÔÜÚÊÓÌȮɯÓÖÕÎɯÏÌÈËɯÖÍɯÛÏÌɯÉÐÊÌ×ÚɯÉÙÈÊÏÐÐɯÔÜÚÊÓÌȮɯ×ÌÊÛÖÙÈÓÐÚɯÔÈÑÖÙȮɯÓÈÛÌÙÈÓɯËÌÓÛÖÐËȮɯ

ÈÕÛÌÙÐÖÙɯËÌÓÛÖÐËȮɯÈÕËɯÜ××ÌÙɯÛÙÈ×ÌáÐÜÚɯÖÍɯÉÖÛÏɯÚÐËÌÚɯȹÙÐÎÏÛɯÈÕËɯÓÌÍÛɯÚÐËÌɯÐÕɯÛÏÌɯÏÌÈÓÛÏàɯÚÈÔ×ÓÌȮɯ

ÜÕÈřÌÊÛÌËɯÈÕËɯÈřÌÊÛÌËɯÚÐËÌɯÐÕɯ×ÈÛÐÌÕÛÚȺȭɯ 
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/ÈÙÛÐÊÐ×ÈÕÛÚɯÞÌÙÌɯÐÕÚÛÙÜÊÛÌËɯÛÖɯ×ÌÙÍÖÙÔɯÛÏÌɯÌß×ÌÙÐÔÌÕÛÈÓɯÛÈÚÒÚɯÖÍɯÎÙÈÚ×ÐÕÎɯȹ&ÙÈÚ×ȺɯÈÕËɯŗÕÎÌÙɯ

ÌßÛÌÕÚÐÖÕɯȹ$ßÛȺɯÞÐÛÏɯÉÖÛÏɯÏÈÕËÚɯÚÌ×ÈÙÈÛÌÓàȯɯÙÐÎÏÛɯȹ&ÙÈÚ×1Ȯɯ$ßÛ1ȺɯÈÕËɯÓÌÍÛɯȹ&ÙÈÚ×+Ȯɯ$ßÛ+ȺɯÏÈÕËɯÍÖÙɯ

ÛÏÌɯÏÌÈÓÛÏàɯ×ÈÙÛÐÊÐ×ÈÕÛÚɯÈÕËɯÜÕÈřÌÊÛÌËɯȹ&ÙÈÚ×4'Ȯɯ$ßÛ4'ȺɯÈÕËɯÈřÌÊÛÌËɯȹ&ÙÈÚ× 'Ȯɯ$ßÛ 'ȺɯÏÈÕËɯ

ÍÖÙɯ×ÈÛÐÌÕÛÚȭɯ#ÜÙÐÕÎɯÛÏÌɯÚÌÚÚÐÖÕȮɯÌÈÊÏɯÌß×ÌÙÐÔÌÕÛÈÓɯÛÈÚÒɯÞÈÚɯ×ÌÙÍÖÙÔÌËɯÐÕɯÈɯÙÜÕɯÊÖÕÚÐÚÛÐÕÎɯÖÍɯƘƔɯ

ÛÙÐÈÓÚɯËÐÝÐËÌËɯÐÕɯÛÈÚÒɯȹƜɯÚȺɯÈÕËɯÙÌÚÛɯȹƘɯÚȺɯÛÙÐÈÓÚɯ×ÙÌÚÌÕÛÌËɯÐÕɯÈɯÙÈÕËÖÔɯÖÙËÌÙȭɯ/ÈÙÛÐÊÐ×ÈÕÛÚɯÞÌÙÌɯÎÜÐËÌËɯ

ÉàɯÈɯÔÖÕÐÛÖÙɯÞÐÛÏɯÝÐÚÜÈÓɯÊÜÌȰɯËÜÙÐÕÎɯÙÌÚÛɯÛÙÐÈÓÚɯ×ÈÙÛÐÊÐ×ÈÕÛÚɯÏÈËɯÛÖɯÚÛÈàɯÙÌÓÈßÌËɯÍÖÙɯÈÓÓɯÛÙÐÈÓɯËÜÙÈÛÐÖÕɯ

ÞÏÌÙÌÈÚɯÛÈÚÒɯÛÙÐÈÓÚɯÈÙÌɯËÐÝÐËÌËɯÐÕɯÛÏÌɯŗÙÚÛɯƘɯÚɯÖÍɯ×ÙÌ×ÈÙÈÛÐÖÕɯÈÕËɯÛÏÌɯÍÖÓÓÖÞÐÕÎɯƘɯÚɯÖÍɯÛÈÚÒɯ×ÌÙÍÖÙÔÈÕÊÌɯ

ȹÚÌÌɯ%ÐÎȭɯƖȭƝȺȭɯ/ÈÙÛÐÊÐ×ÈÕÛÚɯÞÌÙÌɯÊÖÔÍÖÙÛÈÉÓàɯÚÌÈÛÌËɯÖÕɯÈɯÊÏÈÐÙȮɯÞÐÛÏɯÈËÑÜÚÛÈÉÓÌɯÚÌÈÛɯÏÌÐÎÏÛȮɯÈÕËɯÞÐÛÏɯ

ÛÏÌÐÙɯÍÖÙÌÈÙÔÚɯ×ÓÈÊÌËɯÖÕɯÛÏÌɯÛÈÉÓÌȮɯÎÜÐËÌËɯÉàɯÈɯÔÖÕÐÛÖÙɯ×ÙÖÝÐËÐÕÎɯÝÐÚÜÈÓɯÊÜÌÚɯÛÏÙÖÜÎÏÖÜÛɯÛÏÌɯ

Ìß×ÌÙÐÔÌÕÛÈÓɯ×ÙÖÛÖÊÖÓȭɯ/ÈÙÛÐÊÐ×ÈÕÛÚɯÙÌÊÌÐÝÌËɯÛÏÌɯÐÕÚÛÙÜÊÛÐÖÕÚɯÛÖɯ×ÌÙÍÖÙÔɯÛÏÌɯÔÖÝÌÔÌÕÛɯÈÚɯÍÈÚÛɯÈÚɯ

ÛÏÌàɯÊÖÜÓËɯÈÕËɯÛÖɯÏÖÓËɯÐÛɯÜÕÛÐÓɯÛÏÌɯÌÕËɯÖÍɯÛÏÌɯÛÙÐÈÓɯÈÛɯÈ××ÙÖßÐÔÈÛÌÓàɯƕƙǔɯÖÍɯÛÏÌɯ,ÈßÐÔÜÔɯ5ÖÓÜÕÛÈÙàɯ

"ÖÕÛÙÈÊÛÐÖÕɯȹ,5"ȺɯÖÍɯÛÏÌɯÛÈÙÎÌÛɯÔÜÚÊÓÌÚɯȹÌßÛÌÕÚÖÙɯËÐÎÐÛÖÙÜÔɯÈÕËɯŘÌßÖÙɯËÐÎÐÛÖÙÜÔɯÚÜ×ÌÙŗÊÐÈÓÐÚɯÖÍɯ

ÉÖÛÏɯÚÐËÌÚȺȭɯ2ÛÙÖÒÌɯ×ÈÛÐÌÕÛÚɯÈŲÌÔ×ÛÌËɯÛÏÌɯÛÈÚÒÚɯÞÐÛÏɯÛÏÌÐÙɯÈřÌÊÛÌËɯÓÐÔÉɯÈÊÊÖÙËÐÕÎɯÛÖɯÛÏÌÐÙɯÙÌÚÐËÜÈÓɯ

ÈÉÐÓÐÛàȭɯ,5"ÚɯÞÌÙÌɯÙÌÊÖÙËÌËɯÍÖÙɯÌÈÊÏɯÔÜÚÊÓÌɯÈÛɯÛÏÌɯÉÌÎÐÕÕÐÕÎɯÖÍɯÛÏÌɯÌß×ÌÙÐÔÌÕÛɯÍÖÙɯƙÚɯÈÕËɯËÜÙÐÕÎɯ

ÛÏÌɯÚÌÚÚÐÖÕɯÛÏÌɯÌß×ÌÙÐÔÌÕÛÌÙȮɯÔÖÕÐÛÖÙÐÕÎɯ$,&ɯÛÙÈÊÌÚȮɯÎÜÐËÌËɯÛÏÌɯ×ÈÛÐÌÕÛÚȭ 

 

 
Figure 2. 9. Single trial timeline: in panel a) the single trial timeline is shown together with the EMG onset realignment 

step and in panel b) the trial timeline after the EMG onset alignment is depicted together with the time interval 

considered for the baseline correction. 
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#ÈÛÈɯ ÕÈÓàÚÐÚ 

(Õɯ%ÐÎÜÙÌɯƖȭƕƔɯÐÚɯÚÏÖÞÕɯÛÏÌɯŘÖÞɯÊÏÈÙÛɯÐÓÓÜÚÛÙÈÛÐÕÎɯÛÏÌɯÔÌÛÏÖËÖÓÖÎÐÊÈÓɯÚÛÌ×ÚɯÖÍɯÛÏÌɯÈÕÈÓàÚÌÚɯÊÖÕËÜÊÛÌËɯ

ÐÕɯÛÏÌɯ×ÙÌÚÌÕÛɯÚÛÜËàɯÈÕËɯËÌÚÊÙÐÉÌËɯÉÌÓÖÞȭ 

 

Figure 2. 10. Flow chart that illustrates  the methodological steps of the analyses conducted in the present study. The 

analyses are conducted for all the experimental tasks: the grasping (Grasp) and finger extension (Ext) performed with 

the right (R) and left (L) side by healthy participants, and the unaffected (UH) and affected (AH) hands by stroke patients.  

EEG: Electroencephalography; EMG: Electromyography; LFOs: Low Frequency Oscillations. 

 

$$&ɯÈÕËɯ$,&ɯËÈÛÈɯ×ÙÖÊÌÚÚÐÕÎ 

 

3ÏÌɯÍÖÓÓÖÞÐÕÎɯÈÕÈÓàÚÌÚɯÞÌÙÌɯ×ÌÙÍÖÙÔÌËɯÜÚÐÕÎɯÊÜÚÛÖÔɯÊÖËÌɯËÌÝÌÓÖ×ÌËɯÐÕɯ, 3+ !ɯ1ƖƔƖƔÉɯȹ3ÏÌɯ

,ÈÛÏ6ÖÙÒÚȮɯ(ÕÊȭȮɯ-ÈÛÐÊÒȮɯ,ÈÚÚÈÊÏÜÚÌŲÚȮɯ42 ȺȮɯÌßÊÌ×ÛɯÍÖÙɯÛÏÌɯ×ÙÌɪ×ÙÖÊÌÚÚÐÕÎɯÖÍɯ$$&ɯÙÌÊÖÙËÐÕÎÚɯ

×ÌÙÍÖÙÔÌËɯÉàɯÔÌÈÕÚɯÖÍɯÛÏÌɯ!ÙÈÐÕɯ/ÙÖËÜÊÛÚɯ5ÐÚÐÖÕɯ ÕÈÓàáÌÙɯÚÖÍÛÞÈÙÌɯȹ!ÙÈÐÕɯ5ÐÚÐÖÕɯ ÕÈÓàáÌÙȮɯ

5ÌÙÚÐÖÕɯƕȭƔƙȮɯ!ÙÈÐÕɯ/ÙÖËÜÊÛÚɯ&ÔÉ'Ȯɯ&ÐÓÊÏÐÕÎȮɯ&ÌÙÔÈÕàȺȭɯ 

$$&ɯËÈÛÈɯÞÌÙÌɯËÖÞÕɯÚÈÔ×ÓÌËɯÛÖɯƖƙƔɯ'áɯÈÕËɯÉÈÕËɪ×ÈÚÚɯŗÓÛÌÙÌËɯƕɪƘƙɯ'áȭɯ ɯÕÖÛÊÏɯŗÓÛÌÙɯÈÛɯƙƔɯ'áɯÞÈÚɯ

È××ÓÐÌËɯÛÖɯÙÌÔÖÝÌɯ×ÖÞÌÙɪÓÐÕÌɯÈÙÛÐÍÈÊÛÚȭɯ3ÏÌɯ(ÕËÌ×ÌÕËÌÕÛɯ"ÖÔ×ÖÕÌÕÛɯ ÕÈÓàÚÐÚɯȻƖƗȼɯÞÈÚɯÈ××ÓÐÌËɯÛÖɯ

ÙÌÔÖÝÌɯÖÊÜÓÈÙɯÈÙÛÐÍÈÊÛÚȮɯÈÕËȮɯÈÛɯÔÖÚÛȮɯƖɯÐÕËÌ×ÌÕËÌÕÛɯÊÖÔ×ÖÕÌÕÛÚɯÞÌÙÌɯÙÌÔÖÝÌËȭɯ$$&ɯËÈÛÈɯÞÌÙÌɯ

ÚÌÎÔÌÕÛÌËɯÐÕɯƜɯÚɯÛÈÚÒɯÛÙÐÈÓÚɯÈÕËɯƘÚɯÖÍɯÙÌÚÛɯÛÙÐÈÓÚȭɯ3ÖɯÖÉÛÈÐÕɯ$$&ɯÈÙÛÐÍÈÊÛɪÍÙÌÌɯÛÙÐÈÓÚȮɯÈɯÚÌÔÐɪÈÜÛÖÔÈÛÐÊɯ

×ÙÖÊÌËÜÙÌɯÞÈÚɯÈ××ÓÐÌËȯɯÈÕɯÈÔ×ÓÐÛÜËÌɯÛÏÙÌÚÏÖÓËɯȹǷƕƔƔɯϟ5ȺɯÞÈÚɯËÌŗÕÌËɯÛÖɯÐËÌÕÛÐÍàɯÛÏÌɯÊÖÜ×ÓÌÚɯ$$&ɯ



 54 
 

 
 

ÊÏÈÕÕÌÓɪÛÙÐÈÓɯÛÖɯÉÌɯÙÌÔÖÝÌËȰɯÍÖÙɯÌÈÊÏɯÛÙÐÈÓȮɯÐÍɯÛÏÌɯÕÜÔÉÌÙɯÖÍɯ$$&ɯÊÏÈÕÕÌÓÚɯÞÐÛÏɯÈÙÛÐÍÈÊÛÚɯÞÈÚɯÓÌÚÚɯÛÏÈÕɯ

ƙɯÈɯÚ×ÏÌÙÐÊÈÓɯÐÕÛÌÙ×ÖÓÈÛÐÖÕɯÞÈÚɯ×ÌÙÍÖÙÔÌËɯÛÖɯÙÌ×ÓÈÊÌɯÛÏÌɯÕÖÐÚàɯÊÏÈÕÕÌÓÚɯÞÐÛÏɯÈɯÞÌÐÎÏÛÌËɯÈÝÌÙÈÎÌɯÖÍɯ

ÐÛÚɯÕÌÐÎÏÉÖÜÙÚȮɯÖÛÏÌÙÞÐÚÌɯÛÏÌɯÛÙÐÈÓɯÞÈÚɯÙÌÔÖÝÌËȭɯ ÓÓɯ$$&ɯÊÏÈÕÕÌÓÚɯÞÌÙÌɯÙÌɪÙÌÍÌÙÌÕÊÌËɯÈÊÊÖÙËÐÕÎɯÛÖɯ

ÛÏÌɯÊÖÔÔÖÕɯÈÝÌÙÈÎÌɯÙÌÍÌÙÌÕÊÌɯȹ" 1Ⱥȭɯ 

$,&ɯËÈÛÈɯÞÌÙÌɯËÖÞÕÚÈÔ×ÓÌËɯÛÖɯƕƔƔƔɯ'áɯÈÕËɯÉÈÕËɪ×ÈÚÚɯŗÓÛÌÙÌËɯȻƗɬƙƔƔȼɯ'áȭɯ ɯÕÖÛÊÏɯŗÓÛÌÙɯÈÛɯƙƔɯ'áɯ

ÞÈÚɯÈ××ÓÐÌËɯÈÕËɯÛÏÌɯÊÖÕÛÐÕÜÖÜÚɯËÈÛÈɯÞÌÙÌɯÚÌÎÔÌÕÛÌËɯÐÕɯƜÚɯÛÈÚÒɯÛÙÐÈÓÚɯÈÕËɯÐÕɯƘÚɯÙÌÚÛɯÛÙÐÈÓÚɯȹÈÚɯÍÖÙɯÛÏÌɯ

$$&ɯÙÌÊÖÙËÐÕÎÚȺȭɯ$,&ɯËÈÛÈɯÞÈÚɯÈÕÈÓàáÌËɯÛÖɯȹÐȺɯÐËÌÕÛÐÍàɯÛÏÌɯÕÖÕɪÊÖÔ×ÓÐÈÕÛɯÛÈÚÒɯÛÙÐÈÓÚȮɯÞÏÌÙÌɯ

×ÈÙÛÐÊÐ×ÈÕÛÚɯÔÐÚÚÌËɯÛÏÌɯÐÕÚÛÙÜÊÛÐÖÕɯÈÕËɯËÐËɯÕÖÛɯ×ÌÙÍÖÙÔɯÛÏÌɯÛÈÚÒȮɯȹÐÐȺɯÌßÛÙÈÊÛɯÛÏÌɯÔÖÝÌÔÌÕÛɯÖÕÚÌÛɯÍÖÙɯ

ÌÈÊÏɯÛÙÐÈÓȭɯ 

3ÏÌɯ$,&ɯÈÊÛÐÝÐÛàɯÖÍɯÛÏÌɯÌßÛÌÕÚÖÙɯËÐÎÐÛÖÙÜÔɯÈÕËɯÖÍɯÛÏÌɯŘÌßÖÙɯËÐÎÐÛÖÙÜÔɯÚÜ×ÌÙŗÊÐÈÓÐÚɯÔÜÚÊÓÌÚɯÞÌÙÌɯ

ÈÕÈÓàáÌËɯÛÖɯÌßÛÙÈÊÛɯÛÏÌɯÔÖÝÌÔÌÕÛɯÖÕÚÌÛɯÍÖÙɯÛÏÌɯŗÕÎÌÙɯÌßÛÌÕÚÐÖÕɯÈÕËɯÎÙÈÚ×ÐÕÎɯÛÈÚÒȮɯÙÌÚ×ÌÊÛÐÝÌÓàȭɯ3ÏÌɯ

$,&ɯËÈÛÈɯÖÍɯÛÏÌɯÛÈÙÎÌÛɯÔÜÚÊÓÌɯÖÍɯÌÈÊÏɯÛÈÚÒɯÞÌÙÌɯ×ÙÖÊÌÚÚÌËɯÛÏÙÖÜÎÏɯÈɯÚÛÈÕËÈÙËɯ×Ð×ÌÓÐÕÌɯȹƗƔɯ'áɯɪɯ

ÏÐÎÏɪ×ÈÚÚɯŗÓÛÌÙȮɯ3ÌÈÎÌÙɪ*ÈÐÚÌÙɯÌÕÌÙÎàɯÖ×ÌÙÈÛÖÙȮɯÙÌÊÛÐŗÊÈÛÐÖÕɯÈÕËɯƙƔɯ'áɯɪɯÓÖÞɯ×ÈÚÚɯŗÓÛÌÙȺɯȻƕƔȼȮɯȻƕƕȼȮɯ

ȻƖƘȼɯÈÕËɯÛÏÌɯÔÖÝÌÔÌÕÛɯÖÕÚÌÛɯÞÈÚɯÐËÌÕÛÐŗÌËɯÝÐÈɯÛÏÌɯ'ÖËÎÌÚɯÈÕËɯ!ÜÐɯÈÓÎÖÙÐÛÏÔɯȻƕƕȼȭɯ3ÏÌɯÙÌÚÜÓÛÚɯÞÌÙÌɯ

ÝÈÓÐËÈÛÌËɯÉàɯÝÐÚÜÈÓɯÐÕÚ×ÌÊÛÐÖÕȭɯ 

/ÈÛÐÌÕÛÚɀɯ$$&ɯËÈÛÈɯÙÌÊÖÙËÌËɯÖÝÌÙɯËÐřÌÙÌÕÛɯÚÊÈÓ×ɯ×ÖÚÐÛÐÖÕÚɯÍÙÖÔɯ×ÈÛÐÌÕÛÚɯÞÐÛÏɯÓÌÍÛɯÚÐËÌËɯÓÌÚÐÖÕÚɯÞÌÙÌɯ

ŘÐ××ÌËɯÈÓÖÕÎɯÛÏÌɯÔÐËÚÈÎÐŲÈÓɯ×ÓÈÕÌɯÚÖɯÛÏÈÛɯÛÏÌɯÐ×ÚÐÓÌÚÐÖÕÈÓɯÚÐËÌɯÞÈÚɯÊÖÔÔÖÕɯÛÖɯÈÓÓɯ×ÈÛÐÌÕÛÚɯȻƕƘȼȮɯȻƕƙȼȮɯ

ȻƖƙȼȭɯ2ÐÔÐÓÈÙɯ×ÙÖÊÌËÜÙÌɯÞÈÚɯÈÓÚÖɯÈ××ÓÐÌËɯÛÖɯ$,&ɯËÈÛÈɯÐÕɯÈÓÓɯÛÏÌɯ×ÈÛÐÌÕÛÚɯÞÐÛÏɯÙÐÎÏÛɯÈřÌÊÛÌËɯÏÈÕËɯȹÓÌÍÛɯ

ÏÌÔÐÚ×ÏÌÙÌɯÓÌÚÐÖÕȺȭɯ!ÖÛÏɯŘÐ××ÐÕÎɯ×ÙÖÊÌËÜÙÌÚɯÛÏÜÚɯÌÕÚÜÙÌËɯÛÖɯÓÈÉÌÓɯÛÏÌɯÙÐÎÏÛɯÏÌÔÐÚ×ÏÌÙÌɯÈÕËɯ

ÊÖÕÛÙÈÓÈÛÌÙÈÓɯÓÌÍÛɯÏÈÕËɯÈÚɯɁÈřÌÊÛÌËɂɯÐÕɯÈÓÓɯÛÏÌɯ×ÈÛÐÌÕÛÚȮɯÐÕËÌ×ÌÕËÌÕÛÓàɯÍÙÖÔɯÛÏÌÐÙɯÈÊÛÜÈÓɯÓÌÚÐÖÕɯÚÐËÌȭ 

 

+%.ÚɯÌßÛÙÈÊÛÐÖÕ 

 

$ÈÊÏɯ$$&ɯÛÈÚÒɯÛÙÐÈÓɯÐÚɯÙÌÈÓÐÎÕÌËɯÈÙÖÜÕËɯÐÛÚɯ$,&ɯÖÕÚÌÛɯËÌÛÌÊÛÌËɯÖÕɯÛÏÌɯÛÈÙÎÌÛɯÔÜÚÊÓÌȰɯÍÖÙɯÛÏÐÚɯ×ÜÙ×ÖÚÌȮɯ

ÌÈÊÏɯÛÙÐÈÓɯÞÈÚɯÙÌɪÚÌÎÔÌÕÛÌËɯÊÖÕÚÐËÌÙÐÕÎɯƗɯÚɯÉÌÍÖÙÌɯÈÕËɯƖȭƙɯÚɯÈÍÛÌÙɯÛÏÌɯ$,&ɯÖÕÚÌÛɯȹ%ÐÎȭɯƖȭƝɯ×ÈÕÌÓɯÉȺȭɯ

3ÏÐÚɯÛÐÔÌɯÐÕÛÌÙÝÈÓɯȹȻɪƗɯǶƖȭƙȼɯÚȺɯÞÈÚɯÊÏÖÚÌÕɯÉÈÚÌËɯÖÕɯÛÏÌɯÌÈÙÓÐÌÚÛɯÈÕËɯÓÈÛÌÚÛɯ$,&ɯÖÕÚÌÛɯÞÐÛÏɯÙÌÚ×ÌÊÛɯÛÖɯ

ÛÏÌɯ&.ȮɯËÌÛÌÊÛÌËɯÈÊÙÖÚÚɯÈÓÓɯÛÙÐÈÓÚɯÈÕËɯ×ÈÙÛÐÊÐ×ÈÕÛÚȰɯÈÊÊÖÙËÐÕÎɯÛÖɯÛÏÌɯÌÈÙÓÐÌÚÛɯ$,&ɯÖÕÚÌÛȮɯÛÏÌɯÔÈßÐÔÜÔɯ

ÕÜÔÉÌÙɯÖÍɯÙÌÔÈÐÕÐÕÎɯÙÌÚÛɯÚÌÊÖÕËÚɯÞÈÚɯËÌÛÌÊÛÌËɯȹƗɯÚȺȮɯÞÏÌÙÌÈÚɯÉÈÚÌËɯÖÕɯÛÏÌɯÓÈÛÌÚÛɯ$,&ɯÖÕÚÌÛȮɯÛÏÌɯ

ÔÈßÐÔÜÔɯÕÜÔÉÌÙɯÖÍɯÍÖÓÓÖÞÐÕÎɯÛÈÚÒɯÚÌÊÖÕËÚɯÞÈÚɯËÌÛÌÙÔÐÕÌËɯȹƖȭƙɯÚȺȭ 

-ÌßÛȮɯÛÏÌɯ,ÖÝÌÔÌÕÛɯ1ÌÓÈÛÌËɯ"ÖÙÛÐÊÈÓɯ/ÖÛÌÕÛÐÈÓɯȹÊÖÔ×ÜÛÌËɯÍÙÖÔɯÛÏÌɯ×ÙÌɪ×ÙÖÊÌÚÚÌËɯ$$&ɯËÈÛÈɯ

ÉÈÕË×ÈÚÚɯŗÓÛÌÙÌËɯȻƕɯƗȼɯ'áȺɯÐÚɯÚÜÉÛÙÈÊÛÌËɯÛÖɯ$$&ɯÛÈÚÒɯÛÙÐÈÓÚȭɯ 

3ÏÌɯÊÖÕÛÐÕÜÖÜÚɯÞÈÝÌÓÌÛɯÛÙÈÕÚÍÖÙÔɯȹ,ÖÙÓÌÛɯÔÖÛÏÌÙɯÞÈÝÌÓÌÛȮɯƕɪƖƖɯ'áɯÍÙÌØÜÌÕÊàɯÐÕÛÌÙÝÈÓȺɯÞÈÚɯÈ××ÓÐÌËɯ

ÛÖɯ$$&ɯÛÙÐÈÓÚɯÈÕËɯÛÏÌɯ×ÖÞÌÙɯÞÈÚɯÌÚÛÐÔÈÛÌËɯÊÖÔ×ÜÛÐÕÎɯÛÏÌɯÚØÜÈÙÌɯÔÈÎÕÐÛÜËÌȭɯ ɯÉÈÚÌÓÐÕÌɯÊÖÙÙÌÊÛÐÖÕɯ

ÞÈÚɯÈ××ÓÐÌËɯÛÖɯÚÐÕÎÓÌɯÛÙÐÈÓÚɯÚÜÉÛÙÈÊÛÐÕÎɯÛÏÌɯÈÝÌÙÈÎÌËɯ×ÖÞÌÙɯÊÖÔ×ÜÛÌËɯÐÕɯÛÏÌɯŗÙÚÛɯÚÌÊÖÕËɯÈÝÈÐÓÈÉÓÌɯ

ÈÍÛÌÙɯÛÏÌɯÙÌÈÓÐÎÕÔÌÕÛɯÈÙÖÜÕËɯÛÏÌɯ$,&ɯÖÕÚÌÛɯÈÚɯÚÏÖÞÕɯÐÕɯÛÏÌɯÚÐÕÎÓÌɯÛÙÐÈÓɯÛÐÔÌÓÐÕÌɯȹ%ÐÎȭɯƖȭƝɯ×ÈÕÌÓɯÉȺȭɯ

3ÏÌɯÉÈÚÌÓÐÕÌɯÊÖÙÙÌÊÛÐÖÕɯÞÈÚɯÈ××ÓÐÌËɯÍÖÙɯÌÈÊÏɯÍÙÌØÜÌÕÊàɯÉÐÕȭɯ3ÏÌɯ+%.ɯ×ÖÞÌÙɯÛÌÔ×ÖÙÈÓɯÛÙÌÕËÚɯÞÌÙÌɯ

ÖÉÛÈÐÕÌËɯÈÝÌÙÈÎÐÕÎɯÛÏÌɯ×ÖÞÌÙɯÖÝÌÙɯÛÏÌɯÍÙÌØÜÌÕÊàɯÙÈÕÎÌɯƗɪƙɯ'áɯȻƖȼȭɯ 
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+%.Úɯ×ÌÈÒɯÈÔ×ÓÐÛÜËÌɯÈÕËɯÓÈÛÌÕÊà 

 

+%.ÚɯÞÌÙÌɯÊÏÈÙÈÊÛÌÙÐáÌËɯÉàɯÔÌÈÕÚɯÖÍɯÛÏÌɯÈÕÈÓàÚÐÚɯÖÍȯ 

ȹÐȺ ÛÏÌɯÈÔ×ÓÐÛÜËÌɯÖÍɯ+%.Úɯ×ÖÞÌÙɯ×ÌÈÒɯÞÏÐÊÏɯÞÈÚɯËÌÛÌÙÔÐÕÌËɯÈÚɯÛÏÌɯ+%.Úɯ×ÖÞÌÙɯÔÈßÐÔÜÔɯ

ÝÈÓÜÌɯËÌÛÌÊÛÌËɯÐÕɯÈɯƕȭƖɯÚɯÓÖÕÎɯÛÐÔÌɯÞÐÕËÖÞɯÛÈÒÌÕɯÈÙÖÜÕËɯÛÏÌɯ$,&ɯÖÕÚÌÛɯȹȻɪƔȭƜɯƔȭƘȼɯÚȺɯÐÕɯ

ÌÈÊÏɯÛÙÐÈÓɯÚÐÕÎÜÓÈÙÓàȮɯ 

ȹÐÐȺ ÛÏÌɯÓÈÛÌÕÊàɯÉÌÛÞÌÌÕɯÛÏÌɯ+%.Úɯ×ÌÈÒɯÈÕËɯÛÏÌɯ$,&ɯÖÕÚÌÛȭ 

 

+%.Úɯ×ÌÈÒɯÙÌÈÓÐÎÕÔÌÕÛ 

 

$ÈÊÏɯ+%.Úɯ×ÖÞÌÙɯÛÈÚÒɯÛÙÐÈÓɯÞÈÚɯÙÌÈÓÐÎÕÌËɯÈÙÖÜÕËɯÐÛÚɯ+%.Úɯ×ÖÞÌÙɯ×ÌÈÒȭɯ3ÏÌɯÓÈŲÌÙɯÞÈÚɯËÌÛÌÊÛÌËɯÐÕɯ

ÌÈÊÏɯÛÙÐÈÓɯÐÕɯÈɯƕȭƖɯÚɯɪɯÛÐÔÌɯÞÐÕËÖÞɯÈÙÖÜÕËɯÛÏÌɯ$,&ɯÖÕÚÌÛɯȹȻɪƔȭƜɯƔȭƘȼɯÚȺȭɯ$ÈÊÏɯÛÙÐÈÓɯÞÈÚɯÛÌÔ×ÖÙÈÓÓàɯ

ÚÏÐÍÛÌËɯÈÙÖÜÕËɯÐÛÚɯ+%.Úɯ×ÖÞÌÙɯ×ÌÈÒɯÐÕɯÖÙËÌÙɯÛÏÈÛɯÈÓÓɯÛÐÔÌɯÚÌÙÐÌÚȮɯÈÍÛÌÙɯÛÏÌɯÙÌÈÓÐÎÕÔÌÕÛȮɯÚÏÈÙÌɯÛÏÌɯ

ÚÈÔÌɯÛÐÔÌɯÚÈÔ×ÓÌɯÍÖÙɯÛÏÌɯ+%.Úɯ×ÌÈÒȭ 

3ÖɯÈÚÚÌÚÚɯÛÏÌɯÐÔ×ÈÊÛɯÖÍɯÛÏÌɯÚÐÕÎÓÌɪÛÙÐÈÓɯÙÌÈÓÐÎÕÔÌÕÛɯ×ÙÖÊÌËÜÙÌɯÉÈÚÌËɯÖÕɯ+%.Úɯ×ÌÈÒÚɯ×ÙÖ×ÖÚÌËɯÐÕɯÛÏÐÚɯ

ÚÛÜËàȮɯÛÏÌɯ×ÌÈÒɯÈÔ×ÓÐÛÜËÌÚɯÖÍɯÉÖÛÏɯÛÏÌɯÕÖÕɪÙÌÈÓÐÎÕÌËɯÈÕËɯÙÌÈÓÐÎÕÌËɯÛÙÐÈÓÚɯÞÌÙÌɯÌßÈÔÐÕÌËȰɯÐÕɯÕÖÕɪ

ÙÌÈÓÐÎÕÌËɯÛÙÐÈÓÚɯÛÏÌɯ+%.Úɯ×ÌÈÒɯÈÔ×ÓÐÛÜËÌɯÖÍɯÌÈÊÏɯ×ÈÙÛÐÊÐ×ÈÕÛɯÞÈÚɯÌßÛÙÈÊÛÌËɯÍÙÖÔɯÛÏÌɯÈÝÌÙÈÎÌËɯ+%.Úɯ

×ÖÞÌÙɯÛÌÔ×ÖÙÈÓɯÌÝÖÓÜÛÐÖÕɯÈÊÙÖÚÚɯÛÙÐÈÓÚɯÈÚɯÛÏÌɯ×ÌÈÒɯÝÈÓÜÌɯËÌÛÌÊÛÌËɯÐÕɯÛÏÌɯÛÐÔÌɯÞÐÕËÖÞɯȻɪƔȭƜɯƔȭƘȼɯÚɯ

ÈÙÖÜÕËɯÛÏÌɯ$,&ɯÖÕÚÌÛȮɯÞÏÐÓÌɯÐÕɯÙÌÈÓÐÎÕÌËɯÛÙÐÈÓÚɯÍÖÙɯÌÈÊÏɯ×ÈÙÛÐÊÐ×ÈÕÛɯÛÏÌɯ+%.Úɯ×ÌÈÒɯÈÔ×ÓÐÛÜËÌɯÐÚɯ

ÊÖÔ×ÜÛÌËɯÈÚɯÛÏÌɯÈÝÌÙÈÎÌɯÖÍɯ×ÌÈÒÚɀɯÈÔ×ÓÐÛÜËÌɯÈÊÙÖÚÚɯÛÙÐÈÓÚȮɯÐȭÌȭɯÛÏÌɯÈÝÌÙÈÎÌɯÖÍɯÛÏÌɯÈÔ×ÓÐÛÜËÌɯÖÍɯÛÏÌɯ

+%.Úɯ×ÌÈÒÚɯËÌÛÌÊÛÌËɯÍÖÙɯÛÏÌɯÙÌÈÓÐÎÕÔÌÕÛɯÚÛÌ×ȭ 

 

2ÛÈÛÐÚÛÐÊÚ 

$řÌÊÛɯÖÍɯÛÏÌɯ×ÌÈÒɪÉÈÚÌËɯÙÌÈÓÐÎÕÔÌÕÛɯÖÕɯÛÏÌɯ+%.Úɯ×ÌÈÒɯÈÔ×ÓÐÛÜËÌ 

 

3ÖɯÐÕÝÌÚÛÐÎÈÛÌɯÛÏÌɯÌřÌÊÛɯÖÍɯÛÏÌɯ+%.ɯ×ÌÈÒɪÉÈÚÌËɯÙÌɪÈÓÐÎÕÔÌÕÛɯÖÕɯÛÏÌɯ×ÌÈÒɯÈÔ×ÓÐÛÜËÌȮɯÛÏÌɯÝÈÓÜÌÚɯÖÍɯ

ÛÏÌɯ+%.Úɯ×ÌÈÒɯÈÔ×ÓÐÛÜËÌɯÊÖÔ×ÜÛÌËɯÉÌÍÖÙÌɯÈÕËɯÈÍÛÌÙɯÛÏÌɯÙÌɪÈÓÐÎÕÔÌÕÛɯÞÌÙÌɯÈÕÈÓàáÌËɯÉàɯÔÌÈÕÚɯÖÍɯÈɯ

ÛÞÖɪÛÈÐÓÌËɯ×ÈÐÙÌËɯÚÈÔ×ÓÌɯÛɪÛÌÚÛȭɯ3ÏÌɯÈÕÈÓàÚÐÚɯÞÈÚɯ×ÌÙÍÖÙÔÌËɯÖÕɯÛÏÌɯŗÍÛÌÌÕɯÚÌÕÚÖÙÐÔÖÛÖÙɯÊÏÈÕÕÌÓÚɯ

ȹ%"ƗȮɯ%"ƕȮɯ%"áȮɯ%"ƖȮɯ%"ƘȮɯ"ƗȮɯ"ƕȮɯ"áȮɯ"ƖȮɯ"ƘȮɯ"/ƗȮɯ"/ƕȮɯ"/áȮɯ"/ƖȮɯ"/ƘȺɯÈÕËɯÛÏÌɯÍÈÓÚÌɯËÐÚÊÖÝÌÙàɯÙÈÛÌɯ

ȹ%#1ȺɯÞÈÚɯÈ××ÓÐÌËɯÛÖɯÈÊÊÖÜÕÛɯÍÖÙɯÔÜÓÛÐ×ÓÌɯÊÖÔ×ÈÙÐÚÖÕÚɯȻƖƚȼȭɯ3ÏÌɯÚÛÈÛÐÚÛÐÊÈÓɯÚÐÎÕÐŗÊÈÕÊÌɯÓÌÝÌÓɯÞÈÚɯÚÌÛɯ

ÛÖɯ×ɯǻɯƔȭƔƙȭ 

 

 

 

'ÌÈÓÛÏàɯ×ÈÙÛÐÊÐ×ÈÕÛÚȯɯÊÖÔ×ÈÙÐÚÖÕɯÈÊÙÖÚÚɯÚÐËÌÚɯÈÕËɯÛÈÚÒÚ 

 

(ÕɯÏÌÈÓÛÏàɯÐÕËÐÝÐËÜÈÓÚȮɯÐÕɯÖÙËÌÙɯÛÖɯËÌÛÌÙÔÐÕÌɯÛÏÌɯÐÕŘÜÌÕÊÌɯÖÍɯÚÐËÌɯÐÕÝÖÓÝÌËɯÐÕɯÛÏÌɯÛÈÚÒɯÈÕËɯÛÏÌɯÒÐÕËɯ

ÖÍɯÛÈÚÒɯÛÏÌɯÍÖÓÓÖÞÐÕÎɯÚÛÈÛÐÚÛÐÊÈÓɯÛÌÚÛÚɯÞÌÙÌɯÐÔ×ÓÌÔÌÕÛÌËɯÖÕɯÛÏÌɯ+%.Úɯ×ÖÞÌÙɯ×ÌÈÒÚɯÈÔ×ÓÐÛÜËÌɯÖÍɯ

ÙÌÈÓÐÎÕÌËɯÛÙÐÈÓÚȯ 

ȹÐȺ ÈɯÛÞÖɪÛÈÐÓÌËɯ×ÈÐÙÌËɯÚÈÔ×ÓÌÚɯÛɪÛÌÚÛɯÉÌÛÞÌÌÕɯÛÏÌɯÛÈÚÒÚɯ×ÌÙÍÖÙÔÌËɯÞÐÛÏɯÛÏÌɯÛÞÖɯÚÐËÌÚɯȹ&ÙÈÚ×1ɯ

ÝÚȭɯ&ÙÈÚ×+Ȯɯ$ßÛ1ɯÝÚȭɯ$ßÛ+Ⱥȭ 
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ȹÐÐȺ ÈɯÛÞÖɪÛÈÐÓÌËɯ×ÈÐÙÌËɯÚÈÔ×ÓÌÚɯÛɪÛÌÚÛɯÉÌÛÞÌÌÕɯÛÏÌɯÛÈÚÒÚɯ×ÌÙÍÖÙÔÌËɯÞÐÛÏɯÛÏÌɯÚÈÔÌɯÚÐËÌɯȹ&ÙÈÚ×1ɯ

ÝÚȭɯ$ßÛ1Ⱥȭ 

3ÏÌɯÕÖÙÔÈÓÐÛàɯÖÍɯÛÏÌɯËÐÚÛÙÐÉÜÛÐÖÕÚɯÞÈÚɯÝÌÙÐŗÌËɯÜÚÐÕÎɯÛÏÌɯ*ÖÓÔÖÎÖÙÖÝɪ2ÔÐÙÕÖÝɯÛÌÚÛȭɯ3ÏÌɯȹÐȺȮɯȹÐÐȺɯÛÌÚÛÚɯ

ÞÌÙÌɯ×ÌÙÍÖÙÔÌËɯÖÕɯÛÏÌɯŗÍÛÌÌÕɯÚÌÕÚÖÙÐÔÖÛÖÙɯÊÏÈÕÕÌÓÚɯȹ%"ƗȮɯ%"ƕȮɯ%"áȮɯ%"ƖȮɯ%"ƘȮɯ"ƗȮɯ"ƕȮɯ"áȮɯ"ƖȮɯ"ƘȮɯ

"/ƗȮɯ"/ƕȮɯ"/áȮɯ"/ƖȮɯ"/ƘȺɯÈÕËɯÛÏÌɯ%#1ɯÞÈÚɯÈ××ÓÐÌËɯÛÖɯÈÊÊÖÜÕÛɯÍÖÙɯÔÜÓÛÐ×ÓÌɯÊÖÔ×ÈÙÐÚÖÕÚȭɯ3ÏÌɯ

ÚÛÈÛÐÚÛÐÊÈÓɯÚÐÎÕÐŗÊÈÕÊÌɯÓÌÝÌÓɯÞÈÚɯÚÌÛɯÛÖɯƔȭƔƙȭ 

 

2ÛÙÖÒÌɯ×ÈÛÐÌÕÛÚȯɯÊÖÔ×ÈÙÐÚÖÕɯÈÊÙÖÚÚɯÚÐËÌÚɯȹÜÕÈřÌÊÛÌËɯÝÚȭɯÈřÌÊÛÌËȺɯÈÕËɯÛÈÚÒÚɯ 

 

(ÕɯÖÙËÌÙɯÛÖɯËÌÚÊÙÐÉÌɯÛÏÌɯ+%.ɯÊÏÈÙÈÊÛÌÙÐÚÛÐÊÚɯÖÝÌÙɯÛÏÌɯÚÌÕÚÖÙÐÔÖÛÖÙɯÊÏÈÕÕÌÓÚɯËÜÙÐÕÎɯÛÏÌɯŗÕÎÌÙɯ

ÌßÛÌÕÚÐÖÕɯÈÕËɯÎÙÈÚ×ÐÕÎɯÛÈÚÒÚɯ×ÌÙÍÖÙÔÌËɯÞÐÛÏɯÛÏÌɯÈřÌÊÛÌËɯÈÕËɯÜÕÈřÌÊÛÌËɯÏÈÕËȮɯÛÏÌɯÍÖÓÓÖÞÐÕÎɯÛÌÚÛÚɯ

ÞÌÙÌɯ×ÌÙÍÖÙÔÌËɯÖÕɯÛÏÌɯÝÈÓÜÌɯÖÍɯÛÏÌɯ×ÌÈÒɯÈÔ×ÓÐÛÜËÌɯȹÐȺȮɯÛÏÌɯÓÈÛÌÕÊàɯȹÐÐȺȭɯ3ÏÌɯ×ÜÙ×ÖÚÌɯÖÍɯÛÌÚÛÚɯȹÐÐȺɯÐÚɯÛÖɯ

ÐÕÝÌÚÛÐÎÈÛÌɯËÐřÌÙÌÕÊÌÚɯÉÈÚÌËɯÖÕɯÛÏÌɯÚÐËÌɯÐÕÝÖÓÝÌËɯÐÕɯÛÏÌɯÛÈÚÒɯÐÕɯÓÈÛÌÕÊàɯËÐÚÛÙÐÉÜÛÐÖÕÚȭ 

3ÏÌɯÛÌÚÛÚɯ×ÙÖ×ÖÚÌËɯÈÙÌɯÊÈÙÙÐÌËɯÖÜÛɯÉàɯ×ÖÖÓÐÕÎɯÔÌÈÚÜÙÌÚɯÍÙÖÔɯ×ÈÐÙÚɯÖÍɯÊÏÈÕÕÌÓÚȯ 

ȹÐÐÐȺ ÐÕɯÈÓÓɯÛÏÌɯÌß×ÌÙÐÔÌÕÛÈÓɯÛÈÚÒÚɯȹ&ÙÈÚ×4'Ȯɯ&ÙÈÚ× 'Ȯɯ$ßÛ4'ɯÈÕËɯ$ßÛ 'ȺɯÚÌ×ÈÙÈÛÌÓàȮɯÈɯÛÞÖɪ

ÛÈÐÓÌËɯ×ÈÐÙÌËɯÛɪÛÌÚÛɯÛÖɯÊÖÔ×ÈÙÌɯÛÏÌɯ×ÌÈÒɯÈÔ×ÓÐÛÜËÌɯÖÍɯ×ÈÐÙɯÖÍɯÊÏÈÕÕÌÓÚɯÍÙÖÔɯÖÕÌɯÚÐËÌɯÝÌÙÚÜÚɯ

ÏÖÔÖÓÖÎÖÜÚɯ×ÈÐÙɯÖÍɯÊÏÈÕÕÌÓÚɯÍÙÖÔɯÛÏÌɯÖÛÏÌÙɯÏÌÔÐÚ×ÏÌÙÌɯȹȻ%"ƗȮɯ%"ƕȼɯÝÚȭɯȻ%"ƘȮɯ%"ƖȼȰɯȻ"ƗȮɯ"ƕȼɯ

ÝÚȭɯȻ"ƘȮɯ"ƖȼȰɯȻ"/ƗȮɯ"/ƕȼɯÝÚȭɯȻ"/ƘȮɯ"/ƖȼȺɯÈÕËɯÛÖɯÛÌÚÛɯÛÏÌɯ+%.ɯ×ÌÈÒÚɯÈÔ×ÓÐÛÜËÌɯÖÍɯÛÏÌɯÍÙÖÕÛÈÓɯ

ÊÏÈÕÕÌÓÚɯȹ%"ȺɯÞÐÛÏɯÛÏÌɯ×ÈÐÙÚɯÖÍɯÊÏÈÕÕÌÓÚɯ"ɯÈÕËɯ"/ɯÓÖÊÈÛÌËɯÐÕɯÛÏÌɯÚÈÔÌɯÏÌÔÐÚ×ÏÌÙÌɯȹȻ%"ƗȮɯ

%"ƕȼɯÝÚȭɯȻ"ƗȮɯ"ƕȼȰɯȻ%"ƗȮɯ%"ƕȼɯÝÚȭɯȻ"/ƗȮɯ"/ƕȼȰɯȻ%"ƘȮɯ%"ƖȼɯÝÚȭɯȻ"ƘȮɯ"ƖȼȰɯȻ%"ƘȮɯ%"ƖȼɯÝÚȭɯȻ"/ƘȮɯ

"/ƖȼȺȭɯ 

ȹÐÝȺ ÈɯÛÞÖɪÛÈÐÓÌËɯ×ÈÐÙÌËɯÛɪÛÌÚÛɯÉÌÛÞÌÌÕɯÛÏÌɯÛÈÚÒÚɯÌßÌÊÜÛÌËɯÞÐÛÏɯÛÏÌɯÜÕÈřÌÊÛÌËɯÈÕËɯÈřÌÊÛÌËɯÏÈÕËɯ

ȹ&ÙÈÚ×4'ɯÝÚȭɯ&ÙÈÚ× 'Ȯɯ$ßÛ4'ɯÝÚȭɯ$ßÛ 'ȺɯÖÕɯÛÏÌɯÓÈÛÌÕÊÐÌÚɯÙÌÊÖÙËÌËɯÖÕɯÊÖÜ×ÓÌÚɯÖÍɯÊÏÈÕÕÌÓÚȭɯ 

3ÏÌɯÕÖÙÔÈÓÐÛàɯÖÍɯÛÏÌɯËÐÚÛÙÐÉÜÛÐÖÕÚɯÞÈÚɯÝÌÙÐŗÌËɯÜÚÐÕÎɯÛÏÌɯ*ÖÓÔÖÎÖÙÖÝɪ2ÔÐÙÕÖÝɯÛÌÚÛȭɯ%ÖÙɯÈÓÓɯÛÌÚÛÚɯÛÏÌɯ

ÚÐÎÕÐŗÊÈÕÊÌɯÓÌÝÌÓɯÞÈÚɯÚÌÛɯÛÖɯƔȭƔƙȭ 

 

"ÓÈÚÚÐŗÊÈÛÐÖÕɯÖÍɯÛÈÚÒɯÈÕËɯÙÌÚÛɯÛÙÐÈÓÚ 

 

(ÕɯÖÙËÌÙɯÛÖɯÛÌÚÛɯÛÏÌɯÈÉÐÓÐÛàɯÖÍɯÛÏÌɯ+%.ÚɯÈÚɯÍÌÈÛÜÙÌɯÛÖɯËÐÚÊÙÐÔÐÕÈÛÌɯÛÈÚÒɯÝÚȭɯÙÌÚÛɯÛÙÐÈÓÚȮɯÈɯÊÓÈÚÚÐŗÊÈÛÐÖÕɯ

ÚÛÌ×ɯÞÈÚɯÐÔ×ÓÌÔÌÕÛÌËȭɯ3ÏÌɯ×ÙÖÊÌÚÚɯÊÖÔ×ÙÐÚÌËɯÛÏÙÌÌɯÚÛÌ×ÚȯɯÍÌÈÛÜÙÌɯÌßÛÙÈÊÛÐÖÕȮɯÍÌÈÛÜÙÌɯÚÌÓÌÊÛÐÖÕȮɯÈÕËɯ

ÊÓÈÚÚÐŗÊÈÛÐÖÕȭɯ(ÕɯÛÏÌɯÍÌÈÛÜÙÌɯÌßÛÙÈÊÛÐÖÕɯ×ÏÈÚÌȮɯÛÏÌɯ×ÌÈÒÚɯÖÍɯ+%.ÚȮɯÞÏÐÊÏɯÞÌÙÌɯÈÓÚÖɯÌÔ×ÓÖàÌËɯÍÖÙɯ

ÙÌÈÓÐÎÕÔÌÕÛȮɯÞÌÙÌɯÊÖÕÚÐËÌÙÌËɯÐÕɯÛÈÚÒɯÛÙÐÈÓÚȭɯ(ÕɯÛÏÌɯÊÈÚÌɯÖÍɯÙÌÚÛɯÛÙÐÈÓÚȮɯÛÏÌɯÔÈßÐÔÜÔɯÝÈÓÜÌɯÖÍɯ+%.Úɯ

ÞÈÚɯÐËÌÕÛÐŗÌËɯÞÐÛÏÐÕɯÈɯÛÐÔÌɯÐÕÛÌÙÝÈÓɯÖÍɯƕȭƖɯÚɯÛÏÈÛɯÌßÊÓÜËÌËɯÛÏÌɯÉÈÚÌÓÐÕÌɯÊÖÙÙÌÊÛÐÖÕɯÐÕÛÌÙÝÈÓȭɯ(ÕɯÛÏÌɯ

ÍÌÈÛÜÙÌɯÚÌÓÌÊÛÐÖÕɯ×ÏÈÚÌȮɯÛÏÙÌÌɯÚÌÕÚÖÙÐÔÖÛÖÙɯÊÏÈÕÕÌÓÚɯÞÌÙÌɯÚÌÓÌÊÛÌËɯÍÙÖÔɯÛÏÌɯŗÍÛÌÌÕɯÈÝÈÐÓÈÉÓÌɯȹ%"ƗȮɯ

%"ƕȮɯ%"áȮɯ%"ƖȮɯ%"ƘȮɯ"ƗȮɯ"ƕȮɯ"áȮɯ"ƖȮɯ"ƘȮɯ"/ƗȮɯ"/ƕȮɯ"/áȮɯ"/ƖȮɯ"/ƘȺɯÉÈÚÌËɯÖÕɯÛÏÌɯÏÐÎÏÌÚÛɯ%ÐÚÏÌÙɯÚÊÖÙÌɯ

ȻƖƛȼȮɯÞÐÛÏɯÛÏÌɯÖÉÑÌÊÛÐÝÌɯÖÍɯÖ×ÛÐÔÐáÐÕÎɯËÐÚÊÙÐÔÐÕÈÛÐÝÌɯÊÈ×ÈÉÐÓÐÛàȭɯ"ÓÈÚÚÐŗÊÈÛÐÖÕɯÞÈÚɯ×ÌÙÍÖÙÔÌËɯÖÕɯÈÕɯ

ÐÕËÐÝÐËÜÈÓɯÉÈÚÐÚɯÍÖÙɯÌÈÊÏɯÚÜÉÑÌÊÛȮɯÐÕÊÓÜËÐÕÎɯÉÖÛÏɯÏÌÈÓÛÏàɯ×ÈÙÛÐÊÐ×ÈÕÛÚɯÈÕËɯÚÛÙÖÒÌɯ×ÈÛÐÌÕÛÚȭɯ ɯƙɪ

ÐÛÌÙÈÛÐÖÕɯÊÙÖÚÚɪÝÈÓÐËÈÛÐÖÕɯÈ××ÙÖÈÊÏɯÞÈÚɯÐÔ×ÓÌÔÌÕÛÌËɯÍÖÙɯÛÏÌɯÊÓÈÚÚÐŗÊÈÛÐÖÕɯȹƛƔǔɯÛÙÈÐÕÐÕÎɯÈÕËɯƗƔǔɯ

ÛÌÚÛÐÕÎȺȭɯ ɯ+ÐÕÌÈÙɯ#ÐÚÊÙÐÔÐÕÈÕÛɯ ÕÈÓàÚÐÚɯȹ+# ȺɯÊÓÈÚÚÐŗÌÙɯÞÈÚɯÜÚÌËɯÈÕËɯÛÏÌɯÈÊÊÜÙÈÊàȮɯÚÌÕÚÐÛÐÝÐÛàɯÈÕËɯ

Ú×ÌÊÐŗÊÐÛàɯÞÌÙÌɯÊÖÔ×ÜÛÌËȭ 
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ƖȭƘȭƗɯ1ÌÚÜÓÛÚ 

'ÌÈÓÛÏàɯ×ÈÙÛÐÊÐ×ÈÕÛÚ 

$řÌÊÛɯÖÍɯÛÏÌɯ×ÌÈÒɪÉÈÚÌËɯÙÌÈÓÐÎÕÔÌÕÛɯÖÕɯÛÏÌɯ+%.ÚɯÈÔ×ÓÐÛÜËÌ 

 

%ÐÎÜÙÌɯƖȭƕƕɯÚÏÖÞÚɯÛÏÌɯ+%.Úɯ×ÖÞÌÙɯÛÌÔ×ÖÙÈÓɯ×ÙÖŗÓÌÚɯÈÝÌÙÈÎÌËɯÈÊÙÖÚÚɯÏÌÈÓÛÏàɯ×ÈÙÛÐÊÐ×ÈÕÛÚɯȹÕǻƕƙȺɯ

ËÜÙÐÕÎɯÛÏÌɯÙÐÎÏÛɪÏÈÕËɯÎÙÈÚ×ÐÕÎɯÛÈÚÒɯÊÖÔ×ÜÛÌËɯÖÕɯÛÏÌɯÚÌÕÚÖÙÐÔÖÛÖÙɯÊÏÈÕÕÌÓÚȭɯ(ÕɯÌÈÊÏɯ×ÈÕÌÓɯȹÖÕÌɯÍÖÙɯ

ÌÈÊÏɯ$$&ɯÊÏÈÕÕÌÓȺȮɯÛÏÌɯ+%.ÚɯÈÊÛÐÝÐÛàɯÐÕɯÙÌÚÛɯÛÙÐÈÓÚɯȹÙÌËɯÓÐÕÌȺȮɯÐÕɯÕÖÛɪÙÌÈÓÐÎÕÌËɯÛÈÚÒɯÛÙÐÈÓÚɯȹàÌÓÓÖÞɯÓÐÕÌȺɯ

ÈÕËɯÐÕɯ×ÌÈÒɪÙÌÈÓÐÎÕÌËɯÛÈÚÒɯÛÙÐÈÓÚɯȹÉÓÜÌɯÓÐÕÌȺɯÐÚɯËÌ×ÐÊÛÌËȭɯ ɯ×ÖÞÌÙɯ×ÌÈÒɯÊÈÕɯÉÌɯÐËÌÕÛÐŗÌËɯÐÕɯÛÈÚÒɯÛÙÐÈÓÚɯ

ÐÕɯÉÖÛÏɯÊÈÚÌÚɯÈÙÖÜÕËɯÛÐÔÌɯáÌÙÖȮɯÞÏÐÊÏɯÚÛÈÕËÚɯÍÖÙɯÛÏÌɯ$,&ɯÖÕÚÌÛɯÍÖÙɯÛÏÌɯÕÖÛɪÙÌÈÓÐÎÕÌËɯÛÙÐÈÓÚɯÈÕËɯÍÖÙɯ

ÛÏÌɯ×ÌÈÒɪÛÐÔÌɯÐÕɯÛÏÌɯÚÌÊÖÕËɯÊÈÚÌȭɯ(ÛɯÊÈÕɯÉÌɯÕÖÛÐÊÌËɯÛÏÈÛɯÐÕɯÌÈÊÏɯÊÏÈÕÕÌÓɯÛÏÌɯÈÔ×ÓÐÛÜËÌɯÖÍɯÛÏÌɯ×ÌÈÒɯÖÍɯ

ÛÏÌɯÙÌÈÓÐÎÕÌËɯÛÙÐÈÓÚɯÐÚɯÎÙÌÈÛÌÙȭɯ3ÏÐÚɯÌÝÐËÌÕÊÌɯÐÚɯÚÜ××ÖÙÛÌËɯÉàɯÚÛÈÛÐÚÛÐÊÚȮɯÈÚɯÛÏÌɯÊÖÔ×ÈÙÐÚÖÕɯȹ×ÈÐÙÌËɯÛɪ

ÛÌÚÛȺɯÖÍɯ×ÌÈÒɯÈÔ×ÓÐÛÜËÌÚɯÐÕɯÛÏÌɯÛÞÖɯÌßÈÔÐÕÌËɯÊÈÚÌÚɯÙÌÝÌÈÓɯÛÏÈÛɯÛÏÌɯÈÔ×ÓÐÛÜËÌɯÖÍɯÛÏÌɯ+%.Úɯ×ÌÈÒÚɯÐÕɯ

ÙÌÈÓÐÎÕÌËɯÛÙÐÈÓÚɯÐÚɯÚÐÎÕÐŗÊÈÕÛÓàɯȹ×ɯǾɯƔȭƔƔƕȺɯÏÐÎÏÌÙɯÞÏÌÕɯÊÖÔ×ÈÙÌËɯÛÖɯÛÏÌɯ×ÌÈÒÚɯËÌÛÌÊÛÌËɯÐÕɯÕÖÛɪ

ÙÌÈÓÐÎÕÌËɯÛÙÐÈÓÚȮɯÖÕɯÈÓÓɯÊÏÈÕÕÌÓÚȮɯÐÕɯÈÓÓɯÛÏÌɯÌß×ÌÙÐÔÌÕÛÈÓɯÛÈÚÒÚɯÊÖÕÚÐËÌÙÌËȭɯ(ÛɯÊÈÕɯÉÌɯÕÖÛÐÊÌËɯÛÏÈÛɯÛÏÌɯ

+%.ÚɯÈÊÛÐÝÈÛÐÖÕɯÐÚɯÉÐÓÈÛÌÙÈÓɯÖÕɯÛÏÌɯÚÊÈÓ×ȭɯ2ÐÔÐÓÈÙɯÙÌÚÜÓÛÚɯÞÌÙÌɯÖÉÛÈÐÕÌËɯÍÖÙɯÈÓÓɯÛÏÌɯÛÈÚÒÚɯÊÖÕÚÐËÌÙÌËɯ

ȹ&ÙÈÚ×1Ȯɯ&ÙÈÚ×+Ȯɯ$ßÛ1Ȯɯ$ßÛ+ȺȮɯÏÖÞÌÝÌÙȮɯÍÖÙɯÚÈÒÌɯÖÍɯÉÙÌÝÐÛàȮɯÖÕÓàɯÛÏÌɯÙÌ×ÙÌÚÌÕÛÈÛÐÖÕɯÖÍɯ&ÙÈÚ×1ɯÐÚɯ

ÙÌ×ÖÙÛÌËȭɯɯ ÍÛÌÙɯÌß×ÓÖÙÐÕÎɯÛÏÌɯÐÔ×ÈÊÛɯÖÍɯÛÏÌɯÚÐÕÎÓÌɯÛÙÐÈÓɯÙÌÈÓÐÎÕÔÌÕÛɯÚÛÌ×ȮɯÛÏÌɯÍÖÓÓÖÞÐÕÎɯÈÕÈÓàÚÐÚɯÖÕɯ

ÏÌÈÓÛÏàɯ×ÈÙÛÐÊÐ×ÈÕÛÚɯÈÙÌɯ×ÌÙÍÖÙÔÌËɯÖÕɯÙÌÈÓÐÎÕÌËɯÛÙÐÈÓÚȭ 

 

 
Figure 2. 11. Averaged (±Standard Error) LFOs power across healthy participants (n = 15) computed on sensorimotor 

channels (FC3, FC1, FCz, FC2, FC4, C3, C1, Cz, C2, C4, CP3, CP1, CPz, CP2, CP4) in task and rest trials of the grasping 

task performed with the right hand ; the red line is the averaged power computed on rest trials, the yellow line is the 

power in task trials and the blue line is the power computed for task trial with the peak re -alignment. Power was 

normalized with respect to the  1 s - baseline interval. The x-axis indicates the time; in task trials (yellow and blue lines) 

the time 0 s stands for the EMG onset in no-realigned trials and for the aligned peak time in realigned trials. [18] 
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'ÌÈÓÛÏàɯ×ÈÙÛÐÊÐ×ÈÕÛÚȯɯÊÖÔ×ÈÙÐÚÖÕɯÈÊÙÖÚÚɯÚÐËÌÚɯÈÕËɯÛÈÚÒÚ 

 

3ÏÌɯ×ÈÐÙÌËɪÚÈÔ×ÓÌɯÛɪÛÌÚÛɯÊÖÕËÜÊÛÌËɯÛÖɯÊÖÔ×ÈÙÌɯÛÏÌɯ+%.Úɯ×ÌÈÒɯÖÉÛÈÐÕÌËɯÞÏÌÕɯ×ÌÙÍÖÙÔÐÕÎɯÛÏÌɯÛÈÚÒɯ

ÞÐÛÏɯÛÏÌɯÙÐÎÏÛɯÏÈÕËɯÝÌÙÚÜÚɯÛÏÌɯÓÌÍÛɯÏÈÕËɯȹ&ÙÈÚ×1ɯÝÚȭɯ&ÙÈÚ×+Ȯɯ$ßÛ1ɯÝÚȭɯ$ßÛ+ȺɯÚÏÖÞÌËɯÕÖɯÚÐÎÕÐŗÊÈÕÛɯ

ËÐřÌÙÌÕÊÌÚɯȹ×ɯǿɯƔȭƔƙȺɯÐÕɯÈÕàɯÊÏÈÕÕÌÓɯÍÖÙɯÉÖÛÏɯÌß×ÌÙÐÔÌÕÛÈÓɯÛÈÚÒÚȭɯ%ÜÙÛÏÌÙÔÖÙÌȮɯÛÏÌɯÛÌÚÛɯÊÖÔ×ÈÙÐÕÎɯ

ÛÏÌɯÛÞÖɯÙÐÎÏÛɯÏÈÕËɯÛÈÚÒÚɯȹ&ÙÈÚ×1ɯÝÚȭɯ$ßÛ1ȺɯÙÌÝÌÈÓÌËɯÛÏÈÛɯÛÏÌÙÌɯÞÌÙÌɯÕÖɯÚÐÎÕÐŗÊÈÕÛɯËÐřÌÙÌÕÊÌÚɯȹ×ɯǿɯ

ƔȭƔƙȺɯÉÌÛÞÌÌÕɯÛÏÌÔɯÖÕɯÈÕàɯÊÏÈÕÕÌÓȭɯ%ÖÙɯÛÏÐÚɯÛÌÚÛȮɯÏÈÝÐÕÎɯÝÌÙÐŗÌËɯÛÏÈÛɯÛÏÌÙÌɯÞÌÙÌɯÕÖɯËÐřÌÙÌÕÊÌÚɯ

ÉÌÛÞÌÌÕɯÛÏÌɯÙÐÎÏÛɯÈÕËɯÓÌÍÛɯÏÈÕËȮɯÖÕÓàɯÛÏÌɯÙÐÎÏÛɯÏÈÕËɯÞÈÚɯÊÖÕÚÐËÌÙÌËȭ 

 

/ÖÚÛɪÚÛÙÖÒÌɯ×ÈÛÐÌÕÛÚ 

 

3ÏÌɯËÌÔÖÎÙÈ×ÏÐÊȮɯÊÓÐÕÐÊÈÓȮɯÈÕËɯÍÜÕÊÛÐÖÕÈÓɯËÈÛÈɯÖÍɯ×ÖÚÛɪÚÛÙÖÒÌɯ×ÈÛÐÌÕÛÚɯÐÕÊÓÜËÌËɯÐÕɯÛÏÌɯ×ÙÌÚÌÕÛɯÚÛÜËàɯ

ÈÙÌɯÚÜÔÔÈÙÐáÌËɯÐÕɯ3ÈÉÓÌɯƖȭƕȭɯ3ÏÌɯËÈÛÈÚÌÛɯÞÈÚɯÔÈËÌɯÜ×ɯÖÍɯƕƗɯÙÐÎÏÛɪÏÈÕËÌËȮɯƕɯÓÌÍÛɪÏÈÕËÌËɯÈÕËɯƖɯ

ÈÔÉÐËÌßÛÙÖÜÚɯ×ÈÛÐÌÕÛÚȮɯÈÚɯËÌŗÕÌËɯÈÊÊÖÙËÐÕÎɯÛÖɯÛÏÌɯ$'(ȭɯ ÓÓɯ×ÈÛÐÌÕÛÚɯÞÌÙÌɯÈÛɯÓÌÈÚÛɯÛÞÖɯÔÖÕÛÏÚɯ×ÖÚÛɪ

ÚÛÙÖÒÌɯÈÛɯÛÏÌɯÛÐÔÌɯÖÍɯÛÏÌɯÚÛÜËàȭɯ3ÏÌɯ%, ɯÚÊÖÙÌÚɯÈÊÙÖÚÚɯ×ÈÙÛÐÊÐ×ÈÕÛÚɯÙÈÕÎÌËɯÍÙÖÔɯƖƗɤƚƚɯÛÖɯƚƗɤƚƚȭ 

 

Table 2. 1. Demographic and clinical characteristics of the 16 stroke patients included in the present study (mean ± 

standard deviation). Age is given in years and the time from the stroke event in months. F: Females; FMA: Fugl -Meyer 

Assessment scale, upper limb section; L: Left; LH: left -handed; M: Males; R: Right; RH: right-handed.  

Sex (F/M) 5/11 

Age (yr)  55.69 ± 16.04 

Handedness 13 RH/1 LH/2 ambidextrous  

Time from event (mo)  6.56 ± 4.63 

Side of lesion (R/L)  7/9 

FMA  44.31 ± 14.44 

 

$řÌÊÛɯÖÍɯÛÏÌɯ×ÌÈÒɪÉÈÚÌËɯÙÌÈÓÐÎÕÔÌÕÛɯÖÕɯÛÏÌɯ+%.ÚɯÈÔ×ÓÐÛÜËÌ 

 

%ÐÎÜÙÌɯƖȭƕƖɯÚÏÖÞÚɯÛÏÌɯ+%.Úɯ×ÖÞÌÙɯÛÌÔ×ÖÙÈÓɯ×ÙÖŗÓÌÚɯÈÝÌÙÈÎÌËɯÈÊÙÖÚÚɯ×ÈÙÛÐÊÐ×ÈÕÛÚɯËÜÙÐÕÎɯÛÏÌɯ

ÎÙÈÚ×ÐÕÎɯÛÈÚÒɯ×ÌÙÍÖÙÔÌËɯÞÐÛÏɯÛÏÌɯÜÕÈřÌÊÛÌËɯȹ&ÙÈÚ×4'ȺɯÚÐËÌɯÖÝÌÙɯÛÏÌɯÚÌÕÚÖÙÐÔÖÛÖÙɯÊÏÈÕÕÌÓÚȭɯ(Õɯ

ÌÈÊÏɯ×ÈÕÌÓɯȹÖÕÌɯÍÖÙɯÌÈÊÏɯ$$&ɯÊÏÈÕÕÌÓȺȮɯÛÏÌɯ+%.ÚɯÈÊÛÐÝÐÛàɯÐÕɯÕÖÛɪÙÌÈÓÐÎÕÌËɯÛÈÚÒɯÛÙÐÈÓÚɯȹàÌÓÓÖÞɯÓÐÕÌȺɯ

ÈÕËɯÐÕɯ×ÌÈÒɪÙÌÈÓÐÎÕÌËɯÛÈÚÒɯÛÙÐÈÓÚɯȹÉÓÜÌɯÓÐÕÌȺɯÐÚɯËÌ×ÐÊÛÌËȭɯ ɯ+%.Úɯ×ÖÞÌÙɯ×ÌÈÒɯÐÚɯÌÝÐËÌÕÛɯÐÕɯÉÖÛÏɯ

ÜÕÈÓÐÎÕÌËɯÈÕËɯÙÌÈÓÐÎÕÌËɯÛÙÐÈÓÚȮɯÖÊÊÜÙÙÐÕÎɯÈÙÖÜÕËɯÛÐÔÌɯáÌÙÖɯÛÏÈÛɯÐËÌÕÛÐŗÌÚȮɯÐÕɯÛÏÌɯŗÙÚÛɯÊÈÚÌȮɯÛÏÌɯ$,&ɯ

ÖÕÚÌÛɯÛÐÔÌɯÈÕËȮɯÐÕɯÛÏÌɯÚÌÊÖÕËɯÖÕÌȮɯÛÏÌɯÈÓÐÎÕÌËɯ×ÌÈÒɯÛÐÔÌȭɯ%ÖÙɯÚÈÒÌɯÖÍɯÉÙÌÝÐÛàȮɯÖÕÓàɯÛÏÌɯ&ÙÈÚ×4'ɯ

ÙÌ×ÙÌÚÌÕÛÈÛÐÖÕÚɯȹ%ÐÎȭƖȭƕƖȺɯÈÙÌɯÙÌ×ÖÙÛÌËɯÉÜÛɯÚÐÔÐÓÈÙɯÙÌÚÜÓÛÚɯÈÙÌɯÖÉÛÈÐÕÌËɯÍÖÙɯÛÏÌɯÖÛÏÌÙɯÌß×ÌÙÐÔÌÕÛÈÓɯ

ÛÈÚÒÚɯȹ&ÙÈÚ× 'Ȯɯ$ßÛ4'Ȯɯ$ßÛ 'Ⱥȭ 
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Figure 2. 12. Averaged (±Standard Error) LFOs power across patients (n = 16) computed on sensorimotor channels (FC3, 

FC1, FCz, FC2, FC4, C3, C1, Cz, C2, C4, CP3, CP1, CPz, CP2, CP4) in the grasping task performed with the unaffected 

hand; the yellow line is the power in  task trials before peak re-alignment and the blue line is the power computed for 

task trial after the peak-based re-alignment. Power was normalized with respect to the 1 s - baseline interval. The x-axis 

indicates the time; the time 0 s stands for the EMG onset in no-realigned trials and for the aligned peak time in realigned 

trials. For each EEG channel, the comparison (paired t-test, alpha=0.05, two tails) between the LFO peak amplitudes 

extracted for task trials before and after re-alignment revealed significant differences (p < 0.05, false discovery rate 

correction).  

 

(ÕɯÈÓÓɯÛÈÚÒÚɯȹ&ÙÈÚ×4'Ȯɯ&ÙÈÚ× 'Ȯɯ$ßÛ4'Ȯɯ$ßÛ 'ȺȮɯÛÏÌɯÚÛÈÛÐÚÛÐÊÈÓɯÊÖÔ×ÈÙÐÚÖÕɯÉÌÛÞÌÌÕɯÛÏÌɯ×ÌÈÒÚɯÖÍɯ

ÛÏÌɯÛÞÖɯÌßÈÔÐÕÌËɯÊÈÚÌÚɯȹÕÖÛɯÈÓÐÎÕÌËɯÛÙÐÈÓÚɯÝÚȭɯÈÓÐÎÕÌËɯÛÙÐÈÓÚȺɯÙÌÝÌÈÓɯÛÏÈÛɯÛÏÌɯÈÔ×ÓÐÛÜËÌɯÖÍɯÛÏÌɯ+%.Úɯ

×ÌÈÒÚɯÐÕɯÙÌÈÓÐÎÕÌËɯÛÙÐÈÓÚɯÐÚɯÚÐÎÕÐŗÊÈÕÛÓàɯȹ×ɯǾɯƔȭƔƙȺɯÏÐÎÏÌÙȮɯÖÕɯÈÓÓɯÊÏÈÕÕÌÓÚȮɯÐÕɯÈÓÓɯÛÏÌɯÌß×ÌÙÐÔÌÕÛÈÓɯÛÈÚÒÚɯ

ÊÖÕÚÐËÌÙÌËȮɯÛÏÌÙÌÉàɯÝÈÓÐËÈÛÐÕÎɯÛÏÌɯÙÌÚÜÓÛɯÖÉÛÈÐÕÌËɯÐÕɯÛÏÌɯÚÈÔ×ÓÌɯÖÍɯÏÌÈÓÛÏàɯ×ÈÙÛÐÊÐ×ÈÕÛÚɯÈÕËɯ

×ÙÖÝÐËÐÕÎɯÌÝÐËÌÕÊÌɯÖÍɯÛÏÌɯÛÙÐÈÓɯÝÈÙÐÈÉÐÓÐÛàɯÖÍɯÛÏÌɯÓÈÛÌÕÊàɯÈÓÚÖɯÐÕɯ×ÈÛÏÖÓÖÎÐÊÈÓɯÊÖÕËÐÛÐÖÕÚȭɯ ÍÛÌÙɯ

Ìß×ÓÖÙÐÕÎɯÛÏÌɯÐÔ×ÈÊÛɯÖÍɯÛÏÌɯÚÐÕÎÓÌɯÛÙÐÈÓɯÙÌÈÓÐÎÕÔÌÕÛɯÚÛÌ×ɯÈÓÚÖɯÍÖÙɯ×ÖÚÛɪÚÛÙÖÒÌɯ×ÈÛÐÌÕÛÚȮɯÛÏÌɯÍÖÓÓÖÞÐÕÎɯ

ÈÕÈÓàÚÐÚɯÈÙÌɯ×ÌÙÍÖÙÔÌËɯÖÕɯÙÌÈÓÐÎÕÌËɯÛÙÐÈÓÚȭ 

 

2ÛÙÖÒÌɯ×ÈÛÐÌÕÛÚȯɯÊÖÔ×ÈÙÐÚÖÕɯÈÊÙÖÚÚɯÚÐËÌÚɯȹÜÕÈřÌÊÛÌËɯÝÚȭɯÈřÌÊÛÌËȺɯÈÕËɯÛÈÚÒÚɯ 

 

%ÐÎÜÙÌɯƖȭƕƗɯÈÕËɯ%ÐÎÜÙÌɯƖȭƕƘɯÐÓÓÜÚÛÙÈÛÌɯÛÏÌɯ×ÖÞÌÙɯ×ÙÖŗÓÌÚɯÖÍɯ+ÖÞɯ%ÙÌØÜÌÕÊàɯ.ÚÊÐÓÓÈÛÐÖÕÚɯÈÍÛÌÙɯÛÏÌɯ

ÚÐÕÎÓÌɯÛÙÐÈÓɯÙÌÈÓÐÎÕÔÌÕÛɯ×ÙÖÊÌÚÚÐÕÎɯÚÛÌ×ɯÍÖÙɯÛÏÌɯÎÙÈÚ×ÐÕÎɯÛÈÚÒÚɯȹ&ÙÈÚ×4'Ȯɯ&ÙÈÚ× 'ȺɯÈÕËɯÍÖÙɯÛÏÌɯ

ŗÕÎÌÙɯÌßÛÌÕÚÐÖÕɯÛÈÚÒÚɯȹ$ßÛ4'Ȯɯ$ßÛ 'ȺȮɯÙÌÚ×ÌÊÛÐÝÌÓàȭɯ(ÕɯÉÖÛÏɯÙÌ×ÙÌÚÌÕÛÈÛÐÖÕÚɯÛÏÌɯÉÓÜÌɯÓÐÕÌÚɯÚÛÈÕËɯÍÖÙɯ

ÛÏÌɯÛÈÚÒɯ×ÌÙÍÖÙÔÌËɯÞÐÛÏɯÛÏÌɯÈřÌÊÛÌËɯÚÐËÌɯÈÕËɯÛÏÌɯÙÌËɯÓÐÕÌÚɯÍÖÙɯÛÏÌɯÛÈÚÒɯ×ÌÙÍÖÙÔÌËɯÞÐÛÏɯÛÏÌɯÜÕÈřÌÊÛÌËɯ

ÏÈÕËȭ 

3ÏÌɯ+%.ÚɯÈÊÛÐÝÐÛàɯÌÓÐÊÐÛÌËɯËÜÙÐÕÎɯÛÏÌɯÎÙÈÚ×ÐÕÎɯÛÈÚÒÚɯȹ%ÐÎȭɯƖȭƕƗȺȮɯÉÖÛÏɯÞÏÌÕɯÐÛɯÐÚɯ×ÌÙÍÖÙÔÌËɯÞÐÛÏɯ

ÜÕÈřÌÊÛÌËɯÈÕËɯÈřÌÊÛÌËɯÚÐËÌɯȹ&ÙÈÚ×4'Ȯɯ&ÙÈÚ× 'ȺȮɯÚÌÌÔÚɯÛÖɯÉÌɯÔÖÙÌɯ×ÙÖÕÖÜÕÊÌËɯÖÕɯÛÏÌɯÍÙÖÕÛÈÓɯ

ÊÏÈÕÕÌÓÚɯÔÌÈÕÐÕÎɯÛÏÈÛɯÛÏÌɯ×ÖÞÌÙɯ×ÌÈÒɯÈÔ×ÓÐÛÜËÌɯÐÚɯÎÙÌÈÛÌÙɯÖÕɯÊÏÈÕÕÌÓÚɯ%"șɯÞÏÌÕɯÊÖÔ×ÈÙÌËɯÞÐÛÏɯ

"șɯÈÕËɯ"/șɯÊÏÈÕÕÌÓÚȭɯ3ÏÐÚɯÛÙÌÕËɯÐÚɯËÌÛÌÊÛÈÉÓÌɯÈÓÚÖɯÍÖÙɯÛÏÌɯŗÕÎÌÙɯÌßÛÌÕÚÐÖÕɯÛÈÚÒÚɯȹ%ÐÎȭɯƖȭƕƘȺȭ 
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(ÕɯÈËËÐÛÐÖÕȮɯÐÕɯ%ÐÎȭɯƖȭƕƘȮɯÐÛɯÐÚɯÝÐÚÐÉÓÌɯÛÏÈÛɯÞÏÌÕɯÛÏÌɯŗÕÎÌÙɯÌßÛÌÕÚÐÖÕɯÛÈÚÒɯÐÚɯ×ÌÙÍÖÙÔÌËɯÞÐÛÏɯÛÏÌɯÈřÌÊÛÌËɯ

ÏÈÕËɯȹ$ßÛ 'ȺȮɯÛÏÌɯ×ÖÞÌÙɯ×ÌÈÒɯÈÔ×ÓÐÛÜËÌɯÐÚɯÎÙÌÈÛÌÙɯÐÕɯÛÏÌɯÊÖÕÛÙÈÓÈÛÌÙÈÓɯÏÌÔÐÚ×ÏÌÙÌɯȹÙÐÎÏÛȺɯÛÏÌÕɯÛÏÌɯ

Ð×ÚÐÓÈÛÌÙÈÓɯÖÕÌɯȹÓÌÍÛȺȭɯ 

3ÏÌɯÙÌÚÜÓÛÚɯÖÍɯÈÓÓɯÚÛÈÛÐÚÛÐÊÈÓɯÊÖÔ×ÈÙÐÚÖÕÚɯÐÕɯÛÌÙÔÚɯÖÍɯ×ÌÈÒɯÈÔ×ÓÐÛÜËÌÚɯÐÕɯÈÓÓɯÛÏÌɯÌß×ÌÙÐÔÌÕÛÈÓɯÛÈÚÒÚɯ

ÌßÈÔÐÕÌËȮɯËÌÚÊÙÐÉÌËɯÐÕɯ2ÛÈÛÐÚÛÐÊÚȮɯÈÙÌɯ×ÙÌÚÌÕÛÌËɯÐÕɯ3ÈÉÓÌɯƖȭƖȭɯ 

3ÏÌɯÊÖÔ×ÈÙÐÚÖÕÚɯÖÍɯÊÏÈÕÕÌÓÚɯÊÖÜ×ÓÌÚɯÖÍɯÛÏÌɯÚÈÔÌɯÏÌÔÐÚ×ÏÌÙÌɯȹ%"șɯÝÚȭɯ"șȮɯ%"șɯÝÚȭɯ"/șȺɯÙÌÓÈÛÌËɯÛÖɯ

ÛÏÌɯÎÙÈÚ×ÐÕÎɯÛÈÚÒÚɯÚÛÈÛÐÚÛÐÊÈÓÓàɯÊÖÕŗÙÔɯÛÏÌɯÖÉÚÌÙÝÈÛÐÖÕÚɯÙÌ×ÖÙÛÌËɯÈÉÖÝÌɯÈÉÖÜÛɯÛÏÌɯÍÙÖÕÛÈÓÐÛàɯÖÍɯÛÏÌɯ

+%.ÚɯÈÊÛÐÝÐÛàȰɯÞÏÌÕɯÛÏÌɯÛÈÚÒɯÐÚɯ×ÌÙÍÖÙÔÌËɯÞÐÛÏɯÛÏÌɯÈřÌÊÛÌËɯÏÈÕËɯȹ&ÙÈÚ× 'ȺȮɯÐÕɯÉÖÛÏɯÏÌÔÐÚ×ÏÌÙÌÚɯ

ȹÓÌÍÛɯÈÕËɯÙÐÎÏÛȮɯÐ×ÚÐÓÈÛÌÙÈÓɯÈÕËɯÊÖÕÛÙÈÓÈÛÌÙÈÓȺȮɯÛÏÌɯ+%.Úɯ×ÖÞÌÙɯ×ÌÈÒɯÈÔ×ÓÐÛÜËÌɯÖÕɯÛÏÌɯ%"șɯÊÏÈÕÕÌÓÚɯÐÚɯ

ÎÙÌÈÛÌÙɯÛÏÈÕɯÛÏÌɯ"șɯȹ×ɯǻɯƔȭƔƔƖȮɯ×ɯǻɯƔȭƔƔƕȺɯÈÕËɯ"/șɯȹ×ɯǻɯƔȭƔƕȮɯ×ɯǻɯƔȭƔƔƙȺɯÊÏÈÕÕÌÓÚȭɯ%ÖÙɯÛÏÌɯÎÙÈÚ×ÐÕÎɯ

×ÌÙÍÖÙÔÌËɯÞÐÛÏɯÛÏÌɯÜÕÈřÌÊÛÌËɯÏÈÕËɯÛÏÌɯ×ÌÈÒɯÈÔ×ÓÐÛÜËÌɯÐÚɯÚÐÎÕÐŗÊÈÕÛÓàɯÎÙÌÈÛÌÙɯȹ×ɯǻɯƔȭƔƖȮɯ×ɯǻɯƔȭƔƕȺɯ

ÖÕɯÛÏÌɯÍÙÖÕÛÈÓɯÊÏÈÕÕÌÓÚɯȹ%"șȺɯÞÐÛÏɯÙÌÚ×ÌÊÛɯÛÖɯÛÏÌɯÊÏÈÕÕÌÓÚɯ"șɯÈÕËɯ"/șɯÖÕɯÛÏÌɯÊÖÕÛÙÈÓÈÛÌÙÈÓɯ

ÏÌÔÐÚ×ÏÌÙÌɯȻȹ%"ƗȮɯ%"ƕȺɯÝÚȭɯȹ"ƗȮɯ"ƕȺȮɯȹ%"ƗȮɯ%"ƕȺɯÝÚȭɯȹ"/ƗȮɯ"/ƕȺȼȭɯ'ÖÞÌÝÌÙȮɯÌÝÌÕɯÖÕɯÛÏÌɯÐ×ÚÐÓÈÛÌÙÈÓɯ

ÏÌÔÐÚ×ÏÌÙÌɯȹÙÐÎÏÛȺȮɯÛÏÌɯÚÛÈÛÐÚÛÐÊÈÓɯÊÖÔ×ÈÙÐÚÖÕɯÉÌÛÞÌÌÕɯ×ÌÈÒÚɯÖÕɯ%"șɯÈÕËɯ"șɯÊÏÈÕÕÌÓÚɯȻȹ%"ƘȮɯ%"ƖȺɯ

ÝÚȭɯȹ"ƘȮɯ"ƖȺȼɯÐÚɯÕÌÈÙÓàɯÚÐÎÕÐŗÊÈÕÛɯȹ×ɯǻɯƔȭƔƚȺȮɯÊÖÕŗÙÔÐÕÎɯÛÏÌɯÛÙÌÕËȭ 

(ÕɯÛÏÌɯŗÕÎÌÙɯÌßÛÌÕÚÐÖÕɯÛÈÚÒɯ×ÌÙÍÖÙÔÌËɯÞÐÛÏɯÛÏÌɯÈřÌÊÛÌËɯÏÈÕËɯȹ$ßÛ 'ȺȮɯÛÏÌɯÊÖÔ×ÈÙÐÚÖÕɯÖÍɯÛÏÌɯ

ÏÖÔÖÓÖÎÖÜÚɯÊÖÜ×ÓÌÚɯÖÍɯÊÏÈÕÕÌÓÚɯÉÌÛÞÌÌÕɯÛÏÌɯÛÞÖɯÏÌÔÐÚ×ÏÌÙÌÚɯÙÌÝÌÈÓÌËɯÈɯÚÐÎÕÐŗÊÈÕÛɯËÐřÌÙÌÕÊÌɯɯȹ×ɯ

ǻɯƔȭƔƖȮɯ×ɯǻɯƔȭƔƗȺɯÐÕɯÛÏÌɯ"șɯÈÕËɯ"/șɯÓÐÕÌÚɯȻȹ"ƗȮɯ"ƕȺɯÝÚȭɯȹ"ƘȮɯ"ƖȺȮɯȹ"/ƗȮɯ"/ƕȺɯÝÚȭɯȹ"/ƘȮɯ"/ƖȺȼȮɯ×ÙÖÝÐËÐÕÎɯ

ÌÝÐËÌÕÊÌɯÛÏÈÛɯÛÏÌɯ+%.Úɯ×ÖÞÌÙɯ×ÌÈÒÚɯÈÙÌɯÎÙÌÈÛÌÙɯÖÕɯÛÏÌɯÊÖÕÛÙÈÓÈÛÌÙÈÓɯÏÌÔÐÚ×ÏÌÙÌɯȹÙÐÎÏÛȺȭɯ,ÖÙÌÖÝÌÙȮɯ

ÐÕɯ$ßÛ 'ɯÛÏÌɯ×ÌÈÒɯÈÔ×ÓÐÛÜËÌɯÐÚɯÚÐÎÕÐŗÊÈÕÛÓàɯÎÙÌÈÛÌÙɯȹ×ɯǾɯƔȭƔƔƕȺɯÖÕɯÛÏÌɯÍÙÖÕÛÈÓɯÊÏÈÕÕÌÓÚɯȹ%"șȺɯÞÐÛÏɯ

ÙÌÚ×ÌÊÛɯÛÖɯÛÏÌɯÊÏÈÕÕÌÓÚɯ"șɯÈÕËɯ"/șɯÖÕɯÛÏÌɯÐ×ÚÐÓÈÛÌÙÈÓɯÏÌÔÐÚ×ÏÌÙÌɯȻȹ%"ƗȮɯ%"ƕȺɯÝÚȭɯȹ"ƗȮɯ"ƕȺȮɯȹ%"ƗȮɯ%"ƕȺɯ

ÝÚȭɯȹ"/ƗȮɯ"/ƕȺȼȮɯÞÏÐÓÌɯÖÕɯÛÏÌɯÊÖÕÛÙÈÓÈÛÌÙÈÓɯÏÌÔÐÚ×ÏÌÙÌȮɯÛÏÌÚÌɯÊÖÔ×ÈÙÐÚÖÕÚɯÈÙÌɯÚÐÎÕÐŗÊÈÕÛɯÉÌÛÞÌÌÕɯ

%"șɯÈÕËɯ"șɯÊÏÈÕÕÌÓÚɯȻȹ%"ƘȮɯ%"ƖȺɯÝÚȭɯȹ"ƘȮɯ"ƖȺȼȭɯ3ÏÌɯÓÈŲÌÙɯÙÌÚÜÓÛÚɯËÌÔÖÕÚÛÙÈÛÌɯÛÏÈÛɯÛÏÌɯŗÕÎÌÙɯ

ÌßÛÌÕÚÐÖÕɯÛÈÚÒɯ×ÌÙÍÖÙÔÌËɯÞÐÛÏɯÛÏÌɯÈřÌÊÛÌËɯÚÐËÌɯÐÚɯÈÓÚÖɯÈÚÚÖÊÐÈÛÌËɯÞÐÛÏɯÎÙÌÈÛÌÙɯÍÙÖÕÛÈÓɯÈÊÛÐÝÈÛÐÖÕȭɯ

'ÖÞÌÝÌÙȮɯÌÝÌÕɯÞÏÌÕɯÛÏÌɯŗÕÎÌÙɯÌßÛÌÕÚÐÖÕɯÛÈÚÒɯÐÚɯ×ÌÙÍÖÙÔÌËɯÞÐÛÏɯÛÏÌɯÜÕÈřÌÊÛÌËɯÏÈÕËȮɯÛÏÌɯÚÛÈÛÐÚÛÐÊÈÓɯ

ÊÖÔ×ÈÙÐÚÖÕɯÉÌÛÞÌÌÕɯ%"șɯÈÕËɯ"șɯ×ÌÈÒɯÈÔ×ÓÐÛÜËÌɯÐÕɯÛÏÌɯÊÖÕÛÙÈÓÈÛÌÙÈÓɯÏÌÔÐÚ×ÏÌÙÌɯȻ%"ƗȮɯ%"ƕȺɯÝÚȭɯȹ"ƗȮɯ

"ƕȺȼɯÐÚɯÕÌÈÙÓàɯÚÐÎÕÐŗÊÈÕÛɯȹ×ɯǻɯƔȭƔƛȺȮɯÐÕËÐÊÈÛÐÕÎɯÈɯÞÌÈÒÌÙɯÛÙÌÕËȭ 

 
Figure 2. 13. Averaged (±Standard Error) LFOs power across stroke patients (n = 16) computed on sensorimotor channels 

(FC3, FC1, FCz, FC2, FC4, C3, C1, Cz, C2, C4, CP3, CP1, CPz, CP2, CP4) for the grasping task trials performed with the 
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affected (blue line) and unaffected (red line) hand. Power was normalized with respect to the 1 s - baseline interval. The 

x-axis indicates the time; the 0 s time is the time of the peak used for the realignment step. 

 

Figure 2. 14. Averaged (±Standard Error) LFOs power across stroke patients (n = 16) computed on sensorimotor channels 

(FC3, FC1, FCz, FC2, FC4, C3, C1, Cz, C2, C4, CP3, CP1, CPz, CP2, CP4) for the finger extension task trials performed 

with the affected (blue line) and unaffected (red line) hand. Power was normalized with respect to the 1 s - baseline 

interval. The x-axis indicates the time; the 0 s time is the time of the peak used for the realignment step. 

 

Table 2. 2. p-value (t value) obtained from the comparisons (two -tailed paired t -test, with significance level set at 0.05) 

of couples of channels on LFOs peak values for the 4 experimental tasks considered: the finger extension tasks (Ext) 

and for the grasping tasks (Grasp) performed with the unaffected (UH) and affected (AH) hand.  

 GraspUH  GraspAH  ExtUH  ExtAH  

(FC3, FC1) vs. (FC4, FC2) p = 0.39 (t = 0.87) p = 0.34 (t = -0.97) p = 0.74 (t = -0.33) p = 0.27 (t = -1.11) 

(C3, C1) vs. (C4, C2) p = 0.07 (t = 1.86) p = 0.09 (t = -1.77) p = 0.96 (t = 0.06) p = 0.02 (t = -2.39) 

(CP3, CP1) vs. (CP4, CP2) p = 0.33 (t = -0.98) p = 0.10 (t = -1.68) p = 0.41 (t = -0.83) p = 0.03 (t = -2.32) 

(FC3, FC1) vs. (C3, C1) p = 0.02 (t = 2.49) p =  0.002 (t = 3.37) p = 0.07 (t = 1.85) p < 0.001 (t = 4.09) 

(FC3, FC1) vs. (CP3, CP1) p = 0.01 (t = 2.68) p = 0.01 (t = 2.82) p = 0.70 (t = 0.39) p < 0.001 (t = 3.45) 

(FC4, FC2) vs. (C4, C2) p = 0.06 (t = 1.96) p = 0.001 (t = 3.52) p = 0.15 (t = 1.48) p < 0.001 (t = 3.81) 

(FC4, FC2) vs. (CP4, CP2) p = 0.59 (t = -0.55) p =  0.005 (t = 3.07) p = 0.71 (t = -0.38) p = 0.09 (t = 1.78) 
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Table 2. 3. p-value (t value) obtained from the comparisons (two -tailed paired t -test, with significance level set at 0.05) 

on latencies of couples of channels between the finger extension (Ext) and grasping (Grasp) tasks performed with the 

affected (AH) and unaffected (UH) side (ExtUH vs. Ext AH, GraspUH vs. GraspAH).  

 

 ExtUH vs. ExtAH  GraspUH vs. GraspAH  

FC3 U FC4 p = 0.45 (t = 0.76) p = 0.03 (t = 2.36) 

C3 U C4 p = 0.01 (t = -3.03) p = 0.01 (t = 2.86) 

CP3 U CP4 p = 0.03 (t = -2.35) p = 0.21 (t = 1.28) 

 

 
Figure 2. 15. Distributions (boxplot) across stroke patients (n=16) of latency computed on channels C3 and C4 pooled, for 

the finger extension (panel a) and the grasping (panel b) performed with the unaffected (ExtUH, GraspUH) and affected 

(ExtAH, GraspAH) side. The plus marker (+) represents the average across participants. The paired t-test tests 

(alpha=0.05) performed on latencies for the finger extension tasks (ExtUH vs ExtAH) and for the grasping tasks 

(GraspUH vs GraspAH) report a significative difference in both tasks (p = 0.01).  

 

"ÓÈÚÚÐŗÊÈÛÐÖÕɯÖÍɯÛÈÚÒɯÈÕËɯÙÌÚÛɯÛÙÐÈÓÚ 

 

(Õɯ 3ÈÉÓÌɯ ƖȭƘɯ ÛÏÌɯ ÈÝÌÙÈÎÌɯ ȹǷɯ 2ÛÈÕËÈÙËɯ $ÙÙÖÙȺɯÊÓÈÚÚÐŗÊÈÛÐÖÕɯ ×ÌÙÍÖÙÔÈÕÊÌɯ ȹÈÊÊÜÙÈÊàȮɯ ÚÌÕÚÐÛÐÝÐÛàȮɯ

Ú×ÌÊÐŗÊÐÛàȺɯÈÊÙÖÚÚɯÏÌÈÓÛÏàɯ×ÈÙÛÐÊÐ×ÈÕÛÚɯÈÕËɯ×ÖÚÛɪÚÛÙÖÒÌɯ×ÈÛÐÌÕÛÚȮɯÚÌ×ÈÙÈÛÌÓàȮɯÍÖÙɯÈÓÓɯÛÏÌɯÌß×ÌÙÐÔÌÕÛÈÓɯ
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ÚÜÎÎÌÚÛÐÕÎɯÛÏÈÛɯÐÕɯÉÖÛÏɯÏÌÈÓÛÏàɯ×ÈÙÛÐÊÐ×ÈÕÛÚɯÈÕËɯ×ÈÛÐÌÕÛÚȮɯÛÏÌɯ+%.ÚɯËÌÔÖÕÚÛÙÈÛÌɯÔÖËÌÙÈÛÌɯÊÈ×ÈÊÐÛàɯ

ÍÖÙɯËÐÚÊÙÐÔÐÕÈÛÐÕÎɯÉÌÛÞÌÌÕɯÛÏÌɯÛÈÚÒɯÈÕËɯÙÌÚÛɯÊÖÕËÐÛÐÖÕÚȭ 

 

 

 

 

 

 

 

 

 

 



 63 
 

 
 

Table 2. 4. Classification metrics (Accuracy, Sensitivity, Specificity; average ± Standard Error across participants) 

obtained in all the experimental tasks in healthy participants (GraspR, GraspL, ExtR, ExtL) and post -stroke patients 

(GraspUH, GraspAH, ExtUH, ExtAH). The classification was performed on the LFOs peak power detected in the task 

and the rest trials. 

 Healthy participants  Stroke patients  

 GraspR GraspL  ExtR ExtL GraspUH  GraspAH  ExtUH  ExtAH  

Accuracy (%) 69.0±2.7 68.9±2.9 73.2±2.9 68.5±2.2 72.7±3.2 72.0±2.8 72.5±2.6 67.0±3.3 

Sensitivity (%)  69.4±3.9 56.2±5.7 70.7±4.6 68.2±4.4 69.4±5.0 68.5±5.2 71.7±3.5 64.4±3.4 

Specificity (%)  68.2±2.8 78.2±2.9 74.8±3.2 67.4±4.8 74.8±4.9 73.4±2.7 72.8±3.1 67.7±6.0 
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ÛÏÌɯÍÜÓÓɯÌßÛÌÕÛɯÖÍɯ+%.ÚɅɯÊÈ×ÈÉÐÓÐÛÐÌÚɯÐÕɯÛÏÐÚɯÙÌÎÈÙËȭ 
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Ɩȭƙɯ"ÖÕÊÓÜÚÐÖÕ 

 

3ÏÌɯÈÕÈÓàÚÐÚɯ×ÙÌÚÌÕÛÌËɯÐÕɯÛÏÐÚɯ2ÌÊÛÐÖÕɯÉÖÛÏɯÈÚÚÌÚÚÌÚɯÛÏÌɯ×ÖÛÌÕÛÐÈÓɯÍÖÙɯ+%.ÚɯÈ××ÓÐÊÈÛÐÖÕɯÐÕɯÛÏÌɯ,(ɪ!"(ɯ

ÊÖÕÛÌßÛɯȹÚÌÌɯ2ÛÜËàɯƕɯɪɯɯ+ÖÞɯ%ÙÌØÜÌÕÊàɯ!ÙÈÐÕɯ.ÚÊÐÓÓÈÛÐÖÕÚɯÍÖÙɯ!ÙÈÐÕɪ"ÖÔ×ÜÛÌÙɯ(ÕÛÌÙÍÈÊÌɯÈ××ÓÐÊÈÛÐÖÕÚȯɯÍÙÖÔɯ

ÛÏÌɯÚÖÜÙÊÌÚɯÛÖɯÛÏÌɯÚÊÈÓ×ɯËÖÔÈÐÕɯȻƘȼɯÈÕËɯ2ÛÜËàɯƖɯɪɯ+ÖÞɯ%ÙÌØÜÌÕÊàɯ!ÙÈÐÕɯ.ÚÊÐÓÓÈÛÐÖÕÚɯËÜÙÐÕÎɯÛÏÌɯÌßÌÊÜÛÐÖÕɯÈÕËɯ

ÐÔÈÎÐÕÈÛÐÖÕɯÖÍɯÚÐÔ×ÓÌɯÏÈÕËɯÔÖÝÌÔÌÕÛÚɯÍÖÙɯ!ÙÈÐÕɪ"ÖÔ×ÜÛÌÙɯ(ÕÛÌÙÍÈÊÌɯÈ××ÓÐÊÈÛÐÖÕÚɯȻƙȼȺɯÈÕËɯÌßÈÔÐÕÌÚɯÛÏÌɯ

ÊÏÈÙÈÊÛÌÙÐáÈÛÐÖÕɯÖÍɯ+%.ÚɯÈÊÛÐÝÈÛÐÖÕÚɯȹÚÌÌɯ2ÛÜËàɯƗɯɪɯ"ÏÈÙÈÊÛÌÙÐáÈÛÐÖÕɯÖÍɯ+ÖÞɯ%ÙÌØÜÌÕÊàɯ.ÚÊÐÓÓÈÛÐÖÕÚɯÐÕɯ

2ÐÔ×ÓÌɯ'ÈÕËɯ,ÖÝÌÔÌÕÛÚȻƕƜȼȺȭ 

(Õɯ2ÛÜËàɯƕȮɯÐÛɯÐÚɯËÌÔÖÕÚÛÙÈÛÌËɯÛÏÈÛɯ+%.ÚɯÈÊÛÐÝÐÛàɯÊÈÕɯÈÓÚÖɯÉÌɯËÌÛÌÊÛÌËɯÈÛɯÛÏÌɯÚÊÈÓ×ɯÓÌÝÌÓȰɯÈɯÚÐÎÕÐŗÊÈÕÛɯ

ÊÖÙÙÌÓÈÛÐÖÕɯÉÌÛÞÌÌÕɯ+%.Úɯ×ÖÞÌÙɯÛÌÔ×ÖÙÈÓɯÛÙÌÕËÚɯÊÖÔ×ÜÛÌËɯÖÕɯÛÞÖɯÊÖÕÛÙÈÓÈÛÌÙÈÓɯÊÖÙÛÐÊÈÓɯÈÙÌÈÚɯ

ȹ,ÌËÐÈÓɯ%ÙÖÕÛÈÓɯ&àÙÜÚɯÈÕËɯ2Ü×ÌÙÐÖÙɯ3ÌÔ×ÖÙÈÓɯ&àÙÜÚȺɯÈÕËɯÛÏÌɯÙÌÓÈÛÌËɯÛÙÌÕËÚɯËÌÛÌÊÛÌËɯÖÕɯÛÏÌɯ

ÊÖÙÙÌÚ×ÖÕËÐÕÎɯÊÏÈÕÕÌÓÚɯÖÕɯÛÏÌɯÚÊÈÓ×ɯȹ%"ƗȮɯ"ƗȮɯ"ƕɯÈÕËɯ3/ƛȮɯ3ƛȮɯÙÌÚ×ÌÊÛÐÝÌÓàȺɯÞÈÚɯÝÌÙÐŗÌËȭ 

"ÖÓÓÌÊÛÐÝÌɯÙÌÚÜÓÛÚɯÖÍɯ2ÛÜËÐÌÚɯƕɯÈÕËɯƖɯÙÌÝÌÈÓɯÛÏÌɯÐÕÊÙÌÈÚÌɯÖÍɯÛÏÌɯ+%.Úɯ×ÖÞÌÙɯËÜÙÐÕÎɯÛÏÌɯÌßÌÊÜÛÐÖÕɯÖÍɯ

ÛÏÌɯŗÕÎÌÙɯÌßÛÌÕÚÐÖÕɯÐÕɯÛÏÌɯ×ÙÌ×ÈÙÈÛÖÙàɯ×ÏÈÚÌɯÖÍɯÛÏÌɯÔÖÝÌÔÌÕÛɯÈÛɯÈÉÖÜÛɯƚƔƔÔÚɯÉÌÍÖÙÌɯÛÏÌɯÔÖÝÌÔÌÕÛɯ

ÖÕÚÌÛȮɯÊÖÕŗÙÔÐÕÎɯÛÏÌɯÓÐÛÌÙÈÛÜÙÌɯŗÕËÐÕÎÚɯȻƕȼȮɯȻƖȼȭɯ2ÐÔÐÓÈÙɯÙÌÚÜÓÛÚɯÞÌÙÌɯÈÓÚÖɯÖÉÛÈÐÕÌËɯÍÖÙɯÛÏÌɯ,(ɯÛÈÚÒɯ

ȹÚÛÜËàɯƖȺɯÖÉÚÌÙÝÐÕÎɯÛÏÌɯ+%.Úɯ×ÖÞÌÙɯÈÙÖÜÕËɯÛÏÌɯÝÐÚÜÈÓɯÊÜÌɯÐÕɯÏÌÈÓÛÏàɯ×ÈÙÛÐÊÐ×ÈÕÛÚȭɯ,ÖÙÌÖÝÌÙȮɯ2ÛÜËàɯ

ƖɀÚɯÙÌÚÜÓÛÚɯÍÖÙɯÛÏÌɯ,(ɯÛÈÚÒÚɯÐÕɯÚÛÙÖÒÌɯ×ÈÛÐÌÕÛÚɯÚÜÎÎÌÚÛɯÛÏÈÛɯ+%.ÚɯÈÕÈÓàÚÐÚɯÔÈàɯÉÌɯÐÕÊÓÜËÌËɯÐÕɯ

ÙÌÏÈÉÐÓÐÛÈÛÐÝÌɯ×ÙÖÛÖÊÖÓÚɯÉÈÚÌËɯÖÕɯ,(ɯÈÚɯ×ÖÛÌÕÛÐÈÓɯÉÐÖÔÈÙÒÌÙȭ 

2ÛÜËàɯƗɀÚɯŗÕËÐÕÎÚɯËÌÔÖÕÚÛÙÈÛÌËɯÛÏÌɯ×ÙÌÚÌÕÊÌɯÖÍɯ+%.Úɯ×ÖÞÌÙɯ×ÌÈÒÚɯÐÕɯÛÞÖɯÊÖÔÔÖÕɯ×ÖÚÛɪÚÛÙÖÒÌɯ

Ü××ÌÙɪÓÐÔÉɯÔÖÛÖÙɯÙÌÏÈÉÐÓÐÛÈÛÐÖÕɯÛÈÚÒÚɯȹŗÕÎÌÙɯÌßÛÌÕÚÐÖÕɯÈÕËɯÎÙÈÚ×ÐÕÎȺɯÈÕËɯÙÌÝÌÈÓÌËɯÛÏÌɯÌßÐÚÛÌÕÊÌɯÖÍɯ

ÈɯÓÈÛÌÕÊàɯÐÕɯÛÏÌɯÖÊÊÜÙÙÌÕÊÌɯÖÍɯÛÏÌɯ+%.Úɯ×ÖÞÌÙɯ×ÌÈÒÚȮɯÞÐÛÏɯÈɯÚÛÈÛÐÚÛÐÊÈÓÓàɯÝÌÙÐŗÌËɯÐÔ×ÈÊÛɯÖÕɯÐÛÚɯ

ÈÔ×ÓÐÛÜËÌɯÌÝÈÓÜÈÛÐÖÕɯÉÖÛÏɯÐÕɯÏÌÈÓÛÏàɯÈÕËɯÚÛÙÖÒÌɯ×ÈÛÐÌÕÛÚȭɯ!ÈÚÌËɯÖÕɯÛÏÌɯÊÖÔ×ÈÙÐÚÖÕÚɯÖÍɯÛÏÌɯ

Ìß×ÌÙÐÔÌÕÛÈÓɯÛÈÚÒÚɯÐÛɯÞÈÚɯÝÌÙÐŗÌËɯÛÏÈÛȮɯÐÕɯ×ÏàÚÐÖÓÖÎÐÊÈÓɯÊÖÕËÐÛÐÖÕÚȮɯÛÏÌɯ+%.ÚɯÈÊÛÐÝÐÛàɯËÖÌÚɯÕÖÛɯ

ËÌ×ÌÕËɯÖÕɯÛÏÌɯÚÐËÌɯȹÓÌÍÛɯÖÙɯÙÐÎÏÛȺɯÐÕÝÖÓÝÌËɯÐÕɯÛÏÌɯÛÈÚÒɯÈÕËɯÛÏÈÛɯÐÚɯÚÐÔÐÓÈÙɯÐÕɯÛÏÌɯÎÙÈÚ×ÐÕÎɯÈÕËɯŗÕÎÌÙɯ

ÌßÛÌÕÚÐÖÕɯÛÈÚÒÚȭɯ6ÏÌÙÌÈÚɯÐÕɯ×ÖÚÛɪÚÛÙÖÒÌɯ×ÈÛÐÌÕÛÚȮɯÛÏÌɯ×ÖÞÌÙɯ×ÌÈÒɯÈÔ×ÓÐÛÜËÌɯËÐÚÛÙÐÉÜÛÐÖÕɯÖÝÌÙɯÛÏÌɯ

ÚÊÈÓ×ɯÈÕËɯÛÏÌɯÓÈÛÌÕÊàɯËÌ×ÌÕËÚɯÖÕɯÛÏÌɯÌß×ÌÙÐÔÌÕÛÈÓɯÛÈÚÒɯÈÕËɯÖÕɯÛÏÌɯÚÐËÌɯȹÈřÌÊÛÌËɯÖÙɯÜÕÈřÌÊÛÌËȺɯ

ÐÕÝÖÓÝÌËȭɯ 
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Ɩȭƚɯ1ÌÍÌÙÌÕÊÌÚ 

 

Ȼƕȼ #ȭɯ2ȭɯ1ÈÔÈÕÈÛÏÈÕɯÌÛɯÈÓȭȮɯɁ+ÖÞɪÍÙÌØÜÌÕÊàɯÊÖÙÛÐÊÈÓɯÈÊÛÐÝÐÛàɯÐÚɯÈɯÕÌÜÙÖÔÖËÜÓÈÛÖÙàɯÛÈÙÎÌÛɯÛÏÈÛɯ

ÛÙÈÊÒÚɯ ÙÌÊÖÝÌÙàɯ ÈÍÛÌÙɯ ÚÛÙÖÒÌȮɂɯ-ÈÛȭɯ ,ÌËȭȮɯ ÝÖÓȭɯ ƖƘȮɯ ÕÖȭɯ ƜȮɯ ××ȭɯ ƕƖƙƛɬƕƖƚƛȮɯ  ÜÎȭɯ ƖƔƕƜȮɯ ËÖÐȯɯ

ƕƔȭƕƔƗƜɤÚƘƕƙƝƕɪƔƕƜɪƔƔƙƜɪàȭ 

ȻƖȼ ,ȭɯ!ġÕÚÛÙÜ×ɯÌÛɯÈÓȭȮɯɁ+ÖÞɪ%ÙÌØÜÌÕÊàɯ!ÙÈÐÕɯ.ÚÊÐÓÓÈÛÐÖÕÚɯ3ÙÈÊÒɯ,ÖÛÖÙɯ1ÌÊÖÝÌÙàɯÐÕɯ'ÜÔÈÕɯ

2ÛÙÖÒÌȮɂɯ ÕÕȭɯ-ÌÜÙÖÓȭȮɯÝÖÓȭɯƜƚȮɯÕÖȭɯƚȮɯ××ȭɯƜƙƗɬƜƚƙȮɯ#ÌÊȭɯƖƔƕƝȮɯËÖÐȯɯƕƔȭƕƔƔƖɤÈÕÈȭƖƙƚƕƙȭ 

ȻƗȼ 1ȭɯ &ÙÌÊÏɯÌÛɯ ÈÓȭȮɯ Ɂ1ÌÝÐÌÞɯ ÖÕɯ ÚÖÓÝÐÕÎɯ ÛÏÌɯ ÐÕÝÌÙÚÌɯ ×ÙÖÉÓÌÔɯ ÐÕɯ $$&ɯ ÚÖÜÙÊÌɯ ÈÕÈÓàÚÐÚȮɂɯ)ȭɯ

-ÌÜÙÖ$ÕÎÐÕÌÌÙÐÕÎɯ1ÌÏÈÉÐÓȭȮɯÝÖÓȭɯƙȮɯÕÖȭɯƕȮɯ×ȭɯƖƙȮɯ-ÖÝȭɯƖƔƔƜȮɯËÖÐȯɯƕƔȭƕƕƜƚɤƕƛƘƗɪƔƔƔƗɪƙɪƖƙȭ 

ȻƘȼ $ȭɯ ,ÖÕÎÐÈÙËÐÕÐɯÌÛɯ ÈÓȭȮɯ Ɂ+ÖÞɯ %ÙÌØÜÌÕÊàɯ !ÙÈÐÕɯ .ÚÊÐÓÓÈÛÐÖÕÚɯ ÍÖÙɯ !ÙÈÐÕɪ"ÖÔ×ÜÛÌÙɯ (ÕÛÌÙÍÈÊÌɯ

È××ÓÐÊÈÛÐÖÕÚȯɯÍÙÖÔɯÛÏÌɯÚÖÜÙÊÌÚɯÛÖɯÛÏÌɯÚÊÈÓ×ɯËÖÔÈÐÕȮɂɯÐÕɯƖƔƖƖɯ($$$ɯ(ÕÛÌÙÕÈÛÐÖÕÈÓɯ"ÖÕÍÌÙÌÕÊÌɯÖÕɯ

,ÌÛÙÖÓÖÎàɯÍÖÙɯ$ßÛÌÕËÌËɯ1ÌÈÓÐÛàȮɯ ÙÛÐŗÊÐÈÓɯ(ÕÛÌÓÓÐÎÌÕÊÌɯÈÕËɯ-ÌÜÙÈÓɯ$ÕÎÐÕÌÌÙÐÕÎɯȹ,ÌÛÙÖ71 (-$ȺȮɯ.ÊÛȭɯ

ƖƔƖƖȮɯ××ȭɯƛƔƝɬƛƕƗȭɯËÖÐȯɯƕƔȭƕƕƔƝɤ,ÌÛÙÖ71 (-$ƙƘƜƖƜȭƖƔƖƖȭƝƝƚƛƚƔƔȭ 

Ȼƙȼ $ȭɯ,ÖÕÎÐÈÙËÐÕÐɯÌÛɯÈÓȭȮɯɁ+ÖÞɯ%ÙÌØÜÌÕÊàɯ!ÙÈÐÕɯ.ÚÊÐÓÓÈÛÐÖÕÚɯËÜÙÐÕÎɯÛÏÌɯÌßÌÊÜÛÐÖÕɯÈÕËɯÐÔÈÎÐÕÈÛÐÖÕɯ

ÖÍɯÚÐÔ×ÓÌɯÏÈÕËɯÔÖÝÌÔÌÕÛÚɯÍÖÙɯ!ÙÈÐÕɪ"ÖÔ×ÜÛÌÙɯ(ÕÛÌÙÍÈÊÌɯÈ××ÓÐÊÈÛÐÖÕÚȮɂɯÐÕɯƖƔƖƖɯƘƘÛÏɯ ÕÕÜÈÓɯ

(ÕÛÌÙÕÈÛÐÖÕÈÓɯ"ÖÕÍÌÙÌÕÊÌɯÖÍɯÛÏÌɯ($$$ɯ$ÕÎÐÕÌÌÙÐÕÎɯÐÕɯ,ÌËÐÊÐÕÌɯȫɯ!ÐÖÓÖÎàɯ2ÖÊÐÌÛàɯȹ$,!"ȺȮɯ&ÓÈÚÎÖÞȮɯ

2ÊÖÛÓÈÕËȮɯ4ÕÐÛÌËɯ*ÐÕÎËÖÔȯɯ($$$Ȯɯ)ÜÓȭɯƖƔƖƖȮɯ××ȭɯƖƖƚɬƖƖƝȭɯËÖÐȯɯƕƔȭƕƕƔƝɤ$,!"ƘƜƖƖƝȭƖƔƖƖȭƝƜƛƕƛƛƖȭ 

Ȼƚȼ %ȭɯ/ÐÊÏÐÖÙÙÐɯÌÛɯÈÓȭȮɯɁ!ÙÈÐÕɪÊÖÔ×ÜÛÌÙɯÐÕÛÌÙÍÈÊÌɯÉÖÖÚÛÚɯÔÖÛÖÙɯÐÔÈÎÌÙàɯ×ÙÈÊÛÐÊÌɯËÜÙÐÕÎɯÚÛÙÖÒÌɯ

ÙÌÊÖÝÌÙàȯɯ!"(ɯÈÕËɯ,ÖÛÖÙɯ(ÔÈÎÌÙàȮɂɯ ÕÕȭɯ-ÌÜÙÖÓȭȮɯÝÖÓȭɯƛƛȮɯÕÖȭɯƙȮɯ××ȭɯƜƙƕɬƜƚƙȮɯ,ÈàɯƖƔƕƙȮɯËÖÐȯɯ

ƕƔȭƕƔƔƖɤÈÕÈȭƖƘƗƝƔȭ 

Ȼƛȼ 5ȭɯËÌɯ2ÌÛÈɯÌÛɯÈÓȭȮɯɁ"ÖÙÛÐÊÖɪÔÜÚÊÜÓÈÙɯÊÖÜ×ÓÐÕÎɯÛÖɯÊÖÕÛÙÖÓɯÈɯÏàÉÙÐËɯÉÙÈÐÕɪÊÖÔ×ÜÛÌÙɯÐÕÛÌÙÍÈÊÌɯÍÖÙɯ

Ü××ÌÙɯÓÐÔÉɯÔÖÛÖÙɯÙÌÏÈÉÐÓÐÛÈÛÐÖÕȯɯ ɯ×ÚÌÜËÖɪÖÕÓÐÕÌɯÚÛÜËàɯÖÕɯÚÛÙÖÒÌɯ×ÈÛÐÌÕÛÚȮɂɯ%ÙÖÕÛȭɯ'ÜÔȭɯ

-ÌÜÙÖÚÊÐȭȮɯÝÖÓȭɯƕƚȮɯ×ȭɯƕƔƕƚƜƚƖȮɯƖƔƖƖȮɯËÖÐȯɯƕƔȭƗƗƜƝɤÍÕÏÜÔȭƖƔƖƖȭƕƔƕƚƜƚƖȭ 

ȻƜȼ 2ȭɯ+ȭɯ-ÖÙÔÈÕɯÌÛɯÈÓȭȮɯɁ"ÖÕÛÙÖÓÓÐÕÎɯ×ÙÌɪÔÖÝÌÔÌÕÛɯÚÌÕÚÖÙÐÔÖÛÖÙɯÙÏàÛÏÔɯÊÈÕɯÐÔ×ÙÖÝÌɯŗÕÎÌÙɯ

ÌßÛÌÕÚÐÖÕɯÈÍÛÌÙɯÚÛÙÖÒÌȮɂɯ)ȭɯ-ÌÜÙÈÓɯ$ÕÎȭȮɯÝÖÓȭɯƕƙȮɯÕÖȭɯƙȮɯ×ȭɯƔƙƚƔƖƚȮɯ ÜÎȭɯƖƔƕƜȮɯËÖÐȯɯƕƔȭƕƔƜƜɤƕƛƘƕɪ

ƖƙƙƖɤÈÈËƛƖƘȭ 

ȻƝȼ  ȭɯ2ÊÏÓġÎÓȮɯ"ȭɯ*ÌÐÕÙÈÛÏȮɯ#ȭɯ9ÐÔÔÌÙÔÈÕÕȮɯ1ȭɯ2ÊÏÌÙÌÙȮɯ1ȭɯ+ÌÌÉȮɯÈÕËɯ&ȭɯ/ÍÜÙÛÚÊÏÌÓÓÌÙȮɯɁ ɯÍÜÓÓàɯ

ÈÜÛÖÔÈÛÌËɯÊÖÙÙÌÊÛÐÖÕɯÔÌÛÏÖËɯÖÍɯ$.&ɯÈÙÛÐÍÈÊÛÚɯÐÕɯ$$&ɯÙÌÊÖÙËÐÕÎÚȮɂɯ"ÓÐÕȭɯ-ÌÜÙÖ×ÏàÚÐÖÓȭȮɯÝÖÓȭɯƕƕƜȮɯ

ÕÖȭɯƕȮɯ××ȭɯƝƜɬƕƔƘȮɯ)ÈÕȭɯƖƔƔƛȮɯËÖÐȯɯƕƔȭƕƔƕƚɤÑȭÊÓÐÕ×ÏȭƖƔƔƚȭƔƝȭƔƔƗȭ 

ȻƕƔȼ 2ȭɯ2ÖÓÕÐÒȮɯ/ȭɯ1ÐËÌÙȮɯ*ȭɯ2ÛÌÐÕÞÌÎȮɯ/ȭɯ#Ì5ÐÛÈȮɯÈÕËɯ3ȭɯ'ÖÙÛÖÉâÎàÐȮɯɁ3ÌÈÎÌÙɬ*ÈÐÚÌÙɯÌÕÌÙÎàɯÖ×ÌÙÈÛÖÙɯ

ÚÐÎÕÈÓɯÊÖÕËÐÛÐÖÕÐÕÎɯÐÔ×ÙÖÝÌÚɯ$,&ɯÖÕÚÌÛɯËÌÛÌÊÛÐÖÕȮɂɯ$ÜÙȭɯ)ȭɯ ××Óȭɯ/ÏàÚÐÖÓȭȮɯÝÖÓȭɯƕƕƔȮɯÕÖȭɯƗȮɯ××ȭɯ

ƘƜƝɬƘƝƜȮɯ.ÊÛȭɯƖƔƕƔȮɯËÖÐȯɯƕƔȭƕƔƔƛɤÚƔƔƘƖƕɪƔƕƔɪƕƙƖƕɪƜȭ 

Ȼƕƕȼ /ȭɯ6ȭɯ'ÖËÎÌÚɯÈÕËɯ!ȭɯ'ȭɯ!ÜÐȮɯɁ ɯÊÖÔ×ÈÙÐÚÖÕɯÖÍɯÊÖÔ×ÜÛÌÙɪÉÈÚÌËɯÔÌÛÏÖËÚɯÍÖÙɯÛÏÌɯËÌÛÌÙÔÐÕÈÛÐÖÕɯ

ÖÍɯÖÕÚÌÛɯÖÍɯÔÜÚÊÓÌɯÊÖÕÛÙÈÊÛÐÖÕɯÜÚÐÕÎɯÌÓÌÊÛÙÖÔàÖÎÙÈ×ÏàȮɂɯ$ÓÌÊÛÙÖÌÕÊÌ×ÏÈÓÖÎÙȭɯ"ÓÐÕȭɯ-ÌÜÙÖ×ÏàÚÐÖÓȭȮɯ

ÝÖÓȭɯƕƔƕȮɯÕÖȭɯƚȮɯ××ȭɯƙƕƕɬƙƕƝȮɯ#ÌÊȭɯƕƝƝƚȮɯËÖÐȯɯƕƔȭƕƔƕƚɤÚƔƔƕƗɪƘƚƝƘȹƝƚȺƝƙƕƝƔɪƙȭ 

ȻƕƖȼ !ȭɯ#ȭɯ5ÈÕɯ5ÌÌÕȮɯ6ȭɯÝÈÕɯ#ÙÖÕÎÌÓÌÕȮɯ,ȭɯ8ÜÊÏÛÔÈÕȮɯÈÕËɯ ȭɯ2ÜáÜÒÐȮɯɁ+ÖÊÈÓÐáÈÛÐÖÕɯÖÍɯÉÙÈÐÕɯ

ÌÓÌÊÛÙÐÊÈÓɯÈÊÛÐÝÐÛàɯÝÐÈɯÓÐÕÌÈÙÓàɯÊÖÕÚÛÙÈÐÕÌËɯÔÐÕÐÔÜÔɯÝÈÙÐÈÕÊÌɯÚ×ÈÛÐÈÓɯŗÓÛÌÙÐÕÎȮɂɯ($$$ɯ3ÙÈÕÚȭɯ

!ÐÖÔÌËȭɯ$ÕÎȭȮɯÝÖÓȭɯƘƘȮɯÕÖȭɯƝȮɯ××ȭɯƜƚƛɬƜƜƔȮɯ2Ì×ȭɯƕƝƝƛȮɯËÖÐȯɯƕƔȭƕƕƔƝɤƕƔȭƚƖƗƔƙƚȭ 

ȻƕƗȼ 8ȭɯ'ÜÈÕÎȮɯ+ȭɯ"ȭɯ/ÈÙÙÈȮɯÈÕËɯ2ȭɯ'ÈÜÍÌȮɯɁ3ÏÌɯ-ÌÞɯ8ÖÙÒɯ'ÌÈËɭ ɯ×ÙÌÊÐÚÌɯÚÛÈÕËÈÙËÐáÌËɯÝÖÓÜÔÌɯ

ÊÖÕËÜÊÛÖÙɯÔÖËÌÓɯÍÖÙɯ$$&ɯÚÖÜÙÊÌɯÓÖÊÈÓÐáÈÛÐÖÕɯÈÕËɯÛ$2ɯÛÈÙÎÌÛÐÕÎȮɂɯ-ÌÜÙÖ(ÔÈÎÌȮɯÝÖÓȭɯƕƘƔȮɯ××ȭɯƕƙƔɬ

ƕƚƖȮɯ.ÊÛȭɯƖƔƕƚȮɯËÖÐȯɯƕƔȭƕƔƕƚɤÑȭÕÌÜÙÖÐÔÈÎÌȭƖƔƕƙȭƕƖȭƔƕƝȭ 
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ȻƕƘȼ %ȭɯ#Ìɯ5ÐÊÖɯ%ÈÓÓÈÕÐɯÌÛɯÈÓȭȮɯɁ,ÜÓÛÐÚÊÈÓÌɯÛÖ×ÖÓÖÎÐÊÈÓɯ×ÙÖ×ÌÙÛÐÌÚɯÖÍɯÍÜÕÊÛÐÖÕÈÓɯÉÙÈÐÕɯÕÌÛÞÖÙÒÚɯËÜÙÐÕÎɯ

ÔÖÛÖÙɯ ÐÔÈÎÌÙàɯ ÈÍÛÌÙɯ ÚÛÙÖÒÌȮɂɯ-ÌÜÙÖ(ÔÈÎÌȮɯ ÝÖÓȭɯ ƜƗȮɯ ××ȭɯ ƘƗƜɬƘƘƝȮɯ #ÌÊȭɯ ƖƔƕƗȮɯ ËÖÐȯɯ

ƕƔȭƕƔƕƚɤÑȭÕÌÜÙÖÐÔÈÎÌȭƖƔƕƗȭƔƚȭƔƗƝȭ 

Ȼƕƙȼ +ȭɯ"ÏÌÕɯÌÛɯÈÓȭȮɯɁ$$&ɪÊÖÕÛÙÖÓÓÌËɯÍÜÕÊÛÐÖÕÈÓɯÌÓÌÊÛÙÐÊÈÓɯÚÛÐÔÜÓÈÛÐÖÕɯÙÌÏÈÉÐÓÐÛÈÛÐÖÕɯÍÖÙɯÊÏÙÖÕÐÊɯ

ÚÛÙÖÒÌȯɯÚàÚÛÌÔɯËÌÚÐÎÕɯÈÕËɯÊÓÐÕÐÊÈÓɯÈ××ÓÐÊÈÛÐÖÕȮɂɯ%ÙÖÕÛȭɯ,ÌËȭȮɯÝÖÓȭɯƕƙȮɯÕÖȭɯƙȮɯ××ȭɯƛƘƔɬƛƘƝȮɯ.ÊÛȭɯ

ƖƔƖƕȮɯËÖÐȯɯƕƔȭƕƔƔƛɤÚƕƕƚƜƘɪƔƖƔɪƔƛƝƘɪƙȭ 

Ȼƕƚȼ  ȭɯ!ÐÈÚÐÜÊÊÐɯÌÛɯÈÓȭȮɯɁ!ÙÈÐÕɪÈÊÛÜÈÛÌËɯÍÜÕÊÛÐÖÕÈÓɯÌÓÌÊÛÙÐÊÈÓɯÚÛÐÔÜÓÈÛÐÖÕɯÌÓÐÊÐÛÚɯÓÈÚÛÐÕÎɯÈÙÔɯÔÖÛÖÙɯ

ÙÌÊÖÝÌÙàɯÈÍÛÌÙɯÚÛÙÖÒÌȮɂɯ-ÈÛȭɯ"ÖÔÔÜÕȭȮɯÝÖÓȭɯƝȮɯÕÖȭɯƕȮɯ×ȭɯƖƘƖƕȮɯ)ÜÕȭɯƖƔƕƜȮɯËÖÐȯɯƕƔȭƕƔƗƜɤÚƘƕƘƚƛɪƔƕƜɪ

ƔƘƚƛƗɪáȭ 

Ȼƕƛȼ  ȭɯ1ÈÔÖÚɪ,ÜÙÎÜÐÈÓËÈàɯÌÛɯÈÓȭȮɯɁ!ÙÈÐÕɪÔÈÊÏÐÕÌɯÐÕÛÌÙÍÈÊÌɯÐÕɯÊÏÙÖÕÐÊɯÚÛÙÖÒÌɯÙÌÏÈÉÐÓÐÛÈÛÐÖÕȯɯÈɯ

ÊÖÕÛÙÖÓÓÌËɯÚÛÜËàȮɂɯ ÕÕȭɯ-ÌÜÙÖÓȭȮɯÝÖÓȭɯƛƘȮɯÕÖȭɯƕȮɯ××ȭɯƕƔƔɬƕƔƜȮɯ)ÜÓȭɯƖƔƕƗȮɯËÖÐȯɯƕƔȭƕƔƔƖɤÈÕÈȭƖƗƜƛƝȭ 

ȻƕƜȼ $ȭɯ ,ÖÕÎÐÈÙËÐÕÐȮɯ $ȭɯ "ÖÓÈÔÈÙÐÕÖȮɯ )ȭɯ 3Ö××ÐȮɯ %ȭɯ /ÐÊÏÐÖÙÙÐȮɯ #ȭɯ ,ÈŲÐÈȮɯ ÈÕËɯ %ȭɯ "ÐÕÊÖŲÐȮɯ

Ɂ"ÏÈÙÈÊÛÌÙÐáÈÛÐÖÕɯÖÍɯ+ÖÞɯ%ÙÌØÜÌÕÊàɯ.ÚÊÐÓÓÈÛÐÖÕÚɯÐÕɯ2ÐÔ×ÓÌɯ'ÈÕËɯ,ÖÝÌÔÌÕÛÚȮɂɯÐÕɯƖƔƖƘɯƘƚÛÏɯ

 ÕÕÜÈÓɯ(ÕÛÌÙÕÈÛÐÖÕÈÓɯ"ÖÕÍÌÙÌÕÊÌɯÖÍɯÛÏÌɯ($$$ɯ$ÕÎÐÕÌÌÙÐÕÎɯÐÕɯ,ÌËÐÊÐÕÌɯȫɯ!ÐÖÓÖÎàɯ2ÖÊÐÌÛàɯȹ$,!"ȺȮɯ

ƖƔƖƘȭ 

ȻƕƝȼ /ȭɯ#ȭɯ$ȭɯ!ÈÕÐØÜÌËɯÌÛɯÈÓȭȮɯɁ!ÙÈÐÕɬÊÖÔ×ÜÛÌÙɯÐÕÛÌÙÍÈÊÌɯÙÖÉÖÛÐÊÚɯÍÖÙɯÏÈÕËɯÙÌÏÈÉÐÓÐÛÈÛÐÖÕɯÈÍÛÌÙɯÚÛÙÖÒÌȯɯ

Èɯ ÚàÚÛÌÔÈÛÐÊɯ ÙÌÝÐÌÞȮɂɯ)ȭɯ -ÌÜÙÖ$ÕÎÐÕÌÌÙÐÕÎɯ 1ÌÏÈÉÐÓȭȮɯ ÝÖÓȭɯ ƕƜȮɯ ÕÖȭɯ ƕȮɯ ×ȭɯ ƕƙȮɯ )ÈÕȭɯ ƖƔƖƕȮɯ ËÖÐȯɯ

ƕƔȭƕƕƜƚɤÚƕƖƝƜƘɪƔƖƕɪƔƔƜƖƔɪƜȭ 

ȻƖƔȼ +ȭɯ'ÜȮɯ ȭɯ,ÖÜÙÈÜßȮɯ8ȭɯ'ÜȮɯÈÕËɯ&ȭɯ#ȭɯ(ÈÕÕÌŲÐȮɯɁ ɯÕÖÝÌÓɯÈ××ÙÖÈÊÏɯÍÖÙɯÌÕÏÈÕÊÐÕÎɯÛÏÌɯÚÐÎÕÈÓɪÛÖɪ

ÕÖÐÚÌɯ ÙÈÛÐÖɯ ÈÕËɯ ËÌÛÌÊÛÐÕÎɯ ÈÜÛÖÔÈÛÐÊÈÓÓàɯ ÌÝÌÕÛɪÙÌÓÈÛÌËɯ ×ÖÛÌÕÛÐÈÓÚɯ ȹ$1/ÚȺɯ ÐÕɯ ÚÐÕÎÓÌɯ ÛÙÐÈÓÚȮɂɯ

-ÌÜÙÖ(ÔÈÎÌȮɯÝÖÓȭɯƙƔȮɯÕÖȭɯƕȮɯ××ȭɯƝƝɬƕƕƕȮɯ,ÈÙȭɯƖƔƕƔȮɯËÖÐȯɯƕƔȭƕƔƕƚɤÑȭÕÌÜÙÖÐÔÈÎÌȭƖƔƔƝȭƕƖȭƔƕƔȭ 

ȻƖƕȼ %ȭɯ/ÐÊÏÐÖÙÙÐɯÌÛɯÈÓȭȮɯɁ$ß×ÓÖÙÐÕÎɯÏÐÎÏɪËÌÕÚÐÛàɯÊÖÙÛÐÊÖÔÜÚÊÜÓÈÙɯÕÌÛÞÖÙÒÚɯÈÍÛÌÙɯÚÛÙÖÒÌɯÛÖɯÌÕÈÉÓÌɯÈɯ

ÏàÉÙÐËɯ!ÙÈÐÕɪ"ÖÔ×ÜÛÌÙɯ(ÕÛÌÙÍÈÊÌɯÍÖÙɯÏÈÕËɯÔÖÛÖÙɯÙÌÏÈÉÐÓÐÛÈÛÐÖÕȮɂɯ)ȭɯ-ÌÜÙÖ$ÕÎÐÕÌÌÙÐÕÎɯ1ÌÏÈÉÐÓȭȮɯ

ÝÖÓȭɯƖƔȮɯÕÖȭɯƕȮɯ×ȭɯƙȮɯ)ÈÕȭɯƖƔƖƗȮɯËÖÐȯɯƕƔȭƕƕƜƚɤÚƕƖƝƜƘɪƔƖƗɪƔƕƕƖƛɪƚȭ 

ȻƖƖȼ 1ȭɯ"ȭɯ.ÓËŗÌÓËȮɯɁ3ÏÌɯÈÚÚÌÚÚÔÌÕÛɯÈÕËɯÈÕÈÓàÚÐÚɯÖÍɯÏÈÕËÌËÕÌÚÚȯɯ3ÏÌɯ$ËÐÕÉÜÙÎÏɯÐÕÝÌÕÛÖÙàȮɂɯ

-ÌÜÙÖ×ÚàÊÏÖÓÖÎÐÈȮɯÝÖÓȭɯƝȮɯÕÖȭɯƕȮɯ××ȭɯƝƛɬƕƕƗȮɯ,ÈÙȭɯƕƝƛƕȮɯËÖÐȯɯƕƔȭƕƔƕƚɤƔƔƖƜɪƗƝƗƖȹƛƕȺƝƔƔƚƛɪƘȭ 

ȻƖƗȼ 3ȭɪ/ȭɯ)ÜÕÎɯÌÛɯÈÓȭȮɯɁ1ÌÔÖÝÐÕÎɯÌÓÌÊÛÙÖÌÕÊÌ×ÏÈÓÖÎÙÈ×ÏÐÊɯÈÙÛÐÍÈÊÛÚɯÉàɯÉÓÐÕËɯÚÖÜÙÊÌɯÚÌ×ÈÙÈÛÐÖÕȮɂɯ

/ÚàÊÏÖ×ÏàÚÐÖÓÖÎàȮɯÝÖÓȭɯƗƛȮɯÕÖȭɯƖȮɯ××ȭɯƕƚƗɬƕƛƜȮɯƖƔƔƔȮɯËÖÐȯɯƕƔȭƕƕƕƕɤƕƘƚƝɪƜƝƜƚȭƗƛƖƔƕƚƗȭ 

ȻƖƘȼ ,ȭɯ+ȭɯ+ÈÛÈÚÏȮɯ ȭɯ2ȭɯ ÙÜÐÕȮɯ(ȭɯ-ÌàÔÈÕȮɯÈÕËɯ)ȭɯ)ȭɯ-ÐÊÏÖÓÈÚȮɯɁ ÕÛÐÊÐ×ÈÛÖÙàɯ×ÖÚÛÜÙÈÓɯÈËÑÜÚÛÔÌÕÛÚɯ

ËÜÙÐÕÎɯÚÌÓÍɯÐÕŘÐÊÛÌËɯÈÕËɯ×ÙÌËÐÊÛÈÉÓÌɯ×ÌÙÛÜÙÉÈÛÐÖÕÚɯÐÕɯ/ÈÙÒÐÕÚÖÕɀÚɯËÐÚÌÈÚÌȮɂɯ)ȭɯ-ÌÜÙÖÓȭɯ-ÌÜÙÖÚÜÙÎȭɯ

/ÚàÊÏÐÈÛÙàȮɯÝÖÓȭɯƙƜȮɯÕÖȭɯƗȮɯ××ȭɯƗƖƚɬƗƗƘȮɯƕƝƝƙȮɯËÖÐȯɯƕƔȭƕƕƗƚɤÑÕÕ×ȭƙƜȭƗȭƗƖƚȭ 

ȻƖƙȼ )ȭɯ6ÜɯÌÛɯÈÓȭȮɯɁ"ÖÕÕÌÊÛÐÝÐÛàɯÔÌÈÚÜÙÌÚɯÈÙÌɯÙÖÉÜÚÛɯÉÐÖÔÈÙÒÌÙÚɯÖÍɯÊÖÙÛÐÊÈÓɯÍÜÕÊÛÐÖÕɯÈÕËɯ×ÓÈÚÛÐÊÐÛàɯ

ÈÍÛÌÙɯÚÛÙÖÒÌȮɂɯ!ÙÈÐÕȮɯÝÖÓȭɯƕƗƜȮɯÕÖȭɯƜȮɯ××ȭɯƖƗƙƝɬƖƗƚƝȮɯ ÜÎȭɯƖƔƕƙȮɯËÖÐȯɯƕƔȭƕƔƝƗɤÉÙÈÐÕɤÈÞÝƕƙƚȭ 

ȻƖƚȼ 8ȭɯ!ÌÕÑÈÔÐÕÐɯÈÕËɯ#ȭɯ8ÌÒÜÛÐÌÓÐȮɯɁ3ÏÌɯÊÖÕÛÙÖÓɯÖÍɯÛÏÌɯÍÈÓÚÌɯËÐÚÊÖÝÌÙàɯÙÈÛÌɯÐÕɯÔÜÓÛÐ×ÓÌɯÛÌÚÛÐÕÎɯÜÕËÌÙɯ

ËÌ×ÌÕËÌÕÊàȮɂɯ ÕÕȭɯ2ÛÈÛȭȮɯÝÖÓȭɯƖƝȮɯÕÖȭɯƘȮɯ××ȭɯƕƕƚƙɬƕƕƜƜȮɯ ÜÎȭɯƖƔƔƕȮɯËÖÐȯɯƕƔȭƕƖƕƘɤÈÖÚɤƕƔƕƗƚƝƝƝƝƜȭ 

ȻƖƛȼ 3ȭɯ-ȭɯ+ÈÓɯÌÛɯÈÓȭȮɯɁ2Ü××ÖÙÛɯÝÌÊÛÖÙɯÊÏÈÕÕÌÓɯÚÌÓÌÊÛÐÖÕɯÐÕɯ!"(Ȯɂɯ($$$ɯ3ÙÈÕÚȭɯ!ÐÖÔÌËȭɯ$ÕÎȭȮɯÝÖÓȭɯƙƕȮɯÕÖȭɯ

ƚȮɯ××ȭɯƕƔƔƗɬƕƔƕƔȮɯ)ÜÕȭɯƖƔƔƘȮɯËÖÐȯɯƕƔȭƕƕƔƝɤ3!,$ȭƖƔƔƘȭƜƖƛƜƖƛȭ 

ȻƖƜȼ &ȭɯ .ÜàÈÕÎȮɯ 6ȭɯ 2ÖÔÔÌÙȮɯ ÈÕËɯ "ȭɯ 9ÏÖÜȮɯ Ɂ1ÌÊÖÕÚÛÙÜÊÛÐÕÎɯ $1/ɯ ÈÔ×ÓÐÛÜËÌɯ ÌřÌÊÛÚɯ ÈÍÛÌÙɯ

ÊÖÔ×ÌÕÚÈÛÐÕÎɯÍÖÙɯÛÙÐÈÓɪÛÖɪÛÙÐÈÓɯÓÈÛÌÕÊàɯÑÐŲÌÙȯɯ ɯÚÖÓÜÛÐÖÕɯÉÈÚÌËɯÖÕɯÈɯÕÖÝÌÓɯÈ××ÓÐÊÈÛÐÖÕɯÖÍɯÙÌÚÐËÜÌɯ

ÐÛÌÙÈÛÐÖÕɯ ËÌÊÖÔ×ÖÚÐÛÐÖÕȮɂɯ(ÕÛȭɯ )ȭɯ /ÚàÊÏÖ×ÏàÚÐÖÓȭȮɯ ÝÖÓȭɯ ƕƔƝȮɯ ××ȭɯ ƝɬƖƔȮɯ -ÖÝȭɯ ƖƔƕƚȮɯ ËÖÐȯɯ

ƕƔȭƕƔƕƚɤÑȭÐÑ×ÚàÊÏÖȭƖƔƕƚȭƔƝȭƔƕƙȭ 
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ȻƖƝȼ !ȭɯ3ȭɯ"ÓÌÓÈÕËȮɯ$ȭɯ2ÐÚÌÓȮɯÈÕËɯ2ȭɯ,ÈËÏÈÝÈÕȮɯɁ,ÖÛÖÙɯÌÝÖÒÌËɯ×ÖÛÌÕÛÐÈÓɯÓÈÛÌÕÊàɯÈÕËɯËÜÙÈÛÐÖÕɯÍÙÖÔɯ

ÛÐÉÐÈÓÐÚɯÈÕÛÌÙÐÖÙɯÐÕɯÐÕËÐÝÐËÜÈÓÚɯÞÐÛÏɯÊÏÙÖÕÐÊɯÚÛÙÖÒÌȮɂɯ$ß×ȭɯ!ÙÈÐÕɯ1ÌÚȭȮɯÝÖÓȭɯƖƗƝȮɯÕÖȭɯƛȮɯ×ȭɯƖƖƙƕȮɯ,Èàɯ

ƖƔƖƕȮɯËÖÐȯɯƕƔȭƕƔƔƛɤÚƔƔƖƖƕɪƔƖƕɪƔƚƕƘƘɪƖȭ 

ȻƗƔȼ  ȭɯ(ȭɯ2ÉÜÙÓÌÈɯÈÕËɯ&ȭɯ1ȭɯ,ĹÓÓÌÙɪ/ÜųȮɯɁ$ß×ÓÖÙÐÕÎɯÙÌ×ÙÌÚÌÕÛÈÛÐÖÕÚɯÖÍɯÏÜÔÈÕɯÎÙÈÚ×ÐÕÎɯÐÕɯÕÌÜÙÈÓȮɯ

ÔÜÚÊÓÌɯÈÕËɯÒÐÕÌÔÈÛÐÊɯÚÐÎÕÈÓÚȮɂɯ2ÊÐȭɯ1Ì×ȭȮɯÝÖÓȭɯƜȮɯÕÖȭɯƕȮɯ×ȭɯƕƚƚƚƝȮɯ-ÖÝȭɯƖƔƕƜȮɯËÖÐȯɯƕƔȭƕƔƗƜɤÚƘƕƙƝƜɪ

ƔƕƜɪƗƙƔƕƜɪßȭ 

ȻƗƕȼ %ȭɯ/ÐÊÏÐÖÙÙÐɯÌÛɯÈÓȭȮɯɁ2ÌÕÚÖÙÐÔÖÛÖÙɯÙÏàÛÏÔɪÉÈÚÌËɯÉÙÈÐÕɬÊÖÔ×ÜÛÌÙɯÐÕÛÌÙÍÈÊÌɯÛÙÈÐÕÐÕÎȯɯÛÏÌɯÐÔ×ÈÊÛɯ

ÖÕɯÔÖÛÖÙɯÊÖÙÛÐÊÈÓɯÙÌÚ×ÖÕÚÐÝÌÕÌÚÚȮɂɯ)ȭɯ-ÌÜÙÈÓɯ$ÕÎȭȮɯÝÖÓȭɯƜȮɯÕÖȭɯƖȮɯ×ȭɯƔƖƙƔƖƔȮɯ,ÈÙȭɯƖƔƕƕȮɯËÖÐȯɯ

ƕƔȭƕƔƜƜɤƕƛƘƕɪƖƙƚƔɤƜɤƖɤƔƖƙƔƖƔȭ 
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Ɨȭƕɯ(ÕÛÙÖËÜÊÛÐÖÕ 

 

3ÏÌɯ×ÙÌÚÌÕÛɯÚÌÊÛÐÖÕɯÊÖÔ×ÙÐÚÌÚɯÛÏÌɯÚÛÜËÐÌÚɯÊÖÕËÜÊÛÌËɯÐÕɯÛÏÌɯÊÖÕÛÌßÛɯÖÍɯÛÏÌɯ×ÙÖÑÌÊÛɯ3ÏÌɯ/1.,.3.$1ȯɯ

Èɯ!ÙÈÐÕɯ"ÖÔ×ÜÛÌÙɯ(ÕÛÌÙÍÈÊÌɪÉÈÚÌËɯÐÕÛÌÙÝÌÕÛÐÖÕɯÛÏÈÛɯ×ÙÖÔÖÛÌÚɯÜ××ÌÙɯÓÐÔÉɯÍÜÕÊÛÐÖÕÈÓɯÔÖÛÖÙɯÙÌÊÖÝÌÙàɯÐÕɯ

ÚÜÉÈÊÜÛÌɯÚÛÙÖÒÌɯ×ÈÛÐÌÕÛÚȭɯ ɯÙÈÕËÖÔÐáÌËɯÊÖÕÛÙÖÓÓÌËɯÛÙÐÈÓɯ×ÙÖÛÖÊÖÓɯÛÖɯÛÌÚÛɯÓÖÕÎɪÛÌÙÔɯÌŚÊÈÊàɯÈÕËɯÛÖɯÐËÌÕÛÐÍàɯ

ËÌÛÌÙÔÐÕÈÕÛÚɯÖÍɯÙÌÚ×ÖÕÚÌɯÛÖɯÐÕÛÌÙÝÌÕÛÐÖÕɯȹ1%ɪƖƔƕƜɪƕƖƗƚƙƖƕƔȺ3ɯȻƕȼȭɯ(ÕɯÌÚÚÌÕÊÌȮɯÛÏÌɯ×ÙÖÑÌÊÛɯÊÖÕÚÐÚÛÌËɯÖÍɯÈɯ

ÓÖÕÎÐÛÜËÐÕÈÓɯÙÈÕËÖÔÐáÌËɯÊÖÕÛÙÖÓÓÌËɯÛÙÐÈÓɯÐÕɯÞÏÐÊÏɯÚÜÉÈÊÜÛÌɯÚÛÙÖÒÌɯ×ÈÛÐÌÕÛÚɯÜÕËÌÙÞÌÕÛɯÈɯ,(ɪ!"(ɯ

ÈÚÚÐÚÛÌËɯÏÈÕËɯÔÖÛÖÙɯÐÔÈÎÌÙàɯÛÙÈÐÕÐÕÎɯÞÐÛÏɯÛÏÌɯÔÈÐÕɯÖÉÑÌÊÛÐÝÌÚɯÖÍɯÐÕÝÌÚÛÐÎÈÛÐÕÎɯÓÖÕÎɪÛÌÙÔɯÌŚÊÈÊàɯÐÕɯ

ÌÕÏÈÕÊÐÕÎɯ×ÖÚÛɪÚÛÙÖÒÌɯÍÜÕÊÛÐÖÕÈÓɯÏÈÕËɯÔÖÛÖÙɯÙÌÊÖÝÌÙàɯÈÕËɯ×ÙÖÝÐËÐÕÎɯÐÕËÐÊÌÚɯÚÌÕÚÐÛÐÝÌɯÛÖɯÛÏÌɯ

×ÈÛÐÌÕÛÚɅɯÙÌÚ×ÖÕÚÌɯÛÖɯÈɯ,(ɪ!"(ɯÉÈÚÌËɯÐÕÛÌÙÝÌÕÛÐÖÕȭɯ3ÏÐÚɯÚÌÊÛÐÖÕɯ×ÙÌÚÌÕÛÚɯÛÏÌɯŗÕËÐÕÎÚɯÖÍɯÛÏÌɯÈÕÈÓàÚÐÚɯ

ÖÍɯÛÏÌɯÌÓÌÊÛÙÖÌÕÊÌ×ÏÈÓÖÎÙÈ×ÏÐÊɯËÈÛÈɯÊÖÓÓÌÊÛÌËɯÍÙÖÔɯÛÏÌɯ×ÙÖÑÌÊÛȮɯÐÕɯÛÈÕËÌÔɯÞÐÛÏɯÛÏÌɯÊÓÐÕÐÊÈÓɯÚÊÈÓÌÚɀɯ

ÌßÈÔÐÕÈÛÐÖÕȭɯ 

3ÏÌɯÚÌÊÛÐÖÕɯÐÚɯÖÙÎÈÕÐáÌËɯÐÕÛÖɯÚÐßɯÔÈÐÕɯ×ÈÙÛÚȭɯ3ÏÌɯÐÕÐÛÐÈÓɯ×ÈÙÛɯÖÜÛÓÐÕÌÚɯÛÏÌɯÓÐÛÌÙÈÛÜÙÌɯŗÕËÐÕÎÚɯÐÕɯÙÌÓÈÛÐÖÕɯ

ÛÖɯ$$&ɪÉÈÚÌËɯÐÕËÐÊÌÚɯÈÚɯÉÐÖÔÈÙÒÌÙÚɯÈÕËɤÖÙɯ×ÙÌËÐÊÛÖÙÚɯÖÍɯÔÖÛÖÙɯÙÌÊÖÝÌÙàȭɯ3ÏÌɯÚÌÊÖÕËɯ×ÈÙÛɯÊÖÔ×ÙÐÚÌÚɯ

ÈɯËÌÚÊÙÐ×ÛÐÖÕɯÖÍɯÛÏÌɯ×ÙÖÑÌÊÛɯ×ÙÖÛÖÊÖÓɯÈÕËɯÛÏÌɯÚÛÈÛÌËɯÈÐÔÚȭɯ3ÏÌɯÙÌÚÜÓÛÚɯÊÖÕÊÌÙÕÐÕÎɯÛÏÌɯÚÏÖÙÛɪɯÈÕËɯÓÖÕÎɪ

ÛÌÙÔɯÌřÌÊÛÚɯÖÍɯ,(ɪ!"(ɯÛÙÈÐÕÐÕÎɯÈÙÌɯ×ÙÌÚÌÕÛÌËɯÐÕɯ2ÛÜËàɯƕɯȹ2ÛÜËàɯƕɯɪɯ2ÏÖÙÛɪɯÈÕËɯÓÖÕÎɪɯÛÌÙÔɯÌřÌÊÛÚɯ

ÈÚÚÖÊÐÈÛÌËɯÞÐÛÏɯÛÏÌɯ,(ɪ!"(ɯÛÙÈÐÕÐÕÎɯÉÈÚÌËɯÖÕɯÛÏÌɯ/ÙÖÔÖÛÖÌÙɯÚàÚÛÌÔȺɯÙÌ×ÖÙÛÌËɯÐÕɯÛÏÌɯÛÏÐÙËɯ×ÈÙÛȮɯÐÕÊÓÜËÐÕÎɯ

ÛÏÌɯÈÕÈÓàÚÐÚɯÖÍɯÛÏÌɯÚÌÕÚÐÛÐÝÐÛàɯÖÍɯÛÏÌɯÐÕËÐÊÌÚɯÛÖɯÛÏÌɯÙÌÚ×ÖÕÚÌɯÖÍɯ,(ɪ!"(ɯÛÙÈÐÕÐÕÎȭɯ2ÜÉÚÌØÜÌÕÛÓàȮɯÐÕɯÛÏÌɯ

ÍÖÜÙÛÏɯ×ÈÙÛɯȹ2ÛÜËàɯƖɯɬɯ$$&ɪÉÈÚÌËɯÐÕËÐÊÌÚɯÈÚɯØÜÈÕÛÐÛÈÛÐÝÌɯËÌÚÊÙÐ×ÛÖÙÚɯÖÍɯÔÖÛÖÙɯÐÔ×ÈÐÙÔÌÕÛɯÈÕËɯ×ÙÌËÐÊÛÖÙÚɯÖÍɯ

ÔÖÛÖÙɯÙÌÊÖÝÌÙàȺȮɯÛÏÌɯÐÕËÐÊÌÚɯÈÙÌɯÈÕÈÓàáÌËɯÈÛɯÛÏÌɯÉÈÚÌÓÐÕÌɯÐÕɯÖÙËÌÙɯÛÖɯËÌÛÌÙÔÐÕÌɯÛÏÌÐÙɯ×ÖÛÌÕÛÐÈÓɯÈÚɯ

ÉÐÖÔÈÙÒÌÙÚȭɯ%ÜÙÛÏÌÙÔÖÙÌȮɯÐÕɯÛÏÌɯÚÈÔÌɯÚÜÉÚÌÊÛÐÖÕȮɯËÌÊÐÚÐÖÕɯÛÙÌÌɯ×ÙÌËÐÊÛÐÝÌɯÔÖËÌÓÚɯÈÙÌɯÌßÈÔÐÕÌËɯÛÖɯ

ËÌÛÌÙÔÐÕÌɯÛÏÌɯÍÈÊÛÖÙÚɯÈÔÖÕÎɯ$$&ɪÉÈÚÌËɯÐÕËÐÊÌÚȮɯÊÓÐÕÐÊÈÓɯÚÊÈÓÌÚɯÈÕËɯËÌÔÖÎÙÈ×ÏÐÊɯËÈÛÈɯÛÏÈÛɯÊÈÕɯ

×ÙÌËÐÊÛɯÔÖÛÖÙɯÍÜÕÊÛÐÖÕÈÓɯÙÌÊÖÝÌÙàȭɯ ÕɯÌß×ÓÖÙÈÛÐÝÌɯÚÛÜËàɯÞÈÚɯÊÖÕËÜÊÛÌËɯÐÕɯ×ÖÚÛɪÚÛÙÖÒÌɯ×ÈÛÐÌÕÛÚɯÛÖɯ

ÌßÈÔÐÕÌɯÈÕɯÐÕËÌßɯÉÈÚÌËɯÖÕɯ$$&ɯÌÕÛÙÖ×àɯÐÕɯÙÌÚÛÐÕÎɯÚÛÈÛÌɯÊÖÕËÐÛÐÖÕÚɯÛÏÈÛɯÞÈÚɯ×ÙÌÝÐÖÜÚÓàɯÌÔ×ÓÖàÌËɯ

ÐÕɯÖÛÏÌÙɯÈ××ÓÐÊÈÛÐÖÕɯŗÌÓËÚɯȹ2ÛÜËàɯƗɯɬɯ ÕÈÓàÚÐÚɯÖÍɯÊÖÔ×ÓÌßÐÛàɯÐÕɯÙÌÚÛÐÕÎɯÚÛÈÛÌɯÌÓÌÊÛÙÖÌÕÊÌ×ÏÈÓÖÎÙÈ×ÏÐÊɯÛÙÈÊÌÚɯ

ÐÕɯÚÛÙÖÒÌɯ×ÈÛÐÌÕÛÚɯÉàɯÔÌÈÕÚɯÖÍɯÈ××ÙÖßÐÔÈÛÌɯÌÕÛÙÖ×àȺȭɯ%ÐÕÈÓÓàȮɯÈɯÊÖÕÊÓÜÚÐÖÕɯÚÜÉÚÌÊÛÐÖÕɯÞÐÓÓɯÌÕÊÈ×ÚÜÓÈÛÌɯ

ÔÈÐÕɯÐÕÚÐÎÏÛÚȭ 

 ɯËÌÚÊÙÐ×ÛÐÖÕɯÖÍɯÈÓÓɯÛÏÌɯÊÓÐÕÐÊÈÓɯÚÊÈÓÌÚɯÙÌÍÌÙÌÕÊÌËɯÐÕɯÛÏÌɯ×ÙÌÚÌÕÛɯÚÌÊÛÐÖÕɯÊÈÕɯÉÌɯÍÖÜÕËɯÐÕɯ ××ÌÕËÐßɯ ȭ 

 

 

 

 

 

 
3 The project The PROMOTOER: a Brain Computer Interface-based intervention that promotes upper limb functional motor recovery 

in subacute stroke patients. A randomized controlled trial protocol to test long-term efficacy and to identify determinants of response to 

intervention (RF-2018-12365210) was funded by the Italian National Ministry of Health and involved the collaboration between 

the Fondazione Santa Lucia IRCCS (Rome, Italy), the Department of Computer, Control, and Management Engineering of the 

Sapienza University of Rome (Italy) and the Italian National Institute of Health. 
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ƗȭƖɯ$ÓÌÊÛÙÖÌÕÊÌ×ÏÈÓÖÎÙÈ×ÏÐÊɪÉÈÚÌËɯÐÕËÐÊÌÚ 

 

&ÐÝÌÕɯÛÏÌɯÏÌÛÌÙÖÎÌÕÌÖÜÚɯÕÈÛÜÙÌɯÖÍɯÚÛÙÖÒÌɯÈÕËɯÛÏÌɯÔÜÓÛÐÛÜËÌɯÖÍɯÛÙÌÈÛÔÌÕÛÚɯÍÖÙɯ×ÖÚÛɪÚÛÙÖÒÌɯÔÖÛÖÙɯ

ÙÌÊÖÝÌÙàȮɯÛÏÌɯÐËÌÕÛÐŗÊÈÛÐÖÕɯÈÕËɯÊÏÈÙÈÊÛÌÙÐáÈÛÐÖÕɯÖÍɯÕÌÞɯÉÐÖÔÈÙÒÌÙÚɯÈÕËɤÖÙɯ×ÙÌËÐÊÛÖÙÚɯÖÍɯÍÜÕÊÛÐÖÕÈÓɯ

ÙÌÊÖÝÌÙàɯ ÐÚɯ ÉÌÊÖÔÐÕÎɯ ÖÍɯ ÊÙÜÊÐÈÓɯ ÐÔ×ÖÙÛÈÕÊÌɯȻƖȼȮɯ ȻƗȼȮɯ ȻƘȼȮɯ ȻƙȼȮɯ ȻƚȼȮɯ ȻƛȼȮɯ ȻƜȼȭɯ 3ÏÌɯ ÈÕÈÓàÚÐÚɯ ÈÕËɯ

ÊÏÈÙÈÊÛÌÙÐáÈÛÐÖÕɯÖÍɯÐÕËÐÊÌÚɯÊÈÕɯÙÌÚÜÓÛɯÐÕɯÈɯÕÜÔÉÌÙɯÖÍɯÉÌÕÌŗÊÐÈÓɯÖÜÛÊÖÔÌÚɯÐÕɯÚÜÊÏɯÊÖÕÛÌßÛȮɯÐÕÊÓÜËÐÕÎɯ

ÛÏÌɯÐÕÊÙÌÈÚÌɯÖÍɯÕÌÜÙÖ×ÏàÚÐÖÓÖÎÐÊÈÓɯÒÕÖÞÓÌËÎÌɯÙÌÎÈÙËÐÕÎɯÔÖÛÖÙɯÙÌÊÖÝÌÙàȮɯËÐÚÌÈÚÌɯ×ÙÖÎÙÌÚÚÐÖÕɯ

ÔÖÕÐÛÖÙÐÕÎȮɯÌÕÏÈÕÊÌËɯËÐÈÎÕÖÚÛÐÊɯ×ÙÌÊÐÚÐÖÕȮɯÛÏÌɯËÐÚÊÖÝÌÙàɯÖÍɯÕÖÝÌÓɯÛÏÌÙÈ×ÌÜÛÐÊɯÛÈÙÎÌÛÚȮɯÎÈÐÕɯÐÕÚÐÎÏÛɯ

ÐÕÛÖɯÛÏÌɯÖÝÌÙÈÓÓɯÙÌÚ×ÖÕÚÌɯÛÖɯËÐřÌÙÌÕÛɯÙÌÏÈÉÐÓÐÛÈÛÐÖÕɯ×ÙÖÛÖÊÖÓÚȮɯÔÖÙÌɯÈÊÊÜÙÈÛÌɯ×ÙÌËÐÊÛÐÖÕɯÖÍɯÊÓÐÕÐÊÈÓɯ

ÖÜÛÊÖÔÌÚɯÈÕËɯÛÏÌɯÐËÌÕÛÐŗÊÈÛÐÖÕɯÖÍɯÛÏÌɯÔÖÚÛɯÈ××ÙÖ×ÙÐÈÛÌɯÛÙÌÈÛÔÌÕÛɯÍÖÙɯ×ÈÛÐÌÕÛÚȭɯ 

3ÏÌɯÐÕËÐÊÌÚɯÉÈÚÌËɯÖÕɯ$$&ɯÚÐÎÕÈÓÚȮɯÞÏÐÊÏɯÈÙÌɯÔÈÐÕÓàɯÌÔ×ÓÖàÌËɯÐÕɯÛÏÌɯÚÛÙÖÒÌɯÓÐÛÌÙÈÛÜÙÌȮɯÊÈÕɯÉÌɯ

ÊÓÈÚÚÐŗÌËɯÐÕÛÖɯÛÏÌɯÍÖÓÓÖÞÐÕÎɯÊÈÛÌÎÖÙÐÌÚɯȻƗȼȮɯȻƜȼȮɯȻƝȼȮɯȻƕƔȼȯɯÛÏÖÚÌɯËÌÙÐÝÌËɯÐÕɯÛÏÌɯÍÙÌØÜÌÕÊàɯËÖÔÈÐÕȮɯ

ÐÕËÐÊÌÚɯÙÌÓÈÛÌËɯÛÖɯÛÏÌɯÊÖÕÕÌÊÛÐÝÐÛàɯÉÌÛÞÌÌÕɯÉÙÈÐÕɯÈÙÌÈÚȮɯÛÏÖÚÌɯÙÌÓÈÛÌËɯÛÖɯÛÏÌɯÚàÔÔÌÛÙàɯÉÌÛÞÌÌÕɯ

ÏÌÔÐÚ×ÏÌÙÌÚȮɯÐÕËÐÊÌÚɯÈÚÚÖÊÐÈÛÌËɯÞÐÛÏɯÊÖÙÛÐÊÖɪÔÜÚÊÜÓÈÙɯÊÖÏÌÙÌÕÊÌȮɯÔÌÈÚÜÙÌÚɯÖÍɯÙÏàÛÏÔÐÊɯ×ÙÖ×ÌÙÛÐÌÚȮɯ

ÈÕËɯÛÏÖÚÌɯËÌÙÐÝÌËɯÍÙÖÔɯÌÝÌÕÛɪÙÌÓÈÛÌËɯÈÊÛÐÝÐÛàȭɯ Úɯ×ÙÌÝÐÖÜÚÓàɯÙÌ×ÖÙÛÌËɯÐÕɯȻƛȼȮɯȻƝȼȮɯÛÏÌɯÚÌÓÌÊÛÐÖÕɯÖÍɯÈɯ

ÉÐÖÔÈÙÒÌÙɯÔÈàɯÉÌɯÐÕŘÜÌÕÊÌËɯÉàɯÛÏÌɯ×ÏÈÚÌɯÖÍɯÛÏÌɯ×ÈÛÏÖÓÖÎàɯȹÈÊÜÛÌȮɯÚÜÉÈÊÜÛÌȮɯÊÏÙÖÕÐÊȺɯÈÕËɯÛÏÌɯÛà×Ìɯ

ÖÍɯÚÛÙÖÒÌɯȹÐÚÊÏÌÔÐÊȮɯÏÈÌÔÖÙÙÏÈÎÐÊȺȭɯ ÚɯÙÌ×ÖÙÛÌËɯÐÕɯÛÏÌɯÙÌÝÐÌÞɯÉàɯ&ȭɯ,ÐÓÈÕÐɯÌÛɯÈÓȭɯȻƝȼȮɯÛÏÌɯÔÈÑÖÙÐÛàɯÖÍɯ

ÚÛÜËÐÌÚɯÖÕɯÚÜÉÈÊÜÛÌɯ×ÈÛÐÌÕÛÚɯÐÕÝÌÚÛÐÎÈÛÌ 

ÐÕËÐÊÌÚɯÉÈÚÌËɯÖÕɯÚ×ÌÊÛÙÈÓɯ×ÖÞÌÙɯ×ÙÖ×ÌÙÛÐÌÚɯÈÕËɯÉÙÈÐÕɯÚàÔÔÌÛÙàȭɯ3ÏÌɯ×ÙÐÕÊÐ×ÈÓɯÐÕËÐÊÌÚɯ×ÌÙÛÈÐÕÐÕÎɯÛÖɯ

ÛÏÌɯÍÙÌØÜÌÕÊàɯËÖÔÈÐÕɯÈÙÌɯÈÚÚÖÊÐÈÛÌËɯÞÐÛÏɯÛÏÌɯÎÓÖÉÈÓɯÙÌÓÈÛÐÝÌɯ×ÖÞÌÙɯÐÕɯÛÏÌɯÛà×ÐÊÈÓɯ$$&ɯÉÈÕËÚȮɯÕÈÔÌÓàɯ

ËÌÓÛÈɯȹȹƕɪƘȼɯ'áȺȮɯÛÏÌÛÈɯȹȹƘɪƛȭƙȼɯ'áȺȮɯÈÓ×ÏÈɯȹȹƛȭƙɪƕƖȭƙȼɯ'áȺȮɯÈÕËɯÉÌÛÈɯȹȹƕƖȭƙɪƗƔȼɯ'áȺȭɯ ËËÐÛÐÖÕÈÓÓàȮɯÛÏÌɯ

ÙÈÛÐÖÚɯÉÌÛÞÌÌÕɯÎÓÖÉÈÓɯÈÉÚÖÓÜÛÌɯ×ÖÞÌÙɯÈÙÌɯÈÓÚÖɯÊÖÕÚÐËÌÙÌËȭɯ6ÐÛÏɯÙÌÎÈÙËɯÛÖɯÛÏÌɯÓÈÚÛɯÖÕÌÚȮɯÛÏÌɯÔÖÚÛɯ

ÊÖÔÔÖÕɯÐÕËÐÊÌÚɯÈÙÌɯÛÏÌɯÍÖÓÓÖÞÐÕÎȯɯÛÏÌɯ×ÖÞÌÙɯÙÈÛÐÖɯÐÕËÌßɯȹ/1(ȺȮɯÛÏÌɯËÌÓÛÈɯÈÓ×ÏÈɯÙÈÛÐÖɯȹ# 1ȺȮɯÛÏÌɯÛÏÌÛÈɯ

ÉÌÛÈɯÙÈÛÐÖɯȹ3!1ȺȮɯÛÏÌɯÛÏÌÛÈɯÈÓ×ÏÈɯÙÈÛÐÖɯȹ3 1ȺȮɯÈÕËɯÛÏÌɯÛÏÌÛÈɯÉÌÛÈɯÈÓ×ÏÈɯÙÈÛÐÖɯȹ3! 1Ⱥȭɯ3ÏÌɯ×ÙÐÕÊÐ×ÈÓɯ

ÐÕËÐÊÌÚɯ×ÌÙÛÐÕÌÕÛɯÛÖɯÉÙÈÐÕɯÚàÔÔÌÛÙàɯÈÙÌɯÛÏÌɯÙÌÝÐÚÌËɯÉÙÈÐÕɯÚàÔÔÌÛÙàɯÐÕËÌßɯȹÙ!2(ȺɯÈÕËɯÛÏÌɯ×ÈÐÙÞÐÚÌɪ

ËÌÙÐÝÌËɯÉÙÈÐÕɯÚàÔÔÌÛÙàɯÐÕËÌßɯȹ×Ë!2(Ⱥȭɯ3ÏÌɯ×ÖÛÌÕÛÐÈÓɯÖÍɯ$$&ɯÐÕËÐÊÌÚɯÉÈÚÌËɯÖÕɯ×ÖÞÌÙɯÚ×ÌÊÛÙÜÔɯ

ÈÕÈÓàÚÐÚɯÈÕËɯÏÌÔÐÚ×ÏÌÙÌɯÚàÔÔÌÛÙàɯÛÖɯÚÌÙÝÌɯÈÚɯÉÐÖÔÈÙÒÌÙÚɯȻƗȼȮɯȻƕƕȼȮɯȻƕƖȼȮɯȻƕƗȼȮɯȻƕƘȼȮɯȻƕƙȼȮɯȻƕƚȼɯɯÈÕËɯ

×ÙÌËÐÊÛÖÙÚɯȻƗȼȮɯȻƕƚȼȮɯȻƕƛȼȮɯȻƕƜȼȮɯȻƕƝȼȮɯȻƖƔȼȮɯȻƖƕȼɯÏÈÚɯÉÌÌÕɯ×ÙÌÝÐÖÜÚÓàɯÌÝÈÓÜÈÛÌËɯÉÖÛÏɯÐÕɯÈÊÜÛÌȮɯÚÜÉÈÊÜÛÌɯ

ÈÕËɯÊÏÙÖÕÐÊɯ×ÈÛÐÌÕÛÚȭɯ(ÕɯËÌÛÈÐÓȮɯÐÛɯÐÚɯÞÌÓÓɯÌÚÛÈÉÓÐÚÏÌËɯÛÏÈÛɯÉÙÈÐÕɯÚàÔÔÌÛÙàɯÐÕËÐÊÌÚɯÈÙÌɯÏÐÎÏÌÙɯÐÕɯ×ÖÚÛɪ

ÚÛÙÖÒÌɯ×ÈÛÐÌÕÛÚɯÛÏÈÕɯÐÕɯÏÌÈÓÛÏàɯÐÕËÐÝÐËÜÈÓÚȮɯÈÕËɯÛÏÈÛɯÛÏÌàɯÌßÏÐÉÐÛɯÈɯÚÐÎÕÐŗÊÈÕÛɯÕÌÎÈÛÐÝÌɯÊÖÙÙÌÓÈÛÐÖÕɯ

ÞÐÛÏɯÛÏÌɯÓÌÝÌÓɯÖÍɯÐÔ×ÈÐÙÔÌÕÛɯÈÚɯÔÌÈÚÜÙÌËɯÉàɯÛÏÌɯ%ÜÎÓɪ,ÌàÌÙɯ ÚÚÌÚÚÔÌÕÛɯȹ%, ȺɯȻƕƕȼȮɯȻƕƘȼȮɯȻƕƙȼȭɯ3ÏÌɯ

ÐÕËÐÊÌÚɯ# 1Ȯɯ/1(ɯÈÕËɯÛÏÌɯÙÌÓÈÛÐÝÌɯ×ÖÞÌÙÚɯÐÕɯÛÏÌɯËÌÓÛÈɯÈÕËɯÛÏÌÛÈɯÉÈÕËÚɯÞÌÙÌɯÖÉÚÌÙÝÌËɯÛÖɯÉÌɯÏÐÎÏÌÙɯ

ÐÕɯ×ÈÛÐÌÕÛÚɯÛÏÈÕɯÐÕɯÏÌÈÓÛÏàɯÊÖÕÛÙÖÓÚȮɯÞÏÌÙÌÈÚɯÛÏÌɯÙÌÓÈÛÐÝÌɯ×ÖÞÌÙÚɯÐÕɯÛÏÌɯÈÓ×ÏÈɯÈÕËɯÉÌÛÈɯÉÈÕËÚɯÞÌÙÌɯ

ÍÖÜÕËɯÛÖɯÉÌɯÓÖÞÌÙɯȻƕƖȼȮɯȻƕƗȼȮɯȻƕƘȼȭɯ3ÏÌɯ×ÙÌËÐÊÛÐÝÌɯ×ÙÖ×ÌÙÛÐÌÚɯÖÍɯÛÏÌɯÐÕËÐÊÌÚɯ# 1Ȯɯ/1(ɯÈÕËɯÛÏÌɯÉÙÈÐÕɯ

ÚàÔÔÌÛÙàɯÐÕËÐÊÌÚɯÏÈÝÌɯÈÓÙÌÈËàɯÉÌÌÕɯËÌÔÖÕÚÛÙÈÛÌËɯȻƗȼȮɯȻƕƚȼȮɯȻƕƛȼȮɯȻƕƝȼȮɯȻƖƔȼȮɯȻƖƕȼȭɯ3ÏÌɯÊÏÈÙÈÊÛÌÙÐÚÛÐÊÚɯ

ÖÍɯÛÏÌɯÐÕËÐÊÌÚɯÏÈÝÌɯÉÌÌÕɯÔÖÚÛɯÍÙÌØÜÌÕÛÓàɯÈÕÈÓàÚÌËɯÐÕɯÙÌÚÛÐÕÎɯÚÛÈÛÌɯÊÖÕËÐÛÐÖÕÚȭɯ'ÖÞÌÝÌÙȮɯÐÕɯÛÏÌɯ

ÚÛÜËÐÌÚɯȻƗȼȮɯȻƕƕȼɯÛÏÌɯÐÕËÐÊÌÚɯÞÌÙÌɯÈÓÚÖɯÌÝÈÓÜÈÛÌËɯÖÕɯ$$&ɯÛÙÈÊÌÚɯÊÖÓÓÌÊÛÌËɯËÜÙÐÕÎɯÛÏÌɯ×ÌÙÍÖÙÔÈÕÊÌɯÖÍɯ

ÈɯÛÈÚÒȭɯ(ÕɯÈËËÐÛÐÖÕɯÖÕÓàɯÐÕɯÛÞÖɯÚÛÜËÐÌÚɯȻƗȼȮɯȻƖƔȼɯÛÏÌɯ×ÙÌËÐÊÛÐÝÌɯÍÌÈÛÜÙÌɯÞÈÚɯÈÚÚÖÊÐÈÛÌËɯÞÐÛÏɯÈɯÚ×ÌÊÐŗÊɯ

ÙÌÏÈÉÐÓÐÛÈÛÐÝÌɯÐÕÛÌÙÝÌÕÛÐÖÕȮɯÛÏÜÚɯÐËÌÕÛÐÍàÐÕÎɯÛÏÌɯÐÕËÐÊÌÚɯÈÚɯËÌÛÌÙÔÐÕÈÕÛÚɯÖÍɯÛÙÌÈÛÔÌÕÛɯÙÌÚ×ÖÕÚÌȭ 
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%ÜÙÛÏÌÙÔÖÙÌȮɯ ÛÏÌɯ 2×ÌÊÛÙÈÓɯ $ß×ÖÕÌÕÛɯ ȹ2$ȺȮɯ ÞÏÐÊÏɯ ÙÌŘÌÊÛÚɯ ÛÏÌɯ ×ÖÞÌÙɪÓÈÞɯ ËÌÊÈàɯ ÖÍɯ ÛÏÌɯ /2#ɯ

ÉÈÊÒÎÙÖÜÕËȮɯÞÈÚɯÐËÌÕÛÐŗÌËɯÈÚɯÈɯ×ÙÖÔÐÚÐÕÎɯ×ÖÛÌÕÛÐÈÓɯÉÐÖÔÈÙÒÌÙɯÈÕËɯ×ÙÌËÐÊÛÖÙɯÖÍɯÊÓÐÕÐÊÈÓɯÖÜÛÊÖÔÌɯ

ȻƖƖȼȭɯ(ÛɯÞÈÚɯÊÖÔ×ÜÛÌËɯËÜÙÐÕÎɯÈɯÊÓÖÚÌËɪÌàÌɯÙÌÚÛÐÕÎɯÚÛÈÛÌɯÊÖÕËÐÛÐÖÕȮɯÈÕËɯÈɯËÐřÌÙÌÕÊÌɯÉÌÛÞÌÌÕɯÛÏÌɯÛÞÖɯ

ÏÌÔÐÚ×ÏÌÙÌÚɯÞÈÚɯÈÓÚÖɯÖÉÚÌÙÝÌËɯÐÕɯÚÛÙÖÒÌɯ×ÈÛÐÌÕÛÚȭ 

 

ƗȭƗɯ3ÏÌɯ /1.,.3.$1ȯɯ Èɯ !ÙÈÐÕɯ "ÖÔ×ÜÛÌÙɯ (ÕÛÌÙÍÈÊÌɪÉÈÚÌËɯ

ÐÕÛÌÙÝÌÕÛÐÖÕɯÛÏÈÛɯ×ÙÖÔÖÛÌÚɯÜ××ÌÙɯÓÐÔÉɯÍÜÕÊÛÐÖÕÈÓɯÔÖÛÖÙɯÙÌÊÖÝÌÙàɯÐÕɯ

ÚÜÉÈÊÜÛÌɯÚÛÙÖÒÌɯ×ÈÛÐÌÕÛÚȭɯ ɯÙÈÕËÖÔÐáÌËɯÊÖÕÛÙÖÓÓÌËɯÛÙÐÈÓɯ×ÙÖÛÖÊÖÓɯÛÖɯ

ÛÌÚÛɯÓÖÕÎɪÛÌÙÔɯÌŚÊÈÊàɯÈÕËɯÛÖɯÐËÌÕÛÐÍàɯËÌÛÌÙÔÐÕÈÕÛÚɯÖÍɯÙÌÚ×ÖÕÚÌɯÛÖɯ

ÐÕÛÌÙÝÌÕÛÐÖÕ 
 

ƗȭƗȭƕɯ/ÙÖÛÖÊÖÓ 

 

3ÏÌɯ/ÙÖÑÌÊÛɯ3ÏÌɯ/1.,.3.$1ȯɯÈɯ!ÙÈÐÕɯ"ÖÔ×ÜÛÌÙɯ(ÕÛÌÙÍÈÊÌɪÉÈÚÌËɯÐÕÛÌÙÝÌÕÛÐÖÕɯÛÏÈÛɯ×ÙÖÔÖÛÌÚɯÜ××ÌÙɯÓÐÔÉɯ

ÍÜÕÊÛÐÖÕÈÓɯÔÖÛÖÙɯÙÌÊÖÝÌÙàɯÐÕɯÚÜÉÈÊÜÛÌɯÚÛÙÖÒÌɯ×ÈÛÐÌÕÛÚȭɯ ɯÙÈÕËÖÔÐáÌËɯÊÖÕÛÙÖÓÓÌËɯÛÙÐÈÓɯ×ÙÖÛÖÊÖÓɯÛÖɯÛÌÚÛɯÓÖÕÎɪÛÌÙÔɯ

ÌŚÊÈÊàɯÈÕËɯÛÖɯÐËÌÕÛÐÍàɯËÌÛÌÙÔÐÕÈÕÛÚɯÖÍɯÙÌÚ×ÖÕÚÌɯÛÖɯÐÕÛÌÙÝÌÕÛÐÖÕɯȹ1%ɪƖƔƕƜɪƕƖƗƚƙƖƕƔȺɯÞÈÚɯÍÜÕËÌËɯÉàɯÛÏÌɯ

(ÛÈÓÐÈÕɯ-ÈÛÐÖÕÈÓɯ,ÐÕÐÚÛÙàɯÖÍɯ'ÌÈÓÛÏȭɯ3ÏÌɯÍÜÓÓɯËÌÚÊÙÐ×ÛÐÖÕɯÖÍɯÛÏÌɯ×ÙÖÑÌÊÛɯ×ÙÖÛÖÊÖÓɯÐÚɯ×ÙÌÚÌÕÛÌËɯÐÕɯȻƕȼɯ

ÈÕËɯÐÚɯÖÜÛÓÐÕÌËɯÏÌÙÌɯÐÕɯÚÜÔÔÈÙàɯÍÖÙÔɯȹÚÌÌɯ%ÐÎȭɯƗȭƕȺȭ 

3ÏÌɯ/ÙÖÔÖÛÖÌÙɯÛÙÐÈÓɯÐÚɯÈɯÓÖÕÎÐÛÜËÐÕÈÓɯÙÈÕËÖÔÐáÌËɯÊÖÕÛÙÖÓÓÌËɯÛÙÐÈÓɯÈÕËɯÛÏÌɯ×ÈÙÛÐÊÐ×ÈÕÛɯÙÌÊÙÜÐÛÔÌÕÛȮɯ

ÛÏÌɯÐÕÛÌÙÝÌÕÛÐÖÕɯËÌÓÐÝÌÙàɯÈÕËɯÛÏÌɯËÈÛÈɯÊÖÓÓÌÊÛÐÖÕɯÛÖÖÒɯ×ÓÈÊÌËɯÈÛɯÛÏÌɯ%ÖÕËÈáÐÖÕÌɯ2ÈÕÛÈɯ+ÜÊÐÈɯ(1""2ɯ

ȹ1ÖÔÌȮɯ(ÛÈÓàȺȭɯ2ÜÉÈÊÜÛÌɯ×ÖÚÛɪÚÛÙÖÒÌɯ×ÈÛÐÌÕÛÚɯÞÌÙÌɯÚÊÙÌÌÕÌËɯÈÊÊÖÙËÐÕÎɯÛÖɯÛÏÌɯÍÖÓÓÖÞÐÕÎɯÐÕÊÓÜÚÐÖÕɯ

ÊÙÐÛÌÙÐÈȯɯȹƕȺɯÈÎÌɯÉÌÛÞÌÌÕɯƕƜɯÈÕËɯƜƔɯàÌÈÙÚȰɯȹƖȺɯŗÙÚÛɯÌÝÌÙɯÜÕÐÓÈÛÌÙÈÓɯÚÛÙÖÒÌɯȹÊÖÕŗÙÔÌËɯÉàɯ,ÈÎÕÌÛÐÊɯ

1ÌÚÖÕÈÕÊÌɯ(ÔÈÎÐÕÎɯɪɯ,1(ȺȮɯȹƗȺɯÏÌÔÐ×ÓÌÎÐÈɤÏÌÔÐ×ÈÙÌÚÐÚɯÍÙÖÔɯƕɯÛÖɯƚɯÔÖÕÛÏÚɯÚÐÕÊÌɯÚÛÙÖÒÌȰɯÈÊÊÖÙËÐÕÎɯ

ÛÖɯÛÏÌɯ4××ÌÙɯ$ßÛÙÌÔÐÛàɯ%ÜÎÓɯ,ÌàÌÙɯ ÚÚÌÚÚÔÌÕÛɯȹ4$ɪ%, ȺȮɯÜÚÌËɯÍÖÙɯÌÓÐÎÐÉÐÓÐÛàɯÈÕËɯÚÛÙÈÛÐŗÊÈÛÐÖÕɯÖÍɯ

×ÈÛÐÌÕÛÚȮɯÞÌÙÌɯÐÕÊÓÜËÌËɯÚÌÝÌÙÌɯÈÕËɯÔÖËÌÙÈÛÌɯÚÛÙÖÒÌɯ×ÈÙÛÐÊÐ×ÈÕÛÚɯÈÚɯËÌŗÕÌËɯÉàɯÛÏÌɯ4$ɪ%, ɯÚÊÖÙÐÕÎɯ

ÞÐÛÏÖÜÛɯÛÏÌɯƚɯ×ÖÐÕÛÚɯÙÌÓÈÛÐÝÌɯÛÖɯÙÌŘÌßÌÚɯȹÚÌÝÌÙÌɯ×ÈÙÛÐÊÐ×ÈÕÛÚɯÞÐÛÏɯƔɪƕƝɯÚÊÖÙÌÚɯÈÕËɯÔÖËÌÙÈÛÌɯ

×ÈÙÛÐÊÐ×ÈÕÛÚɯƖƔɪƘƛɯÚÊÖÙÌÚȺȭɯ 

3ÏÌɯÌßÊÓÜÚÐÖÕɯÊÙÐÛÌÙÐÈɯÞÌÙÌȯɯȹÈȺɯÚÌÝÌÙÌɯÕÌÎÓÌÊÛɯÈÕËɯÈ×ÏÈÚÐÈȰɯȹÉȺɯËÌÔÌÕÛÐÈȰɯȹÊȺɯÚ×ÈÚÛÐÊÐÛàɯÖÍɯÛÏÌɯ

ÚÏÖÜÓËÌÙȮɯÌÓÉÖÞɯÈÕËɯÞÙÐÚÛɯÚÊÖÙÌËɯÏÐÎÏÌÙɯÛÏÈÕɯƘɯÖÕɯÛÏÌɯ,ÖËÐŗÌËɯ ÚÏÞÖÙÛÏɯ2ÊÈÓÌɯȹ, 2ȺȰɯȹËȺɯ4$ɪ

%, ɯǿɯƘƛɯȹÖÜÛɯÖÍɯƚƔɯÚÊÖÙÌȺɯÛÏÈÛɯËÌŗÕÌËɯÔÐÓËɯ×ÈÙÛÐÊÐ×ÈÕÛÚȰɯȹÌȺɯ3ÖÒÌÕɯ3ÌÚÛɯȹ33ȺɯǾɯƖƝɯÚÊÖÙÌȰɯȹÍȺɯ

ÊÖÕÊÖÔÐÛÈÕÛɯÕÌÜÙÖÓÖÎÐÊÈÓɯËÐÚÖÙËÌÙÚȰɯȹÎȺɯÊÖÕÊÖÔÐÛÈÕÛɯÌÕÙÖÓÓÔÌÕÛɯÐÕɯÖÛÏÌÙɯÊÓÐÕÐÊÈÓɯÙÌÚÌÈÙÊÏɯÛÙÐÈÓÚɯ

ÞÏÐÊÏɯÈÙÌɯÉÈÚÌËɯÖÕɯÕÌÜÙÖÔÖËÜÓÈÛÐÖÕɯȹÚÜÊÏɯÈÚɯÙÌ×ÌÛÐÛÐÝÌɯ3ÙÈÕÚÊÙÈÕÐÈÓɯ,ÈÎÕÌÛÐÊɯ2ÛÐÔÜÓÈÛÐÖÕɯȹ3,2ȺȮɯ

ÛÙÈÕÚÊÙÈÕÐÈÓɯËÐÙÌÊÛɯÊÜÙÙÌÕÛɯÚÛÐÔÜÓÈÛÐÖÕȺȮɯÙÖÉÖÛÐÊÚȮɯÝÐÙÛÜÈÓɯÙÌÈÓÐÛàɯÈÕËɯÊÖÎÕÐÛÐÝÌɯÛÙÈÐÕÐÕÎɯÙÌØÜÐÙÐÕÎɯ

ÔÌÕÛÈÓɯÐÔÈÎÌÙàɯÌÝÌÕɯÐÍɯÛÏÌɯÊÖÕÛÌÕÛɯÖÍɯÐÔÈÎÐÕÈÛÐÖÕɯÐÚɯËÐřÌÙÌÕÛɯÍÙÖÔɯÛÏÈÛɯÖÍɯÛÏÌɯÚÛÜËàɯÐÕÛÌÙÝÌÕÛÐÖÕȭ 

2ÜÉÚÌØÜÌÕÛÓàɯÛÖɯÛÏÌɯÚÊÙÌÌÕÐÕÎɯÚÛÌ×ɯȹ3ȹɪƕȺȮɯ%ÐÎȭɯƗȭƕȺȮɯƘƝɯ×ÈÛÐÌÕÛÚɯÞÌÙÌɯÚÌÓÌÊÛÌËɯÈÕËɯÌÕÙÖÓÓÌËɯÐÕɯÛÏÌɯÛÙÐÈÓȭɯ

.ÕÊÌɯÛÏÌɯÉÈÚÌÓÐÕÌɯÌÝÈÓÜÈÛÐÖÕɯȹ3ƔȺɯÞÈÚɯÊÖÔ×ÓÌÛÌȮɯ×ÈÛÐÌÕÛÚɯÞÌÙÌɯÙÈÕËÖÔÐáÌËɯÐÕÛÖɯÛÞÖɯÐÕÛÌÙÝÌÕÛÐÖÕɯ

ÎÙÖÜ×ÚȯɯÛÏÌɯ!"(ɪÈÚÚÐÚÛÌËɯ,(ɯÛÙÈÐÕÐÕÎɯÎÙÖÜ×ɯȹ!"(ȺɯÖÙɯÛÏÌɯ,(ɯÛÙÈÐÕÐÕÎɯÞÐÛÏÖÜÛɯ!"(ɯÊÖÕÛÙÖÓɯÎÙÖÜ×ɯ

ȹÊÖÕÛÙÖÓȮɯ"31+Ⱥȭɯ3ÞÌÕÛàɪŗÝÌɯ×ÈÛÐÌÕÛÚɯÞÌÙÌɯÈÚÚÐÎÕÌËɯÛÖɯÛÏÌɯ!"(ɯÎÙÖÜ×ɯÖÍɯÞÏÖÔɯƖƘɯÊÖÔ×ÓÌÛÌËɯÛÏÌɯ
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ÛÙÈÐÕÐÕÎɯ×ÙÖÎÙÈÔÔÌȭɯ%ÖÙɯÛÏÌɯ"31+ɯÎÙÖÜ×ȮɯƖƘɯ×ÈÛÐÌÕÛÚɯÞÌÙÌɯÙÈÕËÖÔÓàɯÈÚÚÐÎÕÌËȮɯÖÍɯÞÏÖÔɯƖƖɯ

ÊÖÔ×ÓÌÛÌËɯÛÏÌɯÛÙÈÐÕÐÕÎȭɯ 

3ÏÌɯ!"(ɯÎÙÖÜ×ɯ×ÈÛÐÌÕÛÚɯÍÖÓÓÖÞÌËɯÈɯƕƖɪÚÌÚÚÐÖÕÚɯÛÙÈÐÕÐÕÎɯÞÐÛÏɯÛÏÌɯ/ÙÖÔÖÛÖÌÙȮɯÈÕɯÈÓÓɪÐÕɪÖÕÌɯ!"(ɪ

ÚÜ××ÖÙÛÌËɯÛÙÈÐÕÐÕÎɯÚÛÈÛÐÖÕɯÞÏÐÊÏɯÈÓÓÖÞÚɯÜÚÌÙÚɯÛÖɯ×ÙÈÊÛÐÊÌɯÛÏÌɯÒÐÕÌÚÛÏÌÛÐÊɯ,(ɯÖÍɯÏÈÕËɯÔÖÝÌÔÌÕÛÚɯ

ÚÜÊÏɯÈÚɯÊÓÖÚÐÕÎɯÈÕËɯÖ×ÌÕÐÕÎɯÐÕɯÈɯÊÓÖÚÌɪÓÖÖ×ɯÊÖÕËÐÛÐÖÕȮɯËÌ×ÐÊÛÌËɯÈÕËɯÍÜÓÓàɯËÌÚÊÙÐÉÌËɯÐÕɯ%ÐÎȭƗȭƖɯȻƕȼȭɯ

3ÏÌɯ$$&ɯËÈÛÈɯÖÍɯÛÏÌɯÉÈÚÌÓÐÕÌɯÚÌÚÚÐÖÕɯȹ3ƔȺɯÞÌÙÌɯÌÔ×ÓÖàÌËɯÛÖɯÌßÛÙÈÊÛɯÛÏÌɯ×ÌÙÚÖÕÈÓɯÊÖÕÛÙÖÓɯÍÌÈÛÜÙÌɯÛÖɯ

ËÙÐÝÌɯÛÏÌɯÍÌÌËÉÈÊÒɯËÜÙÐÕÎɯÛÏÌɯÛÙÈÐÕÐÕÎɯÚÌÚÚÐÖÕÚȭɯ3ÏÌɯÊÖÕÛÙÖÓɯÍÌÈÛÜÙÌɯÐÚɯÌßÛÙÈÊÛÌËɯÛÏÙÖÜÎÏɯÛÏÌɯ$$&ɯ

ÖśÐÕÌɯÈÕÈÓàÚÐÚɯÉÈÚÌËɯÖÕɯÈɯÚÌÔÐÈÜÛÖÔÈÛÐÊȮɯ×ÏàÚÐÖÓÖÎÐÊÈÓÓàɪËÙÐÝÌÕɯÐÕÛÌÙÍÈÊÌɯÊÈÓÓÌËɯ&4(#$1ɯȻƖƗȼȮɯ

ÐÔ×ÓÌÔÌÕÛÌËɯÐÕɯ, 3+ !ɯÌÕÝÐÙÖÕÔÌÕÛɯȹ3ÏÌɯ,ÈÛÏ6ÖÙÒÚȮɯ(ÕÊȭȮɯ-ÈÛÐÊÒȮɯ,ÈÚÚÈÊÏÜÚÌŲÚȮɯ42 Ⱥȭɯ3ÏÌɯ

ÊÖÕÛÙÖÓɯ ÍÌÈÛÜÙÌɯ ÐÚɯ ÔÈËÌɯ Ü×ɯ ÖÍɯ ÛÏÌɯ ÊÖÜ×ÓÌɯ ÖÍɯ ÊÏÈÕÕÌÓÚɯ ÈÕËɯ ÍÙÌØÜÌÕÊàɯ ÉÐÕɯ ÛÏÈÛɯ ÚÏÖÞɯ Èɯ

ËÌÚàÕÊÏÙÖÕÐáÈÛÐÖÕɯ×ÈŲÌÙÕɯÈÛɯ$$&ɯÍÙÌØÜÌÕÊÐÌÚɯÛÏÈÛɯÈÙÌɯÛà×ÐÊÈÓɯÍÖÙɯÛÏÌɯÔÖËÜÓÈÛÐÖÕɯÖÍɯÚÌÕÚÖÙÐÔÖÛÖÙɯ

ÙÏàÛÏÔÚɯȹ2,1ÚȺɯÐÕËÜÊÌËɯÉàɯÛÏÌɯ,(ɯÛÈÚÒɯȻƕȼȭɯ#ÜÙÐÕÎɯÛÏÌɯÛÙÈÐÕÐÕÎɯÚÌÚÚÐÖÕÚɯ×ÈÙÛÐÊÐ×ÈÕÛÚȮɯÚÌÈÛÌËɯÖÕɯÈɯ

ÊÖÔÍÖÙÛÈÉÓÌɯÊÏÈÐÙɯÞÐÛÏɯÛÏÌÐÙɯÈÙÔÚɯÙÌÚÛÐÕÎɯÜÕËÌÙɯÛÏÌɯ/ÙÖÔÖÛÖÌÙɯÚÊÙÌÌÕɯȹ%ÐÎȭƗȭƖȺȮɯÞÌÙÌɯÐÕÚÛÙÜÊÛÌËɯÉàɯ

ÛÏÌɯÛÏÌÙÈ×ÐÚÛɯÛÖɯ×ÌÙÍÖÙÔɯÛÏÌɯÒÐÕÌÚÛÏÌÛÐÊɯ,(ɯÖÍɯÛÏÌɯÈřÌÊÛÌËɯÏÈÕËɯÔÖÝÌÔÌÕÛÚɯÌÐÛÏÌÙɯÊÓÖÚÐÕÎɯÖÙɯÖ×ÌÕÐÕÎɯ

ÐÕɯÚÌ×ÈÙÈÛÌɯÙÜÕÚɯÙÈÕËÖÔÓàɯÖÙËÌÙÌËȭɯ$ÈÊÏɯÛÙÈÐÕÐÕÎɯÚÌÚÚÐÖÕɯÊÖÕÚÐÚÛÌËɯÖÍɯƘɯÙÜÕÚɯÞÐÛÏɯƖƔɯÛÙÐÈÓÚɯÌÈÊÏȭɯ3ÏÌɯ

ÐÕÛÌÙÝÌÕÛÐÖÕɯÛÙÈÐÕÐÕÎɯÊÖÔ×ÙÐÚÌËɯÈɯÛÖÛÈÓɯÖÍɯƕƖɯÚÌÚÚÐÖÕÚɯËÌÓÐÝÌÙÌËɯƗɯÛÐÔÌÚɤÞÌÌÒȭ 

"ÖÕÛÙÖÓɪ,(ɯÐÕÛÌÙÝÌÕÛÐÖÕɯÛÙÈÐÕÐÕÎɯÞÈÚɯÐÔ×ÓÌÔÌÕÛÌËɯÜÕËÌÙɯÛÏÌɯÚÈÔÌɯÊÖÕËÐÛÐÖÕÚɯÈÚɯÛÏÌɯÌß×ÌÙÐÔÌÕÛÈÓɯ

ÐÕÛÌÙÝÌÕÛÐÖÕɯȹ!"(ɪ,(ɯÛÙÈÐÕÐÕÎȺȮɯÞÐÛÏɯÛÏÌɯÌßÊÌ×ÛÐÖÕɯÛÏÈÛɯÛÏÌɯ/ÙÖÔÖÛÖÌÙɯÚÛÈÛÐÖÕɯÞÈÚɯÜÛÐÓÐáÌËɯÚÖÓÌÓàɯÍÖÙɯ

ÛÏÌɯ×ÜÙ×ÖÚÌɯÖÍɯ×ÙÖÝÐËÐÕÎɯ×ÈÙÛÐÊÐ×ÈÕÛÚɯÞÐÛÏɯÈɯÝÐÚÜÈÓɯÊÜÌɯÐÕËÐÊÈÛÐÕÎɯÛÏÌɯËÜÙÈÛÐÖÕɯÖÍɯÛÏÌɯ,(ɯÛÙÐÈÓȭɯ3ÏÌɯ

ÐÕÛÌÙÝÌÕÛÐÖÕɯËÖÚÌɯÈÕËɯÛÏÌɯÌß×ÌÙÐÔÌÕÛÈÓɯÛÈÚÒÚɯÞÌÙÌɯÌØÜÐÝÈÓÌÕÛɯÛÖɯÛÏÖÚÌɯÖÍɯÛÏÌɯ!"(ɪ,(ɯÛÙÈÐÕÐÕÎɯ

×ÈÙÈËÐÎÔȭ 

3ÏÌɯ,(ɪ!"(ɯÈÕËɯ,(ɯÛÙÈÐÕÐÕÎÚɯÈÙÌɯÊÖÕÚÐËÌÙÌËɯÈÚɯÈËËɪÖÕɯÐÕÛÌÙÝÌÕÛÐÖÕɯÛÖɯÛÏÌɯÚÛÈÕËÈÙËɯÙÌÏÈÉÐÓÐÛÈÛÐÝÌɯ

ÛÏÌÙÈ×àȭ 

"ÓÐÕÐÊÈÓɯÈÕËɯÕÌÜÙÖ×ÏàÚÐÖÓÖÎÐÊÈÓɯÈÚÚÌÚÚÔÌÕÛÚɯÞÌÙÌɯ×ÌÙÍÖÙÔÌËɯÈÛɯËÐřÌÙÌÕÛɯÛÐÔÌ×ÖÐÕÛÚȯɯÉÌÍÖÙÌɯȹ3ƔȺɯ

ÈÕËɯÈÍÛÌÙɯȹ3ƕȺɯÛÏÌɯÙÌÏÈÉÐÓÐÛÈÛÐÖÕɯÐÕÛÌÙÝÌÕÛÐÖÕɯÈÕËɯƕɯȹ3ƖȺȮɯƗɯȹ3ƗȺɯÈÕËɯƚɯȹ3ƘȺɯÔÖÕÛÏÚɯÈÍÛÌÙɯÛÏÌɯ

ÐÕÛÌÙÝÌÕÛÐÖÕȭɯ3ÏÌɯÚ×ÌÊÐŗÊɯÍÜÕÊÛÐÖÕÈÓɯÚÊÈÓÌÚɯÈËÔÐÕÐÚÛÌÙÌËɯËÜÙÐÕÎɯÈÓÓɯÛÏÌɯÈÚÚÌÚÚÔÌÕÛÚɯÐÕÊÓÜËÌËɯÛÏÌɯ

Ü××ÌÙɪÓÐÔÉɯ%ÜÎÓɪ,ÌàÌÙɯ ÚÚÌÚÚÔÌÕÛɯȹ%, ɤƚƚȺȮɯ-ÈÛÐÖÕÈÓɯ(ÕÚÛÐÛÜÛÌɯÖÍɯ'ÌÈÓÛÏɯ2ÛÙÖÒÌɯ2ÊÈÓÌɯȹ-('22ȺȮɯ

ÛÏÌɯ ÊÛÐÖÕɯ1ÌÚÌÈÙÊÏɯ ÙÔɯ3ÌÚÛɯȹ 1 3ȺȮɯÛÏÌɯ,ÈÕÜÈÓɯ,ÜÚÊÓÌɯ3ÌÚÛɯȹ,,3ȺȮɯÛÏÌɯ,ÖËÐŗÌËɯ ÚÏÞÖÙÛÏɯ

2ÊÈÓÌɯȹ, 2ȺɯÈÕËɯÛÏÌɯ-ÜÔÌÙÐÊɯ1ÈÛÐÕÎɯ2ÊÈÓÌɯÍÖÙɯ×ÈÐÕɯɯȹ-12Ⱥȭɯ(ÕɯÌÝÌÙàɯÈÚÚÌÚÚÔÌÕÛɯ$$&ɯËÈÛÈɯÞÌÙÌɯ

ÙÌÊÖÙËÌËɯÍÙÖÔɯƚƕɯÊÏÈÕÕÌÓÚȮɯÞÐÛÏɯÈɯÊÈ×ɯÔÖÜÕÛÌËɯÈÊÊÖÙËÐÕÎɯÛÖɯÈÕɯÌßÛÌÕÚÐÖÕɯÖÍɯÛÏÌɯ(ÕÛÌÙÕÈÛÐÖÕÈÓɯƕƔɤƖƔɯ

2àÚÛÌÔȭɯɯ2ÐÔÜÓÛÈÕÌÖÜÚÓàɯÛÏÌɯ$,&ɯÈÊÛÐÝÐÛàɯÖÍɯÛÏÌɯ$ßÛÌÕÚÖÙɯ#ÐÎÐÛÖÙÜÔɯÈÕËɯ%ÓÌßÖÙɯ#ÐÎÐÛÖÙÜÔɯÔÜÚÊÓÌÚɯ

ÞÌÙÌɯÊÖÓÓÌÊÛÌËɯÍÙÖÔɯÉÖÛÏɯÜ××ÌÙɯÓÐÔÉÚȭɯ ÛɯÌÈÊÏɯÛÐÔÌɯ×ÖÐÕÛȮɯ×ÈÙÛÐÊÐ×ÈÕÛÚɯÞÌÙÌɯÐÕÚÛÙÜÊÛÌËɯÛÖɯ×ÌÙÍÖÙÔɯ

ÛÏÌɯ,(ɯÖÍɯÎÙÈÚ×ÐÕÎɯÈÕËɯŗÕÎÌÙɯÌßÛÌÕÚÐÖÕɯÛÈÚÒÚɯÞÐÛÏɯÉÖÛÏɯÛÏÌɯÜÕÈřÌÊÛÌËɯÈÕËɯÈřÌÊÛÌËɯÏÈÕËȮɯÚÌ×ÈÙÈÛÌÓàȭɯ

3ÈÒÐÕÎɯÐÕÛÖɯÈÊÊÖÜÕÛɯÛÏÌɯÊÈÚÌÚɯÖÍɯ×ÈÛÐÌÕÛÚɯÞÏÖɯËÙÖ××ÌËɯÖÜÛɯÖÍɯÛÏÌɯÚÛÜËàɯËÜÙÐÕÎɯÛÏÌɯËÐřÌÙÌÕÛɯ

ÛÐÔÌ×ÖÐÕÛÚȮɯ ÖÕÓàɯ ƕƙɯ ÈÕËɯ ƕƗɯ ×ÈÛÐÌÕÛÚɯ ÐÕɯ ÛÏÌɯ !"(ɯ ÈÕËɯ "31+ɯ ÎÙÖÜ×ÚȮɯ ÙÌÚ×ÌÊÛÐÝÌÓàȮɯ ÙÌÈÊÏÌËɯ 3Ƙɯ

ÈÚÚÌÚÚÔÌÕÛȭ 
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Figure 3. 1. Randomized controlled trial protocol description. Patients are screened at timepoint T( -1) for eligibility 

according to the Inclusion/Exclusion (I/E) criteria, the upper -limb Fugl-Meyer Assessment without the six points relative 

to the reflexes (FMA/60) and the Token Test (TT). Following the Informed Consent process, eligible participants are 

screened with the execution of Motor Evoked Potentials (MEP) and the neuropsychological tests, namely Trial Making 

Test (TMT) and Test of Attentional Performance (TAP). After the enrollment phase patients will be evaluated at 5 

timepoints (T0, T1, T2, T3, T4) with clinical scales (FMA/66, National Institute of Health Stroke Scale ɬ NIHSS, Action 

Research Arm Test ɬ ARAT, Manual Muscle Test ɬ MMT, Modified Ashworth Scale ɬ MAS, Numeric Rating Scale for 

pain ɬ NRS), EEG and Magnetic Resonance Imaging (MRI) scans are performed only at T0, T3 and T4 timepoints. 

Between timepoints T0 and T1, patients were randomly assigned to one of two groups and underwent rehabilitative 

training; the BCI -based MI group received a training with the Promotoer, while the Control MI group underwent a 

training based on MI without feedback. Subsequent evaluations are performed after 1 (T2), 3 (T3) and 6 (T4) months after 

the end of the training period. Dataset size (N) is outlined in the figure.  

 

 

 

Figure 3. 2. The Promotoer system [1]. The Promoter is equipped with a computer, a wireless EEG/EMG, a screen for the 

therapist feedback (for the EEG activity and EMG activity monitoring) and screen for the ecological feedback to the 

participant; this ecological feedback is delivered by means of a custom software program that provides for (personalized) 

ÝÐÚÜÈÓɯÙÌ×ÙÌÚÌÕÛÈÛÐÖÕɯÖÍɯÛÏÌɯ×ÈÙÛÐÊÐ×ÈÕÛɀÚɯÖÞÕɯÏÈÕËÚȭɯ ÚɯÚÜÊÏȮɯÛÏÐÚɯÚÖÍÛÞÈÙÌɯÈÓÓÖÞÚɯÛÏÌɯÛÏÌÙÈ×ÐÚÛÚɯÛÖɯÊÙÌÈÛÌɯÈÕɯÈÙÛÐÍÐÊÐÈÓɯ

ÙÌ×ÙÖËÜÊÛÐÖÕɯÖÍɯÈɯÎÐÝÌÕɯ×ÈÙÛÐÊÐ×ÈÕÛɀÚɯÏÈÕËɯÈÕËɯÍÖÙÌÈÙÔɯÉàɯÈËÑÜÚÛÐÕÎɯÈɯdigitally created image in shape, size, skin color 

and orientation to match as much as possible the real hand and arm of the participant. Real-time feedback is provided 

by means of BCI2000 software [24]. The degree of EEG desynchronization over selected electrodes within selected 

ÍÙÌØÜÌÕÊÐÌÚɯȹ!"(ɯÊÖÕÛÙÖÓɯÍÌÈÛÜÙÌÚȺɯËÌÛÌÙÔÐÕÌÚɯÛÏÌɯÝÌÙÛÐÊÈÓɯÝÌÓÖÊÐÛàɯÖÍɯÛÏÌɯÊÜÙÚÖÙɯÖÕɯÛÏÌɯÛÏÌÙÈ×ÐÚÛɀÚɯÚÊÙÌÌÕɯÈÕËɯÐÛɯÖ×ÌÙÈÛÌÚɯ

ÛÏÌɯɁÝÐÙÛÜÈÓɂɯÏÈÕËɯÚÖÍÛÞÈÙÌɯÈÊÊÖÙËÐÕÎÓàȭɯ3ÏÌɯÐÔÈÎÌɯÐÚ original as it is owned by the authors. [1] 
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ƗȭƗȭƖɯ ÐÔÚ 

 

3ÏÌɯÔÈÐÕɯÈÐÔÚɯÖÍɯÛÏÌɯ/1.,.3.$1ɯ×ÙÖÑÌÊÛɯÈÙÌɯÛÏÌɯÍÖÓÓÖÞÐÕÎȯɯ 

¶ ÛÖɯÛÌÚÛɯÛÏÌɯ×ÖÛÌÕÛÐÈÓɯÝÈÓÐËÐÛàɯÖÍɯÛÏÌɯ/ÙÖÔÖÛÖÌÙɪÉÈÚÌËɯÐÕÛÌÙÝÌÕÛÐÖÕɯÖÕɯÚÜÉÈÊÜÛÌɯÚÛÙÖÒÌɯ×ÈÛÐÌÕÛÚɯ

ÛÖɯÈÚÚÌÚÚɯÛÏÌɯÈÊÛÜÈÓɯÌŚÊÈÊàȭɯ3ÏÐÚɯÈÐÔɯÙÌÍÌÙÚɯÛÖɯÛÏÌɯÚÏÖÙÛɪÛÌÙÔɯÌřÌÊÛÚɯÖÜÛÓÐÕÌËɯÐÕɯ%ÐÎȭƗȭƕȰ 

¶ ÛÖɯËÌŗÕÌɯÛÏÌɯÓÖÕÎɪÛÌÙÔɯÌřÌÊÛÚɯÖÍɯÛÏÌɯ/ÙÖÔÖÛÖÌÙɯÐÕÛÌÙÝÌÕÛÐÖÕɯȹ%ÐÎȭƗȭƕȺȰ 

¶ ÛÖɯÐËÌÕÛÐÍàɯØÜÈÕÛÐŗÊÈÉÓÌɯÐÕËÐÊÌÚɯȹÉÌàÖÕËɯÊÓÐÕÐÊÈÓɯÚÊÈÓÌÚȺɯÚÌÕÚÐÉÓÌɯÛÖɯ×ÈÛÐÌÕÛɅÚɯÙÌÚ×ÖÕÚÌɯÛÖɯÈɯ

/ÙÖÔÖÛÖÌÙɪÉÈÚÌËɯÐÕÛÌÙÝÌÕÛÐÖÕȭ 
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ƗȭƘɯ2ÛÜËàɯƕɯɪɯ2ÏÖÙÛɪɯÈÕËɯÓÖÕÎɪɯÛÌÙÔɯÌřÌÊÛÚɯÈÚÚÖÊÐÈÛÌËɯÞÐÛÏɯÛÏÌɯ,(ɪ

!"(ɯÛÙÈÐÕÐÕÎɯÉÈÚÌËɯÖÕɯÛÏÌɯ/ÙÖÔÖÛÖÌÙɯÚàÚÛÌÔ 

 

ƗȭƘȭƕɯ!ÈÊÒÎÙÖÜÕËɯÈÕËɯÖÉÑÌÊÛÐÝÌÚ 

 

.ÝÌÙɯÛÏÌɯÓÈÚÛɯËÌÊÈËÌȮɯÚÛÜËÐÌÚɯÖÕɯ$$&ɪÉÈÚÌËɯ!"(ɯÍÖÙɯÛÏÌɯÜ××ÌÙɯÓÐÔÉɯÔÖÛÖÙɯÙÌÊÖÝÌÙàɯÍÖÓÓÖÞÐÕÎɯÈɯ

ÚÛÙÖÒÌȮɯÏÈÝÌɯ×ÙÖÝÌËɯÌÝÐËÌÕÊÌɯɯÖÍɯÊÓÐÕÐÊÈÓɯÌŚÊÈÊàɯȻƖƙȼȮɯȻƖƚȼȮɯȻƖƛȼȮɯȻƖƜȼȭɯ(ÕɯÛÏÌɯÙÌÏÈÉÐÓÐÛÈÛÐÖÕɯÚÌŲÐÕÎȮɯ!"(ɯ

×ÈÙÈËÐÎÔÚɯÈÙÌɯ×ÙÌËÖÔÐÕÈÕÛÓàɯÉÈÚÌËɯÖÕɯÛÏÌɯ$$&ɯÛÌÊÏÕÐØÜÌɯÛÖɯËÌÛÌÊÛɯÛÏÌɯÔÖËÜÓÈÛÐÖÕɯÖÍɯÕÌÜÙÖÌÓÌÊÛÙÐÊɯ

ÚÐÎÕÈÓÚɯÓÐÒÌȮɯÐÕɯÔÖÚÛɯÊÈÚÌÚȮɯÛÏÌɯ2,1ÚɯÈÚɯÍÖÙɯÛÏÌɯ/ÙÖÔÖÛÖÌÙɯÚàÚÛÌÔɯȹ%ÐÎȭƗȭƖȺȭɯ2,1ÚɯÈÙÌɯÖÚÊÐÓÓÈÛÐÖÕÚɯÛÏÈÛɯ

ÖÊÊÜÙɯÐÕɯÛÏÌɯÈÓ×ÏÈɯȹƜɪƕƗɯ'áȺɯÈÕËɯÉÌÛÈɯȹƕƗɪƗƔɯ'áȺɯÉÈÕËÚɯÖÝÌÙɯÛÏÌɯÚÌÕÚÖÙÐÔÖÛÖÙɯÈÙÌÈÚȭɯ/ÙÌÝÐÖÜÚɯÚÛÜËÐÌÚɯ

ÏÈÝÌɯÚÏÖÞÕɯÛÏÈÛɯÚÛÙÖÒÌɯ×ÈÛÐÌÕÛÚɯÊÈÕɯÓÌÈÙÕɯÛÖɯÔÖËÜÓÈÛÌɯÛÏÌÐÙɯ$$&ɯÚÌÕÚÖÙÐÔÖÛÖÙɯÙÏàÛÏÔÚɯÛÖɯÊÖÕÛÙÖÓɯ

ÌßÛÌÙÕÈÓɯËÌÝÐÊÌÚɯÈÕËɯÛÏÐÚɯ×ÙÈÊÛÐÊÌɯÔÐÎÏÛɯÍÈÊÐÓÐÛÈÛÌɯÕÌÜÙÖÓÖÎÐÊÈÓɯÙÌÊÖÝÌÙàɯÉÖÛÏɯÐÕɯÚÜÉÈÊÜÛÌɯÈÕËɯÊÏÙÖÕÐÊɯ

ÚÛÙÖÒÌɯ×ÏÈÚÌɯȻƕȼȮɯȻƖƚȼȮɯȻƖƝȼȭɯ 

3ÏÌɯ×ÐÓÖÛɯÚÛÜËàɯÊÖÕËÜÊÛÌËɯÞÐÛÏɯÛÏÌɯ/ÙÖÔÖÛÖÌÙɯ×ÙÖÛÖÛà×ÌɯȻƖƚȼɯÚÜÎÎÌÚÛÌËɯÛÏÈÛɯÏÈÕËɯÔÖÛÖÙɯÍÜÕÊÛÐÖÕÈÓɯ

ÖÜÛÊÖÔÌÚɯÐÔ×ÙÖÝÌËɯÈÍÛÌÙɯÈɯÛÙÈÐÕÐÕÎɯÞÐÛÏɯ,(ɪ!"(ɯɯÞÐÛÏɯÙÌÚ×ÌÊÛɯÛÖɯÛÏÌɯ,(ɯÛÙÈÐÕÐÕÎɯÈÓÖÕÌȮɯÉÖÛÏɯ

ÊÖÕÚÐËÌÙÌËɯÈÚɯÈËËɪÖÕɯÛÖɯÚÛÈÕËÈÙËɯÙÌÏÈÉÐÓÐÛÈÛÐÖÕɯÛÏÌÙÈ×àȭɯ'ÖÞÌÝÌÙȮɯÛÏÌɯÓÖÕÎɪÛÌÙÔɯÌřÌÊÛÚɯÖÍɯÈɯ,(ɪ!"(ɯ

ÛÙÈÐÕÐÕÎɯÐÕɯÚÜÉÈÊÜÛÌɯ×ÈÛÐÌÕÛÚɯÈÙÌɯÚÛÐÓÓɯÜÕÊÓÌÈÙɯÈÕËɯËÌÉÈÛÌËɯȻƗƔȼȭɯ 

(ÕɯÛÏÌɯÊÜÙÙÌÕÛɯÚÛÜËàȮɯÛÏÌɯÊÓÐÕÐÊÈÓɯÈÕËɯ$$&ɯËÈÛÈɯÊÖÓÓÌÊÛÌËɯËÜÙÐÕÎɯÛÏÌɯËÐřÌÙÌÕÛɯÛÐÔÌ×ÖÐÕÛɯȹ3ƔȮɯ3ƕȮɯ3ƖȮɯ

3ƗȮɯ3ƘȺɯÖÍɯÛÏÌɯÈÍÖÙÌÔÌÕÛÐÖÕÌËɯÓÖÕÎÐÛÜËÐÕÈÓɯÊÖÕÛÙÖÓÓÌËɯÛÙÐÈÓɯȻƕȼɯÞÌÙÌɯÌßÈÔÐÕÌËȭɯ3ÏÌɯ×ÙÌÚÌÕÛɯÚÛÜËàɯ

×ÜÙÚÜÌÚɯÛÏÌɯÚÈÔÌɯ×ÙÐÔÈÙàɯÖÉÑÌÊÛÐÝÌÚɯÈÚɯÛÏÌɯ×ÙÖÑÌÊÛɯÍÙÖÔɯÞÏÐÊÏɯÐÛɯÞÈÚɯËÌÙÐÝÌËȯɯÐȺɯÛÖɯÐÕÝÌÚÛÐÎÈÛÌɯÛÏÌɯ

ÚÏÖÙÛɪɯÈÕËɯÓÖÕÎɪÛÌÙÔɯÌřÌÊÛÚɯÙÌÓÈÛÌËɯÛÖɯÈɯ,(ɪ!"(ɯÛÙÈÐÕÐÕÎɯÞÐÛÏɯÛÏÌɯ/ÙÖÔÖÛÖÌÙɯÚàÚÛÌÔɯÈÕËɯÐÐȺɯÛÖɯ

ÌßÈÔÐÕÌɯÛÏÌɯÐËÌÕÛÐŗÌËɯ$$&ɪÉÈÚÌËɯÐÕËÐÊÌÚɯÐÕɯƗȭƖɯ$ÓÌÊÛÙÖÌÕÊÌ×ÏÈÓÖÎÙÈ×ÏÐÊɪÉÈÚÌËɯÐÕËÐÊÌÚɯÈÚɯ×ÖÚÚÐÉÓÌɯ

ËÌÛÌÙÔÐÕÈÕÛÚɯÖÍɯÛÏÌɯ×ÈÛÐÌÕÛÚɅɯÙÌÚ×ÖÕÚÌɯÛÖɯÛÙÌÈÛÔÌÕÛȭ 

 

ƗȭƘȭƖɯ,ÈÛÌÙÐÈÓÚɯÈÕËɯ,ÌÛÏÖËÚ 

#ÈÛÈÚÌÛ 

 

(ÕɯÛÏÌɯ×ÙÌÚÌÕÛɯÚÛÜËàȮɯÛÖɯÐÕÝÌÚÛÐÎÈÛÌɯÛÏÌɯÚÏÖÙÛɪÛÌÙÔɯÌřÌÊÛÚɯÖÍɯÛÏÌɯ,(ɯÛÙÈÐÕÐÕÎɯÛÏÌɯËÈÛÈÚÌÛɯÐÕÊÓÜËÌËɯÈÓÓɯ

ÛÏÌɯ×ÈÛÐÌÕÛÚɯÛÏÈÛɯÊÖÔ×ÓÌÛÌËɯÛÏÌɯÛÙÈÐÕÐÕÎȯɯƖƘɯ×ÈÛÐÌÕÛÚɯÐÕɯÛÏÌɯ!"(ɯÎÙÖÜ×ɯÈÕËɯƖƖɯ×ÈÛÐÌÕÛÚɯÐÕɯÛÏÌɯ"31+ɯ

ÎÙÖÜ×ȭɯ6ÏÌÙÌÈÚɯÍÖÙɯÛÏÌɯÓÖÕÎɪÛÌÙÔɯÌřÌÊÛÚɯÌßÈÔÐÕÈÛÐÖÕȮɯÛÏÌɯÚÜÉÎÙÖÜ×ÚɯÖÍɯ×ÈÛÐÌÕÛÚɯÛÏÈÛɯÙÌÈÊÏÌËɯÛÏÌɯ3Ƙɯ

ÈÚÚÌÚÚÔÌÕÛɯÞÌÙÌɯÊÖÕÚÐËÌÙÌËɯȹƕƙɤƕƗɯ×ÈÛÐÌÕÛÚɯÐÕɯÛÏÌɯ!"(ɤ"31+ɯÎÙÖÜ×ȮɯÚÌÌɯ%ÐÎȭƗȭƕȺȭ 

"ÓÐÕÐÊÈÓɯÈÕËɯÕÌÜÙÖ×ÏàÚÐÖÓÖÎÐÊÈÓɯÈÚÚÌÚÚÔÌÕÛÚɯÞÌÙÌɯ×ÌÙÍÖÙÔÌËɯÈÛɯÛÏÌɯËÐřÌÙÌÕÛɯÛÐÔÌɯ×ÖÐÕÛÚȯɯÉÌÍÖÙÌɯȹ3ƔȺɯ

ÈÕËɯÈÍÛÌÙɯȹ3ƕȺɯÛÏÌɯÙÌÏÈÉÐÓÐÛÈÛÐÖÕɯÐÕÛÌÙÝÌÕÛÐÖÕɯÈÕËɯƕɯȹ3ƖȺȮɯƗɯȹ3ƗȺɯÈÕËɯƚɯȹ3ƘȺɯÔÖÕÛÏÚɯÈÍÛÌÙɯÛÏÌɯ

ÐÕÛÌÙÝÌÕÛÐÖÕȭɯ(ÕɯÌÝÌÙàɯÈÚÚÌÚÚÔÌÕÛɯ$$&ɯËÈÛÈȮɯÍÙÖÔɯƚƕɯÊÏÈÕÕÌÓÚȮɯ$,&ɯÈÊÛÐÝÐÛàɯÖÍɯÛÏÌɯ$ßÛÌÕÚÖÙɯ

#ÐÎÐÛÖÙÜÔɯÈÕËɯ%ÓÌßÖÙɯ#ÐÎÐÛÖÙÜÔɯÔÜÚÊÓÌÚɯÞÌÙÌɯÙÌÊÖÙËÌËɯÚÐÔÜÓÛÈÕÌÖÜÚÓàɯȹÚÌÌɯƗȭƗȭƕɯ/ÙÖÛÖÊÖÓɯÍÖÙɯÈɯÍÜÓÓɯ

ËÌÚÊÙÐ×ÛÐÖÕȺȭɯ ÛɯÌÈÊÏɯÛÐÔÌ×ÖÐÕÛȮɯ×ÈÙÛÐÊÐ×ÈÕÛÚɯÞÌÙÌɯÐÕÚÛÙÜÊÛÌËɯÛÖɯ×ÌÙÍÖÙÔɯÛÏÌɯ,(ɯÖÍɯÎÙÈÚ×ÐÕÎɯÈÕËɯ

ŗÕÎÌÙɯÌßÛÌÕÚÐÖÕɯÛÈÚÒÚɯÞÐÛÏɯÉÖÛÏɯÛÏÌɯÜÕÈřÌÊÛÌËɯÈÕËɯÈřÌÊÛÌËɯÏÈÕËȮɯÚÌ×ÈÙÈÛÌÓàȭɯ%ÖÙɯÌÈÊÏɯÌß×ÌÙÐÔÌÕÛÈÓɯ
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ÊÖÕËÐÛÐÖÕȮɯƖƔǷƕɯÛÈÚÒɯÛÙÐÈÓÚɯÈÕËɯƖƔǷƕɯÙÌÚÛɯÛÙÐÈÓÚɯÞÌÙÌɯÈÊØÜÐÙÌËȮɯÈÕËɯÛÏÌɯÛÖÛÈÓɯÛÙÐÈÓɯËÜÙÈÛÐÖÕɯÞÈÚɯÖÍɯƛɯÚȰɯ

ÛÏÌɯŗÙÚÛɯƗɯÚɯÞÌÙÌɯÖÍɯÙÌÚÛɯÈÕËɯÛÏÌɯÕÌßÛɯƘɯÚɯÖÍɯ×ÌÙÍÖÙÔÈÕÊÌɯÖÍɯÛÏÌɯÛÈÚÒɯȹ,(ȺɤÙÌÚÛȭɯ$$&ɯËÈÛÈɯÞÌÙÌɯÈÓÚÖɯ

ÊÖÓÓÌÊÛÌËɯÍÖÙɯƖɯÔÐÕÜÛÌÚɯÙÌÚÛÐÕÎɯÞÐÛÏɯÊÓÖÚÌËɯÌàÌÚɯȹ"$ȺɯÈÕËɯƖɯÔÐÕÜÛÌÚɯÙÌÚÛÐÕÎɯÞÐÛÏɯÖ×ÌÕɯÌàÌÚɯȹ.$Ⱥȭɯ3ÏÌɯ

%, ɤƚƚȮɯÛÏÌɯ-('22ȮɯÛÏÌɯ 1 3ȮɯÛÏÌɯ,,3ȮɯÛÏÌɯ, 2ȮɯÈÕËɯÛÏÌɯ-12ɯÞÌÙÌɯÊÖÓÓÌÊÛÌËɯÈÛɯÌÈÊÏɯÛÐÔÌ×ÖÐÕÛȭ 

!ÌÛÞÌÌÕɯ3ƔɯÈÕËɯ3ƕȮɯ×ÈÛÐÌÕÛÚɯÐÕɯÛÏÌɯ!"(ɯÎÙÖÜ×ɯÙÌÊÌÐÝÌËɯÈɯ,(ɪ!"(ɯÛÙÈÐÕÐÕÎɯÞÐÛÏɯÛÏÌɯ/ÙÖÔÖÛÖÌÙɯÈÕËɯ

ÛÏÌɯÊÖÕÛÙÖÓɯ×ÌÙÍÖÙÔÈÕÊÌɯÈÊÏÐÌÝÌËɯÐÕɯÛÏÌɯƘɯÙÜÕÚɯÖÍɯÌÈÊÏɯÛÙÈÐÕÐÕÎɯÚÌÚÚÐÖÕɯÞÈÚɯÚÛÖÙÌËɯÈÚɯÛÏÌɯÕÜÔÉÌÙɯÖÍɯ

ÚÜÊÊÌÚÚÍÜÓɯÈÕËɯÜÕÚÜÊÊÌÚÚÍÜÓɯÛÙÐÈÓÚȭ 

 ÓÓɯÛÏÌɯÈÕÈÓàÚÌÚȮɯÍÖÙɯÛÏÌɯÚÏÖÙÛɪɯÈÕËɯÓÖÕÎɪɯÛÌÙÔɯÌřÌÊÛÚȮɯÞÌÙÌɯ×ÌÙÍÖÙÔÌËɯÉÖÛÏɯÊÖÕÚÐËÌÙÐÕÎɯÈÓÓɯ

×ÈÙÛÐÊÐ×ÈÕÛÚɯÈÕËɯËÐÝÐËÐÕÎɯÛÏÌɯ×ÈÛÐÌÕÛÚɯÐÕɯÚÜÉÎÙÖÜ×ÚɯÖÕɯÛÏÌɯÉÈÚÐÚɯÖÍɯÛÏÌɯÓÌÝÌÓɯÖÍɯÛÏÌɯÐÔ×ÈÐÙÔÌÕÛɯ

ËÌÛÌÊÛÌËɯÐÕɯÛÏÌɯÐÕÐÛÐÈÓɯÚÊÙÌÌÕÐÕÎɯ×ÏÈÚÌɯȹ3ȹɪƕȺȮɯÚÌÌɯ%ÐÎȭɯƗȭƕȺɯÈÓÚÖɯÜÚÌËɯÈÚɯÖÕÌɯÖÍɯÛÏÌɯ×ÈÙÈÔÌÛÌÙÚɯÍÖÙɯÛÏÌɯ

ÙÈÕËÖÔÐáÈÛÐÖÕɯÚÛÌ×ȯɯÚÌÝÌÙÌɯ×ÈÛÐÌÕÛÚɯÞÐÛÏɯ%, ɤƚƔɯȀɯƕƝɯÈÕËɯÔÖËÌÙÈÛÌɯ×ÈÛÐÌÕÛÚɯ%, ɤƚƔɯǿɯƕƝȭɯ 

 

!"(ɯÊÖÕÛÙÖÓɯ×ÌÙÍÖÙÔÈÕÊÌ 

 

%ÖÙɯÌÈÊÏɯ!"(ɯ×ÈÙÛÐÊÐ×ÈÕÛȮɯÛÏÌɯÕÜÔÉÌÙɯÖÍɯÚÜÊÊÌÚÚÍÜÓɯÈÕËɯÜÕÚÜÊÊÌÚÚÍÜÓɯÛÙÐÈÓÚɯÐÕɯÛÏÌɯÊÖÕÛÙÖÓɯÖÍɯÛÏÌɯÝÐÙÛÜÈÓɯ

ÏÈÕËÚɯÞÈÚɯÙÌÊÖÙËÌËȮɯ×ÌÙɯÙÜÕɯÖÍɯÌÈÊÏɯÛÙÈÐÕÐÕÎɯÚÌÚÚÐÖÕȭɯ3ÏÌɯ×ÌÙÍÖÙÔÈÕÊÌɯÖÍɯÌÈÊÏɯÚÌÚÚÐÖÕɯÞÈÚɯ

ÊÖÔ×ÜÛÌËɯÈÚɯÛÏÌɯÈÝÌÙÈÎÌɯȹǷɯ2ÛÈÕËÈÙËɯ$ÙÙÖÙȮɯ2$ȺɯÖÍɯÛÏÌɯ×ÌÙÍÖÙÔÈÕÊÌɯÖÉÛÈÐÕÌËɯÐÕɯÌÈÊÏɯÙÜÕȮɯÌß×ÙÌÚÚÌËɯ

ÈÚɯÈɯ×ÌÙÊÌÕÛÈÎÌɯÖÍɯÛÏÌɯÕÜÔÉÌÙɯÖÍɯÚÜÊÊÌÚÚÍÜÓɯÛÙÐÈÓÚɯÖÜÛɯÖÍɯÛÏÌɯÛÖÛÈÓɯÕÜÔÉÌÙɯÖÍɯÛÙÐÈÓÚȭɯ3ÏÌɯÈÝÌÙÈÎÌɯȹǷɯ2$Ⱥɯ

×ÌÙÍÖÙÔÈÕÊÌɯÈÊÙÖÚÚɯ×ÈÙÛÐÊÐ×ÈÕÛÚɯÞÈÚɯÊÈÓÊÜÓÈÛÌËɯÍÖÙɯÌÈÊÏɯÚÌÚÚÐÖÕȭ 

 

#ÈÛÈɯ×ÙÌɪ×ÙÖÊÌÚÚÐÕÎ 

 

!ÖÛÏɯ$$&ɯÈÕËɯ$,&ɯËÈÛÈȮɯÙÌÊÖÙËÌËɯÐÕɯÛÏÌɯÈÓÓɯÛÏÌɯÈÚÚÌÚÚÔÌÕÛÚȮɯÞÌÙÌɯ×ÙÌɪ×ÙÖÊÌÚÚÌËɯÉàɯÔÌÈÕÚɯÖÍɯÛÏÌɯ

ÚÖÍÛÞÈÙÌɯ!ÙÈÐÕɯ/ÙÖËÜÊÛÚɯ ÕÈÓàáÌÙɯȹ!ÙÈÐÕ5ÐÚÐÖÕɯ ÕÈÓàáÌÙȮɯ5ÌÙÚÐÖÕɯƕȭƔƙȭƔƔƔƙȮɯ!ÙÈÐÕɯ/ÙÖËÜÊÛÚɯ&ÔÉ'Ȯɯ

&ÐÓÊÏÐÕÎȮɯ&ÌÙÔÈÕàȺɯÈÕËɯÍÖÓÓÖÞÐÕÎɯÈÕÈÓàÚÌÚɯÞÌÙÌɯ×ÌÙÍÖÙÔÌËɯÖÕɯ, 3+ !ɯȹ1ƖƔƖƔÉȰɯ,ÈÛÏ6ÖÙÒÚȮɯ

-ÈÛÐÊÒȮɯ, Ⱥȭ 

3ÏÌɯÊÖÕÛÐÕÜÖÜÚɯ$$&ɯËÈÛÈɯÙÌÓÈÛÌËɯÛÖɯÛÏÌɯ,(ɯÛÈÚÒÚɯÞÌÙÌɯƕɪƘƙɯ'áɯÉÈÕË×ÈÚÚɯŗÓÛÌÙÌËɯȹ!ÜŲÌÙÞÖÙÛÏɯ9ÌÙÖɯ

/ÏÈÚÌɯ%ÐÓÛÌÙȮɯÚÓÖ×ÌɯƘƜɯË!ɤÖÊÛȺɯÈÕËɯÛÏÌɯ(ÕËÌ×ÌÕËÌÕÛɯ"ÖÔ×ÖÕÌÕÛɯ ÕÈÓàÚÐÚɯȹ(" ȺɯÞÈÚɯ×ÌÙÍÖÙÔÌËɯÛÖɯ

ÙÌÔÖÝÌɯÖÊÜÓÈÙɯÈÙÛÐÍÈÊÛÚȭɯ#ÈÛÈɯÞÌÙÌɯÚÌÎÔÌÕÛÌËɯÐÕɯƘɯÚɯɪɯÛÙÐÈÓÚɯÊÖÕÚÐËÌÙÐÕÎɯÛÏÌɯÓÈÚÛɯƘɯÚɯÖÍɯÛÏÌɯÛÖÛÈÓɯÛÙÐÈÓɯ

ËÜÙÈÛÐÖÕȭɯ3ÙÐÈÓÚɯÞÌÙÌɯÍÜÙÛÏÌÙɯÚÌÎÔÌÕÛÌËɯÐÕÛÖɯƕɯÚɯɪɯÞÐÕËÖÞÚȮɯÈÕËɯÈÕɯÈÔ×ÓÐÛÜËÌɯÛÏÙÌÚÏÖÓËɯȹǷƕƔƔɯϟ5Ⱥɯ

ÞÈÚɯÈ××ÓÐÌËɯÖÕɯÌÈÊÏɯÞÐÕËÖÞɯÛÖɯËÌÛÌÊÛɯÈÙÛÐÍÈÊÛÚȰɯÐÍɯÛÏÌɯÕÜÔÉÌÙɯÖÍɯÊÏÈÕÕÌÓÚɯËÌÛÌÊÛÌËɯÐÕɯÌÈÊÏɯƕɯÚɪɯ

ÚÌÎÔÌÕÛɯÞÈÚɯÓÌÚÚɯÛÏÈÕɯÖÙɯÌØÜÈÓɯÛÖɯƙȮɯÛÏÌɯÈÙÛÌÍÈÊÛÜÈÓɯÊÏÈÕÕÌÓÚɯÞÌÙÌɯÙÌ×ÓÈÊÌËɯÉàɯÚ×ÏÌÙÐÊÈÓɯÐÕÛÌÙ×ÖÓÈÛÐÖÕɯ

ÖÍɯÕÌÐÎÏÉÖÙÐÕÎɯÊÏÈÕÕÌÓÚȮɯÖÛÏÌÙÞÐÚÌɯÛÏÌɯÌÕÛÐÙÌɯÚÌÎÔÌÕÛɯÞÈÚɯÌÓÐÔÐÕÈÛÌËȭɯ$$&ɯËÈÛÈɯÞÌÙÌɯÙÌɪÙÌÍÌÙÌÕÊÌËɯ

ÛÖɯÛÏÌɯ"ÖÔÔÖÕɯ ÝÌÙÈÎÌɯ1ÌÍÌÙÌÕÊÌɯȹ" 1Ⱥȭ 

3ÖɯÝÌÙÐÍàɯÛÏÌɯÊÖÔ×ÓÐÈÕÊÌɯÞÐÛÏɯÛÏÌɯÔÖÛÖÙɯÐÔÈÎÌÙàɯÛÈÚÒÚȮɯ$,&ɯËÈÛÈɯÞÌÙÌɯ×ÙÌɪ×ÙÖÊÌÚÚÌËɯÈÕËɯÝÐÚÜÈÓÓàɯ

ÐÕÚ×ÌÊÛÌËɯÛÖɯÐËÌÕÛÐÍàɯÈÕàɯÈŲÌÔ×ÛÌËɯÔÖÝÌÔÌÕÛȭɯ$,&ɯËÈÛÈɯÞÌÙÌɯÏÐÎÏɯ×ÈÚÚɯŗÓÛÌÙÌËɯÈÛɯƕƔɯ'áɯ

ȹ!ÜŲÌÙÞÖÙÛÏɯ9ÌÙÖɯ/ÏÈÚÌɯ%ÐÓÛÌÙȮɯÚÓÖ×ÌɯƘƜɯË!ɤÖÊÛȺȮɯÚÌÎÔÌÕÛÌËɯÐÕɯƛɯÚɯÛÙÐÈÓÚȮɯÊÖÕÚÐËÌÙÐÕÎɯÈÓÓɯÛÙÐÈÓɯ

ËÜÙÈÛÐÖÕȮɯÈÕËɯÝÐÚÜÈÓÓàɯÐÕÚ×ÌÊÛÌËȭɯ3ÙÐÈÓÚɯÐÕɯÞÏÐÊÏɯ$,&ɯÈÊÛÐÝÐÛàɯÊÖÏÌÙÌÕÛɯÞÐÛÏɯÛÏÌɯÌß×ÌÙÐÔÌÕÛÈÓɯÛÈÚÒɯ

ȹŗÕÎÌÙɯÌßÛÌÕÚÐÖÕɯÖÙɯÎÙÈÚ×ÐÕÎȺɯÞÈÚɯËÌÛÌÊÛÌËɯÖÕɯÛÏÌɯÛÈÙÎÌÛɯÔÜÚÊÓÌȮɯÐȭÌȭɯŘÌßÖÙɯËÐÎÐÛÖÙÜÔɯÔÜÚÊÓÌɯÍÖÙɯ

ÎÙÈÚ×ÐÕÎɯÈÕËɯÌßÛÌÕÚÖÙɯËÐÎÐÛÖÙÜÔɯÔÜÚÊÓÌɯÍÖÙɯÛÏÌɯŗÕÎÌÙɯÌßÛÌÕÚÐÖÕȮɯÞÌÙÌɯÌÓÐÔÐÕÈÛÌËɯÍÙÖÔɯÛÏÌɯÈÕÈÓàÚÐÚȭɯ 
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3ÏÌɯÊÖÕÛÐÕÜÖÜÚɯ$$&ɯËÈÛÈɯÙÌÓÈÛÌËɯÛÖɯÛÏÌɯÙÌÚÛÐÕÎɯÚÛÈÛÌɯÞÌÙÌɯƕɪƘƙɯ'áɯÉÈÕË×ÈÚÚɯŗÓÛÌÙÌËɯȹ!ÜŲÌÙÞÖÙÛÏɯ

9ÌÙÖɯ/ÏÈÚÌɯ%ÐÓÛÌÙȮɯÚÓÖ×ÌɯƘƜɯË!ɤÖÊÛȺȭɯ3ÏÌɯ(" ɯÞÈÚɯ×ÌÙÍÖÙÔÌËɯÛÖɯÙÌÔÖÝÌɯÖÊÜÓÈÙɯÈÙÛÐÍÈÊÛÚɯÍÙÖÔɯÛÏÌɯ$$&ɯ

ËÈÛÈɯÖÍɯÛÏÌɯ.$ɯÊÖÕËÐÛÐÖÕȭɯ$$&ɯÛÙÈÊÌÚɯÞÌÙÌɯÚÌÎÔÌÕÛÌËɯÐÕɯƕɯÚɪÞÐÕËÖÞÚɯÈÕËɯÈÕɯÈÔ×ÓÐÛÜËÌɯÛÏÙÌÚÏÖÓËɯ

ȹǷƕƔƔɯϟ5ȺɯÞÈÚɯÈ××ÓÐÌËɯÖÕɯÌÈÊÏɯÞÐÕËÖÞɯÛÖɯËÌÛÌÊÛɯÈÙÛÐÍÈÊÛÚȰɯÐÍɯÛÏÌɯÕÜÔÉÌÙɯÖÍɯÊÏÈÕÕÌÓÚɯËÌÛÌÊÛÌËɯÐÕɯÌÈÊÏɯ

ƕɯÚɪɯÚÌÎÔÌÕÛɯÞÈÚɯÓÌÚÚɯÛÏÈÕɯÖÙɯÌØÜÈÓɯÛÖɯƙȮɯÛÏÌɯÈÙÛÌÍÈÊÛÜÈÓɯÊÏÈÕÕÌÓÚɯÞÌÙÌɯÙÌ×ÓÈÊÌËɯÉàɯÚ×ÏÌÙÐÊÈÓɯ

ÐÕÛÌÙ×ÖÓÈÛÐÖÕɯÖÍɯÕÌÐÎÏÉÖÙÐÕÎɯÊÏÈÕÕÌÓÚȮɯÖÛÏÌÙÞÐÚÌɯÛÏÌɯÌÕÛÐÙÌɯÚÌÎÔÌÕÛɯÞÈÚɯÌÓÐÔÐÕÈÛÌËȭɯ$$&ɯËÈÛÈɯÞÌÙÌɯ

ÙÌɪÙÌÍÌÙÌÕÊÌËɯÛÖɯÛÏÌɯ" 1ȭ 

 

ɯ/ÖÞÌÙɯ2×ÌÊÛÙÈÓɯ#ÌÕÚÐÛàɯÈÕÈÓàÚÐÚ 

 

3ÏÌɯ×ÖÞÌÙɯÚ×ÌÊÛÙÈÓɯËÌÕÚÐÛàɯȹ/2#ȺɯÞÈÚɯÊÖÔ×ÜÛÌËɯÍÖÙɯÌÈÊÏɯ$$&ɯÊÏÈÕÕÌÓɯÐÔ×ÓÌÔÌÕÛÐÕÎɯÛÏÌɯ6ÌÓÊÏɀÚɯ

ÔÌÛÏÖËɯÞÐÛÏɯƕɪÚɯ'ÈÔÔÐÕÎɯÞÐÕËÖÞɯ×ÓÜÚɯáÌÙÖɯ×ÈËËÐÕÎɯÛÖɯÖÉÛÈÐÕɯƔȭƗɯ'áɯÙÌÚÖÓÜÛÐÖÕȭ 

.Õɯ$$&ɯËÈÛÈɯÖÍɯÛÈÚÒɯÈÕËɯÙÌÚÛɯÛÙÐÈÓÚɯËÜÙÐÕÎɯÛÏÌɯ,(ɯÛÈÚÒÚȮɯÛÏÌɯ/2#ɯÞÈÚɯÊÖÔ×ÜÛÌËɯÖÕɯÊÖÕÊÈÛÌÕÈÛÌËɯ

ÞÐÕËÖÞÚɯ×ÖÖÓÐÕÎɯÛÏÌɯÔÖÛÖÙɯÐÔÈÎÌÙàɯÛÈÚÒÚɯ×ÌÙÍÖÙÔÌËɯÞÐÛÏɯÛÏÌɯÚÈÔÌɯÚÐËÌȮɯËÜÌɯÛÖɯÛÏÌɯÚÐÔÐÓÈÙÐÛàɯ

ÉÌÛÞÌÌÕɯÛÏÌɯÚ×ÈÛÐÈÓɯÈÕËɯÍÙÌØÜÌÕÊàɯ×ÈŲÌÙÕÚɯÌÓÐÊÐÛÌËɯÉàɯŗÕÎÌÙɯÌßÛÌÕÚÐÖÕɯÈÕËɯÎÙÈÚ×ÐÕÎɯ,(ɯÛÈÚÒÚɯȻƗƖȼȭɯ 

/2#ɯÐÕɯÙÌÚÛÐÕÎɯÚÛÈÛÌɯ$$&ɯËÈÛÈɯÞÈÚɯÊÈÓÊÜÓÈÛÌËɯÖÕɯÊÖÕÊÈÛÌÕÈÛÌËɯÞÐÕËÖÞÚɯÚÌ×ÈÙÈÛÌÓàɯÍÖÙɯ"$ɯÈÕËɯ.$ȭ 

/2#ÚɯÞÌÙÌɯÈÝÌÙÈÎÌËɯÚÌ×ÈÙÈÛÌÓàɯÈÊÙÖÚÚɯÛÏÌɯÉÈÕËɯÙÈÕÎÌÚɯËÌÓÛÈɯȹȹƕȭƔɪƘȭƔȼɯ'áȺȮɯÛÏÌÛÈɯȹȹƘȭƔɪƜȼɯ'áȺȮɯÈÓ×ÏÈɯ

ȹȹƜɪƕƗȼɯ'áȺȮɯÉÌÛÈɯȹȹƕƗɪƗƔȼɯ'áȺɯÈÕËɯÎÈÔÔÈɯȹȹƗƔɪƘƙȼɯ'áȺɯÛÖɯÌßÛÙÈÊÛɯÛÏÌɯÈÉÚÖÓÜÛÌɯÉÈÕËɯ×ÖÞÌÙɯÖÍɯÌÈÊÏɯ

ÉÈÕËȭɯ 

(ÕɯÖÙËÌÙɯÛÖɯÊÖÔ×ÜÛÌɯÛÏÌɯ2×ÌÊÛÙÈÓɯ$ß×ÖÕÌÕÛɯÖÕɯÙÌÚÛÐÕÎɯÚÛÈÛÌɯÞÐÛÏɯÊÓÖÚÌËɯÌàÌÚɯ$$&ɯËÈÛÈɯÞÐÛÏɯÈɯ×Ð×ÌÓÐÕÌɯ

ÚÐÔÐÓÈÙɯÛÖɯÛÏÌɯÖÕÌɯÙÌ×ÖÙÛÌËɯÐÕɯÓÐÛÌÙÈÛÜÙÌɯȻƖƖȼȮɯÛÏÌɯ/2#ɯÞÈÚɯÈÓÚÖɯÊÖÔ×ÜÛÌËɯÖÕÓàɯÖÕɯ"$ɯɪɯ$$&ɯËÈÛÈɯ

ÜÚÐÕÎɯÈÓÚÖɯÛÏÌɯ6ÌÓÊÏɅÚɯÔÌÛÏÖËɯÞÐÛÏɯƖɪÚɯ'ÈÕÕɯÞÐÕËÖÞɯÖÕɯƕɪƘƔɯ'áɯÍÙÌØÜÌÕÊàɯÐÕÛÌÙÝÈÓȭ 

(Õɯ×ÈÛÐÌÕÛÚɯÞÐÛÏɯÓÌÍÛɪÚÐËÌËɯÓÌÚÐÖÕÚȮɯ/2#ÚɯÞÌÙÌɯŘÐ××ÌËɯÉÈÚÌËɯÖÕɯÊÏÈÕÕÌÓɯÚÊÈÓ×ɯ×ÖÚÐÛÐÖÕÚɯÈÓÖÕÎɯÛÏÌɯ

ÔÐËÚÈÎÐŲÈÓɯ×ÓÈÕÌɯȻƗƗȼȮɯȻƗƘȼɯÚÖɯÛÏÈÛɯÌÝÌÕÛÜÈÓÓàɯÈÓÓɯ×ÈÛÐÌÕÛÚɯÚÏÈÙÌɯÛÏÌɯÙÐÎÏÛɯÏÌÔÐÚ×ÏÌÙÌɯÈÚɯÛÏÌɯÈřÌÊÛÌËȭ 

 

$$&ɪÉÈÚÌËɯÐÕËÐÊÌÚɯ 

 

3ÏÌɯÙÌÓÈÛÐÝÌɯ×ÖÞÌÙÚȮɯÛÏÌɯ×ÖÞÌÙɯÙÈÛÐÖÚɯÈÕËɯÛÏÌɯÉÙÈÐÕɯÚàÔÔÌÛÙàɯÐÕËÐÊÌÚɯȹÚÌÌɯ$ÓÌÊÛÙÖÌÕÊÌ×ÏÈÓÖÎÙÈ×ÏÐÊɪ

ÉÈÚÌËɯÐÕËÐÊÌÚȺɯÞÌÙÌɯÊÈÓÊÜÓÈÛÌËɯÐÕɯÈÊÊÖÙËÈÕÊÌɯÞÐÛÏɯÛÏÌɯÔÌÛÏÖËÖÓÖÎàɯËÌÚÊÙÐÉÌËɯÉàɯ,ÈÕÌɯÌÛɯÈÓȭɯȻƗȼȮɯÖÕɯ

ÛÏÌɯÚÈÔÌɯɯƖƛɯ$$&ɯÊÏÈÕÕÌÓÚȮɯÖÕɯÛÏÌɯ$$&ɯËÈÛÈɯÊÖÓÓÌÊÛÌËɯÉÖÛÏɯËÜÙÐÕÎɯ,(ɯÛÈÚÒÚɯÈÕËɯÙÌÚÛÐÕÎɯÚÛÈÛÌɯȹ"$Ȯɯ

.$Ⱥȭɯ 

3ÖɯÊÈÓÊÜÓÈÛÌɯÛÏÌɯÙÌÓÈÛÐÝÌɯ×ÖÞÌÙÚȮɯÛÏÌɯÈÉÚÖÓÜÛÌɯ×ÖÞÌÙɯÊÖÔ×ÜÛÌËɯÐÕɯËÌÓÛÈȮɯÛÏÌÛÈȮɯÈÓÍÈɯÈÕËɯÉÌÛÈɯÉÈÕËÚɯ

ȹÚÌÌɯ/ÖÞÌÙɯ2×ÌÊÛÙÈÓɯ#ÌÕÚÐÛàɯÈÕÈÓàÚÐÚȺɯÞÌÙÌɯËÐÝÐËÌËɯÞÐÛÏɯÛÏÌɯÛÖÛÈÓɯ×ÖÞÌÙɯÊÖÔ×ÜÛÌËɯÐÕɯƕɪƗƔɯ'áȮɯÖÕɯÌÈÊÏɯ

ÊÏÈÕÕÌÓɯÚÌ×ÈÙÈÛÌÓàȭɯ3ÏÐÚɯÙÌÓÈÛÐÝÌɯ×ÖÞÌÙɯÈÛɯÌÈÊÏɯÊÏÈÕÕÌÓɯÞÈÚɯÛÏÌÕɯÈÝÌÙÈÎÌËɯÖÝÌÙɯÛÏÌɯÚÊÈÓ×ɯÐÕɯÖÙËÌÙɯ

ÛÖɯÖÉÛÈÐÕɯÛÏÌɯÎÓÖÉÈÓɯÙÌÓÈÛÐÝÌɯ×ÖÞÌÙɯÐÕËÐÊÌÚȯɯÙϗȮɯÙϛȮɯÙϔȮɯÈÕËɯÙϕȭ 

(ÕɯÖÙËÌÙɯÛÖɯÊÖÔ×ÜÛÌɯÛÏÌɯ×ÖÞÌÙɯÙÈÛÐÖÚɯÐÕËÐÊÌÚɯȹ/1(Ȯɯ# 1Ȯɯ3!1Ȯɯ3 1Ȯɯ3! 1ȺȮɯÛÏÌɯÈÉÚÖÓÜÛÌɯÉÈÕËɯ×ÖÞÌÙɯ

ÈÛɯÈÓÓɯÛÏÌɯÊÏÈÕÕÌÓÚɯÞÈÚɯÈÝÌÙÈÎÌËɯÖÝÌÙɯÛÏÌɯÚÊÈÓ×ɯÛÖɯÖÉÛÈÐÕɯÈɯÎÓÖÉÈÓɯÈÉÚÖÓÜÛÌɯ×ÖÞÌÙɯÍÖÙɯÌÈÊÏɯÉÈÕËɯȹϗȮɯ

ϛȮɯϔȮɯÈÕËɯϕȺȭɯ3ÏÌɯ×ÖÞÌÙɯÙÈÛÐÖÚɯÍÌÈÛÜÙÌÚɯÞÌÙÌɯÊÈÓÊÜÓÈÛÌËɯÈÚɯÍÖÓÓÖÞÚɯȻƗȼȯɯ 
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3ÏÌɯÉÙÈÐÕɯÚàÔÔÌÛÙàɯÐÕËÐÊÌÚɯȹÙ!2(Ȯɯ×Ë!2(ȺɯÞÌÙÌɯÊÖÔ×ÜÛÌËɯÚÛÈÙÛÐÕÎɯÍÙÖÔɯÛÏÌɯÈÉÚÖÓÜÛÌɯ/2#ɯÈÛɯÚÐÕÎÓÌɯ

ÊÏÈÕÕÌÓÚɯÉÌÛÞÌÌÕɯƕɪƖƙɯ'áɯȻƗȼȯɯ 

ὶὄὛὍ В ȮɯɯɯɯὙ В ὶ ȹƚȺ 

ὴὨὄὛὍ 
ρ

ὓὔ

ὶ ὰ

ὶ ὰ
 ȹƛȺ 

 

'ÌÙÌȮɯὶɯÈÕËɯὰɯÙÌ×ÙÌÚÌÕÛɯÛÏÌɯ/2#ɯÍÙÖÔɯÛÏÌɯÙÐÎÏÛɯÈÕËɯÓÌÍÛɯÏÖÔÖÓÖÎÖÜÚɯÊÏÈÕÕÌÓɯ×ÈÐÙÚɯȹÑɯǻɯƕȮƖȮȱ,ȺɯÈÛɯ

ÍÙÌØÜÌÕÊàɯÐɯǻɯƕȮƖȮȱȭȭ-ȮɯÞÏÌÙÌÈÚɯὙɯÈÕËɯὒɯÈÙÌɯÛÏÌɯÈÝÌÙÈÎÌËɯ×ÖÞÌÙɯÖÝÌÙɯÊÏÈÕÕÌÓÚɯÖÍɯÛÏÌɯÙÐÎÏÛɯÈÕËɯÓÌÍÛɯ

ÏÌÔÐÚ×ÏÌÙÌÚɯÈÛɯÐɯÍÙÌØÜÌÕÊàɯȻƗȼȭɯ.ÉÚÌÙÝÐÕÎɯÛÏÌɯÌØÜÈÛÐÖÕÚɯȹƚȺɯÈÕËɯȹƛȺȮɯÐÛɯÊÈÕɯÉÌɯÕÖÛÌËɯÛÏÈÛɯÛÏÌɯÙ!2(ɯ

ÌÕÊÈ×ÚÜÓÈÛÌɯÛÏÌɯÎÓÖÉÈÓɯÐÕÛÌÙɪÏÌÔÐÚ×ÏÌÙÐÊɯÈÚàÔÔÌÛÙàɯÞÏÐÓÌɯÛÏÌɯ×Ë!2(ɯÐÚɯÈɯÔÖÙÌɯÓÖÊÈÓÐáÌËɯÔÌÈÚÜÙÌɯÖÍɯ

ÈÚàÔÔÌÛÙàɯØÜÈÕÛÐÍàÐÕÎɯÛÏÌɯÈÊÛÐÝÈÛÐÖÕɯÐÔÉÈÓÈÕÊÌɯÉÌÛÞÌÌÕɯÛÏÌɯÏÖÔÖÓÖÎÖÜÚɯÊÏÈÕÕÌÓÚɯ×ÈÐÙÚȻƗȼȭ 

3ÏÌɯ2×ÌÊÛÙÈÓɯ$ß×ÖÕÌÕÛɯÞÈÚɯÊÈÓÊÜÓÈÛÌËɯÖÕɯ$$&ɯËÈÛÈɯÊÖÓÓÌÊÛÌËɯËÜÙÐÕÎɯÛÏÌɯƖɯÔÐÕɯÖÍɯÙÌÚÛÐÕÎɯÚÛÈÛÌɯÞÐÛÏɯ

ÊÓÖÚÌËɯÌàÌÚɯÚÛÈÙÛÐÕÎɯÍÙÖÔɯÛÏÌɯ/2#ÚɯÊÖÔ×ÜÛÌËɯÞÐÛÏɯÛÏÌɯ+ÈÕáÖÕÌɯÌÛɯÈÓȭɯ×Ð×ÌÓÐÕÌɯȻƖƖȼɯȹÚÌÌɯ/ÖÞÌÙɯ2×ÌÊÛÙÈÓɯ

#ÌÕÚÐÛàɯÈÕÈÓàÚÐÚȺȭɯ3ÏÌɯ2$ɯÌÕÊÈ×ÚÜÓÈÛÌÚɯÛÏÌɯËÌÊÈàɯÖÍɯÛÏÌɯ/2#ɯÐÕɯÛÏÌɯÍÙÌØÜÌÕÊàɯÙÈÕÎÌɯƕɪƘƔɯ'áȮɯÈÕËɯÐÛɯ

ÞÈÚɯ ÊÖÔ×ÜÛÌËȮɯ ÞÐÛÏɯ ÛÏÌɯ ÊÖËÌɯ Ö×ÌÕɯ ÈÝÈÐÓÈÉÓÌɯ ÖÕÓÐÕÌɯ

ȹÏŲ×ÚȯɤɤÎÐÛÏÜÉȭÊÖÔɤÔÐÓÌÊÖÔÉÖɤÚ×ÌÊÛÙÈÓ$ß×ÖÕÌÕÛȺȮɯÖÝÌÙɯÛÏÌɯÊÏÈÕÕÌÓÚɯÖÍɯÛÏÌɯÈřÌÊÛÌËɯȹ2$ɪ 'ȺɯÈÕËɯ

ÜÕÈřÌÊÛÌËɯȹ2$ɪ4'ȺɯÏÌÔÐÚ×ÏÌÙÌÚȮɯÚÌ×ÈÙÈÛÌÓàȭ 

 

2ÛÈÛÐÚÛÐÊÚ 

!"(ɯÊÖÕÛÙÖÓɯ×ÌÙÍÖÙÔÈÕÊÌ 

 

3ÏÌɯ!"(ɯÊÖÕÛÙÖÓɯ×ÌÙÍÖÙÔÈÕÊÌɯÈÛɯÚÌÚÚÐÖÕÚɯƖȮɯƚȮɯÈÕËɯƕƖɯÞÌÙÌɯÌÝÈÓÜÈÛÌËɯÜÚÐÕÎɯÈɯ%ÙÐÌËÔÈÕɯÛÌÚÛɯÛÖɯÈÚÚÌÚÚɯ

×ÖÛÌÕÛÐÈÓɯÛÌÔ×ÖÙÈÓɯÛÙÌÕËÚɯÈÊÙÖÚÚɯÛÏÌɯÛÙÈÐÕÐÕÎɯÚÌÚÚÐÖÕÚȭɯ3ÏÌɯÚÌÓÌÊÛÐÖÕɯÖÍɯÛÏÌÚÌɯÚÌÚÚÐÖÕÚɯÈÐÔÌËɯÛÖɯ

ÉÈÓÈÕÊÌɯÛÏÌɯÕÜÔÉÌÙɯÖÍɯÓÌÝÌÓÚɯÞÐÛÏɯÛÏÌɯÈÝÈÐÓÈÉÓÌɯÖÉÚÌÙÝÈÛÐÖÕÚɯÈÕËɯÛÖɯÙÌ×ÙÌÚÌÕÛɯÛÏÌɯÉÌÎÐÕÕÐÕÎȮɯÔÐËËÓÌȮɯ

ÈÕËɯÌÕËɯÖÍɯÛÏÌɯÛÙÈÐÕÐÕÎɯ×ÏÈÚÌȭɯ3ÏÌɯÚÐÎÕÐŗÊÈÕÊÌɯÓÌÝÌÓɯÞÈÚɯÚÌÛɯÈÛɯƔȭƔƙȭ 

 

 

 

https://github.com/milecombo/spectralExponent
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"ÓÐÕÐÊÈÓɯÖÜÛÊÖÔÌÚɯ 

 

 ÓÓɯÚÛÈÛÐÚÛÐÊÈÓɯÉÌÛÞÌÌÕɪÎÙÖÜ×ɯȹ!"(ɯÝÚȭɯ"31+ȺɯËÐřÌÙÌÕÊÌÚɯÐÕɯÈÓÓɯÊÓÐÕÐÊÈÓɯÚÊÈÓÌÚɯȹ%, Ȯɯ-('22Ȯɯ 1 3Ȯɯ

, 2Ȯɯ,,3Ȯ-12ȺɯÊÖÕÚÐËÌÙÌËɯÈÛɯÉÈÚÌÓÐÕÌɯȹ3ƔȺɯÞÌÙÌɯÈÕÈÓàÚÌËɯÞÐÛÏɯÈɯƖɪÛÈÐÓÚɯ6ÐÓÊÖßÖÕɯÙÈÕÒɯÚÜÔɯÛÌÚÛȭɯ

(ÕɯÖÙËÌÙɯÛÖɯËÌÛÌÙÔÐÕÌɯÛÏÌɯÊÓÐÕÐÊÈÓɯÊÏÈÕÎÌÚɯÈÊÙÖÚÚɯÛÐÔÌ×ÖÐÕÛÚȮɯÐÕɯÉÖÛÏɯÐÕÛÌÙÝÌÕÛÐÖÕɯÎÙÖÜ×Úɯȹ!"(Ȯɯ"31+Ⱥɯ

ÚÌ×ÈÙÈÛÌÓàȮɯÈɯƖɪÛÈÐÓÚɯ6ÐÓÊÖßÖÕɯÚÐÎÕÌËɯÙÈÕÒɯÛÌÚÛɯÞÈÚɯ×ÌÙÍÖÙÔÌËɯÉÌÛÞÌÌÕɯ×ÙÌɯȹ3ƔȺɯÈÕËɯ×ÖÚÛɯȹ3ƕȺɯ

ÐÕÛÌÙÝÌÕÛÐÖÕɯÈÕËɯÈɯ%ÙÐÌËÔÈÕɯÛÌÚÛɯÞÈÚɯÐÔ×ÓÌÔÌÕÛÌËɯÛÖɯÐÕÝÌÚÛÐÎÈÛÌɯÛÏÌɯÓÖÕÎɪÛÌÙÔɯÌřÌÊÛÚɯȹ3ƔȮɯ3ƕȮɯ3ƖȮɯ

3ƗȮɯ3ƘȺȭ 

(ÕɯÖÙËÌÙɯÛÖɯËÌÛÌÙÔÐÕÌɯÛÏÌɯÌŚÊÈÊàɯÖÍɯÛÏÌɯ,(ɪ!"(ɯÐÕÛÌÙÝÌÕÛÐÖÕȮɯÛÏÌɯÌřÌÊÛÐÝÌÕÌÚÚȮɯÊÖÔ×ÜÛÌËɯÖÕɯÛÏÌɯ

%, ɯÝÈÓÜÌÚɯȻƖƚȼɯÉÌÛÞÌÌÕɯ3ƔɯÈÕËɯ3ƕȮɯÞÈÚɯÊÖÔ×ÈÙÌËɯÉÌÛÞÌÌÕɯ!"(ɯÈÕËɯ"31+ɯÎÙÖÜ×ÚɯÞÐÛÏɯÈɯƕɪÛÈÐÓɯ

ÜÕ×ÈÐÙÌËɯÛɪÛÌÚÛȭ 

3ÏÌɯ%ÜÎÓɪ,ÌàÌÙɯ ÚÚÌÚÚÔÌÕÛɯÚÜÉÐÛÌÔÚɯȹ4××ÌÙɯ$ßÛÙÌÔÐÛàȮɯ6ÙÐÚÛȮɯ'ÈÕËȮɯ"ÖÖÙËÐÕÈÛÐÖÕɤÚ×ÌÌËȺɯÞÌÙÌɯ

ÈÓÚÖɯÈÕÈÓàÚÌËɯÈÛɯÛÏÌɯÝÈÙÐÖÜÚɯÛÐÔÌɯ×ÖÐÕÛÚɯÈÚɯ×ÙÌÝÐÖÜÚÓàɯ×ÙÖ×ÖÚÌËɯÉàɯȻƗƕȼȭɯ2×ÌÊÐŗÊÈÓÓàȮɯÛÏÌɯÉÌÛÞÌÌÕɪ

ÎÙÖÜ×ÚɯËÐřÌÙÌÕÊÌÚɯÈÛɯ3ƔɯÞÌÙÌɯÛÌÚÛÌËɯȹƖɪÛÈÐÓÚɯ6ÐÓÊÖßÖÕɯÙÈÕÒɯÚÜÔɯÛÌÚÛȺȮɯÈÕËɯÛÏÌɯÞÐÛÏÐÕɪÎÙÖÜ×ɯÊÏÈÕÎÌÚɯ

ÉÌÛÞÌÌÕɯ3ƔɯÈÕËɯ3ƕɯȹƖɪÛÈÐÓÚɯ6ÐÓÊÖßÖÕɯÚÐÎÕÌËɯÙÈÕÒɯÛÌÚÛȺȮɯÈÕËɯ3ƔɯÈÕËɯ3ƘɯȹƖɪÛÈÐÓÚɯ6ÐÓÊÖßÖÕɯÚÐÎÕÌËɯÙÈÕÒɯ

ÛÌÚÛȺɯÞÌÙÌɯÊÈÓÊÜÓÈÛÌËɯÍÖÙɯÌÈÊÏɯÚÜÉÐÛÌÔȭɯ%ÜÙÛÏÌÙÔÖÙÌȮɯÛÏÌɯÚÜÉÚÊÈÓÌÚɯËÌÙÐÝÌËɯÍÙÖÔɯÛÏÌɯ%, ɯÚÊÖÙÌɯÞÌÙÌɯ

ÙÌ×ÙÌÚÌÕÛÌËɯÐÕɯÈɯÙÈËÈÙɯ×ÓÖÛȮɯÈÕËɯÛÏÌɯÜÕËÌÙÓàÐÕÎɯÈÝÌÙÈÎÌËɯÈÙÌÈɯÈÊÙÖÚÚɯ×ÈÙÛÐÊÐ×ÈÕÛÚɯÞÈÚɯÈÕÈÓàÚÌËɯÈÛɯ

3ƔɯÉÌÛÞÌÌÕɯÎÙÖÜ×Úɯȹ!"(ɯÝÚȭɯ"31+ȮɯƖɪÛÈÐÓɯÜÕ×ÈÐÙÌËɯÛɪÛÌÚÛȺɯÈÕËɯÞÐÛÏÐÕɯÎÙÖÜ×Úɯȹ!"(Ȯɯ"31+ȺɯÚÌ×ÈÙÈÛÌÓàɯ

ÛÖɯÊÖÔ×ÈÙÌɯÐÛɯÉÌÛÞÌÌÕɯ3ƔɯÈÕËɯ3ƕɯȹƖɪÛÈÐÓɯ×ÈÐÙÌËɯÛɪÛÌÚÛȺȮɯÈÕËɯ3ƔɯÈÕËɯ3ƘɯȹƖɪÛÈÐÓɯ×ÈÐÙÌËɯÛɪÛÌÚÛȺȭ 

(ÕɯÈÓÓɯÛÏÌɯÚÛÈÛÐÚÛÐÊÈÓɯÊÖÔ×ÈÙÐÚÖÕɯÛÏÌɯÚÐÎÕÐŗÊÈÕÊÌɯÓÌÝÌÓɯÞÈÚɯÚÌÛɯÈÛɯƔȭƔƙȭ 

 

2×ÌÊÛÙÈÓɯÚÛÈÛÐÚÛÐÊÈÓɯÔÈ×ÚɯÖÍɯ,(ɯÛÈÚÒÚ 

 

%ÖÙɯÛÏÌɯ,(ɯÛÈÚÒÚȮɯÚÛÈÛÐÚÛÐÊÈÓɯ/2#ɯÔÈ×ÚɯÞÌÙÌɯÎÌÕÌÙÈÛÌËɯÍÖÙɯÌÈÊÏɯÎÙÖÜ×ȮɯÐȭÌȭɯ!"(ɯÈÕËɯ"31+ȮɯÛÐÔÌ×ÖÐÕÛȮɯ

ÐȭÌȭɯ3ƔȮɯ3ƕȮɯ3ƖȮɯ3ƗȮɯ3ƘȮɯÈÕËɯÛÈÚÒȮɯÐȭÌȭɯ,(ɯÖÍɯÛÏÌɯÈřÌÊÛÌËɯÏÈÕËɯÈÕËɯÜÕÈřÌÊÛÌËɯÏÈÕËɯÈÚɯÍÖÓÓÖÞÚȭɯ 

'ÈÝÐÕÎɯÛÌÚÛÌËɯÈÕËɯÝÌÙÐŗÌËɯÛÏÌɯËÐÚÛÙÐÉÜÛÐÖÕÚɯÕÖÙÔÈÓÐÛàȮɯÞÐÛÏɯÛÏÌɯ*ÖÓÔÖÎÖÙÖÝɪ2ÔÐÙÕÖÝɯÛÌÚÛȮɯÛÏÌɯƖɯ

ÛÈÐÓÌËɯ×ÈÐÙÌËɯÛɪÛÌÚÛȮɯÞÐÛÏɯÈɯÚÐÎÕÐŗÊÈÕÊÌɯÓÌÝÌÓɯÖÍɯƔȭƔƙȮɯÞÈÚɯ×ÌÙÍÖÙÔÌËɯÉÌÛÞÌÌÕɯ,(ɯÈÕËɯÙÌÚÛɯ/2#ɯÝÈÓÜÌÚɯ

ȹ×ÈÛÐÌÕÛÚɯÞÌÙÌɯÊÖÕÚÐËÌÙÌËɯÈÚɯÖÉÚÌÙÝÈÛÐÖÕÚɯÖÍɯÛÏÌɯÛɪÛÌÚÛȺɯÈÕËɯÊÖÔ×ÜÛÌËɯÍÖÙɯÌÈÊÏɯ$$&ɯÊÏÈÕÕÌÓɯÈÕËɯ

ÍÙÌØÜÌÕÊàɯÉÈÕËȭɯ3ÏÌɯÛÌÚÛÚɯÙÌÛÜÙÕÌËɯÕÌÎÈÛÐÝÌɯÛɯÝÈÓÜÌÚɯÐÕɯÛÏÌɯÊÈÚÌɯÛÏÈÛɯËÌÚàÕÊÏÙÖÕÐáÈÛÐÖÕɯÖÊÊÜÙÙÌËɯ

ȹÐȭÌȭȮɯÈɯËÌÊÙÌÈÚÌɯÐÕɯ×ÖÞÌÙȺɯÈÕËɯÈɯ×ÖÚÐÛÐÝÌɯÛɯÝÈÓÜÌɯÐÕɯÛÏÌɯÊÈÚÌɯÖÍɯÚàÕÊÏÙÖÕÐáÈÛÐÖÕɯȹÈÕɯÐÕÊÙÌÈÚÌɯÐÕɯ×ÖÞÌÙȺȭɯ

3ÏÌɯ%ÈÓÚÌɯ#ÐÚÊÖÝÌÙàɯ1ÈÛÌɯȹ%#1ȺɯÞÈÚɯÈ××ÓÐÌËɯÍÖÙɯÔÜÓÛÐ×ÓÌɯÊÖÔ×ÈÙÐÚÖÕÚȭ 

 

$$&ɪÉÈÚÌËɯÐÕËÐÊÌÚȯɯÚÛÈÛÐÚÛÐÊÈÓɯÛÌÚÛÚɯÈÕËɯÊÖÙÙÌÓÈÛÐÖÕɯÞÐÛÏɯÛÏÌɯÊÓÐÕÐÊÈÓɯÖÜÛÊÖÔÌ 

 

 ÓÓɯÉÌÛÞÌÌÕɪÎÙÖÜ×ɯȹ!"(ɯÝÚȭɯ"31+ȺɯËÐřÌÙÌÕÊÌÚɯÐÕɯÈÓÓɯ$$&ɪÉÈÚÌËɯÐÕËÐÊÌÚɯÊÖÕÚÐËÌÙÌËɯÈÛɯÉÈÚÌÓÐÕÌɯȹ3ƔȺɯ

ÞÌÙÌɯÈÕÈÓàÚÌËɯÞÐÛÏɯÈɯƖɪÛÈÐÓÚɯÜÕ×ÈÐÙÌËɯÛɪÛÌÚÛȭɯ(ÕɯÖÙËÌÙɯÛÖɯËÌÛÌÙÔÐÕÌɯÛÏÌɯÚÏÖÙÛɪÛÌÙÔɯÌřÌÊÛÚɯÖÍɯÛÏÌɯ

ÙÌÏÈÉÐÓÐÛÈÛÐÖÕɯÛÙÌÈÛÔÌÕÛÚɯÈɯƖɪÞÈàÚɯÔÐßÌËɯ -.5 ɯÞÐÛÏɯÛÏÌɯÍÈÊÛÖÙÚɯÎÙÖÜ×ɯȹ!"(Ȯɯ"31+ȺɯÈÕËɯÛÐÔÌ×ÖÐÕÛɯ

ȹ3ƔȮɯ3ƕȺɯÞÈÚɯÐÔ×ÓÌÔÌÕÛÌËȭɯ6ÏÌÙÌÈÚɯÛÖɯÈÚÚÌÚÚɯÛÏÌɯÓÖÕÎɪÛÌÙÔɯÌřÌÊÛÚȮɯÈɯƖɪÛÈÐÓÚɯ×ÈÐÙÌËɯÛɪÛÌÚÛɯÉÌÛÞÌÌÕɯ

ÐÕËÐÊÌÚɯÊÖÔ×ÜÛÌËɯÈÛɯ3ƔɯÈÕËɯÈÛɯ3ƘɯÞÈÚɯÐÔ×ÓÌÔÌÕÛÌËɯÍÖÙɯÌÈÊÏɯÎÙÖÜ×ɯÚÌ×ÈÙÈÛÌÓàȭɯ ɯƖɪÛÈÐÓÚɯÜÕ×ÈÐÙÌËɯÛɪ

ÛÌÚÛɯÞÈÚɯÊÖÕËÜÊÛÌËɯÉÌÛÞÌÌÕɯ!"(ɯÈÕËɯ"31+ɯÖÕɯÐÕËÐÊÌÚɯÊÖÔ×ÜÛÌËɯÈÛɯ3Ƙȭ 
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(ÕɯÖÙËÌÙɯÛÖɯÈÚÊÌÙÛÈÐÕɯÛÏÌɯ×ÖÛÌÕÛÐÈÓɯÖÍɯÌÈÊÏɯ$$&ɪÉÈÚÌɯÐÕËÌßɯÈÚɯÈɯËÌÛÌÙÔÐÕÈÕÛɯÖÍɯÛÙÌÈÛÔÌÕÛɯÙÌÚ×ÖÕÚÌȮɯ

ÛÏÌɯ2×ÌÈÙÔÈÕɯÊÖÙÙÌÓÈÛÐÖÕɯÞÈÚɯ×ÌÙÍÖÙÔÌËɯÉÌÛÞÌÌÕɯÌÈÊÏɯÐÕËÌßɯÝÈÓÜÌÚɯÈÛɯ3ƔɯÈÕËɯÛÏÌɯ%, ɯÌřÌÊÛÐÝÌÕÌÚÚɯ

ȹÚÌÌɯ"ÓÐÕÐÊÈÓɯÖÜÛÊÖÔÌÚȺȭɯ3ÏÌɯ2×ÌÈÙÔÈÕɯÊÖÙÙÌÓÈÛÐÖÕɯÞÈÚɯÊÖÔ×ÜÛÌËɯÉÖÛÏɯÞÐÛÏɯÐÕËÐÊÌÚɯÊÖÔ×ÜÛÌËɯÐÕɯ,(ɯ

ÛÈÚÒɯ×ÌÙÍÖÙÔÌËɯÞÐÛÏɯÛÏÌɯÈřÌÊÛÌËɯÏÈÕËɯÈÕËɯÐÕɯÙÌÚÛÐÕÎɯÚÛÈÛÌɯÊÖÕËÐÛÐÖÕÚɯȹ"$Ȯɯ.$ȺȮɯÚÌ×ÈÙÈÛÌÓàȭ 

3ÏÌɯÕÖÙÔÈÓÐÛàɯÖÍɯÛÏÌɯËÐÚÛÙÐÉÜÛÐÖÕÚɯÞÈÚɯÛÌÚÛÌËɯÞÐÛÏɯÛÏÌɯ*ÖÓÔÖÎÖÙÖÝɪ2ÔÐÙÕÖÝɯÛÌÚÛȭɯ 

3ÏÌɯÚÐÎÕÐŗÊÈÕÊÌɯÓÌÝÌÓɯÞÈÚɯÈÓÞÈàÚɯÚÌÛɯÛÖɯƔȭƔƙȭ 

 

ƗȭƘȭƗɯ1ÌÚÜÓÛÚ 

 

2ÏÖÙÛɪÛÌÙÔɯÌřÌÊÛÚɯÖÍɯÛÏÌɯ,(ɪ!"(ɯÐÕÛÌÙÝÌÕÛÐÖÕ 

!ÈÚÌÓÐÕÌɯËÐřÌÙÌÕÊÌÚɯ 

 

3ÏÌɯËÌÔÖÎÙÈ×ÏÐÊÈÓɯÈÕËɯÊÓÐÕÐÊÈÓɯËÈÛÈɯÖÍɯÉÖÛÏɯÌß×ÌÙÐÔÌÕÛÈÓɯÎÙÖÜ×Úɯȹ!"(Ȯɯ"31+ȺɯÈÕËɯÈÓÓɯÛÏÌɯÊÖÕÚÐËÌÙÌËɯ

ÚÜÉÎÙÖÜ×ÚɯȹÈÓÓɯ×ÈÙÛÐÊÐ×ÈÕÛÚȮɯÚÌÝÌÙÌɯ%, ɤƚƔȹ3ƔȺɯȀɯƕƝȮɯÔÖËÌÙÈÛÌɯ%, ɤƚƔȹ3ƔȺɯǿƕƝȺɯÈÙÌɯÚÜÔÔÈÙÐáÌËɯÐÕɯ

3ÈÉÓÌɯ Ɨȭƕȭɯ -Öɯ ÚÐÎÕÐŗÊÈÕÛɯ ËÐřÌÙÌÕÊÌÚɯ ÉÌÛÞÌÌÕɯ ÎÙÖÜ×Úɯ ÞÌÙÌɯ ÍÖÜÕËɯ ÈÛɯ ÉÈÚÌÓÐÕÌɯ ÞÐÛÏɯ ÙÌÎÈÙËɯ ÛÖɯ

ËÌÔÖÎÙÈ×ÏÐÊɯÈÕËɯÊÓÐÕÐÊÈÓɯ×ÈÛÐÌÕÛɯÊÏÈÙÈÊÛÌÙÐÚÛÐÊÚȭ 

 

Table 3. 1ȭɯ#ÌÔÖÎÙÈ×ÏÐÊÈÓɯÈÕËɯÊÓÐÕÐÊÈÓɯÊÏÈÙÈÊÛÌÙÐÚÛÐÊÚɯȹÔÌÈÕɯǷɯÚÛÈÕËÈÙËɯËÌÝÐÈÛÐÖÕȺɯÖÍɯ×ÈÛÐÌÕÛɀÚɯÎÙÖÜ×Úɯȹ!"(Ȯɯ"31+Ⱥɯ

ÊÖÕÚÐËÌÙÐÕÎɯÈÓÓɯ×ÈÙÛÐÊÐ×ÈÕÛÚȮɯÚÌÝÌÙÌɯ×ÈÛÐÌÕÛÚɯÞÐÛÏɯ%, ɤƚƔɯÈÛɯÉÈÚÌÓÐÕÌɯȹ3ƔȺɯȀɯƕƝɯÈÕËɯÔÖËÌÙÈÛÌɯ×ÈÛÐÌÕÛÚɯÞÐÛÏɯ%, ɤƚƔɯÈÛɯ

baseline > 19. For each group is reported the numerosity (N°), the averaged age (± standard deviation), the dominant 

hand (Right/Left/ambidextrous), the sex (Male/Female), the affected hemisphere (Right/Left), the FMA/66 (mean ± 

standard deviation) before (T0) the training, the effectiveness computed on the FMA/66 (mean ± standard deviation), the 

months since stroke (mean ± standard deviation) and the averaged (± standard deviation) control frequency used to 

control the Promotoer system in the BCI group.  
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ƕƙ,ɤƝ% ƕƚ1ɤƜ+ ƕƙȭƖǷƕƚȭƔ ƕƛȭƛǷƖƔȭƘ ƖȭƔǷƕȭƗ ƕƖȭƛǷƙȭƗ 

"31+ ƖƖ ƙƛȭƔǷƕƙȭƝ 
ƕƜ1ɤƕ+ɤƗɯ

ÈÔÉÐËÌßÛÙÖÜÚ 
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!"(ɯÊÖÕÛÙÖÓɯ×ÌÙÍÖÙÔÈÕÊÌ 

 

%ÐÎÜÙÌɯƗȭƗɯËÌ×ÐÊÛÚɯÛÏÌɯ×ÌÙÍÖÙÔÈÕÊÌɯÈÊÏÐÌÝÌËɯÉàɯÌÈÊÏɯ×ÈÙÛÐÊÐ×ÈÕÛɯÐÕɯÛÏÌɯ!"(ɯÎÙÖÜ×ɯÐÕɯÌÈÊÏɯÛÙÈÐÕÐÕÎɯ

ÚÌÚÚÐÖÕȮɯÈÓÖÕÎɯÞÐÛÏɯÛÏÌɯÈÝÌÙÈÎÌËɯ×ÌÙÍÖÙÔÈÕÊÌɯȹÉÓÈÊÒɯÓÐÕÌȺɯÈÊÙÖÚÚɯÈÓÓɯ×ÈÙÛÐÊÐ×ÈÕÛÚɯȹÜ××ÌÙɯ×ÈÕÌÓȺȮɯ

ÚÌÝÌÙÌɯ×ÈÛÐÌÕÛÚɯȹÔÐËËÓÌɯ×ÈÕÌÓȺȮɯÈÕËɯÔÖËÌÙÈÛÌɯ×ÈÛÐÌÕÛÚɯȹÓÖÞÌÙɯ×ÈÕÌÓȺȭɯ%ÙÖÔɯÈɯÝÐÚÜÈÓɯÐÕÚ×ÌÊÛÐÖÕɯÖÍɯÛÏÌɯ

ÙÌ×ÙÌÚÌÕÛÈÛÐÖÕÚȮɯÐÛɯÐÚɯÌÝÐËÌÕÛɯÛÏÈÛȮɯÖÕɯÈÝÌÙÈÎÌȮɯ×ÈÛÐÌÕÛɯ×ÌÙÍÖÙÔÈÕÊÌɯÐÔ×ÙÖÝÌËɯÛÏÙÖÜÎÏÖÜÛɯÛÏÌɯŗÙÚÛɯ

ÍÖÜÙɯÛÙÈÐÕÐÕÎɯÚÌÚÚÐÖÕÚȮɯÙÌÈÊÏÐÕÎɯÈɯ×ÓÈÛÌÈÜɯÛÏÈÛɯÞÈÚɯÔÈÐÕÛÈÐÕÌËɯÜÕÛÐÓɯÛÏÌɯÌÕËɯÖÍɯÛÏÌɯÛÙÈÐÕÐÕÎȮɯÉÖÛÏɯÍÖÙɯ

ÈÓÓɯ×ÈÙÛÐÊÐ×ÈÕÛÚɯÈÕËɯÍÖÙɯÚÌÝÌÙÌɯ×ÈÛÐÌÕÛÚȭ 

3ÏÌɯ%ÙÐÌËÔÈÕɯÛÌÚÛɯȹϔɯǻɯƔȭƔƙȺɯ×ÌÙÍÖÙÔÌËɯÖÕɯ!"(ɯÊÖÕÛÙÖÓɯ×ÌÙÍÖÙÔÈÕÊÌɯÈÛɯÚÌÚÚÐÖÕÚɯƖȮɯƚȮɯÈÕËɯƕƖɯÚÏÖÞÌËɯ

ÕÖɯÚÐÎÕÐŗÊÈÕÛɯËÐřÌÙÌÕÊÌÚɯȹ×ɯǿɯƔȭƔƙȺȮɯÞÏÌÛÏÌÙɯÊÖÕÚÐËÌÙÐÕÎɯÈÓÓɯ×ÈÙÛÐÊÐ×ÈÕÛÚɯÖÙɯÖÕÓàɯÚÌÝÌÙÌɯÈÕËɯ

ÔÖËÌÙÈÛÌɯ×ÈÛÐÌÕÛÚȭ 

ɯ  
Figure 3. 3ȭɯ/ÌÙÍÖÙÔÈÕÊÌɯȹÔÌÈÕǷɯÚÛÈÕËÈÙËɯÌÙÙÖÙȺɯÛÙÌÕËɯÈÓÖÕÎɯÛÙÈÐÕÐÕÎɯÚÌÚÚÐÖÕÚɯÖÕɯÚÐÕÎÓÌɯ!"(ɯÎÙÖÜ×ɀÚɯÐÕËÐÝÐËÜÈÓÚɯȹÎÙÌàɯ

lines) and averaged across participants (black line) considering all patients (N = 24) of the BCI group (upper panel), the 

BCI severe patients with F, ɤƚƔɯȀɯƕƝɯȹ-ɯǻɯƕƜȺɯȹÔÐËËÓÌɯ×ÈÕÌÓȺɯÈÕËɯ!"(ɯÔÖËÌÙÈÛÌɯ×ÈÛÐÌÕÛÚɯ%, ɤƚƔɯǿɯƕƝɯȹ-ɯǻɯƚȺɯȹÓÖÞÌÙɯ

panel). 

 

"ÓÐÕÐÊÈÓɯÖÜÛÊÖÔÌÚ 

 

3ÏÌɯÊÖÔ×ÈÙÐÚÖÕɯȹ6ÐÓÊÖßÖÕɯÚÐÎÕÌËɯÙÈÕÒɯÛÌÚÛȮɯÈÓ×ÏÈɯǻɯƔȭƔƙȮɯƖɯÛÈÐÓÚȺɯÖÍɯÛÏÌɯÊÓÐÕÐÊÈÓɯÚÊÈÓÌÚɯÉÌÍÖÙÌɯȹ3ƔȺɯÈÕËɯ

ÈÍÛÌÙɯÛÏÌɯÛÙÌÈÛÔÌÕÛɯȹ3ƕȺɯÙÌÝÌÈÓɯÛÏÈÛɯÉÖÛÏɯ!"(ɯÈÕËɯ"31+ɯÎÙÖÜ×ÚɯÌß×ÌÙÐÌÕÊÌËɯÈɯÚÐÎÕÐŗÊÈÕÛɯȹ×ɯǾɯƔȭƔƙȺɯ

ÐÔ×ÙÖÝÌÔÌÕÛɯÐÕɯ%, Ȯɯ-('22Ȯɯ 1 3ɯÈÕËɯ,,3ɯÞÏÌÕɯÊÖÕÚÐËÌÙÐÕÎɯÈÓÓɯ×ÈÛÐÌÕÛÚɯÞÏÌÙÌÈÚɯÐÕɯÚÌÝÌÙÌɯ
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×ÈÛÐÌÕÛÚɯȹ%, ɤƚƔȹ3ƔȺɯȀɯƕƝȺȮɯÉÖÛÏɯÎÙÖÜ×ÚɯÚÐÎÕÐŗÊÈÕÛÓàɯȹ×ɯǾɯƔȭƔƙȺɯÐÔ×ÙÖÝÌɯÐÕɯÛÏÌɯ%, Ȯɯ-('22Ȯɯ,,3ɯ

ÍÜÕÊÛÐÖÕÈÓɯÚÊÖÙÌÚȭɯ(Õɯ3ÈÉÓÌɯƗȭƖɯÛÏÌɯÈÝÌÙÈÎÌËɯȹǷɯÚÛÈÕËÈÙËɯÌÙÙÖÙȺɯÝÈÓÜÌɯÖÍɯ-('22Ȯɯ 1 3Ȯɯ, 2Ȯɯ,,3ɯ

ÈÕËɯ-12ɯÚÊÖÙÌÚɯÈÊÙÖÚÚɯ×ÈÙÛÐÊÐ×ÈÕÛÚɯÈÛɯÉÈÚÌÓÐÕÌɯÈÕËɯÈÍÛÌÙɯÛÏÌɯÛÙÌÈÛÔÌÕÛɯÈÙÌɯÙÌ×ÖÙÛÌËɯÍÖÙɯÌÈÊÏɯÎÙÖÜ×ɯ

ȹ!"(Ȯɯ"31+ȺɯÈÕËɯÚÜÉÎÙÖÜ×ɯȹÈÓÓɯ×ÈÙÛÐÊÐ×ÈÕÛÚȮɯÚÌÝÌÙÌɯ%, ɤƚƔȹ3ƔȺɯȀɯƕƝȮɯÔÖËÌÙÈÛÌɯ%, ɤƚƔȹ3ƔȺɯǿƕƝȺɯ

ÞÏÐÓÌɯÛÏÌɯ%, ɯÚÊÖÙÌÚɯÈÙÌɯÙÌ×ÖÙÛÌËɯÐÕɯ3ÈÉÓÌɯƗȭƕȭɯ 

 

Table 3. 2. Average clinical scales (± standard error) across groups of patients (BCI, CTRL) considering all participants, 

severe ×ÈÛÐÌÕÛÚɯÞÐÛÏɯ%, ɤƚƔɯÈÛɯÉÈÚÌÓÐÕÌɯȹ3ƔȺɯȀɯƕƝɯÈÕËɯÔÖËÌÙÈÛÌɯ×ÈÛÐÌÕÛÚɯÞÐÛÏɯ%, ɤƚƔɯÈÛɯÉÈÚÌÓÐÕÌɯǿɯƕƝȭɯ%ÖÙɯÌÈÊÏɯÎÙÖÜ×ɯ

is reported the numerosity (N°) and the mean value of each clinical scale (FMA, NIHSS, ARAT, MAS, MMT, NRS) before 

(T0) and after (T1) the treatment. 

 

 

  

All  

participants  

Severe  

%, ɍƚƔɯȀɯƕƝ 

Moderate  

 FMA_60 > 19 

BCI CTRL BCI CTRL BCI CTRL 

N° 24 22 18 16 6 6 

FMA(T0)  15.2±16.0 15.8±12.9 6.4±3.3 9.3±7.0 41.5±4.9 33.2±7.5 

FMA(T1)  22.1±19.3 25.3±20.6 12.1±8.7 15.1±13.0 52.2±4.0 52.5±7.4 

NIHSS (T0)  6.8±3.2 6.6±3.3 7.9±2.9 7.8±3.0 3.7±1.8 3.5±1.6 

NIHSS(T1)  4.8±3.4 5.3±3.7 5.9±3.3 6.4±3.7 1.7±1.2 2.2±1.6 

ARAT(T0)  8.0±15.8 6.4±12.6 0.0±0.0 1.1±3.8 32.2±14.7 20.5±17.1 

ARAT(T1)  14.8±23.7 17.5±23.1 1.5±3.8 6.0±12.9 54.5±2.8 48.0±14.3 

MAS(T0)  1.8±1.8 2.4±1.9 2.1±2.0 2.6±2.1 0.8±1.0 2.0±1.9 

MAS(T1)  2.0±1.2 2.3±1.5 2.2±1.2 2.7±1.5 1.2±1.2 1.3±0.8 

MMT(T0)  7.3±6.8 8.3±6.7 3.9±3.8 5.1±4.6 17.2±2.8 16.8±2.6 

MMT(T1)  10.1±7.2 11.5±8.6 6.7±4.2 7.7±6.7 20.3±3.5 21.5±3.3 

NRS(T0) 2.8±3.3 3.9±3.1 2.9±3.1 3.9±3.2 2.5±4.0 3.8±3.1 

NRS(T1) 3.1±2.8 4.0±2.4 3.1±2.9 3.6±2.6 3.2±2.6 4.8±1.7 

 

 

3ÏÌɯÈÕÈÓàÚÐÚɯÙÌÝÌÈÓÚɯÕÖɯÚÛÈÛÐÚÛÐÊÈÓÓàɯÚÐÎÕÐŗÊÈÕÛɯËÐřÌÙÌÕÊÌɯȹ×ɯǿɯƔȭƔƙȺɯÐÕɯ%, ɯÌřÌÊÛÐÝÌÕÌÚÚɯȹÚÌÌɯ3ÈÉÓÌɯ

ƗȭƕȺɯÉÌÛÞÌÌÕɯÛÏÌɯÛÞÖɯÌß×ÌÙÐÔÌÕÛÈÓɯÎÙÖÜ×Úɯȹ!"(Ȯɯ"31+ȺȮɯÞÏÌÛÏÌÙɯÈÓÓɯ×ÈÙÛÐÊÐ×ÈÕÛÚȮɯÚÌÝÌÙÌɯ×ÈÛÐÌÕÛÚɯ

ȹ%, ɤƚƔȹ3ƔȺɯȀɯƕƝȺȮɯÖÙɯÔÖËÌÙÈÛÌɯ×ÈÛÐÌÕÛÚɯȹ%, ɤƚƔȹ3ƔȺɯǿƕƝȺɯÈÙÌɯÊÖÕÚÐËÌÙÌËȭɯ2ÜÊÏɯÈɯÙÌÚÜÓÛɯÔÈàɯÉÌɯ

ÈŲÙÐÉÜÛÌËɯÛÖɯÛÏÌɯËÐÚ×ÈÙÈÛÌɯËÐÚÛÙÐÉÜÛÐÖÕɯÖÍɯÉÈÚÌÓÐÕÌɯÔÖÛÖÙɯÐÔ×ÈÐÙÔÌÕÛɯÓÌÝÌÓÚȮɯÈÚɯÔÌÈÚÜÙÌËɯÉàɯÛÏÌɯ

%, ȮɯÈÔÖÕÎɯ×ÈÛÐÌÕÛÚɯÈÚÚÐÎÕÌËɯÛÖɯÛÏÌɯÌß×ÌÙÐÔÌÕÛÈÓɯÎÙÖÜ×ȭɯ%ÐÎÜÙÌɯƗȭƘɯÐÓÓÜÚÛÙÈÛÌÚɯÛÏÌɯÍÙÌØÜÌÕÊàɯ

ËÐÚÛÙÐÉÜÛÐÖÕɯÖÍɯ×ÈÛÐÌÕÛÚɯÉÈÚÌËɯÖÕɯÛÏÌÐÙɯ%, ɤƚƔɯÚÊÖÙÌÚɯÈÛɯÉÈÚÌÓÐÕÌȮɯËÌÔÖÕÚÛÙÈÛÐÕÎɯÛÏÈÛɯÛÏÌɯÛÞÖɯ

Ìß×ÌÙÐÔÌÕÛÈÓɯÎÙÖÜ×ÚɯÈÙÌɯÕÖÛɯÏÖÔÖÎÌÕÌÖÜÚɯÐÕɯÛÏÌɯÚÌÝÌÙÌɯ×ÈÛÐÌÕÛɯÚÜÉÎÙÖÜ×ɯȹ%, ɤƚƔȹ3ƔȺɯȀɯƕƝȺȭɯ3Öɯ

ÖÉÛÈÐÕɯÛÞÖɯÏÖÔÖÎÌÕÌÖÜÚɯÎÙÖÜ×ÚɯÖÍɯÚÌÝÌÙÌɯ×ÈÛÐÌÕÛÚɯÐÕɯÛÌÙÔÚɯÖÍɯÔÖÛÖÙɯÐÔ×ÈÐÙÔÌÕÛɯÈÛɯÉÈÚÌÓÐÕÌȮɯÈɯ

ÛÏÙÌÚÏÖÓËɯ ÖÍɯ %, ɤƚƔǻƕƔɯ ÞÈÚɯ ÊÏÖÚÌÕȭɯ 3ÏÌɯ ËÌÔÖÎÙÈ×ÏÐÊɯ ÈÕËɯ ÊÓÐÕÐÊÈÓɯ ÐÕÍÖÙÔÈÛÐÖÕɯ ÖÍɯ ÛÏÌɯ ÛÞÖɯ

ÚÜÉÎÙÖÜ×ÚɯÖÍɯ!"(ɯÈÕËɯ"31+ɯ×ÈÛÐÌÕÛÚɯÞÐÛÏɯ%, ɤƚƔɯȹ3ƔȺɯȀɯƕƔɯÈÙÌɯ×ÙÖÝÐËÌËɯÐÕɯ3ÈÉÓÌÚɯƗȭƗɯÈÕËɯƗȭƘȭɯ

2ÛÈÛÐÚÛÐÊÈÓɯÊÖÔ×ÈÙÐÚÖÕÚɯÉÌÛÞÌÌÕɯ3ƔɯÈÕËɯ3ƕɯÐÕËÐÊÈÛÌɯÛÏÈÛɯ×ÈÛÐÌÕÛÚɯÐÕɯÛÏÌÚÌɯÚÜÉÎÙÖÜ×Úɯȹ!"(Ȯɯ"31+Ⱥɯ

ÈÓÚÖɯÌßÏÐÉÐÛÌËɯÚÐÎÕÐŗÊÈÕÛɯÐÔ×ÙÖÝÌÔÌÕÛÚɯȹ×ɯǾɯƔȭƔƙȺɯÐÕɯ%, Ȯɯ-('22ɯÈÕËɯ,,3ɯÍÜÕÊÛÐÖÕÈÓɯÚÊÖÙÌÚȭ 
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 ɯÊÖÔ×ÈÙÐÚÖÕɯÖÍɯÛÏÌɯ%, ɯÌřÌÊÛÐÝÌÕÌÚÚɯÉÌÛÞÌÌÕɯ!"(ɯÈÕËɯ"31+ɯÚÌÝÌÙÌɯ×ÈÛÐÌÕÛÚɯÞÐÛÏɯ%, ɤƚƔɯȹ3ƔȺɯȀɯ
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ȹƕƜɯ!"(ɯ×ÈÛÐÌÕÛÚɯÈÕËɯƕƗɯ"31+ɯ×ÈÛÐÌÕÛÚȺȭɯ3ÏÌÚÌɯŗÕËÐÕÎÚɯÚÜÎÎÌÚÛɯÛÏÈÛɯÛÏÌɯ,(ɪ!"(ɯÐÕÛÌÙÝÌÕÛÐÖÕɯÐÚɯÔÖÙÌɯ

ÌřÌÊÛÐÝÌɯÛÏÈÕɯÚÖÓÌÓàɯ,(ɯÛÙÈÐÕÐÕÎɯÖÕɯÚÌÝÌÙÌɯ×ÈÛÐÌÕÛÚɯÞÐÛÏɯÈÕɯ%, ɤƚƔɯȀɯƕƔȭɯ"ÖÕÚÌØÜÌÕÛÓàȮɯÛÏÌÚÌɯ
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Figure 3. 4. Frequency distribution of patients of the two intervention groups (BCI, CTRL) expressed as function of the 

motor impairment at baseline (FMA/60 at T0).  

 

Table 3. 3. #ÌÔÖÎÙÈ×ÏÐÊÈÓɯÈÕËɯÊÓÐÕÐÊÈÓɯÊÏÈÙÈÊÛÌÙÐÚÛÐÊÚɯȹÔÌÈÕɯǷɯÚÛÈÕËÈÙËɯËÌÝÐÈÛÐÖÕȺɯÖÍɯ×ÈÛÐÌÕÛɀÚɯÎÙÖÜ×Úɯȹ!"(Ȯɯ"31+Ⱥɯ

ÊÖÕÚÐËÌÙÐÕÎɯÛÏÌɯÚÌÝÌÙÌɯ×ÈÛÐÌÕÛÚɯÞÐÛÏɯ%, ɤƚƔɯÈÛɯÉÈÚÌÓÐÕÌɯȀɯƕƔȭɯ%ÖÙɯÌÈÊÏɯÎÙÖÜ×ɯȹ!"(Ȯɯ"31+ȺɯÐÚɯÙÌ×ÖÙÛÌËɯÛÏÌɯÕÜÔÌÙÖÚÐÛàɯ

(N°), the averaged age (± standard deviation), the dominant hand (Right/Left/ambidextrous), the sex (Male/Female), the 

affected hemisphere (Right/Left), the FMA/66 (mean ± standard deviation) before (T0) the training, the effectiveness 

computed on the FMA/66 (mean ± standard deviation), the m onths since stroke (mean ± standard deviation) and the 

averaged (± standard deviation) control frequency used to control the Promotoer system in the BCI group.  
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Table 3. 4. Average clinical scales (± standard error) across groups of patients (BCI, CTRL) considering the severe patients 

ÞÐÛÏɯ%, ɤƚƔɯÈÛɯÉÈÚÌÓÐÕÌɯȹ3ƔȺɯȀɯƕƔȭɯ%ÖÙɯÌÈÊÏɯÎÙÖÜ×ɯÐÚɯÙÌ×ÖÙÛÌËɯÛÏÌɯÕÜÔÌÙÖÚÐÛàɯȹ-ȘȺɯÈÕËɯÛÏÌɯÔÌÈÕɯÝÈÓÜÌɯÖÍɯÌÈÊÏɯÊÓÐÕÐÊÈÓɯ

scale (FMA, NIHSS, ARAT, MAS, MMT, NRS) before (T0) and after (T1) the treatment. 

 

  

Severe  

%, ɍƚƔɯȀɯƕƔ 

BCI CTRL 

N° 18 13 

FMA(T0)  6.4±3.3 6.5±4.3 

FMA(T1)  12.1±8.7 9.5±4.8 

NIHSS (T0)  7.9±2.9 8.4±3.0 

NIHSS(T1)  5.9±3.3 7.3±3.5 

ARAT(T0)  0.0±0.0 0.0±0.0 

ARAT(T1)  1.5±3.8 0.8±2.3 

MAS(T0)  2.1±2.0 2.5±2.3 

MAS(T1)  2.2±1.2 2.6±1.6 

MMT(T0)  3.9±3.8 3.6±3.7 

MMT(T1)  6.7±4.2 5.2±4.4 

NRS(T0) 2.9±3.1 3.8±3.2 

NRS(T1) 3.1±2.9 3.5±2.9 

 

 

%ÐÎÜÙÌɯƗȭƙɯ×ÙÌÚÌÕÛÚɯÈɯÙÈËÈÙɯ×ÓÖÛɯËÌ×ÐÊÛÐÕÎɯÛÏÌɯÈÝÌÙÈÎÌËɯ%, ɯÚÜÉÚÊÈÓÌɯÚÊÖÙÌÚɯȹ4××ÌÙɯ$ßÛÙÌÔÐÛàȮɯ

6ÙÐÚÛȮɯ'ÈÕËȮɯÈÕËɯ"ÖÖÙËÐÕÈÛÐÖÕɤÚ×ÌÌËȺɯÈÊÙÖÚÚɯÈÓÓɯ×ÈÙÛÐÊÐ×ÈÕÛÚɯÐÕɯÛÏÌɯ!"(ɯȹÓÌÍÛɯ×ÈÕÌÓȺɯÈÕËɯ"31+ɯȹÙÐÎÏÛɯ

×ÈÕÌÓȺɯÎÙÖÜ×ÚɯÈÛɯÉÈÚÌÓÐÕÌɯÈÕËɯ×ÖÚÛɪÛÙÈÐÕÐÕÎȭɯ(ÛɯÊÈÕɯÉÌɯÕÖÛÌËɯÛÏÈÛɯÐÕɯÉÖÛÏɯÎÙÖÜ×Úɯȹ!"(Ȯɯ"31+ȺȮɯ×ÈÛÐÌÕÛÚɯ

ÐÕÊÙÌÈÚÌɯÛÏÌÐÙɯ×ÌÙÍÖÙÔÈÕÊÌɯÐÕɯÈÓÓɯÛÏÌɯÐÛÌÔȭɯ ÚɯÐÓÓÜÚÛÙÈÛÌËɯÐÕɯ%ÐÎȭɯƗȭƙȮɯÐÕɯ%ÐÎȭƗȭƚɯÛÏÌɯ%, ɯÚÜÉÐÛÌÔÚɯÙÈËÈÙɯ

×ÓÖÛÚɯÈÙÌɯËÌ×ÐÊÛÌËɯÍÖÙɯ×ÈÛÐÌÕÛÚɯÞÐÛÏɯ%, ɤƚƔɯȀɯƕƔɯÖÍɯÛÏÌɯ!"(ɯȹÓÌÍÛɯ×ÈÕÌÓȺɯÈÕËɯ"31+ɯȹÙÐÎÏÛɯ×ÈÕÌÓȺɯÎÙÖÜ×ɯ

ÈÛɯÉÈÚÌÓÐÕÌɯÈÕËɯÈÍÛÌÙɯÛÏÌɯÛÙÈÐÕÐÕÎȭɯ(ÕɯÛÏÌɯ"31+ɯÙÌ×ÙÌÚÌÕÛÈÛÐÖÕɯȹÙÐÎÏÛɯ×ÈÕÌÓȺȮɯÐÛɯÊÈÕɯÉÌɯÖÉÚÌÙÝÌËɯÛÏÈÛɯ

×ÈÛÐÌÕÛÚɯÖÍɯÛÏÐÚɯÎÙÖÜ×ɯÐÕÊÙÌÈÚÌɯÛÏÌÐÙɯÔÖÛÖÙɯ×ÌÙÍÖÙÔÈÕÊÌɯÖÕÓàɯÞÏÌÕɯÊÖÕÚÐËÌÙÐÕÎɯÛÏÌɯ4××ÌÙɯ$ßÛÙÌÔÐÛàɯ

ÐÛÌÔȭ 

3ÏÌɯ ÚÛÈÛÐÚÛÐÊÈÓɯ ÊÖÔ×ÈÙÐÚÖÕɯ ÊÖÔ×ÈÙÐÚÖÕÚɯ ȹƖɪÛÈÐÓÚɯ 6ÐÓÊÖßÖÕɯ ÚÐÎÕÌËɯ ÙÈÕÒɯ ÛÌÚÛȺɯ ×ÌÙÍÖÙÔÌËɯ ÖÕɯ ÈÓÓɯ

×ÈÙÛÐÊÐ×ÈÕÛÚɯÖÕɯÛÏÌɯÚÜÉÐÛÌÔÚɯÉÌÛÞÌÌÕɯÛÏÌɯÛÞÖɯÛÐÔÌɯ×ÖÐÕÛÚɯȹ3ƔɯÈÕËɯ3ƕȺɯÐÕËÐÊÈÛÌɯÛÏÈÛɯÉÖÛÏɯÛÏÌɯ!"(ɯÈÕËɯ

"31+ɯÎÙÖÜ×ÚɯÌßÏÐÉÐÛÌËɯÈɯÚÐÎÕÐŗÊÈÕÛɯȹ×ɯǾɯƔȭƔƙȺɯÐÔ×ÙÖÝÌÔÌÕÛɯÐÕɯÈÓÓɯÚÜÉÐÛÌÔÚȭɯ6ÏÌÙÌÈÚȮɯÐÕɯÚÌÝÌÙÌɯ

×ÈÛÐÌÕÛÚȮɯÚÛÈÛÐÚÛÐÊÈÓɯÊÖÔ×ÈÙÐÚÖÕɯȹƖɪÛÈÐÓÚɯ6ÐÓÊÖßÖÕɯÚÐÎÕÌËɯÙÈÕÒɯÛÌÚÛȺɯÖÍɯÛÏÌɯÐÕËÐÝÐËÜÈÓɯÚÜÉÚÊÈÓÌÚɯÚÏÖÞÚɯ

ÛÏÈÛɯ!"(ɯÚÌÝÌÙÌɯ×ÈÛÐÌÕÛÚɯÌß×ÌÙÐÌÕÊÌËɯÈɯÚÐÎÕÐŗÊÈÕÛɯÐÔ×ÙÖÝÌÔÌÕÛɯȹ×ɯǾɯƔȭƔƙȺɯÐÕɯÛÏÌɯ4××ÌÙɯ$ßÛÙÌÔÐÛàɯ

ÈÕËɯ'ÈÕËɯÚÜÉÚÊÈÓÌÚȮɯÞÏÐÓÌɯÚÌÝÌÙÌɯ×ÈÛÐÌÕÛÚɯÐÕɯÛÏÌɯ"31+ɯÎÙÖÜ×ɯÖÕÓàɯÌß×ÌÙÐÌÕÊÌËɯÈɯÚÐÎÕÐŗÊÈÕÛɯ

ÐÔ×ÙÖÝÌÔÌÕÛɯȹ×ɯǾɯƔȭƔƙȺɯÖÕÓàɯÐÕɯÛÏÌɯ4××ÌÙɯ$ßÛÙÌÔÐÛàɯÚÜÉÚÊÈÓÌȭɯ3ÏÌɯÈÙÌÈɯËÌÓÐÕÌÈÛÌËɯÉàɯÛÏÌɯÐÕÛÌÙÚÌÊÛÐÖÕɯ

ÖÍɯÛÏÌɯÐÛÌÔÚɯÞÈÚɯÊÈÓÊÜÓÈÛÌËɯÈÛɯÌÈÊÏɯÛÐÔÌɯ×ÖÐÕÛȮɯÈÕËɯÛÏÌɯËÐřÌÙÌÕÊÌɯÉÌÛÞÌÌÕɯÛÏÌɯÈÙÌÈɯÈÛɯ3ƕɯÈÕËɯÈÛɯ3Ɣɯ

ÞÈÚɯÊÖÔ×ÜÛÌËɯÚÌ×ÈÙÈÛÌÓàɯÍÖÙɯÌÈÊÏɯÎÙÖÜ×ȭ 

'ÖÞÌÝÌÙȮɯÚÜÊÏɯËÐřÌÙÌÕÊÌɯÖÍɯÛÏÌɯÜÕËÌÙÓàÐÕÎɯÈÙÌÈÚɯÖÍɯÛÏÌɯÙÈËÈÙɯ×ÓÖÛÚɯÈÛɯ3ƕɯÈÕËɯ3ƔȮɯÚÏÖÞÚɯÕÖɯ

ÚÛÈÛÐÚÛÐÊÈÓÓàɯÚÐÎÕÐŗÊÈÕÛɯËÐřÌÙÌÕÊÌɯȹ×ɯǿɯƔȭƔƙȺɯÉÌÛÞÌÌÕɯÛÏÌɯÛÞÖɯÎÙÖÜ×Úɯȹ!"(ɯÝÚȭɯ"31+ȺȮɯÉÖÛÏɯÊÖÕÚÐËÌÙÐÕÎɯ

ÈÓÓɯ×ÈÙÛÐÊÐ×ÈÕÛÚɯÈÕËɯÚÌÝÌÙÌɯ×ÈÛÐÌÕÛÚȭ 
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Figure 3. 5. Radar plot of the averaged (± standard error) subscales of the FMA/66 before (T0) and after the treatment 

(T1) across all participants (N = 24/22) of the BCI group (left panel) and CTRL group (right panel). The Upper Extremity, 

Wrist, Hand and Coordinati on/speed subitems are represented clockwise and the subtended area, obtained by 

interpolating the averages, is highlighted.  

 

Figure 3. 6. Radar plot of the averaged (± standard error) subscales of the FMA/66 before (T0) and after the treatment 

ȹ3ƕȺɯÈÊÙÖÚÚɯÚÌÝÌÙÌɯ×ÈÛÐÌÕÛÚɯÞÐÛÏɯ%, ɤƚƔɯȀɯƕƔɯȹ-ɯǻɯƕƜɤƕƗȺɯÖÍɯÛÏÌɯ!"(ɯÎÙÖÜ×ɯȹÓÌÍÛɯ×ÈÕÌÓȺɯÈÕËɯ"31+ɯÎÙÖÜ×ɯȹÙÐÎÏÛɯ×ÈÕÌÓȺȭɯ3ÏÌɯ

Upper Extremity, Wrist, Hand and Coordination/speed subitems are represented clockwise and the subtended a rea, 

obtained by interpolating the averages, is highlighted.  
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ÏÌÔÐÚ×ÏÌÙÌɯÞÏÌÕɯÛÏÌɯÛÈÚÒɯÐÚɯ×ÌÙÍÖÙÔÌËɯÞÐÛÏɯÛÏÌɯÜÕÈřÌÊÛÌËɯÏÈÕËȮɯÞÏÌÙÌÈÚɯÕÖɯÛÌÔ×ÖÙÈÓɯÛÙÌÕËÚɯÈÙÌɯ

ÌÝÐËÌÕÛɯÉÌÛÞÌÌÕɯ3ƔɯÈÕËɯ3ƕɯÐÕɯÛÏÌɯϕɯÉÈÕËɯÞÏÌÕɯÛÏÌɯÛÈÚÒɯÐÚɯ×ÌÙÍÖÙÔÌËɯÞÐÛÏɯÉÖÛÏɯÏÈÕËÚȭɯ(ÕɯÛÏÌɯ"31+ɯ

ÎÙÖÜ×ɯÛÏÌÙÌɯÐÚɯÈɯÚÓÐÎÏÛɯÍÖÊÈÓÐáÈÛÐÖÕɯÖÍɯÈÊÛÐÝÐÛàɯÐÕɯÛÏÌɯÈÓ×ÏÈɯÉÈÕËɯÞÏÌÕɯÛÏÌɯÛÈÚÒɯÐÚɯ×ÌÙÍÖÙÔÌËɯÞÐÛÏɯÛÏÌɯ

ÈřÌÊÛÌËɯÏÈÕËɯÖÝÌÙɯÚÌÕÚÖÙÐÔÖÛÖÙɯÊÏÈÕÕÌÓÚɯÔÈÐÕÓàɯÖÍɯÛÏÌɯÊÖÕÛÙÈÓÈÛÌÙÈÓɯÏÌÔÐÚ×ÏÌÙÌɯÊÖÕÚÐËÌÙÐÕÎɯÉÖÛÏɯ

ÈÓÓɯ×ÈÙÛÐÊÐ×ÈÕÛÚɯÈÕËɯÖÕÓàɯÚÌÝÌÙÌɯ×ÈÛÐÌÕÛÚȭɯ ÓÚÖɯÐÕɯÛÏÌɯ"31+ɯÎÙÖÜ×ɯÕÖɯÛÌÔ×ÖÙÈÓɯÛÙÌÕËÚɯÈÙÌɯÌÝÐËÌÕÛɯÐÕɯ

ÛÏÌɯÉÌÛÈɯÉÈÕËȭɯ3ÏÌɯ%#1ɯÊÖÙÙÌÊÛÐÖÕɯÊÖÕŗÙÔÚɯÚÜÊÏɯŗÕËÐÕÎÚȭ 

 

 
 

Figure 3. 7. Scalp topographic distribution of the t -value obtained from the PSD comparison (paired t -test, alpha = 0.05) 

between task (MI) and rest conditions at timepoints T0 (baseline) and T1 (after the training) for the BCI (panels a, b) and 

CTRL (panels c, d) group, for the task performed with the unaffected (panels a, c) and affected (panels b, d) hand. The 

affected hemisphere is the right one for all participants. In each representation are reported the t values obtained from 

the comparisons in all the frequencàɯÉÈÕËÚɯȹϗȮɯϛȮɯϔȮɯϕȺɯÐÕɯÛÏÌɯÙÖÞÚɯÍÙÖÔɯÛÏÌɯÛÖ×ɯÛÖɯÛÏÌɯÉÖÛÛÖÔȭɯ3ÏÌɯÙÌ×ÙÌÚÌÕÛÈÛÐÖÕɯÞÈÚɯ

obtained considering all participants of the BCI (N = 24) and CTRL (N = 22) groups. 
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Figure 3. 8. Scalp topographic distribution of the t -value obtained from the PSD comparison (paired t -test, alpha = 0.05) 

between task (MI) and rest conditions at timepoints T0 (baseline) and T1 (after the training) for the BCI (panels a, b) and 

CTRL (panels c, d) group, for the task performed with the unaffected (panels a, c) and affected (panels b, d) hand. The 

affected hemisphere is the right one for all participants. In each representation are reported the t values obtained from 

the comparisons in all the frequency bands (ϗ, ϛ, ϔ, ϕ) in the rows from the top to the bottom. The representation was 
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Figure 3. 9. Average (± 2ÛÈÕËÈÙËɯ$ÙÙÖÙȮɯ2$ȺɯÖÍɯÛÏÌɯÙÌÓÈÛÐÝÌɯ×ÖÞÌÙÚɯÐÕɯÈÓÓɯÛÏÌɯÍÙÌØÜÌÕÊàɯÉÈÕËÚɯȹϗȮɯϛȮɯϔȮɯϕȺɯÊÖÔ×ÜÛÌËɯÖÕɯ

ÚÌÝÌÙÌɯ×ÈÛÐÌÕÛÚɯÞÐÛÏɯ%, ɤƚƔɯȀɯƕƔɯÖÍɯÛÏÌɯ!"(ɯȹ-ɯǻɯƕƜȺɯÈÕËɯ"31+ɯȹ-ɯǻɯƕƗȺɯÎÙÖÜ×ÚȮɯÐÕɯ×ÐÕÒɯÈÕËɯÉÓÜÌɯÓÐÕÌÚɯÙÌÚ×ÌÊÛÐÝÌÓàȭɯ(Õɯ

panel a are depicted the power relative indices obtained for the MI task performed with the affected hand (MI -AH) and 

in panel b the relative power indices obtained for the MI task performed with the unaffected hand (MI -UH). No statical 

differences were detected at T0 between groups (p > 0.05) and the two-ways mixed ANOVA on factors group (BCI, 

CTRL) and timepoint (T0, T1), revealed a significant effect of the factor timepoint on rϗ (Ὂȟ χȢπρȟ p = 0.013) in MI-AH 

and on rϗɯȹὊȟ ρπȢχψȟ p = 0.003) and rϔɯȹὊȟ υȢσψȟ p = 0.028) when the task is performed with the unaffected side 

(MI -UH).  
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Figure 3. 10. Average (± Standard Error, SE) of the power ratios (PRI, DAR, TBR, TAR, TBAR) and the brain symmetry 

ÐÕËÐÊÌÚɯȹÙ!2(Ȯɯ×Ë!2(ȺɯÊÖÔ×ÜÛÌËɯÖÕɯÚÌÝÌÙÌɯ×ÈÛÐÌÕÛÚɯÞÐÛÏɯ%, ɤƚƔɯȀɯƕƔɯÖÍɯÛÏÌɯ!"(ɯȹ-ɯǻɯƕƜȺɯÈÕËɯ"31+ɯȹ-ɯǻɯƕƗȺɯÎÙÖÜ×ÚȮɯÐÕɯ

pink and blue lines respectively. In panel a are depicted the power relative indices obtained for the MI task performed 

with the affected hand (MI -AH) and in panel b the relative power indices obtained for the MI task performed with the 

unaffected hand (MI -UH). No statical differences were detected at T0 between groups (p > 0.05) and the two-ways mixed 

ANOVA on factors group (BCI, CTRL) and timepoint (T0, T1), revealed a significant effect of the factor timepoint on 

DAR (Ὂȟ ρπȢωπȟ p = 0.003) in MI-AH and on PRI (Ὂȟ υȢπσȟ p = 0.033) and DAR (Ὂȟ ρσȢχσȟ p = 0.001) when the 

task is performed with the unaffected side (MI -UH).  
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Table 3. 5. Spearman correlation values between indices (relative powers, pawer ratios, brain symmetry indices) 

computed on MI task performed with the affected hand at baseline (T0) and the FMA effectiveness between T0 and T1, 

obtained for both groups (BCI, CTRL). The first two columns refer to the correlations considering all partici pants of both 

ÎÙÖÜ×ÚɯÞÏÐÓÌɯÛÏÌɯÍÖÓÓÖÞÐÕÎɯÛÞÖɯÊÖÕÚÐËÌÙÐÕÎɯÖÕÓàɯÛÏÌɯÚÌÝÌÙÌɯ×ÈÛÐÌÕÛÚɯÞÐÛÏɯ%, ɤƚƔɯȹ3ƔȺɯȀɯƕƔȭɯ3ÏÌɯÚÐÎÕÐÍÐÊÈÕÛɯÊÖÙÙÌÓÈÛÐÖÕÚɯ

are marked in bold, and the associated p-value is also reported.  

 
 

 

Table 3. 6. Spearman correlation values between indices (relative powers, pawer ratios, brain symmetry indices, spectral 

exponent) computed on CE resting state data at baseline (T0) and the FMA effectiveness between T0 and T1, obtained 

for both groups (BCI, CTRL). The first two columns refer to the correlations considering all participants of both groups 

ÞÏÐÓÌɯÛÏÌɯÍÖÓÓÖÞÐÕÎɯÛÞÖɯÊÖÕÚÐËÌÙÐÕÎɯÖÕÓàɯÛÏÌɯÚÌÝÌÙÌɯ×ÈÛÐÌÕÛÚɯÞÐÛÏɯ%, ɤƚƔɯȹ3ƔȺɯȀɯƕƔȭɯ3ÏÌɯÚÐÎÕÐÍÐÊÈÕÛɯÊÖÙÙÌÓÈÛÐÖÕÚɯÈÙÌɯ

marked in bold, and the associated p-value is also reported.  
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Table 3. 7. Spearman correlation values between indices (relative powers, pawer ratios, brain symmetry indices) 

computed on OE resting state data at baseline (T0) and the FMA effectiveness between T0 and T1, obtained for both 

groups (BCI, CTRL). The first two column s refer to the correlations considering all participants of both groups while the 

ÍÖÓÓÖÞÐÕÎɯÛÞÖɯÊÖÕÚÐËÌÙÐÕÎɯÖÕÓàɯÛÏÌɯÚÌÝÌÙÌɯ×ÈÛÐÌÕÛÚɯÞÐÛÏɯ%, ɤƚƔɯȹ3ƔȺɯȀɯƕƔȭɯ3ÏÌɯÚÐÎÕÐÍÐÊÈÕÛɯÊÖÙÙÌÓÈÛÐÖÕÚɯÈÙÌɯÔÈÙÒÌËɯÐÕɯ

bold, and the associated p-value is also reported.  

 

 

 

 

+ÖÕÎɪÛÌÙÔɯÌřÌÊÛÚɯÖÍɯÛÏÌɯ,(ɪ!"(ɯÐÕÛÌÙÝÌÕÛÐÖÕ 

!ÈÚÌÓÐÕÌɯËÐřÌÙÌÕÊÌÚɯ 

 

3ÏÌɯËÌÔÖÎÙÈ×ÏÐÊÈÓɯÈÕËɯÊÓÐÕÐÊÈÓɯËÈÛÈɯÖÍɯÉÖÛÏɯÌß×ÌÙÐÔÌÕÛÈÓɯÎÙÖÜ×Úɯȹ!"(Ȯɯ"31+ȺɯÖÍɯÈÓÓɯÛÏÌɯ×ÈÛÐÌÕÛÚɯÈÕËɯ

ÛÏÌɯÚÌÝÌÙÌɯ×ÈÛÐÌÕÛÚɯȹ%, ɤƚƔȹ3ƔȺɯȀɯƕƔȺɯÛÏÈÛɯÊÖÔ×ÓÌÛÌËɯÈÓÓɯÛÏÌɯÍÖÓÓÖÞɯÜ×ɯÈÚÚÌÚÚÔÌÕÛÚɯȹ3ƖȮɯ3ƗȮɯ3ƘȺɯÈÙÌɯ

ÚÜÔÔÈÙÐáÌËɯÐÕɯ3ÈÉÓÌɯƗȭƜȭɯ-ÖɯÚÐÎÕÐŗÊÈÕÛɯËÐřÌÙÌÕÊÌÚɯÉÌÛÞÌÌÕɯÎÙÖÜ×ÚɯÞÌÙÌɯÍÖÜÕËɯÈÛɯÉÈÚÌÓÐÕÌɯÞÐÛÏɯ

ÙÌÎÈÙËɯÛÖɯËÌÔÖÎÙÈ×ÏÐÊɯÈÕËɯÊÓÐÕÐÊÈÓɯ×ÈÛÐÌÕÛɯÊÏÈÙÈÊÛÌÙÐÚÛÐÊÚȭ 

 

 

 

 

 

 

 

 

 

 

 

 



 94 
 

 
 

Table 3. 8ȭɯ#ÌÔÖÎÙÈ×ÏÐÊÈÓɯÈÕËɯÊÓÐÕÐÊÈÓɯÊÏÈÙÈÊÛÌÙÐÚÛÐÊÚɯȹÔÌÈÕɯǷɯÚÛÈÕËÈÙËɯËÌÝÐÈÛÐÖÕȺɯÖÍɯ×ÈÛÐÌÕÛɀÚɯÎÙÖÜ×Úɯȹ!"(Ȯɯ"31+Ⱥɯ

ÊÖÕÚÐËÌÙÐÕÎɯÈÓÓɯ×ÈÙÛÐÊÐ×ÈÕÛÚɯÈÕËɯÚÌÝÌÙÌɯ×ÈÛÐÌÕÛÚɯÞÐÛÏɯ%, ɤƚƔɯÈÛɯÉÈÚÌÓÐÕÌɯȀɯƕƔȭɯ%ÖÙɯÌÈÊÏɯÎÙÖÜ×ɯÐÚɯÙÌ×ÖÙÛÌËɯÛÏÌɯÕÜÔÌÙÖÚÐÛàɯ

(N°), the averaged age (± standard deviation), the dominant hand (Righ/Left/ambidextrous), the sex (Male/Female), the 

affected hemisphere (Right/Left), the FMA/66 (mean ± standard deviation) at baseline (T0) and at the last timepoint (T4) 

and the months since stroke (mean ± standard deviation).  

 

 
-Ș 

 ÎÌɯ 

ȹàÌÈÙÚȺ 

#ÖÔÐÕÈÕÛɯ

'ÈÕË 
2Ìß 

 řÌÊÛÌËɯ

'ÌÔÐÚ×ÏÌÙÌ 
%, ȹ3ƔȺ %, ȹ3ƘȺ 

,ÖÕÛÏÚɯ

ÚÐÕÊÌɯ

ÚÛÙÖÒÌ 

 ÓÓɯ

×ÈÙÛÐÊÐ×ÈÕÛÚ 

!"( ƕƙ ƙƗȭƚǷƕƙȭƔ ƕƘ1ɤƕ+ Ɯ,ɤƛ% ƕƕ1ɤƘ+ ƕƘȭƖǷƕƙȭƙ ƗƝȭƔǷƕƝȭƔ ƕȭƝǷƕȭƖ 

"31+ ƕƗ ƙƖȭƛǷƕƛȭƕ 
ƕƔ1ɤƕ+ɤƖɯ

ÈÔÉÐËÌßÛÙÖÜÚ 
Ɲ,ɤƘ% ƛ1ɤƚ+ ƕƝȭƛǷƕƗȭƗ ƘƔȭƙǷƖƘȭƕ ƕȭƚǷƕȭƗ 

2ÌÝÌÙÌɯ

%, ɍƚƔɯȀɯƕƔ 

!"( ƕƖ ƙƖȭƖǷƕƚȭƕ ƕƖ1 ƚ,ɤƚ% Ɲ1ɤƗ+ ƛȭƔǷƗȭƝ ƗƗȭƛǷƕƛȭƗ ƕȭƜǷƕȭƗ 

"31+ ƚ ƚƕȭƜǷƕƕȭƔ 
ƙ1ɤƕÈÔÉÐËÌßÛ

ÙÖÜÚ 
ƙ,ɤƕ% Ɨ1ɤƗ+ ƛȭƜǷƘȭƜ ƕƜȭƔǷƚȭƜ ƖȭƗǷƕȭƚ 

 

 

"ÓÐÕÐÊÈÓɯÖÜÛÊÖÔÌÚ 

 

(Õɯ%ÐÎȭɯƗȭƕƕɯ%, ɯÝÈÓÜÌÚɯÈÛɯÈÓÓɯÛÐÔÌ×ÖÐÕÛÚɯȹ3ƔȮɯ3ƕȮɯ3ƖȮɯ3ƗȮɯ3ƘȺɯÐÕɯÛÏÌɯ!"(ɯÈÕËɯ"31+ɯÎÙÖÜ×ɯÈÙÌɯËÌ×ÐÊÛÌËɯ

ÍÖÙɯÈÓÓɯ×ÈÛÐÌÕÛÚɯȹÜ××ÌÙɯ×ÈÕÌÓȺɯÈÕËɯÐÕɯÚÌÝÌÙÌɯ×ÈÛÐÌÕÛÚɯȹÓÖÞÌÙɯ×ÈÕÌÓȺȭɯ(ÛɯÐÚɯÌÝÐËÌÕÛɯÛÏÈÛɯÐÕɯÉÖÛÏɯÎÙÖÜ×Úɯ

ȹ!"(Ȯɯ"31+ȺȮɯ×ÈÙÛÐÊÐ×ÈÕÛÚɯÐÔ×ÙÖÝÌɯÛÏÌÐÙɯÔÖÛÖÙɯ×ÌÙÍÖÙÔÈÕÊÌɯÈÍÛÌÙɯÛÏÌɯÛÙÌÈÛÔÌÕÛɯÈÕËɯÛÏÌɯÛÙÌÕËɯÐÚɯ

ÚÜÚÛÈÐÕÌËɯÞÐÛÏɯÛÐÔÌȭɯ(ÕɯÛÏÌɯÚÌÝÌÙÌɯ×ÈÛÐÌÕÛÚɀɯÚÜÉÎÙÖÜ×ÚȮɯÐÛɯÊÈÕɯÉÌɯÖÉÚÌÙÝÌËɯÛÏÈÛɯÖÕÓàɯ×ÈÛÐÌÕÛÚɯÖÍɯÛÏÌɯ

!"(ɯÎÙÖÜ×ɯÔÖÕÖÛÖÕÐÊÈÓÓàɯÐÔ×ÙÖÝÌɯÞÐÛÏɯÛÐÔÌȭ 

2ÐÔÐÓÈÙɯÙÌÚÜÓÛÚɯÊÈÕɯÉÌɯÕÖÛÌËɯÐÕɯ%ÐÎȭɯƗȭƕƖɯÐÕɯÞÏÐÊÏɯÛÏÌɯ 1 3ɯÚÊÖÙÌÚɯÈÛɯÈÓÓɯÛÐÔÌ×ÖÐÕÛɯÛÐÔÌ×ÖÐÕÛÚɯȹ3ƔȮɯ

3ƕȮɯ3ƖȮɯ3ƗȮɯ3ƘȺɯÐÕɯÛÏÌɯ!"(ɯÈÕËɯ"31+ɯÎÙÖÜ×ɯÈÙÌɯËÌ×ÐÊÛÌËɯÍÖÙɯÈÓÓɯ×ÈÛÐÌÕÛÚɯȹÜ××ÌÙɯ×ÈÕÌÓȺɯÈÕËɯÐÕɯÚÌÝÌÙÌɯ

×ÈÛÐÌÕÛÚɯȹÓÖÞÌÙɯ×ÈÕÌÓȺȭ 

3ÏÌɯ%ÙÐÌËÔÈÕɯÛÌÚÛɯȹÈÓ×ÏÈɯǻɯƔȭƔƙȺɯÖÕɯÈÓÓɯÊÓÐÕÐÊÈÓɯÚÊÈÓÌÚɯÈÛɯÈÓÓɯÛÐÔÌ×ÖÐÕÛÚɯȹ3ƔȮɯ3ƕȮɯ3ƖȮɯ3ƗȮɯ3ƘȺɯÙÌÝÌÈÓɯÛÏÈÛɯ

ÉÖÛÏɯ!"(ɯÈÕËɯ"31+ɯÎÙÖÜ×ÚɯÌß×ÌÙÐÌÕÊÌËɯÈɯÚÐÎÕÐŗÊÈÕÛɯȹ×ɯǾɯƔȭƔƙȺɯÐÔ×ÙÖÝÌÔÌÕÛɯÐÕɯ%, Ȯɯ-('22Ȯɯ 1 3ɯ

ÈÕËɯ,,3ɯÞÏÌÕɯÊÖÕÚÐËÌÙÐÕÎɯÈÓÓɯ×ÈÛÐÌÕÛÚȭɯ(ÕɯÚÌÝÌÙÌɯ×ÈÛÐÌÕÛÚɯȹ%, ɤƚƔȹ3ƔȺɯȀɯƕƔȺȮɯÛÏÌɯ!"(ɯÎÙÖÜ×ɯ

ÚÐÎÕÐŗÊÈÕÛÓàɯȹ×ɯǾɯƔȭƔƙȺɯÐÔ×ÙÖÝÌÚɯÐÕɯÛÏÌɯ%, Ȯɯ-('22Ȯɯ 1 3ɯÈÕËɯ,,3ɯÍÜÕÊÛÐÖÕÈÓɯÚÊÖÙÌÚɯÞÏÐÓÌɯÛÏÌɯ

"31+ɯÎÙÖÜ×ɯÚÌÝÌÙÌɯ×ÈÛÐÌÕÛÚɯËÖɯÕÖÛɯÚÐÎÕÐŗÊÈÕÛÓàɯÐÔ×ÙÖÝÌɯÐÕɯÛÏÌɯ 1 3ɯÊÓÐÕÐÊÈÓɯÖÜÛÊÖÔÌȭ 
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Figure 3. 11. FMA/66 values at the different timepoints (T0, T1, T2, T3, T4) for all participants (upper panel) and severe 

×ÈÛÐÌÕÛÚɯÞÐÛÏɯ%, ɤƚƔȹ3ƔȺɯȀɯƕƔɯȹÓÖÞÌÙɯ×ÈÕÌÓȺɯÐÕɯÛÏÌɯ!"(ɯȹÙÌËɯÓÐÕÌÚȺɯÈÕËɯ"31+ɯÎÙÖÜ×ɯȹÉÓÜÌɯÓÐÕÌÚȺȭɯ3ÏÌɯÉÖÓËɯÓÐÕÌÚɯrepresent 

the average across patients of each group (BCI/CTRL): 15/13 patients in all participants and 12/6 in severe patients. 

 

Figure 3. 12. ARAT values at the different timepoints (T0, T1, T2, T3, T4) for all participants (upper panel) and severe 

×ÈÛÐÌÕÛÚɯÞÐÛÏɯ%, ɤƚƔȹ3ƔȺɯȀɯƕƔɯȹÓÖÞÌÙɯ×ÈÕÌÓȺɯÐÕɯÛÏÌɯ!"(ɯȹÙÌËɯÓÐÕÌÚȺɯÈÕËɯ"31+ɯÎÙÖÜ×ɯȹÉÓÜÌɯÓÐÕÌÚȺȭɯ3ÏÌɯÉÖÓËɯÓÐÕÌÚɯÙÌ×ÙÌÚÌÕÛɯ

the average  

across patients of each group (BCI/CTRL): 15/13 patients in all participants and 12/6 in severe patients. 

 

%ÐÎÜÙÌɯƗȭƕƗɯ×ÙÌÚÌÕÛÚɯÛÏÌɯÙÈËÈÙɯ×ÓÖÛÚɯÖÍɯÛÏÌɯÈÝÌÙÈÎÌËɯ%, ɯÚÜÉÚÊÈÓÌɯÚÊÖÙÌÚɯȹ4××ÌÙɯ$ßÛÙÌÔÐÛàȮɯ6ÙÐÚÛȮɯ

'ÈÕËȮɯÈÕËɯ"ÖÖÙËÐÕÈÛÐÖÕɤÚ×ÌÌËȺɯÈÊÙÖÚÚɯÈÓÓɯ×ÈÙÛÐÊÐ×ÈÕÛÚɯÐÕɯÛÏÌɯ!"(ɯȹ×ÈÕÌÓÚɯÈȮÉȺɯÈÕËɯ"31+ɯȹ×ÈÕÌÓÚɯÊȮËȺɯ

ÎÙÖÜ×ÚɯÐÕɯÈÓÓɯÛÐÔÌ×ÖÐÕÛÚɯȹ×ÈÕÌÓÚɯÈȮÊȺɯÈÕËɯÖÕÓàɯÉÌÛÞÌÌÕɯÉÈÚÌÓÐÕÌɯÈÕËɯ3Ƙɯȹ×ÈÕÌÓÚɯÉȮËȺȭɯ%ÙÖÔɯÛÏÌɯ

ÙÌ×ÙÌÚÌÕÛÈÛÐÖÕÚɯÖÍɯÈÓÓɯÛÏÌɯÛÐÔÌ×ÖÐÕÛÚɯȹ×ÈÕÌÓÚɯÈȮÊȺɯÐÛɯÊÈÕɯÉÌɯÖÉÚÌÙÝÌËɯÛÏÈÛɯ×ÈÛÐÌÕÛÚɯÐÕɯÛÏÌɯ!"(ɯÎÙÖÜ×ɯ
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ÐÕÊÙÌÈÚÌɯÛÏÌÐÙɯ×ÌÙÍÖÙÔÈÕÊÌɯÖÕɯÈÓÓɯÛÏÌɯÚÜÉÐÛÌÔɯ×ÙÖÎÙÌÚÚÐÝÌÓàɯÞÐÛÏɯÈÓÓɯÛÏÌɯÛÐÔ×ÖÐÕÛÚɯÞÏÐÓÌɯ×ÈÛÐÌÕÛÚɯÐÕɯ

ÛÏÌɯ "31+ɯ ÎÙÖÜ×ɯ ÐÕÊÙÌÈÚÌɯ ÛÏÌÐÙɯ ×ÌÙÍÖÙÔÈÕÊÌɯ ÐÕɯ ÈÓÓɯ ÚÜÉÐÛÌÔɯ ÔÈÐÕÓàɯ ÉÌÛÞÌÌÕɯ 3Ɣɯ ÈÕɯ 3ƕȭɯ 3ÏÌɯ

ÊÖÔ×ÈÙÐÚÖÕÚɯȹƖɪÛÈÐÓÚɯ6ÐÓÊÖßÖÕɯÚÐÎÕÌËɯÙÈÕÒɯÛÌÚÛȺɯÖÍɯÛÏÌɯÚÜÉÐÛÌÔÚɯÉÌÛÞÌÌÕɯÛÏÌɯÛÞÖɯÛÐÔÌɯ×ÖÐÕÛÚɯȹ3ƔɯÈÕËɯ

3ƘȺɯÐÕËÐÊÈÛÌɯÛÏÈÛȮɯÉÖÛÏɯÛÏÌɯ!"(ɯÈÕËɯ"31+ɯÎÙÖÜ×ÚɯÌßÏÐÉÐÛÌËɯÈɯÚÐÎÕÐŗÊÈÕÛɯȹ×ɯǾɯƔȭƔƙȺɯÐÔ×ÙÖÝÌÔÌÕÛɯÐÕɯ

ÈÓÓɯÚÜÉÐÛÌÔÚȭɯ3ÏÌɯÊÖÔ×ÈÙÐÚÖÕɯȹƖɪÛÈÐÓɯ×ÈÐÙÌËɯÛɪÛÌÚÛȺɯÉÌÛÞÌÌÕɯÛÏÌɯÎÙÖÜ×Úɯȹ!"(ɯÝÚȭɯ"31+ȺɯÖÕɯÛÏÌɯ

ËÐřÌÙÌÕÊÌɯÐÕɯÛÏÌɯÜÕËÌÙÓàÐÕÎɯÈÙÌÈÚȮɯÖÉÛÈÐÕÌËɯÉàɯÐÕÛÌÙÚÌÊÛÐÕÎɯÛÏÌɯÚÐÕÎÓÌɯÐÛÌÔÚȮɯÊÖÔ×ÜÛÌËɯÈÛɯ3ƔɯÈÕËɯ3Ƙɯ

ËÖÌÚɯÕÖÛɯàÐÌÓËɯÚÛÈÛÐÚÛÐÊÈÓÓàɯÚÐÎÕÐŗÊÈÕÛɯÙÌÚÜÓÛÚɯȹ×ɯǿɯƔȭƔƙȺȭ 

 

 

Figure 3. 13. Radar plot of the averaged (± standard error) subscales of the FMA/66 across all participants (15/13, 

BCI/CTRL) at all timepoints (T0, T1, T2, T3, T4) of the BCI group (panel a) and CTRL group (panel c). In panels b and d, 

the radar plots are reported only for the baseline and T4 assessment for the BCI and CTRL groups, respectively. The 

Upper Extremity, Wrist, Hand and Coordination/speed subitems are represented clockwise and the subtended area, 

obtained by interpolating the averages, is highlighted.  

 

 ÚɯÐÓÓÜÚÛÙÈÛÌËɯÐÕɯ%ÐÎȭɯƗȭƕƗȮɯÐÕɯ%ÐÎȭƗȭƕƘɯÛÏÌɯ%, ɯÚÜÉÐÛÌÔÚɯÙÈËÈÙɯ×ÓÖÛÚɯÈÙÌɯËÌ×ÐÊÛÌËɯÍÖÙɯ×ÈÛÐÌÕÛÚɯÞÐÛÏɯ

%, ɤƚƔɯȀɯƕƔɯÖÍɯÛÏÌɯ!"(ɯȹ×ÈÕÌÓÚɯÈȮÉȺɯÈÕËɯ"31+ɯȹ×ÈÕÌÓÚɯÊȮËȺɯÎÙÖÜ×ɯÈÛɯÈÓÓɯÛÐÔÌ×ÖÐÕÛÚɯȹ×ÈÕÌÓÚɯÈȮÊȺɯÈÕËɯ

ÖÕÓàɯÉÌÛÞÌÌÕɯ3ƔɯÈÕËɯ3Ƙɯȹ×ÈÕÌÓÚɯÉȮËȺȭɯ(ÛɯÐÚɯÌÝÐËÌÕÛɯÍÙÖÔɯÛÏÌÚÌɯÙÌ×ÙÌÚÌÕÛÈÛÐÖÕÚɯÛÏÈÛɯ×ÈÛÐÌÕÛÚɯÐÕɯÛÏÌɯ!"(ɯ

ÎÙÖÜ×ɯËÌÔÖÕÚÛÙÈÛÌɯÈɯ×ÙÖÎÙÌÚÚÐÝÌɯÐÕÊÙÌÈÚÌɯÐÕɯÈÓÓɯÚÜÉɪÐÛÌÔÚɯÖÝÌÙɯÛÐÔÌȭɯ"ÖÕÝÌÙÚÌÓàȮɯÛÏÌɯ×ÈÛÐÌÕÛÚɯÐÕɯÛÏÌɯ

"31+ɯÎÙÖÜ×ɯÌßÏÐÉÐÛɯÈɯÓÌÚÚɯ×ÙÖÕÖÜÕÊÌËɯÐÕÊÙÌÈÚÌȮɯ×ÙÌËÖÔÐÕÈÕÛÓàɯÖÉÚÌÙÝÌËɯÐÕɯÛÏÌɯ4××ÌÙɯ$ßÛÙÌÔÐÛàɯ

ÚÜÉÚÊÈÓÌȭɯ2ÛÈÛÐÚÛÐÊÈÓɯÊÖÔ×ÈÙÐÚÖÕɯȹƖɪÛÈÐÓÚɯ6ÐÓÊÖßÖÕɯÚÐÎÕÌËɯÙÈÕÒɯÛÌÚÛȺɯÖÍɯÛÏÌɯÐÕËÐÝÐËÜÈÓɯÚÜÉÚÊÈÓÌÚɯÚÏÖÞÚɯ

ÛÏÈÛɯ!"(ɯÚÌÝÌÙÌɯ×ÈÛÐÌÕÛÚɯÌß×ÌÙÐÌÕÊÌËɯÈɯÚÐÎÕÐŗÊÈÕÛɯÐÔ×ÙÖÝÌÔÌÕÛɯȹ×ɯǾɯƔȭƔƙȺɯÐÕɯÈÓÓɯÛÏÌɯÚÜÉÚÊÈÓÌÚɯȹ4××ÌÙɯ
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$ßÛÙÌÔÐÛàȮɯ6ÙÐÚÛȮɯ'ÈÕËȮɯ"ÖÖÙËÐÕÈÛÐÖÕɤÚ×ÌÌËȺɯÚÜÉÚÊÈÓÌÚȮɯÞÏÌÙÌÈÚɯÚÌÝÌÙÌɯ×ÈÛÐÌÕÛÚɯÐÕɯÛÏÌɯ"31+ɯÎÙÖÜ×ɯ

ÖÕÓàɯÌß×ÌÙÐÌÕÊÌËɯÈɯÚÐÎÕÐŗÊÈÕÛɯÐÔ×ÙÖÝÌÔÌÕÛɯȹ×ɯǾɯƔȭƔƙȺɯÐÕɯÛÏÌɯ4××ÌÙɯ$ßÛÙÌÔÐÛàɯÚÜÉÚÊÈÓÌȭɯ3ÏÌɯ

ÚÛÈÛÐÚÛÐÊÈÓɯÊÖÔ×ÈÙÐÚÖÕɯȹƖɪÛÈÐÓɯ×ÈÐÙÌËɯÛɪÛÌÚÛȺɯÉÌÛÞÌÌÕɯÛÏÌɯÎÙÖÜ×Úɯȹ!"(ɯÝÚȭɯ"31+ȺɯÖÕɯÛÏÌɯËÐřÌÙÌÕÊÌɯÐÕɯ

ÛÏÌɯÜÕËÌÙÓàÐÕÎɯÈÙÌÈÚɯÊÖÔ×ÜÛÌËɯÈÛɯ3ƔɯÈÕËɯ3ƘɯÙÌÝÌÈÓÌËɯÈɯÚÐÎÕÐŗÊÈÕÛɯËÐřÌÙÌÕÊÌɯȹ×ɯǻɯƔȭƔƘƘȺȭɯ 

 

 

Figure 3. 14. Radar plot of the averaged (± standard error) subscales of the FMA/66 across severe patients with 

%, ɤƚƔȹ3ƔȺɯȀɯƕƔɯȹƕƖɤƚȮɯ!"(ɤ"31+ȺɯÈÛɯÈÓÓɯÛÐÔÌ×ÖÐÕÛÚɯȹ3ƔȮɯ3ƕȮɯ3ƖȮɯ3ƗȮɯ3ƘȺɯÖÍɯÛÏÌɯ!"(ɯÎÙÖÜ×ɯȹ×ÈÕÌÓɯÈȺɯÈÕËɯ"31+ɯÎÙÖÜ×ɯȹ×ÈÕÌÓɯ

c). In panels b and d, the radar plots are reported only for the baseline and T4 assessment for the BCI and CTRL groups, 

respectively. The Upper Extremity, Wrist, Hand and Coordination/speed subitems are represented clockwise and the 

subtended area, obtained by interpolating the averages, is highlighted.  

 

2×ÌÊÛÙÈÓɯÚÛÈÛÐÚÛÐÊÈÓɯÔÈ×ÚɯÖÍɯ,(ɯÛÈÚÒÚ 

 

%ÐÎÜÙÌÚɯƗȭƕƙɪƗȭƕƜɯÚÏÖÞɯÛÏÌɯÚ×ÌÊÛÙÈÓɯÚÛÈÛÐÚÛÐÊÈÓɯÔÈ×ÚɯÖÉÛÈÐÕÌËɯÍÙÖÔɯÛÏÌɯÚÛÈÛÐÚÛÐÊÈÓɯÊÖÔ×ÈÙÐÚÖÕɯÉÌÛÞÌÌÕɯ

ÛÈÚÒɯÈÕËɯÙÌÚÛɯÛÙÐÈÓÚɯÐÕɯ,(ɯÛÈÚÒÚɯ×ÌÙÍÖÙÔÌËɯÞÐÛÏɯÛÏÌɯÜÕÈřÌÊÛÌËɯȹ%ÐÎȭɯƗȭƕƙȮɯ%ÐÎɯƗȭƕƛȺɯÈÕËɯÈřÌÊÛÌËɯȹ%ÐÎȭɯ

ƗȭƕƚȮɯ%ÐÎɯƗȭƕƜȺɯÏÈÕËȮɯÐÕɯÈÓÓɯÛÏÌɯÍÙÌØÜÌÕÊàɯÉÈÕËÚɯȹϗȮɯϛȮɯϔȮɯϕȮɯϖȺȮɯÈÛɯÈÓÓɯÛÐÔÌ×ÖÐÕÛÚɯȹ3ƔȮɯ3ƕȮɯ3ƖȮɯ3ƗȮɯ3ƘȺɯÍÖÙɯ

ÈÓÓɯ×ÈÙÛÐÊÐ×ÈÕÛÚɯȹ%ÐÎȭɯƗȭƕƙȮɯ%ÐÎȭɯƗȭƕƚȺɯÈÕËɯÚÌÝÌÙÌɯ×ÈÛÐÌÕÛÚɯÞÐÛÏɯ%, ɤƚƔɯȀɯƕƔɯȹ%ÐÎȭɯƗȭƕƛȮɯ%ÐÎȭƗȭƕƜȺɯÖÍɯÛÏÌɯ

!"(ɯÈÕËɯ"31+ɯÎÙÖÜ×Úȭɯ3ÏÌɯÊÖÔÔÌÕÛÚɯÖÕɯÚÜÊÏɯËÐÚÛÙÐÉÜÛÐÖÕÚɯÞÐÓÓɯÙÌÓÈÛÌɯÛÖɯÛÏÌɯÈÓ×ÏÈɯÈÕËɯÉÌÛÈɯÉÈÕËÚȮɯ

ÞÏÐÊÏɯÈÙÌɯÔÈÐÕÓàɯÈÚÚÖÊÐÈÛÌËɯÞÐÛÏɯ,(ɯÛÈÚÒÚȭ 

3ÏÌɯÙÌÚÜÓÛÚɯÖÉÛÈÐÕÌËɯÍÖÙɯÛÏÌɯÛÈÚÒɯ×ÌÙÍÖÙÔÌËɯÞÐÛÏɯÛÏÌɯÈřÌÊÛÌËɯÚÐËÌɯÐÕɯÈÓÓɯÛÏÌɯ×ÈÙÛÐÊÐ×ÈÕÛÚɯȹ%ÐÎȭɯƗȭƕƚȺɯ

ÖÍɯÛÏÌɯ!"(ɯÎÙÖÜ×ɯÚÏÖÞɯÈɯËÌÚàÕÊÏÙÖÕÐáÈÛÐÖÕɯÖÝÌÙɯÛÏÌɯÚÌÕÚÖÙÐÔÖÛÖÙɯÈÙÌÈÚɯÖÍɯÉÖÛÏɯÏÌÔÐÚ×ÏÌÙÌÚȮɯÐÕɯÈÓÍÈɯ

ÈÕËɯÉÌÛÈɯÉÈÕËÚȮɯÈÍÛÌÙɯ,(ɪ!"(ɪÉÈÚÌËɯÙÌÏÈÉÐÓÐÛÈÛÐÖÕɯÛÙÈÐÕÐÕÎȭɯ3ÏÐÚɯ×ÈŲÌÙÕɯÐÚɯÔÈÐÕÛÈÐÕÌËɯÜ×ɯÛÖɯƚɯÔÖÕÛÏÚɯ



 98 
 

 
 

ÈÍÛÌÙɯÛÙÌÈÛÔÌÕÛɯȹ3ƘȺɯÞÏÐÓÌɯÛÏÌɯÛɯÝÈÓÜÌɯÈÔ×ÓÐÛÜËÌɯËÌÊÙÌÈÚÌÚɯÖÝÌÙɯÛÐÔÌȭɯ6ÏÌÕɯÛÏÌɯ,(ɯÛÈÚÒɯÐÚɯ×ÌÙÍÖÙÔÌËɯ

ÞÐÛÏɯÛÏÌɯÜÕÈřÌÊÛÌËɯÏÈÕËɯÐÕɯÈÓÓɯÛÏÌɯ×ÈÙÛÐÊÐ×ÈÕÛÚɯȹ%ÐÎȭɯƗȭƕƙȺɯÖÍɯÛÏÌɯ!"(ɯÎÙÖÜ×ȮɯÓÐÒÌÞÐÚÌɯÖÕɯÛÏÌɯÈřÌÊÛÌËɯ

ÚÐËÌȮɯÛÏÌɯÈÊÛÐÝÐÛàɯÐÕɯÉÖÛÏɯÉÈÕËÚɯÐÚɯÔÈÐÕÓàɯÖÝÌÙɯÛÏÌɯÚÌÕÚÖÙÐÔÖÛÖÙɯÈÙÌÈÚɯÊÖÕÛÙÈÓÈÛÌÙÈÓɯÛÖɯÛÏÌɯÐÕÝÖÓÝÌËɯ

ÏÈÕËɯÐÕɯÛÏÌɯÛÈÚÒɯÈÕËɯÐÛɯÐÚɯÔÈÐÕÛÈÐÕÌËɯÖÝÌÙɯÛÐÔÌȭɯ3ÏÌɯÛɪÝÈÓÜÌɯÔÈ×ÚɯÖÉÛÈÐÕÌËɯÍÖÙɯÈÓÓɯÛÏÌɯ×ÈÙÛÐÊÐ×ÈÕÛÚɯÖÍɯ

ÛÏÌɯ"31+ɯÎÙÖÜ×ȮɯÍÖÙɯÉÖÛÏɯÛÏÌɯÈřÌÊÛÌËɯȹ%ÐÎȭɯƗȭƕƚȺɯÈÕËɯÜÕÈřÌÊÛÌËɯÏÈÕËɯȹ%ÐÎȭɯƗȭƕƙȺȮɯÚÏÖÞɯÛÏÈÛɯÛÏÌɯÉÌÛÈɯ

ÉÈÕËɯÈÊÛÐÝÐÛàɯÐÚɯÚ×ÙÌÈËɯÖÝÌÙɯÛÏÌɯÚÊÈÓ×ɯÈÕËɯÛÏÐÚɯ×ÈŲÌÙÕɯËÖÌÚɯÕÖÛɯÊÏÈÕÎÌɯÖÝÌÙɯÛÐÔÌȭɯ1ÌÚÜÓÛÚɯÖÉÛÈÐÕÌËɯ

ÐÕɯÛÏÌɯ"31+ɯÎÙÖÜ×ɯÍÖÙɯÛÏÌɯÛÈÚÒɯ×ÌÙÍÖÙÔÌËɯÞÐÛÏɯÉÖÛÏɯÛÏÌɯÈřÌÊÛÌËɯÈÕËɯÏÌÈÓÛÏàɯÚÐËÌȮɯÙÌÝÌÈÓɯÈɯ

ËÌÚàÕÊÏÙÖÕÐáÈÛÐÖÕɯÐÕɯÛÏÌɯÈÓ×ÏÈɯÉÈÕËɯÖÝÌÙɯÛÏÌɯÚÌÕÚÖÙÐÔÖÛÖÙɯÈÙÌÈÚɯÖÍɯÉÖÛÏɯÏÌÔÐÚ×ÏÌÙÌÚɯÈÛɯÛÐÔÌɯ3ƕȭɯ

3ÏÐÚɯ×ÈŲÌÙÕɯÐÚɯÔÈÐÕÛÈÐÕÌËɯÍÖÙɯÛÏÌɯÕÌßÛɯƗɯÔÖÕÛÏÚɯÈÕËɯÛÏÌÕɯÛÏÌɯÈÔ×ÓÐÛÜËÌɯËÌÊÙÌÈÚÌÚɯÈÛɯ3ƗɯÈÕËɯÙÌÛÜÙÕÚɯ

ÛÖɯÞÐËÌÚ×ÙÌÈËɯÈÊÛÐÝÈÛÐÖÕɯÈÍÛÌÙɯƚɯÔÖÕÛÏÚɯȹ3ƘȺȭ 

 ɯÊÖÔ×ÈÙÈÉÓÌɯ×ÈŲÌÙÕɯÐÚɯÌÝÐËÌÕÛɯÐÕɯÛÏÌɯÚ×ÌÊÜÓÈÙɯÛÖ×ÖÎÙÈ×ÏÐÊÈÓɯËÐÚÛÙÐÉÜÛÐÖÕÚɯÖÉÛÈÐÕÌËɯÍÖÙɯÛÏÌɯÚÌÝÌÙÌɯ

×ÈÛÐÌÕÛÚɀɯÚÜÉÎÙÖÜ×Úɯȹ%ÐÎȭɯƗȭƕƛȮɯ%ÐÎȭɯƗȭƕƜȺȭ 

3ÏÌɯ%#1ɯÊÖÙÙÌÊÛÐÖÕɯÍÖÙɯÔÜÓÛÐ×ÓÌɯÊÖÔ×ÈÙÐÚÖÕÚɯ×ÌÙÍÖÙÔÌËɯÖÕɯÛÏÌɯÛÌÚÛɯÖÕɯÈÓÓɯ×ÈÙÛÐÊÐ×ÈÕÛÚɯÊÖÕŗÙÔÌËɯ

ÛÏÌɯ ÙÌÚÜÓÛÚɯ ÔÈÐÕÓàɯ ÙÌÓÈÛÌËɯ ÛÖɯ ÛÏÌɯ ÉÌÛÈɯ ÉÈÕËÚȭɯ 'ÖÞÌÝÌÙȮɯ ÐÕɯ ÛÏÌɯ ÚÌÝÌÙÌɯ ÚÜÉÎÙÖÜ×ÚȮɯ ÛÏÌɯ

ËÌÚàÕÊÏÙÖÕÐáÈÛÐÖÕɯÞÈÚɯÕÖÛɯÊÖÕŗÙÔÌËɯËÜÌɯÛÖɯÛÏÌɯÓÖÞɯÕÜÔÉÌÙɯÖÍɯ×ÈÛÐÌÕÛÚȭ 

 

 

 

Figure 3. 15. Scalp topographic distribution of the t -value obtained from the PSD comparison (paired t -test, alpha = 0.05) 

between task (MI) and rest conditions at all timepoints (T0, T1, T2, T3, T4) for the BCI (left panel) and CTRL (right panel) 

group, for the task performed with the unaffected hand. The affected hemisphere is the right one for all participants. In 

ÌÈÊÏɯÙÌ×ÙÌÚÌÕÛÈÛÐÖÕɯÈÙÌɯÙÌ×ÖÙÛÌËɯÛÏÌɯÛɯÝÈÓÜÌÚɯÖÉÛÈÐÕÌËɯÍÙÖÔɯÛÏÌɯÊÖÔ×ÈÙÐÚÖÕÚɯÐÕɯÈÓÓɯÛÏÌɯÍÙÌØÜÌÕÊàɯÉÈÕËÚɯȹϗȮɯϛȮɯϔȮɯϕȮɯϖȺɯÐÕɯ

the rows from the top to the bot tom. The representation was obtained considering all participants of the BCI (N = 15) 

and CTRL (N = 13) groups. 
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Figure 3. 16. Scalp topographic distribution of the t -value obtained from the PSD comparison (paired t -test, alpha = 0.05) 

between task (MI) and rest conditions at all timepoints (T0, T1, T2, T3, T4) for the BCI (left panel) and CTRL (right panel) 

group, for the task performed with the affected hand. The affected hemisphere is the right one for all participants. In 

ÌÈÊÏɯÙÌ×ÙÌÚÌÕÛÈÛÐÖÕɯÈÙÌɯÙÌ×ÖÙÛÌËɯÛÏÌɯÛɯÝÈÓÜÌÚɯÖÉÛÈÐÕÌËɯÍÙÖÔɯÛÏÌɯÊÖÔ×ÈÙÐÚÖÕÚɯÐÕɯÈÓÓɯÛÏÌɯÍÙÌØÜÌÕÊàɯÉÈÕËÚɯȹϗȮɯϛȮɯϔȮɯϕȮɯϖȺɯÐÕɯ

the rows from the top to the botto m. The representation was obtained considering all participants of the BCI (N = 15) 

and CTRL (N = 13) groups. 

 

 

Figure 3. 17. Scalp topographic distribution of the t -value obtained from the PSD comparison (paired t -test, alpha = 0.05) 

between task (MI) and rest conditions at all timepoints (T0, T1, T2, T3, T4) for the BCI (left panel) and CTRL (right panel) 

group, for the task performed with the unaffected hand. The affected hemisphere is the right one for all participants. In 

ÌÈÊÏɯÙÌ×ÙÌÚÌÕÛÈÛÐÖÕɯÈÙÌɯÙÌ×ÖÙÛÌËɯÛÏÌɯÛɯÝÈÓÜÌÚɯÖÉÛÈÐÕÌËɯÍÙÖÔɯÛÏÌɯÊÖÔ×ÈÙÐÚÖÕÚɯÐÕɯÈÓÓɯÛÏÌɯÍÙÌØÜÌÕÊàɯÉÈÕËÚɯȹϗȮɯϛȮɯϔȮɯϕȮɯϖȺɯÐÕɯ

the rows from the top to the botÛÖÔȭɯ3ÏÌɯÙÌ×ÙÌÚÌÕÛÈÛÐÖÕɯÞÈÚɯÖÉÛÈÐÕÌËɯÊÖÕÚÐËÌÙÐÕÎɯÚÌÝÌÙÌɯ×ÈÛÐÌÕÛÚɯÞÐÛÏɯ%, ɤƚƔȹ3ƔȺɯȀƕƔɯ

of the BCI (N = 12) and CTRL (N = 6) groups. 
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Figure 3. 18. Scalp topographic distribution of the t -value obtained from the PSD comparison (paired t -test, alpha = 0.05) 

between task (MI) and rest conditions at all timepoints (T0, T1, T2, T3, T4) for the BCI (left panel) and CTRL (right panel) 

group, for the task performed with the affected hand. The affected hemisphere is the right one for all participants. In 

ÌÈÊÏɯÙÌ×ÙÌÚÌÕÛÈÛÐÖÕɯÈÙÌɯÙÌ×ÖÙÛÌËɯÛÏÌɯÛɯÝÈÓÜÌÚɯÖÉÛÈÐÕÌËɯÍÙÖÔɯÛÏÌɯÊÖÔ×ÈÙÐÚÖÕÚɯÐÕɯÈÓÓɯÛÏÌɯÍÙÌØÜÌÕÊàɯÉÈÕËÚɯȹϗȮɯϛȮɯϔȮɯϕȮɯϖȺɯÐÕɯ

the rows from the top to the bottoÔȭɯ3ÏÌɯÙÌ×ÙÌÚÌÕÛÈÛÐÖÕɯÞÈÚɯÖÉÛÈÐÕÌËɯÊÖÕÚÐËÌÙÐÕÎɯÚÌÝÌÙÌɯ×ÈÛÐÌÕÛÚɯÞÐÛÏɯ%, ɤƚƔȹ3ƔȺɯȀƕƔɯ

of the BCI (N = 12) and CTRL (N = 6) groups. 

 

$$&ɪÉÈÚÌËɯÐÕËÐÊÌÚ 

 

3ÏÌɯÈÝÌÙÈÎÌËɯȹǷɯÚÛÈÕËÈÙËɯÌÙÙÖÙȺɯÛÐÔÌɯÛÙÌÕËÚɯÈÛɯÈÓÓɯÛÐÔÌ×ÖÐÕÛÚɯȹ3ƔȮɯ3ƕȮɯ3ƖȮɯ3ƗȮɯ3ƘȺɯÖÍɯÛÏÌɯÙÌÓÈÛÐÝÌɯ

×ÖÞÌÙÚɯȹÙϗȮɯÙϛȮɯÙϔȮɯÙϕȺɯÊÈÓÊÜÓÈÛÌËɯÍÖÙɯÚÌÝÌÙÌɯ×ÈÛÐÌÕÛÚɯȹ%, ɤƚƔɯȀɯƕƔȺɯÐÕɯÉÖÛÏɯÎÙÖÜ×Úɯȹ!"(Ȯɯ"31+ȺɯÈÙÌɯ

ÚÏÖÞÕɯÐÕɯ%ÐÎÜÙÌɯƗȭƕƝȭɯ3ÏÐÚɯ×ÓÖÛɯÚÏÖÞÚɯÛÏÌɯÐÕËÐÊÌÚɯÊÖÔ×ÜÛÌËɯÐÕɯ,(ɯÛÈÚÒÚɯ×ÌÙÍÖÙÔÌËɯÞÐÛÏɯÛÏÌɯÈřÌÊÛÌËɯ

ȹ×ÈÕÌÓɯÈȮɯ,(ɪ 'ȺɯÈÕËɯÜÕÈřÌÊÛÌËɯȹ×ÈÕÌÓɯÉȮɯ,(ɪ4'ȺɯÏÈÕËȭɯ2ÐÔÐÓÈÙÓàȮɯÐÕɯ%ÐÎÜÙÌɯƗȭƖƔȮɯÛÏÌɯ×ÖÞÌÙɯÙÈÛÐÖɯ

ÐÕËÐÊÌÚɯȹ/1(Ȯɯ# 1Ȯɯ3!1Ȯɯ3 1Ȯɯ3! 1ȺɯÈÕËɯÛÏÌɯÉÙÈÐÕɯÚàÔÔÌÛÙàɯÐÕËÐÊÌÚɯȹÙ!2(Ȯɯ×Ë!2(ȺɯÈÙÌɯÙÌ×ÖÙÛÌËȮɯÍÖÙɯ

ÛÏÌɯÛÈÚÒɯ×ÌÙÍÖÙÔÌËɯÞÐÛÏɯÛÏÌɯÈřÌÊÛÌËɯÏÈÕËɯȹ×ÈÕÌÓɯÈȺɯÈÕËɯÍÖÙɯÛÏÌɯÛÈÚÒɯ×ÌÙÍÖÙÔÌËɯÞÐÛÏɯÛÏÌɯÜÕÈřÌÊÛÌËɯ

ÏÈÕËɯȹ×ÈÕÌÓɯÉȺȭɯ 

%ÙÖÔɯÛÏÌÚÌɯÙÌ×ÙÌÚÌÕÛÈÛÐÖÕÚɯÐÛɯÊÈÕɯÉÌɯÚÌÌÕɯÛÏÈÛɯÛÏÌɯÙÌÓÈÛÐÝÌɯ×ÖÞÌÙɯÐÕɯËÌÓÛÈɯȹÙϗȺȮɯÛÏÌɯ# 1ɯÈÕËɯÛÏÌɯÉÙÈÐÕɯ

ÚàÔÔÌÛÙàɯÐÕËÐÊÌÚɯȹÙ!2(Ȯɯ×Ë!2(ȺɯÎÓÖÉÈÓÓàɯËÌÊÙÌÈÚÌɯÍÙÖÔɯ3ƔɯÛÖɯ3ƘɯÈÕËɯÛÏÈÛɯÛÏÌɯÙÌÓÈÛÐÝÌɯ×ÖÞÌÙɯÐÕɯÉÌÛÈɯ

ȹÙϕȺɯÐÕÊÙÌÈÚÌÚȮɯÐÕɯÉÖÛÏɯÎÙÖÜ×Úɯȹ!"(Ȯɯ"31+Ⱥȭɯ'ÖÞÌÝÌÙȮɯÛÏÌɯÛÙÌÕËÚɯÖÝÌÙɯÛÐÔÌɯ×ÖÐÕÛÚɯÈÙÌɯÕÖÛɯÔÖÕÖÛÖÕÐÊɯ

ÎÓÖÉÈÓÓàȭɯ 

3ÏÌɯÙÌÓÈÛÐÝÌɯ×ÖÞÌÙɯÐÕɯÛÏÌɯÈÓ×ÏÈɯÉÈÕËɯÍÖÙɯÛÏÌɯ,(ɪ 'ɯÛÈÚÒɯËÐÚ×ÓÈàÚɯÈɯÔÖÕÖÛÖÕÐÊɯÐÕÊÙÌÈÚÌɯÜÕÛÐÓɯ3ƗɯÐÕɯ

ÛÏÌɯ!"(ɯÎÙÖÜ×ȮɯÞÏÌÙÌÈÚɯÐÕɯÛÏÌɯ"31+ɯÎÙÖÜ×ȮɯÐÛɯÌßÏÐÉÐÛÚɯÈÕɯÐÕÐÛÐÈÓɯÐÕÊÙÌÈÚÌɯÍÖÓÓÖÞÐÕÎɯÛÙÈÐÕÐÕÎɯÈÕËɯ

ÚÜÉÚÌØÜÌÕÛÓàɯËÐÚ×ÓÈàÚɯÈɯËÌÊÓÐÕÌɯÜÕÛÐÓɯ3Ƙɯȹ%ÐÎȭɯƗȭƕƝȮɯ×ÈÕÌÓɯÈȺȭɯ3ÏÌɯËÌÊÙÌÔÌÕÛÈÓɯÛÙÌÕËɯÖÉÚÌÙÝÌËɯÐÕɯÛÏÌɯ

# 1ɯÍÖÙɯÛÏÌɯ,(ɪ 'ɯÛÈÚÒɯÐÕɯÛÏÌɯ!"(ɯÎÙÖÜ×ɯȹ%ÐÎȭɯƗȭƖƔȮɯ×ÈÕÌÓɯÈȺɯÐÚɯÔÖÕÖÛÖÕÐÊɯÛÐÓÓɯ3Ɨȭɯ(ÕɯÊÖÕÛÙÈÚÛȮɯÛÏÌɯ

ÛÙÌÕËɯÐÕɯÛÏÌɯ"31+ɯÎÙÖÜ×ɯÚÏÖÞÚɯÈɯËÌÊÓÐÕÌɯÍÖÓÓÖÞÐÕÎɯÛÏÌɯÛÙÈÐÕÐÕÎɯ×ÌÙÐÖËȮɯÍÖÓÓÖÞÌËɯÉàɯÈÕɯÐÕÊÙÌÈÚÌɯÛÏÈÛɯ

ÐÚɯÚÜÚÛÈÐÕÌËɯÜÕÛÐÓɯ3Ƙȭ 
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-ÖɯÚÛÈÛÐÚÛÐÊÈÓɯËÐřÌÙÌÕÊÌÚɯÞÌÙÌɯËÌÛÌÊÛÌËɯÈÛɯ3ƔɯÈÕËɯÈÛɯ3ƘɯÉÌÛÞÌÌÕɯÎÙÖÜ×Úɯȹ×ɯǿɯƔȭƔƙȺȭɯ6ÏÌÕɯÛÏÌɯÛÈÚÒɯÐÚɯ

×ÌÙÍÖÙÔÌËɯÞÐÛÏɯÛÏÌɯÜÕÈřÌÊÛÌËɯÏÈÕËȮɯÛÏÌɯÊÖÔ×ÈÙÐÚÖÕɯÉÌÛÞÌÌÕɯ3ƔɯÈÕËɯ3ƘɯÐÚɯÚÐÎÕÐŗÊÈÕÛɯÐÕɯÛÏÌɯ!"(ɯ

ÎÙÖÜ×ɯÐÕɯÛÏÌɯ×Ë!2(ɯȹ×ɯǻɯƔȭƔƖƗȺ 

 

Figure 3. 19. Average (± 2ÛÈÕËÈÙËɯ$ÙÙÖÙȮɯ2$ȺɯÖÍɯÛÏÌɯÙÌÓÈÛÐÝÌɯ×ÖÞÌÙÚɯÐÕɯÈÓÓɯÛÏÌɯÍÙÌØÜÌÕÊàɯÉÈÕËÚɯȹϗȮɯϛȮɯϔȮɯϕȺɯÊÖÔ×ÜÛÌËɯÖÕɯ

ÚÌÝÌÙÌɯ×ÈÛÐÌÕÛÚɯÞÐÛÏɯ%, ɤƚƔɯȀɯƕƔɯÖÍɯÛÏÌɯ!"(ɯȹ-ɯǻɯƕƖȺɯÈÕËɯ"31+ɯȹ-ɯǻɯƚȺɯÎÙÖÜ×ÚȮɯÐÕɯ×ÐÕÒɯÈÕËɯÉÓÜÌɯÓÐÕÌÚɯÙÌÚ×ÌÊÛÐÝÌÓàȮɯÈÛɯÈÓÓɯ

timepoints (T0, T1, T2, T3, T4). In panel a are depicted the power relative indices obtained for the MI task performed 

with the affected hand (MI -AH) and in panel b the relative power indices obtained for the MI task performed with the 

unaffected hand (MI -UH). No statical differenc es were detected both at T0 and at T4 between groups (p > 0.05). The 2-

tails paired t -test within groups between T0 and T4 reveal no significative differences on any group.  

 

 

Figure 3. 20. Average (± Standard Error, SE) of the power ratios (PRI, DAR, TBR, TAR, TBAR) and the brain symmetry 

ÐÕËÐÊÌÚɯȹÙ!2(Ȯɯ×Ë!2(ȺɯÊÖÔ×ÜÛÌËɯÖÕɯÚÌÝÌÙÌɯ×ÈÛÐÌÕÛÚɯÞÐÛÏɯ%, ɤƚƔɯȀɯƕƔɯÖÍɯÛÏÌɯ!"(ɯȹ-ɯǻɯƕƖȺɯÈÕËɯ"31+ɯȹ-ɯǻɯƚȺɯÎÙÖÜ×ÚȮɯÐÕɯ

pink and blue lines respectively, at all timepoints  (T0, T1, T2, T3, T4). In panel a are depicted the power relative indices 

obtained for the MI task performed with the affected hand (MI -AH) and in panel b the relative power indices obtained 

for the MI task performed with the unaffected hand ( MI -UH). No statical differences were detected both at T0 and at T4 

between groups (p > 0.05). The 2-tails paired t -test within groups between T0 and T4 reveal in the BCI group a significant 

difference on pdBSI (p = 0.023) for both the MI-UH.  

 














































































































