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&✐(♣❡❝❝❤✐❛♥♦ ❧♦ (♣✐&✐5♦ ♦&✐❣✐♥❛&✐♦ ❞❡❧❧✬✐♥✐③✐❛5✐✈❛ ✐♥ ❝❛♠♣♦ (♦❢5✇❛&❡✳ ❖&✐❡♥5❛&(✐
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❞❡❧ ♠❡'♦❞♦ ❞✐ 5✈✐❧✉♣♣♦ ❖♣❡♥ ❙♦✉(❝❡ ♥❡✐ ♣(♦❝❡55✐ ❞✐ '(❛5❢♦(♠❛③✐♦♥❡ ❞❡❧❧✬❛♠✲
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✉'✐❧✐③③❛'❡ ❞❛ ❝✐❛&❝✉♥ ✉'❡♥'❡ &❡❝♦♥❞♦ ❧❡ &✉❡ ♥❡❝❡&&✐'_✿ ✏◗✉✐♥❞✐ % ✐♠♣♦3'❛♥'❡

❝❤❡ W✉❡&'❡ ✐❞❡❡ ✈❡3✐✜❝❛'❡ ✜♥✐&❝❛♥♦ ❧_ ✭♥❡❧❧✬❖❆◆✱ ♥✳❞✳3✮✱ &❡♠♣❧✐❝✐ ❞❛ ✉&❛3❡✱

❢❛❝✐❧✐ ❞❛ ♣3❡♥❞❡3❡✳✑ ✭❙✐♥❝❧❛✐3 ✷✵✵✻✮

❈♦♠❡ ❢✉♥③✐♦♥❛ ❖❆◆ % ✉♥ 3❡♣♦&✐'♦3② ❞✐ ♣3♦❣❡''✐✱ ♦✈✈❡3♦ ✉♥ ❛3❝❤✐✈✐♦ ❞✐❣✐✲

'❛❧❡ ♣✐✉''♦&'♦ ❣3❛♥❞❡ ❞✐ ♠❛'❡3✐❛❧❡ ♣3♦♥'♦ ❛❧❧✬✉&♦✱ ♦3❣❛♥✐③③❛'♦ &❡❝♦♥❞♦ ❛❧❝✉♥❡

❝❛'❡❣♦3✐❡✳ ❙✐ ♣❛3'❡ ❞❛❧❧✬❛3❡❛ ❣❡♦❣3❛✜❝❛ ✭❝♦♥'✐♥❡♥'❡ ❡ ♥❛③✐♦♥❡✮✱ ♣❛&&❛♥❞♦ ♣❡3

❧❡ ❝♦♥❞✐③✐♦♥✐ ❝❧✐♠❛'✐❝❤❡ ❞❡❧ &✐'♦✱ ❧❛ ❢✉♥③✐♦♥❡ ❝❤❡ ❞♦✈3❡❜❜❡ ♦&♣✐'❛3❡ ✐❧ ♣3♦❣❡''♦

❡ ✐ ♣3✐♥❝✐♣❛❧✐ '❡♠✐ ❛✛3♦♥'❛'✐✳ ❖❧'3❡ ❛ W✉❡&'❡ ♠❛❝3♦ ❝❛'❡❣♦3✐❡ % ♣♦&&✐❜✐❧❡ ✐♥&❡3✐✲

3❡ ❞❡✐ ✜❧'3✐ ❞✐ 3✐❝❡3❝❛ ✉❧'❡3✐♦3✐✳ ❖❣♥✐ &❝❤❡❞❛ ♣3♦❣❡''♦ ♣3❡&❡♥'❛ ❧❡ ✐♥❢♦3♠❛③✐♦♥✐

✶✺

❤!!♣✿✴✴❛&❝❤✐!❡❝!✉&❡❢♦&❤✉♠❛♥✐!②✳♦&❣✴

✶✻

✏■❧ ♣$❡♠✐♦ ❚❊❉ , ❛$$✐✈❛/♦ ❡0❛//❛♠❡♥/❡ ❛❧ ♠♦♠❡♥/♦ ❣✐✉0/♦ ♣❡$ ♥♦✐✳ ❊$❛✈❛♠♦ ❛$$✐✈❛/✐

❛ 5✉❡❧ ♣✉♥/♦ ❝$✐/✐❝♦ ✐♥ ❝✉✐ ❞❡✈✐ ❛✉♠❡♥/❛$❡ ❞✐ 0❝❛❧❛✱ ❛✈❡✈❛✈♠♦ ❜✐0♦❣♥♦ ❞✐ ✉♥ ❡♥♦$♠❡ ❛✐✉/♦

/❡❝♥♦❧♦❣✐❝♦ ❡ ♣$♦❣❡//✉❛❧❡ ♣❡$ ❢❛$❧♦✳ ■ ♥♦0/$✐ ❣$✉♣♣✐ ✉0❛✈❛♥♦ ✉♥❛ ❝♦♠❜✐♥❛③✐♦♥❡ ❞✐ 0/$✉✲

♠❡♥/✐ 5✉❛❧✐ ▼❡❡/✲✉♣✱ ❋❛❝❡❜♦♦❦✱ ●♦♦❣❧❡ ●$♦✉♣0 ❡ 5✉❛//$♦ ❛❧/$❡ ❛♣♣❧✐❝❛③✐♦♥✐ ✇❡❜ 0♦❧♦ ♣❡$

♦$❣❛♥✐③③❛$0✐ /$❛ ❞✐ ❧♦$♦ ❞✉$❛♥/❡ /$❡ ❣$❛♥❞✐ ❞✐0❛0/$✐ ♥❛/✉$❛❧✐✳ ❙/❛✐♠♦ ♣❛$❧❛♥❞♦ ❞❡❧❧✬✉$❛❣❛♥♦

❑❛/$✐♥❛✱ ❞❡❧❧♦ /0✉♥❛♠✐ ❡ ❞❡❧ /❡$$❡♠♦/♦ ✐♥ E❛❦✐0/❛♥✳ ◆♦♥ ❡0✐0/❡✈❛ ✉♥❛ ♣✐❛//❛❢♦$♠❛ ❝♦♠✉♥❡

❛//$❛✈❡$0♦ ❝✉✐ ❝♦♥❞✐✈✐❞❡$❡ ✐ ✜❧❡✳ ◆♦♥ $✐✉0❝✐✈❛♠♦ ❛ ❢❛$❡ ✐❧ ♥♦0/♦ ❧❛✈♦$♦ ✐♥ ♠❛♥✐❡$❛ ❡✣❝❛❝❡✳✑

❬/$❛❞✉③✐♦♥❡ ✐/❛❧✐❛♥❛ ❛ ❝✉$❛ ❞❡❧❧✬❛✉/♦$❡❪✳
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❜❛$❡ $✉ '✉❡❧❧✬✐♥✐③✐❛-✐✈❛ ✭❛✉-♦1✐✱ ❜❡♥❡✜❝✐❛1✐✱ ❞♦♥❛-♦1✐✱ ❧✉♦❣♦ ❞✐ 1❡❛❧✐③③❛③✐♦♥❡

❡-❝✳✮❡ ✉♥❛ $❡1✐❡ ❞✐ ❞♦❝✉♠❡♥-✐✱ ❝❤❡ ❝♦♠♣1❡♥❞♦♥♦ ✐ ❞✐$❡❣♥✐ ❡$❡❝✉-✐✈✐ ✜♥♦ ❛❧❧❡

❢♦-♦ ❞✐ ❝❛♥-✐❡1❡ ✭❋✐❣✉1❛ ✹✳✹✮✳ ▲✬✐❞❡❛ ❞✐ ❜❛$❡ @ ❝❤❡ ✐❧ ♣1♦❣❡--♦ ♣♦$$❛ ❡$$❡1❡

$❡❣✉✐-♦ ❞❛❧❧❛ ❝♦♠✉♥✐-A ✐♥ -✉--❡ ❧❡ $✉❡ ❢❛$✐✱ ❞❛❧❧✬✐❞❡❛③✐♦♥❡ ❛❧❧❛ ♠❛♥✉-❡♥③✐♦♥❡✳

❆--1❛✈❡1$♦ ❧♦ $-1✉♠❡♥-♦ ❞❡✐ ❝♦♠♠❡♥-✐ @ ♣♦$$✐❜✐❧❡ ✐♥-❡1❛❣✐1❡ ♣✉❜❜❧✐❝❛♠❡♥-❡

❝♦♥ ✐ ❣❡$-♦1✐ ❞❡❧ ♣1♦❣❡--♦✱ ♣1❡✈✐❛ ❧❛ 1❡❣✐$-1❛③✐♦♥❡ ❛❧ $✐-♦✳ ❯♥ ❢♦1♠ ❛♣♣♦$✐-♦

♣❡1♠❡--❡ ❛♥❝❤❡ ❞✐ ❡♥-1❛1❡ ✐♥ ❝♦♥-❛--♦ ❝♦♥ ✐ ❣❡$-♦1✐ ✐♥ ♠❛♥✐❡1❛ ♣1✐✈❛-❛✳

❋✐❣✉$❛ ✹✳✹✿ ▲❛ ♣❛❣✐♥❛ ♣$✐♥❝✐♣❛❧❡ ❞✐ ✉♥ ♣$♦❣❡11♦ ♦2♣✐1❛1♦ ❞❛❧❧✬❖♣❡♥ ❆$❝❤✐1❡❝1✉$❡ ◆❡1✇♦$❦✳

❙✐ 1$❛11❛ ❞❡❧ ❑❛❜♦♥❞♦ ❋♦♦1❜❛❧❧ ❢♦$ ❍♦♣❡ ❈❡♥1$❡ ❛ ❇✉❥✉♠❜✉$❛✱ ✐♥ ❇✉$✉♥❞✐✳ ❙✐ ♣✉D ♥♦1❛$❡

✐♥ ❜❛22♦ ❛ ❞❡21$❛ ✐❧ 2✐♠❜♦❧♦ ❞❡❧❧❛ ❧✐❝❡♥③❛ ❈$❡❛1✐✈❡ ❈♦♠♠♦♥ ❡✱ ♣♦❝♦ ♣✐G ✐♥ ❛❧1♦✱ 1✉11❡ ❧❡

✐♥❢♦$♠❛③✐♦♥✐ $❡❧❛1✐✈❡ ❛❧ ♣$♦❣❡11♦ ❡ ✐ ❝$❡❞✐1✐ ✭❢♦♥1❡✿ ❤!!♣✿✴✴♦♣❡♥❛)❝❤✐!❡❝!✉)❡♥❡!✇♦)❦✳

♦)❣✴♣)♦❥❡❝!2✴❢❢❤❴❜✉❥✉♠❜✉)❛✮✳

 !♦❝❡%%♦ ❞✐ ❆♣❡!*✉!❛ ❖❆◆ ♣✉F ❡$$❡1❡ ❝♦♥$✐❞❡1❛-❛ ✉♥❛ ♣✐❛--❛❢♦1♠❛ ❵♦♣❡♥✬

✐♥ '✉❛♥-♦ -✉--♦ ✐❧ ♠❛-❡1✐❛❧❡ ♣1❡$❡♥-❡ ✐♥ ❡$$❛ @ ❞✐$-1✐❜✉✐-♦ ❛--1❛✈❡1$♦ ❧❡ ❧✐❝❡♥③❡

❈1❡❛-✐✈❡ ❈♦♠♠♦♥$✳ ■♥✐③✐❛❧♠❡♥-❡ ✈❡♥✐✈❛ ✉$❛-❛ ❧❛ ❉❡✈❡❧♦♣✐♥❣ ◆❛-✐♦♥$ ▲✐❝❡♥✲

$❡✱ ❧❛ '✉❛❧❡ ♣❡1♠❡--❡✈❛ ✉♥ ✉-✐❧✐③③♦ ❧✐❜❡1♦ ❞❡✐ ❝♦♥-❡♥✉-✐ ✉♥✐❝❛♠❡♥-❡ ♥❡✐ ♣❛❡$✐

✐♥ ✈✐❛ ❞✐ $✈✐❧✉♣♣♦ ❡ ❝♦♥ ❧✬♦❜❜❧✐❣♦ ❞✐ ❛--1✐❜✉③✐♦♥❡✳ ❖1❛ -❛❧❡ ❧✐❝❡♥③❛ ♥♦♥ @ ♣✐L

✐♥ ✉$♦ ❡ ♣♦$$♦♥♦ ❡$$❡1❡ $❝❡❧-❡ ❛ ❞✐$❝1❡③✐♦♥❡ ❞❡❧❧✬✉-❡♥-❡ -✉--❡ ❧❡ ✈❛1✐❛♥-✐ ♦✛❡1-❡

❞❛ ❈1❡❛-✐✈❡ ❈♦♠♠♦♥$✳ ▲✬❛❝❝❡$$♦ ❛❧ $✐-♦ @ ❧✐❜❡1♦ ♣1❡✈✐❛ 1❡❣✐$-1❛③✐♦♥❡✱ ❝❤❡ @

❣1❛-✉✐-❛✳



✶✵✷ ❈❆"■❚❖▲❖ ✹✳ ❆❘❈❍■❚❊❚❚❯❘❆ ❖"❊◆ ❙❖❯❘❈❊

❙♦"❣❡♥&❡ ▲❛ %♦'❣❡♥+❡ %♦♥♦ ✐ ♣'♦❣❡++✐ %+❡%%✐ ❡✱ ♥❡❧❧❛ ❢❛++✐%♣❡❝✐❡✱ +✉++♦ ✐❧ ♠❛✲

+❡'✐❛❧❡ ❞✐❣✐+❛❧❡ ❝❛'✐❝❛+♦ %✉❧❧❛ ♣✐❛++❛❢♦'♠❛ ❝❤❡ ❛❞ ❡%%✐ %✐ '✐❢❡'✐%❝❡✳ ■♥ ❛❧❝✉♥✐

❝❛%✐ %✐ +'❛++❛ ❞✐ ❞✐%❡❣♥✐ ❡%❡❝✉+✐✈✐ ❛♥❝❤❡ ♣✐✉++♦%+♦ ❞❡++❛❣❧✐❛+✐✱ ✐♥ ❛❧+'✐ ❞✐ %❝❤❡♠✐

❞✐ ❝♦%+'✉③✐♦♥✐ ❡❧❡♠❡♥+❛'✐ ♠❛ ❡✣❝❛❝✐✱ ❛❧+'❡ ✈♦❧+❡ %✐ +'❛++❛ ❞✐ ❞✐❛❣'❛♠♠✐ ❡ ✐♠✲

♠❛❣✐♥✐ '❛♣♣'❡%❡♥+❛+✐✈❡✳ ❊%%❡♥❞♦ '✐❧❛%❝✐❛+♦ ❝♦♥ ❧✐❝❡♥③❛ ❈'❡❛+✐✈❡ ❈♦♠♠♦♥%✱

+✉++♦ ✐❧ ♠❛+❡'✐❛❧❡ ♣✉> ❡%%❡'❡ ✉%❛+♦ ❛♥❝❤❡ ✐♥ ❛❧+'✐ ❝♦♥+❡%+✐✳ ❖❣♥✐ ✉+❡♥+❡ ❤❛

❧❛ ♣♦%%✐❜✐❧✐+A ❞✐ ♦'❣❛♥✐③③❛'❡ ✐❧ ♠❛+❡'✐❛❧❡ '❡%♦ ❞✐%♣♦♥✐❜✐❧❡ ❝♦♠❡ ♠❡❣❧✐♦ ❝'❡❞❡✳

❆++'❛✈❡'%♦ ❧❛ ❝'❡❛③✐♦♥❡ ❞✐ ❝❛'+❡❧❧❡ ❡ ❞✐ ❝❛+❡❣♦'✐❡ ❞✐ ✜❧❡ ✭+'❛ E✉❡%+❡ ♣✐❛♥+❡✱

%❡③✐♦♥✐✱ ♣'♦%♣❡++✐✱ ❞❡++❛❣❧✐✱ '❡♥❞❡'✐♥❣✱ ❢♦+♦❣'❛✜❡✱ ❢♦+♦❣'❛✜❡ ❞❡❧❧✬❡❞✐✜❝✐♦ ❝♦✲

%+'✉✐+♦✮ %✐ ♣✉> ♦'❣❛♥✐③③❛'❡ ✐❧ ♣'♦♣'✐♦ '❡♣♦%✐+♦'② ✭❋✐❣✉'❛ ✹✳✺✮✳ ◆♦♥ ✈✐ M ✉♥

❢♦'♠❛+♦ ❞✐ ✜❧❡ '✐❝❤✐❡%+♦✱ ♦❣♥✉♥♦ ♣✉> ❞❡❝✐❞❡'❡ %❡ ❝♦♥❞✐✈✐❞❡'❡ ✉♥ ✜❧❡ ♠♦❞✐✲

✜❝❛❜✐❧❡ ✭❛❞ ❡%❡♠♣✐♦ ✉♥ ✜❧❡ ❛✉+♦❝❛❞✮ ♦ ✉♥❛ %❡♠♣❧✐❝❡ ✐♠♠❛❣✐♥❡ ❞❡❧ ❞✐%❡❣♥♦✱

♦ +✉++❡ ❡ ❞✉❡✳ ❖✈✈✐❛♠❡♥+❡ %✐ +'❛++❛ ❞✐ ✉♥❛ %♦'❣❡♥+❡ ♣✐✉++♦%+♦ ❡+❡'♦❣❡♥❡❛✱
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%✐❞❡1❛'✐ %✐❛ ♣1♦❞♦''✐ ✜♥✐'✐ 1✐%♣♦♥❞❡♥'✐ ✉♥❛ %♣❡❝✐✜❝❛ ♣1♦❜❧❡♠❛'✐❝❛✱ %✐❛ ❡%%❡1❡

1❡✐♥%❡1✐'✐ ♥❡❧ ❝✐1❝✉✐'♦ ♣1♦❞✉❝❡♥❞♦ ♥✉♦✈✐ ♦❣❣❡''✐ ❝♦♠♣♦%✐'✐✳ ▲✬✉'❡♥'❡ ❝❤❡ %✐

❛✛❛❝❝✐❛ ♣❡1 ❧❛ ♣1✐♠❛ ✈♦❧'❛ ❛ ❖♣❡♥❙'1✉❝'✉1❡% ❤❛ ❧❛ ♣♦%%✐❜✐❧✐'K ❞✐ ❛❝❝❡❞❡1❡ ❛

✉♥ ❞❛'❛❜❛%❡ ❞✐ %♦❧✉③✐♦♥✐ ❣✐K ♣1♦♥'❡ ❛❧❧✬✉%♦ ♦ ❞✐ %✈✐❧✉♣♣❛1❡ ❞❛ ③❡1♦ ❧❛ ♣1♦♣1✐❛
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✐❞❡❛✳

❈♦♠✉♥✐&' ▲❛ ❝♦♠✉♥✐./ 0 ❝♦♠♣♦2.❛ ❞❛ ❞❡2✐❣♥❡4 ❡ ♣4♦❣❡..✐2.✐ ❝❤❡ ✉.✐❧✐③③❛✲

♥♦ ❧❛ ❣4✐❣❧✐❛✱ ♠❛ ❛♥❝❤❡ ❞❛ 2❡♠♣❧✐❝✐ ❛♣♣❛22✐♦♥❛.✐✳ ❖❣♥✐ ✉.❡♥.❡ ♣❛4.❡❝✐♣❛ ❛❧❧❛

♣✐❛..❛❢♦4♠❛ ♣♦2.❛♥❞♦ ❞✐4❡..❛♠❡♥.❡ ✐ ❢4✉..✐ ❞❡❧ ♣4♦♣4✐♦ ❧❛✈♦4♦✳ ➮ ❛♥❝❤❡ ♣4❡✲

✈✐2.❛ ❧❛ ♣♦22✐❜✐❧✐./ ❞✐ ❛❝?✉✐2.❛4❡ ✐❧ ♣4♦❞♦..♦ ✜♥✐.♦ ❞❛ ❛❧.4✐ ✉.❡♥.✐ ✭✐❧ ❞✐2❡❣♥♦

0 2❡♠♣4❡ ❞✐2♣♦♥✐❜✐❧❡ ❣4❛.✉✐.❛♠❡♥.❡ 2♦..♦ ❧✐❝❡♥③❛ ❝4❡❛.✐✈❡ ❝♦♠♠♦♥2✮✳ ■ ♣❡③③✐

❝❤❡ ♣4❡✈❡❞♦♥♦ ❧❛✈♦4❛③✐♦♥✐ ♣❛4.✐❝♦❧❛4✐ ♦ ❝♦♠♣❧❡22❡ ♣♦22♦♥♦ ❡22❡4❡ ❝♦♠♣❡4❛.✐

❞❛❧❧✬✉.❡♥.❡ ❝❤❡ ❧✐ ♣4♦❞✉❝❡✱ ❛❧ ♣4❡③③♦ ❞❛ ❧✉✐ ✜22❛.♦✳

(✐❛&&❛❢♦+♠❛ ▲❛ ♣✐❛..❛❢♦4♠❛ ❝♦♥2❡♥.❡ ❞✐ ❝❛4✐❝❛4❡ ❡ 4❡♥❞❡4❡ ♣✉❜❜❧✐❝♦ ♦❣♥✐

2✐♥❣♦❧♦ ♦❣❣❡..♦ ❞✐2❡❣♥❛.♦ ❛..4❛✈❡42♦ ✐❧ ❝❛4✐❝❛♠❡♥.♦ 2✉❧ 2✐.♦ ❞✐ ✉♥❛ ❢♦.♦✱ ❞❡❧ ✜❧❡

✐♥ ❢♦4♠❛.♦ ❞①❢ ❛22♦❝✐❛.♦ ✭.✐♣♦❧♦❣✐❛ ❞✐ ✜❧❡ ❝❤❡ ♣✉F ❡22❡4❡ ❧❡..❛ ❞❛ ♣4♦❣4❛♠♠✐

❝❛❞ ❢4❡❡ ♦ ❣4❛.✉✐.✐✱ ♦ ❞✐4❡..❛♠❡♥.❡ ❞❛ ♠❛❝❝❤✐♥❡ ❛ ❝♦♥.4♦❧❧♦ ♥✉♠❡4✐❝♦✮ ❡ ❞❡❧❧❡

✐♥❞✐❝❛③✐♦♥✐✱ ♥❡❧ ❝❛2♦ 2✐ .4❛..✐ ❞✐ ✉♥ ♦❣❣❡..♦ ❢❛❝❡♥.❡ ♣❛4.❡ ❞✐ ✉♥❛ 2.4✉..✉4❛ ♣✐G

❝♦♠♣❧❡22❛✳ ❖❧.4❡ ❛❧❧❡ ✐♥❢♦4♠❛③✐♦♥✐ ❣❡♥❡4❛❧✐ ❡ ❛❧❧❡ ✐2.4✉③✐♦♥✐ ♣❡4 ❧✬✉2♦ ✈✐ 2♦♥♦

❛♥❝❤❡ .✉..✐ ✐ ❧❛✈♦4✐ ❡2❡❣✉✐.✐ ❞❛❣❧✐ ✉.❡♥.✐✳

❇✉-✐♥❡-- ♠♦❞❡❧ H4♦♣4✐♦ ♣❡4 ✐❧ ❢❛..♦ ❞✐ ♣❡4♠❡..❡4❡ ❧❛ ✈❡♥❞✐.❛ ❞❡❣❧✐ ♦❣❣❡..✐

❧❛ ♣✐❛..❛❢♦4♠❛ ❢❛✈♦4✐2❝❡ ❧❛ ❝4❡❛③✐♦♥❡ ❞✐ ✉♥❛ ♠✐❝4♦❡❝♦♥♦♠✐❛ ✐♥.❡4♥❛ ❢❛..❛ ❞✐

2❝❛♠❜✐ ❞✐ ♣❡③③✐ ❣✐/ ♣4♦❞♦..✐✳ ❍❛ 4✐❝❡✈✉.♦ ✉♥ 2♦2.❡❣♥♦ 2.4✉..✉4❛❧❡ ❡ ♣4♦❞✉..✐✈♦

❞❛ ✷✸✸✱ ❍♦✉2❡ ❢♦4 ❝♦♥.❡♠♣♦4❛4② ❆4.2 ✐♥ ❍❛22❡❧.✱ ✐♥ ❇❡❧❣✐♦✳

❘✐-✉❧&❛&✐ ❆❞ ♦❣❣✐ ❧❛ ♣✐❛..❛❢♦4♠❛ ❝♦♥2.❛ ❞✐ ✶✸✹ ♦❣❣❡..✐ ❞✐2♣♦♥✐❜✐❧✐✱ ✐ ?✉❛❧✐

✈❛♥♥♦ ❞❛❧❧❛ 2✐♥❣♦❧❛ ♣✐❛2.4✐♥❛ ❞✐ ❝♦❧❧❡❣❛♠❡♥.♦ ❛ ♦❣❣❡..✐ ✐♥.❡4✐ ✭❜✐❝✐❝❧❡..❡ ♦ ♥♦❞✐

2.4✉..✉4❛❧✐✮✳ ❈♦♥.✐❡♥❡ ✉♥ ♥✉♠❡4♦ ♠♦❧.♦ 2✉♣❡4✐♦4❡ ❞✐ ❝♦♠♣♦♥❡♥.✐ ❜❛2❡ 4✐2♣❡.✲

.♦ ❛✐ ✶✸✹ ♦❣❣❡..✐ ❞✐2♣♦♥✐❜✐❧✐ ✐♥ ♣❛4.❡♥③❛✳ H❡4 ?✉❛♥.♦ 4✐❣✉❛4❞❛ ❧✬❛4❝❤✐.❡..✉4❛

❖♣❡♥ ❙.4✉❝.✉4❡2 0 2.❛.♦ ❛❞♦..❛.♦✱ ♦❧.4❡ ❝❤❡ ♣❡4 2.4✉..✉4❡ 2♣❡4✐♠❡♥.❛❧✐✱ ❞❛❧❧♦

2.✉❞✐♦ ❜❡❧❣❛ ❇4✉22❡❧2 ❈♦♦♣❡4❛.✐♦♥ ♣❡4 2✈✐❧✉♣♣❛4❡ ✐❧ ♣4♦❣❡..♦ ❞✐ ✉♥ ♠❡4❝❛.♦

❝♦♣❡4.♦ ❛ ❑❛.❛♥❣❛✱ ✐♥ ❈♦♥❣♦ ✭❋✐❣✉4❛ ✹✳✽✮✳ ■❧ ♣4♦❣❡..♦ .✉..❛✈✐❛ ♥♦♥ 0 2.❛.♦

4❡❛❧✐③③❛.♦✳ ■❧ ♠❡.♦❞♦ ♣4♦❣❡..✉❛❧❡ 0 2.❛.♦ ✉.✐❧✐③③❛.♦ ♣❡4 ✐❧ ❞✐2❡❣♥♦ ❞✐ .✉..✐ ✐

♥♦❞✐ 2.4✉..✉4❛❧✐✱ ❛♥❞❛♥❞♦ ❛ 2.✉❞✐❛4❡ ✉♥ ❝♦♥❣❡❣♥♦ ❝❤❡ ♣❡4♠❡..❡22❡ ❧✬❡✣❝❛❝❡

❛❝❝♦♣♣✐❛♠❡♥.♦ .4❛ ❡❧❡♠❡♥.✐ ❛ 2❡③✐♦♥❡ .♦♥❞❛ ❡❞ ❡❧❡♠❡♥.✐ ❛ 2❡③✐♦♥❡ ?✉❛❞4❛.❛✳

❙♦♥♦ ❛♥❝♦4❛ ✐♥ ❢❛2❡ ❞✐ 2✈✐❧✉♣♣♦ 2.4✉..✉4❡ ♣✐G ❝♦♠♣❧❡22❡✳

❈♦♥-✐❞❡+❛③✐♦♥✐ ❣❡♥❡+❛❧✐ ❖♣❡♥ ❙.4✉❝.✉4❡2 ❜❛2❛ .✉..♦ ✐❧ 2✉♦ ❢✉♥③✐♦♥❛♠❡♥✲

.♦ 2✉❣❧✐ 2.❛♥❞❛4❞ ❡ ❧❛ ✐♥.❡4♦♣❡4❛❜✐❧✐./ .4❛ ✐ ♣❡③③✐ ♣4♦❞♦..✐✱ ❧❛ ❝✉✐ 4✐❝♦♠❜✐♥❛③✐♦✲

♥❡ ❞♦✈4❡❜❜❡ ❡22❡4❡ ✐♥ ❣4❛❞♦ ❞✐ ❣❡♥❡4❛4❡ ✐♥✜♥✐.❡ 2♦❧✉③✐♦♥✐✳ ❉❛❧ ♠♦♠❡♥.♦ ❝❤❡

♥♦♥ 2♦♥♦ 2.❛.❡ 2✈✐❧✉♣♣❛.❡ ♣❛4.✐❝♦❧❛4✐ ✐♥.❡4❢❛❝❝❡ ♦ 2.4✉♠❡♥.✐ ❞✐ ♣4♦❣❡..❛③✐♦♥❡

❛22✐2.✐.❛✱ ❧❛ ♣✐❛..❛❢♦4♠❛ ❝♦♥.✐♥✉❛ ❛ ❡22❡4❡ ✉.✐❧✐③③❛.❛ ♣❡4❧♦♣✐G ❞❛ ❛❞❞❡..✐ ❛✐
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❋✐❣✉$❛ ✹✳✽✿ ■❧ ♣$♦❣❡//♦ ❞✐ ❣✐✉♥/♦ /$❛ ❡❧❡♠❡♥/✐ ❛ 3❡③✐♦♥❡ 5✉❛❞$❛/❛ ❡❞ ❡❧❡♠❡♥/✐ ❛ 3❡③✐♦♥❡ /♦♥✲

❞❛✱ 3✈✐❧✉♣♣❛/♦ ❞❛ ❇$✉33❡❧3 ❈♦♦♣❡$❛/✐♦♥ ♣❡$ ✐❧ ♣$♦❣❡//♦ ❞✐ ✉♥ ♠❡$❝❛/♦ ❝♦♣❡$/♦ ❛ ❑❛/❛♥❣❛✱

✐♥ ❈♦♥❣♦✳ ✭❢♦♥/❡✿ ❤!!♣✿✴✴♦♣❡♥(!)✉❝!✉)❡(✳♥❡!✴✮✳

❧❛✈♦'✐✱ ❝❤❡ ❞❡❝✐❞♦♥♦ ❞✐ /✈✐❧✉♣♣❛'❡ ✐ ♣'♦♣'✐ ♣'♦❣❡33✐ ❝♦♥ 4✉❡/3♦ ♠❡3♦❞♦✳ 7❡'

4✉❛♥3♦ '✐❣✉❛'❞❛ ❧✬❛'❝❤✐3❡33✉'❛ ✐❧ ❝♦♥3'✐❜✉3♦ : ❛❧ ♠♦♠❡♥3♦ ♣✐✉33♦/3♦ ❧✐♠✐3❛3♦✱

♠❛ /❡♠❜'❛ ❛✈❡' 3'♦✈❛3♦ ✉♥❛ ❞✐♠❡♥/✐♦♥❡ /3❛❜✐❧❡ ♥❡❧❧❛ ♣'♦❣❡33❛③✐♦♥❡ ❞✐ ♥♦❞✐

/3'✉33✉'❛❧✐ ❧❡❣❣❡'✐ ❡ ✢❡//✐❜✐❧✐✳ ▲❛ ♠❛♥❝❛♥③❛ ❞✐ ✉♥❛ ❢♦♥3❡ ❞✐ ✜♥❛♥③✐❛♠❡♥3♦✱

/✐❛ ❡//❛ ❜❛/❛3❛ /✉ ❞♦♥❛③✐♦♥✐ ♦ /✉ ❛❧3'❡ ❢♦♥3✐✱ ♥♦♥ ❤❛ ♣'♦❜❛❜✐❧♠❡♥3❡ ♣❡'♠❡/✲

/♦ ❧❛ ❝♦/3'✉③✐♦♥❡ ❞✐ ♣'♦3♦3✐♣✐ ❞✐ ❣'❛♥❞❡ /❝❛❧❛ ❡ ❧♦ /✈✐❧✉♣♣♦ ❛❞❡❣✉❛3♦ ❞❡❧❧❛

♣✐❛33❛❢♦'♠❛✳

✹✳✸✳✸ ❖♣❡♥❙✐♠❙✐♠

✷✸

❖♣❡♥ ❙✐♠❙✐♠ ✭❖♣❡♥ ❙♦✉'❝❡ ❆'❝❤✐3❡❝3✉'❡✮ : ✉♥❛ ♣✐❛33❛❢♦'♠❛ ❝♦❧❧❛❜♦'❛3✐✈❛

♥❛3❛ ♥❡❧ ✷✵✵✾ /✉ ✐♥③✐❛3✐✈❛ ❞✐ ❉❛♥✐❡❧ ❉❡♥❞'❛✳ ➮ /3❛3❛ ♣'❡/❡♥3❛3❛ ❛❧❧❛ ❜✐❡♥♥❛❧❡

❞✐ ❱❡♥❡③✐❛ ♥❡❧❧✬❛♥♥♦ /✉❝❝❡//✐✈♦✳ 7❡♥/❛3❛ ❝♦♠❡ ♣✐❛33❛❢♦'♠❛ ❞✐ ❝♦❧❧❛❜♦'❛③✐♦✲

♥❡ ❢♦❝❛❧✐③③❛3❛ /✉❧❧✬❛'❝❤✐3❡33✉'❛✱ : /3❛3❛ ♣'♦♠♦3'✐❝❡ ♥❡❧ ✷✵✶✶ ❞❡❧❧✬✐♥✐③✐❛3✐✈❛
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❞❡✜♥❡❞ ✐♥ ❛ ❝♦♥(❡♠♣♦)❛)② ✇❛②✿ ❆♥ ✐♥(❡)❡'(❡❞ ❝♦♠♠✉♥✐(② '✉❝❤ ❛' ❛)❝❤✐(❡❝('✱
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%✉❛❧❡✳ ■❧ .✐%❡♠❛ ❝♦.%5✉%%✐✈♦ ,✱ ❝♦♠❡ ❞❡%%♦✱ ✉♥ .✐.%❡♠❛ ❞✐ %❡❧❛✐ ♣✐❛♥✐ ✭❢♦5♠❛%✐

❞❛ ♣✐❝❝♦❧❡ ♣❛5%✐✮ ✐♥%❡5❝♦♥♥❡..✐ %5❛ ❞✐ ❧♦5♦✳ ■❧ .✐.%❡♠❛ ❞✐ ✐♥%❡5❝♦♥♥❡..✐♦♥❡✱ ♠♦❧✲

%♦ .❡♠♣❧✐❝❡ ♠❛ ♥♦♥ ❜❛♥❛❧❡✱ ♣✉) ❡..❡5❡ ❝♦♥.✐❞❡5❛%♦ ❝♦♠❡ ✐❧ ❝✉♦5❡ %❡❝♥♦❧♦❣✐❝♦

❞❡❧ .✐.%❡♠❛✳ ❯%✐❧✐③③❛♥❞♦ ♣❛♥♥❡❧❧✐ ❝♦♠✉♥✐ ✭♣5✐♥❝✐♣❛❧♠❡♥%❡ ❞✐ ♠✉❧%✐.%5❛%♦✱ ♠❛

❛♥❝❤❡ ❞✐ ❛❧%5♦ ♠❛%❡5✐❛❧❡✮ .✐ ♣♦..♦♥♦ 5❡❛❧✐③③❛5❡ ❡❧❡♠❡♥%✐ ❞✐ 5✐❞♦%%❡ ❞✐♠❡♥.✐♦♥✐✳

■❧ .✐.%❡♠❛ ❝♦.%5✉%%✐✈♦ ♣❡5♠❡%%❡ ❞✐ 5❡❛❧✐③③❛5❡ ♦❣❣❡%%✐ ✭❛♥❝❤❡ ❞✐ ❣5❛♥❞✐ ❞✐♠❡♥✲

✹✵

❤!!♣+✿✴✴❣✐!❤✉❜✳❝♦♠✴
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❋✐❣✉$❛ ✹✳✶✽✿ ■❧ ♣$✐♥❝✐♣✐♦ ♣$♦❣❡22✉❛❧❡ ❡ ❝♦32$✉22✐✈♦ 3✉ ❝✉✐ 3✐ ❜❛3❛ ❲✐❦✐❍♦✉3❡✿ ❞❛❧ ♠♦❞❡❧✲

❧♦ ✈✐$2✉❛❧❡ ❝♦♥❞✐✈✐3♦ ❝♦♥ ❛❧2$✐ ✉2❡♥2✐ 3✐ ♦22❡♥❣♦♥♦ ✐ ♣✐❛♥✐ ❞✐ 2❛❣❧✐♦✱ ❧✬✐♥❢♦$♠❛③✐♦♥❡ ✈✐❡♥❡

2$❛3♠❡33❛ ❛ ✉♥ ♣❛♥2♦❣$❛❢♦ ❈◆❈ ❝❤❡ 2❛❣❧✐❛ ✐ ♣❡③③✐ ♥❡❧❧❛ ❣✐✉32❛ ♠✐3✉$❛✱ ✐♥✜♥❡ ❧❛ 32$✉22✉$❛

✈✐❡♥❡ ❢❛❝✐❧♠❡♥2❡ ❛33❡♠❜❧❛2❛ ✭❢♦♥2❡✿ ❤!!♣✿✴✴❛&❝❤✐♥❡❝!✳❝♦♠✴❊&✐❝❈❤❛♥❝❡❧❧♦&✴♣&♦❥❡❝!✴

!&❡♥!✲❜❛♥❦✮✳

#✐♦♥✐✮ ❛))*❛✈❡*#♦ ❧❛ ❝♦♠❜✐♥❛③✐♦♥❡ ❞✐ ♣❛*)✐ ♣✐4 ♣✐❝❝♦❧❡✳ ■❧ #❡❝♦♥❞♦ ❡❧❡♠❡♥)♦

❝❤❡ ❝♦♠♣♦♥❡ ❧❛ #♦*❣❡♥)❡ 9 ✐❧ #♦❢)✇❛*❡✳ ■❧ #♦❢)✇❛*❡ ❝♦♥#❡♥)❡ ❧❛ ❣❡#)✐♦♥❡ ❡ ❧✬✉#♦

❞❡❧ #✐#)❡♠❛ ❝♦#)*✉))✐✈♦ ❡ ❛❧ ❝♦♥)❡♠♣♦ ♣❡*♠❡))❡ ❛❣❧✐ ✉)❡♥)✐ ❞✐ ✐♥)❡*❛❣✐*❡ ❝♦♥

❧❛ ♣✐❛))❛❢♦*♠❛✳

❈♦♠✉♥✐&' ▲❛ ❝♦♠✉♥✐)? 9 ❝♦♠♣♦#)❛ ♣❡*❧♦♣✐4 ❞❛ ❛*❝❤✐)❡))✐ ♦ ♠❛❦❡*#✳ ❙✐♥

❞❛❧ ♣*✐♥❝✐♣✐♦ ❧✬♦❜✐❡))✐✈♦ ❞❡✐ ♣*♦♠♦)♦*✐ ❞❡❧❧✬✐♥✐③✐❛)✐✈❛ 9 #)❛)♦ B✉❡❧❧♦ ❞✐ ❢❛✈♦*✐*❡

❧❛ ♥❛#❝✐)❛ ❞✐ ❝♦♠✉♥✐)? ❧♦❝❛❧✐ ✐♥ ❣*❛❞♦ ❞✐ ❛❣✐*❡ #✉ ♣*♦❜❧❡♠❛)✐❝❤❡ #♣❡❝✐✜❝❤❡✳

❆❞ ♦❣❣✐ #✐ ❝♦♥)❛♥♦ ❣*✉♣♣✐ ❛))✐✈✐ ✐♥ ✻ ♣❛❡#✐✿ ■♥❣❤✐❧)❡**❛✱ ❙)❛)✐ ❯♥✐)✐✱ ◆✉♦✈❛

❩❡❧❛♥❞❛✱ ❋*❛♥❝✐❛ ❡ ❙♣❛❣♥❛ ❡ ❇*❛#✐❧❡✱ ❡ ✐♥ ❛❧❝✉♥✐ ❞✐ B✉❡#)✐ ♣❛❡#✐ #♦♥♦ ❛))✐✈✐

❝♦♥)❡♠♣♦*❛♥❡❛♠❡♥)❡ ♣✐4 ❣*✉♣♣✐ ✭■♥❣❤✐❧)❡**❛ ❡ ❙)❛)✐ ❯♥✐)✐ #♦♣*❛))✉))♦✮✳ ▲✬❛✲

♣❡*)✉*❛ ❞✐ ✉♥❛ ♥✉♦✈❛ #♦))♦✲❝♦♠✉♥✐)? ✭♦ ❝❛♣✐)♦❧✐✮ ❛✈✈✐❡♥❡ ❛))*❛✈❡*#♦ ❧❛ ✜*♠❛

❞✐ ✉♥ ❵❝♦♥)*❛))♦✬ ❛))*❛✈❡*#♦ ✐❧ B✉❛❧❡ ✐ ♥✉♦✈✐ ❛✣❧✐❛)✐ #✐ ✐♠♣❡❣♥❛♦ ❛ *✐#♣❡))❛*❡

❧❡ *❡❣♦❧❡ ❞❡❧❧❛ ❝♦♠✉♥✐)? ❡ ❛ ❢❛✈♦*✐*♥❡ ❧✬❛))✐✈✐)? ✭❋✐❣✉*❛ ✹✳✶✾✮✳

(✐❛&&❛❢♦+♠❛ ▲❛ ♣✐❛))❛❢♦*♠❛ ❞✐ ❲✐❦✐❤♦✉#❡ 9 ❝♦♠♣♦#)❛ ❞❛ ✉♥ #✐)♦ ✇❡❜ ❝❤❡

❢✉♥❣❡ ❛♥❝❤❡ ❞❛ *❡♣♦#✐)♦*② ❞✐ )✉))✐ ✐ ♠♦❞❡❧❧✐ #✈✐❧✉♣♣❛)✐ ❞❛❣❧✐ ✉)❡♥)✐✱ ❡ ❞❛ ✉♥
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❋✐❣✉$❛ ✹✳✶✾✿ ■❧ ❵❝♦♥1$❛11♦✬ ♣$♦♣♦41♦ ❞❛✐ ♣$♦♠♦1♦$✐ ❛❧❧❡ ♥✉♦✈❡ 4♦11♦✲❝♦♠✉♥✐1:✱ ❝❤✐❛♠❛1❡

❝❛♣✐1♦❧✐✿ ✉♥❛ 4♦$1❛ ❞✐ ❝♦♥1$❛11♦ ❡1✐❝♦ ❡ ♣$❛1✐❝♦ ❝❤❡ ♣❡$♠❡11❡ ✉♥ ❧✐❜❡$♦ ✉1✐❧✐③③♦ ❞❡❧ ♠❛1❡$✐❛❧❡

$❡4♦ ❞✐4♣♦♥✐❜✐❧❡ ❞❛ ❲✐❦✐❍♦✉4❡ ❡ ❞❛✐ 4✉♦✐ ❛✣❧✐❛1✐ ❡ ❢❛✈♦$✐4❝❡ ❧❛ ❝♦❧❧❛❜♦$❛③✐♦♥❡ 1$❛ ❧❡ ✈❛$✐❡

❝♦♠✉♥✐1: ♥❛③✐♦♥❛❧✐ ❡ ❧♦❝❛❧✐ ✭❢♦♥1❡✿ ❤!!♣✿✴✴✇✇✇✳✇✐❦✐❤♦✉+❡✳❝❝✴✮✳

♣❧✉❣ ✐♥ ❞✐ ❙❦❡-❝❤✉♣✳ ❖❧-2❡ ❛ ❢❛❝✐❧✐-❛2❡ ❧✬✉6♦ ❞❡❧❧❛ 6♦2❣❡♥-❡✱ ✐❧ ♣❧✉❣✐♥ ❝♦♥✲

6❡♥-❡ ✉♥❛ ❝♦♥♥❡66✐♦♥❡ ❞✐2❡--❛ ❝♦♥ ✐❧ 6✐-♦ ✇❡❜✱ ♣❡2♠❡--❡♥❞♦ ❞✐ 6❝❛2✐❝❛2❡ ♦

❝❛2✐❝❛2❡ ❛❧❧✬✐♥-❡2♥♦ ❞❡❧ 6✐-♦ ✐ ♠♦❞❡❧❧✐ ❝❤❡ 6✐ ✐♥-❡♥❞♦♥♦ 6✈✐❧✉♣♣❛2❡ ♦ ❝❤❡ 6♦♥♦

6-❛-✐ 6✈✐❧✉♣♣❛-✐✱ 6❡♥③❛ ♣2♦❝❡❞✐♠❡♥-✐ ✐♥-❡2♠❡❞✐✳ ❚❛❧❡ 6-2❛-❛❣❡♠♠❛ ❝♦♥6❡♥-❡

✐♥ ♠❛♥✐❡2❛ ❡✣❝❛❝❡ ❞✐ ❛❝❝2❡6❝❡2❡ ✐❧ ♥✉♠❡2♦ ❞✐ ♣2♦❣❡--✐ 2❡❛❧✐③③❛-✐✳ ❱✐ 6♦♥♦ ♣♦✐

-2❡ ❣2✉♣♣✐ ❞✐ ❞✐6❝✉66✐♦♥❡✱ ❛❝❝❡66✐❜✐❧✐ ✈✐❛ ❡♠❛✐❧✱ ❝❤❡ ❝♦♠♣2❡♥❞♦♥♦ ✉♥ ❣2✉♣♣♦

❣❡♥❡2❛❧❡✱ ✉♥♦ ♦2✐❡♥-❛-♦ ❛❧❧❛ ❝♦6-2✉③✐♦♥❡ ❡ ✉♥ -❡2③♦ ❞❡❞✐❝❛-♦ ❛❧❧♦ 6✈✐❧✉♣♣♦ ❞❡❧

6♦❢-✇❛2❡✳

❇✉"✐♥❡"" ♠♦❞❡❧ ❲✐❦✐❤♦✉6❡ 6✐ ❜❛6❛ ♣2✐♥❝✐♣❛❧♠❡♥-❡ 6✉ ❞♦♥❛③✐♦♥✐✳ ▲✬❛♣❡2✲

-✉2❛ ❞✐ ✉♥❛ 6❡❞❡ ✐♥ ❇2❛6✐❧❡ E 6-❛-❛ ♣♦66✐❜✐❧❡ ❣2❛③✐❡ ❛❧❧❛ ❞❛❧❧❛ ✈✐--♦2✐❛ ❞❡❧

♣2❡♠✐♦ ❚❊❉ ❚❤❡ ❝✐-② ✷✳✵✱ ♠❡♥-2❡ ❧♦ 6✈✐❧✉♣♣♦ ❛--✉❛❧❡ E ❡✛❡--✉❛-♦ ❛--2❛✈❡26♦

❞♦♥❛③✐♦♥✐ ❞❡❣❧✐ ✉-❡♥-✐✱ ✐ K✉❛❧✐ ♣♦66♦♥♦ ✜♥❛♥③✐❛2❡ ✉♥♦ ❞❡✐ 6❡❣✉❡♥-✐ ❛6♣❡--✐✿

6✈✐❧✉♣♣♦ ❞❡❧ ♣❧✉❣✐♥✱ 6✈✐❧✉♣♣♦ ❞❡❧❧❛ ♣✐❛--❛❢♦2♠❛✱ ❝♦6-2✉③✐♦♥❡ ❞❡❧❧❛ ♣2✐♠❛ ❝❛6❛

❲✐❦✐❍♦✉6❡ ❝♦♠♣❧❡-❛✳
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❘✐"✉❧%❛%✐ ❉❛❧ ♣✉♥)♦ ❞✐ ✈✐.)❛ ❞❡❧❧❛ ❝♦♠✉♥✐)2 .♦♥♦ ♣3❡.❡♥)✐ ❛❧ ♠♦♠❡♥)♦ ♥✉✲

♠❡3♦.✐ ❝❛♣✐)♦❧✐ ♣❛3❛❧❧❡❧✐✱ ♦❧)3❡ ❛ 6✉❡❧❧♦ ♣3♦♣♦.)♦ ❞❛❧❧❛ ♣✐❛))❛❢♦3♠❛ ♣3✐♥❝✐♣❛❧❡✳

❖❣♥✐ .♦))♦✲❝♦♠✉♥✐)2 ♣❛3❛❧❧❡❧❛ ; .)❛)❛ ✐♥ ❣3❛❞♦ ❞✐ ♣3♦❞✉33❡ ♣3♦)♦)✐♣✐ ❞❡❧❧❛ .♦❧❛

.)3✉))✉3❛ ❝♦♥ ❧❛ ❝♦♣❡3)✉3❛✱ .❡♥③❛ )❛♠♣♦♥❛♠❡♥)✐ ❡.)❡3♥✐✳ ❆))✉❛❧♠❡♥)❡ ; ❣✐2

.)❛)♦ .✈✐❧✉♣♣❛)♦ ✐❧ ♣3♦❣❡))♦ ♣❡3 ❧❛ ❝❛.❛ ❝♦♠♣❧❡)❛ ❲✐❦✐❤♦✉.❡

✹✶

✭❋✐❣✉3❛ ✹✳✷✵✮✱

✐♥ ❢❛.❡ ❞✐ ✜♥❛♥③✐❛♠❡♥)♦✳

❋✐❣✉$❛ ✹✳✷✵✿ ▲❛ ❝❛-❛ ❝♦♠♣❧❡3❛ ❲✐❦✐❍♦✉-❡✳ ▲✬✐♠♠❛❣✐♥❡ $❛♣♣$❡-❡♥3❛ ❧✬✉❧3✐♠❛ ❢❛-❡ ❞❡❧
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=3$✉33✉$❛ > =3❛3❛ ♠♦♥3❛3❛ ✐♥ ✉♥ ❣✐♦$♥♦ ❡ ♠❡③③♦ ❞❛ ✉3❡♥3✐ ♥♦♥ ❡=♣❡$3✐ ❡ ✉3✐❧✐③③❛3❛ ❞❛❧
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❝❛0✐ ❞❛ ♣✐❝❝♦❧❡ ❢*❡♥❡0✐❡ ♣❡*0♦♥❛❧✐ 0✐ 0♦♥♦ 0✈✐❧✉♣♣❛.❡ ✐♥.❡*❡00❛♥.✐ ✐♥✐③✐❛.✐✈❡✿ ;

<✉❡0.♦ ✐❧ ❝❛0♦ ❞✐ ▼❛*.✐♥ ❏❛❦✉❜♦✇0❦✐✱ ❧❛ ❝✉✐ ♣❛00✐♦♥❡ ♣❡* ❧✬❛❣*✐❝♦❧.✉*❛✱ ♠❛

❛♥❝❤❡ ♣❡* ♣❡* ❧✬❤❛❝❦✐♥❣✱ ❧♦ ❤❛♥♥♦ ♣♦*.❛.♦ ❛ ❡00❡*❡ ✐❧ ♣*✐♥❝✐♣❛❧❡ ♣*♦♠♦.♦*❡ ❞✐

❖♣❡♥ ❙♦✉*❝❡ ❊❝♦❧♦❣②✳ ■♥✈❡❝❡ ❲✐❦✐❍♦✉0❡ ♥❛0❝❡ ❞❛❧ ♣*♦❣❡..♦ ❞❡❣❧✐ ❛**❡❞✐ ❞✐

✉♥ ❣*❛♥❞❡ 0♣❛③✐♦ ❞✐ ❝♦✇♦*❦✐♥❣ ♥❡❧ ❝❡♥.*♦ ❞✐ ▲♦♥❞*❛ ✭❍❯❇ ❲❡0.♠✐♥0.❡*✮✿ ❞❛

.❛❧❡ ❡0♣❡*✐❡♥③❛ ♥❛0❝❡*O ♣*✐♠❛ ❖♣❡♥❞❡0❦ ✭❞✐ ❝✉✐ 0✐ ; ❣✐O ♣❛*❧❛.♦ ♥❡❧ 0❡❝♦♥❞♦

❝❛♣✐.♦❧♦✮ ❡ ✐♥ 0❡❣✉✐.♦ ❲✐❦✐❤♦✉0❡✱ ❝❤❡ ❛♣♣*♦❢♦♥❞✐0❝❡ ✐❧ 0✐0.❡♠❛ .❡❝♥♦❧♦❣✐❝♦ ❛❧❧❛
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✹✳✹✳✸ ❖❧%&❡ ❧✬❡♠❡&❣❡♥③❛ ❡ ✐ /❛❡0✐ ✐♥ ✈✐❛ ❞✐ 0✈✐❧✉♣♣♦❄
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◆❡.✇♦*❦ ❧❛ ♠❛❣❣✐♦* ♣❛*.❡ ❞❡❧❧❡ ❡0♣❡*✐❡♥③❡ *✐❣✉❛*❞❛♥♦ .❡♠✐ ❣❡♥❡*❛❧♠❡♥.❡ ❛✐

♠❛*❣✐♥✐ ❞❡❧ ❞✐❜❛..✐.♦ ❛*❝❤✐.❡..♦♥✐❝♦✿ ❧✬❛*❝❤✐.❡..✉*❛ ♣❡* ❧✬❡♠❡*❣❡♥③❛ ❡ ❧✬❛*❝❤✐✲

.❡..✉*❛ ♥❡✐ ♣❛❡0✐ ✐♥ ✈✐❛ ❞✐ 0✈✐❧✉♣♣♦✳ ❖❆◆ 0✐ ❝♦♥❝❡♥.*❛ ♣*✐♥❝✐♣❛❧♠❡♥.❡ 0✉❧❧✬❛*✲

❝❤✐.❡..✉*❛ ♣❡* ❧✬❡♠❡*❣❡♥③❛ ❡ ❧♦ 0✈✐❧✉♣♣♦ ✭❡ ♥♦♥ ♣♦.*❡❜❜❡ ❡00❡*❡ ❛❧.*✐♠❡♥.✐ ❞❛❧

♠♦♠❡♥.♦ ❝❤❡ ❆❢❍✱ ❧✬♦*❣❛♥✐③③❛③✐♦♥❡ ♥♦ ♣*♦✜. ♣❡* ❝✉✐ ; 0.❛.❛ 0✈✐❧✉♣♣❛.❛✱ 0✐ ♦❝✲

❝✉♣❛ ♣*✐♥❝✐♣❛❧♠❡♥.❡ ❞✐ <✉❡✐ .❡♠✐✮✳ ❖♣❡♥ ❙.*✉❝.✉*❡0 ; 0.❛.❛ ✉0❛.❛ ❞❛ ❇*✉00❡❧0

❈♦♦♣❡*❛.✐♦♥ ♣❡* ✉♥ ♣*♦❣❡..♦ ✐♥ ❈♦♥❣♦❀ ❖♣❡♥❙✐♠❙✐♠ ❤❛ ❢❛..♦ ❞❡❧❧✬❡0♣❡*✐❡♥③❛

❖♣❡♥❏❛♣❛♥ ❧❛ 0✉❛ ❛..✐✈✐.O ♣*✐♥❝✐♣❛❧❡ ✐♥ 0❡❣✉✐.♦ ❛❧ 0✐0♠❛ ❞❡❧❧✬✶✶ ♠❛*③♦ ✷✵✶✶

✐♥ ●✐❛♣♣♦♥❡❀ ✐♥✜♥❡ ❲✐❦✐❤♦✉0❡ ; ✐♥ ❢❛0❡ ❞✐ 0✈✐❧✉♣♣♦ ✐♥ ◆✉♦✈❛ ❩❡❧❛♥❞❛ ❝♦♠❡
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