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❆ ❤❛♥❣❢❡❧✈6*❡❧❡❦❡* ❛ ❙③❡❣❡❞✐ ❚✉❞♦♠+♥②❡❣②❡*❡♠ f-③✐❝❤✐+*@✐❛✐ ❑❧✐♥✐❦+❥+♥ @#❣③G✲
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❑♦♥+*♦❧❧ ❊❑❩ ❡❆❑ p

➱❧❡+❦♦* ✼✵✱✼✷ ± ✺✱✵✵✹ ✼✷✱✹ ± ✸✱✺✾✹ ✼✸✱✾✻ ± ✻✱✽✹✻ p ❂ ✵✱✶✵✺

■"❦♦❧7③♦++"7❣ ✭$✈✮ ✶✷✱✵✽ ± ✷✱✸✷✻ ✶✵✱✽✹ ± ✷✱✸✵✹ ✶✵✱✼✻ ± ✷✱✽✶✽ p ❂ ✵✱✶✶✽

▼▼❚ $*+$❦ ✷✾✱✷✹ ± ✵✱✺✷✸ ✷✼✱✶✻ ± ✵✱✽✾✽ ✷✸✱✾✷ ± ✷✱✹✽✽ p < ✵✱✵✵✶

❈❉❚ $*+$❦ ✽✱✽✽ ± ✷✱✵✵✼ ✻✱✹✹ ± ✸✱✹✷✾ ✺✱✽✽ ± ✸✱✷✹✹ p ❂ ✵✱✵✵✶

❆❞❛"✲❈❖● $*+$❦ ✽✱✺✼✺ ± ✷✱✸✼✹ ✶✷✱✵✹✹ ± ✸✱✷✵✺ ✶✽✱✻✼✺ ± ✺✱✽✶✽ p < ✵✱✵✵✶

✶✳ -.❜❧.③❛-✳ ❆ ✈✐③6❣.❧❛-✐ ❝6♦♣♦;-♦❦ ❞❡♠♦❣;.✜❛✐ ❛❞❛-❛✐✳

❆③ ❊❑❩ %& ❡❆❑ &③❡♠%❧②❡❦ ♦-✈♦&✐❧❛❣ ❞✐❛❣♥♦&③4✐③5❧4❛❦ ✈♦❧4❛❦✱ ✈❡❧7❦ ❈❚✱ ▼❘■ %&
5❧4❛❧5♥♦& ❦♦❣♥✐4=✈ 5❧❧❛♣♦4♦4 ❢❡❧♠%-➤ 4❡&③4❡❦ ❦%&③7❧4❡❦ ✭▼▼❚✱ B-❛-❛❥③♦❧5&✐ 4❡&③4✱
❆❉❆❙✲❈♦❣✮✳

▼✐✈❡❧ ♠✐♥❞ &❛❥54 ❦♦-5❜❜✐ ❦✉4❛45&❛✐♥❦ ✭❬✶✶✱✷✷✱✷✸✱✷✹❪✮✱ ♠✐♥❞ ♠5& ❦✉4❛4Q❝&♦✲
♣♦-4♦❦ 5❧4❛❧ ✈%❣③❡44 ❦✉4❛45&♦❦ ✭♣%❧❞5✉❧ ❬✶✼✱✾✱✶✸❪✮ ❛③4 ❡-➤&=4❡44%❦ ♠❡❣✱ ❤♦❣② ❛③
❊❑❩ %& ❛③ ❡❆❑ ❥♦❜❜❛♥ ❜❡❢♦❧②5&♦❧❥❛ ❛ ❜❡&③%❧➤ &♣♦♥45♥ ❜❡&③%❞%4✱ ♠✐♥4 ❛③ ❡❧➤✲
-❡ ❡❧4❡-✈❡③❡44❡4✱ ❝%❧✉♥❦ &♣♦♥45♥ ❜❡&③%❞ -V❣③=4%&❡ ✈♦❧4✳ ❊♠✐❛44 ❥❡❧❡♥ ❦=&%-❧❡47♥❦✲
❜❡♥ ❛ ❦♦-5❜❜✐ ♠✉♥❦5♥❦❜❛♥ ❜❡♠✉4❛4♦44 ♠Q❞♦♥ ❦%&③4❡447❦ ♣5❝✐❡♥&❡✐♥❦❡4 &♣♦♥45♥
❜❡&③%❞-❡✱ ❛③ ❛❧5❜❜✐ ❢♦-❣❛4Q❦V♥②✈ &③❡-✐♥4✳ ▼✐✉45♥ ♠❡❣♥%③4❡❦ ❡❣② ❡❣②♣❡-❝❡& ❛♥✐✲
♠5❝✐Q& ✜❧♠❡4✱ 4❡&③4❛❧❛♥②❛✐♥❦❛4 ♠❡❣❦%-47❦✱ ❤♦❣② ♠❡&%❧❥%❦ ❡❧ ❛ ✜❧♠❜❡♥ ❧54♦44❛❦❛4
✭❛③♦♥♥❛❧✐ ❢❡❧✐❞)③)*✮✳ ❊③✉45♥ ❛ ✈✐③&❣5❧❛4✐ &③❡♠%❧②❡❦❡4 ♠❡❣❦%-47❦✱ ❤♦❣② ♠❡&%❧❥%❦ ❡❧
❛ 4❡❣♥❛♣✐ ♥❛♣❥✉❦❛4 ✭*♣♦♥,-♥ ❜❡*③)❞✮✳ ❱%❣7❧ ❡❣② ♠5&♦❞✐❦ ❡❣②♣❡-❝❡& ✜❧♠❡4 ✈❡4=4❡4✲
47♥❦ ❧❡✱ ♠❛❥❞ ❛ 4❡&③4&③❡♠%❧②❡❦♥❡❦ ❡❣②♣❡-❝❡& ✈5-❛❦♦③5& ✉45♥ ❦❡❧❧❡44 ❡❧♠❡&%❧♥✐7❦
❛♥♥❛❦ 4❛-4❛❧♠54 ✭❦)*❧❡❧,❡,❡,, ❢❡❧✐❞)③)*✮✳ ✭❆ -%&③❧❡4❡❦%-4 ❧❞✳ ❍♦✛♠❛♥♥ %& ♠4&❛✐
❝✐❦❦%4 ❬✶✶❪✳✮

❊❑❩ %& ❦♦-❛✐ ❆❑ ✈✐③&❣5❧❛4✐ &③❡♠%❧②❡✐♥❦ ❤❛♥❣❢❡❧✈%4❡❧❡✐4 4❛-4❛❧♠❛③Q ❛❞❛4❜5③✐✲
&✉♥❦ ❢♦❧②❛♠❛4♦&❛♥ ❣②❛-❛♣&③✐❦❀ ❥❡❧❡♥❧❡❣ 4V❜❜✱ ♠✐♥4 ✶✺✵ ❜❡&③%❧➤ &♣♦♥45♥ ❜❡&③%❞%4
4❛-4❛❧♠❛③③❛✳ ❯❣②❛♥❛❦❦♦- ❦7❧V♥❜V③➤ ♦❦♦❦❜Q❧ ✭♣❧✳ ❡❧❧❡♥4♠♦♥❞5&♦& ❞✐❛❣♥Q③✐& ✈❛❣②
-♦&&③ ❤❛♥❣♠✐♥➤&%❣✮ ♥%❤5♥② &③❡♠%❧② ❢❡❧✈%4❡❧❡✐4 ❦✐ ❦❡❧❧❡44 ③5-♥✉♥❦ ❛ 4♦✈5❜❜✐ ✈✐③&✲
❣5❧❛4♦❦❜Q❧✳ ❊③❡♥❢❡❧7❧✱ ♠✐✈❡❧ ❛ ❤5-♦♠ ❜❡&③%❧➤✐ ❝&♦♣♦-4♦4 ✐❧❧❡&③4❡♥✐ ❦=✈5♥4✉❦ %❧❡4✲
❦♦-✱ ♥❡♠ %& ✐&❦♦❧5③♦44&5❣ &③❡-✐♥4✱ 4♦✈5❜❜✐ ❤❛♥❣❢❡❧✈%4❡❧❡❦❡4 ❦❡❧❧❡44 ❦✐❤❛❣②♥✉♥❦ ❥❡✲
❧❡♥ 4❛♥✉❧♠5♥②✉♥❦❜Q❧✳ ❱%❣7❧ ♠✐♥❞❡♥ ❜❡&③%❧➤✐ ❝&♦♣♦-4❜Q❧ ✷✺✲✷✺✲✷✺ &③❡♠%❧② ❛♥②❛✲
❣❛✐4 ❤❛&③♥5❧4✉❦✱ =❣② ❦=&%-❧❡4❡✐♥❦❡4 V&&③❡&❡♥ ✼✺ ❜❡&③%❧➤ ✷✷✺ ❤❛♥❣❢❡❧✈%4❡❧%♥ ✈%❣❡③✲
47❦✳ ❆③ ✶✳ 45❜❧5③❛4 4❛-4❛❧♠❛③③❛ ❛ ❦=&%-❧❡4❜❡♥ ✈✐③&❣5❧4 ❛❧❛♥②♦❦ ♥%❤5♥② ❢♦♥4♦&❛❜❜
❛❞❛454✳

✸✳ ❊❑❩ ❢❡❧✐)♠❡+,),+❡ ❤❛)③♥1❧2 ❜❡)③,❞❥❡❧❧❡♠③➤❦

❆ &♣♦♥45♥ ❜❡&③%❞ ✐❞➤✈✐&③♦♥②❛✐♥❛❦ ❡❧❡♠③%&❡ ❦7❧V♥V&❡♥ %-③%❦❡♥② ♥❡✉-♦♣&③✐❝❤♦❧Q✲
❣✐❛✐ ♠Q❞&③❡-♥❡❦ ❜✐③♦♥②✉❧4 ❛ ❦♦❣♥✐4=✈ ❢♦❧②❛♠❛4♦❦ ✭♠✐♥4 ♣%❧❞5✉❧ ❛ ❜❡&③%❞✮ ✈✐③&✲
❣5❧❛45-❛ ❬✶✶❪✳ ❆ &♣♦♥45♥ ❜❡&③%❞ 4❡♠♣♦-5❧✐& ♣❛-❛♠%4❡-❡✐♥❡❦ ✈✐③&❣5❧❛4❛ ♥❛❣② ♣♦♥✲
4♦&&5❣❣❛❧ 4❡&③✐ ♠%-❤❡4➤✈% ❛ ❜❡&③%❧➤ &③❡♠%❧② ❜❡&③%❞✲ %& ♥②❡❧✈✐ ❦%♣❡&&%❣❡✐4 ❬✷✺✱✷✻❪✳

❚V❜❜ 4❛♥✉❧♠5♥② ✭♣❧✳ ❬✷✶✱✷✼❪✮ ✐& ♠❡❣♠✉4❛44❛✱ ❤♦❣② ❛ ❞❡♠❡♥❝✐❛ ♠❡❣❧%4❡ ♥V✈❡❧✐
❛ ❤❡③✐45❧5& ♠❡♥♥②✐&%❣%4 %& ✐❞➤4❛-4❛♠54 ❛ &♣♦♥45♥ ❜❡&③%❞❜❡♥✳ ❑♦-5❜❜✐ ♠✉♥❦5✲
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✭✶✮ ❆$%✐❦✉❧*❝✐,- %❡♠♣, ✭❤❡③✐%*❝✐,❦ ♥4❧❦5❧ -③*♠6%♦%% ♠*-♦❞♣❡$❝❡♥❦4♥%✐
❜❡-③4❞❤❛♥❣✲-③*♠✮✳

✭✷✮ ❇❡-③4❞%❡♠♣, ✭❤❡③✐%*❝✐,❦❦❛❧ ❡❣②5%% -③*♠6%♦%% ♠*-♦❞♣❡$❝❡♥❦4♥%✐ ❜❡-③4❞❤❛♥❣✲
-③*♠✮✳

✭✸✮ ❆ ❢❡❧✈4%❡❧ ❤♦--③❛✱ ❡③$❡❞♠*-♦❞♣❡$❝❜❡♥ ♠4$✈❡✳
✭✹✲✺✮ ❑✐%H❧%H%%✱ ✐❧❧❡%✈❡ ❦✐%H❧%❡%❧❡♥ -③5♥❡%❡❦ H--③❤♦--③❛✳
✭✻✲✼✮ ❑✐%H❧%H%%✱ ✐❧❧❡%✈❡ ❦✐%H❧%❡%❧❡♥ -③5♥❡%❡❦ -③*♠❛✳
✭✽✮ ❍❡③✐%*❝✐,- $*%❛ ✭❛ ❦✐%H❧%H%% 4- ❦✐%H❧%❡%❧❡♥ -③5♥❡%❡❦ H--③❤♦--③*♥❛❦ 4- ❛ ❢❡❧✈4%❡❧

❤♦--③*♥❛❦ ❛$*♥②❛✮✳

✷✳ %*❜❧*③❛%✳ ❆③ ❛❧❛♣✈❡%➤ ❛❦✉-③%✐❦✉- ❥❡❧❧❡♠③➤❦✱ ❍♦✛♠❛♥♥ 4- ♠%-❛✐ ❬✶✶❪ ♥②♦♠*♥✳

✐♥❦❛$ ✭♣❧✳ ❬✶✶❪✮ ❦-✈❡$✈❡✱ ❡❧1➤ ❧3♣31❦3♥$ ❛ ❦-✈❡$❦❡③➤ ♥②♦❧❝ ❛❦✉1③$✐❦✉1 ❥❡❧❧❡♠③➤$
❤❛$<=♦③$✉❦ ♠❡❣ ❛ ♠❛♥✉<❧✐1 ♠3=31❡✐♥❦❤❡③✱ ♠❡❧②❡❦❡$ ❛ ?=❛❛$ ♣=♦❣=❛♠ 1❡❣@$13❣3✲
✈❡❧ ✈3❣❡③$B♥❦ ❡❧✿ ❛=$✐❦✉❧<❝✐D1 $❡♠♣D ✭✶✳ ❥❡❧❧❡♠③➤✮✱ ❜❡1③3❞$❡♠♣D ✭✷✳ ❥❡❧❧❡♠③➤✮✱ ❛
❥❡❧✐❞➤ ❤♦11③❛ ✭✸✳ ❥❡❧❧❡♠③➤✮✱ ❦✐$-❧$-$$✱ ✐❧❧❡$✈❡ ❦✐$-❧$❡$❧❡♥ 1③B♥❡$❡❦ -11③❤♦11③❛ ✭✹✲✺✳
❥❡❧❧❡♠③➤❦✮✱ ❦✐$-❧$-$$✱ ✐❧❧❡$✈❡ ❦✐$-❧$❡$❧❡♥ 1③B♥❡$❡❦ 1③<♠❛ ✭✻✲✼✳ ❥❡❧❧❡♠③➤❦✮✱ ❤❡③✐$<✲
❝✐D1 =<$❛✱ ❛③❛③ ❛③ -11③❡1 1③B♥❡$ ❛=<♥②❛ ❛ ❥❡❧✐❞➤❜❡♥ ✭✽✳ ❥❡❧❧❡♠③➤✮✳ ❍❡③✐$<❝✐D♥ ❛
✸✵ ♠1 ❤♦11③P1<❣P♥<❧ ♥❛❣②♦❜❜ 1③B♥❡$❡$ 3=$❥B❦ ❬✷✽❪✳ ❆ ♥②♦❧❝ ❛❧❛♣✈❡$➤ ❛❦✉1③$✐❦✉1
♣❛=❛♠3$❡=$ 31 ❦✐1③<♠@$<1✉❦ ♠D❞❥<$ ❛ ✷✳ $<❜❧<③❛$ ❢♦❣❧❛❧❥❛ -11③❡✳

✸✳✶✳ ❆ ❥❡❧❧❡♠③➤❦ ❛✉-♦♠❛-✐❦✉0 ❦✐♥②❡340❡ ❜❡0③4❞❢❡❧✐0♠❡340✐

-❡❝❤♥✐❦:❦❦❛❧

❆ ❢"♥$✐ ❥❡❧❧❡♠③➤❦ ♠❛♥✉/❧✐0 ❦✐0③/♠1$/0❛ ♠❡❣❧❡❤❡$➤0❡♥ ♠✉♥❦❛✐❣4♥②❡0✱ 7/❛❞/0✉❧
❤♦③③/47$➤ ❛♥♥♦$/$♦7♦❦❛$ ✐❣4♥②❡❧✳ ❊③47$ ❦1✈/♥❛$♦0 ❛ ❥❡❧❧❡♠③➤❦ ❦✐♥②❡7404♥❡❦ ❛✉$♦✲
♠❛$✐③/❧/0❛✱ ♠❡❧②❡$ ♠✐ ❜❡0③4❞❢❡❧✐0♠❡740✐ $❡❝❤♥✐❦/❦ ❤❛0③♥/❧❛$/✈❛❧ ♦❧❞♦$$✉♥❦ ♠❡❣✳
❆ ❥❡❧❧❡♠③➤❦ ❡❣② 740③❡ ✉❣②❛♥ ❡❣②0③❡7➯ ❥❡❧❢❡❧❞♦❧❣♦③/0✐ ❡0③❦"③"❦❦❡❧ ✐0 ♠❡❣❤❛$/7♦③✲
❤❛$A ✭♣❧✳ ❜❡0③4❞✴❝0❡♥❞ 740③❡❦ ❡❧❦E❧"♥1$40❡✮✱ ❛③♦♥❜❛♥ ❛ ❜❡0③4❞$❡♠♣A 40 ❡❣②4❜
♠/0✱ ❛ ❜❡0③4❞❤❛♥❣♦❦ ❤♦00③/♥ ❛❧❛♣✉❧A ❥❡❧❧❡♠③➤❦ ❦✐♥②❡74047❡ ❡③❡❦ ❛❧❦❛❧♠❛$❧❛♥♦❦✳
❊③❡♥ ❢❡❧E❧ ❛ ❦✐$"❧$"$$ 0③E♥❡$❡❦❡$ ✐0 ❦4♣$❡❧❡♥❡❦ ♠❡❣❦E❧"♥❜"③$❡$♥✐ ❛③ ❛❧❛♥② ❜❡0③4✲
❞4$➤❧✳

❆ ❢"♥$✐❡❦ ♠✐❛$$ ❡❣② ❜❡0③4❞❢❡❧✐0♠❡7➤ 7❡♥❞0③❡7$ $❛♥1$♦$$✉♥❦ ❜❡ ❡❣② 0♣♦♥$/♥ ❜❡✲
0③4❞❡$ $❛7$❛❧♠❛③A ❛❞❛$❜/③✐07❛✳ ❱❡❣②E❦ 40③7❡✱ ❤♦❣② ❛ ❦♦7/❜❜❛♥ ❢❡❧0♦7♦❧$ ❥❡❧❧❡♠③➤❦
❦✐0③/♠1$/0/❤♦③ /❧$❛❧/❜❛♥ ♥❡♠ 0③E❦04❣❡0 ❛③ ❡❣②❡0 ❜❡0③4❞❤❛♥❣♦❦ ♠❡❣❦$❧&♥❜&③*❡✲

*,-❡✱ ❝0✉♣/♥ ❛③♦❦ ♠❡❣-③.♠♦❧.-❛✱ ✐❧❧❡$✈❡ ❤♦00③/♥❛❦ ♠❡❣♠4740❡✳ ▼✐✈❡❧ ❛ ❜❡0③4❞✲
❤❛♥❣♦❦ $4✈❡0 ❛③♦♥♦01$/0❛ /❧$❛❧/❜❛♥ ♥❡♠ ♦❦♦③ ❣♦♥❞♦$✱ ❡③47$ ❡❣② ❡❣②0③❡7➯01$❡$$
❜❡0③4❞❢❡❧✐0♠❡7➤ ♠♦❞❡❧❧$ ❤❛0③♥/❧$✉♥❦✱ ❛♠❡❧② ♥❛❣② ♣♦♥$♦00/❣❣❛❧ ❦4♣❡0 ♠❡❣$❛❧/❧♥✐
40 ❛③♦♥♦01$❛♥✐ ❛ ❜❡0③4❞❥❡❧❜❡♥ 0③❡7❡♣❧➤ ❜❡0③4❞❤❛♥❣♦❦❛$ ❬✷✾❪✳ ❆ ❦✐$"❧$"$$ 0③E♥❡✲
$❡❦❡$ "♥/❧❧A ✒❢♦♥4♠/♥❛❦✑ $❡❦✐♥$❡$$E❦✱ 1❣② ❛ ❜❡0③4❞❢❡❧✐0♠❡7➤ 7❡♥❞0③❡7 ❦✐♠❡♥❡$❡
♠✐♥❞❡♥ ❢❡❧✈4$❡❧7❡ ❡❣② ✐❞➤③1$❡$$ ❜❡0③4❞❤❛♥❣✲0♦7♦③❛$✳ ❊♥♥❡❦ ❛❧❛♣❥/♥ ❛ ❦♦7/❜❜❛♥
❥❛✈❛0♦❧$ ❥❡❧❧❡♠③➤❦❡$ ♠/7 ❛✉$♦♠❛$✐❦✉0❛♥ ✐0 ❦✐ $✉❞❥✉❦ 0③/♠1$❛♥✐✳ ❆ ❜❡0③4❞❥❡❧❧❡♠✲
③➤❦ ❛❧❛♣❥/♥ ❛ ❜❡0③4❧➤❦❡$ ✈❛❧❛♠✐❧②❡♥ ❣4♣✐ $❛♥✉❧/0✐ ❡❧❥/7/0 ✭♣❧✳ ❙❱▼✱ ✈4❧❡$❧❡♥ ❡7❞➤✮
0❡❣1$04❣4✈❡❧✱ ❛✉$♦♠❛$✐❦✉0❛♥ ❦E❧"♥1$❥E❦ ❡❧ ✭❧❞✳ ✶✳ /❜7❛✮✳
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1. feladat 2. feladat 3. feladat

Manuális

annotálás

Jellemzõk

Gépi tanulás

(pl. SVM)

Diagnózis−
hipotézis

Beszéd−

felismerõ

Idõzített
fonéma−
sorozat

Jellemzõ−

kinyerés

Jellemzõk

Gépi tanulás

(pl. SVM)

Diagnózis−
hipotézis

Az alany hangfelvételei

Manuális Automatikus

✶✳ "❜$❛✿ ❆③ ❛❧❦❛❧♠❛③♦-- ❥❡❧❧❡♠③➤❦✐♥②❡$45✐ 45 ♦5③-"❧②♦③"5✐ ♠❡❣❦7③❡❧8-45 ♠❛♥✉"❧✐5
✭❜❛❧ ♦❧❞❛❧✮ 45 ❛✉-♦♠❛-✐❦✉5 ✭❥♦❜❜ ♦❧❞❛❧✮ ❥❡❧❧❡♠③➤❦✐♥②❡$45 ❡5❡-4♥✳

❑♦$"❜❜✐ -❛♥✉❧♠"♥②❛✐♥❦ ✭❬✷✷✱✷✸✱✷✹❪✮ ❦854$❧❡-✐ ❡$❡❞♠4♥②❡✐ ✐❣❛③♦❧-"❦✱ ❤♦❣② ❛
❢7♥-✐ ❛✉-♦♠❛-✐❦✉5 ❥❡❧❧❡♠③➤❦✐♥②❡$45 ❛❧❦❛❧♠❛③❤❛-F ❛③ ❊❑❩✲❜❛♥ 5③❡♥✈❡❞➤ ❜❡5③4✲
❧➤❦ ♥❛❣②♣♦♥-♦55"❣L ♠❡❣❦M❧7♥❜7③-❡-454$❡ ❛③ ❡❣45③54❣❡5 ❦♦♥-$♦❧❧ ❛❧❛♥②♦❦-F❧✳ ❏❡✲
❧❡♥ ♠✉♥❦"♥❦❜❛♥ ✉❣②❛♥❡③- ❛ ❥❡❧❧❡♠③➤❦45③❧❡-❡- 45 ❥❡❧❧❡♠③➤❦✐♥②❡$45✐ ♠❡❣❦7③❡❧8-45-
❤❛5③♥"❧❥✉❦✱ ✈✐5③♦♥- ♠♦5- ♠✐♥❞❤"$♦♠ ❜❡5③4❧➤❝5♦♣♦$-♦- ✭❊❑❩✱ ❦♦$❛✐ ❆❑ 45 ❦♦♥-✲
$♦❧❧✮ ❡❧ 5③❡$❡-♥4♥❦ ❦M❧7♥8-❡♥✐ ❡❣②♠"5-F❧✳

✸✳✷✳ ❑✐❜➤✈()❡)) ❥❡❧❧❡♠③➤❦01③❧❡)

❆ ❢7♥-✐ ✭❧❞✳ ✷✳ -"❜❧"③❛-✮ ❥❡❧❧❡♠③➤❦ ♠❛♥✉"❧✐5 5③"♠8-"5♦❦$❛ ❧❡--❡❦ -❡$✈❡③✈❡✳ ❯❣②❛♥✲
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✈♦❧$✱ ♠❡❧② $❛0$❛❧♠❛③$❛ ❛ ❢E♥$ ❢❡❧)♦0♦❧$ ♥❡♠✈❡0❜7❧✐) ❤❛♥❣❥❡❧❡♥),❣❡❦❡$ ✭❦✐$E❧$E$$
)③F♥❡$❡❦✱ ❦E❤E❣,)❡❦ )$❜✳✮✳

❆ ❜❡)③,❞❢❡❧✐)♠❡0➤ 0❡♥❞)③❡0 ❦✐♠❡♥❡$❡ ❡❣② ✐❞➤③@$❡$$✱ ❢♦♥❡$✐❦❛✐ )③✐♥$➯ ❦✐♠❡♥❡$
✈♦❧$✱ ♠❡❧② $❛0$❛❧♠❛③$❛ ♠✐♥❞ ❛ ❦✐$E❧$E$$✱ ♠✐♥❞ ❛ ❦✐$E❧$❡$❧❡♥ )③F♥❡$❡❦❡$✳ ❊❜❜➤❧ ❛
❢♦♥❡$✐❦❛✐ )③✐♥$➯ 7$✐0❛$❜>❧ ♠70 ♠✐♥❞ ❛③ ❛❧❛♣✈❡$➤✱ ♠✐♥❞ ❛ ❦✐❜➤✈@$❡$$ ❥❡❧❧❡♠③➤❦,)③✲
❧❡$❡$ ❦E♥♥②❡♥ ❦✐ ❧❡❤❡$❡$$ )③7♠@$❛♥✐✳

✹✳✶✳ ❇❡%③'❧➤♦%③+,❧②♦③,%

●,♣✐ $❛♥✉❧7)✐ )③❡♠)③E❣❜➤❧ ❡❣② ✼✺ ♣,❧❞7❜>❧ ✭♠♦)$✿ ❛❧❛♥②❜>❧✮ 7❧❧> ❛❞❛$❜7③✐) ♥❛✲
❣②♦♥ ❦✐❝)✐♥❡❦ )③7♠@$✳ ❆③♦♥❜❛♥ ❛ ❞✐❛❣♥♦)③$✐③7❧$ ❊❑❩ ,) ❦♦0❛✐ ❆❑ ❛❧❛♥②♦❦ )③7✲
♠❛ ❡0➤)❡♥ ✈,❣❡)✱ )♣♦♥$7♥ ❜❡)③,❞F❦ 0E❣③@$,)❡ ✜① ♣0♦$♦❦♦❧❧ ♠❡❧❧❡$$ ♣❡❞✐❣ ♥❛❣②♦♥
♠✉♥❦❛✐❣,♥②❡)✳ ❆③ 7❧$❛❧✉♥❦ ✐)♠❡0$ $E❜❜✐✱ ❤❛)♦♥❧> $❡0F❧❡$❡$ ✈✐③)❣7❧> $❛♥✉❧♠7♥②
✭♣❧✳ ❬✶✸✱✶✹✱✸✹✱✾❪✮ ♠✐♥❞ ✶✵✵✲♥7❧ ❦❡✈❡)❡❜❜ ❜❡)③,❧➤$ ✈✐③)❣7❧$✳

▼✐✈❡❧ ✐❧②❡♥ ❦✐)♠,0❡$➯ ❛❞❛$❜7③✐))❛❧ ❞♦❧❣♦③$✉♥❦✱ ❛③ ❛❧❛♥②♦❦❛$ ♥❡♠ ♦)③$♦$$✉❦
$♦✈7❜❜ ❦F❧E♥ $❛♥@$>✲ ,) $❡)③$❤❛❧♠❛③0❛✱ ❤❛♥❡♠ E$)③E0E) ❦❡0❡)③$✈❛❧✐❞7❧7)$ ✭❝0♦))✲
✈❛❧✐❞❛$✐♦♥✱ ❈❱✮ ❛❧❦❛❧♠❛③$✉♥❦✳ ❍♦❣② ♠✐♥❞❡♥ ❡)❡$❜❡♥ ♠✐♥❞❡♥ ❜❡)③,❧➤❝)♦♣♦0$❜>❧
✉❣②❛♥❛♥♥②✐ ❥✉))♦♥ ♠✐♥❞ ❛③ ❛❦$✉7❧✐) $❛♥@$>✲✱ ♠✐♥❞ ❛③ ❛❦$✉7❧✐) $❡)③$❤❛❧♠❛③❜❛✿
♠✐♥❞✐❣ ✻✵ ❜❡)③,❧➤ ❢❡❧✈,$❡❧❡✐♥ $❛♥@$♦$$✉♥❦✱ ♠❡❧②❜➤❧ ✷✵ ❊❑❩✲❜❛♥✱ ✷✵ ❡♥②❤❡ ❆❑✲
❜❛♥ )③❡♥✈❡❞❡$$✱ ♠@❣ ✷✵ ❛ ❦♦♥$0♦❧❧❝)♦♣♦0$❜❛ $❛0$♦③♦$$✳ ❊③✉$7♥ ❛ ❜❡$❛♥@$♦$$ ❣,♣✐
$❛♥✉❧7)✐ ♠♦❞❡❧❧$ ❦✐,0$,❦❡❧$F❦ ❛ ❢❡♥♥♠❛0❛❞> ✶✺ ❜❡)③,❧➤0❡✳ ❊③$ E$)③E0 ♠❡❣✐)♠,$❡❧✈❡
❛③ E))③❡) ❜❡)③,❧➤0❡ ❦❛♣$✉♥❦ ❡❣② ❞✐❛❣♥>③✐) ❤✐♣♦$,③✐)$✱ ♠❡❧②❡❦❡$ ❡❣②❡$❧❡♥ ✈,❣)➤
♣♦♥$♦))7❣,0$,❦❜❡♥ E))③❡❣❡③$F♥❦✳

❖)③$7❧②♦③7)0❛ )③✉♣♣♦0$✈❡❦$♦0✲❣,♣❡$ ✭❙✉♣♣♦0$✲❱❡❝$♦0 ▼❛❝❤✐♥❡)✱ ❙❱▼ ❬✸✺❪✮
❛❧❦❛❧♠❛③$✉♥❦ ❧✐♥❡70✐) ❦❡0♥❡❧❧❡❧❀ ❛ ❲❡❦❛ ✐♥❣②❡♥❡)❡♥ ❡❧,0❤❡$➤ ♣0♦❣0❛♠❝)♦♠❛❣✲
❜❛♥ ❬✸✻❪ $❛❧7❧❤❛$> ❙▼❖ ✐♠♣❧❡♠❡♥$7❝✐>$ ❤❛)③♥7❧$✉❦✳

✹✳✷✳ ❑✐'1+'❦❡❧'%

❆ ❦✐,0$,❦❡❧,)✐ ♠❡$0✐❦❛ ❦✐✈7❧❛)③$7)❛ ♥❡♠ ❡❣②,0$❡❧♠➯ ❡③❡♥ ❛ ❢❡❧❛❞❛$♦♥✳ ❍❛)③♥7❧✲
❤❛$❥✉❦ ❛ ❤❛❣②♦♠7♥②♦) ♦)③$7❧②♦③7)✐ ♣♦♥$♦))7❣♦$✱ ❤✐)③❡♥ ❥❡❧❡♥ ❡)❡$❜❡♥ ❛③ ♦)③$7❧②✲
❡❧♦)③❧7) $E❦,❧❡$❡)❡♥ ❦✐❡❣②❡♥)N❧②♦③♦$$✳ ❯❣②❛♥❛❦❦♦0 ❛♠❡❧❧❡$$✱ ❤♦❣② ❛③$ )③7♠♦❧❥✉❦
❦✐✱ ♠❡♥♥②✐0❡ ♣♦♥$♦)❛♥ )✐❦❡0F❧$ ❛③♦♥♦)@$❛♥✉♥❦ ❛ ❤70♦♠ ❜❡)③,❧➤❝)♦♣♦0$ $❛❣❥❛✐$✱
❛③ ❛❞♦$$ ❢❡❧❛❞❛$♦$ ❞❡$❡❦$7❧7)✐ ❢❡❧❛❞❛$♥❛❦ ✐) $❡❦✐♥$❤❡$❥F❦✱ ♠❡❧②❜❡♥ ❛ ❦,0❞,) ❛③✱
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❏❡❧❧❡♠③➤✲ ❏❡❧❧❡♠③➤✲ ✸✲♦)③*✳ ✷✲♦)③*-❧②♦)

❦✐♥②❡23) ❦!"③❧❡& '♦♥&✳ '♦♥&✳ ❯❆❘ '.❡❝✳ ❋❡❞!" F1

▼❛♥✉$❧✐' ❆❧❛♣✈❡,➤ 61, 3% 76, 0% 74, 0% 83, 3% 80, 0% 81, 6%

❆✉,♦♠❛,✐❦✉'
❆❧❛♣✈❡,➤ 61, 3% 70, 7% 67, 0% 78, 0% 78, 0% 78, 0%

❑✐❜➤✈3,❡,, 62, 7% 74, 7% 73, 0% 83, 0% 78, 0% 80, 4%

✹✳ ,$❜❧$③❛,✳ ❆ ❦7❧8♥❜8③➤ ❛❦✉'③,✐❦✉' ❥❡❧❧❡♠③➤❦:'③❧❡,❡❦ ❤❛'③♥$❧❛,$✈❛❧ ❡❧:<, ♣♦♥,♦''$❣:<✲

,:❦❡❦ ❤$<♦♠♦'③,$❧②♦' ♠♦❞❡❧❧, ,❛♥3,✈❛✳

❤♦❣② ❛③ ❛❞♦'' ❜❡*③+❧➤♥❡❦ ✈❛♥✲❡ ❜!"♠✐❧②❡♥ ♠❡♥'3❧✐* ❜❡'❡❣*+❣❡✳ ❊③' ❛ ❣②❛❦♦7❧❛'✲
❜❛♥ 8❣② ❛ ❧❡❣❡❣②*③❡7➯❜❜ ♠❡❣♦❧❞❛♥✐✱ ❤♦❣② ❛③ ❊❑❩ +* ❛ ❦♦7❛✐ ❆❑ ❝*♦♣♦7'♦❦❛'
❡❣②❡*@'❥B❦✳ ▼✐✈❡❧ ❡❦❦♦7 ❛③ ♦*③'3❧②♦❦ ♣+❧❞❛*③3♠❛✐ ❦✐❡❣②❡♥*8❧②♦③❛'❧❛♥♥3 ✈3❧♥❛❦
✭❤✐*③❡♥ ✷✺ ❦♦♥'7♦❧❧ +* ✺✵ ✈❛❧❛♠✐❧②❡♥ ❢❛❥'❛ ❞❡♠❡♥❝✐3❜❛♥ *③❡♥✈❡❞➤ ❛❧❛♥② ✈❛♥✮✱ ❛
✭❦+'♦*③'3❧②♦*✮ ♦*③'3❧②♦③3*✐ ♣♦♥'♦**3❣ ♠❡❧❧❡'' ❛③ 3'❧❛❣♦* ❢❡❞+*' ✭❯♥✇❡✐❣❤-❡❞ ❆✈❡"✲

❛❣❡ ❘❡❝❛❧❧✱ ❯❆❘✮ ✐* ❢❡❧'B♥'❡'❥B❦✳ ❊♠❡❧❧❡'' ❛ *③♦❦3*♦* ✐♥❢♦7♠3❝✐J✲✈✐**③❛❦❡7❡*+*✐
♠❡'7✐❦3❦❛' ✐* ❦✐*③3♠@'♦''✉❦✿ ♣♦♥'♦**3❣♦' ✭♣"❡❝✐6✐♦♥✱ 8"❡❝✳✮✱ ❢❡❞+*' ✭"❡❝❛❧❧✱ ❘❡❝✳✮
+* ❋✲+7'+❦❡' ✭❋✲♠❡❛6✉"❡ ✈❛❣② F1✮✳ ❆③ ❙❱▼ C ♠❡'❛✲♣❛7❛♠+'❡7+' 8❣② 3❧❧@'♦''✉❦
❜❡✱ ❤♦❣② ❛ ❧❡❣♠❛❣❛*❛❜❜ ✭❤37♦♠♦*③'3❧②♦*✮ ♦*③'3❧②♦③3*✐ ♣♦♥'♦**3❣♦' ❦❛♣❥✉❦❀ ❛③♦✲
♥♦* ♣♦♥'♦**3❣+7'+❦❡❦ ❡*❡'+♥ ❛ ❧❡❣♠❛❣❛*❛❜❜ F ✲+7'+❦❦❡❧ 7❡♥❞❡❧❦❡③➤ ❦♦♥✜❣✉73❝✐J'
✈3❧❛*③'♦''✉❦✳

✹✳✸✳ ❊$❡❞♠(♥②❡❦

❆ ✹✳ '3❜❧3③❛' ♠✉'❛'❥❛ ❛③ ♦*③'3❧②♦③3*✐ ❡7❡❞♠+♥②❡❦❡' ❛ ❦B❧S♥❜S③➤ ❛❦✉*③'✐❦✉* ❥❡❧✲
❧❡♠③➤❦+*③❧❡'❡❦ ❤❛*③♥3❧❛'❛ ♠❡❧❧❡''✳ ❊❧*➤ ♣✐❧❧❛♥'3*7❛ ❛ ❤37♦♠♦*③'3❧②♦* ♣♦♥'♦**3❣✲
+7'+❦❡❦ ❛❧❛❝*♦♥②♥❛❦ '➯♥❤❡'♥❡❦✱ ❞❡ '❡❦✐♥'✈❡✱ ❤♦❣② ❤37♦♠ ♦*③'3❧❧②❛❧ ❞♦❧❣♦③'✉♥❦
✭❊❑❩✱ ❦♦7❛✐ ❆❑ +* ❦♦♥'7♦❧❧✮ +* ❛③ ❛❧❛♥②♦❦ ❡❧♦*③❧3*❛ ✐* ❦✐❡❣②❡♥❧@'❡'' ✈♦❧'✱ '❛❧3❧✲
❣❛'3**❛❧ ❝*❛❦ 33, 3%✲♦' +7❤❡'B♥❦ ❡❧✳ ❊♥♥❡❦ ✜❣②❡❧❡♠❜❡ ✈+'❡❧+✈❡❧ ❛ ♠❛♥✉3❧✐*❛♥
*③3♠@'♦'' ❥❡❧❧❡♠③➤❦ ❡❧❢♦❣❛❞❤❛'J ♣♦♥'♦**3❣❤♦③ ✈❡③❡''❡❦✿ ❛ 61, 3%✲♦* +7'+❦ ❡③' ❥❡✲
❧❡♥'➤*❡♥ ♠❡❣❤❛❧❛❞❥❛✳ ❆ ❢❡❧❛❞❛'♦' ❦+'♦*③'3❧②♦* ❞❡'❡❦'3❧3*✐ ❢❡❧❛❞❛'❦+♥' +7'❡❧♠❡③✈❡✱
❛③ ❡❧➤3❧❧J ♣♦♥'♦**3❣+7'+❦❡❦ ❡❧+❣ ♠❛❣❛*❛❦✱ ❛♠✐ ❛③' ❥❡❧③✐✱ ❤♦❣② ❛ '+✈❡* ♦*③'3❧②♦③3✲
*♦❦ ♥❛❣② 7+*③❡ ❛③ ❊❑❩ +* ❦♦7❛✐ ❆❑ ♦*③'3❧②♦❦ ❦❡✈❡7+*+❜➤❧ ❛❞J❞❤❛'♦''✳

❯❣②❛♥❡③❡♥ ✭❛❧❛♣✈❡-➤✮ ❥❡❧❧❡♠③➤❦ ❛✉'♦♠❛'✐❦✉* ♠❡❣❤❛'37♦③3*3✈❛❧ ✐* 61, 3%✲♦*
✭❤37♦♠♦*③'3❧②♦*✮ ♣♦♥'♦**3❣+7'+❦❡' ❦❛♣'✉♥❦✱ ❜37 ❛ ❦+'♦*③'3❧②♦* ❞❡'❡❦'3❧3*✐ ♠❡'✲
7✐❦3❦ ✈❛❧❛♠✐✈❡❧ ❛❧❛❝*♦♥②❛❜❜♥❛❦ ❛❞J❞'❛❦✳ ❆ ❦✐❜➤✈@'❡'' ❥❡❧❧❡♠③➤❦+*③❧❡' ❤❛*③♥3❧❛✲
'3✈❛❧ ✈✐*③♦♥' ❛③ S**③❡* ♣♦♥'♦**3❣+7'+❦ ♥➤'' ✭❛ ❢❡❞+* ❦✐✈+'❡❧+✈❡❧✱ ♠❡❧② ✈3❧'♦③❛'❧❛♥
♠❛7❛❞'✮✿ ❜37 ❛ ✭❤37♦♠♦*③'3❧②♦*✮ ♣♦♥'♦**3❣ ❝*❛❦ 1, 4%✲❦❛❧ ♥S✈❡❦❡❞❡''✱ ❛③ ❋✲+7'+❦
2, 4%✲♦* ✭❛❜*③♦❧8'✮ ♥S✈❡❦❡❞+*❡ ❛③' ❥❡❧③✐✱ ❤♦❣② ❡③③❡❧ ❛ ❥❡❧❧❡♠③➤❦+*③❧❡''❡❧ ♥❛❣②♦❜❜
♣♦♥'♦**3❣8 ❞❡♠❡♥❝✐❛❞❡'❡❦'3❧3*7❛ ✈❛♥ ❧❡❤❡'➤*+❣✳ ❘3❛❞3*✉❧ ❡③❡♥ ❥❡❧❧❡♠③➤❦+*③❧❡'
♠❛♥✉3❧✐* ❦✐*③3♠@'3*❛ ✐77❡3❧✐*❛♥ *♦❦ ❡7➤❢❡*③@'+*' ✐❣+♥②❡❧' ✈♦❧♥❛✱ ♠@❣ ❛✉'♦♠❛'✐❦✉✲
*❛♥ ❝*❛❦ ❡❧❤❛♥②❛❣♦❧❤❛'J❛♥ ♥➤'' ❛ ❢✉'3*✐ ✐❞➤✳

❆ ✹✳ '3❜❧3③❛' ❛❧❛♣❥3♥ ❛ ❦✐❜➤✈@'❡'' ❥❡❧❧❡♠③➤❦+*③❧❡''❡❧ +7❤❡'➤❡❦ ❡❧ ❛ ❧❡❣❥♦❜❜
❡7❡❞♠+♥②❡❦✳ ❯❣②❛♥❛❦❦♦7 ♥❡♠ ♠✐♥❞❡♥ ❤✐❜❛ ❢❡❧'+'❧❡♥B❧ ❛③♦♥♦* *8❧②8❀ +7❞❡♠❡* ❧❡✲
❤❡' ❛③' ✐* ♠❡❣✈✐③*❣3❧♥✐✱ ❤♦❣② ❛③ ❡❣②❡* ❜❡*③+❧➤❝*♦♣♦7'♦❦ ♠✐❧②❡♥ ❤❛'+❦♦♥②*3❣❣❛❧
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❏❡❧❧❡♠③➤❦'(③❧❡) *♦♥)✳ ❯❆❘ *1❡❝✳ ❋❡❞'( F1

❑♦♥#$♦❧❧ ✈'✳ ❊❑❩ ✰ ❡❆❑ 74, 7% 72, 0% 81, 6% 80, 0% 80, 8%

❑♦♥#$♦❧❧ ✈'✳ ❊❑❩ 76, 0% 76, 0% 84, 2% 64, 0% 72, 7%

❑♦♥#$♦❧❧ ✈'✳ ❡❆❑ 84, 0% 84, 0% 81, 5% 88, 0% 84, 6%

❊❑❩ ✈'✳ ❡❆❑ 76, 0% 76, 0% ✖ ✖ ✖

✺✳ #0❜❧0③❛#✳ ❆ ❦5❧6♥❜6③➤ ❦8#♦'③#0❧②♦' ❣8♣✐ #❛♥✉❧0'✐ ❡'❡#❡❦❜❡♥ ❡❧8$# ♣♦♥#♦''0❣8$#8❦❡❦✱ ❛

❦✐❜➤✈?#❡## ❛❦✉'③#✐❦❛✐ ❥❡❧❧❡♠③➤❦8'③❧❡# ❤❛'③♥0❧❛#❛ ♠❡❧❧❡##✳

❦!❧#♥%&❤❡&➤❡❦ ❡❧ ❡❣②♠-.&/❧✳ ❍❛❜-4 ❛ &5✈❡.③&5.✐ ♠-&4✐① ❡❧❡♠③5.5✈❡❧ ✐. ✈♦♥❤❛&✉♥❦
❧❡ ❡44➤❧ ❦#✈❡&❦❡③&❡&5.❡❦❡&✱ .③❡4✐♥&!♥❦ ❡♥♥5❧ ❥♦❜❜ ♠/❞.③❡4 ❛③ ❡❣②❡. ♦.③&-❧②♣-4♦❦4❛
❜✐♥-4✐. ♦.③&-❧②♦③/ ♠♦❞❡❧❧❡❦❡& &❛♥%&❛♥✐ 5. ❛③♦❦ &❡❧❥❡.%&♠5♥②5& ✈✐③.❣-❧♥✐✳ ❮❣② ✉&♦❧./
&❡.③&.♦4♦③❛&✉♥❦❜❛♥ ♠✐♥❞❡♥ ❧❡❤❡&.5❣❡. ♦.③&-❧②♣-44❛ ❦5&♦.③&-❧②♦. ❙❱▼ ♠♦❞❡❧❧❡✲
❦❡& &❛♥%&♦&&✉♥❦✳ ❆③ ❡❧.➤ &❡.③&❡.❡&❜❡♥ ♠✐♥❞ ❛ ✼✺ ❜❡.③5❧➤ ❛❞❛&❛✐& ❢❡❧❤❛.③♥-❧&✉❦✱ ❞❡
❛③ ❊❑❩✲✈❛❧ 5. ❦♦4❛✐ ❆❑✲✈❛❧ ❞✐❛❣♥♦.③&✐③-❧& ♣-❝✐❡♥.❡❦❡& ✉❣②❛♥❛❜❜❛ ❛③ ♦.③&-❧②❜❛
✭❞❡♠❡♥$ ❛❧❛♥②♦❦✮ .♦4♦❧&✉❦✱ ♠%❣ ❛ ♠-.✐❦ ♦.③&-❧② ❛ ❦♦♥&4♦❧❧ ❝.♦♣♦4& ✈♦❧&✳ ❆ ❢❡♥♥✲
♠❛4❛❞/ ❤-4♦♠ ❡.❡&❜❡♥ ❝.❛❦ ❦5&✲❦5& ❜❡.③5❧➤❝.♦♣♦4& ✷✺✲✷✺ ❛❧❛♥②-♥❛❦ ❢❡❧✈5&❡❧❡✐&
❤❛.③♥-❧&✉❦✳ ▼✐✈❡❧ ❛ ❦♦4-❜❜✐ ❦%.54❧❡&❜❡♥ ❛ ❦✐❜➤✈%&❡&& ❥❡❧❧❡♠③➤❦5.③❧❡& ✈❡③❡&❡&& ❛
❧❡❣❥♦❜❜ ❡4❡❞♠5♥②❡❦❤❡③✱ ♠♦.& ✐. ❡③❡❦❡& ❛ ❥❡❧❧❡♠③➤✈❡❦&♦4♦❦❛& ❤❛.③♥-❧&✉❦✳

❆③ ✺✳ &-❜❧-③❛& &❛4&❛❧♠❛③③❛ ❛ ❜✐♥-4✐. ♦.③&-❧②♦③/ ♠♦❞❡❧❧❡❦ ❤❛.③♥-❧❛&-✈❛❧ ❦❛✲
♣♦&& ❡4❡❞♠5♥②❡❦❡&✳ ▼✐❦♦4 ♠✐♥❞ ❛ ✼✺ ❜❡.③5❧➤ ❛❞❛&❛✐& ❤❛.③♥-❧&✉❦✱ ❛③ ❡4❡❞♠5♥②❡❦
❤❛.♦♥❧/♥❛❦ ❛❞/❞&❛❦✱ ♠✐♥& ♠✐❦♦4 ❤-4♦♠♦.③&-❧②♦. ❙❱▼ ♠♦❞❡❧❧❡❦❡& &❛♥%&♦&&✉♥❦ 5.
❛ ♣4❡❞✐❦❝✐/❦❜❛♥ ❛ ❦5& ❞❡♠❡♥. ♦.③&-❧② ❝%♠❦5✐& #..③❡✈♦♥&✉❦✿ ❛ ♠❡❣❡❣②❡③➤ ✭74, 7%✮
♣♦♥&♦..-❣54&5❦ ♠❡❧❧❡&& ✈❛❧❛♠✐✈❡❧ ❛❧❛❝.♦♥②❛❜❜ ❯❆❘✲& 5. ♣♦♥&♦..-❣♦& ✭♣4❡❝✐.✐♦♥✮
❦❛♣&✉♥❦✱ ♠%❣ ❛ ❢❡❞5. 5. ❛③ ❋✲54&5❦ ❦✐❝.✐& ♥➤&&✳ ❆ &♦✈-❜❜✐ ❡4❡❞♠5♥②❡❦❡& ♠❡❣✲
✈✐③.❣-❧✈❛ ❛③& ❧-&❤❛&❥✉❦✱ ❤♦❣② ❛ ❦♦♥&4♦❧❧ ❝.♦♣♦4&❜❛ &❛4&♦③/ ❛❧❛♥②♦❦❛& ✈♦❧& ❛ ❧❡❣✲
❦#♥♥②❡❜❜ ❡❧❦!❧#♥%&❡♥✐ ❛③ ❡♥②❤❡ ❆❑✲. ♣-❝✐❡♥.❡❦&➤❧✱ ❛♠❡❧② ❡❧5❣ ❧♦❣✐❦✉.✱ ❤✐.③❡♥ ❡③
❛ ❦5& ❝.♦♣♦4& &❛❧-❧❤❛&/ ❛ ✈✐③.❣-❧& ♠❡♥&-❧✐. ❜❡&❡❣.5❣.❦-❧❛ ❦5& ✈5❣5♥✳ ❊❤❤❡③ ❦5♣❡.&
❛♥♥❛❦ ❡❧❞#♥&5.❡✱ ❤♦❣② ❛③ ❛❧❛♥② ❊❑❩✲❜❡♥ .③❡♥✈❡❞✲❡ ✈❛❣② ❦♦♥&4♦❧❧✱ ✐❧❧❡&✈❡ ❤♦❣②
❊❑❩✲❜❡♥ ✈❛❣② ❡♥②❤❡ ❆❑✲❜❛♥ .③❡♥✈❡❞✲❡✱ ❤❛.♦♥❧/❛♥ ♥❡❤5③♥❡❦ ❜✐③♦♥②✉❧&✱ ❜-4 ❛
76%✲♦. ♣♦♥&♦..-❣54&5❦❡❦ ✈5❧❡♠5♥②!♥❦ .③❡4✐♥& ❤❛&5❦♦♥② ❡❧❦!❧#♥%&5.& &!❦4#③♥❡❦✳
✭▼✐❦♦4 ❛③ ❊❑❩ 5. ❡♥②❤❡ ❆❑ ❝.♦♣♦4&♦❦❜❛ &❛4&♦③/ ❛❧❛♥②♦❦❛& ♣4/❜-❧&✉❦ ♠❡❣✲
❦!❧#♥❜#③&❡&♥✐ ❡❣②♠-.&/❧✱ ♥❡♠ .③-♠%&♦&&✉♥❦ ❦✐ ♠✐♥❞❡♥ ♣♦♥&♦..-❣54&5❦❡&✿ ♠✐✈❡❧
❡❜❜❡♥ ❛③ ❡.❡&❜❡♥ ♥❡♠ ✈♦❧& ❦5③❡♥❢❡❦✈➤ ♣♦③✐&%✈ ♦.③&-❧②✉♥❦✱ ♥❡♠ ❧-&&✉❦ 54&❡❧♠5&
❛③ ✐♥❢♦4♠-❝✐/✲✈✐..③❛❦❡4❡.5.✐ ❥❡❧❧❡♠③➤❦♥❡❦✳✮

T..③❡..5❣5❜❡♥ ❛③ ❡4❡❞♠5♥②❡❦ ❛③& &!❦4#③✐❦✱ ❤♦❣② ❛ ❦✐❢❡❥❧❡.③&❡&& ❥❡❧❧❡♠③➤❦5.③✲
❧❡& 5. ❛ ❥❛✈❛.♦❧& ❦5&❧5♣5.❡. ❡❧❥-4-. .✐❦❡4❡.❡♥ ❛❧❦❛❧♠❛③❤❛&/ ♠✐♥❞ ❦♦4❛✐ ❡♥②❤❡ ❦♦❣✲
♥✐&%✈ ③❛✈❛4✱ ♠✐♥❞ ❦♦4❛✐ ❆❧③❤❡✐♠❡4✲❦/4 ❢❡❧✐.♠❡45.54❡✳ ❈5❧✉♥❦✱ ❤♦❣② ❛③ ❛❦✉.③&✐❦✉.
❥❡❧❧❡♠③➤❦4❡ 5♣!❧➤ ❡❧❡♠③5.& ❛ ❦5.➤❜❜✐❡❦❜❡♥ ♠❡❣❢❡❧❡❧➤ ♥②❡❧✈5.③❡&✐ ❥❡❧❧❡♠③➤❦❦❡❧ ✐.
❦✐❡❣5.③%&.!❦✱ ❤✐.③❡♥ ❛ ❜❡.③5❧➤ ❜✐③♦♥②&❛❧❛♥.-❣-& ❡❣②❡. ❦✐❢❡❥❡③5.❡❦ ✭♣❧✳ ✒❛③& ❤✐.③❡♠✑✱
✒X❣② ❣♦♥❞♦❧♦♠✑✮ ❥❡❧❡♥❧5&❡ ✐. ❥❡❧③✐ ✭❧❞✳ ♣❧✳ ❬✸✼❪✮✳ ❊③ ❛③♦♥❜❛♥ ❡❣②54&❡❧♠➯❡♥ &♦✈-❜❜✐
❦✉&❛&-.♦❦❛& ✐❣5♥②❡❧✳
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✺✳ "##③❡❣③'#

❆ ❦"❧$♥❜$③➤ ❞❡♠❡♥❝✐❛/0♣✉3♦❦✱ 0❣② ♣8❧❞9✉❧ ❛③ ❡♥②❤❡ ❦♦❣♥✐/0✈ ③❛✈❛< 83 ❛③ ❆❧③❤❡✐♠❡<✲
❦>< ❦♦<❛✐ ❢❡❧✐3♠❡<83❡ ❦<✐/✐❦✉3 ❛ ❦❡③❡❧83 ♠✐❡❧➤❜❜✐ ♠❡❣❦❡③❞83❡✱ 83 0❣② ❛ ♣9❝✐❡♥3
8❧❡/♠✐♥➤38❣❡ 3③❡♠♣♦♥/❥9❜>❧✳ ❑♦<9❜❜✐ /❛♥✉❧♠9♥②❛✐♥❦❜❛♥ ♠9< ❥❛✈❛3♦❧/✉♥❦ ❡❣②
♠❛♥✉9❧✐3 ❡❧❥9<93/✱ ♠❡❧② ❛ ❜❡3③8❞ /❡♠♣♦<9❧✐3 ♣❛<❛♠8/❡<❡✐♥❡❦ ✭❜❡3③8❞/❡♠♣>✱ ❛<✲
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